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FEOJIOrO-reOMOP®OJIOriYHI ®AKTOPU MOPOOAUHAMIKU MAJIUX PIMOK
(HA NPUKNAAI PIYKU YEYBU, MPUTOKMU NIMHMLL)

(MpedcmaesneHo 4neHoM pedakuyiliHoi Kosneaii 0-pom 2eosl. Hayk, npog. O.M. IeaHik)

B c Ty n. Mani piku € 8axxsiueum erleMeHmMoM y cmpyKmypi 3eMHOi mogepxHi, 6epymb akmugHy y4yacmsb y ¢hopMyeaHHi ii mopgborio-
2i4yHuUx obpucie. BoHu eidizpatomb 8a2oMy posib y hyHKUiOHy8aHHI cepedHix i eenukux pik, ennuearoms Ha peanizyeaHHs1 3a2aslbHol
npupodo3bepieatoyoi cmpamezii sukopucmaHHs1 80OHUX pecypcie Yy KOHKpemHoMy pezioHi. [fpobnema eus4eHHs1 cmaHy i 3MiH Manux
PIYOK, @ MaKOX YUHHUKI8, sIKi 3yMOoeJsIroomb 3MiHU, € 6a2amozpaHHoro i mompebye anubokux docnidxeHb. Mani piyku Halibinbwe 3ane-
JXamb eid 2e0/1020-2e0MOPEHOITI02iYHUX YUHHUKI8, MOMY 8a)XX/TUBUM y UbOMY IJ1aHi € 8UBYEHHSI came IXHBbO20 8rIu8y Ha 3MiHU pycra.

Me Toawu. [ns docnidxeHHsi MopghoOuHamiku pycna Yeyeu 6yno eukopucmaHo monozpadpiyHi kapmu 1906, 1910, 1927, 1944,
1981 pokie, aepoghomo3snimku 1952, 1967, 1978 pokie ma kocmo3HiMku 2005-2024 pokie. [eokodyeaHHs1 ma oyugbpyeaHHsI pycrla 8UKO-
Hyeasiocb y npozpami QGIS. [ns aHanisy po3nodiny npouecie eposii—akymynsayii y pycni 3006 rno3006xHb020 rnpogisnto piyku po3po-
6neHo cneyianbHuUll iHmepakmueHuli Modysb y cepedosuwi MS Visual Studio. KapmozpagbiyHi ma nonboei ocidxeHHsI 3acmocoeaHo
Ons susiesIeHHS1 XapaKmepucmuk ernsiusy 2eos102i4yHux ma 2eomopghosio2iyHuUx ¢hakmopie Ha MopghoduHaMiKy pycna.

Pe3ynbTaTun. Ha ocHosi aHani3y pizHo4acosux mamepianie docnioxeHo MmopghoduHamiky p. Yedsu, nigoi npumoku JliMHuyi.
BoHa nposieunacsi nonepe4yHUMU ma rno300exHiMmu 3MiueHHsIMU pycna siK y 2ipcbKili, mak i 8 nepedeipchbKill if yacmuHi. Y 2ipcbkil 4ac-
MuHi eusiesieHo rnornepeYyHi 3MiujeHHs1 pycra, 3MiHU eepwuH MeaHOp, 3MiHU Kiflbkocmi pykasie. Y neped2ipchKili YacmuHi criekmp 3MiH
wupwul: miepayii pycna i3 3miHoto tio2o nNpsMoi hopMu Ha 38usucmy ma meaHopoeaHy i, Haeénaku, 3 MeaHOpPoeaHoi Ha NMpsiMy, po3ee-
PHEHHs1 sunykiiocmi euauHie Ha 180°, 3MiHU WUpPUHU i AoeXUHU Mosicy MeaHApyesaHHsl, MOpPghosIo2idYHUX muriie i napamempie meaHap.
3 2eonozivHUx ¢hakmopie Halibinbwe ennuHynu nimosnozidHull cknad nopid, 3okpema HasieHicmb ¢hniwoeux eidknadie y 2ipcbkili ma
nyxkux y nepedeipchbkili YacmuHax GosIuHU, 2paHy/ioMempuYHUll cknad nopid, ixHs wapyeama mekcmypa, eesluka mpiwjuHyeamicma
ma 3Hay4Ha KinbKkicmb eidc/iIoHeHb Ha bepezax. 3 2eoMopghosioziyHUX ¢hakmopie cymmesumu cmasnu mopghomempisi 6aceliHy 3 eenu-
KuMu nepernadamu eucom ma 2ycmum i 2TuboKUM po34sieHy8aHHSIM, po3J102i hopMu rornepeyHo20 npoginiro 0onuHuU, 3MIHU yxusy i
nadiHHSA piyku, napamempu 3arnsasu i pycna.

B n c Ho Bk K. leonozo-2eomopghosioziyHi ghakmopu Maroms sIK CrIOHYKasibHUl, mak i 06MexyeasibHull eriue Ha MopghoouHaMiKy

pyces1 Manux pidok.

KnwuyoBi
2eomopghosioziyHi ghakmopu, YkpaiHcbki Kapnamu.

Betyn

BigkpuTicTe mxepen pisHo4acoBoi iHdopmaLii, 4OCTyn-
HiCTb | nowmpeHHst MC-TexHoNorii, ski AaTb 3MOry L0 iH-
copmMaLlito onpauoBaT, 3yMOBUY 3pOCTaHHSA LiKaBOCTI 4O
BMBYEHHSA OUHaAMikM pycen Ta dakTopis, WO i CAPUYKHIO-
toTb. [NonepenHi 15 pokiB 3HaMeHyBanncs BUXOAOM YUCTIEH-
HUX nybnikauin npo ropu3oHTanbHi Ta BepTUKanbHi
aedopmaldii pivok Kapnatcbkoro perioHy 3a 100-piyHuin ne-
piod. JocnimkeHo guHamiky pycen Takmx KapnaTCbkux pik:
OHictpa Ha Bigpi3ky Ctpinkn—Ct.Cambip (Banpak, 2012),
Manny—3aniwmkn (BypwTnHcbka Ta iH., 2017), Po3BagiB—
Manuy (Pagsin, 3asub, & TpeTsk, 2018); CTpus Ha Bigpisky
CrpuraHui-rupno Ctpusa (Mopiwnwuia, 2014); Ctpusiropa,
Minbyxa (banpak, 2016, 2017); Buctpuui (Cenbcbkuit, & Ko-
Banbcebka, 2007); Cykeni (Rybak, & Dubis, 2021); A6nyHbkM 1
OpsiBu (Mununosuy, & Kosanbuyk, 2017); JlimHuui, JlaTto-
pwvui, Tepecsu Ta iH. pik BepxHboro 6aceinHy Tucu (O6oanos-
cbkuii Ta iH., 2010, 2012, 2018); MNpyTa Ha Bigpi3Ky nepen
M. YepHiBui (FOweHko, 2005); Tucu Ha nepeTuHi BynkaHiu-
Horo nacma (Banpak, 2011). Benuvka yactmHa uux nyonikadi
npuceaYeHa JocnigpkeHHo MopdoamnHaMikm nepearipCbkmux
OINSHOK PIYOK, OCKiNMbKM pofib OBMeXyBanbHUX akTopiB
He3HayHa i pycna BUSIBNSAOTL BUpasHi 3MiHW came Ha ne-
pearipcbkux BiApiskax. Y ripCbkuUxX pamoHax 3pocTae posb
reonoriyHnx i reomopdonoriyHnx GakTopis: BOHW MatoTb SK
obmexyBanbHWUIA, Tak i CMOHyKanbHUA BAUB 0Cco6nMBO Ha
OWHaMIKy Manux pivyok.

Y cepefMHi MUHYNOro CTONITTA BYEHI NoYanu po3sueatu
Knacudikauii pycen 3anexHo Bifg reonoro-reoMopgonoriy-
HMX ymoB. Tak, M. |. MakkaBeeB (1955) obrpyHTyBaB HeO6-
XiOHICTb  BiQOKPEMMEHHSA  PIBHUHHWUX, HaMiBripCbKMX i
ripcbkux TUNiB pycen pidok. A. Schumm (1956) 3a

cnoeBa: mopgoduHamika, cy4acHi ¢prmoegiansHi npouecu, QuHamika pycna, mani piyku, 2eosio2iyHi ¢hakmopu,

NITONOr4YHO OCHOBOK MOAINMB pycrna Ha Taki, WO 3akna-
OeHi B KOpiHHMX Ta anwBianbHMX Bigknagax (Schumm,
1977). K. Krzemen (1976) i nisHiwe M. Klimaszewski (1978)
po3ainunun pycna Ha CKenbHi, CkerbHO-arntoBianbHi Ta anto-
BianbHi (Krzemien, 2012). Z. Raczkowska, gocnimxyoum
pivku MiBHIYHMX obnacTew, BUAINWNa pycna 3anexHo Big
dopMyBaHHSA X Y NbOAOBUKOBIN YW NepurnsiLianbHiin 30Hi,
y dnioBiornsauianbHMX UM NbOAOBUKOBMUX  Bigknagax
(Raczkowska, 1983). Onsa ripcbkux pivok P. C. Yanos
(1979) 3anponoHyBaB Tpu TUNN pycrnoBux opm 3anexHo
Bifl XapakTepy nepeMilleHHs] HAHOCIB FPCLKMMK MOTOKaMM:
1) 3 po3BMHEHUMH antoBianbHUMKU hopmamu; 2) 3 HEPO3BU-
HeHUMW  antoBianbHUMK  opmamu;  3) NOPOXKHUCTO-
BogocnagHe (KOweHko, 2005). M. bByxiH, O. KadtaH Ta
B. Basunesuy Buainunu Taki TMNu pycen pivyok YKpaiHCbKMX
Kapnart i MNepegkapnaTTs: Hepo3MmBalodi pycna 3 HeuiTko
BUpaxxeHnMn 6eperamu; CTUCHEHi pycna 3i cTpiMmkummn 6epe-
ramu; CTUCHeHI pycna 3 HeOOMeXeHUM HaaXOOXKEHHAM Ha-
HOCiB; pycrna OOMEXeHOro MeaHApyBaHHs; OCepenKoBi
pycna; pycna He3aBepLUEeHOro MeaHapyBaHHs; pycna Binb-
Horo MeaHapyBaHHs (ByxiH Ta iH., 1974). O. ®. KadTaH ans
pivoK YKpaiHCbknx KapnaTt BMAINWB TakoX KaHanisoBaHi Ta
ctyniHyacTi pycna (KadrtaH, 1983). 3rogom goaaHo we aBa
TUNK: ceneBe Ta ckanucte abo NoTKOBE.

K. Krzemien Bkasye, WO Npu xapakTepuctuui pik cnig
3as3HavyaTn Taki reonoriyHi ymoBu: cTpaTturpadito nopig;
niTonorito; TMAM ceguMeHTaUIMHOro marepiany; rpaHyno-
MEeTPUYHWIA CKNaz BigKknaais; BigCOTOK BiACIOHEHb Ha bepe-
rax; y3rooKeHHsl pycna i3 npocTsaraHHsiM BEpCTB; MagiHHS
nnacTiB Nopia BiZHOCHO NO340BXHLOro Npodinto piku (River
channels..., 1999). O. ManaHn4ko po3pobuna yHKLiOHarNbLHO-
bGaceiiHOBY cxeMy aHanidy Aii YMHHWUKIB Ha yMOBWU pycro-

© bawnpak NanuHa, 2025
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opMyBaHHs pidok [MNepeakapnatTd, BuAinuna iepapxiyHi pi-
BHi po3rnsay 3aranbHuX, TPaH3UTHUX | MiCLLEBUX YMHHUKIB
(Manannyko, 2023). BNnue CTPYKTYPHO-MITONOrMYHUX 0CO0-
nuBoCTEN Ha TMNK i 3miHKn pycen Ctpusa, BucTtpuui i NiMHALI
Bia3Hauunu X. BypwtuHebka Ta ii cnisaBTopu (Burshtynska
et al., 2024). Onucyto4m reomopdonorivyHi yMOBU PO3BUTKY
piYKOBUX pycen 3a3Bu4an 3'aCOBYIOTb: FiNCOMETpPUYHE no-
NOXeHHs (piBHWHHE, HaniBripcbke, ripcbke); po3yneHoBa-
HICTb penbedy; BIAHOCHI NEpeBULLEHHS BUTOKIB Haf
TMPIIOM; YXWI OHVWLLA i XapakTep Mno340oBXHLO npodinto;
MopdpoMeTpito  pycna, 3annasu, OeperiB; Mopdonori
[JOJIMHK B NMnaHi.

PycnoBy MopdoauHamiky Ta BRAMAMB Ha Hel reonoro-
reomMopdonoriYHMX YUHHWKIB akTyanbHO [OChiguTVM Ang
piYKkK, Sika Mae ripcbKy Ta nepearipcbKy YacTuHy, Lo 3pob-
neHo Ha npuknagi pikn Yeusu, niBoi NpuTokM JTiMHML.

Mema pobomu — 3'AcyBaTi OCHOBHI acnekTn mopdoau-
Hamikn pycna p. Yeusu npotarom 100-piyHoro nepiogy 3a
aornomoroto IC-TexHomnorii Ta 30cepeanTn yBary Ha reo-
noro-reoMopdonoriyHnx pakropax noro PopmMyBaHHS.

Metoaun

IC-mexHonoeii. Y nporpamHomy cepegosuili QGIS-3.28
BMKOHAHO reoKodyBaHHA cepii pi3HOYacoBMX KapT, aepo-
(HPOTO3HIMKIB Ta CynyTHMKOBUX AaHWX. BukopnctaHo pecypc
OSM Standart ans oTpumMaHHS Cy4acHOI BEKTOPN30BaHOi Mi-
Hil pycna, a Takox oundpoBaHO pycrno Yeusn ctaHOM Ha
Pi3Hi pOKM Ha niacTaBi Pi3HOYACOBUX JAHUX.

KapmoepacgpiyHi Memodu. [Ans BekTopu3sauii pycna 3a pi-
3Hi YacoBi Nepioan BUKOPUCTAHO iCTOPUYHI TonorpadiyHi ka-
ptm 1906, 1910, 1927, 1944 pokiB 3 pecypcy "Mapy
archiwalne Polski i Europy”, a Takox TonorpacdiyHi kapTu
cTaHoM MmicueBocTi Ha 1981 p.

Memodu [J33. AnHamiky pycna npoaHanizoBaHo 3a aepo-
doTosHiMkamm 1952, 1967, 1978 pokis, oTprMaHmux 3 PoHAIB
"3axigykpreonoris”. BUKOpUCTaHO CynyTHUKOBI 3HIMKM 3 pecy-
pcy Google Earth 2005-2021 pp. po3pi3HeHHs 1 m/mikc Ta pe-
cypcy EO Browser 2024 p. po3pi3HeHHst 10 m/nikc.

Memodu kommn'tomepHo20 ModesoeaHHs. 3acTOCOBaHO
aBTOPCbKMI MoAynb Anst BigoOpaXKeHHs NpUypoYeHOCTI
npouecis eposii, TpaHCNOPTYBaHHA Ta akyMynsLii 4o No3a0-
BXHbOro npodinto pivkn. Mogens sBumLLa eposii—akymynsuii
NOTOKY pearnisoBaHO Ha anropuTMmivHin mosi C++ B cepeno-
By MS Visual Studio 2012 Express 3 BUKOpUCTaAHHAM Bif-
KpuTOi rpadivyHoi Gibniotekn OpenGL (Banpak, & Myxa,
2015). AbcontoTHi BMCOTM aHa YeuBu Ta ixHi koopguHaTu
B3[OBX NafiHHA pivkn oTpumaHo 3 pecypcy Google Earth.
JaHi wono He3pmBayoi WBMAKOCTI OCHIAXKEHO B MOMbO-
BUX ymoBax. [laHi woao 3puBatoyoi LWBUAKOCTI po3paxo-
BaHO Ha OCHOBI BUTpAT BOAW Yy NaBOAOK, OTPMMaHMX 3 |BaHo-
®PpaHKiBCbKOrO LIeHTpY rigpomeTeoponorii. Mogeniotoun
LUBUOKOCTi MOTOKY, OTPUMAHO MoZenb eposii—akymynsuii
B300BX NO340BXHbOro npodinto p. Yeusu.

Memod nonbosux crocmepexeHb. 3acTOCOBaHO Ansi
OOCNIMAXEeHHS BiACNoHeHb nopig Ha Geperax pidku; BuU-
BYEHHS NiTOMOMYHOro Ta rpaHyNnoMETPUYHOrO CKMnaay anto-
BianbHUX BigKNagiB pycnosux ¢opM; napamMmeTpiB MOTOKY;
BM3Ha4YeHHs1 MOpdOMETpii pycna, 3annaseu i Tepac.

Pesynbtatu

P.YeuyBa noumHaetbca Ha cxunax xpebrta Aplumus
y Fopranax Ha BucoTi 1240 m. {i foBXVHa cTaHOBUTb 56 KM
(3a paHumun BMMIpOBaHb Ha kocMo3HiMKy Google Earth),
nnowa 6acenHy 548 km? (Wiki). CepegHboMicsauHi BUTpaTy
y ManosofHwit nepiog carate 6,5 m%/c, y 6GaratoBogHuii
18,5 m3/c (3a gaHumu rigponocta c. Cnac). LWenakicTb Tevii
B cepegHboMy 2,2 M/c, y naBofok 3poctae Ao 13—-20 m/c.
Piyka mae millaHe XMBMeHHs, NepeBaXHO AOLLOBE, i3 MaBo-
akoBum pexmumom. Ha npotasi 35 km Yeusa Teuve cepen
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ripceknx xpebtie Kapnat, 21km — Ha [puropraHcekomy
MNepegkapnatri.

Xapakmepucmuka ¢phakmopie. CmpyKmypHO-mMeKmo-
HIiYHI YUHHUKU. BacenH p. YeuBn posTalloBaHWUA Ha CTUKY
OBOX MeracTpykTyp: Kapnatcbkoi cknag4actoi cuctemu i
Mepenkapnatcbkoro nporuHy. B mexax Kapnatcbkoi mera-
CTPYKTYpW BacevH HanexwuTb 40 CTPYKTYpHOI 30HM Ckunbo-
BOr0 MOKPMBY, SKWA HacyHyTun Ha Bopucnascbko-
[MokyTCbKy CTPYKTYpHY 30HY [lepeakapnatCbKoro nporvHy.
Butoku Yeusu nexatb y Mexax CkoniBCbKOI CKMOW, Bif Bra-
OiHHA npuTokn MeHidiBkn go c. Jlyrm GaceiH nepeTuHae
OpiBcbka cknba, Big c. Jlyrm po B. CtpytuHa — Beperosa
cknba (puc. 1a). Ckmbu aBnsawTb coboto MiBAEHHO-CXiAHi
Kpvna aHTukniHaneun, po3aineHi ogHa Big ogHoi perioHanb-
HUMUK HacyBamu. XapaKkTepHe 3aranbHe MOHOKMiHaNbHe 3a-
NSAraHHs nopig, 3 NiBgeHHO-3axigHNUM HaXUNOM nig KyTom 45—
70°. Y Tmnosin 4actuHi CkoniBCbKOi Cknbu po3aTalloBaHa
KpyrnuHcbka aHTukniHanb, B OpiBCbkKid Cknbi — Inemcbka i
CuxniBcbka aHTUKMiHaNbHI cknagku, B Beperosin — Cnac-
JlonsiHeubka cknagka (depxasHa..., 2007). Mix HuMu cdo-
pMyBanucsl CUMHKMIHanNbHI 3anaguHu, 00 SKUX MPUYpPOYEHi
YNOroBMHONOAiIGHI pO3LIMPEHHST AOMWH | came B HUX Bigoy-
BaETbCSA Cy4acHa MopdoamHaMmika ripcbKoi YacTuHU pycna.
Crtpyktypa CkmbosBux Kapnat, 3a gaHumu |. FlodwrenHa
(1964), 3a3Hana HEOTEKTOHIYHMX PYXiB, aKkTMBHa ha3a AKknxX
y nnioueHi Mana BupillansHe 3Ha4YeHHs Ha POpMYyBaHHSA pe-
nbedy ripcbkoi cnopyaun. 3aranbHa BenvuMHa MigHATTIB 3
noyaTtky MioleHy, 3a AaHMMK BYeHoro, ctaHosuna 1100—
1800 M. Y HamakTuBHiwomy perioHi Kapnat — CknboBux
ropraHax, 00 sIKMX HanexuTb 6aceiiH YeuBu, piykoBa Mme-
pexa Oyna 4acTkoBo abo MNOBHICTIO 3pyMHOBaHa B 4ac
OCTaHHbOI (BepXHbOMNIOLEHOBOI) ha3n cknagyacTocTi
(KpaBuyk, 2021). MoganbLwi nnencroueHoBi nigHATTS Kap-
naT CNPUYMHWUAM 3HaYHI Bpi3aHHS PivOK i (HOPMYBaHHS Cy-
YacHUX [OoNvH. BusiBNeHO nauyky [aBHBLOrO anioBilo Ha
BucoTi 25-30 M Hag ypi3om BOAM Y BEPXHIN Teuii piyuku, nie-
OeHHiwe c. JlunoBuus, WO roBOpUTb NPO MOCUNEHY MMn-
O6uHHY epogsito Yeusn y uer nepiog. MNoganbLui ronoueHoBi
NigHATTA Bynu TeX AOCUTb IHTEHCUBHWMU, NPO LLO CBIigYUTb
4,0-6,5-meTpoBMI YCTYN NepLloi Haa3annasBHoI Tepacu pi-
yku. Llen yctyn yactkoBo oOmexye maclutabHi nepedopmy-
BaHHSA pycna, npote € mkepernom Ans opMyBaHHs
pycnoBux ¢opm, Siki B eKCcTpemarbHi NaBOAKW BNAMBalOTb
Ha ropu3oHTanbHi gedopmaldii pycna.

HwkHa Tevia Yeusu Ha [MpuropraHcebkomy [Mepekap-
naTTi HanexuTb Ao NepenkapnaTcbKoro NPOruHy, 3oKpema
nepeTvHae BHyTpIWHi Boprcnascbko-MokyTeeky i Cambip-
CbKy CTPYKTYpHO-thaLianbHOi 30HU. Lli TEKTOHiIYHI NOKpMBM
CKnageHi ronnloBHO MioLLEHOBMMW MOSTaCoOBMMU Bigknagamu i
HaCyHYTi Ha YTBOPEHHS 30BHILLHBOI 30HM NporuHy. OCHoBHa
YacTuHa bopucnascbko-IMoKyTCbKOT 30HM po3TalloBaHa nig
CKknboBMM NOKPMBOM i AABMIsie CO6OK0 CUCTEMY (sipycK) Cckna-
0K, sIKi MatoTb KyniconogibHe BnopsifKyBaHHS Ta nianopsia-
KOBaHi 3aranbHinn cTpykTypi 30HW. CamBipcbkuii MokpuB
yCKNnagHeHUn CUCTEMOKO HacyBiB Apyroro nNopsiaky, siki go-
pMYIOTb BUTSITHYTI B CyOkapnaTCcbkoMy HanpsiMi TEKTOHIYHi
nyckn (OepxasHa..., 2007). 3a gaHMMun aeskux aBTopiB, Y
ripcekin yacTtuHi Kapnat Hanpsam pycna i gedopmadii piku
3YMOBJSIIOIOTb MOMEPEYHi PO3NIOMU i TPILLMHYBATI 30HM MNOK-
pVBHO-CKIag4vacToi  CTpykTypu, a Ha [lepegkapnartrTi
MopdoanHaMmika piYKUM BU3HAYaETbCS CTPYKTYPHO-MITONOrY-
HUMK ocobnmBocTamMK 30HK (Burshtynska et al., 2024). Me-
pegkapnatTa 3asHaBano AudepeHuinoBaHuX NigHATTIB Y
nnioyeH-NNencToLeHoBMIN i ronoueHoBuin nepioan, Npo Lo
CBigyaTb BiAHOCHI BUCOTM Tepac. Tak, Ha OinaHui Buxoay 3
rip BUCOTa MepLuoi Hag3annaeHoI Tepacy Yeusm CTaHOBUTL
3—4 m, Wo 3acsigyye BiAMOBIOHY aMNNiTYaAy NIOHATTA y uewn
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nepiog. Cy4yacHi TEKTOHIYHI pyxXv BNANHYMM Ha OPMYBaHHS
3annaeu, Bpi3aHoi Ha 1-1,5 M, B Mexax sikoi BiabyBaeTbcs
MopdoamHamika pycna.

JlimonoeaiyHi ghakmopu. Y ripcbKin YacTuHi Yeusa npopi-
3a€ KOMMMeKcu Nopif pisHOT MiLHOCTI, siki 3yMOBIOIOTL BEp-
BMUeNoAibHy OyaoBy OOMUHK i3 AiNsiHKaMW po3LwvpeHb Ta
3BYXeHb. [1o MiUHMX nopig Hanexatb rpyboputmiyHi doni-
LLOBI BiAKnagn CTPUNCHKOT CBiTU (K2—P1st), MacuBHi Ta rpy-
BoLuapyBsaTi NiICKOBUKMN SMHEHCBLKOI | BUTOACBLKOI CBIT (P1jm—
P2vg), a 0O nogaTnuBMX — TOHKOPUTMIYHI (bilLoBI Bigknaau
3 NepeBaXxaHHAM apriniToBo-aneBponiToBNX NpoLlapkis Ma-
HSIBCbKOI (P2mn), GuctpuupbKoi (P2bs) Ta 30e6inbLuoro MeHi-
nitoBoi cBiT (Psmli, Nimlz, Nimls) (OepxasHa..., 2007)
(puc. 16). Y cknagi MaHsIBCbKOI CBiTW Ha Geperax pivku Bu-
AIBMEHO YHikanbHi 6punu KoHrnomepariB i3 BKMHOYEHHSMU
Opekyii, kBapuy, ynamkiB MiCKOBUKIB MaHABCbKOi CBITM Ta

2

B BE5 B8
a

3piaka meTamopivHuX cnaHuis Jlexarncbkoro macmey. Xa-
pPaKTEPHOK OCOGNMBICTIO BEPXHBbOI MEHINITOBOI MiACBITU
(N1mls) € HasiBHICTb NOTYXXHWX MiH3 TEMHO-CipuX TydiB, siki
oTpvManu Ha3sBy "4euBUHCBHKMNX". YacTka BiACNOHEHb KOPiH-
HMX nopig Ha Geperax piuku ctaHoBUTb 40 % (22,4 kM, 3a
AaHumn BuMiptoBaHe 'y QGIS) (puc. 2). BiacnoHtooTbes
3nebinbloro wapysaTi cniwosi Bioknaau 3 niHzamu Tyqis,
SKi @aKTMBHO MocTavyalTb ApibHWMIA ynamkoBui maTepian y
pycno 3aBAsikvM mpouecam ocunaHHg, obBantoBaHHA. [ig
Yac NaBOAKiB MOTIK YacTO po3MMBaE KOSHOBianbHi Bigknaam
y NigHDKKI CXuniB, NnepeHoCUTb MaTtepian Hk4Ye 3a Tedieto
(puc. 3). Taki Gepern BiQHOCMMO [0 CepefHbOCTINKMNX.
Bagoex pikn 3pigka BiACMOHIOKTLCA MacUBHI MiCKOBUKM,
HanaoBLIa iXHA AingHKa — niBAeHHiwe c. Jlyru, y T. 3B. Oo-
nuHi npopuey Yeusu. Lle HaibinbL cTiki 0o po3muBy be-
peru, ane ixHa AOBXWHA HEBENMKA.
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Puc. 1. a —(bparmMeHT TEKTOHIYHOT KapTK AocnigKyBaHoro perioHy (TekToHiYHa..., 1986).
YmoeHi no3HayeHHs. Kapnatcbka cknagyacTa ripcbka cnopyaa. Ckubu: 1 — Ckoniscbka, 2 — OpiBcbka, 3 — beperosa. [Nepegkapnatcbkui
nporuH: 4 — bopucnascbko-okyTcbka, 5 — Cambipcbka CTPYKTYpHO-haLianbHi 30HM;
6 — hparmMeHT reosorivyHOI KapTu, BUKOHAHWI Ha OCHOBI AepXKaBHOI reonoriYHoi kapTh YkpaiHu
nncta M-35-XXV macwtaby 1 : 200 000 (2007).

YmoeHi 3Haku. Cknbosuin nokpus 3oBHiWHIX KapnaT: 1T—cTpuiicbka cBiTa. dniw pi3HOPUTMIYHUIA, Cipyi, KapOOHATHUN;
2—9MHEeHCbKa cBiTa. [lickoBuKM CBITMi, MacuBHi 3 NpoLlapkamu rpaBeniTis, KOHrMOMepaTiB Ta apriniTis;
3-mMaHaBcbka cBiTa.dnilw TOHKOPUTMIYHMI 3eneHo-Cipui; 4 —Burogcbka cBiTa. [NickoBuku rpyboluapysaTi Ta MacuBHi;
5—6uctpuubka cBiTa.ApriniTy 3eneni Ta 3eneHo-cipi, il Cipo-3eneHnii, TOHKOPUTMiIYHUIA; 6—MeHiniToBa cBiTa.
HwxHs nigesita. Aprinit YopHi HeBanHWUCTI GiTyMiHO3HI 3 NpoLlapkamy aneBporiTiB i NICKOBUKIB;
7—-meHiniToBa cBiTa.CepeaHs niacsita. TOHKOPUTMIYHE NepeLLapyBaHHS Cipyx BanHUCTUX apriniTiB, aneBponiTiB, NiCKOBUKIB;
8—meHiniToBa cBiTa.BepxHa nigceitTa. ApriniTi YopHi Ta cipi, dniloiagHe NepelLapyBaHHSA BarHUCTUX apriniTis, anesponiTis,
NiCKOBUKIB; NOTY>XHa niH3a TydiB ("yeuBuHckmx"). MNepeakapnatcbkuii nporuH, boprcnaecbko-IMoKyTCbKWI NOKPUB:
9-BopoTuWeHCbKka cBiTa.llepewapyBaHHs rmuH aprinitonogibHux i anesponiti; 70—cTebHMLbKka CBiTa.
MepeluapyBaHHS rWH i apriniTiB cTpokaTuX, CipyXx, MiICKOBWKIB Ta aneBponiTiB, Nayvku nickoBukiB. CamBipCbKkuii NOKPUB:
11—6anuubka cBiTa. NMHM TeMHi MacuBHi Ta TOHKoLWapyBaTi. 12 — 30HU (PPOHTANbBHUX HACyBIB

Y nepegkapnatcbkin ginsaHui noxe p. Yeusn opmytotb
rMUHUCTI BigKnaau: 6nwx4ye o rip — BOPOTULLEHCHKOI CBITU
(N1vr), pani — niwanncTi Bigknagu ctebHuubkoi ceitn (N1st)
i 6Gnvkde o rvpna — wWineHi rmuHKM 6anuupkoi ceitn (N1bl).
BoHun nepekpuTi 3Bepxy AenioBianbHo-antoBianbHUMK Cyr-
NMHKamMn noTyxHicTio 5-10 m (Kpasuyk, 2021). Beperu,
CKnageHi Nnyxkumu antoBianbHUMK, OentoBianbHUMK, piglle
— MpontoBianbHUMK BigknNagaMmu, 3a3HalTb 6OKOBOI epo3sii
Ta 3MilleHHA pycna piuku. Lli Bigknagw HecTinki, nigaatoTbes
aKTMBHUM PO3MMBaM nNif, Yac NaBOAKIB.

YnamkoBuWi, NilWlaHui Ta rMUHUCTUIA MaTepian, KM Ha-
OX0OuUTb Y MOTIK i3 BiACMOHEHb, akyMyOETbCSA Ha AHI Ta be-
perax piykM B MiCUSX 3MEHLIeHHs yxuny gHa. Y
nepearipcbkin YactTuHi Yevsa nepeBaHTaxeHa HaHocamy,
YacTuHa BigKknageHoro maTtepiany cpopmyBana nopiBHAHO
BeNnuKi GOKOBUKM Ta Kinbka OCTPOBIB, Miowa skux maro
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3MIHIOETBCSA N Yac Ce30HHUX BOA4OMINb, NPOTE PyCcrio YacTo
npoknagae B HUX HOBI LUNSAXW. [MUHUCTI YaCTUHKK, SiKi OCInun
Ha AHi, nig Yac noyaTky AOoLLy LWBMAKO CKarnamMyudykoTb NOTiK
i 30iNbLUYOTL MOro eHeprito. HegocTaTHIO KiNbKiCTb HAHOCIB
NPOCTEXYEMO Y 3BYXXEHHSAX JOSNIUHW, TaM PO3BMBaAETbLCS 6O-
KOBa epoasis 3 niammBamm Geperis.

MpoaHani3oBaHo ckad asoesianbHUx gidkadie pycno-
BUX POPM, Bif SIKOro 3anNeXuTb LUBUOKICTb IXHBOrO PO3MUBY.
3 ynamkiB nickosukis (60 %), yacTok apriniTia (30 %), Tydis,
pifLle KpeMeHiB ckragatoTbCs pycroBi hopMU Y ripCbkKin Ya-
CTUHI pikn. MNepeBaxatoTb rpaBiliHO-APIOHOranbKoBI CyMiLli
3 nyckamu apriniTis. Ha HWXHbOMY ripcbkoMy Bigpi3Ky rpa-
HYNOMETPUYHWUIA CKnag Bigknagie 3MiHETbCA B Oik 3poc-
TaHHA BenuuuHM ynamkiB, npote 50 % cymiwi Bknovae
rpaBinHU MaTepian, 3'9ABNATbCA BanyHW. Y nepeakap-
naTcbKi 4YacTWHI OONWHWM Yy CKMNadi PycroBOro anos.ilo
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36inbLyeTbCa YacTka nicky. Pycnosi doopmu cknageHi rpa-
BENMCTO-TanbKOBUMW CyMillaMKn i3 BMICTOM rpaBilo Ta
ransku (8o 60 %), sanyris (10 %) i nilwaHo-rMMHUCTOro Ma-
Tepiany (30 %). Y HWXHIN 4YacTuHi nepearipcbKoi Teuil
YeuBu YacTka Micky 3MEHLUYETbCS, YacTka ranbkv, rpasito,
BanyHis 3poctae o 80 %. BenuunHa ranbok y cepefHLomy
cTaHoBUTbL 4 cM, TOOTO nepeBaxalTb cepegHi 3a

po3mipamu ynamku. BanyHu caratotb 15—-16 cm. 3a Hawmmm
CMoOCTEPEXEHHAMN nepedopMyBaHHsS pycrnoBux opM Ha
nepegkapnaTCbKii AiNsHUi BUHWKAE nuwe nicnsi BEeJIMKUX
BOAOMiNb. 3aBASKN 3HAYHOMY BMICTY MiLlHUX Mopia y cknagi
pycnoBux ¢opM nicns Ce30HHMX MNaBoAkiB BiobyBaeTbCA
nuwe He3HaYHU po3MUB OPOHTANBHUX YaCTUH Ta akymy-
NsLis Ha TUNOBMX YacTUHaXx.

TN

Puc. 2.a- pO3TaLIJyBaHHFI 6aceMHy HquM y Mexax YKpaIHCbKVIX Kapnat (BugineHo cuHim);
6 — Tunn Geperis Yeuswn: 7 — cTilki 4O po3muBy Beperun y MiLHUX nopoaax (Pjm—-Pavg),
2 — cepeHbOCTINKI 6epery y wapyBaTmx nopogax (cpniw 3 niHzamu TydiB) (P2mn, P2bs, Psmli, Nymlz, Nymls),
3 — cnabocrTiliki 6epern y nyxkux Bigknagax. 4 — BigcnoHeHHs. OcHoBa — kapTa Open Street Maps, BukoHaHo B QGIS

Puc. 3. KontoBianbHi Bigknagu Ha 6eperax:
a — NPoAYKTM OCUMNaHHA Ha BiACNOHeHHi nopia MeHiniTosoi caiTu (N1mlz) Ha npaBomMy 6epesi Yeusu niBHivHiLe c. Jlunosuus;
6 — Bigknaam obBaniB y Micusx BiACNOHEHb AMHEHCbKMX MickoBuKiB (P4m, "donvuHa npopusy Yeusn")

®opma ynamkie. Y nepenkapnaTtcbKin 4acTuHI obunc-
NEeHO KoedilieHTM 06KaTaHOCTI i CNNIOLLEHOCTI ranbkoBoro
mMaTtepiany Ha Kinbkox pycroBux copmax. BoHu BkasyoTb
Ha TpVBanun BMNuB Tedil, Nig Yac SKOro yrnaMku 3asHalTb
NOCTINHOrO TepTS i 3iTKHEHb OOMH 3 OOHUM, a TAaKOX i3 AHOM

ISSN 1728-3817

i 6eperamu pidkn. KoediuieHT obkaTaHOCTi ynamkis y cepef-
HbOMY CTaHOBUTb 2,2, TO6TO Ue cnabko obkaTaHi ynamku
i3 3aTepTmMn KyTamu i pebpamu, ski 36epiraloTb CBOMO
nepBuHHy opmy. Llboro kmacy o6GkaTaHOCTi yramku
Habynu nicns iXHBOro TPaHCNoOpPTyBaHHSA Ha BiACTaHb 17 km
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BiJ, MeXi rip, WO roBOpUTb MPO 3HAYHUIN EHEPreTUYHUI Mo-
TeHujian pikn. ObkaTaHicTb ynamkiB 1 knacy cnocrepiranacs
3a 11 KM Bif, BUTOKIB pPiYkn, B OKONMUSAX C. Jlnnosumus.

KoediuieHT cnnioweHocTi BU3Ha4YanuM 3a OpMyIot
kc=a+6/2c—1, pe a — poBra Bicb ynamka, 6 — KopoTka, ¢ —
TOBLUYMHA ynamMka. Yum 1ioro 3HaueHHs Binblue, TUM ynamku
TOHLI. BiH BENUKoo Mipoto 3anexuTsb Big (opMn BUXiAHOMO
ynamka. Ha 6okoBukax YeuBu koedilieHT cnnoLweHocCTi ra-
NbOK CTaHOBUTb y cepedHboMy 2,0, TOBTO TOHKUX yrnamkis
Marno. Lle o3Havae, Lo BiACTaHb TPaHCNOPTYBaHHS i Yac ne-
pebyBaHHSA yramkiB y BoAi He TpuBari, 3BaXkatoun Ha 3Ha4YHy
LIBUAKICTb Teuil, TOMY yraMKu He CUNbHO CrsoLLeHi. Takox
Ha CNMOLWEHICTb BNNnBae TBepAicTb nopig. MNepeBaxatoTb
TBepdi nopoau, 3okpema OpiOHO3epHUCTI KBapLOBi MicKo-
BUKWN IMHEHCBKOI CBIiTW, SIKi 3a3Hal0Tb CrabKoro CTUpaHHsI.

"paBiliHO-ranbKoOBMI MaTepian Mae JOCUTb LUMPOKUA fi-
anasoH KoegbiuieHma inbmpauii, SKun 3a gocnigHUMmK aa-
HUMKM cTaHoBUTbL Kp=5-20 i HaBiTb 50 m/goby (LUTorpuH,
1963). YacrTiwe Ui BENNYMHM He nepeBuLLyoTb 15 M/goby,
OCKifbKM Ha HUX BNNMBAaE CKnaj 3amnoBHiOBava. 3a HasiBHO-
CTi nicky KoediuieHT inbTpauii 6inbLWWA, Y FMUH — MEHLLIWIA.
KoediuieHT dinbTpauii Ans cyrnuHKIB 3annaBHUX auin
3BMYariHo He nepesuwye 0,5 m/goby. Mig Yac Bogonine yva-
CTVHA NaBOAKOBUX BOA, SKi 3aNOBHIOIOTE 3anniaBy, 34iACHI0-
I0Tb  iHQINbTpauilo y  noBepxHio  rpyHTy. [licns
BOZAOHACKYEHHS antoBianbHOro martepiany pycroBux oopm
piBEHb BOOW 3pOCTaE i MOCTYMOBO 3aMOBHIOE 3annaBy. ToMy
Ha HU3MHHMX Beperax Yeusu, Ae nepeBaxarTb ranevyHukn
3 nillaHnM 3anoBHIOBaYeM, piBeHb BoA OyBae AeLlo Huk-
YWMIA, 3aTOMNNEHHA MEHLLUI, HiXX TaMm, Ae PO3BUHYTI raneyHuKku
i3 IMUHUCTMM 3anoBHIOBaYeM, a pycrnoBi nepedopMyBaHHs
MeHLLUMX MacLuTabiB.

Benvke 3HayeHHs LWOAO CTIMKOCTI mopig 4O pO3MMBY
Mae€ iXHE 3asi2aHHs Ha OHi PiYKW: FOPU3OHTaNbHO, MOHOKMI-
HarnbHO YK nig kyToMm. LLlapu MiLHMX NiCKOBUKIB YTBOPHOKOTb
noporu B pycri Ha 6araTbox Bigpi3kax ripcbkoi Tevii Yeusu.
Ha pinsHkax nopoxucToro pycna BigbyBa€eTbCsl 3HWKEHHS

piBHS1 NaBOAKOBMX BOA, 6e3nocepeaHbOo nepea noporamu, a
B TXHiX MicUsIX — NiABULLLEEHHS.

XapakTepHo 0cobnuMBICTIO nopig € ixHa mpiwuHyesa-
micmb. Y nopofax, aki po3amuBae Yeusa, NposiBNATHCS
TPILLMHU TEKTOHIYHOrO reHe3uncy, BMUBITPIOBAHHs Ta Hannac-
TyBaHb. BOHU € TUMKU crnabkummn 3oHamu, B3O0BX SIKUX Bif-
OyBaeTbCcs pyWMHYyBaHHS nopig nig Aieto Tekyyoi Boau
(puc. 4a). Ha chopMyBaHHS AOHHWX YramKiB CyTTEBO BNU-
Ba€ MPOCTAraHHs TPILLUMH BIOHOCHO Teuii pikn. TpilmMHN Mo-
XKyTb nexaTtu B3[4OBX, ynornepek Ta nig KyTom A0 Tewil.
MepeBaXkHMI HAaNpPsiM OpPiEHTYBaHHSA TPILLMH — cybkapnaTchb-
K (puc. 46). Lle TeKTOHiYHI i TpilMHM HannacTyBaHb, Ha-
npsiMAeHi Bnonepek 4v no-giaroHani OO Hanpsamy Teuii
piukn. CybmepuaioHanbHi TPILLMHM Ha KiNbKOX GiNsHKax cy-
MiLLieHi 3 HanpsiMoMm Teuii. Y 6araTtbox BUnagkax Le TpiuHu
BMBITPIOBaHHS, po3LIMpeHi Aieto Tekydoi Boan. NaBoaKoBi
KanamyTHi Boau HanbinbLie nornnbnooTb B3goBXOeperosi
TPILLMHN, PO3BUHEHI 34€0iNbLIOro y nnactax SMHEHCLKMX Mi-
ckoBuKiB (okonuui c. Jlyrn). BsaemonepneHanKynsipHi cuc-
TeMM TPILLUMH Hanbinblue PO3BUHEHI B apriniToBMx ToBLUAX,
Hanpuknag mix c. Cnac i B. CTpyTuHb (puc. 48). TpiluHy-
BaTiCTb (priLLOBUX NOPIA € TUM YNHHUKOM, SIKUIA 3YMOBIIIOE
PO3BUTOK Pi3HNX FEHETUYHNX TUNIB €K30reHHNX NPOoLECiB Ha
Oeperax. Bagox TpilmH bopmyoTbCsl ocrnabneHi 3oHu, no
SKMX NPOHMKAE aTMocdpepHa Bonora i Boga, pymHyoum i po-
3LWMPOOYM iX. TPILLUMHM € MOLWTOBXOM A0 PO3BUTKY TakuXx
npoueciB Ha beperax Yeusu, sik ocunu Ta epoasisi, pigle ob-
Banu. BoHn Bu3HayaoTb opMy Ta pO3Mipu OKPEMOCTEN:
YTBOPEHi BHAcMigoK TPiLLMHYBaATOCTi ynamku € GinbLu KyTac-
TUMU Ta rOCTPUMMW, HIXX YTBOPEHi iHWNMWN YUHHUKaMKU. Tpi-
LMHYBaTI doniLLoBi Nopoau, Lo BiACNOHIOTLCS Ha beperax
Yeusu (auB. puc. 2), €, 3 ogHoro 60Ky, obmexysansHUM da-
KTOpPOM MopdoanHamikn pycna, 60 yTBOPHOOTbL BUCOKi
yCTynu, a 3 iHWOoro — noctayarlTb yrnaMKoBUA MaTepian y
pYycno, 9KuMi TPaHCNOPTYETLCS | TBOPUTL PycroBi oopmu B
YNOroBMHONOAIGHMX po3LMpeHHAX JonuHu Ta lMepepnkap-
naTTi, BNNMBa4yM Ha nepedopMyBaHHS pycna nig 4Yac ekc-
TpemarnbHUX NaBOAKIB.

Puc. 4. TpiwmHyBaTicTb nopia y pycni Yeusu:
a — B340BxX0beperosi TPILLMHN Y MACUBHUX SSIMHEHCBKMX MICKOBUKAX Ha BiApisKy "AonuHu npopusy Yeusn";
6 — po3a-giarpama opieHTyBaHHS TPILLMH KOPiHHMX MOpiA Y pycni Ta Ha GokoBumKax;
B — TPiLLMHYBATICTb apriniTis Ha 6okoBKKy Mixk c. Cnac i BepxHiit CTpyTuHb

FeomopgponoaiyHi  ¢chakmopu. BaxnuemMm  UYUHHUKOM
MopdoanHamikm pycna € pensed 6acenHy. NepBUHHUM
YUHHMKOM, SIKUI BNSIMBAE Ha PiYKOBUIA CTiK i MOPAOIOrito py-
cna, € opozpadisi, 30KpemMa BiaoMNM (PaKTOM € 30inbLUEHHS
KifIbKOCTi onagiB y ripCbKMX yMoBax. IHWMM BaroMmm dakTo-
poM € po3urieHogaHicmb 6aceliHy, OCKINbKA YMM LOBLU i
KpYTiWi cxunu, TuM Binblua BenmM4mMHa CXUINoBOro CTiKaHHS,
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TO6GTO TUM Binblua KinbkicTb onaais, Wo Bunanu B 6aceHi,
CTikae 3i cxvniB i Nonagae y BOAOTOKM, 30inbLUyoUN iXHIO
BOAHICTb. Mpcbki cxmunu GacenHy YeuBu rycto posyneHo-
BaHi sipamu i 6ankamm, No SKMX CTiKaTb TUMYaACOBi MOTOKM
i 36iNbLUYOTL NPUTIK BOAM Mig Yac onagis. Lie € no3autuBHuM
0N BOAHOrO CTOKY, 3BaXKaro4um Ha Te, Lo MOoro YacTuHa Bu-
TpayaeTbca Ha iHdiNbTpauito. 3HayHa KPYTICTb TipCbKMX
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cxunis 6acenHy Yeysmn 3yMOBMIOE PO3BUTOK CyYaCHUX E€K30-
2EHHUX rpouecis, 30KpeMa rpasiTauiHux Ta gentosianb-
HUX, AKi 6epyTb y4acTb Y (POpMyBaHHI HAHOCIB Piku.
Mopagbornoeisi donuHu 6 nnari, 3okpemMa ii BepBuLEenoi-
OHa OyzoBa 3 ynoroBMHONOAIGHMMUN PO3LLMPEHHAMMU | 3BY-
KEHHSIMW, BMNNUBAKOTb Ha BiAHOCHI BUCOTM NikiB BoAOMiNb.
Ha pinsHkax wmpokoi 3annaBu BMCOTa NaBOAKIB 3HUXY-
€TbCS, @ Ha CTUCHEHUX AinsgHkax — 30inbwyeTbed. Ona Ye-
YBM XapakTepHa came Taka BepsuuenogibHa B nnaxi
JOMMHa, NpoTe Yy TipCbKi YacTuHi pidyka BpizaHa B KOPiHHI
BiKnaaM LOKONbHOI NepLUOi HaA3annaBHOI Tepacu, BUcoTa
ycTyniB SKOI carae 5-6 M. Mix nigHokammn ycTyny, Ha nnoc-
KOMy [Hi, BinOyBaeTbcsa nepecdopmMmyBaHHs pycra Ha bara-
TbOX Bigpiskax gonuHu. lig yac naBoakiB piuka nigMuBae
NigHIIOKA YCTYyny Tepacu i nepesiaknagae npoayKTn eposil.
MpoTe ycTyn He CyuinbHWIA, Y MicUsX BNagiHHA NPUTOK, ApiB
i 6anok nepepvBacTbCH, TaM MOLUMPEHi NyXKi YeTBEePTUHHI
Bigknaaw. NaBogkosi Bogu npv BiAHOCHIN BMCOTI Nignomy
1,3 ™, 3pigka 2,4 M, 3aTONMOIOTL BUCOKY 3annaBsy i Npuao-
TNIVHHI CXUNK Y LUX MicLsX, po3MuBatoumn b6eperu.
"eoMopdonoriyHi yMoBM BM3Ha4aTb MopdoanHamiky
piyKM 3anexHo Big rnonepe4yHoz2o npoginto ponnHu. Ha sep-
XHil ripcbkinn ainsHui Yeusn, ne nepeaxae 34ebinbLioro
rnnbuHHa eposis, xapakTepHui V-nogdibHun npodink piyvku.
Ockinbkun BOAHICTb MOTOKY Mana, QHWLE Piku By3bke i no-
xurne, mopdoavHamika pycrna nposBnaeTbcs cnabo. Ons
ripCbKOI Teuii piykM B MiCUSAX yNOroBUMHOMOAiIOHMX pPO3LUK-
peHb xapaktepHuii U-nogibHuii npodink i3 HELUMPOKUM SHU-
LLeM, a B MiCLISIX 3BY>KEHb — aCUMETPUYHMI abo V-nogiGHuN
npodini. MopdoanHamika pycna BUSBNSETLCA MOro 3Mi-
LLIeHHAMMW Bif cepeauHy OHULLA A0 NigHOKS yCTyny nepLuoi
HaZ3annaBHOI Tepacu Ta HaBMnaku, WO CTAaHOBUTbL OECSTKU
METpIB, a TakoX 3MiHOIO KyTa po3BopoTy meaHap. Ha gins-
HUi ripcbKoi Teuyii nepef BUXoAoM 3 rip chopmyBaBCs ALLM-
KonoaioHMM (KoputonoaidHMI) nonepeyHnii NPpoinb Piyku,
B MeXax SIKOro BUSBNSAETbCH MopdoanHamika posranyxe-
HOro pycrna — Bifi O4HOPYKaBHOro A0 ABOPYKaBHOro, bararto-
pyKaBHOro i 3HOB OO OAHOPYyKaBHOro pycna. Ha BepxHin
nepearipcbKin i NONOBUHI HYUXKHBOT NepearipcbKoi AinsHKax
nowmpeHa TepacoBaHa (TpaneuienogibHa) y nonepeyHomy
npodini AonuHa. Y Apyrii NOMOBUHI HWKHBOI Nepearipcbkoi
JiNsHKM ax OO rvprna nepeBaxae xonobonoaidbHa gonvHa.
BoHa pasom i3 Wnpokot 3annaBok HanbinbLie cnpusitoTb
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Pi3HOMaHITHI MOMNEpPEeYHin i NO3O0BXHIN PyCrnoBii Mopdo-
ONHawMmiL,.

Mopcaporniozisi i Mmopghomempis. Baxnusumm acnekramm,
AKi BNNMBaloTb Ha mMopdodnHaMmiky pycna, € wvpuHa 3a-
nnasu (GHWLLA), YXUH, LUMPUHA pycna. YXun piyku Bnnveae
Ha: 1) WBMAKICTb Teuil — YmM yxun BinbLwmnn, TMM Tevis Weu-
awa; 2) mopdponorito pycna — 3a BefnMKoro Noro 3Ha4yeHHsi
pycno By3bke i npsime; 3) piBeHb BOAW — 3@ 3HAYHOrO yXuny
BiH HecTabinbHWI; 4) eposito MOTOKY — y pasi Baromoro
YXUIy epo3is iHTEHCMBHILLA, OCKiNbKM nepeHocuTbes Bi-
nblle ocafgosoro martepiany. KpyTi yxunu 3ymoBniowTh Be-
TNNKUI eHepreTUYHMIA NoTeHLian NoTokiB, 0cobnmnBo nig Yac
BOAONINb, AKi CAPUYMHIOIOTL 3@ iHLUNX CMPUATAMBUX YMOB
3HayHy MopdoanHamiky pycna. Bnnume yxuny Ha p. YeuBy
Hanbinblle NpPosIBNSETbCS B YNOroBUHOMOAIOHNX po3LUn-
PEHHSIX MPCbKOi YaCTUHM QOMMHW, HA HWXKHIN FipCbKiv Ta ne-
pegkapnaTtcbkin - gingHkax. Ha umx  ginsHkax — yxunu
cnajaroTb i pycrnosi MOTOKM abo ranysaTbca Ha pykasu abo
MeaHnapytTh (puc. 5 a). Micna Bogoninb came Ha Takux Ai-
NAHKax BUSABNAIOTLCA 3MiHW pycna.

Ha mopdoanHamiky pycna BnnvBae xapakrep r103008x-
Hb020 npointo pivkn. dopma KpMBOI NO3AOBXKHLOrO MPO-
dinto 6e3nocepefHbO 3anexuTb Bif TPaHCNOPTYBanbHOI
30aTHOCTI MOTOKY: SKLWIO MOro LWBWMAKICTb HEQOCTaTHS Ans
noAanbLUOro TPaHCNOpPTYBaHHSI HAHOCIB, BiOYBaETbCS aKy-
MYnSLis, | HaBnaky, AKWO HaHOCIB Mano, a WBWAKICTb Be-
nuka, BioOyBaeTbCsi eposid. 3 4YacoM BUPOONSETLCA
NO3J0BXHIN Npodinb, KpMBa SKOro Mae BBIrHYTUN XapakTep.
Mw 3amogentoBanu iHTEHCUBHICTb €pO3iiHO-aKyMynsSTUBHMX
npoueciB y300BX NO3A0BXHLOro npodinto Yeusn sanexHo
BiA yxuny gHa i weuakocTi notoky (banpak, & Myxa, 2015).
Mogentoloun B iHTEPaKTUBHOMY PeXMMi LUBUAKICTb NOTOKY,
crnocTepiraemo, sik 3pOCTa€e Yn 3MEHLLYETLCH BENUYMHA epo-
3iMHOro Bpi3y 4uM akymynsuii maTepiany Ha npodini
(puc. 56). Ha kpyTomy yxuni nepeBaxaroTb NpoLecu eposii;
YXWI CNagncTnii — AOMiHYe TpaHCNOPT MaTepiany 3 HeBenu-
KO0 epo3i€to Ta akyMynsLieto; yXun nonoruin — apoctae Be-
nuunHa  akymynsuii. MonepeyHuin npodinb Bigobpaxae
noYaToK 3pOCTaHHA akyMynsuii maTepiany i Bignosigae Hu-
XHi ripcbkin Tevii piukn. Came i3 uiei ginsHku BigbyBaeTbes
OMHaMiKa He OKpeMUX eNeMEHTIB pycrna Yun pycrosux hopm,
a BnacHe 3MiHW BENUKMX Bigpi3KiB pycra, nosisa Yv 3HUK-
HEeHHS pycnosux ¢opm.

< Profil - o x
Screen-space view

Command manipulation wincow

Parameters
micek
micek

Click on the argument:

move the mouse to mo

6

Puc. 5. a — ponnHa Yeusu Ha lNepeakapnarTi;
6 — no3goBXxHi Npodine Yeysu 3i 3MoAenNnbOBAHUM PO3MNOAINOM eposii—akyMynsuii 3a LWBNAKOCTI MOTOKY 3 M/c

MopghoduHamika pycna. 3a mMopghonozidyHuUMuU 0cob-
siu8oCMAMU BUAINAEMO CiM Bigpi3kiB YeuBu, Ha SKNX no-pi-
3HOMY NPOSABMSAETLCA AMHAMiKa pycna.

1) BepxHsi eipcbka AinsiHka (cxunu xpebta Apwmusa Ta
Bigporn, 1240-860 m): 3annasa BiACYTHSA, LUMPUHA OHULLA
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4-6 m; yxun Benukun — 86,3 M/km; pycrio npsime, By3bKke 3a-
BLUMPLLUKM A0 2 M. Ha Uin AingHui, Xo4 yXun Benukuin, npote
BOAOTIK ManoBoAHu. TyT BUABNSETLCS ANHaMIKa ynaMkis,
Nno SKUX pyxaeTbCs NOTIK, siKi Yac Big Yacy 3HOCHATLCHA MOTO-
KOM HUXYe 3a Tedieto. Takox 3MiHu BigbyBaloTbCH Y 3B'A3KY
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3 aHTPONOreHHUM BTPYYaHHSM, NOB'I3aHNM 3 iIHTEHCUBHUMU
pybkamu niciB 3a octaHHi 15 pokiB (NpoknagaHHa Konin ni-
coBo3amu 06abiv pycna i cTikaHHA BoAW MO LMX Konisix, 3a-
MYyMNeHHs pycra BHacnif4oK NAOLWMHHUX 3MUBIB i3 BUPYOOK).

2) [lpyea sepxHs 2ipcbka pinaHka (Mix Bigporamu xpeb-
TiB Apumus i Cexnic): 3'aBnseTbes Hewumpoka y 30—40 M of-
HOCTOPOHHS 3annasa; yxun 27,4 M/KM; LWMpUHa pycna
3pocTae o 5-6 M, BOHO 3nerka 3susucte. MopdoanHamika
pycna nposiBrseTbCA Y 3MilLleHHi BUTMHIB BHU3 3a Teuieto
abo 3MiHO iXHIX NapameTpiB.

3) CepedHs eipcbka OiNsHKa y 38YXKEHHSX OONVHU: 3a-
nnasa obmexeHa 3 ABOX BOKIB KpyTMMW BUCOKUMW YCTY-
namu, 4acTo OAHOCTOPOHHS 3aBlwMplkn o 20 m abo
BiACYTHS; yxun 12 m/c; wmnpuHa pycna 6-8 m, BOHO npsme
abo 3nerka 3BuBucTe. BigbyBaeTbcsi 3milleHHs pycna y
AHWLLI, 3MiHX MiCLb NOro Bpi3aHHs y Geperosi ycTynu.

4) CepedHs zipcbka finsiHka 8 y10208UHOM0dibHUX po3-
wupeHHsx: 3annaBa 3 opgHoro Goky obmexeHa

NPSAMOBUCHMM YCTYMOM NepLUOi Haa3annaBHOiI Tepacu 3a-
BBULLKN 5—7 M abo cxunom xpebTa, OOHO- i 4BOCTOPOHHS,
wmnpwuHa 50-60 m; yxun y cepegHbomy 10 M/KM; LWIMPUHA py-
cna 10-12 m; nepeBaxatoTb Bpi3aHi MeaHapw, iHO4I po3a-
BOEHHA pycna Ha pgea pykaBu. MopdoauHamika
BUSIBMSETLCA Y 3MiHAX BEPLUUNH i KyTax po3BOpOTYy MeaHap,
3MilLleHHI BMIMHIB BHU3 3a TeuJicto, CnpsMMNeHHs i Hapoc-
TaHHS BUMMHIB, AWHaMILi pyKaBiB, HEBENUKNX 3MiHaxX pycno-
BMX hOpM — OCTPOBIB Ta BOKOBMKIB (puC. 6).

5) HuxHsA eipcbka pindHKa: 3annaea O4HO- i OBOCTO-
POHHS WwupuHoto Ao 100 m; yxun 5,7 M/km; WwWnprHa pycra
20 m; wBmnakictb Tevii 2,7-3,0 m/c (3a gaHuMK rigpornocTa
c. Cnac). MopdoauHamika BUSBNSETLCS Y 3MiHax pycna 3
[BOPYKaBHOrO Ha OAHOPYKaBHE i HaBMakun, NosBi Ta 3HUK-
HEeHHi pycnosux opM, 3MiLLeHHi pycna Big ogHOro 4o Apy-
roro 6epera i HaBnaku (puc. 7).

YmosHi noanavenns: |

— 2020
— 1967 p.
[R——

Puc. 6. PizHoyacoBa guHamika pycna YeuyBu B yroroBUHONoAiGHUX PO3LLIMPEHHAX AOSNUHU:
a) niBgeHHiwe c. Jlunosuus (ocHoBa — kocMo3HiMok Google Earth 2021 p., BukoHaHo Ha nnatdopmi Google Earth Pro).
lMyHKTMpPOM Noka3aHo yCTyn AaBHBLOrO BPidy pycna; A—A' — niHis nonepeyYHoro Npodinio;
1 — cxemaTu4He BigoGpaKeHHs 3MiH NOMOXEHHS pycna y OHWULL 3a BiANOBIAHI POKM B3O0BX MiHiT A—A'";
6) niBHiYHiwwe c. Jlunosuus (ocHoBa — aepodoTo3HIMOK 1967 p., Ha AkuMin HaHeceHo pycno 2020 p. BukoHaHo B QGIS)

Iapn: X

i 3

v = Yeuga 2021 Google
Yeusa 1981 Tonoka
Yeusa 1978 A®3
-~ Yeusa 1944

Yeusa 1929

Yeuea 1910

AR

Puc. 7. Pycno YeuBu Ha HMXKHbOMY TFipCbKOMY BiApi3Ky:
a — AvHaMika pycna npotsarom mavixe 200-piyHoro nepiogy;
6 — MOPOXUCTE PYCo 3 FOPM3OHTanNbLHO 3anernumm BepcTeamu nopia 6ins macusy r. Cokin y micui BiACNOHeHHs "HeuYBMHCBKMX Tydis"
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6) BepxHs nepedkaprniamcbka AiNsHKa: 3annasa ABOC-
TOPOHHS wwupuHa 220-250 m; yxun 3,7 m/km; pycrno 25—
35 m. 3a 100-piyHmI nepioa cnocTtepexeHb Biabynacs Taka
MopdoanHamika: Mirpauis pycna y 3annasi, YCKNaaHeHHs
pycna Big 04HOPYKaBHOro 10 6araTopykaBHOr0, CMPOLLIEHHS
— Bi BOPYKABHOIO 4O O4HOPYKABHOMO, 3MilLlEHHSI BUIMHIB
BHMW3 3a Tevi€lo, po3BepHEHHs BepLUMH MeaHap Ha 180° Big
opHoro go apyroro 6epera.

7) HuxHa nepedeipcbka p[indHKa: 3annaesa [[BOCTO-
POHHS, 3 Bigpiskamu 3ByxeHb 0o 150-200 M Ta po3wmnpeHb
80 400-500 wm; yxun 4,9 M/KM; LUMpUHA pycna HeJaneko rm-
pna 40 M. lUnpoka 3annaea y COTHi METpiB CTBOPIOE Nepes-
YMOBM AONA BUpasHOi pycrioBoi MopdoauHaMIiKu, ska
nongrae y nonepeyHoMy i No3A0BXKHbOMY 3MiLLEeHHi pycna,
30KpeEMa: 3MiHax LUMPWHU Ta OOBXWMHU MOsicy MeaHapy-
BaHHS, HapOCTaHHi i BMPIBHIOBAHHI BUIMHIB, 3MilLlEHHI iX
BHM3 3a Teuielo, pO3BEPHEHHI BUTMHIB Big oaHoro 6epera ao
iHWOro, 3MiHax ¢opMm i KyTiB pO3BOpPOTY MeaHap, AVHaMIL
KiNbKOCTi pyKaBiB, HAMUBaHHI i PO3MMBaHHi pycroBux chopm,
a Takox mirpauii rupna (puc. 8).

[unckycis i BUCHOBKMU

MigcymoBytoum BULLIeCKa3aHe, BUAINSEMO BUaM reonoro-
reoMopdonoriyHmx akTopis, AKi No4isNn Ha MmopdoanHa-
MiKy pycna manoi piyku, sikoto € Yeusa, nisa nputoka Jlim-
HuUi (puc. 9). 3 reonoriyHnx hakTopis HaWbinbLUe BNANHYNW
NITONOrMYHUIA cknag nopig, 30Kkpema: HasiBHICTb (hniloBUX
BiJKMaAiB y ripCbkil Ta MyXKUX y nepearipcekin YacTnHax go-
NVHK, TPaHYNOMETPUYHUIA CKNag nopid, iXHa wapysaTa Te-
KCTypa, 3Ha4yHa TPiLMHYBAaTICTb, CKICHE 3ansiraHHs BEpCTB

v~ Yeusa 1981 Tono
v Yeusa 1978 A®3
v == Yeusa 1952 A®3
v = Yeusa 1944
v Yeusa 1929
v Yeusa 1910
v = Yeusa 1906
v =" bing_kosmo

Puc. 8. QuHamika ycna YeuBU Ha HUXKHIN neperipCbKiﬁ AinaHui ynpoaosx XX cT.

LLIOAO pycna Ta 3HayvHa KinbKiCTb BigcnoHeHb Ha 6eperax. 3
reomopdonoriyHmx pakTopis CyTTEBUMM CTanm mopdomeT-
pia 6aceliHy 3 BenUMKMMU nepenagamu BUCOT Ta FyCTUM i
rMMOOKMM pPO34NEHYBaHHSIM, po3nori hopMU NonepevyHoro
NPoqinto AOMMHU, 3MIHW YXUAY i NafiHHA piukn, napameTpu
3annasu, pycna i notoky. CTyniHb pO3BUTKY Cy4aCHMX eK30-
reHHMX npouecis y 6aceHi Mae pUTMiYHWUIA BNAMB, MOCUIIO-
HOYMCb Y MEepioaM BOAOMINb UM iHLWNX BENUKUX NPUPOAHMX
SBUMLL, Ta NOCNabnoYmch y CNOKiNHI nepioaun.

Mig BnnnBom 34€6inbLLIOro reonoro-reoMopdonorivyHmX, a
TaKOX KIMiMaTUYHKX, MPONOriYHNX, BIOTUYHMX, QHTPOMOTEHHMX
(hakTopiB y 6arato4acoBoMy BUMIpi pO3BMHYNUCS 3MiHW NOIo-
XeHHs1 i Mopdbororii pycna. BoHn nondranu y nonepeyHomy
ab0 No300BXHBLOMY MOro 3MILLEHHI BiZHOCHO 3ansaBu Ha nes-
HUX Bigpiskax. MonepeyHi 3MilLeHHs — Le Mirpauii pycna Big
ogHoro Gepera OO0 Opyroro i3 3miHOK MOro npsiMoi hopmu
Ha 3BMBMWCTY Ta MeaHAPOBaHy i, HaBMakW, 3 MeaHaPOoBaHOI Ha
npsMy, a TakoXX PO3BEPHEHHST BUMYKIOCTi BUrMHIiB Ha 180° Big
opgHoro 6epera OO Opyroro, 3MiHWM LUMPWHK MOSICY MeaHapy-
BaHHs 3ararnom Ta napameTpiB oKpeMux meaHap. MNo3aoBXxHi
3MiLLleHHs — Lie Ti, ki BigbyBanucsa B HanpsiMky yxury aHa pi-
Yku. BoHu nonsiranu y amiHax JOBXUHU NOSICY MeaHapyBaHHS,
MOPOSOriYHMX TUNIB MeaHAp (CerMeHTHI — neTnenogioHi —
CMHycoiAarnbHi), 3MilleHHs opM BUIVHIB i pycnoBux opm
BHM3 3a Tevieto. CnekTp 3MiH y nepearipchbkini YacTuHi 6acenHy
LUMPLLNIA, HDK Y FIPCBKIR, y SIKIN NposiBNsitoTeCS 30e6inbLoro
nMLLE MOMEepPEeYHi 3MiLLIEHHS.

i B Hawl Yac (ocHoBa — KOCMO3HiIMOK 3 pecypcy Bing, BukoHaHo B QGIS)

CTpyKTypa
I'paH.CKjiax

1 TCKC

JITOJIOTTYHHI
TPILLMHYBATICTh
BIZICOTOK
BUICJIOHEHb

VXL 1H3 1
LIHpHHA
3arJiaBu

mapaMeTpH.

pyciia 1 Teu1i

HOTO MPOMLIIO

y4acHi eK30reHH1

MopdoauHaAMiKa pyciia

MnonepeyHe 3MILLCHHS
- N

TO3/I0BXKHE 3MILICHHS

3MIHH 3 MCaHPOBa-

3MiHH 3 TIPAMOT
HOIO Ha npsgMe

Ha MEaH/IpOBAH!

3MiHH pajtiyca 3MIHH LUIHPHHH
10CY MeanApyBanus [po3BepHeHHs Ha 180°

JMHAMIKA BUITYKJIOCTY

SMIHH M

3MIILICHHS! BUTHHIB
1| Bews 3a Tediero
3MiHH JIOBKHHH
1105ICY MEAH/IPYBAHHS!

Puc. 9. CTpykTypa reonoriyHux i reomoponoriyHnx YNHHMUKIB, AAKi BU3Ha4YalTb MopdhoanHaMiKy pycra Manoi piuku
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"eonoro-reomopcdponoriyHi akTopy BUSBUAMCS AK CNO-
HyKanbHUMW, TaK i 0GMeXyBanbHUMMK YHHUKaMK Mopdoau-
HaMikKm  pycen Manux pivok. [eonoriyHi  ¢hakTopm
BiANOBIAAOTbL 3a HAOXOOXKEHHSI, HAsIBHICTb, CKrag, MOTyX-
HIiCTb, BEMWUYMHY i hOpMYy ynaMmKiB nopig, WO cknagawTb
OHo, 6eperv pycna Ta 3annaBy. Big kinbkocTi HaHociB i ne-
peBakanbHOro MyxKoro iXHbLOro cknagy 3anexuTb dopma
pycna, sika HeOAHOPA30BO 3MIHIETLCS NICMNsI eKCTpeMarb-
HWX naBogkiB. Lle cnoHykanbHU YMHHMK MOPMOAMHAMIKM
pivkn. OBMexXyBanbHUMN YMHHWKAMU € HasiBHICTb MiLHMX
nopig Ha Geperax, ki YHEMOXIMBMIOTE PO3MUBMW; Macu-
BHa TeKCTypa nopia, cnabka TpiwuHyBaTiCTb, WO BNMBa-
I0Tb Ha HagxomkeHHa Mmartepiany. [‘eomopdonoriyHi
hakTopu XapakTepusylTb TNCOMETPUYHE MONOXEHHS pi-
YKK, MOPAOOMOrito AONKHM, ii yXurn, MopcoMeTpito 3annasu,
HanpsM i WenAakicTb Tedii. CIoHyKanbHUMW YMHHMKaMM Npu
LbOMY CTaloTb LUMPOKA 3annasa, HU3MHHICTb Beperis, 3miHa
YXUITy 3 KPYTOrO Ha MONIorMii, 3Ha4YHa LBMAKICTb Tedii. O0-
Me>XyBasbHi YMHHWUKM — Lie BiACYTHICTb 3annaBu, ypBUCTi 6e-
peru, a TakoX KpyTe nafiHHsi, SKe 3yMOBIIOE NpsiIMe PYCrio i
Marny MOXMUBICTb A0 MOro 3MiHW.

Mani piukn cunbHO BpasnmBi 4o Aii reonoro-reomopdono-
riYHUX PaKTOPIB, OCKINbKN MalOTb HEBENUKY AOBXMHY i MOLLY
BOA0360pYy Ta, BigMNoOBIOHO, BOAHICTL. BoagHicTb 3pocTae nig
yac ekcTpeMarnbHUX NaBoOAKiB i came Todi BioOyBalTbCA
3MiHn Mopdbonorii pycna. [na nposiBiB AUHAMIKLU Manmnx pivok
AOCTaTHbO HE3HAYHOrO 30iMbLUEHHS HAHOCIB, 3MiHW yXuny 3
KpPYTOro Ha Monorui i LuMpokoi 3annaeu. Bce Le noBuHHO Bpa-
XOBYBaTWUCA Nif, Yac rocrofapcuKoro, i, 30Kkpema, pekpeauin-
HOMO OCBOEHHSI JONMWH Manux pivyok, OGydiBHMLTBA Ha HWX
rpebernb Ta iHWKX iHKEHEPHO-TEXHIYHKX CMOPYA.
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GEOLOGICAL AND GEOMORPHOLOGICAL FACTORS OF THE SMALL RIVERS MORPHODYNAMICS
(ON THE EXAMPLE OF THE CHECHVA RIVER, LIMNITSA TRIBUTARIES)

Background. Small rivers are an important element in the structure of the earth's surface; they take an active part in the formation of its
morphological outlines. They also perform an important function in the development of medium and large rivers, influence the implementation of a
general nature-preserving strategy for the use of water resources in a certain region. The problem of studying the state and changes of small rivers,
as well as the factors that cause changes, is multifaceted and requires thorough research. Small rivers are most dependent on geological and
geomorphological factors, so it is important to study their influence on channel changes.

Methods. Topographic maps of 1906, 1910, 1927, 1944, 1981, aerial photographs of 1952, 1967, 1978, and space photographs of 2005-2024
were used to study the morphodynamics of the Chechva River. Geocoding and channel digitization were performed in QGIS. A special interactive
module was developed to analyze the distribution of erosion and accumulation processes along the longitudinal profile of the river in the MS Visual
Studio software package. Cartographic and field studies were used to identify the characteristics of the influence of geological and geomorphological
factors on the morphodynamics of the channel.

Results. The morphodynamics of the Chechva River (a left tributary of the Limnytsia) was studied based on the analysis of materials from
different periods. It was manifested by transverse and longitudinal displacements of the riverbed both in the mountainous part and in the foothills.
Transverse shifts of the channel, changes in the tops of meanders, and changes in the number of branches took place in the mountainous part. The
spectrum of changes was wider in the foothills: the migration of the channel with a change in its straight form to winding and meandering and from
meandering to straight, reversal of the convexity by 180°, changes in the width and length of the meandering zone, the dynamics of morphological
types and meanders parameters. The geological factors that caused the channel changes are: the lithological composition of the rocks, in particular,
the presence of flysch deposits in the mountain and loose material in the foothill's parts of the Chechva valley, the granulometric composition of the
rocks, their layered texture, significant fissures and a large number of outcrops on the banks. Geomorphological factors are essential: the
morphometry of the basin with large height differences and dense and deep dismemberment, extensive forms of the transverse valley profile, changes
in the slope and river fall, floodplain and channel parameters.

Conclusions. Geological and geomorphological factors have both a motivating and a limiting influence on the morphodynamics of small
river channels.

Keywords: morphodynamics, modern fluvial processes, channel dynamics, small rivers, geological factors, geomorphological factors,
Ukrainian Carpathians.
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'KniBcbknit HauioHanbHUIA yHiBepcuTeT iMeHi Tapaca LesueHka, Kuig, YkpaiHa
2HauioHanbHui yHiBepcuTeT "Kneso-MorunsiHcbka akagemisi"

MArHITHI QOCNIAXXKEHHA NOHHUX BIAKIAAOIB TA FPYHTIB
AK IHCTPYMEHT BUABNEHHA HEBE3NEYHUX FTEOOUMHAMIMHMX
EK3OrEHHUX NPOLLECIB HA NMPUKIALI 3ANOBIAHUKA XOPTULA

(MpedcmasneHo 4neHoM pedakyiliHoi Kosneaii 0-poM 2eosl. HayK, npog. M.I. Opnrokom)

B c Ty n. [id yac eiticbkoeux diti mepumopii 3 pi3HUMU munamu 3eMJIeKOpUCIMy8aHHSI 3a3HaroMb 3Ha4YHO20 He2amueHoz20 8IJIusy.
TpupodHi ma aHmpono2eHHi KOMIIeKCU NPUPOOGHO-3anoe8idHo20 ¢hoHAy ocmpoea Xopmuusi nepebysaroms rio MocmiliHO 3a2PO30H0
pakemHux yoapie, amak OpoHie, keposaHux agiabom6 moujo. [Jodamkoeuli muck cmeopioe ypbaHizoeaHe cepedoguuie ma eaxka fpo-
mucnogicmb 3anopixxs. OkpiM ybo20, 3HUKHEeHHS1 Kaxoecbko2o0 eodocxoeulya CrpuYyuHUIO He380POMHI 3MiHU y 6iopizHOMaHimmi,
800HOMY pexxumi ma slaHOwaghmHux ymoeax npuseasux mepumopit, 3okpema ocmpoea Xopmuysi. Memoro daHoi cmammi € ouiHka
3MiH NpupodHUX i aHMPOMNo2eHHUX KoMIJIeKcie 3anoeiGHUka Xopmuuys wiisixoMm aHanisy mazHimHux enacmueocmell ma eu3HavyeHHs
KOHUeHmpauii Hebe3neyHux XiMiYHUX CMOJTYK, 30KpeMa 8a)XXKUX Memarlie, y OOHHUX 8iOKITa0eHHsIX OCYyWeHUX 03ep, W0 8UHUKIIU micssi
pyliHyeaHHs1 Kaxoecbkoi 2pebii, a makox y IpyHmoeomy noKpusi.

M e T o A4 u. MazHimHy cnpuliHamnueicmb eumiprosasnu 3a dornomozoro labopamopHoz2o kanamicmka KLY-2 Kappabridge. Mumoma
MaaHimHa cnipuliHamnueicms (x) u3Hayvasacsi WisiXoMm Hopmarnisauyii Ha macy. Bmicm ximidyHUX enlemeHmie aHanizyeasnu 3a A0roMoz0H
peHmeaeHogyopecyeHmHoz2o (XRF) aHanizy, esukopucmogyroyu obnadHaHHs komnaHii Elvatech.

Pe3synbTaTtun. [1posedeHo docnidxeHHs JOHHUX 8i0KknadeHb o3ep Kam'aHe, lMpoeHil, Pucose ma [liwaHe, a makox rpyHmo-
8020 rokpuey nicoeoi dinsiHku. BusienieHo eucoky MazHimHy cnpuliHamnuegicme. Y 6inbwocmi mo4ok criocmepexeHHs1 3aghikcosaHo
docums eucoki 3Ha4eHHs1 x = 50-100 x 10°° M¥ke, modi sik okpemi 3pasku deMoHcmpyrome we euwi nokasHuku (x = 100-300 x 10° m¥kz).
Taki 3Ha4eHHs1 MOXXymb 6ymu noe 'a3aHi siK i3 mexHo2eHHUM 3abpyOHeHHsIM, mak i 3 1iMmo2eHHUM NMoXOoG)KeHHSIM Ma2HImHuUX MiHepanie,
w0 Hadxo0sIMk i3 euxodie KpucmasniyHo2o ghyHOameHmy e okonuysix Xopmuui. Kpim mozo, nideuwieHy macHimHy cnpuliHamnueicms
3agbikcoeaHo y niwjaHux rpyHmax 3miliaHoz2o Jicy. 3Hayywy Kopesnsiyiro Ma2HimHol cnpuliHsimsueocmi eusiesieHo nuwe Ot XpoMy
(koedgpiyicHm kopensiyii — 0,4). BoOHoYac ecmaHoesIeHO nepesuweHHsI 2paHUYHO AorycmumMux koHueHmpauit (FAK) eaxkux memanie:
ceuHUro y 2-8 pasie, YuHKy y 2-10 pa3zie, xpomy y 20-50 pasie, midi y 10-20 pasis, Hikento y 5—-20 pa3sie, kobanbmy y 5-8 pasie.

BucHoBku. MazHimHa cnpuliHamnueicmb GOHHUX eiOknadie 03ep ma rpyHmoeo20 rnokpusy ocmpoea Xopmuusi € 8UCOKOIO.
lNpunyckaembcs, Wo ye Noe'si3aHo 3 HaKOMUYEHHSIM JIiMmo2eHHOo20 Mamepiany 8i0 eusimprosaHHs 2ipCbKuUX rMopid Kpucmasni4Ho2o
¢pyHdameHmy. KoHueHmpauiss HU3Ku esieMeHmis, 8 rnepwy 4epay eaxkux memasnis, nepesuwye K y 2-50 pasie. OOHak 3Hayywjuli
KoedgpiyieHm kopensuii 3aghikcoeaHo nuwe mix x ma Cr (0,4). Omxe, Ma2HiMHi MiHepanu He MaroMb 2eHeMUYHO20 38'A3Ky 3 Mamepia-
namu, siKi emiuwgyromb eaxki Memanu. To6mo ckopiuwle 3a ece mexHo2eHHUU ensue eidcymHit.

Knw4yoBi cnoBa: 9oHHIi eidknadu, rpyHmu, eaxki Memarnu, 3a6pyOHeHHsl, MazHimHa crpuliHamnueicme.

Bctyn

B ymoBax BilICbKOBUWX [ TepUTOPIi 3 Pi3HUMM TUNamm 3e-
MITEKOPUCTYBaHHS 3a3HalTh 3HAYHUX HErATUBHMX BMNUBIB, @
B OKpemux Bunagkax i He3BOpoTHWMX 3MiH (Bonchkovskyi
et al., 2025; Horoshkova et al., 2024; Menshov et al., 2024).
MpypoaHi Ta WTYYHi KOMNEeKeH NPUPOAHO-3anoBigHOro ¢o-
HAOy o. XopTuus (puc. 1) nepebyBatoTb y 30HI NOCTIHNX OG-
CTpiniB pakeTamu, ApoHaMu, KepoBaHWMKU aBiabombamu
Towo. [logaTkoBuii BNNMB Mae ypbaHi3oBaHe cepeoBULLE Ta
BaXXka MPOMUCIOBICTb 3anopiioks. KpiM Toro, 3HUKHEHHS
KaxoBcbKOro BO4OCXOBMLLA CNPUYNHUIIO HE3BOPOTHI 3MiHU Y
Giopi3HOMaHITTi, BOOHOMY pexuMi Ta naHawadTHUX yMoBaXx
npunernMx TepuTopin, 3okpema i XopTuui.

3abpyaHeHHs, NPUPOAHO-TEXHOTEHHI 3MiHW, NiCOBi Mo-
Xexi, 30Kpema CnpuUYMHeHi nagdiHHAM yrnamkis 6onosux va-
CTWH [JPOHIB i pakeT, a TaKOX OCYLUEHHS TepuTopin
BigoOpaxatTbes y i3nKO-XiMiYHMX BIIACTUBOCTAX IPYHTIB,
OOHHMX BigknagiB i npubepexHux ripcbkmux nopig (mickis,

cynickiB, ynamkiB ripcbkux nopia). laeHtudikauis umx amiH
3[iCHIOETLCSA 3a 4ONOMOroto KoMGiHaUii reodi3nyHMX MeTo-
[iB, 30KpeMa LUBUAKICHUX Ta EKOHOMIYHO AOCTYMHUX MarHiT-
HUX BUMIipIOBaHb. AHani3 AaHux ANCTaHLUiMHOro 30HAYBaHHS
3emni (A33) y cepenosuLui reciHdopmauinHux cuctem (IC)
0atloTb 3MOry CTBOPUTM NPOCTOPOBI Moaeni 3abpyaHeHHS, a
nopanbLui nabopaTopHi JOCNIOXEHHS XiMIYHOro cknagy ma-
Tepianis, 0cobNMBO Y 30HaxX CyTTEBMX aHOManin, 3abeane-
Yyl0Tb AeTanbHy OLiHKY €KOIOMNYHOro CTaHy TepuTopii.
BumiptoBaHHs MarHiTHOI CIPUAHATAMBOCTI € NPOCTUM i
LWBMAOKUM METOAOM, SKUA AA€ HafiiHE YSIBNIEHHSI NMPO CTy-
NiHb 3aOpyAHEHHST BaXXKMMKU MeTanamy OOHHUX Bigknagis
(Devanesan et al., 2020). 3MiHM MarHiTHUX BNacTUBOCTEN
ocafiiB B 03epHMX CUCTEMAaX 3a3BUYal NOSICHIOITLCA Aisnb-
HICTIO MOAMHK Y BignoBigHMX BOA403bipHUX GacenHax, ane
3B'AI30K MiXXK MarHeTu3mMoM ocafiB i iIHTEHCUBHICTIO JOACLKOT
LiSINbHOCTI, 9K NPaBuno, NOraHo BCTaHOBIEHMN, Lo obme-
KY€ BUKOPUCTaHHSA MarHiTHOro MeToy B NaneoekonorivyHmx
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B 1 C H U K KuiBcbkoro HauioHanbHoro yHieepcurety imeHi Tapaca LleBueHka

pekoHcTpykuiax (Yang et al., 2025). MarHiTHi BnacTuBocCTi
OOHHUX BiOKNadiB KOHTPOJOKTLCA anOXTOHHMMM | aBTOX-
TOHHUMW MarHiTHUMM YaCTUHKAMU | BiOPI3HSIOTLCS 3aneXHO
Bif po3TawyBaHHsA B 6acenHi o3ep (Lascu, & Plank, 2013).
Y 6eperoBux BigknaaeHHsX NepeBaxatoTb yNaMKoBi MarHi-
THi YaCTUHKW, Todi SIK NiTopanbHi BiAKNageHHs XapakTepu-
3yl0TbCA  NOEAHaHHAM  OakTepianbHWX  MarHiTocom i
YNaMKOBUX 4YacTUHOK. [MONOXEHHs1 KUCHEeBO-6e3KMCHEBOI
MeXi po3ainy, sika Moxe BiabyeaTtucsa y Boai abo BcepeamHi

TOBLLi 0caay, KOHTPOMIOE MMUBUHY, Ha SKiN XMBYTb MarHiTo-
TakTu4Hi 6akTepii, i BU3Ha4Yae cTyniHb 36epexeHHs ix naH-
utoriB MarHitocom y nosepxHeBux ocagax (Chaparro et al.,
2017) Big3Ha4atoTh, WO aHani3 faHWX 03epHUX AOHHKX Bia-
KnageHb AHOHIMa CBIgYMTL NPO Te, WO OCHOBHWUI MOBEPX-
HEBMN MOTIK, po3TalloBaHW/A Ha niBAEHHUN 3axig Big
JOCrigXyBaHOro o3epa, KOHTPOSOE HaAXOAXKEHHS YnaMKiB
i NPOCTOPOBY 3MiHY CKMaay ocagis.
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3a JonoMOro KOMMSIEKCHOro aHanidy (MarHiTHi napa-
MEeTpW, PEHTreHiBCbka audpakuis Ta iHhpayepBOHa CnekT-
pockonisi 3 nepeTBopeHHAM ®Pyp'e) y UMX O03epHMX
BiAKNageHHsAX 6yno iaeHTUdIKoBaHO MiHEpanu MarHeTuTy
Ta rpenrity. Taki dpepumarHiTHi MiHepanu matTb HagapioHi
po3mipu 3epeH (<0,1 mkm). MarHiTHi napameTpu Ta Hemar-
HITHi BENUYUHN, npoaHanisoBaHi 3a  AONOMOrow
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Puc. 1. O6'ekTn gocnimkeHHA AOHHUX BiAKNaAiB y Mexax 3anoBigHuka XopTuus

4

OaratogakTopHOi CTAaTUCTUKK, BUSBMAOTE 3HAYHI BigMiHHO-
cTi Mk Mynosoto dauieto (x=109,6x102 m3/kr) i niwaHoo
dhauieto (x=82,1x108 m3/kr). OTxe, B 03epi AHOHIMA iAeHTK-
(hikoBaHO Ta OXapaKTepu3oBaHO 4YOTUpPK cybcepenoBuLLa
ocagxeHHs. Takui aHania cnpusie po3yMiHHIO Cy4YacCHUX
03epHMX OMHaMIYHMX Ta ocagoBux npouecie. Cuctematu-
YHe [OCHNIMXEHHS MarHiTHOI CNPUAHATAMBOCTI Ta BMICTY
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BaXKVX MeTanisB ocagis o3depa Jlyry Ha niBgeHHOMy 3axogi
Kutato (Wang et al., 2018) Bka3ytoTb Ha iCHyBaHHS Kopens-
LiiHOro 3B'A3Ky (3a [MipCOHOM) 3 KOHLIEHTpaLUisIMU BaXKMX
metanis (Al, Ti, Fe, Cr, Ni, Cu, Zn i Cd), a Takox 3 komnre-
KCHMM iHaeKkcoM 3abpyaHeHHst TomniHcoHa (PLI). OTxe, Ha-
SIBHI ICTOTHI 3B'A3kM OXepen ocafKeHHs Ta Mirpauii Mix
MarHiTHUMM YacTUHKaMW Ta BaXKKMMU MeTanamu. 3HauyLli
KoediuieHTn kopensauii Mk MarHiTHUMKM napameTpamu, Ba-
XKMMU MeTanamu Ta PLI Bka3dyloTb Ha Te, WO MarHiTHi na-
paMeTpy MOTEHLINHO MOXHa BMKOPUCTOBYBaTW SIK iHOEKC
3abpydHEHHSA BaXXKMMU MeTanamu O03epHMX BiAKnageHb.
HocnipxeHHs (Szczepaniak-Wnuk et al., 2020) BuaBuno
ABa MOXIUBUX AxXepena 3abpyaHeHHs y AOHHMX Bigknagax
NPOMUCIIOBOrO PErioHY: TPAHCMOPTHI NMOTOKM Ta BUKUAMW Te-
nrnoenekTpocTaHLii. He MoXHa BMKMIOYUTY BNNUB AOAATKO-
BOro [xeperna 3abpyaHeHHs, OCKINbKW KinbKiCTb cdepyn B
0CafoBUX BigKNaAeHHAX y LEeHTpi Bogoimm Gyna Han3su-
YanHo BUCOKOM. Lle AocnigpkeHHA 4EMOHCTPYE, WO MarHito-
METpi Mae MpakTUYHEe 3aCTOCYBaHHS ONS BUSBMEHHS Ta
KapTorpadyBaHHs 3abpyAHEHHS BaXXKKMMU MeTanamu y Bo-
AHux cuctemax. Kpim Toro, pesynetatn (Kusza et al., 2023)
CTOCYIOTbCS NPOCTOPOBOro PO3MOAiNly MarHiTHOI CIPUNHAT-
NNBOCTI Ta BMICTY NOTEHLINHO TOKCUYHUX enemeHTiB (PTE)
y MOBEPXHEBOMY LLApi OOHHMX BigknageHb Yy rupni Bicnn
(FmaHcbka 3aToka, MNonbLa). Bmict PTE Ta marHiTHa cnpun-
HATNUBICTb BiAKNaAeHb Nokasanu gy>e BUCOKY HeOAHOpIa-
HiICTb Y MeXax [OCnimXKyBaHOi TepuTopii, 3anexHo Bifg
posTallyBaHHS, rpaHynoOMETPUYHOro ckrnagy Ta BMIiCTy Op-
raHiyHoOl pevyoBMHU. AHani3 MarHiTHOI CNPUNHATINBOCTI €
NpocTM Ta eEKTUBHUM METOAOM, SKUA MOXHa BUKOPUC-
TOBYBaTUW AN AONOBHEHHS ieHTUdiKaLii TEXHOreHHUX 3MiH
y BOAHOMY CEpPefoBULL.

TakMM YMHOM, METO AaHOi CTaTTi € OUiHKa 3MiHU npu-
POAHUX Ta LUTYYHNX KOMMIEKCIB 3anoBigHvKka XopTuus wns-
XOM aHarisy MarHiTHUX BMacTMBOCTEN Ta BU3HAYEHHS
BMiCTy HEOE3MeYHNX XiMIYHMX CNOIyK (30KpeMa, BaXXKnx me-
Tanis) y AOHHWX BiOKNaAEHHSIX OCYLLEHMX 03€ep, Lo YTBOPU-
nucs nicns nigpuey KaxoBcbkoi rpebni, a TakoX r'pyHTOBOMY
nokpuei. B nogansLiomy knacrtepu3sadis BCix BUAOBUX Ains-
HOK OCTpOBa (MiciB, NykiB, NPUGEPEXHNX 30H, TEXHOFEHHUX
TepuTOopIV Ta rigponoriyHux o6'ekTiB) 3a MarHiTHUMK Ta iH-
LWIMMU (Pi3UKO-XIMIYHUMW MOKa3HMKaMK I'PyHTIB JacTb 3MOry
BM3HAYMTU MacwTabu Ta xapaktep 3MiH EKOCUCTEMM.

Metoan

OcrtpiB XopTuus (puc. 1) B Mexax M. 3anopixoks € Han-
Oinbwum octpoBom ponuHu [OHinpa (goxuHa 11,2 Km,
wupuHa 2,4 kv). PosTawosyetbes y CTenosivt arpoknimaTy-
Hi 30Hi YKpaiHu B Nig30Hi pi3HOTPaBHO-TUNYaKOBO-KOBUIb-
HUX CTEeNiB i3 TENNUM CYXMM KOHTUHEHTAINbHUM KITiMaToM.
"eonoriyHoI0 OCHOBOK CMYXMWTb NiBAEHHWI Kpaln YKpaiHChb-
KOr0 KpUCTaniyHoro wuta, OOKeMOPpIACbKi mopoan BiKOM
Onn3bko 2,5 MNpA pokiB, nepenycim rpaHiTh, MOKPUTI LWa-
pom Ginbl MofoAMx ocagoBux nopig. Y MiBHIYHIN YacTuHI
ocTpoBa XopTuus Hag 6eperom nigHiMaloTbCs ckeni, BUcoTa
aknx csrae 40-50 m, wo cnagatoTe Ao niBgHsa (MapuHuy,
MaweHko, & LniieHko, 1985). Y penbedi naHytoTb JONNHHO-
6ankosi i 3annasHi opmu. OCHOBHUMM I'PYHTOTBIPHUMM NO-
poAaamu, KpiM rpaHiTiB, cnyxaTtb fnec Ta antosianbHi nicku,
Ha SKMX POPMYIOTbCS 3BMYaNHI YOPHO3EMU, EPHOBI, NYroBi
i 6onoTHi r'pyHTK (yboBa, 2008). XapakrepHoto ocobnmBi-
CTIO I'pYHTIB 0. XOopTuus € X epoaoBaHicTb. Po3BUTKy eposii
crpusie 3MMOBE MPOMEP3aHHS I'PYHTIB, PEXUM BECHSIHOIO
CHirOTaHeHHs, MiTHIi 3NuBW, 3Ha4YHa OOBXMHA Ta KPYTICTb
CXuniB, AaBHICTb CiNlbCbKOrOCNOAapChKOro OCBOEHHS TEPU-
TOpii, HA3bKa NPOTMEPO3iiHa CTINKICTb BEPXHiX FOPU3OHTIB
I'PYHTIB. Y Mexax XopTuLi po3TalloBaHi BiCiM BEMMKMX 03ep:
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Besim'aHe, Kam'aHe, MporHon, Jomaxa, Ocokopose, Monos-
KiBcbke, MigkpyyHe, Piunwie. Bci o3epa nnaBHeBOI YacTUHMK
XopTuui MaloTb BUIMSA NPOCTATHYTUX Y MepuaioHanbHOMY
HanpsiMKy (3a Tedieto [Hinpa) BUOOBXEHUX BOOOWM Pi3HOT
BENUYUHW. Y CXiOHIN YacTUHI XOpTULbLKUX MMaBHIB iX 4, y 3a-
XigHin — 12. XXogHe 3 Hux He 3'eaHyeTbes 3 [Hinpom. Kpim
Toro, € baraTto 6oniT, siki abo MatoTb y nnaHi popmy HeBe-
nuknx osep, abo (0cobnmBeo y 3axigHin YacTuHI) NpunaralTb
00 Oinblnx 03ep 4M OTOYYHTb APiOHIWi. Mu gocnigunu
[OOHHI Bigknagu osep Kam'aHe, NporHin, Pucose Ta lMiwaHe
(puc. 1). Micna nigpvBy KaxoBCbKOro BOOOCXOBWLLA BCi
03epa Bucoxnu. Bigbip npob npoBoanBCSA 3 OCyLLEHOrO AHA.
Takox 6yno BUBYEHO I'DYHTOBUIA NMOKPUB TEPUTOPIT Y MexXax
3MilaHoro nicy. 3aranbHWM BUrNA4 A0CAIOKYBaHUX JOHHUX
BigKnagis Ta rpyHTiB HaBedeHO Ha puc. 2.

BumiptoBaHHsi MarHiTHOI CNpUAHATAMBOCTI NPOBOAWIM 38
ponomoroto nabopatopHoro kanamictka KLY-2 Kappabridge.
MUTOMY MarHiTHy CNpUAHATIUBICTL (X) BU3HAYEHO LUSISIXOM
HopManisadii 4o macu. BMiCT enemMeHTiB focnimkeHo 3a go-
nomoroto XRF aHani3y Ha anapaTypi komnaHii Elvatech.

PesynbTaTtn

PesynbTaTty po3noginy 3HayeHb MarHiTHOI CNPUAHATNBO-
CTi BCi€l KoneKLii AOHHMX BidKNaaiB Ta rpyHTIB 0. XopTuud Ha-
BEOEHO Ha puc.2. MarHiTHa ChpuUAHATIMBICTL BMCOKA.
3asBuyan Ans cammx MarHiTHUX IFpyHTIB YKpaiHu BOHa He ne-
pesuiye 100x108 m3/kr (Menshov, & Sukhorada, 2012). Y Ha-
LLIOMY BUMaOKy JOCUTb BUCOKI 3HaveHHs X=50—100x10"8 m3/kr
3acpikcoBaHO Ans GiNbLUOCTI TOYOK CMOCTEPEXEHHSI. Y TOW Xe
Yyac YacTuHa KorekLii xapakTepuayeTbes HinbLL eKCTpeMarnbsHO
BUCOKMMM 3HaueHHsMM (x=100-300x108 m3/kr), wo 6Ginblue
XapakTepHe abo 3a HasiBHOCTi TEXHOrEHHOro 3abpyAHEHHS,
abo npu NiToreHHoMy reHe3uci 4eTPUTOBUX MarHiTHUX MiHe-
panie B ocagax, L0 MPUBHOCATLCA 3 BUXOAIB B OKOMUL
XopTuui kpuctaniyHoro dyHaameHTy. KpiM TOro, BMCOKI
3HAYEHHS MarHiTHOI CMPURHSTIIMBOCTI 3adikcoBaHO AnNs Mi-
LaHUX I'PYHTIB 3MilLaHoro ficy. Takum YnMHOM, Ansa gocni-
[KEeHUX 3paskiB [OOHHWMX BiOKNagiB BUCOXNNX 03ep Ta
I'PYHTIB MOXHa 3pobuTU NpUNYLLEHHSI NPO (DOPMYBaHHS BU-
COKUX 3HA4YeHb MarHiTHOI CNPUAHATIMBOCTI 3a paxyHOK Npu-
BHECEHHS TEXHOreHHMUX MarHiTHUX 4acTUHOK Big poboTu
NPOMMUCIOBOCTI M. 3anopixks MpoTsArom AOBroro nepiogy
yacy (aecaTku i COTHI pokiB). [lpyra rinotesa nonsarae y npu-
BHECEHHI BMCOKOMarHiTHOI dopakuii (marHeTuT) i3 kpuctani-
YHOro PyHOAMEHTY, SKUWA € MOpyd Ta 3asHaBaB BMIUBY
BUBITPIOBAHHS.

HacTynHUM KpOKOM CTaB eneMeHTHWW aHanis 3paskis,
pesynbTaTy SIKoro HaBeaeHo B Tabn. 1. 3adikcoBaHo nepe-
BuweHHs MNOK ans ceuHuio y 2—8 pasis, UMHKY y 2—10 pasis,
xpomy B 20-50 pasis, migi y 10-20 pasis, Hikento B 5-20 pasis,
kobanbTy y 5-8 pagsis. Cnig 3ayBaxutu, Lo METOLAOMOrYHO
ans ocagie HeobxigHo 3actocoByBaTtv iHWi IFOK, Hik ans
r'pyHTIB. TOGTO 3ayBakeHi NepeBMLLEHHS MOXHa BBaXaTtu
sIK opieHToBHiI. licTorpamy poanoginy Bmicty Cr HaBegeHo
Ha puc. 4. Hameuwi 3HaveHHa 3acpikcoBaHO And o3epa
Pucose (300—500 mr/kr). Xo4 ogHOYacHO i MiHiManbHi 3Ha-
YeHHs 3adikcoBaHO ANns uboro ob'ekta (6nunsbko 20 Mr/kr).
Haiibinblw iMOBIipHI 3HauyeHHs1 nexaTtb y Adiana3oHi 100-—
200 wmr/kr i xapakTtepHi ans osep lMporwin, Miwaxe, Kam'aHe
Ta I'PyHTIB NiCOBOI 30HM. HaBepgeHi AaHi MOXyTb CBig4MTU
npo [OBOfi XaOTUYHE HAKOMWYEHHsI maTtepiany B AOHHMX
BigKnagax Ta rpyHTax, LWo MIiCTATb Y CBOEMY CKnafi Hase-
[EHi eNleMeHTN Ta MarHiTHi MiHepanu.

[na HaBegeHUX BMICTIB enNeMeHTIiB 3HauyLwmn koedi-
LieHT Kopensauii i3 MarHiTHOK CNPUNHATAMBICTIO OTPUMAaHO
nvwe ans Cr (puc. 5). Bin cknas 0,4, Wwo € 3Havywmm ans
AaHoi Bubipku srigHo 3 (Fisher, & Frank, 1948).
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Puc. 2. 3aranbHuin BUrnag gocnigaxyBaHMX AOHHMX BiAknapis Ta 'pyHTIB 3anoBigHuKa XopTuusa:
a — TUNOBWI BUMMSAA BUCYLLEHOro 03epa, 6 — Biaknaawm o. Pucose, B — Bigknaam o. MporHin, r — nicoi rPyHTW, SKi 3a3Hann BNMBY NOXeXi
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Puc. 3. TicTorpama po3noginy 3Ha4yeHb MarHiTHOI CNPUAHATINBOCTI
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Puc. 4. Tictrorpama po3nogainy Bmicty Cr y 3pa3kax
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Ta6bnuys 1
MarHiTHa CnpUUHATNMBICTbL Ta BMIiCT AesIKUX eNIeMEHTIB Yy IOHHUX BigKnagax Ta r'pyHTax 3anoBigHuka XopTuus

3pasok* X Pb Zn Cr Fe Cu Ni Co
4K dns rpyHmig™* 32 23 6 3 4 5
Pucose 1 Bepx 58 116 302 338 87214 98 91 45
Pucose 2 230 121 566 307 96073 116 147 48
Pucose 3 271 122 701 392 110033 199 160 54
Pucose 4 250 219 1151 525 169910 205 270 85
Pucose (2) 1 Bepx 98 223 276 408 141629 190 172 70
Pucose (2) 2 18 136 127 21 82570 79 99 44
Pucose (2) 3 71 101 136 18 68105 58 81 38
MporHii 1 92 6 330 144 88299 36 92 45
MporHin 2 90 73 327 175 98118 37 185 51
MporHii 3 103 50 288 143 75189 38 83 41
lMporHiv Bepx 73 54 159 145 71004 38 62 36
[MporHiv cepeanHa 179 88 257 237 98080 67 97 46
MporHii 21 cm Hu3 122 90 251 277 96171 65 97 47
Kam'siHe 1 83 47 216 158 52373 73 53 40
Kam'siHe 2 86 46 194 149 48229 72 48 36
Kawm'siHe 3 108 35 142 108 36276 49 43 29
Miwaxe 1 102 65 168 159 72950 52 64 47
MiwaHe 2 113 32 64 145 40380 23 28 27
MiwaHe 3 91 36 51 135 35920 20 25 26
Jlic 1 97 10 36 104 13067 4 18 14
Jlic 2 208 27 98 166 26408 11 40 21
Jlic3 572 17 59 216 26159 9 24 20

* PoamipHicTb X, 1078 M%/kr; enemeHTU, Mr/kr
** 0K HaBefeHo Ans rpyHTIB BiANoBiaHo Ao noctaHoBu KabiHeTy MinicTpiB Ykpainu Big 15 rpyaHs 2021 p. Ne 1325 "MNpo 3aTBepaxeHHs
HOpPMaTMBIB rpaHUYHO AONYCTUMUX KOHLEHTpaLii Hebe3neyHnX PeYOBUH Y I'PyHTax, a Takox nepeniky Takmx pevoBuH" ons pyxomux opm,
a 3au BiACYTHOCTI AaHMX LLOAO PyXOMOi hOPMM — BUKOPUCTAHO BaroBy.
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Puc. 5. KopensuitHa 3anexHicTb Mix X Ta BMicTom Cr

[unckycis i BUCHOBKM

TakuM YMHOM, 3HaYEHHS MarHiTHOI CIPUNHATIIMBOCTI 5K
ONa OOHHUX BigKNagiB, Tak i ANs IPYHTIB € BUCOKUMMU
(x=100-300%102 m3/kr). BoHV nepeBuLLYIOTb BigOMi NMokas-
HWKW NSt YOPHO3EeMiB TUNOBMX i 3BMYAMHUX, SKi € aBTOMOP-
HUMK perioHanbHUMK 'pyHTaMu Ans 3anopisbkoi obnacri,
y 1-5 pasiB. Y ToW Xe yac niwaHi rpyHT1 octpoBa Xoptuus
NOPIBHAHO 3 TaKUMW Xe rpyHTamu 60poBKx Tepac YKpaiHu
€ 6inbw marHiTHUMKn y 10—20 pasis (Menshov, & Sukhorada,
2012). OTxe, nepLuoto rinote3oto byna HasiBHICTb TEXHOTEH-
Horo 3abpygHeHHs 3anopixoksa Ta HaBKONMULLHBLOT ypbaHi3o-
BaHoi TepuTopii (Bondar etal., 2024). B paHii po6oTi
npoaHanisoBaHO NPOMWUCIIOBI NUIMOBI BUKUAW Big HANMOTYX-
HiWMX mkepen 3abpyaHeHHs NoBiTpsa 3anopixoksa. BuaineHo
ABa TUNWN MarHiTHUX NPOMUCIIOBUX BUKMAIB, LLO BMNIINBAOTh
Ha HaMarHiYeHHs MiCbKUX I'PYHTIB: NOLUMPEHHS KPYMNHO3ep-
HUCTMX YaCTMHOK, LLO MICTATb MarHeTuUT, 0OMeXyeTbCs Mpo-
MUCIIOBOKO 30HOW, ToAi sk ApibHiWi MarHiTHI cdepynu
OCifaloTb Ha 3HauvHin BiacTaHi Big mxepen 3abpyaHeHHSs,
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NPUHOCAYM Y FPYHT 3HAYHI KINbKOCTI Baxkknx meTanis. Mar-
HiTHa CNPUAHATNMBICTb, 3anNULLIKOBa HaMarHiYeHiCTb Hacu-
YeHHs Ta igearnbHa HaMarHi4YeHiCTb I'PYHTIB AEMOHCTPYIOTh
CUINbHUI B3aEMO3B'A30K i3 BMICTOM BaXKUX MeTanis Ta iH-
nekcom 3abpygHeHHs PLI. 3rigHo 3 Huskoto ny6Gnikauin
(Ghobadi, Khoramnejadian, & Alipour, 2024; Delbecque
et al., 2022; Menshov et al., 2021), B AKMX pO3rNsAHYTO 3B's-
3KM MK MarHiTHUMM napameTpamu Ta BMiCTOM BaXKunX Me-
Tanie — Mae ikcyBaTUCa KOPEnAUiMHWA Ta reHeTUYHUIA
3B'A30K MiX X Ta CBUHLEM, Miaato, LIMHKOM, XpOMOM i T. iH.
Y Hawomy Bunaaky 3adikcoBaHo nuile KoediuieHT kopens-
uii 0,4 MK MarHiTHOIO CNPUAHATAMBICTIO | XPOMOM
(ame. puc. 5). Onsa pewTn HaBedeHux y Tabn. 1 enemeHTis
TakuMn 3B'A30K NpsSMYE A0 Hynsa. Y TOW Xe 4yac MarHiTHa
CNPUAHATNMBICTb BUCOKA, WO Binblue xapakTepHo Ans CyT-
TeBO 3abpyaHeHnx ypbaHosemiB (Liu et al., 2016). BogHo-
yac ikcyeTbCs i NiABULLIEHWI BMICT BaXXKUX MeTaniB (SIKLLO
6paTtn go yearn OK ons rpyHTiB). 3a AaHMMKU KMTaNCBKMX
aBTopis, npu  Xs<71x108 M3kr  FpyHT  BBaXaeTbCs
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He3abpyaHeHuM; 71x108 mM3/kr<y<162x108 m3/kr rpyHT €
cnaboszabpyaHeHnm; 162x108 m3/kr<x<253x10-® m3/kr — no-
MipHe 3abpyaHeHHs, a x2253x10% m%/kr Bignosinae cunb-
Ho3abpyaHeHMM rpyHTam. Bbepyun go yBaru okpecneHe
BYLLE, OYEBUOHMM CTa€ MPUMNYLLEHHS MPO iHLWWIA reHe3uc
MarHiTHMUX MiHepaniB y rpyHTax Ta efnieMeHTHOro cknagy,
AKWUI He NOB'A3Yye reHeTUYHO Ui napameTpu. Ckopille 3a Bce
Lie HaKOMMYeHHs B JOHHMX OCadax 03ep, a TakoX MiLaHomy
I'PYHTOBOMY MOKPMBI NiCOBKX QiNAHOK 3anoBigHunka Xoptuus
NPUBHECEHNX YaCTMHOK Bif BUBITPHOBAHHSA FiPCbKUX Mnopig
KpucTaniyHoro dyHOaMeHTy, sIKMA OTOoYye OCTpiB (EHTIH
TaiH., 2023). MoBa nge npo CepeaHbONPUAHINPOBCHKMIA
TEKTOHIYHMIA BNoK YKpaiHCbKOro wuta B mexax [dHinponet-
POBCbKOI | 3anopi3bkoi obnacTen, K1 CknageHwn rpaHitor-
Helcamu, MeTabas3uTamu, CcnaHusaMyM Ta  3anisucTMm
nopoaamu. Hanpuknag, Aeski reonorivyHi yTBOpeHHs YKpaiH-
CbKOrO LUMTa MOXYTb XapaKTrepusyBaTucs MigBMLLIEHUM BMIC-
Tom ABookeunay tutany (TiOz), 3anisa (Fe203) Ta 3HMKEeHUM
BMiCTOM kpeMHe3eMmy (SiO2), MarHiTHa CNpUAHATIIMBICTb SIKMUX
moxe gocsarati 5000x10°% og. Cl. 3ayBaxuMo, WO MarHiTHi
YaCTWHKM CKOpiLLe 3a BCe € CaMe JliTOreHHOro MOXOKEHHS 3
OOMIHYBaHHSIM MarHeTuTy. Y HalumMx noganbLumMxX OOCHimKEH-
HsIX 3arnfiaHOBaHO NPOBEAEHHS MarHiToMiHeparnoriYyHoro aHa-
ni3y 3 METO 3'ACYyBaHHS KOHKPETHMUX MarHiTHUX MiHepanis, ix
pPO3MipiB Ta JOMEHHOIO CTaHy.

Mopskun, mxepena cpiHaHcyBaHHA: [oOCnigKeHHs BUKOHyBa-
nmcsa 3a npoektom 0124U004208 "Ekonoro-ekoHOMIYHa onTumisauis
NOriCTUYHOT IHPaCTPYKTypW B YMOBaX BiliH/ Ta MOBOEHHOIO BiHOB-
neHHs YKpaiHu", Wo peanidyeTbCa y pamMKax nporpamMu HaykoBMX
poG6iT, HAYKOBO-TEXHIYHMX Ta iIHPPACTPYKTYPHUX NPOEKTIB, AKi diHaH-
CYHOTbCH 32 KOLITK crewianbHoro hoHAy, OTPMMaHKX 3a paxyHok 30-
BHILUHBOrO IHCTPYMEHTY gonomorn €sponencbkoro Coto3y Ans
BMKOHaHHS 3000B'A3aHb YkpaiHu y PamkoBiin nporpami €Bponeincs-
koro Coto3y 3 HayKoBUX AOCnifKeHb Ta iHHoBaLijn "Mopu3oHT 2020".

BHecok aBTopiB: OnekcaHap MeHbLUOB — KOHLeNTyanisadis,
ines, aHani3 Ta iHTepnpeTauia gaHux, HanucaHHa cratTi; Jligis Mo-
poLLUKOBa — ifes, aHani3 Ta iHTepnpeTauis 4aHUX, HaNnUCaHHs cTaTTi;
Onekcangp Mony6 — metoponoris, Banigauis Ta aHanis gaHux;
CraHicnas [OpOoLUKOB — BUMIpIOBaHHsI Ta 06pobka faHuX.

Cnuncok BUKOPUCTaHUX axepen

[y6osa, O.B. (2008). Exonoro-arpoxiMi4yHa oujHka Ta i3anyHi BNacTmBocTi
I'PyHTIB 3annaBHeBOI 30HM ocTpoBa Xoptuus. BicHuk 3HY. bionoeis, 2, 53-59.

€HTiH, B.A., lMHTOB, O.B., Opnitok, M.I., & MapueHko, A.B. (2023). NlokanbHi
MarHiTHi aHomanii YKpaiHCbKOro Lyuta sk iHAMKaTopy nposiBy Pi3HOBIKOBMX
eTaniB ocepeakoBO-kaHaNbHOro Marmatuamy. [eogbusduydeckull XypHar,
45(2), 44-62.

MapuHuy, AM., NawenHko, B.M., & Wwnwwenko, MN.I". (1985). Mpupoda Yk-
pauHckol CCP. JlaHOwaghmsi u ghusuko—eeoepaghuyeckoe palioHuposaHue,
Hayk. gymka.

Bonchkovskyi, O., Ostapenko, P., Bonchkovskyi, A., & Shvaiko, V. (2025).
War-induced soil disturbances in north-eastern Ukraine (Kharkiv region):
Physical disturbances, soil contamination and land use change. Science of
The Total Environment, 964, 178594.

Bondar, K. M., Tsiupa, I. V., Sachko, A. V., & Nasiedkin, I. |. (2024). Pre-
war situation with soil pollution in the city of Zaporizhzhia: Metallurgical
industry center in Ukraine — Characterized by magnetic, geochemical and
microscopy methods. Acta Geophysica, 72(2), 1355-1375.

Chaparro, M. A., Chaparro, M. A., Cérdoba, F. E., Lecomte, K. L., Gargiulo, J. D.,
Barrios, A. M., ... & Béhnel, H. N. (2017). Sedimentary analysis and magnetic
properties of Lake Anonima, Vega Island. Antarctic Science, 29(5), 429-444.

Delbecque, N., Van Ranst, E., Dondeyne, S., Mouazen, A. M., Vermeir, P.,
& Verdoodt, A. (2022). Geochemical fingerprinting and magnetic susceptibility
to unravel the heterogeneous composition of urban soils. Science of the Total
Environment, 847, 157502.

Devanesan, E., Chandrasekaran, A., Sivakumar, S., Freny Joy, K. M.,
Najam, L. A., & Ravisankar, R. (2020). Magnetic susceptibility as proxy for
heavy metal pollution detection in sediment. Iranian Journal of Science and
Technology, Transactions A: Science, 44, 875-888.

Fisher R.A., & Frank Y. (1948). Statistical Tables for Biological, Agricultural
and Medical Research, 6th ed., published by Longman Group, Ltd., London.

Ghobadi, F., Khoramnejadian, S., & Alipour, S. (2024). Correlation of soil
magnetic susceptibility with heavy metals and physico-chemical profile.
Journal of Environmental Engineering and Science, 19(4), 255-261.

ISSN 1728-3817

Horoshkova, L., Studinska, G., Mamchur, V., Menaker, A., & Menshov, O.
(2024). Assessment of the impact of the Russian-Ukrainian war on the
agrarian potential in Kherson region. Ekonomika APK, 31(6), 10-26.
https://doi.org/10.32317/ekon.apk/6.2024.10

Kusza, G., Kubowicz, A., Klostowska, Z., tuczak, K., teczynski, L., &
Hulisz, P. (2023). Environmental effects of potentially toxic elements and the
magnetic susceptibility distribution in the surface bottom sediments in the
Vistula estuary (Gulf of Gdansk, Poland). Journal of Soils and Sediments,
23(9), 3499-3512.

Lascu, I., & Plank, C. (2013). A new dimension to sediment magnetism:
Charting the spatial variability of magnetic properties across lake basins.
Global and Planetary Change, 110, 340-349.

Liu, D., Ma, J., Sun, Y., & Li, Y. (2016). Spatial distribution of soil magnetic
susceptibility and correlation with heavy metal pollution in Kaifeng City, China.
Catena, 139, 53-60.

Menshov, A. I., & Sukhorada, A. V. (2012). Soil magnetism in Ukraine.
Scientific Bulletin of National Mining University, 1.

Menshov, O., Bakhmutov, V., Hlavatskyi, D., Poliachenko, I., & Bondar, K.
(2024). Magnetic Imprint in the Soils as a Consequence of War Impact in
Ukraine. In 85th EAGE Annual Conference & Exhibition (including the
Workshop Programme) (Vol. 2024, No. 1, pp. 1-5). European Association of
Geoscientists & Engineers.

Menshov, O., Kruglov, O., Vyzhva, S., Horoshkova, L., Pereira, P.,
Pastushenko, T., & Dindaroglu, T. (2021). Landscape position effects on
magnetic properties of soils in the agricultural land Pechenigy, Ukraine. Earth
Systems and Environment, 5(3), 739-750. https://doi.org/10.1007/s41748-
021-00240-7

Szczepaniak-Wnuk, |., Goérka-Kostrubiec, B., Dyttow, S., Szwarczewski, P.,
Kwapulinski, P., & Karasinski, J. (2020). Assessment of heavy metal pollution
in Vistula river (Poland) sediments by using magnetic methods.
Environmental Science and Pollution Research, 27, 24129-24144.

Wang, L., Hu, S., Ma, M., Wang, X., Wang, Q., Zhang, Z., & Shen, J.
(2018). Responses of magnetic properties to heavy metal pollution recorded
by lacustrine sediments from the Lugu Lake, Southwest China. Environmental
Science and Pollution Research, 25, 26527-26538.

Yang, W., Fu, H., Zhang, Y., & Ouyang, T. (2025). Sediment magnetic
records of human activities in Lake Chaohu Basin over the past 166 years.
Anthropocene, 100468.

References

Bonchkovskyi, O., Ostapenko, P., Bonchkovskyi, A., & Shvaiko, V. (2025).
War-induced soil disturbances in north-eastern Ukraine (Kharkiv region):
Physical disturbances, soil contamination and land use change. Science of
The Total Environment, 964, 178594.

Bondar, K. M., Tsiupa, I. V., Sachko, A. V., & Nasiedkin, I. I. (2024). Pre-
war situation with soil pollution in the city of Zaporizhzhia: Metallurgical
industry center in Ukraine — Characterized by magnetic, geochemical and
microscopy methods. Acta Geophysica, 72(2), 1355-1375.

Chaparro, M. A., Chaparro, M. A., Cérdoba, F. E., Lecomte, K. L., Gargiulo, J. D.,
Barrios, A. M., ... & Bohnel, H. N. (2017). Sedimentary analysis and magnetic
properties of Lake Anénima, Vega Island. Antarctic Science, 29(5), 429-444.

Delbecque, N., Van Ranst, E., Dondeyne, S., Mouazen, A. M., Vermeir, P.,
& Verdoodt, A. (2022). Geochemical fingerprinting and magnetic susceptibility
to unravel the heterogeneous composition of urban soils. Science of the Total
Environment, 847, 157502.

Devanesan, E., Chandrasekaran, A., Sivakumar, S., Freny Joy, K. M.,
Najam, L. A., & Ravisankar, R. (2020). Magnetic susceptibility as proxy for
heavy metal pollution detection in sediment. Iranian Journal of Science and
Technology, Transactions A: Science, 44, 875-888.

Dubova, O. V. (2008). Ecological-agrochemical assessment and physical
properties of soils in the floodplain zone of Khortytsia Island. Bulletin of ZNU.
Biology, 2, 53-59.

Fisher R.A., & Frank Y. (1948). Statistical Tables for Biological, Agricultural
and Medical Research, 6th ed. Longman Group, Ltd., London.

Ghobadi, F., Khoramnejadian, S., & Alipour, S. (2024). Correlation of soil
magnetic susceptibility with heavy metals and physico-chemical profile.
Journal of Environmental Engineering and Science, 19(4), 255-261.

Horoshkova, L., Studinska, G., Mamchur, V., Menaker, A., & Menshov, O.
(2024). Assessment of the impact of the Russian-Ukrainian war on the
agrarian potential in Kherson region. Ekonomika APK, 31(6), 10-26.
https://doi.org/10.32317/ekon.apk/6.2024.10

Kusza, G., Kubowicz, A., Klostowska, Z., tuczak, K., teczynski, L., &
Hulisz, P. (2023). Environmental effects of potentially toxic elements and the
magnetic susceptibility distribution in the surface bottom sediments in the
Vistula estuary (Gulf of Gdansk, Poland). Journal of Soils and Sediments,
23(9), 3499-3512.

Lascu, ., & Plank, C. (2013). A new dimension to sediment magnetism:
Charting the spatial variability of magnetic properties across lake basins.
Global and Planetary Change, 110, 340-349.

Liu, D., Ma, J., Sun, Y., & Li, Y. (2016). Spatial distribution of soil magnetic
susceptibility and correlation with heavy metal pollution in Kaifeng City, China.
Catena, 139, 53-60.

Marynych, A. M., Pashchenko, V. M., & Shyshchenko, P. G. (1985). Nature
of the Ukrainian SSR. Landscapes and physical-geographical zoning.
Naukova Dumka.



FEONOTIA. 1(108)/2025

~21 ~

Menshov, A. |., & Sukhorada, A. V. (2012). Soil magnetism in Ukraine.
Scientific Bulletin of National Mining University, 1.

Menshov, O., Bakhmutov, V., Hlavatskyi, D., Poliachenko, I., & Bondar, K.
(2024). Magnetic Imprint in the Soils as a Consequence of War Impact in
Ukraine. In 85th EAGE Annual Conference & Exhibition (including the
Workshop Programme) (Vol. 2024, No. 1, pp. 1-5). European Association of
Geoscientists & Engineers.

Menshov, O., Kruglov, O., Vyzhva, S., Horoshkova, L., Pereira, P.,
Pastushenko, T., & Dindaroglu, T. (2021). Landscape position effects on
magnetic properties of soils in the agricultural land Pechenigy, Ukraine. Earth
Systems and Environment, 5(3), 739-750. https://doi.org/10.1007/s41748-
021-00240-7

Szczepaniak-Wnuk, ., Gorka-Kostrubiec, B., Dytlow, S., Szwarczewski, P.,
Kwapulinski, P., & Karasinski, J. (2020). Assessment of heavy metal pollution

in Vistula river (Poland) sediments by using magnetic methods.
Environmental Science and Pollution Research, 27, 24129-24144.

Wang, L., Hu, S., Ma, M., Wang, X., Wang, Q., Zhang, Z., & Shen, J.
(2018). Responses of magnetic properties to heavy metal pollution recorded
by lacustrine sediments from the Lugu Lake, Southwest China. Environmental
Science and Pollution Research, 25, 26527-26538.

Yang, W., Fu, H., Zhang, Y., & Ouyang, T. (2025). Sediment magnetic
records of human activities in Lake Chaohu Basin over the past 166 years.
Anthropocene, 100468.

Yentin, V. A, Hintov, O. B., Orlyuk, M. I., & Marchenko, A. V. (2023). Local
magnetic anomalies of the Ukrainian Shield as indicators of different-age
stages of focal-channel magmatism. Geophysical Journal, 45(2), 44—62.

OTtpumaHo pepakuieto xypHany / Received: 14.12.24
NMpopeueHsoBaHo / Revised: 15.01.25

CxsaneHo go apyky / Accepted: 12.03.25

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

Lidiia HOROSHKOVA?, DSc (Econom.), Prof.,
ORCID ID: 0000-0002-7142-4308
e-mail: goroshkova69@gmail.com

Alexander GOLUB?, DSc (Chem.), Prof.,
ORCID ID: 0000-0003-1823-2523
e-mail: agolub@ukma.edu.ua

Stanislav HOROSHKOV', Student
ORCID ID: 0009-0009-4310-9165
e-mail: stas20055008@gmail.com

'Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
2National University of Kyiv Mohyla Academy

MAGNETIC STUDIES OF SEDIMENTS AND SOILS AS A TOOL FOR DETECTION
OF DANGEROUS GEODYNAMIC EXOGENIC PROCESSES
ON THE EXAMPLE OF THE KHORTYSYA RESERVE

Background. During the military activity, areas with different types of land use experience significant negative impacts. The natural and
anthropogenic complexes of the Khortytsia Nature Reserve are under constant threat from missile strikes, drone attacks, guided aerial bombs, and
other forms of military activity. Additional pressure is exerted by the urban environment and heavy industry of Zaporizhzhia. Moreover, the
disappearance of the Kakhovka Reservoir has led to irreversible changes in biodiversity, water regimes, and landscape conditions in the surrounding
areas, including Khortytsia Island. The aim of this study is to assess the changes in the natural and anthropogenic complexes of the Khortytsia
Reserve by analyzing magnetic properties and determining the concentrations of hazardous chemical compounds, particularly heavy metals, in the
bottom sediments of dried-up lakes formed after the destruction of the Kakhovka Dam, as well as in the soil.

Methods. Magnetic susceptibility was measured using a laboratory KLY-2 Kappabridge. Mass-specific magnetic susceptibility (x) was
determined by normalization to mass. The content of chemical elements was analyzed by X-ray fluorescence (XRF) analysis using Elvatech equipment.

Results. The study considers the bottom sediments of Lake Kamyane, Prohniy, Rysove, and Pishchane, as well as the soil of the forested
area. High magnetic susceptibility was detected. Most observation points recorded relatively high values of x=50-100x10 m?%kg, while some samples
exhibited even more extreme values (x=100-300%10® m%kg). These elevated values may be associated with either anthropogenic pollution or the
lithogenic origin of magnetic minerals transported from crystalline basement outcrops in the vicinity of Khortytsia. Additionally, increased magnetic
susceptibility was observed in the sandy soils of the mixed forest. A significant correlation with magnetic susceptibility was found only for chromium
(correlation coefficient is 0.4). At the same time, exceedances of the maximum allowable concentrations of heavy metals were recorded: lead by 2—
8 times, zinc by 2—10 times, chromium by 20-50 times, copper by 10-20 times, nickel by 5-20 times, and cobalt by 5-8 times.

Conclusions. The magnetic susceptibility of the bottom sediments of lakes and the soil of Khortytsia Island is high. It is assumed that this is due
to the accumulation of lithogenic material from the weathering of crystalline basement rocks. The concentration of a number of elements, primarily heavy
metals, exceeds the MPC by 2-50 times. However, a significant correlation coefficient was recorded only between x and Cr (0.4). Therefore, magnetic minerals
do not have a genetic connection with materials containing heavy metals. That is, most likely there is no anthropogenic impact.

Keywords: sediments, soil, heavy metals, pollution, magnetic susceptibility.
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THERMAL MATURITY OF DEVONIAN ROCKS IN TERMS
OF THEIR LITHOLOGICAL-FACIES AND AGE AFFILIATION.
NORTHERN AND SOUTHERN SIDES OF THE DNIPRO-DONETS BASIN

(MpedcmaesneHo 4neHoM pedakyiliHoi Kosneaii 0-pom 2eosl. Hayk, doy. O.B. Lllabamyporo)

Background. The production of hydrocarbons (HC) in open fields is decreasing, and the fields that were discovered in recent
years, as a rule, are small in terms of reserves and can no longer provide a resource base for its expansion. An analysis of the experience
of leading oil and gas companies shows that a significant expansion of the resource base and the discovery of significant reserves of
hydrocarbon deposits can be obtained through the use of modern exploration technologies, which actively use in their arsenal the
modeling of hydrocarbon systems in the studied territories. Carboniferous and Upper Devonian deposits remain the most promising
stratigraphic complexes for the search for new deposits of explosives within the Eastern region of Ukraine.

Methods. Mathematical statistics methods were used to create model constructions that allowed meaningful analysis of the
original geological and geochemical information. The initial data were the results of laboratory studies by the pyrolysis method (Rock-
Eval) of rock samples from search and exploration wells of the southern and northern sides of the Dnipro-Donets basin (DDB). In terms
of lithology, the core samples were argillites (shales) — the vast majority, siltstones, sandstones, and limestones.

Results. Animportant result of this study is that the feature of the spatial distribution of the main parameters of kerogen organic
matter has been established, depending on the depth of the Devonian oil and gas source rocks, their age, as well as the location of the
wells from which the core was taken, on the Northern or Southern sides of the DDB. Using the methods of mathematical statistics on the
basis of cluster analysis, the classification of rock samples with a clay composition relative to the prevailing type of organic matter was
performed based on the data of laboratory studies on the Rock-Eval apparatus.

Conclusions. Quite high concentrations of organic matter in a significant number of studied samples (mainly in shales and
limestones) were found at different depths, which are primarily corrected by the age of the Upper Devonian deposits. The regularities of
changes in Tmax — the temperature of the maximum yield of hydrocarbons during kerogen cracking, depending on the depth of the
location of rocks, which are distinct on the Southern and Northern sides of the DDB, have been established. This indicates different
paleotectonic activity of the specified structural-tectonic elements in the post-Devonian period. On the South side, clay formations with a

high kerogen content and high Tmax values are hypsometrically higher than on the Northern side of the Dnipro-Donets depression.

Keywords: Devonian, kerogen, pyrolysis, cluster analysis, hydrocarbons, Dnipro-Donets basin.

Background

The study of the kerogen distribution in the Upper
Devonian stratum of the Dnipro-Donets basin is important
for understanding the geological structure and evolution of
the sedimentary basin in the context of the reproduction of
the hydrocarbon system, as well as for assessing their oil
and gas potential. Kerogen, as the main source of
hydrocarbons, is an important object in the process of basin
analysis. The study of its quantitative and qualitative
composition, as well as the features of its spatial distribution,
makes it possible to increase the reliability of forecasts
regarding the prospects of individual zones within the
Dnipro-Donets basin. This is especially relevant for the
onshore slope parts of the Dnipro-Donets depression, which
for a long time has been one of the key areas of oil and gas
exploration, including directly in Devonian deposits.

Highlighting previously unresolved parts of the
overall problem

If we consider this article as a source of information with
certain meaningful conclusions, then the research results
below can be considered to be a certain addition to those
already existing published data regarding the study of Upper
Devonian deposits of the Dnipro-Donets basin, as a
geological environment with existing oil and gas petroleum
source rock. Due to the small number of prospecting and
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exploratory wells that revealed Devonian deposits, all
representative collections of core material from such sections
are extremely interesting in various geological aspects.

In the period 1980-2000, interest in research on Devonian
sediments in oil and gas prospects within the Dnipro-Donets
basin was disengaged. This was due to the negative results
of drilling and testing, which did not meet the initial
expectations for oil and gas deposits in the Devonian layers.
However, poor oil and gas deposits were found in several
areas, such as Yadutivska and Kinashivska. Therefore, the
ultimate futility of Devonian deposits was not proven, and
scientific research continued, albeit on a smaller scale.

Scientists Arsiriy and Kabyshev analyzed the difference
of oil and gas potential between the Devonian deposits in
the DDB and the Pripyat Trough. They concluded that the
conditions for the formation and accumulation of oil and gas
in these regions are different, and the prospects in the
northwest of the DDB are worse. However, this does not
indicate that this segment is completely hopeless.
Researchers continue to consider Famennian as promising
intersalt deposits, and Frasnian subsalt — less important.
From a structural point of view, more attention is paid to the
peripheral zones of large depressions and the slopes of the
basement protrusions, while the basement uplifts are
considered less promising (Stryzhak, & Korzhnev, 2012).
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To evaluate the prospects of Devonian deposits, it is
necessary to comprehensively assess the condition of all
components of the hydrocarbon system. As you know, even
the absence of one component or the conditionality of its
parameters is enough to give up further studies regarding
the assessment of oil and gas capacity and the presence of
significant accumulations of hydrocarbons.

Many researchers were engaged in the study of the oil
and gas source component system in the Dnipro-Donets
basin. Rocks with a high content of organic matter were
studied in detail. This mainly concerned the Carboniferous
deposits, to a much lesser extent — the Devonian deposits
of the depression (Lukin, 2006; Menning' et al., 2006;
Menning? et al., 2006; Sachsenhofer et al., 2018; Stryzhak,
& Korzhnev, 2012).

The most characterized by the core and the most studied
is the upper part of the Devonian deposits within the Dnipro-
Donets basin. However, the geochemical study of the
deposits in relation to the oil and gas generation potential is
insufficient and fragmented in the literature. For example, we
can cite the monograph (Mykhailov et al., 2014), in which the
structural and stratigraphic features of Devonian deposits are
described in particular, as well as data on estimates of the
thermal maturity of rocks (by the reflectivity of vitrinite), the
content of organic carbon from mainly clayey parts of well
sections in individual areas and deposits are given.

Therefore, additional new geochemical data on other
areas from Devonian terrigenous sections are extremely
important in terms of studying oil and gas formation with the
aim of searching for new oil and gas deposits in the region.

Geological and geochemical features of the research
objects

Special feature of the studied Upper Devonian deposits
is primarily the presence of layers with a high or increased
content of organic matter, which will potentially serve as a
source of hydrocarbon generation. This fact is sufficiently
described in the special literature, and we have every right
to use the main theses and provisions regarding Devonian
deposits, thanks to which the formation of deposits in the
Devonian and post-Devonian times took place in the past.

Regarding the stratigraphic and spatial position of
individual layers, strata and horizons of the Famennian and
Frasnian layers of the Upper Devonian, one can refer to their
concise description from the monograph (Mykhailov et al.,
2014): "..Devonian deposits, as a rule, do not go beyond the

edge faults, being located within the graben. In their
composition, subsalt, lower salt, intersalt, upper salt and
suprasalt complexes are often distinguished." The subsalt
complex of the Frasnian layer is composed mainly of
terrigenous rocks, in the upper part of the section they are
replaced by limestones, dolomites and shales. It is noted that
in the northwestern part of the depression, the Semyluk
deposits of the Frasnian layers are composed of dark gray
bituminous limestones, dolomites with interlayers of shales,
bearing marks of Domanicoid sedimentation. It should be
noted that volcanogenic conglomerates and tuff sandstones
are sometimes found everywhere. The lower salt complex is
represented by the Yevlanivsky and Livensky horizons. They
lie transgressively on the sediments of the Voronezh horizon.
Their lower part is composed of layering of rock salt,
limestones, marls, anhydrites, sandstones, siltstones and
tuffites. The upper one is completely composed of saline
deposits (Mykhailov et al., 2014). The intersalt complex of the
Famennian layer is the Zadonsky and Yeletsky horizons.
They lie unconformably on the Evlanivsky-Livensky
sediments. Composed of gray-colored rocks — shales,
siltstones, sandstones with subordinate lenses of limestones,
effusives and pyroclastic formations. Mudstones and
siltstones predominate in the central parts of the depression,
and sandstones dominate in the coastal areas (Mykhailov et
al., 2014; Mykhailov, & Karpenko, 2020). The suprasalt
complex of the Famennian stage corresponds to the upper
part of the Dankovo-Lebedyan Formation. It is composed in
the lower part of gray sandstones, siltstones and shales.

Within the northwestern part of the Dnipro-Donets basin,
only three small deposits of heavy oil have been discovered
in the Devonian sediments — Bakhmatske, Kholmske and
Tvanske. Also, recovorable oil potential has been
established on Yadutivske (Northern pre-board zone), and
recovorable gas potential — on Petrovska Square (Southern
pre-board zone) (Mykhailov et al., 2014).

Rock samples from the deposits of the Famennian and
Frasnian levels were taken from wells, which can be divided
into two groups according to their geographical location:
belonging to the Northern and Southern subzones. Tab. 1-
3 characterize the general distribution of samples by
lithology, stratigraphic affiliation and location of wells.
Statistical characteristics refer to the total organic carbon
content (TOC) in rocks.

Table 1
Statistics characteristics of the total organic carbon content (TOC, %) in the rocks of the main lithotypes
Lithology Valid N Mean Minimum Maximum Std.Dev.
Shale 90 2,65 0,81 17,18 2,51
Limestone 16 1,46 0,31 3,39 0,90
Siltstone 2 1,58 1,58 1,58 0
Shale+limestone 2 2,77 2,77 2,77 0
Metasomatitis 2 1,05 1,05 1,05 0
Sandstone+shale 8 1,77 1,17 29 0,7
Sandstone 4 8,18 1,92 14,44 7,2
Table 2
Statistics characteristics of the total organic carbon content (TOC, %) in the rocks of the Devonian stratigraphic subdivisions
Stratigraphy Valid N Mean Minimum Maximum Std.Dev.
Dsfm, 10 5,97 1,02 17,18 6,58
Dsf, 28 2,81 0,67 14,44 3,41
Djfm; 70 2,20 1,02 3,96 0,73
Dsfm; 6 2,70 2,47 2,87 0,19
Dafs 2 1,05 1,05 1,05 0,00
Dsf 8 1,12 0,31 1,69 0,63
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Table 3

Statistics characteristics of the total organic carbon content (TOC, %)
in Devonian rocks depending on the location of the investigated layers of rocks

Placement Geography Valid N Mean Minimum Maximum Std.Dev.
Over salt Northwestern board zone 6 9,24 2,1 17,18 6,77
Under salt Northwestern board zone 18 1,60 0,31 3,39 0,89
Between salt Northwestern board zone 70 2,20 1,02 3,96 0,73
Over salt Southern board zone 10 2,05 1,02 2,87 0,86
Under salt Southern board zone 18 3,27 0,67 14,44 4,17

Fig. 1 shows an example of a typical shale from a
collection of rock samples from the Famennian layer of the
studied deposits. It should be noted that all clay rocks
contain transformed organic material of varying degrees of
preservation. Lithology of the sample: siltstone's shale. The
structure is silt-pelitic, the texture is disordered. The rock is
composed of hydromica, muscovite, biotite, admixture of the
silt fraction is 10 %, paleontological fossils occupy 10 %,
replaced by calcite, sometimes by silica. The fossils are
represented by algal detritus and undiagnosed remains. The
rock is sprinkled with pyrite, an interlayer enriched with pyrite
secretions is observed.

Fig. 1. Photomlcrograph of S|Itstone s shale from a depth
of 5319-5324 m. The Famennian layer, the northern board
zone of the Dnipro-Donets basin

Methods

Express methods for assessing the maturity of organic
matter in sedimentary rocks often use physical and chemical
indicators, which allows you to quickly and efficiently determine
the stage of maturity of rocks and organic matter (OM). The
main methods include (Hunt, 1979; Mack, & Engel, 1993;
Peters, Walters, & Moldowan, 2005; Lupoi et al., 2017):

Rock-Eval pyrolysis (Rock-Eval): this is one of the most
common methods that allows you to assess the thermal
maturity of OM by pyrolysis. Indicators S1, Szand Tmax are
determined, which indicate the amount of hydrocarbons that
have already formed or may be formed when the rock is
heated. The parameter Tmax (temperature of maximum
release of hydrocarbons) serves as the main indicator of
thermal maturity.

Vitrinite reflectance (imprint analysis): this is a method of
measuring the level of vitrinite reflectance in a rock, which is
also an indicator of maturity. A vitrinite reflectance under a
microscope gives an idea of the maximum temperature the rock
has experienced, which correlates with the maturity of the OM.

Fluorescence of organic components: a method that
uses fluorescence to determine changes in the structure of
organic matter. Over time, OM loses its ability to fluoresce,
which can be an indicator of maturity.

IR spectroscopy: infrared spectroscopy helps to detect
changes in the functional groups of OM that depend on the
degree of maturity. In particular, absorption analysis in areas
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characteristic of methylene groups, aromatic structures, etc.
When it is carried out, the sample is irradiated with infrared
light, and certain functional groups in the molecules absorb
light at their characteristic wavelengths. This makes it
possible to analyze which groups are present in the sample
and how their concentrations change with the growth of OM
maturity.

The main aspects of the method:

Absorption at different wavelengths: Changes in
methylene (—CH2-) and methyl (-CHs) groups, as well as
aromatic and oxygen-containing groups (carbonyl, carboxyl)
are important for the maturity of organic matter.

Intensity of methylene and methyl band groups: an
increase in intensity in the 2850-2950 cm™ window,
characteristic of aliphatic hydrocarbons, often indicates
increased maturity.

Changes in aromatic groups: in the range of 1600 cm™
the intensity of the band may indicate an increase in the
content of aromatic structures, which is characteristic of
more mature OM.

Ratio of band intensities: the ratio of the intensities of
aromatic and aliphatic bands (for example, the ratio of
intensities in the 1600 cm™ and 2850 cm™ windows) allows
one to estimate how thermally the material has been exposed.

Gas chromatography and gas chromatographic mass
spectrometric analysis: these methods allow analyzing the
chemical composition of organic components, revealing
hydrocarbon fractions and the ratio of biomarkers, which are
indicators of OM maturity.

Gas chromatographic mass spectrometric analysis is
widely used to analyze hydrocarbon fractions, especially
biomarkers, which are organic molecules with a clear
correlation with  OM maturity. It combines gas
chromatography (GChr) to separate the components of a
mixture and mass spectrometry (MS) to identify and
determine the structure of individual molecules.

The main aspects of the method:

Biomarker analysis: biomarkers are complex organic
molecules that can store information about the chemical
environment and maturation stage of the OM.

Steroids and triterpenoids: with increasing temperature and
pressure, steroid and triterpenoid molecules are converted into
more stable forms. The ratio of steranes to triterpenes (eg,
sterane/hopane) can indicate the stage of maturity.

Isomers of hopanes and steranes: the ratio of different
structural isomers, such as af- to Bp-hopanes, shows the
degree to which organic molecules are transformed under
the influence of temperature.

Distribution of n-alkanes: long-chain n-alkanes gradually
disappear, and short-chain ones become dominant in the
late stages of maturity. This makes it possible to estimate
maturity by the distribution of hydrocarbons.

Gas chromatographic mass spectrometric analysis
makes it possible to determine the stages of OM
catagenesis, especially when other methods, such as Rock-
Eval pyrolysis, are no longer accurate.
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Each of the above methods has its advantages and
limitations, and is often used in combination with others to
obtain a more accurate picture of the maturity of organic
matter in sedimentary rocks.

Nevertheless, pyrolysis on the device Rock-Eval is one
of the most effective methods for estimating the amount and
maturity of organic matter in sedimentary rocks used in
geochemistry to determine hydrocarbon generation
potential. This method is fast, does not require complex
sample preparation, and provides valuable information on
the carbon composition and thermal history of the OM.

During the analysis, the sample is gradually heated to
different temperatures in two main stages:

Pyrolysis: the first stage of heating without access to air,
during which organic matter is decomposed into volatile
compounds, which can be hydrocarbons, CO2and other gases.

Oxidation: after pyrolysis, the sample residue is oxidized
to measure the amount of residual organic carbon.

Detect the thermal maturity: Tmax parameter is a fairly
reliable indicator of thermal maturity, which allows you to
assess whether the rock has reached the necessary
temperature to generate oil or gas.

Assessment of the generation potential: indicators St
and S: allow assessing whether the rock is promising for
hydrocarbon generation, and also indicating the stage of
catagenesis.

Division of types of OM: in addition to the indices HI and
Ol, one can determine the type of OM, for example, humus,
sapropelitic or mixed origin, which is important for predicting
the characteristics of possible hydrocarbons.

Evaluation of thermal history: the method allows getting
an idea of the thermal history of rocks and the stage of
catagenesis, which is important for the exploration of
deposits.

Limitations of the Rock-Eval method. Limitations for
highly mature rocks: for highly mature rocks, the method
becomes less effective because the OM has undergone
maximum changes and further heating does not release
sufficient hydrocarbons for accurate measurements.

Difficulty in interpretation: results can be difficult to
interpret in complex systems with multiple OM types or
mixed thermal histories.

Due to its advantages, Rock-Eval remains the main tool
in the study of thermal maturity and hydrocarbon generation
potential of sedimentary rocks, allowing reliable rapid
analysis of OM in the early stages of exploration.

This article is based on the results of laboratory studies
of rocks from the Devonian deposits of the Northern and
Southern sides of the Dnipro-Donets basin.

Results

A significant number of the figures below allow
visualizing the peculiarities of the distribution of organic
matter (more precisely, its indicator — TOC), parameters of
OM depending on the stratigraphic affiliation and
geographical location of the wells from which the rock
material was taken for analysis. Only shale samples were
selected for the study, which, among other lithological types
of rocks, can be potential oil and gas source rocks for this
type of section of the Dnipro-Donets basin.

The content of organic carbon TOC in Devonian rocks
almost everywhere, regardless of age, is mostly more than
1 %, on average 2,65 % (Tab. 2, Fig. 2). That is, Devonian
shales can potentially serve under certain thermal conditions
as part of the hydrocarbon system — the parent rock.
Anomalous values of two samples Dsfms age (TOC > 8 %)
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correspond to black shale rocks, which are potentially (again
under certain other conditions) oil- or gas shale layers, in the
future — separately hydrocarbon deposits.
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Fig. 2. Dependence of the TOC parameter for shales
on the depth of sediments relative
to Frasnian and Famennian stages

Distribution of TOC practically does not change for
shales, remaining within 1-4 %.

Fig. 3 indicates the regularity of the distribution of depths
of Devonian shale strata for the Southern and Northern
sides of the DDB. On the Northern side, the Devonian
sediments dip significantly in the well sections — in the range
of 2550-5500 m, on average — 3900 m. In the South side, in
the well sections, the Devonian is much higher: shales are
found at depths of 1700—4200 m, on average — 2800 m.
However, the distribution of the values of the indicator
(S1+S2)/TOC almost does not change: from very low values
to 80-90. 8 samples of shales of the North side have
abnormally high values of generation potential — 200 or more
(S71+S2)/TOC. The Rock-Eval studies carried out in the
laboratory of the State Enterprise "Ukrnaukageotsentr"
(Poltava) and their meaningful interpretation indicate the
absence of mature hydrocarbons in a significant number of
mudstone samples. At the same time, a group of clay rocks
in the amount of 8 samples shows that the Devonian
deposits are currently thermally mature, which indicates
their generative potential to contribute to the formation of
hydrocarbon deposits.

The considered distributions of individual parameters of
shales depending on the depth of the sediments indicate fairly
uniform characteristics of the rocks inherent in the Southern
and Northern sides of the Dnipro-Donets basin. However, not
everything is so clear-cut regarding the trends of changes in
the thermal maturity of organic matter in these zones. In
Fig. 4, significantly different gradients of changes in the value
of Tmax are observed from the depth of deposits.

Constructed orthogonal regression lines clearly indicate
different gradients of Tmax change: a significantly larger
angle of inclination for the Northern part of the DDB and a
smaller one in the Southern part (zone).
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Fig. 3. Dependence of the Tmax parameter for shales on the depth of sediments relative
to the Northern and Southern sides of the Dnipro-Donets depression

There may be several reasons for such differences:

Structure and mineral composition of rocks. Although the
studied rocks are of the same age and lithological affiliation,
their mineral composition may be different. Accordingly, the
influence of chemically active components of the solid part
(matrix) of rocks can also be different. However, this is a
rather weak argument regarding the significant differences
in Tmax values found, especially at depths less than
3500 m.

Temperature gradients. Paleotemperature gradients
could vary significantly in different parts of the depression.
The Southern part may have experienced more intense
geothermal flow, leading to faster thermal maturity of the
kerogen.

Tectonic processes in the past. Tectonic activity could
affect the distribution of pressures and temperatures, which
changed the conditions for maturity (Karpenko, & Tynik,
2018). For example, more significant tectonic events could
have occurred in the Southern part, which created
conditions for increased maturity. Here it should be noted
that, most likely, tectonic processes affected the significant
uplift of the territory in the post-Devonian period within the
Southern Coastal Zone, which caused the removal of
mudstones with sufficiently mature organic matter — kerogen
to shallower depths already after their thermal heating in the
Devonian period.

Also, an important factor could be the time during which
the organic matter was under the influence of heat and
pressure, which affected its maturity.

Composition and type of kerogen. Different types
(composition) of the original organic material could react
differently to the same paleoconditions of kerogen
maturation.

Hydrogeological conditions. Mineralization and the
composition of chemical compounds in formation water
could affect the processes of thermal maturity.

The listed factors deserve a detailed study regarding their
influence on the degree of thermal maturation of kerogen.
However, it is already possible to make some assumptions
based on the results of the analysis of published studies. In
the paper (lvanova, & Gavryltsev, 2021), the data of
paleogeothermal reconstructions performed at the Institute of
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Geological Sciences of the National Academy of Sciences are
given. The authors of this work determined paleogeothermal
gradients, paleodepths of maximum paleotemperatures, and
amplitudes of vertical movements of rock massifs over a
significant part of the Dnipro-Donets depression. The analysis
of cartographic constructions in the work (lvanova, &
Gavryltsev, 2021) allows us to draw conclusions about the
main factors that led to significant differences between the
thermal maturity of rocks at the same depths of occurrence in
the Southern and Northern sides of the DDB. The value of the
geothermal gradient in the late Paleozoic time was 3,3—
3,5 ‘'C/100m within the Northern zone of wells and 2,9—
3,3 "C/100m within the Southern zone of wells. That is, more
significant temperatures may have been in the Northern zone.
However, there is a significant difference in the amplitudes of
vertical movements, which are determined on the map of
vertical movements of tectonic and salt dome structures in the
Permian period in the article (lvanova, & Gavryltsev, 2021). In
the Northern zone, amplitudes of vertical movements
corresponding to a layer of eroded rocks of less than 0,5 km
have been established. At the same time, in the Southern
zone within the studied wells, the thickness of eroded rocks is
1-1,5 km according to the map.

Actually, these vertical movements in the post-
Devonian (mainly Permian) time caused the erosion of
sedimentary deposits, which is significantly different in the
Northern and Southern side zones. Therefore, a different
degree of maturity of rocks and organic matter is observed
at the same depths in different side zones. At a depth of
approximately 3000 m (Fig. 3) in the Northern zone,
organic matter has not yet reached the maturity of active
generation of hydrocarbons. And at this depth in the
Southern zone, the kerogen in mudstones has already
reached maturity, which corresponds to the "oil window" of
generation (Tmax more than 430 ‘C). At modern sediment
depths of 4,000-5,000 m in mudstones of Late Devonian
age, the kerogen is sufficiently mature and in terms of
Tmax is in the "oil window" zone, regardless of the
geographical location of the wells for both zones. At the
same time, at such depths, the trend of higher values of
thermal maturity of organic matter in the sections of wells
of the South zone still persists. At the same values of
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Tmax, the depth difference in the "oil window" zone
between the two zones is approximately 0,5 km. This
corresponds to the difference in the values of the
amplitudes of vertical movements in the Northern and
Southern zones of the Dnipro-Donets basin in the areas
where the wells are located.

The unclear question remains regarding the type of
organic matter (kerogen) and its ability to generate a
significant amount of hydrocarbons under all favorable
conditions (temperature, time, pressure, hydrogeological
regime, etc.). There are standard approaches that allow for
the characteristics of studies obtained on Rock-Eval using
Van Krevelen diagrams to obtain the most likely type of
organic matter and its thermal maturity (Hunt, 1979). We

made an attempt to estimate the type of organic matter in
the Upper Devonian mudstones using the cluster analysis
method, which refers to "classification without learning"
technologies. The main parameters obtained during
pyrolysis of shale samples using the Rock-Eval method
were used as initial data (Tab. 4).

The optimal 4 groups (clusters) of shale rocks, which
differ significantly in the complex of geochemical
parameters, were chosen (Tab. 4). The highest values of the
hydrogen index are HI and, at the same time, the lowest are
the values of the oxygen index O/ — in shales of the first
group. This clearly indicates the genetic origin of organic
matter, which according to the Van Krevelen diagram
corresponds to kerogen types |-l (Fig. 4).

Table 4

Statistics characteristics (mean) of the geochemical parameters of the Upper Devonian mudstones organic matter

for each cluster (according to the results of the cluster analysis)

Parameters Cluster no. 1 Cluster no. 2 Cluster no. 3 Cluster no. 4
Tmax, °C 431,0 432,5 436,8 429,0
HI 208,6 60,9 21,9 52,4
Ol 9,68 11,3 14,4 91,6
TPI 0,179 0,135 0,229 0,146
Ss/TOC 9,57 11,37 14,51 91,8
(S1+S,)/TOC 262,5 70,2 28,0 60,9
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Fig. 4. Classification of kerogen types of shale core samples using oxygen and hydrogen indices from the studied wells taking
into account cluster analysis grouping. Modified Van Krevelen diagram (Ratnayake, Kularathne, & Sampei, 2018)

It should be noted that the average values of the Tmax
parameter in the clusters do not differ significantly, which
indicates the classification of shales according to the data of
the cluster analysis according to other parameters, which
are largely related to the type of organic matter and the
phase of hydrocarbon generation. The parameter
(S1+S2)/TOC indicates the genetic potential or the total
amount of HC that could be generated by the rock (without
taking into account the migration of hydrocarbons from the
rock that has already occurred). The combination of S1+S:2
is advisable here, because differentiation by the type of
hydrocarbons (liquid or gaseous) capable of generating
kerogen will lead to an increase in the number of predefined
classes in cluster analysis, which is inappropriate with a
relatively small sample size. A significant number of shale
rocks in statistical sample have a degree of thermal maturity
within the "oil window" (Fig. 3) and only 3 samples in value
of Tmax are in the wet-gas zone. The organic matter of
samples belonging to clusters 3 and 4 has the lowest
generation potential. This is confirmed by low values of the
(S1+S2)/TOC parameter and high values of the S3 /TOC
parameter. In the Rock-Eval method, the S3 parameter
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analysis helps estimate the amount of oxygen-containing
organic components in the core sample. During the analysis,
S3 displays the amount of carbon dioxide (COz) released
when the organic substance is heated in an inert gas
atmosphere. High values of Ss3 can indicate such
characteristics of the organic matter as the type of organic
matter, the high degree of oxidation of the organic matter,
as well as the low potential ability to generate hydrocarbons.
Type of organic matter: high values of Sz are usually
associated with humic or carbonaceous organic matter
(types Il and IV kerogen), rich in oxygen, which is
characteristic of terrestrial vegetation, peat deposits, coal,
and highly oxidized samples. A high content of oxygen-
containing groups in organic matter can be a sign of
oxidation or decomposition of organic matter, which is also
observed in samples with kerogen types Il or IV. Samples
with high S3/TOC generally have less oil and gas generation
capacity because the oxygen-containing groups contribute
to the formation of CO2during thermal decomposition, rather
than liquid or gaseous hydrocarbons. The organic matter in
the samples of cluster 2 most likely belongs to types II-lIl,
but its potential for generating hydrocarbons is not high. The
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general conclusion about the kerogen of samples in cluster 2
based on the complex of geochemical features (see Tab. 4)
is as follows. Kerogen has a low residual generation
potential, may be represented by type lll kerogen, with
limited potential for oil generation, or type Il in the phase of
reduced generation capacity. It is at the late stage of the oil
window, or has already partially exhausted its potential for
the generation of liquid hydrocarbons. This kerogen is
already mature and has low residual hydrocarbon content,
which limits its prospects as a source of liquid hydrocarbons.

Based on the results of the analysis, it can be stated that
only a small number of samples (which belong to cluster
1) have a high potential for the generation of liquid and gaseous
hydrocarbons. All others, although their generation cannot be
denied, have limited opportunities to generate oil (mostly) or
gas in significant volumes even at thermal maturity.

Discussion and conclusions

Analysis of pyrolysis results of 114 core samples
(shales, sandy shales, calcareous shales) from the Upper
Devonian deposits (Famenan and Frasnian layers) of the
Northern and Southern side zones of the Dnipro-Donets
Basin was performed. Laboratory studies were performed
on pyrolytic equipment Rock-Eval. The geochemical
characteristics of the rocks made it possible to draw several
important conclusions.

1. Most of the core samples have already reached the
thermal stage of the "oil window", but some are still in the state
of "immaturity”, especially at depths below 3000-2500 m.

2. Adifferent degree of organic matter maturity of shales
at the same depths in different side zones was established.
At a depth of approximately 3000 m in the Northern zone,
the organic matter has not yet reached the maturity of active
generation of hydrocarbons (Fig. 3). And at this depth in the
Southern zone, the kerogen in mudstones has already
reached maturity, which corresponds to the "oil window" of
generation (Tmax more than 430 ‘C).

3. The difference in the depth of sediments, where the
boundary of kerogen maturity passes in the Southern and
Northern zones of the Dnipro-Donets depression, is
explained by different tectonic activity mainly in Permian
time. In the Northern zone, the amplitudes of vertical
movements corresponding to a thickness of eroded rocks of
less than 0,5 km were calculated. At the same time, in the
Southern zone within the studied wells, the thickness of
eroded rocks is 1-1,5km according to the map data
(lvanova, Gavryltsev , 2021).

4. At sediment depths of 4,000-5,000 m in mudstones
of the Famennian and Fransian levels, the kerogen is
sufficiently mature and in terms of Tmax is in the "oil window"
zone, regardless of the geographical location of the wells for
both zones (Fig. 3).

5. The results of the cluster analysis of geochemical
parameters allowed to distinguish 4 classes of shales. Only
a small number of samples 12,2 % (Class 1) host kerogen
with high hydrocarbon generation capacity at this time, are
thermally mature and have high hydrogen index at very low
oxygen. They correspond to the 1st type of organic matter.
Such a percentage is explained by the variety of facies
conditions of the formation of the Upper Devonian deposits,
respectively, by the different types of organic matter
preserved in them.

The final conclusion regarding the potential of
hydrocarbon generation, even with a limited volume of shale
core sampling, can be made with a more detailed analysis of
all sample parameters at Rock-Eval, lithological and
petrographic studies. It is also possible to significantly expand
the research on the generation potential of Devonian argillites
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using the results of well logging using the Q. Passey method
for determining the content of organic carbon.

Authors’ contribution: Ivan Karpenko — conceptualization,
methodology, formal analysis, writing (original draft); Anastasiia
Chupryna — data validation, writing (review and editing); Oleksii
Karpenko — formal analysis, writing (review and editing).
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TEPMIYHA 3PINICTb NMOPIQ AEBOHY B ACMEKTI 4 HITOHOFO-CDALI,IAHbHO_:I' | BIKOBOI HATNIEXXHOCTI.
NIBHIYHUU | NIBOEHHUWX BOPTU AHINMPOBCbKO-AOHELIbKOI 3ANAAVUHU

B cTyn. Budo6ymok eyaneeodHis (BB) y sidkpumux podosuujax ckopo4yemsncsi, a podosuwa, 8i0kpumi ocmaHHiMu pokamu, 3a3eu4all He-
eesluki 3a 3anacamu i exxe He MoXXxymb 3abe3neqdumu pecypcHy 6a3y Ons lio2o HapouyyeaHHs1. AHaii3 doceidy npoeidHux Haghmoza3oeux KoMnaHil
rnokasye, wjo cymmeee HapoujyeaHHs1 pecypcHoi 6a3u ma eidkpummsi 3Ha4YHuUX 3a 3anacamu podosuw, BB moxnueo ompumMamu 3a paxyHOK 8UKO-
pucmaHHsi cy4acHUX mexHoJI02ili mowykie, siki aKmueHoO eUKOpUCMOo8yOMb y CBOEMY apceHasli Modeslro8aHHsl 8y2/1e800He8UX CUCMEM Ha mepu-
mopisix, ujo eusyaroms. HalinepcnekmusHiwumu cmpamuzpagiyHUMu Komniaekcamu 0nsi mnowyky Hosux podosuw;, BB 8 mexax CxiOHo20 pe2ioHy
YkpaiHu 3anuwarombcsi KaM'stHo8Y2inbHi ma eepxHb0OAe8OHChKi 8iOKnadu.

Me Toaun. Bukopucmosysanucbe Memoou MamemMamu4Hoi cmamucmuku O71s1 cmeopeHHs1 ModenibHUX Nobydos, siki danu 3mMo2y nposecmu
3MicmoeHul aHani3 euxiOHoi 2eon1o2iyHoT i 2eoximiyHOT iHghopmauii. BuxiGHumu daHumu 6ynu pesynbmamu nabopamopHux 0oclioeHb Memodom
niponisy (Rock-Eval) 3pa3kie 2ipcbkux nopid 3 nowykoeux i po3eidyeanbHux ceepdsnio8uH niedeHHo2o i nieHiYHo20 6opmie [Hinpoeckko-LJoHeybKoi
3anaduHu (4A43). Y nimonoziYHoMy nnaHi 3pa3ku KepHy siesisiniu coboro apzinimu (nepesaxHa 6inbwicms), aneeponimu, nickoeuku, eanHsiKu.

Pe3ynbTaTtu. Bakxnueum pesynsmamom OocnidxXeHHs € me, W0 ecmaHoesieHo ocobugicmb MPocmopoeo2o po3nodiny oCHOBHUX napa-
mMempie Kepo2eHy opaaHi4HOl pe4o8UHU 3a/eXHO 8i0 2nubUHU 3ansi2aHHS MepcrneKmMueHuUX Haghmoaa3omamepuHCbKUX rnopio 0e8oHy, ix 8iKy, a ma-
KOX — 8i0 po3mauwyeaHHs1 ceepOsiogUH, 3 siIkux eidbupaecsi kepH, — Ha [lieHi4HoMy 4u [liedeHHoMy 6opmax 43. Memodamu mamemamu4Hoi
cmamucmuKku Ha OCHO8i K/lacmepHO20 aHalli3y 8UKOHaHO Knacudpikayito 3pa3skie nopid 2nuHucmozo0 cknady 8iOHOCHO nepesaaslbHo20 mury
op2aHi4HOT pe4o8UHU Ha ocHoei AaHux 1abopamopHux docnidxeHb Ha anapamypi Rock-Eval.

BucHoBEku. [Josoni sucoki KOHueHmMpauii opaaHi4HOI pe408UHU y 3HaYHill Kinbkocmi docnidxeHux 3pa3kie (nepesaxKHo 8 apzinimax i ean-
HsIKax) eusiesIeHo Ha pi3HuUX 2nubuHax, siki nepedyciMm Kope2yrombcsi 8iKo8or0 HanexHicmio eidknadie eepxHb020 deeoHy. BcmaHoeneHo 3aKkoHoMi-
PHOCMI 3MiHU Tmax — meMnepamypu MakcumMasibHO20 8Ux00y eyas1e800Hi8 NMpu KpeKiHay Kepoz2eHy 3aexHo 8i0 anubuHu po3mauwyeaHHs 2ipCbKux
nopid, siki € eiOMiHHUMU Ha lliedeHHoMYy i lMieHiyHOMY 60pmax [/[]3. Lje ceidyumb nNpo pi3Hy NasieomeKmMoHi4YHy akmueHicmb 8Ka3aHUX CMPYKMYPHO-
meKmOoHi4HUX enleMeHmie y nicnsidesoHcbkuli Yyac. Ha liedeHHoMy 60pmy nepesaxHo 2/IUHUCMIi YMEOPEHHS 3 8UCOKUM 8MiCIMOM Kepo2eHY i auco-
KuMu 3Ha4YeHHIMU Tmax 30cepedxeHi 2incomempuyHo euwie, Hix Ha lNieHiYHoMy 6opmi [JHinpoecbko-[JoHeybKoi 3anaduHu.

Knio4yoBi cnoBa: 0eeoH, kepozeH, niponis, knacmepHul aHanis, eyaneeodHi, [JHinpoecbko-[JoHeybka 3anaduHa.
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2KuiBcbKuii HaUioHaNbHUIM yHiBepcuTeT iMeHi Tapaca LLesyeHka, KuiB, YkpaiHa
3lHcTUTYT reodbismku Monbebkoi akagemii Hayk, Bapwaga, Monbwa

OLIHKA PIBHIB 3ABEPYOHEHHSA 'PYHTIB NIBAHA YKPAIHM,
MOWKOAXKEHUX BOEHHUMM AIAMU

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

B cTyn. Pocilickka acpecisi ma 6oliosi dii @ YkpaiHi cipu4uHsitoms 3Ha4yHi MOWKOOXeHHs1 ma 3abpyOHeHHs1 rpyHmie. bnusbko
139 muc. ke. kM yKpalHCbKUX mepumopili 3a3Haslu 80EHHO20 3a6pyOHEeHHs, W0 npu3eodums G0 WOPIYHUX EKOHOMIYHUX empam y
11,2 mnpd donapie Yepe3 3amiHosaHi nons. [eepadauiliHi npoyecu ensiuearoms Ha MoHad 15 MnH 2a 3eMesib, 30KpeMa Ha noHal 5 MIH 2a
YopHOo3eMmis, siKi 3a3Hanu pisHUx eudie minimapHoi dezpadauii: ¢hizuyHOI, MexaHi4HOI, XiMiYHOI, ¢hizuko-ximiyHOT ma 6ioso02i4HOJ.

MeToaw. [ns HanexHo20 sukopucmaHHsi ma GompumaHHsi HopMamueie 2paHu4YHo donycmumux KoHuenmpauit (F4K) He6es-
ne4yHUX peyosuH nid 4Yac aHasizy ma ouiHKu sskocmi rpyHmis, subopy memodie ix eu3HayeHHs U KOHMPOJI0, 8 MaKOX 8CMaHOBIIEHHS
3aeanibHuUXx eumoe i npoyedyp 0s1si nposedeHHs 8i0MNoesiOHUX Pobim eukopucmosyombCsi HOPMamueHo-NMpaesoesi akmu ma cmaHAapmu.

Pe3ynbTaTu. [1i0 yac docnidxeHHs1 npoaHasizoeaHo rpyHmosi pecypcu cin bnazodamxe, Kucenieka, Bacunbku ma Makcumi-
8Ka, po3mauwoeaHux y MukonaiecbkoMy palioHi Ha cxid eid Mukonaeea. OuiHka koegbiyieHma koHuyeHmpauii (Kc) euseuna Had3eu4aliHo
8UCOKi nokasHuUKu 0ns miodi (eid 8,2 do 81,19) i kadmito, w0 eumazae 3anpoeadKeHHs1 KOMIJIEKCHO20 MOHIMOpPUH2y ma 8 00CKOHaJIeHUX
mexHoJ102ili o4uweHHs1 Ans1 cmabinizauii ekocucmemu. ughbepeHuyiauyiss 3a6pyOHeHHs1 3a51e)HO eid muny GoMiIlIOK Noka3asa, Wo 3pasku
rpyHmy, Hacu4yeHi Haghmoro, Maromb Halieuuyuli eKosio2iYHull pusuk Onsi kaomiro (Er=415) i ceunuro (Er=130). Y 3pa3kax 6e3 cnidie sye-
neeodHie Halibinbw 3a2po3nueumu € Midb (Er=220) i kadmil (Er=665). 3pasku 3i cpibnsscmumu Mmemaneeumu ¢ghpazmeHmamu OeMOH-
CMpyroMb KPUMUYHO 8UCOKUU pu3uk Ons kadmiro (Er=1228) i midi (Er=404), a cymapHuli pusuk (Rl) docsicae 1805, wjo ceidyums npo
kamacmpodbiyHuli pieeHb 3a6pyOGHEHHSI.

BucHoBKMU. PigeHb 3abpyOHeHHsI 8aXKKUMU MemaslaMu UCOKUU, onke eukopucmaHHsi docnidxyeaHux mepumopiii 6e3 me-
XHi4HOI ma 6ionozi4Hoi pekynbmueauyii cmaHosums Hebe3neky. Y 6azambox 30Hax peKoMeHOyembCsi 8UOasleHHs] 8ePXHbLO20 wWapy
rpyHmy yepe3 io20 MOKCUYHicmb.

KniouoBi cnoBa: rpyHm, eaxki Memanu, eiliHa 8 YkpaiHi, 3a6pyOHeHHs1.

Bcrtyn

Pocircbka arpecis B YkpaiHi Ta BiNCbKOBI Ail Npu3BoasiTb
[0 CEepro3HOro MOLUKOMPKEHHS 1 3abpyaHEHHS I'pyHTIB. 3a cro-
BamMu npem'ep-miHictpa . Lmurang, 6nmsbko 139 TUC. KB. KM
YKPaiHCLKOT TEPUTOPIi 3a3HaNM BOEHHOIO 3abpyaHEHHS, Lo 3a-
BAAE LLOPIYHUX EKOHOMIYHMX BTpAT y po3Mipi 11,2 mnpg gona-
piB yepe3 3amiHoBaHi nons (https:/suspilne.media/893279-v-
ukraini-zaminovano-majze-139-tisa). binbLe Hix 15 MrH ra
3emenb nepebysatoTb Mig BNNMBOM NpoueciB Aerpagauii
rpyHTiB. OCOGNMMBO MoOCTpaXJanu YOpHO3eMU — MoHapg,
5 MnH ra, ski 3a3Hanu pisHuX TUNiB MiNiTapHoi gerpagauii:
i3nYHOT, MexaHiyHoI, XiMi4HOT, (i3nko-ximiyHOT Ta Biono-
riyHoi (Bantok, 2024).

HaykoBi pocnimjkeHHs1 ikCyloTb 3aHENOKOEHHS LWoAo
Hacnigkis ans rpyHTiB. 36UTKM Big ekonoriyHoro 3abpya-
HEHHS, CMPUYMHEHOrO BIIHOI, OLIHIOTLCS B AECATKM Mifb-
Aapais eBpo. Biina Takox noctaewna nig 3arposy 30 %
NPMPOOOOXOPOHHUX TEPUTOPIN, WO 3arpoxye GiopisHoma-
HITTHO, 3HWXYE 30aTHICTb 40 NOrMMHAHHA NAPHUKOBUX rasis i
npuckoptoe onyctentoBaHHs (Monuin, & AHonpieHko, 2023;
KyabmeHko et al., 2024; Horoshkova et al., 2024).

BorioBi Aii CNpUYMHAKTL MexaHiuHy pynHauilo r'pyHTIB
Yyepe3 6ombapayBaHHS, TpaHLei Ta TyHeni, Wo noriplye
CTPYKTYpY rpyHTOBOro nokpwmsy (PyaeHko et al., 2024). Ekc-
nepTu HaronowyTb Ha HeobXiAHOCTI AeTanbHoro obcre-
XKEHHS  MOLUKOMKEHUX TEepUTOpI i3  BUKOPUCTaAHHAM
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reciHopmauiiHMx cucTeMm Ans OUiHKW Ta MOHITOPUHIY
ctaHy 3emenb (Pham Tung Gia et al., 2018, Tonkha et al.,
2018, Aukacos et al., 2024).

BoeHHi gji 3Ha4HO nigBuWmnu piBHi 3abpyaHEHHS Bax-
KMMU MeTanamu i HadToto. Y XapkiBcbkin obnacTi 3abpya-
HeHHs kagmiem 3pocrno Ha 200 %, a B XepCOHCbKin i
3anopisbkin — BUNAgkM po3nuBy HadTW 36inbWKMIMCs Ha
139 i 156 % BignoBigHO. Ak 3a3Ha4eHo B gocnimxkeHHsx Co-
noxa Ta iH. (2024), ynamMkn 3HWLLEHOI BIICLKOBOI TEXHIKM,
©oenpvnacis i 3anuLwKiB NanbHOro Npu3BoaaTh A0 baratoda-
KTOPHOI LUKOAW I'PYHTOBI CUCTEMI, CMIPUYMHSIIOUM JTOKArNbHe
Ta rmobanbHe 3a0pyaHEHHs1 Ta BTpaTu rpyHTOBKX PECypCiB.
Y BCiX AOCNiSpKeHNX BUNagkax cnocrepiranacb MexaHidHa, xi-
MiyHa Ta disnyHa gerpagadisa rpyHTy. Lle nposiBunock y 3mi-
Hax rpaHyrnomMeTpuYHUX opakLini Ha MicLsiIX BUBYXIB, FOPIHHSIX
Ta Micusix 3abpyaHEHHs BaXKMMU meTanamu. CnantoBaHHs
obnagHaHHA npu3eeno Ao 36inblweHHs dpakdii nicky (2,0—
0,05 mMM) y 1,2-1,8 paza Ta 3MeHLIEHHS dpakuii rMuHK
(<0,002 mm) y 1,1-1,2 pa3a. PiBHi 3abpyaHEHHS I'PYHTY BaX-
KAMW MeTanamy 3Ha4yHO NepeBULLyBany CaHiTapHi HOpMU,
npu UbOMY HalBWLi piBHIi 3abpyaHEHHS cnocTepiraTbest
ansa Pb, Zn i Cd. Ha Bcix ginsiHkax ypaxeHHs Bigbynucs amiHun
y CTPYKTYpi MiKpoBioMy i NpUrHiYeHHi akTMBHOCTI MikpoGiosno-
riYHMX npouecis (B 1,2 pasa), 3MeHLLEHHsI MikpoOHOT Biomacu
(8 2,1 pasa). Takox crnocTepiranacb BMCOKA TOKCUYHICTb
r'pyHTy (99,8 %) (Solokha et al., 2024).

AHani3 3abpydHEeHHs1 I'PYHTY BaXXKMMW MeTanamu [ae
3MOry yXBanmTu HayKOBO OOr'pyHTOBAHI piLLEHHS LLOAO Mpio-
pUTETHOCTI MPUPOLOOXOPOHHNX 3axofiB. BukopuctaHHs 3a-
NPOMOHOBaHMX  MeToAMYHUX  nigxodiB  3abe3neunTb
OTPMMaHHS NOPIBHAHHUX JAHMX NPO piBEHb 3abpyAHEHHS Ta
OOMOMOXe BU3HAYMTU LiNsiHKW, npuaatHi Ana pekpeadini-
HOro BUKOPUCTaHHsI ab0 BEAEHHS CiNbCbKOro rocnogapcTaa.

Y 30Hax BiiCbKOBUX il BUSIBIIEHO 3HAYHi KOHLUEHTpauii
TOKCUYHMX ernemMeHTiB, 3okpemMa ceuHuo (Pb), ptyTi (Hg),
apceHy (As), kagmito (Cd) Ta migi (Cu). Lli pe4oBMHN MOXYTb
nepemillyBaTncs 'pyHToM, a IXHs Mirpauis HanyacTiwe Big-
OyBaeTbCcs 4epe3 nig3emHi Boau, siki 3gaTHi agcopbysatu
Baxkki MeTanu. ®akTopu, Lo BNMMBAOTbL HA PYXMMBICTb 3a-
OpyaHoBadiB, BKMOYaKOTL TUM IPYHTY, BOMOTICTb, BMICT Op-
raHiYHWX pPeYyoBUH i MikpobionoriyHy akTueHicTb (Harari &
Annesi-Maesano, 2023).

HocnimkeHHsa OMuTpeHko Ta iH., (2023) nigTBEpoXYOTbL
MOLLUKOXKEHHS I'PYHTIB CiNbCbKOrocrnoAapcbKoro Ta nicoBoro
npu3HaveHHs1 BHacnigok apTunepiceknx obceTtpinie. Yepes
piKk nicns aTak y BepxHboMy wwapi rpyHTy (0-20 cm) 3adik-
COBaHO 3Ha4yHe 3pocTaHHsA koHueHTpauin Cu, Zn, Ni, Cr, Cd
i Pb. Ha BigctaHi 2,5 m Big kpato BUPB PiBHI LUHKY, Hikerto
Ta xpomy nepesuwmnm oHOBI 3HaveHHa B 1,1-1,2 pasa,
cBuHUo — B 1,1-1,6 pasa, a migi — B 1,5-1,8 pasa. Ha Bigc-
TaHi 30 M BMICT uUMHKY pocsraB 155 Mr/kr, CBUHLUIO —
44 wmr/kr, xpomy — 41 mr/kr, a kagmito — 3 mr/kr. Y kpatepax
BupB i 4o 30 M Big HUX 3adiKCOBaHO NiABULLIEHHSA PYXOMMUX
dopm Baxkunx meTtanis y 3—9 pasis.

KoediLieHT KoHUEeHTpaLii LIMHKY cTaHOBMB 6—14 knapkis Big
doHy, xpomy — 7-9, a cBuHLIO — 4-8. lNepeBnLLEHHS rpaHNYHO
ponyctumnx  KoHueHTpauii (FOK) BusiBneHo Ana xpomy Ha
7-26%, Hikento — Ha 15-21%, a cBuHUO — Ha 3—6%. Yepes pik
nicns obcTpinie nepesvwerHs MOK ons migi, LWHKy, kagMmito i
CBUHLIIO He criocTepiranocst (AMUTpeHko Ta iH. 2023).

Ockinbkun Teputopii, Ae 3HULLEHO BPOHETEXHIKY, YacTo
po3TalloBaHi Ha CinbCbKOrocnogapCbKMX 3eMrsiX, BOHM
notpebyloTe 0OOB'A3KOBOr0 MOHITOPUHTY Ta HayKOBOro
KOHTPONO Ans noganblioi pekynbTuBauii. 3a AaHumu
M. Solokha Ta cniBaBTOpiB, OCHOBHMMMK 3abpyaHIOBa4YaMm
I'PYHTY B LUMX 30Hax € ceuHelb (Pb), umHk (Zn) i kagmin (Cd).
Bubyxu Ta niponia OpOHETEXHikM MawTb 3HAYHUIA
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HeraTMBHMWI BMNUB HA Me306i0Ty I'PYHTY: piBEHb CMEPTHOCTI
[OLLIOBUX YepB'skiB cTaHOBUTbL 94,9 % npoTsirom n'sTu OHIB,
a cpitoTokeunyHicTe carae 99,8 %. Lle cBiguntb npo cknagHy
B3a€EMOit0 pi3HMX hakTopiB 'PyHTOBOro cepeaosuLLa nicns
BMOyXiB, WO Npu3BOAUTbL OO0 HenepeabavyBaHUX 3MiH Y
CTPYKTYpi Ta QYHKUiOHYBaHHI MIKpOOHMX CMiNbHOT i Me30-
dayHu (Solokha et al., 2024).

BiHa Takox 3aBgana 3Ha4yHMX 30UTKIB EKOHOMIYHI eKo-
CUCTEMI CiNbCbKOro rocnogapcTea YkpaiHu, NopyLUMBLLIN BU-
pobHMyo-30yTOBI  naHutorn. Cepen  HaHeraTMBHILLIMX
HacnigkiB — CKOpPOYEeHHs nrow, o6pobnioBaHMX 3emenb
yepes GovoBi Aii, MiHyBaHHA nonis, AecTabinisauis BHyTpi-
LWHBOrO PUHKY Ta pyWiHyBaHHs iHdpacTpykTypu (Tykhenko
et al., 2024; Ostapenko et al., 2022).

PogatoyicTb MOLWKOAKEHUX [PYHTIB BMMarae BigHOB-
neHHs1, Wwo moxe Tpmeatn 10-20 pokiB 3anexHo Bif piBHA
nerpagauii 1 3BonoxeHHs. Y XepcoHcbkin i MukonaiBcbkin
obractax, Ae YyHKUiOHyBanu 3pollyBarnbHi CUCTEMMW,
nicnsiBoeHHa peabiniTauis noTpebyBaTMme I'pyHTOBOrO O4n-
LeHHA 1 MeniopaTUBHUX 3aXOAIB ANS 3HWXKEHHSA BMICTY CO-
nen i Baxkmx metanis (Parakhnenko et al., 2023).

BoeHHi il cnpvynHAlTL CepiiosHi 3MiHW Yy FPYHTOBOMY
nokpuBi. MexaHiuHWI BMMMB, 30KpEMa pyX BaXKOI TEXHIKW,
YLWINBbHIOE Ta NepeMilLye Lapu I'pyHTY, LLO NOPYLLYE NOro BO-
OHUIA PEXUM, 3HUXKYE POAIOMICTL | MPUCKOPIOE €PO3ilHi Npo-
uecu, siK BOOHI, Tak i BiTpoBi. XiMiyHMI BB G0MOBUX i
3MiHIOE NMPUPOAHI BNACTMBOCTI I'PYHTY 4epe3 HaKOMMYeHHs
3abpyaHoBanbHMX PEYOBMH, LLIO YTBOPIOIOTLCS BHACHIAOK 3a-
CTOCYBaHHs 36poi Ta BINCbKOBOI TeXHikN. Bubyxu i obcTpinm
npu3BoasATb A0 3abpyaHEHHS BaXkkuMu Metanamu. PisnyHi
3MiHM B I'pyHTi BiabyBatoTbCst Yepes BNNuB BibpalLlii i BUCOKMX
Temneparyp, Lo 3MiHI0E horo disunyHi BrnactueocTi. lNpose-
OEHHS AKICHOrO KOMMSIEKCHOrO MOHITOPWHIY 3eMenb MoTpe-
Oye 3HayHMX pecypciB, ane € HaranbHUM 3aBAaHHAM
(Pereira et al., 2022; Petrushka et al., 2023).

OuiHka 3a0pyaHEHHs1 I'PYHTY HUWHI Ginblue opieHToBaHa
Ha CiNbCbKOrocnogapcbki NoTpebu, Hixk Ha eKonoriyYHi Hac-
nigKun. rpyHT € "XUTTEBO BaXXNMBOIO XXNBO CUCTEMOI", sKa
nigTpumye GinbLIiCTb Ha3eMHUX HOpM XUTTs, 3abe3nedy-
roum ix isnyHi, XimMivHi Ta GionoriyHi NoTpedu. Ons ouiHKM
"3p00poB'A" 'PYHTY CTBOPEHO iHAeKcK akocTi rpyHTy (SQI),
Wo [alTb 3MOry KOMMJIEKCHO aHanidyBaTu WOro craH
(Doran, & Zeiss, 2000).

HewopnaBHo ony6nikoBaHi maTtepianu (Bonchkovskyi et
al., 2025) nigTBepaunu 3d6ara4yeHHs BaXXKUMU MeTanamm 3a-
OpyOHEHUX BOEHHUMU JiSMU I'PYHTIB, 0CO6GNMBO KagMieM,
Migato, CBUHLEM i LMHKOM. [1poTe iX KOHUEeHTpaLlisi nepeBa)xHo
nvwe B 1,1-1,5 pasa nepesuLLye HOHOBY Ta Mabxke He ne-
peBuLLYyE rPaHNYHO NOPOroBMX 3Ha4YeHb B YkpaiHi. BogHo-
Yac BWCOKY iHOPMAaTUBHICTb OEMOHCTPYITb i MarHiTHi
MeTOAN BUSABMEHHS BaXKKMX MeTaniB y IpyHTax TepuTopin
6onoBux 3iTkHeHb (Menshov et al., 2024). B ocHoBi 3acTo-
CyBaHHS1 MarHiTHUX MeToZiB NEXUTb MeToAororis, po3pob-
neHa Ta npoTectoBaHa Yy nybnikauisx (Menshov, &
Sukhorada, 2012; Menhsov et al., 2021). ns BipHoi nNoby-
[oBU Moaeni HeobXiAHO BpaxoByBaTU AaHi NPO reosorivyHy
OynoBy TepuUTOpIi BNNNBY BiNCbKOBUX Ail, anroputMu 3acTo-
CyBaHHSA reodianyHMX METOAIB Ta CTaTUCTUYHUI aHani3 Aa-
Hux (Pigulevskiy, & Svistun, 2024; Pihulevskyi et al., 2021;
Shevchuk et al., 2020; Vyzhva et al., 2010).

Bo€eHHWI1 cTaH 3aroCcTpuB €KOHOMIYHI, eKOMOrivHi Ta co-
UianbHi BUKMMKWM, MNOB'A3aHi 3 NPoAOBONbYOD Ge3nekoto.
36poiiHa arpecis nocununa npobnemy Aerpagadii 'pyHTiB,
o notpebye iHTerpauii edeKTMBHOro ynpaeniHHs 3eMerb-
HUMW pecypcamMm B €KONOriYHy 1 eKOHOMIYHY noniTuky. Haa-
MipHa PO30PaHICTb, CKOPOYEHHHA YHiKanbHUX CTENOBMX
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B 1 C H U K KuiBcbkoro HauioHanbHoro yHieepcurety imeHi Tapaca LlleBueHka

ekocucTem i 6oroBi aii cTaBNATb Nig CyMHiB 6€3neYHiCTb BU-
KOPUCTaHHS 3eMenb, L0 3a3Harnun NpsAMoro BnvBYy BilHW.

MeTtoaou

Y xop[i AocnigXXeHHs1 BUBYEHO I'PYHTOBI pecypcu cin bna-
rogaTtHe, Kuceniska, Bacunbkn Ta Makcumieka, posTtalwloBa-
HUX y MwukonaiBcbkoMy pawvioHi Ha cxig Big Mwukonaesa.
KoopanHaTti Toukm "OnopHun nyHKT". https://goo.gl/maps/
vzCh5x28payWcY9a6 (puc. 1).

I'pyHTOBWIA NOKPUB AOCTIMKYBaHOT TepuUTOpil NpeacTas-
NEeHWNn NepeBaxHO MiBAEHHUMW ManorymycHUMM HYopHO3e-
MaMu. BOHU BUPI3HSIOTLCSI BUCOKOK POAYICTHO, X04a BMICT
rYMyCy B HUX HWXYUI, HDKX Yy Kracu4HuMX YopHodemax. Lli
IPYHTN MaloTb HW3bKY CXWIbHICTb OO BMMWMBAHHSA, Ao6pe
YTPUMYIOUM BOSOry Ta MiHeparbHi pe4oBuHU (puc. 2).

~ LEGEND

324150

Puc. 1. Teputopia pocnimxeHHs
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Puc. 2. I']pyHTH TepuTopii gocnimkeHHs

Onsa 3abesneyveHHs NpaBWIbHOrO BMKOPUCTaHHA Ta [o-
TPMMaHHS HOPMaTKBIB NPaHNYHO AOMYCTUMMX KOHLIEHTpaLin
(FOK) HeGesnevHmx peyvoBmH nig Yac aHanisy M OLHKN SKOCTI
r'PyHTIB, BUOOPY METOAIB iX BU3HAYEHHS Ta KOHTPOIIO, @ TaKoX
BCTAHOBMEHHS 3aranbHNUX BUMOT i MpoLeayp AN NpoBeAeHHS
BiANOBIOHMX POBIT 3aCTOCOBYOTLCS HOPMATUBHO-NPABOBI aKTV
Ta cTaHgapTy (amB. Tabn. 1), 3okpema: ACTY 4770.1:2007 HAx-
iCTb 'pyHTY. BU3HauYeHHs BMICTY pyXxoMuKX CrosyK MapraHLto B
rpyHTi B 6ydbepHili amoHiiHo-aueTaTHil BUTsKUi 3 pH 4,8 me-
TOAOM aToMHo-abcopbuinHoT cnekTpodoToMETpii;
OCTY 4770.2:2007 AkicTb rpyHTY. BusHayeHHs BMIiCTy pyxo-
MUX CMONYK LMHKY B I'PYHTi B BydepHin amoHiiHo-aueTaTHin
BUTSDKUI 3 pH 4,8 MeTogoM aTomMHO-abcopOLinHOT cnekTpodo-
TomeTpii; ACTY 4770.3:2007 Akictb rpyHTY. BusHayeHHs BMi-
CTy PYXOMMX CMONyK Kagmito B I'pyHTi B OydepHili aMoHiliHO-
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aueTartHi BuTsxUi 3 pH 4,8 meTogom aToMHo-abcopbUiiHoi
cnektpocotometpii; ACTY 4770.5:2007 HAkicTb  rpyHTY.
BusHaveHHs BMIiCTY pyxOMuKX Cronyk kobanbTy B I'pyHTi B Oy-
depHin amoHiiHo-aueTaTHIn BuTaXUi 3 pH 4,8 metogom
aTomMHo-abcopbuinHoi cnekTpodoTomeTpii; ACTY 4770.6:2007
AkicTb r'pyHTY. Br3HayeHHs BMICTY pyxomMmx Crnonyk migi B
r'pyHTi B OydepHin amoHinHo-aueTaTHIn BUTSXUi 3 pH 4,8
MeToaoM aTomHo-abcopbuiiHol CnekTpodoTOMETPIl;
OCTY 4770.7:2007 AkicTb rpyHTY. BUsHayeHHs BMICTY pyxo-
MWX CMONYK Hikento B rpyHTi B 6ydepHii amoHiliHO-aLeTaTHiN
BuUTSXU 3 pH 4,8 meTogoM aTtomHoO-abcopbuiiHOi cnekTpo-
doTtomeTpii; ACTY 4770.8:2007 AkicTb rpyHTy. BusHaveHHs
BMIiCTY PYXOMWX CMOSyK XpOMy B I'pyHTi B GydpepHin amo-
HiHO-aueTaTHIN BUTSXLU 3 pH 4,8 meTogom aToMHo-abcopo-
uinHoi  cnektpocpotomeTpii; OCTY 4770.9:2007 Axictb
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r'pyHTY. BU3Ha4eHHst BMICTY pyXOMUWX CMOMYK CBUHLIIO B I'PYHTI
B OydbepHili amoHinHo-aueTaTHi BuTskuUi 3 pH 4,8 meTogom
aToMHOo-abcopbuiriHoi cnektpodoTomeTpii; ACTY 7867:2015
['PYHTV Ta NPOAYKLLA POCIMHHMLITBA.

CtyniHb 3abpyoHeHHs T'pyHTY BW3Havanu 3rigHO 3
FOCT 17.4.3.06-86 "OxopoHa npupoau. [pyHTW. 3aranbHi
BMMOIU Ta Knacudikauis 3a BNIMBOM XiMiYHUX 3abpyaHIoBa-
yiB". BignoBigHO OO0 UBOro CTaHAapTy IPYHTU NOAINSATLCA
Ha: cUNbHO3abpyaHeHi; cepeqHbO3abpyaHeHi; criabko3abpy-
OHeHi. [pyHT BBaXaeTbCsi CUNMbHO3ABPYAHEHUM, SAKLIO

KOHLIeHTpaUis WKIiANMBUX pevoBuH 3Ha4vHo nepesuwye MOK,
crnocTepiraloTbCa Hu3bka OionorivHa NpoOAyKTUMBHICTL Ta
CYTTEBI 3MiHM (DI3UKO-MEXAHIYHMX, XIMIYHUX i BionoriyHMX
XapaKTepuCTUK, WO NPU3BOANTL A0 HAKOMUYEHHSI TOKCUHIB
y BpoXasx noHag BcTaHoBmneHi Hopmu. CepedHb03abpya-
HeHi I'pyHTU XapakTepuayloTbcsi nepesuwieHHam TOK 6e3
CYTTEBOrO BMMMBY Ha iX BNAcTMBOCTI. AKWO KOHUeEeHTpauida
peyvoBWH NepesuLLye NPUpoaHMA oH, ane He gocsrae MNOK,
I'PYHT BBaxaeTbcs crnabko3abpygHeHnM.

Ta6bnuuys 1

I'AK Ta hoHOBI 3Ha4YeHHA BMiCTY pyxomux cnonyk Mn, Zn, Cd, Cr, Cu, Ni, Pb 3a Bu3Ha4eHHs B OydepHii aLeTaTHO-aMOHIWNHIN
BUTsKUI (3rigHo 3 noctaHoBoto KMY Ne 1325 (https://zakon.rada.gov.ua/laws/show/1325-2021-%D0%BF#Text)

MapraHeub, Migb, LUunHk, Kagmin, CBuHelb, Hikensb, Xpowm,
EnemeHT Mn Cu Zn Cd Pb Ni Cr
PyxoMi chopMu (BUNy4eHHs aLeTaTHO-aMOHINHUMM 6ydrepHUM po3ynHom pH 4,8), mr/kr
"paHnyHO gonyctuma koHueHTpauis (FAK)
| 140 | 3 | 23 0,7 | 6 | 4 | 6
OLIHKA PE3YJIbTATIB
3a poHOM YKpaiHu (piBeHb 3abpyaHEHHs)
PiBeHb () — (cn) - (nom.) — (cep.) - (nig.) — (Buc.) — (n.B.)—
3abpyaHEeHHs doH cnabkum NOMipHUI cepeHin NiABULLIEHUN BUCOKMI OyXe BUCOKUI

OuiHka 3a0pyaHeHHs1 I'pyHTY 6a3yeTbCsl Ha MOPIBHSIHHI 3
AK abo hoHoBMMM KOHLeHTpaUisiMu. [1ns KinbkicCHOro aHa-
Ni3y 3aCTOCOBYIOTLCH Taki kKoeilieHTH:

Koegbiyienm koHyenmpadii (Kc):

Kc = Ci/Cd, (1)
ae Kc — koediuieHT KoHUeHTpauii ximiyHoi pevoBuHu; Ci —
aKTMYHMI BMICT XiMi4HOT pevoBuHM B I'pyHTi; Ch — cepe-
OHSA (hOHOBA KOHLEHTpaLis XiMiYHOT PEYOBUHMN Y PO3rNSAHY-
TOMY pParoHi.

KoegpiyieHm mexHO2eHHO20 2e0XiMiYyHO20 HaeaH-
maxeHHs (Ki):

Ki = Ci/rOK, (2)
ae Ki — koediuieHT TeXHOreHHOro reoximi4Horo HaBaHTa-
XeHHs; Ci — pakTUYHUIA BMICT XiMIYHOT pE4OBUHW B I'PYHTI;
AK — rpaHM4HO [OMNycTMMa KOHLUEHTpaUis XimiYHOI peyo-
BVHW Y PO3IMISIHYTOMY PanoHi.

IHmeepanbHUll NOKa3HUK noesieMeHmMHo20 3abpydo-
HeHHs1 (Kci):

. ci
Kei = 21 oo (3)
Ae Kci — iHTerpanbHWin NokasHUK noenemeHTHoro 3abpya-
HeHHs rpyHTy; Ci — KOHUeHTpauii 3abpygHoBanbHMX

PEYOBVH, L0 KOHTPONEeTbCS; Chi — hoHOBMI BMICT 3abpy-
[OHIOBArNbHUX PEYOBVH.
Koegbiyienm peakuyii rpyHmy Ha 3abpydHeHHs1 (Kp):
Kp = (A-Adb)/ Adb, (4)
ae Ai Ad — napameTpum, siKi KOHTPOMIOETLCH B 3aOpyAHEHIN
i hoHOoBIN Npobax.
LLlo6 ouiHnTK piBeHb 3abpyAHEHHS BaXXKMMU MeTanamm
B I'DYHTax BHacnigok 60onoBwmx Ain i pospaxyBaTyt €KOMNOriyHi
pW3UKK BiOMNOBIAHO A0 X TOKCUYHOrO BMIMBY Ha HaBKOMW-
LWHE cepedoBuLLe, 3acTocoBaHO meTopn iHaekcy RI, 3anpo-
noHoBaHun Hakanson (1980):
RI =y, E} (5)
Er=T! *P; , (6)
ae Er — iHguBigyanbHUn koedilyieHT noTeHLuiany ekonoriy-
HOro pU3NKy, Tr — KoediLiEHT TOKCUYHOCTI MeTany.
HopmyBaHHS 3HayYeHb EKONOriYHOro pU3uKy, NPOBEaEHI
3a metoaukol Riyad Al-Anbari et al. (2015), HaBeneHo B
Tabn. 21i 3.
KoediuieHTn TokcuuHocTi gnsa Cd, Cr, Cu, Ni, Pb, Zn i Ti
6ynu 30, 2, 5, 5, 5 BignosigHo (Hakanson, 1980).

Ta6bnuuys 2
3Ha4yeHHA NoKa3HUKIB ekonoriyHoro pusuky (Riyad Al-Anbari et al., 2015)
Er IHauBiAyanbHMIA KoedillieHT NoTeHuiany eKoNoriYyHoro pusuky
Er <40 HW3bKuiA — HU3BbKMI KoediLiEHT NOTeHUiany i eKONMOriYHWI pUsUK
40<Er<80 CepefHii — NOMipHWIA KoeiUieHT i NOTeHUINHWI eKOMOTiYHUIA PU3nK
80 <Er<160 3HayHUM — 3HAYHMIN KoeqiLliEHT NOTEHLINHNIA EKOMOTIYHWUIA PU3MNK
160 < Er <320 Bucokuin — noTeHLian BUCOKOro pUsnky
Er 2 320 [y>xe BUCOKUI — Ay>Xe BUCOKWUIA EKONOTIYHUIA PU3UK
Tabnuys 3
paHuM4Hi 3Ha4YeHHs iHTerpanbHoro (RI)
RI KomnnekcHUi NoTeHUiNnHWUA eKONOriYHUIA PU3UK
Rl <90 HW3bKMIA NOTEHLIMHWUIA €KONOTiIYHUIA PU3UK
90<RI<180 MMoMipHWIA MOTEHLIMHWI €KOMNOTiYHUIA PU3MK
180< RI < 360 Bucokuii NoTeHUiHUIA eKONOTiYHUA pU3nK
360< Rl <720 Ly>Xe BUCOKUI NOTEHUIVHUIA pU3KK ANsi HABKONMULLIHBLOro cepeoBuLLa
RI =720 CyTTEBO Ay>Ke BUCOKUI EKOMOTIYHUI PUSUK MOTEHLian
PesynbtaTtun TaKMX TEPUTOPIN € TuMi3alis Ta MOHITOPWHI PiBHIB 3abpya-

TepuTopi, Lo 3a3Hanu BNMBY BiiCLKOBMX i, 3a3Hal0Tb
3HAYHUX 3MiH SIK Y CTPYKTYpi naHgwadgTy, Tak i y XimiyHomy
cknagi rpyHTis. OgHMM 3 OCHOBHUX HaMpPSAMKIB AOCHIMKEHHS
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HEeHHs1 BaXKuMy meTanamu. Lle gae 3amory ouiHMTK ekonoriy-
HAN CTaH 3emenb Ta po3pobuTn edekTuBHI 3axoan 3
ix pekynbTuBauii. Twunizauia Teputopin nepenbayae
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B 1 C H U K KuiBcbkoro HauioHanbHoro yHieepcurety imeHi Tapaca LleBueHka

Knacuaikauito 3emenb 3a CTyneHeM NOLUKOXKEHHS Ta piBHEM
3abpyaHeHHss. OCHOBHI TUNKW TepuTOpIl, siki nigaaBanucs
aHaniay: 30H1 OMOPHMX MYHKTIB: MiCLS po3TallyBaHHS BilCb-
KOBWX 0a3 i hopTudpikauiiHnx cnopya, Takmx sk KarnoHipw.

PesynbTaTn gocnigXeHb BMICTY BaXKnx meTanis y 3pa-
3Kax r'pyHTYy, B3ATUX i3 Pi3HNX 30H KanoHipa, 4EMOHCTPYIOTb
Pi3HWI piBeHb 3a0pyQHEHHS 3anexHO Big, TUNY AOMILLOK i Xi-
MiYHOro cknagy rpyHTty. HaykoBui aHania oTpMMaHmnx gaHux
[a€ 3MOry OUiHUTU eKOMNOTiYHUIA PU3KK | NOTEHLIMHUI BANNB
Ha HaBKOMNMULLHE cepenoBuLLe (Tabn. 4).

Y rpyni 3paskiB, Hacu4eHNX HadTOK, BCTAHOBIEHO KOH-
ueHTpauii mapraHuto (34,13 mr/kr) Ta xpomy (4,00 mr/kr), siki
nepebysatoTb Ha OHOBOMY PiBHi, LLO CBIiA4YMTb NPO iX Npu-
poaHe noxomkeHHsA. Migb (24,49 mr/kr), UMHK (44,16 mr/kr),
kagmin (8,30 mr/kr) Ta cBuHeLb (155,73 Mr/kr) —y mexax o-
NyCTUMMX 3HA4YEHb, ane CBUHELUb MNEPEBULLYE EKONOriYHi
CTaHAapTy B Kinbka pasis, IO € KPUTUYHUM (haKkTopoM 3a-
OpyaHeHHs. Hikenb Mae crnabkuii piBeHb 3abpyaHeHHs
(2,40 mr/kr), Wo Bkadye Ha OOMEXEHWIN TEXHOTEHHWI BMNJINB.

Ta6nuys 4

BmicT pyxoMux cpopmM Baxkux meTanis y mMinitapHo 3abpyaHeHOro 4YopHo3eMmy niBaeHHOro BcepeauHi kanoHipy
3a BUJTyYEHHS aLeTaTHO-aMOHiIMHUM bydepHUM po3yumHom (pH 4,8), mrikr

KanoHip Mn Cu Zn Pb Ni Cr
[pyna 3paskis ycepeauHi 34,13 24,49 44,16 8,30 155,73 2,40 4,00
KanoHipa, Hacu4eHi HadTo () (a.B.) (4.8.) (4.8.) (4.8.) (cn.) ()
['pyna 3paskiB ycepeauHi 48,05 132,14 49,98 13,30 177,34 4,60 6,20
KanoHipa, 6e3 03Hak BYrnmeBOAHIB () (a.s.) (a.B.) (a.B.) (a.B.) (mom.) ()
Eg’%’gﬁi;gaz;‘mﬁfgﬂ:”' 113,00 242,54 62,71 24,55 175,00 8,80 15,90
: . (nom) (a.8.) (8.8.) (a.8.) (n.8.) (nig.) (cn.)
CpiGNsICTOro po3nnaBneHoro MeTany
Mpyna apaakie ycepeawi kanowipa, 104,40 243,56 50,18 25,09 188,70 8,.10 9,40
e . 7 B
€enioBianbHOro ropu3oHTy () (0.5.) (n.8.) (n.8.) (n.5.) (on.) (cn.)
BepxHil wap (rine3a) 7,98(h) 1,47(d) 3,58() 0,23(ch) 2,46(d) 1,2(d) 1,1()
BepxHili wap 12,1(d) 1,24(d) 5,07(cp) 0,498(ch) 2,09(d) 1,3(d) 4,2(d)
06'em BUBipkM 7,00 7,00 7,00 7,00 7,00 7,00 7,00
Cepente 47,77 94,91 37,1 10,87 112,49 4,17 8,00
(D) (a.8.) (4.8.) (4.8.) (a.8.) (nom.) )
CTraHgapTHe BioXUNeHHst 43,96 110,69 22,67 10,56 82,44 3,14 5,74
[Nomwunka cepegHbOro 16,62 41,84 8,57 3,99 31,16 1,19 2,17
KoediuieHT Bapiauii 0,92 1,17 0,61 0,97 0,73 0,75 0,72
MiHiManbHe 3Ha4YeHHs 7,98 1,24 5,07 0,23 2,09 1,20 1,10
HwxHin kBapTuib 13,40 10,20 23,67 2,30 44,28 1,85 4,10
MegiaHa 34,13 24,49 44,16 8,30 155,73 2,80 6,20
BepxHi kBapTunb 76,23 187,34 50,08 18,93 176,17 6,35 12,30
MakcumanbsHe 3Ha4YeHHs 113,00 243,56 62,71 25,09 188,70 8,80 15,90

Y 'pyHTOBUX 3pa3kax 30HU kanoHipa 6e3 o3HaK BYrneso-
OHIB CnocTepiraeTbCcs 3poCTaHHa BMICTy Migi (132,14 mr/kr)
i cBuHUtO (177,34 Mr/kr), WO BKa3ye Ha HAKOMUYEHHS MeTa-
niB Bif, BificbKOBMX A 60 NpoMucrnoBMx 3abpyaHioBayviB.
Hikenb (4,60 mr/kr) nepesuilye OH, 4EMOHCTPYHOYM MOMi-
pHe 3abpyaHeHHs:. |HLWi enemMeHTU 3anuwaTbes B MeXax
AonycTUMKX piBHIB, xo4a nepesuweHHs TOK ona Baxkux
MeTaniB MoXe CMpPUYMHUTI TOKCUYHI edpekTn ans 6ioTu.

pyna 3paskiB rpyHTYy i3 LIMaTkamMu pO3MfaBreHoro me-
Tany Mae 3HauHe nigBULLEHHS KOHLEeHTpaLii MapraHuo
(113,00 mr/kr) i migi (242,54 mr/kr), WO CBIQYATL NPO NOTY>KHUIA
TexHoreHHu BrnuBe. CeuHeub (175,00 mMr/kr) 3anuiuaeTbes Ha
BMCOKOMY piBHi, a Hikenb (8,80 mr/kr) Ta xpom (15,90 mr/kr) ne-
PEBULLYIOTb NPUPOAHWIA HOH, LLIO CTBOPIOE PU3MK JOBrOTPUBA-
noro 3abpyAHeHHs I'PyHTY Ta BoA. AHani3 3paskiB I'pyHTY 3
pyavMK1 FMMHUCTUMM OOMILLKaMM KOHCTATYeE , LU0 MapraHelb
(104,40 mr/kr) i Hikenb (8,10 Mr/kr) NnepeBuLLYOTb HOPMY, LLO
BKadye Ha cepefHii piBeHb 3abpyaHeHHs.  CBuHelb
(188,70 mr/kr) i kagmin (25,09 Mr/kr) MatoTb BUCOKI KOHLEHTpaLLil,
LLO MIATBEPMKYE 3HAYHUI BMIMB BaXKKMX MeTariB Ha ekocuc-
Temy. Bmict xpomy (9,40 Mr/kr) 3anuiiaeTbCcst Ha OOHOBOMY pi-
BHi. 3abpyaHEHHS] BaXKKUMN MeTanaMu y BCiX OOCNImMKyBaHUX
3paskax BKadye Ha CEepUO3HWUIA EKOMOrYHWIA BB BiNCHLKOBUX
4in. OcobnMBO KPUTUYHI KOHLEHTPALLT CBMHLIO, Migi Ta KaaMito,
WO € Hebe3neKkol 3HWKEHHS POAKYOCTI MPYHTY, TOKCUYHOCTI
ANs POCIVH | pU3nKy 3abpyaHEHHsT I'PYHTOBMX BOA,.

Y KanoHipi koediuieHT BapiaLii xapakTepusyBaBcs K
BUCOKMN ANsi BCiX Baxkux MeTanis. CepefHi MokKasHUK
pyxomux bopM Migi, LIMHKY, CBMHLIKO | KaaMilo XxapakTepusy-
BaBCH K OY>XEe BUCOKUN.
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[nsa noBHOT OUIHKW €KOMNOr4YHOro PU3NKY BaXNMBO BU-
3HAYNTU piBEHb KYMYNSATUBHOrO 3abpyAHEHHS I'pyHTY Bia-
pasy KinbkomMa TOKCMYHMMMK pevoBuHamu, 6asyloumchb Ha
iHTerpanbHOMY MOKa3HUKY MOeneMeHTHOro 3abpyaHeHHs
(Kci) (tabn. 5).

CymapHui koedpiuieHT (Kci=51,4—161) 3abpyaHeHHs Ka-
MOHIpiB XapakTepusyeTbcs Ak HebesneyHun, a omke 6e3 pe-
KynbTuBaLii LI0 TEPUTOPII0 HEMOXINBO BUKOPUCTOBYBATU.
KoeiuieHT koHLeHTpaUii 3abpyaHioBanbHUx peyosuH (Kc)
OyB Haa3BMYaliHO BUCOKMM 3a BMicToM Migi — 8,2-81,19,
iHTerpanbHUA NOKa3HWK 3abpyaHeHHs (Kci) 3pyrMHOBaHOro
YOpPHO3eMy NiBOEHHOrO BcepeauHi kanoHipy Kci ctaHoBuB
51,4-161 i xapaktepu3dyBaBcsl siKk KaTacTtpodiyHun abo
cunbHO3abpyaHeHui. Ane noganblui AOCHIAKEHHST BMICTY
3anuLLKIB BUOYXOBUX PEYOBUH MOXYTb MiABULLMTK piBEHb
3abpyaHeHHsA. BepxHin wap rpyHTy nignsrae ytunisadii.

[nsa KinbKicCHO BU3HaYeHHs pU3UKy AN AOBKINNSA 3ane-
XKHO Bifl NepPEeBULLEHHS TPAHMYHO A0NYCTMMMX KOHLLEHTPaLn
(FAK) ximiyHMX enemeHTiB, NpiopnTM3aLii NPMPOLOOXOPOH-
HUX 3axofiB Ta 3abe3neveHHs 6e3neyYHOro BUKOPWUCTAHHS
3emMni NpoBEeAeHO HOPMYBAHHS 3HaYeHb EKOMOriYHOro pu-
3uKy TepuTopii kanoHipy (3a metogukoto Riyad Al-Anbari
et al. (2015) i Hakanson (1980), siky HaBeeHo B Tabn. 6.

Pe3ynbTaTtn gocnigxeHb BaXKknx MeTaniB y pi3HUX 30HaxX
KarnoHipa, npeacTaBneHi y BUrnsai eKkonoriyHoro puauky (Er)
ONS KOXHOro enemMeHTa Ta cymapHoro puanky (RI), ceiguatb
NpPO 3HAYHUA TEXHOTEHHWIA BMNUB. 3HAYEHHSA PU3MKY AaloTb
3MOry OLiHUTU CTYMiHb 3a0pYAHEHHSI Ta MOXIMBI €KOMOTiYHi
Hacnigku Ans KOXHOro Micus Bigbopy 3paskis.
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Tabnuys 5

KoediuieHT koHUeHTpauii 3abpyaHioBanbHMX pevoBuH (Kc)
Ta iHTerpanbHWN NokasHUK 3abpyaHeHHs (Kci) minitapHo 3abpyaHeHOro YopHo3eMy NiBAeHHOro BcepeAuHi KanoHipy

Micue Bin6opy 3pa3ska ke n Kci
Mn Cu Zn Cd Pb Ni Cr
HacwuyeHri HadTo 0,24 8,16 1,92 13,83 25,96 0,60 0,67 51,38
Be3 o3Hak ByrneBogHis 0,34 44,05 2,17 22,17 29,56 1,15 1,03 100,47
3i WwmaTkamum cpibrsacToro po3nnaBneHoro Metany 0,81 80,85 2,73 40,92 29,17 2,20 2,65 159,31
['pyna 3paskiB ycepeauHi kanoHipa, 3 pyaumm 0,75 81,19 2,18 41,82 31,45 2,03 1,57 160,97
rMUHUCTUMY JOMILLKaMW, ENOBIaNIbHOr0 rOpU3oHTY 0,11 39,33 1,82 6,83 14,35 0,70 2,53 65,67
BepxHili wap (rinb3a) 0,06 0,49 0,24 0,38 0,41 0,30 0,18 2,07
BepxHili wap 0,09 0,41 0,22 0,83 0,35 0,33 0,70 2,92
Tabnuys 6
KomnnekcHui nokasHuk 3abpyaHeHHs Rl (Hakanson, L., 1980) miniTapHo 3ab6pyaHeHOro 4YopHosemy
niBAeHHOro BcepeAuHi kanoHipa, 2024 p.
Micue Bia6opy 3paska Er - RI
Mn Cu Zn Cd Pb Ni Cr
Hacwuyeni HadpToo 1,22 40,8 9,60 415 130 1,20 1,33 598
Be3 03HaK ByrneBogHiB 1,72 220 10,87 665 148 2,30 2,07 1049
3i WwmaTkamum cpibrsacToro po3nnaBneHoro Metany 4,04 404 13,63 1228 147 4,40 5,30 1805
['pyna 3paskiB ycepeauHi kanoHipa, 3 pyaumm 3,73 406 10,91 1255 157 4,05 3,13 1840
TMAHUCTUMMW JOMILLKaMU, eNoBianbHOro ropusoHTy 0,53 199 9,08 205 71,7 1,40 5,07 489
BepxHin wap (rins3a) 0,06 2,45 1,21 11,50 2,05 0,60 0,37 18,2
BepxHili wap 0,09 2,07 1,10 24,90 1,74 0,65 1,40 31,9

3paskun, Hacu4eHi HadTo, NPOAEMOHCTPYBann HamBu-
LWMA  iHOMBIgYanbHUA  €KOMOTMYHUA  PU3MK  ONns  KagMito
(Er=415), wo cBig4MTb NPO KPUTMYHE NEPEBULLEHHS FPaHK-
YHO ponycTummnx koHueHTpauin (IOK) i cTBoptoe 3HauHy 3a-
rpody anst ekocucrtemu. Bmict cBuHulo (Er=130) Takox
CTaHOBUTb CeP03HY Hebe3neky. CymMapHUii MOKa3HWK PU3MKY
(RI=598) BKa3ye Ha BWUCOKWI piBEHb eKOMNoriyHoi Hebeaneku
uiei TepuTopii. Y 3pa3kax 6e3 03Hak BYrnieBogHiB HanbinbLUni
pu3nk 3acpikcoaHo ans migi (Er=220) i kagmito (Er=665), wo
3ymoBmnoe cymapHuii pusmk (RI=1049) i notpebye TepmiHo-
BUX PEKYNbTUBALLINHMX 3aX0AiB ANs 3HWKEHHSI piBHS 3a0pya-
HeHHs.. [pyHTOBi 3paskM 3i LUMaTKamu CpIGASICTOro
pO3nraBneHoro Metany OEMOHCTPYIOTb HaMBULL 3HAYEHHSI
pu3nky: kagMmin (Er=1228) i migb (Er=404). CymapHui iHgekc
3abpyaHeHHst (RI=1805) Bkadye Ha Haa3BWM4aiHO BWCOKMIA
pY3VK ONS PPYHTIB | NpUnernmMx eKocucTeM, Lo BUMarae no-
CUINEHNX 3aXOfiB 3 OYULLEHHSI Ta EKOMOMYHOrO KOHTPOIHO.
3paskv 3 pyauMm rivHACTMM JOMILLKaMK (€entoBianbHWIM ro-
PU30HT) TakOXX MatoTb MEPEBaXKHi 3HAYEHHST PU3UKY 3a Kag-
miem (Er=1255) i migato (Er=406). 3aranbHui MokasHMK
(RI=1840) cBiguMTb Npo KaTtacTpodivyHUA piBeHb 3abpya-
HEHHS1, SIK1A NoTpebye HeraHOro BTPYYaHHS!.

3aranbHa ouiHka piBHSA iHAMBIAyanbHOro KoediuieHTa
noTeHLiany eKonoriyHoro puM3uky kanoHipy 3 HadgTolo, 6e3
HadTK i 3i cpPIBNACTMMU Kyrnbkamu nokasana ayxe BUCOKUIA
nokasHuk ansa Cd — 415-1255, sHauyHun Pb (Er=220-406),
BMCOKWI Ta ayxe Bucokun ansa migi (Er=220-406), pewra
MeTaniB XxapakTepuayBanucb siKk HU3bku. KoMmnnekcHa oui-
HKa piBHA 3abpyOHEHHs LbOro KaroHipa 3a MeTOAMKO
Hakanson (1980) nokasana cyTTEBO AyXe BUCOKUIA NMOTEH-
LiIMHUIA pU3KK NS HABKOSTMLLHBOIo cepefoBuLLIa Bif KanoHi-
piB (RI=598-1840) i noTpebye sK TexHiYHOro, TaK i
GionoriyHoro etany pekynbTuBaLii. 3abpyaHEHHS BaXKUMU
MeTanamu KarnoHipy 3 pyauMn rMMHUCTUMM AOMILLKaMy Npu-
3Berno 3a knacudikauieto Riyad Al-Anbari et al. (2015) go
OYXXe BMCOKOro eKOMOriYHOro pusukKy.

Ouckycisi i BACHOBKK

PesynbTat gocnigXeHb BKa3dyloTb Ha BUCOKWUW piBEHb
TEXHOreHHOro BMMBY BaXKKUX MeTaniB, LLO € HACMiAKOM Bii-
cbkoBMX Ain. OcobnmBo HeGE3NEYHNMM € KOHLEHTpaLi Ka-
OMilo, CBMHUIO Ta Mifi, SKi 3Ha4HO NepeBuLLYIOTb FPaHUYHO
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OOMNYCTUMI KOHLEHTpaL,ii, CTBOPIOKOYM CEPNO3HI €KOMOriYHi
PU3MKKN 4Ns IPYHTY, POCNIMHHOMO NOKPUBY Ta NiA3EMHUX BOA.

OuiHka koedpiuieHTa koHueHTpadii (Kc) nokasana Hag-
3BUYANHO BMCOKI 3Ha4YeHHs ansa migi (Big 8,2 oo 81,19) i ka-
Omito, wWwo notpebye 3acTocyBaHHA  KOMMIIEKCHOrO
MOHITOPUHIY 1 MOAEPHI30BaHNX TEXHOMOTi OUULLEHHS Ans
ctabinizauii ekocuctemu.

OndepeHuialis 3abpyoHEHHs1 3anexHo Big Tvny OOMi-
LLIOK Nnokasana, Lo 3pas3ku I'pyHTY, HacuYeHi HadhTow, Manu
HaMBULLUMIA €KOMNOriYHMIM pu3nk ans kagmito (Er=415) i ceu-
Huto (Er=130). Y 3pa3kax 6e3 03Hak BYrfneBoAHiB HanbinbLL
puankoBaHumu € Migb (Er=220) i kagmin (Er=665). 3pasku 3i
cpibnacTMMKM MeTaneBumMu parMeHTamu OEMOHCTPYOTh
KPUTUYHO BUCOKUIA pu3uk anst kagmito (Er=1228) i wmigi
(Er=404), a cymapHumn pusuk (RI) carae 1805, wo ceigumTs
npo kaTacTpodidyHe 3abpyaHEHHS.

KomnnekcHa ouiHka 3a meToaukoto Hakanson (1980)
nokasana, Lo 3aranbHWA iHOEKC eKOMNOriYHOro puUsnKy Ans
TepuTopii KanoHipa BapitoeTbes Big 598 fo 1840, wo knacu-
dikyeTbCs 9K "Oyxe BUCOKUI pu3nK" ons goBkinnga. 3a kpu-
Tepiamn Riyad Al-Anbari et al. (2015), ue Bumarae
BMPOBaXEHHS HeramHMX pekynbTuBaLiiHMX 3axogiB.

3abpyaHEHHS BXKKMMMW MeTaramu JOCSTIO PiBHS, 3a SIKOro
BMKOPUCTaHHS LMX TepuTopin 6e3 TexHiyHoi i GionoriyHoi pe-
KynbTuBaLii € Hebe3neyHnm. BepxHin wap rpyHTy B 6aratbox
30HaX PEKOMEHOYETLCA BUAANUTU Yepe3 NOro TOKCUYHICTb.

BHecok aBTopiB: OkcaHa ToHxa — KOHUenTyanisauis, Hanu-
caHHs (nepernsig i pegaryBaHHsl); OnekcaHap MeHbluoB — iges,
aHani3 Ta iHTepnpeTauis gaHuX, HanucaHHs ctatTi; AmuTpo JliTBi-
HOB — METOAONOrisA, Banigauisa gaHux, BuMiptoBaHHs; KceHia BoH-
nap — igesi, aHani3 Ta iHTepnpeTauis gaHux; OneHa masyHoBa —
HanucaHHs (nepernsag i peaaryBaHHs); Onena JliteiHoBa — Baniga-
Lis gaHux, BumiptoBaHHs; OneHa lNikoBcbka — hopmarbHuiA aHanis;
Biktop 3abanyes — meTogonoris.

Mopsikn, axepena ciHaHcyBaHHA. [JOCMiAXEHHS BUKOHYBa-
nucsa 3a npoektom PAN.BFB.S.BWZ.394.022.2023, wo peanisy-
€TbCS Y pamkax nporpamuv MigTPUMKN YKpaiHCbKUX OOCHiIAHULBKMX
konekTuBiB MonbCcbkoi akagemii Hayk, Lo BUKOHYETbCS y cniBnpadi
3 HauioHanbHoto akagemieto Hayk CLUA. B pamkax HaykoBo-gocni-
OHoi po6otn Ne PH/65-2024 B Mexax 3afeknapoBaHoi TemaTuku
"LleHTp TpaHcdepy TeXHOMOriN LTYYHOro iHTeNnekTy Ansi BiAHOB-
TNEHHSI CiNbCbKOrocnofAapCbkunx semenb".
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ASSESSMENT OF SOIL POLLUTION LEVELS IN SOUTHERN UKRAINE DAMAGED BY MILITARY ACTIONS

Background. Russian aggression and military actions in Ukraine have caused significant soil damage and contamination. Approximately
139,000 square kilometers of Ukrainian territory have been affected by war-related pollution, leading to annual economic losses of $11.2 billion due
to mined fields. Degradation processes impact over 15 million hectares of land, including more than 5 million hectares of chernozems, which have
undergone various types of military degradation: physical, mechanical, chemical, physico-chemical, and biological.

Methods. Toensureproperuse and compliance with maximum allowable concentrations (MAC) of hazardous substances during soil analysis
and quality assessment, the selection of detection and control methods, as well as the establishment of general requirements and procedures for

related activities, regulatory legal acts and standards are applied.

R e s ults. During the study, soil resources in the villages of Blahodatne, Kyselivka, Vasylky, and Maksymivka, located in the Mykolaiv district
east of Mykolaiv, were analyzed. The concentration coefficient (Ks) assessment revealed extremely high values for copper (ranging from 8.2 to 81.19)
and cadmium, necessitating the implementation of comprehensive monitoring and advanced purification technologies to stabilize the ecosystem.
The differentiation of pollution based on the type of impurities showed that soil samples saturated with oil had the highest ecological risk for cadmium
(Er=415) and lead (Er=130). In samples without hydrocarbon traces, the most hazardous elements were copper (Er=220) and cadmium (Er=665).
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Samples containing silvery metallic fragments exhibited a critically high risk for cadmium (Er=1228) and copper (Er=404), while the total risk index
(RI) reached 1805, indicating a catastrophic level of contamination.

Conclusions. The level of heavy metal pollution is high, making the use of the studied areas unsafe without technical and biological
reclamation. In many zones, removing the topsoil layer is recommended due to its toxicity.

Keywords: soil, heavy metals, war in Ukraine, pollution.
ABTOpM 3aABNSIOTb NPO BiACYTHICTb KOHMMIKTY iHTepeciB. CnoHcopy He 6panu yyacTi B po3pobneHHi AocnimKeHHs; y 36opi, aHanisi un
iHTepnpeTauii AaHWX; Y HanMCaHHI pyKonucy; B pilleHHi Npo nybnikauito pe3ynbTaris.
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THE DEGREE OF SOIL DEGRADATION AND AEROSOL FORMATION
FROM EXPLOSION PRODUCTS RESULTING FROM HOSTILITIES IN UKRAINE

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

Background. On the territory of Ukraine, where large-scale hostilities are taking place, industrial production and developed
transport infrastructure are concentrated, in particular, every tenth enterprise has an increased (1st or 2nd) hazard class. Arable fields
suffered no less damage from shelling and mining, which negatively affects food security in the world. The degree of ecological hazard of
the territory where hostilities took place is determined primarily by the level of surface concentrations of pollutants entering the natural
environment. Concentrations, as well as the range and area of dispersion of pollutants depend on the parameters of the explosion, the
height of the explosion product clouds, and meteorological conditions.

M e t h o d s . For war-affected areas, mechanisms for assessing the degree of mechanical damage to soils and dust from a gas-dust
cloud into the environment were proposed based on methods used at mining enterprises to analyze environmental hazards.

R e s ults. The studies were carried out in the field, where ca.1000 craters of various diameters were identified. The main parameters
of the explosion were estimated based on the morphological shapes of the craters: the volume of displaced (or destroyed) soil, the mass
of aerosol and dust that entered the atmosphere, the width and height of the pile - the scattering of soil from the centre of the explosion.
The height of the gas-dust cloud from large explosions was calculated, which is extremely important for modelling the dynamics of solid
particles in the cloud and solving problems of regional pollution transportation.

A sequential algorithm was developed for assessing the destruction and damage to soils and the release of aerosol and dust into the
atmosphere, which is formed during ground explosions.

Conclusions. An algorithm for calculating the degree of soil damage and dust ingress into the atmosphere from artillery
weapons of various calibers has been proposed. Calculations of the height of the gas-dust cloud from large explosions and the scattering
of earth from the crater have been obtained. The cumulative effect of soil damage and atmospheric pollution by substances from explosion
products per day, month and year has been estimated. The results of comparing the damage caused to soils and emissions of harmful
substances into the atmosphere as a result of the war are comparable in scale to the operation of an average quarry in Ukraine for a year.

Given the scale of the battle lines environmental pollution would have catastrophic consequences.

K ey w o rd s : Russian-Ukrainian war, aerosol, dust, soil degradation.

Background

As a result of the war, large areas in Ukraine were
subjected to massive bombardment with various types of
weapons, and more than 30 % of its territory has been
contaminated with mines and unexploded ammunition
(Fig. 1). The ecological consequences of military actions in
Ukraine are primarily related to soil damage, emissions of
aerosols and dust during explosions, urban and forest fires,
and burning of oil storage facilities. Under constant fire and
without proper maintenance, there are enterprises and
areas of storage of dangerous substances, which are a
potential source of ecological disaster both on a local and
regional scale (Savosko, 2016; Dyttow, & Gérka-Kostrubiec,
2021; Splodytel et al., 2023).

The soils are the most impacted by a warfare (Hupy, &
Schaetzl, 2006; Hupy, & Koehler, 2012; Broomandi et al.,
2020; Williams, & Rintoul-Hynes, 2022; Menshov et. al,
2024 a,b; Bonchkovskyi et al.,, 2025). Shell bursts
contaminate the ground cover with numerous chemicals and

metal fragments. At the place of projectile ruptures in the soil
craters or recesses are formed. In some places, the density
of sinkholes is so condensed that they can be easily
detected in space images. According to their morphometric
forms, the caliber of ammunition is determined, which
provides the information about its basic chemical
composition and other characteristics. In places where the
density of sinkholes is significant, soil destruction and
contamination occur (Splodytel et al., 2023, Bonchkovskyi
et al, 2023; Bilyi et al., 2024). A very low detoxification
capacity for heavy metals is characteristic of soils. Chemical
substances that have entered the soil are dispersed, which
contributes to their rapid entry into the soil, and from there
into surface water. The study of soil pollution in the
developed areas of the metallurgical industry of Ukraine is
given in (Savosko, 2016) and (Bondar et al., 2023). The
authors (Bondar et al., 2024; Datsko et al., 2024; Hlavatskyi
et al., 2024; Menshov et al., 2024, b; Solokha et al., 2024;
Bonchkovskyi et al., 2025) published the results of pollution
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studies of soils with heavy metals as a result of the acute
phase of the Russian-Ukrainian war. In addition, active
hostilities almost triple the aerosol load on the atmosphere,
which is confirmed by satellite data of the absorption index
(ABIl) (Boychenko, 2024). Clouds of explosion products,
rising into the atmosphere, drift with the wind, leaving traces
of dust on the ground, which leads to the spread of pollution,
including heavy metals, at a considerable distance from the
places of explosions (Hurin et al., 2007; Kolesnik et al.,
2014). Aerosols and dust cause anthropogenic stress on
land cover (Turner et al., 1980; Yang et al., 2021; Gao et al.,
2023), scatter and absorb solar radiation (Pittock et al.,
1990); as a result, the understory surface does not receive
solar energy, which can lead to local changes in the growing
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The soils are the most impacted by a warfare (Hupy, &
Schaetzl, 2006; Hupy, & Koehler, 2012; Broomandi et al.,
2020; Williams, & Rintoul-Hynes, 2022; Menshov et. al,
2024 a, b). Shell bursts contaminate the ground cover with
numerous chemicals and metal fragments. At the place of
projectile ruptures in the soil craters or recesses are formed.
In some places, the density of sinkholes is so condensed
that they can be easily detected in space images. According
to their morphometric forms, the caliber of ammunition is
determined, which provides the information about its basic
chemical composition and other characteristics. In places
where the density of sinkholes is significant, soil destruction
and contamination occur (Splodytel et al., 2023,
Bonchkovskyi et al., 2023; Bilyi et al., 2024). A very low
detoxification capacity for heavy metals is characteristic of
soils. Chemical substances that have entered the soil are
dispersed, which contributes to their rapid entry into the soill,
and from there into surface water. The study of soil pollution
in the developed areas of the metallurgical industry of
Ukraine is given in (Savosko, 2016) and (Bondar et al.,
2023). The authors (Bondar et al., 2024; Datsko et al., 2024;
Hlavatskyi et al., 2024; Menshov et al., 2024, b; Solokha et
al., 2024) published the results of pollution studies soils with
heavy metals as a result of the acute phase of the Russian-
Ukrainian war. In addition, active hostilities almost triple the
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season. In addition, surveillance and environmental
monitoring in connection with potential danger are not
carried out in combat zones and adjacent territories. In such
territories, the analysis of the damage caused by the
Russian invasion is possible with the help of space images
with a high spatial resolution, which, thanks to various
techniques, calculate the number of sinkholes, destroyed
buildings, damage to the soil cover, etc. (Splodytel et al.,
2023; Bonchkovskyi et al., 2023; Kozlova, & Velikodsky,
2024; Kravchenia et al.,, 2024). Thus, morphometric
parameters of the craters are obtained, the volume of
displaced soil is calculated, and the -caliber of the
ammunition is tentatively identified.
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aerosol load on the atmosphere, which is confirmed by
satellite data of the absorption index (ABI) (Boychenko,
2024). Clouds of explosion products, rising into the
atmosphere, drift with the wind, leaving traces of dust on the
ground, which leads to the spread of pollution, including
heavy metals, at a considerable distance from the places of
explosions (Hurin et al., 2007; Kolesnik et al., 2014).
Aerosols and dust cause anthropogenic stress on land cover
(Turner et al., 1980; Yang et al., 2021; Gao et al., 2023),
scatter and absorb solar radiation (Pittock et al., 1990); as a
result, the understory surface does not receive solar energy,
which can lead to local changes in the growing season. In
addition, surveillance and environmental monitoring
in connection with potential danger are not carried out in
combat zones and adjacent territories. In such territories, the
analysis of the damage caused by the Russian invasion is
possible with the help of space images with a high spatial
resolution, which, thanks to various techniques, calculate
the number of sinkholes, destroyed buildings, damage to the
soil cover, etc. (Splodytel et al., 2023; Bonchkovskyi et al.,
2023; Kozlova, & Velikodsky, 2024; Kravchenia et al., 2024).
Thus, morphometric parameters of the craters are obtained,
the volume of displaced soil is calculated, and the caliber of
the ammunition is tentatively identified.
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The aim of this study is the development of a consistent
algorithm for assessing the degree of soil damage and
atmospheric air pollution with dust from explosions as a
result of military operations in Ukraine.

The research methodology is based on the common
methods of assessing the ecological danger of atmospheric
and soil pollution that are used at mining enterprises.

The scientific novelty involves the integration of methods
for assessing the mechanical destruction of the upper layers
of the soil, formation of craters and accumulation of soil, as
well as the parameters of the gas and dust cloud, which are
used for the first time to assess the man-made
consequences of Russian aggression.

Firstly, the proposed algorithm will allow assessing the
degree of soil damage in the territories, where hostilities took
place. Secondly, it helps to evaluate the quantitative
indicators of man-made load on the ground cover due to
dust entering the atmosphere during explosions, which then
settles on the surface of the soil. The obtained data will be
useful in the assessment of environmental hazards and in
the development of effective solutions for the purpose of
localization of contaminated areas and their restoration.

Explosion in the soil. Soil explosions can be of two
types: a crater explosion (sometimes called the soil ejection
explosion), and a relatively deep explosion, where no visible

disturbances in the soil: explosion due to soil release,
explosion destruction of underground structures, and
seismic action of the explosion.

Let's focus on the main parameters of the destructive
effect of the explosion on the allocation of soil. This type of
explosion is used both for civilian and military purposes, to
damage ground and underground objects. One should
expect the formation of craters of increased emission of a
larger volume, which is observed on the battlefields. The
shape and dimensions of the crater depend on a large
number of factors, the main of which are the power of the
explosion and the composition of the soil (Bull, 1983;
Persson et al.,1994). The ejection charge must have
sufficient energy not only to crush the rock, but also to eject
it from the resulting craters. Depending on the magnitude of
the explosion action index n=r/W, the discharge charge is
divided into three types: reduced when n<1, normal when
n=1, enhanced when n>1 (see Fig. 2), where r is the radius
of the craters, W is the depth of the crater.

The ejection crater is a cone-shaped recess in the rock,
formed by the explosion of an explosive charge (Fig. 3).
There are three stages of the allocation crater: theoretical —
used to calculate the explosive charge; real — craters formed
at the moment of soil ejection (the soil is in the air); visible —
craters formed in the Earth's crust after the fall of the soil,

changes to the soil surface are observed, i.e., the i.e. after the explosion ends.
camouflage explosion. There are three types of
a e b ¢ N
r=w L r< W S r>w
1 74 n<t n>1

Fig. 2. Scheme of soil emission charges from the explosion action index. r is the radius of the craters,
W is the depth of the crater, n=r/W is the explosion action index (adapted from (Technical ..., 1972))

The following elements are distinguished in the ejection
crater (Glasstone, & Dolan, 1977): r — the upper radius,
which is equal to the radius of the circle that forms the upper
base of the crater; R is the radius of the explosion degree
which is the distance from the center of the charge to any
point on the edge of the crater; W is the shortest distance
from the charge center to the original ground surface; Hy is
the apparent depth of the crater; H is the depth of the actual
crater; x is ejecta portion of lip, y — height of the lip crest;
R is the compression radius, the distance from the center
of the charge to the bottom of the crater.

The dimensions of the crater vary tens of times when
moving from one type of soil to another, or with variations in
the depth and/or height of undermining (Ambrosini et al.,
2004; Bjelovuk et al., 2015). Therefore, the identification of
an exploded projectile based on the morphological features
of the crater is approximate, but the volume of the ejected
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Fig. 3. Definitions of the crater dimensions (designation in the text: adapted from (Technical ..., 1972)

soil will correspond to the volume of the formed crater. For
example, the notch from an 82-mm mine explosion, even if
the mine sinks into the soil to the optimal depth, is small: with a
diameter of 1 meter and a depth of about 50-60 centimeters.
However, usually the crater is smaller in size since the
82-mm mine is not intended for firing at the destruction of
objects but is designed only for fragmentation and bursts
before it penetrates the soil.

Methods

The explosive substance is a highly concentrated
chemical energy source. One kilogram of explosive
substance of medium power releases during the explosion
in t~10~° s of the order of 4-10% kJ of heat energy and
destroys about 1 m3 of the substance. The products of the
explosion have significant pressure (~4-10'° N/m?) and
high temperature (~ 4000 K). This leads to the crushing
and scattering of the substance, which consumes about
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90% of the energy of the explosion. The size of the formed
crater mainly depends on the power of the explosion and
the properties of the soil. The empirical equation for
calculating the volume of the crater has the following
formula (Orlenko, 2002):
V=1.4r2H,, H=0.35W(2n-1),
where V is the volume of the crater m3, ris the radius of the
crater, m, Hy is the apparent depth of the crater, m. The
radius of the explosion can be calculated as follows:
R2= W(1+n?)=r*+ W~

After the explosion, a small part of the ejected material
falls back into the crater, the latter is concentrated at a
distance of about 3+5 radii from the center of the explosion.
In conditions of horizontal relief, the ejecta portion of lip and
height of the lip crest (see Fig. 3) during the explosion on the
allocation are approximately determined by the formulas
(Technical..., 1972):

x=5nHy, m,
y=0.7Hv/n, m.

The height of the lip crest above the crater increases the
size of the crater by increasing the land on the surface. If the
volume of the crater is known we can find the mass of the
thrown soil:

M=V-p,
where M is the total mass of allocated soil, kg; V — soil
volume, m?; p is soil density, kg/m3. When the explosion is
powerful enough, it is necessary to take into account the
volume and mass of the annular crest where the soil is
compacted. The equations for crest volume and soil
compaction mass are as follows:

Ve=1r?h, Mc=Vip where h=0.25W.

Then the mass of the allocated soil will be Mes=M—M.,
where M. is the mass of the soil of the ring shaft. Taking into
account the mass of the detonating substance, the energy
of the explosion is calculated as Eq4=€4-md, where mq is the
mass of the explosive substance, €4 is the specific energy
release of 4.18-10° J/kg. We estimate the mass of the
destroyed substance using an expression borrowed from
the study (Chernogor, 2003):

M= Edle,
where €=5-103+10% J/kg is the specific crushing energy,
which depends on the rock class.

Dust emissions are significant only in the case of a near-
surface or shallow explosion. Dispersed composition of

e

Fig. 4. Craters near the village of Kyselivka in the Pervomayska Hromada of the Mykolaiv region:

clouds formed from explosions are very diverse and large
particles settle immediately after the explosion, and small
particles and dust are captured by the rising flow to
significant heights due to convection and atmospheric
turbulence. From the point of view of social and ecological
danger caused by atmospheric pollution, the greatest threat
is the total mass of aerosols — particles with characteristic
sizes of r~20+200 ym. For this range, the particle mass
distribution is close to lognormal (Kolesnik et al. 2014; Yang
etal., 2021; Gao et al., 2023), and their mass Mz is 10-15%
of the mass of the destroyed substance M.. Itis believed that
the mass of dust that "hangs" in the atmosphere for a long
time is Maust=Ma/4 (Chernogor, 2003). Particles, smaller than
20 ym, can travel tens and hundreds of kilometers.

The thermal energy released during the explosion leads
to the release into the atmosphere of the hot products of the
explosion together with the destroyed substance. For a
standard atmosphere, the height of the cloud lift is related to
the energy of the explosion, which is described by the relation:

H=1.87E4 "4,

where H is the height of the cloud, m; Eq — explosion energy,
J. According to Gould & Tempo (1983), 120 s after the
explosion the diameter of the cloud and its volume will be
Dx=335 E#%m, Vx=3'102E,"75 km3. When the density of
the rising air equals the density of the environment, the
further evolution of the cloud will be determined mainly by
diffusion. At this stage, the wind and its distribution over
height play the biggest role.

Results

Field observations of the consequences of intensive
warfare were conducted in the Mykolayiv Oblast — near the
village of Kyselivka in the Pervomayska Hromada of the
Mykolaiv Rayon, and in the Kharkiv Oblast — around the city of
Balakliya of the Izyum Rayon. In Fig. 4, typical craters, left on
the battlefield by artillery, bomb and missile strikes, are shown.

The main parameters of the explosion depending on the
mass of the explosive substance in the soil of medium
hardness are calculated on the basis that the projectiles
have a high-explosive fragmentation effect (Tab. 1). The
radii and depths of the craters are represented by the
average value for each type of ammunition. The mass of the
explosive substance was taken from open sources.

a) crater from a shell approximately 200-230 mm, b) crater from a cannon shell approximately 122 mm,
c) crater from the explosion of a saltpeter compound after a shell hit it. Pictures made in March, 2024

Table 1
Dependencies of the main parameters of the explosion on the mass of the explosive substance
Caliber, mm mg, kg Eg, J r,m W, m vV, m? M M, M, Maust
M-82 0.465 1.94-10° | 0.4+0.6 0.1+0.2 0.11 0.132 0.39 0.039 0.001
G-76-107 0.74 3.09-10° | 0.75+1 0.4+0.5 0.30 0.363 0.68 0.068 0.002
G-122 4,54 1.89:107 | 2.5+4 0.4+0.7 6.7 7.9 3.8 0.379 0.095
G-152 8,78 3.67:107 | 3+5 1.5+1.8 10.7 12.8 7.3 0.734 0.183
G-203 16,73 6.99-10" | 3 2,2 16.7 20.1 13.9 1.4 0.349

Note: In the left column, the letter M indicates a mortar mine, the letter G a gun shell. To the right, M is total mass of displaced soil, tons,
M: is mass of the destroyed substance, tons, Mais mass of the aerosols, tons, My is mass of the dust, tons.
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As can be seen from Tab. 1, the greater the mass of the
explosive substance (caliber of the projectile) is, the more
damage was done to the soil and more products of the
explosion enter the atmosphere. Our calculations are in good
agreement with the results obtained in previous studies
(Sploditel, 2022; Bonchkovskyi et al.,, 2023, p.481;
Kravchenia et al., 2024). However, if the mass of the
explosive substance is known, it is possible to calculate the
mass of the destroyed substance without involving the
parameters of the craters. These calculations could be helpful
in comparing with those obtained from satellite images, as
well as in estimation of the amount of aerosol that enters the
atmosphere. It is significant that the mass of destroyed
substance Mr has an underestimated value compared to the
total mass of displaced soil M, calculated according to the

volume of the crater (Tab. 1). This is due to the fact that when
calculating the energy of the explosion, we use energy that is
a multiple of the TNT equivalent. But nowadays, shells use an
explosive substance more powerful than TNT — phlegmatized
hexane A-IX-1-2 (1.22-1.55 in TNT equivalent). Thus, if the
coefficient of the TNT equivalent of hexane is taken into
account in the calculations, the difference between the
masses is equalized.

Considering how powerful explosions affect the soil and
atmosphere, we will perform two calculations (Tab. 2). In the
first case, the explosion of a FAB-500 aerial bomb, in the
second, the explosion of saltpeter storage (Fig. 4, c) are
listed. Fig. 5 illustrates a typical extent of the rise of a dust and
gas cloud from the explosion of an FAB-1500 aerial bomb.

Table 2

Dependence of the main parameters of the explosion on the mass of the explosive substance

Value, units FABS500 aerial bomb The explosion of the saltpetre composition
mg, kg 500 12873
r,m 11,5 25
W, m 4.3 11
Vmd 796 9625
Ve, 446 5396
M, tons 955 11550
M, , tons 535 6476
Mes , tons 420 5079
X, m 57.5 125
y, m 1.12 3.39
Eq,J 2.09-10° 5.38:10"
M,, tons 418 10762
M. , tons 41.8 1076
Maust , tons 10.5 269
He 400 900
‘Eq,J 2.55-10° 9.14-10"
‘M, tons 409 18295
He 420 1028

Note: my — mass explosive substance, r, W — radius and depth of the crater, V — crater volume, V, — volume of the ring shaft of rock,
M- total mass of displaced rock, M. — mass of the ring shaft of rock, Mes — mass of ejected rock, x, y — ejecta portion of lip and height of the
lip crest, H. — height of the cloud, M:, Ma, Maust is mass of the destroyed substance, aerosols and dust, tons. * — calculations were made for

phlegmatized hexogen A-1X-1-2 and saltpeter.

Fig. 5. Explosion of FAB-1500 guided aerial bomb, Vovchansk, Kharkiv region.
(Source: https://ua.korrespondent.net/ukraine/4720531-rosiiany-skynuly-nadpotuzhnu-bombu-na-vovchansk, date of access 12.12.2024)

The morphometric dimensions of the crater, which are
formed during bombing from heights of 1200-3500 m by aerial
bombs at a set deceleration of the detonator of 0.2 s, follow
(Balaganskyi, & Merzhnevskyi, 2004). The mass of nitrate that
exploded was calculated according to (Technical ..., 1972):
Q=KyWA(0.4+0.6n%), kg, where Ks is the estimated specific
consumption of the explosive substance, kg/m® W — crater
depth, m; n is the index of the explosion. For the discharge
charge, Kv has average values from 1 to 1.5 according to the
discharge charge, the Kv has average values from 1 to 1.5

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

according to the classification of building standards and
regulations (dense sand, loam, loam clay, loess).

According to Tab. 2, high-power explosions are tens to
hundreds of times greater than mortar and barrel artillery
explosions. Consequently, the explosion of several
FAB-500, FAB-1500 aerial bombs causes more damage
than hundreds of shells in a certain period of time.
Nowadays, Russia drops more than 30 guided aerial bombs
per day which causes irreparable damage to the
environment. The accumulative effect of soil damage and
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atmospheric pollution with substances from explosion
products as a result of hostilities is presented in Fig. 6.

Fig. 6 is given according to the following calculations:

1. The average amount of artillery ammunition that Russia
spends per day is 30000 units (see https://suspilne.media/
818001-rosia-vitracae-za-dobu-vtrici-bilse-boepripasiv-niz-
ukraina-sirskij/, date of access 12.12.2024). The average
explosive substance of one artillery projectile is 6.25 kg
(calculated as the average of the sum of the masses of the
explosive substance given in Tab. 1). Cumulative values for
the month and for the year are calculated similarly.

2. The average number of FAB-500 and FAB-1500 aerial
bombs that Russia uses per day is 30. The average explosive
substance of one aviation bomb is 2000 kg (based on 15
FAB-500 bombs and 15 FAB-1500 bombs) (https://tsn.ua/ato/
skilki-rosiya-maye-kerovanih-aviabomb-ekspert-prigolomshiv-
zayavoyu-2516278.html, date of access 12.12.2024).
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The results shown in Fig.6 can be compared with
emissions of harmful substances into the atmosphere,
obtained at the quarries of Ukraine. For example, on
average, about 6000 tons of explosives are used and about
7500 m® of rock is destroyed per quarry in Kryvbas region
(Kolesnik et al. 2014). In our case, only due to the FAB-500
and FAB-1500 aviation bombs, the total mass of explosives
for a year will be about 7500 tons. Therefore, with an
explosive consumption of 09-1.0 kg/m3, we have about
7500 m® of destroyed soil, and the volume of dust will be
about 2500 tons. The total mass of explosives of rocket,
mortar and barrel artillery, fires of oil storage facilities and
forests must be added as well. Thus, we will have along the
entire line of combat clashes in addition to background
pollution, soil damage and atmospheric pollution as a result
of military actions equivalent to the consequences of the
operation of hundreds of average statistical quarries in
Ukraine for a year.

2500

2000

1500

1000

Mass of substance [10° kg]

500

Day Month Year
mVRS mVRB mPylS =PylB

Fig. 6. Accumulative effect of soil damage and dust pollution of the atmosphere
VRS —mass of the explosive substance of artillery ammunition; VRB —mass of the explosive substance of aviation bombs;
PylS — mass of dust from artillery ammunition; PylB — mass of dust from aviation bombs

Discussion and conclusions

The affected area is mainly a loess-soil cover, which
occupies 74.8 % of the territory of Ukraine (Khotynenko,
2014). Loess contains more than 50% dust particles. Since
there is a high density of industrial enterprises and
hazardous substance storage areas (dumps and sludge
storages) in the research region, soil disturbance as a result
of military operations is a source of dangerous effects for
humans and the environment due to high rates of dust and
gas emission, and transfer of dangerous compounds from
explosions and from the surfaces of man-made landscapes.

The results of field research in the Kyselivka village in
the Pervomayska Hromada of the Mykolaiv region, and in
the Kharkiv region around the city of Balakliya, indicate that
calculations of the degree of soil damage and the ingress of
dust into the atmosphere depends on types of aerial bombs
and artillery weapons of various calibers. For instance, for
the FAB-500 aerial bomb, the height of the gas-dust cloud
of explosion products is about 400 m. Soil scattering and
height of the crest are 57 m and 1.2 m respectively. This
gives an understanding of what area of soil cannot be
restored without special reclamation.

Estimates of the accumulative effect of soil damage and
atmospheric pollution by substances from explosion products

ISSN 1728-3817

per day, month, and year were obtained. Analysis of the
results for the year showed that approximately 3 Mt of
substance was destroyed during the explosions of all
munitions. The mass of aerosols was about 0.3 Mt. Aerosol
particles of the fine-dispersed fraction ~ 20 um are carried by
explosions and convective processes to rather high altitudes
(1+2 km), where the aerosol existence time is 1+10 days.

Harmful substances that enter the natural environment
create tangible negative effects in a radius of tens of kilometers
from the places of explosions, which negatively affects
agricultural lands and adjacent territories. Therefore, the
assessment of man-made load on the atmosphere and soil as
a result of bombing is extremely important in the
comprehensive study of the "ecological genocide" of Ukrainian
territories as a result of Russia's military aggression.
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"IHcTUTYT reocpiamkm im. C.I. Cy660TiHa HauioHanbHoi akagemii Hayk YkpaiHu, Kuis, YkpaiHa

CTYNIHb AEFPADALII I'PYHTIB TA YTBOPEHHS AEPO30/1IB
I3 NPOAYKTIB BUBYXIB YHACTIAOK EOMOBUX OIA B YKPAIHI

B c Ty n. Ha mepumopii YkpaiHu, de eedymbcs macwmabHi 6oliosi 0il, 30cepedxeHe npomucriose 8upobHUYMEO ma po38uHeHa mpaHcrop-
mHa iHghppacmpykmypa, 30Kkpema KoxxHe decsime nidnpuemcmeo mae nidsuweHull (1-U 4u 2-i) knac Heb6esneku. He meHwux 36umkie eid o6¢cmpinie
ma MiHy8aHHSs1 3a3Haslu OPHi NoJIsA, U0 He2amueHo ernJsiusac Ha npodososibyy 6e3neky y ceimi. CmyniHb ekono2iyHoi He6e3neku mepumopil, Ha sIKil
npolwnu 6olioei Oil, su3Ha4aembcsi Hacamneped pieHeM NMPU3eMHUX KOHUYeHmpauili 3a6pyOHroeasibHUX Pe4YO8UH, W,0 MoMpanssiioms y npupooHe
cepedosuuye. KoHyeHmpauyii, a makox 0anbHicms i nowa po3citoeaHHs1 3abpydHIosadyie 3anexams 8i0 napamempie subyxy, aucomu nidtiomy xmap
npodykmie eubyxy ma Memeoposio2i4YHuUx ymos.

Me Toawn. [na ypaxeHux giliHoto GinsiHOK 3anpornoHo8aHo MexaHi3Mu OYiHIO8aHHSI CmMyneHsi MexaHi4YHo20 MOoWKOOKeHHs I'pyHmie ma nom-
pannsiHHs nuny eid 2azonusioeol xmMapu e Aoekinns Ha ocHoei Memodie, siKi sukopucmoeyroms Ha 2ipHU40306yeHuUX nidnpuemMcmeax Onsi aHanizy
eKos1o02i4Hol Hebe3neku.

Pe3ynbTarTtu. JocnidxeHHsi sukoHaHO 6e3nocepedHbO 8 NMosIbo8UX yMoeax, de ideHmugpikosaHo 651u3bko 1000 80POHOK pi3HUX Biamempie.
3a MopghonocivHUMU hopMmamMu 80POHOK OUiHEHO OCHOBHI Napamempu subyxy: 06'em nepemiujeHoi (a6o 3pyliHoeaHol) 3emMi, Maca aepo30Js10 ma
nuny, wio nompanuna 8 ammocgepy, WupuHa ma eucoma HaeaJsy — po3sim 3emi eid yeHmpy esubyxy. Po3paxoeaHo eucomy nioOHsmmsi 2a3onuiio-
8oi XxMapu eid nomyxHux eubyxie, wjo ekpali eaxsueo 0ssi Modesnro8aHHsI QuHaMiKu meepdoux YaCcMUHOK y XMapi ma po3e's3aHHs1 3a0ay pe2ioHanb-
HO20 rnepeHocy 3abpyOHEeHHs.

IMo6ydoeaHo nocnidoeHuli anzopumm Onsl oyiHrO8aHHs pyliHyeaHHsI ma MOWKOOXeHHsI I'PyHMie i mompansisiHHs1 aepo30J1l0 ma nusly 8 ammMoc-
hepy, sikuli ymeoproembcs nid Yac Ha3eMHux eubyxis.

BucHoOBEKMU. 3anponoHogaHo anzopumm po3paxyHKie cmyrneHsi MOWKOOXKeHHs1 rpyHmie ma nompanssiHHs nuy e ammocagepy 8id apmuiie-
piticbkoi 36poi pi3Ho20 Kanibpy. OmpumMaHo po3paxyHKU eucomu niOHIMmMsi 2a30Mus1080i XMapu 8i0 nomyxHux eubyxie ma posnbLomy 3emsli 8id
80pPOHKU. OyiHeHO Hakonu4vyeasnbHy Oito MOWKOOKEeHHs r'pyHmie ma 3abpyOHeHHs1 ammocghepu peyoeuHamu npodykmie eubyxy 3a o6y, micsayb ma
pik. Pesynbmamu nopieHsiHHs1 3a80aHoi WKoOu rpyHmam ma eukuou wkKidnueux pe4yosuH 8 ammocgepy eHaciookK 8iliHu Maromb 3icmaeHull mac-
wma6 3 po6omoro cepedHbLOCMamucmu4YHo20 Kap'epy 8 YkpaiHi 3a pik. Bpaxoeyro4yu macwmab niuii 6oiliogux 3imkHeHb 3a6pyAHeHHs1 MPUPOOHO20
cepedoeguwa Mamume kamacmpodgbiyHi Hacnioku.

KnwuyoBi cnoBa: pocilicbko-ykpaiHcbKa 8iliHa, aepo3osib, nus, de2padauis rpyHmy.
ABTOpM 3asBNAIOTb NPO BiACYTHICTb KOHANIKTY iHTepeciB. CNoHcopu He Bpanu yyacTi B po3pobneHHi 4oCniaxeHHs; y 36opi, aHanisi umn
iHTepnpeTauii AaHWX; y HanMcaHHi pykonucy; B pilleHHi Nnpo ny6nikauito pe3ynbTartis.

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

ISSN 1728-3817



FEONOriS. 1(108)/2025 ~47 ~

YOK 550.3
DOI: http://doi.org/10.17721/1728-2713.108.06

Haranis PYCAYEHKO, acn.

ORCID ID: 0000-0002-7407-696X

e-mail: rusachenko_natasha@ukr.net

KuiBcbkui HauioHanbHUM yHiBepcuTeT iMeHi Tapaca LLeBuyeHka, KuiB, YkpaiHa

Maeno KY3bMEHKO, kaHa. reon. Hayk, Aou.

ORCID ID: 0009-0007-0157-9391

e-mail: pavlo.kuzmenko@knu.ua

KuiBcbkui HauioHanbHUM yHiBepcuTteT iMmeHi Tapaca LUeByeHka, KuniB, YkpaiHa

Ceprin BUXXBA, n-p reon. Hayk, npod.,

ORCID ID: 0000-0003-4091-6649

e-mail: s.vyzhva@knu.ua

KuiBcbkuii HauioHanbHUI yHiBepcuteT imeHi Tapaca LlleByeHka, KuiB, YkpaiHa

AHANI3 WBUAOKICHUX AHOMAIJIN TA PE3YNbTATU
AWHAMIYHOI IHTEPNPETALII CEUCMIYHUX AAHUX
NP AOCNIAXKEHHI CKNNAOQHO NOBYAOBAHUX FA30BUX NMOKNAAIB

(MpedcmaesneHo 4neHoM pedakyiliHoi Kosneaii 0-pom 2eos. Hayk, doy. O.B. Lllabamyporo)

BcTyn. OdHuM i3 npiopumemHux 3ae0aHb 2e0(hi3uKU € 8UsI8IIEHHS] CKyNn4YeHb 8ya/iea00Hie Ha paHHil cmadii po3eidku, o
6ypiHHA nepwoi ceepdnoeuHuU, Konu docmynHi nuwe celicMidHi OaHi. AHani3 aHomarnil weudkocmi MPoxodXXeHHs NPYXHUX XeUslb
pasomM 3 pe3ynbmamamu KinbKicHOi iHmepnpemauii celicMiyHuUx O0aHux € 3odamKoeuM iHCIMPYMEHMOM OKOHMYPEHHSs Micub
nowupeHHs1 nopiod-kosekmopie. Ocobnueo ue akmyanbHO Onisi CKadHO nobydoeaHux foknadie y 30Hax COJIAHUX Kynosiie
AHinpoeckko-floHeybkoi 3anaduru (443).

M e T o A u . Konu nopoda HacuyeHa ¢hrroidamu, it wyinbHicmb i wieudkicmb MOWUPEHHSI NMPY)XHUX KOJSTU8aHb 3MiHFOIOMBLCSI, W0 enslu-
eae Ha eidbummsi ma NPoxo0KeHHs1 celicMiYHUX Xx8uJlb. 3MiHU 8 celicMiYHUX amnlimydax i weudGKocmsix 8Ka3yromb Ha O3HaKu rMpucy-
mHocmi pi3Hux ¢proioie, makux sik Hagpma, 2a3 abo eoda, mum camum Aornomazaroyu e ideHmudpikayii nnacmoeux ¢pnroidie. Takox
orocepedko8aHUMU OiagHOCMUYHUMU iHcmpymMeHmamu € AVO-aHarni3 ma eslacmu4vHa iHeepcisi.

Pe3ynbTaTtun. llpoaHanizogaHo wicmb 2a3osux podosuuw, Ha mepumopii 3, ki Maromb MoOmMOoXHi Xapakmepucmuku celic-
MIYHO20 o1 8 MeXax 2a308020 rnoksady. OnucaHo iHmezpasnbHUl 8MnJIUe NMopuUCIMo20 Hacu4eHo20 rIacma Ha amnaimyou, Yacmomu
ma weudKocmi NoWUpPEeHHs NMPYXXHUX XeUslb.

BucHOBKM. Y pesynbmami KOMN/IeKCHO20 aHani3y celicMiYyHUX OaHUX OnMucaHo MemoOuKy, sika 0a€ 3Moay ouiHumu Kio4vosi
XapaKmepucmuKu KoJsleKmopa ma e moll e Yac eusieumu 2a3oei nacmku ab6o OinsiHKU HaKornu4yeHHsl eyasieeo0Hie, MpumamaHHUX

peeiony 443.
Knwo4yoBi cnoBa: celicMi4yHa po3eidka, 06pobka, wieudkicHa aHomarnisi, iHmepcenm, epadieHm, kymoei cymu, AVO aHanis.

BcTtyn

lMpcbki nopoau, 3 sSKMX CKNagaeTbCs 3eMHa Kopa, 3Ha-
YHO PI3HATLCA 3a NPY>KHUMK BNacTMBOCTAMM. OfHi 3 HMX, 0
AKNX HanexaTb 6araTto MmarmaTUyYHMUX Nopig, i CUIbHO KOHCO-
nigoBaHMX ocafoBuUX Bigknagis, 6nn3bKi 3a cBOIMM BnacTu-
BOCTAMYW [0 iAeanbHO NPYXHUX CepefoBULL, iHLWI, 4O SKMX
BiAHOCATb Nopoau B ocnabneHnx 3oHax i 3o0Hax TpiluHyBa-
TOCTi, @ TakoX MOPUCTi BigkNaau, Ayxxe NOMITHO Bigpi3HS-
I0TbCS Bif iaeanbHO NpyxHUX cepenosuLy. lNpcbki nopoan
MatoTb TAKOX HU3KY iHLUUX CYTTEBUX OCOBNMBOCTEN, TaKMX
SIK 4iTKO BMpaxeHa LiapyBarTiCTb, iHOAi MOMITHa reTeporex-
HIiCTb, MiIHMMBICTb NPY>XHWX BNACTMBOCTEN Nig Aieto pisHOMa-
HITHUX reonorivyHNX doakTopis. TOMY BaXXNMBO AOCHIgKYBaTU
LLBWMAKOCTI NMPYXXHUX XBWMb, IX CNEKTParbHUIA CKNag Ta 3aTy-
XaHHS CelCcMiYHUX XBUINb Y reonoriyHomMy po3pisi. Lie € oc-
HOBOIO A1 NPSIMOrO BUSIBNEHHSA BYrMEBOAHIB, OCKINbKM TaKki
MeToan, sk "sackpasa nnama" Ta aHaniza AVO (amplitude
versus offset), BUKOpUCTOBYIOTb Ui i3W4Hi BRacTUBOCTI.
EdbekTnBHUI NigXia Ansa paHHbOro BUSIBNEHHS NEPCNEKTMB-
HUX Ha ra3 ToBL, 6a3yeTbCcsa Ha aHani3i gUHaMiYHMX Nnapame-
TPiB Ta LIBWMAKOCTEN NMPOXOMXKEHHSI MPYXHUX XBUIb Yepes
Pi3HOMaHITHI reosoriyHi cepegoBuLla.

Mepwumy novanu pocnigpxysaTu BRANUB MPUPOLHOIO
rasy Ha amnniTygun cemcMiyHMX XBWnb i koedilieHTn Bia-
OMTTA Ha Mexi "ra3 — Boga" B MOPMUCTOMY MilLlaHOMY KOJEK-
Topi H. K. AatT Ta X. Ofge (1983). BukopucTtoBytoumn Teopito
BioTa, aBTOpM NokasytoTb, LU0 NOTIK B'A3koro crtoigy Bnnu-
Ba€ Ha MOBEAiHKY CEWCMIYHMX XBUIb, WO NpU3BOAUTL OO0
BTpaTU eHeprii Ta 3MmiHM koedpiuieHTiB BigbutTa. Locni-
PKEHHS1 BUSIBMNO, WO Ha BTpaTy CENCMiYHOi eHeprii y
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rasoHacuM4eHnx KonekTopax BNnBaloTb YacToTa Ta KyT na-
OiHHA CeMCcMiYHOI XBUNi Ha reonoriyHe cepenosulle, npu-
yomy Oinbwi BTpaTM BiAOYBaKTLCA 3a BULMX 4YacToT i
BinbLUNX KyTiB.

LUnpokunin gianasoH 3MiHW LWBWMAKOCTEN NOLUMPEHHS Npy-
YXHUX XBUIb Y TPCbKMX MOpoAax NOSICHIOTbL BMIIMBOM BENU-
KOI KiNbKOCTi OAHOYAcCHO Aitoumx bakTopiB reosoriYHoro Ta
isnyHoro noxogxeHusi. Ctatts (Pride, Berryman, & Harris,
2004) micTuTb YyHidikoBaHy TeOpeTUYHY OCHOBY A5l TPbOX
MeXaHi3MiB 3aracaHHs P-xBunb B ocagoBux nopogax. [loc-
NigKEeHHs1 30CepeXkeHO Ha XBUNbOBOMY aHanisi BNivBYy re-
ONOriYHMX HEOOHOPIAHOCTEN Ha MOoAyni MPYXHOCTI B
Me30CcKoniyHMX MacwTabax (Ginblwmx 3a po3Mipy 3epeH,
ane MeHWuX 3a OOBXMHY XBWIb). ABTOPY MOKa3yloTb, LUO
HEeOoAHOPIAHOCTI Me30CcKoMiYHOro MacwTady, Taki sk nitono-
riyHi Bapiauii Ta ocepefkn He3MiyBaHWUX droigiB, MOXYTb
CNPUYMHUTY 3HAYHE 3aracaHHsi Ta PO3CitoBaHHS CEMCMIYHMX
xBunb. Lis mogenb gonomarae NosiCHWUTU Pi3Hi piBHI BTpaT
CeNCMIYHOI eHeprii, AKi cnocTepiraloTbCs Ha NONbOBUX CEN-
CMIYHUX AaHUX.

OpHieto 3 BaknMBux NpoGremM npu OLuiHLi KONEKTopiB €
TakoXX BpaxyBaHHS aHi3oTponii, Wwo npu3BoauTb Ao Gara-
TbOX HETOYHOCTEW B pO3paxyHKax rmMubuHM 3ansraHHs Bia-
OvBalOUNX rOPM3OHTIB Ta OUiHLUI NapameTpiB HacU4eHHs. Y
cratTi (Chapman, Liu, & Li, 2006) gocnigxyeTtbcsi, sk NoK-
nagu BYrneBOAHIB, LLIO YacTo AEMOHCTPYHOTL BinbLu BUCOKE
3aracaHHs amniTygHO-4aCTOTHUX XapakTepUCTUK, BNnBa-
10Tb Ha AVO-aHanis. [na mogentoBaHHA UuX edekTiB
aBTOpPU BMKOPUCTOBYHOTb TEOPIO EKBiBANEHTHOrO cepepo-
BMLLA, OCHOBaHy Ha KOHUEMUii NPOMEHEBOro MOTOKY.

© PycaueHko Hartanis, KyabMmeHko MaBno, Buxea Ceprin, 2025
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BusiBneHo, wo koedilieHT BIAOUTTA 3MIHIOETLCA 3aNexHO
Big 4actoTu, Wo BnnmBae Ha nosediHky AVO. Bigbuttsa
knacy | (BncokoiMnegaHCHMIA NiCKOBUK) 3CyBalTbCS OO BU-
LLMX YacToT, ToAi sk BiadbutTsa knacy |l (HM3bkoimMnegaHcHWIA
NiCKOBWK) NiACUINIOTb HWXKYi YacToTu. CUHTETUYHI cerncmo-
rpamu ansi matepianiB i3 4aCTOTHO-3aNEXHUMU LUBWUAKOC-
TAMU Ta 3aTyXaHHSIM MOKa3yloTb, IO Li edeKkTn MoxHa
BUSIBUTM Ha MiACYMOBaHMX CEACMIYHMX PO3pi3ax.

AHani3 cencMivyHMx LWBUOKOCTEN He TiNbKW 3 nornsagy ix
NMOLUMPEHHS 3 MMUOUHOI, a 1 y naTepanbHOMYy HanpsiMKy
[a€ 3MOry OUHUTK CTPYKTYPHO-TEKTOHIYHI Ta NeTpodoi3anyHi
xapakrepuctuku nnacta. J1. Kor ta iH. (2013) gocnigmnu,
AK TPILLMHN B NOPOAaX BNNMBaOTbL HA MNOLUMPEHHST CENCMiY-
HUX XBWMb. [locnigkeHHs1 3ocepexeHe Ha HeniHinHin B3ae-
MOAiT CENCMIYHUX XBUIb i3 TpilLMHaMuK, WO NPU3BoaUTbL A0
3aTyxaHHs (BTpPaTW eHeprii) i YaCTOTHOI Aucnepcii WBNAKo-
CTi (3MiHa WBMAKOCTI XBWIi 3 4acTOTO). ABTOpM HapaTb
aHaniTU4HI pilleHHs1 Ta eKCNepuMeHTanbHi AaHi, Wob noka-
3aT, LLO TPILUMHM MOXYTb CYTTEBO BNIIMBATU HA NOBEAIHKY
CENCMIYHMX XBUIb, LLO € BUPILLIAnbHUM A5 TOYHOT iHTepn-
peTauii cencMidHUX AaHuX Yy TPiLMHYBaTUX KONeKTopax.

Cratra X. YUxaHa Ta K. [HHaHeHa (2017) nig Ha3soto "Ha-
CTOTHO-3arnexHe 3aTyxXaHHs Ta Qucnepcis LWBNAKOCTI CeNCMi-
YHUX XBWIb BHAcnigok nioigoHACUYEeHHA B MOPUCTMX
nopogax" OOCTiMKYE, K BUKITUKAHUIA CENCMIYHUMW XBUINAMUN
NOTIK PiANHM B MOPUCTUX MOPOAAX BUKITNKAE 3aTyXaHHsI Cen-
CMIYHOI XBUMi Ta AUCNEpPCito LWBNAKOCTI. BMkopucToBytoun ki-
HLIEBO-Pi3HMLIEBE MOZENOBaHHS, aBTOPU MOKa3ykTb, LIO
HeOoAHOpPIAHOCTI Me3ockoniyHoro MacluTaby, Taki ik HeogHO-
pigHa Hacu4eHicTb, NPM3BOASATb 40 3HAYHOro YacTOTHO-3are-
XKHOro 3aracaHHs Ta gucnepcii. JocnimkeHHs OeMOHCTPYE,
Lo Ui ecpekT MOXyTb 30inbLUyBaTU KoedilieHT BigbUTTS Ha
HU3bKUX YaCTOTax, L0 YacTo CrocTepiraeTbCs y Nopoaax-Ko-
NeKTopax, HaCUYeHMX BYTNEBOOHSIMMU.

3aranbHUA aHani3 [ocnigKeHHs MeToAiB nokanisauii
nacToK BYrneBOAHIB HA OCHOBI HABEAEHUX BULLE NiTepaTyp-
HUX [pKepen rnokasye, Lo HayKoBLi BMBYaNu OKpeMo LBUA-
KiCHi aHomanii Ta pesynbTaTu KinbKiCHOI iHTepnpeTauii
CelCMiYHMX AaHuX. A KOMMneKcHWW niaxig y ineHtudikauii

BYITNIEBOAHIB € YaCTMHO 3aranbHOI Npobnemu, sika paHiwe
He Gyna po3B'a3aHa.

Memoro daHo20 GocnidKeHHS € aHani3 BNIMBY HU3bKO-
LIBMOKICHUX aHOManin Ha KinbKiCHi napaMeTpu XBWIbOBOIO
nons Ta NPOrHo3 NepcrneKkTUBHUX Ha BYIMEBOAHI AiNSAHOK Ha
OCHOBI KOMMJIEKCHOrO Niaxoay, WO BKIYae aHani3 LWBUAKO-
CTeW, AUHaMIYHMX XapaKTepUCTUK CEMCMIYHOro curHany Ta
HanbinbL iHOPMaTUBHUX CENCMIYHMX aTpUBYTIB.

MeTtoau

[o HepgaBHLOro Yacy cerMcMivHa LWBUAKICTb BUKOPUCTO-
ByBarnacs nvile ans mirpauii CeNCMiYHUX faHUX | NepeTBo-
PEHHS1 OaHMX i3 4acoBOro AOMeEHy B rMunbuHHMIA. OpHak
3aBASKN OCTaHHIM HOBUM TEXHOIOriSIM, TAKUM SIK MOBHA iH-
Bepcia dopmu xBuni (FWI), TouHicTb i geTanbHICTb BU3Ha-
YEHHS1 CEeWCMIYHMX LWBMAKOCTEN 3HAYHO noninwmunacs.
AHarni3 cencMiYHMX LWBNOKOCTEN AAE 3MOTY OLIHUTY KIHOYOBI
XapaKTepPUCTUKN KonekTopa (NopUCTICTb, HACUYEHHS nioi-
[amuy, WINbHICTb) | B TOW Xe Yac 3 BUKOPUCTAHHAM iHLINX
aTpubyTiB BUSIBUTU AiNSHKU NOKNaAiB BYrneBOAHIB.

LLIBMAKOCTi NOLWMPEHHS NO3A0BXKHIX | NONEpeYHnX cenc-
MIYHMX XBWIb Ta KoeilieHTN TX NOrAanHaHHA € OCHOBHUMM
KiNbKICHUMM NapameTpamu, L0 BM3HAYaOTbCHA 3a pe3yrb-
TaTamu 06pobKM MaTepianiB NoONbOBMX CENCMIYHMX OOCHi-
OxeHb. Lli napameTpu xapakTepuayoTb NiTONOrYHWIA cknag
ripcbKmnx Mopig y pospisi, iX CTaH, xapakTtep ocagoHakonu-
YeHHs1 B pO3pi3i, BMacTMBOCTI (onioifiB, O 3amnOBHIOKTb
nopw ripcbkmx nopig Ta iH. Kpim Toro, 3HaHHSA WBNAKOCTEN
MOLUMPEHHSA NPYXHUX XBWUMb 3aBXaAM HeobXxiaHe ANns BU3Ha-
YeHHs1 mMubrHKU 3ansaraHHa BiAOMBaKUMX | 3aNOMIIOYNX
rpaHuLpb Ta KyTiB iXHbOr0 Haxuny.

DocnigxeHnsa (Abdul, & Ghosh, 2014) nokasytoTb, WO
rasoHacuyeHa 3oHa Moxe OyTu ineHTudikoBaHa Ha OCHOBI
3HAYyHO 3MeHLIeHOoI amnniTygn P-xBuni, wo ceiguMTh Npo
HasiBHICTb rasy. BogHouyac HasBHICTb ra3oBUX TiHEN Ha KiH-
LEeBOMY 300pakeHHi YiTKko nomiTHa B AaHux. MoraHe 306pa-
KEHHS1 B 30Hi, Hacu4eHin rasom (puc. 1a), morno 6yTu
pesynbTaToM 3Ha4yHOro ocnabneHHs BUCOKOYaCTOTHOI
CKNagoBoi Ta po3citoBaHHA eHepril P-xBuii, WO CAPUYUHUIO
3MeHLUEHHs T weuakocTi (puc. 16) nig vac i nowmpeHHs ve-
pe3 NyCTOTHWUI NPOCTIp, HACUYEHUI ra3oM.

Weunakicha moaens

Puc. 1. A) celicmivHuiA po3pi3 pogoBuLLa rady, po3TalloBaHOro B wenboBiv 3oHi Manansii.
30Ha HU3bKOT IHTEHCUBHOCTI CEMCMIYHOrO curHany (Mo3HaveHo GinvM KOrom) yTBOpUnacst BHacnifoK HaKoMMYeHHs rasy
Ha npunoBepxHeBoMy Lapi; B) ceicmivHa WwBmMakicHa Moaenb, sika Bignoeigae po3pisy, nokazaHomy Ha puc. 1A.
"Pull-down effect" moxHa nobaunTu B Mexax YOpHOro kona, Lo BKa3ye Ha MEeHLUY LUBMAKICTb Y MeXax ra3oBoi aHomanii
(Latiff, & Ghosh, 2014)

KomnnekcHun aHania cerMcMiyHMX OaHUX € He3aMiHHUM
nig 4Yac obpobkn Ta iHTepnpeTauii. Pe3ynbtatn o6pobku
CeNCMIYHMX OaHUX HTErpylTbCcsa 3 MaTepianamu KinbKicHOI
iHTepnpeTauii Ta aHanidy AMHaMiYHUX XapakKTepUCTUK LLIBK-
AkicHoro nons. [Ans KOMNMIeKCHOro aHanidy cemcMivyHux aa-
HWX HaWyacTile BUKOPMCTOBYIOTbL Habip napameTpis, SKui
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BKIoYae: BigHoweHHs Vp/Vs; BigHoweHHs Vil Vs, Wwo npea-
CTaBrsie BiOHOLLUEHHS LUBUAKOCTI XBWUMi CTUCHEHHS (Vp) oo
WwBmakocTi xBuni 3cyBy (Vs) y reonoriyHMx cepedoBuLLax, €
BaXXNUBUM CENCMiYHMM napameTpoM. CniBBigHOLLIEHHS
V! Vs — 6e3po3MipHa Benu4ymnHa, sika BUKOPUCTOBYETLCA ANA
BM3HAYEHHSI MPYXHUX BNacTMBOCTEW TFipCbKUX nopig i3



FEONOTIA. 1(108)/2025

~ 49 ~

BapiauisgMu, WO BKa3yloTb Ha 3MiHW cknagy, NopmucTocTi Ta
BMICTY pianHu. ['eodi3nkn BUKOPUCTOBYIOTH Lie ChiBBigHO-
LeHHSA ans gudbepeHuiauii niTonorii reonoriyHMx yTBOPEHb,
iAeHTUdikaLii NoTeHUinHNX pe3epByapiB i BOOCKOHaNEHHS
METOAIB CENCMIYHOI iHBEpPCIi ANs MOLENOBaHHA reonoriy-
HoOro cepeposuLLa. 3aranom cniseigHowweHHs Vyp/ Vs Bigirpae
BaXkNMBY porib Nig 4ac CEMCMIYHMX JOCTiAXEHb TOBLL, nep-
CMNEKTUBHWX Ha BYyrneBoaHesi pecypcu. LLsuakocTi P-xsuni
(06'eMHOro CTUCHEHHS) i S-xBWni (3CyBY) PO3PaxoBYOTLCA
3a CNiBBigHOLLUEHHAM

,i
v, = 3TaV\/7

/J.e k — 06'emHnin mogyne (Ma), 4 — mogynb 3cysy ([Ma) Ta
— ryctuHa nopoam (kr/m3), V — weunakicts (M/c).

Xoua reonoriyHe cepefoByLLE He € i30TPOMHNMM Ta OA-

HOPIAHUMWY, iCHYE MpPYXHa EeKBiBaneHTHICTb Y LapyBaTux

Bnaue ByrnesoaHis Ha Al Ta Vp/Vs

(Teopin [accmaHa)
pt
SAL
4
kl+_5”0 =1
pt 4
Vp/Vs l

KO_ it

cepeaoBuLLax, KONW WBWUAKOCTI anpoOKCUMYIOTLCS SK iHTep-
BanbHa, cepefHsA Ta cepegHbokBagpaTtuyHa. CniBBigHO-
weHHs weuakocten (Vp/Vs) i akyctnynmi onip (Al) moxHa

BMPa3uTK 5K
v
Yo_ |k, 2 Ta Al=V,-p.
Vi \w 3

Mogynb 06'eMHOT NPY>XHOCTI, TAKOX 3BaHWUI HECTUCIUBI-
CTIO, BM3Hayae 3aranbHy 06'€MHy »opcTkicTb. Mogaynb
3cyBY, 3 iHWOro 60Ky, BM3HA4YaE XOPCTKICTb MaTepiany Ta
OMUCYE MNOro CTINKICTb 40 Aedopmallii 3cyBy. [NicKoBUKM, LLO
MICTATb BYrNeBOAHI, AEMOHCTPYIOTb 3HWKEHHA Vp (4epes
3HaYHe 3HWXKEHHsI 06'EMHOr0 Moaynsi Ta MOMIPHE 3HUKEHHS
ryCTUHMN), ane HeBernuke 36inblieHHs Vs (Yepes3 3MeHLLEHHsI
06'eMHOI rycTuHM). OTXe, CyMapHUM ehEKTOM € 3HAYHO HU-
X4e cniBBigHOWeHHSA Vp/Vs y nickoBMKax HacuyeHux Byrne-
BoAHAMM. Lle Hao4Ho nokasaHo Ha puc. 2.

HekoHconiposaHi  KoHconigoBaHi

NiICKOBUKMU NiCKOBUKU

= H H

Puc. 2. Bnnus ByrnesoaHiB Ha Al Ta cnieeigHoweHHA V,/Vs (Avseth, & Veggeland, 2015)

AHaniz AVO nepepn6avae BMBYEHHSI TOro, SIK 3MiHHO-
I0TbCS aMNNiTYAN CENCMIYHUX XBUMb i3 3MIHOIO BigAaneHHs
Oxeperno-npunmad. [HTepcenT Ta rpagieHT € napameTpamu
B PIiBHAHHI MiHIMHOI BiANOBIAHOCTI amnniTygu Ta BMHOCY
(AVO). InTepcenT (A): npeacTtasnsde amnniTyay npu Hynbo-
BOMYy BigaaneHHi. MpagieHT (B): npeacrtasnsie Haxun abo
LWBUAKICTb 3MiHM amnniTyamn 3i 3MilLLeHHAM (rpagieHT niHin-
HOI BiAMOBIQHOCTI):

AV AV,
A A% Apl g AVe g AV o fAp]
2l v ) 2V v o

p p s

OckinbKkn iCHye B3aEMO3B'A30K MiXK po3TallyBaHHAM TO-
YOK Ha KpocnnoTi iHTepcenT-rpagieHT (A i B)) i neTpodiany-
HAMW XapakTepucTvkamu LuapyBaToi Mogeni "Konektop—
nokpiBns—niacTensHi nopogn”, MoxHa po3pobuTn Ha Lin
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Puc. 3. KoedpiuieHTn BigOUTTA NNocknx Xxsunb
BiA NOKpiBNi ra3oHacU4YeHoro nilaHoro KoneKkTopa 3asnexHo
BiA cniBBiAHOLWEHHA aKyCTUYHUX iMNeaaHCciB Konekropa
i rMHucTOI NnokpiBni Ta knacudikauia AVO-aHomanin
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OCHOBI knacudikauito AVO-aHomanin. 3MilLeHHs TOYOK, BU-
KMMKaHe 3MIHOI MPY>XHOCTI NOPOAU-KONeKTopa, 3anexuTb
BiJ CniBBIOQHOLIEHHS aKyCTUYHWUX iMMedaHCiB Hacu4eHoro
KornekTopa i BMiCHWUX nopif, sike Bu3Havae opMy KpMBMX Ha
rpadiky puc. 3. Moxnusi BapiaHT1 MOXHa po3ainnTn Ha Yo-
TMPW Kracu, ki TSXil0Tb A0 Pi3HMX AINAHOK Ha KPOCMMoTi
(pvic. 3). BuaineHi knacu HaBegeHo B Tabn. 1.

AHoMarnii abo BigXMneHHs Bif O4YiKyBaHOI TeHAeHLUii Ha
KpOC-CXeMi MOXYTb CBiQYUTM NPO HasBHICTb BYrMeBOAHIB
(puc. 4). Knacu AVO, Taki sik knac Il (ra3oBuii nickoBuk) abo
knac Il (nickoBMK 3i 3Ha4YHO MOHWXEHUMMU 3HaYeHHAM Al
NOPIBHSAHO i3 BMICHUMM MOpogamMu), YacTo MOXHa pPO3pi3-
HUTU Ha MepexpecHux rpadikax iHTepcenTa Ta rpagieHta
(Bwxsa Ta iH., 2019), (Tabn. 1).

0.4 [ Ksanpant 2 Ksanpanur 1
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Puc. 4. Knacudikauis aHomanin, 3yMOBNeHUX 3MEHLUEeHHAM
aKyCTUYHOI XXOPCTKOCTi Mopoau-KorneKkTopa npu BigouTTi
XBuni Big noro nokpieni
(cTpinkamu nokasaHo nOiAHI BEKTOPK)
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Ta6nuys 1

3MiHa Kn4YoBUX NnapameTpiB npu 4-ctyneHeBin AVO-knacudikauii

- XapakTtep 3MiHM amnniTyam
Knac AKyCTM4YHMUI iMNeaaHc KesagpaHT kpocnnoTa A r L
BiAOWUTTS Npu 3MiHi KyTa 0
| Buwwmi, HixX y nokpisni nnacra 4 + - 3MeHLyeTbes
o o - ) 3MeHLyeTbes / 3pocTae,
Il MpubnusHo Takuin camui, ik y Nokpieni 2,3i4 +/- - ver p
MO>Xe 3MiHIOBaTU 3HaK
11} Hwxkumn, HiX y nokpieni 3 - - 3pocTae
W Hwk4min, HixX y nokpisni 2 - + 3MeHLyeTbes

CelicmidHi JaHi aloTb YABMEHHS MPO OUHAMIYHI 3MiHK
CEeNCMIiYHMX aMnNiTy4 LWOAO NPOCTOPOBUX KOOPAMHAT. Lien
iHCTPYMEHT € He3aMiHHUM npu obpobui Ta iHTepnpeTauii
CENCMIYHMX JaHuX, OCOBNMBO B ranysi po3BigyBarnbHOI reo-
isvku. 3arnMbneHHs1 B MOro CTBOPEHHS!, NepeBaru, BUKO-
puUCTaHHA Ta iHTeprpeTaLito BigkpuBae BcebiyHe po3yMiHHS
MOro KN4YoBOI posii B OTPUMaHHI LiHHOT iHdbopmaLii npo re-
OnoriyHe cepenoBuLe.

PesynbTtatn

MpoBeaeHO KOMMMEKCHMI aHani3 noknagis poaoBULL
BYIMEBOAHIB, $Ki po3TawoBaHi B Mexax Mawiscbko-
LLlebennHCbKOro ra3oHOCHOro pavioHy. poMucnoBo-npoayk-
TUBHUMM € BiAKITan HUXKHBbO-NEPMCBHKOrO Ta BEPXHLO-KaM'siHO-
BYrinbHOro nepiogy. binbwicTe poaoBULy y LbOMY PanioHi
npeacTaBneHi MacBHO-NNACTOBMMM NOKNagaMu, ki 3a3su-
Yaii obmexeHi consiHMMKM dianipamy Ta AU3'TOHKTUBHUMU
NOPYLUEHHSMMN.

Mig yac aHanisy pogoBuL MOMIYEHO eKBiBaNeHTHWUIA Ha-
Oip xapakTepuUcTMK CENCMIYHOIO XBUNBbOBOIO MOSS, LBUAKO-
CTel Ta pe3ynbTarTiB KiNbKiCHOI iHTepnpeTaLii, ki Bka3yloTb
Ha HasiBHICTb rady. Y mexax OAHOro niTonoriYyHoro ropmso-
HTY LUBUAKICTb MPOXOAXKEHHS MPYXHUX XBUIb 3MIHIOETLCS

DHI aHomania
Ha pesy/bTatax

Mpe-crek
mirpauii

3anexHo Bif, MOro CTPYKTYPHOroO MOMOXEeHHs1. 3okpema Bia-
3HAYaETLCHA 3MEHLUEHHS LWBUAKOCTI Y HANPSIMKY A0 CKreniHb
NigHATTIB. TakoX Mig Yac aHanisy cemcmiyHux AaHux no Ao-
cnigpxeHnx pogosuwax A03 6yno nomiyeHo iHTerpansHUin
BMIIMB NOPUCTOr0 HACUYEHOTO MIiacTa Ha aMmnniTyaun, YacToTu
Ta WwewuakocTi. AHani3 Ky6iB nicnsi BUKOHaHHSA Npe-CTek Mirpa-
uii 4ae 3mory B13HaunTu target zones (UinboBi 3oHM ans Oy-
piHHS) Ans noganbworo QI (quantitative interpretation)
aHanisy. [ns Bcix popoBwuw, obpobka Ta iHTepnpeTauis
CencMiYHMX JaHMX NpoBoaunack 3a NogioHUM anropuTMomMm.
Ha puc. 5-7 HaBegeHo npuknagu Hawbinbw iHdopmaTue-
HUX aTpubyTiB Ta eTaniB 06pobkK i reonoriyHoi iHTepnpeTa-
Uii CencMiyHMX daHuX Ha npuknagi OAHOro 3 POAOBWULL
Mauwiscbko-LLlebennHcbkoro  ra3oHocHoro parioHy. Ha
puc. 5 nogaHo pesynbTaTh Npe-cTek YacoBol Mirpauii Ta Bi-
OnoBigHi kybu cercmivyHux WwBnakocTen. Ha cercMivHmx po-
3pi3ax CUHA CTpifnka BKa3ye Ha AinsiHKy, NepcrneKkTUBHY Ha
BYrnMeBoAHi (obnactb BMCOKOaMNAiTyAHWX FOPU3OHTIB Bia-
OuTTSA), BIiANOBIOHO B MeXax Ti€l X QiNsAHKM CNocTepiraeTbes
eeKT NOHMKEHHS CENCMIYHMX LUBMOKOCTEW, a y BUnagky 6)
— HaBiTb NokanbHa HU3bKOLLUBUAKICHA aHOMarnis.

Hu3sbKowsuaKicHa

aHomania

Hu3sbka iHTepeanbHa
WBMAKICTb NOBTOPIOE
CTPYKTYPY

Puc. 5. Pesynbtatn PreSTM mirpauii:
a), B) ceicMiuHi po3piau; 6), r) ceicMiyHi LWBMAKOCTI

Ha cencmivyHMx gaHnx aHomanis tuny "ackpasa nnama" €
iHOMKaTopoM BYrneBoAHiB. Po3pi3 cepeaHbOKBaApaTUYHUX
LLUBMAKOCTEN y AaHin AiNSHLUI XapakTepu3yeTbCst MOHKEHHSAM
weuakocTenn. OCKINbKM  KBa3iCTaTUYHI  NOBINbHI - S-xBUNI
pO3CitolTbCA Ha HabaraTto MeHLly BiACTaHb, HiXK wBuaki P-
XBWIi, i OCKINbK/ MOBINbHI S-xBWUNi NpU3BOASATL OO BTpaATh
eHeprii 3 NepBWHHOrO (primary) XBWMbOBOrO MOMs, Ue
NepeTBOPEHHA € e(PEKTUBHUM MEXAHI3MOM BTpaTW eHepri.
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OuyeBuAHO, YMM BinblUe reHepyeTbCs BTOPUHHUX MOBINbHUX
XBWIb, TUM Binblue BTpayaeTbCcs eHepris NepBUHHOI P-xBuni.

LBnakicTe P-xBWni 3MeHLLYETLCA Ans ra30BMICHUX NMOPUC-
TMX nopig. MasoHacuyeHi ToBLLi 30e6inbLIOro nexartb Y Mexax
3HaveHb Vp/Vs 1,4—1,62. AHani3 3miH amnniTyam 3i 36inbLieH-
HSIM BifjaneHb CeMcMonpunmadiB Aae LiHHY iHopMaLlito Mpo
HasIBHICTb Y po3pisi ra3oBMicHKX nopig (puc. 6).
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Puc. 6. KyToBi cymu 3 gianazoHom

Husbre
3nauenna Vp/Vs

a) 26-35°, B) 34—46°; aTpubyT V,/Vs 6), 1)

HasBHicTb rady cunbHO Bnueae Ha qi3vyHi BNacTMBOCTI
Bioknapis. IHamkatop DHI (Direct hydrocarbon indicators)
CMNPVYNHEHMI KOHTPACTOM iMNeLaHCy MiX BULLEpO3TaLLOBa-
HVMW rasoHOCHUMM BigKnagamu Ta HUxX4Ye3anernuMm raso-
HOCHUMKM nopoAamu. AHamia KyTOBMX CYM Ha AanbHixX
BMHOCAX MoKa3ye NMOHMXXEHHS YacToT Ha AanbHix KyTax. Bia-
NoBiAHO cniBBigHOLWEHHS Vp/Vs TaKOX Ma€e HU3bKi 3HA4YEHHSA
B ra3oHaCWYeHili 30Hi.

[ns NOBHOLIHHOT OLliHKM CECMIYHMX AaHUX Ha NpeameT
BYIMEBOAHEBOrO HAaCUMYEHHs1 TakoX npoaHanizoBaHo AVO
aTpubyT — BOBYTOK iHTepcenTa Ta rpagieHTa Ta koedilieHT
MyaccoHa (puc. 7). BigHoweHHs Vp/Vs npsimo noe'sizaHe 3
koediieHToM NyaccoHa v cniBBigHOLEHHAM

P _

v. Vi1-2v

s

3MiHM amnniTygHWMX aHoManin y ceicMidHoMy nori noe's-
3aHi 3i 3HaYHUMW 3MiHAMW BiOHOLWEHHS KoediuieHTa
[MyaccoHa i BUHWMKaIOTb, SIKLLO rasoHacuyeHi nopoau 3ami-
LyloTbCA BogoHacuyeHuMu. BnacTtmBocTi ripcbkux nopia,
HacM4eHUX ra3oM Yn HadpToto, BigobpaxkalTbCa B aMnniTy-
nax Biobutmx xBunb Big Takux nopig (Muxaneeuy Ta iH.,
2021). B aHanisi cencmiyHmx atpnbyTiB Lien napameTp € 3a-
ranbHOMPUNHATOIO TEXHIKOM, sika BMKOPUCTOBYETBCA ANS
OoTpuMMaHHS iHdopMalLii Npo reonorito Hagp i BNacTMBOCTI
ripCbkMx nopig.

DHI aHomania
Ha pesynbTatax
MNpe-crek
mirpauii

Puc. 7. Pesynbtatn PreSTM mirpauii — a), B);
koediuieHT MyaccoHa — 6); aTpubyT iHTepcenT * rpagieHT —r)
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OavH 3 edhbekTnBHUX CcNOCOBIB aHani3y konekTopis 6a3y-
€TbCA Ha aHanisi kpocnnoTiB atpubyTiB AVO, a came rpa-
adieHTa Ta iHTepcenTa. Li aTpmbyTtn BM3HayatoTb npsiMy
niHito R(sin%0), oe 6 — KyT Haxuny Big6UTOro cemcmiuHoro
npomeHs, R — amnnityaa Bigdbutoi xBuni. 3 BUKOpUCTaHHAM
Lmx no3HaveHb hopMyna rpagieHTa Moxe OyTu 3anvcaHa y
Takomy Burnagi: G=AR/Asin?0. A dopmyna iHTepcenTa Ha-
6yBsae surnagy I=R. To6T1o cisnyH1m 3micTom iHTepcenTa €
amnnityga BigbuTtoi XBUNi ANsi HOPMAarnbHOrO MagiHHS.
BusHaveHHs cniBBigHOLWEHb MiXX 3HAa4YeHHAMU rpajieHTa Ta
iHTepcenTa 4aloTb MOXIMBICTb MPOrHO3yBaTU TUM FPCbKOT
nopoawm, i pinbTpauinHO-EMHICHI BNaCTUBOCTI, a TakoX T1N
dnwoigy, wo ii Hacnyye (Bwxkea Ta iH., 2019).Pesynbtatn
aHanisdy aTpubyTis koediuieHTa MyaccoHa Ta gobyTka iHTe-
pcenT*rpagieHTa NiaTBEpAXYOTb ra30HOCHICTb Noknagy Ta
4alTb 3MOry BiJHECTW MOro A0 TPETbOro Krnacy aHomanin
AVO (tabn. 1). TpeTtin knac AVO xapakTepusyeTbCsi HU3b-
KM iMMegaHCOM, are BUCOKOK KOHTPACTHICTIO iMnedaHcy
Ha Mexax po3giny nnacTis. Big'emHi 3HavyeHHs iHTepcenTa
Ta rpafieHTa BKasyloTb Ha 3pOCTaHHS iHTEHCUBHOCTI Biabu-
TUX XBUIb Npu 30iNblUEHHI BigCTaHi MK mkepenamu Ta
npunmadamu. Mpu UbOMy KoedilieHT BigOUTTA 3anuwa-
eTbes Big'eMHUM. Llen knac AVO nos'asaHni 3 knacu4HUMun
aHomanisamMu KoeqilieHTiB BigOUTTA, siki MalOTb HeraTuBHi
3HayeHHs, abo aHomaniamu y Burnsaai "ackpasux nnam”.

Ouckycisi i BACHOBKK

MpoBeaeHO KOMMMAEKCHU aHani3 KIHeMaTUYHUX | AMHaMi-
YHUX NapameTpiB CEMCMIYHOMO XBUIBOBOIO MNOSS Ta CENCMIY-
HMX aTpubyTiB Ha Npuknadi rasoBux pogosuly MaluiBcbKo-
LLlebennHcbKOMY ra3oHOCHOTO paloHy, Lo MpeacTaBneHi
NPOAYKTUBHUMM FOPU3OHTaMK HUDKHBLO-NEPMCBKOrO Ta BEPX-
HbO-KaM'siHOBYriNbHOro nepiogy. BukopuctaHHs iHTerposa-
HOro Miaxofy, WO NOEAHYE CENCMIYHI OaHi, XapaKkTepucTukn
XBWIMbOBOrO NONs (3aTyxaHHs, amnnityam) Ta atpmbytn AVO,
Jae 3Mmory iaeHTudikyBaTn NepcnekTUBHI 30HW Ans nogarnb-
LIOT pOo3p0obKM Ta NpoaHanisyBaTtu iHTerpanbHuUiA BNMB Nopu-
CTOro HacWMYeHOro nnacta Ha amnnityau, 4Yactotm Ta
LIBMAKOCTI. Y OOCHiAXEHHI NPOiNtoCTPOBaHO, LLIO HU3bKOLLBU-
AOKiCHi aHomanii € iHgukaTopaMu ra3oHacMyYeHUX MiCKOBUKIB.
CnissigHowweHHs Vp/Vs BUKOPUCTOBYETLCH ANS BU3HAYEHHS
NPY>XHWX BNacTUBOCTEN TpCbKUX Mopig i3 Bapiauismu, Lo
BKa3yloTb Ha 3MiHV ckrnagy, NOpMCTOCTi Ta Tuny dntoigy. Bia-
NoBIAHO, Y CTaTTi aHOMarbHi 3HavyeHHs Vp/Vs 1,4—1,62 Tinbkn
niaTBEPAXYHOTb, O HA3LKOLIBMAKICHI 30HM (pyC. 5) NoB'si3aHi
3 ra3oBUMW aHOMarisiMM Ta 3Ha4yHO BiOpPI3HAKTLCS Big NiTO-
noriyHMx aHomaniv Ta/abo noxmbok npv NobyaoBi LLUBUAKICHOT
Mogeni. IHCTpYMEeHTM KinbKiCHOI iHTepnpeTaLii, Taki sk cenc-
MoaTpubyTHMI aHani3 Ta koediujeHT MNyaccoHa, gaoTb Ao-
OaTKOBe YSBIEHHS NpO fokanisauito ra3aoHacnyeHnx nnacrTis.
HobGyTok atpubyTiB "iHTepcenT*rpagieHT" € OCHOBOW Ans Me-
ToAiB, Takmx sik AVO-aHanis, skuii BUKOPUCTOBYETLCS AN
OLiHKX 3MiH amMnniTyan CEeNCMIYHMX XBUMb 3arexHo Bif KyTa
nagiHHs. Lle noseonse Ginbl TOYHO BU3Ha4aTy BNacTUBOCTI
reorioriyHoro cepefoBmLLa i noninwyBaTy TOYHICTb reonoriy-
HUX Mogenen. OTxe, BUKOPUCTAHHS KOMIMIIEKCHOrO aHanisy
ANHaMIYHUX aTpUBYTIB CEMCMIYHUX JaHUX Jae 3Mory oTpu-
MaTW SKICHO HOBY iHOpPMALil0 3a paxyHOK OOCHIOKEHHSA
LLBUAOKICHUX aHOMarlii, KyTOBUX CyM 3 [iana3oHOM AaribHix
BMHOCIB, cniBBigHoweHHs Vp/Vs Ta AVO atpubyris, Wwo, y
CBOI Yepry, 3MEHLUYE puU3nky npu OypiHHI Ta onTuMisye BU-
TpaTu, OCKiNbKM daxiBLi MOXyTb 30cepeanTnCs Ha HanbinbLu
NepcnekTUBHUX AiNgHkax. Takum YNHOM, KOMMMAEKCHUIA nigxig
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[0 aHanidy CencMmiyHUX AaHuX He nulle nigBuye edhekTmB-
HICTb MOLUYKY BYIMEBOAHIB, ane i cnpuse Ginbl pauioHanb-
HOMY BMKOPWCT@HHIO PECYPCIB, LLUO € KPUTUYHO BaXKIMBUM
[ONst ycrilwHoi po3pobku ra3oBnx pOAOBULL, Y PETIOHI.

BHecok aBTopiB: Hartania PycayeHko — koHuenTyanisauis,
HanucaHHs (nepernsg i pegaryBanHs), metogonoris; Maeno Kyab-
MEHKO — HanucaHHsi (opuriHanbHa YepHeTka), nporpamHe 3abesne-
YeHHs1, Banigauis gaHux, dopManbHui ananis; Ceprii Buxsa —
KOHUenTyani3auis, MeToaonoris.
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ANALYSIS OF VELOCITY ANOMALIES AND RESULTS OF SEISMIC DATA DYNAMIC INTERPRETATION
IN THE STUDY OF COMPLEX GAS RESERVOIRS

Background. Oneof the priority tasks of geophysics is to detect hydrocarbon accumulations at an early stage of exploration, before drilling
the first well, when only seismic data are available. Analysis of elastic wave velocity anomalies together with the results of quantitative interpretation
of seismic data is an additional tool for outlining the distribution of reservoir rocks. This is especially relevant for complex deposits in the salt dome
zones of the DDB (Dnieper-Donetsk basin).

Methods. When the rock is saturated with fluids, its density and elastic waves propagation velocity change, which affects the reflection and
transmission of seismic waves. Changes in seismic amplitudes and velocities indicate signs of the presence of various fluids, such as oil, gas or
water, thereby helping to identify reservoir fluids. Also, indirect diagnostic tools are AVO analysis and elastic inversion.

Results. Six gas fields in the DDZ territory were analyzed, which have identical seismic field characteristics within the gas deposit. The
integral influence of a porous saturated layer on the amplitudes, frequencies and propagation velocities of elastic waves was described.

Conclusions. As a result of a comprehensive analysis of seismic data, a methodology was described that allows assessing the key
characteristics of the reservoir and, at the same time, identifying gas traps or areas of hydrocarbon accumulation inherent in the DDB region.

Keywords: seismic exploration, processing, velocity anomaly, intercept, gradient, angle stacks, AVO analysis.
ABTOpM 3aABNSAIOTL NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He 6panu yyacTi B po3pobneHHi AoCnimpKeHHs; y 36opi, aHanisi un
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"IHcTUTYT reodpisukm im.C. I. Cy660TiHa HAH Ykpaiuu, Kuie, YkpaiHa
2HauioHanbHWUIM TeXHiYHWUI yHiBepcuTeT "[HiNpoBCcbKa nonitexHika", [IHinpo, YkpaiHa
3IHCTUTYT reoTexHiuHOi MexaHikm iMm. M. C. Monsikosa HAH Ykpainu, JHinpo, YkpaiHa

KYMYAATUBHUUA BNAUB NPHUYOI NPOMUCIIOBOCTI
TA CUIbCbKOIO rocCnoAAPCTBA HA raPOrEoXiMmiYyHUMA CTAH TEPUTOPII
(HA NMPUKNAAI NIBAEHHOIO KPUBBACY)

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

B c Ty n. lMiedeHHuli Kpuebac € odHiero 3 HalibinbW NPoMuUcsI080 HagaHMaXKeHUX mepumopil niedeHHo20 cxody YkpaiHu TexHo-
2eHHI 3MiHU HaBKONMUWHBLO20 cepedosula cCmMaroms He380POMHUMU, WO erIueac Ha 008Kinssi, ocobnueo Ha rpyHmu. Y npedcmaeiie-
Hux 00cJliOXeHHsIX 8UKOHaHO y3a2allbHI08aslbHUll aHasli3 pyxsiueocmi OCHOBHUX XiMiYHUX esleMeHmie, w0 000amkoeo 3abpyOHIOMb
mepumopito, npunezsy 8o 2ipHu40306yeHuUX NiGNpuUeMcme, yHaclidoK CiflbCbKO20cnodapchbKoi QisiIbHOCMI Ma 8u3HavYeHHsI CMyreHs1
arnugy Miepayii 8ionoesioHuUx XiMiYyHUX esleMeHmie Ha 2eoXiMiyHUl cmaH rpyHmis, nogepxHesux i nid3eMHux eoo.

M e T o A u. [Jns susHa4yeHHs1 cmyrneHs1 ma xapaKkmepy IMexHO2eHHUX 3MiH y 2eoekosio2i4HOMy cmaHi niedHsi Kpuebacy 3acmoco-
8aHO MemoOUKy MOPi8HSI/ILHO-CIMAMUCMUYHO20 aHanily y3az2allbHeHHs1 pe3ysibmamie rnornepedHix 2idpozeoximiyHux AocnioxeHb
erugy 2ipHU4oi NpomucsI080cMi ma cinlbcbKo2o 2o0crnodapcimea Ha OCHO8Hi KOMIMTOHeHMuU O08Kinnsi.

Pe3ynbTaTtu. Y pesynsmami cninsHoi dii gpakmopie npomucnoeoi ma cinbcbko2ocnodapchKoi disnibHocmi 3a mpueanutl 4ac
cghopmyeanucsi Hoei cmiliki PupPodHO-MexHo2eHHi 2eocucmemu. OCHO8HUMU 3a6pydHIoeavyamu rpyHmy, nid3eMHuXx i moeepxHeaux eod
ma GoHHux eidknadeHb y 2ipHU40006y8HUX pezioHax € 8idx00u 2ipHU40306ye8HOI NpomucsIo8ocmi ma cinbcbko2ocnodapchki dobpuea.
lNopieHsiHHSI OCHOBHUX 3abpydHro8ayie, sIKi € pe3ysiLmamomM 2ipHU40306yeHOi ma cinbcbKko20cnodapchbKoi GisibHOCMI, MoKa3ye, Wo
3abpydHroeasibHi KOMIMOHEHMU 3Ha4YHOIO MipPOr0 0OHakKosi. Lje 30kpema npu3zeodumsb 3o HEO6I'PYHMO8aHO20 nepebinbWeHHsT Pe3yJib-
mamie 2ipHU40806ye8Hoi dislsibHOCMI 8 3a2anibHOMY 3a6pyOHeHHI nNpusle2nux cilbCbKo20Cno0apchbKux mepumopiti. lMokasaHo, wo ons
po3mMmexysaHHs1 He6e3rneyHoz0 ernusy (8HeCKY) 2ipHU40306y8HOI Mpomuc/iogocmi ma agpapHo20 KOMIIIeKCy 8 3abpyOHeHHs1 mepumo-
PiT oOKpeMo20o pe2ioHy HedocmamHbO 8UKITHOYHO mpaduyiliHux 2eoxiMmidHUx daHux. Heob6xidHo dodamkoee nNpocmopoeo-4acoee (MOHi-
mopuHao08e) 2e0s1020-2e0ghi3uyHe OOCIIOXKEeHHs1 sIK OXKepeJsl, makK i wiisxie nowupeHHs1 okpemux eudie 3abpydHeHHS. BodHo4ac
8U3Ha4aribHy poJib 8 OYyiHUi 2e0eKos102i4H020 cmaHy mepumopii docnidxeHb Matomb CMPYKMYPHO-MEKIMOHi4YHi ocobriugocmi, Ans na-
pamempu3aujii skux mMompi6bHo sukopucmaHHs1 8idoMux ysienieHb NMpo cucmemu AokeMOpilicbKux po3riomie, eCmaHo8JIeHUX 3a KOMIlle-
KCOM 2e0J1020-2e0¢hi3u4HuUX GaHUX.

BucHoOBKMU. 3p061eHO BUCHOBOK NMPO 3HaYHUU enuue Mizpauil okpemux XiMiYHUX e/leMeHmie Ha 2eoxiMi4HUll cmaH rpyHmis,
noeepxHegux i niozeMHuUx eod Ha npuseasux 0o 2ipHuU40006yeHuUX MiGnNpueMcme CifbcbKo20Ccn00apchLKux mepumopisix. HaseHicms
npocmopoeo-2/1u6UHHOI 2e051020-2e0¢hi3u4HOI iHghopMauyii NPo ocobsrueocmi MeKMoHIYHOI (PO3/10MHO-6710K0€0i) 6ydosu € OOHiEr 3
0ocHoOe 01151 pO3PO6KU MemoAuKU po3MeXyeaHHs efleMeHmie He6e3ne4Ho20 ernuey 2ipHUYoi MPoMuc/I080cmi ma azpapHO20 KOMIJIEKCY
y hopmyeaHHi 3a2asibHO20 2e0€K0J102i4H020 CMaHy KOHKPeMHO20 Pe2ioHy.

Knw4yoBi cnoBa: eidxodu 2ipHu40306yeHOi npomMuciogocmi, 2eos1020-2eohizuyHa iHghopmauisi, 2idpoz2eoximisi, dobpusa,
pyxomi ¢hopmu XiMiYHUX esleMeHmi8, pO3/IOMU 3eMHOi Kopu, meKmoHiyHa 6ydoea, xiMmiyHe 3abpyOHeHHSI rpyHmMie, MoeepxHeaux
i niozeMHux eo00.

Bctyn

HwuHi B YkpaiHi po3pobnseTtbca noHag 50 % HasBHWX 3a-
naciB Tak 3BaHux 6igHux 3anisHnx pya. baraTi pyau, siki cta-
HoBNATbL NoHag 43 % ycix po3BigaHnx 3anacis pya, MOXyTb
BMKOPUCTOBYBaTUCS B MeTanyprii 6e3 36aravyeHHs1, OCKinbKu
cepepHili BMICT 3anisa B Hux csrae 57,6 %. Ane ix po3pobka
— ue nuwe ~40 % Bcboro BMOOOYTKY i He 3abesnevye
notpebu BiTYM3HAHOI MeTanyprii, Wo 3yMOBMIIO PO3pobky
OigHMX pya 3anisncTrx kBapumTiB KprBopiabKkoro 3anisopya-
Horo GacenHy (Kpubacy), siki nerko 36arauytoTbes. TyT
po3pobKy 3anizopygHuWX POAOBULL 34IACHIOTbL FipHUYO-
36aravyBarnbHi kombiHaTu (I"'3K) sk BigkpuTuMm, Tak i nigzem-
HUM cnocobamu. OcobnueicTio Unx 3K € Te, Lo BOHU

po3TaluoBaHi Ha Teputopii M. Kpusui Pir, ge BiacyTHi BinbHi
OiNsiHKM 3eMni 4Ns AOAAaTKOBOro CKnaayBaHHs Biaxoais 36a-
rayeHHs (barpin, bniHoB, & BenokonutoBa, 2002; Barpin,
lFoxuk, & Camotkan, 2005; Josruii, KopxHeB, & Tpodum-
yyk, 2017; Josrun TaiH., 2021). OcobnueBo HeraTuUBHWUIA
BMMMB Ha AOBKINMSA TYT YMHSITL came NignpuveMcTBa 3 BUOO-
OyTky Ta 3b6aradyeHHs 3ani3Hoi pyau, ae GinbLlua YacTnHa Bu-
[06yTOI CMPOBUHM NEPETBOPIOETLCS HA HAKOMMYYBarbHi Ta
3abpyaHioBanbHi Bigxoan. Ha 3emenbHin gingHui nnoweto
noHan 5 Tuc. ra 3ocepempkeHo noHag 3 mnpg M3 ripHUYoi
Macu. Bigeanu Ta cxoBuwia Bigxoais 36araveHHs, Kpim Bu-
BE[EHHS 3 rOCrnofapCbKoro 06opoTy BEMUYE3HUX 3EMENb-
HMX NIOLY, CTBOPIOIOTb AOBrOTPMBANUIn HEraTUBHWUIA BMUB
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Ha AoBKInNnsA. YacTkoBo po3B'asaHHI0 Lmx npobnem cnpus-
I0Tb PEKYNbTUBALA BiABaniB i cxoBuWLY, BiaxoaiB 30aravyeHHst
Ta yTunisauis BigxodiB ripHU4oro BUpOOHULTBA, sIKi MPOBO-
OSITbCA NOKU Lo B HegocTaTHiX MacwTabax (Pyapko, & Ako-
Bnes, 2018: KopxxHes, & Manaxos, 2012; LLanap, CKpUMHUK,
& Mixees, 2018). Y ToI e yac ripHm4ogobyBHi nignpmemc-
TBa 4aCTO MEXYIOTb i3 CiNlbCbKOrocnogapChbKMMK yrinasmu,
e BHacnigok BHeceHHs obpwvs i 06pobku pocnuH nectu-
unaaMm y rpyHT noTpannsaioTb XiMiYHi enemMeHTu pisHoro
cTyneHs Hebesneku. Takum YMHOM, B ymoBax LieHTpanbHoi
Ta [liBoeHHO-CxigHOi YKpaiHM OCHOBHMMW 3abpyaHioBa-
Yamu 'pyHTIB Ta NiA3eMHUX | NTOBEPXHEBUX BOA € HE TiNbKK
BiAXoau ripHn4yogo6yBHOI NPOMUCIOBOCTI, a 1 3acobu Ximi-
3auii cinbcbkoro rocnogapctea (qobpuea, nectuuuan). Te-
XHOTEHHI 3MiHM HaBKONMULUHLOIO CepefoBuLla CTalTb
HE3BOPOTHUMU. KOMMOHEHTM [OBKINMs, 0COBNMBO I'PYHTH,
BTpayalTb 30aTHICTb OO MPUPOOHOr0 CaMOBIOHOBMEHHS.
YHacnigok cninbHoi Aii dhakTopiB NpOMUCIOBOI (Hacammne-
pen ripHn4ogobyBHOI) Ta CiNbCbKOrocnoaapcbKoi AisinbHO-
CTi 3a TpMBanum vyac copMyBanucs HoBi CTiVKi NIpUpogHo-
TEXHOTEHHi reocucTemMn. Y UmMx cuctemax HambinbL ypasnu-
BMMU eNleMEHTaMn € came NMOBEPXHEBI Ta MiA3eMHi Boau, a
TakoX 30Ha aepadii. MpoTe cnig 3a3HaunTy, WO Yy 3B'A3KY i3
3aranbH1MM cnagoM NPOMM1CIOBOrO BUPOOHMLTBA B YKpaiHi 3a
OCTaHHI gecaTunitta Bigbynocsa BiANOBIAHE 3HAYHE 3MeEH-
LLIEHHS! KiNbKOCTi 3abpyAHIOBarNbHUX CTiIYHMX BOA,. Y KOHTEKCTI
LibOro 3MEHLLEHHSI HEraTMBHOIO BNIMBY Ha AOBKINIS MpHUYO-
000YBHOI NPOMUCIIOBOCTI akTyasnibHUM CTa€ MUTAHHSA PO3PO0KM
METOAVKN BWAINEHHS BMNMBY (3pOCTalodoi YacTKW/BHECKY)
CinbCbKOrocnoaapcbkoro KOMMMekcy B cymapHe 3abpya-
HEeHHS okpemoi TepuTopii. [nsa BUpiLLEHHS LbOoro reoekonori-
YHOrO MNWUTAHHS HEAOCTaTHbO 3anyyYeHHs TPaAULIAHKX
reoximiyHnx gaHux. HeobxigHa po3pobka nokanbHNX cMcTem
reoeKonoriYyHOr0  MOHITOPUHIY  FipHM4oA400YyBHMX  Nignpu-
€MCTB 3 NPUIernMMmn CiflbCbKOroCnoAapChkMm 3eMnsMm —
AK iHopMaLiiHOT cMCTeEMM MiATPUMKU HEOOXigHUX ynpaB-
NIHCBbKMX pilleHb LOAO pauioHanbHOro MpUpoLOKOPUCTY-
BaHHs B YyMOBax HasBHOCTI £K MNPOMMWCMOBMX, TaK i
CinbCbKOrocnoAapcbknx mxepen 3abpyaHEeHHS] OCHOBHUX
KOMMOHEHTIB J0BKiNNs. Y pamkax uiei npobnemn Habysae
3HAYEHHsI NpOCTOPOBO-4YacoBe reonoro-reoisnyHe

OOCTiZXKEHHS He TiNbKU caMmux [Xepen, a 1 Wnaxis nowu-
PEHHSI OKpEMUX BUAIB 3a0pyOHEHHS, Y T. Y. 3 ypaxyBaHHAM
CTPYKTYPHO-TEKTOHIYHUX ocobnueBocTen Teputopi. Ha npu-
knagi MisgeHHoro Kprebacy po3rnsaHemo Aesiki acnekTu Bu-
PiLLEHHS LMX NUTaHb.

MeTtoau

[Nnsi BU3HAYEHHs1 CTyNeHs1 Ta XapakTepy TEXHOTeHHUX
3MiH y reoekonoriyHomy cTaHi niBgHsa Kpusbacy 3actoco-
BaHO METOAWKY MOPIBHANBHO-CTAaTUCTUYHOIO aHanisy pa-
Hille OTpMMaHMX pe3ynbTaTiB rigporeoXiMiyHnUX gocnigXeHb
BMIMBY TiPHMYOi MPOMMCMOBOCTI Ta CiNbCbKOro rocnogapc-
TBa HaA OCHOBHI KOMIMOHEHTU AO0BKINNA. Ak BUXiAHI AaHi BU-
KOpUCTaHO pe3ynbTaTu  BiANOBIAHWMX  AOCHIDKEHb i3
BiAKPUTUMX NiTEpaTypHUX J)Kepen Ta pe3ynbTatn AeTanbHuX
reoxiMivyHux i rigpoxiMmiyHnx gocnimpxeHb Teputopii NiBoex-
Horo Kpuebacy 2010-2019 pp.

TeopemuyHa YacmuHa. OCHOBHi 3abpyaHIOBarnbHi Ta
TOKCUYHI efleMeHTH, L0 HaaXoaATb Y Npunerii FPyHTU ripHKU-
ynx (3anisopyaHux) nignpuemcte (y6iHa, & opnuubKuin,
2010; Anisimova L., Babyi K., & Pihulevskyi, 2022), HaBegeHo
B Tabn. 1. 3okpema NoCTiNHAMU JOMILLKaMM (Y HE3HAYHUX Ki-
NbKOCTSIX) Y 3ani3MCTMX KBapumTax i baratux 3anisHnx pygax
KpuebGacy € choccop Ta cipka. MocTiHUMK cynyTHIMK MiKpo-
enemeHtamu € Cr (4,7-78,7 mr/kr), Mn (1,9-198,34 mr/kr) i
Ge (0,2-9,0 mr/kr), a Takox Cu, Zn i Ni.

Ockinbkn ripHmyogobysHi nignpuemctea Kpuebacy me-
XYIOTb i3 CiNbCbKOrOCNOAapCbKUMK YriaasMu, TO Npu BHe-
CeHHi [pobpvmB i 3acobiB 3axucTy pPOCIMH Yy TPYHT
noTpannsaTb XiMiYHi enemMeHTU pi3HOro cTyneHst Hebes-
nekn. BoHn mirpytoTb y nig3emHi BOLOHOCHI ropn3oHTu (ne-
peBaHO neplumin GesHanipHui), a noTiM Yy MNOBEPXHEBI
BOAM, LLO NPU3BOAMTL A0 iX 3abpyaHeHHs. MNpu uboMy BHa-
CnigoK 3MUBY LUKIANMBUX KOMMOHEHTIB i3 BOA036ipHOI nnowwi
3abpyaHioBanbHi pe4oBNHU MOXYTb MoTpannsatn 6esnoce-
pefHbO Y NOBEPXHEBI BOAW. Y3ararnbHeHi AaHi PO OCHOBHI
3abpygHioBaYi TepuTopii arponpoOMUCITIOBOTO  KOMIIIEKCY
HaBegeHo B Tabn. 1. ArpornpomMUCIIOBUIA KOMMIIEKC MOXe
3HAYHO 36iNbLUNTN TEXHOrEHHE HABaHTAXEHHS Ha TepUTOPIi
no6nm3y ripHM4oO06YyBHNX NIANPUEMCTB. Y3aranbHeHy iH-
dopmauito Npo cinbcbkorocnogapchbki Axkepena 3abpya-
HeHHs rpyHTiB (International..., 1992) HaBegeHo B Tabn. 2.

Ta6bnuys 1

OCHOBHi 3abpyaHIOBanbHi eeMeHTU TEPUTOPIN yHACTIAOK BUPOGHUYOI AiANbHOCTI ripHU404006YBHOI MPOMUCIOBOCTI
Ta arponpoMUCIIOBOro KOMMIEKCY — OQHAKOBi erneMeHTU-3abpyaHoBadi (3eneHi), pisHi — (XoBTi)

Komnnekcu OCHOBHi 3a6pyaHoBaui
ripHU4o406yBHMI P Mn Cu Cr Pb Zn Co Ge Ni Ti Sn
arponpoMucroBumn P Mn Cu Cr Pb Zn Cd As F Hg Sr
Ta6bnuuys 2
Y3aranbHeHa iHhopMalis Wwoao cinbcbKorocnoAapcbKUx Axxepen 3a6pyAHeHHS FPYHTIB
- . LUnaxu HagXo4XXeHHsA, Mr/Kr
XimiyHun —— -
eneMeHT npy NonuBi CTiYHNMK | 3 cocchopHuMM 3 BANHSIKOM 3 a30THUMHU 3 opraHiYHUMM 3 necTLMAaMM
BOAaMu NiANPUEMCTB no6pusammn no6puBamm no6pusammn
As 2-26 2,0-1200 0,1-24,0 2,2-120 3-25 22-60
Cd 2-1500 0,1-170 0,04-0,1 0,05-8,5 0,3-0,8 -
Co 2-260 1-12 0,4-3,0 5,4-12 0,3-24 -
Cr 20-4060 66-245 10-15 3,2-19 25,2-55 -
Cu 50-3300 1-300 2-125 1-15 2-60 15-50
F 2-7 850-3800 300-740 - - 18-45
Hg 0,1-55 0,01-1,2 0,05 0,3-2,9 0,09-0,2 0,8-42
Mn 60-3900 40-2000 40-1200 - 30-550 -
Mo 1-40 0,1-60 0,1-15 1-7 0,05-3 -
Ni 16-5300 7-38 10-20 7-34 7,8-30 -
Se 2-9 0,5-25 0,08-0,1 - 24 -
Pb 50-3000 7-225 20-1250 2-27 6,615 60
Sn 40-700 3-19 0,54 1,4-16 3,8 -
Zn 700—4900 50-1450 10450 1-42 15-250 1,3-25
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MopiBHIOKOYM OCHOBHI 3abpyaHIOBaYi, L0 € pe3ynbLTaTom
ripHM40400YBHOI  Ta  CiNbCbKOrOCNOA4APCHKOI  AisNbHOCTI
(Tabn. 1), MoXxxHa nobaunTn, WO 3abpyaHoBanbHI KOMMOHe-
HTM 3HA4YHOIO Mipoto ogHaKoBi. Lle iHoai npu3BoanTb 00 HEOO-
r'pyHTOBaHOro nepebinbLUeHHs pe3ynbTaTiB ripHU4o400YBHOI
OiSiNbHOCTI B 3aranbHOMy 3abpyaHeHHI NpUnernux cinbcbko-
rocnofapcbkux TepuTopin. ToMy B yMOBaX TEXHOrEHHO HaBa-
HTaXEHWX TEepWUTOPIN, HaCWMYeHWX  TipHNMYO[400YBHUMM,
NPOMUCIIOBUMW Ta CiNlbCbKOrOCNOAaPChLKUMM KOMMIeKcamu,
TPaHCMOPTHMMU MepeXaMu Ta HaKonMYeHVMU MPOMUCHIO-
BMMM i NOGYTOBMMU BiAXo4amu, akTyarnbHUM € BUSBIIEHHS
pKepen i WnsxiB Mirpavii TOKCUYHUX PEYOBMH i BaXKKMX MeTa-
niB, y tomy uucni i B rpyHtoBui nokpuB (Menshov, &
Sukhorada, 2012; Tonkha et al., 2020).

PesynbtaTtun

MiBaeHHnn Kpmnebac € ogHieto 3 HaMGinbLL TEXHIYHO Ha-
BaHTaXXeHWX TepuTOpiN niBAeHHOro cxody YKpaiHu (aus.
puc. 1). 3a nonepeaHiMu pesynbTaTtamm reoximiyHMx gocni-
oxeHb npotarom 2010-2019 pp. Bmict P, Pb, Zn, Co, Ni,
Cu, Cr, V, Mn y YopHO3eMHOMY I'pyHTi LIbOro perioHy npak-
TUYHO He 3miHeTbes (Pihulevskyi et al., 2019; Pyabko, &
Akoenes, 2018). H13bki 3Ha4YeHHA BMICTY pyxoMux ¢hopm
XiMIYHUX eneMeHTIB, a TakoX cTabinbHiCTb X 3aranbHOro

BMICTYy B I'PYHTi MOXe CBiguYMTN NPo HabnmxeHHa 40 NOBHOI
HaCMYeHOCTi I'PYHTIB UMMKU enemMeHTamu. Banosum BMmicT
nepenivyeHnx XiMiYHUX enemMeHTiB Ha Lii Teputopii Sk Ha
o6'ekTax ripHM40400yBHUX NiANPUEMCTB (Y T. Y. XBOCTOCXO-
BUWL i BigBaniB), Tak i Ha 3Ha4YHil BiACTaHi Big HUX, MalTb
O[HaKOBi Mexi 3MiHM BMICTy UMx enemeHTiB. Lle cBigumtb
npo cninbHe 3abpyaHEHHs Liei TepuTopii ripHM4oa00yBHUM
Ta arponpomucnosum komnnekcamu. OctaHHe 36inbLuye Te-
XHOreHHe HaBaHTaXXeHHs, ockinbku nuwe 30—60 % nobpus,
LLIO BHOCATLCHA B I'PYHT, BUKOPWCTOBYKOTBCA POCMNMHAMK, a
40-70 % 3 HUX NOTPanMsATb Y HABKOMULLHE CepeaoBuLe,
36inbLytoun horo 3abpyaHeHHsA. BogHodac 20-30 % umx
PeYoBUH 3anuwaeTbCcsa B IPyHTI, y Tomy uucni 10-15 %
3B'A3y€eTbCA I'PYHTOBOIO Bornoroto, a 28—40 % — y rasonogio-
HOMY CTaHi NnoTpannse i3 rpyHTy B NOBEPXHEBI LLapu aTMo-
cepu. Big BMNapoByBaHHs BOMOroro rpyHTy o6'eMOM
100 M2 BTpavaeTbesa oo 23,3 kr asoty (abo 30 kr NHa3), BHe-
CEHOro Ha nons 3 MiHepansHUMKU gobpusamu. 3 nonis Ha
npunerni Teputopii BUHocUTbCA 6nmnsbko 1,8 % MiHeparnb-
HUX 8o6pwmB. MNpy 3pOLLEHHI CXUINOBUX 3eMenb Y BOAOWMY 3
HMXx BumMmuBaeTbca o 20 % asoty, 2-5% docdopy i
10-17 % kanito i3 BHeCeHOI KinbKoCTi MiHepanbH1X 4o6pus.
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Puc. 1. MonoxeHHs MiBaeHHoro KpuB6acy (4epBOHMI KOHTYP) Ha KapTi ekonorivyHoi cutyauii MiBaeHHoro Cxony YkpaiHu
(enekTpoHHa Bepcifa ATnacy YkpaiHu, IHcTuTyT reorpadii HAH Ykpainu, 1999—2000).
YMOBM XUTTS HAaceneHHsi: 1 — cnpuaTnmBei, 2 — MOMIpHO CNpuATAMBI, 3 — 3a40BINbHi, 4 — NOripLUeHi, 5 — Baxki

HabnwkeHHs A0 MOBHOr0 HaCUYEHHSA XiMiYHUMM ere-
MEHTaMu I'pyHTY MpPU3BOAMTbL OO TOro, WO HOBa Mopuis
LWKIANMBUX ENEMEHTIB, OTpUMaHa 3 HeONTUMarnbHO BHece-
HUMWU JOOpUBaMK, MOXe BiflbHO MirpyBaTu B nepLunii Bo-
OOHOCHUIA TOPU3OHT i BHacnigok 3mmBy 3 Bogo36ipHOI
nmowi 3 Yacom NoTpannsAT B NOBEPXHEBi BOAOTOKU. Tak,
Ha TepwuTopii gocnigxeHHa enemeHTtn (P, Pb, Zn, Co, Ni,
Cu, Cr, V Ta Mn) i3 "xBocToCX0BMLL" BENUKNX ripHU40800yB-
Hux nignpuemcTs lMisaeHHoro Kpuebacy (MAT "MisaeHHmin M3K"
Ta MAT "ApcenopMittan Kpusuii Pir'") MoxyTb MirpyBaTtu
0o p. lHryneupb, wo noegHyeTbea i3 3abpyaHEHHAM arpo-
npomucrnoBoro komnnekcy. Lle nigTBepaxyeTbes BiACYTHI-
cTio 3MiH y BmicTi enemeHTiB P, Cr, Mn 1a Cu (ski €
"3BuyaiHUMKn" 3abpygHioBavYamMu ripHMdogobyBHOro Ta
arponpoMmMcroBOro KOMMMEKCIB) y Uil pivui BULLEe Ta HU-
X4ye BiO MOTEHUINHOro ckupgy i3 uux xBocTocxosuul. Ha
OHI 3HMKEHHA MiHepani3auii BOAM 3aranom no piyui IHry-
neub 3 noyaTky 2000 p. ikCyrOTbCA PiBHI MeXi 3MiHU Mi-
Hepanisadii uiei piukM BuLLE | HMXKYe BiO MOTEHUINHOro
CcKMay BOOW 3 XBOCTOCXOBMLL BEMMWKUX TipHNYOO00YBHMX
nignpvemcTts MNiBgeHHoro Kpnebacy (aus. puc. 2).
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Y KOHTEKCTi [JOoCniaXeHb BUKIMKAKOTb 3aliKaBIIEHICTb
pesynbTaTi CnekTpanbHOro aHanidy JOHHUX Bigknaais p. IH-
ryneub Ta p. CakcaraHb. TyT BUOKPEMITEHO Fpyny npiopuTe-
THUX enemeHTiB-3abpyaHtoBaviB: | knacy Hebesnekn (Pb,
Zn, Be, P, As, Se), Il knacy (Cr, Cu, Mo, Ni, Co, Bi, Li), Ta
Il knac (V, Mn) (Barpin Ta iH., 2005). OcobnuBuii iHTEpEC
CTaHOBMSATb pe3ynbTaTv JOCHiAXKEHHS Bapiauil BMiCTY MuU-
W'AKY, AKUA nowmpeHun y 6acenHi p. IHryneup. Lien ximiy-
HUA enNeMEeHT He HaneXxuTb OO0 OCHOBHMX 3abpyaHtoBadiB
ripHM4o400yBHOI MPOMMUCIIOBOCTI — OCHOBHUM [XXeperiom
MNOro HagxomxkeHHs1 € 4obpmBa, WO BHOCATLCS B MPYHT Mpo-
TArom BereTauinHoro nepiogy. po ue cBiguUTbL nepesu-
LeHHsa Kroro BmicTy (2,7-3,5 TOK) y niTHIn BereTauinHumn
nepiog Ha BiAMiHY BiJ 3UMOBOro, a TaKOX MNEepPeBULLEHHSI
F'OK y JoHHMX BigknageHHAX 3a BMICTOM Muw'aky B p. bo-
koBa (7,5T[OK, c.Banose,) Ta p. bokoBeHbka (6,5 0K,
c. Benukodbegipieka). Ocobnmeo cnig nigkpecnutu, Te Lo
BBAXKAETbCS — Lii MOCeneHHs nepebyBatoTb No3a 30HOK 3Ha-
YHOro BMMBY TiPHUYOOO00YBHOI MPOMMUCIOBOCTI. Y p. IHry-
neub y pavoHi c.JlatiBka 3adikcoBaHO 4-kpaTHe
nepesuweHHs K 3a BMiCTOM MWW'AKy B OOHHUX
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BigKknagax Ta nepeBuLLEeHHs MOro (oOHOBMX 3HaYeHb 3a BMi-
cTtoM Zn, Mo Ta Bi BignosigHo — y 2,9, 2,2 Ta 2,0 pa3a. Ta-
KOX cnif, Big3HAUNTW, WO MonibaeH (SIKM He 3yCTpivaeTbest
B acoujauji i3 3anisaHo pyaoto), sk i MULW'SIK, € NOBCIOAHUM
y OOHHUX BifKNaZeHHsX yCboro pivykoBoro 6aceriny i3 5-kpa-
THUM MEepPeBULLIEHHSIM CBOIX (POHOBUX 3HayeHb. Voro Haa-
XO[KEHHS1 B I'PyHT 3 cpochopHMMM JoOpuBamMn CTaHOBUTL
0,1-60 mr/kr cyxoro rpyHTy, 3 as3oTHuMu JobpuBamn —
1—7 mr/kr cyxoro rpyHTy, 3 BanHskoBumu — 0,1-15 mr/kr
CYXOro I'pyHTY. YCe Lie MOXe CBiAYMTU Ha KOPUCTb 3HAYHOTO
3abpyQHEHHs1 MOBEPXHEBMX BOA CaMe Yepe3 AifnbHIiCTb
arponpoMUCIIOBOrO KOMMSIEKCY.
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KoedpiuieHTn kopensuii Mk BMiICTOM XiMiYHUX €neMeHTiB
Y 'PYHTi HE MalOTb NEBHOIO NO3UTUBHOIO YN HEraTUBHOIO CTa-
noro 3B'A3ky (Tabn. 3). Bmict Si B r'pyHTi noB'a3aHuii 3 V, oxe-
pernoM $KOro y FPyHTIi € FipCbki nopoau 3anisopyaHux
poaoBuL, WO MiATBEPOXKYETbCA HASABHICTIO MOro "reHeTunu-
Horo" 3B'a3ky 3 Mn, Ni Ta BigcyTHicTio Takoro 3B'a3ky 3 P, Zn,
Cu, Pb. Ixepenom Mn Takox € nepeBaxHO ripcbki nopoau
3ani3opygHMX poAoBuL, WO MNiOTBEPMXKYETLCSA HAsSIBHICTHO
3B'asky 3 Cr, V, Ni ta Fe. Te came ctocyeTbes i BmicTy Ni B
I'PYHTi, 3yMOBIIEHOMY B OCHOBHOMY /0OrO BHECEHHSIM 3 POAO-
BULL 3arni3Hoi pyau. Lle niaTBepmKyeTbCst HAABHICTIO FreHEeTU-
yHoro 3B'A3ky Mmix Ni i Cr, Fe, Mn, V i BigcyTHicTio Takoro
3B'A3Ky 3 Zn, Pb, Cui P.
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Puc. 2. 3miHa MiHepanisauii B p. IHryneub (y mr/am®) Buwe (a) Ta Huxu4e (6) Big NoTeHUWiMHOro cknay Boau
i3 xBOCTOCXOBMLY, BENUKMUX ripHnyonobyBHux nianpuemctB lNiBaeHHoro Kpusbacy
(3a panumu MNAT "MisaeHHunn M3K" Ta NMAT "ApcenopMitran Kpusui Pir")

Tabnuys 3

KoediuieHTH kopensuii mixk BanoBuMu chopmamm BMicTy XiMiuHUX enemeHTIB y I'pyHTi MNiBaeHHoro Kpuesbacy
(BuxigHi aadi NAT "MNiegeHHnin F3K" Ta NAT "ApcenopMittan Kpusun Pir")

Si P |4 Cr Mn Fes. Co Ni Cu Zn Pb
S 1 -0,17 0,24 -0,18 -0,55 -0,47 0,02 0,02 0,03 -0,16 -0,10
P -0,17 1 -0,33 -0,06 -0,07 -0,28 0,07 -0,52 0,39 0,04 0,09
% 0,24 -0,33 1 0,20 0,31 -0,04 0,22 0,49 -0,44 -0,44 -0,52
Cr -0,18 -0,06 0,20 1 0,16 0,11 -0,16 0,24 -0,09 0,07 0,11
Mn -0,55 -0,07 0,31 0,16 1 0,58 -0,13 0,46 -0,28 -0,27 -0,22
Fe:0s | -0,47 -0,28 -0,04 0,11 0,58 1 -0,09 0,29 -0,15 0,18 0,24
Co 0,02 0,07 0,22 -0,16 -0,13 -0,09 1 0,07 0,32 0,17 -0,06
Ni 0,02 -0,52 0,49 0,24 0,46 0,29 0,07 1 -0,48 -0,09 -0,17
Cu 0,03 0,39 -0,44 -0,09 -0,28 -0,15 0,32 -0,48 1 0,28 0,31
Zn -0,16 0,04 -0,44 0,07 -0,27 0,18 0,17 -0,09 0,28 1 0,87
Pb -0,10 0,09 -0,52 0,11 -0,22 0,24 -0,06 -0,17 0,31 0,87 1

Y Ton xe yac Cr nepeBaxHO "acouitoeTbea" 3 poaoBu-
Lamu 3ani3Hoi pyam Ta YacTkoBo 3 obpuBamu, Npo Lo CBi-
A4nTb noro 3B'a3ok 3 Mn, V, Ni Ta, yacTkoBo, 3 Pb, a Takox
BiACyTHICTb acouiauii 3 Co Ta Si. Takox cnig 3a3HaunTy, Lo
Fe mae 3B'a3ok i3 Zn, Pb, Ni, Mn yepes noro moxnmee Hag-
XOKEHHS B I'PYHT i3 MipCbKMX Nopig 3anisopygHnx pogoBuLL,
Ta 3 gobpuBamu. Y pasi MOCTIMHOrO 3anunneHHs 3anisopyaHnx
BifBaniB 3ani3o "po3TikaeTbCs" NO NOLLi Mamke PiBHOMIPHO.
[oGpuBa TakoX NOBUHHI PIBHOMIPHO PO3MOAiNATUCh | BHOCK-
TUcb y rpyHT. ig BNnvBOM onafiB BiaOyBaeTbCs Takui ca-
Muin posnoain Fe no nnowi gocnigkyBaHoi TepuTopii, Lo
3yMOBMITO BnacTueumi 3B'a3ok Fe 3 Pb i Zn. [lo uboro cnig go-
aatn, wo mkepenamm Co B IpyHTi, 9K | Fe, MoxyTb ByTn sik
3anisopyaHi pogosvLla, Tak i 40OpUBA, WO MigTBEPOAKYETHCA
HasIBHICTIO FEeHETUYHOI cnopiaHeHocTi 3 Zn, Vi Cu.

I3 ynobpeHHAM I'pyHTY nepeBaxHO MNoB'a3aHi: docdop
(kv mae 3B'a30k i3 Pb, Cu Ta He mae 3B'si3ky 3 Fe, V Ta Ni),
Migb (sika Mae 3B'a30k 3 Zn, Pb, Co, P i He mae 3B'si3ky 3 Fe,
Mn, V, Ni), umHk (sxunii mae 38'a3ok 3 Co, Fe, Cu, Pb i He mae
3B'A3Ky 3 Mn i V) Ta cBuHeUpb (ki mae 3B'A30k 3 Fe, Cu i
Zn Ta He mae 3B'a3ky 3 Ni, Mn ta V).
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OTxe, pxepenamu HagxomkeHHs B rpyHT Si, V, Cr, Mn i
Ni € nepeBaxHO ripcbki nopoan 3anisopyaHUX poaoBuLL, a
P, Cu, Zni Pb — gpobpusa. Fe i Co matoTb noagiviHy npupogy
HaaxomKeHHsA B I'pyHT. Ha nigctasi iHpopmauii npo BmicT
XiMIYHMX €NTEMEHTIB Y MOTOYHMX i HAKOMUYEHMX (Nexayvmx)
BiAX0[ax OLiHEHO X MirpauinHy 34aTHICTb i3 XBOCTOCXOBWLL,
0o nigzemHux BoA. Kinbkicte Mn ta Cu y nexaunx Bigxogax
3MEHLWIMMach y pa3u MOPIBHAHO 3 MOTOYHWMM Bigxogamu
36araveHHs. Lli enemeHTn 3 BigxogdiB ripHM4oro BUpoGHML-
TBa HE MOXYTb CYTTEBO BNMBATU HA 3a0pyOHEHHST 3HAYHMX
arpornpomMnCIOBUX TEPUTOPINA, BPAXOBYHOUU iX BUCOKY Mirpa-
LifHy 3aaTHiCTb. ToMy cnig BBaXaTu, O OCHOBHUM [Xepe-
nom 3abpygHEHHS UMMK eneMeHTamu UMX TepuTopin €
BHECEHI B I'PyHT fobpuea. Taki enemeHTn, sik Co, Pb, Zn i
Ag, i3 CyXux NOBEPXOHb XBOCTOCXOBULL, MOXYTb NOTPansIsT
B 'PYHT pa3om i3 Numom.

CuvnbHil gikcauii Myw'siky npu agcopbuii YacTuHkamu ri-
OpoKcuaiB 3anisza nepeLuKogXae KOHKYpeHList 3 60Ky iHLMX
okcoaHioHiB: P304, S204, M0204 (Manning, & Goldberg,
1996; Jackson, & Miller, 2000). Tomy y "doccaToBaHux" Bo-
Jax MOXHa O4iKyBaTU 3HWKEHHs1 "edpekTnBHOCTI Gap'epy"
[OoTW, nokum mMuw'sk He Oype 3adpikcoBaHo. OpraHiyHi
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cnonykv  36inbLyloTb  GiogoCTymHiCTb  Muw'sky.  [ocni-
IPKEHHs1, npoBefeHi Ha retuti -FeOOH, nokasanu, Wwo agco-
pouis MUW'SKY 3HWKYETBCA B MPUCYTHOCTI TYMIHOBUX i
dynbeokucnot (Grafe, Eick, & Grossel, 2001). Ha agcop6uito
BMMWBaKOTb TUM, LWiMbHICTb i KUCMOTHI (PYHKLUIT opraHiyHmx
nonimepis. Kpim Toro, opraHiyHi MoOnekynu nepeLuxKoaxatoTb
enekTpocTaTnyHin B3aemogii As (V) 3 noBepxHeto retuty.
KoHKypeHUis opraHiyHux niraHgis 3anexuTs Big pH cepeno-
BULA. BogHo4Yac OCHOBHMM €neMEHTOM, SIKUM MICTUTbCS
B I'PYHTi, € KpeMHin. Ynm Ginblie cunikaTiB, TUM MeHLUe
OpraHivYHUX PeYOBUH Y I'PYHTI.

HaBepeHi pe3ynbTtaty cBig4aTb Npo Te, WO AN po3ve-
XyBaHHS1 Hebe3neyHoro BNAMBY (BHECKY) ripHU4Y0400yBHOT
NPOMUCIIOBOCTI Ta arpapHoOro Komnnekcy B 3abpyaHEHHS
TepuTopii OKpeMoro perioHy HeJoCTaTHbO BUKITHOYHO reoXi-
MiYHUX AaHux. HeobxigHO gogaTKOBE NMpOCTOPOBO-4acoBe
BMBYEHHS SIK J)KEpPEr, TakK i LUNsXiB NOLUMPEHHSA OKpEMUX BU-
AiB 3abpyaHeHHsA. OCTaHHE € CKNnagHoK HayKoBO-MpuKnag-
HOl MpobnemMoto, po3B'A3aHHS SKOi BUMAarae po3BUTKY SK
TpaauuinHKX, TakK i HeTpaaULIMHMX TEXHOMOTIA AiarHOCTUKK
SIK CTaHy €eKOocUCTeM, TaK i AMHaMIiKM aHTPOMOreHHoro
BMMMBY Ha AOBKiNNA. TexHonorii AocniaXeHb, LWo BUKOPUC-
TOBYIOTb KOMMIEKC reodpisnyHNX MeToiB, Aat0Tb 3MOry one-
paTMBHO BM3HAYaTW iX CTaH i (PYHKLUIOHYBaHHA 3a Marowo
KinbkicTio napameTpis. [MepcnekTnem edekTMBHOMO 3aCTOCy-
BaHHA reoqisnyHoi iHopMauii Npu po3B's3aHHiI CKNagHuX
reoeKororiyHMX 3agay BM3Ha4alTbCA nepeaycim pisHoma-
HITTAM i3MYHUX MOniB, WO 06'EKTUBHO BiAOMBaOTL CTATUKY
Ta OuHaMiky npupogHoro cepeposuua (byab-ski npocrto-
pOBO-4aCcoBi 3MiHW AOBKINNSA BUKNUKaOTb NOSABY aHOManin
reodianyHMX Nonie, Lo pearytoTb abo NoB'sA3aHi 3 ekonoriy-
HUM CTaHOM KOHKpPETHOI TepuTopii Yepes reonoro-neTporpa-
diyHi, BOAHO-(I3NYHI, reoximiuHi, OGionoriyHi Ta iHLWI
xapaktepuctukn) (TankiH, 2006).

HasaBHUI MO3WTUBHUIA [OCBIA AocnigXeHb Hebeaney-
HOrO reoeKosIoriYHoro BnAMBY 06'eKTIB MpHNYOro BUPOGHU-
uTBa Ha TepuTopii MNiBaeHHoro Kpuebacy (oe B pesynbrtarTi
B3aeMOil MPUPOAHUX reogMHaMIYHUX | TEXHOreHHUX NpoLie-
CiB Bifj3Ha4Ya€eTbCsi BUCOKUIA piBEHb aKkTUBI3aLlil HeGe3neyHnx
(Pigulevskiy, & Svystun, 2021) reoekonoriyHux i Hacamne-
peA rigporeoekonoriYHMX NpPoLeciB) 3 BUKOPUCTAHHAM KOM-
nrnekcy reo@isvyHuX MeTOLiB: rpaBi-MarHiTopo3Bigku,
€IeKTPOopO3BigKM METOAOM BEpPTUKaIbHOrO eneKTPUYHOro
30HAYBaHHS, a TakoX AelwmdpyBaHHSA aepo- i KOCMO3HIMKIB
(Pigulevskiy et al., 2016; MMirynescbkni, TAMkiH, & CBUCTYH,
2018; Ivanik, Shevchuk, & Tustanovska, 2020). 3a pe3ynb-
TaTamMu NPOBEAEHMX KOMMMEKCHUX reonoro-reodisnyHmx
JoCniaXeHb, WO CynpoBOAKYBanuMcs reonoro-rigporeonori-
YHMMU CNOCTEPEXEHHAMM Ta BYPiHHAM 3aBiploBanbHNX CBe-
pPONOBMH, OTPMMaHO reonoro-reodisavyHi  pospian Ta
pesynbTaTUBHI KapTh, 3MiHN reoenekTpUYHNX napamMeTpis,
nobyposaHi 3D-mogeni 3MiHM recenekTpuyHMX napameTpis
no nartepani i rMunbuHi. 3okpema B13Ha4eHo, Lo 3MiHM 3Ha-
YeHb YSIBHOTO OMopy reosoriYHOro po3pidy NPOXoasATb He pi-
BHOMIPHO i HE TiNbKM NO MIOLL, ane 1 no rmmMbuHi, Lo y CBO
Yepry CBiAUUTb NPO HasABHICTb akTUBHOI (inbTpadii ik y Be-
PTUKANbLHOMY, TakK i rOpM3OHTaNbHOMY Hanpsamkax. [lpu
LbOMY BM3HAYanbHy porb B OLiHUI rigporeoekonoriyHoro
CTaHy TepuTopii JocniaXeHb MatoTb CTPYKTYPHO-TEKTOHIYHI
0CO0nMBOCTI, ANA NapameTpu3aLii SKMX MOXyTb 6yTu BUKO-
puCTaHi BifOMi YSIBNEHHS NPO CUCTEMU JOKEMOPINCHKNX PO-
3rOMiB  3€MHOI KOpW, $Ki BCTAHOBMEHO 3a KOMMIIEKCOM
reonoro-reocdpisanyHnx  gaHux (FiHToB, 2004; Tiapkin,
Pihulevskyi, & Dovbnich; Pihulevskyi, Kendzera, & Babiy,
2023). 3aranbHoBIgoOMO, Lo 0COGNMBOCTI TEKTOHIYHOI (pO3-
NOMHO-610K0BOT) OyAOBM MO CyTi BU3HAYaKTb 3ararnbHUN
reoekonoriyHn ctaH Oyab-9KkMx TepuTopin: [0 PiYOK,
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Mepexa SIKUX 3yMOBfIEHa CMCTEMaMU TEKTOHIYHUX pPO3Io-
MiB, TSXilOTb HacesfeHi NyHKTW Ta BEMWKi NPOMUCHOBI BUPO-
OHMUTBA; 0O LUMX PO3MOMIB NPUYpoYeHO abCcomoTHY
GiNbLUICT POAOBULL, KOPUCHMX KOMANWH, Npu ekcnnyaTtawii
SIKUX Ha NepLUUA NnaH BUCYBaloTbCsl Npobnema pauioHanb-
HOro NPUPOLOKOPUCTYBAHHS Ta MOB'sI3aHi 3 HUMK NPUPOJO-
OXOPOHHI 3axoAu Ta HaBiTb BCTAHOBMEHI B3aEMO3B'A3KM
HanNpsIMKIB NOLUMPEHHS 3a0pyAHEHHS, CIPUYNHEHOrO nepe-
MiLLLEHHSIM NOBITPSIHUX Mac, 3 0COONMBOCTSMU (PO3MTOMHO-
onokoBoi) 6ymosu (Batur, & Babii, 2022; Semenenko,
Medvedieva, & Biliaiev, 2022; Tiapkin, Pihulevskyi, &
Dovbnich, 2017; Pihulevskyi, Tiapkin, & Anisimova, 2018).
3aranom 3asHadeHa reonoro-reodismyHa iHopmalis, y T.
Y. NPO 0COBNMBOCTI TEKTOHIYHOI (PO3NTOMHO-6M0KOBOI) OY-
00BN MOXe ByTu ofHiet0 3 OCHOB A1 po3pobKM METOAUKM
po3mMexXyBaHHS YacToK Hebe3ne4yHoro BNnuBY ripHUYOi Npo-
MMWCMOBOCTI Ta arpapHOro KoMmnnekcy y oopmyBaHHs 3ara-
NBHOrO re0eKomoriYHOro CTaHy KOHKPETHOTO PeErioHy.

Ouckycis i BACHOBKMK

Ha ocHOBI y3aranbHeHoro aHarisy OCHOBHUX €fleMeHTIB,
Lo 3abpyaHIOI0TE TEPUTOPIlD0 BHACTILOK Cinbcbkorocnoaap-
CbKOI OisiNbHOCTi, BCTAHOBMNEHO 3HAYHUIM BNAMB Mirpadii Bi-
OMNOBiOHMX XiMIYHMX ENIEMEHTIB Ha reoXiMi4yHuMIiA CcTaH
I'PYHTIB, NOBEPXHEBWX i Nig3eMHMX BOA. MNOPIBHAHHS OCHOB-
HUX 3abpyaHIOBanNbHNX eneMeHTIB, Lo CTBOPKTL Hebes-
neky B pesynbTaTi AiSNbHOCTI  ripHM4o4oOyBHOrO Ta
arponpoMUCIIOBOr0 KOMMIIEKCY, CBIAYMTb NPO iX 3HAYHY TO-
TOXHicTb (y T. 4. P, Mn, Cu, Cr, Pb, Zn). Lle iHogi npu3Bo-
ONTb 0O HeoOrpyHToBaHoOro nepebinblieHHs "ripHnyoro”
BHECKY B 3aranbHe 3abpyaHEHHS CinbCbKOrocnogapCbKux
TEepUTOPIl BiA CYMiXKHUX ripHNYMNX 06'eKTIB.

Ha npuknagi MisgeHHoro Kpmebacy nokasaHo, wWo [o
OCHOBHUMX 3abpyaHioBadiB I'PYHTIB L€l TepuTopii, nopsa 3
Hacnigkamu ripHM4ogo0yBHOT AiSNbHOCTI, Hanexatb BHe-
ceHi pobpuBa Ta nectuuman. 3acdpikcoBaHe TyT 3abpya-
HEHHs MNOBEpXHEeBMX BoOA, i Hacamnepen p. IHryneub,
3HaYHOI Mipot MoXe OyTu HacnigKoM AisinbHOCTI arponpo-
MUCINOBOro Komnnekcy. TobTo ansi nig3emMHnx BoA 06'ekTu
SIK FPHUYOrOo, TaK i CiNbCbKOrocnoaapCbKoro KOMMIeKcy Mo-
XYTb CMPUYUHSTA 3abpyaHEHHS1 eneMeHTamMun sk pi3Horo,
Tak " Marixxe 0QHAKOBOro CTyneHsi Hebesneku.

[ns po3s'a3aHHa npobnem pauioHanbHOro NpUpoLoKo-
pUCTYBaHHSA cnig po3mMexoByBaTW HebesneyHun BnUB
(BHECOK) TipHMYOA00YBHOI MPOMUCIIOBOCTI Ta arpapHoro
KoMnnekcy B 3abpyLHEHHA OCHOBHUX KOMMOHEHTIB [o-
BKinns. Ane Ans Uboro HeAoCTaTHbO BUKITHOYHO reoXiMivYHMX
naHux. MNoTpibHa po3pobka nokanbHUX CUCTEM Fe0eKosoriy-
HOTO MOHITOPWHIY FipHUYOA0DOYBHUX MNiANPUEMCTB 3 Mpurer-
FIMMU CiNbCLKOrOCnoaapCbLKMMM 3eMIAMUN — SK iHOpMaLinHNX
reonioro-reoianyHnX cucTemM  NIATPUMKM  HEOOXiaHMX
yNpaBIiHCbKUX PillieHb OO0 palioHanbHOro NprupogoKopu-
CTYBaHHSI B YMOBax HasiBHOCTI SK MPOMWCIIOBUX, TakK i
CiNbCbKOrocnoAapchbknx mKepen 3 BiAnoBiAHUMY LUMSXaMu
NPOCTOPOBO-4aCOBOr0 MOLUMPEHHS 3a0pyAHEHHS OCHOBHUX
KOMMOHEHTIB AOBKINMA.

BHecok aBTopiB: NeTpo liryneBcbkuin — KOHUEeNTyani3awis, Ha-
nucaHHs (Nepernsig i pegaryBaHHst), Mmetogororisi; Muxaiino [JosGHIY —
HanucaHHsA (opuriHanbHa YepHeTka), nporpamHe 3abesneyeHHs,
Banigauisa gaHux, dpopmansHuin aHanis; Oner TANKiH — HaNUCaHHSA
(opvriHanbHa YepHeTka, nepernsg i pegaryBaHHsi), KOHUeNTyanisa-
uisl, metogonorisi; Onbra MegBsegesa — HanNUCaHHA (opuriHanbHa Ye-
pHeTka), Banigauin AaHux; Jlapuca AHiCiMOBa — HanmMcaHHs
(opvriHanbHa YepHeTKa), Banigauis gaHnx, opMarbHUiA aHanis.
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CUMULATIVE IMPACT OF THE MINING INDUSTRY AND AGRICULTURE ON THE HYDROGEOCHEMICAL STATE
OF THE TERRITORY (BASED ON THE EXAMPLE OF SOUTHERN KRYVBAS)

Background. Southern Kryvbas is one of the most industrially loaded territories in southeastern Ukraine. Manmade changes in the
environment are becoming irreversible, affecting the ecosystem, especially the soils. The presented studies conducted a general analysis of the
mobility of the main chemical elements that pollute the territory adjacent to mining enterprises as a result of agricultural activities and determine the
degree of influence of the migration of relevant chemical elements on the geochemical state of soils, surface, and groundwater.

Methods. To determine the degree and nature of manmade changes in the hydrogeochemical state of southern Kryvbas, a comparative-
statistical analysis method was applied to generalize the results of previous hydrogeochemical studies of the impact of the mining industry and
agriculture on the main components of the environment.

Results. As a result of the joint action of industrial and agricultural activity factors over a long period, new stable natural-manmade
geosystems have formed. The main pollutants of soils, groundwater, surface waters, and bottom sediments in mining regions are waste from the
mining industry and agricultural fertilizers. The analysis of the main pollutants shows that the contaminating components are practically identical.
This leads to an unjustified exaggeration of the results of mining activities in the overall pollution of adjacent agricultural territories. It has been
shown that it is insufficient to rely solely on geochemical data to distinguish the hazardous impact of the mining industry and agricultural complex
on the pollution of a particular region. Additional spatial-temporal geological-geophysical studies of both the sources and pathways of specific types
of pollution are necessary. At the same time, the structural-tectonic features play a decisive role in assessing the hydrogeoecological state of the
research territory, for the parameterization of which the use of known concepts about the systems of Precambrian faults established based on a
comprehensive set of geological-geophysical data is required.

Conclusions.Ithas been concluded that the migration of specific chemical elements has a significant impact on the geochemical state of
soils, surface, and groundwater. The presence of spatial-depth geological-geophysical information about the features of tectonic (fault-block)
structure is one of the foundations for the development of a methodology for distinguishing the elements of the hazardous impact of the mining
industry and agricultural complex in the formation of the overall hydrogeochemical state of a specific region.

Keywords. mining industry waste, hydrogeochemistry, fertilizers, mobile forms of chemical elements, geological-geophysical information,
tectonic structure, crustal faults, chemical contamination of soils, surface and groundwater.

ABTOpM 3asBNAIOTb NPO BiACYTHICTb KOHANIKTY iHTepeciB. CnoHcopu He Bpanu yyacTi B po3pobneHHi AoCniaxeHHs; y 36opi, aHanisi umn
iHTepnpeTaLii AaHVX; y HAaNMUCaHHi PyKoOMucy; B pilLeHHi Mpo nybrikaLilo pe3ynbTaris.

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

ISSN 1728-3817



FEONOrISA. 1(108)/2025 ~61~

UDC 54.027:546.22:549.76:551.44
DOI: http://doi.org/10.17721/1728-2713.108.08

Tofik AHMADOV, DSc (Geol. & Mineral.), Prof.

ORCID ID: 0000-0003-0634-5600

e-mail: akhmedov.tofik@bk.ru

Azerbaijan State Oil and Industry University, Baku, Azerbaijan

Amikishi ASADLI, Doctoral Student

ORCID ID: 0009-0003-0711-8028

e-mail: amikishiasadli@gmail.com

Azerbaijan State Oil and Industry University, Baku, Azerbaijan

IMPROVING THE VISUALIZATION OF THE GEOLOGICAL STRUCTURE
OF THE HOVSAN AREA, AZERBAIJAN USING VSP

(MpedcmaesneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eosl. Hayk, npog. C.A. Buxeoro)

Background. Increasing the resolution (both vertical and horizontal) of land and borehole seismic exploration is an urgent task
facing geophysicists. There are various ways to increase the resolution of seismic studies, among which inelastic absorption takes a
special place. This method has not been widely used compared to other methods (for example, distribution of the total charge of
explosives over smaller ones, i.e., grouping of sources, inverse filtering - deconvolution, etc.) due to the limited amount of information
about inelastic absorption and the difficulty of determining it or the quality factor of the environment. Important information for determining
the quality factor of the medium and inelastic absorption is provided by borehole seismic exploration, in particular, VSP (vertical seismic
profiling). The recent VSP at well N 1856 of the Govsan area made it possible to determine the inelastic absorption of the medium from
well observations and thereby restore the weakened higher frequency components of the seismic wave field, which made it possible to
quite significantly change the observed wave pattern on time sections, enriching it with high frequency components and thereby
increasing the resolution of surface as well as borehole seismic data. This research aims to improve the vertical resolution of land and
borehole seismic exploration using vertical seismic profiling data on inelastic absorption of the geological medium.

Methods. Based on the VSP data, the effective quality factor Q parameter was determined. For this purpose, the entire recorded
VSP interval was divided into 4 parts.

Results. The entire recorded VSP interval was divided into four parts: the full interval (~324-4500 m measured depth) for
determining the effective quality factor Q, and three sub-intervals — upper (~324-1887 m), middle (~1803-3799 m), and lower (~3814—
4500 m) — for calculating interval values of the quality factor. After determining Q for each interval, the average effective quality factor
Q=145 was obtained and applied to restore attenuated frequencies on seismic time sections and the vertical component Z of the VSP
profile. A comparison of the original and processed seismic time sections after Q=145 filtering shows significant improvements in
resolution. The restoration of high-frequency components in seismic records has notably enhanced the clarity of both surface seismic
and VSP time sections. The results confirm that applying VSP-derived quality factor parameters can be highly effective in land seismic
data processing.

Conclusions. The application of Q-filtering with an effective quality factor of Q=145 has significantly improved the
resolution of both surface seismic and VSP time sections. The results demonstrate the effectiveness of utilizing certain VSP
parameters in land seismic processing. Additionally, restoring attenuated high-frequency components enhances data clarity and
interpretability. The use of the quality factor can be integrated at different processing stages, with its optimal application

determined experimentally to achieve the best results.

Keywords: Vertical Seismic Profiling (VSP), inelastic absorption, quality factor, surface and borehole seismic exploration, time

intervals, seismic time sections.

Background

The paper is devoted to the studies which covered the
Hovsan field in the Absheron oil and gas region of
Azerbaijan, as this field is featured by rather complicated
seismic and geological conditions, as well as complex
reservoir properties, and in recent years it has been one of
the intensively developed onshore fields in Azerbaijan.
Despite the fact that this field was discovered in 1948 and
production here started since 1950, its reserves have not yet
been exhausted, especially in the underlying layers of
Productive Series. It is known that as study depth increases,
the resolution of seismic survey deteriorates and the
problem of its improvement becomes urgent (Alizade et
al.,1966; Akhmedov et al, 2012).

The Hovsan field is located on a coastal plain covered
by ancient Caspian sediments in the southern part of the
Absheron Peninsula of Azerbaijan (Fig. 1).

Method

The geological setting of this field has been repeatedly
studied by use of various geological and geophysical
methods. Over the years, geological survey, exploration
drilling and deep drilling, gravity and seismic surveys were
carried out in the area. The last 2D CDP seismic surveys
were carried out here in 2004. Studies by VSP were held
here in 2010, and in 2011-2012 this area was covered by
3D seismic survey (Akhmedov et al, 2012). Located in the
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northwestern and western parts of the area, the Surakhany
field has been under production since 1904, the
Karachukhur field since 1928, and the Zykh field since 1935.
Later, in 1948, an oil field was discovered in the Qala suite
in Hovsan area.

According to seismic data acquired from the lower part of
Productive Series, including Qala suite, the Hovsan area is
located in the southwestern side of Hovsan syncline and is
characterized by a monoclinal occurrence of layers (Fig. 2).

Hovsan oil field belongs to the distant eastern
subsidence of the Karachukhur-Zykh uplift. Here, the rocks
of Qala suite buried with a sharp angular unconformity on
the eroded surface of the Pontian, wedge out upward along
the uplift or adjoin the fault planes. Apparently, the presence
of an ancient (Miocene age) small protrusion in the areas of
Qala suite presence caused a decrease in the thickness of
these deposits.

It is assumed that the accumulation of oil in the anticlinal
trap is associated with facies replacement. By deep drilling
the ancient Caspian deposits, Absheron, Akchagyl,
Productive Series and partially the Pontian were recovered
and studied. Pontian deposits with a thickness of 10—-36 m
were recovered in wells No. 1308, 1810, etc. Here these
deposits are represented mainly by clays. Available deep
drilling and seismic data do not allow to design the correct
geological model of oil traps for Qala suite in Hovsan area
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(Akhmedov et al., 2012). Oil accumulations can presumably
be associated with lithofacies changes and low-amplitude
faults. For the last years the attention of geoscientists has
also been focused on Miocene deposits, represented in the
clay facies with sandy interlayers and located in
overpressure zone. The diagram of Zykh-Hovsan area
coverage by deep drilling is shown in Fig. 3.

The lithological and stratigraphic characteristics of
geological section in Zykh-Hovsan area were studied by the
data of deep drilling. In this area mainly Neogene deposits

Caspian Sea

of the ancient Caspian Sea, rocks of the Absheron and
Akchagyl stages, Productive Series and partially Pontian are
developed. Miocene rocks are underlying the Pontian.

According to the “International Tectonic Map of the
Caspian Sea and its Framing” edited by V. E. Khain et al.,
the study area is located within two large structural
elements: the Kur (northern part) and the South Caspian
(southern part) depressions. In the south of the area, the
South Caspian depression is complicated by the Absheron-
Gobustan trough (Alizade et al., 1966).

o
Mashtagha

"Surakhani

Fig. 1. Layout of the Hovsan structure on Absheron Peninsula
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Fig. 2. CDP time section (2D seismic survey of Hovsan area)
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Hovsan area constitutes the part of East Absheron
synclinorium and embraces Zykh portion of Garachukhur-Zykh
anticline, Hovsan area and partially, the Bina-Hovsan syncline.

Garachukhur-Zykh anticline is the extreme, southern, rise
on land of the Sarygayabashi-Shah-Deniz anticline zone, to
which the largest oil and gas fields of Azerbaijan are attributed.

Results

Determination of inelastic absorption makes it possible
to use Q-filtering in order to restore the absorbed high-
frequency components of the seismic record and increase
the visual resolution of both surface seismic data and VSP
(Boganik, & Gurvich, 2006; Galperin, 1982; Galperin, 1994;
Andersen, Bartling, & Nelson Jr., 2014; Lensky et al., 2014;
Lensky et al., 2020). In the best way, the quality factor is
determined from the VSP vertical profile data and then used
in the processing of land seismic survey data (Tabakov et al.,
2006; Shekhtman, & Bayuk, 2015; Sherif, & Geldart, 1987;
Bourbié, 2006; Shneerson, & Zhukov, 2013/2014; Bakulin,
2003). The determination of the quality factor is based on the
analysis of measured amplitudes of incident P-wave at
different levels, between which the quality factor parameter
is determined. Fig. 4 demonstrates changes of amplitudes
of seismic longitudinal waves with depth (or with time) and
depth intervals, for which the quality factor is evaluated. It
should be noted that the ratio of recorded (observed)
amplitudes is a complex function of large number of
conditions, ranging from field, or more precisely downhole,
to the type of equipment and applied processing algorithms.
Therefore, the numerical value of determined quality factor
Q is a mathematical parameter rather than a physical one,
which could be measured in “laboratory conditions”. That is
why the values of quality factor Q determined for the same
horizons within the same field can differ significantly
(Hardage et al., 2011; Maultzsch et al., 2009). However,
their importance consists in the fact that by applying these
mathematical parameters to compensate for inelastic
absorption, the obtained results are correct and adequate
from the point of view of increasing the apparent resolution
of seismic sections.
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The field of incident P-waves was extracted from the
vertical component of the VSP longitudinal profile using a
15x1 filter. Then, the entire recorded VSP interval was
divided into 4 parts: the full interval ~324-4500 m of
measured depth — to determine the effective quality factor
Q and 3 components (parts) of the full interval: the upper
(~324-1887 m of measured depth), middle (~1803—-3799 m
of measured depth) and lower (3814—4500 m of measured
depth) to determine the interval values of quality factor
(Fig. 5). The depths of component intervals were selected
based on the number of columns (one or two) to maintain
identical conditions for recording of seismic amplitudes. To
determine the quality factor Q, two of the most stable and
commonly used inversion algorithms were used: spectral
ratio and iterative-spectral methods (multiple spectral ratio).
The following values of quality factor Q were obtained:
~142-155 for the entire VSP interval, ~75-85 for the middle
interval and ~33-38 for the lower interval. The inversion for
the upper interval was unstable and adequate results could
not be achieved. The most likely reason for this is the fact of
recording in a double column and the complication by pipe
waves affecting the amplitudes of the first arrivals, which is
critical in this case. In general, the inversion was stable. In
addition, determination of the quality factor from the non-
longitudinal VSP (NVSP) profile by spectral and iterative
spectral methods revealed very similar values. And
although, according to the theory, NVSP cannot be used to
determine the quality factor, this still adds confidence in the
adequacy of certain values.

An average effective quality factor Q=145 was used to
reconstruct the attenuated frequencies in the seismic time
sections and the vertical component Z of VSP profile.

The original time section of land seismic survey is shown
in Fig. 6a and its change after filtering with a quality factor
Qp=145 in Fig. 6b. It will be interesting to trace changes in
the VSP time section while taking into consideration the
inelastic absorption of the medium.

Fig. 7 shows the results of applying filtering with a quality
factor Qp=145 to VSP data.
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Fig. 7. VSP time sections:
a-original, b—after applying filtering with quality factor Qp=145

Restoring of relatively weak components of seismic
records significantly increases the resolution of VSP
(Fig. 7, b).

Discussion and conclusions

The results of Qp filtering display significant
improvement of seismic survey resolution, which clearly
demonstrates the effective possibilities of use of some VSP
parameters in processing of surface and borehole seismic
data. Also, it should be noted that the use of quality factor
can be carried out at different stages, which is often
determined by the experiment to achieve the best results.

It can be seen, that the inelastic absorption parameter
(quality factor Qp) was calculated for various VSP intervals.
Qp filtering using the calculated values showed a significant
increase in the resolution of seismic records of both land
seismic time sections and VSP data.
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NONINLWEHHA BI3YANI3ALII FEONONYHOI CTPYKTYPU PAUOHY FOBCAH, ASEPBAVXAH,
3A JOMNOMOIolo VspP

B cTyn. lideuuweHHs po3dinsHoi 30amHocmi (AK eepmukasibHOl, makK i 20pU30HMasnbHOI) Ha3eMHOi ma ceepA/I08UHHOI celicMiyHOT po3e8idku
€ akmyanbHUM 3a80aHHsIM, W0 cmoimb neped 2eogizukamu. IcHyromsb pisHi MemoOdu nideuuwieHHs1 po3dinbHoi 30amHocmi celicMiyHux AoclidXeHb,
ceped siKux ocobnuse micye nocidae epaxyeaHHs HeeslaCMUYHO20 Mo2sluHaHHsA. Ljeli MemoOd He ompumMae WupoKo20 Po3M08croOKEeHHS MOPI8HSIHO
3 iHwumMu memodamu (Hanpuknad, po3nodin 3a2asnbHo20 3apsdy eubyxoeux pe4yoeuUH Ha MeHWwi, Mo6mo 2pynyeaHHs1 dxepesi, 3860pomHa pinbmpa-
yist — deKkoHeoMOYisi mowo) yepe3 obMexeHy Kinbkicmb iHghopmauyii npo Heenacmuy4He No2sauHaHHA Ma cKiadHicmb io20 8u3Ha4YeHHs1 abo oyiHKu
ghakmopa sikocmi cepedoeuwja. Baxnuey iHghopmayito Onsi eusHavyeHHs1 ¢hakmopa sikocmi cepedosuwsa ma HeeslacmMuUu4yHO20 MO2/IUHAHHSI Hadae
ceepdsi08UHHa celicMOpPOo38iOKuU, 30KpeMa eepmukasibHe celicmiyHe npogpintosaHHs (VSP). HewodasHe npoeederHsi VSP y ceepdnosuHri Ne 1856
patioHy oecaH dasio 3Mo2y eu3Ha4umu Heesacmuy4He NMo2JUHaHHs1 cepedoesuuia 3a pesysibmamamMu ceepOsIO8UHHUX CIIOCMEPEeXeHb i, MakKuM Yu-
HOM, eiOHoeumu ocniabneHi sUCOKOYacMOMHi KOMMOHeHMU celicMiYHO20 XeusIbo8o2o nosis. Lje 3Ha4yHO noninwuno cnocmepexyesaHy Xeusbogy
KapmuHy Ha Yacoeux po3pi3ax, 36azamuewu ix eUCOKOYacCMoOMHUMU KOMITOHeHMamu ma, eidnoeioHo, nideuwjuewu po30inbHy 30amHicmb sIK Ha-
3eMHuXx, mak i ceepOnoeuHHuUx celicMidHux 0aHux. Memoro ybo020 OocniOKeHHs1 € NoninweHHs1 epmukasnbHol po30inbHoi 30amHocmi Ha3eMHol ma
ceepds108uUHHOI celicMopo38idku 3a AornomMo20t0 AaHUX eepMuUKasibHO20 celicMi4YHO20 npogintoeaHHs1 w0480 HeesracmMuYyHO20 MNo2JIUHaHHS 2e0s102i-
4HO20 cepedosulja.

Me Toaun. HaocHoei daHux VSP euzHavyeHo napamemp egpekmueHo20 ghakmopa sskocmi Q. [ns ybo20 eecb 3apeecmpoeaHuli iHmepean VSP
nodineHo Ha Yomupu 4YacMuHu.

Pe3ynbTaTtun. Becb 3apeecmposaHuli iumepean VSP nodineHo Ha Yomupu YacmuHu: NogHul iHmepesan (~324-4500 m anubuHu) ons eu-
3HavyeHHs1 ehekmueHo20 ¢hakmopa sikocmi Q ma mpu nidiHmepeanu — eepxHili (~324-1887 m), cepedHili (~1803-3799 m) i HwkHil (~3814-4500 m) —
Ons1 po3paxyHKy iHmepeasnibHUX 3Ha4yeHb ghakmopa sikocmi. [licns eusHayeHHs1 Q Onsl KO)XXHO20 iHMepeaasly ompuMaHo cepedHE 3Ha4YeHHs1 eghekmue-
Ho20 ¢hakmopa sikocmi Q=145, sike 6yno 3acmocoeaHo 07151 8iOHOBJIeHHs1 ocn1abrieHUX Yacmom Ha 4acoeux celicMiYHUX po3pi3ax ma eepmukasnbHOT
komnoHeHmu Z npogpinto VSP. lNopieHsiHHA euxiOHUX ma o6pobrieHUX 4acosux celicMi4YHUX po3pisie nicnsi 3acmocyeaHHs Q-pinbmpauii 3 Q=145
deMoHCcmpye cymmeee nosinweHHs po30dinbHoi 30amHocmi. BiOHoeneHHs1 sUCOKOYacMOMHUX KOMMOHeHmM y celicMiYHUX 3anucax 3Ha4Ho noJin-
wusto Yimkicme sik Ha3eMHuUXx celicMiyHux, mak i VSP-4yacoeux po3pisie. Pesynbomamu niomeepdxyromb egheKmueHicmb 8UKOPUCMaHHSI napamem-
pie ¢gpakmopa sikocmi, ompumaHux i3 VSP, y npoyeci 06pobku HazeMHuXx celicMiyHUX aHux.

BucHoBEKU. 3acmocyeaHHsi Q-gpinbmpauii 3 epekmueHum ghakmopom sikocmi Q=145 3Ha4yHo noninwuno po3dinbHy 30amHicmb sIk HazeM-
Hux, mak i VSP-yacoeux po3pizie. OmpumaHi pe3ynbmamu 0eMOHcmpyoms eghekmueHicmb euKkopucmaHHsi neeHux napamempie VSP y npoueci
06po6ku HazeMHux celicMiyHux docnidxeHb. Kpim mozo, eiOHoeneHHs1 ocnabneHuUx eUCOKOYacmMomMHUX KOMMNOHeHmM nideuulye Yyimkicms ma iHme-
pripemoegaHicmb daHux. BukopucmaHHsi ghakmopa sikocmi Moxke 6ymu iHmezapoeaHe Ha pi3Hux emanax o6po6ku, a onmumasnbHi yMosu io2o 3acmo-
CcyeaHHs1 sU3Ha4alombCsl eKcrepuMeHmarsnbHo Ossi Aocsi2HeHHs1 Halikpauwjux pesysibmamie.

Knio4yoBi cnoBa: eepmukanbHe celicmiyHe npogintoeaHHsi (VSP), HeenacmuyHe no2iuHaHHs, ¢gpakmop sikocmi, HazeMHa ma ceepdsio-
B8UHHa celicMopo3eidka, Yacoei iHmepeasnu, yacoei celicMi4Hi po3pi3u.

ABTOpM 3asBNAIOTb NPO BiACYTHICTb KOHANIKTY iHTepeciB. CNoHcopu He Bpanu yyacTi B po3pobneHHi AoCniaxXeHHs; y 36opi, aHanisi umn
iHTepnpeTaLii AaHVX; y HAaNMUCaHHi PyKOMuCy; B pilLeHHi Mpo nybrikavilo pe3ynbTaris.
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MOP®ONOria CUAEPUTY 3 FEONIONYHUX YTBOPEHb YKPAIHM

(MpedcmaesneHo 4reHoM pedakyiliHoi Kosneail 0-pomM 2eosl. Hayk, npog. O.B. MumpoxuHum)

BcTtyn. Kapb6oHamu — documb nowupeHi miHepanu e YkpaiHi, ceped HUx HalisaXknueiwumu i HalinowupeHiwumu € Kanbyum,
cudepum, podoxpo3um, dosiomMim i daecoHim. Cudepum npedcmaesieHuli 8 OCHOBHOMY MpPbOMa pi3Ho8UOaMU: 8/1acHe cudepumom,
Mg-cudepumom (cudeponne3zum) i Mn-cudepumom (MaH2aHocuGepum, oslieoHim). Hezeaxaroyu Ha me, ujo 3Haxiook cudepumy e 2eo-
J102i4HUX YMeOPEHHSIX YKpaiHu Yumarsio, iHgpopmauis npo ocobnueocmi Mmopghosiozii miHepany documb obmexeHa. [JaHa po6oma cuc-
memamus3ye U aHani3ye icHyro4i Ha cb0200Hi eidomocmi uyodo mopghosiozii cudepumy e 2eosio2i4HUX ymeopeHHsiX YkpaiHu. HasedeHo
pe3ynbmamu GocliOXeHHs1 Hoeux 3Haxidok Mn-cudepumy (oni2oHimy), siki Heujo0aeHO 3HaliGeHO 8 YUCJIEHHUX Mposieax MpiujuHHOI
emopuHHoI MiHepanizauii Paghaniecbko2o podoeuwia 6azanbmie y Mmexax BonuHo-IModinbcbKoi mpanoeoi ¢hopmauii HUXHBLO20 8eHOY
CxidHoeeponelicbKoi niiamgopmu.

Me T o aw. [na docnidxeHHs kpucmanie Mn-cudepumy 3 6a3zanbmie BonuHi sukopucmaHo 20HioMempu4Hi (08OKPYXXHUU 20HiO-
memp I4-1), enekmpoHHO-MiKpocKoni4Hi (eiekmpoHHull mikpockon JSM-6700F (JEOL, SinoHisi), o6nadHaHul eHep200ucnepciliHo cu-
cmemoro OJi1s1 peHm2eHoCneKmpanbHo20 MikpoaHanisy JED-2300 (JEOL, SinoHisi)), peHmzeHomempu4Hi (OQugppakmomemp JPOH-2(3M))
mMemoou GocCliOKeHHS.

Pe3ynbTaTtu. Cudepumy 3 2eosnoziyHux ymeopeHb YKpaiHu npumamaHHe 3HayHe MopgbosioziyHe po3mMaimmsi: ye okpemi
MoHKoOUCrepCcHi YacMuHKU i nnacmux4acmi, o6kamati, 4acmo iGioMopgbHi 3epHa pi3HOT po3MipHOCMI, a MaKoX MOHKO3epHUCMi npo-
wapKu, Xusu, JliH3u pi3HOi nomy)Hocmi, 2Hi30a, Opy30ei ymeopeHHsi, KOHKpeUuii (cgheposiimoeoi i oonimoeoi 6ydoesu, x0eHa), ki Mmalixe
noenicmio ckadeHi cudepumom abo eiH exodums 00 ix cknady sik nepesaxxHa KOMIMOHEeHMa, sudifieHHs1 HenpaeusibHOI hopmMu; Yacmo
MmiHepan eucmynae sik yemMeHm abo exodums 00 lio2o ckiady. [Jo6pe ymeopeHi kpucmanu e piokicmro. lMepenik npocmux ¢hopm 2abi-
mycHO20 3Ha4eHHs1 Ha Kpucmaisiax cudepumy Hegenukuli: pom6oedpu, niHakoiou, e desikux sunadkax — ckaneHoedpu i npusmu. YacmuHa
Kpucmarie eupi3HsembCsi C80€EPIGHUM MiKpopenbeghoMm 2paHell, ue, 30Kpema, Yepernumsyacmi, Yyepernumyacmo-KOHYCHi cmpykmypu,
CKynbnmypu pocmy y eu2ssidi cxoOUHOK ma maki, ujo Hazadyrome pub’ayy nycKy; kasepHu sik hopMuU PO34UHEHHS.

B uncHoBku. focnidxeHHsa mopghonoeii cudepumy 3 pi3Hux miHepasio2o-nempozpaghiyHUX KoMIieKkcie YKpaiHu daromb 3Mo2y
Kpauwje 3po3ymimu ymoeu 2eHe3ucy MiHepasy ma ocobnueocmi npouecie, wWo crnpusinu tio2o Kkpucmaniszayii. Bue4yeHHs penbegpy Ha
2paHsix kpucmarie cudepumy Aoromaaae susieumu MexaHiamMu pocmy ma Hadae UiHHy iHghopmauiro wjodo eeosmoyii kpucmarnie, 30K-
pema npo ix 3MiHu nio enyIueoM 308HiuwHix ghakmopie.

Knwo4yoBi cnoBa: kapboHamu, cudepum, oniecoHim, Mopghonoeis, Paghaniecbka niiowa, 2eosnozidyHi ymeopeHHs1 YKpaiHu.

Betyn

3aranom miHepanu knacy kapboHaris € 4OCUTb noLunpe-
HUMK MiHepanamu B YKpaiHi, cepe HUX HavBaXXnuBiLLIUMK i
HaMNOLUMPEHILLUUMK € KanbuunT, CUAEPUT, POAOXPO3MUT, AOMO-
MIT i AaBCOHIT (JTa3apeHko Ta iH., 1960; JlazapeHko, abiHeT,
& CnuBko, 1962; JlasapeHko Ta iH., 1963; JlazapeHko, & Cpeb-
pooonbcbknin, 1969; NazapeHko, MNaHoBs, & MNasnuwnH, 1975;
JlazapeHko Ta iH., 1980; LWepbak n ap.,1990; MaTtkoBCbKUIA,
2003; Uinbmak Ta iH., 2008; MatkoBcbkui, MaBnuwuvH, &
Cnmneko, 2009; MartkoBcbkuii, 2013). 3okpema, cuaeput
npeacTaBleHN NEPEBaKHO TpbOMa Pi3HOBUAAMU: BracHe
cugeputom, Mg-cupeputom (cugeponnesnt) i Mn-cugepu-
TOM (MaHraHoCUaEepuT, ONIrOHIT).

HanbinbLwi nposiBn cuaeputy 3acdikcoBaHo Ha YKpaiHCh-
KoMy wmnTi (KpuBopisbkuin GaceiiH, [0oKeMOpincbKi yTBO-
peHHa [lpuasos's, kopa BWBITPIOBAHHA  YTBOPEHb
KopocTteHcbkoro nnyToHy, [loHeubka MiHepanoriyHa nposi-
Huig), y KapnaTtcekin (Mapwmapocekuii macus, Buropnat-
l'yTMHCBbKE Macmo, MmeTacomaTu4Hi yTBOpeHHs 3akapnaTTs,
ocaposi nopoau MNepegkapnatts) i Kpumcbkint miHepanoriy-
Hi npogiHuisax (LLlepbak n ap.,1990; MaTtkoBcbkuid, MaBnu-
wuH, & Cnueko, 2009).

Mg-cvaepwuT (cugeponnesnT) € OAHUM 3 TONTOBHMX NMOPO-
OOTBIpPHUX MiHepaniB y HeoKMcHeHuX pyaax binosipcbkoro
3anisopyaHoro pawoHy (LLepbak n gp.,1990). HiarHocTo-
BaHO MOro y CUAEPUTOBUX, MarHeTUT-cunikaTHO-CUAEepUTO-
BMX i 3aniauctux porosukax Kpusopidbkoro 6aceiHy, y
rigpoTepmarnbHUX YTBOPEHHAX HaronbHoro kpsky i MukuTi-
BCbKOro pygHoro nonsi. MiHepan BxoauTb 0 cknaay kap6o-
HaTHWX KOHKpeUin y BYyrneHocHux Bigknagax [QoHbGacy,
TaBpu4Hoi chopmauii Kpumy, ByrneHocHoi ToBLLi J1bBiBCbKO-
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BonvHcbkoro kam'sHoByrinbHoro 6acenHy, ManKoMCbKUX
rnuH KepyeHcbKoro niBOCTpoBa.

MiHepanizauis Mn-cugeputy (OniroHiTy) xapaktepHa
ansa Kapnat i Kpumy (Lepbak v ap.,1990; MatkoBcbkui,
2003). Tak, Mn-cugepvT € BaXknmBo CKnagoBoto kapboHa-
THMX CTSXiHb Y BigKnagax KpewaoBOro i naneoreHoBoro
dniwy YkpaiHcbkux Kapnat. Y Kpumy BiH € NOWMPEHUM Mi-
Heparnom KiMmepincbknx kapboHaTHux pyn KepuyeHcbkoro
3anisopyaHoro 6aceiiHy, sik rofioBHa CknagoBa YacTuHa Tio-
TIOHOBUX PYA, @ TaKoX TPanmnseTbCa cepen, oPCbKUX, Kpen-
OOBUX | MepeBaXHO MaurKoncbkux Bigknagis Kpumy,
XapakTepHU Ans MaHraHopyAHUX yTBOpeHb Bapokanbcb-
koi ynorosuHu CxigHoro Fipcbkoro Kpumy. Moro Takox BcTa-
HoBreHo B lMiBHIYHOMY MpryopHOMOP'T (YB FIMHUCTIA TOBLL
oniroueHy), y cknagi Kimmepiicbkux 3anisHux pyg MNprasos-
CbKOr0 panoHy Ta y pOAOXpPO3UTOBIN ranbLii 3 antoBito pivok
MpyT i Qrictep (LWepbak n ap.,1990). Y 6a3anbtax BonuHi
Hawa 3Haxigka kpuctanis Mn-cugeputy (OniroHiTy) 3adik-
coBaHa, MabyTb, BrepLue.

| xo4 3Haxigok cnaepuTy B reonoriyHnX YyTBOPEHHSAX YK-
paiHn uyumano, npoTte iHdopmalis LWwoao ocobnueocTen
Mopdonorii MiHepany AocuTb obmexeHa. Ak BigomMo, iHgo-
pmauis woao Mopdponorii Toro Ym iHWoro MiHepany Bigirpae
BaXNWBY ponb Y reonorii, 403BOMASYYN BU3HAYUTU N YTOU-
HUTU YMOBW MiHEpanoyTBOPEHHs Ta iX 3MiHW, Aonomarae
3po0MTY BaXnUBi BUCHOBKW LLOAO iCTOPIi reonoriyHoro ce-
peposua. 3HaHHA Mopdonorii Mae BM3HaYyanbHe 3Ha-
YEeHHA | MNpWM CTBOPEHHI TeonoriYHMx Mmoaenen, ski
JonomaratoTb BidyanisyBaTu mpouecu, Wwo BiabyBaroTbcs
nig Yac mMiHepanoyTBOPEHHS; Aa€ 3MOry OLHUTMK SKICTb KO-
PWCHUX KONarnwH, WO cnpusie onTumisadii BugobyBHUX npo-
LieciB Ta 3BMEHLUEHHIO BUTpAT.

© KsacHuus lpuHa, 2025



~ 68 ~

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

Memoro paHoi poboTn € cuctemartmaadis i aHanis icHy-
HOYMX Ha CbOroAHi BigoMOCTeN Lwoao mopdhonorii cuaeputy
B reororiyHnX yTBOpeHHAX YKpaiHu, a TakoX HaBedeHHs pe-
3ynbTaTiB AOCNIAXEHHS HOBMX 3HaXigoK cMaepuTy, 3okpema
y HaknafgeHin rigpotepmanbHii MiHepanisauii BUBEPXeHNX
Komnnekcis BonuHi.

Metoan

Ona gocnigpkeHHs kpuctanie Mn-cupgeputy 3 6asansTis
BonuHi 3cTocOBaHO roHiOMETPUYHI (ABOKPYXXHUIM rOHIOMETP
a-1), enekTpoHHO-MIKPOCKONIYHI (€NEeKTPOHHMI MiKpoCcKon
JSM-6700F (JEOL, AnoHia), obnagHaHuin eHeprogucnep-
CiilHOIO CUCTEMOIO ANS PEHTrEeHOCNEeKTPanbHOro MikpoaHa-
niszy JED-2300 (JEOL, AnoHist)), peHTreHOMEeTpPUYHI
(andpaktomeTp APOH-2(3M)) meToan. JocnigXeHHs npo-
BeZeHOo B naboparopisx IHCTUTYTY reoximii, MiHepanorii Ta
pyooyTtBopeHHs imeHi M.I1. CemeHeHka HAH YkpaiHu.

Ak BigOMO, cuaepuT BXOAWTb [0 rpynu KanbumTy i Kpuc-
TanisyeTbCsa y AUTPUroHanbHO-cKaneHoegpMyHoOMy Bui cu-
MeTpii TpWUroHanbHOi CUHroHii. [lepeBaxHO MiHepan
TpannseTeCa y BUrNSAi Big rpybo- o ApiGHO3epHUCTUX,
cdeponoaidHnx (4acto 3 rpyboBONOKHUCTOO CTPYKTYpPOHD) i
MapMmyponogibHux Mac; pigle  YTBOPHOE  Kpuctanm

npuM3mMaTU4YHOro i ckaneHoegpuyHoro rabitycy. 3rigHo 3
(Dana, 1922) Ha kpucTanax cugepuTy BCTAHOBMEHO Taki
npocti dopmu: {0001}, {1070}, {1120}, {1070}, {0172},
{0221}, {0551}, {3251}, {2131}, {2461}. Hanuacriwe kpuc-
Tanu pom6oenpuyHi 3 {1071}, pigwe {0172}, a Takox 3 Kpy-
nHUMK rpaHsamm {0221} um {4041} Ta iHWUMK JOOATKOBMMMU
dopmamun. ['paHi kpucTanie HePIAKO BUKPUBIEHI Y4 MalOTb
CKknagHy nosepxHo. CnaepuT iHKoNW yTBOPIOE ABIVHWKM MO
{0172}, pigwe no {0001}.

Hwxue y Tabnuusx 3ibpaHo nitepatypHi i Hawwi gaHi mop-
donoriyHux gocnigkeHb CUOepuTy 3 Pi3HUX FeonorivyHUX
yTBOpeHb YkpaiHu. 3aranom mopdornoris cuaepuTy B reo-
NOriYHMX YTBOPEHHSIX YKpaiHu gocuTb po3maita (Tabn. 1).
Halyacriwe miHepan dopmMye ApibHo- i cepeaHbO3epPHUCTI
Macu, npuTamaHHi nomy Takox cdeponiTonofibHi Ta iHwi
KOHKpeLiiHi yTBOpeHHs. 3epHa cuaepuTy 3a3suyan 6yporo
KOnbopy, Kpuctanu menoBo-xoBTi (Lepbak u gp.,1990).
YacTto cuaepuT Moxe yTBOpOBaTU MOHOMIHEparbHi npoLua-
PKM i NiH3K Pi3HOI NOTYXXHOCTI, B OCaAOBUX YTBOPEHHSX —
BMCTYNaTu SIK LIeMeHT; 3pigka BiH yTBoptoe fgobpe cdopmo-

BaHi kpuctanu (Tabn. 2).

Tabnuys

Oco6nuBocTi Mopdronorii cMaepuTy 3 reosioriyHMx yTBopeHb YkpaiHu*

Micue3sHaxoaXeHHs leonoriyHi yTBOpeHHsA

Oco6nuBocTi Mmopdonorii cnaeputy

Kpusopixoks CvoepuToBi pOroBuKH, ToHKO3epHUCTI NpoLLapkK, i3oMeTpUYHi 3epHa po3mipom 0,00n—
(kBapU-CMAEPUTOBI MpoLIapKN) 0,1 Mm
CnaepuToBi pOroBuKM, lniomopdbHi 3epHa y Burnsai nopdipobnacTis
(KkBapL-XOPUTOBI NpoLIapKM)
Mopoaw Tanbk-kapboHaTHoro ropusoHTy | KoHkpeuii cdeponitoBoi 6yaosu po3mipom 0,8—-4,5 mm
XnopuT-cuaepuT-KBapLOBi NpoLuapku OonitonoaibHi BMAiNeHHs BUOOBXEHOI, enincoiganbHoi dopmu
po3mipom 0,1-0,7 mm
3ani3uncTi porosukm OkpeMi MOHOMiHeparbHi MpoLlapku, CiYHi i NoLapoBi Xunm
Ta NpoLuapku, NiH3K, i30MeTPUYHI BUAINEHHs, ceponitu,
oKkpeMi fobpe chopMoBaHi Kpuctanu
Bararti 3ani3Hi pyan CdpeponiToBuii (KoHkpeLii giameTtpom 0,3—1,2 Mm)
i novkinitoBun (KpynHi 3epHa 0,2—20 MM) MOPAONOTivYHUIA TUN
Bypi 3anisHsku YKOBHOBI CTSXKIHHSA
Mpurasos's Kopa BMBITpIOBaHHS rpaHiTiB PomBoeapuyHi 3epHa po3mipom 0,25 MM, NPOMEHWCTI arperatu

Cypo3bke 30510TOpyAHe POLOBULLE

Mpoxwunkn notyxHicTio Big 0,05-0,10 go 5-7 MM, iHkonwu rHisaa,
HUPKOMOAIGHI HaTiYHI BUAINEHHs

ManeoreHoBi Bigknaau (NiCKOBUKM)

LlemeHT, cdheponiToBi CTsXiHHSA po3Mipom Ao 3,0 Mm

3axigHa BonuHb Kopa BMBITPIOBaHHSA BUBEPXEHMX MOPIA

Mpoxwunku 3 po3gyBamu, TOBLLMHA NPOXUIIKIB Bid 2—5 MM 1o 2—-3 cMm.
YKoBHonogibHi BuAineHHs poamipom 10x6 cMm i Ginblue 3a TOBLUMHM
0o 3-4 cm

Kopa BuBITpIOBaHHS AiopuTiB
i rabpo-giabasis

YKoBHa HenpaBubHOI (hOpMU PO3MIPOM A0 AEKINBKOX CM

KamepHi nermatntn

[obpe copmoBaHi kpuctanu giameTtpom Big 1-2 go 1,5-2,0 cm.
KynsicTi abo oBarnbHi CTSXiHHA AiameTpom A0 7 MM Ha rpaHsx abo
NOBEPXHSAX CNanHOCTi NonboBoro wnaty. [ipy3osi arperatu

[oHeubknin 6acerH PTyTHI pogoBua

[MpOoXWnKNM NOTYXHICTIO A0 1 CM, BENWKI KOHKpeLii, nnacTuH4acTi
KpucTanu po3mipom 1-2 MM, L0 BKPUBAKOTb CTIHKWU MOPOXHWUH

30oHu kynononoAibHoi cknag4acTocTi

[Mpoxwunku, rHizaa i 3epHUCTI BUAINEHHS Yy LLEMEHTI.
CdeponitoBi BugineHHs giametpom 0,1-0,4 mm

KBapu-kap6oHaT-nonimeTaniyHi xunm
BobpukiBcbkoro pogosuiLa

BkpanneHukn poamipom 8o 10 MKM, BUAINEHHAMMW HENPABUIBHOI
¢dopmm posmipom Ao 80 MkM Ta nopdipobnactamu amebonogibHoi
dopMuM 3 MOVKINITOBOK CTPYKTYPOIO po3MipoM A0 150 MKm.
TwykyBaTi arperaTu B XXunax, Apy30Bi arperatu B TpilLMHaXx Bigpuey

Mopainnsa ["paHaTo-rinepcTeHOBI rHECH OKONULIb JliH3onogibHi ckynyeHHst 3aBaoBxkm Big 0,5 4o 2,5 MM, cknageHi
3aBannsa noniroHanbHMMM i30MeTPUYHUMU 3epHamMm posmipom 0,05-0,2 mm
PochHopUTU MUHBKOBELLLKOTO FOPU3OHTY | BukpuBneHi pom6oeapuyHi kpuctanu po3mMipom 4o 1 Mm
[00pOOBULIbKMX Bigknagis
HWXHbOAEBOHCHKI nopoamn [MooaunHoki 3epHa

JIbBiBCbKO- ApriniTv ByrneHOCHOI TOBLLi [OpibHi BOoBxeHi Tabnmyky i TOHKOAUCNEPCHI YaCTUHKM PO3MIpOM

BonuHcbkuin 0,002x0,06 mm.

BYrinbHUIA B6aceiiH

Mpowapku 3aBToBLKM Big 1-2 Ao 15 mm.

Cdpeponitu poamipom Big 0,10 go 2,0 mm, B po3pisi —
nenocTKoNoAibHI BUOOBXEHI TabnunyKky po3TaLloBaHi BisNonoaibHo
[0BKOMa OHOTO LIEHTPY.

KoHkpeLii enincoigHoi, Kynsictoi kopoBae- Ta niH3onoAibHoi hopmu
po3mipom Big 1-3 go 5-20 cm
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3akiH4yeHHs1 ma6n. 1

Micue3HaxomKeHHs

FeonorivyHi yTBOpeHHs

OcobnuBocTi Mmopdonorii cugeputy

KapnaTtcbkuii perioH

Bigknagum kpengoBoro i naneoreHoBoro
cniwy Kapnat

LLlinbHi TOHKO- | ApiGHO3epHUCTI arperaTtu. Po3mip 3epeH
Big <0,01 go 2-3 mm

lMickoBwKK i aneBponiTh

Pom6onogibHi, nnactuHyacTi i HaniBobkaTaHi 3epHa po3mipom
0o 0,1 MM, i3omeTpuyHi 3epHa Big <0,01 Ao 2—3 MM y LieMEHTI

3MmiHeHi BynkaHiTM Buropnat-
l'yTuHCBKOro Nnacma, cuaepuToBi pyau

XKunu, rHisga, niH3onodibHi Tina, cknageHi TOHKMMU i ApiGHUMK
3epHamu po3mipom 0,08 mm.

PifLe KpynHO3epHUCTI BUAINEHHS y BUrNAAi NASMUCTUX CKYNYeHb,
YacTo cpeponiToBoi 6yA0BM | BANOBHEHD Y TPilLMHAX

MonimeTaniyHe, pTyTHE i
apceH-cTnbieBe 3pyaeHiHHSA
(BeperiBcbkuin, Buikiscbkui,
OneHbOBCHKWI Ta iHLWi pyAHi panoHn)

[o6pe cchopmoBaHi kpuctanu po3Mipom o 2—6 mm. Mcesgomopdhoan
No TEMHOKOSMiIPHUX MiHepanax.
BuaineHo aBa mopdornoriyHi Tunu Kpuctanis

Ocaposi yTBOpeHHs MepeakapnaTts

Bxogutb go cknagy uemeHTy. KopoBae- i niH3onoAibHi Tina 3aBaoBXKu
3—4 M i 3aBTOBLLUKM 7-9 cM

KepuyeHcbkun 3aniso-
pyaHuii 6aceiH

Pyau kapboHaTtHoro tuny

BugineHHs HenpaBunbHOI, KopoBaenodibHoi dopmum

TIOTIOHOBI, YaCTKOBO KOPWUYHEBI pyan

Kap6oHaTHi koHKpeLii BUraanueoi, HayacTille NpunmtocHyToi hopmMu
po3mipom 25-30 cm, y cknagi sikux € cugepwr i Mn-cugeput

Mawikoncbki Bigknagu, Kpengosi Ta top-
CbKi Bigknaam

KoHkpeLiliHi cTsikiHHA abo xoBHa LWinbHoi adaHiToBoi 6yaoBu, Kpyrnoi
abo NpunnCHYTO-Kpyrnoi popmu posmipom 45x25 cm

*IMpumimka: YknageHo 3 BpaxyBaHHsM aaHux (JlasapeHko Ta iH., 1960; llasapeHko, MabiHeT, & Cnueko, 1962; JlasapeHko Ta iH., 1963;
JlasapeHko, & Cpebpoponbcebkuin, 1969; NazapeHko, MNaHoB, & MasnuwuH, 1975; JlazapeHko Ta iH., 1980; LLep6ak n gp.,1990; MaTkoBCbkuiA,
2003; Uinbmak Ta iH., 2008; MaTtkoBcbkui, MasnuwnH, & Cnueko, 2009; MaTtkoscbkuin, 2013).

Tabnuys 2
Kpuctanomopdonorisi Ta oco6nmBocTi Mikpopenbedy rpaHei cuaepuTy 3 reonoriyHUX yTBopeHb YKpaiHu*
Micue- FeonoriyHi 06 . . . Po3wmipu, . .
puc i rabityc kpucranis Mikpopenbed rpaHen
3HaXO[KEHHS YTBOPEHHSA MM
Kpusopixoks KopiHHi yTBOpeHHs1 | Kpuctanu npuamaTtnyHo-pomboeapuyHoro, |Big 0,5-1,0 | Mpani npuamu {11 20} i ckaneHoeapa
niHakoiganbHoro, poMGoeapUYHOro 0o 3,0-4,0 |{2131} — yepenuTyacTui Bi3epyHOK;
i ckaneHoeapu4Horo rabitycis rpaHi niHakoiga — MmaToBa NOBEPXHS;
rpaHi ckaneHoeapa — YepenuTyacTo-
KOHYCHa CTpyKTypa
3oHa rinepreHesy | Pom6oegpunyHi, pomboeapuyHo- Bif YacTkn -
Npu3mMaTuYHi, cKkaneHoeapuyHi, MM Ao 4-5
npy“3MaTMYHO-CKaneHoeApnYHi KpucTanm
BonuHb KamepHi |30MeTpUWYHI | IPUNMIOCHYTI KpUcTanu. - Po3maitTa ckynbnTyp pocTy
nermMaTuTu MpoBigHa ponb ocHoBHOro pomboeapa i PO3YMHEHHS Ha rpaHsiX OCHOBHOIO
{1071} y noegHaHHi 3 iHLLINMKN pomboeapa {1071}
cnabkopo3BUHEHNMU hopMmamu
Basanbtn Pomb6oeapwvyHi kpuctanu, B orpaHyBaHHi [ go 0,5— CkynbnTypy pocTy Y BUIMsAi TOHKMUX
TpanoBoi hopmalii | AK1X roNoBHY porb Bigirpae OCHOBHUI 0,8 Mm CXOAMHOK Pi3HOT BUCOTU; penbedHi
pomboegp {1071} CXOOMHKM NOMiLEHTPUYHOIO PoCTY,
Cniav PO34YMHEHHS Y BUrNsiAi KaBepH
HenpasunbHOI hopMu
Mopinns Pocthoputu BukpuBneHi pomboeapuyHi kpuctanm 8o 1 Mm CkynbnTypa Ha rpaHsix, Wo Haragye
MVHBKOBELIbKOTO pnb'auy nycky
rOPU3OHTY
[00pA0BULIBKUX
BigkNagis
KapnaTtcbkun Micus po3sutky ToscToTtabnuuacri i Tabnutyacti kpuctanu | 8o 2-6 Mm | —
perioH nonimeTaniyHoro, |3 rabiTycHMMM rpaHsamu niHakoiga
pTYTHOroO i pomboegpis {0551}.
i apceH-cTubiesoro | Kpucrtanu pom6oenpuyHoro raditycy
3pyAeHiHHS {1071}. Ha gesikmnx kpuctanax € rpaHi cka-
neHoegpa {3251} i npuamu {1120}

*Mpumimka: YxnageHo 3 BpaxyBaHHAM faHux aBTopa Ta (flasapeHko, & Cpebpogonbcebkuin, 1969; MaTkoBcbkuin, 2003; MaTKOBCbKUNA,

MaBnuwuH, & Cnueko, 2009).

MposiBn Mn-cuaepuTy (ONiroHiTy) HeLLoAaBHO 3HangeHo
B YMCMEHHUX NPOsIBaX TPILMHHOI BTOPUHHOI MiHepanisauii
BiANpaLboBaHOi CXigHOI 4YacTuHu PadhaniBcbkoro popo-
Buwa 6GasanbTiB (3axigHa BonuHb) y Mexax BonuHo-
Mopinbcbkoi TpanoBoi dopMadii HWKHboro BeHay CxigHo-
eBponericbkoi Nnatgopmn. Pacdaniscbka nnolia poaraLuo-
BaHa Ha 3axigHomy cxuni YKpaiHCbKOro wmrta, Ha i
TepuTopil BONMMHCBLKa cepis BeHOy po3kpuTa PadaniBcbkum
i Monuubknm kap'epamn. BynkaHiTv aaHoi cepii 3a3Hanu 4n-
CMEHHWX BTOPUHHUX 3MiH, Y T. Y. i kapboHaTusauii, npoTe
npoBefeHi paHille AoCNiAKeHHs 3rafgytoTb cepen kapboHa-
TiB NMLe KanbuuT, aHKepUT, JOSMIOMIT, aparoHiT, Manaxit i
asyput (JlasapeHko Ta iH., 1960; [depeBcbka Ta iH., 2001;
MenbHnuyk, 2004; KBacHuus Ta iH., 2009).
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OniroHiT TyT yTBOPIOE 0OOPE CHOPMOBaAHI i30METPUYHI
pomboeapuyHi | NPUMMCHYTI NCeBAOKYOIYHI  KpucTanwy,
po3mipom go 0,5-0,8 mm i ToHki nniBku. OpiGHi 3onoTUcTO-
KOpUYHIOBATi KpUcTany opMyoTh LTKU Ha CTiIHKaX MOPOX-
HWH, 4acTO HapOCTaluM Ha KpUCTanu KanbuuTy Crnconogi-
©Horo obpucy abo BKkpUBatOUM OCTaHHIN TOHKMMM MAliBKaMu
~0,5 MM, Hagaum KanbLMTy 30/10TUCTOrO YM KOPUYHEBOTO
BiATiHKY (puc. 1). CTyniHb NPO30pPOCTi KpUCTaniB ONiroHITy —
Bi HaniBNPO30pu1X 4O NPOCBiYYOYNX NO Kpasix. Ha noBepxHi
BinbLUOCTI KpMCTaniB OMIFOHITY CNOCTEPIracTbCA Ay>e TOHKa
nniBka HeAiarHOCTOBAHWX BTOPUHHWUX MiHepaniB iHOUroBO-
ioneToBoro KonNbLopy.
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Puc. 1. Kpuctanu Mn-cugeputy (oniroHity) 3 TpiluMHHOT BTOPMHHOI MiHepanisauii
(PacdhaniBcbke popoBuue 6a3anbTiB, 3axiagHa BonuHb)

Kpuctanomopdonoria Mn-cugeputy gocutb npocta —
ue 3aebinbworo pomboeapu, B orpaHioBaHHi SKUX nepesa-
XHY ponb Bigirpae ocHoBHU pomboeap {1071} (puc. 2a-B).
Ha rnoro rpaHsx dikcytoTbCs CKynbNTypu pocTy y BUrNA4i TO-
HKUX CXOAWMHOK Pi3HOI BUCOTK (puc. 2, ). Ona pomboeapny-
HWUX rpaHen NPUNACHYTUX KPUCTaniB XapaKkTepHi YNCTNEHHI
penbeHi CXOAMHKN MONILEHTPUYHOrO POCTY PI3HOrO pPo3-
Mipy (puc. 2r—e) Ta crnign po34nMHEHHS y BUrNAAi KaBepH He-
npaBUNbHOI hopmu.

OkpiM KanbLMTy Ta OMIroHiTy, TMNOBUMW MiHepanamm
acouiauii TpiLWMHHOI MiHepanisauii € TakoX npo3opun
KBapy, XxanuegoH Ta nipuT (puc. 3). OcTtaHHin dopmye

JSM-6700F X180 100gm WD 8.1mm

JSM-6700F LEI 150KV X150 ~ 100gm WD 8.1mm

JSM-6700F LEI 150KV X60 100pm WD 8.1mm

NOOAWHOKI HaniBcdeponiTh, WO HapOCTalTb Ha LWiTKU KpU-
cTaniB oniroHity Ta ¢pamboiganbHo-noAibHi arperatu
(puc. 3r).

3a pesynbTaTtamu JocnifkeHb TPILLMHHOT BTOPUHHOT Mi-
Hepanisauii Padaniscbkoro 6a3anbToBOro kap'epy MoxHa
NpunycTMTH, L0 HaknageHa kapboHaTHa MiHepanisauis go-
pmyBanaca B 6asansTtax y ABi cTagii: y nepLuy ctagito yTBo-
PUBCS KanbUWUT pa3oM i3 KBapLOM, BUCTUMAKYN NMOBEPXHi
MOPOXHWH i TPILLMH, Y OPYry — HagXoOunuM PO34vuHU, BXEe
36arayeHi MmaHraHom i TOMy KpucTanisyBanucsi oniroHiTosa
Kipka-nniBka Ha KanbLuTi i WiTKn 6araTorpaHHUKIB ONIroHITy
Ta BUAINEHHS niputy.

150KV X140 ~100um WD 8.1mm

LEI 150KV X450 10um WD 8.1mm

i i X O
JSM-6700F LEI 150kV X300 10um

Puc. 2. Kpuctanomopdonorisi Ta ocobnueocTi mikpopenbedyy rpaHen kpuctanis Mn-cupeputy
3 TPilWMHHOI BTOPUHHOI MiHepanisauii (PadaniBcbke poaoBuule 6a3anbTiB, 3axiagHa BonuHb):
a—B — poMBoeapUYHi KpUCTanu, r—e — CXOAMHKU Ha NOBEPXHIi rpaHel (pacTpoBuiA eneKkTPoHHMIA Mikpockon JSM-6700 F)
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JSM-6700F 150KV X160 100pm WD 8.1mm

JSM-6700F LEI 150KV X438  100pm WD8.1mm

Puc. 3. MiHepanu-cynyTHMKMU cupaepuTy 3 TPilLMHHOI BTOPMHHOI MiHepanisauii
(PacbaniBcbke poaoBulye 6a3anbTiB, 3axigHa BonuHb): chepuyHi yTBOpeHHs niputy (a), HaTivHi hopmm xanuenoHy (6);
dpamboiganbHo-noaibHi arperatu Niputy (B) i HaTiYHI arperatu xanuegoHy (r) (pacTpoBuin enekTpoHHUA Mikpockon JSM-6700 F)

Ouckycis i BACHOBKM

OTxe, mMopdornoria BuAiNeHb CMOEpUTY XapakTepusy-
€TbCS 3HAYHO PO3MAITICTIO: TOHKOAUCMNEPCHI YaCTUHKK, 3e-
pHa Ppi3HOT PO3MipHOCTI, MnacTMH4YacTi, obkaTaHi, 4acto
iAIOMOPHi; TOHKO3EPHUCTI NPOLLAPKKM, XUNW, NiH3N Pi3HOT
NOTY>XHOCTI, THi3ga, OPYy30Bi YTBOPEHHS, MOHOMIHeparbHi
KOHKpeLii (cdeponiToBoi i ooniToBoi GyA0BM, XOBHA), SKi
Malke NOBHICTIO cknaaeHi cuaeputom abo BiH BXOaUTb 40
X cknagy sk nepeBakHa KOMMOHEHTa, BUAINEHHS HEMpaBu-
NbHOI OPMU, YaCTO CUAEPUT BUCTYNAE AK LleMeHT abo BXxo-
AuTb Oo woro cknagy. [obpe cdopmoBaHi kpuctanm
TpannsawTbca pigwe. Ak BugHo 3 Tabn. 2, Habip npocTunx
dopM rabiTyCHOro 3Ha4YeHHs! Ha KpucTanax cuaepuTy HeBe-
nuKuiA: Le 3aebinbLioro poméoeapwu, niHakoiam, Ha OKpeMMUX
KpucTanax — ckaneHoeapv i npusamu. [ins aesakux kpuctanis
XapaKTepHUi CBOEPIOHMI MiKpopenbed rpaHen — yepenuT-
YyacTi, YepenuTYacTO-KOHYCHI CTPYKTYpPW, CKYNbNTypu poCcTy
y BAMMAAi CXOAMHOK Ta Taki, Wo HaragytoTb pub'sdy nycky;
KaBepHU K hOPMU PO3YNHEHHS.

JocnimpkeHHs Mopadbororii cuaepuTy 3 pisHUX MiHepanoro-
neTporpadiyHMx KOMMMEeKCiB YKpaiHu fatoTb 3Mory Kpaile
3pO3yMiTM YMOBM FreHe3ncy cuaepuTy Ta ocobnmeocTi npoLie-
CiB, IO Cnpusanu Moro kpuctanisadii. BuB4eHHs penbedy Ha
rpaHsx KpucTanis cuaepuTty gonomarae BUSBUTU MEXaHi3Mu
pOCTY Ta Hagae LjiHHY iHdbopmaLito Mpo eBontoLji Kpuctanis,
a came npo iX 3MiHW Nig BNAMBOM 30BHILLIHIX YMHHMKIB.
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MORPHOLOGY OF SIDERITE FROM GEOLOGICAL FORMATIONS OF UKRAINE

Background. Carbonates are fairly common minerals in Ukraine, with calcite, siderite, rhodochrosite, dolomite and davsonite being the
most important and widespread. Siderite is mainly represented by three types - siderite, Mg-siderite (sideroplesite) and Mn-siderite (manganese
siderite, oligonite). Despite the fact that siderite has been found in many geological formations in Ukraine, information on the morphology of the
mineral is rather limited. This paper systematises and analyses the existing data on the morphology of siderite in the geological formations of Ukraine.
The results of the study of new finds of Mn-siderite (oligonite), which have recently been found in numerous occurrences of fractured secondary
mineralisation of the eastern part of the Rafalivske basalt deposit (Western Volyn) within the Volyn-Podilsk trap formation of the Lower Vendian of
the East European Platform, are presented.

Methods. Goniometric (double-circle goniometer GD-1), electron microscopy (electron microscope JSM-6700F (JEOL, Japan) equipped
with an energy dispersive system for X-ray microanalysis JED-2300 (JEOL, Japan)) and X-ray diffraction (diffractometer DRON-2(3M)) methods were
used to study Mn-siderite crystals from Volyn basalts.

R e s u | t s . Siderite from the geological formations of Ukraine is characterised by considerable morphological diversity: individual fine particles and
lamellar, rolled, often idiomorphic grains of various sizes, as well as fine-grained layers, veins, lenses of various thicknesses, nests, druse, nodules,
concretions (spherolite and oolitic aggregates), which are almost entirely composed of siderite or it is the predominant component, irregularly shaped
aggregates, often the mineral acts as a cement or is part of it. Well-formed crystals are rare. The list of simple habit forms on siderite crystals is short:
rhombohedra, pinacoids, and in some cases, scalenohedrons and prisms. Some crystals have a peculiar microrelief of their faces, in particular, tiled, tiled-
cone structures, growth sculptures in the form of steps and those resembling fish scales; also cavities as forms of dissolution.

Conclusions. Studies of the morphology of siderite from different mineralogical and petrographic complexes of Ukraine allow us to better
understand the conditions of siderite genesis and the peculiarities of the processes that contributed to its crystallisation. The study of the microrelief
on the faces of siderite crystals helps to identify growth mechanisms and provides valuable information about the evolution of crystals, namely their

changes under the influence of external factors.

Keywords: carbonates, siderite, oligonite, morphology, Rafalivska, geological formations of Ukraine.
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YNPABJIHHA AKICHUMU XAPAKTEPUCTUKAMMU BUPOBIB 3 NABPAOOPUTY
YKPAIHCbKOIO WMTA LWIAXOM YPAXYBAHHA TUMIB OBPOBKM iX MOBEPXHI

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

B c Ty n. JoezoegiyHicmb € 0OHI€I 3 KITFOHOBUX XapaKmepucmMuK 0eKopamueHO20 KaMiHHSI, OCKIJIbKU 80Ha 8U3Havyae mepmiH cJiy-
X6u eupobie i3 yb020 Mamepiasy. BoHa 3anexxums He niuwe 8id nempozpaghidHoi 6ydoeu kameH}ro, ane U 8id murny ghakmypHoOi 06pobKu
nosepxHi. Jlabpadopum, pizHoeud aHopmo3umy, 3ae0siKu ceoill MiyHocmi i Mopo3ocmilikocmi WuUpPoKo eukopucmosyroms y 6ydieHuy-
mei ma dekopamusHoMy 03006s1eHHi. Pi3Hi Memodu o6pobku nosepxHi eupobie 3 nabpadopumy, maki sk mepmoobpobka, o6pobka
dpobom i eodocmpymMuHHa 06pobka, noninuyroms He MiflbKuU ecmemu4Hi er1lacmueocmi KaMeHto, a U lio20 hyHKUiOHaIbHiCMb, 30KpeMa
npomukoe3ki xapakmepucmuku. [locnidxeHHs yux memoodie 06po6KuU € 8axiueum OJisi 8U3HaYEHHS iX ensiusy Ha doez208i4Hicmb eupo-
6ie 3 dekopamueHO20 KaMiHHSI.

MeToawu. Y pamkax 0aHo20 kKomrekcy AoclioxeHb MpoeedeHo psid ekcriepuMeHmie i3 3acmocyeaHHsIM ob61adHaHHs, nepedba-
4eH020 [JCTY b EN 13755:2007 "Memodu eunpobyeaHHsi npupoOHO20 kKaMeHt0. BusHa4eHHs1 e00onoanuHaHHs npu ammocgepHoOMy mu-
CKy" ma 3a G0romMo20r0 eJIEKMPOHHO20 Y/1bMPa3eyKo8020 n'e3oesiekmpuyHo20 deghekmockona MATEST C372N.

Pe3ynbTaTtu. [emansHo eus4yeHo ersue esikux muriie npomuKoe3Hoi 06pobku nosepxHi eupobie 3 nabpadopumy deox po-
doeuwy YKpaiHCbKO20 wjuma Ha ix 0oe208i4Hicmb, sika € OOHI€EI0 3 KITFOYOBUX CIIOXUBYUX XapaKmepucmuk sskocmi Kam'siHux 0300671+o-
sanbHUX Mamepiasnie. B ocHogy docnideHb MoknadeHO 8usie/IeHHs] 83a€MO38 3Ky MiX 36iNbUueHHsIM MoKa3HUKa 8000MO2JIUHEHHST i
nozipuwieHHsIM cmaHy 36epexxeHocmi ma 3acmocogaHuMu murnamu o6po6ku nosepxHi 3pa3skie nabpadopumy 3 podosuw;, Kam'sHa iy i
Cno6idcbke — 06pobka dpobom, 06pobka cmpymeHsiMu eodu nid muckom abo obnaneHHs1 so2HeM (mepmoobpobka). JlabopamopHi do-
cidXeHHs1 noka3sanu, wo eo0ocmpyMuHHa o6pobka € HaliMeHW pyliHieHOr, Mo0di stk mepMoobpobka i 06pobka OpoboM 3Ha4YHO roeip-
wyroms ¢hizuko-mexaHiyHi erracmueocmi nabpadopumy, nideuulyroyu (io2o 8000MO2JIUHEHHS | 3HWKYHO4YU 08208i4HICMb.

B ucHoBKMU. Pesynomamu npoeedeHux AocnideHb OeMOHCMpYroMb HeobXxiOHicmb 06rpyHmoeaHo20 eubopy mexHosoezii 06-
PobKu 3anexHo eid ymoe io20 nodasibuio20 8UKOPUCMaHHs1. Baxnueo epaxoeyeamu uyi acnekmu He nuwe Ha emani euébopy mamepiany
OdeKopamueHO20 KaMiHHs1, ane U Ha cmadii npoekmyesaHHsl ma peanizauii apximekmypHux piweHb, de doezoeiuyHicmb eupobie 3 npupo-
OHO20 KaMiHHSI en/iueamume Ha 3a2ajlbHy ecmemuky i (pyHKUioHasibHicmb apximekmypHo20 06'ckma. OmpumaHi OaHi € saxnueumu
9Ons 06rpyHmoeaHo20 eubopy mexHorsozili 06pobku kameHro y 6ydieHuymei ma apximexkmypi, 3abe3neyyroqu 6anaHc Mixx ecmemusy-
HUMU 8J1acmu8oCcmsiMu ma eKcrsiyamauiltiHor cmilikicmro mamepiainy.

Knw4yoBi cnoBa: nabpadopum, mun obpobku noeepxHi, OekopamueHe KaMiHHsI, YKpaiHCbKul ujum, eo00CMpyMUHHa
06pobka, 06pobka Apobom, obrnasieHHs1 802HeM, MepMoobpobka.

Beryn

Cepen CMOXMBYMX SIKICHUX XapaKTEPUCTUK OeKopaTuB-
HOro KaMiHHSI AOBrOBIYHICTb MOCIOa€e OAHE 3 YiNlbHUX MiCLlb,
OCKiNbKM BU3Ha4Yae TEPMiHW | pecypc NpakTUYHOI ekcnnyaTa-
Lii BMpOGIiB, BUrOTOBMNEHMX i3 LIbOro NpupogHoro matepiany.
[loBroBiYHiCTb AeKkopaTMBHOINO KamiHHA — GaratodakTopHa
XapaKTepuCTMKa, WO 3aMneXuTb He NuyLIe Bif Noro neTporpa-
(piyHOI ByaoBM, MiHEpPanNbHOroO cKnagdy, yMOB ekcrnyaradii
BMPOGIB 3 HLOTO, X 4OAATKOBOro rapodOBHOrO MOKPUTTS,
ane Takox i Big Tuny pakTypHoi 06pobKM NOBEPXHI.

JlTabpapopuT — Le MarmaTuyHa ripcbka nopoga OCHOBHOMO
cknagy, pisHoOBUA aHOPTO3UTY, SKa Mae TEMHO-Cipe 0 Maiixe
YopHoro 3abapBneHHsi, cknageHa A0 95 % OCHOBHMM Nnariok-
nasom (nabpaopom) Ta HEBENMKOIO KiNlbKiCTH TEMHOKOMIPHUX
MiHepaniB (MipoKCeH, OniBiH, anaTuUT, MarHeTUT, iINbMEHIT, pi-
JLle — KanieBui NonboBMWIA LWNart, kBapu, 6ioTuT, cynbdion 3a-
niza). CTpyktypa nabpagopuTiB MEpEBaXHO  KPYyMHO-,
riraHTo3epHUCTa. TekcTypa MacuBHa. XapaKTepHOK AiarHoc-
TUYHOIO O3HaKOK Nabpagoputy € ipu3auia (nabpagopucueH-
Lis) — onTMYHUIA edpeKT y BUMMSAAI nepenveiB GnakuMTHOro,
CVHBOrO, 3eMeHOro, >XOBTOrO KOMbOPIB MpY 3MiHi KyTa OCBIT-
neHHs1 miHepany abo nopoau (Feneta, & CeprieHko, 2006).
Ockinbkn Nabpagoput He MICTUTL KBapLly, BiH, Ha BigMiHy Big
rpaHiTy, nerwe obpobnaeTbCs, € MILHUM i MOPO3OCTINKUM
03g06rntoBanbHO-byaiBensHUM MaTepianom. LLnpoko 3acroco-
BYETbCS AN 30BHILUHBOrO OGNMLIOBaHHS! | MOLLIEHHS], BUTOTOB-
NEHHs1  CTiMbHWUb,  apXiTEKTYpHO-OyaiBenbHUX  BUPOGIB,
noctameHTis, 6pykisku. MycTuHa nabpagoputie —2,7—2,95 1/m3
(FeneTa, & 3axapuyeHko, 2017).

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

ABTOpPM BXe 34iNCHIOBaNN AOCIIOKEHHSA HA NpeaMeT no-
YaTKOBUX CTafili BUBITPOBaHHS NabpagopuTie y BUpobax Ta
apxiTekTypHux nam'atkax Ykpainm ([eneta, & CeprieHko,
2011) i cTiikoCTi 4O BMBITPIOBaHHA OCHOBHKX TWNiB nabpa-
popuTiB YkpaiHcekoro wuta (Feneta, & CeprieHko, 2012).
HeratmBuum chaktopom ans nabpagoputy € HasiBHICTb Y
MNOro cknapgi 4OMILLIOK 3ani30BMiCHUX MiHepaniB, siKi Ipy OKK-
CHEHHIi YTBOPIOIOTb Ha NOBEPXHiI KaMeHH ipXkaBo-OpyHaTHi
nnsmu (Feneta, & CeprieHko, 2012).

B Ykpaini nabpagoputi BXogaTb A0 cknagy aHopTo3uT-
panacisi-rpaHiTHOI cbopmalii i nowmpeHi B Mexax Kopocte-
Hcbkoro (XKutomumpcebka obnactb) i KopcyHb-HoBomupropo-
acekoro (Yepkacbka i KipoBorpagcbka obnacti) nnyToHis
YkpaiHcbkoro wuTta (YLL). B YkpaiHi BussneHo noHag 40 po-
nosuL, nabpagopuTis Ta aHOPTO3WNTIB, 3 KMX PO3POONAThL
6nmsbko 10-12. Ha cBiTOBOMY pUHKY HalBigomiwmmu € na-
6pagoputn OcHukiBCcbkoro, onoBuHcbkoro, O4epeTsHCh-
koro, [obpuHcbkoro, Cnobigcbkoro, Kam'siHoGpiacbkoro
pofoBMLL, po3TawoBaHux Yy KuTomupcbkin  obnacTi
(Feneta, & CeprieHko, 2005).

Bigomo, wo Bnpobu 3 4eKopaTUBHOIO KamiHHA 3 NOripo-
BaHOI MOBEPXHEK AEMOHCTPYIOTb HaMBULLMIA piBEHb A0B-
rOBIYHOCTI, OCKINbKu Takui TUM pakTypHOi 06po0KKM CyTTEBO
3MEHLUYE CNPUAHATIINBICTb 40 HEraTUBHOIO BMMBY 30BHILL-
HiX ¢pakTopiB HaBKOMMULIHbOrO cepepoBuila (CemeHYEHKO
Ta iH., 1974). BignosigHo pi3Hi TMNM 06POGKM MOBEPXHI
BMPOGIB 3 AEKOpPaTMBHOIO KaMiHHS TAKOX MatoTb i NeBHE
XYOOXHbO-€CTETUYHE YU  PYHKUIOHANbHE NpU3HAYEHHS.

© leneta Oner, CeprieHko Irop, 2025
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Hanpuknag, nonipoBaHa cakTypa, OkpiM 3abesnedyeHHs
HaMBiNbLIOT JOBroBIYHOCTI KAMIHHS, Lie N HarKpaLle NposiB-
NSE NOro KOnip i TEKCTYPHUIA PUCYHOK.

HaTomicTb y BupoGax i npypogHoro kamiHHsA, npusHaye-
HUX ANS MOLLEHHSI TPOTyapiB, OOPIXKOK, CXOAiB, CXOLOBMX
MaiaaH4YmMKiB TOLLO 3aCTOCOBYHOTL ¢hakTypu 0bpobku, siki 3a-
6e3nevyoTb HECNU3bKY NMOBEPXHIO MOKPUTTS. [0 OCHOBHUX
TMNiB Takoi 06pobkn HanexaTb TepmoobpobneHa, Boao-
CTpyMuHHa, abpasusHa, 6yyapgoBaHa, pudneHa Ta iH. Taki
TNV 06pPOBKM TaKOX BUKOPUCTOBYIOTb ANst HAKPUBHUX MIUT
i obnuuoBanbHMX NANUT B 03400M€EHHI LiokoniB 6yanHkis (Me-
neta, & 3axapuyeHko, 2017).

O6naneHa nonym'ssM noBepxHsi (abo TepmoobpobneHa,
flame-treated (thermally treated) — ue daktypa 06pobkm no-
BEPXHi [EKOPATUBHOIO KaMiHHS1, yTBOpeHa BHacniaok ii 06-
naneHHs BOTHSAHVMW CTPYMEHAMW MNpu TemnepaTypHuX
nokasHukax B mexax 2300-2700 °C. 3a Takoroy BUCOKOTE-
MMepaTypHOro BMfMBY NOPOAOTBIPHI MiHEpPAnW ripcbKoi Mo-
pOAM YaCTKOBO PYWHYKOTBCS, YTBOPKOKYM Y pesynbTaTi
PIBHOMIPHO-LLOPCTKY MOBEPXHIO 3 NepenagoM penbedy 40
10 mM. 3a3HaveHa TexHornoris 06pobkM € HVHI Hannowwnpe-
Hiloto B YKpaiHi npy BUrOTOBMEHHI BUPOGIB 3 AekopaTue-
HOro KaMiHHS1 3 HEKOB3KUMMW NMOBEPXHSIMU A1 30BHILLHBLOrO
MOLLIEHHS, Ma€ NeBHi €CTETUYHI AKOCTI | HaMHWX4y cobiBap-
TicTb. [TpoTe TakMin BUCOKOEHEPreTUYHUIA BNNB Ha Nosep-
XHIO BMpoGiB BuMarae peTanbHOro aHanisy 3 nornsgy
BMMMBY Ha AOBrOBIYHICTb.

O6pobneHa gpobom nosepxHs (shot-blasted finish) — ue
crneundivyHuiA  pisHOBMA, MiCKOCTPYMUHHOI 00pobkm (sand
blasted finish) aekopaTnBHOro kamiHHsa. OgHak, Ha BigMiHy
Bi TpaguLUINHOro BUKOpUCTaHHS abpasuBHOro matepiany y
BUMMsAAI Nicky, y UbOMY BMNaZKy 3acTOCOBYHOTb Apib i3 3a-
niza abo yaByHy. Llen meTton obpobku, y npoueci sikoro
MeTaneBsun Api6 30iMCHIOE MEXaHIYHMI BNAUB Ha BEPXHIin
lap KaMeHo, PyMHyK4YM NOro npu LbOMy, NMPUBOAUTL A0
YTBOPEHHS PIBHOMIPHO-LLIOPCTKOI MOBEPXHi 3 BigMiIHHUMMU
eCTeTUYHUMU | PYHKUIOHaNbHUMK XapakTepuctukamu. Me-
TaneBun apid, 3okpema, 3aBasfKU CBOIW CTPYKTYpi i dopmi,
[4a€ 3MOory JOCSITU BUCOKOTO PiBHS ogHOpIgHOCTI oGpobne-
HOI MOBEPXHi, O B MOAanbLUIOMy MO3UTUBHO BMMUBAE Ha
AeKopaTMBHICTb MOBEPXHi Ta ekcnnyarauito Bupobis. 3a3Ha-
YeHa TexHonorist 06pobku MeHLLE NoLMpeHa, HixX TepMoob-
pobka, ockinbku nepeabavae 3acTOCyBaHHS CreLianbHOro
obnagHaHHs i, BignoBiaHO, fopoXya.

BopoctpymnHHa o6pobka (water jet streamed finish) — ue
TexHonoris, sika nepegbavae o6pobky NoBepxHi AekopaTue-
HOro KaMiHHSI CTPYMeHsAMU BoAW M BUCOKMM TUCKOM. Llen
MeToZ [a€e 3MOry OOCAITU 3HAYHO BULLIOT TOYHOCTi 06pobku,
OCKiNbKM CTPYMiHb BOAW MOXE NPOHMKATU B HAMMEHLUI AeTani
i HepiBHOCTi NOBEPXHI BUPOGIB, YTBOPIOKOYM NPW LibOMY iAearnsHO
OOHOPIOHY MaToBYy TeKkCcTypy 6e3 LKoau ONnsi CTPYKTYpPHOI
uinicHocTi matepiany (lFeneta, & 3axapyeHko, 2017).

OnucaHi BuLe TN obpobKn NOBEPXHI, HE3BaXatoun Ha
CBOI cneungiyHi TeXHOmMoriYHi 0cobMBOCTI, MaloTb OAHa-
KoBe (byHKLioOHanbHe NpusHa4veHHs1 — edpekTUBHO 3abesne-
YyBaTW MPOTUKOB3HI XapaKTEPUCTMKM MOBEPXHi BUPOGIB 3
AekopaTuMBHOro kamiHHs. Lli BnactuBocTi Hag3smMyamHo Ba-
XNuBi onsi 3abe3neyeHHsa 6e3neku nig vyac ekcnnyarauii Bu-
pobiB, 0cO6GNMBO B 30HAX 3 MiABULLEHVMM PU3UKOM MagiHHS
niLIoXoAiB B yMOBax 00nefeHiHHSA MOBEPXHI.

Kpim TOro, ui Tunm o6pobkn Takoxk MoXyTb ByTK 3acToco-
BaHi AN CTBOPEHHSI ECTETUYHOIrO ehpeKTy CTapOXXUTHOCTI BU-
pobiB, Wo pobuTb iX NONyNsipHUMK B Cy4acHOMY Au3aiiHi
iHTep'epiB Ta ekcTep'epiB. OTXKe, iHTErpauis umx Buais o6po-
OKM NOBEPXHI Y BUPOOHUYI KamMeHsIpCbKi NpoLiecy 3abesnevye
He nuwe NiaBULLEHHS (PYHKLIOHANbHOCTI, @ N MoninweHH:
€CTETUYHUX AKOoCTeN BUPOBIB 3 AeKOPaTUBHOIO KaMiHHS.
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BpaxoBytoun, Wo Taki BUpobM BMKOPUCTOBYIOTLCH 3a-
3BMYaN y 30BHILLIHBLOMY CepefoBULLi i NOCTIMHO 3a3HalTb
@i3NYHUX HaBaHTaXeHb Ta aTMocdepHO-KNiMaTUYHOro
BMMMBY, BaXMMBO AOCAIAUTM iX NOTEHLUIMHUI ekcnnyaTauin-
HWIA pecypc 3anexHo Bif, 3aCTOCOBaHMX NEBHUX TUMIB 06po-
OKM NOBEPXHI.

MeTtoau

[nsa BUpilLEeHHSA BU3HAYEHUX NUTaHb LLOAO AOCNIMKEHHS
BMNMBY pi3HMX TUNiB 06pobku noBepxHi Bupobis 3 nabpago-
pWTIB Ha iX SKICHi XapakTepuCTUKK1, aBTOpW MNPOBENW KOMMe-
KCHUA aHania nokKasHuKiB BOLOMOIMMHEHHS | peaynbTaTis
yNbTPa3BYKOBOI AiarHOCTWKM CTaHy 30epexxeHOCTi 3paskiB i3
NMoBepXHSAMM, ki nonepeaHbo 6yny obnanexi nonym'am (Tep-
Mo06po6neHi), 06pobneHi opobom i 06pobneHi CTpymMeHsIMM
BOOM Nig TUCKOM (BOZOCTpyMMHHa obpobka) BignosiaHO A0
nyHkty 4.1.8.2 OCTY EN 1469:2007 "Bupobu 3 npupogHoro
kameHto. ObnuutoBansHi nnutn. Bumorn" (Meneta, 2012).

MoBepXHSA TUINbHMX i BiYHUX CTOPIH LMX 3pa3kiB Mana nu-
nsaHy cakTypy 00pobkuM, Wo 3abe3neynno piBHOMIPHICTD i
O[HOPIOHICTb X noyaTkoBOI TekcTypw. [daHi 3pasku y Bu-
rnsgi NMToK KBagpaTHOT hopMu 3 po3MipamMu BiYHMX CTOpiH
0,13*0,13 m 6yno BuroToBneHo 3 nabpagopuTy POAOBMLL
Kam'siHa MMiv i Cnobigcbke (PKutommpcbka obn.), po3sTailo-
BaHWX y Mexax KopocteHcbkoro nnyToHy YL,

Ak eTanoHHi 3pa3kn BMKOPWUCTaAHO NNWUTKM 3 nabpapo-
pUTY LMX e poAoBuLL, 3 NOMIPOBaHO NMLIEBOK MOBEPXHEID
Ta aHanoriYHMMmn popmoto i poamipamu.

JocnigpkeHHs BOOOMNOIMMHEHHA 3paskiB nabpagopuTiB i3
poposuLy, Kam'siHa Miv i Crnobigcbke 3 obnaneHot (tTepmoobpo-
6neHa), 06pobreHoto ApoOoM | BOAOCTPYMUHHOKO NMOBEPXHAMM
nposeaeHo BianosiaHo ao sumor ACTY b EN 13755:2007 "Me-
TOAM BUNPOOYBaHHS NPUPOAHOrO KamMeH. BuaHaveHHs Bogo-
MOrMMHAaHHSA NpY aTMOCEEPHOMY TUCKY".

HocnipxeHHa cTtaHy 36epexeHOCTi 3paskiB nabpapo-
puty popoeuw, Kam'sHa MMy i Crnobiacbke 3 obnaneHoto
(TepmoobpobneHa), obpobneHo ApobomM i BOOOCTPYMMH-
HOl MOBeEpPXHAMM 0OpobKM npoBoaunock BiQNOBIAHO [0
"MeToaurkn BU3Ha4YeHHs cTaHy 36epexxeHOoCTi Nnam'siTok 3 fe-
KOpaTMBHOIO kaMiHHA YkpaiHu", 3aTBepOKeHOI Haka3om
[epxxaBHoro remornoriyHoro LeHTpy Ykpainu Big 12.01.2015
Ne 2/15-5, dka nepepbavae BWKOPUCTaHHA YNbTPa3BYKO-
BOrO 30HOYBaHHS Ta €NeKTPOHHUX YNbTPa3ByKOBUX M'€30e-
NeKTpuUYHUX gedpektockonis. [na npoBefeHHA AOCHiAKeHb
BMKOPUCTAHO €NeKTPOHHUIA yNbTpa3BYKOBUW M'€30eNeKTpu-
YHu gedektockon MATEST C372N, wo npautoe Ha vac-
TOTi YNbTPa3ByKOBUX KonmeaHb 55 kI'L.

PesynbTaTtn

KntoyoBum chaktopoM, sikmii GesnocepedHbO BNnvBae
Ha JOBroOBiYHICTb AEKOPATUBHOIO KaMiHHSI, € MOro Bogomnor-
NVHEHHS, afpke BoONora npu NPOHWKHEHHI B nopu Ta Tpi-
LUWHKN, YTBOPEHI B pe3ynbTaTi NPUPOAHNUX i TEXHOMOTYHUX
BMIUBIB, PO3LUMPIOETLCA NPU 3amMep3aHHi, TUM CaMUM NMopy-
LYKOYM UiniCHICTb FipCbKOi NOpoan Ta CNPUYUHSYN Mpo-
Lilecy NOBEPXHEBOTO, @ 3r0A0M i BHYTPILLUHLOrO pyMHYBaHHS,
0cobnMBO B YMOBaX, LU0 CYNPOBOMKYIOTECS KONMMBAHHSAMM
Temnepatypu 6ins nosHaudkm 0 °C.

Taknum 4YrMHOM, NiABULLIEHA NOPUCTICTb | TPILLMHYBATICTb
ripCbKMX Nopig CNPUYUHAKTL 3POCTaHHS BOAOMOMMMHEHHS,
LLIO HEeraTMBHO BMNMBAE Ha AOBroOBIYHICTbL BUPOGIB.

[nsi NOpiBHSAHHS AKICHMX XapaKTepuCcTUK aBTopm obpanm
NonipoBaHi 3paskm 3 MOMiPOBaHOK MOBEPXHEN, OCKINbKU
npu Takomy Tuny o6pobkm ripcbka nopoaa 3a3Hae HaiMeH-
LLIOro pyrHyBarnbHOro BNvBY i 3abe3neyye BiAHOCHY Ljinic-
HiCTb Ta Hanbinbwy AOBroBiYHICTb (CemMeH4YeHKo Ta iH.,
1974). Lle nosicH0eTbCA TUM, LLO Npu 06pobLi NOBEPXHi BM-
pob6iB monipyBaHHAM, Ha BiAMiHY Bif iHWNX dakTyp (Muns-
HOi, TepMooOpobGneHoi, komoToi Ta iH.), HaWnkpalle
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3aKpUBaOTLCS MIKPOMOPM | Kaninsapu, No SKMX BOrora Moxe
NPOHKKATK B ripCbKy nopoay.

Y pesynbTaTi OTpUMaHO NokasHukK (Tabn. 1), Ha OCHOBI
AKMX 3pO6NEHO SAKICHUIA MOPIBHANMBHUIA aHamni3 Ta OUjiHKY
BNacTUBOCTEN MaTepiany.

3aranom BuSBMEHO YiTKy TeHAEHLi0 Ans nabpagopuTis
i 3 pogoBua Kam'saHa Miy, i 3i Cnobigcbkoro pogosuwla
woao 36iMblIEHHA BOOOMOIMMHAHHSA 3pas3kiB 3anexHo Bif
3aCTOCOBAHOro TUNy ix o6pobkn. BigmiyeHo, WO HaiMeHL
PYVMHIBHUI XapakTep Ha ripCbKy Mopody Mae BOAOCTPY-
MMHHa 00pobka, 6inbL pynHiBHMI — 06pobneHa apobom, a
HanbinbLL pyNHIBHUIA — obnaneHHsi BorHem (Tepmoobpobka)
(puc. 1). BcTtaHoBneHo, Ginbll piske 36inblUeHHS BogoMo-
rMUHaHHSA Y 3paskiB 3 obnaneHow i obpobneHoo apobGom
noeepxHsmu. ins nabpagoputy pogosuwia Kam'sHa Miv y

3paskax 3 obnaneHoto i 06pobneHoo 4pobom NoBEpPXHAMMU
dikcyeTbca BABIYI Oinblue BOAOMNOMMMHEHHS], HiX y 3paskiB
nabpapoputy Crnobigcbkoro pogosuiia, WO MOSICHIETLCA
GinbLL KPYNHO3EPHUCTOI CTPYKTYPOI MOPOAOTBIPHUX MiHe-
paniB OCTaHHbOrO.

AHanis B3aeM03B'A3Ky Mi>X BOAOMOIMMHAHHAM i JOBro-
BiUHICTIO € BaXXNMMBUM acrnekToM AOCNiAXKeHb AN nofanb-
LIOro PO3BUTKY TEexXHomnorii o6pobkn Ta BUKOPUCTAHHSA
[eKopaTMBHOro KaMiHHA B BYAIBHULTBI 1 apXiTEKTYpi, OCKi-
NbKW Ue CYyTTEBO BNNMBaTuMe Ha BMGip maTepianis Ta Tuny
ix 0bpobkn BiANOBIAHO OO yMOB ekcnnyaTtauii Bupobis.
BusHavyeHHA uMx acnekTiB Hagae UiHHY iHdopmaLito ans
iHXeHepiB i apxiTeKkTopiB, sKi NparHyTb 4OCArTM ONTUMarb-
HOro NOEAHAHHSA €CTeTUYHUX SKOCTEMN i AOBrOBIYHOCTI Y
CBOIX NPOEKTAXx.

Ta6bnuys 1

MNMoka3HuKM BogonornuHaHHsA npu atmoccepHoMy TUCKY (A,) 3pa3kiB nabpagopuTis
3 pogosuwy Kam'siHa Miv i Cnobiacbke Ta iX NOpPiBHAHHSA 3 eTafIOHHUMM 3pa3kaMu

. Moka3Huk BogonornuHaHHsA (Ay), 36inblUeHHA BOAONOrNMHAHHSA
Ne | Poposuwe Tun o6po6KkM NnoBepxHi o .
b Mac. BifiHOCHO eTafioHHOro 3pa3Ky (pas3u)

1 Kawm'sHa Miv | nonipoBaHa (eTanoHHUA 3pa3ok) 0,027 1,00
2 BOAOCTPYMMHHA 06pobka 0,047 1,74
3 06pobneHa gpobom 0,121 4,48
4 obnaneHa (TepmoobpobneHa) 0,127 4,70
5 Cnobigcbke | nonipoBaHa (€TaNOHHMI 3pa3ok) 0,044 1,00
6 BOAOCTPYMMHHA 06pobka 0,076 1,73
7 06pobneHa gpobom 0,102 2,32
8 obnaneHa (TepmoobpobneHa) 0,113 2,57

NOJIIPOBAHA
(ETANOHHWIA
3PA30K)

BOAOCTPYMUHHA
OBPOBKA

s Kam'AHa Miy

OBPOB/IEHA
[POBOM

OBNAJIEHA
(TEPMOOBPOB/NIEHA)

=g Cn06inCcbKe

Puc. 1. 3pocTaHHsi noka3HukKa BogonornuHaHHaA (Bicb Y) nabpagoputis popgoBuly Kam'siHa Miy i CnobGiacbke
BiAHOCHO eTanoHHOro 3pa3ka 3anexHo Big Tuny o6po6ku nosepxHi (Bicb X)

"MeToavka BU3Ha4YeHHs1 cTaHy 36epeXXeHoCTi nam'aTok 3
AeKopaTMBHOIO KaMiHHA YKpaiHu", 3aTBepa)keHa Haka3oMm
[epxaBHOro remornoriyHoro LeHTpy Ykpaidm Big 12.01.2015
Ne 2/15-5, GasyeTbCsi Ha NPUHUMMNI aKyCTUYHOIO 30HAY-
BaHHS4, O Aae 3MOory oTpumMatu iHhopMaLito Npo MexaHiyHi
BNACTUBOCTI MaTepiany i, NOPiBHAHO 3 eTanoHamu, Npo cTaH
36epexeHoCTi BUpoOy 3 AeKOpaTUBHOMO KaMiHHS.

LLIBMAKIiCTb Npy>XHKX yrnbTpassykoBmx xBunb (V') oGuuncnio-
€TbCA 3a POPMYINOI0, LLO € Pe3ynbLTATOM AINEHHS BiACTaHi MiXk
BMMPOMIHIOBaYeM i AeTektopom (L) Ha MiHiManbHWM Yac npo-
XompkeHHs xBuni (t), skui bikcye cnevianisoBaHu Nnpunag;

V'=L/t (1)

Llen napameTp € KpUTUYHO BAXITUBMM AN NOAANbLIOrO
aHanisy crtaHy 3paskiB, OCKiMbKW LIBUAKICTb MOLUMPEHHS
XxBunb 6e3nocepefHbO MOB'A3aHa 3 MEXaHIYHOK XOPCTKi-
CTIO MaTepiany.

MapameTpom, WO xapakTepu3ye CTyniHb 36epexeHoCTi
MaTtepiany 3paskiB nabpagopuTiB, € aKyCTUYHUIA KoeiLlieHT
(Ka). Lien koedpilieHT BU3HAYaETLCA K BiGHOLLEHHS LLIBMOKO-
CTi MPY>XHUX XBWITb, BUMIPSTHUX Ha OOCHiXKyBaHOMY OO'eKTi
(V'), oo wBmMAaKocTi, 3adhikCoBaHOI B eTarnoHHMX 3paskax (V):
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Ka=V'IV (2)

Takuii nigpaxyHoK gae 3Mory npoBecTy AeTarbHy OLiHKY
CTyneHs perpapauii matepiany Ta BU3HAYNTU MOXNMBI
3MiHN Y i3NKO-MeXaHIYHUX BRacTMBOCTSIX NabpadopuTie
yHacnigok pisHMx MeTtofis 06pobku.

Yum Binblioto € KinbKiCTb MOBEPXHEBUX i BHYTPILLHIX
pyyiHyBaHb y MaTepiani gocnigxyBaHux 3paskiB nabpago-
pUTY, TUM HWKXYMM Byae 3HAYeHHST akyCTUYHOro koedilie-
HTa (Ka). Y pasi BiACYTHOCTI BHYTpIWHIX PpyWHyBaHb Yy
maTepiani 4eKopaTUBHOIO KaMiHHs, 3Ha4yeHHsA Ka JopiBHIOE
OLMHULI, WO CBIiAYUTb MPO igearnbHWUi CTaH 30epexeHOoCTi.
OpHak 3a 36inblueHHs obcAry Ta CTyneHst pyviHyBaHb 3Ha-
YeHHS akycTuyHoro KoediuieHTa Ka 6yge Habnmxatncsa o
Hyns. Le cBigunMTb Npo 3aranbHy Aderpagadito matepiany,
ska MOXe CyTTEBO BMNNHYTU Ha MOro ekcnnyaTtauinHi xapa-
KTEPUCTUKM Ta TEPMIH Cry>xOu.

JocnigXeHHs 3a 4ONOMOroK aKyCTUYHOIO 30HAYBaHHS
[ano 3mory 34iINCHUTM TOYHY OLHKY CTaHy 30epeXeHoCTi
3paskiB nabpagopuTiB LUASXOM MOPIBHAHHA LUBUAKOCTI MO-
LUMPEHHS NPYXHUX XBUNb Penesa y maTepiani gocnigxysa-
HUX 3paskiB nabpapgopwuTiB, ki 3a3HanM  06pobkM
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B 1 C H U K KuiBcbkoro HauioHanbHoro yHieepcurety imeHi Tapaca LlleBueHka

obnaneHHam (Tepmoobpobka), ApoboM Ta CTpyMeHaAMMU
BOAW, BiJHOCHO eTanoHHUX 3pa3kiB nabpagopuTie, ki Manu
nonipoBaHy NMOBEPXHIO.

3a pesynbTatamu JocnigxeHb cTaHy 30epexeHocCTi 3pa-
3kiB nabpagopuTie pogosuw, Kam'sHa Miv i CnoGiacbke
OTPMMaHO YUCMOBI MOKA3HWUKN aKyCTUYHOrO KoediljieHTa,
HaBefeHi B Tabn. 2.

HocnimpkeHHst cTaHy 36epexeHoCTi 3pa3kiB nabpagopuTy
pogosuwy Kam'aHa Miv i Cnobigcbke npogemMoHCcTpyBanu, Lo
HaMEHLLIOrO PYVHIBHOIO BNMBY Ha LiNICHICTb ripcbkoi mopoam
3a3Hanu BUpPobM 3 BOOOCTPYMWMHHOK OOPOOKOK MOBEPXHI —
ans 060x pooBuLL 3aghikcoBaHO akyCTUYHUIA koedpiLlieHT (Ka),
o gopisHioe 0,93 BiGHOCHO eTanNoHHOro 3paska.

HaToMmicTb 3Ha4HO ripLWNMK BUSIBUINUCS NOKa3HUKK 36e-
pPEeXeHOCTi Ansi 3paskiB, siki ManuM noBepxHio, obpobneHny
Apobom, y kX akycTudyHui koediuieHT (Ka) BigHOCHO 3Ha-
YeHb eTanoHHoro 3paska ctaHosmB 0,87 ansa pogosuuia Ka-
M'saHa IMiv i 0,84 ans Cnobigcbkoro pogosuwa. Lle ceigumTb
npo Te, wo obpobka gpobom, xou i € edeKTMBHOK B

KOHTEKCTi €CTETUYHUX XapaKTePUCTUK, ane CyTTEBO 3HUXYE
MexaHi4Hy UifniCcHICTb mMaTepiany, WO HeraTMBHO BMfvBa-
TUMe Ha NOoro JOBroBIYHICTb.

Hawripwi nokasHuku 36epexeHoCTi BUABUNWCS Y 3pas-
KiB, L0 Manu obnaneHy BorHem (Tepmoo6pobneHy) nosep-
XHIO — Y HUX aKyCTUYHUIA koedilieHT (Ka) BiQHOCHO 3Ha4YeHb
eTanoHHOro 3paska 3adikcoBaHo Ha pisHi 0,65 y pogosuiua
Kam'aHa Miv i 0,50 y Cnob6igcbkoro pogosuLla.

PesynbTatv aHanisy, oTpumaHi B Npoueci NOpiBHAHHSA
aKyCTU4YHUX BMNAacTMBOCTEN, MOXYTb CryryBaTu OCHOBOO
ONs noganblunX gochifpkeHb Yy cdepi maTepiano3HaBcTBa
Ta TeXHOrorin 06pobKM OeKopaTUBHOrO KaMiHHS, OCKIiNbKU
3abesneyyoTb BaxnuBy iHchopMmaLito ans sMbopy ontTuma-
NbHUX MeTodiB 06pobkK, WO CNpUsioTb MakCcMMarnbHOMY
36epexeHH0 i3NYHMX i MeXaHIYHUX BNacTUBOCTEN KaMm's-
HMX maTtepianis. Takox Ui 4aHi MOXyTb 6yTW KOPMCHUMM ANS
NPaKTUYHOro 3acToCyBaHHA B OyAiBHMUTBI Ta apXiTekTypi,
ne ocobnmBO BaxIMBa AOBrOBIYHICTb i CTiIKICTb 4O BMMMBY
HaBKOMULLHLOIO cepeAoBuLLa.

Tabnuys 2

Moka3HMKK aKycTU4Horo koediuieHTa 3pa3kiB nabpagoputy poaosuiy Kam'sina Miyv i Cnobiacbke (akyctuvyHum koediuieHT Ka)

Ne Ponosuiue THn 06poBKM NoBEPXHI Weuakictsb (V'), _ AKycTnuHum koediuieHT (K,)
Km/c BiAHOCHO eTaroHHOro 3paska (pasu)
1 Kam'ana MMy nosipoBaHa (eTanoHHUI 3pa3ok) 5,25 1,00
2 BOAOCTPYMUHHA 06pobka 4,87 0,93
3 obpobneHa gpobom 4,58 0,87
4 obnaneHa (TepmoobpobreHa) 3,40 0,65
5 Cnobiacbke nonipoBaHa (eTanoHHWI 3pasok) 5,01 1,00
6 BOAOCTPYMUHHA 06pobka 4,66 0,93
7 obpobneHa gpobom 4,19 0,84
8 obnaneHa (TepmoobpobneHa) 2,50 0,50

NONIPOBAHA BOAOCTPYMUHHA OBPOBAEHAIPOBOM  OBMNANEHA
(ETANOHHWIA OBPOBKA (TEPMOOBPOB/IEHA)
3PA30K)

wges Kanvi'AHa Miy

=g (n006inCcbKe

Puc. 2. 3HMKeHHs akycTU4HOro koediuieHTa (Bicb Y) nabpapopurie pogosuiy Kam'siHa Miv i CnoGiacbke
BiAHOCHO eTafIoHHOro 3pa3ka 3anexHo Big Tuny o6po6ku noeepxHi (Bicb X)

3rigHo 3 gaHuMK, HaBeAeHUMU B NiTepaTypHUX axepe-
nax (CemeH4eHko Ta iH., 1974), [OBroBivHiCTb Nabpagopu-
TiB MOXe BapitoBatuca B mexax Big 220 go 350 pokis. Lli
NoKasHWKW, OfHaK, CTOCYIOTbCSl 3paskiB, ki He 3asHamnu
BMIUBY Pi3HMX NPOLECIB, L0 NpM3BOAATL 0 NOBEPXHEBOrO
i BHYTPILWHbOrO pYWHYBaHHSI AEKOPATUBHOIO KaMiHHs. Ane
peanbHa TpuBamnicTb Cryk0bu [OeKopaTMBHOIO KaMiHHS B
yMOBax ekcnnyarauii, Sk Mu 6a4mmMo 3 npoBeaeHnX Aochi-
OKEeHb, MOXe ByTV 3HAYHO HUXKYOID 3aNeXHO Big BUOpaHOro
TNy o6pobkun BNpoGiIB.

Y 3B'A3KY i3 UMM y Tabn. 3 npeacTaBneHo NPOrHO30BaHMN
TEpMiH IMOBIPHOrO pecypcy ekcrnyarauii (4OBroBi4HOCTI)
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BMpOGiB 3 Nabpapoputy pogosuwy, Kam'aHa Miy i Cnobigceke
(MKutomupceka 061.) nicns 06pobku ix NoBepxHi 3a LONMOMO-
oK TaKMX TEXHOIOrN, SiK BOOOCTPYMUHHA, 06pobka apobom
i obnaneHa BorHem (TepmMoobpobka). Lle nporHo3yBaHHs
I'PYHTYETLCS Ha aHani3i OTPUMaHNX eKCNepUMEHTanbHNX Aa-
HUX CTaHy 306epeXXeHOCTi, siki 4atoTb 3MOrY OLHUTH, SIK KOXKEH
3 onuncaHux meTopaiB 0bpobku BNIMBae Ha siKiCHI xapakTepuc-
TUKN NabpagopuTy, 30Kkpema MOro 3A4aTHICTb MPOTUCTOATH
TakuM chakTopam, sik BOsiora, TemMnepaTypHi KONMBaHHS, Me-
XaHiYHi HaBaHTaXKEHHS Ta iH., WO CNPUYUNHSAIOTL PYWHYBaHHS
[eKopaTUBHOTO KaMiHHS.
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Ta6bnuys 3

MporHo3oBaHMi TepMiH iMOBipHOro pecypcy ekcnnyarauii (qoBroBiuHocTi) nabpagopuTiB pogosuwy, Kam'saHa iy i Cnobiacbke
nicns BOAOCTPYMUHHOI 06po6KM, 06pOobKU APO6GOM i o6GnaneHHAM BOTHEM

XapakTepucrtuka / Tun o6po6KKU NoBepXHi
PopoBuuie | nporHo3oBaHui TepMiH AOB- nonipoBaHa BOAOCTPYMUHHA Apo6om obnaneHa
rOBiYHOCTi (eTanoH) (Tepmoobpo6neHa)

Kam'siHa Miy | Ay (BOOONOMMUHEHHS) 1,00 1,74 4,48 4,70

Ka (@akyCTUYHMI KOediLllieHT) 1,00 0,93 0,87 0,65

poku 220-350 205-326 191-305 143-228
Cnobiacbke Ay, (BOAONOIMUHEHHS) 1,00 1,73 2,32 2,57

Ka (2KyCTUYHMI KoediLlieHT) 1,00 0,93 0,84 0,50

poku 220-350 205-326 185-294 110-175

Pesynbtatv npoBeAeHUX AOCHiAXEHb OEMOHCTPYHOTh,
WO pisHi TN obpobku nosepxHi malTb GesnocepeHin
BM/MB Ha 30epeXeHiCTb i AOBroBiYHICTb OEKOpaTUBHOMO
KaMiHHs, LLO NigKpecntoe HeobXigHICTb 0Or'PyHTOBAHOMO BU-
6opy TexHonorii 06pobkM 3anexHo Big yMOB 1Oro noparnbs-
LLIOrO BUKOPUCTaHHS. BaxxnuBo BpaxoByBaTu Lii acnekTun He
nviwe Ha eTani Bubopy matepiany, ane i Ha cTagii NpoeKTy-
BaHHA Ta peanizauii apxiTeKTypHUX pilleHb, Ae OO0BroBiy-
HiCTb BUpOGiB i3 EKOPaTUBHOIO KaMiHHSA MOXE BMNIMHYTU Ha
3aranbHy ecTeTuky i yHKUiOHanbHICTb 00'eKTIB, OCKiMbKu
pi3Hi TN OBPOGKM MNOBEPXHi KaM'sHWX BUPOBIB CYTTEBO
BM/MBalOTb Ha AOBrOBIYHICTL MaTepiany Yepes 3MiHM B Oro
BOAOMOMMHEHHI Ta CTPYKTYPHIN LinicHocTi. BuasneHa TeHae-
HUis1 10 3pOCTaHHs BOAOMOIMMHEHHS, 0COBNMBO NpU TEPMOO-
6pobui abo obpobui apobom, cBigUMTL NPO HEOOGXiaHICTb
obepexHoro nigxoAdy A0 3aCTOCYBaHHA LUMX TexHororin. Lle
0CoBNMBO aKTyarnbHO ANsl 30BHILLHIX KOHCTPYKLUIN, siKi 3a3Ha-
H0Tb 3HA4YHOro BMNAMBY aTMocepHUxX akTopiB, Takmx sk BO-
nora, nepenagu TeMnepaTyp i MexaHiyHi HaBaHTaXEHHS.

Kpim Toro, y 6yaiBHMUTBI BUGIp TeXHONOTITi NOBMHEH Bpa-
XOBYBaTU He TiflbKU (PYHKLIiOHAnNbHi, ane n ecTeTudHi Bu-
Moru. Hanpwvknag, Tepmoobpobka 3abesnevye Hecnmabky
NOBEPXHIO | HU3bKY BapTICTb, arne CKOpo4vye NPOrHO30BaHWN
TepMiH ekcnnyaTauii matepiany. BogoctpymuHHa obpobka,
XOM | Aopox4a 3a cobiBapTiCTIO, NOKa3ye Kpalli pe3ynbTaTu
y 36epeXkeHHi MexaHi4Hoi LinicHOCTi kam'saHUX BUPOGIB, Lo
pobuTh ii gouinbHot aAns o6'ekTiB, Ae AOBroOBIYHICTb € Npio-
puteToM. TakmMm UYMHOM, OTpPUMaHi HaykoBi AaHi AalTb
3Mory apxitektopam i 6ygiBenbHukam obupaTtn TexHonorii
06po6KM NMOBEPXHI 3anexHOo Big YMOB ekcnnyaTadii, 3abes-
neyyoun onTUManbHUn 6anaHc Mix ecTeTnkor, 6e3nekoto i
TPUBANICTIO CNYXXOW KOHCTPYKLI.

[unckycis i BUCHOBKM

MpoBeaeHun KoMnnekc focnigXeHb BOAOMNOMMUHEHHS i
YyNbTPa3BYKOBOI AiarHOCTMKM CTaHy 30epexeHoCTi 3paskiB
nabpapoputy 3 pogosuwy, Kam'siHa Miv i Cnobigcebke (XKuto-
MUpCbKa 06nacTb) AaB 3MOry BCTaHOBUTM 3aNEXHICTb 3MiHM
BHYTPILUHBOI LiNICHOCTI FpCbKOi MOPOAM Bif 3aCTOCOBAHMX
TUNIB hakTypHOi 06poOKK, 30Kkpema obnaneHHs nonym'sam
(TepmoobpobneHa), 06pobkn apobom i 06pobkM cTpyme-
HSIMW BOOM MiJl TUCKOM (BOLOCTPYMMHHA).

AHani3 gocnigxeHb LUMX SKICHUX XapakTepucTuk nigTee-
pavB, WO HanbinbLL pyrHiBHOW 06pobkoto ans nabpagopu-
TiB € 0bnaneHHs BorHem (Tepmoobpobka). Lle nosicHoeTbeA
3MiHOK BHYTPILUHLOT CTPYKTYPW ripCbKOT NOpoAn BHacNigok
BMCOKOTEMMEPATYPHOrO BNIUBY, SIKUIA NPU3BOAUTL 4O 3HU-
YKEHHS Ti MexaHiYHOT MiLHOCTI.

MeHLW pynHiBHUM € MeTog 06pobku Apobom, KM He 3a-
BA€E TaKoi LLUKOAWM TipchbKin nopogi, sk Tepmoobpobka.

HanmeHL HeraTMBHOrO BMAMBY Ha BHYTPILLUHIO LiMiCHICTb
nabpagoputy 3aBaae BOAOCTPYMUHHA 06pobka, Lo CBig4UTb
npo ii nepeBarn B KOHTEKCTi 36epexXeHHs AKICHUX xapakTepu-
CTUK Npuv pakTypHin 06pobLi AekopaTMBHOMO KaMiHHS.

BpaxoByoun cTaH 36epexeHoCTi fOCnifKyBaHUX 3pas-
KiB nabpagopuTy nicnsi pakTypHoOi 06pobku, 3ailcHEHO Npo-
rHO3yBaHHS TepMiHiB iMOBIpPHOro pecypcy ix ekcnnyarauii
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(moBroBiYHOCTI) 3aneXHO Bif TUMY 3aCTOCOBaHOI 06pObKK Nn-
LieBOi NOBEPXHI.

Lle nae 3amory ynpaBnsatu sikiCHUIMM XapaKTepuCcTUKamm
nabpapoputis, obupatoum BignoBigHWMIA MeTon 06pobkn BU-
pobiB i3 LbOro AeKkopaTUBHOIO KamiHHSA. BogHo4ac Baxnneo
BiJ3HAYMTK, LLO Lii BUCHOBKW CNpaBeanuvBi He NnuLle Ans na-
6papopwtis YL, ane n Ang iHWmMX neTporpadivyHmx pisHOBK-
OiB gekopaTMBHOIO KamiHHA. Lle nigkpecnioe BaXnuBiCTb
OTPpMMaHWX pe3ynbTaTiB Ta BiAKPMBAE HOBI MEPCMNEKTUBMU
Ons noganbLlunx gocnigxeHb y cdepi MaTepiano3HaBcTBa.

OcobnuBoo nepearotd NPoBeAeHOro AOCHIIKEHHS €
3aCTOCyBaHHSA aKyCTUYHOro 30HOYBaHHs, sike 3abesnevye
OTPUMaHHSA SK SKICHUX, TaK i KiNbKICHUX XapaKTepUCTUK,
Lo BigobpaxalTb CTaH BHYTPILLHLOI CTPYKTYpU MaTepiany
3paskiB AeKopaTMBHOro kaMiHHA. Pe3ynbTaTu gaHoro gocni-
[PKEHHS1 MOXYTb CryryBaTu OCHOBOW Ans onTuMisauii Tex-
HOMOriYHUX npoueci 06pobku 4eKopaTUBHOIO KaMiHHS, LLO,
y CBOIO Yepry, cnpustume NigBULLEHHIO NOro ekcnnyaTauin-
HUX XapaKTePUCTUK i JOBrOBIYHOCTI B yMOBax pearibHOro Bu-
KOpuUCTaHHs B OyQiBHMLUTBI Ta apxiTekTypi.

BHecok aBTopiB: Oner eneTta — KoHuenTyani3awis, po3pobka
MeToA0nNorii, MaTeMaTUYHUI aHani3 OTPUMaHNX AaHWUX, HanUCaHHSA
(opuriHanbHa 4vepHeTka); lrop CeprieHko — nabopaTopHi gocni-
[KEHHS, iHTeprpeTaLis AaHuX, nepernsg Ta peAaryBaHHs.

Mopsikn, mxepena diHaHCyBaHHA. ABTOPW BUCIIOBOOTH
LmMpy BASYHICTb AmpekTopy TOB "AKAM" Onekcito MixeeBy 3a nito-
6'93H0 HapgaHi 3pa3ku Ans gocnigxeHb; HikiTi KacbsiHoBy Ta MukuTi
LlapunbHrKy — 3a TexHi4Hy AOMOMOry y BWKOHaHHiI nabopaTopHux
pocnimkeHb; OkcaHi MakctoTi — 3a nitepatypHe peaaryBaHHs! Tek-
CTy CTaTTi.
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MANAGEMENT OF THE QUALITY CHARACTERISTICS OF LABRADORITE PRODUCTS
OF THE UKRAINIAN SHIELD TAKING INTO ACCOUNT THE TYPES OF THEIR SURFACE PROCESSING

Background. Durability is one of the key characteristics of decorative stone, as it determines the service life of products made
from this material. It depends not only on the petrographic composition of the stone but also on the type of surface texture treatment.
Labradorite, a variety of anorthosite, is widely used in construction and decorative finishing due to its strength and frost resistance.
Different surface treatment methods for labradorite products, such as thermal treatment, abrasive blasting, and water jet treatment,
enhance not only the aesthetic properties of the stone but also its functionality, particularly its anti-slip characteristics. The study of these
treatment methods is essential for determining their impact on the durability of decorative stone products.

Methods. A series of experiments were carried out as part of this research using equipment specified in the DSTU B EN
13755:2007 "Methods of Testing Natural Stone. Determination of Water Absorption under Atmospheric Pressure” and an electronic
ultrasonic piezoelectric flaw detector MATEST C372N.

Results. Theimpact of several types of anti-slip surface treatments on the durability of labradorite products from two deposits of
the Ukrainian Shield has been studied in detail. Durability is one of the key consumer characteristics of the quality of stone finishing
materials. The research aimed to identify the correlation between increased water absorption and deterioration of stone preservation,
depending on the applied surface treatments of labradorite samples from the Kamiana Pich and Slobidske deposits—abrasive blasting,
water jet treatment under pressure, and thermal treatment (fire treatment). Laboratory studies showed that water jet treatment is the least
destructive, while thermal treatment and abrasive blasting significantly impair the physico-mechanical properties of labradorite, increasing
its water absorption and reducing its durability.

Conclusions. The results of the research highlight the need for a well-founded choice of treatment technology based on the
conditions of further use. These aspects should be considered not only at the stage of selecting decorative stone material but also during
the design and implementation of architectural solutions, as the durability of natural stone products will influence the overall aesthetics
and functionality of the architectural object. The obtained data are important for the informed selection of stone treatment technologies in
construction and architecture, ensuring a balance between aesthetic properties and the operational stability of the material.

Keywords: labradorite, type of surface treatment, decorative stones, Ukrainian shield, water jet treatment, blast treatment, fire
firing, heat treatment.

ABTOpM 3a8BNSIOTb NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He Gpanu y4acTi B po3po6neHHi AocnimpKeHHs; y 36opi, aHanisi un
iHTepnpeTaLii AaHVX; y HAaNUCaHHi PyKoMucy; B pilLeHHi Mpo nybrikavito pe3ynbTaris.
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'AY "lHcTUTYT reoximii HaBKonuWHLOro cepenosuiia HAH Ykpainu"

2lHcTUTYT Npo6niem 6e3nekn aTOMHUX enekTpocTaHuin HAH

’lsaHO-PpaHKiBCLKUI HaLiOHaNbLHUI TeXHIYHWUI YHIBepcuTeT HadTy i rasy

BU3HAYEHHSA KOE®ILIEHTA ®UTbTPALII
FPABIMHO-FANIbKOBOIO ANIOBIAJNIbHOIO BOAOHOCHOIO FOPU30OHTY
AAK OQHOro 3 OCHOBHUX ®UNIbTPALIMHUX NAPAMETPIB
riAPOrEONIOrivMHoOi CUICTEMM

(MpedcmaeneHo 4neHom pedakuyiliHol konezii 3-pom 2eon. Hayk, cm. Hayk. cnigpob. O.J1. LLlesa4yeHkom)

B c Ty n. 3azpo3a 3a6pydHeHHs Oxepes1 numHo2o eodornocmayaHHsi Kanycbko2o pe2ioHy icmomHor Miporo eusHa4aembcs 3amo-
nneHHsiM [Jom6poecbK020 Kap'epy ma MOXX/TUBUM 8UIMOKOM 8UCOKOMiHepasli3oeaHuUx po3coriie y 2pasiliHo-2asibkoguli B000HOCHULI 20-
PU30HM Ma piyKosy MepPEXy 3 MosepxHe8UX MexXHO2eHHUX 8000UM. Cbo200Hi Kap'ep criy2ye OpeHoto O71s1 Nid3eMHUX 800, Mpome pieeHb
800U 8 2ipHuditi euimyi nideuwyemscs 3i weudkicmro npubnusHo 1 M 3a pik, wyo mompebye MoHimMopuHay, docnidxeHHs 2i0pozeosoai-
4HOI cucmeMu 8 30Hi OpeHaXKHO20 erIugy Kap'epy ma weudKuX ynpaesliHCbKUX piuleHb Ons1 3arnobieaHHs1 BUHUKHEHHIO Had3eu4alHoi
ekornoeiyHoi cumyaujii. Mema po6omu nosnsizana e momy, w06 3anpornoHyeamu Hoeuli Memood eu3Ha4YeHHsl Koegiyienma ¢hinsmpauii
(K¢b), sikuii 6u ycepedHrogae ¢hinbmpauiliHi eracmueocmi eeniukux Macueie rpyHmie 2paeiliHo-2asibkoeo20 000HOCHO20 20PU30HMY
ma epaxoeyeae ix HeoOHOPiOHiCMb.

M e T o A u. [ns susHavyeHHs1 ycepeOHEeHO20 KoeghiyieHma ¢hinbmpauii 0ns1 3Ha4HOi mepumopii sukopucmaHo 6anaHcoei Memodu
iHCmMpyMeHmManbHo20 eu3Ha4YeHHs1 HAOX00XXeHHs1 600U & Kap'ep ma 3HalideHO napamempu OJisi io20 PO3PaxyHKy.

Pe3ynbTaTu. [lpoaHanizoeaHo ma y3a2anbHeHO 8cCi HasigHi limepamypHi ma ¢poHAoe8i dxkeperia, 3acCMoco8aHO KOMIM/IEKCHUU
nioxid wjodo eusHa4eHHs1 Koegpiyienma cpinbmpauii 2paegiliHo-2asrlbko8o20 8000HOCHO20 20PU30OHMY. 3 8UKOPUCMAHHSAM Pi8HSIHHS
Hapci eusnayero, wjo Kb cmaHoeums 5,3 M/006y. 3anpornoHogaHO Memod 8u3HaYeHHs1 KoedbiyieHma ¢pinbmpaduii rpyHmie eodoHoc-
HO20 20pU30HMY 3 sukopucmaHHsM I'IC-mexHonoe2ili eusHa4eHHs1 eumpaimn Nomoky nid3eMHux eod, siKi Mo8HICMIO0 PO38aHMAXYHMbCS
8 Kap'ep abo e nodi6bHi sodolimuwja. Pe3ynbmamu 0ocidXeHHs1 8UKOPUCMAHO MNpuU cmMeopeHHI YyucesibHOI 2eoginbmpayitiHoi modeni
ma npo2Ho3yeaHHi 3acosIeHHs1 NiG3eMHuUX 800.

B 1 c H 0 B k u . BupiweHo akmyanbHe HayKoee 3ae0aHHs1 docnidxeHHs 2idpozeosioziyHoi cucmemu Kanycbko2o pe2ioHy ma eusHa-
YeHHs1 (hinbmpayiliHux napamempie 2paeiliHo-2a/Ibko8020 8000HOCHO20 20PU30HMY, W0 € EOUHUM OXKepesioM NumHux eod dnsi M. Ka-
JIlyw ma npusie2ux HacesieHux nyHkmie. OmpumaHo KoegbiyieHm ¢hinbmpauii 2paeiliHo-2asbK08020 8000HOCHO20 20pu3oHmy I, Il ma
lll Had3annaeHuUXx mepac, w0 ycepedHroe hinbmpayiliHi e;rTacmusocmi rpyHmie Ha eenukuli mepumopii i sKull MOXJIu8o 3acmocyeamu

0151 BUKOHaHHS1 MPO2HO3i8 3acosIeHHsT Nid3eMHuUX 800.

Kno4yoBi cnoBa: epasiliHo-2anbkosuli 6000HOCHUU 20pu3oHm, Kanyw-IonuHcbke podosuuie, koegiyieHm ghinbmpauir,

Jom6poeckkutli kap'ep.

Bctyn

Y panoHi Kanyw-lonvHcbkoro pogosuLLa KaninHux pya
BiAOyBaETHCHA 3aCONEHHS €QMHOIO MUTHOIO rPaBiiHO-ranbKo-
BOrO BOOOHOCHOIO ropu3oHTY. Llel npouec npuBmMawLnTbLCS
nig BNAMBOM HAAXOMKEHHS po3coniB i3 [loMGpoBCLKOro kap'-
epy. CboroaHi [lomBpoBCLKUIA Kap'ep € APEHOI Ans nig3em-
HUX BOA, MPOTE piBEHb BOAM B Kap'epi HEKOHTPONbOBAHO
3pOCTa€ 3a paxyHOK HagXOMKEHHSA aTMOCepHNX onaaiB Ta
nig3eMHUX Bog 3i LWBMAKICTIO NpubnmnsHo 1 m 3a pik. Yepes ki-
NbKa poKiB piBeHb Yy Kap'epi NepeBULLMTL PiBHI NiA3eMHUX BO,
Ha npunernii Teputopii. B pesynbTaTi po3conu 3 kap'epy
noTpannATUMYTb 4O €AMHOTO B LbOMY pavioHi BOOOHOCHOMO
rOpPU30OHTY, SIKMI ekcnnyaTyeTbes [JoGpiBnsHCbKMM BOgoO3a-
60pOM — EAMHMM XepesioM MUTHOro BOAONOCTa4aHHs Hace-
neHHss M. Kanyw Ta HaBkonuwHix cin. Ona po3pobku
NPOEKTHUX Ta YNPaBMIHCbKMX PilleHb LWOAO0 HeJoMyLLEeHHSA
KaTacTpodpiyHOro 3abpygHEHHS BOLOHOCHOTO TFOPU3OHTY

noTpibHO Byro cTBOpUTU MaTemaTnyHy MOAEMb rigporeorori-
YHWUX YMOB Ta BUKOHATW NPOrHO3u1 3aCOMNEHHsi BOOOHOCHOTO ro-
pu3oHTYy. Ane inbTpauinHi napameTpu rpaBiNHO-ranbLKoOBOro
BOJOHOCHOIO FOPU30HTY, 3a NiTepaTypHUMU AaHUMW, BiApi3Hs-
H0TbCS Mk coboto Ha 3—4 nopsigku. CTBOPUTU MaTEMaTUYHY
MOZEnb i3 3any4YeHHsaM NiTepaTypHUX AaHuX Woao dinstpa-
Li¥HMX BMacTUBOCTEWN ['PYyHTIB BOAOHOCHOIMO TOPU3OHTY Ha-
BKorno [1omMBpoBCLKOro Kap'epy BUSIBUNOCS HEMOXITUBMM
Yyepes BiACYTHICTb HadiMHNX JaHWX i3 BU3HAYEHHI0NA Koedillie-
HTa GinbTpauii. 3po3ymino, Wo B13HaunTV KoedilieHT ginbT-
pauii 'pyHTIB Ha TepuTopii HaBkorno [JoMGpoBCEKOro kap'epy
CTaHJapTHUMKM MeTodamu JoBoni cknagHo. OpraHisyBatu
nocniau 3 BigkavyBaHHS BOAW i3 CBEPAOBUH xo4a 6 no nepu-
MeTpy [JOMOGPOBCHKOro Kap'epy, SKMA Mae OOBXUHY Grmabko
5 KM, HEMOXIMBO 3 TEXHIYHWX | (DIHAHCOBUX MPUYUH.

Mema pobomu nonsirana B Tomy, o6 3anponoHyBaTtu
HOBUWI MeToA BM3HaYeHHs koedilieHTa dinbTpadii, Akuii 6u
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ycepeaHoBaB (inbTpauiiHi BNacTUBOCTI BEMNUKUX MacuBiB
I'PYHTIB BOAOHOCHOMO FOPU30HTY Ta BpaxoByBaB iX HEOA4HO-
pigHicTe. MeTop 6a3yeTbCst Ha BUKOPUCTaHHI rigporeonoriy-
HUX YMOB, 3a SKMX MOTIK Mig3eMHUX BOA4  LINIKOM
PO3BaHTaXYETbCS B Kap'ep (41 BOAOCXOBULLE) MO oro 6e-
perosin NiHii. MigBMLLEHHA piBHS BOAW B Kap'epi Aae 3mory
BU3HAYUTUN BUTPATU NOTOKY BOOOHOCHOIO rOPU30HTY 3aBLUK-
pwku 4,8 km (nepumeTp kap'epy). KoediuieHT dinbTpauii
BU3Ha4yaeTbecs no opmyni Japci npu Bigomux BuTpaTtax,
YXWUMy Ta NOTY)XHOCTi MOTOKY MiA3€MHWX BOA.

Metoaun

leonoziyHa 6ydosa ma 2idpozeornoaivyHi ymosu. Y cpo-
HTarnbHIN NiBHIYHO-CXigHIM YacTuHi CambipcbKkoro nokpwmey,
LLIO BXOOMTb 0 BHYTPILLHBOT 30HK [NepeakapnaTCbKoro npo-
rMHy, poaTalwoBaHe Kanyw-ronnHcbke pogoBuLLe KaninHUx
conen. CambipCbknii MOKPUB, YTBOPEHMIN HWXHIMK | BEPX-
HiMM mMomnacamu, GyB 3pyLUeHWiA 3i CBOET 6a3n Ta 3CyHYTUN
Ha 30BHILWHIO (Binb4e-Bonuukbky) 3oHy nporuHy. Mexa Cre-
OHULBKOrO HacyBy, LWo € Mexeto Cambipcbkoro HacyBy, po-
3TalloBaHa Ha niBHIYHOMY 3axoAi, Heganeko Big M. Kanyw.

eonoriyHn  pospi3  Kanyw-ronuHcekoro pogosuLLa
BKITHOYAE MOHOKIIHANbHE 3ansaraHHs CONEHOCHMX TOBLL, sike
yCKrnagHeHe HacyBHO Ta PO3NIOMHOK TEKTOHIkO. Lle npu-
3BENO [0 noainy MonacoBuX BigknagiB Ha pi3Hi 6roku, no-
BTOPEHHs1 po3pidy Ta GaraTopa3oBoro BigoOGpa)KeHHs
KaninHMx noknagie y coneHocHux ToeLax. 'eonoriyHui po-
3pi3 podoBULLIA CKNAAETbCA 3 NOpPia CTEOHULBKOT CBIiTH, SKi
nepekpmBalTbCA BigknagaMu 6anuubkoi CBITH i ranuubkoi
cepii. CTebHMLbKa CBiTa NEpPEBAXHO MICTUTb MMUHM 3 NPO-
Lapkamu nickoBuMKiB Ta anesponiTiB. banvubka ceiTa nogi-
NSAETLCS HA HWKHIO | BEPXHI YacTuMHW. HwxHin wap
6anuubKoi CBITU CKNagaeTbcst 3 Meprenis, Nig skMMK poaTta-
LLIOBaHWI CONEHOCHWIA NNacT 3 rincoaHriapuToBUM ropn3oH-
ToM y nigowsi. ConeHocHa ToBLla MICTUTb KaniiHWiA nnact
naHrbemnHiT-kaiHiToBOro cknagy 3 AOMillkamu KapHanity i
CUMbBIHITY. Y 30Hi BMBITPIOBaHHS NOpi4 CONEHOCHOI TOBLL
posTalloBaHa rinco-rnmHucTa "wanka" (M), ska mae no-
TyXHicTb Big 3 4o 30 M. BepxHin wap 6anuubkoi cBiTv ckna-
[aETbCA 3 [MNWH, aneBponiTiB i Meprenis 3 npoLuapkamm
ranity. Mopoan 6anuubKoi CBITM NepekpuBarOTLCS YeTBep-
TUHHVMMMU rPaBiNHO-TaNbKOBUMM BigKNagamu, CyrinHKkaMm Ta
YacTKOBO Bigknagamu ranuupkoi cepii. Cepeg umx nopig
BUSIBNEHO KapCTOBi BOPOHKM AiameTpom Big 0,3 go 1,0m
(ManbkoBa Ta iH., 2020).

lgporeonorivyHi yMoBU XxapakTepuayoTbCs BOGOHOCHUM
FOPU30HTOM, LLO NPUYPOYEHMIN OO Lapy rpasito Ta ranbku
YeTBEePTUHHUX antoBianbHUX I'pyHTIB (puc. 1, 2), — rpaBsinHo-
ranbkoBuMn BOOOHOCHWI FOPU3OHT. BOAOHOCHWUIA FOPU3OHT
nigcTunaetbcs wapom ML, skun BBaXKaeTbCst HEMPOHUK-
HUMU I'pyHTaMU. Ha okpeMux nokanbHUX OinsiHKax y nokpi-
Bni [TLWl BMABNEHO kKapcToOBi MNycTOTW, SKi pasom 3
anioBianbHUMK r'pyHTamu hOpMYHOTb PaBilHO-ranbKoBUA
BOAOHOCHUIN ropn3oHT. COneHocHa TOBLLA HWXHLOrO HEo-
reHy HamnexuTb 0O BOLAOHENPOHWKHUX I'pyHTIB. Ane B LMX
lwapax MICTATbCA BOAM CMNOPaAWYHOIO MOLUMPEEHHS, SiKi
NpUypoYEHi 40 NOKanbHUX KapCTOBUX MOPOXHUH. YKUBMEHHSI
BOJOHOCHOIO FOPU30HTY BigbyBaeTbCs 3a paxyHoK iHAINbT-
pauii aTmocdepHux onagis, BTpAT BOAW i3 XBOCTOCXOBMLL,
LunamMoHakonuyysaya, pycrie pivyok CiBka Ta KponueBHuK Ha
AinsHkax X BigBeAeHHs Y LUTY4YHO CTBOPEHI KaHanw.

PossaHTaxeHHs BigbyBaeTbes B [lomGpoBChkuin kap'ep Ta
B pycna pidok JlimHnugs, Yeusa, MnuHieka, CiBka Ta KponmBHUMK.

3a BiKOM yTBOpEHHS1, reoMoponoriYyHMMm ymoBamm Ta
inbTpauiiHUMKN BNACTUBOCTAMW EAVHUIA rPaBiHO-ranbKOBUN
FOPU30OHT MOXHA PO3AINUTU Ha OiNAHKN.

MinaHka 3annasu p. JliMHUYs, sika npedcmasrneHa cy-
YacHUMU 4YyemeepmuHHUMU 8i0knadamu. TOTYXHICTb UMX
BigKknagis ctaHoBUTbL 2—8 M. BoHM NpeacTaBneHi BanyHamu,
ranbkol Ta rpasiem i3 nilWaHum 3anoBHOBavemM 4un 6e3
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3anoBHoBa4va. MnbuHa 3anaraHHsa Nig3eMHUX BOA 3MiHIO-
etbes Big 0,4 go 6,6 m. Y poboti (Ceupnaoscbkuin, 1986)
HaBefeHo KoediuieHTH dinbTpauii pycnosux dauin rpyHTis
Mix JlimHuueto Ta MnuHiskoto Big 140 po 371 m/moby. [ns
pycnosux Bigknagis p. JliMHuLI, 32 AaHUMU OOUHOYHKX Bif-
Ka4yoK BOAW, cepeaHbO3BaXKeHUN koedilieHT dinbTpauii 4o-
piBHIOE 165 m/pgoby. [Micna 06pobkM JaHMX  KyLLOBOI
BiKa4Kvn BOAM METOAOM MITOLLAAHOrO MPOCTEXEHHSA BU3HA-
YeHO KoedilieHTH ginbTpauii Big 187 go 197 m/goby.

Y pob6orTi (3BiT, 2018) BU3Ha4eHo KoedilieHTn dinbTpa-
Lii antoBito y NiBAEHHO-CXiAHIA YacTuHi M. IBaHO-DpaHKiBCbK,
Ha niBobepexoki p. buctpuusi HaggipHaHceka. byno npose-
OeHo rpynoBy Bigkadky Boau Tpueanictio 15 gi6 i3 aBox
kornopnsasis s3aranbHum ae6itom 1080 m3/no6y npm 8 crocTe-
pexHux ceepanoBmHax. MeTogamu norognHHOro Ta Komoi-
HOBaHOTO NPOCTEXEHHS BU3HaYeHi koedilieHTn dinbTpauii
B Mexax Bif 15 0o 247 m/poby. Ak cepeaHe 3Ha4YeHHSA NpUin-
HaTO Kdp = 223 m/noby. CepepHiii koedpilieHT piBHenpoBia-
HOCTI cTaHoBUTb 9,1*10* M2/006y.

Takum ynHOM, AN antoBianbHUX Bigknaais pycna p. Jlim-
HUUA Ta p. MnnHiBKa MOXITMBO NPUAMATK 3HaYEHHS Koedili-
eHTa inbTpauii 190 M/goby sik 4OCTOBIPHO BU3HAYEHOro 3a
[0NOMOroto AoCniAHO-iNbTPaLinHUX pobiT.

Hinarvka | ma Il Had3annasHoi mepacu, sika nowupio-
embcs Mix 3arnnaeoro i ycmyriom Il Had3annasHoi mepacu
p. flimHuyss  y euenadi cmyau 3aswupwku 0,5-3,5 km
(puc. 1). BOOOHOCHMWI rOPM30OHT NOLUMPEHWI Y rpaBiiHO-ra-
NbKOBMX BigKMagax i3 BKIOYEHHSMU BanyHiB. 3anoBHIOBa-
YeM CINyXWTb MICOK, CyniCkM Ta CyrnuHkn. [nubuHa
3anaraHHs nig3emMHUX BoA 3MiHOeTbCs Big 0,4 M (cBepano-
BuHa Ne 16) go 2,5 m (ceepanosuHa Ne 20).

3HayveHHsa koediuieHTIB inbTpauii Ana cyyacHoi Te-
pacu KonueaeTbecs B Mexax 5—457 m/goby, 3a cepeHbOro
155 m/goby. [na nepwoi Tepacu 3HadeHHst Ko konusa-
eTbcs B Mexxax 20-30 m/poby.

HinsHka Ill Had3annasHoi mepacu rnowupeHa 8id c8oeo
ycmyny (Ous. puc. 1) Ha nigHiY Ao mex OinsiHku pobim. Bo-
[LOHOCHWI TOPU3OHT MOLUMPEHUIA Y rPaBiHO-ranbKoBKX Bid-
Knapax i3 BKNOYEHHAMM BanyHiB. 3anoBHOBaYeM CryryloTb
nicoK, CyniCKu, CYrnunHKK Ta rmuHu. FMMbuHa 3ansraHHs nig-
3eMHUX Bopj 3MiHeTbesa Big 0,9 (cBepanosuHa Ne 5) go
8,2 m (cBepanoBuHa Ne 9).

Ha noeepxHi |l Hag3annaBHOI Tepacu posTawoBaHi [lo-
MOPOBCBKMIA Kap'ep, XBOCTOCXOBULLA, LLNTAMOHAKONMYyBau,
BiacTinHukn Ta Conesigsanu Ne 1 Ta Ne 4.

FPYHTU rpaBiltHO-ranbkoBOro BOJOHOCHOMO TOPU3OHTY
Ha uin ainaHui nepeBaxHO npeacTtasneHi dpakuismu (3BiT,
2005): BanyHu 10-12 %; ranbka 35-60 %; rpasito 13,5—
52 %; nicok 35—60 %; nunyBaTUx Ta rMMHUCTUX YacTok 0,2—
6,5 %. 3rigHo 3 HopMaTMBHMM AokyMeHToM (3BiT, 2005) Ta-
KWA I'PYHT NOBUHEH Ha3MBaTUCb ranie4yHMKOBUM i3 MilLaHnM
3anoBHIOBAYeM YU rpaBiiHWM i3 MillaHUM 3anoBHIOBAYeEM,
abo nickom rpasitoBaTiM, 3aneXHO Bif TOro, 4ons sKoi dpa-
kuii nepesaxae 50 %.

Ddpakuia nunyeaTux i MMUHUCTMX YacToK posnogineHa
HepiBHOMipHO (3BiT, 2005). Tomy koediuieHTV dinbTpauii
LbOro Lapy NexuTb y Mexax Big 1 m/noby (6ina xsoctocxo-
Buwa Ne 1) go 17,2 m/goby, Npu pekoMeHaoBaHOMY cepes-
HeoMy 10 m/mofy. Y cTapopiyusix abo npupycnoBumx
JOinsiHKax uen napameTp Moxe gocsaratyi 67 m/goby. Ane B
LbOMY X 3BIiTi Ha CT. 15 HanMcaHo, WO Ha AiNgHUi pyoHUKa
"Kanyw", koediuieHT cinbTpauii rpaBiiHO-ranbLKoBOro wapy
nvLle No oKpeMux cBepanoBuHax gocsirae 1,2—2,3 m/goby,
a 3aranom no nnowli AinsHuui — nuwe 0,5-0,7 m/goby. Taki
HU3bKi QinNbTpaLiiHi NapaMeTpu rpaBiHO-ranbKOBMX BigK-
NafiB NOSICHIOKTLCS NPUCYTHICTIO B HUX CYTIIMHMCTOrO 3ano-
BHioBa4a (50-70 %). BuHATOK CTaHOBRATL  AINSHKM,
posTawoBaHi 6inst p. CiBku, oe koediuieHTV dinbTpadii go-
caratoTb 2,8-3,8 M/no0y.
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Ha pinaHui poamiweHHs xBocTtocxnosumiwa Ne 1 nopuc-
TiCTb LIApy, WO ONNCYETbCA, KonvBaeTbes Bia 8,5 0o 13,2 %
(3BiT, 2005). BHacnigok 3miH cknagy 3anoBHoBava koediuli-
€HTU (hinbTpauii UmMX I'PYHTIB XapakTepusyTbCA NEBHUM Ji-
anasoHoM KonuvBaHb: Big 0,9 o 6,8 m/goby. MoTyxHicTb
LbOro wapy rpyHTiB KONMBaeTbCcs B Mexax Big 1-3 go 8-
11 m, 3a cepegHboro 3HaveHHsa 10 m (JoniH Ta iH, 2010).

Ha TepuTopii pyaHuka Hoso-onuHb (3BiT, 2005) noTty-
XHICTb rpaBifiHO-raribKOBOrO rOPU30HTY KONMMBAETBLCS B Me-
xax Big 3,2 o 17,4 m 3a cepeHboi 8,36 M.

Y pob6ori (doniH Ta iH, 2010) BU3Ha4aeTbCA koedillieHT BO-
AONPOBIAHOCTIi 38 AaHMMKM po3paxyHkiB 6anaHcy NpUTOK Ta BO-
OOBiONMBY BOOAM 3 KiMbLUEBOI  OPEHaxHOI  TpaHwel
Homb6poBcbkoro kap'epy 3a cpopmynamu Oapci Ta Orontoi. Lli
BeIMYMHY JopiBHIOTL 168 Ta 176 M?/0oby. 3a cepenHbOoi no-
TY>KHOCTi rPaBiliHO-ranbKkoBOro ropun3oHTy 10 M koedilieHTm
dinbTpauii ctaHoBNATh 16,8 Ta 17,6 M/go0y. Ane, HaneBHo, L
3HaYEHHS 3aBULLIEHI, SKLLIO BpaxyBaTW, L0 HaAXOMKEHHS BOAU
BiliHO-TaNIbkOBOMY FOPU30OHTY, ane i no KapCTOBUX MOPOXKHW-
Hax y nokpieni [TLW (3eit, 2005). Tomy Ui BeMUYMHK
npoaHanisoBaHo Ta B35ITO 10 YBaru sik monepeaHi.

Omxe, KoedilieHT dinbTpauii rpaBifiHO-ranbkoBOro Bo-
OOHOCHOro ropu3oHTy Ha lll HagsannasHi Tepaci p. Jlim-
HUUi, 3a NiTepaTypHUMN OAaHMMU, KONMBAETLCH B LLUMPOKMX
mMexax Big 0,5 no 67 m/goby 3anexHo Big rpaHynomMeTpuy-
HOro cKnagy 3amnoBHIOBAaYa rarieyHuKIiB 4um rpasito.

TexHozeHHi ymoeu [Jombpoecbkozo kap'epy. [Jomo-
POBCbKUI kap'ep ByB eAnHNM Y CBITi 06'eKTOM BUAOOYTKY Kaniii-
MarHieBoi cormi, Ae po3pobka Benu BiOKPUTMM CMOCOOOM.
[omBpoBchkuii kap'ep excrinyatyBascs 3 1967 no 2005 p.

3a Becb nepioa ekcnnyarauii 3 [lomOpoBcbkoro kap'epy
BUAoGyTo 35,4 MH M3 po3kpuBHUX nopig i 14,7 MnH M3
KaninHoi pyau, pasom 50,1 MnH M3 ripHnyoi Macu.

FmMnbuHa po3pobku 1oro carae Big 63 Ao 128 m. Poamipu
Kap'epy cAroTb 3 NiBHoYi Ha NiBaeHb 6nm3bko 2000 M. 13 3a-
xofy Ha cxig opieHToBHO — 1000 M. Y 2008 p. 3 kap'epy npu-
NUHWUMAKW BigKayvyBaTy Body, i3 LbOro Yacy piBeHb po3coriB Y
HbOMY MOYaB HeperynboBaHoO 3pocTaTu. 3a paxyHOK Hagxo-
OXXEHHS aTMOCHEPHNX onafiB Ta PO3BaHTAXEHHS I'PyHTO-
BMX BOA BiH camosaTonnoetbcs (puc. 2). ButokiB Bogu 3
kap'epy B HeoreHoBi I'pyHTn Ta [T He BigGyBaeTbes. Ll
I'PYHTU BBaXaKOTbCS HENPOHUKHUMMU.

O6G'em posconiB y kap'epi Ha nodaTtok 2020 p. cTaHOBMB
26,89 MnH M3, MiHeparnizauisn B MpWOOHHIA YacTuHi kap'epy
cknagae 400 mr/am3, a'y BepxHiit — 20 mr/ame. Poaconu kap'epa
NpU HanoBHEHHI PINbTPYBATUMYTLCS Y BOAOHOCHWUIN FOPU3OHT
(Kuzmenko, & Bagriy 2013; Hurska et al., 2015; Bagriy et al.,
2017; Kuzmenko et al., 2018, Malkova et al., 2023).

Mo nepumeTpy OombpoBchkoro kap'epy ctBopeHo KOT
Ansi 3anobiraHHst 3Ha4YHUM NPUTOKaM MiA3eMHUX BOA A0 Ka-
p'epy nia yac roro ekcnnyarauii. Y 2008 p. Bigkauky Boau 3
KOT npunuHunu. | 3 toro vacy KOT sense coboto psag

BUTAMHYTUX BOAOWMMULL, pPO34ineHuX nepemuykamu. PiBHi
BOAM B LMX BOAOMMULLAX KOMMBAKTLCS Pas3oM 3 PiBHSIMU
nig3emMHunx soA. Lie gano amory BU3Ha4mTy yxun noToky nia-
3eMHMX BOA, Mo Oeperax kap'epy nmpu BMMipax MO3HA4oOK
BOoAM B HboMy Ta B KAT.

[omGpoBcbkuiA Kap'ep No NpaBy MOXHAa BBaXaTW MNOTEH-
LiHUM Yn peanbHUM DpKepernoM 3aCOoNeHHS Nig3eMHMX BOA.

PesynbTaTtn

Ak 6yno BkasaHO BuLle, koedilieHT inbTpauii rpa-
BiIHO-rarbKOBOro BOAOHOCHOMO rOPU30HTY, L0 BU3HAYaBCs
paHille, Mae LUMPOKUIA iHTepBan 3Ha4eHb, L0 HeraTMBHO
BMNNMBA€E Ha AOCTOBIPHICTb ByAb-KMX NPOrHO3iB 3MiH rigpo-
reosIorivHUX i rigponoriYHNX YMoB, SAKi NOB's3aHi 3 BOAHUM
pexumom [domMOpoBcbkoro Kap'epy i Moro BNAvB Ha [oO-
BKiNngA. Ane BusHayveHHs1 K TepuTopii knacmiHumMu MeTo-
Aamu (Bigkaykamu BOAM i3 CBEPASIOBUH), B YMOBaXxX Pi3Knx
3MiH QinbTpauiH1X BNAcTUBOCTEN I'PYHTIB He € edekTus-
HMM 3acob0M, TOMY LLO BUMaratTb BEJUKOI KiNbKOCTi A0C-
nigis, WwWo Ha nepumeTpi ob'ekta gocnigxeHHs B 5310 m
(nomxuHa KOT) BMKOHATX HEMOXNNBO 3 (PiHAHCOBMX Ta Te-
XHIYHMX NpyumH. TOMy ANsi BU3HAYEHHs ycepeaHeHoro K
Ons 3Ha4yHoi TepuTopii B poboTi Oyno 3agisHo GanaHcoBi
METOAN iHCTPYMEHTANbHOr0 BU3HAYEHHS HAOXOOXKEHHS
BOAM B Kap'ep.

Onsa pospaxyHky K¢ 6yno B3siTo 4o yBaru, Lo Kap'epom
OpPEeHYTbCSA Nig3eMHi BOAW rpaBiliHO-ranibkoBOro BOAOHOC-
HOro ropM30HTY B NMOBHOMY 06CA3i. AKLWO BU3HAUMTU 06'em
BOAM, LLLO HaginLwna B Kap'ep 3a NEBHUI Yac i BUBHAYNTU Ya-
CTKy nig3eMHoro cToky, Tob6To AebiT nigzeMHux soa, 1o Ko
pO3paxoBYETLCA 3a BiJOMUM pPiBHAHHAM [lapci.

Memod pospaxyHKy ekrto4as maki KpoKu:

1. 3a ponomoroto [NC-TexHonorin BU3Ha4YeHO NO3HaYKu
piBHiB BoAW, 06'eMKn BOAM Ta NNOLLi BOAHOMO A3epkana Ha
natn 21.06. 2018 p. i 26.08.2022 p. Bubip gat 3ymosneHun
HasIBHICTHO KOCMIYHUX 3HIMKIB MPUIRHSATHOT SIKOCTI.

2. Pi3Hnus B 06'emax Boau B Kap'epi cknana npunnve
Boaun B kap'ep (Qnpun) 3@ MPOMDKOK Yacy MiX BuLLEBKa3a-
HUMUK JaTamu.

3. BogHun 6anaHc kap'epy cknagaetbes 3 HaAXO4KEHHS
NiA3eMHNX BO, Ta Pi3HULI MK aTMOCepHUMM onagamn Ta
BMNapoBYBaHHAM (Qonaa-ennap).

4. HagxomkeHHs1 Boan 3a paxyHok nia3eMHux 8o (Qnig)
BU3HAYAETLCA SK Pi3HUUA MK Qnpun T HAOXODKEHHAM aT-
moccpepHux onagi (Qonaa-svnap)-

Ko Bu3Hauvaemo 3 oopmynu

Kcl) = Qni,q/HBI’ (1)
ne Qnip — HAOXOMKEHHS NiA3eMHUX BoA Ao Kap'epy, H — no-
TYXHICTb BOOOHOCHOIO rOpun3oHTYy, 8 M, B — nepumMeTp BOA-
HOro Asepkana B kap'epi, | — yxvn noBepxHi rpyHTOBUX BOA,.

Ha puc. 3 HaBefeHO napameTpu, BU3HAYEHi 3a JONOMO-
roto C-TexHonorin.

Ta6bnuys 1

Pe3ynbTaTu po3paxyHKiB napameTpiB

Mix 21.06.2018 Ta 26.08.2022
Aau MosHauka 0O6'em Mnowa ToBlWMHA Wwa 36inblUeHHsA CepeaHe 3Ha4YeHHA
BU3Ha4YeHHA piBHIB e ’ BOAHOro Yac, Py ' P
napameTpis | Bogu, M Asepkana, m? poku BoAw, ooemy B.°m;' "aAX°F)Ke""ﬂ.B°“3"
wo cdopmyBsanacsi B Kap'epi, M B Kap'ep 3a pik, M
21.06.18 280,63 140892383 2046931
26.08.22 | 286,94 [56970187] _ 2574031 418 6,31 16077804 3846365

Ak HaBegeHo B Tabn. 1, no3Hayka piBHA BOAM B Kap'epi
3a 21.06.2018 popisHioe 280,63 M. Lie 3HayeHHs y3rogky-
€TbCs 3 NosHaykoto 280,24 M, 5Ky iIHCTPYMEHTanbHO BM3Ha-
YyeHo B TpasHi 2018 p. (3BiT, 2018).

CepepHsi pivHa HopMa atmocdepHux onagiB csarae
0,778 m. BunapoByBaHHs popiHioe 0,35 m (45 %) (3aiT,
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2018). CtoBn BOAM, WO HOPMYETLCH B Kap'epi BNPOAOBX
poKy 3a paxyHok onagis, gopisHioe 0,428 m. OTxe, Hagxo-
[>KEeHHs1 BOAM 3 onajaMu Ha NnoLly Kap'epy CTaHOBUTb
Qonan—sunap = SH = 2574031  0.428 = 1101685 >, (2)
ne S — nnowa BoAHoro A3epkana, H — cTtoBn BOAM, O
dopMy€eTLCA B Kap'epi BNPOAOBX POKY 3a paxyHOK onagis.
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3rigHo 3 BuWEeHaBeaeHo dopMyno 06'eM Boau, WO
HaaXoAuTb 3 MiA3EMHMMU BOOAMW BMPOAOBX POKY 4M 3a
000y, nopiBHIOE
Quip = Qcep — Qonag—sunap = 3846365 — 1101685 =
= 2744679 m3 /pik = 7520 m3/n06y . (3)
MepumeTp BogHoro a3epkana gopisHioe 4800 m. Cepep-
Hi yXun noToky nig3eMHux Bof Ha nepiod mix 21.06.2018
Ta 26.08.2022 carae 0,037. MoTyXHiCTb BOAOHOCHOIO ropu-
30HTY — 8 M (3axapoB Ta iH, 1958).
Togi, 3rigHo 3 chopmynoto (1)
Ky = 7520/0.037 = 8 * 4800 = 5.3 M/ﬂ06y. (4)

Takum YMHOM, BrepLUe OTPUMAaHO OPUriHaNbHUM METOAOM
K rpasiriHo-ranbkoBoro BogoHoOCHoOro ropusoHty |, Il ta lil
Haa3sannaBHUX Tepac, WO ycepeaHoe inbTpaLinHi BnacTneo-
CTi FPYHTIB Ha BENWKWIN TEPUTOPIT | KNI MOXITMBO 3aCTOCYBaTU
NS BAKOHAHHS! NPOrHO3iB 3aCONEeHHs NiA3eMHMX Bog,.

Ouckyci i BUCHOBKM

Y nonepeaHix 4OCNiAXEHHAX aBTOPIB AeTarbHO NpoaHa-
Ni30BaHO Ta AOCMISKEHO rigporeoximMiyHi yMOBU rpaBiiHO-
ranbKOBOro BOOOHOCHOIO rOPU30HTY Ta XiMiYHUIA cKnag, po-
3coniB [lJomGpoBckkoro kap'epy. MpoTe anst nodyaosu 3-8u-
MipHOT MaTeMaTuyHoi Mogeni ob6'ekTa AOCHIOKEHHs Ta
NPOrHO3yBaHHS 3aCONIEHHS EAMHOIO MUTHOIO BOLOHOCHOIO
rOPU3OHTY ANS NPWUMErnnX HaceneHWx NyHKTIB, NOTpPiOHO
6yno BM3HaAUNTU AiNCHWIA KoedilieHT dinbTpauii, SkuiA mMo-
XHa i Hagani BMKOPMCTOBYBAaTU B pO3paxyHKax y noganb-
LUNX OOCNIAXEHHSIX.

lMpoaHanizoBaHO BCi HasBHiI niTepaTypHi QXepena Ta
npoBeAeHO KOMMMEKCHUA NiaxXig Wwoao BU3HaYeHHSa Koedi-
uieHTa dinbTpauii (Kd) rpasiliHo-ranbkoBoro BOAOHOCHOIO
ropu3oHTy. BuaHaueHo, Lo, 3a nirepatypHUMn 4aHUMK, KO-
ediuieHT dinbTpauii konvBaeTbcs B Mexax Big 0,5 go
67 M/goby 3anexHo Big rpaHyrioMeTpUYHOro CKnaay 3anoB-
HIOBaya raneyHuvkie Yv rpasito. [Ins BU3HayYeHHs ycepeaHe-
Horo Kdp ans 3HavHOi TepuTopii BMKOpUCTaHo GanaHcoBi
METOAMN iHCTPYMEHTAaNbHOro BU3HAYEHHS HaOXOOXKEHHS
BOAM B Kap'ep. 3 BMKOPWUCTaHHAM piBHAHHS [apci BU3Ha-
yeHo, wo Kd craHoBuTb 5,3 M/0oby.
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OTxe, BrepLle OTpMMaHO KoediuieHT dinbTpaLii rpyH-
TiB rpaBiHO-ranbKOBOro BOOOHOCHOro ropu3oHTy Il Hagsa-
nnaeHOI Tepacu (AinsiHka po3TalyBaHHs [1oMOGPOBCLKOro
Kap'epy), WO ycepeaHioe inbTpaLiiHi BNacTUBOCTI I'PYHTIB
Ha BENWKNI TEPUTOPIT | KM MOXNNBO 3aCTOCYBAaTU ANS BU-
KOHaHHSA NPOrHO3iB 3acofeHHs nig3eMHux Bog. PesynbTtatu
[ocnigXeHb BUKOPUCTaHO ANsi CTBOPEHHSA YncernbHOi reodi-
nbTpauinHoi Mogeni rigporeonoriyHMx ymoB y Mexax Ka-
nyw-lonvHcekoro poposuwa. Pesynbtatn  kanibposku
Mogeni nigTBepaunu NpaBUNbHICTb BU3HAYEHHS Koedilie-
HTa inbTpadii (Sosonna et al, 2023).

BnepLlue 3anponoHoBaHO MeTon BU3HAYEHHST kKoedillie-
HTa inbTpauii 'pyHTIB BOAOHOCHOTO rOPU3OHTY 3 BUKOPUC-
TaHHaM [1C-TexHonorin BM3HAYEHHS BUTPAT MOTOKY
NiA3eMHNX BOA, SKi NOBHICTIO PO3BaHTaXYyHTbCA B Kap'ep
abo B noaibHi BogonmuLLa.

BHecok aBTOpiB: ManbkoBa fAHa — 36ip Ta aHani3 poHOoBUX i
niTepaTypHUX [Kepen, po3paxyHKW, HanucaHHsa TekcTy cTaTTi, MNa-
Hactok Mukona — aHani3 oHO0BUX | NiTepaTypHUX Axeper, po3pa-
XYHKU, chopMyntoBaHHS BUCHOBKIB, COCoHHa HaTanis — po3paxyHku
3a gonomoroto 'IC-texHonorin, barpin Ceprint — aHania gaHux, pe-
OaryBaHHsi TEKCTY CTaTTi.
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DETERMINATION OF THE FILTRATION COEFFICIENT OF THE GRAVEL AND PEBBLE ALLUVIAL AQUIFER
AS ONE OF THE MAIN FILTRATION PARAMETERS OF THE HYDROGEOLOGICAL SYSTEM

Background. The threat of contamination of drinking water sources in the Kalush region is largely determined by the flooding of the
Dombrovsky quarry and the possible leakage of highly mineralised brines into the gravel and pebble aquifer and river system from surface man-made
reservoirs. Currently, the open pit serves as a drainage for groundwater, but the water level in the mine excavation is rising at a rate of approximately
1 m per year, which requires monitoring, research of the hydrogeological system in the area of drainage influence of the quarry and rapid management
decisions to prevent an environmental emergency. The aim of the study was to propose a new method for determining the filtration coefficient (Ff),
which would average the filtration properties of large massifs of soils of the gravel-pebble aquifer and take into account their heterogeneity.

Meth ods. Balance methods of instrumental determination of water inflow to the quarry to determine the averaged filtration coefficient for a
large area was used. Parameters for its calculation was found.

Results. All available literature and fund sources were analysed and summarised, and an integrated approach was applied to determine the
filtration coefficient of the gravel and pebble aquifer. Using Darcy's equation, it is determined that the Ff is 5.3 m/day. A method for determining the
filtration coefficient of aquifer soils using GIS technologies to determine the flow rate of groundwater that is completely discharged into a quarry or
similar reservoirs is proposed. The results of the study were used to create a numerical geofiltration model and predict groundwater salinity.

Conclusions. The urgent scientific issue of studying the hydrogeological system of the Kalush region and determining the filtration
parameters of the gravel and pebble aquifer, which is the only source of drinking water for the city of Kalush and adjacent settlements, has been
solved. The filtration coefficient of the gravel and pebble aquifer of the I, Il and Il floodplain terraces, which averages the filtration properties of soils
over a large area and can be used to make predictions of groundwater salinity, was obtained.

Keywords: gravel and pebble aquifer, Kalush-Golynsky deposit, filtration coefficient, Dombrovsky quarry.

ABTOpM 3asBNAIOTb NPO BiACYTHICTb KOHANIKTY iHTepeciB. CnoHcopu He Gpanu yyacTi B po3pobneHHi AocniaxeHHs; y 36opi, aHanisi umn
iHTepnpeTauii AaHWX; Y HanMCaHHI pyKonucy; B pilleHHi Npo nybnikauito pe3ynbTartis.
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AGROCHEMICAL ANALYSIS OF SOILS IN PRECISION FARMING TECHNOLOGIES:
A CASE STUDY OF THE CHERNIHIV REGION

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

Background. Precision agriculture aims to create a comprehensive decision-support system that enhances the efficiency and
sustainability of agricultural practices. It is based on the principle that fields are not homogeneous and consist of various zones with distinct
characteristics. Variability in soil, terrain, climatic conditions, and other factors results in different plant requirements across different field
zones. Precision agriculture allows for consideration of this variability, enabling an individualized approach for each field section.

A research presents a comprehensive approach to analyzing all key stages of agrochemical surveys, from the preparatory phase to
laboratory analysis, the development of agrochemical maps, as well as the creation of fertilizer requirement maps and task maps for
agricultural machinery. Particular attention is paid to the potential use of remote sensing data and geographic information technologies

for processing and visualizing results.

Me thods. Soil sampling begins with determining the configuration and area of elementary zones. Several soil sampling strategies
are considered, allowing each agricultural enterprise to choose the most suitable one based on its goals and specific field conditions.
Agrochemical soil properties can vary significantly even within small field areas, necessitating a meticulous approach to sampling for

analysis.

Results. Developed agrochemical maps serve as additional visual materials that modern laboratories provide along with
agrochemical soil reports. These maps, available in both paper and digital formats, illustrate various levels of humus content, nutrient

levels in the soil, and soil solution pH.

Conclusions. Agrochemical soil analysis provides essential information for optimizing the processes of differential fertilizer
and seed applications. Based on the data obtained about soil type, macro- and micronutrient content, organic matter levels, moisture
levels, and other key indicators, the nutrient requirements of elementary zones can be accurately determined. This enables the
development of effective agronomic strategies tailored to specific field conditions.

Keywords: precision agriculture, agrochemical soil analysis, soil sampling scheme, geographic information technologies,

agricultural automation, soil mapping.

Background

Relevance of the research topic: The United Nations
Commission on Population and Development reported that
the Earth's population reached 7.7 billion in 2019 and
continues to grow. According to projections, by 2050 it will
have reached 9.7 billion, and by the end of the century, it will
have increased to approximately 11 billion people
(Commission on Population and Development, 2019). In this
regard, there is a threat that, given the existing natural
resources, arable land, and agricultural technologies, the
production of the required amount of food for the world's
population may prove insufficient. Increasing the amount of
land available for food production is not feasible, as
deforestation or wetland drainage poses a risk of ecological
catastrophe. Moreover, the productivity of agricultural crops
is approaching biological limits (Morgun et al., 2010). The
problem is further exacerbated by the uneven development
of agriculture across countries and continents, the irrational
use of natural resources, and the continuous increase in the
cost of seeds, mineral fertilizers, plant protection products,
machinery, and other agricultural production resources.

The world faces a challenge of how to feed itself amid
the growing global population and the imbalance between
food supply and demand. To meet this challenge, food
production must increase by at least 70 %. Thus, there is an
urgent need to improve the efficiency of agricultural
production, particularly in plant cultivation. This can be
achieved by increasing yields through the implementation of
advanced resource-saving technologies, which will enable
more efficient use of arable land, natural material, and
economic resources, while also reducing environmental
pressure on the natural environment (NPS). One such
technology that can ensure high profitability in agriculture is
the precision farming system (Tsyhanenko, 2015).

Additionally, Ukraine's agriculture, like that of many other
countries, faces challenges caused by climate change,
including more frequent droughts, heavy rains, and other
extreme weather events that negatively impact agricultural
productivity, especially in areas of risky farming, where
traditional agricultural methods are becoming less effective.
Given that most of Ukraine's cultivated land is already in this
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zone, and considering the damages caused by the Russian
aggression, the situation is becoming even more complicated.

The solution to this situation lies in the use of innovative
land cultivation methods and optimization of available
resources, primarily through the application of precision
farming technologies.

Precision farming aims to create a comprehensive
decision-making support system that enhances the
efficiency and sustainability of agricultural practices. It is
based on the principle that fields are not uniform and consist
of different areas with varying characteristics. Variability in
soils, topography, climate conditions, and other factors
results in different plant needs across different parts of a
field. Precision farming allows for the consideration of this
variability and the application of an individualized approach
to each area. This technology promotes environmental
sustainability by ensuring the rational use of resources,
reducing soil and groundwater pollution, and decreasing the
use of fertilizers and pesticides through precise control of
every stage of agricultural production. A 2021 study found
that farmers using precision technologies achieved a 4 %
increase in yield and a 7 % improvement in fertilizer
application efficiency. Additionally, these practices led to a
9 % reduction in herbicide and pesticide use, contributing to
the sustainable development of agriculture (Association of
Equipment Manufacturers, 2021). A study by the U.S.
Government Accountability Office (GAO) revealed that
precision farming technologies can improve resource
management through the precise application of resources
such as water, fertilizers, and micronutrients, leading to
increased yields and reduced environmental impact (U.S.
Government Accountability Office, 2024).

One of the fundamental tools of precision agriculture is
agrochemical soil analysis, which requires priority study for
further differential management of agricultural land,
increasing crop vyields, efficient resource utilization, and
ensuring the environmental sustainability of natural
ecosystems.

Previous studies in the field of precision agriculture and
soil sampling methodology have significantly influenced the
evolution of modern nutrient management strategies in
agricultural systems. A literature review conducted by the
authors highlights the transformation of sampling

technologies and their integration into practical farming
applications. Notable contributions have been made by
researchers such as Qin Zhang, Dennis Ess, Margaret
Oliver, Thomas Bishop, Ben Marchant, D. Kent Shannon,
David E. Clay, Newell R. Kitchen, and John F. Shanahan. It is
also important to recognize the significant contributions of
Ukrainian scientists, including L. Moldovan, L. Novakivsky,
B. Parkhaver, P. Sabliuk, and A. Tretiak. Challenges related to
the implementation of precision agriculture technologies are
explored in the works of L. Aniskevych, D. Voitiuk, V. Haram,
M. Makarenko, O. Tkachenko, and M. Tsyhanenko.

The goal of this paper is to analyse, summarize, and
evaluate the application of agrochemical soil analysis as a
foundation for solving precision agriculture tasks, as well as
to explore the potential of geoinformation technologies as a
platform for visualizing spatial agricultural challenges and
facilitating effective decision-making.

Presentation of Main Material. The technology of
agrochemical soil analysis consists of three main stages:
sample collection, laboratory (desk) analysis, and the issuance
of recommendations adapted to the realities of Ukraine.

The data processing stage is crucial in the research
process, as it involves the analysis, interpretation, and
integration of laboratory (desk) results into field
management decisions. The study includes spatial pattern
analysis, the creation of cartographic models, and the
preparation of agronomic recommendations for optimizing
fertilizers use and increasing crop yields. The effectiveness
of these solutions depends on the quality of this stage.
Therefore, the preparatory stage (document analysis and
selection of the sampling scheme) and the field stage—
determining sampling routes and collecting soil samples—
are of primary importance.

Methods

The research was conducted by the authors on a field
covering an area of 309.6 hectares, located near the village
of Berizka in the Varvynska Territorial Community of the
Pryluky district, Chernihiv region, based on data from the
agricultural company Kernel (Fig. 1). The soils of the field
are predominantly represented by typical low humus
chernozems and degraded light loamy chernozems, which
have high agricultural potential but require special attention
to maintaining their fertility and structure.

Varva settlement hromada

[research field, area — 309,6 ha
Fig. 1. Location of the Studied Field with an Area of 309.6 hectares

The relief is heterogeneous, with an elevation difference
of 20 meters and gentle slopes (gradient up to 4°).
Combining a digital elevation model (Fig.2(a)) with a
topographic wetness index (Fig. 2(b)), calculated as In
(a/tan B), where "a" is the local upslope area per unit contour
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length and "tan B" is the local slope angle (Beven, & Kirkby,
1979), allows for predicting the risks of water erosion within
the field. Under such conditions, runoff flows are formed,
which can lead to the formation of gullies or soil washout.
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Soil sampling begins with determining the configuration
and area of elementary plots. There exist several soil
sampling strategies, with each agricultural enterprise to
select the most suitable one based on the specific field's
goals and characteristics. When creating a zonal sampling
scheme (Fig. 3), historical data (such as soil agroproduction
group maps and yield maps for at least the past three years,

W Fieldarea: 3096 ha
| Topographic molsture Index

=

~ [ 52058

00102 04 06 08 1

b)
Fig. 2. Digital Elevation Model (a) and Topographic Wetness Index
Map (b), of the Studied Field with an Area of 309.6 ha

topographic maps), data from soil conductivity monitoring
devices, meteorological information, and remote crop
monitoring data (various vegetation indices, including NDVI,
EVI, and SAVI) are used. Each of these data types can be
applied individually or in combination, with weighted
influence coefficients (Brovarets, 2018).

Electrical conductivity

Fig. 3. Field Zoning Based on Variability Parameters of Soil Conditions and Crops

Soil sampling is conducted using a mobile automated
system consisting of a navigation system, a field computer,
an automatic soil sampler, and a high-clearance vehicle
equipped with this technology. Once the equipment is
connected, the operator traverses the field along a given
sampling route. The location of each borehole is recorded
using a navigation receiver with coordinating referencing.
Automated soil samplers ensure a standardized sampling
depth, which is a critical requirement for obtaining reliable
agrochemical analysis results. The high level of automation
and integrated control systems minimize the influence of
human error reducing the risk of inaccuracies during this
initial and critically important stage of research. Due to the
equipment's high operational speed, each sample can be
collected in 10-15 seconds, even on dense soil types,
significantly reducing the time required for fieldwork.

In modern precision agriculture, automated soil samplers
mounted on tractors and vehicles are becoming an essential
tool for speeding up the process and enhancing the
accuracy of agrochemical analysis (Fig 4).

Yield maps are created based on data collected by
optical or mechanical sensors mounted on grain harvesters.
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These systems account for the time delay required to move
the harvested mass from the header to the grain elevator.
The measurement error of modern sensors typically does
not exceed 5 %. Yield is calculated with reference to the
harvester's position in the field using GPS equipment
(Shevchenko, 2019).

The yield map of the studied 309.6 ha corn field for 2020
indicates uneven soil erosion, leading to reduced yields in
eroded areas and increased yields in accumulation zones. The
average grain yield per hectare of the field is 8.14 t/ha (Fig. 5).

In the absence of sufficient historical data,
geomorphological features of the area, slope gradient
information, soil color, and texture from satellite or aerial
imagery can be used to delineate zones.

The agrochemical properties of soil can vary significantly
even within small field areas requiring a meticulous approach
to sample collection for analysis. The sampling scheme and
grid density directly affect the accuracy of nutrient content
assessments. Tab. 1 presents a comparison of soil sampling
approaches developed by the authors.
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Field area: 309.6 ha
Crop: corn for grain

Year: 2020

Yield (corn for grain) t/ha
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Fig. 5. Yield Map of the Field Studied as of 2020

Comparison of Approaches to Soil Sampling

Fig. 4. Automatic SoilgampIAerAAgriSoiIS.ar‘nple by the Ukrainian Company Agrilab

Table 1

Sampling
Scheme

Methods
Of Sampling

Advantages

Disadvantages

Grid Scheme
(sampling by cells)

sampling from
various points within
cells using transects

- need for fewer soil samples compared to point-
based methods

- no restrictions on the size of the elementary
plot (cell)

- requiring no detailed information about the field
- low cost

- less accurate reflection of variability
within the field, as it smooths out
minor variations within cells

Grid Scheme
(sampling by
points)

sampling from the
center of each cell
or at grid line
intersections

- providing detailed information on soil variability
by adjusting grid density

- ensuring accurate results for complex zones

- requiring no detailed information about the field

-need for many samples and a dense
grid

- high cost

- for cartographic development,
additional GIS analysis (e.g.
interpolation) is required

Zonal Scheme

taking several soil
samples within
boundaries of each
defined zone

- covering areas with higher variability using
fewer samples

- being less time-consuming and labor-intensive
due to fewer samples

- need for data on field productivity
and yield from previous years

- spatial information must be available
to define zones

- requiring professional knowledge of
agronomy and GIS for defining zones

In the grid-sampling scheme, the elementary plots are
land parcels of equal size, typically rectangular or square in
shape. The maximum area of these plots depends on the
client's preferences for agrochemical field surveys, but it
should not exceed the allowable areas determined by
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Balyuk, 2019).

natural zones and types of agricultural land. For example,
the maximum area of an elementary plot on non-irrigated
lands of the forest-steppe zone is 15 hectares, while on
irrigated lands of Transcarpathia it is 2 hectares (Yatsuk, &
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Soil sampling can also be performed at the intersections of
grid lines. To create a composite sample, 8-15 samples from
an area located approximately 5-10 meters from the
intersection point are randomly combined (Singh, Caughman,
& Park, 2020). The results are visualized using interpolation, a
mathematical method used for spatial prediction of parameter
values at unknown points based on data obtained at known
coordinates. The accuracy of the map created through
interpolation depends on several critical factors. Firstly, the
sampling grid density plays a key role: fewer sampling points
increase the risk of predicting errors, particularly in the fields
with high variability. Secondly, a heterogeneous relief and the
geographical features of the field can complicate predictions.
Additionally, the choice of interpolation algorithm (for example:
kriging or inverse distance weighting) significantly impacts the
accuracy of the raster surface.

309.6 hectares of field ) © | 3

O Point samples
= Sampling routes

) Grid

0040204 0608 Jkm

Fig. 6. Grid-based Soil Sampling
Scheme with Diagonal Movement at a Grid Density of 10 ha

Reducing the size of the soil sampling grid increases the
accuracy of determining the agrochemical variability of the
field. However, this entails a considerable rise in financial
costs. Specifically, as of 2024, the average cost of analysing
a single soil sample in Ukrainian agricultural laboratories
ranges from 1,500 to 2,500 UAH (Where to Conduct Soil
Analysis..., 2024).

Since ensuring data comparability requires soil sampling
to be conducted at the same geographic coordinates each
time, it is essential to incorporate historical and statistical
field data at the initial stage. This includes previous
agrochemical analysis results, terrain features, and soil
condition variability. Based on this information, an optimal
sampling scheme and grid density should be established to
balance the accuracy of the collected data with the cost-
effectiveness of the survey.

Results

Table 2 and Fig. 8 present the results of the laboratory
stage of agrochemical analysis of the 309.6-hectare cultivated
field for the year 2020 provided by the agricultural company
Kernel. The values of the parameters were determined using
methodologies selected by KernelLab. The buffer pH soil
determination method was developed by Frank J. Sikora, an
associate professor from the university of Kentucky (Sikora,
2005); and the method for determining potassium, calcium,
magnesium, and sodium content was devised by D. Warncke
and J. R. Brown (Warncke, & Brown, 1988). Additionally,
international standards localized for Ukraine, such as DSTU
ISO 10390 (DSTU ISO 10390: 2019), DSTU ISO 14870
(DSTU ISO 14870: 2005), DSTU 4289:2004 (DSTU 4289:
2004, 2004), DSTU 4115-2002 by the Chirikov method (DSTU
4115-2002, 2002), DSTU 3866-99 (DSTU 3866-99, 1999)
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The grid strategy is further divided into two subtypes: cell
sampling and point sampling (Austin, Gatiboni, & Havlin,
2020). The cell approach involves collecting several dozen
soil samples from various points within each cell following a
specific route. For elongated and narrow elementary plots,
sampling routes for composite samples are laid along the
plot or in a zigzag pattern at set intervals. If the plot is
square-shaped, the most optimal sampling pattern is a
checkerboard layout. On very large fields, point samples are
placed diagonally (Fig. 6). On slopes, sampling is conducted
in the upper, middle, and lower parts of the field.

The point approach involves selecting a single point for
soil sampling from each elementary plot, typically at its
center (Fig. 7).

<Y
R
X

309.6 hectares of field
@ Point samples
— Sampling routes

Fig. 7. Point-based Soil Sampling Scheme at a Grid Density
of 10 ha

X

00102 04 06 038 '!km

were applied. The sampling grid density under the cell-based
sampling scheme was 10 hectares, with composite sample
values averaged for the studied field.

The interpretation of the results obtained is a key stage
in agrochemical analysis, as the effectiveness of subsequent
agronomic  decisions depends on the accurate
understanding of these data. Indicator values should be
presented in a convenient and comprehensible format,
which allows for a clear assessment of soil conditions and
the development of recommendations.

Agrochemical maps are additional visual materials that
modern laboratories provide along with the agrochemical soil
report. These maps, available in both paper and electronic
formats, illustrate different levels of humus content, nutrient
availability in the soil, and soil solution reaction (Fig. 9). The
classification of soils based on agrochemical indicators
involves color gradations representing the content of mobile
nutrient compounds in milligrams per kilogram of soil, humus
percentage, and acidity or alkalinity levels based on pH
values. For instance, the agrochemical analysis of the studied
field in 2020 showed that the soil had a slightly acidic to near-
neutral reaction, a medium to low organic matter content, and
a predominantly sufficient level of mobile phosphorus and
potassium, with some areas exhibiting elevated values of
these indicators.

Agrochemical soil analysis provides essential
information for optimizing the process of variable-rate
fertilizer and seed application. Based on the obtained data
regarding soil type, macro- and micronutrient content,
organic matter levels, moisture status, and other key
parameters, it is possible to precisely determine the nutrient
needs of specific field sections. This enables the
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development of an effective agronomic strategy tailored to
the field's specific conditions. The maps in Fig. 10 indicate a
significant demand for phosphorus and potassium fertilizers

in the studied field as of 2020. Most areas required
applications of 60-85 kg/ha of P20s and K20, with localized
zones showing lower or minimal fertilization needs.

Table 2
Agrochemical Survey of the Investigated Field
. Min Max Average Standard
Indicator Method Value Value Value Deviation

pH (KCI), unit DSTU ISO 10390:2019, IDT 5.1 6.6 5.7 0.28
buffer pH, unit Sikora method (Sikora,2005) 6.5 7.1 6.8 0.15
organic matter, % DSTU 4289:2004 3.2 4.2 3.7 0.22
mobile Phosphorus DSTU 4115-2002 (by Chirikov's method) 114.0 215.7 142.9 17.65
(P20s5), mglkg
exchangeable Chirikov's method
potassium (K), mg/kg selected testing methods ("Recommended 94.5 179.3 121.2 17.66
exchangeable calcium chemical soil test procedures for the Central
(Ca), mg/kg North Region. Chapter 7: Potassium and 2603.6 3668.9 2984.3 178,54
exchangeable other Basic Cations" by D. Warncke and J.R.
magnesium (Mg), Brown; "Midwest Laboratories Calculating 225.3 286.9 263.8 10.49
mg/kg Cation Exchange Capacity and the Percent
exchangeable sodium Base Saturation”)
(Na), mg/kg At- pH=7.0

(Ward, R. C. n.d.), 14.8 33.5 20.1 4.21

(Midwest Laboratories. n.d.)
copper (Cu), mg/kg DSTU ISO 14870:2005 0.55 0.74 0.62 0.06
zinc (Zn), mg/kg DSTU ISO 14870:2005 0.47 2.69 0.89 0.72
mg?kgganese (Mn), DSTU ISO 14870:2005 25.0 488 34.4 717
iron (Fe), mg/kg DSTU ISO 14870:2005 33.0 75.1 53.8 12.92

Cation Exchange Capacity (CEC)
Laboratory Methodology (Warncke and Brown, 1998; Raymond C. Ward, n.d.; Midwest Laboratories Calculating, n.d.)

at pH=7.0
19.4 mg Eq/100g
Base Saturation
Salinization Degree
Na 0.4% (DSTU 3866-99 "Soils. Classification of Soils
11.3% M g by the Degree of Secondary Salinization")
o N (K +Na)/(Ca+ Mg + K + Na)
1.6% K 2.27%
10.0% H non-saline

N\ Ca 76.7%

Fig. 8. Results of Agrochemical Survey of the Field Studied according
to Kernel Agro company Data

The amount of fertilizer application is determined based
on the planned crop rotation, target yield, and agrochemical
condition of the soil. This process is carried out by creating
prescription maps for agricultural machinery, including
spreaders, sprayers, or fertilizer applicators. A prescription
map is a cartographic representation that contains information
about variable fertilizer application rates or seeding rates.
These data are integrated with controllers installed on
agricultural equipment and used in conjunction with navigation
systems to precisely regulate the application rate in different
field zones. The application process operates offline, adapting
to the specific characteristics of each area (Zatserkovnyi, &
Vorokh, 2024). Based on the quantitative soil indicators of the
studied field in 2020, the prescription maps (Fig. 11) illustrate
a differentiated approach, prescribing varying amounts of
complex (NPK), nitrogen-phosphorus, and potassium
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fertilizers per hectare at different stages of field treatment in
the following planting season.

A promising direction in modern agricultural production
is the development of sensors for real-time determination of
soil physicochemical properties (Sokolik, 2024). The most
widely used are electrical and electromagnetic sensors,
which allow for the assessment of soil conductivity revealing
heterogeneity in texture and other properties. At the same
time, optical sensors are being developed to implement
remote monitoring algorithms, and electrochemical devices
can evaluate pH and ion content in the soil solution.
Mechanical, acoustic, and pneumatic sensors are used to
assess the physical state of the soil, particularly its
compaction. Although the commercial application of many of
these devices is still in its early stages, their potential to
reduce the costs of agrochemical analysis and improve the
accuracy of differentiated fertilizer applications is significant.
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Fig. 9. Cartograms of Soil Acidity and Selected Indicators of the Studied Field
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Fig. 10. Cartographic Assessment of Elementary Plots’' Need for Available Phosphorus (a) and Potassium (b) Based on
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Fig. 11. Task Maps for Agricultural Machinery for Applying Compound Fertilizers
to the Field Studied at Different Cultivation Stages

Discussion and conclusions

Agrochemical soil analysis and the implementation of
precision farming technologies are essential tools for
increasing the efficiency and environmental sustainability of
agricultural production. The presented research highlights
the importance of a comprehensive approach to soil
analysis, which includes careful sample collection,
laboratory testing, spatial data interpretation, and the
development of recommendations to optimize agronomic
practices. In particular, the agrochemical analysis of soil pH
in the studied field, covering an area of 309.6 ha in 2020,
ranged from 5.1 to 6.6, with an average value of 5.7,
indicating a slightly acidic reaction. The average organic
matter content was 3.7 %, while the levels of mobile
phosphorus and exchangeable potassium  were
142.9 mg/kg and 121.2 mg/kg, respectively. Considering the
results of the agrochemical soil survey, the terrain, and the
average corn yield in the studied field in 2020, which
amounted to 8.14 t/ha, with a maximum vyield of 14.4 t/ha in
certain areas, soil nutrient requirements for the 2021
planting season were determined. The recommendations
included applying up to 40 tons of ammonium phosphate
and 5.3 tons of potassium fertilizer during primary field
treatment, as well as 19.1 tons of NPK(S) during pre-sowing
treatment. Variable-rate fertilizer application was carried out
according to the developed prescription maps.

Modern methods enable the consideration of diverse soil
properties and climatic conditions, ensuring an
individualized approach to managing each field section.
Specifically, the use of agrochemical maps, variable-rate
fertilization systems, and the development of real-time
sensors provide new opportunities for more precise and
cost-effective farming.

The implementation of geoinformation technologies and
remote sensing facilitates the efficient visualization of soil
analysis results, the creation of prescription maps for
agricultural machinery, and informed decision-making. This
approach minimizes resource losses, reduces
environmental impact, and enhances crop yields.

Despite the promising prospects, challenges related to the
high cost of technology and agrochemical soil analysis must be
considered. Future research should focus on expanding the
potential of remote sensing data, land cover analysis methods,
and real-time soil property detection sensors.

Authors' contributions: Vitalii Zatserkovnyi — conceptualization,
methodology, writing; Viktor Vorokh — remote sensing data processing,
methodology, search for optimal solutions to the problem; Olga Hloba —
geoinformation analysis, data processing, writing; Tetiana Mironchuk —
data analysis and processing, writing (review and editing); Iryna
Siuiva— data analysis and processing.

ISSN 1728-3817

References

Association of Equipment Manufacturers. (2021, February 1). U.S. Precision
Agriculture Study Unveiled by AEM, Ag Organizations. https://newsroom.aem.org

Austin, R., Gatiboni, L., & Havlin, J. (2020). Soil Sampling Strategies for
Site-specific Field Management. NC State Extension Publications.
https://content.ces.ncsu.edu/

Beven, K. J., & Kirkb, M. J. (1979). A Physically Based, Variable
Contributing Area Model of Basin Hydrology. Hydrological Sciences Bulletin,
24(1), 43-69. https://doi.org/10.1080/02626667909491834

Brovarets, O. O. (2018). Probabilistic-Statistical Methods for Determining
the Magnitude of Variability Zones of Agrobiological Parameters of
Agricultural Lands to Ensure Proper Quality of Technological Operations in
Crop Production Based on Local Operational Monitoring Data. Bulletin of
Khmelnytskyi National University, 5, 272—283 [in Ukrainian]. [Bpoapeup O. O.
(2018). VIMOBIpHICHO-CTAaTUCTNYHI METOAM BU3HAYEHHS BEMWUUMHI 30H Bapia-
6enbHOCTi arpobionoriyHMx napameTpiB CiflbCbKOrocnoAapcbkmx yrigb Ans
3abe3neyeHHs1 HanexHoi SKOCTi BUKOHAHHS TEXHOMOMYHMX onepawiin y poc-
TNIMHHMLTBI Ha OCHOBI JAHUX IOKaNbHOrO ONepPaTUBHOIO MOHITOPUHTY. BicHUK
XMernbHUUbKO20 HauyioHanbHo20 yHigepcumemy, 5, 272-283].

Commission on Population and Development. (2019). Review and
Appraisal of the Programme of Action of the International Conference on
Population and Development and its Contribution to the Follow-up and
Review of the 2030 Agenda for Sustainable Development. United Nations.
Retrieved  from  Gruntovidbimyk  AgriSoilSampler.  (n.d.).  AgriLab.
https:/agrilab.ua/ services/ systemy-raven/ [in Ukrainian]. ['I'pyHTOBIAGIpHUK
AgriSoilSampler" (H.4.). AgriLab. https://agrilab.ua/services/systemy-raven/].

https://www.un.org/en/development/desa/population/pdf/commission/201
9/country/Agendaltem3/poland_en.pdf

Midwest Laboratories. (n.d.). Calculating Cation Exchange Capacity and
the Percent Base Saturation. Retrieved from https://www.researchgate.net/

Morgun, V. V., Shvartau ,V. V., & Kyryzii, D. A. (2010). Physiological Bases of
Forming High Productivity of Cereal Crops. Physiology and Biochemistry of
Cultivated Plants, 42(5), 371-392 [in Ukrainian]. [MopryH B. B., LLiBaptay B. B., &
Kvpuaui 1. A. (2010). disionorivHi 0CHOBM hopMyBaHHS BUCOKOI MPOAYKTUBHOCTI
3epHOBUX 3nakiB. @isiornoeis i bioximis KynbmypHux pocruH, 42(5), 371-392].

Shevchenko, K. (2019, April 2). School of Agronomists: What you Need to
Know about Yield Maps. Agravery. Retrieved from https://agravery.com/uk/
posts/show/skola-agronomiv-so-treba-znati-pro-karti-vrozajnosti  [in ~ Ukrainian].
[LWeByeHko, K. (2019, 2 kBiTHA). "LLIkona azpoHomig: w0 mpeba 3Hamu npo
Kkapmu spoxatiHocmi" Agravery. OTpumaHo 3] https://agravery.com/uk/posts/
show/skola-agronomiv-so-treba-znati-pro-karti-vrozajnosti].

Sikora, F. J. (2005). Replacing SMP Buffer with Sikora Buffer for
Determining Lime Requirement of Soil. Oklahoma State University Stillwater.
Retrieved from https://www.naptprogram.org/files/napt/publications/method-
papers/2005-replacing-smp-buffer-with-sikora-buffer-for-determining-lime-
requirement-of-soil.pdf

Singh, B., Caughman, W., & Park, D. (2020). Precision Agriculture-based
Soil Sampling Strategies. Land-Grant Press by Clemson Extension. Retrieved
from https://igpress.clemson.edu/

Sokolik, S. P. (2024). Analysis of the Development of Modern Mobile
Systems for Monitoring Soil Characteristics. Bulletin of Sumy National
Agrarian University. Series: Mechanization and Automation of Production
Processes, 2(56), 86-89 [in Ukrainian]. [Cokonik, C. I1. (2024). AHani3 po3Bu-
TKY Cy4acHUX MOBINbHUX CUCTEM MOHITOPUHTY XapaKTepUCTUK I'PyHTY. BicHUK
CyMCcbK020 HauioHanbHO20 agpapHo20 yHisepcumemy. Cepisi: MexaHizauisi
ma aesmomamu3sauisi 8upobHu4ux rpouecis, 2(56), 86—89].

State Enterprise "Ukrainian Research and Training Center for
Standardization, Certification and Quality". (1999). DSTU 3866-99. Soils.
Classification of soils by degree of secondary salinization. O.N. Sokolovsky
Institute for Soil Science and Agrochemistry of the National Academy of
Agrarian Sciences of Ukraine [in Ukrainian]. [Aep>xxaBHe nianpnemcTso "Ykpa-
THCbKWUI HayKOBO-AOCNIAHWI | HaBYanbHWUIA LeHTp npobnem cTtaHaapTu3aii,
cepTudikaLii Ta sikocTi". (1999). ACTY 3866-99. 'pyHTu. Knacudikais FpyHTis 3a
CTyrMeHeM BTOPMHHOTO 3aCOJIEHHS. IHCTUTYT IPYHTO3HaBCTBA Ta arpoximii iMeHi
O.H. Cokonoscbkoro HavjoHanbHoi akaaemii arpapHunx Hayk YkpaiHu).



FEONOTIA. 1(108)/2025

~ 93 ~

State Enterprise "Ukrainian Research and Training Centre for
Standardization, Certification and Quality". (2019). DSTU ISO 10390:2019.
Soil Quality — Determination of pH. SE "UKkrNDNC" [in Ukrainian]. [dep>xaBHe
nianpnemMcTBo "YkpaiHCbKUiA HayKOBO-AOCMIAHUIA | HABYaNbHUIA LEHTP Npo-
6nem craHgapTu3auii, ceptudikauii Ta skocti". (2019). ACTY ISO
10390:2019. AkicTb rFpyHTY — BU3HaveHHs pH. AN "YkpHAOHL".

State Enterprise "Ukrainian Research and Training Centre for
Standardization, Certification and Quality". (2005). DSTU ISO 14870:2005.
Soil Quality — Extraction of Trace Elements Using a Buffered DTPA Solution
(ISO 14870:2001, IDT). SE "UkrNDNC" [in Ukrainian]. [dep>xaBHe nianpuem-
cTBO "YKpaiHCbKWI HayKOBO-AOCNIAHWI i HaBYaNbHWI LieHTp npobnem craH-
napTu3auii, ceptudikauii Ta sikocti". (2005). ACTY ISO 14870:2005. AkicTb
r'pyHTy — EKCTparyBaHHsi cnifis enemeHTiB 6ydepHum pozumHom DTPA (ISO
14870:2001, IDT). AN "YkpHAHLI".

State Enterprise "Ukrainian Research and Training Centre for
Standardization, Certification and Quality". (2005). DSTU 4289:2004. Soil
Quality. Methods for Determining Organic Matter. O.N. Sokolovsky Institute
of Soil Science and Agrochemistry of the Ukrainian Academy of Agrarian
Sciences [in Ukrainian]. [Qep>xaBHe nignpveMcTBo "YKpaiHCbKuii HayKOBO-O0-
cniaHuiA | HaBYanbHUI LEHTP Npobnem cTaHaapTu3adii, cepTudikauii Ta siko-
cti". (2005). OCTY 4289:2004. Akictb rpyHTy. MeTtoam BU3HAYeEHHS
OpraHiyHoi peyoBUHW. IHCTUTYT I'PyHTO3HaBCTBa Ta arpoximii imeHi O.H. Co-
KonoBcbkoro HauioHanbHoT akagemii arpapHux Hayk YKpaiHu].

State Enterprise "Ukrainian Research and Training Centre for
Standardization, Certification and Quality". (2002). DSTU 4115-2002. Soils.
Determination of Mobile Phosphorus and Potassium Compounds by the
Modified Chirykov Method. Technical Committee for Standardization of "Soil
Science" [in Ukrainian]. [depxaBHe nignpnemcTBo "YkpaiHCbkuiA HaykoBO-40-
cniaHuiA | HaBYanNbHUI LEHTP Npobnem cTaHaapTu3adii, cepTudikauii Ta siko-
cTi". (2002). OCTY 4115-2002. I'pyHTW. BU3HAYEHHSI PYXOMWUX CHOMyK
docaopy i kanito 3a MoandikoBaHM MeToAoM YnpukoBa. TeXHIYHMI KOMITET
cTaHgapTusauii "F'pyHTosHaBCTBO"].

Tsyhanenko, M. O. (2015). Precision Farming System. Lecture Notes with
Elements of the Credit-Module System of Organization of the Educational

Bitaniit BSALLEPKOBHUW', o-p TexH. Hayk, npod.
ORCID ID: 0009-0003-5187-6125
e-mail: vitalii.zatserkovnyi@gmail.com

Biktop BOPOX', acn.
ORCID ID: 0009-0005-0112-8422
e-mail: fainkucha@gmail.com

Onbra MMOBA', cTya.
ORCID ID: 0009-0003-4923-3374
e-mail: olgagloba73@knu.ua

Tetsina MIPOHYYK', kaHg. inon. Hayk, aou,.
ORCID ID: 0000 0002-5923 1028
e-mail: t_mironchuk@ukr.net

IpuHa CIOMBA', kaHg topua. Hayk, aou,.
ORCID ID: 0000-0002-5001-2750
e-mail: isiuiva.knu@gmail.com

Process for the Course "Precision Farming System" for Students Majoring in
8.10010203 "Mechanization of Agriculture". KhNTUSG [in Ukrainian]. [Linra-
HeHko M. O. (2015). Cuctema TouHoOro 3emnepoberea. KoHcnekT nekuin 3
enemMeHTamn KpeauTHO-MOAYMbHOI CUCTEMM OpraHisauii HaB4anbHOro npo-
uecy 3 kypcy "Cuctema To4HOro 3emnepobcTBa” Ans CTyaeHTiB 3a creuianb-
HicTio 8.10010203 "MexaHi3auisi cinbcbkoro rocnoaapcrtaea”. XHTYCIT.

U.S. Government Accountability Office. (2024, January 31). Precision
Agriculture: Benefits and Challenges for Technology Adoption and Use. Full
report GAO-24-105962, 1-80. https://www.gao.gov/products/gao-24-105962

Ward, R. C. (n.d.). Figure 3—1: Four Relationships between Broadcast and
Band Phosphorus. In Ward Guide (pp. 80-81). Ward Laboratories. [February
16, 2025]. https://www.wardlab.com/

Warncke, D., & Brown, J. (1988). Recommended Chemical Soil Test
Procedures for the Central North Region. North Central Regional Research
Publication, 221 (Revised), 31-33.

Where to do soil analysis: List of agro-laboratories. (2024, November 5).
SuperAgronom. November 15, 2024. https://superagronom.com/blog/1073-
de-zrobiti-analiz-gruntu-spisok-agrolaboratoriy [in Ukrainian]. ["Oe 3po6utu
aHania rpyHty: cnucok arponabopartopin” (2024, 5 nuctonaga).
SuperAgronom. https://superagronom.com/blog/107 3-de-zrobiti-analiz-
gruntu-spisok-agrolaboratoriy].

Yatsuk, I. P., & Balyuk, S. A. (2019). Methodology for Conducting
Agrochemical Land Passportization of Agricultural Land (2nd ed.). State
Institution "Institute of Soil Protection of Ukraine" [in Ukrainian]. [Auyk I. ., &
Bantok C. A. (2019). MeToanka npoBefeHHs arpoxiMiYHOI nacnopTusadii se-
Menb CiNbCbKOrocnoAapCcbkoro NpuaHaveHHsl (2-re BuA.). JepxasHa ycTa-
HoBa "IHCTUTYT OXOPOHU I'PYHTIB YKpaiHn".]

Zatserkovnyi, V. I., & Vorokh, V. V. (2024). Differential Technologies of
Precision Agriculture. Technical Sciences and Technologies, 1(35), 292-301
[in Ukrainian]. [3auepkoBHuii B. 1., & Bopox B. B. (2024). OndbepeHuiiiHi TexHonorii
npeuwmsinHoro 3emnepobcTea. TexHiuHi Hayku ma mexHornoeil, 1(35), 292-301].

OTpumaHo pepakuiet xypHany / Received: 17.12.24
NMpopeueHsoBaHo /| Revised: 28.01.25
CxsaneHo go apyky / Accepted: 12.03.25

'KniBcbKkui HauioHanbHWiA yHiBepcuTeT iMeHi Tapaca LLlesyeHka, Kuis, YkpaiHa

ATPOXIMIYHUIA AHANI3 I'PYHTIB Y TEXHONOTIAX I'I_I_’ELIVI3II7IHOFO 3EMNEPOBCTBA
HA NPUKNAAI YEPHITIBCbKOI OBJIACTI

B c Ty n. lpeyusiiiHe 3emnepobcmeo cripsimosaHe Ha CMBOPEHHS KOMIIIEKCHOI cucmemMu nidmpumMKu npuliHAmms piweHb, wo nidsuwye ege-
KmueHicms i cmitlikicmb cinbcbko20cnodapcbkux Mmemodie. BOHO rpyHmyemscsi Ha NIPUHY U, W0 MoJisi He € 0OHOPIGHUMU ma Maromb Pi3Hi OinsiHKU
3 pi3HUMU xapakmepucmukamu. Pi3HomaHimHicmb rpyHmie, penbedy, kniMmamuyHux ymoe ma iHwux ¢ghakmopie npuzeodums o moz2o, ujo nompebu
POC/UH Ha pi3HuUx dinsiHkax noss eidpizHsrombcsi. ToyHe 3emsiepo6cmeo dae 3Mo2y epaxyeamu Uro pisHoMaHimHicms i 3acmocoeyeamu iHOuegidy-
anbHul nioxid do KoxHoi GinsiHKu.

IMpedcmaeneHo komnnekcHuli Nioxio 0o aHani3y ecix K/1ro4Yoesux emanie a2poxiMiYHO20 o6¢cmeixeHHsI: 8id nidzomoeyo2o0 emany 0o s1labopamo-
PHO20 aHani3y, cmeopeHHs1 aepoxiMiyHUX KapmozapaMm i po3pobku kapm nompebu e dobpusax ma kapm 3ae0aHb OISl CiflbCbKO20CM00apCchbKOi mex-
Hiku. Ocobnuey yeaay npudineHo MOX/ueocmsiM eukopucmaHHsi 0aHux [J33 ma zeoiHghopmayiliHux mexHosoeili Onsi 06pobku ma eisyanizauii
pe3ynbmamis.

Me Toawn. Bid6ip rpyHmy no4yuHaemscsi 3 8U3Ha4eHHS KOHgiaypauii ma nnowi enemeHmapHux OinsiHok. Po3ansiHymo kinbka cmpameail 8io-
60opy npo6 rpyHmy, koxxHe acponidnpuemcmeo obupae Halikpawy 0nsi cebe, 3a51eXXHO 8i0 Memu ma ocobs1ueocmeli KOHKPEMHO20 MoJIsl.

AepoximiyHi enacmueocmi rpyHmy 30amHi icmomHo 3MiHlo8amucsi Hagimb Ha Heeeslukux QinsiHKax nossi, wo nompebye pemesnbHO20 Nioxody
0o e8id6opy npob Onsi aHanizy.

Pe3ynbTaTtu. Po3pobneHi acpoximiyHi kapmozspamu — dodamkoei Hao4Hi Mamepianu, siki cyyacHi nabopamopii sudarome pa3om 3 a2poxi-
MiyHuM 3eimom rpyHmy. Lje 306paxeHHs1 Ha Nanepoeux ma eJIeKmMPOHHUX HOCIAAX Pi3HUX pieHie eMicmy 2yMycy, NOXXUBHUX Pe4yOo8UH y r'pyHmi ma
peakuii '/pyHmogo20 po34yuHy.

BucHoBKku. AzpoximiyHull aHaniz rpyHmy 3abesne4dye iHghopmauiero, Heob6xiOHO Onss onmumisayii npoyecy dughepeHyiliosaHo20 eHe-
ceHHs1 dobpue ma HaciHHsl. Ha ocHoei ompumaHux 0aHuUx Npo mun rpyHmy, eMmicm Makpo- ma MikpoesieMeHmie, op2aHi4HOl pe4oeuHu, pieeHb 380-
JI0XKeHocmi ma iHwi K/1o408i MoKa3HUKU MOXXHa MOYHO eu3HavYumu rnompebu enemeHmapHux OiNSIHOK y MOXUBHUX pevoesuHax. Lle dae 3moay
po3pobumu eghekmueHy cmpameeito a2pomexHiyHuUx 3axodie, adanmosaHy 00 KOHKPEeMHUX YMOe8 MoJisi.

KnwuyoBi cnoBa: npeyusiiiHe 3emnepob6cmeo, aepoximiyHuli aHani3 rpyHmy, cxema eid6opy npo6, 2eoiHghopmayilivi mexHosiozii, asmo-
Mamus3auis cinbcbko20 2ocnodapcmea, kapmozpagbyeaHHs1 FpyHmMy.

ABTOpPU 3asBMAOTbL NPO BiACYTHICTb KOHNIKTY iHTepeciB. CnoHcopu He Gpanu y4yacTi B po3pobneHHi 4ocniokeHHs; y 300pi, aHanisi uun
iHTepnpeTaLii AaHVX; y HaNMUCaHHi PyKoMucy; B pilLeHHi Mpo nybrnikavilo pe3ynbTaris.
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REMOTE SENSING ANALYSIS OF VERTICAL SURFACE DISPLACEMENTS
AS AN INDICATOR OF UNDERGROUND STRUCTURE DEFORMATIONS

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

Background. The paper is devoted to the analysis of vertical displacements based on remote sensing data as an identifier of
hazardous engineering-geological processes in areas with underground infrastructure. The study was carried out on the example of the
section of the tunnel between Demiivska and Lybidska stations of the Kyiv subway. In December 2023, processes of uneven compaction
and vibration creep of the soil massif around the tunnel lining were detected, and there was a risk of loss of stability of the tunnel structures
and an emergency.

Methods. This study employs the Differential Interferometric Synthetic Aperture Radar (D-InSAR) method which allows
monitoring of soil surface deformations through phase change analysis among radar images. The correction procedures were applied to
mitigate noise in processed images caused by temporal and geometric decorrelation, atmospheric disturbances, and other noise
interferences. Correction and filtering method, specifically Canny and Sobel linear filters, were used to improve accuracy. Their application
to processed satellite images enhances the contours of recorded vertical displacements and reduces geometric distortion noise,
preserving the structural integrity of the images. According to our calculations, effective anomaly detection in images of urbanized areas
requires a minimum threshold of 25 % in image contrast and clarity. The filters' application for highlighting significant intensity changes
achieved a 28 % increase in clarity, indicating high processing effectiveness for further analysis of displacement maps and other
parameters related to vertical shifts.

Results. Abnormal zones of vertical displacements were identified within the study area based on vertical displacement data.
During the 2022-2023 observation period, these zones shifted toward the metro tunnel axis. Vertical displacements directly above the area
of subsidence near the 'Rozetka’ store were detected during the fifth observation period, October-December 2023, coinciding with the
tunnel closure for repairs. Overall, displacement values shifted from negative in 2022 to positive in 2023, suggesting that displacements
may have served as an early indicator of underground structure deformation activation. The use of filters allowed for more precise
identification of displacement dynamics and localization of deformation zones throughout the observation periods. In the final period, the
anomalous zone aligned with the location of tunnel deformations and recorded surface subsidence.

Conclusions. Using the example of the distillation tunnel section, we demonstrate the possibility of using the analysis of
vertical surface displacements performed by D-InSAR together with a combination of Kenny and Sobel filters to track vertical surface
displacements, which is important for monitoring the condition of underground facilities and preventing possible accidents. This study
lays the foundation for further development of methodological approaches to the analysis of potential deformations of underground
structures based on surface dynamics (vertical displacements). Further improvement of the methodology will help to ensure the accuracy
and reliability of data in the context of monitoring underground structures.

Keywords: Vertical surface displacements, satellite images, D-InSAR, underground structures, Demiivska metro accident.

Background

The ability to predict the effects of hazardous geological
processes on underground infrastructure, with the aim of
preventing emergencies and avoiding economic and social
repercussions, represents a critical challenge in assessing
natural risks and disasters. Solving this issue involves two
main approaches: the first approach includes targeted in-situ
field research aimed at understanding the nature and
refining the mechanisms behind hazardous phenomena
within geological environments, taking into account natural
factors and anthropogenic impacts; the second involves the
development of modern, effective information and analytical
tools to forecast and prevent the consequences of such
processes, ensuring stable operation of engineering
structures and safeguarding human life.

Large cities are often characterized by noncompliance
with functional zoning standards (Ministry of Regional
Development of Ukraine, 2018); for instance, energy facilities
are sometimes placed unsystematically, occasionally located
near residential areas, and roads with heavy traffic are often
situated near residential neighborhoods. The close proximity
of industrial, transport, and residential facilities, combined with

ISSN 1728-3817

complex engineering-geological conditions, can lead to
increased intensity of anthropogenic impact, thereby
triggering hazardous engineering-geological processes and,
consequently, accidents and emergencies. Urban
development impacts the geological environment in stages:
from the destruction of natural surroundings (e.g., removal of
vegetation and soil layers, excavation) to the introduction of
new elements into the natural system (e.g., buildings,
underground structures, paved areas). Ensuring the reliability
and cost-effectiveness of shallow underground structures,
which are characteristic of urban construction, is therefore
essential for the investment attractiveness of developing
underground urban infrastructure.

In early December 2023, train movement on the
Obolonsko-Teremkivska line of the Kyiv Metro was
suspended along the section of the running tunnel between
Demiivska and Lybidska stations. This section was closed for
repairs (Fig. 1b) due to the discovery of uneven soil loosening,
vibrocreep processes around the tunnel, and additional
loading on the tunnel lining, leading to a risk of tunnel structure
instability (Kyiv City Council, 2023). Surface subsidence was
also recorded near the 'Rozetka’ store (Fig. 1a).
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Fig. 1. Surface deformation (a) and repair work on the tunnel section (b)
(a — photo by Vlad Kolodiy/Suspilne Kyiv, 2023; b — photo by Telegraf, 2024)

This area is located at the intersection of various
functional zones within the city—transport, industrial,
residential, and others. The natural geological conditions of
the area are complicated by anthropogenic impact.
Environmental disruption in urban settings is often
associated with the chaotic placement of structures from
different functional zones. The most critical influences arise
from changes in water levels and soil moisture. The effect of
soil moisture is indirect, manifesting as increased pore
pressure and higher soil humidity. Rising water levels lead
to shifts in stress distribution within the subsurface, causing
greater vertical displacement of soil particles (Kril, 2017).
Increased soil moisture accelerates the propagation of
longitudinal waves under dynamic loads, such as those
generated by metro trains.

The construction of tunnels between Demiivska and
Lybidska stations was carried out from 2004 to 2006. A
significant portion of the tunnel lies in a floodplain and passes
beneath the Lybid River. Under such challenging geological
conditions, the tunnel was constructed using underground
techniques with artificial water-level lowering. During metro
construction and the reconstruction of the transportation
interchange at Demiivska Square, cracks were observed in
nearby buildings, including structural elements of the
Vernadsky Library and facade damage (Kril, 2017).

The geological crosssection of this area, from top to
bottom, comprises technogenic deposits (tH), alluvial soils
(loams, sandy loams, sands) (aH), ravine deposits
represented by sands and sandy loams (adPui-H), loess-like
sandy loams and loams (edvPu-H), clay marls (P2kv), and
sands of the Buchach series (P2bc). These varieties of loose
soils are sensitive to subsidence and settling processes,
particularly under conditions of increased moisture. Surface
deformation studies, which serve as indirect markers of
changes within the geotechnical environment of areas with
such engineering-geological conditions, are justified and
advisable to conduct using remote sensing methods.

The review of methods used in the investigation of failures
in underground infrastructure (Minh et al., 2020; Italian National
Research Council, 2017) highlights the significant potential of
interferometric approaches for image processing. These
methods support the monitoring and analysis of near-surface
conditions, which are critical for ensuring safety and assessing
damages. The primary methods include:

o Differential Interferometric Synthetic Aperture Radar
(D-InSAR): D-InSAR identifies maximum deformation gradients,
making it effective for monitoring rapid changes caused by
underground activities. This method excels in urban areas where
even minor displacements may have considerable implications
for infrastructure. Unlike traditional INSAR, D-INSAR measures
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dynamic surface changes between two time points, allowing
monitoring vertical or horizontal deformations caused by events
such as earthquakes, volcanic eruptions, ground subsidence, or
glacier movement (Serco ltalia SPA, 2018).

e Small Baseline Subset (SBAS): SBAS provides lower-
noise results, proving useful for safety pillar analysis in
regions with hazardous engineering-geological processes.
By processing data from multiple images, SBAS reduces
noise, Yyielding more accurate insights into ground
deformations (Pawluszek-Filipiak et al., 2022, Iglesias et al.,
2015). This method is especially valuable for detecting long-
term changes, focusing on small but stable displacements.
However, it may be less effective at capturing extreme
deformation gradients compared to methods like D-InSAR,
which is critical in cases with sudden or localized
deformations. Consequently, combining SBAS with other
methods is important for a comprehensive analysis of
deformation processes.

e Persistent Scatterer Interferometry (PS-InNSAR): PS-InSAR
is an advanced method that allows for high-resolution
monitoring of vertical surface displacements (Ferretti, 2000;
Nguyen et al., 2020). This technique relies on persistent
scatterers — objects that remain stable over long periods and
can be consistently identified in radar images. This method
enables researchers to capture small displacements
accurately, even under significant noise levels (Zhang et al.,
2019). However, PS-InSAR also has limitations, such as
dependency on a sufficient density of scatterers within the
study area. In regions with low scatterer density, the method
may not produce optimal results. Similar to SBAS,
PS-InSAR provides reliable results in stable areas but is less
sensitive to rapid changes than D-InSAR (Pawluszek-
Filipiak et al., 2022).

Despite the valuable information that these methods can
provide, there are issues such as geologic noise and signal
strengths that can complicate the process of detecting
vertical displacements. Geologic noise refers to natural
variations and irregularities on the Earth's surface that can
be caused by various factors such as landforms, vegetation,
and seismic activity, which can interfere with the clarity of
measurements (Caduff et al., 2015, Gabriel et al., 1989).
This emphasizes the need for continuous improvement of
processing procedures to increase their efficiency and
accuracy in detecting subtle displacements.

The objective of the study is to quantify vertical surface
displacements in areas with underground structures in order to
evaluate surface dynamics as an indicator of the development
of deformations. The following tasks were undertaken:

e Selection under specific conditions and collection of
satellite data from March 2022 to December 2023;
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e Processing of data using the D-INSAR method in the
SNAP software environment;

¢ Reclassification of processed images through linear
normalization of displacement scales;

e Detection of anomalous zones within the study area
using linear filtering methods;

e Interpretation of results.

Methods

The D-InSAR method is an image processing technique
based on Synthetic Aperture Radar (SAR) technology,
allowing for the detection of Earth's surface deformations
and changes by comparing radar images acquired at
different times. D-InSAR utilizes existing SAR images,
applying phase change analysis between images to detect
even minor surface shifts with high precision. This method
involves the analysis of paired images to identify surface
changes between two points in time. From each pair, an
interferogram is computed, providing information on surface
displacements. For instance, a dataset of five images would
generate sequential pairs. The method processes images

based on their coherence but has limitations that can impact
the accuracy of deformation measurements, reducing spatial
and temporal coherence, which complicates the study of
displacements (Kril, & Orlenko, 2022).

In this study, radar satellite images from the Sentinel-1A
satellite, with a spatial resolution of 10 meters in paired
mode, were selected to calculate vertical displacements of
the Earth's surface between the Demiivska and Lybidska
metro stations (see Tab. 1). The images covered the periods
from March to October, October to December, and
December to March 2022-2023, thus minimizing the
influence of vegetation on the results. The images were
downloaded in Single Look Complex (SLC) format from the
official Alaska Satellite Facility (ASF Data Search, 2024)
website. SAR images contain data as discrete integer Digital
Number (DN) values, where each pixel's DN corresponds to
the radar signal's reflectivity from a specific area of the
Earth's surface (Serco ltalia SPA, 2018). Processing was
conducted using the open-source Sentinel Application
Platform (SNAP).

Table 1

Description of analysis periods for selected Sentinel-1A paired radar images

Ne of period Duration of period Details of paired radar images

1t March — October 2022 S1A_IW_SLC__1SDV_20220315T154613_20220315T154646_042334_050BF4_828B
S1A_IW_SLC__1SDV_20221029T154623_20221029T154656_045659_0575C5_5595

ond October — December 2022 S1A_IW_SLC__1SDV_20221005T154623_20221005T 154653_045309_056AB6_F51F
S1A_IW_SLC__1SDV_20221216T154621_20221216T154651_046359 058D81_DC17

31 December 2022 — March 2023 S1A_IW_SLC__1SDV_20221204T154622_20221204T154655_046184_05878D_ED29
S1A_IW_SLC__1SDV_20230322T154619_20230322T154651_047759_05BCC9_F365

4t March— October 2023 S1A_IW_SLC__1SDV_20230310T154619_20230310T154651_047584_05B6DB_2DBD
S1A_IW_SLC__1SDV_20231024T154628 20231024T154701_050909 0622FE_1382

5 October— December 2023 S1A_IW_SLC__1SDV_20231012T154603_20231012T154630_050734_061D05_4CBE
S1A_IW_SLC__1SDV_20231211T154627_20231211T154700_051609_063B2B_1AF4

Based on interferometric processing of radar data from
the study area, surface deformation characteristics were
obtained, specifically values for vertical displacements of the
Earth's surface (Fig. 2).

As mentioned earlier, the accuracy of the results
depends not only on the aforementioned factors but also on
the reliability of information about the imaging system's

2
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0.059 0.180 0.006
a

parameters (Orlenko, 2024). The baseline, which defines the
satellite configuration, has the greatest impact on accuracy,
as even minor changes in the phase center can significantly
affect the interferometric phase (Piestova et al., 2020). To
improve result accuracy, it is necessary to consider these
factors and apply corrective methods.

Unit meters B Unit meters
Min: -0,006 Min: -0,062
Max: 0,02 Max: 0,01
)
0.020 -0.062 0.010

c

Fig. 2. Vertical displacement maps for the study area, generated using the D-InSAR method from Sentinel-1A image pairs:
a) — 1%t period; b) — 2" period; c¢) — 3" period

However, the real images, along with useful information,
contain various noise types (Orlenko, 2024; Serco lItalia
SPA, 2018), including coherence noise arising from signal
decorrelation between two images, especially in urban areas
with rapidly changing surfaces and multiple reflectors.
Additionally, moving objects like vehicles and pedestrians
can create local phase distortions that complicate
measurement accuracy (geometric distortion noise).
Shadowing and multipath noise is caused by multiple signal
reflections from different surfaces (e.g., building walls),
which is especially relevant in densely built-up areas.
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Topographic distortions, due to shadow and overlay effects
from complex terrain and tall objects, also lead to errors in
height and position determination. Atmospheric noise,
caused by variations in atmospheric humidity and
temperature profiles between imaging times, further affects
measurement accuracy, which can be intensified in urban
climates. In urban areas, radio frequency interference from
local sources, such as antennas, radio, and TV transmitters,
may also reduce interferometric data quality by introducing
additional radar signal disturbances.
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To mitigate these effects, local filtering is frequently
applied in practice, where integration and averaging are
conducted over a relatively small neighborhood around each
image point, rather than across the entire determination area
x and y. The point spread function in this case has limited
dimensions. This approach provides the advantage of fast
processing. When working with raster images consisting of
individual pixels, integration is replaced by summation. The
linear transformation in the case of local filtering takes the
following form (Forsyth, & Ponce, 2012):

Jij = Xp Uafivkj+is (1)
where g represents the linear transformation, summing over
a neighborhood D of the point (i, j) and a;; denotes the point
spread function value in this neighborhood.

The pixel brightness f at point (i, j) and in its
neighborhood is multiplied by coefficients a,; and the
transformed brightness of the (i, j)-th pixel is the sum of these
products. Typically, the set a,, is represented as a
rectangular matrix (mask), for example, with a size of 3x3.

The matrix elements satisfy the condition of spatial
invariance. Filtering is performed by shifting the mask from
left to right (or top to bottom) by one pixel (Sonka et al.,
2014). At each position, the above operations are
performed, specifically multiplying the weight factors a;; with
the corresponding brightness values of the original image
and summing the products. The resulting value is assigned
to the central (i, j)-th pixel.

The mask typically has an odd number of rows and columns
to uniquely identify the central element. The described filtering
procedure is characterized by the fact that the output filter
values g depend solely on the input values f. Such filters are
called non-recursive, while filters where the output values g
depend not only on the input values f but also on previous
output values are called recursive (Forsyth, & Ponce, 2012).

Linear filters can be used not only to reduce noise but
also to enhance brightness gradients and highlight edges.
Vertical gradients are detected by differentiating along rows,

while horizontal gradients are detected along columns.
Horizontal gradients can be identified by calculating the
difference in pixel brightness along a row, equivalent to
calculating the second derivative in the corresponding
direction (Laplacian operator). Processed images (see Fig.
1) exhibit different maximum and minimum values and
corresponding color scales, complicating further data
interpretation. To standardize images and present results
within a unified color range, reclassification was performed
using linear normalization of the displacement scale. The
displacement scale normalization methodology enables a
more effective analysis and interpretation of changes in the
data. The normalization formula is as follows:

N(x) — (X—Xmin) (2)

(X*max—X%min)’
where N(x) is the normalized value, x is the initial value, and
Xmin @NA X4, @re the minimum and maximum values in the
original data, respectively.

To enhance the accuracy of satellite interferogram
analysis and detect anomalous areas, such as vertical
displacements or surface deformations, image processing
methods based on linear filters in Python were applied.
Decomposing complex filters into simpler components
increases processing speed and efficiency (Sironi et al.,
2015). Although the Canny and Sobel filters are mostly
linear, integrating them with non-linear methods can further
improve image quality by effectively reducing noise and
preserving fine details. Combining linear and non-linear
filtering methods allows for process optimization by
addressing various noise types while preserving image
structural integrity (Sironi et al., 2015). In this study, two main
filtering methods were used for analyzing processed
interferometric displacement maps: the Canny filter for edge
detection and the Sobel filter for gradient calculation (Sonka
et al., 2014). These methods allow the identification of key
edges and details on interferograms in displacement maps
for further analysis. The software code implementing these
methods in Python is presented as a schematic (Fig. 3).

Displacement Map

1stperiod 2™ period 3"period 4t period 5" period

U

Apply Filters

Canny filter

Sobel filter

Gaussian smoothing:

e =t

G(z,y,0) 3ma?
where G (x,y,0) is the value of the
Gaussian filter at the point with
coordinates x andy;

o is the standard deviation that
determines the size of the smoothing
region;

e is the base of the natural logarithm
used for the exponential function.

Amplitude gradient :

v / 2 v
G=,/G2 G2

where G is the amplitude of the
intensity change at the pixel point;

¢x and Gy horizontal (x-direction)
and vertical (y-direction) gradient
components, respectively.

Detection of horizontal and
vertical gradients:

101 1 -2 -1
Ge=|[-2 0 2)«I, G=[0 0 0+
101 1 2 1

where /is an image;
&x and Gy horizontal and vertical
gradients, respectively

I Displacement map with enhanced brightness and calculated gradients |

U
[ megmionmoss ]

Fig. 3. Diagram of linear filter application for processed images
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In the initial phase of the study, the displacement map
generated in the SNAP software was loaded. For displacement
map analysis, the image was converted to grayscale, allowing
pixel intensity manipulation, as the focus is on brightness
gradients representing deformations. Subsequently, the Canny
filter, an effective method for edge detection based on pixel
intensity gradient calculations, was applied. The Canny
algorithm operates in several stages: first, the image is
smoothed with a Gaussian filter to reduce noise. Then, intensity
gradients are calculated at each point in the image. A double
threshold selects potential edges by identifying points with
strong gradients and those within the range between weak and
strong thresholds (Zhang et al., 2019). The final stage involves
suppressing continuity of weak edges not forming part of main
edge lines. The result is a binary image where object edges are
highlighted as bright lines.

Next, the Sobel filter is applied to calculate pixel intensity
gradients in two mutually perpendicular directions: along the

- T AAL A S S, TN
P 4 - - ; ! Origi
Sl b, 35

-l -"'_“

.Z- . 4.---.- -q{

Unit meters
Min: -0,062
Max: 0,01

nal Interferogram

X and Y axes. Two different kernels are used to calculate
derivatives in each direction. A kernel for the X direction
computes changes in pixels horizontally, while a kernel for
the Y direction captures vertical changes. The gradient
magnitude at each point is computed as the vector sum of
the gradients in the X and Y directions (Zhang et al., 2019).
This method allows for detecting intensity changes that
indicate contours and transitions between different elements
in the image. The gradient magnitude reflects the sharpness
of intensity variation, which can indicate deformations or
other structural changes (Sironi et al., 2015).

The results obtained after applying both filtering methods
are represented as images with highlighted contours (Fig. 4).
For comparison, color scales and data normalization are
used to ensure a consistent interpretation of displacement
magnitude across different parts of the displacement map.
This enables the identification of anomalous areas where
changes in vertical surface displacements are observed.

C Edge Detection Sobel Edge Detection
S 'y, > v

Fig. 4. Result of linear filter application for processed image during the 3™ period

To assess the degree of anomaly enhancement, the
average values of contrast and sharpness are calculated for
images before and after filter application. Contrast is defined
as the difference between the mean pixel intensities of
anomaly regions and the general background. An increase
in this measure indicates better anomaly differentiation.
Sharpness can be measured as the mean variability of
gradients in the image; higher gradient levels after
processing indicate improvement. Using pre- and post-
processed images, pixel intensity values in anomaly and
background areas are computed for each filter. The formula
to determine the percentage of image improvement is
presented as follows:

Result (%) = % x 100%, 3)
where Cherore @nd Cgupeer represent contrast or sharpness
measures before and after processing, respectively.

After calculating data for both images (pre- and post-
linear filter application), we obtain a percentage improvement.
This quantifies how much clearer and more distinct the
anomalies appear on the processed images. If improvement
significantly exceeds 10-20 % (Schowengerdt, 2007;
Gonzalez, & Wood, 2018), this suggests that the filters
effectively highlight anomalies for further analysis. According to
our research, improvement should be no less than 25 %. The
difference between the original and filtered images, based
on contrast, sharpness, and the number of detected edges,
is computed in Python (Fig. 5).

Initially, both the original and filtered images, including
filter results, are loaded into Python (see Fig. 5). For intensity
gradient calculations, the Laplace operator is used to detect
sharp pixel intensity transitions. The Laplacian effectively
highlights areas of sharp intensity transitions, corresponding
to edges or anomalies, aiding in quantitative evaluation of
image sharpness and contrast (Gonzalez, & Wood, 2018).
The percentage improvement for each pixel is calculated as
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the relative difference between the absolute gradient values
of the processed and original images, allowing the
assessment of local intensity changes. To avoid infinite
values where the original gradient is zero, improvement at
such pixels is set to zero. Then, the mean improvement
across all pixels is calculated, providing an overall
representation of texture changes after combined filtering.
This mean value reflects the general intensity of changes
between adjacent pixels, indicating edge enhancement
quality. Following these procedures, the percentage
improvement for each processed image is computed using
formula (3), resulting in a 28 % improvement for the
processed displacement maps. This figure indicates the
effectiveness of the applied filters in highlighting specific
characteristics, such as anomalies (vertical displacement
values Ah), which is essential for further data analysis.

The combination of these filters enables more precise
information on displacement dynamics and the localization
of deformation zones (Fig. 6), which is crucial for monitoring
and identifying underground structure deformations.

This approach has allowed for the identification of areas
with localized anomalous surface displacements that differ from
the background values. Such zones may indicate potential
deformations within the geotechnical environment. Values
deviating from the average (background values of the area)
may point to zones of potential subsidence or surface uplift,
depending on the sign of the magnitude (Kril, & Orlenko, 2022).

The processed data was integrated into QGIS for further
analysis and interpretation of potential risks of deformation of
underground structures. The use of displacement calculations
allowed visualizing the areas of subsidence and uplift of the
surface of the study area, which contributed to a more accurate
assessment of potential risks and possible future events. To
highlight anomalous zones on the vertical displacement maps,
we used a change in image gradation, which made it possible
to identify areas with significant subsidence or uplift.



FEOJIOrIS. 1(108)/2025

~ 99 ~

I Start of Algorithm |

U oo

| Import Libraries:

v2.Laplacian()

v2.Laplacian()
print(f"

np.mean(np.abs()) print(r

plt.title("
plt.show()

 numpy P
t matplotlib.pyplot as pit

initial_image = cv2.imread("
cv2.imread() gy sobel_filtered_image = cv2.imread(
canny_filtered_image = cv2.imread(’

combined_image = cv2.addWeighted(sobel_filtered_image,
combined_gradient = cv2.Laplacian(combined_image, cv2.CV_64F) combined_score =

np.mean(np. (combined_gradient))

pixel_improvement = (np.
pixel_improvement = np.where(np.
average_pixel_improvement = np.mean(pixel_improvement)

plt.figure(figsize=(
plt.colorbar(label="

', cv2.IMREAD_GRAYSCALE)
', cv2.IMREAD_GRAYSCALE)
', cv2.IMREAD_GRAYSCALE)

- Initial_gradient = cv2.Laplacian(initial_image, cv2.CV_64F) initial_score =

"% np.mean(np. - (initial_gradient))

, canny_filtered_image, © °, *)

combined_improvement = ((combined_score - initial_score) / initial_score) * 100

: {combined_improvement:.2f}":")
(combined_gradient) - np. (initial_gradient)) / np.

(initial_gradient) == 0, 0, pixel_improvement)

(initial_gradient) *

: {average_pixel_improvement:.2f}".)
)) pit.imshow(pixel_improvement, cmap='jet’, vmin=- 10, vmax=101)
B

")

Fig. 5. The image comparison algorithm before and after filter application in Python environment

Visualization in QGIS was customized through the
Symbols panel, where color gradations were used according
to the displacement values. Rich and contrasting colors,
such as red and blue, were used to clearly highlight
anomalous areas, and setting thresholds for each category
of displacement ensured that the display was sensitive,
allowing even small changes to be identified (QGIS
Documentation, n.d.). The Classification tool in QGIS helped
to divide the data into different intervals, which made it easier
to interpret the results and highlight specific areas that
require special attention.

The contour analysis tool was used to automatically
identify and outline the anomalous vertical displacement
zones. Initially, the dataset containing the offset values was
prepared as a raster layer. This format ensures high accuracy
of spatial calculations and allows interpolation of contours
based on numerical values (QGIS Documentation, n.d.).
Then, using the Raster > Analysis > Contour menu in QGIS,
the Contour tool was applied. The tool's parameters were

3ud period i y R
December 2022 - March 2023 | eSS lgnmms e
A 5 -

e } -
3 SRR

R, . |
U

-0.001 4 o0 -
1 st !I} Ry
I 0,08 / = o001

configured in accordance with the specifics of the study,
namely, the interval of isolines set the boundary values of
displacements that delimited zones with different levels of risk.
The resulting vector layer of contours was further stylized
using color gradations and line thicknesses, which improved
the visual delineation of subsidence or uplift risk zones. The
classification of intervals in QGIS allowed us to detail the
zones of abnormal changes, which made it possible to assess
potential risks and possible future events in more detail.

Results

The assessment of vertical displacements was
conducted over five periods within the defined study area,
indicated by the black rectangle in Fig. 6¢c. Regions
exhibiting anomalous zones, where the recorded Ah values
significantly differ from the background levels within the
study area, were identified. During periods 3—4, these
anomalous zones are situated 75-160 m northwest of the
tunnel within the study area, while in the southeastern
section, they intersect the tunnel (Fig. 6a, b).

Fig. 6. Detection and visualization of anomalous vertical displacement values in the study area:
a) — 3" period; b) — 4" period; c) — 5™ period; 1 — the boundaries of the study area; 2 — contours of abnormal vertical displacements (Ah)

In the classified images for the fifth period, an anomalous
zone appeared directly above the tunnel damage location (Fig.
6c). Over the three represented periods, the anomalous zones
are observed to shift progressively toward the tunnel axis.

For displacement analysis, 10 control points were
selected: four points directly above the metro tunnel (points
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2, 3, 4, and 7), four points parallel to the tunnel, 35 meters
to the left of the tunnel axis (points 1, 5, 6, and 8), and two
points located 75 meters away (points 9 and 10). The vertical
displacement values at these points for each observation
period are presented in Tab. 2.
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Table 2
The surface vertical displacements (m) for control points of the study area for different time periods
Observed time periods

Point 1% period 2" period 3" period 4t period 5t period Average

Ne March — October | October — December | December 2022 — | March— October | October— December value
2022 2022 March 2023 2023 2023

1 -0,09 -0,053 -0,034 0,085 0,116 0,0048
2 -0,078 -0,053 -0,041 0,051 0,108 -0,0026
3 -0,027 -0,03 -0,032 0,09 0,117 0,0236
4 -0,061 -0,057 -0,041 0,051 0,108 0
5 -0,09 -0,061 -0,039 0,064 0,11 -0,0032
6 -0,084 -0,036 -0,029 0,108 0,121 0,016
7 -0,088 -0,058 -0,018 0,142 0,133 0,0222
8 -0,088 -0,037 -0,019 0,138 0,132 0,0252
9 -0,069 -0,044 -0,039 0,057 0,109 0,0028
10 -0,072 -0,061 -0,046 0,04 0,102 -0,0074

The analysis of the obtained values reveals the following
trends (Fig. 7). In the first study period (March—October 2022),
the overall background Ah values are negative, ranging from -
0.027 to -0.09. This indicates a phase with signs of surface
subsidence or a downward trend. In the second period
(October—December 2022), the negative values persist, but
their absolute magnitude decreases, suggesting a slowing of
subsidence dynamics and the beginning of stabilization (Ah —
0). Starting from the third period (December 2022—March
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2023), a slight increase in values is observed, which continues
into the fourth period (March—October 2023), where overall
background values become exclusively positive. The fifth
period (October—-December 2023) solidifies these positive
values, demonstrating stability following the previous increase.
In this period, the identified anomalous zone coincides with the
tunnel deformation and surface subsidence area, located near
the 'Rozetka' store. Background Ah values are close to zero,
indicating a leveling after the previous decline.

‘0O

Fig. 7. Anomalous zones of vertical displacements within the study area across different time periods of observation:
1 — control points; 2 — subway tunnel; 3 — location of the 'Rozetka' store

The average vertical displacement at control points from
March 2022 to December 2023 was 0.008 m. Average
vertical displacements over five periods ranged from -0.03 m
to 0.142 m. In 2022, a trend of surface subsidence was
observed, with background values ranging from -0.061 m to
-0.03 m. Absolute displacement values decreased from
December 2022 to March 2023, with a mean absolute value
of |0.0338| m.

In 2023, vertical displacements across the study area
were generally positive (Fig. 8). Between March and October
2023 (4th period), positive surface displacements were
recorded, with a maximum value of 0.142m, which
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remained stable until December 2023, with a maximum
recorded value of 0.133 m across ten control points. This
may indicate changes in stress within the geotechnical
environment in the study area.

The comparison of displacements at control points along
lines over the metro tunnel (Line B, see Fig. 7) showed that,
despite overall positive displacements, values directly above
the tunnel were 0.035 m lower than those at a distance of 35
meters and 0.0145 m lower than those at 75 meters. This
indicates that the surface directly above the tunnel undergoes
more significant subsidence than areas located 100 m away,
leading to the formation of subsidence zones (Fig. 8).
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Fig. 8. Vertical displacements at control points 4. 6. 9 along line B

Discussion and conclusions

Using the section of the tunnel between the Demiivska
and Lybidska stations as a case study, this research
demonstrates the feasibility of employing vertical surface
displacement analysis from remote sensing data as an
indicator of deformation in underground infrastructure. Data
processing utilized D-InNSAR methods in combination with
linear filters.

Interpretation was conducted with linear filtering and
normalization techniques, allowing the visualization and
comparison of images on a unified color scale and
consistent gradient for vertical displacements. The
combination of linear filtering methods optimized processing
by addressing noise types such as geometric distortions,
shadowing, and multipath noise, while maintaining the
structural integrity of the image. Our findings indicate that for
significant results, an improvement rate of at least 25 % is
required. Applying linear filters to the study images achieved
a 28 % enhancement in contrast and sharpness,
demonstrating the effectiveness of these methods for
anomaly detection in subsequent analysis. The results
underscore the importance of quantitative assessment of
clarity and contrast for more precise identification of specific
features in processed data, particularly in complex, noisy, or
low-contrast images of urbanized areas.

Despite the significant image quality improvement
provided by these methods, challenges remain in balancing
noise reduction with the preservation of critical image details,
highlighting the need for ongoing research in this area.

Throughout the observation periods, anomalous zones
were observed to shift toward the tunnel axis. During the last
period, the anomalous zone coincided with the deformation
site of the tunnel and surface subsidence (near the 'Rozetka’
store). Observations from March 2022 to December 2023
indicated both positive and negative displacements across
the study area: negative displacements were observed in
periods 1-3 (2022) and positive displacements in periods 4-5
(2023). In each period, control points directly above the
tunnel (points 2, 3, 4, and 7) exhibited anomalous values
compared to background levels across the study area.

This research establishes a foundation for the further
development of methodological approaches to analyzing
potential deformations in underground structures based on
indicative features of surface dynamics—specifically, vertical
displacements. Its practical application is crucial for
monitoring the status of Kyiv Metro lines, particularly
shallow-depth lines like the Obolonsko-Teremkivska line,
and for preventing similar incidents in the future.
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OUCTAHLUIWHUA MOHITOPUHTI BEPTUKANBbHUX 3MILLEHb 3EMHOI NOBEPXHI
AK IHOUKATOPIB AE®POPMALII NIASEMHUX CcnoPy[

BcTyn. [lpucesvyeHo aHanizy eepmukanbHuUx 3miujeHb 3a aHUMU OUCMaHYiliHo20 30HAy8aHHs1 sik ideHmugikamopa Hebe3ne4YHUX iHKeHe-
PHO-2eo0s102iYHUX npoyecie Ha dinsHKax i3 nidzemMHoro iHghpacmpykmyporo. [JocnidxeHHs1 npoeedeHo Ha npuknadi OinssHKU nepe2iHHO20 myHesto
mix cmanyiamu "Qemiiecbka” i "Jlubiocbka”™ Kuiecbko2o mempononimeHy. Y 2pydHi 2023 p. eusiesieHo HepieHOMIPHI Npoyecu po3yuwinibHeHHsl, 8i6-
pornoe3y4ocmi rpyHmoeo2o Macugy HaeKoslo myHeslbHOI ofipasu ma 3'18u8csi pPU3uK empamu cmitikocmi myHenbHUX crnopyo i BUHUKHEHHS1 asapili-
HOI cumyauii.

MeTonawn. Y docnidxeHi 3acmocosaHo memod OughepeHyianbHoi iHmepgepomempii D-InSAR, wjo sukopucmosyemscsi 0511 MOHiMopuHay
deghopmauili 3eMHOI NoeepxHi Yepe3 aHani3 ¢pazoeux 3MiH Mix padionokauiliHumu 306paxeHHsIMU. [ns1 npubupaHHsl wymie Ha onpayboeaHUX 30-
6pakeHHsIX Yepe3 Yacoey ma 2eoMempuYHYy OeKkopesisyito, ammocghepHi 36ypeHHs1 i wymMoei nepew KoOu sUKOPUCMAaHO HU3KY KOpPeKUiliHuUx npouye-
Ayp. Ansa nideuwieHHs MoYyHocmi 3Ha4YeHb 3aCMOCO8aHO KOPeKuiliHi ma ghinbmpauilini Memodu, a came ninitiHi inbmpu KenHi ma Co6ens. Ix
3acmocyeaHHs1 00 onpaybo8aHUX KOCMi4HUX 3HIMKie dasio 3Mo2y nidcunumu KoHmypu 3aghikcogaHUX eepmuKanibHUX 3MiujeHb ma 3MeHWumu wym
2e0Mempu4HUX CMoMeopeHb, 36epizarodu cmpykmypHy yinicHicms 306paxeHb. 3a Hawumu po3paxyHKkamu 051 e¢heKmueHo20 eusi8sIeHHs1 aHomarnil
Ha 3HiMKax yp6aHizoeaHux mepumopiti nompi6eH miHimanbHul nopie y 25 % koHmpacmHocmi ma yimkocmi 306paxeHHs1. BukopucmaHHs ¢inbmpie
0Ons1 niOKpecsieHHs1 iHmeHcusHuUX 3MiH dano 3mo2y docsiamu 28 % nideuuseHHss Yimkocmi, wjo ceidyums NPo eucoKy egpekmueHicmb 06po6KuU Ons
nodanbuwoz2o aHanily kapm 3miweHb ma iHwux napamempie, Noe‘a3aHux i3 eepmuKabHUMU 3MiUjeHHSIMU.

Pe3ynbTaTtun. 3a eepmukanbHUMU 3MiwjeHHsIMU Ha docnidxyesaHili mepumopii ecmaHoe/1eHO aHOMalslbHi 30HU. 3a criocmepexHull nepiod
2022-2023 pp. 3aghikcoeaHo ix nepemMiuyeHHs1 y HanpsiMKy 0o oci myHesto Mempo. BepmukanbHi 3miujeHHs1 6e3nocepedHbo Had micuyem npoearsie
nopsid i3 macazuHom "Po3emka” eusienieHo y n'amuli cnocmepexysaHull nepiod — xoemeHb—2pydeHb 2023 — yac 3aKpummsi myHeJsilo Ha PeMOHMHI
po6omu. 3a2anom 3Ha4eHHs 3MiujeHb 3 8i0'eMHuUx y 2022 p. 3miHUnucsi Ha dodamHi e 2023 p., W40 eka3ye Ha me, W0 3MiWeHHs1 Mo2J1u cmamu O0GHUM
3 iH0ukamopie akmusi3auyii degpopmauyiti nidzemHoi criopyou. BukopucmaHHs ¢hinbmpie daso 3Mo2y ompumMamu moyHiwy iHghopmayito npo OuUHamiKy
nepemiwieHb ma sokaniszayiro 30H deghopmauyii npomsizcom nepiodie cnocmepexeHHs1. B ocmaHHboMy nepiodi aHomanbHa 30Ha 36iznacs 3 micyem
deghopmauiti myHesro ma ociaHHs1 MO8ePXHi.

B v cHoBKW. Ha npuknadi dinssHKu nepe2iHHO20 MyHeJlt0 MOKa3aHO MOXJIUGiCMb UKOPUCMAaHHSI aHali3y eepmuKasibHUX 3MilieHb Mo8epPXHi,
npoeedeHozo memodom D-InSAR pa3om 3 kombiHauyieto gpinbmpie KeHHi ma Cobensi Ons eidcmexxeHHsI eepmuKasibHUX 3MiljeHb Mo8epPXHi, W0 €
sa)xsiueum Osis1 MOHIMOPUH2Y cmaHy nié3eMHuUx 06'ckmie ma ynepedxeHHs1 MoXueux aeapil. Lje docnidxeHHs 3aknadae ocHosy Onsi Nodanbuwo20
po3eumky memodosioz2i4Hux niodxodie do aHanizy nomeHyitiHux deghopmauyiti nid3eMHUX KOHCMPYKUili Ha ocHo8i QUHaMiKu NoeepxHi (eepmukKanbHUX
3miweHb). Modanbwe edockoHaneHHs Memodosoezii cnpusmume 3abe3ne4eHHI0 MoYHocmi i HadiliHocmi daHux y KoHmeKcmi MOHimopuHay nidésem-
HUX KOHCMPYKYil.

Knio4yoBi cnoBa: eepmukanbHi 3MiujeHHs1 3eMHOT nosepxHi, cynymHukosi 3Himku, D-InSAR, nid3emHi cnopydu, agapisi Ha cmaHyii Mempo
"Hdemiiecbka”.

ABTOpM 3aaBNSAIOTb NPO BiACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopu He Gpanu yyacTi B po3pobneHHi JocniaxeHHst; y 36opi, aHanisi un
iHTepnpeTauii AaHWX; Y HanMCaHHI pyKonucy; B pilleHHi Npo nybnikauito pe3ynbTarTis.

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.
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KAPTOrPA®YBAHHA MIHHOI HEBE3MNEKM
3A AAHUMUN BENMUKOMACILIUTABHUX BAFATOCHNEKTPANNbHUX 3HIMAHb

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

B c Ty n. Hacniokom noeHomacwma6bHoi 36poliHoi agpecii npomu YkpaiHu € 3Ha4yHi 3MiHU MPUPOOHUX Ma aHMPOIO2eHHUX J1aHO-
wagpmis. Lje HeeamugHo ennueae Ha 6e3rneKy HacesleHHs ma pPO38UINOK eKOHOMIKU KpaiHu. Had3eu4aliHy 3a2po3y cmaHoesisimb MiHU,
Hepo3sipeaHi 6oenpunacu ma iHwi subyxoHebe3neyHi 06'ckmu. [nsi ideHmudpikayii MiH npoaHanizogaHO MOXX/TUBOCMi BUKOPUCMAaHHS
creKkmpo30HasibHUX 3HiMKie, ompumaHux 3 BI1/IA dns kapmozpadgbysaHHsI.

M e T o Ao u. [nsa 3aedaHb kapmoepadghyeaHHs eukopucmaHo ompumaHi 3 BI1/1A 306paxkeHHs1 8UCOKO20 PO3Pi3HEHHS! IMecmoe8uXx 3Hi-
MaHb osli2oHy, po3mawogaHo20 8 XMeslbHUUbKili obriacmi (YkpaiHa), 3 Mynsixxamu MiH, po3MiujeHUMuU Ha noeepxHi ma Heeesnukil anu-
6uHi. 06pobneHHs1 0aHUX eukoHaHo & ArcGIS PRO 3 sukopucmaHHsIM npoz2pamMyeaHHsi Mmogoto Python.

Pe3ynbTaTtu. Y pobomi eukoHaHo nopieHsiHHS Mmemodie ducmaHyiltiHoi ideHmudgbikauyii MiH pi3HUMuU ceHcopamu 3a flimepamy-
PHUMU Oxepenamu. Anpo6oeaHo MemoduKy OewughpysaHHs 2e0306pakeHb 8UCOKO20 IMPOCITNOPOB8020 PO3PI3HEHHS], OMPUMaHUX 3
BIJ1A y eudumomy ma mennosomy diana3oHax crniekmpa O11si eusiesieHHs1 MiH Ha 8iOkpumux OinsiHkax Ons 3ae0aHb 2yMaHimapHoO20 po-
3MiHyeaHHs1. Habye nodanbwio2o po3sumky anaopumm o6pobeHHs1 3HiMkie dnsi ideHmudbikauil MiH, aHanizy ma inmepnpemauii pe3ysb-
mamie 3a doromozoto mosu Python.

BucHoBKkW. llopieHsinbHUll aHani3 ma ekcriepuMeHmanbHi po6omu niokpecioromb egheKmueHicmb aukopucmaHHsi 6azamo-
crnekmpasnbHUX 306paxkeHb, 30Kpema, po3paxoeaHoa20 Ha ix ocHosi iHoekcy eonio2ocmi rpyHmy (Soil Water Index — SWI) dns idenmudpi-
Kauyii MiH Ha 6azamocnekmpasibHuUx 306paxeHHsix, ompumaHux 3 BI/IA. Bukopucmanus SWI 3a6e3neyye mo4Hicmb ideHmucdbikayii miH
nuwe 6nu3bko 70 %e i Moxxe 6ymu eukopucmaHut nuwe 0551 nonepedHbol oyiHKu 3abpydHeHHs1 mepumopili subyxoHebe3neyHuUMuU
npedmemamu.

Knwo4yoBi cnoBa: 2ymaHimapHe po3miHyeaHHs, BI1/1A, 133, esezemauyiliHi iHOekcu, dewughpyeaHHs, asmomamu3ayisi, kKapmo-

2paghyeaHHs.

Beryn

36poiHi KOHMNIKTU B Pi3HWUX YacTMHaXxX CBITY 3yMOBO-
0Tb 3HaYHi 3MiHN Y NPUPOOHMX Ta @aHTPONOreHHWUX NaHAaLa-
¢dTax. CyyacHi BiMHW CNpaBNsATb 3HAYHWMN BMMMB Ha
CyCninbCTBO Ta NPUPOAY: Y BOEHHWX Aiax 6epyTb y4acTb un-
CINEHHi 30poViHi OpMyBaHHS; 3HAYHO € YNCENBbHICTb N0A-
CbKWX BTpaT; Big BOEHHWX Aii noTepnatoTb BENUKi NOLL;
6oenpunacu 3aBAaloTb 3HAYHWMX PYMHYBaHb; naHAwadT
3a3HatoTb MaclTabHmx 3miH (Hupy, 2008).

HakonuyeHun poceig cBig4MTb, WO KpiM  i3NYHOrO
BNNMBY: nopyLueHHs penbedy (Creutok, & Kosanbuyk, 2019),
YLWiNbHEHHS 'PYHTIB, 3MiHU FiAPONOriYHOro pexumy noBepx-
HeBMX Ta NiA3eMHUX BOA, 3MiHW BMICTY XiMiYHUX PEYOBUH Yy
Bogi Ta rpyHTax (Bonchkovskyi et al, 2023) — 3poctae Hebes-
neKka XXUTTS | 300poB'a nogen Yepes MiHyBaHHSA Ta 3HaYHY Ki-
nbKicTb 6oenpunacie, Wo He posipBanvcsa. HazeMHi MiHM Ta
iHLWi BUGYxoHebe3neyHi NpUCTpOI He TiNbKy BCTaHOBMIOKOTHCS
BPYYHy ane 1 guctaHuinHo. Ha xanb, po3pobneHHs 3acobis
NPOTUMIHHOI 6opoTLOU NepebyBae y CTaHi 3aTsHKHOT CUCTEM-
Hoi kpuau (FopbyniH, 2022). BubyxoHebe3neuHi npegmeTu
(BHIM) Ha TepuTopii Ykpainu, e Bigbysanuca 60i, cTtaHoB-
NATb JOBrOCTPOKOBY NyMaHiTapHy Ta EKOHOMIYHY 3arposy Ans
noctpaxganux rpomag (Baur et al., 2020).

Lli o6cTaBnHM 3yMOBMIOIOTL aKTyanbHICTb 3aBAaHHSA Mo-
WyKy Ta igeHTudikauii MiH Ta iHWKX BNOyxoHebe3nevyHnx
npegMeTiB Ha TepuTopii YKpaiHu, npo LWo rnaeTbcs B Hauio-
HanbHiA cTpaTerii NPOTUMIHHOI AiANbHOCTI Ha nepiog A0
2033 p. (Mpo cxBaneHHs HauioHanbHoT cTparTerii, 2024).

Oez1590 ocmaHHix docnideHb i ny6ikayiti ma ¢ghopmy-
JnrosaHHs yineti cmammi. 3acobu NpoTMmiHHOT 6opoTbOU Ta
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pO3MiHyBaHHs1 1OBONi pidHOMaHiTHI. PoboTa i3 3Bu4anHMMm
py4YHMMM MiHOLWYyKavyamu 3 MeTanogetektopamu (Alqudsi et
al., 2021) cynpoBoOXyeTbCs NiABULLEHUM PU3NKOM ANSA ca-
nepa. Ak Hocii obnagHaHHSA BUKOPUCTOBYIOTLCH HAa3eMHi
6esninoTHi nNnatdopmn Ta 6e3ninOTHI niTanbHi anapatu
(BMJA) (Baghbadorani et al, 2022). B po6oTi ([oBGHS,
2024) B1KOHaAHO AeTanbHU NOPIBHANBHUI aHani3 yHKLio-
HanbHUX MOXIMBOCTEN HA3eMHWX [APOHIB AN PO3MiHy-
BaHHS TepuTopii.

PosnisHaBaHHs MiH BigbyBaeTbCcs Ha OCHOBi TemaTuy-
HOro AelundpyBaHHsi, NPOLECY BUSIBMEHHS!, pO3ni3HaBaHHS
Ta iHTepnpeTaLlii pi3Hoi iHpopmaLii 3a 306paxxeHHAMN 3eM-
HOi nosepxHi (Josrun Ta iH., 2019). BUKOPMCTOBYIOTb CEH-
copw, LLO MpauoloTb y Pi3HWX AianasoHax cnekTpa, ssulle
€reKTPOMAarHiTHOI iHAYKLiT, @ TaKoXX TBAPWH A1 NMOLUYKY MiH:
cobak, rpuayHiB i HaBiTb 6mpkon (Kasban et al., 2010). Y po-
60Ti (Alqudsi et al., 2021) geTansHO NpoaHari3oBaHO NPUH-
UMNMU Ta CKNagHiCTb po3Mi3HaBaHHA MiH 3anexHo Big
BUKOPUCTAHUX TEXHOMOTIN.

3asHayaeTbCs Npo ycnillHe BUKOPUCTaHHSA pagionokawin-
HWX 3HIMaHb PafapoM i3 CMHTE30BaHOK anepTyporo (MoXHa
CTBOPUTU TPMBUMIPHI Mogeni noBepxHi 3emni BUCOKOi Npoc-
TOpoBOiI po3pisHeHocTi (Baghbadorani et al., 2022). Hato-
MICTb pagap 3 NPOHMKaYMM BUNPOMIHEHHAM (reopagap) Aae
3MOry peKkoHCTpytoBaTu 0bpasu Mig3eMHuX Linen, BpaxoBy-
HOUU pisHy WBMAKICTb NowmpeHHss EMX B nosiTpi Ta rpyHTi pi-
3HOI LWINBbHOCTI Ta 3axoBaHuX Mig 3emnelo npeaMerTiB.
3o6paxkeHHs1 Npodinto I'PyHTY Ta NOXOBaHKX Y HbOMY 00'eKTIB
BMKOHYIOTb 3@ [JOMNOMOrol0 anroputMmie, ane weunakicte EMX
B r'pyHTi mae 6yTn npaBunbLHO OLUiHeHa Ans 3abesneyeHHs
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aobpe choKycoBaHOro 3006paKeHHS Ta 3MEHLUEHHSI MOMWUIT-
KOBWX ineHTuikauin (Fernandez et al., 2018).

BubyxoHebe3neyHi npeamMeT Ta Npouec iX BUSBNEHHSA
MOXHa KnacudpikyBaT 3a TMNOM (MPOTUMIXOTHI, NPOTUTaH-
KOBi MiHW, MiHK-"nentocTkn"); matepianom kopnycy (metan,
NnacTuk); 30BHIWUHIMA YMOBaMu CepefoBMLLa, 30Kpema:
rMMBVHOIO 3ansiraHHs; MOPOK POKy, Konu BiabyBaeTbCs no-
LWyK MiH, yacom 0o6W Ta MOrogHMMM ymoBamMu (COHSIYHa,
XMapHa noroga, Ao); disunko-reorpadivHMMy ymoBamm mi-
CLIeBOCTI (BOMOriCTb I'PYHTY, Or0 MEXaHiYHUI ckrag, HasB-
HicTb  pocnuHHocTi  Towo) (Miller et al., 2022);
BMKOPUCTaHUMW TEXHOMOrisIMK (reopafapu, MarHiTomeTpu,
MeTanoAeTeKTopy, YNbTPa3BYKOBi CEHCOpW, aHanisaTopu
BMNapiB BUOYXOBUX PEYOBUWH, 3006paKeHHs1 Y BUOUMOMY Ta
iH(bpayepBoHOMY [Aiana3oHi). TpaHCnopTyBaHHSA CeHCOopiB
MOXe 30iMCHIOBATM MNiWMiA onepatop, Ha3eMHUN [OPOH,
BMJ1A Towo. Ha Hawy aymky, Hanbinblu TouHa ineHTudika-
Lig MiH Yy pi3HMX yMOBax 30BHILUHbOrO cepefoBULLia MOXe
OyTn gocaArHyTa LWsXoM kombiHauii pisHMX mMeToaiB Ta 3a-
nexartume Big TUNY MiH i CTaHy cepegoBuLla.

Mo3nTuBHI pesynbTaTv TakoX Aae BUKOPUCTaHHS Gara-
TOCneKTpanbHUX CeHCopiB, 30KkpeMa krnacudikalis Ha oc-
HOBI MoaudikoBaHOro inbTPy BUSIBNEHHS OOMEXeHOT
MiHimi3auii eHeprii (Constrained Energy Minimization —
CEM) (Elbakary, & Alam, 2008).

EdpekTnBHICTL 3HiIMaHHS B TennoBomy (iHdpayepBo-
HOMY) Aiana3oHi 3anexuTb Big CTaHy cepefoBMLLa Ha MO-
MEHT 3HiMaHH#A, a Noro HeLoNiKOM € Te, LU0 BUSBMSAOTHCS
nuwe o6'ekTn, 3aknageHi Ha TrMUOUHI MeHLW HiX 15 cm
(Kasban, 2010). MoeigomnseTbcsa (Deans et al, 2006) npo
METOZ, BUSIBMIEHHS 3aKOMaHMX CyporaTHUX Ha3eMHUX MiH 3a
OOMNOMOroK iMMNyNbCHOro TepMorpadiyHoro MeToay, Kepo-
BaHOro MNOTYXXHWUM iH(PaYepBOHNM HarpiBavem, yHacnigok
Aii AKOro Ha NoBepXHi yTBOPIOBAaBCH CyXMI Luap Micky, 3a Te-
MrepaTypoto SKOro BU3Ha4yanacs HasiBHiCTb MiHWN B MEBHOMY
Micui (Deans et al, 2006). TeopeTuyHi mogeni posnoginy Te-
MnepaTypu B I'pyHTi, po3pobneHi Ansa BU3HaAYeHHs Noro Te-
NNOBWUX CUTHATYp ANS NOLWYKY 3arnMbneHnx Ha3eMHUX MiH,
po3pobunu (Lamorski, et al, 2002).

JlinapHi 3HiMaHHs NnepenbayatoTb BUKOPUCTAHHS KOPOT-
KMX iMMynbCiB BUNPOMIHIOBAHHSA B ONTUYHOMY Aiana3oHi. B
pesynbTaTi OTPUMYIOTb XMapy TOYOK 3 NPOCTOPOBMMM KOOP-
AviHaTamu, Ha OCHOBI SIKOT OyayTb LMGPOBY MoAerNb penb-
ey i umcbpoBy Mopenb MiCUEBOCTI, siKi MOXyTb OyTu
A0oMoMiKHMM 3acobom igeHTudikauii MiH, 0cobnMBo SKLWO
MiHM po3milleHi Ha NnoBepxHi abo Ha NOBEPXHi 3anuLMIMcs
cniagn (6opo3Hu, 3arnMbneHHs, BUpBM) Bif iX 3aknagaHHs.

Bubip TEXHONOrYHMX piLLeHb BUSIBNEHHS MiH Y NiACYMKY
Mae 3abesneynTn onTMarnbHi YMOBM NS NpoBe4EeHHS Cno-
CcTepexeHb Yy piHMX gianazoHax cnekrpa. [ns uboro aBTopu
(Popov et al, 2022) 3anponoHyBanu po3poduTU LiNboBY
a3y AaHuXx i3 cnekTpanbHUMK NopTpeTaMu 00'eKTIB pPi3HMX
Buais BHI i TinoBuMM cnekTpanbHUMK XapakTepucTUKamm
I'PYHTOBMX MOKPUBIB ANA NiABULLEHHSA ePeKTUBHOCTI gucTa-
HUiMHOrO aBTOMaTU30BaHOro BUSIBNIEHHS MiH.

3Baxalouu Ha BUKNageHe, OOHMM 3 aKTyarbHUX 3aBAaHb
€ CKraaHHs KapT 3amMiHOBaHMX YKpaiHCbKMX TEPUTOPIN, No-
TPiGHWX ANS nNnaHyBaHHS NPOBEAEHHS POBIT 3 X PO3MiHY-
BaHHs (FopbyniH, 2022). BiTunsHsaHi gocnimkerHs (Popov et
al., 2022) nokasanu, WO 4YacTtoTa NOMMUITKOBMX CMpaLbOoBy-
BaHb NPV BUSIBMNEHHI MiH ceHcopamu, NobyaoBaHMMM nvLle
6asi onTMYHMX AaT4yumkiB, 4OBOMI BUcCOka. TOMy BAOCKOHa-
NeHHs MeTogonorii igeHTudikauii MiH 3a 6aratocnekTparnb-
HUMU 300paXkeHHSIMU € aKTyanbHUM.

Mema po6omu: onpavoBaTv TEOPETUYHI Ta METOLOSO-
riYHi TMTaHHS gewmndpyBaHHsa AaHux 33 BUCOKOro npocTo-
pOBOro pO3pI3HEHHA Yy BWAMMOMY Ta iH(paYyepBOHOMY
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fianasoHax i kapTorpadyBaHHS MiHHMX noniB. [locArHeHHs
uiei MmeTu nepefbavae BMPILLEHHSA Taknx 3aBAaHb:

e BVBYEHHS i y3aranbHeHHS OOCBiAY BUKOPUCTaHHS Aa-
HWUX OUCTaHLINHOro 30HAYBaHHA Ans KapTorpadyBaHHsS MiH-
HOi Hebesneku;

e B[OCKOHarNeHHs MeToAWKM aBTOMaTM30BaHOrO BUSB-
NeHHs MiH 3a 6araTtocnekTpansHUMKU 300paXKeHHAMU, oaep-
XaHnuMmn 3 6e3ninoTHMX niTanbHWMX anapaTiB KOMTEepPHOro
TMNy (oKepena AaHux, NiaxoAaun, MetToan, anapatHe Ta npo-
rpamMHe 3abesneyveHHs);

e anpobauia AMcTaHuinHOI igeHTudikauil Ta kapTorpa-
byBaHHSA MiHHUX MONiB 3a pe3ynbTaTaMu 3HiMaHb Ha TecTo-
BUX JiNsIHKaX Ta OUiHIOBAHHS TOYHOCTI pobiT.

06'ekm docnidxeHHs. [locrigxyBaHa TepuTopis pos-
TawoBaHa Ha okonuui cena Mykwa Kutanropoaceka, y Cno-
6iacbko-KynbyieBeLbKili CinbCbKili TepuTopianbHii rpomagi
Kam'siHeub-IMoginbcbkoro panoHy XmenbHUUbKoi obnacri.

MeTtoau

Y poboTi BUKOpUcTaHo macue 3HimkiB 3 BIJ1A, oTpuma-
HUX HaykoBMM LIEHTPOM aepoKOCMIYHUX AOChimpKeHb 3emni
IHCTUTYTY reonoriyHmMx Hayk HauioHanbHOi akagemii Hayk
YkpaiHu. 3HiMaHHs NpoBeAeHO pa3oM 3 haxiBLAMM iHXeHe-
pHUx Biicbk 3CY y BECHSAHO-NITHIN Ce30H (TpaBeHb—
yepBeHb) 2021 p. (Popov et al., 2022) Ha ekcnepuMeHTarb-
HOMY noniroHi, e Oynu poamilieHi Mynski MiH. Bukopuc-
TaHo nerki BIMJIA kontepHoro tuny DJI i Parrot. Habip
OOpTOBMX CEHCOPIB MICTUB KOMbOPOBY LMGPOBY Kamepy
P12.4K, 6aratocnekTpanbHy kamepy i3 ceHcopamu BUAu-
MOro Ta OnmxHbOro iHdpavepBoHoro AdianasoHis P4MS
i TennoBy iHppayepBoHy kamepy FLIR One Pro. insa nnaHy-
BaHHA Micin cnoctepexeHb BukopuctaHo DJI Ground
Station Pro i 3HiMKu TeCcToBUX AiNsAHOK NPSIMOKYTHOI hopMu
(moBxumHa ctopiH Big 30 go 80 m, BucoTa aepodOTO3Hi-
MaHHs B Mexax 2—10 m). OpTodoToMo3saika popmyBanacsi
3 reo3obpaxeHb, oTpuMaHmx 3 Bucotn 50—100 m. Baxnu-
BMM 3aBOaHHAM npu upomy 6yno 3abesneyeHHs 6Ansbknx
3Ha4yeHb BiACTaHi Mi>XX ABOMA MOCMIAOBHUMU LIEHTpaMM Mik-
cenis, BMMipstHUMK Ha 3emni (ground sample distance —
GSD) ans 3HiMKIB 3 pi3HUX CEHCOPIB LLNSAXOM nigdopy Bia-
noBigHux B1coT cpoTorpachyBaHHs (Popov et al., 2022).

B xopni aBTOpCbkUX pobiT Habyna noganbLIoro po3BUTKY
meToauka (puc. 1). [lo cknagy pobitT BxoauTb hopMyBaHHS
3aBOaHHS Ha CTBOPEHHS KapTw, Lo 3abeanevye il akTyanb-
HICTb, AOCTOBIPHICTb, MOBHOTY, 3PYYHICTb BMKOPUCTAHHS.
MepenbavaeTbca AOCTYMNHICTL KapT ANS KOPUCTYBaYiB y pis-
HMX popmaTax (apyKoBaHi KapTu, ENEKTPOHHI KapTu Ans ae-
CKTOMIB Ta MOBGINbHMX MPUCTPOIB).

Google Earth, Planet Labs) Ta HasiBHMX kapTorpadivyHnx
matepianax. MNonboBe obcTexeHHst (Miller et al., 2022) mae
BpaxoByBaTW (hi3n4Hi BNAcTUBOCTI 'PYHTY (CTPYKTYpY, BOSO-
ricTb, WiNbHICTb) AN NPOrHo3yBaHHsi e(PEKTUBHOCTI POBIT.

MnaHyBaHHA MiCii (BM3HAYEHHs1 onTuMmanbHOI AaTtn Ta
Yyacy nonboBUX POGIT ANS 3HWKEHHS BUTPAT Ha OKPEMMUN
BMNNA, nigBuwieHHa 6e3nekn NonboTiB, CKOPOYEHHSA 4vacy
BMKOHaHHSA poBIT, 3 ypaxyBaHHsSM 3MiHW MOrogHWX YyMOB,
cneuudpikauismu BIMJTA, 3abe3neyvyeHHs1 YHUKHEHHST 3iTKHEHb
3 pyXOMMMU OB'EKTaMM i 3 HEPYXOMMMU NepeLLKoAaMm).

BukoHaHHs 3HiIMaHb B Cy4acHMX YMOBaXx CKNaJaeTbCcs 3:
OTpMMaHHSA 0O3BOIY BiA BIMCbKOBOI aAMiHiCcTpauii, po3rop-
TaHHA rpynu Ha AinsHui (Big KiNbKOX roanH A0 KifbKOX AHIB);
HanawTyBaHHA BIJ1A 6nmnsbko 20 xBunuH. Ha ginaHui no-
nepeaHL0 PO3TaLLOBYHOTb Mapkepu, siki byayTb 4iTKO BUAHO
Ha OTpUMaHUX 306paxXeHHsAX Ta BU3Ha4aloTh iX KOOpAMHATK
Ha3eMHVMU METOAAMM 3 CAHTUMETPOBOK) TOYHICTIO. BnacHe
3HIMaHHA MICTUTb onepadil 3nNboTy, NOcadKM NiCNs Yoro Bu-
KOHYETbCS 3aBaHTaxeHHs gaHux 3 Br1J1A Ha komn'loTep.
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Puc. 1. Anroputm KaptorpadyBaHHsA MiHHUX noniB
3a (Popov et al., 2022) i3 gonoBHeHHsIMU aBTOpIB

PekorHoctyBaHHSA BUKOHYETLCS Ha OCHOBI AaHnx (O6po-
©OneHHsA gaHnx BUKOHAHO B cepeposuwli ArcMap Ta 3actoco-
BaHO HCTPYMEHT KarnbKynaTtop pactpis. [MporpamyBaHHs
3agavi nepenbavae BUKOPUCTaHHSA anroputMy ans o6po6km
Ta aHanisy 3o6paxeHb 3 METOK aBTOMaTu3auii npoLecy Bu-
ABMEHHA MiH Ha aepodoTo3HiMKax. CyTb anroputmy, — no-
nikcenbHa knacudikauis Mo3saikm opTocdoTo300paXkeHb
MeToaom GiHapHOI noricTuyHoi perpecii. B pesynbTtati kna-
cudikauii kKoXXeH nikcenb Mo3aiku 300paXKeHHs1 BiAHECEHO
00 OAHOro 3 ABOX KraciB: 1) enemMeHT MiCLEBOCTI 3 MIHOI0;
2) eneMeHT MiCLieBOCTi He MICTUTb MiHW. Takuin macvB ga-
HWUX € FONOBHUM JXeperioM KapT MiHHUX MOoriB, Ha AKi Knac
300paXkeHHs "enemeHTU MiCUEeBOCTi 3 MiHOK" Mae Biano-
BiJHE YMOBHe no3HayeHHs. [Ansi ob6pobneHHs gaHux Ta

Bidyanisauii BukopmcTtaHo kog mosoto Python 3 BukopucTaH-
HAM 6ibniotekn OpenCV ans poboTtu i3 306paxkeHHAMN. Oc-
HOBHI eTanu o6pobneHHs Ta aHani3y AUCTaHUIMHUX AaHUX:

a) nonepegHe 0bpobneHHs 306paxeHb (pagiomeTpuyHa
Ta NpocTopoBa KOpeKLis, perynapusadis, dinbTpauis Wwymis
i cnoTBOpeEHb, reorpacdpiyHa nNpue'saska);

©) cTBOpeHHs Mo3aiku 3 06pobneHnx 306paxeHs;

B) 3rnagXyBaHHsA Mo3aiku 300pakeHb ANs MiaBULLEHHS
AKOCTi 300paXKeHHs Ta nonerweHHs noaanbLIoro aHanisy;

r) NigrotoBka HaBYanbHUX [OaHUX ONa  anroputMmy
Knacudikauii;

4) nobynoBa mogeni knacudikauii Ta onTumisauia i
napameTpis;

€) BUKOHaHHS MonikcenbHoi knacudikauii mo3aiku 306pa-
»KEeHb 3a I0NOMOrol HaBYeHOI Moaeni Ansi BUSABMNEHHS MiH;

€) aHani3 AKOCTi OTpPMMaHWX pesynbTaTiB, PO3paxyHOK
napameTpiB TOYHOCTI, 30Kpema pAiarHocTnyHoi cunu (DP)
Ons ouiHkM edpekTnBHOCTI Mogeni. Came Ha uboMy eTani
NPUAMAETbCA pPiLlEeHHS MPO afeKkBaTHICTb pesynbTaTiB Ta
HeobXxigHiCTb NOBTOPHOI Knacudikauii.

[na nigTBepAXeHHs NpaBUNbHOCTI pe3yrnbTaTiB BUKOPU-
CTaHO CTaTUCTUYHI METPUKK, Taki sk yyTnueicTb (TPR), cne-
umndpivHicte (TNR), TouHicTb (Accuracy) Ta AiarHOCTU4Ha
cuna (DP).

EdeKkTnBHICTb BMABMNEHHA MiH OUiHIOBanacs 3a TakuMmu
KoediuieHTaMn BUSBIIEHHA: MMOBIPHICTb MPaBUIbHOMO BU-

ABNEeHHS MiH TP Ta MMOBIpHICTL NOMUIKoBOI TpmBorn FP:
M|

TP = e (1)
= My 2

ne Mo — MHOXUWHa aKTUYHO iCHYHUMX MiH, M — MHOXWHa
NpaBuIbHO BUABMNEHUX MiH, N — MHOXWHa NOMMWITKOBUX BU-
siBNeHb; |M| — 3aranbHa KinbKiCTb €NeMEHTIB Y MHOXMHI M.

[iarHocTnyHa cuna — ue 34aTHICTb MeToay iaeHTUdiky-
BaTW AOCnigKyBaHi 00'ekTM 3a NeBHO 03HaKot. Llen napa-
METP pO3paxoBYeTbCs 3a hopmyrnoto 3.

DP = np.log((TP + 1e-10) / (FN + 1e-10)) +
+np.log((TN + 1e-10) / (FP + 1e-10)), 3)

ne DP — pgiarHocTudHa cuna, TP — iCTUHHO NO3UTUBHI pe-
3ynbTath ineHTudikadii; FN — xubHo HeraTuBHI pesynbTaTy;
TN — icTHHO HeraTuBHI pe3ynbTatu; FP — xubHO NO3nTUBHI
pesynbtaTtu. Cnig 3ayBaxuTu, WO pi3Hi kaHanu Ta Habopwu
OaHNX MaloTb Pi3Hy AiarHOCTUYHY cuny. Po3paxyHok giarHo-
CTUYHOI CUNu igeHTUdIKaLii MiH 3a pi3HMMUK cneKkTpanbHUMK
KaHanamu HaeedeHo B Tabn. 1.

Ta6bnuys 1

LiarHocTu4yHa cuna igeHTUdikauii MiH 3a cnekTpanbHUMU KaHanamu

Kananun HiarHocTuyHa cuna (DP)
KonbopoBe 306paxeHHst (RGB) 19,31
CuHini (B): 450 HM £ 16 HM 72,37
3eneHni (G): 560 HM £ 16 HM 73,73
YepBoHuit (R): 650 HM + 16 HM 72,47
YepsoHui kpan (RE): 730 HM £ 16 HM 73,63
BrnvxHin iHdppavepBoHuin gianasoH (NIR): 840 HM + 26 HM 73,53
[nsa nporpamyBaHHA 3agadi BUKOPUCTAHO MeHeaxXep na- 'smooth_image_mosaic' — anga 3rnagxyBaHHs MO3aiku;

keTiB Python, PIP Ta Taki 6ibnioteku: 'cv2' (GibnioTeka
OpenCV gnsa o6pobkn 306paxeHb); 'numpy': (6ibnioteka
Ans pobotu 3 MacuBamm Ta MaTeMaTUYHMMK onepauigmm);
'LogisticRegression': knacudikaTtop norictTuyHoi perpecii 3
6ibniotekn Scikit-learn; 'matplotlib.pyplot’: 6ibnioteka ans
no6ynosu rpadikis.

BukopcTtaHo (yHKUji: 'preprocess_images' ons nonepe-
OHbOI 06pobku, 'create_and_save_image_mosaic' — aons
CTBOPEHHS MO3aiky 306paxeHb Ta 36epexeHHs ii y dain;
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'prepare_training_data' — anga niarotoBNeHHA HaBYarbHUX
OaHWX, Ska NepeTBOPHE 3rnaXeHy Mo3aiky 306paxeHb y
OLHOBMMIpHMI MacuB MiKcerniB Ta MoBepTae MiAroToBaHi
OaHi; 'train_logistic_regression' — gns goopmyBaHHSA pyHKUi
npaegonodibHocTi Ta onTuMmisauii napameTpiB  mogeni
NOTICTUYHOI perpecii, HaBYaHHS ii Ha HaBYanbHUX JAHUX Ta
noBepTaHHsi HaBYeHoi mogeni; ‘classify_pixels' — ansa knacu-
dikauii nikcenis mo3aikv 306paxeHb MiH (NepeTBOplOE MO-
3aiky B OOHOBMMIpPHWA MacuB nikceniB; obuucnioe
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MNMOBIPHOCTI HanNeXHOCTi 40 Kracy MiH; noBepTae MacvB iMOBI-
pHOCTeN y BUrmagi mo3saiku); 'obtain_labels_from_image', sika
OTPUMYE MITKM 306paKeHHs1, KOHBEPTY€E 300paXKeHHs y Bia-
TiHKM ciporo, nosHadae nikceni, ki MalwTb SACKpaBiCTb,
MEHLLY Bif] NOPOroBOro 3Ha4eHHs, SIK MiTku knacy 1, a pewTy
— AK MiTKM Knacy 0; nosepTae MiTku y BUrMAAi OQHOBUMIp-
Horo macuBy; 'save_labels_as_image', aka nepeTBoptoe ma-
CMB MITOK Yy 300paxeHHs Ta 30epirae 3o00paXeHHs Yy
dopmarti TIFF Ta macus miTok y chann NPY.

FonoBHa GoyHKLiA 'main’ BUKOHYE MOCHIAOBHO BCi KPOKM 06-
POGKM aepOodhOTO3HIMKIB AN BUSIBITEHHS MiH, BKITHOUakoum rnone-
peaHo 06pobKy 306pakeHb, CTBOPEHHS MO3aiku, 3rnaKyBaHHs!
300paXeHb, HaB4YaHHS Mogeni, knacudikauito nikcenis, oG4Mc-
NEeHHs1 AjiarHOCTUYHOT cnn Ta NoGyaoBy rpadpiky.

PesynbTatn

Y npoueci BUSIBNEHHS MiH Ha 6araTtocnekTpanbHUX 3HiM-
Kax pO3rnsiHyTO TPW Pi3Hi BapiaHTV 3MOMKM (3 Pi3HOLO KiNbKi-
CTHO Ta Tumamm MiH). 3aranbHol MeTow Yy BCiX
npeacTaBneHnx BapiaHTax HabopiB AaHux Gyno 3aBAaHHSA
eheKTMBHO BUSIBNSATU MiHN HAa OCHOBI 06pobku BaraTtocnek-
TpanbHuUX 306paxeHb. Po3paxoBaHO [iarHOCTUYHY cuny
(dbopmyna 3) igeHTudikauii MiH 3a pisHumMn Habopamu aa-
HKX (Tabn. 2). Ha puc. 2 noka3aHo parMeHT 3MOMKN Tepu-
Topii i3 3akomaHumm MiHamu — TM-62M3; miHamu,
npuxoBaHumu B Tpasi: MOH-50, MOH-90, MOH-100; Bigx-
puTi HaszeMHi MiHn — O3M-72, TM-62M, TM-72 ta TM-62I13.

Tabnuys 2

HiarHocTuyHa cuna igeHTUdikauii MmiH 3a HaGopamu AaHux

Habip aaHux HiarHocTtuyHa cuna (DP)
KonbopoBse 306paxeHHst (RGB) 19,31
Tpw kaHanw B gianasoHi (Big 450 HM go 650 HM) 73,53
YepBoHui kaHan (650 HM + 16 HM) 72,47
Kanan y gianasoHi Big 730 Hm o 840 HM + konbopoBse 306paxeHHsi (RGB) 22,35
IHdbpayepBoHe 306paxeHHst 3 kamepu FLIR One Pro 44,68
Soil Water Index — SWI 71,41

Puc. 2. MopiBHAHHA MOXNUBOCTI iAeHTUdIKauii MiH Ha 6araTocnekTpanbHUX 3HIMKax:
a — konbopoBe 306paxeHHst AinsHku (RGB); 6 — Tpu kaHanu B gianasoHi (Big 450 HM go 650 HM);
B — 4YepBOHMI kaHan ( 650 HM + 16 HM); r — ABa kaHanu B giana3oHi (Big 730 HM o 840 HM + konbopoBe 306paxeHHs (RGB));
4 — iHpayepBoHe 306paxeHHs 3 kamepu FLIR One Pro;
e — pe3ynbTaT onpaLtoBaHHs MacuBy AaHWX 3a JOMOMOrOK 3anpornoHOBaHOro anropuTMy

laeHTudikaLis MiH 32 KONbOPOBUM 300paXKeHHsAM Ainsi-
HKM (puC. 2a) Nokasana H13bKy e(pekTUBHICTb (AiarHOCTMYHa
cuna 19,31).

KomGiHauia Tpbox kaHanis (puc. 26) CcuHbOro
(450 HM£16 HM), 3eneHoro (560HM:16 HM) Ta YePBOHOrO Ka-
Hanis (650 HM+16 HM) gana 3aMory GinbLu ycnilHO iaeHTudi-
KyBaTu KOHTPACT MiX MiHaMU | HABKOSULLHIM cepeaoBuLLEM
Ta nokasano AiarHocTu4Hy cuny 73,53.

ISSN 1728-3817

BukopucTaHHsl iHppayepBoHUX 306pakeHb Npu BUSIB-
NeHHi MiH 3a paxyHok 6inbLwoi iHdbopmaLii npo Tennose Bu-
NPOMiHIOBaHHs1 06'eKTiB MOKa3ano JiarHoCTUYHy cuny 44,68.

3 ycix npoaHanizoBaHux Ans igeHTudikadii MmiH Habopis
[aHuX 3acnyroBye Ha yBary MOXIUBICTb BUKOPUCTAHHS iH-
nekcy BonorocTi rpyHTy (SWI — Soil Water Index), wo mae
BWCOKY AiarHOCTU4YHY cuny. Llen iHoekc posBonsie BU3Ha-
4YnTU BMICT BOmoru B IpyHTi (puc. 3). Lincdpamum Ha pucyHky
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nokasaHo 3HayeHHs SWI. 3HiMaHHS Ha AinsHui nposoau-
nocb BpaHui (novaTok pobiT o 10:33). 3HayeHHs iHOekcy
SWI B micLi po3MilLleHHs1 MiH nexaTb y gianasoHi Big —0,15
0o —0,28. Lle cBigunTb Npo Te, WO AiNsHKKW, e 30CepeKeHi
MiHW, € GinbL BONorMMu (MOXIMBO, 3a paxyHOK KOHAEHca-
Lii) Ha BiAMIHY Big 3aranbHOI BonorocTi I'pyHTy Big 0,75 oo —
0,12. YactnHa pocnigxyBaHoi AinsiHky Ha cxogi € GinbLu

MacwTab 1:700
Puc. 3. PesynbTtaTu igeHTUdikauii MiH 3a iHgekcom BonorocTi rpyHTy (SWI)

B pesynbTarti 3acTOCyBaHHs1 anroputMy Ha reo3obpakeH-
HAX BU3HAYa€ETbCS MOSTOXKEHHS MiH Y rpadiyHOMY BUrNA, WO
MoXxe OyTn onepaTMBHO NepeaaHo Ha MOBINbHI NPUCTPOI 3a-
LiiKaBrneHUM CTOpPOHaM Ans nepernsgy Ta pobotu 3 kapTamu
Yepes BignoBigHWIM iHTepdenc KopmucTyBaya.

[unckycis i BUCHOBKMU

BukopucTtaHHs gaHux, oTpumanux 3 nerkmx Br1J1A kon-
TepHoro Tuny DJI i Parrot 6aratocnektpansHummn Lmdpo-
BUMKU kamepamn P12.4K i3 ceHcopamu BuMaumMoro Ta
6nmkHbOro iHpavepsBoHoro AianasoHis P4MS i Tennosoi
iHbpayepBoHoi kamepn FLIR One Pro, nokasano neBHy
e(PEKTUBHICTb AN BUSIBIIEHHS] MiH. AnroputMm anpoboBaHo
Ha Habopax faHWX 3 TECTOBOro MOriroHa 3i BCTAHOBEHVMM
MynsKaMu MiH, LWo 3pobuno MoXnuBuMm Bepudikauiio pos-
nisHaBaHHs MiH. [MporpamyBaHHSA 3agadi BUKOHAHO MOBOIO
Python 3 BukopuctaHHam 6ibniotek OpenCV, numpy,
LogisticRegression, Scikit-learn, matplotlib.pyplot.

MigTBEpPOKEHO €PEKTMBHICTL iaeHTUdiKaLii MiH Ha OCHOBI
06pobneHHa BaraTtocnekTpanbHNx 306paxeHb, 30kpeMa BU-
KOPUCTaHHs iHAekcy BonorocTi rpyHTy (SWI — Soil Water
Index). Lie noB'szaHo 3 T!M, L0 B OKOIi MiHN KOHLEHTPYETHLCSA
GinblUa KinbKicTb BOIOrM BHaCNiAOK KOHAeHcaujii Bonorn Ha
noBepxHi MiHW BHacnigok o6oBoi 3MiHM TeMnepaTyp Ta no-
PYLUEHHAM NPUPOAHMX LUMSIXIB NPOCOYYBAHHSI BOMOMM BHU3
y300BX npodinto rpyHTy. [liarHoCTMYHa cnna BUKOPUCTaHHS
306paxeHb Pi3HMX KaHaniB Ansl BUSIBNEHHA MiH CTaHoBWUna
6nm3bko 70 %, Wo HegoCcTaTHLO ANS OAHO3HAYHOI IAeHTUI-
Kauii BubyxoHebesneyHmx npeamerTiB. Lie cepino3Ho obmexye
MOXXIUBOCTi BUKOPUCTaHHA MeToay Ans ryMaHiTapHoro pos-
MiHyBaHHS1, BiliCbKOBUX OnepaLii, uMBinsHoi 6e3neku.

Beakaemo, L0 Ans NPOAOBXEHHS [OCNIAKEHD 3 iAEHTW-
(pikaLii MiH KopucHMM Gyae CTBOPEHHst 6a3n 3HaHb Pi3HMX
TUNIB MiH, @ TAKOX MOpYLUEHb, SKi BOHU CMIPUYNHIOIOTL Y Pi3-
HWUX TMNax nangwadTie Ha 6asi 3adikcoBaHUX Mig Yac 3Hi-
MaHb CUrHaTyp.
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BOAOHacu4eHoto, 3HaveHHAa SWI Ha Hil nepeBuwylOTb
3HAYeHHd, XapakTepHi ANnd MiH, i nexaTb y [fiana3oHi
Big —0,31 pno —0,78.

SWI=NIR-SWIR/NIR+SWIR, (4)
ae NIR — 6nwxkHin iHppadepBoHuii kaHan; SWIR — kopoTko-
XBUMbOBUIN iHppayYepBOHUI KaHar.

sSwi

Il 078025
I 025-004
I 0.04-0.24
[ lo24-039
[ J]o39-075

500 Meters

BHecok aBTopiB: IMUTPO JIILLEHKO — KOHLeNTyanisawis, MeTo-
nonorisi, HanncaHHs (peparyBaHHs); IBaHHa 306HIB — HanucaHHs
(opuriHanbHa YepHeTka), dopmarnbHUIN aHanis, nporpamHe 3abes-
neyeHHs;; OnekcaHap LIBUK — meTogonorisi, HanucaHHA TeKCTy,
Banigauis aaHuXx.

Mopasikn, mxepena diHaHcyBaHHA. [ocnifpkeHHA BUKOHYBa-
NMCS Ha OCHOBI Aa@HWX, HagaHWX HaykoBMM LIEHTPOM aepoKOoCMiY-
HUX AocnimpkeHb 3emni IHCTUTYTY reonoriyHux Hayk HauioHanbHoi
akageMii Hayk. ABTOpY BASYHI 3@ HagaHy MOXIMBICTb KOpUCTyBa-
TMCA apXiBHUMKM MaTepianamm aepodOoTo3HiIMaHHs 0cobucTo
CraHkeBu4y Ceprito ApceHinoBunyy.
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MAPPING MINE RISK USING LARGE-SCALE MULTISPECTRAL IMAGERY

Background. Thefull-scale armed aggression against Ukraine has resulted in significant changes in natural and anthropogenic landscapes.
This negatively affects the safety of the population and the development of the country's economy. Mines, unexploded ordnance and other explosive
objects pose an extraordinary threat. To identify mines, we analyzed the possibility of using spectral images obtained from UAVs for mapping.

Methods. Forthe mapping tasks, high-resolution images of test images of the test site located in Khmelnytsky region (Ukraine) with dummy
mines placed on the surface and at a shallow depth were used. Data processing was performed in ArcGIS PRO, using Python programming.

Results. The article compares the methods of remote mine identification by different sensors according to the literature. A methodology for
decoding high spatial resolution geo-images obtained from UAVs in the visible and thermal ranges of the spectrum to detect mines in open areas for
humanitarian demining was tested. The image processing algorithm for mine detection, analysis and interpretation of the results using the Python
language was further developed.

Conclusions. The comparative analysis and experimental work emphasize the effectiveness of using multispectral images, in particular, the Soil
Water Index (SWI) calculated on their basis, for mine identification on multispectral images obtained from UAVs. The use of SWI provides an accuracy of mine
identification of only about 70 % and can be used only for preliminary assessment of the contamination of territories by explosive objects.

Keywords : humanitarian demining, UAVs, remote sensing, vegetation indices, decoding, automation, mapping.
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