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Abstract. The results of long-term research of geochemical features of nickel in oils from 36 deposits of the main oil
and gas region of Ukraine - the Dnipro-Donetsk basin are presented: Bakhmachske, Prylukske, Krasnozayarske, Kacha-
livske, Kremenivske, Karaykozovske, Korobochkynske, Kulychykhinske, Lipovodolynske, Monastyryshchenske,
Matlakhivske, Malosorochynske, Novo-Mykolayivske, Perekopivske, Prokopenkivske, Radchenkovske, Raspashnovske,
Sofiivske, Sukhodolivske, Solontsivske, Solokhivske, Talalaivske, Trostyanets'ke, Turutynske, Zakhidno-Kharkivtsivske,
Shchurynske, Yuryivske, Yaroshivske, Khukhryanske, Sagaidatske Ne1, Sagaidatsk Ne13, Kybytsivske Ne5, Kybytsivske
Ne51, Kybytsivske Ne52, Kybytsivske Ne56, Kybytsivske Ne1. The results of correlation and regression analyzes revealed
the character and forms of the relationship between the nickel content in oils and vanadium; zinc; chromium; the total
content of V, Zn, Cr, Mn, Co, Fe, Hg, Al; average thickness of the productive horizon; oil density values; oil viscosity val-
ues; resin content; formation water density from the productive horizon; sulfur content in oil; manganese; cobalt; metal;
mercury; aluminum; the current depth of the productive horizon; modern temperature of the productive horizon; modern
pressure in the productive horizon; oil initial boiling point temperature; the content of paraffins; salinity values of for-
mation water from the productive horizon; content of asphaltenes. The calculated correlation coefficients, linear pair re-
gression equations and their graphs between these parameters are given. Based on the results of cluster analysis, a
dendrogram of the results of clustering by the weighted centroid method of deposits on the nickel content in the oils of
the considered deposits was constructed. Considering the statistically significant character of nickel connections, it is
proposed to divide all geochemical and geological-technological parameters into a group of genetically and / or parage-
netically related to the accumulation of nickel in oil and a group of negatively associated with increasing nickel in oil.
Based on the results of clustering by the weighted centroid method, the first natural classification of deposits by nickel
content in oils was developed. It has been proved that asphaltenes are the main nickel concentrators in the oil of the
studied deposits. It is shown that according to the results of cluster analysis, the sample averages of nickel concentra-
tions that differ significantly between individual deposits or groups of deposits in the established series can be interpret-
ed in the terminology of qualitative assessment as: abnormally low; low; below average; medium; above average; high;
abnormally high. The implementation of this approach makes it possible to visually compare and interpret in geological
terms experimentally obtained all different-scale and diverse indicators of oil deposits.

Keywords: nickel, oil deposits, cluster analysis, linear regression equations, geochemical parameters of oil, corre-
lation coefficient.

Introduction. Attention to the problems of accumulation and migration of microele-
ments, in particular nickel in oil is related to actual scientific and technical issues of
hydrocarbon genesis, with possibility of their industrial extraction in oil refining for
further sale, as related raw materials, as well as the ability to determine the environ-
mental risks of using these oils as raw materials for the production of petroleum
products and, above all, gasoline and diesel fuel. It is known, that metals in small
guantities are part of the oils of different regions of the world. The high content of
metals, in particular nickel, is also a serious problem in the processing of crude oil, as
it leads to irreversible deactivation of catalysts as a result of deposition of compounds
of this metal on the active surface, blocking the pore space and destroying the catalyst
structure. In addition, inorganic metal compounds formed during oil refining contrib-
ute to high-temperature corrosion of equipment surfaces, reduce the service life of
turbojet, diesel and boiler plants, gas corrosion of active elements of gas turbine en-
gines and increase environmentally harmful emissions. However, metals, including
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rare and rare earth, are valuable by-products, the content of which in oils and residues
of their processing may even exceed their content in ore sources [1]. However, in
Ukraine, the industrial production of metals (in particular, nickel) from crude oil is
still not mastered, although in the world practice of oil refining there are technologies
that allow for the simultaneous production of concentrates with a high content of var-
lous metals. In particular, about 8% of the world's vanadium production is obtained
from crude oil abroad, and in some countries this percentage reaches 20% (USA) [2].
Besides, the presence and content of metals in oils from different deposits allows to
establish patterns of their migration and concentration in hydrocarbon systems.
Among them, in particular, should be mentioned especially priority in industrial and
environmental importance - vanadium, mercury, cobalt, nickel, iron, manganese,
aluminum, titanium, chromium and zinc. This work is devoted to the results of re-
search of the geochemical characteristics of nickel in the oils of the main existing oil
deposits of the main oil and gas region of Ukraine - the Dnipro-Donetsk basin.

Recent achievements. One of the first systematization of oils according to their
general characteristics of metal content was carried out by Barwise A. J. G. in 1990.
He considered the chemical composition, physical properties and content of metals in
oil samples [3]. Later in 2007, Shniukov Ye.F. published a very interesting review
article about content of vanadium and nickel in the world's natural oils [4]. It discuss-
es in detail the concentrations of heavy metals in oils in relation to their genesis. A
year later in 2008, Sukhanov A.A. considered the current state of assessment of re-
serves of related oil components (including heavy metals) as sources of high quality
liquid metal raw materials [5]. In 2010, Yakutseni S.P. published the results of a
study of the relationship between the deep zonation of hydrocarbons and the enrich-
ment of oils with heavy impurities [6]. The paper indicates the presence of a correla-
tion between the content of heavy metals in oils with the depth of oil deposits. Al-
ready in 2014, Akpoveta O. V. analyzed the content of heavy metals in petroleum
products from the deposits of Nigeria (Agbor) [7]. The authors note that the high con-
tent of heavy metals in oils can pose a serious environmental threat. It should be not-
ed that not all heavy metal impurities in oils have a natural genesis. In Ukraine, such
studies were conducted in 2013 on high-sulfur oil of the Carpathian Depression [8].
This paper not only investigated the fractional composition and physicochemical
properties of light fractions selected from oil of the Orkhovytskyi oil field, but also
studied the potential content of fractions for which density, refractive index, molecu-
lar weight, sulfur content were determined. A little later, Wilberforce J.O. conducted
studies of heavy metals in crude oil used in medicine [9]. In this work, the levels of
Cd, Ni, V and Pb were investigated by atomic absorption spectrophotometry. As a
result of the study, the average concentration of metals was determined, indicating
their impact on the human body. Earlier [10-20], the authors have already considered
some geochemical features of vanadium in oils from the deposits of the Dnipro-
Donetsk basin and substantiated the creation using clustering methods of natural clas-
sification of oil deposits by metal content on the example of vanadium. At the same
time, research aimed at studying the geochemical characteristics of nickel in the oils
of the Dnipro-Donetsk basin is absent.
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Thus, the study of metals, including nickel in oils from different deposits of
Ukraine, which provides an opportunity to determine their genetic characteristics and
environmental consequences of use - is an urgent problem, the solution of which will
help develop a set of predictive criteria for hydrocarbon accumulation and scientifi-
cally sound geological, economic and environmental assessment of their use.

The research aims. Establishment of geochemical features of nickel in oils of ex-
isting deposits of the Dnipro-Donetsk basin and creation of their classification ac-
cording to the content of this metal.

Methods. The factual basis of the work were the results of analyzes of metal con-
tent in oils from 36 deposits: Bakhmachske, Prylukske, Krasnozayarske, Kachalivske,
Kremenivske, Karaykozovske, Korobochkynske, Kulychykhinske, Lipovodolynske,
Monastyryshchenske,  Matlakhivske, = Malosorochynske,  Novo-Mykolayivske,
Perekopivske, Prokopenkivske, Radchenkovske, Raspashnovske, Sofiivske, Sukhod-
olivske, Solontsivske, Solokhivske, Talalaivske, Trostyanets'ke, Turutynske, Zakhid-
no-Kharkivtsivske, Shchurynske, Yuryivske, Yaroshivske, Khukhryanske, Sagaidats-
ke Nel, Sagaidatsk Nel3, Kybytsivske Ne5, Kybytsivske Ne51, Kybytsivske No52,
Kybytsivske Ne56, Kybytsivske Nel. Investigations of oil samples from these deposits
for nickel content were performed using X-ray fluorescence analysis on the energy-
dispersion spectrometer "Octopus™ SEF 01. Spectrum accumulation time 600 sec.
Analyst - Yerofieiev A.M. Preparation and analysis was carried out according to the
standard ASTM D 4927 - Determination of the elemental composition of the compo-
nents of lubricants by X-ray fluorescence spectroscopy with a dispersion of wave-
length. The following samples served as standard samples of metal impurities: PM 23
(DSZU 022.122-00) MSO 0243: 2001 with certified values of Cd, Mn, Pb, Zn;
PM 24 (DSZU 022.123-00) MSO 0244: 2001 with certified values of Fe, Co, Cu, Ni;
RM 26 (DSZU 022.125-00) MSO 0246: 2001 with certified values of V, Mo, Ti, Cr,
Thus, 30 oil samples were analyzed from each of the 36 deposits. Then the values of
nickel and all other indicators were normalized by the formula:

Xi norm. = ()(z - X min)/(xi max — Xi min);

where X; norm. — NOrmalized unit value of oil sample from a specific deposit, X; - unit
value of oil sample from a specific deposit, X; nin — minimum value of oil sample from
a specific deposit, X max — maximum value of oil sample from a specific deposit.

Thus, the normalized values of oil samples from each deposit were processed us-
ing the program STATISTICA 11.6, which performed the calculation of descriptive
statistics, correlation, regression, cluster analysis and graphical visualization of the
results of all studies.

Results and discussion. The average Ni content in the oil of the deposits under
consideration is 6.88ppm + 1.67 with a confidence interval of 0.95, sample variance
99.88, standard deviation 9.99, median value is 2.91ppm, kurtosis is 3.63, asymmetry
Is 2.15. The minimum average Ni content is 0.35ppm for oil from the Kachanovske
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deposit, and the maximum average value of this indicator of 38.1ppm characterizes
the oil from the Khukhryanske deposit.

Based on the results of correlation and regression analysis and taking into account
the Chadok scale, the presence of a very weak direct correlation between the contents
of nickel and vanadium (correlation coefficient 0.08), zinc (correlation coefficient
0.08), chromium (correlation coefficient 0.05), the total content of V, Zn, Cr, Mn, Co,
Fe, Hg, Al (correlation coefficient 0.01), the average thickness of the productive
horizon (correlation coefficient 0.2), oil density values (correlation coefficient 0.15),
values of oil viscosity (correlation coefficient 0.08), resin content (correlation coeffi-
cient 0.12), density of formation water from the productive horizon (correlation coef-
ficient 0.03), sulfur content in oil (correlation coefficient 0.29), very weak inverse
correlation between the contents of nickel and manganese (correlation coefficient -
0.09), cobalt (correlation coefficient -0.02), iron (correlation coefficient -0.01), mer-
cury (correlation coefficient -0.06), aluminum ( correlation coefficient -0.02), modern
depth of the productive horizon (correlation coefficient -0.08), modern temperature of
the productive horizon (correlation coefficient -0.17), modern pressure in the produc-
tive horizon (correlation coefficient -0.04), initial temperature boiling point of oil
(correlation coefficient -0.07); the content of paraffins (correlation coefficient -0.05);
salinity values of formation water from the productive horizon (correlation coeffi-
cient -0.03); high direct correlation between the contents of nickel and asphaltenes
(correlation coefficient 0.72). The calculated linear regression equations (Table 1) are
shown below, and their graphs in the same order are shown in Fig. 1-22.

As a result of previous studies [21], we substantiated the method of weighted cen-
troid cluster analysis, as the most optimal for the development of a classification of
oil deposits in the Dnipro-Donetsk depression by metal content as free as possible
from the subjective approach of researchers. In the process of its realization, a den-
drogram was built (Fig. 23), reflecting the mutual natural hierarchy of the deposits
under consideration in terms of nickel content. Seven main clusters are identified on
the clustering dendrogram.

Table 1 - Linear regression equations between nickel content and geochemical and geological-
technological parameters of oil

Ni =0,1592 + 0,0765 x V between nickel and vanadium content

Ni =0,1501 + 0,0799 X Zn between nickel and zinc content

Ni=0,1655+0,0489 x Cr between nickel and chromium content

Ni = 0,1445 + 0,1379 X Meyal between nickel and total metal content

Ni=0,1444 + 0,3032 x m between nickel and thickness of the deposits

Ni =0,1006 + 0,1675 X poi between nickel and oil density

Ni =0,1439 + 0,0949 X i between nickel and oil viscosity

Ni = 0,1441 + 0,1427 x Reyjj between nickel and resin content in the oil

Ni = 0,1588 + 0,0225 X piayered water tzagtlv:een nickel and density of layered water from the hori-
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continuation of Table 1.

Ni =0,1051 + 0,2694 x S

between nickel and sulfur content

Ni =0,1994 - 0,1197 x Mn

between nickel and manganese content

Ni =0,1756 - 0,0185 x Co

between nickel and cobalt content

Ni =0,1846 - 0,1534 x Fe

between nickel and iron content

Ni =0,1796 - 0,0509 x Hg

between nickel and mercury content

Ni =0,1791 - 0,0364 x Al

between nickel and aluminum content

Ni = 0,2063 - 0,0665 x h

between nickel and depth of development

Ni =0,2503-0,1433 x T

between nickel and the current temperature of the deposits

Ni =0,1938 - 0,4068 x P

between nickel and current pressure

Nl = 0,1993 - 0,0911 X Tb0i|_ point

between nickel and boiling point of oil

Ni =0,1910 - 0,0637 x C

between nickel and paraffin content in the oil

Nl = 0,1875 - 0,0311 X M|ayered water

between nickel and mineralization of layered water

Ni =0,0391 + 0,6799 x A

between nickel and asphaltene content in oils
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Cluster 1.1.1.1.1 combines Kachalivske, Kulychykhinske, Perekopivske,
Shchurynske, Yaroshivske, Korobochkynske, Sagaidatske No. 1 and Zakhidno-
Kharkivtsivske oil deposits with a Ni content of 0.35 ppm to 1.57 ppm. In general,
the average content of Ni in the cluster is 0.89 ppm, which corresponds to abnormally
low values. Cluster 1.1.1.1.2 is formed by Krasnozayarske, Sagaidatske Nel3, Rad-
chenkovske, Malosorochynske, Talalaivske and Novo-Mykolayivske deposits with
Ni content in oils from 2.17 ppm to 3.06 ppm. The average content of Ni in the oils of
the deposits of this cluster is 2.67 ppm, which corresponds to the low values of this
indicator. Cluster 1.1.1.2 is composed of Karaykozovske, Yuryivske and
Lipovodolynske deposits with values of Ni content below average: 4.07 ppm -
4.25 ppm. The average value of Ni content in cluster deposits corresponds to
4.18 ppm. Cluster 1.1.2.1 combines the deposits Kybytsivske Ne5, Kybytsivske Ne52
and Monastyryshchenske with Ni contents from 6.4ppm to 6.61ppm. The average
content in the cluster is 6.51 ppm, which is not statistically significantly different
from the average for all deposits. Cluster 1.1.2.2 is formed by Prylukske, Kybytsivske
No56, Kybytsivske No51 and Kybytsivske Nel deposits with Ni content in the range
from 7.77 ppm to 9.5 ppm. The average value in the cluster with Ni content is above
average and corresponds to 8.47 ppm. Cluster 1.2 is represented by only one field -
Raspashnovske with high average concentrations of Ni - 17.6 ppm. Abnormally high
Ni content is observed in the oils of the Sukhodolivske, Prokopenkivske, Bakhmach-
ske and Khukhryanske deposits, which form cluster 2, with fluctuations from 29.1
ppm to 38.1 ppm. The values of the average concentration of this metal in the cluster
reach 32.83 ppm.

Conclusions. Completed research allow us to formulate the following main con-
clusions:

1) Nickel contents in oil samples from 36 deposits of the most significant oil and
gas province of Ukraine - the Dnipro-Donetsk depression, experience significant var-
lations (the difference in the medium concentration values for a sample of multi-
deposits is about two orders of magnitude) with an average value of 6.88ppm = 1.67.
Taking into account the role of nickel concentration for fundamental scientific devel-
opments in the field of oil origin, the results obtained indicate heterogeneous mecha-
nisms of its formation in this region.

2) Despite the very weak, in the overwhelming majority of cases, the correlation
between the nickel content and other geochemical and geological-technological pa-
rameters, it is necessary to take into account their statistically significant character.
This in turn allows all parameters to be divided into a group genetically and / or para-
genetically related to the accumulation of nickel in oil (vanadium content; zinc;
chromium; total content of V, Zn, Cr, Mn, Co, Fe, Hg, Al; average productive capaci-
ty horizon; oil density values; oil viscosity values; resin content; formation water
density from the productive horizon; sulfur content in oil; asphaltene content in it)
and on a group of negatively associated with an increase in nickel content (manga-
nese content; cobalt; iron; mercury; aluminum; current depth of the productive hori-
zon; current temperature of the productive horizon; current pressure in the productive
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horizon; temperature of the initial boiling point of oil; paraffin content; salinity val-
ues of formation water from the productive horizon).
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novske, 18 — Sofiivske, 19 — Sukhodolivske, 20 — Solontsivske, 21 — Solokhivske, 22 — Talalaivske,
23 — Trostyanets'ke, 24 — Turutynske, 25 — Zakhidno-Kharkivtsivske, 26 — Shchurynske, 27 - Yury-
ivske, 28 — Yaroshivske, 29 — Khukhryanske, 30 — Sagaidatske Nel, 31 — Sagaidatske Nel3, 32 —
Kybytsivske Ne5, 33 — Kybytsivske Ne51, 34 — Kybytsivske Ne52, 35 — Kybytsivske Ne56, 36 — Ky-
bytsivske Nel

Figure 23 - Dendrogram of the results of clustering by the weighted centroid method of Ni deposits
in oil content

3) The established high direct correlation between the contents of nickel and as-
phaltenes indicates the role of asphaltenes as the main concentrators of nickel in the
oil of the studied fields. 4) Based on the results of cluster analysis, the vibrating mean
values of nickel concentrations, which are significantly different from the same de-
posits and groups of deposits in established ranks, can be interpreted in terms of ter-
minology, such as: abnormally low; low; lower than middle; middle; above average;
high; abnormally high. The implementation of this approach makes it possible to vis-
ually compare and interpret in geological terms experimentally obtained all different-
scale and diverse indicators of oil fields

The scientific importance of the obtained results is in the development of the natu-
ral classification of oil deposits by nickel content, the identification of typomorphic
features of the oils of the considered deposits and established that exactly asphaltenes
from all oil fractions is main carriers and concentrators of nickel.
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The practical importance of the results obtained is in establishing the average
concentration and the ability to predict the nickel content in the oils of the studied de-
posits using the calculated regression equations.

REFERENCES

1. Shpirt, M.Ya., Nukenov, D.N., Punanova, S.A. and Visaliev, M.Ya. (2013), “Principles of obtaining compounds valuable met-
als from fossil fuels”, Himiya tverdogo topliva, no. 2, pp. 3-8. https://doi.org/10.3103/S0361521913020110

2. Raja, B.V.R. (2007), “Vanadium market in the world. Steelworld”, vol.13, no. 2, pp. 19-22.

3. Barwise, A.J.G. (1990), “Role of nickel and vanadium in petroleum classification”, Energy Fuels, no. 4(6), pp. 647-652.
https://doi.org/10.1021/ef00024a005

4. Shnyukov, E.F., Gozhik, P.F. and Krayushkin, V.A. (2007), “Vanadium and nickel in natural oils of Asia, Africa, Europe, North
and South America”, Dopovidi Natsionalnoi akademii nauk Ukrainy, no. 3, pp. 137-141.

5. Suhanov, A.A., Petrova, Yu.E. (2008), “Resource base of associated components of heavy oils in Russia”, Neftegazovaya
geologiya. Teoriya i praktika, no.3, pp. 1-11.

6. Yakutseni, S.P. (2010), “Deep zoning in the enrichment of hydrocarbons in heavy elements’, Neftegazovaya geologiya. Te-
oriya i praktika, no. 5(2). pp. 1-7.

7. Akpoveta, O. V. and Osakwe, S. A. (2014), “Determination of Heavy Metal Contents in Refined Petroleum”, IOSR Journal of
Applied Chemistry, no. 7(6), pp.1-2. https:/doi.org/10.9790/5736-07610102

8. Hlibishin, Yu. Ya., Mohamad Shakir Abd Al-Ameri, Grinishin, O. B. (2013), “Investigation of the distillate part of high-sulfur oil
of Orkhovytsia oil field”, Visnik Natsionalnogo universitetu "Lvivska politehnika", no.761, pp. 462-465.

9. Wilberforce, J.0. (2016), “Profile of Heavy Metals in Crude Oil Commonly Consumed for Medicinal Purposes in Abakaliki”,
IOSR Journal of Pharmacy and Biological Sciences, no. 11(3). pp. 43-44.

10. Ishkov, V.V. and Kozii, Ye.S. (2014), “About classification of coal seams by the content of toxic elements using cluster
analysis”, Zbirnyk naukovykh prats Natsionalnoho hirnychoho universytetu, no.45, pp. 209 -221.

11. Koziy, E.S. and Ishkov, V.V. (2017), “Coal classification of main working seams of Pavlohrad-Petropavlivka geological and
industrial district on content of toxic and potentially toxic elements”, Geo-Technical Mechanics, no. 136, pp. 74-86.

12. Kozar, M.A., Ishkov, V.V., Kozii, Ye.S. and Strielnyk, Yu.V. (2021), “Toxic elements of mineral and organic composition of
lower carbon coal Western Donbas”, Zbirnyk tez naukovoi konferenstii Instytutu geokhimii, mineralogii ta rudoutvorennya im. M.P.
Semenenka NAN Ukrainy: Heolohichna nauka v nezalezhnii Ukrainy [Collection of theses of the scientific conference of the Institute
of Geochemistry, Mineralogy and Ore Formation named after M.P. Semenenko of the National Academy of Sciences of Ukraine:
Geological science in independent Ukraine], Kyiv, pp.55-58.

13. Ishkov, V.V. and Koziy, E.S. (2021), “Accumulation of Co and Mn using the example of formation cs of Western Donbass as
a result of their migration from the weathering crust of the Ukrainian crystal shield», Materialy XVI Mezhdunarodnogo soveshchaniya
po geologii rossypey i mestorozhdeniy kor vyvetrivaniya: Rossyipi i mestorozhdeniya kor vyivetrivaniya XXI veka: zadachi,
problemyi, resheniya, [Proceedings of the International Conference: Placers and Weathering Crust Deposits of the 21st Century:
Tasks, Problems, Solutions], pp. 160-162.

14. Kozar, M.A., Ishkov, V.V., Kozii, Ye.S. and Pashchenko, P.S. (2020), "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", Journ. Geol. Geograph.
Geoecology, no. 29(4), pp. 722-730. https://doi.org/10.15421/112065

15. Koziy, E.S. (2018), “Arsenic, beryllium, fluorine and mercury in the coal of the layer cs of the "Dniprovska" mine of Pav-
logradsko-Petropavlovskiy geological and industrial district”, Visnyk Dnipropetrovskoho universytetu. Heolohiia-Heohrafiia, no. 26(1),
pp. 113-120. https://doi.org/10.15421/111812

16. Yerofieiev, A.M., Ishkov, V.V. and Kozii, Ye.S. (2021), “Peculiarities of the influence of the main geological and technologi-
cal indicators of the ail fields of Ukraine on the vanadium content”, Materialy Il Mizhnarodnoi naukovoi konferentsii: Suchasni prob-
lemy hirnychoi heolohii ta heoekolohii [Materials of the Il International Scientific Conference "Modern Problems of Mining Geology
and Geoecology"], pp. 115-120.

17. Yerofieiev, A.M., Ishkov, V.V. and Kozii, Ye.S. (2021), “Features of the influence of the main geological and technological
indicators of Kachalivske, Kulychykhinske, Matlakhovske, Malosorochynske and Sofiyivske deposits on the vanadium content in oil”,
Materialy XIX Mizhnarodnoi konferentsii molodykh uchenykh: Heotekhnichni problemy rozrobky rodovyshch [Proceedings of the XIX
International Conference of Young Scientists: Geotechnical Problems of Deposit Development], pp.84-88.

18. Yerofieiev, AM., Ishkov, V.V. and Kozii, Ye.S. (2021), “Results of cluster analysis of oil fields of the Dnipro-Donetsk basin
by vanadium content”, Materialy IX Vseukrainskoi naukovo-tekhnichnoi konferentsii: Molod, nauka ta innovatsii [Proceedings of the
9th All-Ukrainian Scientific and Technical Conference: Youth, Science and Innovation], pp. 338-339.

19. Yerofieiev, A.M., Ishkov, V.V. and Kozii, Ye.S. (2021), “Features of the influence of geological and technological indicators
of some deposits on the content of vanadium in oil”, Materialy VIII Vseukrainskoi naukovo-praktychnoi konferentsii studentiv,
aspirantiv ta molodykh vchenykh: Perspektyvy rozvytku hirnychoi spravy ta ratsionalnoho vykorystannia pryrodnykh resursiv [Materi-
als of the VIII All-Ukrainian scientific and practical conference of students, postgraduates and young scientists: Prospects for the
development of mining and rational use of natural resources], pp. 43-46.

20. Yerofieiev, A.M., Ishkov, V.V., Kozii, Ye.S. (2021), “Influence of main geological and technical indicators of Kachalivskyi,
Kulychykhinskyi, Matlakhovskyi, Malosorochynskyi and Sofiivskyi deposits on vanadium content in the oil”, Materialy mizhnarodnoi



https://doi.org/10.3103/S0361521913020110
https://doi.org/10.1021/ef00024a005
https://doi.org/10.9790/5736-07610102
https://doi.org/10.15421/112065
https://doi.org/10.15421/111812

16 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Teotexuiuna mexanika. 2022. Ne 160

naukovo-tekhnichnoi konferentsii: Ukrainskyi hirnychyi forum [Proceedings of the international scientific and technical conference:
Ukrainian Mining Forum], pp. 177-185.

21. Yerofieiev, A.M., Ishkov, V.V., Kozii, Ye.S. and Bartashevskiy, S.Ye. (2021), “Research of clusterization methods of oil de-
posits in the Dnipro-Donetsk depression with the purpose of creating their classification by metal content (on the vanadium exam-
ple)’, Naukovi pratsi Donetskoho natsionalnoho tekhnichnoho universytetu, Seriia: «Hirnycho-heolohichna», pp. 83-93.
https://doi.org/10.31474/2073-9575-2021-1(25)-2(26)-83-93

About authors

Yerofieiev Artem Mykolaiovych, Postgraduate Student, V. N.Karazin Kharkiv National University, Kharkiv, Ukraine,
pro100graf@gmail.com

Ishkov Valerii Valeriiovych, Candidate of Geological and Mineralogical Sciences (Ph.D.), Senior Research Fellow of Labora-
tory of Studies of Structural Changes Rocks, Institute of Geotechnical Mechanics named by N. Poljakov of National Academy of
Sciences of Ukraine (IGTM NAS of Ukraine), Dnipro, Ukraine, ishwishw37@gmail.com

Kozii Yevhen Serhiiovych, Candidate of Geological Sciences (Ph.D.), Deputy Director of Educational and Scientific Center for
Training of Foreign Citizens, National Technical University “Dnipro Polytechnic” (NTU "DP"), Dnipro, Ukraine, koziy.es@gmail.com

Bartashevskiy Stanislav Yevhenovych, Candidate of Technical Sciences (Ph.D.), Associate Professor, Head of the Depart-
ment of Transport Systems and Technologies, National Technical University “Dnipro Polytechnic” (NTU "DP"), Dnipro, Ukraine,
bartashevskyi.s.ye@nmu.one

FEOXIMIYHI OCOBJIMBOCTI HIKENKO Y HA®TAX POOOBULL, AHINPOBCHLKO-AOHELLKOI
3ANAOQUHU
€poghees A.M., lwkoe B.B., Kositi €.C., bapmawescbkul C.€.

AHorauis. MNpeacraeneHi pesynbTati 6araTopiyHnX JOCHIZKEHb reoXiMiYHUX 0COBIMBOCTEN Hikenio y HadpTax 3 36
POLOBWLLY, OCHOBHOMO HathTOra3oHOCHOro perioHy Ykpaiuu — [IHinpoBCbKo-[loHewbKoi 3anaauHn: baxmaycekoro, Mpuny-
ybkoro, KpacHosaspcekoro, Kauaniscokoro, Kpemerisebkoro, KapaiikosoBebkoro, KopobouknHebkoro, KynuumxiHebkoro,
JlinosogonuHcbkoro, MoHacTupileHebkoro, Matnaxoscskoro, ManocopounHebkoro, HoBo-Mukonaescbkoro, Mepekonis-
cbkoro, lMpokoneHkiBcbkoro, PagueHkoBcbKkoro, PacnawwHoscbkoro, Codiisebkoro, Cyxogoniscbkoro, CONoHLBCHKOrO,
Conoxiscbkoro, TamanaiBcbkoro, TpoOCTSIHELbKOrO, TypyTUHCbKOro,  3axigHO-XapbKoBLiBCbKOrO,  LLlypuHcbkoro,
tOp’iBcbkoro, Apowiscbkoro, XyxpsHebkoro, Caranaaubkoro Ne1, Carangaubkoro Ne13, Knbuyiscokoro Ne5, Knbuuisch-
koro Ne51, Kubuuiscobkoro Ne52, Knbuuiscbkoro Ne56, Kubuuiscbkoro Ne1. 3a pesynbtatamu KOpensiLiiiHoro Ta perpe-
CiiHOrO aHanisie BCTAHOBIEHO XapakTep Ta (hopMM 3B’A3KY MiXK BMICTOM HIiKEMN Y HadhTax; BaHaito; LIMHKY; XpPOMY; Cy-
mapHoro Bmicty V, Zn, Cr, Mn, Co, Fe, Hg, Al; cepeHb0i NOTYXHOCTi NPOAYKTUBHOIO rOPU3OHTY; 3HAYEHHS MYCTUHM Ha-
(T1; 3HaYEHHS B'A3KOCTI HathTL; BMICTY CMOSIU; LWiNbHICT NNAcTOBOI BOAW 3 NPOAYKTMBHOTO FOPWU30HTY; BMICTY Cipku B
HadhTi; MapraHuto; kobanbTy; 3anisa; pTyTi; antoMiHilo; Cy4acHOi rMOMHU NPOAYKTUBHOIO FOPU3OHTY; Cy4acHoi Temnepa-
TYPU NPOLYKTUBHOTO FOPU30HTY; Cy4aCHOrO TUCKY Y MPOAYKTUBHOMY FOPU3OHTI; TeMnepaTypu noyatky KUMiHHS HadT;
BMICTY napaciHiB; 3Ha4eHHs MiHepani3aLil N1acToBoi BOAYM i3 NPOAYKTUBHOIO FOPU3OHTY; YTPUMaHHS acdarnbTeHis. Ha-
BeJeHi po3paxoBaHi kKoedhiLlieHTW KopensLii, NiHiiHi NapHi piBHAHHA perpecii Ta ix rpadiku MiX LUumMmu napametpamu. 3a
pesynbTatamyu KNnacTepHOro aHanisy nobynoBaHa AeHOporpama pesynbTaTiB KrnacTepusalii 3BaXeHWM LEHTPOIAHUM
METOLOM POZOBMLL, MO BMICTY HIKEMNIO Y HagpTax po3rnsaHyTUX POAOBULL. BpaxoBytum CTAaTUCTUYHO 3HAYYLLMIA XapaKTep
3B'A3KIB HiKento 3anporoHOBaHO BCi rEOXiMiYHI Ta reonoro-TEXHOMOMYHI NapamMeTpu Po3ginuTi Ha rpyny reHeTUYHO
Ta/abo napareHeTUYHO MOB’A3aHMX i3 HAKOMMYEHHAM HIKeNto ¥ HadTi Ta Ha rpyny HEraTMBHO MOB’S3aHNX 3i 30iNbLIEHHAM
BMICTY Hikento y HadhTi. Ha nigcTasi pesynbTartis knactepusalii 3BaxeHUM LEHTPOIAHUM METOAOM po3pobneHa neplia
npupogHa Knacudikalis pofoBuLL, 3a BMICTOM HiKento y HadpTax. [JokasaHo Lo acanbTeHn € OCHOBHUMM KOHLEHTpa-
TOpaMK HiKento B HagpTi JocnigxyBaHUX pogoBsuLL. MokasaHo Lo 3a pesynbTaTamu KnacTepHOro aHanisy BubipKoBi ce-
penHi 3Ha4YEeHHS KOHLIEHTpALi HIKENIO, L0 3HAYMMO BiPI3HAOTECSA MiX OKPEMUMI POAOBULLAMM YW TPYNamMi POLOBHLL B
YCTaHOBMEHMX PSAax MOXHA iHTEPNPETYBaTH B TEPMIHOMONiT SAKICHOT OLHKM, SIK: aHOMasTbHO HU3bKi; HU3bKI; HIKYe cepe-
OHiX; CepeqHi; BULLe cepeaHix; BUCOK; aHOManbHO BUCOKI. Peanisauis Takoro nigxody Aae MOXMBICTb HAarmsagHo 3icTa-
BMTU Ta iHTEPNPETYBATW y FEONOrYHMX MOHATTAX EKCEPUMEHTANbHO OTPUMAHI YCi pisHOMaclTabHi Ta pisHOMaHITHi
MOKa3HWKN HAaTOBMX POLOBNLL.

Knto4oBi cnoBa: Hikenb, pogoBuLLa HadhTh, KNacTepHWUA aHani3, NiHiNHe PIBHAHHSA perpecii, reoximMivHi napameTpu
HadTW, KoediLieHT Kopenauii.
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