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MEPLWA 3HAXIOKA POy
ARCTICOCARCINUS SHWEITZER ET AL., 2016 (DECAPODA, BRACHYURA)
Y OAHCbKOMY SIPYCI KPUMY (YKPAIHA) TA ii NANEOBIOrEOrPA®IYHE 3HAYEHHA

(MpedcmaeneHo 4YeHOM pedakyiliHoi konezii 0-pom 2eos. Hayk, npodg. B.B. Ozapem)

ManeozeHoei decssimuHozi pakonodibHi e YkpaiHi eue4eHi HedocmamHbo. [JaHa 2pyna apmpornod He npueepmarna 3Ha4yHoi yeazu
docnidHukie, He3eaxxaro4u Ha me, wyo ixHi pewmku eidomi 8 naneozeHi MpudHinpoe'si, JonHb6acy, Kpumy ma Kapnam. Y yiti cmammi onu-
cyembcs nepwa 3Haxioka Ha mepumopii YkpaiHu dexkanodu pody Arcticocarcinus Schweitzer et al., 2016. Pewmku noxo0simpb 3 HUXHbOT
4acmuHu daHcbkoz20 sipycy lNepedzipHozo Kpumy (po3pi3 Ak-kas 6ins c. bina Ckens binozipcbkoz2o patioHy). @ocunito 3HaliOeHo in situ
e Hipui Thalassinoides Ehrenberg, 1944. [100i6Hi 3HaxiOku Ao3eo0ssTromb 6CMaHO8UMU sIKi caMe 8UKOIHI dekarnodu cmeoproeasu HipKu
Ophiomorpha, Thalassinoides ma Spongeliomorpha. Bioknadu, e sikux 3HatideHo pewmku Kpaby, € cunbHo 6iomyp6oeaHumu. 38axa-
YU Ha NpucymHicms pizHoMaHimHux ixHoghocunil, MoxeMo 3pobumu npunyuw,eHHs1 o000 HaKonMu4eHHs1 yux eidknadie e ymoeax cKo-
nimoeoi ixHoghauil, wjo 3azeuvyali nowupeHa Ha MOPCbKUX cybcmpamax, wo nocmiliHo nepemillyromscsi XxeunsiMu. Y GaHcbKul eik
Ha mepumopii cy4acHoi lligHiyHOi YKpaiHu po3mauwosgysascsi xos100H0800HuLll 6acelH, sikuli Mas8 38'A30K i3 3axiOHoro €epororo ma
BopeanbHum 6aceliHoM. 3HayHO menniwum 6ye [lieGeHHuUl 6aceliH, sikuli 3Haxoduecsi 8 Kapnamax, lMpu4opHomMopchKili 3anaduHi,
Kpumy ma mae 38’130k i3 CepedzemHoMopcbKuM 6aceliHom. [fpedcmaeHuk pody Arcticocarcinus 3HaliGeHuli enepuie 3a Mmexxamu Llleeyii.
Ayxe mamnoiimogipHo, wo npedcmasHuku pody Arcticocarcinus Schweitzer et al, 2016 npoHuknu Ha mepumopito cy4yacHoi Llleeuii 3
Kpumy yu Haenaku yepe3 [MonibCbKy MPOMOKY, OCKinbKu yboMy 3asaxkae Kapnamcbkuli ¢hriiwoeuti 6aceliH, sikull, o4yeaudHo, 6ye He300-
JnlaHHUM 6ap ‘epom O71s1 po3cesieHHs1 MilIkoeoOGHOi 6eHmocHoOI ghayHu. Cydsi4u 3 ycb020, 06MiH ghayHamu eidbyeaecsi yepe3 cybwupomHi
6aceliHu — [Hinposcbko-LJoHeybke mope ma lpun’amcbKy npomoky. Buwes2adaHe Mope 6y/10 4acmuHoK mak 38aH020 Mopsi ApxaH-
2e/1bCbK020 — 8eJ/TUK020 CybwupomHozo naneobaceliHy, wo npocmsi2aecs eio eidpoezie Kaeka3zy ma Ypany do 3axioHoi €eponu. 3Haxioka
Arcticocarcinus cf. insignis Segerberg, 1900 po3wuproe naseoHMosI02iYHy xapakmepucmuky eioknadie daHcbkoz2o sipycy Kpumy,

a mako) ceidyuma rpo einbHUll 06miH 6eHmocHuUMu ¢hayHamu mix lMigHiuHoro €epororo ma Kpumom.
Knro4oei cnoea: decsimuHozi pakonodibHi, naneozeH, 0aHcbKull sipyc, Kpum, Arcticocarcinus.

Bctyn. PewTkn pecsaATnHorux pakonogibHux (psa
Decapoda Latreille, 1802) He € piakicHUMM B NaneoreHoBnx
Bigknagax YkpaiHu. 3a pesynbTatamu OOCHiOXeHb HU3KM
daxisuis (Padkesuy, 1900; Jfluxapes, 1917; YepHbiwes,
1949; Nopbay, 1956; psisHos, 1956, CenuH, 1964; bupw-
melH, 1960, Kopobkos, 1975; VnbuH, 2005), BOHM BigoMi
B KaHIiBCbKOMY Ta KWIBCbKOMY periospycax [puaHinpos's,
KuiBcbkoMy periosipyci [MiBHiyHOoro [doHbGacy, gaHcbkomy,
TaHETCbKOMY, iMPCbKOMY, MOTELbKOMY Ta plonenbCbKoMy
apycax Kpumy, oniroueni Kapnat ta Hikononbcbkoro 6a-
cenHy. OpgHak B OCTaHHiI 4Yac 3a3HadeHa rpyna TBapuH
He npuBepTae 3Ha4yHOI yBarv BiTYM3HAHWX MaNeoHTONOorIB,
He3BaXatouu Ha Te, LWO ii BUBYEHHS Ma€ BeNvKe naneoreo-
rpadiyHe 3HayYeHHs.

Mig Yac gocnigpxeHb naneoreHoBux Bigknaais MNepeqri-
pHoro Kpumy (po3pi3 Ak-kas nobnudy c. bina Ckens bino-
ripcboro panoHy — AvB. puc. 1) NepLuMn aBTOp 3HAWLLOB
pewTkn naHuupa pekanoawm Arcticocarcinus cf. insignis
(Segerberg, 1900). 3azHaummo, Wo docunisa 3ansarae in situ
B Hipui Thalassinoides Ehrenberg, 1944. MopaibHi 3Haxigkwn,
3a gaHumu |.B. Inbiva (MnbuH, 2005), € gyxe pigkicHumu,
OCKiMbKN MOKPMBK NepeBaxHoi BinbLIOCTi puioymx gekanos
€ [JoCcuUTb M'AKMMM | moraHo 30epiraloTbCA Yy BMKOMHOMY
cTaHi. OgHak nuwe nofibHi 3Haxigku A03BONAKTbL BCTAHO-
BWTW, siKi came gekanogu 6ynv npogyLeHTaMmn BUKOMHUX Hi-
pok Ophiomorpha, Thalassinoides Ta Spongeliomorpha.
MpoTe peski kpabwu, cyaaun 3 ycboro, MOXyTb BUKOPUCTOBY-
BaTW ONA iCHyBaHHSA TaKoX HipKW, CTBOPEHI iHLLMMW OpraHi-
3amamu (UnbuH, 2005), ToX [0 iHTepnpeTauii iHCUTHUX
docunin pakonogibHmx y Hipkax opmManbHoi rpynm "SOT"

(Spongeliomorpha, =~ Ophiomorpha i  Thalassinoides
(Rindsberg, 2018)) cnig cTaBuTUCS BKpan obepexHo.

MerToto uiei poboTh € BM3Ha4YeHHs naneobioreorpadiy-
HOro 3HayeHHs nepoi 3a mexamu CkaHauHaBii 3Haxigku
KpabiB poay Arcticocarcinus.

IcTopia pocnimxeHHA. BuB4yeHHIO naneoreHoBuX
OecATUMHOrMX pakonogioHux Kpumy npucesveHo poboTwu
E.l. Enxsanbpa (Eichwald, 1865-1868), [.€. MakapeHka
(Makapetko, 1956), €.C. JleBuupbkoro (Jleguukud, 1974) Ta
|.B. InbiHa (UnbuH, 2005).

Breplue BukonHy gekanogy 3 naneoreHy Kpumy onuncas
(npoTe He 306pa3uB) E.|. Enxsanbg (Eichwald, 1865—1868).
Hum i3 naneoreHoBux Bigknagis baxyncapato nig Ha3Bow
Podopilumnus aff. Fittoni M'Coy onncaHo kapanakc Kpaoy,
AakMn 3rogom  (MnbuH, 2005) 6yno BigHeceHO OO BUAY
Harpactocarcinus cf. lutugini (Likharev, 1917).

Y pobori [1.€. MakapeHka (7956) onncaHo HOBUWIA BU Kpa-
6iB — Xanthopsis bodracus Makarenko (=Harpactocarcinus
bodracus (Makarenko)). Tak 3BaHuiA KpaboBUIA FOPU3OHT 3
yncneHHMMK  pewTkamn  Harpactocarcinus  lutugini
(Likharev) Ta H. bodracus (Makarenko) mae paHHbOMOTE-
LbKMI YmM Ni3HBbOINPCbKUIA Bik (3epHeubkuli ma iH., 2015).

A.A. BipwTtenH (BbupwmedlH, 1960) 306pa3vB peLuTkn
Kpaby Xanthopsis sp. 3 eoueHy M. Cimcdeponons. Y ctatTi
€.C. JleBuupkoro (Jlesuukudi, 1974) 3 okonuup M. Baxuncapan
onucaHo gecaTtuHori paku Protocallianassa sp. (QaHCbkui
apyc) Ta Xanthopsis lutugini Likharev (=Harpactocarcinus
lutugini (Likharev)) (HWxHi eoueH). Y moHorpadii 1.B. Inb-
iHa (MnbuH, 2005) i3 naneoreny Kpumy onucaHo Xanthopsis
nodosa McCoy, Harpactocarcinus cf. lutugini (Likharev)

© OepHoB B., YooBuyeHko M., 2023
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Ta Coeloma vigil Milne-Edwards. ¥ Tabn. 1 nigcymoBaHo BCi
AaHi Wwopao naneoreHoBux gekanog Kpvmy.

B.T. AHiH (SHuH, 1978) onucaB 3Ha4Hy KiNbKICTb HipOK
OecATMHOMMX pakonodibHux Thalassinoides i3 TOHKO3epHUC-
TUX NICKOBMKIB BEPXHbOIO MaacTpuXTy Ha MpocTopi Bif
p. Benbbek go Bogoainy pivok bogpak Ta Anbma. MeHLw yu-
CNEHHI HipKM NPUCYTHI B AHCbKUX MiCKOBMKaX Ta BanHsiKax
po3pisiB Ha piukax bogpak Ta Benbbek. ABTOp LMTOBaHOI
po60oTM pobuTb NPUNYLLEHHS, WO HipKM HanexaTb Aekano-
aawm Protocalliannassa, peLuTkn SKUX TpannsioTbCa B 3a3Ha-
YeHUX NopoAaXx.

A

KuiB
®

YKPAIHA

Binoripcbk
r -

"y \ »

' X db ¥
Puc. 1. NeorpacpiuyHe NonoxeHHs MicuesH

axoaXXeHHA (nosHaque 3ipouk

B iHwWin poborti (SHuH u bapabowkuH, 2013) onucaHo Hipkn
Thalassinoides i3 HWXHBOI kpenan Kpumcbkoro niBoCTpoBa.
TyT e 3pobneHo KOPOTKWI Ornsig, 3HaxXiAoK iHCUTHUX PELUTOK
OECATMHOIMX pakonofdibHux y Hipkax Thalassinoides. Hanpu-
Kraz, 3a3Ha4aeTbCs, L0 B HUX 3HAWAEHO peLUTKky Aekanog pis-
HOI cucTeMaTU4HOI HanexHocTi, a came: Mecochirus rapax
(Harbort) y HwkHbomy ©Gapemi Moptyranii, Antarctidromia
inflata Forster y mioueHi AHTapktuan, Hoploparia longimana
(Sowerby) B rotepuBi Kpumy TOWO. YuMCreHHi Hipku
Thalassinoides Ha NoOBepxHsX "TBeEpAOro AHA" NPUCYTHI TaKoX
y AaHcbkux Bigknagax ropu bewwkoww (AP Kpum, 3axigHiwe Big
M. Baxuucapai) (bapabowkuH u dp., 2020).

s

B

it ;
OIO) pelToK AeCATUHOroro paka

Arcticocarcinus cf. insignis (Segerberg, 1900) (dir. A, B) Ta BiacnoHeHHs1 cyTTEBO GioTyp6oBaHUX BigKknaaiB AaHCbLKOro
Ta nioTeubKkoro ApyciB no6nusy c. bina Ckens Binoripcbkoro panoHy AP Kpum (dir. B)

Ta6nuys 1
ManeoreHoBi aekanoau Kpumy (YkpaiHa)
TakcoH Bik ABTOp

Coeloma vigil Milne-Edwards, 1865 Pionenb UnbuH, 2005

Xanthopsis sp. EoueH BupwmetiH, 1960

Harpactocarcinus bodracus (Makarenko, 1956) . notet MakapeHrko, 1956

Harpactocarcinus cf. lutugini (Likharev, 1917) M. notet UnbuH, 2005

Harpactocarcinus cf. lutugini (Likharev, 1917) P. eoueH Eichwald, 18651866

(umT. 32 poboToto |.B. InbiHa (MnbuH, 2005))

Harpactocarcinus lutugini (Likharev, 1917)

P. ntoteT um n. inp

Jlesuykud, 1974

Xanthopsis nodosa McCoy, 1849 P.inp UnbuH, 2005
Protocallianassa sp. Oanin Jlesuykudt, 1974
Arcticocarcinus cf. insignis (Segerberg, 1900) P. paHin L{s cmamms

Ha TepuTtopii €Bponn naneoueHoBi Aekanogn BigoMmi y
Weeuji (Segerberg, 1900; Jagt et al., 1993; Collins and
Jakobsen, 1994), Oanii (Nielsen, 1917; Jagt et al., 1993;
Collins and Jakobsen, 1994; Jakobsen and Collins, 1997;
Jakobsen and Feldmann, 2004; Collins, 2010; Jakobsen et
al., 2020), HinepnaHngax (Jagt et al., 1993), ®paHuii (Robin et
al., 2017), MonbLwi (Fraaye, 1994; Fraaije et al., 2018), ABcTpii
(Férster,1970; Verhoff et al., 2009) Ta Itanii (Dieni, 2010).

ISSN 1728-3817

dayHy Aekanog A4aHCHKOro Spycy BUBYEHO HEPIBHOMIPHO,
xoya 1T foCnigKeHHS Mae Benuke 3HaYeHHs NS BUSBNEHHS
TEHOEHUIN pO3BUTKY MOPCbKOI BEHTOCHOI thayHn nobnusy
Me3030/CbKO-KaHO30MCbKOro pybexy. Cnig 3ayBaxuTw,
O MOPIBHAHO 3 iHWMMKU rpynamy dayHn TakCOHOMIiYHEe
Pi3HOMaHITTA Aekanon HEeCYTTEBO CKOPOTMIIOCA BHACNIOOK
rnobanbHOro BMMUPAHHS Ha MeXi Kpewnau Ta narneorexy.
Hanpvknag, 3a paHuvmn Kapen LUWeanuep Ta PopgHi
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denbamaHa (Schweitzer and Feldmann, 2005), 3 maacTpu-
XTY BiOMO LLOHanMeHLWwe 42 poawn KpabiB, 3 SKMX y OaHin
nepexoasTb He MeHLW 5K 12 (28,6 %).

Crparturpadpisi. [laHitlo Ta HWUXHIA YacTUHI 3enaHgilo B
Kpumy BignoBigae 6Ginokam'sHcbkuiA periosipyc B obcasi
HaHonnaHkToHHMX 30H NP1-NP5. HaliHmk4a yactuHa 6ino-
KaM'SHCbKOrO  periosipycy BuWAINAeTbCcAa B Ginokam'ssHCbKy
CBITY, sika CKINafgaeTbCsa 3 ABOX NiACBIT: HWKHBOI Ta BEPXHBOI.
HwxHA nigcsiTa NnpeacTaBneHa KsapL-rnaykoHIToBUMY 3ene-
HyBaTO-CipuMKn anesposiTaMu Ta nickoBukamu i3 docgopu-
Tamun (1,5-2 M) Ta OETPUTOBO-MOXOBATKOBMMM, KPIHOIOHO-
MOXOBaTKOBUMM Ta ceprynoBuMmu BanHskamu (40-60 m).
BepxHsa nigcsita cknageHa CBITNUMW opraHOreHHo-yramKko-
BMMM Ta popamiHidbepoBO-KpiHOIAHNUMY BanHskamu (45 m)
(8ocumosuy ma iH., 2005; 3epHeubkuli ma iH., 2014).

naykoHITOBI aneBponiTM Ta TOHKO3EPHUCTI MiCKOBUKU
©6asanbHoro wapy AaHito (SHWxHS nigceitTa 6inokam'sHcbKol
ceitn) I.®. Bebep (Macnakosa u BonowuHa, 1969) BigHe-
cna go 3oHu Protobrissus akkajensis (=Pseudogibbaster
akkajensis 3a paHumu (HaliduH u BeHbsimosckul, 2000)).
Y Bigknagax Uui€ei 30HM nowupeHi pewTkn GiBanbBein
Pycnodonte beshkoshensis (Weber), P. simile (Pusch),
P. vesicularis (Lamarck) Ta HayTinin Pseudocenoceras
warsanofievie Shimansky i Teichertia similis Shimansky
(MockeuH u HatiduH, 1960; LLlumaHckud, 1975). Lo x yac-
TUHY po3pidy aaHcbkoro spycy O.C. Banoe Ta J1.I1. Mopbay
(7982) Buginunu sik 3oHM Pycnodonte beshkoshensis.

Y binoripcbkoMmy parioHi AP Kpum pgaHcbki Bigknaaum
npeacTaBreHi NULLE HUXHBOIO NMAaYKoo NiCKyBaTMX Meprenis
4K NICKOBUKIB 3aBTOBLLKN 5—6 M, LLIO MICTATb PeLUTKN HayTi-
nig Hercoglossa danica (Schlotheim) Ta Mopcbkux xakis
Hemiaster inkermanensis Loriol, Echinocorys sulcatus
Goldfuss i Protobrissus canaliculatus (Cotteau) (Macnakosa
u BonowuHa, 1969; Mynika, 1971). BepxHst yacTuHa gaH-
CbKMX BiOKNadiB TyT po3MuTa €OLEHOBOK TpaHCrpecieto
(Mynika, 1971). HaiHwk4a YacTuHa OeTpUTOBUX BarHsKiB
NPUCYTHS B AeAKNX cekTopax po3pidy Ak-kas. Pospis nane-
OoreHy Ha cxunax r. Ak-kag getanbHO onucaHo B poborTi
(dybkosa u dp., 2019), ToMy 3a AeTarnbHiILIOoW iHPopMaLlieto
Loao voro 6yaoBM BiACUNAEMO YMTaya 4O BKasaHo! CTaTTi.

Y 2011 p. Ha niBgeHHo-cxigHOMY cxuni . Ak-kas, npub-
nn3HOo B 0,6 KM cxigHile Bi NOLWMHK, KO NPOXoauTb ny-
TiBeub Big c. bina Ckens 0o BeplUMHW daHoi ropu Ta B
0,9 Km cxigHiwe Big micus 3Haxigky pelTok kpaby (koopaun-
HaTu: 45°06'20.0"N 34°37'29.3"E), nepwwun astop (B.[.)
onucaB Taku po3pi3 HaAMBULLOI YaCTUHN BEPXHbLOKPENAOo-
BMX Ta NaneoreHoBMX Bigknagis (3HU3y goropu):

BepxHiti Mmaacmpuxm: epxHs YacmuHa cmapocinbCbKOl

ceimu

1. Mepreni niLaHUCTi Ta aneBpUTUCTI, Cipi Ta >XOBTyBaTO-
6ini, WapysarTi; TPaNnATLCA YacTi CKyMYeHHs Yepenaiiok ne-
KTEHif Ta yCTpuub, YNaMKu pocTpiB 6enemMHoigen, sapa yepe-
NaLloK HayTinig Ta aMoHITIB, a TakoX HipK1 OECATUHOMX paKis.
KoHTakT i3 wapom Ne 2 piskun, 3i crigamu NigBogHOro pos-
MUBY; BiH HECE YMCreHHi Hipku Thalassinoides, WO 3anoBHeHI
nickoBukoMm Lapy Ne 2 (BepxHs MOBEpPXHs1 TOBLL — hipM- UK
XaparpayHa, Ha skomy Habyna po3BuTKy rnoccidpyHriToBa
ixHodauis). ToewwmHa Buguma — 10 m.

MokpiBnto MaacTpuxTy Ha AK-Kai TaKOX NPOHU3YOTh LLUN-
POKi BepTUKarnbHi TPILLMHW, 3aNOBHEHI yflaMKaMy HyMyniTo-
BUX BarHsKiB, AKi iHTEpnpeTyrTbCsa SK HENTYHIYHI Janku
(Fopbay u [obposornbckas, 1964, [lbieuHa u Op., 2019a)
abo sk cnign naneokapcty (LLuwrnos u dp., 2020).

HaHcbkul sipyc, 6inokam'sHebkul peeiosipyc: binokam's-
HCbKa cg8ima, HUXHs1 niocsima

2. lMickoBuK MeprenucTui, ApiGHO- i TOHKO3EPHUCTUA,
LWiNbHWUA, iHKONM cnabko 3UEeMEeHTOBaHWIA, TMayKOHITOBUNA,

ISSN 1728-2713

CipyBaTo-3ereHunii 3 nnsimamu rigpokevais 3anisa. TpannsoTbes
pewTks cepnynig, ycTpuub, HayTinig  Pseudocenoceras
warsanofievie Shimansky (JepHoe ma YdosuyeHko, 2016),
MOPCbKMX kakiB Protobrissus canaliculatus (Cotteau), a Takox
Hipkn Thalassinoides. Y upoMy LLApi 3HaNOEHO PELLTKN KOPOTKO-
XBOCTOro paka Arcticocarcinus cf. insignis (Segerberg, 1900),
LLIO OMMCYOTBECS HWKYe. ToBlwmMHa — 3,5 M.

3. BanHskn geTpMToBO-MOXOBaTKOBI Ta CEpryroBi, XKOB-
TYyBaTO-KPEMOBOIO KONbOPY. HWXHI KOHTaKT HepiBHWM, 3i
cnigamu poamusy. Y 60 M 3axigHiwe Big To4ku cnocTtepe-
XKEHHS Liel wap BUKIUHIOETLCA. Y HWXKHIW MOro YacTuHi cro-
cTepiraetbca npowapok (0,4 M) KpiHOIOHWMX  BanHsKiB
XOBTYBATO-Ciporo KOfbopy 3 PiAKiCHOIO ranbKoo Ta rpasiem.
ToBWMHA — 2 M.

4. HymyniToBi BanHsaKM CBiTNO-Ciporo Ta 6inoro konsopy,
MiUHi, ToBCTONNUTYACTI. B OCHOBI 3ansrae npowapok i3 ¢o-
CcOpMTOBOK Ta KPEMEHEBOK ranbKol, a TakoX nepes.ia-
KnageHuMu peluTkaMmum Montockis. ToBLMHa Buagnma — 12 M.

PewTkn kpaby, sik BXe 3a3Ha4arnocs Bulle, 3HangeHo
B nickoBukax wapy Ne 2 (wap Ne 1 3a pobotot ([Jybkosa
u dp., 2019)). MickoBUKM LBOrO LIAPY BiONOBIAATL NayLi
| onopHoro po3pisy naneoreHy 6ina m. baxuncapaw (Bopo-
HuHa, 1989). Heganeko Big Micus 3Haxigku peLwuTok kpaby, 3
ocumniB, LLO CKIagalTbCs 3 yramkiB AaHCbKMX MICKOBUKIB Ta
BanHskiB, Mu 3ibpanu Taky dayHy: nonixetn Rotularia (R.)
akkaiensis (Makarenko) Pasternak comb. nov. (ouB. H1x4e),
Glomerula gordialis (Schlotheim), Protula sp., 6paxionoau
Danocrania polonica Rosenkrantz, 6iBanbsii Pycnodonte
simile (Pusch), P. bechkochensis (Weber), cf. Ostrea
praemontensis Gorbach, ronkn HeBM3HaYe€HUX MOPCHKUX
kakiB Ta naHumMp Phymosoma sp., uneHunku cteben KpiHo-
inen Nielsenicrinus sp. Ta oparMeHT KOpoHku 3yba enacmo-
BpaHxii.

Martepian Ta MeToauka. €OVHUIA BUBYEHWIA €K3EMMNNSP
(IGSU-8/1) npeacTaBneHuin BHYTPILLHIM SApOM NaHUmpa 3 He-
BENUKUMYK cpparmeHTamMu BUININOI KyTUKYNW. Y Uil CTaTTi BUKO-
PUCTOBYETLCS CMCTEMAaTMKa OECATUHOMMX PaKonoAibHUX, Lo
npencraeneHa B poboTi (Schweitzer et al., 2018). Mopdornori-
YHY TEPMIHONOTIt0 B3ATO 3 poboTtn (MnbuH, 2005).

BuBueHuin exzemnnsp (IGSU-8/1) 36epiraeTbes y Bigaini
cTpaTurpadii Ta NaneoHTONorii Naneo30NCbKMX Bigknaais
IHcTuTYTY reonoriyHmx Hayk HAH Ykpainu (Kuis). MNepen
doTorpacpyBaHHsaM chocunisa Gyna BKpuTa LWapom Xrnopuay
aMoHito. CKOpPOYEHHS!, L0 BMKOPUCTOBYKOTLCSI MPU OMUCI
Mopdonorii kpaby: [1 — noBxuHa kapanakca, LU — wupuHa
Kapanakca.

CuctemaTu4yHMm onuc
Pspn Decapoda Latreille, 1802
IHdbpapsg Brachyura Latreille, 1802
Cekuis Raninoida Ahyong, Lai, Sharkey, Colgan et Ng, 2007
HappoauHa Necrocarcinoidea Forster, 1968
PoauHa Necrocarcinidae Forster, 1968
Pin Arcticocarcinus Schweitzer, Karasawa,
Luque et Feldmann, 2016

Tunoseuti eud: Necrocarcinus insignis Segerberg, 1900;
opuriHanbHe BU3HAYEHHS 3a MOHOTUMIEH.

IHwi eudu. Ha cborogHi BigoMuiA Tinbku TUNOBUIA BUA.

Hiazno3. [OuB. (Schweitzer et al., 2016: p. 352;
Schweitzer et al., 2018: p. 7). Oesaki xapakTepHi pucn Mop-
chornorii poay nepenidyeHo Huxye (pybpurka "3ayBaxeHHs" B
TeKCTi MOHorpadiyHOro onucy Buay).

MowupeHHs. [aHcbknin spyc (naneoueH) Lseuii Ta
Ykpainum (Kpum).

Arcticocarcinus cf. insignis (Segerberg, 1900)
Puc. 2

Mamepian. €guHuin eksaeMnnap kapanakcy noraHoi 36e-

pexeHocTi (IGSU-8/1).
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Puc. 2. PewTkn kapanakcy kpaby Arcticocarcinus cf. insignis
(Segerberg, 1900):

AaHCbKuh sipyc, c. bina Ckens

(Binoripcbkui paioH, AP Kpum; eks. IGSU-8/1)

Onuc. Kapanakc HeBenukuii (O — 17 MM, Wuake — 18 Mm),
Maike LIeCTUKYTHOI chopmMu. [loBxnHa kapanakcy Tpoxu Me-
HLa 3a noro makcumaneHy wupuHy (/LWL = 0,94), niHia axkoi
3HaxoauTbCs NpUbnuaHo Ha 1/3 BigcTaHi Big 3agHLOro 4o ne-
peAHboro kpato kapanakcy. LLunpuHa nobHoro kpar craHo-
BUTb MPUBNM3HO 56 % MaKkCMMarnbHOI LUMPUHU Kaparnakcy.
Kapanakc cnabko BMNyknuin y noB3goBXHBOMY Ta nonepey-
HOMY Hanpsimkax. Poctp He 36epirca. OpbiTn AOCUTb BEMUKI,
3 060x 6okiB 06MexeHi rocTpumn BUCTynamu. Bokosi kpai ka-
panakcy nnacki, 3agHin — TPOXu yBIrHyTUA. Y300BX 3a4HLOIO
Kpal nNpoxoauTb KpaioBa kKalima. Ha nepefHbo-nateparns-
HOMY Kpato pO3MilLeHi OCHOBM 0BnamMaHux BENUKWUX LUMNIB.
Ha HasBHOMY MaTepiani, Ak npegcTaBneHo SApoM kapana-
KCy i3 4YACTKOBO 30EpEexXeHOI0 KyTUKYIIOK, CroCTepiralnTbCs
nve no napi Mmnbokmx LepBikanbHUX Ta bpaHxiokapaianbHi
©6oposHu. MacTpanbHa Ta kapgianbHa obnacTi 3nerka nigsu-
LLIeHi HaZ, NOBEPXHE Kapanakcy, sika BKpUTa OKpYTrnnMMmM roc-
TpMKM TyBepKynamu, L0 CKOHLIEHTPOBaHi B TPW MOB3A0BXHI
psSion: OOMH racTpanbHWiA | ABa GpaHxianbHi. MacTpanbHui
psig yTBOpHOOTL GinbLui 32 po3aMipom Ty6epkynu. Mobnuay 3a-
OHbOro kpa no obraea OOKM kapanakcy po3TalloBaHi rop-
Oku-BuCcTynM. Ha dparmMeHTi noBepxHi Kapanakcy, Lo
30epircs Ha sagpi, cnocTepiraloTeCA  APIOHI  rpaHynu.
Mpevionoam Ta KnewHi He 36epernucs.

3ayeaxeHHs1. OnucaHy BuLle AeKanody BigHECEHO A0
poay Arcticocarcinus Schweitzer et al., 2016 Ha nigcTaBi Ha-
CTYNHUX MOPOOriYHMX O3HaK: LUMPUHA Kaparnakcy TPOXu
Ginblua 3a 1oro AoBXMHY, cybopbiTansHa obnacTb 3 LWu-
namu, nepegHbo-narepansHUn Kpanm i3 BENUKUM LUUMOM i3
KOXXHOro 6OKy maHumpa, € oguH racTpanbHuii Ta asa bpaH-
XianbHi psgu roctTpmx TyGepkyn.

lMopieHsiHHA. OnucaHa copma MOPGONOriYHO Ayxe
6nusbka go ronotuny Arcticocarcinus insignis (Segerberg,
1900) (ek3. LO1551t y Bigaini reonorii JlyHacebKoro yHisep-
cutety, Jlyna, LBeuis) i3 gaHcbkoro sipycy LLseuii (auB.., Ha-
npuknag, Fig. 6A B poboTi (Schweitzer et al., 2016)). Cnig
3ayBaXuTHK, L0 B ONUCaHOI BULLE hOopMU racTparbHa Ta Ka-
paianbHa obnacTi BupaxeHi 6inbll penbegHo, HixX y romno-
Tuny Arcticocarcinus insignis. Moxnuso, us ocobnueicTb
cnpuvymMHeHa crneundikolo 36epexeHHsa matepiany (BuB4e-
HWIA eK3eMnnap NpeacTaBneHnii a4poM, Y TOoW Yac siK roro-
TWN — NOBHICTIO 36epexeHnM naHumpem). BigHoweHHsa O/LU
y ronoTuny Mae A€eLL0 MEHLLE 3HAYEHHS, HiXK Y KPUMCbKOro
eksemnnsapa (0,89 npotn 0,94 BignosigHo). Po3mipun rono-
TUMNY Ta ONMCaHOro BULLLE EK3EMNIIsipa Maixe iAeHTWYHI, oa-
HaK HedocTaTHA 30epexeHiCTb HasfBHOro MmaTepiany He
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[O03BONSE BNEBHEHO BIOHECTU KPUMCBLKY Aekanoay 4o Buay
Arcticocarcinus insignis (Segerberg, 1900).

Micuye3Haxo0dxeHHs1. YkpaiHa, AP Kpum, Binoripcbkuii
pawioH, cxun ropu Ak-kas 6ins c. bina Ckens; naneoueH, aa-
HCbKWIA SpYC, HWXKHS NigcBiTa 6inokam'sHcebKoT cBiTU. 360pyn
B.C. lepHoBa, 2011 p.

lMowupenHs. [OaHcbkuin apyc Kpumy Ta  Lseuii
(Segerberg, 1900; Schweitzer et al., 2016).

Maneoreorpadis. JaHcbknii 6aceitH Kpumy Bxoaus 4o
cknagy [MiBHiyHoro MepuTteticy (Konaesuy u dp., 2010;
JlbrzuHa u 0p., 20196). FMMbuHa paHHbOOAHCHLKOrO GacenHy
KonuBanachb Bif OeKifNIbKOX AeCATKIB A0 AeKinbKoX COTeHb
meTpiB (Kornaesuy u 0p., 2010; JlbizuHa u dp., 20196). Y na-
HCbKOMY BiLli Ha TepuTopii cyyacHoro Kpumy cpopmyBanach
kapboHaTHa nnatdgopma; y LieHTpansHomy Kpumy (y panoHi
pocnigxeHb) 6yB posTawoBaHui i cxun (Konaesuy u dp.,
2010; JlbizuHa u Op., 20196). 3 niBaoHS QaHCbKM GacenH
OyB 0OMEXEHUI HU3BKUM, CUMBHO PO3YINIEHOBAHNM CyXOA0-
nom, wo 6yB rofloBHMM AXXEpenom ynaMKoBOro marepiany
niBAeHHOT YacTuHK naneobaceliHy (BopoHuHa, 1989).

YacTi ipkun gecaTMHorux pakonogibHux npucyTHi B Nokpi-
BNi MaacTpuxTy po3pidy Ak-kas. Bik yTBOpeHHsI LMX Hipok
AaHcbkui (Hawi aaHi) Ta eoueHoBwi (fSibizuHa u 0p., 20196)
y BUMNagKy, kKonv A4eTpuToBI BanHsKW AaHito BiACYTHI | maac-
TPUXT NEPEKPUBAETBCA HYMYMITOBMMMW BanHAKaMy €OLIEHY.
3Baxal4uM Ha MPUCYTHICTb YMCMEHHUX iXHOOCUNIN
Thalassinoides Ta niTonoriyHi ocobnuBocTi Bigknaais, Mo-
KEMO 3pobUTU NPUMYLLEHHST LLOAO HAKOMUYEHHS NICKOBUKIB
wapy Ne 2 B ymoBax ckoniToBoOi ixHodaUii, Lo 3a3Buyanm po-
3BMBaETLCS 3a NOMIPHOI Ta BUCOKOI €Heprii BOAHOro CTOBNa,
NOCTIHOro NepemillleHHs cybcTparis, enisognyHoi eposii Ta
MiNKOBOAHO-MOPCBKUMW Ta NPUMBO-BIANMBHUMN YMOBaMu
(Seilacher, 1967; Droser, 1991). BasanbHi NiCKOBMKM AaHito
cdopMyBanvcs Heganeko Big 6epera Ha rmubnHax go 50 m
B YMOBax ryMigHoro knimaty (BopoxuHa, 1989).

[MoBepxHs KOHTaKTy BEpPXHbOKPENA0BUX MepreniB Ta ni-
CKOBUKIB [JAHCLKOrO sIpyCy € XapArpayHaoM 3 pO3BUHYTUM
Ha HbOMY Ta HWKYe HbOrO FNOCCiPYHriTOBOK iIXHOdaLEl,
sika (pyHKUiOHYBana BXxe B AaHCbkui Yac. [ing uiel ixHodpauii
Oynn xapakTepHMMK BUCOKa €Heprid BOAHOro CToBna Ta
NPUCYTHICTb OpraHiamis, siki 3aaTtHi 6ioTypbyBaTy NOPiBHAHO
WwinbHi cybetpatn (Mukynaw u [poHos, 2006).

MpencraBHUK OMMCAHOrO BULLE POdY KOPOTKOXBOCTUX
pakiB yneplle 3HangeHo 3a mexamu LBeuii. Came Tomy
NPOCTEXNTH LUNAXM OOMiHY ManeoueHMBUMM hayHaMn Mix
Kpvmom i CkaHaMHaBI€0, a TakoX IHWWMK perioHamMmu, onu-
pal4Mcb Ha BnacHuii Ta onybnikoBaHuin matepian, 6yno 6
OOPEYHUM.

3a pgaHumm pobit H.l. Macnakosoi Ta M.B. Apuesoi
(Apuesa, 1973; Macnakosa u HayeH eaH Heok, 1975), kom-
nnekcn 6eHTocHUX cdopamiHidpep gaHcbkoro apycy Kpumy
Ta 3axigHoi €Bponu € 4ocuTb 6nNM3bkMMK. PeluTku Koparnis
OyXe pigko TpannswTbCa B AaHCbKUX Bigknagax Kpumy,
OfHaK TyT NPUCYTHI CNinbHi BUAW 3 OQHOBIKOBMMUY Bigkna-
aamun Monbwi, Higepnaxgais, benebrii, MNiBHiYHOro Kaskasy,
Konetaary (TypkmeHricTtaH Ta IpaH), MaHruwnaky Ta Ypano-
EmGiHcbkoi obnacTi (Kasaxctan) (Kysbmuuesa, 1987).

KopucTylounce Harogow, 3a3Hauyumo, WO OMUCaHun
[0.€. MakapeHkom (MakapeHko, 1963) i3 rmaykoHITOBMX niLla-
HUCTMX BanHsKiB "HWKHBOrO eoueHy" ropun Ak-kas HOBU BUA
ractponog, Vermetus akkaiensis Makarenko HacnpaBai €
npeacTaBHUKOM nonixeT. BiH MopdonoriyHo igeHTUYHWMI Ao
onucaHoro C.l. MactepHakom (7973) Buagy nonixet Rotularia
(R.) inflata Pasternak (gaHCbKuin 4n BEpXvM MaacTpPUXTCbKOro
apycy p. benbbek, Kpum). Hapasi ui nonixetn BigHeceHo
0o iHworo nigpogy — Praerotularia Lommerzheim, 1979
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(Jager, 1993). Omxe, HOBa Ha3Ba BuAY, 3rigHO 3 NPaBNNoOM
npiopuTeTy, Mae Matu Takui Bumnsg: Rotularia (Praerotularia)
akkaiensis (Makarenko) Pasternak comb. nov. lomotun
uporo Buay [1.€. MakapeHKoM He BKa3aHWiA, TOMY SIK NEeKTOTIN
pekoMeHayeMo ekdemnnsp Ne 28956 (konekuis C.l. MacTep-
Haka), wo 36epiraeTbcs B [epkaBHOMY NpUMpOLO3HaBYOMY
My3ei y JlbBOBi. 3a HawWWMK CNOCTEPEXEHHSAMW, BUA
Rotularia (Praerotularia) akkaiensis nowMpeHnin y rrayKoHi-
TOBMX MiCKOBMKaxX Ta AETPUTYCOBUX CEPryrioBO-MOXOBATKO-
BMX BarHsikax AaHCbKOro Apycy po3pidy Ak-kas.

Ak 3a3HavaeTbCA B 6aratbox poboTtax (HatiduH, 1960; Nop-
bay, 1972; 1975; Bsanos u lopbay, 1982), cuctematuyHuii
cknag manakodayHu Ta bpaxionoq gaHcbkoro sipycy Kpumy,
[Oaii Ta Benbrii nocuTb Gnnsbknii. Ha ocHosi uboro J1.M. Fop-
6ay (1972; 1975) 3pobuna nNpunyLLEeHHs! NPO BiflbHUIA 3B'A30K
AaHcbkux akeatopin Kpumy Ta 3axigHoi €sponn. HasBsHICTb
eHAeMIKiB cepep, racTponog Ta neneumnog BoHa MOsICHIOE He
crneundivHMMKM disnKo-reorpadiyHMMM ymoBaMn nareoaksa-
TOpii YK i1 i30NbOBAHICTIO, @ HN3bKMM PIBHEM BUBYEHOCTI MOJTHO-
cKoBoi Ta 6paxionogoBoi chayH Liboro BiKy.

Cepepn Mopcbkux ikakiB poay Echinocorys i3 gaHcbkoro
apycy Kpumy € cninbHi BUAW 3 OQHOBIKOBUMU Bigknagamu
MaHruwnaky, Kaskasy, MNMonbuwi, OaHii Ta LWBeuii. Y Ton xe
yac Buaw, siki bynu 3HayHo nowumnpeHi Ha Kaekasi Ta KoneT-
Aasi, mamke MoBHICTIO BiACYTHI B Kpumy, MaHrvwnaky Ta
Mpukacnivcbkiv 3anaguHi (MockeuH u LLlumaHckas, 1993).
CuctematnyHMI cknag MOPCBKMX DKakiB psagy Spatangoida
3 paHcbkoro sipycy Kpvmcbkoro niBoctpoBa 6nmv3bkuin Ao
KOMMMeKciB 3 ogHoBikoBUX Bigknaais Oanii, benbrii, ®pan-
uii, Bonrapii, Yctiopty, MaHrmwnaky ta Kaskasy ([loc-
nasckasi U MockeuH, 1960).

Komnnekc HayTinig aaHcekoro sipycy Kpumy (LLumaHc-
kut, 1975; [epHoe ma YdosuueHko, 2016; HepHos, 2019)
Onvxuni 0o acodiadin, BigoMux 3 gaHito Kaskasy Ta MaHru-
wnaky, Hix 3axigHoi €sponu: 3 geB'aTn copm HayTinig, Bi-
OOMMX i3 BigknagiB gaHcbkoro gapycy Kpumy, nuwe Tpu
npucyTHi B 3axigHin €sponi. I3 unx Tpbox opM Bik OfHiel
TOYHO He BCTAHOBMNEHO (MaacTpuxT abo gaHin).

Y HWXHIN YacTUHI AaHCbKUX Bigknagis po3pisy MidypuHe,
Lo 3HaxoauTbca NpmbnmaHo B 10 KM cxigHiwe Big po3pisy
Ak-Kasi, BCTAHOBINEHO KOMMMeKC enacMmobpaHxin, 6nmnabkui
Ao acouiauin 3axigHoi €sponu, [MiBHiYHOI Adpuku, MNoso-
ks Ta Manruwnaky (YdosuyeHko, 2013). [JaHCbKMI KOM-
nnekc enacmobpaHxii Kpumy mae 59 % cninbHux pogis 3
OAHOBIKOBUMM acouiauismu [aHii, Takuii e BiACOTOK nogi-
OHoCTI nigpaxoBaHo Ans AaHito MNoBomKksa Ta TPOXM BinbLUniA
(70 %) — ans Mapokko (Tpukonudu u Nonybes, 2017).

Y mexax YKpaiHCbKOro LWnTa AaHCbKMIA BiK MalOTb BKpam
MINKOBOAHI Bigknagn nysaHiBCbknx BepcTB (LL/esuyeHko,
2016) abo makapTUTCbKOI CBITK Ny3aHiBCcbKoi cepii (MacayH
ma IeaHik, 2009). laHCbKi Bigkrnagn BCTAHOBMEHO TakoX Yy
Mexax [HinpoBcbko-[oHeLbKOi 3anaguHu. TyT OaHCbKO-
paHHbO3€enaHACbKMI BiK Mae Tak 3BaHUIN MCbONbCbKUA pe-
riosipyc (3ocumosuy ma LllesuyeHko, 2015, 2016). B Ykpain-
cbkmx Kapnatax (BeXaHCbkuii NOKPWB) OAHCBLKMIA BiK Mae
HWXHS YacTMHa METOBCbLKOI CBIiTW, sika cknageHa Typbigu-
Tamu (AHOpeesa-lpuzoposuy ma iH., 2012).

3a pannmun [1.€. MakapeHka (7973) Ta oesikux iHWunx go-
cnigHukiB (MacnyH ma leanik, 2009), mopcbki Bioknagu aa-
HCbKOrO BiKy MNPUCYTHI B Mexax KoHKCbko-AnuHcbKol
3anaguHn. TyT BOHM NpeAcTaBrneHi nickamu 3 peluTkamm
dopamiHidhep, MontockiB Ta kopanis. CucrematuyH1mn nepe-
nik cdopaminidpep, 3a gaHummn M.B. Apuesoi (MakapeHko,
1973), 6nn3bknin 40 OaHCbKMX acouiauin 3axigHoi €sponu
Ta lNiBHIYHOT AMepUKK; KOMMIEKC ManakoayH! CXoXui Ha
acouiauii Ny3aHiBCbKMX BEPCTB CYMCbKOI CBiTU YKpaiHCb-
koro wuTta. [.€. MakapeHko (7973) pobuTb BUCHOBOK NpO
BiMbHUMN  3B'A30K  OaHCbKMX akBaTopi  [HiNpoBCbKO-
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[oHeupbkol 3anagunHn, YkpaiHcbkoro wwmta Ta lNpuyopHo-
Mopcbkoi 3anaanHn. Cnony4veHHs lMiBHiYHO- Ta NiBAeHHO-
yKpaiHCbknx  naneoueHoBux  OacewHiB  BigGyBanocs
cucTemMor  rpabeHiB, pO3TalIOBaHMX MK CydYacHUMMK
Mictamu [Hinpo Ta KponuBHuubkmin Ta 4veped KoHKCbko-
AnuHcbky 3anaguHy. Yepes MonoyaHcbkuii rpabeH Binby-
BaBCH 3B'A30K 3 naneoaksaTtopieto 3axigHoro MNMpunasos'a.

Mpw po3rnsgi NuTaHHA 3B'A3KIB AaHCBLKUX dhayH €Bpornu
3HaYHWUIA iHTepec cTaHOBMATb poboTn B.H. BeHbsiMOBCLKOrO
(BeHbsimosckuti, 2003, 2009, 2013; Akhmet'ev and
Beniamovski, 2006). Ha puc. 1y ctatTi (beHbsamosckutl, 2003)
Ta Ha puc. 8.6 y poborTi (beHbsimosckul, 2013) npencraBneHo
naneoreorpagivHi CXemu LUMPOTHUX | JOBrOTHUX NPOTOK [MiBHI-
YyHo-3axigHoi €Bponu y naneoreHi. BignosigHo fo Liei cxemu
JaHcbki akBaTopii cyvacHoro Kpumy manm 6esnocepeaHin 38's-
30K i3 6aceriHamu [MiBHiYHOT Ta 3axigHoi €Bponu Yepes MNonb-
cbky Ta Mpun'aTcbky CyOLUMPOTHI NpoToku (puc. 3).

Y crattax B.H. BeHbsimoBcbkoro (2009, 2013) nigkpec-
NeTbCst ocobnuee 3HayeHHst [IHinpoBcbKo-[oHeLbKkoro na-
neobacernHy ons po3cenieHHst doopamiHichep y naneoueHi.
TyT e aKkUueHTYeTbCH yBara Ha 6rm3bKOCTi KoMnnekcis go-
pamiHidoep MiBgeHHOi LBeuii Ta [OHinpoBCcbKo-[OHELBKOT
3anaguHun. Kpim Toro, naneoueHoBi acouiauii [JHiNpoBCbKO-
[oHeLbKol 3anagmMHu MiCTATb BUAW, LWLO BiAOMI Y CXigHILLNX
parioHax €pasii — ax go 3axigHoro Cubipy, npote He Bi-
aowmi y 3axigrin Ta MiBHivHIN €Bponi. Y Uin cTaTTi pobutbea
BWCHOBOK, LLIO B NaneoueHi Yepes [dHiNpoBCbKO-[OHeLbKUI
baceriH Ta [MonbCcbky NpPOTOKY BigaOyBamnocs po3ceneHHs
6nM3bKMX y cucTeMaTMYHOMY NaHi acouiadin dpopamiHidep
y Kpum Ta lMiBHiuHy i 3axigHy €Bpony. PaHiwe [0 cxoxumx
BMCHOBKIB, NPOTE 3a AaHVMM BUBYEHHS ractponos, AinwoB
0O.B. AmitpoB (AmMumpos, 1987).

Y faHcbkuii Bik Ha TepuTopii cyyacHoi MiBHiYHOT YkpaiHu
pO3TallOBYBaBCA XOMNoAHOBOAHMM 6aceniH, skun MaB
3B'A30K i3 3axigHoto €sponoto Ta BopeanbHuM GacenHom.
3HayHo Tenniwwmm 6yB lMiBAeHHMI GaceliH, sikniA posTallo-
ByBaBcs B Kapnarax, MpnyopHomopcbkin 3anaguHi, Kpumy
Ta OyB TicHO MoB'a3aHui i3 CepensemMHOMOpCLKkMM Gacel-
Hom (BepHeubkuti, 2017).

Ha Hawy gymky, ay>xe ManoMoBipHO, WO NpeaCTaBHUKN
pogny Arcticocarcinus Schweitzer et al., 2016 NpoHWKNK Ha Te-
puTopito CkangunHasii 3 Kpumy um HaBnaku yepes Nonbcbky
NPOTOKY, OCKINbKW LbOMY 3aBaxaB KapnaTtcbkui dniliosui
GaceliH (Tak 3BaHMI PycnyaHcekuin naneobaceiiH (AHOpeesa-
lpuzoposuy ma iH., 2017; CynpyH, 2021)), SKUIA, O4EBUAHO,
YHEMOXIMBMB PO3CENEHHST MINKOBOAHOI GEHTOCHOI dhayHu.
3a faHnMuK BUBYEHHSA HaHoNnaHKToHy (CyrnpyH, 2021) cegwn-
MeHTaUis B LboMy naneobaceriHi Bigbysanack y 6aTianbHux
ymoBax. OgHak cnif, 3a3HaunTK, L0 B HWDKHIN YaCTUHI SsAMHe-
HCbKOI CBIiTU (3enaHii—TaHeT) BiHOMWI Tak 3BaHWI sipemMya-
HCbKUA  CTPOKAaTOKOMipHWUIA  "rOpmM3oHT", npeacTaBneHui
nepeLlapoByBaHHAM 3eMeHVX apriniTis Ta anesponiTie i Yep-
BOHUX nickoBukiB (FeHepanosa ma Kocmiok, 2012), B skomy
3HaNZEeHO MiNKOBOAHO-MOPCLKY 6ioTy, y TOMY Ymcni ryoku, Ko-
panu, ycTpuLi, MoxoBaTku, 6e33amkoBi 6paxionogn Ta Byco-
Hori paku (Bsiros u dp., 1960). CegumeHTaUiHWM aHani3 umnx
CTPOKaTOKOMIPHMX BEPCTB CBiAYMTbL Ha KOPUCTb JOCUTb CMo-
KiMHUX TIIMOOKOBOOHMX YMOB iX HAKOMUYEHHS1 3a MOMIpPHOI
yyacTi TypOigMTHUX NOTOKIB Ta KOHTYPHUX Teuin (MeHeparnosa
ma Kocmiok, 2012). OTxe, peluTkn MinKOBOAHO-MOPCHKOI
dayHu €, NMOBIPHO, anoOXTOHHNUMM, TOBTO MPUHECEHMMU CY-
CMEH3IHNMMM MOoTOKamM 3 BinbLl MINMKOBOAHMX YaCTWH akBa-
Topii. 3a3Ha4yMMO, L0 NOHATTS "rOpU3oHT" y cTpaTurpadii He
€ TEPMIHOM BINbHOrO KOPUCTYBaHHS, TOMY, Ha Hally AYMKY,
JouinbHiwmm 6yno 6 roBoputn Npo "sipeMyaHcbki CTpokaTo-
KonipHi Bepctemn" abo npocTo "apemyaHchbki BepcTen'”. Lig Bu-
Mora uiTko nponucaHa y “"CrtpaturpadiyHomy Kogekci
Ykpainn" (Cmpamuepacbidrud. .., 2012).
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Puc. 3. Naneoreorpadis 3axiaHoi €Bpasii B gaHcLkui Bik. omapaHyeBi 3ipoykun — MmicusA 3Haxiaok kpabiB Arcticocarcinus.
CknapeHo 3 BukopuctaHHsaM aaHnx B.H. BeHbsimoBcbkoro (beHbsimosckud, 2003, 2009, 2013).
ManeorerpadivyHy OCHOBY B3ATO 3 iHTepHeT-pecypcy (https://deeptimemaps.com/global-paleogeography-and-tectonics-in-deep-time/)

3 TepuTopii MonbLuj BigoMi aHckki Aekanoau Titanocarcinus
polonicus Fraaye, Necrocarcinus senonensis Schliter in von
der Marck et Schliter (Fraaye, 1994), a Takox Hoploparia
nasilowensis Fraaije et al., 2018 (Fraaije et al., 2018).
Ak 6aynmo, xogHoro cninbHoro pogy 3 AaHiem Kpumy Tyt
Hemae, xo4a NpUCYTHIN G6nusbkun o Arcticocarcinus pig,
Necrocarcinus. Y pesikux pobotax, Hanpuknag y (Collins
and Jakobsen, 1994), Arcticocarcinus insignis NOMWIKOBO
CUHOHIMIdyBaBcs 3 Bugom Necrocarcinus senonensis, TOMy
€ WMOBIpHICTb, WO npeactaBHukn popay Necrocarcinus
3 faHcbkoro sipycy lMonbLi Hacnpasgi HanexaTb 4O poay
Arcticocarcinus.

OTxe, cyasum 3 ycboro, obMiH gaHCbkumu 6GeHToC-
HUMKU dayHamu BigbyBaBcs yepes cyoLmMpoTHUIN BacerH —
OHinpoBcbko-[oHeubke Mope Ta MNpun'atcbky NpoToky. Bu-
Le3ragaHe mope Oyrno YacTMHO Tak 3BaHOro Mopsi ApxaH-
renbCbkoro — BENWKOro cybwmpoTHoro 6GacenHy, LWo
npocTdarascsa Bif Bigporie Kaekasy Ta Ypany go 3axigHoi
€sponu (beHbsmosckul, 2009; MacnyH ma lsaHik, 2009).

BucHoBku. I3 gaHcbkoro sipycy Kpumy onncaHo KopoT-
KOXBOCTOro paka Arcticocarcinus cf. insignis (Segerberg,
1900). MpepncTaBHuK poay Arcticocarcinus BnepLue 3Haviae-
HUA 3a mexamu Leeuii. ®ocunis 3ansrae in situ B Hipui,
Wwo Hanexutb o ixHopogy Thalassinoides Ehrenberg,
1944. TMopibHi 3Haxigkn € Jyxe pigkicHMMKM, npoTe nue
BOHW J03BOSSIOTb BCTAHOBUTU, SIKi CamMe BUKOMHI AeKanoam
cteBoptoBanu  Hipkn Ophiomorpha, Thalassinoides Ta
Spongeliomorpha. s 3Haxigka po3lmMproe naneoHTosnori-
YHY XapaKTepUCTUKY AaHCbKOro sipycy Kpumy Ta CBigunTb
Npo BiNbHMI 3B'A30K AAHCLKMX akBaTopii NiBaHs YkpaiHu Ta
MisHiyHOI i 3axigHoi €Bponu. Pe3dynbTatn gocnigaxeHb ae-
MOHCTPYHOTb 3Ha4Hi NEPCMNEKTUBY BUBYEHHS PELUTOK pako-
nodibHux i3 naneoreHoBUxX BigknaaiB YkpaiHu.

CnuMcok BUKOPUCTaHUX axepen
Amutpos, O.B. (1987). ManeoreHoBble Mops YKpauHbl Kak CBA3ytollee
3BeHO Mexay Mopsimm Cesepo-3anagHoii Esponbl n KOra CCCP (Ha

ISSN 1728-3817

maTepmarne 6ptoxoHorux MonnockoB). B buocmpamuzpadbusi, naneoHmosno-
2usi ocadoyHoeo yexna YkpauHbl. Knes, 148-152.

Anpgpeesa-Ipuroposuy, A.C., THunko, O.M., MHunko, C.P. (2012). Mexa
Kpenau-naneoreHy y Bigknagax BexaHcbkoro nokpuy (3oHa Mapmapochkux
ckenb) BHyTpilwHix YkpaiHcekvx Kapnat. [aneoHmornoziyHi docnioxeHHs 8 ydo-
CKOHareHHi cmpamuepacbiyHux cxem ghaHepo3olicbkux gioknadie: Mamepianu
XXXIV cecii ManeonmonoeitHo2o mosapucmea HAH YkpaiHu, Kuis, 66—67.

Axppeea-lpuroposuy, A.C., MacnyH, H.B., Isanik, M.M. Ta iH. (2017).
KaviHo3olicbka icTopisi naneobaceinHis YkpaiHcbkux Kapnat. 40 pokie MNane-
OHMO02iYH020 mosapucmea Ykpainu: Mamepianu XXXVIII cecii [NaneoH-
mornoeiyHoeo mosapucmea HAH YkpaiHu, Kuig, 103—105.

Bapa6ouwkuH, E.1O., I'yxukos, A.lO., Anekcangposa, .H. n agp. (2020).
HoBble ceaumeHTonornyeckue, MarHutoctpaturpadmyeckme n buoctpaturpa-
huyeckve faHHbIe Mo pa3pesy kamnaHa-MaacTpyxTa ropel Belukolw, toro-3anag-
HbI KpbiM. Cmpamuepacpusi. [eonoeuyeckasi koppensyusi, 28 (6), 125-170.
https://doi.org/10.31857/S0869592X20060046

BeHbsimoBckuiA, B.H. (2003). Mponuebl, BogHbIE Macchl, TEYEHUS U Naneo-
6uoreorpadmyeckoe panoHVpoBaHne Mopckux HaccelHoB naneoueHa Ce-
Bepo-3anagHon Espasun no dopamuHncdepam. bronnemerns Mockogckozo
obwecmea ucrnibimamenel npupodsbl. Omoen 2eonoaudeckud, 78 (4), 56—77.

BeHbsimoBckuii, B.H. (2009). AiHenpoBcko-[loHeLkuii 6acceiiH kak CBA3Yto-
Lee 3BeHO Mexay Mopsimn CeBepo-3anaaHon EBpasuu (no matepuanam na-
neoLeHoBbIX BGeHTOCHbIX dopammundep). 36ipHUK Haykosux rnpaub
IHcmumymy 2eonoeiyHux Hayk HAH YkpaiHu, 207-211.

BeHbsamosckuii, B.H. (2013). Maneobuoreorpacus 6eHTOCHBIX hopamu-
Hudep B NaneoLeHoBbIX aKBaTOPUSIX CPeAHMX W BbICOKUX WMPOT CeBepHoW
EBpasun. B Cmpamuepagpusi & Hadane XX| eeka — meHOeHyuU U HO8ble
udeu. Mocksa: "eokapT-T'EOC, 145-167.

BupwrenH, A.A. (1960). Otpsa Decapoda. OcHoBbl naneoHTonoruu. T. 8.
YneHwucToHorune, TpunobutoobpasHble 1 pakoobpasHble. Mocksa: ocyaap-
CTBEHHOE Hay4HO-TEXHWUYECKOe U3[aTenbCTBO NMuUTepaTypbl MO reornorum u
oxpaHe Hegp, 439-456.

BoponuHa, A.A. (1989). ManeoreHoBas cuctema. B Meonoeuyeckoe cmpo-
eHue KauuHckozo nodHsmus opHo2o Kpbima. Mocksa, 4-35.

Bsnos, O.C., Nop6ay, J1.M. (1982). 3HayeHre no3gHeMenoBbIX U naneore-
HOBbIX YCTPWL, ANS cTpaturpadunmn n MexpermoHansHom koppenaumm (Ha npu-
mepe Kpbima). CospemeHHoe 3HauyeHue naneoHmornoauu 0151 cmpamuepa-
uu: Tpydbl XXIV ceccuu Bcecoro3HO20 naneoHmonoau4yecko2o obwecmea.
IlennHrpaa: Hayka, 98—103.

Bsnos, O.C., flabarsH, H.B., Kynbunukuii, A4.0. (1960). O rpaHuue mexay
Merniom 1 naneoreHom B BoctouHbix Kapnatax. B MpaHuua mesnosbix u mpe-
muyHbix omnoxeHud. Mockea: N3patensctBo AH CCCP, 105-122.

IeHepanosa, J1.B., Koctiok, O.B. (2012). CeanmeHTanoriyHi pucu kpei-
[0BO-E0LEHOBMX CTPOKATOKOMIPHUX TrOpU3OHTIB  CKUOOKOI CTPYKTYpHO-
dauianbHoi 30HM YKpiHCbknx Kapnat. 36ipHuk Haykoeux npaub IHemumym
2eornoeiyHux Hayk HAH YkpaiHu, 5, 89—-94. https://doi.org/10.30836/igs.2522-
9753.2012.147544



FEOJIOriA. 2(101)/2023

~11 ~

[op6ay, .M. (1956). O Haxopkax kpaboB B MEHUNMTOBBIX craHuax Boc-
TouHblx Kapnat. [eonozuveckuli cb6opHuUK JIb808CKO20 2e05102u4eCcK020
obwecmea, 2/3, 30—42.

[Fopbau, J1.M. (1972). Crpaturpacdwma u cayHa MOMMOCKOB paHHEro
naneoueHa Kpeima. Mocksa: Heapa.

[opbay, J1.M. (1975). ManeoueH MO AaHHbIM W3y4YEHWs! MOMIOCKOB U3
KpbIMCKMX pa3pe3oB. [TaneoHmonoauyeckuli cbopHuk, 12, 106—111.

lop6ay, .M., Aobposonbkckas, T.A. (1964). O HMKHeMenoBbIX Naneocen-
cMmuyecknx sBnenusx B Kpbimy. [oknadsi Akademuu Hayk CCCP, 154 (3),
500-502.

pasHoB B.U. (1956). O npuypouyeHHOCTM Haxopok kpaba Coeloma vigil
M.-Edw. k onuroueHoBbIM MapraHueBopyaHbiM daumnam. Joknadsi AH CCCP,
106 (4), 717-719.

HepHos, B.C. (2019). HoBi AaHi LW0A0 CMCTEMaTUYHOIO CKnagy Mi3HbOK-

penpoBux i naneoreHoBux HayTunig JoHbacy Ta Kpumy. lpobnemu eeonoeaii

ghaHepo3sor YkpaiHu: Mamepianu X BceykpaiHcbKoi HayKo8oi KOHgbepeHuil,
9-11 xoemusi 2019 p., Jibeig, 33—-35.

[NepHos, B., YaoBuueHko, M. (2016). Aesiki naneoreHoBi HayTunoigei [JoH-
6acy Ta Kpumy. lManeoHmonoeidHuli 36ipHuK, 48, 19-27.

[y6koea, KA., Wwuwnos., C.b., YepenaxvHa, A.B. (2019). Pa3pe3 naneo-
LieHa-3oLieHa B paiioHe ropbl Ak-kas (LieHTpanbHbi Kpeim) 1 ero reomctopuye-
ckass uHTepnpeTtaums. BecmHuk CaHkm-[lemepbypackoz2o yHusepcumema.
Hayku o 3emne, 64 (1), 4-23. https://doi.org/10.21638/spbu07.2019.101

3epHeubkuin, B.®. (2017). ManeoueHoBi HymyniTMan Ykpainn. 40 pokie

lManeoHmornoeiyHoMy moeapucmsy Ykpaitu: Mamepianu XXXVIII cecii

lManeoHmonoziyHozo mosapucmea HAH Ykpainu, Kuig, 111-112.

3epHeubkuin, B.®., PsbokoHb, T.C., Jlionbesa, C.A. (2014). MNMnuTaHHs BU-
BYEHHSI 0Caf0BOro komnrekcy naneoueHy Kpumcbkoro i KepyeHcbkoro niso-
cTpoBiB. 36ipHUK Haykosux pobim I[Hcmumymy eeono2iyHuUX  Hayk
HAH Ykpaitu, 7, 101-125. https://doi.org/10.30836/igs.2522-9753.2014.146861

3epHeubkuin, B.®., PsbokoHb, T.C., Jlionbea, C.A. (2015). MNMuTaHHs BU-
BYEHHSI 0Caf0BOro Komnnekcy eoleHy KpumMcbkoro i KepueHcbkoro niBocTpo-
BiB. 36ipHUK Haykosux pobim IHcmumymy 2eonoeidHux Hayk HAH Ykpaitu,
8, 32—62. https://doi.org/10.30836/igs.2522-9753.2014.146861

3ocumoswny, B.KO., 3epHeubkun, B.®., AHgpeesa-Ipuroposud, A.C. Ta iH.
(2005). Periosipycu naneoreHy nnatdgopmHoi Ykpainn. Y biocmpamuapagbidHi
Kpumepii po34neHysaHHs ma Kopensauii gidknadie gpaHepo3oto YkpaiHu. Kuis,
118-132.

3ocumoswny, B.1O., LieByeHko, T.B. (2015). MNaneoreHosi Bioknaaw lMiBHiY-
HoOyKpaiHCbKol naneocegMMeHTaUiiHOI  NPOBIHLiT.  36ipHUK  HayKosuX rpayb
IHcmumym aeonoziyHux Hayk HAH Ykpainu, 8, 68—121. https://doi.org/10.30836/
i9s.2522-9753.2015.146712

3ocumosuy, B.HO., Lesyenko, T.B. (2016). Mpo 3miHn go periospycHoi
Lwkanu naneorery [MiBHiYHOT Ykpainn. Mamepianu XXXVII cecii NaneoHmo-
noeiyHozo mosapucmea HAH Ykpainu. Knis, 71-73.

WnbuH, U.B. (2005). MenoBble 1 naneoreHoBble AecATMHOIVE pakoobpas-
Hble (Crustaceamorpha, Decapoda) 3anagHoi Yactu CeBepHolt EBpasuu.
Mocksa: U3gaTenbscTtBo MOCKOBCKOroO yHMBEpPCUTETA.

Konaesuy, [1.9., MNbirnHa, E.A., AkosuwumHa, E.B. n gp. (2010). Aatckme otno-
»eHusa KpbIMckoro nomyoctpoBa: dhaumarnbHble 0COBEHHOCTY U YCIOBUSI HAKOM-
neHus.. BecmHuk Mockosckoeo yHeepcumema. Cep. 4. leonoaus, 5, 12—20.

Kopo6bkog, WN.A. (1975). lecatnHorne pakoobpasHblie. B Cmpamuepacpusi
CCCP. ManeozeHosas cucmema. Mockea: Hegpa, 433—435.

Kysbmuuea, E.N. (1987). MenoBble un naneoreHoBble kopansbl YKpauHsbl.
B Buocmpamuepacbusi, naneoHmornoausi ocado4Hoe2o Yyexna YkpauHbl. Knes:
HaykoBa gymka, 143-147.

Nesuukuin, E.C. (1974). Wckonaemble pecsiTuHorve pakoobpasHble
okpecTHocTel baxuncapasi. bronnemeHb Mockosckoeo obuwiecmsa ucrsima-
menel npupodsbl. Omden eeonoeudeckudi, XLIX (6), 101-119.

NbirvHa, E.A., Hukuwun, A.M., TeeputuHoBa, T.HO. n ap. (2019a). Joue-
HOBble NaneocercMmoamcnokauum ropbl Ak-kas (benoropckui parioH, Kpbim).
BecmHuk Mockosckozo 2ocydapcmeeHHo20 yHusepcumema. Cep. 4. [eorno-
eusi, 1, 46-56. https://doi.org/10.33623/0579-9406-2019-1-46-56

NeirvHa, E.A., YctnHoBa, M.A., Ma6aynnui, P.P. n gp. (20196). Morpaxu-
YHble MaaCTpUXT-AaTckue oTnoxeHusi LieHTpanbHoro Kpbima: HoBble AaHHble
O W3BECTKOBOM HaHHOMMaHKkToHe. BecmHuk Mockoeckoeo eocydapcmeeH-
Ho2o yHusepcumema. Cep. 4. leonoeus, 1, 68-79.

MakapeHko, O.€. (1956). PewTkn kpabiB i3 naneoreHoBMX Bigknaais
Kpumy. leonoziynuti xypHan, XVI (3), 74—76.

MakapeHko, [1.€. (1963). [desiki HOBi Ta ManoBiaomi BUAU MOMIOCKIB i3 na-
neoreHoBux Bigknagis YPCP. Meonoaiynuti xypHan, XXII (4), 90-99.

MakapeHko, O.€. (1973). Mopcbki Biaknaau naneoueHy KoHKCbko-AnuH-
cbkoi 3anaguHu. TekmoHika i cmpamuepadpisi, 6, 45—49.

MacnakoBa, H./., BonowwuHa, A.M. (1969). MenoBasi cuctema. BepxHuii
otgen. B Meonoeuss CCCP. T. VIII. KpbiM. YacTb 1. Meonornyeckoe onuca-
Hue. Mocksa: Hegpa, 114—155.

MacnakoBa, H.W., HryeH BaH Hrok (1975). PacnpocTpaHeHne 6eHTOCHbIX
dopamurHmep B NOrpaHUYHbIX OTIIOXEHMSAX Mena u naneoreHa KOro-3anapa-
Horo Kpbima. B Pazsumue u cmeHa opaaHuyeckoeo mupa Ha pybexe me30-
3051 U KallHo3051. Hosoe o ¢hayHe. MockBa: Hayka, 7—14.

MacnyH, H.B., IsaHik, M.M. (2009). ManeoueHoBi Bigknaan YkpaiHcbkoro
LMTa Ta 0coBNMBOCTI CeAUMEHTOreHe3y ManeoLeHOBOro Mopsi ApXaHrenbCb-
koro. 36ipHuUK Haykosux npaub IHcmumymy eeonoeiyHux Hayk HAH Ykpaitu,
K.,199-206. https://doi.org/10.30836/igs.2522-9753.2009.148002

Mwukynaw, P., OpoHos, A. (2006). MNaneovxHornormsi — BBEAEHVE B U3yye-
HVe 1ckonaeMblx CreAoB XusHeaesTenbHocTu. Mpara.

ISSN 1728-2713

MocksuH, M.M., Hangumx, AO.M. (1960). AaTtckve 1 norpaHUyHbIE C HAMM
oTnoxeHus Kpbima, 3akacnuinckorn o6nactu 1 toro-BOCTO4HOM YacTu Pycckoi
nnaTtdopmbl. B MpaHuya menosbix u mpemuyHbix omnoxeHul. Mocksa: W3-
npartenbcteo AH CCCP, 15-40.

MocksuH, M.M., LumaHckas, H.B. (1993). Poa Echinocorys (Mopckue
eXu) B OTNOXEHMSIX AaTCKOro sspyca BOCTOYHOW YacTn EBponerickol naneo-
6uoreorpaduyeckon obnactu. Ctatbs 2. bonnemeHs Mockoeckozo obuye-
cmea ucnbimamenel npupodbl. Omden 2eonozuyeckull, 68 (2), 44-59.

Mynika, A.M. (1971). BepxHsa kpenga. Ctpaturpadis YPCP. T. VIII.
Kpenga. Kvis, 177-197.

Hawnguh, 4.1, (1960). OaTtckne n moHckue otnoxeHns. CO60pHUK 8 yecmb
akademura Mosyo Cmurnosuya Mosqesa. Cocus, 167—184.

Hawnguh, O.1., Benbamosckui, B.H. (2000). O apycHoM genexHun naneo-
ueHa. Cmpamuepacpusi. [eonozudyeckasi koppensyusi, 8 (4), 65-83.

MactepHak, C.I. (1973). Kpengosi cepnynign €Bponencbkoi YacTUHK
CCCP. KuiB: HaykoBa gymka.

Mocnasckas, H.A., MocksuH, M.M. (1960). Mopckue exu oTpsiaa
Spatangoida B AaTCKMX U NOrpaHUYHbIX C HUMK OTRoXeHMsIX KpbiMa, KaBkasa
1 3akacnuickon obnactu. B MpaHuya mMenosbix U mpemuyHbix OmMIoXeHuU.
Mockea: MsgatensctBo AH CCCP, 47-82.

PagkeBuy, 0. (1900). O HUKHETPETUYHBIX OTIIOXKEHUSAX OKpecTHocTen Ka-
HeBa. 3anucku Kuesckozo obuwiecmea ecmecmeoucrisimamered, 16 (2), 1-45.

CenuH, t0.1. (1964). CtpaTurpadus u monntockv onuroueHa bonblue-To-
KMaKCKOro MapraHueBopyaHoro paiona. Mocksa: Hegpa.

CrpaturpadivHuii kogekc Ykpainn. (2012). Kuis.

CynpyH, I.C. (2021). biocTpaTurpadis naneoueHoBUX Bigknagis YkpaiHCb-
kux Kapnat 3a HaHonnaHkToHoM. Juc. ... kaHO. 2eon. Hayk: 04.00.09 — [a-
nieoHmornoeis i cmpamuepadis. Kuis.

Tpukonuan, ®.A., Fonybes, B.K. (2017). Komnnekcbl anacmobpaHxuit
(Chondrichthyes, Elasmobranchii) n3 maactpuxTckux n 4aTckux OTHOXeHWN
Kpbima. Mamepansi LXIII ceccuu MNaneoHmonoauyeckoeo obujecmea "UH-
mezpamusHasi naneoHMosnoausi: nepcrnekmuebl pasgumusi 01si eeonoauye-
ckux yenel", 3-7 anpens 2017 e., CaHkm-llemepbype, 220-221.

Yposuyerko, H.W. (2013). ManeoreHoBble KOMMMEKCbl aKymnoBbiX pblO
KpbimMa 1 ux 3HaveHue ansa crtpaturpadun. Mamepuansr MexdyHapooHou
Hay4HoU KoHgbepeHyuu "Cmpamuepaghusi oca0oyHbIX obpa3osaHull 8epx-
Hea20 npomepo30os u haHepo3osi”, 23—-26 ceHmsbps 2013 ., Kues, 147-148.

YepHbiwes, b.W. (1949). Moaknacc Malacostraca. Otpsig Decapoda. Aecstu-
Horue. Atnac pykoBogsLmx dopm uckonaemon gayHsl CCCP. T.XII. MNaneoreH.
Mocksa: NocynapcTBeHHOE M38aTenbLCTBO reosiorvyeckon nutepartypsbl, 289—-294.

LLleBueHko, T.B. (2016). Xapakrepuctuka perioHansHMUX CTPaTOHIB naneoreHy
MiBHiYHOI YkpaiHW 3a opraHikoCTiHHUM MikpodbiTonnaHKToHoM. [Tpobriemu obrpy-
HMy8aHHs1 pezioHanbHUX CcmpamoHie ¢haHepo3oto YkpaiHu: Mamepianu
XXXVII cecii lManeoHmonoeiyHo2o mosapucmea HAH Ykpaiku, Kuig, 73—76.

LnmaHckuin, B.H. (1975). Menosbie HayTunonaen. Mocksa: Hayka.

Wuwrnos, C.b., Oy6koBa, K.A., Apkaabes, B.B. n ap. (2020). Men v nane-
oreH 6acceiHa peku bogpak (FOro-3anagHeivi Kpeim). CaHkT-MNeTepbypr.

Anun, B.T. (1978). Mickonaemble cneabl XXn3HegesaTenbHOCT OPraHn3mMoB
B MENOBbIX U NaneoreHoBbIx oTnoxeHnsx Kpeima. Tpyds XX ceccuu Beeco-
103HO20 ManeoHmoro2u4eckoeo obwecmsa. Qywan6e: JoHnw, 173-185.

Auun, B.T., BapabolukuH, E.1O. (2013). Hopbl Thalassinoides (CTpykTypbl
3apbiBaHNA OECATUHOTMX PakoobpasHbiX) M3 HUMKHEMENOBbLIX OTMOXEHWN
lOro-3anagHoro n LieHtpansHoro Kpeima. Cmpamuepacgpusi. [eonozuyeckast
koppenayus, 21 (3), 1-11. https://doi.org/10.7868/S0869592X13030101

Apuea, M.B. (1973). Xapakrepuctuka KoMnnekcis 6eHTOCHMX chopamiHi-
dep Aaty Ta naneoueHy CTpaToTUNoBUX po3pisiB Baxuncapaicbkoro paoHy.
Texkmonika i cmpamuepacgpusi, 6, 33—40.

Ahyong, S.T., Lai, J.C.Y., Sharkey, D., Colgan, D.J., Ng, P.K.L. (2007).
Phylogenetics of the brachyuran crabs (Crustacea: Decapoda): the status of
Podotremata based on small subunit nuclear ribosomal RNA. Molecular
Phylogenetics and Evolution, 45, 576-586. hitps://doi.org/10.1016/
j.ympev.2007.03.022

Akhmet'ev, M.A., Beniamovski V.N. (2006). The Paleocene and Eocene in
the Russian part of West Eurasia. Stratigrafiya. Geologicheskaya
Korrelyatsiya, 14 (1), 54—78. https://doi.org/10.1134/S0869593806010047

Collins, J.S.H. (2010). New species of crabs (Crustacea, Decapoda), one
from the Middle Danian of Denmark, and three new species from the Upper
Cretaceous of Nigeria. Bulletin of the Mizunami Fossil Museum, 36, 13—19.
https://doi.org/10.1080/14772019.2016.1182950

Collins, J.S.H., Jakobsen, S.L. (1994). A synopsis of the biostratigraphic
distribution of the crab genera (Crustacea, Decapoda) of the Danian
(Palaeocene) of Denmark and Sweden. Bulletin of the Mizunami Fossil
Museum, 21, 35-46.

De Carvalho, C.N., Viegas, P.A., Cachao, M. (2007). Thalassinoides and
its producer: populations of the Mecochirus buried within their burrow system,
Boca do Chapim Formation (Lower Cretaceous), Portugal. PALAIOS, 22,
107-112. https://doi.org/10.2110/palo.2006.p06-011r

Dieni, I. (2010). Maastrichtian and Selandian decapod crustaceans from
Sardinia. Bollettino della Societa Paleontologica ltaliana, 49 (2), 135-144.

Droser, M.L. (1991). Ichnofabric of the Paleozoic Skolithos Ichnofacies and
the nature and distribution of Skolithos piperock. PALAIOS, 6 (3), 316-325.

Eichwald, E. (1865-1868). Lethaea Rossica ou paleontologie de la Russie.
Vol. 2. Periode moyenne. Stuttgart: Schweizerbart.

Forster, R. (1968). Paranecrocarcinus libanoticus n. sp. (Decapoda) und
die Entwicklung der Calappidae in der Kreide. Mitteilungen der Bayerischen
Staatssammlung fiir Paldontologie und Historische Geologie, 8, 167—195.



~12 ~

B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

Forster, R. (1970). Zwei neue brachyure Krebse aus dem Paldozén des
Haunsberges nérdlich von Salzburg. Mitteilungen der bayerischen
Staatssammlung fiir Paldontologie und historische Geologie, 10, 241-252.

Fraaije, R.H.B., Jagt, J.W.M., Van Bakel, B.W.M., Tshudy, D.M. (2018).
New lobsters (Decapoda, Nephropoidea) from the Cretaceous—Paleogene
section of the Middle Vistula valley, east-central Poland. Acta Geologica
Polonica, 68 (4), 503-509. https://doi.org/10.1515/agp-2018-0014

Fraaye, R.H.B. (1994). Early Paleocene crabs (Crustacea, Decapoda)
from the Middle Vistula Valley, Central Poland. Acta geologica polonica, 44,
261-266.

Jager, M. (1993). Danian Serpulidae and Spirorbidae from NE Belgium and
SE Netherlands: K/T boundary extinction, survival, and origination pattern.
Contribution to Tertiary and Quaternary Geology, 29, 73-137.

Jagt, JW.M., Collins, J.S.H., Fraaye, RH.B. (1993). A new early
Palaeocene genus of raninid crab (Crustacea, Decapoda) from Denmark,
southern Sweden and The Netherlands. Contributions to Tertiary and
Quaternary Geology, 30 (3/4), 177-182.

Jakobsen, S.L., Collins, J.S.H. (1997). New Middle Danian species of
anomuran and brachyuran crabs from Fakse, Denmark. Bulletin of the
Geological Society of Denmark, 44, 89-110

Jakobsen, S.L., Feldmann, R.M. (2004). Epibionts on Dromiopsis rugosa
(Decapoda: Brachyura) from the Late Middle Danian limestiones at Fakse
Quarry, Denmark: novel preparation techniques yield amazing results.
Journal of Paleontology, 78 (5), 953-960. https://doi.org/10.1666/0022-
3360(2004)078<0953:EODRDB>2.0.CO;2

Jakobsen, S.L., Fraaije, R.H.B., Jagt, W.M., Van Bakel, W.M. (2020).
New early Paleocene (Danian) paguroids from deep-water coral/bryozoan
mounds at Faxe, eastern Denmark. Geologijja, 63 (1), 47-56.
https://doi.org/10.5474/geologija.2020.005

Latreille, P.A. (1802). Histoire Naturelle, Générale et Particuliére des
Crustacés et des Insectes. Ouvrage Faisant suite a I'Histoire Naturelle
Générale et Particuliere, Composée par LeClerc de Buffon, et Rédigée par
C.S. Sonnini, Membre de Plusieurs Sociétés Savantes. Vol. 3. Paris: Dufart.

Nielsen, K.B. (1917). Cerithiumkalken i Stevns Klint. Danmarks Geologiske
Undersagelser, 4. Raekke 1 (7), 1-14.

Rindsberg, A.K. (2018). Ichnotaxonomy as a science. Annales Societas
Geologorum Poloniae, 88, 91-110. https://doi.org/10.14241/asgp.2018.012

Robin, N., Van Bakel, B.W.M., Pacaud, J.-M., Charbonnier, S. (2017). Decapod
crustaceans from the Paleocene (Danian) of the Paris Basin (Vigny stratotype and
allied localites) and a limpet palaeoassociation. Journal of Systematic
Palaeontology, 15 (4), 257—-273. https://doi.org/10.1080/14772019.2016.1182950

Schweitzer, C.E., Feldmann, R.M. (2005). Decapods, the Cretaceous-
Palaeogene boundary, and recovery. In S. Koenemann, R.A. Jenner (Eds.),
Crustacea and arthropod relationships. Crustacean issues, 16, 17-53.
https://doi.org/10.1201/9781420037548.ch2

Schweitzer, C.E., Feldmann, R.M., Karasawa, H., Luque, J. (2018).
Systematic description: section Raninoida. Treatise online. Part R (revised),
1(8S), 1-44.

Schweitzer, C.E., Karasawa, H., Luque, J., Feldmann, R.M. (2016). Phy-
logeny and classification of Necrocarcinoidea Forster, 1968 (Brachyura: Ra-
ninoida) with description of two new genera. Journal of Crustacean biology,
36 (3), 338-372. https://doi.org/10.1163/1937240X-00002216

Segerberg, K.O. (1900). De Anomura och Brachyura dekapoderna inom
Skandinaviens Yngre krita. Geologiska Fdreningens | Stockholm
Férhandlingar, 22 (5), 1-42.

Seilacher, A. (1967). Bathymetry of trace fossils. Marine Geology, 5, 413—428.

Verhoff, J.R., Mdller, P.M., Feldmann, R.M., Schweitzer, C. E. (2009).
A new species of Tumidocarcinidae (Decapoda, Carpilioidea) from the
Kambuhel Formation (Paleocene) of Austria. Annalen des Naturhistorischen
Museums in Wien A, 111, 225-232.

References

Ahyong, S.T., Lai, J.C.Y., Sharkey, D., Colgan, D.J., Ng, P.K.L.
(2007). Phylogenetics of the brachyuran crabs (Crustacea: Decapoda):
the status of Podotremata based on small subunit nuclear ribosomal
RNA. Molecular Phylogenetics and Evolution, 45, 576-586.
https://doi.org/10.1016/j.ympev.2007.03.022

Akhmet'ev, M.A., Beniamovski V.N. (2006).The Paleocene and Eocene in
the Russian part of West Eurasia. Stratigrafiyta. Geologicheskaya
Korrelyatsiya, 14 (1), 54—78. https://doi.org/10.1134/S0869593806010047

Amitrov, O.V. (1987). Paleogenovyye morya Ukrainy kak
svyazuyushcheye zveno mezhdu moryami Severo-Zapadnoy Yevropy i Yuga
SSSR (na materiale bryukhonogikh mollyuskov). In: Biostratigrafiya,
paleontologiya osadochnogo chekhla Ukrainy. Kiev, 148-152. [in Russian]

Andryeyeva-Hryhorovych, A.S., Hnylko, O.M., Hnylko, S.R. (2012). Mezha kreydy-
paleohenu u vidkladakh Vezhanskoho pokryvu (zona Marmaroskykh skel’)
Vnutrishnikh Ukrayins'kykh Karpat. Paleontolohichni doslidzhennya v udoskonalenni
stratyhrafichnykh skhem fanerozoys’kykh vidkladiv: Materialy XXXIV sesiyi
Paleontolohichnoho tovarystva NAN Ukrayiny. Kyiv, 66—67. [in Ukrainian]

Andryeyeva-Hryhorovych, A.S., Maslun, N.V., lvannik, M.M., ta in. (2017).
Kaynozoys'ka istoriya paleobaseyniv Ukrayins'’kykh Karpat. 40 rokiv
Paleontolohichnoho  tovarystva Ukrayiny. Materialy ~XXXVIIl  sesiyi
Paleontolohichnoho tovarystva NAN Ukrayiny. Kyiv, 103-105. [in Ukrainian]

Baraboshkin, E.Yu., Guzhikov, A.YU., Aleksandrova, G.N. et al., (2020).
New sedimentological, magnetostratigraphic and biostratigraphic data on
Campanian-Maastrichthian of the Beshkosh Mountain, south-west Crimea.

ISSN 1728-3817

Stratigraphy  and  Geological ~ Correlation, 28 (6), 125-170.
https://doi.org/10.31857/S0869592X20060046 [in Russian]

Benyamovskiy, V.N. (2003). Prolivy, vodnyye massy, techeniya i
paleobiogeograficheskoye rayonirovaniye morskikh basseynov paleotsena
Severo-Zapadnoy Yevrazii po foraminiferam. Byulleten' Moskovskogo
obshchestva ispytateley prirody. Otdel geologicheskiy, 78 (4), 56—77. [in Russian]

Benyamovskiy, V.N. (2009). Dneprovsko-Donetskiy basseyn kak
svyazuyushcheye zveno mezhdu moryami Severo-Zapadnoy Yevrazii (po
materialam paleotsenovykh bentosnykh foraminifer). Collection of scientific
works of the IGS NAS of Ukraine, 207-211. [in Russian]

Benyamovskiy, V.N. (2013). Foraminiferal palaeobiogeography in the medium
and high latitudes Paleocene Northern Eurasia marine areas. In: Stratigraphy of
the early XXI century — tendencies and new ideas, 145-167. [in Russian]

Birshteyn, Ya.A. (1960). Otryad Decapoda. Osnovy paleontologii. T. 8.
Chlenistonogiye, trilobitoobraznyye i rakoobraznyye. Moskva:
Gosudarstvennoye nauchno-tekhnicheskoye izdatel'stvo literatury po geologii
i okhrane nedr, 439-456. [in Russian]

Chernyshev, B.l. (1949). Podklass Malacostraca. Otryad Decapoda.
Desyatinogiye. In: Atlas rukovodyashchikh form iskopayemoy fauny SSSR.
T.XII. Paleogen. Moskva: Gosudarstvennoye izdatel'stvo geologicheskoy
literatury, 289-294. [in Russian]

Collins, J.S. (2010). New species of crabs (Crustacea, Decapoda), one
from the Middle Danian of Denmark, and three new species from the Upper
Cretaceous of Nigeria. Bulletin of the Mizunami Fossil Museum, 36, 13—19.
https://doi.org/10.1080/14772019.2016.1182950

Collins, J.S.H., Jakobsen, S.L. (1994). A synopsis of the biostratigraphic
distribution of the crab genera (Crustacea, Decapoda) of the Danian
(Palaeocene) of Denmark and Sweden. Bulletin of the Mizunami Fossil
Museum, 21, 35-46.

Dernov, V., Udovychenko, M. (2016). Deyaki paleohenovi nautyloideyi
Donbasu ta Krymu. Paleontolohichnyy zbirnyk, 48, 19-27. [in Ukrainian]

Dernov, V.S. (2019). Novi dani shchodo systematychnoho skladu
pizn'okreydovykh i paleohenovykh nautylid Donbasu ta Krymu. Problemy
heolohiyi fanerozoyu Ukrayiny: Materialy X Vseukrayins'koyi naukovoyi
konferentsiyi, 9-11 zhovtnya 2019 r., Lviv, 33-35. [in Ukrainian]

Dieni, I. (2010). Maastrichtian and Selandian decapod crustaceans from
Sardinia. Bollettino della Societa Paleontologica Italiana, 49 (2), 135—-144.

Droser, M.L. (1991). Ichnofabric of the Paleozoic Skolithos Ichnofacies and
the nature and distribution of Skolithos piperock. PALAIOS, 6 (3), 316-325.

Dubkova, K.A., Shishlov, S.B., Cherepakhina, A.B. (2019). Razrez Section
of the Paleocene-Eocene in the region of the Ak-Kaya Mountain (Central
Crimea) and its geohistorical interpretation. Vestnik of Saint-Petersburg
University. Earth Sciences, 64 (1), 4-23. https://doi.org/10.21638/
spbu07.2019.101 [in Russian]

Eichwald, E. (1865-1868). Lethaea Rossica ou paleontologie de la Russie.
Vol. 2. Periode moyenne. Stuttgart: Schweizerbart.

Forster, R. (1968). Paranecrocarcinus libanoticus n. sp. (Decapoda) und
die Entwicklung der Calappidae in der Kreide. Mitteilungen der Bayerischen
Staatssammlung fiir Paldontologie und Historische Geologie, 8, 167—195.

Forster, R. (1970). Zwei neue brachyure Krebse aus dem Paldaozan des
Haunsberges nordlich von Salzburg. Mitteilungen der bayerischen
Staatssammlung fiir Paldontologie und historische Geologie, 10, 241-252.

Fraaije, R.H.B., Jagt, J.W.M., Van Bakel, B.W.M., Tshudy, D.M. (2018).
New lobsters (Decapoda, Nephropoidea) from the Cretaceous-Paleogene
section of the Middle Vistula valley, east-central Poland. Acta Geologica
Polonica, 68 (4), 503-509. https://doi.org/10.1515/agp-2018-0014

Fraaye, R.H.B. (1994). Early Paleocene crabs (Crustacea, Decapoda)
from the Middle Vistula Valley, Central Poland. Acta geologica polonica, 44,
261-266.

Generalova, L.V., Kostyuk, O.V. (2012). Sedimentological features of the
Cretaceous-Eocene multi-colored horizons of Skybova structural-facial zone of the
Ukrainian Carpathians. Collection of Scientific works of the IGS NAS of Ukraine, 5,
89-94. https://doi.org/10.30836/igs.2522-9753.2012.147544. [in Ukrainian]

Gorbach, L.P. (1956). O nakhodkakh krabov v menilitovykh slantsakh
Vostochnykh Karpat. Geologicheskiy sbornik L'vovskogo geologicheskogo
obshchestva, 2/3, 30-42. [in Russian]

Gorbach, L.P. (1972). Stratigrafiya i fauna mollyuskov rannego paleotsena
Kryma. Moskva: Nedra. [in Russian]

Gorbach, L.P. (1975). Paleotsen po dannym izucheniya mollyuskov iz
krymskikh razrezov. Paleontologicheskiy sbornik, 12, 106—111. [in Russian]

Gorbach, L.P., Dobrovol'skaya, T.. (1964). O nizhnemelovykh
paleoseysmicheskikh yavleniyakh v Krymu. Doklady Akademii nauk SSSR,
154 (3), 500-502. [in Russian]

Gryaznov V.l. (1956). O priurochennosti nakhodok kraba Coeloma vigil
M.-Edw. k oligotsenovym margantsevorudnym fatsiyam. Doklady AN SSSR,
106 (4), 717-719. [in Russian]

IIin, 1.V. (2005). Melovyye i paleogenovyye desyatinogiye rakoobraznyye
(Crustaceamorpha, Decapoda) zapadnoy chasti Severnoy Yevrazii. Moskva:
Izdatel'stvo Moskovskogo universiteta. [in Russian]

Jager, M. (1993). Danian Serpulidae and Spirorbidae from NE Belgium and
SE Netherlands: K/T boundary extinction, survival, and origination pattern.
Contribution to Tertiary and Quaternary Geology, 29, 73-137.

Jagt, JW.M., Collins, J.S.H., Fraaye, RH.B. (1993). A new early
Palaeocene genus of raninid crab (Crustacea, Decapoda) from Denmark,
southern Sweden and The Netherlands. Contributions to Tertiary and
Quaternary Geology, 30 (3/4), 177-182.



FEOJIOriA. 2(101)/2023

~13 ~

Jakobsen, S.L., Collins, J.S.H. (1997). New Middle Danian species of
anomuran and brachyuran crabs from Fakse, Denmark. Bulletin of the
Geological Society of Denmark, 44, 89-110.

Jakobsen, S.L., Feldmann, R.M. (2004). Epibionts on Dromiopsis rugosa
(Decapoda: Brachyura) from the Late Middle Danian limestiones at Fakse
Quarry, Denmark: novel preparation techniques yield amazing results.
Journal of Paleontology, 78 (5), 953-960. https://doi.org/10.1666/0022-
3360(2004)078<0953:EODRDB>2.0.CO;2

Jakobsen, S.L., Fraaije, R.H.B., Jagt, W.M., Van Bakel, W.M. (2020). New
early Paleocene (Danian) paguroids from deep-water coral/bryozoan mounds
at Faxe, eastern Denmark. Geologija, 63 (1), 47-56. https://doi.org/10.5474
/geologija.2020.005

Kopayevich, L.F., Lygina, Ye.A., Yakovishina, Ye.V. et al. (2010). Datskiye
otlozheniya Krymskogo poluostrova: fatsial'nyye osobennosti i usloviya
nakopleniya. Moscow University Geology Bulletin, 5, 12-20. [in Russian]

Korobkov, I.A. (1975). Desyatinogiye rakoobraznyye. In: Stratigrafiya
SSSR. Paleogenovaya sistema. Moskva: Nedra, 433—435. [in Russian]

Kuz'micheva, Ye.l. (1987). Melovyye i paleogenovyye korally Ukrainy. In:
Biostratigrafiya, paleontologiya osadochnogo chekhla Ukrainy. Kiev:
Naukova dumka, 143-147. [in Russian]

Latreille, P.A. (1802). Histoire Naturelle, Générale et Particuliére des
Crustacés et des Insectes. Ouvrage Faisant suite a I'Histoire Naturelle
Générale et Particuliere, Composée par LeClerc de Buffon, et Rédigée par
C.S. Sonnini, Membre de Plusieurs Sociétés Savantes. Vol. 3. Paris: Dufart.

Levitskiy, Ye.S. (1974). Iskopayemyye desyatinogiye rakoobraznyye
okrestnostey = Bakhchisaraya. Byulleten' Moskovskogo obshchestva
ispytateley prirody. Otdel geologicheskiy, XLIX (6), 101-119. [in Russian]

Likharev, B.K. (1917). Ostatki krabov iz nizhnetretichnykh otlozheniy
Pridonetskogo kraya. Yezhegodnik Russkogo paleontologicheskogo
obshestva, 1, 13-24. [in Russian]

Lygina, Ye.A., Nikishin, A.M., Tveritinova, T.Yu. et al. (2019a). Eotsenovyye
paleoseysmodislokatsii gory Ak-kaya (Belogorskiy rayon, Krym). Moscow
University Geology Bulletin, 1, 46-56. https://doi.org/10.33623/ 0579-9406-
2019-1-46-56 [in Russian]

Lygina, Ye.A., Ustinova, M.A., Gabdullin, R.R. i dr. (2019b). Pogranichnyye
maastrikht-datskiye otlozheniya Tsentral'nogo Kryma: novyye dannyye o
izvestkovom nannoplanktone. Moscow University Geology Bulletin, 1, 68—79.
[in Russian]

Makarenko, D.Ye. (1956). Reshtky krabiv iz paleohenovykh vidkladiv
Krymu. Geolohichnyy Zhurnal, XVI (3), 74-76. [in Ukrainian]

Makarenko, D.Ye. (1963). Deyaki novi ta malovidomi vydy molyuskiv iz
paleohenovykh vidkladiv URSR. Geolohichnyy Zhurnal, XXIII (4), 90-99.
[in Ukrainian]

Makarenko, D.Ye. (1973). Mors'ki vidklady paleotsenu Konks'ko-Yalyns'koyi
zapadyny. Tektonika i stratyhrafiya, 6, 45—49. [in Ukrainian]

Maslakova, N.I., Nguyen van Ngok. (1975). Rasprostraneniye bentosnykh
foraminifer v pogranichnykh otlozheniyakh mela i paleogena Yugo-
Zapadnogo Kryma. In: Razvitiye i smena organicheskogo mira na rubezhe
mezozoya i kaynozoya. Novoye o faune. Moskva: Nauka, 7—14. [in Russian].

Maslakova, N.I., Voloshina, A.M. (1969). Melovaya sistema. Verkhniy
otdel. In: Geologiya SSSR. T. VIIl. Krym. Chast' 1. Geologicheskoye
opisaniye. Mosow: Nedra, 114-155. [in Russian].

Maslun, N.V., Ivanik, M.M. (2009). Paleotsenovi vidklady Ukrayins'koho
shchyta ta osoblyvosti sedymentohenezu paleotsenovoho morya
Arkhanhel's"koho. Zbirnyk naukovykh prats' Instytutu heolohichnykh nauk
NAN Ukrayiny, 199-206. [in Ukrainian]. https://doi.org/10.30836/igs.2522-
9753.2009.148002

Mikulash, R., Dronov, A. (2006). Paleoikhnologiya — vvedeniye v
izucheniye iskopayemykh sledov zhiznedeyatel'nosti. Praga. [in Russian]

Moskvin, M.M., Naydin, D.P. (1960). Datskiye i pogranichnyye s nimi
otlozheniya Kryma, Zakaspiyskoy oblasti i yugo-vostochnoy chasti Russkoy
platformy. In: Granitsa melovykh i tretichnykh otlozheniy. Moskva: Izdatel'stvo
AN SSSR, 15-40. [in Russian]

Moskvin, M.M., Shimanskaya, N.V. (1993). Rod Echinocorys (morskiye yezhi)
v otlozheniyakh datskogo vyarusa vostochnoy chasti Yevropeyskoy
paleobiogeograficheskoy oblasti. Stat'ya 2. Byulleten' Moskovskogo obshchestva
ispytateley prirody. Otdel geologicheskiy, 68 (2), 44-59. [in Russian]

Mulika, A.M. (1971). Verkhnya kreyda. In: Stratyhrafiya URSR. T. VIII.
Kreyda. Kyiv, 177-197. [in Ukrainian]

Naydin, D.P. (1960). Datskiye i monskiye otlozheniya. Sbornik v chest'
akademika Yovcho Smilovicha Yovcheva, Sofiya, 167-184. [in Russian]

Naydin, D.P., Ben'yamovskiy, V.N. (2000). O yarusnom delenii paleotsena.
Stratigraphy and Geological Correlation, 8 (4), 65-83. [in Russian]

Nielsen, K.B. (1917). Cerithiumkalken i Stevns Klint. Danmarks Geologiske
Undersogelser, 4. Reekke 1 (7), 1-14.

Pasternak, S.1. (1973). Kreydovi serpulidy Yevropeys'koyi chastyny SSSR.
Kyiv: Naukova dumka. [in Ukrainian]

Poslavskaya, N.A., Moskvin, M.M. (1960). Morskiye yezhi otryada
Spatangoida v datskikh i pogranichnykh s nimi otlozheniyakh Kryma,
Kavkaza i Zakaspiyskoy oblasti. In: Granitsa melovykh i tretichnykh
otlozheniy. Moskva: Izdatel'stvo AN SSSR, 47-82. [in Russian]

Radkevich, G.O. (1900). O nizhnetretichnykh otlozheniyakh okrestnostey
Kaneva. Zapiski Kiyevskogo obshchestva yestestvoispytateley, 16 (2), 1-45.
[in Russian]

Rindsberg, A.K. (2018). Ichnotaxonomy as a science. Annales Societas
Geologorum Poloniae, 88, 91—110. https://doi.org/10.14241/asgp.2018.012

ISSN 1728-2713

Robin, N., Van Bakel, B.W.M., Pacaud, J.-M., Charbonnier, S. (2017). Decapod
crustaceans from the Paleocene (Danian) of the Paris Basin (Vigny stratotype and
allied localites) and a limpet palaeoassociation. Journal of Systematic
Palaeontology, 15 (4), 257—273. https://doi.org/10.1080/14772019.2016.1182950

Schweitzer, C.E., Feldmann, R.M. (2005). Decapods, the Cretaceous-
Palaeogene boundary, and recovery. In: S. Koenemann, R.A. Jenner (Eds.)
Crustacea and arthropod relationships. Crustacean issues, 16, 17-53.
https://doi.org/10.1201/9781420037548.ch2

Schweitzer, C.E., Feldmann, R.M., Karasawa, H., Luque, J. (2018). Sys-
tematic description: section Raninoida. Treatise online. Part R (revised),
1(8S), 1-44.

Schweitzer, C.E., Karasawa, H., Luque, J., Feldmann, R.M. (2016). Phy-
logeny and classification of Necrocarcinoidea Foérster, 1968 (Brachyura: Ra-
ninoida) with description of two new genera. Journal of Crustacean biology,
36 (3), 338-372. https://doi.org/10.1163/1937240X-00002216

Segerberg, K.O. (1900). De Anomura och Brachyura dekapoderna inom
Skandinaviens Yngre krita. Geologiska Fdreningens | Stockholm
Férhandlingar, 22 (5), 1-42.

Seilacher, A. (1967). Bathymetry of trace fossils. Marine Geology, 5, 413—428.

Selin, YU.l. (1964). Stratigrafiya i mollyuski oligotsena Bol'she-
Tokmakskogo margantsevorudnogo rayona. Moscow: Nedra. [in Russian]

Shevchenko, T.V. (2016). Kharakterystyka rehional'nykh stratoniv
paleohenu Pivnichnoyi Ukrayiny za orhanikostinnym mikrofitoplanktonom.
Problemy obgruntuvannya rehional'nykh stratoniv fanerozoyu Ukrayiny:
Materialy XXXVII sesiyi Paleontolohichnoho tovarystva NAN Ukrayiny, Kyiv,
73-76. [in Ukrainian]

Shimanskiy, V.N. (1975). Melovyye nautiloidei. Moskva: Nauka. [in Russian]

Shishlov, S.B., Dubkova, K.A., Arkad'yev, V.V. i dr. (2020). Mel i paleogen
basseyna reki Bodrak (Yugo-Zapadnyy Krym). Sankt-Peterburg. [in Russian]

Stratygraphichnyi kodeks Ukrainy. (2012). Kyiv. [in Ukrainian]

Suprun, 1.S. (2021). Biostratyhrafiya paleotsenovykh vidkladiv
Ukrayins'kykh Karpat za nanoplanktonom. Thesis ... Cand. Sci. (Geol.):
04.00.09. Kyiv. [in Ukrainian]

Trikolidi, F.A., Golubev, V.K. (2017). Kompleksy elasmobrankhiy
(Chondrichthyes, Elasmobranchii) iz maastrikhtskikh i datskikh otlozheniy
Kryma. Integrativnaya paleontologiya: perspektivy razvitiya dlya
geologicheskikh tseley: Materaly LXIll sessii Paleontologicheskogo
obshchestva,3-7 aprelya 2017, Sankt-Peterburg, 220-221. [in Russian]

Udovichenko, N.1. (2013). Paleogenovyye kompleksy akulovykh ryb Kryma
i ikh znacheniye dlya stratigrafii. Stratigrafiya osadochnykh obrazovaniy
verkhnego proterozoya i fanerozoya: Materialy Mezhdunarodnoy nauchnoy
konferentsii, 23-26 sentyabrya 2013, Kiev, 147-148. [in Russian]

Verhoff, J.R., Mdller, P.M., Feldmann, R.M., Schweitzer, C. E. (2009). A
new species of Tumidocarcinidae (Decapoda, Carpilioidea) from the
Kambuhel Formation (Paleocene) of Austria. Annalen des Naturhistorischen
Museums in Wien A, 111, 225-232.

Voronina, AA. (1989). Paleogenovaya sistema. In: Geologicheskoye
stroyeniye Kachinskogo podnyatiya Gornogo Kryma. Moskow, 4-35. [in Russian]

Vyalov, O.S., Gorbach, L.P. (1982). Znacheniye pozdnemelovykh i
paleogenovykh ustrits dlya stratigrafii i mezhregional'noy korrelyatsii (na
primere Kryma). Sovremennoye znacheniye paleontologii dlya stratigrafii:
Trudy XXIV sessii Vsesoyuznogo paleontologicheskogo obshchestva.
Leningrad: Nauka, 98—103. [in Russian]

Yanin, B.T. (1978). Iskopayemyye sledy zhiznedeyatel'nosti organizmov v
melovykh i paleogenovykh otlozheniyakh Kryma. Voprosy tafonomii i
paleobiologii: Trudy XX sessii Vsesoyuznogo paleontologicheskogo
obshchestva. Dushanbe: Donish, 173-185. [in Russian]

Yanin, B.T., Baraboshkin, Ye.Yu. (2013). Nory Thalassinoides (struktury
zaryvaniya desyatinogikh rakoobraznykh) iz nizhnemelovykh otlozheniy Yugo-
zapadnogo i Tsentral'nogo Kryma. Stratigraphy and Geological Correlation, 21 (3),
1-11. https://doi.org/10.7868/S0869592X 13030101 [in Russian]

Yartseva, M.V. (1973). Kharakterystyka kompleksiv bentosnykh
foraminifer datu ta paleotsenu stratotypovykh rozriziv Bakhchysarays'koho
rayonu. Tektonika i stratyhrafyya, 6, 33—40. [in Ukrainian]

Zernets'kyy, B.F. (2017). Paleotsenovi numulitydy Ukrayiny. 40 rokiv
Paleontolohichnomu  tovarystvu  Ukrayiny: Materialy XXXVIII  sesiyi
Paleontolohichnoho tovarystva NAN Ukrayiny. Kyiv, 111-112. [in Ukrainian]

Zernets'kyy, B.F., Ryabokon', T.S., Lyul'yeva, S.A. (2014). Pytannya
vyvchennya osadovoho kompleksu paleotsenu Kryms'koho i Kerchens'koho
pivostroviv. Collection of scientific works of the IGS NAS of Ukraine, 7, 101—
125. https://doi.org/10.30836/igs.2522-9753.2014.146861 [in Ukrainian]

Zernets'kyy, B.F., Ryabokon', T.S., Lyul'yeva, S.A. (2015). Pytannya
vyvchennya osadovoho kompleksu eotsenu Kryms'koho i Kerchens'koho
pivostroviv. Collection of scientific works of the IGS NAS of Ukraine, 8, 32—
62. https://doi.org/10.30836/igs.2522-9753.2014.146861 [in Ukrainian]

Zosymovych, V.YU., Shevchenko, T.V. (2015). Paleohenovi vidklady
Pivnichnoukrayins'koyi  paleosedymentatsiynoyi  provintsiyi.  Zbirnyk
naukovykh prats' Instytut heolohichnykh nauk NAN Ukrayiny, 8, 68-121.
https://doi.org/10.30836/igs.2522-9753.2015.146712 [in Ukrainian]

Zosymovych, V.Yu., Shevchenko, T.V. (2016). Pro zminy do rehioyarusnoyi
shkaly paleohenu Pivnichnoyi Ukrayiny. Problemy obgruntuvannya rehional’nykh
stratoniv fanerozoyu Ukrayiny: Materialy XXXVII sesiyi Paleontolohichnoho
tovarystva NAN Ukrayiny. Kyiv, 71-73. [in Ukrainian]

Zosymovych, V.Yu., Zernets'kyy, B.F., Andryeyeva-Hryhorovych, A.S.
et al. (2005). Rehioyarusy paleohenu platformnoyi Ukrayiny. Collection of sci-
entific works of the IGS NAS of Ukraine, 118—132. [in Ukrainian]

Hapinwna go peakonerii 21.12.22



~14 ~ B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

V. Dernov, PhD Student,

e-mail: vitalydernov@gmail.com,

Institute of Geological Sciences of the National Academy of Sciences of Ukraine,
55 b O. Honchar Str., Kyiv, 01054, Ukraine;

M. Udovychenko, PhD (Geol.-Min.), Associate Prof.,
e-mail: triakis26@gmail.com,

Luhansk Taras Shevchenko National University,

3 Koval' Str., Poltava, 36007, Ukraine

FIRST RECORD OF THE GENUS ARCTICOCARCINUS SHWEITZER ET AL., 2016 (DECAPODA: BRACHYURA)
IN THE DANIAN OF THE CRIMEA (UKRAINE) AND ITS PALEOBIOGEOGRAPHIC SIGNIFICANCE

The Paleogene decapod crustaceans of Ukraine are insufficiently studied. This group of arthropods has not attracted much attention of
researchers, despite the fact that the remains of decapods are known in the Paleogene sediments of the Dnipro River area, Donetsk Basin, the Crimea
and the Ukrainian Carpathians. The article describes the first find of a decapod crustacean of the genus Arcticocarcinus Schweitzer et al, 2016 in
Ukraine. The fossil comes from the lower part of the Danian of the Crimea (Ak-kaya Section near the Bila Skelia, Bilogirsk District). The fossil was
found in situ in the decapod burrow Thalassinoides Ehrenberg, 1944. Such finds allow us to establish which fossil decapod crustaceans produced
burrows Ophiomorpha, Thalassinoides, and Spongeliomorpha. Sediments with crab remains were accumulated in the environment of Skolithos
Ichnofacies. This ichnofacies is usually confined to areas of the seabed whose sediments are constantly mixed by waves. There was a cold-water
paleobasin on the territory of modern northern Ukraine in the Danian Age. This basin was connected to the Western European paleobasin and the
Boreal paleobasin. The southern basin, located in the Carpathians, the Black Sea Depression, and the Crimea, was much warmer and closely
connected with the Mediterranean Basin. A representative of the genus Arcticocarcinus was first found outside Sweden. It is very unlikely that the
genus Arcticocarcinus Schweitzer et al, 2016 entered modern Sweden from the Crimea or vice versa via the Polish Channel, as the Carpathian flysch
basin was obviously a barrier. Apparently, the exchange of fauna took place through the Dnipro-Donetsk Sea and the Pripyat Strait. These basins
were part of the so-called "Sea of Arkhangelskyi" (a large sublatitudinal basin that stretched from the spurs of the Caucasus and the Urals to Western
Europe). Arcticocarcinus cf. insignis (Segerberg, 1900) expands the paleontological characteristics of the Danian of Crimea and testifies to the free
exchange of benthic faunas of North-Western Europe and Crimea.

Keywords: decapod crustaceans, Paleogene, Danian, the Crimea, Arcticocarcinus.
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ENEKTPUYHI 1 NPY>XHI NAPAMETPU YUMIJIbHEHUX TEPUFEHHUX NOPIA KEMBPIIO
CXIAHOro CXuUny NbBIBCbKOIO NANEO30UCbLKOIO NMPOrUHY

(MpedcmaeneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eos. Hayk, npog. Opsirokom M.1.)

MpucesiyeHo suceimieHHIO pe3ynibmamie OOC/iOKeHHsI e/IeKmpPUYHUX i NPYXHUX napamempie ywibHeHUX mepu2eHHUX rnopio
Kem6pito cxidHo20 cxusy JlbeiecbK020 Naneo30licbKO20 MPO2UHY.

Memoto docnidxeHb € sug4eHHs1 nempogi3uvdHUX nNapamempie ywinbHeHuUx rnopid-kosekmopie (aneeposiimie i nickosukie)
ma KOMM/IeKCHO20 aHanidy ix ¢izudyHux enacmueocmedli. [locnidxeHi enekmpuyHi i MPYXHi XapaKmepucmuKu mepu2eHHUX ropio:
numomuli i 8iOHOCHUU enfekmpuYHull onip, Napamemp 36iNbWeHHsT esTeKMPUYHO20 ONopy, WeudKicmb Mo83008XXHIX Xxeuslb ma iHmep-
easibHUl Yac 3a ammocgepHUX i mmacmosux yMos.

KomnnekcHum aHanizom daHux 1abopamopHUX eJleKImpoMempu4HuUx 6oclidKeHb ycmaHoeJ ieHi KopensiyiliHi 38 '13Ku MiXk nTumomMum
eJIeKmpPUYHUM i 8iOHOCHUM e/leKmpu4HUM OITOPOM, @ MaKOX MiX KoegbiyicHmom nopucmocmi U i0HOCHUM efleKmpuUYHUM OITOPOM yuji-
JIbHEHUX ropid 8 ammocghepHUX i nacmoesux ymosax. 3anexHicmes MiXX MUMoOMUM ma 8iGHOCHUM eJIEKMPUYHUM OMOPOM 8 ammocge-
PHUX i nnacmoesux ymoeax Onsi GoclidXeHUX Mopid eupaxxaecmbcsi JiHilIHOW yHKUiero. Pi3udHe MOOesI08aHHSI MJ1acMo8UX YMO8
do3eosisie adanmyeamu 3Ha4eHHs1 eJIeKmpuUYHUX napamempie, ompumMaHux nid 4Yac abopamopHuUx suMiprogaHb 8 ammMocghepHUX
ymoeax, do napamempie rnopio, o nepebyesaroms y niacmosux yMoeax.

Y pe3ynbmami komMrniieKcHoO20 aHasizy Mmamepiasnie akycmu4yHux docnidxeHb Onsi docnidxeHux nopid ycmaHoesIeHo KopessiyiliHi
3e'A3ku: weudkocmel NPYXHUX XeUsIb Ma iHmepeasibHO20 Yacy 3 2yCMUHOI0 Ma KoegiyieHmom nopucmocmi 8 ammocghepHUX yMo-
eax; MiXX weudKkocmsIMu No3006XKHIX Xeusib 8 ammMocghepHUX i nIacmoesux ymoeax; Mix weudkicmro U koegpiyieHmom nopucmocmi
8 nnacmosux ymoeax. 3anexHicme Mix weuoKicmio no3006XKHiX xeusb 8 ammocgepHuUX i nnacmoeux ymosax 05151 docsioxeHux
nopio supaxaembcs NiHiliHo ghyHKyieto. PizudHe modentoeaHHs1 nnacmosux ymos Ao3eorisiec adanmyeamu 3Ha4eHHs1 NPYXHUX na-
pamempis, ompumaHux nid yac nabopamopHux euMiprogaHb 8 ammocghepHUxX ymosax, 0o napamempie nopio, wio nepebysaroms y
nnacmosux ymosax.

KopensuyiliHi 3anexHocmi enekmpuyHux i NPy>XHUX napamempie i3 ¢hinbmpauyiliHo-eMHiCHUMU ennlacmueocmsiMu aneeposimie i
ywinbHeHuUx nickoeukie, ompumati 3a pe3ynbmamamu sabopamopHux nempogizu4yHux 0ocnidxeHb, MOXymb 6ymu ocHoeoro Onsi
nonepedHbOi iHMepnpemauii daHux 2eoghizu4Hux OocidkeHb ceepOsIo8UH Ha HOBUX MepcrieKmMueHUX raouwjax cxiOHo2o cxusy
JIbeiecbKk020 MNaseo30lcbKO20 MPOo2UHyY.

Knroyoei cnoea: numomuli enekmpuydHull onip, eiGHOCHUU elekmpuYHuUll onip, WeudKicMb NMPYXHUX X8UJlb, KOPesIsiUiliHi 3a/1eXxHo-
cmi, anesponimu, ywinbHeHi nickosuku.

MoctaHoBKa npo6nemu. YLUiNbHEHI KONEKTOpPU 4acTo
MICTTb 3HaYHY KinbKiCTb OpraHikv M MOXyTb CryryBatn siK
MaTEePUHCBLKUMK MOPOAaMKu, Tak i kornektopamu rasy. [lok-
nagv BYreBOAHIB B YLLiNIbHEHWX KONeKTopax nocigaroTb 0co-
OnvBe Micue ceped HeTpaguuiiHUX kepen BUOOOYTKY
HacpTM Ta rasy. BoHn npefctaBneHi crnabKOMPOHWMKHUMY,
HM3bKOMOPUCTUMU ripcbkuMmn nopogamu (Muxadisios ma iH.,
2014, 2015, 2018). YwWinbHeHi KONEKTOPU 3a Lifo HU3KO
O3HaK BiApi3HAIOTLCA BiA NOpig TPaaMLinHUX pogoBuLL HadpTu
Ta rasy, iM Bnactuse perioHarnibHe noLMpeHHs. 3HauHi Nok-
nagwm ragdy xapakTepHi Ans LeHTpanbHuX, HanbinbLu 3aHype-
HMX YacTuH HadpTorasosmx OacenHiB ("ra3 uUeHTpanbHO-
6aceniHoBOro Tuny"). Y 6aratbox perioHax CBiTy, y TOMY YACHi
Ha BonuHo-TMoginni (YkpaiHa), BCTAHOBMEHI HeTpaguuivHi
MOKNaay BYINEeBOAHIB B YLLUiINbHEHWX KonekTopax (ra3 yLuine-
HeHMX nopid, cnaHuesui ras Towo). CyyacHuii po3BUTOK HO-
BiTHIX TexHonorin BuaobyTKy rasy Ha OCHOBI rigpopo3puBy
nnacta y npogyKTMBHOMY iHTepBarni reonoriyHoro po3pisy ao-
3Bornsie 4obyBaTy ra3 y 3HauyHUx obcsirax 3 6aratux opraHikor
yulineHeHWx nopig. [eodisnyHi Ta netpodisnyHi  gocni-
[DKEHHS, a TakoX MaTemaTuiyHe MOAEMIOBaHHS € BaXINBOIO
YaCTMHOK TEXHOMOrii, Ha OCHOBi SKWX BW3HAYaOTLCA
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HanpsIMKU ropu3oHTanbHOro ctoBOypa CBEpAOBUHU rigpo-
pO3pmBY i MOro NapameTpu.

Y cTaTTi BUCBITNIEHO €NEeKTPUYHI i MPY>XKHI napamMeTpu yiui-
NbHEHUX Nopia, NPeACTaBNEHNX HU3bKOMOPUCTUMM NICKOBU-
KaMy Ta aneBponiTamu  Kembpito  cxigHOro  cxuny
JIbBIBCHKOro Naneo3oncbKkoro NporuHy. Xapakrepuctuka ne-
TPOi3NYHUX BNACTUBOCTEN LMX NOPIS € O4HUM i3 BaXKMBMX
3acobiB OLiHKM Had)TOrasoBOro NoTeHuiany NepcnekTUBHNX
TOBLY, YLUINIbHEHUX KOMEKTOPIB, L0 3YMOBIHE aKTyarnbHICTb
X NeTpoi3NYHOro BUBYEHHS.

AHani3 ny6nikauin 3a Temorw pocnigkeHb. [ocni-
OXXEHHI0 di3nyHMX BNacTUBOCTEN Nopig HadTorazonepcne-
KTMBHUX pEerioHiB YKpaiHu npucesdeHun pag nyonikauin
(Buxea maiH., 2012, 2013, 2014a, 6, 2017, 2018, 2019a, 6,
2020a, 6, 2021a, 6, 2022a, 6, 8; Vyzhva, 2017; KapneHko
ma iH., 2014, 2015; Macnoe ma iH., 2017; Muxatnoe ma iH.,
2014; Opmok, 2011, 2013; Orlyuk, 2018; Pubanka ma Kap-
neHko, 2016; Cobonb ma KapneHko, 2021, TeKmoHuka...,
2015; CadisHuk, 2013) Ta GaraTboX iHLWMX aBTOpPIB. Ak BXe
3a3Havarnocb, eNeKTPUYHI i NPy>XHi NapameTpu nopia MatTb
BaXXNMBE 3HAYEHHSI AN OLHKM IX KONEKTOPChKNX BNACTUBO-
CTel 3a JaHUMW ENEKTPOMETPUYHUX i aKyCTUYHUX METOAIB
JocnigpkeHb cBepAnoBuH. Bigomo, Lo eneKkTpuYHI i Npy>Hi

© Buxsa C., OHuwyk B., OHmwyk |l., Pea M., LlLla6aTtypa O., 2023
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napameTpu nopig Ta ixHi KopensAuinHi 3B'a3ku i3 dinbTpa-
LiiHO-EMHICHUMW BNAcTMBOCTSIMU MaloTb AOCUTbL BUpaxe-
HUI iHOUBIAYaNbHUIA XapakTep LWoa0 OKpeMux pisHOBUAIB
nopig Ta KoXHoi ainsHku gocnigxeHb. OTxe, nabopaTopHi
OOCHNILXEHHST LMX BNacTUBOCTEN Ta BCTAHOBIEHHS Bigno-
BiZHWX KOpensuinHMX 3B'A3KIB MiXXK HAMU ONS1 KOXHOI nepc-
NekTUBHOI nNnowi noTpebylTb OKpemoro ny6nivyHoro
BUCBITNEHHS IXHIX pe3ynbTaTis.

BuaineHHs HeBupilleHMX paHille YacTUH 3aranbHoI
npo6nemu. Mpobnema MoLUyKiB i PO3BIAKN HETPaAMLINHNX
)Kepen BYINEeBOAHIB HA TepuTopii YkpaiHn € Haa3BuyamHo
akTyanbHot. OuiHKa NepcneKkTUBHOCTI reornoriYHUX CTPYKTYp
i KOMMMEKCIB Ha HasIBHICTb NPUPOJHOro rasy nepenbayae Bu-
3HaYeHHS X reosioro-reoMeTpUYHNX Ta EKOHOMIYHUX napa-
MeTpiB, a TaKkoX nNeTpoi3auYHNX BRACTUBOCTEN FiPCbKUX
nopig (y ToMy YACni eNeKTPUYHUX i NPYXHKX). 3 BUKOPUCTaH-
HSIM OCTaHHIX BUKOHYETbCS OLliHKa KOMEKTOPCbKMX BracTUBO-
cTen nopig 3a marepianamu enekTpudHMUX i aKyCTUYHUX
MeTOoAiB AocnigkeHb CBepAnoBuH. Cnig Bia3HaunTy, Wo ansd
psiny NepcnekTUBHKX NIOLL MPaKTUYHO BiACYTHI AaHi pe3ynb-
TaTiB NabopaTopHMX aKyCTUYHKX Ta ENEKTPOMETPUYHKX JOC-
NigKeHb yLWiNbHEHNX Mnopig, a TakoX iXHiIX KopensauiiHux
3anexHocTten Big PinbTpauiiHO-EMHICHUX NapamMeTpiB.

MeToto gocnigXeHb € OLjiHKa ENEeKTPUYHKX | aKyCTUYHUX
napamMeTpiB YLLiNbHEHNX TepUreHHNX nopig kembpito nepcne-
KTUBHWUX Ha BYIMEeBOAHI AINAHOK cxigHoro cxuny JIbBiBCbKOro
Nnaneo30nCcbKOro NPOrMHy Ik OCHOBU KOMIMIIEKCHOrO aHanisy
iX pisnyHMX NapameTpiB Ta BCTAHOBMEHHS KOPENsUiHUX
3B'A3KIB i3 inbTpauiiHO-EMHICHUMK BRacTuBocTsMu. Cnig
Bi3HAYMTW, LLO KOPENSLiMHI 3B'A3KN MiXK (PinbTpauinHO-eMHIC-
H/MW NapamMeTpamMu i JaHUMU CBEPASIOBUHHUX Ta MOSbOBUX
reoi3aMyHX METOAIB € 4OCUTb CKIIagHUMM | NOTPebyIoTb pe-
TENbHOrO BMBYEHHS. Lle BMMarae 3actocyBaHHSA KOMMMEKCy
nabopaTtopHux NeTpogisnyHmx gocnimkeHs. OTpumaHi B pe-
3ynbTaTi labopaTopHMX AocnigpkeHb AaHi (dinbTpauiiHo-
E€MHICHI napameTpu i rycTuHa nopig, WBUAKICTb NOLUMPEHHS
NPYXHUX XBUIb Y HUX, TX MUTOMUI €NEKTPUYHUIA onip Ta Ko-
pensLinHi 3B'A3KN MiXK LMK NETPORI3NYHUMU XapaKTepUCTU-
KaMu) BUKOPUCTOBYIOTbCHA AN iHTepnpeTauii pesynbraTiB
€NEeKTPOMETPUYHMX | aKyCTUYHUX METOZIB AOCNigKeHb CBEp-
AMNOBWH, NONBbOBOI €NEeKTPOPO3BIAKM i CENCMOPO3BIAKN.

ExkcnepuMeHTanbHi gocnigaxeHHs BukoHaHo B HAJ
TEOpPEeTHYHOI i NpuknagHoi reogiavkn HHI "lHcTuTyT reonorii”
KHY imeHi Tapaca LleByeHka. Komnnekc neTpoisnyHmx
JOCnigXXeHb BKIIOYaB BM3HAYEHHS: TYCTMHW Mopia; BigKpu-
TOI Ta ePeKTUBHOT NOPUCTOCTI; CTPYKTYPU KaninspHOro npo-
CTOpY; NMUTOMOTO EMEKTPUYHOIO OMOopY; LUBUAKOCTI MPY>KHUX
XBWMb B aTMOCKEepHUX i nnactoBmx ymoBax (Buxea ma iH.,
20196, 20206, 20216, 20226). Yci nabopaTopHi BUMIptO-
BaHHSA BUMKOHYBaNuUcs BiAMOBIOHO A0 YMHHUX HOPMATUBHUX
OOKYMEHTIB.

Y cTaTTi HaBefeHO pes3ynbTaTh KOMMIEKCHWX Aochi-
OXEHb enekTPUYHUX | MPYXHUX napameTpiB Komekuii i3
80 3pa3kiB yLUiNbHEHMX Nopig keMbpito — nickoBwkiB (67 3pas-
KiB) i anesponiTis (13 3paskiB) cxigHoro cxuny J1bBiBCbKOro
naneo3oncbKOro NporuHy, nnotwi: byyaycska (iHTepsan rnu-
6uH 1453-1811 m); Bonognmmpcbka (2189-2525 m); [o6-
poteipcbka (3236-3702 m); IlyauHcbka (2760-3110 m);
JiwmHebka (3003-3222 m); Cokanbcbka (2525-2609 m);
CywHiscbka (2408—-2562 m). [locnimpkeri nopoan npeacras-
NeHi NiCkoBMKaMM TOHKO3EPHUCTUMMW, OPiOHO3EPHUCTUMMU i
CcepefHbO3EPHUCTMMU, CIPMMKM Ta CBITMO-CIpUMU, @ TaKoX
aneBponiTamu cipyumu.

MeToauka akyCTUYHUX Ta efleKTPOMEeTPUYHKUX nabopa-
TOpHUX JochnigXeHb. JlabopaTopHi enekTpoOMETPUYHI BUMI-
PIOBaHHS CyxuMX 3pa3KiB KepHa BUKOHaHi 3a [OMOMOro
uncpposoro Tepaommetpa C.A.6547. lNpunag possonsie
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BMKOHYBaTW BUCOKOTOYHI BUMIPIOBaAHHS €NEeKTPUYHOIo Ornopy
Ha MOCTINHOMY CTPYMi 3a JBOXENEKTPOLAHOK CXEMOI0 B Aiana-
30Hi Big 10 kOm go 10 TOm i3 undpoBMM 3anncom pesynbTaTiB
BMMiptoBaHb Ha EOM 3a cneuiansHoto nporpamoto (Buxea
ma iH., 2012-2014, 20196-20216; Viyzhva, 2017). Onsi BUMi-
ptoBaHHs 3paskiB, HaCUYEHUX MOAENIo NNacToBoi Boan (po3-
umH NaCl, wmiHepanizauis 90-120r/n), 3acTocoByBaBcs
umcbposun npeuusinHnin RCL-metp MHC-1100. JlaGopatopHi
LMniHAPWYHI 3pasky Nig Yac BUMIPIOBAHHSA NOMILLIANMCh y cne-
LianbHuin kepHoTpuMay, po3pobnennii y HOJ1 TeopeTnyHoi i
NpuKNagHoi reodiankuy, L0 JO3BONSE CTaHAAPTU3yBaT! YMOBU
BMMiptoBaHb NabopaTopHMX 3pa3kiB.

JTaBGopaTopHi BMMIpIOBaHHS1  LLUBUAKOCTEN MOLUMPEHHS
NPY>KHUX XBUIb Y FPCbKMX NOpoAax BUKOHYBaruvCh yrbTpas-
BYKOBUM iMMyrbcHO-tha3oBnmM MeTogom (Mpodatisoda, 2004,
2007). Ans nabopaTopHWX akyCTUYHNX JOCHIMAXEHb 3aCTOCO-
ByBanacb ycraHoBka "KepH-4", po3pobneHa B HOJ1 TeopeTtu-
YHOT | MpUKagHOI reodisnkmn 3a y4yacTi daxiBuiB MexaHiko-
MaTemaTuyHoro cakynetety KHY iMeHi Tapaca LLeB4yeHka.
BumiptoBaHHSA LLIBMAKOCTI NPYXXHUX XBUIb 3A4iMCHIOBANOCs Ha
cnevjianbHO BUrOTOBMEHMX LIMNIHAPUYHMX 3pa3Kax.

BvkoHaHO [JOCHMKEHHS 3MiHW MUTOMOrO ENEKTPUYHOTO
Onopy W LWBUAKOCTI NPY>KHWUX XBUIb 3a Pi3HOTO CTyNeHs BiAro-
HK1 BOAM Ha ueHTpudysi OC-6M (lMopoodsi..., 1985; Pydsko,
2005), 3 METOI0 BM3HAYEHHS 3aneXHOCTi UMX napameTpis Bif
CTyneHsa BoAoOHacuyeHHs nopid. BogHoyac BMKOHaHO cepito
BMMIpHOBaHb ENEKTPUYHOIO OMOPY W LLIBUAKOCTI MPYXXHWX XBUMb
3paskiB nopig, Hacu4YeHWx MOZENSI0 NiacToBOi BOAW, OO iX
LeHTpupyryBaHHs Ta Micns LeHTpUdYryBaHHS 3a peXXUMIB Bia-
roHku Big 1000 oo 6000 06/xB i3 kpokom 1000 06/xB, Lo Biano-
BiAae gianasoHy 3MiHM TUCKy BUTICHEHHS Boau Big 0 ao 1 MlMa
(7 uuknis BuMiptoBaHb). Takox napanensHO BU3HAYanucs Ko-
edilieHT BOOOHACKMYEHHS nopia.

[ns BCTaHOBNEHHSA KOPENALINHOIO 3B'A3Ky MK enekTpu-
YHMMU Ta LWBUAKICHMMU NapameTpamu nopia B atMmocdep-
HUX | NacToBMX YyMOBaxX BUKOHAHO BiAMNOBIOHUA KOMMNEKC
nabopaTopHUx NeTpodisanyHNX JocniaXeHb y 3MoAenboBa-
HUX nnacToBux ymoBax (Temnepatypa t= 60— 100 °C;
edeKTUBHUIA TUCK Pedp = 26 — 45 MIa; miHepanisauis nnac-
ToBoi Bogu M = 90 — 120 r/n).

CepefHs BigHOCHa NoOxvbka BU3HAYEHHSI €NEKTPUYHOro
Onopy nopig y pamkax BUKOHaHUX AOChigXeHb CTaHoBMNna
3,0 %, a WBMAKOCTI NPY>XHUX XBUIb — 2,5 %.

AHani3 gaHux enekTpoMeTpUYHUX gocnigkeHb. Enek-
TPUYHI NapameTpu yLinbHEeHUX nopig-KonekTopis nepcne-
KTUBHWX Ha BYrNeBOAHi AiNAHOK cXigHOro cxuny J1bBiBCbKOro
Nnaneo3oncbKOro NpPorvHy BU3HAYeHO 3a AOMOMOrok nabo-
paTopHMX BUMiptoBaHb. [aHi Npo Mexi 3MiH Ta cepefHi 3Ha-
YeHHSs1 KX HaBedeHo B Tabn. 1.

3a pesynbTatamm nabopaTopHNX eNeKTPOMETPUYHNX BU-
MiptOBaHb B aTMOCEpPHUX YMOBax BCTAHOBIEHO, LLIO MUTO-
Muin enekTpuyHmii onip (MEQ) miHepanbHOro ckeneTa nopia
(MEO cyxux ekcTparoBaHux 3paskiB) 3aMiHIOETLCS: ANd arne-
BponitiB — Big 2,988 kOm-m (aneBponit cipuii) go
4,019 MOwm-M (nepeluapyBaHHsi aneBponiTy 3 aprinitom) 3a
cepenHboro 3HavyeHHs 452,465 kOm-M; Ansa nickoBukiB — Big
9,977 kOmM-M  (MiCKOBMK ~ TOHKO-APIGHO3epHWUCTUI) A0
31,590 MOm:M (nickoBUK CBITNO-CipWi, APIOHO3EPHUCTUI)
3a cepefHbOoro 3HavyeHHs 4,457 MOwm-m. [Npy Hacu4yeHHi Mo-
aennto nnactooi Boan (po3unH NaCl) 3pasku nopig matoTb
MEO: anesponitn — Big 12,7 Om-M (anesponiT 3 aprinitom)
8o 73,2 Om-M (aneBponiT CipuiA) 3a cepegHbOro 3HavyeHHs
28,1 Om-M; a nickoBukuM — Big 7 OM-M (MiCKOBUK CBITMO-
cipui, opibHo-cepeaHbo3epHucTMin) 4o 38,1 OM-M (MickoBUK
TOHKO3EPHUCTUIN) 3a cepeHbOoro 3HavyeHHs 16,9 Om-m.
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Mexi 3MiH i cepeaHi 3Ha4eHHs1 eNeKTPUYHMX NnapamMeTpiB nopig

Ta6bnuysa 1

ATmocdepHi ymoBu MnacToBi ymoBHU
3Ha4yeHHsA MuToMuiA eneKTpumit onip BigHocHun MuToMuit enekTpUYHUM BigHocHuI
Mopoan B aTMocdepHUX ymoBax, p, Om-m . . i .
napameTpa FIp—— eNeKTPUYHMIA | Onip NOpiA B NNACTOBUX | eNEKTPUIHNIA
CYyXUxX po3unHom NaCl onip, P yMOBaX, Pnn, OM-M onip, Py,
MiH. 2988 12,7 101 2,2 205
Anesponitn Makc. 4018636 73,2 630 12,2 2444
cep. 452465 28,1 221 4,7 649
MiH. 9977 7,0 34 0,6 66,7
MickoBuKKKM MaKc. 31590210 38,1 328 6,4 1062
cep. 4456996 16,9 115 2,6 303,6

BigHocHun enektpuyHuin onip nopig (P) — BigHOWeEHHSA
NUTOMOTrO OMNOpY MOBHICTIO HACUYEHOT NOPOAK (pns) 4O NUTO-
MOro Onopy Hacu4yyBanbHOrO po3unHy (pe): P=pne/pe (Jax-
Hoe, 1975; Tuab, [oHandcoH, 2009) € BaxnIMBUM
iH(bopMaLinHUM napaMeTpoM, SKUIA LLUMPOKO BUKOPUCTOBY-
10Tb Ans reodisuyHnx gocnigpkeHb cesepanosuH (FAC)
eneKTpoOMeTpUYHMMU MeTogamu. BukoHaHumn enekTpome-
TPUYHUMU  JOCHIOKEHHAMU BCTAHOBMEHO, LWO BigHOCHUNA
€NeKTPUYHMI onip Nopig 3MIHIETLCS: ANS aneBponiTiB — Big,
101 (aneBponiT cipuit) go 630 (NnepeLuapyBaHHsi aneBponiTy
3 apriniTom) 3a cepeaHbLOro 3HayYeHHs 221; Ans NicCKOBUKIB —
Big 34 (nmickoBuK CBIiTNO-Cipuin) 4o 328 (MiCKOBUK TOHKO3€Ep-
HUCTWUI) 3a cepeaHbOro 3HayeHHs 115.

Ona gocnigpkeHWx nopig BCTAHOBMEHO  KOpensiuiviHi
3anexHocTi Mix koediuieHTom nopucTocTi (Kn) i BIGHOCHUM
enekTpmyHuM onopom (P), siki anpoKCUMYOTbCS PIBHAHHAM
P = ak;™, Ae a — NOCTiNHWUIN KoemilieHT, M — CTPYKTYpPHUI
nokasHuk (JaxHos, 1975; Tuab, [oHandcoH, 2009). L 3a-
NEXHOCTI Ans [JOCNiSKEHUX Nopia OnuCyloTbCs CTeneHe-
BVMM PiBHAHHSAMM:

P = 6,2641k; %', npn R? = 0,93 — aneBponiTu;
P = 6,6247 k;*®*° npu R? = 0,75 — nickoBKKN.

1000

P

y =6,2641x0821
R2=10,9262

—_
(=3
(=}

il eNeKTPUYHHUIT OITip,

10
0,001

BinHOCHHI

0,010
Koeoimient mopuctocti, ki, w.0.
a

0,100

padikm UMX 3anexHoCTeln HaBe4eHo Ha puc. 1.

BnsHayeHo Takox napameTp 30inbLUeHHS eNeKTPUYHOro
onopy (Pw). Lien napameTp xapakrepusye BigHOLUEHHS Mu-
TOMOrO OMOpY YaCcTKOBO BOOOHACUYEHMX Mopia (pus) 4O MK-
TOMOrO OMOpYy MOBHICTIO BOZOHacuyeHux nopig (pns):
Pu=pue/pre (JaxHos, 1975; Tuab, [JoHandcoH, 2009) i € Bax-
NMBOIO FE0ENEKTPUYHOIO XapaKTEPUCTUKOKO MOPia-KOMNEKTOo-
piB. Y pe3ynbTaTi ekcnepumeHTanbHUX nabopaTopHux
AocnigxeHb Ha ueHTpudysi OC-6M i ctaTUCTUYHOrO aHa-
ni3y 4aHnX enekTpoMeTPUYHNX BUMipHOBaHb OTPUMaHi kope-
nAauinHi - 3anexHocti napametpa Pu  Big koediuieHTa
BogoHacuyeHHs (ks), SKi  anpoKCUMYKOTbCS  PiBHSAHHSAM
P, = bk;™, pe b —nocTinHui KoedilieHT, N — NOKa3HUK 3MO-
YyBaHOCTI, O 3aneXu1Tb Bif CTyneHs rigpodobHoCTi 3epeH
nopoau (HaxHos, 1975; Tuab, [JoHandcoH, 2009). Li 3ane-
XKHOCTI ANnst JocnigXeHUx nopig onucytTbCst CTENEHEBUMU
PIBHSAHHAMU:

P, = 1,1375 - k; >*”°npu R2 = 0,899 — anesponiTu;
P, = 1,0812 - k8
npy R? = 0,838 — ywinbHEHi MiCKOBUKM.
pachikn HaBeaeHWX 3anexHocTen NpeacTaBneHo Ha pyc. 2.

a, 1000

=

5]
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ple}

£ y = 6,6247x°0835

) 2=1,7462
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]
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0,001 0,010 0,100
Koeoimient nmopucrocti, k, 9.0.

6

Puc. 1. KopensuinHi 3anexHocTi mix koedillieHTom nopucrocTi (k,) Ta BiAHOCHUM enekTpuM4YHMM onopoMm (P):
a — aneBponitn, 6 — yLinbHeHi NiCKoBMKK

10

y =1,151x2197
R2=0,8544

TTapaMmeTp 361IbLICHHS eTeKTPUTHOTO
omopy, PH

N
—

KoeoinieHT BomoHaCITeHHS, KB, 1.0. 1o
a

10

5% y=1l1203xc12
E I R2=0.8306
RS
© o
o &
§E
= 3
=)
E [
5]
1
0.1 KoedinieHT BogoHacHueH s, K,, 1.0. 1.0

6

Puc. 2. KopensuinHi 3anexHocTi MiX napameTpoM 36inbLueHHA enekTpuyHoro onopy (P,) Ta koedilieHTomM BogoHacuyeHHs (kg):
a — anesponitT, 6 — yLinbHEeHi NiCKOBUKK
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3 MeTO BU3HAYEHHSI MUTOMOTO Ta BiJHOCHOIO eneKkTpu-
YHOrO OMOpIB MOPIA Y NNAaCTOBMX yMOBaxX BUKOHAHO KOMMMe-
KCHi [OOCMiIKEeHHA Ha creuianbHin ycTaHOBLUi BUCOKOrO
Tncky BCL-1000. ®isnyHe mogentoBaHHs MacToBUX YMOB
BMKOHYBAroCb Ha 3pas3kax, HacuieHux posdmHom NaCl. Ce-
penHi 3HaYeHHs1 i MexXi 3MiH NMTOMOrO 1 BiAHOCHOTO enekT-
puvyHoro onopy nopig y nnacrosux ymosax (t = 60 — 100°C;
Pev = 26 — 45 MIMa; M = 90 — 120 r/n) HaBegeHo B Tabn. 1.

3akpnTTa MIKPOTPILLMH Y nopodax Ta Aedopmalis B HUX
NMOpPOBOro NPOCTOPY NPU3BOAUTL A0 3POCTaHHS MMTOMOTO ene-
KTPUYHOIO OMopy i3 36iNbLUEHHSAM TUCKY Bif aTMOCKEPHOro 0
nnactoBoro. Ane 3a 36inbLUeHHs: TeMnepaTypw Big atmocdep-
HOI O NNacToBoi onip nopig 3aMeHWyeTbes. OTke, Maemo cy-
neprnosuuito BNAMBY ABOX pPi3HOHanpaBreHux cakTopie Ha
NATOMMWI €NEKTPUYHWIA OMip Nopig y NNacToBMX YMOBaX.

3a pesynbTatamu isMHOrO MOAENMOBAHHS MNACTOBUX
YMOB BCTAHOBMEHO, O MUTOMUIA EneKTPUYHUA  onip

.14

=

g 12 y:0,}€2x +0,1116
= 10 =0,9792
=l

5708

g =

25 ¢

w T4

g 2 ’

= 0

10 15 20 25 30 35 40 45 50 55 60 65 70 75
TTiromuii enexTpraHuii omip, p, OM'M
a

AocnigXeHNX aneBponiTiB y NNacToBUX YMOBaX 3MiHIOETLCA
Big 2,20MM go 12,20m-M 3a cepeaHbOro 3Ha4YeHHSA
4,7 Om-M, a nickoBukiB — Big 0,6 Om-m o 6,4 Om-M 3a cepe-
[AHBbOTO 3HavyeHHs 2,6 Om-m (Tabn. 1). BigHocHUA enekTpuy-
HWIA Onip aneBponiTiB Y NNACTOBMX yMOBAaX 3MiHIOETLCS Bif,
205 [o 2444 3a cepedHbOro 3HayYeHHs 649, a nickoBUKIB —
Bifg, 66,7 oo 1062 3a cepeaHboro 3HaveHHsi 303,6 (tabn. 1).

Micnsa komnnekcHoro aHanisy gaHux nabopaTopHux ene-
KTPOMETPUYHMUX BUMIPIOBaHb BCTAHOBMEHO KOPEnsUinHi
3anexHOCTi MiXX MMTOMVMMU eNeKTPUYHUMU onopamMm B aTMo-
chepHux (p) i tnactoBmx (pnn) ymoBax (puc. 3), Mix BigHOC-
HUMW enekTpUYHMMK onopamu B atmocdepHux (P) i
nnactoBux (Pn,) ymoBax (puc. 4) Ta MiX BiGHOCHUMW enekT-
pyvyHUMK onopamu (Pnn) i koediieHTamn nopuctocTi (Kn,nn)
y nnacTtoBmx ymoBax (puc. 5).

8
s 7
= . v 20,1737 - 03032
s R2=0,8702
5 s
2 _
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)E 2
E o

10 15 20 25 30 35 40
TTuromuii enrekTpHaHHUil omip, p, OM M
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w

Puc. 3. KopensuinHi 3aneXHoCTi MiXk TUTOMMM eNeKTPUYHUM ONMOPOM nopia B atmocdepHux (p) i nnacToBux (pn,) ymoBax:
a — aneBponitu, 6 — yLWinbHeHi NiCkoBMKK
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6

Puc. 4. KopensuinHi 3anexHocTi MiXk BIAHOCHUM eNneKTPMYHUM onopoM nopia B atmoccepHux (P) i nnactosux (P,,;) ymoBax:
a — anesponitT, 6 — yLinbHEeHi NiCKOBUKK
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B L4 y =11,102x0876
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Koedimient mopucrocti, k; o, 9.0.
a
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Koedinient nopucrocrti, k; ;, 9.0.
6

Puc. 5. KopensuinHi 3anexHocTi Mix koedidieHTom nopuctocTi (kp nn)
i BiBHOCHUM enekTpu4HUM onopowm (P,;) nopia (nnacToBi ymoBwu):
a — anesponiTu, 6 — yLinbHEeHi NiCKOBUKM
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AHaniTUYHI BMpasn KOpensuinHMX 3anexHocTewn, rpa-
dikn sknx 306paxkeHo Ha puc. 3—5, HaBegEeHO HUKYe:
Pur = 0,162p + 0,1116, npn R? = 0,979 — anesponiTu;
Pur = 0,1737p — 0,3022,
npu R? =0,87 — yLwinbHeHi NiCKOBUKMY;
P, = 10,456-P — 324,8, npn R? = 0,961 — aneBponiTy;
P, = 3,3307-P — 80,526,
npy R? =0,967 — yLinbHeHi NiCKOBUKMY;
P, = 11,1024 57°, npu R? = 0,881 — anesponity;
P, = 824634, 07,
npy R? = 0,748 — ywinbHeHi MNiCKOBUKM.
Cnig Big3HauUMTK, WO KOPEnAUiHIi 3aneXHOoCTi Mk
NMATOMUMMM Ta BIQHOCHUMW €reKTPUYHMMMK onopamMn B

aTMocepHUX i NnacToBMX yMOBax ANg AOCHiAXeHMX nopig
BMpaXarTbCs MiHiMHOW dyHKLUieto (puc. 3—4), a Mix BigHOC-
HUM EeneKTPUYHMM OMopoM i KoedilieHTOM MOpPUCTOCTi —
cTeneHeBo dyHkuieto (puc. 5).

OTpurMaHi 3aneHOoCTi J03BOMNSATh 3a BUMIPSIHUMU B aTMO-
chepHMX yMOBax ernekTpU4HMMK NapamMeTpaMu MPUBECTM iX
3HAYeHHs 0O MNacToBMX YMOB i BUKOpUCTaTW Ans iHTeprpeTawji
MarTepianiB enekTpu4YHMX METOAIB KAapOTaXy CBEPAJIOBUH.

Pe3ynbTatn nabopaTopHUX aKyCTU4HUX JOCHiAKEHb.
MpyXHi NapamMeTpn yLWiNbHEHNX NOPIA-KONEKTOPIB Nepcnek-
TUBHUX Ha BYrMNeBOAHI OiNAHOK CXigHOro cxuny J1bBiBCbKOro
Naneo3oncbKOro NpPorvHy BU3HAYeHO 3a AOMOMOrow nabo-
paTopHUX BUMIpOBaHb. Pe3ynbTaT BUMIpOBaHHS LUBUAKOCTI
NOB3O0BXHIX MPY>XHUX XBUMb HaBeAeHo B Tabn. 2.

Tabnuysa 2

Mexi 3MiH i cepeHi 3Ha4Ye€HHA WBMAKOCTEN Ta iHTEPBANIbHOIO Yacy NO3[40BXHIX NPYXHUX XBUJIb Nopia

ATmocdepHi ymoBu MnacToBi ymoBM
3HayeHHs |LUBuAKicTb NO3AOBXKHIX XBUIb, M/c| |HTepBanbHUM Yac, Mc/M LBunAakicTb N
Mopoau napameTpa CVXMX Hacu4eHux CYXMX HacUYeHUX NO3A0BXHIX IHTfch?:'c'?;""
Y po3uymHom NaCl Y po3sumHom NaCl XBUnb, M/c ’
MiH. 4710 4983 188 179 5208 176
Anespornitu MaKC. 5333 5582 212 201 5690 192
cep. 4943 5256 203 190 5500 182
MiH. 3084 4172 184 179 4573 173
MickoBuKM MaKC. 5432 5590 324 240 5783 219
cep. 4245 4898 240 205 5240 192

AKyCTUYHMMUK NabopaTopHUMU JOCHIAKEHHAMU B aTMO-
cepHUX YMOBaX BCTAHOBIEHO, LLO B EKCTPAroBaHMX CyxXmx
aneBporiTax WBUAKICTb NOLUMPEHHST NOB3A0BXHIX MPY>XHUX
XBUNb 3MiHIOETLCS Big 4710 M/c (aneBponiT 3 anespuToBUM
aprinitom) go 5333 mM/c (anesponiT cipuii) 3a cepefHbOoro
3HauveHHs 4943 m/c, a iHTepBanbHuiA Yac — Big 188 po
212 mc/m 3a cepegHboro 3HayeHHs 203 mc/m. LUBmakictb
NOLUMPEHHSA MOB3O0BXHIX NMPY>XHUX XBUIb Y NICKOBUKaX 3Mi-
HioeTbea Big 3084 m/c (nickoBKK CBITNO-Cipuii i3 3eneHyBa-
TMM BiaTiHKOM) 00 5432 mM/c (nickoBMK TeMHO-Cipuii) 3a
cepenHboro 3Ha4veHHsi 4245 m/c, a iHTepBanbHWUIA Yac — Big
184 oo 324 mc/m 3a cepedHboro 3HavyeHHst 240 mc/m.

Y HacuM4eHux MOAENMK MNacToBOi BOAU aneBponiTax
LIBUAKICTb NOB3OBXHIX XBUIb 3MiHIOETLCA Big 4983 M/c o

6000

=) y =-14743x |+ 5536,5

g 5500 |-° R2=0,7895

5 . L 4
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E 5000 o

g2

=2 4500

g5

=

= 4000

2

E 3500

£

= 3000

0,00 0,02 0,04 0,06 0,08 0,10

Koeoiuient mopuctocri, k;, 4.0.

a

5582 m/c 3a cepeaHbOro 3HaveHHs 5256 m/c, a iHTepBanb-
HU vac — Big 179 po 201 Mc/M 3a cepeAHbOro 3Ha4YeHHs!
190 mc/M. Y HacudeHnxX NicCKOBMKaX LUBUAKICTb MOB3L0BXHIX
XBUMb 3MiHIOETbCA Big 4172 m/c oo 5590 m/c 3a cepeaHbOro
3Ha4yeHHs1 4898 m/c, a iHTepBanbHUI Yac — Big 179 mc/m Ao
240 mc/m 3a cepeaHboro 3HauyeHHs 205 mc/m.

3a pesynbTaTamu aHanisy akyCcTUYHUX OOCNIMKEHb, BU-
KOHaHMX B aTMOC(epHMX yMOBaX, YCTAaHOBINEHO psiJ Kope-
NAUINHUX 3anNeXHOCTEN MiX LUBUAKOCTAMU NPY>XHUX XBUIb
(Vp) Ta iHTepBanbHum Yacom (tp) i koedilieHTOM NOPUCTOCTI
(kn) Ta rycTuHoto gocnigxeHux nopig, (8), Hacu4eHnx posuu-
Hom NaCl, rpadikm skux 306paxkeHo Ha puc. 6-9. Lli 3anex-
HOCTi anpoKCMMYTBCS MiHINHOK OYHKLELD.

. 6000
5 y =-13132x +5506,3
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g 5500 & o R2=0,8276
B
% 5000
c g
g 234500
=3
&
=7 4000
5
2 3500
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= 3000
0,00 0,02 0,04 0,06 0,08 0,10
Koeoinient nopucrocri, k, 9.0.
6

Puc. 6. KopensuinHi 3anexHocTi Mix koedpiuieHTom nopucTtocTi (k,)i WwBMAKICTIO N03A0BXHIX XBUNb (Vp):
a — aneBponitn, 6 — yWwinbHeHi NickoBMKK

(o]
D
(=]

2250
£ 240
=230 |y =534x+180.24
§ 220 R2=0,7987
i 210
& 200
g 190 e
5180 |+
E 170

160

0,00 0,02 0,04 0,06 0,08 0,10
KoedimierT mopucrocri, k;, 9.0.
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260
2250
£ 240 y=575,46x + 178,78
R2=0,8378

0,00 0,02 0,04 0,06 0,08 0,10
Koedimient moprerocti, ky, @.0.

6

Puc. 7. KopensuinHi 3anexHocTi Mix koediuieHTom nopuctocTi (k,) Ta iHTepBanbHUM Yacom (t):
a — aneBponitu, 6 — yLinbHeHi NiCKoBMKK
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6000
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IIBUAKICTH TOB3IOBXKHIX XBILTb,
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y =6,0594x - 10698

5500 R2=0,7397 %o
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1IIBUAKICTh MTOB3AOBKHIX XBHIIb,
Vi Mm/c

Puc. 8. KopensuinHi 3anexHocTi Mix rycTuHoto () i LuBMAKICTIO NO3A0BXHIX XBUNb (V,):
a — anesponiT, 6 — yLinbHEHi NiCKOBUKK
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y =-0,0698x + 375,27
2=0,7408

[HTepBanbHHUil Uac, t,, MC/M
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180 °
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6

Puc. 9. KopensuiinHi 3anexHocTi Mix ryctuHoto (8)i iHTepBanbHUM yacom (t;):
a — aneBponitn, 6 — yLinbHeHi NickoBMKK

Hwkye HaBegeHo aHaniTMYHI BMpPa3n BCTAHOBIEHMX
KOpEeNAUiNMHMUX 3anexXHOoCTeNn:

V, = —14743 'k, + 5536,5, npu R? = 0,79 — anesponitu;

Vp = —13132k, + 5506,5,
npy R? =0,828 — yLinbHEHi NiCKOBUKMY;
t, = 534k, + 180,24, npn R* = 0,8 — anesponiTu;
t, = 575,46k, + 178,78,
npy R? =0,838 — yLLinbHEHi MNiCKOBUKMY;
» =1,9282-6+ 150,33, npn R? = 0,733 — anesponityu;
Vp = 6,0594-6— 10698,
npu R? =0,74 — ywinbHeHi NiCKOBUKMY;
t, = —0,0698-6+ 375,27, npu R? = 0,741 — anesponiTu;
t, = —0,266-6+ 890,09,
npy R? =0,752 — yLinbHeHi NiCKOBUKM.

LUnsixom isnyHOrO MoOZEntoBaHHA Ha creujianizoBaHin
ycTaHoBLj Bucokoro Tucky BCLI-1000 BM3Ha4eHO LWIBMAKOCTI
MOLUMPEHHST MO3MOBXKHIX XBWMb Y NNactoBux ymoBax Vpmn.
JocnimkeHHs BUKOHYBanucst Ha 3paskax, HaCU4YeHUX po3un-
Hom NaCl. Mexi 3MiH Ta cepefHi 3Ha4eHHs Vpan Ta iHTEpBarnb-
HOro Yacy tpnn MOpPIA y NNACTOBUX YMOBAaxX HaBeaeHo B Tabn. 2.
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g y=0,8787x + 881,73
] R2=0,7424 o> °
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2 4000
4000 4500 5000 5500 6000
LIBHAKICTS OB3AOBKHIX XBHb, Vy, M/C
a

Y pesynbTaTi LMX AoCnigXeHb YCTaHOBMEHO, WO LWBMA-
KiCTb NO3A0BXHIX XBUNb Y JOCHiAXEHNX NOpoAax 3pocTae i3
36inblweHHsamM Tucky. Lle BigbGyBaeTbcst BHacnigok gedop-
MaLlii MOpPOBOro NPOCTOPY Ta 3aKpUTTS y nopogax MikpoTpi-
WyH. LBMaKiCTb MO340BXHIX XBWUMb Y MMAcTOBUMX yMOBax
3MiHETbCA: Ansa anesponiTiB — Big 5208 m/c no 5690 m/c 3a
cepenHboro 3Ha4veHHst 5500 m/c, a iHTepBanbHUIA Yac — Big
176 mc/m oo 192 mc/m 3a cepeHbOro 3HavyeHHsa 182 mc/m.
LLBnAakicTb MO300BXHIX XBWUIb MICKOBUKIB 3MIiHIOETbLCA Bif
4573 m/c po 5783 m/c 3a cepeaHboro 3HaveHHs 5240 m/c, a
iHTepBanbHUM Yac — Big 173 mc/m go 219 mc/m 3a cepegn-
HbOro 3HayveHHs1 192 mc/m (Tabn. 2).

3a pesynbTaTaMuM KOMMMEKCHOrO aHanisy marepianis
nabopaTopHUX akyCTUYHUX AOCHifXeHb AOCMiAXEHUX no-
pig, yCTaHOBIEHO KOPEensALUifHi 3anexXHOCTi MK LWBMAKICTIO
NO3J0BXHIX XBUINb B aTMOC(epHMX i MracToBMX yMoOBax
(puc. 10), a Takox Mix koediuieHToM nopuctocTi (Knnn) i
LWBMAKICTIO NPY>XHUX XBUMb (Vp,nn) Ta iHTEpBanbHUM Yacom
(tp.nn) Yy MNacToBmx ymosax (puc. 11, 12), aki Bupaxarotbcs
NiHIMHUMKU pyHKUIAMU.
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6

Puc. 10. KopensuiitHa 3anexHicTb MiX LUBUAKICTIO NO3A0BXHIX XBunb B atMmoccepHux (V) i nnactoBux (V, n,) ymoBax:
a — anesponiT, 6 — yLinbHEeHi NiCKOBUKM

ISSN 1728-3817



FEOJIOriA. 2(101)/2023

~21~

6000
y=-16199x + 5753,8

s o o 2= 0,7897
5500 \"'.7\\
°

e M/C

TIIBHAKICTH MOB3IOBKHIX XBUIb,

one 10304 + 5679
B y =-10304x + 5
g 8o oo 22,7368
£ < 5500
2=
2 s
g %5000 °
g °
88 L °
g H 4500 L
=]
=]

4000

0,00 0,02 0,04 0,06 0,08 0,10
Koeoimient nopuctocTi, Ky gy
6

Puc. 11. KopensuinHa 3anexHicTb Mix koedilieHToM nopuctocTi (Kn.nn)
1 WBNAOKICTIO NO3A0BXHIX XBUNb (V;q,) Y NNAaCTOBMX yMOBaX:
a — aneBponiT, 6 — yLinbHeHi NiCKOBMKM
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6

Puc. 12. KopensuiitHa 3anexHicTb Mix koediuieHTom nopuctocTi (Kn.n) 1 iHTepBanbHoro vacy (t,.,) y nnacrosux ymosax:
a — aneBponitn, 6 — yLinbHeHi NickoBMKK

Hwx4ye HaBegeHO aHaniTUYHI BUpa3u BCTAHOBIEHMX KO-
pensuinHnX 3anexHocTen:
Voun = 0,8787 1, + 881,73, npu R? = 0,742 — anesponiTu;
Voun = 0,739, + 1596,3,
npy R? =0,821 — yLinbHeHi NiCKOBUKMY;

Voun = —16199 'k, ,, + 5753,8, npu R? = 0,79 — anesponitu,
Voun = —10304 -k, + 5679,
npy R? =0,737 — yLwinbHeHi NiCKOBUKMY;
tpan = 544,11k, + 173,43, npn R? = 0,802 — anesponitu;

tpnn = 388,12k 4, + 175,
npu R? =0,742 — ywinbHeHi NiCKOBUKW.

OTpurMaHi 3anexHoCTi 403BOMNSATL 33 BUMIPSHUMY B aT-
MOC(epHMX YMOBaxX LLUBUAKICHUMW NapameTpamun NpuBecTy
X 3Ha4YeHHA 40 NNacToBUX YMOB i BUKOpUCTaTV ANg iHTepn-
peTauii maTepianiB akyCTUYHOrO KapoTaxy CBEpPANOBUH.

BucHOBKKW. Y cTaTTi HAaBe4EHO pe3ynbTaT KOMMIEKC-
HUX JocnigXeHb NeTpodi3u4HUX BNacTUBOCTEN KONekLil i3
80 3paskiB yLLinbHEeHNX nopia (NiCKOBWKIB i aneBponiTiB) Ke-
MOGpito, BifiGpaHnx Ha 7 NOLIYKOBMX MIIOLLAX CXiGHOro CXmy
JTbBIBCbKOro Naneo3omcbKoro NporvHy B iHTepeBanax rmméuH
Big 1453 m go 3702 m. JocnigxeHi nopoau npencrasneHi
nicKoBMKaMy TOHKO3€PHUCTUMU, APiOGHO3EPHUCTMM | cepe-
OHbO3EPHUCTMMMU, CIPUMK Ta CBITNO-CIpUMMK, @ TakoX arnes-
ponitTamu cipumu

EnektpomeTpnyHuMy nabopaTtopHUMK AOCNIOKEHHSIMN B
aTMocepHMX ymMoBax YCTAHOBMEHO, O MMTOMUIN €NeKTpu-
YHUIA ONip MiHEpanbHOro ckeneta (onip CyxmMx eKCTparoBaHmx
nopia) 3MiHIETLCS: Ansa anesponiTie — Big 2,988 kOm:m go
4,019 MOm-m (cepegHe 452,465 kOm:-M); ONs MiCKOBUKIB —
Big 9,977 kOm:m go 31,590 MOwm-m (cepegHe 4,457 MOM-m).
3HayHi Mexi 3MiH NMUTOMOro ornopy 3paskiB MOSICHIOKTHCSA
HEOAHOPIAHOCTAMM y CTPYKTYPI | TEKCTYPi NopiA, (MOpUCTICTb,
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HasBHICTb MWHUCTUX | NILLAHUCTMX MpoLlapkiB Ta BKIHO-
YyeHb). MUTOMUIA eneKTPUYHUIA onip nopid, HaCU4YEeHUX Mo-
OENnnio NnactoBoi BOAM, 3MIHIOETLCS: ANS aneBponiTiB —
Big 12,7 oo 73,2 OM-m (cepegHe 28,1 Om-M); Ans nickoBuKiB
— Big 7 0o 38,1 Om-m (cepegHe 16,9 Om-Mm). 3a cepeHimu
3HaYEHHSMW OropiB aneBponiTH i NICKOBUKN CYyTTEBO He Bia-
pi3HAIOTbLCS.

BigHoCHMI eneKkTpuYHMIA onip Nopig, 3MIHIOETLCS: ANg ane-
BponiTie — Big 101 go 630 (cepeaHe 221); Ans nickoBUKIB — Big,
34 no 328 (cepenHe 115). BctaHoBneHa kopensujinHa 3anex-
HICTb MK BiJHOCHWUM €MeKTPUYH1M OMOPOM i KoediLlieHTOM no-
PYCTOCTI, sika anpPOKCUMYETBLCS CTENEHEBOK (PYHKLIEH.

Y pesynbTaTti NpOBEAEHNX €neKTPOMETPUYHUX AocChi-
OXXeHb Crnocobom LieHTpudyryBaHHs 3paskiB nopia BCTaHO-
BMIEHO  KOpPEensuiHy  3anexHiCTb MK napameTpoMm
36inbLUEHHS1 eNeKTPUYHOro onopy i koediuieHTom BogoHa-
CUYEHHSI, sika anpoOKCUMYETbCSI CTENEHEBOK (DYHKLLELD.

®Di3nyHUM MOAEntoBaHHAM MacToOBUX YMOB BCTaHOB-
NEHO, L0 MUTOMWUI eNEKTPUYHMIA ONip 3MIHIOETLCA: 4N4 ane-
BponiTiB — Big 2,2 oo 12,2 Om-m (cepeaHe 4,7 Om-m); ana
nickoBukiB — Big 0,6 o 6,4 Om-m (cepegHe 2,6 Om-m). Bumi-
ptoBaHHSA NMUTOMOrO OMOpY Mopig 3au Pi3HMX TUCKIB MOKa-
3anw, Wo BHACMIQOK 3aKpUTTA MIKPOTpIWmH Ta Aedopmalii
NOPOBOro MPOCTOPY ENEKTPUYHWIA onip nopig 3pocTae 3i
30iNbLUEHHAM TUCKY, MPU LbOMY 3anexHicTb koediuieHTa
36inbLUEHHS] MMTOMOrO eNEeKTPUYHOIO OMopy Bif TUCKY ANS
OOCnigAXeHUX nopig BUpaxaeTbcs NMOMNIHOMOM 2 MOPSIAKY.
OpHak 36inbLUeHHs TemnepaTypu B NNacToBUX yMOBaXx npu-
3BOAMTb A0 3BOPOTHOrO MNpouecy — Onip 3MEHLIYETbCS.
BigHOCHUIM enekTpnyHUIM onip Nopig y niacTtoBUX yMoOBax
3MiHIOETbCA: Ans anesponiTie — Big 205 fo 2444 (cepeaHe
649); ansa nickoBmkiB — Big 66,7 Ao 1062 (cepeare 303,6).
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KomnnekcHuMm aHanizoMm AaHux eneKTpoMETPUYHMX O0-
ChnigXXeHb yCTaHOBIMEHI KOpensUiiHi 3anexHoCTi MiXX n1To-
MUM ENEeKTPUYHUM | BIQHOCHMM ENEKTPUYHUM OMopoM, a
TaKOX MK KoeilieHTOM NOPUCTOCTi 1 BIAHOCHUM eneKkTpu-
YHMM OMOPOM B aTMOCepHMX i MNacTOBUX YMOBaX. 3anex-
HICTb MiXX MUTOMWM Ta BiZHOCHWM ENEKTPUYHUM OMOpPOM B
aTMOCEepPHMX | NACTOBMX YMOBAX 41151 OOCNIMXEHUX Nopig
BUPAXAETLCA MiHINHOK (yHKLUieto. PisnyHe MoaentoBaHHA
NnacToBMX yMOB [JO3BONSAE aAanTyBaTV 3HAYEHHS eNeKTpuy-
HMX NapameTpiB, OTPMMaHUX nig Yyac nabopaTopHUX BUMIpHO-
BaHb B aTMOCHEpHMX YMOBax, OO MapameTpiB nopig, Lo
nepebyBatoTb y NIACTOBMX YMOBAX.

3a pesynbTaTamm akyCTM4HUX BUMIipHOBaHb B aTMocde-
PHMX YMOBaX YCTaHOBIEHO, LUO WBWUAKICTb NOLUMPEHHST MO3-
OOBXHIX XBUINb Yy CyXMX eKCTparoBaHuX nopogax
3MiHIOETbCA: Ang anesponitie — Big 4710 go 5333 m/c (ce-
peaoHe 4943 m/c), a iHTepBanbHMM 4Yac — Big 188 mo
212 mc/m (cepegHe 203 mc/m); ans nickosukis — Big 3084 oo
5432 m/c(cepenHe 4245 wm/c), a iHTepBanbHui Yac — 184 no
324 mc/m (cepegHe 240 mc/m). LUBMAKICTb MNO3A0BXHIX
XBWMb NOPI4 HACUYEHUX MOOENII0 NNacTOBOI BOAWN 3MiHIO-
€TbCcA: Ansa anesponiTie — Big 4983 go 5582 m/c (cepeaHe
5256 m/c), a iHTepBanbHWi Yac — Big 179 go 201 mc/m (ce-
peaHe 190 mc/Mm); onsa nickoBukiB — Big 4172 po 5590 m/c
(cepenHe 4898 m/c), a iHTepBanbHMM 4Yac — Big 179 Oo
240 mc/m (cepeaHe 205 mc/m).

®Di3nyHUM MOEMOBaHHAM MMAacToBUX YMOB YCTaHOB-
NEHO, WO WBMAKICTb MO3A0BXHIX XBWUMb 3MIHKETBLCA: A
anesponitiB — Big 5208 go 5690 m/c (cepenHe 5500 m/c),
a iHTepBanbHUM Yac — Big 176 go 192 mc/m (cepenHe
182 mc/m); ans nickosukiB — Big 4573 oo 5783 m/c (cepeaHe
5240 m/c), a iHTepBanbHWi Yac — Big 173 go 219 mc/m
(cepenHe 192 mc/m). I3 3pocTaHHSAM TUCKY LUBUAKICTL NO3A0-
BXHIX XBUMb 36iNbLUYETbCA BHACMIAOK 3aKPUTTS MIKPOTPILLMH
i gedopmaldii nopoBoro nNpocTopy. 3anexHictb 36inbLEHHS
LLBUAKOCTI Bif, TUCKY OMUCYETLCS MOMIHOMOM 2 MOPSAKY.

Y pesynbTaTti KOMNNEKCHOro aHanisy Matepianis akycTuy-
HWX OOCHiAXeHb AN aneBponiTiB i MICKOBUKIB YCTaHOBMEHO
KOpensAUinHi 3B'A3KM: MK LUBUAKOCTAMM NPYXHUX XBUIb i ryc-
TUHOIO Ta KoeiLiEHTOM MOPUCTOCTI B aTMOCepHNX ymMoBax;
MiX LLUBUOKOCTSIMM MO3A0BXHIX XBWUSb B aTMOCMEPHUX i nna-
CTOBWX YMOBAX; MiX LUBMAKICTIO M KOEWMILIEHTOM NOPUCTOCTI
B NacTOBMX yMOBaXx. 3anexHiCTb MiX LUBUAKICTIO NO300BX-
HiX XBWMb B aTMOC(EpPHUX i NNacToBUX ymoBax And OocChi-
DXKEeHUX nopig BUpaxaeTbCs NiHiNHOW dyHKLUiE. dDisnyHe
MOZEINIOBaHHSA MNacToBMX YMOB J03BOMSE afanTyBaT 3Ha-
YeHHS! NPYXHMX NapameTpiB, OTpUMaHuX nig Yac naboparop-
HMX BMMIpIOBaHb B aTMoctepHnx ymoBax, 4O napameTpis
nopig, Lo nepebyBatoTb y NNacToBMX YMOBAX.

KopensuiiiHi 3anexHoCTi enekTpuYHUX Ta NPYXHUX i na-
pameTpiB i3 pinbTpaLinHO-EMHICHUMW BNacTUBOCTSIMU anes-
poMiTiB i LWiNbHUX MICKOBWKIB, OTPMMaHi 3a pesynbTaTtamu
nabopaTopHMX NeTpoisuyYHMX [OCMIMKEHb, MOXYTb OyTu
OCHOBOI 4119 nonepefHbOi iHTepnpeTalii JaHuX reodisny-
HUX JOCHiOXEHb CBEPASIOBMH HA HOBUX NEPCMNEKTUBHMX MI10-
Lax cxigHoro cxuny J1bBiBCbKOro Naneo30nCcbLKOro NPornHy.

ABTOpPU BUCNOBMIOKTL LUMPY MOASAKY CT. nabopaHTy
B.C. LlymaHy 3a 110ro akTuBHY 1 BUCOKONPOECiiHY y4acTb
y NigroToBsLi 3pas3kiB i TabopaTopHUX OOCNIOKEHHSIX.
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ELECTRIC AND ELASTIC PROPERTIES OF CONSOLIDATED TERRIGENOUS ROCKS OF CAMBRIAN PERIOD OF
THE SOUTHERN SLOPE OF THE LVIV PALAEOZOIC TROUGH

Paper concerned the research of elastic and electric properties of consolidated terrigenous rocks of Cambrian period of the southern slope of
the Lviv Palaeozoic trough.

The purpose of the research was to study the petrophysical parameters of the consolidated reservoir rocks (siltstones and sandstones), as the
basis of the integrated analysis of their physical properties. The research looked at electric and elastic parameters of terrigenous rock samples,
resistivity and formation resistivity factor, formation resistivity enlargement factor, velocities of the P-waves and interval (transit) time in atmospheric
and reservoir conditions.

Correlations between resistivity and formation resistivity factor, and between porosity and formation resistivity factor of consolidated rocks were
established in atmospheric and reservoir conditions. The correlation between the resistivity and formation resistivity factor manifest itself in linear
function. Physical modeling of reservoir conditions allows adapting the values of electrical parameters obtained in atmospheric conditions to
parameters of rocks in reservoir conditions.

Laboratory acoustic study of rock samples managed to establish correlations of: velocities of the P-waves and interval (transit) time with density
and porosity in atmospheric conditions; velocities of the P-waves in atmospheric and reservoir conditions; velocities with porosity in reservoir
conditions. The correlations between velocities of the P-waves in atmospheric and reservoir conditions for the studied rocks manifested itself in
linear function. Physical modeling of reservoir conditions allows adapting the values of elastic parameters obtained in atmospheric conditions to
parameters of rocks in reservoir conditions.

The correlations between the electric and elastic properties and reservoir properties of siltstones and consolidated sandstones should be at the
basis of preliminary interpretation of geophysical well logging on prospective areas of the southern slope of the Lviv Palaeozoic trough.

Keywords: resistivity, formation resistivity factor, velocity of elastic waves, correlations, siltstones, consolidated sandstones.
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MODELING OF LANDSLIDE DEFORMATIONS UNDER THE ACTION OF GRAVITY

(MpedcmaeneHo 4neHoM pedakyiliHoi Koneaii 0-pomM 2eos. Hayk, npogh. O.M. leaHik)

Nowadays, there are actual problems associated with destructive slope processes under the influence of gravity load. Indeed,
gravitational slope processes, together with other erosion and tectonic processes, contribute a lot to the formation of the modern relief
and at the same time very often complicate the rational using of the corresponding territory. Landslide processes can be distinguished
among the most dangerous gravitational slope processes. These processes are characterized by widespread distribution and significant
material losses and human casualties to which they lead. Due to its social importance and practical engineering significance, the problems
of studying gravitational shear processes have a long history. Therefore, many works are devoted to these problems, but from another
hand, the cases of strict mathematical and mechanical description and determination of certain quantitative mechanisms and criteria for
the development of sliding gravitational processes have been considered in a rather limited way. In presented work on the base of
variational finite-element method, we calculate the rotational deformation and failure criteria of a wide class of three-dimensional
heterogeneous anticlinal geostructures under the gravity load conditions. The simulation results show that the shear deformation of
anticlinal geostructures under the influence of gravity depends on the shape, size of the structure, and mechanical properties of the rocks
that make up these geostructures. We have established that more compact geostructures are subjected to the smallest deformation. In
the solid geostructures that retain elastic properties, the deformations are inversely proportional to the degree of rock stiffness, and a
decreasing in the curvature radius of the geostructure leads to an inversely proportional increase in the deformation of the corresponding
geostructure. We have shown that in order to maintain resistance to shear soil gravity failure, anticlinal geostructures cannot be
completely composed of rocks softer than semi-solid dispersed soils. It was established that the resistance to shear gravity soil failure of
heterogeneous anticlinal geostructures is mainly determined by the rigidity of the internal bearing rocks, while the influence of the stiffness

of the external soft rocks is relatively insignificant and has a non-linear character.
Keywords: computer modeling, landslide anticlines deformations, gravity load.

Introduction and statement of the problem. Nowadays,
the problems associated with destructive slope processes
under the influence of gravity load remain relevant. Indeed,
gravitational slope processes, together with other erosion and
tectonic events, play important role in the formation of the
modern relief. These processes at the same time very often
complicate the rational using of the corresponding territory.
Landslide processes can be distinguished among the most
dangerous gravitational slope events. These processes are
characterized by widespread distribution and significant
material losses and human casualties to which they lead.
Landslide processes, among other gravitational slope
processes, are characterized by the presence of a soil shifting
without loss of continuous contact between the moving and
stationary parts of the massif (lpueopenko u dp., 1992;
Ocunos, 1999; Dikay et al., 1996; Bell and Maud, 2000;
Pathak et al., 2008). Thus, for the description of gravitational
shear soil processes, we can neglect the consideration of soil
massif gaps with other rheological effects and limit ourselves
to the application of the theory of elasticity for a solid medium.
Gravitational soil shear processes are very numerous and
have various geological forms (Bell and Maud, 2000, Hunter
and Fell, 2003; Van Asch et al., 2007). Therefore, it's
impossible to embrace all cases, so we limit ourselves to
consideration of rotational gravitational soil shear processes
for three-dimensional heterogeneous anticlinal geostructures.
This case is common enough and can be very useful for
practical applications.

Analysis of latest investigations. Due to its social
importance and practical engineering significance, the
problems of studying gravitational shear soil processes have
a long history. Many works are devoted to these problems,
among which the following can be singled out (Bad, 2010;
Kronb, 2017; Husizos, 2015; lNeHOuH u ®omeHko, 2015;
®omeHko, 2012; Hunter and Fell, 2003; Zhang et al., 2006;
Van Asch et al., 2007; Pathak et al., 2008; Cruden and Lan,
2015). Due to the ambiguity and variety of natural and
practical cases of gravity shear soil processes, these works
mainly relate to the definition of general geological and
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engineering classifications, qualitative criteria and
mechanisms of destructive events. Computational models
are simple enough and mostly limited by analytical and
semi-analytical approximate methods.

Pinpointing unresolved issues. On the other hand, the
cases of strict mathematical and mechanical description and
determination of certain quantitative mechanisms and criteria
for the development of sliding gravity processes, especially
rheological numerical methods, have been considered in a
rather limited way. The variational finite-element method
proposed in this paper for solving the problem of the elasticity
of multilayer orthotropic shells, taking into account the shear
rigidity (/lybkos, 2015) adequately allows calculating the
deformation processes, mechanical behavior and failure
criteria of a very common class of three-dimensional
heterogeneous anticlinal geostructures in the conditions of
gravity load. This approach has important theoretical and
practical interest and provides a number of advantages
compared to existing methods.

Setting objectives. The aim of the article is modeling of
shear soil processes under gravity loads of wide class of
heterogeneous anticlinal geostructures on the base of
elaborated variational finite-element method.

Research part and findings validated. Mathematical
formulation and solving problem. Consider the defor-
mation of the anticlinal geostructure in the form of the upper
half of a fragment of a three-layer cylindrical shell, which is
rigidly fixed at the ends and is under the influence of gravity.
To describe the deformation of the considered anticlinal ge-
ostructure, which consists of rocky or dispersed soil rocks
(Tpogpumos, 2005; Zhang et al., 2006, Van Asch et al.,
2007) we will use the theory of multilayer orthotropic elastic
shells of rotation taking into account shear rigidity (/Ty6kos,
2015). We will consider the shell in the curvilinear coordinate

system (s,@,z), which we will consider rigidly fixed with a
large solid rock massif. Here s, ® — coordinates along the
surface of the shell; z is the shell thickness coordinate.

© Lubkov M., 2023
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Displacements along the s, @,z coordinates for the j-th layer
of the shell can be represented in the form (J/lybkos, 2015):
u; =uy(s, Q)+ zu, (s, 9);
v, =V (8,0) + 2, (5, 9); (1)

w; = wy(s,0) + 2w (s, ),
here u,,v,,w, — displacement components of the middle
surface of the shell; u,,v, — rotation angles of the middle
surface normal relatively coordinate lines @ = const,
s = const accordinally, w, —compression of the middle sur-

face normal of the shell. Let's make the Lagrange functional
(/Tybkos, 2015), which expresses the potential mechanical
energy of the considered geostructure, which is under grav-
itational load conditions:

U o S o o
- Jo J2 Jo J2 Jje J2 Jo Jg
W= 5 E J' (e, +E, /'€, +E.'€.'“+2E e e '+

0 o0
J=Lh; §
Jg g i Jg Je i Jg 72 je 2
+2FE e ‘e +2sz €0 €z +4Gw €0 +4G_'e 7 +

G, /e, =20 g0, 14— dsdodz—  (2)

g
Py Sy
—_[ (T.u, + vao +O.w,)do— J-(T(muo + T(pv0 + Q(pwo)ds.
D 5

here Rg — the radius of curvature of the geostructure;
g —gravity acceleration; S —surface area of the geostructure;

h, — thickness of the j -th layer of rocks of the geostructure;
p,—density of the j -th layer; 5043'/ — components of the strain
tensor of the j -th layer; E@" — modulus of elasticity of the
j -th layer; G“Bj — components of the shear modulus of the
j-th layer; T, ,T,

w» I, — forces acting on the contour of the

geostructure in the tangential directions to its surface; O, —

forces acting on the contour of the geostructure in directions
perpendicular to its surface. The boundary conditions of the
problem make up on the rigid fixation of the fragment of the
considered geostructure at its ends.

For resolving the presented problem of deformation of
the geostructure under the influence of gravity, we will use
the finite element method based on the variational principle
of Lagrange, which expresses the minimum potential
mechanical energy of the system (/Tybkos, 2015):

SW(uo,vo,wo,ul,vl,wl)ZO. (3)
For resolving the variational equation (3), we use the nine-

node isoparametric quadrilateral shell finite element with a
curved surface (/lybkos, 2015). A curvilinear coordinate system
(s,0,z) is used as a global coordinate system, that is, a
system where all finite elements (on which the research area is
divided) are combined. As a local coordinate system, where
every finite element form functions are constructed, normalized
coordinate system (&,0) is used. At the making of the finite
element form functions, which approximate within each
element the components of displacements i, v,, w,,u,,v,, W, ,
for satisfaction of the conditions of smoothness and

convergence of the finite-element solution, we use algebraic
and trigonometric polynomials (J1ly6kos, 2015):
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9 9 9 9
Uy :ZNfu0f5 ) :ZNfVOi; Wo :ZNiWOi; U :zNiuli;
i=1 i=l i=1 i=1

9 9
Vi :ZNIVU; W :ZNiWU‘ (4)
i=1 i=1

N, =H,(0)R(&); N, =H,(0)R(&); N, =H,(0)F(&);
N, =H,(0)R©&); Ny =H (0)R(&); N, =H,(0)P,(8);
N, = H,(0)P,(8); Ny =H,(0)R(&); N, =H,(0)B(E). (5)

sin(0—0,)—sin(0—6,)+sin(6, —6,)

Hl (9) = . . >
sin(0, —06,) —sin(, —06,) +sin(0, —0,)
sin(6—0,)—sin(6—06,) +sin(6, —6,)
H,(6)=— 3 ; 5
sin(0, —0,) —sin(0, —6,) +sin(6, —6,)
H,(0) = §1n(9—91)—s?n(9—62)+sn.1(6] -6,) :
sin(0, —0,) —sin(6, —06,) +sin(6, - 6,)
Lj=k
H.(0,)= ;
10 {0, j#k

Pl(é)%&(&—l); f;(&)%&(&ﬂ); PE=1-8. (6)

The finite-element algorithm for solving the variational
problem (3) is following. At the first stage, in the local
coordinate system (&,0), we make approximation of all

displacements and deformations from functional (2), which
are functions of the displacement components

Uy,Vy, Wy, Uy, v, W, With the help of formulas (4-6). Also, In

the local system we carry out analytical integration within
each shell layer, and then make summation over the entire
package of the shell layers. At the second stage, the
functional (2) is variated relatively all nodal displasement
components and the corresponding variations are equalized
to zero. As a result, for each finite element, we obtain a linear
algebraic system consisting of 54 equations. At the third
stage, in the global coordinate system (s,0,z), the

summation of local linear systems of algebraic equations
takes place over all the finite elements into which the shell
is divided. Also, we make here the formation of the global
system of linear equations. Calculation of double integrals
over the area of the shell is carried out by numerical
integration based on Gauss's quadrature formulas (/1y6kos,
2015). We resolve the global system of linear algebraic
equations using the Gauss numerical method (/Ty6kos,
2015). As a result, the displacement components

u,, vy, Wy, U, v, W, can be determined at all nodal points of

the finite element grid. Then components of displacements,
deformations, stresses, and other interesting values can be
determined from the found nodal displacement components
at any point of the finite element, i.e., at any point of the
considered shell geostructures.

Modeling of shear processes of anticlines under
gravity loads. At modeling of the gravitational shear
processes of anticlinal geostructures, we will consider the
deformation of the upper half of a three-layer cylindrical shell
under the action of gravity with the following parameters: the
radius of the shell is 100 m, the thickness of the three layers
of the shell is 10 m, respectively, the angle from the
horizontal in the positive direction (counter-clockwise) is
n/2. The average density of the considered rocks will be

considered equaled to 2300 kg/m3. Firstly, we will consider
the shear deformation (movement in the angular direction),
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along the surface of the slope of homogeneous anticlinal
geostructures. In fig. 1 we consider the case of rocky soil
(Tpogbumos, 2005) with the following elastic properties:
Young's modulus E =7-10'" Pa, Poisson's ratio u=0.3.
Fig. 2 shows the case of solid dispersed soil rocks:
E =7+10° Pa, y=0.3. Fig. 3 shows the deformation of
anticlinal geostructures, which also consist of solid
dispersed rocks, when the radius of curvature of the
structure is 80 m. Fig. 4 shows the deformation of

soil shift
of geostructure
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geostructures composed of semi-solid dispersed soil rocks
(E=210°Pa, y=0.35) and rigid plastic dispersed soil
rocks (E = 108 Pa, y = 0.4) (Tpogpumos, 2005). In fig. 5 we
consider the deformation of anticlinal geostructures, with the
layers which consist of various combinations: 1) hard;
2) semi-hard; 3) tough-plastic; 4) plastic (E =5+107 Pa,
p =0.4); 5) soft-plastic (E =2 <107 Pa, p=0.35); 6) flow-
plastic (E =210 Pa, p=0.45) dispersed soil

rocks
(Tpogbumos, 2005).
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Fig. 1. Landslide deforming of anticline geostructures, which consist of rigid rocks, under gravity forces action:
a — length of the geostructure 300 m; b — 400 m; ¢ — 600 m; d — 700 m
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Fig. 2. Landslide deforming of anticline geostructures, which consist of rigid dispersing grounds, under gravity forces action:
a — length of the geostructure 300 m; b — 400 m; ¢ — 600 m; d — 700 m
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Fig. 3. Landslide deforming of anticline geostructures, which consist of rigid dispersing grounds,
under gravity forces action (anticline curvature radius is 80 m):

a — length of the geostructure 200 m;

b -300 m; c—-400 m;d-500 m
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Fig. 4. Landslide deforming of anticline geostructures, which consist of soft dispersing grounds, under gravity forces action:
a — semi rigid grounds; b — tight plastic grounds
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Fig. 5. Landslide deforming of three layers anticline geostructures with thickness of 10 m, which consist of combination of
different dispersing grounds, under gravity forces action (calculation of layers begins from the bottom):
a — rigid, semi rigid, tight plastic; b — rigid, semi rigid, plastic; c — rigid, semi rigid, soft plastic; d — rigid, semi rigid, fluent plastic
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Discussion of the results. The modeling results show
that the shear deformation of anticlinal geostructures under
the influence of gravity depends on the size of the structure,
its shape and the mechanical properties of the rocks that
make up these structures and, in some cases, requires
careful research. In the fig. 1, we can reveal the degree of
intensity of shear deformation of anticlinal geostructures of
different linear sizes, consisting of the solid rocks. We can
see that more compact structures are subject to the smallest
deformation (Fig. 1a), for example, in a geostructure with a
linear size of 300 m, the amplitude of the landslide does not
exceed 7 cm, as the linear dimensions increase, the degree
of deformation increases in a non-linear way. Thus, in the
geostructure extending for 700 m (Fig. 1d), the amplitude of
the landslide reaches 2.5 m. The largest shear deformations
are observed in the lower middle part of the anticlinal
geostructure, they have negative values (as the movement
is clockwise), deformations in the positive direction can be
observed in the upper part of the geostructure. This means
that under the influence of gravity, the top of the
geostructure can shift in the opposite angular direction. The
fig. 2. presents the shear deformation of anticlinal
geostructures, which consist of solid dispersed soil rocks
(clays, sands, loams, sandy loams, etc.). These rocks have
a rigidity approximately 10 times lower than a solid rock. As
these rocks completely save their elastic properties, the
inversely proportional character of the deformation relative
to the rigidity of the rocks obviously will take place. So, we
can see that in the fig. 2 magnitudes of deformations are
approximately 10 times higher than the deformations of rock
geostructures of corresponding sizes in the fig. 1. The fig. 3
presents the nature of shear deformation of anticlinal
geostructures with a radius of curvature 20 percent smaller
than the geostructures considered in the fig. 2. We can see
that in this case, in comparison with the previous
geostructures, which have the corresponding linear
dimensions (Fig. 2a, b), shear deformations also increase
by approximately 20 percent. Thus, in solid geostructures,
where elastic properties are preserved, a decreasing of the
radius of the geostructure leads to an inversely proportional
increasing of the degree of deformation of the corresponding
geostructure. In the fig. 4 there are presented shear
deformation of anticlinal geostructures consisting of semi-
hard and rigid-plastic dispersed soil rocks. We can see by
comparing (Fig.4a, b) that if elastic properties and
corresponding deformations are still preserved for the semi-
solid geostructures, but for the rigid-plastic geostructures
there is a sharp jump in plastic creep, which leads to the
complete destruction of the corresponding geostructure.
Thus, we can conclude that in order to maintain resistance
to gravitational destruction, anticlinal geostructures cannot
consist entirely of rocks softer than semi-solid dispersed
soils. Fig. 5 presents the nature of shear deformation of
three-layer anticlinal geostructures, which consist of
combinations of: solid, semi-solid, rigid, plastic, soft-plastic,
and fluid-plastic dispersed soil rocks. Based on the previous
results about the stability of anticlinal geostructures under
the gravity load, we can suggest that only those structures
can really exist where the lower and middle layers consist of
solid and semi-solid dispersed soils, respectively.
Comparing the cases (Fig. 4a-d), where the upper layers
consist of rigid plastic, plastic, soft plastic and fluid plastic
dispersed soils, we can see the nonlinear character of the
shear deformation of these geostructures depending on the
stiffness of the specified rocks. Indeed, at first, we can see
an increasing of the amplitude of landslides in the case of
the upper rigid plastic and plastic soils, but then in the upper
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soft plastic and liquefiable soils we observe a slight but
decreasing of the corresponding amplitudes of the
landslides. Thus, the following conclusions can be made.
Firstly, the gravitational shear deformation and resistance to
the failure of multi-layered anticlinal geostructures is mainly
determined by the rigidity of the internal bearing rocks, while
the influence of the rigidity of the external rocks is relatively
insignificant. Secondly, the stiffness of external soft soil
rocks affects the shear deformation of multi-layered
anticlinal geostructures in a non-linear way. This can be
explained by the fact that in the defined intervals of
nonlinearity, soft dispersed soils are more capable of
strengthening and corresponding coupling under gravity
load conditions.

Conclusions. The developed variational finite-element
method for solving the elasticity problem for multi-layer
orthotropic shells of rotation taking into account the shear
rigidity allows to adequately investigate the shear rotational
deformations and destructions criterions of heterogeneous
three-dimensional anticlinal geostructures under the gravity
load conditions at a quantitative level. The modeling results
show that the shear deforming of anticlinal geostructures
under the influence of gravity depends on the shape,
dimensions of the structure, and mechanical properties of
the soil rocks that make up these geostructures. It was
established that more compact geostructures are subjected
to the smallest shear deformation. In the solid geostructures
that retain elastic properties, the shear deformation is
inversely proportional to the degree of the rock stiffness, and
a decreasing in the curvature radius of the geostructure
leads to an inversely proportional increasing in the shear
deforming of the corresponding geostructure. We have
shown that in order to maintain resistance to gravitational
shear failure, anticlinal geostructures cannot be completely
composed of rocks softer than semi-solid dispersed soils. It
was established that the resistance to gravitational
destruction of heterogeneous anticlinal geostructures is
mainly determined by the rigidity of the internal bearing
rocks, while the influence of the stiffness of the external soft
rocks is relatively insignificant and have a non-linear
behavior. In the future, it is interesting to create a practically
significant methodology for the prediction of natural and
man-made gravitational shear solid failures based on the
developed variational finite-element method.
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Hapinwna go peakonerii 01.12.22

MonTaBcbka rpaBiMeTpuMyHa obcepBaTopis IHCTUTYTY reodpisukm im. C.l. Cy66oTtina HAHY,

Byn. MacoenoBa, 27/29, m. NonTaBa, 36014, YkpaiHa

MOJENIOBAHHS 3CYBHUX AE®OPMALIN MiA AIEI0 CUNKU TAXKIHHA

Ha cb0200Hi akmyanbHUMuU 3anuwaromscs npobremu, noe'asaHi 3 decmpykmueHUMU CXuslI08uUMuU npoyecamu nid diero epasimayiliHo2o Haea-
HmaxxeHHs1. [jilicHo, epasimauiliHi cxunoei npoyecu pa3om 3 iHWUMU epo3iliIHO-MeKMOHIYHUMU npoyecaMu Maromeb 3Ha4HUl ennue Ha hopMyeaHHs
cyyacHozo penbegpy i soOHo4ac dyxe Yacmo yckiadHoMb payioHasnbHe suKopucmaHHs eidnoegioHoi mepumopii. Ceped HaliHe6e3ne4Hiwux epa-
eimauitiHux cxunoeux npoyecie MoxxHa eudinumu onoe3sHeei (3cyeHi) npoyecu. Lji npoyecu xapakmepu3yromscsi 3Ha4Y4HUM MOWUPEHHSIM, Mamepia-
NIbHUMU empamamu ma rdcbKumMu xepmeamu. lMpobrnemu sus4yeHHs1 npouyecie epasimayiliHo20 3cysy yepe3 C80K coyiasibHy eaxksiugicmb ma
npakmuyHy iHXXeHepHy 3Hadyujicmb Matoms AaeHto icmopito. BidnoeioHo yum npobemam npucesiyeHo 6azamo po6bim, ane, 3 iHwoz20 60Ky, eunadku
Ccmpo2020 MameMamu4Ho20 Ui MexaHiYyHO20 OMNuUCy ma 8U3Ha4YeHHs1 Me8HUX KiNbKiCHUX MexaHi3mie i kpumepiie uy0odo po3sumky 3cyeHuUx 2pasima-
yitiHux npouecie po3ansidanucs docums 06MeXeHO.

Y npedcmaeneHili po6omi Ha ocHoei 8apiayiliHo2o MemoQdy ckiH4eHHUX efleMeHmie po3paxoe8aHo KinbKicHi Kpumepii o6epmanbHo20 deghopmy-
8aHHs1 ma pyliHyeaHHs1 WUPOKO20 K/lacy mpuesuMipHUX HeOOHOPIOHUX aHMUKIIHaIbHUX 2e0CMPYKMyp 8 yMoeax 2pasimauyiliHo2o HagaHMaXKeHHsI.
Pe3ynbsmamu modentoeaHHs1 nokasyroms, Wo 3cyeHi deghopmayii anmukniHanbHUx 2eocmpykmyp nid dieto cunu mskiHHS 3anexams eid ¢ghopmu,
po3mipie cmpykmypu ma MmexaHiyHUX eflacmueocmeli 2ipcbKux nopid, siki ymeoproroms Ui 2eocmpykmypu. BcmaHoeneHo, wjo HalimeHwum degbo-
PMyeaHHsIM niddarombcs 6inbw KoMnakmHi 2eocmpykmypu. Y meepdux 2eocmpykmypax, wo 36epicatomb npyxHi enacmueocmi, amnnimydu de-
gopmauili € o6epHeHO NPornopyiliHUMU cmyreHIo XXOPCmMKocmi nopid, a 3MeHWeHHs1 padiyca Kpueu3HU 2eocmpykmypu npu3eodums 3o o6epHeHO
nponopuyiliHo2o 36inbweHHs1 deghopmyeaHHsi eidnoeioHoi 2zeocmpykmypu. Mu nokasanu, ujo 0ns1 30amHocmi 36epexeHHs1 cmilikocmi w040 pyUHy-
8aHHs1 nid diero cunu MsKiHHS, aHMUKIIHaNIbHi 2e0CMPYKMypU He MOXYmb MO8HICMI0 ckiiadamucsi 3 Nopiod, M'aKwux 3a Hariemeepdi ducnepcHi
rpyHmu. BcmaHoeneHo, wjo cmilikicmb 9o 3cyeHo-2pagimayiliHo20 pyliHyeaHHs1 HEOOHOPIGHUX aHMUKJTIHa/IbHUX 2e0CMPYKMYyp 8 OCHO8HOMY &u-
3HayaembCsi )KOPCMKicCmIo 8 HympilWHix Hecy4ux nopid, modi sik ensiue Xopcmkocmi 308HiWHIX M'AKUX Nopid € 8iOHOCHO He3Ha4YHUM i HeniHilHUM.

Knroyoei cnoea: komn'tomepHe Modesito8aHHsl, onoe3Heei deghopmayii anmukninanel, 2pagimayiliHe Hagar HHS1.

P
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IHTEPMPETALIA 3D FEOEJIEKTPUYHOI MOOENI PAUOHY NEPETUHY
3BI3OAJb-3ANICbKOI TA HEMUPIBCbKOI 30H PO3NOMIB

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

lpoeedeHo 2eos020-2e0es1ekKmMpuy4Hy iHmepnpemauito niedHs 2nu6UHHOI MpueUMIPHOI 2eoesiekKMpu4YHOi Modesli yeHmpasbHoI Ya-
cmuHu 3ei3danb-3anicbkoi ma Bpycuniecbkoi 30H po3sniomie YKpaiHcbko20 wyuma, noby0oeaHor i3 3any4yeHHIM 0aHUX eKcriepuMeHma-
JIbHUX crocmepeXeHb HU3bKOYacmomHOo20 eJleKmpoMazHimHo2o nonsi 3emsi, ompumaHux y 2019 p. IHcmumymowm eeodpizuku
im. C.I. Cy66omiHa HayioHanbHoi akademii Hayk YkpaiHu e300ex npogbinie OpduHyi-lTo6avie ma 3o3ie-Cmpuiaeka. EkcriepumeHmansHi
Mamepianu onpayboeaHo 3a GOIOMO2010 CyHacHO20 pozpamHo20 komriekcy PRC_MTMYV, ompumaHi oyiHku munnepie Ans nepiodie
2eomazHimHux eapiauiti eid 50 do 3400 ¢, a makox Kpuei amrimyOHuUX 3Ha4eHb MO3iPHO20 MUIMOMO20 e/IeKMPUYHO20 oropy i ¢ha3
iMmnedaHcy e diana3oHi nepiodie eid 10 do 10000 c ma eukoHaHe 3D mModesiro8aHHSI 2MUGUHHO20 PO3MOJiTy MUMOMO20 eJIEKMPUYHO20
ornopy. 3a pe3ysibmamamu eUKOHaHO20 MOOeJTFo8aHHsI i SIKICHO20 aHai3y napamempie Ma2HimoeapiayiliHo2o npoghinroeaHHs1 ma Kpu-
8ux mMazHimomestypu4Ho2o 30HOyeaHHs U rnceedopo3pisie Nno3ipHozo onopy eudineHo AeKirbKa JIOKaslbHUX NPUNnoeepxHe8ux CmMpyK-
myp cknadHoi opieHmay,ii y npocmopi, siki npuypod4eHi do: lozpebuujeHcbko20 ma OziiecbK020 po3/10Mie; OKpeMux YacmuH 38i30asb-
3anicbkoi, Bpycuniecbkoi ma Hemupiecbkoi 30H po3nomie (3P) ma ix cxodxeHHsi; obnacmel KpucmaniyHo20 macugy YKpaiHCbKO20
wuma 3a Mexxamu 30H po3Jiomie.

OCHO8HUM pe3ysibmamoM 2e0J1020-2eoesleKmpuYHoi iHmepnpemayii 3D moderni € ausiesieHHs1 HO8UX aHOMarlili HU3bKO20 oropy y
npunoeepxHesili YacmuHi 3eMHoi kopu (8i0 noeepxHi 0o 0,5-2 km), siki eidnoeidaroms cCMPYKMypHUM ma Memaro2eHi4YHuUmM ocobueoc-
msiM mepumopii docnidxeHHs1; nidmeepdxeHHs1 Ui Oemarizayisi aHOMaslbHO HeOOHOPIOHO20 PO3Modisly MUMOMO20 Oropy y eepxax eep-
XHbLOI MaHMIi Ha 2nubuHax eid 70 do 120 km 3axody YkpaiHcbko20 wyuma. PalioH nepemuHy 3eizdasnb-3anicbkoi ma Hemupiecbkoi 30H
po3JIoMie xapakmepu3yembCsl sIK 2a/lb8aHi4YHO 38'A3aHOI0 Pi3HOOPIEHMOBAaHOI Yy MPOCMOPI cuCMeMol0 aHOMaJlili esleKmpuYyHo20
oropy, mak i JIoOKaslbHUMU OKPeMUMU MPUno8epxHesumMu aHOMaslisiMu 3 HU3bLKUM Oropom gid 5 do 100 Om-m, 6inbwicms siKUX npocme-
JKyembcsi Ha 2nubury 8o 0,5-1 km.

lNoka3aHo, w0 icHyromb 38 'A3KU MiX esleKmpornpoegiOHicmio ma cmpykmypHUMuU ocobriugocmsimu 3gisdanb-3anicwbkoi, Bpycuriecb-
koi i Hemupiecbkoi 30H po3niomie. Kpim moeo, desiki aHomarnii 3Haxo0simbCsi 8 2paHim-Miamamumax pPOCUHCLKOI cmpyKmypHo-ghopma-
YiliHOT 30HU Mo3a MeXaMu meKImMoHOo-MemacoMamu4yHUX MiHepa2eHi4HUX 30H. AHOMarlii nepesaxxHo NpuypoYeHi 0o 30H desiHmezpayir
nopid kpucmarsiyHo2o ¢hyHOameHmy, suGo8KeHUX 30H MemacoMamoa3y i palioHie nowupeHHs1 2paghimusoeaHux nopid. YacmuHa noee-
PXHeeux aHoMaJlili eionoeidae obracmsm Kopu eueimprogaHHs. [TpoeedeHuli 2eos1020-2eo0esieKMpPUYHUl aHasi3 Modesii Mokasae, Wo
Oexinbka dinsiHok mompebyroms ModasnibWo20 8UBYEHHS, a caMe — cy6wupomHa aHomarlisi Ha 3axio eid npoginto 3o3ie-Cmpuxaeka ma
aHomarisi cknadHoi ghopmu y cxidHili yacmuHi palioHy docnidxeHHs1. [insiHKy, nepcriekmueHy 3a 2eoe/leKmpu4HUMU Kpumepissmu Onst
MowlyKy KOPUCHUX KOMaJluH, MOXHa eudinumu e mexax aHomarii npoeidHocmi, sika Mae 2r1ubuHHe nPodoeXXeHHsIM do 2 KM i po3mauwio-
eaHa e bpycunisechbkill 30Hi po3niomie.

Knroyoei cnoea: 2eoenekmpomazHimyi Memodu, iHmepnpemauiss mpueumipHoi Mmoderti, aHoMarlii eslekmponpoesidHocmi, pydonpo-

518U KOPUCHUX KornaJsluH.

MoctaHoBKa npo6nemu. MoMixX OCHOBHMX HayKOBUX
HanpsIMIB Ta HaNBaXXNMBILIMX NPobneM yHAAMEHTANbHUX
JocCnigXeHb y ranysi NpupogHNYMX HayK NpuaineHo yeary
BMBYEHHIO rMnBUHHOT ByaoBu nitocdepn Metogamu reodi-
3MKM 3 METOHO MOLLYKY KOPUCHUX KoNanuH. EnektpomarHiTHi
nong, iHQykoBaHi B 3eMni HU3bKOYACTOTHUMU DKepenamu
NPUPOAHOr0 30BHILLUHBOrO NMOXOMKEHHS, Aa0Tb 3MOTrY OTpU-
MaTK yHikanbHy iHopMaLito Npo rmMbuHHY reonoriyHy 6y-
poBy 3emni, a Takox nepebir gianko-XiMivyHMX npouecis y it
Hagpax. binblwicTb 06'€KTIB NOLLYKY B PYAHI Ta CTPYKTYPHIl
recenekTpuvli 3a3Buyain € CKrnagHMMu TPUBUMIPHUMUW, TOMY
cyyacHuM 3acobom aHarnisy Ta iHTepnpeTauii JaHux Mae
OyTu TpuBMMIpHE MoAentoBaHHs. AHOManii enekTponposia-
HOCTI pO3rnsifatnTbCs SIK OAMH i3 NPOBIAHMX (bakTopiB, Lo
BM3HA4Ya€e MOXIMBI 30HU NPOSIBY reoguHaMiyHMX NpoLieciB,
a ToOMy MOBUWHHI ByTU AOCNifKeHi 3 nornagy MOXnIMBoro do-
PMYBaHHS Ta PO3MILLEHHS POAOBULL KOPUCHUX KOManvH.

Y GaraTbOX BuNagkax reoenekTpoMarHiTHi Metogu Mo-
XyTb BUCTYNaTH Sk 3aCO6U NPSIMOro MOLUyKy MacvBiB PyAHNX
00'exTiB i3 nigBuMLLIEHOO enekTponpoBigHicTio (Berdichevsky
and Dmitriev, 2008; Smith, 2014). pocTopoBe po3Tally-
BaHHS pygonposiBiB NEPEBaXXHO Mae CTiKUIA 3B'A30K 3 NeB-
HUMUK TEKTOHIYHMMKM 3oHamu (Khoza et al., 2013; Autio et al.,
2020; Lilley at al., 2001; Bypaxosu4 u dp., 2015; Bologna et al.,
2014). Ocobnmeuin iHTepec CTaHOBNATL obnacTti nepeTuHy
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ABOX MNBUHHNX 30H po3romiB (3P), ik 30HM NigBULLEHOT NPO-
HUKHOCTI Anst GoioifiB, @ OTKe sIK 30HW, NMEPCneKTUBHI Ha
pyooyTBopeHHs (Begg et al., 2010).

AHani3 ny6nikadii 3a Temol pocnigxeHb. 3a Ho-
BVMMMW €KCMEPUMEHTaNbHUMWN MarHitotenypuyHumm (MT) Ta
MarHiToBapiauiitiumu (MB) gaHumm, oTpumaHumy [HCTUTY-
Tamn HAH Ykpainn y nepiog 3 2009 no 2019 p. (AHyugbe-
posa, 2009; bypaxosu4 ma iH., 2015; Hukonaee ma iH.,
2019; InseHko ma iH., 2019, 2020), nobynoBaHo rMUOUHHY
TPUBUMIPHY MoOAeNb po3noginy nMToMoro onopy B 3eMHin
KOpi Ta BEpPXHin MaHTii LeHTpanbHOi YacTuHM 3Bi3ganb-
Banicbkoi Ta Bpycuniscbkoi 3P YkpaiHcbkoro wuta (YLL)
(Bypaxosu4 ma iH., 2022). YCTaHOBINEHO, LU0 iCHYIOTb 3B'A3KM
MK HWU3bKOOMHMMMK aHOManisMu eneKkTponpoBigHOCTI Ta
CTPYKTYPHUMM 1 MeTarnoreHiyHMmMm ocobnmsocTsimum 3P.

BuaineHHs HeBUpilleHUX paHile YacTUH 3aranbHoi
npo6nemu. CtaTTs NpUCBAYEHA BUCBITIIEHHIO MOBHOIO LIK-
kny MT/MB pgocnigxeHb — Bif eKCnepumMeHTarnbHUX crocre-
pexeHb, iXx 00pobKM i sKICHOI iHTepnpeTauii Ao aHanidy
TPUBUMIPHOI rMMOMHHOT Mogeni Haap Ta ii dismko-reonoriy-
HOro TNyMayeHHsi Ans panoHy nepeTuHy 3Bizganb-3anich-
koi i HemwupiBcbkoi 3P. Cnig Big3HauMTM OOCUTbL CKNagHi
reoenekTpuyHi yMOBM AOCNIMXeHb, AKi NOB'A3aHi 3 Npupoa-
Hol 06CTaHOBKOW, @ came, Marnow TOBLUMHOK OCadoBUX
BigKNagiB 3i  3HAYEHHsSIMM  CyMapHOi  MOB3AOBXHbLOI

© InbeHko B., BypaxoBuu T., KywHip A., 2023
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nposigHocTi Big 0,5 o 5 Cm Ta 3 okpemumu gingHkamu, oe
KpucTaniyHi nopoan BMXOASTb Ha AEHHY noBepxHw. 3 of-
Horo OOKy, BMBYEHHS Takoro cnabo AudepeHuinoBaHOro
NPUNOBEPXHEBOrO re0eNeKTPUYHOro po3pisy notpebdye niag-
BULLIEHOI TOYHOCTI eKcnepumeHTanbHUX BUMIpOBaHb, 3 iH-
LIOro, YCKNagHKOTb AOCHIMKEHHSI 3HAYHI  TEXHOreHHi
3aBagM, O MOXYTb OYTU BUKNMKaHI NPOMMUCIOBUMK 06'ek-
Tamu, enekTpudikoBaHUMK 3ani3HUYHUMKW JOoporamu Ta iH-
LUMMKU TEeXHOreHHUMK dhakTopamu. 3aranom ue notpebye sk
3aCTOCYBaHHA Cy4acHOi METOAMKN CUHXPOHHOMO crocrepe-
XeHHs MT/MB nonieB 3 BUKOPUCTaHHSAM OBOX AOBrornepioa-
HUX LM poBUX anapaTypHUx komnnekcis cepii LEMI-417, aki
€ [0CUTb ePEKTUBHMMU TEXHIYHUMW 3acobamu Anst rMBuH-
HUX erneKTPoMarHiTHUX 30HA4YyBaHb 3€MHOI KOpW i BEPXHbOT
MaHTii, TaK i HoBMX nigxodiB Ao obpobku 1 iHTepnpeTauii
NONbOBUX FEOENEKTPUYHUX JAHUX.

MeTta — pocnigxeHHs ocobnuBocter 6ynoBu 3eMHOT
KOpU Ta BEPXHbOI MaHTii Ha OCHOBI TPMBUMIPHOI Moaeni
pO3roAiny enekTpryHoro onopy, NobyaoBaHoI 3a eKCriepuMeH-
TanbHUMM JAaHUMK MarHiToTenypuyHoro 3oHayBaHHs (MT3)

i MarHiToBapiauinHoro npocinoBaHHs (MBI1); nosicHeHHs
npupoan aHomanii BUCOKOI enekTpOmnpoBiAHOCTI 3a reo-
NIOro-recenekTpUYHOK iHTepnpeTalieo Moaeni y 3B'a3ky 3
MOLUYKOM MEPCMNEKTUBHUX Ha KOPUCHI KOMarnuHuW CTPYKTYp Y
parioHi nepeTunHy 3Bi3ganb-3anicbkoi Ta Hemupiscbkoi 3P.

EkcnepuMeHTanbHi cnoctepexeHHsA. Y 2019 p. 6yno
NpoBeAEHO CUMHXPOHHI CNOCTEPEXEHHS €MNEeKTPOMAarHiTHOro
nona 3emni B LWUMPOKOMY fAiana3oHi nepiogis (T) y3noBx
asox  npocpinis  (puc. 1):  OpauHui-Nflobadis  (np. 1
ORD - LBC) ta 3osi-Ctpmxaska (np. 2 ZZB — STR). MNep-
wnn Npodpinb i3 3axody Ha cxig nepetuvHae loginbcekui i
PocuHcbkuiA, opyrun — By3bkuii i PocuHCbkuii Merabnoku
Y. HansaxigHiwwnn nyHkT ZZV posTawoBaHuin y Hemupis-
cbkin 3P, sika B LbOMY MicLi € Mixmerabnokosoto (Gintov
et al., 2018). 3aranom BMMipu npoBefeHo y 12 nyHkTax, Bia-
CTaHb MiX SKUMU CTaHoBUTbL Y cepegHboMy 10—15 km, cno-
CTEpEeXeHHs B MOMbOBMX TOYkax Benucsa Big 1 go 3 gib.
Y nepeBaxHin OGINbLIOCTI MNYyHKTIB OTPUMAHO KOHAMLiMHI
5-KOMNOHEHTHI 3anMcK eneKkTPoMarHiTHOro Nons, CUHXPOHHI
i3 3anncamu Ha LLe OAHIN NOMNbOBIA TOMLI.

49°10
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Puc. 1. NiBaeHHa YyacTuHa ((49°15' — 49°35' nH.ww.) x (28°45' — 30°3x.4.))
TpuBuMipHoi Moaeni 3Bizaanb-3anicbkoi Ta BpycuniBcbkoi 30H po3nomiB (Bypaxoeuy ma iH., 2022):
A — dparmeHT cxemu merabnokis YL 3a gaHnmu (Gintov et al., 2018),
e CUHIM NPSMOKYTHMKOM nokasaHa nnolua 3D reoenekTpuyHoi mogeni (bypaxosuy ma iH., 2022),
XKOBTUM — MiBAEHHUIA dparMeHT uiei Mogeni, SiIKni ONMCYETLCS B L CTaTTi;
B — reonoro-TekToHi4YHa kapTa NOBEPXHi KpucTanivyHoro dyHaameHTy 3a gaHumu (JepxasHa..., 2005).

Mera6bnoku YLL: | — BonuHcbkui, || — Moginbcbkun, Il — PocuHcbkui, IV — Bysbkuid; 1 — rmubuHHI Ta ronoBHi po3nomu (a),
iHLWi TEKTOHIYHI nopyLueHHs (6); 2 — 30HM MeTacomaTosy; 3 — NyHKTU crnocTepexeHHs MT3 ta MBI1; 4 — iHTepnpeTauiiHi npodini:
np. 1 — OpauHui-Jlo6auis, np. 2 — 303iB-CTpuxaska; 5 — napameTpy aHOManin enekTponpoBiAHOCTI B 3€MHIl KOPi
3a pesynbTaTaMu TPUBMMIPHOrO MOZEMOBaAHHS €1EKTPOMArHiTHOro Nons: YACMIBHUK — iHTepBan rmubuH (km),
3HaMEHHWK — p 3rigHo 3 moaennto (OM-M); 6 — aHoOManbHO HeOAHOPIAHA BEPXHS MaHTis Ha rmubuHax Big 70 o 120 km 3 p:
XoBTuM konip — 50 OM-M, cuHih — 250 Om-M; 7 — QinsiHkK, Wo noTpebyoTb NOAanbLIOro BUBYEHHS; 8 — AinsHKa, NnepcnekTuBHa
AN MOLUYKY KOPUCHMX KOMarviH; 30HM po3NoMiB, No3HaveHi uudpamm B Kpyxxkax: 1 — 3Bisganb-3aniceka, 2 — Bpycuniscbka,

3 — HemupiBcbka; po3nomu, no3HayeHi uudpamm B TpUKyTHUKaX (HyMepadis Bianosigae puc. 1 ctatTi (bypaxosuy ma iH., 2022)):
2 — OriiBcbkuiz, 3 — MorpebuLleHcbknii, 4 — KovepiBcbkuin, 6 — Benukoepumkiscbkuin, 18 — TabopiBCbkuia,

19 — MNaBniBCbKWUIA; KOPUCHI KONanuHU NokasaHo byksamu: Hikenb (Ni), uepiv (Ce), iTpini (Y), ypar (U), rpadiT (gp)

O6pobKy ekcnepuMeHTanbHUX AaHUX NPOBEAEHO 3a [0-
nomoroto nporpamHoro komnnekcy PRC-MTMV, wo 3a6es-
neuvye cninbHe 3axuLleHe Bif 3aBaj OLiHIOBaHHS iMneaaHcy
N KOMMMEKCHUX iHAYKUINHUX napameTpiB 3a CUHXPOHHUMM
MT/MB-3anvucamu. Byno oTprmaHo ouiHku TUNNepie 4Ns ne-
piogiB reomarHiTHMX Bapiauin Big 50 o 3400 ¢ (puc. 2) Ta
KpMBMX NO3ipHOro onopy (pn) i a3 iMnegaHcy (@) Ans nepi-
ogis Big 10-20 go 10000 c (puc. 3).

MBI. 3rigHo i3 cniBBiaHOLWEHHAMM Bise npocTtopoBa opi-
€HTaUis TunnepiB Taka, wo gincHuii Tunnep (VEC_Re) y wn-
pOKOMY iHTepBani 4OCTaTHbO HU3bKMUX YacTOT HanpaBneHui
BiJ, 30HM BUCOKOI €NeKTponpoBiAHOCTI 40 30HWN HU3bKOI ene-
KTponposigHocTi. OgHoYacHO Ha ABOX Npodinsax cnocrepi-
raeTbca Taka opieHTauia VEC_Re: B iHTepBanis nepiogis
T < 400 c y nyHktax ORD, PVL, ZZV, AND, PLS ta SKM —
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nisaeHb (iHoAj NiBAEHHWI cXidl), Y pewTi NyHKTIB — NiBOEH-
HWn-3axig, 3axig; B iHTepsani nepiogis T > 400 ¢ y nepuuin
rpyni MNyHKTIB COCTEepexeHb — MiBAeHHWW-3axig, 3axig, y
Apyrivi rpyni — 3axig. MakcumansHi 3HadeHHs VEC_Re gocsa-
ratotb 3HaveHb 0,3 — 0,4 (iHogi 0,5) i cnocTepiraloTbCca Ha
nepiogax 6insa 250 c. 13 36inbweHHAM T BOHM 3HWXKYIOTbCS
[0 piBHA, meHworo 3a 0,1. 3HayeHHs ysABHOro TUNNepy
(VEC_Im) nexatb y mexax 0,1 — 0,5 i 3gebinbLioro € meH-
wumu 3a VEC_Re, KyT MiX QiNCHAM Ta ySIBHUM TUnnepammu
Bapitoe Big 90° go 180°. Y nooANHOKNX BUNaAKax HE3anexHo
Bia T cnocTepiratoTbcst 3Ha4HO GinbLi 3a 0,5—-1 3Ha4YeHHs
VEC_Re abo VEC_Im. Taki gaHi BBaxanucs noxmbkamu
(noxmnbka BCTaHOBMNeHa nig 4ac o6pobku y nporpamHOMY
komnnekci PRC-MTMV) i B noganbLLiOMy He BUKOPUCTOBY-
Banuch Npu iHTepnpeTaldii.
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Puc. 2. CnoctepexeHi Tunnepu MBI y3nosx npodinieB OpanHui-llo6aviB Ta 303iB-CTpuxaBka,
OTpUMaHi 3 BUKOpUCTaHHAM nporpamu PRC-MTMV:
VEC_Re — gincHi (cuHin konip) Ta VEC_Im — ysiBHi (4epBOHWIA KOMip)

MT3. AMnnitygHi i asosi kpmei MT3, oTpMaHi B NyHK-
Tax pavioHy AOChifXeHb, 300paxkeHo Ha puc. 3. HesBaxa-
YU Ha cydacHi nigxogu oOpobku, geski kpusi MT3 B
LUMpoKoMy Aiana3oHi nepiogis (T > (3-5)10% c) oTpuMaHo 3i
3HaYHMM PO3KMOOM 3@ MO3IPHUM ONOPOM Pr (NMOAEKYAU OeKi-
nbka nopsakie). Binomo, wo npu T > 102 ¢ cnocTepiraetbes
3Ha4yHa Aucnepcia 3HadeHb pn i hasmn @z. Mana amnnityaa
BapiaLin NpMPOAHOro eneKkTPOMarHiTHOro nons B LibOMy [i-
anasoHi nepiofiB 3yMOBOE HECTINKICTb BU3HAYEHHS iMne-
JaHcy, WO BigMNOBIAHO CNPUYMHIOE HU3bKY TOYHICTb OLHOK
nosipHoro onopy i ¢a3sun. B okpemunx nyHktax (ORD i DVG,
NND i STR) cyTTeBuiA po3kug 3HayeHb Pn i @z HASABHUN
Maiike B YCbOMY YacTOTHOMY Jiana3oHi (OCTaHHi ABa NyHKTH
crocTepexeHb po3TalloBaHi 3a mexamu 3P y kpuctaniyHux
MacuBax), Lo NOB'A3aHO i3 3HAYHWUM BMIIMBOM TEXHOTEHHUX
3aBajl Ha TOYHICTb BU3HAYEHHS iMneaaHcy.

BuainaeTtbes Kinbka ocobnmnBocTel NoBeaiHku B 6inbLuo-
cTi kpmBux MT3. Hacamnepen nOMiTHI iCTOTHI ranbBaHiyHi
BMNSIMBW Ha piBEHb iMNedaHcy B yCbOMY BUMipOBaHOMY Adia-
nasoHi T reoMarHiTHUX Bapiauin (BiH NepeBaHO BULLUIA 3a
XapakTepHui ons rnobanbHNX gaHux), SKi BUKIUKaHi nose-
PXHEBUMM MPOBIAHMMU NOKaNbHUMU TPUBMMIPHUMU Heon-
HopigHocTamu. Kpim Toro, B iHTepBani nepiogis T> 2102 ¢
crnocTepiratoTbecsa Po36iKHOCTI Pn 6iNst 0AHOro NopsAKy 3ane-
XKHO Bi NPOCTOPOBOI OpiEHTaLii BUMipIOBaNbHWUX NiHiN, npu
LibOMY CMiBBiOHOLLEHHS MiX Pxy Ta Pyx 3aNULLAETLCA OOHAaKO-
BVMM Mawxe B yCbOMY 4YacCTOTHOMY AianasoHi (3a BUHATKOM
nyHkTy SKB, TTV). 3aranbHui piBeHb pn 6araTbox amnniry-
AHMX KpuBmx MT3 nexutb y mexax Big 102 go 10% Om-m.
XapakTepHot 0cobnmMBICTIO KPMBKX NO3IPHOrO OMOPY € Has-
BHICTb Ha HUX AEKiNbKOX HE3HAYHNX MIHIMYMIB pPn B AianasoHi
T Big 102 no 108 c.

da30Bi KpUBI @z HE 3aBXAM Bi4NOBiAATbL aMNAITYOHUM,
a caMmi 3HayeHHs pa3 3MiHIOKTLCA B LUMPOKOMY iHTepBari.
Tak, ana T < 1000 ¢ ga3m nexartb y mexax Big -40° go -70°,
3i 36iNbLUEHHSM Nepioy KONMBaHb BOHU NEPEBAXHO MakTb
OinbLi (3a mogynem) 3HaveHHs — Big -50° go -80° i nuwe B
nyHktax AND i SKM npamytoTb Ao -90°, Lo moxe BkadyBaTu
Ha HasiBHICTb MUOMHHOrO npoBigHWKa. K 3a3Hayanochb
Bule, y nyHktax ORD i DVG, NND i STR skicTb 3anucis Hu-
3bka, OTXXe napameTpu obpobku, OTPMMaHi Ha LMX MyHKTax
CrocTepeXeHb, BaXKO NigAatoTbeCs iHTepnpeTaldii.
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Xoya 0bpobka 3anncaHux Bapiauin MT nons 3 Bukopuc-
TaHHAM nporpamHoro komnnekcy PRC_MTMV possonsie
OTpMMYyBaTU fiarpamu nepeaasarnbHUX onepaTopis nNons, Bi-
3yanisauisi pe3ynbTatiB 06pobkM 3aificHioBanacs nuvwie B
cucTeMi KoopauHat niBHiY-niBOeHb — cxig-3axig. Lle nos'a-
3aHO 3 TUM, LLIO 3MiHW reoenekTpMyYHMX napamMmeTpiB Kpalie
NpOSsIBNATLCA B NEPNEHANKYNSPHOMY 40 NPOCTSAraHHs reo-
NOrYHMX CTPYKTYP HampsaMKy, a B Mexax AindHku gocni-
OXXEeHb TEKTOHIYHI CTPYKTYpU MEepPEeBaXHO BUTAMHYTI B
cybmepuaioHanbHOMY (Y340BX OCi X) HanpsiMKy.

Bigomo, Lo Habopu nceBoopo3pisiB — kapT i30MiHi Hal-
OinbL iHOPMATUBHMX KOMMOHEHT (PYHKUiA Biaryky, noby-
OO0BaHWUX Yy BEPTUKarbHIN NNOLWMHI Npodinio cnocTepexeHb
3 MUOGMHHUM NPOAOBXEHHSIM Nepiofy konueaHb T, AalTb
MOXIMBICTb HAOYHOTO BiJOOPaXXEHHs1 OTPUMAaHNX pe3ynbTa-
TiB, 0cO6nMBO B pasi BUAINEHHA Ha Npodinax AocnigXeHb
TNOKanbHUX 30H BMCOKOI €NeKTPOonpoBigHOCTI. Y 3B'A3Ky i3
UMM y3aoBx 00ox npodinie 6ynu nobygoBaHi nceBoopos-
pi3u cnoctepexXeHux No3ipHUX onopiB ANd pPi3HUX nonspuaa-
il Nons pxycn | pyxcn, @ TAKOX hasu ePeKTUBHOro imneaaHcy
o(ed) (puc. 4a, 6).

lMpogpine OpduHuj-Ilobauyie (np. 1). Ha nceBgopospisax
nosipHoro onopy (puc. 4a) Mix niketamm 0—25 KM y nyHKTax
ORD i PVL nposiBNstoTbCs 3HWKEHI 3HAYEHHS! Pn Bi4 NepLumnx
pecatkis go 200 Om-m (ons nonsipusauii pxy) Ta 200-—
500 OM-m (ans nonsapu3sadii pyx). MyHkT PVL npocTtoposo
posTawoBaHuin 'y Mexax [lorpebueHcbkoro rmmbuHHOro
po3nomy, a came — Yy 30Hi nepeTuHy 3Bi3ganb-3anicbkoi Ta
Hemwupiecbkoi 3P. BctaHoBMEHI "BiAHOCHO" HU3bKi 3HAYEHHSA
pyx Big 100 go 500 Om-m y mexax nikeTiB 50—-65 km (HaBkono
nyHkTy SKB). 3HaueHHs @(edp) 3aranom y3gosx npodinto He
€ aHOManbHUMKW. €EQNHNIA BUHATOK CTAHOBUTL iHTEpBar npo-
dinto nomixk niketamm 50 i 55 kM, AKUIn xapakTepusyeTbes
NigBULLEHNMM 3HAYeHHsIMK da3n, 3okpema y nyHkTi SKB
@(ee) OinbLa 3a —75°.

lpogpinb 303ie-Cmpuxxaska (np. 2). MNceBoopospian pn
y3poBx npodinto 3o3iB-CTpuxaska (puc. 4a) xapakrepusy-
I0TbCH MOCTINHOI 3MiHOIO CNiBBIAHOLLEHHS MNO3iPHUX OMopiB
Pxy T Pyx. IX BHKEHI 3HAYEHHs BiO NepLIMX OAWHWULL A0
MeHWwux 3a 500 Om-m (ans nonspusauii pxy ) Ta MeHWi 3a
1000 Om-™m (anst nonsipu3adii pyx) NPOABUNMCS B3O0BX MPO-
ginto Ha niketax Big 10 go 33 km (B nyHktax AND, PLS,
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SKM) y 30Hi 36nmkeHHs 3Bizgans-3anicbkoi 3 bpycuniscb-
koto 3P, niBaoeHHiwe nepetnHy 3 Hemupiscbkoto 3P. Y me-
»Kax OCTaHHbOI po3TawoBaHu NyHKT ZZV (nikeT 0 km), y
SIKOMY Ha [JOBIMX Ta KOPOTKMX Nepiofax OTpUMaHi HU3bKi 3Ha-
YeHHS pyx (Big nepumx gecsTkis Ao < 500 Om-m). AMNNiTyaHi
KpuBi MT3 pisHoi nonsapusadii B nyHkTi TTV (nikeT 45 km) po-
3X0OATbCs 3a piBHEM i B 3Ha4HOMY AianasoHi nepioais Biano-
BiJalOTb  3HaYeHHAM pPxy= 1000 OM'M, pyx=200 OMm-M.
Haskono nyHkty NND (6ins nikety 60 kM) nposiBunacs no-
KanbHa aHomaribHa 30Ha, y SKill Ha KOPOTKMX nepiogax pi-
BEHb 3HA4YeHb Pn NIEXUTb Y Mexax Big 75 go 500 Om-m. Ha
ncesaopo3pisi @(ed) y Aianasoni nepiogis T > 4000 c cno-
CTEepiraeTbCsl BUCOKA EMeKTPOMPOBIAHICTE HABKOMO MyHKTY
AND, npuypoueHoro go OriiBCbKOro rmmbuHHOro posnomy,
Lo Ao6pe y3rooKyeTbCs 3 HU3bKUMW 3HAYEHHAMUM NO3iPHOTO
ornopy B OKOMi LibOro > MYHKTY Ha NCEeBAOPO3PI3i Pxy.

MNpodine OpauHLi-Nobayis

PN siion, [ORD ‘l;;, s ORD: P BV

PVls=

o | 5
10— .‘ 180 = 5 T
BTG T TN [

Buxoasun 3 kopoTkoro onucy napametpis MBI, kpnsBux
MTS3 T1a ix nceBaopo3pisiB, MOXHa BUAINUTA OEKinbka o-
KanbHMUX NPUNOBEPXHEBUX CTPYKTYP CKNadHOI opieHTauil y
npocTopi (puc. 16). 3okpema, yzaox npodinto 1 OpauHLi-
Jlo6auiB Taki CTpyKTypu nposiBunmcst B okoni nyHkTis ORD,
PVL i SKB, BogHo4ac B okoni nyHkTy PVL cTpykTypa npu-
ypodeHa po [MorpebuiieHcbkoro posnomy. Y3gox npo-
dinto 2 3oziB-CTpuxaska 3adikcoBaHO Aekinbka 30H
niaBMLEHOI NpoBIAHOCTI: B iHTepBani nikeTiB 0-33 km
(3oHa cxomxeHHs1 3Bisganb-3anicbkoi, bpycuniBcbkoi Ta
HemupiBcbkoi 3P) 3 MakcumanbHOK NPOBIOHICTIO B MYHKTI
AND, npuypoyeHoro go OriiBCbkoro rmmbrMHHOro po3nomy;
B okoni nyHkTy SKM — okpeMa aHomarisi, npuypo4eHa ao
Bpycuniscbkoi 3P; B okoni nyHkTy NND — aHomanis 3a me-
*amu 3P y kpuctaniyHoMy macusi.

Mpodpine 3o3is-Ctpuxaska
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Puc. 3. AmnnityaHi (p,) i dba3oBi (¢.) kpuBi MT3 y3goBx npodiniB OpauHui-Nlo6ayiB Ta 303iB-CTpuxaBKa:
BepTtukanbHa wkana — p, (OM*M) i @, (rpagyc), ropusaoHTansHa — T (CeKyHau);
KpVBi Pyy (MONAPU3ALIA NiBHIY-NIBAEHb) MO3HAYEHO CUHIM KONbOPOM, KPUBI Pyx (MONApK3aLis cxia-3axia) No3Ha4eHo YePBOHUM KOSIbOPOM

AHania Ta reonoro-miHeparnoriyHa iHTepnpeTauis
TPUBUMIPHOI reoenekTpu4yHoi mogeni. 3 meTow 3'Acy-
BaHHs1 rMuUBMHHOT 6y,0BM CKNagHoI B recenekTpuyHoMy ce-
HCi 30HW 34NEHYBaHHsSI TPbOX Merabnokie 3axigHol YacTUHU
YkpaiHcbkoro wuTa (BonuHebkoro, Moainscebkoro Ta PocuH-
CbKOro) CTBOPEHO TPUBUMIPHY re0eneKkTpnYHy MOAEenNb LieH-
TpanbHOi 4acTuHKu 3Bi3ganb-3anicbkoi Ta BpycuniBcbKoi
30H posnomie (puc. 1A) y mexax nnaHweta (49°15'-50°40'
MnH.LW.)*(28°45'-30° 3x.4.) (Bbypaxosu4y ma iH., 2022). Mpo-
aHanisyemo niBAeHHy 4YacTuHy nobyaoBaHoi Moeni B KOH-
Typax (49°15'-49°35' nH.11.)x(28°45'-30° 3x.4.).

Ha puc. 4 nokasaHo 3iCTaBNEeHHs1 CNOCTEPEXEHUX MNCEB-
[0po3pisiB pn B3JoBX npodinis 12 (puc. 4a, 6), nobynosa-
HWX 3a pe3ynbTaTamu 06pobku ekcneprMeHTanbHNX AaHnXx,
3 aHanoriyHMMK Nncesgopo3pizamu (pUc. 4r) reoenekTpuYHoI
TPUBUMIPHOI MoZeni, ska npeAcTaBneHa pospisamu nuTo-
Moro onopy (p) B3goBx npoginis (puc. 4B). binbLwicTtb i3 6a-
raTbOX MPUNOBEPXHEBUX aHOManin 3 HU3bKMM P Big 5 A0
100 Om'M npocTexyeTbest Ha rMubuHy o 0,5—1 kM, i Tinbku
ofHa aHoManisi MPOCTEXYETbCS Ha rMubKHy oo 2 kM. 3rigHo
3 reoerneKkTpMYHO MoAenIio BuaineHi o6'ekTv nepeBaxHo €
CKNaJoBOK YaCTUHOI aHomani y3aoBX NPOTsHkHUX 3P i
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OOMOBHIOKOTL NONepeMiHHI B NPOCTOPI 30HW BUCOKOTO i HN3b-
Koro ornopy pi3Hoi opieHTauii. CnocTtepiratoTbCcs 3B'A3KM MiXk
obnactamMn aHoMarnbHO BUCOKOI eNeKTPOonpoBigHOCTI, Npo-
SABNEHMMU Ha POHI HOpMarnbHOro po3pidy B 3eMHiil Kopi
(p=1000 Om-"Mm), i CTPYKTYpHUMU ocobnmBocTaMK 3Bi3garnb-
Banicbkoi, Bpycuniscekoi Ta Hemupiscbkoi 3P.

lpogpinb 1.. Y Mexax nnaHweTa 3aranbHa NPOTSXKHICTb
npoginto cTaHoBUTL Gnu3bko 65 kM. Ha 3axopi npoginb
npoxoantb y MopginbcbkomMy Merabnoui (niketn 0—15 km), y
noganbLlUOMy Ha cxif A0 KiHusA npodinto — y PocnHcbkomy
(puc. 1). CxigHa YacTuHa nepLuoi B3goBX npodpinto npuno-
BepxHeBoi aHomanii (niketn 0-20 kM) npuypoyeHa o nepe-
TUHY Hemupiscbkoi Ta 3sisgans-3anicekoi 3P (nikeTn 6-20 Km).
Llst 30Ha BMCOKOI NpOBIAHOCTI MOYNHAETLCA Ha BigcTaHi 6nu-
3bKO 7 KM Bif no4aTKy npodinto, mae cybLumMpoTHe npocTs-
raHHs1, XapakTepunayeTbCsl HU3bKMMWN 3HAYEHHAMU NMUTOMOIO
onopy (p=50mM-M) Ta rmubuHot 3ansraHHa 300-500 m
(puc. 4B). Micua makcMMarnbHOrO 3aHypeHHSI aHOMarbHOi
obnacti BignoeigatoTb NepeTMHaMm 3 MPOBIgHWKaMM
cybmepuaioHanbHoi  opieHTauii, nNpuypoYeHMMM [0 30H
nepetuHy Tabopiecbkoro 1 lMasniBcbkoro 3 OriiBCbkUM i
MorpebuLeHcbkMM po3noMamu.
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Puc. 4. Teonoro-reoenekTpnyHa iHTepnpeTawlis TPMBUMipHOI Moaeni B3AoBxX np. 1 Ta np. 2:
a — NceBAOPO3pPi3n po3nogifny CNocTEPEXeHNX P, (Nonsapusauis: NiBHIY-NIBAEHb — Pxy, CXiA-3aXid — Pyx,)
i Peg) (BEPTUKAMBbHA LIKANa B NorapudmivyHomy macwtabi) ana T sig 10 go 10000 c; 6 — nceBAOPO3pi3n PO3MOAINY CNOCTEPEXEHUX Py
(BepTukanbHa Lwkana — nepioan 7=10, 100, 1000, 10000 c y norapudmiyHomy MacLuTtabi);
B — PO3pi3n po3noAiny NMMTOMOro ornopy p TPMBUMIPHOI MOAENI; I — NCeBAOPO3PI3N Py, NOOYAOBaHI 3a pe3dynbTaTamy MOAENoBaHHS
(BepTukanbHa wkana — nepiogu 7=10, 100, 1000, 10000 c y norapmdpmiyHomy macLuTabi).
YM. No3H. pyaonposiBiB i HOMepK po3fnoMiB AMB. Ha puc. 1

Y Mmexax aHomanii enekTponpoBigHOCTI po3TalloBaHe
MorpebuLeHcbke pyaHe none (49° 27 nH. w. i 29° 15° cx.4.),
Ae NpucyTHi pyaonposewm iTpito (JepxasHa..., 2005). Pypo-
NPOSsiBU NPUCYTHI B KOPi BUBITPIOBAHHS rPaHiTIB yMaHCHKOro
KoMnnekcy Ta rpaditm3oBaHmx amdibonitax poCUHCLKO-
Tikeucbkoi cepii. TakoX TyT € MNposABU ypaHy, MNOB'A3aHi
3 nermatuTamy yMaHCbKOrO KOMMNIeKCy, SKi NpuypoYeHi Ao
nepetnHy Hemupiscbkoi 3P i MorpebuieHcbKoro posnomy.

HacTtynHa npvnoeepxHeBa aHoManis, sky npodine nepe-
TWHae B iT NiBAEHHIN YacTuHi (nikeTn 30—40 kM), nokanisoBaHa
B Mexax bpycuniscbkoi 3P, xapakTepunsyeTbCa OAHOPIAHUM
HWU3bKMM MUTOMKMM onopoMm (p=5 OM-M) i NpocTexyeTbCst A0
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rnMmbuHmn 2 kM. Y cepeamHi aHomanii poatalloBaHi Kovepisch-
KM Ta BenuKoepymnkiBCbKUA PO3NOMU, SKUM MpUTaMaHHWUNA
NPUPO3NOMHNIA METAacoMaTo3, AK1IN 3a3BuYan NoB'a3aHnn i3
30HaMW MeTanoreHiYHNX pyaHuWX nomnis. Y AaHOMY BMMNagKy
aHomanist € yactuHoto Bpycuniscbkoi ypaH-6naropogHome-
TanbHOi MiHepareHiyHoi 3oHu ([epxasHa..., 2005). Pygonpo-
SiBM Hikento BusaBreHi 6ins c. Kanenna (49°30° nH. w. i
29° 30" cx.n), oe OKOHTYpEHi TpM MacuBu 3 Kopamu BUBITPLO-
BaHHA cepneHTuHITIB (AHyugeposa, 2009).

OcTaHHs B340BX NPoginto NpunoBepxHeBa aHoManis ne-
XWUTb B iHTepBani niketiB 53—63 kM. BoHa xapakTepusyeTbest
3HWKEHUM nMuToMKUM onopoM (p=10 Om-M) i NPOAOBXKYETLCA
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Ha rnmmbuHy o 500 m (puc. 4B). lNiBHiYHa cknagHa 3a dop-
MOK 4YacTuMHa Uiei aHoManbHOi obnacTti npuypoyeHa Ao
30HM MEPEeTUHY pi3HOHaMpPaBEHMX IOKarbHMUX PO3IOMIB.
Ha cborogHi BiacyTHA Oyab-sika anpiopHa iHhopmalisi npo
3B'A30K JaHOi aHoManii 3 pygonposisaMu, ane BaXnNnBoio €
Ta obcTaBuMHa, WO aHoManist 3ocepemxeHa B mexax bino-
LepKIBCbKOro  KaomniHiT-ypaH-piako3eMenbHOro  pamoHy
(depxasHa..., 2005). Y nogansLliomy Len panoH notpebye
000aTKOBMX reoi3nyHNX OOCNIAXKEHb.

lMpogpinb 2 TakoX, K i Npodinb 1, Mae NPOTSXKHICTL OnK-
3bko 65 kM, nepeTtuHatoum Bysbkuii (niketn 0-20 kM) Ta
PocuHcbknin merabnoku (puc. 1). Mepuwi 20 km npodinto
(By3bkuii Merabnok) npoxoasATb Yepes CXigHy YacTuHY BU-
OOBXEHOI cyGLIMPOTHOI NpUNoBepPXHEBOT aHOManii enekr-
pONpOBIOHOCTI 3aranbHUMKU po3mipamMu 45x5 KM, y Mexax
AKoi nuToMuM onip 3miHeTbea Big 5 go 100 Om'm
(puc. 4B). MNBMHHE NPOOOBXEHHS aHOManiT B ii cepeHin
YacTWHI (3axigHe 3akiH4yeHHs npodinto) 36inbyeTbCca Ao
1 KM, a Ha KpanoBMX 3aKiHYEHHAX 3MeHLWYyeTbest 40 500 Mm.
HaliHwxkui 3HavyeHHs p aHomanii 3ocepeXeHi Ha rmMubuHax
no 500 m. MaeniBcbknii Ta MNorpebuLLeHCBKUA (MEHLLOH
Mipoto OriiBCbKMIA) po3noMy NposiBUNMCA HambinbL npo-
BiAHMMW YacTUHaAMKU po3ranyXeHoi ranbBaHi4YHO MoB'A3a-
HOi cuctemn cybmepugioHanbHUX aHomanin. Y Mexax
30HM MeTacomaTosdy OrilBCbKOro posnomy AinsHka signo-
Bifae bpycuniBcbkin ypaH-bnaropogHomeTaniyHin miHe-
pareHiyHin 30Hi 3 HaABHUMW B Hii pyaonposBamMun Lepito
(HepxasHa..., 2005). 3axigHa YyacTMHa aHomarii, aka 3Ha-
XOAMTbCA 3a Mexamu npodinto, noTpebye AoaaTKOBMX eKC-
nepuMeHTanbHUX CMOCTEPEXEHD 3 METOI MIATBEPAKEHHS
YTOYHEHHS reoeneKkTpuyHoi 6y10BM, OTPMMaHOI 3a pesyrb-
TaTaMu TPMBMMIPHOrO MOZAENOBAHHS.

KouepiBcbkuin po3nom sk cknagosa YactuHa bpycunis-
cbkoi 3P (niketn 25-30 kM) nposiBMBCS Y BUrNSAAI NPOBIAHOI
CTPYKTYpU 3 nutomum onopom p = 10 Om-M, fka npocTexy-
€TbCA Big NOBepxHi Ha rmunbuHy ao 1 km (puc. 4B). 3aebinb-
LIOrO 30HM TEKTOHIYHUX MOPYLUEHb XapaKTepu3yloTbCs
HU3BbKMMW P MOPIBHSIHO i3 BMICHUMMW NOpoAamu, 3aBAsiKU Me-
TacoMaTU4HUM 3MiHaM HaBKONOPYAHMX Nopig, 30Kpema rpa-
diTm3auii Ta iH. 3a reonorivHMMKM gaHumu (HueHko, 2008),
CTBEPOXXYETLCS iICHYBaHHSA Ha pisHMX rmmbuHax dopmalii i3
BMIiCTOM Y HMX rpadiTy, WO Aa€ MiACTaBu AN NPUNYyLLEHHS
HasIBHOCTI 3B'sI3Ky BUSIBNEHOI aHOMasbHOI eNeKTpOnpoBiaHO-
CTi i3 NnpucyTHICTIO pygonposiBie rpacity (LepxaeHa..., 2005).

LLle ogHa npunoBepxHeBa aHoOManis enekTponpoBigHOCTI
crocTepiraeTbCa B3AOBXK Mpodointo B iHTepBani nikeTiB 45—
63 kM. AHOManis NPOCTEXYETbCA BiA MOBEPXHI 4O FMUOUHU
1 km i Mmae nutommi onip p=10 Om'Mm (puc. 4B). BoHa € cy6Lumn-
POTHOI CKMaAOBOIO 3aranbHOI aHoManii ckrnagHoi KoHdirypa-
uii 3 Kinbkoma rinkamu pisHOi opieHTauii. Bca BusiBneHa
CTPYKTypa NpPOCTOPOBO He BiANoBigae OyAb-Ki TEKTOHIYHIN
OOVHWL BMCOKOro Nopsigky, BOHOYAac B ii MeXax MpUCYTHI
PyAONpOsiBM HIKEMIO Ta ypaHy, TakoX BOHA YacTKOBO Mpuypo-
yeHa go TeTiiBCbLKOrO ypaHOpPyOHOro Mons, He MOB'A3aHoro
3 TEKTOHO-MeTacoMaTuU4HUMK 3oHamu (LepxasHa..., 2005).

Y "HopmanbHoMy" rMMBUHHOMY reoenekTpU4YHOMY po3-
pisi YLL| cepenosuLue, WO BMILLy€E NpUNoBepxHeBi aHomanii,
Mae nutomuii onip p =1000 Om-M B iHTepBani rmMubuH go
160 kM. BigmiHHiCcTb rmMBMHHOT reoenekTpuyHoi 6ygosu 3a-
xigHoi YactuHu YL nonsrae B aHomMansHO HEOOHOPIAHOMY
posnogini nutomoro onopy (p=50, 250 OmM-M) y BepxHin ya-
CTVHI BEPXHbOI MaHTii B iHTepBani rmmbuH Big 70 go 120 km
(puc. 1, 4B), siknii Byno NigTBEPAXKEHO I YTOYHEHO TPUBUMI-
pHUM MoZentoBaHHAM (bypaxosuy ma iH., 2022). OTpuMaHi
pesynbTaTu IMUOMHHMX eNEKTPOMarHiTHUX AOoCHiaXeHb nia-
TBEPOXKYHOTb 0COBNMBICTL IMUBMHHOT By40BU LIbOrO PErioHy
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YL, paHiwe BCTaHOBMEHY MUOUHHUMK CENCMIYHUMK [OC-
nimxeHHamn B3goBxX VI reotpaBepcy. Pesynbtatammn umx
rMNOVHHMX CENCMIYHMX 30HAYBaHb YCTaHOBMNEHO, WO By3b-
KUA Merabnok mae CTpyKTypy KynononogiGHoro nigHAaTTS,
LLIO NPOCTEXYETHLCA MO Mexi Moxo, y BepxHiin MaHTil Ta B ca-
Mil cepefHin 3emHin kopi (MnbyeHko u dp., 1988).

BucHoBkuU. [laHi ekcnepMMeHTanbHUx reoenekTpomar-
HITHMX CMoCTepexXeHb, NpoBeAeHuX |HCTUTYTOM reodpiankm
im. C.l. Cy66otiHa HAH Ykpainn y 2019 p., 6yno onpaubo-
BaHO 3a JOMOMOrOl Cy4YaCHOrO MpOrpamHOro KOMIIEKCY
PRC_MTMV, wo 3abesnevyye cninbHe 3aBago3axullieHe
OLjiHIOBaHHS iMNefaHCy 32 CMHXPOHHWMMW MarHiTtoTenypuy-
HUMK 3anucamn. HaginHo oTpumaHi OUiHKM Tunnepis Ans
nepiogie reomarHiTHUX Bapiauin Big 50 go 3400 c Ta kpuBi
No3ipHOro MUTOMOrO efeKTPUYHOro onopy (amnniTyaHi
KpuBi) i da3 imnegaHcy ans nepiogis Big 10 go 10000 ¢
Oynu BuKopwcTaHi npyu nNobyaosi rMUOWMHHOI TPUBUMIPHOI
MoZeni po3noAisly MMTOMOro onopy B 3€MHil KOpi Ta BEPXHIN
MaHTii. [eonoro-recenekTpuyHa iHTepnpeTauis oTpUMaHoi
MoZeni 403BONuna BUSBUTHU:

® HOBi @HOManii BUCOKOI eNEeKTPONPOBIAHOCTi Yy MPUNOBEPX-
HEBI YaCTUHI 3eMHOI KopW, siKi BignoBiAatoTb CTPYKTYPHUM Ta
MeTanoreHiYHMM 0CoBNMBOCTAM TEPUTOPIT AOCTIIKEHHS;

* NigTBEPAMTU Ta AeTanidyBaTv aHoMarnbHO HEOAHOPIA-
HWIA PO3MOAIN NMTOMOrO OMOpPY Y BEpXaxX BEPXHbOI MaHTi.

PavioH nepetnHy 3Bisganb-3anicbkoi Ta HemupiBcbKoi
30H PO3IIOMIB XapaKTepU3yETbCS SK ranbBaHiYHO 3B'I3aHO0
Pi3HOOPIEHTOBAHOK B NPOCTOPI CUCTEMOK MPOBIAHMX 30H,
Tak i ToKanbHUMK OKPEMUMMW MPUMNOBEPXHEBMMU aHOMaTi-
AMU 3 HU3BKMUM NMUTOMUM onopoM Big 5 oo 100 Om-m, Binb-
LIICTb SKUX NPOCTEXYETbCA A0 rMMbuH 0.5—1 kM.

Moka3aHo, Lo iCHYHOTb 3B'A3KM MidX €NeKTpOonpoBIgHICTIO
Ta CTPYKTypHUMn ocobnusoctamu 3Bisganb-3anicbKoi,
Bpycuniecbkoi Ta HemumpiBcbkoi 30H poanowmie. Kpim Toro,
Aesiki aHoMarnii BUSBNSATLCA B rPaHIT-MirMaTUTax poOCUHChb-
KOI CTPYKTYPHO-(popMaLiiHOT 30HM Mo3a MeXaMuy TEKTOHO-
MeTacoMaTUYHUX MiHEpPAreHiYHnX 30H. AHoManii enekTpon-
POBIOHOCTI NpUYpOYEHi NepeBaXHO 40 30H AesiHTerpadii no-
pii  KpucTtanmiyHoro dyHOAMEHTY, BUOOBXEHUX  30H
MeTacomaTo3y i panoHiB NowwmMpeHHs rpadiTM3oBaHMX Mo-
pig, BOOHOYAC YacTuHa NOBEPXHEBMX aHOMarniv Bignosigae
obnacTam Kip BUBITPIOBaHHS.

lMpoBeaeHnn reonoro-recenekTpuyHNn aHania mogeni
nokasaB, LIO Aekinbka AinsgHoK noTtpebytoTb noganbLioro
BMBYEHHS, @ caMe — CcyOLUIMPOTHa aHomania Ha 3axig Big
npodinto 3o3iB-CTpwkaBka Ta aHomanist cknagHoi hopmu y
CXiOHi YacTuHi paioHy pooiT.

AHoMmanito, fka BMAINSETbCA B Mexax bpycuniscbkol
30HM PO3MOMIB i NPOCTEXYETLCA A0 MUbMHKM 2 KM, 3a reoe-
NEKTPUYHUMUN KPUTEPIAMU MOXKHA BBaXXaTN NEPCNEKTUBHOO
ANS NOLIYKY KOPUCHMX KOManwH.
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Hapinwna go peakonerii 14.11.22

INTERPRETATION OF THE 3D GEOELECTRICAL MODEL OF THE INTERSECTION AREA
OF THE ZVIZDAL-ZALISKA AND NEMYRIVSK FAULT ZONES

The interpretation of the deep three-dimensional geoelectricalal model of the central part of the Zvizdal-Zaliska and Brusyliv fault zones of the
Ukrainian shield, which was built with the involvement of data from experimental observations of the Earth's low-frequency electromagnetic field
conducted in 2019 by the Institute of Geophysics named after S.I. Subotin of the National Academy of Sciences of Ukraine, within the Ordyntsi-
Lobachiv and Zoziv-Stryzhavka profiles was done. Experimental materials were processed with the PRC_MTMYV software package, tipper estimates
were obtained for periods of geomagnetic variations from 50 to 3400 s and curves of apparent resistivity (amplitude values and impedance phases)
from 10 to 10000 s. Based on the qualitative analysis of magnetovariational profiling parameters, magnetotelluric sounding curves and pseudo-
sections, several local near-surface structures of complex orientation in space were identified, which are confined to the Pogrebyshchensky and
Ogiivskyi faults, areas of separate parts of the Zvizdal-Zaliska, Brusyliv and Nemyriv fault zones, as well as their convergence , and outside the fault
zones in the crystalline massive of the Ukrainian shield.

The main result of the geological-geoelectrical interpretation of the 3D model is the discovery of new anomalies of low resistivity in the near-
surface part of the earth's crust (from the surface to 0.5-2 km), which correspond to the structural and metallogenic features of the study area;
confirmation and detailing of the anomalously heterogeneous distribution of resistivity in the tops of the upper mantle at depths from 70 to 120 km
west of the Ukrainian shield. The area of intersection of the Zvizdal-Zaliska and Nemyrivs fault zones is characterized by both a galvanically connected
spatially diverse system and local separate near-surface anomalies with low resistivity from 5 to 100 Ohm-m, most of which dip to 0.5-1 km.

It is shown that there are connections between conductivity and structural features of the Zvizdal-Zaliska, Brusyliv and Nemyriv fault zones. In
addition, some anomalies are found in the granite migmatites of the Ros' structural-formation zone, outside the tectono-metasomatic mineragenic
zones. As a rule, anomalies are confined to zones of disintegration of crystalline basement rocks, elongated zones of metasomatization, and areas of
distribution of graphitized rocks; moreover, some of the surface anomalies correspond to regions of weathering crusts. The conducted geological-
geoelectrical analysis of the model showed that several areas require further study, namely the sub-latitude anomaly west of the Zoziv-Stryzhavka
profile and the complex-shaped anomaly in the eastern part of the study area. As promising for the search for minerals, which meets the geoelectrical
criteria, the area of the anomaly within the Brusyliv fault zone with a depth of up to 2 km is highlighted.

Keywords: geoelectromagnetic methods, three-dimensional model interpretation, conductivity anomalies, ore occurrences of minerals.
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®OPMYBAHHSA WWBUAKICHOI MOAENI | TEOPETUYHI OCHOBU METOAIB
BU3HAYEHHSA FMNOLEHTPY MIKPOCEMCMIYHOI noAli NPU NPOBEAEHHI
riaPOPO3PUBY NJNACTA

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

lMpucesiyeHo aHanizy ocobnueocmell au3HavaslbHUX emarie o6pobku daHux MiKkpocelicMiYHO20 MOHIMOpPUH2Y 2idpopo3pusy nna-
cma. O6rpyHmoeaHo eaxJsiueicme HasisHOCMIi MOYHOI weuodKicHOI Modesti po3pi3y ma emanu if cmeopeHHs1. HadaHo knacudbikauyiro weu-
dkicHux modesteli ma exioHi OaHi, rompi6Hi dns ix no6ydoeu. Po3anssiHymo 2pynu memodie su3Ha4eHHs1 2inoyeHmpy MikpocelcMi4Hoi
nodii, ixHi nepesazu, Hedosliku ma ¢hakmopu, W0 enIuearomb Ha MoYHicmb 064ucrieHb. HadaHo demanbHy xapaKkmepucmuKy OKpeMux
memodie. Ceped abcosmomHux — Memodie nowyky rno cimyji, niHeapusoeaHofi iHeepcii (l"etizepa) ma memodie Ha OCHO8i NPOOGoKEHHS
xeunsoesux rnosiie y cepedosuuje. Ceped eiGHOCHUX — memodie ocHoeHoi nodii (master-event method) ma nodeitiHoi pi3Huyi (double-
difference method). lpedcmaeneHo anzopummu 3acmocyeaHHs1 okpemMux Memodie. HaeedeHo npukiad nopieHsANbHOI Xapakmepuc-
muku pizHux memodie npu eu6opi MemoAuKu 8u3Ha4eHHs1 2imoyeHmpy mikpocelicmiyHoi Noaii.

Knrodoei cnoea: 2idpopo3pue nnacma, mikpocelicMiyHUlU MOHIMOPUHe, po3e ‘A3aHHs 06epHeHOI 3adayi, weudkicHa Moderlb.

MoctaHoBKa npobnemu. OgHUM 3 acnekTiB 3abeane-
YEHHS1 eHeproHesanexHocTi YKpaiHu € HapoLLyBaHHS pecy-
pcHoOi 6asu ByrneBOAHIB 3a paxyHOK HeTpaguuinHuX
KONeKTopiB, po3pobKa sikux BMMarae BNpOBaAXEHHSI MEeTO-
JiB iHTeHcudikaLii nnacTa, 3okpema rigpaBniyHOro po3pusy
(FPIT). MikpocencmiYHUIA MOHITOPUHE € BaXINMBUM ANS KOH-
Tponto AkocTi nposegeHHs MPI.

MikpocelcmivHi MeToam Habynu 3HAYHOrO MOLUMPEHHS
SIK y NPOMUCIIOBIN, TaK i B iHXXeHepHil reodisnui. Cnepuuy ix
3acToCyBarnv B MOHITOPUHIY LLIAaxTHOro BUAobyTKy Ta B reo-
Tepmii, a 3roqom — i B KOHTponi 3a rigpopo3pmnBoM nnacTa,
3a cTaHOM famb Ta rigpoTEXHIYHNUX cnopya, Y MOHITOPUHrY
36epiraHHa CO2 Towo. NonoBHMM 3aBoaHHAM 06pPO6KM Mik-
POCENCMIYHOI iH(bopMaLlii € BU3HAYEHHS TNOLIEHTPY MiKpo-
cericmivHoT nogii (KpacHikoea ma iH., 2021). Y CBIiTOBI
npakTuli 4nsi po3B'si3aHHA L€l 3agayi 3aCTOCOBYETLCA LUK-
POKUIA CNEKTP METOAIB, BUBIP SKMX Y KOXKHOMY KOHKPETHOMY
BUMNaAKy 30iNCHIOETLCH 3 ypaxyBaHHAM HU3KM (DaKTopiB, SK-
OT KinbKicTb Ta sikicTb BXigHOT iHhopmalii, ocobnueocTi BuY-
6paHoi Moamdikauii NonboOBOT PO3CTaHOBKM Towo. Takox
BaXXMNMBO BiA3HAYMTK, IO HA BigMiHY Bif AaHWX aKTUBHMUX
MEeTOZiB CEeNCMOPO3BIAKM AN MIKPOCENCMIYHMX AaHuX €
HeBigoOMMMYK Yac 30yIKeHHs Ta po3TallyBaHHSA Axepena
(Wu et al., 2018). 3aBasikn uboMy 6arato MeTOAIB Knacuu-
HOI cercMonorii 3acTOCOBYOTLCS B 006pobLi MiKpocecMikm
HapiBHi 3 METOA4AMWN CENCMOPO3BIOKN.

AHani3 octaHHix pocnigkeHb i ny6nikauin. [daHa
CTaTTsa € YaCTMHOK LMKy Nybnikauin, NpUCBSYEHNX MIKpO-
CENCMIYHOMY MOHITOPUHIY TiApopo3puBy nnacTta kadenpu
reodisvkun IHcTUTYTY reonorii KMiBCbKOro HauioHanbHOro
yHiBepcuTeTy imeHi Tapaca Lles4yeHka (Lisny et al., 2021;
KpacHikoea ma iH., 2021).

BupineHHA HeBUpileHUX paHille YacTUH 3arasibHoi
npo6nemu. CTaTTd BUCBITIIOE MUTaHHS, NOB'A3aHi 3 0cobnu-
BOCTSIMU BigGOpy AaHUX Ta anropuTMOM CTBOPEHHS LUBUAKI-
CHoi Mogeni ans poboTM 3 [aHUMKM  MIKPOCENCMIYHOro
MOHITOPUHIY, a Takox knacudikauito Ta cneuudiky Bukopuc-
TaHHSA psgy MeTOAIB BU3HAYEHHS MNOLEHTPY MIKpOCENCMIY-
HoI nogii. BapTo 3a3HauuTty, WO B nybnikauisix ykpaiHCbKO
MOBOIO CMOCTepiraeTbecsa Opak iHpopmallii i3 LbOro NMTaHHS.

MeTa pocnigkeHb — ornsg okpemux etaniB 0b6pobku
MikpocencmidHoi iHpopmalii, a came: Nobya0BU LWBUAKICHOT
Modeni Ta MeTodiB BW3HAYEHHs [iMOUEHTPY Mikpo-
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cencMiyHOI nogii, aHania ocobnueocTen ix 3acTocyBaHHS,
nepesar i HegoniKiB.

Oco6nuBocTi hopMmyBaHHA WIBMAKICHOI Moaeni. YCi
METOAM OUHKU FiNOUEHTPY CNMPaOTbCA Ha TOYHY (HOHOBY
MOZLEIb, CTBOPEHHSA SKOI BXOANUTb Y MOCMIAOBHICTL 0OpOOKM
AaHUX MIKPOCENCMIYHOro MOHITOpPUHry. Ockinbku HeTpaam-
LLiVHI KONEeKTOpW € NepeBaXXHO aHi30TPOMHMMN Yepes criaH-
LtoBaTicTb abo TPiLLUMHYBaTICTb, BUKOPUCTAHHS NPaBUMbHUX
aHi30TPONMHUX MoAenen LWBMUAKOCTI € BAXAMBMM 4SS MiHiMi-
3auii 6yab-aKnxX cucTeMaTUYHMX MOMUIIOK Y pO3TallyBaHHSAX
rinoueHTpiB. [ns nepesipku moaeni noTpibeH anroputm Bu-
3HaYeHHs TinoueHTPIB kanibpyBanbHWX MNOAIN, SKMA Mae
OyTK iOeHTUYHUM MeTody, O BUKOPUCTOBYETHCS ONSA BU-
3HAYEHHs1 MicLle3HaXOMKEHHS BUsIBNEHWUX nogin (Eaton,
2018). OCHOBHi KpOKM CTBOPEHHSI MOAETi:

1. NMobynoBa no4aTKOBOI anpiopHOi MoAeni WBWAKOCTI,
sIka BM3HaA4YaEe NPOCTOPOBUIA PO3MNOAIN LWBUAKOCTEN NOB30-
BXHIX i MonepeyHux XBunb. 3asBuyarn novaTkoBa Mopaenb
BMKOPUCTOBYE AaHi kapoTaxy. Y BMnNagkax, Konv aaHi kapo-
Ta)xy CBEpANOBUHU BiACYTHI abo HeHaailiHi, cnovaTky Gyay-
€TbCA NITONOMYHa MoAenb i HAMOBHIOETLCA 3HAYEHHAMMU
LUBMAKOCTEN, BU3HAYEHMMU 3a iHLLMMW JaHUMMU.

2. Mopgenb LWBMAKOCTI MOXe OyTu ysaranbHeHa ans
BKMOYEHHS edbekTiB aHi3oTponii Ta 3aTyxaHHs. Y BuMnagky
cepefioByLa, L0 XapaKTepusyeTbCsl BEPTMKANbHOK Momne-
peyHoto i3oTponieto (VTI), ropnsaoHTanbHOK MNONepeyHoro
isoTponieto (HTI) abo HaxnneHow nonepeyHoto i3oTponieto
(TTI), 3amicTb 3HaY€Hb MPYXXHOT XOPCTKOCTI YaCTO 3pYyyHiLle
napameTpusyBaTu (QOHOBY MOAESNb LUMSAXOM MOCUIEHHS
3HayeHb Vp i Vs, BUKOPMCTOBYHOYM OpiEHTALilO OCi CUMETPIi,
a Takox napameTtpu TomceHa.

3. 3 BuKOpWCTaHHAM AaHWX kanidbpyBaHHS MoYaTkoBa Mo-
A€enb LUBUAKOCTI KOPUTYETLCA OOTH, NOKW He Byae oTpMmaHo
npaBunbHe po3TallyBaHHS rinoueHTpa. [na HanawTyBaHHs
Mogeni MoXHa BUKOPUCTOBYBAaTW Pi3Hi cTpaTerii, noyYMHaum
BiJ HEniHiHOI iHBePCIi Ta 3aKiHYyuM pyYHUM HanalTyBaH-
HAM napameTpiB. [Npu 3acTocyBaHHi AaHUx nepdopaLinHnx
BMOYXiB po3pobnatoTbCa Npoueaypy, Wo AakTe 3MOry MiHi-
Mi3yBaTU Pi3HMLID MK PO3paxoBaHUM i CMOCTEPEXEHUM Ya-
coM npuxoay P- i S-xBunb MiKpoCENCMIYHMX NOAIN.

BapTo 3asHaunTK, WO Ha NpakTuui kaniopyeanbHi nogii
He 3aBXau OOCTynHi. BusBneHi MikpocencmivHi nogji MoxHa
po3rnsiaaTy sk anbTepHaTuBY, LLO HaJae 3HaqHy iHpopMalLito
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npo WBUAKOCTI NPY>KHUX XBUIb. Moxnunee ogHovacHe iHBep-
TyBaHHS A5t NapaMeTpiB WBUAKOCTI Ta po3TallyBaHHS Tino-
LIEHTPY 3anexHo Bif reoMeTpii "mpxepeno-npunmav”.

BaxnueuMm eTanom kanibpyBaHHS LWIBMAKICHOT MoZeni €
KOHTpOnb SKOCTi. Hanpuknaz, MOXnuBO CTEXNUTK, o0 y Ko-
XXHOMY Luapi CMiBBIAHOLLIEHHSI NOMepeYHnX Ta NoB3O0BXHIX
LWBMAKOCTEN Nuanocs y gisnyHO MOXIMBUX paMKkax Aansi
ripcbkux nopia.

LBumakicHi mogeni noginstoTe Ha 1D, 2D Ta 3D mogeni.
[ns cTBOpeHHA OQHOBUMIPHUX MoAenen 3a3Bu4an BUKopu-
CTOBYHOTb KpOC-AMNONb abo NiTONOoriYHuin kapoTax, 3a Ao-
NMOMOrOK SIKMX CTBOPHOKTLCA OCHOBHI FpaHuui noginy B
MoZeni, nicnsa BU3HAYEHHS SIKUX KOXXHOMY LUuapy 3a4a€eTbCst
KOHCTaHTa LWBWUAKOCTI (cepefHe 3HayeHHs abo mefiaHa B
mexax wapy) (Pike, 2014). Ons noGynoBu OBOBUMMIpPHOI
LLIBUAKICHOT MOAEri BUKOPUCTOBYIOTb AaHi MiXXCBEPAI0BUH-
HOI Kopensuii Ta CTPYKTYpHI noBepxHi. 3agatyn WBNOKOCTI
ONsl KOXHOTo Lapy Mogeni, BpaxoBYHOTb KyT 3ansraHHs
nnacTiB. Y TPMBUMIPHIN MOAeNi BpaxoBYOTb Taki JOAATKOBI
napameTpu, Sk dauianbHi 3MiHW, PO3PUBHI NOPYLUEHHS, a
TakoX asmMyTarnbHi Bapiauii, NoB'A3aHi 3 aHi3oTponieto.

Ornsapg metoAiB BU3HAYEHHS rinoueHTpy Mikpoceunc-
Mi4HOI nogAii. 3acTocoByBaHi AN BU3HAYEHHS MiNOLEHTPY
MiKpoCencMiYHOT NoAii MeToan MoxHa noginuTu Ha abeornto-
THi Ta BigHOCHI (Akram, 2020). AGCOntoTHI MeToan OLUiHIo-
H0Tb PO3TaLLYyBaHHS FMOLEHTPY LWoao ikCoOBaHOI cucteMm
KoopAuHaT, ToAi 9K Bi4HOCHI MeToau OUiHIOTbL po3Tally-
BaHHSA TiNOLEHTPY BiAHOCHO Tak 3BaHOI OCHOBHOI MOAIi (Mik-
pocencmMmivHa nogist 3 BUCOKMM piBHEM nokasHuka S/N, sika
Oyna nokanisoBaHa paHille 3 BUCOKOIO BMEBHEHICTIO 3a [0-
nomorot 6yab-akoro 3 abconoTHUX MeToaiB). AGCONIOTHI
MeToAM NOAINsoTb Ha ABi OCHOBHI KaTeropii:

e MeTOoAu, OCHOBaHi Ha Yaci npuxoay;

® MeToau, OCHOBaHi Ha hopMi XBUSI.

MeToamn, ocHOBaHi Ha Yaci nNpuxoay, BUKOPUCTOBYHOTb
nikv yaciB npubyTTa P- Ta S-xBunb. MNpucyTHiCTL 3aBag i He-
BijoMa copma curHanis XBuIb YCKNagHKWTbL 3agady Bu-
3Ha4YeHHs1 Yacy npubyTTs. Takox BapTo GpaTu Ao yBaru
PO36iXKHOCTI Y BU3HAYEHHI YaciB pisHUMK onepaTtopamu, Lo
MOXe BNnvMBaTh Ha JOCTOBIPHICTb pe3ynbTatiB. Ha BigMiHy
BiJ, LUbOro, MeToau, OCHOBaHi Ha OpMi curHany, He BUMa-
raloTb BUbopy yacy npubyTtTa i MOXyTb 3abe3neunTn GinbLu
CyMicHi pesynbTaTt. OgHaK Ha TOYHICTb LMX MeToAiB BMn-
Bae BigHoweHHA S/N Ta npUTamMaHHi anropuUTMidHi MOMUITKN
(Hanpuknag, NOMWIKM MOZEMBaHHS opMu curHany).
Kpim Toro, ui meToan MoxyTb OyTu foporumm 3 nornsigy ob-
yncneHb (Akram, 2020).

3anexHo Big 3acTOCyBaHHA LUBMAKICHUX MoAenew Ta
MOXITMBOCTI X 3MiHIOBaTW 3 ypaxyBaHHAM AaHMX, LIO Hag-
X04dATb, METOAM NOAiNATbL Ha Tpy rpynu. MNepwa rpyna —
e HannpocTiwi Moaeni i3 gikcoBaHOW LWBMAKICTHO. TOMO-
rpadivHi MeToaw, WO HanexaTb A0 APYroi rpynu, BUHUKIW
B rnmoGanbHin cercmonorii Ans 3MeHLUEHHS BNMBY NOXMOOK
LBUAKICHOT MoZeni Ha rinoueHTpu 3emneTpycis. Te, Wo no-
XUOKM LIBMAKOCTI MOXHA MOM'AKLLMTY LUNSXOM 06paxyHKy ri-
NOLEHTPIB 3eMNETPYCiB BiAHOCHO OAMH OAHOMO — € OCHOBOK
ONns TPeTboi rpynu MeTofiB, BiAOMMX SIK METOAM NOABIAHOI
pisHuui (Grechka and Heigl, 2017).

BapTo Takox 3ragatiu, Lo MeToam 3HaxXo4KEHHs rinove-
HTpy OyayTb BiOPi3HATMCA AN HA3EMHOI Ta CBEPASTIOBUHHOT
MoAmadikauil MiKpoOCEeNCMIYHOro MOHITOPUHTY.

BaxnnemM acnekToMm BU3HaAYEHHS rinoLEeHTPYy Mikpocen-
CMiYHMX MoJin € aHani3 HeBM3HayeHocTi. Yepes Bapiauii y
cuni Ta amnniTyai NoAi TOYHICTb Ta 4OCTOBIPHICTbL pe3ynb-
TaTiB Takox byae pisHot. Tox 3acTocyBaHHsA aTpubyTiB, No-
B'A3aHUX 3 KOHTPOMEeM SKOCTi, JO3BOMS€E BigibpaTn AKICHI
AaHi Ta OUHWTX BMMUB HEBM3HAYeHOCTi Ha pesynbTaTtu
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inTepnpetauii (Maxwell, 2014). [HwMMK chakTopamm BNNNBY
€ NOMWIKW Y reoMeTpii ANa BU3HAYEHHS YaciB npuxody Ta
Y WBMWAKICHI Mmoaeni.

ABTOpamu NpoBeAEHWIN aHarni3 3acTOCyBaHHSA OKPeEMMUX
MeToaiB.

Memod nowyky no cimuyi. ANropyTm noLyky no citui
cknagaeTbcs 3 reHepauii CiTkn 3 Bysnamu, NoB's3aHUMK 3
MOXINVBUMU TiNOLEHTPaMm, posgineHumn iHtepeanamu dx,
dy Ta dz, a TaKoX CiTKM NOYaTKOBUX MOMEHTIB, 3 iHTepBaromM
dt (Castellanos and Baan, 2013). NoTim po3paxoByeTbCA Te-
OPETUYHWUIA Yac NMPOXOMKEHHS XBUWIi Bif KOXHOro Bysna go
npuriMadiB i NOPIBHIOETLCS 3 PAKTUYHO CMOCTEPEXYBAHUM
yacom npubyTTa. Po3B'a3ok 3agadvi BinbyBaeTbcsa 3a fono-
MOrOI0 iTepaLii N0 MOXIUBMX Yacax Ta KoopauHaTax axe-
pena, a TakoX CTBOPKETbCA Tabnuus MOLWyKy i3 LuMK
TEOPETUYHMMUN YacamMmn NPOXOAXKEHHS ANA BCIX MOXIMBUX
rinoueHTpanbHUX napameTpis, Wo6 3anobirtv NOBTOPHUM
obuncneHHsMm. Lis npouegypa Aae OUiHKY MaKCMMarbHOI
npaBaonoAiGHOCTI rinoueHTpanbHUX napameTpiB (NpocTo-
pOBMX KOOPAMHAT i MOYaTKOBOro Yacy). BapTo 3asHaumTy,
O TOYHEe BWU3HAYeHHHA rinoueHTpiB noTpebye XopoLioro
a3vMMyTanbHOro NepekpuTTs, TOMY, Hanpuknag, ans posTa-
LyBaHHS NpuMMMadiB B O4HIN CBepANOBUMHI Nig Yyac ceBepano-
BMHHOI  Moaudpikauii  MIKPOCEMCMIYHOrO ~ MOHITOPUHIY
BKa3aHWA MeToA BMKOPUCTOBYBaTM HE PEKOMEHAYETbLCH,
npoTe BiH HaAiNHO NpaLtoe 3a HasBHOCTI ABOX i GinbLue cBe-
pasfioBrH abo B NOBEPXHEBI MoandikaLlii.

Memod niHeapu3oeaHoi iHeepcii. € ogHVM i3 MeTofiB,
OCHOBaHMX Ha Yaci npuxomy. Vloro pospobue Ans BU3HAYEHHS
rinoueHTpy 3emneTpycy Lwe levirep (Geiger, 1912). 3acroco-
BYIOTb NiHEapn3oBaHU BapiaHT PiBHSIHHS Yacy npuxoay:

GAm = Ar, (1)
aty,

ne G =i — Matpuua 2N x 4, 9ka MiCTUTb MOXiOHi 3a

YacoM MPOXOAXKEHHS LoAo napameTpiB mogeni (X, Y, z, To);
Am = [Ax Ay Az AT°]T — BekTOp napameTpiB Mogeni;
Ar = (z° — ™)} — pisHuui vacie npuxoay.

BBaxaeTbcs, Lo Yacu npuxoay oTpuMani 3 yeix N pecvisepis
(npvmaviB) Ans KOHKPETHOI Nogji. Ha npakTyui ue Yacto Hemo-
XIMBO Yepes Bucoke criBgigHoLeHHs S/N (Akram, 2020).

Ockinbkn piBHAHHA (1) € NepeBU3HAYEHM, BOHO MOXeE
OyTu po3B'sA3aHe i3 3aCTOCyBaHHAM MeTody HalMEeHLUMX
KBagparis

Am = (GTG) G Ar. 2)
MapameTpu mogeni OHOBMOTLCS iITepaTUBHO
mi4y =My + Am.

Y3aranoHeHW anroputMm 3actocyBaHHA meTtody [en-
repa Bkroyae Taki kpoku (Akram, 2020):

1. BctaHOBWTU noyaTkoBe Mo AN BEKTOpA napameTpis
rinoLeHTpy.

2. BugHaunTn npuimMadi, Ans Skux AOCTYMHI Yyacu npu-
OyTTa P- Ta/abo S-xBunb. Ha npakTuui cknagHo HaginHo BU-
3HauYNTK Yacu NpmbyTTs P- i S-xBUIb 3a HAABHOCTI CUMBbHOIO
wymy. Omke, BOHM 0OMpalOTbCA 3a OaHUMU 3 OKPEMMX
npuiMauie (3 xopownm S/N), o6 MiHIMI3yBaTV NOMUIIKM.

3. O64ymcnuTK 3moaenboBaHui Yac NpubyTTa tm AN Mo-
TOYHOro m1 3a AOMNOMOrO BigkaniépoBaHoi Mogeni Ta goc-
TYMHUX NpUAManiB (Kpok 2).

4. 06uncnntn G i r, BUKOPUCTOBYIOUM CMOCTEPEXYBAHI
Ta 3amMoAenboBaHi BUBipkn yacie npubyTTs.

5. O64ymcnuTn oHoBNEHU napameTp (M), BUKOPUCTOBY-
104 PIBHSAHHSA (2).

6. MepeBipnTH KpUTEPIN 3ynnUHKKN. [TOBTOPUTU KPOKK 35,
0OKV He Byaie BUKOHAHO KPUTEPIN 3YNMUHKN.

MemoOdu Ha ocHoei NpPodoeKeHHs1 XeU/IbO8UX M0J1ie
y cepedosuuwje. Takui nioxig 40 BU3HAYEHHS MPOCTOPOBUX
KoopAMHaT MikpocencMidHUX axepen abo MikpoCencMivHMX
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nogin Haragye nobyaoBy CENCMIYHMX 306pakeHb reonoriy-
HOro cepeaoByLLa 3 BUKOPUCTAHHAM MITOLMHHMX CEACMOT-
paMm LeHTpanbHMX NPOMEHIB. Y 3adadax po3Bigku pogoBuLL,
BYIMEBOAHIB TaKi ceicMorpamu He peecTpytoTbesl 6eanoce-
pefHbO B MOMbOBUX YMOBaXx, a 004YMNCOTLCA 3 BUKOPUC-
TaHHAM BiANoBigHOro Habopy 3apeecTpPoBaHUX NIOLMHHNUX
celcmMorpam CrinbHUX ToYoK 30ymxeHHs. Ons nobynosu
cencmiyHmMx 306pakeHb reonoriYyHoro cepeposuLla Npui-
Ma€eTbCA MOAENb BUMPOMIHIOBANbHUX €MNeMEHTIB, SAKAMU
MOXYTb OyTV TOUKOBI @60 NPOTSHKHI BUNPOMIiHIOBaYi cercMi-
YHOI eHeprii. BogHovac dyHKUis WBUAKOCTI y cepeaoBULLi
Ma€e MHOXHUK 1/2.

Y BUnNagKy mikpocemcMivHoi emicii ons nobynosm 3o6pa-
KEHHS1 MIKPOCEMCMIYHUX [Kepen BUKOPUCTOBYHOTbL OELLO
iHWY mMoaensb. BBaxaeTbes, WO MiKpOoCencMiYHi fxepena €
TOYKOBUMMU, a iX CYKYMNHICTb BU3Ha4YaE reoMeTpito TPILMH JO-
BiNbHOI pOpMK, IO YTBOPWUMMCA BHACMiAOK MPOBEAEHHS
'PI. Y ubomy pasi ceicMiyHe, abo, TOYHiLe, MiKpocencmi-
YHe 306pakeHHS TPILLMHHOI 30HKU, MOXe ByTn nobygoBaHoO
LUMAXOM CKaHyBaHHS NPOCTOpPY 306paXKeHHs i3 3HaXOKeH-
HSAM Y KOXHIiM TouLi cepegoBuLla 3Ha4YeHb XBUIbOBOT (PYHK-
Lii 3@ paxyHOK NPOAOBXEHHS1 XBUITbOBOrO NOMs 3 NOBEPXHi
crnocTtepexeHb Yy cepegoBulle. onoxeHHs FNOUEHTPY
0obuNCNIOETBCS 3@ MPOCTOPOBUM PO3TALLYBAHHAM TOYKU
MaKCMManbHOI amnmiTyau, WweuakicHa yHKLiS BUKOPUCTO-
BYeTbCA 6€3 HOpMYBaHHs. Taki pyHKLii MOXyTb BignosigaTn
Pi3HVMM LUBUAKICHUM MOZENAM, Hanpuknaza cepeaHboLwBua-
KicHin abo nnacToBin.

OpHak nig yac nobynoBu 3o06paxeHb MiKPOCENCMIYHMX
noAii BUHMKae npuHumnoBa npobnema. Axkwo ana noby-
[OOBW CeNCMiYHMX 306paxeHb reonoriYHoro cepefoBuLla 3a
celicMorpamamy  LIeHTpanbHUX MPOMEHIB 4ac no4vaTky
BUMPOMIHIOBAHHSA € KOHCTAHTOM, LLO AOPIBHIOE HYMO, TO
ANs MIKpOCEWCMiYHNX 306paXkeHb Yacu no4vaTky BUMNPOMi-
HIOBaHHA MIKDOCENCMIYHMX [KEpPEN He € KOHCTaHTOH.
Binbw TOro, iX 3Ha4YeHHs anpiopHO Hesigomi. Ons BUpI-
LWeHHs uiei npobnemu, KpiM MPOCTOPOBOrO CKaHyBaHHS
obnacTi MikpocencmidHOoro 306paxeHHsl, HeobxigHo npose-
CTW CKaHyBaHHS 3@ YacoM [f1s1 KOXHOI NPOCTOPOBOI TOYKU
MikpocencmivyHoro 3obpaxeHHs. Lle go3sonsie BU3HAYMTK
Yacu NoYaTKy BUMPOMIHIOBAHHS MIKPOCENCMIYHUX AxXepen.
[OCTOBIpHICTb  MIKpOCEMCMIYHNX 300paxeHb  TPILUHHOT
30HM Y AaHOMY BMNaAKy NiABULLYETLCH pa3oM i3 36inbLueH-
HSAM KiflbKOCTi MpUMMadiB MiKpOCENCMIYHUX XBUSb.

[ns NpoOoOBXEHHs XBUNbOBMX MOMIB Yy CepefoBuLle
BMKOPUCTOBYIOTLCSI Pi3Hi cnocobu, 3okpema, pi3HULEBUN,
cnekTpanbHUiA Ta iHTerpanbHun, Wo H6asyeTbcs Ha BUKOPUC-
TaHHi iHTerpana Kipxroda.

Ak i B iHWMX MeToaax, 4N TOYHOI OLLiHKM PO3TallyBaHHSI
rinOLEHTPY MIKPOCENCMIYHOI NOA[T NOTPIGHI TOYHa LWBKUAKICHa
MogAenb Ta JOCTaTHLO HU3bKUIA piBeHb 3aBag (Akram, 2020).

BidHoCcHi MemodQu eu3Ha4YeHHs 2inouyeHmpy Mikpo-
ceticmiyHoi nodii. HepockoHana wBKWAKICHa MoAdernb € oa-
HAUM 3 OCHOBHMX (pakTopiB, LIO BNNMBaKOTb HA TOYHICTb
abCoNTHNX METOAIB BU3HAYEHHS TNOLIEHTPY MiKpocencMmi-
yHoi nogaji. OgHak BNNMB HEBIAOMOT CTPYKTYPU LUBUAKOCTEN
i cMCTeMaTUYHMX NOXMBOK Ha Yac NpubyTTa MOXHA MiHiMi-
3yBaTW LUNSAXOM BiAHOCHOIO 3HaxXOMXEHHS pO3TallyBaHHS
CycCifHix mMikpocercmivyHmx nogin (Akram, 2020). Mikpocelic-
MiYHi noAii i3 curHanamum BenUKOi amniiTyan MOXyTb BUKO-
pucToByBaTUCA SIK OCHOBHI nogii. Toai B3aeMHa kopensuis
MOXe 3HaWTU GinbLl cnabki curHanu 3 MeHLow aMnniTyao
3 noaibHMMKM xapakTepucTukamm opmMmn XBUni, LLO A OCHO-
BHi nogii. Llert MeTog edhekTUBHUI ANs BUSIBNEHHSI NOAIGHMX
nofin, a TakoX AO03BONSAE BU3HAUMTU po3TallyBaHHS NoAii
BiHOCHO ronosHoi nogaii (Maxwell, 2014).
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3acTocyBaHHA OCHOBHOI NOAji OCHOBaHe Ha NPUMYyLLEHHI,
O MOMUIIKWN Y LWIBWAKICHIM Mofeni piBHI ANga cnocTepexeHb
3a JBOMa NOBTOPIOBaHUMU MOAiISMM B OA4HOMY Micui. Lle npu-
NyLLEHHS 3a3BMYal 3anunIaeTbCcs CnpaBeaMBmiM, SKLO Bia-
CTaHi MiX NogigMn € He3Ha4YHMMM MOPIBHSIHO 3 BiACTaHAMM
MiX nogisimu Ta nyHkTamn. OTXe, Leit MeTof MOXHa 3acTocy-
BaTW NUWE [0 CENCMIYHMX MOAi y Mexax OOMEXeHOro
06'emy nobnunay ocHosHoI nogii (Grigoli et al., 2016).

HarnowwupeHiwnmm BigHOCHUMU METO4aMM € METOZ OC-
HOBHOI nogii (master-event method — MEM) Ta meTtog no-
ABivHOI pisHuui (double-difference method — DDM). MEM
OLiHIOE pO3TallyBaHHS iNOLEHTPY MiKpOCENCMIYHUX MOAin
BiHOCHO OCHOBHOI nogii, ToAi sk DDM posrnsgae KoxHy no-
4ito y knacTepi sik ocHoBHy. | MEM, i DDM npunyckaioTb, Lo
po3noain rinoueHTpiB MiXX NOAIAMY € HEBENUKUM NOPIBHAHO
i3 BigCTaHHIO gKepeno-npumad i po3mipoMm Oyab-akoi He-
OOHOPIOHOCTI  LWBMAKOCTI B3OOBX TPAEKTOPii  NPOMEHIo
(Akram, 2020). OgHym 3 obmexxeHb MEM € Bumora, o6 oc-
HOBHa nogis Oyna 3anncaHa Ha GinbLIOCTi NpuAMaYiB y Ma-
cuBi. IHWMM OBMeEXeHHAM LpOoro MeTody € Te, Lo MOXHa
BMKOPWCTOBYBATU NULIE Yac nNpubyTTH, OOCTYMHUA SK ONsi
BTOPWHHOI NOAji, TaK i ANs ronoBHoI nogii. Takox po3paxyHok
rinoLeHTpy OCHOBHOI nogii Mae ByTv NpoBegeHW He3anexHo
Bif iHLWK1X. MeToa noagiliHoi pisHuLi Aonae obmexeHHa MEM,
OCKIMbKWN KOXXHa Mojis B MynbTUMNETHOMY KracTepi po3rns-
OaETbCA SK OCHOBHa. [epeBaroto BigHOCHNX METO/IB BU3Ha-
YEHHS TMOLEHTPY MIKPOCENCMIYHOI MOAIT € MOXIMBICTL X
3aCTOCYBaHHA 3a HM3bKMX 3HA4YeHb napameTtpa "curHan-
wym". IxHi ocobnmBoCTi, BKIIOYAKUM TOYHICTb anpokcumaLlii
NPOMEeHIB, pobnATb iX NpUAaTHUMKU AN HA3eMHOro MiKpo-
CencMiYHOro MOHITOpuHry (Jiang et al., 2019).

PosrnsHemo mMeToa noAgivHOI pisHMUi (puc. 1), onuca-
Hun y ctatTi (Waldhauser and Ellsworth, 2000).

[ns napyn MikpoCcencmiYHUX MOAIN PisHULA MK cnocTe-
peXeHNMM Ta po3paxoBaHMMU YacaMm NPOXOLXKEHHS XBUIb
d,] 3anucyetbcs

dy = (th — ) — (¢ — t))PoP, 3)
e tenoet 13 tPo3P — cnocTepelkeHi Ta po3paxoBaHi Yacu npo-
XOXKEHHS XBWUNb ANs nojiv i Ta j ana k-toro cnoctepe-
YKEHHSI.

PiBHAHHSA (3) aBTOpW BU3HaYaloTb SK NOABINHY Pi3HNLLIO.
PiBHSHHS ONga 3MiHW rinoueHTpanbHOI BiaCTaHi MixX ABOMa
noAisMu i i j 3anUCyeTbes SK

atl . ; ot ; ij

% pmi — 2 pmJ = af, (4)
ae Am! = (Axi, Ayt AzY, Ath) — Ana NpOCTOPOBUX KOOPAMHAT
Ta Yacy BMHUKHEHHsI nogii i.

[nsi oxonneHHs BCix TOYOK CNOCTEPEXEHb (CercmocTa-
HUi) AaHe PIBHSIHHA ANsl BCiX Map MiKPOCENCMIYHMX MOAiN
06'eQHYETLCH Y CUCTEMY MiHINHUX PiBHSAHB Y (DOPMi

WGAm = WAd, (5)
ae G — matpuuda posmipy M*4N (M — kinbkicTb cnoctepe-
XeHb NoABINHOI pi3HMUi; N — KinbKiCTb NoAin ), WO MiCTUTb
YacTKOBi NOXiaHi; d — BEKTOpP AaHuX, WO MICTUTb NOABINHI
pi3HMUi; Am — BeKTOp JOBXWUHU 4N, Lo MICTUTb 3MiHM Fino-
LleHTpanbHMX napameTpiB, ki NOTpibHO BU3Hauntn; W — gi-
aroHanbHa MaTpuvus Ans 3BaXKyBaHHSA KOXXHOTO PiBHAHHS.

[ns piBHAHHA 3aCTOCOBYETLCA OOMEXEHHS

N Ami=0. (6)

lnoueHTpanbHi NapaMeTpyn OHOBMIOKOTLCH iITEpaTUBHO,

[0k Am' He cTaHe ayxe Manum abo He Gyae BUKOHAHO Kpu-
Tepin 3ynuHKN.

Ak BUXigHe NpuUnyLLEeHHsT MOXyTb OyTU BUKOPUCTaHi po-
3paxyHKu MOMOXEHHS MiNOLEHTPY 3a AONOMOror abcontoT-
HUX MeToAiB (Hampwuknag, OnucaHoro Bulle MeToay
lenrepa) (Akram, 2020).
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Puc. 1. AnropuTtm noaginHoi pi3Huui (Castellanos and Baan, 2013).
[nsa aBox nogin i Ta j nokazaHo No4aTkoBi MicLs (He3adapboBaHi kona), nepemilleHHs (3acdapboBaHi kona)
i BiAMOBIAHI WNAXM NPpOMeHiB A0 cTaHuii k. ToBCTi cTpinku (Ami Ta Amj) no3HayaloTb BigMoBigHI BEKTOPY NepeMilLleHHS

MuTaHHA BUOOpPY MeTOAMKM BU3HAYEHHSA TiMOLIEHTPY.
Bu6ip mMixxk MeTogaMu BU3Ha4eHHS rinoLeHTPY MiKpOCENCMIYHOI
nogii Mae 3ajncHioBaTHcs 6e3nocepeHbo Ans KOHKPETHOI po-
60TU 3 ypaxyBaHHSIM HU3KU chaKTopIB, 30KpemMa: KOMIMIIEKCY Ha-
SABHWX BXiOHMX OaHUX, OCOONMBOCTEN MOMbLOBOro eTany pobit,
€KOHOMIYHMX Ta YacoBuX (hakTopis, NonepeaHLoro AOCBIAY Y
npoBeAeHHi MIKpOCENCMIKM Ha TEpUTOPIi TOLLIO.

Y poboTi (Akram, 2020) HaBOAWTLCA NPUKIAL NOPIBHSHHS
TPbOX METOAIB BU3HAYEHHS FNOLEHTPY MiKpOCENCMiYHOT
nogii (meton leiirepa, MEM, DDM) ansi cBepAnoBUHHOI
po3cTaHoBKM 3 12 npuiiMadamu, po3TalloBaHWMMK Yy OBOX

BepTMKanbHUX CBepAnoBuHax (puc. 2). [Ons po3paxyHkiB
©Oyno BMKOPUCTaHO OOHOBUMIPHY LUBUAKICHY MOAENb.

Sk BUOHO 3 pUCyHKa, BIAHOCHI po3TallyBaHHS MiNOLEHTPIB,
oTpuMaHi 3a gornomoroto MEM i DMM, TouHiLi, Hixk aGCOntoTHi.
Ak anst abConOTHUX, TaK i AN BiAHOCHUX 3HAYEHb MOMUIKL B
rMOUHI € GinbLuMMK, Hixx No naTtepani. CepeaHbokBagpaTUyHa
noxmbka € HaMEHLLIO Arst MeToay NoABIAHOI pisHUMUI. XKoaeH
3 METOLIB HE KOMMEHCYE MOXMOKM B 0OYMCIEHHI LUBUAKOCTI NO-
BHOK Mipoto. OTxe, Wo6 3 TOYHICTIO BU3HAYMTK TMOLEHTPMU,
noTpibHe KOpUryBaHHs! LUBUAKICHOT MoZeni.

Acquisition geometry
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Puc. 2. NopiBHAHHA a6CONOTHMX Ta BiAHOCHUX MeTOoAiIB BU3HAYEHHSA rinoueHTpy MikpocencMmiuHoi nogii (3a (Akram, 2020))
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BucHoBku. Y po6GoTi npoaHanisaoBaHO Cy4acHi meTtoau
BU3HAYEHHS NOSIOXKEHHS MNOLEHTPY MIKPOCENCMIYHOI Nogaii.
HaBeneHo oco6nmMBOCTI WBUAOKICHNX MoAeNen, KX noTpe-
OytoTb GinbuwicTe MeToaiB. OnucaHo knacudikauii meToais
3a pi3HMMK KpUTepisMK Ta HaBedeHo ocobnuBOCTi, nepe-
Barv N HeJoMiKM KOXHOI 3 KaTeropin.

ABTOpY NpmBOAATL AeTanbHU onuc metoay lenrepa,
MEeTOZiB Ha OCHOBI MPOAOBXEHHS XBUINBbOBUX MOMIB y cepe-
JoBuLLe, MeToay NOABIVHOI pi3HMLi. Lli MeToam 3HaxoaaTb
LUMPOKE BUMKOPUCTAHHSA Y CBITOBIN MpakTuui MiKpocencmiy-
HUX pocnigxeHb. MNepen BUOOPOM TOro Yu iHLWOro mMetoay
BapTO NpoaHaniayBaT HU3Ky (OakTOpiB: OCHOBHY MeTy BU-
KOHaHHSA MPOEKTY, BUMOTM Ta OOMEXEHHS, 3a3HaYeHi B TEX-
HIYHOMY 3aBAaHHi, JOCTYMHI BXigHi gaHi, HasBHUA 06'em
KOLUTIB Ta Yac, BUAINEHWNIA HA BUKOHAHHS 0O6pobku Mikpocen-
CMiYHMX OaHuWX Towo. Hanpuknag, ons Ha3eMHOro Mikpo-
CENCMIYHOrO MOHITOPUHIY 3 OOMEXEeHMMU OaHUMKU oo
LBUOKOCTEN Yy po3pisi (HecTadi peneBaHTHOro KapoTaxy,
HeJoCTaTHbO TOYHIW LWBMAKICHIN Mogeni) Oyae OouinbHUM
BUKOPWUCTAHHA MeTOAY NOABINHOI Pi3HUL.
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VELOCITY MODEL CREATION AND THEORETICAL BASICS OF THE METHODS OF DETERMINING
THE HYPOCENTER OF A MICROSEISMIC EVENT WHILE PERFORMING HYDRAULIC FRACTURING

The article is devoted to the analysis of the characteristics of the determining stages of data processing of microseismic monitoring of
hydraulic fracturing. The importance of having an accurate velocity model and the stages of its creation are substantiated. A classification of
velocity models and the input data required for their creation are provided. Groups of methods for determining the hypocenter of a microseismic
event, their advantages, limitations and factors affecting the accuracy of calculations are considered. A detailed description of specific methods
is given. Among the absolute methods are grid search methods, linearized inversion (Geiger) and methods based on the extension of wave fields
into the medium. Among the relative methods are the master-event method and the double-difference method. Algorithms for the application of
specific methods are given. An example of the comparative characteristics of various methods when choosing a method for determining the

hypocenter of a microseismic event is provided.

Keywords: hydraulic fracturing, microseismic monitoring, inverse problem solving, velocity model.
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THE PECULIARITIES OF THE MAIN ORE-FORMING COMPONENTS DISTRIBUTION
IN THE FILIZCHAY FIELD OF THE SOUTHERN SLOPE OF THE GREATER CAUCASUS

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

The article has been devoted to the distribution of the main ore-forming components in Filizchay field of the southern slope of the
Greater Caucasus. 3D model of the mineral elements of Filizchay field has been using "Leapfrog GEO" program. Analysis of the iso-
thicknesses map clearly shows that the eastern flank of the deeper, shallow dipping part of the deposit is characterized by the greatest
thickness where its thickness exceeds practically universally average value of this parameter according to the field. It has been found that
zinc and lead distributions repeat practically each other. The western half of the body differs sharply from the eastern half by stable high
(more than average value) contents. The overwhelming majority of zinc concentrations minimums and nearly all lead minimums are
located in the eastern half which is generally characterized by the contents being below average. According to the copper concentrations
distribution the deposit is very clearly divided into two parts — the southeastern part being thicker and richer and the northwestern part
being relatively less thick and with contents being below average according to the field. The comparison of silver and lead isocontents’
maps indicates a close relationship of both elements as evidenced by the very similar nature of their spatial distribution within the deposit.
As well as for lead one can be generally distinguish two halves in it that are generally differed from each other in the intensity of the silver
mineralization — the northwestern being richer and the southeastern being relatively poorer. The boundary between these parts repeats
mainly the boundary determined for lead not only according to the spatial position but also according to the main details of the outline.
All the maxima of the silver mineralization are located in the northwestern half of the field, the most of which are located on the upper
horizons. According to the intensity degree of the zinc, lead and silver mineralization manifestation in the deposit, two parts can be
distinguished: the western one is richer where almost all maxima are concentrated and the eastern one is poorer which accounts for the
most of the minima. The boundary between them passes approximately in the middle part of the body from the upper to the lower horizons;
it nearly coincides with the direction of its fall and it is distinguished by complex outlines. The frequent isolines repeatability of the zinc
and lead contents, the close spatial position of their maxima centers suggest a close positive correlation between them.

Keywords: Filizchay field, the southern slope of the Greater Caucasus, 3D model of elements, "Leapfrog GEO" program, distributions

of zinc, lead, copper, silver.

Introduction. The pyrite-polymetallic deposits are
concentrated either among igneous rocks (mainly Ural,
Altay, Lesser Caucasus types) or they are localized both
among effusives and sedimentary strata ("Kuroko" types) or
among sedimentary shale strata (the fields localized in the
Jurassic shale strata of the Greater Caucasus).

Presently these families of the pyrite deposits are
combined into three groups (Lobanova and Nekosb, 2017;
Imamverdiyev et al., 2021; Lobanov and Yakubchuk, 2014;
https://www.sciencedirect.com; https://en.wikipedia.org).

The first of them is closely connected with the volcanic
rocks and it is accepted as a typical classical pyrite that is
called VMS (Volcanogenic Massive Sulfide).

The second group which is connected with terrigenous-
carbonate, terrigenous strata is called stratiform Pb-Zn deposits
or SEDEX (Sedimentary Exhalative). The deposits of
SEDEX groups type are currently main source of zinc, lead
and silver (Emsbo et al., 2010; Goodfellow, Lydon, 2007;
https.//www.sciencedirect.com; https:/en.wikipedia.org).

The third group is stratiform deposits in the carbonate
formations. They are analogous of MVT (Mississippi
Valley-Type).

If the origin of the first and the third groups of deposits in
the literature has been sufficiently substantiated, the models
have been built then there is no consensus on the origin of
the second group of deposits. The most geologists support
the concept of academician V.I. Smirnov — about the
polygenic genesis of the pyrite-polymetallic deposits of the
Greater Caucasus (Baba-zade et al., 1999, 2005, 2017;
Smirnov, 1967).

Due to the above-mentioned the new stage in the pyrite
deposits' research is development and construction of the
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geological-genetic 3D models of the ore-forming systems on
the basis of the geochemical data taken from boreholes.
Based on the detailed mineralogical-geochemical data, the
determination of the ore formation stages, referring them to
some type of the pyrite deposits (VMS or SEDEX) and the
clarification of the ore-forming systems' sources are very
relevant in the modern geology.

The peculiarities of the geological structure of the
Filizchay field. The meganticlinorium of the Greater
Caucasus occupies a special place in the complicated
heterogeneous structure of the Caucasian segment of the
Mediterranean folded belt. Developed on the thin continental
crust in contrast to typical ensialic island arcs it is
characterized by the reduced magmatism with the
overwhelming dominance of the sedimentary formations
that are successively replaced each other in time — aspide
(black-shale), terrigenous-flyschoid and carbonate-flyschoid
of the Jurassic-Paleogene age (Agayev, 1979; Geology of
Azerbaijan, 2007; Kurbanov, 1982).

The available literature data and the huge factual
material collected for more than 30 years of the Filizchay
field's exploration and mainly in the southeastern Caucasus
indicate that the early stage of the Alpine tectonic-magmatic
cycle covers the Lower and Middle Jurassic after which the
tectonic regime restructuring is occurred (Kurbanov, 1986).
So an extensive sedimentary basin of the border sea type
was formed during the Liassic-Aalenian within the Greater
Caucasus where aspide-shale and terrigenous-flyschoid
formations with total thickness of more than 10 km were
formed in the Early and Middle Jurassic (Geology of
Azerbaijan, 2005; Kengerli, 2009).

© Sattar-zadeh N., Imamverdiyev N., 2023
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The Sperozo-Tufan and Zagatala-Govdag zones are
distinguished in the megazone of the Southern slope of the
Greater Caucasus according to T.N. Kengerli (Geology of
Azerbaijan, 2007). The first zone within Azerbaijan is the axial
structure of the Greater Caucasus. The Zagatala-Govdag
flysch zone is downthrown along the Gamarvan fault. The
megazone of the Southern slope has been bounded by the
Krasnopolyan-Zangin deep fault from the south.

According to this author data the Tufan, Jikhikh-
Dindidag, Mazym-Sarybash, Galal-Rustambaz and Megikan
subzones are distinguished within the Sperozo-Tufan uplift
(Geology of Azerbaijan, 2005).

All known pyrite-copper-polymetallic deposits (Filizchay,
Kasdag, Katekh, Jikhikh, Mazymchay, Cheder, Kasmalin)
and ore occurrences (more than 70) are concentrated in the
Lower-Middle Jurassic terrigenous strata of two longitudinal
subzones — Tufan and Mazym-Sarybash. Their geological
structure is distinguished by a number of the specific
peculiarities within the Southern slope of the Greater
Caucasus (Agayev et al., 2005; Baba-zade et al., 2005;
Novruzov, 2016).

An analysis of the Jurassic and Cretaceous sedimentary
formations of the considered territory has shown that they
belong to the deposits of the graywacke, aspide,
terrigenous-flyschoid and  multicolored  terrigenous-
carbonate-flyschoid  formations  according to the
composition. The rocks of these formations form here three
rhythmic complexes. From which the early (graywacke
formation) and middle (aspide and terrigenous-flyschoid
formations) ones correspond to the Lower-Middle Jurassic
development stage of the Alpine trough zone but the late
rhythmic complex (multicolored formation) corresponds to
its Upper Jurassic-Paleogene, marginal sea stage (Agayev,
1979; Geology of Azerbaijan, 2007; Kurbanov, 1982).

The structural position of the Filizchay field is determined
by its confinement to the junction zone of the northern flank of
the Karabchay coffer-shaped anticline with the Kekhnamedan
reverse-thrust that is complicated by the Balakyanchay local
transverse inversion uplift. The main elements of the deposit
structure are: the core of the Karabchay anticline, its northern
flank and part of the Kekhnamedan shear zone that are
covered by the indicated transverse uplift. The peculiarities of
these main structure elements determine the main features of
the Filizchay field structure.

The main peculiarities of the Kasdag-Filizchay ore knot
structure are:

1) The beginning of the modern structures' formation of the
ore knot is connected with growth of the Kasdag and
Karabchay longitudinal consedimentary uplifts which have
been separated by a narrow uncompensated trough during the
Lower Jurassic where the eruptions of the initial basalts and ore
exhalations have occurred. They have formed stratiform ore
bodies of the considered ore knot deposits that are
corresponded to the Pliensbach and Toarian centuries in time.

2) The following tectonic movements have already
caused compensated trough origin of the Kekhnamedan
deep-seated upthrow-thrust shear zone in the site and the
transformation of the brachiform uplifts into the Kasdag and
Karabchay anticlines of the first order;

3) Three various aged, permanently alternating each other
tectonic deformations stages can be distinguished within the
ore knot. The first stage is preceded by the formation of dykes
and sills of the first group and it corresponds in formation time
to the first-order anticlines, the second-order linear folding, the
second-order folding, flow cleavage, upthrow-thrusts; the
stage is completed by the injection of the subvolcanic
intrusions of the second group;
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4) The second stage of the tectonic deformations has
formed steep cleavage zones of the fault, contorted folds,
ductile ruptures. It has created dikes boudinage of the first and
second group and has complicated by the injection of the
small intrusions of the third group gabbro-diorite association;

5) The third stage of the deformations led to the
development of the transverse flexural bends and fault-shear
faults, previously formed longitudinal linear folds, faults, flow
cleavage and the secondary schistosity (Kurbanov, 1986).

The main peculiarities of the morphology of the pyrite-
polymetallic deposit of the Filizchay field is that it is a single,
compact sheet-like body being mainly composed (at 90-95%)
of sulfide ores aggregates, the basis of which is pyrite and a
far lesser degree sphalerite, galena, chalcopyrite and
pyrrhotite (Novruzov, Sattar-zade, 2019). The carbonate
minerals and even less — quartz, sericite and chlorite played
a subordinate role in the deposit composition. The ore body
lies among the monotonous clay shales of the upper — third
bend of the Filizchay series.

The results discussion. 3D model of mineral elements
of the Filizchay field was built using the Leapfrog GEO
program which was developed specifically for geologists
(https://leapfrog3d.com).

Using 3D models gives possibility to build a model of the
field in a cross strike of the deposit (https./leapfrog3d.com).
The geochemical model not only for one ore deposit but for all
elements of the field was created by the means of 3D model
and structures realized in the integrated package of "Leapfrog
GEQ" programs. The geochemical model according to the
individual elements or due to assembly of the certain elements
(for example, Cu + Zn + Pb) is built after creating 3D from the
selected models of the Filizchay field elements. This block-
diagram can rotate in different directions and it is possible to
consider their full 3D field model.

The analysis of the thickness values distribution and the
useful components content along the lateral, normal and
down-dipping of the deposit was conducted for the purpose
of characterizing the spatial variability of the mineralization.
For this purpose, the isolines of the true thicknesses and
contents of the valuable (Cu, Zn, Pb) components, their sum
as well as the distribution of Ag having a high content for the
deposit of the Filizchay field were built on the projection of
the ore deposit on the horizontal plane. They were
constructed on the basis of the above-mentioned "Leapfrog
GEQ" program (table, fig. 1-5).

The parameters of the complete ore intersections (wells
and mine workings) — the total intersected thickness of the
body and the average contents of useful components over
the intersection, calculated according to the conditions
within the geological deposit boundaries without including
spotty-disseminated and massive copper-pyrrhotite ores
were occurred as single observation. The traditional method
of data interpolation between neighboring observations was
used at constructing these isolines.

Analysis of the iso-thicknesses map clearly shows that
the eastern flank of the deeper, gently sloping part of the
deposit is characterized by the greatest thickness, where its
thickness exceeds the average value of this parameter for
the field almost everywhere. This part of the field is
represented by an area of the increased and high
thicknesses on the graph which has the form of a wide
(400-300 m) and extended along the dip (more than 1000 m)
53 line, plunging into the plane of the body in a northeast
direction approximately at 45° angle with respect to strike.
The upper flat boundary of this line is determined by the
position of the almost universally manifested bending of the
deposit. Three maxima of the isometric outlook are
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established within the line: two small ones in its upper part
and one being the most significant in intensity and spatial
development at the deepest explored horizons of the
northeastern deposit flank. Updip described line continues

through a narrow pinch on the upper horizons of the western
part of the field and it is expressed by the limited area of the
increased thicknesses values with one small maximum
(Sattar-zade and Imamverdiyev, 2022; Novruzov, 2011).

Table
Fragments of the results of the group samples analyzes for compiling a geochemical model of the Filizchay field
Ne well From-to, m Cu % Zn % Pb % S % Ag g/t
26 117,3-126 0,48 10,5 3,95 40 90
30 400,9-411,9 0,3 9,9 5,75 42,9 140
56 409-412 0,29 3,74 0,88 42,9 90
57 383-388,3 0,68 3,3 1,2 38,9 25,8
67 554,3-564 0,56 4 1,47 38,9 29
68 303-309,5 0,81 3,88 1,5 41,8 44
70 253,8-264,5 3,7 0,55 0,28 39,5 150
310 189,2-199,1 0,51 7,12 3,3 45,5 43,4
312 119,7-131 0,7 6,25 2,55 39,1 48
314 251-260,3 0,53 4,12 1,74 36,8 36,8
315 151,1-163 0,55 3,85 1,6 38,2 43,8
342 303,9-313,3 0,63 1,63 0,44 35,3 22,6
349 385,9-391,5 0,8 2,2 0,76 38,7 36
360 134,6-144,5 0,53 5 1,9 43 62
374 202-216,4 0,53 6,75 1,65 42,7 36
404 335-346,6 0,41 4,75 2,24 43,6 46
416 86,1-90,4 0,3 2,24 0,24 29,3 25,6
443 458,3-469,4 0,8 1,81 0,55 36,7 23,2
444 290,6-303,6 0,48 4,95 1,42 39,5 60,3
469 302,8-316,3 1,22 2,57 0,64 36,3 9,1
515 756,3-762 0,53 3,65 1,87 45,1 80
528 505,6-513 0,48 2,7 1,55 29,7 46,6
555 657-661,6 0,34 0,8 0,22 30,5 40
558 199-206 0,78 2,9 0,96 40 24,6
560 860,8-864,9 0,4 1,57 0,27 42 21
575 781-785 0,43 6,6 0,52 37,2 47,2
583 876,2-877,1 0,47 1,16 0,71 42,4 3,1
584 664-667,2 0,9 1,84 0,42 34,6 20
592 756-762,8 2,4 1,05 0,08 38,5 10,4
594 952-960 0,63 0,13 0,28 45,8 28,8
600 836,1-844 0,42 1,73 0,44 37,9 16
605 188,8-192,9 0,42 5,39 1,82 37,3 72
606 197,6-202,6 0,32 8,25 3,09 41,1 71,4
608 273-280,4 0,47 1,03 0,25 43,3 2
611 273,6-275,5 0,33 3,13 0,93 40,4 17,8
620 252,4-254 0,38 6,12 2,87 37 82
624 178-188 0,96 0,03 0,84 41,7 20,5
644 245,4-258 0,37 10,52 2,81 37,6 67,8
659 475,4-476,6 0,43 7,02 2,28 39.7 45
668 288,5-297 0,54 1,31 1,3 42 60
670 709,1-710,3 0,16 0,48 1 40,9 55
676 731,4-737 0,63 0,69 0,14 41,4 600
696 522,8-530 0,33 5,86 1,82 38 70
698 344-352,4 0,7 5,66 3,04 34,1 80
703 581-588,9 0,29 2,37 0,64 39 354

The zinc and lead isoconcentrations' map (Fig. 1-2) clearly
show that these elements distributions repeat practically each
other. The western half of the body differs sharply from the
eastern one by the stable increased (more than average value)
contents. The overwhelming majority of zinc concentrations'
minima and nearly all lead concentrations' minima are located
in the eastern half that is mainly characterized by the below
average contents. The boundary between two parts of the
deposit is established by the positon of the metal
isoconcentrations lines. The subvertical one has a rather clear,
generally upcoming to the linear form being typical for zinc and
steep tortuous, more complex in outlines — for lead. The largest
maximum of the zinc contents being elongated to a depth in the
direction from southwest to northeast and spatially coinciding
with one of the most significant thicknesses minima, is on the
western periphery of the upper deposit part. The other very

ISSN 1728-2713

small maxima are entirely distributed in the same western half
of the deposit. The lead distribution is more complex here: the
maxima of the contents are more numerous and the
appearance of the part of them on the upper horizons is due to
the development of oxidation and secondary enrichment
processes. The comparative analysis of the values distribution
of all three named parameters shows that in general the
concentrations' minima are either overlapping with the
thicknesses maxima or they are laying in the region of the
increased values of the last ones. The mentioned circumstance
indicates the existence of the feedback between the thickness
and metals contents. The closeness of this relationship is not
the same for different deposit parts and it will be estimated
below. The frequent isolines repeatability of the zinc and lead
contents, the close spatial position of their maxima centers
suggests a close positive correlation between them.
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“Fig. 1. The spatial distribution of zinc in the Filizchay field
Fig. 2. The spatial distribution of lead in the Filizchay field
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The behavior of the copper mineralization is completely
different (Fig. 3). According to the distribution of the copper
concentrations the deposit is very clearly divided into two
parts: southeastern and northwestern. The boundary
between them can be established diagonally in the plane of
the ore body from the southwest (from its western flank in
outcropping place) to the northeast (to the deepest horizons
of the eastern periphery) approximately at 45° angle i.e.
according to its declination. The southeastern half is
occupied by the areas of the increased copper
concentrations with the maximum in the eastern part within
hypsometric marks of 600-700 m and several maxima
elongated almost along the entire length near the surface
which are arisen in connection with secondary enrichment
processes. These areas have complex irregular outlines. In
the generalized form they can be divided into two groups
according to the conditions of occurrence. The flat line on
the uppermost horizons with numerous "tongues" running to
the shallow depth being perpendicular to the strike of the
deposit belongs to the first group. The second group has
been represented by three vast regions which are mainly
located in the direction of the declination and having lines
form. The last eastern line narrows sharply with depth
turning into a narrow band with the same orientation. The
areas with the ordinary contents are located between them.
The total low content of copper and complete absence of the
increased concentrations distinguish the northwestern half
of the body. The minima being extensive in sizes and having
mostly relatively simple isometric and elliptical shapes
occupy about half of its area. All minima are located below
920 m, the westernmost of them is also the largest one in
area. The copper concentrations distribution largely repeats
the thicknesses distribution. So there are almost completely
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Fig. 5. The spatial distribution of siIvr in the Filizchay field

North ()

coincided the main (general) diagonal boundaries passing
through all deposits and dividing them into two halves being
heterogeneous in content and thickness; the maxima of
these parameters values located in the northeast of the
deposit as well as the majority of the most significant minima
are spatially close. The pattern being more complicated and
irresponsible to this scheme in the southeastern part of the
deposit is explained by the enrichment of the secondary
copper minerals that are occurred at the upper horizons.
Generally, the graphic material analysis clearly indicates the
presence of the total positive relationship between the
considered parameters.

The distribution of the silver is characterized by the great
complication (Fig. 5). Comparing maps of the silver and lead
isocontents is indicative of the close relationship of both
elements as evidenced by the very similar nature of their
spatial distribution within the deposit. As well as for lead two
halves can be generally distinguished in it. They are
generally different from each other in the intensity of the
silver mineralization — the northwestern one being richer and
the southeastern one being relatively poorer. The boundary
between these parts repeats largely the boundary
determined for lead not only according to spatial position but
also according to the main details of the outline. It also has
a complicated flexuous configuration and it runs
approximately diagonally from the southwestern to
northeastern corner of the deposit dipping to the northeast
in the ore body plane. All the maxima of the silver
mineralization are located in the northwestern half of the
deposit. The most of which are distributed on the upper
horizons. The extended (about 250 m) gentle line of the
highest silver concentrations is located near the surface
occupying all length of this half. It is connected with the
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secondary enrichment of ores. Several small maxima are
established areally towards the strike normal below it, the
distribution of which is limited about 820 m depth. Finally two
more maxima falling on the deep horizons of the central part
of the deposit occupy the lowest position. Three minima
being small in area are located in the western periphery of
the body beginning from medium ones up to the maximum
reached depths. The development of the minima, being
significant in area and established in all investigated depths
interval, is characterized for the southeastern half
distinguishing by the general low silver content. Relatively
high concentrations areas have the limited distribution
mainly on the southeastern flank of the area and they are
separated from the minima by wide lines of the ordinary
contents. The western number of the minima marks the
conventional boundary dividing the deposit into two parts.

The distribution of the gold concentrations in the most
general terms is similar to the copper mineralization location.
The maxima chain is located diagonally in the ore body
plane that is subjected to the direction of the general
subsidence from the southwest to the northeast. These
maxima are developed across the entire range of the
investigated depths dividing the field on the diagonal into two
parts. The upper ones of the maxima are associated with the
secondary enrichment. The lower ones reflect the primary
zoning of the ore deposition. The wide development area of
the minimum gold concentrations with a number of the deep
minima can be distinguished below (northwest) of the chain
adjacent to it. Another maximum appears at deep horizons
in the northwestern part of the deposit. It is framed by the
narrow gentle line of minimum contents values. Generally
the southeastern (upper) half of the body is characterized by
the greater intensity of the gold mineralization manifestation
in comparison to the northwestern (lower) half that directly
corresponds to the distribution of thicknesses in which the
eastern part of the deposit is distinguished by the great
thickness (thereby the secondary enrichment zone is not
taken into consideration). Generally the gold contents
maxima coincide with the thicknesses maxima in the above
mentioned chain. The boundaries of the deposit separation
according to the intensity degree of the gold mineralization
and in terms of the thicknesses into richer, comparatively
thick and relatively poor and thin halves are close to each
other in spatial position and even in many outline details.
This is especially true of the lower gently pitching part of the
body where several maxima of the both parameters values
are superimposed on each other.

Conclusion. Giving a brief overview of the conducted
investigations we note that according to the analysis of the
actual material the variability of the distributions of the
thicknesses and copper content is the most contrasting. For
which the deposit declination in the northeast direction is
very clearly manifested during its falling to the north. This
declination has been expressed by maxima and the
increased values lines of the mentioned indicators as the
individual lines or chain passing in the body plane from its
southwestern to northeastern flanks. According to the
distribution nature of the thicknesses and copper contents
the deposit is clearly divided diagonally into two parts — the
southeastern, thicker and richer part and the northwestern,
relatively lower thickness and with contents being below the
average over the deposit. According to the intensity degree
of the manifestation of zinc, lead and silver mineralization in
the deposit one can distinguish two parts: the western part
is richer where almost all maxima are concentrated and the
eastern part is poorer which accounts for the most of the
minima. The boundary between them passes approximately
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in the middle part of the body from the upper to lower
horizons; it roughly coincides with the direction of its fall and
is distinguished by complex outlines. The gold distribution is
the most complex. The extensive area of low and minimum
metal concentrations is distinguished in the middle part of
the deposit beginning approximately from the level of the
incidence angle change and below to the hypsometric mark
of about 500 m. This area is framed (with the exception of
the northwestern and southeastern angles) by a wide halo
of the increased contents. It occupies all other area of
deposit and within which many small maxima in size are
located. The distribution of the main ore-forming
components (zinc, lead and copper) in the horizontal section
is illustrated on the plans of three horizons representing the
upper, middle and deep parts of the deposit.
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and deposit zoning of the Filizchay pyrite-polymetallic field (Southern slope of
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BakuHCcbKUi AepXXaBHUIA yHiBepcuTeT,
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OCOBMUBOCTI PO3MNOAINY OCHOBHUX PYNOYTBOPIOBAJIbHUX KOMMOHEHTIB
SUNIBYAUCBKOIo POAOBULLA NMIBOEHHOIO CXUNY BENMKOIo KABKA3Y

HocnidxeHo po3nodin ocHoeHux pydoymeoprosasnibHUX KOMMOHeHmie ®inizqalicbkko2o podosuwja niedeHHo2o cxuny Benukozo Kaekasy.
3D modensb enemenmie kopucHux konanuH ®Pinizyaliccko2o podosuwia 8UKOHaHa 3a donomoz2oro npoz2pamu "Leapfrog GEO". AHani3 kapmu i3omoe-
WUH 4imKo nokasye, ujo HalibinbwWor nomyxHicmio xapakmepu3syembcsi cxiOHull ¢pnaHz 6inbw a2nubokoi, nonozocnadHoi YacmuHu noknady, oe if
nomyxHicms nepesuwye cepedHe 3Ha4YeHHS 4b020 napamempa no podosuuly. BcmaHoeneHo, ujo po3nodinu YUHKY i CBUHUIO MPakKmMu4HoO noemo-
proromb 00UH 00HO20. 3axiOHa NosI08UHa KOprycy pi3ko eidpizHsiembcsi id cxiOHOi cmabinbHO eucokuM (6inbwum 3a cepedHe 3Ha4YeHHs1) 8MiCMOM.
lNepesaxHa 6inbwicmeb MiHiMyMie KOHUeHmMpauil YUHKY i Malie eci MiHIMyMu ceUHU0 po3mauwosaHi y cxiOHili Mos108UHi, sika 3a3euyall Xxapakmepu-
3yembCsi HU3bLKUM 8MicmoM yux ernieMeHmie. BidnoeioHo do po3nodiny koHuyeHmpayii mioi podosuwe Oyxe 4imko po3dineHe Ha 08i YacmuHu:
niedeHHo-cxiOHa yacmuHa € 6inbw moecmoro ma 6azamworo, a nNieHi4YHO-3axiOHa YyacmuHa Mae 8iO0HOCHO MeHWY MO8WUHY ma eMicm efieMeHmy
Hux4uli 3a cepedHili no podoesuuja. [opieHAHHSI Kapm i30KOHMeHMYy cpibnia ma ceuHyto ceid4yums NPo micHuli 38’30k 060x ennemeHmie ma nodgdi6-
Hul xapakmep iXHb0O20 NPOCmMopo8o20 po3nodiny Ha podosuwi. Tak camo, siK i Onsi cCeUHYIO, 8 HLOMY MOXXHa 3a2asioM eudinumu 08i YacmuHu, siKi
8i0pi3HsitombCs1 00Ha 8id 0dHOI iHmeHcusHicmio MiHepanizayii cpiéna — nieHiyHo-3axioHa 6inbw 6a2ama i nie0eHHO-cxiOHa 8iOHOCHO 6idHiwa. Mexa
MK YuMU YacmuHamu 8 OCHOBHOMY MOBIMOPHE MEXY, 8U3HAYEHY Oisl CBUHUIO, He MINbKU 3@ MPOCMOPO8UM MOJIOKEHHSIM, ane U 3a OCHOBHUMU
demansmu KOHmypy. Yci Makcumymu cpi6Ho20o 3pyOdeHiHHs1 po3mawoeaHi e nieHiYHo-3axioHili mos108uHi nons, 6inbwicmb 3 HUX — Ha 8ePXHIX 20pu-
30HMax. 3a cmyneHeM iHmeHcueHocmi Nposiey YUHKOEOI, ceUHYe8oi ma cpibHoi MiHepanizauii Ha podoeuw,i MoxHa eudinumu dei yacmuHu: 6inbw
6azamy 3axiOHy — Oe 30cepedxeHi Malixxe eci Makcumymu, i 6iOHiwy cxiGHy, Ha sIKy npunadae 6inbwicmeb MiHiMymie. [paHUYUs Mixx HUMU npoxodumb
npu6nusHo e cepedHili YacmuHi mina eid eepxHbL020 00 HUXXHLO20 20PU30HMI8; 8OHa Malie 36iczacmbCsi 3 HanPsIMKOM ii NadiHHs i eudinssembcs
cknadHumu obpucamu. Yacma noemoprosaHicms i30niHili eMicmy YUHKY i ceuHyto, 61u3bKe npocmopose po3mallyeaHHs1 yeHmpis ix Makcumymie
ceidyumsb npo micHuli no3umueHull 38 'A30K MiXX HUMU.

Knroyoei cnoea: dinizyailicbke podosuuwe, niedeHHuli cxusn Benukozo Kaeka3sy, 3D modenb enemenmis, Leapfrog GEO, po3nodin YuHKy, CEUHYHO,
Mmioi, cpiéna.
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EKOJIOriYHI TA COUIAJIbHI PU3IUKUN B MIDKHAPOAHUX TA BITYU3HAHNX CUCTEMAX
OLLIHKM MIHEPANTbHUX PECYPCIB

(MpedcmaeneHo 4YieHoM pedakyiliHoi Koneail 0-poM 2eos. Hayk, npogh. B.A. Muxaiinoeum)

Bu3Ha4yeHo, w0 ekoJsio2i4Hi i coyianibHi PU3UKU OCBOEHHSI HAaGP cmasnu KIIFo4Yo8UMU Mid Yac peanizauii Mpoekmie 2eo/102i4H020 eu-
8YEHHS1 | MPOMUC/I08020 OCBOEHHS1 POO0B8UW, KOPUCHUX KOnasiuH. BcmaHoeieHo OCHOBHI ckiadoei yux pu3ukie, siki noe'sizaHi 3 npobiie-
Mamu ynpaesiiHHs 800HUMU pecypcamu, rnpouyecamu OexkapboHizayii eupobHUYMEa, 3MEHWEHHSIM He2amueHOo20 8IIuU8y Ha 3MiHy
Knimamy, ekonoziyHicmio supobHuUymea i obcsizamu eukuois, siki HanpsiMy abo HenpsiMo rnoe'sizaHi 3 dobyeHUMU nidnpuemMcmeamu ma
iH. [[poeedeHo 3icmaeneHHs1 8iMYu3HsHUX i MiXXHapodHUX cmaHAapmie oUiHKU 3anacie i pecypcie KopucHuUX KornasuH 3a 6a3oeumu o3Ha-
Kamu knacudbikayii i3 eusHa4YeHHsIM coyianbHUX i eKkosio2idHUX ghakmopie ouiHku. AHanizyrombCcsi ma rnopieHrMbCS KnacudgikayitiHi
o3Haku Knacudbikauii 3anacie i pecypcie kopucHux konanuH [epxaeHoz2o ¢hoHdy Hadp, Pamkoeoi knacudpikayiir OOH, Cucmema ynpae-
nNiHHs1 Hagpmoeumu pecypcamu PRMS, MixHapodHi cmandapmu 3eimHocmi Komimemy miHepanbHux pecypcie CRIRSCO 3 memotro ecma-
HOBJIeHHS] O3HaK, siki G0380/IsIlOMb 8U3Ha4Yamu couianibHi Ma eKoslo2iYHi pusuku npoekmie HadpokopucmyeaHHsi. HasieHicmb yux
npsIMUX O3HakK y KacugbikayiliHux cucmemMax ceid4ums npo crpsimosaHicms cmaHoapmie oUjiHKU G0 KOMIIIIEKCHOI OUiHKU MpoeKmie siK
makux, ujo eidnosidaroms yinsiM cmano20 po3suUMKY.

CouianeHi i exosocidHa xumme3odamHicmb npoekmie Hadpo- i NPupPoAoKopuCMye8aHHs1 BUKOPUCMOBYEMbLCS SIK MPsIMa O3HaKa siuwe
y Pamkoeitl knacudpikayii OOH, npu4omy ii eknrovyeHHs1 8idbynocsi 8 2009 poyi 8 YacmuHi coyianibHUX YUHHUKIS, a 8 2019 poyi— 8 yacmuHi
ekonoeidHux. Ls1 knacugpikayis posanssdaembcs ik iHcmpyMeHm egheKkmueHo20 yrpaessliHHS HayioHalbHUMU pecypcamu, Heob6XiOHUMU
ons peanizayii yineli cmasoz2o po3eumky, Wo dae MoXnueicms yciM 3ayikaeneHum ocobam 3Haxoo0umu crnifbHe Po3yMiHHSI pO38UMKY
pecypcie ma mepumopiti, pobumu 3icmaesieHHs1 NPoeKMie y pi3HUX eudax pecypcie i kopucmyeaHHs1 Hadpamu. B iHwux MixxHapoOHuUx
cmaHOapmax, siki i y eimyu3HsiHil knacudbikayii epxxasHo2o0 ¢hoHAy Hadp, couianbHO-eKoI02i4YHI Kpumepil paxo8yrombCsi HeNnpPsIMuM
YUHOM, W0 € OOHUM 3 K/TH040B8UX HarpsiMie po3eUmKy yux cucmem ouyiHroeaHHs1 MiHepanbHUX pecypcie. Takuli po3eumok Mosxe 8ioby-
eamucsi y 080X HanpsiMax: eKI/Tl0YeHHsI coyianlbHUX i eKos102iYHUX Kpumepiie HanpsiMmy sik 6a3oeux O3Hak, MPUYOMy Ue MOXJTUBO SIK Y
8u2s1s0i KOMINJIeKCHUX napamempie, mak i okpeMux Knacie/nidknacie; eukopucmaHHsi i 600CKOHaIeHHs1 iCHYHHYUX MemoOuK eapmicHoi
ouiHKU pecypcie i 3anacie i3 epaxyeaHHsIM eKoJI02i4HUX i coyianbHUX pu3ukKie peanizauii npoekmie HaGpokopucmyeaHHs.

Knro4yoei cnoea: mMixkHapoOHi cmaHOapmu, oyiHka 3anacie, ekoso2iyHi i coyianbHi pu3uku, o3Haku knacudbikayitl, miHepanbHi pecy-

pcu, NpoeKmu HaBpPoKoPUCMYSaHHSI.

AKkTyanbHicTb AocnimxkeHHs. YCi Bigomi MixHapoaHi
CTaHOapTV OLiHKM 3anaciB i pecypciB, a TakoX BiTYU3HSAHI
HOPMaTWBHI JOKYMEHTU MicTATb knacudikauii ob'ekTiB 3a
BaXKITMBMMMW r€ONOriYHMMM Ta NPOMMCIIOBUMU O3Hakamu. Lli
0O3HakK KnacugikaLin BUHUKaOTb HE BUNAAKOBO, i 3a3BMUYai
BifoOpaxaloTb Tpaauuii Ta eTanu reonoriyHoro BUBYEHHS
Ta OLiHKN pOAOBULL, KOPUCHMX KOMAaNWH, AKi iCTOPUYHO Gynu
PO3BUHYTI Y KOHKPETHOMY PErioHi.

Knacudikauis 3anacis i pecypciB KOPUCHWX KoMaruH
AepxaBHoro hoHay Hagp BCTaHOBIHOE MPUHLMMM Migpaxy-
HKY, reosioro-eKOHOMIYHOI OLiHKM Ta AepXKaBHOro obniky 3a-
naciB KOPWCHMX KOMamnuH, 3aranbHuxX Ans LepXaBHOro
doHay Hagp YKpaiHu 3a piBHEM X MPOMWUCIOBOrO 3Ha-
YEHHS!, CTYNEeHeM iX reosioriyHOro i TeXHiKO-eKOHOMIYHOro
BMBYEHHS, MiArOTOBNEHOCTI A0 MPOMWCIIOBOrO OCBOEHHSI.
Llen JOKyMEHT BCTaHOBIOE OCHOBHI MPUHLMMMN KifbKICHOT
OUiHKM MiHepanbHUX pecypciB (Knacugikauis, 1997) Bigno-
BiJHO [0 BMAIB KOPUCHMX KOMAmnuH i reonoro-npoMmcroBmx
TMNiB pooBuLL. [1ns GinbLIOCTi BITYM3HAHWUX reonoriB MUHY-
1noro CToniTTa TpaanuinHMMKM 03Hakamu knacudikauii 3ana-
ciB i pecypciB Oynu CTyniHb reonoriYHoOro BMBYEHHS Ta
AKICTb KOPUCHOT KOManuHu, sika BpaxoByBanach nig yac Bu-
3HayeHHs1 6anaHcoBOiI HanexHOCTi 3anacis. [NpakTika BUKO-
PUCTaHHA YMHHOI Knacudikauii € Oinbl pPO3LMPEHOID i
cucTemMaTtusye 3anacu i pecypcu KOPUCHMX KoMamnuH 3a
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NEBHVMMUN PIBHAMW NMPOMUCIIOBOTO 3HAYEHHSI Ta CTYNeHem
TEeXHIKO-eKOHOMIYHOI Ta reonoriyHoi BuBYeHocTi. Lia knacu-
dikauis MiCTUTb Knacu i nigknacw, igeHTndikoBaHi 3a gono-
MOrO MDKHapOOHOro TPUMOPSAKOBOrO YUCIIOBOrO KOAY.
CborogHi Hawa knacudikauis rapmoHisoBaHa 3 PamkoBoto
knacucikauieto pecypcie OOH 3a Bepcieto UNFC 2009,
He3BaXkaloun Ha Te, WO BXe icCHye oHoBneHa Bepcis 2019
(UNFC, 2019).

AKTyanbHiCTb AaHOro 4OCHiAKeHHS NoB'A3aHa 3 iHTerpa-
Liiet0 BITYM3HSHOTO HAAPOKOPUCTYBaHHS y rnobarnbHi Ta eB-
ponenchbKki perioHanbHi ranysesi opraHisauii, a Takox Yy
CBITOBiI CMCTEMW iHBECTYBaHHS B ripHU40400YyBHI 06'€KTu.
BiTun3HaHa miHepanbHo-cupoBrnHHa 6asa Bknioyae H6arato
KOPUCHUX KOMasuH i3 nepeniky KPpUTUYHUX i cTpaTeridHmx
ansa CLUA, Kanagm, AnoHii, AeBctpanii, kpaiH €C. 3po3ymi-
NiCTb | 4OCTYNHICTb reonoriyHol iHpopMalLlii, ska cTocyeTbes
HaLunX 06'eKTiB, MPUCKOPUTb NPUAHATTS pilleHb Woao ix iH-
BECTYBaHHs Ta PO3BUTOK NPOEKTIB. PO3yMiHHS BUMOT MiXHa-
pPOAHUX CTaHAapTiB 40 PO3BiAKW POAOBULL, AO3BOMMUTE Ham
LUBMAKO Ta SIKICHO BUBYATW BriacHi 00'ekTu Ta BigbupaTtu ui-
KaBi iHO3€MHi MPOEKTH.

MNocTaHoBKa npobnemu B 3aranbHOMY BUrnagi ta ii
3B'A30K i3 BaXIIMBUMU HAYKOBUMMW UM MPaKTUYHUMMU
3aBAaHHAMM. AHani3 cucteM knacudikauii Jo3Bonse Bu-
3HAYUTW HanpsaMu noganblmnxX 3MiH Ta rapMoHisauii

© Buxsa C., Kypuno M., Matok C., TkayeHko 0., 2023
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HaLuioHanbHOT cUCTEMU OUiHIOBaHHSA. [loHeaaBHa couianbHi
Ta eKOoJoriYHi YNHHMKKM PiAKO BpaxoByBanucs nig vyac krnacu-
ikaLlii 3anacie i pecypciB KOPUCHMX KOManuH. IX 3HauYeHHs
3HaA4yHO 3pOCO 3a OCTaHHI Kiflbka pokiB. barato npoekTiB
Oyro BigknageHo abo ckacoBaHO Yepes Te, L0 BOHW He BU-
npaeganu couianbHUX YM EKOMOriYHMX OYiKyBaHb, HaBiTb
SKLLO BOHW BignoBiganu BCiM iHLUMM BUMOram KifbKOCTi, sIKO-
CTi i NpnBYTKOBOCTI. Pi3HOMaHITHI YAHHWKK, 3anyyeHi Jo kna-
cudpikauii  pecypciB, He iCHyIOTb i30MbOBaHO, a fgjloTb
KOMMMeKCHO. 30KpemMa, Ha KOHKPETHI MUTaHHSA NpaB BracHo-
CTi i BUKOPUCTAHHA pecypcy, YMOBU fiLeH3yBaHHA Ta iHLWi
IOPUANYHI MUTaHHS, SKi B pe3ynbTaTi CTBOPIOKOTL i EKOHOMIYHI
YMOBW, MOXYTb BMNMAMBATU couianbHi Ta eKOMorivHi pusnKku.
3aTpumka, CnpuYnHeHa po3B's3aHHSIM LUX NUTaHb Yy 3B'A3KY
i3 coLianbHO-eKOMoriYHMMK NpobrnemMamm, Moxe MaTn 3Hau-
HWIA BNIMB Ha €KOHOMIKY NPOEKTIB i HaBiTb 3pObUTK iX eko-
HoMiuHO HesurigHummn (UNFC and Social.., 2022).

Knacudikauii 3anacis i pecypciB KOPMCHUX kKOnasnvH 3aB-
XOW BigoOpaxatoTb HarBaXkNMBIWi 0COBNMBOCTI NPOEKTIB
KOPWUCHUX KOMarnuH, WO BM3HaYaloTb iXHIO e(PeKTUBHICTb. 13
caMoro noyarky Le 6ynm OCHOBHI reonorivHi Ta ripHuyoTex-
HiYHI XapaKTepuCTMKN, NOTIM EKOHOMIYHI Ta eKomnoriyHi dak-
TOopu. Tenep TakMM 3HaAKOM € €KONOriYHWM, couiarnbHuM,
ynpaeniHcekunii (ESG Environmental, social, and corporate
governance), siki 6e3nocepeHbO BMMMBAKTb HA MOXMU-
BiCTb peanisauii npoekTty. [ani M1 aHaniayemo icHytou4i kna-
cudpikadii cucteM, WO6 BM3HAYMTU MpPsAMiI Ta Henpsmi
LASIXK, SKAMU Lii CUCTEMU BpaxoByoTb (haktopy ESG.

AHani3 ocTtaHHix gocnigXeHb i ny6nikauin, y siknx
3ano4yaTKkoBaHO pO3B'A3aHHA AaHoi npobnemMu i Ha AKi
cnMparTbCcs aBTOPU, BUAINEHHA HEBUPILLEeHUX paHile
YacTUH 3aranbHOi Npo6nemu. MixxHapoaHi cTaHgapTu oui-
HKM MiHEepanbHUX PecypciB, SK i BITYN3HAHI HOPMaTUBHI [0-
KyMEHTW, CbOrodHi nyoGnikytoTbCs y BiNbHOMY AOCTYMi OH-
naviH pecypciB, Oe MOXHa BiOCTEXUTU iX PeTPOCMNeKTUBHI
3MiHM Ta akTyanbHuii ctaH (Knacugbikauis, 1997; UNFC,
2019; Petroleum Resources Management System, 2018;
CRIRSCO, 2019 ma iH.). Ockinbkn PamkoBa knacudikauis
CTBOpEHa Ansl rapMOHi3aLii BCiX MOXIMBUX HaLiOHaNbHUX
CUCTEM, TO B OCTaHHE OEeCATUMITTS 3anponoHOBaHi goaart-
KOBi iHCTpyMeHTU "nepeknagy"”, Aki BigobpaxeHi B Tak 3Ba-
Hux Bridging Documents (Bridging Document, 2013, 2015).
Okpemi ny6nikaLii CToCyroTbCsl AOCBiAY | NepCneKkTUB BUKO-
PUCTaHHA CTaHOAPTIB OUiHKM B pi3HMX perioHax (Camisani-
Calzolari, 2002), y Tomy uncni i Ykpaini (bapsubka, 2020).
Y peskmx ny6nikauisx 2015—2020 pp. € NOPIBHAHHSA OLHOK
POAOBKLL 3a Pi3HNMMUK CTaHO4apTaMu, ane BOHW CTOCyBanmucst
NpuVKNazais okpemMmnx poaoBuLL, abo TMNiB KOPUCHUX KOMANuH,
e BOHWM MOpiBHIOBanNucsa nuwe B Mexax 1-2 craHgapTis
(Pydbko, 2017; Pydbko ma iH., 2018).

®DopmynoeaHHs yineld cmammi. Y UbOMYy AOCHIIKEHHI
aHani3ylTbCa Ta MOPIBHIOKTLCA KnacudikauiviHi 03HaKu
pisHNX cuctem: Knacuaikauia 3anacis i pecypciB KOPUCHUX
KonanvH aepxasHoro cdoHay Haap (Knacugbikauis, 1997),
PamkoBa knacudikauis OOH/UNFC United Nations
Framework Classification for Resources (UNFC, 2019), Cu-
cTema ynpasniHHA HadToBMMKM  pecypcamu/Petroleum
Resources Management System PRMS (Petroleum
Resources Management System, 2018), MixHapogHi cTaH-
aaptn  3BiTHocTi KomiTeTy MiHepanbHux pecypcis/The
Committee for Mineral Reserves International Reporting
Standards CRIRSCO (CRIRSCO, 2019) 3 meTO BCTaHOB-
NEHHs1 03HaK, SKi [O3BONSIOTbL BU3HAYaTK coLjianbHi Ta eko-
NOTiYHI PU3MKN NPOEKTIB HAAPOKOPUCTYBAHHS.

Buknan ocHoBHOro matepiany gocnigkeHHs. B ouiH-
Kax 0oOYyBHUX NPOEKTIB €KOMOriyHi i couianbHi pusnky, sK i
ESG 3aranom, 4acto BUKOPWUCTOBYIOTLCA B KOHTEKCTI
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nNpvBabnuBOCTI IHBECTYBaHHS, X04a 3aljikaBrieHi CTOPOHM
BKMOYaOTb He nulle iHBeCTULiNHe cepegoBulle, ane u
KNIEHTIB, MOCTaYarnbHWKIB, MEPCOHan KoOMMNaHiv, MicLueBe Ha-
ceneHHs i ypsau, siki gegani Ginblue 3auikaBneHi B 6e3ney-
HOMy (B yCiX po3yMiHHSX) i CTabinbHOMY PO3BUTKY OpraHisauii
Ta KOMMaHi Ha ixHin TepuTopii. HasBHICTb LMX NpsIMUX O3HaK
y knacudikauimHux cuctemax CBiguvTb MpO ChpPSIMOBAHICTb
CTaHAapTIB OLHKM 0O KOMMITEKCHOI OLHKM MPOEKTIB K TakuX,
LLO BigMnoBigaoTb LifisiM CTarioro po3BuTKY.

CoujanbHo-ekororiyHi npobremun, ki 3a3Buyan onucy-
H0TbCS sIK YMOBUM "coujanbHoi niueHsii" abo "social licence to
operate" (SLO), ctanv ocobnunBo akTyansHUMM B OCTaHHI POKM.
Y 2022 p. npoGriemu Ta pusmkm couianbHMX NiLeH3in ocobnmeo
3arocTpunmcs, Lo Bia3HavalTb NPOrHO3W CBITOBUX ayaMTop-
CbKMX KOMMaHIN. Y HaBedeHin Hwkde Tabn. 1 npeactaBneHo
10 HanBinbLUMX Bi3HEC-PUBUKIB | MOXITMBOCTEN NS BUOOOYTKY
KOPUCHWUX KomanuH i metanis. Pusmku coujanbHuX niLeHsin
3'aBunucs y cnmckax Ton-puaukis y 2015 p., ane go 2022 p.
BOHW He nigHimanucs BuLle 5-ro micus.

3 paHumu EY, ski onybnikoBaHi HanpukiHui 2022 p. (EY,
2022), ESG 3anuwaeTbCA rONOBHUM PU3WUKOM i BUKIIMKOM
Ons ripHM4ogo0yBHUX | MeTanypriiiux komnahin y 2023 p.
HuHi Le nuTaHHa MacwTabHO BKMIOYEHO B KOPMOPATUBHI
cTparterii Yepes 1oro BNAMB Mamxe Ha BCi acrnekTu gisinbHo-
CTi: MPOAYKTUBHICTb, NOMCTUKY, €KOHOMIKY i (hiHaHCK, PUHKN
30yTy Ta iH. [eski 3 Hanbinbwmx cep yaockoHanenHs ESG
He € HOBMMU — 3abe3neyeHHs Biopi3HOMaHITTS, 4OTPUMaHHS
cnpaBeanvBoCTi Ta iHKMIO3ii Bce Le 3anuiiatoTbesl npobne-
MaMu, a 3aKpUTTS LUaxXT i BiQHOBMEHHS BMMaratoTb [OBro-
CTPOKOBOTO, BinbLL cTpaTeriyHoro nnaHysaHHs (EY, 2022).

lMpoTe 3 KOXHWMM POKOM BUMOrM A0 A0OYBHMX Mignpu-
€MCTB MOCUMIOIOTLCS, | HAa CbOrOAHI yNpaBniHHA BOAHUMM
pecypcamu Ta Giopi3HOMaHITTS LWBMAKO CTaloTb HeBiAKNaa-
HUMK npiopuTeTamMm B yMOBax 3MiHW knimaty. 3auikaBneHi
CTOPOHU OYIKYIOTb Bifl KOMMaHIN KPaLLOi OLHKW PU3UKIB i MO-
XKNMBOCTEN iX MiHiMi3auii 3a 4ONOMOro Mpo3opux Aochi-
DXKeHb i rapaHTi Wwoao ixHix pesyneTatiB. binbw cysBopa
3BITHICTb CTaHe KPUTUYHO BaXKIUBOIO, SAKLLIO KOMMaHii XouyTb
BiANOBI4AaTV 3pOCTaloyMM OYiKyBaHHAM 3aLikaBNeHNX CTOPiH
i YHMKaTK 3BMHYBa4eHb Yy "3efieHoMy BigMuBaHHI". BoHycom
KOMMaHisiM, SKi BiAnoBigalTb UMM BMMOram, CTaroTb 3HAYHi
KOHKYPEeHTHI nepeBaru — Big 4OCTyny A0 Kanitany i pecypcis
00 OTpUMaHHA NileHsii Ha NpoBeAeHHS OisNbHOCTI Ta 3any-
YeHHs1 BUCOKOKBanidhikoBaHoro nepcoHany (EY, 2022).

Cepen HamsHauylwmx ans nobyBHOI NpOMUCNOBOCTI B
nepeniky couianbHUX i €KOMOriYHUX YWMHHWKIB Oynu Taki
(B MopsiKy 3MeHLUEHHS): npobrnemun ynpasmniHHA BOAHUMM
pecypcamMu, BiAnoBigHICTb npouecam aekapboHidauii Bupo6-
HMLTBA, 3MEHLLEHHS HEraTMBHOIO BNMMBY Ha 3MiHy KriMarty,
€KOIOrivHICTb BUPOBHMLUTBA i 06Ccarv BMKMAIB, SKi HanpsmMy
abo HenpsiMo NoB'aA3aHi i3 nignpvemcTeamm Ta iH. (puc. 1).

TakMM 4MHOM, couianbHi i eKOMoriyHi pusMKM cranu
©6a30BMMM KpUTEPIAMU AN peanisauii NPoeKTiB HaapPoKopu-
CTYBaHHS i MaloTb 3HaNTK BifOOPaKEHHS B Cy4acHUX Knacu-
dikauinHMX cuctemax 3 OUiHKWM 3anaciB i pecypciB, sKi
BMKOPUCTOBYIOTb BCi 3alikaBreHi ocobu ans NpurAHATTS
yNpaBniHCbKMX Ta iIHBECTULINHUX PilLeHb.

Hwxye (Tabn. 2) HaBeAeHO NOPIBHSIHHSA OCHOBHUX Napa-
mMeTpiB cuctem knacudikauii: CRIRSCO (3a mixHapogHum
wabnoHom 3BITHOCTI Ans Ny6nivyHoi 3BITHOCTI NPO Lini pos-
BiJKMW, pe3ynbTaTu pOo3BiaKkKU, MiHEpanbHi pecypcu Ta 3anacu
KopucHux konanuH (CRIRSCO, 2019)), PRMS Petroleum
resources management system update (Petroleum
Resources Management System, 2018), NPD Cuctema
knacudikauii pecypcis Hopsesbkoro HadhTOBOro AMPEKTO-
paty (The Norwegian..., 2016), Knacudikauii 3anacis i pe-
CypCiB  KOPWCHUX KOManuH [AepxaBHoro c¢oHay Hagp
Ykpainv OCB Ykpainn (Knacugpikauis, 1997).
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Ta6bnuys 1
PaHxXyBaHHs HanMbinbLwmux pu3nkiB 4o6yBHOI i MeTanyprinHoi npomucnoBocTi y 2017-2022 pokax
(cuctemaTtusoBaHo 3a gaHumu EY (EY, 2022))
Ne 2023 2022 2021 2019-2020 2017-2018
ExkonoriyHun EkonoriuHun JliueH3yBaHHs JliueHsyBaHHs
1 i couianbHuh pu3uk/ | i couianbHUM pusnk/ | Ha npoBedeHHs [o0DyBHOI | Ha NpoBeaeHHs AobyBHOT | Lindposa edekTnBHICTL/
Environment Environment fisnbHocTi/ AisnbHocTi/ Digital effectiveness
and social risk and social risk License to operate License to operate
Bucoki oravkn/ KoHkypeHTOCnpoMoXxHa
leononitnyHi puanku/ [ekpaboHisauis/ A PUSVIK Lincdposa edekTnBHICTL / | NpubYTKOBICTL aKLioHepiB/
2 s e High Impact Risks/ o . -
Geopolitics Decarbonization Covid-19 Digital effectiveness Competitive shareholder
returns
. o JliueHayBaHHsa . [MpoayKTUBHICTb Makcumizauiis npuyTky
KnimatuyHi 3amiHw/ Ha NpoBeAEHHS i 3pocTaHHs BuTpart / S . )
3 ) P . L - /Maximizing portfolio KibepaTtaku/Cyber
Climate change nobyBHoOI disgnbHocTi/ Productivity & Rising
) returns
License to operate Costs.
JliueHsyBaHHA -
. ) [ekpaboHisauis/ .
4 Ha NpoBeaeHHs eononiTuyHi puaunku/ Decarbonization KiGepaTaku/Cyber HosiTHi ToBapu/
AobyBHOI AisnbHOCTI/ Geopolitics P y New world commodities
. Green Agenda
License to operate
MpoayKTUBHICTb
i 3pocTaHHsa BuTpat/ . . eononituyHi pnamkm/ 3pocTaHHs Butpat/ HopmatusHuii pusmk /
S Productivity & Rising Kanitan/Capital Geopolitics Rising costs Regulatory risk
Costs.
6 MopyweHHs noctaBok/ | HeBu3HadeHun nonut/ Kanitan/Capital Mikc eHeprii/Eneray mix OnTtumisauist rotiBku/
Supply chain disruption Uncertain demand P P 9y Cash optimization
Liucbposi iHHoBawT CoujanbHa niueHsis
7 | Poboua cuna/Workforce -Mop . " Po6ouya cuna/Workforce | Poboua cuna/Workforce Ha pisnbHicTe/Social
/Digital and innovation ;
license to operate
. . Pob6oua cuna/ . . . . 3awmiHa pecypcy/
8 Kanitan/Capital Workforce BonatuneHicte/Volatility MopyweHHs/Disruption Resource replacement
ABTOMATU3ALLIS HocTtyn go eHeprii Ta ii
9 Lindposei iHHoBaLii/ Hosi Gi3Hec-moaeni/ MchpoBIX al;:le/ WaxparicTeo/Fraud onTumisauis/Access
Digital and innovation | New business models | tvop A . p to and optimization
Digital & Data Automation
of energy
MpoAyKTUBHICTL . .
- . . . YnpaBniHHsi crinbHUMK
Hosgi 6isHec moaeni/ i 3pocTaHHs BuTpaTt/ . HogiTHi ToBapw/ :
10 ) L S IHHOBaUji/Innovation . nignpvemcteamm/
New business models Productivity & Rising New world commodities S
Managing joint ventures
Costs.
BukopucTanHsa auTsayoi poboyoi cunm Il 1
CyyacHi cbopmu Toprisni niogbmmn Ta pabersa il 4
BiopizHomanitra MM 13 m %
MacwTtabwu sukvais 3 Tiuny  HINIIIMITIWIIN 15 ?
PisHoMaHiTHiCTb, cnpaBeanueicte Ta iHterpauis  MIINIITINTTImmmmm 27
Macwta6bwu sukuais Tanis 102 Wi, 31
EkonoriyHe 6e3neune supo6HuuTeo - IIIIIIIINIHIIIImmmmmmsmm, 35
3MiHwm knivaty AR OO O oM e 4
Oexap6onizaviiss M 55
Ynpasninxs sogHumm pecypcamit I i v ot 78
0 20 40 60 80

Puc. 1. PaHXyBaHHA eKonoriyHux i colianbHUX npo6nem, Aki € 6a3oBUMM AnA AoGyBHMX KOMNaHiu (3a paHumu (EY, 2022)).
Tun BMKMAIB 1 OXONMOE NPSIMi BUKMAM 3 JKepen, Wo HanexaTb abo KOHTPOmoTLCH BUPOOHULTBOM;
TUM 2 OXONJIE HEMPSAMI BUKUAW Bif BUPOOHNLITBA €NEeKTPOeHeprii, mapu, onaneHHst Ta OXONOAXEHHS, CNIOXUTOI KOMMaHi€eto;
TIN 3 BKIKOYAE BCi iHLWI HENpsAMI BUKMAW, SKi BinOyBaloTbCS B MaHLIOXKKy CTBOPEHHS NpoAyKLii i JoXoAiB KoMnaHii

3 HaBedeHOro 3iCTaBNeHHA BUOHO, LLO coljianbHa i eko-
norivyHa XUTTE3AaTHICTb NPOEKTIB HAAPO- | NPUPOAOKOPUCTY-
BaHHs Ik 6a30Ba BMKOPUCTOBYETLCA 5K MpsiMa O3HaKa nuile
y Pamkosin knacudikauii OOH (UNFC). Y 1997 p. UNFC
Oyna po3pobneHa ans TBEpAUX KOPUCHWUX KOManwH i Tpagu-
LiIMHWUX eHepreTUYHNX PecypciB 3 METOK CTaTu igearbHUM iH-
CTPYMEHTOM Ans 3iCTaBMEHHS Pi3HWX CTaHOApTiB OLiHKW.
HwuHi uto knacudikauito po3WwWnpeHo, Wob BKIUUTY iHLWI BUAK
pecypcis. Ha ceorogHi PKOOH nowumploeTbest Ha eHepreTu-
YHi pecypcy, BKMoYaum HadTy Ta ras; NnpoekTy BigHOBMO-
BanbHOI eHeprii; pecypcn aTOMHOI eHeprii; TBepAi KOPWCHI
KonanuHu; npoekTu 36epiraHHa/noxosaHHA COgz; nig3emHi
BOAW; aHTPOMOreHHi pecypcy, Taki ik BTOPMHHI pecypcu, ne-
pepobneHi i3 3anuwkiB i BigxoaiB BUpobHMUTBA. Baxnneoto
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0coOnUBICTIO el cucTeMun € cuctemaTmsadis iHdopmalii He
TiNbKW ANS reonorivyHux i ripHn4og406yBHUX NIGNPUEMCTB, a i
ANs BCiX 3aLUikaBnNeHnx CTOPiH. Takumy CTOPOHaMW BU3HaYEHI
— MiXHapOaHi i perioHanbHi opraHisauii y cdepi MixkHapoaHnx
AocnigkeHb MiHeparnbHUX PecypciB i eHepreTukM (ansi cnpu-
SIHHA POPMYITHOBAHHIO MOCTAOBHOI Ta AaneKkornsaHoi cTpa-
Terii Ain), HauioHanbHi | MicueBi ypsau (ans  cranoro
yNpaBriHHA HaLioHanbHMMKU pecypcamu), KoMnaHii i nignpu-
€MCTBa NPOMUCIIOBOCTI (ANs PO3BUTKY BUPOOHULITBA | TEXHO-
norin, ynpaeniHHS Ta ¢iHaHCyBaHHA MPOEKTIB), ¢hiHaHCOBI
opraHisauii i oHan (ansa ynpaeniHHg Ta diHaHCyBaHHSA Npo-
ekTiB) (UNFC, 2019; UNFC and Social..., 2022). OTxe, came
UNFC € iHCTpyMeHTOM eheKTUBHOrO yNpaBiHHA HaLlioHamb-
HAMK pecypcamu, HeobXigHuMyM ansa  peanisadii - uinewn
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

CTanoro po3BUTKY, LLO OA€ MOXIMBICTb BCIM 3auiKaBneHUm
ocobam 3HaxoauTh CrinbHe PO3YMIHHS PO3BUTKY PECYPCIB Ta
TEPUTOPIN, a TakoX PoBUTU 3iCTaBIEHHS MPOEKTIB Y PI3HNX

BUAAX PECYPCIB i KOPUCTYBAHHA Hagpamun. Po3BMToOK 6a30BKX
03HakK knacugikauii 3anacis i pecypcie B PKOOH 3 1997 no
2020 p. HaBegeHo B Tabn. 3.

Ta6bnuys 2
3ictaBneHHs1 6a30BUX 03HaK Knacudikauin 3anaciB i pecypcis
Ne Hassa UNFC CRIRSCO PRMS NDP BiTumssna
cTaHAapTy/AOKYMEHTY Kknacudikauis
OcCHOBHi BUaun Byrnesopui, T8. Kop. TBepai KOpUCHI . . ByrnesogHi,
1 - KonanuHu, Boaa, ByrneBogHi ByrneBogHi
KOPUCHOI KonanvHu KonanuHu TB. KOp. KOnanuHu
sgepHe nanveo
HeTtpaguuinHi C?::::a“;l:gg:)asa, MiHepanizoBaHi ocagku, | HeTpaguuinHi no- YacTkoBo
9 KOPWCHI KONarnuHu, [inDo-MO F():bKa a é ha KaM'siHi peLuTKu, Knagm HeToamULnHi
iHWi NnpupogHi ﬂepHepri'|P6ion;nﬂBg MiHepanisauisi HU3bKkoro ByfnéqBoL/qui
pecypcu aBepiratHs CO, CTyneHs, BiaBanu CO, (2017)
MNpoektn
3 O6'exT knacudikauii MpoekTun (po3pobku [MpoekTn TBEPAMX (HOUJX';‘ [())(é?(l;l)ﬂKa, HggeK;MB Pecypcu
Ta OLjiHKM Ta ekcnnyarauis) KOPVCHMX KOManwuH ppegypcis Tz 3gr’|)acis Ta 3anacv Hagp
Ta 3anacis
OuiHtoBay
KomneTeHTHa ocoba, .
Ocoba, sika BUKOHYE L (He3anexHi . .
4 - e KomMneTeHTHa ocoba kBanicgikoBaHa ocoba OuiHoBay pyna ekcnepTis
OLiHKy Ta knacudikauito (NI 43-101) KOHCYIbTaHT,
CniBpOBITHYK)
OCHOBHi 03Haku knacudikauii |
) CTatyc NpoekTy Knacu Crynine
Ekonoro-coujiansHo- . . ecypcis €KOHOMIYHOrO,
- CTyniHb reonoriyHnx Ta WaHc pecyp )
5 . E€KOHOMIYHa . o coujanbHoro
. 3HaHb Ta BNEBHEHOCTI KOMepLinHOro O6'emu .
XKUTTE3OaTHICTD cnix ) Ta NPOMUCIIOBOI
yenxy ByrnesojHis 3HaYeHHs
Mopaudikytoui dakTopun
(r|pHW_40,q06yBH|,w _ Crynine
. . nepepobHi, MeTanypriHi, L A
TexHiko-eKOHOMiIYHe ) ) . 3pinictb reornoriyHoro
. iHcppacTpykTypHiI, HeBu3HayeHicTb L
06r'pyHTYBaHHS N . NPOEKTY Ta €KOHOMIiYHOI
€KOHOMIiYHi, MapKETUHIOBi, )
’ ; BVIBYEHOCTI
IOPUAMYHI, ekonoriyHa,
coujanbHi Ta gepXaBHi)
CryniHb
reornoriyHnx 3HaHb
CTyniHb reonorivHmx CrknapnicTs
° 3HaHb reonorivyHoi
6ynoBu
K [IOMNOMIXKHUIA
napameTp
6 | [ara creoperks 1997 198?&;?%%61)994 2007 2001 1997
OcTtaHHa gata 2012 (JORC), 2019
7 OHOBNEHHS: 2019 (CRIRSCO) 2018 2016 2018
8 | PerioHn BUKOpPUCTaHHs mobanbHo CLUA, ﬁiﬁiﬁ:hgapona’ CLUA, €Bpona Hopgeris Ykpainu
YacTkoBo YacTtkoBo YacTkoBo
9 3anyyeHns/ BMKOPUCTOBYETLCS BUKOPUCTOBYETbLCS 3anyyeHun _ [apmoHizoBaHO
"apmoHizauis B YkpaiHi nNpw iIHBECTULLINHIN npw iIHBECTULiIHIN HadpTorazosummn 3 UNFC
OUiHLi MPOeKTY OLiHUi NPOEKTY KOMMaHisMmn
Ta6nuys 3
Po3BuToK 6Ga3oBMX 03HakK knacudikauii 3anaciB i pecypcis B PKOOH
Pik 1997 2004 2009 2016 2019
TB:S#;;:;E;'CH' TBE;_‘?;J:SESCH' TBepai KOPUCHI TBepAi KOPUCHI KonanuHu, TBepAi KOPUCHI KonanuHu,
—_ Co KonanuHu, BYINEBOAHEBI pecypcu, BYINEBOAHEBI PECYpPCH, YpaH,
y TS l}:degeplreml:jm/ y TS ql_.degeplreTw:jHl/ BYINEBOAHEBI pecypcu, | ypaH, BiAHOBHI pecypcu, reotepmarnbHi 6ioeHepreTuyHi
s olid Fuels an olld "uels an ypaH reoTepmarbHi NPOEKTU | NPOEKTU Ta iH. BiGHOBHI pecypcu
H Minerlas Minerlas
= . . CoujianbHo-eKOHOMIYHA . . EkonoriyHo-couiansbHo-
) EkoHomiuHa EkoHomi4Ha . CoujanbHo-eKOHOMIYHa ) ;
- : : XUTTE3AaTHICTB/ ! €KOHOMIYHa XUTTE3AaTHICTb/
o edekTuBHICTB/ edeKkTMBHICTb/ . . KUTTE3OATHICTL/ - . .
o . - . - Socio-economic . R Environmental-Socio-economic
@ Economic axis Economic axis o Socio-economic viability o
© viability viability
0 TexHiko-ekoHOMIUHa | TEXHIKO-EKOHOMIYHa O6r'pyHTOBaHICTb . .
. . O6rpyHTOBaHICTb NPOEKTY/ OB6r'pyHTOBaHICTb NPOEKTY/
obrpyHTOBaHICTL/ 06r'pyHTOBaHICTL/ npoekTy/

Feasibility axis

Feasibility axis

Project feasibility

Project feasibility

Project feasibility

Geological axis

Geological axis

Geological knowledge

Geological knowledge

Geological knowledge
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3 2009 p. B cucTeMi couianbHa XUTTE3AaTHICTb MPOEKTY
NOEOHYETLCSA 3 EKOHOMIYHUMU KpuTepisamu, a B 2019 p. BOHK
[OOMOBHEHI EKONOriYHO CKNaaoBow. HeratneHa peanisauis
coujanbHux abo eKonoriYHNX pU3nkiB Mae He nuile npsimy
4ito — obMexxeHHs1 JoCTyny A0 pecypcy, no3basneHHs nile-
H3i Ha BeAeHHS AisnNbHOCTI, ane i HenpAMWUA BNMMB Ha eKo-
HOMIiYHI noka3Hukum poboTn nignpuemcTB. CouiansHo-
€KOrOriYHi YNHHMKM pas3om abo KOXHWIN OKPEMO MatoTb 3Ha-
YHWUIA BMMMB Ha EKOHOMIKY MPOEKTIB, O BigoOpakeHo B
OCTaHHiX knacudikauinHnx amiHax PKOOH.

IHWIi cTaHgapTv Ta cuctemu knacudikauii possmnsanucs
BigNoBiAHO 40 GinblU NPAKTUYHUX | palioHanbHUX Linen 3a-
6e3neyveHHs HafiNHOCTI OLiHKM ANs iIHBECTOPIB YCiX PIiBHIB.
Crangapt CRIRSCO 3a3Havae, LWo BngobysHa ranysb Cbo-
rogHi € rmo6ansHNUM MixxHapogHUM GisHecoM, cpiHaHCOBUI i
onepauifiHMi ycnix SIKOro 3anexuTb Big OOBipU Ta BMEeBHE-
HocTi iHBecTopiB (CRIRSCO, 2019). Ha BigmiHy Big 6Gara-
TbOX iHWMX ranysemn, reosnoria Ta ripHMda NpOMUCHOBICTb
MatoTb CnpaBy 3 MiHEpanbHUMK pecypcamu, siki € BUYepn-
HUMM Ta HEBIAHOBHUMM. [(ONOBHI aKLEHTU LLOLO0 PUSUKIB Tip-
HUYMX NPOEKTIB Y LUX CTaHZapTax 3pobrieHi Ha reonoriyHmx
pusnkax, siki 3anexaTtb Big AOCTOBIPHOCTI iHchopmauii npo
06'exTu BiA noYaTky reonoriyHoro BUBYEHHS 40 KiHUSA BUAO-
OyTKy. HapgpokopuctyBadyam peKkoMeHAyeTbCa edEeKTUBHO
Ta NpPo30pOo OUIHIOBATU PU3MKK, MOB'A3aHI 3 iIHBECTULiSMM,
o6 3abe3neunTy BUCOKMI piBEHb AOBIpW, HEOOXiOHWUIA ANS
nigTpumkm cBoei gisnbHocTi (CRIRSCO, 2019). Kputepii
ESG BpaxoByTbca y cknagi Moamadikytoumx cakTopis, ki
BM3HAYalTb MOXIUBICTb NEPETBOPEHHS MiHEpamnbHUX pe-
CypCiB y 3anacu, siKi IPOEKTYOTbCS | MaloTb iHAMBIQYyarnbHI
TeXHiYHi, TEXHOMOriYHi, opraHis3aLiiHi pilueHHsa Ans peanisa-
Lii, Wwo dopMye iX EKOHOMIYHY i eKOMOrivHYy OLiHKY Yy Bigno-
BiHWX MpaBOBMX i HOpPMaTMBHMX ymoBax. Y cTaHgapTax
OuiHKM ByrnesogHeBux pecypcis 2018 couianbHa i ekonori-
YHa CKragoBa Tak camoO HEeMNpsIMUM YMHOM BPaxoOBYETbCS Y
KpUTEepIaX ycnilwHoCTi NpoekTy ("WaHc" Ha KOMepLiiHy pea-
nizauiio) Ta napameTpax HEBU3HAYEHOCTI.

BucHoBkun. CouianbHi i eKonoriyHi pu3nKkM B OCTaHHI
poku cTanu 6azoBumK AN peanisauii NPOEKTIB HAaAPOKOPU-
CTyBaHHs. X 3pOCTaHHS MOXE CMPUUUHUTL BIATEPMIHY-
BaHHs peanisauii NpoekTiB y yaci abo NoBHe CkacyBaHHs
NPUNHATKX pilleHb Yepes Te, Lo BOHW He BUMpaBaanu co-
LianbHMX Yn €KOSONYHNX OYiKyBaHb, HaBITb 3@ YMOBW BiAMo-
BiQHOCTI BUMOram KinbKOCTi, SIKOCTi i nmpubyTkoBOCTI. Taki
3MiHW MOBWHHI 3HAWTK BiJOOpPaXKeHHs B Cy4acHUX knacudi-
KaUinHMX cucTeMax 3 OLjiHKM 3anaciB i pecypciB, siKi BUKOpU-
CTOBYWOTb YyCi 3auikaBneHi ocobu Ans  NpUAHATTSA
yrnpaBniHCbKUX | IHBECTULINHUX pileHb. CborofgHi couia-
NbHa i eKoNOoriYHa XUTTE3AATHICTb MPOEKTIB HAApPO- | NPUPO-
OOKOPUCTYBaHHA AK Gas3oBa BWKOPUCTOBYETLCS SK NpsiMa
o3Haka nuwe B Pamkosin knacudikauii OOH (UNFC), npu-
Yyomy Tii BKItoUeHHs Bigbynocsa B 2009 p. B YacTuHi couianb-
HUX YMHHUKKIB, @ B 2019 p. — B 4acTuHi ekonoriyHux. Lle
cBigunThb, Wo UNFC € iHCTpymeHTOM edeKkTUBHOro ynpas-
NiHHA HaLioHanNbHMMK pecypcamMu, HeobXiaHUMK Ans peani-
3auii uinen cranoro po3BWUTKY, LLO Aa€ MOXIUBICTb YCiM
3auikaBneHum ocobam 3HaxoouTW ChinbHE PO3YMiHHSA pO3-
BWUTKY PEeCypCiB Ta TepMTOPIl, a Takox pobuTn sicTaBneHHs
NPOEKTIB Y Pi3HNX BUAAX PECYPCIB i KOPUCTYBAHHSA HaapaMu.

B iHWKMX MiKHapoAHWX cTaHdapTax, SKi i y BiTYN3HAHIN
knacudikauii aepxasHoro coHay Haap ESG, kputepiii Bpa-
XOBYETBCS HEMPSIMUM YMHOM, LLO € OOHMUM i3 KITHOYOBUX Ha-
NpsIMiB PO3BUTKY LMX CUCTEM OLIHIOBAHHSI MiHepanbHuX
pecypciB. Takuii po3BUTOK MOXe BiabyBaTuCs y BOX Hanpsi-
Max: 1) BKIIOYEHHS coujianbHUX | eKOMOriYHNX KpUTEPIiB Ha-
npsamy sk 6a3oBMX O3HaK, NpMYOMY LEe MOXNMBO SK Y
BUMSAAI  KOMMNMNEKCHWX napaMmeTpiB, TakK | OKpemux
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Knacis/nigknacis; 2) BUKOPUCTAHHS | BAOCKOHAMNEHHS iCHYHO-
YMX MeToOMK BapTICHOI OLiHKM pecypciB i 3anacie i3 Bpaxy-
BaHHAM €KONoryHMX | couianbHUX pu3MKiB peanisauii
NPOEKTIB HAZPOKOPUCTYBAHHSI.
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ENVIRONMENTAL AND SOCIAL RISKS IN INTERNATIONAL AND DOMESTIC SYSTEMS
OF MINERAL RESOURCE ASSESSMENT

It was defined that the ecological and social risks became key in the implementation of mining projects from the stage of geological study through
development till mining operation. The main components of these risks are fixed over the past years, which are related to the problems of water
resources management, the processes of decarbonization of production, the reduction of the negative impact on climate change, the environmental
friendliness of production and the emissions volumes that are directly or indirectly related to mining enterprises, etc. A comparison of domestic and
international standards for the assessment of mineral reserves and resources was carried out according to the basic features of classification with
the determination of social and environmental assessment factors. The features of the Classification of Mineral Reserves and Resources of the State
Subsoil Fund, the UN Framework Classification, the PRMS Petroleum Resources Management System, the International Reporting Standards of the
CRIRSCO Mineral Resources Committee are analyzed and compared in order to find features that allow determining the social and environmental
risks of mining projects. The presence of these direct features in the classification systems indicates the orientation of the assessment standards to
the comprehensive assessment of projects as such meeting the goals of sustainable development.

The social and ecological viability of subsurface and natural resource projects is used as a direct feature only in the UN Framework Classification,
while its inclusion took place in 2009 in the part of social factors, and in 2019 — in the part of environmental factors. This classification is considered
as a tool for the effective management of national resources, necessary for the realization of the goals of sustainable development, which enables all
stakeholders to find a common understanding of the development of resources and territories, to compare projects in different types of resources
and subsoil use. In other international standards, as well as in the domestic classification of the State Fund of Subsoil, socio-ecological criteria are
taken into account indirectly, which is one of the key areas of development of these mineral resource assessment systems. Such development can
take place in two directions: the inclusion of social and ecological criteria directly as basic features, while this is possible both in the form of complex
parameters and individual classes/subclasses; use and improvement of existing methods of resource and reserves valuation, taking into account the
environmental and social risks of the implementation of subsoil use projects.

Keywords: international standards, reserves assessment, environmental and social risks, features of classification, mineral resources, explora-
tion, mining projects.
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HYDROCARBON POTENTIAL OF THE DEVONIAN SEDIMENTS
OF CHERNIHIVSKO-BRAHYNSKOHO PERSPECTIVE DISTRICT

(MpedcmaeneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eos. Hayk, npog. C.A. Buxeoro)
As a result of the analysis of wells that revealed Devonian sediments, lithostratigraphic complexes were described and the geological
structure and oil and gas potential of Chernihivsko-Bragynskogo perspective district of the Eastern oil and gas region of Ukraine were

compared with the Pripyat depression of the Republic of Belarus.

The list of wells which gave non-industrial inflows of hydrocarbons at test is made and their main characteristics at test are described.

Hrybovorudniansko-Sednivska and Olishevsko-Losynivska fields are considered from the point of view of potential prospects for
hydrocarbons from compacted carbonate reservoirs of Devonian deposits. Stock data related to the results of drilling and testing of wells
Ne2655 and N2217 Hrybovo-Rudnyanska square, which confirm the prospects of Hrybovorudniansko-Sednivska area, were analyzed.

The issue of realization of the Chernihivsko-Bragynskyi perspective district as a site for signing a production sharing agreement is

considered.

The geological, methodological and technological reasons of the negative results of oil and gas exploration works in the Devonian
deposits of the Chernihivsko-Bragynskyi perspective district are analyzed.
Keywords: Chernihivsko-Bragynskyi perspective district, Devonian deposits, saline deposits, carbonate rocks, hydrocarbons.

Problem statement. In the Dnieper-Donetsk oil and gas
region (DDOGR) there are 15 oil and gas areas with different
levels of explored reserves, promising resources, exploration
and development of subsoil. The least researched area is the
Chernihivsko-Brahynskyi Perspective District (CBPD) located
on the north-western part of the DDOGR. According to the
density of unexplored hydrocarbon resources, most of the
district belongs to VIII-VII categories (less than 5 thousand tons
of hydrocarbons per 1 km?, partly — Yadutivsko-Kinashivska
zone — up to 10 thousand tons per 1 km?). The depth of the
basement in the district varies from 1000 m to 6000 m. The total
area of the district is 8200 km?, on 1.01.2021, the industrial
productivity of any set of deposits in the CBPD has not been
proven, and the prospects of the area remain uncertain.

Recent publications review. Despite the large area of
CBPD, potential prospects and about 150 deep wells that
have discovered Devonian sediments (Pryharina, 2007) —
studies of the area were actually in the early 90's for a
number of economic reasons, and publications of the last
30 years, as a consequence, are retrospective (Strizhak and
Korzhnev, 2012) or consider methodologically theoretical
aspects of the negative result of exploration of hydrocarbons
(explosives) in Devonian sediments (Lebid, 2015). The main
works covering the north-western part of DDOGR and
carried out in recent years are analytical reports on the
review and generalization of geological and geophysical
materials performed by SE "UKRGEOFIZYKA" (Beztelesnyi
et al., 2008; Baranova and Voitsytskyi, 2018), also detailed
the results of lithological-stratigraphic, facial, structural-
tectonic, petrophysical, geochemical and geological-
industrial studies in carbonate sediments of the Devonian
complex within different structural-facial zones of DDOGR
(Vakarchuk, 2016).

Highlighting previously unselected parts of the
overall problem. During the more than 60-year history of
studying the oil and gas potential of Devonian CBPD
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sediments, three main parts of the general problem were
formed — industrial oil and gas issues, namely: 1) geological,
2) methodological, 3) technological, each with its
unresolved issues. However, the issue of the economic
perspective of the CBPD has not been identified yet and
there are no strategies for an economic approach to one of
the biggest white spots of the DDOGR.

Article aims. The aims of the article are to consider
lithostratigraphic complexes of Devonian sediments, analyze
the results of tests of CBPD wells and identify those that gave
inflows, consider the potential of hydrocarbon CBPD in terms of
licensing and economic prospects for development.

Main research material. Interest in the study of Devonian
sediments in DDOGR is clearly recurrent — interest is growing
with the depletion of upper structural floor resources, and
each new discovery related to the main Lower Devonian oil
and gas complex sharply reduces this interest.

The most intensive development of Devonian
exploration work was observed in the second half of the 60's
and early 70's (Strizhak and Korzhnev, 2012), when seismic
surveys covered almost the entire north-western part of
DDOGR, where their depths do not exceed 4-5 km. The
discovery of industrial oil deposits in subsalt and intersalt
Devonian sediments within the neighboring Pripyat Basin
(Belarus), as well as the discovery of a number of deposits
in the middle part of the DDOGR showed that in the Dnieper-
Donetsk basin Devonian sediments are worse than in all
Pripyat depression. In the Dnieper-Donetsk basin there are
slightly different conditions of oil and gas, although the
regions have many similar features of the structure and
history of formation, namely:

¢ belonging of both to oil and gas objects of continental
reefs according to geodynamic classification;

e satisfactory spatial and stratigraphic correlation of
Devonian sediments, the presence of five lithological
complexes;
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¢ a similar history of the development of adjacent parts
of the regions — the Pripyat depression and the north-
western part of DDOGR,;

« 0il and gas properties of Devonian sediments.

87 oil fields have been discovered in the Pripyat basin
on the territory of the Republic of Belarus (according to the
official website of the Ministry of Natural Resources and
Environmental Protection of the Republic of Belarus) (Fig. 1).

m Devonian sediments

m Upper Proterozoic
sediments

a

Their search began in 1952, and development in 1965.
250 oil deposits were discovered in these fields, 247 of them
in Devonian sediments and 3 in Upper Proterozoic
sediments. The largest number of oil deposits (130) is
confined to the subsalt carbonate complex; in the intersalt
complex — 81, in the upper salt complex — 20, in the subsalt
terrigenous complex — 16. Oil production in 2020 amounted
to 1.7 million tons of oil.

® Subsalt complex
H ntersalt complex
Upper salt complex

m Subsalt terrigenous complex

b

Fig. 1. Stratigraphic (a) and Lithostratigraphic (b) distribution of oil deposits in the Pripyat basin

Devonian sediments in the north-western part of the
DDOGR as well as in the Pripyat depression are represented
stratigraphically by a single stratum of the Middle Devonian and
Upper Devonian ages and are divided into five lithologic
stratigraphic complexes according to lithological features:
subsalt, lower salt, intersalt, upper salt and supersalt.

Stratigraphically, the Subsalt complex is represented
by the Alatyr and Voronezh horizons of the Frasnian age,
which lie directly on the bedrock. Sediments of the Alatyr
horizon are represented by the thickness of effusive rocks of
different composition. Above the section there are small
carbonate-clay rocks (marls, limestones, dolomites) of the
Voronezh horizon. The subsalt part of the Yevlan horizon is
composed of argillites alternating with sulphate-carbonate
rocks. Volcanic formations (tufolavas, tufoaleurolites, tuff
sandstones, tuffs), which may occupy different stratigraphic
levels and have different thicknesses, also take part in the
section of subsalt Devonian. The Lower Salt complex,
which corresponds to the salt formations of the Eulanov-
Livno horizon of the Frasnian age, lies below the salt
complex. There are cases of Voronezh age of the lower salt.
Lithological composition — rock salt with layers of dolomite,
anhydrite, clay limestone and marl. Salt sediments are
sometimes replaced by sulfate-carbonate with layers of
clayey, often saline rocks, siltstones and sandstones. The
Intersalt complex is represented by the Zadonsk-Yelets
horizon, from which the sedimentary accumulation of the
Famennian age begins. In the intersalt complex there is a
lower clay-carbonate stratum (Zadonsk horizon) and an
upper terrigenous stratum (Yelets horizon). The clay-
carbonate stratum of the Zadonsk horizon in the study area
is practically absent, sometimes standing out in small
thicknesses. The terrigenous stratum of the intersalt
complex is represented by a fine-rhythmic layering of clayey
sandstones, argillites, siltstones with layers of limestone.
The Upper Salt Complex corresponds to the Yelets-
Lebedyan horizon of the Famennian age, composed of salt
deposits or their salt-free analogues, which may include
sulfate formations, carbonates of various modifications,
including limestones, dolomitized limestones, Merbofite-
Dolomite. Supersalt complex, Dankiv-Lebedyan horizon of
the Famennian tier, composed of effusive-terrigenous and
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effusive rocks (Beztelesnyi et al., 2008; Baranova and
Voitsytskyi, 2018; Kochev, 1970; Khmel et al., 1969).

Reflecting on the negative effects of exploratory drilling on
Devonian sediments, analyzing previous forecasts,
Yu.O. Arsiriy, B.P. Kabyshev and others tried to compare and
contrast the Devonian intersalt and subsalt sediments of the
northwestern part of the DDOGR to the Pripyat depression.
As a result of their work, they came to the conclusion that the
conditions of oil and gas formation and oil and gas
accumulation in the Pripyat depression are unequal, so the
prospects for the north-west of DDOGR are clearly worse.
However, the authors insist that this is not evidence of the
futility of this segment in DDNGO. The authors consider
intersalt Famennian deposits to be promising; less significant,
in their opinion, are the Frasnian saline deposits. In structural
terms, preference is given to the peripheral areas of large
depressive  structures  (Malodivytska, = Borznyanska,
Viktorivska, Velykozagorivska, Burivska squares), the slopes
of the basement (Northern Khreshchatytska, Pishkivska), the
axial part of the DDOGR (Nizhynska). Instead, the vaulted
parts of the highly elevated protrusions of the basement,
composed of effusive-terrigenous deposits, are considered
unpromising (Arsirii et al., 1981).

Confirmation of these considerations was obtained in the
year of publication of the article (Arsirii et al., 1981) during the
testing of the Ladutivska structure in the Ladutivska well 1.

In total, according to the results of 60 years of study and
drilling of about 150 deep drilling wells, the most significant
oil manifestations and non-industrial oil inflows within the
CBPD were recorded in terrigenous deposits of intersalt
Devonian (Table 1) in wells Kinashivska 3, 1,
Hrybovorudnianska 1, Ladutivska 1 (Beztelesnyi et al.,
2008; Baranova and Voitsytskyi, 2018).

However, the availability of promising data for only
4 tested wells, of which 3 are located on the border with
Monastyryshche-Sofiyivskyi oil-bearing area, for more than
60 years of CBPD drilling is not evidence of the futility of
further study and testing of Devonian deposits. For example,
a detailed analysis of stock materials (Kochev, 1970; Khmel
et al.,1969) concerning the results of drilling and testing of
well Ne 217 and structural exploration well Ne 655 on
Hrybovo-Rudnyanska square shows a number of indirect
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additional features, prospects of the site. In the process of
drilling the interval 2300-2344 m of the well Ne 217 was
characterized by a drop in the specific gravity of the drilling
fluid and its foaming, which may indicate the presence of
gas-saturated rocks in this range. In the core material of the
Voronezh horizon of Devonian subsalt deposits (2619—
2643 m), which is represented by dense limestones, the
presence of drip-liquid oil was observed in the cracks. The
presence of oil series fluids in Devonian subsalt sediments
is confirmed by luminescent-bituminous analysis. In the
process of drilling in samples of drilling mud from a depth of

2615 m there is a change in the component composition of
the gas, the qualitative characteristics of which are
characteristic of the oil type saturation (at a depth of 2630 m
there is a maximum gas saturation of the section up to
0.44 cm?/l). In addition, it should be noted that the section of
Hrybovo-Rudnyanska Square (Fig. 2) is characterized by
endurance of the Voronezh horizon of Devonian subsalt
sediments and according to laboratory studies of the core
material has the following average characteristics: porosity
—2.78-3.05 %, permeability 0.1 mD.

Table 1
Test results of Devonian sediments by wells within the CBPD
Area Ne | Year of dr!IImg Test interval Age Test results
well | completion (m)
Hrybovo-rudnianska 1 1970 2500—2550 Davr | Received non—industrial oil inflow
When testing the objects obtained: int. 2038—2205 m — low oil
. . inflow, Q = 3.0 m®%d; int. 2038—2268 m — oil inflow, Q = 6.0 m®/d;
Kinashivska 3 1979 2038-2300 | Deel | 5038 9974 m — oil inflow, Q = 3.0 m¥/d; int. 2060-2065 m — oi
inflow, Q up to 7.0 m%d
int. 2071-2161 m — oil inflow, Q = 1.2 m¥d; int. 2071-2199 m —
inflow of filtrate with oil film; int. 2071-2207 m — inflow of filtrate
. . with oil film; int. 2071-2277 m — inflow of mineralized water with
Kinashivska 5 1980 2102-2300 | Dsel | iy fijm: int. 2106.5-2110 m — oil inflow; int. 2138—2149 m — oil
inflow, Q = 3.4 m%d; int. 2248-2261 m — oil inflow; int. 2283—
2290 m — oil inflow, Q = 1.0 m%d
int. 2872—2971 m — oil inflow, Q = 1.4 m%d; int. 2872-2971 m
. . (after repeated perforation) — oil inflow, Q = 8.5 m¥d; int. 2872—
ladutivska 1 1981 28722971 | Deel | 5955 m — ol inflow, Q = 3.05 m¥/d; int. 2956-2971 m — oil inflow,
Q=3.0m%d

Pagyni-Baranusu
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Fig. 2. Hrybovorudnianska structure. Seismogeological section along the profile 3 4 76 (Baranova and Voitsytskyi, 2018):
1 —oil; 2 — limestones; 3 — salt; 4 — dolomites; 5 — sandstones; 6 — effusive-tuffogenic thickness

In the scientific publication "Estimation of oil and gas
potential of compacted rocks of the Devonian complex of the
Dnieper-Donetsk basin" S.G. Vakarchuk singles out the
Hrybovo-Rudnianska area (Hrybovorudniansko-Sednivska
area) as promising for the search for unconventional oil in
carbonate reservoirs. The average depth of promising strata
within the site is 3000 m. The area of the site is 795 km?2.
Within the western part of the Hrybovorudniansko-
Sednivska section, from the point of view of searching for
unconventional hydrocarbons, compacted carbonate
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formations of the Voronezh horizon of the Upper Frasnian
sublayer, which increase the Sargaev-Semilutsk carbonate
section, are of interest. The thickness of carbonate packs of
the Voronezh horizon is up to 50-60 m. The average depth
of promising formations of the Voronezh horizon is 2500 m.
Compacted carbonate rocks of the Voronezh horizon are
promising only for unconventional oil. The geological
resources of the Hrybovorudniansko-Sednivska gas section
of the compacted carbonate rocks of the Voronezh, Sargaev
and Semilutsk horizons are estimated at 71.1 billion m3
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(production — 24.6 billion m3). Geological resources of
unconventional oil — 1144.0 million tons (extractive —
85.9 million tons) (Vakarchuk, 2016).

The second promising area for the search for
unconventional oil and unconventional gas (Vakarchuk,
2016), which is partly within the CBPD, is Olishevsko-
Losynivska. The average depth of promising strata within
the site is 3800 m. The area of the site is 560 km?2.
Geological resources of unconventional gas of compacted
carbonate rocks of the Olishevsko-Losynivska section are
estimated at 94.3 billion m® (extractive 33 billion m?3),
geological resources of unconventional oil — 224 million tons
(extractive — 16.8 million tons).

From the point of view of economic prospects, CBPD
remains unattractive to investors, primarily due to the lack of
precedent for establishing the viability of any Devonian complex.

At the end of 2020 and the beginning of 2021,
8 production sharing agreements (PSA) were signed in
Ukraine, of which 7 agreements relate to the Eastern Oil and
Gas Region of Ukraine and 1 agreement to the Western Oil
and Gas Region of Ukraine. All areas of the PSA cover
areas well studied by drilling and seismic research, within
which the winning companies will study and develop
traditional for Ukraine reservoirs and look for low-amplitude
hydrocarbon traps that have not been discovered or missed
by previous studies in contrast to CBPD which remains one
of the largest white spots of DDOGR.

The total area of the CBPD is 8,200 km?, of which only
three plots are covered by licenses (Fig. 3). The field of the
Slavutych scientific landfill with the area of 496.19 km?, the
field of the Yadutivsko-Borznyanskyi scientific landfill with the

area of 471.82 km? and the Prachivska field with the area of
24.8 km2. Thus, more than 7,000 km?2 of unlicensed area
remains. Since there are no significant promising facilities that
will be of interest to potential investors on the territory of the
CBPD, and thematic studies conducted for the state budget
and aimed at generalizing or reinterpreting existing data do
not open new fields, the only option is to prepare the site for
implementation under a product sharing agreement. If the
work is successful, the state will be able to receive additional
taxes to the budget and improve the socio-economic situation
of the research area.

Conclusions. Analyzing the reasons for the negative
results of exploration for oil and gas in the Devonian
deposits of the CBPD, they can be divided into three groups
that are closely related: 1) geological, 2) methodological,
3) technological.

Geological reasons include the complex geological
structure of Devonian sediments, which include, along with
the development of terrigenous and carbonate sediments,
widespread volcanics (vein, outflow, pyroclastic), salt
tectonogenesis and significant tectonic disturbance of both
subsalt and intersalt sediments. In such conditions the
lithological-stratigraphic ~ correlation ~ becomes  very
complicated and the reliability of geophysical research
decreases. The intensification of tectonic processes
associated with Devonian salt after the formation of intersalt
and supersalt Devonian sediments led to the fact that the
best reservoir varieties of these strata were not always
associated with the apical parts of anticline structures, with
mainly exploratory and parametric wells.

@ 1T 7 2 /= 3 / 4 A 5

Fig. 3. Layout of special subsoil use permits on the territory of Chernihivsko-Brahynskyi Perspective District:
1 — contour of special permits; 2 — borders of the Dnieper-Donetsk oil and gas region; 3 — boundaries of oil and gas areas;
4 — the state border of Ukraine; 5 — index of oil and gas region (A — Chernihivsko-Brahynskyi promising area,
B — Monastyryshche-Sofiyiv oil-bearing area, O1 — oil and gas area of the North side, 1 — perspective area of the South side)

The second (methodological) reason for the negative
results is the methodologically incorrect approach to drilling
in the mid-60s of the last century on Devonian deposits.
After the discovery of oil fields in the Pripyat depression, the
study of this complex in the northwest of the DDOGR was
carried out based on the analogy of the geological structure
of these regions. However, this thesis was not confirmed in
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many aspects in the future. Next exploration and discovery
of a number of hydrocarbon deposits in the DDOGR have
shown that there are other conditions for the formation of
hydrocarbon deposits in the Pripyat depression.
Technological reasons include the imperfect technology
of discovery during drilling and testing of promising objects.
This technology requires a radical change in the direction of
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opening the layers on the facilitated washing liquids, causing
the inflow by a gradual change of depressions and the
development of effective methods of intensification of the
inflow through fracturing. One of the potential opportunities
for successful completion of wells is the completion of a
horizontal well.

CBPD is the least studied oil and gas area of DDOGR, in
which the industrial productivity of any set of deposits has not
been proven, the prospects of the area remain uncertain and
geological exploration work is minimized. At the same time, the
CBPD, having a fairly large area, remains one of the most
interesting areas from a geological point of view for further
exploration and exploration for hydrocarbons in the near future.

In order to achieve new results on the territory of the
CBPD, it is proposed to prepare it as a site for
implementation within the PSA.
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BYrNMEBOAHEBUW NOTEHLIAN AEBOHCbBKUX BIOKNAQIB
YEPHIINBCbKO-BPATMHCBbKOIO NMEPCMEKTUBHOIO PAUOHY

Y pesynbmami npoeedeHo20 aHanizy no ceepdsiogUHax, W0 Po3Kpunu eidknadu deeoHy, 6yno npoeedeHo onuc AimocmpamuzpagiyHux KoM-
nrekcie ma eUKOHaHoO NMopieHsIHHA 2e0s102i4HOT 6ydoeu ma Hagpmozaa3oHocHocmi YepHiziecbko-Bpa2uHcbK020 nepcrnekmueHo20 palioHy CxiOHo20
Haghmo2a30HOCHO20 pezioHy Ykpainu 3 lMpun'asmcbkum npo2uHom Pecny6niku Binopyckb.

CknadeHo cnucok ceepdsio8uH, siki Aanu Herpomucsiosi npunueu eyaneeodHie nid yac eunpobyeaHHs ma onucaHo ixHi OCHOBHI XapaKmepucmuku.

Po3zznsinymo Ipu6oeopydHsiHcbko-CeOHiecbka ma Oniweecbko-JlocuHiecbka OinsiHKU 3 Mo2nsdy MomeHyiliHux rnepcriekmue Ha ey2/1e800HI
3 ywinbHeHuUXx kap6oHamHux Kosiekmopie gidknadie desoHy. [poaHanizoeaHo ¢hoHA08I OaHi, w0 cmocyrombcsi pe3ynbmamie 6ypiHHs ma eunpobyeaHHs
no ceepdnoesuHax Ne 655 ma Ne 217 Npuboeo-PyoHsiHCckKOI nnowi, wo nidmeepdxyroms nepcrnekmueu pu6oeopyOHsIHCLKO-CedHiecbKoi GinsHKU.

IMidnsimo numaxHs peanisayii YepHiziecbko-BpazuHcbKko20 nepcrnekmueHo20 palioHy siK OinsiHKu A5 nidnucaHHsA y2o0u npo po3nodin nPoodyKyil.

IMpoaHanizoeaHo 2eosi02iyHi, MEMOOUYHi Ma MexXHOI02i4Hi NPUYUHU He2amueHuUx pe3ysbmamie 2eoso2opo3eidysanbHux pobim Ha Hagphmy
i 2a3 y degoHcbKUX 8idknadax YepHiziecbko-Bpa2uHCcbKO20 nepcrneKmueHo20 palioHy.

Knroyoei cnoea: YepHiziecbko-BpacuHcbkuli nepcnekmueHuli patioH, eeoHCbKi ei0knadu, nidconboei 8idknadu, kap6oHamHi Nopoou, 8y2s1e800Hi.
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IHcTUTYT reonorii i reoximii roptounx konanuH HAH Ykpainu,

Byn. HaykoBa, 3-a, m. JIbBiB, 79060, YkpaiHa

KOMMMNEKCHE OCBOEHHA CYNYTHIX KOPUCHUX KONMAJUWH | KOMMNOHEHTIB BYrinnsa
NMIOBENbCbKONo POAOBULIA JIbBIBCbKO-BOJIMHCbKOIO BACEUHY

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

Ha npuknadi Jllo6enbcbko2o podosuuja Jlbeiecbko-BonuHcbK020 kaM'stHo8y2inbHO20 6aceliHy po32sisiHymo MoXJ1ueocmi KoMmrie-
KCHO20 0C80€EHHS 8Ye2inbHuUx podoeuly i3 nepcriekmueamu eudo6ymKy CynymHix KOPUCHUX KOonasuH i KomnoHeHmie gyzinns. Jlro6enb-
CcbKe podosuuje Mae 3HayYHi 3arnacu 8UCOKOSIKICHO20 8yeinns, sike Moxe 6ymu eukopucmaHe O/is KOKCy8aHHs, ujo 6yde 3Ha4YHUM
8HECKOM y pO38UMOK eHepaemu4Hoi 6a3u YkpaiHu. Ha JTio6enbcbkomMy podosuuwyi nowupeHe syezinns mapok XK, KX i K. KokcieHe eyzinnsi
cmaHoeumb Malixe rosioeuHy 3anacie podoeuuia. 3a2anbHi po3eidaHi 3anacu eyeinnsi— 522884 muc. m. 3HayHa Ae2a3auyisi 8y2/1eHOCHOI
moeuwji CyKynHo 3 8UCOKUMU MeXHO/I02{YHUMU SIKOCMSIMU 8Y2insisi € MPUYUHOIO nidsuujeHo2o iHmepecy do JlrobenbcbKko20 podosuuya.
Y niedenHiti tiozo yacmuni Ha nonisix waxm Jlro6enbcbka Ne 1 i 2, y mexxax 2nubuH 3ansi2aHHs OCHOBHUX poboyux nnacmis, 2a3 malixe
eidcymmHiti. Ane eyzinbHi nnacmu ve, N, iy, n;', N, N, Ng 3ansizalome y Memaroeiti 2a30eiti 30Hi Ha nonsix waxm Jlro6emockbki Ne 1-4
ma xapakmepu3syrombCsi 6UCOKOIO MPUPOOHOI0 2a30HOCHICMIo — 8id 9,60 do 30,70 M°*/m ¢.6.m. MemaHoea 2a308a 30Ha 3aHYPHOEMbLCS 6
6ik doHHOI yacmuHu Kapiecbkoi cuHkniHani. I1id yac npoekmyesaHHs1 8yaneaudobymky Ha 2rmub6okux 2opu3oHmax Jlrob6enbcbko020 podo-
suwa HeobxioHo 6pamu Ao yeazu iXHIO 2a30HOCHICMb | 8paxosysamu MoXJiugicme dez2a3auii 8y2inbHUX nnacmis. ByzinbHutll 2a3 Moxe
po3ansidamucsi ik caMocmiliHa KonasiuHa, eudobyeaHHs1 sikoi Moxiuge 8 docmamHix o6'emax ma ekoHomid4Ho doyinbHe. Byeinns
JTro6enbcbko20 podosuuia MoXe makox 6ymu npudamHuM sik cupoguHa 0s1si eaudobymky 2epmaHito. Tak, nidpaxoeaHi 3anacu 2epmaHiro
3a ghakmuyHUM eMicmom e eHep2emuyHomy 8yzinni dinsiHku Jlro6enbcbka Ne 3 3a kamezopieto C, cmaHoeunu 248,41 m. 3a okpemumu
npobamu KoHUeHmMpauii 2anito, eaHadiro i kobasibmy docsi2atomb PieHs1 YMOBHO MPOMUCIIO8UX, ajle He MOXymb euKopucimoeyeamucsi
lpoekmyro4u eKOHOMIYHO 8u2iOHi mexHoo2i4Hi cxemu eyanesudobymky, TOMpi6HO epaxosyeamu 8eckb KOMITIIEKC MOKa3HUKie w000
OCBOEHHS1 CYNyMHiIX KOPUCHUX KonasuH i KOMIMOHeHmie ayainsi.

Knto4oei cnoea: 3anacu eyeinnsi, 2a3o0HOCHicmMb, 2epMaHieHOCHicmb, KoMr/ieKkcHe eukopucmanHsi, Jllo6enscbke podosuuye,

JIbeiecbko-BonuHckbKul 6acelH.

MoctaHoBka npobnemu. LLnaxv BoockoHaneHHs Byrinb-
HOI ranysi 3axigHoro perioHy Ykpainu i, 3okpema, JIbBiBCbKO-
BonuHcbkoro kam'sHoByrinbHoro 6aceriHy (J1BB) rpyHTy-
I0TbCS Ha EKOHOMIYHO BUNpPaBAaHOMY 36epexeHHi HasiBHOro
BMPOOHMYOro MOTeHUjiany ByrinbHOI ranysi 3a ymMoB MOro
OHOBMEHHA N NiABULLEHHS ePEKTUBHOCTI (PYHKLiIOHYBaHHSA
(Maentok ma iH., 2015). Y 6anaHci eHeprobeanekn Ykpainu
BYFiNns € NepcrneKkTMBHOK CKraaosoto. Lis TeHaeHuUis B man-
OyTHBOMY He MOxnuBa 6e3 nepexoay BYrinbHOI MPOMUCHO-
BOCTi [O PWHKOBOI EKOHOMiK/, WO [A03BOMUTbL BMBECTU
poboTy BYriNbHUX NIANPUEMCTB HA HOBUW  piBEHb
(Vivcharenko, 2014).

KomnnekcHe BUKOpUCTaHHSA MPOAYKTIB Nepepobku By-
rinNas — Cy4acHW NPUHLMM, SKOro AOTPUMYHOTLCS Y BYTifb-
Hi ranysi nig Yac BMaoGyBaHHS, NEPBUHHOI i BTOPUHHOI
nepepobkn Byrinnsi Ta BYrneBMiCHUX NPOJyKTiB. 13 uiel 3a-
Aadi BUNNMBAE akTyarnbHIiCTb KOMMMEKCHOrO paLioHanbHOro
OCBOEHHS BYFiMbHWX POAOBULL Ta CYMyTHIX KOPUCHMX Kona-
nuH. Takui nigxig 3actocoBytoTb y Kutai, akuin nocinae
nepwe micue y cBiTi 3 BUoobyTky Byrinns. CynyTHe Buny-
YEHHSs1 repMaHito — 0auH 3i cnocobiB NOMINWEHHS1 EKOHOMIYHUX
NOKa3HWKIB BYrifbHOI ranysi. Hamsaxnusiwmm gxepenom
repmaHito € repmaHieHOCHi BYrinbHi pogoBuLLla, siki po3pob-
nstoTbes 6nusbko Lincang, nposiHuis KOHbHaHb i Xilinhaote,
npoBiHUis BHyTpilwHA MoHronis.

Y cBiTi BeayTbcA poboTH 3 BUKOPUCTAHHS MeTaHy B Npo-
ueci BngobyTky Byrinns B waxtax. LaxTHi meToam gerasauii
LLIMPOKO 3acTOCOBYIOTh Y HimeuunHi (pecypen 3—4 TpnH m3),
Benukin Bputanii (1,9-2,8 TpnH m3), Asctpanii (6,0 TpnH m®)
Ta iHwWwx kpaiHax. Y Monbuwi (pecypen 1,6—2,0 TprH m®), Yexii
(1,1-1,5 TpnH m3), KHP (25-30 TpnH md).

Baxnueo BXe Ha cTagii po3sigyBanbHUX pobiT Ha By-
rinns K OCHOBHOrO BMAY CMPOBWHW NPOBOAMTU BUBYEHHS
MNOro CynyTHIX KOPUCHMX KOManuH i KOMNOHeHTIB. MaTepianu
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reonoro-eKkOHOMIYHMX OLHOK pOJOBULL BYrinng, siki noga-
10TbCs Ha ekcnepTudy K3 YkpaiHu, NOBUHHI MiCTUTK 0BI'pyH-
TYBaHHS MOBHOMO KOMMIIEKCHOTO i €KOHOMIYHO AOLiNbHOro
BUIyYEHHSI 3 Haap 3anaciB OCHOBHUX i CYMYTHIX KOPUCHWX KO-
NanwH, a TakoX HasiBHMX Y HUX LIHHWX KOMMOHEHTIB, Ha OC-
HOBi BUKOPWUCTaHHS iCHYIOUMX MPOrPECUBHUX TEXHOMOrin
BMOoOYTKY i nepepobku MiHepanbHOi CUPOBUHM 32 YMOBM [10-
OepXKaHHS BUMOT OXOPOHW Hafp i HABKOMMULLHLOIO MPUPOA-
Horo cepepoBuLLa (aoBskinns) (Mpo sameepoxeHHs ..., 1997).

Y npoueci MoaepHi3auii 30epexeHux Aitoumx LwaxT i
NPOEKTYBaHHS HOBYX MOTPIOGHO MaKCMarbHO BUKOPUCTOBYBATH
noTeHLian BYIMEHOCHOI TOBLLj, LIO CrpusSTME OnTUMisauii
CTPYKTYpU BMPOOHMUTBA i 3abe3neyeHHo GaraToBekTOp-
HOro BUKOpUCTaHHA Hagap. douinbHicTb Takoro nigxogy Mu
npoaHanisyBanu Ha npuknagi Jtobenbcbkoro poposuLla
MiBoeHHo-3axigHOro BYrneHocHoro pawoHy J1bBiBCbKO-
BonuHcekoro 6acenHy.

AHani3 octaHHix gocnigkeHb i nybnikauin. JlbsiB-
CbKO-BOnNMHCBbKUIA kaM SHOBYTiNbHUIA GacelH nocigae Bax-
NMBe MicLie B eKOHOMILi YkpaiHu. Yepes cknaaHi eKOHOMIYHi
YMOBM Ta POCINCbKO-YKpaiHCLKY BiiHY BigvyBaeTbcs Aedi-
UMT BYrinns, ske 3rigHo 3 HauioHanbHOK eHepreTUyYHo
nporpamoto YKpaiHu 3anuiiaeTscs O4HUM 3 TOSNIOBHUX eHe-
proHociis. BigHoBMTM ByrneBmMaobyToK MOXHa Pi3HUMM
wnsaxamu. OQuH 3 NOTEHUINHO MOXITMBUX HANpsIMKIB — Oy ai-
BHMLTBO HOBMX LLAXT, ke HEMOXnmBe 6e3 OLiHKM pecypciB
BYTiNNs, BUYEPNHOro aHanidy OKpeMux BYriflbHUX MAacTiB
poaoBwuLL ByrinbHoro 6aceriHy. HapouyBaHHA MiHepanbHo-
cvpoBuHHOI 6a3u JIBB BigbyBaTMeETbCA 3a paxyHOK OCBO-
€HHS HOBUX MMOLL Ta rMMBOKUX ropu3oHTiB. MNMoTeHuian Byri-
NbHUX POAOBWLL HA CbOFOAHI BM3HAYaAETLCA He nuLle
BCTaAHOBMNEHHSIM BYrNEHOCHOCTI, ane 1 HU3KM Kputepiis, Lo
BM3HAYaTbCA KOMMIEKCHUM BUMYYEHHSAM CYNYTHIX KOpUC-
HWUX KOManwH i KOMNOHEHTIB BYrinnsa (byyuHcska, 2021).

© ByuuHcbKa l., MaTtpodrano M., Mo6epexcbkun A., 2023
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OgHUM 3 OCHOBHWX pe3epBiB MOMOBHEHHS BWAOOYBHOrO
waxTHoro dhoHay JIBB € Jliobenbcbke pogosule liBaeHHO-
3axigHoro ByrreHoOCcHOro panony (puc. 1). BoHo postaluoBaHe
B NiBAEHHO-3axigHin YacTuHi JTbBiBCbkO-BonmHcbkoro 6aceinHy
B Mexax Kapiscekoi cuHkniHani. Mnowa pogosuiua 170 kw2, 3a
MaKCUMarnbHOi JOBXWHU 3 MNIBHIYHOTO 3axody Ha NiBOEHHWI
cxig, 34 kM i wmpmnHu 5 kM. KapiBcbka cvHKNiHanbL — Le niHinHa
cknagka niBHIYHO-3axiAHOro 3araribHOKapnaTCbKOro MpoCTS-
raHHa 3 nonormm (1-2°) 3aHypeHHsM Ha MIBAEHHWIA 3axid.
I3 niBoeHHOro 3axopgy CTpykTypa obmexeHa HecTepiBCbkuM,
a 3 niBHIYHOro cxofy — by TMH-XniB4aHCEKMM aHTUKIIHANBbHUMU
NiAHATTAMU, YCKNagHEHUMM 30HAMU HAaCyBIB.
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Puc. 1. OrnspgoBa kapta lNiBaeHHO-3axigHOro ByrneHoCcHOro
panoHy JibBiBCbKO-BonuHcbko 6acelriHy
(3a matepianamu OI'M "3axigykpreonoria”, 2002).
YMOBHI no3HayeHHs: 1 — BYrinbHi NnacTu Ta ixHi iHaekcw;
2 — nnacTu BanHsKiB Ta ixHi iHOekcy;
3 — PO3pPUBHI TEKTOHIYHI NOPYLUEHHS (a — AOCTOBIPHI,

6 — nepenbayyBaHi); 4 — rpaHuUL LUAXTHUX NOMIB, NIOLLY i AiNSHOK;
5 — pesepBHi AiNsgHkM rpynu "a"; 6 — po3BigyBanbHi AiNAHKK
AN WaxT; 7 — NepcneKkTUBHI ANs po3BiaKW AiNSAHKA ANS WaxT;
8 — nepcneKkTUBHI NIOLLi 3 NPOrHO3HUMK pecypcamu;

9 — NnoLLi NOWNPEHHNA KaM'AHOBYTiNbHWX Bigknaais
3 HENPOMUCIOBOO BYTNEHOCHICTIO

Cknagka acMmeTpuyHa, 3 kyTamm nagiHHs Ha kpunax 3—10°,
3 KpaLle 36epexxeHM MNiBHIYHO-CXiQHUM KPWUIIOM i epOo3iiHO
3pisaHuM niBAeHHO—3axigHWM (3a AaHumu JlbBiBcbka PE
Orn "3axigykpreonoria”, 1993). [MiBHiYHO-CXigHE Kpuno
cKnagku Mae Kytu nagiHHa 3—8°, niBoeHHo-3axigHe y niBHi-
YHi YacTuHi — 8-10°, a y niBgeHHin — 0—2°. Po3max kpvn o
10 kM. CTpyKTypa po3ainseTbca NO3A0BXHIM aHTUKIiHANb-
HUM MiQHATTAM Ha ABi CMHKMiHaNbHI cknagku Il nopsaaky. B
i Mexax BUAINAEeTbCA HMU3Ka NO3[OBXHIX i NonepeyHux aum-
3'MOHKTVMBHMX MOPYLEHb CKWAO-HACyBHOrO Tuny (ckuam
Ne 1-3, HacyBu Ne 1 i 2), ski po34neHoByOTb NOMOry ckna-
OKY Ha okpemi 6roku. HasBaHi BMLLe 30HW HacyBiB, LU0
ycknagHioloTb HecTtepiscbke i ByTuH-XniBYaHCbKe aHTUKII-
HanbHe NiAHATTA, CYNPOBOAXYIOTECA Kackagom 3 10-14 na-
panenbHUX HacyBiB 3 KyTamu nagiHHa 3miwysadis 10-80°
i agumyTamm nagiHHa 220-240°. CymapHa amnnityaa Hacy-
BiB gocsarae 400 M. Y LUINOMy TEKTOHIYHA MOpPYLUEHICTb
popoBuua 36inbWyeTbCA B MNIBAEHHOMY HanpsiMKy, a
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MaKkCcMManbHi amMnniTyan Ans'toHKTUBIB XapaKTepHi AN nis-
HIYHOI YacTuHM CTPYKTYpu. KapiBcbka CuHKIMiHanNbL ycknag-
HEHa TakoX nornepeyHnm Kpytonagatoumm  (80-85°)
KynuykiBcbkMM ckvaoM 3 amnnitTygoto 15-25 m i niBHiYHO-
CXiOHVMM NpPOCTSAraHHAM.

JTiobenbebke poaoBuLLe — HanbinbLL 3aHypeHa YacTuHa
JIBB 3 MakcMMarnbHO MOBHUMM CTpaturpadiyHnUM po3pizom,
O CKNageHU [OEeBOHCbKUMMW, KaM'sHOBYTINbHUMU, HOPCh-
KUMU, KPEVASAHUMM | YETBEPTUHHUMU Bigknagamu. [JeBOHCbKi
YTBOPEHHS MNpEeACTaBrieHi KaBepHO3HUMM  BamnHskamy i
YEpBOHO-0ypMMM BanHsKaMn paHCbKOro i dhamMeHCbKoro
AapyciB. Buwe 3i ctpaturpadiyHoO HesrigHIicTio 3ansraioTb
BiKNaau HWXKHBLOTO i cepeHbOro kapboHy, ki HanexaTtb A0
TYPHENCLKOro, Bi3eNCLKOro, CEPyXOBCHKOro i GallKUPCLKOro
ApyciB. BepxHsi YyacTnHa CepnyXxOBCLKOrO i HIKHS YacTuHa
BaLLKMPCLKOro ApYyCiB € HANMPOAYKTUBHILLMMM Ha KaM'sHe BY-
rinns Ha JlrobenbcbkoMy pogosuLi i B 6aceriHi B Linomy.

TexHiKO-eKOHOMIYHMMU  pO3paxyHKamMu, MPOBEAEHUMU
iHCTUTYTOM "YKpHIiNpOeKT" fOBEAEeHO EKOHOMIYHY AoLinb-
HICTb MPOMUCIIOBOr0 OCBOEHHS pOAOBULLA N'ATbMa LUax-
Tamu (Nrobenbebka Ne 1, 2, 3, 4, 5) 3a 3aranbHOi NOTY>XHOCTI
6,3 MnH T Byrinns Ha pik. CtaHom Ha 01.01.1994 p. y mexax
waxTu Jlrobenbcbka Ne 1 3akiHieHOo AeTanbHy po3Biaky, 3a-
nacv Byrinns ysrogxkeri [1IK3 Ykpainu B rpyani 1993 p. (npo-
Tokon Ne 168 Big 23.12.93p.) i 3asHayeHe poaoBMLLE
nepegaHo MiHByrnenpomy Ansi NPOMMCIIOBOro OCBOEHHS. Ha
noni waxtu Jobenbcebka Ne 2 3aBeplLueHa nonepenHs cragis,
i Ha Tenep NpoBOANTLCS AeTarnbHa po3Biaka. Ha iHwmx nonsax
waxt (Jiobenbcbka Ne 3, 4, 5) 3akiHYeHi OLiHOYHO-MOLLYKOBI
poboTtun (Kocmuk ma iH., 2020).

JlbBiBCbka MPE O] "3axigykpreonoris" nposoguna 6a-
raTopivHi gocnimpkeHHss no nnowi Jlrobenbcbkoro pono-
BULLA, pe3ynbTaTM SKMX HaBedEHO B YMCMEHHWUX 3BiTax.
"eonoro-eKoHOMIYHY OUIHKY 3anacis kam'aHoro Byrinns Jlo-
6enbcbkoro pogosuLla BukoHysarno A1 "Ci-Ci-Ai-Jltobens”.
MnanyeTbes, Wo ManbyTHs waxTa Jliobenscbka Ne 1-2 Ha
6roui Ne 1 matume aBa poboui nnacTv cepeHbOi NOTYXHO-
cti 1,511 1,63 m Ta Tpm nnactu Ha 6roui Ne 2 cepeaHbOI
noTtyxHoicrti Big 1,0 m go 1,3 M. BoHu 3ansratote Ha rmmnbuHi
700-850 M. Po3kpuTTa wWwaxTHoro nons Oyae 3aincHeHo
ABOMa BEpPTMKanbHUMM CTBOMIAMM, pO3TalLOBaHUMU B cepe-
AvHi 6rnoky Ne 1. MnMnbuHa ronosBHOro cTeona CTaHOBUTMME
945 m, gonomixkHoro — 979 m. ligBuLLEHHA e(PeKTUBHOCTI
BYrneBmaobyTky nepenbavae po3wMpuT MEXi NOMSs LWaxTu
"Mobenbcbka” Ne 1-2 33  paxyHOK CYMDKHOI  [insiHKu
JTio6enbebka Ne 3, Ha sikin nonepeaHbO MigpaxoBaHo Aoaa-
TKOBI pecypcu B po3mipi 129 mnH T. JJocnigkeHHs rasoHoc-
HOCTI, BUKMAOHEDOE3NEeYHOCTI, yaapoHebe3nevHoCTi Byrinns
i nopia npoeoaute AN "CI-Cl-An-Nio6ens”. MiHimansHa rnu-
OMHa 3ansiraHHs NPOAYKTMBHUX KaM'siHOBYTINbHUX BiAKNagis
Ha pogosuLi 657,1 M, makcumarnbHa — 1517,8 m.

BupineHHA Hepo3B'A3aHMX paHille YaCTUH 3arasfibHol
npo6nemu. [NNepeBaxHO BYTiNbHi NOKNaau po3rnsaaTbes SK
NOTEHUiHWNIA pe3epB nuLle BYrinbHOI cupoBuHK. Ha Niobens-
CbKOMY POOOBMULLI pO3BiAaHO 3HAYHI 3anacu Byrinns, Lo Ao-
3BONUTbL Y pasi BiAMOBIOHOTO AepXaBHOro diHaHCyBaHHA
3HaYHO 36iNbLUNTK BUOOOYTOK TBEPAOrO Nanmea, y TOMy YuCH
N pediumTHoro KokciBHoro. OgHoYacHO BYrMEHOCHa TOBLUA
poOoBMLLA € Fa30HOCHO i repMaHIiEHOCHOK, @ KOMMIEKCHE
OCBOEHHA MOXe 3abe3neunTu nigBULEHHS edeKTUBHOCTI
Ta peHTabenbHOCTi ByrneBuaobyTKy.

[nsi 06'eKTUBHOI reonoro-eKOHOMIYHOI OLLIHKM MOXINBO-
CTi NOMYTHOrO BUNYYEHHS repmaHilo 3 Byrinns HeobxigHo
MaTu BiZOMOCTi LWOAO po3nofiny Ta KOHUeHTpauii Lboro
enemMeHTy y Byrinni. CynyTHii ra3-meTaH Moxe po3rnsaa-
TUCS SIK HETpaauLinHe J)xepeno BYrneBogHEBUX rasis. A no-
nepegHs derasauisi  BYrMEHOCHOI TOBLL — cipuaTUME
3anobiraHH0 aBapilHUM cUTyaLisam.
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KomnnekcHe BUKOPUCTaHHA CUPOBUHHOI 6a3u i3 3acTo-
CyBaHHSAM NMEBHWUX TEXHOIOTIN cnpusno 6 NigBWLLEHHIO peH-
TabenbHOCTI BYrneBnao0yBHOIrO KOMMNMEKCY 3 NOTEHUIHUM
nepexooM Ha 6araTonpoayKkToBe BUPOOHMLTBO.

MeTa Ta 06'eKT po60OTM — BCTAHOBMEHHS MiaxodiB Ao
KOMMMEKCHOrO BUKOPUCTAHHS BYriflbHWMX Moknagdis. Ha npuk-
napi NMo6enbcebkoro pogosuila JIBB My po3rnisiHynu ra3oHo-
CHICTb | FepMaHi€EHOCHICTb BYINEHOCHOI TOBLLi K NMOKa3HWUKM,
Lo HeobXigHO BpaxoByBaTy Mif Yac NPOEKTYBAHHA €KOHOMI-
YHO BWTiQHMX TEXHOIOMYHUX CXEM BYrneBmaooyTKy.

Buknag ocHoBHOro marepiany gocnimkeHHs. ByearieHoc-
Hicmb podosuwa. OCHOBHI NPOMMUCIIOBI 3amack i NPOrHO3Hi
pecypcu Byrinnsi JltobenbCcbkoro poAoBuLLa CKOHLEHTPOBaHI
y 12 ByrinbHWX nnacTax, 6inbLuUiCTb 3 SKUX Mae cepeaHto NoTy-
»HicTb Big 0,73 go 1,5 M, a nnactn n78, n* i n7 — 1,50-1,60 m
y niBAeHHI YacTuHi poposuwa (none waxti Jobenscoka
Ne 1). MMunbuHa 3ansraHHs NPOAYKTUBHWX BigKNagiB Ha poao-
BULL — 657,1 M, MakcumanbHa — 1517,8 m.

Ha INto6enbCcbkoMy pOAOBULLI MOLLUMPEHE BYTINASA Mapok
XK, KX i K. KokciBHe Byrinns ctaHOBUTb Mamxe MOroBUHY
3anacis pogosulia. 3a BEMWYUHOK 30MbHOCTI BYTiNns
cepeaHbOo30sbHE, 30MnbHe, | 6arato3onbHe. 3a MOKa3HM-
KaMu BMICTy MaCoBOI 4acCTKu Cipku nepeBaxaroTb rpynu 6a-
ratocipumcToro Byrinng (39,7 %) i manocipunctoro (29,0 %).
MepeBaxHa GinbLiCTb 3anacis BYrinns Ha poaoBwWLLi 3ans-
rae Ha rmmbuni 600-900 m. MNporHo3Hi pecypcu Byrinms no-
B'A3aHi 3 BYriNbHUM NNAcTOM Ve, KU PO3TaLLOBaHUN Ha
rmubuHi noHag 900 M. 3aranbHi po3BigaHi 3anacu Byrinnga
caraloTb 522884 tuc. T, y Tomy 4ucni: 6anaHcoBi 3anacu
467147 Tuc. T 3a kateropismm B+C1+C2 abo 89,3 %, 3aba-
naHcoBi — 55737 Tuc. T a6o 10,7 %. BanaHcosi 3anacu By-
rinna mapkn K csraiotb 198073 tuc. 1, abo 42,4 %.
MporHosHi pecypcy Ha pogoBuLLi NOPaxXoBaHi TiNbKM Ha No-
nax waxt Jiiobenbcbki Ne 4 i 5 i ctaHoBnaTe 371329 Tuc. T
(Kocmuk ma iH., 2020).

Byrinns Jllo6enbCcbkoro poaoBuLla Bipi3HAETbCA Hal-
BULLOIO SAKICTIO B 6aceiHi, HaMMEHLLIOK 30MbHICTIO, BMiICTOM
cipku i HalKpallol 34aTHICTI0O 00 30aradeHHst Ta KOKCy-
BaHHS. BOHO nepeBaxHO KOKCiBHE i xxupHe Mapok K i XK, a
Ha noni waxtu JTio6enbcbka Ne 1 — kokciBHe.

3a marepianamu AN "Ci-Ci-Air-JTio6ens" (2016), BctaHo-
BINEHO, Wo Ha ainsui Jllobenbcbka Ne 3, 3BaXkatoum Ha roct-
puin gediunT KOKCIBHOrO BYrinnsa B YkpaiHi, Byrinns nnacra
17 MOXe BMKOPUCTOBYBATUCS AN KOKCYBaHHS, OCKINIbKM Mae
HEBMCOKY 30MbHICTb i CIpYUCTICTb, BMICT pocdopy B Mexax
HOopMU Ta HanexuTb Ao Mapok K i XK. Byrinns nnacrtis 81, fo,
rg®, r7® HanexuTb 4o Mapku XK i K CUpOBMHA AN KOKCY-
BaHHS Ma€ BUCOKY TEXHOMOMYHY LiHHICTb, ane ans ix Byri-
NBbHUX KOHLIEHTPATIB CMoCTepiraeTbCa NigBULLEHUA BMICT
3ararnbHoi Cipku.

as3oHocHicmb 8yeinbHuX rnacmig. NpupoaHa rasoHoc-
HICTb BYTiMbHWUX MIIACTIB BYINEHOCHOI TOBLLi poAoOBULLA Xa-
paKkTepmusyeTbCsl MIHNMBICTIO SIK MO  MfowWj, Tak i Yy
BepTUKanbHOMY po3pisi, WO 3yMOBMIEHO reonoriyHo icTo-
pieto po3BUTKY (AHYUepos ma iH., 2010; Mampocgpatino ma
iH., 2017). 3a BMIiCTOM MeTaHy, a3oTy i BYrfeKMCroro rasy
3a Bigomoto knacuaikauieto O.l. Kpasuosa (Kpasuoe ma iH.,
1980), Ha popoBwLLi BUAOINSAOTLCS ABi ra3oBi 30HU. AHani3
OaHMX rasoBoro onpobyBaHHs MoKasye, Lo BCi BYTiMbHi
nnactM 6alKMPCBbKOro i CeprnyxoBCbKOro SipyciB kapboHy
3anaratoTb Y METAaHOBO-a30THili ra3oBili 30Hi (ra30BOro BMBIT-
plOBaHHS), 32 BUHATKOM nons waxtu Jiobenbceka Ne 3, ne
BCi BYTiMbHi NacTyn, NOYMHAOYU 3 1y 3anAraloTb Y METaHOBIN
ra3oBit 3oHi (CokopeHko ma iH., 2011). ByrinbHi nnactu m® i
V6 Ha BCill NMOLLi poaoBMLLA 3ansratoTb Y METaHOBIN ra3osin
30Hi, MOBEPXHSI SIKOI 3HAaXoAnUTbCs Ha rmmbuHax 830—1130 m
(abc. BigM. —680—-800 ™). I3orasa (5 M3/T ¢.6.M.) NpoxoauTb
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Ha rmmbuHax 920—1020 m (abc. Bigm. — 720-800 Mm). Y niBHIYHilA
yacTuHi pogoBuLla (nong waxt "JTtobenbcbka” Ne 1 2) no-
BEPXHSA METaHOBOI ra3oBOi 30HM 3HAXOAMTLCS Ha rMUOWHI
830 m (abc. Biom. — 680 M), nounHaoum 3 BYrinbHOro nracta
mo®. 3a paHumm (Byyurcbka ma iH., 2011) rpaHnLsA MK 30HOK
BMBITPIOBaHHS! Ta METAHOBOK 30HOK NpoxoanTs 6esnocepes-
HbO Haf nnacTtoM ne® i rMbKHa i 3ansraHHs 3MIHIOETLCS Bif
800 m Ha niBgHi Ao 1000 m Ha niBHOMI (pUcC. 2).
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Puc. 2. Fa30HOCHICTbL BYrinbHOro naacra ny®
Nwbenbcbkoro pogosuua JibBiBCbKko-BonuHcbkoro 6acenHy
(ByyuHcbka ma iH., 2011).
YMOBHi nosHaueHHs: 1 — isorasu, M%/1.c.6.M.,
2 — TEKTOHIYHI NOpYLUEHHS, 3 — MexXi 3ansraHHs nnacTa,
4 — cBepanoBuHM, 5 — nons waxt JitobenbCcbkoro poaoBuLLa;

6 — aHOMarbHi 3Ha4YeHHS ra30HOCHOCTI,
7 — WKana rasoHocHocTi (B M%/T ¢.6.M.)

XapaKTepucTunKy ra3oBux 30H i KOMMOHEHTHOrO ckragy
rasy y BYrinbHUX niacTax no rnossix WaxT pogoBula HaBe-
AeHo B 1abn. 1 (CokopeHko ma iH., 2011). Cy4acHa npupo-
[IHa ra3oHOCHICTb BYTiNbHUX MNacTis 17, 7', 7%, %2, e,
s, ng® i Mg, AIKi 3anNAralTb Y METAHOBO-a30THill ra3o.iii 30Hi
(BuBiTptOBaHHA), He3HayHa i 3miHeTbes Big 0,00 go
2,26 M3/T ¢.6.m. ByrinbHi nnactu ve, no® i iz, 7', n7®, s, no,
AKi 3ansralTb y METaHOBIM ra3oB.il 30Hi Ha nonsax waxT JTo-
O6enbcbka Ne 1—4 xapakTepusytoTbCs BUCOKOK NMPUPOLHO
rasoHocHicTio — 9,60-30,70 M3/T ¢.6.m.

OTxe, 0cOBONMBICTIO POAOBMILLA € BUCOKUI CTYNiHb Aera-
3auji ByrinbHUX nNnacrTiB, a B NiBAEHHIA NOro YacTuHi Ha no-
nsix waxt JMiobenbcbka Ne 112 y Mmexax rmmbuH 3ansiraHHs
OCHOBHMX poboumx nnacTiB ra3 manxke BiacyTHi. OgHak
npuv NPOEKTYBaHHI BYrneBnaobyTKy Ha rmnbokmnx ropusoHTax
JTlobenbcbkoro pogosuLla, a 0CobGNMBO B MeXax AiNsHOK
JTobenbebka Ne 3 i 4, HeobxigHO GpaTh [0 yBaru ixHO raso-
HOCHICTb | BpaxoByBaTU MOXIMBICTb Aerasauii BYrifbHUX
nnacrTis. ByrinbHWi ras Moxe po3rnsgatucs sk camocTinHa
KonanvHa, BmaobyBaHHS SKOi MOXIMBE B JOCTaTHiX ob'e-
Max Ta eKOHOMIYHO AOLiNbHe.

Xapakmepucmuka cyrnymHix KomrnoHeHmig gyeainns. MNig
Yyac po3sBigyBarnbHUX PobiT Ha BYrinnNa sk OCHOBHOroO BUAY
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CMpOBUHM Ha JTlo6GenbCHEKOMY POAOBWLLI MPOBOANIMCS BUMPO-
OyBarnbHi poboTK, 30cepemKeHi Ha OTPUMaHHI JaHUX LoAo
30arayeHHs1 BYrinms Ha repMaHiiA, raniv Ta iHpopmadii woao
MOLUMPEHHS TOKCUYHUX | MOTEHLIMHO-TOKCUYHUX KOMMOHEHTIB.
HasBHICTb NigBULLIEHNX KOHLIEHTPALLin MIKpOEneMeHTIB 403BO-
Nsie po3rnsgaT BYrinms sik nonimiHeparnbHy CUPOBUHY.

Mig Yac HanucaHHsA cTaTTi, y3aranbHeHHs Ta cucTemMa-
Tn3auii maTepiany BUKOPUCTOBYBanuCs crnekTparbHi aHa-
ni3un cepepgHbonnacTosux npob, ske sukoHysano A "Ci-Ci-
An-obens" (2016), npoBoasYN reOnOro-eKOHOMIYHY OLli-
HKY 3anaciB kaM'sHOro BYrinns pogosuila. Hanuikasiwummmn
OO0 NOTEHLIMHOrO BUKOPUCTAHHA € repMaHin i ranin, ocki-
NbKW Yy CBITOBIM NpakTUUi po3pobneHi MeToam BUIyYeHHS
LUMX eNeMEHTIB.

Yci ByrinbHi nnactu Jlto6enscbkoro poaoBuLLa MicTATb re-
pMaHin i ranin (tabn. 2). Posnogain ix y ctpaturpacdiyHomy po-
3pi3i HepiBHOMIpPHWIA. BinbLl repmaHieHOCHI BYrinbHI Nnactu
b3, b1 — y BEPXHin YacTVHi po3pisy, a TaKoX ns® i3 BMICTOM
noHag 3,5 r/T cyxoro Byrinns. HWkHa yacTMHa po3pi3y xapak-
TEepU3yeTbCA BinbLL HU3LKMMMW NOKa3HMKaMM BMICTY repMmaHito
(nnactwv nis?, r1s, N78, n7). Takvun xapakTep po3noginy yaromxy-
€TbCA 3i 3POCTAHHAM CTYNeHs MeTamopdiaMy BiAnoBigHO A0

rMMBNHK 3andaraHHs, y pasi 36inbLUEeHHS SKOT CrocTepiraeTbes
3HWKEHHS1 1oro BMICTY (byvuHcbka ma iH., 2019).

Y mexax JTtio6enbCcbkoro pogosuLla no nrioLli cnocrepi-
raeTbCs XBUNenoaibHuin xapakrep po3noainy KoHUEeHTpaLin
repmanito i ranito 3 niBHIYHOro cxoAy Ha nisgeHHUNM 3axia. Lie
3aranom 36iraeTbcsi 3 HanpsAMom Byrnedikadii no 6acenHy,
3rigHO 3 SKUM NiBAEHHO-3axiAHa YacTuHa Ginblue MmeTamop-
diszoBaHa (KOdosuy ma iH., 1985).

XBunenogibHun xapaktep po3nodiny KoHUeHTpaLin
CMPUYMHEHNI NPOLIECOM CeaMMeHTaLi, kUi nignopsako-
BaHWN KOHCEOUMEHTALIMHUM TEKTOHIYHUM pyXaMm, Lo Manu
BMMMB Ha BOAHWUM pexXxuMm naneoTopdoBuLL, MNITOMOFYHY i
daujianbHy MIHNMBICTb BYIMEHOCHUX BigKknagis y Uinomy.
BcTaHoBReHo, L0 HakoNUYeHHs ranito y Byrinni Binbysanocsi
CUHreHEeTMYHO HarpoOMabKEHHIO BYTINIS, a JXKeperiom 1Noro €
NpoaykTn po3MuBY KOpW BUBITproBaHHS (FOdosuy ma iH.,
1985). YacTi 3MiHM Ta HEPIBHOMIPHICTb PO3MOAINY repMaHito
CBiAYMTb NPO CYTTEBUI BMNNB KONMBANbHUX PYXiB He3Hay-
HOI amnniTyan, siki 3aranomM He 3MiHoBanu TUMy ceaMMeH-
Tauil, a nuwe AaudepeHUiloBann reoxiMiyHy cuTyauito
(flenuk ma iH., 1991; ByyuHcbka ma iH., 2015).

Ta6bnuys 1

XapakTepucTuka rasoB1X 30H BYrneHOCHUX Biaknaais i ByrinbHUx nnacTiB Jllo6enbcbKoro pogoBuiLa KaMm'asHOro Byrinmns
(3a (CokopeHko ma iH., 2011))

K . o MpupoaHa
CuHOHimiKa OMIMOHEHTHUM CKnan rasy, 7 ra3oHOCHICTb
Mone waxTy lasosa 3oHa BYrinbHOro nnacra BYFiNbHOro nnacra
Co. CH, N M3T C. 6. M. ’
1 B-1
MeTaHOBO-a30THa 7, 'z, 7 s 0,10-5,68 | 0,00-28,55 61,5-99,7 0,00-1,98
JTobenbcbka 1 n7><, Mg, Mg
MeTaHoBa n® 0,71-1,40 53,9-93,8 5,64-39,16 12,30-20,57
1 B-1
MeTaHoBO-a30THa r, iz’ A7 0,51-16,50 | 0,25-28,55 | 63,30-99,32 0,00-1,78
Jo6enbcbka 2 nz°, Mg, Mg, My
MeTaHoBa n® 0,05-2,10 51,14-92,24 6,77-49,93 4,61-30,70
1 B
NioBenbcbka 3 MeTaHoBa i 0,08-3,64 | 50,55-97,34 | 3,82-41-22 9,78-22,48
8, 119
MioBenbonka 4 METaHOBO-a30THa g®, My 0,20-0,48 1,65-15,34 71,72-97,02 0,00-0,70
MeTaHoBa 7 0,09-0,15 51,5-84,55 39,70-48,50 9,60
Mio6enbebka 5 METaHOBO-a30THa 2, ns°, ng?, o 0,16-0,63 11,97-33,95 52,19-98,07 0,00-2,26
MeTaHoBa 0,20-0,45 69,05-80,79 19,21-30,95 10,90-20,50
Tabnuuysa 2

BwmicT repmatito i ranito y ByrinbHMx nnacrax nons waxrtu Jlro6enbcbka Ne 1 i 2

(3a matepianamu AN "Ci-Ci-An-lNwo6ens”, 2016)

ByrinbHu® nnacr FepmaHin, r/T Byrinnsa lanin, r/T Byrinnsa
b 0.9-6,2* 2,5-158
8 3,63 (8) 9,16 (8)
b 04-117 1.8-16.6
! 3,9 (11) 6,9( 8)
n 0,9-39 1,6-15,8
0 2,2 (15) 6,7 (11)
e 2545 8,36-8,36
8 3,5(2) 8,36 (1)
e 0,7-51 3.3-15,5
8 2,9 (10) 7,17 (6)
n 1,027 34-52
8 1,6 (3) 4,3 (2)
e 1,1-6,0 3,0-11.3
7 2,54 (20) 6,3 (14)
n 0,60-7.,0 2,8-11.8
’ 2,3 (18) 5,7 (13)

lMpumimka: * y yucenbHUKy 3HauyeHHs 8i0 — 00; y 3HaMEeHHUKY — CepeOHE 3HaYeHHsl, y Oy»Kax KillbKicmb 8U3Ha4YeHhb.

DocnipxkeHHsa ginsHkm Jlo6enbcbka Ne 3 (bydYuHcbka
ma iH., 2019), 3a BUCHOBKaMu [HCTUTYTY BYrinNbHUX eHepro-
TexHonorin (IBE) HauioHanbHoi akagemii Hayk YkpaiHu
(m. Knis, 2015 p.), nokasano Lo Byrinns nnactiB b1, fe, Ns®,
7%, AKke NNaHyeTbCs BUKOPWUCTOBYBATU AN ChantoBaHHA
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B €HEPreTUYHUX Linsx, NonyTHO MOXe BMKOPUCTOBYBaTUCS
K [QpKepeno repmatito. [ligpaxoBaHi 3anacu repmatito
LoAo PakTUYHOro BMICTY B eHepreTUYHOMY BYFinni 4insHKK
Jlo6enbcbka Ne 3 3a kateropieto C2 ctaHoBunu 248,41 7.
3anacu ranito He nigpaxoByBanucs y 3B'A3Ky i3 BMiCTOM, LLO
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

3HAYHO HWXKYMI Bif KOHUEHTpAaUiN, SKi NiANSAratoTb KinbKiCHIN
OUiHUj, 3 HEpPIBHOMIPHICTIO pO3MOAiNy enemMeHTy B Mexax
nons LWaxTu Ta BIACYTHICTIO po3pobneHoi TexHOMorii BUAo-
OyTKy ranito 3 Byrinnsi.

CepepHi 3Ha4YeHHs BMICTY pigKiCHUX i pO3CisiHUX enemeH-
TiB NEpeBaXHO OOPIBHIOLTL (POHOBMM abo MakTb HE3HAYHI
BiAXMINEHHS B TOM Yn iHWKIA Gik. OaHak chig 3ayBaxuTy, Lo B
OoKpemMux npobax no BYrifNbHNX NnacTax piBHS MPOMMCIIOBOroO
BMICTY JocsratoTb BaHagin (b1, ns®, n78,), kobanbT (n7), Siki MO-
XyTb BBaXaTWCA MOTEHLINHO-TOKCUYHNMM KOMMOHEHTaMU
(By4uHcbka ma iH., 2020), ane B 3ararsnbHiln Maci BOHW He rne-
pesuytoTb FOK (rpaHnyHO JONyCcTUMI KOHUEHTpaLi).

CepefHi 3Ha4YeHHs BMICTY TOKCUYHUX i MOTEHLIAHO TOK-
CMYHUX €NIEMEHTIB MO BYTiNbHUX Niactax LWaxTHOro nons —
Ha piBHi hOHOBUX KOHLEHTpaLii, 3Ha4yHO Hxkyi FTOK i He By-
OyTb CTAHOBUTK HeGEe3nekn nig yac ekcnnyarauii pogosuiLa
(Mpo 3ameepdxxeHHs1..., 1997). 13 36iNbLUEHHAM CTyneHs
MeTamopdiamy BigMIYaETbCA nepepos3nofin enemeHTiB, a
iHKONM 3MEHLLEHHS X KOHLEHTpAaLN.

BapTo 3BepHyTU yBary Ha HarpoMagXeHHs1 BiOXOAiB Mo-
TEHLINHOI AisnNbHOCTI NigNpMeMCTB BYrnesmao0yBHOI Npomu-
cnoBocTi (leaHuie ma iH., 1999). BoHN MOXyTb BYTU OUIHEHI
SIK TEXHOTEHHI POAOBMLLA ANS BUMYYEHHS LiiHHUX Mikpoene-
MeHTiB. Y pobotax (flenuk ma iH., 1995; buk ma iH., 2000)
BCTa@HOBIEHO, LLIO Arsi Nopia BiABaniB xapakTepHUii nigsuLLie-
HWIA BMICT PiAKICHUX i PO3CISHUX efleMeHTIB, Takux siKk repma-
HiR, ranin, cpiéno, Migb, MmonibaeH, ckaHain Ta iH. EKoHOMIYHA
OOUINbHICTb AeTanbHOro BUBYEHHSA LMX MOpig 3 METOH BUIY-
YEHHS! 3 HMX LIHHMX KOMMOHEHTIB Oyae cnyryBatu aHanituy-
Hoto 6a30t0 Ansi BNPOBamMKeHHS BUTiQHUX TEXHOONIN.

BucHoBku. HapollyBaHHA  MiHepanbHO-CUPOBUHHOT
6a3n JbBiBCbKO-BONMHCLKOrO KaM'siHOBYrinbHoro 6acenHy
MOXIMBO 3a paxyHok OyaiBHULTBa Ta ekcnnyaTtauii FipHuyo-
BNOOOYBHMX KOMMMEKCIB y Mexax pogosuy, MiBaeHHo-3axi-
OHOrO BYITIEHOCHOrO pawoHy. Y cTaTTi 3a pesynbTatamu
niTepaTtypHuX AXepern Ta BracHWUX AOCTiMKeHb NonepeaHix
pOKiB NpoaHanisoBaHO MOTEHUiNHY MOXIUBICTb BUKOPUC-
TaHHS CYNyTHIX pecypciB BYrMeHOCHOI TOBLLj, WO Morno 6
3a6e3neunTn PYHKLIOHYBaHHS LLIAXTHOIO KOMMMEKCY siK pe-
HTabenbHoro 6aratonpoayKToBOro BUpoBHMLTBA.

JTo6enbcbke pogosuLle JIBE mMae 3HayHi 3anacu BUCOKO-
SIKICHOrO BYTiNNs, ke MOXe BUKOPUCTOBYBATUCS AN KOKCY-
BaHHS, WO Oyae 3Ha4YHNM BHECKOM Y PO3BUTOK EHEPreTUYHOI
6a3n YkpaiHn. 3Ha4yHa gerasauis ByrieHOCHOI TOBLL CYKyMnHO
3 BUCOKVMMW TEXHOMOTMYHMMU SIKOCTSIMM BYTINNS | € NPUYNHOIO
niaBuLeHoro iHTepecy Ao JiobenbcbKkoro pogosuLla. Byrine-
HWI ra3 rmmboKNX ropn3oHTIB POSOBMILLEA MOXE PO3rnsiaaTucst
SIK CaMOCTillHa konarnvHa, BuaobyBaHHS sIKOi MOXIMBE B J0-
cTaTHix ob'emax Ta ekOHOMIYHO AouinbHe. Byrinna Niobenb-
CbKOro pofoBMLLIA MOXE TaKOX OYyTV NpUaaTHUM SK CUPOBUHA
Ans BuooOyTKy repmanito. 3a okpemrMmn npobamMmn KOHLEHT-
pauii ranito, BaHagilo i kobanbTy AOCAralTb PiBHS YMOBHO
NPOMUCITIOBUX, arne He MOXYTb BUKOPUCTOBYBATUCS YepE3 He-
PiBHOMIipHICTb pO3Mnopainy enemMeHTIB i BiACYTHICTb po3pobrie-
HUX TEXHOIOri BUO0OYTKY.

MpoeKTY0YM EKOHOMIYHO BUTiAHI TEXHOMOTiYHI CXeMW BY-
rnesnaobyTKy, NOTPiIGHO BpaxoByBaTu BECb KOMMIEKC NOKa-
3HMKIB OO0 OCBOEHHHA CYMYTHIX KOPUCHMX KOManwH i
KOMMOHeHTIB Byrinnga. KomnnekcHui nigxig oo snaobyBaHHA
BYFiNNs 3 BUBYEHHSAM ra30HOCHOCTI BYFMEHOCHOI TOBLLj, 4O-
CRiIKEHHSIM BMICTY | MOLIMPEHHS MiKpoerneMeHTiB y BYrini
Ta NepCrneKkTUBHOCTI iX MPOMMCIIOBOrO BUKOPUCTaHHS 4acTb
MOXIMBICTb OLHUTM MOTEHLian WwaxTu. 3actocyBaHHs Ta-
KUX 3acaj OOUH i3 NepcrnekTMBHUX HanpsIMKIB CTiMKOro po3-
BUTKY BYrnenobyBHUX PEriOHIB 3 MOCTYNOBMM MEPEXOAOM
BiJ MOHOLIEHTpOBaHOro BUpOoGHMUTBa A0 Baratonpodink-
HOro CrpsiIMyBaHHS1.
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COMPREHENSIVE DEVELOPMENT OF ASSOCIATED MINERALS AND COAL COMPONENTS
OF THE LYUBELYA DEPOSIT OF THE LVIV-VOLYN BASIN

The potential of coal deposits is determined not only by the establishment of coal bearing capacity, but also by a number of criteria determined
by the complex extraction of associated minerals and coal components. One of the main reserves of replenishment of the mining mine fund of the
Lviv-Volyn coal basin (LVB) is the South-Western coal-bearing area. The Lyubelya coal deposit is located in the south-western part of the Lviv-Volyn
basin within the Kariv syncline.

The Lyubelya deposit is the most submerged part of the LVB with the most complete stratigraphic section. The coal-bearing stratum is gas-
bearing and germanium-bearing. Integrated use of the raw material base of LVB with the use of certain technologies of preliminary gas extraction will
help to increase the profitability of the coal mining complex and prevent accidents. The deposit has significant reserves of high-quality coal that can
be used for coking, which will be a significant contribution to the development of the Ukraine's energy base. Coal of grades Zh, KZh and K is
widespread at the Lyubelya deposit. Coking coal makes up almost half of the field's reserves. The total explored coal reserves are 522884 thousand
tons. Significant degassing of the coal seam in combination with high technological qualities of coal is the reason for the increased interest in the
Lyubelya deposit. In its southern part, gas is almost absent in the fields of the Lyubelya mines No. 1 and 2, within the depths of the main working
layers. But coal seams vs, no®, nz, n7', n7°, ns, no lie in the methane gas zone in the fields of Lyubelya mines No. 1-4 and are characterized by high
natural gas content — from 9.60 to 30.70 m®/t s.b. Methane gas zone is immersed in the direction of the bottom of the Kariv syncline. When designing
coal mining in the deep horizons of the Lyubelya field, it is necessary to take into account their gas potential and the possibility of degassing of coal
seams. Coal gas can be considered as a stand-alone mineral that can be extracted in sufficient quantities and economically feasible. Coal from the
Lyubelya deposit may also be suitable as a raw material for the extraction of germanium. Thus, the estimated reserves of germanium in terms of
actual content in the coal of the Lyubelya No. 3 section in category C;amounted to 248.41 tons.

The Lyubelya deposit of LVB has significant reserves of high-quality coal that can be used for coking, which will be a significant contribution to
the development of the Ukraine's energy base. When designing cost-effective technological schemes of coal mining, it is necessary to take into
account the whole set of indicators for the development of related minerals and coal components.

Keywords: coal reserves, gas-bearing capacity, Germanium-bearing capacity, complex use, Lyubelya deposit, Lviv-Volyn basin.
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NMPO 3O0HAJNBHICTb NIBMEHITOBUX PO3CMNIB IPLLAHCBLKOIro PO3CUNHOIo nons
YKPAIHCbKOI CYENPOBIHLII PO3CUNHOI NPOBIHLII CXIAHOI EBPOMMU

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

Ha mepumopii YkpaiHu po3mawoeaHi mumaHoei i mumax-yupkoHieei po3cunHi podosuuwa ceimoeo2o pieHsi. Pazom eoHU ymeopto-
romb YkpalHcbKy cybnpoegiHuyito po3cunHoi npoeiHuii CxidHoi €Eeponu. Crodu exodums i IpwaHcbke po3curnHe rosie Po3eUMmKy ifbMeHi-
moeux po3cunie 6/IWKHL020 3HOCY. ¥ cmammi HasedeHO pe3ysibmamu OOC/liOXeHHsI MPOCIMOopP0o8020 crlieeiOHOWEHHsT po3curie i
KOpPiHHUX O)XepeJ1, 8epMUuKabHOI | 20pU30HMaNbHOI 30HaSILHOCMI PeYOBUHHO20 CK1ady po3cunie Ha 9 demanbHux dinsiHkax. Lje 0os-
sos1usio susisumu dodamkoei Kpumepii 0519 8CmMaHOB/IeHHS] 2eHe3UCy po3curlie, Wio 8aXsiueo Os1si NposedeHHs naneozeoepaiyHux i
naneozeomopgbosiozidvHux pobim. KopiHHUMu Oxepeniamu mumaHogux po3curiie IpuwaHCbKo20 Po3CUMnHO20 MoJis 6y1u nepesaxkHo rnna-
cmoei mina pi3Hoi mosuwuHu, siki npedcmasnsnu caMmocmiliHi cmpykmypu abo 6ynu enneMeHmMamu HUHI 3pyUHO8aHUX KynosonodibHuUx
cmpykmyp ¢pyHOameHmy. KopiHHi mina i po3cunu e nnaHi 36iecarombcs1 yinkom, yacmkoeo abo He 36izarombcsi. Kpumepit 36i2y KopiHHUX
i po3cunHux min yka3ye, ujo KOpucHuUli KOMIMOHeHm 8i0 KopiHHUX min Ao po3cunHux nepemiwyeaecs Ha 8iocmaHb A0 KifllbKOX COmeHb
mempie. Po3cunHi podosuuia, ujo micmsimscsi y gioknadax rnosimaechbKoi ceimu ni3HbooslicoyeH-cepeOHbOMIOUEeHO8020 8iKY, 3a 2eHe-
3ucom entogianbHi, enrogianbHo-0esto8ianbHi, OentosianbHi, OesrosgianbHO-anto8ianbHi, NposroeiansHi, antogiansHi. Penbegh mozo Yacy
cnpusie 36epexeHHI0 8 po3curnax KOHUeHmpauili KOpucHO20 KOMIMOHEHMa KOpPiHHUX Oxeper i ix 36a2avyeHHro. InbMeHimoei poscunu
ghopmyeanuce Ha 8cix 2incomempuyHUX pieHsIX 0agHLO20 pesibeby, ane Halbinbw 3Ha4YHi — Ha HUXHBLOMY pieHi (GHUWa i cxunu 0aeHix
donuH). Pe3ynbmamu aHarnisie 2paHy/iloMempu4Ho20 i XiMiyHo20 ckiiady po3cunie inbMeHimy, 2paHysIoMempu4YHoO20 i pe4o8UHHO20
cknady eioknadie, W0 eMiulyroms po3curnu, UBYa/IUCH 3 ypaxXye8aHHSIM CIMPYKMYPHO-MEKMOHIYHUX, Maneo2eoMopgos1o2iyHUX yMoe
mepumopii. AHanisu eidbupanuck MemodoM iHmepe8asibHO20 ornpobyeaHHs1 po3pizie. 3a pe3ysbmamamu ix cmamucmu4Hoi 06pobku
supaxoeyeasuch KinbKicHi MoKa3HUKU, SIKi xapakmepu3yromb 2paHysioMempuyHUl i XimiyHut cknad inbMeHimy. Bue4eHHsi ix do3eonuiio
y gidknadax nonmascbKoi ceimu eusseumu pi3Hi munu po3pisie (8 — 3a epaHynomempieto i 10 — 3a 3MiHHicMIo XiMiyHO20 cknady inbme-
Himy), eepmukanbHOi i 20pU30HMaIbLHOI 30HasIbHOCMI. OmpuMaHi pe3ysibmamu ea)Jiuei 01151 po3sumky 2eoiHghopmauitiHo2o modersito-
8aHHs po3cunHux podosuuw i do3eonstomb eupiwlyeamu mpaduyiliHi 3ae0aHHs (Maneo2eomMopghosioziyHi PeKoOHCMPpyYKUii, ennue
naneopensegy Ha emicm i sikicHUll cknad inbmeHimy, susienisimu aeHi KOHceOUMeHMauiliHi cmpyKkmypu, Micysi meKmMoHi4HUX iHeepcili).

Knroyoei cnoea: inbmeHim, inbmeHimoei po3cunu, KopiHHi Oxepena, 30HanibHicmb po3curie, naneopenseg.

AkTyanbHicTb TemMu gocnigxeHHs. Ha Tteputopii Yk-
paiHN po3TallOBaHi BENWUKI TUTAHOBI | TUTAH-LIMPKOHIEBI pO-
3CMNHI pogoBuLla CBiTOBOrO piBHA. BoHW yTBOpIOOTH
YKpaiHCbKy po3cunHy CcyOnpoBiHUilo, SKa € YaCTUHOI PO3-
cunHoi npoBiHuii CxigHoi €Bponu. BuBYeHHS umx poscwun-
HUX POAOBMULL, KPiM MPaKTUYHOro, MAe BaXKIIMBE HAYKOBE i
MeToANYHe 3HaYeHHs ang naneoreorpadii, naneoreoMop-
donorii, reoMmopdOCUCTEMHOIO i HEOTEKTOHIYHOIO aHarisy.
[aHi Wwoao ix BUBYEHHSA 4O3BOMAIOTL NPOBOAUTU Naneope-
KOHCTPYKLii reHeTUYHOro, AMHAMIYHOrO, ICTOPUYHOrO Xapak-
Tepy, BMBYATM LMKMIYHICTb PO3BUTKY reoMopdOoCUCTEM,
HEOTEKTOHIYHI CTPYKTYpU Ta iXHIO ANHaMIKY.

CTtaH BMBYEHHA i MeTa [ocnigXeHHA. TuTaHoBi i
TUTaH-LUMPKOHIEBI PO3CUMHI poaoBuMLLa YKpaiHCbKOi po3cun-
HOi CyOnpoBIHUii goCNigKylTbCA [aBHO. Y PpisHi poku
By npadi C. benbcebkoro, M. Bagnmosa, C. BacuneHka,
M. Beknuua, J1. laneuskoro, A. [dopaTtka, €. dyaposuua,
M. Oanyenko, I1. 3amopis, B. KoHgpauyka, O. Komnega,
HO. Kowwka, 0. MyxiHa, B. OBuapenka, HO. [NlonkaHoBa,
I". MpockypiHa, O. Peme3oBoi, |. PomaHoBa, T. CiBanbHe-
Boi, B. TapaceHka, B. TimodeeBa, A. XatyHuesoi, C. Lium-
6ana, C.lUsanbeposa, O.fApemeHko Ta iH. (HJodamko,
1976; Hydposuy, MyxuH, 1977; Komnes, XKunkiH, 2022;
lMonkarHos, Libimban, 1987; lNpockypuH, 1984; [NpocKypuH u
Op., 1987; CeisanbHesa, 2014; TapaceHko, botiko, 1983;
Lllsatibepos, 1987; SpemeHko, 2020), siki Gynu npucBsiYEHi
BMBYEHHIO KOPIHHUX OKepen, naneoreorpadiyHmx, naneo-
reomMopdonoriYHmX,  CTPYKTYPHO-TEKTOHIYHUX  YMHHUKIB
YTBOPEHHSA TUTAHOBUX i TUTaH-LIMPKOHIEBMX PO3CUNIB, iX pe-
YOBWMHHOIO CKMnagy i ocagoBux nopia, ski BMilLYHOTb pO3-
cunn, isMYHUM | XiMiYHUM  0coBnMBOCTAM  MiHepanis
po3cuniB, MiArOTOBUi BUSIBIIEHNX PO3CUMHMX POAOBULL
0o npomucnoBoi ekcnnyatauii (M. PybaH, B. Makapos,
B. Jlynbko, TI. MpockypiH, C. lUBanbepos, J1. Tokapckka,
J1. ®ewenko, KO. bapaHos, J1. bouai, . Nypcekuid, . Bece-
noecbkkuid, O. JlasHikos, O. JluceHko, T. Mopay6Ha).
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B ocTaHHi poku iIHTEHCUBHO PO3BMBAETLCS HAMNPSM reoi-
HPOPMALLIMHOrO MOAENOBAHHA PO3CUMNHMX pogoBuLl. u-
TaHHAMU LUUPOBOro CTPYKTYPHO-MITONOMYHOro i reonoro-
ANHaMIYHOro MOAEroBaHHSA TUTAHOBMUX PO3cuUniB B YKpaiHi
sanmatotbca  O. Pemesosa, [. Xpywos, C. Bacunenko,
O. KpaBueHnko, T.OxoniHa, O. Kosaneswy (BacuneHko,
2015; KpasueHko, 2016; JluceHko, 2017; Peme3osa, 2011).
Pobotn 3 reoiHopmMaUiiHOrO MOLENIOBAHHA PO3CUMiB
CMMpaTbCs Ha CydYacHi TEXHOMOTiYHI MOXIMBOCTI, BOHU 3a-
3BMYan 3apopmarnizoBaHi, He4OCTaTHbLO BPaxXOBYOTb 3aKO-
HOMipHOCTi MopcdporeHesy, niToreHesy i pyaoreHesy (ki €
enemMeHTamMmn €4MHOro npouecy — MopgorimopydozeHesy)
po3cunHMX poaosuLl. KOHKpETHI AaHi, WO po3KpUBaKThb PisHi
NPOCTOPOBO-4acoBi 0COGNMBOCTI MopdboniTopyaoreHedy Ha
OKpeMMX LiNnsiHKax po3BUTKY PO3CUMHUX POOOBMLL CTAHOBIATb
ocobnmBui iHTepec. BoHn 403BONAKTL NPOBOANTY reoiHop-
MaLiiHe MOLEMIOBaHHA YTBOPEHHSA PO3CUMHMX POLOBMWLL
OinbLL TOYHO | edPEKTUBHILLIE BECTM NOLUYKOBI poboTu. Baxnu-
BUMUW MUTAHHAMM TYT € BUSIBNEHHS KOPIHHWX [pKepen i iX npoc-
TOpOBE 3iCTaBMEHHA 3 PO3CUMHMMU TiNamu, BUBYEHHS iX
BEpPTUKanNbHOI | rOPU30OHTaNbHOI 30HaNbHOCTI PO3CUNIB.

Ha Haw nornsa, ocobnmeo iHpopMaTUBHUMK NS PO3-
rMaAy UMX nuTaHb € po3cunu B6nmxHboro 3Hocy. [o Hux
HanexaTb, 30Kpema, TWUTaHOBI (iNMbMeEHITOBI) po3cunu
IpLIaHCBLKOro PO3CMMHOTO MONs, SKi pO3TalloBaHi B Mexax
YKpaiHCbKOi cyOnpoBiHLii TUTAHOBUX i TUTaH-LMPKOHIEBNX
po3cunHux pogosuLl. Lli pogosua getanbHO SOCHIAXEHI,
ONS HUX CTBOPEHO 3HayHy iHopMaLiiHy ocHoBy. Bukopuc-
TaHa NeBHOK MipOl BOHa 403BONUTL BUPILLYBaTW BULLE3a-
3HaYeHi NPaKTUYHI MUTaHHS NOLUYKIB i pO3pO6KM PO3CUMMHMX
pOAOBKL, @ TaKOX TEOPETUYHOro i MEeTOAMYHOro Xapak-
Tepy, siki BaXnuBi Ana naneoreomopdornorii, naneoreorpa-
i, HEOTEKTOHIKMN.

Buknapg ocHoBHOro martepiany gocnigXeHHs. |pwan-
CbKe pO3CuHe Mnore yTBOPKE paa BENUKKX i BinbLu ApiGHMX
TUTaAHOBMX (MEePEBaXXHO INbMEHITOBUX) PO3CUMNHMUX POSOBMULL.
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3a cxemoto parnioHyBaHHS ([eonoeis..., 2001), BOHU Hane-
XaTb 40 BonMHCLKOro po3cunHoro pamoHy YkpaiHCbKoi cy0-
NPOBIHUji po3cunHoi NpoBiHLii CxigHoi €Bponu.

Mwu npoBoaunu cneuianbHi gocnigKeHHsa Ha 16 poscun-
HUX AinsHKax, siki po3pobnsaioTbes abo HanexaTtb 40 KaTe-
ropii nepcnekTMBHMx. Y cTaTTi HaBedeHO pe3ynbTaTtu,
oTpumaHi Ha 9 ainsHKax (y AyKax iXHi HOMepwu B TEKCTi):
LWepwHboBebkin (1), 3nobuupkin (2), Mapomiscekin (3),
MpaBobepexHin (4), bepesiscbkii (5), Banku-Maukiscbkin
(6), KatepuHischkin (7), NiBobepexHin (8), lcakiBebkin (9).
OCHOBHI MPOJYKTMBHI MNactv po3cumniB TyT pO3TallOBaHi
y Bigkrnagax nonTaBCbKOl CBITU Mi3HbOOSIrOLEeH-cepegHbo-
MioueHoBOro BiKy. Micusmu, y 3arnmMbneHHsAX NoxXoBaHOro
penbedy, TyT TakoX 36epiralnTbCcs 3anuLKN cepeaHboop-
CbKMX, PaHHbOKPENJOBUX, CEPEeHbOEOLIEHOBUX PO3CUNIB.
Poscunun posTalloBaHi: y CTPYKTYPHO-TEKTOHIYHOMY BifHO-
LeHHi — y mexax KopocTeHcbkoi 6rokoBoi CTpykTypy 3 no-
pSaoKy  YKpaiHCbKOro wuta; y reomopdOoCMCTEMHOMY
BigHOLLEHHi — y ManuHCbKi iCTOprKo-AMHaMIYHIn 6aceHo-
Bin reomopdpocuctemi (Kommes, 2005); y cy4acHOMY penb-
edi — y BepxiB'i 6bacerHa p. Ipwa.

TutaHoBI (iNbMEHITOBI) PO3CMNN Ha AOCNIMKEHNX AiNsH-
Kax NpOCTOPOBO i FEHETUYHO MOB'A3aHI 3 OCHOBHUMM | yrbTpa-
OCHOBHVMU nopogamm KopocTeHcbkoro NNyTOHY
KpucTaniyHoro dyHgameHTy wuta. KopiHHi Tina poscunis y
HUX YacTo po3TalloBaHi NpsaMo nig HUMW. Lli Tina Bigpi3Hs-
H0TbCA po3Mipamu, GOPMOI0, YMOBaMM 3ansraHHsi, TOBLUU-
HOK, BMICTOM inbMeHiTy. Hepigko BOHM SBMAOTb COBOMO
Maiixxe cyuinbHy pyay. NpocTopoBe B3aeMopo3TallyBaHHS
PYAHUX Tifn i po3cuniB — OOUH i3 KPUTEPIiB YCTAHOBMNEHHS re-
He3ucy po3cuniB, BUBYEHHSI BEPTUKANbHOI | FOPU3OHTanNbHOI

30HaANbLHOCTI PO3CuNiB, WO BaXMIMBO AN NPOBEAEHHS
naneoreorpadiyHux i naneoreoMopdonoriyHnx pooiT.

lpocmopoei cniesiOHoweHHs1 po3cunie i KOPiHHUX
min B/BYanucb Ha BCiX 9 AOCMIOKEHUX PO3CUMHUX LiNsH-
kax. B ixHix mexax BinOyBanocb HakonuueHHs Bigknagis
NONTaBCbKOI CBITU | KOHTUHEHTaNbHUX PO3CUNIB Pi3HOro re-
Hesucy. Hanbinble B naneogonuHax — ix pycnax, poswu-
peHux AingHKax (4acTto 3aMHATUX 03epamu), CXunax.

HanbinbLli po3cunHi Tina reHeTUYHO NOB'A3aHi 3 KOPiH-
HUMW JXepenamu, fki HanyacTiwe sBnsTb coboro nnac-
TOBi Tina, TOBLWUMHA HKMX CTaHOBWUTb Bi4 MNepLUnX
CaHTUMETpIB | 4O KiNbKoX AecATkiB meTpiB. lMnactn yacto
BWrHYTi, OCKINIbKM BOHW MOrnn Oynv enemMeHTamu Kynosono-
[iGHWUX CTPYKTYp dyHOameHTy. BoHu manu pisHuin pagiyc
KPVBM3HM i HUHI 4YacTkoBO 36epiratloTbcsl B MOXOBaAHOMY
ctaHi. KynononogiGHi CTpykTypu Todi BUXOAWMM Ha piBEHb
AeHyAaUiHOro 3pi3y | TOMY 3anvLLMIUCE TiMbKU Pi3HOK Mi-
poto ix 3pyrnHoBaHi sapa. KynononogibHi cTpykTypy npogo-
BXYIOTbCS Ha Pi3HY MMUOUHY. [HLLMM TUMOM KOPIHHWUX PYyOHWX
CTPYKTYp € OKpeMi nnacTu Ta ixHi cepii. BoHn cybnapane-
NbHi, HanpaeneHi Ha3ycTpiY i Nig KyTOM A0 NOBEPXHI. Y nnaHi
KOPIHHI Tina 8y3bKi 8UAOBXKEHI, i30MEeMpPUYHI, HerpasurbHi
(nidkos8o-, YbomKo-, KyricornodibHi). KopiHHi Tina ekcnoHyBa-
NMCb Ha BCiX PIBHAX 4ABHLOrO penbedy.

Bynn BcTaHOBMEHI OCHOBHI TUMKW NPOCTOPOBOTO CNIBBIA-
HOLLEHHS KOPIHHWX Tif i MOB'A3aHNX 3 HUMK PO3CUNIB, SKi B
nnaHi: 1) nosHicmio 36iezarombcsi, NNoLLa PO3CUMHOro Tina
Oinblua i MeHLwa 3a KopiHHe (puc. 1a); 2) KopiHHe | po3cunHe
Tina vyacmkoeo 36ieatombcsi (puc. 16); 3) po3cunHe i Ko-
piHHe Tina He 36ieatombcsi (puc. 1B).
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Puc. 1. MpocTopoBe NonoXeHHA axepen i po3cunis:
1 — noBHUM 36ir, 2 — yacTkoBuMn 30ir, 3 — He36ir, 4 — po3cunu, 5 — KOpiHHI Axepena

BuBYeHHS1 NPOCTOPOBOro CMiBBIAHOLIEHHSA PO3CUMHUX i
KOPIHHMX Tin cBigyaTh, WO iNbMEHIT Bif OCTaHHIX 40 Micub
YTBOPEHHSA PO3CUMNHMX TiN Mir nepemillyBaTCb Ha BiACTaHb
BiZ KiflbKOX MeTpiB A0 KiflbKOX COTeHb MeTpiB. Ha ue 3Hay-
HOI MIpPOIO BMNvBaB AaBHi penbed — xapakrtep noBepxHi,
1T Haxun, Mopdonoris i ryctota eposinHnx opm.

ManeoreomopdonoriyHi KapTy Ni3HbOONIroLeH-cepea-
HbOMIOLIEHOBOIO Yacy, 3 BAHECEHUMU HA HUX BUSIBNEHUMU
KOPIHHMMM | pO3CUMNHMMM TiNamu, Ta iHWIi AaHi ceigyaTb Npo
iX enoBianbHe, enoBianbHO-AeNtoBianbHe, AentoBianbHe,
AentoBianbHO-antoBianbHe, NpontoBianbHe, antoBianbHe No-
XOXKEHHS. Y po3cunax NepBUHHI KOHUEHTpaUii iNbMeHITy 3
KOPIHHMX Tif i KOpX BMUBITPIOBAHHSA KpUcTaniyHmx nopig 36e-
piranvcsb i 36aradyBanuce.

InbMeHITOBI po3cunu IpLUaHCLKOro pyaHoro nons y Bigkna-
Aax NoNTaBCbKOI CBiTW YTBOPIOBANMCh Ha BCiX FNCOMETPUYHNX
PIBHSIX AaBHBOrO penbedy, a HanbinbLLi 3 HUX — HA HXKHBOMY
(gHvwa i cxunm gasHix gonuH). TyT 4Yacto 36epiraloTbeca
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O0CUTb NOBHI PO3pi3n BigknaaiB NONTaBCbKOI CBITW, NOTYXHICTb
akmx 1,5-16,5 m (y cepeaHbomy 5,0—14,0 m) (Komnes, 1988).
Memoduka eue4yeHHs1 30HasIbHOCMI inNbMeHimosux
po3cunie. 30HanbHICTb OY0BU iNbMEHITOBUX PO3CUMiB BU-
ABMNAETLCA Nig Yac BUBYEHHS rPaHYyNTIOMETPUYHOIO i pevo-
BMHHOrO cknagy MoHodpakuii  inbMeHiTy. OCHOBHY
iHbopmalito TyT galoTb pesynbTaT ob6pobkM ix aHanisiB.
HanedekTnBHILIMM BUSABMSETLCS iX BUKOPUCTaHHS B KOM-
nnekci 3 iHWMMKM MeToAamu, Nnepeaycim KpynHoMacLuTabHmx
naneoreomMopdOnoriYHNX  PEKOHCTPYKUIA  LUX  AiNAHOK.
30HanbHICTb INbMEHITOBMX PO3CUMIB BYBYanack Ha OCHOBI BU-
KOpuCTaHHs1 MoHodbpakLii inbmeHiTy. Lle 1998 rpanynomeTtpu-
YHMX aHanisiB i 1883 aHanisiB xiMiyHOro cknagy iNnbMeHiTy, a
Takox 150 aHanisiB noBHOro i 524 aHanisiB nonimiHepansHOro
CKnagy po3cuUnoBMICHUX nopia. Ix 6yno BigibpaHo y 68 To4kax
nepeTuHIiB AaBHIX JONWH Ha 9 AiNsiHKax pO3CUMHUX POOOBMLL.
Takox Oyno BpaxoBaHO AaHi NpubnmnsHo 5 Tuc. rpaHyno-
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MeTpuyHMX i 10 TMC. MiHepanoriYHnx aHanisis 0cagoBuX Nopia
3-33 MeX JeTarnbHWX OiNsHOK.

"paHynoMeTpuYHi aHani3av BUKOHYBamnuCh sik BaroBi. 3a
creuianbHOK NPOrpamMolo BOHU NepeBoaUNIUCE Y KifbKiCHI.
[nsa BaroBoi i KinbKicHOT hopM NpeacTaBneHHs pesynbTaTis
rpadiyHMM i aHaniTM4HMM cnocobamu nigpaxoByBanuch
rpaHyrnomeTpuyHi KoediuieHTN i CTaTUCTUYHI MOKa3HMKWU.
BoHM YacTo kopentoTbCa i 3 Pi3HOK KOHTPACTHICTHO Bigo-
OpaxxatoTb NPUPOAHI aBuLLa. Li koedilieHTn i Noka3HMKK xa-
paKkTepu3yloTb eMnipu4Huin - noniroH posnoginy (EMP)
Bigknagie, Taki woro Mipy sfk: 1) posnogin (cepenHe);
2) copTOBaHicTb (CTaHOapTHE BiOXUNEHHs, koedilieHTn Ba-
piauii, eHTponiiHa Mipa BigcopToBaHOCTI); 3) BiOXUNEHHSI
BiJ HOPMarnbHOro 3aKoHYy po3nodiny (koedilieHTn ekcuecy
i acumeTpii). BpaxoByBanucb Takox Cymu nillaHux, rpasin-
HUX | MMHMCTUX cbpakuin. [dani BCi ui KinbKicHi AaHi nepeso-
ONNUCb Y TEeHEeTWUYHI, AMHAMOreHeTUYHi i npeacTaBHULbKI
Jdiarpamu. Ha oOcHOBI BCiXx UMX MigpaxyHKiB BWBOAWMBCA
y3aranbHIOBanNbHUA  CUHMeMUYHUU  2paHyrnoMempuyHuUl
koedpiyieHm (CI'K) Ha ocHOBi cepegHbOro po3mipy, copTo-
BaHOCTI, aHOMarnbHUX BiAXWUNEHb, SIKUA O03BONMSE SAKICHO
iHTepnpeTyBaTu rpaHynoMeTpUYHy CTPYKTYpPY Bigknagis. Ha
nigcymkoBux kaptax CIK BpaxoByeTbcs MobGiuHO i Moxe
000aTKOBO NMOKa3yBaTUCS 3HaYKaMMU.

MiHepanbHuiA cknapg Bigknagis Aae BaxnuBy iHpopma-
Lito Npo cTagii nitoreHesy, enireHes i rinepreHes. Bubip Han-
OinbLw iHopMaTMBHMX PO3MIPHMX (hpakLiin Ans Uboro He €
ogHocTanHuM. TyT BaXXNUMBO BpaxoByBaTW, WO Ha CTagiax
nepeHocy i BigknagaeHHs cybctpaTty Ha ocagoBy audepeH-
Liauito B NoToLi BNAMBalOTb PO3MIp i NMTOMa Bara 3epeH.
Tomy Ans peKoHCTPYKLiT yMOB 0CagKOHaKONMUYEHHS B MUHY-
NIOMYy pEeKOMEHAYETbCS BUKOPUCTOBYBATU BUXiA BaXKol
dpakuii, ii okpemi MiHepanu Ta ix cniseigHoweHHS. B y3ara-
NbHEHOMY BUIMAAI HA NiCYMKOBUX KapTax BUKOPUCTOBYBaA-
BCA MoOucgbikogaHull naneozeozpachiyHUl  KoegbiyieHm
(MIMK), sikMin nokasye BiOHOLIEHHS CTiMKMX MiHepaniB 4o
CYMU HeCTINKMX i giareHeTnyHuX. Mig yac ouiHoBaHHS ede-
KTMBHOCTI pi3HUX MiHepanoriYyHux koedilieHTiB 6yno BusiB-
NEeHO A0CUTb BUCOKUA 3BOPOTHUN KOPEnsuinHUA 3B'A30K
MIK 3 koediLieHTOM NenKkoKkceH/inbMEHIT, SKkui Binobpaxae
npouec pywviHauii iNnbMeHITY Npu BUBITPIOBAHHI | MexaHiy-
HOMY NepeHoCi.

Mpouec pyrHauii inbMeHiTy BigoOpaxyoTb koedilieHTn
OKVCHEHHS, 30epexXeHHs, BUNyroByBaHHs, Tiopu3alii, rigpa-
Tauji inbMeHiTy, siKi pa3oM BigobpaxyoTb i KinbKicHO onucy-
I0Tb ABi Moro cTagii. Ha nepwin cragii B OCHOBHOMY
BiAOYBaETLCA OKMCHEHHS "CBIXKOIO" iNbMEHITY, KU Hagxo-
ONTb 3 MarmatuyHux nopig (tTeopetmyHui cknag: TiOz2 —
52,7 %, FeO — 47,3 %), 4yacTkoBe BUNYroByBaHHS, pyriHaLis
KpUCTaniyHoi rpaTkv, YTBOPEHHS BiNbHNX OKCUAIB TUTaHYy i
3arisa, NoBHe 3HMKHEHHS "iNnbMeHiToBOI" hasun. PesynbTa-
TOM Ui€l cTagii € NerkoKkceHi3oBaHui inbMeHiT. Ha gpyrin
cTagii BinbyBaeTbCsl BUNYroByBaHHS 3anisa, po3kpuctani-
3auisa rigpokcuaiB TUTaHy, sika 3aBepLUYETLCS YTBOPEHHSIM
NeNKOKCEHY, a 3a NMOBHOr0 BUIYroByBaHHs 3ari3a — nces-
popyTtunom (Lsimban, [llonkaHos,1975; Lbim6an u 0p.,
1977). MNig yac BUKOHaHHA po6oTK BinbLLICTb LMX Koediui-
€HTIB BMpaxoByBanacs 3 BUKOPUCTAHHAM Pi3HMX METOOUK.
Ane Ha 3aBeplianbHOMYy eTani MW BUKOPUCTOBYBanu
KoedilieHTn: oKkucHeHHss (Fe®*/Fesar), BUIYroByBaHHS
(Fesar/TiO2), Tiopm3auii (TiO2/Fe203). Heponikom uux
KoeqIiLiEHTIB BBaXXAaETbCSA HEMOXIUBICTb 3 X JOMNOMOIOH
OUiHIOBATM CTYMiHb 3MIHHOCTI iNbMEHITY BIAHOCHO WOro
TEOPEeTUYHOro cknagy. Tomy Ans NoAonaHHs Lboro Heno-
niky pexkoMeHOyeTbCs BUKOpUCTOBYBaTWU (ANs nepLuol
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cTagii) KoediuieHT 36epexeHoCTi, SKMN BUPaxOBYETLCHA
3a chopmynow Css.=114,4 FeO/TiO2 (Komrnes, 1988).

BepmukarnbHa 30HanbHicmb inbMeHimosux po3curiie
OdaeHix dosiuH. BepTukarnbHa 30HanbHICTb iNbMEHITOBUX po-
3cuniB IpLIaHCHKOro po3cMMNHOro Norns BBYanach 3a pesyrb-
TaTamy iHTEpBarnbHOro onpobyBaHHSA rpaHyNoOMETPUYHOIO
ckragy MoHodpakLii inbMEHITY i XiMiYHOro cknagy inbMeHiTy
no BCbOMY PO3pidy AONMHHUX Bidknagis y 68 Toukax. Bukopu-
CTOBYBaINMCb BULLIEONMNCAHI KiNbKICHi MOKa3HUKN rpaHyriomeT-
PWYHOrO | XiMIYHOTO cknady inbMeHITy. Ha 3akntovHomy eTani
obupanuck HanBInbLL MOKA30Bi 3 HUX.

BukopucTaHHs cepedHbozo poamipy (Md) go3sonunio Bu-
OiNUTK B OONUHHMX Bigkniagax nonTtaBCbKOl CBITU BiCiM TUMIB
po3pisiB: 1) 3akoHOMipHe 36inbLueHHs Md 3Bepxy BHU3 (3aBHi
pycna); 2) 3akoHoMipHe 36inbLlieHHst Md 3Bepxy BHU3, ane 3
He3HaYHVMU BigXUNEHHAMU (AaBHi pycna); 3) LUMKMiYHI 3MiHW
Md (maBHi pycna); 4) 3 HeYiTKuMK UmKniYHUMKU 3MiHamn Md
(maBHi pycna); 5) sakoHoMipHe 3MeHLweHHA Md 3Bepxy BHU3
(maBHi pycna, cxvunu); 6) ogHakoBi 3Ha4yeHHs Md no Bcbomy
po3pidy (oHMLWa naneofonvH); 7) Md 3MiHIOKTLCS MO BCbOMY
PO3pi3y i BMEHLLYHOTLCS B HIDKHIN YaCTUHI po3pi3y (BCi eNemMeHTH
naneopnonuH); 8) He3akoHOMIpHI 3MiHM Md no Bcbomy po3pisy
(maBHi pycna) (puc. 2).

3a nokasHukamu copmosaHocmi (So) BigknagiB Takox
BUAINAIOTLCA BiCiM TUNIB po3pisiB: 1) SO 3aKkOHOMIPHO Morip-
LWYeTbCA 3HU3Y BBEPX (BCi enemMeHTV naneoponuH); 2) So
3aKOHOMIPHO MOripLUYETLCA 3HU3Y BBEPX 3 HE3HAYHUMU Bia-
XUNeHHAMKU (paBHi pycna); 3) SO 3akOHOMIPHO MoripLuy-
€TbCA 3Bepxy BHU3 (OaBHi pycna); 4) So 3aKOHOMIpHO
MNOTipLYETLCS 3BEPXY BHU3 i3 HE3HAYHUMW BiOXUIIEHHSMM
(maBHi pycna, cxunu); 5) So BuTpMmMaHa no BCboMy po3pidy
(poswmpeHHs pycen); 6) SO UMKNIYHO 3MIHIOETLCA (AaBHi
pycna); 7) SO LMKMIYHO 3MIHIOETLCS, ane UMKIU HEeMoBHi
(naBHi pycna); 8) He3akOHOMIpHi 3MiHM SO NO BCbOMY pO3-
pi3y (gHWLLA JONUH).

BukopuctaHHa  koedqilieHTiB  3MIHHOCMI  XIMIYHHO20
cknady inbMeHimy [O3BONWIO BUAINUTM OECATb TUNIB PO3-
pi3iB, sIKi xXapakTepuayTbcs: 1) 3aKOHOMIPHUM 3POCTaHHAM
KoediuieHTy 3MiHHOCTI 3HM3y BBEpPX (OaBHi pycna); 2) 3ako-
HOMIPHUM 3pOCTaHHAM KoedilieHTa 3MiHHOCTI 3HN3Yy BBEPX
3 BiOXVMNEHHAMU (NPUPYCMOBI NIAHATTS, CXMNM naneogo-
NnH); 3) 3aKOHOMIPHUM 3POCTaHHAM KoedilieHTa 3MiHHOCTI
3BEepXy BHU3 (CXunu naneogonuH); 4) 3aKkOHOMIPHUM 3pocC-
TaHHAM KoedilieHTa 3MiHHOCTi 3BepXy BHU3 3 AeSKMMU Bia-
XWUINEeHHAMW (JaBHi pycna); 5) BUTpUMaHuMy 3HavyeHHAMU
KoedilieHTa 3MiHHOCTI MO BCbOMY PO3pi3y 3 He3HayHUMU
BiAXUNEHHsIMU (JaBHi pycna); 6) BUTpMMaHWMU 3HaYeH-
HAMM KoeddilieHTa 3MIHHOCTI MO BCbOMY PO3pidy, 3 Pi3kMM
MOro 3pocTaHHsAM abo 3MEHLLEHHSIM Ha KOHTaKTi 3 KOPOO BU-
BITPIOBaHHSA (AHULLA NaneodonuH); 7) LMKMIYHUMKU 3MiHaMK
KoedpiuieHTa 3MiHHOCTI (gaBHi pycna); 8) UMKMiYHUMKU 3Mi-
Hamu koedilieHTa 3MiHHOCTI, LMKIN HEMOBHI, SiKi NO-pi3HOMY
Mk coOol "CTuKyrTbCS" (OHULLA | CXMMWM NaneofosivH);
9) 3aKOHOMIPHUMM LMKINIYHMMM 3MiHaMK KoedoillieHTa 3MiH-
HOCTI, UMK HEMOBHI (OHWLA | MEHLLIE CXMNN NaneoaonyH);
10) He3aKOHOMIpHUMK 3MiHaMK KoedpilieHTa 3MiHHOCTI no
BCbOMY pO3pi3y (AaBHi pycna).

3a 0cobnmnBOCTAMM BMICTY KOPUCHOTO KOMMNOHEHTa B pO-
3pi3ax ApeBHIX AOMMHHWUX BiOKNagiB BUAINAKTLCA TUMK
30HarnbHOCTI, AKi po3aineHi Ha ABi Benuki rpynu: 1) 3 ogHo-
TUMNHO 6yO0BOI — 3pOCTAHHSIM BMICTY B OQ4HOMY HanpsiMKy
(puc. 2,a, 6, 1, A4, n); 2) 3 yepryBaHHAM 2 i 3 navyok nopig 3
NEBHVMMU HanpsiMKamu 3MiH Y HUX BMICTY KOPUCHOIO KOMIMo-
HeHTa, sKi YTBOPIKTL Pi3Hi X MPOCTOPOBI MOEAHAHHA
(puc. 2 e-k, M, H) (Komres, 1988).
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Puc. 2. BepTukanbHa 30HanbHICTb BMiCTYy KOPMCHOTO KOMMOHEHTa PO3Cu1NiB y po3pi3ax AaBHiX AONWUH:
1 - pycno, 2 — Tepaca, 3 — cxun, 4 — Mexupivys, 5 — HanpPsAMOK 3MiHK

lopu3oHmarnbHa 30HanibHICMb Pe4o8UHHO20 CKady
daeHix donuH. Y Bigknagax, siki BUNOBHIOOTL abo nepek-
pvBatoTb AaBHi hopmu penbedy, y 6aratbox BUNagKkax npo-
ABNAETbCA | rOpM3OHTanbHa 30HANbHICTb NITOMOrMYHOrO,
rpaHynoMeTpPUYHOro, peyoBUHHOro cknagy. Lle nposBns-
€TbCA B [OaBHIX OONMHHUX BiAKNagax, WO BUMOBHIOWTb
OHVLLA | CXUnu gaBHix 4ONWH. BuB4yatoum ropusoHTanbHy 30-
HarnbHICTb, HEOOXIOHO BpaxoByBaTW LIMKIIYHICTL NpOLEciB
OONMHHOIO MOpdo- i NiTOreHesy, WO NPOsIBNATLCA Y BEP-
TUKanbHIA 30HaNbHOCTI AaBHIX AONWHHMX Bigknagis. Tomy
NpaBuITbHO BUBYATW rOPM30HTarnbHY 30HaNbHICTb 3 NonNpas-
KO Ha UMKMIYHICTb HAKONWYeHHs1 Bigknaais. BukopuctoBy-
Banucb Ti X KiNbKiCHIi NOKa3HMKN PeYOBMHHOrO ckragy, Lo i
npu BUBYEHHI BepTUKanbHOI 30HanbHOCTI po3cunis. Ha ix
OCHOBI NPOBOAMINCH NaneoreoMopdOonoriYHi PEKOHCTPYKLi
Ni3HLOONIroLEeH-cepeHLOMIOLLEHOBUX PIYKOBUX [OMWH Ha
1-8 pinsHkax. Ha puc. 3—-5 cxeMaTU4HO NoKasaHO PEeKOHC-
TpynoBaHi enemeHTn naneopenbedy 3nobuLbKOI OinsHKK
Ha OCHOBi BWKOPUCTAHHS KiNMbKICHUX rpaHynoMeTpUYHMX
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ki
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Puc. 3. Po3nogin cepeaHboro po3mipy (Md) MmoHodpakuii inbMeHiTy B Mexax 3no6uubKoi po3CUMHOI AiNSAHKK:
1 — KOHTYpU NaneofonuH, 2 — NiABULLEHHS OiNSHKU Ha AaBHIX MEXMPIvYsX, 3 — i30MiHii cepegHbOro po3Mipy inbMeHiTy

OpHakoBi 3Ha4YeHHs copmosaHOCMi CNOCTepiratTbLCH B
YyNaMKOBUX YaCTMHOK Pi3HOT rpaHyToMeTPUYHOI KPYMHOCTI y
cTagito cegumeHTtoreHesy. Lle BinOyBaeTbcsa 3 pisHuMX, iH-
KOMNKW NPOTUNEXHUX, MPUYNH. Ha JgocnigxeHnx ginsHkax rpa-
HYNOMETPUYHMIA  CKNad 0CafoBMX YTBOPEHb  4acTo
yCMaJKOBYETLCH 3 KOPY BUBITPHOBAHHSI KpUCTamivHMX Nopia.
3a KoeqilieHTOM COPTOBAHOCTI rpaHyroMeTpuyHa CTpyK-
Typa nokasye "3pinicTb" ni3HboOoniroueH-cepeaHLOMIOLEHO-
BUX Bigknagis. OcobnmMBOCTi 3MiHM COPTOBAHOCTI He 3aBXan
BUSIBNAIOTL iXHIM 3B'A30K 3 naneopenbedom. [MokasHuku
COPTOBAHOCTI BUSABMNSIOTLCS €PEKTUBHUMU MPU PEKOHCTPYKLLT
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(Md, So) nokasHukiB MOHOMpPaKLUii iNbMEHITY i 3MiHHOCTI
XiMiYHOrO cKnagy inbMeHiTy.

BukopuctanHs Md pgossonsie 3aranom eekTMBHO Mpo-
BOAMTU 30HYBaHHS [OaBHLOro pernbedy i MOro okpemux
opM, 0cobnMBO, SIKLLO BiH 3MiIHEHWI Mi3HILLMMUW TEKTOHIY-
HUMK pyxamu. Ha pocnigkeHux AinsHkax nepBUHHUIA pe-
need PpisHOO Mipoto nepeTsBopeHuin. BukopuctaHHa Md
[OO03BOIISAE YiTKO BUAINATA CXWIMW | €NeMEHTN OHWL naneo-
0OonMH. Md 403BOSISIE YiTKO OKOHTYPUTU TaKOX AaBHi KOHCe-
ANMEHTaLiHI CTPYKTYPU i30METPUYHOI | BUTATHYTOI hopmu
B Mi3HbOONMIroLeH-cepeaHbOMIOLIEHOBKX NaneononvMHax Ha
3nobuukkin, Mapomisckkin, MpaBobepexHin, BepesiBcbkii,
KaTepuHiscbkin i JliBobepexHin ginsHkax. Y mexax 3nobu-
LbKOi AINAHKM Pi3HMMWU MEeTOAaMU PEKOHCTPYIOTLCA AaBHi
o3epHi bHacerniHu, GeperoBa ninHia Akux 36iranacb 3 Md
0,3 mMm. MpocTopoBuii posnogin 3HadeHb Md go3Bonue BU-
SBUTU TAKOX MiCUS TEKTOHIYHMX iHBEPCIM Yy AOMMHaxX cy4yac-
HUX pivok (3nobuubka i Banku-aukiscbka ainsHku) (puc. 3).

AaBHIX 03epHMx GacerHiB, poO3LWMPEHb y naneogonuHax,
0CcobNMBO, SKWO BOHM BUKOPUCTOBYHTBCA B KOMIIIEKC
3 HWUMW OaHUMK (rPaHYyNOMETPUYHUMM, NITOMNOMYHUMMU,
naneoreomopdonoriyHumu). BctaHoBneHO, L0 NOripLUEHHS!
COPTOBAHOCTI CrOCTepiraeTbCs Ha NIAHATTAX | CXMnax naneo-
ponuH. TyT i3oniHii KoediuieHTa copToBaHOCTI YacTo Kope-
noTbeA 3 ocobnmeocTAMU naneopensedy. Ha 3nobuus-
Kil [insHUi COPTOBaHICTb [03BONSE BUSIBNATUM OPEBHI
KOHCEeAMMEHTAUNHI CTpyKTYpu (puc. 4).

Maneopenbed BAAMBaB Ha 30HaNbHWIA PO3NOAin inbmMe-
HITY 3a piBHEM MOro 3MmiHHocmi B rinepreHHUx ymosax 3a
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KOHTpACTHOro penbedy. 3a yMOB BUPIBHSHOI NOBEPXHi YMH-
HUK "penbedy" MeHLle BNAnBaB Ha SKICHWMK cknag inbme-
HiTy. [puBepTae yBary, WO HaWbINbLW BUBITPINUA iNbMEHIT

[Z)1 (&2 K

HaKoMU4YyBaBCH B MeXax i30MEeTPUYHUX i BUTATHYTMX Oins-
HOK, MPUYpPOYEHNX A0 AaBHIX 03epHuX HaceviHis abo LeHT-
panbHMX YacTWH PO3LUMPEHb NaneofosnvH (puc. 5).

Puc. 4. Po3nopgin coptoBaHocTi (S0) MOHodpakuii inbMeHiTy B Mexax 31106MLbKOI pO3CUNHOI AiNAHKN:
1 — KOHTYpW NaneoAonuH, 2 — NiABULLEHHS AINSHKM Ha AaBHIX MEXUPIYYsiX, 3 — i3oniHii copToBaHOCTI MOHOMPaKLi iNbMeHITY

1 [Z2 D03

RN
1y \\:j“
N

Puc. 5. Po3nogin inbmeHiTy 3a koedilieHTOM 36epexeHOoCTi y Mexax 3nobuubKoi pO3CUNHOI AiNAHKMU:
1 — KOHTYpPU NaNeofoNuH, 2 — NiABULLEHHS OiNSAHKU HA AaBHIX MEXMpIvysaX, 3 — i30niHii 3HaueHb koedilieHTa 36epeXXeHOCTi iNbMeHITy

KoeiuieHT s1elikokceH/inbMeHim Bka3dye Ha 3Ha4YHy BU-
BiTPINICTb po3cuniB MNi3HbOOMIroLEeH-cepeaHbOMIOLEHOBOTO
BiKY. |HKONMKN MOro 3Ha4YeHHs He KOpernTbCs 3 KoedilieH-
TOM 3MIHHOCTI ifIbMEHITY. Y JaBHiX AONUHHUX BigKnagax ya-
CTO CMOCTEpIraeTbCs 3MEHLLUEHHSI 3Ha4YeHb MiHeparnoriYHoro
KoediuieHTa, Lo NoB'a3aHO 3 BUHOCOM JTEANKOKCEHY 3 HUX. Y
TOW e Yac NEeNKOKCEH i iINbMEeHIT Hakonuyysanucs nepesa-
JKHO Ha NiABULLEHHSAX B AABHIX AONMHAX i HA AABHIX MeXn-
pivdsix. MiHepanoriyHi  KoediuieHT BM3HaA4YalTb  Taki
AiNsIHKM po3CuniB SIK CUMbHO BUBITPINi.

Y mMexax 4oCnioKeHUX AiNsHOK Ha rOPM3OHTarnbHUIA PO3-
noain BMICTYy KOPWUCHOIO KOMMOHEHTa BMAMBANM KOPiHHI
oxepena. MNaneopenbed y LbOMY BUNaaKy NposiBMsiBCS He-
3Ha4yHo. MixX BMIiCTOM KOPUCHOrO KOMMNOHEHTa B po3cunax i
Md cnocTepiratoTbcst CyTTEBI KOpensUiviHi 3B'A3kM NO3UTUB-
HOro 3Haky. Ane Ha ropv3oHTanbHWUIN 30HaNbLHUI PO3Noain
Md inbMeHITY y AONUHHMX BigKknagax, Wo BMIllyTb po3-
cunu, naneopenbed Bnnveae binbwe. Mano KOHTpacTHUNA,
3 YuCneHHUMKU MopdponoriyHMMK "nactkamun”, BiH CNpusiB
HE3Ha4YHOMY NEPEMILLIEHHIO KOPUCHOIO KOMMOHEHTa Mawixe
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6e3 1noro poscitoBaHHA. binbLUO Mipol BiH KOHTPOMNOBaB
HaKOMUYEHHS KOPUCHOrO KOMMOHEHTa y ApibHNX dpakLisax.

BucHoBKW. Y Mexax IpLuaHCbKoro po3cunHoro nons yn-
POAOBX Me303010-KalnHO30K0 (hOpMyBanuch BENUKI | APiOHiLLi
iNbMEHITOBI  PO3CUMHI  podoBULLA MNEPBAXHO ONMKHBOIO
3HoCy. BOHM MatoTb NPOCTOPOBMI | FEHETUYHUIA 3B'I30K 3 OC-
HOBHUMMU | YNIbTPAOCHOBHMMW NOPOAAMM KPUCTaniyHoro yH-
OAMEHTY YKpaiHCbKOrO LmMTa.

KopiHHi gxepena poacunie, po3TalloBaHi B HUX, ABMs-
10Tb coOO00 NNacToBi Tina pi3HOi TOBLUMHW, SiKi YacTo Bynu
ernemMeHTaMuM HWHI 3Ha4YHO 3pYMHOBAHMX KynononogiGHMX
CTPYKTYpP (pyHOaAMeHTY. Ha eKCroHOBaHi NOBEPXHi KOPiHHI
Tina po3cuniB 3ariMaloTb Pi3Hi NOLL, MalTb Pi3HY dopmy,
YMOBMW 3ansraHHs, BMICT inbMeHiTy. KopiHHi i po3cunHi Tina
B NnnaHi 36iraloTbCsa NOBHICTIO, 36iraloTbCcsa YacTKoBO, He 30i-
ralTbCs. IMbMEHIT KOPiHHMX Tin y PO3CUMHI NepemillyBaBcs
Ha BifCTaHb Bif KiflbKOX MeTpPIB A0 KifIbKOX COTEHb METPIB.

lMpocTopoBe B3aemMOpO3TalLyBaHHS KOPIHHWX i po3cun-
HUX TiN — Ue BaXMBUN KPUTEPIN BCTAHOBIEHHS reHe3uncy
po3cuniB, BUKOPWCTAHHSA $KOTO, B KOMMMEKCI 3 iHWWMM,
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[03BONATL iAEHTUDIKYBaTV OCHOBHI NPOAYKTUBHI Ni3HBO-
oniroyeH-cepeaHbOMIOLIEHOBI  PO3CMMN  MOSITABCLKOI  CBITU
3a reHe3ncoMm SIK entoBiarbHi, entoBianbHO-AeNtoBiarnbHi, Jento-
BianbHi, AentoBianbHo-antoBianbHi, MPostoBianbHi i antosianbHi.

[aBHih penbed TOro Yacy cnpusis 36epexeHHo B pos-
cunax NepBUHHUX KOHLUEHTpaLid KOPUCHOTO KOMMOHEHTA 3
KOPiHHMX TiN Ta ix 36aravyeHH0. InbMeHiTOBI po3cunu Ipia-
HCbKOro PyAHOro Morsi yTBOPHOBAnMCh Ha BCiX rincoMmeTpuy-
HUX piBHAX [OaBHbOro penbedy, ane Hambinbwe Ha
HWXXHBOMY (OHULLA | CXUNW AABHIX AONNH).

30HanbHICTb INbMEHITOBKX po3cuniB BMBYanach 3a ga-
HUMW FPaHYNOMETPUYHOrO CKragy MoHoMpakLil inbMeHiITy i
3MiHHOCTIi XiMi4YHOro cknagy inbMeHiTy B KOMMMEKCI 3i CTPYK-
TYPHO-TEKTOHIYHUMM | NaneoreoMopdonoriYHUMN JaHUMU.

BepTukanbHa 30HamnbHICTb B iNbMEHITOBUX po3cunax
BMBYanacb Ha nNpuknagi MakcumarnbHO NOBHUX PO3pisiB O0-
TNMHHWX BigKNagis, siki 36epernuncb. MeToaoM NoiHTepBanbHOro
onpobyBaHHsi po3pi3iB BigOMpanvcb aHaniay MOHOMPaKLi
iINbMEHITY — AN BUBYEHHS iX rpaHyrnoMETPUYHOro cKragy
i ximiyHOro cknagy inbMeHiTy. 3a gaHnMyn o6pobku BigidpaHUX
aHanisiB pisHMMM  MeTogamy  (rpadpivHUMK,  aHAMITUHHYMM)
BMPAaxXOBYBasMCb KifbKiCHi MOKa3HWKK (KoediLlieHTn) rpaHyromMe-
TPWUYHOrO i XiMIYHOrO Cknagy MOHOMpPaKLil iNbMEHITY, BU3HaYa-
nachb ix IPMAATHICTb NS BUPILLEHHS Pi3HNX 3aBAaHb.

BukopucTtaHHs koediuieHTiB cepeHboro po3mipy (Md) i
COpTOBaHOCTI (SO) A03BOMWMMAM BCTAaHOBUTU PUTMIYHICTL i
LUUKIN HaKOMWUYEHHS B OOMVHHMX Bigknagax MonTaBCbKOi
CBiTW, AKi MOKa3yoTb BIiCiM Pi3HUX TUNiB po3pisiB. HaTomicTb
KoeqiLieHT 3MIHHOCTI XiMiYHOro cknagy inbMeHiTy TUX Xe
pO3pi3iB 4O3BONSE BUAINUTU OECATb TUMIB PO3Pi3iB.

PUTMiYHICTb | UMKMIYHICTb HAKOMUYEHHS, BCTAHOBIEHI pi-
3Hi TMNW pO3pi3iB B JONMHHUX Bigknagax nontaBCbKOi CBIiTU
Hanbinblwe nigTBEPAXYTb BepTMKamnbHy 30HaNbHICTb
iNbMEHITOBUX PO3CUMIB | BPaxoBYIOTLCA MNif YaC BUBYEHHS
rOPU30HTAarbHOI 30HaNbLHOCTI PO3CUMiB.

BukopuctaHHa Md gosBonse 3aranom egeKkTMBHO Mpo-
BOAMTWN 30HYBaHHS [OaBHbLOro pernbedy i MOro Ookpemux
dopm, 0cobnmBo — OedopMOBaHMX Mi3HILLMMU TEKTOHIY-
HUMKU pyxamu. Ha gocnigjxkeHnx AinsHkax, nepBUHHUIA pe-
need nNepeTBOPEHNA HUMMK  Pi3HOO  Mipot.  AHanis
ropusoHTaneHoro nong posnoginy Md gossonse YiTko Bugi-
NATM CXUNK Ta eNEeMEHTU QHULLA NaneoaosnvH, MicLs TEKTO-
HIYHUX IHBEPCIN Y AONNHAX Cy4aCHUX PiYOK.

KoegiuieHTn copToBaHOCTI 6yBatoTh 04HAKOBI Y opaKLisix
Pi3HOT rpaHyNoOMEeTPUYHOI KPYMHOCTI, SIKi yTBOPIOKOTHCS B NPO-
ueci ocagosoi AudpepeHuiauii. 'paHynoMeTpuyHUn cknag
0CaZl0BMX YTBOPEHb |pLUAaHCHKOro po3CUMHOro Mofsisi 4acTo yc-
NagKoOBYETLCS 3 KOPW BMBITPIOBAHHS KpUCTamniyHUX Mopia.
paHynomeTpuyHa CTpyKTypa MONTaBCbKUX BiAgknagis, LWO
BMILLytOTb PO3CUMK, Nokasye ixH "3pinicTb". CopToBaHICTb
BiAKNaAiB He 3aBXAW Y3roMKyeTbCH 3 Naneopenbeqom.

lMoka3HWKN COpTOBaHOCTI MOXYTb €hEKTUBHO BUKOPUC-
TOBYBATWCb MiJ Yac PEKOHCTPYKLi AaBHiX 03epHUx Gacen-
HiB, po3wWwupeHb y naneogonuHax. Ha nigHAaTTax i cxunax
naneoaonvH BiA3Ha4YaeTbCs NOripLeHHs COPTOBaHOCTI. TyT
3a isoniHiAaMK KoediljeHTa copToBaHoOCTi 4obpe BCTaHOB-
noTECA (OPMU AaBHLOIO penbedy, a Takox AaBHi KOHCe-
AVMEHTaLiNHI CTPYKTYPW.

Maneopenbed BNMBaB Ha PO3MOAIN iNbMEHITY 3a Noka-
3HUKaMu MOro 3MiHHOCMI, 0COBNMBO 3a YMOB MOrO KOHTpac-
THOCTI. BupiBHSIHMI penbed MeHLwe BhnvMBaB Ha SAKICHWUA
cknap inbMeHiTy. HanbinbL BUBITPINUIA iNbMEHIT Hakonuyy-
BaBCH Ha i30OMETPUYHNX | BUAOBXEHUX AiNSAHKaxX AaBHiX 03e-
pHUX OGaceWHiB, y UEHTpanbHUX PO3LUMPEHUX YacTUHaX
naneosornuH.

KoeilieHT nrelikokcer/inbMeHim nokasye 3HavHy BMBIT-
pinicTb  Mi3HbOOMIrOLEH-CepeaHbOMIOLIEHOBUX  PO3CUMIB.
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Y OaBHiX ONMUHHKX BigKNagax 4acTo CroCTEpiraeTbCcs 3me-
HLUEHHSI MiHepanoridYHoro KoegilieHTa, WO CAPUYUHEHO BU-
HEeCEeHHAM nenKokceHy. Pa3om nenkokceH Ta inbMeHIT
HaKoMu4yyBanucsa Ha NigBULLEHHAX Yy OABHIX AOMMHax i Ha
AaBHIX Mexupivyysax. MiHepanoriyHi koediuieHTU BKasyoTb
Ha CUNbHY BUBITPINICTb Bigknagis.

Ha ropusoHTanbHy 30HanbHICTb pO3Moainy KOPUCHOro
KOMMOHeHTa BinbLue BNnMBanm BUXoau Ha NOBEPXHIO KOPiH-
HUX Tin poscunis. Maneopensbed y LbOMy BUNAAKy NposiB-
nasca MeHwe. Ane y JaBHIX AONUHaX naneopenbed
BM/MBaB Ha rOpU3OHTanbHMI po3nogin Md inbmeHity 6i-
nble. HekoHTpacTHMI, ane 3 YMCNEHHUMU MOPAONOriy-
HUMKM  "nacTtkamun”, naneopenbed Cnpuse HesHa4YHOMY
nepemMillleHHI0 iNbMEHITY npakTu4Ho 6e3 noro posyGoxy-
BaHHS1 i KOHTPOSIOBAB HAKOMUYEHHS AOr0 APIOHMX dhpaKLii.

30HanbHICTb — Lie BaxnmMBa 0co6nuBiCTb Oy40BM iNbMEHi-
TOBMX PO3CUMHUX POSOBULL, BrIM3BbKOro 3HOCY, A0 SKMX Hane-
XaTb |pwaHcbke po3cunHe none YKpaiHCbKOI PO3CUMHOT
CybnpoBiHLii. ANropyTM BUBYEHHST 30HAINbHOCTI MOYNHAETLCS
3 BUBYEHHS CNiBBIAHOLIEHHSA B MPOCTOPI KOPIHHUX i po3cun-
HKX Tin. BuBYeHHs MoHOMpakuii inbMeHITY (if rpaHynomeTpii,
XiMiYHOro cknagy) A03BONsAE AOCNiANTU BEpTUKanbHy 30Ha-
NbHICTb y po3cunax i BusiButu ii Tunu. BuHeceHi Ha kapTy
naneopensedy y3aranbHeHi MOKa3HWKN BEPTUKAmNbHOI 30Ha-
NBbHOCTI | BUXOOWM KOPIHHMX DKepen A03BOMsTb BMBYATM
ropu30HTarbHy 30HamNbHICTb iINTbMEHITOBMX PO3CUNIB.

BuBYEHHS 30HaNbLHOCTI iINbMEHITOBMX PO3CUMIB MaloTb
HayKoBe i NpakTu4He 3HayeHHs. OTpumaHi pe3ynbTati Bu-
KOPUCTOBYIOTBCS B Naneoreorpadii, naneoreoMopdonorii,
HEOTeKTOHUL, reciHopmaLinHOMY MOAESOBaHHI.
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Hapinwna go peakonerii 26.10.22

THE ZONALITY OF ILMENITE BATTERIES WITHIN THE BOUNDARIES OF THE IRSHAN BATTLE FIELD
OF THE UKRAINIAN SHIELD

World-class titanium and titanium-zirconium placer deposits are located on the territory of Ukraine. They form Ukrainian sub-province of the
placer province of Eastern Europe. It also includes the Irshansky placer field for the development of short-lived ilmenite placers. The article presents
the results of research of the spatial ratio of placers and root sources, vertical and horizontal zonation of the material composition of placers on
9 detailed sections. This allows us to identify additional criteria for establishing the genesis of placers, which is important when conducting
paleogeographic and paleogeomorphological work. The main sources of placers were mainly stratum bodies of various thicknesses, which were
independent structures or were elements of the now destroyed domed structures of the foundation. The indigenous bodies and placers in the plan
coincide completely, partially, or do not coincide. The criterion of coincidence of root and placer bodies indicates that the useful component from the
root bodies to placers moved a distance of several hundred meters. Loose deposits contained in the sediments of the Poltava suite formation of the
Late oligocene-Middle miocene age were eluvial, eluvial-deluvial, deluvial, deluvial-alluvial, proluvial and alluvial by genesis. Paleorelief was then
favorable for the preservation of placers as the primary concentrations of the useful component of indigenous sources, and their enrichment. limenite
placers were then formed on all hypsometric levels of ancient relief, but the most significant of them are at the lower level (in the bottoms and on the
slopes of ancient valleys). The results of analyzes of granulometric and chemical composition of monofraction of ilmenite placers, granulometric and
material composition of sediment-containing placers, were studied in combination with other data (structural-tectonic, paleogeomorphological).
Analyses of the material composition of placers and sediments were selected by interval testing of sections. Based on the results of their processing,
quantitative indicators characterizing the particle size distribution and chemical composition of ilmenite were calculated. Their study made it possible
to identify different types of sections in the deposits of the contribution of the Poltava suite formation (8 — according to granulometry, 10 — according
to the change in the chemical composition of ilmenite), vertical and horizontal zonality, allowing solving various problems (paleogeomorphological
reconstructions, to identify consedimentary structures, location detection tectonic inversions).

Keywords: ilmenite, ilmenite placers, root springs, zonation of placers, paleorelief.
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TOB "leonoriyHa cepBicHa KoMnaHisn",

Byn. Bopuuis Tik, 22a, m. Kuis, 04070, YkpaiHa

BUKOPUCTAHHA KOHTPONbHUX NMPOB
Ans 3ABE3NEYEHHA | KOHTPOJIO AKOCTI (QA/QC)

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

id yac npoeedeHHs 2eono2opo3eidyeanbHuUx pobim sikocmi aHux, siki 1s2alomb 8 OCHO8Y OUiHKU pecypcie i 3anacie, HaDaembcsi
Had3euy4aliHo sax/1uee 3HaYyeHHs. 32i0HO 3 Pi3HUMU MiXXHapOOHUMU peariaMeHmyYumMu AoOKyMeHmamu ma cy4acHoro Ceimoeotro nepe-
00600 NpakmMukKolo, npozpamu 3abesneyveHHs1 i koHmposto sikocmi (QA/QC) € Heob6xiGHO YacmuHOO 2eoso2i4HOi po3eidku. 3abesne-
4yeHHs1 sikocmi (Quality Assurance — QA) eukopucmosyembcsi O1isi 3anobizaHHs1 npobnemam 3 sikicmro, KOHMPOJb sikocmi (Quality Control
— QC) cnpsimoeaHull Ha iXHE eusi8JIEHHS1 Yy eurnaldKy UHUKHEHHS, i pa3oM 80HU ymeoprooms 3a2asibHy cucmemy sikocmi — QA/QC.
Y cmammi po3ansidarombcsi ocHosHi emanu icmopii pozeumky QA/QC, sika 6epe cesili no4yamok y cepedHbOo8iY4i i mpueae 8 Haw 4Yac.

Y QA/QC aHanimu4Hux docnideHb 3a38u4ali BUKOPUCMOBYOMbLCSH KOHMPOJIbHI MPo6u pi3HUX murie ma npu3Ha4YeHHs: cmaHoa-
pmu, xonocmi npo6u nid2zomoeku, xoslocmi npo6u 2py6o2o mamepiary, xoniocmi aHanimuyHi npo6u, nonboei dybnikamu, dybnikamu
2py6oz2o0 mamepiany, aHanimuyHi dy6nikamu, a maKkoxXx 306HiWHili 1abopamopHuli KOHMpPOosb. IXHA Kinbkicmb ma cnieeiOHOWeHHs1 €
OCHOBHOI MeMOoIo 0aHO20 JoclidXeHHs. 3a ony6nikoeaHuMu OaHUMU dee8'ssmu pi3HUX aeémopie, pekoMeHAo8aHa KinbKicmb KOHMpPO-
JIbHUX NPO6 KOXXHO20 murly 8iOpi3HsiembCS, i 8 cepeGHbOMY KillbKicmb KOHMPObHUX MPO6 ycix murnie cmaHosums 61u3bko 20 % eid
3aealibHOI Kinbkocmi psidoeux npo6.

HAnsi euceimneHHsi cyyacHo2o cmaHy numaHHs 6yso npoarasizoeaHo 111 npozpam QA/QC no 87 pydHux o6'ekmax 3a 0aHUMU ry6-
niYHux 3eimise, po3miuwjeHux emimenmamu 6ipxi Toponmo. Tak, Ha NpakmMuyi KinbKicmb KOHMPOJIbHUX MPO6 He 0608 's13koeo docsizae
pexkomeHdoesaHux 20 % i csizae mpoxu 6inbwe 16 %.

OcHOBHI 8uCHOBKU Wj0d0 Kinbkocmi ma crnieeiOHOWeHHs1 KOHMPOJILHUX P06 MOXXHa cghopmysIroeamu makum YuHom: (1) 3azanom
crnocmepizaembcsi meHOeHUisi uyo00 36iNbWeHHS KilbKocmi ma pi3HoMaHIimHOCMi KOHMPOILHUX NMPo6; (2) ceped murnie KOHMPOIbHUX
npo6 Halivacmiwe 8UKOPUCMO8YOMbLCSH MakK 38aHi cmaHO0apmu, a HaliMeHwe — xosiocmi npo6bu 2py6ozo mamepiany; (3) Kinbkicmb ma
pi3HOMaHimHicmb KOHMPONBLHUX NMPO6 MaKoX 3aneXxums €id murny KOpUcHoOI konanuHu; (4) Ha 6inbw ni3Hix 2eo1020po3e8idy8arnbHUX
cmadisix 06'ekma eiGHOCHa KinbKicmb KOHMPOJILHUX NMPOo6 3a3euyall 36inbWwyemscs, ane 8 oKkpeMux aunadkax MoXe 3MeHWyeamuch 3a

yMoeu 3adoeinbHux pe3ysnbmamie Ha nornepedHix cmadisix, a maKoX HeamiHHocmi Memoduku pobim i nabopamopir.
Knro4yoei cnoea: 3abe3neyeHHs1 i koHmposb sikocmi, QA/QC, KOHMPObHI MPo6u.

BeTyn. Y cyyacHux peanisix rapaHTis AKOCTi reonoriyHmnx
AaHWX € HeobXiQHO YMOBOI PO3BUTKY 06'€KTIB reonoropo-
3BigyBanbHoi Ta BMAo0OyBHOI ranysi. Hapasi HebaraTo kom-
naHin, sKi 3aMMaloTbCs  po3BiOKOK | BUAOOYBaHHSIM
KOPWCHMX KOManuH, MatTb YiTKy i cMCTeMaTU4Hy MOMITUKY
3abe3neyeHHs AKoCTi.

M. Banne (Vallee, 1998) BusHayae Tpu OCHOBHMX Mia-
Xoau: "HeBTpyYaHHSs", "yroB K yrnoB" i cMucTemMaTUYHUIA KOH-
TPOSb SKOCTi, NPUYOMY OCTaHHIN 3yCTPIYaETLCA OYXe PiaKo.
Ha noro aymky, 3 kiHua 80-x pokiB LS cuTyauis CyTTEBO He
noninwwunacs. PesynbtaTn YACNeHHUX ayauTiB i KOMMMeKc-
HWX NepPEBIPOK NPOEKTIB 3 PO3BiaKY | BUA0OYBaHHS KOPUCHMX
konanuH B lNiBgeHHin i MiBHiuHIn Amepuui, Asii, Adpuui Ta
€sponi (BiNbLWICTb 3 AKUX YyNPaBnATLCS NiBHIYHOAMEpPUKa-
HCbKMMM | aBCTpaninCbkKMMM KOMMaHisMu) nokasanu, Lo
KOMMMEKCHi Nporpamu reosioriYHoro KOHTPOM SKOCTI BCe
LLie BUKOHYIOTLCS BiJHOCHO HEYacTo.

Y pesynbTaTi 3HaYHOro MOLUMPEHHsT Mpoleayp rapaHTil
SIKOCTi KOMMaHil Aefani YacTille 3auikaBneHi B peanisauii Takmx
nporpam, ocobnvBo 3a NoTpedu AepxaBHOro iHaHCYBaHHSI.
Ane Ans kepiBHULITBA NPOEKTY pearnisavisi nporpamm KOHTPOSHO
SIKOCTi BKItoYae B cebe neBHi "HebaxaHi" 3miHn BrogxeTy pos-
Biaku. Kpim Toro, ue notpebye noninweHoi opraHisadii onpoby-
BaHHS, NiArotoBku 6a3v gaHux i 06pobku AaHWX, AMHAMIYHUX
BiOHOLLEHb CMiBpobiTHMULTBA 3 NabopaTopisiMuy, a TakoxXx Biano-
BiJHOI NiAroTOBKM reonoriYHOro nepcoHany.

OcHoBHi Bu3Ha4eHHsA. 3abe3neveHHs akocTi (Quality
Assurance — QA) — KOMMNNeKC 3axoAiB, WO rapaHTye Heob-
XigHy sikicTb pobiT. KoHTponb sikocTi (Quality Control — QC)
— cucTeMa mMeTogiB, npoueayp, NePeBIPOK ANA OTPUMAHHS i
nigTBepAXeHHs noTpibHoi skocTi. Omxe, QA BMKOPUCTOBY-
€Tbca Ansa 3anobiraHHa npobnemam, QC cnpsiMoBaHui Ha
IXHE BUABMEHHS Yy BUNAAKY BUHUKHEHHS, | pa30M BOHU yTBO-
ptotoTb 3ararnbHy cuctemy sikocti — QA/QC (puc. 1).
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IcTopia po3Butky QA/QC (puc. 2). B €Bponi B KiHUi
XIIl cT. mancTpu novanu o6'egHyBaTUCS B rinbAii, B AKX gi-
ANW CyBOPI NpaBuna Woao AKOCTi poaykTiB i nocnyr. Ha 1o-
Bapu, WO BUNyCKalTbCS, CTaBUMUCL MO3HaYKK, ki Bynu
AOKa30M SKOCTi Ans KNiEHTIB yciel cepeaHboBIYHOT €Bponu.
Takui anropuTm HasvmBaBcs "Mogensno mancTepHocTi”
(craftsmanship model) i 36epirca ax go noyatky XIX cT.
dabpuyHa cuctema 3 ynopoM Ha iHCMeKLito NPOAYKLii 3apo-
annacsa B cepeavHi 1750-x pp. y Benukin Bputanii. B Ame-
puui HanpukiHui XIX cT. Ha nignpuemcTBax, Ae B OCHOBHOMY
BMKOpPUCTOBYBanacb cuctemMa ynpaBriHHsi, po3pobneHa
depnepikom Tennopom, 3aanst YHUKHEHHS NOTpannsiHHA ae-
deKTHOI NpoayKLii 40 NMOKyNLUiB noYyanu CTBOpPOBAaTK cheLli-
anbHi iHCNeKTopChbKi Bioginu.

Y cepeauHi 1920-x pp. goktop Y. EaBapac [deminr yne-
pLUe BBiB MOHATTA Cy4acHOro KOHTPOSO SIKOCTI, BijOMe SK
npvHumn (abo umkn) Oemivra-Lyxapta (PDCA — Plan-Do-
Check-Act) — nnaHyBaHHSA-4is-NepeBipKa-KOPUryBaHHSI.
Moro copaThuk YonTep LLlyxapT 3ocepeamscsa He nule Ha
roToBOMY NPOAYKTi, ane 1 Ha NPOMMUCIIOBMX NpoLuecax, ans
KOHTPOSIO $IKOCTi SIKMX 3amnporoHyBaB BWKOPWCTOBYBATU
CTaTUCTUYHUIA KOHTPONb AKkocTi (statistical quality control —
SQC) i koHTponbHi giarpamu. Y 1926 p. B Hbto-Mopky no-
yana ¢yHkuioHyBaTn MixHapoaHa defepadis HauioHanb-
HUX acouiauin 3i ctaHgapTmaauii (International Federation of
National Standardizing Associations — ISA).

Mig yac Opyroi cBiTOBOI BiiHN Y BOEHHOMY BUPOOHULITBI
AKICTb CTana KpUTMYHO BaxnuBok. 36poKHi cunm novanu
BMKOPUCTOBYBaTW BUOIPKOBUIA KOHTpOSb, Tabnuui Binbopy
npo6 6yno onybnikoBaHO y BUrMNs4i BOEHHOro cTaHgapTy
Mil-Std-105. Y 1944 p. 6yno yTBopeHo KoopanHauinHum ko-
miteT OOH 3i ctaHpgaptusauii (United Nations Standards
Coordinating Committee — UNSCC).

© bapsiubka H., CepreeBa C., 2023
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

KoHTponb
AKOCTI

Cuctema sKocCTi

3abeaneyeHHs
AKOCTI

Puc. 1. CniBBigHOLWIEHHSs 3a6e3Mne4YeHHs i KOHTPOJIIO AKOCTI

KiHeub MoyvaTok KiHeub Moyatok Il CeitoBa CepeauHa KiHeub
Xl eT. XIX cT. XIX cT. XX cT. BiliHa XX cT. XX cT. XXl cT.
~ N ~ ~ N Y ~ ~
A\ Y 7 7 7 \ ¥ 4 \ 7 W
linogii ~ IHAYycTpiansHa  Cuctema AKicTb Bin6ip KoHtponb  TotanbHun  [nobanbHa
i "Mogenb pesontouis Tennopa npoLiecis 3paskiB  :SIKOCTi Ha PiBHI MeHeqXXMEHT  cninbHoTa
maiTepHocti" | "®abpuiHa  Ta iHcnekuis i sQcC i craHgaptv KoMnaHii AKOCTI AKOCTI
cuctema" AKOCTi (AnoHis) (TQM) (WAQ)

Puc. 2. XpoHonoriyHa wkana po3Butky QA/QC (The history of quality, n.d.)

Y 1947 p. B pesynbTati 06'eaHaHHa ISA | UNSCC, no
cknagy SKux Ha Touw Yac Bxoguno 25 kpaiH, 6yno cTBopeHo
MixHapoaHy opranisadito 3i ctangapTtusauii (International
Organization for Standardisation — 1SO).

Micna Opyroi cBiTOBOI BiNHWN, KONW OCHOBHI SITOHCLKi BU-
pOOHUKM NepeiiLny 3 BUpOOHMLTBA BiiCbKOBOT NpoayKLUii Ha
TOBapu LMBINbHOIO NpU3HayeHHs, B AnoHii nowmpuecs nig-
Xif, 3aranbHOr0 KOHTPOMO SKOCTIi Ha piBHI  KOMMaHii
(Company-wide Quality Control). BiH nonsrae y noninieHHi
BCiX OpraHi3auifiHnx i BUpobHM4Mx npouecie 3a 4ONOMOro
noaen, siKi ix BUKOHyBanu.

3aranbHe ynpaeniHHs sikicTio (Total Quality Management)
y CLLA ctano npsimoto BignoBiaato Ha sKiCHy peBontoLio B
AnoHii nicna Opyroi cBiTOBOI BiliHM i 6yNO 3yMOBEHO KOH-
KypeHLUi€eto B ranysi sikocTi BUpobHuLTBa. [IMpekTopn Benu-
KMX KopropaLin onikyBanucsa He nuvile KOHTporewm, ane n
ynpaBniHHAM SKICTHO.

Hapasi go cknagy ISO BxoanTb 165 kpaiH, po3pobneHo
24 115 MiXXHApPOOHMX CTaHOApPTIB, sIKi OXOMMOKTL NPakTh-
YHO Bci acnekTu gisinbHocTi. CtaHgapTu cepii ISO 9000, wo
CTBOpPEHi ANs BOOCKOHANEHHSI CUCTEM MEHEIKMEHTY KO-
CTi, NpunHATI Ginbw Hix 190 kpaiHamm CBITY, BOHW MOXYTb
3acTocoByBaTMCA A0 Oyab-sSKMX NIONPUEMCTB, He3anexHo
Bif, IXHbOro po3mipy, oopm BNACHOCTI i ranysi QisnbHOCTI.
BignosigHicte Bumoram ISO 9001:2015 "Bumoru go cuctem
MeHeakMeHTy sikocTi" (Quality Management Systems —
Requirements), 0CHOBHUMW NpUHLMNAMKN AKOrO € KOHTPOMb
OOCTOBIPHOCTI | KOHTPOMb SKOCTI, CBIAYMTbL MNPO pPiBEHb Ha-
OiINHOCTI KOMNaHii.

QA/QC gns reonoropo3BigyBanbHUX po6iT. 3rigHo 3
pekomeHgauigsmm KaHagceKoro iHCTUTYTY ripHUYOI cnpasu —
CIM (CIM Estimation..., 2019), QA/QC HeobxiaHO BpaxoBy-
BaTW nig 4ac 36opy, 06pobkn Ta 36epiraHHa Oyab-Akux oa-
HUX, $Ki 3pEeLiTo  BUKOPUCTOBYIOTbCS AN OUiHKK
MiHepanbHux pecypcis. Lia nporpama mae 6yTn nos'dsaHa,
OKpIM iHLIOrO, 3 NEePEBIPKOO AaHNX, BUXOLOM KEPHY, PO3Mi-
pom BuBipku, NpoboniaroToBKo, aHaNniTMYHUMN METOAAMM,
BMKOPUCTaHHSIM KOHTPOMbHMX Npob, edektamm BaraTtokpa-
THUX nepiogiB 360py AaHWUX i y3ro4XKEHICTH TPUBUMIPHOT
iHTepnpeTauii. Pesynbtatn nporpamn QA/QC € 4acTuHo
0a3n gaHux i NoBWHHI OyTuM 3apeecTpoBaHi (bapsiukas,
CagppoHosa, 2019).
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IMig yac npoBeaeHHs reonoropo3sigyBanbHUX pobiT SKo-
CTi AaHuX, siKi NAraloTb B OCHOBY OLiHKM pecypciB i 3anacis,
3aBXOW Hagasanocs Baxnmee 3HayeHHd. OpgHak oo nes-
HOro Yacy BMMOTY [0 AKOCTi TakuX AaHUX HE pernameHTyBa-
10CS XOOHUMW LOKYMEHTAMMU.

Y 1989 p. Bunwno nepwe BuaaHHs Kopekcy JORC, a
cnigom 3a Hum i iHwmx — CME, CIM, SAMREC, PERC,
NI 43-101 Ta iH. CBOEpPIAHNM KaTamnisaTopoMm MNocCrnyrysas
BENUKUN Gip>xOBWIA CkaHAan, nos'a3aHui 3 acdepoto Komna-
Hii Bre-X Minerals Ltd., sika BUKOHyBana reonoriyHy pos-
BigKy 3onoTtoro npoekty BycaHra B lgoHesii (Casey, 2019).

Heposipa oo knacudikauii pecypciB, sika BUHUKNA BHa-
cnigok uboro, Npuseena Ao GinbLU LWNPOKOro BUKOPUCTaHHSA
npouedyp 3abesneyeHHs akocTi (QA) i KOHTPOMO HAKOCTI
(QC) y nporpamax po3sBifKu KOPUCHUX KonanuH. ABcTpanin-
cbka ooHgoBa Gipxka (ASX) Ta iHwi 6ipxi Tenep NoTpebytoThb
ny6bnikyBaTn AaHi, Aki CynpoBOMAKYHOTLCA ONMCOM NpoLeayp
onpobysaHHsa i QA/QC, WO BUKOPUCTOBYIOTLCA Mg 4ac
30opy Ta aHanidy posBigyBanbHux npob. KomneTteHTHa /
kBaricikoBaHa ocoba (competent person — CP, qualified
person — QP) noBuHHa onucaTu xapakTep NPURHATUX Npo-
Leayp KOHTPOIH SIKOCTi, BKIKOYAKYM TUMKM Ta KiNbKIiCTb KOH-
TPOnbHUX MNpo6, i BKasatTu, YM OOCATHYTUIA MPUAHATHUNA
piBEHb TOYHOCTI i NPEeLM3iNHOCTI.

diHaHCOBI yCTaHOBM Tenep BMMarawTb Heynepemxe-
HOro ayauTy reoforivyHUX i aHanITUYHUX OAaHWUX, WO 3a3Bu-
Yah MicTATb JoknagHun ornsag npoueayp QA/QC, ski
NPOBOAATLCS Mif Yac PO3BiAKW, BKINOYAKYM MiATBEPAKEHHS
TOYHOCTI i npeumsinHocTi. MNo3nTUBHUM pe3ynbLTaTtoM ay-
anty QA/QC € "wTamn 3aTBepmkeHHs" 6a3n aaHux, 6e3
SIKOrO BCi 3yCUINNsl, BUTpaYeHi Ha reornoriyHe MoaentoBaHHS
i knacudikauito pecypciB, cTaBnaTbCs Nig cymHiB. lNMoraHa
npakTtuka QA/QC npn3BoaMTb A0 OTPMMAHHS OLHOK pecyp-
ciB "y Tempssi" (in the dark).

Mporpamn QA/QC po3pobnstoTbes nepes No4aTkom po-
OiT | 4O3BONATL OLHUTK CTYMiHb AOCTOBIPHOCTI AaHMX re-
OIOTiYHOro NPOEKTY Ha Byab-sikin cTagii pobiT. MeToto Takmnx
nporpam € KinbKicHa OLiHKa i MOHITOPUHT BY[b-AKUX MOXIU-
BMX MOMMUIIOK, @ TaKOX HagaHHS iHpopmalii, sska moxe 6yTun
BMKOpUCTaHa Ans onTumisauii npouenyp Biobopy npob i
aHanisy 3 MeTor MiHiMi3aLii KinbKOCTi MOMUIOK.
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Tunun koHTponbHUX NPO6 Ta iXHi yHKuii. EcdbekTnBHA
nporpama QA/QC — ue nporpama, sika € akTUBHoO, beane-
PEPBHOK | MepernsagaeTbCcss NPOTAroM YCbOro npolecy
360py OaHuX, A03BOSISYN BUKOHYBATK KoperyBarbHi ii Ha
OypoBili, y npoueaypax onpobyBaHHa abo B naboparopii.
MpoLenypu KOHTPOMO SKOCTi HEOOXIAHI ANsi MOHITOPUHIY

KOHTaMiHauii (contamination), npeumsinHocTi (precision), To-
YHocTi (accuracy), noxubku (bias) i 3a3Buyal BKYaOTb
BMKOPUCTAHHS Pi3HUX TUMIB KOHTPONbHMUX Npo6 Anst gocsr-
HeHHs uiei meTn (Abzalov, 2008). Y Tabn. 1 po3rnsaalTbes
OCHOBHi TUNWU KOHTPOSIbHUX NPO6, MEeTy iXHbOro 3acTocy-
BaHHSA Ta KpUTepii BigNOBIAHOCTI.

Ta6bnuys 1

Tunu KOHTPONbLHUX NPO6

MonboBui ay6nikar

FD (Field Duplicate)

(abo uBepTi) KEPHY
00 i gpobneHHs

CKopo4eHHs1 | Tun KOHTPONbLHOI NpPo6u KopoTkuit onuc MeTa (U4inb) 3acTocyBaHHsA KpuTepii BignoBigHocTi
. MNpuiiMaeTbea B Mexax
CtaHpgapTHUN 3pa3ok . . .
. o . MOHITOpUHT SKOCTi aHanisy +2-3 abc. cTaHgapTHUX
abo crtaHpapT CepTudikoBaHuin Mmatepian : - . ; )

SRM . : (BiATBOPHOCTI i NPaBUNBHOCTI BigxuneHsb (SD) Big
(Standard, Certified BIAOMOrO crafy pe3ynbTaTiB BUMipY) cepTudikoBaHoOro
Reference Material) y y

3HaYEHHS
XonocTa npo6a . MOHITOPUHI MOXNMBOrO - . .
y He ceptudikosaHa npoba . MNpuiimaeTbea B AianasoHi
nigrotoBkn a6o xonocta . ) 3abpyaHeHHs Npob y xofi . -
FB 3 maTepiany ob'ekta BiA 2-3 00 5 — HWXKHBLOI
nonboBa npo6a . . nabopaTtopHux npoueayp, : :

(PB) . pocnifkeHb, fika He MICTUTb . . mexi Bumipy (LLD)

(Preparation Blank, a came: npoboniaroToBKy, "
. KOMMOHEHT, WO BU3HAYaETbCS ] nabopaTopHOi METOAMKM

Field Blank) aHanisy, MapKyBaHHsi

XonocTa npo6a rpy6oro |[lpo6a matepiany cragii KoHTpontoe Moxnunee
CB matepiany OpO6GneHHs, sika He MiCTUTb 3abpyaHeHHs B npoLieci Te came

(Coarse Blank) KOMMOHEHT, LU0 BU3HAYaETLCH | APOBNEHHS i pO3KOMOBAHHS

XonocTa aHaniTM4yHa CepTudikoBaHuin gotepTum BusasneHHs doHoBoro abo
AB npob6a (Certified Reference | maTepian, sikuit He MicTUTb BHECEHOro 3abpyHEHHS Te came

Blank, Analytical Blank) KOMMOHEHT, L0 BU3HA4Ya€eTbCA | B MpoLueci aHanisy

Mpoba, BinibpaHa ogHovacHo . . o
P AP A OujiHka penpe3eHTaTUBHOCTI MpuiimaeTbea

3 OCHOBHOIO 3 ApYroi NMOMOBUHU

B Mexax 30 %
BiAHOCHOI PO36iXHOCTI

npobun Ta MeToanKn
onpobyBaHHS (y T.4. BUMIpY)

LOy6nikat rpy6oro
CD Martepiany
(Coarse Duplicate)

OpO6neHHs1 OCHOBHOI
aHaniTM4Hoi Npobun

nepes po3TMpaHHsIM

Mpo6a, BigibpaHa i3 3anuwkis

(3a3Bryait, KpYMHICTb 2 MM)

MpuiimaeTbea
B Mexax 20 %
BiHOCHOI po36iXHOCTi

MepeBipka AKoOCTi
npo6oniaAroToBKM i BiATBOPHOCTI
nabopaTtopHoro aHanisy

AHaniTu4yHun py6nikart
AD (Pulp Duplicate, Analytical
Duplicate, Fine Duplicate)

[oTtepToro matepiany

Mpo6a, BigibpaHa i3 3anuLwkiB

OCHOBHOI aHaniTM4HOi Mpobu
(kpynHicTb 140-200 meLw)

BnsiBneHHa BUnagkoBux
NoxmboK aHanidy Npob LNsAXoM
OL}iHKM BiATBOPHOCTI
pesynbTaTiB BUMipY

Mpuiimaetbea
B mexax 10 %
BiAHOCHOI pP036iXKHOCTI

30BHILWHIN KOHTPONb

(Independent / External npo6, Aki nponLnn

AHani3 gybnikaTiB aHaniTM4HNX

UL Control, Umpire / BHYTPILLHI KOHTPONb, . ) . 3a JONOMOrOK KpPUTEPItO
Third-party Laboratory He3anexHoto nabopaTopieto Pe3ynbTaris BUMIPY OCHOBHO! CTbtlogeHTa
o ° ' | nabopatopii
Control) 3AINCHEHWIA TUM e MEeTOA0M

OuiHIOBaHHSA 3HAYYLLOCTi

.. . . OuiHKa 34iCHIETLCSA
cucTeMaTUYHol po36iXKHOCTI

["0noBHOK BUMOro A0 OLiHKM MiHeparnbHUX pecypciB 3a
MDKHapOAHUMU CTaHgapTaMu € SKICTb reonioropossiaku i pe-
3ynbTaTiB aHaNITUYHUX OOCHIOXEHb, SIKy edekTMBHO 3abes-
neyytotb nporpamv QA/QC. YuHHI MibkHapogHi cTaHgapTy Ta
cyyacHa nepegoBa npakTuka noTpebytoTb, wob QA/QC cy-
nposogysana OyAb-SKy reonoropossigysarnbHy nporpamy
Ona nigTBepopKeHHs AOCTOBIPHOCTI JaHuMX po3sigku. [po-
rpama QA/QC cnpsimoBaHa MOHITOPUTW BCi NPUHLIMMNOBI ac-
MeKTW NocnigoBHOCTI ONpobyBaHHA 3 METOK KOHTPOMHO i
3MEHLUEHHS KifbKOCTi BUMAAKOBUX i CUCTEMATUYHUX NOMU-
nok. MixHapogHa cepTtudikoBaHa nabopatopis, y CBO
yepry, 34iMCHI0E CUCTEMATUYHUIA KOHTPOrb YCIX eTaniB npo-
XO[PKEHHS NPO6, BUKOPUCTOBYIOYM CBOI KOHTPOMbLHI Npobu 3a
aHanoriyHoto cxemoro. Obpobka pesynbTaTiB BHYTPILUHLOrO
nabopaTopHOrO  KOHTPOSO  3AIMCHIOETLCA MiCMA  MPOXOo-
IPKEHHs1 KOXKHOI napTii Npo6, Ha BigMiHY Bif BiTYM3HAHMX Na-
6opaTopiii, Ae KOHTPOIb NPOBOAUTLCH NMOKBAPTANbHO.

KinbkicTb gybnikaTis, cTaHaapTiB i XonocTux Nnpob moxe
BapitoBaTucs B nporpamax QA/QC 3anexHo Bif Tvny MiHe-
panisadii, npoueayp ToLo. Tak, Ans KpynHoro 3o5oTa Kifb-
KicTb  xomocTux npo6 npobonigrotoBkn 36inNbLUYIOTH,
OCKINbKW Lie KPUTUYHWIA eTan Ans AaHOro TUMy 3pyAeHiHHSA.
Y pesknx Bunagkax KinbKiCTb TakMx XONOCTUX MPo6 Moxe
3MEHLUYBATUCA Y HACTYMHUX NapTiax npob 3a ymosw oTpu-
MaHHS MO3WTMBHMX pe3ynbTaTiB Yy Mnepwux napTisx.
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KoHTpornbHi Mpobu MNOBUHHI BKMOYATUCA Yy MOCMIAOBHICTb
npo6 Taknm YnHoM, o6 Yy KOXHIN nabopaTopHin napTii 6yB
NPUCYTHIN xo4a 6 oAWMH pyAHWI cTaHOapT, Of4Ha XorocTa
npo6a, oauH 6igHWMn cTaHgapT i oanH oybnikar.

YacTtoTa BKMIOYEHHS KOHTPOMNbHUX Npob 3anexuTb Big
0COo6nMBOCTEN KOPWUCHOI KOMamnuHWU i CTyneHs BUBYEHOCTI
ob'ekTa, iX po3noainsAwTb y nNapTiax Npod Takum YMHOM,
o6 BOHU sIKOMOra YacTille noTpannsany y MiHepanioBaHi
iHTepanu. baxaHo xonocTy Nnpoby BCTaBNATY Micns MiHe-
panizoBaHoro iHTepBany. PekomeHOoBaHa KifbKiCTb KOHT-
PONbHUX NPO6 KOXHOIo TUNY BiAPI3HAETLCS TAKOX Y Pi3HUX
aBTOpIB 3anexHo Bif ixHboro goceigy (Tabn. 2), i B cepen-
HbOMY KifbKICTb KOHTPONbHUX NPO6 yCiX TUMiB CTAHOBUTL
6nun3bko 20 % Bia 3aranbHOT KiNbKOCTI pagoBux npob.

[ns BWCBITNEHHS Cy4YaCHOro CTaHy MWUTaHHS, aBToOpU
ctaTTi BukoHanu aHania 111 nporpam QA/QC no 87 pygHux
o6'exTax 3a JaHMmu 3BiTiB, ony6nikoBaHux y 2021 p. Ha odi-
uinHomy canTi Sedar (SEDAR, n.d.) — dainosiii cucremi,
o 3abesnevye nybniuHMM gocTyn Ao iHdopmauii, nogaHoi
emiTeHTamu Gipxi TopoHTo. HeobxiaHO po3ymiTu, WO Yy Lo
CTaTUCTUKY NoTpanunu nuiie o6'ekTu i3 3aA0BINbEHUMK NPO-
rpamamn QA/QC, ki NPONLLNKN He3anexHWn ayauT npu Bu-
xogi Ha Bipxy. MNpuknagn HaBegeHo B Tabn. 3.

CepepHe CniBBIAHOLWEHHS KOHTPOSIbHUX MNPOO Pi3HMX
TMniB y peanbHux nporpamax QA/QC nokasaHo Ha puc. 3.
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Tabnuys 2
YacToTa BKITHOYEHHS (3any4eHHs1) KOHTPOJNIbHMX NPO6 3a peKkoMeHAauisiM1 Pi3HUX aBTOpIB
(3rigHo 3 (Simon Mendez, 2011), 3 LONOBHEHHSIMM)
PekomeHpoBaHa
KiNbKicTb
ABTOp, DXKepeno Onuc KOHTPONLHMX

npo6
R.S. Rogers . : . 190- PR .E o0 o
(Rogers, 1998)] [y6nikaTtn, cTaHgapTu, xonocTi npodu: 1:20; 30BHILWHIN KOHTpOnb: 5 % ~20 %
| Neuss 2-5 % nonboBux Ay6nikatie, 2-5 % AybnikaTis rpy6oro matepiany, 5 %—10 % aHaniTn4yHmUX

(Neuss, 1998)

aybnikaTie, 5-10 % 30BHiLLIHLOrO KOHTPOMO; 1 cTaHAapT i 1 xonocTa aHaniTuyHa npoba
Ha KOXHY naprito

o1 19 % 0o 25 %

5 % py6nikaTiB rpyboro matepiany, 5 % aHanitnyHux gybnikartie, 5 % craHgapTis, ogHa

(Simon Mendez, 2011)

rpy6oro matepiany — 2 %, aHaniTu4Hi xonocTi npobu — 2 %), 30BHiLLHI KOHTPONb — 4 %

(SL-osqc;ngmgg- 2000) aHaniTM4Ha xonocTa npoba Ha napTito (6nn3bko 3 %), 3 % 30BHILLHBOrO KOHTPOIO ~21%
! ! (3 maTepiany aHaniT4HUX Ayo6nikaTis)
D. Sketchley Ha naprito 3 20 npo6: 1 xonocTa npoba, 1 ctaHgapT, 1 gybnikaT; kpiM TOro, yci aHaniTu4Hi ~20%
(Sketchley, 1999) aybnikaTtu cnif npoaHanidyBatu B KOHTPOIIbHi naboparopii °
L. Bloom Ha naprito 3 20 npo6: 1 xonocTa npoba, 1 ctaHgapT; KpiM TOro, BianpaBka KOXHOi gecsAToi ~20 %
(Bloom, 1999) [oTepToi Npobu y HesanexHy nabopartopito °
S. Lomas Ha naprito 3 20 npo6: 1 xonocta npoba, 1 ctaHaapT, 1 gybnikat rpyboro matepiany
(Lomas 2004) i 1 aHaniT4HWUIA gybnikat; kpim Toro, 5 % AoTepTux Npob cnig npoaHanisyBaTv B KOHTPOIb- ~25%
! Hin naboparopii (BKNtoYaym ctTaHgapTm)

A. Simon Mendez [Oy6nikatn — 6 % (nonboBux aybnikaTtiB — 2 %, aybnikatie rpyboro matepiany — 2 %,

. aHaniTn4Hi ayénikatn — 2 %), crangaptv — 6 %, xonocti npobu — 4 % (xonocTi npobu ~20%

O. AnbMeHgiHrep
(AnbmeHOuHzep, 2018)

[y6nikaTtn: nonbosi — 2-5 %, rpyboro matepiany — 2-5 %, aHanitTu4Hi — 5 %; ctaHgapTi —
5-6 %, xonocTi npobu: Nonbosi — 2 %, aHaniTM4Hi — 2 %; 30BHiLLHIA KOHTpPOmb — 5 %

He meHwe 20 %

0,
S Dominy Monbosi aybnikatn — 1:20, aybnikaTtu rpy6oro matepiany — 1:20, aHaniTnyHi gyonikatn — (Mafczsgn/;wﬁ
(Dominy et al., 2020) |1:20, ctaHgapTi — 1:20, xonocTi npo6u — 1:20, 30BHiLLHilA KOHTponb — 1:20 BapiaHT)
Ta6bnuys 3
KinbkicTb KOHTpPONBLHUX NPO6 3a nporpamamn QA/QC peanbHUX pyAHUX 06'€KTiB
Ha3Ba o6'ekTa KopucHum Koai KinbKicTb KOHTPONbLHUX NPO6
(pogoBuLa) KOMMOHEHT paiha 3a TUNamm 3aranbHa
Malartic Mine 100 Au KaHapa SRM - 1:20, CD — 1:25, CB — 1:25, AB — 1:50, UL — 1:20 20 %
. . KepHosi npobu: SRM —1:16, FD — 1:25, FB + AB = 1:12, UL — 1:18 24,1 %
El Roble Mine Au-Cu Konymbis e oanosi npobu: SRM — 1:25, FD — 1:16, FB + AB = 120, UL— 1:8] _ 27.8 %
Embayment Co Kanaga SRM —1:24, FD — 1:28, AB + PB — 1:40 10,2 %
Blanco Li Yuni SRM -7 %, FD-14 %, AB-4 %, UL-2 % 27 %
Kato Au-Ag AnoHis SRM - 1:35, FD — 1:35, AD — 1:35, AB — 1:35 8,6 %
La Libertad Au-Ag-Cu Hikaparya |SRM —1:39, FD —1:39, CD — 1:39, AD — 1:39, AB — 1:39, UL — 3,6 % 16,4 %
Toropunto,
Emmpanuel, Au-Ag-Cu-Mo Mepy EEM 5‘712/ %L’JED 1_247;/" CD-27% AD -4 %, CB-27%, 20,3 %
Maria Cecilia Tl EET A
Entrée/Oyu Tolgoi JV | Cu-Au-Mo MoHronis SRM -1:20, FD -1:40,CD —1:40, AD-1:20,PB—1:20,UL-5% 25 %
Mercedes Au-Ag Mekcuka SRM -3,9 %, FD — 1:30, AB - 0,4 %, PB — 2,3 %, UL — 1:30 13,3 %
Rovina Valley Au-Cu PyMyHis Au: SRM—-3.4 %, FD-3 %,CD—-2.6 %, AD—3 %,CB-3%,AB-3% 18 %
Cu: SRM—2.2 %, FD—3 %, CD—2.6 %, AD-3 %,CB—-3%,AB-3 % 16,8 %
Elmtree Gold Au-Ag Kanaga SRM - 1:35, FD — 1:40, AD — 1:25, PB — 1:20, UL — 1:25 22,4 %
Mt Cattlin Li-Ta ABcTpanis  |[SRM —1:25, FD — 1:25, CB + AB — 1:25 12 %
Kgwakgwe Hill Mn BoTceaHa SRM -6,9 %, FD — 1,3 %, AD — 1,2 %, AB - 3,75 %, UL - 2,5 % 15,7 %
Baptiste Ni-Fe-Au-Cr KaHaga SRM - 9,8 %, AB — 3,47 %, UL — 4.54 17,8 %
Kaukua Pd, Pt, Au, Cu, Ni | ®PiHnsHgis  |SRM -2,8 %, AB+FB—1,5%, UL—-11,07 % 15,4 %
0, 0, 0, 0,
Florida Canyon Zn-Pb-Ag-Cu Mepy gi;l\f 1_954’022 U/(I)_ _F2|321_%0‘93 %, CD - 0,93%, AD — 4,93 %, 15,87 %
Zebediela Ni NAP SRM - 1:30, FD — 1:30, AB — 1:30, UL — 4,9 % ~15,6 %
Zacatecas PO-AUKONLOPOST | pjeyouka | SRM 1:16, AD — 1:16, PB - 1:16 18,9 %
Regional Exploration 2014-2020: SRM — 5,2 %, AD — 2,3 %, 154 9%
AB—-2,6 %, UL-5.3% ’
n . . 0, 0,
Canadian Malartic | Au-Ag Kanaga '\A/“an gzp!gaaﬁn_%(’);i/zzms' SRM—5,4 %, AD - 2,4 %, 13,6 %
Mine Exploration 2019-2020: SRM - 5,4 %, AD — 2,4 %, 114 9%
AB—-24%,UL-12% ’
Casino Cu-Au-Mo Kanaga 2019: SRM -5 %, FD =5 %, AB = 5 %, UL — 20 % 35 %
2020: SRM -5 %, FD -5 %, AB-5%,UL-5% 20 %
Kiena Mine Au Kanapa SRM -5,9 %, FD - 5,1 %, AD - 5,1 %, PB—5,6 %, UL-3,9 % 25,6 %

*SRM (standard reference materials) — cmandapmu, FD (field duplicates) — nonbosi dybnikamu, CD (coarse duplicates) — dybnikamu
epyboeo mamepiany, AD (analitical duplicates) — aHanimuuHi dybnikamu, FB (field blanks) — nonboei xonocmi npobu, CB (coarse blanks) —
xonocmi npobu epybozo mamepiany, PB (preparation blanks) — xonocmi npobu npobonidzomosku, AB (analitical blanks) — aHanimuy4Hi xo-
nocmi npobu, UL (umpire laboratory) — 308HiwHiti KOHMPOnb.
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cTaHgapTu

Y nonwosi gy6nikati

Aybnikatu rpyboro maTepiany
[ ananitnuHi gyGnikatu

[ Jnonbosi xonocTi npotu

onocTi npobu rpyboro matepiany

[Z7] xonocTi npobu npobonoarotoekn ato
nonbLoBi XonocTi Npotu

Puc. 3. CepenHe cniBBigHOWeHHA KOHTPONbHUX NPo6 y nporpamax QA/QC

AHani3 nokasas, L0 Ha NPaKTUL KiNbKICTb KOHTPOMNbHNX
npo6 He 060B'A3kOBO AocsArae pekoMmeHaoBaHux 20 % i 3a-
nexuTb Big 6aratbox dakTopiB (He 3aBXan 00'eKTUBHUX). Y
cepenHbOMY KinbKicTb KOHTpOnbHMX nMpob 3a 111 nporpa-
max QA/QC ctaHoBuno Tpoxu GinbLie 16 %.

BucHoBkn. OCHOBHI BUCHOBKM LLIOAO KiNbKOCTI Ta criB-
BiJHOLLEHHS1 KOHTPONbHUX NPOO, L0 BUNNMBaOTb 3 aHanisy
nporpam QA/QC (3 ony6rnikoBaHUX AaHUX Ta pearbHUX py-
AHMX 06'eKTiB), MOXXHa CHOPMYMOBATN TAKUM YNHOM:

e 3arafioM CrocTepiraeTbCs TeHAeHUuis woao 36inb-
LLIEHHS! KiNbKOCTI Ta Pi3HOMAaHITHOCTi KOHTPONbHUX NPo6 —
BBaXa€TbCH, LUO Lie NiABULLYE HaAiNHICTb pe3ynbTarTis;

e cepep TMNIB KOHTPONbHMX NP6 HanvacTie BUKOpUC-
TOBYIOTbLCS TaK 3BaHi CTaHOapTW, a HaWMEHLUe — XONOCTi
npobwu rpyboro matepiany;

® KiNbKiCTb Ta Pi3HOMaHITHICTb KOHTPONbHUX NPOG TaKoX
3anexuTb Big TUMY KOPWUCHOI KOManmuHW — YuM CKnagHiwe
06'exT, TMM GinbLUue KOHTPOrbHUX NPob HeOBXiAHO;

¢ Ha GinbLLU Ni3HiX reonoropo3eigyBarnbHUX cTagisx ob'ekta
BiIHOCHA KiNbKiCTb KOHTPOSbHMX Npob 3a3Bu4yan 36inbLuy-
€TbCSl, ane B OKPEMMX BUMAOKax MOXEe 3MEHLUYBaTWCb 3a
YMOBM 3a[0BiflbHMX pe3yrnbTaTiB Ha nonepeaHix ctagisx, a
TaKoX HE3MIHHOCTI METOAMKM poBiT | nabopaTopii.
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CONTROL SAMPLES USING FOR QUALITY ASSURANCE AND CONTROL (QA/QC)

In geological exploration, the quality of the data underlying of resource and reserve estimation is critically important. According to various
international regulations and current world best practices, Quality Assurance and Quality Control (QA/QC) programs are a necessary part of
geological exploration. Quality Assurance (QA) is used to avoid the problems with quality, Quality Control (QC) is aimed at detecting them in case of
their occurrence, and together they form the overall Quality System — QA/QC. The article considers the main stages of the history of QA/QC
development, which begins in the Middle Ages and continues in our time.

Control samples used to control analytical tests have different types and purposes / functions: standards, preparation blanks, coarse blanks,
analytical blanks, field duplicates, coarse duplicates, pulp duplicates and umpire laboratory control. Their amount and ratio is the main topic of the
research. According to the published data of nine different authors, the recommended control sample amount of each type is different. On average,
the amount of control samples of all types is about 20% of the total number of routine samples.

In order to highlight the current state of the issue, the authors of the article have analyzed 111 QA/QC programs for 87 ore projects according to
the public reports disclosed by the issuers of the Toronto Stock Exchange. So, in practice, the control sample amount does not necessarily reach the
recommended 20 % and is slightly more than 16 %.

The main conclusions regarding the amount and ratio of control samples can be presented as follows: (1) the general increasing trend in the
amount and variety of control samples is observed; (2) among the control sample types, the so-called standards are most often used, and the least
used are coarse blanks; (3) the control sample amount and variety also depends on the mineral type; (4) at more advanced exploration stages of the
project, the control sample relative number usually increases, but in some cases it may decrease if the results of the previous stages are satisfactory,
and the methodology and laboratory are not changed.

Keywords: Quality Assurance, Quality Control, QA/QC, control samples.

ISSN 1728-3817



FEOJIOriA. 2(101)/2023 ~ 81~

YOK 550.4:574.3
DOI: http://doi.org/10.17721/1728-2713.101.12

B. BepxoBuUeB, A-p reon. HayK, CT. HayK. cniBpo6.
e-mail: verkhovtsev@ukr.net

K. Cywyk, kaHA. reon.-MiHepanor. Hayk, CT. HayK. cniBpobO.,
e-mail: IGNS_Sushchuk@nas.gov.ua

10. TulleHKO, KaHA. reos. Hayk, CT. HayK. CriBpoo6.

e-mail: u-risk@ukr.net

C. MewyepsikoB, NPOB. iHX.

e-mail: IGNS_Meshcheriakov@nas.gov.ua

AY "lHcTuTyT reoximii HaBkonuwHboro cepepgosuwia HAH Ykpaiun",
npocn. Akagemika MannapgiHa, 34a, M. KuiB, 03142, YkpaiHa;

I. KonsabiHa, kaHA. reon. Hayk, CT. HayK. cniBpo6.,
e-mail: IGNS_Koliabina@nas.gov.ua;

IHcTUTYT reonoriyHnx Hayk HAH YkpaiHu,

Byn. O. NoHuapa, 556, m. Kuie, 01054, YkpaiHa

EKOJIOriYHI ACNEKTU AOBYBAHHA YPAHY
CcnocosomM NIA3EMHOro CBEPANOBMUHHOIO BUNYroByYBAHHSA
(HA NPUKNAAI MUXAUNIBCbKOIO NONIFEHHONO POAOBULIA)

(MpedcmaesneHo 4reHoM pedakyiliHoi Kosezil 0-poM 2eos.-miHepasioa. Hayk, npog. B.M. 3azHimkom)

S10epHa eHepe2emuka € 8aXJ1UBOI0 CK/1a0080H0 HaUioHanbHOI 6e3neku YkpaiHu. 3abe3ne4eHHs yiei 2anysi elacHUMU CUPOBUHHUMU
pecypcamu — o0He 3 npiopumemHux rnepcrekmueHux 3aedaHb depxaeu. OGHUM i3 HarnpsiMie ycrniWHo20 eUpPiWeHHs1 Y020 3a80aHHs €
CMeOopPEeHHSI CrIPUsIMIU8020 iHeecmuyiliHo20 Kilimamy Ons1 3a5y4yeHHs npueamHux cy6'ekmie 20crodaproeaHHs y PO38UMOK 8iMmYU3HSI-
Hoi audobyeHori 2asys3i.

B YkpaiHi po3eidaHi yucneHHi podosuwia ypaHy, ki Xxapakmepu3yrombcsi 8iO0HOCHO He3Ha4YHUMU 3anacamu, y 36's3Ky 3 YuM o
HedaeHbO20 Yacy He esaxkaslucsi nepcriekKmueHuUMu 0is1 eidnpayroeaHHs depxxaeHor0 suA0byeHOr KomnaHieto "CxidHull 2ipHuUYo-
36azayvyeanbHuli kom6iHam" (M. XXoemi Bodu). Lji podoeuuwja He € peHmabenbHUMU 011 po3pobku mpaduyiliHumu Memodamu — wa-
XMHUM YU Kap'epHUM, oOHaK MoXXymb 6ymu eidnpayboeaHi 6inbw dewesum Memodom nid3eMHO20 ce8epdsIo8UHHO20 8uJly208Y-
8aHHsI, sikuli He nepedbayae PoO3KPUMMS 20pU3OHMI8 2eosioei4HuUX nopid. Y pa3i npasusnbHOI op2aHi3auyii ekcriyamauyitiHux ma
8i0Ho8Ir08aNbHUX Pobim iCHye peanibHa MOXJIUBICMb CymMMe8020 3HUXEHHSI He2amueHUX HacJlioKie Osisi Q0BKinssi.

BuceimneHo Oesiki acnekmu y3azanbHeHUX pe3y/bmamie aHani3y ernnugy Ha 0oeKinns Hoeoi disnbHocmi, wjo nepedbayae cmeo-
PEeHHS1 npueamHoz20 nidnpuemMcmea 3 0ociOHo-npomMucsioeoi po3pobku ma nodasnbuio2o eudobyeaHHs1 ypaHy Ha Muxaliniecbkomy po-
doeuuwyi e KaszaHkiecbkomMy patioHi Mukonaieckkoi o61acmi, siki cmocyrombcsi oUyiHKU eu60py mexHoJ102il 8Usy4eHHs1 KOPUCHOT KonasiuHu
mMemodoM rnid3eMHO20 ceepO/I08UHHO20 8usTy208y8aHHS. [[poekmoeaHe nidnpuemcmeo 6yde cknadamucs 3 KiflbKOX mumM4acoeux eu-
0do6yeHux OinIIHOK ma cmayioHapHo20 npomMmalidaH4yuKa nepepobHO20 KOMIIIEKCY, a MaKoX 06'ckmie iHXeHepPHO-MPaHCIOPMHOI iH-
gpacmpykmypu. lNicns sidnpaytroeaHHs1 podosuuia 6yde npoeedeHa peKysibmueauisi 3eMerb i ix Mo8epHeHHs1 3eMJiekopucmyeavyam ma
peabinimayjisi Hadp, sika 3abe3ne4yums ix 8iOHoeIeHHs1 30 NepednpPOEKMHO20 CMaHy.

Ha mepumopii, sika Moxxe 6ymu 3a4ensieHa 6ydieHULMEOM ma eKcrislyamauiero rnjiaHog8aHo20 nionpueMmcmea, npPoeedeHo HamypHi
nonsboei ma 1abopamopHi 2e0eK0s102i4HIi 8UWYKy8aHHSI ma OnucaHo ix pe3yssmamu.

Knro4oei crosa: ypaH, Muxatiniecbke podosuuie, nidzeMHe ceepdsio8UHHE 8usly208yeaHHs, Haopa, enue, G08Kirsisi, mexHoso2ivyHi

PO34UHU, KpucmarsniyHi nopodu, ocadoei Nopodu, B0OGOHOCHI 20PU30HMU.

Bctyn. B ypaHOBili npomMmucnoBocTi YkpaiHu Ta iHWmX
KpaiH CBIiTY BUKOHaHO 6arato TEOPEeTUYHNX i MPaKTUYHKX OO-
cnimKxeHb Ans e(peKTBHOrO BUNYYEHHS ypaHy | AeAKNX Cyry-
THIX MeTaniB Ha Mmicui 3ansaranHs pyg (“in situ leaching").
Min3eMHe cBepanoBuHHe BunyrosyBaHHs (MCB) 3 noganb-
LUMM BUITYYEHHSIM LHHUX KOMMOHEHTIB 3 NPOAYKTUBHMX PO3-
UYMHIB BIOKPMBAE LUMPOKI MOXNMBOCTI ANs BignpautoBaHHS
KOMMMEKCHUX PYA.

MixHapogHe areHTcTBO 3 aToMHOI eHeprii (MAFATE) Bu-
3HAaE L0 TEXHOSOri0 €KOSOrYHO HaWYUCTIWUM | Hanbeane-
YHiWKMM cnocoboM BUAOGYTKY KOPUCHUX KOManwH, SKui He
notpebye 3HaYHWX BUTpPAT Ha pekynbTuBauiio. BugobyTtni
BKasaH/M MeTOAOM ypaH HanexuTb OO0 HanHWXYOl LiHOBOI
kateropii (Mamuros u dp., 1980).

Xoya Mmetog MNCB ypaHy 3acTOCOBYETLCS NEpPEeBaXKHO
Onsi BianpaLoBaHHA pogoBULL, 3 HEBENMKUM BMICTOM ypaHy
B OCafloBUX TOBLLAX, 3OIMCHIOITBCA CNPOOM 3aCTOCYBaHHS
MCB y kpucTaniyHMx MacuBax fK MEHLU BUTPATHOrO i eKo-
JNOrYHO WKIANMBOro, NOPIBHAHO 3 LWaxTHMM abo Kap'epHUM
(/Taeéposa, 1998, Mamunoe u 0p., 1980; MakapeHko ma iH.,
2005; OneliHuk u dp., 1982; lNod3emHoe u Ky4Hoe 8bluiera-
queaHue..., 2005; LLlymnsHcbkut ma id., 2007).

HaykoBa npoGnemaTuika, nos's3aHa 3 noAarnbLLUo po3po-
6koto meToay MCB LWwoao podoBuLL Pi3HOTO TUMY Ta B Pi3HNUX
reonoriyHnx ymoBax, nonsrae B HeOOXiAHOCTI NMpoBeAEeHHA
JocnigkeHb eKoNoriYHMX HacnigkiB BKa3aHoi AisinbHOCTI.

MeToto cTaTTi € BU3HAYEHHSI ONTMManbHUX LWNSAXIB 3a-
crocyBaHHs metoay NCB anga BignpavtoBaHHa Muxanniscb-
KOro pOAOBMLLA YpaHy 3 YpaxyBaHHsM 0COBNMBOCTEN MOro
reosnoriyHoi 6y10BM Ta BUMOT LLOAO 3HWKEHHS HEraTUBHMUX
€KONOriYHNX Hacnigkie Ansa nig3emMHuX BOLOHOCHUX ropmn3o-
HTiB Ta JOBKINMS B Linomy.

KopoTtkuin onuc metoay NCB. Ha cborogHi Lue He icHye
3aranbHOBM3HaHOI re0TEXHOMOrYHOI cucTemMaTu3alii ypaHo-
BMX poAoBULL. Y creuianbHin nitepatypi HaBoASATbCHA PisHi
Knacudikauii pogoBuLy, ypaHy Ans BugobysaHHs cnocobom
MCB, y Sknux BpaxoBYyTbCS1 YMOBU YTBOPEHHS, Mopdhororis i
pPO3MipU pygoHWX Mnoknagis, Nitonoro-gadianbHi, reoximiyvHi
0cobnUBOCTI pyA, i py4oBMICHMX NopiA, riaporeonoriyHi ymosu
Towo (Mamunos u dp., 1980).

YucneHHnMn OOCniiXeHHAMN OoBeAeHO, Wwo Buaoby-
BaHHs ypaHy metogom NCB 3Ha4yHo nepeBaxae TpaguLinHi
ripHW4i cnocobwu i 3a peHTabenbHICTIO, | 38 MOXITUBOCTAMM
NOM'AKLLIEHHA eKonoriyHnx Hacnigkie (/laséposa, 1998; Ma-
munoe u dp., 1980; MakapeHko ma iH., 2005; OnelHuk u op.,
1982; Nod3emHOe U Ky4HOe 8biluenadusaHue. .., 2005; LLlym-
nsaHebKut ma iH., 2007).

3okpema, y MoHorpadii (LLlymnsHebkut ma iH., 2007) Ha-
BeZleHO komn'toTepHi Mogeni isnko-ximidHUX npouecis iHi-
NbTpaLiiHOrO ypaHOBOro PYAOYTBOPEHHS B €OLEHOBOMY
BOZOHOCHOMY ropu30HTi [leBnaaiBcbkoro pogosuLLa, nia3em-
HOro BWMYroBYBaHHSA ypaHy 4Yepe3 CBEpASIOBUHM, a TaKoX

© BepxoBueB B., Cyuyk K., TuweHko 0., MewepsikoB C., Konsi6iHa ., 2023
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CaMOBIOHOBMEHHS Mig3EMHMX BOA TFOPU3OHTY MNPOTSArom
1983-2005 pp. BuknageHo paHi MOHITOPUHIY nig3eMHUX
BOZ, (3aNULLKOBUX TEXHOMOTYHUX PO3YMHIB) NMPOSYKTUBHOIO
rOPU30OHTY Ta KOMIMMEKTU KapT po3noainy KOMMOHEHTIB-
3abpyaHIoBaviB Nig3eMHUX Bog cTaHoM Ha 1982, 1991, 1997,
2005 poku. 3aiicHeHo KoMM'toTepHE MOAENOBaHHSA AUHAMIKK
3MiHN 3anMLLIKOBUX PO3YMHIB i BMICHUX NOpI4 NPOAYKTUBHOIO
rOPU30OHTY Ta BM3HAYEHO Yac CaMOBIOHOBMNEHHS MiA3EMHUX
BOZ BiAHOCHO OKpPEMUX KOMMOHEHTIB-3a0pyaHoBaYiB.

PekynbTmBauis 3emni nicnst MCB MiHiManbHa, ocKinbku Ls
npoueaypa obMexyeTbCa BUTSAraHHaM obcagHux Tpyb i ueme-
HTYBaHHSIM CTOBOYpa CBEpANOBWH A0 PiBHS rMUOMHM OpaHKu,
o 3abesneyvye 30epeXeHHs1 Y HEMOPYLLEHOMY CTaHi JEHHOI
noBepxHi. Takox BiACYTHS HEODOXIOHICTb Y CTBOPEHHI BiaBanis
PO3KpMBHMX MOpiA Ta ekcnnyaTauii xBoctocxosuLl. OTxe,
nicnsi BignpauoBaHHA poaoBuLLa abo OKpeMoi MOoro YacTuHM
cnocobom MNCB 3emenbHi yrinas MoXyTb OyTW BUKOpUCTaHI B
CinbCbKOMy rocrnoaapcTsi 6e3 6yab-aknx 0OMeXeHb.

PaHiwe B YkpaiHi Lum MeTogom Bxe po3pobnsanucs ypa-
HOBI pogoBuLLla — BuLesragaHe [Jesnagiscbke Ta bpatcbke.
Ha posTtawoBaHoMy nopydy i3 Muxainiscbkum CadoHiBCb-
KoMy pofoBuLLi y nepiof 3 nunHaA 1982 p. no rpyaeHs 1985 p.

Usnonuaaviuamailisn-

Oyno npoBegeHo pocnigHo-npomucrioBy po3pobky (AMP) 3
MCB Ha pygHomy Tini Ne 2 i oTpumaHo 6rmn3bko 40 TOHH ypaHy
(3a aaHumu K "Kiposreororis").

Po3pobka HeBENMKMX ypaHOBUX POAOBMLL, 3@ JOMNOMOroH
cyyacHux TexHonori NCB noTeHUinHO MOXe cyTTeBO Monin-
LUNTM BITYN3HSIHY CUPOBUHHY 6a3y.

Ha ocHoBi nposegeHux ynpogoex 2015-2022 pp. kom-
NAEKCHNX NONbOBUX | KAMepanbHWUX PagioeKonoriYHnX gocni-
[XKEHb Ha KiNbKOX €K30reHHMX iHinbTpauinH1X pogoBuLLax
ypaHy ocagoBoro 4oxna ta MuxanniBcbkoMy nonireHHoOMy
pogoBuLi YkpaiHcebkoro wuta (YLL) 6yno BukoHaHO komnne-
KCHY OL|iHKY BMAMBY pagionoriyHol cutyauii Ha goBKinnsa goc-
nigXyBaHoI TepuTopii, reornoro-eKoOHOMi4YHe OBI'pyHTYBaHHS
NepcrnekTyB OCBOEHHS YPaHOBMX POAOBMLL, Ta OLjiHKa MOXXIU-
BOCTel 3acTocyBaHHsi cnocoby MNCB ans ix ekcnnyaradii.

Kopotka xapaktepuctuka MwuxanniBcbkoro popo-
Buwa. Y cmpykmypHoO-meKmoHi4Homy nnaHi Muxannis-
cbke pogoBuue (puc. 1) posTawoBaHe B  Mexax
3axigHoiHryneubpKkoi CTPYKTYpPHO-hOpMaLLiiHOT 30HK Ha niB-
aeHHomy cxuni YL, y BepxiB'i CadoHiBcbkoi naneoaenpe-
cii, BigkpuToi y 6ik [NpM4YOpHOMOpPCEKOT 3anagnHu.

~
G3HECEHK:

Puc. 1. Muxanniscbke poaoBuile ypaHy Ta pyaonposisu MuxanniBcbKoi ypaHOBOPYAHOI NoOLLi

Ha MuxanniBcbkoMy pogoBuLLi ypaHOBe 3pyAeHiHHSA BCTa-
HOBIMEHO B TPILLUMHYBaTMX KpWUCTaniyHWX nopopax (rHewncax,
rpaHitax, MirmaTuTax i nermatuTax) Ta ix Kopi BUBITPIOBaHHS.
PonoBule xapakTepuayeTbcst 3Ha4HUMMU NPOrHO3HUMU pe-
cypcamm ypaHy.

Muxanniecbke poaoBuLlEe € MOMIXPOMHO-MOMIrEHHUM 3
NPOSIBOM TPbOX PYOHWX €TaniB Ta TPbOX FEeHETUYHUX TUNiB
3pyaeHiHHA (puc. 2). OcHoBHaA Maca pypn 3ansrae B rHemcax
BioTMTOBMX 3 JOMILLKO rpadpiTy, Ski 3a3HanM iHTEHCUBHOTO
OpobneHHs, kaTaknasy, CUIMbHO TPILLMHYBaTI 3 HaKnageHMU
rigpoTepmanbHUMKU 3MiHaMuK (remaTmaadii, xnopuTtmnsadii, ka-
pboHaTu3aLii, niputuaadii i okBapLUoBaHHS). Y rpaHiTax ypa-
HOBe 3pyAeHiHHA nokanisoBaHe pigwe. Hanbinbwa vyacTka B
YTBOPEHHI NMPOMUCIIOBOrO YPaHOBOrO 3pyAEHIHHA Ha poado-
BULLL HaneXuTb rigporeHHoOMY TUNy pya, KU NOTEHLiIMHO
npyaaTHUIA 4ns NPOMMUCIIOBOI po3podku cnocodom MCB.

ISSN 1728-3817

Ockinbky ocHOBHa Maca pya pogosuLla — yb6ori i 6igHi,
€aMHnUM peHTabenbHUM crnocobom iX BignpauioBaHHA €
MeTtoa NCB i3 3acTocyBaHHSAM CMCTEMU 3akayyBarbHUX i
BiAKkayyBanbHUX CBEPANOBUH. BpaxoByloun ocobnuBocCTi
reonoriyHoi 6ygosn Muxanniscbkoro pogosulla, pensed
KOpW BUBITPIOBAHHA, OCOOMMBOCTI 3ansraHHs nnacTis,
posTallyBaHHSA TPILMHYBaTMX 30H TOLLO, MOXe ByTn 3a-
CTOCOBaHa cucTema TEeXHOMOTYHUX CBEpAOBUH, Npoby-
peHux He BepTUKanbHo, a nig 6inbLwmm abo MEeHLLIMM KyTOM
0O TeonoriyHMX nnacTiB — Y3[40BX MiHiA ixX Haxuny abo
nepneHavkynspHo Ao Hux; TobTo cBepAanoBuHW GyayTb
npobypeHi nig KyToM 00 AeHHOi noBepxHi. BogHovac Bia-
KayyBanbHi CBEpANoOBUHM 3abyploloTbCa Ha Oinbluy rmnu-
OVHy, HiX 3akadyBarnbHi (puc. 3).



FEONOris. 2(101)/2023

~ 83 ~

RN
Fngmeuu

HoBoMUXaINoBKE,

nNekcaHgposra

;wg@&
‘dnoBeka

H‘epﬁuﬂan JHaMeHka
s

POOHIK:
- ¥

TDUML!,.KU—CE\WIUHU?U

Puc. 2. PyaHi noknaau MuxanniBcbkoro pogoBuiia

np VA0 mpTV200

-~
{,{r‘f
=
-~
0.04940.148)
/.3. 15 (0.35)
> -

i > 2 ,"
A ik AR
Puc. 3. BapiaHTu
Ha crapgji ouiHOYHMX poGIiT OQHMM 3 OCHOBHMX 3aBAaHb
Oyrno B13Ha4YeHHS NPUHLMNOBOI MOXIMBOCTI peHTabernbHoro
BUNYrOBYBaHHS ypaHy 3 pyA Ha Micui 3ansaraHHs. 3 uieto Me-
TOK NpOBeAEHO NabopaTopHi i HAaTypHI TEXHOMOrYHI BUMNPO-
OyBaHHA. Tig yac nabopaTopHux BUNpoOyBaHb AN pya
HanbIinbLL Ni3HbOI riNepreHHoOi NPOXUIKOBO-TPILLMHHOI ypa-
HOBOI 4epHEBOI MiHepanisauii, chopMOBaHOI BNPOOOBX
¢aHepo3oto, 3 KoHUeHTpauieto noHaa 0,01 %, BcTaHOBNEHO
pobpe BunyveHHs ypaHy (8o 70-80 %) 3 oTpMMaHHsAM 1oro
NPOMMCIIOBOI KOHLIEHTpaLii B po3uuHi. Lien Tun miHepanisauii
CTBOPMBCS 3a PaxyHOK BWUMYroBYBaHHS ypaHy 3 Pi3HUX eHOo-
rEHHVX MpPOsBiB i NMepeBigknadeHb MOro B 30HaX BigKpUTOI
TpiwmHyBaTtocTi. LiboMy ek3oreHHoMy 3pyAeHiHHI, npea-
CTaBMEeHOMY BTOPUHHUMU KOQIHIT-ypaHOBO-4YEepHEBUMY Ha-
KOMWYEHHSAMM, Y 3aranbHoMy 6anaHci pys MuxanniBcbkoro
pOAOBMLLA HANEXUTb ICTOTHA Porb.
Y TOI xe 4ac nia 4Yac HaTypHuUX BUNpobyBaHb PYAHUX
6ioTUTOBMX THENCIB BCTAHOBMEHO, LLO BOHM MakTb BMCOKY
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TexXHONoriYHuX cBepAfioBMH Ans BignpautoBaHHA MuxanniBcbKoro pogoBsuiia

CeeponoBUHN:
3aKaqysaneHi

—
@ / BigKauyBansHi
=

o BEpPTUKAMNbHI
~

niJ, HAXMNonm:

o
_/./F/ AL BKDECT 3anAraHHA
4 nnacTie
: @ KpMCTaniYHK nopig

B3[,0BX 3aNAraHHA
nnactie
/ KpMETaNiYHNK Nopig

32
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KMCMOTOCTIVKICTb | BiQHOBHI BNAacTUBOCTI Yepe3 HasiBHICTb Y
HUX CipKOBOAHI0. TOMY CipyaHa K1CroTa sik peareHT He MoXe
OyTn 3acTocoBaHa Yepes BUCOKI il BATPaTK i 3aKynopKm LUNs-
XiB pyXy PO34MHY FiMcoM, Lo YyTBOPIOETLCSA. HeratBHnm sBu-
LeM € TakoX BMCOKa KOpO3iiHa akKTMBHICTb poboyoro
PO34MHY Ha OCHOBI CipYaHOi KUCMOTW Ta arpecuBHIcTb 4o 6e-
TOHY NiA3€MHUX i 'PYHTOBUX BOA.

Tomy HannoLmpeHiwmin y npaktuui cnocié NCB ypaHy —
3 BMKOPUCTaHHAM CnabKmx po34uHIB CipyYaHoi KUCrnoTu — ma-
nonpuaaTHMn Ans BignpautoBaHHS MwuxanniBcbkoro pogo-
Biwa. [llpo ue ceigyaTb pesynbTatv HaTypHUX i
nabopaTopHNX EKCNIEPUMEHTIB, SKi MPOBOAMIUCH PaHiLLe.

Ons 36inblUeHHs CTyNeHsa BUNYroByBaHHS ypaHy nig 4ac
MCB 3a3BW4ali BUKOPUCTOBYHOTb KiflbKa LUMSAXIB: BUKOPUCTaHHS!
iHLIOro BMNyroByBarnbHOro areHTa, nigbip okvncHioBaya, nigbip
KOHLEHTpaUil KOMMOHEHTIB BUIYrOBYBaNlbHOrO PO3YMHY.
CTucny xapakTepucTuKy OKUCHIOBaYiB HaBeadeHo B Tabn. 1.
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Ona Muxanniscbkoro pogosuiia moxe 6yt npygaTtHe
kapboHaTHe abo KMCHEBE BUIYroBYBaHHS.

KapboHaTHWMIiA meToa HabyB HanbinbLIOro MOLUMPEHHS
y CLWA, no noro nepear MOXHa BiHECTUW: MOXIUBICTb Bif-
npautoBaHHA pya 3 nigBuLieHMM BMICTOM KapboHartiB
(CO2>2 %), BUCOKY CENEKTUBHICTb A0 ypaHy, MeHLly MiHe-
panisauito  NpOOYKTUBHUX PO3YMHIB, 3MEHLUEHHS1 KOpo3ii
anapartypu. [1o HegonikiB HanexaTb: HEBUCOKWUIA CTYNiHb BU-
ny4yeHHsa ypaHy 3 pya (60—80 %); noBinbHiWa MOPIBHSAHO
3 KUCIMOTHUM METOAOM KiHETMKA PO3YMHEHHHA YpaHOBUKX
MiHepanie (P:T = 4—6); MeHLUi KOHLEeHTpaUii ypaHy B npoay-
KTUBHWUX PO34YMHAX; BUCOKUI CTYNiHb PO3TiKaHHS PO34YMHIB 3a
KOHTYp BianpaLloBaHHs1, OCKINbKM B MPOLIEC BUIYrOBYBaHHsI
He dopMylOTbCA TeXHOreHHi reoximiyHi 6ap'epu; nepexig

y NPOAYKTUBHUIA PO34UH 80 25 % pagito, Lo MiCTUTLCS Y pi-
BHOBaXHin pyai.

KapboHaTHe BunyroByBaHHS 6a3yeTbCA Ha YTBOPEHHI
PO34YMHHUMX HaTPIN (aMOHil)-ypaHin-kapboHaTHUX KOMMIeK-
ciB. Mig yac npoeeaeHHs kapboHaTHoro MCB sk okMcHioBau
BMKOPUCTOBYIOTb MEPEKUC BOOHIO, @ TAKOX PO3YUHEHWIA KU-
CeHb. PO34MHHICTb KUCHIO MponopLiiHa Noro napuianbHOMY
TUCKY Hag po3dunHoM. OTxe, NOTPIOHO HacudyBaTU PO3dMH
KWUCHEM Mig TUCKOM.

LLle ogHMM BapiaHTOM TeXHOMOTI € Tak 3BaHWUIA Ge3peareHT-
HWIA MeTOo[, AKUA NONsirae B 3akadyBaHHi Y pyOOHOCHWUA ropu-
30HT KVCHIO NOBITPS, BATPUMLL Nfiacta NpoTsiroM NEBHOTO Yacy
i NoganbLUIoro BigkayyBaHHSA NPOAYKTUBHUX PO3YUHIB.

MpuHumnoBy cxemy BugobysaHHsA cnocobom MNCB noka-
3aHO Hmx4e (puc. 4).

Ta6bnuuys 1

OkuCHIOBaYi, AKi HaM4acTile BUKOPUCTOBYHOTLCS B TEXHOMNOrIAAX BUNyroByBaHHs ypaHy (Typaes, XKepuH, 2005)

OkucHioBaui Heponiku TexHonorii
nediunt gelwesoi CUPOBMHK, AOPOra TEXHOMOTrISA il OTPMMaHHS Ta JOPOXHEeYa TPaHCNOPTYBaHHS, 3pOCTaHHs
Coni Fe(lll) koHueHTpauii Fe(ll) y TexHomoriyHux posymHax, Wwo Npu3BOAUTbL A0 3pocTaHHsa fobasku Fe(lll) i nocTiiHoro

3POCTaHHA 3aranbHoOro BMiCTy 3anisa B pOGOLIVIX Po34MHax

lMepmaHraHaT kanito

[OpOXHEeYa peareHTiB, NigBuLLEHa KOPO3iHa aKTUBHICTb

Xnop [OpOXHEYa peareHTiB, NigBuLLEHA KOPO3iiHA aKTUBHICTb, AenpecyBaHHsi copbuii ypaHy xmnop-ioHamu

linoxnoput

[OpOXHeYa peareHTiB, MiABuWLLEHa KOPOo3iliHa akTUBHICTb, AenpecyBaHHs copbuii ypaHy xnop-ioHamu

Xnopatu

[OpOXHeYa peareHTiB, MiABMLLEHa KOPO3iiHa aKTUBHICTb, AenpecyBaHHsa copbuii ypaHy xnop-ioHamm

Hitput HaTpito

HeobxiaHa niaBuLLEeHa KUCMOTHICTb, WO NPU3BOANTL A0 HeOOUINbHOCTI 3 EKOHOMIYHMX, EKOMOMYHNX
Ta TEXHOMOrYHMX MipKyBaHb i 4O HAKOMWYEHHS CNOMYK a30Ty B pobo4Mx posymHax

A30THa kucnota

HeobXxigHa niaBULLEHa KUCMNOTHICTb, WO NPU3BOAWTL A0 HEOOUINIBHOCTI 3 EKOHOMIYHNX, EKONOMNYHNX
Ta TEXHOMOTIYHNX MipKYBaHb i 10 HAKOMUYEHHS CMONYK a30Ty B po6oyMx po3ymnHax

A3soTucTa Kucnota

HeobXxigHa NigBULLIEHa KUCMOTHICTb, WO NPU3BOAMTL A0 HEOOUINbHOCTI 3 EKOHOMIYHNX, €KONOMYHNX
Ta TEXHOMOrYHMX MipKyBaHb i 4O HAKOMWYEHHs CNoMyK a30Ty B po6o4ymx posymHax

[Nepeknc BogHo

JopoXHeya i BUBYxoHe6e3neyHiCTb CMPOBMHM

KunceHb nosiTtps

HM3bKa LUBUAKICTb NPOLIECY, HEBUCOKA PO3YMHHICTb KUCHIO B pOB6OYOMY pO3UUHi

TexHOMNoriYHnM KNCceHb

HM3bKa LWBMUAKICTb MPOLLECY, HEBUCOKA PO3YMHHICTb KUCHIO B pOGOYOMY PO3UMHI

1EPEPABOTH

CBOPHAA EMKOCTb

(IQ4BEHHO-PACTHTEAbHbIKM CAOK

NECOK

TAMHA, BEPXHHW BOAOYNOP

SAKAYHAR CKBAXHHA

MECOK, YPAHOBOE OPYAHEHHE

lﬂ\YEﬂHHHﬂ HACOC

NP - npoayrmeHbiii p-p
BP - BHILIGAGUHBAIOLMA P-P
MC - matouHmK copbiuwm

TY3 - Tex.y3eA 3aKHCACHHA
YPBP - y3en pacnpeaenekua BP
YNNP - y3e npuenia NP

11/0 - neckooTcToMHMK

0 - pacxop

P - AasAetine

g {  PanHOKaHaAyAGAGHHOD
yNpaBACHHA

Puc. 4. MpuHunnoBa cxema BMAOGyBaHHﬂ ypaHy meToA4oOM nia3emMHoOro cBepAnoBUHHOIO BUINyroeyBaHHA
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MeToau pocnimkeHb. Y npoueci AocrnimkeHb nepeayciv
Oyno npoaHani3oBaHo i y3aranbHeHO iCHytoudi (boHAOBI Ta
NiTepaTypHi AaHi, a TaKoX pe3ynbTaTh NonepeaHix BULLYKY-
BaHb, NEPEANPOEKTHUX AOCNIAXeHb, NPOEKTHI MaTepianu,
JaHi BNacHux pJocnigxeHb i ny6nikauid, BUKOHaHWUX Yy
Ay "IF'HC HAH YkpaiHn", woao reonorivyHux, rigporeonoriv-
HUX Ta rigponoriYHnX yMoB, pensedy, naHawadTy, knimatu-
YHUX OCOBMMBOCTEN, I'PYHTOBOrO i POCIMHHOIO MOKPUBY,
couianbHOro cepegoBua, CTaHy OOG'€KTIB TEXHOTEHHOro
BMNAMBY Ha NpUNernux Ao NnaHoBaHoro MignpuemcTea Tepu-
TopisAx. Y nmpoueci pobiT 6yno po3pobneHo Ta anpoboBaHo
HOBY MEeTOAOMOril0 JOCAIAXKEHb HABKOMMWLLIHBOIO Cepeao-
BMLLA LUMSXOM KOMMJIEKCHOrO OO3UMETPUYHOrO i pagiomeT-
pUYHOrO 3HIMaHHS MOBEPXHEBOTO Ta MPUMNOBEPXHEBOIO
FOPU3OHTIB I'PYHTIB 3 METOI0 BU3HAYEHHS MOLLYKOBUX i pagio-
€KOINOoriYHNX napameTpiB AOCNigKyBaHOI TepuTopii Ta nonis
aHoOManbHOI aKTUBHOCTI BUMIPSIHUX pafiauiiHUX NMOKa3HUKIB.
Tak, npoBoauBcs Biabip Npob6 rPyHTIB LWNYPOBMM METOOOM
[0 rMnbrHM 1 M | NPUPOZHNX NOBEPXHEBUX M MiA3EMHNX BOA,.

Mopanblwi pagionoriyHi OOCNIMKEHHSA BKIIHOYANU: NOMboBi
O03UMETPUYHI BUMIPIOBAHHS MOTY)XHOCTi €KCMO3WLIHOI [03M
ramMma-BUMNPOMIHIOBaHHSA  (padiauiiHnii  dOH), MNOTYXKHOCTI
€KBiBaNeHTHOI 4031 raMMa-BMNPOMIHIOBaHHS, NOMbOBI pagio-
METPUYHI BUNPOMIHIOBAHHS LWLIMBbHOCTI MOTOKY PafoHy 3
I'pyHTY; NabopaTopHi pagioMeTpUYHi BUMIPOBaHHST MUTOMOI
raMMa-akTMBHOCTI Npob rpyHTy, nabopaTopHi pagioMeTpuyHi
BMMIpIOBaHHSA anbda- ta 6eTa-akTMBHOCTI Npob rpyHTY AN
BM3HAYEHHs Mac-eKBiBaNIEHTHOr0O BMICTYy Ta aKTUBHOCTI
ypaHy, nabopaTopHi CNeKTPOMETPUYHI BUMIPIOBaHHS pagio-
HyKnigiB y npobax rpyHTy.

Hwkuye HaBegeHO kapTy po3noAiny NUTOMOI akTUBHOCTI,
npuBeOEeHOI OO0 ypaHy, OTpUMaHy 3a pesynbTaTamu BUMIpHO-
BaHHs1 iIHTEHCUBHOCTI anbga- i 6eTa-BunpomiHioBaHHS (puc. 5).

Kpim TOro, npoaHanizoBaHo MeToan, TEXHOMOrYHI nokas-
HVKM, OCHOBHI TEXHIiYHI NnapameTpy obnagHaHHa Anga peani-
3auii nnaHoBaHOi AiAnNbHOCTI 3  BUAOOYBaHHA  ypaHy
crnoco6om MNMCB Ta ouiHeHO iX eKONOoriyYHi XapaKkTEPUCTUKN.
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Puc. 5. AKTUBHICTb anbda- Ta 6eTa-BMNpOMiHIOBaHHSA, NpUBeAeHa A0 ypaHy, y npobax IpyHTiB

OGroBopeHHs pe3ynbTaTiB. Ha OCHOBI NpoBeAeHUX yn-
ponoBx 2015-2022 pp. KOMMSIEKCHUX MONbOBUX i Kamepa-
NbHUX  PafioekonoriYyHUX  AOCHipKEeHb  Ha  KiNbKOX
€K30reHHUX iHiNbTpauinHMX pogoBuLLax ypaHy ocagoBoro
yoxna Ta MuxanniBcbkomy nonireHHoOMy poAoBuLi YKpaiH-
CbKOro wuTta 6yno 3pobneHo KOMNEKCHY OLiHKY BNNMBY pa-
AionoriyHoi cuTyauii Ha AOBKINNs AocnigXyBaHOI TEpUTopIi,
reororo-eKOHOMi4YHe OBI'pYHTYBaHHS NEPCMNEKTUB OCBOEHHS
YpaHOBMX POAOBWL, Ta OLUIHEHO MOXMMBOCTI 3aCTOCYBaHHS
crnocoby MNCB gns ix ekcnnyarauii.

Ha MuxanniscbkomMy nonireHHoOMy poAoBULLi NpeacTas-
NeHi Taki TMNM ypaHoBoi MiHepani3auii:

1. [laBHA BkpanneHa ypaHiHiToBa MiHepanisadujs, Lo CTBO-
peHa B 0OQHOMY BiKOBOMY iHTepBani i3 BMICH/MUW TOBLLAMMU B
paHHBOMY MPOTEPO30i, 3 i30TOMHMM BikoM 1,8 Mnpa pokiB.

2. TinepreHHa NpoXunkoBo-BkpanneHa abo NpoXuIKoBO-
LUTOKBEPKOBA YpaHiHIT-HacTypaH-koiHiTOBa MiHepani3auis 3
HaMbINbLIMM BMICTOM YypaHy B PpyaHuX iHTepBanax (Big
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0,05% po 2%), BusABNeHa cepen THEWCIB Ta rpaHiTiB y
BUMMAAI TOHKMX npoxunkie (1-2 mm go 10 mm), B acouiadii 3
rigpocnogamu, riMHACTMU MiHepanamm, XnopuToMm, kapoo-
HaToM, anbbiToM, KamiwnaTtom, HOBOCTBOPEHWM KBapLOM
TOWO. AHanoriyHi ypaHoBi MiHepanu (HacTypaH, YpaHiHIT,
KOGDIHIT) BUMOBHIOKOTb | NyCTY BKpPAMeHiCTb HAaBKOO X Npo-
XUIKiB. 130TONHWI Bik 3pyaeHiHHA carae 0,8—1,0 mnpa pokis.
3. Hanbinbw ni3HbLO € rinepreHHa MNpOXWMKOBO-TPI-
LWWHHa YypaHoBa 4epHeBa MiHepanisauia, cdopmoBaHa
BNpoaoBxX chaHepo3soto. Ller Tun miHepanisadii ctBopuBca
32 paxyHOK BUITYrOBYBaHHS ypaHy 3 Pi3HWX eHO0reHHUX Npo-
ABiB | NepesigknageHb NOro B 30Hax BiOKPUTOI TPiLLUHYBa-
ToCTi. LlboMy ek3oreHHoMy 3pyAeHiHHI, MNpencTaBrieHoOMY
BTOPUHHUMM KOPiHIT-ypaHOBO-YEPHEBUMM HAKOMUYEHHSIMM, B
3aranbHoMy GanaHci pya MuxainiBcbkoro pogoBuila Hane-
XMWTb ICTOTHaA porb. 3a i30TOMHO-CNEeKTPanbHUM BU3HAYEHHSM
Bik ypaHOBOi YepHi csarae 0,2—0,4 mnpg pokis, WO Bianosigae
repUMHCHKIN Ta KIMePINCbKi enoxam pyaoyTBOPEHHS.
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MNMnaHoBaHa aianebHicTb nepegbayae AP ypaHosux pya
Ha ainaHui Muxanniscbkoro pogosuila B KasaHKiBCbKOMY
pavioHi MukonaiBcbkoi obnacti cnoco6om MNCB Ta ix nepe-
pobky Ha Micui. Peanisauisi nnaHoBaHoi gisnbHocTi 6yne
3pifcHioBaTMCL Ha 0asi BMPOOHMYOro KOMMMEKCY, SKWUiA
cKnagaTtuMeTbCst 3 ABOX MPOMUCIIOBUX ManaaHuukiB — BU-
[o06yBHOro Ta nepepobHoro.

Mig yac po3po6ku pogosuLia cnocobom NMNCB ocHOBHMUM
aKTOpoM BMMMBY Ha HaBKOSULLHE CEpenoBuLLEe, NOB'A3a-
HUM 3 TEXHOSOMYHUMKN 0COBNMBOCTAMM MITAHOBaHOI Aisnb-
HOCTi, € MOPYLUEHHS MPUPOOHOrO0 pPEexXuMMy Ta XiMi4HOro
CTaHy Mia3eMHMX Bof, ke BiabyBaeTbCs LUMSIXOM hopMy-
BaHHsi opeony 3abpyAHeHHS BOOOHOCHOIO rOPU30HTY, Npu-
ypo4YeHOro A0 MpPOAYKTUBHOI TOBLLi nopig Ha AinsaHui
B1A0GYBHOrO KOMMIEKCY.

BnnmB Ha atMocdepHe MoBITPA OYiKyETbCS BHACMIOOK
npoBefeHHs 3eMnsaHux pobiT, Big BukMAiB byaiBensHoi i 6y-
POBOI TEXHIKW, aBTOTPAHCMOPTY Ta MOHTaXHMX pobiT nig 4Yac
OyaiBHMUTBA Ta Bif mxepen BUKUAiB nepepobHoro komnne-
KCy Mig 4ac ekcnnyartauii; BNAuB Ha reonoriyHe cepepno-
BYLLE Bif, 3aKUCINEHHS NOpPiA NPOAYKTUBHOIO Lwapy, 6ypiHHSA
TEXHOMOTYHUX | CMOCTEPEXHUX CBEPAJSIOBUH; BMMMB Ha
r'pyHTV Ta penbed Big NnaHyBaHHs TepuTopii y nepioa oyai-
BHMLUTBA; BN/MB Ha BOOHE cepefoBuLle Bid CKMAY ouuLle-
HUX OOLLUOBUX CTOKIB Ta BiJ TEXHOMOrYHOro BTPyYaHHS B
NPOAYKTUBHUIA BOAOHOCHUIA FOPU3OHT; 30inbLUeHHsT PiBHS
LLYMOBOrO HaBaHTaXXEHHs1 MOXIK1Be Big poboTn aBTOTpaHC-
NopTy Ta TEXHOIOrYHOro obnagHaHHs.

3 MeTo HeaonyLLeHHs MOripLWEeHHS couianbHO-eKOHO-
MiYHOrO CTaHy panoHy nnaHoBaHOI AiSNbHOCTI B Mpoueci
ekcnnyaTauii BugobyBHoro Ta nepepobHoro komnnekcis 6y-
OYTb BUKOPWUCTOBYBATUCS HaMBINbLL €KONOMYHO NPUAHSITHI
TEXHOIOrii i MeToau opraHisadii BUpobHMLUTBA.

BucHoBku. lNnaHoBaHa pisnbHicTe nepepbadae AP
YpaHOBUX pya Ta ixHI nepepobky Ha Micui. Peanisauis nna-
HOBaHOI fisnbHocTi Oyae 3aificHioBaTUCh Ha 0asi BUPOOHM-
YOro KOMIIEKCY, AKUI CKNagaTUMETbCH 3 ABOX MPOMMUCIIOBUX
MavifjaHuMKiB — BUOOGYBHOIo Ta nepepobHoro.

Ha ocHoBi npoBegeHnx ynpogosx 2015-2022 pp. kom-
NIeKCHUX MONbOBMUX | KaMmeparnbHUX pagioeKonoriYHnx Joc-
nipKeHb  Ha  KiNbKOX  eK30reHHUX  iHdinbTpauinHmuX
pooBMLLax ypaHy ocagoBoro yoxrna ta Muxanniscbkomy
nonireHHomy pogosuwi YL BUKOHAHO KOMMMEKCHY OLHKY
BMMBY PagionoriyHoi cuTyalii Ha 4OBKINNSA AOCNiMKYBaHOT
TepuTopii, OLIHKY MOXIMBOCTEN 3acCTOCYBaHHS cnocoby ni-
[A3EeMHOro CBepASIOBUHHOMO BUIYrOBYBaHHSA ANA iX eKcnny-
aTauii, po3pobneHo npono3uuii 3i CTBOPEHHS cuUcTeEMU
€KOmoriYHOro MeHeAXXMeHTY NiANPUEMCTBA Ta EKOSOTYHOIO
MOHITOPWHIY NIaHOBAaHOI AiANBHOCTI, @ TaKoX 3anpornoHo-
BaHO KOMIMIEKC BiOHOBMNIOBArbHMX 3ax04iB Ansa pemegiauii
riAporeonoriYHMX ropm3oHTIB MiCns BignpautoBaHHS Npoay-
KTMBHUX MOKNagiB.

[o eidHoeIr08anbHUX 3ax00ie HanexaTb:

e 3HiMaHHSA, 30epeXeHHs Ta NOBTOPHE BMKOPUCTaHHS
POAYOro I'PyHTY;

® BiOHOBNEHHS Haap nicns BignpauloBaHHA POAOBULLA;

e [1leMOHTax 0bnagHaHHs, MnaHyBaHHS MOPYLUEHOrO pe-
nbedy, 3acunka kaHaB, TPaHLLEN, TOMNOHYBaHHsI CBEPOJIOBUH;

® peKynbTMBaLis 3eMenb i iX MOBEPHEHHSI JO rocrnofap-
CbKOrO BUKOPUCTAHHSA 3a LiNbOBUM MPU3HAYEHHSAM.

OCHOBHWIA BUCHOBOK MPOBEAEHUX AOCMiAXeHb nonsrae
B TOMY, LLIO po3pobka HEBEMUKNX YPaHOBUX POAOBMLL 3a [0-
NOMOrow cydacHux TtexHonorin [1CB noTeHUiiHO Moxe
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CYTTEBO NOMINLUNTKN BITYN3HSHY CUPOBUHHY a3y i € eKOHOMI-
YHO peHTabenbHOK Ta EKONOTYHO BUMPABAAHO0.
OCHOBHMM HanpsAMOM nojanblivx AOCMiAXKEeHb, Ha
Hally AyMKy, Crig BBaXaTu NPOBEAEHHS eKCNepuMeHTarb-
HUX nabopaTopHMX i HaTypHUX BUNPobyBaHb LWoA0 edek-
TUBHOCTI BWMYrOBYBaHHS ypaHy pi3HMMU peareHTamu,
30KkpeMa kapbOHOBOK KUCMOTOK, pO34YMHaAMU, Hacuye-
HUMW CTUCHUM KMCHEM (MOBITPSAM) TOLLO, @ TaKoX npoBe-
AeHHA pocnigHoro OypiHHSA cBepAnoBMHaMM 3 Pi3HUM
KYTOM Haxuny 40 NiHin 3ansraHHsa reonoriyHux wapis 3 me-
TOK BMOOpPY oNTUManbHOro cnocoby ix ynawTtyBaHHs. 3a-
3Ha4YeHi  JOCMiOXEeHHS  MOBWHHI  CYNpOBOAXYBaTUCSH
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CONTROL OF THE ENVIRONMENTAL IMPACT OF URANIUM UNDERGROUND WELL MINING
(ON THE EXAMPLE OF MYKHAILIVKA POLYGENIC DEPOSIT OF THE UKRAINIAN SHIELD)

Nuclear energy is an important component of Ukraine's national security. Providing this industry with its own raw materials is one of the priority,
long-term tasks of the state. One of the ways to successfully solve this task is to create a favorable investment climate for the involvement of private
business entities in the development of the domestic mining industry.

In Ukraine, numerous uranium deposits have been explored, which are characterized by relatively small reserves, which is why until recently they
were not considered promising for development by the state mining company Eastern Mining and Processing Plant (Zhovti Vody). These deposits
are not profitable for development by traditional methods — mining or quarrying, but they can be worked out by the method of underground well
leaching. In addition to lower capital costs, this method is also characterized by the fact that it is accompanied by a lower environmental load.

The article highlights some aspects of the generalized results of the impact on the environment of the new activity analysis, which involves the
creation of a private enterprise for research and industrial development and subsequent extraction of uranium at the Mykhailivka deposit in the
Kazankivskyi district of the Mykolaiv region, which relate to the choice of technology evaluation for the extraction of minerals by the method of
underground well leaching. The projected enterprise will consist of several temporary mining sites and a stationary industrial site of the processing
complex, as well as engineering and transport infrastructure facilities. After working out the deposit, land reclamation and their return to land users
and subsoil rehabilitation will be carried out, which will ensure their restoration to the pre-project state.

On the territory that may be affected by the construction and operation of the planned enterprise, full-scale field and laboratory geo-ecological
investigations were conducted and their results were described.

Keywords: uranium, Mykhailivka deposit, underground well leaching, subsoil, impact, environment, technological solutions, crystalline rocks,
sedimentary rocks, aquifers.
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MPOMMCIIOBI TUMNU POAOBULL KAPEOHATHOI CUPOBUHM
TA iXHI TAPAMETPU KOHAULUIN ANA NIAPAXYHKY 3AMNACIB

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

Cucmemamu308aHO OCHOBHIi npomucioei munu podosuuw, kapboHamHux nopio e YkpaiHi ma npoaHanizoeaHo 20/108Hi HanpsMu
ix eukopucmaHHsi, 30kpemMa MemaisypeiliHe aupobHUYyMeEeo ma yykpoea npomucriogicms. binbwicms po3eidaHux 3anacie kapboHa-
mHux nopio nokanizoeaHa e mexax [JoHeubkoi obs1lacmi ma Ha mepumopii Kpumy. Kinbkicms po3eidaHux 3anacie Ha pewmi mepu-
mopii He 3a6e3nevyyromb docmamHili mepMiH ekcrilyamauii i po6omu npomucsiosux nidnpuemcme 6inbwe Hix Ha 10-15 pokie.
HatiegpekmueHiwum winsixom 3abe3neyeHHs1 3anacamu € nepeasisid o6'ekmie, siki po3po6siFOMbCS Cb0200HI, 8 IHWUX HanpsiMax eu-
KopucmaHHs (KpiM MemasypeiliHoi cupo8uHuU i UyKkpoegoi npomucsiogocmi) O5s1 eudifleHHs1 YacmuHuU 3anacie, siki Moxyms 6ymu npu-
damHumu 0ns yux deghiyumHux Hanpsimie. [poeedeHo aHani3 i cucmemamusayiro napamempis kKoHOuUYil Ons nidpaxyHKy 3anacie
Pi3HuUx eudie kapb6oHamHux nopid eidnoeidHo 0o ix NpomMucsI08UX Murlie i BUMO2 2e0/1020-eKOHOMIYHOI OyiHKU. Bazoeumu napame-
mpamu 9Ons nidpaxyHKy 3anacie € eionoeidHicmb sskocmi, sika U3Ha4YaembCs HaNpPsIMOM 8UKOPUCMaHHS1 y cmaHOapmax, 2nubuHa
nidpaxyHKy 3anacie, MiHiManbHa Momy)Hicmb KOPUCHOI KonanuHu 8i0 2 M, 06MexeHHs1 KOHmypie y Mexax JiyeH3itiHoi nnowi
ma 2ipHu4oz2o eideody, y KOHMYypi kap'epy Ha KiHeub po3pobku. lMapamempu, siki epaxoeyromb pu3uku HenidmeepadxeHHs1 3anacie,
noe'sizaHi i3 3akapcmoeaHicmio OinsiHOK, NideuuW,eHoro 2sIuHUCMicmio rnopio, MaliXke He 8UKOPUCIMOBYIOMbLCSI, X04a MOXymb 6ymu

eaxsiueum iHcmpymMeHmMomM, ocob1ueo 011 ekcrilyamauiliHux KOHOUUil.
Knroyoei cnnoea: kap6oHamui mopodu, nidpaxyHok 3anacie, KOHOUUl, MpPoMucIoei Munu, eanHsiKu, 3anacu i pecypcu.

MocTtaHoBKa nNpoGnemu i aHani3 ocTaHHiX pocni-
DKeHb i ny6nikauin. KapboHaTHi nmopogu — reonoriyHi
YTBOPEHHS, Y CKnaji SKknUx nepeBaxaloTb kapOoHaT kanb-
Lit0, MarHito i 3anisa, € 3Ha4HO NOLUMPEHUMN OB'eEKTamm reo-
noropo3BigyBanbHuX pobiT i ouiHkM B YkpaiHi. Hanvacriwe
BMBYAIOTHLCS | 3aMy4alTbCs y MPOMUCIIOBE OCBOEHHS POAO-
BULLLIA BaNHSAKIB, AONOMITIB, Meprenis, MapMypy, pigwe Tpa-
NNslOTbCA — TPaBEPTUHW, BarHAKOBa raxa, kapboHatuTty,
XWnbHi kapboHaTHi nopoau. [JooaTtkoBumn Bugamu kapbo-
HaTHOI CMPOBUHM € HEeNiTUMIKOBaHI YTBOPEHHS (pakyLua),
kapboHaTHi nicku, JONoMiToBa Myka Ta iHLWi. PisHoB1naamm
KapboHaTHUX Nopia € NepexiaHi yTBOPEHHS B psAax BanHsK-
OONOMIT i kKapOoHaTHI nopoaun — FMMUHUCTI Nopoau, Kpenaa i
nitorpad)CbKNin KaMiHb.

Hanuacrilwe SKkicTb KOPUCHOI KonanuHn kapboHaTHUX po-
[OOBMLL BM3HAYaAETLCA HANPsIMOM BUKOPUCTaHHS CUPOBUWHM.
[o o6niky kapboHaTHUX nopig B YKpaiHi HayacTile noTpan-
NSI0Tb POAOBULLA 32 TaKUMU HanpsiMaMy BUKOPUCTaHHS:

1. TipH1yoXimMivHa cMpoBUHa (MEPEBAXKHO BanHsIKY, Kpenaa);

2. MetanypriiHa cMpoBuHa:

o brOCoBi MaTepiany (nepeBaxxHO BamnHSAKW, AONOMITL);
® BOTHETPMBKI MaTepianu (NepeBaXXHO [JOJIOMITH,
MarHeauT);

3. byaisenbHi maTepianu:

o GyaiBenbHe KaMiHHS (MePEBaXHO BarHSKM, JONOMITH);

® lekopaTyBHE KaMiHHS (MepeBaXHO BarnHAKK, JOMOMITH);

® NUMANbHE KaMiHHA (NepeBaXKHO BanHsikv, Mepreni,
Kpeina);

® CMpPOBMHA [ANs B'sXKyuyumx Matepianie (nepeBaxxHo
BarnHsKkW, Mepreni, kpenga);

4. ArpoximiyHa cupoBUHa (NepeBaXHO BanHsku, Kpenaa).

Y BIiTYM3HSAHMX HOPMATUBHUX AOKyMeHTax (3akoH Ykpa-
iHU, 2011; MemoduuHi..., 2012) Bia3Ha4yeHi OCHOBHI BUAU
kapboHaTHUX ripcbkMx nopig (BanHsKkw, Kpenaa, Meprens,
OOMOMIT, MapMyp), SiKi nepeBaXHO NpUypoYeHi 0o BiAKnagis
CUIYPINCBKOI, KaM'AHOBYTINLHOI, OPCBKOI, KPENAO0BOI, Nane-
OreHOBOi Ta HEOreHOBOI CMCTEM; BOHW PO3MOBCHOXKEHI MO
BCix perioHax Ykpaiuu (MiHepasnbHi pecypcu, 2018, 2020).

Hanbinbwmmm cnoxmeavyamu kapboHaTHKX nopig y BiT-
YU3HSHIN NPOMWCIOBOCTI € MeTanypriiHe BMPOOHMLTBO,
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LlyKpoBa MpPOMUCIIOBICTb Ta NPOMUCIOBICTb ByaiBenbHUX
Matepianis.

AKkmyasbHicmb NepeoliHkN  MiHepanbHO-CUPOBUHHOT
6a3n (MCB) kapboHaTHMX nopia CbOrogHi nos'a3aHa 3
YCKMNagHEHUM AOCTYNOM [0 YaCTMHU HambinbLL sIKICHMX 3a-
nacis, siki nokanizoBaHi B mexax [oHeubkoi obnacTi Ta
Kpumy. Mpobnemun 3abe3neyeHoCTi 3anacamm 3adikCoBaHi
B 3aranbHoaepkaBHili nporpami po3sutky MCB Ykpaitu Ha
nepiog oo 2030 poky (3akoH Ykpai+u, 2011). Y naHomy go-
KYMEHTI Bii3Ha4alTbCs NuLie ABa HanpsiMy BUKOPUCTAHHS:
BanHsKM ANg LyKpOBOi NPOMUCIOBOCTI Ta (prtoCoBi BamnHAKN
Ta JONoOMITH.

BanHsikv ana uykpoBoi npommncnoBocTi B 3aranbHoaep-
»aBHil nporpami po3sutky MCB YkpaiHu BigHeECEHO 00 Ka-
Teropii b, To6TO BMAIB MiHEpanbHOi CUPOBWUHU, "WO Ha
OaHull 4ac 8 YKpaiHi sudobysarombcsi 8 obmexeHux obcs-
2ax, cobisapmicmb 8udobymky sikux 3abe3nedvye epaHuy-
HUU  eKOHOMIYHO 8UeiOHUll pieeHb peHmabesribHoci,
po3pobka ycknadHIEMbCSA eKonoziYHUMU npobrnemamu, po-
38i0aHi 3anacu podosuly Heeeruki abo 8UCHaXeHi, HO8i po-
dosuwia HedocmamHbO 8ugqeHi, ane nompeba 8 makux
gudax CUpOBUHU 3yMOBJIEHA PO38UMKOM rpoMuciosocmi’.
HecTaua Takmx BMAaiB MiHepanbHOi CUPOBUHWU NOKPUBAETHLCSA
3a paxyHok iMnopTy (3akoH YkpaiHu, 2011). Y poBigkoBux
maTtepianax [epxaBHoOro HaykoBo-BMPOOHUYOro Mianpuem-
ctBa "[ep>xaBHuU iHpopMaLinHMIA reonorivyHnn oHA Ykpa-
THn" (OHBI "TeoiHdopM") Bka3aHo, Lo Ansa 3abe3neyeHHs
LLlyKPOBO| MPOMUCIIOBOCTI BUKOPUCTOBYIOTLCSA MilHi Ta XiMmi-
YHO umcTi kapboHaTHi nopoau i3 BMicTom CaCO3 He MeHL
Ak 93 %. BanHsku Lboro Tvny nowwmpeHi B NiBAEHHIN YacTUHI
BonuHo-lMoginbcekoi nnuTtn, Ha niBAeHHO-3aXiAHOMY CXuni
YKpaiHCbKOro KpUCTaniyHoro LWm1Ta, Ae NpocTexyTbecsa ABa
pudposi nacma: MNoginbcbke | CxigHe (MiHepanbHi pecypcu,
2018, 2020). Ana paHoro HanpsiMy BUKOPUCTaHHA K nepc-
NeKTUBHI PO3rnsaanTbcs pogoBULLA, 3amnack SKUX MOXYTb
3a6e3neunTn poboTy LYKPOBUX NiANPUMEMCTB YKpaiHM Ha
15—20 pokiB. Y Ha3BaHux maTepianax (MiHeparbHi pecypcu,
2018, 2020) Bin3Ha4aeTbCs, WO obcar BA0OYTKy BanHsKiB
ONsi LLyKPOBOI NPOMMCIIOBOCTi KOpEntoe 3 06caraMmm cnoxm-
BaHHsI L€l CMPOBUHM i, BiANOBIAHO, BUPOOHULTBOM LKpY.

© Manbopopga €., Kypuno M., 2023
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Y pasi 36epexeHHst Ta po3LMpeHHst HauioHanbHoOro npmpo-
AHoro napky "lMoginecbki ToBTpKU", e po3TalloBaHa nepesa-
»KHa GiNbLiCTb POAOBMLL BarHSKIB BUCOKOI SIKOCTI, 3anaciB
BarnHsKiB TEOPETUYHO BMUCTaUMTb Tinbku Ha 13—15 pokis (Mi-
HeparnbHi pecypcu, 2018, 2020).

Ons po3wwnpenHs MCB y ubomMy Hanpsmi B [Nporpami po-
3BUTKY 3anniaHoBaHi NOLLUYKW Ta pO3Bifka POAOBMLL BaMHSIKIB
y BiHHMUBKIN Ta XMenbHULbKIA obnacTsax, Wo Moxe 3abes-
neynTy NPUPICT 3anacie Ta pecypciB BanHAKIB AN LyKpOBOI
NPOMUCAOBOCTI Y KiflbkOCTi 40 MIH T.

dnocoBi BanHakM | gonomit B 3aranbHogep)kaBHiIl
nporpami po3suTtky MCB Ykpainu BigHeceHo o kateropii B,
TOOTO 4O BUAIB MiHEpanbHOI CUPOBMHK, "podosulla sIKUX 8
Ykpai+i HasieHi, 3anacu ix (y momy yuchni 3HayqHi) po3gidaHi,
arne cuposuHa sudobysaembcs 8 obmexeHux obcsieax abo
He sudobysaembcs 83azarsii, .....maka MiHeparbHa cupo-
BUHa MpuU Cy4acHOMY CMaHoBULW €KOHOMIKU KpaiHu He €
KOHKYPEeHMOCTPOMOXXHO OPIGHSIHO 3 iMIMOPMHOK CUPO8U-
How | He Moxe 6ymu peHmabernbHo nepepobreHa Ha 6im-
YU3HAHUX  nidnpuemcmeax  gidrnogidHo  do  Jditoqux
mexHonoeit. BodHo4yac nompeba 8 makil cuposuHi Moxe
8i0HOBUMUCS SIK pe3yibmam 0C80EHHSI HOBIMHIX MEXHOs10-
2ili 36azayeHHs abo nornepedHboi nepepobku 8idNo8iIdOHUX
pyd. Banacamu ¢hrrocogoi cuposuHu Oitoyi 2ipHUH0O0bY8HI
nidnpuemcmesa riogHicmio 3abesrieyeHi, ane nepesaxHa bi-
nbwicme Yux 3anacie npudamHa nuwe O 3acmapinozo
OOMEeHHO-MapmeHigcbKo2o 8upobHuumea cmari. KoHgep-
mopHe ma eniekmporiasussHe 8UPobHUYME0 cmaiii sumMa-
2ae my caMy CUPOBUHY, are 8UCOKOI sikocmi (3a XiMiYHUM
CcKknadoM ma MexaHi4HOK MiyHicmio)". Sk Bxe 3asHaya-
nocs, B YKpaiHi po3BigaHi Benuki poaoBuLLia BUCOKOSIKICHNX
dntocoBux BanHAkiB y KpuMcbkint i [loHeubki cknagyacTmx
cnopyaax Ta |Hgon-Kyb6aHcbkomy nporvHi, ane 3apas Li
06'eKTU He JOCTYNHI ANs NPOMMUCIIOBOTO OCBOEHHS.

Y OepxaBHoMy GanaHci 3anacis KOPUCHUX KonanuH ob-
nikoByeTbcA 6nmnsbko 15 poaosuLL, riOCOBUX BanHSKIB i3
3anacamv 2,5 mnpg T, y ToMy 4ucni 11 poaosuL, BanHskis
nocoBux i 3 koMnnekcHUx 06'ekTn. Ak conocosi maTtepianv
po3rNsfaroTbes | 7 pOAOBULL AONOMITY, 3 SIKMX 4 po3pobns-
I0TbCS. 3a 3HaYHMX 3aranbHUX 3anaciB BOrHETPUBKMX 4OTO-
MiTiB, 3aranbHuUi o0b6cAr SAKux cTaHoBUTb 380 MIH T,
nignpuemMcTea YkpaiHu BigvyBatoTb AediunT y BUCOKOSIKIC-
HUX MapOYHUX COpTax, HasiBHUIA OBCAr SIKMX CArae BCbOro
36 mnH T (MiHepanbHi pecypcu, 2018, 2020). Y 3aranbHo-
AepxaBHin nporpami po3sutky MCBE YkpaiHu y ubomy Ha-
npsiMmi  nepegbavaloTbCs:  PO3BiAKA  3axigHOI  OiNsHKK
CTnnbCcbkoro poaoBuLia, OuiHka 3anaciB PoaHMKIBCbKOro
pogoBuwa Ta ginsHkn banka BessogHa OneHiBCbKOro po-
OOBYLLA ANA KOHBEPTOPHOrO Ta €NeKTPONnnaBuibHOrO BU-
pobHuuTtBa ctani (3akoH YkpaiHu, 2011). 3annaHoBaHui
NPUPICT 3anacis Ta pecypciB (ortoCoOBUX BanHSKIB Y KirbKOCTi
2215 mMnH T 3annaHoBaHui ByB ana o0'ekTiB, sk okanizo-
BaHi y [JoHeUbKin obnacTi, y TOMy 4Mcni Ha TUMYacoBO OKY-
NoBaHUX TEPUTOPISIX.

BuaineHHA Hepo3B'sA3aHMX paHille 4YacTUH 3aranb-
Hoi npo6nemu. binbLlicTb nybnikauin i gocnimpkeHb Woao
ouiHkm MCB kap6oHaTHMX Nopia CTocyrTbCa cMcTeEMaTu3a-
Lii Ta 0bniky 06'exTiB 6€3 ypaxyBaHHsl 3MiH i yCKnagHeHoro
abo BigCyTHBOro JOCTYMY A0 3anaciB yHacnigokK BiiCbKOBMX
Ain i TMM4YacoBoi okynauii okpemMux perioHiB YkpaiHu. Ha
CbOroAHi 6inbLicTb BUCOKOSIKICHUX pO3BigaHMX 3anaciB kap-
6oHaTHMX nopig nokanisoBaHi B Mexax [oHeLbkoi obnacTi
Ta Ha TepuTtopii Kpumy. KinbkicTb po3BigaHux 3anacis Ha pe-
LTI TepuTOpii He 3abe3nevyloTb 4OCTATHIN TEPMIH eKkcnnya-
Tauii i poboTM npoMMcnoBux MiANPUEMCTB Binblue HiX Ha
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10-15 pokiB. 3 ypaxyBaHHAM HeobXigHOro yacy Ans pos-
BiJKV i MiAroTOBKM poaoBuL, KapOoHaTHMX MOpid, AKUIA cTa-
HOBWUTb LWOHanMMeHWwe 3-5 pokiB, HanedeKkTUBHILLNM
LnsixoM 3abesneveHHs1 3anacamu € nepernsg ob'exTiB, ski
pO3po6nATECA CbOroAHi, B iHLIMX HanpsiMax BUKOPWUC-
TaHHS (KpiM MeTanypriiHoi CUPOBWMHMU i LlyKPOBOI MPOMKCHO-
BOCTi) ANsl BMAINEHHS YacTMHW 3anaciB, siki MOXyTb OyTu
npuaaTHUMK Ang umx 4ediunTHUX HanpsaMmiB.

dopmyntoBaHHSA Uinen crarTi. [ng BUpiLLEHHsI Takoro
3aBAaHHsA HeobXiaHMM € aHani3 i cuctemaTtmaadis napameT-
piB KOHAOULUIN ANs nigpaxyHKy 3anaciB pisHUx Buais kap6o-
HaTHUX Mopig BiANOBIOHO OO IXHIX NPOMMUCNOBUX TUMIB i
BMMOT reosfioro-eKOHOMIYHOI OLLiHKW.

Buknapg ocHoBHoro martepiany. Cuctematusauisa Ta
aHania reonoro-nPoOMMCIIoBMX TUMIB POAOBMLL, KapboHaTHNX
nopig € HeoOGXiAHUM KPOKOM ANl BCTaHOBIEHHS TUMOBMX
napameTpiB KOHAMLIV Ha MiHepanbHy CUPOBUHY, SIKi BUKOPU-
CTOBYIOTb ANs NiApaxyHKy 3anacie 3a pisHUMU Hanpsimamu
BMKOPUCTaHHSI. [eHeTUYHI Ta reonoro-npomMmncroBi TUNn po-
JoBuL, kapboHaTHOI CMPOBWMHM HaWbinbLl CcUCTEMATU3O-
BaHO HaBefgeHo B poboti (Muxalnos, Kypumno, 2010).
BignogigHo A0 yMOB YyTBOPEHHS BUAINATL Taki reHeTUYHi
TN POAOBULL, KAPOOHATHOI CUPOBUHK (puc. 1).

MpomucnoBa knacugikalis poaoBuLl BarHskiB 6a3sy-
€TbCA Ha MOPAOMOriYHNX, TEKTOHIYHUX i NITONOMYHUX O3Ha-
Kax, fKi Nopsia 3 KinbKiCHUMW MokasHuKamu (3anacu, BMIiCT
KOPUCHOIO KOMMOHEHTA i T. iH.) BU3HA4YaloTb YMOBU EKCIy-
aTauii pogoBuLL | METOAMKY iX po3Biaku. Kopensuito reHeTu-
YHUWX i MPOMMCMNOBMX TWNIB POAOBWLL BanHskiB HABEAEHO B
Tabn. 1. 3a Mopdonorielo 3ansraHHs BUAINAKTbL 4YOTUPU
TUNU POAOBULL, BarHSIKIiB, SIKi HABEAEHO Ha puc. 2.

Cepen npomucnoBux TuMiB poOoOBMLL OOMOMITIB 3a
MOPMOMNOriYHNMM, TEKTOHIYHUMU | NITONOMNYHUMUN O3HaAKaMn
BUAOINAOTb:

Tun |. PogoBuiia nnacToB.i, ropu3oHTanbHo 3anernii no-
norocnagHi:

e BUTpUMaHI 3a 6y0BOIO, NOTYXXHICTIO | AKICHUMUK Xapa-
KTEPUCTUKAMMU;

® He BUTpUMaHi 3a 6ygoBOI0, MOTYXKHICTHO i AKICHUMM Xa-
paKkTepucTUKamu.

Tun |l. PogoBuuia nnacTtosi, MTOMipHO- abo KpyTocnagHi:

e BUTpUMaHI 3a 6y0BOIO, NOTYXXHICTIO | AKICHUMUK Xapa-
KTEpUCTMKaMu;

® He BUTPUMaHi 3a Oy40BO, NOTYXKHICTHO | AKICHUMUK Xa-
paKkTepuCTUKamu.

Twn lll. PogoBuwa nnacToBi, CUITbHO ANCITOKOBAHI Ta He-
nnacToBi.

Kopensuito reHeTUYHNX i NPOMUCNOBUX TUMIB POAOBMILL,
[JOnoMiTiB HaBeaeHo B Tabn. 2.

O0G'ekT KapboHaTHUX Nopig ANs reornoriYHoro i TEXHIKo-
€KOHOMIYHOIO BUBYEHHSI MOXYTb HanexaTtu A0 Pi3HWX CTYMeHIB
BMBYEHOCTI, NArOTOBKM A0 NPOMMCIIOBOrO OCBOEHHS (puC. 3).

BignosigHo Oo MeToanyHMX BKa3iBOK LIOAO 3acToCy-
BaHHA Knacudikauii 3anacis i pecypciB KOPUCHUX KonanuH
AepxaBHoro poHay Haap A0 podoBuL, KapboHaTHUX nopia
(MemoduwHi.., 2012), popoBuila kapboHaTHKUX Mopig — Le
OINSHKM HaZp, y Mexax sIKMx BUSIBIEHO W OLiHeHo kapboHa-
THi nopoaum, WO 3a CBOIMM BRACTUBOCTSIMU, KiNbKICTIO, SKi-
CTIO T2 YMOBaMWU 3ansiraHHsl € EKOHOMIYHO AOUiINbHUMMK Ans
NPOMUCINOBOI PO3PO0KM | BUKOPWUCTAHHSA BIOMNOBIAHO A0
BCTaHOBJIEHUX CTaHOAPTIB Ta TEXHIYHUX BUMOT CNoOXMBaYa.
Ak 6a4nmMo, ANs OUiHIOBaHHS POAOBMILL 3aryyaloTb He nuLle
KiNbKiCHi, SKiCHI Ta ripHMYO-TEXHIYHI NapameTpu, ane n pe-
3ynbTaTh BapTiCHOI OLiHKN.
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MepBUHHI BTopuHHI

(3ansratoTb Ha MICLLi CBOrO YTBOPEHHS) (cknageHi nepemilieHnum matepianom)

* MOpPCbKi 0Caf0Bi: * y CKradi AentoBito, OcunMiB, 3CyBIB, anioB.ito,

+ obnacTel cKNaayacTocTi (reoCUHKNIHaNbHI) y cknagi TPOJIHOBIt0, MOPEHHUX, dortoBIOrNALianbHUX
KapOOoHaTHUX, PUDOreHHUX, kKapGoHaTHO- BiAKnaaie, MOPCbKIMX GePEroBrx HAMUBHMX | €0MOBUX
TEPUTrEeHHNX, 0CaA0BO-BYIIKAHOTEHHUX, dnioBmx BIAKIEAE o i
KOMMIEKCIB; * YTBOPEHI B pe3ynbTaTi BiATOPrHEHHS1 OPOreHHUMU i

* NnaTtgopMHi, y cknagi kapboHaTHUX, kapboHaTHO- €pyNTUBHUMW CUNIaMW MacuBK, KPYnHi rnméu
TepUreHH1X, KapboHaTHO-CyNbdaTHUX KOMMIEKCIB BarHAKIB (MOXKIMBO NepeMmilleHi Ha NeBHY BiACTaHb).
Yoxna;

* KPanoBWX i MiXTiPCbKUX MPOTrVHIB, Y CKnagi
KapboHaTHUX, pUOreHHUX, kapboHaTHO-
TEePUreHHUX, kKapboHaTHO-CyNbdaTHUX i FranoreHHMX
KOMMJSIEKCIB;

* KOHTUHEHTasbHI:

* 03epHi 0CcafoBi;

* Bigknagw pxepen (BanHsAKoBi Tydu, TpaBepTUHW);
* iHGhinbTpaUiiHi i iHiNbTpauinHO-MeTacoMaTUYHI.

Puc. 1. Y3aranbHeHa reHeTM4YHa knacudikauis poaoBuLy KapboHaTHOI CUPOBUHU

Tun I. MNnacTosi

*1.1. 3 ropM3oHTanbHUM 3ansaraHHaM i nonorum (4o 15°) nagiHHaM nnacTis:

* BUTpUMaHi 3a By0BOt0, MOTYXKHICTIO | IKICHUMUW XapakTepucTUKamu;

* He BUTpMMaHi 3a 6y0BOI, NOTYXHICTIO i IKICHMK XapakTepucTMKaMu.
*1.2. 3 noxunum (go 45°) i kpytm (go 90°) nagiHHAM:

* BUTPUMaHi 3a OyA0BOIO, MOTYXKHICTIO | AKICHUMMW XapakTepucTiKamu;

* He BUTpUMaHi 3a Oy0BOO, NOTYXHICTIO | IKICHUMUN XapaKTepUCTUKaMK.
*1.3. CUNbHO ANCNOKOBaHI.

Twun 1. Kynononogi6Hi i rpsagonogibHi macvsum

Tun IIl. JliH3onoai6Hi i rHi3gonoaioHi

Twn IV. PogoBuia puxnoro BanHAKoBOro Martepiany — rnMboBoro,
BaryHHOro, webeHto, rpasito, Micky

Puc. 2. Tunu poaosuLy BanHsKy 3a MOpcOnoriYyHUMM o3HaKaMm

Ta6bnuys 1
CniBBigHOLWEHHA reHeTUYHUX | NPOMUCIIOBUX TUMNIB POAOBULY BanHsKiB
Tunu pogosu, NnpoMUcnoBoi knacudikauii FeHeTUYHi TN poaoBULY BanHsKIB
Poposuiia nnactosi Mopchbki 0capoBi poaoByLLa, 32 BUHATKOM PUAOreHHNX
Tun 1.1 Tun 1.2, yactkoso 1.3
Poposuwa nnactosi Mopcbki ocagosi pogosuLa
Tun 1.2 Twn 1.1, yactkoBo 1.3
PopoBuuia nnacTtosi Poposuiia BTOPUHHI
Tun 1.3 Tun |l
Kynononopi6Hi i rpsaonofioHi macuem Mopcbki ocagoBi poaoBwLla (prdoreHHi macusm)
Tun Il Twn1.1,1.3
Poposuia niH3o- i rHisgonoaibHi PopoBuiya KOHTUHEHTarbHI
Tun Il Tvn 2.1,2.2
Poposulla puxnoro BanHAKOBOro matepiany Poposuiia BTOPUHHI
Tun IV Tun |
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Tabnuysa 2

CniBBiAHOLWEHHA reHeTUYHMX i NPOMMUCIIOBUX TUNIB POAOBULY AONOMITIB (3a gaHumMu (Muxatnos, Kypuso, 2010))

FeHeTU4YHUM TMN poAOBULY AOJIOMITIB

Moka3Hukun

Poposuwa y cknaai AonomitoBux
Kap6oHaTHUX KOMMNNEKCiB

Poposuuia y cknafi BanHsAKOBO-A0NOMITOBUX
Kap6oHaTHUX KOMMJIeKCiB

TeHeTUYHUI TUN JONOMITIB XeMOreHHi

LiareHeTnyHi

JliTonoriyHnn TMn gonomiTis

KpucTaniyHi cTpyktypu

PenikToBi CTPYKTYpKu

Bmict MgO, % 21-19

19-17

Mopdpornoris fonomiToBux noknaais MnacTosi noknaau

[Mnactn kapboHaTHMX Nopia 3 HEPIBHOMIPHUM
pO3noZifioM JONOMITOBOI PEYOBUHM

MpomMncnosumin TN pogoBuLL,

1.1, 2.1 npomncnoBoi knacuaikawii

1.2, 2.2 npomncnoBoi knacudikawii

Ipyna i Tun poposuLy 3a IHCTpykuismu K3

KpynHi, cepeaHi BuTpumaHi 3a 6ygoBsoto,
NOTY>KHICTHO i SIKICTIO CMPOBUHM

KpynHi, cepeaHi, He BUTpuMaHi 3a 6ygoBoto,
NOTY>KHICTHO i SIKICTIO CMPOBUHM

PopoBuwa
Kapb6oHaTHUX nopig

leonoriyHi, npomucnos.i
Ta eKcnnyaTtauilHi
3anacu

AinsHka poposuwa
Kkapb6oHaTHuX nopia

3anacu i pecypcu
KapboHaTHMX nopip

OCHOBHi, CynyTHi
Ta cninbHo3ansraroui
KOPMUCHIi KOnanuHu

Puc. 3. MoxnuBi 06'€KTU reonoro-eKOHOMi4YHOI OLIHKM poaoBuULLY Kap6oHaTHMX nopig

JocnTb yacTto ob'ekTamy OLHIOBaHHS CTaloTb HE popdo-
BYLLIA 3aranoMm, a OKpPeMi BU3HAYEHI OiNsAHKM Hagp, ki MICTATb
KapOoHaTHi NopoaMu, L0 3yMOBIEHO TaKMMU chakTopamu:

e TEXHIYHOK HEMOXIMBICTIO 200 HeJoUINbHICTIO Bianpa-
LIOBaHHSA BCi€l NNOLLi pogoBmLLa, sika MoXe MICTUTK 06'ekTn
iHPPaCTPYKTYpU, Ha3eMHi cnopyau Ta iH.;

® HeOOXiOHICTIO MPUPOCTY 3anaciB Ansi PO3LUMPEHHS
MeX cneLianbHoro 403BOMy MNid Yac BignpawuoBaHHs OCHOB-
HOI YaCTUHK 3anacis;

e 0OMeEXeHUM JoCTynoM A0 pecypciB i 3anaciB kap6o-
HaTHMX Nopia, WO CNPUYMHEHUA 0COBNMBOCTSIMM po3noginy
3eMenbHUX OinsiHOK.

3rigHO 3 Ha3BaHVMWN HOPMaTVBHUMW AOKYMEHTaMu Ains-
HKW kapOOHAaTHWX NOpiA — Lie MPOCTOPOBO OOMEXeHa YacTuHa
poooBuLLa, BUAiNeHa 3a CTPYKTYPHUMI YMOBaMM, TEXHOMOTi-
YHUMUK OCOBNMBOCTAMUN KOPUCHOIT KOManuH Ta iHWWMK 03Ha-
KaMu, y Mexax Kol cnig npoBOAUTM OKpeMui nigpaxyHoK
3anaciB, ka 3a KifnbKiCTHO 3anaciB € eKOHOMIYHO AOLLiNTbHO
Anst NpoMucnoBoi po3pobku (MemoduyHi.., 2012).

CniBBigHOLEHHSA OCHOBHOI, CYNYTHIX i CNiNbHO 3anernux
KOPUCHMX KOManuH npu reosioro-eKOHOMIYHIN oujiHLi Kap6o-
HaTHMX Nopig HaBegeHo Ha cxemi (puc. 4).

NinbH: Aratoda KOpUCcH
OcHOBHa KOp1CHa konanuHa CynyTHS KOpMUCHa KonanuHa Crin oﬁmaﬁﬁ: opMchia

* BU3HA4Ya€ NPOMMCIIOBE 3HAYEHHS
poaoBwLLa, Hanpsm
BUKOPUCTaHHS NOro TOBapHOi
npoaykuii Ta Ha3By

* 90% BanHsKM

* 10% kpenga Ta iHwWi

KonasimHow

006'eKTiB OLiHKK

* Mepreni, rMUHUCTI nopoaun

* MPOMMCIIOBE BUKOPUCTaHHS SIKOT
€KOHOMIYHO AOLiNbHE 3a yMOBY,
Lo BUAOBYTOK ii 34iNCHI0ETLCS
pa3oM i3 OCHOBHOK KOPUCHOID

* MPUCYTHI Yy MeHLe HixX 10%

* YTBOPIOE B PO3KPUBHUX Ta
BMICHMX MOpOAax CamMOCTilHi
noknaau, CenekTuBHUM
BMA0bYTOK i npomucnose
BUKOPUCTaHHS KX
TEXHOSOrYHO MOXIMBE Ta
€KOHOMIYHO AouinbHe Yy NpoLeci
BMA0DYTKY OCHOBHOI KOPUCHOI
KonanuHu

* MPUCYTHI Y MeHLue Hix 5%
06'eKTIB OLliHKK

Puc. 4. CniBBiAHOLWEHHSA OCHOBHUX, CYNYTHIX i CNiNbHO 3anernnx KOPUCHUX KonanuH
Mpu reosioro-eKOHOMi4Hin ouiHLi kapboHaTHUX nopig

Y paHomy gocnigkeHHi 0yno npoaHanisoBaHo TUNU Mi-
HeparnbHOi CUPOBMHU Ta NapaMeTpy KOHAWUIW Ans nigpaxy-
HKy 3anaciB Mg 4Yac MPOBEAEHHSI eorloro-eKOHOMIYHOI
ouiHkn ana 25 pogoBull, siki nokanisoBaHi B Opecbkin,
XepcoHcbkin, Mukonaiscbkin, BiHHMLbKIN, IBaHO-PpaHKiBChb-
Kin obnacTsix. Y gaHin Bubipui — 90 % ponoBuLLa BanHsKiB,
10 % — iHWi BUAY kapboHaTHOI cpoBuHK, 95 % 06'exTiB ne-
penbavae po3pobKy TiNbKM OCHOBHOI KOPUCHOI KOMaruHu,
5 % — OCHOBHOI i CynyTHiX KOpUCHUX KonanuH. CynyTHi i cni-
NbHO 3anerni KOPUCHI KoManuHu NpeacTaBneHi NepeBaxHo
rMAHUCTMK Nopoaamn abo MickoBMKaMK, siKi MICTATLCH B
poskpuBi. 3a Hanpsmamu BukopuctaHHsa pogosmLy 20 % Bia-
HeceHo Ao cntocosoi cuposuHu, 80 % — fo GyaisensHoOI cu-
POBUHMK, Y TOMY YMUCIi CMPOBUHM ANS BUMNAnNIOBaHHSA Ha
BanHo. HanyacTiwe TpannsTbeca Taki BUAM ToBapHOI Npo-
DYKLUii y npoueci po3pobkn kapboHaTHUX nopia:

e BanHo byaisencHe;

e BOPOLLHO BamnHsKOBE;
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o L11ebiHb OyaiBenbHUI;

e hntocoBa CMPOBMHA;

¢ (bpakuioHoBaHui WebiHb ANs BUPOOHULITBA BarnHa;

e Bigxoau Aons BMpoOHMUTBA BanHa (BiAciB).

OcobnuBocTi po3noginy NnpoMUCoBMx 3anacis i obcsris
PO3KPUBHMX MOPIA ANs onpauboBaHOi BUBIpKM HaBegeHo
Ha puvc. 5 Ta B Tabn. 3.

KinbkicTb i AKiCTb NPOMMCNOBMX 3anacis nig Yac reonoro-
€KOHOMIYHOI OLiHKM BM3Ha4alTbcsa BignosigHo go [lono-
YKEHHS NPO MOPSAA0K PO3POOKN Ta OOr'PYHTYBaHHSA KOHOWLIN
Ha MiHeparnbHy CMPOBWUHY AN NigpaxyHKy 3anaciB TBEPAWX
KOPUCHMX KonanuH y Haapax (MonoxeHHs.., 2006). [onos-
HUM iHCTPYMEHTOM OBI'pYHTYBaHHSA rpaHNYHOI SKOCTi CUpo-
BUHW € napameTpu koHauuii. 3rigHo 3 [lonoxeHHsM
KOHAMUIT Ha MiHeparnbHy CUPOBUHY — CYKYMHICTb rPaHUYHMX
BUMOT [0 SKOCTi Ta KiflbKOCTi MiHepasibHOI CUPOBMHU B Ha4-
pax, ripHU4OreosnoriYyHNX YMOB 3ansraHHs, FipHUYOTEXHIY-
HUX Ta iHWWX YMOB PO3PO6KM NpPOAYKTMBHWUX MOKMaAiB,
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OOTPYMaHHA AKUX Nig 4Yac nigpaxyHKy 3abesnedye Han-
BinbLU MOBHUA N €KOHOMIYHO eheKTUBHUIN BUOOOYTOK i BW-
KOPWUCTaHHA HasiBHWX 3anaciB Ta pecypciB KOPUCHUX
konanuH. MapameTpu KOHAULIN — rPaHWUYHI 3HAYEHHS NOKa-
3HUKIB KOHAMUINA, sIKi BCTAHOBMIOTLCA ANs Npobu, iHTep-
Bany, po3BsigyBanbHOro NepeTuHy, BuAobyBHOro ycTyny ym
nigpaxyHKoBOro 610Ky NpoAyKTMBHOrO MOKNagy Ha niacTasi
TEXHIKO-EKOHOMIYHMX PO3paxyHKiB, YNHHUX CTaHOApTIB Ta
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TEXHIYHUX YMOB, TEXHIYHMX 3aBOaHb KOPUCTyBadiB Hagp
[0CBiAy reonoropossigyBanbHMX pobiT Ta ekcnnyarTauii po-
posuw, (MMonoxeHHs. .., 2006).

Ons paHoi BMGipkn Gynu cuctematu3oBaHi nepeBaxHi
NOKa3HMKU KoHAMLIN, Wwo TpannstoTbes y 90 % poaosuLL, ki
oujiHoBanucs (tabn. 4)

O6'em po3kpuBHUXNOPIQ, TMC M3

Puc. 5. OcobnuBocTi po3noginy NnpoMUcrioBux 3anacis i 06cAriB po3kpMBHUX nopin

Ta6nuysa 3
OuiHOYHI NnapamMeTpy NPOMUCIIOBUX 3anaciB Kap6oHaTHUX nNopig
Ne MapameTpu npomucnoBux 3anacis Min Max CepepgHe 3Ha4YEeHHs R Bap
1 lMpomMucnoBi 3anacv KOPUCHOT KonanuHu, Tuc. T 888 18262 5650 17375
2 O6'eM PO3KPUBHMX Mopig, TUC. M° 80 12411 2838 12331
PiyHa noTyxHicTb kap'epy 0 1515 437 1515
3 ® N0 KOPWUCHI KonanuHi 21 802 211 781
® 10 PO3KPUBY 1 1305 431 1304
4 [MpoMncnoBmin KoeiLieHT po3KpuBy 0.04 5.57 0.71 6
5 TepMiH 3a6e3neyveHoCTi nignprMeMcTBa 3anacamm 3 115 28 112
Tabnuuysa 4

Ba3zoBi nokasHuku koHaulin npu 'rEO popgoBuLy kKap6oHaTHUX Nopif

Ne Moka3HUKM KoHAULIN

lMepeBaxHi 3Ha4eHHs1 NOKa3HUKIB

KOPMCHOI KonasnuHu

CrpaTturpadivyHa NpuypoYveHicTb | BamnHsKM FOPCbKOro Ta KPEWZoBOro BiKy,
BarHsK1 BEPXHbOro MioLeHy

2 | HwxHsa mexa nigpaxyHKy 3anaciB | FOPU30HT 3aMeXHO Bif ripHUYO-TEXHIYHMX YMOB eKkcnnyaTtauii

ACTY B B.2.7-109-2001 "MNopoaun kapboHaTHi Ans BMpobHuuTBa BanHa. TexHiyHi ymosu"

ymoBu"

OCTY B B.2.7-138:2007 "LLle6GiHb, rpaBiit Ta nicok AekopaTuBHI 3 NPUPOAHOIO kKamMeHs. TexHidHi

TY Y 08.1-0029 1747-010:2012 "BanHsikn prtocoBi 3B1YaNHi, 4ONOMITU30BaHI Ta JONOMITHI"

OCTY B B.2.7-75-98 "LLe6iHb Ta rpagin WwinbHi npupoaHi Ans 6yaisenbHMx matepianis, BUpobis,
KOHCTPYKLii Ta pobiT. TexHivHi ymosu"

OCTY B B.2.7-90:2011 "BanHo 6ygiBenbHe. TexHiyHi ymosu"

BignoBigHicTb KOpUCHOI

OCTY 7446:2013 "MeniopaHTu BanHsKoBi. TeXHiYHi ymoBU"»

3 KonanuHu BuMoram OCTY 8139:2015 "BopollHO BanHAKOBE Ta YepenallkoBe KOPMOBE 41151 CiflbCbKOrOCNoAapChKoi
nTuLi. TexHivHi ymosun"
ACTY 8043:2015 "BopoLlHO BanHAKOBE AMS CiNMbCbKOrocnoAapCchbkux TBapuH. TexHiuHi ymou"
OCTY B B.2.7-246:2010 "KameHi 60pToBi i CTiHOBI 3 ripcbkux nopig. TexHivHi ymosu"
KapboHaTHOro nicky BignosigHo o Bumor ACTY b B.2.7-27-95 ta ACTY b B.2.7-166:2008
BMpo6GHMUTBA BanHa BignosigHo go sumor ACTY b B.2.7-109:2001
Bumorn TY Y 08.1-37834815-001:2019 "BanHsaku ¢ntocoBi 4nst LOMEHHOro, KOHBEKTOPHOIO,
CTanennaBubLHOrO i epocnnaBHOrO BUpObHULTB"
4 "paHWMYHi BMICTU KOPUCHUX CaCO; — He MeHW 5K 74—75 %, BMicT MgCO3 — He 6inbLu gk 5-9 %, rMUHNCTUX JOMILLOK
i 6anacTHNX KOMIMOHEHTIB (SiO,+Al,05+Fe;03) — He binbL sik 10-18 %
MiHiManbHa NoTyXHiCTb .
5 " Big 2 M
KOPWCHOI KonanuHu
6 MakcumanbHa cymapHa MMToma akTUMBHICTb MPUMPOAHUX pagioHyknigis y npo6i — 370 Bk. x kr'
(OBH B.1.4-1.01.97 "PernameHToOBaHi pagiauinHi napametpu. Jonyctumi piBHi")
7 Jlokanisauisi npommncnosmx . - . . . . , .
sanacis y Mexax niueHsiiHoi nnoLyi Ta ripH1yoro BiABOAY, Y KOHTYpI kap'epy Ha KiHELb pO3pOGKM
8 Mapka LiebeHto 3 BanHsKiB 3a noApibHIOBAHICTIO, 32 CTUPAHHICTHO, 38 MOPO30CTIVKICTIO
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BucHoBku. OTxe, BU3Ha4eHO ronoBHi NPOMUCIIOBI TUMK
Ta HanpsiMu BUKOPWUCTaHHSA MiHEpanbHOI CUPOBWHU, SKMMU
€ CUpOBUHA Ans OyaiBenbHOI iHAYCTpii Ta dnocoBa cupo-
BWHa Ansa Mmetanyprii. basoBumMu napametpamu ons nigpa-
XYHKY 3anaciB € BiAMOBiQHICTb SIKOCTi, fika BUCYBaeTbCs
HanpsiMOM BWKOPUCTaHHS y CTaHdapTax, rmubuHa nigpaxy-
HKy 3anaciB, MiHiManbHa NOTYXHiCTb KOPUCHOI KONanuHu Big
2 M, OOMEXEHHS KOHTYPIB Y Mexax NileH3inHOI nnoLi Ta
ripHUYOro BiABOAY, Y KOHTYpi Kap'epy Ha KiHeLb po3pobKu.
MapameTpwu, SKi BpaxoByHOTb PU3MKW HENIATBEPKEHHSA 3a-
nacis, NoB'A3aHi i3 3aKkapCTOBAHICTIO AINISHOK, NiABULLEHO
FMWHUCTICTIO NOpig, Malke He BUKOPUCTOBYHOTLCS, XO4a MO-
XyTb BYTU BaXNUBUM iHCTPYMEHTOM 0COBNMBO AN eKcnny-
aTauiiHNX KOHAWULLIN.

BusHayeHi napameTpun KOHAWULIN € iIHCTPYMEHTOM Ans re-
OIoro-eKOHOMIYHOI MePEOLiHKN POAOBMLL KapOOHAaTHOI Cu-
POBMHU 3 MOXIUBMM BUAINEHHAM YacTUHW 3anacis, SKi
MOXYTb OyTU BUKOPUCTaHi y AediuMTHMX Hanpsimax, ocob-
NMBO AK dorntocoBi maTepianu. Taknin Hanpsm NepeouiHKkK €
e(eKTMBHUM LUMSIXOM NPUPOCTY po3BigaHMx 3anacis kapbo-
HaTHOI CMPOBUHM, KU HEe BMMarae Tak 6arato yacy i iHBe-
CTMUIA, $K po3Bigka i nigrotoBka A0 NPOMWUCNOBOro
OCBOEHHSI HOBUX POLOBMULL.

CnnCcoK BUKOPUCTaHMUX Axepen
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INDUSTRIAL TYPES OF CARBONATE RAW MATERIAL DEPOSITS
AND THEIR CUT OFF PARAMETERS FOR RESERVES ESTIMATION

The article systematizes the main industrial types of carbonate rock deposits in Ukraine and analyzes the main directions of their use.
Metallurgical production and the sugar industry are identified as the main areas of use that are in short supply. Most of these explored reserves of
carbonate rocks are located within the Donetsk region and the territory of Crimea. The number of explored reserves in the rest of the territory does
not provide a sufficient period of operation and work of industrial enterprises for more than 10-15 years. The most effective way to provide reserves
is to review the objects that are being developed today in other areas of use (except metallurgical raw materials and the sugar industry) to allocate a
part of the reserves that may be suitable for these scarce areas.

The analysis and systematization of the cut-off parameters for the reserves calculation of various types of carbonate rocks in accordance with
their industrial types and the requirements of geological and economic evaluation were carried out. The basic parameters for the calculation of
reserves are the quality indexes, which are put forward by the direction of use in the standards, the depth of the reserves calculation, the minimum
thickness of the mineral from 2 m, the limitation of contours within the license area and the mining right-of-way, in the contour of the quarry at the
end of the development. Parameters that take into account the risks of unconfirmed reserves associated with karst areas, high clayey rocks are
almost not used, although they can be an important tool especially for operational conditions.

Keywords: carbonate rocks, reserves calculation, conditions, industrial types, limestones, reserves and resources.
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BIOFEOXIMIMHE NIXEHOIHAUKALIIMHE BUBYEHHSA CTAHY
TA AQUHAMIKUA ATMOCO®EPHOIO 3ABPYAHEHHSA AEHAOPOMNAPKY "ACKAHIA-HOBA™

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

Memodom 6iozeoximiyHoi slixeHoiHOUKauii Ha mepumopii deHOponapky biocgepHozo 3anoeidHuka iM. Panby-PeliHa "AckaHis-
Hoea" (XepcoHcbka 0611., YkpaiHa) ecmaHoeneHo Yacoei mpeHdu (2011-2021 pp.) koHUeHmpauili aXXKux Memarsiie ma iHwux Mikpo- i
MakpoesiemMeHmie y enighimHux nuwalHuUKax.

3pasku nuwaliHukie Parmelia sulcata, Xanthoria parietina ma Evernia prunastri, 3i6pari y 2011 (39 moyok) ma 2021 (44 mouku), 6ysno
npoaHarsnizogaHo Ha emicm 22 ximi4Hux enemeHmis (Al, B, Ba, Ca, Cd, Cr, Co, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, S, Sb, Se, Sr, Ti, Vi Zn) 3a
dornomozoro memody ICP-OES cnekmpockonii.

HAns kopekmHo20 nopieHAHHS1 KOHUeHmpauyil efleMeHmis y pi3HUX eudax nuwatiHukie 6yno nposedeHo ix iHmepkani6bpysaHHs
do 6a30e020 eudy P. sulcata ma po3paxoeaHo KanibpyeanbHi koegiyieHmu, mak 3eaHi 6io2eoximivyHi nixeHoiHOUKayiliHi MOKasHUKuU
(BGCHL noka3Huku). Ha ocHoei yux nokasHukie 6ys10 po3paxoeaHo cepedHboapughMmemuyHi 2imomemu4Hi KOHUeHmpauii enemeHmie
y 3pa3kax nuwatHukie, 3i6paHux Ha dinsiHkax, de P. sulcata 6yna eiocymHsi, ma cmeopeHo 8idnoeioHi 6a3u 0aHUX KOHYeHmpauil
esileMeHmie 05151 ecix mpbox eudis.

Ans idenmudpikauii Moxxnueux Axepen Ha0xo0xeHHs 8 JluwaliHUKU eU3Ha4YeHUX esleMeHmie 3a nepiod 2011 (Fa-1— Fa-8) — 2021 (Fb-
1— Fb-8) pokie 6yno 3acmocoeaHo ¢hakmopHul aHani3. Bicim ompumaHux ¢ghakmopie npedcmaensiromb rpyHmosuli NoKpue ma aHmpo-
nozeHHi komnoHeHmu. fesiki 3 gpakmopie 6ynu iHmepnpemoeaHi sk maki, ujo rnoe ‘a3aHi i3 cinbcbKo20cno0apckKoto OisiibHICMI0, MiKpO-
knimamowm, pH ammocgpepHux onadie i 3 pocsIUHHUM ¢haKMmOopPOM (8UsTy208y8aHHS efleMeHmie 3 depes ma ix Mo2/IuHaHHA nuwaliHuUKamu).

®dakmopHa cmpykmypa KoHUeHmpauilt XiMiyHUX erlemMeHmie y nuwalHuUKax, W0 3pocmaroms Ha docidxysaHili mepumopii, ghop-
Myseanacs 3a yMog pez2ioHarlbHo20 Hakonu4yeHHs Cr, Na, Ti, a maKko» 3HWXeHHs1 KOHUeHmpauiti makux enemeHmis, sik V, Zn, Mn, Cu, Mg,
K, Sr, Ba, Pb, Ni, Ca, S i Se. Kpim mozo, Sb ma Ba matomb rnpocmopo8o HeoOHOPiOHy OuHaMiKy KOHUeHmpayil, a Se mae dyxe HeoOHO-

PiOHy QuHamiKy 3 meHOeHUiero 00 3MEHWEHHS.

Knro4yoei cnoea: nuwaliHuku, 6io2eoximidHa slixeHoiHOUKayisi, MiKpo- ma MakpoesieMeHmu eflieMeHmu, 8a)kki Memarsu, 3abpyOHeHHs1
noeimpsi, gpakmopHuti aHani3, biocghepHutii 3anoeioHuk "AckaHisi-Hoea".

MocTtaHoBka npo6nemu. Cepen nnaHWeTHUX MeToAiB
reoxiMmiyHoro MoHiTopuHry atmocdepu bioreoximiyHa nixe-
HoiHgukauis (BIrXJ1) nocigae ogHe 3 npoBigHMX Micupb. Eni-
iTHI NUCTYBAaTI i KyLLOBI NIUWANHUKMA BBaXaloTbCA OOHUMMU
3 HaurKpawimx nornuHaviB 3 NoBiTPSA XiMIYHUX €NeMeHTIB i
CMOMYyK TEXHOTEeHHOTO MOXOMXEHHS, SKi HaAXOAATb B iXHi
cnaHi y cknagi atmocgepHux onagis, onagis NMMoBux ae-
pO30niB, @ TAKOX LUISAXOM MOrNIMHAHHSA 3 ra3iB Taknx eneme-
HTiB, 5K As, Hg, P i S. | xoua B BI'XJl-iHaukauii sk meTogi
MOHITOPUHIY i HAayKOBOro AOCHIAXEHHS AOCi iCHYe pag He-
posB'a3aHux npobnem, NonynspHiCTb MeTody OOCUTL Be-
nvka, i BUKOPUCTOBYETLCA BiH LWMpoko (bs3pos, 2002).

Y cTaTtTi nogaTbca pesynbTaTty NoKanbHUX Gioreoximiv-
HUX NiXeHoIHAMKALUINHUX JOCTiAXeHb Ha TepuTopii-aeHapo-
NOriYHOro napky Ta 3oonapky biocdepHoro 3anosigHuka im.
danbu-PenHa "AckaHis-Hoea", a Takox Ha npunernmx te-
putopisx ogHonmeHHoro cenuwa y 2011 ta 2021 pokax.

MeTa pocnigXeHHA: MeToaoM GioreoxiMidHOT NiXeHoiH-
AuKaLii 3a nokasaHHsIMU BMICTY MIKpO- Ta MakpoenemeHTiB
y CnaHax enigpiTHUX NMWanHNKIB OLIHUTK CTaH Ta AUHaMIKY
3abpyaHeHHs aTMOCGEPHOro NOBITPS HA TePUTOPIi AeHAPO-
napky Ta npunernux Ao biocdepHoro 3anosigHuka
iMm. Panbu-PenHa "AckaHis-Hoea" TepuTopinn OgHOMMEH-
Horo cenuuia 3a nepiog 2011-2021 pp., a Takox 3a gono-
MOrol0 (paKTOPHOro aHanisy BUMSIBUTM OCHOBHI [xeperna Ta
BCTAHOBUTU MPUYMHU HAOXOLKEHHS Y MPU3EMHY aTMOC-
depy AocnigxyBaHUX XiMIYHUX enemeHTiB, Hacamnepes
HaMbINbLL TOKCUYHKX, kUMK € Baxkki metanu (Cd, Cr, Cu,
Fe, Hg, Ni, Pb, Sb, V Ta Zn) sk npoaykTu TexHoreHesy.

3 icTopii nonepegHix gocnigxeHs i nybnikadin. [Jocsig
NPOBEAEHHS ICTOPUYHOro BioreoximiuHoOro nixeHoiHaMKaLin-
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HOro MOHITOPUHIY 3aCBiAYMB, LLO Lier MeToq € ePEKTUBHUM i
B HAyKOBOMY BiQHOLLEHHI — HENEPECIHHUM, TaKvM, LLO [03BO-
Nsie poOUTM BaXKNMBI BUCHOBKM LLIOAO YaCOBMX 3MiH Y npouecax
BNIMBY TEXHOreHe3y Ha aTMoccepHe 3abpyaHeHHs (Lawrey
and Hale, 1988; brirom ma TromroHHUK, 1985, 1989; Sloof and
Wolterbeek, 1991; Purvis et al., 2007; Zhang et al., 2002).

Marepianu i meToau nocnigxeHHs. Ha gocnigxysaHin
TepuTopii 3 10-piyHMM npomixkkom Yacy (2011 Ta 2021 pp.)
Biabupanucs craHi eniiTHUX NUCTYBaTUX NULLANHUKIB
(Parmelia sulcata Tayl., Xanthoria parietina (L.) Th. Fr.)
Ta Kywooro Evernia prunastri (L.) Ach.). Ak Bigomo, nig yac
npo6oBigbopy BaXNMBOK METOANYHOK YMOBOK € MOroAHi
YMOBW. FAK y B NePLLOMY, TaK i B ApPYromy BunaaKy BOHU Gyrnu
OiNnbLU-MeHLL OAHAKOBMMU — CyXa, COHSYHa noroga 3 nomip-
HOO BITPOBOIO LMpPKynsdieto. Ane Manu micue aeski He3Ha-
YHi CE30HHI MOoroAHi BiAMiHM, 30KpeMa Taki, SIK BOJSIOTICTb i
Temnepartypa MnoBiTpsl, @ TakoX NepeBaXHi HaNpPsIMKK BiTPY
Ta iHWI, WO NEeBHMM YMHOM MOTFFIO BMNUBATM HA HaKOMM-
YEHHS NULLIANHMKaMU XiMIYHUX eNeMEHTIB.

3aranom Ha ofHivi i Ti camin TepuTopil (aeHaponapk —
300Mnapk — npunerni ainsHky cenuwa Ackadis-Hoea) y 2011 p.
NwanHukn 6yno BigidpaHo Ha 39 Toukax, ay 2022 p. — Ha 44.
Toukun npobosigbopy 2011 i 2022 pp. 3a cBOiMM KOOpAUHA-
Tamu He 3aBxaun Ha 100 % 36iranuncsa mixx coboto; BUNaaku
NnoBHOro 36iry ctaHoBUNM GNM3bKO TPETUHU Big 3aranbHoOi
KiNIbKOCTi TOYOK. Ane 1 BENUKNX NPOCTOPOBUX BIAMIH MidX po-
3TawyBaHHaM To4ok 2011 i 2022 pp. He Byno. lNMpocTopo-
BOKO MOXuBKo B po3buTTi Mepexi npobosiabopy Takox
MOXHa 3HeXTyBaTu, Xo4a B igeani Bce X Taku crig 6yno 6

© TrwoTioHHUK 0., LLabaTypa O., Bniom O., 2023
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nparHyT1 noBHOro 36iry koopguHaT To4ok Bigbopy npob y
pi3Hi nepiogn. HeobxigHO 3a3HaunTy, WO BIAMIHHOCTI ¥ po3Ta-
LyBaHHi To4ok npobosiabopy y 2011 i 2021 pp. YacTkoBo Oyru
3yMOBIeHi 06'ekTMBHMMYK obcTaBuHamu: 3a 10 pokiB Aesiki oe-
peBa i YarapHuku 6ynu BupybaHi abo Bcoxnu. HatomicTb Ha
LMx MicusxX Nigpocnu iHWi AepeBa i YarapHUKK, | Ha HUX 3'9Bu-
nvcs HoBI NpuAaaTHI Ans Npo6oBiaGdopy NULLANHNKN.

MigroToBka BigibpaHux nNpob (3paskiB nMLIANHKUKIB) A0
aHanisy 3iicHioBanacs CtaHaapTHUMKW MeTog4amMu, NPUNHS-
MMM y Gioreoximii. 3acTocoByBanocsi MOKpe O30JIeHHS
npo® nuwanHukiB 3a gonoMoroto as3oTHoi kucnotn (HNO3)
Mapkn OCH 3 BMKOPUCTaAHHSIM cneuianbHOi cucTemmn
MiKpOXBWUIIbOBOIO po3knagaHHs 3paskiB Speedwave Xpert
DAP-60X (Berghof, GmbH, Hime4yuynHa). BumiptoBaHHS kOH-
LeHTpaLin XiMiYHUX eneMeHTIB Y pO34mHi 34ilCcHI0Banocs Ha
nnasmoBo-eMiciiHomy cnektpomeTpi ICAP 6300 DUO
(Thermo-Fisher Corporation, CLUA). Y 3pa3skax nuLianHuKis
BM3Ha4vaBcs BMicT Al, B, Ba, Ca, Cd, Cr, Co, Cu, Fe, K, Mg,
Mn, Na, Ni, Pb, S, Sb, Se, Sr, Ti, V Ta Zn. BMmicT xiMi4yHuMX
ernemeHTiB NepepaxoByBaBCs Ha MOBITPAHO-CYXy Bary nu-
WwaiiHuka i Bupaxascs y Mkr/r (abo n-10* %). MNMomunka Bu-
MiptoBaHb konueanacs Big 7% po 12 % (ana pisHux
XiMi4HMX enemeHTiB Oyna pisHa). BHyTpilwHbonabopaTop-
HWIA KOHTPOSb TOYHOCTI pe3ynbTaTiB BUMIpIOBaHb 3AiMCHIO-
BaBCS 3 BMKOPUCTaHHSIM CTaHOAPTHOrO CepTudikoBaHOro
3paska Moxy M2 (Moss Reference Material M2, Pleurozium
schreberi — The Finnish Forest Research Institute), Bukopu-
CTOBYHOUM KPUTEPIN CYMICHOCTI.

OpHa 3 MeToaM4HUX cknagHocTe poboTu nonsrana B
TOMY, LLIO He B YCiX ToYkax npobosigbopy Tpannsanucst ogHi
N Ti X cami BUAM nNuwanHukis. Tomy My 3actocyBanu Tak
3BaHU OGioreoxiMiyHMin  NiXeHOIHAMKALINHUIA  NOKa3HUK
(BIrXJ1-nokasHuk), SKMN [O3BOMSE KOPEKTHO MOpPIiBHIOBATM
Mix cOBOI TOYKM NPoBOoBIAGOPY 3 Pi3HMMM BUaAMK NMLLaN-
HukiB (Brrom ma iH., 1988).

CyTb UbOro MeToAy nonsrae B TOMy, O LUSXOM nona-
PHOrO MOPIBHAHHA CepeaHboapUMPMETUHHUX 3HAYEHb BMi-
CTY KOXHOrO €enemMeHTy B YCiX 3paskax pi3HuUX Buais
NWLWanHKKiB, 3ibpaHnx B OAHOMY i TOMY X MYHKTi (To4Li), BK-
3Havanucs KoedilieHTn kanidpyBaHHs. Y noganbliomy Ui
KoediuieHTn kanibpyBaHHA JO3BONAIOTL PO3paxyBaTy rino-
TETUYHY KOHLUEHTpauilo enemeHTy 3a dopmyno (1) ans
BUAY NULLIAWHWKA, SKUIA HEe 3pOoCcTae B JaHOMY MYyHKTI, 3a BU-
MIPAHOK KOHLUEHTPAaUIE TOro X efleMeHTy Y ChnaHi iHWoro
HasIBHOrO TYT NMULLIANHUKAE:

Krinorer. = a'Ksmmipr., (1)
Je a — koedillieHT cniBBiAHOLLEHHS (KoedpilieHT kanidpyBaHHS).

Y Hawomy BUnagKy 3-MoMiK TpbOX BUAIB NULIANHMKIB, LLO
BinGupanucsa anst MoHiTopuHry y 2011 ta 2022 pp. (P. sulcata,
X. parietina Ta E. prunastri) sk 6a3oBuii Bua, Ha sikuiA npoBoau-
nmcsa nepepaxyHku, 6yna obpana P. sulcata. BI'XJT-nokasHuk,
Wwo Bigobpaxae cepefHii GaraTopiyHUA BMICT  XiMIYHOIO
ereMeHTy y MPU3EeMHOMY Luapi MOBITPS, BMPaXKaBCA B MIK/T
abCconTHO-CyX0i Macy nuwanHuka P. sulcata.

AHanis Ta iHTepnpeTauiss CTBOPEHMX HaMu 3a maTepia-
namm gocnigpxkeHHsa 6a3 gaHux BIrXJ1-nokasHukiB 3a 2011 i
2022 pp. npoBOAMNINCS 3a JONOMOrot hakTOPHOro aHanisy.

XapakTepucTvka nons atMmoccepHoro 3abpyaHeHHs
B palioHi AocnigXXeHHs Ta BUABJIEHHA NPUYUH noro ¢o-
pmyBaHHSA. Buxogsauu 3 gocsigy BnacHux nonepeaHix goc-
nipkeHb (TromwoHHUK ma bnom, 2017), a TakoX [aHUX
iHWnx aBTopiB ([aspuneHko ma MopeyH, 2006; MopeyH,
2002, 2003, 2007a, 20076, 2009; Llgeli ma iH., 2001), po3rnsi-
HemMo Ti dhakTopu, WO MOXYTb 3yMOBIOBaTM (hOPMYBaHHS
aTMOreoxiMiYHOro Morns Ta HaKOMUYEHHS XiMiYHMX erneMeH-
TiB NuUWanHUKaMn Ha TepuTopii geHaponapky "AckaHis-
Hogsa" i Ha npunernunx 4o HeOro AOCHIAXYBaHUX TEPUTOPIAX.
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Lli dakTopm MoxHa noainuTn Ha 3aranbHi (perioHanbHi, rno-
OanbHi) i cneundiyni (TO6TO NoKanbHi, NPUTaMaHHI nuwe
OaHOMy paiioHy). Opyrnii BaxnIMBWUIA MOMEHT MONsrae B
TOMY, LLIO B YACOBOMY acnekTi BCi YAHHMKN hOpMYyBaHHS re-
OXiMiYHMX YMOB i reoXiMi4HOro BNnvBYy Ha AOCNiAXYyBaHy Te-
puTOpIto NOAINATLCS Ha TpW Takux rpynu: 1) Ti, wo 3 2021
no 2022 pp. NpakTU4YHO He 3MIHUNUCS; 2) Ti, Wo 3MiHUNnCA
YacTkoBO abo He3HauyHo; 3) Ti, WO 3MIHMIMCSA CUIMBHO, Kap-
AuHanbHO abo HaBiTb BUHWUKNK SIK HOBE reoXiMiyHe sBuLLe.

Mpyna 1:

e 3aranbHe (NpUpoaHe i TEXHOreHHE) NOBITPSIHE HaBaH-
Ta)XEHHS Ha NULWAaNHNKN, ke 3yMOBITHOETBCS: @) iHTEHCUBHI-
CTIO i CKNagoOM HaAXOMKEHHA B Npu3eMHy aTtmocdepy
XiMiYHMX eneMeHTIB Big YCiX MOXNMBUX mkepen 3abpya-
HeHHs1, 6) MakpokniMaTMyHMMKM yMOBaMu Mirpadii Ta cegu-
MeHTaLii aTMmocdepHux 3abpyaHoBauiB;

e YTBOPEHHS KPYMHOAMCNEPCHUX aepo3oriB AesiHTerpa-
Lii 'PYHTOBOrO NOKPUBY;

® BMMMB COMOHUX MOPCbKUX aeposoniB (YopHe mope i
03epo Cueall);

® PO3BilOBaHHSI BUCOXITNX EKCKPEMEHTIB TBApPWH;

® POCINUHHUIA hakTop (BUINYroByBaHHSA eNeMeHTIB 3 Ae-
peB Ta iX NOrNMHaHHA NULLIANHMKaMM).

Mpyna 2:

e MiCLIeBi MiKpOKIiMaTUYHi YMOBKM Mirpadii Ta ceanmeH-
Tauii aTMocgepHux 3abpyaHIOBauYiB;

® MMNOMIANOM 3 He3aJ4epHOBaHMX NMOBEPXOHb I'PYHTY;

e BUMNagaHHS KUCMNNX OOLUIB;

e BMMB aBTOMODGINBHOrO TPaHCMopPTY;

e BMMMB BUKUAIB KOMyHaANbHUX OnasntoBanbHMX CUCTEM
cMmT AckaHia HoBa;

e BMNUB BUKUAIB BigHOCHO Gnun3bkoro Ao AckaHii Hosa
MiBHIYHOKPUMCBKOIO NPOMMUCNOBOro By3na (MiCT APMSIHCbK
i KpacHonepekoncbk; MAT "Kpumcbkuii Tutan", copoBui
3aBog, 6pomHun 3aBof) i Ginblu ganekux NpPoOMMCIIOBKX
pavioHiB KpmBopidoks (3anisopygHa NpoOMUCIIOBICTb | YOpHa
MeTanyprisi noBHoOro umkny) i MNMokpoBcbka — MapraHusa —
Hikonons (mapraHueBopygHa NPOMUCIIOBICTb | BUPOOHUL-
TBO ¢hepocnnasiB). 3a3HauMMo, WO BMAMB MiBHIYHOKPUMCb-
KX BUPOOHMLTB MOXe 3a CrnpuUaTIMBUMX METEOYMOB
(HecunbHi BiTpU NiBOEHHUX pyMOGIB) gocsraTy 3anoBigHWKa
"AckaHig-HoBa" Ta npunernux TepuTopin y BUrnagi wnendgy
ocifaHHsa 3abpygHeHNX MOBITPAHUX Mac, a BNUB MipHUYO-
BMAOOYBHUX i MeTanypriiiux nignpuemcts niBgHs [OHinpo-
NeTpOBLLMHM BigOYyBaETbCA NULLIE LUASXOM PEerioHanbHOro
NOBITPSIHOrO MepeHocy aTMocdepHnx 3abpyaHioBadiB (3a
BiTpiB MiBHIYHNX pyMOiB).

Mpyna 3:

e CyTTEBA iHTEHCMiKauis 3emnepobceTea 3a 10-pivHun
nepiog (3mMiHa cUCTeM 3pOLLYBaHHSI, arpOTEXHIKN POCITUHHU-
LTBa 3 pO3LUMPEHHAM MOro Ximisauii i3 3acTocyBaHHAM Ciflb-
CbKOrocnogapcbkoi asiaLii);

e MacwTabHe BUKOpUCTaHHA HaBecHi 2021 p. oTpyTo-
XiMmikaTiB Ansa TpyEHHS XOBpaxis;

e Benvka TexHoreHHa aBapis 2018 p. Ha nignpuemcTBi
"KpuMmcbkui TutaHn", Wwo cynpoBoa)KyBarnacs 3Ha4HUMMU no-
HaHOPMAaTUBHUMMW HAOXOMKEHHAMMN LUKIANMBUX PEYOBUH Y
noBiTpA.

YcepenHeHi no Bcix Toykax Bigbopy npo6 BIXI-
nokasHuku 3a 2021 i 2022 pp. nogaHo B Tabn. 1. 3 Hei Bu-
[OHO, LLO NOPSIAOK HAKOMUYEHHS NULIaNHUKaMK OESKUX XiMi-
YHUX eneMeHTIB (BMIiCT eneMeHTy A Ginblunii abo MeHLLuiA
3a BMIiCT enemeHTy b 3a pgecatunitrs, ske cnnveno, mMae
o4eBUaHI 3MiHM (Ui enemeHTn B Tabnuui BUAINEHO HamMiBXuMp-
HUM WpndToM). HarkcunbHiwmmMmn 3 Hux Oynm Taki. Y 2021 p.
nopiHaHO 3 2011 p. cyTTeBO (y ABa pasun) 3MEHLINIOCH
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

HAKOMWYEHHsT NULIAMHUKaMK KanbLilo i CipkM, MOMITHO B
(1,2-1,4 pasa) — kanito, MarHito, CTpoHLUito, 6opy, miai, cBu-
HUto Ta Hikento. Hatomictb y 2021 p. 36inbwmnocsa nornu-
HaHHSA NULIANHNKaMU CypMnU — Y TpU pasu, Xpomy — y ABa
pasu, HaTpito i TuTaHy — Ginblue Hix y niBTopa pasa. 3miHa
— 30inNbLUEHHSI/3MEHLLEHHS — BMICTY iHLWIMX XiMiYHUX ene-
MEHTIB TeX Mae Micue, ane BOHa MeHLW 3Hadywa. fluwe

KOHLeHTpaLii 6apito MOXxxHa BBaXaTu Takumu, wwo 3a 10 po-
KiB He 3a3Hanu 3MiH. KinbkicTb Ta amnniTyam 3MiH, LWo 3a-
hiKCOBaHi, BXXe € JOCTaTHbOW NiACTaBOK CTBEpaXyBaTH,
wo B nepiog mixx 2011 i 2021 pp. Ha gocniaXyBaHin Tepu-
TOpii Manu micue CyTTEBI 3MiHM Yy CTaHi | CTPYKTYypi aTMoreo-
XiMiYHOro nons, a omxe, i reoxiMiYyHUX YUHHUKKIB, SAKi Le
nore 3yMOBIIOOTb.

Ta6bnuysa 1

Psgn HakonuyeHHs XiMiYHUX eNeMeHTIB y CnaHsixX NUWanHuKIB, BigibpaHux B geHaponapky "AckaHia Hosa"
Ta BUOro oKonuusix, BUpaxkeHi y BeniM4unHax 6ioreoxiMiyHoro nixeHoiHAUKaLinHOro nokasHuka (MKr/r)

Psag HakonuyeHHs, ycepegHeHun 3a 2011 i 2021 poku
K | Ca | Al | Fe S [Mg|[Na | Mn | 2Zn | Sr | Ti | Ba | Cu B Pb | Ni Vv Cr | Co | Cd | Se | Sb
491142512687 | 2608 | 2430 [ 1381 | 172 | 81 81 [42,5|36,5(235]|125|11,8[11,7[ 53 | 51|22 ]0,89|0,43|0,20]0,11
Papg Hakonu4yeHHA 3a 2011 pik
K [Ca*| S Al | Fe [Mg | Na [Mn | Zn | Sr | Ti Ba | Cu | Pb B Ni \" Cr | Co | Cd | Se | Sb
5790 | 5768 | 3248 | 2451|2298 (1609 | 135 | 86 | 76 | 48 | 28 [23,2(14,0|13,9|13,2| 6,2 | 4,9 [1,34|0,83|0,40|0,21|0,05
Pap Hakonu4veHHs 3a 2021 pik
K Al | Fe [Ca| S [Mg| Na | Zn | Mn | Ti Sr | Ba | Cu B |Pb | V Ni | Cr | Co | Cd | Se | Sb
4031[2923|2918|2773|1612[1153| 209 | 85 | 76 | 45 | 37 |23,7|11,0[10,4]| 95| 53 | 4,3 [299]/0,94|045]0,18]|0,16

*HaniBXUPHUM MiAHATI XiMiYHI eNeMeHTH, SKi BUSABNAIOTb CTAaTUCTUYHY 3HaYYLLICTb M Yac hakTOpHOro aHanisy.

3rigHo 3 paHumu, wo ix HasogaTe A.M. LiBen 3i cniBas-
Topamu (Lfeeli ma iH., 2001), psip HAKOMWYEHHST BanoBUX
dopmM THX 14 XiIMIYHUX ENEMEHTIB, LLIO BU3HAYANMNCS TaKOX i
Hamu, y BepxHboMy 10-CaHTUMETPOBOMY LUapi MPyHTY AeH-
aponapky "AckaHisi-Hoea" € Takum: Na> Fe> Ca> K>
Mg >Mn >Ni >Zn >Pb > Cr > Sr > Cu > Co > Cd. Hesaxxo
noGaynTy, Wo uew psa CyTTEBO Biapi3HAETLCS Big psay Ha-
KOMUYEHHSA XiIMIYHMX eneMeHTIB Y nuwanHukax (tabn. 1), a
OTXe, i IXHbOI KOHUEeHTpaLii y npusemHin atmocdepi. Ocob-
NBO CUbHE NepeMiLLeHHS NO3ULN Y psgax HakoMUYeHHS
y I'PYHTI Ta B NMLWLaNHUKaxX CnocTepiraemMo Ons HaTpito, Ka-
Nito, UMHKY i Hikento. Benuki BigMiHHOCTI y HarpomagKeHHi B
NULWanHKKax i FPYHTI HATPil0 MOXHa NOACHUTU cneundikoro
reoxiMiyHoi noBeAdiHkM (Mirpauis, ceaMMeHTaLis, Hakonu-
YEeHHs1) MOPCbKMX aepo30niB; Kanito — CBOEPIAHICTIO MOro no-
BeAiHKM Yy npouecax OioreHesy; UWMHKY — reoXiMiYyHUM
BMSIMBOM iHTEHCUBHOTO CiflbCbKOrOCNoAapCbKOro BUPOOHU-
LTBA: HAKOMUYEHHIO Y I'PYHTI LUMHKY CMpUSE 3pOLUyBanbHe
pocnuHHMUTBO (MopayH, 2009).

dakTopHMI aHani3 6a3 gaHnx BrXJ-ingukaudii. Pak-
TOPHWI aHani3 Benukux 6a3 gaHux, oTpuMaHux y bioreoxi-
MiYHi iHOMKauii, npuBabnuBuiA TUM, WO B KiHLEBOMY
nigcyMKy [O3BOSISIE OXapaKkTepM3yBaTh He fLLIE CTaH reoxi-
MiYHOrO Nnons, ane “ BCTAHOBUTY MPUYMHU, SKi BU3HAYAKOTb
NPOCTOPOBO-PYHKLiOHamNbHY CTPYKTYpY LbOro nons. Ak Bi-
O0MO, po3LnMdpoBKa pesynbTaTiB pakTOPHOro aHanisy 3aB-
XONW Mae OinblIOK YM MEHLUOK MIpOK WMMOBIPHICHUI
XapakTep i 3a3BM4an CNMPaETbCs Ha aHaniTUYHe Ta iHTYITU-
BHE pO3yMiHHS AOCNIAHUKOM BCI€l TiET "eMnipukn", sika Moxe
6yTu "BignosigansHOK" 3a NPOCTOPOBY, CTPYKTYPHO-(YHK-
LioHanbHy OygoBy reoximiyHoro nonsi. [ocBig BuKopuc-
TaHHA dakTopHOro aHaniay B GioreoximiyHnx
NiXeHOoIHAUKALIMHUX OOCAIMKEHHAX AOBOAUTL pe3yrbTaTu-
BHICTb BMKOPUCTaHHSA KoediuieHTiB kopensuii Mk Buaamm
nmwanHukie  (Kuik and Wolterbeek, 1994; Sloof and
Wolterbeek, 1991).

OcobnuBy yBary npueeptae poboTa, BukoHaHa ans Hi-
aepnaHais (Sloof and Wolterbeek, 1991), ocKinbku B Hii, Tak
caMo K i B HawWin po6oTi, nogaTbes pesynbTaTu dakTop-
HOro aHanisy Benukux Aeox 6a3 aaHux wogo Bmicty 19 xi-
MiYHUX eneMeHTiB y 3paskax nwuwanHuka P. sulcata,
BifibpaHnX y pamkax HauioHanbHOrO MOHITOPUHIY, SIKWMIA Mo-
BTOPHO NMPOBOAMBCS 3 MPOMIKKOM Y 4OTUpY poku (y 1982—
1983 pp. Ta y 1986-1987 pp.). 3a pesynbTatamm Uiei po-
60TK reoximiyHi acouiauii XiMiYHMX eneMeHTiB  npwu
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KoediLieHTax hakTopHMX HaBaHTaxeHb 0,6 i BinbLue, y pisHi
poku npoboeiadopy cyTTeBo 3miHoBanu1cs. oo F1'y npo6o-
Biobopax 1982—1983 pp. iHAMKaTMBHA acouiauis XiMiYHUX
enemeHTiB byna Takoto: Sc/La/V/Th/Al/Cr/Fe/Ni/Co/As/Se/Sb,
a y npobosigbopax 1986—1987 pp. — Th/Sc/Cs/Al; no F2 3a
1982-1983 pp. BoHa Burmsgana Tak: Sc Zn/Cd, a ana
1986-1987 pp. — Zn/As/Cr; no F3 ana npobosig6opis 1982—
1983 pp. — Br (MoHoacouiauis), a ana 1986-1987 pp. —
Ni/V/Fe; no F4 B npo6GoBinbopax 1982-1983 pp.— Cs, a B
1986-1987 pp. — Cd; no F5 aons Bin6opie 1982—-1983 pp. —
Hg/Se, a ana 1986—-1987 pp. — Br; no F6 B 1982—1983 pp.
— Mn, a B 1986-1987 pp. — Hg. BkasaHi aBTopKn 3anponoHy-
Banu Taky iHTepnpeTaLito akTopis.

F1, F4 (1982-1983) Ta F1 (1986-1987) — ceigyatb npo
Te, Lo BMICT Y NnMLLIANHUKaX Takux enemeHTis, sk Al, Cr, Fe,
Mn, Sc Ta Th cunbHO 3anexHuin Big cknagy nuny, LWo ckna-
0alTbCs 3 YaCTOYOK TepureHHux nopig (crustal material); F2
— (1982-1983, 1986-1987) — BUKMOM MeTanNyprii LUMHKY
Ta/abo enekTpoHHOI npomucnosocTi; F3 (1982-1983) ta F5
(1986—-1987) — imoBipHO, cnantoBaHHA Byrinng Ha TEC, a
Takox no F3 (1986—1987) nos'sisaaHuin 3 npoLecamu cnanto-
BaHHsA HadTonpoaykTie (Ni, V, Co); F4 (1986-1987) — nmo-
BipHUM mDxepenom Cd Ta Se € cnanoBaHHS CMITTH,
BMPOOHULTBO 3ani3a Ta cTarni, a TakoX BUPOOHULUTBO cnna-
BiB, WO MicTsATb kKagmin; F5, F7 (1982-1983) ta F6 (1986—
1987) 3ymoBnoTL BMICT Hg, mkepeno NOXOMKEHHS AKOi
He BcTaHoBreHo; F6 (1982-1983) ta F10 (1986-1987) €
chakTopamu 3 BiHOCHO CUNbHOI 3anexHocTi No Mn; ui dak-
TOpW TakoX € BignosiganbHUMK 3a BMicT As, Fe, Sb, wo
MOXe BKa3yBaTu Ha BUCOKOTEMMNEPATYPHI TEXHOSOTIYHI Npo-
uecwu ix noxomxkeHHs; F8 (1986—1987) nos'asaHuin 3 BUKK-
Aamu aBToTpaHcnopTy, Wwo Mictatb Pb, Mn, V ta Pb; F7 Ta
F9 (1986-1987) TicHo noB'a3aHi 3 La, a Takox 3 W ta V Big-
NOBIAHO, MXepena NoOXOMKEHHS SKMX He i0eHTUIKOBaHI.

B iHwWin aHanoriyHin po6oTi (Jeran et al., 1996) 3a pe-
3ynbtatv MoHTe-Kapno gaktopHoro aHanisy gaHux KoHLe-
HTpaui 28 xiMmiyHMX enemeHTiB y 86 3paskax nuanHuka
Hypogymnia physodes (L.) Nyl., BigibpaHux Ha TepuTopii
CnoBeHii, 6yno BuaineHo 9 dakropis, siki 6ynu BigHeceHi oo
MaTepiany KOpiHHUX Nopid, cTanenueapHoi NPOMUCNOBOCTI,
BHECKY MOPCBLKMX aepO30fbHUX eNeMEHTIB, MeTanyprinHoi
NPOMUCIOBOCTI, NPOLECIB CNantoBaHHs BYTINMs, a Takox A0
OESIKUX iHLWMX BUAIB FiPHMYOI Ta NPOMMUCOBOI AiSiNIbHOCTI.

M.I. Bacunesny Ta P.C. Bacunesuu (Vasilevich and
Vasilevich, 2018) HaBogsiTb pe3ynbTatu akTOpPHOro
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aHanizy 6a3 gaHmx BMICTY XiMIYHUX €NeMeHTIB Y nNuLuanHu-
kax poaiB Usnea Ta Bryoria, BigidbpaHux y Tansi Konbcbkoro
nisoctposa. Pe3ynbTaT hakTOpHOro aHanidy BOHM iHTepn-
peTytoTb Tak: F1 — TepureHHun nun; F2 — GioreoxiMiyHi me-
XaHi3MM NOrnUHaHHSA XiMiYHUX enieMeHTiB nuwanHkamu;, F3
— F6 — nokanbHi NpMpoaHi reoxiMiyHi ocobnmneocTi ekocuc-
Tem. Y poborti (Dérter et al., 2020) Takox 3a gonomoroto ¢a-
kTopHoro aHanisy (Positive matrix factorization) 6yno
nokasaHo, WO BMICT XiMIYHWX €neMeHTiB Yy nuwanHuKy
X. parietina 3 Type4YdnHN 3yMOBIIOETLCA TaKUMWU YUHHU-
KaMu, SK MiCbke cepefoBuLLe, NMOXMBHI eNeMeHTV nuiian-
HWKIB, 3aOpyOHEHUI I'PYHT, pyX TPaHCMOPTY Ta 3MillaHui
I'PYHT, MeTaboniam NULanHKKIB i cnantoBaHHSA BYTinns.

Y Tabn. 2 nogaHo pe3ynbTati hakTOpHOro aHanisy (3 Bu-
KOpuCTaHHsAM obGepTaHHs chakTopiB Varimax normalized)
6a3 gaHmx BIrXJl-nokasHukis npobosigbopis 2011 p. (4uce-
nbHKK) | 2021 p. (3HaMeHHKK). IHTepnpeTauia umx pesynbTaTtis
— koediuieHTn dakTopHux HaBaHTaxeHb (KPH) i BenuumH
NOSICHIOBAHOI Ancnepcii — A403BONWMAM 3p00OMTU BUCHOBKU
npo NpUpPoAYy BM3HaYanbHUX FEOXiMiYHMX YUHHUKIB i NpO
cuny IXHbOro BMNMMBY Ha HarpoMaaXeHHs XiMiYHUX enemeH-
TiB nuwaviHukamn B 2011 i 2021 pokax. MopiBHAHHA Koedi-
LiEHTIB dpakTOPHOro HaBaHTaXEHHS Ta iXHiX iHTepnpeTaLin
3a pi3Hi pokm npobosiabopis fo3BONSIE 3pOOUTU NEBHI BU-
CHOBKM NpO Te, SIK came i IK CUINbHO 3a AeCATUIITTS Ui YNH-
HUKW 3MiHMIIUCS.

Mpw iHTepnpeTauii gaHux (Tabn. 2) cnig nam'ataTti, Wo
K®H y konoHui koxxHOro chaktopa nokasytTb (y YacTkax
OOVHML) BEMNWYMHY AMOBIPHOCTI TOrO, HACKiNbku Lien dak-
TOp € BaroMuM pAns BiAMOBIOHOrO XiMIYHOrO eneMeHTy.
Mopsigok poaTalwyBaHHA ¢hakTopiB (Big nepLlioro 4o BOCb-
MOrO) 3aneXuTb Bi TOro, 3 SIKOK0 CUMOK KOXEH ¢hakTop BU-
SABMSAE CBil BNNUB Ha Ti XiMiYHiI eNeMeHTH, L0 MatoTb B NOro
konoHui 3Hauywi KOH. Big nepworo go Bocbmoro cuna gii
aKTopy 3HMKYETLCS, KiNbKICHO ii OLHIOTbL 3a Benu4u-
HaMK NOSICHIOBAHOI Ancnepcii.

EBpMUCTUYHOLO | METOONYHOKO OCHOBOIO iHTEPNpPEeTaLii KO-
eqilieHTIB (pakTOpHMX HaBaHTaXeHb BUCTYMaltoTb reoximi-
YHi acouiauii, sKi yTBOPKOTbLCA 3aBASKM Aii MEeBHOro
dakTopy. Lli acouiauii dpopmytoTbCca XiMiYUHUMKU enemeH-
Tamu 3 Bucoknumm KPH no koxHomy 3 Bocbmu chakTopis. Ans
npaBunbHOI iHTepnpeTauii hakTopiB 3a acoujauigmn Bax-
NMBO BM3HAYMTUCh i3 TUM, Aki came KPH moxyTb BBaXxaTucs
"BUCOKMMM", TOBTO TakMmu, WO LO3BONSAKOTL AaHOMY ene-
MEHTY BXOAWUTU B reoximiyHy acoujauito. Ony6nikoBaHi 3 6i-
oreoxiMmiyHoi iHgukauii poboTn ceigyaTb nNpo Te, WO BCi
aBTopu, npoBoAsyuM GakTOpHWUIA aHanis ang iHTepnpetadii
OTpUMaHuX gaHux, 6epyte o yearm KOH 3i 3HaueHHsIMU
0,7 i Buwe. Le 3HaumThb, Wwo ¢aktop, KOH akoro BpaxoBy-
€TbCS, BMMMBAE Ha BXOMXKEHHSA enemMeHTy A0 acouiadii 3
nmosipHicTio 70 % i Oinbwe. Barato gocnigHukiB npunma-
I0Tb 3a Nopir iHTepnpeTadii koedilieHTiB (PakTOPHMUX HaBaH-
TaxeHb 3HayeHHs KOH B gianasoHi 0,7-0,5 (TobTo Big 70 oo
50 % 1moBIipHOCTi). PiBeHb KOpensAuinHOro 3B'A3Ky B
0,7 Bka3sye, L0 YacTka Qucnepcii 3anexHoi BenmumHu, gka
NOSICHIETLCS MoAennto, cctaHoBUTb 49 %, a piBeHb B 0,5 —
BignoBiaHo 25 %. O6uaea Nopory € BULLMMM 3a PiBEHb iH-
dopMauinHoro wymy Oyab-sKOi eKkcrnepuMeHTanbHoi Mo-
Aeni, a omke, iX MOXHa BBaXaTu Binb-MeHLU JOCTOBIPHUMU.
3HayHO piglle BenVYMHM MPURHATHUX ANS iHTepnpeTauii
K®H onyckatotb o 0,4 (40 % rimoBipHocTi Ta 16 % nosicHio-
BaHoi gucnepcii). MeHwi 3HayeHHss KOH npunmatoTeca ao
yBaru BKpam pigKo, i Taki inTepnpeTauii € ManomMoBipHUMH.

Mu 6panu go yBaru, sik npaesuno, KOH i3 sHaueHHaMN
0,6 i BuLLe. MeoximivHi acouiauii, Lo dopmyoTbCS BiANOBIA-
HUM (haKTOpOM, BBaXanucs AOCTEMEHHO NMOBIpHUMN. KOH
3 BenuumMHamu B gianasoHi 0,6—0,5 Takox 3anyyanucsa oo
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iHTepnpeTauii, ane akynbTaTMBHO — nuwIe B TOMY Buna-
OKY, SKLWO BOHW NiATBEPAKYBanu 3aKOHOMIPHICTb YTBO-
PEHHA OOCTEMEHHMX acoujauii (TobTo 3 enemeHTiB, Ang
Aakmx KOH = 0,6 i Buwe). BxogXKeHHs1 XiMIYHUX eNeMEHTIB Yy
reoxiMiyHi acouiauii 3 imoBipHicTio 50-60 % BBaxkanu ma-
nonmoBipHMMK abo TeHaeHuismu. KPH, Huxkyi 3a 0,5 go
yBaru He 6panucs. Y Tabnuui 2 KOH, koTpi BpaxoBaHi npu
iHTepnpeTauii akTopis, BUAINEHI HAMIBXUPHUM LLPUEDTOM.
3Haku "+" (3a 3aMOBYYBaHHAM He NMpocTaBneHuni) Ta "-" ne-
pen KOH o3HavaroTb, Wo dakTtop, Sknii UMM KoedilieHTOM
iAeHTNIKYETLCA, B reoXiMiYHOMY CeHci "BnnvBae" Ha noee-
AiHKY XiMIYHOTO eneMeHTy Yy NPOTUREXHUX "Hanpsamkax".
Ockinbkn 6a3n gaHux GioreoxiMiyHoi nixeHoiHAWKaLii ckna-
0alTbCs 3 BENUYMH BMICTY XiMIYHUX €NeMEHTIB Y NULLIanHn-
Kax, To noriyHum 6yae BBaxaTu, wo KPH i3 3Hakom "nntoc”
noB'sa3aHMn 3i 30iNbLUEHHAM KOHLEeHTpauii NeBHOro Xximiy-
HOro enemMeHTy B nuwanHuky, a KOH 3i 3Hakom "miHyc" —
311 3MeHLUeHHsM. BignoBigHMM 4YMHOM iHTepnpeTyeTbes |
cam dhaktop — abo SK nNpuyMHa HarpoOMaXXeHHs XiMiYHOro
enemeHTy y cnadi nuwawHuka ("+"), abo sk npuymnHa 1oro
AekoHueHTpauii ("-").

Mig yac npoBeneHHs hakTOPHOro aHanisy aHarnisyea-
NNCS He TiNbkn PakTOPHi HaBaHTaXXeHHSA OKpemo Mo 6a3ax
naHux 3a 2011 i 3a 2021 pp. 1 nopiBHIOBaNacs 4isi reoximiy-
HUX haKTOPIB Mixk COBOI0 Y Lii POKM Ta BUSBMANNUCS MPUHUHM
IXHiX 3MiH 3a gecaTupiyHuin nepiod. Po3rnsgaiwym 3HavyeHHs
K®H y 2011 i 2021 pp. (Tabn. 2) HeBaXXko NOMITUTH, LLO 3a
OecaTb pokiB BOHM abo: 1) maiike He 3amiHunucs, abo 2) ame-
HWMNMes Yn 36inbLumnnmcs, abo 3) nepeTBopunUCs 3 4OCTOBIP-
HuX (KOH> 0,6) y 2011 p. Ha HepocToBipHi (K®H < 0,6)
y 2021 p. i HaBnaku, abo 4) o6epHynNMcs Ha CBOK MpoTuse-
XKHICTb, 3MIHMBLUKX 3HaK "Mtoc" Ha "MiHyC" 4Yn HaBnaku. IH-
LWMMKU crioBamu, HanexHictb F2 Ta F° go opgHiel i Tiei x
KOMNOHKM He o3Ha4vae 060B'A3KoBO, Lo F2 Ta FP — oauH i Toi
e YMHHWKK. BiH Moxe ByTn OOHUM i TUM >Xe YMHHUKOM, ane
reoxiMiYH1IA YWHHUK KOJTOHKM MOXe TaKOX 3HuKaTh abo 3'aB-
natmnca B 2011 un B 2021 poui. Lie roBopuTb npo Te, Wo B
ogdHomy poui KOH gisie, a B iHWoMy — Hi. F2 Ta F® ogHiel i Tiel
X KONOHKN MOXYTb HaBiTb AOKOPIHHO 3MiHIOBaTUCb Y reoxi-
MiYHOMY CEHCi, Malo4mn Ansg 0gHOro 1 TOro X XiMiYHOro ene-
MEHTY 3Hak "nntoc" abo "MiHyc". 3asHaunmo, Wo noaibHi
3MiHW reoXimidyHMX acouiaui, a oTxe, i Npupoan akropis
BMMVBY B YAaCOBOMY pO3pi3i, Oynn BUSIBMNEHI TAKOX 1 iHLUMMM
OOCNiAHMKAMW HaBIiTb Y 3HAYHO MEHLLOMY (YOTMPUPIYHOMY)
yacoBoMmy TpeHgi (Sloof and Wolterbeek,1991). Bpaxosy-
104X BULLIEBUKNAAEHe, Nepengemo o iHTepnpeTadii i obro-
BOPEHHS [@aHMX HaLloro pakTopHOro aHanisy (tabn. 2).

IHTepnpeTauia Ta 06roBopeHHA pe3ynbTaTtiB hakTop-
Horo aHanisy. @akmop-1.Y 2011 p. nig Bnnveom cpaktopy F{*
Oyna cdopmoBaHa reoximiyHa acouiauia Al(0,96)/Fe(0,85)/
Cr(0,66)/Ti(0,64)/Mn*(0,57)/S*(0,51) (i pani "sipo4yka" 6ins cu-
MBOIY XiMi4YHOTO eNeMeHTy Mokasye, Lo BiH BPaXOBYETbCS
K "TeHgeHUis”). A daktop F2 y 2011 p. opmye reoximiuny
acoujadito  Al(0,93)/Fe(0,93)/Mn(0,78)/Cd(0,77)/Pb(0,71)/
Mg(0,69)/Co(0,67). MepLunii dakTop (F{*) BBaxXaeTbcs Han-
NOTYXHILUMM | B niTepaTypi NOB'A3YETLCS i3 3aranbHUM
NMNoaepo30SibHUM HaBaHTAXEHHSIM Ha NPU3EMHY aTMOC-
depy. BoHo Bkntouae B cebe sk NpupoaHi oxepena Hagxo-
DPKEHHS Nuny B atMocdepy 3 MOBEPXHi I'PYHTY (TEPUreHHUIM
nun), Tak i TEXHOreHHi BUKMAWM 4acTO4OK 3abpyaHoBaYiB y
noBiTPS. Y nepLuoMy ¢hakTopi MOXyTb NepeBaxaTi NpuUpoaHi
Axepena rpyHToBOro Nunonianomy, i TOAj B yTBOPHOBaHY HUM
acouiauito 0yayTb BXOAMTM XiMiYHI €MEMEHTU, XapaKkTepHi s
I'PYHTOBOIO NOKPMBY. 3BUYANHO Taka cuTyauis hopMyeETLCS
Ha TepUTOPIAX No3a 30HaMW aKTUBHOIO TEXHOreHesy. AKLIO
B pavioHi AocniAXeHb CUMNBHILLMMKW € NPOSIBM TEXHOreHesy,
TO acouiauis ximiyHUX enemeHTiB no F{* 6yae npeacraBneHa
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

XiMIYHUMW eneMeHTamMu, XapaKTepHUMWU ONsi 30H TeXHore-
Hesy. FAKWOo Npubnn3HO OOHAKOBOK MipOK BaXXNMBUMMU €
obuasa pxepena 3abpyaHeHHsa atmMocdepn, To reoxiMmivyHa
acouiauia mictutuMme i nepui, i Apyri XiMidHi enemeHTu.
Came Taka cuTyauist cnocTepiraeTbCcs AN HABEAEHNX BULLE
acouiauin: Al, Fe i Mg € mapkepamu TepureHHoro nuny; Cd,
Pb i Co — iHgnkaTopmn aeposonis, L0 YTBOPIOKTLCS B MPO-
Leci TexHoreHesdy (Hacamnepepq niporeHeay); a Cr, Ti i Mn
npuTaMaHHi YacTovKaMm i TEPUTEHHOrO | TEXHOrEHHOrO MOXO0-
keHHA. TuTaH, 9K BiAoMO, € TUMOBUM €JIEMEHTOM 3EeMHOI
Kopw (1oro knapk ctaHosuTb 0,57 % no maci, noctynatoumncs
nuwe 3anidy, antoMiHito Ta MarHito) i nocigae 9-te micue 3a
noLMpeHicTio y Npupogi. MNMpoTe My BigHECN Noro 4o Ximiy-
HUX eNeMEHTIB SK TEPUreHHOro, Tak i TEXHOTEHHOro MOoXo-
[DKEHHS, OCKiNMbKW Hepganeko Big 3anoBigHuMka "AckaHis-
Hosa" dyHkuioHye nignpuemctBo "Kpumcbkui tutan", ae

BMpobnsieTbca ABookeua TutaHy (TiO2), skMn pasom 3 iH-
LUMMU COMyKamu (CipKOo Ta iHLWWMW) HAAXOAMWTb Y MOBITPA
3 BUK1gamum Lboro nignpvemMcTsa. NepLumnin aktop € ogHuMm i
MM Xe sk y 2011, Tak i B 2021 p. i MOXe iHTepnpeTyBaTUCS
SIK 3aranbHe NNoaepo3oribHE HAaBaAHTAXXEHHS Ha JOBKINNS y
pavioHi gocnimxeHHs. Ane BoOHOYAC HEBAXKO MOMITUTH, LUO
F2 Ta FP, Byayun y BkasaHi poku NpakTUYHO ifeHTUYHUMK B
npvpoaHomy (nunonignom) nposisi, y TexHoreHHomy (Cd, Pb,
Co) i HaniBTexHoreHHomy (Cr, Ti, Mn) nposiBax NomiTHO Bigpi-
3HSIETLCSA MO pokax. Lle ceigunTb Npo Te, LWo NpoLecy TeEXHO-
reHesy, dk [kepena 3abpygHeHHs aTmocdepu B pamnoHi
OoCniokeHHs1, 3a MuHyne gecatunitta (2011-2021 pp.) 3a-
3HanM NEBHUX AKICHWX i KiNbKICHUX 3MiH. Bnnne TexHoreHesy
B 2021 p. migcunmecs, Ha WO BKa3ye TakoX 30iNbLUEHHs Ansi
Flb BENVYUHN MOSACHIOBAHOI Ancnepci.

Tabnuuysa 2

PesynbTatn chakTopHoro aHanisy 6as aaHux BI'XJ1 nokasHukis, orpumaHux B 2011 (YMcenbHUK)
i B 2021 (3HaMeHHUK) pokax, Ansa TepuTopii AeHaponapky "AckaHisi-Hosa" i npunernux ginsiHok

KoedpiuieHTN hakTopHUX HaBaHTaxeHb (F? — dpaktopu 2011 poky, F° — dpaktopu 2021 poky)
XimiuHuM enemeHT F{ F§ F§ F§ F¢ F¢ F% Fg
F? Fb Fb Fb F? F? F? Fb
Al 0,955 —0,045 0,035 0,079 0,128 —0,094 -0,019 -0,010
0,931 -0,075 0,131 -0,012 0,017 0,070 0,143 0,049
B 0,013 0,013 0,906 0,135 —0,039 0,080 0,064 —0,028
0,242 0,410 0,600 —0,245 0,206 —0,262 0,282 -0,121
Ba 0,001 —0,144 —0,026 —0,084 —0,004 0,049 0,018 —0,947
0,499 —0,025 0,051 0,068 0,730 -0,133 —0,004 0,058
Ca -0,268 0,182 0,148 0,428 0,490 -0,273 -0,252 0,291
0,010 0,586 —-0,391 0,073 0,293 0,060 —0,481 0,033
cd 0,022 —-0,099 -0,177 -0,125 0,094 -0,907 0,055 0,041
0,770 0,214 0,214 0,119 0,240 —0,040 —0,166 —0,061
Cr 0,662 0,241 —0,048 0,222 -0,170 -0,479 0,187 0,033
—0,061 —0,227 0,003 0,175 —0,210 0,140 0,141 —0,848
Co 0,230 0,185 0,105 0,719 0,431 —0,094 0,095 -0,073
0,669 —-0,099 0,350 -0,037 0,361 0,201 0,001 -0,312
Cu —0,140 0,758 0,043 0,181 —0,168 0,097 0,428 -0,012
0,273 0,115 0,002 0,026 0,698 0,297 0,069 0,345
Fe 0,853 —0,038 0,153 0,027 0,276 0,141 —0,103 0,009
0,925 —0,023 0,043 —0,076 0,044 -0,014 0,193 0,100
K 0,260 -0,127 0,805 —-0,031 0,235 0,252 —0,047 0,031
0,423 0,824 0,101 -0,016 0,055 0,116 —0,089 0,120
Mg 0,122 -0,072 0,124 0,025 0,898 0,044 -0,063 0,017
0,687 0,525 0,218 —0,083 0,093 —0,162 -0,019 —0,139
Mn 0,572 0,384 0,036 0,108 —0,308 0,294 -0,070 0,175
0,776 0,016 0,161 0,105 0,278 0,080 —0,135 0,237
Na 0,021 0,062 0,605 —0,198 -0,229 —0,473 -0,151 0,071
0,201 0,237 -0,007 -0,845 -0,171 0,063 0,006 0,203
Ni 0,455 0,195 0,191 0,667 0,035 0,432 —0,156 0,018
0,190 -0,417 0,362 -0,212 0,209 0,619 0,137 —0,041
Pb 0,313 —0,276 —0,236 0,212 0,662 0,006 0,044 0,038
0,713 0,208 0,140 0,135 0,492 -0,173 -0,157 —0,063
s 0,511 -0,326 0,440 0,215 0,332 0,187 0,378 —-0,028
—0,182 -0,114 0,190 -0,708 0,122 —0,048 0,303 0,030
Sb 0,003 0,210 —0,060 —0,143 —0,009 0,057 0,921 —0,028
0,126 -0,012 —0,012 0,131 —0,032 0,860 0,055 -0,107
Se 0,066 —0,048 —0,087 0,847 —0,008 0,083 —0,048 0,138
-0,012 0,153 -0,034 0,071 -0,027 -0,150 -0,903 0,117
Sr —0,346 0,679 —0,078 0,049 —0,086 —0,556 0,015 —0,073
0,267 0,086 0,791 -0,210 -0,019 0,047 -0,027 0,153
Ti 0,638 —0,341 0,294 0,366 0,243 0,103 0,021 —0,056
0,237 —0,028 —0,065 0,641 0,106 0,469 0,315 0,065
v 0,178 0,854 —0,065 0,001 -0,017 0,054 0,058 0,196
0,249 -0,795 —0,078 0,165 0,054 0,233 0,124 —0,274
Zn 0,424 -0,144 -0,212 -0,290 0,231 0,377 -0,463 —-0,083
0,171 —0,047 0,868 0,072 0,037 0,085 0,034 —0,084
MosicHioBaHa gucnepcis, % 17,9 11,4 10,9 10,8 10,29 10,27 7,2 5,0
(2011/2021) 23,9 11,6 10,8 8.8 8,3 8,0 6,9 57

*HaniBXUPHUM NO3HAYEHO XiMiYHi eneMeHTH, SKi BUSIBMSOTb CTAaTUCTUYHY 3HAYYLLICTb y (hakTOPHOMY aHanisi.
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®akmop-2. eoximivyHa acouiavis no Fy € V(0,85)/Cu(0,76)/
Sr(0,68), a no F? — K(0,82)/V(- 0,795)/Ca*(0,59)/Mg*(0,53).
Lli acouiauii 30BciM He cxoxi Mix coboto, i Take aBULLE, 5K
cBigyaTb pesynbtatM W iHwux asTopiB (Sloof and
Wolterbeek, 1991), € He BUHATKOM, @ MEBHOIO 3aKOHOMIpHi-
CTI0. EAMHNIA CMINBbHUIA ANA HUX enemMeHT — BaHagin (V) Bxo-
antb B acouiauii 2011-ro i 2021-ro pp. 3 NPOTUMNEXHUM
3HaKOM, LLIO BKa3ye Ha Te, Lo daktopu F& i FP? gisnu B unx
pokax y "3BOpPOTHMX HanpsiMkax". Ane KoHcTaTauis Toro
dakTy, Wwo acouiauii "2011" i "2021" no F§ i sz € BKpamn
BiAMIHHMMMU, LLe He Aae abCoNTHUX NigcTaB BBaXaTtw, WO
aktopn F¢ i F? Takox OGOB'SI3KOBO € MPUHLMMOBO
BiAMiHHMMU. Lle Moxe ByTW oOuH i TOM Xe YMHHUK, ane B
pi3HUX pokax BiH NposiBrnsie cebe no-pisHomy. My BBaxaemo,
IO TAKUM YUMHHUKOM Mir 6yTu pisHMM B 000X pokax Takui
NokasHuK, ik pH aTMocdepHMx onagis Ta rigpomeTeopiB. Ak
3asHavanocs, npobu 2011 p. Bigbupanucs B cepnHi, a
npodu 2021 p. — Ha noyaTtky TpaeHs. Lle o3Hauvae, Wo Ha
BMICT XiMiYHUX eneMeHTIB y nuwanHmMKkax mMorna snnveatiu
3aranbHa MeTeoo0CTaHOBKa, sika Ha NoYaTKy TpaBHS i B cep-
nHi 6yna pi3Hoto, i MO-pi3HOMY 3yMOBMOBana HakoMUYEHHS
XiMIYHUX eneMeHTIB nuwanHnukamm 3 NoBiTps. Big Hel 3ane-
XaB TakoX "npuxig" Ha TepuTopito 3anosigHuka "AckaHis-
HoBa" NoOBITPSAHMX Mac Pi3HUX TUMIB 3 Pi3HUMM KINbKICHUMM i
AKICHUMUW MOKa3HUKaMM HACUYEHHST XiMIYHUMK CMOSyKamu.
Mpo ue cBigyatb AocnimkeHHa €.M. MopryH (MopeyH,
2003), akumm 6yno nokasaHo, wo pH atmocdepHux onaais
Hap GiocdepHUM 3anoBiOHWKOM KONMUBAETHCA B LUMPOKMX
Mexax — Big 3,2 oo 7,7. [poTarom poky nepesaxaroTb KUCHi
i cnabokucni onagu, WO AOCnigHWLSA NOB'SI3YE i3 BMIIMBOM
aTtMocdepHux BUKMAIB [liBHIYHOKPUMCBKOro MnpoMBY3na.
CepneHb xapakTepuayeTbcs 30e0inbloro HeNTpanbHUMK i
cnabokucnumn onagamu. Ha kBiTeHb e i TpaBeHb npuna-
0ae KOPOTKUIM nepiog 3MEHLUEHHSI KUCMOTHOCTI i nmigBu-
LLEHHs1 MYXXHOCTi onagiB, a B OKpPeMi POKM MakcumarnbHa
piYHa NyXHiCTb onagie npunagae Ha KBiTeHb. OCKinbku BO-
OHO-MirpauiviHi BNacTMBOCTI BaXKKMX MeTaniB, WO Bunaga-
I0Tb Ha TepuTopil 3anoBigHWKa, TiCHO MoB'A3aHi 3 pH
aTMocdepHMX onagiB, a TaKoX iXHbOK IHTEHCUBHICTIO | po-
pmoto (MopeayH, 2002), uinkom BipOrigHUM € Te, Lo MPOLECH
copbuii-gecopbuii Ta HAKOMUYEHHS BaXXKUX METaniB nuLiamn-
HUKaMu nig Yac BecHsiHoro npobosiabopy 2021 p. i ni3HbO-
niTHeoro npo6osigdopy 2011 p. 3Ha4yHO BiOpI3HANMCSA —
BMPUTYN OO TOro, Wwo nig yac npobosiabopy-2011 BaHaain
CNaHsaMM NyLLIanHKKIB BinbLue NOrnm1MHaBCs, aHiXX BUMMBaBCA
3 Hux ("+"), a nig Yac BecHsiHoro npobosinbopy 2021 p., Ha-
Bnaku, Bummeasca ("-"). lMigcymoByloun BuLLeBMKIageHe
wopno Aaii dpakTtopiB Fyt — sz, cnig HaronocuTK, WO Konu Ha
OfHIV i Ti camin TepuTopii MM NPoBOAMMO OGioreoximiyHi
NiXeHoIiHaUKaLinNHI JoCnigXXeHHS B Pi3Hi poKK, i NOTIM 3icTa-
BNSEMO X pe3ynbTaTtu, NULaNHUKU-iHOUKaTopy Ans MOHi-
TOPWHIy NOTPIGHO BiAOMpaTU NPUONN3HO B IOEHTUYHKX
METEOPOrONiYHNX yMOBaX i B MeXax SiK MiHIMyM OAHi€El i Tiel
XK camoi nopu poky, a KpaLie — B OQUH i TOM caMuin MicsiLb,
abo, HaBiTb, B OOHY 1 Ty X camy dpeHodasy po3BUTKY AEPEB.
Ak 6aunmo Ha npuknagi aii pakTopa-2, ue € BaXxnmBum me-
TOOUYHUM MOMEHTOM.

Posnogin nosicHoBaHoi gucnepcii sk 3a F§, Fe, F&, FE,
Takisa FP, FP, FP, mano BigpisHseTbes 3a BenuunHamm. Lie
CBigYMTb MNpPO NPUOMM3HO OAHAKOBY CUIY FEOXIMIYHOrO
BnuBy FZ, FE, FE, F& 3 opgHoro 6Boky, i FP, FP, F? —aiHworo,
Lo, Y CBOIO Yepry, MOXHa po3yMiTu SIK BiCYTHICTb XOPCTKOI
N opHo3HayHOI "npuB'asku" cTyneHs BiporigHocTi Al
reoxiMmiyHMX NPUYNH OO KOHKPETHUX (DAKTOPHWMX HaBaHTa-
XeHb. To6TO MMOBIPHICTL TOro, WO, Hanpuknag, dakrop F
NOB'A3aHMIN 3 SKOKOCb MPUYMHOIO A, € NPUBMM3HO TaKo X,
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AKOW 3 Uieto X nNpuynHoto ByB noB'AsaHuii dakTop F& abo
F£. IHaKwe Kaxyuw, B gianasoHi FE — FE i Ta FY — F? npuny-
CTUME BIiQHOCHO BifbHE NepeMileHHs akTopiB (a OTxe, i
NnoB'si3aHMX 3 HUMU acouiaLliil) No ropn3oHTani — Mo KOMOH-
kax. MNMopsgok cnigyBaHHA akTopiB OAMH 3a OAHWUM Y LIMX
no3uuisix € AeLlo YMOBHUM i 06paHuii BiH HAMK came Takum
Tinbku Ansa Toro, wob "He ncyBaTn" 3aranbHOI KapTUHK Cni-
OyBaHHSA BENWYUH MOSICHIOBAHOI AMCNEepCii, ski 3niBa Ha-
npaBoO MOBWHHI 3MeHLlyBaTnca. 3pobrieHe 3ayBaXKeHHsA €
BaXXMMBMM Y TOMY MMaHi, WO Yy BKa3aHWUX NO3ULAX reoximidHi
MpUuMHKM Mo "F4" i no "FP", wo nonapatoTb B oaHy i Ty X camy
KOMOHKY (F@ — FP, F& — Fb, F¢ — Fp), is Bucokum pieHem imosi-
PHOCTi MOXyYTb BYTW 3yMOBIEHI Pi3HNMWN reOXiMIYHUMK NpUYK-
Hamu. Lle BaxnnBuin MOMEHT Mif Yac 3iCTaBMEHHS YMHHUKIB
PopMyBaHHSI aTMOreoximi4HOro noss Mo pokax, SKuni yTpya-
HIOE iHTEepnpeTaLito pe3ynbTaTiB PakTOPHOro aHaniay.

®dakmop-3 MapKyeTbCa TakuMu acoujauismu: no F§ —
B(0,91)/K(0,81)/Na(0,61); no F? — Zn(0,87)/Sr(0,79)/B(0,60).
Mpw upomy 3a curoto Aii i B 2011, i B 2021 pp., 3rigHo 3 Benu-
YMHaMM NOSICHIOBAHOI Aucnepcii, BiH NPakTUYHO O4HAaKOBUN,
X0o4a B TOW e yac (3rigHO 3 MapKyBaHHAM acoLiaLii) npo-
aBnsie cebe no-pisHomy. Beaxkaemo, LWo Le dakTop BAnmBy
cinbcbkorocnoaapcbkoro BUpobHMLUTBA, sikuii BUSIBNSIE cebe
KOMMIEKCHO i pi3HOBIYHO, a Ha npu3eMHy aTtmocdepy aie
LUAIAXOM NMIONiAMOMY Nif, YaC BUKOHAHHS Pi3HOMaHITHMX ar-
POTEXHIYHUX POBIT Yy POCIIMHHMLTBI.

MigcTaBm Anga Takoro BUCHOBKY Taki:

1. PocnnHHMUBKe rocnogapcTBo 3a Mexamu 3amnoBigHNX
i cenbOMLWHNX TepuTopin cMT AckaHisi-HoBa iHTEeHcuBHe i
YMHUTL 6e3nepeyHo BI4HOCHO MOTYXXHUIA BMMUB iHTEHCUB-
HOro 3emnepobcTBa Ha TEPUTOPIT, LLIO OXOPOHSIOTHLCS.

2. Kanin ta 6op BxogaTb A0 cknagy MiHepanbHux 0o6-
pvB; BOHWM 06MABa HasiBHI B acoujauii no F§', a no acoujauii
FP — nnwe 6op.

3. Kanin, sk TMNoBWi BOAHWIA MIrpaHT, 3 BepXHiX Liapis
I'PYHTY (Len enemMeHT BHOCUTLCA 3 406prBammn) rapHO BUMU-
Ba€ETbCH. Y pasi NOCUIEHHS MPOMMBHOTO PEXUMY I'PYHTY MUIOo-
nigAoM 4acTo4oK, WO MICTSATb Kanin, byae 3ameHwyBaTUcs.
[MpoMMBHUIA peXXMM I'PYHTY B paroHi gocnimkeHHs 3 2011 p. no
2021 p. NOCMNMBCS, OCKINbKM 3a Lie Yac Habyny NoLIMPEHHS Cy-
CTEMM iIHTEHCUBHOTO 3pOLLYBaHHS1. TOMY 3HUKHEHHS! Karnito 3 aco-
uiauii enemeHTiB no akTopy F2 € 3aKOHOMIpHUM.

4. HenpssMO npo nNiACUNEHHA 3a AEeCATUNITTA NpoMu-
BaHHS1 BEPXHbOrO LIapy IPYHTIB y panoHi JocnigXeHb CBig-
UMTb TaKOX | BuUNagaHHA 3 acouiauii F3b HaTpito. Ak
3a3Havanocs Buwe, 3rigHo 3 gaHumu A.I1. Lises 3i cniBasTo-
pamu (Lseli ma iH., 2001), HaTpilA, KU NPUHOCUTLCS CHOaM 3
MOPCbKMMM aepo30fsiMK1, Y BEPXHIX Lapax I'pyHTIB 3anosig-
HuKa "AckaHisi-HoBa" Hakonm4yeTbcs HaucunbHiwe. Ane 6y-
Ay4r Yy4OBMM BOOHUM MIirpaHTOM, BiH, Tak camo siK i kanin,
y pasi 36inbleHHsA IHTEHCMBHOCTI BEPTMKAnNbLHOrO NpoMu-
BaHHS 'PYHTY, Mirpye B MOro HWXHI Wwapw, i nepectae 6patu
y4yacTb B YTBOPEHHI TEPUreHHOro nuny. ToxX BunagaHHs Ha-
Tpito No pakTopy 3 TaKoX € 3aKOHOMIPHUM.

5. UuHk, 3rigHo 3 gaHumun €.M. MopryH (MopayH, 2009),
B aCKaHiNCbKMX I'pyHTax nig yac iX 3pollyBaHHs 36inbLuy-
€TbCS, a 3Ha4YUTb, LEen XiMiYHU enleMeHT HaaxoauTb Ao Te-
PUFEHHOTO NWY B 3HAYHO BinbLLiN KinbkocTi: Tomy B FY Zn i
3'ABNSIETLCA B acouiauii, Lo MapKy€e YMHHUMK CiNbCbKOrOCMno-
Aapcbkoro BupobHuuTtea. oo nosieu B acouiauii ng CTpo-
HUito, TO TYyT Baxye 3pobuTu BIpOrigHi MPUNYLLEHHS;
MOXIMBO, NOr0 porib Y 3pOLUyBaHMX I'PyHTax 3pocTae Tomy,
Lo Binbll PO3YMHHMIA XIMIYHWUIA @Hanor UbOro enemeHTy —
KanbLii BAMUBAETLCH B HWXHI LLAPU I'PYHTY.

®akmop-4 'y 2011 i 2021 pp. MapKyeTbCA TaKOX ABOMA
pisHMMun acoujauismu: FZ — Se(0,85)/Co(0,72)/Ni(0,67);
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

FP — S(-0,71)/Na(-0,85)/Ti(0,64). Mloro moxHa iHTepnpeTy-
BaTU SIK BNMB MUI0-aepo30riiB NOBITPSAHMX Mac perioHanb-
HOro nepeHocy BiAMIHHOTO MOXOAXKEHHS (Pi3HUX pyMb6iB).
F@ — ue BnnuB ApibHoAMCNepCHUX aepo3oniB KoOHAeHcaLil,
L0 YTBOPUIUCA Y BigAdaneHux 30Hax TeXHoreHesy (Hacam-
nepep lMiBHIYHOKPUMCBLKOro NpomMBy3na), i NpUHeceHi Ao 3a-
noeigHuka "AckaHis-Hosa" Se, Co i Ni € pocratHbo
TUMNOBMMM KOMMOHEHTaMN Takux aeposonis. FP — ue Bnnus
NOBITPSIHMX Mac TaKOX perioHaribHOro NepeHocy, ane Hacu-
YEHUX TEPUTEHHVM MUIOM i 36iQHEHNX MOPCBLKMMU aepo30-
nsmu (Se, Na). Taki NOBITPSIHi Macu MOXyTb HaAXOOUTU Ha
TepuTopito 3anoBigHuka "AckaHis-Hoea" 30ebinbLuoro i3 3a-
XigHVMM BiITpamu. 3MiHW BMNUBY Pi3HWUX TUMIB NepeHocy no-
BITPSIHMX Mac i pymb6iB MOXyTb nosicHoBaTucs abo
3aranbHUM NiACUNEHHAM/3HWKEHHSIM Al NOBITPSAHOI Macu
NEeBHOTo TUMY Y pisHi poku, abo, sk 3a dhakTopamu F§ Ta F?,
CE30HHUMU KONUBAHHSAMU PErioHarnbHOro pyxy noBiTPsIHUX
mMac. Ane B 060x Bunagkax, sKLo po3rnsaaTv npupoay ve-
TBepToro daktopy (F# Ta FP) B 3aranbHuX pucax, To Noro
MOXHa BM3HAYUTU came SIK YNHHUK perioHanbHOro noBiTps-
HOro NepeHocy NOBITPSHMX Mac.

®akmopu 5 ma 6, 3a cunoko BNNUBY, Ay>xe Mano Bigpi-
3HATLCA SK Mk cobolo, Tak i Bif dakTopa 4 (Ff = F& = FZ,
a FP = F? = FP). Lle yTpyaHioe ixHe posymiHHs. Acoujauii 3a
F& — Mg(0,898)/Pb(0,66); F? — Ba(0,73)/Cu(0,698) i F? —
Sb(0,86)/Ni(0,62) mun posrnsagaemo sk akTop KOMMeKc-
HOro iIMNaKTHOro BMMMBY NOKanbHO 3abpyaHEHUX NOBITPS-
HUX mac. Lier ynHHuk 6e3nocepeaHbOi NpAMOI Aii nposBnse
cebe komnnekcHo. Hacamnepen ue aBTOTPaAHCMOPTHWUA
BNAMB Ha AOBKINMsA. CBUHeUb Ta MarHin (Fg'), a Takox cypma
3 Hikenem (F?) BKasyloTb Ha HasIBHICTb TaKoro MicLEBOro
oxepena 3abpyaHeHHs NOBITPsi, ik aBTOMOBINbHUI TpaHc-
nopt. Mo dakTopy F? cBMHeLb MOCTYNaeTbcs MicLeM Hi-
Ken, SKUN XapakTepHUn AONns BUKUAIB Big chantoBaHHSA
HadpTonNpoAyKTiB. Ha 3B'A30K Hikeno i3 UMM YAHHUKOM BKa-
3yloTb Takox iHWi aBTopu (Sloof and Wolterbeek, 1991).
Llono cypmu, sika BXoAMTb [0 Cknagy mMaTepiany ranbmis-
HWUX KOMOAOK i MOXe CryryBaT MapkepoM aBTOTPaHCMopT-
HOro BNNMBY Ha JOBKiNMs, To BOHa nposisuna cebe B 2021 p.
AIK BigHOCHO crnabkun mapkep Takoro Bnnusy. OTxe Sb 3ga-
THa BUSABNATU CBOI iHAMKALIVHY POMb NuLle 3a yMOB, KOMNU
ponb BinbLLU CUMBbHUX eNEMEHTIB-MapKepiB, SK TO CBUHELpb,
cnabLuae, Lo ¥ CNoCcTepiraeTbCs y HAaLWOMy BUNaaKy.

LLloao aeox iHWwmx acouiaLin no gaktopax 5 ta 6, 10 iX iH-
TepnpeTalisi Ham BuaacTLCS Tako: FY — Ba(0,73)/Cu(0,698) —
Lie TeX YMHHMK KOMMMEKCHOro iMMaKTHOro BNNvBY, ane Bxe
He aBTOTPAaHCMOPTHOI MOro CKNagoBoi, a arpoOBUPOGHMYOI.
Ak Bxe 3a3Havanocs, 3 2011 no 2021 pp. Ha TepuTopisx,
npunernuMx 4o geHaponapky i cenuula, iHTeHcudikysanocs
cinbcbke rocrnogapctso. BoHo cynpoBomykyBanocs goaart-
KOBUM XiMiYHUM HaBaHTaXEHHAM Ha [OBKINNs 4epes
BHECEHHS1 JOOpUB i 3acTocyBaHHS oTpyToXimikaTiB. Henpa-
BUIbHe i HaAMipHEe BUKOPUCTaHHSA ocTaHHix B 2021 p. cnpu-
YMHWMO MiCLIEBY EKOSOriYHY KaTacTpody (MacoBe OTPYEHHS
xoBpaxis). Migp i 6apivi € XimiyHUMK enemeHTamu, WO BXO-
OSTb [0 CKNagy pPeyoBWH 3aXMCTy POCIUH, MeMiopaHTiB Ta
[obpuB. ToX nosiBa UMX eNeMEHTIB Ha OQHOMY 3 MepLunXx
MicLb (F2) B KOHTEKCTi KOMMNEKCHOT Aji iMnakTHoro 3abpya-
HEHHS1 HAa eKOCUCTEMY OEHAPONapKy MOXe BBaXaTuCs Odi-
KyBaHO0. 3Ha4yHe 3MeHLUeHHs B nuwanHukax y 2011 p. no
dakTopy F¢ BmicTy kagmito [-Cd(-0,907)] cBigunTb Npo 3HM-
XKEHHSI HAaAXOOXXEHHSI O eKOCUCTEM 3abpyaHIoYUX peyo-
BWH, SiKi MirpytoTb 3 NOBITPAHMMM MacaMu Ha Aaneki BiacTaHi
y cknagi perioHanbHoro i rmobaneHoro nepeHocy. Kaamin,
3a BiACYTHOCTI TaKUX NOKanNbHUX J)Xepen aTMocepHOro 3a-
OpyOHEHHS, Sk KONbOpPOBa MeTanypris, npunagobyayBaHHs
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Ta LeMeHTHa NpOMMKCIOBICTb NO6GNM3y 3anosigHuka "Acka-
Hif-HoBa", € rapHnm Mapkepom rrnobanbHoro 3adpyaHeHHS
aTMOCEepPHOro NOBITPA. AKLLO X 3ragaTu, Wo npobosiabip-
2011 BigbyBaBcs y CeprnHi, Konu 3axigHWiA NepeHoc Hag Mi-
cuesicTio AckaHisi-HoBa € ocnabneHum, To Linkom noriYyHum
BUrNsifa€e NpunyLeHHs, Wo y BUNnaaky Big'€eMHOI MOHOaco-
uiauii "kagmin" no daktopy (F&) mu i maemo cnpasy i3 3axi-
OHVM nepeHocoMm, arne, Tak Gu MOBUTW, BiJ 3BOPOTHOrO,
TOGTO Yepe3 MapKyBaHHSI 3HWXKEHHSIM MOrMWHAHHA NLWan-
HYKaMW LibOro XiMi4HOrO ENIEMEHTY.

®akmop-7 npefcTaBneHnn He3BUYHUMM | HEOAHO3HAYHO
iHTepnpeToBaHNMKU MOHoacoLiauiamm: F¢ — Sb(0,92) i F? —
Se(0,90). 3sepTae Ha cebe yBary Te, wo i 2011, i 82021 pp.
enemMmeHTu-iHaMkaTopy caktopy Ff mawTb Bucoki KOH.
To6T0, kM 61 He3po3yMinum He ByB Lew hakTop, BiH BUSB-
NSIE CBOKO Ait0 3 BUCOKOK MMOBIPHICTIO, XO4a i 3 HEBENUKOK
cunoto. MNpo ue ceigyaTb BENMYNHM MOSCHIOBAHOI ANCNEpCil,
aki no 2011 i 2021 pp. Mixk coboto He oyxe Bigpi3HSATLCS.

[Mo3a mexamn po3rnaHyTOI hakTOPHOI CTPYKTYpU aTMO-
cdepHoro 3abpyaHeHHs aeHaponapky "AckaHis-Hoea" 3a-
NULINNKCS Taki BaXNMBI, ane He AyXe NOTYXHi YNHHUKK, sIK
MiKpokniMaTU4Hi yMOBM (TemnepaTtypa MOBITPA, BigHOCHa
BOMOTCTb MOBITPS, LWBWMAKICTb PyXy MOBITPS Ta iHTEHCKB-
HICTb TEMMOBOro BUMPOMIHIOBAHHS), @ TaKOX LMPKY AL no-
BiTPSTHUX Mac Ha TepuTopii AeHAponapKy, 3yMOBIEHi MOro
naHpwadTHO-apXiTEKTypHUMU  0cobnmBoCcTAMU.  Baxknu-
BiCTb LMX YMHHUKIB ANSA TepUTOpIi AeHaponapky i Noro oko-
nuub 6yna HaMmu nokasaHa paHiwe (TromoHHUK ma b,
2017). WonpaBaa, 3anvLaeTbes BiOKPUTUM MUTAHHS: YoMy
MapKepamu LbOro YMHHMKa BUCTYNaloTb came cypma (Sb) y
2011 p. i ceneH (Se) y 2021 p.? Lle nutaHHa noTtpebye go-
OAaTKOBOrO BMBYEHHS!, @ NMOKU LLIO MOXHa 3pobuTn Take npu-
nyweHHa. 3a  gecatunitta  naHawadTHO-apXiTeKTYpPHi
0cobnMBOCTI AeHAPONapKy 3a3Hanu MNEBHWUX 3MiH: manu
MicLie caHiTapHi Ta naHawadTHi pybkn, NpoBeAeHO NocagoyHi
poboTu, monoai y 2011 p. AepeBa i YarapHuku nigpocnu,
3MiHUBLUM CBIlA rabiTyc. Bce ue nosHaumnocs Ha umpKynsuii
NOBITPSHUX Mac ycepeauHi HacagXeHb Ha TepuTopil AeHapo-
napky i 3oonapky. Tox He € AvBHUM Te, o y 2011 p. ocobnu-
BOCTI L€l LMpKynaLjii MapKyBanucsa OgHIel0 MoHoacoLiaLlieto,
aB 2021 p. — gpyroto. Cypma, Sk BXe 3a3Hadarnocsi, Hagxo-
OVTb Y NpU3eMHe MOBITPA NPY CTUPaHHI ranbMiBHUX KOMO-
OOK, TO6TO Yy hopMi KpPYMHOAMCMNEPCHUX MMII0aepo30niB
aesiHterpadii. CeneH € XimiyHMM aHanorom Cipku i B TEXHO-
reHesi noBoauTb cebe cxoxunm Ha cipky ynHom. Cipka X €
MapKepoM rasonofibHnx BUKMAIB i BUKMAIB ApibHoancnepc-
HUX aepo3oniB KOHAEHCcaLi, WO YTBOPIOIOTLCS B npouecax
TEXHOrEeHHOro niporeHesy. YacTKOBO Lie MOXHA NEePEHECTH i
Ha ceneH. Moxnuneo, reoxiMiyHi 0cobnmBOCTI, SKi Mapky-
HOTbCA CYPMOIO i CEneHOM, iXHS, NMOAeKyau, TeXHOreHHo-
reoxiMiyHa "NpoTUNEXHicTb" i 3ymoBunu Te, Wwo came Sb
Ta Se cTanu mapkepamu He3Ha4YHWX, Ha NepLUM Nornsg Ma-
NOMOMITHUX, arne BaXnuBKUX, 3MiH Y MIKPOKNIMaTUYHIN CUTY-
auii Ha TepuTopii geHaponapky. YacTKoBO Ui 3MiHW, K BXxe
3a3Havanocs BuLLe, Oynu 3ymoBreHi naHaLwadTHO-apXiTekTyp-
HUMK TpaHcdopmaLisMu AeHgponapky.

®dakmop-8 mae Ty cneuundiky, WO BiH HE NMLLE MOHO-
eneMeHTHUN, [K | pakTop 7, ane we n Mae Big'eMHi 3Ha-
YeHHs K®H i B 2011, i B 2021 pokax. F§ MapkyeTbcs
3HUKEHHAM BMICTY B NuwaiHukax 6apito: Ba(-0,95); a FY —
3MeHLUEHHsAM BMicTy xpomy: Cr(-0,85). F§ € Hancnabwum 3a
CUroo BNNUBY, ane BogHoyac, 3rigHo 3 BenuumHamm KOH,
Oro NposiB BUCOKOBIPOriaHUIA, Maiixe 060B's13koBUIA, B 060X
pokax. Beaxaemo, wo F8 — Le, MoxnmBo, akTop poChmnH-
HOro BNNMBY — MOTMMMHAHHA €NeMeHTIB 3 I'PYHTY Ta iX noaa-
NblUe HAOXOMKEHHS Y NMULIAAHUKN.
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BucHoBku. MNposegenni y 2011 1a 2021 pp. meTogom
GioreoximiyHOI NixeHoiHAMKaLii MOHITOPUHT i3 BUKOPUCTaH-
HAM enigiTHMX nuwanHukie (Parmelia sulcata, Xanthoria
parietina Ta Evernia prunastri) 3a nokasaHHsiMy cepegHbOro
GaraTopiyHoro BMicTy 22 Mikpo- Ta MakpoenemeHTis (Al, B,
Ba, Ca, Cd, Cr, Co, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, S, Sb,
Se, Sr, Ti, V Ta Zn) B iX cnaHax Ta 3a pesynbTatamm gakTo-
PHOro aHani3dy uMx AaHnx AO3BOMUB OLHUTK CTaH Ta AnHa-
MiKy 3abpyAHeHHs aTmoctepHOro MoBiTPA Ha TepuTopii
AeHgponapky Ta npunernux go biocgepHoro 3anosigHuka
iMm. Panbu-PentHa "AckaHig-Hoea" TepuTOpit OOHOMMEH-
Horo cenviwa. akTopHUI aHani3 4aB MOXNUBICTb BUSBUTU
OCHOBHI [pxeperna Ta BCTAHOBUTU NPUYUHU HAOXOOXKEHHS Y
npu3emMHy aTmocdepy 3a3Ha4YeHUX eneMeHTIB, 3 SKUX Hal-
OinbLLU TOKCUYHMMU € TaKi NPOAYKTU TEXHOTEHE3Y, SIK BaXKi
metanu (Cd, Cr, Cu, Fe, Hg, Ni, Pb, Sb, V Ta Zn). OcHos-
HUMK gxepenamu (pakTopammn) HaOXOOXKEHHS B NPU3EMHY
aTMocdepy Ta BMMBY Ha ii 3abpyaHEHHs AOCTiAXKYBaHUMM
XiMIYHUMW eneMeHTamu €:

1. 3aranbHe NWMNoaepo30sibHE HaBaHTaXEHHS Ha Mpu-
3eMHy aTMocdepy, Lo CKNagaeTbes SK 3 NPUPOLHOro Tepu-
reHHOro nuny, Tak i 3 MUMOBUX aepo30fiB TEXHOrEHHOro
noxomkeHHs (F2 ta FP);

2. Bnnue Takoro BaXknuMBOro XiMiYHOro YmHHMKa, sik pH
aTtMocdepHMX onagis Ta rigpomMeTeopiB, AKMM BNAMBaAE Ha
NOFMVHAHHS XIMIYHNX enleMeHTiB nuLanHukamm (F¢ ta FP);

3. BaranbHui i pi3HOBIYHMI BNNMB CiNlbCbKOrocnogapchb-
Koro BupoBHuMUTBa (F{ Ta FP), y ToMy Y1cni BNNMB nokanbHo
3abpyaHEeHNX NOBITPAHWX Mac Bif arpOBUPOOHUYOI Aisnb-
HocTi (FP);

4. Bnnue nunoBux aepo3ofiB MOBITPSHUX Mac perio-
HanbHOrO MEepPeHOCY BiAMIHHOIO MOXOMXKEHHS  (Pi3HMX
pym6is) (F} Ta Ff);

5. Bnnue aBToMOGINLHOrO TpaHenopTy (FE, FP);

6. Bnnme nokanbHo 3abpyaHeHUx NoBiTpsiHUX Mac (FE);

7. VIMoBipHUIN BNNVB MIKPOKNIMATUYHNX NapameTpis Ha
NOBITPSAHY Mirpadito, ceaMMeHTaLUito i NOrMMUHAHHA XiMiYHMX
ernemeHTiB nuwanHukamm (F¢ 1a FP);

8. MOBipHUI1 haKTOp POCAMHHOIO BRMWUBY — MOMMK-
HaHHS eNeMeHTIB 3 I'PYHTY Ta iX noganblue HagXOXKEHHS Y
NNLWARHKKN.

dakTopHa CTPYKTYpa KOHUEHTpaLi XiMiYHUX eneMeHTIB
y N1LIaiHUKax, LWo 3poCcTatoTb Ha AOCiAXyBaHi TepuTopii,
dopmyBanacs 3a perioHanbHuUx ymoB HakonudeHHsa Cr, Na,
Ti, @ TAKOX 3HMKEHHS KOHLIEHTPALN Taknx enemMeHTiB, sk V,
Zn, Mn, Cu, Mg, K, Sr, Ba, Pb, Ni, Ca, Si Se. Kpim Toro, Sb
Ta Ba maloTb NpoCcTOpPOBO HEOAHOPIAHY ANHAMIKY KOHLEHT-
pauin, a Se mae fyxe HeoQHOPIAHY ANHAMIKY 3 TEHAEHLE
00 3MEHLLEHHS.
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BIOGEOCHEMICAL LICHEN-INDICATION STUDY OF THE STATE AND DYNAMICS
OF THE ATMOSPHERIC POLLUTION OF THE ARBORETUM
OF THE FALZ-FEIN BIOSPHERE RESERVE "ASKANIA NOVA"

By the method of biogeochemical lichen indication on the territory of the arboretum of the Falz-Fein Biosphere Reserve "Askania-Nova" (Kherson
Region, UKRAINE) the temporal trends (2011-2021) in the concentrations of heavy metals and other micro- and macro-elements in the epiphytic lichens
was estimated. The lichens samples of Parmelia sulcata, Xanthoria parietina and Evernia prunastri collected in 2011 (39 sites) and 2021 (44 sites) for the
concetrations of 22 chemical elements (Al, B, Ba, Ca, Cd, Cr, Co, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, S, Sb, Se, Sr, Ti, V and Zn) by the ICP-OES spectroscopy were
analysed. In order to correctly compare the concetrations of elements in different species of lichens, their intercalibration to the base species
P. sulcata was carried out and the calibration coefficients, the so-called biogeochemical lichen indicies (BGCHL indicies), were calculated. Based on
these indicies the arithmetically averaged hypothetical concetrations of elements in lichen samples collected at the sites, where P. sulcata was absent,
were calculated and corresponding databases of element concentrations for all three species were created. Factor analysis was applied to identify
possible sources of the elements determined in the lichens for the period of 2011 (Fa-1 — Fa-8) — 2021 (Fb-1 — Fb-8). The eight resulting factors
represent crust and anthropogenic components. Some of the factors were interpreted as being associated with the agricultural activities,
microclimate, pH of atmospheric precipitation and with the higher plants factor (leaching of elements and their absorption by lichens). The factor
structure of the chemical elements concetrations in the lichens growing on the studied area was formed under regional conditions of the accumulation of
Cr, Na, Ti, as well as a decrease in the concetrations of such elements as V, Zn, Mn, Cu, Mg, K, Sr, Ba, Pb, Ni, Ca, S and Se. Moreover, Sb and Ba have
spatially heterogeneous dynamics of their concetrations, and Se has very heterogeneous dynamics with a decreasing trend of the concentrations.

Keywords: lichens, biogeochemical lichen indication, micro- and macroelements, heavy metals, air pollution, factor analysis, "Askania-Nova"
Biosphere Reserve.
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DETERMINATION OF THE PARAMETERS OF SUBSURFACE DRIP IRRIGATION SYSTEMS
ON THE BASE OF MOISTURE TRANSPORT MODELING

(MpedcmaeneHo 4neHoM pedakyiliHoi Konezii 0-pom 2eos. Hayk, npog. O.€. Kownskosum)

The paper considers the problem of determining the depth of drip pipelines installation and the distance between the pipelines within
the design of subsurface drip irrigation systems along with the assessment of pulse irrigation regime efficiency. The corresponding opti-
mization problem has an objective function that assesses costs of creating and operating the system and is solved by a genetic algorithm.
For each set of system parameters’ values the scheduling of irrigation during the growing season is modeled according to the specified
pre-irrigation threshold. The simulation is based on the two-dimensional Richards equation approximated by a finite-difference scheme.
The characteristics of crop development are determined according to the model based on the change of development stages with the
accumulation of a given amount of active temperatures. To take into account the variability of weather conditions modeling is performed

for a series of randomly generated weather scenarios.

Keywords: subsurface drip irrigation, pulse irrigation, moisture transport, modeling, optimization.

Introduction. The use of drip irrigation systems,
especially subsurface ones, requires significant costs for
their construction. The possibility of forming irrigation
regimes that provide for the optimal distribution of moisture
for crop development, and, accordingly, for highly efficient
irrigation, depends on the quality of the choice of subsurface
drip irrigation system's (SDIS) parameters.

Determination of design SDIS parameters' values can be
carried out by an expert assessment or with the use of
mathematical modeling. The background of such modeling is
formed, on the one hand, by a description of moisture transport
processes in soil, and, on the other hand, by a technological
approach to the determination of irrigation schedules and rates
on the base of crop development models.

The main approach to irrigation management is based
on the control of moisture supply to the root-containing zone
of soil (Campbell et al., 1982; Murfioz-Carpena and Dukes,
2005). In it, based on the concept of optimal range of
moisture supply that maintains the level of water
consumption by irrigated crops equal to or close to the
maximal potential level (Campbell et al., 1982), irrigation is
started when moisture content lowers down to some pre-
irrigation threshold (Campbell et al., 1982) and is carried out
until it is raised to the upper limit of optimal range, usually
equal to field capacity (FC).

Moisture transport models for the conditions of drip irrigation
(e.g., Arbat et al., 2008; Romashchenko et al., 2016) are mainly
based on the Richards differential equation (Richards, 19317) in
a two-dimensional approximation or are formed from
experimentally determined contours of moistened zones
(Holzapfel et al., 1990). Algorithms for automated selection of
SDIS parameters are, in the majority of cases, optimization
algorithms superposed on moisture transport models with
objective functions based on economic assessment of irrigation
efficiency with restrictions arising from the biological need to
provide plants with moisture.

Among the papers investigating the algorithms of this
class, we firstly highlight the paper of Kandelous et al.
(2012). 1t proposes to carry out modeling throughout the
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growing season using a certain model of crop development
to determine SDIS parameters considering one weather
scenario. Irrigation here is modeled by such parameters as
its frequency and duration. Optimization is performed by a
meta-heuristic method with an objective function that
contains only operating costs.

Further, Seidel et al. (2015) consider the set of generated
weather scenarios and optimize profit by assessing the
reliability of its receipt on this set. Three tasks are
sequentially solved — determination of the duration of
watering to achieve maximum uniformity of moistening;
determination of such irrigation schedule that maximizes
water productivity in accordance with certain models of yield
and crop development; determination of optimal values of
irrigation system's parameters that maximize profit for the
fixed irrigation schedule. The cost of system construction is
not considered.

In the paper of abd el Baki et al. (2017) authors consider
single randomly generated weather scenario and a crop
development model in which the parameters such as leaf
area index (LAIl), crop coefficient, and root system's depth
depend exponentially on the accumulated transpiration
during the season without division into separate
development stages.

Among the papers on the application of empirical models
in the problems of profit optimization we can highlight, e.g.,
the paper of Holzapfel et al. (7990) that study the modeling
of the entire growing season. Although the assessment of
the ability to meet the moisture needs of plants by irrigation
system, without reducing the generality, can be carried out
only in critical phases of crop development, from the best of
our knowledge, the vast majority of studies consider
optimization of drip irrigation systems' parameters using the
modeling of the entire growing season. The reason for this
can be the need to estimate seasonal water supply to
calculate the values of objective functions that are based on
economic criteria.

In general, the development of a model base in the
direction of the fullest possible consideration of the factors

© Romashchenko M., Bohaienko V., Sardak A., Nykytiuk O., 2023
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influencing economic efficiency of irrigation is highly
important for the development of decision support systems
in the design of subsurface irrigation systems. Thus, we
identify three major components of the studied optimization
problem (models of moisture transport, irrigation scheduling,
and crop development; weather scenarios; objective
function of the problem) and in their context propose a novel
technique for the solution of the problem.

Second main problem of design and operation of
subsurface drip irrigation systems is choice and justification
of the least water-consuming irrigation regime.

Pulse regime of drip irrigation (Rank and Vishnu, 2021)
provides, in contrast to constant irrigation, the supply of
water to the zones of maximum concentration of plants' root
systems in the shortest possible cycles of fixed or variable
duration in accordance with actual water demand. The use
of pulse irrigation regime makes it possible to create
moisture levels higher than field capacity in certain zones of
moistened volume. In this way, moisture and nutrients
become more available to plants in the corresponding zones
than when other irrigation regimes are used. This, in turn,
leads to a more intensive growth of plants' root systems in
moistened zones (Segal et al., 2006), which is one of the
main features of pulse drip irrigation regime.

Numerous papers are devoted to the modeling of
moistening zones under drip irrigation, in particular, using
pulsed water supply regime. They can be divided into three
classes: papers based on regression analysis of experimental
data (e.g., Karimi et al., 2022); papers that use soft computing
techniques (Shiri et al., 2020); and papers in which differential
mathematical models of moisture and salt transport are
developed and applied (Romashchenko et al., 2021a; Kim et al.,
2021). The construction of regression and soft computing
models requires a large amount of experimental data on the
behavior of a specific plant grown in specific conditions, and
their extrapolative application can lead to high modeling errors.
On the other hand, the models obtained this way are simple
and effective in terms of simulation time.

Differential models of moisture transfer allow without
significant corrections carrying out predictive modeling when
irrigation regime, soil, or crop parameters change. At the
same time, most of the studies on such modeling and its use
in decision support in irrigation that are known to the authors
(see, e.g., Friedman et al., 2016, Gonzalez Perea et al.,
2020) consider fixed root systems of plants and do not take
into account the hypotheses regarding its dependency on
the moistened zones when pulse drip irrigation regime is
used. This study is also aimed at filling this gap of
knowledge.

Materials and methods.

Moisture transport model and numerical solution
scheme. We start from Richards equation (Richards, 1931)
stated in terms of pressure in a two-dimensional setting
in the form (Romashchenko et al., 2021a):

C(h)a—H=3(k(H)a—Hj+3(k(H)a—Hj—&
o ox ax ) oz oz .M
0<x<L,0<z<L,t20
P t
where h(x,z,t):M the water head, m,
pPg
P t
H(x,z,t)=%+z is the full moisture potential, m,
g

P(x,z,t) is the suction pressure, Pa, P is the density of
water, kg/m°, & is the acceleration of gravity, m/s?
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c(h) = 372 is the differential soil moisture content, %/m,

0(x,z,t) is the volumetric soil moisture content, %, k(H) is

the hydraulic conductivity, m/s, S(x,z,t) is the source func-

tion, %/s, that simulates the extraction of moisture by plants’
roots and its supply by subsurface drip irrigation.

The two-dimensional Equation (1) is based on the as-
sumption that the distance between emitters is sufficient to
form a uniform wetted zone along irrigation pipelines.

Boundary and initial conditions for Equation (1) as well
as the form of the source function are given in Romash-
chenko et al. (20271a). We assume that a fixed number of
plants and irrigation pipelines placed at a given depth are
located in the solution domain.

The parameters of subsurface drip irrigation system in
the model are the depth of installation and the number of
pipelines for a given distance (we consider the case of
10 m). The number, not the distance between the pipelines,
was chosen as a parameter to have solution domains of the
same size in all modeling scenarios.

Water retention curves of soils are described by van
Genuchten's model (van Genuchten, 1980) in the form

e(h)zeo+%m (2)
[1+(10a\h\)"}

with coefficient values that vary from layer to layer and can
be obtained on the base of laboratory studies’ results (e.g.,
Romashchenko et al., 2019). The dependency between hy-
draulic conductivity and pressure is represented according
to Averyanov’s model (Averyanov, 1982) in the form

p
k(H):k_,[%] , ®)

where k, is the filtration coefficient, B is the fixed exponent,

the values of which is taken from experimentally obtained
dependencies k(H).

In the presented model irrigation starts at the time when
the average moisture content of a root zone becomes less
than the specified value (we consider first of all the scenarios
where pre-irrigation threshold is at the level of 80% and 90%
FC). Irrigation continues until the average moisture content
reaches 95% or 100% FC. The value of 95% FC was used
in the cases when uneven moistening under drip irrigation
leads under certain conditions to significant overwetting or
inability to reach high moisture content levels, especially
near soil surface. Moisture content is averaged according to
the function of root system density with higher weight coeffi-
cients for the areas where a root system is denser. The width
of a root system depends linearly on its depth and its maxi-
mum width is a parameter of the model.

The numerical solution of the initial-boundary value prob-
lem for the model based on Equation (1) is performed ac-
cording to the implicit finite-difference Crank-Nicholson
scheme (Samarskii, 2001) on a uniform grid. The corre-
sponding linear systems are solved by the TFQMR algorithm
(Freund, 1993). The initial time step length is taken to be
equal to 1 s and changes during the simulation according to
the scheme based on the hypothesis about the correlation
between time step and the condition number of a matrix
along with the correlation of the condition number and the
number of iterations of the solution algorithm — the step is
multiplied on a given value (here equal to 1.25) when the
number of iterations of the TFQMR algorithm exceeds a
given maximum value (here 20). The solution at the appro-
priate time step is then repeated. If the number of iterations
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is less when 1/3 of the maximum value, the length of the
next time step increases the same way.

The step with respect to the spatial variable is proposed
to be found as follows. Starting from a certain value (here
3.3 cm) it decreases until the mean square of differences
between the values of the average moisture content in a root
zone during one day of simulation with the current number
of grid nodes and the number greater on a given value does
not decrease below a given value. The initial moisture
content is taken close to the pre-irrigation threshold.

Determination of evapotranspiration and generation
of weather scenarios. Random weather scenarios are
generated by a stochastic weather generator software
weathergen  (https://github.com/ARVE-Research/gwgen).
Its inputs are the average monthly minimum and maximum
temperature, cloudiness, wind speed, total precipitation, and
the number of days with precipitation. The output file
contains daily values of the same parameters that are
supplied as inputs. Because there is no humidity or radiation
in this data set, the Hargreaves-Samani formula
(Hargreaves and Samani, 1985), which is derived from the
Penman-Monteith method, is used to estimate potential
evapotranspiration as for calculations it requires only air
temperature values and observation point coordinates.
Further simulations used the average climatic data for
Kherson, Ukraine, obtained from open sources. Our
approach allows, in particular, to conduct modeling taking
into account climate change by correcting input climatic data
according to the scenarios of anticipated changes.

Model of crop development. The root system's depth
together with the values of leaf area index (LAI) and crop
coefficient are determined according to the model of crop
development stages evolution upon accumulation of a
certain sum of average daily temperatures (Ritchie and
Nesmith, 1991). We assume that the corresponding
parameters vary linearly from stage to stage. As an input
parameter of the model we use the date of sawing, after
which the duration of the growing season and the dynamics
of LA, root system depth, and crop coefficient is determined
on the base of the generated weather scenario.

Peculiarities of pulse irrigation regime modeling.
When modeling pulse irrigation, we proceed from the
hypothesis that when using pulse irrigation regime, especially
in the case when several waterings are performed within a
day (high-frequency regime), root system is developing in the
zones moistened by emitters and its size depends on the size
of these zones (Segal et al., 2006). Let us state the modeling
problem as follows: at a given irrigation rate, calculate the size
of the root-containing zone that depends on the moistened
zone created by watering with such a rate.

This problem can be solved by successive
approximation according to the following algorithm:

1) Fix a certain initial zone where moisture content is
maintained and that coincides with the root zone;

2) Perform simulation for a period of 1 day and determine
the moistened zone as the maximum zone in the period from
the beginning of a single watering to the beginning of the next
one in which water head increases compared with the initial
level by more than a given value, here and further, denoted
as "a threshold for determining the moistened zone";

3) The obtained moistened zone is the next approximation
of the zone where moisture content is maintained;

4) Perform modeling (step 2) until the moistened zone
stops changing within a given accuracy threshold.

The question in which part of the moistened zone the
root system grows most intensively must be solved
experimentally. In the absence of experimental data, we
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determine the largest possible moistened zone for a given
irrigation rate: such threshold for determining the
moistened zone is chosen by successive changes at which
it is possible to ensure the maintenance of the specified
range of moisture content in the largest moistened zone
that coincides with the root zone.

In the above-described procedure, the duration of
watering is considered fixed and irrigation schedule is
adapted to the changes in soil moisture, which is typical for
automatic control of drip irrigation (see, e.g., Obaideen et al.,
2022). At the same time, situations can emerge in which it is
impossible to ensure the maintenance of the specified range
of moisture content in the corresponding zone using the given
rate. In such cases we assume that rate must be increased.

Input data. Input data described in Romashchenko et al.
(2021a, 2021b) were used for computational experiments. A
single-layered soil model with the filtration coefficient of
15 cm/day was considered.

Simulation domain was 10 m wide and 1 m deep. At its
lower and lateral boundaries the free-flow boundary
conditions were set. For modeling, without lowering the
generality of the proposed technique, we assume that root
systems of plants uniformly fill the corresponding layer of soil.

System parameters optimization procedure. We
propose to use a procedure for optimizing the design
parameters of SDIS that has the following features:

1) A given number of randomly generated weather
scenarios is considered;

2) The procedure for calculating the objective function for
the specific values of pipelines installation depth and the
number of pipelines per 10 m is as follows. For each of
weather scenarios, the simulation is performed for the entire
growing season recording the volume of supplied irrigation
water per 1 m of domain width by a given number of
pipelines. Then, the seasonal volume of supplied irrigation
water and the total length of pipelines per 1ha are
calculated. The price of 1 m3 of water together with the costs
of its supply and the price of 1 m of irrigation pipeline
together with the costs of its installation are the parameters
of the model. The objective function to be minimized is the
average among all weather scenarios of the cost of
constructing the system and water supply within a given
period under constant growing conditions and crop. In the
case when during 24 hours irrigation does not lead to the
increase of root zone moisture content to the upper limit of
the maintained range, the objective function is increased by
a given substantially high "penalty value" — this way we cut
off the scenarios under which the system cannot provide for
the needed irrigation regime.

3) Minimization of the objective function is performed by a
genetic algorithm (Mitchell, 1996). The discretization step with
respect to the spatial variable is determined automatically for
the scenario with the maximum number of pipelines and
the minimum depth of their installation, which should ensure
the fastest change in moisture content during irrigation.

Because modeling the entire growing season in multiple
weather scenarios is a computationally complex problem,
we propose to use a simplified model based on the
assumption that SDIS is able to provide adequate
moistening throughout the season if it is able to perform it
during peak water consumption. In the optimization problem
based on this assumption, the modeling of irrigation
assignment is performed for a limited period (we used value
of 10 days) and a fixed, the highest in the considered
weather scenarios, evapotranspiration level with crop
parameters at the time when this level is reached. Let us
note that the level of potential errors in this case can be
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determined by the correlation between the dynamics of
evapotranspiration and the state of crop development, and
also by the correlation between water supply in the modeled
period and total seasonal water supply.

Results and discussion.

Testing of system parameters optimization procedure.
Testing of the proposed technique was carried out using
monitoring data obtained in 2020 (Romashchenko et al., 2021a,
2021b) during the cultivation of corn in the State Enterprise
"Experimental Farm Velyki Klyny" (Kherson region, Ukraine).

An example of the generated weather scenario together
with the corresponding values of root system's depth, LAI,
and the calculated actual evapotranspiration is shown in
Fig. 1. The coefficients of linear dependencies in the crop
development model were obtained from field observations.

The modeled distribution of water heads after 4 hours
irrigation is shown in Fig. 2 for the case of the distance
between pipelines equal to 1 m, the depth of their installation
equal to 20 cm, the emitters' flow rate equal to 1.6 dm?nh,
and pre-irrigation threshold at the level of 85 % FC. The
moistened zones obtained experimentally according to the
observations are shown in Fig. 3 (Romashchenko et al.,
2021b). The average accuracy of modeling the volumetric

moisture content at the observation points here was ~1 %
according to the results given in Romashchenko et al.
(2021a). Visual comparison of the data shown in Fig. 2 and
Fig. 3 also confirms sufficient accuracy of the simulation.

In the next stage of testing, the procedure of SDIS
parameters optimization was executed for the case of
modeling the range of 10 days at the highest water
consumption level with maintainable moisture content
ranges of 80-95 % FC and 90-95 % FC.

The population size of the genetic algorithm was 10 and
10 iterations were performed. The execution time of the
algorithm on the SKIT-4 cluster of VM Glushkov Institute of
Cybernetics with the use of one 8-core CPU was ~4 hours.

In the case of pre-irrigation threshold equal to 80 % FC,
the best option based on the simulation results was to install
irrigation pipelines at the distance of 66 cm from each other
at the depth of 21.8 cm. The obtained dynamics of the
average root zone moisture content, actual
evapotranspiration, precipitation, and irrigation events for
one of the considered weather scenarios and the full
growing season is shown in Fig. 4.
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Fig. 1. Example of a weather scenario
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The average seasonal water supply among 10 random
weather scenarios was 701 mm (27 waterings with rates of
22-29 mm) with the coefficient of variation equal to 3 %;
average seasonal evapotranspiration was equal to 465 mm,
and total precipitation — to 168 mm. Thus, it can be stated
that for a given value of hydraulic conductivity, range of
maintained moisture content, and the dynamics of root
system's depth, significant moisture losses are possible due
infiltration into the layers below a root zone.

In the case of pre-irrigation threshold equal to 90 % FC
the determined optimal parameters insignificantly differed
from the case of 80 % FC: the distance between pipelines
was equal to 62 cm and the depth of installation — to
21.5 cm. Seasonal water supply was equal to 1063 mm
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(124 waterings with rates of 7-13 mm). Thus, according to
the simulation results, for the filtration coefficient of soil
equal to 15cm/day, an increase of the pre-irrigation
threshold leads to a significant increase in moisture losses.

The correlation between the simulated irrigation water
supply within 10 days for pre-irrigation threshold equal to
80% FC and seasonal water supply is shown in Fig. 5 for the
case of the pipelines installation depth varying from 10 cm
to 40 cm and the distance between pipelines varying from
50 cm to 200 cm. The relative error of calculating seasonal
water supply from water supply within 10 days did not
exceed 11 % that proves the ability to use the simplified
optimization problem for decision support.
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Fig. 5. Correlation between the simulated irrigation water supply within 10 days and the corresponding seasonal water supply
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Assessing the efficiency of pulse irrigation regime.
Mathematical modeling of high-frequency pulse regime was
carried out according to the above-described model with the
following values of parameters:

e pipelines installation depth — 20 cm, flow rate — 1.6 I/h,
distance between emitters — sufficient to form strip
moistening, distance between pipelines — 66 cm;

¢ Soil characteristics obtained on the base of survey data
at the State Enterprise "Experimental Farm "Velyki Klyny"
(Romashchenko et al., 2021a, 2021b) were used as basic
ones: filtration coefficient — 15 cm/day, saturated moisture
content — 33.6 %, field capacity — 25.8 % (pressure — 8.0 kPa).
Similar simulations were carried out using the hydrophysical
characteristics of 20 types of soils obtained on the basis of the
data of their granulometric composition using the Rosetta
software (we thank S.S. Kolomiyets, who conducted laboratory
studies of soils at the State Enterprise "Experimental Farm
"Velyki Klyny", and V.P. Kovalchuk, who processed literature
data on the granulometric composition of soils). Soils were
considered homogeneous; data on their upper layer (up to
20/30 cm) were used throughout the simulation domain depth.
The values of the parameter [ in Averyanov model was
assumed to be equal to 3.5 for all 20 soils;

¢ The maintained moisture content range is 95-100 % FC.
95% FC corresponds for a basic soil to volumetric moisture
content of 24.5% (pressure — 10.4 kPa). The initial moisture
content was taken at the level of the pre-irrigation threshold;

e The average evapotranspiration over the modeled
surface was taken at the level of 5.1 mm/day.
Evapotranspiration in the zones shaded by the plants was
assumed to be entirely due to transpiration, and in the inter-
row area it was modeled as exclusively evaporation from soil
surface. We assume that the width of plants' root systems is
equal to the width of the zone where plants shade the sail.

The results of modeling according to the presented
technique in the case of soil characteristics obtained according
to the surveys at the State Enterprise "Experimental Farm
"Velyki Klyny" with fixed evapotranspiration are shown in
Table 1. The change in irrigation regimes with a change in

evapotranspiration is shown in Table 2. In the case of the results
given in Table 2 watering time was not less than 10 minutes and
increased if necessary.

From the data given in Table 1 it can be seen that an
increase in irrigation time leads to an increase in the volume
of moistened zone and, accordingly, the total volume of
irrigation. At the same time, the loss of moisture due to
outflow into the horizons lower than the root zone also
increases.

In all cases, the dynamics of total moisture volume in the
simulation domain became close to periodic after 1-2 days
of simulation. Stability was ensured due to the initial use of
moisture reserves, the volume of which decreased with an
increase in watering time.

According to the simulation results given in Table 1, the
overall outflow moisture volume and the use of moisture
reserves decreases when moving from 5-minute to 10-
minute waterings, remaining constant with a further increase
of duration. Because of this, in further computational
experiments, the value of 10 minutes was chosen as the
basic duration of watering.

The data given in Table 2 demonstrate that under such
an irrigation regime, an increase in evapotranspiration by
1.5 times compared to the base level leads to the need to
increase the duration of irrigation by 9% to ensure the
maintenance of the required moisture content range. In this
case, the flow below the 7 m layer decrease with an increase
in the use of moisture reserves. In the case of 1.5 times
evapotranspiration decrease an opposite trend is observed.
Thus, the modeling results give us grounds for stating that
with the implementation of pulse water supply regime in
order to minimize infiltration water losses it is necessary to
maintain a differentiated level of moisture supply — higher in
periods of high evapotranspiration and lower in periods of
low evapotranspiration.

The results of modeling for 20 types of soils of Ukraine,
whose hydrophysical characteristics were determined on the
base of the data on their granulometric composition, with
duration of irrigation equal to 10 minutes are shown in Table 3.

Table 1
Results of simulation of pulse regime of subsurface drip irrigation with different fixed irrigation durations
Duration of watering 5 min 10 min 20 min 30 min

Irrigation rate, m%/ha 1.5 3 6 9
Root zone/moistened zone — depth, cm 16-24 13-27 10-30 7-33
Root zone/moistened zone — width, cm 8 16 20 26
Threshold for determining the moistened zone, kPa 0.4 0.6 0.6 0.5
Pipeline installation depth 20 cm
The number of waterings per 10 days 479 252 144 102
Total volume of irrigation, m*ha 664 761 842 902
Total evapotranspiration in 10 days, m*ha 518
Outflow below 1 m layer, m*ha 328 364 405 436
ReS|duaI. (accumulatlo? or use of moisture reserves in 1 m layer with the influence _181 120 _80 _52
of modeling errors), m°/ha

Table 2

Change in irrigation regimes with changes in evapotranspiration
(controlled zone determined for irrigation time of 10 min with evapotranspiration in 10 days at the level 518 m®ha)

Total evapotranspiration in 10 days, m%ha 345 690
Watering time, min 10 10.9
The number of waterings per 10 days 215 287
Total volume of irrigation, m*ha 627 893
Outflow below 1 m layer, m*/ha 378 349
Residual (accumulation or use of moisture reserves in 1 m layer with the influence

; 3 -96 -146
of modeling errors), m°/ha
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Table 3
Results of simulation of pulse regime of subsurface drip irrigation for different soils (duration of irrigation — 10 min)
Soil sMC | FC | a | n cm'fgay N

Silty heavily solodized soils on gleyed loess 50.3% |[37.9% (0,017 | 1,267 1.41 730 249 3.0 29.0%
Sod gleyed solonchak soils on gleyed loess 63.0% [47.8% [ 0,029 | 1,241 1.74 769 262 3.0 32.6%
Sod, gleyed on surface, solodized soils on gleyed loess 59.6% |45.6% | 0,026 | 1,233 1.43 726 237 3.0 28.6%
Chestnut salinized soils on loess 56.5% |42.3% (0,021 | 1,277 1.42 686 233 3.0 24.4%
Meadow--chernozem, gleyed on surface, slightly 51.9% |38.6%|0,015| 1,306 | 1.29 | 663 | 226 | 3.0 | 21.8%
solodized soils on gleyed loess

Chestnut medium solonetz on loess 49.4% |36.5% (0,014 | 1,319 1.26 651 222 3.0 20.4%
Dark—chestnut soils on loess 56.5% [41.9% (0,019 | 1,301 1.42 666 227 3.0 22.2%
Dark—chestnut salinized soils on loess 55.7% |41.6% | 0,020 | 1,282 1.40 678 231 3.0 23.5%
Common deep low—humus chernozems on loess 61.4% |46.2% | 0,026 | 1,257 1.76 759 248 3.0 31.7%
Common deep medium—humus chernozem on loess 58.2% |43.6% | 0,022 | 1,274 1.52 701 239 3.0 26.1%
Common medium—depth low—humus chernozem on loess | 55.4% [41.3% | 0,020 | 1,287 1.43 681 232 3.0 23.9%
Low—depth chernozems on the eluvium of clay shale 51.6% |37.9% (0,017 | 1,330 1.41 649 221 3.0 20.1%
Low—depth chernozems on the eluvium of sandy shale 39.0% |29.2% | 0,027 | 1,271 1.07 625 213 3.0 17.1%
Chernozems on the eluvium of clay shale 48.3% |35.9% | 0,018 | 1,306 1.19 639 209 3.0 18.8%
Chernozems on the eluvium of sandstones 53.7% |38.8% | 0,019 | 1,365 1.73 657 224 3.0 21.1%
Chernozems on the eluvium of sandy shale 40.0% |29.7% | 0,025 | 1,286 0.96 584 199 3.0 11.2%
Chernozems on red clays 50.5% |40.3% | 0,020 | 1,160 1.23 859 45 19.1 | 39.7%
Southern micellar—carbonate chernozems on loess 55.3% |41.8% | 0,021 | 1,257 1.24 672 229 3.0 22.9%
Southern chernozems on loess 61.7% |46.2% | 0,025 | 1,266 1.74 744 246 3.0 30.3%
Il;lighly salinized alkaline chernozems on saline 49.8% |38.8% | 0,020 | 1,197 126 795 154 5.9 34.8%

aleogene clays

* SMC — Saturated moisture content, FC — field capacity, Kr — filtration coefficient, T; — Total irrigation volume for 10 days, Ni — Number

of irrigations, Ir — Irrigation rate, L — Irrigation water losses.

Based on the simulation results, it can be concluded that
outflows below the 1 m layer, which are the main cause of
irrigation water losses in all simulated scenarios, are
primarily correlated with the filtration coefficient (R2= 0.6) as
well as with the volumetric moisture content value for field
capacity (R?2=0.7).

At the same time, the modeled residual of water balance,
which is defined as the accumulation or use of moisture
reserves in 1 m soil layer, significantly correlates with water
head value at the level of field capacity (R?= 0.86).

The total volume of irrigation shows the strongest
correlation with the parameter n of van Genuchten model
(R?=0.63). However, this level of correlation is first of all
provided by soils for which n < 1.2. Such values in the studied
dataset correspond to absolute values of water heads at the
level of field capacity more than 30 kPa and the situations
when higher irrigation rates than the specified basic rate of
3 m¥ha are required to maintain moisture content in the range
of 95-100% of field capacity. If we consider soils with
n = 1.2, the total volume of irrigation has high correlation level
with the same initial parameters as outflows below
1 m layer: the filtration coefficient (R?= 0.65) and the volumetric
moisture content value for field capacity (R?= 0.75).

Considering the connection of the modeling results with
hydrophysical properties of soils, particularly their filtration
and water-holding capacity, we can state that on soils of
heavy mechanical composition (heavy loams, clays) with
low filtration and high water-holding capacity pulse regime
of water supply to the moistened zones should maintain
moisture level as close as possible to field capacity with
relatively large irrigation rate per pulse and low frequency of
pulses. On soils of light mechanical composition (sandy
soils, sandy loams) with high filtration and low water-holding
capacity in moistened zones it is necessary to maintain a
lower level of moisture supply, but in the narrowest range
(90-95 % of field capacity) that requires conducting irrigation
at lower rates with higher frequency of pulses.

Conclusions. The determination of cost-effective
design parameters of subsurface drip irrigation systems
requires combined consideration in the optimization problem
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of such factors as soil moisture transport, crop development,
and variability of weather conditions. The proposed
approach of solving this problem uses a genetic algorithm to
find such a depth of irrigation pipelines installation and a
distance between them that would ensure maintaining a
given range of root zone moisture content with minimal costs
for system construction and operation within a given period.
Consideration of a series of randomly generated weather
scenarios allows assessing the impact of possible extremes
in weather conditions on the ability of the system to maintain
the required level of moisture content and allows taking
climate change into account.

We also propose to use a simplified optimization problem
that allows significant reduction of execution time modeling
irrigation scheduling only within a limited period when
maximum level of water consumption is observed.

The performed computational experiments demonstrated
the compliance of simulation results with the observations of
the dynamics of moistening zones and general practice
of SDIS design in the south of Ukraine.

Further development of the proposed technique is
possible in the direction of its application to generate
practical recommendations for growing different crops in
different climatic zones and substantiation of design water
supply regimes that allow achieving the maximum level of
economic efficiency of irrigation.

Regarding the second considered problem - the
justification of pulse irrigation regime under subsurface drip
irrigation — we used the technique of modeling moisture
transport based on the hypothesis that in this case root
systems of plants develop first of all in the zones of active
moistening. For a given duration of watering, the technique
allows evaluating irrigation water losses, the use of moisture
reserves, and system's resistance to changes in water
demand, providing information about the efficiency of
irrigation water use to decision-makers.

Modeling according to hydrophysical characteristics of
20 types of soils of Ukraine showed that the indicator that
has the greatest correlation with the volume of irrigation is
the parameter n of van Genuchten model. Water losses due
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to outflow below 1 m layer correlate with the filtration
coefficient of soil, while the use of moisture reserves is the
smaller the lower is the value of water head that corresponds
to the level of field capacity.

Thus, the determination of these three hydrophysical
parameters (parameter n, filtration coefficient, and water
head that corresponds to the level of field capacity) is,
according to the results of mathematical modeling, critical
for assessing the possibility of using pulse water supply
regime for subsurface drip irrigation and its effectiveness.

In general, the obtained results strongly suggest that on
soils with heavy mechanical composition subsurface drip
irrigation with pulse regime should maintain a high level of
moisture supply with a relatively large irrigation rate per pulse
and low frequency of pulses. On soils with light mechanical
composition, irrigation regime should have the opposite
character — lower rates with higher frequency of pulses.
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BU3HAYEHHSA NAPAMETPIB CUCTEM MIAIPYHTOBOIO KPAMNJIMHHOIO 3POLUEHHS
HA OCHOBI MATEMATUYHOIO MOAENIOBAHHA BOJIOTONEPEHECEHHSA

Po3ansinymo 3adayy euzHa4yeHHs1 2nu6UHU 3aKnadaHHsl KpanauHHUX cmpiyok ma eiocmani Mixk HUMU nid 4ac npoekmyeaHHs1 cucmeM niorpyH-
moeoeo KpaniuHHo20 3poweHHs1 (CIK3), a makox 3adavy ouiHku eghekmueHocmi iMnynbCHO20 pexxumy eodonodadyi. BionogidHa onmumisayitiiHa
3adayva mae siK Yinboey (hyHKUir0 eumpamu Ha CMeOoPEeHHsI ma eKcrslyamayito cucmemu i po3e's3yemscsi 2eHemuYyHUM an2opummom. [nsi KoXXHo20
3 Habopy 3HayeHb NapaMempie cucmemu MOOesIFOEMbLCS MPU3HaYeHHs1 osiusie NPomMsi2oM ce30Hy ee2emayii 32i0HO i3 3adaHuM nepednosueHUM
nopozom. ModenroeaHHs1 NPO8O0OUMBLCSI HA OCHO8i 0808UMIPHO20 pieHsIHHA Piyapdca, duckpemu3oeaHo20 CKIHYEHHO-Pi3HUYe8ol cxemoro. [ns
UYb020 Napamempu pPo38UMKY POCJIUH 8U3Ha4Yalombcsi 32i0HO 3 Modennto, wo 6a3yembcsi Ha 3MiHi ¢ha3 po3eumKy npu HakonuyeHHi 3adaHol cymu
akmueHux memnepamyp. [ns epaxyeaHHss eapiamueHocmi nMo200HUX yMoe, Modeslt08aHHs1 NMPoeodumbcsi O cepii eunadKkoeo 32eHepo8aHuUX
MemeocyeHapiie. Pesynomamu mecmyeaHHs1 po3po6rieHoi Memoduku niomeepdxyroms ii idnogidHicmb ekcriepuMeHmMasnbHUM CrIOCMepPeXeHHAM
ma npakmuyi npoekmyeaHHs1 cucmem nidrpyHMoeo20 KpanjauHHO20 3POWEHHSI.

Knroyoei cnoea: nidrpyHmoee kpannuHHe 3poWweHHsl, iMnynbCHUl pexxum eodonodadyi, osio2onepeHeceHHsl, Modeslro8aHHsl, onmumisayis.
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CYYACHMM CTAH | NEPCNEKTUBU BUKOPUCTAHHSA NIA3EMHUX BOA
BOAOHOCHOIO FOPU3OHTY TPIWMHYBATOI 30HU KPUCTANIYHUX NOPIAQ
(FIAPOrEOJIOrIYHA OBJIACTb YKPAIHCbKOIO LWUTA)

(MpedcmaesneHo 4reHoM pedakyiliHoi Kosezii 0-pom 2eosl. Hayk, npogh. O.€. Kownskosum)

BHacnidok pociticbkoi agpecii y 2022 pouyi 3azocmpunacsi npobrsiema 3abe3ne4eHHs1 Haces1eHHs1 YKpaiHu MUMHoOK 80000 3 Pi3HUX
dxepen. [1id3emHi 800U NopieHsIHO 3 MosepxHegUMU MaromMb HU3KY nepeeaz, nepedyciMm — 3axuuwjeHicms io 3abpyOHeHHs1 ma Habnuxe-
Hicmb do cnoxueaya. Hapasi HeobxiOHO dueepcudpikyeamu Oxepenia eodornocmayvaHHs1 HacesleHHsl, 3adissmu eci 0CHO8Hi 000HOCHI
20pU30HMU i KOMMIeKcU, wo Micmsimb 80y NUMHOI skocmi. OOHak pecypcu nid3eMHux 600 po3rnodineHi Mo mepumopii YkpaiHu ekpal
HepieHOMIpHO — GinbWwa YacmuHa 3ocepedxeHa 8 NnieHiYHUX i 3axiOHUx obsacmsix, a pecypcu niedeHHuUx obnacmeti obmexeHi. Kpim
mo20o, oCHoeHi 0G0HOCHI 20pU30HMU Mepumopii YkpaiHu xapakmepu3yrombCcsi cmpoKamum XiMiYHUM CK/1a0oM, 3yMO8JIEHUM IPpUupo-
OHUMU i aHMPOMNO2eHHUMU YUHHUKaMU iXHb0o20 ¢hopmyeaHHsl. 3Ha4yHy YacmuHy YKpaiHu 3aliMae YkpalHcbKul wyum, npupooHi ymoeu
5IKO20 He crpusilomb (hopMye8aHHIO 3Ha4YHUX pecypcie nidzeMHux eod. Memoto docnideHHs1 € aHani3 sikicHo2o cmaHy ma oyjiHKa oceo-
€Hocmi 3anacie niézeMHux 800 y mpiwyuHysamili 30Hi KpucmasiyHux nopio apxero-npomepo3oro. [ns1 ybo2o 6yso 3ibpaHo ma npoaHa-
nizosaHo iHghopmayito wyodo euxKopucmaHHsi ma XiMiyHo20 ckiady nid3emMHux 600 32adaHO20 20pu3oHmy. Y pesynbmami 6yso
8usi8/IeHO 3aKOHOMIPHOCMI MPOCcmMopo8o2o po3rodifly MaKPOKOMITOHEHMI8 y nid3eMHuUx eodax 8000HOCHO20 20PU30OHMY y MPiujUuHy-
e8amili 30Hi KpucmaniyHux rnopid. Lji 3akoHomipHOCmMi pekomeHA08aHO 8paxosye8amu y npoyeci MOHIiMopuHay nid3eMHuUx 800 ma iXHb020
20cn00apchKo-NuUMHo20 eukopucmaHHsi. Hezeaxaroyu Ha ekpall HepieHOMIipHe nowiupeHHs1 i cmpokamut ximi4Huli cknaod, y 6inbwocmi
po3ansiHymux obnacmel icHyroms nepcriekmueu 3Ha4yHo20 36inbuieHHs1 auGo6ymky nidzeMHUXx 800 3 B0OOHOCHO20 20PU30HMY Y Mpi-

wuHysamiti 30Hi Kpucmani4Hux rnopio.

Knroyoei cnoea: NidpozeonoziuHa o6rnacms YkpaiHCbK020 wjuma, 30Ha mpiujuHyeamocmi, e000HOCHUU 20pU30HM, UAO6YMOK nio-

3eMHux 800, sikicHUll cmaH nid3eMHuUx eod, MiHepanizauyisi.

MNocTtaHoBKa npoGnemu. B ymoBax BOEHHOI arpecii y
HW3Li perioHiB Haa3BUYAMHO rOCTPO CTano NUTaHHS 3abes-
NeYeHHs1 HaceneHHs nNuTHow Bofok. CTano o4YeBUOHWM,
LLIO BOAOMNOCTaYaHHs NOBMHHE 34iNCHIOBATUCSH 3 Pi3HNX DKe-
pen, NpM4YOMy OCHOBHUMM 3 HUX MOBWHHI OyTn 3axuLLieHi Bif
3abpyaHeHHs Nig3eMHi BOAKW. Y TOW e Yac HM3Ka NiBAEHHNX
perioHiB YkpaiHu, y TOMY YMchi po3TalloBaHi Tam iHaycTpia-
NbHi ueHTpy — OHinpo, 3anopixoks, Kpuein Pir, Kam'sHcbke,
EHeprogap Ta iHLWi, nocTavalTbCs BOAOK BUHATKOBO 3a pa-
XYyHOK NoBepxHeBuX BofA. Lis cuTyauist 3Ha4yHoK Mipoto no-
ACHIOETLCH CKMagHMMM FigporeonoriYyHMMm yMoBamu, Lo He
CrnpusitoTb POPMYBaHHIO 3HAYHUX PECYpCiB MiA3EMHMX BOS
y KpUCTaniyHmx nopogax YKpaiHCbKOro wuTa.

AHani3 ny6nikauin 3a Temor gocnimkeHb. MUTaHHA
ocobnueocTen opMyBaHHS XiMIYHOrO ckragy Mig3eMHuX
BOA KpucTanivyHux nopig YKpaiHCbKOro LiMTta posrnsganucs
aocnigHukamu y nonepeaHi poku (PydeHko, lNonos, 1975; ba-
buHey ma iH., 1979), siki Big3Ha4anm iCHyBaHHs1 3aKOHOMIPHO-
cTen y po3snogini nig3emMHMX BOA TPILLMHYBATOI 30HM 3a
MiHepanisaui€eto i XiMiYHUM CKragom, i NoAcHIoBanu opmy-
BaHHS XiMiYHOTrO CKNaay TEKTOHIYHUMMU, CTPYKTYPHO-NEeTpo-
rpadiyHMMM OCOBNMBOCTSIMM PI3HUX AINSHOK, XiIMIYHUM i
MiHeparnoriYHum cknagom nopia, naneoreorpagiyHMm i cy-
YaCHVMMU KNiMaTUYHMMKU yMOBaMW. Y NofanbLUOMy HU3Ka My-
Onikauin Gyna npucBsdeHa NUTaAHHSM  OOBOAHEHOCTI
KpucTaniyHnx nopig YKpaiHCbKOro wuTa, nigBULLEHHIO pe-
3ynbTaTUBHOCTI OYpiHHA CBEPANOBUH MOMOBHEHHS (fllomull
ma iH., 2016) Ta WTY4YHOMY MOMOBHEHHIO PECYPCIB FOPU3OHTY
(Mempenxko, 2018). B ocTaHHi pOKM akTyanbHUM MUTAHHSM
BOJOMNOCTaYaHHs HaceneH X NyHKTiB YKpaiHu 3a paxyHOK nig-
3EeMHUX BOZ, MOLUYKaM pe3epBHUX [Kepen BoAonocTa4aHHs
Oynu npuceaYeHi nybnikauii NPoBiAHUX YKPaTHCBLKUX YYEHMX
(LLlecmonanos ma iH., 2018, 2020).

MeToro JocnigXeHHs € aHani3 siKicHoro ctaHy nigsem-
HUX BOA BOAOHOCHOMO FOPU3OHTY Y TPILLMHYBATIN 30HI KpUc-
TaniyHUX Mopig apxer-npoTepo30ly, OCBOEHOCTI 3anacis
nig3eMHNX BOA, rOPU3OHTY, @ TaKoX NepCrneKkTUB 306inbLUeHHs
iXHbOro BMOoOOYyTKy. [Ona uboro 6yno 3ibpaHo Ta
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npoaHanisoBaHo iHopMaLito LLOoAO0 BUKOPUCTaHHS Ta Mak-
POKOMMOHEHTHOTO CKNaay BOA 3rafaHoro ropusoHTy.

AHanis npupogHux ymoB opMyBaHHA pecypciB
niasemHux Bopa. lgporeonoriyHa obnacTe YKpaiHCLKOro
wyta (FOYLL) posTalioBaHa y LeHTparbHi YacTuHiI YKpaiHu i
oxonnte Teputopii XKnutommpcbkoi, BiHHMUBKOI, KipoBorpaa-
cbkoi i, yacTkoBo, PiBHeHcbkoi, XMenbHULBKOI, KWiBCbKOI,
[HinponeTpoBcbkoi, Yepkacbkoi, Ogecbkoi, MukonaiBchKoi,
B3anopisbkoi Ta [loHeLbkoi obnacTen.

FOYL HanexnTb A0 HaiMeHLW Bogo3baravyeHux peri-
OHiB YKpaiHu. |13 3aranbHUX NPOrHO3HMX pecypciB Nia3em-
HMXx Bopg Ykpainum 61689,2 Tuc. m3/g FOYL HanexuTb
nuwe 4426,5 Tuc. m3/n abo 7,2 %. 3 4 426,5 Tuc. m3/n 6i-
nbly YacTUHY CKNnagarTb pecypcu nig3eMHMX Bog Y 30Hi
TPiLMHYBATOCTI KpUCTaNiYHMUX Nopig apxe-npoTepo3oto
(1164,7 Tuc. M3/a), pewTa — y Bigknagax naneoreHy
(1130,7 Tvc. M¥/), a TakoX y YeTBepTUHHUX (981,5 Tuc. m%/a),
HeoreHoBux (702,4 Tuc. M3/p), kpeiigosux (435,2 Tuc. M3/a)
i topcbkux Bigknagax (12,0 Tuc. m3/g) (Cman nidzemHux
800, 2021).

Y mexax MTOYLL BOAOHOCHWIA TOPU3OHT Y TPILLMHYBATIN
30Hi Mopig apxel-NpoTepo30k € OCHOBHUM XKeperiom roc-
NofapCbKo-MUTHOIO BOAOMNOCTAYaHHS HU3KWU HaceneHmx ny-
HKTIB (YMCneHHi parueHTpy PiBHeHcbKoi, YKUTOMMPCHKOI,
KipoBorpaacekoi, KuiBcbkoi, [OHinponetpoBcbkoi obnac-
Ten). 3aranbHuii BUOOGYTOK MiA3EMHUX BOA Ha TepuTopil
FOVYLL cknapgaetbes 3 BUAoGyTKy 3 ocagoBoi ToBLWi (32 %) i
3 TpiWMHYBaTOi 30HM KpuUCTamniyHWX nopig A[okemopito
(68 %). 3 ypaxyBaHHAM crieyundikv 06BoAHEHOCTI kKpucTani-
YHUX MOPiA ekcnnyaTauia 34iMCHI0ETLCA HEBEMUKMMN PO30-
cepemxeHnMmu Bogosabopamyn HeBenuKoi MpPOAYKTUBHOCTI
(mo 1-2 tc. m3/n).

BogosMicHi mopoan BOAOHOCHOTO FOPU3OHTY Y 30HI Tpi-
LLIMHYBATOCTI KpUCTaniYHMX Nopia apxen-npoTeposoto npes-
CcTaBneHi rpaHitamu, Mirmatutamum Ta rHencamu. [lo
AOMMHAX PiYOK KpUCTarniyHi MOPOAN BUXOOATb HA 3eMHyY Mo-
BepxH0 abo nepekpuBaloTLCH ManonoTyXXHUM  LLapOM
Me30-KaHO30MCbKUX Bigknaais. Hanbinblw o6BOAHEHI 30HU
NpUypOYEHi A0 MOHWKEHWX AiNAHOK Cy4acHOro penbedy, Lo

© INota H., 2023
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36iraloTbCsa 3 PO3BMHEHOIO rigporpadiyHO Mepexeto Ta Kpy-
NHUMKW 6ankamu. MoTyXHICTb 30H IHTEHCMBHOI TPILLUHYBATO-
CTi yacto He nepesuye 20 M Big NOBEPXHI KpUCTaNivyHUX
nopia Ha sogoginax ta 50 M y 4onuHax pivoK i OLMPIOETLCA
3a3Buyai Ha rmmbuHy 80—100 M Big cy4acHOi NOBEPXHi.

>KnuBneHHs BOOOHOCHOrO rOpu3oHTY BigOyBaeTbcs 3a
paxyHoK iHginbTpauii aTMocdepHUxX onagis, a Takox nepe-
TiKaHHA 3 BOOOHOCHMWX FOPU3OHTIB, MPUYPOYEHNX A0 nopia
0Caf0BOro Yyoxna B Micusax BiACYTHOCTI BogoTpuBiB. Po3sa-
HTa)XeHHS BigOyBa€ETbCS B JONMHAX PIYOK.

Mawxe noBCIOOHO KpUCTaniyHi nopoan nepekpuTi Ko-
pOt0 BUBITPIOBAHHS, sika BU3HA4Yae YMOBW iXHbOrO B3aEMO-
3B'A3Ky 3 BOLOHOCHMMMW TOPWU3OHTaMW i KOMMNIekcamu
0cajoBMX Bigknagis, L0 3ansratoTb BuLLe Ta, BianoBigHoO,
yMOBW XuBrieHHs1. Kopa BUBITpIOBaHHS 3anexHo Big nito-
NoriyHoro cknagy Moxe 6ytv abo BOOOHOCHUM FOPU3OH-
TOM, abo BiAHOCHMM BOAOTPUBOM. Y perioHanbHOMY nnaHi
NOBHMI PO3pi3 i Binblia NOTYXHICTb KOPWU BUBITPIOBAHHS
CrocTepiraeTbCsl Ha BOAOAINBHUX OiNsHKax, A0 NpUpycro-
BUX YaCTUH 1T NMOTYXHICTb 3MEHLUYETLCS, aX A0 MOBHOMO
po3muBy (owoeckkull ma iH., 2018).

Byay4yun KpynHo NO3UTUMBHOK CTPYKTYPOLO, Tigporeosio-
riYHMN MacuB — YKpaiHCbKuI KT 3abe3nedye (hopMyBaHHS
NOBEPXHEBOrO i MiA3€MHOro CTOKIB, CNpAMOBaHuX y B6ik npu-
Nernux 4o HbOro apTe3iaHCbKMX DacenHiB.

AkicHMA cknag nig3eMHUX BOA4 3YMOBMEHUIA yMOBaMu
dopmyBaHHS ixHix pecypcie. OcobnmBiCTHO BOAOHOCHOTO ro-
PU3OHTY Y TPILLMHYBATIN 30HI KpUCTaniyHMX nopia € Te, Wo
BiH, SIK i 'PYHTOBI BOOOHOCHI FOPU30OHTU, XUBUTLCS MO BCin
NSIOLLi MOro NOLMPEHHS.

YMOBU HaKONUYEHHS i UMpKynauii nig3eMHUX BoA y Me-
Xax wwuta Aayxe HeopHopigHi. liBHiyHa vactuHa MOYLY
NEeXUTb Y 30HI HAAMIPHOIO 3BOMNOXEHHS, LieHTparnbHa i nis-
OEHHO-CXiHa — Y 30Hi HECTIKOro 3BOSOXEHHS, NiBAEHHA —
Yy 30Hi HEQOCTaTHBLOro 3BONOXEHHS. OKpiM 30HaNbHMX KIi-
MaTU4HUX BigMiHHOCTEN, TepuTopis TOYLL Bkpal HeogHopi-
OHa 3a pO3BMTKOM  TpIiLMHYBATOCTi, a OTXe 3a
06BOOHEHICTIO, sIKa Ha Pi3HMX AiNsiHKaxX CYTTEBO Pi3HUTLCHA
SIK 3@ NnoLeto, Tak i 3a rMmubuHoto.
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® 3anacu B TpilMHyBaTin 30Hi, TMC.M3/4

"OpPWM3OHTY B TPILLMHHIM 30HI KpMcTaniyHMX nopia Bnac-
TUBI HEOOHAKOBI YMOBM 3aXULLEHOCTI MO MNOLL MOro nowm-
peHHS. 3anexHo BiA NOTYXHOCTi cnabonpoHWKHMX nopig y
MOKPIBNi BOAOHOCHWUI FOPU3OHT Y TPILLUHYBAaTIN 30Hi KpucTa-
nNiYHUX Nopig apxer-NpoTepo30H0 Y Pi3HMX YacTUHaX NoLu-
pPEHHS € 3axuweHuM abo YMOBHO 3axuLeHUM Bif
3abpyaHeHHs1 3 noBepxHi. Ha okpemux AinsiHkax icHytTb
YMOBW ANS rigpasnivyHoro 3B'a3ky 3 6e3HanipHummn BOAOHO-
CHUMW TOPU3OHTaMK, WO 3andarailTb BuLle 3a PO3Pi3oM.
HanyacTiwe ropusoHT € YMOBHO 3aXMLLEHUM Y MeXaXx pid-
KOBWX JONWH, Aie BiH XapaKTepunsyeTbCst HanWbinbLIO BOAO-
36araveHicTio (lowosckkul ma iH., 2018).

MeToguka gocnigxeHb. [locnigxkeHHs BUKOHAHO METO-
4oM 360py, aHanisy Ta y3aranbHeHHst iHdbopMauii oo siki-
CHOTO cKknagy niA3eMHUX BOA BOAOHOCHOTO FOPU3OHTY Y
TPILMHYBATIN 30Hi Nopia YKpaiHCbKOro WwuTta, AaHux CcToco-
BHO BMICTYy 3abpyaHeHb y nig3emMHMX BO4aX Ta MOKa3HUKIB
BNOOOYTKY 3a OCTaHHiIl nepiog yacy. lgporeoximiyHy iHdo-
pmaLilo npoaHani3aoBaHo 3 ypaxyBaHHSIM KIiMaTU4HUX YyMOB
TepuTopii TigporeonoriyHoi obnacTti YKpaiHCbKOro LwuTa,
NOKa3HWKIB 3axMLLEHOCTI JOCNIAKyBaHOro BOAOHOCHOIO ro-
PU30HTY Ta aHTPOMOrEHHOIrO0 HAaBaHTAXEHHS.

Pe3ynbTaTtu aHanisy. AgmiHictpaTuBHi obnacTi, po3Ta-
wosaHi B mexax MOYLL, Big3Ha4aloTbCH Pi3HUM KinbKiCHUM
Ta AKICHMM CTaHOM MiA3€MHUX BOZ, i Pi3HUM CTYNeHeM IXHbOT
0OCBO€EHOCTI (puc. 11 2).

BignosigHo o iHdopmadii [lepxaBHoro 6anaHcy 3anacis
KOPUCHMX KonanvH (HepxasHuti 6anaHc, 2017, 2021) y niBHi-
YHin YactuHi FTOYL, Ha TepuTopii X Kumomupcbkoi obna-
cmi, BOOOHOCHWUW FOPU3OHT TPILMHYBATUX KpUCTaniuyHUX
nopia € OCHOBHWM, Ha HbOMY 6a3yeTbCcsl LIeHTpanisoBaHe BO-
JornocTadaHHsl HacerneHux NyHKTIB obnacTi, 3okpema Mm. be-
pavyeBa Ta Kopoctuwesa. [Jo Lb0oro BOAOHOCHOIO rOPU30oHTY
npuypo4eHo 6nunsbko 80 % AINAHOK i3 3aTBEPMHKEHUMN eKC-
nnyarauinHmMm 3anacamu i 6rim3eko 60 % 3anacis Nig3eMHMX
BOJ, @ peluTa — o MiCKOBUKIB i NiCKiB FOPCBHKOro, Kpengosoro,
naneoreHoBOro i YeTBEPTUHHOTO BIKY.

B BukopuctanHsi, 2020 p., Tuc.m3/n

Puc. 1. 3anacu Ta BUKOPUCTaHHSA NiA3eMHUX BOA BOAOHOCHOTO rOPU3OHTY Y TPiLUMHYBAaTI 30Hi KpUCTaniyHux nopia
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Puc. 2. 3miHu miHepani3auii nig3eMHUX Bog BOAOHOCHOIO rOPU3OHTY Y TPiLLMHYBaTIN 30Hi KpUCTaNiYHUX nopig

BogoBmicHMMM nopogamm € rpaHiTv, MirMaTUTH | THECK.
MiHepanisauia nig3emMHux Bog y KpUcTanivyHnx nopogax Tyt
HW3bKa, nepeBaxkHo 00 0,5 r/am3, NpuioMy HUXKHS Mexa Ko-
NMBaHb MiHepani3adii No cBepAnoBUHAX HEPIOKO CTAHOBUTL
0,1 r/am3. HaiHwx4a MiHeparisauis nepeBaxHo ikCcyeTbes
y CBepAsIoBMHAX, LLIO PO3KPMBaKTb BOAOHOCHMUI FOPU3OHT
Ha He3HauHin rmMmnbuHi — go 10 M. XiMiyHui cknag Boau 3ae-
GinbLworo rigpokapboHaTHUIA MarHieBo-kanbLUieBuiA, pigLue
rigpokapboHaTHWI kanbuieBui. [1o0 pe4oBuH, BMICT AKuX ne-
peBuLLYE rpaHNYHO AOMNYCTMMI KOHLEHTpaLii y BOAi Ha OKpe-
MUX BOAo3abopax, Hanexartb 3ani3o, MapraHelb, aMoOHil,
KpemHii Ta Hadptonpoayktn (CmaH nid3emHux 600, 2021).
Ha okpemux ginsiHkax y niag3eMHuX BoAax Big3HayaeTbes Mi-
OBULLEHUI BMICT paoHy.

Ynpogosx 2020 p. 3 32 ginsHOK, po3BigaHnx Ha BOAOHO-
CHUWI FOPU3OHT Y TPILLMHYBATIN 30Hi KpUCTaNiYHUX Nopia, BU-
nobyTok npoBoauBcs Ha 11, a i3 3aranbHOI cymu 3anacis,
NpUypoYEHUX came OO0 LbOro ropusoHTty, 6yno Buaobyto
nmwe 3,5 %. HeuncneHHi gaHi Woao 3miH sKiCHOTO CTaHy
nig3eMHUX BoA Y MpoLeci ekcnyaTauii Bogo3abopis 3acBia-
YyIOTb, WO Ui 3MiHX (hikcyBanucs pigko i nonsranu B HecyT-
TeBOMy  30inblieHHi  MiHepanisauii. 3Baxawun Ha
nepeBaxHO A06PUI AKICHWI CTaH NiA3EMHMX BO | HE3HaYHY
OCBOEHICTb, NEPCNEKTMBM HApOLLYyBaHHS BUAOOYTKY niasem-
HWUX BOA, 3 TPILLUMHYBATOI 30HW KpUcTaniyHmx nopia y XXvto-
MUpcCbKin obnacti € gyxe cnpuatnueumn. Ha KuiewjuHi
BOZOHOCHUI FOPU3OHT Y KPUCTANiYHUX nopodax ekcrnyaTy-
€TbCS Y NIBAEHHI YacTuHi 06nacTi, Noro YacTka y 3aranbHux
ekcnnyaTauinHmx 3anacax obnacTi He3HayHa, BOHa CTaHo-
BUTb MeHLe 3 %, OCHOBHa YacTuHa 3anaciB MiCTUTbCS Y rpa-
HYNAPHUX  KOMeKTopax — Bigknagax YeTBEpPTUHHOrO,
naneoreHoBOro, KpemgoBoro Ta KpPCbKoro Biky. Bopgosmic-
HUMU € rpaHiTK. XiMiYHUIA cknag BOAW rigpokapboHaTHUN Ka-
nbLjieBo-MarHieBui, MiHepanisauis nepesaxHo 0,3-0,5 r/am3.
[0 peyvoBMH, BMICT SIKMX NEPEBMLLYE FPAHUYHO OOMYCTUMI
KOHUeHTpaLii (CmaH nid3emHux 800, 2021), HanexaTb 3ani3o
Ta MapraHeub. 3-nomixk 12 po3sBigaHux AiNsHOK BUAOOYTOK y
2020 p. npoBoamecs Ha 7, obcsr BuoobyTky ctaHoBuB 11 %
BiJ OUiHEHUX 3anaciB poAoBuULL, NPUYPOYEHUX OO OOCHIOKY-
BaHOro BOJIOHOCHOIO rOpU30HTY. Boay ropu3oHTy B KpucTtani-
YHUX NOpoAdax BUKOPUCTOBYIOTLCSI Afsi BOAOMOCTaYaHHs
M. CkBupa, Tapawa i TerTii.

Y mexax BiHHUybKoi obs1acmi BOOOHOCHWUIA FOPU3OHT y
TPIiLWMHYBATIN 30HI KpUCTaniYHMX NOPOL Mae BaxnueBe 3Ha-
YeHHs — 6nmnsbko 60 % ekcnnyaTtauiiHux 3anacie nig3eMHNX
BoZA obnacTi NoB'si3aHi caMe 3 H1M, peLuTa — 3 BOOOHOCHUMU

ISSN 1728-2713

ropu3oHTaMu y BarnHskax, nickax i nickoBmkax mioleHy. Bo-
OHo4ac vepes cknagHy inbTpauinHy HeoaHOpPIgHICTL Tpi-
LMHYBATOI 30HM KPUCTamniYHUX MOpig Ha 3HAYHIN 4acTuHI
BiHHMUBKOT 0GnacTi 3anacu nig3eMHUX BOA He 3aTBEPMXKEHI
(Mllomu, CaniHa, 2021). NMporHo3Hi pecypcu Nia3eMH1X Bog,
NMUTHOI SIKOCTi OUiHEeHI Mo BiHHMUBKIN obnacTi y KinbKoCTi
885,5 Tuc. M%/, a ixHsa po3BigaHicTb cTaHoBUTL nuLie 16 %.

BopoBmicHuMM € rpaHiTu. Min3emHi Boaum rigpokapboHa-
THOrO MarHieBO-kanbLieBoro, pigwe rigpokapboHaTHOro
KanbuieBoro i rigpokapboHaTHOro KarnbLji€BO-MarHieBoro
cknaay 3 miHepanisauieto 0,3-0,7 r/am. Mooekyau y cknagi
BOAW 30iNbLUYyETLCA BMICT iOHIB HATpIt0. Y MeXax HaceneHmx
NyHKTIB, 0cO6NMBO y M. BiHHWML|, Big3Ha4aeTbCs 306inbLUEHHS
MiHepanisauii 3a paxyHOK iOHiB xnopy, cynbdaris i HaTpito
BHACII4OK aHTPOMOreHHOro BMIMBY, O4HAK MOKa3HWK MiHe-
panisauii nepesuiye 1 r/am® nuiLe B NOOANHOKUX BUMNaOKaXx.
Y BoAi okpeMunx BoAo3abopis dikCyoTbCs 3abpyaHioBanbHi
peyoBUHN — HITpaTW i HadTONPOAYKTU, a TaKoX MNepesu-
LLIEeHHS1 HOPMOBAHOTO MOKa3HWKa XXOPCTKOCTI.

Boam ropusoHTy B KpUCTaniyHMX nopoaax BUKOPUCTOBY-
I0TbCA ANA BogonoctayaHHsa MicT bepwagi, MancuHa, He-
MupoBa, Jlnnosus, InniHUiB Ta iH. HXHIi 6nn3bko NOMOBUHK
po3BigaHMX AiNsHOK He eKcnnyaTyloTbCs, a 3ararioM BMOo-
OYyTOK 3 rOpU30HTY CTaHOBUTL Nue 8 % 3anacis no obna-
cTi. Huska ginsHok 3i 3Ha4yHMMM 3anacamu (Hanpuvknag,
AinsHka Byabka no6nm3y BiHHuui i3 3anacamu 13,9 Tuc. m3/a
Ta y MavicuHi i3 3anacamu 12,2 Tuc. m3/0) € He3agisHUMU.

Cnig 3a3HaunTK, WO JKeperiom LeHTparnisaoBaHoro BOAOmMO-
CTayaHHs HaceneHHs M. BiHHuus € Bogw p. IMA. byry, a nigzemHi
BOJM TPILLMHYBATOI 30HN JOKEMOPINCHKUX MOpi, BUKOPUCTOBY-
HOTbCS1 Anst BOAONOCTa4YaHHs MPOMUCIIOBUX NiANPUEMCTB MicTa.
| Xoua yepes cknagHi rigporeonoriyHi ymosmn 6mmn3ssko 40 % pos-
BifyBarnbHUX CBEPAMOBUH BUSBUNMCA MaroaebiTHUMK i Henpw-
JatHuMK ana BuaobyTky, dhaxisui QY "HaykoBo-iHxeHepHun
LeHTp pagiorioporeoeKosioriyHMX NOMIFOHHMX  OOCTiMKEHb
HAH YkpaiHn" o6rpyHTyBanM MOXIUBICTb BOAOMNOCTAYaHHA
BiHHMUI BUKIIOYHO 3a paxyHOK MiA3eMHUX BOA TPILLMHYBaTUX
KpucTaniyHux nopig y pasi BUHUKHEHHS1 Haa3BUYanHUX cUTya-
uin (LLlecmonanos ma iH., 2018).

Y uinomy nepcnekTueu po3B'a3aHHs npobrnem Boaono-
CTayaHHs HaceneHux NyHKTIB obnacTi 3a paxyHok niasem-
HUX BOA OOCUTb CNPUSITIIUBI, LWONpaBaa, Le CTOCYETbCA He
BCi€l TEPUTOPIi.

Y Yepkacbkili o6s1acmi Yactka BOOOHOCHOIO FOPU30HTY
Y KpUCTaniyHMx nopogax B ekcrnyarauiiHux 3anacax CTaHo-
BUTb GnM3bko 4BepTi. BogoBMmicHi nopoan npencTtaBneHi
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nepesaxHo mirmatutamu. lig3emHi Boan rigpokapboHaT-
HOro KanbLi€eBO-MarHieBoro cknagy, Ha okpeMmx Bogo3abo-
pax (c. MaHbkiBKa) — XIOpuAHO-CynbaTHOrO MarHieBo-
KanbljieBoro cknagy, MiHepanisauis nepeaxHo 0,3—
0,8 r/am®, nogekyau, Ha nisgHi o6nacti, go 1,3-1,5 r/ams.
Boan ropv3oHTy BMKOPUCTOBYKOTLCS AN BOAONOCTa4YaHHs
micT XawwkoBa Ta YmaHi. Y 2020 p. BuaobyBaHHSI NpoOBOAU-
1N10CH Ha TpeTWHI po3BigaHuX AiNSHOK, BUAOOYTOK CTaHOBMB
nuwe 7 % Big 3aTBepMXEeHUX 3anaciB Mig3eMHuX Bog, Lo
HanexaTtb 0O BOOOHOCHOIO FOpPU3OHTY TPILLMHYBAaTOl 30HM
KpuUcTaniyHux nopig.

Kipoeozpadcbka obnacmsb HaiMeHLU 3abe3neyeHa pe-
cypcamu nig3emMHuX Bog, Yepes Te, LU0 BOHa LiNkoM po3TaLlo-
BaHa B Mexax [OYLL Ta B 30Hi HECTIKOro 3BONOXEHHS.
Yactka BOLOHOCHOrO FOPU3OHTY Y TPILLMHYBATUX Mopodax
pokembpito ctaHoBUTb 21 % 3aTBepkeHux ekcrnyarauin-
HKX 3anacis obnacTi, peLuTa 3anacis npuypoyeHa o 4YeTBep-
TUHHUX | €OLEHOBMX BiKNaaiB ocagoBoro Yyoxna. BogoBmicHi
KpyCTaniyHi nopoau — rpaHit i rHencu. MakpoKOMMOHEHTHUI
cknag, BoA TYT € Oinblu CTPOKATUM, HEPIOKO [BOKOMMOHEHT-
HUM aHIOHHWM | TPUKOMMOHEHTHUM KaTioHHUM. Y BOAi nomno-
BMHM Bogo3abopiB cepen kaTioHIB MPOBiAHY ponb Bidirpae
HaTpii, YacTo BiA3HA4YaETLCH 3HAYHUIA BMICT CynbdaT-ioHiB.
MiHepanisauia ctae we Tpoxu Buwoo — nepesaxHo 0,4—
0,9 r/om3, Hepigko nepesuwye 1 r/ame. [Jo pevyoBuH, BMICT
aknx nepesuwye NOK, HanexaTtb amiak i nectuungm.

BOAOHOCHWI rOPU3OHT y KpUCTaniyHNX Nopoaax BUKOpU-
CTOBYETbCA ANA BogonocTayaHHs cMT onosaHiBcbk Ta 3a-
Bannsa. 3 posBigaHMx Ha Nig3eMHi BOAM AOCHiAXYyBaHOro
ropu3oHTy AinsiHok y 2020 p. BugoGyBaHHS NpoBOAUIOCs
MEHLL HiXXK Ha MONoBWUHI, 06csAr BUOOOYTKY CTAHOBMB MEHLL
Ak 3 % Bif 3aTBEpPOKEHNX 3anacis.

Y AHinponempoechkkili o611acmi OCHOBHiI BOLOHOCHI ro-
PU30OHTM NPUYPOYEHi OO YETBEPTUHHUX antoBianbHUX Ta na-
NeoreHoBUX BiOKNadiB, a porb BOAOHOCHOIMO FOPWU3OHTY B
KpucTaniyHmx nopogax HeaHayHa. [Jo uboro BOAOHOCHOTO ro-
p130HTY NpuypoyeHo MeHLue 0,3 % ekcnnyaTauiiHux 3anacis
obnacrTi. €guHe po3BigaHe IrpeHcbke poaoBULLE HE EKCITy-
aTyeTtbes. [MigsemHi Boay poposuLLa NpuypoYeHi 4o rpaHiTie,
3a cKkrnagom cynbaTtHo-rigpokapboHaTHI HaTpieBO-KanbLiEBi
3 MiHepanisauieto 0,5-0,72 r/am3. Ha 3HauHiin YacTuHi Tepu-
Topii obnacTi B mexax MOYLL ekcnnyaTauinHi 3anacv nigse-
MHVX BOA HE PO3BiAyBanucCb i He 3aTBepOKyBanvcb 4yepes
CcnabKy NPOHUKHICTb i cknagHy dinbTpaLiiHy HEOAHOPIAHICTb
KpuctaniyHmx nopig (Sllomud, CaniHa, 2021).

Ha MukonaieuwuHi BOOOHOCHWUI FTOPU3OHT Y KpUcTaniy-
HWX MopoAax PO3BMHYTMIA y MiBHIYHIN YacTuHI obnacTi. Yac-
TKka LbOro BOAOHOCHOIO FOPW3OHTY CTaHoBUTL 5 % BiA
3aTBEPIKEHNX eKcnyaTaLiiHux 3anacie obnacri, OCHoOBHa
YacTMHa 3anaciB NpMypoYeHa A0 YeTBEPTUHHUX antoBianb-
HUX BigKNagiB MiOLEHOBUX BanHAKIB Ta €0LEeHOBUX | BEpX-
HbOKpPEenaoBUX nickiB. BoaoBMiICHI KpucTaniyHi nopoan —
rHevicn. 3anacu 3aTBepaXeHi no ABox pAinsHkax. OgHa
CBEPAMOBMHA BUKOPWUCTOBYETLCS [ANs BOAOMNOCTaYaHHA
HaceneHHs cmT KpuBe Osepo, 3anacu CTaHOBMSTb
3,9 Tnc. M3/a, XiMiYHWIA cKnag Boau XMopuaHo-cynbdaTHo-
rigpokapboHaTHUI KanbLji€BO-MarHieBo-HaTPIiEBUIA, MiHepa-
nisauia  0,6-0,9 5r/am®. [pyra AinsHka poaTaloBaHa
y MNMepBomanicbkoMy panioHi, Boga BUKOPUCTOBYETLCS A1 MOT-
pe6 npomucriosoro mignpuemcTea. 3anacu 0,969 Tvc. m3/a,
BOZa rigpokapboHaTHO-cynbgaTHa MarHieBo-kanbLiesa, Mi-
Hepanisauia 0,61-1,52 r/am®. BugobyTtok y 2020 p. caras
6nm3bko 13 % Big 3aTBEpOKEHUX 3anaciB. XapakTepHUMU
3abpyaHI0BanNbHNUMK peydoBrHaMM Nig3eMHUX Boa B obnacTi
€ TUMNOBI NS arpapHUX PerioHiB HITPATU, HITPUTU Ta aMOHIN
(CmaH nidzemHux 80d, 2021).
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Y mexax FOYL B 3anopi3bkili o6s1acmi BOLOHOCHWIA
rOPU30OHT MPaKTUYHO HEe BMBYABCH i 3amacu He OLjiHIoBa-
NNCS, O4EBUAHO, Y 3B'SI3KY 3 HU3LKOI AKICTHO NiA3EMHUX BOA
(llomut, CaniHa, 2012). HuHi npobnema rocnogapcbkoro
BOZOMOCTa4YaHHSA Y CXifHin YyacTuHi 3anopisbkoi obnacti po-
3B'I3YETHCS 32 paxyHOK BOOAOHOCHWX FOPW3OHTIB Y Bigkna-
Oax HEeoreHy, HWXHbOro, CepeaHboro i BEpPXHbOro
naneoreHy Ta BepxHbOi kpenau. BogoBmicHUMKM nopogamm
BCiX FOPM3OHTIB € Pi3HO3EPHUCTI Ta OPIOHO3EPHUCTI MiCKK.
€avHe BacuHiBcbke poaoBuLe, MO SKOMY OLHEHO 3anacu
nig3eMHNX BOA, Y HEOTEHOBUX | MPOTEPO30NCHKNX NMOPOAaX,
MIiCTUTb Nig3eMHi BOAW y NPOTEPO30NCLKUX rHencax xmnopu-
OHO-TiApokapOOoHATHOro KarnbLjieBO-MarHieBoro cknagy 3 mi-
Hepanizauieto 4,0—4,3 r/am3.

Ha nisgHi JoHeuybkoi obsacmi MmiHepanisauis nigsem-
HWUX BOA Y AOKEMOPINCbKMX KpUcTaniyHmx nopogax cTaHo-
BUTb nepesaxHo 3,0-5,0 r/am® nogekyam caratoum 8 r/ams i
Oinblwe (LLlecmonanos, 2020; Kamsicm, LLlesayeHko, 2009).

OueBnaHO, 3 ypaxyBaHHSAM LUMPOKOTO BMPOBaMKEHHS HO-
BMX TEXHOMONiN OYMLLEHHS BOAW, 30KpEMa METOAOM 3BOPOT-
HOro 0CMOCY, NiAX0AM A0 OCBOEHHS PECYPCiB NiA3eMHMX BOA, Y
niBOEHHNX perioHax MoxyTb OyTu nepernsiHyTi (STlomud, 2016).

AHani3 NpocTopoBOro NOLLNPEHHSI BOA Pi3HOrO MaKpOKO-
MMOHEHTHOrO cknagy i MiHepanisauii 04HO3Ha4YHO CBIOYUTL
NpO NPIOPUTETHICTb MPUPOLHNX YNHHUKIB Y IXHBOMY chopmy-
BaHHi. BopgHo4ac cyTTeBOro BMAMBY MiHEpanoriYHoro
CcKnagy BOAOBMICHUX KpUCTaniyHMX nopig Ha oopMyBaHHS
MaKpPOKOMMOHEHTHOrO CKnaay nif3eMHUX BOA He BUSIBITEHO.
HaToMmicTb BM3Ha4anbHUM € KNiMaTUYHUIA YMHHUK, Hacam-
nepen KinbKiCTb onagiB, OCKiNbKW TEpUTOPIi 3 Nig3eMHUMMU
BOAaMu 3 MiHepanisauieto noHag 1 r/am® i amiHoto rinpokap-
©GOHaTHOro cknagy Ha CTpoKaTuii 3i 36inbLUEHHSIM poni CyIb-
daTtiB i xnopuaiB, BMEBHEHO BiA3HAYaKTLCHA 3a 3MiHU
arpokniMaTMyHOi 30HN HeJOCTaTHLOrO 3BOMOXEHHSI Ha Mo-
MipHO MocyLwnmMBy abo niBAeHHiwe i3orietn 550 mm/pik. 13
KNniMaTU4HUM YMHHUKOM NPSIMO MoB'A3aHa 3MiHa Jlicocteno-
BOI 30HM 3 NepeBaXaHHsIM Cipux nicoBux rpyHTtiB Ha Cre-
noBy 3 MNaHiBHMMM 4YOpHO3eMaMu. Ha umx e LwmpoTax
BiAOyBaETbCA 3MiHA NepLUMX Big NOBepxHi 6e3HanipHux Bo-
AOHOCHMX rOPU3OHTIB B antoBianbHUX i gntosiornsuianbHUX
YeTBEPTMHHUX BidKMagax Ha BOOOHOCHI FOPM3OHTUM B €0-
NOBO-AeNtoBianbHMX Bigknagax Takoro X Biky. Bce ue niar-
BEpPOXKYE MiANOpPsAKYBaHHSA XiMIYHOTO cknagy Bog Y
KpuUcTaniyHmx nopogax npupOAHin reorpadoivHin rigpoximiy-
Hil 30HaNbHOCTI Ta IXHIN TICHWI 3B'A30K 3 NOBEPXHEBUMMU i
r'pyHTOBMMM Bogamu (puc. 3).

3a gaHvmu [JHBI "MeoiHopM”, y BOAax TpiuHyBaTol
30HU KpUcTaniyHMx nopig Aokemobpito BiA3Ha4YaeTbCA HU3Ka
PEYOBVH, BMICT SIKMX NEPEBULLYE HOPMATUBHI MOKA3HMKM,
BctaHoBneHi [CaHliH 2.2.4-171-10 "TirieHi4Hi BUMOrn go
BOAW MUTHOI, NPM3HAYeHOI A11s CMOXUBaAHHA NoguHor". Li
ernemMeHTV i CMoNykM MalTb SK MPUPOOHE, TakK i aHTpomno-
rEHHE NMOXOKEHHS.

YacTto enemMeHT i Cronyku NpupogHOro NOXOMXKEHHS Ma-
H0Tb 3HAYHE MOLUMPEHHS | NOTYXXHi NPUPOAHI O)Kepena Hafaxo-
[KEHHSl, TOMY MOMIMLWEeHHs $KOCTi BOA4 MOXIMBE fuLle
LUMASAXOM 3aCTOCYBaHHA BignoBigHOI Bogoniarotosku. o pe-
YOBWH NPUPOOHOrO MNOXOKEHHS HanNexaTb 3ani3o Ta Mapra-
Helb, siKi MiCTATb 36arayeHi Ha opraHiyHi pe4oBMHN 'PYHTOBI
BOOM TyMIigHOT 30HM. BnacHe, HegocTaTHA 3axULLEHICTb BO-
AOHOCHOro rOPU30HTY KpucTaniyHux nopig y Nonicekin 30Hi
(ocobnueo B mexax cybbacenHy [Mpun'ati) i rigpaBnivHni
3B'AI30K i3 3anernvmMu BuLLie 3a po3pi3oM I'PyHTOBUMW BOAaMMU
3YMOBWIM MIOLUMHHWIA XapakTep NOLUMPEHHS! BOA i3 NoHaa-
HOPMOBMM BMICTOM 3ani3a Ta MapraHLto.
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YMORBHI NO3Ha4YeHHs
MyHKTH BiaGopy Npo6 3 NOBEPXHEBUX BOAOTOKIB
» MiHepanisadis < 0,5 r/ky6.am
e MiHepanisauia 0,5 - 1 r/ky6.am
e wMiHepanisauis >1 r/ky6.am
MnowuHHe nowmnpeHHsa MiHepanisadii, r/kyb.am

meHwe 0,5
B o05-10

Ginbwe 1,0
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Puc. 3. MiHepani3auisi noBepxHeBUx BoA Ha TepuTopii FTOYLL

XapakTepHuM ans nia3emMHUX Bog Y KpUcTaniyHux nopo-
Oax € MiaBuULLEHUIN BMICT padoHy, SKUiA 3anexuTb Big cknagy
i TPiLLMHYBAaTOCTI Nopig, TOMY NOro crif 060B'A3KOBO KOHTPO-
noBatM Ha BignosigHicTb Hopmam papgiauinHoi 6esnekn
Ykpainm (HPBY-97, n.8.6.4). 3 iHworo 60Ky, O BOAOHOCHOIO
FOPU3OHTY Y 30Hi TPILLMHYBATOCTi NPUYPOYEHO HU3KY POLO-
BULL pafoHOBUX MiHepanbHux BoAd. Lli pogosua posTaluo-
BaHi y BiHHuubKin, XXutomupcekin, KuiBcbkin, PiBHeHCbKiNn,
XmenbHuupkin, Kipoorpagcekin Ta [AHinponeTpoBCbKin
obnactsax. HuHi 3aranom Ha 6anaHci nepebyBae 29 AinsHOK,
6 3 sIKMX He ekcnnyaTyeTbes. BuoobyTok pagoHOBMX BOA CbO-
rogHi He nepesuwye 5-10% Big 3aTBepKeHUX 3anacis.
MepcnekTuBu BUSIBIIEHHS HOBWX POAOBMLL i HApOLLyBaHHS
B1AOGYTKY pagoHOBMX MiHEPanbHMX BOA Ha iCHYIOUMX pOao-
BULLAX AYyXe BENUKI.

MpypoaHe NOXo4KEHHS TakoX i MOHAAHOPMOBOIrO BMICTY
KPEMHIlO, LLIO HAAX0AWTb Y BOAY BHACIAOK BUBITPIOBAHHSI CU1-
nikaTiB. Y LUbOMY KOHTEKCTi Cria 3ayBaXWUTU, LLIO YUHHUIA HOpP-
MaTuB BMiCTy kpemHito B [ICaHMiH 2.2.4-171-10 — 10 mr/gm3
OaBHO € OUCKYCiNHUM, (hOpManbHO NEPEHECEHNM 3 KOSULLIHIX
PafsHCbKMX OOKYMEHTIB i Takum, O He Mae AO0CTaTHbOro
eKCrnepuMeHTanbLHOro 06rpyHTyBaHHs (MokueHko, 2020).
KpeMHin € HETOKCUYHWM, BiH HE HAKOMUYYETLCH B OPraHiami
NOANHW. 3peLuToto, KPEMHI He HOPMYETBLCSI B €BPOMENCh-
KMX OOKYMEHTax, OYeBUAHO, CKacyBaHHs LIbOr0 HOpMaTuBy
€ NMUTaHHsIM Yacy.

Llogo niaBuLeHOro BMiCTy aMOHit0, TO BiH Y Mig3eMHMX BO-
Oax MOXe MaTu SIK aHTPOMOreHHe, TaK i NpUMpoAHE MOXO-
DKeHHA. TMigBuLLEeHNA BMICT aMOHil0 B Nig3eMHUX Bogax Yy
KpucTaniyHmx nopogax Ha Teputopii XXutomupmHm i Knie-
LLMHWM HaryacTille 3yMOBIEHU HAsIBHICTIO cepef, nepekpus-
HMX Mopig npoLlapkiB, 30arayeHux OpraHiyHoK PEYOBMHOK
(Topdb, bONOTHI Ta 03epHi Bigknagw), sika 3asHae posknagy B
aHaepobHMX YMOBaX, Y pe3ynbTaTi Yoro ioHW amoHito 36aravy-
I0Tb Nig3eMHi Boau. Y niBOEHHMX perioHax aMOHIN HakyacTille
Ma€ aHTPOMOreHHe MOXOMKEHHS i MOB'A3aHWUN i3 BHECEHHSM
OpraHivyHMX i a30THMX fOOPMB y Mexax arponaHawadTis.
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Ha TepuTopisix Sk NiBHIYHMX, Tak i NiBAeHHUX obnacren
Bifj3HA4Yal0TbCA BUNAAKN 3abpyaHEHHS Nig3eMHUX Bog Yy Tpi-
LLUMHYBATIN 30Hi KpUCTaniyHMX nopig HiTpaTamu i necTuum-
Aamu. Ockinbky I'pyHTOBI BOAM B Mexax arponaHgwadris
3abpyaHeHi HiTpaTamMy NOBCIOAHO, TO, 3BAXXAKUM Ha IXHIl Ti-
CHWIA 3B'A30K 3 NiA3eMHMMK BOgaMK OOCAILXYBaHOro ropu-
30HTY, Lie 3abpyaHEHHS BMKMMKAE 0COONMBE 3aHEMNMOKOEHHS.

BucHoBKMW. AK KinNbKiCHUI, TaK | AKICHWUI CTaH NiA3eMHUX
BOZ, AOCHiAXXYBaHOrO BOAOHOCHOIO FOPU30HTY 3a MIOLLED
NOro NOoLMpeHHs € BKpan HEPIBHOMIPHUM, i SKLLO KiNbKIiCTb
3anexuTb Bif HasBHOCTI 30H TPILLUMHYBaTOCTi i 06BOAHEHO-
CTi TepuTopii, BigAaneHocTi Bi4 NOBEPXHEBUNX BOOHUX 00'ek-
TiB, TO AKICTb 3anexuTb Nepeaycim Bif SKOCTi NOBEPXHEBUX
i 'PYHTOBMX BOA, SKa, ¥ CBOK Yepry, BU3HAYa€ETbCSA Hacam-
nepep obcaramu iHpINbTPaLINHOIO XXUBMEHHS.

MakpoKOMNOHEHTHWUI cKNag BOA4 Y TPIWMHYBATI 30Hi
KpucTanivyHmx nopig nianopsiaKkoByeTbCS CyOLUMPOTHIN 30Ha-
NBHOCTI, O MPOSBNSAETLCA B 3aKOHOMIPHOMY 30iMnbLUEHHI
MiHepanisauii niaseMHmx Boa ropusoHty 3 0,1-0,5 r/am® Ha
niBHiYHOMY 3axodi 4o noHad 4 r/am® Ha niBoeHHOMY CXofi,
LLIO Y3rO[KYETLCS 3 SIKICHMM CTaHOM I'PYHTOBMX | MOBEPXHE-
BUX BOZ (purc. 3). Y UbOMY XX HanpsiMKy 3MiHIOETbCS XiMiYHWIA
cknag Bogu 3 rigpokapboHaTHOro KanbLieBOro 4O CTpOKa-
TOro, i3 MPOBIQHOO PONSIIO iOHIB XNOpPY, CynbdarTi i HaTpIt.
MMepeBuLlEHHA HOPMOBAHOMO MOKas3HWKa MiHepanisauii
1r/gm® i 3MmiHa aHioHHOro rigpokapGoHaTHOro cknagy Ha
CTPOKaTWI CMOCTEPIraeTbCA 3a 3MiHW arpoKniMaTUYHOI 30HK
HEeAOCTaTHBOrO 3BOSIOXEHHSI HA MOMIPHO MOCYLLSNBY.

TicHWI 3B'A30K NiA3eMHUX BOA Y KpUCTanivyHMX nopogax
i3 'PYHTOBUMY i NOBEPXHEBMMU BOAAMM, LLIO 3yMOBITHOE 30-
HanbHICTb, CNPUYMHSE | NOTpannsHHA 3abpyaHIOBanbHUX
pPeYoBUH Y BOAW B KpUCTaniYHUX nopoaax 3 NoBepxHi, 0cob-
NMBO Yy MicusAX BiACYTHOCTi BOOOTPUBIB.

HepiBHOMIipHUIA XapakTep TPiLMHYBATOCTi, NOKanbHUN
XapakTep TpiLLMHyBaTUX 30H OOMEXYE MOLUMPEHHS 3abpya-
HIOBarbHMX PEYOBMH 3a nroLeto. ToMy 3HayHe MOLMHHE
NOLIMPEHHA Y BoAax 30HW TPILMHYBATOCTi BNacTMee nviie
TUM KOMMOHEHTaM, siKi MalTb MPUPOOHE MOXOMXKEHHS i
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perioHanbHWIN XapakTep PO3NOBCIOOXEHHS Y CYMIXHUX KOM-
noHeHTax 'C i goBkinns, abo x 3ymoBrneHe BNIMBOM Andyy-
3HWX AXepen 3abpyaHeHHs 3 noBepxHi. MepLue cTtocyeTbea
niaBULLLEHOro BMICTY 3ani3a i MapraHuto y nig3emMHux Bogax
Monicca, a apyre — 3abpyAHEHHS HiITpaTaMu Ha TEPUTOPIAX
arponaHawadrTis.

YpasnusicTb NiA3eMHUX BOA Y KpMUCTanivyH1x nopogax Ao
3abpyaHeHHs 3yMOBIOE HEOOXIAHICTb BUBYEHHS AKOCTI Nig-
3€MHMX BOA KpWUCTaniyHWX Nopig y MOHITOPMHIOBOMY pe-
XUMi 3 OOOB'A3KOBMM [OOCTAXKEHHAM BMICTY €NEMEHTIB i
Cronyk, BNacT1BUX NMOBEPXHEBOMY 3aOpyAHEHHIO.

HesBakatoum Ha BKpal HeEpPIBHOMIpHE MOLUMPEHHS | CTpO-
KaTui XiMiYHUIA cknag, y 6inbLIoCTi po3rnsaHyTUX obnacrew ic-
HYIOTb MEPCNeKTUBM 3HAYHOro 36inblUeHHs BMOOOYTKY
nig3eMHUX BOA4 3 BOAOHOCHOrO FOPU3OHTY Yy TPILLMHYBATI
30Hi kpucTaniyHux nopig. O6car BuaobyTKy 3 ekcnnyarauiv-
HMX 3anaciB Nig3eMHUX BOA Y TPILLIMHYBATIN 30HI KpucTaniy-
HUX nopig apxeto-npoteposoto y 2020 p. B Mexax MNiBHIYHUX
i ueHTpanbHMX obnacten ctaHoBmB nuwe 3—11 %.

LLono niegeHHMX obnacTein, e po3BigaHicTb Nia3eMHMX
BOZ, Y KpUCTaniyHMX NOpoAax € HM3bKOK Yepe3 HeJOCTaTHIo
KiNbKiCTb | HE3aJ0BINbHY SKICTb BOAW, NEPCNEKTUBN IXHBOIO
BMOoOyBaHHS cnig OUiHIOBaTU B KOXXHOMY OKPEMOMY BUMNaAKy
3 ypaxyBaHHSM iCHYHOUMX anbTepHATMBHUX DXKepen sk noBe-
PXHEBWX BOA, TaK i BOAOHOCHMX FOPU30OHTIB 0OCaZ0BOro Hoxna.
3BaxaluM Ha HUHILLHIO CUTYyaUilo, 04eBUAHO, Crig, Kopury-
BaTW MiAXo4W OO0 OCBOEHHSA MiA3EMHUX BOA i po3rnsgatv
NepCrneKTVBM BUKOPUCTAHHS BCIX MOXXITMBUX JXKepen BOAOMNO-
CTayaHHsl, y TOMy Yichi MakcuMarnbHO HabnukeHux 4o crno-
XuBava BoAo3abopiB nig3eMHMX BOA 3  HE3HAYHVMU
3anacamu i BUCOKOK MiHepanisauieto Boau, 3 ypaxyBaHHAM
MOXITMBOCTEMN Cy4aCHMX TEXHOSOTIN OYMLLEHHS BOAM | AoBe-
AeHHns i akocti go sumor OCanliH 2.2.4-171-10.
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Hapinwna go peakonerii 24.10.22

STATE AND PROSPECTS OF GROUNDWATER USE
IN THE AQUIFER OF THE FRACTURED ZONE OF CRYSTALLINE ROCKS

As a result of the aggression of the neighboring state, the problem of providing the population of Ukraine with drinking water from different
sources became more acute. Groundwater in this sense compared to surface water has a number of advantages, especially protection from pollution
and proximity to the consumer. It is necessary to diversify the sources of water supply to the population, to use all principle aquifers containing water
of drinking quality. However, groundwater resources are distributed very unevenly over the territory of Ukraine — most of them are concentrated in
the northern and western regions, while resources in the southern regions are limited. In addition, the main aquifers of the territory of Ukraine are
characterized by a complex chemical composition, determined by natural and anthropogenic factors. A large part of Ukraine is occupied by the
Ukrainian shield, the natural conditions of which do not contribute to the formation of significant groundwater resources. The aim of the study is to
analyze the qualitative state of groundwater aquifer in the fractured zone of the Archean-Proterozoic crystalline rocks. For this purpose, information
on the use and groundwater quality composition of the studied aquifer was collected and analyzed. As a result, patterns of spatial distribution of
macro-components in groundwater aquifer in the fractured zone of crystalline rocks were found. These regularities are recommended to take into
account in the process of groundwater monitoring and its economic and drinking use. Despite the extremely uneven distribution of groundwater in
the fractured zone of crystalline rocks, in most areas there are prospects for a significant increase in groundwater production from this aquifer.

Keywords: Hydrogeological area of the Ukrainian Shield, fractured zone, aquifers, groundwater extraction, groundwater status, salinity.
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