ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexHiuna mexanika. 2021. Ne 158 103

UDC 553.94:550.428 DOI: https://doi.org/10.15407/geotm2021.158.103
TOXIC ELEMENTS IN THE C1 COAL SEAM OF THE BLAHODATNA MINE OF
PAVLOHRAD-PETROPAVLIVKA GEOLOGICAL AND INDUSTRIAL AREA OF DONBAS

'Kozii Ye.S.
Dnipro University of Technology MSE of Ukraine

TOKCUYHI ENEMEHTW Y BYT'INNI NNACTA C1 LUAXTU «BIATOJATHA»
NABNOrPAACBKO-NETPOMABMIBCbKOIO
FEONOro-NPOMUCIIOBOrO PAUOHY IOHBACY
'Koasiti €.C.

'Hayionanvnuii mexniunuii ynisepcumem «Juinposcoka nonimexuixay MOH Ykpainu

TOKCUYECKHUE 3JNIEMEHTbI B YINE MIACTA C4 LUAXTbI «BNTAFOOATHASA»
MABNOrPAACKO-NMETPONABIIOBCKOIO
FEONOrO-NMPOMbILLNTEHHOIO PAMOHA NOHBACA
'Kosuii E.C.

Hayuonanvuwiii mexnuueckuii ynusepcumem «/Jnenposckas norumexnuxay MOH Yxpauno

Abstract. The features of the distribution of toxic elements in the ¢4 coal seam of «Blahodatna» mine field are
considered. The research aims to establish regularities in the distribution of toxic elements in the coal seam ¢4 of
Blahodatna mine of Pavlohrad-Petropavlivka geological and industrial area of Donbas.

Samples were taken from mine opening (reservoir samples, selected by the trench method and from duplicates of
drill core personally). Content of toxic elements was determined by quantitative emissive spectrum analysis.

The values of the main descriptive statistical indicators were calculated.

With the aim of identify the composition of the geochemical associations, correlation coefficients (r) were calculated
between the content of the toxic elements. In a single geochemical association united elements in which the relationship
between the content is described by the correlation coefficient that exceeds 0,5, with a significance level of at least 95%.

As a result of the performed studies, maps of the isoconcentrate of toxic elements and maps of the regional
constituent of their contents by the area of the mine field were constructed. Linear regression equations are calculated
between the concentrations of toxic elements and the main technological parameters of coal.

Analyzing the result of statistical processing of geochemical information and geological and structural
characteristics of the coal seam ¢4 of «Blahodatna» mine field 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 seam by these elements and is genetically is due to influence of adsorption and reductive-oxidative
barriers on the migration of matter during the diagenesis and catagenesis of coal-bearing series.

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 toxic elements in coal seam of .

Keywords: toxic and potentially toxic elements, thickness of a coal seam, ash content, content of total sulfur, map
of isoconcentrate, map of the regional constituent of content, linear regression equation.

Introduction. Pavlohrad-Petropavlivka geological and industrial area of Western
Donbas administratively belongs to the Pavlohrad district of Dnipropetrovsk region.
The study of the features of the distribution of toxic elements in the coal of the seams
in this district is associated with increasing requirements for environmental
protection, which necessitate the need for new scientifically based methods for
predicting the content of toxic elements in rock mass that extracting by mines and
mining waste and coal enrichment. For an objective impact assessment of the coal-
mining industry and heat power engineering companies on the environmental
situation and planning the most effective measures aimed at improving it, it is
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necessary to have information about distribution and concentration of toxic elements
in coal and host rocks. The special relevance of this problem is determined by the
Law of Ukraine «About Subsoil», the decrees of the Cabinet of Ministers of Ukraine
No. 22 dated September 30, 1995 and No. 688 dated June 28, 1997, as well as the
normative documents of the State Commission for Mineral Reserves [1].

Recent achievements. Previously together with  A.l.  Chernobuk,
D.Ya. Mihalchonok, V.V. Dvoretskyi [2-3] the features of distribution of some toxic
elements in products and waste of enrichment of a number of coal preparatory
factories in the Donbas were investigated. V.V. Ishkov together with Ye.S. Kozii [4-
16] investigated the features of the distribution of some toxic elements in coal seams
of the Pavlohrad-Petropavlivka geological and industrial area of Western Donbas,
Krasnoarmiisk [17-19] and Donetsk-Makiivka [20-21] geological and industrial areas
of the Donbas.

At the same time, wide consideration and analysis of the distribution of toxic
elements in coal seam c; of «Blahodatna» mine of the Pavlogradsko-Petropaviovskiy
geological and industrial area was not performed before.

The research aims to establish regularities in the distribution of toxic elements in
the coal seam c; of «Blahodatna» mine field.

Method of research. Consideration of the distribution of toxic elements in
geological objects of different nature and scale is necessary for the establishment of
the laws of their migration, concentration and dispersion. The peculiarity of the
performed research was in the impossibility of direct observation of these processes.
In this case, consideration of process dynamics is traditionally performed by
comparing statistical data and analysis of cartographic materials for the distribution
of chemical elements in the objects under consideration. Then the obtained results are
interpreted taking into account physico-chemical and geological features. Thus,
obtaining information about distribution of chemical elements in geological objects is
the first stage of the study, which proceeds from generalization of the actual material,
through its theoretical comprehension to verify the revealed regularities by
experimental way.

Samples were taken from mine opening (reservoir samples, selected by the trench
method [22] and from duplicates of drill core personally by authors with the
participation of geological services of coal mining enterprises and industrial
exploration organizations in the period from 1981 to 2013. The scope of the control
test was 5% of the total volume of samples. All analytical work was carried out in
central certified laboratories of production geological exploratory organizations.
Content of toxic elements was determined by quantitative emissive spectrum analysis
[23]. 6% of duplicate samples are sent to the internal laboratory control. 10% of
duplicate samples were subjected to external laboratory control. The tests quality of
the results (correctness and reproducibility) was evaluated as the significance of the
average systematic error checked by Student's criterion and the significance of the
average random error checked by Fisher's criterion. Whereas the aforementioned
errors with a significance level of 0,95 are not significant, the quality of the analysis
Is considered satisfactory.
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At the initial stage of the processing of primary geochemical information using
Excel 2020 and Statistica 11.0, the values of the main descriptive statistical indicators
(selective average arithmetic, its standard error, median, excess, mod, standard
deviation, sampling dispersion, minimum and maximum value of content, coefficient
of variation, asymmetry of the sample) were calculated, construction of frequency
histograms of the contents and the establishment of the law of distribution of toxic
elements were carried out.

With the aim of identify the composition of the geochemical associations,
correlation coefficients (r) were calculated between the content of the toxic elements.
In a single geochemical association united elements in which the relationship
between the content is described by the correlation coefficient that exceeds 0,5, with
a significance level of at least 95%.

In assessing the relationship of toxic and potentially toxic elements with the
organic or mineral part of the coal, the coefficients of affinity with the organic
substance Fo were used, which shows the ratio of the content of elements in coal with
a low (<1.6) and high density (> 1.7), coefficients of the given concentration F,
showing the ratio of the content of elements in the fraction i (Ci) to the content of the
initial coal, the correlation coefficients of the content of the studied elements and the
ash content of coal and the coefficients of given extraction of the element in a
fraction of different density.

During the construction of all maps, the Surfer 11 program was used. During the
construction of maps, charts and calculation of correlation coefficients, all values of
concentrations of TaPTE were normalized by the formula

XHop,w :()(1 - Xmin) / (Xmax - Xmin),

where X; - is the result of a single determination of the concentration of the element,
Xmax - IS the result of the maximum determination of the concentration of the element;
Xmin - 1S the result of the minimum determination of the concentration of the element;

Rationing was carried out to bring the samples to one scale.

Regularities of changes in cobalt content. The concentration of cobalt varies
from 1,61 g/t to 8,59 g/t (Fig. 1a). The average concentration of cobalt in the coal
seam is 5,75 g/t. The maximum value is set in the extreme northern part of the plot
and timed to the well bore Ne8469. Concentration of Co does not depend from the
depth, content of total sulfur and ash in the coal. The regional component of Co
content increases in the southeastern direction. The regional component of the Co
content increases in the southeastern direction (Fig. 1b).

A close inverse relationship was established between the content of cobalt and the
thickness of the coal seam (r = -0,89), a close direct relationship with cumulation of
manganese (r=0,65), nickel (r = 0,75), lead (r = 0,70), chrome (r = 0,77), vanadium
(r = 0,82). Linear regression equations

C0=1,0503-0,9972 xm, Co=0,292+0,6676 xMn; Co=0,1819+0,761 xNi;
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Co=0,153+0,7353 %xPb;

Co=0,2461+0,7082*Cr;

Co=0,2427+0,6617%V.

Regularities of changes in manganese content. The content of manganese

varies from 109,61 g/t to 226,34 g/t (Fig. 2a).
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Figure 1: a - Map of isoconcentrate of normalized content of Co in the coal seam c1; b - Map of the
regional constituent of normalized contents of Co in coal seam c
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The average content of Mn in the coal seam is 162,33 g/t. The largest location of
manganese 1s timed to the plot of seam near well bore Ne7760 in the center of the
mine field. Cumulation of Mn does not depend from the depth, content of total sulfur
and ash in the coal. The regional component of manganese content increases in the
southeastern direction (Fig. 2b).
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Figure 2: a - Map of isoconcentrate of normalized content of Mn in the coal seam c1; b - Map of the
regional constituent of normalized contents of Mn in coal seam c1
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A close inverse correlation was found between the content of manganese and the
thickness of the coal seam (r = - 0,79), a close direct correlation with the
concentration of cobalt (r = 0,65), nickel (r = 0,57), lead (r = 0,50), chrome
(r =0,67), vanadium (r = 0,61). Linear regression equations

Mn=0,8492-0,868 *x m, Mn= 0,0739+0,6364x Co; Mn = 0,1495+0,5586 % Ni;
Mn=0,1691+0,4715 x Pb; Mn=0,1573+0,5999 x Cr;, Mn =0,1963+0,4814x V.

Regularities of changes in nickel content. Cumulation of nickel ranges from
14,03 g/t to 27,88 g/t (Fig. 3a). The average content of Ni in the coal seam is
21,52 g/t. The plot with largest location of Ni is located in the center of the mine field
in the area of the well bore Ne7760.
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Figure 3: a - Map of isoconcentrate of normalized content of Ni in the coal seam ci; b - Map of the
regional constituent of normalized contents of Ni in coal seam c1
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Content of Ni does not depend from the depth, content of total sulfur and ash in
the coal. The regional component of nickel content increases in the southwestern
direction (Fig. 3b).

Concentration of mercury does not depend from the depth, content of total sulfur
and ash in the coal. The regional component of mercury content increases in the
northeastern direction (Fig. 3b).

A close inverse relationship was found between the content of nickel and the
thickness of the coal seam (r = - 0,81), a close direct correlation with the
concentration of cobalt (r = 0,75), manganese (r = 0,57), lead (r= 0,51), chrome
(r =0,73), vanadium (r = 0,72). Linear regression equations

Ni =0,9538-0,9014 xm;  Ni=0,0981+0,746 x Co;  Ni = 0,2815+0,5744 x Mn;,
Ni=0,2236+0,5296 x Pb; Ni=0,216+0,6622 x Cr;,  Ni=0,234+0,5788 x V.

Regularities of changes in lead content. The content of Pb within the coal seam
varies from 4,63 g/t to 14,53 g/t (Fig. 4a). The average content of lead in the coal
seam is 10,57 g/t. The largest location is set in the northern part of the mine field near
the well bore Ne8469. Concentration of lead does not depend from the depth, content
of total sulfur and ash in the coal. The regional component of lead content increases
in the northeastern direction (Fig. 4b).

A close inverse relationship was found between the content of lead and the
thickness of the coal seam (r = - 0,72), a close direct correlation with the
concentration of cobalt (r = 0,70), manganese (r = 0,51), nickel (r =0,51), chrome
(r = 0,63) and vanadium (r = 0,66). Linear regression equations

Pb=0,9543-0,7752xm,;  Pb=0,3945+0,4533xMn;  Pb=0,3314+0,4951%Ni,
Pb =0,1992+0,6739%xCo; Pb=0,3283+0,552%Cr, Pb=0,3279+0,5115%V.

Regularities of changes in chrome content. The content of Cr varies in a range
from 14,70 g/t to 31,52 g/t (Fig. 5a). The average content in the coal seam is
22,96 g/t. The maximum value is set in the center of the mine field near the well bore
Ne7760. Concentration of chrome does not depend from the depth, content of total
sulfur and ash in the coal layer. The regional component of chrome content increases
in the southeastern direction (Fig. 5b).

A close inverse relationship was established between the content of chrome and
the thickness of the coal seam (r = - 0,86), a close direct relationship with the
cumulation of cobalt (r = 0,77), manganese (r = 0,67), nickel (r = 0,73), lead
(r =0,63), vanadium (r = 0,75). Linear regression equations

Cr=0,9698-1,0458 xm;  Cr =0,155+0,7434 x Mn;  Cr = 0,0591+0,798 x Ni;
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Cr =0,0644+0,7115 x Pb; Cr =-0,0058+0,8365 x Co,

Cr=0,1423+0,6571 x V.
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Figure 4: a - Map of isoconcentrate of normalized content of Pb in the coal seam c1; b - Map of the
regional constituent of normalized contents of Pb in coal seam c1
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Figure 5: a - Map of isoconcentrate of normalized content of Cr in the coal seam c1; b - Map of the
regional constituent of normalized contents of Cr in coal seam c1

Regularities of changes in vanadium content. Cumulation of V varies in a
range from 17,29 g/t to 35,07 g/t (Fig. 6a). The average content in the coal seam is
26,72 g/t. The maximum value is set in the center of the mine field near the well bore
Ne7760. Concentration of vanadium does not depend from the depth, content of total
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sulfur and ash in the coal layer. The regional component of vanadium content
increases in the southeastern direction (Fig. 6b).

a 90 =
80_
70
60+
50_
40_
30_
20_
000 1000 1300 2000m
I .
10 =
T T T T T T T T [ |
10 20 30 40 50 60 70 80 90 100
1 1 1 1 1 1 1 1 1 1
b 90- ;
m_
0.66
0.65
0,64
4 063
L 0.62
0.51
06
059
60+ 058
057
056
055
50| 0.54
053
052
—051
i |05
o L —0.49
—0.48
L10.47
L 10.46
30 —10.45
L 10.44
L 10.43
—0.42
20 H10.41
0 £00 1000 1500 2000m
I .
10 -

Figure 6: a - Map of isoconcentrate of normalized content of V in the coal seam c1; b - Map of the
regional constituent of normalized contents of V in coal seam c
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A close inverse relationship was established between the content of vanadium and
the thickness of the coal seam (r = - 0,87), a close direct relationship with the
concentration of cobalt (r = 0,82), manganese (r = 0,61), nickel (r = 0,72), lead
(r =0,66), chrome (r = 0,75). Linear regression equations

V=1,0808-1,2017 x m, V=-0,0718+1,0144 x Co; V=0,1806+0,7743 x< Mn,
V=0,0176+0,8558 x Pb;, V=10,1118+0,8528 x Cr, V=0,0407+0,9052 x Ni.

Conclusions. On the basis of the obtained results of statistical processing of
geochemical information and analysis of the maps of isoconcentrate of toxic elements
and maps of the regional constituent of their contents, we can do the following
conclusions:

- The joint accumulation of such elements as Co, Ni, Pb, Cr, V and Mn, which
form the geochemical association and the close negative connection of the
concentrations of these elements with the thickness of the coal seam that conditioned
of their joint accumulation in the contact areas of the seam with the formation of
original zones of enrichment by thickness of 0,15 - 0,2 m.

- The formation of such zones is related with integral effect of the adsorption and
oxidation-reducing geochemical barriers in the zone of contact of the coal seam
during the migration of the moving forms of the substance of the coal-bearing strata
during the process of its diagenesis and catagenesis.

The scientific importance of the obtained results is the determination of the
geochemical associations of toxic elements and the genetic causes of their variability
in the coal layer, as well as in the detection of polygenic and polychronous nature of
their accumulation.

The practical importance of the results obtained is the construction of maps of
isoconcentrate toxic elements in the coal seam and the calculation of regression
equations between their content and the main technological parameters of coal.
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cobalt, lead, gallium, vanadium, copper, zinc, molybdenum, yttrium and lanthanum], Standartinform Publ., Moscow, Russia.

CMNCOK NITEPATYPU

1. WHCTPYKUMS MO U3YYEHMIO TOKCUYHBIX KOMMOHEHTOB MPW pa3BefKe YrofbHbIX W CraHLEBbIX MECTOPOXAEHMI / OTB. pes.
B. P. Knep. AH CCCP. M. WH-T nutoccepsl. 1982. 84 c.

2. Nwkos B.B., YepHobyk A.W., [isopeukuin B.B. O pacnpegenexun 6epunnus, gpropa, BaHaaus, CBUHLA 1 XpoOMa B MPOAYKTax
1 oTxogax oboraueHns KpacHonumanckoin LIO® / Haykosuin BicHuk HIAY. 2001. Ne5. C 84-86.

3. Mwkos B.B., YepHobyk AW., MuxanbuoHok [.7. O pacnpegeneHun Gepunnus, topa, BaHagus, CBMHLA M Xpoma B
npogykTax u otxopax oboraweHust flobpononbcekoi LIO® / Haykosuii BicHik HIAY. 2001. Ne4. C 89-90.

4. Ishkov V.V., Koziy E.S., Lozovoy A.L. Definite peculiarities of toxic and potentially toxic elements distribution in coal seams
of Pavlograd-Petropaviovka region / 36ipHnk Haykosux npaups HI'Y. 2013. Ne 42. C.18-23.

5. Mwkos B.B., Koauin E.C. O pacnpegeneHnn TOKCUYHbIX M MOTEHLWamNbHO-TOKCUYHbIX SIEMEHTOB B yrre Mnacta Cs* LaXxThbl
«TepHoBckas» [NaBnorpag-leTponaBnoBCKOro reonoro-NpOMbILLNIEHHOMO panoHa / MaTtepianu MixHapogHOI KoHdepeHLii «Popym
ripHukiB». 2013. C. 49-55.

6. Wwkos B.B., Kosuit E.C. HoBble fjaHHble 0 pacnpefeneHn TOKCUYHbIX M NOTEHLMANbHO TOKCUYHbLIX 3NIEMEHTOB B yrne
nnacta cg" wWwaxtbl «TepHoBckasy Maenorpapa-MNeTponaBnoBCKoOro reonoro-nNpOMbILLNEHHOTO paiioHa / 36ipHUK HayKOBWX Npalb
HI'Y.2013. Ne 41. C. 201-208.

7. Vwkos B.B., Koauit E.C. O pacnpegeneHnm 3oMbl, cepbl, MapraHua B yrne nnacra c4 waxtel «Camapckasy asnorpag-
[MeTponaBnoBCKOro reonoro-NpoMbILLNEHHOTO paiioHa / 36ipHuK HaykoBux npaue HIY. 2014. Ne 44, C. 178-186.

8. Nwkos B.B., Kosun E.C. O knaccudmkaumy yronbHbIX NNactoB MO COAEPKAHWKO TOKCUYHBIX 3MEMEHTOB C MOMOLLLIO
knacTepHoro aHanm3a / 36ipHuk Haykosux npaus HI'Y. 2014. Ne 45. C. 209 — 221.



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexHiuna mexanika. 2021. Ne 158 115

9. lwkos B.B., Kosiit €.C. Mpo po3nogin TOKCWYHWX | MOTEHLIMHO TOKCWYHWX ENeMEHTIB y Byrinni nnacta ¢ LaxTy
«MaBnorpaacoka» [aBnorpagcbko-MeTponasniBcbkoro reonoro-NnpoMUcnoBoro panoHy / BicHuk KuiBCbkoro HaujioHamnsHOro
yHiBepeuTeTy. Meonorig. 2017. Ne 79. C. 59-66.

10. Kosin €.C. OcobrnuBocTi po3nofiny TOKCUMHWX | MOTEHLMHO TOKCUYHMX ENEMEHTIB Yy BYrinai nnacta Cre® LUaxTy
«CrawwukoBa» [aBnorpazcbko-1eTponaBniBCbKOrO reonoro-NpPoMMCIIOBOro paiioHy / FeoTexHiyHa mexanika. 2017. Ne 132. C. 157-
172.

11. Kosin €.C. Muw’'sk, 6epuniin, dotop i pTyTb Yy Byrinni nnacta cse waxtv «[Hinposcekay Masnorpagcsko-lleTponasniBcbkoro
recnoro-npoMMCROBOro paitoHy / BicHuk [JHinponeTpoBcbkoro yHiBepcutety. Meonoris-Meorpadis. 2018. Ne 26(1). C. 113-120.

12. Kosint €.C., lwkoe B.B. Knacudikauis Byrinns ocHoHux pobGoumx nnactie MaenorpaacbkolleTponasniBCcbkoro reonoro-
MPOMMCIIOBOTO paiioHy NO BMICTY TOKCUYHMX | NOTEHLINHO TOKCUYHIX eneMeHTiB / FeoTexHiuHa MexaHika. 2017. Ne 136. C. 74-86.

13. Mametova L.F., Mirek A., Kozii Ye.S. Pyritization of the Middle Carboniferous Sandstones of the Donbas / Mineral. Journ.
(Ukraine). 2020. no. 42(2). P. 14-19. https://doi.org/10.15407/mineraljournal .42.02.014

14. lwkos B.B., Kosiin €.C. Po3snogin pTyTi y ByrinbHOMy nnacTi ¢7# nons waxTu «l1asnorpagcskay / Haykosi npai [JoHeLpkoro
HaLioHanbHOro TexHiuHoro yHiBepeutety, Cepist: «lipHu4o-reonoriyHay. 2020. Ne1(23)-2(24). C. 26-33.

15. Kosap M.A., lwkos B.B., Kosiin €.C., CTpenbHuk H0.B. TokcuyHi enemeHTH MiHepanbHOi Ta opraHiuHoi cKnafgoBoi BYrinns
HXHLOTO kKapBoHy 3axigHoro [JoHbacy / l'eonoriyHa Hayka B HesanexHiit YkpaiHi: 36ipHIK Te3 HaykoBOi KoHepeHLi IH-Ty reoxiwmii,
MiHepanorii Ta pyaoyTBopeHHs iM. M.MN. Cemenenka HAH Ykpainn. 2021. C.55-58.

16. Mwkos B.B., Koauit E.C. Hakonnenne Co n Mn Ha npumepe nnacta Cs 3anagHoro [loHbacca kak pesynbtar ux murpawmum
W3 KOp BbIBETPUBaHUS YKpauHCKOro kpuctanmuyeckoro wwuta / Matepuansl XVI MexgyHapogHOro CosellaHus Mo reonorun
pocchbinen U MECTOPOXAEHWIA KOP BbIBETPMBAHMS «POCCHINW M MECTOpOXAEHUs KOp BbiBETpMBaHMSA XXI Beka: 3afauu, npobneml,
pelueHus»o 2021, C. 160-162.

17. lwkos B.B., Kosiit €.C., Ctpenbhuk t0.B. PeaynbTatit gocnipkeHb posnoginy kobanbTy y ByrinbHomy nnacti ks nons Bl
«waxta «KanitansHay / 36ipHuk npaup BeeykpaiHcbkoi koHdepeHuii «Big miHepanorii i reorHoaii 4o reoximii, netponorii, reonorii Ta
reodisnkn: pyHaameHTanbHi i npuknagHi Tperam XXI cronitta» (MinGeolntegration XXI). 2021. C. 178-181.

18. lwkos B.B., Kogsiit €.C. AHani3 nowwMpeHHs Xpomy i pTyTi B OCHOBHUX BYriNbHWX nnactax KpacHoapMilicbkoro reomnoro-
npommcnoBoro paiiory / Bug-so IT'H HAH Ykpainu. Cepist TekToHika i cTpaturpaddist. 2019. Ne 46. C. 96-104.

19. lwkoB B.B., Kosit €.C. [eski ocobnueocti posnoginy Oepunito y ByrinbHoMy nnacTi ks waxtu «KanitanbHa»
KpacHoapwmilicbkoro reonoro-npomucnosoro parory [lonbacy / Bichuk OHY. Cep.: MeorpadbiuHi Ta reonoriuHi Hayku. 2020. T. 25,
Bun. 1(36). C. 214-227.

20. New data about the distribution of nickel, lead and chromium in the coal seams of the Donetsk- Makiivka geological and
industrial district of the Donbas / Kozar M.A., Ishkov V.V., Kozii Ye.S., Pashchenko P.S. / Journ. Geol. Geograph. Geoecology. 2020.
Ne 29(4). pp. 722-730. http://doi: 10.15421/112065

21. lwkoB B.B., Kosin €.C. OcobnuBocTi posnoginy CBMHLO Yy ByrinbHuX nnactax [oHewbko-MakiiBcbkoro reonoro-
npomwucnosoro panoHy Jdonbacy / Bua-so IT'H HAH Ykpainn, Cepisi TekTonika i ctpaturpadis. 2020. Ne 47. C. 77-90.

22. TOCT 9815-75. Yrnu Bypble, kaMeHHble, aHTpaLuT 1 roptoumne cnadubl. Metoa otbopa nnactosbix npo6. Mocksa: /3g-8o
CTaHgapTos, 6 C.

23.TOCT 28974-91. Yrnu 6ypble, KameHHble W aHTpaumThl. MeToabl onpeaenerus 6epunnus, 6opa, mapraHua, 6apus, xpoma,
HuKensl, kobanbTa, CBUHLA, rannus, BaHaaus, Meau, UMHKa, MonubaeHa, UTTpus 1 naHTtaHa, Mocksa: M3a-Bo cTaHgapTos, 1991. 8c.

About author
Kozii Yevhen Serhiiovych, Candidate of Geological Sciences (Ph.D.), Deputy Director of Educational and Scientific Center for
Training of Foreign Citizens, Dnipro University of Technology (NTU "DP"), Dnipro, Ukraine, koziy.es@gmail.com
Mpo aBTOpa
Kosili €ezeH Cepeilioguy, kaHOMAAT reonoriyHuX Hayk, 3acTynHWK Aupektopa HaBuanbHO-HAYKOBOrO LIEHTPY MiAroTOBKM
iHO3eMHUX rpoMaasH, HauioHanbHWA TexHiuHui yHiBepcuTeT «[HinpoBcbka nonitexikay (HTY «fM»), [Oxinpo, Ykpaiua,
koziy.es@gmail.com

AHoTauif. Y cTatTi po3rnsHyTo 0cobnMBOCTI PO3NOAINY MOTEHUIMHO TOKCUMYHWX €MEMEHTIB Yy Byrinni nnacta Cq
waxtu «bnarogatHay.

MeTa poboTu - BCTaHOBMTI 3aKOHOMIPHOCTI B PO3MOAini NOTEHLIHO TOKCUYHUX eNEMEHTIB Y BYrifNi nnacTa ¢4 nons
waxTu «bnarogatHay lNasnorpagcbko-IeTponaBniBCcbKOro reonoro-NPOMIUCIIOBOrO paroHy [JoHbacy.

Mpobu 6ynu BigibpaHi 3 BUPOBOK WaxTk (KONMEeKTMBHI Npobw, BigibpaHi TpaHWenHumM MEeTogoM i ocobucto 3
pyonikaTiB kepHa). 3MICT TOKCUMYHWUX €NEMEHTIB BU3HAYANM KiNbKICHUM CMEKTparbHO-eMICIiHUM aHani3oMm.

Po3paxoBaHO 3Ha4eHHs OCHOBHWX OMMUCOBMX CTATUCTUYHMX MOKa3HWKIB. 3 METOK BUSIBNIEHHS CKagy reoxXiMiyHnx
acoliauin pospaxoBaHo koedilieHT kopenauii (r) Mixx BMICTOM TOKCUYHUX €NeMeHTIB. Y eauHy reoximivHy acouiallito
NOEOHAHO eNeMEHTH, 3B'I30K MiX 3MICTOM SKUX OnMUcyeTbes koedilieHToM kopensuii, wo nepesuwiye 0,5, npu piBHi
3HauMMOCTi He Huk4e 95%.

B pesynbTaTi BUKOHAHUX AOCTIGKEHb NOOYA0BAHO KapT i30KOHLEHTPAT NOTEHLIHO TOKCUYHMX €NEMEHTIB i KapTy
perioHanbHOi  CKNagoBoi X BMICTY MO MMOWi LWaxTHOro nons. PospaxoBaHO MiHiiHI  PIBHAHHA perpecii  Mix
KOHLLEHTPaLisIMW NOTEHLIMHO TOKCUYHUX EIIEMEHTIB | OCHOBHUMU TEXHOMOMYHUMI NapameTpamu Byrinns.
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AHaniaytoun pesynbTaTi CTaTUcTMYHOI 06pobKM reoxiMivHOI iHchopmaLii o nnacty ¢q nons waxTtu «bnarogatHay
MOXHa BCTAHOBMTY, O (hOPMYBaHHS acollialii kobanbTy, Hikento, BaHagito, CBMHLIO, XpOMY Ta MapraHLio noB'a3aHo i3
3barayeHHaIM LMMKU enemMeHTaMu MPUKOHTAKTOBWX 30H BYMIMIbHOTO NracTa, L0 MOXMMBO TEHETUYHO OOYMOBIEHO
BMAMBOM aacopObLiHOrO i OKWCMOBaNbHO-BIAHOBNIOBANLHOrO Bap'epiB Ha Mirpauito peyoBWHW Y MpOUEC giareHesy i
KaTareHesy BYrfeHOCHOT TOBLL.

OcHOBHe HayKOBe 3HaYeHHs pe3ynbTaTiB BUKOHAHUX AOCIMKEHb NOMArae y BCTAHOBMNEHHI FeHETUYHUX MPUYMH, SKi
YWMHATb ICTOTHWIA BNAMB Ha 0COBNMBOCTI PO3NOAINY NOTEHLINHO TOKCUYHWX ENEMEHTIB Y BYTinMi nnacra Ci.

Knto4oBi cnoBa: MOTEHLIMHO TOKCUYHI €neMeHTI, BYriMbHWA MacT, kKapTa i30KOHLEHTPAT, KapTu perioHanbHoT
CKNagoBol, NiHiNHI PIBHSIHHS perpecii.

AHHoTauus. B ctatbe paccMoTpeHbl 0COBEHHOCTW pacnpefenieHnst NOTEHUMANbHO TOKCUYHBIX 9NEMEHTOB B yrne
nnacra LaxTbl «bnarogatHasy.

Llenb paboTbl — yCTAHOBUTb 3aKOHOMEPHOCTW B pacnpedeneHnn MoTEHUMANbHO TOKCUYHBIX SNEMEHTOB B yrne
nnacta c¢; nonsd waxtel «bnarogatHas» [laBnorpagcko-leTponaBnoBCcKOro  reonoro-NPOMBILLNEHHOTO  paioHa
JoHbacca.

Mpobel Obinn oToOpaHbl U3 BhIPAOOTKM WaxTbl (KONNEKTMBHbIE NPOObl, 0TOOPaHHbIE TPAHLEHBIM METOAOM W
NMYHO 13 AybrukaTtoB KepHa). CoaepxaHue TOKCWMYHbIX SNEMEHTOB ONpedensnii KONMMYeCTBEHHbIM CrEKTpanbHO-
9MUCCUOHHBIM aHamNM30M.

PaccunTtaHbl 3Ha4YeHWs OCHOBHbIX OMMCATENbHBIX CTATUCTUMYECKUX nokasaTenei. C Lenblo BbSBEHUS COCTaBa
FEOXMMUYECKMX accoLmaLin paccumTaHbl KO MUUMEHTBI KoppensLmum (r) Mexay CoaepKaH1eM TOKCUYHbIX 3NIEMEHTOB.
B eauHyto reoxummnyeckyto accounaumio 06beANHEHbI ANIEMEHTbI, CBA3b MEXAY COAepXaHeM KOTOPbIX ONUCbIBAETCS
K03hhuLMeHTOM Koppensaumm, npesbiwwatoLym 0,5, npu ypoBHE 3HaUMMOCTH He Huxe 95%.

B pesynbTate BbINOMHEHHbIX WCCMEAOBaHUA MOCTPOEHbI KapTbl W3OKOHLEHTPAT MOTEHUMANbHO TOKCUYHBIX
9MEeMEHTOB M KapTbl PErMOHanbHOW COCTaBMALLEN WX COOepXaHus No NMOLWaau LWaxTHoOro nons. PaccuutaHbl
NWHENHblE YpaBHEHUS PErpeccun MeXAY KOHLEHTPaLMSMM MOTEHLMANbHO TOKCUMYHBIX SMEMEHTOB M OCHOBHbIMM
TEXHONOMMYECKUMI NapaMeTpamu yrms.

AHanuanpys pesynbTaThl CTAaTUCTUYECKON 0OPabOTKM reOXMMMYECKOM MHOpPMaUMK NO MiacTy C1 NOns LWaxThl
«bnarogatHas» MOXHO YCTaHOBWTb, YTO (HOPMUPOBaHME accoumauum kobarnbTa, HUKENs, BaHaaus, CBMHLUA, XpoMma U
MapraHua cBsi3aHo C oboralleHnem 3TUMKU 3NeMEeHTamu MPUKOHTAKTHbIX 30H YrOMbHOrO Mfacta, YTo BO3MOXHO
reHeTUyeckn OBYCNOBMEHO BRWSIHUEM OKUCTUTENbHO-BOCCTAHOBUTENBHOMO Oapbepa Ha MWUrpaumMio BellecTBa B
npoLecce AnareHe3a 1 katareHesa yrieHOCHON TOMLWM.

OCHOBHOE Hay4HOE 3HaYeHWe Pe3ynbTaToB BhINOMHEHHbLIX UCCNELOBAHWIA COCTOUT B YCTAHOBIIEHUM FEHETUYECKNX
MPUYMH, OKa3bIBAKOWMX CYLLECTBEHHOE BIMSHWE Ha OCOBEHHOCTM pacnpefeneHns NoTeHUManbHO  TOKCUYHbBIX
9MeMEeHTOB B yrne nnacra C1.

KntoueBble cnoBa: MOTEHUMANbHO TOKCMYHbIE 3MEMEHTbI, YrOMbHBIA MAacT, KapTa M30KOHLEHTpaT, KapTbl
perMoHansHOM COCTaBNSIOLWEN, IMHENHbIE YPABHEHUS PErpeccum.
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