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TOKCUYHI U NOTEHLIINHO TOKCUYHI ENEMEHTMU Y BYruuil MJACTA C;"
WAXTU "BNATOAATHA" NABJIOrPAACBKO-NETPONABJIBCbLKOIO
FEONIOro-nNPOMUCIIOBOIr0 PAUOHY

(MpedcmaesneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eosl. Hayk, douy. LUIHrokosum C.€.) B

TokcuyHi ennemeHmu y syeinsi € 0OHUM 3 OCHOBHUX 3abpydHIo8ayie HaeKoTUWHbLO20 cepedosuwya. IxHiti emicm y syeinni € docma-
MHBO 8UCOKUM, MOMY Cy4acHe nideuleHHs1 eKOJI02iYHUX 8UMO2 nompebye epaxyeaHHs eriugy 8yas1edo6yeHux rnionpueMcme Ha cmaH
cepedosuuja. Lle, y ceoro yepay, obymoesntoe nompeby e Hoeux Haykoeo obrpyHmoeaHux memodax rnpPo2Ho3y eMicmy MOKCUYHUX i
nomeHuyitiHo mokcu4yHux enemenmie (TillTE) y 2ipHudili maci, ujo sudobyeaemscsi waxmamu, a makox y eidxodax eudobymky ma eye-
ne36azayeHHsl.

Po3sansiHymo pesynbmamu docnidxenHs TilITE y eyeinni nnacma cg” nonsi waxmu "bnazodamua” Maenozpadceko-llemponaenie-
CbKO20 2e0J1020-1POMUCII08020 palioHy [JoH6acy 3 Memoro 8cimaHoe/IeHHs] 3aKOHOMIpHOcmel IXHbO20 NPOCIMOoPo80o20 po3nodiny. Bu-
3Ha4yeHO cepedHili emicm i namepanbHi eapiayii koHuenmpauii TilITE y eyzinni nnacma, no6ydoeaHo kapmu i3okoHuyeHmpam TillTE i
Kapmu pezioHanbHOi cki1ladoeoi 3MiHU iXHb020 eMmicmy Onsi docnidxeHoi nnowyi. [To6ydoesaHi kapmu € ¢hakmosI02i4YHOK OCHO80HO OJist
0doe20cmpoK08o20 MpoaHo3y koHyeHmpauiti TilITE y eudobymiti waxmoro 2ipcbkili Maci. [ns ybo20 po3paxoeaHo JiHiliHI Pi@HAHHS
peepecil, ki xapakmepu3yromb 38 s1I30K Mixk koHueHmpauissmu TilTTE i ocHO8HUMU mexHOJs102i4HUMU napaMempamu G0cC1id)KeHo20 nna-
cma. L|i pieHsiHHS1 MOXXymb 6ymu eukopucmaHi 05151 KOpoImMKOCMpPOKO8020 i cepedHboCmMpPoko8o2o rnpoaHo3y emicmy TillTE y eipcbkitli
Maci, wjo eudobyesaembcsi. Y ceoro yepay, makuli po2HO3 Mae CJIYXKUImu OCHOBOHO OJIs1 IMEXHOJI02iYHUX pPilleHb, CIIPSIMO8aHUX Ha 3HU-
xeHHs1 emicmy TillTE y npodykmax ma eidxodax eyane3ba2ayeHHs.

Kpim moezo, aHani3 pe3ysibmamie cmamucmu4Hoi 06po6bku 2eoximiyHoT iHghopmauii i 2e051020-cmpyKmypHOI xapakmepucmuku nia-
cma cg” nonss waxmu "bnazodamua” ceidyums, wo gpopmyeaHHs1 acoyiayii Co-Ni-V-Pb-Cr-Mn noe'a3aHo i3 36a2a4eHHsIM yumu esieme-
Hmamu NMPUKOHMaKmMoeuX 30H 8Yy2inbHo20 nnacma nomyxdicmio 0,15-0,20 m. [JosedeHo, wjo Be € eQuHUM esleMeHmMoM, NnepesaxHo
rnoe's;3aHuUM 3 op2aHi4HOr cknadoeoro eyzinns. Acouiauist Hg i As o6yMoesieHa ixHiM 2eHemuYyHUM 38 'SI3KOM i3 cynbghiOHOr MiHeparti-
3auiero mpiwjuHyeamux 30H MeKMOHIYHOT NMpupodu.

Knroyosi cnoea: eyzinbHUl nnacm, nomyHicms, 301a, Cipka, MOKCUYHi i MOMEeHYiliHO MOKCUYHI esfleMeHmu, kapma i30KOHUueHm-

pam, kapma pe2ioHasibHOI CKilado8ol, Pi8HsIHHSI pe2pecil.

Betyn. [locnigxyBaHa TepuTopis po3TalloBaHa B Me-
xax Masnorpagceko-INeTponaBniBCbKOro reonoro-npomMmc-
nosoro pavioHy 3axigHoro [oHbacy i agMiHicTpaTMBHO
HanexuTb o Naenorpagcbkoro panoHy [HinponeTpoBCbKOi
obnacrti. 3pocTaHHs BUMOT J0 OXOPOHW HaBKOMNULLHLOTO Ce-
penoeulia obymoBnioe NoTpeby B HOBMX HaykoBO OGrpyH-
TOBaHWX MeToAax NPOrHo3y BMICTY TOKCUYHMUX i MOTEHLIAHO
TokenyHux enemenTie (TIMTE) y ripcbkini maci, wo snaoby-
BaETbCS LaxTamu, Bigxoaax BUAoOYyTKy i ByrnesbarayeHHs.
OcobnvBa akTyanbHiCTb AaHOi nNpobnemMy BU3HAYaETbLCS
B3akoHom Ykpainu "lMpo Hagpa", noctaHoBamu KabiHeTy Mi-
HicTpiB YkpaiHn Ne 22 Big 30.09.1995p. Ta Ne 688 Big
28.06.1997 p., a TakoXX HOpMaTUBHMMMK OOKymeHTamu [K3
(Knep, 1982).

Ornsap nonepegHix gocnigxkeHb. PaHiwe B. IlwkoBum,
cninbHo 3 A. YopHobyk, [. MuxansyoHok, B. [1Bopeubkum
(Mwkos, 1999; Nwikos u dp., 2001), po3rnsaHyTo ocobnmneo-
cTi po3noginy aeskux TIMNTE y npoaykTax i Bioxogax 36ara-
YeHHs psgy ByrnesbaravyBanbHux dabpuk JoH6acy. Kpim
Toro, B. lwkoBum cninbHo 3 €. Kosili (lwkos ma Koasit, 2017;
Kositi, 2018) pocnigyxeHo ocobnusocTi po3noginy TilMTE y
BYrinni nnacrie geskux waxt MNasnorpaaceko-leTponasnis-
CbKOrO reosioro-npoMm1cIioBoro panoHy 3axigHoro [JoH6acy.
|. KypmenboBum BMBYanacb reoximis BYrnmeBMiCHMX nopig
UncTakoBO-CHIKHAHCBKOrO reonoro-npoOMUCIIOBOrO panoHy
HoHbacy (Kypmenbos, 2013). A. [JBOPHMKOB 3aiMaBcs BU-
BYEHHSIM PTYTOHOCHOCTI Byrinnsa [oHeubkoro 6aceriny
(deopHukos, 1987). TakoxX TOKCUYHUM eNleMeHTaM NoCBsi-
yeHo GaraTto poGiT A.TopoBoro i H.lopoBoi (Ioposod,
2001; Noposoli u Noposasi, 2002). EkonoridHi acnektu reo-
ximii TIMNTE y ByrinbHUX nnactax 6araTbox pogoBULL, CBITY
posrnaHyTo B pobotax [. CyewviHa (Godbeer et al., 1984;
Swaine, 1990). YucneHHi JOCniaXeHHSA PO3MNOBCIOMKEHHS

TilTTE y Byrinni pisHnX poaoBuLLY, AO3BOMUNN BCTAaHOBUTH,
LLIO CKNnag i BMICT LUMX eneMeHTIB Ta iXHi 0cobnmBocCTi po3no-
[iny BiOpIi3HATBCA LWOA0 KOXKHOMO poAoBuMLA, @ B Mexax
OKpeMUX poOoBULL 3anexuTb LWe 1 Big ctagil Byrnedikauii
(Martinez-Tarazona et al., 1992; Mercer et al., 1993; Pires
and Teixeira, 1992; Solari et al., 1989; Spears and Martinez-
Tarazona, 1993; Vassilev, 1994). BogHouac, po3rnsag i
aHani3 po3noginy TiMNTE y Byrinni nnacta cs" waxtu "bna-
rogatHa" [laBnorpagcbko-lleTponaeniBCbkoro reomnoro-
NMPOMUCIIOBOr0 PanoHy paHille He BUKOHYBaBCS.

MeTta po60TU: YCTAHOBUTU 3aKOHOMIPHOCTI B po3nogini
TiMTE y syrinni nnacta cs" nons waxtu "bnarogatHa" MNMAT
"OTEK Masnorpaasyrinnsa".

MeToauka pocnigpkeHb. Posrnsaa posnoginy TiIMNTE y re-
onoriyHux o6'ekTax pi3Horo xapakrepy i macwtaby € Heobxia-
HUM AN BCTAHOBMEHHS! 3aKOHIB iXHBOI Mirpaii, KoHueHTpauii
" poscitoBaHHsA. OCOBNMBICTb BUKOHAHMX OOCHIOKEHb NOMs-
rara B HEMOXIMBOCTI 6e3nocepegHbLOro CnoCcTEPEXEHHS LIMX
npoLecis. Y UbOMY BUNAOKY pPO3rnaa AMHAMIKM NpoLeciB Tpa-
OVLINHO BUKOHYETBLCS LUMSXOM MOPIBHSIHHSA CTaTUCTUYHUX Aa-
HUX Ta aHanisy kaprtorparpadiyHux MaTepianis LWod0
po3noginy XiMiYHMX enemeHTIB y po3rnsHyTux ob'ektax. IMo-
TiM OTpUMaHi pe3ynbTaTi OCMUCTIIOIOTLCS 3 ypaxyBaHHAM i-
3UKO-XIMIYHMX | FeonoriyHMX 0CobnMBOCTEN.

OTxe, oTpumaHHS iHdopMaLii Npo PO3NOAIN XiMiYHUX
erieMeHTIB Yy reosnoriyHmx ob'ekTax € nepmnm etanom oc-
NiJKEeHHs, Wo nae Big y3aranbHeHHs hakTU4HOro martepi-
any, yepes oro TeopeTuyHe OCMMUCIEHHS, [0 MepPEBIpKM
BUSABMEHMX 3aKOHOMIPHOCTEN AOCHIOHUM LUISAXOM.

Mpobu Biobupanuca y ripcbkux BMpoOKax (nnacTosi
npo6w, BigibpaHi 6opo3HoBMM crniocobom (Yenu..., 1975) i 3
nybnikaTiB kepHa ocobrcTo aBTOpamm 3a y4acTio cniBpobi-
THWKIB reonoriyHux cnyx6 ByrnefobyBHMX NIQNPUEMCTB i

© HecTtepoBcbkun B., lwkoB B., Kosin €., 2020
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BUPOGHNYMX reonoropo3BigyBanbHMUX OpraHisauin B nepiog
3 1981 p. no 2013 p. O6csAr KOHTPONBHOrO BUNPOOYBaHHS
cTaHoBMB 5 % Big 3aranbHoro obcsAry npob. Yci aHaniTnyHi
poboTV BUKOHYBanucs B LieHTpanbHWUX cepTudikoBaHmx na-
BopaTopisx BUPOOHUYMX reornoropo3BigyBarbHNX OpraHiza-
Lin. Bmict Hg BU3Ha4aBcs aToMHO-abcopOUiHUM aHarni3om,
As (Tornnueo..., 1993), iHwi TiMTE — KinbkicHUM eMiCiiHUM
cnekTpanbHUM aHanisom (Yemnu..., 1991). Ha BHyTpiwHin na-
BopaTopHUIA KOHTPONb HanpaeneHo 7 % aybnikaTis npob. 30-
BHilULHbOMY nabopaTopHomy koHTponto nigaaHo 10 %
aybnikaTiB Nnpob. AkicTb pe3ynbTaTtiB aHanisie (NpaBUIbHICTb
i BiATBOpPIOBaHICTb) OUiHIOBaNacs sik 3Ha4YUMMICTb cepeaHbol
CUCTEMATUYHOI NOXMOKK, Ska NepeBipsETbCA 32 JOMOMOrow
KpuTepito CTblogeHTa, i 3Ha4YMMICTb cepeaHbOi BMNAagKOBOI
NoxmobKn, sika NepeBIPSETbLCSA 3a AOMOMOrow Kputepito Pi-
wepa. OcKinbKW BkasaHi BULLE NOXMOKN NpW PiBHI 3HAYNMOCTI
0,95 € He 3HaYMMKMMMU, SKICTb aHani3iB BU3HAHO 3a0BINbLHOLO.

Ha noyatkoBoMy eTani 06pobky NEPBUHHOI FEOXIMIYHOI iH-
dopmalii 3a gonomoroto nporpam Excel 2016 i Statistica 6.0
pO3paxoByBanmcs 3Ha4YeHHS OCHOBHUX OMUCOBUX CTaTUCTWY-
HMX MOKa3HWKIB (BMBIPKOBOrO cepedHbOro apuMeTUYHOTO,
MOro cTaH4apTHOI MOMWUIKW, MefjiaHun, eKCLecy, MOAW, CTaHaa-
PTHOrO BiOXMNeHHs, aucnepcii BUBIpkM, MiHIManbHOro i Makcu-
MarnbHOro 3Ha4eHHs BMICTY, KoedilieHTa BapiaLii, acumeTpil
BMOIpKYM), BUKOHYBanacb nobyaoBa YacTOTHWUX FicTorpam BMi-
CTy i BCTaHOBMNEHHSA 3akoHy posnoginy TilTE.

3 MeTo BUSABMEHHsSI CKnagy reoximMiyHMX acouiauin
Oynn pospaxoBaHi koeiuieHTH kopensuii (r) Mk BMiCTOM
TiMTE. B eanHy reoximivyHy acouiadito 06'egHyBanucs ene-
MEHTW, Y SKUX 3B'A30K MiXK BMICTOM ONUCYETbCS KoediLlieH-
TOM Kopensuii, wo nepesuwye 0,5 3 piBHEM 3HAYMMOCTI He
MeHwe 95 %.

Mpw ouiHUi 3B'A3KY TOKCUYHUX i MOTEHLIAHO TOKCUYHMX ene-
MEHTIB 3 OpraHiyHo abo MiHepanbHOK YaCTUHOLO BYriNns BY-
KOPMCTOBYBanucst KOeiLiEHTN CrOpPIiAHEHOCTI 3 OpraHiyHo
pe4voBuHOI0 Fo, L0 NOKa3ye BiQHOLIEHHS BMICTY €NeMeHTIB Yy
BYrinni 3 manoto (<1,6) i BUCOKOHO LWinbHicTIO (> 1,7), Koediuie-
HTW HaBedeHo! KoHuUeHTpauii Fu, WO NokasyloTb BigHOLLEHHS
BMICTY enemeHTiB y dpakuii / (Ci) 4o BMICTY Yy BUXiGHOMY BY-
rinni, koedilieHTV Kopensuii BMICTy AOCHiMKyBaHNX ENeMEHTIB
i 30MbHOCTI BYrinns Ta KoeilieHTU HaBedeHOro BUITyYEeHHSsI
enemeHTa y dpakuii pi3HOT LLiNbLHOCTI.

Mpu NnoGynoBi BCiX kapT BUKOpUCTOBYBanacs nporpama
Surfer 11. Y xoai nobyaoswu kapT, rpadikis i po3paxyHKy Ko-
eqilieHTiB kopensauii BCi 3Ha4eHHs koHueHTpauin TiMTE Ho-
pmyBanucs 3a hopmyrot

XHopM = ()(/ - Xmin) / (Xmax - Xmin),
ae Xi — pe3ynbTaT OAMHUYHOTO BM3HAYEHHSI KOHLEHTpaLii
enemMeHnTa, Xmax Ta Xmin — MakcMmarbHa Ta MiHiMmanbHa KOH-
LeHTpaLii enemMeHTa BignoBigHO. HopMmyBaHHSA 3AiMiCHIOBa-
nocs Ang yHidpikauii Wwkanu KoHUeHTpauii y Bubipkax.

OpepxaHi pe3ynbTatn Ta iXHE 0GroBopeHHs. 3ako-
HOMipHOCcMi 3MiHU emicmy muw 'saky. Bmict As y Byrinni
nnacta (puc. 1, @) xapakTepusyeTbCsi 3Ha4YHUMK Bapiali-
amMu. BiH 3miHOeTbCA y Mexax Big 5,46 r/T 0o 426,73 r/Ti He
NoB'A3aHWIN 3 HanNPsIMKOM MagiHHSA, rMMOMHOK Ta NOTYXHi-
CTIO BYriNbHOro Nnacra, KoHueHTpadieto 3onu Byrinns. Cepe-
OHE 3HAYeHHs BMICTY MUW'SKy MO NNacty CTaHOBUTb
124,2 r/t. Hanbinblie 3HayeHHst BMICTY As MICTUTBCSA B MiB-
[OEHHIN YacTuHI WaxTHoro nonsi. BoHo npocTtopoBo 36iraeTbes
i3 ceepanosuHoto Ne H32086. KapTta 3miHW perioHanbHoi
CKIagoBoi KOHUeHTpauii As, npeacraeneHa Ha (puc. 1, 6),
nokasye 36inbLUEHHS A0ro BMICTY Y BYrinni nnacra cs" y nie-
HiYHO-3axigHOMY HanpsaMKy. Muw'sk gopmye reoximiyHy
acouiauito i3 pTyTTio (r = 0,94) Ta noB'A3aHWi i3 BMICTOM Y
BYrinni cipku 3aranbHoi (r = 0,98). JliHiHI piBHSAHHA perpecii:
As =-0,1172 + 1,1079 x Hg; As =-0,0385 + 1,045 x Szar.

3akoHomipHocmi 3MmiHu emicmy 6epunir. Konu-
BaHHsS KOHUeHTpauii Be y Byrinni nnacta Big 1,33 r/T oo
5,94 r/T (puc. 2, a) Npu cepegHbOMY 3HaYeHHi — 3,63 r/T.
Hanbinbli 3Ha4yeHHs BMICTy 6epunito — y NiBHIYHO-CXIigHIN

YaCTVHI LWAaxXTHOro Nons Ha AinsHui ceepanoBuH Ne 7815,
Ne 7740, Ne 7752. KoHueHTpauis Be He 3anexuTb Big rnu-
OUHW, NOTYXXHOCTI Nnacta Ta BMICTY 3arasnbHOi Cipku y BY-
rinni. PerioHanbHa cknagoBa BMICTy LbOro efiemeHTta
3poCcTae B HanNpsAMKY nNagiHHA nnacTta B NiBHIYHO-CXigHOMY
HanpsiMKy (puc. 2, 6) y bik Big YKLL.

CnocTepiraetbCs TicHa 3BOPOTHA CTAaTUCTUYHA 3anexHICTb
Mix BMicToM Be i 3onoto (r = -0,94), dptopom (r = —-0,91). Jli-
HiMHI PIBHAHHSA perpecii:

Be =0,8771 - 0,8705 x A%, Be = 0,931 —0,9465 x F.

3akoHomipHocmi 3miHU emicmy kobanbmy. BmicT ko-
OanbTy 3MiHIOETbCS Yy Mexax Big 1,241/t po 12,1171/t
(puc. 3, a). CepegHe 3Ha4eHHHA KOHUeEHTpauii kobanbTy no
nnacTy CTaHoBUTL 7,54 r/T. MakcumarbHi 3HaYeHHs1 BCTaHO-
BJIEHO B 3axifHil i MiBHIYHO-3aXigHin YaCTUHI LLAXTHOro Mons.
Hanbinbla nokauis kobansTy MiCTUTLCS Ha MiBHIYHOMY 3a-
XopAi AinsHky i npuypoyeHa o ceepaonHn Ne 4095. KoHue-
HTpauis Co He 3anexuTb Bif rMbuHW, BMICTY 3ararnbHOi CipKu
Ta 3o0mnu y Byrinni. PerioHanbHa cknagoBa BMicTy Co 3pocTtae
B NiBHIYHO-3axiZHOMY HanpsMKy (puc. 3, 6).

BcTaHoBREeHo TiCHWIA 3BOPOTHIN 3B'A30K MiXK YMICTOM KO-
6anbTy i MOTYXHICTIO ByrinbHoro nnacta (r = —0,91), TicHui
NpsiM1IA 3B'A30K i3 Kymynsuieto mapranuto (r = 0,80), Hikento
(r= 0,78), cBuHuto (r= 0,85), xpomy (r= 0,88), BaHagito
(r = 0,88). liHiHI piBHAHHS perpecii:

Co =0,9954 — 0,8555 x m;
Co=0,182 + 00,7816 x Mn;
Co=0,2779 + 0,6913 x Ni;
Co=0,1806 + 0,8153 x Pb;
Co=0,1459 + 0,8812 x Cr;
Co=0,1231 + 0,8673 x V.
3akoHoMipHOCmi 3MiHU eMicmy MapaaHUro. KOHLEHT-
pauist mapraHuto Bapitoe Big 53,98 r/t oo 190,25 r/1. CepeaHe
3HaYeHHs BMICTY MapraHLto o nnacty ctaHoBuTb 123,29 /7.
HanbinbLwa nokauisi npuypoYveHa o AiNsHKY nnacTta B panoHi
ceepanoBuHn Ne 4095, sika po3TalloBaHa B NiBHIYHO-3axigHin
YacCTUHI WaxTHoro nons (puc. 4, a). Kymynsauis Mn He 3ane-
XUTb Bif, rMOUHK, BMICTY 3aranbHoOi Cipku Ta 30U y BYTinni.
PerioHanbHa cknagoBa BMICTY LbOro enemeHTa 3pocTae B
NiBHIYHO-3axiAHOMY HanpsMKy (puc. 4, 6).

BuaBneHo TiCHUN 3BOPOTHUN 3B'A30K MK BMICTOM Map-
raHuto i NoTyxHicTio ByrinbHoro nnacta (r = —0,86), TicHWi
NpsIMUIA 3B'A30K 3 KOHLLeHTpaLieto kobanbTy (r = 0,80), Hikento
(r=0,75), ceuHuo (r= 0,86), xpomy (r = 0,83), BaHagito
(r = 0,85). JTiHinHi piBHAHHSA perpecii:

Mn =0,9161 — 0,8383 x m;
Mn = 0,0295 + 0,8267 x Co;
Mn =0,2112 + 0,6817 x Ni;
Mn = 0,0933 + 0,8487x Pb;
Mn = 0,0885 + 0,8537 x Cr;
Mn = 0,053 + 0,8658 x V.
3akoHomipHocmi 3MiHU emicmy Hikesnro. Kymynsauis Hi-
Keno konvBaeTbca y Mexax Big 13,041/t po 38,51/t
(puc. 5, a). CepegHe 3HaYEHHS MO MNacTy CTaHOBUTL 24,15 1/T.
Hanbinblua nokauisi Hikento — y NiBHIYHO-3axiaHiA YacTuHI wa-
XTHOrO Mons i NoB'sA3aHa i3 ceepanosmHoo Ne 4106. Bmict Ni
He 3anexuTb Bid rMuOMHW, KOHUEHTpaLii 3aranbHOI Cipku Ta
3omnu y Byrinni. PerioHanbHa cknagosa BMICTY LbOTO enemMeHTa
3pocTae B NiBHIYHO-3axigHOMY HanpsiMKy (puc. 5, 6).

YCTaHOBMEHO TiICHUI 3BOPOTHUI 3B'SAI30K MiXK BMiICTOM Hi-
Kento i NoTyxHicTio ByrinbHoro nnacta (r = —0,88), TicHWN
npsMniA 3B'A30K 3 KOHLEHTpauieto kobanbTy (r = 0,78), map-
raHuto (r = 0,75), ceuHuto (r = 0,82), xpomy (r = 0,84), BaHa-
gito (r = 0,85). NiHinHi piBHAHHA perpeci:

Ni = 0,8903 — 0,9339 x m;
Ni =-0,0697 + 0,8731 x Co;
Ni = 0,0223 + 0,814 x Mn;
Ni = 0,0039 + 0,8838 x Pb;
Ni =-0,0285 + 0,9446 x Cr;
Ni =-0,062 + 0,9471 x V.
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Puc. 1. KapTta i3okoHUeHTpaT BmicTy As (a) Ta kapTa 3MiHM perioHanbHOI CKNafAoBoi KOHUEeHTpauii As (6)
y Byrinni nnacra cg"

Puc. 2. Kapra i3okoHueHTpaT BmicTy Be (a) Ta kapTa 3MiHM perioHanbHOi cknagoBoi KOHUeHTpauii Be (6)
y Byrinni nnacra cg"

C

Puc. 3. KapTa i3okoHueHTpaT BMicTy Co (a) Ta kapTa 3MiHM perioHanbHOI CKNaaoBoi koHUeHTpauii Co (6)
y Byrinni nnacra cg"
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Puc. 4. KapTa i3okoHueHTpaT BmicTy Mn (a) Ta kapTa 3MiHM perioHanbHOI CKNagoBoi KOHUeHTpauii Mn (6)
y Byrinni nnacra cg"

e
ETSLRETREES

046

Puc. 5. KapTa isokoHueHTpaT BmicTy Ni (a) Ta kapTa 3MiHM perioHanbHOI cknaaoBoi koHueHTpauii Ni (6)
y Byrinni nnacra cg"

3akoHomipHOCcmi 3MiHU emicmy pmymi. 30Hy NiaBu-
LLLeHOro BMICTY PTYTi pos3TalloBaHi B MiBHIYHIN i MiBOEHHIN
YacTUHI WwWaxTHoro nons. KoHueHTpauis Hg Bapitoe B Mexax
Big 0,0165 r/T go 0,6421 r/T (puc. 6, a). CepegHe 3Ha4YEHHs
no nnacty — 0,2418 r/1. Hanbinbwa nokauis Hg posTawlo-
BaHa B NIBAEHHI YaCTWHI LUaXTHOro nons i npuypoyeHa oo
ceepanoBuHn Ne H32083. Bmict Hg He 3anexwuTb Big rmu-
OWHW, NOTYXXHOCTI NnacTta Ta 3onu y Byrinni. PerioHanbHa
CKrnagoBa BMICTY LibOro enemeHTa 3pocTae B niBHiYHO-3axi-
AHOMY HanpsiMky (pwc. 6, 6).

YCTaHOBMNEHO TiICHWUI NPAMUI 3B'A30K MiDK BMICTOM PTYTI
1 Cipku 3aranbHoi y Byrinni nnacta (r = 0,96) Ta 3 KOHLEHT-
pauieto muw'aky (r = 0,94). JTiHilHi piBHAHHS perpecii:
Hg =0,1017 + 0,8514 x Sazar.; Hg =0,1338 + 0,8034 x As.

3akoHomipHOCMi 3MiHU eMicmy ceuHyro. BmicT cBu-
HUIO B MeXax nnacta 3MiHoeTbcs Big 66,85r1/T go
178,63 r/tT. CepegHe 3HayeHHA NO nnacTty CTaHOBUTb
121,54 r/1. HaliGinblua nokauisi LbOro efieMeHTa BCTaHOB-
NeHa B NiBHIYHO-3aXigHi YaCTMHI LLAXTHOro Nons Ha AinsHuj
ceepanosuHy Ne 4095 (puc. 7, a).

KoHueHTpauia Pb He 3anexuTb Big rmmnbuHu, BMICTY 3a-
ranbHoOi Cipku Ta 30nu1 y Byrinni. PerioHanbHa cknagoa BMi-
cty Pb 3pocTae B niBHiYHO-3axigHOMY HanpsaMKy (puc. 7, 6).

YCTaHOBMEHO TIiCHWI 3BOPOTHIA 3B'A30K MK BMICTOM
CBWHLIIO 1 NOTYXXHICTIO BYrinbHOro nnacta (r = —0,95), TicHui
npsAMnUiA 3B'A30K 3 Kymynsuieto mapraHuto (r = 0,86), Hikento
(r= 0,82), kobanbety (r = 0,85), xpomy (r = 0,89), BaHagito
(r = 0,92). NiHinHI piBHAHHS perpecii:

Pb =0,6722 - 0,7165 x m;
Pb = 0,0421 + 0,8792 x Mn;
Pb =0,1548 + 0,7667 x Ni;
Pb =-0,0283 + 0,8933 x Co;
Pb = 0,025 + 0,9435 x Cr;
Pb =-0,013 + 0,9546 x V.
3akoHomMmipHOCMi 3MiHU emicmy d¢mopy. Bwmict
dTOpY 3MiIHIETLCA Y Mexax Big 26,27 r/T go 158,99 r/t1. Ce-
peaHe 3HaveHHs no nnacty — 86,93 r/T. MakcumaneHa no-
Kauis dTopy (DiKCyeTbCA y NIBAEHHIA YacTuHi AinsHku 6ins
ceepanouHn Ne H32086 (puc. 8, a). Kymynsuia F He 3ane-
XWTb BiA rMUOWHW, BMICTY 3ararnbHOI CipkuM Ta MOTYXHOCTI
nnacta. PerioHanbHa cknapgosa BMICTY F 3pocTae y nie-
[OeHHO-3axigHOMY HanpsMKy (puc. 8,6) y ik YKLL,.

BcTaHOBREHO TiCHUA 3BOPOTHIN 3B'A30K MiXK BMICTOM
dTopy i 6epuniem (r = —0,91), TicCHUA NPAMUIA 3B'A30K KOH-
ueHTpauii F 3 BMicTom 30onu ByrinbHoro nnacra (r = 0,96).
JliHiHe piBHSIHHA perpecii:

F =0,0872 + 0,8501 x A% F =0,8879 — 0,8646 x Be.
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Puc. 8. KapTa isokoHueHTpaT BMicTy F (a) Ta kapTa 3MiHM perioHanbHOI cknagaoBoi koHueHTpauii F (6)
y Byrinni nnacra cg"
3akoHoMipHOoCcmMi 3MiHU eéMicmy xpomy. BMicT xpomy nons Ha AinsHui 3i ceepanosuHoto Ne 4095 (puc. 9, a). Kon-
Bapitoe B Mexax Big 5,33 r/t go 38,56 r/t. CepenHe 3Ha- ueHTpauis Cr He 3anexuTb Big rmubuHM, BMICTY 3aranbHoi
YeHHs No nnacTy ctaHoBuTb 21,68 r/T. Hanbinblwa nokadia cipku Ta 3onu y Byrinni. PerioHanbHa cknagosa Bmicty Cr

CrocTepiraeTbCA y MNIBHIYHO-3aXi4HIN YaCTWHI  LLIAXTHOTO 3pocTae B MiBHIYHO-3axiAHOMY HanpsiMKy (puc. 9, 6).



~22 ~

B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

YCTaHOBMNEHO TiCHWI 3BOPOTHUI 3B'A30K MK BMICTOM
XPOMY i NOTYXHICTIO BYyrinbHoro nnacta (r = —0,95), TicHun
npsmMuii 3B'a30K 3 Kymynsuieto mapranuto (r = 0,83), Hikento
(r=0,84), cBuHuto (r = 0,89), kobanbTy (r = 0,88), BaHagio
(r = 0,90). ITiHifHI piBHAHHS perpecii:

Cr=0,9262 - 0,893 x m;
Cr=0,0856 + 0,7993 x Mn;
Cr=0,169 + 0,7405 x Ni;
Cr=0,0749 + 0,8526 x Pb;
Cr=-0,0136 + 0,8725 x Co;
Cr=0,0233 + 0,8909 x V.
3akoHomipHocmi 3MiHu emicmy eaHadito. Kymynsiuis
BaHafilo KonueaeTbCcA y Mexax Big 1,56 r/t go 27,26 r/t
(puc. 10, a). CepefHe 3Ha4eHHs MO NNacty CTaHOBUTb
15,08 r/T. AinsiHka 3 HanbinbLiow nokadieto V — y niBHiYHO-
3axigHi  YacTuHi WwaxTHoro nons 6ins  cBepanoBUHU

Ne 4095. BmicT V He 3anexuTb Big rmMunbuHN, KOHUEHTpauii
3aranbHoI Cipku Ta 3onu y Byrinni. PerioHanbHa cknagosa
BMICTYy LibOrO enemMeHTa 3pocTae B NiBHIYHO-3axigHOMY Ha-
npsimky (puc. 10, 6).

YCTaHOBMEHO TiCHWIA 3BOPOTHUI 3B'A30K MiXK BMICTOM
BaHafito i MoTYXHicTro ByrinbHoro nnacra (r = —0,93), TicHui
npsIMniA 3B'A30K 3 KOHLIEHTpauieto kobanbTy (r = 0,88), map-
raHuto (r = 0,85), ceuHuto (r = 0,92), xpomy (r = 0,90), Hikento
(r = 0,85). JiHinHI piBHAHHSA perpecii:

V =0,9747 — 0,9227 x m;
V =0,0141 + 0,8836 x Co;
V =0,102 + 0,834 x Mn;
V =0,0918 + 0,8877 x Pb;
V =0,0751 + 0,9166 x Cr;
V =0,1929 + 0,7639 x Ni.

Puc. 9. KapTa i3okoHueHTpaT BmicTy Cr (a) Ta KapTa 3MiHU perioHanbHOI CKNafoBoi KoHUeHTpauii Cr (6)
y Byrinni nnacta cg"

]

Puc. 10. KapTta i3okoHUeHTpaT BMicTy V (a) Ta KapTa 3MiHM perioHanbHOI CKNafoBoi KoHUeHTpauii V (6) y Byrinni nnacrta cg"

BucHoBkK. Ha ocHOBi 0TpMMaHKx pe3ynbTaTiB ctaTuc-
TWU4YHOI 0O6pO6KM reoximivyHOi iHdopmaLii Ta aHanidy nobyao-
BaHMX KapT i3okoHueHTpaT TiMTE i kapT perioHanbHOi
CKMafoBoi iXHbOrO BMICTY MOXHa ccpopmynoBaTh Taki oc-
HOBHi BUCHOBKMU:

1. CninbHe Hakonu4yeHHsi Co, Ni, Pb, Cr, Vi Mn 3 yTBO-
PEHHSAM reoxiMivYHOI acouialii 1 TiCHUA HeraTMBHUI 3B'SI30K
KOHLIEHTpaLi Unx eneMeHTIiB 3 NOTYXHICTIO BYriNbHOro nna-

cTa 06yMOBIEHI iXHIM CNiNIbHUM HAKOMUYEHHSAM Y MPUKOHTa-
KTOBMX AiNsiHkax nnacrta 3 popMyBaHHSAM CBOEPIOHUX 30H
36aradeHHs noTyxHictio 0,15 -0,2 m.

2. bepunivi € eanHUM enemeHToMm 3 ycix TIMNTE nepesaxHo
MOB'A3aHMM 3 OpraHi4yHO CKIaoBOo BYTiNMS nnacra.

3. TicHui KopensuiiHuiA 3B'A30k acouiauii Hg i As 3 Saar.
i aHani3 NpoCcTOpPOBOro po3TallyBaHHS aHOManin uux ene-
MEHTIB 3 reofioro-CTpyKTypHUMM OCOBMMBOCTAMM LUAXTO-
nnacta cBigYMTb MPO HaKOMWYEHHS LMX €eneMeHTiB Ha
noctceanMeHTauiiHoMy eTani (opMyBaHHSA BYrMEHOCHUX
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BigKnagiB Ta IXHbOro reHeTUYHOro 3B'A3Ky 3 PO3PUBHUMU
cTpykTypamu. Mpuyomy SIKLLO BENMUKI PO3PUBHI MOPYLUEHHS
BifirpaBanu B OCHOBHOMY Pofib MNiABIAHMX | TPAH3UTHUX Ka-
Hanis, TO APiOHI NopyLleHHs i 0cobnnBo onepsitodi X 30HM
TPILUMHYBATOCTi BUKOHYBAaNu KOHTPOIIOYY (DYHKLHO.

4. ®1op € eanmHUM enemeHTom 3 ycix TIMNTE, nepeBaxHo
noB'a3aHnMM 3 MiHeparnbHOIO CKIadoBo BYriNMs nnacta.

OcHOBHe HayKOBe 3Ha4YeHHSA OTPMMaHuX pe3ynbTaTis
nonsrae y BCTaHOBIEHHi reoxiMmiyHmx acoudiauin TilMTE
i reHeTUYHMX NPUYMH TXHBOI MIHMMBOCTI y BYrinni nnacra,
a TaKOoX Y BUSABMEHHI NOMIreHHOro i NoMiXPOHHOro Xapak-
Tepy IXHbOro HaKOMUYEHHS.

MpakTu4He 3Ha4YeHHS OTPUMAaHNX pe3ynbTaTiB nonsirae
B NoOyaoBi kapT isokoHueHTpaT TIlMNTE y Byrinni nnacta i po-
3paxyHKy PiBHSAAHb perpecii Mix iXHiM BMICTOM i OCHOBHUMM
TEXHOMOTYHNUMW NapameTpamMu.

MNepcnekTuBu nogansworo BuB4YeHHsA TilTTE y Byrinni
JoHbacy monsratoTb y AOCMIOXEHi PO3MNOBCIOOXEHHS LMX
eneMeHTIB Y BYrinni iHWKX nnacTiB, Y TOMY YMCAi 3 iHWWUMK
cTyneHamu Byrnedikadii Ta MeTamopdiamy, 3 METOK BCTa-
HOBJIIEHHS 0COBNMMBOCTEN IXHBOrO HAKOMUYEHHS | pO3POOKM
crnoco6iB i METOAIB 5K IXHBOrO NMPOrHO3y, TakK i MPOrHo3y Te-
XHOMOTYHMX NapameTpiB BYrinms, MiHANBOCTI TPIiLLMHYBaTO-
CTi W NOTY>KHOCTI BYFifIbHUX NNacTiB.
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TOXIC AND POTENTIALLY TOXIC ELEMENTS IN THE COAL OF THE SEAM Cs"
OF THE "BLAGODATNA" MINE OF PAVLOHRAD-PETROPAVLIVKA GEOLOGICAL AND INDUSTRIAL AREA

Toxic elements in coal are one of the main sources of environmental pollution. Their content in coal is quite high, therefore the modern raising
of ecological requirements needs taking into account the influence of coal-mining enterprises on state of environment. This causes the need of new
scientifically grounded methods for forecasting the content of toxic and potentially toxic elements (TaPTE) in rock mass, as well as in mining waste
and coal enrichment.

In the article, the results of investigations of TaPTE in coal seam cs" of "Blagodatna” mine field of Paviohrad-Petropavlivka geological and
industrial area of Donbas are considered, for the purpose of establishing regularities in their spatial distribution. The average content and lateral
variations of TaPTE concentrations in coal seam were established, maps of the isoconcentrate of TaPTE and maps of the regional constituent of their
contents in the area were constructed. The constructed maps are the factual basis for the long-term forecast of the concentrations of TaPTE in the
rock mass extracted from mines. Linear regression equations are calculated, they characterize relationship between the concentrations of toxic and
potentially toxic elements and the main technological parameters of the investigated layer. These equations can be used for short-term and medium-
term forecasting of TaPTE content in the extracted rock mass. In its turn, such forecasts should serve as the basis for technological solutions aimed
at reducing their content in products and waste of coal enrichment.

In addition, analysis of the result of statistical processing of geochemical information and geological and structural characteristics of the seam
cs” of mine field of "Blagodatna” mine indicates that the formation of the association of Co-Ni-V-Pb-Cr-Mn is associated with the enrichment of contact
zones of the coal layer by these elements with thickness of 0,15-0,20m. The association of Hg and As is due to their genetic connection with the
sulfide mineralization of fractured zones of tectonic nature.

Keywords: coal seam, coal height, ash, sulfur, toxic and potentially toxic elements, map of isoconcentrate, map of regional component, regression
equation.
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TOKCWUYHbIE U MOTEHLUWUAJIBHO TOKCUYHbIE SNMEMEHTbI B YITE MMACTA Cst 5
LWAXTbI "BJIIATOOATHAA" NABNOIPAACKO-METPOMABJIOBCKOIO reonoro-nPOMbILLIIEHHOINO PAOHA

Tokcu4Hble aneMeHmMbI 8 yaiie s18/1s1FoMcsi 0OHUM U3 OCHOBHbIX 3az2psi3Humerneli okpyxaroujeli cpedbl. x codepxxkaHue e yane siensiemcsi 30cmamoyHo
8bICOKUM, 103MOMY CO8PEMEHHbIe 3Ko/To2u4eckue mpeboeaHusi 06s13aHbl y4umbieams enusiHue yarnedobblearoujux npednpusmuli Ha cocmosiHue cpedbl.
3mo, e ceoro o4yepednb, obycraeiueaem nompe6HOCMb 8 Ho8bIX Hay4YHO 060CHOBaHHLIX Memodax MPo2Ho3a codep)KaHUsi MOKCUYHbIX U MomeHyuanabHO
mokcuyHbIx anemeHmos (TullT3) e 2opHoli Macce, komopasi 0obbleaemcsi, a maioke 8 omxodax Ao6bI4YU U y2reobo2auleHust.

PaccmompeHrbl pe3ynbmamsi uccnedosaHuli TullT3 e yane nnacma cs" nonsi waxmel "BnazodamHasn” [Maenozpadcko-llemponasnoeckozo 2e-
0/1020-NpPoMbIWIIEHHO20 palioHa [JoHbacca ¢ yesibio ycmaHOo8JIeHUs1 3aKOHOMEPHOCMel UX NMPocmpaHCcMeeHHo20 pacnpedesieHusi. YcmaHo8J/1eHo
cpedHee codepxaHue U lamepasibHble 8apuayuu KoHueHmpayuu TullTO e yene nnacma, nocmpoeHbl Kapmbl u3okoHueHmpam TullT3 u kapmbi
peauoHanbHol cocmasnsarowel ux codepxaHuli 0nsi uccrnedosaHHol niowadu. llocmpoeHHble Kapmbi fensiromcsi hakmosioau4eckoli ocHoeol
0ns1 on120cpPOYHO20 NPo2HO3a KoHYeHmpauyul TullT3 e dob6bieaemoli waxmol 2opHol macce. s amozo paccyumaHbl IUHelHble YpagHeHUsl pe-
2peccuu, Komopbie xapakmepu3yom ces3b Mexdy kKoHueHmpayusimu TullT3 u 0OCHOBHbLIMU MEXHO/I02UYeCKUMU napaMempamMu uccriedogaHHoO20
nnacma. 3mu ypaeHeHusi Mo2ym 6bimb UCMOIb308aHbl OIS KPamMKOCPOYHO20 U CPpedHeCPOYHO20 Mpoz2Ho3a codemxkaHusi TullTI e dobbieaemoli
20pHoU Macce. B ceoto oyepedb makoli Mpo2HO3 GO/IKEeH CIYXXUmb OCHO8aHUEM OJIsi MeXHOI02Uu4eCcKUX peweHul, HanpaesieHHbIX Ha CHUXeHue
codepxaHusi TullT3 e npodykmax u omxodax yaneobo2aujeHus.

Kpome amoezo, aHanu3 pesynsmamoe cmamucmuyeckol o6pabomku 2eoxumuyeckoli UHhopmayuu u 2eos1020-cmpyKmypHol xapakmepuc-
muku nnacma cg" nonsi waxmsl "bnazodamHasn" ceudemenbcmeyem, Ymo ¢gpopmuposaHue accoyuayuu Co-Ni-V-Pb-Cr-Mn cesizaHo c o602aueHuemM
amumu anemer I MPUKO 108bIX 30H Y20/1bHO20 nnacma moujHocmsto 0,15-0,20 m. [lokazaHo, Ymo 6epunnuli ssensiemcsi eOUHCMEEHHbIM
a71IeMeHmMoM, NpeuMyu4ecmeeHHo cesi3aHHbIM ¢ opa2aHuveckol cocmasnstouieli yans. Accoyuayusi Hg u As o6ycroeneHa ux 2eHemu4yecKoli cesi3bio
¢ cynbgudHoli MuHepanusayuel mpeujuHoeambiX 30H MEKMOHUYecKoU npupoosbl.

Kntoyeenie croga: y2osbHbIl niacm, MOWHOCMb, 30/1a, cepa, MOKCUYHbIE U MOMeHYuabHO MOKCUYHbIE 3/1eMeHMbI, Kapma U30KOHUeHmpam,
Kapma peauoHanbHoli cocmasnsitouell, ypasHeHue pe2peccuu.




