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niTonoro-»ALIANbHI OCOBJIMBOCTI TA YMOBU HArPOMAAXEHHSA BA3AJNTbHUX
BIAKNAAIB CEPEAHBONO AEBOHY NEPEAAQOBPYA3bLKOIO NPOrNHY

(PexomeHAo8aHO 4YrieHOM pedakyiliHoi konezil 0-pom 2eos. Hayk, npogh. B.B. Ozapem)

Mema pobomu nonisizae y eusHayeHHi nlimonozo-ghayianbHux ocobrueocmeli ma ymoe ceduMeHmauii 6asanbHoi moeuwii elighesib-
cbKux sidknadie binonicbko20 6510Ky [Mepeddobpyd3bko20 npozuHy. Memoduka eksroyae nimonogziyHy iHmeprnpemauito 2e0s1020-2e0-
pisuyHUX Mamepianie, nimonozo-ghayianbHuli ma ceQuMeHmMosio2iYHull aHai3u.

Pe3ynbmamu. BcmaHoeneHo ocobnueocmi nimosozo-ghayianbHoi 30HanbHocmi 6a3anbHux eidknadie cepedHbo20 degoHy. lMoka-
3aHo, wo e Mexxax Capusipcbko-Xoemosipcbkoi ma Capamcbko-banabaHiecbkoi aHmMuKniHanbHUX 30H PO38UHEHI 20J/108HO 2JTUHUCMO-
cynbghamHi eioknadu, a e denpecisix — kap6oHamHi. 30ilicHeHO peKoHCMPYKUii 06cmaHo80K ocadoHa2poMadXKeHHSl, sIKi NoKa3asu Hepi-
B8HOMIpHULI XapaKmep rMpPocMopoe8o-8iKO8020 PO38UMKY YMEOPeHb Pi3HUX ¢hayianibHUX 30H CyibghamHo-KapboHamHoz0 wesnbgy. O6-
nacme cynpanimopani oxonntoeana Capusipcbko-Xoemosipcbke ma Capamcbko-banabaHiecbke niOHsimmsi i 6yna obnsiMoeaHa Hellu-
POKUMU 30HaMu Jlimoparsi ma eepxHboi cybnimopani. OcHoeHy YyacmuHy Ty3niecbkoi ma Anibelicbkol 3anaduH 3aliMana HWXHs cy6ii-
mopans. BusienieHe suk/IUHIO8aHHs1 20pU30HMI8 8ePXHBLOI cybnimopani 3 6iocmpomMamu y ckieniHHi NiOHsIMmie.

Haykoea Hosu3Ha. Bnepwe su3HayeHo n1imorsozo-ghayiansHy 30HanbHicme 6a3anbHux eidknadie cepeOHL020 Oe8OHy ma 3'acoeaHi
06CcmaHoBKU IXHb020 Ha2pPOMaOdXKeHHS.

Mpakmu4He 3HavYeHHs1. BusienieHe 8UK/TUHIOBaHHSI 20pPU30HMIE 3 6iocmpomamu y ckieniHHi NiGHsIMmie Mo)e eKka3yeamu Ha HeaH-
mukrniHanbHy npupody nacmok eyaneeodHis y 8idknadax cepedHb020 Ge8OHY, W0 Mompebye 8HECEHHST ME8HUX KOPEeKmMu8 y rnpakmuky
sedeHHs1 Haghmoza3ornouwykosux pobim y pezioHi.

Kroyosi criosa: lMNepeddobpyd3bKuli npozuH, cepedHili 0eeoH, slimodghbauii, cynbghamHo-kap6oHamHull werbg, NacmkKu eyas1e8o0His.

Bcryn. [eBoHcbki Bigknaan Mepepnobpyasbkoro npo-
rMHY € OOHWM i3 NepcnekTMBHUX KoMmnnekcis iBaeHHOT Ha-
pTorazoHocHoi obnacti YkpaiHn. Y 70-x pokax MWHYMoro
cTonitta 6ynu BigkpuTi CxigHocapaTtchke Ta XoBTosipcbke
poaoBsuLia HaTN y cepeaHbOAEBOHCHKNX CynbdaTHO-Kap-
OOHaTHMX Bigknagax Ta OTPMMaHi HEBENWKI NPUNVBK Ha-
T Ha Binonicbkii Ta Capusapchkit CTPYKTypax, a Takox
NPOMUCIIOBUI MPUMIUB ra3dy 3 TEPUrEHHMX NOPIA HKHBOTO
OeBOHY Y cB. XKoBTosipcbKka-1.

BTim MNepennobpyasbkuii NPoruH, k1A cKnagae YacTuHy
MpuyopHoMopcbko-KprMcbKoi  HadhTorazoHOCHOI  obnacti,
3aMnMLIaeTbCsl HANMEHLLIE BUBYEHUM CEMCMOPO3BiaKOL Ta Oy-
piHHsAM perioHom (3,9 m/km? abo 707,2 km?/1 cB., 3@ AaHUMU
[4]). BipnosigHo, ocagoBa TOBLLA NULLE HE3HAYHOK MIPOKO
OXonrneHa Pi3HOPaHroBUMMW FTITONONYHUMU JOCHIIKEHHAMM,
a PEKOHCTPYKLUIii 06CTaHOBOK 0CagoHarpoMagKeHHs! NpaKkTy-
YHO He po3rmngganucs. Y UbOMy acnekTi MOxHa 3ragatu
Tinbkn poboTu [1, 7], y SKUX, OOHaK, TEX CXapaKTepu3oBaHi
nnLe nNeBHi perioHanbHi NaneookeaHorpadiyHi acnekTu.

MpoBeaeHHs X ceauMeHTaUiHUX PEeKOHCTPYKLA, Bpaxo-
BYHOUM HaBITb hparmeHTapHi akT1YHI AaHi, € BaXXNIMBWM, OCKi-
NbKN YMOBM OCafOHarpoOMaKeHHs KOHTPOMoTbL Oyaosy,
YMOBUW (POpPMYBaHHSI, PO3MILLLEHHS | AKICTb NPUPOAHUX KOSEK-
TopiB Ta chrtoigoynopiB, L0 AO3BONSE NPOrHO3yBaTU AiNSHKM
X pO3BUTKY Y TOMY YUCHIi | Y HEOXOMNEHNX BYPIHHSM YacTUHaxX
HagTorasoHocHUX GacenHiB. Lis poboTa npucesiieHa poar-
nsgy nitonoro-gpauianbHUX 0COBNMBOCTEN Ta PEKOHCTPYKLT
0ob6CcTaHOBOK ceammeHTaLii 6asansHoOl TOBLLi cepeaHbLOro ae-
BOHY (MpMNigoLLIOBHA YacTUHA BigKNaAiB endensCcokoro BiKy),
3 KO0, 30Kpema, NoB'a3aHi noknagy HadTM (NMPOAYKTUBHI ro-
p13oHTUN [2-1, [l22) Ha CxigHOCapaTCbKOMY POAOBMULL.

MeTa po60TK — BU3Ha4NTM NPOCTOPOBO-BIKOBI 0COBMNK-
BOCTi MOLUMPEHHSA OKPEMMX MITOMOMYHUX BiAMIH, LLO CKna-
0alTb 0CaAoBUN KOMMNNEKC 6a3anbHOT TOBLLI eldenbCbKnx

BiOKNagiB, peKoHCTpytoBaTM OOCTaHOBKM OcajoHarpoma-
[PKEHHST UMX HallapyBaHb y Mexax binonicbkoro 6noky lMe-
pennobpyasbkoro NporuiHy.

Marepianu Ta metoau. obynoBa ceguMMeHTaLiNHMX
Mozenen rpyHTyBanacs Ha nitonoro-netporpadiyHomy Bu-
BYEHHI nopia (38 wnigie) Ta iHTepnpeTauii pedynbTaTiB re-
odisnyHoro gocnimkenHs 16 ceepanoeuH (FAC) (pagioak-
TUBHI MeToaM) i cknaganaca 3 ABOX eTanis. Ha nepwomy —
Oyno 3aiicHeHe niTonoriyHe po3yneHyBaHHsi po3pisiB cBep-
OnoBuH 3a pesynbtatamu [AC, BUBYEHHS B3ipLiB KepHy Ta
neTporpadiyHoro aHanidy. Ha gpyromy etani nposoamnumcsi
niTonoro-cpauianbHWUA aHanis, 30iMCHIOBANUCs PEKOHCTPYK-
Ljii 06CcTaHOBOK OCaOHarpoMagKeHHS 3 METOK BU3HAYEHHSI
dauianbHMX nosicie, dauianbHOi MIHNMBOCTI Bigknagis, ix
ceAMMeEHTaUNHOI LmMKniYHOCTi. PauianbHi nodyaoBu 3ginc-
HeHi No 16 cBepAoBMHAX, LLO NAMMO B OCHOBY PEKOHCTPYK-
Lin ob6CTaHOBOK OCagoHarpoMagXEeHHs1 TepureHHo-kapbo-
HaTHOI Ta cynbdartHoi nadok 6a3anbHUX BEepCTB cepea-
HbOro AeBoHy. MNpu uboMy Gynu BpaxoBaHi pe3ynsTaTtu ni-
TohauianbHNX NOGYAOB, @ TaKOX CTPYKTYPHI 0cobnmBocTi
TepuTopii. Y KOXXHOMY KOHKPETHOMY BuUMagky npu Bu3Ha-
YeHHi ceguMeHTaUiiHOi 06CTaHOBKM NpuManocs Ao ysaru
JOMIHYBaHHS y po3pisi NeBHOI dhauii, a Takox 0cobnmBoCTi
narepanbHoi ¢hauianbHOi 36anaHCOBaHOCTiI.

PesynbTatu. JlimoghauianbHa 3o0HanbHicmb 6a3anb-
Hux eidknadie cepedHb020 OeeoHYy. MNepennobpyasbkuii
NPOrvH y cepefHbOMY AEBOHI siBNsIB OO0 MiNKoOBOAHMWN
3aCOMOHEHUN LIenbd, KM y KpanoBi YacTuHi byB obme-
XeHun cuctemoto 6ap'epHux pudis, Yepes Aky y WwenbdoBy
30HY MEePIOAMYHO HAOXOOMIN BOAM HOPMArbHOI COMOHOCTI
[7]. Y mexax uboro LWmMpokoro wenbdy icHyBanu KoHceau-
MeHTaUiHi NigHATTS | 3anaguhn (pyc. 1), ki BNnnBanu Ha
XapaKkTep ocafoHarpoMaXeHHs!.

© lMuigeusb B., M'puropuyk K., Kowinsb J1., AkoBeHko M., 2018
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Puc. 1. CTpyKTypHi enemeHTH cxigHoi YacTuHu Nepennobpya3bLKoro nporuHy 3a [7]:
(A) (y yepBOHOMY NPSIMOKYTHWUKY — palioH JOCHIAKEHb):
aHTUKNIHINbHI 30HK: | — Pnbanbcbko-Apocnasckka, || — CapaTtcbko-banabaHiBebka, |l — Mpuropisckka, 1V — Capuspcbko->KoBTosipcbka,
V — KarunbHuubko-3apivyHeHcbka, VI — MuboknHebko-JlIumaHcbka;
1 — aHTUKniHanbHiI NigHaTTa: 1 — JlumaHcbke, 2 — banabaHiBcbke, 3 — CxigHocapaTcbke, 4 — [MmnboknHebke, 5 — [puropiecbke,
6 — XKoBTosipchbke, 7 — 3apiyHeHcbke, 8 — KarunbHuupbke, 9 — KaHtemupisebke, 10 — KypopTHe, 11 — HoBoceniscbke,
12 - Maeniscbke, 13 — Mpumopckbke, 14 — Pubanbcbke, 15 — Capusipcbke, 16 — TatapbyHapcbke, 17 — ApocnaBcbke;
2 — penpecii: I' — Tyaniscbka, |I' — Anbeiicbka, II' — TaTap6yHapcbka. PosTaluyBaHHs AOCTimKeHUX ceepasniosuH (B)

Y pesynbTati 4OCHiAKEHHS NITMOSOrIYHOT CTPYKTYpU ei-
denbCbknx Bigknaais [2] Ha doHi 4OMiIHYBaHHS y po3pisi cy-
nbaTHO-KapOOHATHNX YTBOPEHb Y HWXKHIA YacTUHI TOBLLi
BCTaHOBIIEHO PO3BUTOK JOBOSi NOTYXHOI (8o 150 m) kap6o-
HaTHO-TEPUrEHHOT NaykuM  perioHanbHOro  MOLUMPEHHS.
OcTtaHH4 BigoGpaxae NocTynoBy 3MiHYy TEPUrEHHOro ceau-
MEHTOreHe3y paHHbOro AeBOHY CyrnbdaTHo-kapboHaTHUM —
cepeaHboro Ta nNisHLOro AeBoHy. Lito ToBLLY MOXHa BigHe-
CTW A0 nepexigHoro Tuny, KM € xapakTepHUM Ans pisHoBI-
KOBUX 0CadoBUX HawapyBaHb [3]. Taki Bigknagu 4acTto Ha-
TOrazonepcrnekTMBHi, TOMy BaXINMBWUM € 3'ACyBaHHS ceau-
MeHTaUinHMX 06CTaHOBOK IXHBOrO HarpoMamXeHHs. Tum 6i-
nblwe, Wo ua kapboHaTHO-TEpUreHHa navka nepekpuBa-
€TbCs CynbaTHUMKN YTBOPEHHAMMU, SIKi MOXYTb CNyrysaTu
edekTmBHUM nigoynopom.

Xapaktep nitonoro-gauianbHoi 30HaNbLHOCTI  Tepu-
reHHo-kapboHaTHOI Ta cynbcaTHOI nayok 6asanbHuX
BEPCTB CepeaHbOro AEBOHY BUSABMNSAE NEBHY MOAIGHICTL No-
LUMPEHHST cynb@aTHMX Ta kKapboHaTHMX Mopia, HaTOMICTb —
CYTTEBY PIi3HWLIIO TEPUreHHO-TMUHUCTUX BIgMIH (puc. 2).
Cnif 3a3HaunTK, WO cynbdaTHa navka BiACYTHS Y NiBHIYHMX
AinsiHkax perioHy (cB. Apocnascbka-1, BanabaHiscbka-1).

MakcumanbHUin pO3BUTOK aHeiOpumie CrocTepiracTbcs y
niBOeHHo-3axiaHin YactuHi Teputopii (panoH Capusipceko-Ko-

ANTLAPHTH BalMHAKHA

JOJTOMITH

BTOSIPCbKOI aHTMKMIHAMNbLHOI 30HW), A€ BMICT aHriapuTiB y pos-
pi3i nepesuLlye 20 Ta 40 % Ansa TepureHHo-kapboHaTHOI Ta cy-
nbaTHOI Nayok, BignosigHo. Lia AinsHka xapakrepusyeTbes
TaKOX 3Ha4YHMM BMICTOM Y Bigknagax meprenis (noHag 20—
24 %). NokanbHWA MaKCUMyM OCTaHHIX BUSIBIIEHWUI Yy PO3pi3ax
nesikmx ceepanioBuH Capatcbkoi Ta CxigHocapaTCbKoi Mol

Honomimu ma eanHsKu XxapakTepusyeTbCsl HasiBHICTIO
[BOX apeanis NigBULLEHOI KiNbKOCTi y Biaknaaax (panoH Ca-
paTtcbkoi, CxigHocapaTcbkoi Ta TyaniBcbkoi CTpyKTyp). Mpun
LbOMY, SKLLO LiNSAHKM MakCMarbHOro BMiCTy BanHsAKiB Anst
TepureHHo-kapboHaTHOI Ta cynbdaTtHOi Navyok NPaKTU4HO
36iratoTbCsl, TO AN AOMOMITIB CnocTepiratoTbCsl NeBHi Bia-
MiHW. Tak, y NnepLioMy BUNaZKy BUCOKI 3HAYEHHS LIbOro na-
pameTpy (coHoBi 12-16 %) BCTaHOBMEHi Ha TyaniBCbKin
(noHag 20 %) Ta 3axigHin nepukniHani CapaTcbKoi CTPyK-
Typu (noHag 24 %); HaToMmiCTb y ApyroMy — Ha XKoBTosipCb-
Kin (Ginbwe 24 %) Ta cxigHiv nepvkniHani CxiaHocapaTcbKoi
ctpyktypu (Binblie 20 %). TepureHHi yTBOPEHHs (apriniTu,
aneBponiTM Ta MiCKOBMKM) Yy BIiOYYTHIA KINbKOCTi HasiBHi
TiNbKW y NpUMiZOLLOBHI TEPUrEeHHO-KapOOHaTHIN nayuj.

MigBuweHnn iX BMICT y po3pidax CrnocTepiraeTbCs Ha
niBAeHHO-CXiAHOMY Ta, 4acTKoBO, 3axigHomy kpunax Cxia-
HOCapaTCbKOi CTPyKTypm (cB. 3, 4), Ae BMICT apriniTis gocs-
rae 28,9-44,4 %, a nickoBukiB Ta anesponitis — 16,3—
21,1 %.

aprizirn

meprei AJIEBPOJIITH, NICKOBHKH

Puc. 2. Nlitonoro-cauiansHi Moaeni (BMicT nopia) Biaknaais 6azanbHoOI TOBLi cepeAHbOro AeBOHY:

a — TepureHHo-kapboHaTHa nadyka, 6 — cynbgarHa nayka
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BuweonucaHi nitonoro-cauiansHi ocobnmeocTi 4ocutb
BMPa3HO 3acBiAvy0Tb KOHCEAUMEHTALIVHY NPMpoAYy NEBHUX
CTPYKTYPHUX eneMeHTIB. Tak, y Mexax aHTUKMNiHaNbHNX 30H,
(nepeaycim Capusipcbko->KoBTosipcbKoi, YacTtkoBo Capat-
cbko-banabaHiBcbkoi) cynbdaTHi Ta MeprenbHO-TINMHUCTI
YTBOPEHHS BifirpatoTb iCTOTHY posb Y po3pisi. Y TyaniBCbkiin
Aenpecii BMICT OCTaHHiX 3Ha4YHO 3MEHLLYETLCS, Ha GOOHI 3po-
CTaHHA poni BanHsKiB Ta AONOMITIB. Y KOHTEKCTi naneoreo-
rpadpiyHoOi iHTepnpeTauii Ui 4aHi MOXYTb BKa3yBaTu Ha iCHY-
BaHHSA naryHHo-cebxoBnx OOCTAHOBOK ceaMMeHTauii Ha
NpuNigHATUX Ta KapboHaTHOrO OCafoHArpoOMaKeHHs — B
OinbLl 3aHypeHuX dinsiHkax Teputopii. B Mexxax ocTaHHix mi-
CUAMW, BHACNILOK ITOKANbHOrO TEPWUreHHOro CKWAY, Bifk-
nagu 36aradyBanuncst TEPUreHHO-TNIMHUCTM MaTepianom
(parnoH cB. CxigHocapaTtchki 3 Ta 4).

O6cmaHoeku ocadoHazpomadxkeHHs1. B ocHoBy ceau-
MEHTOMOrYHNX PEKOHCTPYKLIN NoknaaeHo nitonoro-gadia-
nbHi nobyaoBu, 0cobnNMBOCTI PO3BUTKY Pi3HMX niTodauians-
HUX KOMMMEKCIB Y po3pisi, IX NiTonoriyHa CTpyKTypa, NeTpo-
rpadiyHi gaHi, 3 ypaxyBaHHAM pe3ynbTatiB nonepenHix go-
cnimpkeHb [1] Ta Bigomnx mogenen wenbgoBoro cynbgarto-
kapboHaToHarpomagxeHHs [5, 8]. 3rigHo 3 ocTaHHIMK, B Me-
Xax wenbdy BUAOINAITLCS 30HU ceauMeHTaLii: cynpanito-
panb, nitopans, cybnitopans (BEPXHSl, HUXKHS); SIKUM Npu-
TamaHHi NeBHi acouiaLii ocagoBux yTBOpeHb. 30Ha cyrpa-
nimopaneHux auiin Bknoyae ocagm cebx, naryH, 3acono-
HeHux npubepexHux piBHWH. Bigknagn uux obcTtaHoBOK
CKNafeHi NepeBaXKHO FMUHUCTUMMN OONOMITaMu, LONOMITO-
aHrigpuTamu, aHrigputamu. JlimopanbHa (NpUNIMBHO-BIAN-
NBHA) 30Ha XapakTepu3yeTbCa 3HAa4YHUM BNIIMBOM KOPOTKO-
YacHMUX KonmMBaHb piBHA Mopsi. Bioknagn 3asBuyai 36ara-
YeHi TepUreHHoO-MUHNCTUM MaTepianom. [ng yTBopeHb ni-
TOopani 3 akTUBHUM FiAPOANHAMIYHUM PEXUMOM XapaKTepHi
3epHUCTI BamnHsKW, AONOMITK, aneBposniTh, MNiCKOBUKK; 3 Na-
CUBHUM — MYFOBI ZOMOMITH, aprinitu, mepreni. Cybnimopa-
INIbHi 30HU CeAMMEHTaUii NepeBaXHO XapakTepusylTbes
rmubuHammn go 20-30 M. Y BepxHili yacTuHi cybnitopani
(rmn6uHmn go 10—15 M) NOWMPEHi OpraHOreHHi BanHsAKK, HU-
XHs i YacTuHa cknageHa GinbLU rMMHUCTUMK KapBoHATHUMMU
YTBOPEHHSAMM (IMUHWCTI BanHsAKW, Mepreni) 3 parmeHTap-
HUM MOLUMPEHHSIM OOMOMITIB. XapakTepHOK 0coGnuBICTO
BEePXHbOI cybniTopani € po3BuTok GioreHHux cnopyz (biore-
pmu, GiocTpomu).

Ha puc. 3 nokasaHo npuknagm nitonoriyHoro Ta dauia-
JNIBHOTO PO34rieHyBaHHSA BiAKa4iB paHHbOro endens. daui-
anbHa CTPyKTypa TOBLLi € JOBOSI HEOAHOPIAHO, WO BOYe-

Cr.Capusipenia-1

Cr.Cxigno-Caparenka-3

BMAb Bigobpaxkae MiHMUBICTb y Yaci 06CcTaHOBOK ocafioHa-
rpoMagxeHHsi. B uinomy pospia mae perpecuBHui xapak-
Tep, WO IiKCYETbCA 3POCTaHHAM Y NOro BEPXHI YacTuHI
poni yTBOpeHb cynparnitopanbHoi 30HU. Ockinbku Ginblua
YacTUHa CBEpAJIOBUH pO3TalloBaHa B Mexax MigHATTIB Ta
Ha X cxurnax y pospisax giarHOCTOBaHO fuLle 30HW cynpa-
niTopani, nitopani Ta BepxHboi cybnitopani. OcTaHHs cTa-
HOBWUTb HaMBINbLUMIA NPaKTUYHUIA HTEPEC, OCKIMbKM, SIK
BMLLE 3a3Ha4yanocs, BnacHe Ao Uiel dauii TsxioTs kapbo-
HaTHi akyMynsaTUBHI cnopyaun. 3a pesynbTatamun netporpa-
hivHNX gocnifxeHb nopoan NpeacTaBneHi opraHoreHHNMN,
OpraHOreHHO-AEeTPUTOBNMM BarnHsKamu, siKi Pi3HOK Mipoto
[ONOMITU30BaHi (TN — Bif PO3CisHOT 40 CYLiNbHOI) Ta Yac-
TKOBO aHrigpuntusoBaHi [1, 2]. MoTyXHiCTb BanHAKOBO-A050-
MITOBMX NA4yoK Y BMBYEHWUX pO3pi3ax 3MIHIETLCA Big nep-
wux meTpiB go 17—20 m. HainoTyxHiwi kapboHaTHi akymy-
NSATUBHI TinNa y TepureHHo-kapboHaTHI nayli BUSIBNEHO Y
cB. CxigHocapatcbka-2 Ta 3, Capatcbka-6, PosiBcbka-1,
Apocnascbka-1, Tysniecbka-2, 3apiyHeHcbka-1; y cynbdart-
Hin — CxigHocapaTtcbka-2 Ta 4, Capartcbka-6, Capusapcbka-1,
YKoBTosipcbka-2, Ty3niBcbka-2.

Cnig 3a3HaumTy, WO po3BUTOK BiOCTPOMIB Yy Bigknagax
cepefiHbOro AeBoHy OyB aprymeHToBaHui e y poborTi [1].
BTiM, geTanbHiWwi gocnigXeHHs, npeacTaBrieHi y Aadin
cTaTTi, AO3BONWUMAM YTOYHUTU OCOGNUBOCTI MPOCTOPOBOrO
PO3BUTKY Ta BHYTPILLHbOT 6yA0BM X kKapboHaTHMX Tin. Bia-
NOBIAHO A0 UbOro, 3rigHo i3 [6] iX MOXHa BigHeCTM Ao Tuny
"BaraTonosepxoBux GiocTpomis".

OuyeBuOHO, B LINOMY KapTUHA MOLUMPEHHS dhauianbHUX
30H TepuUreHHo-kapOoHaTHOI Ta cynbdaTHOI Na4yoK 4OBOS
nopibHa (puc. 4). MNig Yac HarpoMagKeHHs nepLuoi obnacTb
cynpanitopani oxonntoBana Capusipcbko->KoBTosipcbke Ta
Capartcbko-banabaHriBcbke nigHATTS. BoHa Gyna obnsimo-
BaHa HELUMPOKMMMK 30HaMK fniTopani Ta BEpXHbOi cybniTo-
pani. OcHoBHy YacTuHy TyaniBcbKoi Ta Aniberickoi 3anaguH
3arimarna HukKHs cybnitTopans.

daujanbHi Mogeni (NepeTuHn) BUSIBUIIN HEPIBHOMIPHUWINA
XapakTep NpOCTOPOBO-BIKOBOrO PO3BUTKY BidKMadiB pPi3HMX
davujianbHMX 30H y po3pisi (puc. 5). MNpu uboMy BupasHo dik-
CYETBCA BUKIMHIOBAHHSI YTBOPEHb BEPXHbLOI cybnitopani y
ckneniHHMX AinsHkax >KosTospcbkol Ta CxigHocapaTCbKoi
CTpykTyp (0COGNMBO Yy MPUNIOOLLIOBHIA YacTuHI Bigknagis).
Ockinbkn BnacHe Ao uiei dauianbHOi 30HM NPUYpPOYEHi Kap-
OoHaTHi opraHoreHHi Tina, ki po3rnNsagalTbCs SK NPUPOAHI
konekTopv [1], € miacTaBm NpunyckaT HeaHTUKNIHANBLHY NPK-
poay NacToK BYIMEBOAHIB y BigKnagax cepeaHboro AeBOHY.
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Puc. 3. NitonoriyHi Ta chauianbHi po3pi3n 6azanbHUX BigknaaiB cepefHbOro AeBOHY:
nopodu: 1 — aHrigpuTtu, 2 — gonomitn, 3 — BanHsku, 4 — mepreni, 5 — aneBponitu, NiCKOBUKK, 6 — aprinitu;
¢auii: 7 — cynpanitopans, 8 — nitopane, 9 — BepxHsa cybniTopans
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Puc. 4. O6¢cTaHOBKM OCafoOHarpoMapKeHHs:
nayku: A — TepureHHo-kapboHaTtHa, b — cynbdatHa; 1 — cynpanitopans, 2 — nitopanb, 3 — BepxHsl cybniTopars,
4 — HWxHs cybniTopanb, 5 — 6iocTpomu, 6 — KOHTYpY AeNpecinHKX 30H 3a [7], 7 — i3onaxiTn, 8 — HaNPSAMKU TEPUreHHOro CKuay
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Puc. 5. ®auianbHi Mmogeni 6a3anbHUX BiAKNaaiB cepeAHLOro AeBOHY:
nepeTuH I-l: cB. PosiBcbka-1, CapaTtcbka-6 Ta 2, CxigHocapatcbka-5 Ta 3, banabaHiBcbka-1;
nepetuH lI-Il: cB. PosiBcbka-1, Capuspcbka-1, binonicbka-1 (yMOBHi MO3Ha4YeHHs AuB. puc. 4)

Lle nigTBepmxyeTbes i nobygoBamu (niTonoro-gauia-
nbHa cxema Ta dauianbHuii NepeTuH), 34iNCHEHNMY Anis
parioHy CxigHocapaTCbKoi CTPYKTypu (puyc. B6), y HWKHIN Ya-
CTUHI endpenbCbkuX Bigknagie sikoi (MPOAYKTUBHI FOPU3OHTH

O2-2, O2-1) BUsiBNeHi noknagun Hadtu [1]. BnacHe y uin vac-
TUHI pO3pi3y CnocTepiraeTbCs peayKuis i BUKIUHIOBaHHS Y
CKIEMiHHi CTPYKTYPW BiQHOCHO NOTYXHUX (80 15-17 m) ropu-
30HTIB 3 Gioctpomamu (puc. 6, A). Jlitonoro-cbauiansHa x
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OEMOHCTPYE eNeMeHTU KOHLEHTPUYHOT 30HaNbHOCTI NOLUK-
peHHs1 kapboHaTHMX nopig y Bigknagax GasanbHoi Tepu-
reHHo-kap6boHaTHoi nayku. [Npu LbOMyY y panioHi cBepano-
BUH ApocnaBcbka-1 Ta CxigHocapaTtcbka-2 BCTAHOBIEHO
MaKCHMMarnbHUA PO3BUTOK Y PO3pi3i BamnHSAKIB Ta JONOMITIB.
Lle Mmoxe BkasyBaTh Ha aTonnonofibHuin xapakTtep po3Bu-
TKy 6GaratonoBepxoBux 6iocTpoMiB (po3mipoM 6nM3bKO
5-7x20-30 kM) Ha cxmMnax KoHCeAUMEHTaUIMHUX NIgHATTIB.
HaykoBa HOBU3Ha Ta NpaKkTU4He 3Ha4eHHsA. Ha ocHoBi
NpoBeAEHNX AOCMiAXeHb BCTaHOBMEHO OCOGMMBOCTI MiTo-

noro-chauiansHoi 3oHanbHOCTi 6a3anbHKX Bigknaaie cepen-
HbOro AeBOHY B Mexax binonicbkoro 6noky lMepennobpy-
[03bKOro nporuHy. 3aiNCHEHO PEKOHCTPYKLIT 06CTaHOBOK oca-
[OHarpoMapKeHHs LMX BigKnagis, siki nokasanu HepiBHOMIp-
HUI XapakTep NPOCTOPOBOro PO3BUTKY YTBOPEHb Pi3HUX ha-
LianbHUX 30H cynbdaTHo-kapboHaTHOro LWwenbdy. BusinexHe
npy LbOMY BUKITMHIOBAHHSI TOPU3OHTIB 3 BiocTpomamu y ckre-
NiHHI NIQHATTIB MOXKE BKa3yBaTW Ha HeaHTUKMIHaNbHy npu-
poay NacToK BYrneBOAHIB Y Bigknagax cepedHboro AeBOHY,
Lo noTtpebye BHECEHHS1 MEBHMX KOPEKTMB Y MPaKTUKy Be-
OeHHS HadTOrasonoLyKoBKX POBIT Y PerioHi.

Cxinno-Caparcnka-2

A Cxinmo-Caparenka-1

g I

) wemmezows [ 20.2% [ 25305 [ so3sve I ss-sos [ so-ss [ Giowe 45%
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Puc. 6. Oco6nuBoCTi po3BMTKY Kap6oHaTHUX YTBOPEHb y Mexax CxigHocapaTCbKOi CTPYKTYpU:
A — dbauianbHuin nepetuH; b — nitonoro-dadiansHa 30HanNbHICTL (BMICT BanHsKiB Ta 4OIOMITIB)

BucHoBKkW. BcTaHoBneHo nitonoro-gadiansHi ocobnu-
BOCTi 6asanbHuX BiOKNagiB cepefHbOro OEBOHY, 30Kpema
AOMiHYBaHHS MMUHUCTO-CYNbaTHUX YTBOPEHb Yy Mexax Ca-
puspceko-XKosTosipcbkoi Ta CapaTcbko-banabaHiscbkoi
aHTUKMIHaNbHUX 30H i KAPOOHATHNX — y AeNPeCiiHNX AiNsaH-
Kax. 34ificHeHO peKOoHCTPYKUii 06CTaHOBOK ocagoHarpoma-
OXKEeHHS 3 nokanisauieto dauianbHUX 30H cynparnitoparni, ni-
Topani Ta cybnitTopani, xapakTep po3BWUTKY SIKUX Yy poO3pi3i
3acBigyye 3Ha4YHy MIHMMBICTb Y Yaci yMOB ceaumeHTauii. Y
ckneniHHax »KoeTospcbkoi Ta CXigHocapaTCbKOi CTPYKTYp
BCTaHOBIIEHE BUKIMHIOBAHHS YTBOPEHb BEPXHbOI cybniTo-
pani, 4o SKOi TsXiloTe kKapboHaTHI BioreHHi Tina. OcTaHHi y
BUMMSAAI okpeMmx baratonoBepxoBmx 6ioCTpoMiB PO3BUHEHI

Ha cxunax MigHATTIB, CTBOPIOYN aTononogibHi MopdocT-
PYKTYpW. Takum xapakrep po3BWUTKY MOTEHUIMHUX Npupoa-
HMX KOMEKTOpiB Aae€ niactaBu nepepbayaTv HeaHTMKMIHA-
NbHY NPUPOAY NacTOK BYrMEeBOAHIB Y BiAknaaax cepeaHboro
nesoHy MNepennobpyasbkoro NporuHy.
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LITHOFACIES FEATURES AND ACCUMULATING CONDITIONS
OF MIDDLE DEVONIAN BASAL LAYERS OF DOBRUDJA FOREDEEP

The main purpose of this work is to identify lithofacies features and sedimentation conditions of basal thickness of Eifelian deposits within
Biloliskyi block of Dobrudja Foredeep. Methods include lithological interpretation of geological and geophysical materials, lithofacies and
sedimentological analyses. Features of lithofacies zonality of Early Eifelian deposits have been determined. It has been shown that argillaceous
sulphate sediments are mostly within Sariyarsko-Zhovtoyarska and Saratsko-Balabanivska anticlinal zones and carbonate sediments are in
depressions. The reconstructions of environments of their sedimentation have been done, which showed irregular character of spatial age-specific
development of formations of different facial zones of sulphate carbonate shelf. The supra-littoral territory was occupied by Sariyarsko-Zhovtoyarska
and Saratsko-Balabanivska uplifts and bordered with rather narrow zones of littoral and upper sublittoral. The main part of Tuzlivska and Alibeiska
depressions occupied lower sublittoral. Wedge-out of horizons of upper sublittoral with biostrome in the arch uplifts has been displayed. Scientific
novelty. For the first time lithofacies zonality of Early Eifelian deposits and their environments have been done. Practical significance. Displayed
wedge-out of horizons with biostrome in the arch uplifts may indicate non-anticlinal nature of hydrocarbon traps in Middle Devonian deposits, thus
some corrections should be done in practice of oil and gas searching of this region.

Keywords: Dobrudja Foredeep, Middle Devonian, lithofacies, sulphate carbonate shelf, hydrocarbon traps.
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NnUTONOro-®ALUAINBHbLIE OCOEEHHOCTU U YCNOBUA HAKOMNEHUSA BA3ANbHbLIX OTIIOXEHUA
CPEOHEIO OEBOHA NPEOOOBPYIXXUHCKOIO NMPOIrMBA

Lenb pabomsi 3aknoyaemcsi 8 onpedesieHuUU 1umoso2o-ghayuanbHbix ocobeHHocmel u ycnoeuli cedumMeHmayuu 6a3anbHol monuju 3u-
genbcbkux omnoxeHuli beonecckozo 610ka MpeddobpydxuHckozo npoz2uba. Memoduka ek/o4aem JIUMOJI02UYECKYI0 UHMepnpemayur 2eo-
J1020-2e0¢hu3uyecKux Mamepuasnos, 1umosio2o-ghayuasnbHbili U ceuMeHmosio2u4eckuli aHanu3sbl.

Pe3ynbmamsi. YcmaHoeneHbl oco6eHHocmu numosio2o-ghayuasnbHoli 30HasibHOCMU omiioxeHuli paHHealighenibcbko20 eo3pacma. lMoka3aHo,
4ymo e npedenax Capbisipcko-Xenmosipckoli u Capamcko-banabaHoeckoli aHMUKIUHaNbHbIX 30H pa3eumbl 8 OCHO8HOM 2/IUHUCMO-CY/IbhamHble
omisioxeHusi, a 8 denpeccusix — kap6oHamHble. OcyujecmersneHbl PeKOHCMPYKUUU 06cmaHo8oK ocaGKOHaKOMIeHUs, Komopble rMoka3asau HepagHo-
MepHbIU Xxapakmep npocmpaHcmMeeHH0-803pPacMHO20 pa3eumusi o6pa3oeaHull pa3u4HbIx hayuasnbHbIX 30H Cy/bghamHo-kap6oHamHo20 wenbga.
O6nacmb cynpanumoparnu oxeambieana Capbisipcko-Xenmosipckoe u Capamcko-BanabaHoeckoe nodHssmusi u 6bin1a okaliMiieHa HeWUpPoOKUMU 30-
HaMu nlumopasnu u eepxHeli cybnumopanu. OcHoeHyto Yacmb Ty3noeckoli u Anubelickoli enaduH 3aHUMasia HUXHSSI cy6numopanb. BbisseneHo
8bIK/IUHUBaHUE 20pPU30HMO8 8epxHell cybnumopanu ¢ 6uocmpomamu 8 ceodax MoGHIMull.

HayuyHasi Hoeu3Ha. Brnepeblie ycmaHoeneHa lumosno2o-ghayuanbHasi 30HalbHOCMb OMJI0XKeHUll paHHe20 3lghesisi u ebIICHeHbI 06CMaHOBKU UX
HaKorueHusl.

lMpakmuyeckoe 3Ha4eHue. O6HapyXeHHOe 8bIKIUHUBaHUE 20PU30HMO8 ¢ 6uocmpomamu 8 ceodax MOOHsIMulli MOXXem yKa3bleamb Ha HeaHmu-
KJIUHanbHy0 Npupody soesyuek y2reeo0opodoe 8 omsioxeHusix cpedHe2o 0egoHa, Ymo mpebyem eHeceHus1 onpedesieHHbIX KOPPEKMuUe 8 npax-
muky eedeHusi Heghme2a30MoucKoebIx pabom e pe2uoHe.

Knroyeenie cnoea: lMpeddobpydxuHckuli npo2ub, cpedHuli degoH, numoghayuu, cynbghamHo-kapb6oHamHbIl wenbg, 108ywWKU ye1eeo00podos.
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GEOCHEMICAL MODEL OF PRECAMBRIAN GRANITOID MAGMATIC EVOLUTION
IN THE KOROSTEN PLUTON (UKRAINIAN SHIELD):
PETROGENETIC ASPECTS AND GENESIS OF COMPLEX ORE MINERALIZATION
IN METASOMATIC ZONES

(PexomeHdoeaHo YrieHOM pedaKuiliHol Kosezii 0-pom 2eos. Hayk, npogh. O.B. MumpoxuHum)

Preliminary geochemical dataset for the granitoids (rapakivi, granite-porphyries, veined granites) of Korosten anorthosite-rapakivi
granite pluton (Ukrainian Shield) was studied. The data set includes the results of all major and selected trace elements determinations
(XRF, >300 samples), and is compared with melt crystallization and partial melting models of trace elements behavior. Only the Rayleigh
model closely approximates the trace element data for granitoids. Typical incompatible behavior under approximately constant bulk
distribution coefficient is determined for Rb (Dg,= 0,5). Model f values (weight fraction of liquid in magma chamber) are calculated for each
granitoid type (residual melt portion) from Rayleigh equation and Rb content in rocks (Crs) assuming minimum concentration in granitoids
(169 ppm) as Rb content in parent magma (C,*°). C vs. f curves for trace (including P, Ti, S, Cl, F, Ca) and major elements are approximated
by means of equations of C=Cy?f>' form or polynomial ones respectively. This set of equations is an idealized model of element behavior
that demonstrates the depletion of Ba, Sr, Ti, Zr, P, S and enrichment of Th and Ga in the residual liquid as well as the inversion behavior
of LREE, Y, F, Cl, Nb, Zn and Pb during the melt fractional crystallization in magma chamber. Monotonous decrease of both Zr and P
content indicates melt saturation in zircon and apatite. Therefore, model temperature (Tnoqe) Of the melt is estimated from equations of
zircon and apatite solubility. The temperature evolution in magma chamber was presented as Tpoqe VS. f polynomial equation (T ,oqe range:
900-720°C). Inversion in LREE content (f = 0,185) indicates the apatite/monazite replacement in the crystallizing assemblage. Water content
in melt for this f value and corresponding T.q Was calculated from equation of monazite solubility which demonstrates its high H,O-
dependence. C,"?°=2,36 wt% was estimated on this basis (assuming Dy = 0,1) for the liquidus of initial granite melt (P ~6,3 kbar).
According to designed model water saturation limit was reached at f = 0,165 and H,O-fluid was extracted from the melt during its further
evolution. Synchronous inversion of C/C, vs. f curves shows the enrichment of fluid with F, CI, Nb, Zn, Pb etc. Such characteristics of fluid
are in agreement with geochemical data for ore-bearing altered rocks and might testify for their genetic unity.

Keywords: granite, rapakivi, trace element, magmatic evolution, apatite, zircon, monazite, xenotime, solubility, water in melt, fluid

extraction, altered rocks, ore mineralization.

Introduction. Korosten pluton (KP) is one of the largest
and best studied magmatic complexes of Ukrainian Shield
(USh). It occupies the northwestern part of it and covers an
area of approximately 12000 km? [21, 54]. Pluton (fig. 1)
comprises typical anorthosite-rapakivi granite association
(ARGA) and represents complex multistage intrusive body
with at least 50 Ma of emplacement history (=1,8-1,75 Ga [6,
8, 28, 39]). Three main groups of rocks are distinguished at
present erosional level: granitoids and related pegmatites (4
bodies that cover 75% of KP); gabbroids (3 large bodies);
hybrid rocks, which formed as a result of gabbroic and granitic
magma mixing according to [33]. Gabbroid and granitoid
bodies themselves represent polyphase intrusions composed
by rocks associations of different age [6, 10, 19, 20, 54 etc.].
Two anorthositic (A1, A2) and two gabbroic (G3, G4) phases
are distinguished among the gabbroids, the earliest phase
(A1) age is estimated as 1,8-1,784 Ga and later phases are
believed to be 1,763-1,758 Ga [6, 33, 39, 54]. Three phases
of granitic intrusions are confirmed for the KP [9, 18, 22, 27,
31]: y' — rapakivi granites and biotite-amphibole rapakivi-like
granites, y? — subalkali biotite leucogranites and granite-
porphyries, y® — vein rare-metal microgranites and granite-
porphyries, which are dated as 1767+5, 1752+16, 1737154
Ma respectively [22, 33]. Age of gabbro-monzonites and
granosyenites (hybrid rocks) is estimated as 1760,7+4,1 and
1763,8+2,6 Ma respectively [33].

Long history of KP research [1, 5-16, 18, 20-25, 27, 28,
31-36, 39, 43, 54 etc.] led to formation of two major models
of its formation. First model [1, 4 et al.] accepts fractional

crystallization of basic melt as leading mechanism of all
rocks formation (especially granitic and gabbroic
components). Model stands on the basis of evident spatial
association of granitoids and gabbroids with hybrid rocks as
transitional link as well as experimentally proved [51 etc.]
possibility of such scenario. Nevertheless, the model poorly
describes aforementioned datings and dominating position
of granitic rocks in KP. Second model implies bimodal
magmatism and lacks direct genetic relations between
granitoids and gabbroids [5, 23 etc.]. Model suggests partial
melting of granulitic substratum under the influence of
mantle melts as main mechanism, which resulted in
formation of peraluminous melts due to mixing of mantle and
lower crust material. Basic rocks formation was initiated by
intrusion of such melts in higher crust levels that was
followed by formation of transitional chambers and
differentiation in them. Granitoids are believed to be formed
as a result of middle level crust melting by high-temperature
basic magmas [21, 23 etc.]. Objective analysis points out
that second model is better grounded and is also proved by
data on deep crustal structure of northwestern part of USh
obtained by a complex of modern geophysical methods
modeling [14, 16, 54 etc.].

Therefore, conducted geological, petrologic and
geophysical research allowed to suggest realistic models of
KP formation and to assess conditions of leading rock types
crystallization. According to mineral thermobarometry data
[21], crystallization of A1 type anorthosites took place under
~1000°C temperature and depth of ~30 km or more. Similar
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data on A2 type anorthosites yields temperature of 800-
850°C and depth of ~18 km [21]. As for prevailing granites,
mineral thermobarometry [1, 23] and fluid inclusions study
[7, 13, 15, 25] suggests a wide range of depths (3 to 12 km)
and temperatures (850-600°C for granitoids and 600-350°C
for pegmatites) of crystallization, which corresponds to

upper continental crust level. However, introduced models
[1, 4,5, 14, 23, 54 etc.] suggest generation and subsequent
differentiation of granitic melts in much deeper conditions.
The problem is that mechanisms and conditions of such
processes are insufficiently studied.

Baltic
Shield Gulf

of Bothnia

Baitic Shield

\ Karsun.
\ Novomirgorod

Fig. 1. Geological position and structure of Korosten Pluton. (a) Position of the Korosten pluton in the East European
platform (after [1]). (b) Simplified geological map of Korosten Pluton [11, 27, 43], with this paper author's modifications:

1 — Early Proterozoic gneisses, migmatites, granites; 2 — sedimentary-volcanic rocks of the Ovruch group; 3 — altered rocks in tectonic
zones (| — Suschano-Perga zone; Il — Teterev zone); 4 — rare-metal granite dykes; 5 — granite porphyry; 6 — porphyritic coarse-grained
rapakivi granites with minor ovoides (Amph+Bt, Bt); 7 — rapakivi granites with micro to large size ovoids (Amph+Bt+Px+Ol);

8 — anorthosites, gabbro-norites, gabbro-diabases. 9 — faults (a—regional, b—local); 10 — sampling locations with their numbers

In present paper authors make an attempt to solve the
latter problem at an example of KP granitoid series by
means of representative set of geochemical data complex
analysis. Reaching the aim requires solving next tasks: (1)
development of KP granitoids evolution geochemical model,
(2) model evaluation of thermodynamic parameters and fluid
mode of magma chamber evolution (3) assessment of
granitic magma potential to generate high-temperature ore-
bearing fluids able to large-scale metasomatic alteration of
host rocks and mineral deposits formation.

Sampling and analytical techniques. All the granitic
rocks of the Korosten pluton, taking into account the results
of this paper as well as early published ones [12, 18, 20, 27,
31, 43 etc.] are classified into 11 main varieties (types) of
rocks that are widely distributed all over the pluton. Each
type is investigated in details, while main rock types
constitute a simplified but a representative description of
trace and major elements abundance variations within the
Korosten pluton granitoids.

Locations of sampling with their numbers are shown in
Fig 1. All the sampled types of rocks, with short description,
are listed below (see Table 1) in an order of f parameter
values reduction. A decrease of f parameter value obtained
as a result of geochemical modelling is in correlation with the
rock types relative emplacement ages. Each rock type is
investigated by a number of ordinary point samples (n=19—
25) to carry out element analysis and one bulk representative
sample to make a detailed geochemical and mineralogical
analysis. Bulk representative samples are additionally studied
through thin sections and heavy mineral concentrates to
establish complete mineralogical composition. The presence
of trace amounts (up to separate grains concentration level)
of accessory phases of zircon-apatite-monazite-xenotime
association is checked during the research. Mineralogical
investigation results are summarized in a concise description
of rock types added to the Table 1.

Both ordinary and bulk representative samples are
crushed, pulverized and analyzed by means of quantitative

X-ray fluorescence method (XRF) at the laboratory of
Institute of Geology, Taras Shevchenko National University
of Kyiv, Ukraine. Major oxides and selected trace elements
(SiO2, TiO2, Al203, Fe203*®, MnO, MgO, CaO, Na20, K20,
P20s, S, ClI, Zr, Sr, Ba, Rb, Y, La, Ce, Nd, Nb, Th, Ga, Pb,
Zn, Cu) are analyzed in each sample. The precision and
accuracy of XRF method is verified by a replicate analysis
of the rock standards of specially prepared reference
samples set. Final calculations for each powdered sample
are obtained as averages of individual powder pellets
analysis with 3-5 measurements in case of point samples
and 10-30 measurements in case of bulk ones. Thus, all 315
final calculations represent averages of more than 1500
analyses of powder pellets.

The latter analytical procedure made it possible to
minimize analytical uncertainties that may arise in case of
non-homogenous trace elements distribution in powdered
samples. The best results (decreased n-fold) are obtained
for P, LREE (La, Ce, Nd) and especially for Zr — the elements
that form their own accessory phases of apatite, monazite
and zircon. For all bulk samples total analytical uncertainty
with a confidence level of 95% is estimated to be (in relative
%): Si — 0.5-0.6%; Al, Fe, Na, K, Rb, Ba — 1.5-5%; Ti, Mn,
Mg, Ca, P, Zr, Sr, Y, La, Ce, Nd — 5-10%; Nb, Pb, Th, Cu,
Zn, Ga — 10-15% (up to 20-40% for ~20 ppm level); S, Cl —
15-30%. In case of point samples noticeable analytical
uncertainty is noticed only for Zr (up to 15-25%). Other
elements show lesser uncertainties (P, LREE etc.) or
insignificant ones (major elements).

Representative  whole-rock data set used for
geochemical modelling is formed on the basis of analytical
results. Each Korosten granitoids rock type includes (1)
compositions calculated as averages of point samples
analyses (see Table 3); (2) the composition of bulk (see
Table 2) samples (22 whole-rock analyses in total).
Representative data for F average content in rock types [27]
is added to this set. Geochemical data set for altered rocks
includes only the ordinary samples analyses.
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Table 1
Localities and modal mineralogical composition of investigated granite types
s Rock-forming and accessory minerals content Zr-P-LREE-Y
ample
f Rock type, vol. %) accessory
(r':)ck ty;;fe) ’:o range locality F PI Hbl B OI+P A minerals
(No on Fig. 1) sp Qtz t X | ACC | association
95004 (4) 0,784-0,995 | Rapakivi granite, village Mirnoye 48 18 21 7 3.5 0,5 2 Zm+Ap
95006 (6) 0,875-0,877 | Rapakivi granite, Volynsk 49 22 20 4,5 3 0,3 1,2 Zm+Ap
pegmatite field
95002/2 (2/2) 0,613-0,865 | Rapakivi granite, town Malyn 45 21 20 8,5 3 0,3 2,2 Zrn+Ap
95005 (5) 0,721-0,734 | Rapakivi granite, village Guta 54 14 24 4 1 n.d. 3 Zm+Ap
Potievka
95012 (12) 0,520-0,580 | Rapakivi granite, town Korosten 51 8 34 2 1,5 0,1 3,4 Zm+Ap
95011 (11) 0,406-0,426 | Granite, village Schorsovka 59 7 29 09| 12 0,4 2,5 Zr+Ap
95009 (9) 0,347-0,408 | Granite, village Ignatpol 48 16 30 1 3,5 n.d. 1,5 Zr+Ap
96001 (1) 0,382-0,401 | Granite, village Emelyanovka 50 15 29 1,5 3 n.d. 1,5 Zr+Ap
95008/1 (8/1) 0,199-0,251 | Granite-porphyry, village 54 12 23 0,5 7 n.d. 3,5 Zm+Ap+Mnz
Andreevka
95007 (7) 0,124-0,194 | Autometamorphic granite, village 52 14 28 1 3** n.d. 2 Zrn+Mnz+Xnt
Lezniky
95008 (8) 0,029-0,038 | Veined rare-metal granite, village 31 28* 31 nd. | 7.5 | nd. |25 ZrnxXnt
Andreevka

Notes: Fsp — K-feldspar, Pl — plagioclase (* albite), Qtz — quartz, Hbl — hornblende, Bt — biotite (** Li- biotite, *** zinnwaldite), Px+Ol —
pyroxene+olivine (relic), Acc — accessory minerals (**** including <2.5% topaz and <0.1% other accessories), Zrn — zircon, Ap — apatite,

Mnz — monazite, Xnt — xenotime; n.d. — not detected.

Modelling procedure and results.

Model options. Five idealized models of trace elements
behaviour during melt crystallization and partial melting are
suitable for geochemical modelling of real magmatic processes
[29, 30, 38, 41, 44, 46, 50, 52 etc.]. These models, simplified for
the case of constant bulk distribution coefficient, are presented
below by equations (1) (Rayleigh fractional crystallization), (2)
(equilibrium melt crystallization and batch melting), (3)
(fractional partial melting with melt accumulation in magma
chamber) and (4) (strict fractional partial melting):

c=¢,-f"", (1)
Cc=c, [D-(l—f)+f]_l

and
c=Cs[D-(1-f)+ 1], 2)
c=(ci/r)[r-0-n"], @
Cc=(c;/p)-(1- )" @

where C is the element concentration in the melt, C, and C;

— initial element concentration in the parent melt and parent
solid rock respectively, D — bulk distribution coefficient for the
element, f — weight fraction of liquid (melt) in the system.

To apply the general forms of these equations [44, 46] the
value of D variations (dependent on the temperature,
pressure, melt and solid phase composition) during magma
evolution should be obtained. Due to absence of the latter
data in practice, only simplified equations could be used in
geochemical modelling. Generally, the models, designed on
this base, are semiquantitative, but they demonstrate close
approximation to magmatic evolution if D values for some
compatible and (or) incompatible elements are approximately
constant and might be determined.

Granitoids magmatic evolution is a typical example in
this case. The temperature range and variations in melt and
solid phase composition of granite-forming systems are less
studied than those of basalt-forming ones. Therefore,
approximately constant D values could be calculated for the
elements with the distributional pattern controlled only by
main rock-forming minerals. Rb and Sr are the typical
elements of this group. According to the data available [2,
30], a set of D values may be suggested to be used in
geochemical modelling of such typical geological

environments: (1) melt crystallization with K-feldspar and
plagioclase as the main phases of the crystallizing
assemblage (Dro=0.5, Dsr=2), (2) partial melting at lower
crustal level with plagioclase as the main restite phase
(Dro=0.1, Dsr=2). In case of partial melting at the upper
mantle level (olivine and pyroxene as the main restite
phases), Drob=0.1 and Dsr=0.1 values are the most realistic
estimations obtained. The latter set of D values is used in
further modelling procedure.

The data available confirms contrary role (compatible
and incompatible) of Rb and Sr (as well as Ba) during the
formation of Korosten pluton granitoids (Fig. 2, a). There-
fore, our data set for the Korosten pluton and the data sets
of other granitoids complexes of the Ukrainian Shield [9], ob-
tained by means of XRF and reported by [10, 12], were stud-
ied in comparison with the different model trends of melt
crystallization and partial melting in order to choose between
different models for the Korosten granitoid complex (Fig. 3,
a). Model trends calculated are based on equations (1) — (4)
assuming suggested Dsr and Drp values (vide supra) for f
that varies from 1.0 to 0.01. Both trends and granitoids data
are plotted in Srmax/Srmin—Rbmax/Rbmin coordinates, where
Srmax, Rbmax and Srmin, Rbmin are the elements maximum and
minimum concentrations within the granitoids series for
each complex or pluton. Only Rayleigh model (1), which is
the most applicable for the granitoids [17, 23, 30] represents
melt crystallization process on this plot. Other models (2) —
(4) represent partial melting processes.

According to Fig. 3, a the Korosten pluton granitoids as
well as all other granitoids complexes of the regions of
Proterozoic activation and some complexes of gneiss-
amphibolitic regions demonstrate a good agreement with
Rayleigh model in case of Drb=0.5, Dsr=2 (K-feldspar and
plagioclase fractionation during the melt crystallization).
Strong linear correlation (fig. 2, b) between the logarithms of
Rb, Sr and Ba concentrations testify to the same result, as
well as it shows the constant Dro, Dsr and Dga values during
the process of fractional crystallization. Coefficients values
in a corresponding linear equation for Sr and Rb (fig. 2, b)
confirm that Dro=0.5 and Dsr=2 values are correct in a case
of the Korosten pluton granitoids formation. Similar plot for
all present data on Ukrainian Shield granitoids approximated
to Rayleigh model (fig. 3, b) shows that these values are a
good estimation in a general case too.
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Table 2
Major and trace element composition of Korosten pluton main granitoids types (representative bulk samples)
Sample ﬁg‘:k tyPe) | 95004 | 95006 | 95002/2 | 95005 | 95012 | 95011 | 95009 | 96001 | 95008/1 | 95007 | 95008
Major elements, wt%
SiO, 71,73 72,88 72,84 73,69 73,22 75,45 76,81 75,16 75,72 76,35 78,16
TiO, 0,335 0,384 0,286 0,368 0,284 0,291 0,193 0,202 0,182 0,122 0,012
AlL,O3 13,48 12,16 12,9 11,95 12,96 11,56 11,35 12,6 11,73 11,51 11,91
Fe 05 3,46 3,642 3,19 3,491 2,81 2,685 1,97 2,06 2,44 2,06 0,929
MnO 0,045 0,049 0,042 0,039 0,039 0,037 0,033 0,033 0,03 0,027 0,032
MgO 0,134 0,147 0,134 0,196 0,233 0,138 0,107 0,104 0,079 0,056 0,039
CaO 1,639 1,476 1,445 1,142 1,03 0,945 0,63 0,766 0,888 0,853 0,074
Na,O 3,229 3,484 3,264 3,152 3,53 3,003 3,08 3,36 3,39 3,49 4,61
K,O 5,263 5,181 5,228 5,372 5,31 5,304 5,22 4,93 4,77 4,91 3,63
P,05 0,098 0,09 0,067 0,098 0,069 0,052 0,026 0,029 0,026 0,012 0,024
S 0,084 0,064 0,072 0,112 0,056 0,069 0,057 0,05 0,046 0,046 | 0,032
Cl 0,023 0,011 0,02 0,028 0,01 0,01 0,01 0,01 0,034 0,028 0,002
F 0,078 0,08 0,04 0,06 0,145 0,059 0,12 0,16 0,213 0,3 0,371
LOI (~H,0") 0,047 0,057 0,201 0,037 0,022 0,183 0,223 0,318 0,223 0,052 | <0,01
Trace elements, ppm
Cu 23 20 23 22 27 23 23 20 22 19 17
Zn 91 80 91 101 84 85 82 94 122 100 64
Ga 20 21 21 18 19 23 17 23 20 25 24
Rb 191 181 182 199 222 265 265 274 379 384 864
Sr 131 107 101 81 74 49 24 39 30 13 5
Y 46 41 49 48 57 54 48 67 121 176 58
Zr 645 511 482 572 555 405 304 360 380 316 140
Nb 31 25 29 28 33 25 25 36 42 45 45
Ba 1440 1130 877 833 929 574 222 318 217 35 20
Pb 27 27 44 34 33 35 31 27 49 51 50
Th 8 11 15 9 18 15 22 21 33 18 36
La 93 67 70 81 87 73 78 93 134 105 13
Ce 145 114 124 119 158 117 139 166 234 142 13
Nd 57 51 54 51 56 52 49 61 80 43 19
Weight fraction of liquid (melt) in the system
f | 0784 | o876 | o865 | 0721 | 0579 | 0406 | 0408 | 0382 | 0199 | 0193 | 0,038

Notes: Fe:05°% — all Fe as Fe20s.
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Fig. 2. Sr, Ba and Rb geochemistry in Korosten Pluton granitoids. (a) Elements concentration vs. SiO, content,
(b) In Sr and In Ba as a linear functions of In Rb

The opposite result was obtained for all granitoids
complexes of the greenstone, gneiss-granulitic regions and
some complexes of gneiss-amphibolitic regions of Ukrainian
Shield [9]. As it is seen at Fig.3,a the data of these
complexes is in a good agreement with (2) and (3) partial
melting models. According to the preliminary results of
semiquantitative modelling (fig. 3, b) the granitoids of these
complexes were presumably formed during the partial
melting of plagioclase-bearing lower crust originally derived
from mantle. Their crustal Sr and Nd isotopic composition,
reported by [3, 11, 32, 43 etc.] confirms this assumption.

Major and trace elements behavior during magma
evolution. Model f values for each granitoid type (residual
melt portion) are calculated from Rayleigh equation (1), Rb
content in rocks (Crb) assuming Krp=0.5 and a minimum Rb

abundance for all Korosten granitoids series (169 ppm) as
initial Rb content in the parent magma (CoR®):

f= (C/Co )1/(0 = (169/CRb )2 : (®)
All trace elements (including P, Ti, S, Cl, F, CaO) and major
oxides (including M and D bulk composition parameters
explained in the next paragraphs) are plotted against f (fig. 4-6)
and approximated by means of equations of C=C, - f b
type or polynomial ones respectively. Only some major
elements data for autometamorphic rocks (especially shown in
Fig. 6, a, 6, c and 6, d) are excluded from the approximation.
In such a way, geochemical data set is transformed in a
set of model equations (presented in Fig. 4-6), which
contains the information about D and C;, (ppm) values for

all determined trace elements. This set is an idealized model
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of elements behavior during the melt fractional
crystallization in magma chamber.

Idealized C vs. f plots (fig. 4, 5 and 6, a) demonstrate the
monotonous decrease of Ba, Sr, S, Ti, Zr, CaO concentrations
as well as P (almost over the whole range of f values) and the
monotonous increase of Th and Ga in the residual liquid caused

in both cases by their approximately constant bulk distribution

assemblage). Some elements (LREE=La+Ce+Nd, Y, F, CI, Nb,
Zn and Pb) demonstrate inverse behavior — their contents
increase at first and then decrease later during crystallization or
vice versa. The latter behavior can be explained by two
processes: (1) the appearance of new accessory minerals in
the crystallizing assemblage or (and) (2) metal-bearing fluid
extraction from the melt.

coefficients (stable composition of the crystallizing
Table 3
Major and trace element average composition of Korosten pluton main granitoids types (ordinary point samples)
Sample (rocktyPe) | 95004 | 95006 | 95002/2 | 95005 | 95012 | 95011 | 95009 | 96001 | 9500811 | 95007 | 95008
Major elements, wt%
SiO, 69,24 70,97 73,03 72,58 72,80 74,62 76,19 75,21 74,59 75,51 77,07
TiO, 0,368 0,442 0,283 0,369 0,349 0,278 0,223 0,167 0,185 0,137 0,018
Al,O; 14,29 13,26 12,77 12,74 12,22 12,50 11,85 12,52 12,65 11,79 12,87
Fe Qs 4,08 4,27 3,26 3,61 3,58 2,55 2,31 2,16 2,27 2,61 0,92
MnO 0,049 0,060 0,045 0,047 0,043 0,043 0,042 0,029 0,03 0,027 0,037
MgO 0,171 0,178 0,133 0,173 0,231 0,135 0,128 0,105 0,092 0,052 0,038
CaO 1,991 1,586 1,322 1,281 1,114 0,975 0,5 0,88 0,772 0,9 0,084
Na,O 3,47 3,39 3,29 3,26 3,46 3,19 3,01 3,415 3,45 3,38 4,96
K,0 5,59 5,24 5,28 5,35 5,49 5,27 5,13 5,14 5,18 5,06 3,46
P,0s 0,097 0,11 0,054 0,101 0,072 0,043 0,039 0,027 0,027 0,009 0,023
S 0,204 0,044 0,067 0,043 0,019 0,018 0,046 0,03 0,034 0,019 0,017
Cl 0,022 0,007 0,023 0,008 0,002 0,006 0,007 0,009 0,019 0,01 0,002
F 0,078 0,08 0,04 0,06 0,145 0,059 0,12 0,16 0,213 0,3 0,347
LOI (~H,0+) 0,04 0,096 0,146 0,17 0,118 0,102 0,223 0,022 0,287 0,027 <0,01
Trace elements, ppm
Cu n.a. n.a. 33 n.a. n.a. n.a. 23 n.a. n.a. n.a. n.a.
Zn n.a. n.a. 103 n.a. n.a. n.a. 81 n.a. n.a. n.a. n.a.
Ga n.a. n.a. 20 n.a. n.a. n.a. 19 n.a. n.a. n.a. n.a.
Rb 169 181 216 197 234 259 287 267 338 479 1000
Sr 145 121 95 65 64 37 50 50 23 12 3
Y 48 40 63 38 45 43 49 50 125 136 74
Zr 498 489 475 424 530 415 317 249 348 363 129
Nb 24 19 31 19 22 10 30 22 31 59 29
Ba 1363 1189 720 805 883 554 311 349 216 54 33
La 100 70 95 73 105 92 60 84 200 133 27
Ce 180 127 184 124 181 144 116 132 315 197 47
Nd 81 61 90 57 71 59 60 47 119 59 10
Pb n.a. n.a. 30 n.a. n.a. n.a. 32 n.a. n.a. n.a. n.a.
Th n.a. n.a. 16 n.a. n.a. n.a. 19 n.a. n.a. n.a. n.a.
Number of samples
N 20 | 19 [ 20 | 21 | 20 | 25 ] 20 [ 20 | 20 | 19 | 20 |
Notes: Fe:03°% - all Fe as Fe20s, n.a. — not analyzed.
Accessory minerals crystallization and estimation of In D?C/L _ [—3,80—0,8 5 ( M—l)] +12900-T" 6)
the melt temperature. Monotonous decrease of Zr content s
(fig. 4, b, 7, a) indicates the saturation of the residual melt in In Dth/L:[_3’1 — 1274.(5102_0,5)J+
zircon over the whole observed range of fvalues (f=1-0.01). (7)

The data on P content demonstrate more complicated
situation. Hence, similar monotonous decrease of P content
as well as saturation of the residual melt in apatite is noticed
only for f values lying within the range of 1-0.185 (fig. 4, a,
7,a). According to model C vs. f plots and modal
mineralogical composition of the investigated rock types
(fig. 7, a, 7, b), inversion in LREE and Y content indicates
the change of apatite to monazite and monazite to xenotime
in the crystallizing accessory minerals assemblage. The
most important parameters of the apatite/monazite
replacement point are presented on Fig. 7.

In any cases, monotonous decrease of Zr and P content
indicates saturation of the residual melt in both zircon and
apatite over a wide range of f values (1-0.185). Therefore,
temperature of the melt in magma chamber at moment of
each residual melt portion (granitoids rock type) extraction
is calculated using experimentally determined [45, 56] zircon
(6) and apatite (7) solubility equations on a basis of melt
composition obtained for Zr (ppm), P (ppm), M and D from
the designed model equations (fig. 4 and 6):

+[ 8400+26400-(8i0,-0,5)]- T,
where DZ" = 71 /7r" , DA™ = P*"/P" and Zr™, P,

Zr“, P“ — Zr and P content (ppm, wt%) in stoichiometric

zircon, apatite and melt respectively, pA
Na+K+2C .
=% (cation ratio of the melt), SiO, — weight
-Si

fraction of silica in the melt, T — absolute temperature (°K).
Tz and Te are the temperatures calculated from the
equations (6) and (7) respectively. Tmodel is an average of Tzr
and Tp in a range of f from 1 to 0.185 and extrapolated to f
= 0.02. Tmodel during the fractional crystallization within the
estimated range of 900-720°C is presented in Fig. 7, c as
Tmodel VS. f polynomial equation. According to this equation,
Tmoder Value for apatite/monazite replacement point is
estimated to be 825 20 °C (fig. 7, c).
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Estimation of water content in melt, liquidus point
total pressure and the conditions of water-fluid extraction
from the melt. The residual melt in apatite/monazite
replacement point is characterized by saturation in both
apatite and monazite accessory phases. Therefore, the
occurrence of this replacement within the Korosten pluton
granitoids evolution creates the possibility for water content
estimation in melt under the certain conditions for this
replacement point (fig. 7). For reaching the goal, a monazite
solubility equation (8) which demonstrates a high H20-
dependence of monazite solubility [49] is used:

INREE"=9,50+2,34- D+0,3879-(H,0)"” -13318-T", (8)
where REE" — LREE (La-Gd, excluding Eu) concentration
Na+K+Li+2Ca

Al-(AI+Si)

(cation ratio of the melt), H,O — water content in the melt

(divided by atomic weight) in the melt, D=

(Wt%), T — absolute temperature (K).

As a result, Crzo in apatite/monazite replacement point
(=0.185, Tmode=825 °C, D=1.148, LREE=404.6 ppm) is
estimated to be 10.77 wt% (fig. 8, a). C/=° is calculated
from the equation (1) assuming Du20=0.1 and it equals

12.36 wt%. The latter water content at the liquidus of initial
granite melt corresponds to total pressure (Ptota) oOf
approximately 6.3 kbar [30, 47].

According to Rayleigh equation (1) for the conditions of

the designed model (C,”° = 2.36 wt%, Dr20=0.1) and

assuming both approximate temperature dependence on
water solubility in albite melt [48] and water solubility in
granite melt under Pwta=6.3 kbar reported by [30, 47], water
saturation limit was reached at f=0.165 (fig. 8, a). After this
moment H20-fluid was extracted from the melt during its
further evolution.

Water-fluid composition and its comparison with
composition of altered rocks. The beginning of water-fluid
extraction from the melt (=0.165) and f values estimated for
model C/Co vs. fplots inversions are almost synchronous for
F and Cl as well as for such typical polymetallic and rare
elements as Zn, Pb and Nb (fig.8,b). The latter
phenomenon testifies to high F and CI content in extracted
H20-fluid and shows its enrichment in these elements. Such
characteristics of extracted fluid as well as expected high Rb
and low Sr and Ba content are in agreement with
geochemical data obtained for ore-bearing altered rocks
from metasomatic zones associated with Korosten pluton
[19, 24, 36 etc.] and testify to their genetic unity.
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Discussion. Elaborated geochemical model establish granitoids formation. It indicates the saturation of the initial
the key role of fractional crystallization in the Korosten pluton rapakivi granite melt in both zircon and apatite as well as the
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latest differentiates in monazite or xenotime. Some
important parameters of magmatic evolution are estimated
on this basis. These parameters include: (1) total pressure
(Ptotal) of initial melt generation level (Ptwta~6.3 kbar); (2)
temperature of the initial melt (Tmoder = 900°C) and its
decrease during the magma differentiation (total range: 900-

720°C); (3) water content in the initial melt (H2Omodel = C.2°

= 2.36 wt%) as well as water content during further
magmatic evolution up to the moment of aqueous metal-
bearing fluid extraction from the latest differentiates
(H2Omodel = 10.77 wt%). Finally, the ability of the granitic
magma to be the source of high-temperature ore-bearing
fluids is demonstrated.

The evaluations obtained are in a good agreement with

20

P values and water content estimations reported by [40] for
initial melt of Fennoscandian rapakivi batholiths (P = 5-
6 kbar, H20 2.5wt%). The only differences are in
maximum T values reported in this paper (900 and 780°C
respectively). In general, it is in order, because zircon,
apatite and monazite saturation temperatures are consistent
with the residual melts temperatures at the moment of their
partition off the solid phase in magma chamber during initial
melt fractional crystallization. Therefore, Tmoder is the
maximum magma temperature. However, higher T (Tmoder)
values obtained in this work could be caused by partly
inherited (relict) origin of zircon and apatite. Inherited
accessory minerals concentrations must be taken into
account in further saturation temperatures evaluations.
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15

‘Water solubility in granite melt under the model total pressure (Py., =6.3 kbar)
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Fig. 8. Conditions of the water-fluid extraction from the melt (a) estimated by assuming Rayleigh fractionation
for Dy20=0,1. Water content (H,Omodel) in apatite/monazite change point were calculated from Ty,o4e1 and D bulk composition
parameter values according to monazite solubility equation. Inversion in C/C, curves (b) demonstrates the enrichment of water-
fluid with Cl, F and ore elements (Zn, Nb, Pb etc.). Similar curves for Sr, Ba and Rb show the low (Sr+Ba)/Rb ratio in fluid.
See text for equations and references

In addition, our data must be compared with
determination of trace elements and all volatile components
content in melt inclusions reported by [7, 15, 25] for
pegmatites of the Korosten pluton region. Reported in [15]
precise determinations constitute the most correct direct
information about the pegmatite melt composition (H20 =
7 wt%, F = 5.1 wt%, Cl = 0.3 wt%, enrichment in Li, Rb, Cs,
Sn, Nb, U, Th and depletion in Ti, P, Zr, Sr, Ba, REE). This
data lies in agreement with our model evaluations for the
water, other volatile and trace elements content in the latest
differentiates of Korosten granitic magma.

Conclusions. (1) Some important parameters of
magmatic evolution were estimated for the Korosten pluton
granitoids on a basis of geochemical modelling. Model
evaluations are in a good agreement with authentic data
independently obtained for Korosten pluton and similar
rapakivi granite complexes by other researchers.

(2) Not only whole-rock but equilibrated widespread
accessory minerals assemblages  (zircon+apatite,
zircon+tmonazite etc.) trace elements geochemistry
investigations are necessary to increase modelling
procedure precision [26, 34, 37]. Also the inherited
accessory minerals concentrations must be taken into
account in further saturation temperatures evaluations.

(3) Similar geochemical modelling may serve as a
powerful tool for other granitoid complexes investigations
and economic mineralization prospecting [42, 55].

Authors consider results published in this paper to be
preliminary. Reliability enhancement requires involvement
of significantly larger amount of geochemical data, which
accounts for all major rock types of KP.
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FEOXIMIYHA MOAENb MArMATUYHOI 3BQJ1IOLI,I'I' [PAHITO'III,'I'B
KOPOCTEHCbLKOI'O MINYTOHY (YKPAIHCbKUW LLINT):
NETPOrEHETUYHI ACNEKTU | TEHE3UC PYOHOI MIHEPANI3ALUII B METACOMATUYHUX 30HAX

Byno sue4eHo nonepedHili Habip 2eoximiyHux aHux Ons 2paHimoidie (panakiei, 2paHim-nopgipu ma xunbHi 2paHimu) KopocmeHcbKko020 aHop-
mo3um-panakigizpaHimHoao nnymoHy (KI) YkpaiHcbkoz2o wyuma. [aHi u4000 mikpoesnemMeHmMHoz20 cknady epaHimoidie docmamHbo 6/1u3bKO arnpok-
cumyrombcsi Modesto ¢hpakuyiliHoi kpucmanisayii Penesi. nsi Rb ecmaHoeneHo munoey HecyMicHy nogediHKy 3 mocmiliHum KoM6iHoeaHuM Koegi-
yieHmom po3nodiny (Drs = 0,5), wjo do3eonusio Npoeecmu po3paxyHoK 3HavyeHHs1 f (Macoeoi Yacmku pidkoi ¢gpazu 8 MacmMamuyHili kKamepi) ONs1 KOX-
Ho20 muny 2paHimoidie (nopuyii 3anuwkoeo2o posnsasy) npuliMarodu MiHiManbHuUli eMicm elemenma e 2paHimoidax (169 ppm) 3a lio2zo emicm y
mamepuHcbkomy po3nnasi (CoRP). 3anexHicmb koHUeHmpauyil eid f dns mikpo- (ekmoqaroyu P, Ti, S, Cl, F, Ca) i nempoz2eHHUX enieMeHmie anpokcu-
MoeaHi pieHsiHHsiMu eudy C=Co f°-' a6o noniHomianbHuMu, eidnoeidHo. OdepxaHuli Ha6ip pieHsiHb € idearnizoeaHolo MOdesno MoeediHKU eremMeH-
mis, sika intocmpye xapakmep esosroyii po3nnasy e npouyeci hpakyitiHol kpucmanizayii: eucHaxeHHsi Ba, Sr, Ti, Zr, P, S; 36azayeHHs1 Th, Ga; iHeep-
cito noeedinku LREE, Y, F, Cl, Nb, Zn u Pb. MoHOmoHHe 3HWXeHHs1 KoHueHmpauii Zr i P eka3ye Ha Hacu4eHHs1 po3rJiagy YUPKOHOM ma anamumom,
w0 0360J1Us10 IPO8ECMU PO3PaxyHOK ModesibHuUx memmnepamyp (Tmode)) KOPUCMYIOYUCH €KCIIEPUMEHMaslbHUMU Pi8HSHHSIMU PO34YUHHOCMI YUPKOHY
i anamumy e cunikamuux po3nyiasax, a MakoX ompumamu rnoJsliiHoMianbHe PieHSIHHS 3aneXHOCcmi Tmode 80 f (Giana3oH Tmoder: 900-720°C). Bmicm
8odu y posnnaei 0nsi MOMeHmy 3aMmiHU anamumy MoHauyumom y npodykmax kpucmanisauii (iHeepcisi noeediHku LREE; f = 0,185) po3paxoeaHo 3
PiGHsIHHSI pO34UHHOCMI MOHayumy. OuiHKy emicmy eodu y euxiOHomy po3annaei (Co'?°=2,36 wt%) i mucky e mazmamuyHiil kamepi (Pt ~ 6,3 kbar)
nposedeHo, npumnyckaroydu, wjo Duzo = 0,1. BidokpeMneHHs1 800H020 ¢hs1t0idy 8Hac1idoK HacUYeHHs1 cucmemu 80300, 8UX00sTHU 3 PO3PO6IIEHOT MO-
Oeni, sidbynocs npu f = 0,165. CuHxpoHHa iHeepcisi C/Co eka3ye Ha 36a2ayeHHs1 ¢pnroidy F, Cl, Nb, Zn, Pb mowo. aHi npo cknad ¢nroidy eionoeida-
romb 2eoxiMiyHUM daHuM npo cknad acouyitoroqux 3 K[ Memacomamuy4yHo 3MiHeHUX opiod, W0 Moxxe ceidyumu npo ix 2eHeMu4Hy €OHicmb.

Knroyoei cnoea: epaHim, panakiei, MikpoeneMeHmu, Mazmamu4Ha e8oJIroyis, anamum, YUPKOH, MOHayum, KCeHOmuM, po34uHHicmb, eoda e
poa3nnasi, sidokpemsieHHs1 hn1r0idy, Memacomamumu, pyOdHa MiHepanisayisi.
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FEOXMMWYECKAA MOLOENb MArMATUYECKOM 3Boiounn rrAHMTONAOB
KOPOCTEHCKOI'O MNIYTOHA (YKPAUHCKWUU LLNT):
NETPONEHETUYECKUE ACMNEKTbI U TEHE3NC PYOHOU MUHEPAJITU3ALUN B METACOMATUYECKNX 30HAX

Bbin usyyeH npedeapumernbHbili HA60P 2e0xXUMUYeCKUX OaHHbIX Ol 2paHUMoudoe (panakueu, 2paHuUM-nopgupbl U XusbHble 2paHumsi) Ko-
POCMeHCKO20 aHopmo3um-panakusuzpaHumHozo rsiymona (KI) YkpauHckozo wyuma. [JaHHbie 0 MUKPO3/IeMEHMHOM cocmase epaHumoudos Aoc-
mamoyHo 6/1uU3Ko annpoKcumupyromcsi Mooesibio hpakyuoHHolU Kpucmannu3sayuu Penesi. nsi Rb ycmaHoeneHo munu4yHoe HecoeMecmumoe no-
eedeHue ¢ MocmosiHHbIM KOM6UHUPOBaHHLIM KO3ghghuyueHmom pacnpedeneHusi (DRP = 0,5), umo noseonuno npouseecmu pacyem 3HaveHus f (Ma-
ccoeoli donu xudkoli ¢hasbl 8 MazaMamuyeckol kamepe) O Kaxx0o20 muna 2paHumoudoe (nopyuu ocmamoYyHo20 pacrnsaea) MpuHUMasi MUHUMa-
nbHOe codepxaHue anemeHma e epaHumoudax (169 ppm) 3a e2o codepxaHue e MamepuHcKoM pacrinaee (CoRt). 3aeucumocmu KoHUueHmpayui om
f dns mukpo- (ekmoyasi P, Ti, S, Cl, F, Ca) u nempozeHHbIX 3/1eMeHMOo8 annpoKcuMupoeaHbl ypaeHeHusimu euda C=Co f°! unu nonuHomuanbHbIMU,
coomeemcmeeHHo. [Tony4eHHbIlU Habop ypasHeHull siensiemcs udeanu3uposaHHol Modesbio noeedeHusi 35IeMeHIMo8, Komopasi urcmpupyem xa-
pakmep 3eoJIroyuu pacnsaea e npouyecce ppakyuoHHol Kpucmannusayuu: ucmouweHue Ba, Sr, Ti, Zr, P, S; o6o2aweHue Th, Ga; uHeepcuto noege-
OeHusi LREE, Y, F, Cl, Nb, Zn u Pb. MoHomoHHoe cHUXeHue KoHyeHmpauyuu Zr u P yka3bieaem Ha HacbiWeHue pacrniasa YupKoHOM U anamumom,
4mo 1o3eos1usio npoussecmu pacyem modesibHbix memnepamyp (Tmode) UCTIONB3YS IKCMNEPUMEHMabHbIe ypagHEeHUs1 PacMeopUMOCMU YUPKOHa U
anamuma e cuslukamHbIX pacriaeax, a maKxe fnosy4ums NoJlUHOMuUasnbHoe ypasHeHue 3agucumocmu Tmodel om f (Ouana3oH Tmodei: 900-720°C).
CodepxaHue 800bl 8 pacnnase 0519 MOMeHmMa 3aMeHbl anamuma MoHayumom e npodyKkmax Kpucmannusayuu (uHeepcusi nosedeHusi LREE; f =
0,185) paccyumaHo u3 ypaeHeHuUsl pacmeopumocmu MoHayuma. OyeHka codepxaHusi 600bl € UCXOOHOM 2paHUMHOM pacnaee (Cq"?°=2,36 wt%) u
OdaesieHUs1 8 Mazmamuyeckol kamepe (Ptotal ~6,3 kbar) nposedeHa, npednonazasi, Ymo Duzo = 0,1. OmOeneHue 8odHo20 ¢hirouda ecnedcmeaue
HacblujeHusi cucmembl 8000U, Uucxo0ds1 u3z paspabomaHHol modenu, npousowsio npu f = 0,165. CuHxpoHHasi uHeepcusi C/Cy yka3bieaem Ha o6o2auje-
Hue ¢pnrouda F, Cl, Nb, Zn, Pb u m. 0. fJaHHble o cocmase ¢hiirouda coomeemcmeayrom 2eoXumu4eckuMm 0aHHbIM 0 cocmase accoyuupyroujux ¢ Kil
Memacomamu4ecku U3MeHeHHbIX Mopod, Ymo Moxem ceudemesibcmeosams 06 ux 2eHemMu4Yeckom eduHcmee.

Knroyeenie cnoea: epaHum, panakueu, MUKpoasieMeHMbl, MacMamu4eckasi 380JIl0yusi, anamum, YUPKOH, MOHayum, KCeHomuM, pacmeopu-
mocmb, 8o0a e pacnnase, omdeneHue ¢gpouda, MemacoMamumal, pyOHasi MUHepanu3ayus.
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TEXHOJNOrIYHA MIHEPANOriA 3ANI30OPYAHUX PUBEKITOBUX METACOMATMUTIB
KPUBOPI3bKOIrO BACEUHY

(PexomeHAo8aHO YrieHOM pedakyiliHoi konezil 0-pom 2eos. Hayk, doy. C.€. LlIHrokosuMm)

Pubekimoei Memacomamumu Hanexamb 00 rowupeHux pizHoeudie 6idHux MaecHemumosux pyd lMepeomalicbko20, FaHHieCbKO20,
lempiecbko20, Apmemiecbko20 ma desikux iHwux podoesuuwy Kpueopisbkozo b6aceliHy. Pubekimu3auiss MazHemumoeux Keapyumie cy-
npoeodxyeanach 3MiHOI po3mipy ma ¢hopmu Kpucmarie, aepe2amie MacHemumy U HepyOGHUX MiHepaslie, xapakmepy iX KOHmakmie,
KinbKicHUX criieeiOHoweHb pydoymeoproeasibHUX | Opy20psiOHUX MiHepasiie. TakuM YUHOM, MemacomMamo3 Crpu4yuHuUe 3MiHuU MiHeparso-
2i4HUX MoKa3HUKie pyo, siki eU3Ha4YasIbLHUM YUHOM eriuearoms Ha ix 36a2avyesaHicmb. OCHO8HUL MOKa3HUK iHMeHcu8HOCMi Memacoma-
mo3y — cepedHili emicm Na,O e cknadi nepeuHHUX Ma2HemMumMoe8ux Keapyumie — 6u3bkuli 0o 0; 8 30Hax cslabkux MemacomMamuy4yHux
3MiH, npedcmassieHuUx pubekimu3zoeaHUMU Ma2HemumosuUMU Keapyumamu, lio2o 3HayeHHs1 3pocmae do 0,58 mac.%; 8 30Hax MoMipHuUx
MemacoMamuy4HuXx 3MiH (pubekim-mazcHemumosi keapyumu) — 0o 1,49 mac.%; e 30Hax Halbinbw iHmeHcusHUX MemacomMamuYyHuXx re-
pemeopeHb, ckiladeHUX MazHemum-pubekimosumu memacomamumamu (pubexkimumamuy), — do 2,34 mac.%.

MideuuweHHs1 iHmeHcusHOCMi Memacomamo3sy CrpuYyuHUsIo NoMimHe 3poCMmaHHs1 3a2a/lbHo20 eMicmy 3asiza 8 MacHemum-pubexi-
moeux MemacoMamumax opieHsIHO 3 8UXIOHUMU Maz2HemumoeguMU Keapyumamu y 383Ky 3 YaCMKO8UM 8UHECEeHHSIM KpeMHe3emy
JIYXXHUMU po34yuHamu. Bmicm 3ani3a, sike exodums Ao cknady mazHemumy, y UbOMY X HarpsiMKy 3aKOHOMIPHO 3MEeHWYembCsl Yepe3
Yacmkoee 3amiujeHHs1 MazHemumy pubekimom.

onoeHuli mexHonoeziyHull napamemp, 3a IKUM 8U3Ha4aembCsl eghekmueHicmb 36a2avyeHHs py0, — 3a2anbHuli eMicm 3anisa y cknadi
KOHUeHmpamy, sikuli eupobnsiemscsi. Bid HeamiHeHUXx MazHemumMoeux Kkeapyumie Ao pubekimumie 3Ha4YeHHs1 Yb020 MoKa3HUKa nocmy-
noeo i 3akoHomipHO 3pocmae. lpu4uHa nosiss2ae 8 Momy, W0 NidsuweHHs1 akmueHocmi pubekimu3ayii crnpusiyIo HabIUXeHHO ¢hopMu
iHOueidie MazHemumy do kpucmanozpagiyHo dockoHanux. Hacnidkom yb020 € noninweHHs1 Po3KpuMms Kpucmarie i a2pezamie maa-
Hemumy npu noopibHeHHi pyd, 3MeHWeHHs1 3a11y4eHHs1 HepyOHUX MiHeparie 0o KOHyeHmpamy & cknadi 3pocmekis.

Hezamue pubekimu3ayii — no2ipweHHs1 mpbOX iHWUX MeXHOJ102i4HUX NMOoKa3HUKie 6i0HUX MagzHemumoeux pyod: 8uxo0y KOH-
yeHmpamy, eusly4eHHs1 3asiza do lio2o cknady ma emicmy 3ani3a y cknadi eioxodie 36aza4eHHs1 (xeocmis). 3HUXXeHHSI auxody
KOHUeHmpamy rnoe'sizaHe i3 3MeHWeHHsIM eMicmy & cknadi pyd MmacHemumy 4epe3 lio2o0 Yacmkoee 3amiujeHHs1 pubekimom. Lum
JKe 3yMoeJsieHe 3HUXEeHHSI MoKa3HUKa eusTlyYeHHs 3asi3a 0o koHyeHmpamy: 0o lio2o cknady Hadxodums 3asi3o MacHemumy, 3ani3o
XK y cknadi pubekimy sudansiemscsi 9o gidxodie 36a2aqeHHs1. OcmaHHE MOSICHIOE 3HaYHe 3pocmaHHs (8id 8,04 do 20,79 mac.%)
3az2anbHO20 emicmy 3anisa y cknadi xeocmis.

Takum yuHOM, pubekimu3auisi MazHemMuUMoOBUX Keapyumie y MiHepasi020-mexHO/102i4HOMY 8iOHOWEHHI XxapaKmepu3yembCsi KOHM-
pasepcitiHicmto. 3 00H020 60Ky, 80Ha CYNPO80JKye8anachk 3POCMaHHSAM SIKOCMi KOHUeHmpamy, 3 0py2020 — 3MEHWEeHHSIM 8UX00Y KOH-
yeHmpamy ma eusty4eHHs 3aniza 0o KoHyeHmpamy. OCKinbKu 205108HUM MOKa3HUKOM egheKmueHOCMi mexHosI02i4yHo20 npoyecy €
emicm 3asi3a y cknadi KoHUeHmpamy, e yislomy pubekimu3sauiro Mo)XxHa po32s110amu siK NPouyec, Wo crnpusie nosinweHHro 36azayvyea-
Hocmi 6i0HUX MazHemumosux pyo.

Knro4yoei crosa: 3anisucmo-kpemHucma ¢popmayisi, Kpusopisbkuli 6aceliH, MacHemumosi pyou, Hampiesuli MemacomMamo3s, MiHe-

panbHul cknad pyod, XiMiyHul cknad pyd, 36azayyeaHicmb pyo.

MoctaHoBKa npoGnemu. PubekiToBi MeTacomatuTu
HanexaTtb [0 MOLMPEHUX Pi3HOBMAIB GigHUX MarHeTUTOBMX
pya [epBomaricbkoro,  [aHHiBCbKOro,  [leTpiBcbKoro,
ApTemiBcbkoro pogosuLy i caratote noHag 50 % 3aranbHoi
Macu iX NpoayKT1BHMX TOBLL. BoHW npucyTHi 1 cepea pyg IH-
ryneupkoro, 'metoBaTcbkoro, BansiBKMHCBLKOro pogoBuLl, a
Takox popoBuly waxT "TepHiBebka", iM. IN.K. OpaxoHikiase,
"NBapginicbka”, "tOBinenHa", im. M.B. ®pyH3e.

X yTBOpEHHs MoB'AzaHe 3 [icl0 BYrNEKUCo-HaTPIiEBNX
MeTacoMaTU3YyUNX PO34MHIB Ha BUXIOHI MarHETUTOBI KBap-
unTn. PubekiTnsauis cynpoBoaxXyBanach YaCcTKOBMM pPO34K-
HEHHSIM Ta Mirpauielo MiHepanbHOI PeyoBWHM, MiHepano-
YTBOPEHHSAM, NepekpucTanisadieto iHaMBIgiB i arperaris ne-
PBMHHUX MiHepaniB MarHeTUTOBMX KBapuWTIB (MarHeTuTy,
remaTuTy (3anisHoi crnoaku), KBapuy) Ta nceeaomopdisa-
Lieto KyMiHITOHITY. BHacnigok uporo Biabynucb 3miHM pos-
Mipy Ta doopmMu KpUcTanis, arperatiB MarHeTUTYy 1 HepyaHUX
MiHepaniB, xapakTepy iX KOHTakTiB, KiNbKiCHWX CMiBBigHO-
LWeHb pyAoYyTBOPOBArbHUX i ApYropsaHMX MiHeparnis.

Takum YMHOM, MeETAacoMaTo3 CNPUYMHUB 3MiHW MiHepa-
NOriYHUX NOKa3HUKIB pyA, SKi BU3HAYaNbHUM YUHOM BNMBa-
I0Tb Ha X 306aravyBaHiCTb.

[MpoTAaroMm ocTaHHiX pokiB NposiBuNach TeHA4eHLUia 3poc-
TaHHS BUMOT MeTanyprinHnx nignpuemcTs A0 SKOCTi 3ani3o-
PYOHOrO KOHUEHTpaTy. Y 3B'A3Ky 3 UMM aKTyanbHOCTi Ha-

Oynun geTanbHi MiHepanoriyHi 4ocnioXeHHs pya, Y TOMY Yu-
cni pubekiToBUX MeTacomaTuTiB Ans 3abeaneveHHs GinbLu
YiTKOr0 OKOHTYPEHHSA pYAHMX MOKMafiB pi3HOro MiHepanb-
HOro cknagy, pisHoi 36aradyBaHOCTI, ONTUMI3aLii TeXHOMo-
rin ycepeoHeHHst pya nepen nogadvero Ha 36aravyBanbHi
Gabpuku Ta ix 3b6aravyeHHs, NigBULLEHHS SAKOCTI ogepXKyBa-
HOrO KOHLIEHTpaTy.

AHani3 ocTaHHix gocnigkeHb Ta nyonikauin. Hatpi-
€Bi MeTacoMaTuTu, B TOMY Ynchi ix pubekiToBi pisHOBUAW,
Oynun 06'€eKTOM YMCNEHHUX reONOriYHUX, NETPONOriYHNX, Mi-
HepanoriyHux, reoxiMiYHUX, MeTanoreHiYHMxX AocnimKeHb
[1-9, 12—13]. PubekiToBi MeTacoMaTuT He BUOKPEMITOBA-
NNCb Y CaMOCTIViHWI 06'EKT BUBYEHHS, PO3rNAAanmch CrifbHO
3 eripyHoBUMK, anbbiTOBUMKM MeTacomMatuTamu siK OAMH 3
KOMMOHEHTIB MeTacoMaTUYHKX Tin. Y poboTax MiHepanoro-
TEXHOJOTYHOro CNpPsAMYBaHHS PO3rnsganuch NokasHuKM 36a-
rayeHHs pmbekiT- Ta eripyHoOBMiCHUX MarHeTuToBKX pya, [10,
14], meToou MiHepanoriYHoro Ta TEXHOMOrYHOrO KapTyBaHHSA
3anisopygHux metacomatutis [2, 8, 13]. [poTArom ocTaHHix
pOKiB y npoueci ekcnnyaTtauii poaosuLy, 3'icyBarnoch, Lo ce-
pen HaTpieBnx MeTacomaTuTiB HanbinbL nowmpeHi pubeki-
TOBI: BOHW cTaHOoBNATL 6nn3bko 90 % Big 3aranbHOI Macu Ha-
TpiEBMX MeTacomaTuTiB MPOAYKTUBHMX TOBLY, pOoAoBMLL. Ye-
pes BigHOCHO cnabke MiHepanoro-TeXHONOorYHe BUBYEHHS
came pubekiToBNX MeTacomMaTuTIB BUSIBUNINCb HEAOCTATHLO
OOCnigXXEeHUMN TPEHAN 3MiHM MiHEePanoriYHNX NOKa3HMKIB i
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napameTpiB 36aravyBaHocCTi GigHUX MarHeTUTOBMX pyA, SiKi
3asHanu pubekiTuaauii pisHOi iIHTEHCUMBHOCTI.

MeToto aBTOpiB OYyno BU3HAYEHHSI 3aKOHOMIPHOCTEW
3MiHM XiMiYHOro, MiHeparnbHOro ckrnagy Ta 36aravyBaHOCTI
MarHeTUTOBMX KBAPLMTIB 3aNeXHO Bif iHTEHCUBHOCTI iX pu-
bekiTuaaLlil.

[OCArHeHHIO MeTW  CnpusAno  BUPILWEHHA  TaKux
3apay: 1) BUSIBNEHHSA B TEXHOTEHHWX BiACMOHEHHSX 6opTiB
kap'epie NepBomancekoro, [aHHiBcbKkoro, [leTpiBcbkoro,
ApTeMiBCbKOro poaosuLy, Tin pnbekiToBnx MeTacoMaTuTiB 3
NMOBHMM NPOSIBOM MiHEPAanoriYHOi 30HanNbLHOCTI; 2) AeTanbHe
onpobyBaHHs pMBEKITOBUX MeTacoMaTUTIB NO MiHeparnoriy-
HUX 30Hax Yy kap'epi NepBomMancbKOro pogoBumLa, NPoayKTU-
BHa TOBLUA SKOrO XapakKTepusyeTbCH HaWbinbLUMM mnoLum-
peHHAM pubekiToBUX MeTacomaTuTiB; 3) cuctemMaTuyHe Ao-
CRigKeHHs1 XiMiYHOro, MiHeparbHOro ckrnagy MetacoMaTtuTis
Ta BifHECEeHHs X 40 YOTUPbOX rpyn pya 3 pi3HUM CTyneHeMm
pubekiTu3auii; 4) ysaranbHeHHs ogepXKaHux gaHuX i BU3Ha-
YEHHS TPEHAIB 3MiHW MiHEpParnoriyHuX, XiMiYHMUX, TEXHOMOTI-
YHUX MOKa3HWKIB pMBEKITOBMX MeTacoMaTuTiB 3a 30HaMu
MeTacoMaTUYHKX Tif.

BuxigHui maTepian Ta meToauka AocnigXeHb. Y 3a-
60sx MNepBomarcbkoro kap'epy NiBHIYHOrO ripHuyo3barady-
BanbHoro kombiHaTy (IMHI3Ky) 6ynu BigibpaHi 227 npob pi-
3HOro cKknagy He3MiHeHNX MarHeTUTOBUX KBApLMTIB Ta Npo-
OYKTIB iX MeTacoMaTuyHMX nepeTBopeHb. 3 HUX Gynu Bigi6-
paHi 47 HanWbinbWw NpeacTaBHULBLKMX NPob, Sk xapakTepu-
3yBarnu NnepBuMHHI MarHeTUTOBI KBapLMTK, NPOOYKTU iX MeTa-
COMaTMYHMX 3MiH 3 Pi3HUM piBHEM pubekiTu3auii: pubekitu-
30BaHi MarHeTUTOBI KBapuuTu (BMICT pubekiTy Big 1 00
10 mac.%), pubekiT-marHeTutoBi kBapuntu (10-30 %), mar-
HeTuT-pubekiToBi  MeTtacomatutn  (pubekitntn) (30—
80 mac.% pubekiTy). Bnim3bki 4O MOHOMiIHEpanbHUX pubeki-
TOBi MeTacomaTuTu (BMicT pubekiTy noHag 80 mac.%) ce-
pea 3paskiB gocnigxeHunx nopia 6ynu sigcyTHi. B npoayktu-
BHiW ToBLWi [epBomancbkoro pofoBsuia BOHWU 3ycTpiva-
I0TbCS PigKo — y BUrMSAI ManonoTyxHux (4o 20 cm) meTaco-
MaTUYHUX MPOXWUIIKIB, CiYHMX abo 3rigHMX i3 LapyBaTiCTO
NepBUHHMNX MarHETUTOBUX KBapLUTIB.

Matepian psgosux npo6 6y opobneHnin 4o po3mipy Ya-
CTUHOK MeHLUe 20 MM, ycepegHeHWIA, MiCns Yoro 3 Heoro 6ynu
Bi#ibpaHi HaBaXkku Anst BUKOHaHHS CKOPOYEHMX XiMiYHUX aHa-
nisis (nabopatopia OepxasHoi iHcnekuii OlIAMNpyaa). BusHa-
YaBcs 3aranbHWA BMICT 3anisa B cknagi pya (Fesar) Ta BMICT

3anisa, sike BXoAMTb A0 cknagy marHeTuTy (Fewar.), — nokas-
HVKIB, 3Ha4YEHHS SKUX BUKOPUCTOBYETLCH Ha ripHn4yo3baravy-
BanbHWX kombiHaTtax Kpubacy Ans 3aranbHOi xapakrepuc-
TUKKM AKocTi pyAa. Bmict Na20 BusHavaBcs 3 meToro MigTBep-
[PKEHHS ofiepXXaHuX MiHepanoriYyHMX AaHuX MNpo iHTEHCUB-
HICTb MeTacoMaTU4YHMX 3MiH MarHeTUTOBMX KBapuuTiB. 3 BU-
KOPMCTaHHSIM NOMipoOBaHMX i Npo30opuXx LWridiB BCTaHOBNIOBa-
NUCb KINbKICHI CMiBBIAHOLLEHHSA MDK pYyAOYTBOPHOBaNbHUMMU
(marHeTuT, rematuT (3anisHa cniogka), KBapu, KyMIHITOHIT,
pvbekiT) Ta ApYropsaHMMU (EripuH, cenapoHiT, TeTpadepubi-
OTWT, MIHECOTAIT Ta iH.) MiHEpanamv NePBUHHNX MarHeTUTo-
BMX KBapUUTIB i pubekiToBnx metacomatuTiB. MNMoka3HMKM Mi-
HepanbHoro i XiMiYHOro cknaay A03BONANY KOHTPOMOBATY Bi-
PHIiCTb BigHECEHHs MaTepiany gocnigxeHux npob Ao YoTu-
pbOX BWUAINEHNX PI3HOBMAIB HE3MIHEHMX | MeTacoMaTU4HO
3MiHEHMX pyAa.

TexHOoNoriYHi eKCnepMMeHTM NPOBOAUIMCL 33 CXEMOKD
TPUCTaAiINHOro NoapibHeHHs i TpucTaginHoi "MoKpoi" marHi-
THOI cenapauii 3 KiHLEeBMM PO3MiIPOM YaCTUHOK y NPOAYKTax
noapioHeHHsa meHwe 0,063 mm. Taka cxema noknageHa B
OCHOBY p0o60TK 36aravyBanbHoOi pabpukm MHI3Ky.

MiHepanoriyHi JocnigXeHHs1 Ta TEXHOMOriYHi BUNpoOy-
BaHHS BUKOHYBanuch y nabopatopisix KpmBopisbkoro Hauio-
HamnbHOrO YHIBEPCUTETY.

Pe3ynbTatn gocnigxeHb Ta ix o6roBopeHHsi. MiHe-
panbHi pi3HOBMAM MarHeTUTOBMX KBapuuTIB i MeTacoMmaTu-
TiB gocnimxkeHunx 47 npob 6ynu BCTaHOBNEHI 3a AaHWMMMU M-
[OpPaxyHKiB KinbKiCHOro CMiBBiAHOLLUEHHS FONOBHMX MiHepanis
pyd — HOBOYTBOPEHOrO pubEKiTy Ta penikToBMX MarHeTuTy
" kBapuy (Tabn. 1).

MoKa3HWK IHTEHCUBHOCTI MeTacomMaTosy — cepefHivi BMiCT
Naz0O — B cknagi NnepBUHHNX MarHETUTOBKX KBapLMTIB 6rn3b-
ki oo 0. B 3oHax cnabkmx meTacoMaTUYHMX 3MiH, cknaae-
HUX PUBEKITU30BAHUMWN MarHeTUTOBMMU KBapuuTamu, 3Ha-
YeHHs Luboro napametpa 3poctae o 0,58 mac.%, a B 30Hax
NOMIpHUX MeTacoMaTU4HMX 3miH — 4o 1,49 mac.%. Makcuma-
nbHe cepepHe 3HaveHHs BmicTy Naz0 (2,34 mac.%) Bignosi-
[ae ginfHkam Hanbinbll iHTEHCUBHUX MeTacoMaTUYHUX ne-
peTBOPEHb, CKNafeHUX MarHeTUT-pubEKiTOBUMM MeTacoMa-
TuTamu (pubekitTutamu), B KX BMICT pubekKiTy 3Ha4yHO nepe-
BULLYE BMICT PenikTOBOro MarHeTuty, a MmetamopdoreHH1Nn
KBapL NPaKTU4HO BiOCYTHIN.

Ta6bnuys 1
Ximi4Hi 1 TexHONOriYHi NOKa3HMKN MarHeTMTOBMX KBapUMUTIB i iX pi3HOIO Mipoto pubekiTu3oBaHuMX pisHOBUAIB
BmicT ximiuHnx A
. - . o TexHonoriyHi napameTpu
MiHepanbHi pisHoBUAU pyA n KOMMNOHEHTIB, Mac.%
Feaar. FeMarH. NaZO B Y € 9 BMaI’H.
KBapumTi MarHETUTOBI 13 | 39,11 34,85 0,11 66,87 52,82 90,3 8,04 2,4
(MeTacomaTV4HO He 3MiHeHi)
KBAPUILT MaTHETVTOB! 11| 3947 32,2 0,58 6726 | 5066 | 8631 |1087 | 182
pnbekiT3oBaHi
KBapUMTUN pubekiT-MarHeTUTOoBI 12 39,7 30,07 1,49 67,91 45,45 77,75 16,15 1,48

MeTacoMaTUTU MarHeTuT-

pubekiToBi (pUbekiTUTH) 11 40,24 27,65 2,34 68,97 40,27 69,03 20,79 0,89

Moka3HMKK: N — KiNbKICTb MiHEPANOro-TEXHOMNOMNYHNX EKCNEPUMEHTIB; Fey,r — 3aranbHum BMICT 3anisa, mac.%; Feyan, — BMICT 3ani3a B
cknadi marHeTuty; B — BMICT 3anisa B CKnaji ogepXaHoro KOHUEeHTpaTy, Mac.%; Y — BUXif KOHLEHTPaTy, %; € — BUINYyYeHHS 3ani3a A0 KOHLe-
HTpaTy, %; 9 — BMIiCT 3ani3a B cknapai BigxoAiB 36aravyeHHsi (XBoCTiB), Mac.%; dyam. — BMICT Y Biaxogax 36arayeHHs 3anisa, sike BXoAWUTb A0

ckrnagy marHetuty, mac.%.

MigBMLWEHHS IHTEHCMBHOCTI METAcOMaTO3y CNPUYMHUIIO
NMOMITHE 3pPOCTaHHSA 3aranbHOro BMICTY 3ani3a Big NepBuH-
HWX MarHETUTOBUX KBapLUMTIB 4O MarHeTUT-pnbeKiToBrNX Mme-
TacomatuTie (Tabn. 1, puc.1,a) yepes 4acTkoBe BUHE-
CEeHHS KpeMHe3eMy MyXHUMU posduHamu [3, 5]. Bmict 3a-
ni3a y cknagi MmarHeTuTy B LbOMY X HanpsiMKy 3aKOHOMIpHO
3meHwyeTbcst (Tabn. 1, puc. 1, 6) Yepes 4yacTkoBe 3aMi-
LLLEHHSI MarHeTUTy pMbekiToM.

TexHoMoriyYHi ekcnepMMeHT! nNpoBoaunuck Anst ob'egHa-
HMX NPO6 YOTUPBLOX BMAIMEHNX MiHEpanbHUX PisHOBUAIB PyA.
Lli npobu 6ynn CKOMNOHOBaHI 3 HABaXXOK MaTepiany KOXHOI 3
47 psapgosux npob. lNicnst peTensHOro ycepeqHeHHs Matepiarn
YOTMPLOX TEXHOMOrYHMX NpoG GyB HampaBneHWn Ha BUKO-
HaHHSA TexHornoriyHux gocnimxkeHb. Pygonigrotoska nonsrana
B TpUCTafiiHoMy noapiGHEHHI BUXiZHOro mMatepiany 3 KpyrHi-
cTio YacTnHok 0—20 mMm Ao kiHueBoi kpynHocTti 0—0,063 MMm.
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Puc. 1. XapakTtep 3MiHu 3aranbHOro BMicTy 3anisa (a) Ta BmMicTy 3anisa y cknagi MarHeTuty (6) 3anexHo Bif iHTEeHCUBHOCTI
pubekiTH3aLii nepBMHHUX MarHeTUTOBUX KBapLUMUTiB
(No3HavyeHHs TEXHOMOTYHMX MOKa3HWKIB AMB. Nignuc go tabn. 1)

"ONOBHUM TEXHOMOTYHNM NapamMeTpoMm, 3a KM BU3Ha-
YaeTbCA eeKTUBHICTL 30aravyeHHst pya i AKiCTb ofaepXyBa-
HOro KOHLEHTpATY, € 3arasibHuiA BMICT 3ani3a B oro cknagi 8.
3 1abn. 1 i puc. 2, a BUAHO, WO HAPOCTAHHS iIHTEHCUBHOCTI
pubekiTu3aLii, NoKkasHUKOM SIKOi € 36inbLueHHs BMicTy Naz0 y
CKnagj MeTacomaTuTiB, 3Ha4eHHs! 8 NOCTYMOBO | 3aKOHOMIPHO
3pocTae. MikpockoniyHi 4ocniaXeHHs pi3HOK Mipoto MeTaco-
MaTU30BaHWX pyq CBig4aThb, LU0 FOMOBHOK MPUYMHOK LibOrO
€ MoCTynoBe BAOCKOHAanNeHHs Mopdonorii BUAiNeHs marHe-
TnTYy. Pubekitnsauis cynpoBogXyBanacb pO34MHEHHSM i Me-
TacoMaTUYHUM 3aMilLleHHAM puBekiToM iX nepudepiiHnx
30H, SIKi 3a3BMYal XapaKTEpU3YHTbCA CKITaOAHMMU KOHTY-
pamn. MeTtacomatuyHa pubekiTnsauis y LbOMy CeHCi mana
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[OBa Hacnigku: CnpoLLEeHHS KOHTYpiB hopMm KpucTanis MarHe-
TUTY | YTBOPEHHS eniTakciaribHMX NOBEPXOHb iX 3POCTaHHS 3
KpucTanamu pubekiTy, no sknx po3gineHHsa MiHepanis Biaby-
BaETbCs OinbLL €heKTMBHO NOPIBHSHO 3 PO3AINIEHHSAM MO CUH-
TaKcianbHUX MOBEPXHSIX 3POCTaHHS BUAINEHb MarHeTuTy i
kBapuy. Binbl edekTuBHe PO3KPUTTS BUAINEHb MarHeTUTY
3YMOBJIHOE 3MEHLLIEHHS! NOTPaNsiHHS YaCTUHOK HEPYLAHUX Mi-
HepaniB A0 KOHLEHTpaTy i, ik Hacnigok, NiABULLEHHS NOro SiKi-
CHWX NOKa3HUKiB. LiboMy cnpusie Takox 3MEHLLEHHS KiNbKOCTi
OpibHKX (3a3Buyan, meHwe 0,05 mm) norikinobnacTis MarHe-
TUTY B KpUCTanax i arperatax ksapuy, fki TakoX nepLuoyep-
roBO 3amilllyBanuck pubekitom [11].
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Puc. 2. 3aKkOHOMipHOCTI 3MiHM TeXHONOriYHUX NOKa3HUKIB 36arayeHHs 6iAHMX MarHeTUTOBMUX pyA NepBomancbKkoro pogo-
BULLA B 3B'A3KY 3 ix pubekiTusauiecto
(No3HavyeHHs TEXHOMOTYHMX MOKa3HWKIB AMB. Nignuc o Tabn. 1)

Heratneom prbexiTusaLii € noripLUueHHs, y 3B'A3Ky 3 Hapo-
CTaHHAM 1 IHTEHCUBHOCTI, TPbOX iHLUMX TEXHOMOTYHUX NoKa-
3HUKIB BigHUX MarHeTUTOBMX PyA POLOBMLLA: BUXOQY KOHLie-
HTpaTy, BUNYYEHHs 3ani3a 4o MOoro ckragy Ta BMICTY 3anisa y
cknagi sigxogiB 36arayeHHsi (xBocTiB) (puc. 2, 6, B, r). 3HuU-

XEHHS1 BUXOAY KOHLEHTPaTy MOB'Ai3aHe i3 3MEeHLUEeHHsIM BMi-
CTy y cKknagi pya marHeTtuty (Tabn. 1) yepes noro 4acTkoBe
3aMiLLieHHs pubekiToM. Linm sxe 3yMoBneHe 3HMXEHHS NoKas-
HWKa BUIyYeHHSI 3ani3a [0 KOHLUEHTpaTy: A0 oro cknagy no-
Tpannsie 3aniso MarHeTuTy, 3ani3o X y cknagi pubekity Buaa-
nsaeTbes 0o Bioxonis 36aradeHHs1. OCTaHHE MOSICHIOE TaKOX
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3HayHe 3pocTaHHs (Big 8,04 oo 20,79) 3aranbHoro BMICTy 3a-
ni3a y cknagi XBocTiB. Y TOM e 4ac AaHi XiMiYHMX aHanisis
(Tabn. 1) i pesynbTat MiKPOCKOMNIYHMX OOCAIMKEHb NOKa3y-
10T, LLO Npy 36arayveHHi pyA, siKi cknagatoTb 30HU MeTacoMa-
TUYHUX TiN Big HE3MIHEHUX MArHETUTOBUX KBapUWTIB 4O pu-
OekiTuTIB, YTBOPIOIOTLCA Bigxoam 36aravyeHHs 3i BCe MEHLUNM
BMiCTOM MarHeTuTy. Lle noe'sidaaHe i3 3a3HayeHuM BuLLIE BAO-
CKOHaneHHAM Mopdonorii BUAiNeHb MarHeTUTy Ta 3aMmilleH-
HsM pnbekiTomM ApiGHMX BUAINEHb MarHeTuTy.

Takum 4mHOM, pubekiTM3auis MarHeTUTOBMX KBapUWUTIB
lMepBomanceKoro pogoBuLLa y MiHepanoro-TeXHOMoriYHomy
BiHOLUEHHi XapaKTepu3yeTbCA KOHTpaBepCinHicTio. 3 oa-
Horo 60Ky, BOHa CynpoBoAKyBanach 3pOCTaHHAM SIKOCTI Ki-
HUEBOro KOPUCHOTO MPOAYKTY, 3 OPYroro — 3MEHLUEHHAM Ki-
NbKICHMX MOKa3HWKIB 30ara4yeHHs1 MarHeTUTOBMX pya, Yy ne-
pLUY Yepry BUXOA4Y KOHLEHTpaTy i NOB'A3aHOr0 3 HUM BUMy-
YEeHHsIM 3ani3a OO0 KOHUEeHTpaTy. Ane OCKINbKA roNoBHUM
NOKa3HMKOM e(PeKTUBHOCTI TEXHOSOMYHOrO NPOLECY € BMICT
3anisa y ckragi KoHUeHTpaTy, B Linomy pubekiTusadito Mo-
XKHa po3rnsaaaT Sk NpoLec, Lo CnpusaB noninLeHHto 36ara-
YyBaHOCTI GifHNX MarHeTUTOBKX pya POAOBMILLA.

BucHoBku. 1. PubekiTn3adis akTMBHO NposBreHa y 3a-
Ni3NCTUX TOPU3OHTaX CakcaraHcbKkoi CBiTM KpuBOpi3bkoro
OacerHy. MpoaykTmBHI ToBLi MepBomaricbkoro, MaHHIBCb-
Koro, MNeTpiBcbkoro, ApTeMiBCbKOro pogoBuLL GinbLU HiX Ha
50 % cknapeHi pubekiToBMMM MeTacomatuTamum Ta pu-
©eKiTM30oBaHMMU MarHeTMTOBMMYK KBapuuTamu. Haraktue-
Hilwe pnbekiTn3auia MarHeTMTOBUX KBApPLMTIB NPOsiBNieHa B
NPOAYKTUBHIN ToBLLi [lepBoMancbKoro pogoBuLLa.

2. MiHeparnoriyHi 3MiH/ MarHeTUTOBUX KBapUWUTIB, AKi Cy-
NPOBOKYBaNM HapoCTaHHs ix pubekiTnaaii, Cnpu4nHUImn
3HaYHi 3MiHM NOKa3HMKIB 36ara4yeHHs pya: 3poCTaHHsA BMIiCTy
3anisa y cknagi ogepXXyBaHOro KOHLIEHTpaTy Ta MOMITHe
3MEHLLUEHHSI BMXOQY KOHLEHTpaTy, BUIyYEHHs 3arniza o
Moro cknagy, a Takox CyTTEBE MiABULLEHHS 3aranbHOro BMi-
CTy 3ani3a y cknagi Bigxopis 36araqyeHHs.

3. Ockinbku edpekTUBHICTb 30aravyeHHst 6iaHMX MarHeTu-
TOBMX PpyL OUIHIOETbCA 3a 3aranbHWM BMICTOM 3anisa y
cknagi ofep>XyBaHOro KOHLeHTpaTy, pubekiTu3adis no3nTu-
BHO BMNNMHYyna Ha ix 36aradyBaHiCTb.
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TECHNOLOGICAL MINERALOGY OF IRON ORE RIEBECKITE METASOMATITES OF KRYVYI RIH BASIN

Riebeckite metasomatites belong to the widespread varieties of low-grade magnetite ores of Pervomaiske, Hannivske, Petrivske, Artemivske and
some other deposits of Kryvyi Rih basin. Riebeckitization of magnetite quartzites was accompanied by changes in the size, shape of crystals and
aggregates of magnetite and nonmetallic minerals, their contact nature, and the quantitative relationships of ore-forming and secondary minerals.
Thus, metasomatosis has caused changes in mineralogical indexes of ores, which have a decisive influence on ore preparation characteristics.

The main index of metasomatism intensity is the average Na:0 content in the primary magnetite quartzites which is close to 0; in the zones of
weak metasomatic changes represented by riebeckitized magnetite quartzites, its value increases up to 0.58 mass.%; in zones of moderate
metasomatic changes (riebeckite-magnetite quartzites) it is up to 1.49 mass.%; in the zones of the most intensive metasomatic transformations,
composed of magnetite-riebeckite metasomatites (riebeckitites) it is up to 2.34 mass.%.

The increase in metasomatism intensity has caused a noticeable increase in the total iron content in magnetite-riebeckite metasomatites
compared with the initial magnetite quartzites due to the partial removal of silica by alkaline solutions. The iron content, which is a part of magnetite,
decreases in the same way due to the partial substitution of magnetite by riebeckite.

The main technological parameter, which determines the efficiency of ore processing, is the total iron content in the concentrate produced. The
value of this index gradually and regularly grows from unaltered magnetite quartzites to riebeckitites. The reason is that an increase in riebecktization
activity contributed to the approximation of magnetite individual forms to crystallographically perfect ones. The consequence of this is the
improvement in magnetite crystals and aggregates release when grinding ores, the reduction in nonmetallic minerals entrainment in the concentrate
in aggregates composition.

Negative consequence of riebeckitization consists in deterioration of the three other technological indexes of low-grade magnetite ores. They
are: concentrate yield, iron extraction, and iron content in concentration waste (tailings). The reduction in the concentrate yield is associated with a
decrease of magnetite content in ores due to its partial replacement with riebeckite. The decrease in the index of the iron recovery into the concentrate
is due to the same fact: it receives iron from magnetite, while riebeckite iron is removed to the concentration waste. This explains the significant
increase (from 8.04 to 20.79 mass.%) of the total iron content in tailings.

Thus, the riebeckitization of magnetite quartzites is characterized by a contrariety in terms of the mineralogical-technological relation. On the one
hand, it was accompanied by the increase in concentrate quality, on the other hand by a decrease in concentrate yield and iron recovery into
concentrate. The iron content of the concentrate being the main indicator for technological process efficiency, in general, riebeckitization can be
considered to be a process that contributed to improving the processing of low-grade magnetite ores.

Keywords: banded iron formation, Kryvyi Rih basin, magnetite ores, sodium metasomatism, mineral composition, chemical composition, ore
preparation characteristics.
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TEXHONOIMMYECKASA MUHEPAINOTI NS XENE3OPYAHbIX PUBEKUTOBbIX METACOMATUTOB
KPUBOPOXCKOIO BACCEUHA

Pubekumoebie MemacoMamumsl OMHOCSIMCSI K PacnpocmpaHeHHbIM pa3HosUuOHocmsIM 6e0HbIX MazHemumosesbix pyd lNepeomaiicko2o, AHHO8-
ckoeo, lTfempoeckoz2o, ApmemMo8cKo20 U HeKomopbix dpyaux MmecmopoxdeHuli Kpueopoxckozo 6acceliHa. Pubekumu3ayusi MazHemumoebIx keapyu-
moe conpoeoxdanack U3MeHeHUeM pa3mMepa, (hopMbl KPUCMAaIIIO8 U azpeaamos MazHemuma u HepyOHbIX MUHEPasios, Xaf pa ux Kot o8,
KOJIU4eCmeeHHbIX COomHoweHuli pydoobpa3yrowux U emopocmerneHHbIX MuHepasnos. Takum o6pa3om, MemacoMamo3s cmas NMPU4YUHol U3MEHEeHUs!
MUHepasiozau4eckux nokasamesneli pyd, Komopsie onpedensirowuM 06pa3oM esusrom Ha ux o6o2zamumocme. OCHOBHOU NoKa3ameslb UHMEHCUSHOCMU
Memacomamo3a — cpedHee codepxaHue Na;O e cocmase nepeu4HbIX Ma2HeMuUMOo8BbIX K8apyumoe — 671u3okK K 0; 8 30Hax csiabbIx MemacomMamu4ecKux
u3smeHeHul, npedcmaessieHHbIX PubeKuUMuU3upo8aHHbIMU Ma2HemuUmMoe8bIMU K8apyumamu, e20 3HayeHue eo3pacmaem Ao 0,58 macc.%; 8 30Hax yMepeH-
HbIX oMamu4ecKux u. 1l (pubekum-ma2Hemumossbie keapyumsi) — 0o 1,49 macc.%; e 30Hax Haubosiee UHMEeHCUBHbLIX MemacomMamu4yecKux
npeo6pa3oeaHull, C/I0XeHHbIX MazHemum-pubekumosbiMu MemacoMamumamu (pubekumumamu),— 9o 2,34 macc.%.

lMoebiweHue uHMeHcU8BHOCMU MemacomMamo3a cmaJsio NPUYUHol 3aMemHo20 eo3pacmaHusi obue2o codepkaHusi Xesie3a 8 MazHemum-pubeku-
moebIix MemacoMamumax 1o CpagHeHUIo ¢ UCXOOHbLIMU Ma2HemumoebIMU Keapyumamu 6 C8si3U ¢ YaCMUYHbIM 8 bIHOCOM KpeMHe3ema Wes1I0YHbIMU
pacmeopamu. CodepxxkaHue xejie3a, Komopoe exodum & cocmae MazHemuma, 8 3MoM )xe HanpasIeHUU 3aKOHOMEPHO YMEHbWaemcsi u3-3a Yacmu-
4HO20 3aMeueHus1 MazHemuma pubekumom.

naeHbIl mexHono2uYyecKuli napamemp, o Komopomy onpedesnsiemcsi aghgpekmueHocmb o6o2awjeHus1 pyd, — obujee codepxkaHue Xxesie3a 8 coc-
maee npou3eoduMo20 KOHUeHmpama. Om HeusMeHeHHbIX Ma2Hemumo8hbIx keapyumoe 0o pubekumumoe 3Ha4eHuUe 3Mo20 fokazamersisi MOCMeNneHHo
u 3aKkoHomepHO pacmem. [lpu4uHa 3ak/0o4aemcsi 8 MomM, 4Ymo foebiuieHUe akmusHocmu pubekumusayuu crrocob6cmeosasno nNPubUKeHUro hopmbl
uHAusudoe MazHemuma K Kpucmarnnozpaguyecku coeepuweHHbIM. Criedcmeuem 3mMozo s1eJIsiemcs1 yiy4uweHue packpbimusi KPUCMaios u azpeaamos
MazHemuma npu u3mesib4eHuU pyo, yMeHbWeHUe 808J1e4eHUs] HepyOHbIX MUHEPasioe 8 KOHYEeHmpam & cocmaee CpOCMKos.

Hezamue pubekumu3sayuu — yxydweHue mpex dpya2ux mexHos02u4ecKux nokazamersneli 6eGHbIx MazHemumosbix pyod: ebixo0a KOHUeHmpama,
u3eJsievyeHust xesle3a 8 e20 cocmas u codep)xaHusi xesie3a 8 cocmaee omxodoe o6ozauweHus1 (xeocmos). CHuXeHue 8bixo0a KOHUeHmpama cesi3aHo
C yMeHbuWweHueM codep)kaHusi 8 cocmaee pyd MazHemuma u3-3a e20 4acCmu4Ho20 3amMeuw,eHusi pubekumom. Amum ke 06ycri08/1eHO CHUXKeHue Mo-
Kazamernsi usesieqyeHus Xesieza 8 KOHUeHmpam: 8 e2o0 cocmas nocmynaem xese3o MazHemuma, Xese3o xe 8 cocmase pubekuma yodansiemcsi €
omxo0bI o6o2aujeHust. [locnedHee 06bsicHsIem 3Ha4umesbHbIU pocm (om 8,04 do 20,79 macc.%) o6uje2o codepixaHusi eseza 8 cocmaese Xxeocmos.

Takum o6pa3om, pubekumu3ayusi MacHemumoebIX Keapyumoe 8 MUHepPasio2o-mMexHO102u4eCKOM OMHOWeEeHUU XapaKmepu3yemcsi KOHmpasep-
culinocmbto. C 00HOU CMOPOHbI, OHa COMpPoe8oXdasniacb POCMOM Kayecmea KOHyeHmpama, ¢ dpyaoli — yMeHbWeHUeM 8bixo0a KOHyeHmpama u
u3esievyeHusi xese3a 8 KoHUeHmpam. [1oCcKoIbKY 21aeHbIM nokasamesemM 3¢hgheKmueHoCMmu mexHo102UYecKo20 fnpoyecca sieasiemcsi codepxaHue
)Kesle3a 8 cocmaee KOHYeHmpama, 8 yesioM pubekumusayuro MOXHO paccMampueamb Kak npoyecc, Komophbil crnocob6cmeosan yy4yueHuo 060-
2amumocmu 6edHbIX MazaHemumoebix pya.

Knroyeenie cnoea: xenesucmo-kpemHucmas ¢popmayusi, Kpueopoixckuli 6acceliH, MacHemumossie pyObl, Hampueebili Memacomamo3s, MuHe-
panbHbIl cocmas, xumuyeckuli cocmas, o6o2amumMocms pyo.
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ESTIMATION OF THE LOST CIRCULATION RATE USING FUZZY CLUSTERING
OF GEOLOGICAL OBJECTS BY PETROPHYSICAL PROPERTIES

(PexomeHAoeaHO 4YrieHOM pedakyiliHoi konezii 0-pom 2eorn. Hayk, npogh. C.A. Buxeoto)

Currently, cluster-analysis or automatic classification problems are widely used in various fields, in particular economics, sociology,
medicine, geology, and other sectors, where there are sets of arbitrary kinds of objects to be automatically divided into groups of similar
objects based on their "similarities-differences"” features. In recent years, these methods have been widely used in data analysis problems.
Conventional methods of cluster-analysis suggest a clear partition of the original set into subsets, in which each point is included only in
one cluster after the partition. However, it is well known that such a restriction is not always true. It is often necessary to make such kind
of partition, which allows determining the degree of membership of each object for each set. In this case it is advisable to use fuzzy cluster-
analysis methods. Problems in this formulation arouse interest of specialists dealing with geology, geophysics, oil- and gas-well drilling
and oil and gas production. One of the most important results of the study of lost circulation zones is determination of the coefficient of
lost circulation intensity.

Purpose. Estimation of drilling mud lost circulation during drilling and emerging risks.

Methodology. The solution of the problems posed in the work was carried out using methods known from mathematical statistics and
the theory of fuzzy sets. The technique of processing the results, as well as fuzzy cluster analysis, was used for that purpose.
Findings. As a result of the research, 5 classes were obtained, each of which characterizes the rate of mud lost circulation, expressed by
linguistic variables. On the basis of this, fuzzy models are constructed, expressing the relationship between the indices of petrophysical
properties and the volume of the absorbed solution.

Originality. A method based on fuzzy cluster analysis has been developed, which makes it possible to predict drilling mud lost
circulation of different rate at an early stage during drilling.

Practical value. The obtained results allow making decisions on prevention of lost circulation and timely liquidation of their

consequences.

Keywords: porosity, permeability, fuzzy cluster, absorption, drilling mud, complications.

With the growth of information processed, stored and
received during the work of information processes in large and
medium-sized enterprises, as well as scientific activities, its
processing, in the form obtained, becomes difficult. There is a
need for initial processing of information for its structuring,
identification of characteristics, generalization and sorting. For
this purpose, classification and clustering processes are used.
Classification of documents is the process of ordering or
distribution of objects (observations) to classes in order to
reflect the relationship between them. A class is a set of
documents that have a certain common feature that
distinguishes it totally from others. To classify an object
means to indicate the number (or name) of the class to which
the object belongs. Classifier training is the process of
constructing an algorithm in the case when a finite set of
objects is specified and it is known to which classes they
belong. This set is called sampling. The class affiliation of the
remaining objects is not known.

Clustering is the process of splitting a given selection of
objects (observations) into disjoint subsets, called clusters, so
that each cluster consists of similar objects, and the objects of
different clusters differ substantially. Clustering is used when
data compression is required. If the original sample is
excessively large, it can be reduced by leaving one of the
most typical representatives from each cluster. Clustering is
also used to detect novelty. Untypical objects are selected
that cannot be attached to any of the clusters [2].

It is important to understand the difference between
clustering (unsupervised classification) and discriminant
analysis (supervised classification). In  supervised
classification, we are provided with a collection of labeled
(pre-classified) patterns; the problem is to label a newly
encountered, yet unlabeled, pattern. Typically, the given

labeled (training) patterns are used to learn the descriptions
of classes which in turn are used to label a new pattern. In
the case of clustering, the problem is to group a given
collection of unlabeled patterns into meaningful clusters. In
a sense, labels are also associated with clusters, but these
category labels are data driven; that is, they are obtained
solely from the data [11].

Different methods of clustering could be effective for
different properties. For example, the Bayes method is used
in the presence of a large number of objects in the training
sample, to calculate the probability of occurrence of objects
most accurately. The support vector method is used in the
economy to calculate regression of different values and
further prediction. It is used as a classifier in information
retrieval systems. The K-means method is used to isolate
groups of objects in the economy, in the data analysis, as well
as in information retrieval systems. The hierarchical clustering
method is used to collect statistical data and is implemented
in statistical packages. It is also used for clustering text
documents. EM-algorithm is used in information retrieval
systems for clustering large amounts of data.

There are two main classifications of clustering methods.
One of them is the division into hierarchical and non-
hierarchical (or flat) ways of clustering. Hierarchical
algorithms (also called taxonomy algorithms) build more than
one partition of the sample into disjoint clusters, and a system
of nested partitions. Thus, at the output we get a cluster tree,
the root of which is the entire sample, and the leaves are the
smallest cluster. Downward hierarchical algorithms work on
the principle of "top-down": at the beginning, all objects are
placed into one cluster, which is then broken down into
smaller clusters. "Down-top” algorithms are more common,
where at the beginning of the job, each object is placed into a
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separate cluster, and then we consolidate the clusters into
larger clusters until all sampling objects are contained in the
same cluster. Thus, a system of nested partitions is
constructed. The results of such algorithms are usually
presented in the form of a tree — a dendrogram. A classic
example of such a tree is the classification of animals and
plants. Unlike them, non-hierarchical (flat) algorithms build
one partition of objects into clusters.

In general, clustering can be also classified as follows:
Soft clustering (overlapping clustering) and Hard clustering (or
exclusive clustering) [10]. In the case of hard clustering, each
point belongs to only one cluster; while for soft clustering the
point belongs to two or more clusters with different degrees of
membership. Often, soft clustering is more natural, because
points on the boundaries of classes do not have to belong
entirely to one of them. Rather, they will belong to several
classes with different degrees of membership from 0 to 1. One
of the most popular techniques of soft clustering is fuzzy c-
means (FCM), and similarly k-means is one of the most
common methods of hard clustering.

For each pair of objects, the "distance" between them is
measured — it is the degree of similarity. There are many
metrics, here are the main ones: Euclidean distance, The
Square of the Euclidean distance, Distance between city
blocks (Manhattan distance), Chebyshev's distance, and
Power distance.

The most common distance function is Euclidean distance.
It is a geometric distance in a multidimensional space:

PO =G -2, )

The square of the Euclidean distance is used to give
more weight to more distant objects. This distance is
calculated as follows:

plexY) = (x,—x ") )

Distance between city blocks (Manhattan distance) is the
mean of the differences in coordinates. In most cases, this
measure of distance leads to the same results as the usual
Euclidean distance. However, for this measure, the effect of
individual large differences (outliers) decreases (because
they are not squared). Chebyshev's distance can be useful
when you need to define two objects as "different" if they
differ in any one coordinate. Power distance is acceptable
where it is necessary to increase or decrease the weight
related to the dimension for which the corresponding objects
are very different.

The choice of the metric lies entirely with the researcher,
since the results of clustering can differ significantly when
using different measures.

K-Means Algorithm.

The K-means method is based on dividing the set of
observations into clusters that are locally minimized with
respect to the distance between the information point and
the cluster centroid. The objective function of the algorithm
is represented by the formula (3):

LA 2
YEDIDY MU (3)

j=1 i=1

. 2
where ”x.“ ) ¢ " is a chosen distance measure between a data

i

point x,.(-’ ) and the cluster centre ¢ is an indicator of the distance

of the n data points from their respective cluster centers.

This algorithm is particularly sensitive to randomly
selected initial cluster centers. To reduce this effect, the
algorithm can be executed many times. This is a simple
algorithm that can be used in many areas and is well suited
for randomly generated data points.

This method takes the input parameter k, the number of
clusters and splits the set of n objects into k clusters, so that
the resulting intra-cluster similarity is high, but the similarity
between clusters is low. The basic idea is to determine k
centroids, one for each cluster. These centroids should be
placed in a subtle way due to a different location resulting in
different results. Thus, the best choice is to place them as
far apart as possible. The next step is to take each point
belonging to a given data set and associate it with the
nearest center of gravity. When no point is deferred, the first
step is completed and the early grouping is performed. At
this stage, we need to count k new centroids. After we have
these new centroids, a new binding must be done between
the same points in the data set and the nearest new center
of gravity. A loop has been created. As a result of this cycle,
we can see that k centroids change their location step by
step, until no changes are made. In others words, centroids
no longer move. Finally, this algorithm is aimed at
minimizing an objective function, in this case, a squared
error function [10].

The Formal algorithm of K-Means is:

1. Select K points as initial centroids.

2. Repeat.

3. Form k clusters by assigning all points to the closest
centroid.

4. Recompute the centroid of each cluster.

5. Until the centroids do not change.

Fuzzy C-Means Algorithm.

As above mentioned, one of the most widely used
algorithms in clustering is fuzzy clustering algorithm. Fuzzy
set theory was first proposed by Zadeh in 1965 [15] and it
gave an idea of uncertainty of belonging which was
described by a membership function. For each of the
clusters, membership values are assigned to the data points
and fuzzy clustering algorithm allows the clusters to grow
into their natural shapes. In Fuzzy C-Means (FCM) algorithm
each point belongs to the cluster to a certain extent — this is
called the membership grade. The technique was suggested
by Jim Bezdek in 1981 [4] and it is an improvement on earlier
studies. The main advantage of this type of clustering is its
flexibility. Points belong to more than one cluster. It allows
the gradual membership of points in clusters, located in the
range from 0 to 1.

The well-known Bezdek's fuzzy clustering algorithm,
known as Fuzzy C-Means, as well as other algorithms based
on it, such as PCM, PFCM, FCM-a, can be useful in many
technical fields, for example image analysis, pattern
recognition. FCM gives good results in the absence of noise,
but it is very sensitive to noise and outliers. In this regard,
the centroid is attracted to the outliers, rather than the cluster
centers. The use of PCM and PFCM partly solves this
problem, because they work better in the presence of noise
compared to FCM. But PCM cannot find optimal clusters
because of noise, and PFCM does not give good results if
clusters vary greatly in size and outliers. The fuzzy clustering
algorithms can be divided into two types: one is Classical
fuzzy clustering algorithms and the other is Shape based
fuzzy clustering algorithms [6].

FCM is based on minimization of the following objective
function (4):

’ x.—cj||2,1Sm<OO, (4)

where m is any real number greater than 1, U,./. is the degree

of membership of x, in the cluster j, x, is the i-th of d-
dimensional measured data, ¢, is the d-dimension center of

the cluster, and ||*]| is any norm expressing the similarity
between any measured data and the center. Fuzzy
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partitioning is carried out through an iterative optimization of
the objective function shown above, with the update of

membership U, and the cluster centers c; by:

Uy=— W (5)
.

S

o

C =T (6)

U

i-1

This iteration will stop when max, = {|U\""" -U} |} <&

where & is a termination criterion between 0 and 1, whereas
k is the iteration steps. This procedure converges to a local
minimum or a saddle point of J .

The formal algorithm of FCM is:

1. Initialize U =[u;] matrix, U ;

2. At k-step: calculate the centers vectors C'") =[c,]
with U® -

3. Update U, U ;

4. 1f |JUSD —U™ ||< & then STOP; otherwise return to

step 2.

In FCM, data are bound to each cluster by means of a
Membership Function, which represents the fuzzy behavior
of this algorithm. To do that, we simply have to build an
appropriate matrix named U whose factors are numbers
between 0 and 1, and represent the degree of membership
between data and centers of clusters.

A comparison between the FCM and K-Means
algorithms is performed based on their respective
calculation periods taken for the experiments, and based on
their respective temporal complexities in [10]. First of all, it
can be seen from the observations that despite foregoing
advantages, the FCM requires more time for computation
than K-Means. So, as we have seen, as soon as the number
of cluster increases, the time complexity of FCM increases
with a more rapid growth rate than that of K-Means
algorithm. This figure shows that K-Means algorithm is less
complex than FCM.

FCM

Algorithms

-

-Means

a 1 2 a 4

Time taken for computation in seconds

Fig. 1. Comparison between the FCM
and K-Means algorithms

Numerous researches of different authors have been
devoted to studies of various characteristics of rocks such
as porosity, permeability, lithology, etc. [5, 13, 14]. In these
works, studies were carried out using the method of
statistical modeling through geophysical studies of wells;

attempts were made to establish a correlation between
various geological and technological characteristics with the
aim of further practical application in solving oilfield tasks.

Thus, in [13, 14] the problem of statistical modeling of
random fields in three-dimensional space was considered.
The model was constructed and an improved numerical
simulation algorithm was formulated. The ways of forming
and approximating of homogeneous groups with respect to
several variables were theoretically justified and shown. In
order to analyze the parameters of elastic and acoustic
anisotropy, the effect of mineral composition and porosity on
these parameters was studied in [5]. The main aspects of
the construction of geological and geophysical models are
discussed in [9]. This paper gives the classification of
geological-geophysical models by stages of prospecting
works. The analysis shows that very interesting results have
been obtained in recent years, whose application can solve
problems of different, including technological, nature.

During solving a number of problems, the authors used
methods based on fuzzy sets, which provide successful
solving of classification problems, as well as decision-
making tasks.

Results of the analysis using c-means method.
Usually work on the definition of lost circulation intensity is
performed for each well. The intensity of lost circulation is
influenced by a number of factors, including lithologic and
petrophysical characteristics of the reservoir. The forecast of
the expected lost circulation intensity values during the design
of wells according to the results of studies of previously drilled
wells is a reserve for further reducing of the well wiring cost in
the areas, folded by layers which tend to lost circulation. Lost
circulation can have varying rate, which can be estimated by
using cluster-analysis. Accordingly, the purpose of the
present report is the use of fuzzy cluster-analysis for the
assessment of rate for this kind of complications in drilling,
which include lost circulation of drilling mud. Data about
drilling was collected, it also contains measurements, which
allowed determining the intensity of lost circulation.
Depending on the nature of the original information, two
approaches were suggested: statistical and based on fuzzy-
cluster analysis [8]. The data was subjected to statistical and
fuzzy cluster-analysis using c-means algorithms and an
appropriate program. As a result of cluster-analysis, five
classes were produced, and each of them is characterized by
the relative rate of lost circulation, the relevant characteristics
of layers and intensity of lost circulation.

In our work, a cluster analysis was carried out using the
c-means method based on two signs [1], influencing the
intensity of lost circulation: porosity and permeability. These
input signs were set in accordance with the intensity of lost
circulation. Each class corresponds to certain degree of rate
(catastrophic, serious, intensive, partial, and minor).

However, the desired result of clustering can be also
obtained by using hard c-means algorithm, if a set of objects
consists of compact clusters and each cluster is noticeably
separated from others. At the same time, in practical
problems, particularly in geology, oil and gas business, such
kind of sets of objects are rare. A set of objects often
contains several unprototype objects, which can lead to poor
results of clustering due to the shift of cluster centers [1]. To
overcome such undesirable property of clear algorithm,
FCM-algorithm (fuzzy c-means algorithm) using weighting
factors (membership function) to monitor the contribution of
the objects into the cluster centers definition, should be
applied. FCM-algorithm gives adequate results of clustering
if a set of objects contains overlapping clusters. The results
of clustering are based on fuzzy membership function, using
the relative distances of objects relative to the centers of
clusters [3, 12]. For example, an object that is far away from
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the cluster center, makes a smaller contribution to the
clusters centers search process, than objects which are
close to the center of the cluster.

As a result of the applying of algorithm, five clusters were
obtained [7], and each of them is characterized by
petrophysical characteristics matched rate of lost circulation
of rocks as following fuzzy rules:

IF the rock is dense and impermeable, THEN lost
circulation is minor.

IF the rock is low-porous and moderately permeable,
THEN lost circulation is intensive.

IF the rock is moderately porous and low-permeable,
THEN lost circulation is partial.

IF the rock is porous and highly-permeable, THEN lost
circulation is catastrophic.

IF the rock is highly-porous and permeable, THEN lost
circulation is serious.

Term-sets of input and output variables are shown in
Figures 2-4.

12

08

05

04

02

o 0,05 0,1 0,15

02 0,25 03 0,35

Fig. 2. Term-sets of porosity:
1 — dense; 2 — low-porous; 3 — moderately porous; 4 — porous; 5 — highly-porous

12

Fig. 3. Term-sets of permeability:
1 — impermeable; 2 — low-permeable; 3 — moderately permeable; 4 — permeable; 5 — highly-permeable

12

Fig. 4. Term-sets of lost circulation:
1 — minor; 2 — partial; 3 — intensive; 4 — serious; 5 — catastrophic
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Thus, to evaluate the effect of geological conditions on
the nature of lost circulation in terms of lack of information,
mutual correspondence between indicators of petrophysical
properties of rocks and rate of lost circulation has been
reached on the basis of fuzzy cluster-analysis, that is very
important for the early diagnosis of lost circulation and
assessment of the risk.
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OLIHKA LUIBUOKOCTI NOIMMUHAHHA BYPOBOIO PO34YUHY 3 BUKOPUCTAHHAM HEYITKOI KNACTEPU3ALIT
FEOJIONYHUX OB'EKTIB 3A NETPO®ISUYHUMU BIIACTUBOCTAMU

B OaHuti 4ac 3ae0aHHs1 Knacmep-aHanidy, abo aemomMamuyHoi knacugikayii, ompumanu wupoke 3acmocyeaHHs1 8 pi3Hux obrnacmsx, 30Kkpema,
eKoHoMmiyi, couiosnozii, MeQuuyuHi, 2eonozii ma iHwux 2any3sx, ycodu, e € MHOXXUHU 06'ckmie AoeinbHoI Npupodu, siki He06xiOHO aemoMamu4yHo
po36umu Ha 2pynu odHopidOHUx o6'ekmie 3a ix o3Hakamu "nodi6Hocmi-eidMiHHOCcMI". B ocmaHHi poku yi Memodu WuUpPoOKO 3acmocoeyomscsi
3adayax aHanisy iHgpopmauii. TpaduyiliHi MemoOdu Knacmep-aHanisy npunyckaroms Yimke po36ummsi uUxiOHUX MHOXXUH Ha MiIOGMHOXUHU, 3a SIKO20
KOXXHa mod4ka nicsis1 po36ummsi nomparnsisie minbkKu 8 o0uH knacmep. OGHak, sik 8i0oMo, make o6MeXeHHs1 He 3aexou eipHo. Halivacmiwe HeobxidHO
3pobumu po36ummsi mak, Wo6 eusHa4yumu cmyniHb HasIeXHOCMi KO)XXKHO20 06'eKkma A0 KOXXHOI MHOXUHU. Y UboMy eunaodky OoyifbHO 8UKOPUCMO-
syeamu He4Yimki MemoOu Kknacmep-aHani3y. 3aedaHHs1 8 makili nocmaHosyi npueepmaroms iHmepec ¢haxieyie, wjo 3alimaromscsi MUMaHHAMU 2€0-
noeii, 2eogpizuku, 6ypiHHS ceepdso8uUH i po3pobku podosuw, Haghmu i 2a3y. OOHUM i3 Halisaxnusiwux pe3ynbmamie ocnidKeHHs1 30H No2IUHaHHS

€ 8U3Ha4YeHHs1 koeghiyieHma iHmeHcueHOCMi No2sIUHaHHS.

Mema. OuyiHka cmyneHsi msi>xkocmi noanuHaHb Npu 6ypiHHi ceepdnIo8uUH i pu3ukis, sIKi NPU YUbOMYy 8UHUKarOMb.
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Memoduka. PiweHHss nocmaeneHux y po6omi 3aedaHb 6a3yeanocsi Ha Memodax, 8idoMux i3 MameMamu4yHOi cmamucmuku i meopii He4imkux
MHouH. lMpu ybomy 6ynu eukopucmaHi Memoduka o6po6ku pe3yibmamie, a MakKoX He4imKo20 Kracmep-aHanisy.

Pe3ynbmamu. [1i0 yac docnidxeHb ompuMaHi 5 Knacie, KOXeH 3 AKUX xapakmepu3ye cmyniHb MsHKKOCcmi no2iuHaHb 6ypo8o2o po34yuHy, eupa-
JKeHy snliHzeicmuyHumMu 3MiHHUMU. Ha ocHoei ybo020 nobydoeaHi Heyimki Moderni, wjo eupaxaroms 36 'A30K MiX Moka3HUKamu nempogizuyHux enac-
mueocmel i 06¢cs720M M027ITUHEHO20 PO3YUHY.

Haykoea Hoeu3Ha. Po3po6ieHo Memod, 3acHogeaHull Ha He4imKomy Knacmep-aHaiisi, o do3eosisie MPo2HO3y8amu Mo2/AUHaHHs1 Pi3HO20 cmy-
neHsi msikkocmi Ha paHHit cmadii 8 npoyeci 6ypiHHSA.

Hacniodkie.
Knroyoei cnoea: nopucmicms, NpoHUKHicMb, Heyimkulii Kriacmep, no2auHaHHs, 6ypoeuli pO34uH, yCKNaOHEeHHS.
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"MHcTUTYT HedpTH 1 rasa HaumoHanbHoW akagemun Hayk AszepbangxaHa
yn. ®. AmupoBa, 9, r. Baky, AZ1000, Azep6anaxaH

2A3epbaiaxaHCKUI rocyAapCTBEHHbIN YHUBEPCUTET HeTU U NPOMbILNIEHHOCTU
np-1. Asagneir, 20, r. Baky, AZ1010, Asep6angxaH

OLIEHKA CKOPOCTW NOrMoLEHNS1 BYPOBOIO PACTBOPA C UCIONIb3OBAHVEM HEYETKOW
KNACTEPU3ALUU TEONTOMMYECKUX OB BEKTOB MO NETPOPU3NYECKUX CBOMCTBAMMU

B Hacmosiwee epemsi 3adaqu Knacmep-aHanu3sa, uiu asmomamu4eckoll Knaccugbukayuu, nosyqusu WupoKoe npuMeHeHUe 8 pa3siudHbIx obna-
cmsix, 8 YacmHoOCMu, 3KOHOMUKe, coyuosio2uu, MeQuyuHe, 2eo102uu U Opya2ux ompacrisix, ectody, 20e uMeromcsi MHoxecmea o6eKmoe npou3eo-
NbHOU NPUPOObI, KOMopbie He06x00UMO aeémoMamuyecku pa3bums Ha 2pynnbl 0OHOPOOHbIX 06bLEKMOoe Mo ux npu3Hakam "cxodcmea-pasnuyus”.
B nocnedHue 200b1 3mu Memodb! WUPOKO MNPpUMeHsSIFoMCcs 8 3adayax aHanu3a uHgpopmayuu. TpaduyuoHHble MemoOkl Kilacmep-aHanu3a npednona-
2alom yemkoe pa3bueHue ucxo0HO20 MHOXecmea Ha NoOMHOXKecmea, Npu Komopom Kaxdasi moyka rnocsne pa3bueHus nonadaem mosibKo 8 00UH
knacmep. OGHaKo, Kak u3eecmHO, maKoe o2paHuU4YyeHuUe He ece20a eepHo. 3ayacmyro Heo6xodumMo npouszeecmu pazbueHue mak, Ymobbi onpede-
lumb cmeneHb NPUHadneXxHocmu Kaxdo2o 06bLeKkma K kaxxdoMy MHoxecmey. B amom cnyqae yenecoobpa3Ho ucnosb3o08ame Heyemkue Memoosbl
Knacmep-aHanu3a. 3ada4u 8 makoii TocmaHoeKe rpueJsiekalom uHmepec crneyuanucmos, 3aHUMaloWUXcsi 80Npocamu 2eoso2uu, 2eogusuku, 6ype-
HUSI CK8a)KUH u pa3pabomku mecmopoxdeHuli He¢pmu u 2a3a. OOHUM U3 Haubosiee 8aXKHbIX pe3ysibmamoe uccsiedoeaHus 30H M02SIOWeHUsT siarisie-
mcsi onpedeneHue KO3ghghuyueHma UHMeHCUBHOCMU MO2JIOUWeHUST.

Lenb. OueHka cmeneHu mspkecmu noasioweHull npu 6ypeHUU CK8aXXUH U 803HUKaIOUWLUX MPU 3MOM PUCKO8.

Memoduka. PeweHue nocmaeneHHbIx 8 pabome 3aday OCHO8bI8ASIOCh Ha Memodax, U38eCmHbIX U3 14eckoli ¢ ICMUKuU U meopuu
Heyemkux MHo)xecme. lMpu amom 6b11u ucnonb3o8aHbl Memoduka o6pabomku pe3ynbmamos, a makxe He4yemKoa20 Knacmep-aHaausa.

Pe3ynbmamebl. Bo epemsi uccnedosaHull nony4eHsbl 5 knaccos, Kaxobili U3 KOMOPbIX Xapakmepu3yem cmerneHb msxecmu noasouwieHuli 6ypo-
8020 pacmeopa, 8bipaXeHHYI0 JIUH28UCMUYECKUMU repeMeHHbIMU. Ha ocHoge 3amo2o nocmpoeHbl Heyemkue Modesu, ebipaxaroujue cesizb Mexoy
rnokasamesiiMu nempogu3suvecKux ceolicme u 06LeMoM No2s10WeHHO20 pacmeopa.

Hayynasi Hoeu3Ha. PazpabomaH Memo0d, ocHO8aHHbIlU Ha HeYeMKOM Kilacmep-aHasiu3e, no3eosisiiowull Mpo2HO3upoeamb Mo2/10WeHUs1 pa3Hol
cmeneHuU msxecmu Ha paHHel cmaduu 8 rpoyecce 6ypeHust.

lMpakmuyeckasi 3Hayumocms. [Mony4eHHble pe3ynbmambl M0360JsII0M MPUHUMamb peweHusi no npedynpexoeHuro noaaouweHull u ceoeepe-
MeHHol nnukeudayuu ux nocsedcmeull.

Knroyeenie crnoea: nopucmocms, NpoHuUyaeMocms, Heyemkuli Knacmep, noaaoujeHue, 6ypoeoll pacmeop, OCII0XHEHUSI.
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OLUIHKA KONEKTOPCbKUX BIACTUBOCTEN TEPUFEHHUX MNOPIA MOCKOBCbKOIO
SAAPYCY 3AXIAHOWEBENMWHCbLKOI MO HA OCHOBI AAHUX NETPO®I3UKM

(PexomeHAo8aHO YrieHOM pedaKyiliHoi Kosezii 0-pom 2eorn. Hayk, npogh. C.A. Buxeoro)

Aemopamu npogedeHo aHasli3 nempogizuyHuUX eacmueocmell ma rnapamempie, a MaKoX 6U3Ha4yeHO CMpPYKmMypy nycmomHo20
npocmopy 07151 Nopid MocKoecbko20 sipycy ceepdnosuHu Ne 701 Bic 3axioHowe6enuHcbKoi ninowi (iHmepean anubuH 4929-5380 m) 3
Memoro OYiHKU iX KOJIeKMOopCbKUX enracmusocmed.

Komnnekc nabopamopHux docidxeHb, W0 8KT0Yae 8U3Ha4YeHHs (hinbmpayiliHo-eMHICHUX, eleKmpuYHUX ma aKkycmuy4Hux 0ocJli-
OXeHb Ha eKcmpa2oeaHuUX ma Hacu4eHux MiHepasli3oeaHUM PO34YUHOM 3pa3kKax, npoeoduecsi 8 nempodgizuyHili nabopamopii HHI "IH-
cmumym 2eonoeii”. 3a pesysnbmamamu nempogizuyHux AocnidxeHb nNpoeedeHO cmamucmuYyHull aHani3, sikuli do3eosnue nodinumu
Konekuito 3pa3kie Ha 2pynu ma eudinnumu nopoou 3 KOJIeKMOPCLKUMU eslacmueocmsiMu. Aemopamu eCmaHO8J1eHO KopesisiyiliHi 38 'A3Ku
ma 3asiexHocmi Mixx nempogizudHUMU napamempamu 01151 eudineHor 2pynu rnopio.

Bu3Ha4yeHHs1 cmpyKmypu rycmomHOo20 Mpocmopy npoeodusiocb 3a Opu2iHaibHO MemoduKoro iHeepcii OaHUX nempoakycmu-
YHUX AoclidOXeHb y cmpyKmypy nycmomHo20 npocmopy. 3a aHumu nempogizuyHux oclidxeHb (06'eMHOI 2ycmuHu, koedpiyieHma
8idkpumoi nopucmocmi ma weudkocmi MPoxo0d)xeHHs1 N083008XKHIX XeuUJlb) pO3paxo8aHO 8Micm pi3HUX murie mycmom (2paHynsip-
HOI, 8MOPUHHOI Ma MPIWUHHOI) y 3a2anbHy nopucmicme nopid. llycmomu MpiwWuHHO20 mury HasiHi y ecix 3pa3kax eudineHoi
epynu ma cmaHoensams 0,47-0,91 %. BmopuHHa nopucmicmsb rnepesaxae 3a 3Ha4eHHsIMU Mix3epHoey 8 ycili aubipyi, okpim deox

3paskie, ma cmaHoeumsb 1,2-7,75 %.

3a pesynbmamamu oyiHku nempoghizuyHUX napamempie ma eusHavyeHHsI CMpPYKmMypu fycimomHoz20 Mpocmopy Kosnekyii 3pa3kie
Mockoecbkoz20 sipycy 3axidHowebenuHcbkoi nnowi ceepdnoeuHu Ne 701 Bic ecmaHoesnieHo, Wo nopodu, sKi 3ans2arome e iHmepeani
5202-5211 m, Hanexxames 00 NepcreKmMueHuUX yWisibHeHUX rnopiod-kosiekmopis.

Knro4yoei cnosa: nopodu-kosniekmopu, ¢hinbmpauiliHo-eMHiCHi eslacmueocmi, cmpykmypa rmycmoimHo20 pocmopy.

BcTyn. Mpu nobyaosi Mogeni nopig-konekTopis Baxn-
BMM € BU3HAYEHHS iXHiX BTaCTUBOCTEN Ta NapameTpiB y Nna-
6opaTtopHux ymoBax. Lli gocnimkeHHs gatoTb 3mory oTpu-
MaTu Ha MakpOCKOMNIYHOMY PiBHi AaHi Npo inbTpauinHo-eM-
HICHIi, eNeKTPWYHI Ta akyCTUYHI napaMeTpu nopig Ta Hacu4y-
Ho4mMX X pnroiais, sKi NOTIM BUKOPUCTOBYHOTECS NPY iHTEPN-
peTauii gaHux IOC Ta npu NnobynoBi MatemMaTUyHUX Moae-
ner poOoBULL, a TakoX 4alTb 3MOry BUAINUTM NOPOAM 3 KO-
NEKTOPCbKUMU BNACTUBOCTSIMM.

BusHayeHHs CTPYKTypu MyCTOTHOrO MPOCTOpPY, a came
TWNIB NYCTOT Ta TPIWWH, Aae Oinblie iHopmalii npo gocni-
OXyBaHi MOPOAM, a TakoX € BaXKIMBUM MPU MOAENIOBaHHI
pyxy dntoigy Kpisb NOpoAM Ta MOXe BWKOPUCTOBYBATUCS
npwv ouiHLi NepCnekTUBHOCTI AOCAiAXKYBaHUX FOPU3OHTIB.

AHani3 octaHHix gocnigxeHb Ta ny6nikauin. Ha ga-
HOMY eTarni po3BUTKY NeTpodpi3vKkn Benuka yesara npuains-
€TbCH BMBYEHHIO iNbTpaLiiHO-EMHICHUX BNacTUBOCTEN, a
TaKoX CTPYKTYpY Ta reoMeTpii NyCTOTHOro NpPoCTOopy Pi3HO-
MaHITHUMW MeTodamu Ans OTPMMaHHS KOPUCHOI iHdopma-
Lii, WO Hagani BUKOPUCTOBYETBLCS B MPOLECi AOCNIMKEHHS
Ta po3pobKky poaoOBWLL BYrNEBOAHIB.

Hamsigomilummm gocnigHMkamu, WO 3aMMarnucs BUBYEH-
HsIM pinbTpaLiiHo-eMHiCHUX BnacTuBocTen, Oynu I. ABusiH,
C. Bwxaa, B. JaxHos, H. [JloptmaH, B. KypraHcbkuii, A. XaHiH,
B. Ourenbrapar, . TeopopoBuy, G. Archie, Dj. Tiab,
E. Donaldson, F. Lucia, N. Ewall, G. Chilingarian, Spangler,
Fraser, A. Timur, Thompson, Bryan, Wilson Ta iH., a Takox npa-
LIBHUKN BENUKNX HadpTorasoBuaoOyBHNX KOMMAHIN, 3okpema
Schlumberger Ta Core Laboratories [7—10]. ABTopamu BCTaHo-
BMNEHO 3B'A30K MiXK MOPUCTICTIO Ta NPOHWUKHICTIO 4N Pi3HOTUM-
HUX TUMIB Nopig, i3 pi3HUM CTyneHeM YLLiNbHEHHS, LieMeHTaLli,
FMVHUCTOCTI, @ TaKoX PO3MIpOM Ta OKaTaHICTIO 3epeH MiHepa-
niB i, KpiM TOro, 3B'A30K (iNbTPaLiHO-EMHICHX BNacTMBOCTEN
3 eNeKTPUYHMMU NapameTpamu.

3aBgsku pobotam I. MNpoganeoau, C. Buxeu, b. Mac-
noea, R. Weger, M. Willie, F. Ansemetti, T. Bourbie, D. Han,
G. Baechle, B skmx nokasaHo BMIMB FMHUCTOCTI, PO3Mipy
Ta TMNIB NYCTOT Ta MIKPOKPILLUMH Ha aKyCTWYHi BNacTUBOCTI
nopig, cTano MOXMIMBMM, BUKOPUCTOBYHUM aKyCTUYHI Me-
TOOM, OTPMMYBATK BinbLUy KinbKicTb iHopMaLii npo nycro-
THUIM NPOCTip Ta BNacHe cami Nopoan-KONekTopu.

Ha paHun yac icHye goBoni 6arato mMeToAiB Anst BU3Ha-
YEHHS CTPYKTYpWU MyCTOTHOrO NpocTopy. BoHW noginstoTbes
Ha npsiMi Ta onocepeakoBaHi. Cepep NPAMUX HANMONYNAPHi-
LWMMU € METOAM HaMIBNPOHWKHOI MeMOpaHK, PTYTHOI NOpo-
METPIl, KaniNApUMETPUYHUX AOCHIMLKEHb 3 BUKOPUCTAHHAM
LeHTpUyryBaHHsi, AOCTIIKEHb i3 3aCTOCYBaHHAM ONTUYHMX
i eMeKTPOHHMX MIKpOCKONIB, peHTreHiBCbKoi MikpoToMorpadii,
a TaKoX SiAepHO-MarHiTHo-pe3oHaHCHUIA MeTod. YacTuHa 3
UUX MeTogiB, SIK, HaNpuknag, saepHO-MarHiTo-pe30HaHCHNNA
MEeTOA Ta METOA KaninspuMeTPUYHUX AOCHiOXEHb 3 BUKOPU-
CTaHHAM LEeHTpUdYr1, HagaTb iHdopmaLito Npo po3nogin
MycToT 3a PO3MipOM, LU0 [03BOSMSIE MPOrHO3yBaTW MPOHWK-
HiCTb nopig. HWi, SK 4OCAIOKEHHS 3 BUKOPUCTAHHAM ONTUY-
HMX Ta ENEKTPOHHUX MIKPOCKOMIB, Aal0Tb 3MOrY OTPUMATK iH-
dopmauito Npo opmMy Ta KinbKiCTb NYyCTOT Pi3HMX TUNIB. Bei
Ha3BaHi BuLLe MeToau BUMaratoTb cneLianbHol anapaTtypu Ta
€ JOBOIi CKNaAHUMM Yy CBOEMY BMKOHAHHI.

[o onocepenkoBaHX METOAIB HANEXWUTb METOZ iHBEPCii
pesynbTaTiB aKyCTUYHUX AOCHIAXEHb Yy CTPYKTYpy MyCTOT-
Horo npocTtopy, po3pobnexunt B HHI "lHcTtuTyT reonorii” Ku-
TBCbKOro HauioHanbHOro yHisepcuteTy iMmeHi Tapaca Lles-
yeHka (. Mpopaneoaa, C. Buxaa, |. Be3poaHa) [3].

MeToto aaHoi po6oTu € npoaHaniayBaty NeTpodianyHi,
30KpeMa, hinbTpauinHO-EMHICHI NapameTpuy Ans BUAINEeHHS
nopia-konekTopis; nobyayBaTn KOpensuinHi 3B'A3kn Ta 3a-
NEXHOCTi MK NeTpodpisnyHNMK BNacTMBOCTAMM Ta Nnapame-
Tpamu; BU3HAYMTH iX CTPYKTYPY MYCTOTHOrO NPoCTOpY, a Ta-
KOX TUMNW NOpPig-KONeKTopiB.

HocnigxyBaHa Konekuis ckrnagaeTtbca 3 75 3paskiB nic-
KoBUKiB 3i cBepgnoBumHu 701 bic 3axigHowebennHcbKoi
nnouwi. MMunbuHa Binbopy kepHy ctaHoBUTb 4929-5380 M.
[MpoBeaeHuin MmakponeTporpadivyHui onuc [5] nokasas, WO
nopoau npeacTaBneHi nickoBMkamu ApibHo-, cepeHbo- Ta
KPYNHO3EPHUCTMMU CipOro Ta CBIiTMNO-Ciporo Konbopy. Tekc-
Typa nopig wapysaTta 3 npoLlapkamMu CroanCTMX Ta MMUHN-
CTUX MiHepaniB, a B AeAKUX BUNaAKax BYrmnMCTOi PEYOBUHN.
LLlapyBaTicTb opieHTOBaHa nig kytom 75-90° go oci ceepa-
nosuHu. CTpyKTypa nopig ncamitosa Big ApibHo o cepen-
HbO-KpYNHO3epHUCTOI 3 posmipom ynamkie 0,15-0,5 mm.
Ynamku cknagatTbCs 3 KBapLy Ta NonboBOro wnary i 3am-
MatoTb Big 60 4o 90 % po3mipy nopoau, pelita — LEMEHT Ta

© Be3popgHa l., AHTOHIOK B., 2018
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ApyropsgHi MiHepanu (MarHeTuT, CriogucTi MiHepanu Ta iH-
KOMnun ByrnucTa pevyoBuHa). LiemeHT nepeBaxHO KpeMeHnc-
TOro, iHKONMW MUHUCTO-KPEMEHUCTOrO Ta  FNIMHUCTOrO
cknagy. TakoxX y Konekuii NpUcyTHi Kinbka 3paskiB aneBpu-
TiB Ta aneBponiTiB.

MeTtoauka. JTabopaTopHi AOCNiAKEHHSA NPOBOAUINNCSA B
neTpogiaunyHin naboparopii HHI "lHcTuTyT reonorii”, nig yac
AKX 6yno B13Ha4eHo: 06'eMHa rycTnHa, koedilieHT Bigkpu-
TOI NOPUCTOCTI, LUBUAKICTb MPOXOMAXEHHS MOB3AO0BXKHBOI
XBUNi, NUTOMUIA €NeKTPUYHMI Onip AN eKcTparoBaHux Ta
HacuyeHnx miHepanizoaHum posdmHom NaCl 3paskis, a Ta-
KOX KoedqoilieHT abConoTHOI ra3oBOi MPOHUKHOCTI Ta 3anu-
LLIKOBOrO BOOOHACUYEHHS.

ABTOpaMu BUKOPUCTaHWU CTaTUCTUYHUI aHani3, a came
no6yaoBsa rictorpam 418 BU3Ha4YeHHS po3nofiny NnopucTocTi
Ta NPOHMKHOCTI y nopogax. Mpu nogibHMx [OCNIgKEHHSIX
Amyx, Bass, Whiting, Craig, Law BcTaHOBUNU, L0 3HAYEHHS
NMOPUCTOCTI XapakTepuayeTbCa HOPMarnbHUM PO3MNOAINoM, a
NPOHWKHOCTI — norHopmansHum [9, 10]. He3asaxatoum Ha e,
4yacTo BAAETbCA OTpuUmaTy GaraTto KOPUCHOI iHchopMmaLii 3
nobyaoBm rictorpam po3noiny BNacTUBOCTEN, SIK, Hanpu-
Knag, BUAINUTK Pi3HOTUNHI 3a GDi3MMHUMK BAACTUBOCTAMM
rpynu niTONOriYHO OOHAKOBUX MOPid, @ TaKoX BCTaHOBUTU
rpaHn4YHe 3Ha4YeHHS1 MOPUCTOCTi.

MeToamka BU3HAYEHHsI CTPYKTYpU MYCTOTHOrO MpPOCTOpY,
BMKOpUCTaHa B poboTi, po3pobneHa B HHI "lHcTuTyT reonorii”
[3] Ta GasyeTbcsa Ha iHBEpCIT pe3ynbTaTiB akyCTUYHUX Ta EMHi-
CHUX NEeTpodi3NYHNX OOCHIMKEHb NMOpig HAa OCHOBI METOAIB

YMOBHUX MOMEHTIB ANs1 pO3B'A3aHHsA NPAMOi 3a4adi Ta HeniHin-
HOI onTUMmiI3auji 4nsa po3B'a3aHHst 0GepHEHOI 3aaaui.

Mpw iHTepnpeTauii NeTpodi3nyHMX aHUX anropuTm Me-
TOOMKM iHBEPCIi CKrnagaBcs 3 Takux 3aBAaHb:

e NigroToBKa NOYaTKOBOI iHpopMaLil, WO BKMOYaE PO3-
NOAIN AOCNiAKyBaHWX 3pas3kiB Ha rpynu, BUKOPUCTOBYHOUU
iHbopmauito 3 neTporpadivyHoro Tta neTpodianyHoro Bu-
BYEHHSI; BU3HAYEHHS MPY>XHUX NapameTpiB CKeneTy NOpoau
Ta nigHOro HanoBHIOBAYa; 3HAXOMXEHHS MOYaTKOBOro
HaBNMKEHHSI CTPYKTYpY NMyCTOTHOIO NPOCTOPY;

e {HBEPCIA aKyCTUYHUX AaHWUX Y KPUBY KirbKICHOTO po3ro-
[iny nycToT pi3HWX popmaris Ta BU3HAYEHHS TUNiB MOPUCTOCTI;

e y3aranbHeHHs pe3ynbTaTiB iHBEPCii — BUSHAYEHHS TH-
niB Nopig KOneKkTopis.

Y pesynbTari iHTepnpeTaLji OTpUMYETLCH KOHLIEHTpaUis pi-
3HUX TUMIB MyCTOT (TPILLWH, KaBEPH, NYCTOT YLLiNbHEHHS], pO3-
TAry Ta NEPBMHHOTO MOXOKEHHS), SIKi CKNadatoTb 3ararnbHy
MOPUCTICTb 3paskiB. 3a UMMM JAHUMU BU3HAYAETHLCS TWM MO-
poawv-KorekTopa Ta BUAINSOTLCA NacTu CBEPANOBUH, Lo €
nepcneKkTVBHNUMU Npu noLuykax HadpTu i rasy [1-3].

PesynbTaTu gocnigxeHb. ABTOpaMu NpoBedeHUn cTa-
TUCTUYHMI aHani3 3Ha4eHb BiOKPUTOI NOPUCTOCTI ANst eKCT-
paroBaHMx Ta HAaCUYEeHUX MOAENSIO0 NNacToOBOi BOAW 3pas-
KiB, @ TakoXX abCONTHOI ra3oBOi MPOHUKHOCTI. HawiHdop-
MaTMBHILUMMK € ricTorpama po3nogifnly Hacu4eHux 3paskis
3a BigkpuTO nopucTicTio (p1c. 1) Ta rictorpama po3noginy
NMOPUCTOCTI CyXMX 3paskiB Ta NPOHWKHOCTI (puc. 2), Wo ma-
I0Tb HOPMarnbHUI Ta NTOrHOPMarbHWUIA PO3MOoAin BiANOBIgHO.

1] 1 2 3 4

5 5} 7 8 ] 10

KoediuenT Blakpur ol nopucTocTi, %

Puc. 1. Tictorpama po3noainy 3pa3kiB HaCUYEHUX MiHepani3oBaHMM PO34UHOM 3a BiAKPUTOIO NOPUCTICTIO
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Ti, *10°% mim®

abcomioT ol ra;

Puc. 2. lictorpama po3noainy 3pa3skiB 3a a6COMOTHOI ra3oBO NPOHUKHICTIO
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[HaHa rictorpama (puc. 1) nokasye 6imoganbHuin po3mno-
Jin 3HayeHb HaBKOJ1O ABOX OKpeMMX MiKiB, LLIO rOBOPUTL MPO
HasBHICTb ABOX rpyn nopig ogHakosoi nitonorii [8]. Buxo-
OS14M 3 LUbOTr0 MOXHa CKa3aTu, L0 rpaHuYHe 3HayeHHs no-
pPUCTOCTI CTaHOBUTb 6 %, a 3pasku, B SKNX NMOPUCTICTb CTa-
HOBUTb 6—10 %, MOXHa nonepeaHbLO pPo3rnaaaTh K Mopoau
3 KONEKTOPCLKUMW BNAaCTUBOCTSAMMU.

BrokpeMnieHa rpyna 3paskis nopig BigidopaHa 3 iHTepeanis
4935-4944 m, 5202-5211 m Ta 5232-5239 M i HanexuTb 40
NOTEHUIHO NePCNEeKTUBHMX O0'EKTIB, L0 BUAINEHI 32 AaHUMKX
'AC Ta 6ypiHHS Ana aaHoi ceepanosuH [4].

AHanis pesynbTatiB KOMMMAEKCHUX NeTpodi3nyHMX goc-
nigXeHb AN eKCTparoBaHyX Ta HAaCMYEHNX MOAENIo nnac-
TOBOI BOAM 3paskiB BMAINEHO! rpynn gas 3Mory oTpumaTu
Taki NeTpodi3nyHi napameTpu:

e 00'eMHa rycTuHa (O) eKCcTparoBaHWx 3paskiB CTaHO-
BUTb — 2347—2445 kr/m3, HacnyeHux — 2445-2510 kr/m3;

¢ KoediuieHT BigpuToi nopuctocTi (Kn) — 7,6-11,2% T1a
6—9 % Ona cyxmx Ta HacUYeHnx 3paskiB BigMNOBIOQHO;

¢ koedilieHT abcontoTHOI ra3oBoi NpoHuKHocTi (Knp) —
0,074-1,1 m[;

e KoedilieHT 3anuwkoBoro BogoHacuyeHHs (K3B) —
0,45-0,76;

® NMUTOMUIA ENEKTPUYHMIA ONip (p) ANSt HACUYEHUX 3pas-
KiB — 3,37-5,14 OM*M;

o LUIBMAKICTb NOB3A0BXHIX XBUIb (VpP): 4Ns CyXux 3paskis
— 3245-3942 m/c, HacudeHux — 4057-4509 wm/c.

Mpun NoOyaoBi KOPENALUIMHNX 3aNeXHOCTEN MidK OTpUMa-
HUMM NeTPodi3NYHNMM NapameTpamMy aBTOpaMu BCTaHOB-
NeHi 3B'A3KN 3 4OCTaTHbO BMCOKMMMN KoedpilieHTamu 4oCTo-
BipHOI anpokcumadii.

3B'A3kM Ta 3anexHoCTi MiX AOCnifKyBaHUMK neTpodi-
3MYHMMM MapamMeTpamMu MOXHa OXapakTepudyBaTu TakuMm
YUHOM:

1,2
1,0
0,8
20,6

KHiCTb, Mm[

s
50,4
a

cC

0,2

AbcontoTHa rasoBa

0,0
0,0

5,0 1
KoediuieHT nopuctocTi,%

1. 3B'A30K MK MPOHUKHICTIO Ta BIAKPUTOIO MOPUCTICTIO
OMUCYETLCHA EKCMOHEHLianbHOK 3anexHiCTio 3 BEMNUYMHOK
fJocToBipHoT anpokcumadii (R?) — 0,72:

K, =0,0023%¢"%

a 3 po3paxoBaHWMU 3HaYEeHHSIMU epeKTUBHOI NMOPUCTOCTI
(puc. 3):

K,, =0,0447¢"7%% 3 R?=0,81.

2. 3anexHicTb Mix koediuieHToM BiAKPUTOI MOPUCTOCTI
Ta napameTpoM MOPUCTOCTI anpoKCUMYETbLCA CTENEHEBOIO
3anexHicTio:

P :% 3 R2=0,77.

n
n

3. 3anexHicTb MiXk MOPUCTICTIO Ta iHTepBanNbHUM YacoMm
MOXe 3 BUCOKMM CTyneHem gocTosipHocTi (R%— 0,85) onu-
caHa MiHINHO 3anexHICTIo:

At,=6,7*K, +181.

4. MiX NPOHUKHICTIO Ta NapaMeTpoOM NOPUCTOCTi BCTaHO-
BMeHa CTeneHeBa 3anexHicTb:
38,8

0,19
np

OuiHlouM OTpMMaHi pesynbTaTi, MOXHa ckasaTu, Lo
pocnigxysaHa rpyna nopig xapaktepusyeTbCsl HA3bKOK Mo-
pucTicTio (<10 %) Ta cnabkoto npoHukHicTio (<1 mA) [6, 9].

3pasku kepHy € BnM3bkuMK 3a CKMagoM Ta MiTonoriy-
HUMMW XapakTepucTukamu MiCKOBMKamMu, TOMy pi3HULS B ne-
TPoi3aNYHMX MapaMeTpax MOSACHIETLCA BIAMIHHICTIO B
CTPYKTYPi MYCTOTHOrO NPOCTOpPY.

[ns KinbKiCHOT OLHKM NYCTOTHOrO MPOCTOPY 3paskiB B1BYe-
HOI KONeKLji aBTopaMmn BUKOPUCTOBYBanucs pesynbTtaTy ix na-
©opaTopHOro BUBYEHHS, a came: 06'eMHa ryCTuHa, KoedillieHT
BiOKPUTOI MOPUCTOCTI, @ TaKOX LUBUAKICTb MOB3AOBXHIX XBUIb.

P = 3R20,82.

’

0,0, . .
A BigKpUTOI

Puc. 3. M'pacbik 3anexHOCTi BigKpUTOi NOPUCTOCTI Ta aBCONOTHOI ra30BOI MPOHUKHOCTI

[ns BU3Ha4YeHHs1 napameTpiB ckeneTy BUbipku nopig no-
GynoBaHi  KopensuiiHi  piBHsHHA Tuny V= f(K,) Ta

o= f(K,), acawme:
Vv, =-125,09K, +5256,23 R? - 0,85,

o =-19,508K, +2621 3 R2-0,96.

3 nobynoBaHMX KOPEnALINMHNX 3aNeXHOCTEN LUNAXOM iH-
Tepnonsauii Kpeux B 06nacTb HyfbOBOI MOPUCTOCTI BU3HA-
YeHO napamMmeTpu maTpuui rpyn nopig (pvc. 4).

BukopucTaBLLM OTpMMaHi 3Ha4YeHHsl, aBTopaMu po3pa-
XOBaHO MPYXHi Moayni ckeneTy 3pa3skiB (06'eMHOro ctuc-
HEHHS Ta 3CyBY) 3a hopMynamu:

K=c(V;-4/317), G=cV.

MapameTpy maTpuui, a Takox nodaTkoBe HabNMXKeHHs
dopmaris nycToT (a) HaBedeHo B Tabn. 1.

IHBepCis AaHMX aKyCTUYHUX JOCHiMKEHb Y CTPYKTYpY Nnyc-
TOTHOrO MPOCTOPY NPOBOAMMAcS 3a LOMOMOrol OpuriHanb-
HOro nporpamMHoro 3abe3nedveHHs [3]. Y pe3ynbTarti 3HakgeHo
3HaveHHsa dopmaTtiB MyCToOT @, iXHiX koHueHTpaui Cn(a), a
TaKOX OTPMMAaHO BiCOTKOBWI BHECOK KOXHOTO 3 TUMIB MyCTOT
(rpaHynsapHUX, BTOPUHHMX, TPILLWMHHUX) Yy 3arasibHy MOpuc-
TicTb. BcTaHoBneHo Ans AocnimxeHux nopig, wo dopmar
ONsA NycTOT rpaHynspHoro Tuny ctaHoutb 0,89, Ans nepexi-
OHWX NYCTOT (NYCTOTWU NITONOrYHOro yulineHeHHs) — 0,082,
Ans TpiwmH — 0,0019. KinbKicTb NyCTOT BTOPUHHOIO TUMY PO-
3paxoByBanacb sik Cyma KiflbKOCTi nepexigHmX Ta TPILLMHHNX
nycToT. Pe3ynbTaTy KinbKiCHOI OLiHKM CTPYKTYPWU MYCTOTHOrO
NPOCTOpPY NpeAcTaBrieHi Ha puc. 5.

AHani3dytoun oTpuMaHi pe3ynbTaT BU3HA4YEHHS CTPYK-
TYpW NyCTOTHOro NnpocTopy (puc. 5), BCTaHOBMEHO, WO TPi-
LMHHA NOPUCTICTb NPUCYTHS B YCiX 3paskax i CTaHOBUTb
0,47-0,91 %. HanbinbLwuniz BMIiCT NyCTOT TPILWMHHOIO TUMY
MatoTb 3pa3ku Ne 6, 8, 17, 18, i BiH carae 0,86—0,91 %. B
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OCHOBHOMY MYCTOTHMI NPOCTIp 3paskiB CknagarTb BTO-
PUWHHI NyCTOTU (CepeaHe 3HadeHHs 5,6 %) B ycix 3paskax,
okpim Ne 15 Ta 24, B AKX BMICT rpaHynspHuUX NycToT BU-
LUK, HX BTOPUHHUX.

4600
4500
4400
- 4300
4200
4100
4000

XBUni, m/c

LBnakicTb NOB340BXHBLOT

5,0 7,0 9,0
KoediuieHT BigkpuTOi nopuctocTi, %

a

OTxe, MOXHa cka3aTu, Lo 3 KoMeKLUii AoCMigKyBaHMX 3pa-
3KiB MOCKOBCbLKOTO spycy 3axigHolebenuHCbKoi nnoLj, no-
poaw ski 3ansratoTb B iHTepsani rmmbuH 5202-5211 m, MoxHa
BiOHECTN A0 NEepPCneKTUBHMX YLLiNIbHEHMX NOPIL-KONEKTOPIB.

2520
2500
2480
2460

2440

O6'emHa rycTtvHa, Kr/m3

2420
5,0 7,0 9,0
KoediuieHT BigkpuTOi nopuctocTi, %

6

Puc. 4. BusHauyeHHA napameTpiB ckeneTy
a — LWUBMAKOCTI NOB30BXHbOT XBUi; 6 — 06'EMHOI ryCTUHM

Ta6bnuys 1
NMoyaTkoBe HaGnuxeHHs hopMaTiB NycToT (a) Ta NapamMeTpiB MaTpuli gocnigXKyBaHoi BUGipku nopig
MapameTpu MaTpuui PopMaT NYCTOT. a
K, Ma G, Ma P, ricm® p y )
34,7 28,29 2,621 0,9 | 0,05 | 0,001
10 KnTtp I Knrp - e K BTOP.
8
° 6
(=
x
2
0

1 2 3 4 6 8

11 12 13 14 15 16 17 18 24

Homep 3paska
Puc. 5. Pe3ynbTatn BU3Ha4Ye€HHS1 CTPYKTYPU NYCTOTHOIO NPOCTOpPY

BucHoBku. 3a pesynbtataMu aHanidy neTpoisaniHmx, 30-
Kpema, (inbTpauinHO-EMHICHUX nMapaMeTpiB BUAINEHO rpyny
MOPIA-KONEKTOPIB i3 KONEKTOPCbKUMM BMACTUBOCTAMM (3pasku
iHTepBany 5202—-5211 m); BCTAHOBMEHO TiCHi KOpensLinHi 38'-
3KM Ta 3anexHOCTi MK NeTpodisanyHUMK napameTpamu, siKi
MOXHa BMKOpPUCTOBYBaTK Npw iHTepnpeTauii AaHux AC nogij-
OHMX nopig. ABTOpaMmn BU3HAYEHO CTPYKTYPY MYCTOTHOrO Mpo-
CTOpPY OCHOBHMX TUMiB NOPid-KONEKTOPIB AOCHiMKEHOT BUBIpKA
nopig. BcraHoBneHo, Wo B 3paskax nepeBaxarTb MycToTu
BTOPWHHOTIO TUMYy (CepeaHe 3HayeHHs 5,6 %).

Mopoau, wo 3andraloTb B iHTepBani rmubuH 5202—
5211 m kinbkicHo matoTe 0,47-0,91 % nycTOT TPILLMHHOIO
UMYy, TOMY iX MOXHa BiHECTWN A0 NepCcrnekTUBHUX NOPia-Ko-
NEKTOPIB, HE3BAXAOUN HA BiJHOCHO HEBENUKI 3HAYEHHSI KO-
ediuieHTiB BIOKpUTOT | ehEeKTUBHOT MOPUCTOCTI.

ABTOpaMn BCTAHOBMEHO iHTEPBAnNu po3BUTKY MNigBuLLE-
HOI TpilmHyBaTOCTi (4940-4943 Ta 5202-5211 M), a Takox
TUNW NOPIA-KONEKTOpIiB, 30KpeMa, NepeBakHO — rpaHyns-
PHO-TPILLNHHWIA.

MepcnekTuBa nopanbluMxX AOCHiIAXEHb MOPif4-KONEeKTo-
pie 3axigHolebenvHCbKoi Mol nonsira€ y BU3HAYEHHI
BNaCTUBOCTEW NOPIA i3 BpaxyBaHHAM iX aHi30Tponii, a Takox
OUjiHLIi KONEKTOPCLKMX BNAaCTUBOCTEN B YMOBaX BUCOKUX TW-
CKiB, LLIO BiQMNOBIAaTb pearnbHUM YMOBaM 3ansiraHHs ripCb-
KMX nopia.
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ESTIMATION OF MOSCOVIAN STAGE WEST-SHEBELYNSKA AREA CLASTIC
SEDIMENTARY ROCK RESERVOIR PROPERTIES USING LABORATORY PETROPHYSICAL DATA

The research focuses on the analysis of petrophysical properties and parameters, and estimation of pore space structure of moscovian stage
rocks of 701 Bis well in the West-Shebelynska area (depth interval 4929-5380 m) to estimate their reservoir properties.

Laboratory measurements involved examination of the porosity, permeability, and fluid saturation, electrical and acoustic properties of dry and
saturated rock samples. The analyses are performed in the petrophysical laboratory of the Institute of Geology. Statistical analysis of petrophysical
data allowed classifying core samples into groups and separating reservoir rocks. The correlations between petrophysical parameters for the isolated
group of samples are established.

Assessment of void space structure is made by original method of inversion of acoustic studies in space pore structures. The concentration of
different types of voids (intergranular, secondary and fracture) in total porosity of rocks is estimated based on petrophysical data (bulk density, open
porosity coefficient and P-wave velocity). Fracture voids are present in all samples of the selected group and amount to 0,47-0,91%. Secondary
porosity prevails over intergranular voids values in all samples, except for two, and is 1.2-7.75%.

The examination of petrophysical properties and determination of the space pore structure of West-Shebelynska area samples showed that rocks
in range of 5202-5211 m are perspective compacted reservoir rocks.

Keywords: reservoir rocks, porosity, permeability, space pore structure.
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KneBckui HauMoHanbHbIW yHUBepcuTeT MeHun Tapaca LLleByeHko

YHWU "UHcTtutyT reonorun”, yn. BacunbkoBckas, 90, r. Kues, 03022, YkpauHa

OLIEHKA KOJUTIEKTOPCKUX CB9I7ICTB TEPPUIEHHbIX NOPO4 MOCKOBCKOI'O APYCA
SANAOQHO-LWWEBENMMHCKOW NnowAan HA OCHOBE AAHHBIX METPO®U3NKA

Aemopamu npoeedeH aHanu3 nempogu3luyeckux ceolicme u napamempos, a makxe onpedesieHa cmpykmypa fycmomHo20 npocmpaHcmea
0nsi Nopod Mockoeckoz0 sipyca ckeaxuHbl Ne 701 buc 3anadHo-LLle6enuHckoli nnow,adu (uHmMepeaan a2ny6uH 4929-5380 m) ¢ yenbo OYeHKU ux Ko-
JI1eKmopcKux ceolicme.

Komnnekc nabopamopHbix uccnedoeaHull, kiro4aswuli onpedeseHusi hunbmpayuoHHO-eMKOCMHbIX, 3/IeKMPUYeCKUX U aKycmu4ecKux uccrie-
doeaHuli Ha 3KCMpaz2upoeaHHbIX U HacblUWEHHbIX MUHepanu3oeaHHbIM pacmeopom obpa3syax, nposodusicss 6 nempogusuyeckol nabopamopuu
YHU "MHcmumym 2eonozuu”. o pesynsmamam nempogu3sudeckux uccredoeaHuli nposedeH cmamucmuyeckuli aHaau3, Komopbil no3eonusn
pa3dennums Kos/leKyuro o6pa3yoe Ha epynnbl U 8bidesiums nopodbl € KO/I/TEKMOPCKUMU ceolicmeamMu. Aemopamu ycmaHoes1eHbl KOPPesIsiuUOHHbIe
ces3u u 3asucumocmu mexady nempoguszuyeckumMu napamempamu 0ss1 8bi0es1eHHOU 2py bl Mopoo.

OnpedeneHue cmpyKmyphbl MycMoOMHO20 NpocmpaHcmea npoeodus1och Mo opuauHasbHol Memoduke UHeepcuu OaHHbIX IempoaKycmu4yecKux
uccnedoeaHuli 8 cmpykmypy rnycmomso20 npocmpaHcmea. 1o daHHbIM nempoghusudeckux uccredoeaHuli (06beMHol n1omHocmu, ko3ghguyue-
HMma omkpbIMOU MOPUCMOCMU U CKOPOCMU NPOX0XAeHus1 NPodosibHbIX 80J1H) paccyumaHr eknad pas/iudHbIX mMunoe nycmom (2paHysnsipHol, emo-
PUYHOU U mpewuHHol) e o6wyro nopucmocms nopod. [lycmomsl MpewuHHO20 Muna uMeromcs 8o ecex ob6pa3syax ebidesieHHOU 2pynnbl U cocma-
ensirom 0,47-0,91 %. BmopuyHasi nopucmocms npesocxodum o 3Ha4eHUsIM Mex3epHo8yHo 80 ecell 8bI60PKe, kpome d8yx ob6pa3yos, u cocmas-
nsiem 1,2-7,75 %.

B pe3ynbmame oyeHKu nempogbusudeckux napamempos u onpedesieHusi CmpyKmypbl ycmomHo20 pocmpaHcmea Kosiekyuu o6pa3yoe Mo-
cKoeckozo sipyca 3anadHo-Llle6enuHckoii nnowadu ckeaxuHbl Ne 701 Buc ycmaHoesieHo, Ymo nopodsbl, 3ane2aroujue 8 uHmepsasne 5202-5211 m,
OMHOCSIMCSA K NepCrneKmueHbIM ynomHeHHbIM ropodamM-Kosiiekmopam.

Kntoyeenbie crnoea: nopodbi-konnekmopsl, hunbmpayuoHHO-eMKOCMHbIe ceolicmea, cmpykmypa nycmomHo20 npocmpaHcmea.
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IBaHO-®PpaHKiBCbKWUI HaLiOHaNbHUM TeXHIYHUN YHiBepcuTeT HadTh i rasy

Byn. Kapnartcbka, 15, M. IBaHo-®paHkiBcbK, 76019, YkpaiHa

CMNOCOBU BUMIPIOBAHHSA NMOMNEPEYHOIO YACY PENAKCALIII NOPIA-KONEKTOPIB
HEOFEHOBUX TA KAM'AHOBYTINIbHUX BIAKNAALIB rA30BUX | HA®TOBUX POOQOBMULL
METOAOM AAEPHO-MATHITHOIO PE3OHAHCY

(PexomeHdogaHO YrieHOM pedaKyiliHoi konezii 3-pom 2eor. Hayk, npogh. C.A. Buxeoro)

Po3znsidarombcsi pe3ysibmamu eue4eHHs1 10epHO-MazHimHux napamempie npodyKmueHuUX 2a30Hacu4eHuUx rnopio-Kosekmopie Heo-
2eHoeux sidknadie 2azoeux ma 2azokoHdeHcamHux podosuuw binb4e-Bonuybkoi 30HuU lMepedkapnamcbkoz0 npoauHy. HasedeHo e3ae-
Mo38'A3KuU hi3uyHUX ma nempoghi3u4dHUX Napamempie Mix si0epHO-Ma2HIiMHUMU XapakmepucmuKaMu rnopio-Kosiekmopie Heo2eHo8uUX
gidknadie binb4ye-Bonuybkoi 30HU. BcmaHoenieHo 3anexHicms 3MiHU iHOekcy einbHo20 ¢hnoidy eid anuHucmocmi. BusienieHo ma o6-
rpyHmMoeaHo ernJiue noeepxHeeoi akmuesHocmi rnopid Ha ix pesnakcayiliHi xapakmepucmuKu Heo2eHo8UX Ma KaM'ssHoey2inbHUX eidka-
die. BcmaHoeneHull 38 130K, ompumMaHuli WiisixoM 3icmaeJsieHHs1 rpueedeHoi EMHOCMIi KamiOHHO20 06MiHY g, i 2i2pockoniyHoi eonozo-

cmi W, i3 weudkicmto noe3doexHboi penakcayii (1/T).

Knroyoei cnoea: nopoda-kosiekmop, iHOeKc einbHo20 ¢hntoidy, s0epHO-MazHImMHI NnapamMmempu, pesiakcauyiliHi xapaKmepucmuku, Yac

penakcauii.

AxTyanbHicTb. eonoriyHa 6ygoBa po3pisiB HadTora-
30KOHAEHCaTHUX pogosuLy binbye-Bonuubkoi 30HM JOCUTb
ckrnagHa, Lo NO3Ha4YaeTbCs Ha pesynbTaTax reooro-noLuy-
KOBUX pobiT. OCHOBHI TPYAHOLLi, siKi BUHMKAIOTb Y NPOLECI
OOCNIAXEHHS Taknux po3pisiB reodisniHUMn MeTogamu, He-
3BaXKaloun Ha CyTTEBI 3MiHM Y TEXHIYHOMY 3abe3neyeHHi re-
0hi3NYHOro KOMMIEeKCy AOoChifkeHb, WO Bigdynucs 3a
OCTaHHi poKM, MOB'A3aHi 3 TOHKOMpPOLLAPKOBO 6ya0BOK po-
3pi3y, HEOCKOHanICTIO METOAVMK iHTepnpeTaLii, a Takox He-
[OCTaTHBOK YYTIUBICTIO OKPEMUNX CBEPAIIOBUHHUX METOLIB.
3Ha4yHoOK MipoK Le 3yMOBMEHO M TUM, LLO NOPOAM-KOIEK-
TOpY BUAINSOTLCA 30ebinblworo 3a pesynbtaTtamy OoOChi-
OXXEHHS1 CBEPASIOBUH HENPSIMUMWU  reodi3udHUMK  MEeTO-
Aamu. Y TOM e Yac NpsiMOl0 O3HaKOK KOMekTopa € HasiB-
HICTb Y NYCTOTHOMY NPOCTOpPi MOPOAM BinbHoro dnoigy. bi-
NbLWICTb reodisanyHMX meToAiB 6e3nocepeqHLO He BU3HaYa-
I0Tb BiNbHUI (brtoig y nnactax-konekropax. [ns BuaineHHs
i BUBYEHHSI HACUYEHOCTI KONEKTOPIB Y po3pizax cBepAroBUH
3a NpSAMMMM 03HaKaMu po3pobneHo MeTon, KU LO3BOISE
BUABUTY BiNbHUIA nioif. basyeTbes BiH Ha SAepHO-MarHiT-
HUX npouecax, ski BiabyBalTbCsa Nig Aier BMCOKOYACTOT-
HOro eneKTPOMarHiTHOro nons.

AHani3 ony6nikoBaHux npaub. OCHOBHUI BHECOK Y pO-
3BUTOK MeToay 3pobunm bB.€. Bekcnep, B.l. JaHeBuuy,
O.M. Caguxos, HO.C. YepHuLIOB Ta iH. TakoX 3Ha4YHU BKag
Yy PO3BUTOK S4epHO-MarHiTHOro kapotaxy sBHecnu B.[. Yyx-
BivoB, .M. [JoHoB, (TpecT TaTHadToreodisnka) B.H. Coko-
nos, B.C. Acmanos, H.l. BaraHoB (Tpect MaHruwnakHadTo-
reocpiauka) Ta iH. Y pobotax [1, 4] o6r'pyHTOBYOTECS (i3nYHi
OCHOBW Si4€PHO-MarHiTHUX METOAIB i ONUCYIOTLCH FeONoriyHi
3ajavi, SKi BUPILLYIOTLCA 3a iXHBOKO JOMOMOroK. 3HayvHa Ya-
CTUHa AOCAiOXEHb, NPUCBAYEHUX PO3BUTKY SOAEPHO-MarHiT-
HUX MeTOAiB, BUCBITNEHA B Npausax 3apybikHuX yveHux [11,
12]. Y pobotax P. BpayHa, O. 'ekni, [x. PobiHcoHa [13] npu-
BeEHO NnepeBarn saepHo-MarHiTHUX MeToziB HaJ, enekTpuyd-
HYMU Ta aKyCTUYHUMM METOAAaMU NPU BU3HAYEHHI TaKUX NeT-
podi3nyHX NapameTpiB, SK 3anuLLKoBa BogoHadToHacK4e-
HiCTb, KOeiLiEHT NOPUCTOCTI Ta CTPYKTypa NopoBOro npoc-
TOPY KOMNEKTOpIB, @ TakoX Mpw MiTONOMNYHOMY PO3YNeHYBaHHI
reonoriYHnx po3spisie. PianyHa cyTb METOAIB S4EPHO-MarHiT-
HOro pe3oHaHcy 6a3yeTbCsi Ha BNacTUBOCTAX aTOMHUX siaep
MiHepaniB ripCbKnx nopig HamarHivyBaTucsa nig Aaieto marHit-
HOrO Ta ENEKTPUYHOTO MONS, SKe NPU3BOAUTL 0 EHEPreTny-
HOro oOMiHy si4epHMX MOMEHTIB Mixk coboto abo 3 HaBKonULL-
HiM cepepoBuLLeM. MpoLec BCTaHOBMNEHHS NEPLLOYEPrOBOro
CTaHy BeKTopa siiepHOi HaMarHiYeHOCTi Ha3nBalTb SAepHO-
MarHiTHOK penakcadieto.

MeTa crartTi. BCTaHOBMTU OCHOBHI YMHHUKM, SiKi 3yMOB-
nooTe 0cobnuBOCTI reonoriyHoi 6ya0BK MiOLEHOBMX BiK-
napgis rasoBux Ta ra3okoHgeHcaTHuX pogosuly binbye-Bo-
nuubkoi 30HM [NepeakapnaTCbKOro MPOrMHy 3a pesynbTa-
TamMu BUMIPIOBaHHsI NapaMeTpiB NonepeyYyHoro Ta nos3goB-
XHbOrO Yacy penakcauii nopig-KonekTopisB MeToaom sae-
PHO-MarHiTHOro pe3oHaHcy.

MeToau pocnimkeHHA. [MonepeyHni yac penakcauil
(MYP) T2 xapakTepusye 3MEHLUEHHSI BENUYUHWU HamarHive-

HOCTI, ika BMpaxeHa BEKTOPOM HamarHidyeHHocTi M B Ha-
NpAMKY Aii NpyKnageHoro nons HanpyxeHictio . Y ripcb-

KMX MopoAax MomnepevHuii Yac perakcauii xapakTepusy-
€TbCS YacoM B3aeMOofii Mk o600 MarHiTHMX cniniB. OTpu-
MaTu Taky cuTyaLilo MoXHa ABomMa crnocobamu, cyTb SKUX
nonsrae B TOMy, LLO Ha 3pa3okK ripCbKoi MOPOAM AiloTb ABOMA
NPSIMOKYTHUMW BUCOKOHACTOTHUMU €NEKTPOMArHiTHUIMM im-
nynbcamu B nocnigosHocti 90°—t — 1800 (p/2 i p). 3a Benu-
YMHOK amnniTyauM curHany BinbHOT npeuecii (Acsn), sika €
YHKLUIEI0 Yacy nonsapusauii MiX BUCOKOYACTOTHUMM iMNy-
nbcamu, MOXXHa BMpaxyBaTth Tz2. Y MOMEHT Yacy 2t Ha ekpaHi
ocumnorpada MoxHa cnocTepirati curHan "cniHoBoro-exa”.
3MiHoI4YM Yac t Mk ABOMa iMMynbcaMu, MOXHa oTpumaTy
penakcauiiHy KpuBYy, 3yMOBIEHY YacoM NnonepeYvHoi penak-
cauii T2. OgHak npu UbOMY cnig BpaxyBaTu Te, L0 YacoBui
iHTepBan M npuxogom iMnyneciB Dt noBuMHeH 3agoBinb-
HATU ymoBy Dt35T¢ [7]. OkpimM uUbOro, B Mpoueci BUMIpto-
BaHHA T2 CYTTEBY porib Bigirpae camoandyasis ioHiB, Npo Lo
cBiguaTb gocnimxeHHs [. Koppo, Mapce. BoHu y cBoix po-
6otax [3] nokasanwu, wo snnuns Andysii Ha BUMIpIOBaHy Be-
NWYMHY NonepeYHoro vacy T2 MOXHa 3BECTU A0 MiHIMyMy,
AKLLO BUKOPUCTATM iMNYMbCHY nocnigosHicTb 900 — t — 180°
— 2t — 1800. 3a TaKoi NocniaoBHOCTI Ha 3pa3okK TiPCbKOT Mo-
poam 3aMiCTb OAHOro Aie Aekinbka p-iMnynbeiB. Takum ym-
HOM, nicnsi Aii KOXHOro p-iMnyrnbca crnocTepiraeTbCa cnag
curHany cniHoBoro-exa. lNpoBedeHi BUMIpHOBaHHA amnni-
TYOM curHany cniHoBOro-exa Ha 3paskax ripcbkux nopig, Ao-
3BONMUNN OTpUMATU KpUBY cnagy, abo 3aTyxaHHsi curHany
BiNbHOI npeLecii BHacnigok MonepeyHoi penakcauii ans
KOHKpEeTHUX nopig HadpTorasoBux popoeuul. Bpaxosyroumn
Te, WO BeNuYMHa Hanpy>XeHocTi 36yaKytoHoro enekrpomar-
HiTHOro nonsi H1 TOYHO He Bigoma, TO AN 3Be4EHHSA 4O Mi-
HiMyMy BnnuBYy camogudysii ioHiB HaMu BUKOPUCTOBYBa-
nmca p-iMnynbcu, B SIKMX perynioBanacbk TpuBamnicTb vacy
NPOXOAXKeHHs1 36yapKyBanbHOro imnynecy tp i Bubrpanocs
Take 3Ha4YeHHs, 3a S9KOro BeNnunuHa aMnnityau BinbHOI npe-
Lecii i cniHoBoro-exa Byna MakcumarnbHa sk nicns p/2-imny-

© ®epopuiuuH L., Tpy6eHko O., ®egopuiumt C., 2018



~ 40 ~

B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

nbCy, Tak i nicnsa p-imnynecy. Takuin nigxig 4o BUBYEHHS NO-
nepeyHoro 4acy penakcawii JO3BOMNsE€ CyTTEBO 3MEHLUNTU
NoxmbKy y BM3HAYeHHi MONepeYHOro Yacy penakcawii ripcb-
Knx nopig T2, SIKi HACUYEHI TUM YK iHWKM cntoigom. Mepe-
Bara BMKOPWCTaHHSA 3pa3kiB Mopia sk eTanoHiB Ans BU3Ha-
YeHHS NO3J0BXHBbOrO i NonepeYHoro Yacy penakcadii T1i T2
HaZl BUKOPWUCTAHHSIM CTaHOAPTHWX €eTarloHiB nonsirae B
TOMY, L0 KpMBa cnagy amnniTyq CurHany BifnbHOI npeuecii i
CniHOBOro-exa ripCbKunx Nopig cnpuynHeHa ogHakosumm ca-
KTOpamu, siki 3yMOBJIIIOE SIK CTPYKTYpa NMOpPOBOro NpocTopy,
Tak i MiHepanoriyHuin cknag nopig, Yoro Hemae y ctaHgapT-
HWUX eTanoHax. Y uboMy BMNagky HeobXigHO BpaxyBaTu Te,
O CTaHOAPTHI eTanoHN NPUroTOBMEHI 3 BOAHOMO PO34MHY
MiZHOro Kynopocy MakcumarsnbHOT KOHUeHTpauii (2 monb/n),
SAKOMY BignoBigae Yac Nno3goBxHboI penakcadii 7+=0,75 mc,
AaloTb TiNbKN OAHOKOMMOHEHTHY CKIagoBy penakcadii. Yac
No3[0BXHBOI penakcadii B LbOMY BUNagKy po3paxoByeETbCS
i3 cniBBigHOLLEHHS:

¢ T 1)
C2 TZ

ae Cy, C2i T1, T2 — BiANOBIOHO KOHLEHTpALUii BOOHUX po34iun-

HiB MiZHOro Kynopocy Ta ixHi Yacu penakcadlii.

LLlo6 3'dcyBatu, Ak BNnMBae ryctMHa ta MiHepanisauis
PO34MHY Ha BEMUYMHY Yacy penakcauii ripcbkux nopig, Ha-
cnyeHnx OGaraTocdbazoBuM noigoM, MPOBEAEHO AOCHi-
OXXeHHs kepHy 6e3 nonepeaHbLOro Moro JOHAaCUYEHHS aHa-
1Iorom NnacToBOi BOAM, LOHACUYEHUX, ane He eKkcTparosa-
HWMX Ta HAaCUYEHMWX NiCNA eKcTparyBaHHA 3paskiB.

3pasku nopia, SKi BAHOCUIMCD i3 NPOAYKTUBHUX HadhTOHa-
CMYEHNX BiOKMaAiB reonoriyHoro pospisy 6e3 JoHaCUYEHHS,
OoCnifpKyBanvcs Ha anapaTtypi SAepHO-MarHiTHOro pe3oHaHcy
AOKC-1 npm kimHaTHIn TemnepaTypi. [licns umx BUMipis 3pasku
BUCYLLYBanMcs B CyLUWMbHIN wadpi npy Temnepatypi 105°C.
BucyLueHi 3pasku 3HOBY MoMiLLianmncs B 4aT4uK penakcomeTpa,
BMMiptoBarnacb BenuyvHa CBI. 3anuwwkoBa HadTa, sika Oyna
B NMOPOBOMY MPOCTOPI, B MEPLLOMY Ta B ApYroMy BUMaaKax cu-
rHany BinbHOI Npouecii He AaBana. 3Bigcy BUNMUBAE, LLO rycTa
OKMCHEHa 3anuiikoBa HadTa He pobuTb CBOrO BHECKY B 3ara-
TNbHWIM CUrHan BiNbHOI NPOLECHT, AKUA OTPUMYETLCA NpU Sae-
PHO-MarHiTHOMY KapoTaxi B po3pi3i CBEpANOBUH.

[JocnigkeHHs He eKCTparoBaHOro KepHy, ane goHacuye-
Horo po3unHoM NaCl koHueHTpauii 75 r/n nokasas, Lo pe-
nakcauiviHi xapakTepucThKn BinbLUOCTI 3pa3kiB ONMUCYHTHCSA
ABOMa KOMMOHeHTaMu. KoMnoHeHTa, sika Mae GinbLunii yac
No3[0BXHLOI penakcauii, Ha3MBaETLCS NEPLLOI KOMMOHEH-
TOt0, abo goBrow. KoMnoHeHTa, ika Mae MeHLLEe 3Ha4YeHHs
BENMUYMHM T+, HA3MBAETLCHA OPYrot, abo KOPOTKOK KOMMO-
HeHToto. [NonepeyvHuin Yac penakcauii Takux 3paskiB 34e6i-
NbLIOrO OMUCYETLCA OOHOK KOMMOHEHTOW. BenuunHa T2
3HAYHO MEHLLA, HixX T7. 3B'A30K MiXk MO30BXHIM i nonepey-
HUM YacoM penakcauii NiHiNHWI | BUpaxeHuin popmynoro

T,=0,7761,,r =0,96. (2)

BHacnigok pJocTaTtHbO TICHOrO KOpensiLiiHOro 3B'A3Ky
MK T1i Tz, 3'9BNAETLCA MOXNMBICTb rpadivyHOro BU3Ha-
YeHHs1 MonepeYHoro Yacy penakcauii 3a BU3Ha4eHo Benu-
YMHOIO NOB3A0BXHBLOIO Yacy T1.

OfOHUM 3 OCHOBHMX (PisMYHMX NapameTpiB, AKi peecTpy-
I0TbCA A0EPHO-MArHiTHAIM METOAOM, € iIHOEKC BiNbHOro dorto-
iny (IB®). Llenn napameTp BM3HAYaETbCS TifbKM 4aCTKOH
dntoigy, LWo Hacuuye nopoay i 3gaTtHUiA nepemillaTtnca B ny-
CTOTHOMY NpOCTOpi NiA Aicto nepenaais TUCKY. XapakTepusy-
€Tbecs IBO BigHOLIEHHAM NOYaTKOBOI amMnmiTyau curHany Bi-
NbHOI Npeuecii B neBHOMY 06'eMi nopoau Ao amnnityam Acen
B pPiBHOMY i1 06'eMi AMCTUNBOBAHOI BOAM. IHWMMK crioBamu,
IB® Bignosigae BigHOLLEHHIO YMcen NPOTOHIB BinbHOro dnto-
oy, Wo BMmilLyeTbCs B 0QHaKoBUX 06'emax nopoau i avctu-
nboBaHoi Boay [1, 2]. BpaxoBytoum Te, O Yac NO300BXHBLOT
penakcadii T+, Ta iHOEKC BinbHOro conioigy TiICHO MOB'si3aHi 3
KONEKTOPCHLKUMI BMACTUBOCTAMM MPCbKUX Nopia, NpoBeAeHo

OOCHiAKEHHS 3 METOK BCTAHOBIEHHA KOPensUiHMX 3B'A3KiB
IB® i3 koediyieHTaMn BogoHacn4eHHs1 Ke, 3anmLLKOBOrO BO-
AoHacn4eHHs Ke.s, MOPUCTICTIO Kir Ta MUHUCTICTIO Can. Koedi-
LEHT 3anuMLUIKOBOrO BOAOHACUYEHHS BU3HA4YaBCS METOAOM
LEeHTpogyryBaHHs Ta rpaBioTepMomeTpii. OcKinbku B ekcrne-
pvMeHTI 6ynu 3aisiHi 3pasku KepHy pi3HOi nopucTocTi BiA 4 %
0o 28 %, a Takox pi3Hoi rmuHucTocTi Big 1,5 % po 18 %, 1o
HaMn MpoaHani3oBaHO BMLLEBKa3aHi NeTPOdIi3nYHi 3B'A3KK
napamMeTpiB Ans KOHKPETHUX YMOB BUMIpIOBaHb. Takum 4u-
HOM, Bynn BUAINeHi Tpy TUNK 3B'A3KY:

e ans nopig nopucTicTio 20 %; rmuHucticTio 1,5 %; 3a-
NULLKOBOI BoAoHacuyeHocTo Ke.o=8 %:;

e ans nopig nopucTicTio 9 %; rmuHucTicTio 10 %; 3anuL-
KOBOI BogoHacu4eHicTio Ke.o=14,5 %:;

e Ansa nopig nopucTicTio 4 %; rnuHucTicTio 18,5 %; 3a-
TNULLKOBOK BOAOHACUYEHOCTHO Ke.0=22 %.

AmnniTyga curHany BinbHOI npeuecii Acen ANS 3paskiB
nepLUOro TUMYy XapaKTepu3yeTbcs GinbLl MOMOrol KpMBOK
cnagy 3aranbHoro BOAOHACUYEHHS, L0 NOSICHIOETLCS SIK Ca-
MOK CTPYKTYPOI MOPOBOro MPOCTOPY, TakK i HASABHICTIO He-
3HAYHOT MMUHMUCTOCTI B NOPOAI. Y Apyromy i TpeTboMy BUNa-
[OKax KpuBa crnagy Mae GinbLu NiHiHWIA XxapakTep i xapakTe-
pU3YETLCSt HE3HAYHMM YaCcOM BUCYLLYBaHHsI 3pas3ka (puc. 1).
Y pspai pobit [5, 6, 8-10] gocnigHMkamn BCTaHOBNEHO, LO
3B'A30K iHAEKCY BiNbHOro noigy 3 BOAOHACUMYEHICTIO Mae
NiHiNHWIA xapakTep. [na HeoreHoOBUX BigKnagiB rasokoHae-
HCaTHWX POLOBULL, MPOBOAUNMCE aHAIOTiYHI AOCMIOXKEHHS.
3a pesynbTaTtaMu SKUX BCTAHOBMEHO KOpEnsuifiHy 3anex-
HICTb, O XapaKTepn3yETbCS PIBHAHHAM

re®=1,2uc, —9,26, r=0,90. (3)

Ak BuagHO 3 puc. 1, NPOOOBXKEHHS OCepenHioBarbHOI
npsamoi A0 nepeTuHy 3 abcumcoro rpadpika 3anexHocTi
IB®=f(Ks) BacTb 3Ha4Y€HHS 3arm1LLKOBOI 06'EMHOI Hacu4YeHo-
cTi, npwn gakin IBO=0.

Micns aHanisy pesynbTaTtiB BUMIpIOBaHHSA iHOEKCY BiNnb-
HOro contoigy 3paskiB KepHy A0 i MiCnsa ekcTparyBaHHs BCTa-
HOBJIEHO, LLIO 3Ha4eHHs IBO ekcTparoBaHux 3paskiB BULLE Bif
3HayeHb |IB® HeekcTparoBaHux 3paskiB. [MosiCHIOETbCA Le
TUM, L0 B pe3ynbTaTi ekcTparyBaHHs 36inblumnach YactuHa
NycToT, sKi 6yny 3alHATI 'YCTOK OKUCHEHOIO HAadTO, Sika He
JaBana curHany BinbHOi npeuecii. 3B's30K iHAEKCYy BiNbHOro
dnoigy 3 NOPUCTICTIO BMBYABCS Ha 3pa3kax Nnopig-KorekTo-
piB, BigibpaHux i3 kam'aHOBYrinNbHWX Bigknaais OHinposo-[o-
HeLbKOi 3anaguHu Ta HeoreHoBuX BigknaaiB binbye-Bonuub-
koi 30oHM lMepegkapnartcekoro npormHy (tabn. 1). BctaHos-
NEHO, WO AN OAHOPIAHMX i AOCTaTHbO 3HAYHOI MOTYXHOCTI
nnacTiB MOXHa KOpUCTyBaTncst opMyIo

re® =0,9301.—0,7 r=0,9. (4)

[ns TOHKONPOLUApKOBOro po3pidy BMKOPUCTaTN BCTAHO-
BNIEHUIN KOPENALiIMHWUIA 3B'A30K HEMOXINBO Y 3B'A3KY 3 HEOA-
HOPIOHOCTIO CKMagy NpoLlapkiB, a TakoX IXHbOI HEe3HaYHOI
TOBLUMHM.

JocnipXeHHs 3pa3skiB KepHy, BigibpaHoro 3 BOAOHOCHMX
nopig, NpoBOAWMNOCL aHaroriyHo AOCNIMKEHHAM penakca-
LiIMHNX XapaKTepuUCTUK NpoeKcTparoBaHux 3paskiB. Y pe-
3ynbTaTi ekcnepuMeHTanbHUX pobGiT BCTAHOBMNEHO, IO pe-
nakcauiiHa xapakTepucTuka 3paskiB Nopig-KoneKkTopis 3ae-
OinbLIOro 0 AHOKOMMOHEHTHA, 3a (POPMOIO pi3Ha ANd TUX Xe
nopia TinbkK pi3HOI nopucTocTi. HM3bkonopucTi 3pasku, Be-
nn4ymnHa koediuieHTa nopucTocTi (Kn) AKX 3MiHIOETLCA B Me-
Xax Big 3 % 80 6 %, xapakTepuaytoTbCs HU3bKUMW 3HAYEH-
HamMK T+ (Big 25 Mc go 75 Mc), cepeaHe 3HadeHHi T1=36 mc.
IHaekc BinbHOro chntoigy B Takmx nopogax 3aMiHeTbes Big 0
00 5 %. KoeilieHT 3anMLwKoBOro BOAOHaCUYEHHS BCiX 3pa-
3KiB 3MiHI0ETLCA Big 28 % 80 83 %, Ans HUX XxapakTepHa fo-
CUTb HU3bKa NPOHMKHICTL 0,8-107'% M2, Ak npasuno, nopoau
3 TAKUMU XapaKTePUCTUKAMU € HEKONIEKTOPaMMU i HE CTaHO-
BMNATb NOLUYKOBOrO iHTEPECY.



ISSN 1728-2713 FEONnoris. 2(81)/2018 ~41 ~
Aym.oa.
\
25{"
20 .°". « 3pasok N°1 Kn=205 %
: « 3pa3ok N°2 Kn=10,5%
- 33k N°3 Kn=6,6 %
15
101"
051°-
..
o o %
0 >
5 40 65 90 115 140 t xp
iBdb, % Timc
100l
2
80 500 /
400 y
60 )
300
40
iB®=8,26 +1106 () 2001 . 1
20 r=095 3
§=:002 100
020 40 60 8D () Y% 1 30 50 70 80 t:
1-rycma waotn B =0,895 r/om® (Cooliscuke p-uwe )
2-rycma waotn O = 1,060 r/em? (Tananaiscoke p-ue)
3-rvcoma waorw B =0,756 r/ow® (Coolisceke P-we )
Puc. 1. B3aeMo3B'sAI3KM MiX fiAepHO-MarHiTHUMKU napamMeTpamm Ta (pisMMHUMKM BNacTMBOCTAMM nopig i dnroigis
Ta6bnuys 1

Pe3ynbTaTt pocnipkeHHs iHAEKCY 3HMXKEHHA aMnniTyAu | NO3A0BXHbLOro Yacy penakcadii HadTu
i3 NpoAYKTMBHUX ropu3oHTiB pogoBuw 403

o
Ne | Pomosuue | Coepanomuwa |  VWTePEEN | g | Xapawrepucruia | g, | TloBanoowiia vacpenaxcau
1 [TananaeBcbka 9 3708-3709 20 Hadta 95 1766 100
2 |TananaeBcbka 19 3375-3385 20 HadTta 100 264 72
3 |CodiiBCcbka 1 3863-3866 20 Hadra 64 45 100
4 [CodviiBcbka 1 3863-3866 20 HadpTta 72 73 100
5 |Codiicbka 1 3863-3866 50 Hadta 76 79 100
6 |CodpiiBCcbka 1 3863-3866 50 Hadta 74 76 100
7 |Codpiicbka 1 3863-3866 50 Hadta 69 72 100
8 [CodpiiBcbka 1 3863-3866 90 Hadrta 83 140 100
9 |Codiicbka 1 3863-3866 90 Hadta 87 151 100
10 |CodiiBCcbka 1 3863-3866 90 Hadra 86 147 100
11 |CodpiiBCcbka 1 3863-3866 50 HadTa 85 140 100
12 |CodpiiBCcbka 1 3863-3866 50 Hadra 84 150 100
13 |CodpiiBcbka 1 3863-3866 90 HadTa 80 139 100
14 |CodiiBCcbka 1 3863-3866 90 Hadra 81 144 100
15 |CodpiiBCcbka 1 3863-3866 90 Hadta 85 145 100

Opyra rpyna 3paskiB, siki gocnigxysanucs, oyna npea-
CTaBneHa nopogamu, penakcauiiiHi XxapakTepUCTUKU SIKUX
6nun3bKi 40 penakcauinHUX XapakTepucTuk 3paskis, Bigibpa-
HWX i3 HaTOHacKYeHMX Nopig nicnsa ekcTparysaHHsA. Benu-
YMHaA 4Yacy NO3O0BXHbLOI penakcauii T;7 3MIHIOETbCA Bif
90 mc go 400 mc i B cepegHbomy gopisHioe 337 mc. Benu-
YMHa nonepeYHoro Yacy penakcauii T2 ons 3paskis, Bigibpa-
HUX i3 BOOOHOCHWUX NNacTiB MeHwa Big T7 i B cepegHbomy
aopiBHioe 220 mc. Tpeba Bia3HauMTK, WO 3 NIABULLEHHSIM Y
3paskax BMICTy rmuHucToi dopakuii (Big 2,7 % no 18,3 %)
3MEHLLYBANoCb 3HAYEHHS1 MO3OBXHLOrO Yacy penakcauii
T1, a Takox BenuynHa iHaekcy BineHoro dnioigy (IB®). Ha
Hall nornsag, ue MoXHa NOSICHUTU 3pOCTaHHAM 4acTku 06'-
€MY NyCTOT, 3aNOBHEHMX 3B'A3aHOK BOAOH0.

BuBYeHHs BNMMBY rycTrHu HadpTun, TemnepaTtypu cepe-
AOBMULLA Ha BENUYMHY iHAEKCY BiNbHOro iy Ta no3gos-
XHbBOMO Yacy penakcauii NpoBOAUNOCH i3 BUKOPUCTaHHAM

HadTK, BigibpaHoi i3 kam'aHOBYriNbHMX Bigknagie Tanana-
eBcbkoro Ta CodpiiBcbkoro pogosuwy, [OHinposo-[loHewubKol
3anaguHun. 3amictb IBO BuBYaBcsa napameTp — iHAEKC 3HU-
XeHHa amnnityam (I3A) curnany BinbHoi npeuecii. Len na-
pamMeTp xapaKkTepusye NpPOLEHTHE BiAHOLIEHHSA NOYaTKOBOI
amMmnniTyay curHany BinbHOI Npeuecii dntoigy, Wo Aochiaxy-
€TbCs, A0 NOYaTKOBOI amnmiTyAn CUrHany BiNbHOI NpeLecii
ONCTUNBOBaHOI Boam TOro X ob'emy i Temnepartypu. Ak Bu-
OHO 3 Tabn. 1, HadTa, BigibpaHa i3 cBepanosuH Tananaes-
CbKOTO POAOBMLLA, XapaKTEepU3YETbCA BUCOKUMU 3HAYEH-
HAMM IHAEKCY 3HWXKEHHS aMnniTyan Ta 3HaYEHHSMU No3[o-
BXHBOTrO Yacy penakcauii T+, NOPIBHAHO 3 TakMMK X napa-
meTpamun Ans HadpTh, BigibpaHoi i3 CodiiBcbkoro pogo-
Buwa. Bumipn penakcauiinHmx napameTpiB ans o6ox Tunis
HaTU NPOBOAUNMCHL K NPU KIMHATHIN TemnepaTypi, Tak i
npu HarpiaHHi. HadTa, BigidbpaHa 3 npoayKTUBHUX ropu30-
HTiIB TananaescbKoro poAoBuLLa, XapakTepuayeTbCa HN3b-
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KO FYCTUHOW (Okp = 756,4 Kr/M3) i CBITNO-KOPUYHEBUM KO-
nbopoM. Y TOW Xe 4ac HadTa, BigibpaHa i3 NpoayKTUBHUX
ropn3oHTiB CodpiiBCbkOro pogosuLLa, Ha BigMiHY Big none-
penHbOi, XapaKTepusyeTbCsl HU3bKUM 3HAYEHHAM iHOEKCY
3HWKEHHA aMnniTyan, sike KonuBaeTbCca B Mexax 47,5 —
66,8 % i 3Ha4HO GinbLMM 3HaYeHHAM B'sA3kocTi. Mpu Harpi-
BaHHi uiei HacdbTn go Temnepatypu 90°C 3pocTae 3HaYEHHS
iHOeKcy 3HWKeHHs amnnityam ao 83 %, a BenuynHa no3go-
BXHbOrO Yacy penakcadii go 150 mc (puc. 2). Buxogsaum 3
LbOro, MOXHa BBaXaTu, LU0 CUrHan, SKMim M1 OTpUMaemo B
CBEPAMOBMHHMX YMOBaX 3a HasiBHOCTi Takoro dntigy, byae
O0CTaTHbO BEMNUKUM | BIEBHEHO 3apeECTPYETHCS.

AHanisyioun BuULLeHaBefeHi pesynbTaTv sAepHO-MarHiT-
HUX JOCHiMKeHb, BAANOCS BCTAHOBUTU, LLO Mae Micle 30inb-
LLIEHHS! Yacy NO300BXHBLOI penakcaLii MpoeKCcTparoBaHmx 3pa-
3KiB NPU HE3MIHHOMY CNiBBIGHOLLEHHI YaCTKWN AOBrOi i KOPOTKOI
komnoHeHTn. O4eBUAHO, y pesynbTaTi eKcTparyBaHHs 3paskis
KepHy 06'eM BENUKUX MYCTOT, SKi 3BiNIbHUNUCL Big, OKMCHEHOI
HagTK, 3HAYHO BINbLUMIA, HiXX 06'eM APIGHMX Nop. 36inbLUeHHS
BEIIMYUHN KOPOTKOI KOMMOHEHTU T71 MOXHa MOSICHUTU BUMM-
BaHHsIM COMel i3 ApiOHMX NOp Npu ekcTparyBaHHi.

BpaxoBytoun Te, WO SAepHO-MarHiTHi BNacTUBOCTI nopia
3anexaTtb Bif iX NOBEPXHEBOI aKTUBHOCTI, HAMU NPOBOAU-
NNCb OOCNIAXEHHS BNIUBY BiQHOCHOI MMMHMUCTOCTI N Ha Be-
NNYUHY iHOEKCy BinbHoro dntoigy. Y pesynbTati npoBeae-
HUX JocrigkeHb Hamu nobygoBaHo rpadiik [PB=f(n)
(puc. 3). Ak BuagHo i3 rpadika, Mk napameTpamu, Lo nopi-
BHHIOIOTbCS, iICHYE IOCTATHBO TICHWI 3B'A30K (KoedilieHT Ko-
penauii gopisHioe 0,85), AndepeHuiauis nopia 3a Tunamu
npu LbOMY He CrocTepiraeTbes.

[nsa 3'acyBaHHA BNNvBY NMOBEPXHEBOI aKTMBHOCTI Mopia
Ha penakcauiiHi xapaKTepuUCTMKK Nopig NPpoBOAMNNCH 3iCTa-
BIEHHS NPUBEAEHNX EMHOCTI KaTiIOHHOro 0OMiHY gn i FirpoOCKO-
niyHoi Bonorocti Wr i3 WBMAKICTIO penakcadii, sika xapakre-
pu3yeTbcst napameTpoM R=1/T1-1/T1ses (pyC. 3). I3 nobygoBM
BMAHO, LLIO MiXX Ha3BaHMMW NapaMeTpamMn HEMae YiTKOI 3ane-
XHOCTI. IMOACHIETBCA Ue TUM, Lo BMICT IMIMHWUCTOrO MaTepi-
any B G6inbLUOCTi 3pa3kiB, SKi AOCnigKyBanvcs, HeaHavyHui. B
OCHOBHOMY B NMOPOAAX NPUCYTHIN CNaboaKTUBHWI KaonNiHIT.
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Puc. 2. 3anexHicTb 3MiHM iHOEKCY
BinbHoOro cnwiay BiA rMUHUCTOCTI

BucHoBKkM Ta 3aBOaHHA noganblMX [OCHIAXKEeHb.
Takum 4mMHOM, SIK BUAHO 3 pe3ynbTaTiB NpoBeAEHMX 4oChi-
OXeHb, iHOEKC BinbHOro (nigy, Yyac No3goBXHbLOI penak-
cauii Ta il WBMAKICTb 3HAYHOI MipOot0 3yMOBMEHI MiHeparno-
riYHMM CKMagoM ripcbKoi Mopoau, CTPYKTYpPOH MOpPOBOro
NPOCTOPY, MMUHUCTICTIO | XapakTepPOM HaCUYEHHS.

3aBgaHHAM nopanbLUMX AOCHiMKEHb € BCTAHOBIEHHS
3B'A3KIB A4epHO-(i3nYHMX napamMeTpiB i3 nokasHukamu Ta
pesynbTaTaMm SAepHO-MarHiTHOroO KapoTaXky Npu OLiHLi Xa-
pakTepy Hacu4eHHs! nopia-konekTopis cknagHoi 6yaosu Ka-
pnaTCcbKoi HadhTOra3oHOCHOI NPOBIHLi Ta [HinpoBo-[oHe-
LbKOT 3anaguHu.
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METHODS OF MEASURING THE TIME OF RELAXATION OF NEOGENE AND CARBONIFEROUS RESERVOIR
ROCKS GAS AND OIL FIELDS BY NUCLEAR MAGNETIC RESONANCE METHOD

The results of study of nuclear-magnetic parameters for productive gas-saturated reservoir rock of the Neogene deposits at gas and gas
condensate fields of the Bilche-Volytska zone Precarpathian Foredeep are considered in the paper. The correlation of physical and petrophysical
parameters between the nuclear-magnetic parameters for reservoirs of the Neogene deposits Bilche-Volytska zone Precarpathian foredeep is shown.
The dependence of the change of free fluid index on shaliness is established. The influence of rocks surface activity on their relaxation characteristics
of Neogene and Carboniferous deposits is revealed and grounded. The established connection is obtained by comparing the reduced capacity of the
cation exchange g» and the hygroscopic moisture W. with the velocity of longitudinal relaxation (1/T1).

Keywords: rock-collector, free fluid index, nuclear-magnetic parameters, relaxation characteristics, relaxation time.
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MBaHOo-PpaHKOBCKMI HaLMOHaNbHbIN TEXHUYECKMIA YHUBEpCUTET HedpTu U rasa
yn. Kapnartckas, 15, r. UBaHo-®paHkoBck, 76019, YkpauHa

CNocobbl U3MEPEHUA MONEPEYHOIO BPEMEHU PEJTIAKCALIUM NOPOA-KOJINTIEKTOPOB HEOMEHOBbIX
N KAMEHHOYTOJIbHbIX OTNTOXEHUN TA30BbIX U HE®@TAHBLIX MECTOPOXOEHUN
METOAOM AOEPHO-MAHUTHOIO PE3OHAHCA

Paccmampueatomcsi pe3ynibmamsi Usy4eHusi 10epHO-MazHUMHbIX MapaMempoe npodyKMU8HbIX 2a30HacbIUeHHbIX MOPOJ-KOJ1IEKMOpPO8 Heo-
2eH08bIX OMJIoXKeHull 2a308bIX U 2a30KOHOeHCamHbIX MecmopoxodeHull bunb4e-Bonuykoli 30HbI lpedkapnamckozo npoauba. lMpueedeHbl 83aumo-
cesA3u husuYeckux u nempoghusuyecKkux napamempos mexady ss0epHo-MacHUMHbLIMU XapaKmepucmuKamu nMopod-KoslIeKmopoe He02eHO8bIX Om-
noxeHuli Bunb4ye-Bonuykol 30HbI. YcmaHoe/1eHO 3a8UcuMocmb U3MeHeHUs1 UHOekca ce0600H020 ¢hirouda om 2nuHUcmocmu. BeisieneHo u o6oc-
HOBaHO 8/1UsTHUE T0BEPXHOCMHOU aKmueHOCMU MopPod Ha UX peslaKCayUOHHbIe XapaKmepuCMUKU HeO2eHOBbIX U KAMEHHOY20/1bHbIX OMI0XeHuU.
YcmaHoeneHa ces3b, komopasi HalideHa mymeM conocmasJsieHusi npueedeHHOU eMKOCMU KamuoHHO20 06MeHa gn U 2U2POCKONMUYECKoU eflaxxHocmu
W: co ckopocmbto npodonbHol penakcayuu (1/Ts).

Knrodeenie cnosa: nopoda-Kosekmop, UHOeKc npoghusnibHo2o ¢hrouda, si0epHO-Ma2HUMHbIE Napamempbl, pesakcayuoHHbIe XapaKmepuc-
muKu, epems penakcayuu.
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HOBI AIAHI NMPO FA30BUM CKIAQ NOBITPA FNNCOBUX NEYEP NOAINNA | BYKOBUHM

(PexomeHAo8aHO 4YrieHOM pedakuyiliHoi konezii 0-pom 2eos. Hayk O.l. MeHbwosum)

Y pobomi HasedeHO HO8i pe3ysibmamu eue4YeHHs1 2a308020 cknady noeimps (I'CI1) neyep Modinns (AmnaHmuda, OnmumicmuyHa,
Mnurku) ma Bykoeunu (lMonentowka) xpomamozpaghidHum memodom. lMopieHsiHHs1 'CIT eukoHaHe Ha nidcmaei Npo6 noesimpsi, eidibpa-
Hux y 3umMosul nepiod.

[liomeepOokeHi paHiwe sidomi ocobnueocmi I'CI1 neyep. 3okpema nokasaHo, W0 Mosimpsi neyep Micmums nideuweHy Kinbkicmb
CO, nopieHsiHO 3 ammocghepHUM noegimpsim. Halisuwi koHuenmpauyii CO, 3aghikcoeaHi e MNonentowyi (4,10 06.%), a HalHWk4i — e Onmu-
micmudyHit (0,12 06.%).

Kpim moeo, cnocmepizaembcsi 36i0HeHHsI KUCHeM roeimpsi eiddaneHux eid 6opmie 2incoeoz2o 610Ky YacmuH Onmumicmu4Hoi. Y
yiti neyepi makox eusiesieHi 2enitli ma e00eHb y 3Ha4YHUX KOHUeHmpauisix, wo do3eosisie nepedbaqyamu 2/1U6UHHI PO3STIOMHI NOPYWeHHs1
8 MeXax rne4yepHoz20 roJisi.

BcmanoeneHo doez2omepmiHosy cmabinsHicms 'CI1 neyepu lMonentowka ma nokasaHo eidcymricme Mematy e i mogimpi.

Busieneni 3miHu I'CI1 neyep, no'esi3aHi 3 aHMPONoO2eHHUM HasaHMa)xkeHHsIM. 30Kpema 8 neyepi AmsaHmuoda eiomivacmucsi 3a6pyo-

HeHHs1 noeimpsi 8y2/1e800HAMU.

Knro4yoei cnoea: 2asoeuli cknad noeimps, kapcmoea rne4vepa, 2inc, lNodinbcbko-bykosuHcbka kapcmoea obnacmb, AmiaHmuoa,

Mnurku, Onmumicmud4Ha, lNMonenrowka.

Betyn. Nasosun cknag nositpsa (FCI) nevep cynbdar-
HOro KapcTy POPMYETLCS Ha OCHOBI aTMOCEEPHOrO MOBITPSA
nig Aieto WMPOKOro KOMMIEKCY YMHHUKIB, a came: iHQinbT-
paLisi Nerkux rasis 3 Hagp Mo PoO3NOMHUX NOPYLUEHHSAX, PO3-
Knaj opraHiyHOI CKNnagoBOi 3anoBHIOBaya neyep, BOAHUMA
nepeHoc Ta iHQINbTpauis BaXkux rasiB i3 rpyHTY TOLLO.
3MiHM KOHLeHTpaUin okpemMux komnoHeHTiB ['CIT moxyTb
BMCTYNaTU iHOUKATOPaMM CY4aCHWUX i MUHYIMNX reonoriyHmX
npouecis, WO BigdyBatoTbCa Ha TepuTopii Moainns i byko-
BVHU.

3a paHumun pocnigxeHb FCI neyep Moginns i BykoBuHM
y 1979-1982 pp. (neyepu OnTumictnyHa, O3epHa, KpuwTa-
neea, MnuHku, ATnaHtnga), o6'emHa yactka O2+Ar cTaHo-
Buna 15,45-22,62 %, N2 — 77,22-82,40 %, CO2 — 0,03—
3,97 %, ona neyepw Monentowka: O2+Ar — 12,74-21,88 %,
N2 — 77,29-84,69%, CO2 — 0,09—4,45 % [10].

[ocToBipHO BCTAHOBMNEHO (hakT NigBULLEHHSA 06'€EMHOrO
BmicTy CO2 B rincoBmx nedepax [Noginns. Atmocdepa ne-
yepu lMonentowka xapakTepm3yeTbCsa SK FMNOKCUYHO-TiNep-
KanHiyHa [4, 6]. HeogHopa3oBo HaronoLuyBanocs npo Heob-
XigHICTb NpOBEAEHHS] MOHITOPUHIOBUX CMOCTEPEXEHb OKpe-
Mux komnoHeHTiB CI1 [1, 2, 4, 6-8, 10].

ABTOpPU BUPILWLMAM NOBEPHYTUCH A0 nuTaHHsa Cl1 neyvep
y 3B'sI3Ky 3 OTPMMaHHAM HOBUX AaHUX Wono nedep MnuHku,
AtnaHtnga, OnTtumictuyHa, lMonentowka xpomaTtorpadiv-
HUM METOZOM.

MNMocTtaHoBKa npo6nemu. Cepep nevep lMoginsceko-by-
KOBMHCbKOI KapcToBOi obrnacTi € Taki, wo nepebysatoTb y
penikToBOMY CTaHi, i Taki, Lo nepexunsaoTb Nepioq BCTaHo-
BMEHHS rigpoaTMoreoximivyHol piBHoBarn. He npunUHsETLCS
ais dakTopie, wo dopmytoTs [CI nevyep. BigbysatoTbes
rnobanbHi 3MiHK cknagy aTtMocdepHOro NoBiTps, sike € oc-
HoBoto Ansa Cl nevep. Bee Ginbworo 3HayeHHs HabyBae
3pocTaloye aHTPOMNOreHHe HaBaHTaXEHHsSI Ha cepefoBuLLE
neyep, siKk BHacnigok, BnacHe, BiaBiayBaHHS, Tak i BUAOOYB-
HOT i CiflbCbKOrocnoaapcbKoi QisfbHOCTI B MeXax nevepHux
nonie. BueueHHst [CI1 neyep mae BaxnvMBe 3HAYEHHS AN
BUPILLEHHS Pi3HMX NUTaHb 3aranbHOI Ta perioHanbHOI rigpo-
reoximii [10] i TEKTOHIKK.

MeTa po6otu. [ocnigutn 3akoHomipHocTi 3miHu CI1
neyep lNoainbcbko-bykoBMHCHKOIT kapcToBOi 06nacTi Ta no-
PIBHATU 3 PEeTPOCNEKTUBHUMMU AaHUMWU. Buainutn OCHOBHI
YMHHMKM MPOCTOPOBUX i YacoBux 3miH 'CI1 okpemux nevep.

O6rpyHTYBaT! BUKOPUCTAHHSA aTMOreoxXiMiyHMX JaHuX 3 Mo-
POXXHWUH CyrnbdaTHOro KapcTy 3 METO0 NMPOrHO3yBaHHSA PO3-
NIOMHMX 30H NiABULLEHOT NPOHUKHOCTI FPCbKNX NOpig.

06'ekTn pocnigxeHHs. MNpobu noeiTpsa Biobupanucs B
4 neyepax [loginbcko-BykoBUHCLKOT KkapcToBOi obnacTi
(puc. 1). Tpn 3 Hux — MnuHkn (50 kM), OnTUMicTUYHA
(250 km) Ta ATnaHTmaa (8 kv) npuypoyderi go gonuH Cepety
Ta 36pyya, BOHM 3aknageHi B TOBLLi TMNCiB TUPACLKOI CBITH,
LLIO HanexwuTb A0 cepeHbobaaeHCHKOro Nia'apycy HeoreHa
(N1bd'2). ToBLya, WO NepekpmBae, NPeacTaBeHa paTUHCh-
KMMM BarnHsikamu (Hanexarb [0 Ti€l X CBiTW) i TOBLLE MMKH
capmarcbkoro Biky (N1s'2) [9]. Meyepu MnuHku, OnTUMiCTu-
YHa Ta ATnaHTuga yTBOPUIMCS 3a paxyHOK BMCXiAHOrO ne-
peToKy MiA3eMHMX BOA Yepes3 rincu Ha nnowax npagonuH
[HicTpa i noro niBux nputok. HWHI BOHM nepebyBatoTb y pe-
nikToBOMYy cTaHi [7].

S eYephigd
[ S
0 20 40km
Puc. 1. KapTa-cxema po3TawyBaHHA ne4yep
y Mexax HeoreHoBOI FincoBOi TOBLLUi:
1 — MnuHkn; 2 — OnTumicTnyHa; 3 — AtnaHtuaa; 4 — lNonentoLuka

PymyHin

YeTtBepTta nevepa — lMonentowka (92 km) — 3aknageHa y
Kpnecbko-Mamanmabkomy 610, LWo 4acTKOBO 3ApeHOBaHUiA
p. MpyT, po3TalloBaHow No6nuay, i Biokadkoto 3 KpuBcbKoro ri-
ncoBoro kap'epa. [0noBHOK 0COGNMBICTIO Nevepu € HeiaBHE i
OCYLLEHHS, a[Ke KapCTOBUIA NabipyHT BUSIBUBCSI 3HEBOOHEHUM
nmwwe 3 KiHusa 60-x pp. Meyepa MNonentoLuka 6yna poskpuTa Ha
erani, kKonv BoHa Oyna marke MOBHICTIO 3arnoBHEHA BOAOH).
Mopinbcbki NaipUHTV NPOMLLNK LIeV eTan Ha COTHI TUCSY POKIB
paHiwe. Tak nedepa ATnaHTvaa, 3rigHO 3 narneoMarHiTHUMM
JaHuMK, OTpMMaHUMK MO BOAOMEXaHIYHMX Bigknagax, byna
MOBHICTIO OCylleHa He nisHille cepeaHbOoro MNMencToLeHy,

© BoHpap K., Cauko A., Yypy6posB M., Mamuwies I., 2018
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TO6TO LWoHanmeHwe 780 Tuc. p. Tomy [3, 5]. HenasHe ocy-
LWeHHs i 6inb Monoaui Bik neyepm MNonentowka BU3HAYMNN
He TiNbKyY CBOEPIQHICTL i BHYTPILLHBOrO BUIMSAY, a N akTue-
HICTb Pi3HUX NPOLIECIB, Y pe3ynbTaTi AKX POPMYETLCS MiKPOK-
nimat neyepn i FCIM y Hin.

MeToauka BiaGopy 3pa3kiB Ta nabopaTopHuUX focri-
AxeHb. ['Cl1 BuBYeHMIN HaMy B nevepax AtnaHtuaa (8 3pa-
3kiB), Mnurkn (10 3paskis), OnTumictnyHa (10 3paskis), a
Takox y nevepi Monentowka (10 3pa3skis). 3Baxatoumn Ha no-
BiJOMNEHHsA Npo ce3oHHy MmiHnwmeicTb CI1 neyep [1, 2, 8,
10], 3pasku Bigbupanuncs Tinbku B Nepioan, Konm cepegHbo-
poboBa TemnepaTypa Ha MOBEPXHi He MiAHIMAETbLCS BULLE
+5 0C. Lle nae 3mory nopisHioBaTy Mix coboto MCI pisHux
neyep y "sumosuin" yac.

Mpobu nosiTps Bigbupanuca y Biann emHicTio 100—
300 mn 3 rymoBoto npobkoto. MNepen BigGopom npob Bianu
3anoBHIOBaNM HacMYeHVM PO3YMHOM HaTpi  Xxnopuay
(NaCl), nigkmcneHnM KOHLEHTPOBAaHO XIIOPUAHOK KUCHO-
TOM B CriBBiAHOLWEHHI (1 Mn kncnotu Ha 1000 M po3ynHy).

BumiptoBaHHSA KOHLIEHTPaL,N BYrieKucroro raay, remito, Bo-
[OHI0, MeTaHy Ta MOro romMosnoris BUKOHaHi B nabopatopii Bia-
Ainy reoekonorii Ta nowykosux gocnigkers IM'H HAH Ykpainu
i3 3acToCcyBaHHAM rasoBux xpomaTtorpadis JIXM-8M[, "3700",
"Kpuctanniokc-4000M" Ta aHaniTM4HMX KOMM'IOTEPHUX KOM-
nnekcie 06pobku xpomatorpam Tool Box Ta Net Chrome [11].

[nst oTpMMaHHs JOCTOBIPHUX pe3ynbTaTiB nepeq nova-
TKOM MPOBEAEHHSI BUMiptOBaHb xpomaTtorpacu 6ynu Bigka-
nibpoBaHi 3a AOMOMOroK MOBIPOYHUX Fa30BUX CyMiILLEn i3
TaKo KOHLUEeHTpaLjieto rasis, sika Bignosigae o4ikyBaHin KOH-
LeHTpaLii B npobax.

BusHauyeHHs KOHUEHTpaU,ii renito Ta BOAHIO BUKOHAHO Ha
xpomatorpadi "Kpuctanniokc-4000M", sk ra3-Hocin 3acTo-
COBYBaBCS aproH. AHania npoBeAeHoO Npu Temnepatypi Ko-
noHkm 40 °C. O6'em npobu — 1 cm®. YyTnueicte meToay —
5x10* 06.%, npy noxmbui BUMiptoBaHHs 5,5 %.

BusHaueHHsi BMicTy ByrneBogHiB (C1-Cs) BUKOHAHO Ha
xpomatorpaci mogeni "3700" 3 nnasMoBo-ioHi3aUinHUM ae-
TEKTOPOM, K ra3-HOCIn 3acTocoByBaBCA a3oT. [lopir BU3Ha-
YeHHSs1  KOHUeHTpauii ByrnesogHiB C1-C3  CcTaHOBUTb
(6-8)x107" 06.%, ansa syrnesopHis C4-Cs — 1x10® 06.%, no-
xmbka BusHadeHHs 10 %. O6'em npobu ansa xpomaTtorpadi-
YHOro aHanisy — 1 cm3,

AHani3 BMicTy B npobax BYrneKk1croro rady npoBeaeHo
Ha xpomaTorpadi JIXM-8 M[, ras-Hocin — renin. AHani3 npo-
BeJEeHO B i30TEPMIYHOMY PEXMMI NpU TemnepaTypi KOFTOHKK
55 0C. YytnueicTb aHaniay — 5x10 06. %, noxubka BUMIpto-
BaHHs 6nu3bko 5,5%. O6'em npobu ansa aHanisy — 1 cm®.

PesynbTtaty gocnigxeHb 'CI neyep Ta ix o6roBo-
PeHHA. Y Tabn. 1 HaBepfeHi AaHi BumiptoBaHb FCI nevep
ATtnantnga, Mnunku, OntumictnyHa Ta MNMonentoLlka.

Ta6bnuuys 1

[a30BuWi cknap NoBiTPS OKpeMux ne4vep, "3umMoBi"” BigGopu 3paskiB

Ne . . BwmicT dppakuii, 06.%
nin Micue BinGopy 0, N, [ CO;, | CHs wx10* | CHewx10%
MNMeyepa MNonentowka, 2013 p.
1 [MoBepxHsa 21,0 78,5 0,06 7,2 -
2 [Ho konogus 20,7 78,2 0,25 5,0 -
3 3ana YepHiBeLbknx cneneonoris 18,8 78,5 1,4 0,12 5,7
4 AHakoHAa 18,4 78,6 1,6 0,94 54
5 dakena 19,0 79,5 1,8 0,77 3,5
6 Tyaun-Crogn 19,3 80,4 1,6 0,83 59
7 on-17 17,2 77,8 2,6 0,63 4,9
8 Cocka R-54 17,3 80,1 2,5 0,79 8,6
9 TenedoH 16,0 78,8 3,5 0,58 -
10 0O3. CipkoBogHeBe 15,6 77,9 4,0 0,54 -
11 Os. CipkoBogHeBe (BigaaneHun kpamn) 15,9 79,5 4.1 0,50 2,3
12 Xig CnpiHT, niket 50 15,7 78,7 4,0 0,23 58
13 Xig Kynpiu&Ko, niket334 15,7 80,5 3,8 0,40 3,8
Me4vepa MnuHku, 2013 p.
1 [MoBepxHsi, none Hag nevyepor 21 79 0,12 3,2 1,6
2 MoBepxHs, 15 M Big BxoAy 21 78,6 0,11 3,2 1,5
3 3ana bpect 20,8 79,1 0,36 2,0 0,75
4 op60oKOHMK 20,9 78,2 0,26 2,6 1,6
5 3ana cneneonoris 20,8 78 0,83 2,0 0,87
MNMeyepa AtnaHTnga, 2016 p.
1 MoBepxHsi 21,0 77,7 0,7 13 43
2 3ana PapgocTi, BepxHin sipyc nevyepu 20,7 77,6 0,6 5,0 3,0
3 3ana MNocear 20,7 77,7 0,6 4,7 2,0
4 3ana Nmobyc 21,0 78,2 0,8 55 2,1
5 3a rmMuHUCTUM nepenasom 21,0 76,3 0,6 71 2,4
6 Mpasun Knutosun Byc, nigsan 20,1 73,9 0,8 8,6 1,8
7 [MpocnekT ABopcbKoro 21,0 77,5 0,6 3,6 0,92
8 PaitoH AmasoHis, MNecuk 20,7 77,9 0,6 4.1 0,94
9 PawioH Nomnei, Besysin 20,6 77,6 0,9 3,1 0,78
Meyepa OnTumMicTU4Ha, 2015 p.
He, wx10‘3 H2 (.0)(10'4 02 Nz c02 CH4, wx10'4 (:gH(;,(.\.|)(10.6
1 NoBEPXHS — - 20,1 78,5 | 0,76 2,5 1,5
2 Posgopixeka MNeHbok 2,4 - 20,1 78,5 | 0,27 1,4 2,0
3 anepes "CHiroBuk" 1,7 - 20,1 78,5 | 0,50 1,1 0,95
4 P-H Oasuc, ranepes KaparaHga 0,32 - 19,7 | 78,5 | 0,46 1,1 2,0
5 anepes Asepbaxa 3,7 14 19,9 | 785 | 0,29 1,2 1,7
6 Tabip Cobaye xutTs 0,78 - 20,9 | 78,1 0,26 1,2 2,1
7 Tabip Cvea kobuna 2,5 3,4 21,0 | 786 | 0,27 1,2 1,8
8 Tabip O3epHui - 6,5 20,7 | 78,0 | 0,18 1,7 3,5
9 Xig KaHgena6p - - 20,8 | 786 | 0,12 2,0 51
10 Po3gopixks BpoHik - - 20,4 | 78,7 | 047 1,1 2,7
11 "anepes Pagiontokc - - 19,9 | 78,2 | 0,49 2,3 13,0
12 Tabip My-my 3.1 - 20,3 | 78,0 | 0,34 1,3 2,8
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Meyepa AtnaHTtupa. BigibpaHo 8 3pa3skiB 3 pi3HMX yac-
TUH nevepn. BMmicT kucHiw konmmBaetbest y mexax 20,1-—
21,0 06.%, Bmict CO2 craHoButb 0,6-0,9 06.%, asoty —
77,5-78,9 06.%. Ak 6aunmo, nosiTps neyepu 3daraveHe Byr-
nekvenum razoM. Kpim Toro, Ha npuknagi uiei nevyepn MoxHa
OUiHWTM BNSMB NMIOOMHM Ha nevepHy aTMocdepy, OCKinbKu
cTapa 4actuHa neyepw Bigkputa y 1968 p. akTuBHO BigBiay-
eTbes, a B 2011 p. 6yna BigkpvTa HOBa YacTuHa, SKa € 3ano-
BiHOIO, AOCTYN Nntoger Tyan oOMeXeHun. Y cTapini YacTuHi
BiAibpaHi 3paskm 1-5, y HoBin 6-8. Ak 6a4mMmo, B 3anoBigHil
YaCTUHI Neyepu KOHLEHTpaLil eTaHy Ta MeTaHy Ha MopsiAoK
HWXKYI, HXK y CTapin YacTuHi nevepwu, WO Aae nigctaBu nos's-
3aTu NiABULLIEHI KOHLIEHTpaUii ByrneBoAHIB 3 aHTPOMNOreHHNM
3abpyaHeHHs NoBiTpst (pyc. 2). He Maroum TOYHUX AaHKX Npo
iHTEHCUBHICTb @HTPOMOreHHOr0 HaBaHTAXEHHS Ha neyepHe
cepenoBuLLe, TUM HE MEHLLIE, MOXKHA CTBEPAKYyBaTW, LLO M-
Ooki andpysii ByrneBogHiB 4O MeYEepHOro MoBiTPSA 3 aTMOC-
hbepHOro cnpusie akTMBHa BiABIAYBaHICTb Nevepun NHOUHOL0.
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“cTapa”JacTuHa "HoBa" YacTUHa

Puc. 2. BmicT ByrneBogHiB y noBiTpi neyepu ATnaHtnpa

Meyepa OnTumMicTU4YHA. BMiCT kUCHIO 6nm3bkuii 0o aT-
MOC(EepHOro MoBiTps, NuLle NOoBITPSA Aanekux Big BXoAy i
OopTiB BMiLyBanbHOro rincoBoro 6roky paroHrie (p-H Oa-
3uc, p-H ABepbaxa, ranepes Pagiontokc) 36igHeHe KUCHeM
(19,7-19,9 %). Bwmict CO2 craHoButb 0,12...0,5 06.%,
TOOTO MiABULLEHWIA, BMICT @30Ty Malke MOCTIMHWUA B YCiX
npobax — 78,0-78,7 06.%.

Y nosiTpi 6 3 11 3paskiB 3HaNOEHWI renii y KOHUEeHTpa-
uisix 0,78-3,1x102 06.%, 110 NepeBunLLYOTb CepeaHE aTMo-
cpepHe 3HauveHHs 0,52x10°06.% [13]. Y 3 nyHKTax 3Haii-
OEHUN TakoX BOAEHb Y 3HAYHMX KOHLEHTpaLigx. HagBHicTb
UuMX rasie y MOBITPi neyepn CBiAYMTb NPO TEKTOHIYHI Nopy-
LEHHA Ha AaHi TepuTopii, B Mexax fKMX MiaBULLYETbCS
NPOHUKHICTb ripcbkux nopia. OTxe, MOXHa CTBEpAXYyBaTy,
Wwo neyepa ONTUMICTUYHA 3aknageHa B 30Hi rMMOUHHOrO
posnomy.

BwmicTt meTany (CH4) npnbnunaHo Bignosigae cepegHboMy
3Ha4YeHHI0 ana atMocdepHoro nosiTps 1,7x10* 06.% [13].

Meyepa MnuHku. Bmictn O2 Ta N2 BignosigatoTe atmo-
cchepHUM, KoHLeHTpauis CO2 geLuo nigsueHa i CTaHOBUTb
0,26...0,83 06.%.

3aranbHo 0co6NUBICTIO ANst TPbOX NeYep € TakoX nia-
BuLleHnn BMicT CO2 Ha NOBEPXHi Hag NeYepHUM MNOMeM i
6ins Bxogis. Bmict metaHy (CHas) Ta iHWKX ByrneBoAHIB Yy
neyepax [loginnsa BM3HAYaeTbCs IHTEHCUBHICTIO BiABiAY-
BaHHs ne4yep.

Meuepa Monentowka. MasoBui cknag nositTpsa B [None-
Mo € HaNGINbLL BUBYEHUM cepen Ycix nevep. Voro Bumipto-
BaHHS NPOBOAATLCS perynspHo 3 70-x pp. [1, 2] y 3B'A3ky 3 npo-
6nemoto 6e3nekn 4OCMiOHVKIB Nevepn, a TakoxX y paMkax crne-
neomeaunYHMX ekcnepuMeHTiB [4, 6]. Hawwi cnoctepexxeHHst nia-
TBEPAKYIOTb AABHO Bigomun ceoepiaHun MCIT ujiel nevepu: ni-
ABuLLeHuiA BmicT Byrnekucnoro rasy 0,25-4,10 % (3a gaHnmu
[2] 0,2—4,5 %) i noHwxkeHnn — kncHio 15,6—-20,7 % (3a gaHummn
[2] 13,7-19,5 %). Mpuyomy KOHLEHTpaLlis BYrneKMCIoro rasy
3pOCTae, a KUCHI0 — 3MEHLLYETLCS B MIpY BigaaneHHs Big npu-
BXiAHOI YacTuHM NnabipuHTy (puc. 3).

[[ONOBHMI MpakTUYHWIA iHTepec y creneornoris Tpagu-
LiHO BUKMMKAE NUTaHHSA NPOCTOPOBOrO PO3MoAiny 3ara3o-
BaHocTi CO2 B neyepi, a Takox ii YacoBa guHaMika.

Ak BigOMO, BYrnekUcnuim ras Moxe notpannatu 4o ne-
yepu 3 rpyToOBOroO LWapy, Ae BiH YTBOPKETbLCA BHACNILOK
XUTTEeAIANbHOCTI MikpoopraHiamiB. Ockinekn CO2 mae Be-
NNKY MONEKYNsipHY Bary MOPIBHAHO 3 iHWWMW KOMMOHEH-
Tamu NOBITPSHOI CyMilli, BiH 34aTeH onyckaT1cs Mo TpiLum-
Hax i NpPoBanbHUX KONOAS35X, 3aX0A4A4M A0 Nneyepu 3 noBiT-
psAM Ta iHINbTpauiitHMMn Bogamu. TakoX BYrfeK1crnvm ras
pa3oMm 3 BYrfNeBOAHAMY i Nerkumu razamu (reniem, BOgHeM)
MOXe MirpyBatu 3 rmubuH reonoriyHoro pospisy Mo 3oHax
Opo6neHHs ripcbkux nopig i y34oBX rMMOMHHUX PO3MOMIB.
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BiacTtaHb Big BXxOAY No nNpAMin, m
Puc. 3. 3mina Bmicty 0,-N,—-CO, y cknagi noBitps
neyvepwu MonenoLika 3a AaHMMM ra3oBoi xpomaTorpadii.
Homepwu 3pa3kiB BignosigatoTb Takum y Tabn. 2

Y Monentowi ocHoBHUM mxepenom CO2 Ha nigcTasi Mik-
pobGionoriYHnx BU3Ha4YeHb BU3HAHWI MyXKWUIA 3arnoBHIOBaY, Ae
BiIOYyBalOTLCA NPOLIECY OKMCHEHHSI OPraHiYHUX PEYOBUH i Me-
TaHy aMOHipiKytoUMMKN Ta METAHOOKMCHIOBaNbHUMU BakTepi-
amu [2]. CO2 y nosiTpi Nnevyepn Mae nonerweHnin i3oToNHU
cknag, Lo TexX niagTBepaxye noro 6ioreHHe noxomkeHHs [10].

Y T1abn.2 HaBefeHi pesynbTaTM BUMIpOBaHb BMICTY
CO2y noBiTpi Neyepu B pi3Hi poku pisHUMK npunagamu. Ha
nigcrasi xpomaTtorpadiyHMx BU3Ha4YeHb, BUKOHAHUX KapCTo-
BMM 3aroHOM |HCTUTYTY reonoriyHnx Hayk y KiHui 70-x — no-
yaTtky 80-x pp. nobygoBaHO nosie KOHUEHTpaLil rasy, BMiCT
SIKOTO NiABMLLYETBCA 3 BigAarneHHsM Bif BXo4y 40 nevepu.
ABTOpK poboTun [1] Ha nigcTaBi BUMipIOBaHb NOPTaTUBHUM
npunagom DragerX-am 7000 pobnsite BUCHOBOK, L0 rnone
koHueHTpauin CO2 36epirae cBol mMopdororito, ane 3Ha-
YEHHs1 3 NMMHOM Yacy 3pocTatTb. Mu He MOXeMO norogu-
TUCb i3 TakMM BUCHOBKOM, afXe HaWbinbll TOYHI i HadinHi
XpomaTtorpadivHi BM3Ha4YeHHs Big nuctonaga 1981 p. i
Hawi, Big rpyaHa 2013 p., nogi6Hi, To6To BMicT CO2 B nosi-
Tpi nevepu € cTabinbHUM y AOBromy iHTepBari yacy.

Lle, ogHak, He BMKIHOYAE MOro foKasbHi KONMBaHHS, No-
B'i3aHi 3 BOOHWM i CE30HHMUM MOBITPSHUM PEXUMOM.

Hes'acoBaHo [0 KiHUA 3anNULIAETLCA ponb BOAW Y ra-
3000MiHi nevepun. Cneneonoru, ki 4ocnigpkyroTe NabipuHT
GaraTo pokiB, 3acBigyyloTb, WO HanbinbLl sicKkpaBo CUMMM-
TOMM rinepkanHii NpPosiBNATLCA B Mepioan BUCOKMX PIiBHIB
BOAW B OCHOBHUX MEYEpPHMX 03epax i, HaBnaku, Npy HN3bKIN
BOAi AnxaeTbcs nerwe. MoXnnBo 3pOCTaHHs piBHIB BOAM
CYNpPOBOAXYETLCA 30iNbLUEHHAM 3MOYEHOT NOBEPXHI Mevep-
HWX BigKNagiB BHACNILOK YOro B HNUX 3pOCTae akTUBHICTb Mi-
KpoopraHi3miB, L0 NpoayKyloTb Byrnekucnumn ras. bioren-
Hu COz2, po3unMHeHun y Bogdi, noctynae B nosiTps. lNMpoTte
ONS NepeBipKM LMX NpunyLleHb HeobXigHO NpoBeCTH cucte-
MaTU4Hi B6araTopivHi cnocTepeXxeHHs1 O4HOYaCHO: 3a iHTEH-
CMBHICTIO Bigkayku Boan KpuBCbKMM Kap'epoM, KONMBaHHSIMU
piBHiB, MiHepanisauiji i kinbkocTi po3unHeHoro CO2 y Boai Ta
3miHoto "'CIT nevepu.

IHwoto Baxxnmeoto pucoto ['CI MNonentoLku € mMabke no-
BHa BiJCYTHICTb METaHy. Moro BMicT Ha NOPSAOK MEHLLWI, HiXK
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B aTMocdpepHomy noBiTpi (1,7x104 06.% [13], (Tabn. 1)). Mosc-
HUTU Lie MOXHa HasBicTHO B [NonentoLwuui MeTaHOTPOgHMX Bak-
Tepin, ski BincyTHi B nevepax MNoainna [12, O.b. Tawwupes, oco-
OucTte nosigomneHHs]. MeTaHOTpOM CNOXUBAKOTL METaH | BU-
ainsiote CO2, 3yMOBMIOIOYM 3POCTaHHS MOTO KOHLIEHTpaLi.
VimosipHo, ix nonynsuia Gyna 3HauHol oapasy Micnst ocy-
LLEHHS NeYepy i NOCTYMOBO 3MEHLUMNACH.

BogHouac y pob6oTi [2] HasiBHI A4aHi Npo 3HayHMI (0o
0,5%) BmicT meTaHy B nNoBiTpi neyepn B 1981-83-x pp. i nps-
MU 1horo 3B's30k 3 COz2. Y po6oTi [1] Takox NoBigoOMNAETLCA

npo BmicT meTtaHy 0,1-0,5% y 2008-2009 p. OTxe, BUMipto-
BaHHS, NpoBefeHi B pi3Hi pokn 6e3nocepenHbo B neyepi 3a
[OMOMOro0 razoaHanisaropa i axTHoro iHTepdepomeTpa,
nokasanu meTaH. 3 iHWoro 60Ky xpomaTorpadiyHi BU3Ha-
yeHHs 11.1981 p. (H.N. A6nokoea, IT'H HAHY) roeopsiTb
npo BiACYTHICTb MeTaHy B atMocdepi neyvepu. | Hawi cno-
CTEPEXEHHS Lie MiATBEPOXKYOTb.

Tabnuys 2
MoHiTopuHr BMicTy okcugy Byrneuto (V) y nositpi neyepu Monentowka
Yac Bigbopy Ta BUMiptoBanbHUi npunag
11.1982 | 04.1983 1986 1996 08.2008 | 08.2009 [12.2013]05.2015 ] 05.2016 [ 12.2016
Ne . . Xpoma- I:IJaXTHuﬁ Dréger Dréager Xpo- .
Micue Bin6opy iHTepdpe- | Xpomaro- | Xpomaro- LaxTHun
n/n Torpad X-am X-am maro- . %
2] po[n;t]eTp rpad [6] | rpad [4] 7000 [1] | 7000 [1] | rpacp* iHTepcdepomeTp
Bmict CO,, %

1 MoBepxHs 0,03 0,00 0,04 0,0 0,0 0,06

2 [Ho konoaus 0,25 0,4 0,0 0,25

3 Mopcbke oko 0,00 0,00 0,0 1,2
4 Xpebet 0,40 1,2 1,4

5 orn-2 0,35 1,4 1,4

6 | Os. CtygeHTCbke 1,55 1,40 2,2 2,6 2,5

7 O3. brnikiB 1,40 1,30

8 03. dininuoso 0,85 0,85 1,8 1,6 1,7
9 O3. CnenyHka 1,80 3,00

10 | 3an HepHiseubkux 1,00 1,00 2,30 18 18 1,40 18 18

cneneororis

11 AHakoHaa 1,80 2,50 2,72 2,6 1,60 24 2,6

12 03. CudpoH 1,55 2,4

13 0Os3. Kpokoguna 1,45 1,8 2,0
14 Konuto 3,4

15 | 3an [uHo3aBpa 1,50 2,2 2,0
16 BapaH 3,6 4,4
17 Yykygyk 4,0 4,5
18 dakena 2,54 1,80 2,5 2,6

19 Tyan-Crogn 2,76 1,60 2,8 2,7

20 on-17 2,60

21 Cocka 2,51 4,6 2,50 5,0

22 TenedoH 3,76 4,8 3,50 5,2 5,2

23 | Os. CipkoBogHeBe 4,10

*0aHi asmopis; **0aHi YKC "Tpoanodum", ompumaHi 3a 00r1omMo20t0 waxmHozo iHmepgepomempa LUI-1.

Y pesikux paroHax neyepm, ocobnmeo npu Bigbopi 3paskis
BOAM Ta 3pyLUEeHHi JOHHWX Biaknaais o3ep, 6yno 3adikcoBaHo
pi3knin 3anax CipkoBoAH0. Ane npu Biabopi 3paskis NoBITPS aB-
Topamu B Takmx Micuax y 2013 p. KOOHMX NEPEBULLEHD KOHLIE-
HTpaLil LbOoro rady BUsIBNIeHO He Byro. BMICT CipkoBOAH!O B Mi-
cusax BinGopy konuneaecs B mexax 5,2—11x107° %.

PesynbTaTy Halwmx cnoctepexeHb Y LinoMy nogibHi oo
ctaHy 1981 p. i 4O3BONAIOTL FOBOPUTM NPO AOBFOTEPMIHOBY
ctabinbHicTe 'CI neyepu Monentowwkasa octaHHi 35 pokis.

BucHoBku. NMokasaHo, Lo B neyepax MNoainns Hanbins-
UMK BNNMB Ha CKrag nosiTps Mae CTyNiHb i3011b0BaHOCTI ne-
Yepw Big NoBepxHi. BMiCT MeTaHy Ta iHLWNX BYrnNeBOAHIB Me-
TaHOBOro psiAy MOXe BUCTyNaTu MapkepoM aHTpOMoreH-
Horo 3abpyaHeHHs cepepoBuuia nedep [Moginns, piBeHb
SIKOro HeoOXxiaHO BpaxoByBaTW, 30Kpema, nNpu Biabopi 3pas-
KiB Ta iHTepnpeTauii faHUx MikpobionoriYyHnx JocniaXeHsb.

HasBHicTb y noBiTpi ONTUMICTUYHOI renito | BOAHIO B 3Ha-
YHMX KOHLIEHTpaLisiX 403BONATbL NepeabavaTn Ha Uin Te-
puTOpIi MMONHHE PO3NOMHE NOPYLUEHHS.

BkoTpe nmigTBEepAXeHo, Lo MOBITPS nevyep MiCTUTb Nig-
BuLLeHY KinbkicTb CO2 MOPIBHAHO 3 aTMOCEPHMM MOBIT-
psmM. Cepeg ycix AOCNIMKEHNX NMOPOXHUH HANBULLL KOHLIEH-
Tpauii CO2 3adikcoBaHi B Monentowui, a HakHWk4i — B On-
TUMICTUYHIN. MNpryomy makcumanbHui BMmict CO2 B None-
NIOLWLi NepeBULLlyBaB MOro MakcumarnbHi 3adikCcoBaHi KOH-
LeHTpauii B iHWKX neYepax mamke B 4 pasu.

BcTtaHoBneHa goerotepmiHoBa ctabinbHicTe FCI MNone-
MIOWKN 33 AaHnMK xpomaTtorpadiyHnx Bu3HayeHb. [MpoTe
OTpUMaHi pe3ynbTaTu BKa3yrTb Ha HeoOXigHiCTb BaraTopi-
YHMX MOHITOPMHIOBKX CMOCTEPEXEHb 3a NapameTpaMu BO-
[AHOrO Ta MOBITPSHOrO CepefoBMLLA NeYepu.
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NEW DATA ON GAS COMPOSITION OF THE AIR IN GYPSUM CAVES FROM PODILLYA AND BUKOVYNA

The paper presents new results of the study of the air gas composition (AGC) of the Podillya caves (Atlantida, Optymistychna, Mlynky) and
Bukovina (Popelyushka) by the chromatographic method. The AGC comparison is made on the basis of air samples taken during the winter period.

The previously known features of AGCof caves are confirmed. In particular, it has been shown that cave air contains an increased amount of CO;
comparing to atmospheric air. The highest concentrations of CO; were registered in Popelyushka (4.10 vol. %), and the lowest — in Optimistic cave

(0.12 vol. %).

In addition, there is an oxygen depletion of cave air away from the sides of the gypsum block registered in the Optymistychna cave. Helium and
hydrogen are also found in this cave in significant concentrations, which allows considing deep breakdowns within the cave field.

The long-term stability of the AGC of the Popelyushka cave is established and the absence of methane in the cave air is shown.

Changes in AGC of caves, associated with anthropogenic load, are detected. In particular, in the Atlantida cave, the air pollution with

hydrocarbons is proved.

Keywords: air gas content, karstic cave, gypsum, Podillya-Bukovynakarsic region, Atlantida cave, Mlynky cave, Optymistychna cave,

Popelyushka (Zolushka) cave.
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HOBbIE JAHbIE O TFA30OBOM COCTABE BO3YXA r'MrncoBbIX NELWEP NOAO0JIbA N BYKOBUHbI

B pa6ome npueodsimcsi Hoeble pe3ysibmamabl U3y4YeHusi 2a308020 cocmasa eo30yxa (I"'CI1) newep Modonbs (AmnaHmuda, Onmumucmu4eckasl,
Mnbinku) u BykosuHbl (3onywka) xpomamozpagudeckum memodom. CpasHeHue CI1 ebinonHeHO Ha OocHo8aHUU Mpob eo3dyxa, omob6paHHbIX 8

3uMHull nepuog.

MoomeepideHb! paHee uzsecmHble ocob6eHHocmu I"CI1 newiep. B yacmHocmu noka3zaHo, Ymo e0o30yx neuwjep cooepkum rnoebIWeHHoe Kosu4e-
cmeo CO: no cpagHeHUro ¢ ammocgepHbiM 8030yxoM. CaMmbie ebiCOKUe KOHUeHmpayuu CO; 3agpukcupoeaHbl e 3onyuwke (4,10 06.%), a cambie

Hu3kue — 6 Onmumucmud4eckoli (0,12 06.%).

Kpome mozo, Habnrodaemcs ob6edHeHue Kucsiopodom eo3dyxa omdasieHHbIX om 6opmoe 2urncoeo2o 6710ka Yacmeli Onmumucmuyeckol.
B amoli newyepe makxe o6HapyxeHbl 2es1uli U 000p00A 8 3Ha4YUMesIbHbIX KOHUYEeHMpayusix, Ymo rno3eosissem npednosazame 2/1y6UHHbIe Pa3IOMHbIe

HapyweHusi € npedenax neujepHo2o0 MoJisi.

YcmaHoeneHa donzocpoy4Hass cmabunbsHocms I'CIT newepbl 3onywka u nokazaHo omcymcmeue MemaHa e ee ao3dyxe.
Bbisienenb! usmeHerusi 'CI newep, cesizaHHble ¢ aHMPOMNo2eHHoU Hazpy3kol. B yacmHocmu, e neujepe AmnaHmuda ommeyaemcs 3a2psi3He-

Hue eo3dyxa yz2nesodopodamu.

Knroyeenbie cnoea: 2a3oenbili cocmae eo3dyxa, kapcmoseasi neujepa, aurc, [Todonbcko-bykosuHckass kapcmoeasi obnacmb, AmmaaHmuda,

MnbiHku, Onmumucmudyeckas, 3osyuka.
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METANNONEHNYECKOE PA3HOOBPA3UE BOJIHOBAXCKOW PYAHOM 30HbI
B CBA3U C OCOBEHHOCTAMM rMyBUHHOIO0 CTPOEHMA JIUTOC®EPDI YU

(PexomeHdoeaHo 4rieHOM pedakuyiliHol Kkosiezii 3-pom 2eos. Hayk, npogh. B.A. Muxatinosum)

Lenbto nposedeHHol pabomsbi sienisiemcsi ebisiesieHuUe HO8bIX 3aKOHOMePHOcmeli ghopMuposaHusi MeECMOpPOoXKOeHuUll u pydonposie-
JIeHUU rnoJsie3HbIX UCKONaeMbIX pa3iuyHol Memasiio2eHu4Yeckol creyuanusayuu e BosHosaxckol pydHol 30He coyneHeHus [Tpua3os-
cKo2o Mez2abrioka YkpauHckoeo wyuma (Y1) c loH6accom ¢ yyemom ocobeHHocmel 211y6UHHO20 CImMpoeHUs1 iumocgepabI.

BbinosiHeH aHanu3 2eogu3suyeckoli, 2eos1o2uyeckol, nemposio2uqdeckoli, paduo2eoxumuyeckol UuHghopmayuu Mo ocobeHHoOCmssIm
ghopMuposaHUsi, pa3MeweHUsi OCHOBHbLIX MUMo8 MecmMopoxdeHull u pydorposiesieHuli 8 30He coysneHeHus1 [pua3oeckozo me2abrioka
YkpauHckozo ujuma c fJon6accom 8 mecHoli cesi3u ¢ 0CO6eHHOCMAMU 2/Ty6UHHO20 CMPOEeHUsT IuMmocgephbl, acmeHocepbl, pa3/IoM-
HoU meKmoHukol. BbisienneHbl ocob6eHHOCMU 271y6UHHO20 CMPOeHUsT Jlumocgepbl U UX ¢husuyeckue rnapamempsl, KOMopble enusiau
Ha ycio8usi Memarsio2eHU4eCcKo20 pa3Hoobpa3usi U UHIMEHCUBHO20 pydozaeHe3a Mnpu ¢hopmuposaHuu MecmopoxxdeHull u pydonposie-
JnleHull pa3nuyHol Memarsio2eHuU4eckol crneyuanusayuu e BonHosaxckoli pydHoli 30He. [poaHanu3upoeaHa Memasno2eHU4YeckKas cre-
yuanu3sayusi OCHOBHbIX MPOsie/IeHHbIX 8 palioHe uccriedoeaHuli 3amarnoe meKmoHu4Yeckol akmuesu3sayuu. OnpedesieHbl HO8ble 3aKOHO-
MepHOCMU ¢hopMupoB8aHUsi MECMOPOXKOeHUl u pydornposieneHuli pa3/iuyHbIX Mos1Ie3HbIX UCKONaeMbix 8 30He coy4neHeHusi lMpua3oec-
ko020 mezabnoka YLl u [Jon6acca, eknroyas ypaHoeoe opydeHeHue. B yacmHocmu, ycmaHog ieHa Ux cesi3b ¢ 04a208bIMU CIMPYKmMypamu
MHO20KpamHo rposie/IeHHO20 MaaMamu3ma pa3/lu4Ho20 cocmasa, 2udépomepmasibHolU desimesibHOCMU, opeoJsiaMu 8MOPUYHbIX Mema-
comMamuyecKux U3MeHeHull emMewarouwjux nopod 8 npedesiax 2/y6UHHBLIX Pa3/IoMO8 U y3/108 UX fepece4yeHusi Ha0 30HOU Pe3Ko20
U3MeHeHUs1 MOWHOCMU slumocgepbl CK/TIOHa YKpauHCcKo20 wuma, u ¢hopmuposaHusi 6apoepadueHmHbIX 30H 8 acmeHocghepe 8 rnpo-
yecce agosroyuu 3emnu.

lpakmuy4eckoe 3HayeHuUe NpoeedeHHO20 Uccied08aHUs1 COCMOUM 8 MoebiweHuU 3¢hgheKmuU8HOCMU Memaslsio2eHU4eCKUX Mpo2Ho-
308 3a cYyem pacwupeHUsi crieKmpa ucnosib3yeMbix haKkmopos hopMupo8aHuUsi Memasisio2eHU4eCcCKo20 pa3Hoobpa3usi U UHMEHCUBHO-
cmu pydozeHe3a, 2e0hu3uyecKux U rnemposio20-2e0XuMuUYecKux UHOUKaImopos nepeuyHo20 MacwimabHo20 KOHYEHMPUPOBaHUsI py-
Go2eHHbLIX KOMITOHEHMOE pa3siuYyHOl Memansio2eHuUYeckol creyuanu3ayuu 8 acmeHocgepe. Mo no3eorisiem 060CHO8aHHO onpede-
J19Mb nepcrieKmuebl meppumopuli Ha 803MOXXHOCMb (hOPMUPOBAHUS KPYMHbIX PyOOKOHYeHmpayuli pa3iudHol Memassio2eHu4ecKol
cneyuanu3ayuu c ebidesieHueM rowadeli Haubosiee 8eposIMHOL UX JIOKanu3ayuu.

Knroqesble cnioea: numocgbepa, MemarsozeHu4ecKoe pa3zHoobpasue, UHMeHCUBHbIU pydozeHes, 30Ha co4neHeHust [fpuasosckozo

mezabnoka u [Jonb6acca, BonHogaxckasi pyOHasi 30Ha.

OO6Las nocTaHOBKA NPOGNeMbI U CBA3b C NpaKTuye-
ckumu 3apgaHusimu. lNMpuasosckuin merabnok YL xapakre-
pu3yeTcs OpWUIrMHarNbHOW MeTannoreHMYeckon 30HarnbHO-
CTbIO C PyAOKOHLIEHTPaumnamMy O6LLIMPHOro cnekTpa u pasnu-
YHOrO paHra, BKIOYas KpyrHble MEeCTOPOXAEHUS pasnuuy-
HOM MeTannoreHnyeckon cneunanusaumu. B uenom oH
npeacraBnaeT peakoMeTansbHO-Xene3opygHy meTtanno-
reHudeckyto obnactb. Begywumn metannamy SBNSOTCS:
Xeneso, LUMPKOH, TUTaH, MonubaeH, anioMUHUiA, a N3 Hepya-
HbIX — rpacut n Bepmukynut. Kpome Toro, B lNpuasosbe
N3BECTHbI MPOSIBIIEHUS aKLLeCCOPHOWN M1Hepanu3auum — Ta,
Nb, W, Sn, Ni, Co, Pb, Cu, Li, Rb, Ce, Hg 1 Au.

MpuasoBcknii Merabnok YL sBnseTcs yHUKanbHbIM
TaKkKe No NpaKTU4Yeckun MOHOMYy Habopy reHeTUYeckux Tu-
NOB YpPaHOBOrO OpYAEHEHWs, OOHaKO BbISIBIIEHHbIE B €ro
npegenax ypaHonposiBMeHUs pasfnyHOro paHra HeMHOro-
yucrneHHbl. bonbluas YacTtb 13 Hux (9 pyaonposiBNEeHUn u
HukonaeBckoe HenpoMbILLNIEHHOE ypaH-TOpUMeBOe MeCTo-
poxaeHve) cocpeaoTodeHbl B BonHoBaxckon pyaHol 30He,
pacrnorioXXeHHon B 30He couneHeHus [NpuasoBckoro mera-
6noka YL ¢ JoHeukum cknagdaTtbiM coopyxeHuem (OCC)
(puc. 1). BonHoBaxckasi pygHasi 30Ha OTnmM4aeTcs nposisne-
HMeM OBLUMPHOro CnekTpa PYAHbIX U HEPYAHbIX NOME3HbIX
ncKonaemblxX pasnuM4yHoro paHra. B ee npegenax BbisBNeHbl
MecTopoXaeHus dnoputa, ypaHa, HedenvHOBbIX PYA,
hocdopnTOB; PyAONPOSBAEHUS ypaHa, Topus, kobanbTa,
Meaun, HMobaToB, CBWMHLA, UMHKA, HWKensd, bepwunnus, Tu-
TaHa, anioMuHus, monubaeHa, Bonbdpama, BaHagus,
OnoBa, 30M0Ta; MNPOSsIBMIEHUs] ypaHa, TOpusl, MapraHua,
Meau, CBUHLA, LMHKa, HAKENs, TuTaHa, antoM1MH1s, Monmo-
AeHa, Bonbdpama, kobanbTa, BaHaaus, onosa, 6epunnus,
HMOBUS, NUTUSA, LUPKOHUS, Liepus, 30M0Ta.

PesynbTaTthl MccnieqoBaHuin hakTopoB MeTanoreHmye-
CKOro pasHoobpasus 1 MHTEHCUBHOro pygoreHesa BonHo-
BaxCKOW PpyAHOWM 30HbI couneHeHusi lNpuasoBckoro mera-
6noka YL n [JoHeukoro cknag4aToro COOpPYXXeHusl ¢ y4eToM
rnybuHHOro cTpoeHust nutocepbl MOryT B 3HAYUTENBHON
CTeneHun AoMNONMHUTbL MHpopmaLmio 06 ycnoBusix opmmnpo-
BaHWS yXXe BbISABNEHHbIX MECTOPOXAEHUNA NOME3HbIX UCKO-
naemblx 9TOro permoHa, a Takke NepcrnekTnB nomcka HOBbIX.

O630p ny6GnuMKauuMi U HepelleHHble 4YacTu npo-
6nembl. PaccmatpuBas MaHTUIO Kak OCHOBHOM MCTOYHUK
PYOOrEHHbIX KOMMOHEHTOB MpU (hOPMUPOBaAHUM  KPYMHBLIX
PYOHBbIX KOHLEHTpauui pasnuM4HOW MeTanforeHM4ecKon
cneuvanunsaumm Ha BEPXHUX CTPYKTYPHbIX 3Taxax 3eMHOM
KOpbl, HAMM BbISIBNEH psif, rMyOuHHBLIX hakTopoB dhopMmpo-
BaHMSA KPYMHbIX MeCTopoxaeHun ypaxa [7], U-V-TR-Sc [8],
Li n Ta-Li pya [6] Ha YkpauHckom wuTe (YLL), paccMoTpeHbl
OCHOBHbIE (DaKTOPbl METaNMOreHn4ecKkoro pasHoobpasms n
WHTEHCMBHOIO pygoreHesa ueHTpanbHow yactu YL, 3ako-
HOMEPHOCTN (hOPMUPOBaHWNSI YPaHOBOPYAHbIX MeTacoma-
TMTOB B CBSA3M C IMYOMHHBLIM CTpoeHem nutocdepsbl Ykpa-
uHckoro wuta [7]. 3To nossonser obocHOBaHHO onpeae-
NSITb NEPCNEKTUBLI TEPPUTOPUIA HA BO3MOXHOCTL (hOpMUPO-
BaHWs KPYMHbIX PyOOKOHUEeHTpauni ypaHa, U-V-TR-Sc, Lin
Ta-Li pyg ¢ BbigeneHvem nnowlagen Hambonee BepoATHON
UX nokanusaumm.

B 30He couneHeHus [lMpuasosckoro merabnoka YL u
OCC npu usyyeHun MeTanmoreHm4eckoro pasHoobpasus
ocobbIn uHTepec npeacTaBnseT BonHoBaxckas pyaHas
30Ha, NPOCTPAHCTBEHHO CBsidaHHasi ¢ HKOxHopmoHGacckomn
MUHepareHN4Yecko pasfioMHOM 30HOW, rAe Hamu paHee
Obina ycTaHoBneHa W wuccnegoBaHa MNPOCTPaHCTBEHHas,
BPEMEHHas U reoxmmmyeckas cBssb mexay opmupoBa-

© KanawHuk A., KysbMuH A., 2018
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HWEM YPaHOBOPYAHbIX OOBLEKTOB U MPOSIBNEHUSMU LLENO-
YHO-YNbTPaAoCHOBHOrO Marmatuama [5]. Mo gaHHbIM [C3,
KOxxHoooHBacckmiA pa3nom YeTko pukcmpyeTcs B penbede
noBepxHocTn Moxo M Ha ero MaHTUMAHOE MPOHMKHOBEHVE
yKa3blBaeT NPOSABNEHHOCTb YIbTPAOCHOBHOIO U LLENOYHOro
marmatuama [17].
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Puc. 1. Cxema pa3meLleHUss MeCTOpPOXAEeHUN
M pyAONposiBNEHUNA PYAHbIX U HEPYAHbIX NONE3HbIX
McKonaeMbixX B CEBEPO-BOCTOYHOM YacTu [puasoBckoro
Mera6noka YL u conpegenbHon TeppuTopun:

1 — MNpua3sosckuii merabnok YL (1V); 2 — npotonnatdopMeHHbiIi
MaccuB Me30apXxenckoro 3anoxeHus; 3 — [NpruasoBckuin npotonna-
TOPMEHHbI MaccuB naneonpoTepo3omnckoro 3anoxenus (I);

4 — OpexoBo-llaBnorpaackas wosHas 3oHa (Ill); 5 — me3sonpoTe-
po3ovickasn hasa pasBUTUS MaHTUNHBIX ANanNuUpPoB:

-2 — BocTouHo-lNpuasoBckuii NiyToH; 6 — oceBas nuHus KOxHo-
[loHBacckoi LWMPOTHOW MUHEpareHn4eckow 30Hbl (BornHoBaxckas
pyAHasi 30Ha) C yCTaHOBMNEHHbIM MPOCTPaHCTBEHHBIM Y BpEMEH-
HbIM COMpPSXXEHNEM KMMOBEPNUTONPOSABIIEHNIN U YPaHOBOPYAHbIX
06bekToB (1); 7 — oceBble NMMHUK rMyBMHHBIX pa3nomMoB | nopsaka:
1 — KpuBopoxcko-lasnosckuit; 2 — IMpyscko-EnaHumkckui
8 — oceBble nuHKK pasnomos |l nopsaka: 1 — KymaveBckuiz;

9 — HukonaeBckoe TopuiA-ypaHOBOE MECTOPOXAEHNE rTMapoTepma-
NbHOIO TUMa B MUHEPaNM30BaHHbIX 30HaX;

10-11 — pygonposiBnexHns ypaHa: 10 a — rmapotepMarnbHOro Tuna
B MMHepanun3oBaHHbIX 30Hax; 10 6 — ocago4Ho-MeTaMopdoreHHbIe
B KOHrMomMepaTax U necyaHukax Kpuctannmyeckoro yHaameHTa;
10 B — rugpoTepmarnbHO-MeTacoMaTnyeckve B KanmeBblX MeTaco-
mMaTuTax u nermaTougHbIx rpaHuTax; 11 a — rmgporepmarnbsHbie
ypaHOUTYMHbIE B 30HaxX Apo6neHns nopoa KpucTanimy4eckoro
dyHaameHTa, 11 6 — MarmaTuyeckune B MHTPY3MBHbIX MaccMBax
LLIENIOYHbIX CUEHWUTOB, NEVKOKPaTOBbIX IPaHWTOB 1 KapboHaTUTOB;
12 — knumbepnuToBble Tpybku, 13 — 3KCNNO3NBHBLIE NamMmnpouTon-
posiBnenuns (Tpy6ku); 14 — noTeHumanbHble TOpMEBOPYAHbIE Y3rbl;
15: a — lNokpoBo-KnpeeBckoe MmecTopoxaeHune drnoopuTa,

6 — pynonposiBnexus dpnrooputa; 16—17 — pyaonposiBneHust
PasnMYHbIX METaNIMYeCcKnX NnoresHbIX NCKonaemblx

B reonormyeckoM CTpoeHunn 3oHbI couneHeHmus MNpraso-
BCckoro merabnoka u OCC BbiAENSIOTCS TPU CTPYKTYPHBLIX
aTaxa. HmwkHWI ([OKeMBPUINCKMIN) CTPYKTYPHBIV 3Tax npea-
cTaBneH Haubonee ApPEBHWMM, CYyLECTBEHHO W3MEHEH-
HbIMW B YCMOBMAX MeTamopdu3ma MW yrnbTpameTramop-
m3ma nopogamMu HeoapXencKom U NaneonpoTepo30nNCKon
rpynn. CpegHuii (repUMHCKNIA) CTPYKTYPHBIN 3Tax NpeacTa-
BfIEH Naneo30MCKUMU O0Cafo4HbIMU, BYNKaHOITEHHO-0Can0-

YHLIMW U MHTPY3UBHBLIMWU NOpoAaMU U BEPXHWUIA (anbnui-
CKWU) CTPYKTYPHBbIN 3Tax BbINOMHEH cnabo nutuduumpo-
BaHHbIMW ME30-KaNHO30NCKMMWN OCaA0YHBIMU OTIOXEHU-
AamMun nnatgopmeHHoro vexna [3]. 3oHa couneHeHus lMpua-
30Bckoro Merabrnoka c [loHbaccom xapaktepusyetca 6no-
KOBOW TEKTOHWKOW C 4YepefoBaHWEM ropcT-rpabeHoBbIX
CTPYKTYp. [lJaHHasa TeppuTopus McCnbiTana HecKonbKo 3Ta-
noe akTneusayum. OTMevaeTcs Kak MUHUMYM AiBe a3kl Ma-
rmatuama — JeBOHCKasi U nepMb-TpuacoBasi ¢ obpasoBa-
HMEM LUTOKOB, LUTOKOMOAOOHbLIX TEN OCHOBHbIX, YNbTPaoc-
HOBHbIX MOpoA, Tydobpekynin, naBobpekymn, rmnabuccans-
HbIX UHTPY3WI Pa3nNnYHOro cocTasa.

3anoxeHue ropcto-rpabeHoBbIX CTPYKTYP 30HbI COYre-
HeHus Mpurasosckoro merabnoka YL ¢ JoH6accom no gax-
HbIM paboTbl [16] npousowno B paHHedpaHcKoe BpeMs B
CBSI3U C TEKTOHWUYECKUMU OBWKEHUSIMU, UHTEHCUBHO MpO-
SIBUBLUMMUCS Nocre hopMMpoBaHUS 0Cafo4HbIX NOpoa HU-
KOnaeBCKON CBUTHI (CpefHui AesoH). PopMmpoBaHue mar-
MaTU4eCKNX MOPOA aHAE3UT-TPaxmaHO4e3UTOBOro Kommne-
Kca, crnaralwmx AalKku, LITOKWU, NakKONWUTbI, FONOnuThl 1
Opyrve Tena LMpOKO pasBuTbie B 30He couneHeHus Mpua-
3o0Bckoro Merabnoka m [OCC npoucxogmno, no MHEHWUO
OonbLUMHCTBA UccreaoBaTenen pernona [1, 2, 3, 16 u gp.],
B MO34HEOPOreHHbIN aTan passutus [JoHeukoro 6accenHa
(B ndpanbckyto hasy repuUMHCKOro oporeHesa, NposiBUBLLY-
tocs B [loHbacce Ha rpaHuue nepmu 1 Tpuaca). [Henpos-
cko-[loHeukasn BnaguHa (OAB) n OoHBacc Ha npoTspkeHun
MHOTUX NET MHTEHCUBHO MCCMEAyTCs reonormyeckummn m
reomanyeckummn metogamu. B nocnegHmne roabl MHTEPEC K
rnybrHHOMY CTpOEHMIo NMTocdEepPbl JAHHOTO pernoHa oco-
6EeHHO BENUK B CBSI3N C OLIEHKOW NepcrnekTuB ero Hedrera-
30HOCHOCTM, B YaCTHOCTU C NO3ULMIA abNOreHHoro Nponcxo-
XaeHus yrnesogoponoB. OgHako nNpu 3TOM UccreoBaHus!
Kacanucb, B NepPBY0 04epeab, CErMeHTaunmM KOHCONMAnMpPo-
BaHHOW KOPbl U COMOCTaBMEHNSI €€ C Pa3fiOMHOWN TEKTOHU-
KOW U CTPYKTYPOWN OCaA0YHOro Yexrna C LUenblo BbIABMEHNUS
reonoro-reouan4ecknx HeoAHOPOAHOCTEN nuTocdEpbI
Kak nokasaTernen pasHbix 3TanoB oopmmpoBaHusa [Henpos-
cko-[loHeukoro naneopudTa [1, 11] u ero aBontoumu. C pa-
31TOMHOW TEKTOHWKOW 30HbI courneHeHns MpuasoBckoro Me-
rabnoka u [loHeukoro 6acceiiHa Takke CBsi3aHbl MHOTOYNC-
NEHHblE MNPOSIBNEHUS MEeTannM4yecknx MornesHbIX WCKOo-
naeMblx pasnMyHoO MeTannoreHN4YeCcKon cneynannsaumm u
LLUMPOKMIA CMEKTP MECTOPOXAEHUA HEPYOHbIX NMOME3HbIX UC-
konaewmblix (prtoopuT, 6apuT, ocdopuTbl 1 4p.), YTO BEPO-
ATHee Bcero Takke obycnosneHo cneumduyeckum rinyomH-
HbIM CTPOEHMEM 1 3BOMOLMEN NUTOCHEPDLI PErMoHa.

Ha paHHOM 3Tane uccnegoBaHW BaXkHOW 3afadven siB-
NsieTcsi BbISIBNIEHUE 3aKOHOMEPHOCTelN (opMUPOBaHUA ©
pasMeLLeHNs1 MECTOPOXAEHUIA U PYLONPOSIBIIEHUIA Mones-
HbIX MCKOMAeMbIX pPasfMYHON MeTansioreHN4Yeckon cne-
unanusaumm n obocHoBaHME (HaKTOPOB MeTannoreHnye-
CKOro pasHoobpasus B BonHoBaxcKkoln pygHOM 30He coure-
HeHus Mpuasosckoro merabnoka YkpavHckoro wura ¢ [JoH-
6accom ¢ y4eToM 0COBEHHOCTEN rYyOMHHOIO CTPOEHUST NK-
Tocepbl. ATO MOXET MO3BONNTL CYLLECTBEHHO MOBBLICUTb
3pheKTUBHOCTL reonoropasBefoyHbIX paborT.

M3noxeHne ocHOBHOro martepuana. [lpoaHanuau-
pyem cneumduky rnyouHHOro reonornyeckoro CTpoeHust
Mpuasosckoro merabnoka YL n 30HbI €ro couneHeHus c
HoH6accom, a Takke 0COGEHHOCTM NPOSIBNIEHHOIO opyaeHe-
HUS pa3NMYHON MeTanoreHM4Yeckon cneuvanusaumm, B
TOM YKCne ypaHOBOro, N0 AaHHbLIM pe3ynbTaToB, cneynanm-
3MpPOBaHHbIX Ha ypaH-reonoropa3sefoyHbIX paboTax.

Mo pgaHHbIM TC3, MoWHOCTL NUTOCdEpPLl B Npeaenax
Mpnasosckoro merabnoka coctaensetr 150-170 km [13]
(puc. 2), 3emMHon kopbl — 35-47 kM. B ceBepHOM 4YacTtu
LleHTpanbHoNpnasoBcKoM 30HbI pasnomoB Habnopaetcs
BanoobpasHoe nogHsTue rpaHuupl M ceBepo-3anagHoro
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HanpasneHusi. B ceBepHoI YacT BOCTOYHOW MOMOBUHBLI Me-
rabnoka HabnogaeTcs poBoobpasHoe NOHWXKEHWE rpaHuLibl
M. Onsa MNpuasosckoro merabnoka YL xapakrepHa MMHUMa-
nbHasa rnybvHa 3aneraHus nosepxHoctTn Moxo ot 40 go
28 kM (puc. 2) n Hanbonee NOAHATAsA HUKHAS rpaHuLa 3eM-
How kopbl ansa YLW. Mo aaHHbIM MHTepnpeTaumn MC3, no
npocpunto Mpumopck—KoHcTaHTHOBKa—CBaTOBO B 30HE CO-
uneneHus Mpuasosckoro merabnoka n [JoHeukoro cknagya-
Toro coopyxenust (OCC) [4] BelgeneHa rnyGuHHas MaHTUIA-
Has nHTpy3uda. [eonornyeckas rpaHuua mexagy MNprasosc-
knum merabnokom n JCC — KpuBopoxcko-aBnosckui pas-
1IOM, NPOSIBNSIIOLLMICS NO NOBEPXHOCTU PyHAaMeHTa copo-
com amnnutygomn 2 km (MK 148). Apkot 0COBEHHOCTBLIO HU-
)KHEro aTaxka 30Hbl counieHeHus Nprua3oBckum merabnokom
n [CC siBnsieTca ynopsgoYeHHoe cKonneHune Todek audpa-
KUMKW 1 OTpaxatwLwmux nnowazgok. OTo no3sonumno npeano-
noxuTtb [4], 4To ero o6pasoBaHMe CBA3aHO C BHEAPEHUEM
MaHTUMHOrO BellecTBa. 3aneralLimi Bbille y4acToK KOpbl
C MOHWKEHHOWN CKOPOCTbI 5,8 KM/C, BO3MOXHO, sBMsieTCA
NPOOYKTOM BbIMMaBMEHNS Marm n3 nopos apxencko-narneo-
NPOTEPO30MNCKON KOpbl, CHOPMMPOBaBLUMMCA NOA4 BO3-
OEeNCTBMEM TENSOBbLIX NPOLECCOB, CONPOBOXAABLUUX MaH-
TUIHYO UHTPY3MBHYIO AEATENBbHOCTD.
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Puc. 2. CkopocTHasa cericmuyeckasi mogenb P-BosiH Kopbl
M BepxHell MaHTUM U nNeTposiormyeckas moaesnb nurocdepbl
Baonb npodunen DOBRE'99, DOBRE'2000
(no matepuanam [13,14,17]):

1 — rpaHyua ctabunbHoOCTK rpadmT-anmas; 2 — ypoBeHb
hOpPMMPOBaHNSI 04aroBbIX MOTOKOB YPAaHOHOCHBIX TpaHcnmMTocdep-
HbIX promaoBs; 3 — rpaHuLa nuTocdepa-acteHocdepa;

4 — acteHocdepa; 5 — xenesuctole ynbTpabasuTbl (kenesmcrole
OYHUTbI), UNIbMEHUT-NOroONUT-rpaHaT-0oNMBMHOBbLIE MOPOAb;

6 — amnbonoBbIe 1 NMMPOKCEHOBBIE MMMMMEPUTbI,
LUNWHENb-TpaHaTOBbIE, FPaHaTOBbIE NEPLONUTHI;

7 — XpoMLUNMHeneBble rapubyprut-nepuonmTosas
1 AYHUT-NEPUOOTUTOBASA Cepun C penukTamu fecdopMmpoBaHHbIX
CTPYKTYp, rpaHaToBble NEPLIONUTLI C penmKTamm 4edopMUPOBaHHbIX
CTPYKTYp; 8 — TepmobaporpaameHTHbIN (OPOHT rnobansHomn
acTeHocdepHON NOBYLLKW, CHOPMUPOBAHHbLIN BCNEACTBUE
MMNYNbCHON Aerasauuv sapa u MaHTum,

9 — acTeHocdepHble ronaoNoOTOKM
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B 3oHe couneHeHusi Mpuasosckoro merabnoka u [oH-
Gacca no Mogenu Kopbl U BEPXHEN MaHTUM BAOMb Npodu-
nei DOBRE'99, DOBRE'2000 B pa3pese no BepTuKanu cko-
poctu c rnybvHow HenpepbiBHO yBenuuuBatoTcs [17]. B
pavioHe MK 80-100, cooTBETCTBYHOLLErO MNONOXEHUIO HOXKHO-
[oHbGacckor pasnoMHOM 30HbI, BMeLjawowern BonHo-
BaxXCKYl0 PYOHYI 30HY, B OCHOBaHWM CpeaHen Kopbl NosiB-
NATCA aHoOMarnbHble obnactu andpakumm, npeanonoxu-
TENbHO CBsi3blBaeMble C (POPMUPOBAHNEM MaPUYECKMX U
ynbTpamaduyeckmx o6ocobneHnii, pa3BuTble, rMaBHbIM 06-
pa3oM B HWDKHEN KOpe U KPOBME BEPXHEW MaHTUM CKOPOCT-
HbIX pa3pe3oB B 30He courneHeHus [puasoBckoro mera-
6rioka 1 [JoHeLKoro ckrag4yaToro COOpyXXeHus.

B 30He couneHeHue [lMpuasosckoro merabnoka un ACC
(KOxHo-AoHbacckas 30Ha pa3roMOB) YyCTaHOBIEH PAA KUM-
GepnuToBbIX Tpybok (HoBomacnuHckas, Hagus, HOxHas,
MeTtpoBckas), gaek (HosonacnuHckas, KOxHasa) u opHsau-
koe knumbepnutonposiBneHune (puc. 1). Ha nposiBneHHOCTb
rnyByHHBIX MaHTUIHBIX NpoLeccoB B npeaenax KOxHo-[oH-
6acckol 30HbI Pa3oOMOB YKa3bIBalOT Takke nonansaTHo-
3KCNNo3mBHbIe obpasoBaHns CTaponacnuHCKoro n MopHau-
Koro y4dacTtkoB. BospacTt kumbepnuTtoB BoctouHoro Mpua-
30Bb$l, NONyyYeHHbIn Rb-Sr n30XpoHHBIM MeTo40oM MO Mak-
poKpuCTam HeM3MeHeHHoro dnoronuTa, ans Tpyokm Hoeo-
nacnuHckasa 380-391 mnH net, Ana oTaenbHbIX drioronm-
ToB 465 mMnH net, ana Tpybkn KxHas 383-389 mnH ner,
ans otaenbHbix onoronutoB 423 mMnH net [15]. Mo gaHHbIM
[15], B kuMmbeprniuTax Tpyokn KOxkHas umMerTca MerakpucTbl
noronuTa Bo3pacta 59816 mnH net (onpegeneH K-Ar me-
Togom B UFTMP HAH YkpauHbl). 310 nossonuno [15] cae-
natb BbIBOJ, YTO NPOTOKUMOEPNUTOBELIN pacnnas B CEBEPO-
BOCTOYHOM YacTu [NprasoBckoro merabnoka Havan opmu-
poBaTbCsl HE B IEBOHE, @ 3HAYUTENBHO paHbLue. B kumbep-
nuTax ykasaHHbIX TPyOOK MMpomnbl ABMAAIOTCS NpoayKTamu
Oe3nHTerpauuy pasHornyouHHbIX 1 pa3HbIX MO COCTaBy ne-
pnaoTUTOB rpadpmT-nnponoson daumu rmyouHHocTn. Mu-
ponbl rapubyprutoBoro napareHesuca anmas-nuponoBon
daumn rnyobuHHOCTM BCTpe4varnTCst KpaviHe pegko [12].
XpoMmLwnuHenuabl ykaszaHHbIX KMMBepnuToBbix Tpybok OT-
HOCATCH K 0Opa3oBaHWAM NPEVMMYLLECTBEHHO NepLonmTo-
BOro cocTaBa, ¢ (hOpPMUPOBaHNEM B Auanas3oHe OaBreHun
30-32 kbap, T.e. B ycrnoBusax rpadut-nMponoBon dauum
rny6uHHocTr (125-130 km) [12]. EQUHMYHBIE HaxoaKu NMpo-
MOB W XPOMLUMMHENWOOB anMas3Hoi accoumauun, Menkmx
anmasoB MO3BONSAT NpeanonaraTe NULWb MENKUe nokarb-
Hble o4vary reHepauun KMMOGEpPnMTOBbIX MarM Ha rpaHule
anmas- u rpacuT-nuponoBon  auuii  rMyeUHHOCTU
(~250 km). B HOxHo-[oHOaccKkol pa3noMHON 30He Marma-
TW3M TaKke NpeAcTaBrieH cpeaHeaeBOHCKMMU UHTPY3NAMIA
nepuaoTUTOB, MUPOKCEHMTOB, 3y3nsMmN LenoYHbIX Ga-
3anbTOMOO0B Y BEPXHEAEBOHCKMMMU CYOBYMKAHNYECKUMN Te-
namm LWenoyHblx nopod (HedenuHoBbIE CUEHWUTbI, Ma-
NHBUTLI, POHONUTLI 1 Ap.). ATO CBUAETENLCTBYET O HAmNM-
4YnM B 30He couneHeHusi MNpuasosckoro merabnoka YL n
OCC xvmMunyeckor BepTUKanbHOW HEOLHOPOOHOCTU, KOTO-
pasi BO3HWKIA, BUAMMO, BCIEACTBME WUHTEHCWMBHOMO Mna.-
NEHNss MaHTMM U  NOoCreaylLwero pasHOBO3PacTHOro
nogbemMa CKOMMEHWUA NEerkonmnaBKMX KOMMOHEHTOB B Mpo-
uecce ANUTENbHOro akTMBHOIO reoflormyeckoro passuTus.
Jlutochepa atom uvactm cknoHa YL xapaktepusyetcs
YMEHbLUEHNEM MOLLHOCTM B MOrpaHnyHon 3oHe lMpunasoBc-
KOro nuTocdepHoro cermeHTa 1 oopM1MpoBaHMemM narepa-
NbHbIX 6aporpagMeHTHbIX 30H B acTeHocdepe. 3T1o obecne-
YMBano YCrnoBWUs ANs U3MEHEHWs COCTaBOB MaHTUMHbIX
dhnomaoB, a Takke MHBEPCUIO (HOPM NepeHoca pyAOreHHbIX
KOMIMOHEHTOB K BEPXHWM rOPU30HTaM 3EMHOM KOpbl MO pas-
rloMam TpaHcnMTocqepPHOro NPOHNKHOBEHUS. Bo3aelicTeums
MaHTUIHbIX QNNO0B Ha NOPOAbl 3EMHOWM KOPbl N BEPXHEN
MaHTUM (OMKCUPOBANUChb B BUAE MarMaTUYECKUX SIBMEHWN,
NpPOLECCOB rpaHNTM3auun, Metamopdurama, MetacomaTu-
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YECKUX M3MEHEHWI, BbINOMHEHUS MUHEpanbHbIMU arpera-
Tamu onpegerneHHon MeTanoreHM4Yeckon cneyunanmaanmm
TPELLUH U TEKTOHUYECKUX 30H, CTPYKTYP.

MHorokpaTHble TEKTOHWYECKME aKTUBU3auuW, MpOsiB-
neHHble B [NprasoBckom merabnoke YL v 30He ero coune-
HeHus ¢ [loHbaccom, npuBogunu K dparmMeHTapHOMy pa-
3pyLUeHn0 COOPMUPOBAHHBLIX paHee CTPYKTYp, OTKpbiBas
NyTU K NPOHUKHOBEHMIO MaHTUMHOrO Martepuana, UHULUMK-
poBanu nMNpOSIBMEHNST COOTBETCTBYIOLLErO Marmatuama,
PNOMAN3aTHO-3KCMIO3MBHOW AEATENBLHOCTU 1 pyAOreHesa,
4YTO CnocobCcTBOBANO MPOSIBEHUIO METanNoreHN4ecKoro
MHoroobpasus pygokoHueHTpaumin. OgHako 3T npouecchbl
Henb3s OTpbIBaTb OT OOLLEro reoniorm4eckoro pasBuTUS
MpunasoBckoro merabnoka B LLENoOM.

B BocTouHoI yacTtu Mpurasosckoro merabnoka Bblaens-
eTcs NpurasoBckasi MeracTpykTypa, oxBaTbiBaloLLas O4HOU-
MEHHbIN MaHTUIAHLIM ananup (puc. 1). Ha noBepxHocTu dy-
HOAMeHTa OH BblpaxeH obpa3oBaHusiMK xneboaapoBCKOro
1 6onee NO3OHMX KXKHO-KaNbYMKCKOrO, OKTAOPBLCKOro 1 Ka-
MEHHOMOTUIBCKOro kommnrekcoB. Obpa3oBaHMsa aTUX KOM-
nnekcos OPMUPYIOT €AWHbIN NAYTOH AnNuTensHoro obpa-
30BaHusA Ha nnowaan ot p. Kapatbiw (Ha 3anage) Ao
p. Mpysckon EnaHuumk (Ha BocToke) (puc. 1). B coctaB nny-
TOHa BXOAMT rpynna MaccvMBOB xneb6o4apoBCKOro Komrne-
kca (Kanbmwuycckun, Enanumkckuii, TanakoBckui, [peko-
AnekcaHgpoBckuin, Xnebopaposckuii, [1y6oBckuin) obowmx
cybcopmaumn rabbpo-cneHutToBon Gopmaumm  (Bomno-
aapckun, OKTAOPbCKMIA), Manble MHTPY3UWU CyOLLENOYHbIX
peaKkoMeTanbHbIX TPaHUTOB KAMEHHOMOTMITbCKOro KoMme-
kca (KameHHomorunbckuin, EkatepuHosckun, Ctapoaybos-
ckuii). Bce aTM MaccuBbl paccMaTpyBalOTCs Kak 3poampo-
BaHHbIE YacTN eAMHOro MIyToHa. OTOT NYTOH PacnoNoXeH
HenocpeaCcTBEHHO HA4 MaHTUIHBLIM AnanupoM. B npegenax
NyToOHa Takke YCTaHOBIEH psf NPOSIBNIEHUIA, KOTOPbIE MO-
ryT ObITb OTHECEHbI K YNbTPAOCHOBHOW C KapboHatutamm
dhopmMauum n ceasaHHbIX ¢ Hen eHnToB ([MeTpoBo-IHyTOB-
ckoe, Xnebogaposckoe, MUTPOBCKOE).

MaccuBbl xne6oaapoBCKoro kommnnekca chopmMupo-
BaHbl B 3anoxy 2030 mnH net [9]. Mopoakl xne6oaapoBckoro
KOMMJieKca crneunanunampoBaHbl Ha Sc, Mo, Sn, TR. Cpeau
nopog xne6oaapoBCKOro KoOMMekca 3aneraeT Xunonoaob-
Has MNeTpoBo-IHyTOBCKas 3anexb ¢ npuaHakamu npuHage-
XKHOCTM K NOo3gHuMM KapboHaTuTam, BMeLlalLwasi peakose-
MernbHOe ¢ TopueMm opyaeHeHue. LLlenoyHble obpa3oBaHus
HOXKHO-Karnb4YMKCKOro Kommnrnekca cpopmmpoBanuce B aroxy
1810-1790 mnH net n obpasyoT Bonogapckuii MHTPY3nB-
Hblh MaccuB. OKTAOGpbCKkMN M ManoTepCcsHCKUI MacCuBbI
cchopmmpoBaHbl B ocHOBHOM B nepuog, 1800—-1700 mnH net
[9]. OpHako nopoabl 3TUX ABYX MacCUBOB COXpaHUNu crieqbl
n 6onee apeBHux (2050 mnH net) [9] obpas3oBanuii BEpO-
ATHO LLIENOYHOM YNbTPAOCHOBHOW hopMauum, o Yem, B Ya-
CTHOCTU, CBUAETENbCTBYIOT KapboHaTHbIE MOpoabl B Npeae-
nax MaccuBOB M YacCTb ONpeAeneHnin M30TOMHOro Bo3pacTa.
O6pas3oBaHKs 0XKHO-Kanb4YMKCKOro KOMMiekca umeroT Zr-
TR-Y reoxumudeckyto cneumanusaumio, a OkTa6pbcKoro u
ManotepcsaHckoro maccuBoB — MMetoT Ni-Co-Cr-Ti-Nb-TR
cneumanusaumio. CybuienodHble peakomeTanbHble rpa-
HUTbl KAMEHHO-MOIMUIbLCKOro Kommnnekca umetoT Li-Be-Sn-
W-Mo reoxmmunyeckyto cneumanmsaumio. abopo-cmeHnTo-
Basi hopMaLusi U ee Kopbl BbIBETPUBAHUS — BaXHbIA UCTOY-
HUK LMpPKOHAa U pefKo3eMenbHbIX 3nemMeHToB. B 3anagHon
Yactu Bonogapckoro MHTpy3MBHOrO MaccuBa rabbpo-cue-
HUTOB BbISIBNIEHO KpynHoe A30BCKOE MECTOPOXAEHMEe
hTOp-peaKomMeTanbHO-peAKO3EMENbHON C TOPUEM pyaHOMN
dopmaumn. PygHas MuHepanusauus pacronaraetcs B
LITOKaX LUEenoYyHononeBoLwnaToBbix cueHntoB. Coctas pyq
— UMPKOH-OpronutoBbIi (6acTHeE3MTOBbIN). OKTAGPLCKMIA
MaccuB BmelaeT Ma3lypoBCkoe MeCTOPOXAeHWe HUOOMRA-
TaHTan-UMpKOHNEBBIX PYA.

K 3oHe KpuBopoxcko-IlaBnoBckoro pasnoma Ha BOCTOK
oT OKTAGpCbKOro Maccuea NpuypoyYeHo AHagoNbLCKoe Mec-
TOpOXAeHWe, NpeacTaBneHHoe KBapL-(o0pUTOBLIMA XKK-
namm ¢ opTutom, GpuTonuToMm n prop-kapboHaTom. 3gech
npegnornaraeTcs LWTOK NOpPoA OKTAOPbCKOro KoMmnnekca, ¢
KOTOpbIM CBSA3aHO pa3suTne eHnToB. OpyaeHeHuss A3oBc-
koro, Masyposckoro, AHagonbckoro, Hosonontaeckoro me-
CTOPOXOEHWI CBA3LIBAOT C MaHTUAHbLIMKU hrnongamu, Ko-
TOpble MPUBHOCUIM LLIENOYU, peaKO3EMENbHbIE U paanoak-
TMBHbIE 31IEMEHTbI, oboraLlasi MM1 NepBUYHbIN pacnias rno-
cne rnasHom ¢hasbl Kpuctannumaawuum [2].

Ha nposiBneHHocTb B npeaenax Mprnasosckoro merabnoka
MaHTUAHBIX MPOLEC COB, KPOME LUEMNOYHbIX U CYOLLENOYHbIX
MOpPOAHLIX KOMMIIEKCOB, TakKe YKasblBaloT YCTaHOBMEHHbIE
LUTOKX 1 Aanku namnponTos (Tpyokn Mpus, KoHka n ap.) Bos-
pacta 1970-1950 mnH net (no cprnoronuty K-Ar metopn) [15],
cepusi MarnblX UHTPY3uiA KMMBepnUT-namnpoMToBOro psiga Ko-
naposckoro komnnekca Bospacta 1900-1760 mnH net [12],
Mapwuynonbckoe none namnpodcupos. B 6acceriHe p. JlosoBa-
TKa ObINn BbISABMNEHbI BbICOKOMarHesvarbHble CHAsHbIE Yib-
TpabaauTbl namnpouTtoBon cepumn (1970-1950 mnH neT) [12],
3aneraloLme B BUAE MarnoMOLLHbIX OaeK.

MHorodasHbii NokpoBo-KupeeBckuii maccus, npuypo-
YeHHbI K FOxHO-[JoHbacckoMy pas3nomMy, UMeEeT YepTbl Kak
LLIeNOYHOW ynbTpaocHoBHOM chopmaummn (390-326 mnH net
[9]) Tak n rab6po-cueHnToBOK hopMaLMKM KanueBoro psiaa
(290-165 mnH net [9]). Cpean nopoa MaccuBa BbIsIBIEHbI
rabbpo-NMpPoKCEHNTLI, NEPUAOTUTBI, ManMHbUTLI, Hedenu-
HOBblE CWEHWTbI, LWenoyHble 6asanbTbl, NMMOYpruThl, ae-
MMTUTbI, TPAXWUTbl, a Takke KUMMOepnUTonogoOHbIe MUKPUTBI
HECKOINbKMX 3TarnoB BHEAPEHUS U 3pYyNTUBHbIE Bpekynn [12].

B 30He couneHeHus YL ¢ JoHGaccom pa3suTbl Bynka-
HOreHHo-ocafouYHble 06pa3oBaHNsA PpaHCKOro sipyca Bepx-
Hero JeBOHa, cpeau KOTOPbIX BblAENSETCS aHTOH-Tapam-
ckas cBuTa (Dz-3at), BbINONHEHHas, NPEUMyLLECTBEHHO,
3hhy3nMBHO-BYNKAHOKNACTUHECKMMM MOPOAAMU OCHOBHOMO
cocTtaBa (basanbTamu, NUKpMTO-6a3anbTamu, aHae3nTo-0a-
3anbTamu u ux Tycdamm). LLnpokum pacnpoctpaHeHuem B
30He couneHeHus MNpuasoBckoro Merabnoka ¢ [loH6accom
XapaKTepuaylTcs nopoabl aHA4e3UT-TPaxvaHAe3UTOBOro
naneo3on-Me3030MCKOro MarMaTuyeckoro komnnekca (Pz-
T1) — paviku n WToKonodobHbIe Tena aHAe3nToBbIX Nopgu-
puTOB, aHAe3UTOo-0a3anbLTOB, aHAE3MTO-A4aLMTOBbLIX MOpdn-
puTOB, TPaxXHMaHAE3NTOB, KBapLEBbIX NOPAUPUTOB.

Takum obpasom, B npegenax Npuasosckoro merabnoka
YL 1 30He ero couneHeHns ¢ [JCC oTmevaeTcs HECKONbKO
3TanoB TEKTOHUYECKMX aKTMBM3aALMIA, B TOM YUCIE CBS3aH-
HbIX C 3anoxeHnem un passutneMm BoctouHo-IMpuasosckoro
MaHTUHoro avanmpa. C nepBbIM 3Tanom CBs3aHO opmu-
poBaHue obpasoBaHui xnebogapoBCKOro, aHafgoNbCKoro,
CanTbl4aHCKOro, YEPHUIOBCKOTO, a Takke nepBow asbl Ok-
TABGPLCKOro 1 ManoTEPCAHCKOro KOMMeKcoB. BTopon atan
pas3BuUTUSI Ananupa nNposiBUIICs B NOSIBIIEHMM 06pa3oBaHui
FOXKHO-Kanb4MKCKOro, KaMeHHOMOTUILCKOro U BTOPON hasbl
OKTABPLCKOrO M ManoTepCsHCKOro KOMMMekcoB. [epuumH-
CKWUIA 3Tan akTMBn3aunv npueen K GOpMMpPOBaHUI0 MOKPOBO-
KMPEEBCKOro KOMMIEKCa, a Takke LUTOKONOAOOHbIX MHTPY-
3UBHbIX 1 SKCNIO3UBHbIX 06pas3oBaHuii rabopo-cmeHMToBoM
dopmaumm B 0kHOM YacTtu MprasoBckoro merabnoka. MNok-
poBo-KupeeBckuiA  KOMMMEKC SBNSIETCS  MHOrogasHbiM,
UMeeT o4eHb CBoeobpasHhbIl cocTaB. Ero nosiBnexHve, cko-
pee Bcero, CBA3aHO C AarnbHenwmnmM pa3suTneM BocTouHo-
MpuasoBckoro MaHTUIHOro Ananupa. MeTtannoreHuto aToro
pervoHa Henb3s OTpbIBaTb OT 06LLEro pacCMOTPEHNST MHO-
roaTanHoro pasBuTUS LLENo4YHOro MarMaTusma.

OuyeHb BaXHbIM KpUTEPUEM MPOrHO3MPOBAHUA PYOHbIX
MECTOPOXAEHUI ABNSAOTCA 06MacTn pacnpocTpaHeHns Me-
TacomMaTU4eckn M3MeHeHHbIX nopog. OTMeTMM, 4TO B Le-
nom lMpunasoBcknii Merabnok oTnNMyYaeTcs LWUPOKNM pa3Bu-
TMEM TaKkuMx BbICOKOTEMMEpPaTYpHbIX hopMaLuii meTacoma-
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TUTOB KaK PeHUTLI, KApOOHATUTLI, MarHeauarbsHble MeTaco-
MaTUTbl, @ CPEAN HU3KOTEMMNEPaTYpHbIX hopMaLmii Npeob-
napatT crtoopuT-kapboHaTHble MeTacoMaTUTbl U NposiB-
neHue xanuefoHOBOW MUHepanusauuu, a Takke cynbgu-
OOB Meau, cBuHUaA, cepebpa u kobanbTa, He OoTMevaroTcs
avicuTbl. Opeorbl MeTacomMaTu4eckmx oopMaunii KOHTPONK-
pytoTCa rnaBHbIM 06pa3oM TEKTOHMYECKMMU 30HaMKn U y3-
namm nx nepeceyeHmn. BonHoeaxckas pyaHas 30Ha LWMpo-
THOrO MpPOCTMPaHUS TPacCUpyeTcsi LENO4YKOM OpeorsioB
pacnpocTpaHeHnst pas3nuyHbIX MeTacoMaTu4ecknx gopma-
uuii. Hambonee 3HauMTEnNbHbLI M3 HUX MMEET pasmMepbl
20x12 KM 1 COOEPXUT BbICOKO-, CpedHEe- N HU3KoTeMnepa-
TypHble hopMaLun, KOHTYpbl KOTOPbIX pa3MeLleHbl Tenec-
KONuMYecku 1 coBnagatoT apyr ¢ ApyroM. BeicokoTemnepary-
pHble opmaummn NpeacTaBneHbl ckapHamn, ansouTnanpo-
BaHHbLIMW rpaHUTamu, rper3eHamm, cpeaHeTeMrnepaTypHble
— NponunuTamMu, a HU3KOTEMMNEPATYPHbINA KOHTYP NpeAcTaB-
neH rymbeuToBon dopmMaumenn. [ononHseT xapaktepuc-
TUKy Opeona nposiBreHve cynbOuaHON MUHepanu3auun
Me[nu, CBMHLA, kobanbTa u cepebpa.

CTpYKTYpHBIV NnaH 30HbI codneHeHns MNMprna3osckoro Me-
rabnoka un [JCC o4yeHb CMOXHbIN, €e CEeKyT MHOXECTBO pas-
NIOMOB KOPOBOMO W MaHTUAHOTO MPOHUKHOBEHMS. 3aechb
BbIAENSATCSA rMyOUHHbIE Pa3nombl LUMPOTHOTO, MEpPUAMOHA-
NBbHOTO, CEeBEPO-3anagHOro, CEBEPO-BOCTOMHOIO NPOCTUPa-
HUI, 0BpasytoLLme Mo3anyHyo ropcTo-rpabeHoByo cUcTeMy.
B GonblimHCTBE CryvyaeB pyAHble MOMe3Hble UCKoMaeMble
NPOCTPAHCTBEHHO NMPUYPOYEHbI K pa3fioMam pasnuyHbiX Mo-
PSOKOB, @ Takke K y3naMm UX nepeceyvyeHnn N reHeTUYecKku
CBSi3aHbl C rMOpOTEpPManbHON AeATENbHOCTbIO, C LUMPOKO
NPOsIBNEHHbIM MarmMaTu3MOM pPasfMYyHOro Bo3pacTa, C BTO-
PUYHBIMU METacoMaTUYECKUMM U3MEHEHMSIMU BMELLAKOLLIMX
nopoga. BbisiBNeH Takke LUMPOKUIA CNEKTP HEPYAHbIX Mones-
HbIX Uckonaemblix (cprtooput, 6aput, hocdoputsl 1 ap.).

[Be Hanbornee VHTEHCUBHO NPOSBIEHHbIE B 30HE COY-
neHeHusa MNpuasosckoro merabnoka un ACC dasbl marmatu-
3Ma — [EeBOHCKas M nepbM-TpMacoBas, COMpOBOXAanuchb
06pa3oBaHMEM LUTOKOB W LUTOKOMOAOOHLIX TEN OCHOBHbIX U
YNbTPAOCHOBHbIX MOPOA, MENKUX rmnabuccanbHbIX UHTPY-
3un kepaTodmpos, opTocmpos, naBobpekynii 1 T.n. C mar-
MaTMYECKOW akTUBM3aLMEN MMEHHO 3TMX MEepuoaoB CBS-
3aHbl TAKKe MHTEHCKBHbIE NMPOLIECCHI METacoMaTo3a, Bbipa-
XeHHble kapboHaTu3auueln, oKBapLeBaHWEM, XIOpPUTK-
3auuen, cnooputMsaumnen BMeLlawmux nopoa ¢ obpaso-
BaHWEM pyOHOW MUHepanu3aLmm LWMPOKOro crnekTpa (ypaH,
TOPWIA, MUPUT, XanbKOMUPUT, peakve MeTansbl, peako3eme-
NbHblE 3NIEMEHTbI U T.4.).

BbisiBneHHble ypaHonposiBneHus B [MpuasoBckoMm Mera-
6rioke YL ABNAIOTCA Mano4McrieHHbIMU, OTHOCATCS K pas-
NMYHBIM reHeTnyeckum Tunam. OCHOBHasi X 4YacTb cocpe-
potoyeHa B npepenax BonHoBaxckon pyAHOW  30HbI
(puc. 1). Mo MuHepanbHbLIM accoumauusMm 1 nNo cogepxa-
Huto U, Th B BonHoBaxckon pyaHON 30He BblAensieTcs Tpu
TMNa pyn — ypaH-topueBble (HukonaeBckoe MecTopoxzae-
Hue), ypaHoBble (6anka bonblas bapcykoBa, 6anka MaHna-
pbiknHa, CTbinbckoe, BovikoBckoe u Op.) M KOMMIEKCHbIE
(pyabl MNokpoBo-Knpeesckoro (EnaHuymkckoro) ypaH-topu-
€BOro pyAonposiBNEHUs BKIIOYAaKT NPOLEHTHbIE coaepKa-
HWs 6epunnus n HMobus).

YpaH-ToprneBoe opyaeHeHne HvukonaeBckoro MecTopox-
OEHVST NoKanu3oBaHo B GasanbHOM Croe HUKOMaeBCKON
cBuTbl. OHO 06pa3yeT MpepbIBUCTYIO MONOCY 3anexen ce-
BEPO-3aMagHoro MNpoCTUPaHWs, MPOCIEXEHHYI0 Ha HECKO-
NbKO KMNOMETPOB. basanbHbIN Criovi cnararoT KOHTUHEHTanb-
Hble W NpUBPEXHO-MOPCKNE TPABENUTO-NECHAHNKN  MO-
wHocTbio Ao 30 M. B oTnoxeHusx 6a3anbHOro criost Bbiae-
NsOT ABa CONMXXEHHBIX MO BEPTMKANM roOpU30oHTa ypaHOHOC-
HbIX rpaBenuTo-necyaHnkoB. OTMeYaeTcsl 30HaNbHOCTb B
pacnpeferneHun ypaHa B 3aBMCUMOCTY OT NuTodaumanbHbIX
ocobeHHocTel. PyaHble Tena umetoT nnactoobpasHyto ¢o-
pMy, B pa3pese NepexogsaT OT OAHOro NIMTONOrMYeCcKoro Tuna

nopoz B APYron, 3axBaTbiBasi M KOPY BbIBETPUBAHUS [OKEMO-
puiickMx nopogd. YpaHoBasi MUHepanu3auus npegcraBrieHa
HacTypaHOM W B MeHbLUE/ Mepe ypaHOBbIMW YepHAMU, a
Tarke copbumen Ha okMcnax u rmapookucnax xenesa, map-
raHua, rmapociogax, MOHTMOPUITIOHUTE U YITIMCTOM Belle-
cTBe. TopveBble MUHeparnbl NPeACcTaBeHbl ypaHOTOPUTOM,
heppuTopnTOoM M MOHauuToMm. MNopodbl, BMeLLaLme opy-
OeHeHue, KaTaknasvpoBaHbl, NogpobneHsl, GpekypoBaHsbl,
MWIOHUTU3MPOBAHbI, K3MEHEHbI HANOXEHHbLIMU NpoLeccamm
oKBapLeBaHus, kapboHaTn3aumn, XnopuTmsaumm, cepuumTy-
3auvm, aprunnuTmMsaumn, 6apuTusaumn, remaTuTM3aumu,
anbLbutusauum n IMpUTU3aUmMn. YpaHosoe opyaeHeHne OTHO-
CUTCH K rnapoTepMarnbHOMY TUMY B MUHEPanU30BaHbIX 30HaX
OpobneHns TeppuUreHHbIX U KapboHaTHbIX TOMLL,.

Bospact ypaHoBoro opyaeHeHuss HukonaeBckoro mec-
TopoxaeHus coctasnaet 340160 mnH neT (No BenuyuHe
207Pp/235J) n cOOTBETCTBYET BPEMEHU BHEAPEHUsI KUMBEep-
NMTOBbIX TPYBOK 1 CyOBYNKaHNYECKNX LLENOYHbIX MOPOA No-
KPOBO-KMPEEBCKOro KOMMMeEKca.

MokpoBo-Knpeesckoe MecTopoxaeHue dritoopuTa npu-
YPOYEHO K y3ry nepecedyeHus MepuamoHansHoro I'pyacko-
Enanumkckoro n wnpotHoro KxxHo-[loHb6acckoro pasnoma.
'vopoTepmanbHo-MeTacomaTnyeckme obpas3oBaHusa nna-
BMKOBOIO LUNaTta NpeacTaBnsitoT cobon NMH3Y, NpUypoYeH-
HYI0 K M3BECTHAKaM TYPHENCKOro sipyca HuxXHero kapboHa.
Mo muHepanormyeckum ocobeHHocTAM pyabl MokpoBo-Ku-
PEeeBCKOro MECTOPOXAEHNSA AeNATCA Ha TpY Tuna: kapboHa-
THO-bNOPUTOBLIE, KapboHaTHO-MonesoLnaT-nioopmTo-
Bble, 3K30r€HHbIV 3NNI0BUANbLHO-NPOMIOBMANbHbLIN TUN pya.
MepBble ABa Tvna pya ABNATCA OCHOBHbIMWM Ha AAHHOM
MecTopoxaeHun n coctasnsoT 95 % Bcex 3anacos U 5 %
3anacoB 06YCnoBrieHbl 3K30reHHbIM ANIBUaNbLHO-NPONo-
BManbHeIM  TUNOM pya. Pyponpossnenus  dnooputa
BCKPbITbl B M3BECTHSAKAX TYPHENCKOrO fpyca HWXHEro Kap-
6oHa B 30Hax BNUsHWA KanbMuyc-EnaHunkckon 30HbI pas-
nomos, y3ana nepeceyvenns KOxHo[loH6acckoro n Mpyacko-
Enanumkckoro, KymavoBckoro pasnomos.

B neBoHCKOM MarmaTuyeckoM Kommnnekce B panoHe [o-
KpoBo-KupeeBckoi CTpyKTypbl BbisiBrieHo [NokpoBo-Kupees-
cKkoe MecTopoxaeHue HedenunHoBbIX pyd, OTHECEHHOe K
NPOMBILLIIEHHOMY.

B BornHoBaxckon pyaHOW 30He BbISIBEHbI pyaonposiBre-
HVS Medn NPenMyLLECTBEHHO rMapOTEePManbHOro reHeauca.
Mo MyHepanormyeckomy COCTaBy BbIAENSATCA criegyoLme
TUNbI OpyAEHEHUs: MegHO-KoNMYeAaHHbI, CKapHOBbIN, KBapL-
XanbKonupuTOBbIN, CAMOPOAHBIA B BasanbToBbIx nopdupu-
Tax N TEPPUreHHbIX OTIIOKEHMSX BEPXHENO AEBOHA.

B toxHon vyactn Kanbmunyc-EnaHumkckon 30HbI pasno-
MOB B MMPOKCEHUTax BEPXHEro AeBOHa W B KOPEe BbIBETPU-
BaHWSA MUPOKCEHUTOB BbISABNEHO 15 pyaonposiBNeHnn K
MHOrOYMCIEHHbIE MPOSIBNEHNS TUTaHa, pag pyaonposasne-
HWUIA 1 NPOSIBNEHNI BaHaaWs.

B ueHTpanbHoOm 1 toxHoM YacTax Kanbmuyc-EnaHumkekon
30HbI Pa3fiOMOB B OPTOKNA3uTax BEPXHEro AeBOHa, a Takke
B 30HaX KOHTaKTa HeheNMHOBbIX CUEHUTOB, (POHONMUTOB C K-
KpuTOBbIMM 6a3anbTamu, opTodMpamm BbISIBIIEHbI MHOTOYM-
crieHHble pygonposieneHus 6epunnusa. C 6epunnmesoin mu-
Hepanusauyen Takke CBA3aHbl NOBbILLEHHbIE KOHLIEHTpaLumm
HMO6WSA, NPUYpPOYEHHBbIE K 30HaM Kanneeoro MmetacoMmaroasa.

Takum obpa3om, OeBOHCKast M NepMb-Tpyuacosas gasbl
TEKTOHWYECKMX aKTUBN3aLIMIA, LUIMPOKO NPOSIBIIEHHbIE B 30HE
couneHeHus Mpuasoeckoro merabnoka YL ¢ A4CC conpo-
BOXJaNNCb MHTEHCMBHBIM MarMaTu3mMoM C obpasoBaHneMm
LUTOKOB, fAaeK, LUTOKOOBPa3HbIX Ter OCHOBHOIO, YNbTpaoc-
HOBHOrO, LLieNI04YHO-6a3anbTOMAHONO COCTaBOB, MOKPOBOB
Tychobpekunin, naneobasanbToB. OHM Takke obecneynsanu
WHTEHCKBHbIE NPOLIECCbl METAacOMaTo3a, Bblpa3vBLUMECS B
obpazoBaHuK pasHOOOpa3HbIX METACOMaTUTOB: OT BbICOKO-
TeMnepaTypHbIX CKapHOB [0 HW3KOTeMnepaTypHbIX ap-
TUANN3NTOB, C KOTOPLIMK CBA3aHa pyAHas MUHepanu3aums
pasnuM4yHon crneumManusauMm — nonumeTannbl, dropwuT,
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peakue 3eMnu, paguoakTUBHbIE 3anemMeHTbl 1 ap. OcHoBHas
Macca OpyAEeHEHWUsi BEPXHUX FOPU3OHTOB 3EMHOW KOpbl B
BonHoBaxckon pygHou 30He cBsizaHa C MHOroaTanHbIM ¢o-
pPMUPOBaHWEM PYLHOW MWHEpPanu3auum B 04aroBbIX CTPYK-
Typax, NpeAcTaBeHHbIX MHTPY3NBHO-MarmaTu4ecknumm o6-
pasoBaHUAMW U KOMMIEKCaMU, CHOPMUPOBAHHLIMW B MEC-
Tax nogbemMa TpaHcnMTocdepHbIX ProNaHbIX NOTOKOB Hag
30HaMM NEPBUYHOrO 3PPEKTUBHOIO KOHLIEHTPUPOBAHUS PY-
OHbIX KOMMOHEHTOB HA MaHTUAHOM ypoBHE. OHU KOHTPONK-
pylOTCA 30HaMU LONTOXMBYLLMX Pa3foMOB TpaHcnmTocde-
PHOrO NMPOHWKHOBEHUSI U y3ramn ux nepeceyeHusi. BonHo-
Baxckasi pygHas 30Ha TpaccupyeTcs LernovkoW OpeosioB
pacnpocTpaHeHns pas3nuMyHbIX MeTacomaTn4ecknx gopma-
LIMIA, KOHTYPbl KOTOPbIX pas3MeLLEeHbl TENECKONUYECKU N COB-
nagawT gpyr ¢ gpyrom. Bce ato cnoco6etBoBano copmu-
poBaHUio B ee Npefenax MeTannoreHn4eckoro MHoroo6pa-
3Us1 PYOOKOHLIEHTpaLMIA pasnUYHOro paHra, BKoYyasi Mec-
TOPOXAEHWS 1 PySONPOSIBNEHUS.

BbiBoabl 1 HanpaBneHue pganbHEULIMX uccrnenoBa-
HU. MeTtannoreHnyeckun obnuk BonHoBaxckow pyaHon
30HbI COYNEHeHnst NMTocepHoro cermeHTa NprasoBckoro
merabnoka YL n [loHeLKoW cknagyaTow CTPYKTypbl onpe-
JensieTcs B NepBylo odepeab 0cOOeHHOCTSAMU rnyBrHHOro
CTPOEHUsI nNuToccepbl B 3TOM 4acTU CKIMoHa YKPauHCKOro
LuMTa, B YACTHOCTY PE3KMM U3MEHEHNEM €€ MOLLHOCTU U cho-
pMypoBaHnem 6aporpagMeHTHbIX 30H B acTeHocdepe B npo-
uecce aponouun 3emnu. 310 Npuseno K hOpMMPOBaHMIO
B 3TOM NorpaHnyHon Yactu NprnasoBcKoro nMTocdepHoro ce-
rMeHTa pa3nuyHbix PT-ycnosun B acteHocdepe, obecneym-
BaBLUNX MU3MEHEHNSI COCTAaBOB MAaHTUINHbLIX OIOMAOB U MHBE-
pcuto dopM nepeHoca pyaoreHHbIX KOMMOHEHTOB K BEPXHUM
ropusoHTaM 3eMHOM KOpbl MO pasnomamM TpaHcnuTocdep-
HOro MPOHUKHOBEHMS. Mcxoast M3 CBA3M MOLLHOCTU NIUTO-
cchepbl M MeTannoreHnyeckon cneumanusauun (no [10])
B 30He couneHeHus lMpuasosckoro merabnoka n ACC otcyT-
CTBYIOT YCMNOBUs ANt (hOPMUPOBAHUS KPYMHbBIX PYAOKOHLEH-
Tpauuin ypaHa, 0gHaKo UMeKTCA Npeanockinku ana dopmum-
pPOBaHWsi 3HAYUTENbHBLIX KOHLEHTpauui TutaHa, Meau, Ba-
Haaus, 6epunnus, onosa, mapraHua, TR, H1obust n maciu-
TabHbIX CKONNEHU ONOOPUTOBLIX PYA.

HemanoBaxHbIM (hakTOpoM MeTansoreHM4Yeckoro pas-
HOOGPa3unst n MHTEHCUBHOIO pydoreHe3a BonHoBaxckon py-
OHOW 30HbI ABNAETCHA NoKarnbHasa o4aroBasi TpaHcnurocde-
pHas NPOHNLLAEMOCTb KOHTPONMPYHOLLIEN ee LUMPOTHOM KOX-
HoZloHBacCcKoW 30HbI Pa3fNOMOB M Y3I0B €€ NepeceyeHust ¢
pasnomamu gpyrux npoctupaHui (['py3scko-EnaHumkckum,
KymaueBckuMm, Kpuopoxcko-lasnosckum un ap.), obecne-
YMBLLAS NEPUOAUNYECKMI BbIHOC FEOXMMUYECKW creuunanu-
3UPOBaHHbIX pa3HOPOAHbIX dortonaos. B 6onblunHcTBE Cny-
YaeB pyAHbIe None3Hble MCKonaeMble paoHa reHeTUYECKN
CBSA3aHbl C 04aroBbIMW CTPYKTYpaMu MHOFOKpaTHO MposiB-
NEeHHOro MarmaTnama pasnuMyHoro cocTaea, rmagporepmanb-
HOW OeATenbHOCTW, OpeoniaMm BTOPUYHBLIX MeTacoMaTuye-
CKUX M3MEHEHWUI BMeLLaLLMX Nnopoa B npeaenax ykasaH-
HbIX Pa3fioMOB W Y3I10B UX MepeceveHusl.

B xope panbHenwmx muccrnenoBaHUii HeobXoauMo oLe-
HWUTb NEPCMEKTVBbI OOHAPYXXEHNS HOBbIX PYAHbIX OOBEKTOB
pasnuyHoOi MeTanmnoreHM4yeckon crneumanusauum B npege-
nax BomnHoBaxckon pygHon 3oHbl. BonmHoBaxckas pyaHas
30Ha SABMSIETCS NEepBOOYEPEAHbIM PAaNOHOM MOUCKA HOBbIX
MECTOPOXAEHWI (hnoopuTa, TUTaHa, NONUMETanNNoB, Meaw.
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METALOGIC DIVERSITY OF THE VOLNOVAHSKAYA ORE AREA IN CONNECTION
WITH FEATURES OF UKRAINIAN SHIELD LITHOSPHERE'S DEEP STRUCTURE

The objective of the study is to identify new patterns of formation deposits and ore occurrences of different metallogenic specialization in the
Volnovakhskaya ore zone of junction of the Priazovsky megablock of Ukrainian Shield with the Donbas in connection with the nature of the deep
structure of lithosphere.

The analysis of geophysical, geological, petrological and radiogeochemical information on the specifics of the formation, placement of the main
types of deposits and ore occurrences at the junction of the Priazovsky megablock of the Ukrainian Shield with the Donbas in close connection with
the features of the deep structure of the lithosphere, asthenosphere and fault tectonics was carried out. The features of the deep structure of the
lithosphere and their physical parameters that affect the conditions of metallogenic diversity and intensive ore genesis in the formation of deposits
and ore occurrences of various metallogenic specializations in the Volnovakhskaya ore zone were revealed. The analysis of metallogenic
specialization of the main manifested area of research stages of tectonic activation was carried out. We have obtained new patterns in the formation
of different deposits and ore occurrences in junction zone of the Priazovsky megablock of the Ukrainian Shield and the Donbas, including uranium
ore occurrences. In particular, their connection with the focal structures of repeated magmatism of various composition, hydrothermal activity, halos
of secondary metasomatic changes of host rocks within the deep faults and their crossing points over the zone of abrupt change in thickness of the
lithosphere of the slope of the Ukrainian Shield, and the formation of barogradient zones in the asthenosphere in the process of the Earth's evolution.

The practical significance of this research is to increase the efficiency of metallogenic forecasts by expanding the range of metallogenic diversity
and intensity of ore genesis, geophysical and petro-geochemical indicators of primary scale concentration of ore components of different
metallogenic specialization in the asthenosphere. This makes it possible to reasonably determine the prospects of the territories for the possibility
of forming large ore concentrations of different metallogenic specialization with the allocation of areas of their most probable localization.

Keywords: lithosphere, metallogenic diversity, intensive ore genesis, the junction zone of the Priazovsky megablock and the Donbas,
Volnovakhskaya ore zone.
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METAJIOTEHIYHA PIBHOMAHITHICTb BOHH"OBACbKOT PYOHOI 30HW Y 3B'A3KY
3 OCOBJIMBOCTAMU MUBUHHOI BYOQOBU NITOC®EPU YL

Memoro npoeedeHoi po6omu € gusiesieHHs1 HO8UX 3aKOHOMipHOocmel ¢hopmyeaHHs1 podoeuly ma pydonposieie KOPUCHUX KOoNasuH pi3Hoi Mema-
Jno2eHivyHoi cneyianizayii y BoniHosachkkill pyOHili 30Hi 34yneHysaHHs lpua3oecbko20 Me2abnoky YkpaiHcbkoeo wyuma (YL) 3 JoH6acom y 38'sa3Ky 3
ocobnusocmsimu 2nu6uHHoi 6ydosu nimocgepu.

BukoHaHo aHani3 2eogizuyHoi, 2eonoei4yHol, nemposioei4yHol, padiozeoximiyHoi iHghopmayii o ocobnueocmsix popMyeaHHs, PO3MillieHHs Oc-
HoeHux munie podosuuy i pydonposieie y 30Hi 34yneHyeaHHs [pua3oecbko20 Me2abrioKy YkpaiHcbko20 wuma 3 [JoH6acoM, y micHoMy 383Ky 3
ocobnueocmsimu 2nu6uHHoi 6ydoeu simocghepu, acmeHocghepu, po3slaMHOO MeKmMoHikoro. BusieneHo ocobnueocmi 2nubuHHoi 6ydoeu nimoc-
¢epu ma ix ¢pizuyHi napamempu, siki ennueasu Ha yMoeu Memasio2eHi4Hol pisHoMaHimHocmi i iHmeHcueHo20 pydozeHe3a npu ¢ghopmyeaHHi podo-
suw i pydonposieie pizHoi MemainozeHi4Hol cneyianizayii y BonHoeachkili pyOHili 30Hi. [[poaHanizoeaHa MemasnozeHiyHa crneyianizayiss o0CHO8HUX
nposieneHux y palioHi docnidxeHb emanie meKmoHiyHoOIi akmusi3ayii. BuzHa4eHo Ho8i 3aKoHOMipHOocmi ¢ghopmyeaHHs1 podosuuy i pydonposieie pi3-
HUX KOPUCHUX KonanuHu y BonHoeachbkili pydHili 30Hi, 8 momy 4ucini 06'ekmie ypaHo8020 3pyOeHiHHsI, 30KpeMa 8CmMaHOo8JIeHO iX 38'A30K 3 ocepeod-
KosuMU cmpykmypamu 6a2amopa3oe0 Mposie/IeH020 MazMamu3my pi3Ho20 cknady, 2idpomepmainbHOI QisnibHOCMI, opeosiaMu 8MOPUHHUX Mema-
coMamuyHuUX 3MiH eMiWyro4UX Mopiod y Mexax 2/IU6UHHUX po3/iaMie ma ey3J1ie Ix nepemuHy Had 30HOHO Pi3Koi 3MiHU nomy)Hocmi nimocgbepu cxuny
YkpaiHcbkoz20 wjuma ma ¢hopmyeaHHsi 6apoepadicHmHUX 30H 8 acmeHocgepi y npoyeci egonroyii 3emiii.

IMpakmuyHe 3Ha4YeHHs1 NpoeedeH020 O0CiOKEeHHS nosisi2ac e nideuuweHHi egheKmueHocmi Memasnoz2eHiYHUX MPO2HO3ie 3a PaxyHOK PO3WUPEHHS
crneKkmpy YuHHUKie ¢hopmyeaHHs1 Memaso2eHi4yHoi pi3HoMaHimHocmi i iHmeHcusHocmi pydozeHe3y, 2e0ghi3u4HUX i Memposio2o-2eoxiMiyHUX iHOUKa-
mopie nepeuHHOi Macwma6Hoi KOoHUeHmpauii pydo2eHHUX KOMIOHeHmie pi3HOi Memasio2eHi4HOI cneyianizayii @ acmeHocgepi. Lje dozeonsie 06-
rpyHmoeaHo euzHa4amu nepcrekmueu mepumopili Ha Moxxsiugicmb ¢hopmMyeaHHs1 3Ha4HUX 3a 3anacamu pyOAoKoHyeHmpayul pi3Hol MemasozeHiy-
HoT cneyianizayii 3 eudineHHsaM nnow, Hali6inbw eipo2iOHOT ix soKkanizauyii.

Knro4oei cnoea: nimocgpepa, MemasnoeaeHiyHa pisHoMaHimHicmb, iHmeHcugHull pydozeHe3, 30Ha 34rneHye8aHHs1 [[pua3zoecbKko20 Me2abrokKy i
HoH6acy, BonHoeacbka pydHa 30Ha.
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OCHOBHI IHCTPYMEHTU AEPXXABHOIo nNiAHYBAHHA 1| ®IHAHCOBOIro
3ABE3MNEYEHHA MFEONIOrIYHOrO BUBYEHHSA HAQP B YKPAIHI

(PexomeHdogaHO YrieHOM pedaKyiliHoi Konezii 0-pom 2eor. Hayk, npogh. B.A. Muxatinosum)

Y cmammi po3ansiHymo ocHoeHi 3acadu ma mexaHi3m ¢hiHaHcoe020 3abe3rneyeHHs 2e0/102i4HO20 8UBYEHHSI HA0p & YKpaiHi, 0o-
cnidxeHo AuHamiky ma cmpykmypy eudamekie [epxasHo20 6100xemy Ha 2e0/102i4HYy 2any3b Y KOHmMeKkcmi peanizayii ¢pyHkyili dep-
xaeu. O6rpyHmoeaHo 8UCHOBOK, W0 npu cmabinsHoMy 3pocmaHHi 3a2afibHO20 pieHs ¢hiHaHco80oI cripoMoXKHocmi depikasu (8 ekei-
eaJsileHmi HauioHanIbHOI easomu) pieeHb hiHaHCyeaHHs1 2e0Js102i4HOT 2any3i 3anuwaemscsi cmabifbHO Herpo2Ho308aHUM, Mo6mo
eudamku Ha 2eos102iYyHy 2aJly3b empayaromb Ce0H fnpiopumemudicmb y KOHmMeKkcmi ix ¢piHaHcoeoz20 3abe3neyeHHs1 came depxae-
HUMU Kowmamu.

BusHa4veHo micye [epxaeHoi cryx6u 2eosiozii ma Hadp sk ueHmMpasibHO20 op2aHy 8UKOHaeyqoi enladu, wo peasisye Oep)xagHy nosi-
MuKy y cgbepi 2e0/102i4HO20 eU8YEHHST ma payioHaIbHO20 8UKOPUCMaHHs Hadp. BcmaHoeneHo, wio ¢ghiHaHcyeaHHs1 2e0102i4HOT 2asy3i Ha
3azanbHodep)KasHOMY pieHi 8id6yeaembcsi 6e3rnocepedHbo Yepe3 6rodxemHi npozpamu, obcsiz eudamkie sIKUX 8U3Ha4YaembCsi 3aKOHOM
Ykpaitu "lMpo depxaeHull 6r00kem"” Ha 8idnoeidHuLll pik, 207108 HUM PO3MopPsIOHUKOM sikux € MiHicmepcmeo ekonozii ma npupodHUX pecy-
pcis, a sidnogidanbHUM euKkoHasueM — [lep)xagHa cry»x6a 2eonoeii ma Hadp YkpaiHu. Peanizayis ¢pyHkuiti [lep)xasHoi cryx6u 2eosoezii ma
Hadp YkpaiHu eidbyeaembcsi 8 paMKkax 8UKOHaHHs1 2 6100 emHux npozpam — "KepisHuumeo ma ynpaeniHHs y cghepi 2eornoei4yHo20 eu-
84eHHs1 Mma euKopucmaHHs Haop" ma "Po3eumok MiHepanbHO-CUPOBUHHOI 6a3u”, sika 3abe3neyye 6e3rnocepedHe BUKOHaHHS Ma ¢iHaHCy-
8aHHs1 3axodie 3azasibHOOepXKagHUX MpPo2paM Po3eUMKy MiHepasibHO-CUPOBUHHOI 6a3u YkpaiHu Ha rnepiod do 2010 p. ma 2030 p.

OyiHeHo ocobiueocmi ma cmaH 8UKOHaHHS1 3a2asibHOOep)KagHUX Mpo2paM Po38UMKY MiHepasibHO-cupo8uHHoi 6a3u (MCB) do 2010
p. ma 2030 p. Bcma+oeneHo, wio lMpozpama pozsumky MCB do 2010 p. nosuHHa 6yna 6ymu 3abesneqyeHa Ha 61,8 % depxasHuUMU Kow-
mamu ma Ha 38,2 % iHwumu Axepenamu. ®akmuyHo lpozpama pozeumky MCB 6yna npoghiHaHCcOo8aHa 3a paxyHOK GepxagHuUX Kowmie
Ha 72,2 % 8id nnaHo8020 Noka3HuKa, Wo npu3seesio o YacmkKoeo2o abo No8HO20 HeBUKOHaHHs1 NeeHuUX 3aedaHb, 3a0eK/1apoeaHuXx 3a-
KoHoOae4o. B ocHoey cpiHaHcyeaHHs1 lpozpamu po3eumky MCB do 2030 p. 6yno 3aknadeHo 13,8 % dep)aeHo20 ¢hiHaHCyeaHHsI ma
86,2 % iHwux Oxepen ¢hiHaHcysaHHs1. lMepwuti eman (2011-2012 pp.) lMpoepamu pozeumky MCE do 2030 p. 8 yacmuHi ¢hiHaHCy8aHHs1
6yno sukoHaHo Ha 66,1 %. 3azanom hiHaHcyeaHHs [poepamu po3sumky MCB do 2030 p. 8 yacmuHi depxagHo20 hiHaHCYy8aHHSI CIMaHOM
Ha 2018 p. sukoHaHo Ha 6,1 %.

Ha daHull 4yac 3azanbHodepaeHa npozpama po3eumky MCB HekopekmHo gidobpaxeHa y nacriopmax 6100XemHux rnpoapam, siki
6e3nocepedHbO Nnokasyroms chakmuyHull pieeHb if BUKOHaHHSI ma edheKmueHicmb suKopucmaHHs eudifnieHuUx Kowmis, Wo YHEMOXX/1Uua-
J1H0€ NnPoeedeHHs1 SIKICHOT OUiHKU ma HadaHHS 8idnoeidHuUx pekomeHOauili. Takox cnid 3ayeaxumu, Wo rnpoaHasizyeamu eUKOHaHHs
lpozpam po3eumky MCE do 2010 p. ma 2030 p. 8 YacmuHi ix HeGepxae8HoO20 ¢hiHaHCYy8aHHS NMNPaKMUYHO HEMOXJ1UBO, OCKINlbKU He iCHy€e

yHicghikoeaHoi wiopiyHoi 38imHocmi nidnpuemMcme peasibHO20 CEKMOPY eKOHOMIKU W,000 MakKo20 ¢hiHaHCYy8aHHSI.
Knroyoei crnoea: 2eosnozivyHa 2any3b, MiHepasibHO-cUpO8UHHa 6a3a, 6rodxemHi npozpamu, ghiHaHcoee 3abe3neyeHHs] 2e0/1020P038i-

dyeasnibHuUx pobim, nnaHyeaHHsl.

MocTaHoBKa npo6nemu. byap-sika cuctema, sk KOM-
nnekc 3axogdis, NoTpebye AOCKOHANOro BUBYEHHS ii cknago-
BMX ONSA NPUAHATTSA pilleHb Woao ii AieBoCTi Ta edpeKTUBHO-
CTi YHKUiIOHYBaHHS. Y cy4acHUI Nepioa BUKOHAHHS reono-
ropo3BigyBanbHux pobiT (FTPP) HopmMaTUBHO iCHYeE sik OKpe-
MU BUZ KOPUCTYBAHHS HAApaMUn — reororiyHe BUBYEHHS, a
TakoX SK CynpoBif iHWWX BUAIB KOPUCTYBaHHA (BUAOOY-
BaHHS KOPUCHMX KonanwuH, OyaiBHULTBO i ekcnnyaTauis nig-
3EeMHMX CNopyA Ta iH.). TONOBHMMMK 3aBAAHHSIMU reororiy-
HOro BUBYEHHSI HaAp € BiATBOpeHHsi 6a3mn 3anacis i pecypcis
KOPUCHMWX KOManuH, OTPMMaHHS reornoriyHoi iHopmaii Ans
NigroToBKM A0 iHWKX 06'EKTIB MPOMMUCIIOBOrO KOPUCTYBaHHS
Hagp. YvHHa cuctema nnaHyBaHHS Ta piHaHCYyBaHHS KOM-
nrnekcy 3axofiB LLOAO0 reornoriyHoro BUBYEHHSI Haap He Bia-
nosigae notpebam po3BUTKY reonoriyHoi ranysi, AKICHOMY i
CTanomMy BiATBOPEHHIO MiHepanbHO-CUPOBWMHHOI 6a3u, npo
LLIO CBiAYNTb HEBMKOHAHHS MOKa3HUKIB 3aranbHoaepKaBHUX
nporpamu po3BuTKY MiHEpanbHO-CMPOBUHHOI 6a3n (MCB).

AHani3 ocTaHHix gocnigxeHsb i nyo6nikauin. B YkpaiHi
OOCTIMIXKEHHIO 3acaj AepXKaBHOro ynpaeriHHA Y cdpepi reo-
TNOriYHOro BMBYEHHS Haap Ta ix biHaHCOBOro 3abeaneyeHHs
npuceaveHo Haykosi npaui [.C. lN'ypcbkoro, M.M. Kopx-
HeBa, |.[0. AngpieBcbkoro, B.C. MiweHka [20], LI.I". OroHb [2]
Ta iH. Y nybnikauisix HasBaHMX aBTOPIB BUCBITIIEHO 0cO6NK-
BOCTI opraHisauji i hiHaHCOBOro 3abe3neyvyeHHs reonoropos-
BigyBanbHUX pobiT pi3HMX eTanis 3 ornsgy Ha NpoLecu pec-
TPYKTYpu3auii ranysi. Takox npoaHanisoBaHo MiXXHapOAHUN
40cBif, 3abe3neyeHHs reonorivHoro BUBYEHHS Haap sIK vac-
TWHW 3aranbHOro NpoLecy HagpOKOPUCTYBaHHS.

Y KkpaiHax 3 PO3BMHYTOO PUHKOBOK EKOHOMIKOH reornorivyHe
BMBYEHHS! | NpOMUCITOBa po3pobKa 3anaciB KOPUCHNX KOManuH €
cdhepoto OisiNbHOCTI cnewiani3oBaHyx KOMMNaHin (aKUiOHEPHMX,

NPUBAaTHUX, AEPXKABHWX), METOIO AIANBHOCTI AKUX € OTPUMaHHS
npubyTKy. [lepaBa KOHTPOMIOE NEPEBaXXHO HOPMATUBHI i €KO-
FOMiYHI acneKT BUKOPUCTaHHS Haap, a PerymioBaHHs BigHOCKH
"nepxaBa — HaapPOKOPUCTYBaY" 3MINCHIOETLCA Yepes eKOHOMIYHI
MexaHi3mMu. B 0CHOBY €KOHOMIYHMX MexaHi3MiB MoknageHi npa-
BOBi B3aEMOBIHOCVIHM BMACHOCTI Ha Pecypcy Hagp Ta X eKOHO-
MiyHa oujHka. Taka cxema npoBefeHHs i diHaHcyBaHHA PP
CnoHykae BuaoOyBHi dhipMy BKIHOYATV OO0 MOLUYKIB i PO3BIKM
e 06'ekTw, siki BBOAUTUMYTBCS B €KCMITyaTaLlito HanGnmmKimm
YyacoM, MiHiMi3yBaTu dian4Hi 06csrm i hiHaHCOBI pecypcy Ta CKo-
po4yBaTK BATPATK Yacy Ha eTtani po3sigku [20].

BuagineHHA HeBUpilLeHUX paHille 4YacTUH npobnemu.
Y nepeniyeHunx nybnikauisx [2, 20] nogaHo 3aranbHy cuctemy
opraHisauii i iHaHCyBaHHS reonoriyHoi ranysi 6e3 BUokpeM-
neHHs cyb'ekTiB i cTagivi reonoropo3sigyBansHux pobit. Y aa-
Hii pobOTi NpoBeAeHO aHani3 CMCTEMWU AepPXaBHOrO NnaHy-
BaHHSA i hiHaHCOBOro 3abesneyeHHs reonoriYyHOro BUBYEHHS
Hagp B KOHTEKCTi BUSIBMIEHHS MPUYMH Ta HacnigkKiB HEBUKO-
HaHHA 3aranbHogepxaBHuX nporpam po3sutky MCBE 3 Bpa-
XyBaHHAM gxepen iHaHCyBaHHs.

MeToro pocnimxXeHHA € aHani3 Ailovyoro MexaHiamy
OepXaBHOro nnaHyBaHHs i hiHaHCOBOro 3abes3neyeHHs re-
OfOriYHOro BUBYEHHSA Haap B YKpaiHi.

OCHOBHI pe3ynbTaTtn gocnigkeHHA. OgHUM i3 Barommx
YMHHUKIB POPMYBaHHS CTanoro po3BMTKYy B EKOHOMILi Ykpa-
THM € HanexHe 3abe3neyveHHs i NoTpeb B MiHeparnbLHO-CMPO-
BUHHUX pecypcax, e(peKTUBHOMY X BUKOPUCTAHHI, OXOPOHi Ta
BiATBOPEHHI. Y gaHui Yac YkpaiHa, 3a pssgoM 06'€eKTUBHMX
ob6cTaBuH, He 3abe3nevye aoctaTHi 06csarn NnpoBeaeHHs reo-
NOro3HiMarnbHUX, MOLUIYKOBUX i pO3BigyBanbHUX pobiT, Lo
npu3BoaANTbL 4O HEBIAMOBIAHOCTI TeMniB Ta obcsriB BigTBO-
peHHs1 BnacHoi MCB noTtpe6am aepxasu [17].

© Buxea C., Kypuno M., Banera A., 2018
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LleHTpanbH1M opraHom BMKOHABYOT BNaaMu, L0 peanisye
OepkaBHy NoniTUKy y cdepi reonoriyHoro BUBYEHHS Ta pa-
LlioHanbHOro BUKOPUCTaHHsI Haap € [epxaBHa cnyxba reo-
norii Ta Hagp Ykpaidu. BignosigHo o [18] gisnbHicTe Oep-
»KaBHOI cnybu reonorii Ta Haap CnpsIMOBYETLCS | Koopan-
HyeTbcsl KabiHeTom MiHicTpiB YkpaiHn yepe3 MiHicTpa eko-
norii Ta NpMpogHUX pecypcis.

diHaHCyBaHHSA reornoriyHoi ranysi Ha 3aranbHogepas-
HOMY piBHi BioOyBaeTbca Oe3nocepenHbO Yepes OoaKeTHI
nporpamu, obcar BuaaTkiB AKUX, BU3HAYaAETbLCH 3akoHOM
Ykpainu "Mpo aepxaBHuit OlompkeT" Ha BiANOBIgHWIA Pik, ro-
NOBHUM pO3NopsAHNKOM sikux € MiHicTepcTBo ekororii Ta
npupogHux pecypcis (MEMP), a BignosiganbHMM BUKOHaB-
uem — [lepkaBHa cnyxba reonorii Ta Hagp YkpaiHu.

CtaH chiHaHCcyBaHHA Oyab-siKOi ranysi, y KOHTEKCTI pea-
nizauii gep>xaBHOI MNONITUKN B L ranysi, HeobxigHo aHani-
3yBaTW naparnenibHo 3 MokasHWkamy LOXOZiB Ta BuAaTKiB
OepXxaBu B LiNoMmy, piBHS iHNAUIT Ta KypCcy HauioHanbHOi
BamnoTK, K iHAMKATOPIB (piHAHCOBOI CMPOMOXHOCTI LLIOAO
Takoro iHaHCyBaHHS.

Y nepiog 3 2006 p. no 2018 p. goxoau Ta BAOATKM AepKaB-
HOro OHOMKETy B eKBiBaNeHTi HauUioHanbHOI BanTM MarTb
CTiViKy TEHOEHLLH0 00 3pOoCTaHHs. [loxoan aepaBHOTO GomKeTy
B daHuni nepiog 3pocim y 7,2 pasa 3127,5wvnpgrpH o
917,3 mnpa rpH, BugaTkm — y 7,1 pasa 3 140,2 mnpAa rpH 4o
991,7 mnpAa rpH (pyc. 1). Akwo gocnigut auHamiky oxoais 1a
BuaaTkis [lepxaBHoro GrofkeTy 3a aHanoriyHvin nepiog, ane B
nonapax CLUA, To aoxoam [JepaBHoro OromkeTy 36inbLumMnmch
nvwe B 1,2 pasa 3 25,2 mnipa $ 4o 30,6 mnpa $, Buaatku, siano-
BiOHo, y 1,2 pasa, 3 27,8 mnpa $ go 32,7 mnpa $.
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Puc.2. diHaHcyBaHHA reonoriyHoi rany3i B AMHaMili goxopAiB Ta BuaaTkis [lepxxaBHoro GioaxeTy B nepiog 2006—-2018 pp.
(Temnu 3pocTtaHHA T3 y %), nobynosaHo 3a gaHumu [2—15]

Hoxoan Ta Buaatkm OepxaBHoro GoaxeTy B nepiog 3
2006 p. no 2018 p. 3pocTatoTb B OAHIN Nporpecii, Ha BiAMiHY
Bi[, BMAATKIB Ha reonoriyHy ranysb. [Npu ctabinsHomy 3poc-
TaHHi 3aranbHOro piBHSA (PiHAHCOBOI CMPOMOXHOCTI Aep-
XaBu (B eKkBiBaneHTi HauioHanNbHOI BantoTn) piBeHb diHaH-
CyBaHH$ reorioriyHoi ranysi 3anuwaeTbCsl Ha xanb cTabi-
JNIbHO He NPOrHO30BaHUM (puc. 2).

O6csr diHaHcyBaHHA MiHicTepcTBa ekonorii Ta npupoa-
Hux pecypcis (METP), BignosigHo Ao 3akoHy Ykpainu "Mpo
OepxasHun 6ogxeT", 3 2006 p. no 2018 p. B ekBiBaneHTi
HauioHanbHOI BantoTy Mae TeHOEHLUito A0 3pocTaHHs. Tak,
OaHVI NOKa3HKWK Y focnigKyBaHMIM nepion 36inbwmeesa y 5,7
pasa 3 1177,9 mMrH rpH o 6664,9 mnH rpH (puc. 3).

Akwo npoaHanisysatn obcsArn dpiHaHcyBaHHs MiHicTep-
CTBa eKonorii Ta NPMPOAHUX PECYPCIB Y NepepaxyHKy Ha A0-
napu CLUA, To gaHMin nokasHWK HaBnaku 3ameHwmscs B 1,1
pa3sa 3 233,2 MiH $ y 2006 p. 0o 212,2 mnH $ y 2018 p. Big-
noBigHo (puc. 4). Takox cnif 3ayBaxuTu, WO NUTomMa Bara
diHaHcyBaHHA MiHicTepcTBa eKonorii Ta NPUPOAHMX pecyp-
ciB y Buagatkax [lep>xaBHoro 6romxeTy B nepiog 3 2006 p. no
2018 p. mae TeHaeHUito o cnagaHHa 3 0,84 % po 0,68 %,

TOOTO MOXITMBO MPUMNYCTUTK, LLO Taki BUAATKM BTpayaloTb
CBOIO NPIOPUTETHICTb Y KOHTEKCTI iX piHaHCOBOro 3abeasne-
YEeHHsi came Aep>KaBHUMU KOLUTaMMm.

Peanizauis dyHkuin [depxaBHoi cnyxobu reornorii Ta
Haap YkpaiHu BigbyBaeTbCs Yy paMkax BUKOHaHHS OBOX Gto-
mxkeTHUX nporpam — KMKBK 2404010 "KepiBHMUTBO Ta yn-
paBniHHA Y cdepi reonoriYyHoro BUBYEHHS Ta BUKOPUCTAHHSA
Hagp" Ta KMKBK 2404020 "Po3B1TOK MiHEpPaNbHO-CUPOBUH-
Hoi 6a3un". CTpaTeriyHo MeToH, Ha AOCATHEHHS! sIKOT crnpsi-
MOBaHa peanisayis BULeBKasaHuxX OI4KeTHMX nporpam, €
3abe3nevyeHHsa nNoTpeb HauioHanbHOI EeKOHOMIKM Y MiHepa-
NbHMX Ta BOAHUX pecypcax, MeToK OloKeTHUX nporpam €
peanisauis gepXxaBHOi NoniTUKM y cdepi reonoriyHoro Bu-
BYEHHSI, paLioHarnibHOro BUKOPUCTaHHS Haap Ta 3abesne-
YeHHs NoTpeb HauioHanNbHOI EKOHOMIKK Yy MiHepanbHUX pe-
cypcax 3a paxyHOK BnacHOro BugobyTKy, 3MEHLLUEHHS 3are-
XKHOCTi YKpaiHu Big iMnopTy MiHepanbHMX pecypciB Ta 36i-
NbLUEHHS eKCNIOPTHOrO NOTEHLUiany KpaiHu 3a paxyHok Bra-
CHOro BuAobyTKy KOPUCHMX KOManuH, O MakTb BEMNUKUN
NoMuT Ha CBITOBOMY PUHKY.
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HocniguBwn 3aranbHy guMHamiky diHaHcyBaHHs [ep- pasa 3 826,0mMnHrpH (2006 p.) go 150,8 MnH rpH

aBHoOI cnyx6wu reonorii Ta Hagp 9K BiANOBI4aNbHOIoO BU-
KOHaBUs Bl0MKeTHUX Nporpam y CTPYKTYpi BUAATKIB rono-
BHOro poanopsigHuka MiHicTepcTBa ekonorii Ta NpupogHuX
pecypciB, MOXHa CTBEPOXKYBaTW NPO 3HAYHE 3MEHLUEHHS

JaHOro rnokasHuka B HauioHanbHi BantoTi, a came y 5,5

600
400
A
£ 200 -
=

(2018 p.). Akwo x [ocnianTv BanioTHUI acnekT BuULLe3ra-
JaHoro nokasHuka, To CnocTepiraeTbCHa NOro pastoye 3me-
HWeHHs ax y 32,7 pasa 3 163,6 mnH $ (2006 p.) oo
5,0 mnH $ (2018 p.) (puc. 6).
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Puc. 6. AHani3 chiHaHcyBaHHs [lepxaBHOi Cny»6wu reonorii Ta Hagp y CTPYKTYpi BUAaTkiB
MiHicTepcTBa ekonorii Ta npupogHux pecypciB (2006-2018 pp.) — BanioTHUI acnekT, nobyaoBaHo 3a AaHuMM [2—15]

Mutoma Bara piHaHCyBaHHSA 3axofiB, CNPSIMOBaHUX Ha
3abe3neyeHHs NoTpeb HauioHanbHOI EKOHOMIKM B MiHepa-
nbHWX pecypcax y BuaaTkax MiHictepcTBa ekonorii Ta npu-

BUKOPWUCTaHHA Haap; HaflaHHS sIKiCHOT Ta NOBHOT reonorivyHoi
iHcbopmaLii Anst HAAPOKOPUCTYBAHHS; BUKOHAHHS! POGIT 3 re-
OOriYHOro BUBYEHHSA HAAP Ta BUKOHAHHS perioHanbHUX po-

pPOOHMX pecypciB, 3a AOCNILKYBaHWIA Nepio 3MeHLIMach 3 OiT; npoBedeHHs MOHITOPUHIY MiHepanbHO-CUPOBUHHOT

70,1 % (2006 p.) oo 2,3 % (2018 p.), Wwo npm3Beno 4o He-
[OMiHAaHCYBaHHS Ta YacTKOBOro abo MOBHOrO HEBMKOHAHHS
YacTUHM 3aBAaHb, NoknageHnx Ha [epxaBHy cnyxby reo-
norii Ta Hagp SIK BiANOBIAANbHOrO BUKOHABLSA OLOMKETHUX
nporpam, a came: 3iNCHEHHS1 e(DEKTUBHOIO OEPXaBHOMO
ynpaeniHHa Yy cdepi reonoriyHOro BMBYEHHSI, OXOPOHU Ta
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Puc. 7. AMHamika ciHaHcyBaHHs GropxeTHoI nporpamu KMKB 2404020 "Po3BUTOK MiHEpanbHO-CUPOBUHHOI 6a3un”

(2006—2018 pp.), nobynoBaHo 3a AaHMMHM [2—15]
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3 MeTo0 ynopsigKyBaHHs Ta cTabinbHOCTI thiHaHCyBaHHS
3axogis wopno po3sutky MCB YkpaiHn 6yno npuiHsaTo B
2006 p. 3aranbHogepaBHy nporpamy po3BUTKY MiHepa-
NbHO-CUPOBMHHOI 6a3n YkpaiHu Ha nepiog go 2010 p. Ta B
2011 p. 3aranbHogepxaBHy Mporpamy pPo3BUTKY MiHepa-
JNbHO-CUPOBMHHOI 6a3n YkpaiHu Ha nepiog Ao 2030 p. OdaHi
nporpamu 6ynu 3akpinneHi BignosigHumm 3akoHamn Ne 3458-
4 Big 22.02.2006 p. Ta Ne 3268-6 Bin 21.04.2011 p., Aki 3060-
B'azanu KabiHeT MiHicTpiB YkpaiHu 3a6e3neunTy BUKOHaHHSI
BuLLIe3ralaHnx nporpamM Ta nig Yac nigroToBKU MPOEKTy 3a-
KOHy npo [epxaBHuii OrogkeT YkpaiHu Ha BignoBigHWNA pik
nepeabayaTtn BUAINEHHS KOLUTIB AN1s 3AiINCHEHHS 3axopiB, BU-
3HayeHux Mporpamoto go 2011 p., B noBHoMy o6¢ssi, a Npo-
rpamoto o 2030 p. — Buxoasum 3 hiHaHCOBUX MOXITMBOCTEN
OepxxaBHoro 6rompkeTy.

3aranbHogepkaBHa nporpama po3BUTKY MiHepanbHO-
cupoBuHHOT 6a3un Ykpainu Ha nepiog go 2010 p. nepenba-
yana iHaHCyBaHHS 3axofiB, CMPSMOBaHUX Ha PO3BMTOK

NPiopUTETHUX HaNPSIMIB re0NOriYHMUX AOCHIgKEHb 3 METOLO
3abe3neyveHHss rocnogapcTBa YkpaiHu rocTpogediuunT-
HUMKW BMAAMW BrlacHOI MiHepanbHOT CUPOBUHU. DiHaHCY-
BaHHSA reonoropossigyBanbHUX pobiT posnoginsanoch 3a
BMAaMM CUPOBUHM Ta xapakTtepom pobiT. Mporpama Gyna
po3paxoBaHa Ha nepiog 3 2006 p. no 2010 p., ane 3akoH,
wo ii 3aTBepAXyBaB, HabpaB YMHHOCTI nuwe 3 1 ciyHA
2007 p. BaranbHum  obcar  diHaHCyBaHHSA  csras
8908,94 MnH rpH, y TOMy 4ucni 3a paxyHok [epxxaBHoro
6rooxeTy 3406,84 MnH rpH, wo cknano 38,2 %, Ta iHLWuX
mxepen 5502,1 mMnH rpH, Wwo, BignoeigHo, cknano 61,8 %.
BukoHaHHs MNporpamun nepenbavanock y ABa etanu, nep-
wni etan nepenbayvas cdiHaHcyBaHHs 51,1 % Big 3aranb-
Horo obcary, apyrun — 48,9 % signosigHo (Tabn. 1). Cnig
3ayBaXuTW, WO YacTKa [epXaBHOro diHaHCyBaHHA Ha
nepwomy etani MNporpamu GinbLua, Hixx Ha gpyromy Ta cTa-
HoBUTb 41,1 % Ta 35,3 % BianosigHo.

Ta6bnuys 1

O6c¢csaru chiHaHcyBaHHS 3axogiB, nepeabayeHnx 3aranbHoaepKaBHOK NPOrpamMoro PO3BUTKY

MiHepanbLHO-CMPOBUHHOI 6a3u Ykpaihu Ha nepioa go 2010 p., cknageHo 3a gaHumu [16
Moka3Huku Ycboro RepxasHuii IH."'“ Akepena
GromxeT chiHaHCyBaHHsA
O6csar giHaHcyBaHHsA Mporpamu (2006—2010 pp.), y TOMy YMchi 3a eTanamu: 8908,94 3406,84 5502,1
lMumowma eaza, % 100,0 38,2 61,8
1 eTan (2006—2008 pp.) 4555,74 1871,04 2684,7
lNMumowma saza, % 100,0 41,1 58,9
2 etan (2009-2010 pp.) 4353,2 1535,8 2817,4
lMumowma eaza, % 100,0 35,3 64,7

diHaHcoBi pecypcu Mporpamu go 2010 p. 3a BuaAamu po-
OiT nepeBaxxHO Bynu 30cepemkeHi Ha reonoropo3eigyBarnb-
Hux pobotax (FPP) ta craHoBunu 7238,1 MnH rpH., abo
81,2 %, y TOMy 4ucni: nanuvBHO-eHepreTU4Hi pecypcu —
95,1 %, meTaniyHi kopucHi konanuun — 3,7 %, HemeTaniyHi
KOpUCHi konanuHu — 1,2 %; ans reonorivyHMX, eKomnoridHmx
Ta iHWKX BUAiB pobiT cknanu 1626,94 MnH rpH., ado 18,3 %,
y TOMY 4uChi: reosioriyHe BMBYEHHSI TepuTopii YKpaiHn —

18,4 %, rigporeonoriyxi, iHKeHepHO-reonoriyHi Ta ekonoro-
reonorivHi pob6otn — 20,8 %, ekonoro-reonoriyHe KapTyBaHHA
— 2,0 %, N'PP Ha kOoHTUHeHTanbHoMY Lienbdi Ta y Mexax Bu-
KIMOYHOT (MOPCBKOi) EKOHOMIYHOT 30HW — 42,3 Y%, rMBKHHE BUX-
BYeHHs Haap — 0,2 %, reodianyHi gocnigxeHHs — 1,3 %, Buaa-
BHW4i poboTn — 1,2 %, HaykoBo-gocnigHi pobotn — 13,8 %; Ha
reofioro-MeTognyHe CynpoBOaKEHHSI Ta 3abe3neyeHHs pobiT 3
HagpOKOPUCTYBaHHSA CTaHoBUM 43,9 MIH rpH., a6o 0,5 %.

Tabnuys 2

diHaHcyBaHHA 3aranbHoAepXKaBHOI NporpamMu po3BUTKY MiHepanbHO-CUPOBUHHOI 6a3u YkpaiHu

Ha nepioa oo 2010 p. 3a BuAaMM CMPOBUHU, CKNageHo 3a AaHumu [16]
n Ycboro 1 eTan (2006-2008 pp.) 2 etan (2009-2010 pp.)
OKa3HUKHU 5 o S

MJTH FPH % MITH rpH % MJTH FPH o
O6csr Butpat Ha PP, y Tomy yucni: 7238,1 100,0 3938,1 100,0 3300,0 100,0
[ManuBHO-eHepreTnyHi pecypcu 6889,1 95,1 3735,0 94,9 31541 95,6
MeTaniyHi KOpUCHI KonanuHu 264,3 3,7 153,9 3,9 110,4 3,3
HemeTaniyHi KopucHi konanuHu 84,7 1,2 49,2 1,2 35,5 1,1

MopiBHABLUM MOKa3HWKN  PiHAHCYBaHHS, 3aTBEpKEHI y Tomy umcni 1 etan — 83,9 %, 2 etan — 57,9 %. To61o y uewn

Mporpamoto o 2010 p., Ta 06csry chiHaHCyBaHHSA GHOAKETHOI
nporpamun KMNKB 2404020 "P03BUTOK MiHEpanbHO-CUPOBUH-
Hoi 6a3n", 3aTBepmkeHi macnopToMm OKmMKEeTHOI nporpamu
(Tabn. 3), MOxHa 3pobuTK BUCHOBOK, LLO hopmanbHe diHaH-
cyBaHHs 3axogis Mporpamu go 2010 p. 6yno 3abe3neveHo,
ane cakTn4Ho nporpama 6yna npodpiHaHcoBaHa Ha 72,2 %,

nepiog Mporpamoto ao 2010 p. nepepdavanuca BugaTku 3
HepxaBHoro Gompkety B 06ca3i 3,4 MNpA rpH, nacnopramu
oromkeTHux nporpam (KMNKB 2404020) scTtaHoBmnoBanucs
BMAaTkn B 06cs3i 3,6 Mnpa rpH, a akTuyHi BuaaTku cknanm
nvwe 2,5 MnpA rpH, Wwo Ha 0,9 MnpA rpH MeHLwe Bif, BCTaHo-
BMEHOro 3aKkoHoAaB4o obesry.

Tabnuys 3

AHani3 BUKOHaHHS 3aranbHoAepXaBHOI NporpaMyu po3BUTKY MiHepanbHO-CMPOBUHHOI 6a3u YkpaiHu

B nepioa 3 2006 no 2010 p. (3aranbHui dpoHA), ckNageHo 3a gaHumm [1-16]

MokazHMKY 1 eTan 2 eTan Bcboro 3a
Bcboro, mnH rpH | 2006 p. 2007 p. 2008 p. 2009-2010 pp. | ABa eTtanu

Mporpama po3suTtky MCB o 2010 p. 1871,04 571,44 16221 677,5 1535,8 3406,84
3akoH YkpaiHn "lMpo gepxaBHun Grogxet"
KMKB 2404020 "P0o3BUTOK MiHEpParbHO-CU- 1855,44 565,94 |616,6 672,9 1723,9 3579,34
POBUHHOI 6asn"
®dakmuyHo npoghiHaHCo8aHO 1569,5 1108,5 461,0 889,0 2458,5
% UKOHaHHs1 Mpozpamu 83,9 92,9 68,0 57,9 72,2
HefodpiHaHCOBaHO -301,54 -85,04 -216,5 -646,8 -948,34

HepodiHaHCcyBaHHs 3aBOoaHb | 3axogiB [Nporpamu go
2010 p. nos'aAsaHe 3 06'€KTUBHUM NPUYMHAMK, Y TOMY YmCHi, i 3
HegoHaoXxomkeHHsM no  GioompkeTy 36opy 3a PP Big
HAK "Hadptoras YkpaiHu", skomy 6yrno 403BONEHO PO3CTPOUKY

noAaTkoBMX 3000B'A3aHb [1], Ta HAABHICTb HEAOCKOHANOro Me-
XaHiamy ynpaBsniHHs OKOMKETHMMU KoLiTaMu, NiAroToBKa He
3aBXau ePeKTMBHUX i NOCNIAOBHUX YNPaBMIHCLKUX PilleHb Y
YaCTMHI BUKOHAHHS BignoBigHoI BromxeTHOT Nnporpamu [2].
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PaxyHkoBoto nanatoto YkpaiHu B pesynbTtaTti NpoBeaeHMX
KOHTPOMbHO-aHaMITUYHMX 3ax0niB, @ caMme aHanidy nokasHu-
KiB macrnopTy OtogkeTHoI nporpamu "Po3BUTOK MiHEparnbHO-
CVPOBUWHHOI 6a3un”, y Tomy uncni 6ypiHHS apTesiaHCbKuX cBe-
panosuH" (KMKB 2404020) 6yno BCTaHOBMNEHO, WO dhopMa-
NbHUI NigXig4 y 3anpoBafXeHHi NporpamMHo-UinNsL0BOro me-
Toay Yy cdepi ynpaBniHHA G0MKETHUM NPOLLECOM Y reonoriy-
Hil ranysi He cnpusB BCTaHOBMEHHIO 6e3nocepeaHbOro 3B's-
3Ky MK BUAINEHUMU OOMKETHUMK KoLITaMu Ta pesynbTa-
Tamy iX BMKOPUCTaHHS, LLIO HEraTMBHO BMMHYNO Ha BUWKO-
HaHHs nokasHukiB po3suTky MCB go 2010 p. [2].

Mporpamoto po3sutky MCB o 2010 p. nepeabavanocs
TaKoX NPOBECTU TEXHIYHE NEePEOCHAaLLIEHHS NigNPUEMCTB re-
OnOTiYHOI ranysi 3 MeTo MiABMULLEHHS €DEKTUBHOCTI iX Ois-
NBHOCTI B YMOBaXx PUHKOBOI ekoHOMiku (1 eTan peanisauii
Mporpamun). O6csirm hiHaHCyBaHHA nepegbavanvcb  Lo-
poky B po3mMmipi o 15 % saptocTi 'PP. Ha npaktuui He Baa-
nocs 3abe3nevnTn HanexHe TEXHIYHE NepeoCHaLLEHHsT eKO-
noriyHoi ranysi, 3Hn3uTu cobiBapTictb PP, nigBMwWmMTH KOH-
KYPEHTOCNPOMOXHICTb NiANPUEMCTB, BMPOBagWTU iHHOBa-
LiHI TexHonorii. ICHyloUnin MexaHiam iHBEeCTyBaHHS ranyasi
np13BOANTbL A0 CKOPOYEHHS 0bcariB pobiT 3a okpeMmmu Ha-
npsimamu Nporpamu po3sutky MCB go 2010 p. i ctaBuTb nig
3arpoasy nikeigadii HA3KM cneuianisoBaHMxX Nigpo3ainis y re-
onorivyHmx nignpuemcts [2, 16].

BignosigHoO 00 3BiTY MPO BUKOHAHHSA AepXaBHUX UiNbo-
Bux nporpam y 2010 p. MiHictepcTBOM ekonorii Ta npupoa-
HWX PECYPCiB B MOSICHEHHI OO0 HEBMKOHAHHSA MOKa3HMKIB
AKOCTi Ta kinbkocTi MNporpamu possutky MCB go 2010 p.
Oyno 3a3HayveHo, WO 3aBAaHHA AaHoi nporpamun 6yae BUKO-
HaHO B Mexax HoBoi [Nporpamu possutky MCB go 2030 p.

LUMASIXOM YTOYHEHHS Ti 3aBOaHHA y HOBiV pepakuii. MeTtoto
Mporpamu po3sutky MCB o 2030 p. € 3ab6e3ne4yeHHs noT-
peb HauioHanbHOi eKOHOMIKM Y MiHepanbHUX pecypcax 3a
paxyHOK BMacHoOro BuaobyTKy, 3MEHLUEHHS 3aneXHOCTi YK-
paiHu Big iMMOPTY MiHEpanbHUX PecypcCiB Ta 36inblUeHHSsI
€KCMOPTHOro MoTeHLjany KpaiHu 3a paxyHOK BracHOro Bu-
0O0OYTKY KOPUCHUX KOMarnuH, WO MakTb BENUKWUIA NOMUT Ha
cBiToBOMY puHKY [17]. BuwesragaHa lNporpama nepen6a-
Yana BUKOHaHHSA 3axoAiB Ta ixX (piHaHCyBaHHS B TpWU eTanu
3a paxyHok [lepkaBHoro 6roxeTy Ta iHWuX axxepen diHaH-
cyBaHHA. Cnig 3ayBaxuTu, WO nepeBaxHa OinblicTb 3a-
BaaHb [Nporpamu po3sutky MCB no 2010 p. nepenwnm y Bi-
anosiaHi posainu Mporpamu go 2030 p.

Y Mporpami po3sutky MCBE go 2030 p. 6yno 3gincHeHo
noain KOPUCHUX KOManuvH 3a MPOMMUCIIOBO-EKOHOMIYHUM
3HayeHHsIM Ha kaTeropii A, b, B, I, wo gano 3mory niginTtn
Oinbw andepeHuinoBaHO B KOHTEKCTi HEOOXiAHOCTI BUKO-
HaHHA NMEeBHUX 3aBOaHb Ta 3abe3nedyeHHs X BignoBigHUM
o6csArom hiHaHcyBaHHS.

BignosigHo o nacnopty lMporpamu possutky MCE go
2030 p. diHaHCcyBaHHA 3axogiB nepefnbadvyeHo B PO3MIpI
189053,99 MIH rpH, y TOMY 4Mchi: 3a paxyHok [lep>xaBHoOro
GrooxeTy —26119,13 MnH rpH, wo ctaHoBuTb 13,8 %, iHWKX
oxkepen 162934,86 mriH rpH, Wwo ctaHoBuTb 86,2 %. Buko-
HaHHs1 3axopis Mporpamu po3sutky MCB go 2030 p. 6yno
nepenbadeHo y Tpu etanu: nepwumin etan (2011-2012 pp.)
cTaHoBUTb 6,6 % Big 3aranbHOro 06cAry iHaHCyBaHHS,
apyrun (2013—2020 pp.) — 34,3 %, TpeTin (2021-2030 pp.)
-59,1 %.

Tabnuuys 4

O6csaru chinaHcyBaHHA 3axoAiB, NnepeAdavyeHnx 3aranbHoAepPXKaBHOK NPOrpamMoro PO3BUTKY
MiHepanbLHO-CUPOBUHHOI 6a3u YkpaiHu Ha nepiog Ao 2030 p., cknageHo 3a gaHumum [17]

MoKa3HuKu Ycboro OepxaBHui GrogxeTt IHWi axxepena cdiHaHCyBaHHSA
Beeoro no Mporpami (2011-2030 pp.), 189053,99 26119,13 162934,9
y TOMY YMCni 3a eTanamu:

MuTtoma Bara, % 100,0 13,8 86,2

1 etan (2011-2012 pp.) 12420,12 1730,42 10689,7
MuTtoma Bara, % 100,0 13,9 86,1

2 etan (2013-2020 pp.) 64834,66 8952,04 55882,62
Mutoma Bara, % 100,0 13,8 86,2

3 etan (2021-2030 pp.) 111799,21 15436,67 96362,54
Mutoma Bara, % 100,0 13,8 86,2

Mepwwn etan (2011-2012 pp.) Mporpamu possutky MCB
0o 2030 p. nepenbayas Buaatkm 3 [epxaBHoro 6oaxeTy B
o6csa3i 1,7 mnpg, rpH, nacnoptamu GrogKeTHUX nporpam
(KMKB 2404020) BcTaHoBMNtoBanucst BuaaTkm B 06CA3i
1,5mMnpa rpH, a dakTudHi BMOATKM CTaHOBUNW nvLle
1,1 MnpA rpH, wo Ha 0,6 Mnpa rpH MeHLLUEe Bif BCTAHOBIEHOIO
3akoHoaaB4yo obcsary. Tob6To gepxaBHe hiHaHCyBaHHSA 3axo-

niB y pamkax nepworo etany Mporpamu go 2030 p. 6yno 3a-
6e3neyveHo Ha 66,1 %, y TOMy Yncni 3a HanpsiMamu: NanuBHO-
eHepreTn4Hi pecypcu Ha 81 %, meTaniyHi KOPUCHI KonanuHu
Ha 33,5 %, HemeTani4Hi KOpUCHI konanuHu Ha 45,0 %, reorno-
riYHi Ta eKOororo-reosnorivYHi AOCNiMKEHHA TepuTopii YkpaiHu
3 METOK HapOLLyBaHHA MiHepanbHO-CMPOBMHHOI 6a3n Ha
46,1 %, iHwWi gocnimkeHHs TepuTopii Ykpainn Ha 33,1 %.

Tabnuys 5
CraH ¢hiHaHCyBaHHA neplioro etany 3aranbHogep:kaBHOI nporpamu po3sutky MCB o 2030 p.
3a paxyHok kowTiB [lepxxaBHOro 6romxeTy, cknageHo 3a gaHumu [1, 3-15, 17]
Hanpsimu ciHaHcyBaHHA Mporpama MCB | NMnaHoBi 06csAru chiHaHcyBaHHA | PakTU4HI 06csArn BI'IMK:rHaaTnH:
Mporpamu MCB o 2030 p., [0 2030 p., MAH 6roaxeTHoi nporpamu KMNKB cpiHaHCyBaHHS, ISICI:!:AO

1 etan rPH 2404020, MmnH rpH MITH rpH 2030 p., %
ManvuBHoO-eHepreTUyHi pecypcu 1091,8 12211 884,7 81,0
MeTanivHi KOPUCHI KonanuHm 128,5 42,8 43,1 33,5
HemeTaniyHi KOpMCHI KonanuHu 40,2 18,4 18,1 45,0
[eonoriyHi Ta eKOnoro-reonoriyHi
OocCnioKeHHs1 TepuTopii YkpaiHm 325,2 165,8 149,9 46,1
3 MeTow HapowyBaHHs MCB
IHWi gocnigXeHHst TepuTopii YkpaiHu 1447 51,9 47,9 33,1
Bcboro 1730,4 1500 1143,7 66,1

BpaxoByloun nokasHuKM piHAHCYBaHHS Yy nepiog 3
2013-2018 pp. GromxkeTHoto nporpamoto KMNKB 2404020
"P03BWTOK MiHEPaNbHO-CMPOBMHHOI 6a3n" BpaxoBaHo BMaa-
Tk B 06ca3i 660,52 MrH rpH, dakTnyHo npodiHaHCoBaHO

547,75 MnH rpH, wWo ctaHoButb 6,1 % Big 3asiBNeHoro oi-
HaHcyBaHHs NMporpamoto po3sutky MCB go 2030 p.

Mpn dopmyBaHHi gogaTtka 2 go [porpamu po3BUTKY
MCB po 2030 p. 6yno gonyLieHo psg TEXHIYHUX MOMUIIOK
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i HEKOPEKTHUX JaHUX Y YaCTUHI MPOrHO3HOro 0bcAry giHaHCo-
BWX PECYpCIB ANsl BUKOHaHHS 3aBAaHb [porpamu, a cave:

® YCbOIO MPOrHO30BaHU 0bcAr hiHaHCYBaHHS pecypciB
ONs BMKOHaHHS MOBHOrO KOMMMEKCY 3aBAaHb Ta 3axofiB
(hiHaHCcyBaHHs 3a MNporpamoto Byno BifoOpaXkeHo i3 3aHMKeH-
HAM Ha 29,75 MIH rpH, Y TOMY Y1Cni 3@ paxyHOK AepKaBHOro
OromKeTy Ha 29,74 MIH rpH, iHWKX pkepen Ha 0,01 MIH rpH;

® 33 NepLMM PO3AiNoM 3aransHuii o6car diHaHcyBaHHS
3axodiB y YaCTUHI NanvMBHO-€HEPreTUYHNX PecypciB 3aBu-
LweHo Ha 7,0 MnH rpH Big nepenbayeHoro etanamu; obcsr
(biHaHCYBaHHs1 3axopfiB 3 HapoullyBaHHa MCB HadTu, rasy,
KoHAeHcaTy BigobpaxeHo Ha 10,0 MrH rpH GinbLue, HiX 3a-
nnaHoBaHo Mo eTanax, a iHaHCyBaHHA 3axOAiB Yy YaCTUHI
npupocTy 3anaciB i pecypciB rasy BigobpaxeHo Ha
20,0 MNH rpH MeHLUE, HiX 3anfaHoBaHo No eTanax;

e 33 YETBEPTUM PO3AiINOM 3aranbHuin obcsr diHaHCcy-
BaHHS 3aXOAiB 3 reosoriYHNX Ta eKONoro-reonoriYyHnx go-
cnigpkeHb TepuTopii YkpaiHnm 3 MeTor HapollyBaHHs MCB
BigobpaxkeHo Ha 247,86 MIH rpH MeHLe, Hixx nepeabayeHo
eTanamu, iHaHcyBaHHS pobiT 3 BypiHHSA cBEpANOBWH 3aBK-
LLLeHO Ha 9 MIIH rpH.

Y3aranbHoUYN NOACHEHHS, 3a3HadeHi y 3BiTax MiHic-
TepcTBa eKoslorii Ta NpUMPOAHNX pecypciB YKpaiHu npo pe-
3ynbTaTh BUKOHaHHSA 3aranbHoaepXaBHOI Mporpamm po3su-
TKy MiHepanbHO-CMPOBMHHOI 6a3n YkpaiHu Ha nepiog [o
2030 p. [1], MOXHa 3p0BUTM BUCHOBOK, LLIO HELOBUKOHAHHS
nokasHukie nporpamu po3suTtky MCB go 2030 p. nos'sisaHo
BUKITIOYHO 3 HeJOCTaTHIM (hiHaHCYBaHHSAM, OCKIiNbKW acUrHy-
BaHHs, nepeabaveHi y 3aransHomMy doHai [epxaBHoro 6to-
oxeTy YkpaiHun Ha po3sutok MCB, He BignosigatoTb obcsi-
ram 3aKOHOAaBYO 3akpinneHunm y MNporpami.

BucHoBku. [lepxaBHe diHaHCyBaHHSA reonoriyHoro Bu-
BYEHHS Haap B YkpaiHi BiabyBaeTbca B paMkax 3aTBepoxe-
HUx 3aranbHopepxaBHuX nporpam possutky MCB Ha ne-
piog Ao 2010 p. Ta 2030 p. WNAXOM BCTAaHOBMEHHS BiAMOBI-
OHWX acurHyBaHb 3akoHOM YkpaiHu "MNpo [depxaBHuin Oto-
xeT" Ha BigNOBigHWIA pik Ta nacnopTom 6loaXeTHOI npo-
rpamun KIMKB 2404020 "P0o3BMTOK MiHEpPaNbHO-CUPOBUHHOT
6a3n". MNMpoBeaeHuii aHani3 diHaHcyBaHHs [Nporpam po3Bu-
Tky MCB o 2010 p. ta 2030 p. gae 3amory 3pobuTn BUCHO-
BOK NPO YaCTKOBE HEBUKOHAHHS AaHOi Nporpamu siK y yac-
TUHI biHaHCYBaHHSA, TaK i B YaCTUHI BUKOHAHHSA 3aBOaHb.
OTxe, 3 aHani3y HaBefeHoro B CTaTTi MaTepiany Bunnusae
BMCHOBOK, o 3 2012—2013 pp. ige uinecnpsMoBaHe pyw-
HYBaHHS reororiyHoi ranysi YkpaiHu.

BpaxoBytoun 0cobnmBoCTi OHHKETHOrO NPOLLECY B HACTUHI
3aCTOCYBaHHSA MPOrpamHoO-LiNbLOBOro mMeTogy (iHaHCyBaHHSA
OHODKETHMX NpOrpam, iIHCTPYMEHTOM SIKUX BUCTYMakoTb Macmno-
pTM BIOmKETHMX NporpaM, (hiHaHCYBaHHA reosorivyHOI ranysi
noBuHHO OyTW 3abesneveHO BCTaHOBMNEHHAM Oesnocepen-
HbOrO 3B'sI3KYy MK BUAINEHHAM OLooKETHMX KOLLITIB Ta pesyrb-
TaTamu iX BUKopuctaHHs. Tak, Ha AaHui Yyac 3aransHoaepxa-
BHa nporpama po3suTtky MCB HekopekTHO BigobparkeHa y na-
cnoptax 6rompKeTHUX Nporpam, ki 6esnocepegHLO MOKa3yloTb
PaKTUYHWIA piBEHb 1i BUKOHAHHA Ta e(EeKTUBHICTb BMKOPUC-
TaHHS BUAINEHUX KOLUTIB, LLIO YHEMOXITUBIIHOE NPOBEAEHHS SiKi-
CHOI OLliHKM Ta Had4aHHS BiANOBIAHNX pekoMeHaaLil.

Cnig 3ayBaxvTu, WO npoaHanidyBat BUKOHaHHA [Mpo-
rpam po3suTky MCB oo 2010 p. ta 2030 p. y 4acCTuHi iX He-
AepXaBHOro piHaHCyBaHHSA MPaKTU4HO HEMOXXIMBO, OCKi-
NbKW He iCHYE YHidikoBaHOI LLLOPIYHOT 3BITHOCTI NiANPUEMCTB
peanbHOro CEKTOpY eKOHOMIKW LLIOAO TaKoro dhiHaHCYBaHHS.
IcHyBaHHSA Takoi yHichikoBaHOI 3BITHOCTI gano 6u 3mory ak-
Tueisysatu Il Ta lll cTagii reonoropossigyBanbHUX pooiT, LWo
BMKOHYHOTbCS 3@ KOLUTU Bi3HECY, LLUMSIXOM 3aCTOCYBaHHS He-
NPSAMUX METOAIB AEpPXKaBHOI NIATPUMKN: NOAATKOBI Ninbruy,
KaHiKynn, 3MEHLLEeHHS BapTOCTi JO3BINTbHNX LOKYMEHTIB.

BpaxoByroum CBiTOBUI [OCBIA, HEOOXIAHOK € PECTPYKTY-
pu3auisi cucteMn nnaHyBaHHA Ta diHaHCyBaHHS reonoriyv-
HOro BMBYEHHS HAAP i3 NepEHECEHHSIM akLEHTY Bij NpsiMOro

OepxaBHOro iHaHCYBaHHS 4O HEMPSMUX METOZIB, LLO Cro-
HyKaTUMyTb BuOobyBHUI Gi3Hec Ao BigTBopeHHss MCB Ha
perioHanbHOMY i AepXXaBHOMY PiBHi.
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MAIN TOOLS OF STATE PLANNING AND FINANCIAL SUPPORT OF GEOLOGICAL STUDIES IN UKRAINE

Main principles and mechanism of financial support for geological exploration in Ukraine are defined. Dynamics and structure of the State budget
expenditures for geological industry are studied in context of the state functions. The paper is based on conclusions that the level of financing for
the geological industry remains stably unpredictable with stable growth of overall level of the state's financial viability (in the equivalent of the national
currency). Costs for the geological industry lose their priority in the context of their financial support by state funds.

Place of the State Service of Geology and Mineral Resources of Ukraine is defined as the central executive service implementing the state policy
in direction of geological study and rational use of mineral resources. State financing of geological industry at the national level takes place directly
through budget programs, amount of expenditures of which is determined by Laws of Ukraine "About the State Budget” for every year. Main manager
of these financial resources is the Ministry of Environment of Ukraine, and the responsible executive is the State Service of Geology and Mineral
Resources of Ukraine. Implementation of State Service of Geology and Mineral Resources of Ukraine' functions takes place within two budget
programs — "Management of Geological Exploration and Subsoil Using " and "Development of the Mineral Raw Materials Base" which provides direct
financing of the National development program of mineral base of Ukraine for period to 2010 and 2030.

The peculiarities and implementation state of national programs development of mineral base of Ukraine for period to 2010 and 2030 are
estimated. It was defined that the National program for period to 2010 had to be provided by 61.8% with public funds and by 38.2% with other sources.
Actually, the National program was financed with public funds by 72.2% of target index, which caused partial or complete unrealization of certain
tasks declared by law. The basis for financing the National development program of mineral base of Ukraine for period to 2030 was 13.8% of state
financing and 86.2% of other sources'financing. The first stage (2011-2012) of the Program until 2030 was realized by 66.1%. In general, the financing
of the Program until 2030 in part of state financing for 2018 was realized by 6.1%.

Actually, the National development program of mineral base of Ukraine for period to 2030 is not correctly reflected at budget programs’ passports, which
directly show the level of its implementation and efficient use of appropriations. It makes impossible to provide qualitative assessment and appropriate
recommendations concerning these issues. It should also be noted that it is impossible to analyze implementation of National development program of mineral
base of Ukraine in part of their private financing, as there is no annual enterprises reporting forms of real sector of such financing.

Keywords: geological industry, mineral resource base, budget programs, financial support of exploration, planning.
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OCHOBHbIE MHCTPYMEHTbI TOCYOAPCTBEHHOIO NMNITIAHUPOBAHUA
N ®PUHAHCOBOI'O OBECMNEYEHUA TEEONNOMMYECKOIo U3y4YEHUA HEQP B YKPAUHE

B cmambe paccMompeHbl OCHOBHbIE MPUHUUIbI U MeXaHU3M (hUHaHC08020 06ecrevyeHUs1 2e0J102U4eCK020 uly4eHusi Hedp 8 YkpauHe, uccredo-
e8aHbl QuHamuka u cmpykmypa pacxodoe locydapcmeeHHO20 6t00kema Ha 2e0/102U4ECKYI0 Ompacslb 8 KOHMeKcme peanusayuu gyHKyuli 2ocydapc-
mea. O6ocHoeaHb! 8b1800bI, 4MO Npu cmabusibHOM pocme obuje20 ypoeHs ¢huHaHcoeol cocmosimesibHOCMU 20cydapcmea (8 3KeusaseHme Hayuo-
HanbHoU 8anomsbl) ypoeeHb huHaHCUPOB8aHUSI 2€0/102UHECKOLU ompacsiu ocmaemcsi cmabusibHO Herpo2HO3UpyeMbiM, MO eCmb Pacxodbl Ha 2e0s102u-
4ecKyro ompacsib mepsitom C80Ho MPUOPL {0CMb 8 KO¥ me ux ¢puHaHco8020 obecrieyeHuUs1 UMEHHO 20CydapcmeeHHbIMU cpedcmeamu.

OnpedeneHo mecmo NocydapcmeeHHOU crlyx6bl 2e0102UU U HEOP KaK YeHmpasibHO20 opaaHa UcnosIHUmesibHol efrlacmu, peasusyouje2o 20-
cydapcmeeHHY0 NoumuKy e ceghepe 2e0/102u4eCK020 U3y4eHUs1 U payUuoHaslbHO20 UCIO/b308aHUsi Hedp. YcmaHoes1eHo, Ymo ¢huHaHcupoeaHue
2eos1o2uyeckoli ompacsiu Ha obujezocydapcmeeHHOM ypo8He npoucxooum HernocpedcmeeHHO Yepe3 6100XemHble Npo2paMMbl, 06bem pacxodoe
Komopbix onpedensiemcsi 3akoHOM YkpauHbl "O 2ocydapcmeeHHOM 6100eme” Ha coomeemcmeyrouwuli 200, 2r1a8HbIM pacrnopsidumesieM KomopbIx
sensemcsi MuHucmepcmeo 3Kos102uu U NPupoOHbIX Ppecypcos, a omeemcmeeHHbIM ucrnosnHumesnem — FocydapcmeeHHasi criyx6a 2eono2uu u Heop
YkpauHa. Peanusayusi ¢pyHkyuli FocydapcmeeHHoU cryx6bl 2eono2uu u Hedp YKpauHbl npoucxodum e pamMKax ebIMosIHeHUs1 d8yx 6100KemHbIX
npozpamm — "Pykoeodcmeo u ynpaeseHue 8 cghepe 2e0s102U4ECKO20 U3yYeHUsl U Ucnosib3oeaHusi Hedp" u "Pa3zeumue MuHepasibHO-Cbipbeol
6a3bl", kKomopas ob6ecrneyusaem HernocpedcmeeHHOe 8bIMoJIHeHUe U (huHaHCUposaHue Meporpusmuli o6ue2ocydapcmeeHHbIX Mpo2paMM pa3eu-
musi MuUHepasnbHO-cbipbeaol 6a3bl YkpauHbl Ha nepuod do 2010 2. u 2030 2.

OyeHeHbl 0cO6eHHOCMU U COCMOSsIHUE 8bINOJIHEeHUs1 06uje2ocydapcmeeHHbIX Mpo2paMM pa3eumusi MUHepasibHo-cbipbeaol 6a3bi do 2010 2. u
2030 2. YcmaHoeneHo, ymo [Mpoezpamma pazeumusi MCE 0o 2010 2. donmxHa 6bina 6bimb obecriedeHa Ha 61,8 % 2ocydapcmeeHHbIMU cpedcmeamu
u Ha 38,2 % dpyaumu ucmoyHukamu. Mo ¢pakmy lMpozpamma pazeumusi MCB 6bina npoguHaHcuposaHa 3a cyem 2ocydapcmeeHHbIX cpedcme Ha
72,2 % om nnaHo8020 roka3amersisi, Ymo npueesio K YaCMu4YHOMY UJlU MOJIHOMY He8bINOSIHEeHUO onpedeneHHbIx 3aday, 3adekniapupoeaHHbIX 3aKo-
HodamesnbHo. B ocHosy ¢huHaHcupoeaHus lpozpammbi pazeumusi MCB 0o 2030 2. 6bin10 3anoxeHo 13,8 % 2ocydapcmeeHHO20 ¢huHaHCUpPOBaHUs U
86,2 % dpyaux ucmo4Hukoe ¢puHaHcupoeaHus. lMepenili aman (2011-2012 22.) Mpozpammbl pazeumusi MCB do 2030 2. e yacmu ¢gpuHaHcupoeaHusi
6b151 8binosiHeH Ha 66,1 %. B yenom ¢puHaHcuposaHue lMpozpamMmbl pazeumusi MCE do 2030 2. 8 yacmu 2ocydapcmeeHHO20 huHaHCUPOB8aHUsi Mo
cocmosiHuto Ha 2018 2. ebinosnHeH Ha 6,1 %.

B Hacmosiuee spems o6uezocydapcmeeHHas npozspamma pazeumusi MCB HekoppekmHo ompaxeHa 8 nacriopmax 6100kemHbIX pozpamMm, Komophbie
HerocpedcmeeHHO Moka3blearom ghakmuyeckuii ypoeeHb ee 8bIMONTHEeHUs1 U 3¢ghghekmusHOCMb UCMONb308aHUsT 8biAesIeHHbIX cpedcme, denlaem He8o3Mo-
JKHbIM rpoeedeHue KayecmeeHHOU OyeHKU U rpedocmassieHus1 coomeemcmeyroujux pexomeHdayulii. Takke crnedyem ommMemums, YmMoO NPOaHaIuU3upPo-
e8amb eblINnosiHeHue npozpamm paseumusi MCB e 2010 2. u 2030 2. 8 yacmu ux He20CyO0apcmeeHHO20 (huHaHCUPO8aHUST MPaKMUYeCKU He803MOXKHO, MakK KakK
He cywecmeyem yHUGhuyupoeaHHoli exxe200HOlU omyemHocmu npednpusimuii pealbHO20 CEeKMopa 3KOHOMUKU 110 MaKoMy (hUHaHCUPOBaHUH.

Kntouyeenie cnoea: 2eosniozuydeckass ompacsb, MUHepasibHO-Chipbeaasi 6a3a, 6r00emHble nNpozpamMmbl, huHaHcosoe obecreyeHue 2eos1020pa-
38ed0Y4HbIx pabom, nnaHupoeaHue.




ISSN 1728-2713 FEONOris. 2(81)/2018 ~ 63 ~

YOK 553.411.071
H. Villena, MSc.
Chief Geologist of Modeling and Mineral Resources
E-mail: hvillena@losandesgold.com
CDC Gold, Los Andes Peru Gold Mining Company
1420 La Encalada Str., Surco, Lima, Peru, 33

"EL TORO” GOLD MINE (PERU): GEOLOGICAL FEATURES AND PERSPECTIVES

(PexomeHAo8aHO YrieHOM pedakyiliHoi konezil 0-pom 2eorn. Hayk, npogh. B. A. Muxatinosum)

El Toro is an epithermal gold deposit with an epizonal conformation being hosted in the clastic sediments of lower Cretaceous (Chimu
Formation). The ore deposit is located in La Libertad Region in northern Peru. Spatially it configures an elongated geometry that aligns
with the Andes mountain ridges; geomorphologically it is a 1.0 x 1.5 km dome structure. The dome axis is formed by a subvolcanic
intrusion of dacite / andesite composition (20-18 Myr), the basement deposit consists of pelitic rocks, slate, shales and carbonaceous
slimes of Chicama Formation. They are underlain by clastic sequences of Goyllarisquizga Group conformed to quartz and laminar
sandstones. Locally, four tectonic events (ET) are recognized: ET-2 (overthrust faults), ET-4 (NW-SE faults), ET-5 (high angle NW-SE faults)
and ET-6 (annular faults). Mineralization in oxides constitutes 80% of current mineral resources and is related to sedimentary rocks,
tectonic breccia, hydrothermal breccia, collapse breccia and oxidized dacite blocks; while sulfides and mixed materials are restricted to
dacite/andesite bodies.

The resource estimation results performed in 2014 (NI 43-101 Resources Technical Report, El Toro gold project) determine: 65,000
gold ounces of measured resources, 27,600 gold ounces of indicated and 398,000 gold ounces of inferred resources.

According to projection and based on the interpretation and correlation of structural styles , lithological domains and similar ore
deposits, approximately 1,500 km? demarcation is outlined (El Toro-Altagracia, proposal of a new mining district).This preliminary
interpretation is also based on analogical correlation with other mining districts with similar genesis and resources that would surpass in
total thirty million gold ounces.

Keywords: epithermal gold deposit, clastic sediments mineralization, mining district, lithological and structural interpretation, 3D

geologic modeling.

Introduction. The northern segment of Peru hosts an
extensive variety of polymetallic resources, genetically
related to evolution of the Andean tectonics, highlighting the
ore deposits with gold mineralization (Au-Cu porphyries, Au-
Ag epithermal, the gold deposits related to batholithic and
metamorphic complexes, etc.). Such a geological peculiarity
is shown in the review of the national gold production (2016)
which localized mainly in following regions: La Libertad
(28.7%), Cajamarca (23.6%), Madre de Dios (11.6%),
Arequipa (10.9%), Ayacucho (7.6%), Puno (6.7%) and
others (10.9%). The first and second ones are located in the
northern segment of region and both amount to more than
50% of national production. El Toro gold deposit belongs to
the group of mines that are distributed in la Libertad region
and they can be geologically treated as an epithermal
deposit of epizonal nature that is specially related to a
subvolcanic intrusion. It is localized in the clastic sediments
of the Chimu Formation (Lower Cretaceous), in the
structural association with overthrusts, high bedding faults
and narrow folds.

Regional geological context. The oldest rocks
formations are represented by sediments of Permo-Triassic
age that expose to NE of San Marcos city and occupy the
area of approximately 1 km2. Nevertheless, their greater
development has been distinguished in adjacent zones.
Above these deposits Mesozoic rocks are exposed which
are followed by Cenozoic unconformity cover comprised of
effusive rocks.

At the upper section thin lacustrine and fluvioglacial
deposits of quaternary age are exposed. The Mesozoic clastic
sediments are generally continental (fluvial and deltaic),
especially in eastern part where they are thin and increase in
thickness westward [2]. Sandstones and quartzite of platform
basin are interbedded with limestones and shales of Santa
formation, some levels of paraglauconites.

These deposits are continued by shales, sandstones
and quartzite of Carhuaz formation, ending at the top with a
predominance of quartzite of Farrat formation. This
suggests that basin sector was subjected to the subsidence
movements which are separated from Maranon
geoanticlinal of the western basin. It is evident that the basin
was related to a shallow sea during Goyllarisquizga group
deposition [7], where a constant exchange of water gave rise
to the intensively oxygenated zones. As it was sinking, it was
being filled with clastic materials, so that the same levels

were maintained. Therefore, the clastic sedimentation area
had a long period of apparent stability with constant
movement, as a result, there was sediments accumulation
about 2,000 m [11].

The plutonic bodies do not crop out, but some stocks,
sills and dikes cut volcanic and sedimentary rocks. The
deepest intrusive bodies are generally represented by
diorites, tonalites and granodiorites, constituting coastal
batholith prolongation. The hypabyssal bodies mostly occur
as andesitic and dacitic porphyries that arise indistinctly
within the area, often confined to the metalliferous minerals.
The dispersed outcrops in the area allow investigating a
relation between them. The studies performed in the
neighboring areas confirm that the intrusive unite has
following paragenetic relationship: diorite-granodiorite-
tonalite-porphyritic dacites-andesites-granites.
Granodiorites, dacites and porphyritic dacites act on Calipuy
group (fig. 1), emphasizing that diorites appear to still intrude
to San Pablo volcanic unit [12].

Tectonically there is evidence of four deformation stages
that began in late Cretaceous and continued during
Cenozoic, all of which corresponding to Andean cycle
movements. Approximately, at Upper Jurassic, Peruvian
occidental basin and Maranon geoanticline began to form.
Probably distension forces influenced the development of
two great elements: a graben (west) and a horsts (east) [12].
Naturally, the sedimentation began to accumulate in the
basin continuously and i, in turn, was slowly subsiding.

Between Aptian and early Albian, the marine
transgression advanced towards the Maranon geoanticlinal,
completely covering the basin during the interval between
Albian and Senonian. A thicker calcareous cover left in the
basin lithological changes that correspond to the basin-
platform slope change. At the end of the cycle of sea
sedimentation in Senonian, when the sea covered Andes
mountain ridge and the Amazon basin part in early
Santonian, the basin and Maranon geoanticlinal were
affected by epirogenetic movements, raising large regions
of the basin and platform, thus initiating a clastic
accumulation in lower parts (Chota formation) [3]. The
second Andean cycle movement is the main movement in
this zone. Early Tertiary is characterized by high
compression forces, originated in vectors from southwest
that pushed a sedimentary prism towards northeast,
intensely folding the sediments in the basin sector and

© Villena H., 2018
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producing an overthrust on its eastern side that occurred
after Chota formation deposition. As a result of this
movement, a massif emerged to relatively moderate
heights, without becoming true mountains, but with enough

of a topographic contrast and was subjected to an intense
erosion, whose removed materials were deposited
discordantly in the lower part of the folded series, recognized
as Huaylas formation [12].

=
z & & STRATIG
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Fig. 1. La Libertad Region stratigraphic column

The third deforming movement probably began at early
Tertiary and continued until middle Tertiary, after a post-
tectonic Calipuy group volcanic accumulation, developing
structures with the same direction as the second movement.

Regionally, it seems that the greatest volcanic rocks
accumulation occurred in western part of the basin, where
the first levels were interbedded with lenticular
conglomerates [4]. Generally, this deposition was sub-
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aerial, reaching thickness that exceeds 2,000 m. The third
deforming movement was also characterized by
compression. It affected the volcanic series with the incipient
folding produced for the block faults, the upper undulating
structures reached heights above their original positions,
being therefore subjected to prolonged interval erosion,
which resulted in a peneplantation, developing an erosion
surface called the "Puna" surface.

The fourth movement was epirogenetic and resulted in
the elevation of the Andean region to present levels. These
deformation phases are evidenced by discordances, folds
and other structures regionally, it looks like the tectonic
movements in some sectors have been more intense than
in others. Main structures in the study area are directly
related to the second Andean cycle movement, which clearly
defined two structural provinces: a province of folds and an
overthrust province [6].

El Toro gold deposit. El Toro is an epithermal gold
deposit with an epizonal structure being hosted in the clastic

sediments of lower Cretaceous (Chimu Formation).The ore
deposit is located in La Libertad Region in northern Peru.
Spatially it is configured as elongated geometry that aligns with
the Andes mountain ridges; geomorphologically it is a 1.0 x
1.5 km dome structure (fig. 2), the axis of the dome is formed
by a subvolcanic intrusion of dacite / andesite composition (20-
18 My). The basement deposit is represented by pelitic rocks,
slate, shales and carbonaceous slimes of Chicama Formation.
They are underlain by clastic sequences of Goyllarisquizga
Group conformed to quartz and laminar sandstones. Locally,
four tectonic events (ET) are recognized: ET-2 (overthrust
faults), ET-4 (NW-SE faults), ET-5 (high angle NW-SE faults)
and ET-6 (annular faults). The mineralization occurs in oxides
that constitutes 80% of current mineral resources and is
related to sedimentary rocks, tectonic breccia, hydrothermal
breccia, collapse breccia and oxidized dacite blocks; while
sulfides and mixed materials are restricted to dacite/andesite
bodies [10].

Fig. 2. El Toro gold mine panoramic view, Huamachuco district

El Toro ore deposit structural specificities were interpreted
and recorded in general plane (fig. 3) representing most
mapped elements, which were later classified as tectonic
events (ET). Criteria for this grouping are: geometric
elements, faults mechanics, kinematic interpretation, mineral
association and tectonic material characteristics. All of this is

based on tectonic environments reconstruction and
geological history of the Andes. Therefore, lithological units
arrangement, mineral zones, rock competence and other
geological variables will have an intrinsic relationship with
conjugate dynamics of these planar elements.
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The rocks arrangement is in relation to the structural
framework. There are: ET-2 (overthrust faults that make
tectonic windows), ET-4 (steeply dipping faults with
associated gold mineralization), ET-5 (post-mineralization
faults of NW-SE strike and E dip to E). The last one
corresponds to higher levels of Andean tectonics,
geographically limiting this sector and forming prominent
cliffs. For example, these faults control the east and west
flanks of El Toro ore deposit and generate tectonic breccia of
considerable thickness. Finally, ET-6 demarcates igneous
intrusions in collapse calderas which have an annular
appearance with vertical and horizontal displacement
(associated with transfer faults) [5]. They break the deposit
and form the current structure (fig. 4).

Geological interpretation involved design and
digitalization of six cross sections and three longitudinal
sections (L. Central, LNE +100 and LNE -100). These
sections have the separation of 100 meters between them
(fig. 5), comprising an approximate area of 350,000 m2. The
modeling contemplates 3D detail of all geological variables
mapped (faults and lithology). Figure 6 is a hypothetical
regional model.

The resources estimation results are summarized in
Technical Report 43-101 (NI 43-101 Resources Technical
Report, El Toro gold project) [8]. They are shown in table 1
and based on information of RC-DDH historic drilling
campaigns, production drill holes, trench samples, mining
banks and the mineralized zone model.

General view
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Fig. 4. Structural model 3D, El Toro gold mine, Huamachuco district
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Fig. 5. Lithological model 3D, El Toro gold mine, Huamachuco district
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Fig. 6. Hypothetical model
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Table 1

The resources estimation 2014, El Toro gold mine

Category Tonnage Au (g/t) Au (Ounces)
Measured 5'660,000 0,36 65,000
Indicated 19'060,000 0,45 276,000
Measured + Indicated 24'720,000 0,43 340,000
Inferred 25'460,000 0,49 398,000

Cut off: 0,16 g/t Au;
Estimate resources without dilution;
Mineral resources restricted to an open pit with value of 1,265 $/0z

Based on the compilation, validation and interpretation
of RC and DDH drilling (16,000 m approx.), access and
open pit development, transversal and longitudinal sections
are used to define a geo-structural model that is an
important support for developing an aggressive DDH and
RC drilling Program (10,000 m of DDH drill and 15,000 m of
RCD drill). The details are shown in fig. 8.

The main objectives of 2016-2017 Drilling program are:
(1) to define areas of condemnation to develop operational
infrastructures; and (2) to increase mineral resources.
Exploratory campaign 2106-2017 has good expectations,
some results of this exploratory campaign are show in fig. 9
(PE16-TO-DH0017 and PE17-TO-DH0024), where breccia
and oxidized zones are observed.
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Fig. 8. Drilling campaign 2016-2017 (

DDH and RCH), El Toro gold mine
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Regional exploratory expectations. The configuration
and the establishment of Peruvian deposits interrelate with
the Andean mountain ridge course, defining twenty-four
metallogenic belts [1]. The deposits of the northern Peru are
mostly auriferous, including a great variety of mining
occurrences, exhibiting from deep systems to apical levels,
directly associated with intrusives or being housed in
secondary structures.

Specifically, "XX metallogenic belt” (Cu-Mo-Au porphyry,
Pb-Cu-Zn-Ag skarn and polymetallic deposits related to
intrusives Miocenics), is formed by tectonic activity during
upper Mesozoic to Cenozoic, which is associated with
intensive igneous Miocene activity. It contributed to ore
generation and formation of big gold deposits.

Fig. 10. The delimitation of El Toro-Al
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Fig 9. Drill core PE16-TO-DH0017 (left) and PE17-TO-DH0024 (right), El Toro gold mine

According to projection and based on the interpretation
and correlation of structural styles, lithological domains,
mineral occurrences configuration of approximately
1,500 km? was limited. This preliminary interpretation is
also based on analogical correlation with other mining
districts with contemporary genesis and resources that
would surpass in global thirty million gold ounces globally
and consequently, it means increase in exploratory
potential of resources in this region (fig. 10). It has been
established by preliminary assessment that preponderant
control mineralization is structural, with four regional
tectonic events, which configure not only mineral
occurrence but also geographic peculiarities. These traits
are good exploration guides [9].
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tagracia mining district, Northern Peruvian

Volcanic and intrusives miocenic centers.

5. Corbett G. Sistemas de oro-cobre en el borde pacifico suroeste / G. Corbett,
T. Leach // Sociedad de Geologia Economica. — 1998. — Pub. Esp. 6.

6. Jacay J. Estratigrafia y sedimentologia del Jurasico, curso medio del
valle Chicama y esbozo paleogeografico del Jurasico-Cretacico del norte
peruano / J. Jacay // Tesis. Universidad Nacional Mayor de San Marcos. —
1992. — P. 166.

7. Laughlin D. Geologia y fisiografia de la cordillera peruana.
Departamentos de Jun?n y Lima / D. Laughlin // Sociedad Geologica de
America. — 1924. — Bol. 35, 3. — P. 591-632.



ISSN 1728-2713

FEONOrIS. 2(81)/2018

~ 69 ~

8. SGS Geostat. NI 43-101 Reporte tecnico de recursos, Proyecto aurofero
El Toro, 2014. — P. 83.

9. Villena H. El Toro — Altagracia, el nuevo distrito aurifero del norte
peruano (Connotaciones geologicas y expectativas exploratorias) Region La
Libertad, Peru / H. Villena, C. Salinas // Resumen tecnico XXXIII PERUMIN.
—2016. - P. 3—-4.

10. Villena H. El Toro, Caracteristicas y evidencias de un gran yacimiento
aurifero, Huamachuco, Region La Libertad, Peru. / H. Villena, C. Salinas //
Resumen tecnico XXXIII PERUMIN. —2016. — P. 1-5.

11. Wilson J. Estratigrafia Cretacica de los andes centrales de Peru /
J. Wilson // AAPG. — 1963. — Bol. 47,1. — P. 1-34.

12. Wilson J. Geologia de los cuadrangulos de Mollebamba, Tayabamaba,
Huaylas, Pomabamba, Carhuaz y Huari / J. Wilson, L. Reyes // Servicio de
Geologia y Mineria. — 1967. — Bol.16. — P. 104.

Reference

1. Acosta, J., Quispe, J., Rivera, R., Valencia, M., Chirif, H., Huanacuni, D.,
Rodriguez, I., Villarreal, E., Paico, D., Santiesteban, A. (2017). Metalogenic Map of
Peru. Geological, mining and metallurgical institute of Peru.

2. Benavides, V. (1956). Cretaceous system in northern Peru. American
Museum of Natural History, 108, 4, 353-494.

3. Broggi, J. (1942). The geology of quadrangles: Chotano river en Lajas.
Geologic Society of Peru, 12, 1, 5-23.

4. Cossio, A. (1964). The geology of quadrangles: Santiago de Chuco and
Santa Rosa, 8, 69.

I'. BineHa, ronos. reonor

E-mail: hvillena@losandesgold.com

CDC Gold, Los Andes Peru Gold Mining Company
Binnin mopenioBaHHsA i MiHepanbHUX pecypcis
1420 La Encalada Str., Surco, Lima, Peru, 33

5. Corbett. G., Leach, T. (1998). Southwest Pacific Rim Gold-Copper
Systems: Structure, alteration and mineralization. Society of economic
Geologist. Sp. Pub. 6.

6. Jacay, J. (1992). Jurasic stratigraphy and sedimentology, Chicama
valley and Jurasic-Cretasic paleographic outline of northern Peru. Thesis.
San Marcos University National, 166.

7. Laughlin D. (1924). Geology and physiography of the Peruvian
Cordillera. Departaments of Junin and Lima. Geological Society of America,
35, 3, 591-632.

8. SGS Geostat. (2014). NI 43-101 Resources Technical Report, El Toro
gold project, 83.

9. Villena, H., Salinas, C. (2016). El Toro — Altagracia, The new gold district
of north Peruvian (Geological Connotations and Exploratory Perspectives),
La Libertad Region, Peru, Technical summary XXXIIl PERUMIN, 3-4.

10. Villena, H., Salinas, C. (2016). El Toro, Characteristics and evidences
of great gold deposit, Huamachuco, La Libertad Region, Peru. Technical
summary XXXIIl PERUMIN, 1-5.

11. Wilson, J. (1963). Cretaceous stratigraphy of Central Andes os Peru.
AAPG, 47,1, 1-34.

12. Wilson, J., Reyes, L. (1967). The geology of quadrangles: Mollebamba,
Tayabamaba, Huaylas, Pomabamba, Carhuaz and Huari. Geology and
mining Service, 16, 104.

Hapinwna no peakonerii 13.08.17

30J10TOPYOHE POAOBMLLE "EL TORO" (MEPY): TEONON4YHA XAPAKTEPUCTUKA | NEPCMNEKTUBU

EnimepmanbHe podosuuwe 3o1oma Enb-Topo nokanizoeaHe e ocadogux nopodax HUXHboi kpelidu (gpopmayiss Chimu), y pezioHi La Libertad e
nieHi4Hili yacmuHi lMepy, xapakmepu3yembcs enizoHanbHor 6ydoeoro. PyoHuli patioH El Toro-Altagracia, do siko2o npuypoyeHe podoeuuwie, sumsi-
2Hymul y nieHi4HO-nieHiYHO-3axiOHOMY HanpsiMKy, 32i0HO 3 Npocmsi2aHHsIM 2ipcbKux xpebmie AHO, 6inbw Hix Ha 100 KM Npu WUpPUHi 00 25 kM.
Podoesuuwe npuypoyeHe 0o Kynosionodi6Hoi cmpykmypu po3mipom 1,0 x 1,5 km, sdpo Kynona npedcmaeneHe cybeynkaHUYHOI iHmMpy3icro dayum-
aHde3umoeozo cknady, eikom 18—20 mnH pokie. BmicHi nopodu npedcmaeneHi nenimamu, cnaHysmu, eyaneyesumu cnaHysamu gpopmayii Chicama,
sKi nidcmensirombcsi KBapyo8UMU CcMy2acmumMu nickosukamu cepii Goyllarisquizga. Budinsembcs yomupu mekmoHiyHux ¢pasu (ET): ET-2 (chopmy-
8aHHs1 Hacyeie), ET-4 (ckudu nieHiyHo-3axiOHo20 HanpsiMKy), ET-5 (kpymi po3nomu nieHiyHo-3axiOHO20 HanpsiMKy) i ET-6 (kinbyeei po3nomu). MiHe-
panisayisi npedcmassnieHa nepesaxHo okcudamu (0o 80 %), nos'a3aHa 3 ocadosumu MOpodamMu, MeKMOHIYHUMU, Yacmo MiHepasizogaHUMU 6peKYi-
SIMU, OKUCHEeHUMU OayumamMu, 8 0CMaHHIX po3eueaemncsi MaKox cynbgioHa i 3miwaHa miHepanisayisi.

3a pesynbmamamu oyiHo4yHux po6im (3eim NI 43-101, 2014 p.) po3eidaHi 3anacu 30/10ma podosuwa cmaHosessims 65 000 yHyil; nonepedHLO
po3eidaHi 3anacu — 27 600 yHyili, npo2HO3Hi pecypcu — 398 000 yHuit.

Ha ocHoei iHmepnpemauyii ma kopensiyii cmpykmypu, nimonoeii ybo2o i nodi6Hux pydHux podosuuy sudineHo Hoauli pydHuli palioH El Toro-
Altagracia nnowero 651usbko 1500 km?, aHanoziyHull 3a 2eHe3UCOM i pecypcamu 30/10ma iHWum eidoMuM y pezioHi 3010mopydHuUM paiioHam. Ix 3a-
2anbHi pecypcu nepesuwyroms 30 MiIH yHUili 30510ma.

Knrouoei cnosa: enimepmanbHe podosuwe 3o510ma, Minepanizauis ocadoeux eidknadie, pyoHuli palioH, nimonoziyHa i cmpykmypHa iHmeprpe-
maujisi, 2eonoziyHe modesroeaHHs 3D.
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30JIOTOPYAHOE MECTOPOXIAEHUE "EL TORO" (MEPY):
FEONNOMMYECKAA XAPAKTEPUCTUKA U NMEPCMNEKTUBDI

AnumepmanbHoe MecmopoxdeHue 3o110ma Anb-Topo /1okanu3oeaHo 8 ocadoYHbIX nopodax HUXHez20 mena (popmayusi Chimu), e pezuone La
Libertad e cesepHol yacmu [lepy, xapakmepu3lyemcsi 3Mu3oHasbHbIM cmpoeHueM. PyOHbil patioH El Toro-Altagracia, Kk komopomMy npuypo4YeHo
mecmopoxdeHue, 8bIMSIHYM 8 cesepo-cesepo-3anadHOM HarnpaeJieHuuU, Co2/1acCHO MPOCMUPaHUIo 20pHbIX Xxpebmoe AHA, 6onee Yyem Ha 100 kM npu
wupuHe 0o 25 km. MecmopoxdeHue Npuypo4eHo K KynosonodobHol cmpykmype pa3mepom 1,0 x 1,5 km, s0po Kynona npedcmaesieHo cybeynkaHu-
4Yeckoli uHmpy3ueli dayum-aHde3umogoz2o cocmaea, eo3pacmom 18-20 mnH nem. Bmeuwjarouwyue nopodsbl npedcmassieHbl neaumMamu, crnaHyamu,
yenepoducmbiMu cnaHyamu ¢popmayuu Chicama, komopbie nodcmunaromcsi KeapyeebiMU MosiocYambsIMu nec4aHukamu cepuu Goyllarisquizga.
Bbidensiemcsi yembipe mekmoHu4yeckue ¢pa3sbi (ET): ET-2 (popmupoeaHue Hadsuzos), ET-4 (c6pochkl cesepo-3anadHo20 HanpaeneHusi), ET-5 (kpy-
monadaroujue pa3sioMbl ceeepo-3anadHo20 HanpaesneHusi) u ET-6 (konbyeeanle pa3nomsil). MuHepanu3ayusi npedcmaesieHo npeumMyuw,ecmeeHHoO OK-
cudamu (9o 80 %), cesizaHa ¢ ocado4yHbIMU MopodaMu, MEKMOHUYECKUMU, YacCmo MUHepasiu308aHHbLIMU 6PeK4YuUsiMU, OKUcIeHHbIMU dayumamu, 8
nocnedHux pazeueaemcsi makxe cynbgudHasi u cMewaHHasi MuHepau3ayusl.

IMo pe3ynbsmamam oyeHoYHbIx pabom (om4yem NI 43-101, 2014 2.) pazeedaHHble 3anacbl 30/7l0ma Mecmopo)xdeHusi cocmasnsitom 65 000 yHyul;
npedeapumesnbHO pazeedaHHble 3anachkl — 27 600 yHYul, npo2HOo3HbIe pecypchkl — 398 000 yHyul.

Ha ocHoee uhmepnpemayuu u Koppensiyuu cmpyKmypbl, J1UMOJI02UU 3Mo2o U Nodo6HbIX PyOHbIX MecmopoxdeHuli ebiOesieH HO8bIl PYOHbIU
pation El Toro-Altagracia nnowadesto okosio 1500 kmM?, aHano2uyHbIl Mo 2eHe3Ucy U pecypcam 30510ma dpy2um U36eCMHbLIM € Pe2UOHE 30510MopPyOHLIM
patioHam. Ux obwue pecypchbl npesbiwarom 30 MIH yHYuUl 3o/10ma.

Knrouyeenie cnoea: anumepmanbHoe Mecmopo)xdeHue 30/10ma, MUuHepasu3ayusi ocado4YHbIX OMIIOXKeHUl, pyOHbIi palioH, lumosio2uYyeckasi u
cmpyKkmypHasi UHmeprnpemauyusi, 2eosio2u4deckoe modenupoeaHue 3D.
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nPoBIAHI YUHHUKU ®OPMYBAHHA Nonsa 3ABPYOAHEHHA FPYHTOBUX BOA,
nia BNJIMBOM METANYPrIMHOMO BUPOBHULITBA
(HA NPUKNAAI AHINPOBCbLKOro METANYPIriIMAHOIo 3ABOAY)

(PexomeHdoeaHo YrieHOM pedakuyiliHol Kosezii 0-pom 2eos. Hayk, npogh. O.€. Kownsikosum)

Mema i 3ae0aHHsi. BueyeHHs1 xiMi4HO20 cknady nid3eMHUXx 800 NMPupPodHO-MEeXHO2eHHO20 800OHOCHO20 20PU30HMa, W0 CghHopmy-
s8ascsi 8 Mexxax MalidaH4Yuka MemarnypeiliHo2o eupobHuymea [Hinpoecbko2o MemanypeziliHo2o 3agody. 3ag0aHHs1 O0CIiOXeHHS: eu-
s8umu OCcHO8Hi 3abpydHroeayi nid3eMHuUx 8o0; 6cmMaHO8UMU MPOCIMOPO8Y CMPYKMYypYy MoJisi 3abpyOHeHHs; Knacugikyeamu mepumo-
pito npoMmaiioaH4uKa 3a pieHeM eKosI02i4HO20 HaeaHMaXKeHHs1 8i0 OCHOBHUX 3ab6PyOHIOIOYUX PEYOBUH; OUiHUMU Mi2payiliHi enacmu-
eocmi XiMiYHUX esleMeHmig y nid3eMHuUx eodax.

Memoduka. KonuenmyansHe nosnoxeHHsi Memoduku docnidxeHb 6a3yeanock Ha poJli 8epXHbLOI 30HU 2e0s102i4HO20 cepedosulla
(HeHacu4eHoiI 30HU a60 30HU aepauii) sik 20/108HO20 "aKyMyJ10r4020 deno” binbwocmi mexHo2eHHUX eukudie y nosimpsi, noeepx-
Heei i nidzemMHi eodu ma naHowagmu. [ocnidxeHHs1 BUKOHAHO Ha OCHOB8I pe3ynbmamie nabopamopHux AocidxeHb NpPob eodu,
wiiaky ma wnamy.

Pe3ynbmamu. Y mexax 0ocidxyeaHoi OifiiHKU 000HOCHO20 20PU30HMY 8USIBJIEHO Ma 3aKkapmoeaHO menniose i xiMiyHe 3abpyo-
HEeHHS1, a MaKoX aHOMaJslbHO 8UCOKUU 8Micm 3a8UC/IUX PEeYOBUH y Nid3eMHuUx 8odax. Halibinbw 2ocmpo cmoims npobriema 3a6pyOHeHHs!
rpyHmosux eo0 op2aHi4HUMU croslykamu (¢heHosu, Haghmonpodykmu). YHaciOok mexHo2eHHoI dissribHocmi MemanypeitiHo2o eupob-
Huymea 3MiHMbCS OKUCHO-8iIOHOBHI Ma J1y)XKHO-KUCJTOMHIi YMO8U 30HU aepayil, wjo ernsiueace Ha ii 6ap'epHi (3axucHi) enacmusocmi:
3MeHWyembCs iHmMeHcusHicmb 800HOI Mi2pauyii 3anisa, MaH2aHy ma YUHKY, nNpu yboMy 36inbuwyembcst MizpayitiHa 30amHicmb anomi-
Hilo, cCRUHUIO Ma KaoMito.

lMpakmu4Ha 3Hayywjicmb ma eucHO8KU. Y pe3ynbmami ocio)eHHs 3'Aco8aHo, Wio 8 YisloMy cmaH nid3eMHux eod Ha mepumopii
npomMmatioaH4YuKka MOXXHa oxapakmepu3syeamu siK "€iOHOCHO 3adoeifbHy ekosio2id4Hy cumyauiro”. MemanypeiliHe eupobHuymeo cmeo-
PFOE JIOKanbHUl ensue Ha sikicmb nid3eMHUxX 800, 30KpeMa e Mexax padianbHux eidcmiliHukie, wiiaMmosux Kapm, 2padupeHb ma iHwux
mexHo2eHHUX 06'ckmie 3 nideuweHUM iHgbinbmpauyiliHUM XuesieHHsIM IPyHMoeux 800.

Knroyoei criosa: 3abpyOHeHHs1 r'pyHmMosux eod, MemarsiypziliHe supobHUUmMeo, koegiyicHm KoHUeHmpauji, 2eociHghopmayitiHuli aHa-

i3, KoegbiyieHm 80OHOI Mi2pauji.

BceTyn. Ha cyyacHomy eTani po3BMTKY TEXHOreHe3y Bu-
HATKOBY akTyanbHiCTb HabyBae npobrnema 3abpyaHeHHs
NnangwadTis, NPU3eMHOro NoBiTPS, NOBEPXHEBMX Ta Mia3e-
MHWX BOZ B MeXax NpOMUCIIOBUX 30H ypOaHi3oBaHUX Tepu-
TOpi, Ae BigOyBaeTbCA TEXHOTeHHa eBOMtoList XiMiYHOro
cknagy BCiX NPUPOAHMX KOMMOHEHTIB HABKOMMWLLHBOTO cepe-
posuwa. Cepea NpoMMCnoBUX NIZNPUEMCTB came nignpu-
€MCTBa YOPHOI MeTanyprii CTBOPIOIOTb BUPiLLANbHUA BNAMB
Ha eKomnoriYyHM cTaH Meranonicy. Aopke BOHU MPOAYKYHTb
3HayHi 0bcsaru Bigxonis y piakomMy, TBepAoMy Ta rasonogio-
HOMY CTaHax, CyMapHUI 06'eM SIKMX NEPEBULLLYE BUMYCK YO-
pHUX MeTanis y 2—-4 pasu [11], Ta BUCTYNaTb NOTYXXHUM
OXXepenoM HaaXo4XXeHHs1 enemeHTiB B 6iocdepy. Y cBiTOBIN
npakTuui 6nm3bko 80 % Biaxoais MeTanyprinHoro BUpobHU-
LTBa BMKOPWUCTOBYHOTHLCS KK BTOPUHHI MaTepiarnbHi pecypcu
[12], B YKpaiHi YacTka BTOPUHHOIO PECYPCOKOPUCTYBAHHS
He nepesuLlye 10-15 % [9], pewTa Bigxoais 36epiraeTbecsa y
BigBanax. CknagyBaHHS BIiOXOAIB CTBOPKE HeraTMBHUM
BMIMB Ha HaBKONWLUHE CEpedOBULLE: BUIy4alOTbCS 3 BUKO-
pUCTaHHSA 3eMernbHi OinsHKKU, BiABanu BMCTYNarTb MNOTEH-
LiNnHUM oxXepenom 3abpyaHeHHst atMocdepw, IpyHTIB, 30HU
aepadlii, nig3emMHux Bog Towo [12].

JocnigXeHHs BNNMBY MeTanypriiHoro BUpobHMLTBa Ha
nig3emMHy rigpocdepy sBnse coboro cknagHy KOMMMEKCHY
3agavy, sika BKIOYae BUSIBIIEHHSA OCHOBHUX 3abpyaHIOUNX
PEYOBUH, BUBYEHHSI PIBHIB X HAKOMWYEHHS Ta MOLUMPEHHS B
nig3eMHNX Bogax 3 METOK OBrpyHTYBaHHSA iCHYHUMX PiBHIB
eKomnoriyHoro  HaBaHTaxeHHsl. CknagHicTb  3yMOBreHa

OMHaMIYHICTIO AOCMiAXyBaHOro BOAHOrO cepefoBuLLla Mo-
LUMpPEHHs1 3a0pyaHtoBadiB. PisHOMaHITHICTb TepMOAMHaMIu-
HUX | i3NKO-XIMIYHUX YMOB, LLO (POPMYIOTLCS Y NiA3EMHUX
BoAax nig Aieto KOMMNNEKCY TEXHOreHHUX hakTopiB Cnpuyn-
HeHux 6e3nocepeaHbO OiANbHICTIO MeTanypriiHoro nianpu-
emcTBa (ynoBiflbHEHHSA NOBEPXHEBOro CTOKY, NPOTIKAHHS iH-
XXEHEepHNX KOMYHiIKaLii, Tennose Ta XimidHe 3abpyaHEHHs),
€KOrnoro-reoxiMmiyHMmMu ocobnmsocTammn ypbonaHwadTy B
Linomy, BM3Havae iCTOTHY CTPOKaTiCTb XiMiYHOro ckragy Ta
MIHNMBICTb KOHLIEHTPaLIN XiMiYHUX NOKa3HMKIB Y Yaci.
AHani3 martepianis nonepeaHix AocnimxeHb 3abpya-
HEHHS Nig3eMHMX BOA CBigYUTb Npo Te, WO 3 rigporeoximiy-
HMX MO3MLA Yy MeXax NPOMUCIIOBUX 30H ypbaHizoBaHux Te-
puTopii BiaGyBaloTbCcs OBa CaMOCTIlHI siBMWaA: 3abpya-
HEHHS1 BOA iICHYIOUMX BOAOHOCHMX ropmn3oHTis (BI), nepeay-
CiM NepLUoro Big NOBEPXHi HAMMEHLL 3aXMLLLEHOrO Bif 3abpy-
OHeHHs rpyHToBoro BIN, Ta hopmyBaHHA HOBMX TEXHOreH-
Hux Bl [8]. Ockinbku meTanypriiHe BUPOGHULITBO € BOAOE-
MKVMM: BOAOCMNOXMBAHHA Ha 1 ra nnowi mMeTanyprinHmx 3a-
BoAiB craHoBuTb 1000-10000 m3/moby, abo 0,1-1 m Boa-
HOro wapy, Wo Ao N'aTu pasiB nepesuLLye NpupoaHe iHi-
nbTpauiiHe XuBMNeHHs1 rpyHToBMX BoA [8]. 3a gaHux ymos
npubyTkoBa YacTMHa BOAHOrO GanaHcy 3Ha4yHO nepeBuLLye
BUTPATHy, IO BeAe OO0 TEXHOreHHO CMPUYUMHEHUX 3MiH Npu-
POAHUX €KOMNOro-riaporeonoriyHnx yMoB, nepeaycim Ha Tepu-
TOpii NpoMMangaH4uka, siki CynpoBOAKYOTbLCS (DOPMYBaH-
HSIM MPUPOJHO-TEXHoreHHoro BI. OcobnmBocTi Takoi TexXHo-
reHHoT TpaHcdopmaldii posrnsganucs Hamu B po6oTi [10].

© [oniH B., AAkoBnes €., LLlep6ak O., Mewepskos C., Mamnyxa I'., 2018
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MeTa Ta 3aBgaHHA gocnimkeHHA. MeToto gaHoi poboTtu
€ BUBYEHHS XiIMIYHOrO ckragy nia3eMHUX BoA NPUPOOHO-TEX-
HoreHHoro B, wo cdopmyBaBcs B Mexax npoMMangaHymka
MeTanyprinHoro BMpooHuuTBa MyobniyHoro akuioHepHoOro To-
Bapuctea "€BPA3 — [HINPOBCLKMI MeTanypriiHiiA 3aBoA
iMm. MeTposcbkoro” (MAT "€0M3"). na OOCArHeHHs MeTu
Oyno nocTaBreHo Taki 3aBAaHHSA OCIIKEHHS: BUSIBUTU OC-
HOBHi 3abpyaHIoBadi; BCTaHOBWUTWM MPOCTOPOBY CTPYKTYPY
nons 3abpyaHeHHs; KnacudikyBaTu TepMTOpito NpoMMaiiaa-
HYMKa 32 PiBHEM E€KOMOriYHOrO HaBaHTAXEHHS Bif OCHOBHMX
3a0pyaHIOYMX PEYOBUH; OLIHUTU MirpaLiiHi BNacTUBOCTI Xi-
MIYHUX eNeMEHTIB Y Nig3eMHUX BoAax.

Metoauka gocnigxeHHA. KoHuenTyanbHe MOMNOXeHHS
MeToaMKM JocnigkeHb 6a3yBanocb Ha pori BEpXHbOI 30HM
reosioriYyHoro cepefoBuLLia (HeHacM4eHoi 30HM abo 30HK ae-
paLii) sk ronoBHoro "akymysntor4oro geno" GinbLiocTi TEXHO-
reHHUX BUKUGIB Y MOBITPS, MOBEPXHEBI i Nig3eMHi Boau Ta
nangwadt. Tomy BMBYEHHS YMOB (POPMYBaHHSA XiMiYHOrO
cknagy nia3eMHUX BOA TEXHOrEHHOro BOAOHOCHOIO ropuso-
HTY B MeXax NMpoMManfaHyvKa MeTanypriiHoro BUPOGHML-
TBa 3[iMCHIOBANIOCs Ha OCHOBI pe3ynbTaTiB NnabopaTopHUX
pocnigpxeHb npob Boaw, Wnaky Ta wnamy, Wo Bigbupanucs
y npotieci MoHiTopuHry 2010-2014 pp. Ta npw LinsoBoMy 06-
CTeXEHHi crnocTepexHux ceepanosuH y 2014 p. AHani3 Ximi-
YHOro CKrnagy BOAM, BarioBOrO BMICTY Ta BMICTY PYXOMMKX
hopM BaxkMx MeTarniB, apceHy i antoMmiHito y npobax Lwnaky i
Luramy BUKOHyBaBcs B naboparopii XiMmiko-aHaniTM4Hnx goc-
niopKeHb BiAAiNy aHaniTMYHMX JocnigXeHb Ta opraHisauii Mo-
HITOPUHrY YKpaiHCbKOro HayKoBOro LIeHTpY ekonorii mops Mi-
HiCTepcTBa eKosorii Ta NPUPOOHNX pecypciB YkpaiHu. Ximiu-
HWI cknag nNpob Lwnaky, Wwamy Ta 3aBucCi Nig3eMHUX Bog A0-
CniMpxeHo METOAOM curikaTHOro aHanisy B naboparopii aHa-
NiTMYHOT Ximii BigAiny reoximii TexHoreHHUX MeTaniB Ta aHa-
niTnyHoi ximii IFTMP im. M.IN. CemeHeHka HAH YkpaiHu.

Ockinbkn nig3emHi Boan He matoTb Ge3nocepeaHboro
KOHTaKTy 3 Axepenom 3abpyaHeHHs (MeTanypriiHe Bupo6-
HULTBO) i MOro BNAMB 3A4iIACHIOETLCS Yepes3 cknaaHi disnko-
XiMiYHi B3aemogii B cuctemi "rpyHT — NOPOAM 30HN HEHACK-

BMMMBY i CTaHy NiaA3eMHoi rigpocdepn BUKOHyBanach i3 Bu-
KOPUCTaHHSM crevljianbHuX iHOEeKCIB i koedilieHTiB.

[ns BU3Ha4YeHHs enemeHTiB-3abpyaHoBadiB, WO Hagxo-
0ATb Y Nig3eMHi Boan BHacnigoK AisnbHOCTI MeTanypriiHoro
BMPOOHMUTBA, 3aCTOCOBYBAaBCA TpaaMUIHUIA AN reoximii
nigxia, a came NOPIBHAHHSA XiMIYHOrO cknagy AOCHiAXYBaHOro
ob6'ekta 3 NpupoaHUM coHOM. [MOoKa3HMKOM pPiBHSI Hakomnu-
YeHHs1 enemMmeHTa-3abpydHioBada y Mig3eMHUX BoAax
npoMMangaH4mKka crnyryBaB koeqilieHT aHOManbHOCTI (Koe-
ditjeHT KoHUeHTpauii K, :C/Cy, ) — BiOHOLWEHHS cepen-

HbOTO 3HAaYEHHS KOHLEHTpaLlii enemeHTa B 4OCAiMKyBaHOMY
06'ekTi 8O cepeaHbOro hOHOBOTO MOro BMICTY [7]. Ak npupo-
OHUIA doH Byno B3ATO XiMiYHWI CKnaf I'pyHTOBUX BoA, Biaib-
paHux 3 KpuHULi CyxadiBCbKOro niconapky, sika po3TalloBaHa
Ha BigcTaHi 10 KM y 3axigHOMY HanpsMKY Big AOCNiIKYBaHOrO
MarigaH4mKka MeTanypriiHoro BUpoGbHWLUTBa.

MpocTopoBa cTpykTypa nons 3abpygHeHHs Mia3eMHuX
BOJ AocCnigXyBanacb MeToAoM reoiHopMaLinHOro aHanisy
i 33acTOCyBaHHsIM aHaniTMyHoro moayns Spatial Analist
nporpamu ArcGIS 9.2. [Ins no6ynoBu LMgpoBUX NOBEPXOHb
NMPOCTOPOBOro PO3MoAiNny NOKasHWKIB 3abpyaHEHHs niasem-
HUX BOA, AocnigxyBaHoi TepuTopii 6yno nigidpaHo Taki na-
pameTpu anpokcMMalLlii: MeTod anpokcumallii 3BOpOTHO 3Ba-
XXEHWX BigcTaHew; pagiyc BNvBY — 3MiHHWI; KiNbKICTb TOYOK
BnnuBy — 12; cTyniHb — 4.

OuiHKy piBHSI €KOMOriYHOro HAaBAHTAXEHHS HA MiA3EMHi
BOAW, SIKi HE BUKOPUCTOBYHOTLCA A1 rOCMOAaPCLKO-MUTHOrO
BOOMNOCTa4YaHHs, Ha AinsHKax rocnogapcbkmx 06'eKTiB BU-
KOHaHO 3riAHO 3 HayKOBO-TEXHIYHMMM po3pobKkammn Ta MeTo-
OudHuMKn pekomeHaauismm [1, 2, 4]. KpuTepiamu Takoi oui-
HKW € nroLya nons 3abpyaHeHHs HiTpatamu, eHonamu, Ba-
Xkumy metanamu, CIMAP (CUHTETUYHUMW NOBEPXHEBO-aK-
TUBHUMMW peyoBMHaMM), HAOTONPOAYKTaMM Y KpaTHOCTI rpa-
HWYHO OOMYCTUMMX KOHLUEeHTpauin (tabn. 1). Y gaHomy Bu-
nagky nig nonem 3abpyaHeHHs 6ygeMo po3yMiTh YacTuHY
BI', obmexeHy aHaniTM4Ho o6r'pyHTOBAHO MiHIE NepeBu-
LLIEHHS TPAHUYHO JOMYCTUMOI KOHLIEHTpaLii 3abpyaHo4yoi
peyvoBuHM [2].

YeHol inbTpauii — rpyHTOBI BoAW", TO KifbKiCHa oOLiHKa
Ta6bnuuys 1
KpuTepii ouiHkM cTyneHs 3a6pyAHEeHHSA Nig3eMHUX BOA ANs AiNsiHOK rocnogapcbkux 06'eKTiB [2, 4]
MoKazHMKu KaracTpodpiuHa HapssuuaiHa HanpyxeHa BigHocHO 3apoBinbHa
eKonoriyHa cuTtyauis eKonorivyHa cuTyauisfi | ekonoridyHa cuTyauis ekonoriyHa cuTyauis

BwicT 3a6pyaHioio-mx Moxag 100 10-100 5-10 3-5
peyvoBwm H, kpatHicTb 'OK
Minepanisaujsi, rxam Monag 100 10-100 3-10 MeHwe 3
Mrowa 3abpyaHeHHs, KM? MoHap 8 3-8 0,5-3 MeHwe 0,5

[ns ouiHKK MirpauinHnx BNacTUBOCTEN XiMIYHUX eneme-
HTIB Y Nig3eMHUX BOA4aX BMKOPUCTAHO PO3pPaxyHKOBUN Me-
ToA. [NokasHWKoM MirpaLifiHOi 34aTHOCTI eneMeHTa y niase-
MHWX BOAAxX BUCTYNae koedilieHT BOAHOI Mirpauii, pospaxo-
BaHui 3a O. lNMepenbmaHom [6]:

m_-100

a-n, ’

Oe mx — BMICT enemMeHTa B nig3eMHUX Bogax, mr/omd;
Nx — BMICT TOTO X efneMeHTa Y BOAOBMICHWUX nopoaax, %; a
— CYXMiA 3annLLOK, Mr/ams.

O6roBopeHHs pe3ynbTaTiB. [JOCMiMKEHHS BUKOHaHI
ANns TepuTopii MangaH4ymky MeTanyprinHoro BMpobHmuTBa
MAT "€0M3" y m. [IHinpo, Ae BeoyTbCs CNOCTEPEXEHHS 3a
CTaHOM I'PYHTOBUX BOZ MO MepeXi MOHITOPMHIOBKX CBEpP-
JIOBUWH, OpraHi3oBaHil Ha TepuTopii 3aBogy B 1973 p. MoHi-
TOPVHroBa Mepexa ckrnagaetbcs 3 11 cBepanoBuH, Npoby-
pPEHUX Ha BOOOHOCHWUI FOPU3OHT Yy YETBEPTUHHMX arntoBiarnb-
HWX BigKknagax nepLumx HaasannaeHUX Tepac. Y npupoaHux
rigporeonoriyHnx ymosax BIN yeTBepTUHHMX antoBianbHMX
BiJKNagiB xapakTepusyBaBcs HacTyMHUMWU OCOBNMBOCTAMM.

K

X

BopoBsmicHi nopoaun npeacrasnieHi nickamu riaMHACTUMK, TO-
HKO3epHUCTUMM [0 nunysaTux. BI" 6e3HanipHui. XKuBneHHs
I'PYHTOBMX BOZ, BifOyBanock 3a paxyHokK iHinbTpauii aTmo-
cepHuNxX onagie Ta nateparnibHOro NpUTOKy 3 rincoMeTpu-
YHO BULLMX AINSHOK, pO3BaHTaXeHHs — y p. [HINpo Ta HeBe-
TNINYKi NOTiYKN.

CknagyBaHHS LUMaKiB Ta iXHE BUKOPUCTaHHS AN Migcu-
MKW TEPUTOPIT NMpoMMarigaHyMKka 3 noganbluMM iX 3aMyreH-
HAM yHacnigok inbTpauii WwnaMoBoi Nynbnu 3ymMOBUIIO
YTBOPEHHS CNabonpPOHNKHOTO TEXHOrEHHOTO LLINIaKOMYIIOBOrO
Lapy Ha MoKpiBni NPUPOOHMX antoBianbHUX YTBOPEHb. Y Tex-
HOreHHO 3MiHEeHMX eKONOro-riAporeonoriYHMX yMoBax 3'sBns-
€TbCsl AoAaTKoBa TEeXHOreHHa cknagoBa iH(inbTpauinHoro
XMBMEHHS 'PYHTOBMX BoA (nignipHWn Bnnue p. [Hinpo, nepe-
TBOPEHHS MPUPOAHUX APEH-MOTIYKIB Y CKUAHI KONEKTOPW, 3Ha-
YHi BTpaTV BOAWM 3 BOAOHECYYMX KOMYHIKaLii, a TakoxX Bifc-
TiHWKIB 3aBOAY) Ta, BIAMOBIAHO, CTPIMKUIA MiAAOM PiBHSA I'py-
HTOBUMX BOf, (PI"B). Hacnigkom Takoro npouecy crano obsoa-
HEHHS Luapy TEXHOTEHHUX BigknagiB Ta hopMyBaHHsi MpUpo-
OHO-TexHoreHHoro Bl 3 pu3nkoM noriplieHHs iHXeHepHo-
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reonoriyHoi CTIMKOCTI NiArpyHTs! NOTEHUiAHO Hebe3neyHmx
06'eKkTiB (QOMHW, NPOKaTHWI CTaH Ta iH.) [10].

CyyacHun rpyHToBuin BT, Boan sikoro gocnigxyroTbes,
Mae cknagHy ABollapoBy 6yaoBY: MPUPOOHUIA BogOHacuye-
HWIt LUIAp Ta TEXHOTEHHWIA Y LINAKOMYNOBWX Biaknagax. Moro
piBeHb BCTaHOBMBCS Ha rmMunbuHi 5,15-10,56 m (2014 p.) y
TEXHOreHHi ToBLLUi. MMOTYXHICTb LWapy BOAOHACUYEHUX TeX-
HOreHHUx nopif, B cepeaHboMy y 1,56 pasa nepesuilye no-
TYXHICTb BOAOHACUYEeHUX anioBianbHUX Bigknagie. A OcCkKi-
NbKW NPOBIAHY porb Yy OpPMyBaHHI XiMiYHOro cknagy niase-
MHUX BOZ Biirpae neTporeoxiMmiyHuin cknag nopig 3oHu ae-
pauii Ta BOQOBMICHUX Mopig, TO (POPMyBaHHSA NEPEBaXKHOI
YacTuHM 06'eMy I'PyHTOBUX BOA BiAOyBa€eTbCS Mif BNAMBOM
TEXHOreHHOTO YMHHMKA.

Puc. 1. 3miHa Temnep'rypu I'PYHTOBUX Boua ;épu

leoximi4Hi ocobnueocmi ma ekosio2i4HUll cmaH
rpyHmoeux eod npommaliidaH4yuka. BiporigHicTb eko-
NOro-rigporeoxiMmiyHMX OLiHOK 3aneXuTb Bif SKOCTi BUXIQHOT
MOHITOPMHIOBOI iHGhopMaLii Npo cTaH nig3emMHux Boa. MNpo-
CTOpPOBE PO3TallyBaHHS LUITAKOMYIIOBOrO HACWUMHOrO Liapy
BULLE (PINbTPIB CNOCTEPEXHUX CBEPASIOBUH ICTOTHO 3MEH-
Lye BipOrigHiCTb.

Temnepamypa. Y Linomy Temneparypa rpyHToBux Bog Yy
Mexax TepuTtopii gocnimkeHb 3MiHeTbea Big 19 °C go
310C npu hoHOBOMY 3HAYeHHi Ans antosiansHoro Bl 12 °C
(Tabn. 2.). BukoHaHu aHania NpocTopoBO-4aCoOBMX 3MiH Ti-
OporeoTepMaribHOro nonsi TexHoreHHoro BIT 3a nepiog
20102014 pp. (puc. 1.) BO3BONUB BCTAHOBUTM NiABULLEHHS
Temnepatypwu nig3eMHux sog, Ao 2,5—4 rpagycis Ha 90 % Te-
puTOpIi NpoMMangaH4umka.

et

TOpii MeTanyprintHoro MmaraaH4ymka

B nepioa 2010-2014 pp.: 3ipo4ykaMu NokasaHO MicLisi po3TallyBaHHS CNOCTePeXHUX CBEPANOBUH

YacTkoBe 3HWKEHHS TemnepaTtypu, 3a uen nepiog Ha
8 rpagycis Binbynocs 3axigHille rpagupeHb, Wo mMoxe byTtn
NOB'A3aHO 3i 3MEHLLEHHAM BTpaT TEMNUX BOA Ha CYCIaHIX nia-
npuemcteax. CTilke nigBULEHHS TemnepaTypu rpyHTOBUX
BOA Yy Mexax OinbLuoi YacTvHU NpoMMaraH4mKka meTanyp-
rinHoro BupobHuuTtea 3 2010 p. cynpoBOAXKYETBCA 3pPOCTaH-
HAM BTpaT BOAW 3 iHXeHepHUXx mepex B 1,3 pasa, Ha GoHi
3MEHLLEHHS] BUKOPUCTAHHA BOAM Ha BMPOOHMWYI noTpebu, B
cepenHboMy Ha 22 Tuc. m3/mic (3a nepiog 2011-2013 pp.).
Omxe, aHOManbHO BUCOKi 3HAYEHHSA TeMnepaTypu r'pyHTOBUX
BOJ, NpMpoaHO-TexHoreHHoro BIT, saki maike B ABa pasu ne-
pesuLLyoTb POHOBI (KCeep=1,9) 3yMOBMEHI akTUBHUM iHDINb-
TpaLinHUM TEXHOrEHHUM XMBNeHHAM Bl BHacnigok ekcnnya-
Tauii MeTanyprifHoro 3aBoay.

3a BMICTOM 3a8uc/Iux pe4o8UH Nig3eMHi Boau npoMmaii-
AaH4MKa BUPI3HATBCA aHOMarbHO BUCOKMMU 3HAYEHHAMMN
AaHOro nokasHuka fnopiBHAHO 3 NPUPOAHUM POHOM Ta BU-
MOramu oo MyTHOCTI AN NUTHUX BoA. Lle nokasHuk ans
TEpUTOpi MPOMMUCMNOBUX ManOaHYMKIB HE HOPMYETbCS.
Hanbinbwunin BMIiCT 3aBUCI BUSIBNEHO Y CBEPAMNOBUHAX LiEH-
TparnbHOI YaCTUHM MeTanyprinHOro MavgaH4yuka, ne poarta-
LLIOBaHi rpaMpHi Ta LLamoBi KapTu, | Moxe ByTu cnpuymHe-
HUM MpUCKOpPeHoto dinbTpadieto WnaMoBoi nynbnu go Bl
OpfHak 3Ha4YeHHs1 JaHOro MOKa3HUKa TakoX iICTOTHOK Mipoto
BM3HA4YalOTbCsl CTaHOM (PinNbTpa CBEPANIOBUMHU, NMOKPUBHMX
nopig Ta NpuinsTPoBOI 30HM. 3a XiMIYHUM CKNaaoM 3aBuUCh
y BOAi CMOCTEPEXHUX CBEPASIOBUH NpOMManaaH4mKka meTta-
nyprinHoro BMpoOHULUTBA BignoBigae xiMiyHOMY cknagy Ao-
MEHHUX LWNaKkiB Ta Aewo 3barayeHa okcuaamMu antoMiHito,

3anisa i kanito, a Takox 306igHeHa cnonykamu maHraHy i ka-
nbuito. Lle cBigunTb Npo akTUBHE BUMMBAHHS apibHoaucne-
PCHOI hpakuii LLIaMoBO-MYNOBUX TEXHOFEHHWUX NOpig, i BaX-
KO 3amisncToi dpakuii 3i wramy B npoueci ekcnnyarauii
LLITaMOBUX KapT Ta NOBOAXKEHHS 3 BigXo4aMMu.

BodHeesul nokasHuk. lMig3eMHi Bogu npommangaHymka
XapaKTepU3YyTbCsl MEPEBAKHO NYXXHOK peakLieto cepeno-
Buwwa (pH = 7,6-10,4), Ha BigMiHy, Big HEWTpanbHOI Ha ¢o-
HoBin AinsHui (pH = 7,1). IcToTHa 3MiHa KUCNOTHO-OCHOBHUX
YMOB NiA3eMHUX BOA Moxe OyTn 3yMOBReHa TEXHOreHHO
CNPVYMHEHOIO MNiOBMLLIEHOK TemnepaTypoto NiA3eMHUX BOA,
(npv niaeuwexHi Temnepatypu >22 °C 36inbyOTbCA aKTU-
BHOCTI ioHiB H* Ta OH*, npuwwBnaLwyoTbCs peakuii rigponiady
[3]). Mpwu 36inblweHHI TemnepaTypu aucouiadis Boau 36inb-
LYeTbCS Ta iOHHWIA fo6yTok Boam 3pocTae. MNpu 90°C Ks =
1024, T06T0 pH = 6,2 | KUCNOTHO-OCHOBHA piBHOBAara 3cy-
BaeTbcs B Bik KMCNOi peakuii cepegosuwla. ToMy NyXHiCTb
nig3eMHUX BOA Y 30Hi BMMUBY iHxeHepHux cnopyn AT
"€0QM3" HanimoBipHiwe dopMyeTbCH B NpoLeci iHinbTpa-
uii Npy B3aemogii Tennoi Boan 3 TeXHOreHHUMM Bigknagamum
30HU aepauii.

XimiyHui cknag nig3emHux Bof, gocnigxysaHoro Bl B
OCHOBHOMY BiZiNOBIiAa€e MaKpOKOMMNOHEHTHOMY CKNagy npu-
pOAHUX BOA B antoBianbHWX Bigknagax. 3a MokasHuKamm cy-
X020 3anuwkKy, emicmy cynbghamie ma xsopudie Boou Bia-
noeigatTb BUMOraM Anisi NIUTHOI BoAM Ta 6nnabki 4o npypo-
OHvX coHosux. OianbHicte MAT "€0M3" Ha metanyprin-
HOMY BUPOBHMLTBI HE 3AiIACHIOE BNNUBY Ha hOpMyBaHHS 3a-
OpyOHEHHS NiA3eMHNX BOA LIMMU KOMMOHEHTaMMU.
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Tabnuys 2

MopiBHANBbHA oLiHKa XiMiYHOro cknaay I'PYHTOBUX BOA4 Ha TepUTOpIi ManAaH4YMKy MeTanypriniHoro BApoo6HuuTBa
NAT "€0M3" 3 npupogHUM POHOM Ta YNHHUMU BUMOraMu LLOAO0 SKOCTi MMTHUX Nig3eMHUX Boa

AGconoTHUA BMiCT KoedpiuieHT KpaTtHicTb KaTerobisi
MokasHuk OAHMUI Y NiA3EMHMX Bopax aH:;anI::ocﬂ nepeBuueHHa IOK ekznir?sno'l'
Bumipy | MAT "€AM3" | ¢don | FOK (Kc=CICy) NAT "€gm3" poH cuTyauii [2, 4]
(C) (Csy) | [1,5] ® (CITAK) (C4/TAK) ’
129-25172 85,4-16670,2 63,5-12400
i 3 ey == ) 3 )
3aBucni pevyoBuHN | Mr/am 5715.4 1,51 2,03 3785 2815.5 0,7
7,6-10,4 6,5- 1,1-1,5 0,9-1,2
pH 9,6 7011 g5 14 11 0.8
19-31 16-26 He BxogaTb Ao ne-
TemnepaTypa °C 231 12 _ T _ _ peniky KpuTepiis
’ ’ OLHKM
5-57,5 6-68,5 1,7-19,2
. 3 , , , ,
BCK-5 mr/gm 276 0,8 3 2.8 o2 0,3
21,6-158 51-37,3 0,7-5,3
3 , , , , ,
XCK mrO/gm 774’7 4,2 30 717,6 72‘5 0,1
0,4-1,53 0,9-3,6 3,7-15,3
HadtosyrnesogHi | mr/gm® 07 0,43 0,1 7 ~ 72 4,3 HanpyxeHa
. 0,3-1 0,4-1,4 0,2-0,7 BigHocHo
3
Cyxuin 3anmLuoK r/am 0.5 0,71 1,5 0.7 0.3 0,5 3a010BiNbHA
1,7-9,9 0,8-4,5 1,7-9,9
®eHonun MKr/am® 53 2,19 1 o4 5o 2,2 HanpyxeHa
41,5-189 0,3-1,5 0,1-0,4 BiaHocHo
3
Cynbdatu Mmr/am 92.4 123 500 0.8 0.2 0,2 3a710BiNbHA
58,3-174 0,9-3 0,2-05 BigHocHo
3 I
Xnopuan mr/gm 945 58,4 350 16 0.3 0,2 3a710BiNbHA
57-1383 0,1-2,4 0,02-0,4 BigHocHo
3 J N S,
docdaTn MKr/am 4221 583 3500 0.7 0.1 0,2 3a710BiNbHA
30,9-372 9,3-111,4 0,06-0,7 BigHocHo
3 -
AMAP MKr/am 129.8 3,34 500 389 0.3 0,007 sanoBinbHa
0,4-2,5 14,3-84,3 0,4-2,5 BigHocHo
3 -
Fe ar. Mr/Am 1,2 0,03 | 1 41,4 1,2 0,03 3a/10BiNbHa
2,6-5,7 0,3-0,6 0,05-0,1 BigHocHo
3 [
Cr 3ar. MKI/am 34 9,06 50 0.4 0.07 0,2 33710BiNbHA
0,01-0,1 0,1-1,5 0,01-011 BigHocHo
3
Zn mr/am 0.02 0,068 | 1 03 0,02 0.1 3a00BiNbHa
Cu mr/am® 0,03 0,03 | 1 1 0,03 0,03 Biarocko
3aJ0BiNnbHa
0,1-1,2 2,8-30,5 0,2-2,4 BigHocHo
3
Mn Mmr/gm 0.4 0,04 0,5 95 08 0,08 33710BiNbHA
) 1-92 1-88,5 0,05-4,6 BigHocHo
3
Ni MKr/AM 31,7 1,04 20 305 16 0,05 33710BiNbHA
Al mr/am?® 011 | 05 0,2 Biaocko
3aJ0BinbHa
cd MKr/am® 017 | 1 0,2 Biaocko
3a40BinLHa
Pb mKr/om? 1 10 0.1 BiaHocHo
3ajo0BinbHa
Co MK 1,08 | 100 0,01 Biaxocko
3aJ0BinbHa

3a nokasHvkamu BMICTY ghocghamis, nosepxHe8o akmu-
8HUX peyosuH (AlAP), xpomy, UuHKY, Midi, c8BUHUtO | KOba-
NIbmy B XOAHiW 3 BigibpaHux npob nia3emMHWX BOA Nepesu-
weHHa FOK ana nutHOT Boam He BusBneHo. CepefHi 3Ha-
YeHHs BMICTY cpocdhaTiB, XpoMy i LIMHKY NepebyBatoTb y Me-
Xax npupopHoro doHy. KoHueHTpauii kobanbTy Ta AMNAP
nepeBuLLyoTb (POHOBI, IO CBigYMTbL Npo criabke 3abpya-
HEHHsI NiA3eMHKX BOA, MPOMManaaHymKa, ekororidyHa cuTya-
Ljis BiGHOCHO 3a0BinbHa (Tabn. 2).

Y r'pyHTOBMX BOAAX BiAMI4alOTbCA NOKarnbHi NigBULLEHHSA
BMIiCTY Hikento, kaomito, ceuHuyro (<5TOK) Ta amomiHito
(>10 rOK). MpoctopoBuii aHania pos3noginy KoHUeHTpauin

neperniyeHnx MikpoenemeHTis (puc. 2, a, 6) cBigunTb Npo Ha-
SIBHICTb NOKanbHUX ocepekiB 3abpyaHEHHS BOAM crniocTepe-
xeHunx ceepanosuH Ne 1, 2, 6, 8, 10, po3TallOBaHMX Y 30Hi
BNVBY rpagvpeHb Ta LWNaMoBux KapT. BogHoyac Ha GinbLuin
YaCTWHI NOLLi NOLMPEHHSA I'PYHTOBUX BOA, NMPOMManaaHumka
KOHUeHTpauii He nepesuwytoTs [OK. BusisneHe 3abpya-
HEHHS I'PYHTOBUX BOA Hikernem, kagmiemM, CBUHLIEM Ta antoMmi-
HIEM Ma€ TEXHOTEHHWIN reHe3unc, OCKINbKM NPUPOAHI POHOBI
KOHUEHTpaLii AaHWX MIKpOeneMeHTIB Yy NPICHWUX Mia3eMHMX
BoAax 3HayHO Hwxui 3a [OK. hxepenamu ix HaAXOOXEHHSs €
sk GaraTi MeTanamu LWnamMonusosi Bigxoau mMeTanypriiHoro
BMPOOHUUTBA, TaK i BiAXOAM CYMiKHMX MiANpUEMCTB MicTa,
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Tpacu aBTOMODGINbLHMX Ta 3ani3HWYHKMX Jopir. Tak, y cnocre- nopia, BUSIBNEHO 3abpyOHEHHs! MiA3eMHMX BOA KagMiem
pexHin ceepanosuHi Ne 14, po3TalloBaHin 3a Mexamy Man- (>5 I'AK) Ta ceuHuem (>5 'AK). Y uinomy ekonoriyHa cuty-
[aH4yvKa meTanyprinHoro BMpobHUUTBa (Ha niBaHi, Bropy 3a auis B Mexax npommarifaHynka meTanypriiHoro BUpobHu-
NOTOKOM I'DYHTOBUX BOA), NPOBYPEHi Ha BOAOHOCHWUIA ropu- UTBa LWOoAo 3abpyaHEHHS NiA3EMHMX BOA MiKpOerneMeHTamm

30HT KOPV BUBITPIOBAHHS i TPILLMHYBATOI 30HWN KPUCTamiYHMX 3anuvaeTbCs BiAHOCHO 3a0BINIbHOL0.

0 625 125 250 375 500 0 625125 250 375 500
- —— — T — —

ce.10)

0 625 125 250 375 500 0 825 125 250 375 500
. — w— . —— —

0 625 126 250

0 825125 250 ) SR - 0 625125 250
. — —

Puc. 2. BmicT 3abpyaHI0O04MX pe4YOBUH Y NiA3eMHMX BoAax y Mexax meTanyprinHoro mavaaHyuka MNAT "€amM3"
(3ipoykamm nosHayveHo ToYkK BinGopy Npob 3i cnocTepexxHnx cBepAnoBuH. Konboposa LWwkana yMoBHa — Bif, HANHWKYNX (3eNeHUM)
[0 HaNBULLMX (YEPBOHMM) BENUYMH. I30niHii kpaTHOCTI nepeBumweHHs MK nuTHOT BoAM noka3aHO YOPHMM KONbOPOM)



ISSN 1728-2713

FEONOrIS. 2(81)/2018

~75 ~

lgporeoxiMiyHi Nonsa KoHUeHTpauin 3anisa i MaHeaHy
MatoTb aHarnoriyHy CTpyKTypy (puc. 2, B, r) i He3Ha4He nepe-
BueHHst IOK ana nigzemHux Bog (2,4-2,5 NOK), wo € tnno-
BUM Ans enemenTis, K skvx 6nm3bki 4O (HOHOBOrO BMICTY.
Ocepenkn 3abpyaHeHHS MiA3eMHWX BOL BWSIBEHO B
LleHTpanbHin Ta NiBAEHHIA YacTWHi NpoMMangaHyuka, ge
po3TalluoBaHi pagianbHi BiACTINHWMKX Ta LWNaMoBi KapTn —
TNOKarnbHi CKyMYeHHs 3Ha4YHMX Mac MeTanis.

Mppoizonsuia 60pTiB i AHMLLA LUNAaMOBKX KapT He nepea-
©6aveHa, pO34MHHI Ta KOMOIOHI hopMM BaXKKMX MeTaniB, WO Mi-
CTATLCA B MeTanyprinHoMy Linami, pinbTpyoTbca Yyepes To-
BLLly MPOHUKHOrO MaTtepiany nigcunky (LWnaky i wnamy) Ha no-
BEPXHIO A3epKara I'pyHTOBUX BOA, 3a0pyaHIoHYM OCTaHHI. Te-
XHOTEHHO COPMOBaHe NyXHe CcepefoBULLE I'PYHTOBUX BOZ
CMpUSiE OCAOKEHHIO MAPOKCUAIB 3ani3a, MEHLLIOK Mipol — Ma-
HraHy. Tak, Ha BinbLui YacTUHI NMOLLi NPOMMangaH41Ka BMICT
3anisa Ta MaHraHy B nig3emMHux Bodax He nepesuwye [OK
(puc. 2, B, T), WO BM3HAYAE BIOHOCHO 3a[0BINbHY EKOMOTiYHY
cuTyauito wopao 3abpyaHeHHs Nia3eMHVX Bog,.

Hawnbinbl roctpo Ans AocnigKyBaHoi TepuTopii CTOITb
npobnema 3abpyaHEHHS I'PYHTOBUX BOA OPraHiyHUMK Crony-
Kamu, nepenycim HaghmosyanegodHaMu Ta geHonamu. Lle
BioOpaXaeTbCsl NoKasHUKaMKU XiMiHHO20 ma bioXiMiYHOo20
croxusarHs kucHio (XCK ta BCK), siki fatoTb ysiBNeHHs npo
3aranbHWi BMICT OpraHiyHux pe4oBuH y Bodi 6e3 cneundika-
Lji ixHbOro xiMmiyHoro cknagy. NpocrtopoBui posnogin Benu-
YMH LMX MOKA3HWKIB y MiA3EMHUX BOAAx MPOMManfaH4ynka
(puc. 2, e, €) Binobpaxxae iHTerpanbHe 3abpyaHEHHS BOAW Ha-
dronpoayktamu (puc. 2, I') Ta doeHonamum (puc. 2, a). Ocepe-
OkaMn 3abpyaHeHHs Nig3eMHMX BOA OpraHiyHUMWU peyoBU-
HaMu Ha MangaH4nKy MeTanyprinHoro BupobHuuTBa € pagia-
NbHi BIACTIMHWKK, rpagupHi Ta WAaMoBi KapTu, WO B LifloMy
KOPEroe 3 MPOCTOPOBOLD iHTepnpeTaLieto 3abpyaHeHHs de-
HOMamMu Ta HagOTOBYIMEBOAHAMMU.

Hadpronpoayktn y nig3eMHnx Bogax MirpytoTb y Hanps-
MKY 30HM PO3BaHTaXEHHS Ha 3HauHi BiacTaHi. MiMoBipHo, Lo
dopMyBaHHS rigporeoxiMiyHOro nons 3abpygHeHHs nigsem-
HUX BOA HagmosyeneeoOHAMU Y NPUOEPEXHIN  30Hi
p. [AHINpO BENWKOIO MiPOIO 3yMOBIIEHO 3MUBOM 3 MICbKUX Te-
puTopin: y BoAi cB. Ne 14, po3TalloBaHOi BULLE ManaaH4uka
MeTanyprinHoro BUpoOHNLITBA, KOHLIEHTpaLis HadpTonpoay-
kTiB ctaHoBuTb 1,81 mr/om® (noHag 18 MOK, BcTaHoBneHoOT
Anst NMTHOT Boawn). Y BoAi (oOHOBOT NPOGU KOHLEHTpaLlist Ha-
¢ToByrnesogHis craHosute 0,43 mr/am® (noHag 4 OK).
Taka >k camo KOHLeHTpaLia B noBepxHesBin Bogi p. [Hinpo
(0,41 mr/am3). 3abpyaHeHHs niaseMHUX Bod HadTonpoayK-
TaMu Ha TepuTopii MeTanyprintHoro MangaHuynka BusHava-
€TbCSl TPAHCMOPTHMMM NOTOKaMU, LLO BUSIBMSIETLCS B NOKa-
NbHOMY NiABULLIEHHI KOHUEeHTpauii HadTonpoaykTis (o 10
AK) y Bogi cB. NeNe 1, 8 (puc. 2, I').

DOHOBUIN BMICT heHorie y NiA3eMHUX BOAAX KPUHULI B
CyxauiBcbkoMy niconapky CTaHOBUTbL Grusbko 2,2 mr/ams,
wo BABivi nepesuwye MK, BcTaHOBNEHy ANs NUTHOI BOAM,
Ta 3yMOBMEHO MPUPOAHUMU YMHHUKaMK. BmicT cpeHoniB y

BOAiI MOXe BU3Ha4aTucA Metaboniamom rigpobioHTiB i Gioxi-
MIYHOI TpaHcopMaLieto OpraHivyHNUX peyvoBuH. [xepenom
HaaXoMmKeHHs dbeHoniB y niA3eMHi BoaW € ryMiHOBi peyo-
BMHW, WO YTBOPIOKOTLCA B IpyHTax i Topdposumwax. Oians-
HicTb MAT "€0M3" Ha meTanypriiHoMy MangaH4uky, B pe-
3ynbTaTi KOl YTBOPKOKOTLCA Ta CKMOATbCA Yy LWamMoBia-
CTIMHMKM Ta LWnamMoHakonuyyBadi 3HadHi obcsrn GaraTmx
deHonamu CTiYHMX BOA, BeAe A0 NiABULLEHHS BMICTY heHO-
niB y niazemHmx Bogax go pieHa 5 AK.

B3aranom none 3abpyaHeHHs Nia3emMHUX Bo4 HadhTonpoay-
KTamy Ta dpeHonammn B Mexax MangaHyvka meTanypriiHoro
BUMPOGHULTBA XapaKTepusyeTbCcst hopMyBaHHSAM Hanpy>KeHoi
€KOMOriYHOI cuTyaii (Tabn. 2), Lo 3HaYHOK MIPOD 3yMOBIEHO
YMHHUKaMW, He NoB'A3aHnMK 3 aisnbHicTio MAT "€0M3".

MizapauyitiHi enacmueocmi xiMiyHuUx enemeHmis y
nio3zemHux eodax. Ockinbkv hopMyBaHHS NepeBaxHoI Ya-
CTUHM 0B'eMy I'PYHTOBMX BOA AOCHIOXYyBaHOrO NpUpPOAHO-
TexHoreHHoro BI™ BinbyBaeTbcs nig BNIMBOM TEXHOTEHHOIO
hakTopy B TOBLLi BOAOHACUYEHUX LLNAKOMYITOBMX nopia, TO
Ons po3paxyHKy KoedilieHTa BoAHOI Mirpauii BogoBMic-
HUMW NOpPOAaMM BBaXKanu LUMNAaKoBi Bigknaau.

3a gaHMMKM cUnikaTHOrO aHanidy OCHOBHUMM KOMIMOHEH-
Tamu wraky € CaO (32 %) Ta SiO2 (23,1 %). LUnakosi Bia-
XOAM Ha BigMiHy Bif wnamy 30iaHeHi okcuaom 3anisa. Moro
BMICT konueaeTbcs B Mexax 20 %, Lo y nepepaxyHky cTa-
HoBUTL14,5 % 3ani3a.

AHani3youn BMIiCT BaXXKUX MeTaniB, antoMiHito i apceHy
B npobax [OOMEHHMX LnakiB, Cnig Big3HAYMTW iCTOTHUIA
BMIiCT MaHraHy Ta xpomy. BmicT pyxomux cdopm 3abpyaHto-
BayiB Haa3BMYamnHoO Bucokun Ta csrae 70,5 % gna antomi-
Hito, 49,2 % ana pTyTi, 28,5 % Ana madrany; 17,4 % ons
Migi; 13,2 % pna Hikento; 12,9 % ANs UMHKY; YacTka pyxo-
MUX hopM peLuTh 3abpyaHIoBaYiB cArae MeHLLe OECSTU Bi-
gcotkiB. Lli aaHi cBigyaTb Npo MOXMMBICTb PO3YMHEHHS | BU-
HECEHHS BaXKKMX MeTaris, 30Kpema asntoMiHito, B yMOBax iH-
TEHCMBHOI iH(INbTpaUii y nig3emHi Boaw.

IHTEHCMBHICTL BOAHOI MirpaLii 3abpyaHoBaYiB y Mig3eMHNX
BoAax Oyno OLiHEeHO pO3paxyHKOBMM METOAOM, pe3ynbTaTu
y3aranbHeHo B Tabn. 3. BignosigHo 40 aHaniTMYHUX faHuX Xi-
MiYHi €NeMEeHTN YTBOPIOKTb HACTYNMHUIA PS4 3@ IHTEHCUBHICTIO
BOAHOI Mirpauii y nig3emMH1X Bogax Ha TepuTopii 4OCNiaKeHb:
Ni > Cu, Cd > Co > Zn > Al > Pb > Fe > Cr > Mn. OtpumaHui1
psa He 36iraeTbes 3 psgamu mirpauii MeTanis y NPMPOAHUX BO-
[ax 30HM rinepreHesdy. 3HauyeHHs koedilieHTa BOOHOI Mirpauii
Takmx metanis, sk Al, Cd Ta Pb matoTb GinbLumin nopsigok anst
TepuTOpii NpoMMangaHuuKa, HXk AN Nia3eMHUX BOL, 30HM Ti-
nepreHesy (Tabn. 3.). Lle cBigumTb Npo iHTEHCMBHILLY iX Mirpa-
ujto. LKk Ta maHraH, HaBnaku, B AOCHIMKYBaHWUX I'PYHTOBUX
BOAax MirpytoTb cnabiue, Hix y npupoaHMx ymoBax. 3aniso mi-
rpye xoua i cnabko (Kre=0,019), npoTe iHTEHCKBHILLE MaHraHy
Ta XpoMy, LLO € HETUMOBUM ANl NPUPOAHNX YMOB. AOMIHIN,
SKUA gyke cnabko mirpye B MpMpoaHUX BoAax 30HW rinepre-
He3y, B AOCNIMKYBaHNX TEXHOTEHHMX YMOBaX XapaKTepusy-
€TbCS CepeaHbOK IHTEHCUBHICTIO BOAHOI MirpaLii.

Ta6bnuys 3

KoediuieHTM BogHOI Mirpauii XiMiYHUX eneMeHTIB y nig3eMHUX Bogax

KoedpidieHT BogHoi mirpauii, K, IHTeHCUBHICTb Mirpauii
MeTtanu I'PyHTOBI BOoau nia3eMHi Boau 30HU rinepreHe3y | IPyHTOBi BoAM NpoMMan- niaseMHi Boau 30HU
npoMMangaH4uka (3a O. NMepenbmaHom) [6] AaH4uKa rinepreHesy [6]

Cr 0,012 <0,0n cnabka Ta gyxe cnabka cnabka Ta gyxe cnabka
Zn* 0,4 n—-n-10 cepenHs cunbHa

Cu 3 0O,n—n cepefHs cepeaHs
Mn* 0,004 0,n—n cnabka Ta gyxe crnabka cepegHs

Ni 9,7 0O,n—n cepefHs cepeaHs

Al* 0,36 <0,0n cepeaHs cnabka Ta gyxe cnabka
Cd* 3 <0,0n cunbHa crnabka Ta gyxe cnabka
Pb* 0,3 <0,0n cepeaHs cnabka Ta gyxe cnabka
Co 1,55 0,n—n cepegHs cepefHs

Fe 0,019 <0,0n cnabka Ta gyxe cnabka cnabka Ta gyxe cnabka

*HaniexupHuUM wpugmom sudineHi enemeHmu MizpauitiHi enacmugocmi skuli y nidzemMHux eodax npommadtidaH4uka He criienadaroms 3

npuUpPoOdHUMU.
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OTpumaHi pe3ynbTaTy NiATBEPOXKYIOTb ICTOTHUIA BMNWB
TEXHOreHHOI CKNagoBoi Ha POpMyBaHHS XiMiYHOTO cknagy
nig3eMHNX BOA AOCNIAKYBaHOI TepMTOpii, 30kpema HasiB-
HICTb 3HaYHMX INbTPALIMHUX BTPAT TEXHOMOrYHUX BOA Ta
iHTEeHCMBHa iH(PiNbTpaLia Yepes OHO LWNaMOBMX KapT 3MiHI0-
I0Tb NPUPOLOHI NYXXHO-KUCITOTHI Ta OKUCHO-BIAHOBHI YMOBM
30HM rinepreHesy Ta, BigMNOBIAHO, YMOBMW Mirpauii XiMibyHMX
ernemeHTIB Y I'DYHTOBKX BoAax.

BucHoBku. [NMpocTopoBa i KinbkicHa ouiHKa TeXHOreH-
HUX NOTOKIB 3abpyOHIOYNX PEYOBMH Y NiA3EeMHUX BoAaXx,
3YMOBNEHWX AISNbHICTIO MeTanypriiHoro BupobHnuTBa, €
BaXNMBMM MEPLUOYEProBUM €Tarnom €eKOnoriYHMx Aocrii-
IKEHb, CMPSIMOBAHUX Ha BMBYEHHS B3aemopii Mix TBep-
anmn (pyHTH), pigknumn (NOBepxHEBI Ta Nia3eMHi Boan) Ta
rasonofibHumn (NpusemHun wap artmocdepn) cknago-
BMMW HaBKOMNMWLLUHLOrO MPUPOAHOIO CepeaoBULLa, Lo 3Ha-
XOAATBLCS B 30Hi BMMMBY Bif OQHOrO /i TOr0 X TEXHOIEHHOro
axeperna. BukoHaHi gocnigxkeHHs o3BonwunuM oTpumaTwu
HOBI BiOMOCTI MPO XiMiYHWUI cKNag rpyHTOBUX BOA, Mirpa-
LiNHI BNAcTMBOCTI XiMIYHMX eneMeHTIB Y Mig3eMHUX Bogax
Ta OUIHMTM eKONOriYHM CTaH NPUPOAHO-TEXHOreHHoro BIM
Ha TepuTOopii MangaH4MKy MeTanyprinHoro BUpobHuuTBa —
HanbinbWw Hebe3neyvHin 3 eKonoriYHUX No3uLin "enumxHIn"
30Hi 3a0pyAHEHb, 3yMOBMEHMX AiANbHICTIO [HINPOBCHKOro
MeTanypriiHoro 3aesogy.

Y uinomy ctaH nig3eMHuX BOA Ha TepUTOpii npoMmanaa-
HYMKa MOXHa OxapakTepudyBaTu 9K "BifHOCHO 3a40BiflbHY
€KOJTOriYHy cuTyauio", o 3Ha4YHOK MipOoK 3YMOBIIEHO COp-
OUiHO-3aXMCHOIO 34aTHICTIO BEPXHLOI 30HM FEeONOriYHOro
cepegosua (IpyHTU, NOPOAU 30HM aepauii ).

BcTaHoBNEHO HasABHICTb TENMOBOro Ta XiMiYHOro 3abpy-
OHEHHS, a TakoXX aHOMarbHO BMCOKMI BMICT 3aBUCNUX pe-
YOBWH Y nig3emMHux sogax. OCHOBHUMW MOKa3HMKaMM XiMiy-
Horo 3abpyaHeHHs nia3emHux Boa € BMicT AlMAP, Hikento,
KagMito, CBMHLIIO, arntoMiHito, 3anisa, mapraHuto Ta iH. Han-
Oinbl rocTpo cToiTb Npobnema 3abpyaHEHHS I'PYHTOBMX
BOZ, OpraHiyHumm crnonykamu (deHonu, HadTonpoayKTu).
Mpn UbOMY HeraTMBHWIA BNAMB MPOMUCIIOBOI AiANbHOCTI
MAT "€0M3" BuM3HaA4aeTbCA roKanbHUM 3a0pyAHEHHSAM
nig3eMHux BoA cpeHonamu B 30HI BNMMBY LUNAMOBUX KapT
Ta micusa 30epiraHHs BigxoAis LWnamy, Lo CTBOPOE "Hanpy-
XKeHy ekororiyHy cuTyauito". OcHoBHi mxepena 3abpya-
HEHHs1 Nig3eMHUX i NOBEPXHEBUX BOA HadTonpoaykTamu,
AKi  3yMOBIIOIOTb  "HaMpyXeHy eKonoriyHy cuTyadii",
HaMiMOBIpHiLLe, po3TallOBaHi 3a MexaMu MNPOMWUCIIOBOro
Manganyumka MAT "€O0M3".

YHacnigok TeXHOreHHOI AisinbHOCTI MeTanyprinHoro Bu-
pPOOHULITBA 3MIHIOITLCS OKUCHO-BILHOBHI Ta NY>KHO-KUCIO-
THi YMOBW 30HM aepalii, Lo BNnvMBae Ha ii 6ap'epHi (3axmcHi)
BNACTUBOCTI: 3MEHLUYETLCA IHTEHCUBHICTb BOAHOI Mirpauii
3ani3a, MaHraHy Ta LMHKY, Npu LboMy 36inbLuyeTbecs Mirpa-
UiHa 34aTHICTb antoMiHilo, CBUHLIIO Ta KaaMmito.

Moasakn. Pob6oTa BMKOHaHa 3a ¢hiHAHCOBOI NiATPUMKHM
HesanexHoro IHCTUTYTY CcynoBux eKcrnepTus:
www.nice.com.ua. ABTOpY LWMPO BASYHI KONekTnBam na-
©opaTopii xiMmiko-aHaniTMYHUX OOCNiAXeHb Bigainy aHani-
TUYHUX AOCHIAKEHb Ta opraHisauii MOHITOPUHry YKpaiHCb-
KOro HayKoBOro LeHTpy ekonorii mops MiHicTepcTBa eko-
norii Ta NpUpoAHUX pecypciB YKpaiHu nig KepiBHULTBOM
un.-kop. MAHEB K0.M. leHbrn ta nabopaTtopii aHanitny-
HOT XiMmil Bigginy reoximii TeXHOreHHMX MeTarniB Ta aHaniTu-
yHoi ximii ITMP im. M.IN. CemeHeHka HAH Ykpainu nig ke-
piBHMLTBOM AoKTOpa Xim. Hayk A.l. Camyyka 3a gonomory
B OTPUMAaHHI aHaniTU4HMX AaHUX.
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MAIN FORMATION FACTORS OF GROUNDWATER CONTAMINATION FIELD
UNDER THE INFLUENCEOF METALLURGICAL PRODUCTION
(ON THE EXAMPLE OF DNIEPER METALLURGICAL PLANT)

Purpose. Exploring the chemical composition of groundwater of natural and technogenic aquifer, formed within the area of metallurgical
production of the Dnieper metallurgical plant. Objectives of the research: to identify the main pollutants of groundwater; establish the spatial structure
of the field of pollution; classify the industrial site in terms of the environmental load of the main pollutants; estimate the migration properties of
chemical elements in groundwater.

Design/methodology/approach. Conceptual provision of research methodology was based on the role of the upper zone of the geological media
(unsaturated zone or zone of aeration) as the main "accumulating depot” for the majority of anthropogenic emissions into the air, surface water,
groundwater and terrain. The study was carried out on the laboratory results of water samples, slag and sludge.

Findings. Thermal and chemical contamination, and abnormally high content of suspended solids in groundwater were detected and mapped
within the investigated site of aquifer. Groundwater contamination by organic compounds (phenols, petroleum products) is the most acute
problem. The study tested, as a result of technogenic activity of metallurgical production, the redox and the acid-alkaline conditions of unsaturated
zone changed, which affects its barrier (protective) properties, decreasing the intensity of water migration of iron, manganese and zinc, with increased
migration capacity of aluminum, lead and cadmium.

Practical value/implications. As a result of research, it was established the overall state of the groundwater at the industrial site can be described
as "relatively satisfactory environmental situation”. Metallurgical production impacted on groundwater quality locally, particularly within the radial
sedimentation tanks, sludge cards, coolers and other industrial units within unsaturated zone of geological media.

Keywords: groundwater contamination, metallurgical production, concentration coefficient, GIS analysis, water migration coefficient.
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BEOYLWUE ®AKTOPbl ®OPMUPOBAHUA NMNOJNA 3ArPA3HEHUA TrPYHTOBbIX BO[]
noa BIMAHUEM METAINYPIMYECKOIO NPOU3BOACTBA
(HA NPMMEPE OHENPOBCKOIO METAJITYPITMYECKOIO 3ABO[A)

Yenb u 3adayu. N3y4eHue xumuyecko2o cocmasa nod3eMHbIX 800 NMPUPOOHO-MeXHO2eHHO20 80G0HOCHO20 20PU30HMa, KOmophbIli cghopmMupo-
saJsics 8 npedesiax naowadku Memarsypau4yecko2o npouzeodcmea [jHenpoescko2o Memarsypau4yecko2o 3aeoda. 3adayqu uccrnedoeaHusi: 8bisieuMmb
OCHOBHbI€e 3a2pA3HUMENU Nod3eMHbIX 800; yCmMaHO8UMb MPOCMPAHCMEEHHY CMPYKMYypy MoJisi 3a2psi3HEeHUsI; Knaccuguyuposams meppumo-
puto npomnnow,adku Mo ypoeHHo 3KO/I02u4ecKoli Ha2py3KU OM OCHOBHbIX 3a2PSA3HSAIOUWLUX eeu,ecme; oyeHUmb Mu2payUuoHHbIe ceolicmea xumuye-
CKuX 3/71eMeHmoe 8 nod3eMHbIX 800ax.

Memoduka. KoHyenmyanbHoe nonoxeHue MemoOuKu uccriedosaHuli 6a3upoeasiocb Ha Posiu eepxHell 30HbI 2e0s102uY4ecKoll cpedb! (HeHa-
CbIWeHHOU 30HbI UNlU 30HbI a3payuu) Kak 2r1aeHo20 "akKymynupyrouwje2o derno" 6osbWuUHCMea mexHo2eHHbIX 8bI6POCO8 8 amMocghepy, Mo8epPxHoO-
CmHble u nod3emMHble 600bl U saHOwagmsbl. MccnedoeaHue ebINOIHEHO Ha OCHOBe pe3ysibmamoe slabopamopHbIX uccredoeaHuli Npo6 eoodkbl,
winaka u wnama.

Pe3ynbmamel. B npedenax uccnedyemoz2o y4acmka 8000HOCHO20 20pU30HMa 06HaPYXXeHO U 3aKapmupoeaHo merns1080e U XUMU4ecKoe 3a2psi-
3HeHue, a makKXxe aHOMaJlbHO 8bICOKOE coOep)KaHue & HHbIX 8eujecme 8 nod3emMHbIx eodax. Hau6onee ocmpo cmoum npo6rnema 3a2psi3HeHUs1
2pYHMo8bIX 800 Op2aHU4YECKUMU cOeOUHeHUsIMU (¢heHosnbl, Hegpmenpodykmbi). B pesynbomame mexHo2eHHOU O nbHOCMU nnypeauye-
CK020 npou3godcmea U3MeHsIFOMCSI OKUCIIUMesIbHO-80CCMaHo8UMeEIbHbIE U W e/T0YHO-KUCIIOMHbIe yC/I08Usl 30HbI a3payuu, Ymo enusiem Ha ee
6apbepHble (3aWumHble) ceolicmea: yMeHbWaemcsi UHMEeHCUBHOCMb 800HOU Mu2payuu Xesnesa, MapaaHya U YuHKa, npu 3mom yeenu4yueaemcs
Mu2payuoHHasi crnocobHOoCMb arllOMUHUSI, CBUHUA U KaOMUsl.

lMpakmuyeckas 3Ha4uMocmb U 8b1800bI. B pe3ynbmame uccnedogaHusi yCmaHoOB/IEHO, YMO & UEesIOM COCMOsIHUE Nod3eMHbIX 800 Ha meppu-
mopuu npommniowadku MOXHO Oxapakmepu3oeamb kak "omHocumesibHO ydoesiemeopumesnibHYI0 3Ko02u4ecKyto cumyayuro”. Memannypaude-
ckoe npou3eodcmeo co3daem sloKasbHOe eo3delicmeue Ha Kayecmeo nod3eMHbIx 800, 8 MoM yucrie e npedesax paduasibHbIX OMCMOUHUKOS,
wnamoebix Kapm, 2padupeH u Opya2ux mexHo2eHHbIX 06BbEeKMoe ¢ No8bIWEeHHbIM UH(UIbMPaYUOHHbIM MUMaHUeM 2pyHMoebIX 00.

Knroyeenie cnoea: 3a2psisHeHuUe 2pyHmMoebix 800, Memasiypau4eckoe npou3eoocmeo, KoaghghuyueHm KOHYeHmpayuu, 2e0UHOPMayUOHHbIU
aHanus, koaghgpuyueHm 8o0HOU Muzpayuu.
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CKBAXXMHHbIA BEPTUKAJIbHbIA APEHAX KAK CNOCOB CHXKEHUSA
3K30reOqMHAMUYECKOMU AKTUBHOCTU HA CKJITOHOBbIX TEPPUTOPUAX

(PexomeHdoeaHO YrieHOM pedaKyiliHoi Konezii 3-pom aeorn. Hayk, npogh. O.€. Kownskosum)

B kayecmee o6nexkma uccredosaHull paccmampusaemcsi meppumopusi ypoquwa Mexxueopbe Ha lpasobepexbe Kueeckoz2o odo-
XpaHunuwa, 05151 KomopoU XxapaKkmepHO pa3gumue pa3JiudHbIX ONacHbIX IK302€HHbIX 2€0J102UYECKUX POYECCO8, 8 epayHo 04epedb —
ornonsHel u MoomornsieHusl.

Lenbro uccnedoeaHuli siesisiemcsi 060cHogaHue crocoba UCKYCCMEEHHO20 CHUXXEHUSI YPOBHSI 2pyHMoebIx 600 Ha nodmaruiu-
saeMbIx 06beKmax meppumopuu ypoyuua Mexuzopbe ¢ coomeemcmeayrouuM CHUXEHUEeM pucKa ornoJs13Heeol akmugHOCMU.

B xode uccnedosaHuli 6bi11 posedeH aHanu3 obwjux u creyugudeckux ¢hakmopos akmueusayuu orosi3Heobpa3oeaHusi 8 ypo-
quwe Mexxuzopbe, doka3aswuti, Ymo 60/1bWUHCMEO 3MuXx ¢haKmMopoe cesi3aHbl C MPUPOOHbLIMU U MEXHO2EHHO-HapyWeHHbIMU 2udpo-
2e0J/102u4eCKUMU yC108UsIMU meppumopuu uccredosaHutl.

Aemopamu onpedesieHbl UCMOYHUKU MeXHO2eHHOU Nodnumku, 30HbI MoebIWEeHHO20 yelaXKHeHUs 8 npedenax ypoquwa, a makke
HarnpaseJieHusi U cmpyKkmypa mpaH3uma 2pyHmoebix 800 Ha meppumoputro Mexuzopbsi.

BobinonHeHHble uccriedogaHus u ux pesysibmambl noomeepxdarom Heo6xo0UMOCMb CHUXEHUS] HaCbIWeHUs1 6000HOCHbIX 20pU30-
HMOS8 U, CO0MeemciMeeHHO, Ik302e00UHaMU4ecKol aKimueHOCMU 20PHbIX Nopod. TexHuYyeckoe peuieHue 6a3uposasiock Ha 6ypeHuu
CKSa)KUH 8epmuKasibHO20 OpeHaxka, COeOUHSIOWUX YemeepmuYHbill 2pYHMOo8bIli 6000HOCHLIU 20PU30HM U 06YX08CKO-MEXU20PCKUl
20pU30HM-KOIIeKMop. BbinonHeHbl 2udpozeosio2uyeckue pacyemsi 06bema 800k CYMOYHO20 OpeHaxa 3adelicmeoeaHHbIX CK8a)KUH,
Komopbliii domkeH 6611 cocmagums okoso 104 M*/cymku. [nsi KOHMPOJIsi MOHUXEHUST Mbe30MeMmpPUYECKO20 YPOEHSI 2PYHMOBbIX 800
611U 3adelicmeoeaHbl 3 HabmodamesibHble CKe8aXuHbl. KOHMposbHbIe HabnrodeHust ypoeHell MoO03eMHbIx 800 nodmeepdounu 3ghge-
KmueHoCcmb npedsioxeHHOU cxeMbl, 0OHaKo e nepuod eeceHHe20 nodrema 2013 200a ckeaxuHbI 8epmMuKanibHO20 OpeHaxka He obecrie-
qusiu MoJsIHO20 nepexsama ¢husIbMpPayUOHHO20 nomoka. Bo3mMoxHoU npu4uHol asmopbl nosazarom sospacmaHue 2uépoduHamuye-
cKoli Hazpy3KU 2pyHM08020 8000OHOCHO20 20PU30HMa 3a c4em OPOWEHUsT U YMeYKU U3 03ep.

Ha nocnedyrowjux amanax uccnedosaHuli npedcmassisiemcsi yesiecoobpasHbIM KapmuposaHue ¢husibmpayuoHHbIX NMomokos. [aH-
Hble, nosly4eHHbIe 8 pe3ysibmame uccriedoeaHusi, MO2ym CIlyXXumb OCHO8aHUeM OJisl MPOEKMUPO8aHUsI KOMrieKca peuwleHull 0151 ocy-
weHus1 B000HOCHO20 20pPU30HMa U MPoMuU8oOIIoJI3He8bIX Meporpussmull Ha meppumopuu ypoduwa Mexuzopse.

Knio4yesble cnoea: ¢hakmopbl akmueusayuu oros13Heobpa3oeaHusi, MoomorieHue, CHWXeHUe yposHell 2PpyHMoebIX 800,

eHympuc:(ea)kuquu? rnepemokx.

AkTyanbHoCcTb Bonpoca. AHanu3 nuTepaTypHbIX
OaHHbIX. B Teopun n npakTnke nccneaoBaHusi 3k30reHHbIX
reonormdeckmx npoueccoB (OIT1) gOMUHMPYIOLLYO POnb
urpaeT BOMPOC onpefeneHnsi akTopoB, WHULMUPYIOLLIMX
OIT1, n ponu akTOpHbIX NPUPOAHBIX Y TEXHOTEHHbIX Ha-
rPy30K B pa3BUTUM 3K30reoamMHaMmnyeckon aktupHocTu. da-
KTOpbl akTneusaumm 3 [1, 3, 6] TpagUUMOHHO AENSATCs Ha
NOCTOSIHHbIE (M3MEHSIIOTCA B TEYEHNE COTEH U Gonee nerT),
MeONIEHHO M3MeHsiIoWwmnecst (B TeYeHWe [ecsTKoB neT),
ObICTPON3MEHSIIOLLMECS (Ha NPOTSXKEHUM roa U HECKOSb-
kunx net). K uncny nepebiX OTHOCAT B OCHOBHOM reosnornye-
ckue u reomoponormyeckmne; Ko BTOPow rpynne — TEKTOHU-
yeckue, naHawadTHble, CTPYKTYpPHO-TEKTOHWYECKue, reo-
dusnyeckme, rmaporeorniornyeckune; n K TpeTben — MeTeopo-
rniormyeckme, rmapornornyeckne, CencmMonormieckume.

B paboTe [6] goka3aHo, YTo Hanbonee 06 bEKTUBHBIM SIB-
NSIeTCst KOMMNIEKCHBIN NOAXOA K aHanM3y U NporHo3npoBa-
Huto BT, noToMy 4TO B OOLLEM CryyYae HU OAUH U3 haKTo-
pOB He ABnsieTcs AOMUHAHTHBIM. BmecTe ¢ TeM cnepyer 3a-
METUTb, YTO OTAeNbHble haKTopbl, ABNATCA obsizaTenb-
HbIMW 4118 y4eTa npy uccrnegosaHus nwodoro suga ATl B
OaHHON cTaTbe peyb MAET O METEOPONOrMYECKNX, NPUpPoa-
HbIX W TEXHOTEHHbIX FMOPONOrMYECKUX U rMaporeosiornye-
ckux daktopax. KoMGUHMpOBaHHOE BO3OENCTBME YKa3aH-
HbIX (baKTOpOB BeAET K MOATOMMEHUID TEPPUTOPUIA, YTO B

nocnegHee Bpemsi, 0co6eHHO B cBeTe rnobanbHoro norten-
neHus, ABNSeTCA pacnpoCTPaHEHHbIM SBMEHNEM KaK B MU-
pOBOW NpakTuke, Tak 1 B YkpauvHe [2, 9, 10].

Heo6x0aMMo OTMETUTb, YTO Ha JTOKANbHbIX TEPPUTOPUSIX,
rae pa3BuUTbl CKIOHOBBIE NMOBEPXHOCTU, NOABEPKEHbIE OMOr-
3HEBOW OMacHOCTW, NMOATOMNMEHME NPUBOOUT K aKTUBM3aLUM
cnepyolmx akTopoB ornonsHeobpasoBaHust: 1) yBenude-
HVMe Beca OrON3HEBOrO Tena 3a CYET HaCbILEHUsI BOOOW;
2) cmayrBaHme NoBEPXHOCTY OMon3HeobpasyoLLEero ropmso-
HTa CKONMbXEHWS U YMEHbLUEHWE CLEeNneHnUsi OnoN3HEBbLIX
Macc 1 noacTunarwmx nopod; 3) BOBeYEHUE B MpoLiece
0non3Heobpa3oBaHNa AOMOMHUTENbHBLIX PYHTOBBLIX Macc;
4) n3aMeHeHve yrna HakrnoHa ypoBEHHOW NMOBEPXHOCTM FPyH-
TOBbIX BOZ; 5) CHUXXEHME KOMNPECCUOHBIX, CABUIOBbIX U ApY-
X OU3UKO-MEXAHNYECKMX CBOMCTB. M03TOMY aKTyarbHbIM
SIBMSIETCS BOMPOC MCKYCCTBEHHOIO CHYDKEHWSI YPOBHS TPYHTO-
BbIX BOZ Ha noaTanfvMBaeMbix 0ObekTax C COOTBETCTBYHO-
LLIMM CHUXXEHMEM pUCKa 3K30reoAMHaMUYECKON (B TOM Ynce
OMON3HEBOW) aKTUBHOCTW.

XapakTepuctuka obbekta uccnegosaHun. NocraHo-
BKa 3agayu. B kauectBe ob6bekTa uccnegoBaHum paccmat-
pvBaeTcs TeppuTopus ypounwia Mexuropbe Ha NpaBoGe-
pexbe KneBckoro BogoxpaHunuwa (puc. 1), ons Kotopon
XapaKTepHO pa3BuTue pasnuyHbix A TT: ononsHew, nogTon-
neHwusi, cycpdo3mu, nokanbHbIX NPOCaaoK.

© Ky3sbMmeHko 3., flkoBneB E., laBbiouaa J1., 3uH4eHko B., Hukurtaw A., 2018



ISSN 1728-2713

FEONOrIS. 2(81)/2018

~ 79 ~

YCNOBHbIE OBO3HAYEHUA

e ] .
B Ml B

Puc. 1. CxemaTtuyeckas kapta ypouniua Mexuropbe:
1 — neconapkoBasi 30Ha, 2 — NapKOBbI KOMMIEKC, 3 — y4acTku ¢ npeobnapatoLLeit NMyroBoin pacTuTenbHOCTbIO, 4 — A0pOry,
5 — Xunble 1 aAMUHUCTPATUBHBIE 34aHNSA, 6 — XO3ANCTBEHHbIE 34aHNSA U TYpUCTUYECKNe OOBbEKTHI,
7 — NpMpoaHble N UCKYCTBEHHbIE BOA0EMbI, 8 — ronbd-none, 9 — Tepputopus Hag norpebeHHbIM oBparomM, 10 — ononaHu,
11 — TeppuTopum, NpeAcTaBnSIoLLIME NCTOPVKO-apXEONOrMYecKyto LLEHHOCTb

PanoH unsbickaHun Haxogutca Ha TeppuTtopumn Knesc-
koro Monecks. Ypounie Mexuropbe HaxoauTcs B npege-
nax Belwropoackoro BbICTYNa MOPEHHO-3aHOPOBOM paB-
HVHbI B 30HE COYNEHEHUSI CEBEPHO-BOCTOYHOMO CKMOHa YK-
pavHCKOro wuta u toro-3anagHoro 6oprta [OHenposcko-[o-
HeLKOoW BrnaguHbl, rpaHuuen Mexay HuMmm ssnsetca Knesc-
Kui pa3nom [JHenpoBCKOM pa3noMHoN 30Hbl. [paBbin 6eper
KneBckoro BogoxpaHunuia Ha ydactke Beiwropogckoro
BbICTyMa pacyrneHeH rnybokumn osparamu n 6ankamu. Tyt
UMEIDT MECTO ABYXbSAPYCHbIE OMON3HM, YTO YCINOXHAET reo-
MEXaHNYECKYI0 U MHXEHEPHO-TeoNorM4yeckyto CTpykTypy. B
rMOpOreosiorM4eckoM MraHe TeppuTopust MccrnegoBaHUn

Abc.
OTMETKa, M
170

160

vdlll Mnaro

pacrnonoxeHa B npegenax cesepo-3anagHon yactu [He-
NMPOBCKOro apTe3naHckoro 6acceriHa, 4na KOTOPOro TUnmY-
HbIM SBMSIETCA 3TaKHOE Pa3BUTUE BOAOHOCHBIX FOPWU3OH-
TOB, pa3feneHHbIX BOAOYNOPHBLIMU CIOSIMUA.

[eTann reonornyeckoro CTPOEHUS U MMAporeonuruye-
Ckve ycnoBusi Tepputopun Mexuropbs 4OCTaToO4HO NOSPO-
6HO onucaHbl [1, 3-5], NO3TOMY ANS UX XapakTepucCTUKK
orpaHuYMMcs NpeacTaBreHneM reororo-rnaporeonormye-
CKOro pa3pesa no y4acTky OXBaTbIBaOLLEMY NMPUCKITOHOBYIO
YacTb NNAToO U Ha4yarno OMNON3HEBOrO CKIMOHA, 3aMMCTBOBaH-
Horo n3 pabothl [3], (puc. 2). PacnonoxeHne npocuns yka-
3aHOo Ha puc. 3, KOTopbI ByaeT onucaH ganee.
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Puc. 2. TunoBoW reonoro-rupporeonorMyeckmi paspes Ansa uccnenyeMmon TeppuTopum:
1 — TEXHOTreHHbIE TPYHTbI, 2 — OMON3HEBbIE MOYBbI, 3 — CYITIMHKN, 4 — MECKN pa3HO3epHUCTbIe, 5 — rmuHa, 6 — anespwrT,
7 — meprenb, 8 — cTpaTurpaduyeckme npegensl, 9 — nMTonornyeckme npegensi,
10 — ypOBHWM rPYHTOBbIX M MOA3EMHbIX BOA M MHOEKChbI COOTBETCTBYIOLLMX BOAOHOCHbBIX FOPU3OHTOB
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B cooTBeTCTBUE C pUC. 2, B BEPXHE YacTu pa3pesa npu-
CYTCTBYIOT BOOHOCHbI FOPU3OHT B NEAHWUKOBBLIX MOAMO-
PEHHbIX (OrIOBUOMMSLMOHHBIX MECKax 4YeTBEPTUHHOIO BO3-
pacTta, umerLmin 6e3HanoPHbIA PEXUM N aKTUBHOE NuTa-
HMe aTMocepHbIMK OCaKaMy U TEXHOTEHHbIMU BOAaMM, U
BOZOHOCHbI FOPU30HT B Meckax naneoreHa, UMerLLmMin me-
CTaMW HaMopHbIA pexuM. Mexay HAMU HaxoouTcst BOAOY-
NMOPHBIA FOPU3OHT MECTPOLBETHLIX U KPaCHO-OypbIX Heore-
HOBBIX FMNH, KOTOPbLIE NP PacTPeCcKUBaHUN MOTYT GbITb 06-
BOAHEHbI. [10 BOAOHOCHOMY FOPU30HTY YETBEPTUYHBIX NEC-
KOB OCYLLECTBSIETCS1 B OCHOBHOM TPaH3WUT rPYyHTOBbIX BOA,
B CTOPOHY CKITOHa BOAOXPaHWIuLLA C pa3rpy3kon Ha oTme-
Tkax 156—162 M. [OPM3OHT NaneoreHoBLIX NECKOB pasrpy-
)KalTCsl Ha CKIIOHE Bbllle OTMETOK KMEBCKMX BOAOYMOPHbIX
Meprenen, ux nogctunamwux (111-115 m).

B ctatbsx [3, 4] onpeaeneHbl UICTOYHWKN NUTAHNA 1 pac-
npegenexHusi NPUPOAHON U TEXHOFEHHOWM COCTaBNSAOLLMX MU-
TaHWS rPYHTOBOrO BOAOHOCHOIO rOPU30HTa B TeYeHWe nepu-
opa 2009-2013 rr. N3BecTHO, 4YTO hOpMMpPOBaAHUE peXnMa
rPYHTOBbIX BOA Ha TeppuTopuu ypounwa Mexuropbe B oc-
HOBHOM OCYLLECTBISETCS 3a CYET MHAUMbTPaUMM MOBEPX-
HOCTHbIX BOA NPUPOAHOIO Y TEXHOTEHHOTO NMPOUCXOXAEHNS
HenocpeacTBEHHO Ha 0ObEKTe NCCNefoBaHNIA, a TakkKe UH-
unbTpaumMm Ux Ha NpurnerarLmMx Nnowaasax ¢ nocneayo-
LWMM TpaH3MTOM Ha Tepputopuio obbekTa. B yacTHocTu
YCTaHOBIEHO, YTO 32 OAWH rog TeppuTopust Mexuropbs no-
nyyana 1632 MM NOBEPXHOCTHLIX BOA, UX HUX 650 mm —

npupoaHble ocagku, 982 MM — TEXHOreHHble BOAbI (Monwvs,
yTeukn u3 o3ep). OCHOBHbIM NEPUOAOM NOATONSEHMS ABNsie-
TCA nepvog nonvea, B TEYEHUN KOTOPOro (3a nonroga) Tep-
puTopus nony4vaet 1186 MM NOBEPXHOCTHLIX BOA, T. €. BCErO
314 % nonyrogoBo HopMbl 0caakoB. OLeHKa BENUYMHbBI UH-
unbTpaumMm MNOBEPXHOCTHbIX BOA 3a rof OaeT 3HavyeHue
125 mm (npu Hopme ans r. KueBa u oKpecTHOCTEN OObIYHO
32—-45 mm), npudem 44 MM NPUXOAUTCH Ha NPUPOOHYHO COC-
TaBnsAoLWyo 1 81 MM — Ha TEXHOrEHHYI0, B TOM Yucne 53 mm
— 3a cyeT Nnomnvea, a 28 MM — 3a CYET YyTEYKU 13 03ep.

B nocneaywowme rogpl ycnosus noBepXHOCTHOrO BOA-
HOr0 MUTaHUS B OCHOBHOM COXPaHWIUCb, YTO MPUBENO K
YCTONYMBOMY NOABLEMY YPOBHEN FPYHTOBBLIX BOA M NOATON-
NEHNIO, a rMaBHOE — 3HAYUTENBHOMY CHUXXEHUIO OMON3He-
YCTONYMBOCTW CKMOHOB. Hanpumep, Anst y4actka camoro
KPYNHOro OMOor3Hs B panoHe CMOTpOBOW nnowaakn (puc. 3)
pacyeTHoe 3HauyeHue KoadpduUMeHTa  YCTOMYMBOCTU
CKroHa cHuaunock ¢ 1,7 oo 0,9, 4To NpMBENO K aKTUBM3aLUn
ononaHs BecHon 2013 r. O4yepegHas maccoBasi aKTUBM-
3auus ononsHew Ha MpaBobepexbe Knesckoro BogoxpaHu-
nvuwa ¢ y4yeToMm ruapoMeTeoponormyeckux N TEXHOTEHHbIX
akTopoB nporHosupyetca B 2018-2019 rr. [3].

B3apaven npuBedeHHbIX UccregoBaHun ABnseTcs oboc-
HOBaHWE OpUIrMHANBLHOro cnocoba CHMKEHUS! YPOBHEN IPyH-
TOBbIX BOA, M A€MOHCTPALMSl peanunsaunm NpUHATLIX peLle-
HWUIA Ha TeppuTopumK ypouniia Mexuropbe ¢ y4eToMm aeTa-
NbHOrO reofiorM4ecKkoro U rMaporeoiorMYeckoro aHanmaa.

+++++
W4+

MeTpbl

YCNOBHbIE OBO3HAYEHWA

1 e  —3 4

£ [

T+ +
++45
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Puc. 3. Cxema TpaH3uUTa rpyHTOBbIX BOA AJIA UCCIieAyEMOWN TeppPUTOPUN,
a TaKxke pacnosnoxeHne CKBaXWH BepTUKanNbHOro ApeHaxa U HabnopaTenbHbIX CKBaXWH:
1 — 30HbI MOBBILLEHHOrO YBNAXHEHWS, 2 — HaNpPaBMNeHNe perMoHanbLHOro NOToka rPyHTOBbLIX BOZ, HAa Tepputoputo Mexuropbs
¢ nepudepuu (TpaHanT 1-ro nopsaka), 3 — NyTn TpaH3uTa rpPyHTOBbLIX BOA 2-ro nopsiaka, 4 — NyTu TpaHauTa rpyHTOBbIX BOA 3-ro Nopsaka,
5 — ronbg-none, 6 — ononseHb, cowweawmnii BecHo 2013 r. B paioHe "CmoTpoBoi nnowaakn”, 7 — MMHUS TMaporeonorMyeckoro paspesa,
8 — CKBaXXMHbl BepTMKanbHOro gpexHaxa (2012 r.), 9 — nbesomeTpmyeckume ckBaxuHbl (2012 r.)
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daKkTopbl U3IMEHEeHUs1 TMAPOAMHAMUYECKUX U UHXe-
HepPHO-reonorn4yeckux ycroBui Kak OCHOBa NPUpPOAHO-
TEXHOTEHHOM 3K30reoAMHaMU4YeCcKoON aKTUBU3aLuUW.
CROXHbIN KOMMNMEKC reoniorMyecknx 1 rmaporeonormyecknx
ycrnosui Tepputopumn ypouuua Mexuropbe copmupyeT
dakTopbl HecTabunbHOCTU BOAHO-(PU3NYECKUX MNapameT-
POB U COOTBETCTBEHHO YMEHbLLEHMWS YCTOWYMBOCTU NOPOA-
HOro MaccuBa kak B NMPUPOAHbIX, Tak U TEXHOTEHHBIX (CTpou-
TENbCTBO, NMaHNPOBAHWE U T. M.) YCIOBUSX.

MoBbIWeHHasaA CNOCOBGHOCTL K OMon3Heobpa3oBaHMio B
NPUPOAHBIX N TEXHOrEHHbIX YCIOBUSAX TEPPUTOPUU UCChe-
OOBaHUI CBA3aHa C AercTBMEM psaaa obwmx n cneumdurye-
CKMX (paKTopOB.

dakTopbl MPUPOAHBIX YCIOBUIA:

1) Hanuuue CKINOHOBbLIX (POPM C KPUTUYECKOW KpYTU3-
HOW OTKOCOB (>18°) B NOKPOBHbIX PbIXMbIX NOpoAax rosu-
ornsiunansHOro NPOUCXOXKAEHUS;

2) noBbIWEHHAs NOPaXXEHHOCTb CKMOHOB 3PO3MOHHBLIMU
npoueccamu;

3) 3HaunMTenbHas HEOAHOPOAHOCTb MEXaHNYECKOro Co-
cTaBa M BOOHO-(IM3NYECKMX CBONCTB NOpof, KOTopble cria-
ralT CKIMOHOBbIE MOBEPXHOCTW.

PaKTOpbl TEXHOTEHHbIX YCIOBUIA:

1) [ononHuTenbHasi reoMexaHudeckasi Harpyska Ha ro-
TNOBHYH YacTb OMOJ3HS U NPUIErarLLyo NPUCKITOHOBYHO Te-
ppUTOPUIO BCMEACTBME 3aCTpPOWku 6e3 yyeta TeKywmux u
OOMrOCPOYHBIX M3MEHEHUIN HanpsKeHHO-AedOopMMpoBaH-
HOro COCTOSHUS;

2) 3amenneHue MOBEPXHOCTHOrO CTOKa BCreacTBue
NNaHNpoBaHNs TeppPUTOPUI U BapbEPHOro BITMAHUS COOPY-
KEHWUMI;

3) yMeHblUEHNE UcnapeHns Bnaru U3 3oHbl aspauum npu
accanbTYpoBaHUK, Nog, COOPYXEHUsIMK, NPU NONMBax 1 Aap.;

4) yBenuuyeHue NUTaHWs TPYHTOBOIO BOLOHOCHOIO ro-
PW30HTa 1 yBNaXHeHWe rMUHUCTO-CynecyaHo-NecyaHbIX no-
pOA 30HbLI aspaumun BCrieacTBue nonmea TeppuTopun, ytpar
BOAbI U3 BOAOMPOBOAHO-KaHANN3aLMOHHBIX U TEMMO3Hepre-
TUYECKNX KOMMYHMKaLUA, a TakkKke yTevyek U3 NMoBepXHOCT-
HbIX BOLOEMOB;

5) yBenuyeHwe rMApOAMHAMUYECKOrO [aBfeHUst Ha
CKITOHOBbLIE ~ MOBEPXHOCTU  BCNEACTBUE  TEXHOrEHHOrO
nogbemMa ypOBHsi TPYHTOBbIX BOZ;

6) akTuBM3aUMA MPOLIECCOB MEXaHWYECKON U Xumude-
ckow cycpdpo3un ¢ nocneayrLmMM yMEHbLLEHUEM NIIOTHOCTU
NOPOAHOro MaccuBa 1 ero MPOTUBOOMON3HEBOW CTOMKOCTH.

MpuBegeHHble dakTbl U TMNOTE3bI ellle pa3 NoaTBEpPX-
JalT HeobXOAMMOCTb MOUCKOB pELUEHUST O CHMDKEHUN
HacbILLEeHNs1 BOOOHOCHBLIX FOPU3OHTOB U COOTBETCTBEHHO
9K30reoAMHaMN4YeCcKo akTUBHOCTU FOPHbIX MOPOA Ha Tep-
putopumn Mexuropbsi.

MnowaaHaa guddepeHumaumns o6BogHEHHOCTH Ne-
COBO-CYrnUHKOBOro nnarto Mexuropbs. [letansHoe 13y-
YeHue BepxHel 4YacTu paspesa Tepputopun ypounwia Me-
XWUropbe Mo3BOMseT CyaUTb O ero BepPTUKanbHOM U ropuso-
HTanbHOW HeoaHOPOAHOCTW. [Ansi BOLOHOCHOIO rOpU3oHTa
rPYHTOBbIX BOA 3Ta HEOOHOPOAHOCTb MPOSIBMSIETCS Kak B
nutonorudeckon anddepeHumaumm (YacTuuHbIN nepexon
NeckoB B CYMNeCu U CYrfUHKKU), Tak U B UBMEHEHUN €70 MO-
LLIHOCTM OT nepBbIX MeTpoB Ao 6ornee yem OecaT METPOB.
B cBS13M C 3TUM 30HbI MOBBILEHHOrO YBNAXHEHUS UrpatoT
ponb TPaH3UTHbIX.

B ctaTbe [4] onpegeneHbl HanpaBneHus U CTPyKTypa pe-
MMOHanbHOro TpaH3nTa rpyHTOBLIX BOA Ha TeppuTopuio Me-
Xuropbs ¢ nepudpepun (TpaHauT 1-ro nopsigka). Mog TpaH3n-
TOM 2-ro nopsifika cregyet noHMMaTh fokanbHble Aedopma-
UMM OBWKEHUSI MOA3EMHbIX BOJ, HA KOTOpblE pasfensiercs
pernoHarnbHbI NOTOK 1-ro Nopsiaka AOMUHUPYHOLLIETO CEBEp-
HOro HanpasneHus. Ero coctaBnaowWmmMy SBNAIOTCS FPYHTO-
Bble NOTOKM 2-ro nopsigka no nopogam norpebeHHbIX oBparos

CeBepo-3anagHoro M CEBEPO-BOCTOMHOIO HamnpaBsreHus, a
TakKke no Noxy yrnybneHns B KPOBME HEOreHOBbIX MMWH C pa-
3rpy3koi ceBepo-3anagHee agMUHUCTPaTMBHO-XWITOMO 3aa-
HUS (pyc. 3) Ha CKITOHax U B TarnbBere 3acbiNaHHOro oBpara,
KaK riokanbHon apeHsbl. MoTokn 3-ro nopsgka opmMmupyroTes
Ha ronbd-nomne 1 B NapkoBOW 30HE B Mofioce Mexay Kacka-
[JOM BEPXHETO U HWXKHEro 03ep v cknoHom Knesckoro Bogox-
paHunuLLa 3a cHeT MHUNbLTPALUM MOBEPXHOCTHBLIX BOA NpU-
POOHBLIX OCAAKOB M MOMMBA, 3a CYET YTEYEK U3 03ep Ha Tep-
puTOpUM ronbM-Nons 1 NapkoBOKW 30HbI, a Takke (B HEKOTO-
poVi CTeneHn) 3a CYET BOA, NMOTOKOB 2-T0 Nopsiaka.

CKBaXMHHbIA BepTUKanbHbIN ppeHax. B ceasu c
N30bITOYHBIM YBMNaXXHEHNEM TeppuTopumn ypouuwia Mexu-
ropbe 1 COOTBETCTBYIOLLIEN aKTMBM3aALIMEN ee NPUPOLHO-Te-
XHOTEHHOTro noAaTonneHnss Obina nocTaBneHa 3agaya
BbiGOpa MeponpUsiTUiA MO CHWXKEHUIO YPOBHEN FPYHTOBLIX
Boa. OnTumanbHoW Obina npu3HaHa waes opraHu3aumu
CKBa>KMHHOIO BEPTMKaNbHOro ApeHaxa. OnbIT Mcnonb3osa-
HUS MOAOGHOM CXembl A5 rTMaporeosiornyecknx paspesons
n3noxeH B pabotax [7, 8].

[Nsi KOHKPETHBIX YCMOBUI TEPPUTOPUN UCCrea0BaHWUN
cxema nepetoka usobpaxeHa Ha puc. 4. Puc. 4, a otobpa-
aeT cxemaTu4ecKkuii rmaporeonornyeckuin paspes ¢ 0603-
HayeHMeM ypoBHelN noAasemHbix BoA. Ha puc. 4, 6 npuse-
[eHa pacxofjorpamMma, a Ha pwuc. 4, B — pacnpegeneHue
YPOBHEW MOA3EMHbIX BOA U OENPECCUOHHBLIX BOPOHOK BO
BpEMS MPUPOJHOro npouecca "oTkaykn" 13 BEpPXHero ropu-
30HTa 1 "HanmBea" B HWXXHUN.

B ycnoBusax ycTaHOBMBLUErocsi rmMaporeoniormyeckoro
pexuma Ans Kakgoro BOOOHOCHOIO rOpu3oHTa crpaBeg-
nuBbl Knaccudeckme cdopmMynbl [ionion ons coBepLUEHHbIX
CKBaXWH:

(km), =0,3660, lg(ﬁjsi ; (1)

1 1

(km), =0,3660, 1g[%jsi : @)

roe (km)I " (km)2 — BogonposoAuMocTb Ans | u Il ropmuso-

HTOB, Q; = O, — 0ebuT nepeToka; R; — pagumyc BNUsHWA
(menpeccun), r; W r» - paguyc CKBaXWHbl HanpoTuB
I n Il "B3aMoaencTBYOLWMX rOpu3oHTOB", S; 1 S2 — NOHKU-
XeHue (nosblweHune) ypoBHsa ans | u Il nnacrta (nokasaHo
Ha puc. 4).
B Hawem BapwaHTe r; =r: =r. YacTo npuHMmaloT
Rl RZ
lg(Tj ~ lg[Tj Torga npu geneHun hopmyn oaHa Ha apy-
ryto nony4nm

(km)l _ & (3)
(km)2 S,

FmpporeounbTpauMOHHbIA  pacyeT ApPEeHaXHoro
y3na OCyLLEeCTBIEH B COOTBETCTBMM C HUXKECTEAYIOLLMM an-
rOpUTMOM:

1. CpeaHeB3BeLLeHHas BennynHa koaddpumumeHTa gu-
NbTpauny MeNKo3epHUCTBIX NMECKOB HU3KOW CTENeHU BoAO-
HachblLLeHWs (busnyeckasi OCHOBaA rPYHTOBOrO BOJOHOCHOIO
ropusoHTa ([pBl) 1 nnockon ApeHbl Bbiwe3anerawLmx
cyrnuHkoB) K =0,5 m/cyTku .

2. MoLLHOCTb (TONLWMHA) CNosl YBNaXXHEHUSI MeNKo3ep-
HUCTbIX NECKOB 7., BMECTe C KanunsapHoi KanMow fq, Coc-
TaBut H=m,+h,=2,0+2,0=4,0m.

3. OpreHTUPOBOYHOE 3HaYeHne paguyca BAUSHUS pa-
AvanbHOWN ApeHbl Ry, Npy NOMHOM OCYLUEHUW NecYaHo-Cyr-
JNIMHUCTON 30HbI BogoHackiweHusa MpBL (no 3aBucMMocTU
W. KycakmHa unu I'. KameHckoro) paBHo
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R,=2H\K,-m, . (4)
YuncneHHble pacyeTbl 4aloT: R, =8wM.

KOHTpOrnbHbIA pacyeT BAUSHUA paguanbHoi ApeHsb
(pacueT paguyca nUTaHWs R, ) OCYLLECTBMEH W3 YCNOBUA
obecrneyeHns: APEHaAKHOTO CTOKa MHAUIbTPALMOHHOIO Ni-
TaHusi Yepe3 BecbMa CriabonpoHuULaemMyto TOMLLy MOKPOB-
HbIX (MepeKpbIBaOLLMX) NECHYAHO-CYTMUHUCTBIX NOPOA;!:

m

R, =——=, ®)
W [ K e
rae W,, —VHUNbTpaLMoHHoe nuTaHue MBI B TEXHOreHHbIX

ycnoBusix (NONuB NMowagen, yTeukn n3 cuctembl U T.M.),
K — cpefHee 3Ha4veHue koadhdumumeHTa unbTpauun

ep+c
cnabonpoHMLaemMon rpyHTOBOM NepeKpbIBaOLLEN TOMLLMN.
4. B cOOTBETCTBMU C NPUBEAEHHBIMW paHee AaHHbIMU

Wm ~ 8lmm/ron ~ 2,7 - 10’4M/cyTKH . 3HayeHue npuHUMaem
paBHbIM 5-107 M/cyTku. Toroa pagnyc BAUSHAA OPeHUpY-
owero KoHtypa B [pBIf R ~27m. [lockonbky R,
npesbillaeT R, , TO 3TO CBUAETENLCTBYET O CTabUNLHOM

pexvme OyHKLMOHMPOBaHNSA ApeHaXKHON Aenpeccuu.
YcrnoBHbIi 0eBUT BbicauMBaHUA BOAbl M3 OpPEHUpYLo-
LLLEro KOHTypa BOOOMOHMXKAIOLLEN 30HbI CKBAXUHBbI

a)

R()p

’:)p

0, =68 M /cytku . [pm

0, =136-K H*/lg (6)

PaccuntaHHoe 3HayeHue

pacyeTax npuHaTto 7, =0,2 M — pagnyc APEHaKHOro KOH-

Typa CKBaXXWUHbl B COOTBETCTBUN C €€ KOHCTPYKLIMEN.

5. YcnosHasi nornowiaroLas cnocobHocTs criabonpoHu-
LLlaeMoro ropusoHTa 0OYXOBCKO-MEXUIOPCKOro BOAOHOC-
HOro komnnekca (6e3 ydeta BNUAHMSA rmapaBriMyeckoro co-
NPOTUBIEHMS Ha rPaHuLEe C HECOBEPLUEHHbLIM BOAOYNOPOM)
C KoacpdpuumeHtom dunbTpauum K =2 m/cytku C  MO-

=10Mm

nan

LLIHOCTbIO m
+ R

Q'm‘” = (2’73 K- My N ) /1g[j ’(7)
T,

roe R =1,5Ja-t, S — NpOrHo3HOe MOBbLILEHME YPOBHS

B WHTEpBane nornolleHnsi, R* — NPOrHO3HbIA paguyc ae-
npeccuy B MOTTIOLLAIOLLEM FOPU3OHTE, 7, — paauyc dunbTpa

BUHTepBare MormnoweHns, a — Ko3ddUuLMeHT nbesonpo-
BOAHOCTM CcrnaBGoHanopHOro MornoLaLWero ropu3oHTa,
t — BpeMsi cTabunusauum popMUPOBaHUS OEenpeccuoH-
Horo kynona.

Puc. 4. Cxema NnpupoaHOro nepeToka B CKBaXUHe:
a — cxemaTu4eckuin rmagporeonornyeckuin paspes (Hy — ypoBeHb NoA3eMHbIX BOA YETBEPTUHHOMO IPYHTOBOTO BOJOHOCHOIO FOPU30HTa,
H,— ypoBeHb Nof3eMHbIX Bog 06yXOBCKO-MEXUIOPCKOro BOAOHOCHOIO ropu3oHTa, AH — pasHyua Mexay YPOBHSIMU NOA3EMHbIX BOA
[0 1 nocrne BCKpbITUS BOAOHOCHOTO ropu3oHTa); 6 — pacxopgorpamma (Q — nebut nepetoka);
B — pacrnipefesieHve ypoBHeii NoA3eMHbIX BOA U AENPECCUOHHLIX BOPOHOK Npu nepeToke(S, — NOHWKeHWe ypoBHSA ans |-ro nnacra,
S, — noBebiweHne ypoBHs ans ll-ro nnacrta, Hq, — 0TMeTka yCTaHOBUBLLETOCS MPY NMEPETOKE YPOBHS)

U3 cbopmynel (7)
§*~0,366-0,,, -lg[R} IK-m,, . (8)

r

W

Mo doHOOBLIM ©  3KCMEPUMMEHTAaNbHbIM  AaHHbLIM:
a =10>m*cyTkn, =1 cyTku, TOrd@ COOTBETCTBEHHO
R* =50 m . N3 cpopmynbl (8) cneayet: S*~0,3 m.

6. YunTbiBasi HECOBEPLLEHHbIN XapaKkTep NPOHMLAEMOro
ropu3oHTa B KpoBrie 06yXOBCKO-MEXMIOPCKOro KOMMIEKea,
Nno SMNMPUYECKMM [aHHbIM HanMBOB ero NoAanop cocTaBuUT
0,3 cobcTBEHHOrO Hamopa, To ectb 0,3:8=2,4 M. Takum

obpa3om, cymmapHoe MoBbILLEHNE YPOBHS B 30He 0OYyX0B-
CKO-MEXMNIopCKOro ropu3oHTa-konnekTopa cocTasut
§=0,4+2,4=2.8 m .

B nTore mMoxHO caenaTb BbIBO4 O TOM, YTO PacCMOT-
peHHble rugpaBnuyeckue napameTpbl PUNbTPaLIMOHHBIX 30H
OpEeHaxHoro yana "4eTBepTUYHbIA TPYHTOBbLIA BOOOHOCHbIN
FOPU3OHT + OBYXOBCKO-MEXUIOPCKUM TOPU3OHT-KOMMnekTop"
CrnocobHbl 06ecneunTb MeANEeHHbIN MHEPLIMOHHBIA OPEHaX.

BypeHue cKBaXuH BepTUKaribHOro ApeHaxa U Uux
adpdpekTnBHOCTL. OCyLLECTBNANOCH NnowagHoe 6ypeHne
CB[ c uenbio cosgaHusa nnowiagHon Aenpeccun Ha npu-
CKITOHOBOW 0GBOAHEHHON TEPPUTOPUM, a Takke — BypeHune
OOMHOYHBIX CKBaXWH ANs nepexsaTa OCHOBHbIX TPaH3WT-
HbIX (PUNBbTPALMOHHBIX MOTOKOB.

TvnoBow pa3spes3 CKBaXWHbI NpeacTaBreH MOPEHHbIMU
OTNIOXEHWSIMWU, HEOTEHOBBIMW FITIMHAMM, OTIIOXKEHUSIMU MOI-
TaBCKOW, XapbKOBCKOW N KNEBCKOWN CBUT.

OpeHax npegycmaTpuBancs kak no cxeme "rpyHTOBbIN
FOPU3OHT — BEPXHUI (PUNBbTP — CKBaXKMHA", TakK U MO CXeme
"rPYHTOBbIN FOPU3OHT — 0BChINKa — HWKXHUIA PUnbTP — CKBa-
XuHa". [laHHasa cxema no3BornsieT 3a KOPOTKUIN NMPOMEXYTOK
BPEMEHU OPEHNPOBAHUSA OCTaHOBUTb MHAPUNBTPALMOHHBIN
MOTOK, NOCTYNawLWniA B YeTBEPTUYHbIE MECKU, YTO ocobe-
HHO BaXXHO MPW MHTEHCUBHbIX O0CagKax, U APEeHUpoBaTh Ya-
CTUYHO Te e MEeCKM, a Takke TpeLuMHoBaTble MMuHbl 3a 60-
nee AnNuTenbHbIN Nepvog.

Bcero 6bino npobypeHo 18 CKBaXWH BepTUKamNbHOro
apexaxa (CBJ) (puc. 3). M3 Hux Bonbluasi YacTe (13) — Ha
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NPUCKNOHOBON TeppuTopun ydactka "CmoTpoBas nnolia-
aka". VIx atphekTMBHOCTb MOXHO OLIEHWUTb pacyeTHbIM Ny-
TEM 1 Ha OCHOBaHWMN PEXUMHBIX HabnNoAeHN YpOBHEN.
[ns npocTenwmx ycrnosun NpsiMonnMHenHo-napannens-
HOrO MIIOCKOro NOTOKa, C KOTOPbIM Mbl C HEKOTOPbIM NpMG-
NKeHnem nmeem feno, CnpaBeanvB IMHEHbIN 3aKoH tu-
nbTpauuv Aapcu:
0=K, - F-I, 9)

roe Q — pacxof notoka, M3/cyTku; Ky — KoachpuumeHT du-
nbTpaumn, M/cyTkn; F'— nnowanb NonepeyHoro ceyeHms no-
TOKa, M%; [ — HaNOPHbIN rPadWEHT, PaBHbIN OTHOLLEHMIO Ne-
penaga Hanopa H k AnvHe y4yactka nepenaga AL.

[nsa yyactka "CmoTpoBas nnowagka" Ky vyetBepTnd-
HOro rOpM3OHTa NPUHAT B NpeablayLmMX pacyeTax paBHbIM
0,5 M/cyTKn1, MOLLHOCTb FOpM3OHTa — 4 M, ANWHa MOJNOCHI
BOOJb cMOTPoBOM — 110 M, C y4eToM chrnaHros npumem npu-
OnnsutensHo 150 M, TOorga (UNbTPALMOHHOE CevYeHune
MpBI F=150-4=600 M>. HanopHbIi rpagneHT no Hanpasre-
Huto k "CmoTpoBo nnowaake" meHsietcs ot 0,01 (AH=1m
s AL=100 m) po 0,025 B npucknoHoBoi 3oHe (AH=0,4 M
ana AL=16 m). Torga, B cooTBeTcTBUM C dhopmyrnon (9),
0=30+75 M*/cyTkn. O6beM BOAbI CyTOUHOMO ApeHaxa 3a-
OENCTBOBaHHbIX 13 CKBaXXMH, UCXOOSA U3 NpUBEAEHHbIX pa-
Hee pacyeToB, AomkeH cocTaBuTb 13x8=104 M3/cyTKH. Ta-
KMM 06pasom, C TEOPETUYECKOWN TOYKU 3PEHUSA OCHOBHOM
o6bemM UNbLTPALMOHHOIO FPYHTOBOIO MOTOKA, ABUXKYLLE-
rocsi K CKIOHY, IOMKEH ObITb NEpeEXBaYeH CKBakKMHaMu Be-
PTVKamnbHOro ApeHaxa.

[nsi KOHTPONSI MOHWXEHUS NbE30METPUYECKOTO YPOBHS
rpyHTOBbIX BoA Ha "CMoTpoBOI nnoLlaake" 6bino 3agenc-
BOBaHO 3 HabnoaaTenbHbIX ckBaxkuHbI: [1C-4 — n3 onopHomn
cetn, MNC-7, NC-8 — cneunansHo NpobypeHHble (puc. 3).
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pachmkn n3ameHeHUss ypoBHe BO BpeMeHu Ans Habnoaa-
TenbHbIX CKBaXWH NpeAcTaBneHbl Ha puc. 5.

Oxuoaemoe NOHWKeHVEe YpOoBHeN no HabnogaTensHbIM
CKBaXXMHaM Habnoganock NpakTMyYeckn cpasy nocrie BBoAa B
akcnnyaTtaumo CB[, 4To 0TYETNMBO BhIpaXXeHO B NepBble 4—5
mecsues no MC-4, 7, 8 (puc. 5). OaHako u3 rpacukoB ypoBHEN
MC BuaHo, 4yto CB[ He cnpaBUnUCh NOSMHOCTHI0 C BECEHHUM
noateMomM 2013 r. IHTeHCMBHYIO paboTy CKBaXKMHHOIO Ape-
Ha)ka noAaTBepaurna BO3pocCLUasi akTUBHOCTb WUCTOYHWMKOB Ha
CKMOHE Ha MNCOMETPUYECKMX OTMETKaX, COOTBETCTBYHOLLMX
0BYXOBCKOMY M MEXUrOPCKOMY FrOpu3oHTam. Tem He MeHee,
obBOAHEHME CKITOHA MPUBENO K aKTWBM3auuu OMOM3HsS Ha
ckrnoHe "CmoTpoBoii niowaakn” BecHon 2013 r.

Takum 00pa3om, HanMuo MPOTMBOpEYME: C OOHOW CTO-
POHbI, CKB2XKVMHHBIN ApEeHaX A0mKeH ObiTb ahheKTUBHBIM, C
Apyroin — 3 dEeKTUBHOIO Nepexeata CybropusoHTansHoro u-
NbTPALMOHHOIO MOTOKAa He MonyyeHo. ABTOpbI CcTaTby nona-
ratoT, 4To 9Ta AureMma pelleHa B pesynbTaTte Bu3yarbHbIX
HabntogeHwin cknoHa B nocnegytowme rogpl. Kaerycty 2015 r.,
Korga ocagkoB He ObiNo HECKOMNbKO MECSLIEB, OMOMN3eHb CTa-
ounusnpoancs. MprMepHo Mo ueHTpy "CMOTpoBOM nnowa-
okn", Ha 10—15 M Hke ee YpOBHSsI, Ha CKkrnoHe Habnoaancs
MOLLHBIY HANOPHbIA UCTOYHUK BOAb! C AEOUTOM HECKOMbLKO K-
TPOB B cekyHAy. EQVHCTBEHHOWN peanbHON NPUYNHON HannMuusi
WCTOYHMKA MOXET paccMaTpuBaThbCsi TONMbKO yTeyka U3 03ep,
YPOBEHb B KOTOPbIX B N060E BpeMsi rofa noaaepkvearncs 3a-
Kaykow Bogbl 13 rmybGokmx Bogo3abopHbIX ckBaxkmH. Obbem Ta-
KOM yTeuykM paccmaTtpuarncsa B ctatbe [4] M coctaBnsaer
151,6 mM3/cyTku, yTO sIBNAeTCH U3bbiTouHbIM ansa CBL. Kpome
TOro, BMOMHE BEPOATHO, YTO ABUXEHNE 03€PHON BOAbI B MOPO-
[ax ocyllecTensanock Ha nogxoge k "CMoTtpoBoi" oTaenb-
HbIMW pycriaMn MHTEHCBHOM chunbTpaumn. [anee atn pycna
06beauHNNUCL B €OWHbIA MOTOK, KOTOPLIA Hallen BbIXOA B
BWJE NCTOYHMKA Ha CKITOHE.
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D,aTbl 3a Mepos
Puc. 5. N'pacdmkn noHMKeHUs1 Nbe30MEeTPUYECKOro YPOBHS IPYHTOBbLIX BOA, B CKBaXkuHax Ha "CMoTpoBon nnoujagke”

[nsa noateepxaeHns AaHHoOW runoTtesbl TpebyeTcsa npu-
BMeYeHne TPMBUANbHOro KoMnrekca reonsnyecknx MeTo-
poB. [lanee ecTtecTBeHHbIM 3TanoM npeacTaBnseTcs nepe-
CMOTP TMOPOreoniornYecknx U UHXEHEepPHO-reonornyeckmx
yCrnoBui TeppuTopun ypouuila Mexuropbe ¢ y4eToM nsme-
HMBLUENCS NPUPOAHO-TEXHOTEHHON CUTYyaLumn.

BbiBoabl. OgHUM 13 OMUHUPYIOLLMX (DaKTOPOB 3K30re-
OOMHaMMNYECKOW aKTMBHOCTM Ha CKIIOHOBbIX TEPPUTOPUSIX
ABNAETCA AMHaMUKa NPUPOLHO-TEXHOrEHHOro BOAHOMO Mu-
TaHWS FOPHbIX MOPOS, KOTOPOoe HeM3bexXHO BeAeT K U3MeHe-
HWIO CBONCTB NPUPOAHOro maccusa u passutuio 3lT1. B Te-
YeHne nepuopa MHTEHCMBHOW aKcnnyaTaummn nanawadTHO-
apxutekTypHoro komnnekca Mexuropba (2009-2013 rr.),

Kpome MpupofHbIX 0cagkoB (650 MM), Tepputopust rMuHU-
CTO-11ECCOBOr0 NNAaTo €XerogHo nosyyana AononHUTENbHO
He MeHee 982 MM TEXHOreHHbIX BOf.

Cneuucuka rvaporeonormyecknx yCroBuin reornormye-
cKkoro paspesa Mexwvropbs 3aknovaeTcs B HannyMm B Bepx-
HeW ero 4acTu rpyHTOBOro BOAOHOCHOIO rOPU30HTa YeTBep-
TUYHBIX chnoBMOrNALManbHbIX MECKOB. JTOT FOPU3OHT OTAe-
NeH OT BTOPOro HWXenexallero ropusoHta cpegHe NpoHu-
LiaeMbIX NarnieoreHoBbIX NMECKOB TOMLLEN HU3KOMPOHULIAEMbIX
HEOreHOBbIX MUH. [JpeHOW CNyXunu npuneratoLime CKIOHbI
BOJOXPaHUMULLA, 4TO 0BYCMNOBUNO 3TaXHOe 3aneraHne ypo-
BHel. B cBSA3K C TeXHOreHHbIM NOATOMINEHNEM TEPPUTOPUM
paccmaTtpvBanach 3agadya WCKYCCTBEHHOTO CHWDKEHWUS ypo-
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BHS noasemHbix Bog pBIr. TexHudeckoe pelueHvne npegno-
naranocb OCyLLEeCTBUTb NyTeM BypeHns CKBaXXUH BepTMKarnb-
HOro ApeHaxa, CoeaMHSAOLLMX ABa BOAOHOCHbLIX FOPM30HTa 1
060pyAoBaHHbIX UNbTPaMKN Ha UX YPOBHSAX. KOHTPOmMbHbIE
HabnogeHns1 ypoBHel NOA3EMHbIX BOA U MHTEHCUBHOCTU UC-
TOYHWUKOB Ha CKIIOHE BOAOXPaHWnu1LLa NoaTeepanm addek-
TUBHOCTb BEpTUKanbHOro ApeHaxa. Bmecte ¢ Tem nonHoro
ocyweHnus pBl" goctuyb He yaanocs.

Mutanne MpBIT ocyllecTBNsAeTCs 3a C4YET MOBEPXHOCT-
HbIX MPUPOAHBLIX U TEXHOrEeHHbIX BOA (COOTBETCTBEHHO 650
n 637 MM) N X MHPUMALTPaUMM (COOTBETCTBEHHO 44 1
43 MM), 4TO MOYTW BOBOE MpeBbILIAET rOAOBYHO HOPMY, a
TaKkKe — 3a CYET HernocPeACTBEHHbIX MOCTYMNEHNNA B FPYHT
BOAb! yTeyek 13 03ep. TexHoreHHble BoAbl 03ep nonagatooT
HernocpeACTBEHHO B BOOOHOCHbIN FOPU3OHT B MecTax yTe-
Yek M pganee UNLTPYIOTCS OTAEMbHBIMU MOTOKaMW, KO-
Topble OOBLEAMHAIOTCA B MPUCKIOHOBOW 4acTu W pasrpy-
XKarTCH Ha CKIMOHE MOLLHbLIM HamnoOpPHLIM UCTOYHUKOM. TN
NMOTOKN CKBaXXMHaMW BepTUKarnbHOrO ApeHaxa nepex-
BaTbIBAOTCH YaCTNYHO.

Ha nocnepyolwmx atanax rmaporeonormyeckux uccre-
AOBaHWI MpeAcTaBnseTcs LenecoobpasHbiM KapTupoBa-
H/WE MHTEHCUBHbIX (PUNbTPaLMOHHBLIX MOTOKOB, Hanpumep,
reocusmyeckumm metogamu. MonyyeHHble gaHHble OyayT
CMY>XVTb OCHOBaHWEM Ans NPOEKTUPOBaHNSA KOMMNIekca pe-
LLUEHWIA AN OCYLUEeHNS BOGOHOCHOTO FOPM30HTa, BO3MOXHO,
LeneHanpasneHHbIM CryLLeHNEeM CETU CKBaXKUH BepTMKanb-
HOro ApeHaxa B 30Hax MOBbILLEHHOW NPOHNLIAEMOCTH.
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WELL VERTICAL DRAINAGE AS METHOD FOR DECREASING
OF EXOGGEODYNAMIC ACTIVITY ON SLOPE AREAS

The territory of Mezhyhirya on the right bank of the Kiev reservoir, which is characterized by the development of various dangerous exogenous
geological processes, primarily landslides and flooding, is being considered as the object of research.
The purpose of the research is to substantiate the method of artificially lowering of groundwater level within the flooded areas of Mezhyhirya with

a corresponding decrease in risk of landslide activity.

In the course of the research, an analysis of general and specific factors of the activation of landslides within the Mezhyhirya area was carried out, and its
results proved that most of these factors are related to natural and technogenically disturbed hydrogeological conditions of the research area.
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The authors have determined the sources of technogenic feeding, the zones of increased moisture within the natural boundary, as well as the
directions and structure of groundwater transit to the territory of Mezhyhiria.

The performed studies and their results confirm the need to reduce the saturation of aquifers and, accordingly, the exo-geodynamic activity of
rocks within the territory of Mezhyhirya. The technical solution was based on the drilling of vertical drainage wells connecting the quaternary ground
and the Obukhov-Mezhygorsk collector aquifer. Hydrogeological calculations of the water volume of the daily drainage of the involved wells were
performed, which must have been about 104 m*/day. Three observation wells were involved for monitoring the decrease in the piezometric level of
groundwater. Control observations of groundwater levels confirmed an effectiveness of the proposed scheme; however, during the spring upsurge
of 2013, vertical drainage wells did not ensure complete interception of the filtration flow. A possible reason for this is the increase in the
hydrodynamic load of the groundwater aquifer due to irrigation and leakage from lakes.

At subsequent stages of research, mapping of filtration flows seems appropriate. The data obtained as a result of the study can serve as the
basis for designing a set of solutions for drainage of the aquifer and anti-landslide measures within the territory of Mezhyhirya.

Keywords: activation factors of landslide formation, flooding, lowering of groundwater levels, downhole flow.
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CBEPANOBUHHUA BEPTUKANBbHUIA OPEHAX
AK CNoCIB 3HWKEHHS EK30OMrEOAMHAMIYHOI AKTUBHOCTI HA CXUNOBUX TEPUTOPIAX

51k 06'ekm OocnidxeHb po3asidaembcss mepumopis ypoyuwa Mexuzip'a Ha lMpaeo6epexoki Kuiecbko2o sodocxoeuwa, A5 sikoi xapakmepHul
PO38UMOK Pi3HUX Hebe3MeYHUX eK302eHHUX 2e0/102i4HUX Npoyecis, y nepuly Yepay — 3cyeie i nidmonneHHs.

Memoro docnidxeHb € 06rpyHmMyeaHHs1 cnocoby Wmy4HO20 3HUKEeHHsI PieHs1 r'pyHmMoeux eod Ha niomontoeaHux o6'ekmax mepumopii ypo-
quuwia Mexuezip'si 3 €idnoeiOHUM 3HUXEHHSIM PU3UKY 3CYy8HOI aKmueHocmi.

Y x00i docnidxeHb 6yno nposedeHo aHani3 3a2anbHuUX i cneyugiyHUX YUHHUKI8 akmuei3ayii 3cyeoymeopeHHs 8 ypoyuwi Mexuzip's, sakul
doeie, wjo Ginbwicme Yux YUHHUKIE M08 'sI3aHi 3 NPUPOGHUMU i MeXHO2eHHO-MoPYWeHUMU 2i0po2e0os102iYyHUMU yMo8aMu mepumopii 00CioKeHb.

Aemopamu susHayvyeHi dxepesia mexHo2eHHO20 MidXXU8JIeHHS], 30HU NiG8UWEHO20 380JI0KEHHS 8 MeXax ypoyuwa, 8 maKoX HanpsiMKu i cCmpyk-
mypa mpaH3umy rpyHmoeux o0 Ha mepumopito Mexuzip's.

BukoHaHi docnidxeHHsi ma ix pe3ynbmamu niomeepoyoms Heo6XxiOHiCMb 3HUXXeHHSI HaCUYeHHSI 000HOCHUX 20PU30HMIi8 i 8i0N08iOHO eK30-
2eoduHamiyHOi akmueHocmi 2ipcbkux nopid. TexHiyHe piweHHs1 6a3yeasnocs Ha 6ypiHHI ceepdo08uUH eepmuKasibHO20 OpeHaxy, wo 3'c¢OHyroMb Ye-
meepmuHHuli epyHmoeuli 000HOCHUL 20pPU30HM i 06yXieCbKO-MeXu2ipcbKuli 20pU30HM-Kos1eKmop. BukoHaHo 2idpozeonoziyHi po3paxyHku 06'-
emy 600u 0608020 ApeHaxy 3adissHuUx ceepdsiogUH, siKUull NoOguUHeH 6ye cknacmu 6nu3bko 104 mM3/006y. [Jns KOHMPOIIFO 3HUXEHHS N'e30MempuY-
HO20 pieHs1 rpyHmMoeux o0 6ynu 3adisHi 3 cnocmepexHi ceepdnosuHu. KoHmponbHi cnocmepexeHHs1 pieHie niozemMHux eod nidmeepdunu egek-
mueHicmb 3anponoHoeaHoi cxemu, npome 8 nepiod eecHsiHO20 nidliomy 2013 p. ceepds08UHU 8epMUuUKasibHO20 OpeHaxy He 3abe3neyusiu NoO8HO20
nepexonneHHs1 ¢inbmpayiliHo2zo nomoky. Moxnueor NPuYUHOI asmMopu eeaxaromb 3POCMaHHSI 2i0poOUHaMiYHOI HagaHMa)XKeHHs1 2PYHMOo8020
8000HOCHO20 20PU30HMY 3a PaxyHOK 3POWeHHS i BUMOKY 3 o3ep.

Ha nacmynHux emanax docnidxeHb ee8axaembcsi QoUinbHUM KapmyeaHHs1 ¢inbmpauilinux nomokie. [JaHi, ompumaHi e pe3ynbmami dociii-
O)KeHHS1, MOXXymb CIIy)xumu nidcmaesoro Osisi MPOoeKmMyeaHHs1 KOMIIEKCY pilwieHb O ocyweHHsI 000HOCHO20 20PU30HMY i MPomu3cyeHux 3axodie
Ha mepumopii ypo4uwa Mexuzip's.

Knro4oei cnoea: ghakmopu akmusizayii 3cyeoymeopeHHsi, NiOmonseHHs, 3HUXeHHS pigHie rpyHmosux 800, 8HympiwHbL0Cc8epO/I08UHHE nepe-
mikaHHs1.
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PO3PAXYHOK AoXoAy BNACHUKA HAQP (AEPXXABM)
Bl rocrnoaAPCbKOI OIANbHOCTI 3 BUAOBYTKY NIA3EMHUX BO[A,
3rigHo I3 3AKOHOAABCTBOM YKPAIHU TA NONbLUI

(PexomeHAo8aHO YrieHOM pedaKyiliHoi konezil 0-poM 2eos.-MiH. Hayk, npogh. M.M. KopxHeaum)

lpoaHanizoeaHo npaeoei acnekmu, npsmi (aOMiHicmpamueHi) ma HenpsiMi (eKOHOMi4Hi) iHcmpymMeHmMu AepxKagHO20 peaysIto8aHHs
8udobymky nidzeMHux 800. 32i0HO yKpaiHCbKO20 3aKkoHoOaecmea nid3emMHi 800u exodsimb Ao [leperiKy KOpucHUX KonasuH 3a2aslbHo-
OdepxkaBHO20 3Ha4YeHHsl, iX euGO6YMOK ma sUKOPUCMaHHSI pe2yItoembcsi HopMamu BodHozo kodekcy YkpaiHu, Kodekcom YkpaiHu npo
Hadpa, a nidnpuemMHuybka distnibHicmb — [Todamkoeum kodekcom YKpaiHu. Y nonscbKoMy 3akoHoOaecmei nid3emHi eodu (kpim nikyea-
JIbHUX, PO3CcoJlie ma mepmasibHUx) G0 KOPUCHUX KONasluH He 8iOHOCsImbCS | pe2yirorombscsi 3akoHom rpo eody (Prawo wodne), 3akoHom
PO OXOPOHY HaeKONMUWHLO20 cepedosuwia (Prawo ochrony srodowiska) ma 3akoHom npo nodamku eid doxody ¢hiHaHcoeux oci6
(Ustawa o podatku dochodowym od oso6b fizycznych).

HocnidxeHo cmpykmypy dhopmyeaHHsi doxody erlacHuUka Haop. 32i0Ho i3 3akoHoOaecmeoM YKpaiHu 80Ha ck/ladaembCsi 3 PEHMHOI
nnamu 3a KopucmyeaHHs1 HaGpaMu, PeHMHOI i1amu 3a crieyiaibHe 8UKOPUCIMaHHS nid3eMHUX 600 ma rnodamky Ha npubymok. Y nosnb-
cbKoMy 3aKkoHodaecmei nepedbayeHo suwie namy 3a creyiasnbHe 8UKOpucmaHHs 600U ma nodamok Ha npubymok, a peHmHa niaama
3a KopucmyeaHHs1 Hadpamu eid 2ocrodapckkoi disinbHocmi 3 UG06YMKy nid3eMHuUx 00 (OKpiM JliKyeanbHUX, po3coJslie ma mepmarsib-
Hux) 8idcymHsi.

Haykoea Hosu3Ha nonsizae e docioxeHi ma nopieHsiHHi hpopmyeaHHs1 doxody enlacHuUKa Hadp 32i0Ho i3 3akoHoGaecmeom YkpaiHu
ma lNonbuwi, su3Ha4YeHHi lio20 NopsiOKy e abCcosIrMHUX eeslu4UHax. 3'AcoeaHo, W0 cMpyKMypa rniamexie 3a creyiasibHe UKOPUCMAaHHS
nid3emHux eod 3HaYyHO eidpi3HsIEMbCA. SIKWO 8 yKpaiHCbKOMY 3akoHoGaecmei crmaeka nodamky 3asexums eid adMiHicmpamueHo20
nosioxeHHs1 06'ekma, Mo e nosIbCbKoMy — 8i0 mury crio)xueaHHsi 800U ma criocoby oYuCMKU.

lNpakmuyHa 3Havyywicms po6omu rosisi2ae 8 3acmocyeaHHi pe3ysmamie ocioXeHHs1 A1 800CKOHasIeHHs1 Memodie depxKagHo20
pe2ysroeaHHs1 auG06ymKy nidzeMHux eod Hacamneped 3a OOMOMO20I0 HEMNPSIMUX (€KOHOMIYHUX) iHCmpymMeHmie: 30ilicHeHHs1 dughepeH-
yiayii nnamexie i3 epaxyeaHHsIM yM0O8 eKcrlyamauii 3anacie niozeMHux 8od, ix sKocmi, 2rubuHu 3ansieaHHsi 6000HOCHO20 20PU30HMY

ma HanpsIMKy eukopucmaHHs1 do6ymoi eodu.

Knroyoei croea: nidzemHi eodu, BodHuti kodekc, Kodekc npo Hadpa, [Todamkoeuli kodekc YkpaiHu, do3ein Ha creyeodokopucmy-

8aHHs1, peHmHa rnsiama, mexHiko-eKOHOMi4Ha oyiHKa.

NoctaHoBKa npo6nemu y 3aranbHomy Burnsgi. B
yCbOMY CBiTi CnOCTepiraeTbCA TpeHA A0 BiNbLL LUMPOKOT eKc-
nnyaTtadii nig3emHux Bog. | YkpaiHa He € BUHATKOM, aaxe
nig3eMHi BOOU MaloTb paj 3Ha4YHMX Nepesar nepes nosepx-
HEBMMMU, CEpe SKMX — Kpalla siKiCTb Ta EKOHOMIYHICTb BO-
aoounieHHs. MpoTe, 3BaXkalun Ha BPasnuMBICTb BOAOHOC-
HOr0O rOPW30OHTY, AaHe NUTaHHSA NoTpebye CyBOpPOro KOHT-
ponto 3 60Ky AepxaBu. OCHOBHUMMW iIHCTPYMEHTaMU perynio-
BaHHs1 BUOOOYTKY MiA3eMHMX BOA € aAMiHICTpaTWBHI Ta eKo-
HOMIYHI MeToau: Bugaya cneuianbHUX A03BONIB, BCTAHOB-
NEHHsI PEHTHUX NnaTexiB Ta 36opiB. AKWO B ykpaiHCbKOMY
3aKOHOOABCTBI OCHOBHa yBara (hiKCyeTbCHA Ha npupogope-
CypCHOMY nigxofi, Wo cnpsiMoBaHWM Ha ePEKTUBHUI BUOO-
OyTOK, TO B €BPOMENCbKOMY — MiA3eMHi BOAW po3rnsifa-
I0TbCA 9K HEBIA'€EMHa YacTUHA eKOCUCTEMM i MOMiTUKa cnps-
MOBaHa Ha iX OXOPOHY Ta paLujioHanbHe BUKOPUCTaHHS.

Y xopfi 3fQiNCHeHHs eBpOiHTerpaLiiHoro npouecy LikaBo
3BEPHYTUCS OO0 AOCBiAY CYCiOHIX AepxaB, Hacamnepen —
MonbLwi. Monbcbka Pecny6nika crana NoBHOLIHHUM YEHOM
€sponericbkoro cotody (Hagani — €C) y 2004 p., € Hawmm
NiBHIYHO-3aXiAHMM CYCiOOM, 3 SIKUM Hanarog»keHo MpaBOBi
YMOBM PO3BUTKY BIJHOCWH CTpaTeriyHoro napTHepctea. Ok-
piM LbOro, NpaBoBa cuctema YkpaiHu Ta MonbLui HanexuTb
[0 ofHiel NpaBoBoi CiM'i (pOMaHo-repmaHCbKoi) [2].

AHani3 octaHHix gocnigkeHb Ta nyonikauin. Oco6-
NUBICTb NiA3EMHUX BoA K 06'ekTa MpaBOBOro BpPErynto-
BaHHSA Monsdrae B TOMy, LLO MiA3eMHi BoAW € HeBia'€MHUM
KOMMOHEHTOM Haap, 3emni, Bog, 6oniT Ta iHWMX enemeHTiB
npupoaun. ToMy cknagHiCTb NPaBOBOro perynoBaHHs BUKOPU-
CTaHHS Ta OXOPOHU MiA3EMHMX BOA, NOnsirae B HeOOXigHOCTI
3acTOCyBaHHS HOPM AEKiNbKOX ranysein npaea [7, ¢. 101]. 3ri-
OHO 3 YKpaiHCbKMM 3aKOHOAaBCTBOM MiA3eMHi BOAW BXOAATb
po lMepeniky KOPUCHUX KOManuH 3aranbHOAEpXaBHOro 3Ha-
YeHHs [8], ix BUAOBYTOK Ta BUKOPUCTAHHSI PerynioeTbcst Ho-
pmamu BoagHoro kogekcy Ykpainu Big 6 yepBHsa 1995 p. (Ha-
Aani — BogHuii kogekc, abo BKY) [3], Kogekcom YkpaiHu npo

Hagpa Big 27 nunHa 1994 p. (Hagani — Kogekc npo Hagpa,
abo KYnH) [6], a nignpuemHuubka AisnbHicTb — MogaTkoBnM
KkopekcoM Ykpainu Big 2 rpyaHsa 2010 p. (Hagani — MopaTtko-
BMI kogekc, abo lKY) [9]. BianosigHumn HopMaTUBHUMM
nokymeHTamu MonbLi € 3akoH nNpo Boay Big 18 nunHsa 2001
p. [10] Ta 3akoH NPO OXOPOHY HABKOMMWLLIHBOTO CEpeaoBULLA
Big 27 kBiTHA 2001 p. [9].

Mpo6rnemun TexXHIKO-eKOHOMIYHOTrO OOIrPYHTYBaHHS OLji-
HKW KOPUCHMX KOManwvH po3rnsgarTb Yy CBOiX poboTtax
A.B. WanpaH, O.€. Kownskos, O.l. Kayanosa, M.M. Ky-
puno, B.A.Muxannos, TI.l.Pygbko, O.0. AHapeega,
B.B. Bana Ta iH. B ogHOMY 3 ocTaHHix gocnigxeHb "[desiki
0CcoBnNMBOCTI CKNagaHHA TEeXHIKO-eKOHOMIYHOro OBr'pyHTY-
BaHHS NPW MOBTOPHIN OLiHLI poOOBULL KOPUCHUX KonanuH"
rpynoto BYeHux y cknagi: A.B. WanpaH, O.€. Kownskos,
0O.0. NixowepcTos, O.l. Kayanosa, 0O.0. IcoHkiH, P.IM. Ko-
NOTIEBCHKMIA — 3iCHEHO cnpoby cucteMaTnayBaTu 4OCBIA
CKInafaHHsi TEXHIKO-eKOHOMIYHOro OOI'pYHTYBaHHS ANs pis-
HUX BWUAIB KOPWCHUX KOManuH Ta 3anporioHOBaHO CXeMy
cknagaHHs po3sginy TEO y 3BiTi Npo NOBTOPHY reonoro-eko-
HOMIiYHY OLiHKY POOOBMULL, KOPUCHMX KONanuH [4].

BuaineHHA HeBuMpilWeHUX paHiwe YacTUH 3aranbHoi
npo6nemu. Kypc sctyny Ykpaiin B €C nepenbayae imnne-
MEHTAL|it0 HA3KN EBPOMEVCLKNX 3aKOHOO4ABYMX aKTiB Ta HOp-
MaTuBIB, L0 BifobpasnTbCst He NLLIE Ha NPaBOBUX YN EKOHO-
MiYHWX BigHOCKHaX, a i, 6e3yMOBHO, Npu3Beae A0 3MiH Y re-
OJOriYHil ranysi, 3okpema B po3paxyHKax nogarkis Ta oboB'-
A3KOBMX MriaTexiB Npu CknagaHHi TEXHIKO-eKOHOMIYHOro 06-
rpyHTyBaHHS (Hagani — TEO) gouinbHocTi BUAOOYTKY nigsem-
HUx Bog [5]. OocnimkeHHs Uiei cTaTTi 6asyeTbcsl Ha onpadto-
BaHHi Ta BMBYEHHI HOPMAaTMBHUX OOKYMEHTIB YKpaiHu Ta
MonbLi, HeobXioHMX NpW cKnagaHHI TeXHIKO-eKOHOMIYHOro
00r'pyHTYBaHHA BMOOOYTKY nig3emHux Bof. [aHe nutaHHs
[oci He 6yno NpeAMeToM peTesnibHOro BUBYEHHSI.

®dopmynioBaHHA Uinen crtatTi. Meta gaHoi crati —
BM3HAYMTU Ta MpoaHanidyBaTu [OXiA BMacHuMKa Haap
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(mepxaBu), WO BUKOPUCTOBYETHLCS B MPOLIECi CKNafaHHs
TEO pouinbHocTi BOobyTKy nig3emMHUx Bog, BiAMNOBIAHO A0
BMMOT YKpaiHCbKOro 3aKkOHOA4aBCTBa Ta €BPOMEncbKoro (Ha
npuknagi Pecnybniku Monblyi); NOpiBHATM OTpUMaHi pe-
3ynbTati. [ns peanisauii noctaBneHoi MeTun HeoOXxigHo
npoaHaniayBaTu npaBoBi acnekTu BuAoOyTKy nig3emHux

BOZA 3rigHO i3 3aKOHO4ABCTBOM YKpaiHu Ta BianoBigHUMM Ho-
pMaTUBHUMK AOKYMeHTamm lMonbLui.

Buknapg ocHoBHOro matepiany gocnigpkeHHs. B YkpaiHi
BMOOOYTOK MiA3eMHUX BOA ANsl 34IMCHEHHsSI rOCroAapChKol
OiANbHOCTI BUMarae oTpMMaHHs cneuianbHuX 403BOSIIB yNo-
BHOBaXXEHUX AepXaBHUMK opraHamm (Tabn. 1).

Ta6bnuuys 1

CneuianbHi 4o3Bonu Ansa BUAOGYTKY Nia3eMHUX BoA4 Npu 34iIMCHEHHI rocnoAapcbKoi AisiNnbHOCTI
(ctaHoM Ha 2017 p.)

Ne HanmeHyBaHHs go3Bony O6rpyHTyBaHHA

HeobXxigHOCTiI fo3BONY

Kum Bupaetbca

1 O3BiN Ha CNELBOAOKOPUCTYBaHHS .. - .
A HBOAOKOpUCTY YKpaiHu, nia3akoHHi akTn

'nmaBa 10 BogHoro kogekcy

TepuTOpianbHUMK OpraHaMu LLeHTPanbHOro opraHy
BMKOHABYOI BNaau, WO peanidye AepXXaBHYy NOSiTUKY y
cdepi po3BUTKY BoaHoro rocnopapcTea (ctattsa 49 BKY) [3]

CneuianbHWi 03BN Ha KOPUCTY-
2 | BaHHA Hagpamu Anst BUAobyBaHHSA
NPIiCHMX NiA3eMHUX BOA

"Mpo Hagpa"

CratTi 16, 21 Kogekcy YkpaiHu

LleHTpanbH1Um opraHoM BMKOHABYOI Bfagw, Wo peanisye
AepXaBHy NoMiTUKY y cdepi reonoriyHoro BUBYEHHS
Ta pauioHanbHOro BUKOpUCTaHHsa Hagp (ctatTa 16 KYnH) [6]

3rigHo 3 NopgaTkoBMM KofekcoM cyb'ekT rocnogapio-
BaHHS, WO 3AiMcHI0E BMAobyBaHHA Nia3emMHuX Bog (NpicHi
abo MiHepanbHi), € NNaTHUKOM PEHTHOI NnaTu: 3a KOPUCTY-
BaHHA Hagpamu (cT. 252 MKY) Ta 3a cneuianbHe BUKOpUC-
TaHHA Boawm (cT. 255 MKY) [9].

MnaTHMKaMu peHTHOI NnaTh 3a KOPUCTYBaHHS Hagpamu
Ansi BuaobyBaHHsi KOPUCHNX KOMarnuH € 3eMIeBNacHUKM Ta

3eMIeKopuCTyBaYi, WO MNpoBagsATb rocrnoAapcbKy Aisinb-
HiCTb 3 BMAOOYBaHHA MiA3eMHMX BOA Ha MiagcTasi 4O3BOMIB
Ha cneuianbHe BOOOKOPUCTYBaHHS (CT. 255.1.4 MKY).

PeHTHa nnata 3a KopucTyBaHHs Hagpamu Ansi BUaoGyBaHHs
KOPMCHMX KOManuH MUTHUX NiA3eMHUX BOA, OBYNCIIIOETHCSA 3rigHO
i3 nyHkTom 252.20 cT. 252 MNogaTkoBoro kogekcy YkpaiHu y pos-
Mipi 5 % Big BapTOCTi TOBapHOI NpoaykLii (Tabn. 2).

Tabnuys 2

CtaBKu peHTHO.I. nraTu 3a KOPpUCTyBaHHA Hagpamu gns BMAOGyBaHHﬂ KOPUCHUX KOoNaJsinH

HasBa rpyn KOpMCHUX KonanuH, Lo HajaHa y KOpUCTyBaHHS
Hagpamu ripHU4oMy NignpUeMcTByY

CraBka, BigCcOTOK Bif, BapTOCTi TOBapHOI Npoaykuii
ripHMYoro nignpuemcTaea

BOAM MiA3EMHI

5,00 %

lMnaTHMKamMnM peHTHOI mnatu 3a cneuianbHe BUKOPUC-
TaHHA BOAM € BOAOKOPUCTYBaYi — cy6'eKTM rocnogaptoBaHHs
He3anexHo Big hopmu BnacHocTi. He € nnaTtHukamy peHT-
HOI NnaTtu 3a cneuianbHe BUKOPUCTaHHSA BOAW BOAOKOPUC-
TyBaui, SIKi BUKOPUCTOBYIOTb BOAY BUKITHOYHO ONSA 3a40BO-
TNIEHHS MUTHKX | CaHiTapHO-TiriEHIYHNX NOTPed HaceneHHs.
MpoTe BapToO 3a3Ha4MTW, WO CYO'EKTM rOCNOfapOBaHHS €
nnaTtHMkamm pakTnyHnx obcsriB BUKOpUCTaHOI BoAW, Hesa-
NEXHO Bif TOro, Y BUKOPUCTOBYETBLCS YacTuMHA Takoi Ans
caHiTapHo-ririeHiYHUX NoTpeb.

36ip 3a cneuianbHe BWKOPUCTaHHS BOAM PO3PaxoBy-
€TbCH, BUXOOAYM 3 06MiKy BUKOPUCTAHOI BOHM i 3 ypaxyBaH-
HSAM CTaBKM 300pYy 3rigHo 3i cT. 255, nyHKkTy 255.5, nignyHKTy
255.5.2 MKY. Hanpuknag, B M. Knuesi ctaHom Ha 2017 pik

Taka cTaBka CTaHOBUTb 67,39 rpmeeHb 3a 100 m3. AKwWO X
LS BoAa BXOAUTb BUKITHOYHO A0 CKNady HamnoiBs, TO CTaBka 3a
BMKOPUCTaHHS € 3Ha4YHO BULLOIO | CTaHOBUTL 55,13 rpuBeHb
3a 1 M3, )KNTnoBo-KoMyHarbHi NignprMeMcTBa 3acTOCOBYOTb
[0 CTaBOK PeHTHOI nnaTtun koediuieHT 0,3 (cT. 255.7 MKY).
[nsa BuaobyBadiB 3anaciB KOPUCHUX KONanvH OiNsSHKMA Haap,
3aTBEPKEHUX AEPKaBHOK eKCNepTn3oro Ha niacTasi 3BiTiB
3 reosioriYyHOro BUBYEHHS, sike BMKOHAHE MIaTHUKOM PEHT-
HOI NNaTu 3a paxyHoK BNacHUX KOLUTIB, 3aCTOCOBYETLCS KO-
ediuient 0,7 [9].

Okpim BuLLE3a3Ha4YeHNX peHTHUX nnat, cyb'ekT nignpue-
MHULIbKOI OiSiNbHOCTI cnnadye nogaTok Ha npubyTok Bigno-
BiaHO go cT. 136 MKY. MigcymoBytoun, 4OXiA BNacHWKa Haap
dopMyeTLCS 3i CKNagoBMX, MpeacTaBrneHnx B Tabn. 3.

Ta6bnuys 3
3aranbHoAepXaBHi NnoAaTku Ta 36o0pu Big rocnofgapcbKoi AisnbHOCTI 3 BUAOOYTKY Nia3eMHUX BoA
(Ha npuknagi micta Kuis) [9]
3aranbHogepXaBHi Craeka Mpumitka

nogartku Ta 36opm

PeHTHa nnata
32 KOPUCTYBaHHSI Hapamu

5 % Big BapTOCTi TOBapHOT NpoAyKLUii

ctatTst 252 (nyHkT 252.20 ) NKY

67,39 rpmeeHb 3a 100 ky6. meTpiB (M. KniB)

cratTa 255 (nyHkT 255.5.2) MKY

55,13 rpmBeHb 3a 1 Ky6. MeTp BOAM, LLO BXOAUTb BUKITHOYHO
[0 cKknagy Hanois

ctarTs 255 (nyHkT 255.5.6) MNKY

PeHTHa nnaTa 3a cneujanbHe

XKnTnoBo-koMyHanbHi NignpuemcTaa 0,3

ctatTs 255 (nyHkT 255.7) MKY

BMKOPUCTaHHSA NiA3eMHUX BOA,

BNTACHWUX KOLUTIB

BunpobyBaHHs KOpMCHMX KOManuH Ha niacrasi
3BITiB 3 reororiYHoro BUBYEHHS, SIKe BUKOHaHe
NNaTHUKOM PEHTHOI NNaTu 3a paxyHoK

0,7 ctatTs 255 (nyHkT 252.22) MKY

MogaTok Ha NpuByToK

18 %

ctatTst 136 (nyHkT 136.1) MKY

Ha BigmiHy Big YKpaiHu B NOnbCbKil MpaBoBili cMCTEMI
He icHye nNoHATTS "kogekc" (y T. u. i "BogHui kopekc"). 3a-
3BMYalN MONbCbKI 3aKOHOA4ABYI aKTW MalTb HasBy ustawa
(3akoH), a 4O 3aKOHIB 3 0COBNMBMM CTATYCOM, HABKOJIO SKMX
OynyeTbcsi cMcTeMa BiJHOCWH MEBHOI ranysi, 3acTOCOBYOTb
NOHATTSA prawo (Npaso).

Y MonbLui NnpaBoBi BiAHOCWHY y cchepi BUA0OYTKy Kopuc-
HMX KONanuH peryntolTbes MeonoriyHMM Ta ripCbkuM NpaBom
(Prawo geologiczne i gornicze) [10]. MpoTe nig3emHi Boan He
BXOAATb A0 nepeniky KOPUCHUX KONanwH, 3a BUHATKOM MiKy-
BarbHNX BOf, PO3CONIB Ta TepManbHUX BOA — XapakTepuc-
TUKa SKNX pernameHTyeTbCs CT. 5, NyHKTOM 5.1 LbOro 3aKoHy
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[10, c. 9]. Ha BnpobyTok nikyBaneHMX BoA, po3coniB Ta Tep-
ManbHUX Bof NoTpibHa niueHsis. CTaBku cnnar 3a BUKOPUC-
TaHHS TakUX BoA NpeAcTaBneHi B Tabn. 4. 3akOH He MoLumpto-
€TbCA Ha BMAOOYTOK NiA3eMHUX BoA Ha rmmbuHi go 30 m Ta
MPOOYKTVUBHICTIO MeHLUe HixX 5 m3/mo6a.

Tabnuys 4
CTaBku cnnar 3a eKcnnyartauito KOpMCHUX KonanuH [8, c. 121]
Bua KopucHUX KonanvH CraBka (zt/m°)
Posconu 1,97
JlikyBanbHi Bogu 1,32
TepmanbHi Bogn 0,00

YnpasniHHSa BogHUMK pecypcamu [NonbLui perynioeTbecs
3akoHom npo Boay Big 18 nunHa 2001 p. (Prawo wodne
Ustawa z dnia 18 lipca 2001 r.) [12] Ta 3akoHOM NpoO OXO-
pPOHY HaBKONMULIHBLOrO cepeposua Big 27 keiTHA 2001 p.
(Prawo ochrony s$rodowiska Ustawa z dnia 27 kwietnia
2001 r.) (Hagani — 3nOHC) [11].

3rigHo 3 nyHkTom 1 cT. 36 3akoHy npo Boay [12] Bnac-
HUKY 3eMernbHOI AiNAHKN HaJaeTbCA NPaBo Ha 3BUYanHe Ko-
pPUCTYBaHHA MiA3€MHMMM BOAaMM, LLIO 3HAXOASATbCA B Me-
Xax WMoro AinsiHKW; NpoTe BCTAHOBMEHHS TEXHIYHUX npu-
cTpoiB Ha 3abip Bogu noTpebye noseony (pozwolenia
wodnoprawne). Y nyHkTi 3 ui€i cTaTTi 3a3HaveHo, Wo [0
3BMYANHOIO KOPWUCTYBaHHSI HE HanexuTb: 3abip Boau npu-
CTPOEM, SKUN YMOXIMBMIOE MNPOAYKTUBHICTL Y KiNbKOCTI
6inbL Hix 5 M3 Ha foBY; KOPUCTYBaHHSA BOAO Ans NoTpe6
rocrnofaapcbKoi AisnbHOCTI. 3rigHo 3i CT. 37 BMKOPUCTaHHS
nig3eMHUX BOA, WO He Niansirae ymoBam 3BMYaANHOrO, — Ha-
NeXuTb [0 CcreujianbHOro BOAOKOPWUCTYBaHHA. Y CBOHO
yepry cneuianbHe BUMKOPWCTaHHSA Nig3eMHUX BOA BMMAarae

gossony (pozwolenia wodnoprawne), WO perynioeTbest
po3a. 4 uboro 3akoHy.

3a cneujianbHe BOAOKOPMCTYBaHHSA BUMaraeTbCs cnnaTa
360py, WO perynoetbes po3a. 5 3akoHy Npo OXOpPOHY Ha-
BKONULLHbOrO cepeposua [11]. 36ip 3a BMOoOyTOK Nia3em-
HUX BOA, 30iNCHIOETLCA BignoBsigHo cT. 273 Ta 284 uboro 3a-
KOHY Ta Ha nigcTasi cT. 291 gonoBH0ETLCA [oBiAOMNEHHAM
MiHicTpa HaBKONULLHLOrO CepefioBuLLa NPO CTaBKX cnnaTtu
Ha NOTOYHWN pik [15].

36ip 3a cnoxuBaHHA Boaum B Monbui (Optata za pobdr
wod podziemnych) 3anexwuTb Bif KiNnbKOCTi BUKOPUCTOBYBa-
HOT BOAW, i NpU3Ha4YeHHs Ta cnocoby OYMCTKY, | pO3paxoBy-
€TbCs 3a hOPMYIIO

Oplata =V xSxw 1)

ne Opfata — nnata 3a BAGYTOK NiA3emMHux Bog; V — Kinb-
KicTb BMOOOYTOI BOAM Ha BM3HaYeHi nNoTpebu 3a MiBpoKy
(M3); S — cTaBka onnatu, 3anexHo Bid TUMY CrOXMBaHHA
Boau (zt/m3) (Tabn. 5); w — chakTop, WO 3anexuTb Big Cro-
co0y ounLLEeHHs1 Boau:

e 2 — sKLWO Bofa He noTpebye ounteHHs abo 0bpobku,
a nvwe nignsarae gesiHdekuii um aemiHepanisadii abo iH-
LIMM npoLecaM, Npo siki He NOETLCSI HAXYE;

¢ 1.25 — 3He3ani3HeHHs (odzelazianie i utlenianie);

¢ 1 — BuaaneHHs mapranuto (odmanganianie);

¢ 0,5 — BumpaneHHa amiaky, koarymsuig, agcopbuis
(usuwanie amoniaku, koagulacja domieszek, adsorpacja);

¢ 0,3 — BuaaneHHs HiTpaTiB abo Baxkux MeTanis
(usuwanie azotanow lub metali ciezkich).

CraBka onnatu onsi neeBHoro sugy notpe6 (S) BusHaua-
€Tbca 3rigHo 3 gopaTtkoM F lNosigomneHnHam MiHicTpa Ha-
BKOJTMLLHBOrO CepeaoBuLLAa HA NOTOYHUI pik (Tabn. 5).

Tabnuys 5

CTaBku onnaTu 3a BukopucTtaHHs 1 m® nigsemHux sog Ha 2017 p. [11, c. 5]

Ne Twvn cnoXxuBaHHsA BOAU CraBka (z4/m°)
1 Mia3emHi Bogn 0,115
1a Mig3emHi BoaW, WO BUKOPWUCTOBYIOTBCSI ANS FOCMOAAPCHKO-MUTHOTO BOAOMOCTAYaHHS, CrOXUBAHHS 0068
nogvHu abo Ans couianbHO-NOGYTOBMX LiNen '
16 Min3eMHi Boam BUkopucTaHi Ha NoTpebu NpoaykLuii, B IkMX Boga BXOAUTb A0 cknagy abo mae 6eanocepe- 0.097
[OHI KOHTAKT i3 NPOAYKTaMuM XxapyyBaHHs, hapMaLeBTUKM abo ynaKkyBaHHS ’

BuaoobyTok ning3eMHux Boa, Ans uinew BUpobHMLTBA Ha-
noiB peryneTbes cT. 274 nyHkTom 2d 3akoHy npo Bogy, i
cTaBka ctaHoBuThb 0,70 zt/m3[13].

Y MonbLyi nogaTok Ha NpUBYTOK peryntoeTbcst 3aKoHOM
npo nojaTku Big Aoxoay hiHaHcoBux ocib Big 26 nunHsa
1991 p. (Ustawa o podatku dochodowym od os6b
fizycznych z dnia 26 lipca 1991 r). [lo oci6, wo 34iicHIoTb
NiANPUEMHULBKY LiSNbHICTb, 3aCTOCOBYETLCHA TaK 3BaHMMN
NiHIMHWA nogaTok, skuin ctaHoBuTb 19 % Big oTpumaHoro
aoxogy — ct1. 30b [14].

Pospaxyemo foxia BrnacHvka Haap (aepxasu) y pesynb-
TaTi BUAOOYTKY NiA3eMHUX BOA, ANsi FOCNOAapChKOi AisnbHO-
CTi — 3ri4HO 3 BUMOramMu yKpaiHCbKOro Ta MosibCbKOro 3aKo-
HOAaBCTBa, NMOPIBHAEMO OTPUMaHi pe3ynbTaTy.

[ns po3paxyHKiB CKOPUCTAaEMOCH AaHUMM MiANPUEMCTBA
(HabrnkeHoro 0o peanbHUX yMoB) (Tabn. 6).

Akwo B YKpaiHi peHTHa nnaTta cnpaBnsieTbCs LWOKBapTa-
neHo (cT. 257 MKY) [9] — T06T0 4 pa3u Ha pik, To B MNonbLui
— OAMH pa3 Ha 6 micauis (cT. 287 3nOHC) [9].

Po3paxyemo goxia BnacHuka Hagp (aepxaBu) Big
rocnoAapcbKoi AiANbHOCTI 3i CTBOPEeHHA Ta peanisauii
NPOAYKTIB Xap4yBaHHSA:

1. 3rigHo i3 3akoHogaBcTBOM YKpaiHu (Tabn. 3) 3a 2 kea-
pTanu (6 micauis — 182 gHi) 3a BXigHUMKM AaHUMK NigNpUeEM-
ctBa (Tabn. 6):

PeHTHa nnaTa 3a KOpMCTYBaHHSA Haipamm CTaHOBUTUME:

7rpu/m’ x 91000 m* x 0,05 = 31850 rpm.

PenTHa nnarta 3a cneu,iaane BUKOPUCTAHHA I'Ii}:l,3EMHI/IX
BOA:
91000m* x 0,6739rpw/m* = 61324,9 rpm.
MopaTtok Ha npunbyToK:
210000 rpu x 0,18 = 37800 rpm.

2. 36ip 3a BMoobyToK nig3emHux Bog B MNonbLui o6umnc-
noeTbea 3a copmynoto (1), ae V = 91 000 m3 (Tabn. 5);
S = 0,097 zt/m3 (Tabn. 4).

BignosigHO A0 npuHUMNy: AKWo obpobka nia3emHMX BOp,
NpoBOANTLCH 3 BUKOPUCTaHHAM ABOX abo Ginblie npouecis
OYMLLEHHSA — BUKOPUCTOBYETBLCS KOEILLIEHT 3 HANHMKYMM 3Ha-
YeHHSAM. Y HalLOMy BUNafKy 3aCTOCOBYETLCA METOA, 3HEe3anis-
HeHHs (w = 1, 25) Ta BuganeHHs mapraHuto (w = 1). Bukopuc-
TOBYEMO KOeiLieHT 3 MEHLLMM 3Ha4YeHHsIM, TOBTO W = 1.

91000 M* x 0,097 zt/M° x 1 = 8827,

MopaTtok Ha NpUBYTOK:
30000 ztx 0,19 =7500zt.

Po3paxyHok goxoay BnacHuka Haap (Aepxaswu) Bif
rocnogapcbKoi AiANbHOCTI 3i CTBOPEHHs Ta peanisauii
HanoiB:

1. 3rigHo i3 3akoHoaaBcTBOM YkpaiHu (Tabn. 3) Ta Bxia-
HUMK JaHMMK nignpyemcTea (Tabn. 6).

PeHTHa nnaTta 3a KOPUCTYBaHHA Hagpamu:

50rpH/M* x 91000 M* x 0,05 = 275500 rpH.

PeHTHa nnata 3a cnewianbHe BUKOPUCTAHHA MiA3EMHMX
BOA, L0 BXOASATb BUKIMHOYHO 4O CKNagy HamnoiB:
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91000 »® x 55,13rpr/m* = 5016830 rpH.

MopaTtok Ha NpubyTOK:
10500000rpH x 0,18 = 1890000 rpH.

2. 3rigHo i3 3akoHogaBcTBoM Pecnybnikv MonbLi. 3a
YMOB, L0 A0 CKragy HamnoiB BXOAATb BUKITHOYHO MiKyBanbHi
(miHepanbHi) BoaW.

CraBka cnnat 3a ekcnnyaTtauild KOPUCHWUX KOomMaruH
(tabn. 4):

91000 M° x 1,3221/1\/13 =120120 zt.

36ip 3a BUgobyTOK Nif3eMHUX BOA A4S BUPOOHULTBA Ha-

noie:
91000 m* x 0,72t/ M* = 63700 zt.
MopaTtok Ha nNpunbyTokK:
1500000zt x 0,19 = 285000 zt.

[na Hao4YHOro MOpIBHSIHHA pes3ynbTaTiB (Tabn. 7) nepe-
BOAMMO OTPUMaHI AaHi 3a cepefHiM KypcoM Ha YepBEHb-1N-
neHb 2017 p.: 1 zt =7 rpH.

Tabnuys 6

[aHi Big rocnogapcbKoi AiAnbLHOCTI NignpunemMcTBa, HeobXigHi AnA po3paxyHKiB Aoxo4y BnacHWKa Hagp (aepxasu)

Ne | HanmeHyBaHHs1

| 3Ha4yeHHs

Bua rocnogapcbKoi AiANbHOCTI: CTBOPEHHS Ta peani3auif NpoAyKTiB Xxap4yBaHHS

1 HasiBHiCTb J03BOMY Ha CNeLBOAOKOPUCTYBAHHS

+

nia3emMHux BoA,

2 HasBHicTb cneuianbHoro [03BOJ1Y HA KOPUCTYBaHHA Hagpamu Onsa BVI,D,OGyBaHHH npicHUX | +

3 EkcnnyartauinHi 3anacu nig3eMHux Bog

500 m*/no6y

npu 182 geHHomy pexumi poboTu (6 micsuis)

91 000 m*

MeTon ounLEeHHS BOA

3HesanisHeHHs!, BUaaneHHs MapraHui

PiyHni BanoBuii npnbyTokK nignpuemcrea

210 Tuc. rpH (30 Tuc. zi)

PospaxyHkoBa UiHa 1 m® Boau

7 rpH

CTaBka peHTHOI nnaTu 3a cneuianbHe BUKOPUCTAHHS NiasemMHux Bog y M. Kuesi

67,39 rpH 3a 100 m®

na rocnofapcbKoi AiANbLHOCTI: BUTOTOBMIEHHS HaNoiB

PiyHWI BanoBuii NnpnbyToK Nignpuemcrea

10,5 mnH. rpH (1,5 mnH. z)

©|o|m|~N|o|o |

PospaxyHkoBa uiHa 1 m° Bogu

50 rpH (7 z1)

Tabnuys 7

MopiBHANbHa Tabnuus po3paxyHKiB AoxoAy BracHMWKa Hagp Bif rocnofapcbKoi AisnbHOCTI BUAOOYTKY NiA3eMHUX BoA
3rigHo 3 YKpaiHCbKMM 3aKOHO4ABCTBOM Ta NONIbCbKUM

Bua rocnoaapcbKoi AiANbHOCTI BUIOTOBIIEHHSA MPOAYKTIB Xap4yBaHHs BUFOTOBJIEHHA HanoiB
YkpaiHa Monbwa YkpaiHa Monbwa
Ze“”'a nnaTa 3a KOpUCTYBaHHR Hazpamu/ 31 850 rpH Hemae 275 500 rpH 840 840 rpH
TaBKa crnat 3a ekcrnyaTaLito KOPUCHUX KonanuH
lMnaTa 3a cneujianbHe BUKOPUCTAHHSA NiA3EMHUX BOA 61.324,9 rpH 61 789 rpH 5016 830 rpH 445 900 rpH
MogaTok Ha npubyTok 37 800 rpH 39900 rpH 1890 000 rpH 1995 000 rpH
CymapHuii oXig BNacHuKa Haap (aepxasw) 130 974,9 rpH 101 689 rpH 7 182 330 rpH 3 281 740 rpH

BucHoBKWN. MOPIBHAHHS NpsiMUX (agMiHiCTpaTMBHUX) Ta
HenpsaMMx (EKOHOMIYHUX) METOZIB AEePXXaBHOMO PErynioBaHHst
BMOOOYTKY Nia3eMHMX BOA, 3rifHO i3 3aKOHO4ABCTBOM YKpaiHu
Ta Pecnybniku MonbLua BUSIBUNO NEBHI CNinbHi pucuK Ta Bif-
MiHHOCTi:

1. 3rigHO 3 NONbCLKNUM 3aKOHOA4ABCTBOM Mig3eMHi BOAU
(kpim nikyBanbHMUX, PO3COMIB Ta TepMaribHUX) He HanexaTb
00 KOPUCHMUX KONanwuH, a TOMy He peryntoTbesa eonoriy-
HUM Ta ripcekuMm npaBomM (Prawo geologiczne i gérnicze).
Taknum YMHOM, peHTHa nnaTa 3a KOpUCTYBaHHS Hagpamu Bif
rocnogapcbkoi  AisnbHOCTi BMOOOYTKY nia3emMHMX Bog Y
Monbuwi BiacyTHA. B YkpaiHi x nigsemMHi Bogn BxogsATb A0
nepeniky KOPMCHUX KonanwH i peryniotoTsca Kogekcom npo
Hagpa. PeHTHa nnaTa 3a KOpPUCTYBaHHA Hagpamu B YKpaiHi
CTaHoBUTL 5 % Bia po3paxyHKOBOI LiHW 1 M3 Boau, Wo Bia-
HOCHO YCKMafHIo€E npoueaypy obpaxyHky.

2. MNopsgok nnaTtu 3a cneuianbHe BUKOPUCTaHHA nigse-
MHWX BOA (ANst BUTOTOBIEHHS NPOAYKTIB XapyyBaHHs) B ab-
COMIOTHOMY 3HaYeHHI € MalXke OOHaKOBWM i Pi3HULSA csarae
Bcboro 0,75 %. lNMpoTe, sKwWo Boga BXOAUTb BUKITHOYHO A0
cknagy Hanois, TO AaHU NOAATOK B YKPAiHCHLKOMY 3aKOHO-
JaBcTBi cTaHoBUTL 55,13 rpH/M3, a B nonbebkomy — 0,7 zt/m®
(4,7 rpH/M3), WO BNAMHYNO Ha pe3ynbTaTy obpaxyHkis. B
abConTHOMY 3HAYeHHi pi3HMUA NnaTh 3a crneudianbHe BU-
KOPUCTaHHS NiA3eMHUX BOA AN1S BUTOTOBIIEHHS HAMOIB CTa-
HOBUTb 91 %.

3. CTpykTypa nnartexiB 3a cnelianbHe BMKOPUCTaHHS
nig3eMHUX BOA 3HAYHO BiAPI3HAETbCA. AKWO B YKpaiHCb-
KOMY 3aKOHOAaBCTBI CTaBKa NnoaaTtky 3anexuTb Bif agMiHic-
TPaTMBHOTO MONOXeHHs o6'ekTa, TO B MOMbCbKOMY — Bif
TUNY CNOXWBAHHS BOAW Ta CNOCOBY OUMCTKM.

4. 3a pesynbTatamu nigpaxyHkis:

e MOKa3HWMK abCOmMOTHOIO 3HAaYEHHsI CYMapHOro Joxoay
BMacHWKa Hagp Bi4 rocnofaapcbKoi AisnbHOCTI BUAOOYTKY
nig3eMHNX Bof (4NS BUrOTOBIEHHSA MPOAYKTIB XapvyBaHHSA)
B YKpaiHi Ha 22 % Ginbunn, Hix y MNonbLyj;

e MOKa3HWK abCOMOTHOro 3Ha4eHHs CyMapHOro J4OXO4yY
BMacHWKa Hagp Big rocnofapcbKoi AisinbHOCTI BUOOBYTKY
nig3emMHUx BoA (4ns1 BMrOTOBMEHHS HanoiB) B YkpaiHi Ha
54 % 6inbLumni, Hix y MonbLui.

YKpaiHCbkuin cy6'eKT rocnogaptoBaHHs 3a AaHui BUA, fi-
ANBHOCTI crnnavye 3HayHo Ginblue, Hixk nonbcbkuit. Lle oa-
HOYacHO O3Hauyae€, WO Halwa BiTYM3HAHA AepXckapbHuus
oTpumye Ginblue. Taka nepesara mana 6 BigobpaxaTucb Ha
noninweHi ekonoriyHoi cutyauii B YkpaiHi, ane ¢akTuiHo
LpOro HemMae, Lo CBiQYUTb NPO NPO6GNEeMM y NUTaHHI acur-
HyBaHHS 610aXeTy Ha eKonoriyHi noTpebu. Takox y pe3ynb-
TaTi TakMx 3HaYHMX BUTPAT 3 JOX0AY Ha CnnaTy nogarkis cy-
6'exTn rocnogaploBaHHsi He MalTb 3MOTM BKINagaTu KOLITU
B PO3BWUTOK HAa OCBOEHHSI HOBWX POAOBULL, TOMY, SIK Mmpa-
BWITO, PO3pobNA0TECA NMLIe po3BiaaHi.

Ha gymky aBTopa, BiTYM3HSAHI METOAM AepXKaBHOro pery-
NOBaHHs BUOOOYTKY Nig3eMHNX BoA NoTpebyoTh BAOCKOHA-
NEHHS 3a JOMOMOro HeNpPSMUX (EKOHOMIYHUX) IHCTPYMEH-
TiB: 34iMCHEHHS AudepeHuiadii nnaTexis i3 BpaxyBaHHAM
YMOB eKkcnnyaTtadii 3anacis nig3emMHux Bog, iX sKOCTi, rmu-
OWHM 3ansraHHs BOAOHOCHOIO rOPM30OHTY Ta HaMpPsAMKy BU-
KopucTaHHsa obyToi BoauW, a Takox HeOOXiAHO nepernsHyT!
OoUinbHICTb cnnaTv noAaTKy 3a KOpPUCTYBaHHSA Hagpamu
npu cnewjiansHOMY BOAOKOPUCTYBaAHHI.
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Hapivwna po peakonerii 05.09.17

TAX CALCULATION OF GROUNDWATER EXTRACTION UNDER
THE APPLICABLE LAWS OF UKRAINE AND REPUBLIC OF POLAND

The legal aspects, direct (administrative) and indirect (economic) instruments of state regulation of groundwater extraction were analyzed.
According to the Ukrainian legislation, groundwater is in the Listed Minerals of national importance. The Water Code of Ukraine, the Code of Ukraine
about subsoil and the Tax Code of Ukraine regulate the groundwater extraction and usage. At the same time In the Polish law the groundwater (except
medical, brine and thermal) is not classified as mineral and is regulated by the Law of Water (Prawo wodne), the Law of Environmental Protection
(Prawo ochrony srodowiska) and the Law of Taxes on the income of financial entities (Ustawa o podatku Dochodowym od osib fizycznych).

The structure of income generation of the subsoil owner was studied. According to the legislation of Ukraine it consists of the rent for the usage
of mineral resources, the rent for the special usage of groundwater and the income tax. The Polish law determines only payment for the special usage
of water and income tax.

The scientific novelty consists in comparing the income generation of the subsoil owner in accordance to the legislation of Ukraine and Poland,
determining its order in absolute values. It is stated that the structure of payments for the special usage of groundwater is significantly different. If
the Ukrainian legislation of the tax rate depends on the administrative position of the object, the Polish legislation depends on the type of water
consumption and the method of purification.

The practical value of the research is in the application of results to improve system of state regulation of groundwater extraction through indirect
(economic) instruments: implementation of payments differentiation with regard to the conditions of groundwater, quality, aquifer depth and type of
water usage.

Keywords: groundwater, water law, permission for special water use, tax on groundwater extraction, feasibility study.
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PACYET JOXOAA BNAOENbLLUA HEQP (TOCYAAPCTBA) OT XO3AUCTBEHHOW OEATENBHOCTU NO [OBbLIYE
NOA3EMHbIX BOA COIMNMACHO 3AKOHOOATENIbCTBAM YKPAUHbI 1 NOJbLUU

lNpoananu3upoeaHbl Npagoskle acrneKkmsl, NpsiMbie (aOMUHUCMPaMueHbIe) U KOC8EHHbIE (3KOHOMUYECKUE) UHCMPYMeHMbI 20CYy0apCmeeHHo20
peaynupoeaHusi 006bI4u N003eMHbIX 800. Co2/1aCHO YKpauHCKOMY 3aKoHOOamesibcmey nod3emMHble 800bl 8x00sim & [lepeyeHb Mose3HbIX UCKO-
naembix o6uwje2ocydapcmeeHHO20 3HaYeHuUsl, ux 0o6biYa U ucrnonb3oeaHue peaynupyemcsi Hopmamu BodHozo kodekca YkpauHbl, Kodekcom Ykpa-
UHbI 0 Hedpax, a npednpuHuMamesnbckasi desmenbHocmb — HanozoebiM kodekcom YKpauHbl. B nonsckom 3akoHodamesnbcmee nod3eMHbie 800bl
(Kpome ne4yebHbIX, paccosi08 U mepMasibHbIX) K MOJ1e3HbIM UCKONaeMbIiM He OMHOCSIMCS1 U pe2ynupytomcsi 3akoHom o eode (Prawo wodne), 3akoHoM
06 oxpaHe okpyxxarouwieli cpedn! (Prawo ochrony srodowiska) u 3akoHoM o Haro2zax om Aoxoda ¢puHaHcoebix nuy (Ustawa o podatku dochodowym
od osib fizycznych).

HccnedoeaHa cmpykmypa ¢hopmupoeaHusi doxoda enadenbya Hedp. CozanacHo 3akoHoOamesbcmey YKpauHbl OHa cocmoum u3 peHmHou
nnamel 3a nonb3o0e8aHue Hedp, peHMHoU nnamsel 3a crneyuanabHoOe Ucnosib308aHue Nod3eMHbIX 800 U Haso2a Ha Npubbinb. B nonbckom 3akoHoda-
mesnbcmee npedycMompeHa MoJIbLKO ns1ama 3a creyuasibHoe ucnosib3oeaHue 600kl U Hasl02 Ha Npubbinb, a peHmHas nnama 3a nosib3oeaHue Hedp
om xo3silicmeeHHol desimenibHOocmu o Ao6bivye Nod3eMHbIx 800 (kKpome sie4ebHbIX, paccosioe U mepMasnbHbIX) omcymcmeyem.

Hayuynasi Hosu3Ha 3aknoyaemcs e uccsedosaHuU u cpasHeHUU ghopmuposaHusi doxoda esladesnibya Hedp 8 coomeemcmauu ¢ 3akoHodamersib-
cmeamu YkpauHbl u lMonbwu, onpedeneHuu e2o nopsioka 8 abcosIloMHbIX 3HaYeHusiX. BbisicHeHo, Ymo cmpykmypa nnamexel 3a crneyuasnbHoe
ucrnosib308aHue Mod3eMHbIX 800 3Ha4YumesibHo omnu4aemcs. Ecsiu e ykpauHCKoM 3aKkoHoOamersibcmee cmaska Haso2a 3agucum om aGMuHuUcmpa-
mueHOo20 nosioxeHuss o6bLeKkma, mo 8 NoJsIbCKOM — om murna nompeb6reHusi 800bI U crioco6a o4YUCMKU.

lMpakmuyeckasi 3Ha4uMocmb pabomebl 3aKk/Ir04Yaemcsi 8 MPUMeHeHUU pesysibmamoe uccnedogaHusi O5si coeepuieHcmeosaHusi Memodoe 20cy-
0dapcmeeHHO20 pezyupoeaHusi 006bI4uU MoA3eMHbIX 800, Npexde 8ce20 C MOMOUWbI0 KOCE8EHHbIX (3IKOHOMUYECKUX) UHCMPYMeHmoa: ocywecmerie-
Hue dughghepeHyuayuu nnamexel ¢ y4yemom ycnoesull 3Kcryamayuu 3anacoe nod3eMHbix 800, ux kayecmea, 25y6uHbl 3ane2aHusi 8000HOCHO20
20pU30HMa U yenu ucrnonb3oeaHusi 3o6bimoii 800bI.

Kmtoyesbie cniosa: modsemHble 800bl, 80OHOE MPaso, pa3peuwieHue Ha crieyeo0onosib3oeaHue, PeHMHasi niama, mexHUKO-3KOHOMUY€eCKasi OUeHKa.
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BAXKKI METAJNIN HA TEXHOINEHHUX OB'€EKTAX
FIPHUYO-3BArA4YYBAJIbHUX KOMBIHATIB KPUBOPI3bKOIO BACEUHY

(PexomeHA08aHO YrieHOM pedaKyiliHoi Konezii 0-poM 2eos. Hayk, doy. O.J1. Lllee4eHKom)

Mema. BusHa4yumu ma nosicHUmMu 3aKOHOMIpHOCMI pPo3rodiny eaXKux Memarsiie Ha mepumopisix mexHo2eHHUX o6'ekmie 2ipHuU4o-
36azayvyeanbHux komb6iHamie (I'3K) y Kpueomy Po3i ma obrpyHmyeamu npagomipHicmb 3acmocyeaHHsi Memody HarliesikicHo2o
amoMHo-eMiciliHo20 crnekmpanibHO20 aHani3y npu makux 0ociOKeHHsIX.

Memooduka. lMpu eukoHaHHi 0ocniOxeHHs i su3Ha4YeHHi 3a6pyOHeHHs1 I'pyHMie 3acmocoeyeasiucsi pi3Hi Memodu crnekmparsib-
HO20 aHanisy (HaniekinbkKicHuUli amomHo-emicitiHuli i amomMHo-abcopbuiliHuli 3 sukopucmaHHsmM 0,5M HCI i 2M HNO;), npoeedeHo
iX mopieHsAHHSI.

Pe3ynbmamu. Bmicm i po3no0in eaxxkux memastiie y rpyHmax Ha 06'ekmax I'3K 3anexumb, 205108 HUM YUHOM, €id 0osibo8oi ydacmi
y Hux pi3Ho20 ocadoeo20 mamepiany. Lle: Mamepian kopu eusimproeaHHs1 2paHimie i Nopid 3esieHokam ‘AHUX nosicie CepedHboz20 lNpu-
OHinpoe ‘s, a mako nopoou Kpueopi3bKoi cepil; npodykmu 36a2ayeHHs1 3anisHux pyd Ha '3K ma ocadu, ymeopeHi npu ckudaHHi euco-
KOMiHepanizoeaHux waxmHux ma mexHiyHux eod nidnpuemMcme; Mamepian wnakie ma oumie MemanypeilHux nidnpuemcms, npueHe-
ceHul eimpom; npodykmu nepepobku nobymosux gidxodie. OCHOBHUM OxKepesioM HaOX0OXeHHsI 8a)KKux memaiie y rpyHmu Kpueozo
Pozy € wnaku ma dumu memanypeiliHux nidnpuemcmae. Takum OxxepesioM He MOXXymb 6ymu wiiamu nepepobHux nidnpueMmcme eHacili-
00K HU3bKO20 emicmy & nopodax 3ai3ucmo-kpemeHeaux ghopmayili erneMeHmig-0oMiWok, y momy qucii i eaxxkux memanis. lpu nona-
OaHHi sa)kKKux Memartie y rpyHmu giobyeaemscs ix nepepo3nodin nio diero eimpy i ammocghepHux onadie 3 NepeHocoM i HaKONMUYeHHIM
nunyeamux 4acmokK — OCHOBHUX KOHUeHmpamopie eaXXkux Memarlie y NoHWKeHUX YacmuHax pensegy. B yinomy, ye moxxe npueodumu

00 PO3CisiHHS 8aXKKUX Memariie y rpyHmax.

Haykoea Hoesu3Ha. BusHa4eHi ghakmopu 2eoxiMiyHOI Mizpayii ea)xkux Memasiie y Mexax JIoKaJlbHUX 2e0XiMiYHUX apeH MexXHO2eHHUX

06'ekmie 2ipHUYo-36a2ayyeanbHUX KoM6iHamie Kpueopixoksi.

Mpakmu4Ha 3Ha4umMicmb. 3aKoHOMIPHOCMI Mi2payil eakkux Memanie, Wo eusiesieHi, 8idKkpuearomb MoXnuegicme 6inbW Mo4YHO20

npo2Ho3y ix po3nodiny y rpyHmax Ha 06'‘ekmax I"3K.

Knroyoei crioea: eaxkki Memanu, ghakmopu 2eoxiMi4yHOI Migpauii, IoKkanbHi mexHo2eHHI 2eoXimMivyHi naHOwaghmu, Memoou criekmpa-

JIbHO20 aHarisy.

BeTtyn. TpvBana ekcnnyarauis 3anisopygHuX poAoBULL Y
KpuBopisbkomy BaceHi 3 eKOHOMIED Ha EKOMOTIYHMX BUTPaTax
npu3sena go BignpauoBaHHA HavKkpalumx noknagis pya, nori-
PLUEHHS TiPHNYO-TEONOrYHINX YMOB X BUOOBYTKY Ta KpM30BOIO,
HabnKeHoro A0 KaTacTpoiYHOro CTaHy HABKOSMWLLHLOTO Ce-
penosuwa. Csil BHECOK Yy Le NOriplieHHs pobutb 3abpya-
HEeHHS Baxxkummn metanamm (BM) rpyHTiB. HeobxigHi diHaHcoBI
pecypcu Ha ekonorivyHy peabiniTauiio TepuTopii NEPEBULLLYIOTb
BUTpaTV Ha BUOOOYTOK i nepepobky pyA.

MocTtaHoBKa npo6nemu. Xo4ya 3a AaHMMK OinNbLIOCTI
[OCnigHUKIB NOPOAN 3ani3uCTO-KpeMEHNCTUX oopmalLlin 3a-
3BMYa MatoTb HU3bKUI BMICT Baxkmx meTanis [1, 9 Ta iH.],
TMM He MeHLW r'pyHTM HaBkono Kpueoro Pory 3abpygHeHi
HumK. Posnogin ix BMICTY NianopsiaKoBYETLCA NepeBaXxato-
YMM HanpsMKam BIiTPiB, BPaxoBYK4YM iX CE30HHICTb. Han-
BULLY KOHLIEHTPALil0 BaXXKNX MeTaniB BUSBMEHO Ha TepUTO-
pii 3axigHUX i NiBAEHHUX OKONMULb MiCTa, 0COBNMBO B MeXax
2-3 KM Bif X rpaHuub, WO LiNKoM Bignosigae Tin BigcTaHi,
Ha sIKy pO3MOBCIOXKYETLCS XMapa nuiy 3 LUNakoBWX BiaBa-
niB meTanypriiHux kombiHaTie. MoBiTps y Kpneomy Posi, y
NOPIBHSAAHHI 3 POHOBUMM KOHLIEHTpaLisiMu, 36arayeHe okcu-
aamu KpeMHito Ta 3anisa (90% BCix NMNOBUX YacToK), a Ta-
KOX MICTUTb MiABMLUEHI KOHLEHTpaLii okcuay ByrneLto, ci-
pku, asoty [2, 5, 9, 10].

HesBaxaloum Ha o4eBMAHE TOMOBHE AXepeno i Mexa-
Hi3M HagxomxkeHHs BM y rpyHTH, ix noganbLua mirpauis we
BMBYEHA HELOCTaTHbO. TOMY METOK LAHOro AOCHiAXEHHS
Oyno BMBYUTY YMHHWKK LiET MirpaLii Ha TEXHOreHHKX 06'ek-
Tax 3K. Kpim Toro, y nonepefHi pokn Hakonu4yeHa Benuka
KiNbKICTb reoXiMiYHUX AaHuX, OTPUMaHUX HaniBKiNbKiCHUM
aTOMHO-EMICIVIHUM CMeKTparnbHUM aHani3oM, SKui nocTyna-
€TbCA Cy4acHMM mMeTodam aHanisdy. lNoctae nMTaHHs — Mo-
)KHa YU Hi iX BUKOPNCTOBYBATM Y BUBYEHHi 3a0pyaHEHHS I'py-
HTiB. HYacTKOBO Lie TaKOX PO3rMsHYTO Y CTaTTi.

Buknag ocHoBHoOro marepiany. NpakTMyHO BCi TEXHO-
reHHi ob'ekTn ripHuyo-3baravyBansbHux kombiHaTie (3K) y
KpuBomy Posi npeactaenstoTb cob6o0 nokansHi NpupoaHo-
TEXHOTEHHi reosIoro-eKomnoriyHi CMCTeMH, WO MaloTb BMACHY
LMKNIYHICTb PO3BUTKY, NMOB'A3aHY 3 TEXHOMOMYHUMU LMKIamm

BMOOOYTKY i 30arayeHHs 3anisHnx pya. Lle o6ymoBntoe icHy-
BaHHSA Ha X TepuUTOpiSX MNEBHUX TEXHOMEHHO-reOoXiMiYHMX
naHawadgTiB i nokanbHMX apeH reoximidHol Mirpauii [8, 11].
Mepwmmn y TexHonorivHoMy naHLutoxky AisnsHocTi 3K 3Ha-
xoasTbes 06'ekTn BUO0OYTKY 3ani3Hoi pyaw (kap'epy i axtu).
LlaxTHi ” kap'epHi BOAW 3a3BMYal ckupaloTbes y Ganku, ae
hopmytoTbCA Npyau-BiacTiviHMKK. LLnamu Big 36araveHHs 3a-
ni3Hoi pyam TpyGoNpoBigHIM TPaHCMOPTOM UM MaLUMHaMu no-
[aloTbCsl B LUNAMOCXOBWLLA HACUMHOTO Y1 SIPYXKHOTO TUYy.

[nsa ouiHkn NpoCcTOPOBOro po3nofiny BaXKWX MeTanis
Ha o6'extax 3K y micti Kpmeuin Pir 6yno obpaHo 4 panonu
pocnigxeHb. MNepwun — YepBoHa 6arka, Wwo po3TalloBaHa
B 3 KM Ha niBHid Big BAT "ApcenopMittan Kpusun Pir". Opy-
ri — 6anka CBUCTYHOBA, WO N0 hakTy € CTaBKOM-HaKonu-
yyBayem LaxTHux Bog Al "Kpusbacwaxtosakputta". Tpe-
Til — XBOCTOCXOBMLLE, sike po3TtawoBaHe nomix MAO HIMI
"MexaHo6p4yepmeTt”, lNiBoeHHUM Kap'epom Ta waxtot "Ti-
raHT-MMmnboka", Wo HWHI Npautoe B peXxuMi rigpo3axucTy.
YeTBepTuin — oxonntoe npunerny Ao kap'epy Ne 1 teputo-
pito, BkMtoyaroum xsoctocxosuule MNPAT "LieHTpanbHun rip-
Hu4o-36aradyBanbHui kKombiHaT" (LM3K). 13 Buwenepepa-
XOBaHUX pavioHiB Biabupanuca Nnpobu rpyHTOBMX NOKPUBIB,
SIKi B OCHOBHOMY NMpeAcTaBneHi YOpHO3EMOM, TEXHIYHUM My-
1IOM, CyrnMHKamK, 6EHTOHITOBOI TMMHOM, Nickamu i3 JOMi-
LKaMn HacbTONPOAYKTIB, LOHHMX BiAKNaAiB Ta wiamy.

49 npob paroHy gocnigkeHb NpoaHani3oBaHi HamniBKinb-
KiCH/M aTOMHO-EMICIliHUM CreKTpanbH1M aHarisom y nabo-
patopii IHCTUTYTY reoximii, MiHepanorii Ta pygoyTBOPEHHs
iMm. M.IN. CemeHeHka HAH Ykpainu, a 17 3 umx npob — y na-
6opatopii TexHiuHoro yHiBepcuTeTy M. Kowwuui (Cnosau-
YnHa) metTogamum aToMHO-abcopbLUiMHOro cnekTpanbHOro
aHaniay 3 sukopuctaHHam 0,5M HCI ta 2M HNOs. Bmict BM
i XapakTep KopensuinHnxX 3B'a3KiB MK efleMeHTaMn Y OAHIN
i Tin BMOIpLi Bigpi3HATLCA B 3aNeXHOCTI Big METOAY aHa-
ni3y. BucHoBku npo po3noain BM Ha o6'ektax 3K y cTaTTi
OCHOBaHi Ha JaHNX aTOMHO-eMICINHOro CnekTpanbHOro aHa-
nigy. Tomy cno4aTky NpOBEAEMO WOro MOPIBHAHHS 3
aTOMHO-abCcop6UiHMM cnekTpanbHUM aHaniaom

© KowapHa C., KopxHes M., 2018
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3po3yMmino, Wo HaniBKiNbKiICHUI aTOMHO-eMICinHUI (AE)
cnekTpanbHU aHari3 He MOXe 3a TOYHICTIO | Yy TIUBICTIO KOH-
KypyBaTu 3 aToMHO-abcopbuiriium (AA) cnekTpanbHUM aHa-
nisoM. HuHi AA meToa aHanisy 4o3Bonsie BU3Ha4YaTn 6rnm3bko
70 enemeHTiB — MeTanie i HemeTanie. [Ans GinbLocTi eneme-
HTIB, SIKi BU3HAYalOTbCA MOXIMBE JOCATHEHHS BiQHOCHO HU-
3bKMX MEX BUSIBNEHHS: B MONyM'AHOMY BapiaHTi — Bid gecs-
TUX [AOMb A0 AECATKIB | COTEHb MKI/M; Y eneKkTpoTepMiYHOMY
BapiaHTi — Big TUCAYHMX 4O OECATMX AOSb MKI/MN. AGCOMIOTHI
Mexxi BUSIBMeHHs! B nonym'i cknagatotb 107'-105 Hr, B enekT-
potepmiyHomy BapiaHTi — 105-10 Hr [3]. TM He MeHLL, npak-
TWUYHO BCi BUCHOBKM LLoA0 po3snoginy BM y Kpusomy Posi 6a-
3Yyl0TbCA Ha AaHMX HaniBKinbkicHoro AE aHanisy. Tomy BapTo
OinbLU AeTanbHO 3yNMHUTUCL Ha NopiBHsSIHHI AE | AA aHanisis
Ha JaHuX BuLesragaHoi Bubipku i3 17 npo6.

TouHicTb HaniskinbkicHoro AE cnekTpanbHOro aHanisy
3a3Buyal 3anexuTtb Big Cyb'eKTMBHOI OLiHKM onepaTopoM
iHTEHCUBHOCTI cnekTpanbHuX niHin. Tpeba BigMITATK, WO
npu AE aHanisi Taki 6araTOKOMMNOHEHTHI PEYOBUHMW SK PYAMK,
MiHepanu i ripcbKi MOPOAM XapakTepu3yTbCs dpaKLUinHi-
CTIO BMNapoBYBaHHSA (y Yaci) 3'eAHaHb eneMeHTIB i3 po3nna-
BiB, SIKi yTBOPIOKOTLCS B KaHani enektpoga. HanpukiHui Buna-
pOBYBaHHsi B XMapy Ayrv NOCTynatoTb HAaWMEHLL NneTydi 3'eq-
HaHHS enemeHTIB [12], ane aTomisauis npobu npu Temnepa-

Typi ayrm (6ina 6800° K) npoxoauTb nosHicTio. Mpu AA aHa-
ni3i BUNYYEHHS enemeHTIB y pobo4ymnin po34mMH MOXe MPOXO-
OUTK He MOBHICTIO BHACMIOOK Pi3HOI XiMiYHOI CTIMKOCTI MiHe-
panis. Lle cTtocyeTbca, Hacamnepes, akuecopHMX MiHeparnis
(Hanpvknag UMpKOHY), BInMbLUICTL SKUX Maibke He PO3YMHIO-
€TbCA Y KucnoTax. Linm moxe MosicHIOBaTUCS PO3XOMKEHHS
pesynbTaTiB pi3HUX MEeTOoZiB CreKTpanbHOro aHaniay, npu no-
PiBHSIHHI sIK1X (Tabn. 1) BMAINATbLCS Aekinbka rpyn:

1. AE pae cxoxi pe3ynbtaTti xo4a 6 3 ogHuUM Buaom AA
aHanisy 3 BigxuneHHam y mexax 10 mkr/kr (y Tabnuui Buai-
neHi XvpHuM wpundTom). Pesynbtatn AE aHanisy moxHa
BBaXkaTu OinbLl MeHL AOCTOBIPHUMMW.

2. PesynbTaTtn AE aHanisy MatoTb MPOMiDKHE MOMOXEHHS
M pesynbTatamu AA aHanisy pisHUMW MeTogamu i 3Ha4HO
BiOpi3HAOTECA Big HMX. XapakTtepHo ansa Cr (4 npobu).

3. PesynbTtaTu 3poctatoTh Big AE aHanisy o AA anani-
3iB (3a3BM4an HanbinbLi y AA aHanisax 3 BUKOPUCTAHHSAM
2M HNOg3, yacto AA aHanisu cniBnagaroTb YM CXOxi). Xapa-
ktepHo anga Cr (9 npo6) i Sb.

4. Peaynbtatv AE aHanisy 3HauyHo By (y 2 pasu i 3Ha4HO
OinbLue) 3a pesynbTatn AA aHanisie, siki 4YacTo MOXyTb ByTu
CXOXUMM 4m criBnagaty (cipuii Konip KoMipok y Tabnuui). Xa-
pakTepHo ans Cu, y MeHLoMy ctyneHto ans Pb i Zn. Mpuyomy
pe3synbTat AA aHanisiB 3a3Buyan Cxoxi Yv cniBnagaroThb.

Ta6bnuys 1

Bwmict BM y npo6ax, BU3Ha4eHUIN pPi3HUMU MeTo4aMM CNeKTparibHOro aHani3y B MKr/Kr
(HaniBKiNbKICHUM aTOMHO-eMiCilHUM — BepXHSA LUncpa, aToMHO-abcopOLitHMM 3 BUKopuctaHHsAM 0,5M
HCI — cepeaHsi, aTOMHO-a6cop6uiiHUM 3 BUKopucTaHHAM 2M HNO; — HUXHS, H/B — BMiCT He BU3Ha4yaBcsl)

Ne .BMCOTa HasBa npo6u Cr Sb Cu Pb Zn
npobu | Hag piBHEM Mops, M
1 90 TexHIYHUIA My, THUMA POCIINHHICTb, APiOHOAMCNEPCHI 60 H/B 100 60 80
BigXoau 3 AOMILLKaMMW POCMMHHOCTI, TiNKK, 33,9 96,84 68,29 50,5 338,35
KOpiHHSA aepeB 104,01 | 110,68 | 164,92 41 670,73
4 84 MasyT 80 H/B 60 30 30
16,28 92,99 46,05 35 173,02
105,79 | 126,64 65,9 36,5 177,54
7 80 py603epHNCTMI MiCOK i3 AOMILLKOI HadTONpPOAYyKTiB 80 H/B 50 40 50
Ta POCMMHHOCTI 18,91 70,84 13,29 11,5 52,7
141,12 | 122,03 | 13,99 12,5 56,04
10 73 YopHO3€eM, POCAVHHICTb 0 H/B 50 30 50
86,11 86,11 0 46,9 41
155,22 | 120,68 | 49,09 38 221,47
12 35 [pibHoancnepcHWi nicok 60 H/B 60 60 80
25,89 82,86 25,55 32,5 154,87
158,98 | 117,45 | 27,31 26 159,01
14 81 TpaBepTnHONOAIOHI YeTBEPTUHHI BiAKNageHHs 2 H/B 5 2 0
98,02 94,71 4,5 20 18,27
230,93 | 103,07 5,72 21,5 26,74
16 61 [oHHiI BigknaaeHHs 20 H/B 0 0 0
37,1 88,73 15,9 0 14,33
209,83 | 133,04 | 35,65 10 17,74
18 88 [oHHI BigknageHHs 0 H/B 50 0 80
0 0 21,49 6 26,55
0 0 21,49 6 26,55
21 84 [oHHI BigknageHHs 30 H/B 10 0 0
8,69 79,35 16,35 9 23,57
201,67 | 105,72 | 18,17 13,5 26,07
25 78 Lnam 3miwaHun i3 maTepianamu 30 H/B 10 20 50
LIaxXTHOro BMaobyTKy 62,7 84,06 11,32 3 20,71
217,62 | 117,13 27,4 10,5 24,14
27 76 Cyxuin Wwnam, ocafok i3 WaxTHoOi Boau 30 H/B 20 20 100
1,81 0 15,4 24,5 471
1,81 0 15,4 24,5 471
30 80 'yOPOH, YOopHUIA CyXuiA LWnam 0 H/B 20 20 80
37,3 69,43 9 6 13,54
241,27 | 116,86 | 22,51 75 18,65
32 14 [pecsa, kopa BUBITPIOBaHHS rpaHiTiB Ta MirmaTuTis 20 H/B 200 30 0
25,71 6,46 10,1 0 13,16
25,71 115,44 10,1 0 13,16
35 23 3eneHa mopckbka rnuHa, Wo 3ansrae 20 H/B 80 20 0
Ha BanHsIKOBO-IMIMHUCTIN nopogi 6,46 22,67 7,2 4,5 2,45
42,92 | 114,56 | 18,21 13,5 5,6
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3akiHyeHHs1 ma6n. 1

Ne .BMCOTa Hasea npo6u Cr Sb Cu Pb Zn
npobu | Hag piBHEM Mops, M
37 73 3eneHo-cipa rmuHa 8 H/B 80 10 80
22,67 73,28 5,31 0 6,05
41,06 | 11523 | 204 8,5 25,06
38 70 KaoniHoBi Bigknaan 10 H/B 80 10 0
50,87 87,32 5,83 0 0,41
66,19 | 100,14 19,7 5,5 4,08
39 45 Cymilw YopHO3eMy, IMnHHU, 8 H/B 80 20 60
nicky i AepeBUHHNX PeLUTOK 70,41 95,98 8,12 0 2,4
80,8 121,99 | 120,26 4 23,65

PoapaxoBaHi 3a gaHumu, OTpUMaHUMN Pi3HUMKU METO-
OaMu crekTparnbHOro aHamnisy B OAHiv i Tih x BuOipui 3
17 npo6, napHi kopensuinHi 38'a3ku lMipcoHa 306paxeHi Ha
puc. 1. BoHu HanGinbLwi mix pisHumu BM y gaHux, otpuma-
Hux AA aHanizom 3 BukopuctanHam 2M HNOs, Ta yacTkoBo
BTpa4alTbCs i CTalTh Cnabkilummy y aHux, oTpumaHmx AA
aHanisom 3 BukopuctaHHam 0,5M HCI. Tex camo ctocy-
I0TbCs | 3aB'A3kiB BM 3 BMcoTOO Micub Bigbopy npob Hag
piBHeM Mops. Y gaHux, oTpumaHux AE aHanisom, 3B'd3ku
Mk BM e cnabkilli, ane 3'aBnsa0TbCsA Tak 3BaHi "HaBeaeHi"
3B'A3KM — cUNbHUIA NpaMuin mixk Cr i Pb, cnabkuin npsamuii mix
Zn i BUCOTOI Haf, piBHEM MOpsi Ta 3BOPOTHIM Mix Cu i BUCo-
TOK Haj piBHEM MOPS, KU TaKoX 3'ABMSETLCS iy BUBopLI
AE aHanisy i3 49 npob, no skux MoxxHa OinbLu AeTanbHO Cy-
OUTN NpO Te 3 YMM MOB'A3aHi KopensauinHi 3B'a3ku. lNosc-
HEHHS NOSsIBU KOPensLiiHMX 3B'A3KiB MiXX enieMeHTamMu y Bu-
bipkax npob nonsgrae y Tomy, WO 3 04HOro GOKy B MiHepa-
nax-KoHLeHTpaTopax BOHW 3HAaXOA4ATLCHA B NEBHUX NPOLEH-
THMX CMIBBIQHOLLEHHAX, @ 3 iHLIOro — caMi Taku MiHepanu
npucyTHi B npobax y pi3Hin kinbkocTi. Lie y cykynHocTi Bupa-
XaeTbCsl y BMICTi enlemMeHTa y npobi Ta neBHUX Kopensuii-
HUX 3B'sI3Kax Mix ernemeHTamu. Noe'si3aHa CUNbHUMK Kope-
NAUINHMMM 3B'A3KaMu rpyna enemeHTiB (puc. 2), ckopile 3a
BCE, XapaKTepu3sye Kopy BUBITPOBaHHS apXxencbkunx nopia 3
KOHLEHTpaLED eneMeHTiB Yy XiMIYHO CTiKMX MiHepanax
TUMNY LUPKOHY | MOHaUUTY. |3 BaXkux MeTaniB B Hili MPUCYTHI
Ni, Co, Be 1a iH. [o uiei rpynu npumukae rpyna BM, noe's-
3aHMX MeHLU cunbHumu 3B'a3kamu (Cu, Zn, Pb, Cr, Ba, Mn,
Sn, Ag), siki IMOBIPHO 3B'A3aHi C BMBITPIOBaHHAM BiaBanis
Lunakis MeTanyprinHux KOMGiHaTIB, KON BHACMIAOK iX OKMC-
neHHs POpMYTbCA NyXKi Macu rigpokapboHarTis, Wo Mo-
XYTb Nerko nepeHocuTucs Bitpom [9].

HNpM HNpM HNpM
a s 6 B
S zn
Cu—— pp Cu—Pb Cu=—Pb
N sb / ;
Cr AN Sb—2zn
Cr Cr
1 — 2 — 3 EEEEEEm 4 ,,,,,,,,,,,

Puc. 1. KopensuinHi 3B'A3kn MiXk BaXXKUMun MeTanamm ta
BMCOTOI Hag piBHeM mops (H.poum)
y BuGipui 17 npo6 pisHMMun meTogamm:
a —aTOMHO-eMiICilnHMI aHani3; 6 — atoMHo-abcopbuinHmn aHanis i3
BMKopuctaHHsam 0,5M HCI;

B — aTOMHO-abcopOLinHMiA aHani3 i3 BUkopucTaHHaM 2M
HNO;. 3B'a3ku: 1 — cunbHi npsami (>0,5), 2 — cnabki npami (0,3 —
0,5),

3 — cunbHi 3BopoTHI (>0,5), 4 — cnabki 3BopoTHi (0,3 — 0,5)

I3 HaBegeHOro NOpiBHSAHHA cnekTpanbHux metodis AE
aHanisy i AA aHanisiB MoXHa 3pobuTK HACTYMHi BUCHOBKM:

1. Hanbinbw To4HMM MeTogom AA aHarmisy B Hallomy
BMNaZKy SIBNSIETLCS aTOMHO-abcopOuiiHuiA aHani3 i3 BUKo-
puctarnHam 2M HNOs, wo, ckopillie 3a Bce, NoB'si3aHe 3 Hal-
GinbLU NOBHUM BUITYYEHHSIM EMEMEHTIB Y pOoBOYMIA PO34UH
npu nigrotoBui Npo6.

2. Bmict BM y npobax nos'a3aHuii npammnmMun, xoya i He
TakMMK1 CUIBHUMMW, KOPENALNHMMU 3B'A3Kamn 3 BUCOTOHO Bi-
n6opy Npob Ha MicLEeBOCTiI.

3. CyTTeBuin KopensauiiHuiA 3B'a30k Mk Cu i BUCOTOIO Hag
piBHeM Mopsi y BUbipkax AE aHanisy mMae noriyHe nosiCHEHHsI
MOrMWHAHHAM LibOro efieMeHTa POCINHHICTIO Y BinbLL HA3bKMX
i BONornx Micusix, xo4a i 4acTtkoBo Moxe OyTv HaBegeHVUM 3a
paxyHOK HETOYHOCTI BU3Ha4YeHb BMICTY Cu. Are "3aBuLieHHs"
BmicTy Cu 3a3Buyar npunagatotb y Bubipkax AE aHanisy Ha
KOPY BMBITPIOBAHHS rPaHITIB | MirMaTUTIB Ta XiMiYHO CTilKi Mpo-
OyKTW Ti nepemilLeHHs (KaoniHOBI BiAKNaau Ta PisHi IMuHW), Ma-
Tepiarn sKoi y Tili UM iHLWIN KiNbKOCTI NPUCYTHIN y npobax.
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Puc. 2. KopensiuinHi 3B'3kM Mk BaXXKUMKU MeTanamm
Ta BUCOTOIO HapA piBHeM mops (H.pw).
BubGipka 49 npo6, HaniBKiNbKiCHUMA aTOMHO-eMiCiiHMI aHani3.
3B'a3ku: 1 — cunbHi npsami (0,6 — 0,8), 2 — cnabki npsimi (0,5),
3 — cnabki 3BopoTHi (0,5)

3 BpaxyBaHHAM LMX BWCHOBKIB CMpobyemo npoaHanisy-
BaTu po3nogin BM Ha o6'ektax '3K. Buxogaum 3 aHaniay reo-
NOriYHMX AaHUX, HAKOMUYEHMX MO PerioHy AOCHiAXeHb, | cyvac-
HoI ekonoriyHoi cuTyauii y Kpusomy Posi, BMICT i po3noain Ba-
XKKMX MeTaniB y r'pyHTax Ha ob'ektax '3K mae BusHavarwucs, ro-
NOBHMM YMHOM, BiACOTKOBOK YaCTKOK Yy HUX MaTepiany: a —
KOpW BUBITPIOBaHHS rPaHIiTOIAIB i Nopig 3eneHoKam'ssHUX MOosICiB
CepepgHboro lMpuaHinpoB's Ta nopig KprBopisbkoi cepil; 6 —
npoaykTiB BigxoaiB 36aradeHHs 3anisHux pya Ha 3K i ocaais,
CchopMOBaHMX NPU CKUAi BMCOKOMIHEPAmi30BaHWUX LLAXTHMX
BOA | TEXHIYHUX BOA NIANPUEMCTB; I — LWMakiB i AMMIB MeTany-
PrivHMX MiANPUEMCTB, NMPUBHECEHOMY BITPOM; O — MPOAYKTIB
nepeTBOPEeHHs1 NOBYTOBMX BiOXOLIB.

YepeoHa b6anka. Touku Bigbopy npob, ix BucoTa Hag
piBHEM MOpPS Ta BMIiCT Y HUX BaXXKK1X MeTaniB nokasaHi B Tab-
nvui 1. Mepwi 11 npo6 BigibpaHi y BepxHin YactuHi 6ankun,
a OCTaHHs — Ha 3HauJHiIn BiAcTaHi Big HUX Oins gambu, sika
BigAainsie ii Big piykM IHryneup.

AKWO yBaXXHO aHanisysaTu 3MiHW BMICTY BaXXKUX MeTa-
niB 3a npocpinem 6ankm YepsoHa (puc. 3), To MoOXHa BiagMmi-
TUTW, WO KOHLEHTpaUii Maixe BCiX eNeMEeHTIB NEBHUM Y-
HOM MOB'AI3aHi 3 KPUBOIO BUCOTU BiabGopy Npob — y okpemux
GiNbLLU BUCOKMX TOYKaX BOHM MEHLUi, @ y nepeBaxHii Ginb-
LUOCTi NOHMXEHUX AiNAHOK Ha MiCLLEBOCTi BOHM € BinbLumnmu.
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Lle MoXHa NOSICHATA TUM, WO 3 BiNbLU BUCOKMX BiAMITOK Mi-
CLIEeBOCTI NuyBaTi YaCTUHKWN, MPUBHECEHI 3 LUNaKoBMX Bif-
BaniB meTanyprivinux kombiHaris, ski 36arayeni BM, amusa-
I0TbCSA YM MEPEHOCATLCA BITPOM Y NMOHWXKEHI Micus. Bucoki
3HayeHHs1 BMicTy BM Ha kiHUi npodinto o6ymoBneHi poata-
LOBaHOK TaM gam0o0t0, Lo NepeLLKoaxae noganbLuiit Mir-
pauii Baxkunx metaniB. Kpim Toro, y rupni YepBoHoi 6anku
XapaKTepHe HaKOMUYEHHS BEMMWKOI KinbkocTi NoByToBUX Bif-
XOAiB, @ B CYKYMHOCTI i3 reorpadpivyHoto 6nmabkicTio BAT "Ap-
cenopMittan Kpusui Pir" nigsuwexmn smict Tam BM mae
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norivyHe nosicHeHHs1. Po3noain cBUHLIO i Mifi YaCTKOBO MOX-
NNBO NOSICHUTM LLIE 1 IX BUHOCOM POCIIMHHICTIO | moganbLUmnm
HAKOMWYEHHAM Yy TYMYCOBOMY FOPU3OHTI, L0, BPaxoBYyHO4M
OnM3bKICTb MAapKOBOi 30HU, MOXe MaTu Micue [6, 8].
PospaxoBaHi napHi koecpiuieHTn kopensuii TMipcoHa
(Tabn. 2) nokasylTb CTaTUCTUYHO 3HAYyWi MO3UTUBHI
3B'a3ku Mix Ni i Cu ta mix Pb, Cu i Zn. He3aHa4yHi NO3UTUBHI
3B'a3ku BusiBNsATbLCA Y Ni 3 BUCOTO Haf piBHEM Mopst i Zn.
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Puc. 3. I'padpiku po3noainy koHueHTpauin Pb, Cu, Zn, Cr y r/T no 12 To4kax 3a npodpinem 6anku "YepBoHa"
3a aaHumu AE cnekTpanbHOro aHanisy (MyHKTUpHa fniHisi — BUCOTa Yy MeTpax Hag piBHeM Mopsi)

Tabnuys 2
MaTtpuus napHux koedilieHTiB kopensuii MipcoHa 3a gaHMMK 12 npo6
Bucota, m Ni Cr Cu Pb Zn
Bucota,m 1
Ni 0.34 1
Cr - - 1
Cu - 0.61 - 1
Pb - - - 0.72 1
Zn - 0.34 - 0.63 | 0.66 1

banka CeucmyHosga. 7k yxe 3asHayanocs, us 6a-
INKa 3a MpU3HAYEeHHSIM € CTaBKOM-HaKonuyyBayem, B SKWN
yXKe OyKe TPMBanuii Yac CKMAATb CTOKM LUAXTHUX BOA YOTU-
PbOX KPMBOPI3LKUX FipHU 4o4obyBHMX nianpuemMcTB. 3rigHo 3
pesynbTaTtaMmu ekonoriyHoro MoHiTopuHry 2015 poky, 3a pik y
Hanui CBUCTYHOBA HaKOMMYYETLCA 00 12 MIH M3 BUCOKOMIHE-
panizoBaHux WwaxtHux Bog [http://1tv.kr.ua/news/7126]. Y 6a-
NuUi BOHU BiACTOMOOTLCS, OCaXKYIOTbCA AOMILLKM, MICHs Yoro
BOAW CKMAakTbes B p. IHryneub. [Jo3oBaHWIA CkMA, LUAXTHUX
BOZ i3 6anku CBUCTYHOBA [0 PiYKM 3HAYHO 3HU3MB KOHLIEH-
Tpauii BaXkux MeTanie, WO HakonuyyBanucs B Hin. BmicT

XKOAHOrO i3 OCNiAXyBaHUX €NEMEHTIB HE NepPeBULLYE CBOI
FOK. | TuM He MeHL, aesiki 3aKOHOMIPHOCTI B iXHBOMY pPO3-
noaini yanosx 6anku Bce X NPOCTEXYTbCA. FAKLLO aHani3y-
BaTW 3MiHM KOHLeHTpauin BM Big To4ku ckuay WaxTHUX BoS,
To Ang GinbwocTi BM 1ige ix nepeHeceHHs i HaKoNUYeHHS y
MOHWXKEHNX Micuax 6nvxye oo Buxogy 3 Ganku (Tabn. 3).
PesynbTtatamu aHanisie 6yno 3adhikcoBaHO KONMBaHHS KOH-
ueHTpauin Migi (8—20 mr/kr), ki MOXNNBO MOACHUTY iX Yac-
TKOBMM TMOIMMHAHHAM POCIIMHHICTIO, @ He NULLE BUHECEH-
HAM HagnuwkiB 0o p. IHryneups.

Tabnuys 3
BmicT Baxkkux metaniB 3a npodpinem 6anku CB1McTyHOBa 3a fJaHMMU aTOMHO-€MICiIHHOTO CNEKTparnbHOro aHanisy
Mpo6a Bucora, m Ni Cr Cu Pb Zn
18 88 50 0 50 0 80
19 86 50 0 10 0 0
20 88 50 20 8 10 0
21 84 50 30 10 0 0
22 83 50 50 20 30 0

Xeocmocxosuuwie, nomix MAO HIlMNI "MexaHob-
pyepmem”, [lie0eHHUM kKap'epoM ma waxmoi
"lNieaHm-nuboka”. [insHui paioHy [OCnioKeHHs, aAe
BigGupanuca 3pasku, BacTUBWI BiZHOCHO PiBHUI penbed,
i3 nepenagamm BUCOT He GinbLue 8-10 m. OcobnueicTio go-
Cnif)KyBaHOro XBOCTOCXOBMLLA € NOro reorpadivyHe posTa-
wysaHHs nomixx MAO HIMI "MexaHobpyepmeT”, MiBAEHHUM
kap'epom Ta waxtot "TiraHT-FMnboka". Take NONOXeHHs
yXe came Crnyrye nosiCHEHHsIM HasiBHOCTi B O4HOMY MICTi Ta-
KMX pisHMX ocapkiB i yTBopeHb. Cepep BigibpaHux 3paskis

irypytoTb pi3HOMaHITHI OOHHI Ocagku, npopykTu 3bara-
YeHHsI 3ani3Hoi pyau, Wwnam, 3millaHun i3 maTtepianamu Lwa-
XTHOro BMAoOOYTKY, OCafKu i3 LIaxTHOI BOAW Ta 3BUYANHWIA
KBapLIOBMI NiCOK.

Posnoain BM no nepumeTpy XBOCTOCXOBULLEA Ma€e A0BOSi
piBHOMIipHUI XxapakTep. PospaxoBaHi 3a gaHuMmu AE aHanisy
npo6 napHi koediuieHTn kopensuii MNipcoHa (Tabn. 4) nokasy-
I0Tb CTATUCTUYHO 3HAYYLLIMIA 3BOPOTHIlN 3B'A30K Zn 3 BUCOTOHO
Hap, piBHEM MOps (LLIO MOXe MOSICHIOBATUCS Oro NEPEHOCOM
i HAKOMMYEHHAM Y BinbLu HA3bKMX | BONOMMX MicLAX penbedy
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[4]) i Pb, cnabkuii HeraTuBHUIA 3B's130K Mixk Cr i Cu, cnabki no-
3UTMBHI 3B'A3KM 3 Lieto Bucototo Cr i Pb Ta ctatncTtnyHo 3Ha-
YyLLi NO3UTUBHMI 3B'A30K Mk Cu i Pb.

lMpuneena mepumopis 0o kap'epy Ne1l [PAT
L{I"3K. i nnowa goctatHbo Benuka. 3 Ljei npuinHm BoHa byna
po3buta Ha TpU YaCTUHK: NepLua — BENUKE XBOCTOCXOBULLE
MPAT "LeHTpanbHuin ripHM4yo-36aravyBanbHUA - KOMOIHaT"
(LIr3K), wo posraiuoBaHe B Tanbserax 6anok Benuka ta Mana
JlosyBatka; gpyra — nepumeTp xBocTocxosuLia kap'epy Ne 1;
TpeTs — 6e3nocepenHLO 3axiaHwin 6opT kap'epy Ne 1.

Posrnsgatoun npocTopoBmi po3nodin BaXknx MeTanis y
MexXax XBocTocxoBuwa kap'epa Ne 1 Takux enemMmeHTiB, K
Migb, CBMHELb Ta HiKerb CnocTepiracTbCa TeHAeHUIa A0 Ha-
KONMYeHHs BinbLUMX iX KOHUEHTpaLi y 6e3nocepenHin 6nu-
3bKOCTi 3 JOCNIgKYBaHUM 06'€KTOM.

OcTtaHHiM 06'ekToM cTaB 3axigHui 6opT kap'epy Ne 1
(Tabn. 5). | ue eanHa nnowa AocnigKeHHs1, Ae 3pasku Bia-
Oupanucsa y mexax 6esnocepeaHbo ripHnyogobyBHOro nig-
npuemMcTea. Y gaHoMy BUNafKy, B34OBX MiBOEHHO-3axigHOI
YaCTUHM BOPTY YITKO MPOCTEXYITHCSA MiOBULLEHI KOHLEHT-
pauii ycix BM. MopgibHi Hakonu4eHHs MoXKHa NoB'si3aTu i3 ne-
peBaxatouMMmn B faHin MiCLLeBOCTI MiBHIYHO-CXiQHUMMK BIT-
pamu, siki CnpUsioTb NEPEHOCY NEBHOTO BiACOTKY OCaZ0BOro
MaTepiany i3 HakonuyeHnMn y Hbomy BM.

PospaxyHku napHux koedilieHTiB  kopensauii  [NipcoHa
(Tabn. 6) B1ABMNM 3HaYyLLi 3BOPOTHI kopensuinHi 38'asku Cr, Cu
3 BMCOTOIO Bigbopy nNpob Hag piBHEM MOPsI Ta 3HAYYLLi NpsMi —
Mk Bciva BM. Lle go3sonsie cteepmpkyBaTti, WO NunyBaTi Yyac-
TUHKV—KOHLieHTpaTopy BM nepeHocsaTbCsA BIiTPOM 4 BUMMBA-
H0TbCst aTMOCcEPHMI onafaMu 3 BinbLL BUCOKMX MNCOMETpUY-
HUX BiAMITOK penbedy B Gik 10ro MOHWKEHUX AiNSHOK.

Ta6nuys 4
MaTpuusa napHux koedidieHTIB kopensuii MipcoHa ansa xBocTocxoBuwa 3a AaHUMKu 8 npob AE aHanisy
Bucorta,m Cr Cu Pb Zn
Bucota,m 1
Cr 0.44 1
Cu - -0.36 1
Pb 0.39 - 0.52 1
Zn -0.81 - - -0.58 1
Tabnuys 5
BmicT BaxXkux MetaniB BAOBX 3axigHoro 6opty kap'epy Ne 1 3a faHUMU aTOMHO-eMiCiliHOro cnekTpanbLHOro aHanisy
Mpo6a Bucota, m Ni Cr Cu Pb Zn
40 69 100 200 100 40 80
4 72 300 50 100 30 200
42 71 40 60 60 40 0
43 70 50 50 50 50 0
44 76 10 10 10 10 0
45 78 20 30 20 20 0
46 81 80 50 50 40 50
47 79 20 40 20 40 0
48 79 80 50 40 40 0
49 79 80 60 40 40 50
Tabnuys 6
MaTtpuusa napHux koedidieHTiB kopensuii MipcoHa 3a gaHumu Tabn.
Bucora, m Ni Cr Cu Pb Zn
BucoTta, m 1
Ni - 1
Cr -0.52 - 1
Cu -0.65 0.77 0.70 1
Pb - 0.79 0.38 0.38 1
Zn - 0.96 - 0.77 - 1

BucHoBku. AHanis maTepianis, HaBedAeHUX Y Ui cTaTTi,
[03BOSSIE 3pOOWTU HACTYMHI BUCHOBKM LLOAO MOXITMBOCTEN
OOHOYaCHOro BMKOPUCTAHHS Pi3HMX METOAIB CheKTparbHOro
aHanisy npu reoximMidHUX AOCHIAXEHHSIX, a TAaKOX Axepen Ha-
OXOMKeHHs 1 ocobnmeocTten mirpauii BM Ha o6'ekrax M3K:

1. Xoua TOYHICTb i YyTnuBICTL HaniBkinbkicHoro AE cne-
KTPanbHOro aHani3y HeBesnuKi, BUKOPUCTAHHS NOro AaHuX y
reoXimivyHMX JOoCnigXeHHsX pa3oM 3 JaHnmu AA cnekTparnb-
HOro aHamisy moxe 6yTn BunpaegaHO 3a YMOBW MpoBe-
AeHHS AeTanbHMX MiHepanoriyHnx gocnigxeHb npob.

2. OCHOBHMM [Xepernom HagxomkeHHs BM y rpyHTu y
Kpueomy Posi € wnaku i gaummn metanyprinHux NignpuemcTs.
Taknum pxepenom He MoXyTb ByTH Lunamu nepepobHuX nig-
NPUEMCTB BHACNIAOK HU3BbKOrO BMICTY €neMeHTiB-A0MILLOK,
y TOMy 4nchi i BaXKux mMeTanis, B nopogax 3anisaucro-kpe-
MeHeBux dopmallin.

3. MNpwn notpannsHHi BM y rpyHTM ige ix nepepo3nogin
nig, gieto BiTPY i aTMOCEPHMX ONaaiB 3 NepeHEeCceHHsM i Ha-
KOMWYEHHSAM MUNYyBaTMX YaCTOK — OCHOBHUX KOHLEHTpaTo-
pie BM, y noHwkeHnx 4actuHax penbedy. B uinomy, ue
MOXe NpuMBOANTU A0 po3CisiHHA BM y rpyHTax.
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HEAVY METALS ON TECHNOGENIC OBJECTS
OF MINING AND PROCESSING ENTERPRISES OF THE KRYVYI RIG BASIN

The goal of the paper is to determine and explain the patterns of distribution of heavy metals in the territories of ore mining and processing enterprises in
Kryvyi Rig and to substantiate the legitimacy of applying the method of semiquantitative atomic emission spectral analysis in such studies.

Methodology. In the course of the study, various methods of spectral analysis (semiquantitative atomic emission and atomic absorption using
0.5 M HCIl and 2 M HNO3) were used in the analysis of soil contamination, and their comparison was made.

Results. The content and distribution of heavy metals in soils at the sites of mining and processing enterprises depends primarily on the share
of different sedimentary material in them. These are: material of the weathering crust of granites and rocks of greenstone belts of the Middle Dnieper,
as well as rocks of the Kryvyi Rig series; products of iron ore beneficiation at mining and processing enterprises and sediments formed during
discharge of highly mineralized mine and industrial waters of enterprises; material of slags and smokes of metallurgical enterprises, introduced by
the wind; products of domestic waste treatment. The main sources of heavy metals in the soils of the Kryvyi Rig are slags and smokes of metallurgical
enterprises. Such a source cannot be the sludge of processing enterprises because of the low content of impurity elements in iron banded formations,
including heavy metals. When heavy metals fall onto the soil, their redistribution occurs under the influence of wind and atmospheric precipitation,
with the transfer and accumulation of clay-scale particles, the main concentrators of heavy metals, into the lower places of the relief. In general, this
leads to the dispersion of heavy metals in soils.

Scientific novelty. The factors of geochemical migration of heavy metals within the local geochemical arenas of ore mining and processing
enterprises are determined.

Practical significance. The educed conformities to law of migration of heavy metals open possibility of more exact prognosis of their distribution
in soils on the objects of mining and processing enterprises.

Keywords: heavy metals, geochemical migration factors, local geochemical landscapes, methods of spectral analysis.
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KueBckuit HauMoHanbHbIW YHMBepcuTeT UMeHn Tapaca LlleByeHko

YHWU "UHcTtutyT reonorun”, yn. BacunbkoBckas, 90, r. Kues, 03022, YkpanHa

TAXKENbIE METANbI HA TEXHOMEHHbIX OB BEKTAX 5
FOPHO-OBOIrATUTENbHbIX KOMBUHATOB KPUBOPOXXCKOINO BACCEMHA

Lensb. Onpedenums u 06bsiCHUMb 3aKOHOMEPHOCMU pacrpedesieHuUsi MsHKENbIX Memasnsioe Ha meppumMopuUsiX MexHo2eHHbIX 06 EKMOE 20PHO-
o6ozamumenbHbix kom6uHamoe (IF'OK) e Kpueom Poze u o6ocHogamb npagoMepHOCMb NMPUMeHeHUsi Memoda MoJslyKosIu4ecCmeeHHOo20 almoMHO-
3MUCCUOHHO20 CNeKmMpanbHO20 aHasu3a npu makux uccsedoeaHusix.

Memoduka. lpu ebinonHeHUU uccnedogaHusi MPU aHa/nu3e 3a2pPSA3HEHUsT N048 6bINTU NPUMEHeHbI pa3Hble Memodbl criekKmpasibHO20 aHanu3a
(nonykonu4ecmeeHHbIli amOMHO-3MUCCUOHHbIU U amoMHOo-a6cop6yuoHHbIL ¢ ucnonb3oeaHuem 0,5M HCI u 2M HNO;), npoeedeHo ux cpasHeHue.

Pe3ynbmamsbl. CodepixaHue u pacrnpedesieHue msxeénbix Memarssoe 8 noyeax Ha o6bekmax FOK 3asucum, anasHbiM o6pa3om, om 0osiee020
y4Yacmusi 8 HUX pa3HO20 0cadoYHO20 Mamepuasa. Amo: Mamepuas Kopbl 8bleempueaHusi 2paHumMos U nopod 3esieHoKaMeHHbIX nosicoe CpedHe20
lMpudHenpoebsi, a makxe Nopod KPUBOPOXKCKOU cepuu; NPodyKmbI o6o2auseHus xene3Hbix pyd Ha FOKax u ocadku, cgpopmupoeaHHbie npu cépoce
8bICOKOMUHEePalu308aHHbIX WaxmHbIX U MexXHU4Yeckux eod npednpusimuli; Mamepuasn wsakoe u ObIMO8 Memasypauyeckux npednpusmudi, npu-
8HeCéHHbIU eempom; Npodykmsl nepepabomku 6bimoebix omxodoe. OCHO8HbLIM UCMOYHUKOM NOCMY/IeHuUs MsiKEnbIX Memaroe e noyesni 8 Kpu-
8oM Poze sisnisiromcesi winaku u ObiMbl Memarnypaudeckux npednpusmul. TakuMm ucmoYHUKOM He Mo2ym Gbimb wiiambl nepepabambigarowjux npeod-
npusimulii u3-3a HU3K020 coOep)KaHusl 8 MOPOoJax Kesle3ucmo-KpeMHUCmbIX ghopmayuli aieMeHmos-npumMecel, 8 MoMm 4uciie U msHkénbix Memarsios.
lMpu nonadaHuu MsKENbIX Memasioe 8 no4ysebl UOEM ux nepepacnpedesieHue Nod delicmeueM eempa U ammMocepHbIX 0cadKo8 C MnepeHeceHuemM
U HaKonsieHueM 4acmuy, 2/IUHUCMOoU pa3MepHOCMU — OCHOBHbIX KOHUEHMPamopoe MsiKENbIX Memarssioe e Huswue Mmecma pensega. B yenom, amo
Mo)Kem npueodumb K paccesiHUl0 MsKEbIX Memarsioe e noyeax.

Hay4Hasi Hosu3Ha. OnpedeneHbi ghakmopbl 2e0XUMUYECKOU Mu2payuu mshxénbix Memarsnsoe e npedesiax I0KasbHbIX 2€0XUMUYECKUX apeH me-
XHO2eHHbIX 06bEKMOo8 20pHO-0602amumesnibHbIX KOMOUHamMose.

lMpakmuyeckasi 3HayumMocms. BbisierieHHbIe 3aKOHOMEPHOCMU Mu2payuu msXEnbix Memarsnsioe omKpbiearom 803MOXHOCMbL 6osiee MOYHO20
npoz2Ho3a ux pacnpedesieHus 8 moyeax Ha o6bekmax FOK.

Knrouyeenie crnoea: msuxénbie Memansnbl, ghakmopbl 2e0XUMUYECKOU MuU2payuu, j1IoKkasbHble MexXHO2eHHbIe 2eoxumuYyeckue naHowagmel, Me-
modbl criekmpasnbHO20 aHanu3a.
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DEVELOPMENT OF EFFECTIVE ALGORITHMS
OF SURFACE WATER POLLUTION DIAGNOSTICATION

(PexomeHAoeaHO 4YrieHOM pedakyiliHoi konezii 0-pom 2eorn. Hayk, npogh. C.A. Buxeoto)

The paper presents the following algorithm for the diagnosis of pollution of water objects: the theoretical bases for diagnosing the
characteristics of the deterioration of the water objects condition (occurrence of malfunctions) with the deviation of their parameters from
the standard ones on the steady or close to the steady (quasi-steady) modes of pollution development and further assessment of the level
of risk of occurrence of a dangerous situation, the approval of management decisions on liquidation or minimization of this pollution

impact on the ecology of the water object.

The development of effective algorithms of pollution identification at the initial stages of pollution of water resources will enable an
assessment of the nature and level of water pollution with the increasing number of chemicals associated with an increase of
anthropogenic pressure on water objects. To simulate the processes occurring in the aquatic environment, it is proposed to use the

geographic information system (GIS).

The conducted studies indicate that the borders of identification of the initial development of the process of pollution spreading (the
occurrence of malfunction) is largely determined by the number of parameters that are measured in the process of diagnosis. The
sensitivity of this diagnostic method for the majority of one-dimensional malfunctions is proved.

Keywords: water objects, diagnostics, monitoring, geo-information system, mathematical model.

Introduction. Water quality is a characteristic of water
composition and properties, which determines its suitability
for a specific type of water use. According to the teachings
of V.I. Vernadsky the basis of the modern system
assessment of the water quality (drinking, sewage, surface
and underground) should be the classifications which
contain indicators and criteria of the water composition and
its properties (physical, chemical, biological), which are
collectively suitable for solving a wide range of problems,
connected to the protection of water resources, their use and
diversity of types of hydro-economic activities. Such a
system must simultaneously answer environmental,
hygienic and technological requirements. Very regrettably,
today such a system does not exist, mostly because of the
complexity of this interdisciplinary task [1].

In assessing the quality of natural waters, three
approaches are usually wused: physico-chemical,
bacteriological and biological, each of which allows you to
receive important information, and, when used all together, it
is possible to evaluate the aquatic environment from
ecological point of view [7].

During physico-chemical evaluation of water quality one
determines its transparency, the concentration of suspended
particles (turbidity), ionic composition, total mineralization, the
presence of organic and nutrient substances, the
concentration of dissolved gases, the active reaction of water
(pH) and others. These abiotic characteristics are very
important, but not sufficient for complete understanding of the
aquatic ecosystem condition. More complete information on
ecosystem response to pollution can be obtained by
analyzing the qualitative and quantitative composition of
hydrobionts, the presence or absence in their bodies of
substances hazardous to their lives [5].

Biological methods for assessing the quality of water are
based on the estimates of the responses of plankton,
benthos, macrophytes and fishes to the appearance of
chemical substances of mineral and organic origin in the
aquatic environment. The level of pollution of water bodies
is assessed by the presence or absence of organisms-
indicators based on a comparison of species diversity,
population size and biomass of the population of polluted
and clean zones. During this comparison it is usual to use
absolute values and indices of species diversity [6].

The method of assessing the quality of water (as the habitat
of hydrobionts) by species composition and indicators of

quantitative development of species-indicators and the
structure of groups formed by them is called bioindication.
Bioindicators of water quality are organisms, the presence,
amount or specefics of the development of which are indicators
of natural processes or anthropogenic impacts that change the
composition and properties of water as a environment where
they exist. With the composition of the flora and fauna of water
bodies, the quantitative ratio of their individual representatives
it is possible to judge on the degree and nature of pollution and
the condition of aquatic ecosystems. The method of
bioindication allows evaluating the efficiency of the purification
facilites and the distribution of polluton during the
transboundary relocation of toxic substances.

Diagnosing the state of water objects is not a trivial task.
This is a complex dynamic process.

On any monitoring object (of diagnosis) parameters and
characteristics that describe the state of this system change
over time.

Under the object of diagnosis one should think about a
system that meets two conditions. First, the system can be
located in two mutually exclusive and distinct states
("workable" and "disable" that is it satisfies or does not meet
certain quality criteria). Secondly, it is possible to define
elements (blocks, subsystems), each of which is also
characterized by states that can differ and which are
determined by the results of inspections.

The diagnostic algorithm is a sequence of tests performed
which are included into a diagnostic test and the rules for
processing the results of the tests to obtain a diagnosis.

Diagnosis is information about the diagnostic object,
which allows assessing the quality of the system or its
"malfunction”, that is to identify the cause of its non-
compliance with certain quality criteria based on the analysis
of diagnostic parameters or symptoms.

Symptom is a form of displaying the deviation of the
diagnostic parameter from its permissible values.

In order to diagnose the processes taking place at the
object of diagnostics (water object), it is necessary to
evaluate the changes occurring in it, as well as to predict
these changes in conditions of uncertainty and to take
effective managerial decisions for them. In addition,
changing the parameters of the water system of one level of
the hierarchy can appear (affect) due to the change of
completely different characteristics of the water system of
the second level of the hierarchy.

© Zatserkovnyy V., 2018
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In the process of searching for new effective methods for
diagnosing the status of water resources, it is first of all
reasonable to develop algorithms for diagnosing water
objects in quasi-steady regimes, when the process of the
pollution of the water environment is just starting with some
pollutant (malfunction), which worsens the state of a certain
water object.

The purpose of the work is to develop theoretical
foundations for identifying the characteristics of the
deterioration of the state (faults) of water objects with the
deviation of their parameters from the "standard" on the
steady or close to the steady (quasi-steady) modes of
pollution development and further assessment of the level of
risk of a dangerous situation, taking management decisions
on liquidation or minimization of this pollution impact on the
ecology of a water facility.

Analysis of recent research and publications. An
important contribution to solving the problem of water quality
assessment, drinking water supply at the state level was
made by such scientists as A.V. Jacyk, A.M. Tugai,
V.J. Melnik, A.K. Zapolsky and many others. The issue of
drinking water supply in certain regions was investigated by
M.A. Safonov, V.O. Orlov, A.F. Kiselev, V.D. Rud,
N.V. Yanko and others. However, the current situation of the
quality of water resources indicates the need for further
research in this area and is relevant.

Presentation of main material. Ensuring citizens' security
and protecting society is one of the most important functions of
the state. Unfortunately, Ukraine is currently the most critical
region in Europe with anthropogenic pressure, which is several
times higher than the average European level [9].

On the territory of Ukraine almost all spectrum of
dangerous natural phenomena and processes of
hydrogeological and meteorological origin may arise. These
include large floods, catastrophic flooding, large snowstorms
and ice-colds, hurricanes, tornadoes, squall winds as well.

The end of XX — the beginning of the XXI century is
marked by cataclysms that are partially related to the problem
of surface water purity — the threat of massive gastric
infections, deterioration of the quality of drinking water,
reduced bioavailability of surface waters and their self-
cleaning ability. Therefore, the problem of clean water in many
countries of the world and particularly in Ukraine plays a
central role in water protection activities and is very relevant.

The realities of the today's Ukraine have led to the
deterioration of the quality of water and the mode of river
flow; have turned many rivers into cannels and a network of
reservoirs and ponds. The development of effective
algorithms for pollution recognition at the initial stages of
pollution of water resources will enable an assessment of
the nature and level of pollution of water with the increasing
number of chemicals associated with an increase of
anthropogenic pressure on water objects.

In the general case a linear mathematical model of an
object of study with the presence of measurement errors can
be represented by matrix equations of two types [10]:

Y, = AX +AY, (1)
or

W,=AX +AW,, W,=Y,-TS,, AW, =AY, -TAS,, (2)
where Y, — vector of relative deviations of parameters of the
mode of operation of the object of study of dimension (m x1)

;X — vector of relative deviations of the required
parameters of the condition of the researched object, control
and effects of disturbances of dimension (n X 1) ; A —matrix
of coefficients of influence of dimension (m X n) ; S — vector

of relative measured perturbing and controlling affects, if

they are not relocated into vector Y by means of
transformation for a given structure of equations. The
dimension of the vector (v? ><1) ; T — matrix of coefficients

of dimension influence (mxv.).

The diagnostic model of the studied object of the type (1)
is correct to use in the following conditions:

« the diagnostic model takes into account the program of
management of the investigated object in the diagnostic
mode. In this case if the control affects are measured, then
they are introduced into the vector Y, , if not measured then

they are absent; the deviation of the control parameters is
equal to zero;

o there is no rejection of perturbation effects in the
diagnostic mode;

o there are no errors in measurements of perturbation
effects;

o the characteristics of the reference modules correspond
to the nominal characteristics or the identification of the
mathematical model with the individual characteristics of the
investigated object (phenomenon) is performed, that is, there
is no influence on the vector Y, of natural dispersion of the

characteristics of the modules of the object (phenomenon);

o there is no reduction of the measured parameters to the
standard atmospheric conditions. In the opposite case,
when converted to standard atmospheric conditions, the
components of the vector Y, will become correlated.

In all other cases, it is necessary to use a diagnostic
model (2).

In real modeling conditions the object properties change
in a wide range, therefore, in order to ensure the necessary
efficiency of the diagnostic system, it is necessary to have a
standard of controlled parameters and a matrix of affecting
factors at each diagnostic mode for each thematic layer of
the system in the appropriate conditions of the study
(diagnosis). For this purpose, it is best to use a
comprehensive GIS [3]. However, today, the fully-variable
multifunctional mathematical model of GIS with all thematic
layers in the memory of a computer is not possible due to
certain restrictions of these devices.

To diagnose quasi-stationary processes (phenomena)
occurring on certain water objects, it is legitimate to use a
mathematical model (1). To take into account the accuracy
of the measurement of the parameters, the output system
(1) is normalized by dividing each " equation by the
corresponding mean-square deviation o, which is

equivalent to the multiplication of the left matrix equation (1)
on the diagonal matrix
1

GJ'l

> e

After rationing and taking into account the measurement
errors we:

Z,=AX+AZ,, Z,=Z+AZ,, (4)
where
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Vector components AZ, are independent random

variables distributed under normal law with zero mathematical
expectations and dispersions that are equal to 1, that is
7(aZ,)=N(01), cov(Z,Z,) =0. (6)
While solving the task of diagnosing of water resources
condition it is possible to have 2 different situations:
— number of parameters of condition which will be

reflected in the measured vector 23 , less than matrix rank

A(r<n) . In this case to each combination C v=1,(r-1)

of parameters one can put matchable image and solve the
task on the basis of theory of images recognition [8];
— number of parameters of technical condition which will

be reflected in vector Z, , is equal or is of higher rank vs A
matrix rank. In this case, any combination of parameters of
condition C' v =n,m will correspond to the entire space of

controlled parameters that makes the task unsolvable.

At the same time at the first stage the check of the
hypothesis of belonging of the vector with measured
parameters to the image of the considered malfunction
should be conducted. It is done with the help of the
probability estimation criterion. And at the second stage the
solution is made only of those subsystems, which, with a
given probability (0,95), explain the deviation of the vector of
the measured parameters [2].

In order to diagnose the condition of water objects, the
probability of simultaneous occurrence of less number of
malfunctions is higher than the probability of simultaneous
occurrence of a greater number of malfunctions; therefore
the task of diagnosing a natural or anthropogenic system is
appropriate to be solved by consistent testing of hypotheses
with increasing number of malfunctions [4].

In the study of one-dimensional continuous failures the
system of equations (1) are converted into a system with one

variable, that is, the vector X is converted into a scalar X,

Z,=AX,, Z,=7Z,+AZ,, Z,=A% +AZ,, (7

J A

where A — jt column of matrix A.
During parameter of technical condition change from —w
to +wo the vector Z/. varying in size and direction will lie on

the straight line, whose position in the space of controlled
parameters can be assigned by the vector A j(putting X, =1);

that is the images of one-dimensional continuous failures in the
space of armed controlled parameters are straight lines
passing through the origin of the coordinates. Because of
the noisiness of the vector of substitutable parameters the
system of equations (7) is incompatible. The degree of
incompatibility can be judged by the square J; of the

perpendicular L, , which is pulled down from the end of the

vector Z, to the vector 21!, (Fig. 1).

If the vector of substitutable parameters Z, is a
reflection (cause) of " malfunction and on this reflection the
errors of measurements of the measured parameters of the
controlled parameters are imposed, the system of equations
(7) is compatible and the square J; of the perpendicular L,

will depend only on the measurement errors:
J,=LL =Z/B.Z,, (8)

>

~ N

ne B, =1, -2

AT

\hk >

Fig. 1. Graphic interpretation. of equation system
incompatibility (7) due to noisiness of vector
Taking into account the errors of measurement that were
reflected in vector Zj , we will get the amount of information
that can be distinguished in the following way:
J, =AZ]BsZ, . (9)
As shown in the work [9] the properties of matrix B, and

component of vector AZ, are such that quadratic form (9) is
divided according to law xi-square with m —1 degrees of freedom.
Z(J,)=x(m-1). (10)

For a given probability of identification error a and vector
length Z, one can determine the quantile of the distribution

Ji_e [9I:
Pl <} =1-a. (11)

Thus the condition of vector Z belonging to
malfunction (condition of compatibility) with probability
(m—o) may be put in the following way

J. = J, <1 (12)
- Jlfa o

Thus without solving the system of equation one can

obtain the answer to the question whether the measured

vector Z, is the product of ion is the jt" malfunction.

Then all compatible subsystems are solved. The solution
for /" malfunction for which each condition (12) is fulfilled, is
carried out according to the formula

7',
x, ==L, (13)
"oA44,

In order to determine condition under which vector Z, is

a reflection of M malfunction and will be incompatible with

image of k' malfunction, it is necessary to pull down

perpendicular L, from the end of vector Zg onto the image
of ki malfunction. In this case the quadratic form

J,'/< =L§/<L,'k ’ (14)

is split according to the law of xi-square with (m—1) degrees

of freedom and parameter of non-centrality A> = Z.B,Z, [10].

For a given probability of identification error a, with known
accuracy of measurements of controlled parameters, it is
possible for the given degree of malfunction x; development to

find quantile of breakdown (distribution) (/) :
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P, (0, )} =o (15)
Vector Z, with probability 1-o will not coincide with

image of k" malfunction if quantile (15) will be higher than
quantile J,_, of breakdown (distribution) (15):

(7). >Jia- (16)
The smallest magnitude of malfunction X, for which the

correlation (16) is valid, will be searched border of diversity
/™ malfunction in given conditions of diagnosis.
For geometric interpretation of received results let's

describe cylinder around image of malfunction flj, the
surface of which is located at the distance ,/(J,),_, . Around

the image of malfunction ﬁk the similar cylinder is located

the borders of which are at distance (/) =./(/) _, - The

presence of accidental errors of measurement causes the
situation when vector of errors AZ, might be rotated to any

direction relatively to vector Zj and is not dependent on the

S

size and direction of vector Zj Having designed the

cylinders on the area created by images of j and k™
malfunction we will receive stripes along images of these
malfunctions.

We will present the multidimensional space in which the

vector Z, is located on the area (square) as a circle with a

center at the end of the vector Z, and with radius (J/)I,

On this area we will consider a vector Z =Z,

characterizing one of the worst variants of the measurement
and which is a reflection of this malfunction. The end of the
vector Z,p is on the border of j1 malfunction and a circle.

At the same time, various variants of the vector Z_, location

are possible.

Let us consider 3 typical cases. In image 2 vector Z,p
which is a reflection of /M malfunction will not differ from
image & ' malfunction, that is vector Zzp being in the center
of cylinders crossing, may be attributed both to f"and &

malfunction.
On Image 4 a limit case is represented.
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Fig. 2. Graphic interpretation of the indistinguishability of two one-dimensional malfunctions
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Fig. 3. Graphic interpretation of measured parameters when relate only to k' malfunction
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The magnitude of the malfunction X, which determines

the border of differentiation of j™ malfunction when

comparing it with k ™ malfunction for given conditions of
diagnosis one can calculate with the formula (8)

S

( Li)y=(Ij)1-a
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Fig. 4. Graphic interpretation of limit case
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Conclusions. The conducted studies indicate that the
borders of identification of the initial development of the
process of spreading pollution (occurrence of malfunction)
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are largely determined by a number of parameters that are
measured in the process of diagnosis. However, an increase
in the number of substitutable parameters for more than 10-
12, in terms of malfunctioning, is inappropriate, since it can
lead to a significant reduction of the recognition boundaries.
Measure 8-10 of the most informative parameters leads to
the fact that the borders of identification for majority of one-
dimensional malfunctions will not exceed 1% of the degree
of their development, which characterizes the sensitivity of
this method of diagnosis.

However, the given algorithm, unfortunately, cannot
provide an effective diagnosis of water objects for all
situations, since many cases of water pollution
(malfunctions) are more complex, that is, two- and more
dimensional. In addition, it is required to have a number of
researches of diagnosing of dynamic processes and
phenomena occurring in certain areas.
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KviBcbkui HalioHanbHUI yHiBepcuTeT imeHi Tapaca LeBuyenka, HHI "IHcTuTyT reonorii”

Byn. BacunbkiBcbka, 90, M. Kuis, 03022, YkpaiHa

PO3POBKA E®EKTUBHUX ANTTOPUTMIB AIATHOCTYBAHHA 3ABPYAHEHOCTI MOBEPXHEBUX BO[

Y po6omi npedcmaeneHo anzopumm diacHocmyeaHHs1 3a6pydHeHHs1 00HUX 06'ekmie. Po3pobsieHo meopemu4Hi ocHoeu diazHOoCmyeaHHs1 xa-
paKmepucmuk nozipweHHsi cmaHy (8UHUKHEHHs1 HecripasHocmeli) 800HUX 06'ekmie npu eidxuneHHi ix napamempie 8i0 emanoHHUX Ha cmanux abo
6nu3bkux Ao cmanux (keasicmasnux) pexumax po3eumky 3abpyOHeHHs ma HacmynHoOi OYiHKU pieHs1 pu3uKy eUHUKHeHHs1 He6e3ne4yHol cumyauii,
yxearsleHHs1 ynpasiHCbKux piweHb uyodo nikeidayii abo mMiHimizayii ybo20 3a6pyOHeHHS1 Ha eKosl02ito 800HO20 06 ‘ekma.

Po3po6ka ehekmueHux anzopummie po3ni3HaeaHHs1 3a6pyOHeHHs1 Ha MoYamKoeux emanax 3abpy0dHeHHs1 800HUX pecypcie dacmb MoXsiusicms
OUiHKU xapakmepy ma pieHsi 3a6pydHeHocmi 800 3POCMaro4or0 KinlbKicmio XiMiYyHUX pe4yo8UH, M08 'sI3aHUX i3 MOCUIEHHSIM aHMPOMNO2eHHO20 Hasa-
HMa)xeHHs1 Ha 800Hi 06'ekmu. []nsi ModentoeaHHs npoyecis, wjo 8idbysarombcsi y 800HOMY cepedosuui, MPONOHYEMbCSI 8UKOPUCMO8Yy8amu 2€0iH-

¢opmauyitiny cucmemy (TIC).

lMpoeedeHi docnidxeHHs1 ceidyamb, W0 2paHUyi po3ni3HagaHHsI M0YamMKo8020 PO38UMKY MPoyecy MowupeHHs1 3a6pyOHeHHs1 (BUHUKHEHHST He-
cnpasHocmi) 6a2amo e YoMy eu3Ha4alrombCsi Kinbkicmto napamempie, wyo 3amiproromscs e npouyeci diacHocmyeaHHs. [loeedeHo Yymnueicme Oa-
Ho2o memody diacHocmyeaHHs1 01151 6inbwocmi 0OHO8UMIPHUX HecripagHocmel.

Knroyoei cnoea: e00Hi 06'ekmu, diacHocmyeaHHsl, MOHIMoOpuUH2, 2eoiHghopmauiliHa cuc ,

B. 3auepkoBHbIN, A-p. TEXH. HayK, 3aB. kad). reouHopMaTUKMN
E-mail: vitallii.zatsekovnyi@gmail.com

I4Ha MOOesIb.

KueBckuit HauMoHanbHbIN YHUBepcuteT UMeHun Tapaca LeB4yeHko, YHU "UHcTUTyT reonorun”

yn. BacunbkoBckas, 90, r. Knes, 03022, YkpauHa

PA3PABOTKA 3®®EKTUBHbIX AIITOPUTMOB OUATHOCTUKU 3ATPA3HEHHOCTU NOBEPXHOCTHbIX BO[,

B pabome npedcmaesieH anzopumm OUa2HOCMUKU 3a2psi3HeHUs1 800HbIX 06beKkmoe. Pa3pabomaHbl meopemuyeckue OCHO8bI OUa2HOCMUKU
Xapakmepucmuk yxyOuweHusi COCMosiHusi (603HUKHOBeHUe HeucrnpasHocmeli) 800HbIX 06LEKMO8, MPU OMKIIOHeHUU UX rnapamempoe om “ucnpas-
HbIX, 9MasIoOHHbIX” Ha cMayuoHapHbIX Unu 6/IU3KUX K cCMayuoHapHbIM (Kea3ucmayuoHapHbIX) peXXumMax pacrnpocmpaHeHusl 3a2psi3HeHUs1 U Moc-
nedyroujeli oyeHKU 803HUKHOBEHUS onacHoU cumyayuu, NpuHsimue yrnpaeneH4YecKux peweHul no ukeudayuu unu MUHUMU3ayuu pacrnpocmpaHe-
HUS1 3M020 3a2Ps3HEHUs] Ha 3KOJ1I02Ulo 800HO020 06bEKMa.

Paspabomka 3ghghekmueHbIx aneopummMos pacrio3HaeaHusi 3a2PsI3HEHUs] Ha HayallbHbIX 3Mmanax pacnpocmpaHeHus 3a2psi3HeHUs] 600HbIX pe-
cypcoe dacm 803MOXXHOCMb OUEeHUMb Xapakmep U ypoeeHb 3a2psi3HeHUs1 800 pacmyujuM Kosiu4ecmeoM XUMU4ecKux eeujecms, o6ycrioeneHHbIX
ycuneHueM aHmpornoz2eHHol Hagpy3Ku Ha 800Hble 06bekmbl. [nsi ModenupogaHusi Mpoyeccos, npoucxodsujux 8 eo0HoU 6pede, npednazaemcsi
ucnonb3o08amb 2e0UHopMayuoHHyro cucmemy (F'C).

lNpoeedeHHble uccnedosaHusi ceudemesnib.cmeyom, Ymo 2paHuUybl Pacro3HagaHusi Ha4asbHO20 Pa3suUMusi Npoyecca pacrnpocmpaHeHusi 3a2psi-
3HeHus1 (OMKJIOHeHUs1 oM 3MaJsloOHHO20 3Ha4eHUs])) 80 MHO20M OrfpedesisiloMCcsl KoJu4YecmeoM napaMempos, Komopbie u3Mepsitomcsi 8 npoyecce
OduazHocmuposaHusi. [lokazaHa YyecmeumesnbHocmMb 0aHHO20 Memoda duazHocmupoeaHusi Onsi 6o/bWUHCMEa 0OHOMePHbIX HeucnpasgHocmel.

Kntouyeenie crnosa: 800HbIe 06beKmbl, duazHOCMUPOBaHUsl, MOHUMOPUH2, 2e0UHEOPMaYUOHHas CUC| 14eckasi Modesib.
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