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Abstract

The article examines the impact of digital technologies incorporating artificial intelligence
elements on industrial design and the evolution of technical systems. Transformations in design
processes enabled by CAD systems (SolidWorks), virtual simulation, and TRIZ methodologies
are analyzed. The laws governing the development of technical systems, Gudolin’s classification,
and the concept of the Ideal Final Result are reassessed in the context of digitalization. Using
examples of liquid homogenization devices, the integration of digital modeling, new materials,
and intelligent control systems is demonstrated. It is concluded that Al is becoming an active
component of the innovation process, reshaping approaches to engineering design and pat-
enting of technical solutions.
Keywords: Technologies; Smart technologies; Smart manufacturing technologies; Current
level of manufacturing process development; Classical methods of processing raw materials,
digital technologies, and new composite materials; Non-contact electromagnetic resonance
testing; High-speed metallization technology; The process of achieving the ideal final result;
Auxiliary materials and tools whose combined use makes it possible to approach the achieve-
ment of an ideal final result; Globalization of manufacturing processes; The expansion of
areas of application follows a fan-shaped pattern and gradually spreads to numerous related
processes, including both manufacturing and all auxiliary operations and processes

Introduction: calized scope, and the positive effects result-
Until relatively recently, the majority of ing from their implementation could be iden-

inventions were characterized by a rather lo-  tified and evaluated with relative ease.
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Today, due in large part to the significant-
ly expanded capabilities of modern computer-
aided design and engineering software, the out-
comes of the design process make it possible to
assess and classify the originality, novelty, and
innovative value of newly developed technical
systems with a substantially higher degree of
accuracy, regardless of their level of complexity.

The integration of advanced digital tech-
nologies, including systems incorporating
elements of artificial intelligence, machine
learning algorithms, simulation environ-
ments, and virtual engineering platforms,
has fundamentally transformed the process-
es of industrial design, engineering analysis,
and technological innovation. Modern design
tools allow specialists not only to develop
complex technical systems but also to predict
their operational characteristics, evaluate al-
ternative design solutions, optimize resource
utilization, and identify potential deficiencies

Section 4. Technical sciences in general

long before physical prototypes are manufac-
tured.

As a result, the process of creating in-
novative technical systems has become in-
creasingly multidisciplinary, combining en-
gineering, mathematical modeling, digital
simulation, economics, logistics, and data
analysis into a unified technological frame-
work. This transformation has significant-
ly increased the effectiveness of innovation
activities while simultaneously raising the
standards applied to the evaluation of nov-
elty, technical originality, and practical appli-
cability of engineering solutions.

Under these conditions, the influence of
artificial intelligence—enabled digital technol-
ogies extends far beyond traditional design
activities, affecting the structure, function-
ality, operational characteristics, and overall
evolution of modern technical systems across
a wide range of industrial sectors.

Figure 1. Presents a design model of a device intended for
the real-time homogenization of fuel mixtures

As can be seen from the figure, the design
process also simulates the characteristics aris-
ing from the selection of structural materials,
as well as the properties of protective and
decorative coatings applied during the design
stage through the capabilities and modeling
tools of the Solid Works software family.

The design process makes it possible to
create entire families of technical systems,
thereby providing additional time-saving op-
portunities and reducing the overall cost of
engineering and design activities.

Today, as computer-aided engineering
methods have become deeply integrated into

the process of technical and technological
decision-making — particularly those asso-
ciated with the SolidWorks software family,
which can reasonably be regarded as incorpo-
rating elements of artificial intelligence — the
number of factors, characteristics, and devel-
opmental pathways associated with a tech-
nical solution, extending ultimately to the
level of a technical supersystem, has become
extremely significant. This creates a need for
a systematic correspondence between tech-
nical solutions and the definitions, classifica-
tions, and identification methods applicable
to the entire hierarchy of engineering sys-
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tems, ranging from local technical solutions
with unregulated technical and technological
relationships (subsystems) to highly complex
conglomerates of interconnected technical
solutions forming supersystems.

It should be acknowledged that one of
the first specialists to undertake the optimi-
zation of classifications for such categories
of technical solutions was Oleksandr Gudo-
lin, whose publications introduced a system-
atic approach to this subject by combining
the methodology and principles of classical
industrial design with modern methods of
computer-program development and engi-
neering modeling.

In the present article, the author seeks to
correlate the fundamental conclusions and
definitions presented in Oleksandr Gudolin’s
publications with the specific methodology
and decision-making framework employed
in contemporary computer-aided engineer-
ing systems incorporating elements of artifi-
cial intelligence.

As the challenges associated with the de-
velopment, modernization, and optimization
of technology and engineering systems con-
tinue to increase in complexity, isolated local
solutions no longer satisfy the requirements
of customers and developers seeking to
achieve an ideal final result. Practical reality
increasingly compels organizations to pursue
composite, integrative, and comprehensive
solutions, in accordance with the terminolo-
gy and classifications optimized by Oleksan-
dr Gudolin in his contemporary publications.

Section 4. Technical sciences in general

The identification and classification of all
categories and levels of technical solutions
directly affect the possibilities for systematic
protection of existing and newly created in-
tellectual property. This applies both to effec-
tive and active subsystems and to technical
supersystems functioning as accumulators
and integrators of the properties and charac-
teristics of their constituent subsystems.

Modern technological innovations are
frequently generated through intensive col-
laborative brainstorming processes involving
multidisciplinary teams of specialists whose
collective objective is the achievement of an
optimal or ideal final result. Under such con-
ditions, significant challenges arise in orga-
nizing and managing the innovation process.
These challenges are often caused by objective
factors, including psychological, technologi-
cal, and engineering stereotypes that influence
the perception and evaluation of new ideas.

Both existing and newly emerging techni-
cal and technological solutions are common-
ly assessed through the prism of historical
experience derived from the application of
the laws governing the development of in-
dustrial technologies, machines, and mech-
anisms. Many of these principles were for-
mulated during the previous century, when
contemporary materials, advanced compo-
nents, modern industrial electronics, digital
technologies, and laser-based systems were
either unknown or unavailable and, conse-
quently, could not be incorporated into engi-
neering practice.

Figure 2. Clearly demonstrates the capabilities of computer-based
scaling technologies, which make it possible to obtain various sizes and
configurations of technical systems within a single design process
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As a result, modern digital technologies
incorporating artificial intelligence create
opportunities not only for the development
of fundamentally new technical systems but
also for the reassessment and refinement of
traditional engineering concepts, thereby en-
abling the emergence of innovative technical
solutions that were previously impossible to
conceive, model, or implement.

This situation is further complicated by
the fact that, in the United States and in most
other countries, the recognition of a tech-
nical solution as an invention is based on
a number of specific criteria — four criteria in
the United States and three criteria in many
other jurisdictions.

The fourth criterion used in the United
States introduces a subjective element into
the evaluation of technical solutions. It is this
factor that contributes to the gradual devel-
opment and consolidation of a psychologi-
cal stereotype based on the classification of
new technical solutions as either obvious or
non-obvious.

The presence of a clearly expressed sub-
jective factor inevitably introduces compar-
isons between the proposed technical solu-
tion and previously known design elements,
technological approaches, and combinations
thereof derived from earlier developments.

The familiarity of a particular solution
and the details of its implementation cannot
be considered an objective evaluation criteri-
on, since decisions regarding the obviousness
or non-obviousness of a technical solution
fundamentally depend upon the knowledge,
experience, and professional competence of
the patent examiners responsible for its as-
sessment.

In modern engineering designs and
technological solutions, novelty is no longer
merely the reflection of a single technical
discipline. Rather, it is the result of the in-
tegration of multiple disciplines, including
electronics, microelectronics, advanced ma-
terials science, fiber-optic technologies, laser
engineering, computer modeling, and digital
control systems. Consequently, the assess-
ment of obviousness or non-obviousness re-
quires analysis from numerous disciplinary
perspectives, which can only be adequately
performed through collaboration between
highly specialized experts and specialists

Section 4. Technical sciences in general

in multidisciplinary systems integration.
As a rule, modern engineering design soft-
ware, particularly software belonging to the
SolidWorks family, enables the application of
brainstorming techniques and the combina-
tion of various software capabilities for spe-
cialized design operations. These functions
make it possible to address highly specific
engineering requirements and performance
characteristics associated with particular
technical systems or groups of systems that
ultimately form a comprehensive technical
supersystem.

Naturally, much depends on the qualifi-
cations, experience, creativity, and analytical
capabilities of the designer or software op-
erator, as well as on their ability to interpret
both conventional and unconventional tech-
nical parameters and performance indicators
associated with a technical system function-
ing as a supersystem and incorporating nu-
merous local technical systems operating as
subsystems. At the same time, successful de-
sign and development activities require the
ability to consider factors of unification and
standardization while effectively combining
them with original design solutions and in-
novative engineering features. The balanced
integration of standardized components and
novel design elements remains one of the key
factors determining the efficiency, original-
ity, and practical value of modern technical
systems developed through advanced digital
design technologies.

As illustrated in the figure, the current
capabilities of the SolidWorks family of en-
gineering design software make it possible
to present a development not only as a com-
plete assembly unit but also as a detailed set
of individual components required for its
assembly, including the visualization of each
component and the complete assembly while
taking into account the selected construction
materials and their physical characteristics.

These capabilities, particularly when
a development is intended to serve as a foun-
dational technical solution for a future in-
vention, require close coordination with the
principles and methodologies of the Theory
of Inventive Problem Solving (TRIZ).

TRIZ was originally conceived during
the post-war period as a form of “exact sci-
ence,” despite the fact that even at that time
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an important debate existed within the in-
ventive community regarding the fundamen-
tal importance of the individual inventor in
achieving the declared Ideal Final Result
(IFR), or its equivalent. The central question
concerned whether the successful generation
and selection of new technical solutions ulti-

Section 4. Technical sciences in general

mately depended upon individuals capable of
producing useful and practically viable ideas.
Today, it can reasonably be argued that the
individual can play a significant role only
when equipped with appropriate intellectual
tools, foremost among them advanced soft-
ware systems.

Figure 3. Presents an example of a modern engineering design solution
for a real-time liquid-homogenization system operating within a pipeline
without the use of chemical reagents or stabilizing additives

At that time, it was widely believed that
any qualified specialist or professionally
trained engineer, provided with a coherent
and effective methodology for solving inven-
tive problems, would be capable of generat-
ing new ideas and transforming those ideas
into practical results. Consequently, the
newly established Theory of Inventive Prob-
lem Solving, developed on both scientific-
technical and psychological foundations,
was received with considerable interest by
the professional community.

For a certain period, the laws, principles,
and methods of TRIZ generally correspond-
ed to the prevailing level of technological de-
velopment and industrial capability. The first
significant inconsistencies became apparent
with the introduction of automated produc-
tion lines, followed by numerically controlled
machine tools, and later by the emergence of
digital technologies combined with advanced
materials science, composite materials, in-

dustrial electronics, and computer-aided en-
gineering systems.

Returning to the optimized definitions
and classification terminology relating to
technical solutions and the technical systems
containing them, developed by Oleksandr
Gudolin, it should be noted that, even inde-
pendently of their significance for TRIZ the-
ory, the clear and unambiguous definitions
proposed by him have substantially improved
the preparation of such important engineer-
ing documents as Technical Specifications,
Technical Requirements, and, on the basis of
these documents, Technical Design Assign-
ments for new and innovative developments,
while maintaining the highest possible level
of compliance with applicable standards at
all levels.

It is equally important to consider the
degree and levels of standardization and
unification of components and subsystems
within the hierarchy of technical systems.
Such systems may function as subsystems
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relative to a higher-level technical supersys-
tem while occupying the same hierarchical
level as other subsystems. Consideration
must also be given to the degree and level
of integration of technical systems of equiv-
alent hierarchical status into one another,
since these relationships increasingly influ-
ence the design, development, optimization,
and protection of modern complex engi-
neering solutions.

Section 4. Technical sciences in general

In the context of contemporary digital
design technologies incorporating elements
of artificial intelligence, these classification
principles acquire particular importance.
They facilitate a more accurate understand-
ing of the structure, evolution, and inno-
vative potential of technical systems while
improving the effectiveness of engineering
decision-making, intellectual property pro-
tection, and the management of complex
multidisciplinary development projects.

Figure 4. Presents the same project shown in Figure 1, but supplemented with sectional
views that provide a complete representation of the internal structure of the technical
solution and the geometric requirements applicable to its individual components

These capabilities do not exhaust the full
functionality of modern computer-aided de-
sign systems; however, the application of
TRIZ principles, definitions, and methods in
combination with such software technologies
can further increase the efficiency of inno-
vative developments while simultaneously
reducing both design costs and development
time.

This raises an important question: what
does TRIZ actually represent under contem-
porary technological conditions? How have
modern high technologies, digital engineer-
ing tools, and advanced processor systems
influenced its compositional and integrative
capabilities?

These are only some of the issues requir-
ing clarification. Equally important is the
widespread tendency toward the detailed in-
vestigation of biological systems and biolog-
ical or medical objects in search of effective
analogues for future inventions, particularly
within the field of biologically inspired me-
chanical engineering.

A significant question therefore arises
regarding the relationship between such ap-
proaches and the laws, methods, and tech-
niques of TRIZ and ARIZ (Algorithm of In-
ventive Problem Solving).

Today, the majority of highly effective and
innovative inventions emerge from discover-
ies and systematic analyses of phenomena
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observed in nature. Biological systems in-
creasingly inspire inventors to create com-
plex integrative technical solutions capa-
ble of addressing unconventional problems
through unconventional methods, many of
which are derived from the principles gov-
erning the evolution and functioning of living
systems. Owing to the capabilities of modern
digital technologies, such concepts can be
modeled, simulated, and evaluated systemat-
ically before the preparation of initial techni-
cal requirements and technical specifications
for inventors and design teams.

Numerous examples of such developments
can already be identified. More importantly,
the process of creating new methods and styles
of computer-aided design continues to evolve
and expand in parallel with the constantly in-
creasing capabilities of computer hardware,
software platforms, artificial intelligence sys-
tems, and digital engineering environments.

For inventors and developers, one of the
most important and challenging tasks has
been the accurate determination of numerous
parameters and relationships within technical
systems, particularly in cases where no previ-
ous developments or engineering precedents
existed.

The application of methods recommend-
ed by TRIZ, despite the absence of similar
integrations in earlier developments, made it
possible to create a fundamentally new prod-
uct that approached the threshold of the Ide-
al Final Result.

Section 4. Technical sciences in general

This achievement immediately resolved
a number of technical, innovative, and
integration-related challenges and made it
possible to obtain complete autonomy for the
system under development.

Furthermore, the autonomous operating
period of the system proved to be virtually
unlimited.

Thus, overcoming a multidisciplinary en-
gineering problem complex, combined with
the elimination of a significant psychological
barrier, enabled developers to address the re-
maining design challenges through the appli-
cation of integrated, modified, and optimized
TRIZ methodologies and techniques.

The integration methodology described
above, applied during the synthesis of inno-
vative technical solutions, has become the fo-
cus of numerous organizational, technologi-
cal, engineering, and scientific initiatives.

In this context, it is noteworthy that on Sep-
tember 8, 2011, the United States Senate ap-
proved patent-reform legislation known as the
America Invents Act. As the U.S. economy has
increasingly evolved into an innovation-driven
economy, its innovative nature has generated
substantial new requirements for patent leg-
islation. Moreover, the emergence of artificial
intelligence elements within software systems
and process-control platforms has created —
and continues to create — a clear necessity for
the systematic revision and adaptation of the
fundamental laws governing the development
of technical systems at all hierarchical levels.

Figure 5. Illustrates the design of one of the fundamental components
of the technical system presented in Figures 3 and 4. Unlike the previous
design, this component is manufactured from a metal-ceramic material with
a high carbon-carbon composite content instead of stainless steel
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Under these conditions, modern digital
technologies incorporating artificial intelli-
gence are not merely design tools; they are
becoming active participants in the inno-
vation process, influencing the generation,
evaluation, optimization, integration, and
implementation of new technical solutions
and thereby reshaping the methodology of
industrial design itself.

The figure demonstrates the advanced
capabilities of comprehensive digital design
simulation for all elements of the assembly.
Where the external appearance and surface
finish are critical to the subsequent operation
of the technical system, such visualization
provides maximum design information and
enables a detailed representation of the as-
sembly as a subsystem within a higher-level
technical supersystem.

The author presents a representative ex-
ample from contemporary engineering de-
sign practice. Catalogs and websites of leading
manufacturers of standard components and
assemblies now provide not only engineer-
ing drawings but also three-dimensional CAD
models, for example, in SOLIDWORKS for-
mat. Designers can directly incorporate these
models into their own technical solutions de-
veloped within the same CAD environment.

This approach fundamentally transforms
the engineering design process by enabling
the selection, evaluation, and integration of
alternative components in real time while
simultaneously  incorporating supplier-
provided engineering data as an integral part
of the developing technical solution and its
subsequent integration into all hierarchical
levels of the technical system.

The author further discusses recent de-
velopments in patent legislation based on the
“first-to-file” principle, under which patent
rights are granted to the first applicant to file
a patent application. This approach has sig-
nificantly simplified the resolution of patent
priority disputes by eliminating the need to
establish inventorship during the examina-
tion process, although evidence of priority
may still be introduced in judicial proceedings
to challenge the validity of an issued patent.

This principle also has important organi-
zational, investment, and psychological impli-
cations, influencing the working environment
of technology development teams, the rela-

Section 4. Technical sciences in general

tionships between competing companies and
investment organizations, as well as the role of
component suppliers, which have become full
participants in the engineering design process.

Today, the first-to-file system is applied
in virtually all developed countries, including
the United States.

However, apart from so-called hybrid
inventions in the field of software, the fun-
damental issues remain unchanged. The rec-
ognition of software as patentable subject
matter — despite the fact that software itself
cannot be equated with a technical solution —
has resulted in the issuance of numerous pat-
ents for applications that contain little or no
genuine technical innovation.

The relative ease with which thousands of
software-based and partially software-based
patents have been granted has blurred the tra-
ditional criteria of technical operability and
inventive novelty. As a consequence, and part-
ly due to the resulting uncertainty experienced
by investors, a parallel process has emerged in
which patent litigation, rather than technolog-
ical innovation, becomes the primary driving
force. In this environment, the central figure
is increasingly the patent attorney rather than
the inventor, with the emphasis shifting from
innovation to legal disputes.

Consequently, the challenges arising
from contradictions and limitations with-
in the TRIZ methodology are insignificant
compared with the broader problems creat-
ed — and to some extent stimulated — by the
ambiguity and imperfections of modern pat-
ent legislation.

According to the author, the application
of TRIZ, advanced analytical methods, com-
puter modeling, and techno-dialectical syn-
thesis to comprehensive technological fore-
casting may provide new opportunities for
improving innovation processes, particularly
in the fields of biotechnology and genetic en-
gineering.

One of the undeniable strengths of TRIZ
since its inception has been its attempt to ap-
ply dialectical principles to inventive prob-
lem solving through the identification and
resolution of technical contradictions.

To achieve this objective, TRIZ intro-
duced a specialized algorithm (ARIZ), con-
sisting of a sequence of logical procedures
designed to formulate an inventive problem
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as a system of contradictions and to provide
recommendations for their resolution.

In addition, the TRIZ literature contains
numerous illustrative examples and practical
problems that possess significant education-
al and methodological value.

However, considering the current state
of engineering design, an important ques-
tion arises: what if a contradiction, in
its classical interpretation, does not
actually exist? In such cases, how can one
resolve contradictions that are not present?

Partial answers to this question are pro-
vided by the latest capabilities of modern
computer-aided engineering and design soft-
ware.

The depth and level of detail achievable
during even the preliminary design stage
make it possible to perform a complete cycle
of computer modeling and simulation of the
device’s operating process using initial con-
ceptual models, without the need to manu-
facture physical prototypes for experimental
testing.

Furthermore, eliminating the need for
a dedicated budget to validate conceptual de-
signs significantly reduces development time
while allowing substantially greater resourc-
es and effort to be devoted to the synthesis,
optimization, and further development of in-
novative technical solutions.

These capabilities also fundamentally
transform the psychological and professional
relationships between technology develop-
ers, equipment designers, and investors. The
traditional concern over costly design errors
is greatly reduced because comprehensive
computer modeling and simulation enable
potential deficiencies to be identified, ana-
lyzed, and corrected at an early stage while
simultaneously suggesting more efficient al-
ternative directions for the further develop-
ment and optimization of the project.

Let us consider the following
laws governing the evolution
of technical systems:
1. The Law of Completeness of the Parts
of a Technical System.
2. The Law of Increasing the Degree of
Ideality of a Technical System.
3. The Law of Human Elimination from
a Technical System.

Section 4. Technical sciences in general

4. The Law of Coordination of the
Rhythms of System Components.

5. The Law of Energy Conductivity of
a Technical System.

6. The Law of Uneven Development of

the Parts of a Technical System.

7. The Law of Transition from the Macro-

Level to the Micro-Level.
8. The Law of Increasing the Degree of
Substance-Field Interactions.

Let us also adopt the modified classifica-
tion of technical systems proposed by Olek-
sandr Gudolin in his publications:

« Technical System

» Local Technical System

« Advanced Technical System

+ Global Technical System

« Intelligent Technical System

The Ideal Final Result (IFR) is defined
as achieving the desired outcome or solving
a problem without increasing the complexi-
ty of the technical system while minimizing
the consumption of resources, including fi-
nancial costs, development time, materials,
clean water, and other essential resources.
From the perspective of environmental pro-
tection, the concept of the IFR encompasses
all resource-efficient, waste-free, and envi-
ronmentally sustainable technologies.

The formulation of the Ideal Final Result
begins with identifying the primary useful
function of the technical system — that is, an-
swering the fundamental question: “Why
was this system created?” For example,
the primary purpose of a mobile telephone is
to enable communication in the absence of
a fixed-line telephone. Accordingly, the Ide-
al Final Result is the ability to establish in-
stantaneous communication with any person
anywhere in the world, a capability that has
been substantially advanced through modern
Internet technologies.

Under contemporary engineering condi-
tions, the formulation of the IFR serves sev-
eral essential objectives.

First, it establishes the design objec-
tive and determines the direction of tech-
nological development. Today, the validi-
ty of selecting this objective can be verified
through advanced computer simulation and
digital modeling, allowing engineers to pre-
dict system output parameters and evaluate
their variations in response to changes in
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the characteristics of standard components
incorporated into subsystem architectures.
These component models are increasingly
supplied directly by manufacturers as vali-
dated digital engineering models.

Second, it minimizes unnecessary tri-
al-and-error during the search for engineer-
ing solutions. Modern computer models of
technical systems enable designers to gener-
ate, evaluate, and simulate numerous design
alternatives while varying the performance
characteristics of all subsystem components
throughout the hierarchy of the overall super-
system. As a result, the number of experimen-
tal iterations required during conceptual de-
velopment is reduced to a practical minimum.

Third, it ensures a high level of quality
for the final engineering solution. Here again,
priority is given to computer-based simula-
tion of production processes and operating
cycles, enabling comparative evaluation of
system performance, reliability, efficiency,
and other qualitative indicators before phys-
ical prototypes are manufactured.

The concept of the IFR is closely associ-
ated with that of the ideal technical sys-
tem — a system that does not physically exist
while its intended function is nevertheless
fully performed. Although such an ideal state
cannot always be achieved in practice, it
serves as the ultimate direction of technolog-
ical development.

Accordingly, engineering efforts are di-
rected toward increasing the ideality of
technical systems, defined as the ratio be-
tween the useful functions performed by
a system and the total resources required for
its design, engineering, manufacturing, oper-
ation, and maintenance.

Naturally, the formulation of the Ideal Fi-
nal Result must remain fully consistent with
applicable technical standards, regulatory
requirements, industry specifications, and
engineering codes. While these constraints
inevitably limit the degree of design freedom,
they simultaneously ensure the practical fea-
sibility, safety, and regulatory compliance of
innovative engineering solutions.

The foregoing considerations provide the
basis for re-examining the fundamental laws
governing the evolution of technical systems
from the perspective of today’s capabilities in
computer-aided engineering, digital design,

Section 4. Technical sciences in general

advanced manufacturing technologies, and
modern operational methodologies.

The Law of Completeness
of a Technical System

A fundamental prerequisite for the via-
bility of any technical system is the presence
and minimum operational capability of all
its essential components. Since the opera-
tional performance of these components can
now be reliably verified through computer
modeling during the design stage, their min-
imum functional capability can be accurately
assessed during system development. Con-
sequently, in modern engineering practice,
compliance with this law is largely ensured
before the product reaches the market and
rarely presents challenges beyond routine
maintenance during subsequent operation.

The Law of Energy Conductivity
of a Technical System

A fundamental condition for the viabil-
ity of a technical system is the uninterrupt-
ed transfer of energy throughout all of its
components. Compliance with this law can
likewise be accurately verified through com-
puter modeling by selecting only those com-
ponents whose performance fully satisfies
the required energy transfer characteristics.
For modern computerized technical systems,
the law of energy conductivity constitutes
one of the fundamental principles governing
reliable and efficient system operation.

The Law of Coordination of the

Rhythms of System Components

A necessary condition for the viability of
a technical system is the coordination of the
operating rhythms, frequencies, and periodic
behavior of all system components. In con-
temporary engineering, compliance with this
law is achieved through computer simula-
tion and digital coordination of the operating
characteristics of every subsystem, including
components controlled by programmable
processors and industrial controllers.

The Law of Increasing the
Degree of Ideality
The evolution of technical systems pro-
ceeds toward increasing their degree of ide-
ality. Comprehensive computer modeling
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and simulation of all system components un-
der both static and dynamic operating con-
ditions make it possible to optimize not only
the performance of individual subsystem
combinations but also the overall ideality of
the complete supersystem within integrated
engineering projects.

The Law of Uneven Development
of System Components

The components of a technical system
evolve at different rates. The more complex
the system, the greater the disparity in the
development of its individual parts. Howev-
er, under today’s conditions of global tech-
nological integration, it has become possible
to select both primary and auxiliary com-
ponents that represent comparable levels of
technological maturity, thereby minimizing
developmental imbalance among subsystems
within the supersystem and throughout the
subsequent hierarchical levels in which the
supersystem itself functions as a subsystem.

The Law of Transition
to a Supersystem

After exhausting its own developmental
potential, a technical system becomes inte-
grated into a supersystem as one of its con-
stituent elements, with further development
occurring at the supersystem level. In mod-
ern engineering, where flexible computer
control systems and Internet-based data ex-
change are widely implemented, the transi-
tion of a subsystem into a supersystem is in-
creasingly determined by the computational
capability, processing speed, and functional-

ity of embedded computer systems.

The Law of Transition from the

Macro-Level to the Micro-Level

The evolution of a system’s working el-
ements proceeds initially at the macro level
and subsequently at the micro level. With
processors, programmable controllers, su-
pervisory computers, and Internet-connected

Section 4. Technical sciences in general

monitoring systems participating throughout
the design, manufacturing, and operational
stages of a technical system, the traditional
distinction between macro- and micro-level
processes becomes increasingly indistinct.
Under such conditions, a system function-
ing as a subsystem may effectively operate as
a supersystem when connected, for example,
to cloud-based information storage and dis-
tributed control environments.

The Law of Increasing the Degree

of Substance-Field Interactions

Technical systems evolve toward increas-
ing the number and complexity of substance-
field interactions. The widespread incor-
poration of computerized monitoring and
control systems creates numerous additional
substance-field relationships, including di-
rect and feedback communication channels,
as well as information, control, and moni-
toring signals exchanged throughout every
hierarchical level of the technical system.
This significantly increases the degree of
substance-field interaction while simulta-
neously expanding the number of functions
that can be monitored, controlled, and opti-
mized.

Conclusion

In future publications, it will be appropri-
ate to return to specific examples of contem-
porary engineering developments in light of
the above observations concerning the laws
governing the evolution of technical systems,
while also considering the modified defini-
tions and classification of technical systems
of varying structural and technological com-
plexity proposed by Oleksandr Gudolin in
his published works. These updated inter-
pretations provide a more comprehensive
framework for analyzing modern engineer-
ing systems operating within highly integrat-
ed digital design, manufacturing, and control
environments.
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