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Abstract. This article examines automated control systems for complex technical
complexes using the Tracemode software environment, which enables efficient management of
industrial processes and the design of control systems. The objective of the study is to identify
effective methods for managing complex industrial processes using decentralized and hierarchical
control systems. The tasks include management of autonomous local blocks, use of Tracemode 6
for computer-aided design, simulation of industrial signals, and development of students’ practical
skills. Using Tracemode 6, students can monitor processes virtually, manage projects remotely,
and utilize embedded libraries and ready-made blocks to develop practical skills. The software
environment allows the creation of modules for economic and personnel management. Video
tutorials, webinars, and online practical sessions provide international access to education.
Tracemode engages students in research activities, project integration, and simulation of industrial
processes, enhancing hands-on experience. Applying Tracemode improves the training quality for
engineering, technical, and economic specialties. Its flexible and modular structure allows students
to create integrated projects, control industrial processes, and conduct experiments, bridging
theoretical knowledge and practical skills effectively.
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AnHoTanus. Byn Makama Kypaenmi TEXHUKANbIK KemIeHAEepJi aBTOMATTAaHIbIPLLUIFAH
Oackapy JKyHesnepi TYpFbICBIHAH 3epTTelai, Tracemode OarmapiamanblK OPTAChIH KOJIJIAHY
apKbUIbI OHAIPICTIK MpouecTepAl THIMAL OacKapy MEH kobajay MYMKIHIIKTEPiH KapacThIpasbl.
3epTTeyIiH MaKcaThl — JELEHTPATU3CHTEeH JKOHE HepapXusJIblK Oackapy »kyienepiH KoJaaHy
apKbUIbl KYpJeNl eHIIPICTIK IMpouecTepai THIMII Oakpuiay OiCTepiH aHbIKTay. MiHaerTepi:
ABTOHOMJIBI JIOKQJIJBI OJIOKTap apKbUIBI JKEepriumikTi Oackapy, Tracemode 6 OarmapiaMalibIK
OpTachIHJa KOMITBIOTEPIIK jK00ajay jKOHE OHIIPICTIK CHUTHAIIApIAbl MOJENbACY, COHIaN-aK
CTYACHTTEPiH OUTIMIH NMPaKTUKAIBIK TYPFBIIAH KeTuAipy. Tracemode 6 KonmaHy apKbUIbI
CTYACHTTEp OHIIPICTIK MpOLECTepAl BUPTyalIbl Typae OakpuIayabl YHpeHeai, koOamap.bl
KalIBIKTaH OacKapyabl *Yy3€re achIpajibl, NalblH KiTalxaHajlap MeH OJIOKTapbl HaiifaaaHbIIl
MPAKTUKAIBIK JaFIbUIapBIH JaMBITaabel. barmapimamanblk opTaga MOIYNbIAEP KYPY apKbLIbI
SKOHOMUKAJIBIK JKOHE KaJpJIbIK Mocerenepii menryre Oosanel. Bumeo cabakrap, BeOuHapiap
KOHE OHJIAMH MPAKTUKYMAAP CTYACHTTEP/Al XaJIbIKapalbIK JICHI€HIe OKbITYFa MYMKIHJIIK Oepei.
Tracemode FBUIBIMH-3€PTTEY JKYMBICTapblHA KaThICYy, )oOajapiabl OIpIKTIpy >KOHE OHIIPICTIK
MPOIECTEPI MOJICNBACY APKbUIBl MPAKTHKAIBIK JaFIbLIAPIbI KETUIMIPYII KaMTaMachl3 €Te/Il.
barmapnamanblk  OpTaHbl  KOJAAHY  WHXKEHEPIIK, TEXHUKAIBIK JKOHE SKOHOMHKAJIBIK
MaMaH/ABIKTapAaFbl CTYACHTTEPAIH KOCIOM MalbIHABIFBIH apTThipanbl. Tracemode wukeml,
MOJYJIBIIK KYPBUIBIMBIMEH CTYJICHTTEpre WHTETPALMSUIBIK >KoOajmapapl KypyFa, OHIIpPICTIK
nporecTepi 0akplIayFa >KOHE HKCIIEPUMEHTTEp KYPri3yre MyMKIiHIIK Oepeai, OyJI TeOpUSITBIK
O1J1iM MEH NPaKTUKAJIBIK JaFABUIAPIbI OipiKTipeni.

Tyiiin ce3aep: tracemode, aBTOMaTTaHBIPBUIFaH OacKapy Kyienepi, AeleHTpaTn3alus,
HepaApXHSUTBIK 0acKapy, KOMITBIOTEPITIK K00aliay, OKy MPOIIEeCi, OHIIPICTIK IPOIECTEP
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AnHoTauusi. CTaThsl TMOCBSIIEHA WCCICIOBAaHUIO AaBTOMATH3HPOBAHHBIX CHUCTEM
YIPaBJICHUS CIOXKHBIMU TEXHUYECKUMHU KOMIUIEKCAMHU € MCIIOJIb30BAaHUEM NPOIPAMMHOM CpeJibl
Tracemode, mo3Bomstomielt 3PGEKTUBHO YNPaBISATh MPOMBIIUICHHBIMH TPOIECCAMU U
IIPOEKTHPOBATh KOHTPOJbHbIE cUCTeMbl. llenb uccienoBanus — omnpenenuts 3(deKkTuBHBIE
METOABl YIPABICHHUA CIOXKHBIMM IPOHM3BOJICTBEHHBIMH IMpOIECCAaMH C MPUMEHEHHEM
JIELIEHTPAIN30BaHHBIX U HEPAPXUYECKUX CHCTEM. 3a1aull BKIIOUYAIOT YIIPABICHHE aBTOHOMHBIMU
JIOKaJbHBIMU OJIOKaMH, Ucronb3oBaHue Tracemode 6 JUIsi KOMITBIOTEPHOTO MPOEKTUPOBAHUS,
MOJICJINPOBAHMS POMBIIUIEHHBIX CUTHAJIOB U PAa3BUTHE NPAKTUYECKUX HABBIKOB CTyAeHTOB. C
ucnonb3oBanueM Tracemode 6 cCTyneHTHI MOTYT BHUPTYQJIbHO KOHTPOJHMPOBATH MPOIECCHI,
YIPaBIATh NPOEKTaMH yJAJIEHHO, IPUMEHATh BCTPOECHHBbIE OMOIMOTEKH M TOTOBbIE OJOKH JUIS
pa3BUTHS TNPAKTHUECKUX HaBBIKOB. [Iporpammuas cpena MO3BOJSET CO3/1aBaTh MOJYJH JUIS
pelIeHNs] PJKOHOMHUYECKUX M KaJpOBBIX 3aJa4. Buneo ypoku, BeOMHAphl U OHJIAHH-NPAKTHKYMBI
o0ecreunBaoT MEXIyHapOIHbIH JocTyn K oOydenuto. Tracemode crmocoOCTBYeT ydacTuio
CTYIEHTOB B HAy4YHO-HCCIIEJOBATEIbCKON JIE€ATEIILHOCTH, OOBEIUHEHUIO MPOEKTOB U
MOJICIIMPOBAHUIO TPOM3BOICTBEHHBIX IPOLIECCOB, Pa3BUBAs ITpaKTUYeCcKre HaBbIKU. [IpuMeneHne
Tracemode mOBBINIAET KAavyeCTBO MOATOTOBKM CTYJAEHTOB WH)XKEHEPHBIX, TEXHHUUYECKUX U
HKOHOMHMYECKUX clieluanbHocTell. ['mbkass m MonylbHas CTPYKTypa IO3BOJISIET CO37aBaTh
MHTETPUPOBAHHBIE TIPOEKTHI, KOHTPOJUPOBATh MPOLECCHl M IMPOBOAUTH AKCIEPUMEHTHI,
00BbeIMHSS TEOPETHUECKUE 3HAHUS C MPAKTHUECKUMH HAaBBIKAMHU.

KnwueBble ciaoBa: tracemode, aBTOMAaTW3MpPOBAaHHBIE CHUCTEMBl  YIPAaBJICHUS,
NEIEeHTpaIN3alns,  HepapXUdyecKkoe  yNpaBieHHE,  KOMIIBIOTEPHOE  IPOEKTHPOBAHUE,
00pa3oBaTeNIbHBIN MPOLECC, TPOU3BOACTBEHHBIE MPOLIECCHI

Jdas uurupoBanusi: O. YwmbGeroB, I. Mopokuna, L. XyBeH. ABToMaTH3aus
IIPOEKTHUPOBAHUS rUOKHX cHCTEM yIpaBJiIeHUs c JeLIEHTPATU30BaHHBIM
ynpasienuem//Ilompinuiennsiit Tpancnopt Kazaxcrana. 2025. T. 22. No. 86. Ctp. 76-89. (Ha
anr.). https://doi.org/10.58420/ptk/2025.86.02.007

KoH(}JIMKT HHTepecoB: aBTOPHI 3asBISIIOT 00 OTCYTCTBUU KOH(MIMKTAa HHTEPECOB.

Introduction.

The article focuses on the management of objects that significantly differ from the traditional
management of classical complexes, being considered as complex technological systems . Complex
technological systems constitute a substantial part of industry, where a large number of technological

regimes and industrial scales must be controlled, often through the integration of various
mathematical and physical models. Examples of such objects include corporations, plants,
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workshops, and both small and large enterprises. The complexity of these technological systems
arises not only from the technological processes and technical organization but also from specific
economic laws (Mailybaev, 2019: 113-116).

Managing such objects requires a novel approach due to their unique functions. The theory of
object management is based on a systematic approach, which accounts for the interrelations between
individual system elements and factors and characterizes the behavior of the system as a whole. One
method is the decomposition of the management system, which divides a system into separate
subsystems. This decomposition simplifies complex tasks into manageable units, each of which is
solved within its subsystem.

A key feature distinguishing complex technological systems from traditional management
objects is the existence of purposeful functions within each subsystem. Notably, the local functions
of subsystems often do not coincide with the global objective function of the entire system. In
decision-making, subsystems tend to maximize or minimize their local functions under existing
constraints, which may vary according to the significance of incoming parameters.

Management systems of large-scale objects are often structured as distributed, multilevel
systems. The coordinating body at the top of the hierarchy makes system-wide decisions and interacts
with all subsystems at lower levels. Decisions are reached through an informational exchange
between the coordinating authority and subsystems, aiming to optimize both local and global
objective functions.

The development of integrated automated control systems, which manage both technological
processes and production-economic activities simultaneously, represents a natural progression of
large system theory. For instance, the integrated software environment Tracemode exemplifies
automatic programming and control in production, illustrating the practical application of flexible
decentralized control systems.

The aim of this study is to demonstrate methods for building flexible, decentralized
management systems in complex technological systems, using Tracemode as a case study. This
includes mathematical modeling, decomposition of management tasks, hierarchical control, and
integration of subsystems to achieve optimal system performance.

Materials and methods.

The principal feature of complex technological systems, compared with traditional
management objects, is the presence of a purposeful function in each subsystem. It should be noted
that the local purposeful functions of subsystems do not coincide with the global purposeful
function of the entire complex (Morokina, 2019: 218). When making decisions, each subsystem
aims to maximize or minimize its objective function among multiple possible alternatives, defined
by all existing constraints; thus, an extremum problem is solved, and its specific data can change
depending on the significance of input parameters (Umbetov, 2013: 85-89; Jose, 2015: 48-52).

Management systems for large-class objects are often structured as distributed, multilevel
systems. The decision-making body at the system-wide level, called the coordinating authority,
maintains bidirectional connections with all subsystems at lower hierarchical levels. Decisions are
made through informational exchange between the coordinating authority and subsystems, where
coordinating parameter values are communicated, and subsystems optimize their local functions
accordingly. The resulting decision represents an agreed-upon solution between the coordinating
authority and subsystems, achieving the optimal value of objective functions.

Key features of complex industrial systems include (Shukaev, 2013: 90-92):

- A large number of nodes,

- Complexity of various interconnections,

- Connections in the form of information, material, or energy flows,

- Human involvement in system operations,

- Presence of subsystems with local objective functions,

- Optimization of these functions during production.
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The introduction of integrated automated control systems, which manage production and
technological processes simultaneously, is a logical evolution of large systems theory. For
example, the Tracemode integrated software environment enables automatic programming of
measurement and control systems.

Flexible systems design with decentralization: Practical problem-solving requires
consideration of information flows and their interactions. Decision-making often employs
heuristic methods at the subsystem level, producing a decision vector that is refined at lower
hierarchy levels (Morokina, 2019: 1-5) (Figure 1).
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Fig. 1. Information flows in hierarchical control systems. F4(xo) - the target function, R4 - the set of feasible solutions, X4 - the
vector of the system state, Y4 - the control actions (Morokina, 2019: 1-5)

The path of the control signal from the coordinating body to the production element
traverses various systems via the operators of the controlling parts of the subsystems. Here the
properties of the subsystems become clearly manifested, especially due to human participation in
their operation (Umbetov, 2013: 85-89). Such elements are often called active (Morokina, 2019:
1-5).

The active element has its own target function, which in most cases differs from that of the
central part. This function is often unknown to the central part and may change over time
depending on circumstances affecting the subsystems (Morokina, 2016b: 101-103). Naturally,
when devising a solution, the governing body of the subsystem always seeks to maximize its
target function. Other features of active elements are to some extent related to those already noted.
The active element may be aware of the main provisions of the strategy of the central authority.
The subsystem maximizes its target function not only in the present but also in future periods,
and its strategy takes account of this fact, giving it a chance to compensate for possible losses
(Morokina, 2019: 1-5; Umbetov, 2015: 273-275).

Subsystems have a choice between two strategies (1 and 2) (Umbetov, 2016¢: 147-149).
The effect of applying these strategies over time varies. However, when solving optimization
problems, the subsystem typically takes into account future criteria with a time-dependent
coefficient k(t)k(t), so if we take this property into account, the target function can be expressed,
for example, as:
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T
J= fo k@®) T (Ddt

where J(?) is the value of the optimality criterion in time, k(?) is the weight coefficient, T is
a sufficiently long time interval. The properties of the function k(t) depend on factors, mainly of a
psychological nature.

Many well-known examples of this property’s manifestation by an active element can be
given (Morokina, 2014a: 398-400). The subsystem generates information supplied to the centre so
as to maximise its target function. This understandable property most often manifests in
transmission of information about the true capabilities of the production unit. It is also important
to note that, in contrast to technical systems, true information that is disadvantageous to the
subsystem cannot be obtained even by observation or experimentation. The implementation of the
central authority’s strategies is not fully carried out by the subsystem, but only to some degree, in
order to comply with all constraints in solving the problem.

Setting optimal control tasks as considered below are characteristic of many industries
because of the widespread use of automated systems of various levels in the energy, machinery,
instrument-making, chemical and other industries. The use of a decomposition approach to their
solution is promising in terms of building hierarchical control systems. The introduction of flexible
automated control systems, based on the latest achievements in control theory, advanced hardware
and technical support using microprocessor-based computing equipment and wide application of
controllers for various purposes, can be considered one of the main directions of production
development and improvement at the present stage (Umbetov, 2016: 147-149).

When designing a decentralized control system for an industrial object of the class of a
complex technological system (CTS), in order to ensure the flexibility characteristic of the CTS,
it is necessary to consider possible changes in its structure. The structure of the CTS is understood
as the totality of its elements and the relationships among them. Reorganisation of the CTS’s
structure is required when a number of influencing factors change, for example, indicators of
raw-material quality, indicators of technological production mode, demand for products, etc.
(Umbetov, 2016: 147-149; Morokina, 2016b: 101-103).

Let us consider the essence of the stated approach. The state of the CTS is uniquely
determined by its structure and the values of the mode variables for each element of the system.
We consider the problem of constructing an optimal CTS with a flexible tunable structure. As the
criterion of optimal functioning of the system, we take a qualitative indicator of the product being
produced, which is an additively separable function of the state variables of the system (Umbetov,
2013: 85-89; Umbetov, 2016c: 147—149).

Suppose that the system is in a certain state, determined by the vector of determining factors
W, i =1, m, where m is the number of different vectors. If at time t vector W', changes to W',
then it is necessary to change the state of the system, which must be optimal in accordance with
the selected criterion of the quality of functioning of the CTS. In this case, it is necessary to solve
the optimization problem, consisting of two interconnected subtasks - the choice of the optimal
structure of the system and the determination of the values of the mode variables with the changed
structure of the CTS.

Let’s consider the subtask of choosing the optimal structure of the system. We will
introduce the set of W={W'}, i =1, .., m - the set of vectors of the determining CTS factors and
the set of possible structures of the system S={Sk}, k=1, .., L, where L is the number of admissible
structures CTS, uniquely determined by the type of specific technological process.

We define a mathematical description of the structure Sk. Each structure of the system is
described by a square matrix A=||aij || of dimension (n * n). The elements of the matrix take the
following values (Umbetov, 2016¢: 147-149):

- aij = 1, if the connection between the 1 and j elements is possible,

- ajj = 0 otherwise.
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If the i-th element is off, then a;j=0, j = 1, .., n. Matrix A can be corrected by introducing
new connections between elements or excluding existing ones.

Let us introduce the matrix of changes in the structure of the system B=||Bij || of dimension
(n * n). The element Bjj=-1, if the connection between the i-th and j-elements is excluded, if the
connection between the i-th and j-th elements is not broken or does not exist, then Bij=0.

The matrix B is a control action on the structure of the system, i.e. it implements on / off
control of system elements.

The structure of the system at some point in time is described by the matrix of the current
D=||dij ||,, 1,j=1, .., n, where djj = 1, if there is a connection between the ith and jth elements and
dij = 0 otherwise. The matrix D is the composition of the matrices A and B, i.e. D = A + B
(Umbetov, 2016: 147-149). Thus, the elements of the set S can be described by a set of matrices
D¥(k=1,..,n).

Mathematically, the static optimization problem of a flexible CTS is written similarly to an
optimal control problem for a decentralized control system (Umbetov, 2013: 85-89):

maxmax Y, fi(xi, D¥, i, y) Q)
yi = g0, ), hi(x, uy,y) =0 (2)
D*=A+B, C; = (Df )
Xi = Nieq Giypi,j=1..mk=1,.L ()]

- where xi, ui, yi are the vectors of the input, control, and output variables of the i-th element,
respectively; fi (xi, D* ui, yi) is the target separable function describing the efficiency of the i-th
element; g (i, ui) is a vector function that determines the relationship between the variables of the
i-ro element;

- hi (xi, ui, yi) 1s a vector function that takes into account constraints on variables; Cij is the
connection matrix between the jth output and the i-ro input; the operator y characterizes the
connection between the elements of the submatrix D D fJ‘ of the matrices D* and Cjj (Umbetov,

2016: 147-149).

The equations (3) allow us to determine the values of the elements of the matrices Cjj when
passing from one structure to another.

In the static optimization problem (1) - (4), it is necessary to find the maximum of the
objective function by choosing a certain system structure and variables that determine the
functioning modes of the elements of the CTS. This task can be solved by enumerating all the
structures of the system. Moreover it is necessary to optimize the mode variables for each fixed
structure DX. However, this approach is ineffective, since it requires a lot of machine time. For this
reason, the solution of problem (1) - (4) is conveniently divided into two stages. At the first stage,
the problem of choosing the optimal structure is solved, at the second stage, when the fixed
structure is found, the suboptimal values of the mode variables are determined (Umbetov, 2016:
147-149).

The problem of structural optimization is proposed to be solved using the principles of
pattern recognition. To do this, we need to find a subset of structures §; € § (U §;=85nNnS; =

0) that are close to optimal, and then choose the optimal structure among this subset, which is
much smaller than the set S.In solving this problem, we use classification methods that allow us
to put a certain subset of Sj structures in accordance with each vector of the determining factors
W'. For this we divide the set S into classes according to the technological principle. Then, based
on the experimental data and expert estimates (Umbetov, 2016c: 147-149), we find a
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correspondence between the classes of the set S and some subset W*W. Using W* as the training
material, a classification rule is constructed that allows the set of W' to be divided into subsets or
classes. Such a partition can be done using the method of group arguments accounting. The
classification W defines a class of structures close to optimal. Next, to find suboptimal structures
needed to make the enumeration of all structures within the selected class. This solves the problem
of parametric optimization (1) - (4) with a fixed D* structure. This problem is distinguished by
complexity and large dimension. The objective function and constraints are nonlinear, so it is
proposed to use the methods of decomposition and nonlinear programming (Umbetov, 2016¢: 147—
149).

Implementation of hierarchical management of a large production complex involves:

- Substantiation of the existence of an optimal state, or coordination conditions;

- Development of algorithms for finding the optimal state and ensuring high efficiency and
convergence speed (Umbetov, 2016c: 147-149).

When building complex automated systems with the Tracemode software environment, the
above algorithms are used to develop flexible, decentralized systems (Umbetov, 2013: 85-89;
Morokina, 2016b: 101-103). Features of optimal control of complex technical complexes include:

High complexity due to many variables and relationships;

Natural division into subsystems, each with a local control problem;

Iterative hierarchical management through information exchange;

Decomposition of the original control problem into interrelated local problems;

Coordination procedures interpreted as finding optimal global solutions (Morokina,
2014: 398-400).

Computer-aided design problems can be solved in Tracemode6, integrating components of
measuring systems, programming projects, and production management modules (economic,
personnel, etc.) (Umbetov, 2015: 273-275). The FBD language and other programming languages
in TRACE MODE (Techno SFC, Techno LD, Techno FBD, Techno ST, Techno IL) allow creating
mathematical models for educational and industrial purposes (Umbetov, 2013: 85-89; Umbetov,
2019: 218-221).

Modules such as EAM — management of fixed assets, maintenance, and repairs in T-
FACTORY 6 enable creation of control programs considering downtime and operational features
of equipment (Morokina, 2016a: 140—141). Remote access and mobile devices further allow
project management and process monitoring.

Results and discussion.

When building complex automated systems using the Tracemode software environment, it
is necessary to take into account the developed algorithms for constructing flexible decentralized
systems. The main conclusions regarding the features of optimal control of production facilities in
the category of complex technical complexes can be summarized as follows:

High complexity of control problems: These systems involve a large number of variables
and numerous functional relationships, making it difficult to apply traditional centralized
management methods and necessitating hierarchical management systems.

Natural division into subsystems: The system can be divided into components or subsystems,
each controlled by an autonomous system that solves local control problems. The overall control
system thus has a multilevel hierarchical structure, with local control systems coordinated by a
central management body at the highest level.

Iterative hierarchical management: Hierarchical management is implemented as an iterative,
typically multi-step procedure of information exchange. Each subsystem solves its own control
problems while the values of coordinating parameters are selected based on a global optimization
strategy that considers system-wide constraints (Shukaev, 2013: 90-92).

Decomposition of control problems: Building hierarchical control systems requires
decomposing the original global control problem into interrelated local problems. The joint
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solution of these local problems determines the solution of the original global problem. The choice
of parameters and coordination method depends on the decomposition approach

Coordination as global optimization: The procedure for coordinating local problems can be
interpreted as finding the optimal solution for the global management problem, achieved through
equilibrium solutions derived from joint solutions to all local problems at each coordination step.

The solution of production problems with decentralization is implemented in
the Tracemode6 software environment. For example, the creation of computer-aided design and
control systems that integrate individual components of a measuring system is possible using the
domestic Tracemode environment, which is rapidly developing and widely used in industry
(Umbetov, 2015: 273-275; Morokina, 2016b: 101-103). In addition to programming projects and
data broadcasting via information transmission, Tracemode6 allows the creation of separate
production management modules addressing economic issues, personnel management, and other
aspects (Figure 2).
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Fig. 2. Menu of production management modules taking into account economic, personnel issues, etc.

The FBD (Function Block Diagram) programming language within Tracemode allows
users to program mathematical functions visually, as introduced in laboratory works for disciplines
such as “Basic Design of Devices and Systems” and “Fundamentals of Product Design” for
instrument-making students (Umbetov, 2013:85-89). The system supports five modern
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programming languages—Techno SFC, Techno LD, Techno FBD, Techno ST, and Techno IL—
providing extensive demonstration material for both technical (instrumentation) and economic
disciplines, as well as for production control and management (Figure 3).

Program templates and system components include:

- Program templates

- Screen templates

- Document templates

- Database connection templates

- System operator interfaces (MRV, built-in MRV, MRV2)

- SIAD/SQL6 server

- Graphical console

- T-Factory EAM console

- Sources/Receivers (PLC 1, Siemens PPI Group 1)

- Technology, Topology, Instrumentation, Component library
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Fig. 3. Basic program templates for building a measuring system

For example, Modules such as EAM — management of fixed assets, maintenance, and repairs in T-
FACTORY 6 allow creation of control program fragments that account for equipment downtime, repairs, and
operational features of production resources (Umbetov, 2019: 218-221).

When creating computer-aided design and control systems, building control devices for various
purposes, which allow using the created analog instrument on the PC monitor as a recording device, the
measured parameter is specified in the “text” column. When creating a node in the project, an auto building
procedure is used, a group of sources / receivers is created, and a signal generator is selected: a saw, a sinusoid,
a random number, etc. (Umbetov, 2019: 218-221). Trend placement and data processing is the next stage,
illustrating the operation of the newly created device and the possibility of Trace mode. DDE protocol
communication with MS Windows using the example of Excel, as well as connecting a real external input
signal module, allows to create a control system based on software such as the Trace mode 6 integrated
software environment (Figure 4). For the development and demonstration of the transfer of data on the
technological process from the production site to a remote point, it is possible to use the TM6 with the
developed modules in the TRACE MODE software environment.
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Using a cell phone allows not only the control of technological processes but also the
creation of projects with remote access. The presence of well-equipped computer classes at the
University of Mines enables students to be trained in this management-design technology from the
early years of their studies. In addition to creating their own projects, students can use embedded
libraries containing ready-made fragments of technological processes (Umbetov, 2019: 218-221).
The integration of this software environment into the educational process facilitates research
activities for undergraduates and allows students from other universities, both domestically and
internationally, to participate via the Internet. Moreover, the use of video cameras and
presentations enables the development of training programs for advanced students, the conduct of
international webinars and seminars remotely (Umbetov, 2019: 218-221), and the delivery of
online lectures and practical computer classes.

86 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives @
4.0 International License @ s



Industrial Transport of Kazakhstan. Vol.22 (2). 2025

% Mpodarine p MPOGECCHOHA/IBHBIN - E:/Trace Mode IDE 6/gate/RTM_1/gate_O.dbb

®arin Bua Aedictena Cnpaeka

i O &) H

:

Figure 5. Programming the gate valve in the TraceMode project

Conclusion.

The analysis of the problem of designing and controlling complex technical systems (CTS)
demonstrates that the development of flexible, decentralized control structures is essential for the
efficient operation of modern production facilities. The fundamental challenge in managing such
systems lies in the high complexity of control problems, which arises from the large number of
variables and the intricate interrelationships between them. Traditional centralized control
approaches often fail to address these challenges due to computational limitations and the
difficulty of managing numerous functional dependencies simultaneously. As a result, hierarchical
and decentralized control systems have become increasingly important in industrial automation
and production management.

Hierarchical management allows a natural decomposition of the system into subsystems,
each of which can operate autonomously while being coordinated by a central body at the highest
level. This multi-level structure ensures that local control problems are solved iteratively, with
continuous exchange of information between subsystems and the central management unit. The
approach facilitates the selection of optimal operating parameters and the coordination of local
tasks, ultimately leading to the global optimization of system performance. By decomposing the
original control problem into a set of interrelated local problems, it is possible to simplify the
computational complexity and achieve suboptimal yet practically effective solutions. Such
decomposition is particularly advantageous for large-scale systems, as it enables stable
convergence toward the global optimum while reducing the computational load associated with
full enumeration or centralized optimization methods.

The integration of the TRACE MODE software environment into both industrial and
educational contexts has shown significant practical benefits. In production facilities, Tracemode
allows the creation of modular control systems that integrate individual measuring components,
manage fixed assets, monitor maintenance schedules, and optimize production processes. The
software's support for multiple programming languages (Techno FBD, Techno LD, Techno ST,
Techno IL, and Techno SFC) provides a versatile platform for modeling complex systems using
visual programming blocks. These tools facilitate rapid development, simulation, and testing of
control strategies, while ensuring that the software remains adaptable to changing technological
and operational conditions. The modular architecture also allows the implementation of parametric
optimization and decentralized decision-making, ensuring that the system can respond
dynamically to changes in production demands or technological factors.
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From an educational perspective, the use of Tracemode in universities provides students
with hands-on experience in modeling, designing, and controlling complex automated systems.
Well-equipped computer laboratories, access to embedded libraries of pre-configured modules,
and the ability to create projects remotely using mobile devices or Internet connections foster
research-oriented learning. Students gain the opportunity to experiment with real-time data
acquisition, signal generation, and process control, thus bridging the gap between theoretical
knowledge and practical application. Moreover, the software supports remote training through
webinars, online lectures, and interactive seminars, enabling collaboration across universities and
international programs. This approach not only enhances the technical competencies of students
but also prepares them to participate in research projects and industry applications at an early stage
of their education.

In conclusion, the combination of hierarchical control principles, decentralized
optimization, and the Tracemode software environment constitutes a robust framework for
managing complex technical systems. This approach allows the efficient resolution of high-
dimensional, nonlinear optimization problems, ensures adaptability to changing operational
conditions, and facilitates both practical industrial applications and advanced educational
programs. The development of flexible control architectures, supported by modular software tools
and modern programming environments, represents a crucial step toward the automation of
production processes, the enhancement of system reliability, and the preparation of future
specialists capable of implementing and managing sophisticated technological systems. As
industrial and educational demands evolve, the continued refinement of such methodologies and
tools will remain essential for achieving optimal performance, fostering innovation, and
maintaining competitiveness in increasingly complex technological environments.
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