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Abstract:

This article analyzes the essence of innovation processes, their structural elements, interconnections, and self-
organization mechanisms from the perspective of complex systems theory. The processes of generation,
diffusion, and adoption of innovative ideas within a systemic approach are examined. A comparative analysis
of modern methods for modeling and forecasting complex systems - agent-based modeling, system dynamics,
network analysis, nonlinear dynamical systems, and machine learning approaches - is presented. The findings
are of practical significance for managing complex information systems and enhancing innovation potential in
the digital economy.
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Introduction

Modern digital economy under the circumstances economic, technological and social processes
increasingly complicated, mutual deep integrating Transport networks, energy infrastructure, financial
markets, social networks and artificial to the intellect based platforms — these all many mutual related
from elements organization found complicated systems is considered Such systems understand,
manage and develop for traditional linear thought enough no , this and complicated systems theory and
systematic approach relevance defines.[1][2]

The problem relevance from that consists of innovative of processes most part exactly complicated
systems inside - elements between mutual impact as a result - to appear Innovative of the idea creation
of the process only elementary stage is, its real to innovation rotation for system inside spread and
acceptance to be done necessary. Therefore innovative processes only a separate element or linear cause
and effect attitude as no, maybe whole system within analysis to do demand is being done.[3][4][5]

The research goal - complex systems structural characteristics, in which passing self organization to
grow processes, innovation of ideas generation, diffusion and adaptation stages and this systems
modeling and forecasting modern methods systematic analysis from doing consists of.[6][7]

Materials and Method

The study employed a systematic approach, logical and comparative analysis, complexity science (the
theory of complex systems), and the diffusion of innovations within the framework of E. Rogers’
theory. These methods were used to generalize and synthesize scientific and theoretical sources related
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to the research topic and to identify the main principles governing the development, interaction, and
transformation of complex systems. The systematic approach made it possible to consider the studied
phenomenon as an interconnected system consisting of structural elements, relationships, processes,
and feedback mechanisms. Logical analysis was applied to identify cause-and-effect relationships,
while comparative analysis was used to examine similarities and differences among existing
approaches and modeling methods.

The analysis was conducted in three main directions:

1. Description of the structural elements and interrelationships of complex systems. Particular
attention was given to the identification of the main components of complex systems, their
functional relationships, interactions, and the influence of individual elements on the overall
behavior of the system.

2. ldentification of the mechanisms of self-organization, development, and diffusion of innovative
ideas. The study examined how self-organization processes contribute to the emergence and
development of new structures and how innovative ideas spread among system participants. In this
context, the principles of E. Rogers’ diffusion of innovations theory were used to explain the
adoption and dissemination of innovations within interconnected environments.

3. Comparative assessment of existing modeling methods. Different approaches to modeling complex
systems were compared according to their applicability, methodological characteristics, ability to
represent dynamic interactions, and potential for describing nonlinear processes. This comparison
provided a basis for identifying approaches that are most appropriate for analyzing complex and
evolving systems.

In addition, the methodological framework considered the dynamic and nonlinear nature of complex
systems, where changes in individual elements may influence the behavior of the entire system.
Particular emphasis was placed on interactions, feedback, adaptation, and the emergence of new
properties as important characteristics of complex systems. The combination of these methods allowed
the study to integrate theoretical analysis with a comparative evaluation of modeling approaches and
to develop a more comprehensive understanding of the mechanisms underlying innovation diffusion
and system development [8].

Results
1. Complex systems structural elements and connections nature

Complex system is many mutual influential composed of elements (agents) found, elements between
mutual dependency as a result separately into parts typical not been new, emergent features
manifestation to be system as is described. Research to the results according to, system elements active
agents, passive elements and mediator to the elements divided and micro and macro in degrees
hierarchical to the structure has will be.[9]

Elements between connections direction (one two-sided/two-sided sided), character (positive/negative)
communication) and strength (strong/weak) connection) by Network theory point of view from the
point of view system nodes (elements) and set of edges (links) as is expressed, this and centralization,
clustering and network density such as indicators through system structure quantitative assessment
opportunity gives.[10]

2. Self-esteem organization to grow mechanism

Research as it turns out, it is complicated. In systems order and innovative potential often central
without control, only elements between local mutual effects as a result This process is local mutual
impact, positive and negative communication mechanisms, random vibrations and many stable through
states (multistability) it will be over. Primary from chaos pull new order until stabilization was stages
innovative clusters (e.g. technological ecosystems) formation theoretical basis organization will
reach.[11]
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3. Innovative of ideas generation, diffusion and adaptation

Innovative process three step by step cycle as seeing comes out: idea appearance to be (generation), its
system along diffusion and agents by acceptance adaptation. E. Rogers diffusion to the theory according
to the news acceptance those who do innovators, early acceptance those who do, early many, late many
and behind the rest categories is divided, this and spread S- shaped dynamics curve line through
description opportunity gives.

Network structure diffusion to the speed directly impact shows: centered nodes (idea leaders) through
spread speed increases, clustered on the networks idea group inside fast, but groups between slowly
spread. Network due to the network effect digital on platforms positive communication mechanism to
work "fall down, "winner" all of them "gets" status create possible, agains, path dependency
dependency) and lock-in effects even objective in terms of column innovation acceptance to be done
obstacle to do possible.

4. Modeling and forecasting methods comparative analysis

Complex systems modeling one how many main approach there is is, their every one different goal and
to the conditions suitable comes. The following in the table main methods and their application sectors
compared.

Table 1. Comparison of Computational Modeling Methods and Their Applications

Method Home idea Appl_lcatlon
field
Every one the Social
Agent-based element as a
: systems,
modeling separate
markets,
(ABM) agent epidemiolo
modeling P 9y
Backup and
currents Economics,
System through ecology,
dynamics feedback strategic
contours management
description
Notand. Socil
Network networks,
edges : .
models innovation
through to e
i diffusion
describe
Time
according to .

i Economic
Nonlinear change ovcles
dynamic differential yeres,

i population
systems equations dvnamics
through y
expression
Cellular On the fence City growth,
. local rules . .
vending epidemic

. based on

machines spread
development
Machine- From the _ Big _
data patterns information
made study . .
automatic analysis,
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determination prediction

Analysis this shows that it is complicated systems nonlinear nature and elementary to the conditions
sensitivity ("butterfly effect™) due to far term clear prophecy to do in principle limited. Same because
of modern in practice clear one prophecy instead of scenario analysis, probability distribution and of
the system stability stress test to do from the methods use recommendation is being done.[12][13]

Discussion

Transferred analysis complicated systems theory innovative management practice for important
methodological basis be to take In particular, the network structure and self organization to grow
mechanisms understanding enterprises and state to the institutions innovative of ideas spread speed
management, critical to the mass to deliver and lock-in the risk reduce according to strategic decisions
acceptance to do opportunity gives.[14] Digital economy under the circumstances big information and
artificial intellect technologies development agent-based and hybrid models practical application circle
Is expanding, this and "digital™ twin" (digital twin) like solutions promising direction that confirms.[15]

Conclusion
Transferred research as a result following to conclusions bride:

1. Complicated systems emergent, mutual dependency and nonlinearity such as features innovative
processes only systematic approach based on analysis to do requirement will come;

2. Self organization to grow mechanism central innovative even without management ecosystems
formation providing main factor is considered,;

3. Innovative of ideas successful spread and acceptance to be done network structure, positive/negative
communication mechanisms and path dependency factors related,;

4. Complicated systems in modeling the only universal method there is not - agent- based modeling,
system dynamics, network analysis and with a car study methods harmonization the most effective
result gives;

5. Fundamental nature of systems come outgoing uncertainty into account received without, in
forecasting scenario analysis and stability from tests use to the goal is appropriate.

6. Received results complicated information systems design, innovation strategies working exit and

digital transformation processes management in the field next research for theoretical-
methodological basis become service to do possible.
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