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Аннотация. Замена традиционных материалов композиционными представляет собой важный вектор развития 
авиационной и аэрокосмической отраслей промышленности. В работе рассмотрены вопросы применения 
магнитного поля вращающихся диполей с целью получения композиционных материалов на основе порошкового 
железа с высокими прочностными и структурными характеристиками. Исследованы физико-механические свойства 
модифицированных эпоксидных композиционных материалов. С помощью средств электронной микроскопии 
исследованы микроструктура, элементный состав и получена карта распределения компонентов в получаемых 
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Abstract. The aerospace industry is currently undergoing a major trend of transitioning to composites. This study exanines the 
utilization of the magnetic field of rotating dipoles to produce high-strength iron powder-containing composites. The physical 
and mechanical properties of the modified epoxy composites were investigated through the use of  SEM to analyze their 
microstructure and elemental composition, and a component distribution map was developed for the samples. Results indicate 
that the application of the magnetic field of rotating dipoles enhances the compression strength by 16.6 % relative to samples 
that were not exposed to it. Additionally, the magnetic field eliminates gas porosity and cavities formed during stirring. Tests 
conducted on composites with a higher content of Al particle showed that the magnetic field of rotating dipoles contributes to 
the release of excess aluminum as a surface layer. The use of the magnetic field of rotating dipoles is a promising technology for 
producing enhanced composites with superior physical and mechanical properties, which could potentially be used as structural 
material in aerospace industry or as adsorbing materials in microelectronics. 

Keywords: epoxy composite, magnetic field of rotating dipoles (MFRD), compressive strength, filler, iron powder, microstructure

Acknowledgements: This study is supported by the Kuban Research Foundation as part of the research and innovation project 
commercialization contest No. NIP-20.1/23.

For citation: Sosnin M.D., Shorstkii I.A. The influence of magnetic fields on the strength of modified epoxy resin composites. 
Powder Metallurgy аnd Functional Coatings. 2023;17(2):71–77. https://doi.org/10.17073/1997-308X-2023-2-71-77

Application of Powder Materials and Functional Coatings 
Применение порошковых материалов и функциональных покрытий

Powder Metallurgy аnd Functional Coatings. 2023;17(2):71–77 
Sosnin M.D., Shorstkii I.A. The influence of magnetic fields on the strength of modified epoxy resin ...

https://doi.org/10.17073/1997-308X-2023-2-71-77
mailto:i-shorstky%40mail.ru?subject=
mailto:i-shorstky%40mail.ru?subject=
mailto:i-shorstky%40mail.ru?subject=
mailto:i-shorstky%40mail.ru?subject=
https://powder.misis.ru/index.php/jour/search/?subject=epoxy composite
https://powder.misis.ru/index.php/jour/search/?subject=magnetic field of rotating dipoles (MFRD)
https://powder.misis.ru/index.php/jour/search/?subject=compressive strength
https://powder.misis.ru/index.php/jour/search/?subject=filler
https://powder.misis.ru/index.php/jour/search/?subject=iron powder
https://powder.misis.ru/index.php/jour/search/?subject=microstructure
https://doi.org/10.17073/1997-308X-2023-2-71-77


72

IntroductionIntroduction
The demand for composite materials filled with 

powders has been increasing steadily every year, as 
evidenced global statistics on the polymer market. For 
example, in 2020, the volum of the global polymer 
composite market was approximately 13 mln tons [1]. 

In Russia, the Technet roadmap has been imple-
mented to facilitate the development of advanced 
manufacturing technologies and composites [2]. 
The roadmap has identified controlled microstructure 
composites as one of the key future technologies to be 
explored. 

Thermoplastic polymers and epoxy resins are fre-
quently used as matrices in the production of filler 
powder-based composites [3]. The composites incor-
porating thermoplastic polymers are known for 
their broad mechanical properties and wide-ranging 
applications [4; 5]. However, it is essential to note 
that the physi cal and mechanical characteristics of these 
composites are not always consistent and may vary. 

The incorporation of reinforcing fillers in such 
composites has been found to enhance the adhesive 
bond [6; 7] and strength [8]. The dispersion structure 
of these composites significantly contributes to their 
strength, primarily through the formation of struc-
tured layers [9], filler cluster-aggregation [10], and 
crystallization [11]. 

Starokadomsky D. et al. [12] demonstrated 
the potential for enhancing the strength and durability 
of epoxy composites by incorporating silicon carbide 
and titanium nitride fillers. The introduction of these 
fillers resulted in a significant increase in microhard-
ness (150–200 %) and compressive strength (by 9 %). 

Recently, electrophysical methods have been 
employed to enhance the physical and mechanical 
characteristics of composites. These methods involve 
exposing composites to a strong static magnetic 
field [13; 14], magnetic pulses [15], and the magnetic 
field of rotating dipoles (MFRD) [16]. MFRD is an effi-
cient technique for regulating the packing structure 
of powders in composites without requiring significant 
energy input.

The aim of this study is to investigate the impact 
of the magnetic field of rotating dipoles on the strength 
and other structural characteristics of composites con-
taining iron and aluminum powder.

Research methodsResearch methods

MaterialsMaterials
In our study, we examined two types of particles, 

namely iron microparticles PZHV1.160.26 (GOST 
9849-86) and aluminum powder PAP-2 (GOST 5494-95). 
The matrix used was composed of a mixture of ED-20 
dian resin (GOST 10587-84) and polyethylene poly-
amine (PEPA) in a 5:1 ratio.

Composite manufacturingComposite manufacturing
Figure 1 illustrates the patented process used 

to crea te the modified epoxy composite samples in our 
study. The experiment involved two types of fillers: 
powdered iron, and a mixture of powdered iron and 
Al-particles in a 7:3 weight ratio. The ED-20 resin-
based composite was mixed with the powder filler, 
which contained 70 wt. %. PZHV1.160.26 iron micro-
particles and 30 wt. %. PAP-2 aluminum powder, 
in a polymer cylinder with a 20 mm ID. The hardener, 

образцах. Экспериментальным путем выявлено, что при наложении магнитного поля вращающихся диполей 
прочность при сжатии композитов увеличивается на 16,6 % относительно образцов, полученных без применения этой 
технологии. Это вызвано тем, что данный метод позволяет удалять возникающую в процессе механосинтеза газовую 
пористость и раковины во внутренней структуре материала. Серия экспериментов с добавлением увеличенного 
массового соотношения Al-частиц показала, что магнитное поле вращающихся диполей способствует вытеснению 
излишков алюминия в виде поверхностного слоя. Таким образом, можно заключить, что применение магнитного 
поля вращающихся диполей является перспективным направлением в области создания композиционных материалов 
с улучшенными физико-механическими характеристиками. Получаемые эпоксидные композиты могут быть 
использованы в качестве конструкционных материалов в авиационной и космической отраслях, а также в качестве 
материалов адсорберов в радиотехнической аппаратуре и микроэлектронике.  

Ключевые слова: эпоксидный композиционный материал, магнитное поле вращающихся диполей (МПВД), прочность на 
сжатие, наполнитель, порошковое железо, микроструктура
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PEPA, was then added to the mixture in a quantity equal 
to 1/5 of the weight of the resin. The resulting com-
positions were heat treated at a temperature of 90 °C 
for 1–2 min to eliminate gas porosity, and then poured 
into molds. Finally, the samples were removed from 
the molds for analysis.

We fabricated four composite samples with iden-
tical dimensions of 20 mm in diameter and 20 mm 
in length. Among these samples, two were composed 
of Fe–Al (FAM) and Fe (FM) microparticles and were 
exposed to the magnetic field generated by rotating 
dipoles (Figure 2). The induction level of the magnetic 
field was set to 0.5–0.7 Tesla [17; 18]. The remaining 
two samples served as refrence samples and were not 
exposed to the magnetic field. 

Strength measurementsStrength measurements
We used an IP-100M automatic hydraulic press 

to apply static loads to the composite samples for both 
compression and bending tests.

The loading rate was set to 1 mm/min. We then 
plotted an experimental load-compressive strain curve 
to estimated the compressive failure stress and relative 
strain of the samples. To obtain precise measurements, 
we recorded the compression process at a high frame 
rate.

The compressive failure stress (σ, MPa) was deter-
mined as

σ = F/A,

where F is the max compressive strength, N; A is 
the cross-section area of the sample, mm2.

The relative compressive strain at failure was esti-
mated as 

where ∆h is the relative strain, mm; h0 is the initial 
samp le height, mm.

During the test, we closely monitored the samples 
being tested. After the tests, each sample was photo-
graphed for damage analysis.

To examine the microstructure, elemental com-
position, and component distribution in the compo-
site samples, we employed an EVO HD 15 scanning 
electron microscope (Carl Zeiss, UK/Germany) in low 
vacuum (EP, 70 Pa), 20–25 kV.

Results and discussionResults and discussion

Strength propertiesStrength properties
We generated experimental load-strain curves for 

the compocite samples (Figure 3). As the powder-
filled composite samples were compressed, the majo-
rity of the load was applied to the matrix, which was 
followed by a sharply decrease in load after matrix 
destruction. The load-strain curves for the cylindrical 
samples (Fig. 3) indicate that the volume deforma-
tion of composites causes softening, which is more sig-
nificant for the samples made without MFRD. 

The experimental compressive failure stress values 
are summarized in the table. The composite sample with 
the Fe–Al filler exposed to MFRD exhibited the highes t 
compressive failure stress value of 57.5 MPa, indica-
ting its superior strength compared to the othe compo-
site samples.

Fig. 1. Composite exposure to the magnetic field  
of rotating dipoles

FAM – Fe–Al (MFRD); FM – Fe (MFRD);  
FA – Fe–Al (no MFRD); F – Fe (no MFRD) 

Рис. 1. Блок-схема получения модифицированных 
эпоксидных композиционных материалов

FAM – Fe–Al (МПВД); FM – Fe (МПВД);  
FA – Fe–Al (без МПВД); F – Fe (без МПВД)

Fig. 2. Modified epoxy resin composite  
manufacturing process 

Рис. 2. Схема воздействия магнитного поля  
вращающихся диполей на материал

Powder Metallurgy аnd Functional Coatings. 2023;17(2):71–77 
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Compressive mechanical properties of the composites
Механические свойства при сжатии композиционных материалов различного типа

Composite ρ, g/сm3 Fmax , kN σ, MPa ε, %
FAM (Fe–Al + MFRD) 2.79 18.06 57.5 0.650

FM (Fe + MFRD) 2.86 16.39 52.2 0.635
FA (Fe–Al no MFRD) 2.72 15.48 49.3 0.650

F (Fe no MFRD) 2.64 15.26 48.6 0.675
Epoxy resin 1.20 13.80 44.0 0.800

A comparison was made between the mechanical 
properties of composites that were exposed and not 
exposed to MFRD. The results showed that the samples 
exposed to MFRD were able to withstand a greater load 
due to a denser and structured distribution of particles 
in the epoxy matrix [19]. 

The composite strength of the the Fe–Al filler 
exposed to MFRD was found to be 30 % higher 
(57.5 MPa) compared to that of the sample containing 
only epoxy resin (44 MPa). Additionally, the hard-
ness of the samples was increased by 16.6 % due 
to the effect of MFRD. 

Several researchers have noted the reinforcing effect 
of incorporating a dispersed system into a polymer 
matrix [20]. For example, the addition of micro sili-
con has ben shown to improve strength by 10–15 % [21]. 
The inclusion of silicon nanoparticles has been found 
to increase the compressive strength of epoxy composi-
tes by 30 % [22].

Visual inspection of the samples after compres-
sion revealed brittle fracture in both cases (Figure 4). 

However, the samples exposed to MFRD showed 
cracks along the sloped planes, whereas the samples 
not exposed to MFRD had cracks along the straight 
planes. This difference is likely due to the packing 
of particles in the polymer matrix, which is supported 
by the difference in the composite densities (see table).

Microscopic examination   Microscopic examination   
and component distribution maps  and component distribution maps  

in the composite samplesin the composite samples
Figure 5 displays cross-sections of the composites 

exposed and not exposed to MFRD. The notable diffe-
rence is the presence of air cavities in the sample made 
without MFRD.

Fig. 3. Strain curves for the composites
FAM – Fe–Al (MFRD); FM – Fe (MFRD);  
FA – Fe–Al (no MFRD); F – Fe (no MFRD) 

Рис. 3. Кривые деформирования композиционных 
материалов, полученных по разным технологиям

FAM – Fe–Al (МПВД); FM – Fe (МПВД);  
FA – Fe–Al (без МПВД); F – Fe (без МПВД)

Fig. 4. Samples after the compression test
FAM – Fe–Al (MFRD); FM – Fe (MFRD);  
FA – Fe–Al (no MFRD); F – Fe (no MFRD) 

Рис. 4. Фотографии образцов после испытания на сжатие
FAM – Fe–Al (МПВД); FM – Fe (МПВД);  

FA – Fe–Al (без МПВД); F – Fe (без МПВД)
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To assess the homogeneity of the particle distribu-
tion in the composite, component distribution maps 
for the FA and FAM samples was produced (Figure 6). 
The results demonstrate that the magnetic field of rota-
ting dipoles produces a more uniform distribution  
without particle agglomeration. 

ConclusionConclusion
We tested the compressive strength of cylindrical 

samples made of epoxy composites containing Fe–Al 
and Fe particles. It was discovered that the Al-containing 
sample exposed to MFRD exhibited the highest 
strength being 14 % greater than that of the sample not 
exposed to MFRD. The elimination of gas porosity and 
cavities during the stirring by magnetic degassing is 
the reason for this phenomenon. 

Such composites can be used as structural material 
in aerospace, or as adsorbing materials in microelectronics.

References / Список литературыReferences / Список литературы
1. Doriomedov M.S. Russian and world market of polymer 

composites (review). Trudy VIAM. 2020;6-7(89):29–37. 
(In Russ.).

 https://doi.org/10.18577/2307-6046-2020-0-67-29-37 
 Дориомедов М.С. Российский и мировой рынок 

полимерных композитов (обзор). Труды ВИАМ. 
2020;6-7(89):29–37.

 https://doi.org/10.18577/2307-6046-2020-0-67-29-37 
2. National technology initiative (NTI). URL: http://fea.

ru/compound/national-technology-initiative (accessed: 
01.04.2022 г.). (In Russ.).

 Национальная технологическая инициатива (НТИ). 
URL: http://fea.ru/compound/national-technology-initiative 
(дата обращения: 01.04.2022 г.).

3. Alentyev A.Yu., Yablokova M.Yu. Binders for polymer 
composite materials. Moscow: Lomonosov MGU, 2010. 
69 p. (In Russ.).

 Алентьев А.Ю., Яблокова М.Ю. Связующие для по-
лимерных композиционных материалов. М.: МГУ 
им. М.В. Ломоносова, 2010. 69 с.

4. Timofeenko AA., Timoshenko V.V. Influence of mixtures 
of thermoplastic polymer waste on the physical and me-
chanical characteristics of polymer-mineral compositions. 
In: Materials of the V Republican scientific and technical 
conference of young scientists “New functional materials, 
modern technologies and research methods” (Gomel’, 
12–14.11.2018). Gomel’: Institut mekhaniki metallopo-
limernykh sistem imeni V.A. Belogo, NAn Belarusi. 2018. 
P. 30–31. (In Russ.).

 Тимофеенко А.А., Тимошенко В.В. Влияние смесей 
термопластичных полимерных отходов на физико-
механические характеристики полимер-минеральных 
композиций. В сб.: Материалы V Республиканской 
научно-технической конференции молодых ученых 

Fig. 6. Fe, Al, and C distribution maps for the FAM (а) and FA (b) samples composites 

Рис. 6. Карты распределения Fe, Al и C в композиционных материалах FAM (а) и FA (б)

Fig. 5. Surface structure of the FAM (а)  
and FA (b) composites 

Рис. 5. Структура поверхности композиционных материалов 
FAM (а) и FA (b)

Powder Metallurgy аnd Functional Coatings. 2023;17(2):71–77 
Sosnin M.D., Shorstkii I.A. The influence of magnetic fields on the strength of modified epoxy resin ...

https://doi.org/10.18577/2307-6046-2020-0-67-29-37
https://doi.org/10.18577/2307-6046-2020-0-67-29-37
http://fea.ru/compound/national-technology-initiative
http://fea.ru/compound/national-technology-initiative
http://fea.ru/compound/national-technology-initiative


76

«Новые функциональные материалы, современные 
технологии и методы исследования» (г. Гомель, 12–14 
ноября 2018 г.). Гомель: Институт механики металло-
полимерных систем им. В.А. Белого, НАН Беларуси, 
2018. С. 30–31.

5. Kondratyev D.N.. Zhuravskiy V.G. The use of nanostruc-
tured materials to increase the reliability of REA. Nanoin-
dustriya. 2008;4:14–18. (In Russ.).

 Кондратьев Д.Н., Журавский В.Г. Использование на-
ноструктурных материалов для повышения надеж-
ности РЭА. Наноиндустрия. 2008;4:14–18.

6. Panin S.V., Kornienko L.A., Alexenko V.O., Nguyen Duc 
Anh, Ivanova L.R. Influence of nanofibers/nanotubes 
on physical-mechanical and tribotechnical properties 
of polymer composites based on thermoplastic UHM-
WPE and PEEK matrixes. Izvestiya vysshih uchebnyh 
zavedenij. Seriya: Khimiya i khimicheskaya tekhnologiya. 
2017;60(9):45–51. (In Russ.).

 https://doi.org/10.6060/tcct.2017609.7у 
 Панин С.В., Корниенко Л.А., Алексенко В.О., Нгуен 

Дык Ань, Иванова Л.Р. Влияние углеродных нановоло-
кон/нанотрубок на формирование физико-механичес-
ких и триботехнических характеристик полимерных 
композитов на основе термопластичных матриц СВМ-
ПЭ и ПЭЭК. Известия высших учебных заведений. 
Серия: Химия и химическая технология. 2017;60(9): 
45–51. https://doi.org/10.6060/tcct.2017609.7у

7. Ozolin A.V., Sokolov E.G., Golius D.A. Obtaining 
of tungsten nanopowders by high energy ball milling. IOP 
Conference Series: Materials Science and Engineering. 
2020;862(2):022057.

 https://doi.org/10.1088/1757-899X/862/2/022057 
8. Nelyub V.A. Quantitative assessment of the adhesive in-

teraction of carbon fiber and epoxy binder. Izvestiya vuzov. 
Aviacionnaya tekhnika. 2016;2:97–100. (In Russ.).

 Нелюб В.А. Количественная оценка адгезионного 
взаимодействия углеродного волокна и эпоксидного 
связующего. Известия вузов. Авиационная техника. 
2016;(2):97–100.

9. Lipatov Yu.S. Physico-chemistry of filled polymers. Kyiv: 
Naukova Dumka, 1991. 256 p. (In Russ.).

 Липатов Ю.С. Физико-химия наполненных полиме-
ров. Киев: Наук. Думка, 1991. 256 с.

10. Starokadomsky D.L. Some features of swelling of photo-
polymer composites with different content of highly 
disper sed silica. Plasticheskie massy. 2008;(2):33–36. 
(In Russ.).

 Старокадомский Д.Л. Некоторые особенности набуха-
ния фотополимерных композитов с различным содер-
жанием высокодисперсного кремнезёма. Пластичес-
кие массы. 2008;2:33–36.

11. Emelina O.Yu. Composite polymer materials modified 
with dispersed fillers used in construction and repair 
of machinery. Vestnik Kazanskogo tehnologicheskogo uni-
versiteta. 2014;17(3):128–130. (In Russ.).

 Емелина О.Ю. Композиционные полимерные материа-
лы, модифицированные дисперсными наполнителями, 
применяемые в строительстве и при ремонте техники. 

Вестник Казанского технологического университета. 
2014;17(3):128–130.

12. Starokadomsky D., Golovan S., Sigareva N., Тkachen-
ko О., Moshkovska N., Kоkhtych L., Garashchenko І. 
Possibilities of enhancement of the strength and durabi-
lity of epoxy composites by silicon carbide and titanium 
nitride filling. Science Rise. 2019;4:55–59. (In Russ.). 
https://doi.org/10.15587/2313-8416.2019.164289 

 Старокадомский Д.Л., Головань С.В., Сигарѐва Н.В., 
Ткаченко А.А., Мошковская Н.М., Кохтич Л.М., Гара-
щенко И.И. Возможности усиления прочности и стой-
кости эпокси-композитов путём наполнения карбидом 
кремния и нитридом титана. Science Rise. 2019;4:55–59. 
https://doi.org/10.15587/2313-8416.2019.164289

13. Milyutin V.A., Gervasyeva I.V. Thermally activated trans-
formations in alloys with different type of magnetic orde-
ring under high magnetic field. Journal of Magnetism and 
Magnetic Materials. 2019;492:165654.

 https://doi.org/10.1016/j.jmmm.2019.165654 
14. Zuo X., Zhang L., Wang E. Influence of external static 

magnetic fields on properties of metallic functional mate-
rials. Crystals. 2017;7(12):374.

 https://doi.org/10.3390/cryst7120374 
15. Zhao J., Yu J.H., Han K., Zhong H.G., Li R.X., Zhai Q.J. 

Effect of coil configuration design on Al solidified struc-
ture refinement. Metals. 2020;10(1):153.

 https://doi.org/10.3390/met10010153 
16. Shorstkii I.A., Yakovlev N. Method of absorbing ma-

terial formation based on magnetically controlled par-
ticles of Fe3O4 . Inorganic Materials: Applied Research. 
2020;11(5):1236–1243.

 https://doi.org/10.1134/S2075113320050317 
 Шорсткий И.А., Яковлев Н. Метод формирования ма-

териала-поглотителя электромагнитного излучения на 
основе магнитоуправляемых частиц Fe3O4 . Перспек-
тивные материалы. 2020;3:70–79.

17. Shorstkii I.A., Sosnin M.D. Method of cladding of pow-
dered magnetic material: Patent 2760847 (RF). 2021. 
(In Russ.).

 Шорсткий И.А., Соснин М.Д. Способ плакирования 
порошкового магнитного материала: Патент 2760847 
(РФ). 2021.

18. Shorstkii I. Dynamic arrays based on magnetically con-
trolled particles: Synthesis and application. Materials Re-
search. 2019;22(4):e20180317.

 http://doi.org/10.1590/1980-5373-mr-2018-0317 
19. Deng S., Ye L., Friedrich K. Fracture behaviours of epox y 

nanocomposites with nano-silica at low and elevated 
temperatures. Journal of Materials Science. 2007;42(8): 
2766–2774. https://doi.org/10.1007/s10853-006-1420-x 

20. Gorbacheva S.N., Gorbunova I.Y., Kerber M.L., Anto-
nov S.V. The properties of composite polymeric mate-
rials based on epoxy resins, modified with boron nitride. 
Uspekhi v khimii i khimicheskoj tekhnologii. 2017;31(11)
(192):35–36. (In Russ.).

 Горбачева С.Н., Горбунова И.Ю., Кербер М.Л., Анто-
нов С.В. Свойства композиционных полимерных ма-
териалов на основе эпоксидной смолы, модифициро-
ванных нитридом бора. Успехи в химии и химической 
технологии. 2017;31(11(192)):35–36.

Известия вузов. Порошковая металлургия и функциональные покрытия. 2023;17(2):71–77 
Соснин М.Д., Шорсткий И.А. Исследование влияния магнитных воздействий на прочностные характеристики ...

https://doi.org/10.6060/tcct.2017609.7у
https://doi.org/10.6060/tcct.2017609.7у
https://doi.org/10.1088/1757-899X/862/2/022057
https://doi.org/10.15587/2313-8416.2019.164289
https://doi.org/10.15587/2313-8416.2019.164289
https://doi.org/10.1016/j.jmmm.2019.165654
https://doi.org/10.3390/cryst7120374
https://doi.org/10.3390/met10010153
https://doi.org/10.1134/S2075113320050317
http://doi.org/10.1590/1980-5373-mr-2018-0317
https://doi.org/10.1007/s10853-006-1420-x


77

21. Chow T.S. Size-dependent adhesion of nanoparticles 
on rough substrates. Journal of Physics: Condensed Mat-
ter. 2003;15(2):L83.

 http://doi.org/10.1088/0953-8984/15/2/111 

22. Vaganova T.A. Synthesis and characterization of epoxy-
anhydride polymers modified by polyfluoroaromatic oli-
goimides. Journal of Polymer Research. 2014;21(11):588. 
http://doi.org/10.1007/s10965-014-0588-z

Максим Дмитриевич Соснин – аспирант кафедры технологи-
ческого оборудования и систем жизнеобеспечения, Кубанский 
государственный технологический университет (КубГТУ)

 ORCID: 0000-0001-6275-6274
 E-mail: maksim-sosnin7@mail.ru 

Иван Александрович Шорсткий – к.т.н., доцент кафедры 
технологического оборудования и систем жизнеобеспечения, 
КубГТУ

 ORCID: 0000-0001-5804-7950
 E-mail: i-shorstky@mail.ru 

Maxim D. Sosnin – Graduate Student of the Department of Techno-
logical Equipment and Life-Support Systems, Kuban State Techno-
logical University (KubSTU)

 ORCID: 0000-0001-6275-6274
 E-mail: maksim-sosnin7@mail.ru 

Ivan A. Shorstkii – Cand. Sci. (Eng.), Associate Professor of the De-
partment of Technological Equipment and Life-Support Systems, 
KubSTU

 ORCID: 0000-0001-5804-7950
 E-mail: i-shorstky@mail.ru 

М. Д. Соснин – формирование основной концепции, постановка 
цели и задачи исследования, подготовка текста, проведение 
расчетов, испытаний образцов, формулировка выводов.
И. А. Шорсткий – обеспечение ресурсами, подготовка экспе-
римента, проведение экспериментов, формирование основной 
концепции, постановка цели и задачи исследования, подготов-
ка текста, формулировка выводов.

M. D. Sosnin – formation of the main concept, goal and objectives of 
the study; writing the text, conducting the calculations, testing the 
samples, formulation of the conclusions.
I. A. Shorstkii – provision of the resources, preparation and man-
agement of the experiments, conducting the experiments, forma-
tion of the main concept, goal and objectives of the study; writing 
the text, formulation of the conclusions.

Received 05.05.2022
Revised 27.10.2022

Accepted 31.10.2022 

Статья поступила 05.05.2022 г.
Доработана 27.10.2022 г.

Принята к публикации 31.10.2022 г.

Information about the Authors Сведения об авторах

Contribution of the Authors Вклад авторов

Powder Metallurgy аnd Functional Coatings. 2023;17(2):71–77 
Sosnin M.D., Shorstkii I.A. The influence of magnetic fields on the strength of modified epoxy resin ...

http://doi.org/10.1088/0953-8984/15/2/111
http://doi.org/10.1007/s10965-014-0588-z
https://orcid.org/0000-0001-6275-6274
mailto:maksim-sosnin7%40mail.ru?subject=
https://orcid.org/0000-0001-5804-7950
mailto:i-shorstky%40mail.ru?subject=
https://orcid.org/0000-0001-6275-6274
mailto:maksim-sosnin7%40mail.ru?subject=
https://orcid.org/0000-0001-5804-7950
mailto:i-shorstky%40mail.ru?subject=

