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METALS HEAT TREATMENT MODEL

This paper considers the problem of developing a model of thermal metal processing by
multiprocessor computing systems. The obtained metal is used for high-strength
fasteners manufactured by cold forging method without final heat treatment. The model
is based on the heat treatment method of a billet from low- and medium-carbon steels
intended for cold heading. The model aims at improving technological properties of a
billet by ensuring high dispersion and uniformity of a billet structure across the entire
plane of its cross-section.

Implementation of the proposed model ensures the technical result of high dispersion
and uniformity of the structure of the billet. The technological process of steel heat
treatment is characterized by high performance, low power consumption, and improved
performance characteristics. The apparatus for implementation of the spheroidization
annealing regime determines the uniform distribution of cementite globules in the ferrite
matrix, which means that it provides the necessary mechanical properties of the metal
for its further cold deformation. The multiprocessor computing system software allows
controlling the temperature conditions, both on the entire plane of the billet section, and
across its length. Such temperature conditions are controlled in the center of the plane of
the billet cross-section.

Experimental studies of the heat treatment of metal products were conducted. In order to
test the functions of the proposed model, several experiments were performed when a
20 mm diameter wire from 20G2G steel was subjected to heat treatment. Experimental
studies have shown that metal has the necessary elasticity properties, saving the
required hardness.

Keywords: heat treatment, multiprocessor computing system, mathematical model,
parameter control, technological process, temperature regime.

Introduction

Today in the world, there is a sharp increase in the number of multiprocessor
computing systems and their performance by the fact that such systems have
become widely available along with non-expensive hardware platforms for high-
performance computing [1, 2]. It should be emphasized that there is a lot of diverse
and interrelated processes in the metallurgical industry. Primarily, those
technologies include smelting and casting of iron-carbon alloys, heating, rolling,
and metal heat treatment (HT), as well as operation of auxiliary equipment, which
includes filling machines, ladles, bowls, and others. Based on the industrial practice,
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there could be neither the intensification of processes of metallurgical
manufacturing nor the constructive improvement of different metallurgical
equipment without studying and analyzing the phenomena of heat and mass
transfer [3 - 5]. High-performance computing allows solving multidimensional
problems, and the ones that demand huge processing time. Control of speed enables
not only to manage technological processes effectively but also to create
preconditions for development of new promising technological processes.

Analysis of recent research and publications

The traditional technology of spheroidizing steel annealing involves cage
furnaces (bell-type or shaft-type) [6, 7]. The process includes heating the material to
such a temperature value: Ac + (10-30)°C; holding for 20-30 hours, followed by
further delayed cooling. Besides, heat treatment (HT) of wire coils, for example, in
shaft-type furnaces, is accompanied by significant temperature non-uniformity in
load volume.

The traditional methods disadvantages of preparing metal for cold
deformation:

1. The inability to synchronize the technological process of metal HT with the
technological process of fasteners production.

2. Significant energy and gas losses during metal annealing in furnaces.

3. Poor furnace performance.

4. The difficulty of ensuring uniform heating and cooling of wire coils.

5. The furnaces for metal HT are environmentally harmful.

Progressive technologies that will fundamentally change the traditional low-
productive energy-intensive processes include the methods of rapid heating of metal
(wire, rods) adapted to the conditions of hardware manufacturing. In this case, an
HT method alternative to the furnace heating of products is the electrothermal
method: electrical contact heating or induction [7]. In-line industrial introduction of
induction heating for HT is practically well-known [9]. Usually, the thermally treated
wire is used in the manufacture of high-strength fasteners without final thermal
hardening.

At the same time, the described HT process for the technology of spheroidizing
and recrystallization annealing has certain disadvantages, namely:

1. Lack of control of heating, holding, and cooling during metal HT.

2. The technological process of metal processing does not provide for
spheroidizing annealing in the interval of perlite structural steel transformations.

3. The steel annealing mode provides for a considerable duration of the
technological process (according to the authors, from 30 to 90 minutes), which does
not allow synchronizing the closed cycle of manufacturing fasteners.
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Also, there are other approaches to the implementation of the proposed
method, e.g., an installation for the calibrated steel HT [10]. The following
disadvantages of the proposed installation in its application for spheroidizing
annealing:

1. The installation did not realize capabilities of steel HT associated with
application of annealing temperature range to acquire a spheroidizing perlite
structure [11].

2. The steels annealing mode is characterized by a significant duration of the
technological process.

3. There is no possibility to control the temperature of heating, holding, and
cooling of steel within the billet section plane.

4. High energy intensity of the process.

Statement of the Problem Research

In this paper, the development of the latest metallurgical technologies based
on the use of multiprocessor computing systems is illustrated based on billets HT. In
this case, the billet for cold heading should have in the initial state the structure of
granular perlite of a particular grade, i.e., such that has a globular form of a carbide
phase of a specific size. In order to obtain the indicated structural condition, the
preform is subjected to spheroidizing annealing.

This research's primary purpose is to develop an HT model of metals based on
multiprocessor computing systems used for the manufacture of high-strength
fasteners by cold die forging without final HT. It was decided for the model to apply
the billet HT method with low- and medium-carbon steels intended for cold heading.
The model application aims at improving the technological properties of a billet by
ensuring high dispersion and uniformity of the billet structure over the entire plane
of its cross-section.

Statement of the Research's Primary Material

In order to solve the outlined problems, the installation was designed for the
HT of long steel products [12]. At the same time, researches aimed at studying the
features of metal HT using such a setup have been considered in papers [13-15]. The
developed installation is intended for the steel HT of billets and can be used for
recrystallization and spheroidizing annealing of calibrated steel for the manufacture
of fasteners by the cold die forging method.

The problems are solved because the installation for HT of a long steel product
additionally contains isothermal holding cameras, intensive spheroidization devices,
a multiprocessor computing complex in the form of a separate module. A
multiprocessor computing system with its software allows, based on a mathematical
model of the billet heating process, under the manufacturing conditions to control
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the product heating to the transition to the austenitic area towards the
recrystallization phase temperature on the entire plane of its section, and then,
having solved the inverse problem of thermal conductivity (IPTC), monitoring the
required regime of isothermal holding in the annealing temperature range over the
entire plane of the billet cross-section. The installation for implementing the regime
of over-annealing determines the uniform distribution of cementite globules in a
ferrite matrix, which provides the necessary metal mechanical properties necessary
for further cold deformation.

The technical result achieved by implementing the proposed model is that
high dispersion and uniformity of the billet structure over the entire plane of its
cross-section are ensured. At the same time, the steel HT process is characterized by
high performance, low power consumption, and improved operational
characteristics. The apparatus for spheroidization annealing regime determines the
uniform distribution of cementite globules in the ferrite matrix, which means that it
provides the necessary mechanical properties of the metal for its further cold
deformation. In this case, the software of a multiprocessor computing system allows
controlling the temperature conditions, both on the entire plane of the billet
section, and along its length. Such temperature conditions are controlled in the
plane center of the billet cross-section. Below is a general mathematical formulation
of the problem. A multiprocessor computing system with special software, as a
single base, includes mathematical models in the form of a heat equation, i.e.

8T282T+82T+1.8T
or 0zZ* or* r or

with the criterion r7=at /R2 of Fourier, if 7>0, W considered as extraordinary

+W (1)

power being the sources of the heat, W/m?.
The boundary conditions of the equation are as the following.

TO,r,z2)=f(r,7),
T(z,1,z)=var;
oT(x,0,2) _,
or ’
T(z,0,2)=0.

The latter two equations in the boundary conditions depict that throughout the
entire HT process, the temperature must be finite in the axis of the cylinder.
According to the coordinate z, the boundary conditions, depending on the features
of the problem to be solved, could be of the first, second, or third type. The problem
(1) is solved using splitting methods, which aim is to simplify a sophisticated
operator (1). This approach allows this equation integration in the form of an
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integration sequence of one-dimensional equations of a more simple structure.
Given the significant complexity of the mathematical model (1), the development of
the economic algorithms for computing the effects of controlling functions of the
proposed installation is of great importance. The process of creating such algorithms
is covered in papers [16 - 18].

Note that here the control problem (like the synthesis problem) in its exact
statement refers to the inverse class since it provides for the determination of
control functional parameters based on a predetermined and necessary result (the
problem of inverse control). The algorithm of inverse problem solution uses the
"fork"” method with the preliminary definition of a particular initial segment. The
solution to the problem is implemented in two stages. At first, there is the process of
separating the residual minimum; at the second, the minimum of the desired control
function from the separated interval is determined. The specified procedure is
implemented as standard. In other words, if ¢ stands for a particular real value of
the desired radical, i.e., when a<9<b, and f(9) =0, further, we could find the w

number as such that satisfies the conditions: a<$<b and |9—w| <g,i.e., less than

any predetermined small & number. The numerical control unit of the
multiprocessor computing system includes a similar scheme in its structure. The
mathematical model (1) is used in all HT cycles of metal; therefore, the simulation
results relate to the primary metal heating cycle.

The simulation problem is that the necessary accuracy and computing stability
requires taking a computation grid with a considerable number of nodes and do
many iterations. As a result, the number of arithmetic operations necessary to
compute the temperature fields is in the range of 107 - 10® nodes, and when the time
increment of 102 seconds, then the total nodes number for computations can grow
up to at least to 10%. Single-processor computing systems can not cope with such a
load throughout real-time simulation; hence, the multiprocessor systems will be
most justified, which improves the technology of a long-steel product.

Experimental studies of HT of the metal products. In order to test the proposed
installation functions, several experiments were performed when a 20 mm diameter
wire from steel 20G2G was subjected to HT. Consider two unique experiences.

Experiment 1. ferritic-bainitic (martensitic) structure of the billet was taken as
the initial. The process of the material heat treatment was run by heating the billet
within the frames of the intercritical temperature zone. The following critical points
are established: Ac; = 725 °C; Acs = 795 °C for a given material. The heating was to
such a value: Ac; + (10 - 30°C). During the next stage of material processing, an
isothermal holding was run for 45 s. Further, the billet was getting cooled at a speed
of 20-30°C/s down to a temperature of 620°C followed by isothermal holding for 45
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s. In the end, at the last stage of material processing, the billet was heated at a rate
of 15-25°C/s to subcritical temperatures. A feature of controlling the billet
temperature is to ensure the heating of its entire mass to the temperatures specified
by a specific mode. The temperature distribution curves in the billet characterize the
peculiarity of metal heating over the entire plane of its cross-section. Modeling of
such temperature fields covers changes in the thermal physical properties of the
material during its heating process. During the experiment, structure formation in
billet material was analyzed. The structure is granular perlite with a standard 2
points score; its hardness is 148-169 HB.

So, the performed spheroidization of the metal carbide phase under the
conditions of the corresponding HT regimes of the billet ensures the material with a
granular perlite structure. Moreover, high-speed spheroidization determines a more
uniform distribution of cementite globules in a ferrite matrix. Steel billets of almost
the same hardness after the HT acquire a finely dispersed structure, which provides a
higher level of ductility of the metal. Rapid billet heating and steel's partial
austenitization, specific changes occur in the carbide phase morphology from the
lamellar to the fine-grained globular.

Experiment 2. The ferrite-pearlite structure of the preform was taken as the
initial one. The process of material HT was carried out according to the technology
introduced in Experiment 1. For a given material, the following critical temperature
points were established: Ac; = 725 °C and Acs = 795 °C.

During the study, a metallographic analysis of the billets structure was carried
out. According to the official estimate, the grain microstructure of the billets is 5
points; its hardness is 150-169 HB.

Hence, the experiments showed that the initial structure of steel in a certain
way affects the further structure formation and mechanical properties of the
material.

Conclusions and Prospects for Further Research

The improvement of available and the developing of new technological
processes for metal HT demand high costs on conducting a large number of full-
scale experiments in the laboratory, experimental and industrial equipment, and in
production conditions as well. Reducing experimental studies and multiprocessor
computing systems can achieve the time spent to obtain necessary information for
the design and implementation of technological developments. This paper develops
a model to study the high-speed modes of HT of long products and metals
manufacturing.

The introduction of the proposed model for recrystallization and spheroidizing
annealing of calibrated steel made it possible:

48 ISSN-print 1991-7848
ISSN-online 2707-9457



“CyuacHi nmpo6aemu metanyprii”, N2 23 - 2020

- to monitor the technological parameters of the HT metal conditions, in
particular, the temperature in the center of the section of the metal product, which
ensures the provision of the material with the necessary properties, along the entire
plane of the section and across the length of the billet for its further cold
deformation;

- by a multiprocessor computing system, to control the temperature of heating,
holding and cooling along the entire plane of the billet section, thereby improving
the quality indicators of heat-treated steel,

- reduce the process duration of the spheroidizing metal annealing;

- reduce power consumption,;

- synchronize the technological process of metal HT with the technological
process of fasteners manufacturing;

The developed approach implementation for metal HT, based on the use of a
multiprocessor computing complex, creates the problem of matching the processors’
capabilities and the network interface of a cluster system. Respectfully, promising
further studies allow solving this problem with multiprocessor systems with
processors of different types. Therefore, it is essential to derive analytical relations
to establish the optimal number of nodes for the cluster system, considering the
computing capabilities of specific processors.

REFERENCES

1. Ivaschenko, V., Alishov, N., Shvachych, G., Tkach, M.: Latest technologies based on use of high-
efficient multiprocessing computer systems. Journal of Qafqaz University. Mathematics and
Computer Science. Baku, Azerbaijan. — Vol. 1. - Numb. 1: 44 - 51 (2015).

2. Ivaschenko, V., Shvachych, G., Tkach, M.: Prospects of network interface Infiniband in
multiprocessor computer system for solving problems of calculations’ area spreading. System
technologies. — N2 2(91). — Dnipropetrovs’k: 32 — 43 (2013).

3. Shvachych, G., Shmukin, A.: Features of designing parallel computational algorithms for PCs in
heat and mass transfer problems. East European Journal of Advanced Technologies. 2 (8), pp. 42-4
(2004).

4. Shvachych, G., Shmukin, A.: On the concept of unlimited parallelism in heat conduction problems.
East European Journal of Advanced Technologies. 3 (9), pp. 81-84 (2004).

5. Ivaschenko, V., Shvachych, G., Tkach, M.: Specifics of Constructing of Maximally Parallel
Algorithmic Forms of the Solving of the Applied Tasks. System Technology: Regional
Interuniversity Collection of Proceedings, 3 - 9, 91 (2014).

6. Dolzhenkov, I., Bolshakov, V, Dolzhenkov, V.: Equipment of thermal shops. - Dnepropetrovsk:
PGASIiA, 320 p., (2004).

7. Shvachych, G., Sobolenko, A., Sobolenko, A.: Investigation of the temperature regime of operation
of annealing furnaces of mine type of wire riots. Theory and practice of metallurgy. No. 1. - S. 59 -
62 (2003).

8. Khasin, G., Dianov, A., Popova, T., Kukartseva, L., Shamov, A.: Electro-thermal treatment and
warm drawing of steel. - G.: Metallurgy . - 152 p. (1984).

9. Bobylev, M., Grinberg, V., Zakirov, D., Lavrinenko, Yu.: Preparation of the structure during the
electrothermal treatment of steels for the upsetting of high-strength fasteners. Steel. - No. 11. - S.
54 - 60 (1996).

ISSN-print 1991-7848 49
ISSN-online 2707-9457



“CyuacHi nmpo6aemu metanyprii”, N2 23 - 2020

10.Zakirov, D., Bobylev, M., Lavrinenko, Yu., Lebedev L., Syuldin, V.: Patent of RF #2137847, cl. C 21
D 1/32,C 21 D 9/60, C 21 D 11/00. Installation for heat treatment of calibrated steel. Patent holder:
Open Joint-Stock Company Avtonormal. - No. 98117255/02; declared 09/16/1998; publ.
09/20/1999.

11.Dolzhenkov, 1., Dolzhenkov, I.: Spheroidization of carbides in steel. - G .: Metallurgy. — p, 143
(1984).

12.Ivashchenko, V., Bashkov, E., Shvachych, G., Tkach, M.: Pat. 61944 Ukraine, IPC C21D 1/26
(2006.01), GO6F 15/16 (2006.01). Installation for heat treatment of long-steel products. Owners:
National Metallurgical Academy of Ukraine, Donetsk National Technical University. - No. u
201014225; declared 11/29/2010; publ. 08/10/2011, Bull. Number 15.

13.Ivaschenko, V., Shvachych, G., Sobolenko, A., Protopopov D.: Information system of intelligent
support of decision-making for rolling process. Eastern-european journal of enterprise
technologies. — N2 3. — pp. 4-9 (2003).

14.Shvachych, G., Sobolenko, A., Protopopov, D., Chuev, A.: Information system for tracking a pipe
rolling unit 140 with tandem conditions. Theory and practice of metallurgy. - No. 5-6. - pp. 76 - 82
(2003).

15.Shvachych, G., Kolpak, V., Sobolenko, M.: Mathematical modeling of high-speed modes of heat
treatment of long products. Theory and practice of metallurgy. National scientific and technical
journal. - No. 4-5 (59-60). - pp. 61 - 67 (2007).

16.Shvachych, G.: On the algebraic approach in the concept of distributed modeling of
multidimensional systems. Theory and practice of metallurgy. - No. 6 (61). - pp. 73 - 78 (2007).

17.Shvachych, G.: Mathematical modeling of a class of problems of metallurgical thermophysics
based on multiprocessor parallel computing systems. Mathematical modeling. - No. 1 (18). - pp. 60
- 65 (2008).

18.Shvachych, G., Shmukin, A.: Some features of the design of algorithms for multiprocessor
computing systems. Interstate Scientific-Methodological Conference “Problems of Mathematical

Modeling”. - Dneprodzerzhinsk. - pp. 112 - 114 (2011).
Received 10.01.2020.
Accepted 17.01.2020.

YK 004.272.43.003.13
B.I1. Isamienko, I'.I'. lIBaunu, M.C. CazoHoBa, O.B. 3anopokueHKo, B.I. XpucTsH

MOJEJb TEPMIYHOI OBPOBKY METAJIIB

Cepito3He CKOpOYEHHSI J1abOpaTOPHUX i IOCTiAHO-eKCIIepUMeHTaJbHUX OOC/iIKeHb
MOSKHA 3IiICHUTHU IIVIIXOM PO3POOKYM HOBMX MOJIeielt TepMiuHOi 06pobKa MeTaay Ha OCHOBI
3aCTOCYBaHHS 0araTOIPOIECOPHMX OOUMC/IIOBAIBHMX KOMIUIEKCiB. B maHiit pobori
PO3IISIAAEThCSI MpobjieMa poO3pOOKM MOIeNTi TeIyIoBOi OOpoOKM MeTalliB Ha OCHOBI
6ararorporecopunx cucrem. OTpUMaHUt MeTaq 3aCTOCOBYETHCS [JISI BUTOTOBJIEHHS
BMCOKOMIIITHMX KPiMMJIBHMUX BUPOOIB METOZOM XOJOMHOTO 06'€MHOTO IITaMITyBaHHSI 6e3
3aBepINyIY0i TepMidHOI 06pO6KM. B 0CHOBY MozesIi MOK/IaIeHo CIIocib TepMiuHOI 06pOOKM
MeTaly 3 HU3bKO- i CepeqHbOBYTUIIEBUX CTA/EN, MPU3HAYEHUX MJIST XOJIOJIHOI BUCAIKMA.
3acTocyBaHHS MOJIeJli Ma€ Ha MeTi MOJIiMIIeHHsI TeXHOJIOTiYHUX BJIaCTUBOCTEH 3aTOTOBOK 3a
paxyHOK 3a0e3MmeyeHHs] BMCOKOI JMCITIePCHOCTI ¥ OJHOPIAHOCTI CTPYKTYypM 3paska 3a yCi€io
TJIOIIMHOIO 710TO mepepisy.

TexHiuHMII pe3ynbTaT, SIKUI MAOCSATAETbCS MPU BOPOBAI)KEHHi 3aMporOHOBAHOI
MoOJiesli, IIO/siITa€ B TOMY, IO 3abe3IeuyeTbCsl BUCOKA MAMCIIEPCHICTh i OMHOPITHICTH
CTPYKTYpM 3paska. TexXHOJOTiYHMII TMpoliec TepMiyHOi 0OpOOKM CTalmi XapaKTepu3yeTbCS
BMCOKOIO MPOAYKTUBHICTIO, MaJIuM €HeprocIoXXNBaHHSIM, MOJTINIIIeHUMMA
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eKCIUTyaTalliiiHMMM XapaKTepuCTUKaMu. 3aCTOCYBaHHSI YCTAaHOBKM JJIST peasti3allii pexxumy
chepoigu3yoUoro BiAmaay 3YMOBIIOE PiBHOMIpHMII PO3MOMiN TIJIOOYJ] LiEMEHTUTA
dbeppuTHOIT MaTpulli, a 3HAYUTD 3a6e3meuye HeOOXiaHI MexaHiuHi BIaCTUBOCTI MeTaly AJist
jioro rmomasbiioi  xomomHoi  gedopmartii. IIporpaMHi 3acobu  6araTompoIlecopHOi
00YMCITIOBAIBHOI CUCTEMY JO3BOJISIIOTh KOHTPOIIOBATY TEMIIEPATYPHI PEKMMMU, SIK 32 YCi€I0
IUIONIMHOIO Tlepepi3y 3pa3Ka, Tak i 3a 1oro AOBXMHOIO. KOHTPOJ/Ib TaKUX TeMIepaTypHUX
PEXXMMIB 3[Ii/iICHIOETBCS B IIeHTPI IJIOIIMHM TIepepi3y 3paska.

ITpoBemeHO eKcIlepMMEeHTaIbHI JOCTiIKeHHST TepMiuHOi 06p0o6KM MeTamoBupoo6y. s
BUIIPOOYBaHHSI  (YHKIi  3ampoIroHOBaHOi  Mopmeni  6ya0  IMPOBEIEHO  AeKiJlbKa
eKCIIepMMEHTIB, Koy ApiT aiametpom 20 MM i3 ctasi 20I'2I" migmaBaBcst TepMidHiiz 06poOIIi.
EkcriepMMeHTaMbHI JOCTIIKEHHS TTOKa3aIn, 10 MeTasl, 30epiraroun HeoOXiJHY TBEPHiCTb,
Ma€ HeoOXiIHi BIaCTUBOCTI e1acTUYHOCTI. KpiM TOro, mpoBefieHi eKCriepuMeHTH IT0Ka3amn,
0 TOoYaTKOBa CTPYKTypa CTaji IeBHMM UMHOM, BIUIMBAE Ha IOAAJbIIe
CTPYKTYPOYTBOPEHHS Ta MeXaHiuHi BIaCTMBOCTi MaTepiasy.

KinouoBi cioBa: TepmiuHa 06poOKa, GaraTommporecopHa OOYMCIIOBaJIbHA CUCTEMaA,
MaTeMaTMYHa MOJesib, KOHTPOJIb IapaMeTpiB, TEXHOJIOTiYHMII Tpollec, TemIiepaTypHuit
peXUM.

Isawenko Banepiii Ilempoeuu — OOKTOp TeXHIYHMX HayK, mpodecop, mepiinit mpopeKkTop,
HarnioHasibHa MeTaslypriiiHa akageMis Ykpainu, m JJHinpo.

Hleauuu I'ennaditi Ipuzopoeuu — MOKTOp TEXHIUHUX HAyK, mpodecop, 3aBimyBau Kadempu
MPUKIAOHOI MaTeMaTMKM Ta OOUYMCIIOBA/IBHOI TexHikM, HalioHasmpHa MeTamypriiiHa
akagemis Ykpainu, M JIHirpo.

Casonoea MapuHna CepeiieHa - KaHOMUIAT TeXHIYHMX HaAyK, HOOLIEHT, AOLEHT Kadeapu
MPUKIAOHOI MaTeMaTMKM Ta OOUYMCIIOBAIBHOI TexHikM, HalioHaspHa MeTaypriiiHa
akajgeMist Ykpainu, m [IHinpo.

3anopoxcuenko Onena CepeziieHa — KaHIUAAT TEXHIUHMX HAYK, AOIEHT, MOLIEHT Kademnpu
iHpopMalliitHux TexHosorii, YHiBepcuTet iM. Anbdpena Hobenst, m IHimpo.

Xpucmsan Boaodumup Ieanoeuu — ctapiminit BUKIagau Kadbeapyu NpuKIagHOI MaTeMaTUKA
Ta 00UMCITIOBAIBHOI TexHiKM, HamioHaspHa MeTanmypriiiHa akagemist Ykpaiau, m JIHimpo.

Heawenko Banepuii Ilempoeuu - p[OKTOp TEeXHUYECKMX HAyK, Ipodeccop, TMepBbli
nmpopekTop, HaiimoHanbHasa MeTa/sTypruueckast akagemMus YKpauHsl, I. JIHemnp.

Illeauuu I'ennaduii I'pueopvesuu — NOKTOP TEXHUYECKUX HAYK, IMpodeccop, 3aBedyroImii
Kadeapoii MpUKIaAHON MaTeEMATUKY Y BBIYUCTUTEIbHON TeXHUKH,

HaumonanbHag MeTa/utyprudyeckas akagemus YKpauHsl, r. [JHenp.

Cazonoea Mapuna CepzeeéHa — KaHOMIAT TEXHUYECKMX HAYK, MOILEHT, MOLEHT Kadempsl
MMPUKJIATHO MaTeMaTUKU U BBIYUCIUTETbHOM TEXHUKU

HammoHanbHasa MmeTa/typruyeckast akagemus: YKpauHsl, T. JIHemnp.

3anopoixcuenko Enena EezeHvbeéHa - KaHAUAAT TEXHUYECKUX HAYK, MOILIEHT, AOIEHT
Kadenpsl MHMOPMALMOHHBIX TEXHOJNOTUN, YHMBeHpcuTeT uMeHM Asbbpena Hobesns,
r. [IHerp.
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Xpucman Bnadumup Heanoeuu - cTapliuii mpenomaBaTesb  Kadeapbl MNPUKIATHON
MaTeMaTUKU U BBIYUCIUTENIbHONM TexHMKM, HallMoHa/lbHasl MeTajulypruueckasi akajgeMus
YKpauHsl, r. [IHenp.
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