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NPO PO3NoAIN TOKCUYHUX | NTOTEHLIMHO TOKCUYHUX ENIEMEHTIB
Yy BYrinsi NNACTA C;" LWWAXTU "NABJIOrPAACbKA"
NABJIOrPAACbLKO-NMETPONABJIBCbLKOIO FrEONOro-nPOMUCNIOBOIrO PAMUOHY

(PexomeHA08aHO YrieHOM pedakyiliHoi Kosezii 0-poM 2eos. Hayk, doy. C.€. LUIHrokoeum)

MidsuujeHHs1 suMo2 00 OXOPOHU HaBKOTUWHBO20 cepedosulia ma epaxyeaHHsi ernusy eyanedobyeHux nidnpueMcme Ha eKosioai-
4Hy o6cmaHoeKy o6ymMoeritoe nompeby 8 Ho8UX HayKo8o 06rpyHMo8aHuUx Memodax po2HOo3y eMicmy MOKCUYHUX i MTOMEeHYiliHO MoK-
cuyHux enemeHmis (TIilITE) y audobyeHiti waxmamu 2ipHudyil maci, eioxodax eudobymky i 8yane3b6a2aqeHHs1.

Po3sansdarombcsi pesynsmamu docnidxenb TillITE y eyeinni nnacma c;" nons waxmu "lNaenozpadcbka” lNasnozpadcbko-Ile-
mponaeniecbko2o 2eos1020-pomuciiogoeo palioHy fJonb6acy. Mema po6omu — ycmaHoeieHHs1 3aKkoHoMipHocmel e po3nodini Ti-
ITE y syeinni nnacma c;".

Y pe3ynbmami eukoHaHux docnidxeHb ycmaHoesieHo eapiauii emicmy i cepedHi konuenmpaduii TilITE y eyzinni nnacma, no6ydo-
e8aHo kapmu i3okoHuyeHmpam TillTE i kapmu pezioHanbHOI ckiiadoeoi ixHb0o20 emicmy no nnowi waxmonnacma. [lo6ydoeaHi kapmu
€ ¢hakmos102i4Hor0 0CHOBOH 0151 A0820CMPOKOBO20 MPO2HO3Y KoHUeHmpaduil TilITE y eudobymili waxmoro 2ipcbkili Mmaci. Po3pa-
X08aHO JliHilHI pieHSIHHS peapecii MiX KOHUeHmMpayisiMu MOKCUYHUX i MOMEeHYiliIHO MOKCUYHUX e/leMeHmie ma OCHO8HUMU MeXHOo-
Js102iyHumMu napamempamu. Lji pieHsiHHs1 MOXXymb 6ymu eukopucmaHi 87151 KOPOMKOCMPOK08020 i cepedHbLOCMPOKO80O20 MPO2HO3Y i
koHmposnto emicmy TillITE y eudobyeHili 2ipckkili maci. Y ceoro yepay, 00820-, cepedHbO- i KOPOMKOCMPOKO8i NMPO2HO3U KOHUeHm-
payit Til[ITE maromb cryxumu niocmaeoro Oy MeXHOJI02i4HUX pilWleHb, CMPSIMO8aHUX Ha 3HWXEHHS IXHbOo20 eMicmy 8 nMpodyKmax
ayanesudobymky, npodykmax i eidxo0ax syarnie3ba2ayeHHs1.

AHani3 pesynbmamie cmamucmu4Hoi 06po6bku 2eoximiyHoi iHghopmauii i 2eor1020-cmpykmypHOi Xxapakmepucmuku rnsiacma c;” nonsi
waxmu "lMaenozpadcbka” do3eosnue ecmaHosumu, w0 ¢hopMyeaHHs1 acoyiayii kobanbmy, Hikento, eaHadito, CERUHYIO, XPOMYy ma map-
2aHyo roe'a3aHo i3 36a2a4eHHsIM YUMU esleMeHmamu NMPUKOHMAaKmoeux 30H 8y2inbHo20 nacma i 2eHemu4Ho obyMoesieHe ensiueom
adcopbuyiliHozo i okucoeanbHO-8i0HOEN08aIbHO20 6ap'epie Ha Migpayito peyoeuHu e npoueci diazeHe3y i kamazeHe3y 8y271eHOCHOI
moeuwi. JoeedeHo, wjo 6epurili € eQUHUM esleMeHMoM, repee8axKHo o8 'si3aHuUM 3 opa2aHi4HOIo ckiladoeoro ayzinns. Acouiauiss pmymi i
Muw'siky obymoersieHa ix 2eHemu4YHUM 38 'sI3KoM 3 cyibhiOHOI MiHepasi3ayiero mpiwjuHyeamux 30H MeKMOHIYHOT Mpupodu.

OcHogHe HayKoge 3Ha4YeHHSs1 pe3yJibmamie 8UKOHaHUX O0C/iOeHb MoJIsi2a€ y 8CMAaHOBIIEHHI 2eHeMUYHUX MPUYUH, sIKi YUHSIMBb ic-
momHuuti ennue Ha ocobnueocmi po3nodiny TillTE y eyeinni nnacma c;".

Knroyoei crnoea: eyzinbHUl nnacm, nomyHicms, 30/1a, Cipka, MOKCUYHI i MOMeHYiliHo MOKCUYHi efleMeHmu, Kapmu i30KOHYyeHm-

pam, kKapmu pezioHasIbHOI CK/1ad0eoi, PieHsIHHSI pe2pecii.

Beryn. JocnigxyBaHa TepuTopia po3TalloBaHa B Me-
xax lMaBnorpagcbko-INeTponaeniBCLKOro reonoro-npomMmc-
noeoro parnoHy 3axigHoro [oH6acy i agmiHiCTpaTUBHO Ha-
nexntb o lMaenorpaacebkoro panoHy [QHINponeTpoBCbKOi
obnacrti. 3pocTaHHs BUMOT 4O OXOPOHU HaBKOMNULLIHLOIO Ce-
penoBuwia 06ymoBnioe NoTpeby B HOBMX HAYKOBO OOIpyH-
TOBaHMX METOAaX NPOrHo3y BMICTY TOKCUYHUX i MOTEHLiIAHO
ToKcnyHux enemeHTiB (TIMNTE) y BuoobyBHin waxramu rip-
CbKili Maci Ta Bigxoaax BnaobyTKy i ByrnesbaraveHHs. Oco-
O6nvBa akTyanbHiCTb JaHOT Npobnemu B13Ha4YaeTbcs 3ako-
HoM YkpaiHu "Mpo Hagpa", noctaHoBamu KabiHeTy MiHicT-
pie Ykpainm Ne 22 Big 30.09.95 ta Ne 688 Big 28.06.97, a
TakoX HopmaTuBHUMK fokymeHTamm K3 [4].

OcTaHHi pgocsAirHeHHA. PaHiwe B. lwkoBuM cninbHO 3
A. YHopHobyk, [. Muxanb4oHok, B. [1Bopeubkum [5-9] goc-
nigpxeHo ocobrnmeocTi posnoginy aeskux TilMTE y npoayk-
Tax i Binxogax 36aradeHHst psagy ByrnesbaradyBanbHux da-
6puk OoHbacy. BogHouac, po3rnsg i aHani3 posnoginy Ti-
MTE y syrinni nnacta c7" waxtun "Maenorpaackka” Maeno-
rpagcbko-lNeTponaeniBcbKOro reocnoro-npoMm1CIIoBoro pan-
OHY paHille He BUKOHYBarnmcs.

MeTa po60oTu: yCTaHOBUTU 3aKOHOMIPHOCTI B pO3noaini
TiMTE y Byrinni nnacta c7 nonsa waxtn "lMaBnorpagcbka”
MAT "OTEK Masnorpaasyrinns".

Buknag ocHoBHoOro martepiany. Metoauka pocni-
DkeHb. Posrnan posnoainy TiMNTE B reonoriyHmx o6'ektax
pi3HOro xapaktepy i MmacluTaby € Heo6XiAHUM ANst BCTAHOB-
FNEHHs1 3aKOHIB iXHbOI Mirpauii, KOHLEeHTpaLii i po3citoBaHHS.
OcobnuBicTb BUKOHAHMX AOCNIAXEHb Nonsirana B HEMOXIN-
BOCTi 6e3nocepeaHbOro CrnocTEPEXEHHSA LMX MpoueciB. Y
LbOMY BUMAOKY PO3rnsia AUHaMiK/M NPoLECiB TpaanLUinHO BU-
KOHYETBCS LUMAXOM MOPIBHAHHSA CTATUCTUYHUX OaHUX Ta
aHanisy kaptorparpadiyHux maTepianis LWOAO po3noainy Xi-
MiYHMX eNeMEHTIB B po3rnsaHyTux ob'ektax. MoTim ogepxaHi

pe3ynbTaTu iHTepnpeTyTbCs 3 ypaxyBaHHAM (i3nko-Ximiy-
HWX | reonoriYHMx ocoBrMMBOCTEN.

OTxe, oTpumaHHA iHdOpMaLii NPo PO3NOAIN XiMiYHUX
eneMeHTIB Y reonoriyHnx ob'ekTax € nepmm eTanom oc-
NiDKEHHs, WO hae Big y3aranbHeHHs1 (hakTUYHOro marepi-
any, Yepes Noro TeOpeTU4He OCMUCIIEHHS A0 NEPEBIPKM BU-
AABNIEHMX 3aKOHOMIPHOCTEW AOCMIOHUM LLFISIXOM.

Mpobu Bipnbupanuca y ripcbkux Bupobkax (nnacrtosi
npo6w, BigibpaHi bopo3HoBMM cnocobom [3]) i 3 aybnikaTis
KepHa ocobMcTo aBTOpaMu Ta 3a y4acTio CriBpObITHUMKIB re-
onorivyHmnx cnyx6 ByrnenoOyBHMX NiANPUEMCTB i BUPOOHU-
4YMX reonioroposBigyBanbHUX opraHisadin B nepiog 3 1981 no
2013 pp. O6car KOHTpOnbHOro BUNPOOYBaHHSA CTaHOBUB
5 % Big 3aranbHoro o6cAry npo6. Yci aHanitnyHi poboTn Bu-
KOHYBanucs B LEHTpanbHMX cepTudikoBaHmxX nlabopartopisx
BMPOOHUYMX reornoropo3sigyBarnbHUX oOpraHizaui. Bmict
Hg Bu3HavaBcs aTomHO-abcopOLiiHm aHanisom, As 3a [1],
iHWi TiMTE — KinbKiCHUM eMiCiMHUM chneKkTparnbHUM aHani-
30Mm [2]. Ha BHyTpiLLHiA nabopaToOpHWIN KOHTPONb Hanpas-
neHo 6 % pyb6nikatis Npo6. 3oBHiWHLOMY NnabopaTopHOMy
koHTponto nigaaHo 10 % aybnikatiB npo6. AkicTb pe3ynbTa-
TiB aHanisiB (MpaBWUIbHICTb i BiATBOPIOBAHICTb) OLiHIOBA-
nacs sk 3Ha4YMMiCTb cepeHbOI CUCTEMATUYHOT NOXUOKM, L0
nepeBipseTbCA 3a ONOMOrot KpuTepito CTbioeHTa, i 3Ha-
YMMICTb CepeaHbOi BUMAAKOBOI MOXMOKKM, sika nepeBipsi-
€TbCA 3a gonomoroto kputepito Piwepa. Ockinbky BkasaHi
BuLLe Noxubku npu piBHi 3Ha4ymMmocTi 0,95 € He3Ha4yHMMM,
SKICTb aHani3iB BM3HAHO 3a0BIiNbHOL0.

Ha nouaTtkoBomy eTani 06pobku NepBMHHOI reoXimMiYHOT
iHdbopmaii 3a gonomoroto nporpam Excel 2016 i Statistica
6,0 po3paxoByBanuncst 3Ha4eHHs1 OCHOBHMX OMNCOBKX CTaTU-
CTUYHUX MOKa3HWKIB (BUOIPKOBOrO cepeaHboro apugpmeTmny-
HOro, Moro ctaHa4apTHOI NOXMOKKU, MefiaHn, ekcuecy, Moau,
CTaHAapTHOrO BiAXUNEHHs, ancnepcii BUBipku, MiHiManbHOro
i MakcrmanbHOro 3Ha4YeHHs BMICTY, koeddilieHTa Bapiauii,

© lwkos B., Kosiun €., 2017
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acumeTpii BUGipkK), BUKOHYBanack nobyaoBa 4acTOTHMX Tic-
TOrpam BMICTY i BCTAHOBMEHHS 3akoHy posnoainy TillTE.

3 MeTol BUSBMEHHA CKNagy reoxiMiyHuX acouiauin
Oynu pospaxoBaHi koedilieHTn kopensuii (r) Mk BMiCTOM
TiMNTE. B eguHy reoximivyHy acouiauito o6'egHyBanucs ene-
MEHTU, B AKMUX 3B'A30K MiX BMICTOM ONUCYETLCA Koediuie-
HTOM Kopensuii, wo nepesuitye 0,5, 3 piBHEM 3HAYUMOCTI
He meHwe 95 %.

Mpu ouiHUi 3B'A3KY TOKCMYHUX i MOTEHLINHO TOKCUYHUX
eneMeHTiB 3 opraHiyHol abo MiHeparnbHOK YacTUHOIO BY-
rinns BUKOPMCTOBYBANmUCs KoeilieHTn CnopigHeHocCTi 3 op-
raHi4YHOK PEYOBUHOI Fo, LLIO MOKA3yOTb BiAHOLLEHHS BMICTY
enemMeHTIB y BYrinmni 3 manot (< 1,6) i BUCOKOO LUiNbHICTIO (>
1,7); koediuieHT HaBeaeHo! KOHUeHTpauii Fu, WO nokasy-
10Tb BiHOLLEHHSI BMICTY enemeHTiB y dopakuii i(Ci) go Bmicty
Y BUXiZHOMY BYrinni; koedilieHTn kopensuii BMiCTy JOCHimKY-
BaHWX eNeMeHTIB i 30NbHOCTI BYrinns i koediuieHTn HaBeqe-
HOro BUIyYEHHS enemeHTa y dpakLii pisHOT LWiNbHOCTI.

Mpun NnobyaoBi BCiX kKapT BUKOpMCTOBYBanacs nporpama
Surfer 11. Y xogi nobynoswu kapT, rpadikiB i po3paxyHKy Ko-
ediuieHTiB kopensuii BCi 3Ha4eHHA koHueHTpauin TiMNTE Ho-
pMyBanuck 3a opMyIio

XHOpM =(Xi - Xmin)/(Xmax— Xmin),
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ne Xi — pe3ynbTar OOUHWUYHOIO BU3HAYEHHST KOHLEeHTpauil
enemeHTa, Xmax — pesynbTaT MakCUManbHOIrO BU3HAYEHHS
KOHUeHTpauii enemeHTa, Xmin — pesynbTaT MiHiMansHOro
BU3HAYEHHSI KOHLIEHTpaUil enemeHTa.

HopmyBaHHS 3gilcHioBanocs Ans npMBedeHHs BUBIpoK
[0 ogHoro maclutaby.

3aKOHOMIPHOCTiI 3MiHM BMicTy MULWI'AKY. BmicT As y
Byrinni nnacra (puc. 1, a) xapakTepuayTbCs 3Ha4YHUMU Ba-
piauismu. BiH 3miH0eTECSA B Mexax Big 4,01 r/T no 20,34 r/t
i He NOB'A3aHMI 3 HaNPAMKOM NafiHHA, rMMBKMHOK Ta NoTy-
XHICTIO BYFiNbHOrO MnacTa, KOHLUEHTpaLie 30MmM BYTinns.
CepefHe 3Ha4YeHHs BMICTY MULL'AKY MO MacTy CTaHOBUTb
9,27 r/T. Hanbinblue 3Ha4YeHHs BMICTY As — y NiBAEHHO-CXi-
[OHiN YacTuHI WwaxTHoro nonsi. BoHo npoctopoBo 36iraeTbest
i3 cBepanoBunHoto Ne H32118. Kapta 3MmiHWM perioHanbHoi
CknafoBoOi KOHUeHTpauii As, npeacTtaeneHa Ha (puc. 1, 6),
nokasye 36inbLUeHHs Aoro BMICTY y BYrinni nnacra c7" B nis-
OEeHHO-CXigHOMY HanpamKy. Mwuw'ak dopMye reoxiMiyHy
acouliauito i3 pTyTTto (r = 0,76) i NOB'A3aHWI i3 BMICTOM Y BY-
rinni cipku 3aranbHoi (r = 0,78). JiHifHI piBHSAHHA perpecii:

As =0,1436 + 0,7889 x Hg;

As =0,2385 + 0,7269 X Saar.
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Puc. 1. KapTta i3okoHUeHTpaT BMicTy As (a) Ta kapTa 3MiHM perioHanbHOI CKNnapaoBoi KoHUeHTpauii As (6) y Byrinni nnacra c;"

3akoHOMipHOCTi 3MiHM BMicTy 6epunito. KonveaHHsS
KoHuUeHTpauii Be y Byrinni nnacta — Big 1,87 r/t go 3,65 r/t
(puc. 2, a), npu cepegHbOMy 3HaYeHHi — 2,95 r/T. HanbinbLwui
3HaYeHHs1 BMICTy Gepunito — y NiBAEHHIA YaCTUHI LLAXTHOrO
nons Ha ginaHui ce. Ne 995 i Ne 348. KoHueHTpauisa Be He
3anexuTb Big rMOVHK, NOTY)XHOCTI NnacTa Ta BMICTY 3ara-
NbHOI cipku y Byrinni. PerioHanbHa cknagosa BMICTY LbOro

ernemeHTa 3pocTae B HaNpsIMKY NafiHHA nnacra, y niBHiYHO-
CcXigHOMYy HanpsiMky (puc. 2, 6).

CnocTepiraeTbCsl TiCHa 3BOpOTHA CTaTUCTU4YHA 3anex-
HicTb Mk BmictoMm Be i 3onow (r = -0,88), dTopom
(r =—-0,81). NiHinHi piBHAHHSA perpecii:

Be = 0,9131 — 1,0225 x A%

Be =0,9173 -0,9943 x F.
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Puc. 2. KapTta i3okoHUeHTpaT BMicTy Be (a) Ta kapTa 3MiHM perioHanbHoOI cknapoBoi KoHUeHTpauii Be (6) y Byrinni nnacra c;"

3aKoHOMipHOCTi 3MiHM BMicTy ko6anbTy. BmicT koba-
NbTy 3MiHIOETbCA B Mexax Big 3,17 r/1 po 10,22 r/t
(puc. 3, a). CepeaHe 3HayYeHHs KOHLEHTpauii kobanbTy no
nnacty ctaHoButb 6,33 r/T. MakcumanbHe 3Ha4YeHHs BCTa-
HOBMEHO B 3axigHin YaCTUHI LWaxTHOro nomns Ha AinsHui cB.
Ne H32038. KoHueHTpauis Co He 3anexuTb Big rmubuHum,
BMICTYy 3aranbHOl Cipku Ta 3onu y Byrinni. PerioHanbHa
cknagosa BMicTy Co 3pocTae B MiBHIYHO-CXiQHOMY Hanpsi-
MKy nagiHHsa nnacta B 6ik YKL (puc. 3, 6).

YCTaHOBMNEHO TICHWI 3BOPOTHUI 3B'I30K MiXK BMICTOM KO-
6anbTy i NOTyXHicTio ByrinbHoro nnacta (r = —0,80), TicH1A
npsamMuiA 38'a30K 3 Kymynsuieto mapraHuto (r = 0,76), Hikento

10 20 30 40 50 60 70 80 90 a

(r = 0,66), ceuHuto (r = 0,85), xpomy (r = 0,84), BaHagito (r =
0,74). NiHinHI piBHAHHSA perpecii:
Co =0,6346 — 0,5463 x m;

Co =0,1261 + 0,7604 x Pb;
Co =0,1622 + 0,727 x Mn;
Co =0,0844 + 0,8552 x Cr;
Co=0,1721 + 0,5291 x Ni;
Co=0,1645 + 0,7873 x V.
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Puc. 3. Kapta i3okoHueHTpaT BmicTy Co (a) Ta KapTa 3MiHU perioHanbHOI CKnafoBoi KoHUeHTpauii Co (6) y Byrinni nnacTa c/*

3aKkoHOMipHOCTi 3MiHM BMicTy MapraHuto. KoHUeHT-
pauis MapraHuio Bapitoe Big 92,95r/T go 21941r/T
(puc. 4, a). CepeHe 3Ha4YeHHsI BMICTY MapraHLo no nnacry
ctaHoBuTb 142,73 r/T. Hanbinblue 3HaYeHHs MpuypoYveHo
00 AinsHku nnacty 6insa ce. Ne H32038, sika 3HaxoauTbes y
3axigHin YyacTuHi waxrtHoro nons. Kymynsuis Mn He 3ane-
XWTb Bifl rMOUHW, BMICTY 3aranbHOI CipKv Ta 3011 Y BYTinni.
PerioHanbHa cknagosa BMICTY LibOro efniemMmeHTa Takox 3po-
CTae y HanpsiMKy nagiHHa nnacta (puc. 4, 6).

BusaBneHo TicHUI 3BOPOTHIN 3B'A30K MiXk BMICTOM Mapra-
HUIO i MOTYXHiCTIO ByrinbHoro nnacrta (r = —0,83), TicHui

NpsSMUA 3B'A30K 3 KOHUEeHTpauieto kobanbty (r = 0,76), Hi-
kento (r=0,74), ceuHuto (r=0,81), xpomy (r = 0,75), BaHagito
(r=0,77). INiHiAHI piBHAHHS perpecii:

Mn = 0,6045 - 0,6173 x m;

Mn = 0,0544 + 0,8005 x Pb;
Mn = 0,0058 + 0,865 x Co;
Mn =0,0314 + 0,851 x Cr;
Mn = 0,0552 + 0,6482 x Ni;
Mn =0,0674 + 0,9045 x V.
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Puc. 4. KapTa izokoHueHTpaT BMicTy Mn (a) Ta kapTa 3MiHu perioHanbHOI cknagoBoi KoHUeHTpadii Mn (6) y Byrinni nnacra c;*

3akoHOMipHOCTi 3MiHK BMicTy Hikento. Kymynsuis Hi-
Kenw KonueaeTbca B Mexax Big 15,37 r/t go 32,97 r/1
(puc. 5, a). CepegHe 3HayeHHA NO MNnacty CTaHOBUTb
24,56 r/T. [insiHka 3 HanbINbLWWUM 3HAYEHHSAM KOHLeHTpaLii
HiKen MICTUTbCA B 3axigHilh YacTuHi WaxTHoro nons 6ins
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cB. Ne H32038. BmicT Ni He 3anexuTb Bif rMmMbuHM, KOoHLe-
HTpauii 3aranbHOi cipkn Ta 3onu y Byrinni. PerioHanbHa
CKragoBa BMICTY LIbOro eflieMeHTa 3pocTae B NiBHIYHO-CXia-
HOMY HanpsaMKy nafiHHg nnacta (puc. 5, 6).

Puc. 5. Kapra isokoHueHTpat BmicTy Ni (a) Ta kapTa 3miHM perioHanbHoi cknagoBoi KoHueHTpadii Ni (6) y Byrinni nnacra c;"

YCTaHOBMEHO TiCHWIA 3BOPOTHUI 3B'A30K Mi>K BMICTOM Hi-
Kento i NOTyXHicTo ByrinbHoro nnacra (r = —0,78), TicHui
NpsSIMUIA 3B'A30K 3 KOHLeHTpauieto kobaneTy (r = 0,66), map-
raHuto (r = 0,74), ceuHuo (r = 0,75), xpomy (r = 0,71), BaHa-
aito (r = 0,70). INiHiAHI piBHAHHA perpecii:

Ni=0,7752 — 0,7217x m;
Ni =0,1669 + 0,838 x Pb;
Ni = 0,1449 + 0,8412 x Co;
Ni=0,1471 + 0,881 x Cr;

Ni=0,1812 + 0,866 x Mn;

Ni=0,1815 + 0,9444 x V.

3aKkOHOMIpHOCTi 3MiHU BMicTy pTyTi. 30HM MigBK-
LeHoro BMICTy pTYTi po3TalloBaHi B NiBAEHHIA i niB-
OEHHO-CXiAHIM YacTuHi waxtHoro nons. KoHueHTpauia Hg
Bapitoe B mexax Big 0,0037 r/t go 0,1138 r/T (puc. 6, a).
CepefHe 3HayeHHs no nnacty craHoButb 0,0286 r/T.
Hambinbwa kymynsauis Hg — B niBAEHHIA YacTUHI WwaxT-
Horo nons 6inga ce. Ne H3499. BmicT Hg He 3anexuTb Big
rMMBUHK, NOTYXKHOCTI NnacTa Ta 30mnuM y Byrinni. PerioHa-
nbHa cknagoBa BMICTY LbOro enemMeHTa 3pocTae B MiB-
OEeHHO-CXiAHOMY HanpsIMKy (puc. 6, 6).
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Puc. 6. KapTta isokoHUeHTpaT BmicTy Hg (a) Ta kapTa 3miHu perioHanbHoOI cknagoBoi kKoHueHTpauii Hg (6) y Byrinni nnacra c;*

YCTaHOBMNEHO TiICHWI NPAMUI 3B'A30K MiDK BMICTOM PTYTI
i Cipkn 3aranbHoi y Byrinni nnacta (r = 0,91) Ta 3 KOHUEHT-
pauieto muw'aky (r = 0,76). JTiHiliHi piBHAHHS perpecii:
Hg = 0,1326 + 0,8144 x Szar.;

Hg =-0,0172 + 0,7557 x As.

3aKOHOMIPHOCTiI 3MiHM BMiCcTy CBUHLI. BmicT cBu-
HUIO0 B MeXax nracTa 3MiHeTbes Big 6,97 r/T oo 21,52 r/T.
CepepgHe 3HayeHHs no nnacty ctaHoBuTb 13,14 r/1. Hanbi-
NblUa KOHLEHTpaLUis BCTAHOBMNEHA B 3aXiAHi YaCTWHI LWaxT-
Horo nons Ha ginaHui ce. Ne H32038 (puc. 7, a). KoHueHT-
pauis Pb He 3anexuTb Big rmmMbuHn, BMICTY 3aranbHoi Cipku
Ta 3onu y Byrinni. PerioHanbHa cknagoBa BMicTy Pb 3poc-
Tae B HanNpsIMKy nafiHHA nnacrta, Y MiBHIYHO-CXiAHOMY Ha-
npsiMKy (puc. 7, 6).

YCTaHOBMNEHO TiCHWI 3BOPOTHWUI 3B'A30K MK BMICTOM
CBUMHLIIO i MOTYXHICTIO ByrinbHoro nnacta (r = —0,89), TicHui
npsamMui 3B'A30K 3 Kymynsidieto mapranuto (r = 0,81), Hikento
(r = 0,75), kobanbTy (r = 0,85), xpomy (r = 0,86), BaHagito
(r = 0,80). JTiHiNHI piBHAHHS perpecii:

Pb =0,6722 - 0,7165 x m;
Pb =-0,0146 + 0,9778 x Co;
Pb =0,0833 + 0,8651 x Mn;
Pb =0,0126 + 0,9662 x Cr;
Pb =0,0699 + 0,6779 x Ni;

Pb =0,0758 + 0,9649 x V.
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Puc. 7. KapTa i3okoHuUeHTpaT BMicTy Pb (a) Ta kapTa 3MiHK perioHanbHoiI cknapoBoi koHueHTpauii Pb (6) y Byrinni nnacra c;"

3akoHOMipHOCTI 3MiHu BMmicTy c¢hTopy. BmicTt dpropy
3MiHIOETLCS B Mexax Big 25,69 r/t no 142,63 r/1. CepeaHe
3HaYeHHs1 Mo nnacTty cTtaHoBuUTb 62,29 r/T. MakcumarnkeHe
3HaYeHHs KOHLeHTpaUii dhTopy dikCyeTbCA Ha AinsAHUi 6ins
cB. Ne 3622 (puc. 8, a). Kymynsuia F He 3anexuTb Big rmu-

OU1HW, BMICTY 3aranbHOi Cipku Ta NOTY>XHOCTI nnacta. Perio-
HanbHa ckrnagosa BMicTy F 3pocTtae B niBAeHHO-3axigHOMY
Hanpsimky (puc. 8, 6).

YCTaHOBMNEHO TiCHWUIA MPAMUIA 3B'A30K KOHUeHTpauii F i3
BMicTom 3omm (r = 0,89). JliHinHe piBHAHHS perpecii:

F =0,0634+0,8314 x Ad.
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Puc. 8. KapTa i3okoHUeHTpaT BmicTy F (a) Ta kapTa 3mMiHU perioHanbHoOiI cknagoBoi KoHueHTpaduii F (6) y Byrinni nnacra c;"

3akoHOMipHOCTI 3MiHM BMicTy XpoMmy. BmicT xpomy
Bapitoe B Mexax Big 6,89 r/t go 23,75 r/t. CepeaHe 3Ha-
YeHHa no nnacty crtaHoBuTb 14,07 r/T. Hambinblwe 3Ha-
YEHHS CMOCTEPIraeTbCA B 3aXiAHiM YaCTWHI LUAXTHOrO nons

Ha ainsHui i3 ce. Ne H32038 (puc. 9, a). KoHueHTpauia Cr He
3anexuTb Big rMMBWHK, BMICTY 3aranbHoi Cipku Ta 30mm y
Byrinni. PerioHanbHa cknagoea Bmicty Cr 3pocTtae no na-
[OiHHIO NnacTa y NiBHIYHO-CXiGHOMY HanpsaMKy (puc. 9, 6).
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Puc. 9. Kapta isokoHueHTpaT BmicTy Cr (a) Ta kapTa 3MiHM perioHanbHOi cknagoBoi KoHueHTpaduii Cr (6) y Byrinni nnacra c;"

YCTaHOBMNEHO TiCHWIA 3BOPOTHUIM 3B'A30K MK BMICTOM
XPOMYy i NOTYXHicTio ByrineHoro nnacrta (r = —0,85), TicHun
npsmMuiA 3B'A30K 3 KyMmynsuieto mapraHuto (r = 0,75), Hikento
(r=0,71), ceuHuto (r = 0,86), kobanbTy (r = 0,84), BaHagio
(r = 0,78). IliHiMHI piBHAHHS perpecii:

Cr=0,6192 - 0,568 x m;

Cr=10,0942 + 0,782 x Pb;
Cr=0,1326 + 0,7444 x Mn;
Cr=0,0266 + 0,89 x Co;
Cr =0,1245+0,5768 x Ni;

Cr=0,1198+0,8481 x V.

3akoHoMmipHOCTi 3MiHM BmicTy BaHagito. Kymynsuis
BaHagito konmBaeTbca B Mexax Big 13,31 pgo 37,78 r/1
(puc. 10, a). CepegHe 3HaYeHHs MO nnacTty CTaHOBUTb
22,13 r/1. [insiHka 3 HaNbINbLWMM 3HAYEHHSAM KOHLeHTpaLii
V poaTalloBaHa B 3axifHil YacTuHi LWaxTHoro nons 6ins ce..

Ne H32038. BmicT V He 3anexuTb Big rmMbuHn, KOHLEHTpa-
Ll 3aranbHoi cipkv Ta 3onu y Byrinni. PerioHanbHa ckna-
[0Ba BMICTY LIbOro efleMeHTa 3poCTa€e B NiBAEHHO-CXIQHOMY
Hanpsmky (puc. 10, 6).

YCTaHOBMNEHO TiCHWIA 3BOPOTHUIM 3B'A30K MiXK BMICTOM
BaHagfito i MOTYXHIiCTo ByrinbHoro nnacra (r = —0,84), TicHun
NpsMnUiA 3B'A30K 3 KOHLEHTpauieto kobanbeTy (r = 0,74), map-
raHuto (r=0,77), ceuHuto (r = 0,80), xpomy (r = 0,78), Hikento
(r =0,70). NiHinHI piBHAHHA perpecii:

V =0,5199 - 0,4803 x m;

V =0,0743 + 0,6756 x Pb;
V =0,0428 + 0,7088 x Co;
V =0,0484 + 0,7337 x Cr;
V =0,0913 + 0,6844 x Mn;
V =0,0814 + 0,5349 x Ni.
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Puc. 10. KapTa i3okoHueHTpaT BmicTy V (a) Ta kapTa 3MiHM perioHanbHOI cknagoBoi KOHUeHTpauii V (6) y Byrinni nnacra c;"

BucHoBku. OTpuMaHi B npoueci JochimKeHb pe3yrib-
TaTn JO3BONAOTL CHOPMYNIOBATU Taki OCHOBHI BUCHOBKU:

1. CninbHe HakonuyeHHst Co, Ni, Pb, Cr, Vi Mn 3 yTBO-
PEHHAM reoxiMivyHOT acouiaii  TiCHWUIA HeraTUBHUN 3B'A30K
KOHLEHTpaUin UMX eneMeHTiB 3 MOTYXHICTIO BYrifNbHOro
nnacta o0yMOBIeHi IXHiM CMiNIbHUM HAKOMUYEHHAM Y Npu-
KOHTaKTHUX AinsiHkax nnacra 3 oopMyBaHHSM CBOEPIgHUX
30H 30araveHHs notyxHicTio 0,15-0,2 m. ¥ cBoto 4epry,
YTBOPEHHSA NOAiGHUX 30H NOB'A3aHO 3 iHTerpanbHUM BNNK-
BOM aAcopOUINHOrO Ta OKMCHO-BIAHOBHOIO reoXiMi4yHMX
Oap'epiB Ha KOHTaKTax BYrifIbHOro nnacTa npu mirpadii py-
XOMUX hOPM PEYOBUHM BYTNEHOCHOIT TOBLLI B Npoueci i ai-
areHesy Ta KaTareHeay.

2. bepuniv € eanHum enemeHTom 3 yeix TilTE, akuin nepe-
Ba)XHO MOB'A3aHU 3 OpraHiYHO0 CKIMaJoBO0 BYrinns nnacta.

3. TicHuiA KopensiLinHWi 3B'A30k acouiauii Hg i As 3 Saar.
Ta aHani3 NPOCTOPOBOro po3TallyBaHHA aHOMarni uux ene-
MEHTIB 3 reonoro-CTPYKTYpHUMM OCOBMNBOCTAMU LLAXTO-
nnacra CBiA4YWTb NPO HAKOMWYEHHS LMX ENIEMEHTIB Ha MoCT-
ceaVMeHTaUiHOMY eTani hOpMyBaHHS BYINIEHOCHMX BifK-
napisB Ta IXHbOro reHeTUYHOrO 3B'A3KY 3 PO3PUBHUMU CTPYK-
Typamu. [Npryomy, SKLIO BENUKI PO3PUBHI NOPYLLEHHS Bigir-
paBanu B OCHOBHOMY porib MiABIAHWX | TPAH3UTHUX KaHanis,
TO OpiOHi NOpyLLEHHS, i 0COBNMBO oNepsitoYi X 30HU TPILLK-
HYBaTOCTi, BUKOHYBarnmn KOHTPOIOYY OYHKLIHO.

4. TicH1 npamMuii kopensAuiiHni 38'a3ok F i3 30nbHicTio
BYTINNsA Ta aHanis nobygoBaHMX KapT CBIgYAUTL MPO AOro ne-
peBaXXHe HaKOMUYEHHSA B Mpoueci OpMyBaHHs naneoTop-
d'IHUKa y cknagi WwapysaTrx antoMocurikaTis.

OcHoBHe HayKoBe 3Ha4YeHHs1 BUKOHaHOI poboTv nonsrae y
BCTaHOBIIEHHI reoXxiMivyHMX acoujaui TiIMNTE i reHeTu4YHnX npu-
YMH TXHBOI MIHMMBOCTI Y BYFiNMi Nnacra, a TakoX Y BUSBMEHHI
nonireHHOro i NONIXPOHHOTO XapaKkTepy IXHLOro HAKOMUYEHHS.

MpakTnyHe 3HaYeHHs OTpMMaHuX pesynbTaTiB nondrae
B NoBynoB.i kapT isokoHueHTpaT TIlNTE y Byrinni nnacra i po-
3paxyHKy PiBHSAAHb PErpecii Mix iXHiM BMICTOM i OCHOBHUMM
TEXHOMOTYHUMW NapameTpamMu.
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DISTRIBUTION OF TOXIC AND POTENTIALLY TOXIC ELEMENTS IN THE COAL OF THE LAYER C7"
OF THE "PAVLOGRADSKAYA" MINE OF PAVLOGRADSKO-PETROPAVLOVSKIY GEOLOGICAL
AND INDUSTRIAL DISTRICT

Increasing requirements for environmental protection and influence accounting of coal-mining enterprises on the ecological situation stipulates
the need for new scientifically grounded methods for forecasting the content of toxic and potentially toxic elements (TaPTE) in rock mass, mining
waste and coal enrichment which is mined in mines.

In the article, the results of investigations of TiPTE in coal layer c7* of "Paviogradskaya" mine field of Pavlograd-Petropaviovsk geological and
industrial region of Donbass are considered.The research aims to establish regularities in the distribution of TaPTE in the coal layer c7".

As a result of the performed studies, the content variations and average concentrations of TaPTE in the coal of the layer were established, maps
of the isoconcentrate of TaPTE and maps of the regional constituent of their contents by 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 in mines. Linear regression equations are calculated
between the concentrations of toxic and potentially toxic elements and the main technological parameters.

These equations can be used for short-term and medium-term forecasting and controlling the contents of TaPTE in the extracted rock mass. In
its turn, long-, medium- and short-term forecasts of TaPTE concentrations in extracted rock mass should serve as the basis for technological solutions
aimed at reducing their content in coal mining products, products and waste coal.

Analysis of the result of statistical processing of geochemical information and geological and structural characteristics of the layer c/of mine
field of "Pavlogradskaya"” mine allowed us to establish, that the formation of the association of cobalt, nickel, vanadium, lead, chrome and manganese
is associated with the enrichment of contact zones of the coal layer by these elements and is genetically due to influence of adsorption and reductive-
oxidative barriers on the migration of matter during the diagenesis and catagenesis of coal-bearing series. It is proved that beryllium is the only
element, mainly associated with the organic constituent of coals. The association of mercury and arsenic is due to their genetic connection with the
sulfide mineralization of fractured zones of tectonic nature.

The main scientific importance of the results of the performed studies is the establishment of genetic causes that have a significant effect on the
distribution of TaPTE in coal layer of c/".

Keywords: coal layer, coal height, ash, sulfur, toxic and potentially toxic elements, isoconcentrate maps, regional component maps, regression
equation.
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O PACMPEOENEHUU TOKCUYHBIX U MOTEHUUAIIBHO TOKCUYHbIX SNEMEHTOB B YITIE NMNACTA CH
LWAXTbI "NABIIOrPAOCKAS™" MABJIOIPALICKO-NMETPOMABIIOBCKOIoO
FEOJIOrO-NMPOMBbILIEHHOIO PAUOHA

IMoebiweHue mpeboeaHuli K oxpaHe oKpyxaroujeli cpedbl U yyemy enusiHusi yenedobbigarowjux npednpusimuli Ha 3Kos102u4ecKyro o6¢cmaHo8Ky
ob6ycnoenueaem nompe6HOCMb 8 HO8bIX Hay4HO 060CHOBaHHbLIX MeMoAax MPo2Ho3a codep)KaHuUsi MOKCUYHbIX U MOMeHYuanbHO MOKCUYHbIX 3/1e-
meHmoe (TullT3) e dobbieaemoli waxmamu 20pHoL Macce, omxodax 8o6bIYyu U y2rneob02aujeHusl.

Paccmampuearomcs pesynbmamsi uccnedoeaHulii TullT3 e yane nnacma c7' nons waxmsi "[laenozpadckasn” lMaenozpadcko-Nlemponaenosec-
KO20 2e0J1020-NpoMbIWiieHHo20 palioHa [loH6acca. Ljenbs pabombl — ycmaHoeums 3aKoHOMepHocmu 8 pacnpedesneHuu TullT3 e yene nnacma c7.

B pe3ynbmame 8bINnosIHeHHbIX uccriedo8aHull ycmaHoeIeHbl 8apuayuu codepxaHull u cpedHue koHuyeHmpayuu TullT3 e yane nnacma, nocm-
poeHbl Kapmbl u3okoHyeumpam TullT3 u kapmbl pe2uoHanbHOU cocmaensrowell ux codepxaHuli no naowadu waxmonnacma. lfocmpoeHHble
Kapmbl si8s1siromcsi ¢ghakmosio2uyeckoli ocHogol 011 00s120CPOYHO20 NMPOo2HOo3a KoHueHmpayul TullTO e dobbieaeMol waxmol 20pHOU Macce.
PaccyumaHbi nuHeliHble ypasHeHUs1 pezspeccuu Mexdy KOHUeHmpayusiMu MOKCUYHbIX U MOMeHUUasbHO MOKCUYHbIX 3/1eMeHMOo8 U OCHO8HbIMU
mexHoJsI02u4ecKUMU napamempamu. Amu ypasHeHUs1 Mo2ym 6bimb UCMOJIb308aHbl 07151 KPAMKOCPOYHO20 U CPeOHECPOYHO20 NMPOo2HO3a U KOHMPOoIs
codepxaHuli TullTO e Aobbieaemoli 20pHOl Macce. B ceoto oyepedb Aos20-, cpedHe- U KpamKoCPOYHbIe MPO2HO3bl KOHUeHmpauyul TullT9 e
dobbieaemoll 20pHOU Macce GOIMKHbI CITYXKUMb OCHO8aHUEeM OJisi MeXHOJI02U4YeCKUX peweHull, HarnpaesieHbIX Ha CHUXeHue ux codepXxaHul e npo-
dykmax yanedobbiyu, npodykmax u omxodax yaneobo2aujeHus.

AHanus pesynbmamoe cmamucmuyeckoli 06pabomku 2eoxumuyeckoli UHGhopMayuu u 2e0/1020-CIMPYKmMypHoU Xxapakmepucmuku nnacma c7” nonsi
waxmsl "lMaenozpadckas” No3eonun ycmaHoeums, Ymo hopmMuposaHue accoyuayuu Kobanbma, HUKessi, eaHadusl, CeUHYa, XpoMa U MapaaHya cesi3aHo
¢ o6ozaujeHuUeM amumu 3s1eMeHmamMu NPUKOHMaKMHbIX 30H y20/1bHO20 rjlacma u 2eHemuyecku obycrioesieHo eansiHueM adcopb6yUOHHO20 U OKUCIIU-
menbHO-80CcCMaHo8uUMeNbHO20 6apbepoe Ha Muzspayulo eeujecmea 8 npouyecce oL 1e3a U Ka He3a yaneHocHol monuu. [JokazaHo, Ymo Ge-
punnuti senssemcsi eQUHCMEeHHbIM 3/1eMeHMoM, KOmophbili NPeuMyuw,ecimeeHHO cesi3aH C op2aHuU4Yeckoli cocmaenstowell yanel. Accoyuayusi pmymu
U Mbluwbsika 06ycrioesieHa UX 2eHemu4ecKol c853bHo C CyIbhuGHOU MUHepanu3ayueli mpeujuHo8ambiX 30H MEKMOHUYeCKoU Mpupookbl.

OcHOg8HoOe Hay4HOe 3Ha4YyeHue pe3y/1bmamoe 8bIMoSIHeHHbIX uccredoeaHull 3aK/I0o4aemcsi 8 ycmaHoe/IeHUU 2eHemu4ecKuXx rnpuYvuH, oka3blearo-
wux cywecmeeHHoe 8iusiHue Ha ocobeHHocmu pacnpedeneHusi TullT3 e yane nnacma c7".

Knroyeenie cnoea: y2onbHbIl nnacm, MOWHOCMb, 30/1a, Cepa, MOKCUYHbIe U MOMeHyuasbHO MOKCUYHbIE 3/IeMEHMbI, KapMbl U30KOHUEeHmpam,
Kapmbl pe2uoHanbHOU cocmasnsiiouiel, ypagHeHue pezpeccuu.






