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Abstract

FEvolution of the technogenic world, the development of networked and cyber-physical systems includes mechanisms of socio-
environmental self-organization of techno-society through the transformation of human experience within the cycles of autopoietic self-
organization of the techno-environment. An essential role in the issues of creating new forms of emerging socio-technical systems that
include artificial intelligence technologies at the stages of formation and implementation of a technical project is played by the concept
of including mechanisms of self-organization and system development, which is related to the methodology of assessing the ergonomic
properties of the systems being created. Ergonomic assessment plays a unique harmonizing and corrective role in creating man-machine
socio-technical systems. The determining role in the formation of ergonomic assessment of socio-technical systems is shown to be played
by reduction mechanisms, which determine the evolution of these systems in the required direction. A socio-technical system with artificial
intelligence does not have a priori predetermined, clearly known and intelligible to authors and user’s properties, and displays them
only in a working context, which does not allow applying the usual methods of ergonomic assessment used in assessing the permanent
qualities of a socio-technical system concerning a human user. We noted the unique role of symbiotic relations in maintaining the
effective operation of socio-technical systems with distributed artificial intelligence considered to the processes of coherence-decoherence,
influencing the change of forms of organized complexity, and determining the system’s viability in the environment. We pointed to the
problem of inactivating technologically generated elements of the techno-environment into the socio-technical system’s evolving part.
Using the Internet as an example, we show that the free evolution of the techno-environment associated with excessive information
diversity of the social component of the network leads to acceleration of its evolution but reduces its social stability and sustainability.
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CaHkT-leTepbyprckmii nonuTexHNn4ecknii yHnsepcuteT lNeTpa Benukoro

MeTtooonorms oueHKu 9BOJTIOLUMNOHUPYHOLWNX COLUNOTEXHUNYECKUX CUCTEM
C NCKYCCTBEHHbIM UHTEJIJIEKTOM

DeoaryUs MexXHO2eHHO20 MUPQA, PA3GUMIUE CEMEBbIX U KUOEPPUIUUeCKUX CUCMeM KAIOYAIOM MeXAHU3MbL COUUAAbHO-CPe00-
801l CAMOOP2AHUZAUUU MEXHOO0WeCmed 3a cHem mpaHchopMayuU 4ea08e1ecKk020 ONblma 6 PAMKAX YUKA08 AYMON0IMUYECKOl
Camoop2anu3ayuy mexrHocpeosi. Basxcuyro poab 6 60npocax co30anus HOBbIX (hOPM GO3HUKAIOUUX COUUOMEXHUUECKUX CUCMEM,
BKANUAIOUUX MEXHON02UU UCKYCCMECHHO20 UHMEAACKMA HA IMANAX (OPMUPOBAHUS U Pearu3auuu MexXHU4ecKkoeo npoekma,
uepaem npuHAMAasn pa3pabomuuKamu KOHYenyus eKAI04eHUS MEXAHUZMO8 CAMOOP2AHUZAUUL U PA3GUMUS CUCIEMbl, C8A3AHHAS
¢ Memodono2ueil OUEeHKU IP2OHOMUUECKUX CEOLICME C030A8aAeMbIX CUCMEM. DPeOHOMUYECKAS OUeHKA u2paem 0cobyio 2apMOHU3U-
DPYIOWYIO U KOPPEKMUPYIOWYo poab npu co30aHUU YeA08eK0-MAWUHHbIX coyuomexnuyeckux cucmen. Ilokazano onpedeasiouee
3HAYeHUe 6 YOPMUPOBAHUU IP2OHOMUUECKOL OUCHKU COUUOMEXHUUECKUX CUCHEM MEXAHU3MO8 PeOYKIUL, KOMOpbie 0NPedensiom
HanpaeaeHue 36040UUU OAHHbIX cucmeM 6 mpebyemom HanpasieHuu. COUUOMEXHUYECKAas CUCmeMa ¢ UCKYCCMBEHHbIM UHMe -
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UUaibHyr yCI’nOlZ‘H/IGOCH’lb U cmabuabHOCMb.

AEKMOM QNPUOPHO He UMeem 3apanee 3a0AHHbIX, YeMKO U36eCMHbIX U NOHAMHBIX A8MOPAM U NOAb30BAMENAM CEOUCME, UX OHA
nposeasem moavko 8 pabouem KOHmeKcme, Ymo He HO360A59em NPUMEHAMb NPUBbIYHbIE MeMOObl IP2OHOMUUECKOLU OUCHKU, UC-
noab3yemoie npu OUeHke NOCMOSIHHbIX KA4eCme COYUOMEXHUMECKOU CUCMeMbl N0 OMHOWEHUIO K 4eA08eKY-N01b306ameo.
Ommeuena ocobas poab cumOuOMuUYeCKUX OMHOUWEHUL 6 Noddepicanul 3pdexmusrHou pabomo: COYUOMEXHUYECKUX CU-
cmeM ¢ pacnpeoeseHHbiM UCKYCCMEeHHbIM uHmenaiekmom. Paccmampueaiomes npoueccol KozepeHuuu-oexozepenyuu, 6au-
Alowue Ha cMeHy opM 0peanu308aHHOL CAOICHOCMU, Onpedesioujue JHCUu3HecnocobHocms cucmemst 6 cpede. [locmasaena
npobaema HAKMUBAUUU NOPONCOACMbIX MEXHOAOUAMU INEMEHMO8 MEXHOCPeObl 8 I80AI0UUOHUPYIOUYIO YACMb COUUOMEXHU-
yeckotl cucmemol. Ha npumepe cemu Hnmepnem noxkaszano, 4mo c60600HasI 280410UUSI MEXHOCPEObl, C8A3AHHAS C U30bIMOUHbIM
UHMOPMAYUOHHBIM MHO2000paA3UEM COUUAAbHO20 KOMNOHEHMA cemu, edem K YCKOPeHUI ee 380AI0UUlU, HO CHUJcaem ee co-

Karoueewte caosa: coyuomexHuveckas cucmema, ucxyccmeeimbni UHmeanrekm, camoopeanu3auusd, 36040UUA, UUKAbL AY-
monosmu4eckoeo 60n10WerHus, 3pcOHOMUKA, OUeHKa COUUaIbHblX cucmem

Introduction

The intensive formation and development of the
technogenic environment of human civilization ob-
served in recent decades is accompanied by an in-
crease in the complexity of the technogenic envi-
ronment, the development of technologies, gadgets,
machines, and mechanisms that combine into net-
work structures controlled by artificial intelligence
technologies. These processes lead to developing a
global evolving planetary techno-biological unity [1],
which exhibits the properties of self-organization and
self-development inherent in its system basis only on
living organisms and social communication.

The primary mechanism causing the processes of
global self-organization, development, and constitution
of the new systemic essence of the technogenic civi-
lization of Planet Earth is electronic communication,
which forms virtual interfaces connecting users with
artificial worlds of different degrees of virtuality [2].

Human users and artificial intelligent systems
and agents, including mobile robots and "smart en-
vironments,” become participants of social network
communications. Hybrid and artificial socio-tech-
nical systems of evolving types are emerging.

The network complexity world is developing.
Communication of observers, including artificial
agents forming a digital dynamic copy of the world,
plays a unique role in the logic of its functioning.

The probabilistic, quantum-like nature of inter-
actions in the emerging techno-biotic environment
of the self-organizing world includes mechanisms
of coherence and decoherence, ensuring the emer-
gence and collapse of complex forms of techno-en-
vironment organization. "Technologically, a human-
dimensional network-centric scenario of anthropo-
technosphere evolution is built" [3, p. 55]. There is
a world of organized complexity, manifested in the
intensive development and implementation of com-
puter technologies of management and control in all
spheres of human activity, including technologies of
artificial intelligence and virtual reality. It can be
said that the technogenic civilization is entering the
post-natural stage of its development, characterized
by increasing complexity and intellectualization of
the environment, intersystem integration, and the

appearance of multilayer virtual control environ-
ments, in general digitalization and hybridization of
real and virtual worlds.

In methodological terms, there is a change in the
forms of thinking of researchers and designers of
technogenic environment towards the application of
forms of post-non-classical rationality [4], the main
features of which in this context are:

— Socio-cultural determination of scientific and
design activity;

— Formation of the designer-researcher in the
process of learning and communication with other
project participants;

— The emergence of heterogeneous, including
different scientific specializations, research, and de-
sign communities;

— The design team’s consideration as an evolv-
ing, self-organizing human-dimensional system
within the current variant of technogenic culture.

Application of methodological principles of post-
non-classical rationality is expedient in case of
considering research and design objects as complex
self-developing systems possessing cyclic causality,
differentiation of external and internal space and
time, taking into account the factor of system evolu-
tion and history within some cultural environment.
Socio-technical systems with artificial intelligence
arising within the evolving technogenic environ-
ment can be referred to as design objects.

Post-nonclassical methodology
for the design of complex systems

The creation of complex systems is associated with
the design of their composition and structure suffi-
cient for the emergence of self-organization processes;
but the methodology and tactics of research and con-
duct of the design process are changing. The active
role of artificial intelligence technologies in solving
design problems shifts the emphasis from the defining
role of humans in the design of the technological en-
vironment to cooperative and mutually oriented com-
munication interactions with the intelligent environ-
ment, which are carried out in computer-aided design
systems. Virtual reality interfaces implementing in-
duced environments are used. The designer’s activity
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in such a virtual environment, which simulates the
design reality, allows effectively translating a person’s
creative abilities into a product. However, the design
of complex systems differs from classical design.

OIld mechanistic ideas about designing as the
joint implementation of an engineering project ex-
ecution algorithm that meets the technical assign-
ment are replaced by holistic models and concepts.

They reflect the world’s complexity in the process
of autopoietic self-organization of the environment.

The development of cyber-physical technologies
and flexibly networked machine design systems, the
introduction of industrial robots, and automation
tools bring new technological and production ca-
pabilities to create a complex technogenic environ-
ment. A distributed technological socio-technical
environment emerges, generating an elemental di-
versity of components from which new machines
and mechanisms are created.

The developer of a complex system cannot be
outside the process of the evolution of the design
environment. Submitting to its development logic,
it gives the system the required properties, but it
often does not understand the latent strategic goals
and the direction of the development of the system
being created. The designer is also not aware of the
consequences of the future of the negative impact
on a person the results of the functioning that arise
the self-organizing elements of the technosphere.

The use of symbiotic forms of interaction of the
person and intellectual environment of designing
[5] demands new approaches for the creation of ef-
fective socio-technical systems.

As a variant of human inclusion in the design
processes, a number of authors suggest "imagina-
tion technologies,” which are understood as methods
that allow users to discuss potential socio-technical
worlds from different points of view, imagining how
the development of new technologies can affect their
lives and the future of society as a whole [6, p. 233].
According to E. G. Grebenshchikova, socio-techni-
cal imaginaries play a unique role in designing the
future — mental constructs constructing the present
and future of science and technology, postulates the
development of social technologies focused on a pro-
active approach, proactive management, openness to
criticism, and active inclusion of social actors in the
discussion of potential socio-technical worlds [7]. As
applied to design activity, it is possible to speak about
the emergence of a hybrid techno-cultural environ-
ment in the design organization, which determines
the effectiveness of the project team activity.

Designing is local in space and distributed in time,
simultaneously being additional to the world. The pro-
cess of selective inactivation of the project through
technology and production in the evolving technogenic
environment, which may not be ready to introduce in-
novations containing potential danger for the human
elements of the techno-social organism, is essential.

Sociotechnical Systems with Artificial Intelligence
(Complex Sociotechnical Systems)

A unique role in creating socio-technical systems
considered in this article is played by the issues of
symbiotic mutually beneficial association of man and
technology within the evolving techno-environment.

A socio-technical system is a dynamic self-or-
ganizing element of a hybrid technogenic environ-
ment, arising and developing due to interaction and
communication between humans, technical infra-
structure, and technology.

Eric Trist and Fred Emery, who worked as con-
sultants at the Tavistock Institute of Human Rela-
tions [8], proposed this term in 1960.

Examples of such techno-social organisms are air-
ports, energy, transport, and other systems that con-
tain and implement computerized network forms of
cyclic communication, in which the group activities of
members of the labor collective are carried out.

Currently, socio-technical systems use artificial
intelligence technologies to optimize intra-system
processes by automating work with big data and typi-
cal procedures. Such systems can be called complex
socio-technical systems. Two types of communica-
tion processes work synergistically: self-organizing
communication in the human part of the system
and information circulating in the machine part of
the system. In their interaction, there may be prob-
lems of ensuring effective and comfortable human
interaction with the self-organizing communicative
techno-environment, the evolution, and autopoie-
sis, which can lead to the emergence of stressogenic
and destructive states in users and actors.

Complex socio-technical systems should be con-
sidered in the concepts of multiplicity, dynamic di-
versity, non-linearity, non-uniformity, the complexity
of self-organizing systems. The concept of comple-
xity of self-organizing systems reflects the continu-
ous dynamics of the world in all its fundamentally
unknowable quantitative-qualitative manifestations.
General intellect as a form of assessment of the capa-
bilities of a complex system is its emergent property
that allows the latter to effectively solve the problems
of active (formation of the artificial environment,
creative activity) and passive (adaptation, adaptation
to the environment) existence in the world.

E. N. Knyazeva generalizes the existing views on
complexity and complex systems, formulating and
detailing the characteristic properties of complex sys-
tems within the framework of synergetic paradigm:

— Complexity is a multitude of system elements
connected in a nontrivial way by original links.
Complexity is a dynamic network of elements con-
nected by definite rules;

— Complexity is the internal diversity of a sys-
tem, the diversity of its elements or subsystems that
makes it flexible and capable of changing its behav-
ior depending on the changing situation;
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— Complexity is a multilevel system (there is an
architecture of complexity);

— Complex systems are open systems, i.e., ex-
changing substance, energy, and/or information
with the environment. The boundaries of a complex
system are sometimes difficult to define (seeing its
boundaries depends on the observer’s position);

— Complex systems are systems in which emer-
gent phenomena (phenomena, properties) occur,
which cannot be "subtracted" from analysis of the
behavior of individual elements;

— Complex systems have a memory; they are
characterized by the phenomenon of hysteresis,
with a change in the mode of functioning processes
being resumed on the old traces (previous tracks);

— Complex systems are regulated by feedback
loops: negative, which ensures restoration of equilib-
rium, return to the previous state, and positive, which
is responsible for rapid, self-stimulating growth, in
the course of which complexity flourishes [9].

Obviously, the definitions given by E. N. Knyaze-
va’s complex systems are also applicable to socio-
technical intelligent systems. In this case, the in-
telligence embodied in the symbiotic form in the
system is a function of the complexity of the self-
organizing system.

Methodology for ergonomic assessment
of complex socio-technical systems

A special harmonizing and corrective role in cre-
ating man-machine socio-technical systems is played
by ergonomic evaluation, carried out in the process
of ergonomic expertise, carried out at different stages
of design and operation. This verifies the degree of
implementation in a ergonomic requirements project
that determines the quality and efficiency of man-
machine interaction in the system. However, the use
of this procedure in a socio-technical system with
artificial intelligence is complicated because it does
not have a priori predetermined, is clearly known,
and is understandable to authors and users proper-
ties. They manifest themselves only in a working
context, which prevents the application of the usual
ergonomic assessment methods used in assessing the
permanent qualities of a socio-technical system con-
cerning a human user. They can change continuous-
ly at different stages of the socio-technical system’s
existence and manifest themselves only in forms ac-
cessible to interpretation by the observer.

Only a human expert, including elements of cre-
ativity, aesthetics, group and individual professional
experience, and at the same time subjectivity and
randomness, carries out being a complex interdisci-
plinary procedure, ergonomic assessment.

In essence, any subjective evaluation, created by
man, is an attempt of reduction of his experience,

the essence and form of reality reduction performed
by consciousness within the limits of subjective re-
ality (which itself is a form of reduction performed
by consciousness, while objective evaluation is a re-
sult of processed data reduction in the information
system. Both assessments are forms of statistical
evaluation, data processing, and optimization.

Evaluation is always associated with measurement
and interpretation. The latter reflects the designer’s
dynamic picture of the world and is mainly subjective.
Attempts to automate the processes of interpretation
formation with the help of artificial intelligence algo-
rithms rely on big data processing and deep learning
technologies [10]. However, the replacement of natu-
ral intelligence by its technical counterpart artificial
intelligence is currently impossible due to the dif-
ference in their nature — active but probabilistic in
humans and passive, but deterministic in a computer
system despite their fundamentally joint information
base [11]. V. A. Lectorsky holds a similar position
and view, supplementing them with the notion of
postclassical logic derived from the process of meta-
physics, which proceeds from the fact that things and
other objects can and should be understood as a kind
of clots of processes [12].

When evaluating something, people traditionally
try to implement the principle of objectivity, which
requires excluding the subject from any evaluation
process because the latter does not allow to formalize
evaluation and leads to its division into external ob-
jective and internal — subjective. At the same time,
measurement and evaluation are always a process
of reduction carried out by an observer, in which
we understand something and someone (including a
person) making a distinction. In essence, evaluation
is the simplest model of the system being evaluated.
Generating models of the world is the primary func-
tion of consciousness, which tries to create and verify
the most effective and minimal models of reality [13].

Mathematical modeling is most often used in de-
sign as a discipline that works with models derived
from formalizing the results of reduction, but the in-
tuition and experience of the designer play a consider-
able role. In socio-technical systems, there are pro-
cesses of reducing the system’s world into evaluations,
which participate and are used to create directions and
forms of their further evolution. Each new state of a
socio-technical system is also the result of a continu-
ous reduction of its past states into simple models and
then evaluations. The reduction-evaluation-correction
cycles are fundamental for all socio-technical systems.

Observation plays a decisive role in evaluation
procedures (local reductions) and is connected with
the emergence of a system of distinguishing (ob-
server) and systems of processing and interpreting
data, transforming them into comprehensible (in-
consistently interpreted) results. The observer plus
the memory interpreter form a subject. Being a sub-
ject, an observer of the future, the designer always
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deals with reduced forms of the world represented
in his subjective world. His task is to make a dis-
tinction, which is always a reduction. In this case,
the quantum holistic nature of the world comes
into contradiction with concrete results of the real-
ity world represented in consciousness. Resolution
of this contradiction is possible only within social
relations and social evaluations formed in them.

Social evaluation is some integrity composed
of, but not reducible only to, reduced evaluations
of collective members. Due to the autopoietic and
probabilistic-random nature of emergent social in-
teractions in the collective, a social system cannot
be reduced to an object because any description
would be incomplete and represent some interpreta-
tion, which is always inherently inherent a reduction
of the actual social system. Multiple evaluations in
a nonlinear sum of unit reductions lead to confu-
sion and restoration of interpretation as wholeness,
which again becomes quasi-quantum-mechanical.

Thus, design is the process of constructing some
wholeness from local reductions created by design-
ers based on evaluations obtained in collaborative
work. The project is the reduced part of the future
growing out of the past. Implementation is the pro-
cess of transforming the project into reality. The re-
sult is the local realization of the project, which has
acquired the force of reality. Subjective reduction
transforms the project into reality and vice versa.

According to V. P. Zinchenko, a genome of spiri-
tual development arises, which cyclically combines
and complements the real and ideal forms of reality,
forming a spiral of evolution [14, p. 338]. The sub-
ject and technology are a tool and mechanisms for
transforming the reduced subjective forms of con-
sciousness into reality.

Designing is creating a product with given proper-
ties and multiple evaluations of its impact on the world
as a whole. Anything, in reality, is infinitely more
diverse than its design. It is an evolving complexity,
growing from an ideal form in the minds of the proj-
ect’s authors and realized in a variety of technological
and social relations and forms into a real product.

In 1972 Austin O. Roche, Phil Ray, and John
Frassanito were granted Patent No. 224,415 for the
Datapoint 2200 desktop personal computer, making
them the first personal computer [15]. They had
no idea how effective technology they had released
into the world, how significant the consequences of
what they had done for the progress of humanity
would be. The consequence of this was the total
computerization of all spheres of human existence
and activity and the independence of the technical
environment itself from man. There appeared cyber-
physical systems based on evolutionary principles of
development [16], including key characteristics:

— Independence of functioning of system com-
ponents;

— Managerial independence of the system com-
ponents;

— Geographic distribution;

— Evolving behavior;

— Evolving development processes.

Technology has gained the ability to replicate
human information behavior, create a digital pic-
ture of the world, and change it. This picture may
be unfriendly and dangerous for humans, but at the
same time, it may help ensure effective technosym-
biosis in socio-technical systems.

Mechanisms of self-organization
of evaluation activity in socio-technical systems
with artificial intelligence

The design of complex computer and communi-
cation networks and environments requires an ex-
amination of the impact of global effects of changes
occurring in the technogenic environment, espe-
cially in its interface elements that provide inter-
system relationships and integration of humans into
the technobiotic environment [17].

Let us note the dynamic nature of the develop-
ment of human-dimensional systems whose very ex-
istence is a continuous change of the environment in
the process of which there is a continuous entangle-
ment of macroscopic systems and the disintegration
of systems of interactions. Mechanisms that form the
system and its environment in the form of a superpo-
sition of macrosystems — coherence process and de-
stroy its entangled state — decoherence processes, as
a result of which classical interaction systems appear
before the observer [18]. The entangled states create
the subtle matter of the real world, and the reduc-
tion leads to the definite classical world. At the same
time, only creativity in the broad sense of the word
integrating different points of view on the evolution
of a complex system can overcome the deadening
force of reductionism preventing the development of
the formed version of the complex world.

We must admit that effective ergonomic assess-
ment of socio-technical systems is possible only
with multidimensional analysis, which includes
multiple perspectives on the system from internal
and external observers, allowing us to give an ob-
jective forecast of the system’s development. This
is possible with the emergence of a process of self-
organization in the evaluation mechanism during
the creation and functioning during the operation
of the socio-technical system.

Self-organization in the formation of assessments
in socio-technical systems

A number of conditions in the evaluation mecha-
nisms and multiple feedbacks are necessary for the
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inclusion of self-organization mechanisms in an
open socio-technical system:

— Multiple diversity of elements of the evaluation
system being at the first stage of its development un-
der disorganization, weak mutual connectivity;

— Non-equilibrium, leading to the system devia-
tions from the thermodynamic equilibrium of the
evaluation system;

— Non-linearity and instability of relations and
states between elements of the system lead to mul-
tiple variants of its development, the appearance of
new forms with insignificant changes in parameters.

The inclusion of artificial intelligence algorithms
in the work of the socio-technical system allows re-
ducing the diversity of its final structures and op-
timizing the possible variants of development and
resource provision.

Conclusion

The modern view of socio-technical systems with
artificial intelligence considers them as complex self-
organizing clements of the developing technogenic
environment. The primary mechanism of their emer-
gence and evolution is connected with the processes
of coherence — decoherence of the guided processes
of self-organization of technogenic environments
with the active influence of the human link and the
system of evaluations generated by the technical part,
optimizing the structure and functions of the system.
The emergence of multiple evaluations of the exter-
nal and internal state of the socio-technical system
leads to possible forms of its realization and evolu-
tion. Evaluation can be considered as a form of re-
duction of actual and potential states of the system
within the framework of post-nonclassical rationality
describing self-developing systems.

The system’s computer (technogenic) world ge-
nerates local digital reductions composed of exter-
nal observations of the system. They are subject to
formal laws and, as such, acquire the property of
computability and, consequently, can be realized in
digital form. The total digitalization of socio-tech-
nical systems attempts to use the reductions of the
real, holistic world to organize them. Diversity, sta-
bility, and stability of the flow of self-organization
processes in socio-technical systems with artificial
intelligence give social communications and choice
of development directions by symbiotic interactions
between artificial and natural intelligence.

An example of a global socio-technical system is
the Internet. In the process of its evolution, turning
into a dynamic digital copy of the real world leads
to its destruction because it is incapable of man-
aging the future, which is peculiar only to active
systems involving humans. It is necessary to take
a cautious approach to the total digitalization of
society because the multiple assessments arising in

the environment lead to the appearance of destruc-
tive copies of the world outwardly indistinguishable
from reality, but leading to the destruction of the
social mechanisms of self-organization of society.
The dominance of artificial intelligence distributed
in the Internet environment leads to the degrada-
tion of human society and the displacement of a
person losing moral and ethical reference points
from productive and creative activity.
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