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"IHcTUTYT reonorii i reoximii roprounx konanui HAH Ykpainu, JbBiB, YkpaiHa

HOBUM Nornan HA reonoriyHy syAoBY AINAHKU BOPUCINAB-MOAPUYI-TPYCKABELLb
YKPAIHCbKUX KAPNAT | NEPEOKAPNATTA

(MpedcmaeneHo 4neHom pedakuiliHoi Konezii 9-pom 2eon. Hayk, npog., Bonodumupom MUXAUITOBUM)

B cTyn. finaHka docnidxeHb po3mawoeaHa 8 nieHiyHo-3axiOHili YacmuHi YkpaiHcbkux Kapnam y mpukymHuky HacesieHux
nyHkmie Bopucnas—Modpuuyi-Tpyckaeeyb JIbeiecbkoi o6nacmi. [o ii cknady exodsimb Yomupu MeKMOoHiYHi 0OUHUYi (3 niedex-
HO20 3axo0y Ha nieHi4Hull cxid): nepedoea yacmuHa Ckuboeozo nokpuey Cknad4yacmux Kapnam, mak 3eaHuli [IpomixHuli sipyc,
Bopucnaecbko-llokymcbkuii ma Cambipcbkuli nokpueu. BoHu cknadeHi sik nopodamu ¢hniwoeoi gpopmauii eikoeozo inmepeasny
eepxHsl Kpelida—oni2oyeH, mak i Monacoeum komrsiekcom nopid. Mepwi dei oQuHuyi npedcmassnieHi nopodamu nuwe ¢aiwoeor
ghopmauii. Y Bopucnaecbko-lTokymcbkoMy nokpuei Ha ¢hniwoeili ocHoei 3 po3mueomM i cmpamuzpadgiyHoro He32iOHicmio 3ansiea-
romsb eidknadu mosnacoeoi gpopmauyil, npedcmaesieHi NOASIHUYBLKOI, 80POMUUWEHCBLKO, a MicysiMU — i cmeb6HUYbKoIO ceimamu. Y
Cam6ipcbkomy nokpuei eidcymHi nopodu ¢pniwly sik NaHKU HOpMasibHO20 Moc/1i0oeHo20 po3pi3y. Monacoeul komnnekc Micmums
2pyb6oynamkoei mosuwji: mpyckaeeuybKi KOH2/loMepamu ma oJslicmocmpomy, siki ymeopunacsi aHac/1i0ok po3muey 0aeHiwux nopio
i sidknadie ¢hniwy (3a2opcbki eepcmeu). Y cmammi po3a2ssiHymo numatHsi, ki cmocyromscsi cmpamuzpaghii ma mekmosriku eio-
knadie ¢hniwnosoi ma monacoeoi gpopmayiti.

MeToawn. BukopucmaHo maki MemooOu: cmpyKmypHO-MeKMOoHiYHUU, Jlimosio2iyHull, 2eos1020-2eohizudHull, 2eoxiMiqyHul,
2idpozeosiozivyHull.

Pe3ynbTaTtu. fJosedeHo npucymHicmb 3aCO/TOHEHUX 20PU30OHMI8 Y PO3pi3i MONsIHUUBLKOI ceimu, wo paHiwe npuliMasnock 3a
03HaKu 80pOMUUEeHCLKOI ceimu i npu3eodusio Ao cymmesux MoMUJSIoOK y cmpyKmypHux nobydosax. [xepesiom Onsi eK30mMuYHUX KOH-
2/10Mepamie y NonstHUYbLKO-80POMuUWeHCbKUX 8idkadax 6yna kopounsepa ecepeduHi Monacoeo20 6aceliHy ocadKoHa2pPOMaOoKeHHS.
Y Bepeezoeiti ckubi eiocymHi nonsiHuybki eidknadu HeozeHy. Brniepwe e patlioHi Bopucnaea eudineHo lMpomixHul sipyc — no2paHu4yHa
cmpykmypa mixx Cku6osum ma Bopucnascbsko-lTokymcbkum nokpusamu. CmpykmypHo 8iH msixie do bopucnascbko-lTokymcbkoe2o no-
kpuey. Bnepuwe e patioHi bopucnaea y cknadi bepez2oeoi ma Opiecbkoi cku6 eudineHo eidnoeioHo n'ames ma eiciMm siycok. O6rpyHmoeaHo
eapiaHm MosiCHEeHHSI sieuWja, W0 8UPaXXeHO y eidcmynaHHi niHii Hacyey Kapnam e patlioHi Bopucnaea Ha niedeHHul 3axid. C¢hopmysibo-
8aHO MPUHYUI, 32i0HO 3 KUM, SIKW,0 Ha siKilick dinsiHyi bopucnaecbko-lToKymcbKo20 MoKpusy ecmaHoesieHa sipyCcHa nocsidoeHicmb
noxunux cknadok 6opucsiagcbKo20 murly, mo e rnieHiYHOMY HarnpsiMKy exe He 6yode ix i3 ¢hniuwiem e ocHoei.

BucHoBku. CknadeHo esenukomMacwmabHy 2eosio2iyHy kapmy OinsiHku Bopucnae—Modpuyi-Tpyckaseyb ma Yomupu
2eosoziqHi po3pisu. [JloeedeHo senuKy amnnimydy Hacyey Cknadyacmux Kapnam Ha Bopucnaecbko-lTokymcbkul nokpus. 3anpo-
MoHOBaHO cxeMy ¢hopMyeaHHsI MeKMOHIYHUX duciokayil dinssHku Bopucnae—Modpu4i-Tpyckaeeys.

KnwuyoBi cnoBa: ¢niw, monacu, nokpueu, ckubu, JycKu, 3a20pCbKi eepcmeu, mpycKaeeubKi KOHa2/10Mepamu,
oslicmocmpoma.

Becryn
MocmaHoeka npo6iemu. 3'aCyBaHHA XapaKkTepHUX 0CO-
6nvBocTelt 30HM 3uneHyBaHHs Ckmbosoro, Bopucnascbko-

HasiIBHICTb BHYTpiLLHbOOACEHOBOI KOpAUIbEPU B MOMaco-
BOMY MOpi paHille He posrnaganacbk. byna BigcyTHs xapak-
Tepuctuka [pomikHoro spycy. BigcyTHe nosicHeHHs

MokyTcbkoro Ta Cambipcbkoro NOKpUBIB Ha AinsHLUI bopucrias—
Modpuyi-Tpyckaseysb.

MpoGrnema NoxogKeHHs1 eK30TUYHUX KOHrmomMepariB Ta
OniCTOCTPOMM B HEOTEHI HUXKHIX Morac. "'eoanHaMiYHi pekoH-
CTPYKUIi Ha 3a3HayeHin QinsHui.

BudineHHs1 Hepo3e'A3aHuUX paHiwe YacmuH 3a2alib-
HOI npob6nemu. Ha reonoriyHin kapTi BKasaHoi Teputopii
1976 p., BugaHin B YkpOrPl, y cknagi Beperosoi ckvbu
300paxeHi BigknaguM nonsHWMubkoi cBiTM. [inotesa npo

BiACTynaHHA niHii HacyBy Kapnat y panoHi bopvcnasa Ha ni-
BOEHHUI 3axia.

®opmysmoeaHHs yineli cmammi. Meta ctatTti. HoBa
oLiHKa reornoriyHoi 6y4oBK AOCNiMKYBaHOI TepUTOPii.

MeToau

CTpyKTYpHO-TEKTOHIYHWIA, NITONOrYHUIA, reonoro-reodi-
3WYHWUI, FTEOXIMIYHWIA, FigPOreonoriYHmi.

AHani3 nonepedHix docioxeHb i nybnikayil. 3aBasku
[aBHLOMY HadpTOBMOOOYTKY reonoriyHe BUMBYEHHS TEPEHY
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B 1 C H WU K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka

Bopucnasa mae Tpusany ictopito. JlitepaTypa, npucBsyeHa
reonorii Boprcnaea Ta noro okonuub, Hanidye HagTo 6arato
nosuuin, ToMy 3YMMHMMOCb Ha HaMBaXXNUBILUMX MpausiX.
3 BeNuKOi KiNbKOCTI NiTepaTypHUX Axepen Big3Ha4yMMo Ha-
camnepeq Atnac 'eonoriyHun [aniuii, B skomy N. Mxnbos-
Cbkuii Bneplue 3ragaB npo HacyB KapnaT Ha [epegrip's
(Totwinski, 1937b). ¥ 1912 p. b. Kponayek, nepLimn kepis-
HUK BoprcnaBcbKOi reonoriyHoi CTaHLUii, BUXoaayun 3 maTe-
pianis 6ypiHHA HadTOBNX CBEPATOBUH, BCTAHOBWB NOXMMWN
XapakTep Tak 3BaHoi bopucnaBcbkoi cknubn. BiH ke € aBTo-
poOM Ha3BM rpyboynaMKoBUX TPyCKaBELIbKMX KOHIIOMeparTiB
(Kropaczek, 1919). Po3BuBaoum ysBNEHHSA NPO MOKPUBHY
oynoBy Kapnar, K. TonBiHCcbkMin y 1926 p. BUOKPEMMB Y iX-
Hill 30BHiLLHINA YacTuHi — Ckonbebkin (CknbOBI) oguHMLi —
HWU3KY CBOEPIOHUX TEKTOHIYHWMX CTPYKTYp-ckvb. 3rigHo 3
K. TonBiHCbKMM, CKMBW — Ue rpynu BenukMx nycok. Amnni-
TYAM HaCyBIB LMX JTYCOK Y Mexax CKMO 3HaYyHO MeHLUi, HiX
nepeMilileHHs M cycigHiMm cknbamu. Cknbu yTBOpMIMCh
yHacnigoK po3puBiB i HACYBaHHA BENUKUX aHTUKITIHANEN, sKi
y MpoLeci noganbLlioro po3BUTKY YCKINaAHIBaNUChL Hacy-
BaMM MeHLWoi amnnityan BcepeauHi cknb (Tolwinski,
1937a). HacyBu nycok y Mexax ofHiei cknbum ob'egHytoTbCs
B €OQWHY MOBEPXHIO HacyBY CKMOMW, YTBOPKOKYM CBOEPIOHI
enemeHTn — apycu (8o pedi, B bopucnascbko-IokyTcbkomy
nokpmBi NepegkapnaTcbkoro NPornHy BOHW YacTo Tak i Ha-
31Bal0TbCA). Benuky yeary BMBYeHHO reonorii bopucnaea i
CYMDKHUX TepeHiB npuainunu 1 ykpaiHcbki BYeHi (. An-
dep'es, B. Bypos, M. Bynb, O. Banos, B. Mywko, . Jone-
Hko, M. IlagmxkeHcbkuii, M. Pepyuiak Ta iH.). XTO Bneplue
BUAINUB Tak 3BaHWI [MPpOMIKHUI ApYC SK NOrpaHnYHy CTPYyK-
Typy Mix CkmboBum Ta Bopucnascbko-IMoKyTCbkMM NOKpu-
BaMM, OCTEMEHHO HEBIZOMO, BiporigHo, ue 6ynu reonoru-
BMPOBGHUYHMKK. MNepeakapnaTcbkuii nepefoBun NPOrviH — Lie
obnacTb, fka po3TalloBaHa MiX MiBOeHHO-3axigHOK YacTu-
Hoto 3axigHoi Ta CxigHoeBponencbkoi nnatgopMm i Cknaa-
yactummn Kapnatamu. BoHa 3anoBHeHa KOMMIIEKCOM
MiOLLlEHOBMX Mofac. 3a xapakTepom reonoriyHoi 6ynoBu i
reornoriyHoro po3BUTKY B Mexax NporvHy BUainsaoTe 30BHi-
WHIO (niBHIYHO-CXigHY) i BHyTpiwHi0 (niBAEHHO-3aXiaHy)
30HW. 30BHIWHA 30Ha copmoBaHa Ha NNaTtOPMHIN oc-
HOBI, BHYTpILLIHA HANeXnTb 40 KAPNaTCbKOro OPOreHy, Hacy-
HeHoro Ha 30BHiWHIO 30HY. Y 1969 p. 3anpoOnoHOBaHO Yy
cknagi NepegkapnaTtCbKOro MNPOrMHy BUAINATA TPU CamMoC-
TiMHI 30HM (3 NiBHOYI Ha niBaeHb): binbye-Bonuubky (Bigno-
Binae 3oBHiWHIA 30Hi), Cambipcbky i Bopucnascbko-
MokyTcbky. [Bi ocTaHHi BXogunu Ao cknagy BHyTpiwHbOT
30HM siK NiA30HM (BypoB Ta iH., 1969). Cambipcbka 30Ha — Lie
6e3kopeHeBUIA MOKPMB, HacyHeHu Ha binbye-Bonuubky
30HY. Ha yomy Bigknaganuck HWXHi monacw B i cknagi — nu-
TaHHA guckyciive. OaHi 4OCNIAHMKU BBaXat0Th, WO GacenH,
B siIkOMy dhopMyBanucb MioueHoBi Bigknagn Cambipcbkoi
30HM, 0OMexxyBaBcs 3 niBHiYHoOro cxogy CaHgommpcbko-fo-
OpYOXKMHCBKOK rpsaoto, sika po3MeXoBYyBana reoCuHKIiHa-
NbHUI GacelH Big nnatdopMu, a OTXKe, 30Ha MOBMHHA
MICTUTM B CBOIN OCHOBI i (Bsnos Ta iH., 1984). IHwi npu-
nyckanu, o ocHoBoto Cambipcbkoi 30HM By Me3030MChKi
i naneosomncbki BigkNaau eninaneo3oncbkoi nnaTdopMm
(TekToHUKa YkpaunHckux..., 1986). BucnosnoBanvcb AymKu
i NPO MOXNKMBICTb HarpoMamkeHHs1 monac CambipCcbkoi 30HM
B MPOMIDKHIN AinaHui Mk nnatdopmoto i dniwem (Kpyrnos
Ta iH., 1985). MponaryBanucs Takox iaei, ski AOKOPIHHUM
YMHOM 3MIHIOKTb YABMEHHSA Npo noAin MNMepegkapnarcbkoro
nporuHy (Mnywko, No3sbiHsk, & MNeTpalikesud, 1982; Jloan-
HAK, 1996, 2001; NoaunHsk, & MeTpawkesny, 2007). Takum
ynHOM, nikBinoByeTbca Bopucnasckko-TMokyTcbka 3oHa. li
niBgeHHo-3axigHa JactuHa ([denstTuHcbkuin nokpus) o6'ea-
HyeTbecsa 3i CknbosmMM nokpmBom y CKONIBCbKMIM Lap'sx 3
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OrnsAy nviwe Ha MiTONorivHy MOAIGHICTL CTpaToHiIB, WO X
cknagatroTb, i Ha4yebTo He3HauHy amnniTygy HacyBy MiX
HUMUW. 3ragaHi aBTopu NPOMOHYHOTb BUMYYNUTU 3 MO0 CcKragy
30BHILIHIO 30HY SIK MPOCTO KpawoBYy YacTuHy nnaTtcgopmu.
MiBHiYHO-CXigHa YacTuHa pa3oMm i3 CamBipCbKMM NOKPUBOM
mana 6 yteoptoBaT CTEBHULBKMIA MOKPUB, B MEXaX sIKOTO
pO3BMHEHI rpyboynamKkoBi Ta OMniCTOCTPOMOBI YTBOPEHHS
cnobiacbko-BOPOTMLLEHCHKOI TOBLLI. BBaxanocs, Lwo mioue-
HOBI Bigknagu NiBHIYHO-CXiQHOT YaCcTMHM 30BHILLHBLOI 30HU i
CambGipcbkoro nokpmey opmyBanucs Ha nillOBii OCHOBI.
CTebHMUbKMI NOKPUB MaB 6K 3HaAXoaUTUCS Y pOHTanbHIN
yYacTuHi KapnaTcbkoro wap'sxy. ABTOpU Takux igen BBa-
Xanu, wo "ANOXTOHHE Cy4acHe MOMOXEHHS] He [03BOfIsiE
BiaHocuTn CTebHULbKMI | Cnobiacbkuii NOKPUBM Hi 4O ckna-
avacTtoi cnopyaw, Hi 4o nnatdopmu, a TuM Ginblie — BUA-
NSaTM Yy camocTiviiui MepeakapnaTtCbkuii NPOrnH, SKUA He
Mag€ HIYOro CnifibHOro 3 TUM NaneonporvHom, ae gopmysa-
nncb ocagku Lmx nokpmeiB". Taki HoBauii 6ynv cnpaBeanneo
PO3KpPUTMKOBaHI HU3Ko reororie (Kpyrnos, 1999; LUnaniH-
cbkuin, & TepHaBcbkuit, 2020), ki Hagany 4oCTaTHLO BaroMi
aprymMeHTu, LWo6 3axMCTUTU MONIOXKEHHS MpO iCHYBaHHS
MepeakapnaTcbkoro NPoruiHy.

AHani3 ocmaHHix docnidxeHb i ny6nikayil. KoHrno-
MepaTaM y Bigkrnagax HeoreHy npucBaYeHa Huska nybnika-
Lin iBaHo-bpaHkiBCbkMX AocnigHukiB (MoHvak, & MoHyak,
2002; MaeBcbkui, XKydeHko, & MoH4yak, 2004). BoHu pos-
rMSgany MexaHiaM YTBOPEHHSI eK30TUYHMX KOHrmomeparTiB
AK pe3ynbTaT abpasii 6eperiB (ycTynis) MonacoBoro Mopsi.
3 ppyroro Gepera, e nigHimanuce KapnaTtu Hag piBHEM
MOpsi, HAAX0AMB MaTepian yHacnigok pyvHyBaHHs Yun nepe-
BiOKNageHHs martepiany MeHinitoBux nopig. CkuaaHHs 3
npubepexHoi YacTuHM rpyboynamMKoBux ocapgkiB y Bigda-
neHi YactuHu BiabysBanocs 3asasdku 3MiHi piBHa CBiTOBOro
oKeaHy, 0cobnMBO NPV MOro MOHWXEHHI, Konu maTepian 3
nNpnbepexHOi YacTUHW PO3HOCKMBCHA CYCMEH3INHMMMK MOTO-
KaMu y rmmboKoBOAHI YacTuHW. Ha ixHIo gymKy, 3anponoHo-
BaHMN MexaHi3aM (hOopMyBaHHSA KOHrrmomMmepaTiB Aae 3mory
06inTcb 6e3 gonyllueHb Npo iCHYBaHHS riNOTETUYHUX KOP-
annbep. Y HeBenukin 3a obearom ctatTi T.1HO. MapuyeHko ak-
LEeHT 3pobneHo Ha JocnigkeHHi caMoi ranbku. Dxepena
HaOXOKEHHS €K30TMYHMX KOHINoMeparTiB 3ragytoTbes Nooi-
XHo. ABTopka Big3Hayae: "KpiMm HannoLIMpeHiLoi rinotesw,
3a AKOK KOPAMITBEPU — OCHOBHE [XXEPENO XUBMEHHS maTte-
piany, iCHYIOTb iHLWi, 32 AKUMW ranbku JOME3030MCLKUX Mo-
pin noxogunu i3 CxigHoeBponencbkoi  nnatgopmu,
YKpaiHCbKOro KpuUcTaniyHoro wuTa, i HaBiTb BanTincbkoro
wwura" (MapueHko, 2004).

Ha gymky O.C. Ctynku, "I'paHiTO-rHENCOBi i KOPOBi MOK-
pvBK, SIKi BUNOBHIOBamNu noxe okeaHy TeTic abo cdopmyBa-
nMca Ha HboMmy, Oynu 3ipBaHi 3i CBOEI OCHOBM B NpOLIEC
KOHTMHEHTanbHOI Konigii. PyX LUMX anoXTOHHUX Mac y NiBHiY-
HOMY HanpsIMKy 3yMOBUB (pOpMYBaHHS LLAP'sKiB, PiCT HOBUX
BHYTPILLHIX NIHATTIB 3 NnoganbLuoto iX gedopmauieto i BUHK-
KHEHHs1 HOBMX [mxepen 3Hocy. LLlap'sokeyTBopeHHs Binbysa-
nocs, NoYMHauKM 3 NepLUOi NOMOBUHU Kpenan 40 MioLeHy 3
KynbMiHaUi€lo B Ni3HIN Kpenai i cepeamnHi TPETUHHOro Yacy. 13
L€ cianiyHoi Macw, sika HacyBanacsi Ha cniwoBuii GacenH, i
BUMHUKANM YncneHHi 6e3kopeHeBi kopaunbepu, a Ti, Y CBOKO
yepry, 6ynu TMM OCHOBHUM [KEpPerioM ocagiB, SKi BKIo4Ya-
nucsa B TypbigiTHi cuctemu, yTeoprotoun Kapnatcekuid coniwu.
TvM caMmum He cnig NPOJOBXKYBaTU TUPaXyBaTW YSIBMEHHSA
Npo KopAUNbLEPU SK NPO "BUCTYNN pyHOAMEHTY", 4O TOro X He
BiZOMO, sKoro 3a BikoMm i cknagomM" (Ctynka, 2008).

Cratta M. M. Liap iHdopMye Npo MOLUMPEHHS €K30TNY-
HUX KOHrnomepariB B YKkpaiHcbkux KapnaTax i ¢pakTnyHo B
[MepenkapnaTCbkoMy MPOTWHI, OCKINIbKM BOHU TakoX fokari-
30BaHi i B HEOreHoBMX BigKNagax MNONSHULBKOI Ta
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BOPOTULLIEHCHKOI CBIiT. 30Kpema B Hii 3rafaHi Tak 3BaHi Tpy-
ckaBeubKi KoHrnmomMepatu. oo mkepen, 3 AKMX NoXoawnm
€K30TWYHi KOHrnoMepaTtu, BoHa 3pobuna Takuii BUCHOBOK:
"AHani3 MoWMPEHHST EK30TUYHMX KOHIIOMepaTiB nokasas,
O BOHW 30cepedKeHi nepeBaxHO y BHyTpilwHin 3oHi [e-
pefkapnaTcbkoro NporuHy Ta B cknagyacTii obnacti Kap-
nar. 3icTaBmBLLK OCHOBHI BMXoaun €K30TUYHMX
KOHrrioMeparTiB i Bik TOBLL, Y SIKUX BOHV 30CEPeKEHi, MOXHa
NpunycTUTK, WO yNaMKoBUA MaTepian noctynas y dniwo-
BUI BaceliH 3 niBaHsa abo 3 niBgeHHoro 3axony" (Lap, 2018).

Y crattax O.M. MHunka i B.O. BaweHka po3rnsaHyTta Be-
pcis, 3rigHo 3 KoK NAETbCs NPO foKanbHUN po3mMuB driy
Ta HaBiTb NITONOr4YHe NOro 3aMillleHHss Monacamu nonsHU-
LbKOT Ta BOPOTULLEHCbKOI CBIT (BaleHko, & MHunko. 2003;
Mwunko, & BaweHko,2004). Y HeBenukin po3sigLi reodiaukis
i HahTOBMKIB BMCMOBMEHA ifesd Npo nokanisauito BepxHbo-
MacnoBeLbKoro HachToBOro poaosuLla y NpomixxHomy spyci
Kapnat (Bognak Ta iH., 2002).

3azanbHa eeonoziyHa xapakmepucmuka

CrtparturpacpiuHui Hapuc. CkuéoBui nokpums, Mpomix-
HuK sipyc i BopucnaBcbko-TIokyTcbkuin NOKpUB. JliTonoro-
cTpaTurpadivHi napameTpu niloBUX Bigknagis UMX CTpy-
KTYPHUX OAMHWLb MartTb Onu3bki XapakTepucTuKM i TOMY
onucaHi pasoMm. HwxHbO- Ta BEpXHbLOKPEMAOBi BigknNaau
npucyTHi Tinbku B Cknbosomy nokpwmsi (puc. 1, 2).

HwxHa kpenpa. Cnacobka ceima (Kisp). TeMHOKOmMipHi
YTBOPEHHS CnacbKoi CBITW NpeAcTaBneHi YepryBaHHAM apri-
NITIB YOPHUX i TEMHO-CIpUX, YacToO KpeMEHUCTUX, Hekapbo-
HaTHUX 3 BUUBITAHHAM SPO3UTY; aneBponiTiB i MiICKOBUKIB
OpPiOHO3EPHUCTUX TEMHO-CIPUX KPEMEHWUCTUX HekapOoHaT-
HUX. TpannsTbCs NracTu CUAepuUTOBUX Meprenis, Kpeme-
HiB, 3pifKa — rpaBeniTiB i kKOHrNomeparis. 3a pesynsTaTamu
BMBYEHHS PELUTOK MOIMIOCKIB i hopamiHidep Bik CBiTU AaTy-
e€Tbca 6apeMoM — anbboM. ToBLUMHA CBITU KONMMBAETLCS B
Mexax 200-250 m.

BepxHs Kpenpaa. MonoeHUHckbKa ceima (K2 gl). Ha nopo-
Jax crnacbKoi CBiTY 3riAHO 3andaratoTb Bigknaan rofiloBHUHCH-
KOi CBiTM. BoHa npegctaBneHa nepeBaXkHO CBITMO-CipuMun
NNUTYaACTUMK BanHsIKaMu 3 NpoLLapkamMu apriniTiB y pisHUX
cniBBigHOLLEHHsX. Y NigoLWBi i NOKPIBMi CBITM NPUCYTHI CTPO-
KaTi (3eneHi i YepBoHi) apriniTu. Ha nigcTtasi mikpodayHicTu-
YHUX OaHMX BIiK CBITM BM3HA4YaETLCS CEHOMaH-TYPOHCHKMM.
ToBLKMHa cBiTU 3MiHIOETLCA Big 70 oo 250 m.

Cmpulicbka ceima Hepo3dneHosaHa (K2 str). Ha nopo-
[aX rofIoBHUHCBLKOI CBITK 3rigHO 3ansratoTb Nopoan CTpUin-
cbkoi cBiTM. BoHu nosctogHo nowwmpeHi y Cknbosomy
NOKPUBI. Y LEeHTparnbHi NOro YacTuHi CTPUACBKY CBITY MO-
KHa noginuTy Ha Tpw NiaceiTh: HWXHIO (Kastri), cepenHio
(Kastrz) i BepxHio (K2-P1strs). ApryMeHTYyeMO e TUM, LLO MidK
NoAiGHUMN TOHKO-CePEeAHbOPUTMIYHMMUN HUXKHBOIO Ta BEPX-
HbOI MiACBITaMM 3anarae TOBLA, Y CKnagi SKoi nepeBaxa-
I0Tb MiCKOBMKM abo rpyGopuTMiYHUIA niwaHun dniw. Ha
pospisi |-l (puc. 2) cTpuiicbka cBiTa 3adikcoBaHa y cknagi
TpboX Nycok CKoniBCbKOI CKMOU. Y OBOX TWUMbHUX Iyckax
BOHa 3ansrae Ha Bigknagax rofOBHUHCBHKOI CBIiTW, TOMY
BOHA, BiporigHo, NpeAcTaBneHa TifNbky Bigknagamm HWKHbOT
nigceiTn. Y TpeTi, pOoHTanbHIN nycui, CTpUACbKa CBiTa,
MMOBIPHO, 3HAXOAUTLCA Y CKragi NiaropHyToro i 3ipBaHoro
HacyBOM MiBHIYHOrO Kpuna aHTukniHani. Lle Takox Moxe
CBiAYMTM NPO HAsIBHICTb TyT AABHILLMX BigKNaaiB CTPUNCHKOT
cBiTW. Ua i yacTnHa npegcraBneHa puUTMiYHUM YepryBaH-
HSAM MiCKOBWKIB i apriniTiB, Y AKX MICTATLCSA NPOBEPCTKU Me-
preniB i BanHsKiB. Y po3pi3i nepeBaxalTb MNayku
TOHKOPUTMIYHOrO nepeLlapyBaHHs LMX nopia, fki po3ging-
I0TbCS FOMOBHO MilLlaHUMK navkamu. ApriniTu cipi, TeMHo- Ta
3eneHyBaTo-Cipi BaMHWUCTI i HEBAMHUCTI, YacTo i3 dykoigamu.
TpannsTbCca NNacTu Meprenis i BanHSAKIB PisHUX BIATIHKIB

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

ciporo komnbopy, ToHkonnuTyacTux. lickoBukmn cipi Ta cTa-
NeBO-Cipi APIBHO3EPHUCTI TOHKONMUTYACTI kKapBoHaTH. [xHS
TOBLUMHa 3MiHeTbCs Big 0,1-0,3 M go 0,8 M. LlemeHT, ne-
peBaxHO kapboHaTHWIA, cTaHoBUTL A0 50 % nopoaun. OAns
BCiX MMacTiB XapakTepHa 3HayHa KiNbKiCTb KanbLUTOBUX
NPOXMIIKIB, HA HWKHIX NOBEPXHSAX nnacTiB 6arato rieporni-
diB, a iXHi NoKpiBenbHi YaCTMHM YacTo MalTb XBUMACTY i
KOCY LiapyBaTocCTi. TOBLUMHA HWKHBOT YaCTUHWN HEPO34NeHO-
BaHOi CTPUIACBLKOI CBiTU carae TyT 600 m.

BepxHsa kpenaa-naneoueH. Cmputicbka ceima. Bepx-
Hbocmputicbka nidceima (Kz-Pistr). HampasHiwnmy nopo-
famMmy B Mexax reomnoriyHoi kaptu (puc. 1) € Bigknagu
BEPXHbOCTPUICLKOI NIACBiTM. Y OinblIOCTi po3pi3iB BOHa
ckrnageHa TOHKOPUTMIYHUM YepryBaHHAM apriniTiB cipux, Te-
MHO-CipuX, CipO-3eNeHMX BanHUCTUX | HEBANHUCTUX 3aBTOB-
wkn 0,1-0,25m, nickoBukiB i aneBponitTiB ApibHO- i
CcepeaHbO3EPHNCTMX CipuX, cTaneso- i GrnakMTHOCIpUX kap-
BOOHaTHMX, 3 NPOXUIKAMW KanbUUTY, YacTO 3 KOHBOJIOTHO
LWwapyBarticTio, 3aBToBLWKM 3a3Buyan 0,1-0,25 m, nogekyam
0o 0,4-0,7 M. XapakTepHot ocobnMBICTIO LiMX MICKOBUKIB €
3HaYHMI BMICT KapbOOHATHOrO LIEMEHTY, Yepe3 L0 BOHU
OyXe LWinbHi i ManonpoHukHi. HeoagMiHHUM KOMMNOHEHTOM
pospidy niaceitu € nposepcTkn meprenis (0,1-0,25 m) i 3pi-
Aka BanHskiB (go 0,3 m). 3aranom y po3pisi nepeBaxatTb
aprinitv, cknagatoum go 60-65 % Big ob6'emy nopig. 3ara-
NbHa TOBLUMHA BEPXHLOCTPUICLKOI MiACBITU B MeXax Ainsi-
HKW gocnigxeHb konueaeTbes Big 300 m go 1200 m.

BepxHilt naneoueH. SIMHeHcbKa ceima (P1jm). Ha Bigk-
nagax BEpPXHbOCTPUICHKOI NIACBITU BEPXHBOKPENL0BO—HU-
XXHbOMarneoueHoBOro BiKy cTpaTurpadiyHo 3rigHo 3ansrae
nayka cepegHbOPUTMIYHOIO MNepeLllapyBaHHsS CTpoOKaTUX
(3eneHux, cipo-3eneHux i BULLHEBUX) apriniTis, aneBponiTis
i MiICKOBUKIB (SPEMYaHCLKNA TOPU3OHT). TOBLUMHA NOro JOCH-
rae 15-20 m (Kynbunukuii, & XnononuH, 1957). Hag apewm-
YaHCbKMM TOPU3OHTOM, a SKWO BiH BIACYTHIN, TO
6esnocepeHbO Haf BEPXHbOCTPUNCHKMMM Bigknagamu, 3a-
ngaratoTb TOBCTO- | MaCUBHO-LLIApyBaTi SMHEHCbKi NiICKOBUKM.
Lle cipo- i 3eneHyBaTo-cipi nickoBuku, piaHo- i ApibHO3epHK-
CTi, NnepeBaxHO He BanHuUCTi, 3aBToBwWkKN 0,8-5,0 M, noge-
Kyan go 10-17 m. Y BUBITPEHOMY CTaHi MICKOBUKM CTaloTb
BYpyBaTO-KOBTUMU. [XHLOK XapaKTepHOK OCOBMMBICTIO €
Pi3HO3EPHUCTICTb | BENWKA KiNbKiCTb BKIMIOYEHb MOMNOYHO-6i-
1Noro KBapuy Ta ynamkis MeTamopdidHX Nopia nepeBaxxHO
YOPHOrO i 3eMeHoro KonbopiB. racTu NickoBUKIB YacTo ne-
peLLapoByOTbCS aprinitaMmu CipyMn i 3eneHyBaTo-CipuMMu,
3a3Buyan HesanHuctumu, 3astoBlkM 0,05-0,2 m. [Moge-
KyOu TpannswTbCs NAacTu rpaBeniTiB i gpiGHoraneyHmko-
BUX KOHrnomepaTiB. Y ckrnagi ranbku KOHrnomeparis
cnocTepiralTbCa KBapL, 3eneHi i YepBoHi diniTm npunyc-
TMMO KeMbpincbKkoro abo HaBiTb AOKeMOpincbKoro Biky. MNpu-
CYTHI TakoX LUTpambep3bKi BamHAKMA HOPU, YOPHI KpeMeHi
HWKHBLOT Kpenan, OeBOHCbKI KBapLOBi MiICKOBUKM, Cipi cuny-
PiiCbKi MICKOBUKM 3 OCTpaKo4aMM i HaBiTb TPiaCoBi NiICKOBUKM
BepykaHo. ToBLUMHa MiCKOBUKIB AMHEHCLKOI CBiTU B bepero-
Bili cknbi B parioHi Bopucnaea 3miHoeTbes Big 60 M 4o 90 m.

EoueH. Bumsuubka i nonenscbka ceimu (Pz). Ha reono-
riYHiN KapTi panoHy eoueHOBI BiAknagn 3o06paxeHi Hepo3y-
neHosaHumu (puc. 1.). Bigknagm eoueHy 3rigHO 3ansaratoTb
Ha nopoJax SAIMHEHCbKOI CBIiTW. BUTBMUbKI BEpCTBK 30cepe-
[DKeHi B HM3ax po3pidy, a nonenbCcbki — y Noro Bepxax. [pa-
HULSA MDK HUMKW fiaXpOHHa.

HwxHin-cepenHin eoueH. Bumesuuska ceima (Pavt). Bu-
TBULUbKI BepcTBu (Bsnos, 1951) npeacraBneHi nepeBaxHo
TOHKOPUTMIYHUM 4YepryBaHHAM apriniTiB 3eneHyesaTo- i Te-
MHO-CipUX HEBAMHUCTMX i BANHUCTUX CEpeaHbOLLIapyBaThX 3
NiCKOBMKaMM1 CipUMn i TEMHOCIpUMKN CepeaHbO3EPHUCTUMM,
yacTo kapboHaTHMMM, 3aBToBLKKM A0 0,8 M, aki cnopaanyHo



~8~ B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

YTBOPIOKOTb Nayku (ToBwuHa Big 3—5 m o 25 m) i anesponi- 3eneHnX i YepBOHWX i3 NnacTamm Cipux i CBITNO-Cipux Micko-
Tamu cipymn ApiGHO3EPHUCTUMMN HEKAPBOHATHUMU MiLHUMM BMWKiB 3aBTOBLUKM 40 1,2 M.
3aBTOBLUKM 3a3Bumyan 0,2—-0,5 m. Lle yepryBaHHSa aprinitie
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Puc. 1. l'eonoriyHa kapTa ginbHuui Bopucnas—Mopgpuyi-TpyckaBeub
(cknanu B. lLnaniHcbkuit, €. KoHapaTiok, M. TepHaBCcbKui):

HeoreH: 1 — cTebHuMUbKa CBIiTa; 2 — BEPXHbOBOPOTMLLEHCHKA NIACBITA; 3 — HUKHBOBOPOTULLEHCHKA NIACBITA;
4 — HMXHBLOBOPOTWLLIEHCBKA MIACBITa (3aropcbki BEpCTBU); 5 — NONsiHMLBKa CBiTa; 6 — OMiroLeH, HKHBOMEHINITOBA NiACBITa;
7 — eoleH Hepo34neHoBaHWn; 8 — naneoLeH, AMHEHCbKa CBiTa; 9 — BEPXHA Kpenaa-naneoueH, BEpXHbOCTPUNCHKA NiACBITA;

10 — oniroueH, HWKHbOKPEMEHEBUI ropu3oHT; 11 — 3rigHi reonorivHi rpaHuui. Hacysu: 12 — CkmboBoro nokpuvey;

13 — BopucnascbKo-okyTcbkoro nokpusy; 14 — ckub; 15 — nycok; 16 — ckngo-3cysu. CBepANOBUHN:
17 — rnmboki Ha nnowax Bp— Bopucnas, IB—IBaHuku, Mp—Mpaxnuus, MB-MiBHiyHui Bopucnas, Onn Citi, Mm—ToMipku, Tp—TpyckaBeup,
Map—Mopgpwui); 18 — cTpykTypHo-nowwykosi (TM—TpyckaBeub-Mogpuui); 19 — rigporeonoriyHoro NpusHaveHHs;
20 — ysiBHa MiHiA po3pisy |-|, Ska NpoAoBXyETbCA 3a MEXi reonoriYHoi KapTu

3a gaHumun MikpodpayHiCTUYHOro aHani3y Bik BUTBULIbKMX BigKknaan, HediTkMin. ToBLUMHA BUTBULbKOI CBiTM KonuBa-
BEPCTB OATYETbCH HUXHIM — cepeHiM eoLeHOM. KOHTaKT i3 etbea Big 110 m go 220 m.
nonenbCbKUMN BepcTBaMK, SIKi NepeKkpuBalTb BUTBULIbKI BepxHin eoueH. [onenscbka cgima (Pzpp).

ISSN 1728-3817



FEONOrISA. 4(111)/2025

CxomBebka ckuba — |
erp. Menbmmanuii

. [8-Cx] 130 Cx 781-F
2HCx | Kl rs-Bpl i sa
B Pl

OpiBcbKa ckuda

18-

Lopucnaso-
«— TlokyTchKHI
TIOKPHB

Beperosa ckiba

4-Mp 1340-Bp 73
[1620-Bp]1320-Bpl 351 —l)lﬂl, P

)
1

6020

500 0

500

1000 M

| Nyst |] ‘ Nyvr,

2 (o3 o

4 ‘Nlpl-*-\‘}f‘s | Npl ‘6 ‘P;mn[z

7 ‘P;mnll‘g | P, ‘9

Rl o (ks 7 [ Koo |7 2[Rl 17 3[BTy 4 L —1 5160172218

219l >—20l--""1l-"122L -——P3[ ® 4] 5[ &7 o6 ™

27

[(™2]28[ %4 129

Puc. 2. NeonoriyHun po3pi3 no nixii ceepanosuH 2—-HosocxiagHnubka—1560-Bopucnas (cknas B. LnaniHcbkui):
HeoreH: 1 — cTebHULbKa CBiTa, BOPOTULLEHCHKA CBiTa: 2 — BEPXHS NIACBITA; 3 — HWXKHA MiACBITA;
4 — HUXHS NiacBiTa (3aropcbki BEpCTBU); 5 — NoNsHULbKa+BOPOTHLLEHCHKA CBITW; 6 — NonsiHMUbKa cBiTa. OniroueH: MeHiniToBa ceiTa:
7 — cepefHs MiacBiTa, 8 — HUXHA NiacBiTa, 9 — eoLeH Hepo3uneHoBaHu, 10 — NaneoLeH sSIMHEHCbKA CBiTa, 11 — BepXHS kperaa-naneoueH,
BEPXHbOCTPUINCBbKa NiACBITa, 12 — BEpXHS Kperaa, CTPUNChbKa CBiTa Hepo3yreHoBaHa, 13 — BepXHS Kpenaa, rofnoBHMHCbKA CBiTa,
14 — HWXHA Kpeaa, cnacbka cBiTa. MeonoriyHi rpaHuui: 15 — HKXHBLOKPEMEHEBOTrO ropu3oHTY, 16 — 3rigHi, 17 — He3rigHi (po3muB).
Hacysu: 18 — beperosoro nokpuy, 19 — lMpomixHoro apycy, 20 — bopucnascbko-lokyTcbKoro nokpuy, 21 — ckub, 22 — nycok,
23 — po3puBHI NopyLLeHHs (cknao-3cyBu). Homepun cknb: 24 — Beperosoi, 25 — OpiBcbkoi, 26 — CKomniBCbKO.
CeepanoBuHu: 27 — rmmboki (HCx—HoaCxigHuus, Cx—CxigHuusi, Bp—Bopucnas, IB—IBanukn, Mp—Mpaxnuus, MB-MiBHiyHmni Bopucnas,

Mwv—Tomipkn, Tp—TpyckaBeub, Map—Mogapudi; 28 — ctpykTypHo-nowykoBi (TM—TpyckaBeub—Mogapuui; 29 — rigporeonoriyHi

MonenbCcbKi BEpCTBM 3aranoM 3anmaroTb BEPXHIO 4vac-
TuHy poapisy eolieHy (Kropaczek, 1919). Ix MoxHa BBaxaTm
daujanbHMM aHanorom 6uctpuupbkoi ceiTu. poTe nepe-
XOAM MiXK LIMMU Pi3HOBMAAMU Ay>Ke CKragHi: BOHW 4acTo B3a-
€MHO 3aMilLyloTbCA AK No narteparni, Tak i B po3pisi. Tomy
YiTKO BiAOKPEMUTU AINSHKN PO3BUTKY MONENbCbKMX BEPCTB
Bij YTBOPEeHb BMCTPULLKOT CBITM HEMOXnuBO. Hasaran ue
TepureHHo-kapboHaTHa ToBLLA 3 yrlaMKaMu €K30TUYHUX MO-
pia i cnigamu nigBogHMX 3CYBIB, sika NOKanbHO PO3BUHYTA B
30BHILLHIN YacTuHi CKMGOBOro MOMOXEHHS. Y HWXKHIA yac-
TUHI BUTBULIbKMX BEPCTB YacTO NMPUCYTHSA CTPOKaTOKOIipHa
nadyka. Monenbcbka CBiTa NpeAcTaBneHa YepryBaHHsAM ane-
BPONITIB CipuX IMUHUCTUX, CUMbHO KapboHaTHUX, BnaknTHo-
cipux y pesynbTaTi BUBITPIOBaAHHS, HEpPiBHOBEPCTBYBATMX
(ToBwwmHa 0,05-0,2 m) 3 aprinitamu CipyMmn i TEMHO-CipUMK
npu BMBITPIOBaHHI GinyBaTumMm, CUNbHO KAapOOHaTHUMK, He-
piBHOLIApPYBaTUMM i3 BKIMIOYEHHAM ranboK i BanyHis cipux,
nicKkoBMKiB APiIOHO3EPHUCTUX, MepreriB, KPEMEHIB | BanHsKiB
TMNY WITPaMBep3bkux, a Takox pudencbkmx iniTiB i KOH-
rnomeparis. Micusmn kap6oHaTHI nonenbCbki BepCTBM 3aMi-
WytoTbest cpniom 6GucTpuLbkoro TMny. 3a BikOM YTBOPEHHS
nonenbCbKOi CBITU HanexaTtb 40 CepeaHbOro-BEPXHLOIO E0-
ueHy. ToBwmHa cBiTu gocarae 60—120 m.

MeninitoBa csita (Psmnl). Csita 3a niTonoriyHumm
0COBNMBOCTAMM AINUTLCA Ha TPU NIOCBITU: HYXKHIO, CEPEHI0
i BEPXHI0. Y MexXax KapTu NPUCYTHS TifbKN HWXKHA nigceiTa.
HuxHbomeHinimosa nidceima (Psmnl). Y H1n3ax nigcsiti Bu-
OiNsTbCs NOCNIAOBHO MiAKPEMEHEBa Nayka i HUXKHbOKpe-
MEHEBMN MapKylounn ropusoHT. [ligkpemeHeBa nayka

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

TpannseTbea abo y BUIMSAI pUTMIYHOTO YepryBaHHs nopig
MEHINITOBOI ¢haulii (apriniTv YopHi i kOpU4HEBI HEKAPOOHATHI
MiKpOBEpPCTBYBATI (NTMCTKYBaTi) KpEMEHWUCTI i BiTyMiHO3HI Ta
aneBponiTh i MiCKOBMKM cipi i TeMHO-Cipi HekapOOHaTHI i
Mepreni Cipi Yn KopuuyHeBi). TOBLUMHA Nayky gocsrae o
15 M. HWXKHbOKpPEMEHEBUIA TOPU3OHT CKNadeHWh Kpeme-
HAMW YOPHWMMU | KOPWYHEBMMM i3 CynyTHIMM Mnopoaamu:
aprinitaMmm YopHUMU, BanHAKamu, Meprensmm, nickoBukamm
i anesponitamu, ocagoBuMu KBapuuTamu, Tyditamu. Tos-
LLIMHA rOPU30HTY 3MiHIETLCA Big 12 M 0 22 M. Bulle po3spis
NiACBITU CKNageHun nopogamu MeHiniToeol cadii. YacTto
BMLLE KPEMEHIB MPUCYTHA Madka TOHKOPWUTMIYHOrO Yepry-
BaHHS apriniTiB YOPHUX i KOPUYHEBUX HEKAPOOHATHMX TOH-
KONNUTYaCTUX | MUCTKYBaTMX, NPU BUBITPIOBaHHI 3 ICKpaBo-
XKOBTMMMW BULBITAHHAM APO3UTY Ta APiGHMMM KpucTanamu ri-
ncy Ha nnowwmHax HawapysaHHs (0,045-0,5 m) Ta nickosu-
KiB CipuX, TEMHO-CIpUX KBapLOBMX Pi3HO3EPHUCTUX (Joropu
nepexoasTb y KpYNHO3EPHUCTI) HekapboHaTHMX TOHKO- i ce-
peaHboLllapyBaTux, nogekyam cmyractux (0,1-0,4 m), 3 nna-
cTamu MeprerniB cuaepuTucTux. ToBLUMHA NaYkyM CTAaHOBUTL
40-120 m. HenosctogHoO, Ha pi3HUX cTpaTurpadivHnX pis-
HsIX, ane 4acTo Yy Hu3ax MiACBITU NPOCTEXYTLCSA TaK 3BaHi
KniBCbKi MickoBuku. Lle cBiTno-cipi, ApibHO-cepeaHbO3epHU-
CTi nopoau, HekapboHaTHI, MacMBHOI TEKCTYPMU, AKi Y MiAOLLBI
MicusaMM nNepexonaTh Y rpaBenitn 3aBToBLKK Big 0,2—1,2 M
00 5 M. KniBcbKi NiCKOBUKM po3aineHi npoBepcTkamun aprini-
TiB YOpPHMX i aneBponiTiB. TOBLMHA NaYvykn 3MIHIOETLCA Bif
nepLumx meTpis go 60 M. Hag kniBCbkMMK nicKoBMKamMmn po3s-
pi3  migcBiTM  npeAacTaBneHW  nNadkamy  TOHKO- i



~10 ~

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

cepeHbOPUTMIYHOIO YepryBaHHSA OMMCaHMX BULLE Mopia.
ToBLWMHA HAKHBOMEHINITOBOI MiACBITM B MeXax AiNsiHKK go-
cnimpkeHb ctaHoBuTb 130-250 m. Y Bopucnascbko-IMokyT-
CbKOMY MOKPUBI Ha PO3MUTI NOBEPXHi HWKHBOMEHIMITOBOI
NiACBITU TPAHCIPECMBHO 3ansralTb BigKnaanm HUKHBOIO Mi-
OLIEHY.

Bopucnaecbko-lTokymcbkuli nokpue

MioueH HWxHIW. MNonsHuubka ceima (N1pl). MowmrpeHa
B Mexax bopucnascbko-lokyTcbkoro nokpusy. 3 perioHanb-
HMM, a He NoKanbHNM PO3MMBOM 3ansirae B Mexax NnokpvBy
Ha cTpaTUrpagiyHO Pi3HNX PIBHAX MEHIMITOBOI CBITK Oniro-
LeHy, a Micusimun — i eoueHy (LUnaniHcbkuia, Maeniok, & Tep-
HaBcbkui, 2020). Y ctatTsx B.O. Bawenka ta O.M. MHunka
pobunTbCS BUCHOBOK MPO foKanbHWUI po3MUB (hrilLOBUX Bia-
Knagis i HaBiTb NPO NITONOriYHe 3aMillleHHs Moracamu me-
HINITOBOI CBITW ONiroLeHy Ta yTBOpeHb eoleHy (BaweHko, &
Mumnko, 2003; MHunko, & BaweHko, 2004). Liei nomunkosun
BWUCHOBOK CMPOCTOBYETLCA TUM, LLO MiX iHBepcCieto qonilo-
BOro 6aceriHy i eTanom MonacoBoi TpaHCrpecii icHyBana ya-
coBa nepepBa, sika TpuBana 6Onu3bko 800 TMc. pokiB
(lWnaniHcekuia, 2012). Lie ninTBepoxyeTbca HaBiTb Npu nor-
nsaai Ha BiANoBiAHI reonoriyHi po3pian, Ae BiACYTHI BEPXU HU-
XHIX, cepeHbO- Ta BEPXHbOMEHINITOBUX Biaknaais (puc. 2—
5). Kpim Toro, kapoTtaHi giarpamu cBepaoBuH, SKi PO3KpU-
Banu BiAKNaau MEHINITOBOI i NONSIHULBKOT CBIiT, fa0Th 3MOry
X YiTKO BIiAPI3HUTW MiABULLEHUMM i OudbepeHLUinoBaHNMM
ornopamu nepwux. Y panoHi bopucnaea nongaHuubka cBitTa
npegcTaBneHa YepryBaHHAM Cipux kapboOHaTHMX MiICKOBUKIB,
aneBponiTiB i apriniTis, rMuH aprinitonoaioHux, nogekyav
3arincoBaHux. Y NiAOLIOBHiM YacTUHI BUAINAKTLCSA KOHIIO-
MepaTu, CKnafeHi ranbkol 3eneHyBaTo-Cipux cnaHuiB i 4o-
TNOMITIB 3 ynamkamu po3MmipoM Bif, KiflbkOX MiniMeTpiB Ao
3 cm. 3pigka TpannalTbCa yrnamMKM YOPHUX MeHiniTonoaio-
HWX apriniTis i cipux meprenis po3mipom Ao 5 cMm. Y ceepa-
noeuHax 1655, 1680-bopucnae TOBLWMHA NigOLIOBHUX
koHrnomepariB gocsarae 40-70 m (CadcpapoB Ta iH., 1962).
Taka Benvka TOBLLMHA CBig4YMTb NPO 3HaYHi MaclTabu pos-
MUBY [oanbnincknx yTBOPEeHb | BiAKMagiB KapnaTtcbKoro
dniwy. BepxHs rpaHvusa 3a3Buyan BU3HAYaeETbCA 3a Nos-
BOK 3aCOJIOHEHMX Nopig.

lMickoBUKM Ta aneBponiTK CBITK CBITNO-, TEMHO- Ta 3ere-
HyBaTO-Cipi, NepeBaxHO cnabo 3ueMeHTOBaHi, 3ansaralTb
npowapkamu 3aBToBLKK Big 10 go 30 cm. CTpykTypa nicko-
BUKiB OpiOHO- i cepeHbO3epHUCTa, 3pigka rpybosepHucTa.
KnactuyHuin maTtepian, wo csarae 75-95 % nopoawn, npea-
CTaBneHun 3epHamu KBapLy, ynamkamu nopig MeHinitoBoi
CBiTM Ta pudeto, MiCLSAMM 3 POCAINHHUM AeTPUTOM. LiemeHT
KapOOHATHO-TMUHUCTUIA | kapOOHaTHWIA NOPOBOrO  TWNY.
"MyHK Ta aprinitu cipi Ta 3eneHyBaTo-Cipi 3 GnNaknTHUM Bia-
TiHkoM. BoHu rpy6oluapyBsarTi i MacuBHi, cnoguncTi, kapboHa-
THi, yacTto niwanucTi (Big 7-8 no 30 % pospidy), Hepiako 3i
LKapnynysaTum 3namoM. Y pospisi CBiTU TpannsoTbCs OK-
pemi npoLuapku aprinitis MeHiniTosoro Tuny. MNpowapku 3a-
rNCOBaHUX [MWH XapaKTepHi MepeBaXHO ANSA MUHUCTOI
BEPXHbOI YaCTUHU CBITU. HXKHSA rpaHnLs NONSHULBKOI CBITU
Ha KapOoTaXHWUX Aiarpamax AOCTaTHbO BMpasHa Ha BiAMIHY

3asBunyan rpaHunus MK NONSAHULBKOK i BOPOTULLEHCh-
KOK CBiTaMu NpOBOAUTLCSA 3a MOSIBOK B PO3pPi3i kam'aHOT
cori BopoTuLeHCcbKoro BiKy. OfHak Bigomo 6araTto npukna-
[iB, KONK 3aCOfOHEHI Nopoan TpanmnstTbCA Ha Pi3HUX CTpa-
TUrpadiyHnX piBHAX i B NONSHMUBKIA CBITi. Hanpuknag, y
panoHi HadpToBoro pogosuma [lonmMHa KpucTaniyHa Cinb no-
AeKyau TpannsaeTbes B po3pisi NONSAHWULBbKOI CBITM Ha Bigaani
200-300 m Big Ti nigowwsu. B paiioHi Ynn4yHo B 6araTtbox cee-
panoBuHax npubnusHO B CepefHint YacTWHI MONAHULIbKOT
CBiTM 3ahiKCOBaAHO MayvKy 3aCOSNIOHEHMX [MWH 3aBTOBLUKM
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100 M, AKy mpuiManu 3a BOPOTMULLUEHCbKY CBIiTy ([nyLuKo,
JTosbiHaK, & MeTpalukeBuy, 1982). Y H6araTtbox cBepaSoBuU-
Hax BinbxiBcbkoi nnowi (MagaHcbke niBBiKHO) y TOBLLi MO-
pif NONSAHWLBKOI CBITU € BUCOKOOMHA nayka, Ky A0ChiAHUKM
NPUAMAKOTb 3@ HWXKHIO TPaHULIO BOPOTULLEHCHLKOI CBITW.
B napameTpuuHii cBepanoBuHi 1-CTpalueBudi 3aconoHeHi
nopoaun po3KpuTi B camivi MigoLWwBi NOMASIHULBKOI CBITW, Hag,
pPO3MUTOIO MOKpPIBME MeHiniToBux Bigknaais. Y Bopucnas-
CbKOMY HadpTorazoBugobyBHOMY panoHi y ceepanosnHax 8,
10, 11, 25, 28 nnowi IBaHukn Ta 3 i 38-OpiB y cepeaHin
YaCTUHi MONAHULBKOI CBiTM 3ansrae nadvka 3acoNOHEHUX
rnuH 3aBTtoBWKK 40—-110 M. Taki nayku, cknageHi 3acono-
HEHHVMM MyHaMy Ta rpyboynamMKoBMMM nopoaamu, € MiH-
30MofdiGHUMKM  TinamMu y TOBLL MOMNSHULLKUX nopig. Ix
NMOMWIKOBO MpUMUMAanu 3a Nopoau BOPOTULLEHCHKOI CBITY i
BiJOKpEeMoBanu Hacysamu Bif NPaKTUYHO OAHOBIKOBUX He-
3aCOSIOHEHMX nopig, K 3anaraTb FNCOMETPUYHO BULLE.
Taki nOMUIKOBI iHTeprpeTauii 3adikcoBaHi, Hanpuknag, Ha
nnowax Ynu4yHo i CemuruHie. Y cycigHix ceepanosuHax 12,
18 i 13 nnowi OpiB, AKi po3KpUnNK OJHy i Ty X cknagky no
NPOCTSIraHHI0, BU3HAYEHO Taky cTpaturpadivyHy nocnigos-
HIiCTb nopig y HWXHbLOMIOLIEHOBOMY KOMMIEKci. Y ceepano-
BUHIi 12 B iHTepBani rmMunbuH 1280-1744 m — N1pl, 1744—
2570 m — N1vr, 2570-2776 m — N1pl, y cBepanosuHi 18 B iH-
Tepsani rmunbuH 1260-2503 m — N1pl, y cBepanosuHi 13 B
iHTepsani rmmbuH 1312—2032 m — N1pl, 2032—-2083 m — N1vr,
2083-2734 m — N1pl. OueBnaHo, Lo y cBEpPASIOBUHI 12 BOpO-
TULLEHCbKA BKIMagka Yy MOMSHMUBKIA TOBLi CTaHOBUTBH ax
6nunsbko 800 m, Toai sk y cBepanoBuHi 18 BoHa BiOCYTHS,
a y cBepanosuHi 13 carae nuwe 60 M. HaBegeHun npuknag
CBiQUYMTbL NpO Taki 3Ha4Hi MacLuTaby NITONoriYHUX 3aMilleHb
060X TOBLL, L0 B AEAKUX BUNAZAKaX MOXHa rOBOPUTU NPO He-
PO34rieHOBaHWIN MNONAHULIBKO-BOPOTULLEHCHKMIN KOMMMEKC.
Ha pisHux ginsHkax nokpvBY y cknagi NoNsHULBKOI CBITU
3achikcoBaHO ONICTOCTPOMOBI FOPU3OHTU 3 Mepesigknage-
HUMKM nopodamu dniwy i Bigknagie nnatgopmu (BaweHko
Ta iH., 2009). Y panoHi Bopucnasa BOHW Ha AEHHIN NOBEPXHi
He 3acdpikcoBaHi, y po3pizax cBepAnoBMH ONiCTOCTPOMOBI ro-
pU30oHTU Takox. Ha reonoriyHnx kapTax panoHy bopucnasa
nepes ¢poHTansHMM HacyBoM BeperoBoi ckubu 306pa-
KeHa By3bka cMyra "nonsHuLUbKOI" CBITKW, SIKy BiAHOCATb OO0
cknagy cknbu. OgHak >xogHOro CTOCYHKY 3rafjaHa cMyra o
camoi CKnbu He Mae, OCKINbKM KOHTAKT MiXK HUMW TEKTOHIY-
Hui. Lla ToBLya, nitonoriyHo nogibHa Ao NONsiHULBKOI, € Ya-
CTUHOI HEPO3YIIEHOBAHOMO MOSSHULIBKO-BOPOTULLEHCHKOrO
KOMMMEeKCy, NPU4oOMy He HalHmk4ot ii cknagosoro. Ha ue
BKa3ye Te, Lo MiX Bigknagamu cniwy beperooi ckvbm i Lieto
MONSHULLbKOKO TOBLLEK MPUCYTHSI CMyra nopig BOPOTULLEHb-
koi cBiTW. Lia cuTyauisa 3obpaxeHa Ha BiAOMIA reonoriyHin
KapTi pavioHy bopucnaea, cknageHin JlagmwkeHcbkum (1955).
Bik nonsHMUBKOT CBiTU Ha NiacTaBi 3HaxiAoK B Ti rMMHaxX KOM-
nnekcy  mikpodayHn  Globigerina  pseudoedita Subb.,
G. juvenilis Bolli, Turborotalia brevispira (Subb.) HanexuTb 0o
HIDKHBOT YacTMHM ereHOyp3bKkoro periosipycy. HepenykoBaHa
TOBLUMHA NOMSHULLKOI CBITU 3MIHIOETHCS B LUMPOKUX MeXaX i
CTaHOBWUTb, AN MpUKnagy, Ha nnowli IBaHukn B nepLuomy
apyci cknagok 600-1100 M, y gpyromy — 160-300 m.
Bopucnaecbko-lokymcbkuli ma CambipcbKuli Mokpueu
BopomuuweHcbka ceima (N1vr). Po3kpuTa YvMcrneHHUMm
cBepanoBmHamu. lNpeactaBneHa Cipumm rmMUHaMu pisHoro
cTyneHs kKapboHaTHOCTi 3 niH3onoAibHMMKU NpoLuapkamu Mi-
CKOBWKIB Ta aneBponiTiB. Bigknaam csiTu 3aranom 3acono-
HeHi. BoHM BMilLyOTb NiH3M KaM'sHOT Ta KaniHux coneu
3aBTOBLUKM 5—60 M. Hag coneHoCcHO TOBLLEK Y 30Hi ii BU-
nyroByBaHHSA YTBOPIOETLCA TNCO-MUHMCTA "Wwnana" — cipa
rMUHUCTa Maca, HacuM4eHa KpucTanamy nNpo3oporo rincy Ta
Opunamm XOBTOro i poxeBoro rincy. ToBwwMHa rinco-
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rmuHncToi "wnann" ctaHoBuTb 50-100 M, nogekyam csara-
toum 200 m. MNogain BOPOTULLEHCHKOI CBITM Ha MiACBITU yTPY-
OHEeHW Yyepes BiACYTHICTb HafiMHUX BUTPUMAHUX penepiB i
CyTTEBY niTONoro-cpauianbHy MIHAMBICTL MO BepTUKani Ta
nartepani. binbLwicTb reonoris po3noginsanu BOPOTULLEHCHKY
CBiTY Ha TpMW NiOCBITU: HUKHLOBOPOTMULLEHCHKY, CEpeaHbO-
BOPOTULLIEHCBKY (3aropcbky) Ta BEPXHbOBOPOTMULLEHCHKY
(JTapbpkeHckun, & AHTURNOB, 1961; Mywko, & Kpyrnos,
1971). Takvii NoOAIN HEMOXNNBUIA HAaBITb Ha MOPIBHAHO He-
BENVKI OiNsHLUi Yepes3 TEHAEHLiH0 3aropcbkoi rpyboynamko-
BOi CBIiTW [0 LUBWAKOrO BUKIUHIOBAHHS. 3 YCBIAOMIMEHHSAM
LLbOro AesKi reonorn NpUNHANM OBOYSIEHHUIA NOAIN BOPOTU-
LLIEHCLKOI CBiTW, TOOTO 3 BUAOINEHHSAM HUXHBOI Ta BEPXHbOI
niaceiT. 3aropcbka niaceiTa BigHeceHa 40 HUXHbOBOPOTU-
weHcbkoi nigcsitn (Mnywko, Jlo3biHAk, & [lMeTpalukeBuy,
1982). ABTOpU CTaTTi TAKOX NPUIAHANN TaKMA CaMUi MoAin
BOPOTULLEHCHKOI CBITK.

OcobnumBICTO HUXKHBLOBOPOTULLEHCHKOT MiACBITM B Bopu-
CNaBCbKO-IMOKYTCbKOMY MOKpPMBI Ta B MIBAEHHIN YaCTUHI
Cambipcbkoro NoKpuBY Ha AinsHUi JocnigXeHb 4acTo € nia-
BuLleHa niwaHucTicTb (JlagbbkeHckun, 1955). Y niBoeHHo-
3axigHin nycui Cambipcbkoro nokpuey cBepanoBunHow Ne 2-
TpyckaBeub Nig, 3aropcbkrMy BEPCTBaMM PO3KpuTa MilaHa
nayka 3asToBLUkM 100 M, npocsakHyTa cinnto (JlagbbkeHcKnI,
& AHTunos, 1961). Y cepedHin YacTuHi po3pidy CBiTV BUSB-
NeHO eK30TWUYHI KoHrmomepaTtu. Mogekyan cepen HUX Npu-
CYTHi MOTYXHi nilWwaHi navky, y SKMX TOBCTOLlApyBaTi
Pi3HO3EPHUCTI NICKOBUKWN BidOKpPEeMIeHi BepcTBaMuM MacuB-
HUX rAuvH. Li nickoBWKM cknagatoTbes 3 yNnamkiB eK30TUYHOro
(no3akapnaTcbkoro) martepiany. KpynHo3sepHucTi Jo rpase-
niTUCTUX TOBCTOLLAPYBATi NiCKOBMKK pirypytoTb y H6aratbox
cTapux 3BiTax nig Ha3Bow "KynHUX".

LLIMpOKO pO3BMHYTI TAKOX OJICTOCTPOMOBI FOPU3OHTK i
OKpeMi onicToniTh, Nogekyan 3Ha4HMX po3mipis. BoHun 3adi-
KCOBaHi y BArMaAi naqok i okpemux Tin, 6pun, ranekv i yna-
MKIiB Mopig AaBHiWmMx Mornac (NONsSHULBKOI CBIiTK), doniwy i
6inblw aaBHix Bigknagis nnatgopmu (MMywko, J1o3bIHSK, &
MeTpalukeBny, 1982).

KoHrnomepatu sik ckrnagHWKM OniCTOCTPOMOBOMO KOM-
nnekcy, BuaineHi B panoHi TpyckaBus, HOCATb Ha3By TpycC-
KaBeLbKUX. Ek30Tun4HI ranbku, AKAMUN cknageHi
KOHrromMepartu, npeacTaBrneHi Ha GopncnaBcbKO-TpycKaBe-
LbKiR OinsgHUi nepeBaXHo 3eneHMMn meTamopgidyHnumu cna-
HUSAMW | 3€NeHUMU LLiNbHUMK TMicKoBUKaMu. B  MeHwWwin
KiNTbKOCTi MPUCYTHI YePBOHi MMWHUCTI cnaHui, 3eneHi, YepBOoHi
Ta cTpokaTi iniTn, KBapLOBi KOHIIIOMepaTH i3 3eneHnm ni-
LLL@HUCTMM LEMEHTOM i )XOBTYBaTi JONOMITU30BaHi BarnHsKN.
LlemeHTyto4a peyoBUHA €K30TUYHUX KOHIIIOMEpaTiB Pi3HO-
MaHiTHa 3a KONbOPOM, MiHEPANOriYHMM CKNagoMm, CTyneHem
KapOOHATHOCTi, BMiICTOM LIEMEHTY i LLiMNbHICTIO LeMeHTaLji.
BMicT uemeHTy B ynamkoBoMy maTepiani 3a3BuMyan CTaHo-
BuTb Big 10 0o 20 % (Pepywiak, 1962).

MepeBaxatoTb ranbkn cepeaHix poamipis, 6rmabko 5—10 cm.
Micusamu 3yctpivatoTecs Opunu  BenuumHoto 30—40 cwm.
Yci BOHU, 32 BUHATKOM BarHskiB, NoraHo obkaraHi, kyTacTi
(Andpbepbes, 1949). EK30TUYHI KOHFNOMepaTK TpannsaTbCs
SK CaMOCTI/HO, Tak i B acoujauii 3 YopHuUMK aprinitamm
MeHiniToBoro Tuny. B ogHUX BiOCNOHEHHSAX MepeBaxalTb
nepwi, B iHWKX — gpyri. 34ebinbworo BMxoan onictocTpo-
MOBMX TOBLL, Ha MOBEPXHIO NPOCTEXEHI Ha Kinlbka COTEHb Me-
TpiB, @ nogekyam — i kinomeTpiB. Ha geskux gingHkax psagu
napanenbHUX BUXOZiB KOHIIOMepaTiB NepepuBalTbCs Npo-
MiXKkaMK nopig BOPOTULLEHCBHKOT CBiTU 6e3 KoHrmomMeparis.
Hanbinbwa Taka AinsiHka po3TalloBaHa B pavioHi Tpyc-
kaBus. TyT HaMniBAeHHiLLa cMyra npocTaraeTbcs 6e3nepep-
BHO Big ypouuwa [Nomipkn 4depe3 ypouuwe Ha Jlyry go
oxepena 3oca. B 3axigHomy HampsamKy uUa cmyra pisko
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BIOXMNAETLCA HA NiBHIY, Habnwxauncb 0 piku BuwwHuui.
[elo Ha niBHiY, Ha BiACTaHi 2—3 KM, BENUKNI i30NbOBaHMIN
MacuB KOHrriomeparTie oxonntoe BabuHy ropy i ropy mopi-
eTa. Ha cxig Big Hei po3TalloBaHi BUXOAM KOHrioMeparTiB Y
nici BaHbkn nNobnuay 3anisHuui TpyckaBeub—CTeOHMK. Ha
3axig Big pikv BuwHuui po3TawwoBaHa gpyra AinsiHka wypo-
KOro pO3BUTKY KOHrfiomepaTiB. Y MOro niBOeHHI 4acTuHi
BOHa NPOCTAraeTbCcsa Maxke 6e3 nepepsu, MOYMHAKOYUCH HA
p. BuwHuui i 3akiHuytounce y Bopucnasi B paioHi Byn. Ko-
urobuHebkoro 6inss Manoro 6asapy Ha BonsHui. BiporigHo,
WO U cMyra € NPOAOBXEHHAM MiBOEHHOI CMyrM BMXOZiB
KOHrrnomepariB y panoHi TpyckaBsus, BigipBaHa Bif Hel cku-
OoM Mo p. BuwHuug. Y niBHiYHOMY HanpsiMKy 3adiikcoBaHO
BiJCMOHEHHS1 YOPHWUX apriniTiB i KOHrMoMeparTiB B piBYaKy,
KU NPOCTAraeTbCs Ha NiBAEHb Bi TPyCKaBeLbKOro Lwoce i
HeBenuKni BMXig koHrnomeparis 6ins uepksu cB. Mukonas.
LLle pani Ha niBHiY (Ha BuwHWLi) NpocTaraeTbCA Benuka Ai-
nsHKa KoHrrnomeparis, ska poarnsaanacs K. TonBiHCEKUM 5K
3MilweHa YyactuHa macvey BabuHa ropa — ropa Mnopieta (An-
depbes, 1949).

OnicToCcTPOMOBI YTBOPEHHS, 30KPEMAa YOpPHI aprinitu,
onmcaHi ik y NpupoaHUX BiACNOHEHHSIX, Tak i B po3pi3ax cBe-
panosuH. CeepanosuHol Afens, posmiweHowo y Bopuc-
naei Ha p. TuCMeHuusa Ha cxig Big Buxody Ha 3eMHy
MOBEPXHI0 YOPHUX apriniTiB BOPOTULLEHCLKUX BEPCTB, BOHU
PO3KpUTI Ha MUBKHI 4 M. Hkye 3HanaeHO TOBLLY CONEHOC-
HWUX FNWH, B K 3HOBY Bynu NpUCYTHI YOPHI apriniTn 3aBTOB-
wkn 11 m. AprinitTn 3akaptoBaHi y BWrnag i305bOBAHOIO
macuy 3aBaoBxku 130—150 m (Andepbes, 1949). MeHini-
TonopaibHi Bioknaau Ha BabuHii ropi, BcTaHoBNEHI Npobype-
HUMU TYT TPECTOM YKpHahTOpO3BiAka CBepAnoBMHaMM 2, 3,
4-B, 3ansaraloTb cepep BiaknaaiB 3aropcbKoi CBITU Y BUrNSAI
200-meTpoBoi nnuTy 3aBaosxky 800 m i 3aBwmpLukn 300 m
(HukynuHa, & KonTyH, 1953). PaHiwe BBaxanocs, WO Taki
rOPU30HTU NOLLUMPEHI BUKIMOYHO B CepeHi YacTUHI BOPOTU-
LLIEHCBbKOro po3pidy (3aropcbka ceita). OgHak us gymka € no-
MUINKOBOI, 00 MOAiGHI YTBOPEHHSI TPannsTbCA B Pi3HUX
YacTMHaxX LbOro KOMMrekcy, a iHoAi BoHW B3arani BiACyTHI.
[MpoTe NOBHICTIO irHOpYBaTW MOXIMUBICTb PO3YNEHYBaHHS
BOPOTULLIEHCBLKOT CBITU 3a JOMOMOIOl FOPU30HTIB KOHIIIoOMe-
paTiB y MiCUSAX iXHbOrO MakCMMarnbHOro PO3BUTKY HE BapTo.

PaHiwe BBaxanocs, wWo mxepenom rpyboynamkoBoro
matepiany € CBeHTOKLWNCbKO—obpyaKMHCbKa rpsiga — me-
raHTUKNIHOPIN, B A4Pi AKOro BUXOAATb Nopoaun pudeto, a Ha
Kpunax 3ansaraloTb Bigknaau naneosoto. [MisHile BcTaHOB-
NEHO, LWLO Lie Naneo3oicbka CTPYKTypa Tak 3BaHOro TapHyB-
CbKOro nporuHy, sugineHoro y 1965 p. B.B. Mywkom, B
OCHOBI SIKOi — Bigknagun pudpeto. Ynamku ta 6punu nopig cu-
nypy, 4eBOHY, kapboHy B KpengoBo-naneoreHoBoMy dniLui
Kapnat i mioueHoBux monacax [lepeakapnaTcbkoro npo-
rMMHY CBigYUTb NpO Te, WO TapHYyBCbKMMA Naneo30NCbKui
NPOrvH MPOCTAraETbCs B MiBOEHHO-CXiAHOMY HanpsMKy pa-
30M i3 ME3030MCbKMMMK Bigknagamu, WO MNepekpvBaloTb
noro, B3OOBX YCiX YkpaiHcbkux Kapnat ax o m. Bepxo-
BMHM, @ MOXNuBO, 1 aani (Mnywko, & Kpyrnos, 1977).

BinbLw oB6rpyHTOBaHO BUOKPEMITIOETLCSA BEPXHS YaCTMHA
BOPOTULLIEHCLKOrO KoMMIekcy. BoHa npeacraBneHa B OCHO-
BHOMY MIMHaMU CipyMU, 4acTo TEMHO-CIpMMMU, CUIBHO 3ari-
ncoBaHummn i 3aconoHeHumu. KapboHaTHiCTb  rmuH
3MiHETbCS B Mexax 20—40 %, i 3a UMM NOKa3HMKOM BOHU
He BiApi3HATLCA BiA rMWH NONAHULBKOI cBiTU. Cepea MiHe-
panbHUX HOBOYTBOPEHb Y BOPOTULLEHCHKUX FMIMHAX NpUCY-
THi KanbUuT, FiNC, aHrigpuT, noniranit, MiHepanu KaninHux
conew, LenecTuH, 6apuT, nipuT, ranewit, cdaneput. MuHU
BMIiLLlylOTb MPOBEPCTKN CBITNO-CIpMX MiCKiB, MNICKOBMKIB Ta
anesponitis. MNpoeepcTkn 3aBToBLwkM 0,03-0,05 m gosoni
MiLHi, 3 TOHKOI XBUNACTOK LIapyBaTiCTIO Ta chigamu



~12 ~

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

CMnMBaHHA OcafiB Ha nmigowsax wapis. [nacTu nickoBukiB,
AKi MaloTb GinbLuy TOBLWUWHY — 80 0,5 M i GinbLue, 3uemMeHTo-
BaHi 3Ha4HO cnabwwe. TypOigiTHNX TEKCTYp y WapyBaThX Bia-
Knagax He BCTAHOBJIEHO, HATOMICTb MOMIYEHi chnian
pisHOMacLITabHNX MINKOBOAHUX OpwxkiB Teuiin. BiporigHo,
BHACIIAOK TEKTOHIYHMX Hanpyr npoLlapky NicKoBUKIB Gyrnu
nonamaHi Ha KyTacTi ynamku i yTBopunu 6pekdienogibHy no-
poay, Tak 3BaHy MilLaHO-rMMHUCTY Bpekyito, 4acTo Ha rani-
TOBOMY LUeMeHTi. Taka BTOpuHHa OpekyinoBaHiCTb
COIEHOCHUX TTIMH YacTo CnocTepiraeTbCA B NPUPOAHUX Bia-
CINOHEHHSIX, LWaxTax Ta ceepanosuHax (BaweHko, 2009). Y
cTpaTurpadiyHii cxemi BOpoTULLIEHCHKA CBiTa OXONSIHE BEP-
XHIO 4acTuHy ereHbyprcbkoro periosipycy. 36epexeHa (He-
NnoBHa) TOBLUMHaA BOPOTULLEHCLKOI CBiTU CTaHoBUTL 700—
1200 m.

CtebHuubka csita (N1st) ctpaturpaciyHo 3rigHo 3ans-
ra€ Ha BEpXHbOBOPOTMLLIEHCHKIN CBITi i MOCTYNOBO HApOLLy-
eTbca Oanuubkoto cBiTol. Y Cambipcbkomy MOKpuBI B
pavioHi TpyckaBus—CTebHMKa BOHA NMEepeBaXHO MMMHMUCTA i
CKnageHa TOHKOPUTMIMHWUM, iHOAI cepefHbOPUTMIYHUM ne-
peluapyBaHHsM POXEBUX, 3€NeHyBaTo-Cipux, Cipux, Mic-
USMM YOPHUX [MUH 3 anesponiTamm Ta NiCKOBUKaAMMU.
ToswmHa cBiTn 400—-1000 m.

Banuusbka csita (N1bl) Bigoma Tinbku B Mmexax Cambip-
CbKOro MOKpMBY, € BOHA NOCTYNOBO HapoLLye CTEOHULIbKY
cBiTY. Ak niTocTpaTurpadiyHa oamHuusa BoHa Oyna Buai-
neHa (Cizancourt, 1925) no6nuay c. bannui (Tenep c. 3a-
piyus) Ha p.Csivya. 3aranom cBiTa npeacTaeneHa
3e1eHyBaTO-CipuMM, TOHKOLLIAPYBaTUMU, NepeBaxHO kap6o-
HaTHUMK FMHaMK 3 NpoLLAapKkaMy aneBporiTiB Ta NiCKOBU-
KiB. ToBwwMHa cBiTK 350-750 m.

3HayHe NowMpeHHs MatoTb He TiNbKK raneka i 6punu, a
M po3muTi Ta NepesigknageHi Nnopoaun OniroueHy i eoueHy.
BoHun gobpe BMAinaTbCs B KEPHi CBEPANOBUH 3aBASKM 3e-
neHomy i YopHOMy 3abapBrieHHI0 nopia, HexapakTepHOMY
ana monacosoro komnnekcy. Kpim uboro, nepesigknageHi
NnopoAM OniroLeHy MeHinNiToBoro TUMNy MarTb NiABULLIEHY ra-
MMa-aKTUBHICTb (o 20-35 Mkp/roa), sika 3Ha4yHO MepeBu-
LLYE€ MOKa3HWKW CipOKOMIPHUX apriniTiB i rMWH NOMSHULBKO-
BOPOTULLIEHCHKOI TOBLi. MpocTopoBa GNM3bKICTb €K30TWY-
HUX KOHrmoMepaTiB Ta OMNICTONITIB, CKNageHWx nopogamu
drniwoBoi dopmadii, BUrnsgaae HEBUNAAKOBOK i CBIAYMTL
npo 6nu3bke po3TallyBaHHSA [pKepen iXHboro 3Hocy. [xe-
peno 3HOCYy AN €K30TMYHUX KOHrmomepaTiB po3MillyBa-
nocsa  Ha nNiBHIYHMMA CXig4 Big 1XHLOrO TenepiwHbOro
MOMOXEHHS, MPO WO CBiAYNTb 30iNbLUEHHS PO3Mipy ynaMkiB
nopig, siki ix cknagatTb. Ha Le Bkasye Take: cBepANOBUHOIO
18—IBaHuKM BCTaHOBNEHUN HaA3BUYaANHO BENUKMIA NiBTOpa-
KiNnoOMeTpoBWI iHTEepBan po3pidy, Marxe NOBHICTIO BUMOBHE-
HAA  OpPUNOBMMM  E€K3OTUYHMMMK  KOHrnomepatamu. Y
npuBuGiNHOMY iHTepBani 4120-5552 m cBepanoBMHa po3k-
pvna BOPOTULLEHCBKI Bigknaan gpyroro sipycy bopwvcnas-
CbKO-T1OKyTCbKOro NMOKpUBY, @ Y BOPOTULLEHCLKOMY GaceliHi
BigKknaaum Uboro Apycy, siKi HUHi 3HaxoAaTbCs Nig HacyBoM
3ragjaHoro MOKpMBY, pO3TallOBYyBanucsa MiBHiYHiWeE Bia
HbOro. Ane Lie 3ayBaXkeHHs CTOCY€ETbCS BiAKnaais, Ski Tenep
cknagatoTe bopucnascbko-lMNokyTCbkuiA NOKpWB, @ OnNucaHi
ApibHiwi koHrnomepatn babuHoi Nopwu i ropu MopieTu, wo
3ocepeaxeHi B Mexax CambBipCbkoro MokpuBy, 3Haxogu-
nuncs Wwe gani Ha niBHid. Lia HeBignoBigHICTb MiXK BENUYMHOKO
ranbKu KoHrrnomeparis 060X MOKPUBIB, iIMOBIPHO, BKa3ye Ha
Te, WO [pKepena nocrtavyaHHs eK30TUKU po3ainsanu BOpoTu-
LLeHCbKMA GaceliH ocagkoHarpomMapkKeHHs1 MpUHaWMHI Ha
ABi YacTuHU. Moxemo npunycTuTu, WO iCHyBaB apxinenar
OCTpOBIB, CKknageHun Bigknagamyv A0MNIWOBOI OCHOBW.
Tomy Ha H1X He Byno ¢niloBOro Yoxna, 30Kpema TEMHOKO-
NipHUX  Mopig  MeHiniToBoi  cBiTM  oniroueHy. Loago
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pi3HOKOMiIpHMX iniTiB prdeto, AKi € y cknagi TpyckaBeLbKnx
KOHrromeparTiB, TO BapTO HaBecTu BMCHOBOK M. ®epayluaka:
"[lnsa Toro, wob obkaTaT1cs 4O LUbOro CTyneHs, TakuMm BigHO-
CHO HECTIViKMM nopofam HeobxigHo Byno nNpowiTh KOpOTKUiA
LUNSAX MepeHocy, a MOXIUBO, AOCUTb Byno nepemicTuTuCh y
GaceinH. ToMy MOXHa BBaXaTu, LUO L yramKky B KOPIHHOMY
3ansraHHi po3TalloBYBanuch Ha HeBenukii Bigaani Big 6a-
cenHy Ta Bynu npuHeceHi TMM4acoBuMmn noTokamu" (deny-
wak, 1962). xepenamn ans onicTocTpomMn 3 Matepianom
GniLOBOT KOMMOHEHTN Oynun Gepern MonacoBoro 6aceiHy,
po3TalloBaHi B NiBAEHHO-3aXiAHOMY HanpsAMKY Bif HbOrO.

CmpyKmypHO-meKmMOoHi4He [0JI0KeHHsI OCHOBHUX
esileMeHmis

Mepepn TUM Ik PO3rNsAHYTU 0COGNUBOCTI BY40BU OKPEMUX
TEKTOHIYHUX OOUHMWLb, BapTO Haragatu, 3a sikuMu Kputepi-
AMW BOHM BMOKpeMneHi. Lie BinbLue cTocyeTbes oauHuLp, Y
cknagi skMx NpucyTHI Bigknagn monacosoi dopmadii. Cku-
60BMI NOKPMB — Lie YacTMHa meranokpmsy CkrnagyacTux Ka-
pnat. lMpoMibXHUI ApYC € NepeaoBO YaCTMHOK GOSiLLOBOrO
MacuBy, BTATHYTOR y NporuHaHHsA. TyT Bigknanucst monacw,
SKi nisHiwe Oynu aeHyposaHi. Bopucnaecbko-MoKyTCbkuii
MOKPMB — Lie TEKTOHIYHA OoauHMUSA, YTBOPEHa Bigknagamu
HDKHIX Morac, nigoLsa Skux 3ansrae Ha gnilli 3 pPO3MUBOM.
CamMbipCbkuin NOKPMB CKMageHUn HWxXHIMM Monacamun 6e3
hniLIOBOT OCHOBM Ta NOMSAHULBKOI CBiTK (puc. 1).

Haragaemo, wo 3a amnniTygamu nepemiweHs y Cnag-
yactux Kapnatax i [NepegkapnatckoMy nNporuHi BUONAwTb
NMOKPUBHI oanHuMLi Kinbkox paHris: |, II, Il Ta IV (BignosigHo:
NMoKpVBW, CyGNOKpMBY, CKMOWN Ta NycKu).

Cknboumn nokpmus Cknagyactux Kapnar — ue 6e3ko-
peHeBa TeKTOHIYHa oauHuUs |-ro paHry, nepemillieHa B niB-
HIYHO-CXiZHOMY HanpsMKy. Y Mexax nnoui BiH € HanbinbLu
30BHILLHBOI YacTuHOW YkpaiHcbkux CknagyvacTtux Kapnar.
Mo HacyBy CknbOBMI NOKPWB MEpeKpMBaE 3HaYHy MroLLy
Bopucnascbko-loKkyTCbKOro nokpuy. AMMniTyaa Hacysy
CTaHOBUTb LWOHanmeHwe 20 kM. XapakTepHo ocobnmBi-
cTio CkMBOBOro NOKp1BY € PO3BUTOK CBOEPIOHWX CTPYKTYP —
CKMO, siKi y CBOIO Yepry CKnagatTbCsi 3 HU3KM nycok. Cknbu
BiJ3HAYAOTLCSl 3HAYHUMU TOPU3OHTANbHUMU MEPEMILLEH-
HAMW BiHOCHO CYCiAHIX OQMHMWLb Takoro X nopsaky. PosTa-
LIOBaHi B MeXax CKMOM Nycku MatoTb HeBenuki amnmniTyam
HacyBaHHA. TOMy B Mexax OfHi€i cknbu 3asBuyan crnocre-
piratoTbCs NOPIBHAHO HEBENWKI 3MiHM NiTonorii cTpaTurpadi-
YHUX OOMHULb, LLO TX CKNagatThb.

BeperoBa ckuba. € nepeanooto cknboro CknboBoro no-
KpuBy. Micusimn BoHa HacyHeHa Ha [pomixHUA apyc, a Ha
GinbLin YacTuHi nnowi — Ge3nocepeaHbo Ha Bopwucnas-
cbko-lokyTcbkmin nokpus. 3 nieaeHHoro 3axogdy beperosy
cknby obmexye HacyB OpiBcbkoi cknbu. Ha aeHHin noBepxHi
no cknapy beperosoi cknbu BxoasTb 3a3Buyan ABi-Tpu ny-
cku (puc. 1). Mig HacyBom OpiBCbKOI CKMOW NPUCYTHI LLe ABi
nycku (puc. 2). PpoHTanbHa nycka beperosoi cknbu npo-
CTAraeTbCs B3[4OBX BCi€l il JOBXMHU Yy (DPOHTanbHIN Yac-
TMHI. B panoHi bBopucnaBa nycka npegcTtasneHa
BiAKNagamMu oniroueHy Ta eoueHy B Pi3HUX CTPYKTYPHUX
cniBBigHoLWweHHaX. [pyra i TpeTsa nycku — e pparMeHTn aH-
TUKNiHanew, 3pisaHux MNOXUNMMKM HacyBaMu i CKNageHux B
A0EPHMX YacTMHaX BigKNagaMu SIMHEHCLKOI CBiTU Ta Bepx-
HbOCTPUICBKOI MiACBITY BEPXHLOI Kpenam — naneoLleHy.

OpiBcbka ckuba. Lle gpyra cknba CknboBoro nokpusy,
sKa NpOCTeXyeTbCs Yepes yci YkpaiHcbki Kapnatu. Y nepe-
TuHi Bopucnae—CxigHuus OpiBcbka ckuba Hanivyye ax BiciM
nycok (puc. 2). Y mexax ginsHkm bopucnas—Moppuui—Tpy-
CKaBeLb Ha reonorivHin kapTi BUAHO pparMeHTy TpboX ii ny-
cok. ®poHTanmbHa nycka, CKNageHa  Bigknagamu
BEPXHBbOCTPUNCBKOI MiACBITU, BUXOAWUTb Ha NOBEPXHIO Ha Mi-
BHIYHWUI 3axia Big r. Fopoanwe (641,8 m), sika BUCOUNTb Hag,
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mictom Bopucnasom. fipyra nycka € doparMeHToOM MiBHIYHO-
CXigHOro NigBepHYTOro Kpuna aHTUKNiHanmi, 3ipBaHoro Hacy-
BOM. BoHa Bupi3HAETbCS 06epHEHO CTpaTUrpadiyHoLo no-
CnigoBHICTIO  BepcTB. TpeTa nycka npeacraBneHa
dparMeHTOM NiBOEHHO-3axigHOro Kpuna uiei X cknagku, y
YOMOBI (OPOHTANbHIA YacTWHI SIKOT MOLMpeHi Bigknaau
CTPUNCBLKOI CBiTU (puc. 1).

CkoniBcbka ckuba. Lle Tpeta cknba CknboBoro nok-
puBy (puc. 2). Y mexax po3pidy |- cknagaetbcs 3 TpboOX ny-
COK, HanMiBOEHHiILLA 3 AKMX NPeACTaBrneHa NoBHNUM HabopoMm
BidKMNadiB Kpenam 3i cnacbKor, FOfIOBHMHCBKOK Ta CTPUIACH-
Koo cBiTaMn. Ha AeHHin noBepxHi hikcytoTbCs KpyTi NagiHHSA
nnacTiB Ha NiBOEHHWI 3axid i Taki X CTPIMKi HacyBW Mnycok,
ane Bxe Ha rnMbuHi 1,5 KM HacyBu BCiX TPbOX Nycok 06'ea-
HYIOTbCSl B €AMHUIA CyOropm3oHTanbHWUin Hacys.

MpomixkHun apyc. Lia cTpykTypHa oauvHuus 3anmac
NPOMi>KHE MOMOXEHHS1 MK BiAknagaMu nepeaoBoi YacTUHU
Cknaguactnx Kapnart i BopucnaBcbko-IoKyTCbKMM NOKpU-
BOM. BiH npegcraBneHnn nyckamu, ki cKnageHi Kpenaoso-
naneoreHoBMM donieM. MNonNsaHNLBKO-BOPOTULLEHCHKI BifK-
nagu B HbOMY BIAcCYTHI (puc. 2). MNpoMikHUiA sipyc HacyHe-
HUA Ha Bigknagu Bopwucnascbko-lMokyTCbkoro nokpuey. Y
CBOI0 Yepry BiH NOBHICTIO NepekpuTui nokpusamun Cknagya-
ctux Kapnat i Ha noBepxHio He BUxoauTb. Lle ceigumTb npo
Te, WO BiH 3a3HaB NPOrMHaHHs i Ni3Hille onMHMBCA Nig Hacy-
BOM nepepnoBoi yactuHn Cknapgdactux Kapnat. Xapakrep-
HOO ocobnueicTio [IpOMIKHOrO sApycy, PO3KPUTOro B
BaraTbox rmmnbokmnx cBepAnoBMH K Y pavioHi bopucnasa Ta
iHLWWX AINAHOK NPOrnHy, € Te, WO BiH HEe MICTUTb CKyn4YeHb
ByrneBsofHiB. Lle npu ToMy, WO BiH Hige He BUXOAUTb Ha
OEHHY MoBEepxHIo, TO6TO 3a0BiNbHO ekpaHoBaHWi. CTpyk-
TYPHO BiH € NiBOEHHO-3axigHNUM NPOAOBXEHHSM MEepLLOro
Aapycy cknagok bopucnaBcbko-IokyTcbkoro nokpusy. Bu-
AMMa NPOTSKHICTb BUXOAY YTBOPEHb MPOMIKHOIO sipycy no
NiHii po3pidy |-I (puc. 2) ctaHoBUTL 6 KM. [NoNsHULBKO-BOPO-
TULLLEHCbKI BigKnaam y pospisi ceepanosuHu 2-HoBocxigHu-
Lbka 3 BU60em Ha rmmnbuHi 6020 M po3kpuTi Bi Kpato HacyBy
Beperosoi ckubu Ha Biggani 14 km. OTxe, amnnityga Ha-
cyBy beperoBoi ckubu Ha MpomixkHUI sipyc | MonacuK cTaHo-
BUTb sk MiHiMym 20 km. Hacnpasai BoHa 6inblua, ockinbku
3rajaHa cBepAanioBMHa He pos3Kpuna CKNagkym TpeTboro
Aapycy. TakuMm YvHOM, aMmnnityaa nepemilieHHs beperosoi
Cknbu xapakTepuayeTbCs BEMMYMHAMM, NPUTaMaHHUMKM Mo-
KPVMBHUM TEKTOHIYHMM oaunHuLUsM. Lle cnpocToBye BUCHOBOK
[OesIKMX reosoris Npo He3Ha4YHy amnniTyay HacyBy Mix Ckna-
Avactumun Kapnatamu i BopucnaBcbko-IMoKyTCbKO 30HOH
(JToannsk, 1996; osnHsk, & MeTpalkesuy, 2007). Mpyna re-
0Qi3unKiB i HaPTOBUKIB BUCMOBMMA iget0 Npo nokanisadito
BepxHbomacnoseubkoro HacToBoro pogosuiia y MNpomix-
Homy spyci Kapnat. Llet BucHoBok nomwunkosuii, 60 Bepx-
HbOMAacnoBeLbKke poAoBuLLE foKanizoBaHe B N'ATiM nycui
BeperoBoi ckubu, ik BUBOAMTBCS 3 re0NoriYHoro po3apisy no
ninii ceepanosuH 30-HoBa CxigHWLsA — 9-1BaHMKN, SIKWUIA Y Ui
cTaTTi He npeacTasneHo. OgHak HaBiTb 3 po3pisy -l (puc. 2)
BUNNMBAE, WO ABi Nycku NPOMiXKHOro sipycy posTalloBaHi
rnnbwe nycok beperosoi cknbw.

Bopucnaeckko-lTokymcbkuli  nokpue
namcbKo20 npo2uHy

Bopucnascbko-IMoKyTCbKMA MOKPUB PO3TaLLOBaHUA Ha
niBHiY Big MpomixxHoro sipycy i CknboBOro NokpuBy i HACyHe-
HU Ha CambipCbKMI NMOKPUB. WMoro niBoeHHo-3axigHa yac-
TUHa CKnageHa KpewngoBo-naneoreHoBMM doniem, Ha
SIKOMY 3i cTpaTUrpadiyHoIo, a MiCLSIMM i 3i 3HAYHOIO KYTOBOIO
He3rigHICTIo 3ansaralTb HUXHbOMIOLEHOBI Monacu. CTpyk-
Typi BopucnaBcbko-TlokyTCbKOro MOKpUBY NpuUTamaHHa
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cucTema nycok-cknagok. lNepesaxanbHuin po3BUTOK MalTb
aHTUKNiHanbHi cknagku. CuHkniHani 6inbL By3bkKi | MeHLWI 3a
nnower. AHTUKNIHANbBHI CKIagKu 3a3BuYan HaxuneHi Ha ni-
BHiYHMI cXxifg. Y panoHi bopucnasa nowmpeHi nexadi ckna-
okn. Taki cknagkv posipBaHi HacyBaMu MO MNOBEPXHSX,
6rn3bKMX 4O OCLOBUX MOBEPXOHL CaMUX CKNaaok. 3aranbHa
X Ancnokauisa Haragye nnacTuHW, HacyHeHi ogHa Ha OAHY.
AHani3 maTtepianis rnnbokoro 6ypiHHA Aae niagcTaBy ANS BU-
fpineHHa B Bopucnaecbko-MNMoKyTCEKOMY MOKPMBI  KifbKOX
ApyciB cknagok (puc. 2-5). BoHu po3saineHi HacyBamu Ginb-
LWOI aMnniTyaun, HiX Ti, AKi po3ainaTb okpemi cknagku. Lli
sipycu abo rpynu cknagok MoXxHa po3rnsgaTtu 9K TEKTOHIYHI
oauHWLI, aHanorivHi cknbam Cknbosoro nokpmsy. Baxnuso
nigKpecnuTu, Wo npyu aHanorid4HoMy NpoCTOPOBOMY PO3Mi-
WeHHi cknagok BopucnaBcbko-IMOKyTCHKOro MOKPUBY HOBI
Cknagku B HbOMY MOXHa 3YCTPIiTV TifbKu Nig HacyBamm Bep-
XHiX SipyciB, MPUYOMY Lii HOBi CKNadKun 3MiLLeHi Ha NiBOEeHHUA
3axig. IHakwe Kaxyyu, He MOXYTb CKNafKu HUXKYUX ApYCiB
posaTalloByBaTUCA Ha MiBHIY Big CkNagok BuLmMx spycis. Lle
MOXe OyTW 03HaKOI TOro, LU0 SKLLO Ha AKIACh OiNsHLi NOK-
pvBY BCT@HOBIIEHO SPYCHY MOCNIAOBHICTb CKragok 6opuc-
naBcbKOro TUMy, TO B MiBHIYHOMY HanpsiMky Bxe He Gyae
CKnagok i3 cpniwem B ocHoBi. [1poTe uein BUCHOBOK cnpase-
anveui nuwe ansa panoHy bopucnaea, ae B bopucnascbko-
[MokyTCbkOMY NOKpPMBI HACYBW AOCTATHBLO MOXWUA, WO iNOCT-
pyloTb puc. 2-5. BiH He npupaTHUA ONS iHWWX AiINSHOK
LLbOro MOKPUBY, A€ CKNaaKu MatTb CTPIMKILLi Kpuna.
Cambipcbkutli nokpue lMepedkapnamcbKo20 Npo2uHy
Cambipcbkuii MOKPUB MPOCTAraeTbCsl Bif, KOPAOHY 3
MonbLieto 0o KopaoHy 3 PymyHieto, NOCTYyNoBo 3BYXyOYMCb
y NiBOeHHO-CXiAHOMY HanpsiIMKy. BiH HacyHeHun Ha nnaTdo-
PMHY YacTuHY NporuHy. MokpuB cknageHuii 4BoMa KoMmnse-
KCamu MioLeHy, MK SKMMWU iCHYE KyTOBE Hey3rofKeHHs.
HwxHil, BOPOTULLEHCHKO-0annUbKNA KOMMNIEKC, 3a3HaB iH-
TEHCMBHOI NiHIHOI cknagyacTocTi. B 1ioro cTpykTypi nepe-
BaXaloTb CUHKMIHaNbHI  CKMagku, nogineHi By3bKUMU
aHTUKMiHaNbHUMK cknagkamu. BepxHii, 6ageH-capmatchb-
KWA KOMMMEKC, MEHW [LUCNOKOBaHUM i MOLUMPEHUIA 1O-
KanbHo. OMONOOXEHHSs! BiKy CTPaTOHIB NOKPUBY B MiBHIYHO-
CXiHOMY HanpsIMKy CBigYMTb MPO Mirpauilo 30HWM MNporu-
HaHHS HeoreHoBOro 6aceviHy B 3ragaHoMy HanpsAMKy.
[ONnoBHUM KpuTEpiEM ANS BUAINEHHSA L€l CTPYKTYpPHOI
OAMHWLI € He po3nnueYacTi ¢haLianbHO-MITONOrYHI Napame-
TpW, a BiACYTHICTb (oNiLLOBOT OCHOBYM A5 BiAKAAiB MioLEeHy
(Bypos Ta iH., 1969; ywko, & Kpyrnos, 1977). Lleit kpute-
pin gae nigcrasy Ansa posmexysaHHA boprcnascbko-INokyT-
cbkoro Ta Cambipcbkoro nokpuiB. [liBAEHHY 4acTuHy
ocTaHHboro M. JlagmxeHcbkuin BUAINSB Nig Ha3Bow Tpycka-
BeLbKOi Mia3oHW. BiH npunyckas, Lo B il OCHOBI Moxe ByTu
dniw (NagepkeHckuin, 1955), npoTe pesynbTaT YUCHIEHHUX
rMMBOKMX CBEPASIOBMH, NMPOOYpPEeHUX nisHille B ii Mexax, He ni-
OTBEpPOVNM Ue npunyLeHHs. Y niBaeHHin yactuHi Cambipcb-
koro B Mexax Bopucnaecbkoro Ta TycraHoBuLpbKoro 6rokis
BMSIBMEHO Tpu Nnycku (amB. puc. 1, 3, 4). Y dpoHTanbHMX Yac-
TMHaX BOHW CKMafeHi Biaknagamy HWKHbOBOPOTULLEHCHKOI Mi-
OCBiTW. Y [OBOX MIBAEHHMX Nyckax NpubnunsHo B cepefHix
YacTMHax NPUCYTHI 3aropcbki BEpCTBU. TpeTs fycka npeacras-
neHa Ha NoBepXHIi BigknagaMy 3acONMOHEHMX Ta 3arincoBaHMX
MIMH BEPXHBOBOPOTMLLIEHCHKOI MiAcBiTK. Y 6noui MNMomipku nie-
[OeHHa rycka Mae aHTuKniHanbHy GyaoBy (ovB. puc. 5). BoHa
3imM'ATa B CUCTEMY CUHKIiHaNb-aHTMKNiHasb. CUHKMNiHaNbHa Ya-
CTVHa CKrnajeHa BepXHbOBOPOTMULLEHCHKMMU BigKnagamu,
aHTVKMiIHANbHa — HWKHBOBOPOTULLIEHCHKMMMW, NMPUYOMY MOKPI-
BefbHa ii YacTMHa npeacTaBreHa 3aropCbkMMy BEPCTBaMM.
LLvpwvHa ujei yactuHn CambipcbKoro nokpuBy csirae 4—6 k.
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Xapakmep MoKpueHuUX ma rnocmrnoKpU8HUX MeKMmMo-
HiYHUX pyxie. Y paiioHi Boprcnaea obugea kpuna HacyBy
BeperoBoi ckMbu Ha Monacu HeHaye OXOMnIoTb 3 060X 60-
KiB LleHTpanbHy YacTuHy (Tolwinski, 1937a). Llen dakr Bia-
3Haumnn Takox [.H.OJoneHko Ta B.B.[lnywko, 4ki
3ayBaxunu, Wo dpoHTanbHa niHia beperoBoro HacyBy Ha
BopucnaBscbkii AingHUI BUTMHAETbCA Ha NiBAEHHUIM 3axig.
"mMnbokum BypiHHAM TyT BCTaHoBneHa bopucnascbka rnu-
OvHHa cknagka, sika HanexuTb BxXe 00 BHyTpiWHbOI 30HM
MepeakapnaTtcbkoro nporuHy. Lli gocnigHukmn Beaxanu, Lo
pyX anoxTOHy 3aranbMyBasno NigHATTS y pyHOaMeHTi, pos-
TawoBaHe B parnoHi Oposa (JoneHko, 1962; MNywiko, 1968).
OpHak BenbMy MoxXuni HacyBM Ha Uil OinsHui ceigyatb npo
HU3bKE FNCOMETPUYHE MOMOXEHHS yHOAMEHTY nig 4ac
NpOCyBaHHA anoxToHy. dyHOaMeHT TyT MigHSBCS NisHiLle.
Akwo yac popmyBaHHSA HacyBiB Yy Ui YacTuHi KapnaT i bo-
pucnaBcbKko-IMoKyTCbKOro NOKPUBY NPUMAHATHU SIK JOBEPXHbLO-
6ageHCbKo-HKHbocapmaTcbkuii (KnutoyeHko, AHuynos, &
Bynb, 1964), To audepeHuinoBani BepTUKanbHi pyxu B kap-
naTtcbKoMy perioHi 3adpikcoBaHi y nnioyeH-nnencToLeHi
(FodpterH, 1995). Togai x po3noyanacsi NOCTNOKPUBHA Ae-
Hy[aLis kapnaTCbKMX Mac, BUCYHYTUX Ha MiBHIYHMIA cXig no
cMCTeMi NOXMIMX HAacyBiB i NigHATKX ni3Hiwe. OcobnmBo iH-
TEHCMBHO AeHyAaUilHi npouecy NposBAsIOTLCS B 30HAX iH-
TEHCUBHOrO NigHeceHHs Teputopii. Lle nosicHioe noBegiHKy
Beperosoro HacyBy Ha bopucnasckkin ainsHui. Beaxaemo,
O MNoAiGHUA reHe3nc YTBOPEHHst i CTpykTypu MangaHn-
CbKOro niBBiKHA.

Cknapgkvn boprcnaBcbko-NoKyTCbKOro NoKpvBY nepeTu-
HalOTbCH BEMMKOLO KiNbKICTIO MONepeYvyHmnx po3puBiB, siKi po-
34ins0Th iX Ha okpemi 6moku (puc. 1). MnowuHN po3pueis
BepTUKanbHi abo 3aHyproTbCA Nig KyTamu, 6nmsbkMMm 4o
BepTukani. 3a xapakTepoMm nepeMilileHHs e CKugo-3CyBU
3 pi3HUMKU aMnniTy4aMy ropu3oHTaNbHOro Ta BepTuKalb-
HOro 3MmilleHHs. [ekoTpi 3 HMX nepeTuHalTb i Bigknaau
Cknagyactux Kapnat Ta 4acTMHy MONacoBOro KOMMIeKcy,
a Jesiki NopywyoTb i Ti, i iHwi. Cknpgo-3cyBu BUHMKANN ro-
NOBHO B pe3ynbTarTi pi3Horo onopy 3 60Ky napaaBTOXTOHY
Ta aBTOXTOHY B MpoOLECi HacyBaHHA anoxTtoHy. Okpemoi
yBaru 3acnyroByTb rMUOGMHHI pO3roMu, NPOTE B Uil CTaTTi
BOHW He pO3rnsagaTtuMyTbCs.

Pesynbtatu

[oBeneHo NpUCYTHICTb 3aCONOHEHNX FTOPU3OHTIB Y pO3pPisi
NONSAHNULILKOI CBITH, LLIO paHiLLe NpMINMarnock 3a 03HaKu BOPO-
TULLIEHCLKOI CBITW | NIPU3BOAMIIO A0 CYTTEBUX MOMUMOK Y CTPYK-
TypHuX nobyaoBax. [kepernom Ans €K30TUYHUX KOHrIo-
MepaTiB y NONsHULIKO-BOPOTULLIEHCHKMX Biknagax 6yna kop-
avnbepa BcepeauHi MonacoBoro GaceliHy ocagkoHarpoma-
OKeHHsi. Y BeperoBivi ckubi BigCyTHI monsiHMUBKI Bigknagu
HeoreHy. BnepLue B parioHi Boprcnaea BugineHo MpomikHuiA
ApyC — norpaHunyHy CTpykTypy mik Ckmbosum Ta Bopucnas-
cbko-TTokyTCbkMM nokpnBamu. CTPYKTYPHO BiH Tshkie 4o Bopu-
cnaBcbko-IokyTcbkoro nokpusy. Bneplue B parioHi Bopucnasa
y cknagi beperosoi Ta OpiBcbkoi ckMb BUAINEHO M'ATb Ta BiciM
nycok BignosigHo. OGrpyHTOBaHO BapiaHT NOSICHEHHS SIBULLA,
IO BMpaxeHo Y BiacTynaHHi niHii Hacysy KapnaT y panoHi
Bopucnasa Ha niBgeHHM 3axig. CdopMynbOoBaHO MPUHLMM,
3rigHO 3 SIKMM, SIKLLO Ha SKiNch AinsHUi bopucnascbko-MNokyT-
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A NEW LOOK AT THE GEOLOGICAL STRUCTURE OF THE BORYSLAV-MODRYCHI-TRUSKAVETS SECTION
OF THE UKRAINIAN CARPATHIANS AND PRECARPATHIANS

Background. This area is located in the Boryslav-Modrychy-Truskavets triangle. It contains deposits belonging to five tectonic units
(from southwest to northeast). These are: the leading part of the Skib nappe of the Folded Carpathians, the so-called Intermediate Stage, the
Boryslav-Pokutsky nappe, the Truskavets tectonic element and the Sambir nappe. They are composed of rocks of the flysch formation of the
Upper Cretaceous-Oligocene age interval and a molasse complex of rocks. In the first two units, there are rocks only of the flysch formation. In
the Boryslav-Pokutsky nappe, on a flysch base with erosion and stratigraphic unconformity, rocks of the molasse formation occur, represented
by the Polyanytsya, Vorotyschensky, and in places stratigraphically higher and Stebnitsya suites. In the Truskavets tectonic element and the
Sambir nappe, there are no flysch rocks as links of a normal sequential section. In the latter, rocks of the Lower Vorotyshchen subsections are
unknown. In all three tectonic units, where the molasse complex is present, it contains coarse-grained strata: Truskavets conglomerates and
olistostrome, which were formed from the erosion of older rocks and flysch deposits. The article considers issues related to the stratigraphy and
tectonics of flysch and molasse formation deposits.

Methods. Structural-tectonic, lithological, geological-geophysical, geochemical, hydrogeological.

Results. In the Boryslav area, both wings of the Coastal Slope thrust on molasses seem to cover the central part on both sides. The source
for exotic conglomerates in the Polyanytsia-Vorotyschenskaya deposits was the cordillera within the molasse basin of the sedimentary accumulation.
Polyanytsia Neogene deposits are absent in the Berehoveya Skiba.There is principle, according to which, if a tiered sequence of inclined folds of the
Boryslav type is established on some section of the Boryslav-Pokutsky nappe, then in the northern direction there will no longer be any of them with
flysch at the base. This fact was noted by researchers who noticed that the frontal line of the Coastal Slope in the Boryslav section bends to the
southwest. Deep drilling has established the Boryslav deep fold here, which already belongs to the Inner Zone of the Precarpathian Trough. These
researchers believed that the movement of the allochthon was slowed down by the uplift in the basement, which is located in the Orov area. However,
the very steep thrusts in this area indicate a low hypsometric position of the basement during the advance of the allochthon. The foundation here rose
later. If the time of formation of thrusts in this part of the Carpathians and the Boryslav—Pokutsky nappe is accepted as pre-Upper Badenian-Lower
Sarmatian, then differentiated vertical movements in the Carpathian region were recorded in the Pliocene-Pleistocene. At the same time, post-nappe
denudation of the Carpathian masses, pushed to the northeast along the system of inclined thrusts and raised later, began. Denudation processes
are particularly intense in areas of intense uplift of the territory. This explains the behavior of the Coastal Thrust in the Boryslav section. We believe
that the genesis of the formation and structure of the Maidan part is similar. The folds of the Boryslav—Pokutsky nappe are intersected by a large
number of transverse faults, which divide them into separate blocks (Fig. 1). The fault planes are vertical or dip at angles close to the vertical. By the
nature of the movement, these are strike-slip faults with different amplitudes of horizontal and vertical displacement. Some of them cross both the
sediments of the Folded Carpathians and part of the Molasse Complex, and some disrupt both. The landslides occurred mainly as a result of different
resistance from the parautochthon and autochthon in the process of thrusting the allochthon.

Conclusions. The geological map of the Boryslav-Modrychi-Truskavets section has been revised to a scale of 1:25,000 and four geological
sections. For the first time in the Boryslav region, the Intermediate Layer has been identified — a structure between the Skybov and Boryslav-Pokutsky
layers. For the first time in the Boryslav region, five and eight scales have been identified, respectively, in the Berehove and Orivska layers. The
presence of saline horizons in the section of the Polyanytsya formation has been proven, which was previously considered to be signs of the
Vorotyshchenskaya formation and led to significant errors in structural construction. The large amplitude of the thrust of the Folded Carpathians onto
the Boryslav-Pokutsky nappe is proven. A substantiated version of the explanation of the phenomenon, which is expressed in the retreat of the
Carpathian thrust line in the Boryslav region to the southwest, is proposed. A scheme of the formation of tectonic dislocations in the Boryslav-
Modrychi-Truskavets section is proposed.

Keywords : flysch, molasses, nappes, fragments, scales, Truskavets conglomerates, olistostrome.
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'KniBcbknit HauioHanbHUI yHiBepcuTeT iMeHi Tapaca LesueHka, Kuig, YkpaiHa

ENEKTPUYHI NAPAMETPU KAPBOHATHUX NOPIA FHIANHLIBCBLKOIo
HA®PTOrA30KOHOEHCATHOINO POAOBMLIA INIMHCbKO-COJNMOXIBCbKOIro
FA3OKOHOEHCATHOIO PAUOHY

(lMpedcmaeneHo YneHom pedakuyiliHoi kosnezii 0-pom 2eos. Hayk, npod., YneH-kop. HAHY Muxatinom OPJIOKOM)

BcTtyn. BuceimneHo pe3ynbmamu 6uU3Ha4YeHHS €JIeKMPUYHUX Napamempie kap6oHamHux ropid eepxHbLO20 Kap6OHY
HiduHujiecbKk020 Haghmoza3zokoHAeHcamHoz20 podoeuwa nuHcbKko-Cos0xieCbK020 2a30KOHOEHCamHO20 palioHy 3 MEMOIO KOM-

nJyIeKCHO20 aHai3y ix ¢isu4Hux enacmusocmedl.

Me ToAawn. BukoHaHO kopomkuli nempoepadpidHuli onuc earnHsikie. BusHa4eHo numomull eslekmpu4Hull ornip ma 8iOHOCHy
diennekmpuyHy NPOHUKHicMb. [ns1 su3Ha4eHHs Yux napaMempie 3acmocoeyeasnachb jlJabopamopHa esleKmpoMempuy4yHa ycmaHoekKa
Ha 6a3i npeyusiliHozo RLC-mempa MHC-1100 ma cneuyiasilbHO20 KepHOMpPUMaya.

Pe3ynbTaTu./JocnidxeHo maki eleKmpuyHi xapakmepucmuku 3pa3Kie nopiod, sk numomud i eiOHocHul (napamemp rnopu-
cmocmi) enekmpu4Huli onip ma eiOHocHa diennekKmpu4yHa NMPOHUKHICMb.

HaeedeHo Mmexi 3MiH ma cepedHi 3Ha4YeHHs1 yux napamempie 0ss1 ocliOeHuUX nopio.

BucHoBKMU. 3a donomozoro KopesnsyiliHo2o aHaizy ecmaHo8/1eHO psi0 KopessayiliHuX 3anexHocmel Mix ginbmpayitiHo-
€MHiICHUMU eflacmueocmsiMu A0cslidXeHuUX nopio ma esleKMPUYHUMU napamempamMu 8 ammocgepHux i ninacmoeux ymoeax. Li
3anexHocmi MoXyms 6ymu eukopucmadi npu iHmepnpemauii daHux 2eogpizuyHux 0ocnidxeHb ceepOsI08UH ma Modesro8aHHI
inbmpauiliHo-eMHicHUX Nnapamempie kap6oHamHux Nopid-kosiekmopis.

Knw4yoBi cnoBa: eanHsku, numomuli enekmpu4Hull onip, eiGHoCcHUll ennekmpu4Hull onip, eiOHOCHa diennekmpu4Ha npo-

HUKHicmb, KopensayilHi 3anexHocmi.

Betyn

lMocmaHoeka npobniemu. Noknaaw BYrneBoaHiB B kap-
OOHaTHMX KonekTopax MocifalTb ocobnuee micue cepep
oxepen BuoobyTky HadTu Ta rady. BoHn 4yacTto npeacras-
neHi cnabKoNpPOHWKHUMU, HU3bKOMOPUCTUMM FIPCbKMMU MO-
pogamu (MuxannoB Ta iH., 2014). HasBHicTb kapboHaTHUX
noknagis BYrneBOAHIB BCTAHOBMEHO B GaraTbox perioHax
CBiTYy, B TOMY 4ncni B YkpaiHi (QHinpoBcbko-[loHelbka 3ana-
avHa, gani — [43). KapGoHaTHi nopoau B AesiKnx perioHax
MiCTATb 3HAYHY KiNbKiCTb OpraHikv N MOXyTb CMyryBatn K
MaTepUHCbKMMM NopoaaMu, Tak i koniektopamu rady. HoBiTHi
TexHonorii BnaobyTKy rasy Ha OCHOBI rigpopo3puBy nracTa
3MiHWM CTaBMeHHS A0 LumMX Bigknagie. 3 6araTnx opraHikoro
kapboHaTHUX nopig MoxHa AobyBaTu ra3 y Benukux obcsirax
i 3 EKOHOMIYHO MPUAHSATHO 3@ HUHILLHIX YMOB cobiBapTiCTHO.

Kap6GoHaTHi KoneKkTopu 3a Linoto HA3KOH 03HaK Bifpi3Hsi-
I0TbCS Bif TEPUreHHUX nopig TpaguuinHux poaosuLl HadTu
Ta rasy. [ins kapboHaTHUX KONEKTOPIB XapaKkTepHe perioHa-
NbHE NOLUMPEHHS.

Mpun BMBYEHHI KapOGoOHaTHUX KOMEKTOPIB BaXkNMWBY poOrib
BigirpatoTb reodianyHi Ta NeTpodui3anyHi 4OCNIAKEHHS, a Ta-
KOX MaTemaTMyHe MOJENIOBaHHSA, Ha OCHOBI  SIKUX

BM3HAYaOTbCSsl HANPSAMKM rOPU30OHTanNbLHOro ctoBbypa ceep-
OJTOBVHM | NnapaMeTpu rigpopo3puey nnacra.

Y cTaTTi BUCBITNEHO eNneKTpUYHi NnapameTpu kapboHaT-
HMX Mopia, NpeacTaBNeHNX MIKpUTO-CnapMToBUMK Ta OOSO-
MITU30BaHUMM  MILLAHUCTUMW  BanHsKaMu  BEPXHbOrO
kapboHy MHiaMHuiBCbKOro HadTOra3oKoHAEHCATHOrO poao-
BuLa [MUHCLKO-CONOXiBCLKOro ra30KOHAEHCATHOro panoHy
(TKP). XapakTtepuctuka isdHNX BNacTMBOCTEN LUMX nopig
€ OOHVM i3 BaXknmBux 3acobiB OLiHKM HadhTOra3oBoro noTe-
HUiany nepcnekTMBHUX TOBLY, KapOOHATHMX KOMEKTOopIB, Lo
3YMOBJIOE aKTyasnbHICTb X NETPOdi3NYHOTO BUBYEHHS.

AHaniz nyb6nikauili 3a memoro docnidxeHb. Bu-
BYEHHIO Pi3NYHMX BNACTUBOCTEN Nopig HadTorasonepcnek-
TMBHUX PanoHiB YKpaiHW nNpucBsiMeHa Hu3ka nyo6nikain
(BwxBa Ta iH., 2019; 2020a; 20206; 2021; luras et al., 2023;
KapneHko Ta iH., 2014; 2015; Macnos, OHuwyk, & LUnHka-
peHko, 2017; Muxannos, Buxsa, & 3arHitko, 2014; Opniok,
& [OpykapeHko, 2013; Opniok, & Mawkesny, 2011; Orlyuk
et al., 2018; Mawkesu4, Opniok, & Jlebenb, 2014; CagiBHUK
Ta iH., 2013; Cobonb, & KapneHko, 2021; CtapocTeHko, &
Pycakos, 2015; Vyzhva et al., 2017) Ta 6araTbox iHWKNX aB-
TopiB. [leTpochianyHi napameTpu nopig MawTb Baxnuee
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3HAYEHHs1 AN OUiHKM X KONMEKTOPCbKUX BRacTMBOCTEN 3a
OaHUMW CBEPASIOBUHHUX €NEKTPOMETPUYHNX Ta aKyCTUYHNX
JocnigXeHb, TOMy ix NabopaTopHUM OOCNISKEHHSAM Npuai-
ngeTbea 3HayHa yeara. [pu ubomy neTpodianyHi napame-
TpY nopig i KopensuiiHi 3aneXxHocTi MK HUMKM MalTb
O0CUTb BUPaXXeHUN iHOUBIAyanbHUIN XapakTep LWOAO KOXHOT
AinsHkm gocnimkeHb. OTxe, nabopaTtopHe BU3HAYEHHS LNX
BNACTUBOCTEW Ta BCTAHOBIEHHS BiAMOBIOHNX KOPENSLiAHNX
3B'A3KIB MK HUMW ONS KOXXHOI NepCnekTUBHOI MoLLi noTpe-
Oyl0Tb BUKOHaHHS SIK OKPEMMUX AOCHiAKeHb, TaK i OKpeMoro
ny6ivyHOro BUCBITNEHHS X pe3ynbTaTiB.

BudineHHs1 Hepo3e'3aHuX paHiwe YacmuH 3a2alib-
Hoi npo6niemu. Ha cydacHomy eTani npobnema nowykis 1a
BMBYEHHS! KapOOHaTHUX OKepen BYrneBoAHIB Ha Teputopil
YKpaiHu € Haa3BMYaNHO akTyarbHO, 3BaXal4n Ha cutya-
L0 3 eHEeproHociAMu y CBiTi. TOMY BUBYEHHS NeTpodis3ny-
HUX BracTUBOCTEN TFipCbKMX MNOpPiA4 3 MEeTOK  OLiHKK
NepcnekTMBHOCTI reosorYHNX CTPYKTYP | KOMMSMEKCIB Ha BY-
rMeBOAHI Mae BaXUBE 3HAYEHHS. AK BXe 3a3Havanocs, ne-
Tpoi3anyHi BNacTMBOCTI Nopig HeobxigHi Ans iHTepnpeTauii
Matepianis reoisnyHmMx gocnigKeHb CBEPANOBUH, a TaKoX
npwv OUiHLi napameTpiB rigpopo3puBy nnacra.

HesBakaloum Ha 3HauHy KinbKiCTb BiANOBiAHUX nybnika-
Uin, ons kapboHaTHMX Nopig NPakTUYHO BIACYTHI AaHi ix na-
BopaTopHux ereKTPOMEeTPUYHNX aocnigxeHb i
KOPENAUIMHMX 3anexHocTen MiXK ginbTpauiiHO-EMHICHUMMN
Ta enekTpUYHNUMK napameTpamy Ans KOHKPETHWUX MroLy i
yTBOpeHb. Cnig Bia3HaunTK, Wo neTpodisnyHi 4ocnioKeHHs
Oynu cnpsiMoBaHi NePEBaXXHO HA BUBYEHHSI TEPUTEHHUX MO-
pig-konekTopiB i Ha AaHOMYy eTani NeTpoi3nyHi napameTpu
kapboHaTHUX nopig cnabko BUBYEHI.

Mema docnidxeHb — OLiHKa eneKkTPUYHMUX BNacTUBO-
cTen kapOOHaTHUX MOpIA-KONMEKTOPIB BEPXHLOrO KapboHy
HignHUiBCbKOro HaghTorasokoHAeHcaTHOro pogosuila M-
HcbKko-Conoxiecbkoro NKP sik OCHOBM KOMMIEKCHOro aHa-
ni3y iX isanyHMX BNacTUBOCTEN.

BcTaHoBMEHO, L0 KOpernsLinHi 3B'A3KN MiXK EMHICHO-(inb-
TpaUinHUMKN Ta eneKkTPUYHUMMK MapameTpamu, a Takox Aa-
HAMW CBEPANOBUHHUX i NONbOBUX reodisnyHnX MeToniB €
OOCUTb CKMagHUMK i NoTpebyloTb PEeTenbHOro BMBYEHHS.
Komnnekc nabopaTopHux neTpodisnyHMX [OChiMmKeHb €
OCHOBOIO A1 BU3HAYEHHS LMX 3B'A3kiB. [aHi, oTpumaHi B pe-
3ynbTaTi nabopaTopHMX AOCHiMKEHb NPO 3MiHW iX MUTOMOrO
€ITEKTPUYHOrO Ornopy Ta iX KOpensuiiHi 3B'A3kM i3 inbTpa-
LiMHO-EMHICHUMWM MapamMeTpamMu, BUKOPUCTOBYIOTbLCS [Ans
iHTepnpeTauii pe3ynbTaTiB enekTpoMeTpPUYHNX MeToaiB JOC-
NigXeHb CBEPANOBUWH i MONbOBOI €MNEeKTPOPO3BIAKN.

Metoaun

ExkcnepumeHmarnbHi G0C/iOXeHHs1 BUKOHAHO B Hay-
KOBO-AocnigHiv nabopaTtopii TeopeTUyHOi | NpyukNagHoi reo-
disukn  (HOJT TMAM) HHI "IHctutyT reonorii® KHY imeHi
Tapaca LleByeHka. Komnnekc neTpodisanyHnx SOChiaXeHb
BKIMOYaB BU3HAYEHHS: NyCTUHW nopia; BiOKpUTOI Ta edpekTn-
BHOI MOPUCTOCTI; CTPYKTYpW KaninsgpHOro npocTopy; nuTo-
MOro efleKTPUYHOro Ornopy; LBUAKOCTI MPY>XHUX XBUINb B
aTmocdepHux i nnacrtoeux ymosax (Bwxea TaiH., 2019,
2020 6, 2021; Vyzhva, Onyshchuk, & Onyshchuk, 2017).
BukoHaHo Takox neTporpadidHi gocnigxeHHs. Yci nabopa-
TOPHI BUMIpIOBaHHA BMKOHYBanucs Bi4MOBIAHO A0 YMHHMX
HOPMaTUBHMX JOKYMEHTIB.

Y cTaTTi HaBegeHO pesynbTaTh KOMMIEKCHWMX OOCHIAKEHD
€NeKTPUYHMX BracTUBOCTEN Konekuii i3 44 3paskiB kapboHaT-
HVX NOpIf BEPXHBOro kapOboHy IMHiaMHLIBCLKOro HaghTorasoko-
HOeHcaTHoro  popgosuwa  [MuHcbko-Conoxisebkoro  [KP.
HocnigxeHi nopoan npeactasrieHi MiKpUTO-CNapuTOBUMMU
Ta AOMNOMITU30BaAHMMM MiLLAHUCTMMK BanHsKaMu i3 cBepa-
noswuH 250, 278, 280 (iHTepsan rmmbuH 1760-1900 m).

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

3a matepianamu netporpadiyHmx AOCniAKeHb BCTAHOB-
NeHo, WO 3BepXy iHTepBarny 3ansraloTb TOHKOKPUCTamMiyHi
(cnapwuToBi) Ta nenitTomMmopdHi (MikpUTOBI) cnabogonomiTM3o-
BaHi BanHsKuW, SKi BKMOYAOTb ManonoTyXHi npoLlapku niwa-
HUCTUX YU aneBpONTUCTMX BarnHsKiB, abo HecopToBaHUX
nickoBuKiB. KinbkicTb Ta po3Mip TepureHHoro matepiany MiH-
nvBa, OKpeMmi 3epHa [ocsAralTb po3Mipy rpyboro ncamito-
BOro, a nenitToMoptHWiA KBapL, € HeBiA'€MHOK CKNagoBOK
MIKpUTOBUX BiAMIH (Y T. 4. i y cnapuTtax), Ae BiH acouitoe i3
TMVMHNUCTOIO (CMEKTUTOBOK) CKMNagoBow. [ONOBHUMM O3Ha-
KaMu BKa3aHWX BiOMiIH € 3abapBneHHs OKpeMuX LuapiB i npo-
LapkKiB, sike CrnpuyMHEeHe BMICTOM Y HUX CMEKTUTOBOI
CKNaJoBOi 3eneHyBaToro Konbopy. BuginsawoTbesa cipi, iHoaj
3nerka bypyBaTi cnaputu, 3eneHyBaTo-Cipi MiKpUTO-CnapuTy,
3eneHi MikpuTuK Ta ix cBiTno-cipi, Maibxe 6Gini BiaMiHu. Lapun
Ta NPOLLAPKN XapaKTepusyrTbCst HenapanenbHUMK, XBUISC-
TMMU, XMaponoaibHNMK Ta NiH30MoAiGHMMN 0BMEXEHHAMN.

HWwxKHIO YacTVMHY [OCHimXeHOro iHTepBany CcknagakwTb
[OJIOMITU30BaHiI MilLaHUCTI BaMnHSIKK, B AKX BiacHe JONOMIT
pa3oM i3 TEpPUreHHO hpaKLielo CTAaHOBUTL 3EPHUCTY Macy,
IO LEMEHTYETbCA MIKPUTOBUM KapOOHaTOM i3 FMMHUCTO
peyoBuHO, Ae AiNsHKM i3 6asanbHUM TUNOM LiemeHTauil
BMiLLytoTb Ao 60 % kpucTanis gonomity. IHogi B nopogax
TPannAwTbLCA NAAMU HAaTH.

Mopoan, Lo onuCylTbCH, XapaKTepu3yloTbCH HasiBHi-
CTHO Mix3epHoBux nop posmipom 0,01-0,03 mm, Wwo yacto
HE CMOMyYalThCa MK CoB00. X BHYTPILLHS NOBEPXHS i KO-
HTYPU NiANOPSAKOBaHi YMCIEHHUM rpaHsamM poMboeapis, Lo
He 3pocnucs Mixk coboto. [locnTb criabka NPOHUKHICTL pi3-
HUX BiAMIH BanHsAKYy NOB'A3YETLCHA 3 HASABHICTIO NaBYTUHHOI
CUCTEMU MiIXK3EPHOBUX TPILUMH, SIKi OyXXE YacTO BUMOBHHO-
HOTbCS aMOP(HOIO MIMHUCTOK KOJOILOTEHHOK PEYOBUHOLD,
ab0 TEKTOHIYHMX TPILLMH, SKi YaCTKOBO BMMOBHEHI NepeBia-
KnageHUM MiKpUToM, abo Kipoukamu KanbuuTy.

Bigknagu dpopmyBanucs, BiporigHo, B cepeaHbornmbnH-
Hi YacTuHI Wenbdy, Ae ocigaB NNaHKTOH, Npo WO cBigYaTb
GioMopdHiI peLuTKM, SIKi CTAHOBNATL OCHOBY NepekpucTarni-
30BaHUX CMNapuUTOBUX i MIKPUT-CNApUTOBMX BigMiH. B 006-
nactb  OpMyBaHHSI ~ TOHKO3EPHWUCTUX  BGiOMOPdHMX
kapboHaTHUX OCafKiB NepioguMYHO MOCTyMNaB TepUreHHWN
HecopToBaHW matepian (MOXNMBO WTOPMITK), abo nepe-
HeCeHW NPWAOHHMMU TeviaMmu, ski NnpuBHOCUNK B GinbLu
rMMOOKOBOAHI OiNsIHKA pa3oM i3 TEPUreHHUM MaTtepianom
dparmeHT cnabokoHcoMiAoBaHUX (MOXNMBO BOAOPOC-
TAMU) CMEKTUTOBMX Kipo4ok. Ocaakm HOCATb TpaHCrpecuB-
HWIA XapakTep: 3HU3y Yyropy Mo po3pidy CnocTepiraeTbes
3MEHLLEHHSI NMOTYXXHOCTI Ta KiNbKOCTi TEPUreHHUX npoLuap-
KiB. Bia3HayeHi TEKCTYpKn onnmMBaHHSA ocakiB (hopMyBanmcst
B CepeauHi nnacTa 3a paxyHOK HeOOHOPIAHOro nitoctaTny-
HOro TUCKY Ha AjiareHeTuYHin cTaaii nicna hopmyBaHHS Kpu-
cTaniB Ta MIKPOKOHKpeLin cynbgigis. [Honomitusauis
Hocuna BnbipkoBuii xapaktep. BoHa GinbLu iHTEHCUBHO Npo-
xoauna no 6iomopdHUX peLuTkax, MiHiManbsHO — No Kanbum-
TOoBOMY MikpuTy. LliBMALIe 3a Bce, AOMNOMITU3aLis BanHsKiB
BinbyBanacst Ha enireHeTW4HIl cTagii nicns (abo nig 4Yac)
dopmMyBaHHSA KNiBaXHOT TpimHyBaTocTi. [MpoTe gogaTkoBoi
MOPUCTOCTI B Ui AINSHLUi po3pidy He BMHUKIO, y 3B'A3KY i3
MOXIMBWM 3anikoByBaHHAM NOp Ta TPILLUH CMEKTUTOM i ne-
niTomopgHNM KapboHaToM.

3a knacudikauieto [laxHoBa Ui nopogu Hanexatb o |l
knacy konekrtopiB (JaxHoB, 1975).

Memoduka enekmpomempu4yHux JsiabopamopHuUx
docnidxeHb. JlabopaTopHi eNekTpoMeTPUYHI BUMiptOBaHHSI
CYXUX i HACMYEHNX racoM Ta MOAENSI0 NNacToBOi BOAM 3pa-
3KiB KepHa BMKOHaHO 3a gonomoroto RCL-metpa MHC-1100.
Mpunaa gae 3amory BUKOHYBAaTu BUCOKOTOYHI BUMIpIOBaHHS
€NeKTPMYHOro Oonopy Ta [AieneKTPUYHOi NPOHWKHOCTI 3a
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OBOXENEKTPOAHOI CXEMOH0 i3 LMPOBUM 3aNNCOM pe3yib-
TaTiB BMMiptoBaHb Ha EOM 3a cneuianbHOK nporpamoto
(Bwmxea Ta iH., 2019; 2020 a,6; 2021; Vyzhva, Onyshchuk, &
Onyshchuk, 2017). LuniHapuyHi 3pasku nig 4Yac BUMIpto-
BaHHsI NOMilLannch y cneuianbHUin KepHOTpMMaY, po3poo-
nexun y HOJ1 TeopeTnyHOI i npuknagHoi reodisunku.
JocnigxeHo 3MiHW NMTOMOrO eNeKTPUYHOro onopy 3a pi-
3HOro CTyMeHsi BiArOHKM BOAU Ha ueHTpuadysi OC-6M, 3 me-
TOK BU3HAYEHHS 3anexHoCTi NeTpodisnyHux napameTpis
BiZl BOOOHACKYeHHs nopig. Y npoueci umMx 4oCniaXeHb BUKO-
HaHO Cepito BMMIpOBaHb €MEKTPUYHOrO Onopy 1 LWBWMAKOCTI
NPYXXHUX XBUINb 3pa3kiB Nopia, HacMYeHNX MoJenso nnac-
TOBOI BOAM, A0 X LeHTpUdyryBaHHs Ta nicns LueHTpudyry-
BaHHsi 3a pexumiB BigroHku Big 1000 go 6000 o6/xB i3
kpokom 1000 0o6/xB, Lo BignoBiaae AianaszoHy 3MiHWM TUCKY
BUTiICHeHHs Boaun Big 0 go 1 MlMa (7 uukniB BMMIpOBaHb).

MapanenbHoO BM3Hayanucsa Takox koediuieHTn BogoHacu-
YeHH4d nopig,.

3 MEeTOH BCTAHOBIEHHSI KOPENSLINHOTO 3B'A3KY MiXK eneKT-
pUYHMMK NapameTpaMu Mopig B aTMOCHEPHUX i MMacToOBMX
YMOBax BUKOHAHO BiANOBIAHWI KOMMNIeKC nabopaTopHux net-
pOohi3nyHMX JOCHIOKEHD Y 3MOAENbOBAHKX NACTOBUX YMOBaX
(Temnepatypa t=50 °C; edeKTUBHUN TUCK Pep=30 MIMa; miHe-
panisauis nnacrosoi Bogn M=190 r/n).

CepeaHsa BigHOCHa nOXWOKa BW3HAYEHHSI EMEKTPUYHOrO
Oropy Nopia y pamkax BUKOHaHVX JocnigkeHb ctaHosuna 3,3 %.

PesynbTaTtn

AHaniz 9daHux enilekKmpomMempuyHux OOCJliOXeHb &
ammocghepHuUx ymogax. Y pesynbTati nabopaTopHMX BUMI-
plOBaHb BU3HAYEHO ENeKTPUYHI napamMeTpu LOCHigXeHUX
kapboHaTHUX Mopia, AaHi Npo Mexi 3MiH Ta cepefHi 3Ha-
YEeHHS AKX HaBeaeHo B Tabn. 1.

Ta6bnuys 1
Mexi 3miH i cepeHi 3Ha4YeHHSA eNeKTPMYHMX NapamMeTpiB Nopia B aTMocdepHUX yMOBax
ATtmocdepHi ymoBu
Ne Mopoan 3HaveHHs MuToMUI enekTpUYHUIA onip, OM-m Binuocuuﬁv [fienekTpuyHa NPOHUKHICTb
napameTpa . | HACUYEHUNX | eNeKTPUYHUMN . | HacunuyeHux
HacuyeHi : Hacu4eHi
cyxux racom | PO3UMHOM onip, P cyxux racom pPO34MHOM
NaCl NaCl
Mi . MiH. 14826 44478 10,8 3,1
1| Sanp o CTapAToR! MaKc. 358639 | 1075917 41,8 97
cep. 62713 188138 25,9 5,2
. ) MiH. 111953 307687 1,11 13,5 3,0 2,8 566
2 ﬁﬁ:ﬁlﬁfg:ﬁ:;m makc. | 12146665  |14449461 2,65 32,3 75 4,9 9565
cep. 1542135 3640258 1,69 20,7 4,2 3,8 3898

JTabopaTopHMMMN €NEeKTPOMETPUYHNMU BUMIPIOBaHHSIMA B
aTMoCEepHUX YMOBaX BCTAHOBIEHO, LUO MUTOMUIA ENEKTPUY-
Hun onip (MEO) miHepanbHoro ckeneta nopig (MEO cyxux ekc-
TparoBaHUX 3paskiB) 3MIHIOETLCA: AN MIKPUTO-CNapUTOBUX
BanHsikiB — Big 14,826 oo 358,639 kOm-M 3a cepeaHbOro 3Ha-
YeHHs 62,713 kOm-M; Ans JoNoMITU30BaHUX NiLLaHUCTUX Ban-
HskiB — Big 111,953 kOm-m go 12,147 MOM-m 3a cepegHbOro
3HayeHHsa 1,542 MOm-M. 3pasky O0NOMITM30BaHMX MilLlaHnC-
TUX BanHskiB, HacU4eHi MoZenso MnracTtoBoi BOAU (PO34WH
NaCl 3 M=190 r/n), matotb MEO Big 1,11 go 2,65 Om-M 3a ce-
PeaHbOoro 3HadeHHs 1,7 Om-m.

BigHocHun enekTpuyHuiA onip nopig (napameTp nopuc-
TOCTi P) — BigHOLLEHHSI MMTOMOro OMopy MOBHICTIO Hacu4ye-
Hoi nopoau (pns) 4O MNWUTOMOrO OMOPY HacKYyBarbHOro
po3uunHy (ps): P=pne/ps (DaxHoB, 1975; Tiab, & Donaldson,
2015) € BaxnmBuUM iHPOPMaLinHAM NapameTpoM, KU LLK-
POKO BWKOPUCTOBYETLCSI MPU reoi3NYHNX AOCHIIKEHHAX
ceepanosuH (FAC) enektpomeTpuyHnMn metogamu. B pe-
3ynbTaTi BUKOHAHUX €NEKTPOMETPUYHUX AOCHiAXeHb BCTa-
HOBIEHO, o BigHOCHWIN €NeKTPUYHNA onip
JONMOMITU30BaHUX MillaHUCTUX BamnHsKiB 3MIHIOETbCA Bif
13,5 po 32,3 3a cepeaHbOro 3HayeHHs 20,7.

BcTaHoBneHo KopensuinHy 3anexHiCTb MiX koedilieH-
ToM nopuctocTi (Kn) | BIGHOCHUM €NeKTPUYHNM ONMopoM ANs
OONOMITU30BaHNX MiLLaHUCTMX BarHsKiB, sika anpoKCUMy-
€TbCH PIBHAHHAM P = a-k;™, e a — nocTinHuin koediulieHT,
m — CTPYKTYpHUA nokasHuk (OaxHos, 1975; Tiab, &
Donaldson, 2015):

P = 0,8921k;"°%*° npn Rz=0,78.
"pacbik Uiei 3anexHoCTi HaBeaeHo Ha puc. 1.

MapameTp 36iNblUEHHS] ENEKTPUYHOro onopy (nMapameTp
Hacu4yeHHsi Py) — BiGHOLLEHHS NUTOMOrO OMOpPY YacTKOBO BO-
AoHacuyeHux nopig (pus) 4O NMMTOMOro ONopy NOBHICTIO BOAO-
HacunyeHux nopigd (pns): Pu=puws/pre (OaxHoB, 1975; Tiab &
Donaldson, 2015) € BaXIMBOI re0eneKTPUYHO XapaKkTepu-
CTUKOIO Nopia-KoneKTopiB. Y pesynbTaTi eKcnepuMeHTanbHUx
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nabopatopHux gocnigkeHb Ha LeHTpudysi OC-6M i craTuc-
TUYHOTO aHanisy gaHux enekTpoMeTPUYHMX BUMIpIOBaHb
OTPUMaHO KOpernsLuinHy 3anexHicTb napameTtpa Py Big koedi-
LieHTa BogoHacuyeHHs (Ks) ANs OOMNOMITU30BaHMX MillaHnc-
TUX BanHsKiB, sika anpoKCUMYETLCA PIBHAHHAM P, = b-k;™,
e b — NocTinHWIA KoedilEHT, N — NOKa3HWK 3MOYYBaHOCTI, LLIO
3anexvTb Big CTyneHs rigpodobHocTi 3epeH nopoau
(OaxHos, 1975; Tiab, & Donaldson, 2015). Lis 3anexHicTb
[ONst AOCTiOKEHNX NOpig ONUCYETLCA CTENEHEBUM PIBHSIHHAM

100

P

i eNeKTPHYHHI OTIip,

BigHOoCHH

10

0.01 0.10 1,00
Koeoimient nopucrocri, ky
Puc. 1. KopensuiiHa 3anexHicTb Mix koediLieHTOM
nopucTtocTi (k,) Ta BiAHOCHUM enekTPUYHUM onopom (P).
[OonomitTusoBaHi NillaHMUCTi BanHsKU

P, = 1,1988 -k, %! npu R2=0,974.
"pacbik HaBeAEeHOIT 3aNeXHOCTI NPeACTaBeHO Ha puC. 2.
EnekTpuyHi BNacTuBOCTI cepefoBMLLa TakoX MOXYTb
OyTn oxapakTepu3oBaHi AieNeKTPUYHOI NPOHMKHICTIO, SKa €
iHdbopMaTMBHUM NapamMeTpPoM MpPWU BUBYEHHI Oi€NEeKTPUKIB i
HaniBNPOBIAHMKIB, 40 SKMX HANEXUTb BiNbLUICTb FMPCHKNX No-
pig. BuainsioTb BigHOCHY, abcomntoTHy i AieneKkTpuyHy npo-
HUKHICTb BakyyMy (g, €a, €o), MDK SIKAMW ICHYE Take
CNiBBIAHOWEHHA:  e=¢aleo. Llei napameTp  LWMPOKO
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BMKOPUCTOBYETBCS MPU PO3B'sA3aHHI LUMPOKOro Kracy 3ajad
(OaxHo., 1975; Tiab, & Donaldson, 2015).
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TTapaMeTp 361IbLICHHS
€IIEKTPUIHOTO OIOpY, P,

KoedimienT BomoHacuueHns, k;
Puc. 2. KopensiyiiHa 3aneXxHicTb Mk napaMmeTpom
36inblIeHHs enekTpuyHoro onopy (P,) Ta koedidieHTOM
BogoHacuyeHHs (kg). JonomiTuzoBaHi NilaHNCTi BanHAKK

Y npoueci nabopaTopHMX JOCTiAXEHb BU3HAYEHO BigHO-
CHY AieneKkTpu4Hy NPOHUKHICTb (&) AOCNIAXKEHNX BaMnHAKIB 3
Pi3HUM CTyneHeM Hacu4eHHsa (Tabn. 1).

JTaBGopaTopHUMK eNeKTPOMETPUYHNMM BUMIPIOBaAHHSAMU B
aTMocepHMX yMoBax BCTAHOBMEHO, L0 AieneKkTpuyHa npo-
HUKHiCTb (A1) miHepanbHoro ckeneta nopig (AN cyxux ekc-
TparoBaHUx 3paskiB) 3MIHETLCA: A1 MIKpUTO-CNapUTOBUX
BanHsikiB — Big 10,8 0o 41,8 3a cepeHbOro 3Ha4YeHHa 25,9;
Ans AoNoMITU30BaHUX MillaHUCTUX BanHskiB — Big 3 go 7,5
3a cepedHboro 3HayeHHs 4,2. 3paskv MIKpMTO-CnapuToBMX
BarnHsikiB, Hacu4veHi racom, matotb Al Big 3,1 oo 9,7 3a ce-
penHbOoro 3HayeHHs 5,2, a JONoOMITU30BaHI nilaHuCTi Ban-
HSIKM XapakTepuayroTbcsa 3HadeHHsamu [ Big 2,8 oo 4,9 3a
cepeaHboro 3HayeHHs 3,8. 3pasku 4ONOMITU30BaHNX Milla-
HUCTUX BarnHsKiB, HACUYEHi MoAensnto NNacToBoi BoAU, Ma-
toTb Ol Big 566 no 9565 3a cepeaHbOro 3HadeHHs 3898.
Cnig Big3HauuTW, WO AieneKkTpuyHa MPOHUKHICTL ckeneTta
(cyxui cTaH) MIKpUTO-CNApUTOBKX BanHsKiB Nepesullye B

3,6—6 pasiB Len napameTp 4OMOMITU30BaHMX MilLLAHUCTUX
BamnHsIKiB, NpW NPaKTUYHIA PIBHOCTi NOrO0 B HACUYEHUX racoMm
nopogax (tabn. 1).

BcTaHoBneHo kopensauiniHi 3anexHocTi MK kKoedilieH-
Tamu: nopuctocTi (kn), edeKTUBHOI NopncTocTi (Kned), 3aNM-
lWKoBOro  HadptoHacuveHHs  (ksi) | AienekTpuyHo
NPOHWKHICTIO (g) ANS MIKpUTO-CNapuUTOBUX i JONOMITU30Ba-
HUX MNiLLAaHUCTUX BaMHSAKIB, HACUYEHMX racoM, siKi arnpoKcu-
MYIOTbCH CTENEHEBOK (PYHKLIELD.

[na MiKpUTO-CNnapnToBMX BanHSAKIB:

ky, = 0,22911 - 7033476
npu R? = 0,715 — 3anexHicTb kn=f(g),
kpep = 0,2488 - e71132,
npu R? = 0,809 — 3anexHicTb kn.ep=f(c),
ks = 0,36765 - £037413,
npu R2 = 0,719 — 3anexHicTb ka=f(g).
[nsa nonomiTn3oBaHUX NilLaHUCTUX BaMHSKIB:
k, = 0,40589 - g~0:88037
npu R? = 0,751 — 3anexHicTb kn=f(g),
kyep = 3,70798 - £7352258,
npu R? = 0,922 — 3anexHicTb knep=f(¢),
ky, == 0,11316 - 133163
npu R2 = 0,796 — 3anexHictb kaw=f(g).

Mpadikm UMX 3anexHoCcTen HaBegeHo Ha puc. 3-5.

®izu4He ModentoeaHHs nnacmoeux ymos. BukoHaHo
KOMMJIEKCHI JOCMISKEHHSA Ha cheuianbHin yCTaHoBLi BUCO-
koro Tucky BCLI-1000M 3 meTo BM3Ha4Y€HHS NUTOMOrO Ta
BiJHOCHOrO €neKTPUYHOro OnopiB Nopig y NnactoBux ymo-
BaXx (pep=30 MIMa, t=50°C; M=190 r/n). BumiptoBaHHs BMKO-
HyBanucb Ha 3pasKkax, Hacu4YeHux MOZENM NNacToBoi
Boau (po3umHom NaCl). disnyHe MogentoBaHHSA NNacToBUX
YMOB NpoBefeHO Ha 8 3paskax AONOMITU30BaHMX MillaHuc-
TUX BanHsikiB. Mexi 3miH i cepeaiHi 3HaYeHHs NUTOMOrO 1 Bif-
HOCHOrO eneKTPUYHOro onopy Mopig y NnacTtoBMx ymoBax
HaBeaeHo B Tabn. 2.
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Puc. 3. KopensuinHa 3anexHicTb Mix koediuieHTom nopuctocTi (k,) Ta AieNneKTPUYHO NPOHUKHICTIO (g):
a) MiKpUTO-CNapuTOBI BanHsikv; 6) 4ONOMITU30BaHI MiLLAHUCTI BarnHAKW
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Puc. 4. KopensiuiiHa 3anexHicTb Mix koedilieHToMm echekTMBHOT NOpUCTOCTI (Kneqy) Ta Ai€NEKTPUYHOKO NPOHUKHICTIO (€):
a) MiKpUTO-CNapuTOBI BanHsikv; 6) 4ONOMITU30BaHI MiLLAHWCTi BanHAKM
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

Koe(imieHT 3aIHUIKOBOTO
HaTonacmienna (k,,)

¥ =0,36765x037413
R>=0,71970

0,1

JieneKTPHIHA OPOHIKHICTD (€)

a

Koe(imieHT 3QIHIIKOBOTO
HadroHacnueHHA (k)

0,1

y=0,11316x133163
R*=0,79568

10

JieneKTPHIHA IPOHIKHICTD (€)

6

Puc. 5. KopensuiiHa 3anexHicTb Mix koediLlieHTOM 3anuwkoBoro BogoHacuieHHs (k,,) Ta AienekTpPUYHOO NPOHUKHICTIO (g):
a) MiKpUTO-CMapUTOBI BanHsikv; 6) 4ONOMITU30BaHI MiLLAHUCTI BanHAK/

Tabnuys 2
Mexi 3MiH i cepeaiHi 3Ha4eHHSA eNeKTPUYHMX NapaMeTpiB 4ONOMITU3OBaHUX MilLLAHMCTUX BaMHAKIB y NN1aCTOBUX YMOBaX
Ne Mopona 3HauyeHHs MuToMuI enekTpUYHUM onip, BigHOCHUI eneKkTpuyHMiA onip,
napameTpa Prn; OM-M P
11 ] min 0,81 17,3
| 2 | JonomiTn3oBaHi NiLaHNCTi BamnHsKuM max 1,48 31,6
3 cepefHe 1,10 23,6

3pOoCTaHHs MMTOMOrO €NEKTPUYHOIO OMnopy i3 30inbLUeH-
HSIM TUCKY Bif, aTMOChEepHOro A0 NIacToBOro NOACHKETLCA
3aKpUTTAM MIKPOTPILLMH ¥ nopofax Ta gedopMaLieto B HUX
nycTtoTHoro npoctopy. OgHak y pasi 36inbLueHHs Temnepa-
Typu Big aTmocdepHoi A0 NnacToBoi, onip nopia 3MeHLy-
etbcad. Omke, MaemMo Cynepnosuuiio  BMAMBY  OBOX
pi3HOHanpaBneHnx akTopiB Ha NMTOMUIN ENEKTPUYHUIA ONip
nopig y nnactoBmx ymoBax.

Mpn disnyHoMy MoaentoBaHHi BCTAHOBMEHO, WO MUTO-
MU eNeKTPUYHMI ONip AOCHIAXEHNX BanHAKIB Y NNacToBMX
ymoBax 3MiHoeTbes Big 0,81 go 1,48 Om:-M 3a cepeaHbOro
3HayeHHs 1,1 Om-M. BigHOCHUI enekTpuYHUiA onip BanHAKiB
y NnacToBuX ymoBax 3MiHeTbes Big 17,3 go 31,6 3a cepe-
OHbOro 3Ha4YeHHA 23,6 (Tabn. 2).

3a pesynbTaTamy KOMMMEKCHOro aHanisy AaHux nabo-
paTopHUX €enekTPOMETPUYHMX BUMIPIOBaHb BCTaHOBMEHO
KOPEeNAUiNHI 3aneXHOCTi MK MUTOMUM eNeKTPUYHUM OMo-
pom B aTMocdepHUx (p) i nnactoBux (pnn) ymoBax (puc. 6),
MiX BiJHOCHUM €MNeKTPUYHNM OMNopoM (napameTpoM Mopuc-
TocTi) B atmocdepHux (P) i nnactoBux (Pnn) ymoBax (puc. 7)
Ta MiX BiQHOCHUM eneKkTpuyYHMM onopoM (Pnn) i koedilieH-
TOM nopucTocTi (Knnn) Y NNacToBux ymosax (puc. 8).

AHaniTUYHI BMpasn KopensauinHuX 3anexHOCTen, rpa-
dikn sknx 306paxkeHo Ha puc. 6—8, HaBegEHO HUKYeE:

Pun = 0,8501-p — 0,2108, npn R?=0,946;
P, = 1,4877 P — 4,5068, npu R?=0,946;
Pyy = 1,689 k7 7%, npu R?=0,6.

)

y=0.,8501x - 0.2108
R2=0.946

(TLIacToBi YMOBH)
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TIuToMHit eneKTpHUHHIT omip, OM*M (aTMochepHi yMOBH)
Puc. 6. KopensuinHi 3aneXHoCTi MiXk TMTOMUM eNeKTPUYHUM

onopoMm nopia B atmoccepHux (p) i nnactoBux (pn,) ymoBax.
JonomiTu3oBaHi niwaHUCTi BanHAKK
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TTapameTp nopHcTOCTi (IU1ACTOBI YMOBIL)

S
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TTapamertp nopucrocTi (arMocepHi yMOBH)
Puc. 7. KopensuirHi 3aneXHocCTi M)k napamMeTpoM NOPUCTOCTi
(BiAHOCHUM eneKTPMYHMM Oonopom) nopig
B atmocdepHux (P) i nnactoBux (P,,) ymoBax.
[OdonomiTnsoBaHi nilwaHUCTi BanHAKKN
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y =1,689x12%¢
R2=0,6001

0

Topamerp mopuctocTi, Py,
[]

0,01 0,10 1,00
KoedinienT mopucTocTi, Ky py
Puc. 8. KopensuiniHi 3anexHocTi Mix koedilieHToM
nopuctocTi (K,n,) W NapamMeTpoM NOPUCTOCTI
(BiBHOCHUM eneKTpU4HMUM onopom, P,;) nopig
B NylacToBux ymoBax. [lonomiTusoBaHi niwaHMCTi BanHAKK

KopensiifiHi 3anexHoCTi MiXX NUTOMMMMK Ta BIQHOCHUMU
€NeKTPMYHMMM Onopamn B aTMOCHEPHMX i NITACTOBUX YMO-
Bax AN AOCHiAXKEHNX Nopia BUPaXKarTbCA MiHINHOK (OYHK-
uieto (puc. 6-7), a MK BIOHOCHMM ENEKTPUYHUM OMOPOM i
KoedpilieHTOM nopucToCTi — cTeneHeBow dyHKUieto (puc. 8).

BcTaHoBneHi KopensuiHi 3anexHocTi, rpadikn SKnx Ha-
BeZeHO Ha puc. 6-8 Ta iX aHaniT4Hi BUpa3n, 4alTb 3MOry
OLiHIOBATM €NEKTPUYHI NapameTpu nopia, Lo nepebysatotsb y
nnacToBMX yMOBax, 3a pesynbtatamu ix nabopaTtopHoro Bu-
3HaYeHHs1 B aTMOCKEPHUX YMOBaX.
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Ouckycisi i BACHOBKK

JTabopaTopHi gocnimkeHHs NeTpoi3nyHNX BNacTMBOC-
Teln BanHsKiB € akTyanbHUMU OO0 OUIHKW HadhTorasoBoro
noTeHuiany MepcnekTUBHMX TOBLY. Y cTaTTi BWUCBITNIEHO
pesynbTaTy nabopaTtopHMX AOCAiAKEHb ENEKTPUYHUX Bna-
CTMBOCTEN KapOOHaTHMX Mopig BEPXHbOro kapOoHy IMHigWH-
LjiBCbKOro HadpTorasokoHgeHcaTHoro pogosuila MMuHebKo-
Conoxiecbkoro 'KP B iHTepBani rmmbuH 1760-1900 m.
HocnipxeHi nopoan npeacTaBneHi MiKpUTO-CNapuTOBUMU
Ta JOMNOMITM30BaHUMM MiLLAHUCTMMM BamnHAKaMM.

JlTabopaTopHMMU €eneKTPOMETPUYHUMU  BUMIipPIHOBaHHAMM
BCTAHOBSEHO, WO MUTOMUA ENEeKTPUYHUIA onip MiHepanb-
HOro ckeneTa (onip Cyxux eKCTparoBaHUX BamHsKiB) 3MiHI0-
€TbCH: ANa MIKpUTO-CnapuToBmMX BanHsikiB — Big 14,826 o
358,639 kOm-m (cepegHe 62,713 KOm-M); BONOMITU3OBAHMX
niwaHnctTnx BanHakie — 111,953 kOm-m go 12,147 MOm-m
(cepegHe 1,542 MOM-M). MUTOMUIA enekTpUYHUA onip no-
pig, HacUYeHMX MOAENII0 NNacToBOI PiAVHN, 3MIHIOETLCS.
3paskn A0NOMITU30BaHUX MilLL@HUCTUX BarHsKiB, HacU4eHi
Mogennto nnacTtosoi Boau, matTb MEO Big 1,11 po
2,65 OM:Mm (cepeaHe 1,7 OM-M). SHWKEHUIN €NneKTPUYHUI
onip MiKpUTO-CNapuUTOBUX BanHSAKIB NOPIBHAHO 3 ONOPOM A0-
NIOMITU30BaHUX NiLLAHNUCTUX BarHsKiB NOSCHIOETHCA NifBU-
LLIEHMM BMICTOM pyAHMX MiHepanie (Cynbgigis) y nepLumx.

B pesynbTaTi neTpodisanyHMX 4OCNiAXeHb BU3HAYEHO Big-
HOCHUI eneKTPUYHMI onip OOSIOMITU30BaHMX MilLaHUCTUX
BamnHsKiB B aTMOC(EPHUX yMOBax, SKMA 3MIHIOETLCH Bif
13,5 no 32,3 (cepenHe 20,7). Ha ocHOBI unx AaHuX BCTaHO-
BSIEHO KOPESALUIMHO 3aneXHiCTb MK KoedilieHTOM nopuc-
TOCTi i BIAHOCHUM €MEKTPUYHUM OMOpPOM AOCHIIKEHMX
nopig, LWo anpoKCUMYETbCS CTENEHEBO (PYHKLUIEI.

EnekTpomMeTpuyHi JOCRigXeHHA Npu LeHTpUdyryBaHHi
3paskiB JONOMITU30BaHMX NiLLAHUCTUX BanHsKiB Aanu amory
BCTAHOBUTU KOPENSUiNHMIA 3B'A30K Mk MapameTpoM 36inb-
LEHHSA eneKkTpUYHOro ornopy i koediuieHTOM BogoHacu-
YEHHS, SKUI BUPaXXaeTbCs CTENEHEBOI (PYHKLE0.

BcTaHoBneHo, Wo BigHOCHA AienekTpuyHa NPOHUKHICTb
MiHepanbHOro ckeneTa nopig 3aMiHIETBCS: A48 MiKpUTO-cna-
puToBMX BanHskiB — Big 10,8 no 41,8 (cepepHe 25,9); ans
OONOMITU30BaHNX MilLLlaHUCTUX BanHskiB — Big 3 go 7,5 (ce-
peaHe 4,2). MikpuTo-cnapuToBi BanHSAKW, HACUYEHi racom,
matoTb I Big 3,1 8o 9,7 (cepeaHe 5,2), a 4ONOMITU30BaHiI
NiLLAHMCTI BanHsKN XapakTepuayoTbes 3HavyeHHsamu [l Big
2,8 0o 4,9 (cepegHe 3,8). JonomiTMsoBaHi niwaHuUCTi Ban-
HSIKW, Hacu4yeHi moaenno nnactoBoi Boau, matoTb Al Big
566 0o 9565 (cepeaHe 3898). BigsHauaeTbes, WO AienekT-
pU4Ha NPOHUKHICTb ckerneTa (Cyxui CTaH) MiKkpUTo-cnapuTo-
BMX BarHskiB nepesuwye B 3,6-6 pasiB Len napameTp
A0MNOMITU30BaHMX NiLaHUCTUX BamnHsKIiB, 3@ NPaKTUYHOI piB-
HOCTi NIOr0 B HacM4eHMX racom rnopopaax, Lo NOSICHIETLCS
nigBuLLEHNM BMICTOM pyaHUX MiHepaniB (cynbdigiB) vy
MiKpPUTO-CNAapUTOBKX BarnHsiKax.

BcTaHoBneHo kopensuinHi 3anexHoCcTi MixX koedilieH-
Tamu: NOpPUCTOCTi, eEKTUBHOI MOPWUCTOCTI, 3aNULLKOBOrO
HaOTOHACUYEHHS | BIGHOCHO [i€NeKTPUYHOK MPOHUKHICTIO
MiKPUTO-CNapuUTOBKX | AONOMITU30BAHMX MiLLAHUCTUX Bam-
HSIKIB, HACMYEHUX racoM, siKi anpPOKCUMYKOTbCS CTENEHEBOK
yHKLUjEI0.

B pesynbTati (hisnyHOro mogentoBaHHs NNacToBnx yMoB
BCT@HOBJEHO, LU0 NMUTOMUIA E€MNEKTPUYHWUIA Onip OONOMITU30-
BaHMX MiWaHUCTKUX BanHakiB 3MiHoeTbea Big 0,81 po
1,48 OM-m (cepegHe 1,1 Om-M). BumiptoBaHHA MMTOMOrO
onopy nopia Npm pisHNX TMCKax nokasanw, Lo BHacNigokK 3a-
KpUTTA MIKpOTPIWMH Ta Aedopmadii NopoBOro npocTopy
eneKkTpUYHUIA onip nopia 3pocTac i3 36iNblUeHHAM TUCKY,
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BOAHOYAC 3anexHicTb koediuieHTa 36iMnblUEHHA NMMTOMOro
€NeKTPMYHOro OMnopy Big TUCKY ANs AOCNIAKEHUX Nopia BU-
paxaeTbcs noniHomMoM 2 nopsiaky. OaHak 36inbLUeHHsS TEM-
nepaTtypu B NnacToB/X yMOBaXx NMpuU3BoAWTb 4O 3BOPOTHOIO
npouecy — onip 3aMeHLwyeTbcs. TOOTO MaemMo cynepnosuiio
BMMMBY ABOX pi3HOHaNpaBneHnx pakTopis Ha NMTOMUIA ene-
KTPUYHUI onip nopig y nnactosux ymoBax. JocnigkeHHsaMu
BiJHOCHOrO €NEKTPUYHOrO OMNopy AONOMITU30BaHNX MilLaHu-
CTUX BamnHsKiB y NIacToBMX YMOBaX YCTaHOBIEHO, LLO LIEN
napameTp 3MiHeTbeA Big 17,3 oo 31,6 (cepenHe 23,6).

3aBAsiky KOMMIMEKCHOMY aHanidy MaTtepianis enekTpo-
METPUYHUX JOCHigXeHb AN Mopia yCTaHOBMEHO Kopens-
LiMHI 3B'A3KM MK MUTOMUM €NeKTPUYHUM | BIGHOCHUM
€NeKTPMYHUM OMOpPOM B aTMOCHEPHUX | MNAacToOBUX YMOBAX,
a TakoX MiX koediLlieHTOM MOPUCTOCTi N BiAHOCHUM €neKT-
PUYHUM OMOPOM Y NNACTOBUX YMOBaX. 3anexHicTb MixX nu-
TOMWUM Ta BiAHOCHWUM E€NEKTPUYHMM ONOPOM B aTMOCHEPHUX
i NNacToBuX ymoBax Ans AOCHIMKEHUX MOpif BUpaXKaeTbCsl
NiHiNHOK hyHKUi€0, a MK KoediLlieHTOM NOpUCTOCTi 1 BiA-
HOCHUM €NeKTPUYHUM OMOPOM — cTeneHeBot. DianyHe mMo-
[entoBaHHsl NNacToBMX YMOB [Jae 3MOry apjanTysaTtu
3HaAYEHHS1 ENEKTPUYHMX NapamMmeTpiB, OTPUMAaHMX Mig Yac na-
BGopaTopHUX BUMiptOBaHb B aTMOCepHUX ymMoBax, 40 napa-
MeTpiB nopig, LWo nepebyBatoTb y NNacToBMX yMOBaXx.

KopensuiiiHi 3anexHocTi enekTpuyHuX napameTpis i3 gi-
NbTpaUinHO-EMHICHUMWN BRACTUBOCTAMMW BanHsKiB, oTpUMaHi
3a pesynbTaTamy BUKOHaHWX nabopaTopHuX NeTpodisnyHmx
[ocnimpKeHb, MOXyTb OyTv OCHOBO Anst iHTeprpeTaLii gaHux
reodpianyHUX focniaXeHb CBepAnOBUH NOPIA BEPXHLOIO Kap-
O0Hy [HigMHUiBCbKOrO HagTOrasoKOHAEHCATHOro pPoao-
BULLA Ta CYMiXKHMX NIIOLLL.

BHecok aBTopiB: Ceprilt BuxBa — KoHUenTyanisauisi, MeTofo-
norist; Biktop OHuwyk — mMeToponorid, aHania i obpobka AaHux,
HanucaHHsi (opuriHanbHa YepHeTKa, Nepernsg i peaarysaHHst); IsaH
OHuwyk — aHani3 i obpobka AaHux, Banigauis AaHuX, HanvcaHHs
(opuriHanbHa YepHeTka); Mukona PeBa — meTogonorisi, aHani3 i 06-
pobka [aHuX, HanucaHHsl (opwuriHanbHa 4YepHeTka); OnekcaHap
LlabaTtypa — nporpamMHe 3abes3neyeHHsl, aHani3 i 0bpobka AaHwmx,
opManbHU aHanis.

Mopskn. ABTopu BUCMOBIOTL LUMPY NOASKY CT. nabopaHTy
LlymaHy B.C. 3a 10Oro akTMBHY # BUCOKONPOMECINHY y4acTb Yy nigro-
TOBLUIi 3pas3kiB i B nabopaTopHMX SOCNIMKEHHSIX.
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ELECTRIC PROPERTIES OF CARBON ROCKS OF THE HNIDYNTSIVSKE OIL AND GAS CONDENSATE DEPOSIT
OF THE GLYNSKO-SOLOKHIV GAS CONDENSATE FIELD

Background. The paper focus is on the results of electric properties determination of upper carbon rocks of the Hnidyntsivske oil and gas
condensate deposit of the Glynsko-Solokhiv gas condensate field. The main aim of the research is comprehensive analysis of rock samples physical features.

Methods. A petrographic description of limestones at the first stage was made. Then, resistivity of samples and their relative permittivity
were determined. To determine these parameters, a laboratory electrometric installation that consist of the RLC-meter MHC-1100 and the special
core holder was used.

R e s ults. Electric features of rock samples such as resistivity, formation resistivity factor, relative permittivity were researched.

The limits of variation and mean values of the electric properties of the studied rocks are given.

Conclusions. The correlation analysis was utilized to create some correlations between the reservoir parameters of the studied rocks and
their electric properties measured in atmospheric and reservoir conditions. These correlation relationships could help in the interpretation of well
logging data and modeling of reservoir parameters of carbonate reservoir rocks.

Keywords : limestones, resistivity, formation resistivity factor, relative permittivity, correlation relationships.
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BUABJIEHHA FPAHULLb FEOJIONNIYHUX OB'EKTIB METOAOM AHANI3Y BIAHOLWWEHHA
MNOXIAHUX NPABITALIIMHOIO NONA HA NPUKNAAI NEPEOKAPINATCBKOIO NMPOrUHY

(lMpedcmaeneHo YneHom pedakuyiliHoi kosnezii 0-pomM 2eos1. Hayk, npod., Yyn.-kop. HAH Ykpainu Muxatnom OPJIFOKOM)

B c Ty n. [lpedcmaeneHo memodoJsioeito ma pe3ysnbmamu ii 3acmocyeaHHs1 011 Bu3Ha4YeHHs1 2paHuyb 06'ekmie Ha ocHo8i aHa-
i3y epasimauiliHux (Marombcsi Ha yeasi aHomarii Byze Agsy..) 0aHux. OCHOgHy yeazy npudineHo eudinieHHI0 eepmuKasbHUX 2pa-
HUUb pizHoMacwmabHux cmpykmyp, siki MOXXymb ideHmudpikyeamucs sk 2eos102iyHi liHeaMeHmMu, maki sik po3/ioMu ma 30HU
nidsuweHoi mpiuwjuHyeamocmi, W0 Maromp 8ak/iuee 3Ha4eHHs1 OJIi PO3YMiHHS CMPYKMypPHO-MeKMOoHi4YHoi 6ydosu ma oyiHku
2eomepmarnibHO20 nomeHuiaay mepumopii. [lepedkapnamcbkull MPo2uH 06paHo sik 06'ekm AocnidxeHHs1 Yepes (020 CkadHy me-
KMOHiYHy 6ydoe8y ma nepcriekmueHicmb y nowykax 2ceomepMasibHUX i eyasieeo0He8uUx pecypcie.

M e T o A wv. [na aHani3y 2eono2iyHux cmpykmyp eukopucmaHo memod Haxusly noxioHoi epagimayitinozo nons (Tilt Derivative)
y noedHaHHi 3i cnekmpanbHUM aHanizoMm ma mpaHcgopmauietro dyp'e. Memodorsozisi eknrovae Kinbka emarie: 064ucsieHHs1 2padie-
Hma 2pasimauiliHo20 nosns, 3251a0XyeaHHsl, iH2ibyeaHHs1 HeMaKCuUMaslbHUX 3Ha4eHb ma rnopoz2yeaHHsi KoHmypie. Takuli nidxid dae
3Mo2y 3 8UCOKOI MOYHICMI0 8U3HaYamu Mexi 2eosioz2idyHux o6'ekmie i sudinamu po3pusu yHKUiT epasimayitiHo2o nomeHyiany.
AHani3 daHux npoesedeHO Ha OCHoei pe3ysibmamie 2paeimayiliHoi 3doMku e Mexax lepedkapnamcbKo20 NMPO2UHY.

Pe3ynbTaTun. 3acmocysaHHss Memoduku Oaso 3mMo2y eudiiumu fiHeameHmMu pe2ioHalbHO20 ma JI0KaslbHO20 muriie, siKi
gidnoegidaromb po3sioMaM i 30Ham nidsuuweHoi mpiwjuHyeamocmi. BudineHi 30HU MOXXymb cily2yeamu wiisixaMu mizpayii 2eome-
pMasibHUX 800 i3 2nuboKux Ha2pimux 30H Ao nopid-konekmopie, wWo nideuwye iXHO nepcrnekmueHicmb 051s1 2eono2opo3eidyea-
nbHUXx pobim. [MopieHsinbHUl aHani3 ompumaHux pe3ysibmamie 3 ICHYYUMU 2e0J102iYHUMU Kapmamu nidmeepdue euCOKy
moyHicmb memody. Kpim mozo, susienneHo dodamkoei cmpykmypu, siki paHiwe He 6ynu nomiyeri, w0 ceidyums nNpo eghekmus-
Hicmb 3acmocoeaHoi Mmemodoiiozii.

B ucHoBKMW. 3anponoHoeaHa Memoduka € egheKmueHUM eKcripec-MemodoM 8udineHHs1 PO3/I0MHO-6710KO8UX CMPYKMYpP Ha
ocHoei 2pagimempuyHux daHux. Ii 3acmocyeaHHsi dae 3Mo2y ymoyH08amu CmpyKmypHO-mMeKmoHiyHy 6ydosy pezioHie, gudi-
JIImu Hoei po3JIoMuU ma 30HU nideuujeHoi mpiwuHyeamocmi, W0 eaxsueo Ol Nowykie 2eomepmarnibHUX i ay2rieeo0He8uUX pecy-
pcie. Memodosioziss Mae wupokuli nomeHyian O5s1 BUKOPUCMaHHSI 8 GOCJIIOXeHHSIX CKIIa0HUX 2e0s102iYHUX 06'cKmie, maKux siK

lMepedkapnamcbKuli NPo2uH, i MOxe cymmeao nidsuw,umu eghekKmueHicmb 2e0s1020p038idyeasibHUX Po6im.

Knw4yoBi cnoBa: llepedkapnamcbkull npo2uH, Memood eu3Ha4yeHHs1 2paHuUyb o6'ckmie, 2pasimauyiliHi aHomanii, cnekm-

panbHUll aHanis, 2eomepmMa’sibHi MOWYyKuU.

Betyn

MepegkapnatCbknii MPOrMH € BAXKITMBMM FE€OSONYHUM
PErioHOM, O XapaKTepU3YETbLCA CKIAAHOK TEKTOHIYHO
OyOoBOI0 | 3HAYHMM MOTEHLaNoM ANs reoTepMarnbHOI Po3-
Bigkun. BusHayeHHs po3nomiB i 30H NigBULLEHOI TpilLuMHYBa-
TOCTi €  KIHOYOBMM  acrnektoM  Ans  PO3YMiHHS
nepcnekTMBHOCTI 6acelHy Ta nokadii 30H NiABULLEHOT iIMOBI-
pHOCTiI reoTepMarnbHOro noteHuiany. HasiBHi gocnigxkeHHs
30H NiABULLEHOI TPILMHYBATOCTI Ta aHanisy po3nomis € 06-
MEeXEeHUMU 0 30HM iHTepecy HadToraszosoi reonorii. MNMpoTte
ONs aHani3y TEKTOHIKM B reoTepmarnbHivi po3BigLi HeobxigHe
PO3YMIHHA FMUOUHHOCTI Ta NPOTSXKHOCTI po3nomie. Metoam
BM3HAYEHHS rpaHuLb 06'EKTIB Ha OCHOBI JAaHWX rpasiTauii-
HOT 3MOMKM [aloTb 3MOry OTpUMaTK AeTanbHy iHpopmaLito
Npo reororiyHy CTPYKTYpY, L0 Moxe OyTu BUKOpUCTaHO Ans
noganbLUMx reoTepManbHUX AOCHIAXEHb.

AkmyanbHicmb docsiidxeHHs. OCTaHHi [OCNIOKEHHS
OEMOHCTPYIOTb 3pOoCTatoyy HEOOXiAHICTb B €PEKTUBHMX Me-
Todax iHTepnpeTauii gaHWx noTeHuianbHWX noniB Ans

BUSIBNEHHS reororiyHnx pos3nomis. 3a BiCYyTHOCTI CENCMiIY-
HUX OaHUX | JOCNiMAXKEHHA CBEPANOBUH MeToau rpaBsiTalini-
HOIT 3I0MKWN [Jal0Th HaMKpalle PO3yMiHHS TEKTOHIKM PErioHY.
CyuacHi metoaum, Taki sk Tilt Derivative (Haxvun noxigHoi rpa-
BiTauiMHoro nons, gani — TDR), gawoTb 3mMory oTtpumaru
GinbL ToYHy iHdOpMaLito Npo rMubKHy Ta opieHTaLilo po3-
NOMIB, LLIO KPUTUYHO BaXIMBO 41151 reoTepMaribHUX NOLLYKIB.
AKTyanbHICTb LbOro AOCHIAKEHHS1 NOMsira€ B MOXITMBOCTI
noninweHHs MeToAIB iHTepnpeTauii AaHUX NOoTeHUianbHUX
norniB Ta BUKOPUCTaHHS iX Ans onTUMi3aLii reonoriyHoi pos-
BiAkM B [epeakapnaTcbkoMy MPOruHi.

MeTo Lboro AoCnimpKeHHs1 € po3podKa i 3aCTOCYBaHHS
MeTOZiB BM3HA4YeHHs rpaHuub 06'ekTiB Ans iHTepnpeTauil
nopyLueHb pi3Hoi rmunbuHn B NMepeakapnaTCbKOMy MPOruHi
Ha OCHOBI JaHMWX rpaBiTauinHOl 3MOMKN.

AHani3z ocmaHHix docnidxeHb i nybnikayid. Buko-
pUcCTaHHS MeToay BM3HAYEHHsI rpaHulb 06'exTiB € foBONi
nonynspHuM cnocobom igeHTudikauii po3pmsiB yHKLUIT,
AKi IHTepnpeTyTbCa AK HasBHICTb TpiwnH abo po3nomis
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Ha OCHOBI reodi3nyHnx gaHux. Llem meTton mae knio4voBy
ponb y BU3HAYEHHI TEKTOHIYHMX MOpPYLIEHb HA OCHOBI Cen-
CMiYHUX OaHUX.

MepLi 3acTocyBaHHA MeTOAY BU3HAYEHHS rpaHuLpb 06'-
€KkTiB Oynu Bkpan MpocTuM i ehEeKTUBHUM METOAOM, SIKUIA
AaBaB XOpoLUi pe3ynbTaTy, WO nigKpecnoBanu icHyui po-
3pumBM y cericmivHoMy o6'emi (Luo et al., 1996). ®yHkuUioHan
nepLInMX MeToAiB BU3HAYEHHS rpaHuLb 06'exTiB MaB 3a oc-
HOBY OnepaLilo NPOCTOPOBOro AndepeHLitoBaHHSA NepLIoro
nopsaky, y ki gaHi saroptanucs i3 npoctum Aso- abo Tpu-
TO4koBUM @inbTpom. CyyacHi )X MeToaM BU3HAYEHHS rpa-
HuUb ob'ekTiB (Koson et al., 2014; Silva et al., 2005) patoTb
3MOry BUSIBUTU He nuLLe perioHanbHi po3nomu, a i TpiluHy-
BaTiCTb Ta HasIBHICTb reonoriyHmx Tif, y 3B'sA3Ky i3 3aCTOCy-
BaHHAM TpaHcdopMmalii Pyp'e Ta cnekTpansHOro aHanisy
noTeHLuianbHUX Noni..

3acTocyBaHHs MeToQy BU3HAYEHHS rpaHu1Lb O6'eKTiB B iHTe-
pripeTadii pesynbraTtiB reoiavyHMX BUMIPOBaHb MOTEHLjarnb-
HWX MOSiB Aae 3MOry BUSABNSATY iHGpOpMaLLito, sika He o4eBMaHa B
opuriHanbHUX AaHuX i Bigirpae BaXKrnmBy pofib Y PisHUX MacLuTa-
6ax TEeKTOHIYHOI iHTepnpeTaLlii, Takmx sk MiHepanbHa abo Had-
ToBuagobyeHa possigka (Yan et al., 2015), igeHTudikauis
poanomis (Ghosh, 2019), BU3Ha4YeHHs1 MeX Pi3HUX TEKTOHIMHUX
yTBOpeHb abo reonorivHmx Tin (Guy et al., 2014).

CmpyKmypHO-meKmoHi4yHi ymoeu o6'ekma docii-
OxeHHs. [NepeakapnaTcbkuii NPorvH € YactnHoro Kapnatcb-
KOi HadTOra3oHOCHOI NPOBIHLiI, fKa XapaKTepusyeTbcsl
cknagHol 6araTtospyCcHOK CTPYKTYpO 3eMHOi kopu. [Mpo-
MMH po3TalloBaHmi Mixk CxigHoeBponecbKo NnaTtopMoto
Ta cknagyactumu 3oHamu Kapnat i yTBOptoe nepenoBuii
Kpau oporeHy. Y Noro Mexax BUainstoTb TPU OCHOBHI TEKTO-
HiuHi 30HK: Binbye-Bonuubky (3oBHiwH0), Cambipcbky Ta
Bopucnascbko-lNMokyTcbky (BHyTpiwHI0). Lli 30HM BigpisHs-
I0TbCS 3@ CKNaaoM 0CafoBUX TOBLY, TEKTOHIYHOW 6yao0BOHO
Ta icTopieto bopmyBanHsa (Kytac, 2021).

MporvH nepeTrHalTb YUCTIEHHI PO3IOMM MO340BXHBOIO
i nonepeyHoro NPoCTAraHHs, ki BidirpaloTb KMOYOBY pPorb Y
POpMYyBaHHI CTPYKTYPHO-TEKTOHIYHNX NACTOK SK AN HadTh
Ta rasy, TaK i NOTeHUiNHKNX reoTepMarnbHuUX podoBuLy. Mos-
OOBXHi pO3romMu 3yMOBIEHI HACYBHUMU NpoLiecamu, Todi sik
nonepeYHi po3nommn NoAiNsATb NPOrMH Ha 6NoKK 3 Pi3HUMK
ymoBamm ancnokadii (Atnac pogosuy..., 1998). Lli 3oHu ni-
OBULLEHOT TPILLMHYBATOCTi € BaXNMBUMMW KaHanamm ans mi-
rpauii cpnoigis Ta popMyBaHHsI NMOKNafdiB BYrNEBOAHIB i
reoTepMarnbHUX PecypciB.

HesBaxatoum Ha Te, o NepekapnaTcbkuii NPOrvH He €
Hacamnepe 6aceiHoM reoTepMarnbHOro noTeHuiany, noro
nepcnekTuen Gynu onucaHi B nonepefHix pobotax (Kypo-
Belb Ta iH., 2014) Ta nigTBEpAXEHI HOBUMU AAHUMUN BYPiHHSA
CBEpANOBMWH, SKi BiAKpuBanu noknagu 3 TemnepaTypamu
120-150 rpagyciB B mexax binbuye-Bonuubkoi 30HM Ha rmu-
OuHax oo 3 Km.

'mMnbuHHa GypoBa NpormMHy Takox Bigobpaxae Garato-
pasHuii po3BUTOK perioHy. [lokeMOpincbkunii yHAaMEHT no-
CTynoBo 3aHyptoeTbesl  nig Cknapguacti  Kapnatn, a
Me3030MCbKi Ta KaMHO30MCbKi OCafoBi KOMMNEKCU XapakTe-
pU3ylOTbCA 3HAYHOK TOBLUUHOW, fAka pgocsarae 10 km y
LeHTpanbHii YactuHi npormHy (Kpyncekun, 2001). Y Takux
yMOBaX BUKOPUCTaHHS Cy4acHMX MeTogis, 3okpema TDR, €
BaXXNMBMM iHCTPYMEHTOM Ans AeTanisaii CTPyKTYypHO-TEK-
TOHiYHOI By0BK perioHy Ta BMAINEHHS NEPCNEeKTUBHMX 30H
Ansi reonoropo3sigyBarnbHUX pobiT.

Metoan

B uin poboTi nokasaHo 3actocyBaHHst MeToay TDR, sikui
€ MeTOAOM AOCRIMKEHHS KyTa Haxuny noxigHux rpasitauin-
HOro Mons AN BU3HAYEHHS rpaHulb 06'eKTIB Ha TepuTopii
MepeakapnaTcbKoro NPoruHy.
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Ons ineHTudikauii po3nomis pisHUX TUNIB, @ TaKOX BUAi-
NEeHHA 30H TPIiLWHYBaATOCTEN 3aCTOCOBYIOTb PidHi TUNN Me-
TOAIB BM3HA4YeHb rpaHuub 0O0'ekTiB. [ns npuknagy, B
CeNCMiYHI iHTepnpeTauil BUKOPUCTOBYIOTLCA [ayciBCbKi
dYHKUIT, PinbTp KaHHW, onepaTop ueHTpoBaHoi pi3HuLi. Ko-
XKEH 3 HNUX Ma€ CBOE 3aCTOCYBaHHS1 Ta OOMEXEHHSI.

Mpu iHTepnpeTauii rpasiTauinHUX aHoMani nposeaeHo
3aCTOCYBaHHA MeTody KyTa Haxuny NoXigHWX rpasiTauin-
Horo nons. OCHOBOW (PyHKLUIT € NOPIBHAHHSA MK BEpTUKanb-
HOIO Ta FOPU3OHTaNbHOK NOXIAHMMW PYHKLT rpaBiTauinHOro
nons. Metog inbTpy Aae 3mory 3pobutun igeHTudikauio
po3puBiB (PyHKLIi (L0, Y CBOK Yepry, MOXe BKa3yBaTu Ha
HasBHiCTb TpiwmH abo >k posnomis) (Akin et al., 2011;
Stewart, & Miller, 2018). MeTo LUMPOKO BUKOPUCTOBYETHLCS
SIK eKcrnpec MeToA OUiHKW rpasiTauiHoi aHoManii Ta noka-
3aB CBOE 3acTocyBaHHSA Yy cBiToBi npakTtuui (Cooper, &
Cowan, 2006; Mogahed et al., 2017; Salem et al., 2008).

MaTemaTu4HO Lo onepadito MOXXHa onucaTm sk
29

TDR = tan™! —2&—, (1)
(6_g)2+(6_g)2
4 S0x ay
. N a
ae g(x,y,z) — oaHi rpasiTauinHoro nons; 0—‘;’ — BepTuKarnbHa
. N ag . @ o
noxiaHa rpaBiTaLiitHoro Monsi; =2 i <2 — noBHWiA ropn3oHTa-

T ox Ay
NbHWI rpagieHT rpasiTauiiHoro nosns.

MpoTe y 3B'A3Ky 3i cknagHoto reornorieto [NepegkapnaT-
CbKOrO NPOTuHY, a TakoX poKycyBaHHi pobiT y Mexax kone-
kTopiB nopia 6aceviHy (rMmbuHa Big 3 A0 6 kM), 3a3HaYEHUI
MeTOo[, 3aCTOCOBYBanu Ha WMOBIPHO pO3paxoBaHUX cepen-
HiX rmubuHax. lMicna TpaHcdopmaduii Pyp'e Ta cnekTpans-
HOro aHanidy BubpaHo BikHO AOBXWHM xBuni 11-35 km.

3anponoHogaHuli asmopamu ajieopumm npoBefe-
HOro JOCHiAXXEHHSI MPU 3aCTOCyBaHHI METOAIB BU3HAYEHHS
rpaHnLb 06'EKTIB NOMsArae B TakMx KpoKax:

1. 3aBaHTaXXeHHA JaHUX 3UOMKM.

2.Bubip metony iHTepnonsuii aaHux ans nobynosu
NOBEPXHi.

3. BukopucTaHHs CynyTHUKOBUX 3HIMKIB ANS BUSHAYEHHS
Tonorpadii.

4. TpaHcdopmauis Pyp'e Ta cnekTpanbHUA aHani3 ans
BWAINEHHS KOPUCHOTO CUrHany.

5. Po3paxyHok napameTpiB BU3HAYEHHS rpaHuLpb 06'ek-
TiB meTogom TDR.

6. IHTepnpeTauis AaHuX Ta BUAiNeHHs pO3roMiB/30H nia-
BULLEHOI TPIiLLMHYBaTOCTI.

3asaHmaxeHHs1 0aHux 3UOMKU. [Nsi BUKOHAHHA AaHOi
onepadii 6yno BukopuctaHo nporpamHe 3abeanevenHs (M3)
Petrel, wo aae amory nposogntn 6asoBy 06pobKy Ta iHTep-
npeTauilo noTeHuianbHMX nonie. [aHi, wo 6ynu BuKopuc-
TaHi, ABnsATL cobot 36ip nuctiB Macwraby 1:200 000
rpasiTauinHol 3OMKK, po3TalloBaHuX y Mexax [Nepegkap-
naTCbKOro NporuHy (puc. 1).

Bubip memody iHmepnonsuii daHux 0ns nobydosu Ka-
pmu epagimaujitiHo2o nons. Y 3B'A3Ky 3 pO34iNbHOI 3aaTHi-
CTHO TOYOK 3OMKM (3 BiacTaHHIo 1 kmx1 kM) BUbpaHo meTon,
36ixHoi iHTepnonsauii (Convergent interpolation) (puc. 2).

Lle meTop iHTepnonsuii, sk 3abeaneyye 30bKHICTbL A0
TOYHMX 3Ha4YeHb PYHKLT MPK 30inbLUEHHI KiNTbKOCTi TOYOK Aa-
HKx abo By3niB iHTepnonsuii 3 KPOKOM AMCKpeTU3auii, Lo Bi-
OnoBiAae KPOKy 3MOMKW.

BukopucmaHHs cynymHUKo8UX 3HiMKig 07151 BUSHAYEHHS
monoepadpii. Ona npaBunbHUX po3paxyHKiB Ta iHTepnpeTa-
Uii 4aHMX noTeHUianbHUX nosniB 0OOB'I3KOBE BpaxyBaHHSI
Tonorpadii. OaHi Oynum oTpumaHi 3 BigKpUTUX [xepen
(ASTER NASA) 3 posginbHoto 3gaTHicTio 30 M Ta 3aBaHTa-
xeHi B M3 Petrel.
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

TpaHcgpopmauis @yp'e ma crnekmparnbHul aHania ons
8UOiNeHHs1 KOPUCHO20 cueHary. Y uin cTtaTTi TpaHcdhopma-
uis Pyp'e Ta cnekTpanbHUA aHani3 3acTOCOBYOTLCSA ANS BU-
AiNeHHs1 KOPUCHOTrO CUrHany 3 JaHux rpasiTauiiHOl 3OMKK
Mepenkapnartcbkoro nporvHy (puc. 3). Lli metogn pawtb
3MOry BWUSIBUTU AOMiHYKOYI YaCTOTHI KOMMOHEHTU, YCYHYTU
HebaxaHi LWyMu Ta NoninWMTN TOYHICTb BUSHAYEHHS! reoro-
riYHUX NiHEaMEHTIB, TaKkuX SK PO3NOMY Ta TPILLMHYBAaTICTb.

PospaxyHoK napamempig 8U3HaYeHHs epaHuub Ob'eK-
mie memodom TDR. Po3paxyHOK napameTpiB BU3HA4YEHHS
rpaHunub ob'ekTiB MeTogom TDR 3actocoByeTbcst AN TOY-
HOrO BUSIBIIEHHS reosforiYHnX po3noMmiB y AaHUX rpasiTauin-
Hoi 31romku [lepepkapnatcbkoro nporuHy (puc. 4). Llen
MeTof obuYMCNioE BiAHOLLEHHS BEpTUKanNbHOI NoxigHoi Ao

rOpM30HTanbHOI. 3aBAsku LbOMY BOAETLCA BUAINMUTU PO3-
IOMM Ta TPIWMHK, AKi MOXYTb BYTU HEOYEBMOHMMM B NOYa-
TKOBUX OaHUX, | TAKUM YMHOM OTpUMATU AeTanbHy KapTUHy
reornoriyHol CTPYKTYpU perioHy.

IHmepnpemauiss daHux ma eudineHHs niHeameHmia. Pi-
HanbHWUM KPOKOM pobOoTK € BUAINEHHS NiHEaMeHTIB Ansi no-
[anbllioro BUBYEHHS] PO3SIOMHO-GNOKOBOI TEKTOHIKM Ta
NPOrHO3yBaHHS 30H TPILMHYBATOCTI, @ TAKOX MPOTSXKHOCTI
Ta opieHTauii po3nomiB. Pe3ynbTaTu LbOro etany iHTepnpe-
Tauii 4aHMX rpaeimMeTpii nicna NpoBeaeHOro CneKkTpanbHOro
aHarnisy 3 BUNy4YeHHAM curHany B JOBXWHI xBumi 11-35 km
npeacTaBneHo Ha puc. 4a (YepBOHUIA KoNip — agMiHicTpaTh-
BHWI KOPAOH YKpaiHu).

Puc. 1. Kapta aHomanbHoro rpaBiTauiiiHoro nons B peaykuii Byre (HeuaeBa Ta iH., 2002) Ta cxema 6y0BU NOBEPXHi
nopudencbKoro kpuctaniyHoro oyHaamMeHTy 3axigHMX obrnacTe 3 OCHOBHUMM po3nomamum (3asub, & Apuw, 1978)

1 75000m 1

Puc. 2. IHTepnonboBaHa kapTa aHOMasibHOro rpaBiTauiiHoro nons B peaykuii byre
MeToaoM 36iXkHOI iHTepnonsAuii Ta cxema 6yaoBu NoBepxHi AopudencbKoro KpuctaniyHoro oyHaameHTy 3axigHUX obnacremn
3 OCHOBHMMMU po3nomamu (3asub, & Apwui, 1978)
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Puc. 3. CnekTpanbHui aHani3 4YacTOTHOro CNeKTPy rpaBiTauiiHOT 3MOMKH
MepenkapnaTcbKoro NporuHy 3 BUAINEHHAM YacToT (HU3bKa, cepeaHs, BUCOKA),
a TakoX BUITyYEHHS1 YacTOT cepeAHboOro cnekrpa (11-35 kM AOBXUHM XBUNIi) 3 AAHUX rpaBiTaliiHOro nons

PesynbtaTtu

Y xopai focnigXeHHs YCrillHO 3aCTOCOBaHO Cy4acHi Me-
TOOM BU3HAYEHHSs rpaHuLb 06'ekTiB, 3okpeMa MeTog TDR go
pe3ynbTaTiB rpasiTauiiHoi 3nomku [Mepegkapnatcbkoro
nporvHy. ABTopam BAanocs BUAINUTA AK perioHanbHi, Tak i
nokanbHi po3nomu Ta TpiwmnHyBaTi 3oHu. Lli reonoriyHi pos-
nomu, SKi € igeHTudikaTopaMmum NopyLeHb reonoriYyHoro ce-
penoBuLa (HagBHICTb 30H TPILLMH abo X po3nomy), MOXyTb
BigirpaBaTu BaXnuey porb Yy Mirpauii reotepmManbH1MX Bof,
Ta BUSIBNEHHI 30H NigBULLEHOI TPILUHYBaTOCTI.

3a pesynbTaToM NpoBegeHoi poboTH OTPMMAHO HOBY iH-
TepnpeTauilo NPOTSKHOCTI Ta opieHTauii po3nomis, sKi

NPOCTAraloTbCsl Ha MMOBIPHO PO3paxoBaHUX CepenHixX rmnu-
6uHax nopig-konekTopis MNepeakapnaTcekoro nporuHy (3—
6 km). 3a nonepeaHiMU JOCNIMKEHHAMU Liboro perioHy (Myp-
CbKuI Ta iH., 2007) 6yno oTpMMaHo po3y Aiarpam po3noMis.
ABTOpPW NpoBenu NOPIBHAMNBHWI aHani3 3 pedynsTatamun 4o-
cnimpkeHb AaHoi poboTH, SIKMIA NOKa3aB OpiEHTALi0 Ha Npo-
TSXKHICTb  yXKe BiJOMWX po3nomiB. Takox maTepianu
iHTepnpeTadii 3a meTogom TDR ganu amory BuainuTh goaa-
TKOBI po3nomu, ki He Bynu BUSBNEHi B nonepeaHix Jocni-
DKeHHsiX (puc. 4, 5).

Tilt derivative
Grid values

80.00

60.00

40.00

1 50000m ]

6

Puc. 4. NopiBHANbHA xapakTepucTMKa 06'ekTa AOChiAKeHb:
a — reonorivyHa kapTta gomioleHoBux Bigknagis MNepegkapnaTtcebkoro nporuHy (Mypcbkui Ta iH., 2007);
0 — npuknag pesynbTaTiB BUAINEHHS NiHEAMEHTIB, L0 NOKa3YlTb rpaHuLi TEKTOHIYHUX CTPYKTYpP pi3HOro Macwutaby

MopiBHAHO 3 nonepedHiMM pesynbTataMyM OTPUMaHO
Kpawe po3yMiHHS rMMOMHHOCTI Ta opieHTauii po3nomis lMe-
penkapnartcbkoro npornHy. Metog TDR gaB 3mory BUainuTu
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po3nomu, ki He Bynu ineHTMdIKOBaHi paHille, a TakoX Ti
pPO3roMu, ki MOXYTb CryryBaTh 30HOK Mirpadii reotepma-
NbHUX noigiB, WO NiATBEPOXYETHCA AAaHUMU BypiHHA Ta
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TepmomeTpii (puc. 7). JaHi pesynbTaTy € HeBig'€MHOIO Yac-
TUHOO BinbLU 'PYHTOBHOIO aHani3y reotepmarnbHOro NoTeH-
uiany MNepeakapnaTCbKoro MPOrnHy, OCKiNbKA [O3BOMSATb
Kpalle 3po3ymiTM NPOCTOPOBE PO3TallyBaHHA CTPYKTYPHUX
ernemeHTiB. PO3yMiHHA HasiBHOCTI niHeamMeHTIB Ta iX opieHTa-
Ljii Aae 3mory CTBOpUTM KapTy NiABULLEHOT IMOBIPHOCTI po3rio-
MHMX 30H, LLO € OCHOBOI AN PO3paxyHKy reoTepmanbHOro
noTeHuiany lMepegkapnarcekoro nporuHy (puc. 7). Miateep-
DXXEHO nokauii niveameHTiB Ta OypiHHA CBEPANOBUH 3 BUCO-
KM MOKa3HUKOM TemnepaTypu, WO [JO3BONsE 3pobutn
BMCHOBKM NP0 3B'A30K JaHWX JTIHEAMEHTIB Ta 30H MiABULLIEHOI
iMOBIPHOCTi reoTepmarnbHOro noTeHujiany.

Pe3ynbtaTtun

PesynbTaTtn gocnigkeHHst pob6oTu 6ynun TakoX NOpPIBHSIHI
3 iHWwuMK gocnigxkeHHaMmKn TepuTtopii MepeakapnaTtcbkoro
NPOrvHY Ha OCHOBIi iHTepnpeTauii rpaBiMarHiTHUX OaHuX.
MpoBeaeHO NOpPIBHANBHMI aHani3 CXemu po3fnoMiB Ta 30H
TPiLWMHYBATOCTI Liei po0OTK 3 pe3ynbTaTamu iHTeprpeTadii

MarHiTHUX aHoManin LWIsSXoM oCepeaHEHHsT BUXIQHOro nonsi
(Opntok Ta iH., 2022) (puc. 6a) Ta pesynbTatamy aHanisy
KapT TpaHCOpPMOBaHOro nons, OTpMMaHWMK 3a aHoMarni-
amu byre TpaguuinHumun metogamu (MoHyak, & AHikees,
2017) (pwvc. 66). MNMpoBeneHui aHani3 nigTBEpAMB 3acTOCy-
BaHHA MeToAdy Haxumny MNOXigHOi rpasiTauiiHOro nons, sk
ekcrnpec-meToay aHanisy rpasiTauinHux AaHux. 3okpema
nokasaHo 36ir psigy BUAINEHWX NiHEAMEHTIB 3 MOLIMPEHHAM
CMYroBMX aHOManin reomMarHiTHoOro nons Ta HadToBUX PO-
posuly, (puc. 6a) Ta OKPEMVMMU PO3NOMaMM i PO3NIOMHUMM
30HaMKu, OTPUMaHUMK 3a rpaBiMarHiTHUMW  AaHUMK
(puc. 66). MNiaTBEPAXXEHHST OCHOBHMX PO3MOMIB 3 pe3ynbTa-
TaMu nonepeHix AOoChifXeHb AEMOHCTPYE AOCTOBIPHICTb
LbOro MeToay, NPOTe OCTaTOYHE NiATBEPAXKEHHS BUAINEHNX
30H PO3MoMiB Ta 30H TPILMHYBATOCTI HEOOXIAHO aHani3y-
BaTW B KOMMMEKCi 3 TpagULiMHUMK MeTo4aMM aHari3y note-
HUianbHWX NONiB, @ TAKOX 3 pedynbTataMu BypPiHHA Ta iHWNX
reodianyHmx gocnigxeHb.

Geological_Map Full_CBA_BP_11-35km_TDR
N =185 deail
0 0
330 30 330 30
300 60 300 60
270 90 270 9%
240 120 240 120
210 150 210 150
180 180
a 6

Puc. 5. Pesynbtatn nobyaoBu po3sa-giarpam iHTepnpeToBaHUX po3NnoMiB BiANOBIAHUX KapT:
a — 3a gaHumu Nypcbkoro Ta iH. (2007); 6 — 3a faHMMuK aBTopIB
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Puc. 6. NopiBHANbLHa XxapakTepucTuKa 06'ekTa AocniaXeHb: BUAINeHi reonorivHi nineameHTn (6ini NyHKTUPHI nNiHii)
y 3icTaBneHHi 3 (a) KapToto nokanbHOi KOMNOHEHTU reoMarHiTHOro nons
Ta NoLIMpPeHHA HadTOBMX Ta ra3oBUX poaoBuULY ByrneBoAaHiB (Opntok Ta iH., 2022)
Ta (6) CxeMoO0 PO3NOMHOI TEKTOHiKM 3axigHuUX obnacTten YkpaiHu 3a rpaBimarHiTHUmMm gaHmmm (MoHuvak, & AHikees, 2017)
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Puc. 7. Pe3ynbTaTtn BuAineHHs niHeameHTiB (6ini noniroxu),

AKi NPOAAIBNAIOTLCA Ha 3MiHi nonsApHocTi nonsa Mmetogom TDR, a Takox AaHi BUMipOBaHHA
TemnepaTypu 3i CBepAnoBuH (KONbopoBi To4YkM) Ha ¢hoHi TonorpadivHoi kapTu MepeakapnaTcbKoro NPOruHy

Ouckycisi i BACHOBKKU

Pob6oTta ccokycoBaHa Ha ineHTudikaLii po3puBiB ¢yHK-
uii metogom TDR 3 meTow BUAiNEHHs niHeaMeHTiB, Lo MO-
XKyTb OyTW iHTepnpeToBaHi Sk perioHanbHi Ta noKarnbHi
po3pusu. Ha TepuTopii lNepeakapnaTcbkoro NporuHy 3asHa-
YeHWUW Nigxia TakoX Aa€ 3MOry pO3LUNMPUTUN BUBYEHHS TEKTO-
HiYHOI icTOpii, Nokanisauii po3nomMis Ta TPILUMHYBaTUX 30H
Ans noganblimx pobiT: reoTepMarnbHUX NOLUYKIB, MiHepani-
3auii Boa, MNOLWYKY KPUTUYHUX MiHEparniB.

TakMM YMHOM, B L pobOTi BNepLue 3acTOCOBaHO iHTer-
pauito MeTofiB CreKkTpanbHOro aHanisy Ta TpaHcdopmauii
dyp'e 3 meTogoMm TDR Ans noninwweHHs TOYHOCTI BU3Ha-
YEHHS1 FeonoriYHMX CTPYKTYP Ha OCHOBI AaHUX rpasiTauinHoi
31omKkW. Ha BigMiHy Big nonepeaHix AocnigxeHb, ua pobota
OEMOHCTPYE MOXIMBICTb BUSIBNIEHHS OAATKOBUX PO3NOMIB,
AKi He Oynu BuaineHi paniwe. Kpim Toro, gocnigXeHHs npo-
NOHY€e HOBWUW Nigxig A0 BapitoBaHHS rMUOUHM NOPYLUEHb, LLO
Moxe ByTW BUKOPUCTAHO A8 ONTUMI3aLii reoTepmanbHoi Ta
MiHepanbHOT PO3BiAKN B CKNAagHUX reornoriyHuX ymoBax.

3icTaBneHHsa OTpUMaHUX OaHWUX 3 iCHYIOYMMUK reonoriy-
HUMMW KapTamu NigTBEPANIO BUCOKY TOYHICTL METOAIB, a Ta-
KOX BUSIBUNO AOAATKOBI CTPYKTYPM, SKi He Bynu nomiyeHi y
nonepeaHix 4OCNIoKEHHAX.

lMepcnekTuBamu 3acTOCyBaHHS 4aHOrO MeToAy Ha Tepu-
Topii MepeakapnaTCbKOro NPOrvHy € AeTanisauis TeKTOHIKK
perioHy, sika Moxe OyTu 3acTocoBaHa Ansl BUSIBIIEHHS BYr-
NeBOAHEBUX MOKMNaAiB, reoTepmarnbHUX NOLYKIB, MiHeparb-
HOI PO3BIAKM YK MOLLYKY KPUTUYHUX MiHEpaniB, Ae rMUOUHHI
po3nomu BigirpatoTb KINOYOBY pOrib.

Dxepena dciHaHcyBaHHA. Lle pocnigkeHHs He oTpumano
XKOOHOTO rpaHTy BiA piHAHCOBOI YCTAHOBM B AEPXaBHOMY, KOMep-
LiintHOMY ab0o HeKOMeEpLIIHOMY CeKkTopax.
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DETECTION OF GEOLOGICAL OBJECT BOUNDARIES USING THE GRAVITY TILT DERIVATIVE METHOD:
A CASE STUDY OF THE CARPATHIAN FOREDEEP

Background. The article presents a methodology and the results of its application for delineating object boundaries based on gravity data
analysis. The primary focus is on identifying geological lineaments, such as faults and zones of increased fracturing, which are crucial for
understanding the structural and tectonic fr ork and ing the geothermal potential of the area. The Carpathian Foredeep was chosen as the
study area due to its complex tectonic structure and its potential for geothermal and hydrocarbon resource exploration.

M e th o ds. Toanalyze geological structures, the tilt derivative method of the gravity field (Tilt Derivative) was employed in combination with spectral
analysis and Fourier transformation. The methodology includes several steps: calculating the gradient of the gravity field, smoothing, non-maximum
suppression, and contour thresholding. This approach ensures high accuracy in determining the boundaries of geological objects and identifying
discontinuities in the gravity potential function. The data analysis was conducted using gravity survey results within the Carpathian Foredeep.

R e s ults. The application of the methodology allowed for the identification of regional and local lineaments corresponding to faults and zones
of increased fracturing. These zones may serve as migration pathways for geothermal waters from deep heated areas to reservoir rocks, enhancing
their prospectivity for exploration. A comparative analysis of the obtained results with existing geological maps confirmed the high accuracy of the
methods. Additionally, new structures were identified that had not been previously recognized, highlighting the effectiveness of the proposed
methodology.

Conclusions. The proposed methodology is an effective tool for the detailed delineation of fault and tectonic structures based on gravity
data. Its application enables the refinement of the structural and tectonic framework of regions, the identification of new faults and zones of increased
fracturing, which are critical for exploring geothermal and hydrocarbon resources. The methodology has broad potential for use in studies of complex
geological objects, such as the Carpathian Foredeep, and can significantly improve the efficiency of geological exploration activities.

K ey words : Ukrainian Carpathian Foredeep, Edge Detection, gravity anomalies, spectral analysis, Tilt Derivative, geothermal exploration.
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HYDROCARBON PROSPECTIVITY OF THE ZYKH FIELD ASSOCIATED
WITH PLIOCENE-MIOCENE DEPOSITS IN VIEW OF NEW 3D SEISMIC SURVEY DATA
(ABSHERON OIL AND GAS BEARING REGION, AZERBAIJAN)

(lMpedcmaeneHo YneHom pedakuyiliHoi kosnezii 0-pom 2eos. Hayk, douy., Feopziem JICHUM)

Background. The hydrocarbon potential of the Zykh-Hovsan area is predominantly associated with the Lower Pliocene
deposits of the Productive Series. However, at present, the main hydrocarbon-bearing unit in the Zykh-Hovsan field is the Qala
Suite (QaS). The Miocene deposits underlying the Qala Suite have also been of particular interest in recent years. The present
seismic studies were conducted in the view of new 3D seismic survey data.

The purpose of the studies was to detail the geological models of the Zykh structure, to identify and trace the zones of
development of faults and to identify oil and gas prospects of both the Qala Suite and Miocene.

Methods. Seismic stratigraphy and sequence stratigraphy methods were chosen as the main research methods. Attribute
analysis was also carried out.

Results. Inorder to expand the resources of the Zykh field, recommendations were prepared for drilling of exploratory and
appraisal well Ne2 based on 3D seismic survey data. Geological and geophysical materials were prepared and analyzed to justify
the selection of the location of exploratory wells. After analyzing the seismic cubes, 3 location points of the project prospecting
wells were selected, from which the first priority well — Zykh-2 — was selected and recommended for drilling. The recommended
exploratory well Zykh-2 is located on the eastern steep slope of the Zykh uplift, in an area where prospective seismic facies in the
Qala Suite intervals and prospective targets in the Miocene section are reliably and confidently identified in the section. The
presence of well-defined seismic attributes as well as seismic classes in the predicted part of the section all indicate the presence
of probable traps here. The well solves the task of both searching for the lower part of the sedimentary cover not explored by drilling
and exploring the peripheral (eastern) part of the reservoir of the Sub Kirmaky Suite.

Conclusions. The studies have shown that the prerequisites for oil and gas bearing capacity on the eastern slope of the
Zykh uplift are the existing favorable regional conditions of petroleum system development, and also local favorable conditions,
which consist in the presence of a screening formation elongated in the submeridional direction. The negative factors include the
steep eastern slope of the Zykh uplift. Taking into account the results obtained and analytical data, the Zykh-2 exploratory well is
recommended for drilling in the project location.

Keywords: oil and gas content, seismic facies, seismic attribute, project well, Qala deposits, Miocene deposits, 3D seismic

survey.

Background

Zykh-Hovsan area is located in Surakhany district,
southwestern part of Absheron Peninsula, in close proximity
to the eastern edge of Baku, Republic of Azerbaijan (Fig. 1).

The first exploratory well was placed within Surakhany-
Karachukhur (Karachukhur area) back in the 19th century,
from that moment the study of the Zykh-Hovsan area began.

In 1937-1941, 1945-1949, 1949-1951 and 1955 seismic
surveys were carried out using the reflected wave (RW)
method, in 1977-1978. — in 1977-1978 by the common depth
point (CDP) method.

Generalizations of geological and geophysical materials
of the Absheron oil and gas bearing region, including the
considered Zykh-Hovsan area, have been repeatedly
carried out. The results of generalizations were presented in
the published literature (Akhmedov, 2017; Ahmedov,
Kerimova, & Khalilova, 2024; Akhmedov, & Khalilova, 2024;
Akhmedov, Khalilova, & Kerimova, 2024).

Based on the results of geological and geophysical
surveys and deep drilling, two fields have been discovered
within the study area: Zykh in the west and Hovsan in the
eastern part. Until recently, the Zykh field was at the late
stage of development. To date, the Zykh field has been
placed on reserve.
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The Zykh field was discovered and commissioned in
1935. Drilling of well Ne12 resulted in the first commercial oil
production from the IX horizon of the Balakhany Suite. In
1936-1940 oil deposits were discovered in the lower part of
the (Productive Series) PS suites, namely UKS (Upper
Kirmaky Sandy), KS (Kirmaky Suite), SKS (Sub-Kirmaky
Suite) and QaS (Qala Suite). A total of 235 wells of various
purposes have been drilled in the field, including 80
exploratory wells, 154 production wells and 1 appraisal well.
As of 2001, there were 10 wells in the producing well stock.

CDP method — 3D seismic surveys were carried out in the
Zykh-Hovsan area (Abdullayev, Riley, & Bowman, 2012).

Lithologic and stratigraphic characteristics of the section
within the Zykh-Hovsan area are studied based on deep drilling
data. There are mainly Neogene deposits of the ancient
Caspian Sea, rocks of the Absheron and Akchagyl stages,
Productive Series and partially Pontus deposits. Below the
Pontus deposits lie Miocene rocks (Mamedov, 2008).

Miocene deposits within the Hovsan area were penetrated
by drilling (well Ne1870). According to drilling data, these
deposits are represented by plastic clays with sand
interlayers. On seismic sections, the deposits are confined to
(seismic horizon) SH-VI and SH-V, tentatively identified with
the rocks in the inner and upper Miocene, respectively.

© Akhmedov Tofik, Khalilova Lala, 2025
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The lower part of the PS is represented by the Qalin
Suite (QaS), Sub-Kirmaky Suite (SKS), Kirmaky Suite (KS),
Upper Kirmaky Sandy (UKS), and Upper Kirmaky
Clayey (UKC) Suites.

The Qala Suite (QaS) is the basement suite of the
Productive Series and occupies only the southern and

southeastern part of the Absheron Peninsula. Its thickness
increases from 0 to 385 m in the southern direction down the
dip of the strata and reaches its maximum within the Bina-
Hovsan depression.
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Fig. 1. Geological map of the study area
(Geological map of Azerbaijan, 2010; Akhmedov, & Khalilova, 2024)

Here, geological prospecting and exploratory works have
revealed a decrease in the thickness and, in some places,
wedging upward along the uprise of the Qala Suite strata,
which lie on the eroded surface of the Pontus deposits with
a strongly pronounced angular unconformity. To the north of
the sedge separating the Surakhany uplift from the
Balakhany-Ramany uplift, no Qala Suite sediments are
observed throughout the Absheron Peninsula. They are also
absent in the appropriated parts of the folds.

The increase in thickness of the Qala Suite is due to the
stratigraphic increase in its section as a result of new strata in
the bottom of the suite (Alizade, Guliyev, & Mamedov, 2018).

Lithologically, the Qala Suite is characterized by
alternating interbeds of clayey and sandy rocks. Sandy and
silty rocks are represented by gray, light gray, in some
places dark gray and yellow varieties. According to the data
of granulometric analysis, sandy-siltstone rocks of the Qala
Suite are poorly sorted. Clayey rocks are well thinned and
contain only a small admixture of silty material; they are
mainly gray, dark gray, thinly layered. The lower part of the
formation is relatively more clayey.

The Zykh-Hovsan area is part of the East-Absheron
syncline and covers the Zykh section of the Karachukhur-
Zykh anticline, and the Hovsan area, partially, the Bina-
Hovsan syncline.

The Karachukhur-Zykh anticline is the southernmost
onshore uplift of the Sarygayabashy-Shah-deniz anticlinal
zone, to which the largest oil and gas fields of Azerbaijan are
confined. The Karachukhur-Zykh uplift in Pliocene deposits
is an anticlinal fold of submeridional spreading with steep
(45-500), long eastern and relatively smooth (22—-250), short
western flanks. The fold is sharply asymmetric in longitudinal
section: the northern pericline is short, separated from the
Surakhany fold by a well-defined wedge; the southern
pericline is strongly elongated, dipping toward the sea, and
can be traced to Gum Adasi. The length of the fold along the
2700 misoline (PS top) is about 4.5 km, width — 3.5 km. The
structure is complicated by two main longitudinal faults with
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an amplitude of 90-100 m. Transverse faults with an
amplitude of 10-20 m are traced in the vault part of the fold.
The Zykh uplift is the southern periclinal dip of the
Karachukhur-Zykh anticline. In the area of Lake Zykh, the
structure of the same name is complicated by a fossil mud
volcano, which causes complex tectonics of the Zykh fold.

Thus, despite the fact that numerous wells have been
drilled and geophysical surveys have been carried out using
various methods in the Zykh-Hovsan area under study,
many issues of the deep tectonics of the territory and the
conditions for the formation of oil and gas deposits have not
been fully elucidated.

The work area is located within the Absheron oil and gas
bearing area of the Tersko-South Caspian oil and gas
bearing province. Oil and gas bearing deposits are unevenly
distributed here. The fields under development are
concentrated in the central, southwestern, southern and
eastern parts of the Absheron Peninsula and further south-
eastward to the sea.

The main oil fields are located in the lower part of the
Productive Series, to a greater extent in the Kirmaky, Sub-
Kirmaky and Qala Suites.

The Qala Suite is the lowest deposit of the Pliocene
Productive Series and is separated from the upstream SKS
formation by a 4 m clay interbed. The total thickness of the
QaS is 60 m at an average depth of 2,600 m; the weighted
average oil saturated thickness is 7.5 m. Drilled wells have
penetrated only the upper part of the Qala Suite. The first
commercial oil was obtained in well 91 with oil flow rate of
98.5 tons per day and water flow rate of 14.2 tons per day.

Currently, the only oil and gas bearing object in the
Hovsan-Zykh field is the Qala Suite. Since the beginning of
development, the field has produced 4315.6 thousand tons
of oil, 14720.7 thousand m? of water, 1560.3 million m® of
dissolved gas, 27.3 million m® of free gas. Annual oil
production at the field was 58.3 thousand tons, condensate
production — 6.9 thousand tons, water — 556.1 thousand m?,
dissolved gas — 1.6 million m3 (Salmanov et al., 2023).
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In 2015, a deep well was drilled in the Hovsan area,
adjacent to the Zykh field, which confirmed the assumptions
about the oil and gas content of Miocene deposits and
produced a fountain with a daily flow rate of about 100 tons
per day (Ahmadov, 2025).

It should be noted that the available deep drilling data
and seismic material do not allow us to determine a detailed
geological model of oil traps in the Qala Suite and Miocene
of the Zykh area.

Oil accumulation is presumably associated with lateral-
facial alteration and low-amplitude faulting. These problems
can be solved by detailed tracing of individual horizons and
by using seismic and facies analysis of 3D seismic survey
data with a clear relation to oilfield data.

Method

The Zykh field of Absheron Peninsula of Azerbaijan has
been exploited since the 30s of the last century. The
explored reserves of the field can be said to have been put
into operation and they are running out. In order to expand
the resource base, recommendations for drilling were
prepared on the basis of geological and geophysical
materials with the involvement of 3D seismic survey data.
The entire volume of seismic material, as well as seismic
attribute cubes, was analyzed when selecting options for the
location of deep exploratory wells on the eastern slope of the
field. In recent years, the works of many researchers have
proposed new approaches to the application of seismic
stratigraphy and sequence stratigraphy = methods
(Alekseeva, & Vazaeva, 2023; Seidov, & Khalilova, 2023).
Seismic facies analysis and sequence-stratigraphic analysis
are two powerful approaches in seismic interpretation, each
providing unique insights into geologic history, reservoir
distribution, and reservoir prediction (Leila etal., 2022;
Sheriff, & Geldart, 1987). Both seismic facies and sequence-
stratigraphic interpretation approaches were used to analyze
the wave pattern, taking into account the quality of the
seismic material achieved during processing.

In the seismic interpretation process, absorption and
spectral energy attributes are used to extract additional
information about geologic structures and fluid saturations.
They are part of attribute analysis of seismic data, where
derived attributes are calculated from the original
seismograms to improve visualization or interpretation
(Chopra, 2009). Absorption and spectral energy were
chosen to perform seismic attribute information analysis.

Interval spectral energy maps were obtained in the
interval of Qala Suite deposits and Miocene deposits.
Interval spectral energy maps, which, as mentioned above,
are a mean of attribute analysis of seismic data, made it
possible to visualize the frequency behavior of the reflecting
horizons in the interval between the reflecting surfaces. The
location of this drilling point was chosen taking into account
a favorable hypsometric position.

After analyzing the seismic cubes, 3 location points of
the project exploratory wells were selected, from which the
first priority well — Zykh-2 — was selected and recommended
for drilling.

Results

Despite the fact that numerous wells have been drilled in
the Zykh-Hovsan area under study and geophysical surveys
have been carried out using various methods, many issues of
the deep tectonics of the territory and the conditions for the
formation of oil and gas deposits have not been fully elucidated.

As noted above, the Zykh field was discovered and put
into operation in 1935 by well Ne12, which penetrated the
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Balakhany oil field of the IX layer. The oil bearing capacity of
the field is confined to eight objects of the Productive Series:
Qala Suite (QaS), Sub-Kirmaky Suite (SKS), Kirmaky
Suite (KS), Upper Kirmaky Clayey (UKC) and Balakhany
Suite (formations VI, VII, VIII, IX).

The deepest wells in the East Hovsan field, which is
located to the east and not far from the Zykh field, are:
Ne 1855, Ne 1856 and Ne 1864. Thus, while drilling well
Ne 1855, 2 reservoirs with high gas values were discovered.
Well Ne1856 also penetrated sandy formations below the
established oil-bearing formations of the QaS2+QaS3 group
and indexed as QaS4 and QaS5. Deep well Ne1864
penetrated a section similar to that of well Ne1855. It was
also found that when the section below QaS3 is penetrated,
the formation pressure reaches values that are attributed to
Abnormal Formation Pressure (AFP), and the pressure
anomaly coefficient reaches a value of 2.0 or more. As is
known, according to the international classification, a section
where the formation pressure exceeds hydrostatic pressure
by 30% or more belongs to the AFP category. At the same
time, it should be noted that according to the mining and
geological conditions, the QaS4 and QaS5 formations are
incompatible with the overlying QaS2-3 formations
(Ahmedov, 2019).

The main volume of oil produced so far corresponds to
the deposits of the Productive Series of the Lower Pliocene.
But nowadays geologists and geophysicists are interested in
oil and gas content of deeper deposits of Miocene, Eocene
and Upper Cretaceous. The field under consideration is not
an exception (Ahmadov, 2019).

The main objectives of the present studies are:
a) detailing geological models of the Zykh structure;
b) identification and tracing of zones of development of
discontinuities, as well as areas of rock unconsolidation in
the interval of the entire sedimentary cover section;
c) identification of oil and gas prospective objects.

In selecting options for the location of deep exploratory
wells on the eastern slope of the Hovsan field, the entire
volume of seismic material was analyzed, as well as cubes
of seismic attributes of both mono-attributes and complex
attributes (Alsadi, 2017; Fraser et al., 2008; Kirilov &
Zakrevsky, 2014; Shimansky et al., 2011; Urupov, 2004).

Such interpretation approaches as seismic-facies and
sequence-stratigraphic were used to analyze the wave
pattern, taking into account the quality of seismic material
achieved during processing.

After analyzing the seismic cubes, 3 location points of
the project exploratory wells were selected (Fig. 2a), from
which the first-priority well — Zykh-2 was selected and
recommended for drilling (Fig. 2b).

Exploratory well Ne 2 (Fig. 2a) is located on the eastern
tectonic block of the Zykh uplift (crossline 230, Inline 200). The
status of the well is exploratory, project depth for penetration of
objective horizons is 3100—4300 m, project horizons are SKS,
QaS, Miocene. Project bottom hole is 4500 m.

Exploratory well Ne 3 (Fig. 2a) is located on the eastern
tectonic block of the Zykh uplift (crossline 190, Inline 230).
The status of the well is exploratory, the project depth for
penetration of objective horizons is 31004200 m, the
project horizons are QaS, Miocene.

Exploratory well Ne 6 (Fig. 2a) is located on the eastern
tectonic block of the Zykh uplift (crossline 110, Inline 200).
The status of the well is exploratory, the project depth for
penetration of objective horizons is 3000-3900 m, the
project horizons are SKS, QaS, Miocene.



~ 36 ~ B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

il ZYKH-2
240 40
230 230
0 cx
1o o
[ €200
€190 3 c
ciso 1 Ne3| |cise
cliob——+—+— L c170
c . 160! I,
C1 R [C150 i\
Cl: c1
€130/ © jc1
c12 ; 12
N\ \
il IC1
w NN h A
N ~N
i 0 P N f a IS y
' ™ N L/ - s
. \ . \
: L\ A . =
NN LA VN - MNNTTLAE /C
oil \\ Z lli[_ caol—L \ N 71 ﬂ’_L ININNENNAIINS}
13258385823z £2 883§ ¢% I3 ¥ E38gg£2352sE8EE5F8§
a b

Fig. 2. Location options for exploratory wells at the Zykh field (a) and project well Ne 2 at the Zykh field (b)

The recommended exploratory well Zykh-2 (Fig. 2b) is
located on the eastern abrupt slope of the Zykh uplift and is
characterized by the following features:

* is located in an area where the section reliably and
confidently identifies promising seismic facies in the Qala
Suite intervals and perspective objects in the Miocene section;

« the presence of well-defined seismic attributes as well
as seismic classes in the predicted part of the section all
indicate the presence of probable traps;

« the well solves the task of both exploration of the lower
part of the sedimentary cover not explored by drilling and
exploration of the peripheral (eastern) part of the reservoir
formation of the Sub-Kirmaky Suite.

Figs. 3—4 show seismic and geologic sections of the
eastern flank of the Zykh fold, indicating the expected trap
types confined to the Qala Suite (llla, 1V) and Miocene
(V, VI) that may be penetrated by the projected well.

Types of traps expected to be penetrated by the Zykh-2
well (Fig. 5a and 5b):

1 — stratigraphic, wedging upward along the uprise (Qala
Suite formations);

2, 3 — stratigraphic, replacement, screened by clay diapir
(Miocene deposits).

3 - lithologic, weathering crust.

When analyzing, the informativity of seismic attributes,
absorption and spectral energy were selected. Figures 6-7
show maps of interval spectral energy in the interval of Qala
Suite deposits and Miocene deposits. The location of this
point was chosen taking into account the favorable
hypsometric position.

In the system of longitudinal disturbances identified on
the fragment of the map of the predicted trap contour in
Miocene deposits (Fig. 8), it can be seen that the project well
Zykh-2 is located at a sufficient distance from the
disturbance zone.
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Fig. 3. Seismic-geologic section along Inline 200 showing the eastern flank of the Zykh fold:
seismic horizons confined to the Qala Suite (llla, IV) and Miocene (V, VI)
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Fig. 4. Seismic-geologic section along fold 230 showing the eastern flank of the Zykh fold:
seismic horizons confined to the Qala Suite (llla, IV) and Miocene (V, VI)

Fig. 5. Hydrocarbon trap types:
a — Inline 200; b — Crossline 230; 1 — stratigraphic, wedging upward along the uplift (Qala Suite formations);
2, 3 — stratigraphic, replacement, screening by clay diapir (Miocene deposits); 4 — lithologic, weathering crust

Discussion and conclusions

Thus, the studies have shown that the prerequisites for
oil and gas bearing capacity on the eastern slope of the Zykh
uplift are the existing favorable regional conditions for oil
system development. And also local favorable conditions,
which consist in the presence of screening strata, elongated
in the submeridional direction. To the negative factors we
include the presence of the abrupt eastern slope of the Zykh
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uplift. Taking into account the obtained results and analytical
data, the Zykh-2 exploratory well is recommended for drilling
in the project location.

The main geologic risks to the Miocene deposit we
consider to be trap risk and reservoir risk.

The main geologic risks for the Qala Suite formations are
mainly trap risk and, to a lesser extent, reservoir risk.
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Fig. 8. Map fragment of the predicted trap contour in Miocene deposits
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BYIMEBOAOHEBA MNMEPCMNEKTUBHICTb POOOBULLA 3UX, .
NOB'A3AHA 3 MNIOLIEH-MIOLIEHOBMMW BIAKINAOEHHAMM 3 Ornsify HA HOBI AIAHI 3D CEUCMOPO3BIAKU
(AMWEPOHCBKUN HA®TOIA30OHOCHUN PAUOH, ASEPBANKAH)

B ¢ Ty n . ByanesodHesulii nomeHuyian 3ux-roecaHcbko20 palioHy noe'sizaHuli nepeeaxxHo 3 8idkn1a@eHHsIMU HUXHbO20 MJ1ioyeHy npodyKmueHoi
cepii. OOHak Ha AaHuli MOMeHmM OCHOBHOIO 8y21e800HEeHOCHO oduHuyeto 3ux-IoecaHcbko20 podosulya € KalluHcbka ceuma (QaS). MioyeHoei gio-
Kn1adeHHs1, wo niexxamb nid ceumoro Kana, makox cmaHoensimb ocobnueuli iHmepec 8 ocmaHHi poku. [JaHi celicMopo3eidyeanuHi docnidxeHHs1 6yro
npoeedeHo 3 ypaxyeaHHsIM Hogux OaHux celicmopo3eidku 3D.

Mema docnidxeHb nonsicana e demasnisauyii 2eono2iyHux modenel 6ydosu 3ux, susiesieHHi ma 8idcmexeHHi 30H PO38UMKY PO3JIOMi8 i 8UsI8NTEHHI
Haghmoe2a30HOCHUX rMepcrieKmue sik KaJluHCbKOI ceimu, mak i MioyeHy.

Me To aun. Sk ocHoeHi Memodu docnidxeHHs1 o6paHo Memodu celicMi4HOT cmpamuzpaghii ma cekseHyiliHoi cmpamuepadpii. Takox npoeedeHo
aHasi3 o3Hak.

Pe3ynbTaTtun. 3 Memor po3wupeHHs pecypcie podosuwa 3ux nidzomoessnieHo pekomeHdauii ujodo 6ypiHHSI po3eidyeasnbHO-0UiHI08aIbHOI
ceepdnoesuHu Ne 2 3a daHumu celicmopo3eidku 3D. [lidzomoeneHo ma npoaHasnizoeaHo 2eo0s1020-2eo0hizuyHi Mamepianu Onsi o6rpyHmyeaHHs1 eu-
6opy micys npoeedeHHs1 nowykoesux ceepdnoesuH. llicnsa aHanisy celicmiyHux Ky6ie 6yno o6paHo 3 moyku po3mauwlyeaHHs MPOEKMHUX MOWYKO8UX
ceepdnoesuH, 3 AKUx 06paHO ma pekoMeHAo8aHo 00 6ypiHHS nepwoyepzogy ceepdrnioeuHy — 3ux-2. PekomeHdoeaHa po3eidyeasibHa ceepdsioguHa
3ux-2 posmawoeaHa Ha cxiOHOMy Kpymomy cxusli 3uxcbko20 nioHsimmsi, 8 palioHi, 0e 8 po3pi3i docmoeipHo i eaneeHeHo 8udineHo nepcrnekmMueHi
celicmivHi ¢payii 8 iHmepeanax kanaHcbKol ceumu i nepcrnekmuseHi yini e MioyeHoeomMy po3pisi. HasieHicmb 4imko eusHavyeHux celicMiyHux ampuby-
mie, a makox celicMiYyHUX Knacie y npo2Ho308aHili YacmuHi po3pi3y eka3yromb Ha HasieHicmb mym iMoegipHux nacmok. CeepdnoeuHa eupiwye 3a-
80aHHs1 sIK MOWYyKy Hepo3eidaHoi 6ypiHHAM HWXHbLOI YacmuHU ocadogeoz2o 4Yoxsa, mak i docnidkeHHs1 nepugpepiliHoi (cxiOHOI) YacmuHu nnacma
niokipmakiecbkoi ceimu.

B 1 c Ho Bk u. [JocnioxeHHs noka3sanu, ujo nepedyMmosamu Haghmoza3oHOCHOCMIi cxiOHO20 cxusy 3uxcbkoao niOHAmMms € HasigHi cnpusimnusi
pezioHanbHi ymogu po3eumky Haghmoza3080i cucmemu. A maKoX JIoKaslbHi cripusimJiuei ymosu, siki nossi2aromp y Hasi8 HOCMIi eKpaHyr4020 ymeo-
PEHHs1, BUMS2HYMo20 8 cybmMepudioHarIbHOMY HanpsiMKy. [Jo HezamugHux ¢ghakmopie MoxKHa 8iOHecmu Kpymuu cxidHutl cxun nioHsmms 3ux. Bpa-
Xoeyr4u ompumaHi pesynbmamu ma aHanimuyHi daHi, po3eidyeanbHa ceepdnosuHa 3ux-2 pekoMeHOo8aHa 3o 6ypiHHSI Ha MPOEKMHOMY MicCui.

Knio4yoBi cnoBa: HagpmozazoHOCHicmb, celicMiyHa ¢hayisi, celicMi4HUll ampu6bym, npoekmHa ceepdsniosuHa, podosuuia Kana, mioyeHosi
8idknadu, celicmopo3eioka 3D.

ABTOpM 3aABNSAIOTL MPO BiACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopu He Gpanu y4yacTi B po3pobrneHHi AocniaxeHHs; y 360pi, aHanisi un
iHTepnpeTauii AaHWX; Y HanMcaHHi pyKonucy; B pilleHHi Nnpo ny6nikauito pe3ynbTartis.
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RUTILE FROM THE CRYSTALLINE ROCKS
OF THE SOUTHWESTERN PART OF THE UKRAINIAN SHIELD

(lMpedcmaeneHo YneHom pedakuyiliHoi kosezii 0-poM 2eos.-MiH. Hayk, npog., Bacunem 3AIHITKOM)

Background. Rutile is a widespread accessory mineral in crystalline rocks of the Ukrainian Shield, notable for its
geochemical stability and capacity to incorporate trace elements like Nb, Fe, V, Zr, Al and a wide range of other trace elements. The
aim of this study is to analyze the color, morphology, and chemical composition of rutile from indigenous crystalline rocks of the
southwestern part of the Ukrainian Shield in order to identify diagnostic features characteristic of different rock types, as well as
to enable stratigraphic reconstructions and track the migration of sedimentary rutile.

Methods, Samples and Analytical details. The study is based on the analysis of 363 rutile crystals extracted from 57 heavy
mineral concentrate samples, as well as textual archival materials from 11 geological surveys conducted by the Right-Bank
Geological Expedition between 1972 and 2009. The samples represent rutile from various lithotypes, including granites, gneisses,
pegmatites, enderbites, ultrabasic rocks, and other crystalline formations of the southwestern part of the Ukrainian Shield.
Binocular microscopy and SEM-EDS analysis were used to examine rutile morphology and chemical composition.

Results. Rutile content ranges from 0.8 g/t in enderbites to 109.4 g/t in sillimanite-biotite gneisses. Most crystals are black
or dark brown and acicular in form, often included in quartz or biotite. The majority (72 %) of rutile samples contain trace impurities,
with V, Nb, Cr, and Fe being most common. Impurity patterns vary with rock type, metamorphic grade, and regional distribution.
Northern rocks (e.g., Fastiv area) show Nb—V-Fe associations; southern samples often contain isolated V. Chromium-bearing rutile
was discovered in migmatized metabasites in the Berdychiv area.

Conclusions. Rutile preserves the geochemical signature of its host rocks and reflects both lithological and metamorphic
conditions. It can serve as a reliable indicator mineral for reconstructing the provenance of sedimentary rutile, and Nb—Cr trace

element associations may assist in identifying potentially diamond-bearing source rocks.

Keywords : Rutile, southwestern part of the Ukrainian Shield, crystalline rocks, chemical composition.

Background

Rutile is a widely distributed mineral in both crystalline
and sedimentary rocks of the Ukrainian Shield (USh) and its
slopes. Due to its high stability and the presence of
impurities such as Nb, Ta, and other highly charged
elements, it can be used in prospecting, genetic mineralogy,
studies of geochemical processes in the crust and mantle,
as well as a mineralogical geothermobarometer, among
other geochemical studies (Baldwin, & Brown, 2008;
Banfield, & Veblen, 1991; Bangaku Naidu et al., 2019; Foley,
Barth, & Jenner, 2000; Luvizotto, & Zack, 2009; Malkov,
2008; Meinhold, 2010; Meinhold et al., 2008; Preston et al.,
2002; Rudnick et al., 2000; Tomkins, Powell, & Ellis, 2007;
Triebold et al., 2012; Watson, Wark, & Thomas, 2006; Xiao
et al., 2006; Zack et al., 2002; Zack, Moraes, & Kronz, 2004;
Zack et al.,, 2011). In Ukraine, most scientific works are
focused on the study of rutile from sedimentary rocks
(Tsymbal, 2014; Tsymbal, Shumlyanskyy, & Tsymbal, 2018;
Vyshnevskyi, 2023). In previous works (Pavliuk, & Pavliuk,
2018; Pavliuk, 2019a; 2019b), we also studied rutile from
many placers of the southwestern part of the Ukrainian
Shield. However, to accurately determine the origin of this
mineral from specific indigenous sources and trace the
directions of its transport to the placer, we lacked information

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

about the peculiarities of its chemical composition in the
'local' host rocks forming the crystalline basement.
Therefore, we have dedicated this study to examining the
color, morphology and chemical composition of rutile from
native rocks and identifying markers characteristic of
different rock types and regions within the southwestern part
of the Ukrainian Shield. Our findings provide important
information for a more precise determination of the origin of
sedimentary rutile.

Methods

For analytical purposes, mineralogical duplicates and
textual archival materials from 11 geological surveys of the
Right-Bank Geological Expedition were used for the period
from 1972 to 2009 on the territory of the Dnister-Buh and Ros-
Tikych megablocks and their framing areas. Samples for
mineralogical analysis were taken from the core of crystalline
rocks. The sampling interval ranged from 1.0 to 3.0 m, with
each sample weighing up to 5kg. Mineralogical sample
processing included grinding to 1 mm, washing on a
concentration table, finishing to a "gray concentrate" on a tray,
separation of the mineral concentrate in bromoform into light
and heavy fractions, and then separation of the heavy fraction
into magnetic and electromagnetic fractions. Mineralogical
analysis was carried out under a binocular microscope.

© Pavliuk Oleksandra, Pavliuk Viacheslav, Semeniv Oleh, 2025
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To study the morphology and chemical composition of
rutile, 363 crystals were handpicked from 57 heavy mineral
concentrates of rock samples. Specifically, the study
included 2 samples from vein quartz, 4 from Zhytomyr and
Zvenyhorodka granites, 2 from pegmatites, 4 from
metasomatites, 10 from gneisses, 2 from quartzites, 8 from
Berdychiv granites, 3 from migmatites, 2 from charnockites,
5 from enderbites, 1 from basalt, 4 from gabbroids, 2 from
diabases, 6 from crystalline schists, and 1 from ultrabasite.
The heterogeneity of our samples is due to the varying
distribution of the represented rock types within the study
area and the availability of their samples, as well as the
variable rutile content within them. In some rocks, the rutile
content reaches up to grams per ton, while in others, only a
few grains are present in the entire sample. Rutile crystals
were selected and their color evaluated using a binocular
microscope equipped with a cold-light LED lamp. The
selected crystals were then fixed in epoxy, polished, carbon-
coated to ensure conductivity, and analyzed using a GSM-
6700F scanning electron microscope with a JE-2300
energy-dispersive system. All analyses were conducted

using a 20 kV accelerating voltage, a beam current of
0.75 nA, a beam size of 1 ym, and a counting time of 60
seconds per analysis. The theoretical detection limits in
SEM-EDS measurements are approximately 0.1 wt%: ~0.5—
1.0 wt% for light elements, ~0.1-0.5 wt% for transition
metals, and ~0.1 wt% for heavy metals (Z>30).

Results

The average content of rutile in crystalline rocks. To
estimate the rutile content in the crystalline rocks of the
southwestern part of the USh, relevant information from
geological reports of previous years was collected and
processed (Dovgan et al., 1985; Dovgan et al., 1989; Kulyk,
1996; Lyashko et al., 1986; Slynko, & Bondar, 1972;
Zabiyaka et al., 1974; Yangicher et al., 1982 and other
reports). It was found that the average content of rutile varies
within quite wide limits: from 0.8 g/t in enderbites to 36.8 g/t
in gneisses. The highest amount was found in sillimanite-
biotite gneisses enriched with garnet and graphite —
109.4 g/t, and abnormally high content was recorded in
some rocks (Tab. 1).

Table 1
Abnormally high rutile content in the crystalline rocks of the southwestern part of the Ukrainian Shield, g/t

Area Sample No. Rock types Rutile content, g/t Author
Fastiv 2CT-215 Silimanite-biotite gneiss 1530 Slynko, Bondar, 1972
Fastiv 409-36 Two-mica granite 1870 Dovgan et al., 1985
Skvyra 96K-17 Biotite migmatite 4900 Kulyk, 1996
Berdychiv 1631-39 Pegmatite 2230 Zabiyaka et al., 1974
Vinnytsia 728-124 Skarn 2193 Liashko et al., 1986
Haivoron 445-1 Sillimanite-garnet-biotite gneiss 3300 Dovgan et al.,1989
Haivoron 15783-1 Garnet-graphite-biotite gneiss 1770 Yangicher et al., 1982

The average content of rutile, iimenite, and titanite in the
main rock types of the southwestern part of the USh was

calculated based on the database we collected, consisting
of 8,129 mineralogical analyses (Table 2).

Table 2
Average content of titanium minerals in main rock varieties of the southwestern part of the Ukrainian Shield
Percentage of total titanium Percentage
Rock types of s:r: les Average content, g/t Sum, g/t mineral content of accessory
P Rutile | llmenite | Titanite Rutile | llmenite | Titanite minerals*
Igneous rocks
Granites 1452 8.5 546.4 100.5 655.4 1.3 83.4 15.3 124
Pegmatites 500 15.5 184.1 58.2 258.1 6.0 71.4 22.6 7.7
Gabbroids 348 1.2 1993.5 123.5 2118.2 0.1 94.1 5.8 29.3
Diabases** 29 24 4743.4 166.9 4912.7 0.01 96.59 34 36.3
Pyroxenites 229 1.2 1515.1 61.6 1557.9 0.1 96.0 3.9 23.6
Ultrabasites 301 4.3 341.6 7.1 353.0 1.2 96.8 2.0 8.6
Metamorphic rocks
Gneisses 1140 36.8 780.1 110.3 927.2 4.0 84.1 11.9 15.9
Crystalline schists 1095 2.9 1308.1 247.5 1558.5 0.2 83.9 15.9 35.1
Migmatites 417 23.4 460.9 160.0 644.3 3.6 71.6 24.8 11.5
Charnockites 65 10.3 1795.6 37.7 1843.6 0.6 97.4 2.0 27.4
Enderbites 166 0.8 2257.6 86.5 2344.9 0.03 96.3 3.7 33.2
Amphibolites 345 5.1 461.4 934.8 1401.3 0.4 32.9 66.7 22.0
Magnetite quartzites 217 0.9 161.2 0.8 162.9 0.55 98.95 0.5 0.8
Calciphyres 900 6.1 382.5 514.3 902.9 0.6 42.4 57.0 24.2
Metasomatites 392 4.1 412.9 294.9 711.9 0.6 58.0 414 16.5

Note: * Percentage of total accessory minerals in the given set; ** titanomagnetite predominates in diabases.

A significant number of rutile analyses allow us to
substantiate conclusions regarding the distribution patterns
of titanium minerals, namely:

1. Rutile is least common among Ti minerals.

2. Rutile is most common in sub-acidic (gneisses,
migmatites, charnockites) and acidic (granites, pegmatites)
rocks of the southwestern part of the USh.

3. The specific content of rutile in the total mass of
titanium minerals is maximum in pegmatites, and somewhat
lower in migmatites and gneisses. Note that the real content
of rutile in pegmatites is underestimated due to the
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impossibility of fixing its small inclusions in quartz by
standard mineralogical analysis.

4. In the group of rocks of basic-ultrabasic composition,
the highest percentage of rutile was found in ultrabasites
(1.2 %).

5.In  calcium-enriched  parasedimentary  rocks:
amphibolites, calciphyres, as well as various metasomatites,
there is a predominance of titanite over ilmenite.

6.In intrusive and volcano-sedimentary rocks of
subbasic-basic composition, such as enderbites, crystalline
schists, gabbroids, and diabases, titanium minerals
constitute one-third of all accessory minerals.
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The color range of rutiles. 234 crystals approximately
0.05 mm in size were selected for color assessment.
Statistical data on the color of rutile are provided in Table 3.

As we can see from the Table, the absolute majority of
rutile grains are black (68.2 %), much less — dark brown
(18.4 %). Crystals of these colors absolutely dominates even

in acidic rocks: granites, pegmatites, and vein quartz. Rutile
of gabbro-amphibolites is mainly characterized by light
brown varieties. Greenish rutiles make up 50 % of all rutiles
of magnetite quartzites. Rutiles of this color contain an
extremely large number of inclusions, which probably cause
this color. Rutiles of other colors are quite rare.

Table 3

Color of rutile in the crystalline rocks

Rock types | No.ofcrystals | Black | Dark brown | Reddish | Light brown | Yellow | Greenish
Igneous rocks
Granites, pegmatites 48 32 16
Gabro-amphibolites 6 6
Diabases 3 2 1
Basalts 10 4 2 2 1 1
Ultrabasites 4 3 1
Metamorphic rocks
Vein quartz 11 9 2
Magnetite quartzites 2 1 1
Gneisses 89 69 7 2 7 2 2
Crystalline schists 21 19 2
Migmatites 8 1 7
Charnockites 14 10 1 3
Enderbites 11 9 2
Metasomatites 7 5 2
Total., No. crystals 234 160 43 2 22 3 4
Total, % 100 68,2 18,4 0,9 9,4 1,3 1,7

Morphology of rutile. Rutile, extracted from the heavy
fractions of crystalline rocks, is predominantly represented
by angular fragments, with a significantly smaller proportion

of better preserved crystals of elongated prismatic form,
measuring 0.05-0.3 mm (Fig. 1).

Significant damage to the crystals during rock crushing and
washing on the concentration table prevents a reliable
assessment of their morphology. Therefore, for a more
comprehensive assessment of its forms and the characteristics

W 500 Wgm | WDIBDmm JSM 67007 L 150

Fig. 1. Representative rutile crystals of elongated prismatic form

X0 10 " 15M 67007 L s0W Xt

of its presence in various minerals, we used data from
descriptions of 144 thin sections of the most common varieties
of crystalline rocks in the studied area (Tab. 4).

Table 4

Features of rutile occurrence in the crystalline rocks based on petrographic research (frequency of occurrence, %)

Rock types Inclusions of rutile in minerals Percentage of "large"
Quartz Biotite Microcline Plagioclase crystals >0.07 mm
Granites 26 32 33 0 0
Pegmatites 7 5 56 67 0
Gneisses 20 21 0 0 40
Crystalline schists 4 5 0 0 20
Migmatites 19 37 11 33 20
Quartzites and vein quartz 24 0 0 0 20
All rocks, % 54 19 9 3 16
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The absolute majority of rutile is in the form of acicular
crystals and their intergrowths, which are found mainly in quartz
and less in biotite. Rutile inclusions in feldspars are
characteristic of rocks of acidic composition: granites,
pegmatites, and migmatites. In skarns, rutile is recorded only in
two cases: as acicular crystals in scapolite and in dolomite.

Relatively large grains of rutile, up to 0.7 mm, in the form
of prisms and irregular crystals, are quite rare and have only
been found in rock samples from 10 boreholes. The majority
of these boreholes are located in the Pervomaisk area of the
Middle Buh region on sections composed of rock formations
of the Buh series. This area includes the Kosharo-
Oleksandrivka, Mohylne, and Hrushka sites in Pervomaisk
area, where rock formations belong to the Buh series. In
some thin sections of gneisses and quartzites from these
sites, the rutile content typically ranges from 1 to 2 %. In the
Kosharo-Oleksandrivka site, dark brown coarse-grained
rutile is predominantly found in the garnet-sillimanite-biotite
quartzites of the Kosharo-Oleksandrivka suite of the Buh
series. In other sites, besides quartzites, rutile has also been
identified in garnet-biotite gneisses and migmatites.

According to the petrographic studies, rutile is closely
related to the processes of quartzization, greisenization, and
chloritization (it is often found in chloritized biotite).

As shown in Table 4, only 16 % of rutile in crystalline
rocks is non-acicular and exceeds the dimensions of 0.05—
0.07 mm. This allows it to be identified through ordinary
mineralogical analysis. In addition, most of the rutile is
enclosed within the quartz crystals. As a result, it remains
with the quartz in the "waste" during the washing of
mineralogical samples. This rutile can be extracted from the
quartz shell only in the case of long-term hydrodynamic
separation when quartz grains are crushed along
microcracks. Such separation occurs, for example, in
thoroughly washed fine-grained sands of Neogene titanium-
zirconium placers. Consequently, a significant amount of
fine rutile goes undetected by mineralogical analysis.

Chemical composition of rutile. To study the chemical
composition of rutile, we selected samples from the
prevalent rock varieties within the southwestern part of the
Ukrainian Shield (Fig. 2).
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Fig. 2. The scheme depicting the locations of sample collection points containing rutile.
Megablocks: 1 —Volyn, 2 — Ros-Tikych, 3 — Dnister-Buh; 4 — Holovaniv suture zone, 5 — main and secondary tectonic zones,
6 — rutile study region within the Ukrainian Shield, 7 — sampling points, 8 — rutile with Cr and Nb impurities, 9 — contours of areas: 1 — Fastiv,
2 — Skvyra, 3 — Berdychiv, 4 — Vinnytsia, 5 — Haivoron, 6 — Pervomaisk

In Table5, we present the average chemical
composition of rutile for different rock types of the Dnister-
Buh, and Ros-Tikych megablocks, as well as, for
comparison, part of the Volyn megablock. Additionally, we
used data on the rutile composition from kimberlites and
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crustal eclogites of the Alps, gathered from literary sources,
for comparison (Evdokimov, & Bagdasarov, 1981; Garanin,
Kudriavtseva, & Kharkiv, 1980; Gurney et al., 1995;
Kaminskiy, 1988; Kvasnytsia, & Vyshnevskyi, 2017; Sobolev
etal., 1971; Tollo, & Haggerty, 1987; Zack et al., 2002).
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Table 5
Chemical composition of rutile from the crystalline rocks of the southwestern part of the Ukrainian Shield (average/min-max), wt%
Rock types cfy‘;tgfs Tio, Si0, | ALO; | FeO | Cr0; | V,0, | Nb,Os | Ta05 | zro, | WO,
Volyn megablock, Fastiv area

Zhytomyr 13 97.28 bdl bdl bdl 0.03 0.75 1.38 bdl bdl 0.34
granites 96.2-100 bdl-0.4 |bdl-1.52 [ bdl-2 bdl-1.14
Pegmatites 8 99.26 bdl bdl bdl bdl 0.39 0.20 bdl bdl 0.07

98.18-100 bdl-1.52 | bdl-0.84 bdl-0.56
Garnet-biotite 16 97.81 bdl bdl 0.04 0.08 0.31 1.50 bdl bdl 0.15
gneisses 95-100 bdl-0.64 [ bdl-0.48 | bdl-1.44 | bdl-2.81 bdl-1.13
Graphite-biotite 20 98.00 bdl bdl 0.13 0.05 0.51 0.98 bdl bdl 0.16
gneisses 93.93-100 bdl-1.57 [ bdl-0.71 | bdl-1.77 | bdl-3.79 bdl-1.24
Biotite gneisses 13 98.15 bdl bdl bdl bdl 1.09 0.53 bdl bdl bdl

97.02-99.23 bdl-1.8 | bdl-1.79
Amphibole 6 97.71 bdl bdl 0.37 0.05 0.95 0.25 bdl 0.19 bdl
gneisses 95.39-100 bdl-2.2 | bdl-0.3 | bdl-1.84 | bdl-0.76 bdl-1.11
Metasomatites 6 99.21 bdl bdl 0.09 bdl 0.32 0.31 bdl bdl bdl

98.76-100 bdl-0.55 bdl-0.99 | bdl-1.19
Vein quartz 11 98.85 bdl bdl 0.07 0.06 0.42 0.45 bdl bdl bdl

97.24-100 bdl-0.82 [ bdl-0.61 | bdI-2.14 | bdI-1.83

Dnister-Buh megablock, Vinnytsia area

Gabbroids 19 99.09 bdl bdl 0.03 bdl 0.42 0.13 0.02 0.12 0.10

97.48-100 bdl-0.57 bdl-2.08 | bdl-1.66 [ bdl-0.37 [ bdl-0.88 | bdl-0.66
Khmilnyk 4 99.07 bdl bdl bdl bdl 0.54 bdl bdl 0.27 bdl
diabases 97.93-100 bdl-0.92 bdl-1.09
Basalts, 10 98.75 0.07 bdl bdl bdl 0.74 0.15 bdl 0.14 bdl
Vendian system 96.72—100 | bdl-0.71 bdl-1.82 | bdl-0.8 bdl-0.79
Ultrabasites, 5 99.43 bdl bdl 0.14 bdl 0.22 0.16 bdl bdl bdl
Zhdanivsky 98.66-100 bdl-0.69 bdl-1.1 | bdl-0.8
massif
Garnet-biotite 19 98.49 0.02 0.20 0.06 0.06 0.69 0.33 bdl bdl 0.04
gneisses 94.44—100 | bdl-0.4 | bdl-1.05 [bdl-0.65 | bdl-0.79 | bdl-1.62 | bdI-1.07 bdl-0.75
Dniester-Buh 8 99.08 0.05 0.06 0.25 0.05 0.32 0.13 bdl bdl bdl
crystalline 96.98-100 | bdl-0.37 | bdl-0.48 | bdl-1.96 | bdl-0.4 |bdl-0.28 | bdl-1.07
schists
Diopside- 7 98.92 0.15 0.12 0.13 bdl 0.25 0.13 bdl 0.24 bdl
amphibole 96.35-100 | bdl-1.02 | bdl-0.86 |bdI-0.91 bdl-0.88 | bdl-0.93 bdl-1.65
crystalline
schists
Berdychiv 35 97.92 bdl 0.01 0.04 0.79 0.19 0.90 bdl bdl 0.08
migmatites 92.96-100 bdl-0.43 | bdl-0.8 | bdl-1.89 [ bdl-1.21 | bdl-4.35 bdl-1.24
Berdychiv 52 98.64 0.09 0.19 0.13 0.04 0.32 0.42 bdl 0.04 0.02
granites 89-100 bdl-1.83 [ bdl-7.29 | bdl-2.64 | bdl-1.76 | bdl-1.38 | bdl-8.36 bdl-0.96 | bdl-0.78
Charnockites 15 99.47 bdl bdl bdl bdl 0.36 bdl bdl 0.08 bdl

98.71-100 bdl-1.06 bdl-1.27
Enderbites 22 99.06 0.02 0.08 0.19 0.12 0.26 0.12 bdl 0.07 0.03

93.83-100 [ bdl-0.44 | bdl-1.60 |bdl-1.51| bdl-1.9 | bdl-1.55 | bdl-1.02 bdl-0.72 | bdl-0.66
Magnetite 2 99.01 bdl bdl 0.37 bdl 0.52 bdl bdl bdl bdl
quartzites 98.74-99.27 bdl-0.73 bdl-1.04
Metasomatites 11 99.87 bdl bdl 0.06 bdl bdl 0.07 bdl bdl bdl

99.19-100 bdl-0.65 bdl-0.81

Ros-Tikych megablock, Skvyra area
Zvenyhorodka 38 98.72 0.12 0.09 0.13 0.05 0.40 0.25 bdl 0.11 0.06
granites 93.44-100 | bdl—4.54 | bdl-1.69 |bdl-1.93 | bdl-1.02 | bdl-1.71 | bdl-1.84 bdl-0.91| bdl-1.1
Crystalline 22 98.71 0.01 bdl 0.04 bdl 0.80 0.19 bdl bdl 0.04
schists 97.49-100 [ bdl-0.31 bdl-0.94 bdl-1.8 | bdl-1.03 bdl-0.81
Magnetite 1 98.93 bdl bdl bdl bdl 1.07 bdl bdl bdl bdl
quartzites
Data from the literature
Kimberlites 118 88.43 0.07 0.33 1.70 4.88 0.22 3.58 0.28 0.36 n.a.
(ultrabasic) 64.3-98.24 | bdl-0.45 | bdl-1.75 | 0.07- 0.64— | bdl-0.98 bdl- bdl-1.82 | bdl-1.46
9.99 9.75 20.90

Kimberlites 32 97.83 0.01 0.43 0.81 0.05 0.03 0.15 0.26 0.03 n.a.
(eclogitic) 95.00-99.67 [ bdl-0.08 | bdl-1.60 | bdl-3.14 | bdl-0.20 [ bdl-0.27 | bdl-1.30 | bdl-8.06 | bdl-0.29
Crustal 11 99.01 0.03 0.02 0.29 0.44 0.08 0.07 >0.01 0.01 0.01
eclogites (Alps) 96.96-99.99 [ bdl-0.08 | bdl-0.06 | bdl-0.44 | bdl-2.40 | bdl-0.27 | bdl-0.23 | bdl-0.01 | bdl-0.02 | bdl-0.04

Note: bdl — below detection limit.
As can be seen from the Table, the average content of from sedimentary rocks of the territory. Variations in the total

impurities in rutile varies in a wide range from 0 to 3 %, which content of impurities in rutile are observed depending on its
is comparable to the average content of impurities in rutile location within different megablocks (Fig. 3). The highest
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content was recorded in the rutile of the Volyn megablock
(1.53 %), slightly lower (1.15 %) in the rutile of the Ros-
Tikych megablock, and the lowest (0.94 %) in the rutile of
the Dnister-Buh megablock. This difference in the total
impurities content of rutile in crystalline rocks is probably
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related to the degree of their metamorphism. For instance,
the rocks of the Volyn megablock underwent epidote-
amphibolite facies metamorphism, those of the Ros-Tikych
megablock — amphibolite facies, and those of the Dnister-
Buh megablock — granulite facies.

Dnister-Buh megablock, Berdychiv-Vinnytsia area
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Fig. 3. Diagram of the fluctuations in the content of impurities in rutile of the crystalline rocks within the megablocks
of the southwestern part of the Ukrainian Shield

Vanadium and niobium are the most commonly occurring
impurities, often found at relatively high levels, followed by

zirconium, chromium, and iron; other impurities occur in
40-60 % of cases with negligible concentrations (Tab. 6).

Table 6
The most important impurities in rutile from the crystalline rocks
Rock types Complex/series No. of Crystals with impurities (as a percentage of the number of grains analyses)
ypP P crystals | Without impurities (bdl) | V.05 | Nb,Os | Cr.0;] FeO | WO, | ZrO; | Al,O; | SiO,
The northwestern part of the Ukrainian Shield
Granites Zhytomyr 13 7.6 61.5 | 923 0 0 38.5 0 0 0
Pegmatites Zhytomyr 8 50 375 | 25.0 0 0 12.5 0 0 0
Sillimanite gneisses | Teteriv 49 10.2 489 | 653 | 10.2 | 6.1 12.2 0 0 0
Amphibole gneisses | Teteriv 6 16.7 66.7 | 33.3 | 16.7 | 16.7 0 16.7 0 0
Crystalline schists Ros-Tikych 22 13.6 68.2 | 27.3 0 4.5 4.5 0 0 4.5
Vein quartz Zhytomyr 11 45.5 273 | 364 9.1 9.1 0 0 0 0
The southwestern part of the Ukrainian Shield
Gabbroids Kapitanka- 19 36.8 316 | 158 | 0 | 53 |158|158| 0 | 0
Dereniukha

Diabases Khmilnyk 4 25.0 75.0 0 0 0 0 |25.0 0 0
Basalts Vend 10 40.0 50.0 | 20.0 0 0 0 |200| 0 |10.0
Ultrabasites Zhdanivka 5 40.0 20.0 | 20.0 0 20.0 0 0 0 0
Gneisses Dnister-Buh 19 21.0 57.9 | 36.8 | 10.5 | 10.5 | 5.3 0 15.8 | 5.3
Crystalline schists Dnister-Buh 8 62.5 25 125 [ 125 | 125 0 0 12.5 [ 125
Diopside-amphibole | Dnister-Buh 7 28.6 429 | 143 | o | 143 | 0 |143| 143|143
crystalline schists
Migmatites Berdychiv 35 5.7 229 | 657 [ 829 | 57 |114 0 2.9 0
Granites Zvenyhorodka 38 36.8 36.8 | 26.3 53 | 105 | 79 | 132 | 53 | 26
Granites Berdychiv 52 36.5 32.7 | 28.9 3.8 7.7 19 | 58 | 7.7 | 96
Enderbites, Lityn 37 432 405| 81 | 54 | 81 | 27|81 27 |27
Charnokites
Magnetite quartzites |Buh 3 0 66.7 0 0 33.3 0 0 0 0
Metasomatites ? 17 64.7 11.8 | 17.7 0 11.8 0 0 0 0
All rocks 363 29.2 402 | 350 [127 ]| 77 | 72 | 52| 39 | 33
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Noticeable fluctuations in impurity content among rocks
of the same type are observed. This is evident in Proterozoic
gneisses of the Dnister-Buh series in the Fastiv area, where
fluctuations in vanadium, niobium, and iron content can
reach 2-3 times their average. According to our statistical
data, among all the gneisses of the southwestern part of the
Ukrainian Shield (6499 spectral analyses), the garnet-biotite
varieties contain the highest amount of chromium -
150.3 g/t. According to silicate analysis data, these varieties
are also among the most magnesian (MgO content, wt%:
pyroxene-bearing — 3.71, amphibole-bearing — 3.76, garnet-
biotite — 2.97). Therefore, garnet-biotite varieties of gneisses
can be considered the most mafic, and thus the most deep-
seated. Among the gneisses, only in the rutile of these
varieties does niobium prevail over vanadium among the
impurities. A significantly smaller range of impurity content
fluctuations in rutile is observed in granites. The granites of
the Zhytomyr, Zvenyhorodka, and Berdychiv complexes
contain impurities in approximately the same range,
although the granites of the older and probably deeper
Berdychiv complex have higher niobium and aluminum
content and lower vanadium content.

A decrease in impurity content is also observed in the
rutiles of granites of the Teteriv, Skvyra, and Berdychiv
areas compared to the more ancient formations — gneisses.
Rutile in subbasic (enderbites), basic (amphibolites,
gabbroids, diabases), and ultrabasic rocks contain
significantly fewer impurities, including indicators of deep
genesis, such as chromium and niobium, compared to acidic
rocks. The content of these impurities is much lower than
that found in eclogite and ultramafic nodules of kimberlites.

In comparison with rutile from crystalline rocks of the
southwestern part of the USh, rutiles from crustal-mantle
rocks (eclogites and ultramafic nodules in kimberlites) are
characterized by a high content of iron and a low content of
vanadium.

Distribution of impurities and their associations in
rutile. Rutile in various crystalline rocks exhibits a unique
array of impurity elements, as detailed in Table 6. Out of 363
rutile crystals analyzed, only 106 (29.2 %) do not contain
impurities (their quantity does not exceed the analyzer's
sensitivity threshold of 0.01 wt%). Among the rocks of the
Dniester-Buh megablock, the highest total impurity content
(%) is observed in Berdychiv granites (11.0), followed by
migmatites (7.04) and enderbites (6.17). Comparable levels
have been found only in the Zvenyhorod granites-migmatites
of the Ros-Tikych megablock (6.56 %) and the garnet-biotite
gneisses of the Fastiv area (5.00 %). A positive correlation
is observed between the average rutile content and the total
impurities in rutile in both igneous and metamorphic rocks.

Below is a brief description of the distribution of the most
common metal impurities in rutile from various crystalline
rocks of the studied area.

Iron is detected in a small number of rutile samples
(7.7 %); its content is generally insignificant, averaging
0.09 wt%. The maximum average iron content of 0.37 wt%
is found in rutile from magnetite quartzites, supporting the
thesis regarding the influence of geochemical background
on impurity composition.

Tungsten is encountered rarely, occurring in only 7.2 %
of rutile analyses, except for rutile extracted from granites of
the Zhytomyr complex from Fastiv area (38.5 %). These
granites contain an elevated amount of apatite and sulfides.
The rutile of these granites contains from 0 to 1.14 wt%
tungsten, with an average of 0.34 wt%. Tungsten is closely
associated with vanadium and niobium. The association of
these metals is natural, as the granites belong to the Bystriv
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association of rare-metal granites common in the area of the
Teteriv depression (Dovgan et al., 1982).

Zirconium is detected in 19 out of 363 analyses (5.2 %).
This impurity is mainly enriched in the rutiles of the Dnister-
Buh megablock: granites, migmatites, charnockites, and
enderbites of the Berdychiv complex. In four rutile grains
from these rocks, the zirconium content exceeds 1 wt%.

Vanadium is the most common impurity in rutile,
occurring in 40.2 % of rutile analyses. In the southern part of
the territory, vanadium appears as a single impurity in rutile,
while in the northern part, in both granites and gneisses, it
typically occurs in association with other metals, most often
with niobium and iron. This information can be used to
establish the likely genesis of rutiles from sedimentary rocks.

Niobium is the second most common impurity in rutile
(35 %). It is exceedingly rare in enderbites and charnockites
and absent in rutiles of magnetite quartzites and Khmilnyk
diabases. Generally, it is more prevalent in rutiles of
crystalline rocks in the northwestern part of the Ukrainian
Shield. The highest niobium content (on average) is found in
rutile of garnet-biotite gneisses and granites of the Zhytomyr
complex in the Fastiv area (1.95wt% and 1.38 wt%,
respectively). Slightly lower concentrations are recorded in
rutile of gneisses of the Teteriv series in the same area, at
0.98 wt%. Albite-muscovite pegmatites and greisenized
granites with tantalum-columbite are widespread in the
Fastiv area, in the region of the Teteriv paleo-threshold, and
the Brusyliv suture zone (Dovgan etal., 1982). This fact
explains the increased geochemical "background" of
niobium in this region.

In the rutile from rocks of the southern part of territory,
niobium is mainly found as a single impurity and occurs most
often in migmatites, gneisses and granites. In the vast
majority of rock types, niobium is found in association with
vanadium, sometimes additionally with iron. The Nb-V-
(xFe) association is most prevalent in Zhytomyr granites
(comprising 61.5 % of all impurities) and Teteriv gneisses
(29.3 %) — the predominant rock varieties in the northern
part of the region. In other rock types, this association
typically does not exceed 19 %. The Nb—Cr association is
found exclusively in rutile of the Berdychiv area, in samples
of migmatized basic rocks of probably deep origin.

Chromium is the third most common impurity in rutile,
occurring in 46 analyses (12.7 %). However, 29 of them are
analyses of rutile from 3 samples of migmatites with
inclusions of rocks of the basic composition from Berdychiv
area. If these are excluded from the statistics, the
occurrence of chromium will decrease to 17 cases,
amounting to 5.1 %. At the same time, chromium impurities
are absent in the rutile of basites-ultrabasites, which may
indicate their shallow (crustal) origin. Chromium alone was
determined in only 9 analyses of rutile. In other cases, it is
found in Cr-Nb associations (most often), as well as Cr-Fe,
Cr—Nb-V, Cr—Nb—Fe associations. Regarding the Berdychiv
migmatized basites, a deep Cr-Nb association clearly
prevails in their rutile.

Tab. 7 below shows the values of the maximum content
of impurity elements in rutile from the crystalline rocks of the
territory.

As seen from the Tab. 7, only the maximum niobium
oxide content exceeds 3 wt%. Other impurities are observed
within the range of 0.7—2.64 wt%. Tungsten is found in rutile
of subcarbonate rocks with signs of skarn development
(presence of diopside, scapolite), while chromium is
detected in migmatites of the Berdychiv area, which contain
relicts of basites with chromium spinelides.
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Table 7

The maximum content of impurity elements in rutile-from the crystalline rocks of the western part of the Ukrainian Shield

:\:I::l'lﬁz::'x&f sa':':) ;?Ie Rock types Area Other impurities, wt%
V.03 — 2.14 375-72 Vein quartz Fastiv -
V03 — 2.08 249-5 Gabbro-amphibolite Vinnytsia -
Nb,Os — 8.36 1286 Garnet-biotite granite Vinnytsia FeO — 2.64
Nb,Os — 4.35 1504-7 Garnet-hornblende migmatite Berdychiv Cr,03 - 1.89, FeO - 0.8
Nb,Os — 3.79 421-33 Sillimanite-graphite-biotite gneiss Fastiv V,03 — 1.04, FeO — 0.96
Cr,0; — 1.90 1047-4 Hypersthene-garnet-biotite enderbite Vinnytsia FeO -1,51, ZrO - 0.72
Al,O; — 1.6, SiO, — 0.44
Cr,0; — 1.89 1504-7 Garnet-hornblende migmatite Berdychiv Nb,Os — 4.35, FeO - 0.8
Cr,0; — 1.78 1630-9 Hornblende migmatite Berdychiv -
FeO — 2.64 1286 Garnet-biotite granite Vinnytsia Nb,Os — 8.36
FeO —2.20 378-25 Hypersthene- hornblende-biotite gneiss Fastiv Nb,Os — 0.71
WO; — 1.24 421-33 Sillimanite-graphite-biotite gneiss Fastiv V,05;—1.11, Nb,Os — 1.91
FeO - 1.57
WO; — 1.24 1504-7 Garnet-hornblende migmatite Berdychiv Cr,03 — 0.88, Nb,Os — 0.46,
FeO -0.72
ZrO, — 1.65 1630-11 | Diopside gneiss Berdychiv V,03; — 0.88, Nb,Os — 0.93
ZrO, — 1.27 1686-6 Charnockite with diopside Vinnytsia —
Zr0, — 1.1 406-66 Amphibole-scapolite gneiss Fastiv —

Discussion and conclusions

Rutile is a widespread mineral found in almost all types of
crystalline rocks within the southwestern part of the Ukrainian
Shield and its surrounding areas. However, it is less abundant
compared to other titanium-bearing minerals such as ilmenite
and titanite. The average rutile content ranges from 0.8 g/t in
enderbites to 36.8 g/t in gneisses, reaching up to 4912.7 g/tin
diabases. The vast majority of rutile exhibits black (68.2 %) or
dark brown (18.4 %) coloration. The size of rutile grains
predominantly varies between 0.05 and 0.3 mm. Most rutile
occurs as acicular crystal inclusions and their intergrowths,
primarily within quartz and, to a lesser extent, in biotite.
Relatively large grains of rutile, in the form of prisms and
irregularly shaped crystals, are commonly distributed within
feldspars and biotite.

The majority of analyzed rutile samples (72 %) contain
impurities of various metals. The average impurity content in
rutile from different rocks ranges from 0 to 3 wt%. Impurities
in rutile from sedimentary and crystalline rocks of the
southwestern part of the Ukrainian Shield are similar in both
composition and average content, which indicates their
genetic relationship.

Petrographic studies indicate that rutile is closely
associated with processes such as silicification,
greisenization, and chloritization. Consequently, rutile may
form during at least three stages: magmatic, metamorphic
(granitization), and low-temperature diaphthoresis. To
confirm this hypothesis, absolute age determination of rutile
needs to be conducted. A correlation is observed between
the total impurity content in rutile and the degree of
metamorphism of the host rocks. Rutile appears to be
progressively purified from impurities as the grade of
regional metamorphism increases.

Based on average content, the predominant impurities in
rutile are vanadium, niobium, chromium, and iron. In the
southern part of the region, vanadium is a single impurity in
rutile, primarily from basic-ultrabasic rocks. In contrast, in the
northern part, vanadium is typically found in association with
other metals, most frequently niobium and iron, in both
granites and gneisses. This pattern can be utilized to infer
the probable genesis of rutiles from sedimentary rocks.

The Nb—Cr association is found exclusively in rutile from
three boreholes in migmatized metabasites of probable deep
origin, located within the Berdychiv area. Rutiles with this
impurity association are promising for identifying diamond-
bearing rocks. Chromium is absent in rutile from the
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gabbroids and ultrabasic rocks studied in the area, which
may indicate their relatively shallow formation depth.

Rutile from rare-metal (niobium, tantalum, tungsten,
molybdenum) — enriched crystalline rocks (niobium, tantalum,
tungsten, molybdenum) of the Fastiv area contains impurities of
these metals. Such rutile may have industrial significance, and
its content should be considered during the exploration of
Neogene titanium-zirconium placers located in the Fastiv area.

The highest average FeO content (0.37 wt%) has been
detected in rutile from magnetite quartzites. This indicates
that rutile accumulates and preserves information about the
origin and metallogenic specialization of its host rocks.
Impurities of iron, chromium, vanadium, niobium, and
zirconium in rutile can be effectively utilized to identify the
primary sources of rutile in sedimentary rocks and valuable
mineral placers.
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PYTUN I3 KOPIHHUX NOPIA NIBAEHHO-3AXIOHOT YACTUHU YKPATHCBKOIO LMTA

B ¢ Ty n. Pymun — nowupeHuli akyecopHuli MiHepan y kpucmanidyHux nopodax YkpaiHcbKko20 wuma. BiH eupizHssembcsi 2e0xiMiYHOO cmabifbHi-
cmio ma 30amHicmio ekimoyamu maki enemeHmu, sik Nb, Fe, V, Zr, Al, a makox wupokuli cnekmp iHwux efemeHmie domiwok. Memoto ybo20 docni-
O)KeHHSs1 € aHasli3 Kosibopy, Mopgbostozii ma ximiuHo2o cknady pymusy 3 KOPiIHHUX KpucmasiyHux nopio nie0eHHo-3axiOHoi YacmuHu YKpaiHCcbKo20 wjuma
3 Memoto esusiesieHHs1 OiacHOCMUYHUX O3HaK, sIKi xapakmepHi Onsi pi3HUX NopodHUX pi3Hoeudie, a MaKox Ol MoxJsiueocmi cmpamuapagidYHUX PEKOH-
cmpykuitl i eidcmexxeHHs1 Mizpayii mepu2eHHoO20 pymuiy.

M e T o awn. fJocnidxeHHss 6azyembcs Ha aHanisi 363 kpucmanie pymuny, eudineHux i3 57 wnixosux npo6 p, a MaKox meKcmoeux apxieHuUx ma-
mepianax 11 2zeonoziyHux 3tiomok lpasobepexHoi 2eonoziyHoi ekcrieduyil, nposedeHux y 1972-2009 pokax. 3pa3ku penpe3eHmyoms pymurs 3 pi3HuUx
nimomunie: e2paHimis, 2Helicie, nezmamumie, endep6imie, ynbmpabaszumie ma iHwux nopio niedeHHO-3axiOHOT YacmuHu YKpaiHcbko20 wuma. Ansi
sus4YeHHs Mopgbosiozii ma xiMi4Ho20 cknady eukopucmosysasnu 6iHOKynsipHy Mikpockonito ma aHaniz SEM-EDS.

Pe3ynbTaTtu. Buicm pymuny konueaecmscs eid 0,8 2/m e eHdep6imax do 109,4 2/m y cunimaHim-6iomumoeux 2Helicax. binbwicmb kpucmarnie —
4opHi abo meMHO-KOpUYHesi, 20/14acmoi ghopmu, Yyacmo ekroYeHi 8 keapy, abo 6iomum. lMepesaxkHa YyacmuHa 3pa3skie pymuny (72 %) micmumb domiwku,
ceped skux Halinowupeniwumu € V, Nb, Cr i Fe. Xapakmep domiwok eapitoe 3anexHo eid muny nopodu, cmyneHss Memamopghiamy ma pe2ioHasibHO20
nonoxeHHs. [ns nieHiyHux nopid (Hanpuknad, palion dacmoea) xapakmepHi acoyiayii Nb-V-Fe, modi sik y niedeHHuUX 3pa3kax nepeeaxae i3onboea-
Hul V. Pymun i3 emicmom xpomy eusiesieHo y Mizmamu3oeaHux mema6a3umax bepduyiecbko20 palioHy.

B ucHoOBEKW. Pymun 36epicae 2eoximiyHull "eid6bumok” nopid-xassiiHie i eidob6paxkae sik nimosnoziyHi, mak i MemamopahiyHi ymoeu. BiH moxe
cny2yeamu HaodiliHuM iHOUKamopHUM MiHepasioMm 01151 peKoHcmpyKyii dxepes ocadoeozo pymuity, a acoyiayii domiwok Nb—Cr — Onsi eusienieHHs Oxepen
nomeHyiliHo aniMa3o0HOCHUX MOpiod.

Knw4yoBi cnoBa: pymun, niedeHHo-3axiOHa yacmuHa YKpaiHCbK020 wjuma, kpucmaniyHi nopodu, ximiqyHul cknad.

ABTOpM 3asiBNSAIOTb NPO BiACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopu He Bpanu yvacTi B po3pobneHHi gocnimkeHHs; y 36opi, aHanisi um
iHTepnpeTaLii AaHVX; y HaNMUCaHHi PyKonucy; B pilLeHHi Mpo nybrnikavito pe3ynbTaris.
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WAR-INDUCED SOIL CONTAMINATION WITH HEAVY METALS:
RESULTS FROM A TEST SITE IN MYKOLAIV REGION

(lMpedcmaeneHo yneHom pedakuyiliHoi konezii 0-pom 2eos. Hayk KceHiero BOHAP)

Background. The war in Ukraine is having a serious impact on the physical, chemical and biological properties of soils.
Chemical contamination of soil in combat zones is the most discussed issue, as the detonation of various types of weapons
releases a range of pollutants into the soil, among which heavy metals are one of the most toxic. Despite the fact that heavy metals
are not the main pollutants, they are most often discussed in the literature. Based on a large number of publications, opposing
opinions have been formed regarding the level of heavy metal contamination.

Methods. The content of heavy metals within a study site of 2000 m? (Stepova Dolyna village) was measured by portable X-
ray fluorescence system. In order to identify the precision of XRF analysis, the heavy metals content (Cd, Zn, Pb, Cu, As) was
determined using atomic-absorption spectrometry (ContrA 800 D).

Results. A study of the lateral variability of the content of various heavy metals at a test site in Mykolaiv region, which was
heavily damaged by artillery shelling in 2022, found virtually no heavy metal contamination in the soil (except for cadmium in one
sample). In most cases, the content of the heavy metals is not mostly related to the location of craters, except for lead, which
showed increased concentrations near craters. The very good agreement between portable XRF analyser and atomic-absorption
spectrometry was found for lead content. Due to low concentrations of copper, cadmium and arsenic in the soil, the XRF analyser
could not measure them.

Conclusions. At the study site, the soil contamination with heavy metals due to explosion of artillery shells, MLRS and
mortar is slight. There is no traceable enrichment with heavy metals near craters that can indicate drawbacks of taking incremental
samples in case of high-resolution studies. The use of a portable XRF analyser allows for rapid screening of the war-damaged soils
for heavy metals and the identification of heavy metal contamination sites. However, accurate data on heavy metals contamination
require more precise laboratory methods.

Keywords : Russia-Ukraine war, soil, heavy metals, contamination, portable X-ray fluorescence system, atomic- absorption
spectrometry.

Background polycyclic aromatic hydrocarbons, propellants etc.

Warfare impacts the physical, chemical and biological
soil properties (Pereira etal., 2022). The detonation of
ammunition leads to soil contamination with various
substances: explosives and their derivatives, heavy metals,

(Broomandi et al., 2020). The effect of this pollution tends to
be the long-lasting as evidenced by results from the
battlefields of the World Wars (Bausinger, Bonnaire, &
Preuss, 2007; Meerschman et al., 2011; Williams, & Rintoul-
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Hynes, 2022). As a result, the need for specific management
of the affected areas arises (Meaza et al., 2024).

Since 24" February 2022, the Russian invasion of Ukraine
has already resulted in widespread soil damage (Baliuk et al.,
2024; Solokha et al., 2023;), contributing to the problem of
global food security (Dent et al., 2022). The war-induced soil
disturbances in Ukraine has been discussed in many
publications, with military-associated soil contamination being
the most highlighted issue (Biyashev et al., 2024; Bonchkovskyi
et al., 2025; Bondar et al., 2025; Datsko et al., 2025; Dmytrenko
etal, 2023; Korsun etal, 2024; Menshov etal.,, 2024,
Shebanina et al., 2024; Smirnova et al., 2024; Solokha et al.,
2022, 2024; Splodytel et al., 2023; Tonkha et al., 2025; Zaitsev
et al., 2022). However, despite the numerous publications, the
war-induced soil contamination remains insufficiently
discussed. Furthermore, the findings of different research
groups contradict each other, as some report critical levels of
contamination, whereas others claim minimal contamination.
The main focus of Ukrainian research groups today is on heavy
metals, since there are almost no facilities in Ukraine to study
explosives, which are assumed to be the main contaminants.

Compared to other regions of Ukraine, southern Ukraine
is rather poorly studied in terms of war-related soil
contamination. Particularly, Splodytel (2023) reported high
concentrations of trace metals in craters, suggesting critical
contamination with heavy metals of the soil. Tonkha et al.
(2025) demonstrated heavy metal contamination in fighting
positions, notably in those containing metal fragments.
Bulba et al. (2024) showed significant soil pollution with
heavy metals in three southern Ukrainian regions.

Thus, this paper aims: 1) to present new results on soil
contamination with heavy metals at a test site of the war-
affected soils in the Mykolaiv region; 2)to discuss the
possibility of using a portable X-ray fluorescence (XRF)
analyser for rapid investigation of contaminated soils by
comparing the results obtained by the analyser and an
atomic-absorption spectrometer (AAS).

Methods

Study site. In January 2025, a test site was established
at the Stepova Dolyna village of the Halytsynivska territorial
hromada in Mykolaiv Oblast (Fig. 1) to collect samples for
geochemical analyses and for subsequent monitoring of the
recovery of the damaged soil's physical and chemical state.

Kyiv
.

Mykolaiv
‘s
b

Y

Mykolaiv
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The test site of 2000 m? is situated on a household plot in
the Stepova Dolyna village, which has not been cultivated
since 2022. The study area is characterised by considerable
soil physical disturbance, since the frontline was located
here in 2022, and the fighting was particularly intense.
Furthermore, this area is supposed to contain landmines and
unexploded ordnance (UXO).

The study site is in the dry steppe zone with xerophytic
and ruderal vegetation. The test site is on a very gentle slope
of the enclosed depression (Stepova Dolyna pod). Here,
Endogleyic Kastanozems (dark chestnut gleyic soils) occur
having clay loam texture and slight signs of salinization. The
climate is rather dry with hot summers and mild winters. The
average temperature in January is —1.6 °C, and in July —
+22.9 °C. The average annual precipitation is 430—-450 mm
(Osadchyi et al., 2022).

Soil sampling. The study site was split into 20 small square
plots of 100 m? each (Fig. 2). Incremental (mixed) samples
were taken from each cell (small plot), which included at least 5
smaller samples from different parts of the cell. They were taken
regardless of their location relative to craters or bombturbated
soils in order to test the validity and applicability of the
incremental sampling technique. The incremental sampling
protocol is widely recognized as the opposite of discrete soil
sampling (Brewer, Peard, & Heskett, 2017).

Samples were collected from the topsoil (upper 20 cm).
The sampling depth was justified by (1) the concentration of
the most contaminants in the topsoil in the first years after
the warfare (Bonchkovskyi etal.,, 2025; Solokha etal.,
2024); (2) the short period of time after the war damage to
the soil — two years, which is not enough for the downward
migration of contaminants; (3) the loamy clay texture of the
soils impedes downward migration of contaminants,
especially heavy metals.

Two experts participated in the sampling process — the
first one took notes and the second one collected samples
in the zip-lock bags. Each sample weighed about 500 g and
was duplicated and homogenized to avoid errors in
laboratory measurements. The background sample was
collected 5km away from the test site with the same
landform and soil. Due to the dense soil cratering, it was
almost impossible to take a background sample closer.

MYKOLAIV
OBLAST

64N

Stepova Dolyna

9L L2

LEGEND
Boundary of regions
Settlements

®  Study sites

Fig. 1. Test site location
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X-ray fluorescence analysis. The first step in the
laboratory phase of the research was to homogenise the
samples in order to reduce the degree of heterogeneity in the
distribution of different fractions of the soil's solid phase. The
next step was to dry the samples in ovens at a temperature of
40°C for 6 hours. Bringing the sample to a completely dry
state was not possible due to the specifics of XRF analysis
and the risk of destruction of some elements due to the high
temperatures. Homogenisation ensured a uniform drying
process. An agate mortar was used to grind the samples with
purpose to avoid the contamination of the analysis. The
sample was then sieved through a 1 mm laboratory sieve. The
resulting fraction was pressed into 25 ml cylindrical plastic
cuvettes and sealed with a polymer film. This was the end of
the laboratory preparation of the samples.

For XRF analysis, we used ElvaX ProSpector 3 Advanced
with the following specifications: X-ray tube — Rh, 40 kV;
primary filter — automatic 8-position; the collimator — automatic
2-position; detector window — graphene, 1 um; spectral range:
Mg-U. The sample was measured three times.

XRF analysis and XRF spectrometry itself is based
(Neikov, Naboychenko, & Yefimov, 2022) on the excitation
of atoms of material under by a beam of X-rays, which leads
to secondary fluorescence emission. The intensity of X-ray
fluorescence directly depends on the concentration of each
element in the sample. Analysis of the spectra allows
determining the elemental composition of the sample. We
used an X-ray tube with an Rh anode, which is the most
common device in this field of technology. Typically, XRF
analysis is used to determine the concentrations of elements
from beryllium (Z=4) to uranium (Z=92) in the range from
ppm to 100 % with an accuracy of 107-10%g. Heavier
elements (with a higher Z) tend to emit X-rays with higher
energy because they have more tightly bound electrons in
their inner shells. The resulting spectrum is mathematically
processed to allow for quantitative and qualitative (semi-
quantitative) analysis. In modern XRF spectrometers,
amplifiers and pulse analysers allow for the measurement of
the elemental composition of a sample in less than
2 seconds with a satisfactory statistical error.

Atomic-absorption analysis.

The microwave oven (Ethos Easy Microwave Sample
Preparation System, Milestone, USA) was applied for
sample preparation. The system was equipped with high-
pressure TFM vessels (Maxi-44 high — throughput rotor, T2
infrared temperature control, option P2 pressure control).
The microwave program BCS 300 was previously changed
to run with a maximum power of 1800 W. Microwave
decomposition of samples was carried out with the addition
of 5 ml of 65 % concentrated nitric acid (analytical grade)
and of 1 ml of 35% peroxide. The wet digestion of 250 mg of
each sample was conducted in closed TFM vessels during
35 minutes, max temperature was +200 °C.

The content of Cd, Pb, Zn, Cu was measured in 6
random samples using the atomic-absorption spectrometry
(AAS) ContrA 800D  (Analytik Jena, Germany).
Measurements were performed in triplicate. The content of
As was measured in 6 random samples using the hydride
attachment HS60A/HS (Analytik Jena, Germany) according
to the instructions for the device with the use of NaBH4, KJ,
Ascorbic Acid (analytical grade). Measurements were
performed in triplicate.

The following standards were used to determine
concentrations and construct calibration graphs: Standart
solution [V-Stock-4 1000 ug/mL in 5% v/v Nitric Acid
(Inorganic ventures, USA). Standart solution (CGAS1) of As
1000 pg/mL in 2 % v/v Nitric Acid (Inorganic ventures, USA).

Results

Soil disturbance. The study site is characterised by the
significant soil disturbance: 7 craters with a diameter of 1.7—
4.4 m and a depth of 0.2-0.7 m were identified. The craters
were caused mainly by 120 mm mortars or 122 mm multiple
launch rocket system (MLRS) BM-21 'Grad'. The largest one
was caused by the detonation of a 152 mm artillery shell.
Thus, the crater density on the test site is 35 craters per
hectare, and the total volume of displaced soil is 11.0 m3.
More detailed parameters of the surveyed craters are
presented in (Tab. 1).

Table 1
Parameters of craters within the study site
Ne Diameter, Depth, Volume 9f disg)laced Projectile Soil disturbance Crater state
m m soils, m type
1 4.4 0.6 4.1 152 mm Ah and B soil horizons | Overgrown with vegetation
2 3.2 0.7 2.5 152 /155 mm | Ah and B soil horizons | Partially overgrown with vegetation
3 21 0.4 0.6 120/ 122 mm | Ah soil horizon
4 2.6 0.5 1.2 120 /122 mm | Ah and B soil horizons
5 2.2 0.5 0.9 120 /122 mm | Ah and B soil horizons | Overgrown with vegetation
6 2.5 0.5 1.1 120 /122 mm | Ah and B soil horizons
7 1.9 0.3 0.4 120 /122 mm | Ah soil horizon

Craters destroy mostly Ah and B/Bk horizons of the
Kastanozem (Fig. 2). The crater slopes are overgrown with
ruderal vegetation, which restrains the erosion and the
crater's filling with soil deposits. This resulted in good
preservation of the craters in their primary hemisphere form.
No signs of ramparts around the craters were found (except
for crater No. 1), given their small size and depth. No visual
signs of bombturbation zones (according to Bonchkovskyi
et al., 2023) were found on the topsoil.

Heavy metals content. The heavy metal content within the
test site does not exceed the background values, and the
spatial variability of heavy metal content is almost not related to
the location of the craters. However, such variability is still
observed (Fig. 3). None of the tested soil samples showed
heavy metal content above the maximum permissible
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concentrations (except for Cd in one sample). This is due to the
lack of industrial soil contamination before and during the war.

Lead content ranges from 15-22 mg/kg according to
XRF analysis and from 9.7 to 18.6 mg/kg according to AAS
(Table 2). The copper content according to AAS is 32.0—
34.9 mg/kg, while XRF analyser detected copper in several
samples (20-22 mg/kg). The zinc concentration determined
by AAS is two times higher than measured by XRF analyser
— 80.0-90.9 ppm versus 31-46 mg/kg. The cadmium
content is below the detection limit of the XRF analyser.
However, AAS yielded Cd concentration around of 1.1—
1.4 mg/kg. Significant enrichment with cadmium is detected
only in one sample (2.1 mg/kg), which was not collected
near the crater.
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Fi

g. 2. Craters within the study site.

General view of the study site (A). Crater from a 152 mm ordnance (B); Crater from a 120 / 122 mm ordnance (C)

The chromium content (measured by XRF analyser)
ranges from 39 to 80 mg/kg and vanadium from 60 to
130 mg/kg and does not correlate with the location of the
craters. The screening revealed insignificant concentrations
of molybdenum, arsenic and tin in some samples. Only lead
showed elevated concentrations near craters from the whole
range of measured elements.

Discussion and conclusions

Soil contamination with heavy metals has been reported
at many sites affected by military operations worldwide
(Broomandi et al., 2020; Certini, Scalenghe, & Woods, 2013;
TeSan Tomi¢ etal.,, 2018; Vidosavljevic etal., 2013;
Williams, & Rintoul-Hynes, 2022; and others) and in Ukraine
(Solokha et al., 2022, 2024; Splodytel et al., 2023; Tonkha

et al., 2025; Zaitsev et al., 2022; and others). Most studies
have shown that they are not highly contaminated with
heavy metals (Bonchkovskyi etal., 2025; Bondar et al.,
2025; Datsko et al., 2024; Smirnova et al., 2024; Solokha
et al., 2022), despite initial findings of critical contamination
(Shebanina et al., 2024; Splodytel et al., 2023; Zaitsev et al.,
2022). The most considerable contamination with cadmium,
copper, zinc and lead has been reported by the cited authors
(Bonchkovskyi et al., 2025), collecting samples at different
distances from craters, showed that the content of heavy
metals decreases from crater to background, rarely showing
peaks at the crater rim. However, the average content of
heavy metals near the craters exceeded that in the
background sample by only 1.2—1.5 times.

Table 2

Comparison of trace elements content (ppm) determined by portable XRF analyser and AAS ContrA 800 D.

Sample Lead (Pb) Copper (Cu) Zinc (Zn) Cadmium (Cd)

number AAS XRF AAS XRF AAS XRF AAS XRF
1 12.07 15 32.01 - 82.55 45 1.101 -
3 9.67 18 32.39 22 85.83 42 1.141 -
6 13.63 13 34.85 20 90.91 35 1.208 -
12 16.91 16 32.70 - 79.95 36 1.325 -
15 18.59 22 34.26 - 86.33 46 2.056 -
21 12.22 14 32.61 - 82.7 31 1.354 -

The study site near the Stepova Dolyna did not reveal
significant contamination with heavy metals. Only cadmium
showed high concentration in one sample, therefore it can
be related to the local contamination, which is not associated
with the cratering. It is impossible to compare our results with
findings of Bulba et al. (2024) and Splodytel (2023), who
reported critical contamination with heavy metals. This is
due to the fact that Splodytel (2023) did not specify the
methodology of soil sampling, whereas Bulba et al. (2024)
did not specify the type of damage and soil typology and took
background samples far from the damaged areas.

Our study revealed that only lead shows a slight enrichment
near craters (Fig. 3). The concentrations of other heavy metals
are not associated with craters. On the other hand, this may be
a drawback of the incremental sampling protocol since it
represents the average elemental content within a plot.

The highest levels of contamination have been
independently recorded by researchers at the sites of military
equipment explosions (Bonchkovskyi etal., 2025; Solokha
et al., 2024; Zaitsev et al., 2022), where soils are contaminated
with various substances, including heavy metals, oil products,
polycyclic hydrocarbons, and even radioactive elements.
Tonkha etal. (2025) also found significant soil pollution at
military positions and fortifications. However, there are currently
no published results of geochemical analyses at the sites of
military equipment explosions in Mykolaiv region.

Datsko etal. (2024) proposed the use of X-ray
fluorescence analysis to accelerate of soil chemical survey
in the war-affected areas. Vanhoof, Corthouts, & Tirez,
(2004); Vanhoof et al. (2013) demonstrated that portable

ISSN 1728-3817

XRF systems are quite effective for preliminary assessment
of contaminated soils. Our results show that the efficiency of
a portable XRF analyser depends on the element and its
detection limit. Very good agreement between the portable
XRF analyser and the AAS was found for lead content. The
zinc content measured by the AAS is constantly twice than
that determined by the XRF analyser, which may be a result
of the analyser settings. Due to the low concentrations of
copper, cadmium and arsenic in the soil, the XRF analyser
cannot measure them. However, the XRF system can
accurately identify areas contaminated with Cu, Cd and As.
On the other hand, we believe that the technical parameters
and setting of specific portable XRF systems determine the
accuracy of the measurement. Thus, portable XRF systems
are very useful for screening soil contamination with heavy
metals, notably when sample preparation is performed.
However, accurate measurements of heavy metal
concentrations require precise laboratory methods, such as
inductively coupled plasma spectrometry or atomic
absorption spectrometry.

Thus, the soil contamination with heavy metals due to
explosion of artillery shells, MLRS and mortar is slight. No
heavy metal enrichment is observed near craters which can
indicate drawbacks of taking incremental samples in the
case of high-resolution studies. The portable XRF analyser
enables to rapidly test the war-damaged soils for heavy
metals and identify areas of heavy metal contamination.
However, more precise laboratory methods are required to
provide accurate data on heavy metal contamination.
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3ABPYOHEHHSA I'PYHTIB BAXXKUMU METAJTAMU BHACNIOQOK BEOEHHA BEOVOBUX AIN:
PE3YJNIbTATU 3 TECTOBOI ANMAHKA Y MUKOJIAIBCbKIUA OBJIACTI

B c Ty n. BiliHa e YKpaiHi ceplio3Ho ennueae Ha hi3uyHi, ximi4Hi ma 6ionozivyHi enacmuesocmi rpyHmie. XimiyHe 3a6pyOHeHHs
rpyHmie y 30Hax eedeHHs1 6oliogux 0ili € 00Hi€r0 3 Halibinbw AuckymoesaHUX meM, OCKifbKu 8 npoyeci demoHayii 36poi piaHo2o
muny e rpyHm nompanssie KoMmniekc 3abpyoHroeadie, ceped sIKUX OOHUM i3 HallmOKCUYHiwux € saxki memanu. 5k Hacnidok —
cghopmysanucsi npomusexHi OyMKU CMOCOBHO PieHs1 3a6pYyOHEHHS1 8aXKKUMU Memarnamu.
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M e T o a4 v. Bmicm eaxkux memanie Ha docnidxyeaHiti dinsiHyi nnouero 2000 m? (c. Cmenoea JonuHa) 6yno eumipsiHo 3a do-
NMOMO20l0 TopMamueHo20 peHmaeHogh/1yopecyeHmHo20 aHasnizamopa. [nisi eusHayeHocmi mo4YyHocmi peHmeaeHogsiyopecyeHm-
Ho20 aHanizy emicm eaxkux memanie (Cd, Zn, Pb, Cu, As) dodamkoeo eu3Ha4eHO 3a OOMOMO20l amoMHo-abcopbuyiliHoi
cnekmpomempii (ContrA 800 D).

Pe3ynbTaTu. [JocnidxeHHs namepansHoi MiHIueocmi emicmy pi3HUX eaXKux Memaisiie Ha mecmoeitl dinsaHuyi y Mukona-
fechbkili obsiacmi, cunbHO nocmpaxdanil eid apmunepilicbkux o6cmpinie y 2022 poyi, NPakKMu4HO He ausieus1uU 3abpyOHEeHHsI r'py-
HmMie eaXKumu Memasnamu (OKpiM kKaoOMito @ oOHOMYy 3pa3kKy). 30eb6inbuio20 emicm 8axKux Memarsie He noe's3aHull i3
po3maulyeaHHsIM Kpamepie (3a 8UHSIMKOM C8UHU0), KOHUeHmpauisi iko2o 3pocmae nobnu3y kpamepis. [ns emicmy ceuHyto su-
sienieHo Oyxe xopoule y3200)KeHHs1 MiXXK MopmamueHUM PeHMm2eHogIyopecyeHmMHUM aHasi3amopoM i amomMHo-a6copbyiliHoro
cnekmpomempietro. Yepe3 HU3bKi KOHUeHmpauii Midi, kadMito ma Muw'siky e rpyHmi peHmaeHogiyopecyeHmHuli aHasizamop He
Mae Moxksiueocmi 0o ix euMiprogaHHs.

BucHoBKMU. Ha docnidxyeaHil dinsHyi 3a6pyOHeHHsI I'pyHmMy aXKuMu Memasiamu eHacsiook eubyxie apmurnepilicbKux
cHapsidie, PC3B ma miHomemie € He3Ha4HuM. [To6nu3y kpamepie He npocslidkoeyembcsi 36a2avyeHHs] 8aXXKUMU MemanaMu, w0
Moxe ceidyumu npo Hedoniku eidbopy 3miwaHux nNpob y pasi npoeedeHHs1 00CNiOXeHb 3 8UCOKOI pPo30inbHo 30amHicmio. Bu-
KopucmaHHsi mfopmamueHo20 peHmaeHog1yopecyeHmHo20 aHasnizamopa dae 3Mo2y weudKo nepeeipumu nowkodxeHi 8iliHoto
rpyHmMu Ha eMicm 8a)KKux Memarsiie ma eusieumu mMicysi 3a6pyOHeHHsI 8aXKuMu Memanamu. OOHak OJ1s1 ompuMaHHsI MOYHUX OaHUX
npo 3abpyOHeHHs 8aAXXKUMU MemaJsiamu nompi6Hi 6inbw moy4Hi n1abopamopHi Memodu.

Knw4yoBi cnoBa: pocilickko-ykpaiHCbKa giliHa, FpyHmMu, eaxki Memanu, 3ab6pyOHeHHsI, mopmamueHull peHma2eHogJ1yo-
pecyeHmHull aHanizamop, amoMHo-abcopbuiliHa cnekmpomempisi.

ABTOpM 3aABNSAIOTb MPO BiACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopu He Gpanu yyacTi B po3pobrneHHi AocniaxXeHHs; y 360pi, aHanisi un
iHTepnpeTauii AaHWX; y HanMcaHHi pykonucy; B pilleHHi Nnpo nybnikauito pesynbTarTis.
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'HauioHanbHwuit yHiBepcuTeT Giopecypcis i npupogokopucTyBaHHs Ykpainu, Kuie, YkpaiHa
2YkpaiHcbKa nabopaTopisi sikocTi | 6e3neku npoaykuii AMNK, Kuie, YkpaiHa
3lHCTUTYT reoximii, MiHepanorii Ta pyaoyTBopeHHs im. M.MN. CemeHenka HAH Ykpainu, Kuis, YkpaiHa

OLLIHKA 3ABPYAHEHHA nonilUMKNIYHUMUN APOMATUYHUMM BYITNMEBOOHAMM
Myny | FPYHTY OHICTPOBCbKOINO KAHbMOHY
B MEXXAX FOPOAEHKIBCbKOI TEPUTOPIANBHOI FPOMAQU

(lMMpedcmaeneHo YneHomM pedakyiliHoi kosezii 0-pom 2eon. HayK, cm. docnidHukom OnexkcaHopom MEHbLLIOBUM)

BcTyn. lpoeedeHo oyiHKy cmaHy 3abpyOHeHHs eKOmOKCUKaHmamu rpyHmie i piykoeo2o ocady Ha mepumopii FopodeHkie-
cbKOi mepumopianbHoi 2pomadu, wyo npusnsieae 0o [JHicmpoecbko2o pezioHanbHO20 naHOwagpmHozo napky (PJI1) ma pozmawo-
eaHa Ha npaeobepexxi piyku JHicmep.

MeTopan. BucokoegpekmueHor piOuHHOK xpomamozpagpicto (BEPX) npoaHanizoeaHo npobu myny i rpyHmy Ha emicm
15 noniyukniyHux apomamuyHux eyaneeodHie ([1AB): HagpmaneHy, ayeHagpbmeHy, priyopeHy, heHaHmpeHy, aHmpaueHy, ¢siyo-
paHmeHy, nipeHy, 6eH3(a)HmpaueHy, xpu3eHy, 6eH3(6)¢pbnnyopaHmeHy, 6eH3(k)¢psiyopaHmeny, 6eH3(a)nipeHy, oubeHs(a,h)anmpa-
yeHy, 6eH3(g,h,i)nepunery, iHdeHo(1,2,3-cd)nipeHy. Bid6ip npo6 npoeodunu e sokauisx Komomulicbkoz2o palioHy, e leaHo-
®paHkischbkili 0611., siki eio0aneHi 8id dxepen 3abpydHeHb (¢hoHo8UU eMicm 3abpydHO8aNIbHUX pe408UH) ma 6e3nocepedHbo binsi
dxepes1 3abpyOHeHb (aemodopoau, cmi4Hi eodu).

PesynbTatun. Ceped ycix eidibpaHux 3pa3kie noeepxHeeo20 I'pyHmy ma pi4ykoeo2o ocady cyma KoHueHmpauii 15 NAB
6yna HaliHuUx4oto 8 niicogomy rpyHmi (103 mka/kz). ¥ npobi piykosozo ocady piyku [JHicmep cymapHa KOHYyeHmpauisi cmaHosuna
449 mke/ke. Y npobax piukoeoz2o ocady pivyok Jlemuys i [lepeHoeeub, 8 HanpsIMKy 8i0 HacesleHUx nyHKkmie c. Cmpineye i c. Cepa-
¢uHyi do [uicmpa, eusieneHa 3a2asibHa KoHUueHmpauis [TAB 6yna 3HayHO euworo, HiX y pidui [JHicmep. BoHa 3HUXyeanacsi
8 UbOMY HanpsiMKy 3 MakcumasbHoi 11471 mka/ke (npobu eidibpaHi do o4yucHux crnopyd) do 2005 mke/ke. Ha 6epe3si piyku Jlemuyb
y rpyHmi eoHa cmaHoeusna 583 mke/ke.

BucHoBku. Bucoka koHuenmpauisi [TAB e okpeMux npobax pidykoeoz2o ocady p. Jlemuus i p. JepeHoseyb Moxe 6ymu 3y-
moeneHa 61u3bkicmio ix 0o aemodopie i HacesieHUX NMyHKMie8, akmueHe iX HaKONMuUYeHHs1 Yepe3 noeinbHy 6iodezpadayiro yux cro-
nyk y pivkoeomy ocadi. Halieuwyy koHuyeHmpauito cymu [1AB (64,034 m2/k2) 6yno eusiesieHO y rpyHmi npudopoxHbOi cMyau
asmomobinbHoi dopozu pezioHanbHO20 3Ha4YeHHs1 P24. Y 3pa3kax rpyHmy, eidi6paHux Ha eidcmaHi 300 M 8id yiel asmodopoau,
susiensinu He3HayHul emicm ycix 15 MAB (275 mke/ke) 3 KOHYyeHmpauiecto 6eH3(a)nipeHy 9,29 mka/ke, W0 € HUXYUMU 3Ha4YeHHAMU
8id epaHU4YHO donycmumoi KOHUeHmpauii (20 mxe/k2). [JomiHyeaHHs1 4-5-kinbyeasux [NAB (¢hriyopaHmeH, nipeH, xpuseH, 6eH3(a)aH-
mpaueH 6eH30(b)gpniyopaHmeH, 6eH30(k)gsiyopaHmeH, 6eH30(a)nipeH) eka3ye Ha mpueanuli ennue Oxepes1 3abpyOHeHHs i HaKo-
MUYEHHS1 Yux pe4o8UH y rpyHMI.

Knw4yoBi cnoBa: [JHicmposcbkuli KaHbUOH, IpyHmMu, mfoJjsliapoMamuyHi e8yar1ee00Hi, mexHo2eHHe 3abpyOHeHHs,
gilicbkoei 0ii.

Betyn cxunamu, sk nigHimarTeca Hag piBHem [Hictpa Ha 150—
ocmaHoeka npo6bnemu. JonvHa [IHicTpa Ta iioro npu- 180 m i BinbLe. TyT piyka yTBOPIOE psa Aobpe pPO3BMHEHUX
TOK CUITbHO Bpi3aHa 3 KpyTUMW, YacoOM KaHbHNOHOMNOAIOHNMM MeaHAap i PopMye KaHbNOH 3aBAoBXKM 250 kM. Ller kaHbNOH

© BepesoBcbkui Onekcin, MIAUK CeitnaHa, KopHieHko BaneHTHa, CamkoBa OkcaHa,
ToHxa OkcaHa, BiwoBaH lOpii, CemeHko Jlapuca, CmupHuin Makcum, 2025
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O[VH i3 HaMBIiNbLUMX He N1Le B YKpaiHi, a h B €Bponi Ta po-
3TalOBaHMM Ha MexXi YoTUpbox obractei: IBaHO-PpaHkiB-
Ccbkoi, TepHoNinbCbKoi, XMenbHUUBKOI i YepHiBeubKoi
(denncunk, 1996). PiweHHAM IBaHO-DpaHkiBCbKOI 06nacHoi
pagwm Big 15 nunHa 1993 p. Ta 9 rpyaHa 2016 p., Ha niacTasi
piweHHa Tnymaubkoi Ta [opoAeHKiBCbKOi panoHHUX pag,
©Oyno CTBOPEHO KOMYHarbHe NianpUeMcTBO "[HICTPOBCHKUM
perioHanbHWN naHawadTHU napk imeHi Cepria dignya",
Akui 3anmae nnowy 19650 ra.

I'pyHTOBMIA MOKpMB TepuTopii  [HicTpoBckkoro PIIM
npeacTaBneHnn B OCHOBHOMY YOpPHO3EeMaMu TUMOBUMU Ma-
NIOryMyCHUMM, 4acTO YOpPHO3eMaMm ONiA30MeHNMHU, CipuMmm
Ta CBITNo-cipumu nicoBumm rpyHtamm (AgameHko, 3opiH, &
Mocitok, 2020). CTpykTypm 3abpyaHEHb EKOTOKCHKaHTamu Ta
Oxepen TpaHccopmalii ekocuctemu p. [iHictep mano Bigpi-
3HAIOTLCA Bif iHWWX BEMUKMX pivoK Ykpainu. Hanbinblue
BMMVBaE rigpoeHepreTuka, 3abpyaHEeHHS MPOMUCIOBMMM
nignpuemcTeamu, NOOYTOBUMW CTOKaMK, a TakoX Ady3He
3abpyaHEHHS i3 CiNbCbKOrocnoAapCbknx 3emernb. 3HayYHuN
BHECOK Yy 3abpyaHeHHs BoA AalTb TOYKOBI [xepena, 4O
AKMX HamnexaTtb nignpuemcTBa TBapUHHULTBA, KOMYyHarb-
Horo rocrnogapcTea i npomucrnosocTi (Jeroatok Ta iH., 2024),
a Takox 3abpyaHEHHS sIK HAcNiAoK BIICLKOBMX Ail.

3abpyaHeHHs Boau ctano rnobanbHow npobremoio B
OCTaHHi A4eCATUNITTA B pe3ynbTaTi NPOMMUCIIOBOrO Ta CiMbCbKO-
rocrnogapCcbKoro po3BUTKY, HACMAKOM SIKOTO € HaKOMUYEHHS Y
BOAOMMAax OpraHiYHnxX 3abpyaHuKIB, TakMX SIK NoniapoMaTUyHI
ByrnesogHi (MAB) (Wang et al., 2019). I'pyHT € KiHLEBOK Mi-
LUEHHIO Ta MOrMUHAYeM MOXIIMBUX 3a0pyaHIOBayYiB, TakUX SIK
NOTEHLINHO TOKCUYHI eNeMEHTW, L0 PO3CisiHi B pi3HUX cepeno-
BULL@X BHACMigoK AOisnbHOCTI MoauHW. 3abpygHeHHs IpyHTY
3HaAYHO 3pOCTaE B YCbOMY CBITi Ta MOB'sI3aHe 3 MacoBow ypba-
Hi3aLjiel0 Ta HEKOHTPOIbOBAHOK CiNlbCbKOrOCNOAAPCHKOK Ta
iHTEHCMBHOIO MPOMUCIOBOK AisnbHicTIo (Veremeenko et al.,
2021; Bonujubkumia Ta iH., 2022).

AHani3z ocmaHHix docnidxeHb i nybnikayii. 3abpya-
HeHHs rpyHTiB [AB € Hacnigkom sik NpupogHWX NpoLEecis,
TakK i aHTPONOreHHOro BMfMBY HA EKOCUCTEMU, @ OCTaHHIM
YacoM pgopanucst 3abpydHEHHs1 BICLKOBOIO XapakTepy.
HanyacTilwe BOHM YTBOPIOKOTLCS BHACIIAOK 3rOpsiHHS BUKO-
MHOro nanuBea nig vyac npoLecie onaneHHs i aBTOMOBINbHUX
BMXIONiB, PO3NMUBY Y1 MOLLKOMKEHHA €MHOCTEN 3 HadTo-
npoaykrtamu (Zhao, Chu, & Gu, 2012). KoHueHTpauis MAB y
I'PYHTax CUIbHO BiAPI3HAETLCA 3aMeXHO Bif TOro, HaCKiNbKn
aKTUBHO TepwuTopil 3asHaloTb aHTPOMOreHHoro BhNuBY, i
BOHa BMLA B perioHax 3 GinbLUOo KiNbKIiCTIO HaceneHHs, a
TaKOX y MiCLSIX PO3MiLLIeHHS BEMMKMX NPOMUCIOBUX O6'EKTIB
(Froger et al., 2021). AreHTCTBO 3 OXOPOHU HaBKOMULLHLOIO
cepeposuwa CLUA (EPA) BusHaumno cnmcok i3 16 TMAB
npioputeTHMMKU 3abpyaHoBa4Yamu 3 Nornsaay iX TOKCUYHOCTI
(U.S. EPA, 1979).

Llel nepenik cTaB OCHOBOI AN pO3po0KM aHamMiITUYHMX
MeTofiB BU3HayeHHs [MAB y HaBKONULWIHLOMY CepefoBULL.
Y UbOMYy CMUCKY HaWbinbll TOKCUYHOK CrMOMYKOW €
6eH3(a)nipeH, ToMy 3a MOro BMiCTOM Y Pi3HMX KpaiHax KOHT-
POMETLCS CTaH KOMMOHEHTIB ekocucTeM Ta 6eaneka xap-
YoOBOi npoAaykuii. paHM4HO JonycTMa KOHUEeHTpaLis
6eHs(a)nipeHy onsa rpyHTy B YKpaiHi pernaMeHTyeTbCs Ha pi-
BHi 0,02 mr/kr (KabiHeT MiHicTpiB Ykpainn, 2025). MiaTeep-
OKEHO TOKCUYHWWA i MyTareHHWA BNAuMB noniapomMaTUyHUX
BYIMEBOHIB Ha XMWBi OpraHiamu 3a gaHnmu 6aratbox 4ocri-
[OXXeHb, B pi3HUX kpaiHax (bepe3oBcbkuii Ta iH., 2025; Mallah
et al., 2022; Sun et al., 2021; Zhang, & Zhang, 2023). 3a pa-
HUMUW OesIKUX AOCTifKEeHb BCTAHOBIIEHO TAKOX TOKCUYHICTb
okpemux MAB, wo paHiwe He Bynu BigHeceHi Ao cnucky
NPiOPUTETHUX, ane BMU3HAYEHHsI CTYNEeHs iX TOKCUYHOCTI Ta
KaHLeporeHHocTi noTpebye noganblmx gocnigxkeHb (Da
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Silva Junior et al., 2021).Cnig Big3HaunTi, WO ANS BU3HA-
YeHHs1 3abpyaHEHHSA 'PYHTOBOrO MOKPMBY OCTaHHIM 4acom
3anyyalTbCa [elleBi Ta eKCMNpPecHi MarHiTHi mMeTtoam
(Menshov et al., 2012; Menshov, Kruglov, & Sukhorada,
2012; Menshov et al., 2021).

3 MeTOol0 OLiHKM eKonoriYHol cuTyadii Ha npunernin 4o
yacTuHu [IHicTpa TepuTopii, e po3TalloBaHuin HauioHanb-
HWIA NpUPOSHMIA Napk "[HICTPOBCLKMUI KaHbOH", Byno npo-
aHanizoBaHo Ha BMmicT [MAB goHHi ocagm [HicTpa i okpeMux
pidok (p. lemnub Ta p. [lepeHoBeup), siki € YacTUHoL Oa-
celiHy p. [lHicTep; I'PyHTM Ha TepuTopii Cinbcbkorocnoaap-
CbKMX yrigb, asTogoporn i nicy, po3TalloBaHUX Ha
npaBobepexcki [HicTpa ([opogeHkiBcbka TepuTopianbHa
rpomaga, KonoMumncbkuim pamoH).

Mema JdocnidxeHb. MeTta poboTn — npoaHanisyBatu
€KOrnorivyHy cuTyauito B Mexax npasobepexoksa [HICTpoBChb-
Koro kaHbioHy ([opogeHkiBCbka TepuTopianbHa rpomaga)
Ha BMicT MAB. 3aBgaHHsi — NPOBECTU AOCNIMKEHHS AOHHUX
ocagiB (Myny) pivok Nlemuup, [epeHoBeub Ta [HicTep, Kyam
noTpannsTe NOOYTOBI CTOKU i BiAXOAMW NiANPUEMCTB Xapyo-
BOI NepepobKu, a TakoX I'PYHTIB 3 Pi3HMX NMOKaLin BigHOCHO
aBTOOOPOIN.

MeTtoau

JocnigkeHHs rpyHTY npoBogunucs Ha Teputopii Komno-
MUICBbKOro panoHy |BaHo-®paHkiBCcbKoi obnacti. 3pasku
©Oyno BigibpaHo Ha npunernin TepuTopii HAaBKOO p. JleMuLb,
AKi BKNtoyatoTb B cebe rpyHT Ha 6epesi Ta Ha BigcTaHi 150 m
BiO Hei, TepuTopianbHo c. CTpinbye Ta Ha BiacTaHi 1 M Big
aBtogoporu P24, Teputopis nicy Ha Bigctani 100—-150 m Big
p. llemyub i nonboBoro rpyHTy Ha BigcTaHi 300 M Big aBTO-
poporu. Takox 6yno BigibpaHo 3pa3sku myny 3 pivok [IHicTep,
Jlemuub i OepeHoBelb. BigGip npoBoauBcs B Tpupasosii
NMOBTOPHOCTI AnsA 3abesneyeHHss TOYHOCTI BiAbopy 3pa3skis.
Bara npobu rpyHTiB Ta Myny ctaHosunu 1 kr. KoopamHatu
TOYOK Bigbopy r'pyHTY dhikcyBanmcs 3a gonomoroto GPS ka-
pTorpadpyBaHHs (puc. 1).

HocnimxeHHs npoBoaunucb Ha 6asi YkpaiHcbkoi nabo-
patopii sikocTi i 6e3nekn npoaykuii ANK HYBIlN Ykpainun, sika
akpeauToBaHa 3riHO 3 MiKHApOAHOK CUCTEMOK SIKOCTI
OCTY ISO/IEC 17025:2019 anst BU3Ha4YeHHS NOKa3HWKIB po-
OHOYOCTi I'PYHTIB Ta AocnigxeHb Ha BMicT MAB.

BusHaueHHsa peakuii rpyHToBoro cepegosuwia pH npo-
soaunu 3a ACTY ISO 10390:2022 r'pyHT, 0o6pobneHi Giosia-
XoOM Ta ocajd; BMICTY aMOHIMHOro Ta HiTpaTHOro asoTy
arigHo 3 ACTY 4729:2007 AkicTb r'pyHTY. Bu3HayeHHs HiT-
paTHOro i amoHinHoro asoTy B wmoaudikauii HHL ITA
iMm. O.H. CoKonoBCbKOro Ta opraHiyHoi pevyoBuHU (rymycy)
3a [ICTY 4289:2004 AkicTb rpyHTy. MeToan BM3HAYEHHsI
OpraHiyHoi pevyoBuHM, NyHKT 8.1, a JOCMiAXEHHSA Ha BMICT
noniapomMaTtuyHMX BYrNEBOAHIB 3a METOOUKOK BiOMOBIAHO
no ACTY ISO 13877:2005.

PesynbTaTtn

Yci 3pasku xapakTepusyoTbCs HENTPanbHOK Ta MyXXHO
peakuieto cepegosumwa: 7,9-8,3 oauHuus pH. Hansuwi no-
KasHukM pH BOOHOI BUTSKKM, 3adDiKCOBaHi y 3pasky r'pyHTY,
BigibpaHomy B c. CTpinbye Ha BigcTaHi 150 m Big p. Jlemuup,
cTaHoBunmn 8,3, ToAi K HaNHKYMI NOKa3HUK CnocTepirascs
nobnugy astogoporu P24 — 7,9 oamHnub pH (Tabn. 1).

BMmicT HiTpaTHOro asoTy konvBaBcs y Mexax Big 6,3 0o
18,3 mr/kr. HanBuLLi NoOKasHWKM BCTAHOBIEHO Y 3paskax r'py-
HTY, BigibpaHux Ha BigcTaHi 1 M Big aBTogoporn P24, Togj
SIK HAVHWXKYNIA piBeHb (6,3 Mr/kr) BiadHa4yeHo y r'pyHTi Ha Ge-
pesi p. Jlemuub. BMiCT aMOHitHOro a3oTy CyTTEBO BapiloBaB:
3 MakcumanbHOro 3HadeHHs 67,0 mr/kr y myni p. [HicTep,
00 HaviMeHwWworo — 6,7 Mr/kr — y rpyHTi, BigibpaHomy B
c. Ctpinbye 3a 150 m Big p. llemuupb.
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Puc. 1. Kapta Bia6opy 3pa3kiB Ha npunernii o [JJHicTpoBCbKOro kaHbNOHY TepuTopii i B piyui AHicTep:
CUHiIM KONbOPOM NO3Ha4YeHo JNoKauii Bia6opy piukoBoro ocaay (1, 2, 3); YopHUM KONbOPOM — 3pa3KiB I'PYHTY (rMubuHa 15 cm).
Lincbpamu BkazaHo HoMepu 06'eaHaHNX NPo6, kpyrammu — o6BeAeHO TepuUTOpIto,
B MeXax sIkoi MPOBOAUIIUCL OKpeMi Bigbopu 3paskiB; NiHiAMM NO3HAa4YeHO NPOTAXHICTbL aBTOQ4OPOIU
3 micusA noyaTky i 3aKiH4eHHA BiAOopy 3pa3kiB rpyHTy (2 M Big aBTOAO0pPOIrK, 06'cAHaHM 3pa3ok 11)

BmicT rymycy y gocnigxeHux 3paskax KonvBaBCH Bif
1,84 0o 7,00 %. HanBuwwmii piBeHb OpraHiyHOi pe4oBUHN BU-
3Ha4eHo Yy r'pyHTi 6ina aBTogoporn P24, wo moxe 6ytn 3y-
MOBMEHO  HAaKOMWYEHHAM  OpraHiYHUX  3anuwKiB  y
3abono4veHnx ymosax. HarHwkuuid BmicT rymycy — 1,8 % xa-
pakTepHuiA anst rpyHTy 3 Bepera p. Jlemuup Ta cTaHOBUB.

BwmicT rymycy B myni p. [HicTep Ta p. Jlemuub ctaHoBmB 3,63
Ta 3,29 % BignosigHo.

OTpumaHi aaHi aHanisy ceigyaTb NPO 3HAYHi NPOCTOPOBI
BiOMIHHOCTI Y BMICTi €NeMeHTIB XMUBIEHHs Ta OpraHiyHoi pe-
YOBWHMU, LLO 3YMOBIEHO SIK MPUPOSHMMUM hakTopamMm (noxo-
[PKEHHsIM Myny, BigdaneHicTio Big BogHoro ob'ekTta), Tak i
aHTPOMOrEeHHNM HaBaHTAXKEHHSIM.

Ta6bnuysa 1

XapakTep1CcTMKa I'PYHTIB Ta MyJly 32 OCHOBHUMM arpoxiMiYyHMMM NoKa3HMKaMM 3anexHo Big Micus po3TawyBaHHA

n . Peakuin rpyHToBOrO N-NO,, N-NH,, BmicT miHepanbHoro BwmicT rymycy,
oKauis cepeaoBULLa, o
. Mmr/kr Mmr/kr asoty, Mr/kr %o
pH BoAHOI BUTSIXKKM

p. AHictep, (piykoBuin Myn) 7,940,2 9,84 67,0 76,8 3,63

p. Jlemuupb, (pidkoBuin Myn) 7,940,2 6,80 38,7 45,5 3,29

p. Jlemuup (I'pyHT Ha Gepesi pivkn) 8,2+0,2 6,29 18,5 24,8 1,84

c. Ctpinbye (r'pyHT 150 M Big p. Jlemuub 8,3+0,2 8,94 6,7 15,6 1,99
AsTogopora P24, (r'pyHT 1 M Big goporu) 7,940,2 18,33 17,8 36,1 7,00

Takox BigibpaHi 3pasku 0yno gocnigxeHo Ha BmicT MAB. Y
3HAYHMX KINbKOCTSAX BUSIBIEHO HAsIBHICTb (orlyopaHTEHy Ta
nipeHy (2,255 i 2,417 mr/kr BignosigHo) B 06'egHaHnX npo-
6ax mynis, BigibpaHMx 4o o4ncHMX cnopya Yy p. Jlemuub; ui
X KOMMOHEHTU BUSBMNEHO B 00'egHaHMx npobax Mmynis
p. OepeHoBeub — 2,040 i 2,087 mr/kr BignosigHo.

B 06'egHaHux npobax MOBEPXHEBOro IPyHTY Ta piyko-
BOro ocagy, BifibpaHnx Ha TepuTopisix, NO3HAYEeHUX Ha Ka-
pTi, cyma KoHueHTpauii MAB 6yna HanHWkK4o B NiCOBOMY
r'pyHTi (103 MKr/Kr) (puc. 2).

ISSN 1728-3817

Y npobi piukoBoro ocapgy p. [JHicTep cymapHa KOHLIEHT-
pauisi 15 MAB cTtaHoBuna 449 mkr/kr. ¥ npobax piukoBoro
ocapgy pidok Jlemuup i lepeHoBeLb, Y HanpsAMKy Big Hacene-
HUx nyHkTiB ¢. CTpinbye i c. CepaduHui go [HicTtpa, BusaB-
neHa 3aranbHa koHueHTpauis MAB Gyna 3HayHO BWLLOLO,
HiXX y p. [HicTep. BoHa 3HWKyBanacsa B LbOMY HanpsaMKy 3
makcumanbHoi 11471 mkr/kr (npobwu BigibpaHo A0 OYUCHUX
crnopya) 4o 2005 mkr/kr.
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Puc. 2. KoHueHTpauii cymu 15 MNAB (3HauyeHHs BKa3aHO Ha KapTi y MKr/Kr),
BU3Ha4YeHi B 06'eqHaHNX 3pa3kax I'pyHTY i piuykoBoro ocagy 3 pi3HUX fokauin

Ha 6epesi p. llemunub y r'pyHTi BOHa cTaHoBWmna 583 MKI/Kr.
Bucoka koHueHTpauisi MAB B okpemunx npobax pidkoBoro
ocagy p.Jlemuupb i p. [epeHoBeub Moxe OyTM 3ymMoBreHa
OnmM3bKICTIO X 4O aBTOAOPIT i HACENEHUX NYHKTIB, @ aKTUBHE
X HaKOMUYEeHHs1 — NOBINbHO Giogerpaaadiio LKx Cnonyk y pi-
YykoBOMY oOcafi. Hameuworw KoHueHTpauia cymu [1AB
(64,034 wmr/kr) 6yna BusiBneHa y rpyHTi NpMOOPOXHBOI CMyru
aBTOMOBINBHOI [OPOrK perioHanbHoro 3HaveHHs P24. Y npo-
6ax nonboBoro rpyHTy 6inga uiei aBTogoporn BoHa byna 3Ha-
YHO HMXYOlo — 275 MKr/kr. 3a gaHMMK noaibHUX gocnigXeHb
Yy pi3HMX KpaiHax, HaBuLLi koHLeHTpauii NMAB 6yno BusiBneHo
B MeXax KifbKOX MeTpIB Bif AOPIr i3 Pi3KMM 3HWKEHHAM KOH-
LeHTpauii 3a mexamu uiei BiactaHi (Clement et al., 2015;
Dierkes, & Geiger, 1999), W0 y3rogxyeTbcsi i 3 HaWMMK pe-
synbTatamu. MeonoriyHa cnyx6a CLWA (USGS) nposoaguna
mMactabHe JOCMIMKEHHS BNMBY BUKOPUCTaAHHA repMeTUKIB
Ha OCHOBI KaM'SiHOBYIfIbHOI CMONMN B AOPOXHIX MOKPUTTSX,
OCKiMbK/ BOHW BBaXarTbCsl OCHOBHUM [Keperiom 3abpya-
HEHHS1 MOMILUMKMTIYHUMM apPOMaTUYHUMK BYTNEBOLHSMU Y Mi-
CbKMX panoHax i € OCHOBHOK MPUYMHOID TeHAeHLUii Ao
3POCTaHHSA X KOHLEeHTpaLUii B 0CafoBMX BiOKNAOEHHSAX MiCb-
knx o3ep (U.S. Geological Survey, 2011; Watts et al., 2010).
BaranbHuii BmicT MAB B okpeMux npobax 4oCUTbL BUCOKUN Ye-
pe3 6nuabKicTb 00 okepen 3abpyaHEHHs (TPaHCNopT, KOMYy-
HamnbHi CTOKM) | BNacTMBICTb HakonuyyBaTUCs B ocagi
oKpeMux Bogonim. Y goHHOMY ocagi p. OHictep cyma 16 MAB
Oyrna 3Ha4yHO HWXKYOH, HiXX y Mpobax Manux pidok, ki 6yno
BigibpaHo Grnvkye OO AXepen KOMyHarbHWX CTOKIB i JOpir.
Bmict 6eH3(a)nipeHy B [HicTpi BM3HA4eHO Ha piBHI
28,3 mkr/kr. Y npobax MomnbOBOrO rpyHTY KOHLUEHTpaLito
©eH3(a)nipeHy 3adhikcoBaHO Ha piBHI 9,29 MKI/KT, a B JTICOBOMY
r'pyHTi 6ins pivkm (50-100 m Big G6epera pivkn) — 3,96 MKr/kr,
LLIO € HUKYMMM 3HAYEHHSIMU BiZl rpaHNYHO JOMYCTUMOI KOHLE-
HTpauii (FOK), ska B YKpaiHi pernameHTyeTbCA Ha pPiBHI
20 mkr/kr (KabiHeT MiHicTpiB Ykpainu, 2025).
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Y Bcix pgocnigpxeHux npobax IpyHTY i pidkoBoro ocapgy
nepesaxanu KoHueHTpauii 4-kinbuesux MNMAB (pnyopaHTeH,
nipeH, xpunseH, 6eH3(a)aHTpaueH), nuwe y npobax nonsi i B
yMOBax ficy B I'PYHTi BUSIBNEHO BULUUIN BiLCOTOK 2-KiNnbLie-
BOro HadptaneHy i 3-kinbueBux MNMAB (aueHadTeH, riyopeH,
aHTpaueH eHaTpeH) (puc. 3).

JomiHyBaHHS 4—5-kinbuesux MNAB (dnyopaHTeH, nipeH,
XPU3EH, OeH3(a)aHTpaueH 6eH3o(b)dnyopaHTeH,
6eH3o(k)cpriyopaHTeH, 6eH3o(a)nipeH) Bkadye Ha TpuBanui
BMNNUB Jkepen 3abpyaHEHHS! | HAKOMUYEHHS LIUX PEYOBUH Y
I'PYHTi, WO Y3roMXyeTbCs 3 AaHUMM iHWMX AOcChigKeHb
(Ciarkowska, de Carvalho, & Gambus, 2022; Kim et al.,
2019). Yepes po3umnHHICTb y Boai 2-kinbLesi MAB, i MeHLo0
mipoto 3-kinbuesi MAB, € 6inbl gocTynHUMK ans Gionoriy-
HOro po3knagy Ta MOrfWHaHHS, TOMY 3 4acoM iX KinbKiCTb
3meHwyeTbesa (Choi et al., 2010).

B o6'egHanmx npobax rpyHTy, BigidpaHux Ha BigcTaHi 1 m
6ins aBTogoporn P24, BMicT coriyopaHTeHy i nipeHy BUSBNSNN
Ha piBHi 16,630 Ta 15,718 mr/kr BignosigHo. Y uux npobax Ta-
KOX BUSIBNEHO 3HAYHY KiNbKiCTb (heHaHTpeHy — 8,777 mr/kr,
6eH3(a)HTpaueHy (4,054 mr/kr),  xpu3eHy (4,479 mr/kr),
OeH3(6)donyopaHTeHy (3,836 mr/kr),  6eH3(k)dbryopaHTeHy
(1,783 mr/kr), 6eH3(g,h,i)nepuneny (1,873 mr/kr), iHgeHo(1,2,3-
cd)nipeny (1,654 mr/kr), a Takox ©eHs(a)nipeHy — 2,592 (3a
MOro rpaHUYHO AOMYCTUMOI KOHLeHTpauii y rpyHTax 0,02 mr/kr).
Hanmeuwmii BMICT rymycy B Livi npo0i cnipusB dikcadii MAB. Y
npobax NpuOOPOXHBOrO FPYHTY TaKoX Oyro BMSIBMEHO Taki
KOMIMOHEHTU, sIK HadpTarneH, aueHadTeH, drnyopeH, aHTpaLeH
Ta anbeH3s(a,h)aHTpaueH, ane y 3Ha4yHO MEHLUNX KOHLEHTpa-
uigx (0,316-0,754 wmr/kr). Y rpyHTax, BigibpaHux Ha BigcTaHi
300 m Big aBTOAOPOrM, BUSIBMANM HE3HAYHWUIA BMICT ycix 15
MAB. Ix KOHLIEHTpaLlis He nepeswuLyBana 0,02 Mr/kr, 3a BUHSIT-
KoM BMiCTy HadpTaneny (0,029 mr/kr).
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p.AepeHoseub, Neb (1

p.NleMitt, Ne5 (07%

p.JleMuLib, Ned (0'

p-Nlemitus, N:8 (1 Jgog)

6eper p./lemuub, Ne9

Aocnip>KeHi 3pasku

AgTogopora, Nelz(orf %)

OHictep, Ne7

Mone, Ne12

Nic, N:10

B 2-kinbuesi(HapTaneH)
B 3-Kinbuesi
B 4-Kinbuesi
B 5-Kinbuesi
I 6-Kinbuesi

0.0 0.2 0.4

0.6 0.8 10

Puc. 3. CniBBigHowWweHHA pisHoro Tuny MAB (3anexHo Bifg KiNnbKOCTi Kineub y Monekyni)
y AocniaXeHuX 3pa3kax I'PpyHTY Ta piukoBOro ocagy (3Ha4eHHA BKa3aHO Ha KapTi
y MKr/Kr Ta BiAcoTKax BiA 3aranbHoi KoHueHTpauii 15 MNAB)

Ouckycis i BACHOBKM

HaviBuwi nokasHuku 3abpypaHeHHs AB cnoctepiranu
nokanbHO y Micusx iX HakonuyeHHsl, Ha 0boYKHI Jopir 3 ak-
TUBHUM PYXOM TPaHCMOPTY, @ TakoX y AOHHWX Bigknagax
Manux pivyokK, Lo NpoTikaoTb Brn3bko 40 HAceneHux nyHK-
TiB. BinNbLUWMN BMICT y I'PYHTI OpraHivyHOT pe4OBUHM, MOHMXEHA
dopma penbedy cnpusna dikcauii Ta HakonuyeHHo MAB.
®oHoBe 3abpyAHEHHS I'PYHTIB Ha TepUTOPIAX, po3TalloBa-
Hux Ha BigcTaHi 300 m Big Axepen 3abpyaHeHb (aBTOAOPIr)
15 MNAB Ta nicoBomy r'pyHTi, Bianosifae ririeHiYyHM HopmaM.

Bucoka koHueHTpauisi NMAB B okpemmx npobax pi4koBoro
ocagy p. Jlemunub (80 i Nicna 04nCHWX cnopya Y Pi3HUX NokKaLisix
— 2005-11471 mkr/kr) Ta p. OepeHoseub (10006 MKI/Kr), SKLLO
nopisHioBaTy 3 p. AHicTep (449 mkr/kr), Mmoxe ByTn 3ymoBneHa
OnM3bKICTIO piYOK 40 aBTOAOPIr i HAaceneHWX NyHKTIB. |HLWO
NPUYMHOIO € aKTUBHE HakonuyveHHs MAB yepes nosinsHy 6io-
Aerpagauito 3a3Ha4eHuxX Cromnyk y piYkoBOMy ocai UmX PidOK.

Ha nepcnekTvBy AO0UiNbHO NPOBECTU OOCNIMKEHHS Te-
puUTOPIN i€l MICLLEBOCTi Ha BU3HAYEHHS iHLWIMX NOTEHUINHO
Hebe3neyvyHNX eKonoriYHNX TOKCUKAHTIB, TakUX SK BaXKi Me-
Tanu Ta nonixnoposaxi GideHinu.

BHecok aBTopiB: Onekciit bepe3oBcbkuin — MeTogorMOrisA, Bani-
fauist aaHux, aHanis; CeitnaHa Migmk — o6pobka gaHunx, metoaono-
rifg, HanncaHHsA (opuriHanbHa YepHeTka); BaneHTuHa KopHieHko —
MeTogonoris, Banigauis aaHux, aHanis; OkcaHa CamkoBa — KOHLen-
Tyanisauis, metogonorisi; OkcaHa ToHxa — KOHUenTyanisauisi, me-
Topororis; KOpin BiwosaH — aHani3 i 06pobka AaHvx, NnporpaMHe
3abe3neyeHHsi, hopmanbHui aHanis; Jllapuca CemeHko — aHanis i
obpobka AaHuX, NporpaMHe 3abesneyeHHs, opManbHUA aHanis;
Makcum CMupHUiA — aHani3 i 06pobka AaHux, HanncaHHs (nepernsig,
i pegaryBaHHs).

Mxepena diHaHcyBaHHA. Lle gocnigxeHHA He oTpumarno

XKOOHOTO rpaHTy BiA piHAHCOBOI yCTAHOBM B AEPXXKaBHOMY, KOMep-
LinHomy abo HeKoOMepLiHOMY CeKTopax.
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ASSESSMENT OF POLYCYCLIC AROMATIC HYDROCARBON POLLUTION IN THE SLUDGE AND SOIL
OF THE DNISTROVA CANYON WITHIN THE BOUNDARIES OF THE HORODENKIV TERRITORIAL COMMUNITY

Background.Anassessment of the state of pollution by ecotoxicants of soils and river sediments in the territory of the Horodenkiv territorial
community, adjacent to the Dniester Regional Landscape Park (RLP) and located on the right bank of the Dniester River, was carried out.

Meth ods. High-performance liquid chromatography (HPLC) was used to analyze samples of silt and soil for the content of 15 polycyclic
aromatic hydrocarbons (PAHs): naphthalene, acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, benz(a)anthracene, chrysene,
benz(b)fluoranthene, benz(k)fluoranthene, benz(a)pyrene, dibenz(a,h)anthracene, benz(g,h,i)perylene, indeno(1,2,3-cd)pyrene. Sampling was carried
out in locations in Kolomyia district, Ivano-Frankivsk region, which are remote from pollution sources (background content of pollutants) and directly
near pollution sources (highways, wastewater).

Results. Among all the selected samples of surface soil and river sediment, the sum of the concentration of 15 PAHs was the lowest in forest
soil (103 ug/kg). In the sample of river sediment of the Dniester River, the total concentration was 449 ug/kg. In the samples of river sediment of the
Lemyts and Derenovets rivers, in the direction from the settlements of the village of Strilche and the village of Serafyntsi to the Dniester, the total
concentration of PAHs was significantly higher than in the Dniester River. It decreased in this direction from the maximum of 11471 ug/kg (samples
taken to treatment facilities) to 2005 ug/kg. On the banks of the Lemyts River it was 583 ug/kg in the soil.

Conclusions. The high concentration of PAHs in individual samples of river sediment of the Lemyts River and the Derenovets River may
be due to their proximity to roads and settlements, their active accumulation due to the slow biodegradation of these compounds in the river sediment.
The highest concentration of the total PAHs (64.034 mg/kg) was found in the soil on the side of the regional road P24. In soil samples taken at a
distance of 300 m from this road, a small content of all 15 PAHs (275 ug/kg) with a benzo(a)pyrene concentration of 9.29 ug/kg was found, which are
lower values than the maximum permissible concentration (20 ug/kg). The dominance of 4-5-ring surfactants (fluoranthene, pyrene, chrysene,
benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene) indicates the long-term impact of pollution sources and the
accumulation of these substances in the soil.

Keywords : Dniester Canyon, soils, polyaromatic hydrocarbons, technogenic pollution, military actions.

ABTOpM 3asBNSAIOTb NPO BiACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopu He Bpanu yvacTi B po3pobneHHi gocnimkeHHs; y 36opi, aHanisi um
iHTepnpeTaLii AaHVX; y HAaNUCaHHi PyKOMuCy; B pilLeHHi Mpo nybrnikavito pe3ynbTaris.
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GEODYNAMIC AND PALEOTECTONIC ANALYSIS OF THE SOUTH CASPIAN
MEGADEPRESSION IN CONNECTION WITH OIL AND GAS PROSPECTS
(USING THE EXAMPLE OF THE YEVLAKH-AGJABEDI DEPRESSION)

(MpedcmaeneHo 4neHom pedakyiliHoi konezii -pom zeon. Hayk, npogh. Borodumupom MUXAUITOBUM)

Background. When assessing the prospects for oil and gas potential, the most important task is to determine the genetic
affiliation of the sedimentary basin, i. e. type of geodynamic regime. In this regard, this article devoted to the geodynamic evolution
of the Caspian Basin is relevant. The work analyzed data from published works on the geodynamic evolution of the above-
mentioned territory.

From the standpoint of global plate tectonics, high oil and gas potential is associated primarily with continental margins,
paleorift basins, zones of intermontane and foredeeps formed during the final stage of plate collision, as well as with thrust margins
of folded mountain structures.

The determining factor in oil and gas formation is, first of all, the geodynamic regime of the subsoil, and therefore, when
assessing the prospects for oil and gas content, the primary task is to determine the genetic affiliation of the sedimentary basin,
i. e. type of geodynamic regime. When determining the genotype of a sedimentary basin, an extremely important parameter is the
type of consolidated crust, which is associated not only with the amplitude of tectonic subsidence and, consequently, the rate of
sedimentation, the thickness of the sedimentary cover, but also the magnitude of the heat flow, which determines the conditions
of oil and gas formation.

Results. As aresult of the analysis of the main criteria of oil and gas potential, we associate the greatest prospects with the
NE side part of the Yevlakh-Agjabedi depression region and its north-eastern section of the SE centricolinal closure, where the
articulation of the said depression with the slopes of the Geokchay-Mingachevir, Saatly-Kurdamir and Bilasuvar-Karadonly
Mesozoic protrusions occurs. The probable zone of oil and gas formation, which served as a source of hydrocarbon fluids for the
regional oil accumulation zone under consideration, was the central part of the Yeviakh-Agjabedi trough, where, during most of the
Mesozoic-Cenozoic history, there was a steady subsidence and accumulation of a thick layer of Eocene deposits, from where oil
migrated into lithological-stratigraphic traps, confined to the zone of unconformable adjacency of Eocene terrigenous-carbonate
reservoirs to the eroded surface of Upper Cretaceous effusive formations.

Conclusions. The formation of lithological oil deposits in zones of increased fracturing of the regolith surface of the Upper
Cretaceous effusive rocks — in the crest of the uplift — occurred as a result of lateral migration and partial flow of oil from the Eocene
reservoirs of the south-west wing and south-east pericline — along weathering zones and cracks.

Keywords: South Caspian Plate, lithospheric plate, geodynamic regime, East European Plate, sedimentary basin, hydrocarbon

potential, Yeviakh-Agjabedi region, Muradkhanli oil and gas accumulation zone, non-structural traps, reservoirs, seals.

Background

The formation and development of sedimentary basins is an
integral part of the overall global evolution of the lithosphere.
Only within the framework of the global evolution of the
lithosphere can one understand the conditions for the
emergence and the nature of further transformations of a
sedimentary basin at various stages of geological history, the
result of which is a modern oil and gas sedimentary basin. Each
stage of the evolution of the lithosphere corresponds to very
specific tectonic types of sedimentary basins, the formation of
which is determined by the prevailing geotectonic (extension,
compression, "passive" subsidence) and thermal regimes at
this stage. This, in turn, determines the geological parameters
characteristic of this type of basin — type of crust, rates of
subsidence and sedimentation, lithological-facies character and
thickness of sedimentary infill, geothermal gradients, nature of
deformations and types of traps, conditions of accumulation,
burial and transformation of organic matter (OM), types of oil
and gas source rocks, reservoirs and seals, scale of generation
and migration routes of hydrocarbons, location and nature of
regional oil and gas accumulation zones.

Most existing sedimentary oil and gas basins have gone
through several stages of development. Usually, during the
transition from one stage to another, a new one appears in
place of the previous sedimentary basin — of a different
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tectonic type, with its own structural features, thermobaric
conditions, etc. Vertical superposition and (or) lateral
conjugation of sedimentary basins (or parts thereof),
corresponding to successive stages of evolution, lead to the
formation of the resulting sedimentary basin with a much
more complex geological structure. In the context of such
basins, relics of various previous stages form independent
structural floors. In addition, they can participate in the
structure of the foundation of the basin or in its framing.

Basins with the most complex structure and long
evolution turn out to be the most highly productive in terms
of hydrocarbons.

Each stage contributes to the total hydrocarbon potential
of the resulting basin. It is obvious that the last stage of
evolution has a decisive influence on the structure and
features of the placement of hydrocarbons in any modern
sedimentary basin. However, in the lower structural levels
corresponding to the basins (or parts thereof) of previous
stages, the oil and gas conditions characteristic of this type
of sedimentary rock basin can be largely preserved.

The basis for the geodynamic interpretation of
sedimentary basins can be the mobilist concept of
lithospheric plate tectonics. Based on this concept,
(Kucheruk, & Alieva, 1983; Shikhlinskii, Kheirov, &
Mustafayev, 1990; Shykhlinskiy, Kocharli, & Gadzhiev,
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1990) proposed a general scheme for the formation of the
main types of sedimentary basins in a natural connection
with certain stages of the evolution of the lithosphere.

In the proposed classification of sedimentary basins by
tectonotypes from the position of mobilism, the Caspian
Basin is classified as a group of internal seas that formed
after the closure of marginal seas and the collision of
lithospheric plates of the continent-arc type. For internal
(formerly marginal) seas with their centriclinal intermontane
depressions, the entire diversity of tectonic types of
sedimentary basins can be represented as a single
evolutionary series. It is based on the geotectonic cycle of
the evolution of the lithosphere, which begins with the split
of the continent, the opening of a marginal sea with oceanic
crust, and the formation of its continental and island-arc
margins and ending with plate collision and orogenesis in the
process of compression, convergence and collision of plates
and the formation of an intermountain basin with a residual
deep-water basin.

Results

For a detailed study of the deep structure and evolution
of the Caspian basin and a correct assessment of the oil and
gas potential of its sedimentary strata, identifying favorable
zones for the formation of traps (structural and non-
structural) for hydrocarbons, it is necessary to find out not
only its modern structure, but also its entire geological
prehistory, i. e. identify the geodynamic regime and stages
of formation of various paleotypes of basins with their
characteristic sedimentary complexes, oil and gas
accumulation zones and traps.

The Caspian basin, which finds itself at the center of the
convergence of several plates with different kinematic
parameters, is a heterogeneous structure of a very complex
deep structure, where the junction of continental structures
of different ages occurs: East European Precambrian
platform, Scythian and Turanian epi-Paleozoic plates and
Alpine folded structures in the south.

Three large geoblocks are distinguished within the
contours of the Caspian Sea: the North Caspian, the Middle
Caspian (a small fragment of the North Ustyurt geoblock is
also considered in its composition) and the South Caspian.
From the standpoint of the modern plate tectonic model, the
presence of East European, Scythian, West Turanian,
Lesser Caucasus, South Caspian and Iranian lithospheric
mesoplates is recognized (Fig. 1, 2).

400 km
|

Fig. 1. Scheme of tectonics of plate movement
in the Black Sea-Caspian region and Transcaucasia
(according to Sobornov, 1995)
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Fig. 2. Scheme of geodynamic structures of the Caspian region:
a — paleorifts (numbers in circles):
1 — South Emba (East European Platform); 2 — Karpinsky ridge;

3 — East Manychsky; 4 — Terek-Caspian (Scythian plate);

5 — Central Mangyshlak; 6 — Tuarkyr-Karaaudan (Turanian plate);
7 — South Caspian (Alpine folded region); 2 — mesoplate
boundaries—collision seams of platforms of different ages;

3 - sliding seams, shifts; 4 — subduction zones; mesoplates:
A — East European, B — Scythian, C — Lesser Caucasus,
D — Western Turanian, E — South Caspian, F — Iranian

These plates are very different in their structure, are in
motion, and are not characterized by such a complex
pattern of distribution of velocities and vectors of modern
horizontal movements of individual blocks. Structures of
different ages are confined to their boundaries — fragments
of continental or suboceanic crust, which were influenced
by subduction and collision during the closure of the Tethys
paleoocean (Fig. 1, 3).

Since the late Miocene, the East European Plate has been
considered inactive. The Scythian and Lesser Caucasus
plates move along an azimuth of 18° at a speed of
1.92 cm/year and simultaneously rotate counterclockwise by
(2.03-107)°. The West Turanian and Iranian mesoplates
move to the northwest along collision sutures at a rate of
1.7 cm/year, and the South Caspian plate moves along an
azimuth of 319° at a rate of 0.4 cm/year. Relative to the East
European Plate, it rotates with an angular velocity of (0.6-10"
7)° counterclockwise. Thus, the Caspian region found itself
at the center of the convergence of several plates with
different kinematic parameters. All this led to the complexity
of the stage of geodynamic development and the coupling of
different types of geostructural elements.

The South Caspian Basin (SCB), which includes the Kura,
South Caspian and West Turkmen depressions, stretching in
the sublatitudinal direction, in the north it is limited by the
anticlinoria of the Greater Caucasus and Greater Balkhan, in
the west — by the Dzirul massif, in the east — by the spurs of
the Kopetdag, in the south — by the northern slopes of the
Lesser Caucasus, Talysh and Elburz (Fig. 4).



FEONOrISA. 4(111)/2025

~67~

African plate

Mio,

African plate
N

011 B2 43 [= =]« [=3s
6 7 38 [=]9 10

Fig. 3. Paleotectonic reconstructions

of the Tethys mobile zone
(Zonenshein, Kuzmin, & Kononov, 1987):
1 — oceanic crust; 2 — spreading axes;
3 — subduction zones (borders of plate convergence);
4 — volcanic arcs; 5 — folding and integumentation;
6 — continental rifts; 7 — direction of relative movement of slabs
and microplates; 8 — contours of continents and microcontinents;
9 — underwater alluvial fans; 10 — paleolatitudes

B 0z 3 4 s 76
Fig. 4. Tectonic map of the South Caspian Basin
(Khain, & Bogdanov, 2003)
Legends: The most important structural elements
of the Caspian region: 1 — Greater Caucasus and Kopetdag;
2 — Lesser Caucasus, Talysh, Elbrus; 3 — Forward troughs
and depressions; 4 — Depressions with oceanic crust;
5 — Discontinuous faults corresponding to the boundaries
of large structures; 6 — Other important faults.
The most important structures (letters in circles):
GC - Greater Caucasus folded system;
KD — Kusaro-Divichi trough; AP — Apsheron-Pribalkhan zone;
WK — West Kopetdag zone; LC — Lesser Caucasus folded system;
AR — Lower Araks trough; TL — Talysh zone;
AG - Elburz-Gorgan foredeep; WT — West Turkmen trough;
GD - Gogran Dag-Okarem zone

It differs from the enormous thickness of the sedimentary
cover — 25-30 km, against 12—-17 km in other deep-sea
basins of the Alpine-Himalayan mobile belt. The SCB is
characterized by a reduction in the areas of shelf
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accumulation and a decrease in the overall size of the basin
in the Cenozoic (Fig. 4, 5). The basin is declining especially
rapidly in the Pliocene-Pleistocene, the reason for which is
its location within a tectonic compression belt that
experienced extreme crustal shortening in the late Cenozoic.

Middle |
Miocene

£N
Pleistocend~_—

[—lsea
- = [land
Fig. 5. Paleogeography of the Eastern Paratethys
in the Cenozoic (according to Nevesskaya et al.,1984,
with additions from the authors)

Early &y o
Pliocene -

Discussion and conclusions

According to the ideas (Adamia, Zakariadze, &
Lordkipanidze, 1974; Bazhenov, & Shipunov, 1991;
Gamkrelidze, 1988; Khain, & Sokolov, 1984; Knipper,
Satian, & Bragin, 1997; Mamedov, 2006; Nevesskaya et al.,
1984, 2003; Rustamov, 2005; Zonenshain, & Pichon, 1986;
Zonenshain, 1990) in the geological past, on the site of the
Caucasian-South Caspian segment of the Alpine-Himalayan
belt, there was a complex of structures and geological
bodies characteristic of the active margin of continents,
consisting of the Lesser Caucasus branch of the Mesotethys
ocean (relics of which are ophiolites), a volcanic island arc,
a back-arc (marginal) Greater Caucasus Sea and passive
elements on the edge of the Eurasian continental margin.
These structures formed in the oceanic space of
Mesotethys, where the Afro-Arabian and Eurasian platforms
interacted with the microcontinents located between them
(Anatolian, Iranian, South Caucasian, Nakhchivan, Maker,
etc.). The tectonic evolution of this segment of the Alpine belt
in the Mesozoic is characterized by the opening of the
marginal Greater Caucasus Sea and the formation of the
South Caucasus volcanic island arc, which many
researchers associate with the subduction of the Mesotethys
oceanic crust (Middle Jurassic — Early Cretaceous), its
complete absorption in the Caucasian segment. The drift of
the Afro-Arabian Platform to the north led to the closure of
the Lesser Caucasus branch of the Mesotethys. The
process of ocean closure began in the Senonian and was
completed at the end of the Cretaceous (Zonenshain, 1990).

By the end of the Eocene in the Caucasus region, the
entire crust of the Mesotethys ocean was completely
absorbed, and there was a collision of the Anatolian and
Iranian  microcontinents with the  Transcaucasian
microcontinent located north of them and their pressing
towards Eurasia.
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As a result, compression structures of the Lesser and
Greater Caucasus were formed, as well as the Eastern
Paratethys basin, isolated from the World Ocean, with
oceanic crust and stagnant conditions, in which black non-
carbonate and weak-carbonate clay sediments accumulated
in the Oligocene-Miocene (Fig. 3).

As a result of the evolution of the lithosphere in the
region, a unique South Caspian Basin (SCB) was formed,
characterized by a thin consolidated crust (6-8 km) and a
large thickness of the sedimentary cover (25-30 km)
(Kerimov etal.,, 2014). The rate of subsidence in the
Pliocene in the northern part of the SCB is 20-30 times
higher than at the rift stage of opening, and 2 orders of
magnitude higher than in the Cretaceous and Paleogene
periods. The reason for the significantly higher Pliocene
sedimentation rates and loads observed in the SCB is the
very large volume of sediment introduced in a short period
of time. The Pliocene—Quaternary time (5.3 million years)
here is represented by stable subsidence, high rates and
rates of sedimentation, as well as the activity of the Paleo-
Volga, Paleo-Kura, Paleo-Uzboy, Paleo-Amu Darya (Guliev,
Kerimov, & Mustaev, 2016), associated with the introduction
of a huge volume of sedimentary fill (Fig. 6).

—— ] 14

Fig. 6. Paleogeographical scheme of the South Caspian
depression in the Pliocene (Kerimov et al.,2014):
1 — meganticlinoria and folded areas; 2 — main faults;
3 — pontic basin by the end of the century; 4 — boundary
of the South Caspian basin towards the end of the Lower Pliocene;
5 — paleodeltas; 6 — oil and gas fields

At this time, the growth of mountain structures in the
frame of the megadepression is accompanied by rapid
subsidence of the crust within the Southern Caspian Sea, its
shallowing and reduction in the area of the sedimentation
basin. The thickness of the sediments accumulated during
this period reaches about 9-10 km, of which the Lower
Pliocene — Productive Strata (PS) — accounts for 6—7 km.
With a duration of the PS century of 2-2.5 million years, the
average rate of sedimentation here is about 3—-3.5 km/million
years, and at certain stages it becomes hurricane-like, with
a speed of 6—7 km/million years. Isochron maps constructed
for the PS indicate that in these intervals sedimentation
occurred in a subsidence basin that did not experience
active deformation during subsidence. The eastern
(Turkmen) part of the basin subsided at a lower rate, and
sediment accumulation was less powerful. The increased
thickness of sediments in the western and northern parts of
the basin indicates that the source of sedimentation was the
predecessor of the Kura in the western part and the paleo-
Volga in the north. Thus, in contrast to the peripheral areas
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of the sea basin, which experienced strong tectonic
deformations and folding, the South Caspian depression,
squeezed on all sides, remained relatively little deformed.

The Pliocene age for the beginning of the stage of rapid
subsidence and deformation of the earth's crust of the
Southern Caspian Sea corresponds to the time of the
opening of the Red Sea, which led to a rapid and sharp
movement to the north of the Arabian Platform, acceleration
of plate convergence, extreme reduction of the SCS and
mountain framing structures, and intensification of folding
processes in its sedimentary cover.

Analysis of materials from ultra-deep seismometry in the
South Sea (Alizadeh et al., 2017), as well as seismometry
and gravimetry (Allen, & Weihed, 2002) showed that the
subsidence of the South Caspian in the northern direction
occurs according to the subduction model.

However, there is another point of view on the rapid
subsidence of the consolidated crust of the SCS, based on
the plumotectonic concept that is being developed (Ismail-
Zade, 2006; Pogorelova, & Abdulla-zada, 2023; Rustamov,
2005). According to M. I. Rustamov, the main events in the
plumotectonic processes of the SCB are mantle absorption
and crustal resurgence, the emergence of waveguides along
the zones of deep faults at the crust-mantle boundary and
crustal level, and the failure of the bottom of the basin.
Sedimentation in the Cenozoic in the South Caspian basin
occurs in a regional collisional geodynamic setting,
accompanied by successive thinning of the consolidated
crust. The resurgent crust of the South Caspian basin, the
author believes, corresponds only in geophysical
parameters to a basalt layer, and it should not be accepted
as a relic of the spreading oceanic crust of the geological
past. The crust of the SCB was revived at the regional
collisional geodynamic stage in the Cenozoic as a result of
mantle diapirism, decompression and heating of the upper
mantle, accompanied by intense high-temperature fluid
flows, similar in modern intraplate rifts — Baikal,
Krasnomorsky, etc. (Rustamov, 2005).

The area of the present research is the Yevlakh-Agjabedi
region of subsidence and increased sedimentation (Fig. 7),
which constitutes the Yevlakh-Agjabedi oil and gas region,
located in the southeastern part of Western Azerbaijan,
includes two oil and gas regions (the Mil oil and gas region,
which includes the Muradkhanli oil and gas accumulation
zone, and the Lesser Caucasus oil and gas region with the
Naftalan oil accumulation zone included in it), as well as the
Jalilabad promising oil and gas region.

This area of subsidence has the shape of an irregular
oval, extends in the NW-SE direction, covering significant
parts of the Mil and Shirvan steppes, as well as the foothill
regions of Talysh. The most intense area of subsidence of
the zone is located in the area between the Terterchay and
Khachinchay rivers, where the thickness of the sedimentary
cover is more than 14 km.

The indicated sedimentation area is a highly promising
territory for oil and gas formation and oil and gas
accumulation in Upper Cretaceous, Paleogene and Miocene
deposits, since within its boundaries there were features of
geological structure and development that determined
favorable combinations of the main conditions for oil and gas
formation and oil and gas accumulation. This depression
area, throughout the entire Mesozoic-Cenozoic cycle of
sedimentation, was a paleo-depression, characterized by
significant dimensions (on the order of hundreds of
kilometers along the perimeter) and stable subsidence (the
subsidence of Paleogene deposits in the axial parts of this
large depression was up to 8-9 km). The accumulation of
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Paleogene-Miocene sediments occurred mainly in a
subaqueous environment with an anaerobic geochemical
situation; here, geological and geophysical work has
revealed structural and non-anticlinal traps in the range from
Upper Cretaceous formations to Miocene deposits, with
which a number of oil and gas accumulations are associated
here. Below we will consider the prospects for the oil and
gas potential of each oil and gas region included in this area.

Zengilan e |

Fig. 7. Scheme of tectonic and oil-gas-geological zoning
of the Yevlakh-Agjabedi oil and gas region (OGR)
and the Pre-Talysh-Mingechaur low-prospect region
Middle Kura-Kartli oil and gas subprovince (NGSP)
of the Transcaucasian oil and gas provinces (NGP)
Borders: 1 — southwestern and southeastern borders
of the Middle Kura-Kartli NGSP; 2 — borders of the Yevlakh-
Agjabedi NGR and the Pre-Talysh-Mingachevir unpromising
region; 3 — boundaries of tectonic (oil and gas-bearing) regions;
4 — boundaries of oil and gas accumulation zones.
Hydrocarbon accumulation sites: 5 — oil; 6 — areas with industrial
inflows of oil and gas; 7 — anticlinal folds of the Mesozoic-Paleogene;
8 — major tectonic faults (faults): Z-K — West Caspian;

S—M — Saatly-Mingachevir; SH-G — Shamkhor-Geokchay;
P—M — Pre-Lesser Caucasus; P-T — Pre-Talysh. 9 — state borders
of Azerbaijan. MK — meganticlinorium of the Lesser Caucasus;
TL — Talysh mountain system.

Tectonic and oil and gas geological zoning: JAO — south-eastern
region of the deflection of the Middle Kura-Kartli
depression (NGSP) — Yevlakh-Agjabedi oil and gas bearing region.
M — Silsky tectonic (oil and gas bearing) region. | — Muradkhanly
oil and gas accumulation zone. Accumulation locations:

3 — Zardob; 4 — Muradkhanly; 5 — Jafarli. Anticlinal uplifts:

1 — Amirarkh-Western; 2 — Amirarkh; 6 — Shirinkum; 7 — Milskaya.
P — Pre-Lesser Caucasus tectonic (oil and gas bearing) region.
Il — Naftalan oil accumulation zone. Accumulation sites and areas
with industrial oil inflows: 1 — Dalmamedli; 2 — Borsunly;

3 — Kazanbulag; 4 — Gedakboz; 5 — Naftalan; 6 — Ajidere;

7 — Terter; 8 — Shirvanly; 9 — Duzdag. Anticlinal uplifts: 10 — Airidja;
11 — Barda; 12 — Tazakend; 13 — Gullyudzha; 14 — Agjabedi;
15 — Aggel; 16 — Sovetlyar; 17 — Zhdanovsk. D — Jalilabad tectonic
(prospective oil and gas bearing) region.

Anticlinal uplifts: 1 — Tumarkhanly; 2 — Germeli; 3 — Boykhanly.
P—A — Priaras tectonic region with unclear oil and gas potential.
P—M-O - Pre-Talysh-Mingachevir tectonic (unpromising in terms
of oil and gas) region. Elevations: 1 — Karadzha; 2 — Karadzhally;
3 — Sor-Sor; 4 — Dzharly; 5 — Saatly; 6 — Khalafli; 7 — Middle
Mugan; 8 — Shorsulu; 9 — Kyrmyzykend; 10 — Bilasuvar;

11 — Uzuntepe
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As already noted, the Mil oil and gas region is located
within the north-eastern edge of the Yevlakh-Agjabedi
trough, in the zone of its junction with the Saatly-Mingachevir
branch of the Pre-Talysh-Mingachevir zone of uplifts. A
number of deposits have been identified here in Upper
Cretaceous, Eocene, Maikop and Chokrak rocks, which are
part of the Muradkhanli oil and gas accumulation zone. The
oil and gas potential of this region is mainly based on the
works (Averbukh, 1993; Averbukh, Shilov, & Nadirov, 1994;
Gadirov, Gadirov, & Gamidova, 2016; Guliyev, 1997;
Kerimov, & Averbukh, 1979; Kerimov, & Averbukh, 1982;
Rachinsky, & Kerimov, 2015).

In 1971, within the NE edge of the Yevlakh-Agjabedi
trough of the Srednekura depression, the Muradkhanli oil
field was discovered, confined to a volcano-tectonic buried
uplift of Cretaceous age, in which the oil-bearing rocks were
found to be effusive-pyroclastic rocks of the Upper
Cretaceous (Fig. 8).

Kura river
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Fig. 8. Muradkhanly area. Structural map of the surface
of effusive-pyroclastic formations of the Upper Cretaceous
Legend: 1 —isolines of the surface of effusive-pyroclastic
formations of the Upper Cretaceous; 2 — faults; 3 — wells that
exposed effusive-pyroclastic rocks of the Upper Cretaceous;
4 — boundaries of oil and gas accumulation zones
in the weathering crusts of effusive formations of the Upper
Cretaceous; 5 — line of the Shirinkum-Muradkhanly profile section
(Alieva et al., 2017)

In subsequent years (1973-1976), oil deposits were also
discovered in the complex of Paleogene-Miocene rocks
overlying the effusive formations — in the Eocene, Maikop,
and Chokrak deposits (Mykhailov, & Zagnitko, 2017;
Yetirmishli, Mammadli, & Kazimova, 2013; Yusubov,
Alizadeh, & Rajabli, 2019; Yusubov, & Guliev, 2022).

Similar deposits in effusive (volcanic) rocks are known
only in the Shaim oil and gas accumulation zone of the
Krasnolensk arch in Western Siberia, within the
Oymashinsky accumulation in Western Turkmenistan, and
also: 1) in east-central Texas (USA), where a group of oil
accumulations is known along the Luling-Mexia fault zone
(the largest of which is Lytton Springs), within which oil
deposits are confined to fractured serpentinite metavolcanic
rocks of Upper Cretaceous age; 2) the oil accumulation sites
of the island of Cuba, where the oil deposits are associated
with Cretaceous serpentinites, in Febro (Mexico), some
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accumulation sites in Ecuador, and also Aujila in Libya,
where the oil is found in igneous or crystalline rocks that
have been subjected to erosion and weathering (Reilinger et
al., 2006; Sosson et al., 2016; Tibaldi et al., 2018; 2019).

In all these localities, the fracture porosity of
volcanogenic-pyroclastic rocks is caused by processes of
internal adaptation inherent in the transition of lava and
pyroclastic formations into modern metavolcanic rock, as
well as by processes of weathering, denudation and erosion:
their oil saturation is secondary and occurs, in all likelihood,
due to migration from neighboring overlying or underlying
regional oil-bearing sedimentary formations.

The above-mentioned deposits, according to the
classification of stratigraphic, lithological and combined
deposits (Guliev, Kerimov, & Osipov, 2011; Hudson et al.,
2008) belong to the complex type of combined structural-
lithological-stratigraphic deposits, to a group of deposits with
sharply changing reservoir properties of volcanic or
crystalline  formations, unconformably covered by
impermeable rocks.

In the Muradkhanly area, oil deposits in effusive-pyroclastic
formations of the Upper Cretaceous are confined to complex
traps formed in zones of weathered and altered effusive-
pyroclastic rocks of the Upper Cretaceous as a result of
processes of disintegration, leaching, hydrolysis, halmyrolysis
and cataclasis and also in the deluvium (delapsia) of these
rocks, with their unconformable overlap by younger clay
formations of the Upper Eocene and Maikop. Such complex
traps and the deposits associated with them, as already noted
above, by their confinement to buried uplifts, lithological
limitation of the reservoir by area and unconformable overlap by
fluid seals, are classified as structural-lithological-stratigraphic
(combined). The above-mentioned deposits are classified as
the so-called "vein" type, which contradicts the actual data of
lithological and petrographic studies of rocks of volcanic
formations in the zones of their oil saturation (Mykhailov, 2018).

Within the central tectonic block, to which the arched part
of the Muradkhanli volcano-tectonic uplift in the Upper
Cretaceous is confined, the lowest elevation at which
industrial inflows were obtained is minus 3315 m and the
height of the discovered deposit in these formations within
the central block is about 397 m. An approximate outline of
the identified oil content is shown on the structural map along
the surface of effusive-pyroclastic formations (see Fig. 8).
The discovered deposit on the crest of the uplift in the central
block has dimensions of 3.2x2 km.

Analyzing the depth of the exposed section of effusive-
pyroclastic formations of chalk in productive wells, we can
conclude that the oil saturation of effusive-pyroclastic rocks
on the crest of the fold is associated with their upper, roof
part. In the overwhelming majority of wells, oil inflows were
obtained from a section interval of 5-50 m from the roof of
effusive-pyroclastic formations. Only in well No.3 was oil
inflow obtained from an interval located at depths of 75 to
100 m from the roof of the effusive-pyroclastic rocks. In well
No.27, it was not possible to precisely identify the oil-bearing
interval, since the oil inflow with a flow rate of 1 m3/day was
obtained from an interval located from 3 to 200 m from the
roof of the effusive-pyroclastic rocks.

In the western block, tectonically lowered below the
central block, represented by the central part of the relatively
steeply dipping southwestern wing of the uplift, the identified
deposit is located in the northeastern part of this block and
has the form of a strip with dimensions of 2.7x1 km. The
approximate height of the discovered deposit in the western
block is 150 m. The initial flow rates of the productive wells
of this block vary greatly. The highest initial oil flow rate
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(270 m3/day) was obtained from well No.211, drilled in the
southwestern part of the deposit. The oil saturation intervals
of the productive wells are also quite different: from 0 to
128 m from the roof of the effusives.

In the northwestern block, which tectonic corresponds to
the northwestern pericline of the western wing of the uplift,
the identified deposit is located in the southeastern part of
the block, adjoins a tectonic fault, has an irregular shape in
plan and dimensions of about 5x2.7 km. The height of the
deposit discovered within the northwestern block is
approximately 1100 m. The initial flow rates of productive
wells in the northwestern block, as well as in other previously
considered blocks, are extremely ambiguous (from 2—4 to
300 m3/day). In all wells of this block, the oil-saturated
interval from the roof of the effusive-pyroclastic rocks does
not extend to a depth of more than 100 m.

In the eastern block, tectonically corresponding to the
gently sloping northeastern wing of the fold, in all four wells,
when sampling both the effusive-pyroclastic formations and
the Upper Cretaceous carbonate deposits lying above them,
no oil or water inflows were obtained; the wells turned out to
be dry (Fig. 8).

Oil reservoirs, within the limits of the identified oil
deposits in the Upper Cretaceous effusive formations within
the Muradkhanli uplift, are fractured and cavernous effusive-
pyroclastic rocks of the porphyrite type and their tuffs, as well
as their brecciated varieties.

The distribution of oil in effusive-pyroclastic formations is
associated with pores, caverns, cracks and intergranular
space. In addition, oil is found in the form of accumulations,
spots of various shapes, veins and point (effusive)
occurrence in the rock. The filling of voids with oil is to some
extent related to the structure of the host rocks, with the
greatest accumulation usually confined to areas with a more
granular structure.

Zonal distribution of oil-bearing capacity within the
effusive-pyroclastic formations of the Upper Cretaceous
Muradkhanli volcano-tectonic uplift, the highly variable
reservoir properties of these formations, as well as the
limited depth from the surface and changing area of the
effective thickness of these rocks are largely associated with
the features of the history of the formation of these
formations.

Within the NE edge of the Yevlakh-Agjabedi trough,
where the Muradkhanli area is located, from the beginning
of the Upper Cretaceous the deep Mingachevir-Lenkoran
fault began to develop intensively, along which an intensive
subsidence of the NE edge of the Yevlakh-Agjabedi trough
occurred with simultaneous intensive manifestation of
volcanism. As a result, a more than 2000-m thick layer of
effusive-pyroclastic formations was formed here.

Volcanism in this region developed according to the
island arc type, with the accumulation of erupted material in
the first stage in an underwater environment, and by the end
of the volcanic cycle (the beginning of the Senonian). It is
possible that above-water eruptions also took place here —
on large volcanic islands located in the Muradkhanly and
Zardob region, which were simultaneously also subject to
denudation processes.

In the Senonian, the territory of the NE edge of the
Yevlakh-Agjabedi trough was a sedimentation basin of
carbonate and terrigenous-carbonate deposits. However,
the arched parts of the volcano-tectonic uplifts in the
Muradkhanly and Zardob areas either remained unaffected
by the Senonian transgression or were covered by thin
sediments, washed away during the subsequent regression
that began at the beginning of the Paleogene (Fig. 9).
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Fig. 9. Paleostructural profile sections
along the Shirinkum-Muradkhanly line

During this long regression, which lasted for about 20—
25 million years, right up to the top of the Eocene, and on
the crest of the uplifts — even up to the top of the Maikop, the
effusive-pyroclastic formations of the Upper Cretaceous
were subjected to intensive processes of weathering,
erosion and denudation.

These processes proceeded especially intensively near
the fault zones that developed in the effusive-pyroclastic
formations of the Upper Cretaceous as a result of orogenic
movements at the beginning of the Maikopian, as well as in
the domed and near-domed parts of the uplifts that were
subject to weathering processes for the longest time.

Another promising direction within the oil and gas region
under consideration is the search for oil and gas deposits in
the carbonate deposits of the upper part of the Upper
Cretaceous (Upper Santonian-Danian rocks). These
deposits are distributed within the more submerged wing
zones of the above-mentioned uplifts, where there may be
stratigraphic hydrocarbon deposits in fractured reservoirs
associated with these deposits.

Within the Paleogene deposits of the Mil oil and gas
region, the greatest oil and gas potential is associated with
the Eocene deposits.

Within the oil and gas region under consideration, the
following are identified as the main promising oil and gas-
bearing horizons of the Eocene, in which commercial oil
content has already been identified in a number of areas of
the Muradkhanli oil and gas accumulation zone: carbonate
(terrigenous-carbonate) unit, covering the entire volume of
the middle Eocene (fracture reservoir), and sandy-siltstone
unit (fracture-pore reservoir, a pack of frequently alternating
layers of sandstones, siltstones, and sometimes marls with
layers of clays), stratigraphically corresponding to the lower
parts of the Upper Eocene deposits (analogs of the
Il Kazanbulag horizon or the supramarl pack — the lower
parts of the middle foraminiferal layers) (Averbukh,1993).

The Eocene deposits under consideration within the
north-eastern (Saatly-Mingachevir) subzone of the Yevlakh-
Agjabedi trough (Mil oil and gas region) (Fig. 7) have now
been exposed and studied by drilling in a number of areas
(Muradkhanly, Mil, Zardob, Shirinkum, Amirarkh). Large oil
deposits of the lithological-stratigraphic type have been
identified in these deposits — in the Muradkhanly area — in
the terrigenous-carbonate (marl) pack of the middle Eocene
and in the sandy-silty supramarl pack of the lower Upper
Eocene. The identified deposits are confined to horizons
(terrigenous-carbonate deposits of the Middle Eocene and
sandy-tuff-silt rocks of the supramarl pack of the lower Upper
Eocene (Aslanov, Khuduzade, & Aslanzade, 2020; Ganbarov,
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& lbrahimli, 2012) stratigraphically and lithologically wedging
out upward along the rise of the layers, caused the formation
of lithological-stratigraphic traps. The reservoir type of the
deposits is massive-layered.

Thus, as can be seen from the above, within the north-
eastern edge of the Yevlakh-Agjabedi trough, the oil content
of Eocene formations in various traps, but mainly non-
anticline ones, has a regional character — along the entire
strip of regional wedging out of these deposits (Ganbarov, &
Ibrahimli, 2012).

The indicated fractured and pore reservoir units are the
main promising oil and gas-bearing horizons of the Eocene
within the entire subzone under consideration.

The assessment of the oil and gas potential of this
subzone is based on the following featurs of its geological
structure and development: the specified subzone of oil
accumulation in geological terms is a strip of junction of the
NE edge of the Yevlakh-Agjabedi trough of the Middle Kura-
Kartli depression and the south-western slopes of the
Geokchai-Mingachevir, Kurdamir-Saatly and Bilasuvar-
Karadonly buried ledges of the second order, which are part
of the large Talysh-Vandam transverse uplift, dividing the
Middle Kura and Lower Kura depressions. All these
projections during most of the Mesozoic-Cenozoic time
experienced a tendency to uplift and acted as areas of uplift
and erosion, exerting a significant influence on the
distribution of facies and thicknesses within the Yevlakh-
Agjabedi trough of the Middle Kura depression.

The Yevlakh-Agjabedi trough, in contrast to the
described protrusions, experienced a tendency towards
stable subsidence and was an area of intensive
sedimentation. The boundary zone between these structural
elements alternately experienced subsidence and uplift
during the Mesozoic-Cenozoic history. The alternating
tectonic stresses that existed for a long time in this zone led
to the formation of a network of long-developing deep faults
and to the periodic manifestation of volcanic activity (mainly
in the Mesozoic period). In the Paleogene, these features of
geological development led, on the one hand, to the
accumulation of terrigenous-carbonate reservoirs and thick
clayey covers, and on the other hand, to the formation of
extensive zones of regional unconformities and wedging out,
which together led to the formation of lithological-
stratigraphic traps in this oil and gas accumulation zone
(Ganbarov, & Ibrahimli, 2012).

The probable zone of oil and gas formation, which served
as a source of hydrocarbon fluids for the regional oil
accumulation zone under consideration, was the central part
of the Yevlakh-Agjabedi trough, where, during most of the
Mesozoic-Cenozoic history, there was a steady subsidence
and accumulation of a thick layer of Eocene deposits, from
where oil migrated into lithological-stratigraphic traps,
confined to the zone of unconformable adjacency of Eocene
terrigenous-carbonate reservoirs to the eroded surface of
Upper Cretaceous effusive formations.

The formation of lithological oil deposits in zones of
increased fracturing of the regolith surface of the Upper
Cretaceous effusive rocks — in the crest of the uplift —
occurred as a result of lateral migration and partial flow of oil
from the Eocene reservoirs of the south-west wing and
south-east pericline — along weathering zones and cracks.

The identified industrial oil content of the middle and
upper Eocene deposits in one of the areas of this regional
oil accumulation zone (Muradkhanly), similar geological
structure of the Shirinkum, Milskaya, Zardobskaya and
Amirarkhskaya areas and oil and gas shows recorded during
the drilling and testing of a number of wells, leave no doubt
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that both to the northwest and to the southeast of the
Muradkhanli area, oil and gas reserves of the lithological-
stratigraphic type can be identified in the indicated strip of
regional wedging and stratigraphic unconformity, confined to
the terrigenous-carbonate pack of the middle Eocene
(fracture-pore collector) and to the sandy-silty layers of the
lower parts of the upper Eocene (pore collectors).
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AsepbanaxaHcbkuin AepxxaBHUW YHiBepcuteT HadTu i npommucnoBocTi, Baky, Asep6anaxaH

FEOANHAMIYHUIA TA NANEOTEKTOHIYHUA AHANI3 NIBOEHHOKACHIUCBKOI MEFAL“EFIPECIT
Y 3B'A3KY 3 NEPCNEKTUBAMU HA®TU | TA3Y (HA NPUKNALI €EBNAX-ATIXABEOVUHCBKOI 3ANAOUHN)

B cTyn. lpu oyiHyi nepcnekmue Haghmoza308020 nomeHyiasny HalisaxueiwumM 3ae0aHHSIM € 8U3HaYEHHS1 2eHemMUuYHoI HanexHocmi ocado-
8020 6aceliHy, mo6mo muny 2eo0uHaMi4Ho20 pexumy. Y 38'A3Ky i3 yuM akmyasnbHOI € cmammsi, npucesiyeHa 2eoduHamiyHil esonroyii Kacniticb-
Ko2o0 6baceliHy. Y po6omi npoaHanizoeaHo OaHi ony6nikoeaHux po6im wodo 2eoduHami4HOI eeosrouii suujeszadaHoi mepumopii. 3 noansdy
25106an1bHOI MEeKMOoHiKu naum, eucokuli Haghmoaa3oHOCHUU nomeHyian noe'szaHuli nepedyciM i3 KOHMUHeHManbHUMU OKpaiHamu, namneopugmo-
euMU yJI0208UHaMu, 30HaMu MiX2ipCcbKux ma nepedosux NMPo2uHis, W0 ymeopusiucsl Ha 3aeepwasnibHOMy emarni 3iMmKHEeHHS UM, a Makox 3 Hacy-
8HUMU KpasiMu ckriad4acmux 2ipcbkux cmpykmyp. BusHavyanbsHumM gpakmopom y Hagpmoza3oymeopeHHi € Hacamrneped 2eo0OuHamivyHuUll pexxum Haop.
lNpu su3HayeHHi 2eHomMuny ocadogozo 6aceliHy Had38u4aliHO 8a)KJIUBUM fapaMempoM € murn KOHMUHEeHMasbHoI 3eMHOI Kopu, sikull noe'a3aHull He
nuwe 3 amnimyooro MmeKmMoHiYHO20 NPociOaHHs i, SIK Hacs1iOoK, weudkicmro ocadKoHaKoNMuUYeHHs, Momy»Hicmro ocadoeoz20 YyoxJia, ase U 3 eenuyu-
HOI0 MensiI08020 MOMOKY, W0 8U3Ha4Ya€ yMo8U ymeopeHHs Haghmu i 2a3y.

Pe3ynbTaTtu. BpesynbmamiaHanizy ocCHO8HUX Kpumepiie Haghmoza308020 nomeHyiany Halibinbwi nepcnekmueu Mu rnoe 'a3yemo 3 nieHi-
YHO-CXiOHOK YacmuHor obnacmi €enax-A2dxabeduHcbKoi 3anaduHu ma if nieHi4YHO-cxiOHO OiNIsIHKOIO NMNie AeHHO-CXiOHO20 YeHMPUKiHaNbHO20 3a-
MukaHHs1, Oe e8i0byeaembcsi 34sIeHy8aHHs1 3a3Ha4yeHOi 3anaduHu 3i cxunamu me3o3olicbkux eucmynie eokyal-MiHzeyayp, Caamnu-Kropdamip ma
Binsicyeap-Kapadornu. imMogipHOI0 30HOI0 Haghmoza3oymeopeHHs, sika criyayeana dxepenom eyanesodHeaux ¢roidie dns po3ansHymoi pezioHa-
JNIbHOT 30HU HagbmoHakonuy4eHHs1, 6yna yeHmpanbHa YacmuHa €enax-A2dxabeduHcbkoi 3anaduHu, de npomsi2oM 6inbuwoi YacmuHU Me3030UCbKo-
KaliHo3olicbKoi icmopii eid6yeanocs cmilike npocidaHHA ma HaKornu4eHHs1 MOMY)XHO20 wapy eoyeHosux eidknadeHb, 38i0KU Haghma Miepyeana e
nimosnozo-cmpamuzpadpiyHi nacmku, npuypo4eHi o 30HU He3200HO20 NMPUMUKaHHSI eoyeHo8UX mepu2eHHO-Kap6oHamHUX Kosiekmopie 0o po3mu-
moi noeepxHi eepxHbokpelidogux eghy3usHUX YMEOPEHb.

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



~74 ~ B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

BucHoOBEKW. ®opmysaHHs nimonoeidHUXx podosuw, Haghmu 8 30Hax nidsuwjeHoi mpiwuHysamocmi NoeepxHi pe2os1imy eepxHbOKpelidosux
egpy3usHux nopid — y epebeHi nidHamms — eidbynocs e pe3ysnbmami JamepasibHOI Mi2payii ma yacmkoeoz20 nepemikaHHs1 Hagpmu 3 eoyeHo8ux
Konekmopie niedeHHo-3axiOHO20 Kpusia ma niedeHHO-CXiOHOT nepukiHani — 83006 30H eu8improsaHHs1 ma mpiujuH.

Knio4yoBi cnoBa: [lisdeHHokacnilicbka nnuma, simocgpepHa nnuma, 2eo0uHami4HuUll pexxum, CxioHoesponelicbka niauma, ocadosuli 6a-

celiH, eyaneeo0Hesuli nomeHyiasn, €enax-A2dxabeduHcbKuli pe2ioH, 30Ha Hagpmoza3zoHakonu4yeHHs1 MypadxaHni, HecmpyKmypHi nacmku, Kosek-
mopu, yuwinbHeHHs.

ABTOpM 3aABNSAIOTb MPO BiACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopu He Gpanu yyacTi B po3pobreHHi AocniaxXeHHs; y 360pi, aHanisi un
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CASPIAN PIONEER: STRUCTURAL COMPLEXITY AND HYDROCARBON DISTRIBUTION
IN THE NEFT DASHLARY OFFSHORE FIELD

(MpedcmaeneHo 4neHom pedakuiiiHoi konezii -pom zeon. Hayk, npog. Bonodumupom MUXAUITOBUM)

Background. The Neft Dashlary (Oil Rocks) oil field is a geologically and historically unique offshore petroleum province,
located in the southeastern sector of the Caspian Sea. As the first offshore field in the world to be developed directly on marine
platforms, it has played a pioneering role in offshore hydrocarbon exploration and production. Geologically, the field occupies a
structurally complex zone within the Absheron-Balakhany tectonic uplift and is situated atop a prominent northwest-southeast-
trending brachyanticlinal fold. The reservoir system is primarily hosted within the Lower Pliocene Productive Series, which includes
a multilayered assemblage of deltaic, coastal, and shallow-marine facies. Despite decades of production, the field remains a
valuable subject for re-evaluation due to its reservoir heterogeneity, fault segmentation, and layered hydrocarbon distribution,
which pose both challenges and opportunities for enhanced oil recovery and long-term development planning.

Methods. This study is based on a comprehensive analysis of geological, geophysical, petrophysical, and production data
from more than 150 wells across the Neft Dashlary field. Core analyses (1,453 samples from 357 wells), well log interpretations, and
test data were integrated to characterize reservoir properties and map hydrocarbon-saturated intervals. Reservoir architecture was
reconstructed using stratigraphic correlations and structural contouring across tectonic blocks. Oil-in-place and recoverable
volumes were estimated using deterministic volumetric methods. Faults and facies pinch-outs were analyzed to define reservoir
continuity and trapping mechanisms.

Results. The Productive Series at Neft Dashlary comprises a multilayered reservoir system with oil-saturated intervals in
26 distinct stratigraphic objects across eight lithostratigraphic suites, including the Gala, Pre-Kirmaki, Kirmaki, and Post-Kirmaki
sandy and clayey units. Reservoirs exhibit porosities of 12-28 % and permeabilities from 0.001 to 3.92 um? with facies and
structural heterogeneity governing hydrocarbon distribution. The most prolific zones are found in the GS-1 and GS-2 horizons (Gala
Suite), and in PKS-2a and PKS-2 (Pre-Kirmaki Suite), particularly within Blocks II, lll, IV, and V. Block I consistently exhibits low
reservoir quality and marginal saturation. Structural closures, lithological seals, and facies transitions control the extent of
hydrocarbon accumulations, while free gas is rarely encountered.

Conclusions. The Neft Dashlary field demonstrates complex stratigraphic and structural controls on reservoir distribution
and productivity. Integrated geological and petrophysical analysis reveals significant heterogeneity both laterally and vertically,
requiring block-by-block reservoir management strategies. The identification of key productive intervals and their spatial
delineation provides a basis for optimized recovery planning and extended field life.

Keywords : Oil field, Productive Series, porosity, permeability, stratigraphy, tectonics, offshore zone, geophysical analysis.

Background

The Neft Dashlary (Oil Rocks) oil field stands as a
historically significant and geologically complex offshore
hydrocarbon accumulation located in the south-western
sector of the Caspian Sea, approximately 110 kilometers
southeast of Baku. Discovered in 1949, Neft Dashlary
became the world's first offshore oil production site
constructed directly on open sea infrastructure, marking a
milestone in petroleum engineering and offshore field
development. Spanning an area of approximately 66 km?,
the field is situated within the Absheron Archipelago system,
which includes submerged structural highs and islands such
as Chilov, Khali, and Kichik Tava. These features lie along
the eastern margin of the Absheron Peninsula and form part
of the broader Absheron—Balakhany tectonic uplift zone.

Geologically, Neft Dashlary is located on a northwest—
southeast-trending brachyanticlinal fold, bounded and
segmented by an array of longitudinal and transverse faults
that control reservoir compartmentalization and hydrocarbon
migration pathways (Javanshir etal.,, 2015). The

stratigraphic succession spans from Eocene basement units
to Holocene marine sediments, with the Lower Pliocene
Productive Series forming the principal hydrocarbon-bearing
interval. This sequence comprises a complex assemblage of
deltaic, coastal, and prodeltaic facies, organized into
multiple lithostratigraphic suites including Gala, Pre-Kirmaki,
Kirmaki, Post-Kirmaki, Fasila, Balakhany, Sabunchu, and
Surakhany (Abdulla-zada, Vahably, 2021). Each suite
contains numerous discrete reservoir horizons, many of
which  exhibit lateral and vertical heterogeneity,
compartmentalization, and varied production histories.

Over seventy years of exploration and production have
yielded an extensive body of geological, petrophysical, and
geophysical data, enabling detailed assessment of structural
architecture, reservoir quality, and hydrocarbon distribution
across the field's tectonic blocks (Feyzullayev, Mammadova,
2022). Despite its mature development status, Neft Dashlary
continues to serve as a key site for methodological
advancements in offshore reservoir modeling and layered
production strategies. This study presents an integrated
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geological and petrophysical analysis of the Neft Dashlary
field, with a focus on the stratigraphic architecture, fault
dynamics, reservoir heterogeneity, and distribution of oil-

49'59"

50°14'

saturated intervals across major suites. The findings aim to
contribute to refined reserve estimation and enhanced
recovery planning for this iconic offshore oil province (Fig. 1).

© 2011 Maphil
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Fig. 1. Neft Dashlary field location map

In Baku archipelago industrial deposits were discovered in
the VIII horizon of the Balakhkhany suite, the Fasila suite, and
the Postkirmaky sandy suite. Deposits of the stratal type are
associated mainly with crestal tectonically shielded deposits. A
characteristic feature of the oil and gas content of the
Productive Serie section is the regular replacement of oil
deposits with gas and gas condensate deposits in the direction
of the regional immersion of layers (Ganbarova et al., 2024).

The Sangachal-deniz—Duvanny-deniz—Khara-Zira—Bulla-
deniz anticline belt is located within the northern part of the Baku
Archipelago oil and gas region. A characteristic feature of the
tectonic structure the anticline belt is the presence of large
longitudinal faults in the axial parts of the structures. Foci of mud
volcanic activity are often associated with longitudinal faults.
Numerous transverse faults divide the structures into separate
tectonic blocks (Alizade et al., 2018).

Methods

This study is based on an integrated analysis of
geological, geophysical, and production data from the Neft
Dashlary offshore oil field. Data from more than 150 wells —
including log interpretations, core descriptions, and test

ISSN 1728-3817

results — were used to correlate stratigraphic units and define
reservoir architecture (Abduev, Alekberli, 2019). Productive
horizons within the Gala, Pre-Kirmaki, Kirmaki, Post-Kirmaki,
Fasila, Balakhany, Sabunchu, and Surakhany suites were
identified and mapped using standard log suites and structural
contouring (Abdulla-zada, Vahably, 2021). Reservoir quality
was assessed by combining petrophysical parameters (e. g.,
porosity, resistivity, fluid saturation) with well performance and
historical production (Kerimov etal., 2015). Volumetric
estimates of oil initially in place and recoverable reserves were
calculated using deterministic methods based on net pay,
porosity, saturation, and structural closure (Kerimova, 2023).
Interpretation uncertainty was reduced by cross-validating log
and test data and applying structural consistency checks
across blocks.

Tectono-Stratigraphic framework. The Neft Dashlary
oil field exhibits a complex tectono-stratigraphic architecture
shaped by the interplay of deep structural deformation and
extensive sedimentary accumulation (Glumov et al., 2004).
Situated in the northwestern sector of the Absheron—
Prebalkhan tectonic uplift zone, the field forms a prominent
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culmination within the Khali—Chilov Island—Neft Dashlary
anticline system. The core structural element is a northwest—
southeast trending, asymmetric brachyanticlinal fold,
measuring approximately 11 km in length and 6 km in width
(Novruzov, 2022) (Fig. 2).

The fold is distinctly asymmetric, with variable dip angles
on opposing limbs. The crest has undergone significant

erosion, exposing Productive Series (PS) deposits at the
modern seafloor (Pogorelova, 2019). The northwestern
pericline is characterized by steep dips (33—45°), while dips
in the southeastern pericline range from 22-29°. The
southwestern limb is steeper (35—40°) than the more gently
inclined northeastern limb (27-30°), indicating differential
deformation.

Fig. 2. Structural map of the Neft Dashlary field (based on Novruzov, 2022)

Stratigraphically, the succession at Neft Dashlary spans
from the Eocene to modern deposits, reaching a total
thickness of over 3350 meters (as documented in Well
No.1918, Block V). The Paleogene—Neogene system at the
base includes the Koun Suite (Eocene), Maikop Suite
(Oligocene—-Lower Miocene), and Diatom Suite (Middle—
Upper Miocene) (Aliyeva, 2004). These units, composed
primarily of brecciated clays, marl-bearing sands, and
volcaniclastic materials, are revealed in deep exploratory
wells and serve as the structural and stratigraphic basement
for overlying productive intervals.

The overlying Productive Series (Lower Pliocene),
reaching up to 2400 meters in cumulative thickness, is the
principal hydrocarbon-bearing interval. It consists of
alternating sequences of sand, sandstone, siltstone, and clay,
and is subdivided into several suites: Gala, Pre-Kirmaki,
Kirmaki, Post-Kirmaki sandy and clayey suites, followed by
the Fasila, Balakhany, Sabunchu, and Surakhany suites
(Aliyeva, 2004). Each suite exhibits distinct sedimentological
characteristics, internal stratification, and reservoir potential.
The Gala Suite alone is subdivided into up to eight sand
packages (GS-1 to GS-8), with GS-1 to GS-4 being oil-
bearing, and displays a marked vertical increase in sand
content from base to top (Katz et al., 2000).

Higher in the section, the Fasila and Balakhany suites
represent thick sand-dominated intervals with multiple
stacked hydrocarbon reservoirs. For example, the
Balakhany Suite includes at least seven productive horizons
(X through V), each characterized by varying resistivity, sand
content, and log responses. These units are critical targets
in field development due to their favorable porosity and
permeability (Khalilova, Seyidov, 2023).

Post-Productive Series sediments cap the succession
and include the Aghjagil Stage (Upper Pliocene), Absheron
Stage (Pleistocene), Ancient Caspian deposits, and Modern
Caspian sediments. These strata, composed of clay, sand,
and bioclastic materials, reflect continued sedimentation in a
shallow marine setting and provide clues to the
paleoenvironmental evolution of the basin.

Tectonically, the Neft Dashlary structure is segmented
by a network of longitudinal and transverse faults. Six major
tectonic blocks are delineated by longitudinal faults
(designated 1, 2, and 2a) and transverse dislocations (faults
3 through 7), with displacements ranging from 30 m to over
350 m. Notably, transverse fault I-la, inferred from abrupt
changes in bedding dips (up to 72° in Wells 1 and 6), reflects
significant structural disruption and has been confirmed by
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drilling. Other major faults, such as lI-Il and llI-lll, traverse
the structure, altering reservoir continuity and hydrocarbon
migration pathways.

Structural mapping indicates that the fold is separated
from the adjacent Palchig Pilpilasi uplift by a shallow saddle,
further emphasizing its brachyanticlinal geometry.
Additionally, a mud volcano has been identified near Site
262, at the Koun—Maikop contact zone. Over 30 exploratory
wells were drilled to delineate the spatial extent of the
breccia, revealing the field's genetic affiliation with diapiric
tectonism (Khuduzade et al., 2016).

Reservoir Properties. The reservoir characteristics of
the Neft Dashlary field reflect the diverse lithological
composition and sedimentary dynamics of the Lower
Pliocene Productive Series, which hosts the majority of
hydrocarbon accumulations. A comprehensive assessment
based on 1,453 core samples collected from 357 wells
provides detailed insights into the petrophysical behavior of
the principal reservoir units (Bagirov, Hajiyev, 2019). These
include the Gala, Pre-Kirmaki, Kirmaki, Post-Kirmaki sandy,
Post-Kirmaki clayey, Fasila, Balakhany, Sabunchu, and
Surakhany suites.

Reservoirs within the Gala Suite (GS) are composed
primarily of poorly cemented, fine-grained sandstones and
siltstones (Duppenbecker et al., 2009). Analysis of 342
samples from 31 wells indicates porosities ranging from
12 % to 49 % (average: 23 %), with permeability values
spanning 0.001-1.187 ym? (average: 0.135 um?). These
reservoirs contain up to 50 % silt and exhibit moderate
carbonate content (average: 10 %), underscoring their
mixed composition and variable quality.

The Pre-Kirmaki Suite (PKS), evaluated from 220 samples
across 69 wells, is characterized by high sand content (67 %)
and moderate porosity (12—40 %; average: 24 %). Permeability
ranges widely, reaching up to 3.920 um?, with an average of
0.138 um2.  These intervals exhibit favorable reservoir
properties, enhanced by relatively low clay content (25 %) and
modest carbonate concentrations (average: 9.4 %).

In contrast, the Kirmaki Suite (KS), based on 100 samples
from 42 wells, presents more heterogenous reservoir
properties. Average porosity remains comparable (24 %), but
permeability varies significantly across its sub-units. The KS-1
interval shows the lowest permeability (0.036 pm?), while KS-2
exhibits more favorable values (up to 0.207 um3), linked to
its improved sorting and coarser texture (Mammadov, 2010).

The Post-Kirmaki sandy Suite (PKsS), represented by
44 samples from 18 wells, contains high-quality reservoirs.
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These sands exhibit porosities averaging 25 % and
permeability values up to 0.257 um?2. The relatively low clay
fraction (~25 %) and consistent petrophysical behavior
make UKSS an attractive development target.

The overlying Post-Kirmaki clayey Suite (PKcS), though
dominated by clayey siltstones, retains moderate reservoir
quality. Based on 36 samples, porosity and permeability
average 25% and 0.085 um?, respectively. Carbonate

content ranges from 3.4 % to 26 %, indicating a diverse
diagenetic history (Abrams, Narimanov, 1997).

The Fasila Suite (FS), derived from 115 samples across
46 wells, offers some of the most favorable properties in the
field. With porosities up to 37 % (average: 27 %) and
permeability reaching 2.0 um?, this unit represents a key
reservoir horizon. Sand content exceeds 65 %, while
carbonate content remains moderate (average: 10 %).

Fig. 3. Decline in porosity values from the structural crest toward the periclinal zones,
as well as across the areal extent of the reservoir

Reservoirs in the Balakhany Suite (BalS), examined
through 207 samples from 59 wells, are consistently porous
(up to 40 %) and moderately permeable (Javanshir et al.,
2015). The average carbonate content is approximately
10 %, and internal horizons (e. g., X, IX, VIIl) show variable
but often high flow capacity, supporting their long-standing
role in field production.

Statistical analysis of the full sample set reveals the
following:

o Granulometric composition was determined for 1,236
samples. Clay content varies from 1.8 % to 50 %, averaging
24-30 %. Maximum values occur in the KS Suite, while the
PKS, PKsS, and BalS exhibit the lowest clay contents.

e Carbonate content, based on 1,373 measurements,
ranges from 1 % to 30 %, with localized spikes up to 40 %.
The average across all productive units lies between 10 %
and 15 %, with higher values in GS and KS.

e Porosity was measured in 1,030 samples, ranging
from 2 % to 45 %, with suite averages between 18 % and
28 % (Fig. 3).

e Permeability, assessed from 504 samples, ranges
from 0.0001 to 3.920 ym2. PKS-2a exhibits the highest
values, while KS-1 is the least permeabile.

A permeability threshold of 0.001 um? is adopted to
distinguish reservoir from non-reservoir intervals. Empirical
porosity-permeability plots show that effective reservoir
behavior is maintained when:

o Porosity exceeds 10 % for the PKS, PKsS, and FS suites.

o Porosity exceeds 12 % for GS, KS, and PKcS suites.
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Accordingly, the following petrophysical criteria are
recommended for defining reservoir quality in the Neft
Dashlary field:

e For PKS, KS, PKsS, FS, and BalS: porosity >10 %,
permeability >0.001 ym?, carbonate <25 %, and clay content
<48 %.

e For GS, KS, and PKcS: porosity >12 %, permeability
>0.001 ym?, carbonate <27 %, and clay content <48 %.

Distribution  characteristics of  hydrocarbon
accumulations. The Neft Dashlary field is multilayered, with
hydrocarbons occurring in as many as 26 stratigraphic
intervals within the Productive Series. The thickness of oil-
bearing formations varies significantly across the structure,
with minimum values observed in the northwestern blocks
(e.g., 67.7m in Blockl) and maximum values in the
southeastern blocks (e. g., 348.6 m in Block IlI).

Hydrocarbon-bearing intervals have been identified in
nearly all productive suites and horizons:

e Surakhany Suite: 2 horizons (I and Il)

e Sabunchu Suite: 3 horizons (I, Ill, 1V)

e Balakhany Suite: 7 horizons (V, VI, VI, Vlla, VIII, IX, X)

e Fasila, Post-Kirmaki clayey, and Post-Kirmaki sandy
Suites: 1 object each

o Kirmaki Suite: 3 horizons (KS, KS-1, KS-2)

e Pre-Kirmaki Suite: 4 objects (PKS-1, PKS-1a, PKS-2,
PKS-2a)

e Gala Suite: 4 productive sand packages (GS-1 through
GS-4)

These reservoirs are often confined by lithological and
tectonic seals, with several exhibiting stratigraphic pinch-
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outs or lateral lithofacies transitions. The nature of these
traps reflects a combination of structural and lithological
controls on hydrocarbon entrapment.

Table 1 summarizes the gross and net effective oil-
saturated thicknesses of the principal reservoir units. The net
oil-bearing thickness generally correlates inversely with
increasing clay content. Cumulatively, net thicknesses are
greatest in the downthrown southeastern flanks of the structure.

Each hydrocarbon-bearing unit consists of rhythmically
alternating sandy siltstones, clays, and silty mudstones, with
individual sand bodies ranging from 1-2 meters to as much
as 18 meters in thickness. Interbedded shale barriers range
from 2—4 meters within productive zones, increasing to 8—20
meters between separate reservoir bodies (Fig. 4).

The distribution of oil-bearing objects by block reveals
the highest concentration in Block Il (24 objects), followed
by Blocks IV and V (21 objects each), Block Il (15), Block la
(12), and Block | (8).

Notably, deeper sequences beneath the Productive
Series — including the Koun, Maikop, Diatom, and Pontian
deposits — were penetrated by 25 wells. While these older
formations were fully characterized, they did not
demonstrate significant hydrocarbon potential in this field
(Mammadov, 2015).

Hydrocarbons within the Neft Dashlary field occur primarily
in solution gas form. However, minor accumulations of free gas
have been reported in a few wells, particularly within GS-1
(Blocks la and IV) and GS-2 (Blocks Il and 1V), where limited

gas production has been documented.

Table 1
Variation in thickness and effective oil saturation of productive intervals
Horizon/Suite Gross Thickness (m) Avg. Gross Net Effective Thickness (m) Avg. Net
GS 193-380* 274 29,0-101,8 64.9
PKS 72-135 110 39,3-78,1 63.9
KS 165-350 286 22,0-35,2 27.9
PKsS 18-46 31 10-19 18.2
PKcS 90-220 147 6-8 6.3
FS 56-105 78 18-34 28.7
X 30-70 50 9-26 24.3
IX 38-71 55 11-14 11.5
VIl 35-70 55 15-20 15.6
Vlla 30-76 50 5,8-12,5 11.5
VI 32-70 57 16-20 17.0
VI 95-153 124 14-21 19.0
\ 70-105 84 10-14 12.6
v 111-155 141 6-11 11.0
I 20-43 30 6,0 6.0
Il 30-55 35 5,0 5.0
| 11-55 30 4,0 4.0
I' (SurS) 30-45 33 4,0 4.1
300
Avg Gross Thickness
B Avg Net Effective Thickness
250}
200}
E
§ 150
E
=]
100
501
0
& & C @& & O 4\4\4\\\\\\@@
Q
Horizon / Suite
Fig. 4. Comparison of average gross and net effective thicknesses
Results prodelta facies, each demonstrating varying degrees of lateral

continuity, vertical heterogeneity, and hydrocarbon saturation.
The Gala Suite (GS) is stratigraphically divided into four
distinct horizons: GS-1 through GS-4. Industrially significant

The stratigraphic succession of Lower Productive Serie
sediments of the Neft Dashlary field includes a wide range of
reservoir types, from shallow-marine sands to deltaic and
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oil accumulations have been identified across all tectonic
blocks of the field, with the most productive intervals
associated with horizons GS-1 and GS-2.

The lithological and reservoir properties of GS deposits
exhibit considerable heterogeneity across the structure.
Detailed correlation of well log data from wells in Block V
(e. g., Wells 1778, 1967, 2078, 1749, 2032, 1728, and 845)
revealed lateral facies variability. In the northwestern portion
of Block la (e. g., Well 1716), only GS-2 is oil-saturated,
while GS-1 and GS-3 are composed predominantly of clay-
rich facies. Conversely, in the southeastern area (e. g., Well
1501), all four GS horizons are productive.

GS-4 was the initial oil-bearing horizon discovered in the
Neft Dashlary field, delineating a productive zone primarily
along the southeastern (Blocks la, Il, and IV) and partially the
north-northeastern flanks of the structure. The initial producing
wells reported oil flow rates of 40-150 tons/day. The oil-bearing
zone associated with GS-4 extends approximately 3,750
meters southeastward and 2,200 meters northwestward.

In the southeastern crestal region (Block 1V), particularly
near Wells 262, 1835, and 1836, GS-4 transitions into non-
reservoir clayey facies, resulting in an unproductive central
zone (Fig. 5).

Fig. 5. Oil saturation distribution map for the GS-4 horizon

Oil production from GS-3 has proven variable. While test
results from some wells (e. g., Wells 35 and 515) have indicated
the presence of formation water, geophysical analyses confirm
that Blocks | and V are largely non-productive in this interval.
Notably, on 17 February 1955, Well 203 (Block I1I) produced oil
from GS-3 at a rate of 53 tons/day with a wellhead pressure of
4.8 MPa. Subsequent development (e. g., Wells 255, 296, and
467) delineated the productive limits of the reservoir in
Blocks la, I, and IV. The oil-bearing trend of GS-3 spans

approximately 7,100 meters southeastward and 900 meters
northwestward.

The lateral extent of oil saturation in GS-3 is largely
determined by lithological constraints. In the southeastern
flank, sand-rich intervals pinch out into impermeable clay,
creating a distinct boundary between productive and non-
productive zones (Fig. 6). The width of this non-productive
zone varies from 100-150 meters in the central area to 600—

850 meters toward the east and west.
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Fig. 6. Oll saturation distribution map for the GS-3 horizon
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In the north-northeastern flank, GS-3 is productive only
within Block Ill. Well log and production data from Wells
430 and 434 indicate a narrow water-bearing zone.

GS-2 is oil-bearing across the southeastern flank
(Blocks la, Il, and IV) and partially in the north-northeastern
flank (Blocks | and IIl). Commercial oil production was first
recorded from Well 51 on 16 September 1951 at a rate of
50 tons/day. Follow-up production from multiple wells (e. g.,
Wells 3, 41, 53, 90, 243, and 350) confirmed the lateral

continuity of this reservoir. The productive zone in GS-2
spans approximately 7,800 meters southeastward and
3,600 meters northwestward. Minor quantities of free gas
were encountered in several wells (e. g., Wells 17, 197, 199,
and 201 in Block IV and Well 711 in Block Il1).

The majority of reserves in GS-2 are concentrated in
Block Il, which features a vertical closure of up to
1,000 meters (Fig. 7).

Fig. 7. Oil saturation distribution map for the GS-24 horizon

GS-1 is oil-bearing in all blocks except Block I. Initial
production was established on 21 January 1952 from
Well 15 (Block Il), yielding 50 tons/day at a wellhead
pressure of 2.7 MPa.

Block | exhibits low apparent resistivity values (below
4.5 Ohm'm), and testing in Well 1808 yielded formation
water. In Block la, Wells 1710 and 2051 produced oil, while

Wells 1710 and 1718 produced mixed oil and water. Minor
gas occurrences were documented in Wells 1784 (Block la),
243, and 267 (Block 1V).

Similar to GS-2, the primary reserves of GS-1 are
concentrated in Block I, which displays significant structural
closure and reservoir continuity (Fig. 8).

Fig. 8. Oil saturation distribution map for the GS-1 horizon

The Pre-Kirmaki Suite (PKS) is stratigraphically
subdivided into four productive horizons: PKS-2a, PKS-2,
PKS-1a, and PKS-1. Commercial oil accumulations have
been identified in all tectonic blocks except Block I
(Fig. 4.1.2.1-4.1.2.4). The apparent resistivity of these
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horizons generally ranges from 10 to 20 Ohm-m, whereas in
Block | it ranges from 4 to 7 Ohm-m. As a result, exploitation
was long delayed, and only in 1984 were two wells (1714
and 1715) tested in PKS-1, yielding oil-stained water. In the
remaining blocks, extensive well testing has confirmed oil
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saturation throughout the suite, with minimal variation in
hydrocarbon contact contours.

In Blocks Il, IV, and V, a non-productive zone has been
identified in the southeastern crestal areas. This is attributed
to facies pinch-outs of PKS-2a or substitution by non-
reservoir rocks (PKS-2). The relatively dense well
distribution in these zones has enabled precise delineation
of reservoir limits.

PKS-2a is oil-bearing in Blocks Il, III*, IV, V, and partially in
Block la. Initial commercial oil flow was recorded on 5 July 1951
from Well 17 (Block IV) at 80 tons/day with a 7 mm choke and
9.5 MPa wellhead pressure. Subsequent development (e. g.,
Wells 23, 55, 67, 62, 69, and 70) defined oil-bearing areas in
Blocks Il through V. In the southeastern flank, the productive

zone extends 6,000 meters longitudinally, with a width of
200-1,100 meters and vertical closure of 150—1,000 meters.
Later, Wells 1711, 1712, 1716, and 1717 confirmed a smaller
oil-bearing area in Block la.

The PKS-2a reservoir is bounded by an oil-water contact
in the deeper parts of the structure and by tectonic faults
elsewhere. In Block V, the reservoir is partially truncated by
a non-productive zone along the crest. In some wells, PKS-
2ais not present in the well section. The boundary between
productive and non-productive zones is defined by

interpolating between producing wells and those considered
non-productive based on well logs. The dense well network
in Block V has facilitated detailed mapping of the reservoir
extent (Fig. 9).

Fig. 9. Oil saturation distribution map for the PKS-2a horizon

PKS-2 has been in commercial production since 1952
and is productive in Blocks Il, I, IV, and V. In Block |, poor
reservoir quality (low resistivity) has precluded successful
development. In Block la, testing in Well 1711 yielded clean
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formation water (Fig. 10). The main reserves of PKS-2 are
concentrated in Blocks Il through V, with oil-bearing zones
extending 5,000 meters southeastward and 4,000 meters
northwestward.
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Fig. 10. Oil saturation distribution map for the PKS-2 horizon
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PKS-1a first yielded oil on 14 December 1951 from
Well 32 (Block Ill), producing 70 tons/day with a 9 mm choke
and 2.6 MPa wellhead pressure. Subsequent testing of
Wells 73, 116, 153, 236, 260, and 424 delineated productive
zones in Blocks Il through V. Limited oil-bearing zones were
also detected in Block | (e. g., Wells 1714, 1715, 2059) and

——— |- WY | e

Block la (e. g., Wells 1712, 1716, 1710, 1711, 1739, 1884),
based on test results and log interpretations (Fig. 11). The
principal reserves of PKS-1 are located in Blocks Il
through V, where the oil-bearing zones span 5,000 meters
and reach up to 900 meters in vertical closure.

Fig. 11. Oil saturation distribution map for the PKS-1a horizon

PKS-1 is a thin oil-saturated layer located near the top of
the Pre-Kirmaki Suite and has only been identified in
Block II. In other blocks, due to the absence of a separating
shale bed, this horizon merges with PKS-1 (Fig. 12). The
first production was achieved on 10 February 1957 from
Well 274 (Block II), which produced 62 tons/day through a
6 mm choke at a pressure of 2.4 MPa. Wells 266 and 282
further delineated the PKS-1 reservoir, which was
subsequently put into commercial development. The
productive area in Block Il measures approximately 3,200 by
1,100 meters, with a structural closure of up to 1,000 meters.

The Kirmaki Suite (KS) is stratigraphically subdivided
into three horizons: KS-2, KS-1, and KS. Commercially
significant oil accumulations have been identified in all
tectonic blocks except Block |I. Hydrocarbon saturation is

more prominent in the lower, sandier units of the suite, while
the upper part comprises thicker intervals of non-reservoir
lithologies.

KS-2 is oil-bearing in Blocks la, I, 1ll, IV, and V.
Reservoirs in Block | are water-saturated according to
borehole geophysical surveys, and no testing has been
conducted in this block. In the southeastern flank, the
productive area extends approximately 6,600 meters, and in
the northwestern flank about 4,900 meters. The width varies
from 180 to 2,000 meters in the southeast and 300 to
1,750 meters in the northwest, with a structural closure
reaching up to 1,200 meters (Fig. 13).

KS-1 is productive in all blocks except Block I. In recent
years, the oil-bearing limits in Blocks llI, IV, and V have been
significantly expanded based on new well data (Fig. 14).

Fig. 12. Oil saturation distribution map for the PKS-1 horizon
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KS — is primarily productive in Block Il, where it forms a
monolithic reservoir with a vertical extent of up to 800 meters.
In other blocks, limited oil shows were encountered in a few
wells, suggesting residual hydrocarbon presence. In Block la,
only Well 1733 was tested and yielded formation water. Well
log interpretations from Wells 3, 313, 316, 380, 1712, 1720,
1588, and 1710 did not indicate productive intervals (Fig. 15).

In Block Ill, seven wells (345, 438, 569, 583, 1742, 1745,
and 1789) were successfully tested, all yielding clean oil

LEGEND

without water. In Blocks IV and V, wells such as 1570, 1966
(Block IV) and 645, 823, 843 (Block V) have also been
tested. While two wells (645 and 843) produced oil with
minor water, the others yielded clean oil.

These results, along with geophysical interpretations,
confirm the presence of a small isolated reservoir in Block Ill
(approximately 1,300x300 meters) and local accumulations
in Blocks IV and V.

/

7!

Fig. 13. Oil saturation distribution map for the KS-2 horizon

&/

Fig. 14. Oil saturation distribution map for the KS-1 horizon
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Fig. 15. Oil saturation distribution map for the KS horizon

The Post-Kirmaki Sandy Suite (PKsS) represents a
single productive interval with a thickness ranging from 20 to
50 meters. In Blocks | and la, the PKsS deposits have been
eroded and exposed on the seabed; the associated
reservoirs are water-saturated, and no testing has been
performed. However, log data from Well 184 (Block la)
suggests potential oil saturation.

In Block Il, the PKsS has been tested in 37 wells. Of
these, eight wells (30, 49, 95, 103, 122, 279, 280, and 281)
produced oil, two wells (48 and 758) yielded oil with water,
and the remainder produced only formation water. This
irregular distribution of hydrocarbon saturation in Block Il

The Post-Kirmaki Clayey Suite (PKcS) has a thickness
ranging from 158 to 220 meters, with an average of 147 meters.
In Blocks la and Il, these deposits are exposed at the seabed
and have been eroded along the structural crest.

Industrial-scale reservoirs have been confirmed through
multiple wells in Blocks Ill, IV, V, and to a lesser extent,
Block I. The reservoir in Block Il is lithologically restricted

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

Fig. 16. Oil saturation distribution map for the PKsS

suggests disintegration of a once-unified reservoir. In
contrast, testing in Blocks Ill, IV, and V confirms that the oil
saturation is consistently distributed throughout the suite.
The most prolific oil-bearing area is in Block V, where the
structural closure reaches up to 1,000 meters.

Initial oil production from the PKsS was recorded on
July 30, 1955, in Well 342 (Block Ill), which yielded
60 tonnes per day through a 6 mm choke under a buffer
pressure of 4 MPa. Subsequent testing in Wells 134, 135,
275, 297, 473, 475, and others delineated discrete oil
accumulations across Blocks Ill, IV, and V (Fig. 16).

T

and localized around Wells 95, 282, 286, 154, and others.
The lateral distribution of oil in the PKcS is largely governed
by lithological controls. Oil accumulations are primarily
associated with sandy layers at the base of the suite,
enclosed within dominant clayey facies. As Blocks | and la
are composed predominantly of clays, they are considered
non-prospective (Fig. 17).
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Fig. 17. Oil saturation distribution map for the PKcS

The first oil discovery in the PKcS occurred on March 19,
1962, in Well 342 (Block Ill), which produced 30 tonnes per
day through a 5 mm choke under 2.8 MPa buffer pressure.
Wells 473, 527, 552, 557, and others later confirmed the
productivity in Blocks IV and V. Initial production rates were
generally low, ranging from 3 to 30 tonnes per day.

The distribution of reserves reflects structural and
stratigraphic architecture. Block V contains over half of the
field's total recoverable reserves, owing to its large closure,
multiple stacked reservoirs, and high net-to-gross ratios. The
central blocks (Il, lll) also contribute significantly, while
Block | consistently shows poor saturation and marginal
reservoir development. These findings underscore the
importance of integrating geological and geophysical data to
define stratigraphic traps and improve recovery efficiency.

Discussion and conclusions

The geological and petrophysical evaluation of the Neft
Dashlary offshore oil field has revealed several key insights
essential for optimizing development and managing
remaining reserves. The field's hydrocarbon potential is
primarily hosted within a multilayered Pliocene Productive
Series, comprising more than 25 oil-bearing intervals whose
distribution is governed by both structural dislocations and
lithofacies variations.

The most productive horizons are found within the Gala
and Pre-Kirmaki suites, particularly in structurally favorable
Blocks II, Ill, 1V, and V. In contrast, Block | consistently
exhibits low porosity, low permeability, and reduced
resistivity, resulting in poor hydrocarbon saturation. The
spatial distribution of reserves strongly correlates with
structural closures, net oil-bearing thickness, and the
proportion of sandy versus clay-rich facies.

Structural segmentation by longitudinal and transverse
faults significantly influences reservoir compartmentalization
and the formation of localized traps. Stratigraphic pinch-
outs, lithological transitions, and facies wedge-outs are
common within multiple productive horizons and play a
critical role in controlling hydrocarbon entrapment and
vertical reservoir continuity.
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KACMNIACbKWA MIOHEP: CTPYKTYPHA CKNAJHICTb | PO3MNOAIN BYIMEBOAHIB
Y WENMb®OBOMY POOOBULLI HA®TOBI KAMEHI

B cTyn. Hagpmozasoee podosuwe Hagpmoei Kameni (Neft Dashlary), posmawoeaHe y niedeHHo-cxiOHoMy cekmopi Kacnilickkozo mops, €
YHiKanbHUM SIK 3 2€0J102i4H020, mak i 3 icmopu4Ho20 noansAdy. Lle nepwe y ceimi wenb¢goee podosuuje, oceoeHe wiisixoM 6ypiHHA 3i cneyianbHO
nobydoeaHux MopchbKux nnamgopm. [eono2i4Ho 80HO npuypoyeHe Ao AbwepoHcbKo-banaxaHCLKOI MeKMOoHIYHOI 30HU NMiOHAMMSs ma po3mauwosaHe
Ha 6pekyYiaHmukniHanbHil cknadyi nieHiYHoO-3axiOHO-nie 0eHHO-cxiOHO20 Npocmsi2caHHsi. OcHO8Ha Haghmoa2a3oHacu4YeHa moesuwa — Ye HUXXHborlioyeHoea
lpodykmuseHa cepisi, npedcmasnieHa 6aecamouwaposumu 0esIbMo8uMU, MPubepexxHUMU Ma MiNIko80OHO-MOPCLKUMU ¢hayisimu. Hezsaxaro4u Ha mpusany
icmopito po3po6bku, podosuuie 3a1uWaembCsl akmyasibHUM 06'€KIMoM 07151 nepeoyiHKU 8 KOHMeKCcMi 8USYEHHSI Pi3HOMUIMHUX KOJIEKMOpie, MeKMOHIYHOT
ceaMmeHmauii ma cmpamuezpadiyHoi cknadHocmi, wjo eidkpueae nepcriekmueu 0ns nidsuuwjeHHs1 Haghmoeioodayi.

MeTopawn. Y docnidxeHHi sukopucmaHo KOMIIEKCHUl nidxid, wo ekoyae 2eosio2ivyHull, 2eoghizuyHull ma nempoghizuyHuUli aHanis daHux
noHad 150 ceepdnoeuH. Y3azanbHeHO pe3ynbmamu iHmepnpemauii 2eogisudHUX Kapomaxie, onucie KepHie ma pesynbmamie eunpobyeaHsb.
Konexkmopcbki enacmueocmi eusHayanucb 3a daHuMu noHad 1450 3pa3skie kepHy. CmpamuzpacgpiuHe 3icmaenieHHs1 ma nobydoea cmpyKmMypHUX
kapm Oanu 3moz2y eidobpasumu apximeKkmoHiky noknadie i Mexi HagpmoHacu4eHux moeuwi. Pecypcu eu3Ha4anucb 3a OemepMiHicmuYyHUMU
mMemodamu 3 ypaxyeaHHsIM e(heKmueHOi MmosuwjUHU, Mopucmocmi, HacCU4YeHHs1 ma rnowi nacmku.

Pe3ynbTaTtu. Y mexax llpodykmueHoi cepii eudineHo 26 HagpmoHacu4yeHux o6'ekmie y eocbMu cmpamuzpadgidyHux na4kax (ceimax),
30Kpema 8 2opu3zoHmax Gala, Pre-Kirmaki, Kirmaki, Post-Kirmaki mowo. lMopucmicmb nopid eapitoe e mexax 12-28 %, npoHukHicmb — 8id 0.001
00 3.92 Mkm? Hali6inbw npodykmueHumu € 2opuzoHmu GS-1, GS-2 (ceuma Gala) ma PKS-2a, PKS-2 (ceuma Pre-Kirmaki), oco6nueo e 6nokax I, I,
IV i V. Y 6nouyi | konekmopcbki enacmueocmi cnabko po3suHeHi. Po3nodin eyaneeodHie 3ymoesieHuUli Moe€OHaHHSIM MEKMOHIYHUX Macmok,
nimonozidYHux ywinbHeHb ma ghayiasibHuUX 3MiH.

BucHoBku. Podosuwe Hagpmosi KameHi xapakmepusyembcsi cknadHoro cmpamuzpacghiyHoto 6y30600 ma 3HaYHOK MEKMOHiIYHOH
ducriokogaHicmio, w0 3yMoesitoe HeoOHOPiGHiICMb Koslekmopie sik Mo naouwyi, mak i mo po3pisy. Inmezpayiss daHux 6ypiHHS, Kapomaxy ma

KnwuyoBi cnoBa: Hagpmoee podosuuwe, [I[podykmueHa cepisi, fopucmicms, MPOHUKHicmb, cmpamuzpadgbisi, meKmoHika, wesib¢ghoea 30Ha,
2eoqhizuyHull aHani3.

ABTOpM 3aABNSAIOTb NPO BiACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopu He 6panu yyacTi B po3pobneHHi 4ocniax)eHHs:; y 360pi, aHanisi un
iHTepnpeTauii AaHWX; Y HanMCaHHI pyKonucy; B pilleHHi Npo nybnikauito pe3ynbTaris.
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Background. This paper presents the principals of application relevance methods for modeling and optimizing the
development process, such as Shewhart control charts. This method provides a guide to a detailed development process that
addresses various issues that often arise when implementing waterflooding in both offshore and onshore oil and gas fields, in
extraction of fluids from reservoir, challenges in well drilling, in oil recovery etc. Using the Shewhart control charts method, it was
possible to obtain an adequate answer to the problem (adjustment of the development process) when studying the issues of
optimizing the dynamics of oil production from the field. At the same time, this method is useful both for the analysis of all dynamic
series and for individual segments (stages).

The purpose of constructing control charts is to identify the points at which the process leaves a steady state in order to
subsequently determine the causes of the deviations that have arisen and eliminate them. The purpose of constructing Shewhart
control charts is to determine the boundaries of the system variability of the process and to predict the behavior of the process in
the near future based on past process data.

Methods. Development curves have been constructed using geological and field data. This graph allows determining the optimal
development regime, recalculating oil and gas reserves, and fully reflecting the effective extraction of hydrocarbons from the field.

Results. Analyzing the relationship among development curves, pressure recovery, oil and gas production growth rates for
various development periods adjustment is possible.

Conclusions. As aresult of the research conducted using the Shewhart control charts dynamic model, it was possible to
control and regulate the development processes of the V horizon of the Balakhany-Sabunchu-Ramana field, which is an exploitation
object, as well as to determine the optimality levels of these processes and the effectiveness of using appropriate methods to
increase the oil recovery factor.

This method proved effective in increasing production, can effectively enhance the production performance during the
optimization process. This is crucial for implementing refined management of individual horizons, determining the exit beyond of
development regulation limits.

Keywords: development curves, Shewhart control charts, deviations, regulation, optimal development, exploitation object.

Background

The correct selection of technologies and methods is an
important factor in significantly improving the efficiency of
the development and operation of gas and oil fields
(Mukhametshin, 2022). The closely interconnected links of
the production and consumption chain require the use of
integrated systems and programs that can increase oil
production and help reduce the total cost of ownership.

The solution of the latest technological issues also allows
improving the control and analysis of various processes in
gas and oil fields. One of the most important aspects in the
process of development and adjustment of fields is the
selection of control systems and appropriate methods to
increase the oil recovery factor (Chupin, & Moroz, 2020;
Urazgaliyeva et al., 2023; Yang, Kim, & Choe, 2017; Zhang
et al., 2023).

Material. Geological and field data of SOCAR were used
to investigate and analyze the development process of
horizon V of the Balakhany-Sabunchu-Ramana field.
Surface and Excel programs were used to plot the graphs
attached to the work.

Lithological-stratigraphic and tectonic features of the
development object. The Balakhany-Sabunchu-Ramana
field is located 12 km northeast of Baku. The area of the field
resembles a latitudinal lowland. In the west of the lowland, the
Bogh-Bogha mud volcano is located in the Balakhani area.
The Boyukshor and Ramana lakes are stretched in latitudinal
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direction, and are located to the south of the Balakhany-
Sabunchu-Ramana field (Salmanov et al., 2023).

The Productive series (PS), Aghjagil and Absheron
deposits have been exposed in the geological section of the
field. In the Bogh-Bogha mud volcano zone located in the
relatively elevated part of the fold and to the west of it,
deposits of the Fasila and partly Post-Kirmaki Clayey (PKC)
and Pre-Kirmaki (PK) suites of the PS have been
discovered. Towards the Ramana area, most younger
deposits emerge to the Earth's surface.

The PS deposits consist of alternating sand, sandstone
and clay. The section of PK suite is sandy. At the intersection
of the PS, the Surakhany, Sabunchu, Balakhany, Fasila,
PKC, Post-Kirmaki Sandy (PKS), PK suite are separated.
The horizon V of the Balakhany—Sabunchu—Ramana field is
separated at the intersection of the Balakhany suite (Fig. 1).

The field is associated with a large brachyanticlinal fold
extending in the latitudinal direction. The fold has a steep
southern (40-70°) and inclined northern (10-15°) limb and a
wide crest (Fig. 2, 3).

The structure is complicated by numerous longitudinal
faults. Transverse faults have not very large displacement
amplitudes (10-40 m) and they decrease with increasing depth.

The industrial oil content of the field is associated with
sediment complexes from the Absheron stage to the PK
suite of the PS. More than 30 oil-bearing layers are
separated at the intersection of these suites (Fig. 3).
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Fig. 1. Balakhany-Sabunchu-Ramana deposit. Generalized geological section
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Fig. 3. Balakhany-Sabunchu-Ramana field. Geological profile

The oil deposit in the upper series of the PS covers a
large area and the production wells are characterized by
high productivity. In the intersection of the upper series, 10
main and a number of intermediate sandstone layers are
distinguished. The depth of the productive layers is not very
deep, from 140 m to 460 m. The open porosity of the
reservoirs along the intersection is 24-27 %, and the
permeability is 700x107'® m2,

The horizon V, which is the object of research, is mainly
associated with a tectonic screened trap. The intersection of
the horizon is characterized by 23 % clay content and 81 %
sandiness. Lithologically, the reservoir rocks are composed
of sand and sandstone. The porosity of the rocks is 26 %,
the permeability is 364x10- ym?2, and the carbonate content
is 13 %. The viscosity of the oil is 8 mPa x s; the current oil
recovery factor is 0.73 %. The current oil-bearing area of the
development object is 1090 m?, the average depth of the
reservoir is 390 m, and the effective thickness is 34 m.

Methods

In order to analyze (Aliev, 1983; Salmanov et al., 2023)
and predict the development of horizon V of the Balakhany—
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Sabunchu—Ramana field, development curves were
constructed using geological-field data (Fig. 4). This graph
fully reflects the determination of the optimal development
regime, recalculation of oil and gas reserves, and effective
extraction of hydrocarbons from the deposits. The graph
reflects the Ill (1931-1975) and IV (starting from 1975)
stages of the development of horizon V. Thus, according to
the analysis, the volume of oil extracted from the horizon
gradually decreased, from 357.4 thousand tons (1931) to
173 thousand tons (1945). In 1945-1958, there was a
certain increase in oil production. Production varies between
188-211 thousand tons. The increase in production in these
years was achieved by increasing the number of production
wells and increasing the volume of water injected into the
horizon. The decline is also observed in gas production. Gas
has been produced from the horizon since 1965, and a
decline in production has been observed since that year.
Between 1965 and 2015, the volume of gas produced
decreased from 6.6 m%/tto 0.11 m3/t.

L

T T T T T T T T 1

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Years

Fig. 4. Development curves of the horizon V of the Balakhany—-Sabunchu—-Ramana field compiled based on geological-field data
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As can be seen from the graph, water injection into the
horizon began in 1945. The goal is to overcome the
observed declines in production and optimize the level of
exploitation. Initially, 1290638 m3/t of water was injected into
the horizon, which slightly increased production. However,
as the amount of injected water increased, the level of
waterlogging in the formation increased. The maximum
amount of water (4265623 m3t) was injected into the
horizon in 1958, as a result of which 211 thousand tons of
oil were extracted from the formation. The water injection
process was gradually reduced (706411 mit) and finally
stopped. Because the waterlogging in the horizon increased,
it increased by 98.3 %. The rate of development of the
horizon also decreased in turn. Thus, since 1931, the
dynamics of development began to decrease. It decreased
from 1.27 % t0 0.06 %. The development rate on the horizon
increased slightly only in 2012, reaching 0.55 %. Then it
sharply decreased to 0.06 % (see Fig. 4).

Results

Crude oil adjustment reflects the combined uncertainty
around each of the crude oil data elements and crude oil supply
and its disposition. The crude oil balance relationship, which are
developed independently, should balance perfectly. In practice,
this is rarely the case, because timing differences or other
factors that contribute to survey responses may not precisely
reflect actual crude oil extraction, storage, and refining activity
for the year (Merriam, 2015).

So, engineers need to continuously adjust strategies to
maximize oil recovery during development. Then strategy
adjustment requires a lot of cost, so it is necessary to select
the optimal strategy through production forecasting (Wang
et al., 2022; Wang et al., 2023).

In this paper, Shewart control charts, used in the
management of oil and gas field development processes,
are a visual tool, a graph showing the change in process
parameters over time to implement statistical control over
the stability of the process. Timely detection of instability in
the development allows to obtain a controlled process,
without which no improvement is possible in principle.
Control charts were first established in 1924 by Walter
Shewhart to reduce process variability by eliminating
deviations arising in operation from non-systemic causes.

The purpose of constructing control charts is to identify
the points at which the process leaves a steady state in order
to subsequently determine the causes of the deviation and
eliminate them. The purpose of constructing Shewhart
control charts is to determine the boundaries of the system
variability of the process, and to predict the behavior of the
process in the near future based on past process data.

For this reason, Shewhart control charts were
constructed in order to optimize and regulate the
development of the horizon V. Control maps have been
drawn up for optimal regulation of oil and gas production
(Fig. 5a, 5b).
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Fig. 5a. Control chart of oil production (horizon V)
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Fig. 5b. Control chart of gas production (horizon V)
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The top, average and bottom limits for the horizon have
been determined: for oil- Xaverage=110; Xtop=134; Xbottom=86;
for gas- Xaverage=1.5; Xtop=2.8; Xbottom=0.2. As can be seen
from the chart, the adjustment limits established to regulate
both oil and gas production are symmetrical with the average
limit, but deviations from the top and bottom limits are
observed in the development process. It should be noted
that from 1971 to 2015, an intensive decrease in oil
production was observed. After 2015, the curve deviated
from the bottom adjustment limit and fell to 17.6 thousand
tons. Gas production on the horizon began in 1965, and
there was a gradual decrease in production in that year. The

initial production is 6.6 m3/t. Since 1965, production has
decreased from 6.6 m3t to 0.11 m3t. The maximum
production occurred in 1967, which was 7.39 m3/t. In order
to study the reasons characterizing this process, similar
charts were compiled for the main production indicators: the
number of production wells (Fig. 5¢), the volume of water
injected into the horizon (Fig. 5d); waterlogging (Fig. 5e) and
the development rate of production (Fig. 5f).

The upper, middle and lower limits for well regulation
have been determined: Xaverage=261.7; Xtop=316; Xbottom=207
(Fig. 5c).
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Fig. 5¢c. Control chart of well number (horizon V)

The control chart of wells drilled along the horizon shows
that the top and bottom adjustment limits are relatively
symmetrical at the average limit. Based on the analysis, it
was determined that in order to maintain the development
process at an optimal level, it is advisable to have a
maximum of 316 wells and a minimum of 207 wells.
However, the decrease in the number of wells drilled since
1990 has had a negative impact on both oil and gas
exploitation and development dynamics.
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In reservoir development, liquid production rate and
water injection rate change according to the human-made
policy, leading to an unnatural fluctuation of development
process (Wang etal,, 2022). To make analysis more
accurate, we analyzed the factors of effects on oil production
rate. We notice that the oil rate is seriously affected by
injected water from the injection wells (Fig. 5d).

1980 2000 2020

Years, (d)

Xtop Xbottom

Fig. 5d. Control chart of water injection (horizon V)

There is injection of water into formations in order to
increase the permeability of formations, coverage of
formations due to waterlogging, regulation of the process of
displacement of oil to the bottoms of production wells.
However, on the other hand, there are also negative

ISSN 1728-3817

manifestations during water injection. This is the flooding of
layers earlier. Because of this, water injection was stopped
in our target facility in 1996.

The nature of the waterlogging of the extracted
production is influenced by many factors related, on the one
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hand, to the geological structure and collector properties of
the layer, the physical and chemical properties of oil and the
displacing liquid, and on the other hand, to the applied well
placement system, the technology of their construction, and
operating modes. In the conditions of increasing
depressions, a large number of wells are flooded due to the
breakthrough of water through separate high-permeable
areas of the developed object, the violation of the tightness
of the underground space, and also due to the pulling of the
cones of the bottom water. In addition, many oil fields have
hydro-oil zones and wells located in these zones begin to
produce watered-down products from the first days of

120

100

operation. Premature flooding of wells reduces the final oil
recovery and causes large non-productive costs for
production, transportation of associated water and for
combating corrosion of industrial equipment (Bagirov, 2011;
Bazhenova et al., 2004, 2012).

The considered horizon, which has been under
development for more than 74 years, has large reserves of
oil and consists of one productive layer with high-viscosity
oil of about 8 mPas. Only 16 % of recoverable oil reserves
were selected during the development period. Waterlogging
of the product is 97 % (Fig. 5e).
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Fig. 5e. Control chart of waterlogging (horizon V)

As can be seen from the chart, the waterlogging level of
the horizon is above the adjustment limit; however, there is
a danger of losing significant reserves of oil, which were in
the "bypassed oil", due to the influence of capillary forces
and anisotropic properties of the reservoir.

Therefore, it is necessary to find solutions as soon as
possible, to test new technologies at the horizon and to apply
them on an industrial scale, in order to achieve the final
approved ORF and high economic efficiency of the
enterprise. An additional reason for the early waterlogging of
the products of production wells is a violation of the integrity
of annular space. Maintenance of high rates of oil production
is achieved by the introduction of new oil production from
drilling wells, while the majority of wells that have been
watered down are out of operation, and have not exhausted
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their potential. Conducting regular measures to control
development allows timely identification of the causes of
backflows (Chupin, & Moroz, 2020; Kuangaliev,
Doskaziyeva, & Mardanov, 2019; Law of the Republic of
Kazakhstan, 2010; Lysenko, 2003; Maharramov, Karimov, &
Sharifov, 2022; Maisel, 2020; Saptarini, & Nainggolan, 2022;
Schiozer et al., 2019).

During the development of reservoirs, the most different
values of the maximum rate of oil production are reached.
The maximum extraction rate is inversely proportional to the
time of its achievement and depends on the type of law of
entering wells, that is, from the general organization of oil
production, the slower the wells are entered, the lower the
rate of production is (Boyce etal., 2011; Kuvanyshev, &
Kuvanysheva, 2010).

~—_ f
~—_ |L

1980 2000 2020

Years, (f)
Xbottom

Xaverage Xtop

Fig. 5f. Control chart of development rate (horizon V)
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As is known, the studied horizon is in the last stage of
exploitation. According to the mining data, the development
rate since the beginning of development was 1.27 %. On the
eve of the process, a decrease in the development rate is
observed starting from 1931. The rate decreased from
1.27 % (1931) to 0.06 % (2015). As can be seen from the
control chart, this indicator is marked much below the
adjustment limit (with the top limit being 0.74 % and the
bottom limit being 0.26 %).

Discussion and conclusion

A comprehensive analysis of the Shewhart control charts
constructed on the development indicators of the horizon V
allows us to identify the reasons for the change in annual oil
and gas production throughout the entire development period.

« At the initial stage, a large number of production wells
were put into operation: from 1931 to 1942, their number
increased from 386 to 438, although the optimal control zone
for this indicator should be between 316 and 207 units
(Fig. 5c¢).

» The amount of water injected from 1951 to 1959, in
order to maintain the development process at an optimal
level. It was advisable to inject a maximum of 2732743 m3ft,
an average of 2356180 m?%t, and a minimum of
1979617 m3/t of water, the amount of water injected was
increased from 31960000 m3/t to 4152060 m3t (Fig. 5d).
During the development period, the volume of water injected
in 1949-1966 was outside the top limit of adjustment. Since
1976, it has been outside the bottom limit. In this case, a
decrease in the number of water-injecting wells is noted.
Despite the decrease in the amount of water injected into the
horizon, it had a significant impact on both the oil production
process and the rapid waterlogging of the horizon. In this
regard, the process of water injection into the horizon was
stopped in 1996.

» The waterlogging of the horizon was below the bottom
optimal adjustment limit in 1949, 1953, 1956, 1958, 1960
and amounted to 90 %. From 1960 to 2015 it was outside
the top limit, increasing from 90 % to 97 % (Fig. 5d).

* From 1931 to 1936 the rate of development was
outside the top limit of adjustment (Fig. 5e). While the top
0.75%, the average 0.5%, and the bottom 0.29 % were
required, it was noted outside the bottom adjustment limit in
1984, 2011, 2013—-2015.

Thus, as can be seen from the above figures, it was
possible to obtain an adequate answer to the problem posed
when studying the issues of optimizing the dynamics of oil
production from the field (adjustment of the development
process) using the Shewhart control chart method. At the same
time, this method is useful both for the analysis of all dynamic
series and for individual segments (stages). As a result of the
research conducted using the Shewhart control chart dynamic
model, it was possible to control and regulate the development
processes of the horizonV of the Balakhany—Sabunchu—
Ramana field, which is an exploitation object, as well as to
determine the optimality levels of these processes and to
determine the effectiveness of the use of appropriate methods
for increasing the oil recovery factor.

Thus, knowing that the viscosity of the horizon's oil is
8 mPaxs., its permeability is 364x10° ukm?, the average
depth of the reservoir is 390 m, and that 16% of the
geological reserve is used, it was determined that the use of
SAM, alkaline and micellar substances injection methods
into the layers is effective in increasing the oil recovery factor
(according to B.A. Bagirov's "tree" method) (Bagirov, 2011;
Ivanova, Cholovsky, & Bragin, 2000; Karimov, Sharifov, &
Zeynalova, 2023).
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MOAOENMIOBAHHA ONTUMI3ALI PO3POBKU HA POOOBULLI BANTAXAHU-CABYHYY-PAMAHA (V FOPU3OHT)

B ¢ Ty n. Y cmammi npedcmaeneHo npuHyunu 3acmocyeaHHs1 Memodie peniegeaHmHocmi Ans1 ModesnroeaHHsI ma onmumisauii npoyecy po3po-
6Ku, makux sik KoOHmpoJsbHi kapmu LLlyxapma. Ljeli Memo0d Hadae kepigHuymeo Onsi demasibHO20 npoyecy po3pobKu, siKull 8paxoeye Pi3Hi MuMaHHs,
w0 Yacmo suHuUKaromsb nid Yac enpoeadxXeHHs1 3a800HEHHS SIK Ha MOPCbKUX, MakK i Ha3eMHuUx Haghmoza3oeux podoeuujax, nid yac eudobymky piouH
i3 nnacma, npobnemu nid yac 6ypiHHA ceepdnosuH, Nid Yyac sudobymky Hagpmu moujo. Bukopucmosyro4u Memod KOHmposibHUX kapm Lllyxapma,
e8dasiocss ompuMamu adekeamHy 8i0noeidb Ha npobrnemMy (kopuzyeaHHsl Mpoyecy po3pobKu) npu eus4YeHHi NnumaHb onmumisayii uHamiku eudoby-
mky Hagpmu 3 podoeuuwa. BoOHouac yeli Memod kopucHull sik Ons aHanidy ecix QuHaMidyHux psidie, mak i Onsi okpeMux ceameHmie (emarnis).

Memoto no6ydoeu KOHMPOILHUX Kapm € 8U3Ha4YeHHs MOYOK, ¥ SIKUX npoyec euxodums 3i cmayioHapHoO20 cmaHy, w06 32000M eu3Havyumu
NPUYUHU 8UHUKIUX 8idxuneHb ma ycyHymu ix. Memoto no6ydoeu koHmponbHux kapm Lllyxapma € eusHa4yeHHs1 Mex cucmeMHoi MiHnueocmi npo-
yecy ma npo2Ho3yeaHHs1 NosediHKu npoyecy 8 Halibnuwx4oMy MalibymHbOMY Ha OCHO8i OaHUX MUHYJ1020 NPOYecy.

MeToawn. Kpuei po3apobku 6yno nobydoeaHo 3 sUKOPUCMaHHSAM 2e0s102i4HUX i npomucniosux daHux. Llel epaghik dae 3mMoay eusHayumu on-
mumanbHull pexxum po3pobku, nepepaxyeamu 3anacu Hagpmu i 2a3y ma noeHo eidob6pasumu eghekmueHuli sudob6ymok eyaneeodHie 3 podosuuja.

Pe3ynbTaTtu. AHanizyroyu e3a€mMo3e ‘130K MiX KpueumMu po3pobku, iOHOBIEHHSIM MUCKY, meMnamu 3pocmaHHsi auob6ymky Hagpmu i 2a3y
Ons pi3HuUx nepiodie po3pobkKu, Mo)x/iuee KopuayeaHHsl.

B ucHoOBEKU. Bpe3synsmami docnidxeHHsi, n(poeedeHO20 3 8UKOPUCMaHHSIM AuHamiyHoOI Modesnii kKoHmposibHUX kapm LUlyxapma, cmano Mox-
JlusUM KOHMpOJI08amu ma peayroeamu rnpoyecu po3pobku V 2opuzoHmy podosuuja banaxaHu-CabyH4y—PamaHa, sike € 06'ekmom ekcriyamauii,
a makox eusHa4Yamu pieHi onmumanbHocmi yux npoyecie ma egpekmueHicmb sukopucmaHHs 8idnoeioHux memodie nideuwieHHs1 koegiyienma eu-
JIly4eHHs1 Haghmu.

Lleli Memo0d eusisuecsi epekmueHuUM y 36inbuieHHi suGo6ymky, Moxe egheKmueHo nideuuwumu eupobHUYi MOKa3HUKU nid Yyac npoyecy onmuMi-
3ayil, wjo mae supiwanbHe 3Ha4eHHs1 01151 eNPoBadKEHHS YMOYHEeHO20 ynpaesliHHA OKPeMUMU 20pU30HMamu, 8U3Ha4YeHHs1 euxody 3a Mexi pe2yIito-
8aHHs1 po3po6Ku.

Knw4yoBi cnoBa: Kpuei po3pobku, koHMposbHi kapmu LLlyxapma, eiOxuneHHsi, pe2yniroeaHHsi, onmumMasibHa po3pobka, 06'ekm ekcrityamauii.
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'BinouepkiBCcbLKMI HaUioHanbLHMI arpapHui yHiBepcuTeT, Bina Llepksa, YkpaiHa

2CyMcbKuit HauioHanbHUiA arpapHui yHiBepcuTeT, Cymu, YkpaiHa

®OPMYBAHHA NMPUPOOHO-EKOJIOINYHOI0o KAPKACY 3EMJIEKOPUCTYBAHHA
HA PEFOHAJNIbHOMY PIBHI B KOHTEKCTI 3ABE3MNEYEHHA EKONOrYHOI CTIUKOCTI:
METOAUYHI TA METOAONOrIYHI NigxXxoaun

(lMpedcmaeneHo YneHom pedakuyiliHoi kosnezii 0-poM mexH. HayK, npog. Bimaniem 3AL{EPKOBHUM)

B cTyn. OuyiHka cnieeiOHOWeHHS 8 Mexax aOMiHicmpamueHUX ymeopeHb Pi3HUX Kame20pill 3eMeslb Yu muriie 3emieKopuc-
myeaHHs1 8 KOHMeKcmi NPUPOA0OXOPOHHO20 3HaYEHHSI 3a KpumepieM pecypcocroxuearoye (pecypcoekcrniyamyroye), cepedoeu-
WeoXopoHHe ma pe3epeHe 3eMyieKopucmyeaHHsi dae 3Moz2y eupobumu pekomeHOauii wodo mpaHcgopmayii cmpykmypu
3emsiekopucmyeaHHs 0nsl nepeeedeHHsI 3eMellb y Kame20pito efleMeHmie, siKi OXOPOHSIIOMbCS, | 6y¢hepHUX 30H NPUPOOHO-EKOJIO-
2i4HO020 Kapkacy cucmemu 3eM/IeKopucmyeaHHs.

MeToaun. 3acmocosaHo MemoduKy ekonoziyHoi cmabinbHocmi, wo dae 3Mo2y npoeedeHHs OUiHKU nepcrnekmue ¢hopmy-
8aHHA €OQUHO20 NPUPOOHO-eKoJ102iYHO20 Kapkacy CyMmcbkoi o6nacmi YkpaiHu.

Pe3ynbTaTtu. 3anidcymkamu npoeedeHoi oyiHku nepedymosu ¢hopMyeaHHs1 MpuposGHO-eKOsI02i4HO20 KapKacy cucmemu 3em-
nekopucmyeaHHsi @ CyMcbkili obriacmi YkpaiHu 3a KpumepieM pecypcocrioxuearoyde (pecypcoeKkcrlyamyroyde), cepedosuuje0XoOpoHHe
ma pe3epeHe 3eM/IeKopuUCMy8aHHs1 MPUPOJOOXOPOHHO20 3Ha4YeHHsI MOXXYymb 6ymu eu3sHa4eHi sik cnpusimiuei. Ceplio3HUM cmMpuMyo-
YUM YUHHUKOM ¢hOpMYyeaHHsI eKOJ102i4HO20 KapKacy € eK/THo4eHHs1 3o cucmemu 3eMsieKopucmyeaHHs! eK0J102i4HOI Mepexi cinbcbko2oc-
nodapcbKux y2iob. Y 38'A3Ky i3 UUM cmMeopeHHsI NPUPOOHO-eKOJI02iYHO20 KapKacy cucmemu 3emsiekopucmyeaHHsi Cymcekoi obnacmi
YkpaiHu ma iHwux pezioHie HUHI 6inbWOoro Miporo 3anexums eid po3eumky i B00CKOHasIeHHsI MPaso8uUX MexaHi3Mie.

BucHoBKMU. Y 3emesnbHOMy ma npupodoOXOpOHHOMY 3akoHoOaecmei Mmae 6ymu 3aKpinseHo noHssmmsi "eKosoz2i4Hull kap-
Kac", "e;leMeHmM ekosi02i4yHO20 Kapkaca”, "¢pyHKyioHasibHe sUKOpuCmMaHHs1 3emesib", "mpaHcghopmauisi pyHKUYioHasIbHO20 8UKOPU-
cmaHHs1 3emenib"”, o dacme 3MO2y 8U3Ha4YumMu 8idnoeioHi pexxumMu 3emMiekopucmyeaHHs, a MaKoX 3HU3UMuU aHmMpPono2eHHy Jito
Ha mepumopito iHOueidyanbHO OJisi KOXXHO20 esleMeHma Kapkacy. 36inbweHHs1 YacmkKu 3eMeslb, W0 8UKOHYyOMb cepedosuuiego-
pMyrodi ¢pyHKUiT, Mae cynpoeodxxyeamucsi dusepcudbikayiero ma iHmeHcugpikauicro 3emsiekopucmyeaHHsi Ha mepumMopisix nosa
npupodHo-eKos102i4HUM KapKacoM.

KnwuyoBi cnoBa: npupodHo-eKosnozidHull KapKac, 3eMIIeKOPUCY8aHHsl, eKOJI02iYHa Mepexa, eKosio2iyHa cmabinbHicms.

Bctyn

CTBOpEHHSA NPUMPOOHO-EKONOrNYHOr0 KapKkacy perioHy
TpaauuifnHO po3rnaaaeTbes K akTop NOSIMNWEHHSA eKono-
riyHoi o6CTaHOBKM M onTMMIi3auii 3eMnekopuctyBaHHs. Iig
BMMIMBOM MPUPOOHUX | aHTPOMOrEHHMX NPOLECIB, CNPUYMHE-
HWX MOAINOM HasiBHUX 3EMENbHMX Ta iHLUIUX NPUPOLHUX pe-
CypCiB 3 ypaxyBaHHSIM TepuTopianbHUX OCOGNMBOCTEN Y
npocTopi i 4aci, opMyeTbCA ChiMbHICTL rocnoaapCbkoro
XUTTSA, WO 3abesneyye LiniCHICTb i NeBHY i30M1bOBaHICTb Te-
puTopii. CTpykTypa 3eMneKkopucTyBaHHS, WO ckranacs Ao
TenepiwHbOro yacy, Bigirpae Krmo4oBy posb Yy (PopMyBaHHI
ekornorivyHoi cutyauii B Cymcbkin obnacti Ykpainu. [ns pe-
rioHy XapakTepHa HM3Ka ekornoriyHMx npobnem, 3BuYamHUX
Ansi CTapOOCBOEHOI TEPUTOPIT Ta 3yMOBIEHUX BUCOKUM piB-
HEM aHTPOMOreHHOro HaBaHTAXEHHA: Aerpagauis rpyHTo-
Boro nokpmey (Masiuk, Dziuman, & Matsiuk, 2024),

3abpynHeHHs BogHMX 06'€KTiB, 3MEHLUEHHS BWAOBOrO po3-
MaiTTsl Ta MiCUpb iCHyBaHHS BUAIB POCIMHHOIO i TBAPUHHOIO
cBiTy Towo. IMig OCHOBHOW KOHLenLie aerpagadii 3emenb
po3yMieTbcs BTpaTa hakTM4HOi abo NOTeHUIHOT NpoayKTH-
BHOCTI Ta KOPUCHOCTI 3eMni, a TaKoX 3HWXEHHS ii SKOCTi.
BoHa nepepbayae 3MeHLUEHHs1 BNacTMBOCTI 3eMrli BUPOO-
NSATN eKOHOMIYHI 6nara Ta BUKOHYBaTU OYHKLi, LLO CTPUMY-
I0Tb HaBkonuwHe cepeposuie (Cojocaru, & Abramov,
2023). Y cyyacHin cTpyKTypi 3eMmnekopnctyBaHHss CyMCbKOi
obnacti YkpaiHn nepeBaxatoTb 3eMii CinbCbkorocrnogap-
CbKOro Npu3HaYveHHs, Wo 3armMatoTb 6nm3sbko 71,2 % nnoLi
3emenbHoro ¢oHay (MiHicTepcTBO 3axucTy [OBKINNS Ta
npupoaHux pecypcis Ykpainu, 2023), 3 HUX BnacHe pinns
ctaHoBuTb 51,5 % (1,2 MnH ra), Wo cBiAYUTbL NPO BUCOKUMA
piBEHb CiNbCbKOroCNoAapCbKOro OCBOEHHS Ta HaAMIpHY po-
3opaHicTb il TepuTopii. CiHoXaTi Ta nacosuwa 3anmaroTb
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nmwe 18,8 % (447,2 Tnc. ra), a yacTtka 6araTopiyHux Haca-
OXeHb cTaHoBUTb ycboro 1 % (24,4 Tuc. ra).

5,6% 2:6%
13%

19,3%

CT1pykTypy 3eMernbHoro choHay perioHy Cymcbkoi obnac-
Ti YKpaiHm HaBegeHo Ha (puc. 1).

u Cinbcbkorocnogapchki yrigas
Nicw Ta iHWi nicoBkpWTI NnoLwi
3emni BogHoro doHay
3abypoBaHi 3emni

B [HWwi 3emni

71,2%

Puc. 1. CtpykTypa 3emenbHoro oHay Cymcbkoi o6nacti ctaHom Ha 2023 pik
(MiHicTepcTBO 3axMUCTy AOBKINMs Ta NPUPOAHUX pecypciB YkpaiHu, 2023)

HagmipHe po3wmpeHHs nnoLi pinni 3a paxyHoOK CXuro-
BMX 3eMefb NpU3Beno A0 MOPYLUEHHsI eKonoriyHo 36anaH-
COBaHOro  ChiBBIOHOLWLEHHS  3eMernbHuUX  yrigb:  pinni,
NpYpoaHUX KOPMOBUMX Yridb, NiCiB i BOAOWM, LIO HEraTUBHO
NO3HAYMMOCsa Ha CTIMKOCTI arponaHawadTiB Ta 3yMOBUIO
3HAYHY TEXHOrEHHY YpaXKeHiCTb NPMPOAHUX KOMMIEKCIB Ta
¢dopMyBaHHS €KONOrivYHOI cuTyallii.

ArpoximiyHa ouiHka rpyHTiB CyMcbKoi obnacTi Ykpainu €
O[Hi€l0 3 HaMBULLKMX B YKpalHi Ta CTaHOBUTb B cepeHboMY
51 6an (konuBaeTbcsl B Mexax 42-58 6Ganis). PoatouicTb
I'pyHTIB 06NacTi 3a Bka3aHO LUKAoK MOPIBHSIHO 3 iHLIMMM
perioHamu YkpaiHu Buwa 3a cepegHio. CyMcbky obnacTb
BiJHECEHO [0 perioHiB, SKi MalTb CepedHI0 4acTky

epofoBaHux I'pyHTis (20,8 %). Ha Teputopii Cymcbkoi obna-
cTi YKkpaiHn BusisneHo 739,8 ra gerpagoBaHux 3eMenb Ta
915,1 ra ManonpoayKTUBHUX 3eMernb.

OTxe, Ha cepeposuLledOpMytodi BUAN 3EMITEKOPUCTY-
BaHHs (Mepexa rnpupodHUX mepumopid, ujo ocobnueo oxo-
POHSIOMbBCS, @ MakoX 3eMrli 1ico8o2o ma 800HO20 ¢hoHOI8)
npunagae 20,6 % TepuTopii obnacti. He3axaroumn Ha Te,
Lo A0 cknagy mepexi NpupogHOo-3anoBigHOro oHAy BXO-
onTb 19 o06'ekTiB 3aranbHOAEpPKaBHOrO 3HAYEHHS NMoLLero
50456 ra (28,1 %) Ta 300 06'exTiB MiCLLIEBOr0O 3Ha4YEHHS NIo-
weto 128770 ra (71,9 %), ix peryniorouunii BNMB Ha eKoso-
rivHy ob6CcTaHOBKY HeEBeNukuiA (Tabn. 1).

Ta6bnuuys 1
CTpykTypa npupogHo-3anoBigHoro ¢oHay CymMcbKkoi obnacTti ctaHom Ha 01.01.2024*
06'ekTu NnpMpoaHo-3anoBigHoro poHay
3aranbHogepXaBHOro 3Ha4eHHs MicueBoro 3Ha4YeHHs Bcboro
HarimeHyBaHHs 06'ekTiB M3®P | Kinbkictb, oa. | Mnowa, ra Kinbkictb, oa. Mnouwa, ra Kinbkictb, oa. Mnouwa, ra
[MpupogHi 3anoBigHUKM 1 883 0 0 1 883
BiocdepHi 3anoBigHUKM 0 0 0 0 0 0
HauioHanbHi NnpypogHi napku 2 39575 0 0 2 39575
[eHaponoriyHi napku 1 21 3 5 4 26
PerioHanbHi nangwadTHi napku 0 0 1 98858 1 98858
3aka3HuKK, ycboro 10 9658 131 29181 141 38839
Mapky-nam'aTkn 2 312 21 332 23 644
CcafoBO-NapKOBOro MUCTELTBA
IHWi 06'ekTN 30 170 35 282
Pasom 19 50456 300 128770 319 179338

*Mpumimka: pxepeno (MiHiCTepCcTBO 3ax1CTy AOBKINMSA Ta NPUPOAHUX pecypciB YkpaiHu, 2023).

BinbLicTb unx Teputopin (98,8 Tuc. ra, abo 55,1 %) 3an-
MatoTb NPUPOAHI (KOMNNEKCHI) NaHALwad THI 3aKa3HWKN peri-
OHanNbHOMO 3HAYEHHS, Y KX HEMAE BUMYYEHHS TepuTopii 3
roCnoAapCbKOro BUKOPUCTAHHS, @ KOHTPOMb Hag AOTPUMaH-
HSIM MPUPOLOOXOPOHHOTO PEXMMY HEAOCTaTHbO CYBOPWMN,
Yepes He 3apeecTpoBaHi B AepXXaBHOMY 3eMerbHOMY Kafa-
CTPi OOMEXEHHS Y BUKOPUCTaHHI 3eMeNbHUX Ta iHWNX npu-
poAHUX pecypciB i GiopisHOMaHITTS.

MoBHoMacLTabHe BTOpPrHeHHs B YkpaiHy 3aBgae He3Bo-
POTHOro KaTacTpodpivyHOro BNNvBY Ha AOBKINMS, 30Kpema 3a-
OpyOHIOO4M  Ta  MOLWIKOMXKYHOYM  I'PYHTOBWMIA  MOKPUB
(MeHbLuoB Ta iH., 2024), WwWo nocuntoe npobnemy aerpagauii
r'pyHTiB (Tonkha et al., 2025), ix 3ab6pyaHeHHs. CTyniHb eko-
noriyHoi Hebe3neku TepuTopii, Ha SAKil BinOyBatoTbCA GOMOBI
Jii, BU3Ha4YaeTbCA Hacamnepes piBHEM NPU3EMHNX KOHLEH-
Tpauin 3abpyAHIOBanNbHUX PEYOBUH, WO MOTPanfsioTb Y
npupoaHe cepeposuLle (Bilyi et al., 2025). Mpsame Bny4aHHs
CHapsgiB, 3ropina BilNCbkOBa TeXHika Ta HadTONpPoAyKTU
pynHytoTb ekocucteMy (MeHbLUIOB Ta iH., 2024).
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MeTtoou

MpoBeaeHe AoCNimXEeHHS NIATBEPLAXKYE MOXIUBICTb OLi-
HKM NepcrneKkTuB hopMyBaHHS €EAUHOIO NPUPOAHO-EKONOriY-
Horo kapkacy Cymcbkoi obnacTi YkpaiHM Ha OCHOBI JaHUX
perioHanbHOi ekonoriyHoi Mepexi. OuiHka CriBBigHOLLEHHSI
B Mexax agMiHICTpaTUBHMX YTBOPEHb Pi3HUX KaTeropin 3e-
MeInb Yn TUNIB 3EMIEKOPUCTYBAHHS B KOHTEKCTI MPUpoaoo-
XOPOHHOIO 3HaYeHHs1 3a KpUTEPIEM pPEecypcoCnoXuBalye
(Skliar et al., 2021) (pecypcoekcnnyaTyioue), cepefoBuLLe-
OXOPOHHE Ta pe3epBHE 3eMIEKOPUCTYBaHHSA Oa€ 3MOry BU-
pobuTn pekomeHaauii wWoAo TpaHcdopmauii CTPYKTypu
3emnekopuctyBaHHs (Makarova et al., 2023) gns nepese-
[EHHSA 3eMerb Y KaTeropito enemMeHTIB, SKi OXOPOHATLCS, i
OydepHNX 30H MPUPOLHO-EKOIONYHOIO KapKacy CUCTEMM
3€MIIEKOPUCTYBAHHS.

AHani3 cBiguMTb, WO 3eMIIeKOpUCTYBaHHA 00 hopMy-
BaHHS ekornori4Hoi Mepexi B CyMcbkili 06nacTi HanexuTb 4o
cTabinbHo HecTinkoro (Kekcr=0,39). EkonoriyHa ctabinbHicT
3eMIEeKOPUCTYBaHHS Micnsa (oopMyBaHHS 3€MIIEKOPUCTYBaHHS
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B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka

€KOororiyHoi mepexi Sk 6a30B0i OCHOBW NPUPOAHO-EKOOriY-
HOro Kapkacy peecTpauii y JOepXaBHOMY 3eMerlbHOMY
KagacTpi 0OMexeHb Y BUKOPUCTaHHI 3eMenb, 3rigHo 3 perio-
HanbHOI CXeMOK nepexoauTb OO0 cepedHboi cTabinbHOCTI
(Kekcr=0,54). 3emnekopuncTyBaHHs B Mexax Cymcbkini obna-
cTi nepebyBae B €KOMOMYHO KPM3OBOMY CTaHi, LLO CYTTEBO
BMMMBa€E Ha 340pOB'a niogen.

Pesynbtatun

PopmyBaHHSA NPUPOAHO-EKONONYHOro Kapkacy cuctemMu
3€eMIIEKOPUCTYBaHHS, 3a AOCMIIKEHHAMWN YKPAiHCBKUX yye-
HWUX, CNPUAMAETLCA K YUHHUK, LLO CMPWUSE MOMIMLIEHHIO
ekororivyHoi ob¢ctaHoBku (TpeTsik, TpeTsk, & MyHbko, 20163;
TpeTsik Ta iH., 20166). MNpunpoaHO-eKONOriYHUIA Kapkac — Le
CUHTE3 iCHYBaHHS MOAUHM Ta BUKOPUCTOBYBAHMX HEO Mpu-
poOHMX pecypciB 3 HaedeKTUBHILLMMWN MPUPOAOOXOPOH-
HUMK 3axogamn. MeToto KoHuenuii NpMpogHO-eKONOriYHOro
KapKacy € CTBOPEHHSI CUCTEMU HANEXHUM YUHOM OXOPOHHO-
BaHWX EKOJIONYHO B3aEMOMOB'A3aHMX NPUPOAHUX TEpPUTO-
pin, wo 3abesnevye 30epexeHHA (3@ HeobxigHOCTI
CaMOBIOHOBMEHHS) NpPUPOAHOro Giopi3HOMAaHITTS, YMOBM
Ans mirpauii pigkicHMX Ta 0co6nMBO LiHHMX BUAIB TBapuH,
opraHisauito cucteMu rpoMaachbkoi NiATPUMKM Liboro cpar-
MeHTa eKONoriYHoi Mepexi.

Takun nigxia cnpsimoBaHui Ha 3abe3neyvyeHHs1 rapMoHiii-
HOro NOEAHAHHA €KOHOMIYHMX, couianbHUX Ta €KOMNOrivYHUX
iHTepeciB y cdepi 3emnekopnctyBaHHsA. Baxnmeum acnek-
TOM LIbOrO NPOLIECY € BpaxyBaHHS NPUPOLHOI 1 eKONOrivHoi
CKNafoBOi TEPUTOPIN, SIka € HEBIA'EMHOK YACTUHOK 3eMe-
NbHOT cucTeMu KpaiHW. NS 3HWKEHHS aHTPONOreHHOro Ha-
BaHTaXeHHs Ta cTabinisauii ekonoriyHoi cuTyauii B perioHi
DOCNioXKeHHs1 NOTPIOHI 3MiHW y CTPYKTYpi 3€MIEeKOpUCTY-
BaHHA (Rybina et al., 2022), wo 3abe3neyvyloTb 3pOCTaHHS
YacTKn 3emenb, SKi BMKOHYIOTb cepegoBuLLedopmytoui
dyHkuii. OgHMM i3 BapiaHTiB e(peKTMBHOrO BNpOBaaXeHHS
HeobXigHUX 3MiH y CTPYKTYpY 3€MITEKOPUCTYBaHHs € dop-
MYBaHHS1 MPUPOOHO-EKOMONYHOrO KapKacy CUCTEMM 3emIe-
KOPUCTYBaHHS, SKUIA BKIOYAE AiNAHKN 3 Pi3HUMUW PEXNMaMM
3eMJIEKOPUCTYBaHHS, LIO YTBOPKE MPOCTOPOBO OpraHiso-
BaHy iHppacTpykTypy (Kapinos et al., 2021), ska niatpumye
ekornorivyHy ctabinbHicTb TepuTopii, 3anobiratoum BTpaTi Gio-
pi3HOMaHITTA Ta Aerpagauii naHawadTy.

BignosigHo go ctatTi 3 3akoHy Ykpainu "Mpo ekonoriyHy
Mepexy YkpaiHn" ekomepexa — "ue eguHa TepuTopianbHa
cucTema, fKa yTBOPIOETLCA 3 METOK MOMINWEHHS YMOB Anst
dopMyBaHHSA Ta BiAHOBMEHHS AOBKINMS, NiABULLIEHHS Npupo-
[OHO-PEeCypCHOro noTeHLjiany TepuTopii YkpaiHu, 36epexxeHHs
naHawadTHoro Ta Giopi3HOMaHITTS, MiCLib OCENEHHs Ta 3po-
CTaHHS LiHHUX BUAIB TBAPUHHOTO | POCAIMHHOIO CBITY, FeHeTu-
YHOro cpoHAy, WNAXiB Mirpauii TBapuvH 4Yepe3 MOeAHAHHSA
TepuTopi Ta 06'ekTiB NpupogHo-3anoBigHoro goHay, a Ta-
KOX IHLLUNX TEPUTOPIN, sIKi MalOTb 0COBNMBY LiHHICTb ANs 0X0-
POHW HaBKOMULLHLOIO NPUPOAHOrO CEpefoBULLA i BiANOBIAHO
[0 3aKOHiB Ta MikHapo4HUX 3000B's13aHb YKpaiHu niansraiTb
ocobnuein oxopoHi" (BepxoBHa Paga Ykpainu, 2004).

3riAHO 3 MONOXEHHSAMM L€l X cTaTTi 40 00'eKTiB ekoMe-
pexi HanexaTtb Teputopii Ta 06'eKTM NPMPOAHO-3anoBigHOro
doHay, BoOHOro ¢oHAay, NicoBoro oHAy, CinbCbKOrocno-
Japcbki Yrigas eKCTEHCUBHOrO BUMKOPWUCTaHHSA (nacoBuLla,
ciHoxarTi) Towo. CTPYKTYpHi enemMeHTn ekoMmepexi — e "Te-
putopii ekomepexi, Lo Bigpi3HATLCA 32 CBOIMU COYHKL-
amu. [lo CTPYKTYpHUX €eneMeHTiB eKkoMepexi HanexaTb
KrMoYoBi, crnonyyHi, 6ydepHi Ta BigHOBNOBaHI TepuTOPIi.
KntoyoBi TepuTopii 3abesneuvytoTb 36epexeHHs1 HanbinbL
LiHHUX | TUNOBUX AN AaHOro perioHy KOMMOHEHTIB NaHaLwa-
pTHOro Ta GiopisHoMaHITTA. Crnony4Hi TepuTopii (ekokopu-
[OpY) NOEQHYIOTb Mk  CoDBOl  KMO4oBI  TepuTopii,
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3abesneyvyoTb Mirpaio TBapuH Ta 0OMiH reHEeTUYHOro Ma-
Tepiany. BydepHi TepuTopii 3abe3nevyoTb 3axXMUCT KITHYOo-
BUX Ta CMOMyYHUX TepuUTOpPIN Bif 3OBHILIHIX BNMUBIB.
BigHoBntoBaHi TepuTopii 3abe3nevytoTe hopmyBaHHS Npoc-
TOPOBOI LIiNICHOCTI eKoMepeXi, ANS AKUX MatoTb 6yT BUKO-
HaHi NepLIoYeproBi 3ax0aM WoAo BiATBOPEHHSI NEPBUHHOIO
npupogHoro ctaHy" (BepxosHa Paga Ykpainu, 2004).
EkonoriyHa Mepexa — Le CYKYMnHIiCTb (PyHKLioHanbHO
Ta TepuTopianbHO B3aEMOMNOB'A3aHUX MPUPOAHUX TEPUTO-
pif, siki 0COBNMBO OXOPOHSIOTBLCS, YNPaBNATLCA Ha OC-
HOBi €AWHOI MOMITUKN N OPraHi3oBYIOTbCA 3 ypaxyBaHHAM
NPUPOAOHUX i couianbHO-eKOHOMIYHUX 0COBMBOCTEN peri-
OHY 3 MeTow 3abe3neyveHHsi 36epexeHHs!, BiAHOBMEHHS Ta
NiagTPUMaHHSA NPUPOAHOIT piBHOBArn HaBKOJSIMLLHBLOMO cepe-
posua, GionoriyHoro Ta naHAWagTHOrO Pi3HOMAaHITTS.
[0ONoBHOIO METOI0 CTBOPEHHS Takoi Mepexi € popmMyBaHHs
06'eQHaHHs eKOrOoriYHO LiHHUX TepuTopii 3i 36epexeHoto
abo 6nM3bKOK A0 Hei NPUPOLHOK POCIIUHHICTIO, CUCTEMMU
€KOJOriYHUX KOpuaopiB 3 MeTO CTUMYINSLii yMOB AN 3a-
CeneHHsl Ta Mmirpauii Bugis, 3a6e3neyeHHs1 BUXXUBaHHS Ta
BiQHOBMEHHsI Nonynsiuin, 36epexeHHs 1 OXOPOHU cepeso-
BULLA X MPOXMBAHHSA. BM3HaAUYEHHs eKONoriYHMxX mepex
LLUMPOKO BMKOPUCTOBYIOTb BYEHI NS NNaHyBaHHS 3EMIEKO-
pPUCTYBaHHS 3 HagaHHsM MpiopuTeTy 36epeXeHHs npoc-
Topy (Jalkanen, Toivonen, & Moilanen, 2020). Nepesaramu
€KomoriyHoi Mepexi Big3Ha4aloTb BUPILLEHHSI Mpobnem iH-
TeHcudpikauii 3eMnekopucTyBaHHs Ta dparmeHTauii, Lo
003BONSA€ MpUMpPOAHMM MOMNyNsUisM BUAIB Ta 3HUKaKUYUM
cepefoBsuLiamM icHyBaHHA BWxMTU (Jongman, 2008). Exo-
norivHi Mmepexi € ePeKkTUBHUM BifobpaXKeHHAM CKnagHoCTI
NPUPOAHNX YrpynoBaHb i JONomaralTb BUSIBUTU MeXaHi-
3MU, WO CAPUSIOTL iX CTINKOCTI, CTabinbHOCTI Ta yHKLiO-
HyBaHHiO (Poisot etal., 2015). EkonoridHa Mepexa
HanNEeXuTb A0 CTPYKTYPU €KOMOTiYHUX KOMMOHEHTIB, siKi MO-
XXHa oTpuMaTi 3a AOMOMOrow reorpadivyHux i TeXHIYHMX
niaxoAis ons NiATPMMKM GiNbLUIOT KiNbKOCTI Aiana3oHiB eko-
noriyHoro pisHomaHiTTa (Ma, Teh, & Kho, 2024).
BuB4yeHHs cTpykTypun naHawadTy Ta disnko-reorpadiv-
HOro panoHyBaHHsSI € HEOOXiAHOK YMOBOK ANS CKMafaHHs
NPOEKTY EKOMOTMYHUX MEpPEX, OCKINbKN Oae 3MOry BUSIBUTU
Marno nopyLleHi NPUPOAHI TepUTOPIi, Lo MaloTb BENUKE 3Ha-
YeHHS 4Ns NiATPUMKM ekonoriyHoi piBHoBaru (Kapinos et al.,
2025). ['pyHTYIOUNCH Ha 3aranbHOMPUIHSTI YSIBEHHSIX NpO
€KOroriyHy mepexy YkpaiHu sik 6a3oBy OCHOBY MpPUPOAHO-
€KOroriYHoro kapkacy nepegbavaeTbCs, WO noTeHuian Te-
puTopii hopMye Moro oyHKUioHanbHi enemeHTn (TpeTsik,
TpeTsk, & M'yHbKO, 2016a). [lo 94p i By3niB (KMOYOBUX TEPU-
TOPIiA) MPUPOOHO-EKONONYHOIrO Kapkacy BiOHOCATb Hal-
MEHLU 3MiHEeHi LiANbHICTIO NMOAMHU TEpUTOPIi, OO0 SKUX Yy
CyMcbkin obnacTi YkpaiHu BKMOYEHi TepUTOpii NpUpoaHo-
3anoBigHoro doHAy, 3as3BMYyal HauioHaNbHOrO 3HaYeHHS.
OcKinbkn NpupoaHO-3anoBiaHMIA OOHA PerioHanbHoOro 3Ha-
YeHHs1 NpeaCcTaBnNeHN 3aKka3HKaMmn, TEPUTOPIT SIKUX He BU-
nyyarTbCsl 3 rocnoAapcbkoro obopoTy, BiAHECEHHS iX A0
sinep abo By3niB NpUpoOaHO-EKONOriYHOro KapKacy € HefoLli-
neHuM. [o cepeposulle HOPMYHOUMX TEPUTOPIN MOXYTb
OyTu BigHeceHi 3emni nicoBoro oHay, WO HanexaTtb A0
1-1 rpynu niciB i BUKOHYIOTb NepeBaXHO BOAOOXOPOHHI, 3a-
XWUCHi Ta 0340POBYI PYHKLT. AK eKonorivyHi Kopugopu MoXxHa
po3rnsgaT BOOOOXOPOHHi 30HM BOAHUX 06'EKTIB, LLIO MatoTb
0OMEXEHHS [0 3eMIIEKOPUCTYBaHHA. AK CMony4Hi eneme-
HTW MOXIMBE TaKOX BUKOPWUCTaHHS None3axmncHuX Nnicocmyr
y pasi BUMKOHAHHA HUMW (YHKUiT NigTPUMKM pPEYOBUHHO-
eHepreTU4HUX Ta iHpopMaLinHUX NOTOKIB Yy NaHawadTax.
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3akoH YkpaiHu gk 6aszoBa OCHOBa NpPUPOAHO-EKOSOriY-
HOro Kapkacy I'PyHTYETbCS Ha TPbOX (PYHKLiOHaNbHO B3ae-
MOZOMOBHIOKYMX KOMMOHEHTaX:

a) LeHTpanbHi 30HK (By3nn abo KIo4voBi TEPUTOPIi), AKi
3abe3neyytoTb ONTUMAarbHY KiNbKiCTb Ta SIKICTb €KOmoriy-
HOro NpocTopy;

6) kopuaopw (TpaH3uUTHI TepuTopii), Wo 3abe3nevyoTb
HeoOXiaHUI B3aEMO3B'A30K MiX KMIOHOBUMU TEPUTOPISMU;

B) OydepHi 30HM (BydepHi TepuTopii), NpusHayeHi ons
3aXMUCTY KMOYOBUX i TPAH3UTHUX TEPUTOPIN Bif MOTEHLINHO
Hebe3neyHnX 30BHILLUHIX BMMBIB.

KOMMoHeHTW eKonoriYHoi Mepexi BUKOHYIOTb TpU (DYHK-
uii (puc. 2), a came:

1) 3abesneyeHHst oNTUMarbHOI JOCSKHOCTI KiNIbKOCTI Ta
SIKOCTi €KOOriYHOro MPoCTopy Yepes By3nu abo kno4osi Te-
pUTOPIT;

2) 3abesneyeHHst Ta 34iNCHEHHS HeobXigHOro 3B'A3KY
MK KITIOYOBUMW TEPUTOPISIMU Yepe3 TPaH3UTHI Teputopii;

3) 3axuCT KNIOYOBUX Ta TPaH3UTHUX TEpUTOPIN Big Mo-
TEHUiNHO Hebe3neyHnx 30BHILLHIX (PaKTOpiB BNIMBY 4epes
OydepHi 30HM.

JTiHiHHHH CITOTYYHHH e1eMeHT

TTpoMiKHHH
GioTon \

[ APOBi 30HH
GydepHi 30HH

CHO.‘Iy‘IHj €JIEMEHTH

JlaramadTHA
MaTpHIIA

Puc. 2. JloriyHo-3MicTOBHa cxema CYyTHOCTi chyHKLiOHaNnbHMX KOMMNOHEHTIB €KOMNOri4HOI Mepexi
sik 6a30BOi OCHOBM NpupoAHo-eKonoriyHoro kapkacy (Kohler, 2023)

BuaHavaroumn cneumndiky BUKOPUCTaHHSA 3eMeflbHO-pecy-
PCHOro MOTEeHLjany B Cy4aCHUX PUHKOBMX ymMOBaXx, HeobXi-
AHO BpaxoByBaTW caMe OCOBNMBOCTI 3eMili SIK YHiKanbHOro
npupogHoro o6'ekTa, I'pyHTY, SKUIA € LiHHUM PecypcomM, Lo
BaXKO BigHOBMIOETbCA (Apostu et al., 2024), wo 06'ekTNBHO
BMMarae B OyOpb-gKi couianbHO-€KOHOMIYHIA CTPYKTYpi ak-
TMBHOMO Ta Pi3HOBIYHOrO BTPYyYaHHS OpraHiB AepXaBHOro
ynpaBniHHA B po3noin, nepepo3noin, BUKOPUCTaHHS i Big-
HOBMEHHS 3eMerbHUX PeCypCiB.

Baxnueow knacudikauinHO O3HaKOK iHTEHCUBHOCTI
BMKOPWCTaHHSA 3eMernbHMX Ta iHWWX NPUPOOHUX PECYPCIB i
BNNMBY Ha 6iOPi3HOMaHITTS € CTYNiHb rOCNOAAPCLKOro OCBO-
€HHs TepuTopii (TpeTsk Ta iH., 20166), sika noginsATbLCS Ha
TPWU OCHOBHI rpynu: 1) nepeBaxHO cepefoBULLIEOXOPOHHOIO
BMKOPUCTaHHS Ta €KONOriYHOro pesepsy; 2) eKCTEHCUBHOIO
rocnoAapCbKOro BUKOPUCTaHHS; 3) iIHTEHCUBHOrO rocnogap-
CbKOr0O BUKOPUCTAHHS.

TunonoriyHWi NoAain 3eMneKkopucTyBaHHS YTBOPHOE Te-
puTOpianbHy CTPYKTYpY 3eMIIeKOpUCTYBaHHs. Baxnuse
3HAYEHHS Y CTPYKTYPi 3EMNEKOPUCTYBaHHA Mae CniBBigHO-
LLEHHSA TMNOMOriYHUX BUAINIB, CYMICHUX i3 KaTeropismu 3e-
Menb i SKi MalTb pi3HY BapTiCTb, E€KOMOriYHY LiHHICTb,
Pi3HWI CTYMiHb iHepUIAHOCTI i MiHNmnBoOCTI. [lani xapakTepuc-
TUKM AA0Tb 3MOry NpeAMeTHO OBrpyHTYBaTV Hanpsimu padi-
oHanisauii  3eMIeKOpUCTyBaHHA Ta  NepentM  Big
TUNOMOrYHOI andpbepeHuiauii 4O TepuTopianbHO-NPOCTOPO-
Boro nnaHyBaHHA (Perry et al., 2002) po3BuTtKy npupogoo-
XOPOHHOTO 3eMIIEKOPUCTYBaHHS.

Ak MmoaenbHuI perioH obpaHo CymcbKy obnactb Ykpa-
THW, sika po3TalloBaHa B MeXax ABOX NMPUPOLHO-KNiMaTu4-
HMx 3oH: [Monicca Ta [licocten. [pyHTOBWIA NOKPUB
npeacTaBneHnin YopHO3eMaMu TUMNOBKMMM, ONiA30NEHNMMU,
OEepHOBO-NIA30MNCTUMM, SACHO-CIpUMW, CipUMU  NICOBUMM,
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TEMHO-CipUMM NiCOBUMM I'PyHTaMM i 3gaTeH NOBHICTIO 3a40-
BONMbHUTK NOTPebu obnacti y BUpoObHMUTBI pOCNMHHOIO 6i-
Ky, WO BUKOPUCTOBYETbCS  GesnocepeaHbo  Ans
XapyyBaHHS niogen Ta BigrodiBni CinbCbKOrocnogapCbkux
TBapuH. 3a gaHMMu perioHanbHoOI AoNoBiAi NPo cTaH HaBKo-
NVLWHBOrO NpMpoaHoro cepeposua B Cymcbkin obnacTi Yk-
paihm y 2023 p. (MiHicTepcTBO 3axucTy [OBKINAs Ta
npupoaHux pecypcie Ykpainm, 2023), 3aranbHa nnowa cinb-
CbKOrocrnoAapChbK1X yrib CTaHOBUTb 1,7 MIIH ra, y TOMy Yucni
pinni — 1,2 MiH ra. 3araneHa nnotua 3emenb MicoBoro oHay
Cymcbkoi obnacTti YkpaiHm ctaHoBuTb 452,1 Tnc. ra, 3 siKmx
BKPUTO FiCOBOIO POCNUHHICTIO 425 Tuc. ra. 3aranbHa nicuc-
TicTb obnacTi csirae 17,9 %, wo Ha 2 % bBinbLue, Hix cepeaHs
no YkpaiHi. Ha ogHoro xutens obnacti npunagae 0,42 ra
nicy. 3a nnoweto nicoBoro oHAy obnacTb nocigae aes'ste
Micue cepep obnacTen YkpaiHu.

Ak npuknag y (tabn. 2) npyBeaeHO XxapakTepucTUKy 3e-
mnekopuctyBaHHst Cymcbkoi obrnacTi YkpaiHM B KOHTEKCTI
NPUPOLOOXOPOHHOTO 3HA4YEHHS ab0 MOXXIMBOIO BiAHECEHHS
[0 Takoro.

Ak nokasye aHani3 (tabn. 2) B Cymcbkint obnacTi Ykpainu
ctaHom Ha 2021 p. HanivyBanocs 943,7 Tuc. ra, abo 39,6 % 3e-
Menb NPUPOLOOXOPOHHOIO 3HAaYEHHs Bif 3aranbHoi nrow. Lie
3EeMMEKOPUCTYBaHHSA XapakTepusyeTbcs sK: 1) pecypcocro-
XuBatove (pecypcoekcnnyarytode) — 39,6 %, B T. Y. CinlbCbKO-
rocnogapcbkuii Tn — 30,1 %; 2) cepenoBuLLedopmytoye
(micueekcnnyaTytoye) — 2,7 %, B T. 4. (pOMaCbKo-KOMEpLLn-
HUM TvN — 2,7 %; 3) cepenosuLleoxopoHHe — 50,4 %, B T. 4.
npupogHo-3anosigHui Tun — 0,8%, NPUPOJOOXOPOHHUI pe-
cypcHosaxucHun tun — 17,9 %, nicorocnogapcbkuin —
28,4 %, Bogorocnopapcekuii — 3,3 %; 4) pesepsHe (3anacHe) —
7,3 %, B T. 4. TMN 3eMNEKOpUCTYBaHHs 3anacy — 7,3 %.
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MuTaHHs onTMManbHOI BiANOBIOHOCTI MiXX CTAHOM 3eM-
NEeKOPUCTYBaHHA Ta MOro peXxvMMoMm CYTTEBO BMNNMBAaE Ha
€KOIOoriYHNA CTaH 3eMIeKopucTyBaHHA. [Onsa BM3HAYEHHS
€KOIOriYyHOro CTaHy 3eMNeKopucTyBaHHA 4o i nicna gopmy-
BaHHs1 3eMNEeKOPUCTYBaHHA eKomnoriyHoi Mepexi B CyMcbkil
obnacti YkpaiHn npoBegeHO MOro OuiHIoBaHHS. Tak, Ha oc-
HOBi AaHux koediuieHTa ekonoriyHoi cTabinbHocTi (Kex.cm)
(TpeTsk, TpeTsk, & NyHbKO, 2016a; TpeTak Ta iH., 20166) npo-
Be[eHO po3paxyHok (Tabn. 3) ekonoriyHoi cTabinbHOCTI 3eM-
JIEKOPUCTYBaHHS ekornoriyHoi Mepexi B Cymcbkin obnacTi oo
i micns il doopMyBaHHS 3rigHO 3 JAHMMU pPerioHanbHOI CXeMu
(Cymcbka obnacHa paga, 2020).

AHania (tabn. 3) cBig4MTb, LLO 3eMNEKOPUCTYBaHHSA 0 i
nicns dopmyBaHHs ekornoriyHoi Mepexi B CyMcbkinn obnacri
YKpaiHn HanexuTb 0o cTabinbHo HecTilKkoi (Kex.cm=0,39).
EkonoriyHa cTabinbHICTb 3€MNEeKoOpUCTYBaHHs nicns dop-
MYBaHHS 3eMMNeKOPUCTYBaHHSA €KOMOrivYHOI Mepexi sk 6a3o-
BOi OCHOBM NMPUPOLHO-EKOSOrYHOro Kapkacy Ta peectpaduii
y depxaBHOMY 3eMenbHOMY KadacTpi 0OMeXeHb Y BUKOPU-
CTaHHSA 3eMenb, 3rigHO 3 perioHanbHOK CXEeMOK Nepexo-
OnTb [o cepefHboi cTabinbHocTi  (Kexcm=0,54). OTtxe,
3eMIIekopuCTyBaHHA B Mexax Cymcbkoi obnacti YkpaiHu
nepebyBae B €KOMOrYHO KPU3OBOMY CTaHi, LUO CYTTEBO
BMMMBa€e Ha 340POB's nogen.

3Baxatoum Ha Te, WO Teputopii 3 Hanbinbw cyBopuM
NPUPOAOOXOPOHHUM CTaTyCOM BKITHOYEHi OO cKnagy KIoyo-
BMX TepuTopin (saep) nepeabadyBaHOro Kkapkacy, a By3mnu
BKMNtOYaOTb BENUKI NICOBI MacuBm Ta NpMpPOAHO-3anoBigHNI
bOHA, perioHanbHOro0 3HaYeHHs, LiNiCHICTb NPUPOL4HO-EKO-
NOriYHOro Kapkacy CUCTEMMW 3eMMEKOPUCTYBaHHSA HE MOXe
OyTn 3abe3neveHa BHacCMiAOK BUCOKOrO CTYMEHsi NepeTBo-
peHoCTi TepuTopin, siki POpMyOTb NiHIAHI enemMeHTn Kap-
kacy. MNepepnbavyBaHi ekonoriyHi kopugopu 3aebinbLioro
PO3TaLLUOBYHOTLCS B MEXaXx Pi3HUX KaTeropiv 3emerb, Lo iH-

CinbCbKOrocnogapcoLKOro rocnofaapceTea, a B Aeskvx Bunaa-
Kax i 3emernb MPOMUCIIOBOCTI. B ymoBax AaHOro perioHy
npakTUYHa peanisauis NPono3nLin Woao popmyBaHHS npu-
POAHO-EKOOrNYHOro Kapkacy CUCTEMU 3eMIIEKOPUCTYBaHHS
30e6inblworo nepenbavae nepeBedeHHs 3eMefnb 3 OfHiel
KaTeropii B iHLUY, BKMOYaloUM HEMUHYYY B TaKMX BUNagkax
3MiHYy BracHuka 3emenb Ta BUPILLIEHHSI NMUTaHb EKOHOMIY-
HOro, NPaBoOBOro Ta aAMIHICTPaTUBHOIO xapakrepy. Y 3B'a-
3Ky i3 LMM aHani3 CTPyKTypu 3eMeKOpPUCTYBaHHS Ta OLjiHKa
noTeHujiany pisHNX kaTeropin 3emesnbs abo TUMiB 3eMrekopu-
CTYBaHHS € BaXXITMBOI YMOBOIO BMPOOEHHS pekoMeHaaLin
OO0 PEXMMY 3EMMEKOPUCTYBAHHS Pi3HUX OiNSHOK Npupo-
[HO-EKOMOriYHOrO Kapkacy CUCTEMU 3eMIeKOPUCTYBaHHS
Ons noro edpekTUBHOro OyHKLIOHYBaHHSI.

3a noTpebu nepeBedeHHs CiNbCbKOrOCNO4APCHKUX Yriab
3 IOpUAMYHOro Mornsdy MOXNMBE nig Yac CTBOPeHHs Gyab-
AKoi kaTeropii 3emensb. MNpy LLOMY MOXIMBE | NepeBeaeHHs!
pinni npy onTMMisauii CinbCbKOrocnogapcbkoro 3eMreKopuc-
TyBaHHSA (Skliar et al., 2021). [insa uboro i3 cinbcbkorocnoaap-
CbkOro 06OpOTY BUKIOYAKTLCS HaMeHLW edekTVBHI Ansi
BMPOLLYBaHHS CiflbCbKOrOCNOAAPCHKUX KyNbTyp AiNsHKU Ha
KOPUCTb anbTEPHATUBHOIO BUKOPUCTAHHS, TaKUX SIK Maco-
BuLa abo nig KoHcepBaLilo 3 METOK MoAanbLUIOro BigHOB-
NEHHs1 NPOAYKTUBHOCTI. Ha TakmMx TepuTopisix po3B'a3yroTbCs
npobnemMy BigHOBIMEHHS EKOMOriYHOI piBHOBAarM Ha CUIbHO
MopyLUEHNX Ta Aerpagytoumx 3eMnsax 4nsi nocTynoBoro ix no-
BEPHEHHS Y Cepy 3eMIIEKOPUCTYBaHHS, BXE 5K ereMeHTU
NPUPOJHO-EKONOTIYHOTO KapKacy. Y LibOMY KOHTEKCTi onTuma-
NbHUM BapiaHTOM € BMKOPWUCTaHHS 3eMEnb, Ha SIKUX BiA3Ha-
YaETbCA HU3bKa BpPOXaWMHICTb (epodosaHi, 3abosioyveHi,
3acorneHi mowjo). Y To caMuin Yac BUAiNn1TM ManonpoayKTu-
BHi OiNSAHKM Y 30Hi NOLLMPEHHS poAYNX YOPHO3EMIB AOCUTb
CKnagHo. Y 3B'A3KY i3 LM rocTpo NOCTae NMUTaHHS €KOHOMIY-
HOT ePeKTUBHOCTiI BUKOPUCTAHHS TaknX 3emerb.

TEHCUBHO BMKOPUCTOBYIOTbCA HWHi: ansa
Tabnuuysa 2
XapakTepucTuKa iCHYI04Oro 3eMnekopmuctyBaHHsi Cymcbkoi o6nacTi YkpaiHu
B KOHTEKCTi MPUPOA0OXOPOHHOI0O 3Ha4YeHHs cTaHoOM Ha 2021 p.*
Ne Tunu Ta NiATUNY 3eMINIEKOPUCTYBaHHA B KOHTEKCTiI MPUPOAOOXOPOHHOIO 3HAYEHHS p— r:nou.l,a %
| Pecypcocnoxuearoye (pecypcoekcniyamyrode) 3eMneKopucmyeaHHsl 373,8 39,6
CinbcbkorocnogapCbkun Tmn 284.,4 30,1
1.1 I'PYHTO3aXUCHUI NigT1n -
1.2 CiIHOKOCO-MacoBULLHWUIA nigTvn (73,9 +194,3) 268,2 28,4
1.3 Mpucagnbuui nigTrn 16,2 1,7
1.4 CiNbCbKOroCnoAapCbkuii HeTpaauUIiHUIA NigTnn -
JliconpomucnoBui 89,4 9,5
Il Cepedoguuweghopmyroye (Micyeekcrniyamyroye) 3emmeKkopucmyeaHHs 25,9 2,7
2 "pomMaacbKo-KOMepLUiiHUIA TN 25,9 2,7
2.1 pekpeauinHuii MicbKoi pekpealii (3esieHi HacadxeHHs) niaTun 25,8 2,7
2.2 niKyBanbHO-KypOPTONOriYHMI NigTMn 0,1 0,0
Il CepenoBULLEOXOPOHHE 3eMNEKOPUCTYBAHHS 475,5 50,4
3 MpupogHo3anoBigHUn Tun 7,5 0,8
4 [MpYPOAOOXOPOHHUIA PECYPCO3aXUCHUI TUM 169,0 17,9
4.1 nigTvn 3eMIeKopUCTYBaHHS eKoMepexi 152,6 16,2
4.2 nimwn_ 38MI1eKOPUCTYBAHHS BOAOOXOPOHHIX 30H, NiCO3aXMCHNX CMYT, 130 14
MacuBiB BiHOBMNEHHS POAKYOCTi 3eMenb ’ ’
4.3 iCTOPUKO-KYNbTYPHWUI NigTvn 3,4 0,4
5 Jlicorocnogapcbekui 268,1 28,4
6 Bopgorocnogapcbkui 30,9 3,3
v Pe3epeHe (3anacHe) 3emsiekopucmyeaHHs 68,5 7,3
7 Tun 3eMNekopmncTyBaHHS 3anacy 68,5 7,3
71 nigTvn BigkpUTUX 3a60N04YeHnX 3eMenb 62,6 6,6
7.2 nigTvn 3emesnb 3 HE3HAa4YHUM POCITMHHUM MOKPUBOM 59 0,6
Bcboro 943,7 100,0
lNMumoma eaza eid 3a2asibHOI nnowi o6nacmi 39,6
*Mpumimka: CchopmoBaHO aBTopamu Ha OCHOBI AaHux [onoBHoro ynpaeniHHA Oepxreokagactpy Cymcbkoi obnacri.
Tabnuys 3
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Po3paxyHoOK eKonoriyHoi cTabinbHOCTI 3eMneKopuUCTyBaHHA A0 i nicnsi popMyBaHHS €KONoriuyHoi Mepexi
B Cymcbkilt obnacTi YkpaiHu ctaHom Ha 2021 p.*
A Koed. ek. cTab. Mnowa (1), Oo6yTok
3emenbHi yrians (Ke,i),,,) yrigb*. THUC. rgn) (nx %ﬂ.)
1) EkonoziyHa cmabinbHicmb 3emsiekopucmyeaHHs 00 ¢hopMyeaHHs1 ekosio2iyHoi Mmepexi 3a daHumu 3K
Cinbcbkorocnogapcbki yrigas, 3 HUX:
pinns 0,14 1226,3 171,7
baraTtopiyHi HacamkeHHs (cagm) 0,43 24 4 10,5
ciHOXarTi 0,62 280,4 173,8
nacosuuia 0,68 166,8 113,4
MMig rocnopapcbkrMm WNsixamu, CinbCbKOrocnonapcbkmm 010 39.6 40
Ta iHWKUMK rocnogapcbkMmMm byaisnsamu i ABopamu ’ ! !
Jlicu Ta iHWi NicoBKpUTI NNowi 0,80 409,0 327,2
Jlic NpMpoAOOXOPOHHOIO 3HAYEHHS 0,90 51,9 46,7
3emni 3abygosu 00,0 84,6 0,0
Mig Bogoto Ta 3abonoyeHi 3emni 0,79 93,5 73,9
IHWi 3emni 0,50 5,9 3,0
3aranbHa nnowa 0,39 2383,2 924,1
2) ExonoziyHa cmabinbHicmb 3eMneKkopucmyeaHHs1 eKos102i4Hol Mepexi 32i0H0 3 daHUMU pez2ioHanbHOI cxeMu
Cinbcbkorocnogapcbki yrigas, 3 HUX:
pinns 0,14 1226,3 171,7
baraTtopiyHi HacagpxkeHHs (cagum) 0,43 24,4 10,5
CiHOXaTi y cknagi ekomepexi 0,68 280,4 190,7
MacosuLa y cknagi ekomepexi 0,75 166,8 125,1
IMig rocnogapcbknmMu WNsxXamu, CinbCbKOrocnoaapCcbknumm 010 39.6 40
Ta iHLWMMK rocnogapcbkuMmn ByaiBnsamu i ggopamu ’ ’ ’
Jlicu Ta iHWi NiCOBKPWTI NNOLLi NPUPOAOOXOPOHHOIO 3HAYEHHS 0,90 44 4 40,0
3aXMCHi Nnicu 0,80 68,9 55,1
pekpeauiiHo-0340poBNi Nlicn 0,74 52,2 38,6
ekcnnyaTauiviHi nicn 0,68 130,0 88,4
iHLLIi NiCOBKPUTI NoLwi 0,74 157,9 116,8
3emni 3abygosu 00,0 84,6 0,0
Mig Bogoto Ta 3abonoyeHi 3emni 0,79 50,9 40,2
3emni BogHoro oHAy npubepexxHUX 3aXMCHUX CMyr 0,72 38,6 27,8
MpupogHo-3anosigHuii doHg (MN3P) 0,95 176,5 167,7
BOJOOXOPOHHI 30HM 0,68 295,5 200,9
IHWi 3emni 0,50 46,2 23,1
3aranbHa nnouwa 0,54 2383,2 1300,6

*Mpumimka: pxepeno (TpeTsk Ta iH., 2023).

Y mMexax 3anpornoHOBaHOro NPUPOLHO-EKOMOriYHOTO Ka-
pKacy cucTemMm 3eMIeKOpPUCTYBaHHS HaronoLwyeTbCs Ha BU-
KOPWUCTaHHI 3eMefbHUX yriab CIHOKOCIB i NacoBWMLL, Ha SIKUX
MatoTb BUKOPUCTOBYBATUCS EKCTEHCHBHI METOAM iX BUKOPU-
CcTaHHs. [NepeBefeHHa uuX TepUTOPIA 3 IHTEHCUBHOIO roc-
NogapcbKOro  BUKOPUCTAHHA B OWAAMMBUNA  PEXUM
BMKOPUCTaHHSI MOXe MOCTaBUTU N CyMHIB 4OGPOBINbHOCTI
bepMepChKMX rocnogapcTB Ta CinbCbKOrocnoaapcbkux nia-
NPUEMCTB Yy TakuxX 3axodax, Lo npu3Bene A0 HeraTUBHMX
€KOHOMIYHMX Ta couianbHux Hacnigkis (Tretiak et al., 2025).
BuB4eHHA nepcrneKkTuB 3MiHM XapaKkTepy BUKOPUCTaHHS 3e-
Merb, 3alHATUX HUHI Nig pinnto Ta nacoeula, NnotTpebye ao-
[OaTKOBOrO EKOHOMIYHOTO Ta MpaBOBOro OOr'pYHTYBaHHS,
TOMY nepenidyeHi 3eMenbHi yrigaa NoBUHHI po3rnsaaTucs K
3eMni i3 cepeaHiM NoTeHLianom Ans BKNOYEHHA 40 NpUpo-
[OHO-EKOOrivYHOro Kapkacy CUCTEMMU 3EMIEKOPUCTYBaAHHS.

TakuM YHOM, (POpPMYBaHHS MPUPOLHO-EKONONYHOrO Kap-
Kacy CUCTeMW 3eMIMeKOPUCTYBaHHS SIK EAUHOI TepuTopianb-
HOI CTPYKTYpW PperioHanbHOro pPiBHSA, LWIO BUKOHYE (OYHKLT
NigTPMMKM €KOOriYHOI CTabinbHOCTI, Yy perioHi noe'sisaHe 3
BENVKMMM TpyaHOLamm Ta noTpebye cuctemHoro nigxogy. B
YMOBax MepeBaXKaHHs CinbCbKOrocnoAapchbkux yriab BuWpi-
LUEHHS LibOro 3aBAaHHS MOXe pO3rNsifaTnUCst B KOHTEKCTI HO-
pmanisauii  CTpyKTypu  3eMenbHuUX  Yrigb:  HeobxigHo
06rpyHTYBaTU BUGIP OPHUX 3EMESb, BUKOPUCTAHHST SIKUX 30U-
TKOBE, ANs1 MOXITMBOrO NepeBefeHHs iX, Hanpuknaga, y kaTte-
ropito nacosuLy. Taki OpHi 3eMni MOXyTb pO3rnagaTucsa K
enemMeHTn pecTtaBpauiiHoro oHdy Ta BKIYaTUCA OO Npu-
POOHO-EKOMOriYHOro Kapkacy. Y 3B'A3Ky i3 UMM aKTyarbHUM
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3annLIaeTbCA NMUTAHHSA BAOCKOHANeHHs1 3akoHodaB4ol 6asu
LLIOAO perynoBaHHA 3emre- Ta NPMPOAOOXOPOHHOI ifnbHO-
CTi: OJHM i3 CepMO3HMX OOMEXeEHb 00 pearisaLii Npono3unLin
wono ¢opMyBaHHA MPUPOLAHO-EKOSONYHOro Kapkacy cuc-
TEMUW 3eMIIEKOPUCTYBAHHS € BIACYTHICTb ¥ 3aKOHOAaBCTBI MNo-
HATTA  "eKomoridHWMiA  Kapkac", "enemMeHT eKOJSoriYHoro
Kapkacy", "tyHKUioHanbHe BMKOPUCTaHHS 3eMenb", "TpaHc-
dopMauist PyHKLiIOHaNbLHOIrO BUKOPUCTaHHS 3eMernb".

[unckycis i BUCHOBKMN

MpoBeaeHe AoCNimKEHHS NIATBEPLAXKYE MOXIUBICTb OLi-
HKM NepcrneKkTuB hopMyBaHHS €AUHOIO NPUPOOHO-EKONOriY-
Horo kapkacy Cymcbkoi obnacTi YkpaiHM Ha OCHOBI JaHUX
perioHanbHOI ekonorivyHoi Mmepexi. OuiHka cniBBigHOLLIEHHSI
B Mexax agMiHICTpaTUBHMX YTBOPEHb Pi3HUX KaTeropin 3e-
MeIb Yn TUNIB 3EMIEKOPUCTYBAHHS B KOHTEKCTI MpUpoaoo-
XOPOHHOIO 3HaYeHHs1 3a KpUTEPIEM pecypcocnoXuBarde
(pecypcoekcnnyaTytoye), CEpefOBULLEOXOPOHHE Ta pe3ep-
BHE 3EMIIEKOPUCTYBaHHS ae 3MOry BMpobutyn pekomeHaa-
uii Wwono TpaHcdopMalii CTPYKTYpU 3eMMEKOPUCTYBAHHS
ONS nepeBefeHHs 3eMenb Y KaTeropilo enemeHTiB, siKi 0X0-
POHSOTBCSA, | BydepHMX 30H NPUPOAHO-EKONOrYHOro Kap-
Kacy CMCTEMU 3EMIEKOPUCTYBAHHS.

3a nigcymMkamum npoBeeHoi OLiHKM NepeayMoBu (hopMy-
BaHHSI MPUPOLHO-EKONONYHOMO KapKkacy CUCTEMU 3EMIIEKO-
pucTyBaHHsi B Cymcbkin obnacTi YkpaiHu MoxyTb OyTu
BM3HaYeHi sk cnpuaTtnvei. Ceprio3HMM CTPUMYHYUM YAHHW-
KOM (pOpMyBaHHS €KOMOriYHOro Kapkacy € BKIMHOYEHHS [0
CUCTEMU 3EMNEKOPUCTYBAHHSA EKOJOrYHOI Mepexi CinbCb-
KOrocnogapcbkmx yrigb. Y 3B'A3Ky i3 UMM CTBOPEHHSA
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NPUPOAHO-EKONONYHOrO Kapkacy CUCTEMU 3EMITEKOPUCTY-
BaHHA obnacTi YkpaiHu Ta iHLWMX perioHiB HUHI BinbLUo Mi-
POl 3anexuTb Bif PO3BUTKY i BOOCKOHANEHHS MpaBOBUX
MexaHi3MiB. BoueBuab, WO Yy 3eMenbHOMY Ta NpUpoLooXo-
POHHOMY 3aKOHOAABCTBi Mae BOyTu 3aKPINMEHO sk NOHATTS

"eKonori4YHWIM Kkapkac", "enemMeHT ekororiyHoro kapkaca", "tyHk-
LiioHanbHe BMKOPUCTaHHSA 3emenb", "TpaHcdopmauia yHK-
LiOHanbLHOrO BMKOPUCTaHHA 3emenb". Y uboMy BUNagKy
CTaHe MOXIMBUM BU3HAYEHHS Bi4NOBIOHWX PEXNMIB 3emIie-
KOPWCTYBaHHS, WO A03BOMNATb 3HU3NTU aHTPOMNOreHHY Aito
Ha TepuTopito IHAUBIAYaNbHO AN KOXHOro erlieMeHTa Kap-
kacy. 36inbLUMTK YacTKy 3eMeflb 3 OLLagHUM 3EMITEKOPUCTY-
BaHHAM y Mexax CymcbKkoi obnacTi YkpaiHu 3a KOpOTKMM
NPOMIXKOK Yacy HEMOXINBO, arne NoTPidHO 3A4INCHUTY peecT-
pauito TepuTopianbHUX 0OMeXeHb Y BUKOPUCTaHHI 3eMerb y
MexXax CTPYKTYPHUX eNneMeHTiB eKoMepexi Ta CTBOPUTU He-
obxigHe npaBoBe 3abesneveHHs. 3 iHworo 6oky, 36inb-
LLUEHHS 4acTKM 3emenb, Lo BMKOHYIOTb
cpepoBuLLEedOpPMYoYi OYHKLT, Mae CynpoBOLKYBaTUCS OM-
Bepcudikauieto Ta iHTeHcudikauieto 3eMnekopucTyBaHHS
Ha TepuTopisiX No3a NPUPOSHO-EKOIONYHUM KapKacoM.

BHecok aBTopiB: AHTOH TpeTsik — igesi, kKoHuenTyanisauis, me-
ToAonoris, HanucaHHs; BaneHtTuHa TpeTsk — KOHUeNTyanisauis, me-
Togonorisi, HanucaHHs; Haranisa KaniHoc — dopmanbHui aHanis,
nporpamMHe 3abe3neyveHHsi, Baniaauisi AaHux; BikTopia CTpenbHuk —
HanucaHHs (nepernsg i peparyBaHHs), Banigauis  AaHux;
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FORMATION OF THE NATURAL AND ECOLOGICAL FRAMEWORK OF LAND USE
AT THE REGIONAL LEVEL IN THE CONTEXT OF ENSURING ENVIRONMENTAL STABILITY:
METHODOLOGICAL AND METHODICAL APPROACHES

Background. Assessment of the ratio within administrative entities of different categories of land or types of land use in the context of
environmental value according to the criterion of resource-consuming (resource-exploiting), environmental and reserve land use allows developing
recommendations for the transformation of the land use structure to transfer lands to the category of protected elements and buffer zones of the
natural and ecological framework of the land use system.

Methods. The ecological stability methodology was applied, which makes it possible to assess the prospects for the formation of a single
natural and ecological framework of the Sumy region of Ukraine.

Results. Based on the results of the 1t, the prerequisites for the formation of the natural and ecological framework of the land use
system in the Sumy region of Ukraine according to the criterion of resource-consuming (resource-exploiting), environmental and reserve land use of
environmental value can be determined as favorable. A serious limiting factor in the formation of the ecological framework is the inclusion of the
ecological network of agricultural lands in the land use system. In this regard, the creation of a natural and ecological framework for the land use
system of the Sumy region of Ukraine and other regions now depends to a greater extent on the development and improvement of legal mechanisms.

Conclusions. The concepts of "ecological framework", "element of ecological framework", "functional use of land", "transformation of
functional use of land" should be enshrined in land and environmental legislation, which will allow determining the appropriate land use regimes, as
well as reducing the anthropogenic impact on the territory individually for each element of the framework. An increase in the share of lands that
perform environment-forming functions should be accompanied by diversification and intensification of land use in territories outside the natural and
ecological framework.

Keywords : natural and ecological framework, land use, ecological network, ecological stability.
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THE STATISTICAL SIMULATION OF DATASET IN 3D AREA
WITH PENTAMODEL TYPE VARIOGRAM TO RIVNE NPP GEOPHYSICAL MONITORING

(lMpedcmaeneHo yneHom pedakuyiliHoi kosezii 0-pom 2eon. HaykK, cm. docslidHukom OnexkcaHdpom MEHbLLOBUM)

Background. This paper presents a statistical modeling approach for three-dimensional spatial data using a pentamodel
type variogram, which provides an optimal mean-square approximation. The proposed method is applied to supplement
geophysical survey data for karst-suffusion processes in monitoring the density of the chalk stratum in the Rivne Nuclear Power
Plant (RNPP) area. A comprehensive set of geophysical investigations was conducted in the RNPP site area.

Among these investigations, radioisotope measurements of soil density and moisture around the constructed facilities are of
primary interest. However, the available observation dataset, derived from 29 wells using radioisotope methods, was insufficient
for high-resolution density characterization.

To address this limitation, a statistical modeling technique based on the pentamodel variogram was employed, enabling the
reconstruction of the random field representing the studied parameter at any point within the 3D domain of interest.

Me thods. A statistical model of the averaged density distribution of the chalk stratum within the study area was developed
using the spectral decomposition of random fields in 3D space. The algorithm allows for generating realizations of random fields
with predefined correlation structures, ensuring spatial discretization consistent with the required accuracy and resolution for
geophysical monitoring applications.

Results. An algorithm for statistical modeling of random fields with pentamodel type correlation functions was formulated
and implemented. Using the developed software, additional realizations of the random component of the chalk density field were
generated on a regular observation grid with the desired level of detail. A comparison of a set of correlation functions for one data
set in mean-square was performed. A statistical analysis of the simulated results was performed, including validation against the
original observation data and an assessment of the adequacy and convergence of the modeled fields.

Conclusions. The proposed statistical modeling method, based on pentamodel type correlation functions, provides a
robust framework for supplementing sparse geophysical datasets with high accuracy. This approach significantly improves the
reliability of density distribution estimates and can be effectively applied to geophysical monitoring and the interpretation of
spatially distributed geological parameters.

Keywords : Statistical simulation, pentamodel variogram, spectral decomposition, conditional maps, Rivne Nuclear Power

Plant (RNPP).

Background

The study of hazardous natural and anthropogenic
phenomena and disasters represents a critical scientific
challenge that requires the implementation of comprehensive
environmental monitoring systems, including geological
monitoring, supported by modern mathematical methods,
information technologies, and analytical tools. In the context
of monitoring potentially hazardous anthropogenic facilities,
several significant issues arise, such as the temporal and
spatial irregularity of data, incomplete databases, insufficient
data volume, and the need to supplement existing datasets
with the required spatial resolution without conducting
additional field investigations.

The theoretical foundations of statistical modeling
methods based on spectral decomposition of random fields
for solving various applied problems have been extensively
discussed in the literature (Yadrenko, 1983; Guyon, 1993;
Chiles, Delfiner, 2012; Vyzhva, 2003, 2011, 2021).

In several studies by the authors, practical investigations
were carried out using measured chalk density data within a
three-dimensional domain at the Rivne Nuclear Power
Plant (RNPP) site. Various correlation functions were
applied, including the Bessel correlation function (Vyzhva,
Demidov, & Vyzhva, 2013), the Cauchy correlation function
(Vyzhva et al., 2014b), the spherical correlation function
(Vyzhva, Demidov, & Vyzhva, 2020), the "cubic" correlation
function (Vyzhva, Demidov, & Vyzhva, 2024), and the
pentamodel type correlation function (Vyzhva et al., 2023).

In this study, we propose an enhanced method and
algorithm for numerical modeling of random field realizations
using pentamodel type correlation functions. It is worth
noting that statistical modeling methods for three-
dimensional random fields applied in Earth sciences have
been developed by numerous researchers, including
Mantoglou, & Wilson (1981), Wackernagel (2003), Emery
(2006), Webster, & Oliver (2007), Chiles, & Delfiner (2012),
and Tolosana-Delgado, & Mueller (2021), among others.
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Current challenges in monitoring karst-suffusion
Processes at the Rivne NPP. The problem of modeling
random fields in a three-dimensional domain arises when
addressing critical tasks of ecological and geophysical
monitoring. Over the years, a comprehensive series of
geophysical studies has been conducted in the area of the
Rivne Nuclear Power Plant (RNPP). Among these
monitoring activities, the most significant are radioisotope
investigations of soil density and moisture around the
perimeter of constructed facilities at the site. Soil density was
determined using the gamma-gamma logging method, while
soil moisture was measured by neutron-neutron logging.

Geophysical monitoring studies are conducted
periodically over an extended time within the industrial zone
of the Rivne NPP (Vyzhva et al., 2010). For the monitoring
program described in Vyzhva, Demidov, & Vyzhva (2013,
2014a), a key challenge was the need to supplement the
dataset obtained from radioisotope-based control of chalk
density variations within the industrial testing site using a
grid of 29 wells. A schematic representation of the measured
chalk density values and the well locations at the RNPP site
is presented in Fig. 1. These data are insufficient to fully
characterize the state of the chalk strata in the study area,
where karst-suffusion processes have been significantly
intensified by aggressive groundwater activity.
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Fig. 1. Observation points and chalk strata averaged density at industrial area of Rivhe NPP

In this study, we continue the development of three-
dimensional statistical modeling methods based on
correlation functions, specifically employing the pentamodel
type correlation function, which is well established in
geostatistical research (Chiles et al., 2005, Chiles, Delfiner,
2012; Vyzhva et al., 2023). This approach was applied to a
dataset of chalk density measurements collected from 1984
to 2002 across 29 wells at the RNPP industrial site at depths
of 28, 29, and 30 meters below the surface. The difference
between the density values from the input map and the trend
was primarily characterized as a stationary, homogeneous,
isotropic random field in three-dimensional space (Vyzhva,
Demidov, & Vyzhva, 2014a, 2014b, 2019).

In this paper, authors propose modeling the random
component within the three-dimensional domain using
spectral decomposition (Vyzhva, 2003, 2011) in combination
with a pentamodel type correlation function.

Statistical simulation of chalk density data at the
Rivne NPP. In this study, statistical simulation of chalk
density data at the Rivne Nuclear Power Plant (RNPP) site
was carried out for three depth levels: 28 m, 29 m, and 30 m
from the surface. During the analysis of chalk density data
at each level, it was found to be appropriate to separate the
deterministic and random components of the field. The
deterministic component was extracted using a curve
approximation method to identify the underlying trend. The
difference between the initial density map and the trend
generally represents a realization of a homogeneous
isotropic random field, which is a fundamental assumption in
this approach.
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The input data for each of the three levels can be
expressed as realizations of a random field in 3D space:
n(x,y,z), B=1,2,3;2z; = 28m, z, = 29m, z; = 30m, where
n(x,y,z;) = n;(r,0,@)in spherical coordinates (7,6, @), and
i — level numbers. For each level, the trend f;(r,6, @) and
the random component &;(r, 6, @) (commonly modeled as a
homogeneous isotropic random field in 3D space, also
referred to as "noise") were identified as follows:

ni(r' 9, (p) = fi(rl 9, (P) + Ei(rr 9, (P); i= 1r2r3-

Using statistical simulation, an extensive set of random
field realizations &;(r,0,¢) (i = 1,2,3) was generated for
additional points within the three-dimensional observation
domain. These simulated random components were
superimposed onto the corresponding trend functions
fi(r,0,9), i =1,2,3 to obtain refined estimates of chalk
density. As a result, the final stage of modeling provided a
more detailed and continuous representation of chalk layer
density within the study area at RNPP.

The adopted approach is based on statistical simulation of
homogeneous isotropic random fields in 3D space using
spectral decomposition (Vyzhva, 2003). This method enables
accurate reconstruction of the random component of the data
across the entire observation domain, thereby producing
realistic representations of chalk density variations.

Prior to constructing the model and implementing the
simulation procedure, a statistical analysis of the input data
was performed. If the three-dimensional data distribution
approximates a Gaussian law, the simulation procedure
developed in several works (Vyzhva, Demidov, & Vyzhva,
2013; Vyzhva, 2011) can be applied, in which realizations of
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the random field are generated from sequences of standard
normal random variables.

The statistical analysis of the chalk density data at
RNPP, obtained from 29 wells, demonstrated that the
histogram of the density distribution is approximately
Gaussian (Fig. 2). The proposed simulation methodology
also includes preliminary statistical processing to determine
the key statistical characteristics of the data, including the
correlation function model. When the Gaussian hypothesis

22

for the data field is confirmed, the mathematical expectation
and correlation function completely define the random field
in 3D space, enabling the construction of an adequate
statistical model based on spectral decomposition.

The principles of constructing statistical models and
simulation procedures for pentamodel type -correlation
functions have been described in detail in work (Vyzhva
et al., 2023) and are further discussed below.

20 | Number of observations

Z ?/‘

1,10 115 120 125

[

, 10% kg-nf

1,36 1,40 145 1,60 1,55

Fig. 2. Histogram of the chalky strata density (averaged data for all years of observation):
1 — the number of observations in a separate range of density, 2 — theoretical Gaussian curve

For the data correlation function B(p), where p is the
distance between the vectors x,y € R3(x =
(r,01,91),y = (n,0,,¢,)), statistical models were
selected to describe the density distribution of chalk strata
within the three-dimensional observation domain. The
correlation function was determined by comparing the root-
mean-square approximation between the empirical and
theoretical variograms derived from chalk density data.

As result, the input data was most adequately described
using of 3 types of correlation functions: the Bessel correlation
function (1) at the value of parameter ¢ = 5, the Cauchy
correlation function (2) at the value of parameter a = 1,
the spherical correlation function (3) at the value of parameter
a ~ 1,25% 1072, the "cubic" correlation function (4) at the
value of parameter a ~ 1,25* 1072 and the pentamodel
type correlation function (5) at the value of parameter
a =~ 2,4* 1072 (Vyzhva, Demidov, & Vyzhva, 2024).

The selection of these correlation functions was based
on their ability to minimize the discrepancy between
empirical and theoretical variograms, thereby ensuring the
best statistical fit to the observed chalk density data. The
Bessel and Cauchy functions demonstrated strong
performance in modeling long-range spatial correlations,
while the spherical and cubic functions effectively described
medium-range structures. The pentamodel type correlation
function has been explored to represent both local variations
and larger scale spatial continuity.

B(p) = |7 Ja(ep), ¢ =5, (1
where Ji(x) is the Bessel function of the first kind of order
k=1/2,

a4

B(P) = iy, a=1, )
3 p 1(p 3 X
B(p)={1_5 e+ esa 3)
0, p>a.
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B(p) = {1 S (I ) L (5)
0, p>a.

It is well established that a homogeneous isotropic
random field is characterized by a variogram y(p). In this
case, the variogram (Chiles, & Delfiner, 2012) is related to
the correlation function B(p) through the following
expression:

v(p) = B(0) — B(p). (6)

This relation reflects the dependence of the variance of the
difference between random field values at two points on the
distance between them. For p = 0, the variogram is zero, and
as p increases, it grows, indicating a decrease in correlation
between the random field values. Therefore, knowledge of B(p)
enables the construction of a variogram, which is essential for
modeling the spatial structure of the data.

Thus, the variogram of a homogeneous isotropic random
field is bounded by 2 B(0). Equation (6) demonstrates that if
the correlation function is known, the variogram can also be
determined. Conversely, if the variogram of a homogeneous
isotropic random field is bounded by a finite value, then y(p)
follows the form given in equation (6). If the variogram has a
sill, the value of B(0) must be chosen equal to or greater
than this sill. Therefore, knowing y(p) is equivalent to
knowing B(p).

The variograms of the three-dimensional chalk density
data at the RNPP were constructed using the R software
environment and the geoR package. The results correspond
to the following correlation functions: Bessel (1) correlation
function (the mean square approximation is 0,0008599),
Cauchy (2) correlation function (the mean square
approximation is 0,002816), spherical (3) correlation
function (the mean square approximation is 0,000480) and
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"cubic" correlation function (4) (the mean square
approximation is 0,001360). Variograms plots were
presented at Fig. 3(a), that according to Bessel type of
correlation function, at Fig. 3(b), that according to Cauchy

type of correlation function, at Fig. 3(c), that according to
spherical type of correlation function for the random
component of investigation 3D data.
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Fig. 3. Empirical (crosses) and theoretical (curve) variograms for input data of the chalky strata, that corresponding to the:
(a) the Bessel (1) correlation function; (b) the Cauchy (2) correlation function;
(c) the spherical (3) correlation function; (d) the "cubic" (3) correlation function

The built empirical variogram (Fig. 4) of input chalky
strata density 3D data at the Rivne NPP has the best
approximation by theoretical variogram which is connected
to the pentamodel type correlation function (5) with
parameter a =~ 2,4 * 1072,

We have, that the constructed variogram of realizations
in the studied territory (Fig. 5) has sufficiently adequate
approximation by the theoretical variogram, which is
associated with a pentamodel type correlation function
(a mean square deviation is 9,35 * 10™%).

Methods

Model, the spectral representation of homogeneous
isotropic random fields in the 3D area, approximation
theorem. Some theorems from the spectral theory of
random fields now we present. We consider a real-valued
homogeneous isotropic random field &(r, 0, @) in the three-

=~
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dimensional area, here r, 0, @ are spherical coordinates. It
was previously proven (Yadrenko, 1983; Vyzhva, 2003;
Vyzhva, 2011, p. 208) that square-mean continuous real-
valued isotropic random field §(r, 0, ), that is in 3D
Euclidean space R®, admit the spectral decomposition by
spherical harmonics.

The correlation function B(p) of the homogeneous
isotropic random field &(r, 0, @) in three-dimensional area
depends on distance p between the vectors x and y, where
x,y € R3, these vectors are given as follows x,y € R3,
x=(r1,01,91), ¥y = (12,0;,9,):

p=r1y 2(1—cosy) = rsin(P/2),
where cos { is angular distance between vectors x and y,

where x,y € R3:
cosy = cos0,cos0; + sinB;sinB,cos(@p; — @,).
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Fig. 4. Empirical (crosses) and theoretical (curve) variograms
of input data arrays of chalk layer density, corresponding to
pentamodel type correlation function (a ~ 2,4 = 1072)

However, the spectral decomposition of considered
random field is used to solve the problems of statistical
modeling of realizations of a random field in three-
dimensional space, where real-valued random variables
occur. Let us present a theorem where the considered
spectral distribution is applied.

Theorem 1. Let a mean square continuous realvalued
homogeneous isotropic random field §(r, 6, ¢) is in 3D space
with zero mean. Then this random field admits (Vyzhva,
2011, p. 210) such decomposition:

§(r,0,¢) =
=Xm=0 X120 Cm1 Pn(cos®) [gh, 1(1) cos Lo + 63, »(r) st le], (7)
in the spectral decomposition (7) the symbols B4, m, &y,
mean: B} is associated Legendre functions of degree m, &,,,
are constants sequences and are calculated by the formula:
—_ !
=i % oy em D=l (2 ®

random processes sequences {¢}, (1)}, k=1,2:
l o)1)
sh () = |

— = Zpn(dh),
0o (Ar):
such that satisfying the following conditions:
1) Mg‘in,k(r) =0;
2) Mg, 1(r) o, 1 (1) = 81 8% 8 b (1), )
in the conditions 1) and 2) of the form (9) Sm' is Kronecker
symbol, b,,,(r) are the spectral coefficients and {Z},(.)}isa
sequence of orthogonal random measures on Borel subsets
from the interval [0,+x), i.e.
E Zh(S)) Zp(S;) = 8 81 (5, nS,)

for any Borel subsets S; and S,, here ®(}) is the bounded
nondecreasing function so-called spectral function of
random field &(r, 6, ).

The spectral density of homogeneous isotropic random

field &(r, 0, @) is determined by formula f(1) = d®(1)/dA
and also it is obtained by correlation function of this random

field as integral:
F) =2, pAsm(p) B(p) dp. (10)
The spectral coefficients b,,, () of random field §(r, 0, @)
considered in three-dimensional space are defined by the

spectral density f(A) of this random field in the way:
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Fig. 5. Empirical (crosses) and theoretical (curve) variograms
of simulated data arrays of chalk layer density, corresponding
to pentamodel type correlation function (a ~ 2,4 x1072)

o S 200)

bn(r) = f;7 TE—FN)dA. (11
The statistical simulation of homogeneous isotropic

random fields in the 3D space on the basis the spectral

decomposition (7) coefficients (11) are considered further.

En(,8,0) = %:0 Xim0 Cm PTL(COSQ)[Cin, 1(r) cosle +
+ Tk, 2 () slihl(p], N €N. (12)

Further we used mean square estimate from the paper
(Vyzhva, Demidov, & Vyzhva, 2018). The following theorem
is based on the results obtained in (Vyzhva, Demidov, &
Vyzhva, 2018).

Theorem 2. Let a mean square continuous realvalued
isotropic random field §(r, 6, @) on the sphere S;(r) in 3D
space with zero mean (r —radius of sphere). If p; < +oo,
then the mean square approximation of this random field by
model (10) is such that

M IE(r,0,9) — & (r 6, 0)12 < Ty, (13)

where
pg = fy Mo (@) (14)

If we proposed, that r (radius of sphere) is not fixed, then
the random field §(r, 8, @) is in 3D Euclidean space R®.

Based on the model (12) and estimate (13), the
algorithm for the statistical simulation of realizations of
Gaussian homogeneous isotropic random fields &(r, 6, @) in
3D Euclidean space R®was constructed. We have described
this algorithm.

In this paper we constructed the algorithm for the
statistical simulation of Gaussian homogeneous isotropic
random fields on three-dimensional space with pentamodel
type correlation function of the form (5).

The spectral density is obtained for pentamodel type
correlation function (5) by means the formula (10) and then
we have:

1 =2|(5 + 25 — ) cos00) — (555 -
270) sh0a) + -2 270].

—_ P —_

324 526 (15)
as\ asA

The spectral coefficients, which correspond to the
pentamodel type correlation function (4) of homogeneous
isotropic random field §(r,6,¢), are calculated by the
formula (11) and we have:
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b ()_ifoo]fn+%0\r)[(5_a 105_270) (ha) —
mT _Snr 0 A 2 Tt asps) COSWAA
1 270 30 270
(55— 25 sm(ha) + o — 2ot d. (16)
These spectral coefficients b,,(r),m =0,1,2,..N

from (16) are calculated by Mathematica software for
density chalky strata data.

Results

The statistical simulation procedure of random field
in 3D area with the pentamodel type correlation
function. In this paper we generated the realizations of
homogeneous isotropic random field in 3D area with the
pentamodel type correlation function (5) at the values of
parameter a ~ 2,4 1072, By the technique of spectral
decomposition and finding of spectral coefficients the
statistical simulation of density chalky strata data at the
Rivne NPP object was performed.

By means of the abovementioned model (12), which is
described in (Vyzhva etal., 2023), the procedure of
numerical simulation the realizations of the 3D data field
random component with the pentamodel type correlation
function was conducted.

For the constructed model the value of number @ is
determined by the inequality, which is the estimate of the
mean square approximation of random field §(r, 0, @) by
partial sums &(r, 6, ). This number N corresponds to the
prescribed small number ¢ (approximation accuracy). The
mentioned inequality was obtained in theorem 2.
Consequently, the estimate of the mean square

fK 5aA3+105 270 0a) (
), 2 asA  a°A3 cosiaa

The spectral coefficients b,,(r), m=0,1,2,..N are
calculated for the pentamodel type correlation function (5)
as integral (16).

2. Simulate the sequences of independent Gaussian
normal random variables:

{ Crln,k(r)}:
k=1,2,m=20,1, 2,... N;I= 1,..., m;
that satisfying the conditions (9) with spectral coefficients (16).

3. Calculate the realization of the stochastic random field
§(r,0,¢) by formula (12) in given point (7;,6;,¢,),
i=12..,j=12..6p=12..P in the 3D
observations area by means of substituting in it values
numbers N and sequences of Gaussian random variables
from the previous items 1, 2 and 3.

4. Check whether the realization of the random field
&(r,0,¢p) generated in step 4 fits the data by testing the
corresponding statistical characteristics (distribution and
correlation function).

By means of this algorithm the statistical simulation of
realizations of the Gaussian isotropic random fields £(r, 6, @)
with pentamodel type correlation function can be done.

Note that the procedure can be applied to random fields
with different type of distribution. Then the sequences of
random variables {¢;;(r),i = 1,2;k = 0,1,2,...,N(r, €) } must
be distributed according to the appropriate distribution type.

The original Spectr software, developed in Python, was
designed to generate realizations of random fields in a three-
dimensional domain based on the results of statistical data
processing and the described simulation algorithm. In this
software, the pentamodel type correlation function (5) with
the parameter a ~ 2,4 x 10~2 was applied. Using Spectr,
realizations of the random field é(r, 6, ¢) were computed for
100 points at each of the three observation levels (r;, 6}, ¢;),
i=12,....I;j=1,2,...,G; p=1,2,...,P within the three-

2
M3 =
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approximation of the random field §(r,6,¢) with the
pentamodel type correlation function (5) by the partial sums

£(r, 0, @) has the following representation:
3

5
MIE(r,6,0) —Ex( 8@ < T,

where
2 (K [(5aA® 105 270 51
o =2 [ [ (55 + 255 — ) cosOha) = (5 -
270 30 270
m) Eh()\a) + PE ﬁ] dA, K = const. (17)

We define the dependence of the number N on r and ¢
in the case of correlation function of the pentamodel type (5)
in the form of an inequality:

N(r€) > /5’2‘:3 M. (18)

The statistical simulation procedure of Gaussian
homogeneous isotropic random field §(r,6,¢) in 3D area
with the pentamodel type correlation function (5) was built
by means of the model (10) and the estimate (16). This
random field is determined by its statistical characteristics:
the mathematical expectation and the pentamodel type
correlation function B(p) of form (5) at the value of
parameter a ~ 2,4 * 1072,

Algorithm:

1. Natural number N (border of summation) is chosen
according to necessary accuracy € > 0 of approximation the
model (12) mentioned below:

5 3
: s (19
where
51 270 30 270
?_W) st(Aa) +ﬁ_ﬁ dA, K = const.

dimensional study area. Based on these realizations, a
statistical estimate of the correlation function was obtained.
This estimate was compared with the predefined
pentamodel type correlation function (5), which allowed for
a statistical assessment of the adequacy of the generated
realizations. The constructed variogram of these realizations
for the study area (Fig. 6) demonstrated a close fit to the
theoretical variogram associated with the pentamodel-type
correlation function. These results confirm that the selected
statistical model for the chalk density data at the RNPP site
is sufficiently accurate. Furthermore, the Specir software
developed for generating such random field realizations
ensures high precision in the modeling process.

The results obtained using additional modeling
procedures are presented in Fig. 6. Fig. 6(a) shows an
example of a chalk density map constructed from well
observation data (averaged over several years for 29 wells
at a depth of 28 m) using the Surfer software. However, due
to the limited number of measurements, the accuracy of
such a map is insufficient to provide a reliable
characterization of the chalk strata condition.

Fig. 6(b) illustrates the contours of equal chalk density
values generated based on simulation results, which include
the anchor borehole data obtained by calculating the
spectral coefficients of the pentamodel type correlation
function. Furthermore, the inclusion of 100 simulated values
in the intervals between observation points provides a more
accurate approximation of the density distribution. This
improvement allows for more informed decision-making
regarding the state of the chalk strata and helps identify
locations that require testing or additional research.

Similarly, the results of the simulation procedure for
borehole observation data (averaged over several years for
29 boreholes at a depth of 29 m) are presented in Fig. 7.
Fig. 7(a) displays a chalk density map created from
observation data using the Surfer software. Fig. 7(b) shows
contours of equal density values derived from the simulation
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data, which also incorporate the anchor borehole values. enabling a more accurate assessment of the chalk strata
The integration of 100 simulated values between the condition and supporting better-informed decisions for
observation points improves the approximation quality, thus further investigations.
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Fig. 6. The distribution of chalky strata density is on the industrial area of Rivne nuclear power plant at a depth of 28 m.
from the surface, according to (a) the averaged data of 29 observational wells over 1984-2004 years,
for (b) the simulated data that based on the values in secure wells by spectral coefficients the pentamodel type
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Fig. 7. The distribution of chalky strata density is on the Rivne NPP object at a depth of 29 m from the surface,
according to (a) the averaged data of 29 observational wells over 1984-2004 years,

for (b) the simulated data that based on the values in secure wells by spectral coefficients the pentamodel type
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Finally, the results obtained using the simulation
procedure for the observation wells (averaged data collected
over several years for 29 wells at a depth of 30 m) are
presented in Fig. 8. Fig. 8(a) shows an example of a chalk
density map constructed from the observational data using
the Surfer software. Fig. 8(b) displays contours of equal
chalk density values derived from the simulation results,
which include anchor well data. Furthermore, the addition of
100 simulated values in the intervals between the
observation points provides a more reliable approximation,
enabling a more accurate assessment of the chalk strata
condition and supporting informed decision-making.

A statistical evaluation of the correlation function was
performed for the simulated realizations of the chalk density
distribution within the 3D observation domain at the RNPP
site. This estimate was compared with the theoretical
pentamodel type correlation function (5) with the parameter
a =~ 2,4+ 1072, confirming the adequacy of the realizations

227
28

AR (XN

(b)

through statistical analysis. The constructed variogram of
these realizations for the study area (Fig. 5) closely matched
the theoretical variogram associated with the pentamodel
type correlation function. These results demonstrate that the
selected correlation model for the random component of the
data is sufficiently accurate and that the developed Spectr
software provides reliable performance for generating
random field realizations.

The pentamodel type correlation function provided the
highest degree of flexibility, allowing the representation of
both local variations and broader-scale spatial continuity.

The simulation process effectively supplemented sparse
observational data, improving the resolution of chalk density
distribution and the accuracy of geological interpretation.
Statistical analysis confirmed the adequacy of the proposed
model and its applicability for geophysical monitoring of
potentially hazardous sites.

p, 10% kg-m3

Fig. 8. The distribution of chalky strata density is on the industrial area of Rivne nuclear power plant at a depth of 30 m.
from the surface, according to (a) the averaged data of 29 observational wells over 1984-2004 years,
for (b) the simulated data that based on the values in secure wells by spectral coefficients the pentamodel type

Discussion and conclusions

Theoretical foundations, methodology, and procedures
for statistical modeling of random fields in a three-
dimensional domain using a pentamodel type correlation
function, which is optimal in the mean-square sense,
significantly enhance the efficiency of monitoring
observations in areas of potentially hazardous facilities. This
approach enables the interpolation and extrapolation of
parameter values between and beyond observation grid
nodes, providing a more accurate description of the three-
dimensional density distribution of chalk strata within the
industrial zone of the Rivne Nuclear Power Plant (RNPP).

The results presented in Vyzhva, Demidovji@l and Vyzhva
(2020) demonstrate that the accuracy of statistical modeling
of Gaussian isotropic random field realizations using a
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spherical correlation function is comparable to that achieved
with a pentamodel correlation function (4.8 x 107*). Thus,
although the statistical modeling method with pentamodel-
type correlation functions ensures the required accuracy, the
comparable results justify the use of the spherical model as
an alternative without significant loss of precision.

Previous studies by the authors (Vyzhva, Demidov, &
Vyzhva, 2013, 2014a, 2014b, 2019, 2020, 2023, 2024) have
shown that the proposed method can be effectively applied
to detect anomalous zones in the analysis of geophysical
parameters within a three-dimensional domain.

Beyond its value for geophysical investigations and
environmental monitoring tasks, this approach has proven
effective in identifying anomalous regions in various
geological datasets, including gravimetry and
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magnetometry. Furthermore, statistical modeling based on
random functions offers broad potential for applications in
related Earth sciences disciplines, such as environmental
magnetism (Menshov et al., 2015).

Authors' contribution: Zoya Vyzhva — problem formulation,
development of analytical expressions for the model, selection of
scientific novelty, formal analysis, methodology, review and editing;
Andriy Vyzhva — statistical modeling algorithm development, editing;
Vsevolod Demidov — review of publications, data processing,
conclusions, refinement and editing; Tetiana Shovkoplias — improved of
analytical expressions for the model.

References

Chiles, J. P., Aug, C., Guillen, A., & Lees, T. (2005). Modelling the
geometry of geological units and its uncertainty in 3D from structural data:
The potential-field method. In R. Dimitrakopoulos (Ed.), Orebody Modelling
and Strategic Mine Planning: Uncertainty Management Models (Spectrum
Series 14, pp. 329-336). The Australasian Institute of Mining and Metallurgy.

Chiles, J. P., & Delfiner, P. (2012). Geostatistics: Modeling Spatial
Uncertainty (2nd ed.). John Wiley & Sons, Inc.

Emery, X., & Lantuejoul, C. (2006). TBSIM: A computer program for
conditional simulation of three-dimensional Gaussian random fields via the
turning bands method. Computers & Geosciences, 32(10), 1615-1628.
https://doi.org/10.1016/j.cageo.2006.03.001

Guyon, X. (1993). Champs Aléatoires sur un Réseau. Modélisations,
Statistique et Applications. Techniques Stochastiques. Masson.

Mantoglov, A., & Wilson, J. L. (1981). Simulation of random fields with turning
bands method. MIT Ralph M. Parsons Lab. Hydrol. and Water Syst. Rept, 264.

Menshov, O., Kuderavets, R., Vyzhva, S., Chobotok, I., & Pastushenko, T.
(2015). Magnetic mapping and soil magnetometry of hydrocarbon prospective
areas in western Ukraine. Studia Geophysica et Geodaetica, 59, 614-627.

Tolosana-Delgado, R., & Mueller, U. (2021). Geostatistics for
Compositional Data with R. (Chapter: Compositional Direct Sampling
Simulation). In Geostatistics for Compositional Data with R (pp. 187-207).
SpringerLink. https://link.springer.com/chapter/10.1007/978-3-030-82568-3_10

Vyzhva, Z. O., Demidov, V. K., & Vyzhva, A. S. (2019, May 13-16). About
statistical simulation algorithm of dataset in 3D area with spherical correlation
function on Rivne NPP example. 18th International Conference on
Geoinformatics — Theoretical and Applied Aspects, Kyiv, Ukraine.

Vyzhva, S. A., Deineko, S. I., Demidov, V. K., & Astashkina, O. A. (2010).
Dynamic geologic-geophysical model of chalky layer and dispersible soils on
territory of the RNPP site. Geoinformatics, 9th International Conference on
Geoinformatics: Theoretical and Applied Aspects.

Vyzhva, Z. O. (2021). The statistical modeling in geology. PPC "Kyiv University"
[in Ukrainian]. [Buwxsa, 3. O. (2021). Cmamucmu4yHe modentosaHHs1 8 2eoroeil.

3o0s BUXKBA', g-p ¢is.-maT. Hayk, npod.
ORCID ID: 0000-0002-6338-3892
e-mail: zoya_vyzhva@ukr.net

Bcesonoa OEMUAOOB’, kaHA. ¢his.-maT. HayK, AoLl.
ORCID ID: 0009-0003-9472-6530
e-mail: demidov@knu.ua

AHnppin BUXKBA?, kaHa,. ¢is.-marT. Hayk, CT. HayK. cniBpo6.
ORCID ID: 0009-0003-6699-5848
e-mail: motomustanger@ukr.net

TeTsHa LUOBKOMIAC', kaHg. ¢is.-maT. Hayk, acucT.
ORCID ID: 0009-0004-8991-0285
e-mail: 1zagmat.tetyanal@knu.ua

BML, "KuiBcekuin  yHiBepcuteT"].  https://mechmat.knu.ua/wpcontent/uploads/
2022/12/posibnyk_vyzhva_z.pdf

Vyzhva, Z. O. (2011). The statistical modeling of random processes and
fields. Obrii [in Ukrainian]. [Buxea, 3. O. (2011). CmamucmuyHe modesto-
8aHHs1 sunadkosux npouecie ma rosnig. O6pii].

Vyzhva, Z. O., Demidov, V. K., & Vyzhva, A. S. (2014b). Monte Carlo
method and Cauchy model identifying chalk layer density on Ryvne NPP.
Visnyk of Taras Shevchenko National University of Kyiv. Geology, 2(65), 62—67
[in Ukrainian]. [Buxsa, 3. O., Qemugos, B. K., & Buxsa, A. C. (2014b). Oocni-
[PKEHHS TYCTUHW KpeiasHoi ToBLi MeTogoM MonTe-Kapno Ha npommanaaH-
unky PiBHeHcbkoi AEC i3 3actocyBaHHaM Mopgeni Kowi. BicHuk Kuigcbko2o
HaujoHarbHo20 yHigepcumemy imeHi Tapaca LllesuyeHka. [eornoais, 2(65), 62—67].

Vyzhva, Z. O. (2003). About Approximation of 3D Random Fields and Statistical
Simulation. Random Operator and Stochastic Equation, 4(3), 255-266.

Vyzhva, Z. O., Demidov, V. K., & Vyzhva, A. S. (2014a). The investigation
of chalk layer density on Rivne NPP industrial area territory by Monte Carlo
method using 3D models. Geoinformatics, 3(51), 47-56 [in Ukrainian].
[BuxBa, 3. O., lemunaos, B. K., & Buxsa, A. C. (2014a). JocnimKeHHs ryCTUHM
KpenasHoi ToBLi meTogoMm MoHTe-Kapno Ha npoMmarngaHunky PiBHEHCbKoT
AEC i3 3actocyBaHHaM 3D-mogeneit. [eoiHgpopmamuka, 3(51), 47-56].

Vyzhva, Z. O., Demidov, V. K., & Vyzhva, A. S. (2013). About methods of
3D dataset statistical simulation on Rivne NPP example. Xl International
Conference on Geoinformatics: Theoretical and Applied Aspects.

Vyzhva, Z. O., Demidov, V. K., & Vyzhva, A. S. (2018). About statistical
simulation methods of random fields on the sphere by the aircraft
magnetometry data. Visnyk of Taras Shevchenko National University of Kyiv.
Geology, 3(82), 107-113.

Vyzhva, Z., Demidov, V., & Vyzhva, A. (2020). The statistical simulation of
dataset in 3D area with spherical correlation function on Rivne NPP example.
Visnyk of Taras Shevchenko National University of Kyiv. Geology, 4(91),
85-93. https://doi.org/10.17721/1728-2713.91.12

Vyzhva, Z., Demidov, V., & Vyzhva, A. (2024). The statistical simulation of
dataset in 3D area with "cubic" correlation function on example Rivne NPP
geophysical monitoring. Visnyk of Taras Shevchenko National University of
Kyiv. Geology, 3(106), 90-98. https://doi.org/0.17721/1728-2713.106.12

Vyzhva, Z. O., Demidov, V. K., Shovkoplias, T. V., & Vyzhva, A. S. (2023).
The algorithm for statistical modelling in 3D by pentamodel of variogram using
the example on Rivne NPP data. XVIII International Scientific Conference
"Monitoring of Geological Processes and Ecological Condition of the
Environment".

Wackernagel, H. (2003). Multivariate Geostatistics (3rd ed.). Springer-Verlag.

Webster, R., & Oliver, M. A. (2007). Geostatistics for Environmental
Scientists. John Wiley & Sons.

Yadrenko, M. Y. (1983). Spectral theory of random fields. Optimization
Software Inc., Publications Division.

OTpumaHo pepakuieto xypHany / Received: 29.08.25
NMpopeueHsoBaHo / Revised: 31.10.25
CxBaneHo po apyky / Accepted: 16.12.25

'KniBcbkuit HauioHanbHWIA yHiIBepcuTeT iMeHi Tapaca LLleByeHka, Kuis, YkpaiHa

20N "Haykanadproras", Kuie, YkpaiHa

CTATUCTUYHE MOOENIOBAHHSA BAHUX B 3D OBJIACTI 3 BAPIOTPAMOIO TUMY NEHTAMOAENb
anAa reoeI3N4YHOro MOHITOPUHTY PIBHEHCbKOI AEC

B c Ty n. llpedcmaeneHo po3pobneHy Modesnib ma asi2o0pumm cmamucmuYyHO20 MOOesTI08aHHs1 0aHUX y mpueuMIpHiIli o6r1acmi 3 euKkopucmaH-
HsIM eapiozpamM neHmamoOesIbHO20 muny, wWo 3abe3neyyroms onmumasibHe HabuXeHHs1 8 cepedHbOMY Keadpamu4yHOMY 3HauYyeHHI. SIk npuknad
npodeMoHCMpPOo8aHO 3acimocyeaHHs1 3arnpornoHo8aHo20 Memody 07151 O0MNOBHEHHs pe3ysibmamie 2eoizu4Hux AocidxeHb Kapcmoego-cygho3iliHux
npoyecie npu MOHIMopuHay winbHocmi KkpeldsiHoi moewi Ha mepumopii PieHeHcbkoi AEC. Ha maiidan4uky po3miujeHHs1 PieHeHcbkoi AEC 6yno
BUKOHaHO KoMrlsieKc 2eohizu4Hux pobim. Ceped npoeedeHux criocmepexeHb Halbinbwuli iHmepec cmaHoensimb padioi3omonHi AocnidXeHHs
winsHocmi ma eosio2ocmi rpyHmie y 30Hi icHyro4ux crnopyo. lpu ybomMy nocmasno 3ae0aHHsI 3a08HeHHs] 0aHUX, OMPUMaHUX y x00i KOHMpPOoJIo
3MiHU winbHocmi kpelidsiHOi moeuwi padioizomonHuMmu Memodamu Mepexi crocmepexeHb, WO eKtoYana 29 ceepdOsio8uUH.

Ans eupiweHHs ybo2o 3aédaHHsA 3acMocoeaHO Memod CmMamucmuYyHO20 MOOesIlo8aHHsI 3 UKOPUCMaHHSIM eapio2paMu neHmMamoodesibHo20
muny, wo dae 3mo2y eidmeoprosamu eunadkoee rnose docridxyeaHo20 06'ekma e mpusumipHili obnacmi e AoginlbHUX MOYKaxX CrOCMepPEXeHHSI.

M e T o A u. 3a donomozoro cnekmpanbHO20 po3kiady eunadkosux foJiie y mpueumMipHomy npocmopi no6ydoeaHo cmamucmuyHy Modesib po-
3n0diny ycepedHeHoi winbHocmi kpelidsiHoi moewi 8 Mmexax docnidxyeaHoi mepumopii. Po3apobneHuli anzopumm 3abe3neyye 2eHepayiro peanisa-
yiti sunadkoeux nosiie i3 3a0aHUMU KopensAyiliHUMU eflacmueocmsiMu ma rnpPocmopoeoro duckpemus3sayictro, ujo eidnoesidoae sumoz2am do moyHocmi

ModesntoeaHHs.
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Pe3ynbTaTtu. ChopmynogaHo ma peasizogaHo aszopumm cmamucmuyHo20 Modeslto8aHHsI eunadKoeux roslie 3 KOpesnsiyiliHor yHK-
yiero neHmamodenbHo20 muny. Ha ocHoei po3po6rieHo20 npo2pamHo20 3abe3neyeHHss ompumaHo dodamkoei 3ModesniboeaHi peanizayii sunadkosoi
cknadoeoi winbHocmi KpelidsiHoi moeuwi Ha peaynsipHili cimyi cmocmepexxeHb 3 Heo6xiOHUM cmyneHem demanisayii. [fpoeedeHo nopieHsAHHSI Ha6opy
KopesnsayiliHux ¢pyHKuili nsi 0OH020 Habopy OaHuUX y cepeOHLOMY Keadpamu4yHoMy 3Ha4eHHi. [[poeedeHO cmamucmuy4HUl aHasi3 ompuMaHux pe-
3ynbmamie YucesibHO20 MOOesIHo8aHHsI, 8KITIOYarOYU nepeesipKy ix adekeamHocmi euxiOHUM OaHUM criocmepexxeHb ma oyiHKy 36ixHocmi nosie, wo
modesnrorombCs.

B 1 c H o B Kk u. 3anponoHoeaHuli Memod cmamucmu4Ho20 Modeslro8aHHs1 eunadkKoeux rnoJsiie 3 KopensyiliHumu ¢pyHKUissMu meHmamooesibHo20
muny dae 3Mo2y 3anoeHreamu 8i0cymHi OaHuUx 3 eUcokuM cmyneHem docmoegipHocmi ma Moxxe 6ymu e¢heKmueHo 3acmocoeaHuli Npu eupileHHi
3ae0aHb 2eopi3u4HO20 MOHIMoOpuUH2y ma iHmepnpemauii npocmopoeo po3nodifieHuUx napaMmempie 2eos102i4HO020 cepedosuLya.

Knw4yoBi cnoBa: cmamucmuyHe MoOesto8aHHsI, KopensiyiliHa pyHKYiss muny neHmamodesb, ciekmpanbHuUlli po3knad, KOHOUYiliHicmb
kapm, PieHeHcbka AEC.

ABTOpM 3asiBNAIOTL NPO BiACYTHICTL KOHMNIKTY iHTepeciB. CnoHcopu He Bpanu yvacTi B po3pobneHHi gocnimkeHHs; y 36opi, aHanisi um
iHTepnpeTaLii AaHKX; y HANUCaHHI pyKonucy; B pilleHHi Npo nybnikaito pesynbTaris.
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APPLICATION OF MACHINE LEARNING METHODS AND REMOTE SENSING DATA
FOR CROP YIELD FORECASTING

(lMpedcmaeneHo YneHoM pedakuyiliHoi kKosezii 0-pomM 2eos. Hayk, cm. docslidHukom OnexkcaHOpom MEHbLLOBUM)

Background. Forecasting agricultural crop yields has always been a complex task, particularly in the context of climate
instability and increasing pressure on resources. Given the limitations of classical mathematical models in such a complex field as
agricultural analytics, data-driven approaches and machine learning-based methods are becoming increasingly important. The
combination of satellite imagery, agrochemical soil analysis, and artificial intelligence algorithms is particularly promising for
building flexible and accurate forecasts.

Methods. This study analyzes two agricultural fields located in different regions of Ukraine with varying natural conditions.
A comprehensive dataset was collected, including topographic features (elevation, slope, topographic wetness index), spectral
indices from Sentinel-2A and Landsat 8 satellites (specifically, NDMI and GNDVI), and soil chemical composition. Correlation
analysis was used to identify which indicators are most closely associated with yield levels. Yield prediction models were developed
using Random Forest and Gradient Boosting algorithms, adapted to field subplots of 5 ha and 1 ha.

Results. The analysis revealed that vegetation condition and crop water balance (NDMI, GNDVI) are the most effective
indicators in explaining yield variability. Meanwhile, surface temperature showed a clearly negative impact, suggesting potential
heat stress during the grain filling periods. Gradient Boosting demonstrated particularly high sensitivity to spatial detail, reaching
a prediction accuracy of R?*=0.801 at the 1 ha grid level. In contrast, Random Forest proved to be a robust method with lower
sensitivity to data scale.

Conclusions. The study demonstrates that combining satellite imagery, soil analysis results, and machine learning
methods can significantly improve the accuracy of crop yield prediction. The developed models incorporate vegetation indices
along with factors describing crop growing conditions. A comparison of various algorithms was also conducted under different
levels of spatial detail. The results indicate that the proposed approach can be effectively applied in precision agriculture,
particularly for agronomic planning and crop monitoring.

Keywords: artificial intelligence (Al), machine learning (ML), remote sensing (RS), random forest (RF), gradient
boosting (GB), normalized difference moisture index (NDMI), green normalized difference vegetation index (GNDVI), precision

agriculture (PA), Correlation Analysis (CA).

Background

Predicting potential crop vyields, selecting suitable
crops, assessing their profitability, and minimizing
associated risks have been fundamental challenges in
agriculture since its inception.

Forecasting is a crucial component of modern
information technologies and decision support systems,
applied both in the design of complex systems (such as
energy, agrotechnical, and information and communication
systems) and in their management under uncertainty.
Subsequent agricultural planning involves developing crop
rotation systems, pasture management plans, soil cultivation
methods, fertilizer application strategies, and packages of
agrotechnologies adapted to different intensification levels
(Semeniaka et al., 2024).

Currently, preference is given to advanced technologies,
particularly  precision agriculture systems for crop
management, which are based on satellite and computer

technologies (Makedonska, Zatserkovnyi, & Tustanovska,
2018). Therefore, yield assessment and prediction can be
approached in various ways. The application of traditional
classical mathematical modeling approaches (such as
systems of econometric equations, adaptive models, methods
of nonlinear dynamics, etc.) does not always allow for
obtaining adequate results, as they may lead to problems that
cannot be solved by known methods or algorithms.
Consequently, researching new classes of mathematical
models is a relevant and promising task. In this context,
artificial intelligence and machine learning algorithms present
one of the most effective approaches. It is an approach in
which historical data or examples are utilized to initially
develop and subsequently improve the predictive model.

In Ukrainian studies, the effectiveness of indices like
NDVI and NDMI as key yield predictors has been
demonstrated (Kravchenko, & Danylenko, 2022; Ivanenko,
& Sakhno, 2021). Their use enables the timely identification
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of drought-affected areas that impact crop yields. Similar
conclusions are supported by international research as well.
For instance, a model based on deep Gaussian processes
achieved high accuracy in maize yield prediction (You et al.,
2017), while the integration of NDVI, surface temperature,
and field parameters have been justified as a foundational
approach to predictive analytics (Lobell et al., 2015).

Machine learning (ML) approaches are applied across
diverse domains-from retail (for analyzing customer behavior)
(Ayodele, 2010) to agriculture (McQueen etal., 1995) and
even telecommunications usage prediction (Witten etal.,
2016). ML is a branch of artificial intelligence focused on
developing algorithms that allow computers to learn from data
without explicit programming. Within ML, computers "learn" to
make predictions, recognize patterns, and support decision-
making based on input data. ML is a valuable tool for
determining which crops to cultivate and what agricultural
operations to perform during the growing season. Under the
pressures of global climate change and economic constraints,
highly accurate crop yield forecasting becomes critical to
effective farming. However, natural, biological, and
technological factors exert complex and sometimes opposing
influences on prediction outcomes, at times leading to
forecast errors exceeding 15 %.

Depending on the research objective, ML models can be
either descriptive or predictive. Descriptive models are used
to gain insight from data and explain past events, while
predictive models are intended to forecast future outcomes
(Alpaydin, 2010). It is important to recognize that forecasting
in precision agriculture is not a trivial task, as it depends on
multiple datasets, including climatic conditions, weather, soil
properties, fertilizer use, and seed variety (Xu et al., 2019).

ML, as a branch of Al, emphasizes learning and offers a
practical approach for improving predictions, discovering
patterns and correlations, and extracting knowledge from
existing datasets. The application of ML algorithms to the
analysis of these high-dimensional agricultural data opens
new possibilities for enhancing forecast accuracy and
optimizing agrotechnical operations.

Among spatial modeling approaches, Gradient Boosting
and Random Forest methods have proven to be the most
effective (Gnatienko, Sorochynskyi, & Derkach, 2024; Shin,
Kim, & Lee, 2021), showing high resilience across varying
spatial scales and adaptability to specific field conditions. Other
researchers have employed multimodal approaches that
integrate drone and satellite imagery (Maimaitijiang et al.,
2020), or deep neural networks, which improved forecast
accuracy by 10-15 % (Kuwata, & Shibasaki, 2015; Melnyk,
2023). The use of LSTM architectures has also shown promise
in regional yield assessments (Melnyk, 2023), while a satellite
image-based approach to crop classification in Ukraine
achieved over 88 % accuracy (Kussul et al., 2017).

Precision agriculture includes Variable Rate Seeding,
which allows for the site-specific adjustment of seeding and
fertilization rates based on soil and field properties (Samko
et al., 2025). Indeed, the correlation analysis of collected
data in yield forecasting is a complex task requiring
processing numerous parameters and precisely identifying
the key factors that determine final outcomes. Crop yield is
also significantly influenced by the topographical features of
the site — such as elevation and slope, which determine the
distribution of surface and groundwater, as well as local
water balance and erosion conditions.

Methods

This study employs two machine learning methods:
Random Forest and Gradient Boosting.

Random Forest (RF) is an ensemble method that
constructs numerous individual decision trees, each trained on

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

random subsets of features and data samples. The method
operates as follows: for each tree, a random subset of the data
(with replacement) and a subset of features are selected; the
predictions of all trees are averaged (for regression) or
determined by majority vote (for classification). Key advantages
of this method include resistance to overfitting due to the result
averaging, robustness when dealing with noisy or non-
representative data, automatic handling of missing values,
insensitivity to feature scaling, and the ability to assess the
importance of individual features, thereby enhancing model
interpretability (Breiman, 2001).

Gradient Boosting is a sequential ensemble technique
where each new tree is trained to minimize the errors of the
previous one by optimizing a loss function using gradient
descent. Initially, a simple tree (e.g., with a depth of 1-3) is
built, and at each step, a new tree is added that is trained on
the residual errors of the model. This method achieves high
predictive accuracy even on complex datasets and offers
flexibility through hyperparameter tuning (learning rate, tree
depth, number of iterations), making it effective for yield
prediction tasks (Friedman, 2001). Crop condition, assessed
using spectral indices (calculated from Sentinel-2A and
Landsat 8 satellite imagery) and band combinations, reflects
the growth stage and physiological status of crops in various
zones of the field. Agronomic soil characteristics — such as the
chemical composition of macro- and micronutrients, pH, and
organic matter create the foundational conditions for plant
nutrition. The integration of these three data groups provides
a comprehensive overview of productivity factors and can
serve as a basis for accurate yield forecasting and the
optimization of differentiated agronomic measures (Table 1).

Field 1, with an area exceeding 309.6 hectares, is
located in Varva settlement of the Pryluky district, Chernihiv
region, near the village of Berizka (Fig. 1). The soils in the
study area are predominantly typical low humus chernozems
and degraded light loam chernozems, which require
particular attention to the preservation of their fertility and
structure. The terrain within the study area is
heterogeneous, with elevation differences of up to 20 meters
and gentle slopes with inclinations up to 4° (Zatserkovnyi
et al., 2025a). The levels of potassium and phosphorus are
moderately high. In terms of quality, the soils are average,
with an average organic matter content of 3.7 %. The field is
managed by the agricultural company "Kernel". The average
corn grain yield on this field ranges from 7 to 9 t/ha.

Field 2, covering 119.2 hectares, is located near the
village of Lysivtsi in the Tovste community of the Chortkiv
district, Ternopil region (Fig. 2), and is cultivated by the
scientific-production agri-enterprise "El Gaucho". The field
mainly consists of podzolized chernozems, primarily formed
on loess soils. The slope gradient ranges from 1° to 5°. The
soils are of high quality (scoring between 70 and 80 points),
with an estimated organic matter content of approximately
5.5 %. The potassium and phosphorus levels are high, and
the soil pH is moderately alkaline.

To reduce the dimensionality of the input dataset and
improve prediction efficiency, a preliminary analysis of the
collected data is conducted to select the most informative
parameters. One of the main methods used for this purpose
is correlation analysis, which helps establish statistical
relationships between different indicators. The correlation
matrix reflects the degree of linear association between pairs
of variables and is based on the Pearson correlation
coefficient, which is calculated using formula (1).

2?21(9(1‘_2)(3/1'_37) (1 )
o s o
where x; and y; — are individual observations (values) for the
two variables X and Y, respectively. x and y — are the mean

Txy =
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values of all observations for the variables X and Y (Pearson
correlation coefficient, n.d.).

Table 1
List of attributes to be used for calculations and modeling
Parameter Description [ Acronym
Relief
Elevation Absolute height above sea level, m. El
Slope gradient Surface slope angle (°) Sl
T . o Difference between the elevation of a point and the mean elevation
opographic Position Index ) ) TPI
of its surrounding area
Topographic Wetness Index The ratio of the specific ce_itchment area to the tange_nt of the slope angle, Wi
used to assess the potential for moisture accumulation
Soil
Exchangeable calcium. Calcium concentration in soil exchangeable cations, mg/kg Ca
Exchangeable potassium Concentration of potassium in soil exchangeable cations, mg/kg. K
Mobile phosphorus Concentration of available phosphorus in soil, mg/kg P
Exchangeable sodium Concentration of sodium in soil exchangeable cations, mg/kg Na
Exchangeable magnesium Concentration of magnesium in soil exchangeable cations, mg/kg Mg
Organic matter Content of organic matter in soil, % Org M
pH (KCI) Soil acidity extracted with KCI solution, pH units pH_KCI
Crop condition
Green vegetation index Vegetation activity indicator, (NIR — GREEN) / (NIR + GREEN) GNDVI
s Temperature of the land surface or vegetation derived from the satellite thermal
urface temperature channel (°C) LST
Moisture index Indicator of leaf moisture content in plants, (NIR — SWIR) / (NIR + SWIR) NDMI

Fig. 1. Location of the study field No. 1
(authors' own elaboration based on OpenStreetMap data)

Results

In the case of the study field No. 1, the correlation matrix
(Fig. 3) shows the strongest positive relationship between
yield and GNDVI (r = 0.78), as well as between yield and
NDMI (r=0.77), highlighting the significant role of water
balance and vegetation status in yield formation. During the
active grain filling phase, these indices are directly related to
the crop condition, which explains the high correlation
coefficients. The TWI index shows a moderate positive
correlation (r = 0.36). Soil water availability is a key factor;
however, TWI is not a direct indicator of moisture but rather
reflects the potential for its accumulation (depending on
topography, drainage, etc.). Therefore, even if a location has
the potential to retain water, it does not necessarily mean
that moisture will actually be available, as this depends on
rainfall, evaporation, and other factors.

Potassium (r = -0.49) shows a moderate negative
correlation with yield. The surface temperature of the corn
crops grown for grain (r=-0.59) indicates a strong
negative correlation. Higher surface temperatures of
crops often signal water stress. When a plant experiences
water deficiency, its leaf and surface temperature rise.
Thus, this strong negative relationship is entirely
expected. Exchangeable magnesium, organic matter, and
slope steepness indicators show the weakest correlations
with yield. High potassium values may result from uneven
fertilizer distribution or poor availability due to other
factors, meaning that potassium is present but not
effectively utilized. As a result, an inverse relationship
may be observed: a high amount of potassium in certain

ISSN 1728-3817

Fig. 2. Location of the study field No. 2
(authors' own elaboration based on OpenStreetMap data)

areas does not indicate better yields and may, in fact,
indicate the opposite.

Correlation matrix of the study field No. 2 (Fig. 4): The
strongest positive correlation with yield is observed for NDMI
(r = 0.50) and GNDVI (r = 0.52).

The terrain, specifically slope steepness (r = —0.45), shows
a noticeable correlation with yield. This likely indicates that field
No. 2 has more pronounced topographic contrasts, which have
a stronger impact on yield compared to field No. 1. The surface
temperature of the crops during the full grain filling period is
negatively correlated with corn yield (r=-0.41), which is a
typical result for corn under high-temperature conditions during
this critical growth phase. Unlike in the previous field,
magnesium shows a strong positive correlation here (r = 0.52).
The weakest correlations with grain corn yield are observed for
exchangeable sodium and mobile phosphorus.

The analysis of the correlation results revealed that
mobile phosphorus, as well as exchangeable magnesium
and sodium, exhibit weak correlations with corn yield in the
study fields No.1 or No. 2. Specifically, the correlation
coefficients for these indicators fall within low ranges,
indicating their limited explanatory power in the context of
the selected dataset. According to standard statistical
analysis procedures, variables showing weak correlation
would typically be excluded from further modeling or
forecasting schemes to improve accuracy. However,
considering that these parameters are fundamental in
agrochemical soil analysis and are traditionally used to
assess yield potential, the decision was made to retain them
in the study. It is likely that the weak correlation is due to the
limited data volume or data quality. This suggests that with
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a more representative dataset, collected over broader
spatial or temporal scales, these indicators may
demonstrate a more significant influence on corn yield.

CORRELATION MATRIX 1.00
Ca m
K - 002 ) 0.75
Mg - 038 033 Y
Na 009 016 012159 - 0.50
Org_M 048 005 041 -0070%y
pH_KCl X020 033 011 032 N -025
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Fig. 3. Matrix of linear correlation coefficients for the study field No. 1
(authors' own elaboration)
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Fig. 4. Matrix of linear correlation coefficients for the study field No. 2
(authors' own elaboration)

Construction of yield prediction models for grain
corn based on collected data from the fields studied.

To build a high-resolution yield prediction model, the
study fields are divided into a certain number of subplots,
and a separate forecast is generated for each. Let the actual
yield value of the i-th subplot be denoted as y;, the predicted
value as — y, (formula (2)).

Y= fo(x), (2)
where x; € X — is the input data vector describing the
condition of the i-th subplot, 6 — represents the parameters
of the yield prediction model, f —is the functional relationship
between the input field condition data and the crop yield of
the agricultural crop (Hnatiienko et al., 2024)

Training and validation of the model will be performed
using training datasets, namely, data collected from fields
No. 1 and No. 2, where each field plot includes yield data in
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tons per hectare. Since the study fields No. 1 and No. 2 are
in different geographic zones and are managed by different
agricultural producers, separate yield prediction models will
be developed for each field, considering the parameter
values (Table 1) for subplots with areas of 5 ha and 1 ha.

The code listings for the presented models are provided
in the supplementary materials.

Validation of grain corn yield prediction models.

To ensure an objective assessment of the accuracy of
the yield prediction models, validation of the results must be
performed using statistical metrics. The application of
quantitative accuracy indicators is a key stage in the study,
as it enables the comparison of different models and the
identification of the most effective prediction approaches.

In this study, the following commonly used metrics are
applied to evaluate model performance: Root Mean Square
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Error (RMSE) (formula (3)), Mean Absolute Error (MAE)
(formula (4)), Mean Absolute Percentage Error (MAPE)
(formula (5)), and Coefficient of Determination (R2)
(formula (6)) (Kumar, 2024).

n T 2
RMSE = Zi (y‘Ln ) (3)
MAE = Zﬁy‘;—ﬁl 4)
_ l n Vi—¥,
MAPE =23 |—yi | (5)
2 _ 4 _ Zi0i=3)
k=1 Sri-7) ©)

As part of the study on the effectiveness of the grain corn
yield prediction system, the results obtained are presented
in Tables 2 and 3.

Analyzing the results, it can be noted that the Random
Forest model demonstrates more stable accuracy when the
scale of input data changes, compared to Gradient Boosting.
Specifically, when transitioning from 5-hectare to 1-hectare
subplots, the coefficient of determination R? for Random
Forest increased from 0.614 to 0.776 (+0.162), whereas for
Gradient Boosting, the increase was more significant — from
0.562 to 0.801 (+0.239).

A similar trend in performance improvement is observed
across other accuracy metrics for the study field No. 1. The
Mean Squared Error (MSE) for the Random Forest model
decreased from 0.101 to 0.079 (approximately a 22%
improvement), while for Gradient Boosting it decreased from
0.115 to 0.071 (approximately a 38 % improvement). This

indicates that Gradient Boosting responds more strongly to
an increase in data volume, showing a more substantial
reduction in error when using a finer grid (1 ha).

It is also worth noting that the Mean Absolute Error
(MAE) for Random Forest decreased from 0.276 to 0.234
(around a 15 % improvement), whereas for Gradient
Boosting it dropped from 0.294 to 0.235 (around a 20 %
improvement). Similarly, the Mean Absolute Percentage
Error (MAPE) for both models declined to approximately the
same level (0.029), though Gradient Boosting showed a
greater improvement.

Therefore, the grid resolution (subplot size) matters
when predicting yield, but its effect depends on the chosen
machine learning algorithm.

The analysis of results for the study, field No. 2 confirms
the patterns observed for field No. 1 (Table 3). Specifically,
the Random Forest model (Fig.5) demonstrates high
accuracy stability regardless of subplot size: the increase in
the coefficient of determination when reducing the grid scale
is minimal (from 0.571 to 0.575). In contrast, Gradient
Boosting remains more sensitive to spatial granularity: when
moving from 5 ha to 1 ha subplots, the model's accuracy
increases more significantly (from 0.480 to 0.647).

In conclusion, a finer grid generally improves prediction
results, but the degree of this effect depends on the selected
algorithm. This implies that the optimal subplot size should
be chosen considering both the model's performance and
the practical capabilities for data collection.

Table 2

Validation results of grain corn yield prediction models for the study field No. 1 depending
on the subplot size and the machine learning method

Subplot size Machine learning method
P Random Forest Gradient Boosting
Random Forest: Expected vs Predicted (R? 0.61) Gradient Boosting: Expected vs Predicted (R 0.56)
9.0 — 9.0 /‘//
g 85 —— .:/// ~ g 85 B ::,//
= P o = P
= s 3 Pt
L 80 . e g 8o . T
5ha LS. . %75 o
7.5 8.0 85 9.0 7.5 8.0 85 9.0
Expected YIELD Expected YIELD
R?*:0,614 R?: 0,562
MSE: 0,101 MSE: 0,115
MAE: 0,276 MAE: 0,294
MAPE: 0,034 MAPE: 0,036
Random Forest: Expected vs Predicted (R? 0.78) Gradient Boosting: Expected vs Predicted (R? 0.80)
. /// //,
Q . a? 7
g - 820 o E g
3 s Rk S 1 g
B .o Ls N
3 3
~ g () -~
1 ha < L &
71T
7 8 9 7 8 9
Expected YIELD Expected YIELD
R?:0,776 R?: 0,801
MSE: 0,079 MSE: 0,071
MAE: 0,234 MAE: 0,235
MAPE: 0,029 MAPE: 0,029

Source: authors' own elaboration.
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Table 3

Validation results of grain corn yield prediction models for the study field No. 2 depending on the subplot size and the

machine learning method

Subblot size Machine learning method
P Random Forest Gradient Boosting
Random Forest: Expected vs Predicted (R*0.57) Gradient Boosting: Expected vs Predicted (R? 0.48)
- * " .
15.0 e 15.0 e
Q gl & e
] ~ = -~
= 145 el S 145 e
< R .~ > . -~
Y] o P S . 9
5 ha N 14.0 ’,/ & 14.0 //
14.0 14.5 15.0 14.0 14.5 15.0
Expected YIELD Expected YIELD
R%: 0,571 R?: 0,48
MSE: 0,176 MSE: 0,213
MAE: 0,344 MAE: 0,381
MAPE: 0,025 MAPE: 0,027
Gradient Boosting: Expected vs Predicted (R? 0.57) Gradient Boosting: Expected vs Predicted (R* 0.65)
15.5 . ~ 15.5
15.0 '/” 15.0 ’}/
Q 3 i
= -~ o -~ .
= - = . L
=145 e 3 145
3 ' :
1 ha E 14.0 . ,//’ & 140 7 .
Q e . e
13.51 8BS~
135 140 145 150 155 B35 140 145 150 155
Expected YIELD
Expected YIELD
R% 0,575 R?: 0,647
MSE: 0,146 MSE: 0,121
MAE: 0,283 MAE: 0,273
MAPE: 0,02 MAPE: 0,019
Source: authors' own elaboration.
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SLOPE <-1.467
squared_error = 0.147
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squared_error = 0.035 squared_error = 0.014
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SLOPE <-1.752
squared_error = 0.0
samples = 3
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value = 14.281

squared_error = 0.0
samples = 1
value = 14.123

A A

Fig. 5. Example of the first decision tree for the study field No. 2 with 5 ha subplots
(authors' own elaboration)

Based on the developed machine learning models, grain
corn yield prediction was carried out for two agricultural
fields with different levels of spatial detail (grids of 1 ha, 2 ha,
and 5 ha). The predictors included the vegetation indices
GNDVI and NDMI, as well as concomitant variables: soil
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moisture indicators, soil types, temperature regime, and crop
rotation information. Model accuracy was evaluated by
comparing the predicted and actual yield values.

For field No. 1, the most accurate results were achieved
by the Gradient Boosting model using a 1 ha grid: the
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predicted yield was 5.67 t/ha, which was only 0.16 t/ha lower
than the actual value of 5.83 t/ha. As the level of spatial
aggregation increased, accuracy slightly decreased:
5.60 t/ha at 2 ha and 5.63 t/ha at 5 ha. The Random Forest
model, in turn, produced less accurate predictions ranging
from 5.55 to 5.61 t/ha for the different grids, with a maximum
deviation of 0.28 t/ha.

For field No. 2, the Gradient Boosting model again
proved to be the most effective at the 1 ha resolution: the
predicted yield was 5.39 t/ha versus an actual yield of
5.52 t/ha (an error of 0.13 t/ha). Other spatial resolutions
produced similar results: 5.34 t/hha (2 ha) and 5.37 t/ha
(5 ha). The Random Forest model's predictions ranged
between 5.29 and 5.35 t/ha.

The obtained results confirm the suitability of Gradient
Boosting for accurate yield prediction, especially under
conditions of high spatial resolution. In contrast, Random
Forest provides stable yet slightly less precise estimates,
which can be beneficial in situations with limited access to
high-resolution data.

Discussion and conclusions

A comprehensive analysis of the factors influencing grain
corn yield was conducted using remote sensing data,
agrochemical soil analysis results, and topographic
characteristics. Correlation analysis made it possible to
identify key indicators with the strongest impact on yield,
particularly the spectral indices (GNDVI, NDMI).

Yield prediction models were constructed using machine
learning methods — Random Forest and Gradient Boosting
— for two study fields, with subplot sizes of 5 ha and 1 ha.
Their performance was evaluated using the Mean Absolute
Error (MAE) and the Coefficient of Determination (R?),
enabling the identification of each method's advantages and
limitations under conditions of spatially heterogeneous
agrolandscapes. Validation results demonstrated that
Gradient Boosting is more sensitive to spatial data
granularity, significantly improving prediction accuracy with
finer grids (1 ha). On the other hand, Random Forest
provides consistent results even at coarser spatial
resolution, highlighting its robustness when data availability
is limited or data volume is smaller.

Overall, the study confirms the importance of integrating
multicomponent datasets and considering the field spatial
structure to improve vyield prediction accuracy. The
developed methodology has strong potential for
implementation in precision agriculture systems to optimize
agronomic practices and enhance resource management
efficiency.

Authors’ contribution: Vitalii Zatserkovnyi — conceptualization,
formal analysis, methodology, review and editing; Viktor Vorokh —
conceptualization, methodology; Olga Hloba — formal analysis, data
processing; Iryna Siuiva — editing, publication analysis, Olesia
Liashchenko — review and editing.
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KuiBcbKkuMM HauioHanbHMit yHiBepcuTeT imeHi Tapaca LLlesyeHka, Kuie, YkpaiHa

3ACTOCYBAHHSA METOAIB MALUMHHOIO HABYAHHSA TA AAHUX ANCTAHUINHOIMO 30HAYBAHHSA 3EMI
B MPOrHO3YBAHHI BPOXXAUHOCTI

B ¢ Ty n. [lpo2Ho3yeaHHs epoxaliHocmi CinlbcbKo20cnodapcbKux Ky/nbmyp 3aexou 6yso HenpocmuM 3aedaHHsAIM, 0cob/1u8o 8 yMoeax Kilima-
muyHoi HecmabinbHocmi ma 3pocmar4yo20 MUCKy Ha pecypcu. 3eaxaro4u Ha 06MeXeHHS KlacuUYHUX MameMamuyHux modenel y makil cknadHil
2any3i, Kk aepapHa aHasimuka, HUHi ece 6inbwoi eazu Habyearoms nidxodu, ocHoeaHi Ha @aHuUxX i MAaWUHHOMY Hag4YaHHIi. Oco6/1ueo nepcrneKMueHuUM
suansidae NoedHaHHs1 CynymHUKO8UX 3HIMKie, a2poXiMi4HO20 aHanily rpyHmie ma anzopummie wmy4yHo20 iHmenekmy Onsi no6ydoeu 2HyqKux i
MO4YHUX NMPO2Ho3i8.

Me Toawn. lpoaHanizoeaHo dea cinbcbko2ocnodapchKi Nosisi, po3mawosaHi 8 pi3HUXx pez2ioHax YKpaiHu, i3 pisHumu npupodHUMU yMo8aMu.
Byno 3i6paHo Mmacue daHux: monozpagiyHi napamempu (eucoma, yxusi, 600036ipHuli nomeHuyian), cnekmpanbHi iHdekcu i3 cynymHukie Sentinel-2A
ma Landsat 8 (3okpema, NDMI, GNDVI), a makox ximi4Huli cknad rpyHmy. 3a 0ornomMo20r0 KopesnsiyiliHo20 aHai3y eu3Ha4yeHo, siki caMe NMoKa3HUKU
micHiwe noe'si3aHi 3 pieHem ypoxaliHocmi. [To6ydoeaHo Modesni Npo2HO3y epoxaliHocmi Ha ocHoei Random Forest ma Gradient Boosting, 3 adan-
mauyieto nid po3dineHHs1 nonie Ha NiddinsiHku po3mipom 5 ma 1 2a.

Pe3ynbTarTtu. AHani3z nokasas, ujo cmaH eeezemauii ma o0Huti 6anaHc kynbsmypu (NDMI, GNDVI) Halikpauie nosicHoromb 8apiauyii epoxxau-
Hocmi. BoAHo4ac maki nokasHuKu, ik memrnepamypa rnoeepxHi, Maromb Yimkuli HecamueHul ensiue, W0 MoXxe 8Kkazyeamu Ha mernsioeuli cmpec y
nepiodu Hanuegy 3epHa. Gradient Boosting npodemMmoHcmpyeae ocobsiugo 0o6py 4ymnusicms Ao npocmoposoi demaniszauii— Ha cimyi 1 2a moyHicmb
npozHo3y docsizana R? = 0,801. Hamomicmb Random Forest noka3sae cebe sik cmilikuii i MeHw Yymnueuli do macwmaby 0aHux Memoad.

BucHoBKku. Y docnidxeHi dosedeHo, ujo noedHaHHs CynymHUKo8UX 3HiMKie, pe3ysib ie aHanisy rpynmie ma memodie MaWuHHO20 Hae-
YaHHs1 0ae 3Mo_2y noJslinuwumu MoYHicMb NPO2HO3y8aHHS epoxkaliHocmi. Y Modesi eK/lro4YeHo NokKa3HUKU ee2emauyii ma xapakmepucmuKu yMO8 8u-
powyeaHHs1 Kynbmyp. Takox npoeedeHO MOopi8HSAHHS Pi3HUX anzopummie npu pi3Hil demanisayii npocmopoeux daHux. OmpumaHi pesynbmamu
ceidyamb npo me, w0 3anpornoHoeaHuli Nioxid Moxe 6ymu KOPUCHUM y npakmuyi moYyHo20 3emiepobcmea, ocob1ueo A1 a2pPOHOMIYHO20 NNaHy-
8aHHs1 ma MOHIMopuHay rnocisis.

KnwuyoBi cnoBa: wmy4Hul iHmenekm (LI), mawuHHe Hae4aHHs1 (ML), ducmaHuyiiiHe 3oHdyeaHHs1 3emni ([33), random forest (RF),
gradient boosting (GB), normalized difference moisture index (NDMI), green normalized difference vegetation index (GNDVI), npeyu3sitliHe 3emnepo6-
cmeo (PZ), kopensauyitiHul aHani3 (KA).

ABTOpM 3aaBNSAIOTb NPO BiACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopu He Gpanu yyacTi B po3pobneHHi JocniaxeHHst; y 36opi, aHanisi un
iHTepnpeTaLii AaHVX; y HAaNMUCaHHi PyKOMuUCy; B pilLeHHi Mpo nybrikaLilo pe3ynbTaris.
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SPATIOTEMPORAL ANALYSIS OF THERMAL COMFORT IN AZERBAIJAN

(lMpedcmaesneHo yneHoM pedakyiliHoi kosezii 0-pom 2eoepadh. Hayk, npog. Amumpom JIALLEHKOM)

Background. Understanding spatiotemporal patterns of thermal comfort is crucial for developing sustainable tourism
strategies in geographically diverse regions. This comprehensive study investigates Azerbaijan's complex bioclimatic conditions
using the Universal Thermal Climate Index (UTCI), with particular emphasis on how the country's remarkable topographic diversity —
ranging from the Caspian coastline to mountain zones — creates distinct microclimates that influence visitor comfort and tourism
potential. As climate change continues to alter thermal environments globally, this research provides critical baseline data for
adaptive tourism planning in transitional climate zones.

Methods. The study employed ERA5-HEAT reanalysis data to calculate UTCI values, incorporating four key meteorological
parameters: air temperature, relative humidity, wind speed, and mean radiant temperature. Advanced spatial analysis techniques
were implemented using ArcGIS, including interpolation for creating continuous UTCI surfaces, zonal statistics for regional
comparisons, and elevation-based corrections using SRTM 30 m DEM data.

Results. The analysis revealed extreme annual UTCI variations (-21.0 °C in January highlands to 28.4 °C in August
lowlands), demonstrating Azerbaijan’s exceptional bioclimatic diversity. Mountainous regions (Greater and Lesser Caucasus)
showed prolonged cold stress (UTCI<0°C for 4-5 months), while lowland areas (Kura-Aras plain, Caspian coast) experienced
significant summer heat stress (UTCI>26°C for 60-90 days). Optimal thermal comfort conditions (UTCI 9-26 °C) were most
persistent in spring (April-May) and autumn (September-October), particularly at mid-elevations (500-1000 m).

Conclusions. This study demonstrates that Azerbaijan's thermal comfort patterns are fundamentally governed by
topographic factors. The findings enable precise, climate-responsive tourism planning: cultural and beach tourism in lowlands
during shoulder seasons (April-June, September-October), alpine tourism in mountain zones during summer, and winter sports in
high-elevation areas. The UTCI-based framework developed here proves particularly valuable for managing thermal stress extremes
in both hot and cold environments. These results have immediate practical applications for tourism infrastructure development,
seasonal marketing strategies, and climate adaptation planning.

Keywords: UTCI, Azerbaijan, thermal comfort, tourism climatology, sustainable tourism.

Background

Tourism is one of the fastest-growing economic sectors
globally, with its development and sustainability heavily
influenced by climatic conditions that directly affect
destination attractiveness, visitor comfort, and recreational
activities (Scott, 2006). As travelers increasingly prioritize
destinations with favorable weather, understanding the
complex interplay between climate and tourism demand has
become critical for sustainable destination planning and
management (Matzarakis, 2006). The relationship between
climate and tourism is particularly significant in regions with
diverse climatic zones, where seasonal variations can create
both opportunities and challenges for tourism development.
In this context, thermal comfort indices have emerged as
essential tools for evaluating how humans physiologically
perceive outdoor weather conditions, providing a more
comprehensive understanding of destination suitability
across different times of the year (Brode et al., 2012).

The natural environment plays a dual role in tourism
development, serving simultaneously as a limiting factor and
a fundamental resource. Different types of recreational
activities require specific environmental conditions to be
viable and enjoyable. As emphasized by Nepomnyaschiy
and Makeeva (2025), reliable assessment of these natural
conditions demands detailed climate mapping based on
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long-term meteorological data, particularly when planning
tourist routes and infrastructure.

Solar radiation patterns significantly influence
recreational potential. Research by Kotlyarova (2020)
identifies optimal conditions for outdoor activities occurring
with 2,000—-2,300 annual sunshine hours, while regions with
less than 1,700 hours face substantial limitations for tourism
development. These insolation regimes interact with other
climatic factors to create distinct recreational environments.

Bioclimatic parameters are systematically classified by
their physiological impact into irritating (adversely stressing
human adaptation), training (moderately stressful but
beneficial for healthy individuals), and sparing (universally
favorable, even for medically supervised rest) categories
(Kolotova, 1999). This classification underpins recreational
zoning, where territories are categorized as comfortable
(sparing/sparing-training regimes), relatively comfortable
(mixed sparingl/irritating regimes), uncomfortable (persistent
irritating regimes), or extreme (year-round irritating
conditions) (Kruzhalin etal., 2014). The recreational
potential of a region depends critically on the duration of
favorable periods permitting unrestricted outdoor activities
versus discomfort periods when extreme temperatures,
humidity, or wind impose physiological limits (Kuskov,
Golubeva, & Odintsova, 2005). This bioclimatic framework
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guides critical decisions in resort planning, from site
selection and seasonal programming to therapeutic design,
by identifying areas with optimal sparing/training conditions
while mitigating irritating factors. The classification system
enables precise matching of recreational activities and
health treatments to local bioclimatic conditions, though
modern approaches now augment these traditional
categories with more comprehensive indices that integrate
multiple atmospheric parameters.

Azerbaijan's exceptional climatic diversity, spanning
semi-arid lowlands to alpine zones, creates unique
opportunities for year-round tourism, though systematic
assessment of thermal comfort remains understudied. The
country's solar energy potential is particularly notable, with
the Kura-Aras Lowland and Absheron Peninsula receiving
2,700-2,800 annual sunshine hours. Radiation patterns
show altitudinal gradients—lowlands receive 125-
145 cal/cm? total radiation (45-60 cal/cm? balance) while
highlands gain 150-160 cal/cm? total radiation but with
reduced balance (10-20 cal/cm?) (National Atlas of the
Republic of Azerbaijan, 2014). These physical parameters
interact with human comfort thresholds, where Equivalent
Effective Temperature (EET) defines optimal conditions at
17.3-21.7 °C, with hot (>22°C) and cold (<17 °C)
discomfort zones (Ayyubov, 1987).

However, despite its growing tourism sector, there is a
notable lack of empirical studies examining thermal comfort
suitability for recreation in Azerbaijan. This gap in research
limits the ability of policymakers and tourism planners to
make evidence-based decisions that could enhance visitor
experiences and optimize seasonal tourism strategies.
While previous research has successfully applied Universal
Thermal Climate Index (UTCI) in Mediterranean and Central
European destinations to assess tourism climate potential
(Pantavou et al., 2013; Rutty, & Scott, 2014), its application
in the South Caucasus, particularly in Azerbaijan, remains
unexplored, leaving a critical research void.

This study seeks to address this gap by conducting a
comprehensive spatiotemporal analysis of thermal comfort
across Azerbaijan. Specifically, the research aims to
calculate UTCI values for each month of the year to map
variations in thermal comfort, identify optimal periods and
regions for different types of tourism activities—such as
beach tourism in the summer and cultural tours in the spring
and autumn. By doing so, the study will help mitigate
vulnerabilities associated with thermal stress, such as
extreme heat in lowland areas or cold stress in mountainous
regions, while promoting sustainable tourism practices. The
UTCl's robustness as a biometeorological metric —
integrating air temperature, humidity, wind speed, and mean
radiant temperature into a single indicator (Jendritzky, De
Dear, & Havenith, 2012) — makes it particularly suitable for
evaluating Azerbaijan's climatic suitability for tourism.

The implications of this study extend beyond academic
interest, offering practical value for stakeholders in Azerbaijan's
tourism sector. By bridging climatology and tourism geography,
the research contributes to sustainable tourism planning by
helping policymakers and industry leaders develop strategies to
mitigate seasonality challenges, such as promoting shoulder
seasons when thermal conditions are most favorable.
Additionally, the findings will enhance the visitor experience by
enabling tourists to make informed decisions based on
anticipated thermal comfort conditions. From a broader
perspective, the study also addresses climate adaptation,
providing insights into how shifting comfort zones under global
warming (Change, Intergovernmental Panel on Climate, 2007)
may impact tourism in Azerbaijan and similar regions. The
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methodological framework developed in this research can be
applied to other climatically diverse areas, offering a replicable
approach for assessing tourism climate potential worldwide.

While this study provides a novel assessment of thermal
comfort for Azerbaijan, its findings are contextualized within
a growing body of regional research that underscores the
critical influence of climate on tourism potential. Similar
methodological approaches have been successfully applied
in neighboring regions with comparable climatic challenges.
For instance, research in the arid landscapes of Khorasan
Razavi, Iran (Baaghideh et al., 2016), demonstrates the
utility of the UTCI index in evaluating heat stress. Further
north, studies on the continental climate of Northern
Kazakhstan (Pashkov et al., 2023) have employed climate
indices to assess and zone territorial suitability for tourism.
The application of alternative indices like the Physiologically
Equivalent Temperature (PET), as demonstrated in a
comprehensive national-scale study of Iran (Daneshvar,
Bagherzadeh, & Tavousi, 2013), further enriches the
regional framework for bioclimatic analysis. This study
contributes to this regional discourse by providing the first
comprehensive UTCI-based analysis for the South
Caucasus, offering comparative insights for similar
topographically diverse and climatically transitional regions
and addressing a significant gap in the literature between the
well-studied Mediterranean and Central Asian zones.

Methods

Study Area. Azerbaijan is situated in the South Caucasus
region at the intersection of Eastern Europe and Western
Asia, encompassing a wide range of physiogeographic and
climatic zones. Geographically, the country lies
approximately between 38°24' to 41°54'N latitude and
44°46' to 50°51' E longitude (Fig. 1). It shares borders with
Russia to the north, Georgia to the northwest, Turkey and
Armenia to the west, Iran to the south, and the Caspian Sea
to the east. Azerbaijan's landscape is characterized by
contrasting terrain, from the low-lying Kura-Aras Lowland in
the central part of the country to the towering peaks of the
Greater Caucasus in the north and the Lesser Caucasus in
the west and southwest. Elevations range from -28 meters
below sea level along the Caspian shoreline to over 4,466
meters above sea level at Mount Bazarduzu, the country's
highest point (Jabrayilov, 2022).

The country experiences considerable climatic diversity,
influenced by elevation, latitude, and proximity to the
Caspian Sea. In the central lowlands, the climate is
predominantly semi-arid, with hot, dry summers and mild
winters. The southeastern region, especially around the
Lankaran lowland near the Caspian coast, has a humid
subtropical climate, supporting rich forest vegetation. The
mountainous areas exhibit alpine and subalpine conditions,
with cooler temperatures, increased precipitation, and
seasonal snow cover.

This combination of climatic zones and diverse relief
makes Azerbaijan an ideal natural laboratory for
investigating spatial and temporal variations in thermal
comfort, especially in the context of climate change, urban
development, and ecological sustainability. The complexity
of its microclimates across short distances enhances the
relevance of climate and thermal perception modeling in
both urban and rural contexts.

Data Collection. This study utilized the ERA5-HEAT
(Human thErmAl comforT) dataset (Di Napoli et al., 2021)
from the Copernicus Climate Data Store (CDS) to assess
thermal comfort conditions across Azerbaijan. The dataset,
developed by the European Centre for Medium-Range
Weather Forecasts (ECMWF), represents the current state-
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of-the-art in bioclimatological data, providing global
coverage of human thermal stress indices derived from
ERAS reanalysis. We focused on two key variables: the
Mean Radiant Temperature (MRT) and Universal Thermal
Climate Index (UTCI), which integrates air temperature (°C)
at 2m height, relative humidity (%), wind speed (m/s)
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measured at 10 m height (adjusted to 1.1 m for UTCI), and
solar radiation (W/m?) into a physiologically relevant metric.
The dataset offers comprehensive temporal coverage from
1940 to near real-time at 0.25° x 0.25° spatial resolution,
with data available in hourly, daily, monthly, seasonal, and
yearly aggregations.
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Fig. 1. Digital Elevation Model of Azerbaijan showing topographic variation (Data source: NASA SRTM v3)

Data processing began with the retrieval of UTCI values for
Azerbaijan's geographic extent (38°N—42°N, 44°E-51°E) from
2004 to 2024 using the Copernicus CDS API. The UTCl values,
originally in Kelvin, were converted to Celsius for practical
interpretation. Monthly averages and seasonal summaries
were computed to analyze temporal patterns in thermal
comfort. To enhance spatial resolution, we applied bilinear
interpolation in ArcGIS, downscaling the data from 25 km to
1 km resolution while incorporating elevation adjustments from
SRTM DEM and land-cover weights from ESA WorldCover
2021. This approach allowed us to account for local topographic
and urbanization effects on thermal conditions.

While the dataset provides robust global coverage, we
acknowledge limitations including its 25 km resolution, which
may overlook microclimatic variations in mountainous areas,
and its assumption of standard clothing insulation (0.9 clo),
which may not fully reflect local attire practice.

UTCI Calculation

The Universal Thermal Climate Index (UTCI) was
calculated using ArcGIS's geospatial processing tools to
assess thermal comfort conditions across Azerbaijan. The
computation incorporated four key meteorological
parameters prepared as raster layers: air temperature
(Tain °C), mean radiant temperature (Tmrtin °C), relative
humidity (RHin %), and wind speed at 10 m height
(v10 in m/s).

First, wind speed was adjusted from 10 m to 1.1 m height
(approximating human height) using the logarithmic wind
profile formula: v1.1=v10x%(In(1.1/z0)/In(10/z0)), where zo
represents surface roughness length (0.03 m for open
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terrain). This adjustment was implemented through ArcGIS's
Raster Calculator tool.

The UTCI was then calculated using the simplified
polynomial approximation developed by Bréde et al. (2012).
The formula applied in ArcGIS was:

UTCI=Ta+0.348x(RH/100)-0.70xv1.1+0.70x(Tmrt—

Ta)/(1+0.155%v1.1)-0.0023x(Tmrt—Ta)x(RH/100)
where all input variables were processed as continuous
raster layers.

The resulting UTCI raster was reclassified into nine
thermal stress categories following international standards, with
particular attention to the optimal comfort range (9-26°C) for
tourism activities. This ArcGIS-based approach provided
spatially explicit UTCI mapping suitable for regional tourism
climate analysis while maintaining computational efficiency.
The methodology leveraged ArcGIS's robust raster
processing capabilities to handle large datasets across
Azerbaijan's diverse climatic zones.

Classification of Thermal Comfort. UTCI values were
categorized into thermal stress classes (Table 1) per
international standards (Di Napoli et al., 2018; Blazejczyk
et al., 2012).

Results

The analysis of monthly UTCI values across Azerbaijan
from 2004 to 2024 revealed distinct spatiotemporal patterns
of thermal comfort conditions. The UTCI maps, showed
values ranging from extreme cold stress (—21 °C in January)
to moderate heat stress (28.4 °C in August) (Fig. 2—4). During
winter months, the mountainous regions of Greater and
Lesser Caucasus exhibited the coldest conditions, while
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relatively milder thermal comfort (UTCI 0-9 °C) prevailed in
central lowland areas including the Kura-Aras plain,
Southeastern Shirvan plain, Mil plain, Mugan plain, and
Lankaran lowland, as well as along the Caspian Sea coasts.
Summer months presented a contrasting pattern, with August
showing the most pronounced heat stress, particularly in low-
lying regions. The persistent thermal comfort conditions in
central plains during winter and coastal areas suggest these
regions may offer more favorable conditions for year-round

outdoor activities and tourism compared to the extreme
seasonal variations experienced in mountainous zones.
These findings provide valuable insights for tourism planning
and highlight the importance of considering microclimatic
variations when assessing human thermal comfort across
Azerbaijan's diverse landscapes. The comprehensive 20-year
dataset offers a robust basis for understanding long-term
thermal comfort trends in the region.

Table 1

UTCI thermal stress categories
Thermal Perception

UTCI Range (°C) Physiological Impact

<-40 Extreme cold stress High risk of frostbite
-40 to -27 Very strong cold stress Significant discomfort
-27 to -13 Strong cold stress Shivering likely
-13t0 0 Moderate cold stress Mild discomfort
0Oto9 Slight cold stress Neutral for active individuals
9 to 26 No thermal stress Comfortable for most
26 to 32 Moderate heat stress Increased sweating
32 to 38 Strong heat stress Risk of heat exhaustion
> 38 Very strong heat stress Danger of heat stroke
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Fig. 2. Monthly values for UTCI in winter

The analysis of UTCI values during spring months
revealed distinct spatial patterns across Azerbaijan's varied
topography. UTCI| values ranged from —-13°C in
mountainous areas to 15.5°C in lowland plains (Fig. 3),
demonstrating the significant influence of elevation on
thermal comfort conditions. Spring emerged as the most
favorable season for tourism and outdoor activities, with
particularly  comfortable  conditions  (UTCI 9-26 °C)
prevailing across most of the country during April and May.
The spatial distribution showed a clear elevation gradient,
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with optimal thermal comfort conditions concentrated in
lower-lying areas including the Kura-Aras lowland, Mugan
plain, and coastal regions along the Caspian Sea. These
low-elevation areas benefited from milder temperatures and
reduced cold stress compared to mountainous regions,
where winter-like conditions persisted into early spring. The
consistent pattern of more favorable thermal conditions at
lower elevations suggests these areas may be particularly
suitable for springtime tourism development and outdoor
recreational planning.
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Fig. 3. Monthly values for UTCI in spring

During summer months, Azerbaijan exhibited a wide
range of UTCI values from 5.3 °C to 28.4 °C (Fig. 4). While
most regions experienced no thermal stress (UTCI9-
26 °C), creating favorable conditions for summer tourism,
distinct spatial patterns emerged. June showed transitional
conditions with slightly cold stress persisting in upper
mountain regions, particularly in the Greater and Lesser
Caucasus ranges. The most intense heat stress occurred in
central and eastern lowland areas, with peak UTCI values
recorded in urban centers like Baku and Sumgait, as well as
in the southern districts of Neftchala, Sabirabad, Saatli, and
Imishli. These areas, characterized by their low elevation,
consistently demonstrated the highest UTCI values during
summer months, often reaching the upper thresholds of
thermal comfort or entering moderate heat stress conditions.
The spatial distribution of summer UTCI values reveals an
important consideration for tourism planning, with coastal
areas along the Caspian Sea and higher elevation regions
offering more moderate thermal conditions compared to the
intense heat of central lowlands. This pattern suggests that
while much of the country experiences physiologically
comfortable conditions in summer, careful consideration of
microclimatic variations is essential for optimizing tourist
experiences and managing heat-related health risks.

The autumn months in Azerbaijan exhibited a gradual
transition from warm to cold thermal conditions, with distinct
spatial variations in UTCI values ranging from 20 °C to —
16 °C (Fig. 5). September and October maintained optimal
thermal comfort (UTCI 9-26 °C) across all lowland and plain
regions, including the Kura-Aras lowland, Mugan plain, and
the Caspian coastal zone, providing ideal conditions for
outdoor tourism activities. By November, thermal comfort
levels became comparable to those of December, with
cooler conditions extending across the central plains, while
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mountainous regions began experiencing cold stress
(UTCI <0 °C). This seasonal shift highlights the narrowing
window of comfortable conditions as winter approaches, with
early autumn (September—October) offering the most
favorable period for tourism in lowland regions before colder
temperatures set in. The persistence of no thermal stress in
plain areas during early autumn underscores their suitability
for extended seasonal tourism compared to higher-elevation
zones, where colder conditions arrive earlier. These findings
emphasize the importance of timing for tourism planning,
with September and October representing peak comfort
months for most of the country before thermal stress
increases in November.

The monthly UTCI extremes in Azerbaijan demonstrate
how topography drives thermal comfort variations across
different elevations (Fig. 6). The data reveals that mountain
regions experience severe cold stress in winter (UTCI —
21.0 °C in January), while lowland areas reach moderate
heat stress in summer (UTCI28.4 °C in August). This
49.4 °C annual UTCI range primarily reflects elevation
differences rather than continental effects alone, with three
key patterns emerging:

+ High-altitude zones maintain prolonged cold stress due
to radiative cooling and persistent inversion layers,
particularly in the Greater and Lesser Caucasus where
January's UTCI matches extreme continental climates.

* Lowland basins show accentuated summer heat stress
(UTCI >26 °C June—-August) from combined temperature-
humidity effects in the Kura-Aras and Caspian coastal plains.

* Transitional months (April-May, September—October)
reveal the strongest relief-induced contrasts, where mountain
valleys can simultaneously experience thermal comfort
(UTCI 9-15 °C) while nearby peaks remain in cold stress.
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The mean annual UTCI across Azerbaijan ranges from
—-4.3°C to 14.1°C, demonstrating significant spatial
variation tied to elevation and geography (Fig. 7). High-

altitude regions of Greater and Lesser Caucasus
Mountains experience moderate cold stress conditions
(UTCI —4.3 °C to 0 °C), while transitional zones including
Ganja, Gazakh, Khankandi, Goychay, Guba, Nakhchivan
show moderate conditions (0 °C to 9°C). The most
favorable thermal environments (9 °C to 14.1 °C) are found
in lowland and coastal areas such as Lankaran, Neftchala,
Sabirabad districts, and the Kura-Aras plain. Notably,
Lankaran's subtropical coastal climate maintains the
highest mean annual UTCI values (12-14.1 °C), making it
particularly suitable for year-round tourism, while
Nakhchivan exhibits greater seasonal variability due to its
continental highland climate. These patterns highlight how
Azerbaijan's diverse topography creates distinct thermal
comfort zones, with lower elevations generally offering
more favorable conditions for tourism and outdoor activities
compared to mountainous regions that require specialized
seasonal adaptations.
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The analysis of district-level mean UTCI values reveals
clear spatial patterns in thermal comfort conditions across
Azerbaijan. Two distinct clusters emerge from the data:
mountainous districts exhibit significantly lower values, while
lowland areas demonstrate consistently higher thermal
comfort levels. Among the cooler regions, Kalbajar (-2.5 °C)
and Lachin (-1.5 °C) districts represent the most extreme
cases of cold stress, characteristic of high-altitude zones in
the Lesser Caucasus. Transitional districts such as Guba
(0.6 °C), Gusar (1.8°C), and Shusha (2.6 °C) show
progressively milder conditions, though still below optimal
comfort thresholds (Fig. 8). The warmer cluster presents a
striking contrast, with all lowland districts exceeding 10 °C.
Mingachevir (10.4 °C) and Lankaran (10.6 °C) mark the
lower boundary of this group, while central and southeastern
plains districts — particularly Neftchala (12.7 °C), Salyan
(12.4 °C), and Sabirabad (12.3 °C) — record the highest
values (Fig. 9). This pronounced thermal gradient between
highland and lowland areas, spanning nearly 15 °C from
coldest to warmest districts, underscores the critical role of
elevation and geography in shaping local microclimates. The
consistent warmth of southern and central lowlands
suggests greater potential for year-round tourism
development compared to mountainous regions, where
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g. 7. Distributions of UTCI based on mean annual \)alues

thermal conditions impose significant seasonal limitations on
outdoor activities. These spatial variations in UTCI values
provide valuable insights for regional tourism planning and
infrastructure development tailored to local climatic realities.
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Fig. 8. Districts with lower UTCI values
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Fig. 9. Districts with higher UTCI values

Discussion and conclusions

This study comprehensively analyzed the spatiotemporal
patterns of thermal comfort in Azerbaijan using the Universal
Thermal Climate Index (UTCI), revealing significant
variations driven primarily by topographic diversity. The
results demonstrate that elevation plays a crucial role in
shaping thermal comfort conditions, with mountainous
regions experiencing prolonged cold stress while lowland
areas face moderate heat stress. The transitional seasons
of spring and autumn exhibit the most favorable conditions
for tourism, particularly in mid-elevation zones where
thermal comfort persists longest. These findings highlight
how Azerbaijan's complex relief creates distinct
microclimates, enabling diverse tourism opportunities within
relatively small geographical areas.

The research underscores three key recommendations
for sustainable tourism development: First, tourism planning
should adopt a seasonally differentiated approach that
aligns activities with optimal thermal conditions. This
involves concentrating outdoor cultural and nature-based
activities during transitional seasons when comfort levels are
highest, while developing climate-adapted solutions for peak
summer and winter periods. Second, infrastructure
development should incorporate bioclimatic design
principles, prioritizing passive cooling strategies in warmer
regions and thermal protection measures in colder zones.
Third, destination management organizations should
develop predictive models using UTCI data to anticipate
shifting comfort zones under climate change scenarios.

Future studies could expand this work by integrating
visitor perception data with physiological comfort metrics.
Practical applications should focus on developing real-time
comfort advisory systems and training programs for tourism
operators on microclimate-aware service design. This UTCI-
based framework provides policymakers with evidence to
optimize resource allocation, ensuring tourism development
aligns with regional bioclimatic advantages while mitigating
thermal stress challenges.

Ultimately, the study establishes a replicable approach
for balancing visitor comfort with environmental resilience
in topographically diverse regions. The findings offer
strategic insights for enhancing seasonal tourism offerings
while maintaining ecological integrity across Azerbaijan's
varied landscapes.
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A3sepbanpxaHCbKUi aepXaBHUW NeparoriyHumM yHiBepcuteT, Baky, Asepb6anaxaH

NPOCTOPOBO-YACOBWUIA AHANI3 TEMNNIOBOIO KOM®OPTY B A3EPBAAIXAHI

B ¢ Ty n. Po3ymiHHs1 npocmopoeo-4yacosux 3aKoHOMipHocmeli menjioeo2o komgpopmy mae eupiwanbHe 3Ha4YeHHs1 Onsi po3pobku cmpamezili
cmasno2o mypusmy e 2eoepagpiyHo pizHoMaHimHux pezioHax. Lje komnnekcHe docnidxeHHs1 saue4ae cknadHi 6ioknimamu4Hi ymoeu A3sepbalidxaHy
3a donomMozoro YHieepcasibHO20 mensioeo20 Kiimamu4Ho2o iHdekcy (YTKI), 3 ocobnueum akyeHmom Ha me, siKk epaxkaroda monozpaghiyHa pizHoma-
HimHicmb kpaiHu — i y36epexxs Kacnilickko2o Mopsi 3o 2ipcbKux 30H — cMeoproe pPi3Hi Mikpoknimamu, siki ennuearomb Ha komghopm eideidyeauyie
ma mypucmuyHuii nomeHyian. OcKinbKku 3MiHa Knimamy npodoeixxye 3miHo8amu mernsose cepedosuwse 8 ycbomy ceimi, ye docnidxeHHs1 Hadae
Kpumuy4Ho eaxuei 6a3oei 0aHi Ons1 aBanmueHO20 ny1aHy8aHHs1 Mypu3my e nepexiOHuUX KiliMamu4HuUX 30Hax.

Me Toawn. Y docnidxeHHi sukopucmosyesanucsi 0aHi noemopHoz2o aHanizy ERA5-HEAT dns po3paxyHKy 3HavyeHb YTKI, ekntoyaroyu yomupu
K/Ir0408i MemeopoJs1o2iyHi napamempu: memMnepamypy noeimpsi, 8iO0HOCHy eosiocicmb, weudkicmb eimpy ma cepedHto padiayiliHy memnepamypy.
Po3wupeHi Memodu npocmopoegozo aHasni3y 6yno enposadxeHo 3a dornomozoro ArcGIS, eknroyaroqu iHmepnosAyiro 0nsi cmeopeHHs1 6esnepepsHux
noeepxoHb YTKI, 30HanbHy cmamucmuky Ons1 pe2ioHanbHUX NMOpPieHsIHb Ma KOpeKyii Ha 0OCHoei eaucomu 3 eukopucmaHHsiM daHux SRTM 30 m DEM.

Pe3ynbTaTu.AHani3 suseue ekcmpemanbHi pi4Hi konueaHHsi UTCI (8id —21,0 °C y eucokozipiy ciyHi do 28,4 °C y HU30O8UHaXx y cepriHi), ujo
demMoHcmpye euHsimkoege 6ioknimamuy4He pisHomMaHimms Azep6alidxaHy. lipcbki pezioHu (Benukuli ma Manui Kaeka3) deMmoHcmpyeanu mpueanuii
xonodoeuti cmpec (UTCI <0 °C npomsizom 4-5 micsiyie), modi sik Hu3oeuHu (pieHuHa Kypa-Apakc, y36epexxsi Kacnilicbko2o Mopsi) 3a3Hagasnu 3Hay-
Ho20 flimHbo20 mensioeoz2o cmpecy (UTCI >26 °C npomsizom 60-90 dHie). OnmumansHi ymoeu mernsioeoz2o komgpopmy (UTCI 9-26 °C) 6ynu Halibinbw
cmilikuMu HaeecHi (KeimeHb—mpaseHb) ma 80ceHU (8epeceHb—Ko8MeHb), ocobiueo Ha cepedHix eucomax (500—-1000 m).

B 1 c HoBKWU. Le docnidxeHHss deMoHcmpye, wjo Modesi mernsioeo2o komghopmy AsepbalioxaHy ¢pyHOaMeHManbLHO eu3Hayaromscsi monozpagiy-
Humu ¢ghakmopamu. OmpumaHi pesynsmamu 0aromsb 3Mo2y 30ilicHrO8amMu MoYHe naHyeaHHs mypu3sMy 3 ypaxyeaHHsIM Kilimamy: KysibmypHuUl ma nispkHul
mypu3M y HU308UHaX IPOIMsi20M MiKCE30HHS1 (KeimeHb—4ep8eHb, 8ePeCeHb—K08MEHb), 2iPCbKUU Mypu3M y 2ipCbKUX 30Hax eJ1imKy ma 3umMosi audu criopmy
y sucokozipHux patioHax. Po3po6nieHa mym cmpykmypa Ha ocHoei UTCI eusiensiembcsi 0cob51ueo UYiHHO Os1s1 ynipaestiHHs eKcmpeMaibHUMU mepManibHUMU
HasaHMaXXeHHsIMU SIK Y XapKoMy, mak i 8 xorio0Homy cepedosuwii. Lji pesynbmamu maroms 6e3rnocepedHe npakmu4He 3acmocysaHHsi O51si po3eumky mypu-
cmu4HoT iHghpacmpyKkmypu, ce30HHUX MapKemuH208UX cmpamegili ma nnaHyeaHHs1 adanmauii do 3mMiHu kiimamy.

KnioyoBi cnoBa: UTCI A3ep6alidxaH, mennosuli KoMgpopm, mypucmuyHa KiimamoJsiozisi, monoepadgidHuli ennue, cmanuli mypusm.
ABTOpM 3aABNSAIOTb MPO BiACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopu He Gpanu yyacTi B po3pobreHHi AocniaxXeHHs; y 360pi, aHanisi un
iHTepnpeTaLii AaHKX; y HANUCaHHI pyKonucy; B pilleHHi Npo nybnikaLito pesynbTaris.

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

ISSN 1728-3817



FEONOrISA. 4(111)/2025

~131 ~

EKOHOMIYHA lFTEOJIOris

YK 550.8.056
DOI: http://doi.org/10.17721/1728-2713.111.15

Ceprin BUXKBA', a-p. reon. Hayk, npod., 4n.-kop. HAH YkpaiHu
ORCID ID: 0000-0003-4091-6649
e-mail: s.vyzhva@knu.ua

Onbra BINABCBKA', kaHa. eKoH. Hayk
ORCID ID: 0000-0002-9945-957X
e-mail: olha.biliavska@knu.ua

Omutpo BABYYK'?, acn.
ORCID ID: 0009-0009-5918-2148
e-mail: dmytro-babchuk@ukr.net

lOnis BABYYK'"2, kaHg. hinoc. Hayk, gou,.
ORCID ID: 0000-0003-1495-3112
e-mail: julya_babchuk@ukr.net

'KuiBcbkui HauioHanbHUM yHiBepcuTeT imeHi Tapaca LLleBueHka, KuiB, Ykpaina

2HauioHanbHa akagemis CBY, Kuig, YkpaiHa

KPUTUYHI MATEPIAJIM B KOHTEKCTI NPOrPAMMU UKRAINE FACILITY
TA EBPOMNEMNUCBLKOI IHTErPALLII YKPAIHU

(lMpedcmaesneHo yneHoM pedakyiliHoi kosezii 0-pom 2eon. HaykK, cm. docnidHukom OnexkcaHdpom MEHbLLIOBUM)

lpucesiyeHO KOMMIIEKCHOMY aHaili3y poJli Kpumu4HUX cupoeuHHuUx mamepianie (KCM) Ykpainu y konmekcmi cmpameeaiyHoi
asmoHomii €eponelicbko2o Coro3y ma lio20 yinel 3es1eHo20 U yugpoesozo nepexody. BusHavyeHo, ujo iHmezpayiss 6azamux miHe-
panbHuUx pecypcie YkpaiHu, wjo nimpumyemscs iHiyiamueamu, makumu sik [fpoepama Ukraine Facility, moxxe cymmeeo 3miyHumu
cmilikicmb esponelicbKux aHyrozie nocmayvyaHHss KCM, siki € He3amiHHUMU Onsi cyyacHUX mexHosio2ili. OKpec/IrMbCs 8UKITUKU
ma maltbymHi nepcnekmueu Onsi iHmezpauii kpaiHu e eeponelicbKuli 1aHU2 CMEOPEHHsI eapmocmi CUPOBUHHUX Mamepiarnie.
Haykoea Hoeu3Ha nonsicae e mixducyunniHapHomy nidxodi, ujo NoedHye 2eonoslimuy4Hi, eKOHOMiYHi ma 2eosi02ivyHi acnekmu oOns
po3e'sizaHHst npo6nemu KCM e YkpaiHi, n(ponoHyroYu wiisixu nodosiaHHA 3anexHocmi eid 3acmapinux daHux, eepudpikauii 3anacie
Kpumu4Hux/cmpamezi4HuUX KOpUCHUX KonasuH 8 YKpaiHi ma 3any4eHHs1 iHeecmuuyid.

Knw4yoBi cnoBa: Ukraine facility, kpumuyHi cupoeuHHi Mamepianu (KCM), 3eneHuli yugposuli nepexid, 3akoH npo Kpu-
muyHi cuposuHHi mamepianu (CRMA), eepudpikayii 3anacie Kkpumu4Hux/cmpameai4HUX KOPUCHUX KOMasuH.

Becryn

OcHOBHOI Memoro Li€i cTaTTi € BcebivyHu aHani3 poni
noTeHujiany KpUTUYHUX CUpPOBUHHUX MaTepianis (KCM) Yk-
paiHM B KOHTEKCTi cTpaTeriyHoi aBTOHOMII €BponencbKoro
Cotosy Ta noro uinen 3eneHoro nepexody. Ctatra nparHe
pO3'AICHUTK, SK iHTerpauia 6araTtMx MiHepanbHUX pecypcis
YKpaiHu, WO NonerwyeTbes TakuMu iHiliatmeamum, sk Mpo-
rpama Ukraine Facility, moxe 3Ha4yHO MOCUNUTU CTIRKICTb
naHutorie noctavyaHHs KCM ansa €C. Lli maTtepianu € He3a-
MiHHUMM ANl Cy4acHUX TEXHOIOri Ta EKOHOMIYHOT CTabinb-
HocTi. MeTa uboro AocnimKeHHss hOPMYETLCS 3 PO3YMiHHS
TOro, WO KPUTUYHI cupoBuHHi maTtepianu (KCM) BusHaueHi
€sponericbkum COl030M SK €KOHOMIYHO Ta cTpaTeriyHo Ba-
XNUBI, ane BoAHOYaC NOB'A3aHi 3 BUCOKMM PU3UKOM MoCTa-
YyaHHsa (European Commission, 2023a).

Mpsmnin 3B'A30K MK MiHepanbHUM noTeHuianoMm YKpa-
THM Ta uinsamu cTpaTeriyHol aBTOHOMIT Ta 3eneHoro/ungpo-
Boro nepexogy €C, nigkpecneHun [MNporpamoto Ukraine
Facility, nepeTBopto€e Lie AOCNIAXEHHS i3 CyTO reonoriyHoro
Ha rNUOOKMIA reononiTUYHUIA Ta EKOHOMIYHUIA iMnepaTuB.
[Hatoum Bignosiab Ha HaranbHy notpeby Ak Ans NiCNsBOEH-
HOro BiQHOBMEHHs1 YKpaiHuW, TaK i ANa OBroCTPOKOBOI 6e3-
neku Ta cranocti €C.

Haykoea Hoeu3Ha Liei poboTu nonsrae B ii Mxamcumn-
niHapHOMy nigxoAi, Wo CUHTE3ye reonorniTUYHi, EKOHOMIYHI
Ta reonorivyHi NepcrneKkTMBM Ans po3B'a3aHHsa npobnemu Kpu-
TUYHUX CUMPOBWHHUX MaTepianis B YKpaiHi B paMkax €Bpo-
nencbkoi iHTerpadii. [ocnigjxeHHs BUXOAWUTb 3a pPaMKu
3aranbHUX TBEPIKEHb NPO MiHepanbHe 6araTtcTBo YkpaiHu,
KPUTUYHO aHani3yroun Hacnigku 3anexHocTi Bif, iCTOPUYHUX

AaHuX (OLiHOK paastHCbKOi €MoXu) Ta NPOMNOHYYN, K BEPU-
(ikauist 3anaciB KpUTUYHUX/CTPATENYHUX KOPUCHUX KONanuH
B YKpaiHi MOXe HagaTu HeobXiaHy OHOBIEHY, HafiliHy Ta
MiXXHapoOHO-CYMICHY reosoriyHy iHdopmadito.

HaykoBuIn BHeCOK nonsirae y npono3uuii Toro, sik 3anna-
HOBaHi pedopmMu, SKi NPOBOAATLCS, Ta Ti, WO Lie MalTb
OyTM npoBefeHi B pamkax nporpamu po3suTky Ukraine
Facility, MOXyTb NOCUNUTN KOHKYPEHTOCNPOMOXHICTb YKpa-
iHM B pamkax iHTerpauii 4o €C Ta, 30kpema, iHTerpauii 6a-
ratmx MiHepanbHWX pecypciB YKpaiHu sik eKOHOMIYHO Ta
CTpaTErivyHO BAXITMBUX Y BHYTPILLHIA puHOK €C.

Lle nepeTBoptoE TEOPETUYHUI NOTEHLAN Ha NPaKTUYHI
MOXXITMBOCTI, LLO € BaXMNMBUM BHECKOM Y MiCNSIBOEHHE BiA-
HOBNeHHS YKpaiHu Ta il eBponenchbKy iHTerpadito.

Ozn1510 icHyro4oi nimepamypu ma Haykoeux Aocili-
OXeHb BKa3ye Ha 3HAYHWUIA iHTEPEC A0 TEMU KPUTUYHUX CU-
POBMHHMX MaTepianiB Ta iXHbOro 3Ha4YeHHs Ans rnobansHoT
€KOHOMIKM Ta reononiTuku, a TakoX 3pocTalvy yBary [0
poni YKpaiHu sk NOTEHUiMHOro noctavansHuka. [JocnigHukm
Ta aHaniTUKM LWMPOKO OBroBOPIOKOTL reONOTiTUYHI HACTIAKK
naHutoriB noctadaHHs KCM, BigsHayawum 3HavHy 3anex-
HicTb €C Big 0bMexeHOol KiNbKOCTi KpaiH Ta pu3uku, Lo
CTBOPIOKOTBLCA L€ 3aMneXHiCTIO.

Cepepn KMHOYOBMX AOCNIOAHUKIB, SKi aKTUBHO BUBYaNM Ta Ko-
MeHTyBanm mMiHeparbHe 6araTtcTBo YKpaiHu, MOXHa BUGINUTY:

e [3abenna [ypesuy (ifo Institute, EconPol Europe).
Ii aHania nigkpecritoe 3anacu YkpaiHn 4Nt OBOX TPETUH 3
34 KPUTUYHMX CUPOBMHHUX MaTepianisB Ta HaronoLye Ha Heoo-
XiOHOCTI iHBECTULA y NepepobKy, a He nuwe y BUaobyToK.
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e [lokmop Pobepm Mazza (SecDev). MNigkpecnioBas
"cTpaTeriyHnii Ta eKOHOMIYHWUIA BUMIP" okynauii Pocieto yk-
paiHCbKNX MiHepanbHUX poAOBULL, WO BNNMBae Ha rroba-
NbHi NaHUorM NocTayaHHs.

e Poman Onimax (KonuwmHil e2onosa [epxasHoi cryxéu
2eoroeiil ma Hadp YkpaiHu). YacTo UMTYeTbCA 3a NOro po3y-
MiHHS MiHepanbHOro noTeHuiany YKpaiHu, 3anexHocTi Big
OaHVX pagsHCbKOi enoxm Ta HeoOXiAHOCTI 3HaYHUX iHBECTU-
Ui, ocobnmneo anga nitito Ta rpadity. BiH Takox obroeopto-
BaB MNoTeHuian naptHepcTea 3i CLUA.

e YnaHa HaymeHko, Bikmop Mauyt, Onekcit HaymeHKko
(Ilncmumym 2eonoaiyHux Hayk HAH Ykpaiuu). TxHi gocni-
OXXEHHS 30CepeKeHi Ha 3aCTOCyBaHHI YHiKanbHUX Ta piakKi-
CHO3eMeINbHUX eNeMeHTIB B YKpaiHi, BUSBNEHHi NepBUHHUX
OXXepen Ta HaromnoLleHHi Ha HeobXigHOCTI NnoganbLMX goc-
nigxeHb Ta 6e3BiaAXogHNUX TEXHOMOTIN.

e Bornodumup Muxatnos, Cepezili Buxsa, Cepeit lNarok
(HHI "lHemumym 2eonoeii” Kuigscbkoeo HaujoHanbHO20
yHieepcumemy imeHi Tapaca Llles4yerka, [K3 YkpaiHu).
B psgi dyHaameHTanbHUX pobiT | HaykoBux nybnikawin
BM3HAYanu MepcrneKkTuBM i iHBECTUUiMHY npuBabnmeicTb
NPaKTUYHO BCiX OCHOBHMX BUAIB KOPUCHUX KOManuH YKpaiHu,
po3pobunu yHiBepcarnbHi KpUTepii OLiHKM X EKOHOMIYHOT Ne-
PCNEKTUBHOCTI.

HasBHiCTb ycTaneHmx akagemiyHux Ta HayKoBoO-gocnia-
HUX IHCTUTYUIN B YKpaiHi, 3 akTUBHUMWU JOCHIOHVKAMU Y ra-
Nnys3i  po3BiAKM MiHepanbHUX pecypciB, CBigYMTb Mpo
HasIBHICTb MOTY>HOMO BITYM3HSHOrO HAyKOBOrO MOTeHLjany.
Llen iHTenekTyanbHUA Kanitan € KpUTUYHO BaXNUBUM A
NiCNABOEHHOrO BiAHOBMNEHHS YKpaiHu Ta 1T iHTerpauii B €B-
ponewcbki NaHUrM CTBOPeHHs BapTocTi. BiH Moxe 3a6es-
neynTn HeobxigHi cyvacHi reonoriyHi Ta reodianyHi OLiHKM
ONs 3anydeHHsa MikKHapogHUX iHBECTULIN Ta 3abe3neyeHHs
CTanoro po3BuUTKYy pecypcis.

lMepedymosu, su3HayeHHs ma 3Ha4YeHHs KpUMmu4YHUX cu-
Po8UHHUX Mamepianig dnsi €C. KpUTnyHi CMpOBUHHI MaTepi-
anu (KCM) € dyHoameHTanbHUM €nemMeHTOM  Cy4acHoi
€BPOMNENCbKOi EKOHOMIKN. BOHM BU3HA4YalOTbLCA AK Matepi-
anu, Wo MalTb BUCOKY €KOHOMIYHY Ta CTpaTeriyHy BaXnu-
BiCTb Ana €sponewicbkoro Coto3dy, ane BogHoYac nos'sA3aHi
3 BWCOKMM PU3NKOM MocTadaHHs (Ziebarth, 2025). Llen
PU3MK NOCTa4YaHHSA 3HAYHOK MIPOK 3YMOBIIEHWUA BUCOKOHD
3anexHictio €C Big iMnopTy Ta HaA3BUYANHOK KOHLUEHTpa-
uieto BMaobyTKy, nepepobkn abo BUpOOHMLTBA LMX MaTepi-
anis B obMexeHin kinbkocTi kpaiH. Hanpuknag, y 2023 p.
€Bpona Gyna cunbHO 3anexHa Big HEEBPOMNENCHKUX OXKe-
pen ansa 6araTbox KPUTUYHUX MaTepianis, oTpumyoun 99 %
60py 3 TypeyunHu ta 100 % KknNOYOBMX PiOKICHO3EMENBHMX
enemeHnTiB 3 Kutato (Ziebarth, 2025).

3HauveHHsa KCM ans €C HEMOXIMBO NEPEOLiHNTM, OCKi-
NbKM BOHW € OCHOBOLO A1151 KIMOYOBKX ranysen npoM1crnoBo-
cTi. Ui maTepiann € KpUTUYHO BaXnMBUMKM ONSA TaKux
CEKTOPIB, K CMOXMBYa €NeKTPOHiKa, eKONOriyYHi TEXHOMOTIT,
aBTOMOOiNbHa NPOMUCIIOBICTb, aEPOKOCMIYHA ranysb, 060-
poHa, OXOpoHa 3[40poB'a Ta MeTanypris. BoHu € "dpyHaame-
HTOM ekoHoMmikn 21 ctonitTa" (Ziebarth, 2025). Hanpwknag,
ranin BUKOPUCTOBYETLCS B COHAYHUX NaHensx, nitin —y 6a-
Tapesx, 6op — y BiTpoBux TypbiHax, a Bonbpam — B aepo-
KOCMIYHin npomucnoBocTi (European Commission, 2023b).

Ocobnueo Baxnuea ponb KCM y gocsarHeHHi uinen €C
OO0 3efeHOoro Ta umdgposoro nepexogis. Lli matepianu no-
TPiGHI 4N TEXHOMOrIN, WO NiATPUMYIOTb Lii TpaHcdopmallii,
30KpeMa AAnsi AOCATHEHHS LiiNen LWoa0 HyNboBUX BUKUAIB BY-
rneut, sik-oT BiTpoBi TypbiHM Ta enektpomobini (European
Commission, 2023b). MacwTabu 3pocTaHHa nonuty Ha
KCM BpaxaloTb: 3a ouiHKkamMu, BUPOOHMLTBO TUMOBOrO ene-
KTpomobina notpebye B WicTb pasiB binblie MiHepanbHUX
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pecypciB, HiX 3BMYaHOro aBTomobins, a HasemHa BiTpoBa
€eKTPOCTaHLis — B AeB'sITb pasiB GinbLue, Hix rasosa. Npo-
rHO3yeTbCS, Wo nonut €C Ha pigkicHO3eMenbHi MeTanm 3po-
cTe B WicTb pasiB go 2030 p. i B cim pasiB go 2050 p., a Ha
niTin — y agBaHaguAatb pasis go 2030 p. i y ABaauATb oAuH
pa3 oo 2050 p. (Ziebarth, 2025).

LLIBnake 3poCTaHHS NOMUTY Ha KPUTUYHI CUPOBUHHI Ma-
Tepianu, cnpuynHeHe ambiTHMMuK uinsmm €C wono 3ene-
HOro Ta umdpoBOro nepexody, He npocTo 36inbliye
noTpeby B UMx mMaTepianax, a npuckoptoe ii 6eanpeueneHT-
HuMK Temnamm (European Commission, 2025a). Lle wewnake
3pOCTaHHSA MONUTY, Y MOEQHAHHI 3 iICHYYMMU pU3MKamu y
naHutorax nocTayaHHsi, CTBOPIOE KPUTUYHUWIA CcTpaTeriyHuni
imnepatme ans €C woao ausepcudikadii mxepen Ta 3Miu-
HEHHS1 CBOIX NaHUoriB CTBOpeHHA BapTocTi. Llen npamui
NPUYNHHO-HACMIOKOBUIA 3B'A30K MIAKPECMIOE HaranbHICTb
MOLLYKY HOBUX, HAAIMHNX NOCTavarnbHWKIB, TakMX SK YKpaiHa,
WO € kaHanaaToMm y uYneHn €C Ta nparHe 8o iHTerpauii B
NOro eKOHOMIYHWI NPOCTIp.

3akoH €C npo Kpumu4Hi CUPOBUHHI Mamepianu
(CRMA): uyini ma cmpameeii. Y BignoBigb Ha 3pocTatodi BU-
KNuKn y ccpepi noctavaHHs KPUTUHHUX CUPOBUHHUX MaTepi-
anis €sponenceknii Coto3d yxsanus y 2023 p. 3akoH npo
KpUTWYHI cnpoBuHHI MaTepianu (CRMA). Lei BceocskHWI
HOpPMaTMBHUI aKT cnpsiMOBaHWIN Ha 3abesneyeHHs 6eaney-
Horo Ta ctanoro noctadaHHs KCM gns eBponericbkoi npo-
MWUCMOBOCTI Ta 3Ha4yHe 3HWXKeHHs 3anexHocti €C Bia
iMMOPTY BiO OKpeMux KpaiH-noctadanbHukisB. CRMA Takox
nparHe 3miLHUTW BHYTPILIHI NaHUrM nocrayvyaHHs, nigsu-
LUMTK CTiIMKICTb A0 nNepeboiB Ta CNpUATU LMPKYNSPHIN eko-
Howmiui (European Commission, 2025a).

3aKkoH BCTaHOBIIOE YiTKi OPIEHTMPU AN BHYTPILIHIX
notyxxHocten €C go 2030 p.:

e ujoHanmeHLwe 10 % piYHOro CnoXuMBaHHA CTpaTeriyHnX
CYPOBUHHUX MaTepianiB Mmae BuaobyeaTucsa BcepeamHi €C;

e ujoHavMeHLe 40 % pivyHOro cnoXxuBaHHA Mae nepepo-
onsTuca Bcepeauti €C;

e LloHaviMeHLWe 25 % piYHOro CroXuBaHHA Mae Hagxo-
OnTn 3 nepepobrieHnx MaTepianis;

® He GinbLue 65 % PiYHOro CNOXMBAHHSA KOXHOMO CTpa-
TeriyHoro matepiany Ha 6yap-akii cTagii nepepobkn mae Ha-
OXoanTu 3 AKoick TpeTboi kpaiHu (Ziebarth, 2025).

Ona gocarHeHHsa umx uinen CRMA nepenbavae Husky
3axofiB Ta MexaHi3mis. Lle Bknoyae cnpoleHHa npouenyp
[03BOMIB AN CTpaTeriyHnx nNpoekTiB y €C, BCTaHOBMIOKOYN
MaKkcuMarnbHi TepMiHM y 27 MicaLiB Ansa BuA0OyBHMX NPOEKTIB
Ta 15 micsuiB Ans nepepobHuMx Ta yTunisauiiHnx o6'eKTiB, Lo
3HaYHO CKOPOYYE CTaHAaPTHi TEPMIHW. 3aKoH Takox 3anpoBa-
KY€ MOHITOPVHTI NaHLIEOrB MOCTa4YaHHs Ta CTPEC-TECTYBaHHS
Onsi 3abesneyveHHs ix CTINKOCTi, KOOPAUHYE CTBOPEHHS CTpa-
TeriYHMX 3anacie Ta Haknagae 30060B'A3aHHA WOA0 rOTOBHO-
CTi OO0 PpU3MKIB Ha BenuKi KOMMaHii, Lo BUPOGMATbL
cTparteriyHi TexHonorii (European Commission, 2025a).

Ha mixHapogHOMy piBHI 3akoH CnpsiMOBaHWIA Ha 3Mil-
HEHHS MibXKHapOo4HOI criBnpawi Ta pO3BUTOK B3aEMOBUTIAHUX
napTHepCTB 3 TPeTiMU KpaiHaMu, BKNOYaK4M iHiLiaTMBM Ha
kwranT "Critical Raw Materials Club" Ta poswupeHHs me-
pexi yrog npo cTtane iHBeCTULiNHe CNPUSAHHS Ta BiflbHY TOp-
riBnio, WO, 30KpeMa, peani3oByeTbCA B YKpaiHi uyepes
nporpamy Ukraine Facility Ta acouiauito 3 €C.

AmMGiTHI Uini CRMA woao BHYTPILWHBOro BUA0OYTKY Ta
nepepobkm (10 Ta 40 % BignosigHo ao 2030 p.), y noegHaHHi
3 MeToto AmBepcudikadii (He binblwe 65 % 3 oaHiel kpaiHu)
(Ziebarth, 2025), 6e3nocepeHbO NO3ULLIOHYIOTb YKpaiHy SK
KMNOYOBOro NOTEHLMHOrO napTHepa. 3HauHi pecypcu Ykpa-
iHn, y pasi ix po3pobku, MOXyTb CyTTEBO CMNpPUSTU
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OOCArHEHHIO UUX Linen, akTM4yHO po3rnsaaarynch sk "BiT-
UYM3HAHI" B paMKax ManbyTHbOro €ANHOIO PUHKY, TUM CaMUM
3axuwatoum €C Bif 30BHILLHIX LUOKIB Ta MOCUIIOYN NOro
cTpaTeriyHy aBToHOMIt0. Lie CTBOpIOE NOTYXHUI CTUMY” ANg
€C iHBecTyBaTh y MiHEpanbHUi cekTop YKpaiHu.

MiHepanbHo-crpoB/HHa 6a3a YKpaiHu: KIoYoBi KPUTWUYHI
maTepianu. YkpaiHa Bonogie BUHATKOBO BaraTvMu MiHeparb-
HUMK pecypcamu, siKi BBaXaOTbCA KPUTUYHO BRXKIMBUMU NS
Cy4acHUX rany3en NpomMMCcroBocCTi. 3a ouiHkamu, KpaiHa Mic-
TUTb 6nM3bko 5 % CBITOBUX MiHEpanbHUX pecypciB, 3 Maixe
20 000 poaoBwmLL, Lo oxonntooTe 116 Tunie pya. 3aranbHa Ba-
pTiCTb LMX MiHepanbHUX 6araTcTB 3a Pi3HUMM OLiHKaMK csirae
Bia 3 no 15 Tpunbiionis gonapis CLUA (Duggal, & Ali, 2025).

HesBaxkaroum Ha 3Ha4YHWI NoTeHLUian, NOTOYHMI BUA0OY-
Tok BinbwocTi KCM B YkpaiHi 3anuwaeTtbcs gyxe obmexe-
HUM. 3HayHa YacTuHa reonoriyHoi iHpopmauii 6asyeTbes Ha
3acTapinux papsHCbkMX AaHux, 3ibpaHux y 1960—1980-x
pp., BiACYTHI Cy4acHi ouiHKK 3anacis, LLO BiAMNOBIAAOTb M-
HapoaHuMm cTangapTtaM. Kpim Toro, B YkpaiHi 6pakye cyvac-
HWX NOTY>XHOCTEN AN NepepobKu, Lo 0OMEXYE MOXIMBICTb
€KCropTyBaTu He MPOCTO CUPY pyay, a NpoayKTu 3 GinbLuoto
OO aHoto BapTicTHo, Taki sik NiTiesi ximikaTn Ans 6atapen abo
oumLLeHnn rpadit (Georges, 2025).

Cawme TOMy, 3 METO MiAFOTOBKM A0 ayKLiOHIB Ta TeHae-
piB, yrog npo posnogin npoaykuii (aani — YPI), YkpaiHa 30-
OoB'si3anacb NPOBECTU MNEPEBIPKY Ta MEpPeOoLiHKY 3anaciB
KPUTUYHUX MaTepianiB i CMPOBMHKU 3a JOMOMOIOK MibXKHapoa-
HUX cucTeM knacuaikauii (Hanpuknag, PKOOH, JORC). Mpo-
BEOEHHS MEepeBipOoK Ta MEpeoLiHKkU 3anaciB  KpUTUYHUX
mMaTepianis i CMPOBMHKU 32 AOMOMOro MiXKHapOOHUX CUCTEM
knacudikadii, 3okpema PKOOH, MoxyTb nogonatun Kputuy-
HWUIA PO3PMB MiX 3acTapinMMm reonoriyHUMK OLiHKaMW paasiH-
CbKOi ernoxu Ta HaranbHot NoTpeboto B HaAiHKX, Cy4acHUX
OaHuX Anst AOCArHeHHs Uinen 3akoHy €C npo KpUTUYHI cupo-
BUHHI maTtepiany (CRMA). A ue, 3peLuToto, AacTb 3MOry Mnpo-
BECTM pPO30BNOKyBaHHS MiHepanbHOro noTeHuiany YkpaiHu
AN MbKHapoAHWUX iHBecTWUin Ta iHTerpauii. BigcyTHicTb cy-
YacHOI OLUHKN € MPSAMOI0 NEPELLKOAOI0 Ta CTBOPKE CYTTEBI
6ap'epu ans 3anyyeHHs iHBectuuin (LLabenbHikos, 2025).

B pamkax npoBefeHHsi pedpopM Ha peanisadito npo-
rpamu Ukraine Facility epxreoHagpa ta K3 Ykpainn npo-
BOAATbL Bepudikauilo 3anaciB  cTpaTeriyHUX/KpUTUYHUX
KOPUCHMX KonanuH B YKpaiHi (37 KOPMCHMX KonanuH Bigno-
BigHO Ao piweHHsa PHBO Big 16.07.2021 p.) (Paga HauioHa-
nbHOI 6e3neku i 06opoHn Ykpainu, 2021).

Baxnueo BiA3HauMTK, WO, XO4 YKpaiHa yacTo 3ragy-
€TbCA AK KpaiHa 3 0gHMMM 3 HaWBIinbLUMX poaoBwULL, Y EBpori,
HasiBHa iHbopMaLlis TakoX BKasye Ha Te, Lo Ui 3anacu "ne-
peBaxHO HesukopucTaHi”. Kpim Toro, saranbHi "3anacu"
(EKOHOMIYHO XMTTE3A4aTHI) € MEHL 3Ha4YHUMW, HiX "pofdo-
Buwa" (reonoriyHo HasiBHi) (Gourevich, 2025). Lle nigkpec-
JIH0E KPUTUYHY BIOMIHHICTb MiXK reofnoriYH1M NoTeHLuianom ta
[OBEeAEHVMN, EKOHOMIYHO OOr'pyHTOBaHMMM KiNbKOCTAMMU
MiHepanbHUX pecypciB, L0 BKa3ye Ha HaranbHy notpeby B
Cy4acHii po3BigLi Ta eKOHOMIYHIN OujiHL;.

TpvBana BitHa B YKpaiHi Takox 6e3nocepeHb0 BNMBae
Ha JOCTYMHICTb Ta PO3pOOKY POAOBULL, KPUTUYHUX MiHEpaniB.
Pocis akTMBHO 3aXONIoe Ta KOHTPOMKOE 3HAYHI YaCTUHN Mi-
HepanbHux 6aratcTe YkpaiHu, 0COBMMBO Y CXiAHMX perioHax.
Lle TeputopianbHWiA KOHTPOSb He nuiie no3daense YkpaiHy
KUTTEBO BaXKITMBUX JOX0AiB ANS il BiAHOBINEHHS, ane 1 Hagae
Pocii ctpaTeriyHuin BnnvB Ha rnobarnbHi naHulory nocra-
YaHHs. Hanpuknag, y 2022 p., 3a ouiHkamu SecDev, Pocis
okynyeana 63 % yKpaiHCbKMX BYriNbHUX LLAXT, @ TakoX Noro-
BUHY il 3anaciB MapraHuo, Lesito, TaHTany Ta piakicHoseme-
nbHnx enemeHTis (Gourevich, 2025).
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Mporpama Ukraine Facility Ta ii ponb y po3BuTKy
MiHEepanbHO-CUPOBMHHOI 6asu.

Mporpama Ukraine Facility € kKnto4oBMM iHCTPYMEHTOM Y
cTparerii €sponencbkoro Cotody, Wo nepeadavyae HagaHHs
YkpaiHi go 50 mnpg eBpo crabinbHoi Ta nepenbavyBaHoi
iHaHcoBOT NiATPMMKKM Ha nepioa 3 2024 no 2027 pp. OcHo-
BHMMMU LiNaMu Uiei nporpamm € nNiagTpMMka BigHOBMEHHS, Bia-
OypooBu Ta MopepHisauii YkpaiHu, 3abesneyeHHss i
hiHaHcoBMx noTpeb Ansa 6e3nepebinHoro HagaHHA Aepxas-
HUX nocrnyr, mMoOinisauis iHBECTUUIN Yy MPUBATHUA CEKTOP
(ovikyeTbcs 0o 50 Mnpa €BpO) Ta CNpUsiHHS pedopmam Ha
wnaxy oo yneHcrtea B €C (European Commission, 2024a).

[ocarHeHHs 3a3HavYeHuX Linew nnaHyeTbes LUMSIXOM pe-
anisauii 6asoBux pecopm, L0 3MILHIOTbL AepXKaBHi iHCTU-
Tyuii, cuctemy ynpaeniHHA Ta BEpPXOBEHCTBO Mpasa,
3anpoBagXXeHHs1 EKOHOMIYHUX pedopM, CMPAMOBAHUX Ha
po3BuTOK BidHec-cepenoBuLla, 3any4eHHs iHBECTULIN i pos-
LUMPEHHS 3aWHATOCTI Ta IHTErpyBaHHSA B YCi HanpsiMKu pe-
dopMyBaHHS: 3eneHun nepexig, umdposy TpaHchopMaLito
Ta EBPOMENCHLKY iHTerpadito.

Okpema cTpaTeris nepeabadae NpiopuTETHICTb CEKTOpa-
NbHOro po3BUTKY 3 OpieHTaLUielo Ha Ti cdepw, Wo 34aTHI 3a-
6e3neynTn MynbTUNNIKaTUBHUIA eddeKT Ans BCIEi €KOHOMIKM
Ta nocunutn noaudii Ykpainm Ha rnobanbHux puHkax. Op-
HMM i3 TaKnMX MPIOpUTETIB € CEKTOP KPUTUYHUX MaTepianis i
CcMpoBUHK. PO3BMTOK LbOro CeKkTopy 3gateH 3abesneunTtu
cTane eKoOHOMiYHe 3POCTaHHS Ta MiABULLMTK ponb YKpaiHu
y rmobanbH1X NaHLorax noctaqyaHHs.

IHCTpymMeHTamMun peanisauil MoaepHisauii cektopy mae
cTaTh: pO3BUTOK Cy4acHUX TEXHOMOrIN BUAO6YTKy Ta nepe-
pOBKM KPpUTUYHUX MaTepianis; 3anpoBagKEHHS MPO30PUX i
LWIBMAKUX NpoLeayp ANns iHBECTOPIB; BUKOHAHHS CTaHOapTIB
ESG (ekonoriyHa, coujanbHa Ta ynpaeniHCbka Bignosigans-
HiCTb) Ta hopmyBaHHSA CTUMYNIB A4S BUPOOHULITBA KiHLEBOI
TEXHOIOrYHOT NPOAYKLIT 3 BUCOKOIK 4OAAHO BapTICTHO.

OuikyBaHUI edhekT Bif pedopMyBaHHA Ta MoaepHi3aLii
chepyn KpUTUYHMX MaTepianiB, OKPiM CTBOPEHHSI HOBUX PO-
604Mx Micub Ta 3MiLHEHHSI NO3uULi YKpaiHM Ha CBITOBOMY
PUHKY KOPUCHUX KOManuH, Le LWe 1 NOCUNEeHHs1 EKOHOMIYHOT
CTIMKOCTi 3i 3pOCTaHHAM BHECKY KPWUTWUYHWUX MaTepianie y
BBIN kpaiHn Ta iHTerpauia YkpaiHn y BHYTPILLHIN puHok €C
SIK PiBHOMPAaBHOrO rpaBLs Ta napTHepa.

CekTopanbHuiA PO3BUTOK Yy cAhepi KpUTUUHMX MaTepianis
BMMarae NpoBeAeHHS KOMMIEKCHMX pedopM, CPAMOBaHNX
Ha MofepHi3auito ynpaBniHCbKUX, TEXHOMNOrYHMX Ta peryns-
TopHux npoueciB. Hacamnepen noTpebyloTe yaoCkoHa-
NneHHs  agMiHicTpaTMBHI  npoueaypu, nNoB'A3aHi 3
hopMyBaHHsM nopTdens iHBECTULIMHNX NPOEKTIB, L0 3a-
6e3neunTb NPO30PICTb i LWBMAKICTb YXBaneHHs pilleHb Ans
iHBeCTOpiB. BaxnmBmMM KPOKOM € TakoX 3anpoBagKeHHs Bi-
OKPUTUX | 3pO3YMINNX MexaHiaMiB yKnageHHs yrog npo pos-
MOAIN NpoAyKLUii, WO CTaHe 3anopykok 3pOCTaHHA AO0BipU
Bi3Hecy Ta MiXXHapoaHUX NapTHepIB.

Okpemoi yBarn notpebye umndposisaLis Ta CTBOPEHHS
Cy4aCHUX OHManH-IHCTPYMEHTIB AN JOCTyny A0 reoiHdop-
MaLiiHUX pecypciB i cepsiciB perynstopa. Lle gactb amory
CcnpocTuTy poboTy 3 AaHMMU, 3a0e3NeUnTb iXHIO BiAKPUTICTb
Ta NoNINWWUTL SKICTb YNPaBiHCbKUX pilleHb.

PecdopmyBaHHA ranysi Takox nepegbadvae LwMpoke
BMPOBAaXEHHS1 iHHOBALUINHMX TexXHomorin BuaobyTky Ta
BKINIOYEHHSA YKpaiHWM 4O CyYacHMX rnobanbHNX naHuoriB ne-
pepobku i cTBOpeHHs1 4odaHoi BapTocTi. KntoyoBuMm 3aBaaH-
HAM TyT € rapMOHi3auid HopMaTMBHO-NPaBoBoi 6asu
ripHn4o4006yBHOT NPOMUCIIOBOCTI 3 EBPONENCHKMMMN CTaHAa-
pTamu. OcobnuBUA aKLEHT pobUTbCS Ha iHTerpauii NpuHUK-
nie ESG (ekonoriyHux, couianbHUX Ta YynpaBriHCbKNX
KpuTepiiB), AKi NOBUHHI CTaTV HEBIA'EMHOI0 CKNaAoBoIo BCIX
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eTaniB AisinbHOCTI — Bif, reonoriyHMX AoCnigpKeHb 4O NPoOMU-
cnoBoro BUA00YTKy 11 nepepobKn KOPUCHUX KOManuH.

Peanisauia umMx pegopm gactb 3MOry He nuule nigsu-
LLNTK ePeKTUBHICTb (PYHKLIIOHYBaHHS CEKTOpPY, a 1 cpopMy-
BaTW YMOBW A5 MOro AOBroCTPOKOBOI CTIMKOCTi, IPO30POCTi
Ta iHTerpauii y BHYTpPiLLHin puHok €C.

Mpsamun 3B'a3ok Mporpamu Ukraine Facility 3 po3suTkom
MiHeparnbHO-CMPOBMHHOI 6a3n YKpaiHu niakpecneTbes 3a-
KOHOA4aBYMMM 3MiHaMK. 3akoH YkpaiHn "Mpo BHECEHHS 3MiH
Ao HauioHanbHOI nporpamu po3BWUTKY MiHeparbHO-CUpO-
BUHHOT 6a3un Ykpainm go 2030 poky" cnpsMoBaHWiA Ha imn-
nemeHTauilo 3axogie, nepeabadeHux [naHoMm Ykpainu
(Ukraine Facility), 30kpema B KOHTEKCTi CTpaTeriyH1X Ta Kpu-
TUYHUX KOPUCHMX KomanwuH. Lle Bkno4vae 3anpoBagKeHHs
BM3Ha4YeHb MiHepaniB Ta KOMNOHEHTIB CTpaTeriYyHOro Ta Kpu-
TUYHOrO 3HAYEHHS, @ TaKoX BCTAHOBMEHHA creuianbHUX
npouenyp 4ns OTpMMaHHA npaBa Ha KOPUCTYBaHHSA Hagd-
pamu yepes aykuioHn (Shulima, & Yaliieva, 2025).

CrtpaTteriyHe y3romkeHHss Mix [Mporpamoto  Ukraine
Facility Ta uinamm €C y cdepi KCM € oyeBngHum. TicHiwa
iHTerpauis MiHepanbHO-CMPOBUHHOIO CeKkTopy  YKpaiHu
MOXe 3Ha4YHO NocUnMTH pecypcHy 6esneky €C Ta 3MeHLWINTU
3anexHicTb Big AOMiHYHOUMX NOCTavYanbHUKIB, O NOBHICTIO
Bignoeigae uinam CRMA (European Commission, 2024a).
MocTaBkm 3 YkpaiHu sk KpaiHu-kaHamMaaTa Ha BcTyn go €C
Ta 6rM3bKOro mapTHepa po3rnAAarTbCa SK MOMITUYHO Ha-
JinHi Ta 6e3neyHi. Y manbyTHbOMy €QUHOMY PUHKY BOHU MO-
XyTb OyTU TpakTOBaHi Maxe sk "BiTYM3HAHI" pecypcy, LWo
AodatkoBo 3axuctuTb €C  Big  30BHIWHIX  NOTPsCiHb
(Gourevich, 2025).

Mporpama Ukraine Facility Hagae kputuiHo Baxxnusy di-
HaHCOBY Ta MOMITUYHY OCHOBY ANl 3MEHLUEHHST pU3NKKIiB Ta
CTUMYIIOBAHHS iHBECTULLIA Y CEKTOP KPUTUYHUX CUPOBUHHMX
maTepianis Ykpainu. LLInsxom siBHOro 3B'A3Ky 3Ha4HOI i-
HaHCOBOI Aonomoru 3 pechopmamm Ta iHBECTULIAMM Y CTpa-
TeriyHi miHepanu, €C aKkTMBHO CTBOPIOE HEOOXiOHI YMOBM
ans Toro, wob6 YkpaiHa cTtana HagitHum Ta 6e3neyHnm

opkepenom, 6e3nocepeaHbO MiATPUMYHOUN K MICMSABOEHHE
BiJHOBMEHHS YKpaiHu, Tak i cTpaTteriyHy aBToHoMito €C. Lle
— NOTY>XHUI MEXaHi3M ANns NepeTBOPEHHsI reononiTUYHOro
Y3roXXeHHS Ha BigYyTHI eKOHOMIYHI NepeBarn Ta nepesaru
y cdhepi pecypcHoi 6e3neku.

CmpamezeiyHe 3HayeHHs iHmezpauii ykpaiHCbKuX pecyp-
cie 0ns1 €C. IHTerpauis MiHepanbHWUX pecypcis Ykpaiiu B na-
HUIOMM nocTayaHHs €sponericbkoro Cotody mae rmmboke
cTpaTeriyHe 3Ha4YeHHs, Lo BUXOAWUTb 3@ MeXi NPOCTOi eKo-
HOMiYHOi BMrogn. BoHa € Kkro4oBUM eneMeHToM y nocu-
NEHHiI cTinkocTi Ta aBToHOMIT €C y rmobansHoMy macLuTabi.

Mo-nepLue, Le 3abesnevye KPUTUYHO BaXKNVBY ANBEPCU-
ikauito noctaBok. €C HUHI 3HA4YHOI MIPOK 3aneXxuTb Big
iMmnopty KCM 3 06MmexeHOT KinbKkocTi kpaiH, Takux sik Kutan
(ans pigkicHo3eMenbHUX enemeHTiB) abo [lemokpaTuyHa
Pecny6nika KoHro (ans kobaneTy) (Ziebarth, 2025). Ykpaina
3 il LUMPOKMM CNEKTPOM KPUTUYHMX MaTepianis, WO nexaTtb
B OCHOBi 3efeHOro Ta UMdpoBOro nepexoay, Moxe cratu
3HaYHUM anbTEPHATUBHUM [KEPENOM, 3MEHLLYIYM L0 reo-
NoniTUYHY Ta EKOHOMIYHY BPa3nmBiCTb.

Mo-gpyre, ue 3HayHo MigBuLLYye 6e3neky noctasok. Cta-
Tyc YkpaiHu gk kpaiHn-kaHamaaTa Ha Bctyn go €C T1a ii reo-
rpacpiyHa 6nm3bkicTb pobnATb Ti NOMITUYHO HadiHUM Ta
©e3neyHnm napTHepom. NMoctaBkm 3 YkpaiHu MOXyTb OyTh
iHTerpoBaHi B €4nMHWI puHOK €C, hakTU4YHO po3rnsagalymcb
AK "Marxke BiTYM3HSAHI" pecypcu. Lle cTBOproe AoaaTkoBun
piBeHb 3axucTy anst €C Big 30BHILHIX LWIOKIB Ta nepeboiB y
nocTa4aHHi, WO € KPUTUYHO BaXKITMBUM B YMOBAaX 3pocTato-
yoi rmobaneHoi HecTabinbHocTi (Gourevich, 2025).

Mo-TpeTe, iHTerpauis ykpaiHCbKUX pecypciB Mae 3Ha4yHWUn
reononitTuyHuA BNnuB. MNocuneHHs cniBnpaui 3 YkpaiHowo y
cpepi KCM e vactuHoto wnpLuoi ctpaterii €C ta CLUA, cnps-
MOBaHOI Ha 3MEHLUEHHS AOMiHyBaHHS Kutato Ha puHKyY pigki-
CHO3EMerbHMX €NEMEHTIB Ta iHLIMX KPUTUYHUX MaTepianis.
Lle no3Bonsie 3axigHUM AeMOoKpaTiaM 3MiLHWTU CBOI NO3uLii y
rnmobarsbHiN KOHKYpPeHLii 3a pecypcy Ta 3MEHLUMTU 3anex-
HiCTb Big aBTOpUTapHKX pexumiB (Ziebarth, 2025).

Ta6nuys 1

IHTerpauis cektopy KCM YkpaiHu B naHuUOrM cTBopeHHsi BaptocTi €EC

3aBaaHHA

IHCTpyMeHTH peanisauii

OuikyBaHun edekT

3abesneunTtu cTabinbHe
Ta nepen6adyBaHe nocravaHHs

KPUTUYHKX pecypcis go €C nocravaHHs

YyacTb y €BPOMNENCLKUX Nporpamax
i3 bopMyBaHHs 6e3neyvHKX NnaHuoris

3MiLHEHHS eHepreTUYHoi Ta MPOMMUCIIOBOI
aBTOHOMIi €Bpocoto3y

Po3BuBaTtu BUpoOHMLTBO NpoayKuii
3 BMCOKOI J04aHOoK BapTiCTO
ON5 3MEHLUEHHSI CUPOBMHHOI 3aneXHOCTi

Po3wunpeHHs iHBeCTULLINHNX
MOXNUBOCTEW Y BUOOGYTOK i nepepobky

3pocTaHHs iHBECTULN | CTBOPEHHS HOBUX
po6oumx Micub

CUVHXpPOHi3yBaTK yKpaiHCbKi CTaHAapTK
i3 Hopmamu E€C y coepi BUOobyTKy,
nepepobKku Ta eKonoriYHoi BigNoBigaNbHOCTI

BnpoBapxeHHss ESG-cTaHaapTis
y ripHM4o806yBHOMY CcekTopi

MigBuLeHHs poni YKpaiHu sik HagiiHoro
cTpaTeri4Horo napTHepa

MornnbuTtn naptTHepcTBO YkpaiHn Ta €C
y chepi cTpaTeridyHmx pecypcis

3 Hopmamu €C

"apmoHi3auis 3akoHogaB4oi 6a3un

[MocuneHHs ekoHOMIYHOI iHTerpauii YkpaiHm
3€C

Omxe, yKpaiHCbKi pecypcu po3rnagatoTbes siK cTpaTeriv-
HUA aKTMB, 34aTHUN 3abe3nevnTn B3aEMOBUriOHY MoAenb
cniBnpadi: 3 04HOro 00Ky, — NiATPUMKa PO3BUTKY YKPAiHCHKOT
€KOHOMIKM, 3 iHLLIOro — 3MiLlHEHHS aBTOHOMIT Ta cTikocTi €C
y rmobanbHomy macLutabi.

IHTerpauis cektopy KCM YkpaiHu B naHuioru crBo-
peHHs BapTocTi €C siBnsie coboto rmMMBOoKy reononiTuyHy
nepeopieHTauito. Lle cTpaTteriyHO nepemilye YacTuHy
3anexHocti €C Big KpUTUYHUX MiHepanis Bid MOTEHUIAHO
HecTabinbHUX abo BOPOXMX pexuMmiB A0 reorpadivyHo
Onn3bKoi, NONITUYHO Y3ro4KeHOoI Ta NparHy4oi 40 YreHc-
TBa gepxasu. Lie nocuntoe cTpaTteriyHy aBTOHOMItO Ta CTin-
Kictb €C Ha agepani MiHnuBIilWOMY rnobanbHOMY PUHKY
pecypcis, nepeTBoplolOYN YKpaiHy Ha HapiKHUN KaMiHb
€BPONENCLKOI pecypcHoi 6e3neku.
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[unckycis i BUCHOBKMN

AHanis miHepanbHo-cnpoBuHHOI 6a3u YkpaiHu Ta ii note-
HUiMHOI poni B 3a0e3neYeHHi KPUTUYHUX CUPOBUHHUX MaTepi-
anie gna  €sponericbkoro  Cow3y BUSBNSE  MUOOKY
B3aEMO3arexXHicTb Ta 3Ha4Hi NepcrnekTnBM Ans 060X CTOPIH.
YkpaiHa Bonogie BMHSATKOBMMM 3anacamu KCM, Bkrrovatoum
niTin, rpadit, TUTaH Ta pigKiCHO3eMenbHi enemMeHTun, sk €
XWTTEBO BaXNMBUMM A1 peanisauii 3eneHoro Ta umgposoro
nepexoaiB €C Ta 3MiLlHEHHS 1Oro CTpaTeriyHOi aBTOHOMIl.

BopaHouac BusiBneHo, L0 3HaYHa YacTyHa LMX pecypciB 3a-
NMLLIAETBCA HEBMKOPUCTAHO, a iHdopMauis Npo pogoBuLLa
yacto 6a3yeTbCs Ha 3acTapinvx AaHuUX pagsiHCbKOI eMnoxu, Lo
cTBoptoe Oap'epu Onsa 3anyyeHHs MiKHApOOHWX iHBECTULN.
TpuBatoya BiHa e Ginblue ycknagHwe OOCTyn OO0 AesiKUX
KIMHOYOBMX POLOBWLL Ta CTBOPIOE PU3VKM ANS iIHBECTULLINA.
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Mporpama Ukraine Facility Ta 3akoH €C npo KpuUTU4Hi
CMPOBWHHI MaTepiany CTBOPIOIOTb Oe3npeLefeHTHY MOXIU-
BiCTb ANs YKpaiHW iHTerpyBaTuca B €BPOMENCLKUIA NaHLOr
noctayaHHsa KCM. ®iHaHcoBa niaTpumMKka Ta iHBECTULiHI
mexaHiamu Ukraine Facility, y noegHaHHi 3 uinamm CRMA
wopao ameepcudikadii Ta BHYTPilWHLOro BUpOGHULTBA, MO-
XyTb CTUMYIOBaTU HeobXigHi pecdbopmu Ta iHBECTULIT B YK-
paiHcbkuii BMOobyBHMI Ta nepepobHuii cektop. Po3smTok
LbOro napTHepcTaa A403BoNunTbL €C 3MEHLLUTM CBOKO 3anex-
HIiCTb Bif HecTabinbHMX NocTayanbHUKIB, @ YKpaiHi — 3any-
YUTK KOLUTWU ONS BiAHOBMNEHHS Ta MOAEpHi3aLlii.

Peanizauis Lboro napTHepcTBa 34atHa cTaTu KaTanisa-
TopoM MacwwTabHux pedopm y ripHm4ogobyBHOMY Ta nepe-
pobHOMYy cekTopax YKpaiHu, BigkpuBawuu WRsX [0
BMPOBaXXEHHSI Cy4aCHMX TEXHOMOriN, MiABULLEHHS MPO30-
pOCTi Ta BiANOBIgHOCTI MixkHapoaHMM cTaHaapTam ESG. Bo-
AHo4ac iHaHCOBI IHCTPYMEHTM Ta iHBeCTUUIT AaayTb 3mMory
He NnuLue BigHOBUTU BUPOBHMYY iHOPACTPYKTYpY, a 1 34iic-
HUTWK Ti MOAEPHI3aLito, CMPSAMOBaHY Ha CTBOPEHHS MPoayKLii
3 BMCOKOI 10aHO0 BapTICTIO Ta CTBOPUTY YHiKarbHe BiKHO
MOXINUBOCTEN AN iHTerpauii YKpaiHM B €BPOMNENCbKi naH-
LIIOrM NocTayvaHHsl KPUTUYHOT CUPOBUHM.

KrtouoBy ponb y po3kpuTTi LibOro noTeHuiany Bigirpasa-
TMME OHOBIEHHA Ta Bepudikauis 3anacis KpUTUYHMX/cTpa-
TEriYHUX KOPUCHWMX KOonanmuH B YKpaiHi, WO [03BONUTHL
OTPMMaTK akTyarbHi, TOYHI Ta MiXKHapOAHOCYMICHI AaHi Npo
yKpaiHCbKi pogoBma. Lie KpuTuyHo BaxnuBo Ansi nepeTso-
PEHHS reornoriYHOro MoTeHLUjiany Ha eKOHOMIYHO XUTTE3aa-
THi 3anacu, WO BigNoOBigalOTb BMMOram MiKHaAPOOHUX
iHBECTOpiB 3 METO0 MiArOTOBKU A0 ayKUioHIB Ta TeHAepiB 3a
yrogamu npo po3noAin npoaykKLuii.

PekomeHpadit:

1. MNpioputeTHe NpoBegeHHSA CyYacHUX AOCNIMKEHb: He-
06XifgHO TEPMIHOBO iHBECTYBaTW y LUMPOKOMACLUTabHi Joc-
NiOKEHHS  KMIOYOBMX POAOBMLL  KPUTUYHMX CUPOBUHHUX
MaTepianie B YKpaiHi, 0COGNMBO TKX, WO 3HAaXOA4ATbCA Ha
6e3neyvHnx TepuTopiax. Lie AacTb 3Mory OHOBUTW reororiyHi
AaHi Ta NpuBecTM iX Y BiANOBIAHICTb 4O MiXXHAPOAHUX CTaH-
Aaptis (Hanpuknag, PKOOH).

2. CTBOpEHHS iHTErpoBaHmMx reonoro-reodisanyHmx 6a3 aa-
HUX: po3pobKa LieHTpani3oBaHUX, AOCTYNMHUX Ta OHOBIIOBAHWX
6a3 gaHux, WO 06'eqHYIOTL iICTOPUYHI Ta HOBI reodi3nyHi, reo-
NOriYHI Ta reoxiMivHi AaHi, cnpuatumMe eeKkTBHOMY MniaHy-
BaHHIO PO3BIJKM Ta 3ary4YeHHIo iIHBECTULN.

3. Po3B1TOK nepepobHUX NOTY>XHOCTEW: NapanensHo 3
po3Biakol HeobXigHO 3anyyaTy iHBECTULT Y CTBOPEHHSI Cy-
YacHUX NepepobHMX NigNpueMcTB B YKpaiHi, Wob makcumi-
3yBaTW [JofdaHy BapTicTb BuMaobyTMx MaTepianie Ta
iHTerpyBaTun YKpaiHy B CepefHI0 NaHKy €BPOMNENCbKMX JaH-
LtoriB NOCTa4YaHHs.

4., 3MiLUHEHHS MibkHapo4HOI cniBnpaui y cdepi R&D: no-
rMmnbneHHs cnienpaLi MK yKpaiHCbKMMW HayKOBUMMW YCTaHO-
BaMM Ta €BPOMEVCHKMMU OOCAIOHWLBKMU LieHTpaMu Ta
NPOMUCIIOBUMY NapTHeEpamu y cdpepi po3pobKn HOBUX TEX-
HOMOriN po3Biaku, BUA0GYTKY Ta nepepobku KCM.

5. MigrotoBka KagpiB: poO3LUMPEHHS OCBITHIX Nporpam y ra-
nysi reodiankn, reonorii Ta ripH1Yoi cnpasw And NigroToBKU BU-
COKOKBarigikoBaHux cpaxiBuiB, 34aTHUX npauoBaTy i3
CY4aCHUMM TEXHOIONAMU Ta MXKHapOOHUMM CTaHAapTaMu.

6. 3abesneyveHHs1 NPO30POCTi Ta CNPUATIIMBOIO iHBECTULIN-
HOro KriMaTy: NpoaoBXeHHs pedopM y cdepi HaaPOKOPUCTY-
BaHHs, CMpPSIMOBaHWX Ha 3MEHLUEHHS aAMiHICTPaTUBHOIO
HaBaHTaXeHHs, 3abe3neyeHHsi NPO30pPOCTi MiLEeH3yBaHHsS Ta
3aXMCTY IHBECTUL, L0 € KPUTUYHO BaXKIMMBUM NS 3a5y4YeHHs
iHo3eMHOro Kanitany.

Peani3auia umMx pekomeHgauii o3BOnNUTL YKpaiHi NoB-
HOKO MIpOK0 peanisyBatM CBill MiHepanbHO-CUPOBUHHUI

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

noTeHuian, ctaTv HagiiHM Ta CTpaTeriyHO BaXNIMBMM nap-
THepom ansa €sponericbkoro Coto3y, Wo cnpuatume sk i
BMacHOMy CTarioMy pO3BUTKY, TaK i 3MiLLHEHHIO EBPOMNENCh-
KOI pecypcHoi 6e3neku.

BHecok aBTopiB: Ceprii BuwkBa — iges, KpUTUYHUIA aHani3
i ninbip nitepaTypHux mxepen, peaaryBaHHs, BUCHOBKW; Onbra
binsiBCbka — aHarni3 HOpMaTUBHNX OKYMEHTIB i chiHaHCOBOI CKNago-
BOi, peparyBaHHs; [Mutpo Babuyk — koHuenTyanisauis, aHanis,
HanucaHHsi. FOnis Bab4yk — dpopmanbHUiA aHani3, HanucaHHs (opu-
riHanbHa YepHeTKa).
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This academic article offers a comprehensive analysis of the role of critical raw materials (CRMs) in Ukraine within the context of the European
Union's strategic autonomy and its goals of a green and digital transition. It's been determined that integrating Ukraine's rich mineral resources,
supported by initiatives like the Ukraine Facility Program, can significantly strengthen the resilience of European CRM supply chains, which are
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IHXXEHEPHO-FEOJIOriYHI YMOBU AHINPOBCbKUX CXUNIB
LEHTPAJIbHOIO APEANY KUEBA:
PETPOCMNEKTUBA OOCHNIAXXEHb TA AHAI3 YUHHUKIB 3CYBHOI HEBE3NEKU

(MpedcmaeneHo yneHom pedakyiliHoi konezii 3-pom 2eon. Hayk, npogh. OneHoro IBAHIK)

B c Ty n. [lpedcmaeneHo pe3ysnbmamu aHani3y iHXeHepHO-2e0J102iYHUX yMOe OHINPOo8ChbKUX cXuJlie y Mexax yeHmpasabH020
icmopuyHoz0 apeany micma Kuesa. OCHO8HOIO Memoto O0CTiIOKEHHS € 8UsI8JIEHHS MPUPOOGHUX Ma aHMPONO2eHHUX YUHHUKI8, W0
ern/iuearomb Ha pPo38UIMOK 3CYy8HUX NPoYecie, a makox ¢hopMyeaHHsI Cy4acHO20 ysi8JIeHHS PO yMoeu 3abe3neyeHHs1 cmilikocmi
npupodHoi cucmemu docidxyeaHoi mepumopii.

Me T o Aawu. [na ecmaHoeneHHs OuHaMiku po3eumKy 3CyeHuUX rnpouyecie Ha OHinpoeckkux cxunax Kueea sukopucmaHo pempo-
creKmueHuli aHari3 3cyeoHebe3ne4yHux OifsIHOK, 30KkpemMa ¢homodpikcayii cy4acHo20 cmaHy cxusly ma nopieHsAHHSIM ¢ghomozpaditi 3
apxieHux Oxxepes1. AHani3 iHxeHepHO-2€0/102iYHUX yMO8 ma YUHHUKIe po38UMmKy 3Cye8HUX 3PyuWeHb Ha cxusax rnpoeoouscs 3 8UKO-
puUcmaHHsIM aHaJlimu4yHUX, cmamucmuy4Hux, kapmozpagiyHux memodis. [ns nob6ydoeu kapmozpaghiyHux Modesieli BUKOPUCMAHO
2eoiHghopmauyitii cucmemu (3acmocyHku ArcGIS, Surfer). IH)xeHepHo-2eoo02iyHi po3pizu nobydoeaHo 3acobamu AutoCAD.

Pe3ynbTaTtu. Cucmemamu3oeaHo nepiodu Haykoeux AocioxeHb 3CyeHOI He6e3neku OHIiNpoeckbKUx cxuslie ma pobim 3 ix
YKpinneHHs1, sudinieHo N'amb KJIF0Y08UX emariie 0oClideHb, 8KITIOYarYU cyvacHi 3 yacie HezanexHocmi YkpaiHu. Ha ocHosi ysienieHb
Mpo YUHHUKU ¢hopMy8aHHs1 3CY8HUX 3pyuieHb Ha mepumopii docidkeHb audineHo mpu GinsAHKU, 0aHo ix iHXeHepHO-2eos102i4Hy Xa-
pakmepucmuky, eudineHo GinsiHKuU 3 HalisUWUM pigHeM 3cyeoHebe3rneKu 3a 8e/IU4UHOI0 Kyma Haxusy 15-25°, siki 3atimaromb 25-34 %
no nnowi 3anexHo eid dinsHku cxuny (fJaeHboz2o Kueea, LjenmpanbHoi, 3anaepcbkoi). BcmaHoeneHo, wo Halibinbwutl ensue Ha
3HUXKEeHHS1 cmilikocmi cucmemu cxuslie Malromb maki YUHHUKU: 8000HacUYeHHs1 IpyHmie (ammocghepHUMU onadamu, eumokamu 3 Me-
pex 800020HY), NpueaHMaXKeHHs cxurie y npoueci 3abydoeu, iHxXeHepHi empy4aHHs1 6e3 ypaxyeaHHs iH)XeHepHO-2e0J102i4HUX OCO-
6nueocmeli ma OQuHamiyHi HagaHMaxeHHs1 (mpaHcrniopm, 6ydieenbHi pobomu). lpoaHanizoeaHo CyKynHull enyiue 3a3Ha4yeHux
YUHHUKi8 i cucmemamu308aHo Haclioku ix e3aemodii, w0 npu3eodsims G0 empamu cMillko2o cmaHy cxusty.

B ucHoBKkMU. Ha ocHogi pezynbmamie c¢hopMyibo8aHO HanpsiIMKU KOHUenmyasnbHUX 3acad cucmemMHo20 nioxody do 3abes-
ne4eHHs1 cmilikocmi GHiNpoeckbKux cxusie, wo nepedbayaromp y3200)KeHe 3acmMocye8aHHs iHXeHepHO-2e0/102i{4H020 MOHiIMopu-
H2y, akmyani3ayii iH)XeHepHO-2e0/102i4HO020 palioHy8aHHsI OHINPOBCLKO20 CXUJly Ma paH)XyeaHHsS 3a pieHeM pu3ukKie 3cyeHoi
Hebe3neku, onpayroeaHHs NpuHyunie payioHanbHo20 micmobydieHo20 nnaHyeaHHs1 Ha cxusax ma onmumizayii Mpomu3cyeHux
3axodie 3 0608 's13K08UM ypaxyeaHHsIM iCMOPUKO-KySIbMYpPHOI YiHHocmi docnidxyeaHoi mepumopit.

Kno4yoBi cnoBa: iH)XeHepHo-2eosi02i4Hi yMoeuU, OHiNpoechkKi cxusu, 3cyeu, YUHHUKU 3Cy8HOI Hebe3rneku, icmopu4Hi apeanu.

Betyn

LleHTpanbHui ictopmyHuin apean M. Kuesa Bigirpae Bu-
3HayanbHy posb B iICTOPUKO-KYNIbTYPHOMY CEHCi PO3BUTKY
YkpaiHu Ta Mae AOMiHAHTHE MOSIOXEHHs B NnaHawadTi mi-
cta. s teputopia (M OHiNpom i Moro npaBok NpUTOKOD
p. JInbigp) MicTuTb 06'eKTU KyNbTYpPHOI Ta NPUPOAHOI cnaz-
LWMHK | NOB'AI3aHI 3 HUMK po3TallyBaHHS Ta dopmy 3aby-
O0BMU, SIKi NOXOAATb 3 nonepeaHix nepioais po3BuTKy. Apean
CTaHOBMUTb Ha CbOroAHi Tpoxu GinbLue 5 % TepuTopii micTa i
BXOAMTb Manxke NoBHicTio B lNMeyvepcbkin | yacTkoso B Lles-
yeHkiBcbkuin, Mopinbebkuii, ConoM'sHcbkuin Ta onociiBck-
K agMiHicTpaTuBHi paioHn Kneea (puc. 1).

Y BU3Ha4YeHi Mexi ICTOPUYHOro UEHTPY BKIagaeTbCcH
TEpUTOPIs, WO B reoCTPYKTYPHOMY NNaHi po3TalloBaHa Ha
NiBHIYHO-CXiOHOMY CXuni YKpaiHCbKOro LWwuta, B reomopdo-
NOriYHOMY MMaHi BUXOAUTb Ha CTUK MOPEHO-3aHAPOBOI piB-
HUHKM i KniBCbKOro necoBoro nnato, WO OOMEeXyrTbCs
cxvnamu gonuH OwHinpa i JvGigi, ix nputokammn — pidkamu,
O6ankamu, spamu (bapiiesckuii, Kynpauw, & LLBbigkmi, 1989;
IHCTUTYT reonoriyHnx Hayk HAH Ykpainn, 2006).

Y Mexax Uuiei TepuTopil po3TalloBaHi 3anoBigHWKM —
06'exTn BcecBiTHLOT KynbTypHOI cnaglimHy: HauioHaneHui
icTOpUKO-KyNbTypHUA  Kneso-levepcbknin  3anoBigHUK,

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

[epxaBHWI iCTOPUKO-KyNbTypHUI 3anoBigHuk "Codis Knis-
cbka" 3 pinismMn — KupumniscbknMm MOHaCTMpEM y Mexax ca-
anbn Knpuniscbkoi uepkBu Ta AHOPIIBCHKOK LIEPKBOK Ha
AHpgpiiscbkoMy y3Bo3i (UNESCO, 2024), [ep>xaBHuUin icTo-
pYKO-KyNbTypHUIA 3anoBigHuk "CtapoaasHii Kuis", nam'art-
HuKk Margebypsbkomy npaBy ([po [Nepenik nam'aATok...,
2008; MiHicTepcTBO KynbTypu Ta cTpaTeriyHMx KOMyHikawin
Ykpainu, 2024, 2025). Y uin yacTuHi micTa BUAINAKTLCA Ta-
KOX 30HM NPMPOAHO-iCTOpMYHOro nanawadTy. Lle, 3okpema,
TepuTopis NpaBoGepexHUX CxuniB AonuHW [Hinpa, naHa-
wadTHi komnnekeu rip CtapokuiBcbkoi, XopeBuui (3amko-
Boi, Kucenisku), LlekaBuui, AHgpiiBcbkoi, MuxainiBcbKoi,
Bonogumunpcbkoi, KOpkosudi, Jlunok, MNeyepcbka, Buayobu-
yiB, 3anuLwKkn dopTeyHux Banis i posiB lNMoginbcbkmx i MNMe-
YepCbknx POPTEYHUX YKpinneHb (lcTopuko-apXiTeKkTypHUn
onopHun nnaH M. Kuesa, 2015).

O6'eKTU iICTOPUKO-KYNbTYPHOIO 3HAaYEHHS LLIEHTPanbHOro
ictopmyHoro apeany M. Kuesa nepebysatoTb y pi3HUX reo-
MOPONOriYHMX | MOPGOMETPUYHNX YMOBAX, HaiHebe3neu-
HILLMMK 3 SKMX € CXUNW, 30KpeMa NpaBobepexXHOi YacTUHM
p. AHinpo, ge wwmpokoro po3BuUTKY HabyBamnu eposilHo-
rpaBiTauifiHi npouecu Ta nNepioaAnYHO aKTUBI3yBanucb
3CcyBU. 3CYBHi pyWHyBaHHS AHIMNPOBCBHKUX CXMMIB 3aBXau

© Kpinb TeTtsiHa, CTpenbuoB AHTOH, 2025
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

CTaHOBWNM cepro3Hy npobnemy ans m. Knesa. MNepui Bigo-
MOCTi Npo 3CyBU B paiioHi M. Knesa HaBoasTbCA B niTonucax
XI=XII cT. HaykoBe BMBYEHHS rpasiTaUiiHUX 3pyLlleHb Ha
cxunax npoBoautbest 3 XIX cT. Y BMBYEHHI 3CyBIiB, po3pobLi
3axodiB Ansa X MporHosyBaHHs, 3anobiraHHs M 6panu
yyacTb BifOMi reonoru, rigporeonoru, rigpoTexHikv Ta iHxe-
Hepu-byaisenbHukn: M. Bap6oT-ge-MapHi, K. M. ®eodinak-
Tos, O. I1. Maenos, I. A. TytkoBcbkui, M. A. Apmalueschb-

|~
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kun, C. T. Koknuk, B. J1. Jliukos, B. M. YumpsiHcekui, J1. C. Jliu-
koB, €. B. Onokos, B. |. Nyunupknii, P. P. Bupxwukiscbkui,
M. ®. MNorpe6os, A. H. Kosnoscbka, M. B. ®pemg, J1. I'. Ka-
maHiH, . M. Kupnuko, O. |. Cnacokykoubkuin, A. M. [ipaHHi-
koB, €.[. EmenbsaHoBa, @.B. Kotnos, B. ®. Kpaes,
M. T. JeMunLimH, M. B. KoHgpaTteHko, HO. M. Mapuyk,
O. Tl'. TonoeaHb, O. C. lTekenb Ta iH.

-9

Puc. 1. LleHTpanbHa icTopu4Ha YacTuHa AHiNpoBcbkux cxuniB M. Kuea:
1 — LleHTpanbHuiA icTopuyHWiA apean; 2 — Mexi AocnifKeHb; 3 — palioHn MicTa; 4 — BydepHa 30Ha 06'eKTiB BCECBITHBOI CNaaLLnHM
FOHECKO 3rigHo 3 nnaHom (IcTopuko-apXiTeKTypHUii onopHuid nnaH m. Kueea, 2015); 5 — 06'ekTn BcecBiTHLOI cnagwmHm FOHECKO,

ne 5.1 — HauioHanbHui ictopuko-kynbTypHUIA 3anoBigHuk "Codis Kuiecbka", 5.2 — HauioHanbHMI 3anoBigHuk "Kueso-lNeyepcbka naBpa
ynbTy

(UNESCO, 2024); 6 — apxiTekTypHi 3anoBigHukn HauioHanbHoro aHayeHHs, ae 6.1 — "Muxavniscbka ropa”,

6.2 — "Komnnekc 6yamHky BepxosHoi Paan, MapiiHcbkoro nanauy"; 7 — [lep>xaBHWI iCTOPUKO-apXiTEKTYpHWUIA 3anoBigHUK
"CtapopasHiv Kuis" (MiHicTepcTBO KynbTypu Ta CTpaTeriyHnx KoMyHikaui Ykpainu, 2024, 2025); 8 — MNMam'aTka naHawadTy, icTopii
(IcTopuyHMi naHawadT KUIBCLKUX Tip | AonuHK p. [HINpo); 9 — nam'aTku npupoam Ta cafoBO-NapKoOBOro MUCTELTBA MiCLIEBOTO 3Ha4YEHHS
(IcTopuko-apxiTekTypHUin onopHuii NnaH M. Kuesa, 2015)

Brnpogoex XX CT. AHINPOBCbKI CXMMKW 3a3HaBanu 3Hauy-
HWUX BMVBIB @aHTPOMOreHHOI AiSNbHOCTI: 3aCTOCYBaHHS 3a-
XOAIB iHXEHEepPHOro yKpinneHHs — OyAiBHMUTBO MignipHMX
CTiH, ApeHaxiB MINkoro i rmMbokoro 3aknagaHHsa ans eiase-
[OEHHSI I'PYHTOBUX Ta NiA3EMHUX BOJ, BUBEAEHHS OKPEMUX 3
HWUX 3 ekcnnyaTauii 3 YyacoMm, BUCA[XKEHHs AepeB Ta varap-
HUKIB Y3[0BX CXuny, OyOiBHUUTBO XXWUTNOBUX crniopynd, MNpo-
KnagaHHa  Tpacu  CBATOWMHCbKO-BpoBapcbkoi  MiHii
KMIBCbKOro MeTpononiTeHy, HanpukiHui XX — novartky
XXI cT. 3BeAEHHA BUCOTHMX Cropya Ha nansax Towo. Bee ue
Maro siKk HeraTMBHi Hacnigku, Tak i NO3NTUBHI BNABW.

Ha naHomy eTani po3maiTTa aHTPONOreHHOro BTpyYaHHs
Ha cxuni BUMarae ynopsiakyBaHHs1, aHanisy B3aemogii pisHux
TUNIB iHXXeHepHMX 00'eKTiB 3 reonoriYyHumM cepegoBuULLEM Ta
iHWKMMK iHXeHepHUMK 0B'ekTamu Ta cnopygamu, diTke Bu-
3HaYeHHs1 3cyBoHebe3neyYHNX MeX Ha AHINPOBCLKMX CXunax,
po3po6neHHs CUCTEM MOHITOPUHIY 3a CTAaHOM TepUTOPii, BU-
pobneHHs pekoMeHaauin Woao MicTobyaiBHOT AianNbHOCTI B
MeXax CXuniB.

"OroBHOI METOHO L€l poboTH € BUSABMEHHS YUMHHUKIB PO3-
BUTKY 3CYBHMX NPOLIECIB i (hOPMYBaHHSI HOBUX YSIBIEHb LLIOAO
yMOB 3a6e3ne4eHHst CTIKOCTi CUCTEMM JHIMPOBCLKUX CXMIIB Y
MeXax LeHTpanbHOro ictopu4Horo apeany M. Kueea.

[ns uboro BUKOHaHO Taki 3aBAaHHsN: 306ip Ta aHani3 nite-
paTypHuUX OnyoGmnikoBaHUX AaHWUX, iHXEHEePHO-reonoriyHnx
OOCHNiAXeHb 3a CTOPIYHWUI NEePioS TEXHOTEHHOT AiSNbHOCTI Ta

ISSN 1728-3817

HayKoBOrO Mporpecy; PeTPOCNEeKTUBHWUI aHania AinsHoOK
[OHIMPOBCLKOrO CXWUIY; BMBYEHHSA iHXEHEPHO-TEONOTNiYHUX
YMOB Ta NPUPOAHUX | aHTPOMOreHHUX YNHHWKIB PO3BUTKY He-
6e3neyHnx 3CcyBHUX MPOLIECiB; aHani3 eeKTUBHOCTI HasiB-
HMX 3axOfiB 3 MPOTM3CYBHOIO 3aXMCTy Ha 0OpaHin AinsHui;
BCTaHOBIIEHHS1 3aKOHOMIPHOCTEN X PO3BUTKY; BUPOBNEHHS
cucTeMy nornsgiB Ha 3abesneyYeHHst CTINKOCTI cUcTeMM
[OHINPOBCLKUX CXUMIB HA Cy4acHOMYy eTani.

TepuTopia gocnigxeHb € YacTUHO LieHTpanbHOoro icto-
pvyHoro apeany Kvnesa. BoHa npocTaraetbcs B340BX npa-
Boro 6epera p. [HINpo 3 NiBHIYHOro 3axody Ha NiBAEHHWN
cXif Ta BM3HAYaEeTbCs B Mexax cxuny Big HaBogHuubKoi
no 'mnboumupkoi Gankm Mix ypisom Bogu y [Hinpi Ta
Byn. JlaBpcbka, Masenu, [pyweBcbkoro, TpbOXCBATUTENb-
cbkoi, Benukoi XKutomupcebkoi (ams. puc. 1). 3aransbHa ce-
peaHs NPOTSHXKHICTL CTaHOBUTL 6,5 kM, WwnpuHa 0,5-2,0 km,
nrnowia BuaineHoi Teputopii 4,86 kM.

MeToau

Y pocnimkeHHAX BUKOPUCTaHO onybnikoBaHi Ta apxiBHi
marepianu HaykoBO-AOCNIAHNX Ta NPOEKTHMX OpraHisadin, a
came IHcTUTYT reonoriyHux Hayk HAH Ykpainu, apxisu
HauioHanbHoro 3anosigHuka "KuneBo-lNedepcbka naspa”,
KuiBcbkuin HawioHanbHW yHiBepcuTeT OyadiBHALTBA i apXiTek-
Typw, IHCTUTYTY reorpadii HAH Ykpaitu, BAT "KUIBMIPOEKT",
K "CYMne", TOB "rEOCIH®OPM", TOB "OCHOBA-COJICA®",
TOB "Marictpansbyanpoext"”, MMM "®ipma OHikc-CB".
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PeTpocnekTuBHWIiA aHani3 AinsHOK AHINPOBCHLKOIO CXuny
BMKOHAHO 3a [onomoroi ¢oTocpikcauii cydyacHoro crany
CXMny Ta NOpIBHAHHAM doTorpadoivt 3 apxiBHUX gxepen.

AHani3 iHXeHepHO-reonoriYyHnX yMoB Ta YNHHUKIB PO3BU-
TKY 3CYBHMX 3pYyLUEHb Ha CXUnax NpoBOAUBCS 3 BUKOPUCTaH-
HAM aHaniTUYHKX, CTaTUCTUYHUX, KapTorpadivyHNX MeToaIB.
[nsi nobynoBu kapTorpadiyHux Mogene BUKOPUCTaHO reo-
iHpopmaLiviHi cuctemm (3actocyHkn ArcGIS, Surfer). IHxe-
HEpPHO-TeOosorivHi pos3pisu nobygoBaHo  3acobamu
aBTOMaTM30BaHOro NpoektyBaHHst AutoCAD.

PesynbtaTtun

CucremaTu3auis nepiogiB HayKoBMX AOCHIAKEHb 3CYBHOI
Hebe3rneky OHINPOBCHKMX CXMIIB Ta PobiIT 3 iX YKPINNeHHS.

[HocnidxeHHs 0o XX cm.

MepLi obrpyHTOBaHI reosnoriyHi MaTepianu Wwoao 3cysiB
Ha TepuTopii Knesa 3Haxogumo B poboTti (PeodunakTos,
1882), xapakTepHo, L0 BXe ToAi aBTop NpaBuUIbHO iHTepn-
peTye 3MilLleHHS I'PYHTIB Ha Cxunax UeHTpanbHOI OiNsHKK K
NMOBEPXHEBI CMNMVBU B MOHWXKEHHAX penbedy cxunis (spw,
"3cyBHi UMpKK"). BiH BU3Ha4aB MexaHi3M 3MilLeHb NepLIOro
APYCY KUIBCLKOIO TWUMY Yepes3 NopyLUeHHs CTINKOCTi, 3yMOB-
neHe YTBOPEHHSIM NOPOXHUH YHacnigoK MexaHiuHoi cydosii
B TOBLLi I'pyHTIB BUe Bypux i ctpokatux rnuH. 3cysu gpy-
roro sipycy, Ha Moro AymKy, He NoB'A3aHi i3 3MiLeHHAMUN nep-
Loro sipycy i 3ymMoBneHi cneundiyHMMmn BNacTUBOCTSMU
rOPU30HTY CTPOKATKX FINH.

IHcbopmalis npo 3cyBu, Wo ctanucsa ao 1866 p., Bkpan
HenoBHa i ypmuByacTa. JliTonucHi gaHi csigyaTtb, LIO BXe B
paHHin nepiog cBoro icHyBaHHsl Kuig, Oyayun posTalioBa-
HUM Ha BuMcokoMy Gepesi [Hinpa, 3a3HaBaB pyWHiBHOI Ail
€po3ifiHO-rpaBiTalinHKX NPOLIECIB, L0 CIPUYUHMITO NOTPeDdY
BXWUTUW 3axofiB Ans 3axucTy Big pywnHyBaHb. Bigomo, o B
cepeauHi Xl cT. Ha lNeuepchbkin BUCOUMHI, sika coboro "aB-
nana ropwcTi nicosi xaw,i", nevepm MNMevepcbkoro Ta Mukine-
cbkoro [lyCTMHHOrO MOHacTupiB He pa3 3aBanioBanucs
BHacnigok rpyHtosux obeanie (IF'H HAH Ykpainu, 2012).

Y KuiBcbkoMy niTonucy, 3oKkpema, € cBigveHHs npo Oyais-
HuuTBO B 1190 p. npu kHA3i KniscbkoMy Propuky Poctucnaso-
BMYY MignipHOi MypOBaHOI CTiHW ANA 3axvCTy Big 4l pidku
MwuxanniBcekoro MoHacTupst Ha Bugybudax. Y 3B'si3ky 3 umm
M. C. 'pywwieBcbkun nuwe: "...dakT NpocnaBrneHnin puTopuy-
HVM NaHeripykom, Lo KiH4MTb KuiBcbkuia nitonuc. Ane cein myp
He 0BOPOHMB MOHACTVPS — Bif, NOTO LIEPKBU NINLLMBCS TirlbKK
3axigHui  Gik, CxigHWA, BWOKO, MOTArHyna 3emnsa B piky"
(MpyweBcbkui, 1992). 3 Lporo dakTy MoXHa CyauTH, Lo Tevist
[OHinpa Togi 6e3nocepenHL0 oMuBana narop6, Ha sikomy byna
nobynoBaHa LiepkBa i BiH 3a3HaBaB GOKOBOI epo3ii, BHACMigoK
SIKOI | BUHMKann 3CyBHi 3MiLLLEHHS I'PYHTIB.

Moganblii 4OKYMEHTOBaHI CBiAYEHHsSI Npo Npobremu 3
pyMHYBaHHAM CXuniB Ta Crnopyd Ha cxwnax BiacnigkoBy-
toTbes i3 cepeamHmn XVI ct. J1. C. JliykoB, 30kpema, HaBoaUTb
AaHi 3 "IlutoBckor MeTpukn" 1545 p., ae HanmcaHo: "Knes
3a aepxaHbe ®pupapuxa MpoHckoro: A noyana ropa 3amko-
Basi pacoBaTcs B TpeX MecTax, a 3Bnawja Ha 1 mecTbLmM OT
nons siMa He Marna BupuTa NIMHEHBLEM NECKY C BOAOK [0X-
[O€eBOL0, a Tak NoTpebyeT TaM ropa TamMoBaHbs 6e3 MeLLKa-
Hbs". 36epernncb TakoX CBIAYEHHS NPo Te, WO 5-ro KBiTHA
1685 p. "cnyx6osun iHo3emeupb [opaoH" pekomeHOyBaB
BiABECTW BoAy, WO TeKna nig naropkoM, Ha SIKOMy cTosina
Medyepcbka LepkBa, 1 BUPIBHATM siMM Ta BUOOIHK. [1o uboro
X yvacy, 3a apxiBHumu matepianamu Kueso-lNeyepcbkoi Jla-
BPW, MAaeEMO BIiOHECTU 34INCHEHHS NepLUMX 3axohiB LioAo
YKPINMeHHs neyep, nigBanuH uepkoB, byanHKy Tunorpadii
Ta iHWKMX cnopya, KOTPUM 3arpoxyBanu 3cyBu. CeHaTCbKuii
Haka3 Big 29. Xl 1753 p. cBiguuTb, WO 3CyBM 3adinanu gep-
XaBHi iHTepecw i BUKNukanu HeobXigHICTb NpoBeAEeHHS Npo-
Tn3cyBHux 3axogis (Jliykos, 1938). PyiHyBaHHs cxunis we 'y
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XVI-XVIl cT. 6yno nepeBaxHO noB'A3aHe 3 pPO3BUTKOM
APY>KHOT epoail.

ApxiBHi MaTepiann HauioHanbHoro 3anosigHuka "Kueso-
Meyepchka JlaBpa" (Karamnuk, 2008) ceigyaTh, Lo Ha oro Te-
pUTOPIT 3CyBW BUHUKANM B Pi3Hi MOPU POKY i 3a PiZHNX MPUYMH.
Tak, y 1758 p. nicns noctpiny 3 rapMaTt Ha YeCTb iMnepaTpuLi
€nu3aBeTn BiObynucst 3MilleHHst ocHoBu [anbHix Meuep i
3'apunucs TpiwmHn nigganuH. M. A. TyTKOBCbKUIA HaBiB AaHi
npo BENUYesHW 3CyB, K1 HaBecHi 1864 p. micns 3nNMBHOrO
ooy 3pywmB y [Hinpo woce nobnusy Bogokayku (TyTkoBC-
ki, 1895), a TakoX BUAINMB rMETYEPONOAIOHMIA TMN 3CYBIB i
onucae iXx MOpOosoriYHi enemMeHTn.

Y 6epesHi 1758 p. yepes 3MmilleHHs 6inga JanbHix Meyep
3aBanunacs gepes'saHa nignipHa CTiHKa NPOTSXKHICTIO NoHaz
40 m, a pewrTa Haxununacs. Y 1791 p. 3a nponosuuieto ag-
MiHicTpauii JTaBpu iHxeHep ManalieBny cknas NPoeKT yKpin-
NeHHs cxuniB, Ak Brneplwe nepegbayas, kpiM MiAnNipHUX
MypiB, BiABeAEHHS MOBEPXHEBUX BOA. Ane Li 3axoaun He 3Mi-
UHUNM cxun, i B 1798 p. noctano nutaHHs Npo HeobXigHiCTb
BMaLUTYBaHHsI ApPEeHaXHUX Criopyz, i kKanTaxy mxepen niase-
MHUX BoA. Po3pobneHnii nisHiwe npoekT iHxeHepa CyxTe-
neHa nepenbayaB CrnopyaXeHHs OBOX SPYCiB LErnsiHuX
LUTONMEHb, 3'€QHAHNX MOMEPEYHUMM ranepesimMu i ABOX Mig-
MOPHWX CTiH 3 HU30BOi CTOPOHU LUTOMEHb, NapanenbHUX M.
BoHun 36epernucsa 4o Haworo yacy i MatTb iHBEHTapHUIA HO-
mep 18 (Demchyshyn, & Kril, 2019).

He npunuHanuca 3cyem i npotarom XIX cT. AHOManbHi
norogHi ymoswu, 3nveu 1829, 1839, 1844, 1846, 1848, 1849
Ta 1853 pp. cTann NPUYUHOID 3HAYHWX 3CYBIB LbOro nepi-
oAy, Lo 3MyCWOo 3BEPHYTU yBary Ha YKpinmeHHsi CXUIiB.

Mpobnemu 3abe3neyveHHs CTINKOCTi CXMIiB Ta YKOCIB, Op-
raHisauii NoBepXHEBOro Ta NiA3€MHOr0 CTOKIB HaWLWnM o-
CUTb BAane pileHHss npy OOPOXHbOMY OyAiBHMUTBI B
XIX cT., 30Kpema npuv BnawTyBaHHi y3B03iB: Bonogmmupce-
koro (40-Bi pokn) Ta Mukonaiscekoro ([JHinpoBcbkoro) (60-Ti
poku) (Onnokos, 1934; Niykos, 1938).

Bnpogorx 1849—-1860 pp. 6yno ykpinneHo ykocu i npo-
knageHo [Hinposcbkui (Korn. MukinbCbkuin) y3Bi3 Big Bilicbko-
BOro cobopy (Tenep ue cxigHuin Gik nnowi Cnasn, ypouuiie
AckonbgoBa moruna) Ha lNMevepcbky o JlaHUroBoro Mocty
(3pynHoBaHui, micue 6ins mocty MeTpo). Ha ykocax criycky
[0 MOCTY Ansi Moro yKpinneHHsa 6yno 3acTocoBaHO ApeHaxi
Ta uernsHi wronbHi (cuctema Ne 17), yepes siki ApeHaxHi
BOAW cTikanu y 36ipHi kpuHWUi | gani y OHinpo. MnaHyBaHHSA
cxunis, WO APeHyTLCA, NpoBeaeHo y 1862 p.

HeratnBHy pomnb Yy po3BUTKY ©OeperoBoro cxuny
p. AHiNpo Bigirpano NepekpuTTs WOro CXigHOro pykaesa —
p. YopTtopwuii y cepeauHi XIX ct. (Demchyshyn, & Kril, 2019;
JlnykoB, 1928). YHacnigok uboro nigcununach 6idHa eposis
npaBobepexxHOro cxuny Ha oro LleHTpanbHin ginsHui.

lMepiod 1900—-1930 pp.

Ha ocHoBi reonoro-reomopdonoriyHoro axanisy (M-
KoB, 1928) BUKOHAHO y3aranbHeHHs1 MmaTepianis Npo reHe3uc
npaBobepexHuX Tepac p. [HINPo B Mexax NigHiXoKkst Heamc-
FIOKOBAHOTO NNaTo, HaBedeHO AaHi Npo 3CyBMU.

Mepioa iHTEHCMBHOrO PO3BMTKY 3CYBIB HE TiNbKW y Bec-
HAHWI Yac, ane N BriTKy Ta BOCeHW nMpunagae Ha 1905—
1907 pp. Tak, y 1905 p. peski ginsHkn HabepexHoro woce
3aBanuno cyuinbHUMKM Macamu Ha BucoTy Ao 1,5 m; 3cyB Ha
AckonboBii moruni 3aBanue HabepexHe Loce HacTinbku,
Lo nuwe Ha 15-n AeHb NOro po34nCTUNM.

lMicnsa BigHOCHO CNOKIMHWX BOCbMUW POKIB 3CyBM 3HOB akK-
TueidyBanucs y 1915-1916 pp. Y 1915 p. nicna pscHux
BECHSIHUX OOLUIB 3'ABUMMCS 3CYBU Ha ACKONbAOBIA MOruni;
O[MH i3 3cyBiB Ha HabepexxHomy woce (6ina Bogokayku) bys
3aBLUNPLLKKN 4 M.
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lMicns iHdopmauiiHoi nepepBM HACTyMHI AaHi cBigyaThb
npo NposiBx 3CyBiB MoYMHatoum 3 1924 p., konu B panoHi Kn-
eBo-lNeyepcbkoi naBpu, Ha HabepexHo-lNeyepchbkin Bynuuj,
3CyB 3pyMHyBaB OYAMHOK, y SKOMY 3arvHyro OBOE Moden.
Cnyck 10 NaHLoroBoro MocTy Yepes 3aBanu He yHKLIOHY-
BaB, i ANSA 3yNWHEHHs 3CYBIB, IO pO3BMBaNUCs, BUPILLEHO
6yno po3noyaTi PeMOHT LLIOCe Ta APeHaXHUX cnopya,.

Cnpuatnuei Ans po3BUTKY 3CyBiB METEOPONOriYHi YMOBU
BoceHun 1932 p., B3umKy i HaBecHi 1933 p. npm3senu Ao Toro,
LLIO 3CyBM Ha cxunax npa.oro 6epera [Hinpa Ha AinsHui Big
MowwToBoi NnoLi 4o ACKONbAOBOI MOMUIM CIIPUYMHWIM 3aBar
Loce Ta BOAOBIABIOHMX criopyA Y 6araTtbox MicLsX.

Y 1933 p. npu lNgpomeTteocnyxbi CTBOPIOETLCA 3CyBHA
CTaHUist i BuaaeTbcst 36ipHUK "M3ydeHne onon3HeBbIX siBre-
HUM 1 Bopbba c HUMK". A. M. [JpaHHiKOB Ha OCHOBI AaHMX
BenukomacluTabHoi 3nomkn 1934—-1935 pp. BnepLue y3ara-
NbHIOE  (Pi3NUKO-MeXaHiYHi BNacTUMBOCTI ['PYHTIB TepuTopil
M. Knea. 3rogom onybnikoBaHo poboty (Jliukos, 1938) 3
HanBINbLW NOBHUM 3BEAEHHAM NMpPO 3cyBu Ha Teputopii Kn-
€Ba Bif niTonncHux Yacis o cepeanHn 30-x pp. XX c1. Ha-
BeZleHi flaHi Npo 3cyBuM Ta 60poTbOY 3 HUMM Ha Ui TepUTopii
y noganbluomy Oyno BukopucTaHo Yy [eHepanbHin cxemi

NPOTM3CYBHUX 3axOAiB, OMpaubOBaHi Nig KepiBHULTBOM
A. M. [paHHikoBa B 1945 p.

Y 1934 p. 3cyBu B parioHi HabepexxHoro woce He npunu-
Hanucs. Y panoHi Kueeo-lNeyepcbkoi JlaBpu XiHka, WO BU-
NnagKkoBO nNpoxoAawna, MOTOHyna Yy rpsi3bOBOMY MOTOLi 3
BepXHbOi YacTuHu JlaBpcbkoro apy (3cyBHoro uupky Ne 32).

HaBecHi 1936 p. 3pyLieHi 'pyHTM 3aBanunm HabepexHe
woce 6ins 3anisHMYHOI Bogokayvku Ha 70 m. Y 1939 p. Bia-
6yBcs cnnue Ha cxuni nig XpewaTtnm napkom (kon. Cag ni-
OHepiB), sKWA 3aBanuB rpyHTamu nAgip | Oygieno
BOAOMPOBOAY.

Ha puc. 2 3adikcoBaHo ctaH cxuniB y 30-Ti pokM MUHY-
NOro CToniTTA Ta iX TenepiwHin ctad. [ingHka Big nam'aT-
Huka Margebyp3bkoMy npaBy A0 JaHLHOXKKOBOTO MOCTY
npoxoauTb Yepes 4-5 3CyBHUX LMPKiB. BiacyTHiCTb aepes-
HOI POCMMHHOCTI, MAOLWMHHWUIA 3MUB POPMYIOTb YMOBU [0
pO3BUTKY SpYyxHOI eposii. Ha doTo (puc. 26) moxHa npocni-
[OKyBaTun TenepiLHiv BUrNsag umupkie Ta mycis. Cxun Bnopsa-
KoBaHO POCIUHHICTIO, niLoXiaAHUMMN OopikkaMm
(PecTnBanbHa anes, MapkoBa popora), NiAMNIPHUMU CTiH-
KaMu, ApEHaXHUMU cMcTeEMaMm, obnalToBaHo HabepexHy
3 BGeperoykpinnioBansH1UMK cnopyaamMu, Wo cnpusie ctabini-
3auii Ta piBHOBaXXHOMY CTaHy CxXuiy.

6

Puc. 2. 3cyBu Ha gHinpoBcbkux cxunax y 30-Ti poku XIX cT.:
a — (Kvpunuko, 1957) Ta cyuacHuii ctaH; 6 — doTo Kpinb T. B., 6epeseHb 2025 p.,
3niBa Hanpaso — [Napkosuii micT (1) Ao nam'aTHrka MaraebypsbkomMy npasy

YkpinneHHsi cxurnie 40-70 pp. MUHyrnoao cmonimmsi

CucTtemaTtunyHi BUBYEHHST CTAHY CXMMIB i 3CyBHUX npoLie-
ciB po3novanuck y 1944 p., icHyloTb 3Ha4Hi MaTepianu pobiTt
Ta PEXMMHUX cnocTepexeHb KMIBCLKOI iHXXeHepHOo-reonori-
YHoI Ta rigporeonoriyHoi napTii (KoHapaTteHko, & Mapuyk,
1965). Ha ocHoBi Lmx gocnigxeHb 6yno onpauboBaHo eHe-
panbHi CXeMu NPOTU3CYBHMX 3aXOAiB Ha TepuTopii mMicTa B
1945, 1972, 1984, 2001 pp.

Y 1941 i 1943 pp. cnocTepiranucs He3HauHi 3MilLeHHS
3CYBHMX Mac y panoHi HabepexHoro Lwoce Mixx 3anisHU4Ho
BOZOKA4KO i ACKONbOOBOK MOTMIIOK 3 BUHOCOM I'PYHTIB Ha
HabepexHy. Y 1944 p. yepe3 He3adOoBINbHY eKcnnyartauito
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NPOTU3CYBHMX CNOPYA, i NOLIKOOXKEHHSI CXMIIB Mif Yac BOEH-
HMX gin Bigbynucs 3cyBu Ha cxunax mix NowTtoBot nno-
weto i NlaBpoto.

Bnpoposx TpMBanoro vacy Ha AinsHkax nposiBy 3CyBHUX
gedopmalint Ha cxmnax BeayTbCs reofe3nyHi Ta cnelianbHi
iHCTPYMEHTarbHi CNOCTEPEXEHHS i3 3aCTOCYBaHHAM BUCO-
KOTOYHMX Npunagis, 3okpeMa iHkniHomeTpis (O. I. Mpurope-
Hko, A. B. LLleB4ykK), BUKOHYIOTbCSA MPOEKTHO-PO3BiAYyBarbHi
poboTH Ans oKpeMux OiNsHOK PO3BUTKY 3CYBIB, HasIBHI akTu
KOMICii1 3i BCTAQHOBIEHHSA MPUYMH PYWHIBHUX Ta aBapiiHNX
nposBiB 3CyBiB, NPOBarniB Hag NiA3eMHYMUK BUPOOKaMu.



FEONOrISA. 4(111)/2025

~141 ~

MoumHatoum 3 1945 p., iHXeHepHO-reonorivHi Ta rigporeo-
NOriYHi YyMOBW, NaneoreHoBi, HEOreHoBi, YeTBEPTUHHI BigK-
nagu, penbed AHINPOBCBHKMX CXWMIB SK i TepuTopii MicTa
3arasioM BUB4aKOTLCS B NPOLECH iHXEHEPHO-Te0noriYHoro 06-
I'PYHTYBaHHS NPOMMUCIIOBOTO i LMBINbHOro OyaiBHMLTBA, Npo-
Be[eHHs 3axofiB 3 iHXeHepHOro 3axucTy Big 3cyBiB
(OpaHHukoB, 1946, 1948, KuisnpoexT, IHxnpoekT, YkpOIIHTP
Ta iH.), Npu iHXEeHepHO-reonoriYHMX po3B.igyBaHHAX Kuiscb-
koro metpononiteHy (MeTponpoekT), Kniscbkoro Ta KaHiBcb-
KOro BOAOCXOBULL Ta rigpoBy3nie Ha [Hinpi (FigponpoekT), nig,
yac cepefHbo- i BENMKOMACLUTAOHOI reornoriyHoi 3MOMKW i
3aBAsYYyOYM cnelianbHUM TeMaTUYHUM JOCTIAKEHHSAM.

Y 3BiTi (MograviHas,, 1958) BUCBITNIOIOTLCS HOBI AaHi PO
reonoriyHy 6ygoBy Ta rigporeonoriyHi yMoBM LeHTpanbHOi
3CYBHOI AinNsHKK, ckrnageHo kaptv M 1:2000 cydacHoro
CTaHy 3cyBiB 3a nepiog pobit 1945—-1956 pp.

3HauHi poboTK i3 GraroycTpol Ta 03eneHEeHHst CXuniB
[Hinpa, npunernux 0o ueHTparnbHoi iCTOPUYHOI YaCTUHUN Mi-
CTa, BUKOHAHO B CepeauvHi MUHyroro ctonitta. Posnoyarto
po6otn B 1936 p. OCHOBHI pOGOTN BMKOHAHO BOCEHMU
1951 p., HaBecHi 1952 p. meTogom HapogHoro ByaiBHULTBA.
MocapyxeHo noHag 800 Tuc. aepes i KyLwiB: oyou, knexu (ro-
CTPOSUCTUIA, CPIBHONUCTUI, ICEHONUCTUI), KaLUTaH 3BUYal-
HUA, nuna apibHonucTa, gBip, NiwwuHa, cniped, amopda,
KanuHa, >xacMuH, By3nHa, a TakoX Tonorns, akauisi, bepeck-
net (IHcTuTyT reonoriyHnx Hayk HAH Ykpainn, 2006).

O3eneHeHHs NpoBOAMNOCL METOAOM FiCOYKpiNMoBarb-
HWX FYCTUX HacaKeHb OEPEBHO-KYLLOBOI POCIMHHOCTI B Ki-
nbKkocTi He MeHWw sk 8-10 Tuc. wTyk Ha 1 ra. Beboro Ha
cxunax Oxinpa Big MowToBoi nnowi go Bugybwuis, 3a na-
HuMK Kuissenenbyay, 6yno BucagxeHo 510 Tuc. gepeB Ta
900 Tuc. kywis. NMpoBegeHHs UMxX 3axodiB NO3UTUBHO BMMK-
HYNO Ha CTaH CXMniB AONUHW p. [HINPO i KOro NpuToK, Cnpwu-
ANO  3HWXKEHHIO  aKTUBHOCTI  epO3iNHO-rpasiTauinHnX
npouecis.

Y 1960 p. npoBOAATbCA A0AATKOBI AOCHIIKEHHS 3 BU-
BYEHHS CTaHy 3CyBHOro CXwiny B paWoHi OyaiBHMUTBa
cT. M. "OHinpo", y 1966 p. — Ha AainaHui Bonognmmpcbka
ripka — AHOPITBCbKMIM Y3Bi3 y 3B'A3KY 3 MOYATKOM MPOEKTY-
BaHHsi KypeHiBcbko-YepBoHoapminicekoi (Tenep OB60moH-
cbko-TepemkiBcbka) niHii  meTpononiTeHy. [pasiTauiniHi
npouecu Ha cxunax B M. Kuesi gocnigxysanucb y pamkax
KOMMMeKcHoi po6oTn BnpobHUYoro Ta HaykoBO-4OCHIAHOrO
iHCTUTYTY 3 iHXEHepHUX AocnifpkeHb y OyaiBHUUTBI [epx-
6yny CPCP Ha voni 3 ®. B. Kotnosum (Kotnos, Cunsirnna,
BapwuHa, 1964).

HocnidxerHHs 80-90 pp.

B 1980 p. KuiBcbka KoMnnekcHa rigporeonoriyHa Ta iHxe-
HepHo-reonoriyHa napTia MiHreo YPCP nposena po6oTu i3 cu-
cTemaTtusadii 3cyBiB. Y panoHi M. Kuesa i Moro npmMmicbkoi 30HM
onucaHo noHag 450 3cyBiB, CKNafeHo ixHin KagacTp 3 AeTanb-
HOK XapaKTepUCTUKOK Mopdbonorii Ta AuHaMiku.

BaraTopidHi goCnigKeHHA pi3HMX OpraHisauin galTb
3Mory 3pobuTy BUCHOBKU, LLIO 3CYBU Ha npaBobepexHoMy
cxuni [IHinpa B mexax Kuesa, Craitok, [pebGeHiB MaloTb BU-
KMOYHO TEXHOTEHHWI XapakTep (BUBEAEHHS POCIMHHOIO
NOKpMBY, 3aKnageHHs Kap'epis, NiApi3ku CXWniB, NOPYLUEHHS
CTOKY, NepeBaHTaXKeHHs Ta iHLUi).

3aranom crig BUXOAUTW 3 MOMOXEHHS, Wo npobrnema
3CyBiB € Npobnemoto cxunie, 0CO6NMBO, KONMW B pe3ynbTarTi
rocrnofgapcbkol  AiANbHOCTI Ha HMX MOpYyLeHi NpupoaHi
yMOBMW, Wo cknanucs (demunwnH, 1992).

B MNpoeKTHUX i NPOEKTHO-PO3BiAYyBanbHUX OpraHisauisx
KneBa HakonuyeHo 3HauvHi 06csrv iHXeHepHO-reonoriYHoi iH-
bopmaLii CTOCOBHO NposiBiB HEGE3NeYHMX reonoriyHux npo-
uecis, ska noTpebye ysaranbHeHHs Ta cucTemaTtusadii,
OCKIMbKM  OOCI  HEOAHO3HAYHO  TPaKTylTbCA  Hecyya
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CMPOMOXHICTb OCHOBHWX ITiTONOro-reHeTUYHMX KOMMIIEKCIB
I'PYHTIB, LLIO BUCTYMNaKTb OCHOBaMW CrOpyd, HegoCTaTHbO
y3aranbHeHUn JOCBIf4 NPoBeAeHHSA 3aX0AiB 3 iIHXeHepHOro 3a-
XWUCTY TEPUTOPIW, 30KpeMa NPOTU3CYBHUX 3axopais. HanbinbLu
MOBHi y3aranbHEHHS iHXEeHEPHO-TeOSNOr4YHNX YMOB BUKOHYBa-
nvcs npyu  o6rpyHTyBaHHI  [eHepanbHUX nnaHiB - MicTa
(1972,1984, 2001 pp.) Ta reHeparnbHUX CXeM NPOTU3CYBHUX
3axopi..

Barato ycknagHeHb Ha cxunax B M. KueBi BUTBOPUNOCH
YHacnigok npoeaniB Hazg nig3eMHUMK BUpobkamu i, 30Kkpema,
Ha WTONbHEBUMM OpeHaxaMu. ABapiliHi cutyauii B 3B'A3Ky
i3 UMM HeoLHOpPa3oBO BWHMKaNM Ha TepuTopii Kneso-
[NeyvepcbKoi naBpu Ta iHWKNX AinsgHKax JHINPOBCHKNX CXUIiB.

CyyacHi 0ocnidxeHHs 3 Yacie He3anexHocmi YkpaiHu

3 1993 p. pob0oTM 3 BMBYEHHS CTaHy 3CYBHUX CXWUMiB
nposoauna KomnnekcHa rigporeonorivyHa napTis
OPIT "MisHidyreonoria" i3 3any4yeHHam Tonorpado-reoae-
3UYHUX | reodisnyHuX cryx6.

KomnnekcHa reochismyHa naptia Kuiscbkoro gep>xaBHoro
reonoriyHoro nignpuemctea "leocepsic" y 1998-2002 pp.
BMKOHaNa eneKkTpopo3BiAKy METOAOM MiKpOeneKTpopo3Bi-
OyBaHb AN OLiHKM 3cyBOHe6e3neyYHoCTi Ta CTiKOCTI niar-
PYHTS BaXNUBUX iHXEHEPHMX Crnopya Ta  iCTOpMKO-
KynbTypHUX NaMm'aTok Ha npasobepexHomy cxuni p. OHinpo
(Manko TaiH., 2002). Y pob6oti BugineHo 30 HeCTilkux,
3cyBoHebe3neyHnx Ta 26 4acTKOBO aKTUBiI30BaHWX obrac-
TeWn, ANs OKpeMux AiNsHOK nobyaoBaHO cXxemaTuyHi KapTu
KpUTEpito NMOBIPHOCTI 3CYBIB.

B 2016 p. daxiBui AepxaBHOi ycTtaHoBu “"Haykosui
LEHTP aepoKOCMiYHMX AocnigkeHb 3emni IHCTUTYTY reono-
riyHMx Hayk HauioHanbHOi akagemii Hayk YkpaiHu" BuKO-
HanuM HaykoBy poboTy 3 Temu: "BU3HAYEHHSI PO3BUTKY
3CYBHMX MpoLeciB y mexax M. Kuesa B pexmmi MOHITOPUHIY
(3 BUKOpUCTaHHAM MaTepianie gUCTaHuinHmMx 3nomok)" (Kn-
iBCbKa Micbka gepxaBHa aamiHicTpauis, 2016). FonosHo
MeTOK AocnigkeHb Gyna po3pobka Ta BnpoBagxeHHs MNC
ONS1 MOHITOPUHIY PO3BUTKY | MPOrHO3Yy akTMBI3aLii 3CyBHUX
npoueciB y M. Kuesi Ha 0CHOBI aHani3y HOBITHbOI KOCMIYHOT
iHdbopMmaLii BUCOKOro i HagBMCOKOrO NPOCTOPOBOr0 Po3pis-
HeHHsi. PoboTa Ga3yBanacb Ha OCHOBI aHamni3y CynyTHUKO-
BMX [aHWX BUCOKOI Ta HaABMCOKOI  MPOCTOPOBOI
PO3pi3HEHOCTI 3 iHTerpadieto ix y nporpamti komnnekcm MC-
aHanisy Ta 06po6kn. FONOBHMM METOANYHUM MPUAOMOM [0-
cnimpkeHb O0yB reomopdonoriyHnin aHani3 3CyBHUX OiNstHOK
3a LUMP, BM3Ha4eHHs rpagadii cxuniB 3a CTPIMKICTIO Ta Bia-
HOCHMMW NepeBULLIEHHAMN Hag Ga3ucoM eposii, noain Ha
enemeHTapHi 6aceviHu (dininosuy, JliweHko, & Ma3uHuy,
2019; Filipovych, Lischenko, & Marhes, 2023; Kril, &
Shekhunova, 2019). NpoBeaeHHs CTPYKTYpPHOro Aewwmdpy-
BaHHS 3HIMKIB 4ano 3mory BMKOHATK NiHEaMEeHTHWUI aHanis
TepuTopii, ineHTndikyBaTh NPosiBM NPUNOBEPXHEBUX Ta MK~
OVHHMX PO3rOMIB, iX (PNOILOAKTMBHICTb Ta 3B'A30K 3 PO3BU-
TKOM ek3oreHHux npoueciB  (JliweHko, MasuHny, &
®ininosu4, 2017). PeaynbtaToMm npoBeaeHux pobiT cTaB Ha-
Gip NC-wapis, Ha sikux 3adpikcoBaHO 3cyBoHebe3neyHi ains-
HKM Ta NPOCTEXEHO X AMHAMIKY PO3BUTKY.

CneuianbHe ynpasniHHSA NPOTU3CYBHUX Nig3eMHMX pobiT
(CYTIIINP) npoBoanTb NOCTIiViHI 06CTEXEHHS 3CyBOHEDE3MEY-
HUX AiNSHOK, 34iMCHIOE Harnag 3a CTaHOM NPOTU3CYBHUX iH-
XeHepHux cnopyg. [lpu obcTexeHHsx Oyno cknageHo
nepenik akTMBHUX 3cyBiB LieHTpanbHoi icTOpUYHOT YacTuHU
Kuesa ctaHom Ha 2018 p. (MiHicTepcTBO KynbTypu Ta cTpa-
TeriyHnx komyHikauin Ykpaidum, 2024). Cepeg Hux 18 npuna-
[alTb Ha TepuTopito AocnigkeHb, 8 3 HUX 3HAXOAATLCH Y
GecnocepefHin 6nmabkocTi abo 3biratoTbesa 3 obpucamum um-
pKiB CTapux 3CyBiB.
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3 yvaciB He3anexHocTi YkpaiHu OOCNIMKEHHsST HAa cxXxunax
NPOBOAATb He TiNbKM AepXXaBHi yCTaHOBU, a 1 NpuBaTHI Op-
raHizadii Npy BUKOHaHHI BULLYKyBanbHUX pobiT. [nsa Oyais-
HULUTBA HOBMX OO'EKTIB, TakMx $K XXWTMOBUA KOMMIEKC
"Daimond Hill" (Byn. I. Ma3enu,11-b), KOHrpeCHO-BUCTaBKO-
Bui LeHTp "MapkoBuir" 3 aBToMObGinNbHo ectakagoto (Map-
KoBa pgopora, 16-a), apyra 4epra HauioHanbHOro Mmyseto
Fonogomopy-reHouunay (Byn. JlaBpcbka, 3), MiXHaApOAHMN
ainosun UeHTp "Summit" (Byn. Mpywesckkoro, 9-6), aeta-
NbHi iIHXeHepHO-reonorivyHi BULIYKYBaHHA npoBoauna npu-
BaTHa rpyna komnaHin "OcHoBa". [na nNpOeEKTyBaHHS
"cknsHOro" nmiwoxigHoro Mocty Mk Bonoammumpcbkoto rip-
Koto Ta Apkoto cBo60aM YKpaiHCbKOro Hapoay BULLYKYBaHHS
BMKOHana komaHga MMM "®ipma "OHIKC-CB". 3aBasku by-
poBuM poboTam MOXHa AOCMiaXyBaTK reornoriyHe cepeno-
BuLLE CxvniB Ha rMmbuHy 40-70 M, WO Aae 3MOry YTOYHUTU
CyYacHi iHXeHepHO-reonorivyHi Ta FigporeonoriyHi yMoBMu.
HesBaxatoum Ha Te, O BOHW HOCATb XaOTUYHUIA, HECUCTE-
MaTMU30BaHWUN, NIOKanNbHU XapakTep, NpOTe HOBITHI iHXXeHe-
pHO-reonoriyHi  gaHi, Taki K niTonoro-ctpaturpadiyHa
OynoBa, i3uko-MexaHiYHi XxapakTepUCTUKU I'PYHTIB, Mpoc-
TOpOBa MiHNUBICTb BNacTUBOCTEN I'pyHTIB, iHopMaLis npo
piBHI Ta XiMiYHMI cknag Nia3eMHUX BOOOHOCHUX FOPU3OHTIB,
OTpMMaHi 3a CyyYaCHUMW TexHonoriamu OypiHHA Ta
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30HAYBaHHSA I'PYHTOBOrO MacuBy (KONOHKOBE BypiHHSA 3 npo-
[OyBKOI Ta NPOMUBKOLO, 3aCTOCYBaHHsSI 060ypIolo4mX I'pyHTO-
HociB, SPT, CPT, DPT), cy4yacHi nabopaTopHi AOCNImKEHHS
i3 3aCTOCyBaHHAM MpuUNaziB TPMBICHOTO CTUCHEHHS, BKa3sy-
I0Tb Ha HEOOXiAHICTb OHOBMEHHS KapT iHXXeHepHO-reonoriy-
HOro parioHyBaHHS, YTOYHEHHS! FPaHKWLb FeONoriYHMX LIapiB
Ha pisHoMacLuTabHKX kapTax, po3pisax Tollo. BpaxoBytoun
CyYacHy akTuBy MiCTOBYAIBHY AiANbHICTb Y MEXax CXUIoBUX
TepuTopiii, MOCTae 3aranbHOMiCbka npobnema BCTaHOB-
NEHHs1 3cyBOHEDbE3MNeYHMX MEX Ha CXUnax i3 po3pobneHHsM
CYy4aCHUX HayKOBO-METOAMYHMX NIOXOAIB A0 OLiHKM iX CTiln-
KOCTIi i3 BUKOPUCTaAHHAM MaTeMaTUKo-aHaniTM4HOro Komne-
KCHOrO aHanisy, peanizoBaHOro B Cy4YaCHUX NpPOrpamMHux
KOMMJieKkcax.

Y3a2anbHeHHsI OCHOBHUX ys18/1E€Hb MPO YUHHUKU ¢hopMy-
8aHHS1 3CYBHUX 3pyLWeEHb Ha OHIMPOBCLKUX cxusiax

3a ocobnusocTsamu reornoriyHoi 6yaosu, mopdornorii go-
nvHm p. [Hinpo (HasiBHOCTI Tepac), ctaHoM 3abyaoBum Ta po-
3BMTKOM €pO3ifHO-rpaBiTalinHMX MpoLeciB Ha cxunax y
Mexax Kuesa BuginsaoTb N'aTb AinsHok: MNoginbcbky, Oas-
Hboro Kuesa, LleHTpanbHy, 3anaBpcbky i Bugyouubky (IH-
CTUTYT reonoriyHmnx Hayk HAH Ykpainn, 2006). Y mexax
TepuTopii 4ocnigKeHHs MU po3rngaaemo AinsHku [laBHboro
Kuesa, LieHTpanbHy Ta 3anaspcbky (puc. 3).
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LieHTpanbHa ninAxKa

Puc. 3. [insiHKM AHINPOBCbLKUX CXUNiB:
1 — 3cyBHi UMpKK (HyMepauis 3rigHo 3 knacudikauieto CYIIP); 2 — 3cyBoHe6e3neYHi QinsHKM Ta akTUBHI 3CyBMU,
cTtaHoM Ha 2018 p. (KuiBenactb, 2025); 3 — 6yaisni Ta cnopyau; 4 — akBaTopisi; 5 — Mexi AocnigXeHb

HesBaxatoum Ha 3HauvHi cTabinisauinHi 3axogn 3 YKpin-
nexHs cxvnis CYTMNP-om nepioanyHo (ikCcyeTbCs akTuBi3aLis
3CyBHMX 3MiLLeHb. BignosigHo fo nepeniky 3cyBoHe6e3MeYHNX
ainsHok M. Kuia (MiHicTepcTBO KynbTypu Ta cTpaTeriyHmx
KOMyHiKauin Ykpainn, 2024) B Mexax TepuTopii AochimKeHb
BuaineHo 18 scyBoHebe3neyHnx AingHOK Ta akTUBHMX 3CYBIB,
cepeq skux 7 3biraotbecs 3 abpucamuy 3cyBHUX LMpKiB, cop-
MoBaHMX 3a ocTtaHHi 100—200 pokis (puc. 3).

Y Tabnuui 1 HaBeaeHo NIoLLi TepuTOopIi CXuniB 3a rpaga-
Lieto KyTiB Haxuny Ans BUAINEHUX AINAHOK Y Mexax Aocri-
DXeHHs. Teputopii 3 kyTamu Haxuny 15-25 ° sanmatoTe 25—
34 % BiQNOBIAHO A0 NNOLL KOXHOI AinsHkW. Npu Taknx Ha-
Xunax 3anexHo Bif cknagy, CTPYKTYpW Ta KOHCUCTEHUi r'py-
HTOBMX LUApiB cXumy popMyOTbLCA YMOBU AN 3aPOLKEHHS
Ta akTuBisauii 3cyBiB, onnueuH (JemunwunH, 1992; Wu, Guo,
& Shao, 2023). HanowwupeHilwi KyTu Haxumy 3MiHIOKTbCA
BiA 5° oo 15°, wo 3a nnotueto ctaHoBUTL 39—48 %, 3anexHo
Big TUNY OiNsHKW. [ins TepuTopin 3 TakMM Adiana3oHOM KyTiB
MOXINMBa aKTUBI3aL,isi BOAHO-ePO3iHUX, rpaBiTaLiiHUX Npo-
LeciB y MilaHo-rMUHNCTUX FPYHTax BHACMiAOK 4OAATKOBOro
3BONOXEHHs. TepuTopii 3 yxunom noHaa 35° matoTb He3Ha-
YHEe MOLUMPEHHS, NOB'sI3aHi i3 6piBKOK NecoBoro nnaTo.
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inaHka [JasHb020 Kuega OXONmoe TepUTOPItO NPOTSXKHI-
ctio 1,8 km Big, MMmbounLbkoi 6anku oo Xpetuaroro sipy (Bono-
ovmupcekuid y3Bid). [insaHka Mae yHikanbHui penbed, e
po3TalloBaHi ManbOBHWYI NaHAWagTHI yTBOPEHHST — epOo3iiiHi
ocTtaHuj: ropu 3amkoBa, CTapokuiBcbka, Y3anxanbHuus, OuTuH-
ka, XopeBa, AHgpiiscbka, Muxanniscbka, Bonogmmmpcbka.

Y mexax ginsHku JasHboro Kneea abcontoTHi No3Haukm
NnoBepXxHi AHIMPOBCHKOro cxuny 3MiHTbLCA Big 104 m y ni-
OHboks cxunie go 185 M Ha 6piBuyi nnato. HavkpyTii
ycTynu MatTb BUcoTy 22-37 M Ta kpyTicTb 38—47°. Ha Te-
puTopii ainsHkm 11 3cyBHMX umpkie (puc. 3). 3 ocobnmeoc-
Tel reonoriyHoi OynoBM AnNst  TepuTopii  XxapakTepHe
YepryBaHHs1 MacuBiB 3 HasiBHUMWU Ta BiACYTHIMU 3CYBHMMMU
Tepacamu, ki 3a3BuMYan NPUypoYeHi A0 CXMMIB NIBHIYHOI Ta
niBHIYHO-CXiQHOT ekcno3uuii. Y gesikmx micusix cnocrepira-
€TbCHA MOBHA BiACYTHICTb TOBLLi 03epHO-antoBianbHUX HWX-
HbO- Ta cepefHbOHeonnencToueHoBmx rmMuH (la Pri), ki
BMCTYNawTb BOAOTPMBKUM LUAPOM pO34iny MK BOAOHOC-
HUMMW FOpU3oHTaMU y NIOBIOrMsLianbHNUX Ta 03epHO-anto-
BianbHWUX Bigknagax.
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Ta6bnuys 1

papadis KyTa Haxuny AeHHOI NOBEpPXHi (a) y pi3HUX AinsAHKax AHINPOBCbLKOro CXuny

HasBa Mnouwa TepuTopii 3 BiANOBIAHMM KYTOM Haxuny AeHHOI noBepxHi, %
(nnowa) as5s 5<as15 15<as25 25<as<35 35<a<45 a>45
?985?861382[:;?)% 107 02 2 i ° =

Ha cxunax lonvapHoro i [irtapHoro sipiB (ypouuiie
"oH4api-KoxyM'sikn) BigMivanuchb 3nnuBuM B paHille 3Mille-
HMX NecoBuX Bigknagax. Hatenep HU3MHM ypouuLua 3abyao-
BaHi ManonoBepxoBMMMW XUTMOBMMMW Ta agMiHICTPaTUBHO-
KoMepuinHumn Byaisnsamu Ta cnopyaamu.

Hedopmaldii Ta pyriHyBaHHS CxuniB Ha AinsaHui JaBHbOro
KueBa 3ymMOBMeHi Nepe3BonoXeHHAM CXWINOBUX BidKnaais
aTMocdepHMMM Bogamu (3cyB Mo BYI. AHAPITBCbKNIA CMyCK,
3axigHiwe AHAOpPITBCbKOI ripku), Bogamu 3 Tpyd HecnpaBHUX
Mepex BogoroHy. lMigpiska cxvnis ansg obnawtyBaHHS nap-
Komicup Ta 3arnubneHHs GygiBenb y cxwunuv npu 3abynosi
ypounia [oH4Yapi—KoxyM'skn cnpuynmHUno dopMyBaHHs
ocrnabneHnx 30H, SKi NPOsBREHi y nokanbHUX BnoYHMX
MiKPO3CYBHMX MpoLecax 3 yTBOPEHHAM TPILLUMH 3aKony Ha
OpiBkax cxunis.

LjenmpanbHa dinsiHka BKNIOYaE TEPUTOPIIO 3aBAOBXKKM
2,5 km — Big Xpewatoro sipy (Bonogumupcbkuin y3si3) ao
Cnacbkoro sipy (miBHiYHWMIA Gik napky BiyHoi CnaBwu) B T. u.
Yropcbke ypouuwe. TyT pycro Jrinpa nigxoants 6e3noce-
peaHbo Jo nigowsmn 6eperosoro cxuny, ae y 30—70-x pokax
XX CT. BUKOHAHO MOr0 iHXEHEPHWUIA 3axmCT 3 0b6nawTyBaHHS
nignipHUX CTiH Ta Hacuny, No skomy Gyno NpoknageHo Konii
TpamBato (go 2006 p.), HabepexHe woce, obnsmoBaHe

| BOAOHOCHMIT

rpaHiTom (apx. B. Ocbmak). Bucota cxuny 89-109 m npu ¢
epefHin noro kpytocTi 15-25°.

Ha BepxHin Mexi cxuny npocTaraeTbCa KpyTU, 4acTo
cTpiM4acTuii NpnbpoBOYHMIA YCTYN 3aBBULWKN 16—23 M, 4O
NiJOLIBK SKOrO NpuUnsarae NonoXucTa BepxHs 3cyBHa Tepaca
(wvpuHa go 120-180 m). Jani BoHa NnaBHO NepexoauTb y
HIDKHIO YaCTUHY cxuny 3 BUcoToro 40-60 m i kpyTicTio oo 35-45°.
Ha noBepxHi Lboro yctyny socepemxeHi 25 spiB-6anok 3
LMPKONOAIOHNMMN PO3LLMPEHHSIMW Y CBOIX BEPXHIX YaCcTUHaX —
epo3inHo-3cyBHi umpku. Lli umpku po3sgineHi mix coboto rpe-
OHSIMM T. 3B. 3CyBOPO34iNbHUMKU MUcamu. BepxHsa YactuHa
UMpKiB Bpi3aHa B NOBEPXHIO Tepacu, NPUHOMY OKPEMI LIMPKK
NpoCnigKoBYTLCS Make A0 nigowsu cxuny. WvpuHa Ha-
cuny 40-50 m npu BMcoTi ii noBepxHi 11 M Hag MeXeHHUM
piBHeM [JHinpa. 3 60Ky piykuM HacuM 3axuULLLEHWUI Big NigMUBY
OeperoykpinoBasnbHOK CTiHOH.

leonoriyHa 6yaoBa cxuny npeacraBneHa NOBHUM po3pi-
30M BigKnagiB, XxapakTepHUM ANs NecoBoro nnato (puc. 4).
CneumngiyHmi npodinb cxuny Ha LleHTpanbHin ginsHui ss-
nsie coboto pe3ynbTaT TPMBANOI Ail epo3inHO-rpaBiTauiiHNX
npoLeciB, WO 0COGNMBO aKTUBHO NPOXOANMN TYT Yy 3B'A3KY 3
BMpPYOKOIO nicy, WO iCHyBaB A0 noYaTky po3byaoBu MicTa.

[T

ropH3oHT (Mm=+4-3M)

Il BoOHOCHHNIT

FOPH30HT (M=5-6M)

HaGepexkue woce
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Puc. 4. CxemaTU4HUI iHXXeHepHO-reonoriyHui po3pi3 LieHTpanbHOi AinsHKM cxuny npaBoro 6epera [Hinpa:

N

— TexHoreHHi Bigknaawm (t H); 2 — necu Ta neconogi6Hi cyrnuHkn (e,dv Py-H); 3 — MopeHHi Bigknagwm (nicku i cyrnunHkm) (g Pydn);

4 — cprrosiornsAuianesHi nicku (f,I Pydn); 5 — cyrnuHkn npicHoBoaHi (la Py ); 6 — 6ypi rmunHmn (NEb); 7 — ctpokaTti rmunm (N4.2sg);
8 — nicku nonTasckkoi cBiTM (N1Np); 9 — nicku xapkiBcbKoi cepii (Rsmz); 10 — HarnuHok (Pokv); 11 — cnoHaunosi rmuHn (Pokv);
12 — nickun Byyaubkoi cBiTu (P.bc); 13 — gentoBinbHO-3cyBHi nopoau (dz Py-H); 14 — nepumin Ta Apyrun BOAOHOCHI FOPU3OHTU

HwHi 3cyBHI NpoLecn MatoTb NOOAMHOKUIA XapakTep i Bi-
A0yBaloTbCA B Mexax BEpPXHbOro ycTyny, 3okpema Tam, ge
BiH Mae HanbinbLUy BUCOTY i He yKpinneHuin abo npu aBapiii-
HMX BUTOKax Mepex BOAOroHy. Y Takumx Micusix cnocrepira-
I0TbCsl Aedopmallii Kpa NecoBoro nnato 3 YyTBOPEHHSM
TpiwwmH "3akony" n ocigaHHam rpyHTy. Hanpuknag, Ha kpato
nnato npotu VIII unpky Ha mangan4umky 6ins mMysm4Hoi pa-
KOBUHM NpnbnmaHo 3 1950 p. cnocTtepiraetbca ayronoaibHa

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

TpiwwmHa-3akon 3aswmpku go 0,3 M, WO OXONMoE AiNSHKY
B340BX OpiBkM 150 M i 3aBLUMPLLKK A0 13 M.

EposiiHi Ta MIKpO3CyBHi npoLecu TakoX crocTepira-
I0TbCs B30oBX PecTuBanbHOi anei. BoHa npoknageHa no
HWXHBOMY Kpato 3CYBHOT Tepacu Ta BPiBKMN HKHBOT YacTUHM
cxuny. Ha puc. 5 BugHo gedopmalii SOPOXKHLOro NOKPUTTS,
NignipHOI CTiHKWM, BUMUB I'PYHTY 3-Mig HWX, 3PYLUEHHS I'PYH-
TOBMX Mac BHW3 MO CXMITy.
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Puc. 5. CyyacHum ctaH PecTuBanbHoi anei:
a — pedopmalii JOPOXXHBLOrO NOKPUTTHA Ta BUTMHAHHS YTPUMYHOUMX KOHCTPYKL OpiBku anei,
6 — pyyiHyBaHHS YTPMMYOUMX KOHCTPYKLiA Ta 3MieHHs no cxuny (dpoto A. O. CtpenbLoBa, TpaBeHb 2025 p.)

Ha LleHTpanbHin ginaHui cnoctepiranncs Takox cydo-
3iMHI PYWHYBaHHS CXMWINIiB, CMNPWYUHEHi ApeHyBaHHAM Ha
cxuni Bog Il BogoHocHoro ropuaoHTy. MNpouec cydosii 3Ha-
YHO akTuBidyBaBca B 40-50-Ti pp. MWHYRoOro CToONiTTS
B300BX Tpac 6aratbox NiA3€MHUX APEHAXHUX LUTONIbHEBUX
cuctem (OLUC), ocobnmBo Ha AinsHkax 3aBaneHux ApeHax-
HUX Konoassis. Lie BusiBMNOCA NpUYMHO0 BUHMKHEHHS Npo-
BasbHMX NiMOK MO Tpacax LTOMbHEBUX CUCTEM 1 aKTMBI3aUii
3CYBHUX MepeMilleHb CXWUMoBUX BigKNagiB Yy Mexax
T. 3B. 3cyBHUX umpkis: VI (NposanbHi Nivikn B cepeHin vac-
TUHI Cxmny Ha Micui gpeHaxHux konoassis); VII (3cysu no
NOBEPXHi HEOTEHOBUX CTPOKaTMX MMWH i BENnuki npoBarbHi
ninkn 3aBrnmbLkm 8 m, giameTpom 10 M y Micus 3aBaneHnx
OPEHaxHNX konoaasis); IX (3nnmnBu Ta ONnMMBMHW, NiAKK y3-
poBx Tpac 12-in i 20-n OWC); XVI (3cyBu cydposiiHi pyiiHy-
BaHHs cxuniB ), a Takox Il (3annmBu Ta onnuBuHM B
enoBianbHO-AeNtoBianbHNX YTBOPEHHSX, NpoBaribHi BOPO-
Hkun) i VIII (aedopmadii npocigaHHs nosepxHi B Micbkomy
capy — NpOTshKHa TpiLLMHa 6ing My3uYHOI pakoBUHK, aKTUBI-
30BaHi cydoasieto npu unieHHi i 3amini 12 ALLC). BHacnigok
Lboro hopMyeTbCsl ocrnabneHa 30Ha HaBKOMNO APEHaXHOI
BMPOOKHU, SiKa | € NPMYMHOIO TpuBanux gedopMadin cxuny.

AHTpPOMOreHHi BNnuBM NpusBeny 40 BUHUKHEHHS HU3KK iH-
LUMX 3CYBHUX Aedopmauii y Mexax LleHTpanbHoi AinsHku.
MpyBaHTaXXeHHSA CXMniB CNPUYMHUIO 3CYBHI AedopMallii byamn-
HKy HauioHanbHOI dinapmoHii YkpaiHn (niBHIYHO-3axiaHWIA
kpan LleHTpanbHOi AinsHku), 6ina  cragioHy "OuHamo"
(VI umpk). HagxomkeHHS B I'pyHT BOAW 3 HECMPaBHMX BOAOHE-
CYYMX KOMYHIKaLi Ta BHACMiOOK HeYynopsiAKkoBaHOro MoBepx-
HEBOro CTOKY aTMOCHEpPHUX ONagiB € NpUYMHOK MOBTOPHMX
nepeMileHb CXMNOBUX BiOKMaaiB Ta SpYXHOro AEmtoBito.

Y ciyHi 2024 p., nicna pscHWX AOLWiB, B BEPXiB'i 3CYBHOroO
umnpky XXIII Henoganik AckonbaoBoi Morunu BigdyBcs 3cyB
I'PYHTY 3a MeXaHi3MOM — 3CyB onnuBaHHs (puc. 6). Mpuyn-
HOI0 aKTMBI3aLlii 3CyBHOIo MpoLecy CTano Nepe3BosioXKeHHS
I'pyHTIB aTMOC(EpHNMM BoAamu, WO MNPU3BENO A0 3HU-
YKEHHS X MiLHICHMX XapaKTepUCTKK Ta 36iNbLUeHHS 06'eMHOT
Barn. Pazom 3 ocobnuBicTio reoMopdosiorivyHoi Ta reonoriy-
HOi OygoBu AinsHkW, a came 6M3bKoro 40 NOBEPXHi 3ans-
raHHs BOOOTPMBKMX BifgKNadiB CcTpokaTux Ta Oypux rnwvH,
Haxun ixX NOKpPIBMi Ta MOLMPEHHST BHM3 OO0 NIOHDOKA CXuUIy,
cknanucs yMoBM Ansi BUXOAY MPYHTOBOrO MacuBy 3 CTaHy pi-
BHOBaru. lNepe3BonoxeHi 'pyHTOBI Macy maibxe OCArnm Mi-
OHDIOKS cxuny 6ins npoixaXoi YacTuHu HabepexHoro woce.

Puc. 6. 3cyB-onnuBuHa Henoganik AckonbAoBoi Morunu, Bepxis'i acyBHoro uupky Ne XXIlI:
a — BuA Ha cxun 3 6piBku cxuny; 6 — BuA 3 nigHixoksa cxuny (poto A. CTpenbuLoBa, YepseHb 2024 p.)

3anaepcbka OinsiHKka 3aBAOBXKN 2 KM BUAINAETHCA Ha
cxuni Oxinpa Big Cnackkoro sipy (MiBHiYHUIA Bik napky BidHoi
Cnasu) no HaeogHuubkoi 6anku. Jo nigHixoks 6eperoBoro
Cxuny TyT npunsrae BiAHOCHO Hewwmpoka (nepesaxHo 50—
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100 M) cmyra [HINPOBCHKOI 3amnaBHOI Tepacu, Ha NOBEPXHI
SIKOI 3anaralTb Cy4YacHi TEXHOreHHi Bigknaaun noTYXHICTIO B
cepenHboMy 5 M. BucoTa cxuny Hag 3annaeoto 6nm3sko 80 M
3a cepedHbOi KpyToCTi 23—26°. [ns 3anaBpCbkoi OinsiHKK
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MOpPIBHSAHO i3 LieHTpanbHo XapakTepHa Benuka po3yneHoBa-
HICTb CXWIy eposiHUMK Bpi3amu, TyT pO3TalLLOBaHi TPy BeENu-
Kux sipu: Cnacbkuid, JlaBpcbkui i 3anaBpcbkuii (3anedepHuii).
Ha TepuTopil ginsHk1 BUAINaeTbcs 16 3cyBHUX LMPKIB.

Y poa3pisi cxuniB AinsHku 3aebinbLioro BiacyTHi dntosio-
rnauiansHi nickv (f,1 Pudn) i mopeHrHi cyrnuHkn (g Pudn). Bu-
HSITOK CTAHOBNSATL BiNnbLU BUCOKI AiNSHKW, e NPUCYTHIN BECb
po3pi3, XapakTepHU ANs nnaTto, KpiM MepLLOro ropu3oHTy
NPICHOBOAHOIO CYrMWHKY | BEPXHBLOrO wapy 6ypoi rmvHu.

BiasHaueHi ocobnmBoCTi reonorivyHoi 6ya0BM CXuniB BU3Ha-
Ynnn MicueBi 0cobnmMBOCTi hopMyBaHHs 3cyBiB. Ha ginsaHkax,
[€e NecoBi 'pyHTU 3ansiratoTb 6e3nocepenHbLO HA HEOTEHOBUX
CTpOKaTUX rMuHax, BigbyBatoTbCcst 06Banu NecoBUX rpyHTIB Nia
BMNYBOM aTMOCepHNX onagiB 3 HACTYMHUM X 3MiLLLEHHSIM No
CXWny y BUMNSAj ONNMBKH YK 3CYBIB-MOTOKIB.

Ons ainaHok cxunis, WO PO3KpMBAaOTb NPaKTUYHO MOB-
HWUIA PO3Pi3 YETBEPTUHHMX BiAKNaAiB, 3MiLLLEHHAMW OXONIo-
loTbCsl  neconofibHi  Bigknagn  (e,dv Pu-H), mopeHHi
cyrnuHkm (g Pudn) i 6ypi rmmHmn (N2€b). MogibHi 3acyBum cnoc-
Tepiranuca B 1961 p. Ha cxunax 3ane4yepHoro spy, NpuyYoMy
3CYBY CNpUANU PACHI 3aTSDKHI AOLLI, LLO HAacKU4yBarnu CX1nosi
Bigknaan 3 xoBTHA 1960 p. no cideHb 1961 p. (IHCTUTYT re-
onorivyHnx Hayk HAH Ykpainu, 2006).

Ha ginsiHkax, 4e cxmnum po3Kp1BaroTb BiAKNaan KUIBCbKOT
CBiTM i MalOTb BUXig Ha NOBEpxHO BoaM || BOOOHOCHOrO ro-
PU30HTY 3 MICKIB XapKiBCbKOI cepii, (hOpMytoTbCA 3MILLLEHHSI
nopig Hag HarnuHkoMm (Pokv). lMepemiweHHAM TyT Takox
CMNPUSIOTb PACHI TpUBani AoLLi.

EH/OTEHHI TA EK3OTEHHI |
MPOLLECK, KNIMATUYHI YMOBMU |

(NpUpoAHi YAHHKMKK)

NPUPOAHI
TEONIOTIYHI YMOBM

B ymoBax He3aperynboBaHOro NnoBepxHeBOro CTOKy i Nno-
CTINHUX BUXOAIB MNig3eMHMX BOA Ha MOBEPXHIKO cxuny dop-
MYIOTbCA 3CYBU-OMNMBMHKU | cnnvBu. AKTuBi3auii 3cyBiB
CNpWANM NnokarbHi BATOKU NOBEPXHEBUX BOZ, 3i 3pyAHOBaHMX
NOTKIB, @ TakoX nignip Nig3eMHWX BOA yHACNiAoOK Konbmara-
Lii 'PYHTIB Y 30Hi BNNIMBY APEHAXKHUX CUCTEM.

HuHHUKU pO38UMKY 3CY8HUX Mpoyecie Ha OHINPoBChKUX
cxunax

dopmMmyBaHHS YMOB 3CyBHOI Hebesneku i akTuBisauii
3CYBHUX MPOLECIB Ta ABMLL Ha AHINPOBCbKMX cxunax Knesa
3YMOBJIEHI KOMMEKCOM YMHHWUKIB, Oi9 SKUX BapitoeTbCA Bif
perioHanbHOro 0o 06'eKTOBOro piBHIB: CEACMIYHICTb i HEO-
TEKTOHIYHI pyxu, reonorivHa OygoBa Ta riaporeosnorivHi
YMOBM, NiTONOriyHi ocobnmnBocTi Ta idnuko-mMmexaHivHi Bna-
CTUBOCTI NOPiA, aKTUBi3aLisi epo3inHNX NpoLeciB, aHTpPono-
reHHMX BMMMBIB, METEOPOSONiYHMX YMOB Ta aHOManbHUX
CUHOMTUYHMUX CUTYyaU i Towo. 3a3Bnyan akTMBiI3aLisa 3cyBiB
€ pe3ynbTaToM OOHOYACHOr0 BMMMBY KiNTbKOX YMHHUKIB.
Mpy uboMy 3MiHM BiAOYBaOTLCA Y 3HAUYEHHAX NapaMeTpiB,
WO BW3Ha4alOTb BEMUYUHM 3PYLUYIOYUX Ta YTPUMYHUNX
cvn. BignosigHo [0 yMOBM rpaHWYHOrO Hamnpy>XeHoro
ctaHy KynoHa—-Mopa OCHOBHUMMK napameTpamu € 34en-
neHHs (c, ka), Kyt BHyTpilWHbOrO TEepTa (@, rpag.), a Ta-
KOX Baxnueumum — ob'emHa Bara rpyHTy (Y, KH/M3),
reomeTpis cxuny (BMcoTa h, AOBXMHA [, KyT Haxuny a), pi-
BEHb I'DYHTOBMX BOA, YMOBWU ApEHYBaHHA, SKi BU3Ha4a-
HOTbCS TUMOM I'PYHTY (puc. 7).

TEXHOTEHE3
(TexHoreHHi YMHHKUKH)

./

CeNcMiYHI HABaHTaXKEHHA

QcobnuBocTi NnepeluapyBaHHa nopia
(MOTYKHICTB, YEPryBaHHA, KyTi

ABapiliHi BUTOKW 3 Mepex
BOOOrOHIB

HesnopsakoBaKicTe penbedy,

BIACYTHICTb BrnaroycTpoio

HeoTeKToHIuHI pyxn
NiAHATTA/ONYCKAHHSA CTPYKTYPHUX
Gnokis)

FigporeonorivHi yMOBY (HAsIBHICTb,
KiNbKICTb, NOTYKHIGTL BOAOHOGHUX

|
napiHHg wapis) ‘

|
FOPV30HTIB) ‘

cxXunax

P

BivHa piukoBa eposin

Fenesnc Ta nitonorivHi ocobnueocTi |
IpyHTIB

Migpiska cxuny 6ea 3axoais 3
YKPINANeHHsA

Di3nyHE BUBITPIOBAHHS,

Diznko-mexaHiuHI xapakTepucTUKK
r'pyHTIB

MpuBaHTaXeHHA cxuny, GpiBkw,
MiQHIHOKS

AEHYAALIA rPyHTIB

N W W

[ (
[ MnowwmHHa Ta NiHiNHa epo3is

AtmocdpepHi onagu ]

Meomopdonorivni YMOBK, eKCnosuuis ]

[ )
o | )
[— [ T ——— ]
[ )
[ )
| ]

OuHamiqHi HABAHTAXKEHHS

PE3YNBbTAT KOMBIHALIT YUHHUKIB
Po3pigxeHH:A rpyHTy, MNepeasonoxeHHs Miaiom piBHA FPYHTOBUX 3uina DopMyBaHHSA 30H 36inbLUEHHS
nepexig y Teky4un BEPXHiX Wapis BOg, (30inbLIeHHs b o PO3YLiNbHEHHS eHeprii pensedy
cTaH (36inbLeHHA BarK NOpoBOro TUCKY), NosiBa BJ'IESTMBOCTEM I'PYHTOBOIO
FPYHTY) BEPXOBOAKN RYHIY Macusy
| | | |
| l 1 1 J l—
r—m————— ——— ===

| 3HWKEHHs onopy
3PYLEHH T (¢, @)

B
36inbLweHHsn 06'eMHOT [
Baru rpyHTy (y) |

3miHa reomeTpii cxuny
(h, I, a)

| 3CYBHA HEBE3MEKA |

Puc. 7. Cuctematusauif HacnigkiB B3aeMmogpii pisHUX YAHHUKIB Ha POPMYBaHHs1 3CyBHOI HeGe3neku

leonoeiyHa 6ydoea, WO € pe3ynbTaToM iCTOPUYHOIO po-
3BUTKY TEPUTOPIT Nig BNAMBOM TEKTOHIYHUX PYXiB, NIGHATTS
Ta onyckaHHs BrokiB KpucTamiyHoro yHaameHTy, yepry-
BaHHSA  TPaHCrpecinHO-perpecivHnxX  LMKNiB,  MpoLecis
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OCafiKoHaKoMnu4yeHHs, diareHesy, MeTamopdiamy Ta kaTtare-
He3y ocafoBMX Mopig, NeHenneHisauii NoBepxHi naHalwa-
dTy, 3yMOBMIOE MapameTpu, WO BU3HAYaOTb MNEPBUHHI
YMOBU  CTIMKOCTi  CXWniB:  CTPYKTYpYy  KpuUCTaniyHoro
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B 1 C H WU K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka

PyHOAMEHTY, XapakTep 3ansiraHHs 0CaJoBWMX KOPIHHMX Ta
YeTBEPTUMHHMX Nopid, nitonoro-ctpaturpadiyHi ocobnuneo-
CTi reonori4yHoro po3pisy, ianyHi Ta MexaHiyHi BNacTMBOCTI
OKPEMUX iHXEeHEepPHO-reonoriYyHNX enemeHTiB TOLLO.

HeomeKkmoHiyHi pyxu B HOBITHIN i cyyacHW Yyac gogart-
HOro Ta Bif'EMHOr0 HanpsMKiB hopMytoTb penbed 3Ha4YHUX
TEPUTOPIN, CPUYUHAIOTE Y MeXax MiAHATUX CTPYKTYPHUX
OnoKiB CUNBbHY epo3iliHy PO34NeHOBaHICTb penbedy i yTBO-
PEHHSA BUCOKUX | KpYTUX CXuniB. LleHTpanbHa icTopu4Ha ya-
CTMHa MicTa nepeBaXHO po3TalloBaHa B  Mexax
[Meyepcbkoro ropcTy — HaMakTUBHiILLA TEKTOHIYHA CTPYKTYypa
OOCnigXXyBaHOro panoHy. BiH Ha cyyacHoMy eTani 3a3Hae ni-
OHATTA 3i WBMAKICTIO 2 MM/piK. FOPCT 0OMEXYETBCA HU3KOH
pO3roMmiB, MPOCTAraHHs sikMX 306iraeTbca 3 HanpsiMKamu oc-
HOBHUX erneMeHTIB Cy4acHoI rigporpadiyHoi mepexi. Ons
HbOrO XapakTEepPHUIN HanBiNbLWMIA PO3BUTOK 3CyBIiB Ha [Hin-
POBCBKMX cxunax, 3okpema LleHTpanbHoi ginaHku, ge dik-
CYIOTbCS HaMBULLi NO3Ha4ykn abCOMTHMX BMCOT JIECOBOrO
nnarto i HanbinbL BUCOKE NOMNOXEHHS cTpaTurpadivHNX ro-
PU3OHTIB KOPIHHOIO MacuBy.

CelicmiyHi enueu 3anexHo Bif BiaAaneHocTi eniLeHTpis
Ta BEMWYMHWU MarHiTyau MOXyTb MpuU3BOAWUTU OO0 3MiHW Y
CTPYKTYpi Ta TeKCTypi ripcbkoi mopoawm, ii MiHepanbHomy
cknagi Ta pismko-mexaHiyH1x Bnactnsocten. Lie cnpusie su-
BEJEHHIO 3i CTaHy piBHOBarn 3cyBoHebe3neyHmMx CXMnoBux
AINSHOK Ta BUHWKHEHHSI panToBKX 3CyBHUX npoLeciB. Ocob-
nmBo HebesneyHi AinsiHkW, Oe BiporigHa NowWMHa CKOB-
3aHHSA NPOXOAMTL NO crnabkux, BogoHacuveHux rpyHtax ll-i
KaTeropii cencmivHocTi (200<Vs<500 m/c) (MiHperioHbyn
Ykpainu, 2014). CeicmivyHy akTuBHiCTb TepuTopii M. Knisa
BM3HA4Ya€e ocepenok y pawnoHi rip BpaHya (PymyHisl); ocepe-
OKM Ha BuruHi KapnaTcbkoi Aayru; celcmidHi noaii Ha nnat-
dopMHUX cTpykTypax VYkpaiHn. Y poboti (Kytac, &
OwmenbyeHko, 2008) HaBoaMTLCA aHari3 NposiBy OAHOrO i3
CUnbHUX 3emMneTpycis, Wwo ctaeca 30 TpaeHa 1990 p. 3a ce-
penHboro piBHs GanbHOCTI CTpyLyBaHb TepuTtopii Micta
4 Ganu y Oesikux oro paroHax ix iHTeHCUBHICTL Gyna BuLla —
y CTapii 4acTuHi MicTa, BKMYaluM AiNsaHkM nobnuay
p. [HiNnpo Ta Ha AingHkax i3 ropbucTum penbegom ToLLO.

CyudacHi ek302eHHi Mpoyecu € OCHOBHUMU penbedodo-
PMYHOUMMN YUHHUKaMUW SOCAIAKYBaHOT TepUTOPIl, cepen HUX
BUAINEHO TaKi:

* BiyHa eposia [Hinpa, Wo B1U3Ha4Y1na npocTopoBy npu-
YPOUEHICTb Cy4acHMX 3CyBiB Ha NpaBobepexHOMY CXuri pi-
ykn. [lepeBaxkHa KinbKiCTb 3 HUX cdopmyBanaca Ha
LleHTpanbHin ginaHui, Ae BiacyTHi npaBobepexHi 3annaBHa
i Hag3annaeHa Tepacu i e 6eper NPoTAroM ronoLeHy pos-
MuBaBcs pivkoto (demunwnH, & NanuHckuin, 1979; Oemun-
WwuH, 1992). Ha cborogHi LUeW YMHHWMK He BMMBaE Ha
3CYBOTBIpHi NpOLIECH, OCKINbKN AHINPOBCHKI CXUNN 3aXULLIEHI
Bi, pO3MMBY LUTYYHUM Hacunom HabepexxHoro Loce i3 3ani-
306eTOHHO MigNiPHOK CTIHOHD;

* NNOLWMHHA Ta NiHinHa eposia go 50-x pp. XX cT. 6yna
OOHMM 3 OCHOBHWX YMHHWKIB PO3YNieHyBaHHs penbedy, nor-
NnMBneHHs ApiB, PO3LUMPEHHS JoNMH 6anok. Y 3B'sA3Ky i3 3a-
perynoBaHHs NMOBEPXHEBOrO CTOKY, 3aCafXeHHSIM CXMWIiB
OEPEBHO0 Ta YarapHMKOBOK POCIMHHICTIO PO3BUTOK LIMX
npoueciB 3a octaHHi 100 pokiB BTpaTMB CBOI BM3HaYasnbHi
nosuii y coopmyBaHHi 3cyBHOI HeGeaneku cxunis. Tinbku B
Mexax HesaniCHeHuMX cxuniB AinsaHkM [aBHboro Kuesa
3asHayeHi npouecu we 36epernn CBOKW Hebe3neyHicTb,
nornubntolouM eposiiiHi Bpian Ha cxunax, 3okpema B Neco-
noaibHux rpyHrax;

* [eHyauisi KOpiHHKX Ta AentoBiarnibHO-3CYBHUX I'PYHTIB, a
TakoX (Pi3vyHe BUBITPIOBAHHS TMMHUCTUX I'PYHTIB (3a3BMyan
HEOreHOBMX YEepBOHO-DYpUX i CTpoKaTMX MWH) BiAbyBaeTbCS
nepeBaXkHO B MeXax 3CyBOPO3AINbHVX MUCIB, Ha AiNaHKax, e
POCNUMHHICTb BiacyTHS. Lle npuaBoauTts Ao Aerpagadii nosepx-
HEBOrO LUapy I'PyHTIB, iX doparmMeHTaLii Ta OCMnaHHA 4O HU3Y
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cxuny. Lien npouec mMae nokanbsHi Nposieu. ABTOpU BiA3HauMNu
Taki Micus Mk 3cyBHUMM Lmpkamm Ne XXIV-XXV, a Takox B
mMexax OyaisenbHoro mamgaHuvka HauioHanbHoro myseto
"Memopian xeptB onogomopy” y Cnacbkomy sipy, e 6ynu
BiICMOHEHI BiOKNaam YepBOHO-0YpUX MTWH.

lidpoeeornoaiyHi yMoeu 3Ha4YHOI MIpOH BNNMBaOTb Ha
dopmMyBaHHA 3CyBiB. HasiBHICTb i pyx niA3eMHUX BOA He
TiNbKW BNAUBAE Ha MiUHICHI Ta gedopMadiiHi BMacTUBOCTI
I'PYHTIB, @ CMPUYMHSE MiApOCTaTUYHI Ta rigpoauMHaMIiyHi Tu-
cku (LyTeHko Ta iH., 2004). Ha TepuTopii gocnigkeHb noLwuu-
peHi  Tpu  TIPYHTOBMX  BOAOHOCHUX  TOPU3OHTU: Y
YETBEPTMHHMX €0M0BO-AENtoBianbHUX i 03€pHO-NbOJOBUKO-
BMX BiJKnagax Ha nnarto, y YeTBEPTUHHUX AentoBianbHUX
I'pyHTax Ha cxunax i, NOBCIOAHO, B ONIroLLEeHOBUX (XapKiBCb-
knx) nmickax (Konot Ta iH., 1984). 3 BepxoBogKow (TMMYaco-
BUM  BOAOHOCHWM  FOPM3OHTOM) 3B'A3aHi  OCigaHHs
neconopnibHnx Ta TEXHOreHHUX Bigknaais, ix o6eanis i noga-
NbLUWX 3CYBIB Y BUINAAi 3CyBiB-MOTOKIB i CAMAMBIB.

I3 BpaxyBaHHsIM BUXOZAIB HA CXMI LIUX BOOOHOCHUX ropu-
30HTIB 3CYBHi 3MiLLEHHS I'DYHTIB MO CXUINYy € BipOrigHUMN Ha
TPbOX PIBHAX:

* 3CYBM Y YETBEPTUHHUX Bigknagax (HagMOPEHHUX e-
cax Ta B NiANecoBWX rMyHaXx i CyrnyMHKax) 3 NPOXOAXEHHAM
NMOBEPXHi KOB3aHHA 3HA4YHOK YacTuHo B Bypux abo cTpo-
KaTUX rmuHax;

* 3CYBM B AeMOBianbHMX CXUNOBUX Bigknagax;

* 3MILLIEHHS1 Ha KOHTaKTi KUIBCbKMX i XapKiBCbKMX Bigkna-
[iB naneoreHy.

Bnnus eeHe3ucy ma nimonoaidHux ocobnusocmel rpy-
HMig8 Ha epo3iNHO-rpaBiTauiHi Npouecy pynHyBaHHS CXWUNiB
3HAYHOI MiIpOlO BMOHO 3 HaBefeHoro B Tabrn. 2 posnoginy
3CyBiB 3a MPUYPOYEHICTIO iX 4O OCHOBHUX CTpaTuUrpadivHnx
rOPM30HTIB (Y BiAHOLLEHHi 0 3aranbHOI KiNbKOCTi 3CYBIB, L0
cnocrepiranvcsa 3a 150 pokiB y mexax Kuesa). Hanbinbwa
KiNbKICTb 3CYBHMX MPOLIECIB CNOCTEpIraeTbCa B Mexax neco-
NoAibHNX yTBOPEHb i IMUHUCTUX NOPIA (MOPEHHI Ta HUXKHBLO-
YETBEPTUHHI CYIMMHKM M TMWHW, @ TakKoX HEeoreHoBi Ta
naneoreHoBi rMuHuW), Wo ctaHoBuUTb 37 Ta 49 % BignosigHoO
Bif, 3aranbHOI KinNbKOCTi BUNaKiB.

Y4yacTb neconogibHux BigKknadiB y CXMIoBUX npouecax
MOSAICHIOETLCSA 3AaTHICTIO NErkoro pynHyBaHHS iX CTPYKTYpK
3a B3aemogii 3 BOOOHO i BUCOKMM CTyneHeM pO3MMBaHHS Mo-
BEpPXHEBMMU Bofdamu. Lle npm3Boautb 4O HarpomagKeHHs
NyXKoro martepiany i Npn Noro 3BoNoXeHHi MOBEPXHEBUMMY i
nig3eMH1UMY BOA4aMW CTBOPKOE YMOBU AN PO3BUTKY ONmu-
BWH, CMNUBIB i 3CyBIiB-MOTOKIB.

CneumdiyHi BNacTMBOCTI MMUHUCTMX BigKNagiB TOBLL HEo-
rEHOBUX YePBOHO-OypuX | CTPOKATUX IMNWH, 8 TaKOX NaneoreHo-
BMX CMOHAWIOBUX FIUH KUIBCLKOI CBITM 3YMOBWMN LLMPOKUIA
PO3BUTOK 3CyBHMX MPOLECIB, sIki BiAOYBarTLCA MO HUX. [TMHK
— igeanbHe cepepnoBuLle Ans 3CyBiB Yepe3 CBOK CTPYKTYpPY,
HM3bKY BOAOMPOHWUKHICTb | CXUINBHICTb A0 BTpaTK MiLHOCTI Npu
3BOMOXEHHI. CXUNbHICTL 40 HabyxaHHsi NPU3BOAUTL [0 3HW-
XKEHHs1 MiLHOCTI mopig (KyTa BHYTPILLHBOro TepPTS Ta NMTOMOro
34enseHHs1); H3bka BOAOMPOHMKHICTb MiABULLYE MOPOBUIA TUCK
(u, kMa), TIM cammM 3HUXKYETBECA edpeKTUBHUIN TUCK (0, KMa);
HasABHICTb KOHCONIAAUHOI TPILLMHYBATOCTi (CMCTEMU TPILLWH)
hOpMy€E 30HU 3MEHLLEHHSI CUN CTPYKTYPHOTO 3B'A3Ky, 30inb-
LeHHs inbTpaLii Boau.

MepeBaxHui BMICT YyacTok po3mipom 0,1-0,25 mm (Kap-
neHko, MapuHud, & Ctpenbuos, 2019) y rpaHynomeTpuy-
HOMYy cknagi nickiB MnonTaBCbkoi | XapkiBCbKOi cepin
BM3Ha4yae ix cydo3inHy HECTINKICTb, CNpUsAYM rigpognHami-
YHOMY BMHOCY 4acTOK I'PYHTY i HACTynHOMY obBaneHHto no-
pid, WO 3anaralTb Hag HUMMW, YTBOPEHHKO Cydo3iHUX
pyWHyBaHb cxunis. Po3BuToK CydhosiiH1X npouecis NoB'sa3a-
HWUIA 3 OCBOEHHAM MiA3€MHOro NPOCTOpY (HAsABHICTIO Mig3eM-
HUX [PEHaXHWX CUCTEM, TYHeniB, CXOBML, TOLLO) Ta
PO3BUTKOM MYIbA OCif@HHSA Hag HUMMU.
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Ta6nuys 2
Po3nogin 3cyBiB Ha TepuTopii M. Kuesa 3a npmypoueHicTio 4O 0OCHOBHUX cTpaTurpadiyHMX ropu3oHTIB
FeHeTU4YHUN . Lo MoTyxHicTb . % Big 3aranbHOI
) L TNiTonoriyHi pisHoBuAan BoaoHOCHUI FOPU3OHT : . -
Ta BiKOBUW iHOEKC KOMMIEKCy, M KiNIbKOCTi NposiBiB
e,vd Py-H Jlec i neconogibHi cyrnuHKK, cynicku 0.1-15 HeBuTprmaHui 37
’ (TMny BepxoBogka)
f,I Pydn dniosiornsuianeHi Bigknaam (nicku) <15 Hesutpumanumn 1
~ (Tyny BEpXxoBOAKN)
g Puydn MopeHa (CyrnvHKu, rmuHmn) 0,1-12 BigcyTHin 7
f,| Pydn MMigmopeHHi nicku 2,54 Butpumanun 2
la Py [MpicHOBOAHI CYrnnHKK 1,7-3 —||— 5
N.¢b Bypi ruHn 0,5-12 Cnopaaun4yHuin abo BigcyTHin 22
N1,8g CTpokaTi rmuHu 0,1-10 BigcyTHin 13
N1np HosoneTpiscbki nicku 24-28 Pigki o6BoaHeHi niHaun 4
Ha npoLlapkax rmmHu
B; br, BepekcbKi i MeXuripcbki nicku 2,5-3,5 BuTpumaHuii NnoBHOBOAHUI 7
P; mz 12-15
B, kv HarnuHok 6-7 BigcyTHin 1
P, kv MeprenbHi rmuHm <20 —|— 1

Qi3uko-mexaHidyHi eracmueocmi rpyHmie BU3HA4YalOTb
MILHICHI XapaKTepUCTUKN Ta CTiNKICTb MacuBy I'pPyHTY, LLO
YTBOPIOE CXMI. 3MIHN TakuMx MOKa3HWUKIB, AK KyT BHYTpiLl-
HbOro TepTa (@, rpaa.), nuTome 34enneHHs (c, kMa), winb-
HicTb (v, kH/M®) rpyHTy npu pomaTkoBux — dpaktopax
Nepe3BONOXEHHS, CTATUYHUX | AUHAMIYHMX HaBaHTaXEHHAX
NpU3BOAATb 0 3HWKEHHS X CTPYKTYPHOI MILHOCTI, Xapak-
Tepy poO3BUTKY 3CYBHMX MNOBepXoHb (YepHbin, 1979;
Abdelmonem, Abo Bakr, & Saad Eldin, 2023; Kril, &
Streltsov, 2025; Wang et al., 2024).

BoHanbHo-KniMamu4Hi ymMoeu, 30Kpema KinbKicTb ona-
4iB, TemnepaTypa, NposiB aHOMalnbHUX METEOPOIONYHUX
YMOB, BNINBaOTb B OCHOBHOMY Ha PO3BUTOK 3CYBiB-MOTOKIB,
CNNUBIB, OMMMBWH. 3a 4aHVMMK CTauiOHapHUX CMOCTEPEXEHb
3a nepiog 3 1945 no 1980 p., 3cyBHi NepeMilLleHHs 3a ce30-
HaMW POKy PO3MOAINeHi TakuM YMHOM: BEeCHa — GNMU3bko
80 % Big 3aranbHOI KinNbKocCTi 3cyBiB, NiTo — 5 %, OCiHb —
11 %, 3uma — 6nusbko 4 % (npu cymapHomy o6casi nopoau,
wo amictunacs, 1,2; 0,13; 0,06 i 0,008 mnH T2 BignosigHoO)
(IHcTuTyT reonoriyHnx Hayk HAH Ykpainu, 2006). Takuii pos-
noAin 3cyBiB 3B'A3aHWIN NePEBaXHO 3 iHMINbTPaLieto aTMoc-
depHux onagis, Tinbkn 10 % Big 3aranbHOi KiNbKOCTI SAKMX
HaAXOAUTb Ha NiSXKNBNEHHA BOOOHOCHUX rOPU30HTIB. CHiro-
TaHEHHS i psicHe BMNafdaHHs AOLiB NpM3BOAATb 40 aKTuBI3aLii
CTapwXx i yTBOPEHHIO HOBUX 3CyBiB, 0COONMBO B MicLsX, A€ NOo-
BepxHeBui CTik He ynopsigkoBaHui. J1. C. Niukos, A. M. [paH-
HuKkoB i B.l. XasiH, €.Tl. EmenbaHoBa Yy CBoiX poboTax
BKasyBanun Ha BMpasHUW 3B'A30K KirlbKOCTi 3CyBIiB Y BECHSHWI
nepioA 3 KinbkicTio onagis y nonepedHi 1,5-2 pokis.

3cyBU I'pyHTY MOXYTb cTatucs 6e3nocepeHbo nig vac
cunbHUX gouiB abo yepes Kinbka roavH Yn HaBiTb AHIB Nicna
HUX Yepe3 3HKEHHS MILHICHUX XapaKTepuCcTuK nNpu nepes-
BOIOXEHHI (onip 3pyLeHHIo0) Ta 30inbLlIeHHs Barn Hacuye-
HOro BOAOKW LwWapy rpyHTy. [lpy uUbOMYy TpuBanicTb
dopmMyBaHHSA Ta peanisaLis 3CyBY 3anexuTb Bif Kifbkox da-
KTOpIB: IHTEHCMBHOCTI Ta TpMBarnocTi onagis, CTaHy I'pyHTo-
BOr0O MacuBy, MOP(OMETPUYHUX XapakTepuctuk Ta
nonepepHix norogHux ymos (Dahal, & Hasegawa, 2008;
Guzzetti et al., 2007; Li et al., 2025).

BupiwansHuM y nopyLueHHi piBHoBarn Ha cxunax [Hinpa
B ocTaHHi 40—50 pokiB cTanu mexHo2eHHi ennugu. Po3sBuTky
3CYBHMX NEpEeMiLleHb CpUsitoTb HULLEHHS AEPEBHOI poC-
TNMHHOCTI, Nigpi3ka i NpUBaHTaXXeHHs1 CXMMiB, opraHisayis ra-
30HHMX MOKPWUTTIB 3 nodanblMM PsSICHAM  MOSIMBOM,
400aTKoBE 3BOSMOXEHHA MOPIA yHACNIAOK BUTOKIB 3 iHXKEHe-
pHUX Mepex BodoroHis. Hanpwuknag, y 2017-2019 pp. npu
OygaiBHuuTBi |l Yeprn HauioHanbHOro memopianbHOro Kom-
nnekcy nam'ati xepts Monogomopy B YkpaiHi OyaiBensHuku
CTUKHynuca 3 npobnemMol OyXe CWUMbHOTO MNPUTOKY
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I'PYHTOBMX BOA Ta 'PYHTOBUX Mac 4O KOMYHIKaLINHOI LWaxTu
npu ii obnawTyBaHHi. [lpoBegeHi 3a ydyacTi asTOpa
Crtpenbuosa A. O. (KapneHko, Mapunudy, & CtpenbLos,
2019) pocnigXeHHs nokasanu, Wo rpyHTOBMI BOLOHOCHUIA
ropusoHT (I-1 Big NMOBEpXHi) Mae NoTy>XHe AOL4aTKOBE Xe-
peno XWBMNEHHS BUTOKaMK aBapiliHWX pe3epByapiB BO4OMO-
cTayaHHsa [leyepcbkoro panoHy. Yepes Le BOOHWMA NOTIK
BMHOCKB y BUPOOKY BEMNUKY KiNbKICTb FPYHTOBOrO Matepiany
3-3a CTIHOK WaxTu. ToMy Ans BUKMIOYEHHS HEeraTMBHOrO
BMNMMBY Ha HaBKOMULLHIO TepUTOpIilo, 3anobiraHHs yTBO-
PEHHIO MPOoBaniB, 3HWKEHHIO BOAOMPUTOKY BUKOHYBarocs
HarHiTaHHS  (iHKEeKTyBaHHS) BOAHO-LEMEHTHOrO PO34MHY
HaBKOJIO LUAXTMW.

MpoTe okpemi Npuknaan G6raroycTporo (03eneHeHHs 1
yrnopsiaKyBaHHS NMOBEPXHEBOro CTOKY) Ta 3aCTOCYBaHHsI 3a-
XOAiB 3 iHXXEeHEPHOro 3axmncTy cxumiB (NignipHi CTiHKK, ape-
HaXXHi CMCTEMU TOLLIO), BNPOAOBX ocTaHHiXx 60—80 pp. aanu
3mory ctabinisyBatv eposifiHo-rpaBiTauiiHi npouecu Ha
BiNbLUIN YaCTWHI AHINPOBCLKUX CXUNIB.

[unckycis i BUCHOBKMN

TepuTopia gocnigXeHb po3TalloBaHa y CKNnagHUX iHxe-
HEepPHO-reonoriYHNX yMoBax Ha cxunax gonvHu [OHinpa n
npunernux 4o Hei AinsHok necosoro nnato. LWinbHa cuc-
Tema 6anok Ta gpis (52 apis 3aBAoOBXkM 6,5 kM), ocobnu-
BOCTi reornoriyHux i rigporeonoriyHmx ymoB, mMictobyaiBHa
OiAnbHICTE NpU3BOAUNM BNPOAOBXK CTONiTh O PO3BUTKY
HM3KN Hebes3nevyHnX NpoLeciB Ha cxunax, a came: 3CyBU Ha
Pi3HNX reoMopdOnoriYHNX PiBHAX, NPOCIAAHHS NEeCOBUX
Bigknagis, nposanu Ta cydOo3inHUI BUHOC 'PYHTY HaBKOMO
nig3eMHMX cnopya, NiaTONNeHHs Towo. 3Ha4YHUN BHECOK Y
ctabinisauito 3cyBiB fano 03erneHeHHs METOAOM HapOAHOT
6ynoBu y 50-60 pp. MuMHynoro ctonitta. Hatenep ctabinb-
HiCTb i 306epexeHHs 06'eKTiB Ha OHIMPOBCLKUX CXunax Ta-
KOX 3a6e3neyvyeTbCsl CUCTEMOLO CreLlianbHUX YTPUMYHUNX
Ta BOJOPEryrnioYnX Cnopyn iHXEeHepHOro 3axucTy, Ha
obG'ekTax BcecBiTHbOI cnagwuHu (Kueso-lMeyepcbka na-
Bpa) Ta BignoBiganbHNX CNopyAax KOHTPOSETLCS NOCTIi-
HUM MOHITOPUHIOM.

B pesynbTaTi peTpoCcnekTMBHOrO aHarni3y BUSIBIIEHO 3aKo-
HOMIPHOCTi NPOCTOPOBOrO | YacoBOro PO3BUTKY 3CyBiB. BcTa-
HOBMEHO [AiNsiHK1 3 HalBMLLUMM piBHEM 3CyBOHeDe3nekn 3a
BENWYMHOIO KyTy Haxuny 15-25° aki sanmatotb 25-34 %
no nnowy 3anexHo Big AinsaHku cxuny (OaBHboro Kueea,
LleHTpanbHoi, 3anaepcbkoi). HanbinbLumnin BiGCOTOK 3CYBHUX
npoLeciB MOB'A3aHWIA i3 IMUHUCTUMK FPYHTaMK 4epBo-0ypoi,
CTPOKaTOI TOBLL, @ TAKOXX CMOHAMITOBUX ITIMH KUIBCLKOI CBITU.

HasiBHICTb akTMBHMX 3CyBIiB Ta 3CyBOHebe3neyHux gi-
nsaHoK 3a octaHHi 10 pokie, 3adikcoBaHmx CYIIMP-om Ta
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BUSABIMEHMX MPU NONbOBUX OOCTEXEHHSAX, CBIAYNTL NPO 00-
MexeHy eEeKTUBHICTb HasBHUX MPOTU3CYBHUX 3aXOAIB Y
[OBroCTPOKOBIii NepcnekTusi. ix ekcnnyaTauiiiHa sgaTHicTb
iCTOTHO 3HWXKYETBCS 3a BiACYTHOCTi KOMMIIEKCHOIO CUCTEM-
HOro nigxo4y A0 ynpasermiHHA CXUOBMMM NpoLecamu, Ha-
NEXHOro TexHiYHOro oO6CnyroByBaHHS Ta [OTPUMaHHS
BiANOBIAHOCTiI NPOEKTHUM XapaKTepucTukam.

BcTaHoBREHO, WO HANGINbLUWIA BAMMB Ha 3HWKEHHS! CTIKO-
CTi CUCTEMM CXVUMIB MatoTb Taki YMHHUKWN: BOAOHACUYEHHS I'py-
HTiB (@aTMOChepHMMM Onagamu, BUTOKaMU 3 MEPEX BOAOMOHY),
NPUBAHTAXXEHHA CXWUMIB Y NpoLeci 3a0ynoBu, iHXEHEPHI BTPY-
YaHHS 6e3 ypaxyBaHHs! iHKeHepPHO-reonoriYHnx ocobnmneocTem
Ta AMHaMIYHI HaBaHTaXeHHs (TpaHcnopT, OyaiBenbHi poboTn).
lMpoaHani3oBaHO CyKynHWA BMMMB 3a3HAYEHUX YMHHUKIB i
CUCTEeMaTM30BaHO HacrnigkM ix B3aemopii, Wo nNpu3BoasATb A0
BTPaTU CTIIKOTO CTaHy CXury.

PosTawyBaHHA B Mexax JocnigKyBaHoi TepuTopii 06'e-
KTiB apXiTEKTYpHOI, ICTOPMKO-apXeosoriyHoi Ta NpupoaHoi
cnagwmHn, o6'exTiB BeecBiTHBLOT cnaawmin KOHECKO Ta ix
OydepHNX 30H 3yMOBMIOE HEOOXIAHICTb Nepernsay MeToAiB
KOHTPOINIO Ta MPOrHO3yBaHHS CXUIIOBUX MPOLIECIB, ynpaBs-
NiHHSA pu3nkamm HebGesneku.

Y poGoTi BU3HAYEHO HanpPsIMKN KOHLENTyanbHUX 3acaz
CUCTEMHOTO niaxoay Ao 3abesneyeHHst CTINKOCTI AHINPOBCh-
KMX cxuni., Wo nepenbayatoTb y3rogkeHe 3aCTOCyBaHHS iH-
YXEHEPHO-reosIorivyHoro MOHITOPWVHIY, akTyanisauii
iHXEHEepHO-TeonoriYHOro  pamoHyBaHHA  AHINMPOBCHKOro
CXWMy Ta paHXyBaHHS 3a PiBHEM PU3MNKIB 3CYBHOI HeOe3nekn
Ha OCHOBI Cy4YaCHUX MporpamMmHUX MaTemaTuKo-aHamiTUYHUX
KOMMJIEKCIB, OnpaLutoBaHHA MPUHLMNIB paLlioHanbHOrO Mic-
TOOYAIBHOIO NNaHyBaHHSA Ha cxunax Ta onTuMmisaLii npoTu-
3CYBHMX 3axofdiB 3 0OOB'A3KOBMM ypaxyBaHHsIM iCTOPUKO-
KyNbTYPHOI LIHHOCTI AOCHiAXYyBaHOi TepuTopii.

BHecok aBTopiB: TeTsiHa Kpinb — koHUenTyanisawis, MeTogonoris,
rpacdivHi NnobypoBw, HanucaHHA (nepernsg i pegaryBaHHs); AHTOH
CTpenbLoB — METOAONONiSA, NONbOBI ACCHIMKEHHS, rpaddiyHi Nobyaosu,
hopmarnbHWI aHania, HanucaHHsi (opuriHanbHa YepHeTKa).
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ENGINEERING-GEOLOGICAL CONDITIONS OF THE DNIPRO SLOPES IN THE CENTRAL AREA OF KYIV:
A RESEARCH RETROSPECTIVE AND ANALYSIS OF LANDSLIDE HAZARD FACTORS

Background. This article presents the results of an analysis of the engineering-geological conditions of the Dnipro slopes within the central
historical area of Kyiv. The main objective of the study is to identify natural and anthropogenic factors influencing the development of landslide processes, as
well as to form a contemporary understanding of the conditions necessary to ensure the stability of the natural system in the study area.

Methods. To determine the dynamics of landslide development on the Dnipro slopes of Kyiv, a retrospective analysis of landslide-prone
areas was conducted. This included photographic documentation of the current slope conditions and comparison with images from archival sources.
The analysis of engineering-geological conditions and the factors driving landslide displacements was carried out using analytical, statistical, and
cartographic methods. Geographic Information Systems (GIS), including ArcGIS and Surfer software, were used to construct cartographic models.
Engineering-geological cross-sections were developed using AutoCAD tools.

Results. The periods of scientific research on landslide hazards of the Dnipro slopes and efforts to stabilize them have been systematized,
identifying five key research stages, including those conducted in the modern era since Ukraine's independence. Based on the understanding of the
factors contributing to landslide development within the study area, three zones were identified and their engineering-geological characteristics were
described. Areas with the highest landslide hazard were determined by slope angles ranging from 15 to 25°, occupying between 25 % and 34 % of the
surface area depending on the specific slope section (Old Kyiv, Central, Zalavrskyi). It was established that the most significant factors contributing
to the reduction of slope system stability are: soil water saturation (due to atmospheric precipitation and leakage from water supply networks),
additional loading of slopes during urban development, engineering interventions without consideration of engineering-geological specifics, and
dynamic loads (from transportation and construction activities). The cumulative impact of these factors was analyzed, and the consequences of their
interaction were systematized, showing that they collectively lead to the destabilization of the slope system.

Conclusions. Based on the results, directions for the conceptual foundations of a systematic approach to ensuring the stability of the
Dnipro slopes have been formulated. This approach involves the coordinated application of engineering-geological monitoring, the updating of
engineering-geological zoning of the Dnipro slope, and the risk-based ranking of landslide hazards. It also includes the development of principles for
rational urban planning on slopes and the optimization of anti-landslide measures, with mandatory consideration of the historical and cultural value
of the study area.

Keywords : engineering-geological conditions, Dnipro slopes, landslides, landslide hazard factors, historical areas.
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