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ULTRAFINECOPPER AND NICKEL POWDERS
IN THE ELECTRO-CATALYTIC HYDROGENATION
OF ORGANIC COMPOUNDS

E.A. Soboleva®”, Ya.A.Visurkhanova'?, N.M. lvanova,
M_.E. Beisenbekova?, S.0. Kenzhetaeva®

Institute of Organic Synthesis and Chemistry of Coal of Kazakhstan Republic, Karaganda,
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2Academician E.A. Buketov Karaganda University, Kazakhstan
esoboleva-kz@mail.ru

Abstract. Ultrafine copper and nickel powders are synthesized by a chemical
reduction of the metal cations from their salts in an aqueous ethanol solution without and
with the addition of a polymer stabilizer (polyvinylpyrrolidone and polyvinyl alcohol).
The structure and morphological features of the prepared metal powders were investigated
by X-ray phase analysis and electron microscopy. The electrocatalytic properties of the
Cu and Ni powders have been studied in the electrohydrogenation of acetophenone, nitro-
benzene, p-nitroaniline, and cyclohexanone. A higher electrocatalytic activity of Cu
powders, as well as skeletal copper, was established in the electrohydrogenation of the
first three of the listed compounds in comparison with nickel powders, which is explained
by the ability of copper cations to be reduced from its oxides in the electrochemical
system under investigation. It is shown that the use of polymer stabilizers in the synthesis
of Cu and Ni powders contributes to reducing metal particle sizes, but does not increase
the electrocatalytic activity of the corresponding metal powders.

Key words: ultrafine metal powders, copper, nickel, polymer stabilizers, electrocata-
Iytic hydrogenation of organic compounds.

Introduction.The method of electrode activation, which consists in coating
the catalytically active powder material with ferromagnetic properties on to
electrode surfaceand held it with a magnetic field, was developed by Kazakhstan
scientists in the 70s of the last century [1, 2]. A high efficiency of the method was
shown in many processes of electrocatalytic hydrogenation of organic compounds
[3-5] and was introduced into the production of the anticancer drug «metatrexate»
(at the Shchelkovo Vitamin Plant, in 1989). It should be noted that powders of
skeletal catalysts (Raney catalysts), such as Ni, Co, Fe were most often used as a
ferromagnetic material, and as non-ferromagnetic powders were used the skeletal
copper and copper obtained in an electrochemical cell [6]. For instance,the size of
particles of skeletal nickel according to Wikipedia is usually 400-800 nm, its
specific surface area is ~100 m?/g. However, in the review [7] devoted to the
preparation of skeletal catalysts with reference to corresponding studies, it was
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noted that crystallites of skeletal nickel have sizes from 1 to 20 nm, of skeletal
copper from 10 to 100 nm, and in this case the copper grain sizes are 10-13 nm
and they are collected in larger particles. At the same time,it was concluded that
the sizes of particles of skeletal catalysts, as well as their catalytic activity, depend
on the conditions of their preparation [7].

With the development of various methods for the preparation of metal
nanoparticles (NPs) and methods for their investigation, a desire to study their
catalytic properties, selectivity, and stability in known catalytic and electrocata-
Iytic processes has arisen and continues to this day. Metal NPs can be produced
by various methods, which are divided into three main groups: chemical,
physical, and biological. According to [8, 9], chemical methods include chemical
reduction, microemulsion reduction, sonochemical methods, sonoelectrochemical,
microwave, photochemical, electrochemical methods, and thermal decomposition.
Physical methods are laser ablation, mechanical mixing, pulsed discharge, electric
wire explosion, gas evaporation, etc. Biological methods include bacterial,
fungicidal, and using various plants [8]. All of the above methods have their
advantages and disadvantages, but the most widespread and available methods for
producing metal NPs are currently the methods of chemical reduction of metals
from their salts.

For each of the metals there are both general chemical reduction techniques
and techniques that are predominantly applicable to a particular metal. So, many
studies in the literature have been devoted to the methods of chemical reduction
of copper; they are reviewed, for example, in [9-11]. As noted in [11], copper
reduction can occur in aqueous, organic media, agueous-oil-polymer systems,
aqueous-oil-surfactant and other media. Such factors as the nature and
concentration of the copper salt, reducing agent, solvent and stabilizing agents,
pH of the medium, temperature, a method for separating Cu particles and some
others are influenced on the size, morphology, stability and other characteristics
of the resulting copper NPs. Sodium borohydride [12,13],hydrazines [14,15],
sodium hypophosphite [16], ascorbic acid [17-19], alcohols and polyols (e.g.
ethylene glycol) [20-22] and some others are used as reducing reagents to
fabricate copper NPs in reduction reactions. Becausethe copper NPs, like other
metal NPs, are inclined to aggregation and rapidly interact with water and
oxygen, it is necessary to synthesize them with stabilizing agents, for instance,
polymers, surfactants, various complexing agents, organic compounds, which
form an adsorption layer on the surface of the nanoparticles to protect them from
oxidation and prevent agglomeration. Due to the manifested physical and che-
mical properties, good electrical and thermal conductivityof copper nanoparticles,
it is promising to use them as lubricants, antibacterial agents, biosensors, solar
energy conversion materials, in electronic and optical devices and especially in
catalysis[11].

Among the chemical methods of the preparing of nickel NPs, the most
developed are polyol methods, when the reduction of metal cations is carried out
in an alcoholic medium or in a medium of polyatomic alcohols containing more
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than one hydroxyl group. These polyol solvents themselves can act as reducing
agents, but more often a reducing agent is added to the system. Thus, work [23]
describes the preparation of magnetic Ni NPs with a size of 3.4-3.8 nm from
nickel (1) chloride in an ethylene glycol with the addition of a polymer stabilizer
(poly(N-vinyl-2-pyrrolidone) and using sodium borohydride as reductant.
Spherical Ni NPs with sizes from 2 to 600 nm were obtained without the using of
stabilizers, but also in ethylene glycol, with a reducing agent hydrazine hydrate
(N2H4-H>0) in the presence of sodium hydroxide and at 60°C[24].The conditions
for the synthesis of Ni NPs in ethylene glycol solution with using mainly hydra-
zine hydrate were studied in [25-27]. Without a reducing agent, monodisperse
polymer-stabilized Ni NPs with the sizes of particles 25-42 nm were synthesized
from nickel acetate in the presence of NaOH and the PVP stabilizer dissolved in
1,2-propanediol and at 160°C. The addition of PVP and the concentration of
NaOHwereinfluenced on the Ni NPs dispersion and the degree of their agglome-
ration [28]. Ni NPs with a diameter of 8.4-13.8 nm were synthesized in ethanol-
solution using hydrazine hydrate [29]. Not in a polyol medium, but, for example,
in a DMSO-H,0 and PVP solution using a borohydride reductant, Ni, Co and
Ni/Co nanoparticles were obtained and applied as catalysts for the reduction of
nitroaromatic compounds [30]. It was found that the average size of Ni NPs is 35-
40 nm; however, the availability of van der Waals forces between the particles
and the tendency of the system to minimize the total surface energy led to the
formation of Ni NPs agglomerates of 300-1100 nm in size.

Thus, the presented brief review of the literature on methods of preparing the
Cu and Ni metals nanoparticles, which are the objects of study in this work,
showed their great variety, the possibility of choosing and reproducing their
specific synthetic techniques.

The aim of this work is to study the behavior and electrocatalytic activity of
ultrafine copper and nickel powders synthesized by chemical reduction methods
in the electrohydrogenation of organic compounds when they are deposited on the
cathode by the method described above.

EXPERIMENTAL PART

For the synthesis of Cu and Ni micro- and nanoparticles, a water-ethanol
mixture was chosen without and with the addition of water-soluble polymer-
stabilizers — polyvinyl alcohol (PVA) and poly(N-vinylpyrrolidone) (PVP) using
sodium borohydride (NaBH,) and hydrazine hydrate (N,H,-H,O) as reducing
agents.

According to recommendations in the book [8], the reduction of metal
cations with sodium borohydride is more efficient carried out at pH>7 and 20-
30°C(Cu®* cations) and at pH>7 and temperature 50-90°C(Ni** cations). When
reducing agent is hydrazine hydrate, the optimal pH and temperature values for
metals are follows [8]: pH>7 and 60-90°C(Cu?" cations); pH > 7 and 90-95°C(Ni?*
cations).
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The processes of metal cations (Cu, Ni) reduction by sodium borohydride
and hydrazine hydrate could be described by the following reaction equations:

CuCl, + 2NaBH, + 6H,0 — Cu®| +7H,1 + 2NaCl + 2H3BOs,
2CuCl, + N,H, +4NaOH — 2Cu°| + N1 + 4NaCl + 4H,0,
2NiCl, + N,H; +4NaOH — 2Ni°| + N1 + 4NaCl + 4H,0.

Dispersed copper powders were obtained by using NaBH, according to the
following procedure:

The metal salt (0.05 mol) was dissolved at room temperature in 50 ml of
aqueous-ethanol mixture (solvent ratio 1:1 by volume). In the case of adding a
stabilizer,50 ml of 3% polymer aqueous solution was separately prepared and
added to the aqueous-ethanol solution of the metal salt. The pH value of the
reaction mixture was adjusted to optimum value for the copper reduction by 1M
NaOHaqueous solution. The mixture was heated to the required temperature. To
this mixture, 50 ml of 2M NaBH, solution (metal salt/NaBH, ratio wasl:2 in
moles) was poured dropwise and stirred for 1 hour. As a result of the violent
reaction, dark brown precipitate was produced. Then the mixture was centrifuged
for 10 minutes at a speed of 1300 rpm. The obtained powder was washed with
distilled water and ethyl alcohol and dried at 80°Cand pressure of 0.06 MPa.

The copper and nickel powders were prepared using N,H4sH,O by the
following procedure:

The metal salt (0.05 mol)was dissolved at room temperature in 50 ml of
aqueous-ethanol mixture (solvent ratio 1:1 by volume). In the case of adding a
stabilizer, 50 ml of 3% polymer aqueous solution wasseparately prepared and
added to the metal salt solution. The mixture was heated to the required
temperature. Separately an alkaline solution of hydrazine hydrate was prepared:
37 ml (0.75 mol) of 64% N,H4H,O and 25 ml of 4M NaOH. This mixture was
added dropwise to metal salt solution with constant stirring and heating. The
reaction mixturewas centrifuged at 1300 rpm for 10 minutes. The resulting metal
powder was washed with distilled water and ethyl alcohol. Then it was dried at
80°C and pressure of 0.06 MPa.

The structure and phase constitutions of synthesized ultrafine metal powders
were investigated using X-ray diffractometer (DRON-2), the morphological
features of the powders metal particles were scanned on a TESCAN MIRA 3
LMU electron microscope.

The electrocatalytic activity of the prepared copper and nickel powders was
studied in the processes of electrohydrogenation of acetophenone (APh), nitro-
benzene (NB), p-nitroaniline (p-NA) and cyclohexanone (CH). The obtained
products of their hydrogenation (methylphenylcarbinol, aniline, p-phenylene-
diamine, cyclohexanol) are known organic compounds with a wide range of
applications. Experiments were carried out in a diaphragm cell in alcohol-
aqueous-alkaline catholyte with a current of 1.5 A and temperature of 30°C. The
cathode is a copper plate that was closely contacted the bottom of the cell and
served as a substrate for the deposited metal powder as a catalyst (by a weight of
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1 g), platinum gauze was used as an anode. The initial concentrations of the
organic compounds were 0.198 mol/L (for APh and CH) and 0.066 mol/L (for NB
and p-NA).The metal powders deposited on the cathode were first saturated with
hydrogen. Then an organic compound was injectedinto the catholyte and its
electrocatalytic hydrogenation occurred. The amount of hydrogen absorbed V;, the
hydrogenation rate W, the hydrogen utilization coefficient #, and the conversion
of the hydrogenated compound a were calculated from the volumes of gases
evolved (oxygen and hydrogen). Hydrogenation products were extracted from the
catholytes with chloroform, and the extracts were analyzed on a Kristall-5000.1
chromatograph.

RESULTS AND DISCUSSION

According to the microscopic investigations carried out, the particle sizes of
skeletal Cu catalyst (after a leaching of Cu-Al alloy (50:50)) vary within the wide
range (from 0.5 um to 50 pm) and have a different morphological structure
(Figure 1).

5 um 2 um
Figure 1 — Micrographs of skeletal Cu particles

Some particles have a twisting and porous surface, which is formed,
apparently, after the transition of aluminum to an alkaline solution, and which is
similar in structure to particles in micrographs in various literature sources(for
example, in [7]). Other particles consist of numerous small crystallites of ~ 0.2-
0.5 um in sizeagglomerated with each other. All skeletal copper particles contain
such chemical elements as aluminum and small amounts of oxygen, iron and
sodium. Apparently, the skeletal nickel particles have a similar structure after
leaching, andobviously,their sizes depend on the sizes of the particles in an initial
metal-aluminum alloy.

Copper powders were synthesized using similar techniques in our work [31].
It was shown thatdiffraction peaksin the XRD patterns of these powderscorres-
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pond to the crystalline phases of reduced copper (Cu®) and its oxides (Cu,O and
CuO). Moreover, in the powders prepared using hydrazine hydrate,the reduced
copper crystallites contain more than in the powder synthesized with sodium
borohydride. After application of these powders to activate a copper cathode in
the electrohydrogenation of acetophenone the content of copper crystalline phases
in them was increased due to the electrochemical reduction of copper cations
from its oxides.

2pm b)

Figure 2 — Micrographs of Cu(NaBH,) particles before (a) and after (b) electrocatalytic
hydrogenation of APh

The surface morphology of particles of the copper powder synthesized with
borohydride reductant was examined by performing microscopic analysis. From
electron micrographs (Figure 2) it follows that copper particles are formed in the
shape of plates coated with its oxides, the sizes of which are ~ 100-160 nm
(Figure 2, a). Larger agglomerated particles are also presented. After application
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of Cu(NaBH,) powder in APh electrohydrogenation, the size of its particles
slightly decreases (~ 50-120 nm) (Figure 2, b). In the case of preparation of
copper powder using hydrazine hydrate, the size of its particles is ~ 35-90 nm and
they are also collected in larger formations [31].

In this work, nickel powders were synthesized only with the using of
hydrazine hydrate and their X-ray diffraction patterns have peaks corresponding
to reduced nickel (Ni°) and a small amount of NaCl as impurity (Figure 3, a). The
synthesis of nickel powders in a solution with polymers is also accompanied by
almost complete reduction of nickel (I1) cations and Ni° particles formation. In
this case, the corresponding peaks in the X-ray diffraction pattern are slightly
broadened (Figure 3, c), which may indicate the formation of nickel particles with
smaller sizes. It should be noted that nickel powders obtained using sodium
borohydride contain various impurities, including nickel borides, and exhibit the
weak electrocatalytic properties, which are tested in the process of electrohydro-
genation of APh, and therefore, for hydrogenation of other organic compounds,
theyare decided do not use.
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Figure 3 — XRD patterns of Ni(N,H,-H,0) powders after synthesis (a)and after
electrocatalytic hydrogenation of APh (b), and Ni(N,H4-H,0) + PVA after synthesis (c)

38



ISSN 1813-1107 M2 2021

The micrographs of Ni powders prepared without and in the presence of
PVA polymer are shown in Figure 4. As can be seen from the presented
micrographs, the Ni powder synthesized without polymer stabilizers (Figure 4, a)
consists of round particles with sizes of ~ 150-600 nm. These particles are bonded
to each other in varying chain lengths and simply shapeless formations that
together form the large agglomerates with a porous structure. According to EDS
(energy dispersive X-ray spectroscopy) analysis, this Ni powder contains the Cl,
Na and O chemical elements, obviously in the form of NaCl, NaOHimpurities, or
nickel oxide.

Figure 4 — Micrographs of Ni powders prepared without (a) and in the presence of
PVApolymer (b)

The particles of Ni powder synthesized with PVA polymer (Figure 4, b) have
really the smaller sizes (~ 90-200 nm), than particles of Ni powder prepared
without the polymer stabilizer. In last case, the surface of the particles is loose,
they interact less with each other, and as if they are enclosed in a transparent
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polymer film. This powder also contains the NaCl, NaOH impurities and possibly
others.

The electrocatalytic activity of the synthesized Cu and Ni powders was
studied in the processes of electrohydrogenation of the following organic
compounds:

o NO, NO, (ﬁ
“CH,
Acetophenone Nitrobenzene NH, Cyclohexanone

p-NitroaniIine

The electrochemical reduction of these compounds on a Cu cathode (without
deposition of metal catalyst powders) proceedsvariously (Tables 1, 2). The nitro
groups in NB and p-NA are reduced at fairly good reaction rates and conversion,
although the products contain side-formed compounds. Dimeric byproducts are
also found in the APhreduction which is carried out at a small rate and low degree
of conversion. The carbonyl group in cyclohexanoneis not reduced under the
specified conditions of the electrochemical system.

To compare the obtained results on the electrohydrogenation of organic
compounds using the synthesized metal powders,the experiments were also
carried out using skeletal Cu and Ni catalysts and Cu and Ni nanoparticles (Tables
1 and 2) prepared by the method of electric wire explosion (EWE) (fromTomsk)
[32]. The particle sizes of Cu (EWE) powder are 40-160 nm and it containcopper
() oxide [31]. Nickel powder is represented by reduced nickel crystallites with
sizes of 50-90 nm.

The results of the research performed on the electrocatalytic hydrogenation
of organic compounds on copper catalysts are given in Table 1.

From the data presented in Table 1 it follows that the electrocatalytic effect
in the investigated processes in comparison with their electrochemical passages is
observed for almost all copper powders used. In the electrohydrogenation of APh,
high values of the rate and APh conversion are obtained on copper powders
synthesized with the using of sodium borohydride reducing agent both without
and with the addition of polymer stabilizers. Although in the presence of the
latter, powders of a larger mass are formed, and as a consequence, with a lower
metal content in 1 g taken to activate a cathode (Table 1). However, the most
intense hydrogenation of APh is carried out on skeletal copper. The main product
of APhhydrogenation is methylphenylcarbinol, a well-known fragrant substance.

The electrocatalytic hydrogenation of NB and p-NA is also passed most
intense with the using of skeletal Cu. Close values of the rate of NB
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hydrogenation and its conversion are obtained on copper powders prepared using
NaBH,, and for the p-NA hydrogenation on copper powder synthesized using
hydrazine hydrate and without polymer stabilizers (Table 1).

Table 1 - Electrocatalytichydrogenation of organic compounds with using copper powders

Copper APh NB p-NA CH
contentin
Cu powders 1g of Wi a, Wi a, Wi a, Wi a,
owder, m 0 m 0 m 0 m 0
P g Hy/min % Hy/min % Hy/min % Hy/min %
Cu-cathode - 1.0 221| 78 | 956 | 6.6 | 867 | 0.0 0.0
Cuskeletal - 8.5 980| 94 | 996 | 95 | 945 | 65 | 84.6
Cu (EWE) NPs - 7.1 995| 83 | 986 | 88 | 952 | 0.8 | 215
N,H4-H,0 reducing agent
Cu (H,0 + EtOH) 0.985 7.3 97.2 91 |96.7| 93 | 955 | 1.7 | 459
Cu (H,O+EtOH)+PVP 0.605 5.6 725| 7.6 |100.0| 7.1 |93.0 | 1.7 | 50.7
Cu (H,O+EtOH)+PVA 0.835 7.0 |100.0| 83 [ 980 | 7.4 |97.7| 19 | 523
NaBH, reducing agent
Cu (H,0 + EtOH) 0.797 7.5 100.0f 9.2 [100.0| 86 | 942 | 15 |525
Cu (H,O+EtOH)+PVP 0.462 7.3 |100.0f 9.1 [99.1| 81 |9.5| 35 | 754
Cu (H,O+EtOH)+PVA 0.420 7.3 966| 85 | 867 | 76 | 942 | 15 | 582

The electrohydrogenation of cyclohexanone withapplication of fabricated
copper powders showed a weak electrocatalytic effect in comparison with the
absence of electrochemical reduction of CH on the Cu cathode, but almost twice
and more better, than in the process on Cu (EWE) nanoparticles (Table 1). This
leads to the conclusion that a decrease in the size of copper particles becomes less
favorable for the passage of electrocatalytic hydrogenation of CH on them in a
liquid catholyte medium. Among the possible factors influencing this process we
can assume a weak contact of these copper nanoparticles with the cathode surface,
when nanoparticles not attached to it together with the released hydrogen rise
upward, and their own gravity is not enough to return to the cathode. This
assumption is consistent with the fact that on larger particles of skeletal Cu the
hydrogenation of CH proceeds quite intensively and its conversion reaches almost
85% (Table 1). In addition, it follows from the results obtained that the rate of CH
hydrogenation sharply decreases on Cu (EWE) nanoparticles and on synthesized
copper powders in comparison with skeletal copper with larger particles. It can be
assumed that this reaction is structurally sensitive (or "hindered"), while all other
investigated processes of electrocatalytic hydrogenation on copper particles are
apparently structurally insensitive.

Nickel powders also exhibited electrocatalytic activity in the electrohydro-
genation of carbonyl groups in APh and CH compounds (Table 2). However the
values of hydrogenation rates are lower than when using Ni (EWE) nanoparticles
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and noticeably lower than those for Raney Ni catalyst. At the same time the
degree of APh and CH conversion is close to its value on the skeletal catalyst, and
in the case of APh, it was even higher. If we compare the results of the
electrocatalytic hydrogenation of APh and CH (Table 2) obtained on nickel
powders with the results for copper powders (Table 1), it can be noted that the
hydrogenation rates of acetophenoneare higher for copper powders, and in the
case of cyclohexanone, on the contrary, they are higher for nickel powders. It may
be noted, that the hydrogenation of cyclohexanone on nickel catalysts is related to
structurally insensitive reactions.

Table 2 — Electrocatalytic hydrogenation of organic compounds in the presence of nickel
powders synthesized withN,H,-H,0 reducing agent

Nickel APh NB p-NA CH
Catalyst contentin W, " W, " W, " W, "
lgof ml vl m o m| | m|
owder i % in| % in| % i %
p 9 | Hy/min H,/min H,/min H,/min
Cu-cathode - 1.0 221 | 78 | 9.6 | 66 |86.7| 00 | 00
Ni skeletal - 7.9 918| 85 | 959 | 81 |914 | 6.7 | 824
Ni (EWE) NPs 1.0 6.6 100.0f 75 | 971 | 74 | 927 | 58 | 583
Ni (H,O + EtOH) 0.97 4.2 945| 82 | 995 | 7.4 | 958 | 39 | 787
Ni (H,O+EtOH)+PVP 0.61 4.9 913 54 | 9%.4 | 52 |809| 36 | 689
Ni (H,O+EtOH)+PVA 0.93 3.9 983 | 44 | 817 | 51 |781| 45 | 818

For nitro derivatives the opposite picture is observed:the prepared Ni
powders turn out to be less catalytically active in these processes than Cu powders
synthesized under similar conditions. Fairly good results for the processes of
electrocatalytic hydrogenation of NB and p-NA are obtained using skeletal
nickel. The discussed characteristics of NB hydrogenation on Ni powder prepared
without participating polymer stabilizers are also close to the results (Table 2).

The explanation for the lower activity of nickel powders than copper
powders is the fact repeatedly confirmed by our studies that copper (1, 11) cations,
in contrast to Ni?* cations, are reduced under specified conditions of the
electrochemical system. Therefore, the oxide film on copper particles undergoes
electrochemical reduction with the formation of zero-valent copper, which
catalyzes the processes of electrohydrogenation of organic compounds, while on
nickel particles, on the contrary, it prevents electrocatalytic hydrogenation
reactions. In addition, the energy of adsorption interaction of an organic molecule
with the catalyst surface and a number of other factors also play an important role
in catalytic and electrocatalytic processes.

Conclusions. Copper and nickel powders synthesized by chemical reduction
in an aqueous- ethanol mixture without and with the addition of polymer
stabilizer (PVP, PVA) contain metal particles with a wide size distribution
collected in larger agglomerates. In the composition of Cu powders its oxides
(CuO, CuyO)arecontained. The carried out investigations have been established
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that the cathode activation with synthesized Cu and Ni powders makes possible to
get an electrocatalytic effect in the reactions of APh, NB, p-NA and CH
electrohydrogenation, that consists in the increasingof the rate of hydrogenation
and the conversion of these compounds in comparison with their electrochemical
reduction on a non-activated cathode.The best results for the electrocatalytic
hydrogenation of APh, NB and p-NA has been obtained using copper powders,
including skeletal copper and Cu (EWE) powders, which is conditioned by the
ability of copper cations to be reduced (including from its oxides)in an
electrochemical system under given conditions. In the electrohydrogenation of
cyclohexanone, the Ni and Cu skeletal catalysts exhibit the highest electrocata-
Iytic activity, andthe synthesized copper powders are less active in this process
than nickel powders. This fact can be explained by the presence of a favorable
interaction of the electrons of the non-full completed Ni d-shell with the electrons
of the C=0-bond of cyclohexanone, as well as the structural features of CH
molecules, which prevented the interaction with copper atoms. That is, the
electrocatalytic activity of Cu and Ni powders depends on the preparation
method, the size of their particles (apparently,smaller particle sizesare not an
advantage in the studied electrocatalytic system), on the nature of the metal
catalyst, the nature of the reducing functional group, the interaction of catalyst
particles with a cathode, the structure of the molecules of organic compounds and
a few other factors.

This research is funded by the Science Committee of the Ministry of
Education and Science of the Republic of Kazakhstan (Grant No. AP08855930)
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Tyiiingeme

OPI'AHUKAJIBIK KOCBIIBICTAPABI SJIEKTPKATAJIU3AIK
T'AAPJEYAETI'T MBIC )KOHE HUKEJIBAIH YJIbTPAANCIHEPCTI
YHTAKTAPBI

E.A. Cobonesa, A.A. Bucypxanosa, H.M. Heanoea, M.E. beiicenberosa,
C.0. Kenacemaesa

MBpIC XK9HE HMKENBJIH YIbTPAAUCIIEPCT] YHTAKTaphl CYIbI-3TaHOIIBI OpTaga COUKec
METAUIIAPABIH TY3JapblHAH TIOJUMEPIi TYPaKTaHABIPFBIITHIH (MOJIMBUHHAIITHPPOIIH-
JOHHBIH >KOHE TOJMBUHMI CIIMPTIHIH) KOCBUTYBIMEH XOHE KOCBUTYBICHI3 XMMHSUIBIK TO-
TBHIKCBI3/IaHy apKbUIBl CHHTE3ZENi. AJIBIHFAaH METall YHTAKTapbIHBIH KYpPBUIBICHI MCH

47


mailto:%200000-0002-1089-367X
mailto:esoboleva-kz@mail.ru
mailto:esoboleva-kz@mail.ru
https://orcid.org/0000-0001-7279-1145
mailto:yakhavisurkhanova@bk.ru
https://orcid.org/0000-0001-8564-8006
https://orcid.org/0000-0001-8564-8006
mailto:nmiva@mail.ru
https://orcid.org/0000-0002-4156-2259
mailto:monika_99@list.ru
https://orcid.org/0000-0003-1891-5236?lang=en
mailto:kenzhetaeva58@mail.ru

XUMHYECKHH )KYPHAJI KA3AXCTAHA

MOP(HOTOTHSIIBIK EPEKIIENTIKTepl PEeHTreH(pa3aNblK Talgay >KOHE AIIEKTPOHABI MHKpPO-
ckomms anicTepiMer 3eprreni. AnbiaFaH Cu xoHe Ni YHTaKTapbIHBIH AJIEKTPKATATH3IIK
KacHeTTepi aneTo(eHOHHBIH, HUTPOOCH30JIbIH, /7-HUTPOAHWIMHHIH JKOHE IMKJIOreKca-
HOHHBIH JIEKTPKATaNM3IK THApIeHyiHae 3epTTenyi. Hukens yHTaKTapbIMeH CajbICTHIP-
FaH[a, aTaIFaH KOCBUIBICTAP/ABIH aJFAIIKbl YIICYiHIH 3JeKTpruapieHyinne, Cu yHrakra-
PBIHBIH, COHBIMEH KaTap CKEJETTI MBICTBIH 3JIEKTPKaTaIM3IiK OEJICeHIUIr1 KoFaphuiay
eKeHi AHBIKTAJIABI, OJI 3CPTTCITICH JJICKTPOXUMUAIIBIK ncyﬁeciH/:[e MBIC KaTHUOHAApPBbIHBIH
©31HIH OKCHATEPIHEH TOTBHIKChI3NaHy KaOimerimeH TyciHmipingi. Cu sxoHe Ni yHTakTa-
PBIHBIH CHHTE3IH/Ie MOJIMMEPIIl TYPAKTaHIBIPFBIIITAPABI KOJIAaHy METa/UT OOJIIeKTePiHiH
KilmiperoiHe oKelNeTiHi, OipaK ColKec MeTajll YHTaKTapbIHBIH AJIEKTPKATAIU3IIK OesceH-
JUTITIH apTTBIPMANTBIHBI KOPCETUII.

Tyiiin ce3aepi: MetayuigapAblH yIbTPaJUCIEPCTi YHTAKTAPhl, MbIC, HUKENb, MOJIH-
MepJi TYpaKTaHABIPFHIIITAP, OPTaHUKAJIBIK KOCBUIBICTAPABIH 3JEKTPKATaIU3/AIK THUAp-
JIeHyi.

Pe3rome

YJIbBTPAJUCIIEPCHBIE IIOPOIIKU ME/IU U HUKEJISI
B SJIEKTPOKATAJIMTUYECKOM I'MIPUPOBAHUA OPTAHUYECKHUX
COEJMHEHMNHU

E.A. Cobonesa, A.A. Bucypxanosa, H.M. Heanoea, M.E. beiicenbekosa,
C.0. Kenscemaesa

VYIbTpaAuCIiepCHBIE MOPOIIKH MEIM M HHKENS CHHTE3HPOBAHBI XMMHYECKHM BOC-
CTAQHOBJICHHEM U3 COJIed COOTBETCTBYIOLIMX METAJIOB B BOJHO-3TaHOJIBHOM cpene 0e3 U ¢
J00aBJICHUEM IOJIMMEPHOTo cTabmnu3aropa (IIOJMBUHWINHPPONUIOHA W HOIUBHHHIO-
Boro crmmpta). CTpoeHrne M MOp(OIOTHIECKHEe OCOOEHHOCTH IIONYYEHHBIX ITOPOIIKOB
METaJJIOB HCCIIEOBAaHbl METOJaMU PEHTI€HO(A30BOr0 aHaIU3a W JJIEKTPOHHOH MHKPO-
CKOTIHH. M3ydeHbl IIeKTPOKATAIMTHIESCKIE CBOMCTBA MOMydeHHbIX mopomkoB Cu u Ni B
JNIEKTPOTHAPUPOBAHUM aLeTO(PEeHOHA, HUTPOOEH30/1a, H-HUTPOAHWIMHA M IHMKJIOTeKca-
HOHA. YcTaHOBJIEHa 0ojee BBICOKas AIEKTPOKATAIUTHYECKas aKTHBHOCTb nopoukos Cu,
a TaK)Ke CKEJICTHOM MEIM B DJIEKTPOTMJPUPOBAHMM IEPBBIX TPEX M3 MEpPEUUCICHHBIX
COC/IMHEHUI MO CPaBHEHHWIO C IIOPOLIKAMH HHUKENs, YTO OOBSICHEHO CIIOCOOHOCTBIO
KaTHOHOB MEIN BOCCTAHABIMBATHCS M3 €€ OKCHUIOB B MCCIEAYEMOH DIIEKTPOXUMHUYECKOH
cucreme. [loka3aHo, 9TO WCIIONB30BAHHWE ITOJIMMEPHBIX CTaOMIIM3aTOPOB NpPH CHHTE3E
nopomikoB Cu u Ni cmocoOCTByeT yMEHBIICHHIO Pa3MEPOB YACTHIl METAJUIOB, HO HE
MOBBIIIACT JJIEKTPOKATATUTHYECKYIO AKTUBHOCTh COOTBETCTBYIOIIMX METAUIMYECKHX
TIOPOLIKOB.

KnaroueBble c10Ba: yIbTpaauCIIepCHBIE MOPOIIKK METAJUIOB, MEAb, HUKEIb, IOJIH-
MEpHBIE CTaOMIIN3aTOPBI, HIEKTPOKATAIUTHIECKOE THIPUPOBAHNE OPIaHWYECKHX COEAU-
HEHUH.
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Foinvimu srcapuananvimoaposly ImuKacsl

Pepakuusiiiblk anka skoHe "Ka3zakcTaHHBIH XUMHUS KYPHAJbl'" FHUIBIMH KYyp-
HaNbIHBIH (OyaaH opi — XKypnan) O6ac pepakrtopsl '"JKapusiianbiMaap skeHiHaeri
ITHKA KomuTeTi" (Committee on Publication Ethics - COPE)
(http://publicationethics.org/about), "Eyponaibik FHUIBIMH peaaKkTopiap KaybIMaac-
Teirpl" (European Association of Science Editors — EASE) (http://www.ease.org.uk)
JKIHE "FpLIbIMHA JKapUsiJIaHbIMIAP 1edi JKOHIHAeri KOMHTETTIH"
(http://publicet.org/code/) KaGbLIAAHFAH XAABIKAPAJIBIK CTAHAAPTTAPABLI YCTAHAIbI.

bacna kpi3MmeriHzeri ofinerciz TaxipubeHi OonabplpmMay MakcarbiHaa (IUiaruar,
JKaJIFaH aKIaparThl YCBbIHY JXOHE T.0.) KOHE FBUIBIMH JKapHSJIaHBIMAAPIBIH KOFaphl
carachblH KaMTaMachl3 €Ty, aBTOPJIbIH aJlFaH FhUIBIMUA HOTHO)KENEPiH XKYPTIIBUIBIKIIEH TaHy
MaKcaThIH/a PeNaKIHSIIBIK KEHECTiH apOip MYIIeci, aBTOp, peleH3eHT, COHai-aKk bacrma
IIPOLIECiHE KATBICATBIH MEKEMeJIEp STUKANBIK CTaHIapTTap/bl, HOpMaJap MEH epexesepai
CaKTayFa YKoHE OJIApIBIH OY3BUTYBIH OONIBIpMay VINiH OapIbIK IIapajapisl KaObuImayra
MiHgerTi. Ochl MpoLecKe KaThICYIIbUIAPABIH OapiIbIFBIHBIH FBUIBIMH JKapUsUIAHBIM STH-
Kachl epekeliepiH cakTaybl aBTOPIAPIbIH 3UATKEPIIK MEHIUIK KYKBIKTAPbIH KaMTaMachl3
eTyre, OacbUIBIM CallaChlH apTTHIPYFa JKOHE aBTOPJIBIK MaTepHalapibl JKeKe TyJIFaiap-
JIbIH MY/JJIeC] YIIIIH 3aHChI3 Maijanany MYMKIHAICIH OOJIABIpMayFa bIKIAJ eTe/Il.

Pepakuysira xenin TyckeH OapiibIK FBUIBIMH Makajanap MiHAETTI TYple €Ki jKaKThl
nronyaal eteni. JKypHasl peAakiMschl MaKaJIaHBIH JKypHaJI HpoQuiiHe, pecimaey Ta-
JlanTapelHa COWKECTIriH Oenrijielai jkoHe OHbl KOJDKa30aHbIH FBUIBIMH KYHIIBUIBIFBIH
AMKBIHIAWTBIH JKOHE MaKala TaKbIphIObIHA HEFYpJIbIM JKaKblH FBUIBIMM MaMaHJaH-
JbIpysapel 0ap €Ki Toyenci3 peneH3eHT — MaMaHIapAbl TaraibIHIAWTBIH JKYPHAIIBIH
JKayarnTbl XaTIIBICBIHBIH OipiHIN KapayblHa >xiOepemi. Makanagapisl peneH3HsIIay bl
pemaKuMsIIBIK KEeHEeC XOHE PEHaKIHMIBIK alKa MYIIelepi, COHmal-ak Oacka enmepHiH
IIaKBIPBUTFAH PELEH3CHTTEPI JKy3ere acblpaabl. Makanara capanrama XKyprizy ymIiH Oen-
rim Oip pemeH3eHTTi TaHAay Typaisl memiMai bac penakrop KaOsuinainbel. Penensusiiay
Mep3iMi 2-4 anTaHbl Kypaijabl, OipaK peUeH3eHTTIH OTiHilIl OOMbIHIIA OJI y3apThUIYbI
MYMKIH.

Penakumsi MeH peleH3eHT Kapayra KiOepuireH kapusiianOaraH MaTepualiiapIbly
KYNUSUTBIIBIFBIH CaKTayFa Kenuiiik Oepeni. XKapusiiay Typayibl MICMIIMAL KypHAJIBIH
pelaKIMsIIbIK ANKAChl pelieH3MsIayiaH KeiliH kaObuinaiapl. Kaxer OonraH karnaiijna
KOJDKa30a aBTOpJapra pElEH3SHTTEp MEH peAaKkTOpJap/AblH ecKepTyliepi OoifbIHIIa
IIBICBIKTaYFa JKi0episienti, colaH KeliH o Kaiita pereH3usulanapl. Pegakiust sTuka epe-
XKeJlepiH Oy3raH jkardalija MakajJaHbl JKapusulaylaH Oac TapTyra Kykpuibl. Erep akrma-
paTTHI IJIaruaT Jer caHayFa KEeTKUTIKTI HeTi3 0oJica, jKayarnThl peJaKTop KapusuiayFa KOl
Oepmeyi Kepek.

ABTOpJIAp peIakLUsAFa YCHIHBUIFAaH MaTepUuaiapAblH jKaHa, OYphIH KapusiaHOaraH
JKOHE TYITHYCKA CKCHIITHE KUK Oepeai. ABTOpIIAp FhUIBIMH HOTHXKEICPIIH CEeHIMIi-
Jiri MeH MaHbBI3IBUIBIFbIHA, COHJAH-aK FBUIBIMHM 3THKA KarMIaTTapblH CaKTayra, artar
aiiTkaH/a, FRUIBIMU ATHKaHbI Oy3y (akxTtijepine xon Oepmeyre (FBUIBIMH JEpEKTEp.i Ty-
KBIPBIMAAY, 3€pTTEY JePEKTEepiH OypManayra oKeJeTiH OypMmaiay, Ilaruar KoHe KajFaH
TEH aBTOPJIBIK, KalTanay, 6acka ajgamaap/blH HOTHKEJIEpiH HEMJIEHY KaHe T. 0.) kayan-
ThI OOJIA/IBL.

MakasaHsl peakuusFa xidepy aBTopiapblH MaKaJaHbl (TYITHYCKala HeMece 0acka
TUIIepre Hemece Oacka Tinaepre aynapbiiFaH) Oacka sKypHanra(kKypHainapra) Oepme-
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XUMHYECKHH )KYPHAJI KA3AXCTAHA

TeHiH JXoHe OyJ1 MaTepuall OYpbHIH JKaprsutaHOaFaHBIH OUTipesni. OWTece, Makaia aBTop-
Japra aBTOPJBIK KYKBIKTHI OY3FaHbl YIIIH MaKajgaHbl KaObLigamay Typajibl YCHIHBICIICH
nepey Kaitapeuiaabl. backa aBTop >XyMbICBIHBIH 10 maiibI3bIHaH acTaMblH OHBIH aBTOP-
JIBIFBIH JKOHE JIEPEeKKe3re ciaremecis ce30e-ce3 Keurpyre xoi Oepinimeiii. AbIHFaH
(hparMeHTTEep HEMECe MAIiMIEMENIep aBTOp MEH 0acTanKel KO3/l MIHAETTI Typae KepceTe
OTBIpBIN acanybl kepek. lllamaman Thic Kemripy, COHIai-aK Ke3-KeIreH HbICAHIaFbl
IUTArHAT, OHBIH 1IITHIE PACIMICIMETeH AOUEKCO3Iep, 63repTy HeMece Oacka ajaaMaapablH
3epPTTEYJICPiHIH HOTH)KEJICPIHE KYKBIKTAp HEMJCHY O3THKAIBIK €MEC JKOHE KOJAKChI3.
3eprTey OapbichiHa KaHmad nma Oip Typlae ocep STKeH OapiiblK agaMaapiblH YJICCiH
MOMBIH/AY KaXKeT, aTall aiiTKaHIa, MaKajiajia 3epTTey JKYPri3y KesiHae MaHbI3Ibl OOJIFaH
KYMBICTapFa ClITeMelNep YChIHBLTYbI Kepek. Kocalkpl aBTOpIapblH apachlHaa 3epTTeyre
KaTbICIIaFaH afaMIapasl KepceTy OoIMaiIbl.

Erep xymbicTa Kate TabblUIca, peJakTopra Te3 apana xabapiay Kepek jkoHe Oipre
TY3€Ty TypaJbl meniM KaObliaay Kepek.

Komxkasbansl xapusiiayiad 0ac TapTy Typaibl IIEIIM PEUEH3EHTTEP/IH YChIHBIM-
JlapblHa COWKEC PEeJaKIMSUIBIK aJIKa OTHIPBICHIHIA KaObUIIaHabl. PeIaKIUsIIbIK allKaHbIH
memiMiMeH JKapusilayFa YCHIHBUIMaraH Makana Kaiita Kapayra KaObUimaHOanmbl.
Kapusinaynan Oac Tapry Typasibl xabapiama aBTOpPFa AIIEKTPOHABIK IOIITA aPKbUIbI
xibepineni.

Pepakuysiiblk ajika MakajgaHbl JKapusuiayFa xiOepy Typalisl menriM KaObliiaraHHaH
KeHiH peakuust OyJ1 Typajibl aBTOpFa Xadapiai/pl JKoHe >Kapusiiay Mep3iMiH KepceTesi.
PereH3usuapipIH TYMHYCKaIaphl )KypPHAIbIH PEJaKIMsACHIHA 3 KbUT OOWBI caKTanaipl.
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ImuKa HayuHbIX RYOIUKAUUL

PenakuuoHHAs KOJUIErHsl M TJIABHBI PEIaKTOp HAYYHOIo KypHajia «XuMH-
geckmii skypHaa Kasaxcrama» (mamee — 7KypHain) Npuaep:KHBAOTCH TPHHATHIX
MEKIYHAPOAHBIX cranaapToB «Komurera 3THKH mo nyGaumxamusam» (Committee on
Publication  Ethics — COPE)  (http://publicationethics.org/about), «kEBpomeiickoit
accouMaluy HAyYHbIX pegakrTopos» (European Association of Science Editors — EASE)
(http://www.ease.org.uk) u «KomuTera mo JTHKe HAyYHBIX MyOJHKAIMIA»
(http://publicet.org/code/).

Bo usbexaHue HeTOOpPOCOBECTHOW MPAKTUKKA B IMyOJIMKANMOHHOW ESTEIBHOCTH
(HHaFl/IaT, H3JI0OKCHUEC HEJOCTOBCPHBIX CBeJIeHI/lﬁ u le) " B ICJIAX 06ecnequMﬂ BBICOKOI'O
Ka4yecTBa HAay4YHBIX ITyOJIMKAlWH, PU3HAHUS OOLIECTBEHHOCTHIO, MOJYYEHHBIX aBTOPOM
HaYYHBIX Pe3yJIbTaTOB, KaXKbIi WIEH pelaKIIMOHHOTO COBETa, aBTOP, PELIEH3EHT, a TAKXKE
YUPEXKICHHUS], yJacTBYIONINE B U3ATEIILCKOM IpoIiecce, 00sI3aHbl COOI0NATh ATHYECKHUE
CTAHIAapThl, HOPMBI M TpaBWIA M IPHHHUMATh BCE MEpBl JUIA NPEIOTBPAILCHUS HX
Hapywenuid. CoOloieHne NpaBWJl STUKH HAay4HBIX ITyOJIIMKAMHd BCEMH YYaCTHHUKAMH
3TOTO IpOIIecca CIIOCOOCTBYET OOECIIEUSHUIO IPaB aBTOPOB Ha MHTEIUIEKTYaTbHYIO CO0-
CTBEHHOCTb, NOBBIIICHUIO Ka4yeCTBa W3JAHMUSA U HCKIIOYECHHIO BO3MOXKHOCTH HEIPaBO-
MEPHOTO HCIIOJIb30BAHMUS aBTOPCKUX MaTEPHAIOB B HHTEPECaX OTIEIbHBIX JIUII.

Bce HayuHble cTaThbu, NOCTYNHMBIIME B PEAAKIHIO, IOUIEKAT 00s13aTEIBHOMY
JBOMHOMY cllerioMy perieH3upoBaHuio. Penakuus XXypHana ycTaHaBIMBaeT COOTBETCTBHE
crathu npodunto JKypHana, TpeOoBaHUSAM K O(QOPMIICHHIO U HAINpPaBJsIET €€ Ha MepBOe
paccMOTpeHHE OTBETCTBEHHOMY cekperapio JKypHayia, KOTOpPBIH ompenensier Hay4dHYIo
LICHHOCTh PYKOIMCH ¥ Ha3HAa4YaeT JBYX HE3aBHCHMBIX PELEH3CHTOB — CIICIMAINCTOB,
UMeoLIMX Hanboliee OIM3KKME K TEME CTaTbU HaydHBIE CIIelMaIn3alii. PerieH3upoBanue
cTaTeil OCYLIECTBIISCTCS WICHAMU PEJaKIHOHHOTO COBETA M PENAKUMOHHOW KOJUICTHH, a
TaKKe MPUIJIAIICHHBIMA PELEH3CHTaMH JAPYTHX CcTpaH. PemieHue o BBIOOpE TOro WIIH
WHOTO PeleH3EHTa VISl MPOBEACHHS SKCIIEPTH3bl CTaThU NMPUHUMACT TJIaBHBIH PENaKTop.
Cpox pelieH3upOBaHMs COCTaBiIsAeT 2-4 HeNenHu, HO MO MPOChOe peleH3eHTa OH MOXKET
OBITH TIPOJICH.

Pepakuusi M peneH3eHT rapaHTUPYIOT COXPAaHEHHE KOH(QHAECHIMAIbHOCTH He-
oIy 0JIMKOBaHHBIX MaTepUaJIOB IIPUCIIAHHBIX Ha paccMOTpeHue pabot. Pemienue o myomu-
KalMd TPUHAMAETCs pelakiMOHHOW Kojuteruei JKypHana mocie peneH3MpOBaHMUS.
B ciryyae He00X0IMMOCTH PYKOIIMCh HAINpaBIsIeTCsl aBTOpaM Ha JOpadOTKy IO 3ame-
YaHUSIM PELCH3EHTOB M PEJAaKTOpOB, IOCIIE YEro OHa MOBTOPHO peleHsupyercs. Penax-
LUl OCTaBIISIET 3a COOOW NMPaBO OTKJIOHWUTH IyOJIMKAIMIO CTAaThU B CIIydae HapyIICHHS
npaBmiI STUKH. OTBETCTBEHHBIH PEIaKTOp He JOJDKEH JOMYCKaTh K IyOJMKanuu HHOOp-
MaLUIo, €CIIM UMEETCs JOCTaTOYHO OCHOBAHHH 110J1araTh, YTO OHA SIBJISCTCS IUIATHATOM.

ABTOPBI TAPaHTUPYIOT, YTO NPEACTABICHHBIC B PENAKIUIO MaTepPHUAIIbl SBISIOTCS
HOBBIMH, paHee HEOIyOJMKOBaHHBIMH M OPHIMHAJIBHBIMH. ABTOPHI HECYT OTBETCT-
BEHHOCTb 3@ JOCTOBEPHOCTh U 3HAYMMOCTb HAyUYHBIX PE3yJIbTaTOB, a TAKXKe COOJIIOICHHUE
NPUHIMIIOB HAYYHOH 3THKH, B YaCTHOCTH, HeIOMyLleHHe (PaKTOB HapyLIeHWs Hay4HOMH
oTuKK ((pabpukanusi HAy4HBIX AaHHBIX, (Qanbcudukaiys, Beaylas K HCKaKeHUIO HCClle-
JIOBaTEJIbCKUX JIAHHBIX, IJIarMaT W JI0)KHOE COaBTOPCTBO, AyOJMpOBaHUE, MPHCBOCHUE
qyKHX Pe3yJIbTaTOB U Ap.)

HamnpaBnenune craTby B peakLUIO O3HAYAET, YTO aBTOPHI HE MEPEAaBaln CTaThio (B
OpHTHHAJIE WK B NIEPEBOIE HA APYTHE SA3BIKH WM C APYTUX SA3BIKOB) B APYTOM *KypHau(bl)
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W 4TO 3TOT MaTepuan He OblI paHee OMyOJMKOBaH. B NMpOTMBHOM ciydae cTaThs He-
MEJICHHO BO3BPAIAeTCsl aBTOPAaM C PEKOMEHJAIMEl OTKJIOHUTh CTAaThl0 32 HapyILICHHUE
aBTOPCKUX MpaB. He momyckaeTcst mocimoBHOE KomupoBaHue 6osee 10 mporeHToB padoTh
JIpyroro aBTopa 0e3 yKa3aHHS €ro aBTOPCTBA U CCHIJIOK Ha MCTOYHHK. 3aMMCTBOBAHHBIC
(parMeHTHl WIN YTBEPXKICHUS MOJDKHBI OBITH O(QOPMIIEHBI C 00sA3aTeNIbHBIM yKa3aHUEM
aBTOpa M IEPBOMCTOYHMKA. Upe3aMepHble 3aMMCTBOBAHUS, a TAKXKE IUIArMaT B JIIOOBIX
¢dopmax, BkIroYas Heo()OPMIICHHBIE IIMTATHI, NepedpaspoBaHUe WM IIPUCBOCHUE IIPaB
Ha pE3YyJbTAaTbl YYXKHUX HCCJ’IC}IOBaHHﬁ, HEOTUYHBI U HCTIPUCMIICMBI. HCO6XO[I,I/IMO npu-
3HaBaTh BKJIaJl BCCX JIMI], TaK WJIK HHA4YC IIOBJIHABIIMX Ha XOJ HUCCJICAOBAHUA, B 4aCT-
HOCTH, B CTaThe JOJDKHBI OBITh IPEICTABIEHBI CCHUIKM Ha pabOThl, KOTOPHIE HMEIH
3Ha4YeHHEe NP NPOBEACHUH HccienoBaHus. Cpeayu coaBTOPOB HEJOIYCTHMO YKa3bIBaTh
JIMILI, HE Y4aCTBOBABIIMX B NCCJIEJOBAHHH.

Ecmu obHapykeHa omuOka B paboTe, HEOOXOAUMO CPOYHO YBEAOMHTDH PEIaKTOpa
BMeECTE NPHUHATH PEIIeHHEe 00 UCTIPABICHUH.

Pemenne 00 oTkasze B ImyOnMKanyuy pyKONWCH NMPHHUMAETCS HAa 3acCEJaHWH PElaK-
LIMOHHOM KOJUIETUH B COOTBETCTBHU C PEKOMEHIAIMAMH PELEeH3eHTOB. CTaTbs, HE PEKO-
MEH/JIOBaHHAsl PEIICHUEM PEIAKIHOHHOM KOJUIETMH K MyOJHKanud, K IOBTOPHOMY
paccMotpernto He mpuHHMaetca. Coobmierne 00 OTKasze B IyOJHKAIMH HaIpaBiIIeTCs
aBTOPY I10 3JIEKTPOHHOH 110YTE.

ITocne mpunsTUA penkosuiernei XKypHana pelieHus o JIONMycKe CTaThbM K IyOuu-
KallK peAakuust ”HPOPMHUPYET 00 ATOM aBTOpa M YKa3bIBaeT CPOKH ImyOnukannu. Opuru-
HaJIBI peLeH3Uil XpaHsTcst B pepakiyy JKypHaia B TedeHue 3 JIeT.
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