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Аннотация. Работа посвящена повышению износостойкости кузнечно-прессового инструмента, в частности пуансонов для пробивки 

отверстий и вырубных штампов. Низкая стойкость инструмента приводит к повышению стоимости готовых изделий, увеличению 
трудовых и материальных затрат на замену изношенного инструмента и его наладку, снижению производительности прессового обору-
дования и повышению количества бракованной продукции. Представлена методика теоретического исследования для решения задачи по 
расчету температурного поля штампового инструмента при лазерной обработке. Составлено дифференциальное уравнение для числен-
ного решения поставленной задачи. Предложены режимы лазерной термообработки пуансона для пробивки отверстий и штампового 
инструмента из стали повышенной твердости. Натурные испытания, проведенные в промышленных условиях, показали, что реко-
мендованные режимы лазерной термообработки позволили повысить стойкость пуансона, предназначенного для пробивки отверстий, 
в 2 – 3 раза, а стойкость вырубных штампов в 2,2 – 2,8 раз. 
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Abstract. The article is devoted to improving the wear resistance of forging tools, in particular punches for punching holes and cutting stamp dies. 

Low tool life leads to an increase in the cost of finished products, an increase in labor and material costs for replacing worn tools and adjusting them, 
a decrease in the productivity of pressing equipment and an increase in the number of defective products. A method is presented for theoretical research 
of solving the problem of calculating the temperature field of a stamp die tool during laser processing. A differential equation was compiled for 
a numerical solution of the problem. The authors proposed the modes of laser heat treatment of a punch for punching holes and a stamp die tool made 
of high-hardness steel. Field tests conducted in industrial conditions showed that the proposed laser heat treatment modes made it possible to increase 
resistance of the punch intended for punching holes by 2 – 3 times and the resistance of the stamp dies by 2.2 – 2.8 times. 
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 Introduction

One of  the most widely used methods of  cold metal 
working (CMW) by pressure is cold stamping  [1 – 3], 
which allows for the production of high-precision parts 
in a wide range. Cold forming dies are used as tools 
for this process  [4 – 6]. In recent years, the  develop-
ment of new domestic technologies aimed at improving 
the quality of manufactured products and reducing their 
cost has become highly relevant. This task can be effi-
ciently solved by improving equipment and tools, includ-
ing CMW [9; 10].

 Formulation of the problem

One of  the  main reasons of  the  failure of  stamping 
tools is the wear of  their working surfaces. To  improve 
the  durability of  cold metal working (CMW) tools, 
thermal, thermochemical, and thermomechanical treat-
ments are applied  [11 – 13]. These methods signifi-
cantly increase the  hardness of  the  tool’s working sur-
faces and enhance the  strength of  the  base metal from 
which the  tool is made. Laser treatment is an effective 
method for improving the quality of CMW tools by pro-
cessing their working surfaces. Laser treatment is char-
acterized by a short exposure time to the treated surfaces 
and completely eliminates deformation. Only a thin sur-
face layer of the processed part is heated when exposed 
to  laser  [14 – 16]. Numerous studies have shown that 
the thermal processes occurring during laser heating are 
similar to the results of heating metals by other methods. 
This allows for the  application  of  classical equations 
of heat conduction  theory to  solve theoretical problems 
of  laser processing, taking into  account the  specifics 
of laser heat treatment.

This work presents a solution  to  the problem of cal-
culating the  temperature field of  a stamping tool when 
hardening its working surface using laser radiation.

 Method of theoretical study
 

of temperature field distribution during
laser hardening

As it is known, the  result of  hardening tool 
steels  [17; 18] significantly depends on  distribu-
tion of  the  temperature field that forms during this pro-
cess [19; 20]. To strengthen the surface layers, it is nec-
essary to  heat the  working surface of  the  stamp above 
the austenitic transformation temperature Ta , after which 
it is rapidly cooled to  a temperature below the  pearl-
itic transformation  temperature Tp . If a high-density 
laser beam is used for heat treatment, the surface layers 
of  the  tool will be heated to  a temperature depending 
on the duration of the laser radiation and its power. After 
laser heating, the  surface of  the  stamp quickly cools 

down due to the transfer of heat from the heated surface 
to the other distant areas of the tool. Moreover, tempera-
ture of  the heated areas depends on  their distance from 
the stamp surface. The depth of the hardened layer can be 
estimated by studying the characteristics of the resulting 
temperature field [21; 22].

Let us provide a mathematical description of the tem-
perature field for a cylindrical cutting punch (Fig. 1). 

The change in temperature T over time t can be calcu-
lated by numerically solving a two-dimensional differen-
tial equation, which in a cylindrical coordinate system is 
given by [23 – 25]

Here, Т(r, z, t) is the temperature at an arbitrary point 
of  the  cutting punch at any given time t, characterized 
by cylindrical coordinates r and z; a is the thermal con-
ductivity coefficient of the material of the cutting punch; 
q is the power density of the external heat source (laser 
radiation) [26 – 28].

Let us define initial and boundary conditions:
– at the  initial moment of  deformation  of  the  work-

piece, the  temperature of  the  cutting punch is assumed 
to be uniform throughout the entire volume, i.e.

Т0 = Т(z, r, 0) = const;

– on  the  free surfaces of  the  punch, heat exchange 
of convective and radiant types occurs with the environ-
ment 

surf surfenv env  

– radiant heat exchange occurs on the end (irradiated) 
surface of the punch

Fig. 1. Calculation scheme for temperature field 
of a cylindrical punch of diameter D

 
Рис. 1. Схема к расчету температурного поля  

цилиндрического пуансона диаметром D
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surf env

where α is the  convective heat transfer coefficient; 
Тsurf  and Тenv  are the  temperatures of punch surface and 
the environment, respectively; ε is the degree of emissiv-
ity of  the punch surface; σ is the emissivity of an abso-
lutely solid body.

 Experimental results

According to the methodology described above, theo-
retical and experimental studies were conducted on  a 
punch (Fig. 2) made of  high-hardness chromium tool 
steel Kh12M1  [29; 30] with a working surface diameter 
D = 13 mm. 

Based on  the analysis of  the preliminary experiment 
results with samples made of  Kh12M steel, which are 
consistent with known data from scientific and techni-
cal literature, the following thermal-physical parameters 
were used in further research: 

– thermal conductivity coefficient λ = 0.028 W/(mm∙°C); 

– temperature conductivity coefficient а = 7.78 mm2/s; 

– quenching temperature Тq = 1000 °С; 

– melting temperature Тm = 1280 °С. 

Fig. 3 shows the  results of  calculating the  tempera-
ture field in axial and radial directions with λ = const 
(solid lines) and λ = f (T) (dashed lines) at a laser 
power of  P = 0.97 kW, laser beam movement speed 
v = 12 mm/s, and laser spot diameter dsp = 4 mm. Anal-
ysis of  the  obtained graphs shows that the  difference 
in the  punch temperature obtained with constant and 
variable  λ values is insignificant. Therefore, when con-
ducting engineering calculations, the  average value 
of the thermal conductivity coefficient can be used.

 Analysis of the results

The  analysis of  the  obtained research results served 
as the  basis for conducting a full-scale experiment. 
Two experimental batches of  punches and dies made 
of  Kh12M steel were manufactured for various stamp-
ing operations. The first batch underwent traditional bulk 
thermal treatment, while the second batch received addi-
tional strengthening treatment using a CO2 laser. Based 
on  the  data obtained, the  following parameters of  laser 
irradiation  were recommended for efficient strength-
ening of  the  working surface of  the  stamping tool: 
with a laser spot diameter of  dsp = 4 mm, laser power 
P = 0.95–0.99 kW, and laser beam movement speed 
v = 11–13 mm/s.

Pilot tests have shown that the durability of stamping 
tools significantly increases after laser heat treatment. 
For example, the working lifespan of punching punches 
after traditional thermal processing is 10 – 12 h, while 
after additional strengthening laser treatment, the  dura-
bility increased to 20 – 36 h, that is, doubled or tripled. 
Pilot tests of a sample batch of blanking dies, consisting 
of  20 pieces, demonstrated that the  application of  addi-

Fig. 3. Graphs of the punch temperature change in axial (a) 
and radial (b) directions at λ = const (solid lines) 

and λ = f(T) (dashed lines) 

Рис. 3. Графики изменения температуры пуансона в осевом (а) 
и радиальном (b) направлении при λ = const (сплошные линии) 

и λ = f(T) (штриховые линии)

Fig. 2. Hole punch

Рис. 2. Пуансон для пробивки отверстий

1 Characteristics of Kh12M material / Grade Guide of steels 
and alloys. Available at URL: http://www.splav-kharkov.com 
(accessed 23.08.2023).

http://www.splav-kharkov.com


Известия вузов. Черная металлургия. 2024;67(2):155–160.
Чиченев Н.А., Горбатюк С.М. и др. Исследование изменения температуры прессового инструмента при обработке лазером

158

tional strengthening treatment with a CO2 laser allows 
for a  2.2 – 2.8 times increase in their operational dura-
bility. The  technical and economic efficiency of  using 
laser strengthening is determined not only by saving 
on expensive tool steel but also by reducing labor costs 
due to aligning the replacement period of stamping tools 
with the schedule of preventive and repair works. 

 Conclusions

A methodology for theoretical analysis of  the  tem-
perature field of  a cylindrical punch formed during 
laser processing is proposed. The methodology is based 
on  the  numerical solution  of  a two-dimensional diffe
rential equation  in cylindrical coordinates. As a result 
of  the  theoretical analysis, laser heat treatment modes 
have been proposed for stamping tools of  various pur-
poses made of Kh12M tool steel. Studies conducted in 
industrial conditions have shown that laser heat treat-
ment carried out according to  the  proposed modes 
has allowed an increase in the  operational durability 
of punches for hole punching by 2 – 3 times, and cutting 
dies by 2.2 – 2.8 times.

 References / Список литературы

1.	 Rogov V.A., Poznyak G.G. Mechanical Engineering Tech-
nology. Stamping and Foundry production: Textbook. Mos-
cow: Yurait Publ.; 2022:319. 

	 Рогов В.А., Позняк Г.Г. Технология машиностроения. 
Штамповочное и литейное производство: Учебник. 
Москва: Издательство Юрайт; 2022:319.

2.	 Konstantinov I.L., Sidel’nikov S.B. Press Forging: Textbook. 
Moscow: Scientific Research Center INFRA-M; 2021:464. 

	 Константинов И.Л., Сидельников С.Б. Кузнечно-штампо-
вочное производство: Учебник. Москва: НИЦ ИНФРА-
М; 2021:464.

3.	 Semenov E.I. Forging and Hot Stamping: Textbook. Mos-
cow: MSIU; 2011:414. 

	 Семенов Е.И. Ковка и горячая штамповка: Учебник. 
Москва: МГИУ; 2011:414.

4.	 Bocharov Yu.A. Press Forging Equipment: Textbook. Mos-
cow: Akademiya; 2008:479. 

	 Бочаров Ю.А. Кузнечно-штамповочное оборудование: 
Учебник. Москва: Академия; 2008:479.

5.	 Zhivov L.I., Ovchinnikov A.G., Skladchikov E.N. Press For
ging Equipment: Textbook. Moscow: N.E. Bauman MSTU 
Publ.; 2006:560. 

	 Живов Л.И., Овчинников А.Г., Складчиков Е.Н. Куз-
нечно-штамповочное оборудование: Учебник / Под ред. 
Л.И. Живова. Москва: Изд-во МГТУ им. Н.Э. Баумана; 
2006:560. 

6.	 Efremov D.B., Stepanov V.M., Chicheneva O.N. Upgrading 
of the roll emergency lifting mechanism of the mill 2800 rolling 
stand of the JSC “Ural Steel”. Stal’. 2020;(8):44–47. (In Russ.).

	 Ефремов Д.Б., Степанов В.М., Чиченева О.Н. Модер-
низация механизма быстрого отжима валков прокатной 

клети ДУО стана 2800 АО «Уральская Сталь». Сталь. 
2020;(8):44–47.

7.	 Nefedov A.V., Svichkar V.V., Chicheneva O.N. Re-engineer-
ing of equipment to feed the melting furnace with aluminum 
charge. Lecture Notes in Mechanical Engineering. 2021: 
1198–1204. https://doi.org/10.1007/978-3-030-54817-9_139

8.	 Nefedov A.V., Kitanov A.A., Chichenev N.A. Reengineering 
of the roller hardening machine of the sheet-rolling shop of JSC 
Ural Steel. Chernye metally. 2022;(3):22–26. (In Russ.).

	 Нефедов А.В., Китанов А.А., Чиченев Н.А. Реинжи-
ниринг роликовой закалочной машины листопрокат-
ного цеха АО «Уральская Сталь». Черные металлы. 
2022;(3):22–26.

9.	 Nefedov A.V., Tanchuk A.V., Chichenev N.A. Moderniza-
tion of the tipper drive for ore trolleys at the Donskoy Min-
ing and Processing Plant of TNK Kazchrome JSC. Gornyi 
zhurnal. 2022;(8):52–56. (In Russ.).

	 https://doi.org/10.17580/gzh.2022.08.07 

	 Нефедов А.В., Танчук А.В., Чиченев Н.А. Модернизация 
привода опрокидывателя рудных вагонеток Донского 
ГОК АО «ТНК Казхром». Горный журнал. 2022;(8): 
52–56. https://doi.org/10.17580/gzh.2022.08.07

10.	 Samusev S.V., Fadeev V.A., Sidorova T.Yu. Development 
of  effective calibrations for forming blank for produc-
tion of longitudinal welded pipes of small and medium diam-
eters. Metallurgist. 2020;64(7–8):658–664.

	 https://doi.org/10.1007/s11015-020-01042-4 

	 Самусев С.В., Фадеев В.А., Сидорова Т.Ю. Разработка 
эффективных калибровок формовки листовой заготовки 
для производства прямошовных электросварных труб 
малого и среднего диаметров. Металлург. 2020;(7):55–59. 

11.	 Gorbatyuk S.M., Morozova I.G., Naumova M.G. Develop-
ment of  the  working model of  production  reindustrializa-
tion  of  die steel heat treatment. Izvestiya. Ferrous Metal-
lurgy. 2017;60(5):410–415. (In Russ.).

	 https://doi.org/10.17073/0368-0797-2017-5-410-415 

	 Горбатюк С.М., Морозова И.Г., Наумова М.Г. Разработка 
рабочей модели процесса реиндустриализации произ-
водства термической обработки штамповых сталей. Из­
вестия вузов. Черная металлургия. 2017;60(5):410–415. 
https://doi.org/10.17073/0368-0797-2017-5-410-415

12.	 Metallurgy and Heat Treatment of Steel and Cast Iron: Refe
rence Book. In 3 vols. T. 3. Thermal and Thermomechanical 
Processing of Steel and Cast Iron / Rakhshtadt A.G., Kaput-
kina L.M., Prokoshkina S.D., Supova A.V. eds. Moscow: 
Intermet Engineering; 2007:919. 

	 Металловедение и термическая обработка стали и 
чугуна: справочник. В 3-х т. Т. 3. Термическая и тер-
момеханическая обработка стали и чугуна / Под ред. 
Рахштадта А.Г., Капуткиной Л.М., Прокошкина С.Д., 
Супова А.В. Москва: Интермет Инжиниринг; 2007:919.

13.	 Steniko A., Tami V. Improvement of  direct hardening pro-
cess at the  Nucor Tuscaloosa plant. Chernye metally. 
2018;(12):41–43. (In Russ.).

	 Стенико А., Тами В. Совершенствование процесса пря-
мой закалки на заводе компании Nucor Tuscaloosa. Чер-
ные металлы. 2018;(12):41–43.

14.	 Chichenev N.A., Gorbatyuk S.M., Naumova M.G., Moro-
zova I.G. Using the similarity theory to describe laser harde
ning processes. CIS Iron and Steel Review. 2020;19:44–47.

https://doi.org/10.1007/978-3-030-54817-9_139
https://doi.org/10.17580/gzh.2022.08.07
https://doi.org/10.17580/gzh.2022.08.07
https://doi.org/10.1007/s11015-020-01042-4
https://doi.org/10.17073/0368-0797-2017-5-410-415
https://doi.org/10.17073/0368-0797-2017-5-410-415


Izvestiya. Ferrous Metallurgy. 2024;67(2):155–160.
Chichenev N.A., Gorbatyuk S.M., etc. Investigation of changes in temperature of pressing tool during laser processing

159

15.	 Grigor’yants A.G., Shiganov I.N., Misyurov A.I. Techno-
logical Processes of  Laser Processing: Tutorial. Moscow: 
N.E. Bauman MSTU Publ.; 2006:663. 

	 Григорьянц А.Г., Шиганов И.Н., Мисюров А.И. Техноло-
гические процессы лазерной обработки: Учебное посо-
бие. Москва: Изд-во МГТУ им. Н.Э. Баумана; 2006:663.

16.	 Laser Technologies for Materials Processing: Modern Prob-
lems of Fundamental Research and Applied Developments. 
Panchenko V.Ya. ed. Moscow: FIZMATLIT; 2009:664. 

	 Лазерные технологии обработки материалов: современ-
ные проблемы фундаментальных исследований и при-
кладных разработок / Под ред. В.Я. Панченко. Москва: 
ФИЗМАТЛИТ; 2009:664.

17.	 Milenin A., Petrov P., Petrov M., Krutina E. Numerical model 
of  fracture in magnesium alloys during forming processes. 
Steel Research International. 2012;(SPL. ISSUE):847–850.

18.	 Maksimov E.A., Shatalov R.L., Krutina E.V. Procedures for 
calculation of deformation and energy-power parameters for 
combined rotary drawing and cross rolling of wheel disks. 
Proizvodstvo prokata. 2019;(10):9–14. (In Russ.).

	 Максимов Е.А. Шаталов Р.Л., Крутина Е.В. Методика 
расчета деформационных и энергосиловых парамет
ров при совмещенной ротационной вытяжке и попе-
речной прокатке дисков колес. Производство проката. 
2019;(10):9–14. 

19.	 Kiani-Rashid A.R., Rounaghi S.A. The  new methods 
of graphite nodules detection in ductile cast iron. Materials 
and Manufacturing Processing. 2011;26(2):242–248.

	 https://doi.org/10.1080/10426914.2010.520788 
20.	 Di Cocco V., Iacoviello F., Cavallini M. Damaging micro-

mechanisms characterization  of  a ferritic ductile cast iron. 
Engineering Fracture Mechanics. 2010;77(11):2016–2023. 
https://doi.org/10.1016/j.engfracmech.2010.03.037

21.	 Chaus A.S., Sojka J., Pokrovskii A.I. Effect of  hot plastic 
deformation on microstructural changes in cast iron with glo
bular graphite. The Physics of Metals and Metallography. 2013; 
114(1):84–95. https://doi.org/10.1134/S0031918X13010031 

22.	 Zhao X., Jing T.F., Gao Y.W., Qiao G.Y., Zhou J.F., Wang W. 
Morphology of  graphite in hot compressed nodular iron. 
Journal of Materials Science. 2004;39(19):6093–6096. 

	 https://doi.org/10.1023/B:JMSC.0000041709.60100.56 
23.	 Carslaw H.S., Jaeger J.C. Conduction of Heat in Solids. Lon-

don: Oxford University Press; 1947. 
	 Карслоу Г., Егер Д. Теплопроводность твердых тел. 

Москва: Наука; 1964:487.
24.	 Tikhonov A.N., Samarskii A.A. Equations of  Mathemati-

cal Physics: Textbook. Moscow: M.V. Lomonosov MSU; 
2004:800. 

	 Тихонов А.Н., Самарский А.А. Уравнения математичес
кой физики: учебник. Москва: МГУ им. М.В. Ломоно-
сова; 2004:800.

25.	 Thambynayagam R. K. M. The Diffusion Handbook: App
lied Solutions for Engineers. McGraw-Hill Professional; 
2011:2048.

26.	 Tkachenko L.A., Repina A.V. Heat Transfer Theory: Tuto-
rial. Kazan: Kazan University Publ.; 2017:151. 

	 Ткаченко Л.А., Репина А.В. Теория теплообмена: Учеб
ное пособие. Казань: Изд-во Казанского университета; 
2017:151.

27.	 Ushakov I.V. Method of mechanical testing of laser treated 
metallic glass by indenters with different geometry. Proceed-
ings of SPIE – The International Society for Optical Engineer-
ing. 2007;6597:659714. https://doi.org/10.1117/12.726773

28.	 Shinkaryov A.S., Ozherelkov D.Yu., Pelevin I.A., Ere-
min S.A., Anikin V.N., Burmistrov M.A., Chernyshikhin S.V., 
Gromov A.A., Nalivaiko A.Yu. Laser fusion  of  aluminum 
powder coated with diamond particles via selective laser 
melting: powder preparation and synthesis description. Coat-
ings. 2021;11(10):1219.

	 https://doi.org/10.3390/coatings11101219
29.	 Ganzulenko O.Y., Petkova A.P. Simulation  and approba-

tion of the marking laser process on metal materials. Journal 
of Physics: Conference Series. 2021;1753(1):012016.

	 https://doi.org/10.1088/1742-6596/1753/1/012016 
30.	 Pichuev A.V., Petrov V.L. Equivalent circuit for mine power 

distribution  systems for the  analysis of  insulation  leak-
age current. Mining Science and Technology (Russia). 
2023;8(1):78–86. (In Russ.).

	 https://doi.org/10.17073/2500-0632-2023-01-72 

	 Пичуев А.В., Петров В.Л. Обоснование схемы замеще-
ния шахтной подземной электрической сети для анализа 
режимов утечки тока через изоляцию. Горные науки и 
технологии. 2023;8(1):78–86.

	 https://doi.org/10.17073/2500-0632-2023-01-72  
31.	 Zhang Y.Q., Jiang S.Y., Zhao Y.N., Shan D.B. Isother-

mal precision  forging of  complex-shape rotating disk 
of  aluminum alloy based on  processing map and digi-
tized technology. Materials Science and Engineering: A.  
2013;580:294–304.

	 https://doi.org/10.1016/j.msea.2013.05.059 
32.	 Zheng J.H., Lin J.G., Lee J., Pan R., Li C., Davies C.M. 

A  novel constitutive model for multi-step stress relax-
ation ageing of a pre-strained 7xxx series alloy. International 
Journal of Plasticity. 2018;106:31–47.

	 https://doi.org/10.1016/j.ijplas.2018.02.008

Николай Алексеевич Чиченев, д.т.н., профессор кафедры инжи-
ниринга технологического оборудования, Национальный исследо-
вательский технологический университет «МИСИС»
ORCID: 0000-0002-9019-4675
E-mail:  chich38@mail.ru 

Сергей Михайлович Горбатюк, д.т.н., профессор кафедры «Инжи-
ниринг технологического оборудования», Национальный исследо-
вательский технологический университет «МИСИС»
ORCID: 0000-0002-4368-5965
E-mail:  sgor02@mail.ru 

Nikolai A. Chichenev, Dr. Sci. (Eng.), Prof. of the Chair “Engineering 
of Technological Equipment”, National University of Science and Tech-
nology “MISIS”
ORCID: 0000-0002-9019-4675
E-mail:  chich38@mail.ru 

Sergei M. Gorbatyuk, Dr. Sci. (Eng.), Prof. of the Chair “Engineering 
of Technological Equipment”, National University of Science and Tech-
nology “MISIS”
ORCID: 0000-0002-4368-5965
E-mail:  sgor02@mail.ru 

Information about the Authors Сведения об авторах

https://doi.org/10.1080/10426914.2010.520788
https://doi.org/10.1016/j.engfracmech.2010.03.037
https://doi.org/10.1134/S0031918X13010031
https://doi.org/10.1023/B:JMSC.0000041709.60100.56
https://doi.org/10.1117/12.726773
https://doi.org/10.3390/coatings11101219
https://doi.org/10.1088/1742-6596/1753/1/012016
https://doi.org/10.17073/2500-0632-2023-01-72
https://doi.org/10.17073/2500-0632-2023-01-72
https://doi.org/10.1016/j.msea.2013.05.059
https://doi.org/10.1016/j.ijplas.2018.02.008
https://orcid.org/0000-0002-9019-4675
mailto:chich38@mail.ru
https://orcid.org/0000-0002-4368-5965
mailto:sgor02@mail.ru
https://orcid.org/0000-0002-9019-4675
mailto:chich38@mail.ru
https://orcid.org/0000-0002-4368-5965
mailto:sgor02@mail.ru


Известия вузов. Черная металлургия. 2024;67(2):155–160.
Чиченев Н.А., Горбатюк С.М. и др. Исследование изменения температуры прессового инструмента при обработке лазером

160

Received 17.09.2023
Revised 07.01.2024

Accepted 23.03.2024

Поступила в редакцию 17.09.2023
После доработки 07.01.2024

Принята к публикации 23.03.2024

Н. А. Чиченев – разработка методики расчета температурного 
поля цилиндрического тела.
С. М. Горбатюк – анализ и обобщение полученных результатов 
моделирования.
К. Н. Соломонов – формирование концепции статьи, определение 
цели и задачи исследования, подготовка текста.
С. А. Снитко – техническое обоснование задач исследования, обо-
снование параметров процесса.
О. Н. Чиченева – графическое оформление полученных результа-
тов.

N. A. Chichenev – development of method for calculating the tempera-
ture field of a cylindrical body.
S. M. Gorbatyuk – analysis and generalization of the obtained model-
ing results.
K. N. Solomonov – formation of the article concept, setting the research 
goals and objectives, writing the text.
S. A. Snitko – technical justification of research tasks, justification of 
process parameters.
O. N. Chicheneva – graphic design of the obtained results.

Contribution of the Authors Вклад авторов

Константин Николаевич Соломонов, д.т.н., профессор кафедры 
социально-гуманитарных, естественно-научных и общепрофес
сиональных дисциплин, Филиал Ростовского государственного 
университета путей сообщения в г. Воронеж
E-mail:  konssol@list.ru 

Сергей Александрович Снитко, д.т.н., доцент, заведующий 
кафедрой «Обработка металлов давлением», Донецкий нацио-
нальный технический университет
ORCID: 0000-0002-1099-5801
E-mail:  snitko_sa@mail.ru

Ольга Николаевна Чиченева, к.т.н., доцент, Национальный 
исследовательский технологический университет «МИСИС»
E-mail:  chich38@mail.ru

Konstantin N. Solomonov, Dr. Sci. (Eng.), Prof. of the Chair of Social, 
Humanitarian, Natural Sciences and General Professional Discipline, 
Voronezh Branch of the Rostov State Transport University
E-mail:  konssol@list.ru 

Sergei A. Snitko, Dr. Sci. (Eng.), Assist. Prof., Head of the Chair “Metal 
Forming”, Donetsk National Technical University
ORCID: 0000-0002-1099-5801
E-mail:  snitko_sa@mail.ru 

Ol’ga N. Chicheneva, Cand. Sci. (Eng.), Assist. Prof., National University 
of Science and Technology “MISIS”
E-mail:  chich38@mail.ru

mailto:konssol@list.ru
https://orcid.org/0000-0002-1099-5801
mailto:snitko_sa%40mail.ru?subject=
mailto:chich38@mail.ru
mailto:konssol@list.ru
https://orcid.org/0000-0002-1099-5801
mailto:snitko_sa%40mail.ru?subject=
mailto:chich38@mail.ru

