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Abstract

Modeling, optimization and management of multifactor operations and complex technological processes of
machines and equipment parts’ enameling was discussed in the article. It has been established that the main
advantage of mathematical models construction for individual processing operations is the possibility to create
mathematical models in new variants for different technological processes using these models. It was clarified that
mathematical models reflecting processing operations and technological processes used to manufacture machine and
equipment must take into account the key factors that characterize them. Studies show that the mode and
technological factors of separate processing operations and technological processes are directly related to the
accuracy and quality of the prepared parts. Taking all these factors into account not only complicates the proposed
mathematical models, but also makes difficult, in some cases completely impossible to use and analyze them. From
this point of view, they should be divided into main and second grade factors according to their impact level.
Therefore, it should be considered appropriate to the purpose to take into account mostly main factors that
characterize operations and processes to build mathematical models.
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Coxfaktorlu amaliyyatlarin vo miirakkab texnoloji proseslorin
modellasdirlimasi, optimallasdirilmasi va idars edilmosi

metodlarimin analizi
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Annotasiya

Magqalads, masin vo avadanliglarin detallarinin emalinin goxfaktorlu emsoliyyatlarinin vo miirakkab texnoloji
proseslorinin modellogdirlimasi, optimallagdirilmasi vo idars edilmosi mosalolorine baxilmigdir. Miioyyon edilmisdir
ki, ayri-ayr1 emal amaliyyatlari ii¢lin riyazi modellorin qurulmasimnin asas istiin cshati, bu modellorden istifads
etmoklo forqli texnoloji proseslor iigiin yeni variantlarda riyazi modellorin yaradilmasi miimkiinliyiidiir.
Aydnlagdirilmigdir ki, masin vo avadanliglarin hazirlanmasi {igiin totbiq edilon emal omoliyyatlarini vo texnoloji
proseslori oks etediron riyazi modellor, onlar1 xarakterizo edon asas faktorlar1 nozoro almalidir. Todqiqatlar gostorir
ki, ayri-ayr1 emal amoliyyatlarinin vo texnoloji proseslorin rejim vo texnoloji faktorlari, hazirlanan detallarin doqiqlik
va keyfiyyot gostoricilori ilo birbasa oslagolidir. Bu faktorlarin hamisini nozars almaq toklif edilon riyazi modellori
miirokkablosdirmokla boraber, onlardan istifadeni vo analizini g¢atinlogdirir, bazi hallarda iso tamamilo miimkiinsiiz
edir. Bu baximdan faktorlar1 tasir soviyyslorine gors, asas va ikinci daracsli faktorlara ayirmaq lazimdir. Buna géro
do riyazi modellori qurmaq ii¢iin yalniz omoliyyatlar1 vo proseslori daha gox xarakterizo edon osas faktorlarin nozors
alinmas1 magsoada miivafiq hesab edilmalidir.

Acar sozlor: masin, avadanliqlar, omoliyyat, texnologiya, emal, proses, modellogdirmos, optimallasdirma,
1daroetmo, faktor.
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AHHOTALIAA

B cratee paccMaTpuBarOTCS BOTMPOCH MOJCTHUPOBAHUS MHOTO(GAKTOPHBIX OINEpaliii H  CIOXKHBIX
TEXHOJIOTHYECKUX TIPOIIECCOB OOpaOOTKH JeTalell MamuH W 00OpYyMOBaHWHA. YCTaHOBJICHO, YTO OCHOBHOE
MIPEUMYIIECTBO MOCTPOCHHUS MaTEMAaTHYECKUX MOJENeH Ui OTHENBHBIX omepamuii oOpabOTKH 3aKiIrodacTcs B
BO3MOYHOCTH CO3JaHHUSI C TIOMOIIBIO NMPUMEHEHHS ITHX MOJeNIe HOBBIX BapHaHTOB MAaTEMAaTHYECKHUX MOJIEeH
Pa3IMYHBIX TEXHOJOTHYECKHX TMPOIECCOB. MaTeMaTHYeCKHe MOJCNH, OIHMCHIBAIONINE OIeparuu OO0padOTKH H
TEXHOJIOTHYECKHE TIPOIIECCH], JOJDKHBI YUHTHIBATH XapaKTepU3yomne ux (GaxTopbl. McciemoBaHUs ITOKa3bIBAOT,
YTO PEXHMMHBIC U TEXHOJOTMYCCKHE (DAKTOPBHI OTICIBHBIX OMEpaIiii 00pabOTKH U TEXHOJOTHYECKUX IMPOIECCOB
HETMOCPEACTBEHHO CBA3aHbl C TOYHOCTHBIMH UM KayeCTBEHHBIMU IIOKA3aTEJsIMH HW3TOTOBJICHHBIX JI€Tallei.
Hcnonp3oBanue Bcex (HAKTOPOB YCIOKHSICT CO3JaHME MATEMaTHUCCKUX MOJENeHd WHOrna JellaeT HX
HEeMPHUEeMJIEMBIMH ISl IPAKTUYECKOro npuMeHeHusl. [10aToMy [j1s1 MOCTPOEHUs] MaTeMaTUYECKUX MOJeNel clieayeT
MPUMEHSTH T¢ (PAKTOPBI, KOTOPBIC HAUOOJIEE MOJHO XaAPAKTEPU3YIOT ONEPaIUi 00PabOTKH MPOIIECCOB.

KiroueBble cjioBa:  MaiimHa, OOOPYIOBaHME, OIEPAIlMsi, TEXHOJOTHs, 00pabOTKa, MPOIECC, MOICIUPOBAHME,
MOJIEIMPOBAHKE, ONTUMH3AIINS, YIPABIeHUE, (HaKTOPHI.
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Introduction

Multifactorial technological processes of
machine and equipment parts processing
differs by their specific features and
complexity. These factors manifest themselves
first of all in the influence on accuracy and
quality indicators of the enameled details of
separate operations’ different and numerous
factors, which are an integral part of
technological processes. Most of these factors
are usually in interaction with each other, the
change of one causes the change of the others,
and seriously affect the accuracy and quality
indicators of the processed details surfaces.

Thus, arise mutual relation between the
factors characterizing operations and accuracy
(eg, geometric parameters) and quality (eg,
roughness, residual stress, micro hardness)
indicators of the processed parts surfaces.
These relations put additional technological
reliability  requirements on  processing
operations. Although there are large enough
data for each processing operation in various
researches, the vast majority of them differ by
their unsystemacity, characterized by chaotic
scattering, and some can be
completely unfit condition to use. Therefore,
there occur problems in systematizing such
information, in extracting some of them and in
storing the most important of them. The
solution of these issues can be achieved by the

in cases,

modeling of processing operations and
technological processes. Such approach
actually means understanding of the

investigated operation or technological process
through modeling.

In general, the data flow is analyzed in two
stages. In the first stage, are compared events
occurring in model enameling operations or
technological processes. If the difference is not
big, then it is considered satisfactory. In the
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second stage, expectations are compared with
the model indicators. This process can be
considered as modeling.

Purpose of work is to investigate and
research the application of methods for
modeling, optimization and management of
multifactorial ~ operations  and
technological processes in the processing of
machine and equipment parts.

complex

Solving of problem

If we denote all the output parameters of the
investigated operation or technological process
by y, the input parameters by xq, x5, X3, ..., X, ,
then the modeling will be expressed in the
form of the following mathematical
dependence characterizing the relationship
between output and input parameters

y = F(Xq, X3, X3, v, Xp)-

The form of this function is determined by
the characteristics of the investigated operation
or technological process. Dependence shown
in determined (relatively simple) processing
operations is brought to (1) differential
equations, and in stochastic (eg, in free
abrasive processing) processing operations to
statistical probability equations.

It is usually differentiated two types of
modeling physical and mathematical
modeling.

It is more expedient conducting experiments
directly at research facilities for physical
modeling in processing operations of details.
So that, the results of experiments can be
expressed in the form of physical quantity
units, values of geometric parameters, discrete
and continuous quantities, linear dimensions,
combinations  of  different  quantities,
dependencies between complex variables,
dimensionless complexes and other forms.
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Measureless complexes can be obtained by the
help of differential equations or through the
measurement theory methods.

Special attention should be paid to the
stability of the defining similarity criteria in
physical modeling. That is, the experiments
should be carried out in several stages, the
main factors of processing operations and their
values should be changed by certain regularity.

Thus, the formation of physical model takes
place in the research object itself (for example,
in the processing operation or in the
technological process), during the imple-
mentation of preparation process of details.

Such approach can play an important role in
the modeling of machine or equipment parts
processing  operations  or
processes.

It is known that the technological processes

technological

of details preparation are quite complex
systems, consisting of numerous processing

operations. Their technological capabilities
checking require large-scale experimental
research in factory conditions. However,

similarity principle and physical modeling can
be fully justified in relatively low factor
processing operations and in noncomplex
technological processes (for example, in low-
throughput operations of simple geometric
shapes). Because it is enough to take into
account a limited number of criteria as the
number of technological factors in such
situations is small.

Therefore in machine building, it is more
appropriate to use mathematical modeling in
the modeling of technological processes with a

complex structure and in the processing

operations of parts having different
constructive forms, which are given high
accuracy, quality and wear resistance

requirements. As a result of the application of
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this method, it is possible to realize modeling,
optimization and management of various
processing operations, technological processes
and systems using a wide range spectrum of
computer technology capabilities.

Mathematical modeling consists of three
interrelated stages [1]:

1) Formation of the studied process -
construction  of mathematical model
(compilation of mathematical explanation);

2) Programming (algorithmization) of the
solution of the issue to determine the assigned
parameter numerical values;

3) Determining the conformity (adequacy)
of the model to the studied process.

The simplification and systematization of
the separate operations and technological
processes studied during the construction of
mathematical models depending on the
complexity is one of the important conditions.
The obtained schemes are explained by using
different mathematical methods, taking into
account the characteristics of the studied
objects.

The held researches and their results
correctness should be assessed by the accurate
and correct reflection level of the main
characteristics of studied processing operations
and  technological  processes in  the
mathematical models.

Mathematical models reflecting processing
operations and technological processes used to

a

manufacture machine and equipment must take
into account the key factors that characterize
them. Studies show that the mode and
technological factors of separate processing
operations and technological processes are
directly related to the accuracy and quality of
the prepared parts. Taking all these factors into
account not only complicates the proposed
mathematical models, but also makes difficult,
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in some cases completely impossible to use
and analyze them. From this point of view,
they should be divided into main and second
grade factors according to their impact level.
Therefore, it should be considered appropriate
to the purpose to take into account mostly main
factors that characterize operations and
processes to build mathematical models.

The mathematical description of the model
structure can be given in the form of an
algebraic or differential equations system,
depending on the operation and process. These
equations along with reflecting the interaction
of different technological factors, should not
exclude each other. To determine the type of
dependencies which clearly define the
relationship between the defined parameters,
the sought parameters can be calculated from
any set of parameters of the
mathematical expression equations by the help
of algorithms.

The most important thing here is that the
model expresses qualitative and quantitative
indicators of the modeled process quite
correctly, ie its full compatibility to the
modeled operation or technological process.

It is necessary to compare measurement
results performed during operations and
processes with the obtained results from the
model to verify fully consistence of the
mathematical model to the real process.

Models reflecting the processing operations
of machine and equipment parts, technological
processes of preparation and assembly can be
expressed mathematical
dependencies form. The obtained information
as a result of the experiment must be
summarized, and the relationship between
technological factors and the accuracy and
quality indicators obtained as a fulfillment
result of operations and technological

values

in various
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processes should be determined. Experimental
data can also be widely used besides
theoretical methods to build mathematical
models.

In mathematical modeling, the course of
processing operations and technological
processes can be studied directly by using
mathematical models unlike  physical
modeling. Application of computer technology
is quite effective in this case. For this purpose,
it is possible to change factors which
characterize separate processing operations and
whole technological processes by using
different programs, manage details accuracy
and quality indicators.

In principle, physical modeling methods of

processing operations and technological
processes are based on similar mathematical
expressions obtained as a mathematical

modeling result. Physical modeling methods
can be used to determine variation limits of the
coefficients obtained as a mathematical
modeling result and to determine the suitability
(adequacy) of the mathematical models
themselves to the studied processes.

Two main aspects should be taken into
account depending on the mathematical
expression level of the studied processes a) the
whole system of equations which express all
the main features of the modeled processes and
numerical values of these equations parameters
are known; b) the process does not have
complete mathematical expression.

The second aspect is characteristic to the
management of the processes with no available
complete information about them and
uncertain affecting factors. In most cases,
mathematical modeling is more convenient
than physical modeling.

It is possible to use mathematical models
with similar or identical in form for different
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processing operations and technologics.
Expression of different events by similar
shaped differential equations can be given as
an example to the application of such methods.
For example, energy transfer (Newton's law),
heat transfer (Fourier’s law), mass transfer
(Fick's law), and electricity transfer (Ohm's
law) laws are identical in writing, but differ in
entered parameters (speed, temperature, union,
voltage). By entering certain calculation
coefficients to each expressions of these laws,
it is possible to get unit mathematical model
fitting all of them.

Such method can be used to get unit
mathematical models that may be useful for
different processing operations and
technological processes of various details of
machine and equipment. Processing of
internal, external and side surfaces of
cylindrical and conic shaped details on lathes,
processing of shown surfaces of these details
on internal, external and side polishing
machines, creation of mathematical models
which can be used for processing of cylindrical
and conical surfaces in internal, external,
eccentric, rotation honing operations and for
other similar operations can be given as an
example. Mathematical models can be used for
technological processes used in processing of
details which have simple and complex
constructive parameters consisting of differing
each other processing operations [2-5].

Modeling of machine and equipment parts
processing operations and whole technological
processes in most cases base on optimization
principle of their main technological factors to
ensure requirements given to the accuracy,
quality and wear resistance of the parts
surfaces.

The types of mathematical models are
selected depending on the machines, devices,
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processing tools, measuring and control
instruments and devices, as well as other
ancillary technical means wused in the
processing operations, performed on the details
or technological processes.

If the main factors of detail processing
operations or technological processes change
simultaneously according to time and in space,
the models expressing such operations and
processes are called mathematical models
parameters of which are distributed. It is more
appropriate to present such models in
differential equations form.

If the main factors of processing operations
and technological processes do not change in
space, then, they are called models parameters
of which are centralized (collected in one
place).

Complex technological processes are used
in the preparation of machine and equipment
parts, taking into consideration different
geometric shapes of their vast majority, high
demands on the accuracy and quality indicators
of their surfaces, used
operations in their processing. Therefore, it is
necessary to divide the processing techno-
logical processes of detail into separate
operations, and build component models for
each of them, which can be included in the
overall model of the process.

One of the advantages of mathematical
models forming for individual processing
operations is the possibility of forming models
for new technological processes in different
variants by wusing these models, ie the
aggregation of modeling of process

The complete model of the technological
processes of details processing should reflect
the interaction of the processing operations
main factors in predetermined modes or in a
certain period of time, as well as during the

and numerous
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transition from one mode to another.

In the first case, the model is called static, in
the second case dynamic.

The static model does not consider changes
of parameters in a certain period of time.
Before creating static models of processing
technological processes, must be analyzed the
physico-mechanical (in some cases physico-
chemical) nature of the process itself, the
purpose of appointment, responsibilities, basic
equations to be expressed and distinguishing
features.

Determination of input factors and output
parameters of the process arrange the next

phase in the modeling of technological
processes processing. They include
controllable factors, changes of which

associated with the nature of the process,
changes that directly affect the course of the
process (it 1is possible to measure and
purposefully change them), factors that affect
the course of the process (it is impossible to
change them purposefully), factors changes of
which indirectly related to the course of the
process (intermediate factors). The relationship
among shown factors and the course of the
process are determined by boundary conditions
[1-4].

Static models of operations and processes
should be made taking into account the main
technological factors of operations and
processes used in the processing of details.
Shown belong to the models of assembly
technological processes at the same time.

Dynamic models are intended to reflect the
dynamic properties of processing operations
and technological processes. They are used to
determine the relationship between the main
factors during the change in a certain period of
time. Dynamic properties can be determined
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by theoretical and experimental methods, or by
using both of them together.

Experimental determination of dynamic
characteristics is based on accuracy and quality
indicators determination obtained as a result of
changing of processing operations main factors
or technological processes in different ways.
The experiments results are analyzed taking
into account basic laws and provisions of
probability theory, mathematical statistics,
information and management theories.

Models of processing operations and
technological processes should be built in a
transmission function form, the dependence of
the processed parts and a whole machine and
equipment accuracy and quality indicators on
key technological factors. Mathematical
models can also be given in the form of
ordinary or special derivative differential
equations. In such cases, the differential
equations must contain in it all dependent and
independent factors. Mathematical models of
technological processes developed for separate
processing operations can be considered as
freely usable mathematical models.

Mathematical modeling, optimization and
management methods are widely used not only
for processing operations and processes, but
also in various sphere of industry [6-12].

Conclusion
Complete = mathematical models  of
processing operations and technological

processes of machine and equipment details
must cover the followings:

- main technological factors of operations
and processes, accuracy and quality indicators
of processed parts and ready machines and
equipment, relationship among key factors in
static condition, restrictions put on processing
operations and various technological process-
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ses, optimality criteria, optimality functions,
relationship among key factors in dynamic
situations and so on.

Analysis and research of mathematical
models should be carried out by using
computer technology in the following sequen-

ce to perform processing operations and
technological processes in optimal conditions:

- conducting initial reports, modeling of
process, optimization of key technological
factors, operations and processes management
etc.

REFERENCES

1. Kafarov V.V. Metodi kibernetiki v khimii i khimicheskoy tekhnologii. - M. Kimya, 1976. - 464 p. (in Russia)

2. Gafarov A.M. Tekhnologicheskie sposoby povisheniya iznosostoykosti detaley machin. - Baku: -Nauka, -
1998. - 318 s. (in Russia)

3.  Gafarov A.M. Rototsionnoe tochenie. - Baku: Nauka, —2000. - 128 s. (in Russia)

4.  Gafarov A.M. Rototsionnoe khoningovanie. / A.M. Gafarov, G.M. Babaev. - Baku: Nauka, —2000. - 132 p. (in
Russia)

5. Suleymanov P.G. Tribotekhnicheskie kharacteristiky detaley mashin, explooatirooemikh v extremalnikh
usloviyakh. - Baku: Nauka, 2013. - 186 p. (in Russia)

6. Gafarov A.M. Issledovanie formirovaniya formi pogreshnostey visokotochnikh nejestkikh detaley pri uprugom
raskativanii, ochenka pogreshnostey metodami teorii veroyatnosti i matematicheskoy statistiki/ A.M. Gafarov,
H.B. Gafarzada, F.M. Kalbiev // Texnologiya mashinostroeniya. - 2020. - Ne6. - ¢. 19-26 (in Russia)

7.  Janakhmadov A.Kh. Neftyanaya tribologiya. - Baku: Nauka, 2003.— 326 p. (in Russia)

8. Gafarzade H.V. Some mathematical modeling aspects of multi-factor operations and complex technological
processes of machine and equipment parts processing // Herald of the Azerbaijan Engineering Academy. - 2021.
- Nel. - Pp. 43-49.

9. Dida A.A. Optimizachiya parametrov robastnoqo reqoolyatora sistemy oopravleniya kursom sudna / A.A.
Dida, E.B. Osokina, P.A. Dida // Vestnik GUMRF im. Admirala S.O. Makarova. —2016. — Ne3. —p.211-217.

10. Besekersky V.A. Teoriya system avtomaticheskogo regoolirovaniya /V.A. Besekersky, E.P. Popov. 4-e izd.,
pererab.i dop.— SPb.: Professiya, 2004.— 747 p.

11. Amerongen J. Adaptive steering of ship: Phd. thesis/ J. Van Amerongen. — Delft University of Technology,
2005. — 156p.

12.

Ne2. —Pp.94-100 (in Russia).

47

Marley V.E. Dolevie strooktoori I modelirovanie v otnositelnikh velichinakh // TrSPIIRAN. — 2005. — T.2 —

Received.: 23.12.2020
Revised: 14.06.2021
Accepted: 21.06.2021



