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THE RELATIONSHIP BETWEEN LEADERSHIP STYLE AND TEAM
PERFORMANCE IN MODERN ORGANIZATIONS

Abstract: This theoretical study examines the complex, contingent
relationship between leadership styles and multidimensional team performance in
modern organizations. It establishes that transformational leadership primarily
drives innovation and adaptability, transactional leadership ensures operational
efficiency, servant leadership fosters well-being and cohesion, and democratic
approaches enhance satisfaction and ownership. Crucially, no universal optimal
style exists; effectiveness depends on contextual congruence between leader
behaviors and situational demands moderated by task characteristics, team
composition, organizational environment, and follower attributes. The analysis
underscores contextualized leadership requiring diagnostic acuity and behavioral
flexibility as essential for synchronizing competing performance dimensions .
Modern imperatives further amplify contingency. For Russian organizations
navigating socio-economic transitions, strategic leader development emphasizing
contextual adaptation, not prescriptive models, is proposed as vital for sustainable
performance. Future empirical validation within Russia’s distinct context is
recommended.

Keywords: Leadership Style, Team Performance, Contingency Theory,

Organizational Adaptability, Behavioral Flexibility

Introduction

The contemporary organizational landscape, characterized by escalating
global competition and rapid technological advancement, demands exceptional
team performance as a fundamental determinant of sustainable success. At the heart
of this performance lies the dynamic interplay between leadership style and
collective team outcomes. Leadership style is conceptually defined as the consistent,
observable pattern of behaviours exhibited by an individual in guiding, influencing,
and motivating followers towards shared objectives. Team performance, conversely,
represents a multidimensional construct encompassing not only task efficiency and
effectiveness measured through productivity, quality of output, and goal attainment
but also critical factors such as capacity for innovation, adaptability to change, and
levels of member satisfaction and cohesion[ 1]. The interface between the leader and
the team constitutes a critical nexus where strategic intent translates into operational
reality, making its efficacy paramount for organizational vitality.

Understanding the precise mechanisms through which diverse leadership
styles impact these varied dimensions of team performance presents a significant
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and unresolved research problem within management science. The significance of
this inquiry extends beyond theoretical interest; it holds substantial practical
implications for enhancing organizational resilience, optimizing human capital
utilization, and driving competitive advantage in complex, often volatile, markets.
This is particularly relevant within evolving economic contexts, such as Russia's,
where organizational adaptability is crucial. Consequently, this paper aims to
systematically theorize the relationship between predominant leadership paradigms
including transformational, transactional, servant, authoritarian, and democratic
styles and core facets of team performance within modern organizational settings.
The scope is deliberately focused on establishing a robust theoretical framework
exploring these causal linkages and their contingent nature, explicitly excluding
empirical validation or comprehensive literature synthesis at this stage. This
foundational analysis seeks to provide a structured conceptual map for future
research and informed managerial practice.

Theoretical Framework: The Structural and Contingent Nature of
Leadership Styles

The theoretical examination of leadership styles necessitates a foundational
understanding rooted in the enduring behavioral dichotomy between task
orientation and relationship orientation. This fundamental distinction captures the
essential tension in leadership behavior: the imperative to achieve objectives
efficiently against the need to cultivate supportive interpersonal dynamics and
maintain group cohesion. Task-oriented leadership emphasizes structure, clear role
definition, close monitoring of performance, and the efficient execution of
predefined goals. In contrast, relationship-oriented leadership prioritizes trust-
building, open communication, recognizing individual contributions, and fostering
a collaborative and psychologically safe environment. This dichotomy is not merely
descriptive but provides the underlying structural logic upon which more complex,
contemporary leadership paradigms are constructed and understood within
organizational theory.

Building upon this foundation, several predominant leadership styles have
emerged as particularly salient for understanding influence within modern
organizational contexts. Transformational leadership transcends basic transactional
exchanges by inspiring followers through a compelling vision, stimulating
intellectual engagement, providing individualized consideration, and fostering
intrinsic motivation towards collective aspirations beyond immediate self-interest.
Its efficacy often lies in mobilizing teams towards innovation and navigating
complex change. Transactional leadership, conversely, operates through a clear
system of contingent rewards and corrective actions, emphasizing the fulfillment of
agreed-upon responsibilities and maintaining predictable performance standards
through structured exchanges[2]. This style underpins stability and reliability in
achieving operational targets. Servant leadership fundamentally reorients the leader-
follower dynamic by prioritizing the growth, well-being, and empowerment of team
members above the leader’s own self-interest. Leaders adopting this paradigm focus
on facilitating development, removing obstacles, and fostering a strong sense of
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community and ethical responsibility, thereby enhancing long-term commitment
and collective capability. Democratic or participative leadership actively involves
team members in decision-making processes, values diverse input, and seeks
consensus or majority agreement. This approach leverages collective intelligence,
enhances ownership of decisions, and typically strengthens member satisfaction and
commitment, although it may require more time. Laissez-faire leadership,
characterized by minimal intervention and abdication of responsibility, serves
primarily as a contrast point, often highlighting the negative consequences of
leadership absence on coordination and accountability.

Critically, the theoretical discourse rejects the notion of a universally optimal
leadership style. The contingency perspective asserts that leadership effectiveness
is inherently context-dependent. The impact of any given style be it
transformational, transactional, servant, or democratic is contingent upon
moderating variables. Task characteristics, such as complexity, ambiguity, and
urgency, significantly shape the appropriateness of a leadership approach. Similarly,
team characteristics, including maturity, skill diversity, cultural composition, and
established norms, mediate a leader's influence. The broader organizational context,
encompassing culture, structural rigidity or flexibility, technological sophistication,
and external environmental volatility, further constrains or enables leadership
effectiveness. Finally, follower characteristics, such as experience levels, intrinsic
motivation, cultural values, and specific needs, determine receptivity to different
leadership behaviors. Therefore, theoretical understanding progresses from
identifying discrete styles towards analyzing the dynamic interplay between leader
behaviors and the multifaceted situational demands they encounter. True leadership
efficacy within complex modern organizations stems not from rigid adherence to a
single paradigm but from the leader’s diagnostic capacity to discern contextual
imperatives and behavioral flexibility to adapt their approach accordingly, often
integrating elements across the foundational task-relationship spectrum. This
contingent understanding forms the essential theoretical lens for examining
leadership's impact on team performance.

The Contingent Interplay: Leadership Styles and the Multifaceted
Nature of Team Performance

Team performance constitutes a complex, multidimensional construct
essential for organizational viability, extending beyond simplistic metrics of output.
Effective performance integrates operational reliability and task efficiency
manifested through productivity, quality adherence, and consistent goal attainment
with dynamic capabilities including innovation generation, adaptive responsiveness
to environmental shifts, and sustained levels of member satisfaction, cohesion, and
psychological safety. These dimensions are interdependent; high satisfaction often
fuels innovation, while reliable efficiency underpins adaptive capacity. The leader's
behavioral patterns, conceptualized as leadership style, serve as a primary catalyst
influencing the activation and synergy of these distinct yet interconnected
performance facets.
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The theoretical relationship between specific leadership paradigms and
performance outcomes is neither linear nor universal but operates through
discernible, contingent pathways. Transformational leadership, through its
emphasis on inspirational vision and intellectual stimulation, demonstrably
correlates with heightened team innovation and adaptability. By fostering intrinsic
motivation and challenging conventional thinking, such leaders cultivate
environments conducive to novel solutions and resilience during organizational
transitions. However, an exclusive focus on transformation may occasionally
introduce complexity that temporarily impedes operational efficiency in highly
structured, routine tasks[3]. Transactional leadership, grounded in contingent
reward systems and active management-by-exception, provides the clarity and
structure essential for predictable efficiency and goal reliability. Its explicit
reinforcement mechanisms ensure task focus and accountability, yet an over-
reliance on transactional exchanges can potentially constrain creative initiative and
intrinsic motivation, particularly in contexts demanding exploratory problem-
solving.

Servant leadership, prioritizing follower development and empowerment,
exerts profound influence on the socio-psychological dimensions of performance.
By actively removing barriers, facilitating growth, and nurturing a strong ethical
community, servant leaders significantly enhance member satisfaction, long-term
commitment, and collective capability. This foundation of trust and support
indirectly strengthens cohesion and can facilitate smoother adaptive processes,
though its emphasis on consensus may occasionally slow decision velocity in urgent
scenarios. Democratic leadership directly leverages collective intelligence through
participative decision-making, fostering high levels of ownership, satisfaction, and
often yielding innovative outcomes through diverse input. Its inherent inclusivity
strengthens team cohesion but necessitates sufficient time resources, potentially
impacting efficiency under severe time constraints. Authoritarian leadership, while
frequently detrimental to satisfaction and innovation, can provide decisive direction
and rapid task execution beneficial in genuine crises or situations demanding
unambiguous, centralized control.Critically, the efficacy of any leadership style in
eliciting desired performance outcomes is fundamentally moderated by key
contextual variables. Task characteristics are paramount; complex, ambiguous tasks
often necessitate empowering, transformational, or servant-oriented approaches to
unlock creativity and adaptation, whereas simple, routine tasks with high urgency
may align better with transactional or temporarily directive styles. Team
characteristics, encompassing maturity, skill heterogeneity, cultural diversity, and
pre-existing cohesion levels, significantly mediate leader influence. A highly
skilled, mature team thrives under empowering styles, while a newly formed or
inexperienced group may require more initial structure. The broader organizational
context, defined by cultural norms, structural rigidity or flexibility, technological
embeddedness, and the degree of external environmental turbulence, creates
enabling or constraining conditions for leadership effectiveness[4]. Finally, follower
characteristics including individual values, experience, motivational drivers, and
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cultural expectations determine receptivity to specific leader behaviors. A leader's
directive approach may align with followers valuing hierarchy yet clash with those
prioritizing autonomy.

Therefore, the core proposition advanced is that effective leadership for
optimal multidimensional performance resides not in dogmatic adherence to a
singular style but in strategic behavioral adaptability. Leaders must develop acute
diagnostic capabilities to accurately assess the interplay of task demands, team
composition, organizational climate, and follower expectations. Mastery involves
the conscious calibration of behavior along the foundational task-relationship
continuum and across stylistic paradigms, dynamically adjusting emphasis to meet
the contingent demands of the situation. This capacity for contextualized adaptation
represents the sophisticated leadership capability most likely to synchronize the
often-competing dimensions of efficiency, innovation, adaptability, and member
well-being, thereby driving sustainable team performance in the complex reality of
modern organizations. The theoretical model thus emphasizes leadership as a
dynamic, contingent practice rather than a fixed set of traits.

Modern Organizational Imperatives: Contextual Complexity in
Leadership Dynamics

The evolving contours of modern organizations introduce critical
contingencies that fundamentally reshape the leadership style-team performance
relationship. These imperatives demand nuanced theoretical consideration beyond
traditional frameworks. The pervasive shift towards remote and hybrid work models
profoundly alters the leader-team interface. Physical separation necessitates
heightened reliance on digital communication, challenging leaders to sustain trust,
ensure clarity, and maintain cohesion without face-to-face interaction. Leadership
styles emphasizing explicit communication, psychological safety, and outcome-
based trust such as dimensions of transformational or servant leadership gain
theoretical prominence, while approaches dependent on direct oversight face
significant limitations. This environment amplifies the necessity for leaders to
consciously foster connection and articulate purpose across dispersed teams,
making relationship-oriented behaviors and technological fluency essential
components of effective influence. Concurrently, the increasing prevalence of
diverse and cross-cultural teams introduces complex dynamics into the leadership
equation. Heterogeneity in cultural backgrounds, values, communication norms,
and problem-solving approaches necessitates leadership adaptability far exceeding
homogeneous contexts. Leaders must navigate potential fault lines, leverage diverse
perspectives as catalysts for innovation, and cultivate an inclusive climate where
varied contributions are valued and integrated[5]. Styles demonstrating cultural
intelligence, flexibility, and a capacity for integrating differing viewpoints elements
inherent in democratic and servant leadership paradigms become theoretically
crucial for unlocking the performance potential of diverse teams, moving beyond
mere representation towards effective collective functioning.

The accelerating pace of change across industries elevates organizational
agility and innovation from competitive advantages to existential necessities. This
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imperative privileges leadership styles capable of fostering adaptive capacity,
psychological safety for experimentation, and continuous learning.
Transformational leadership’s emphasis on challenging the status quo and
intellectual stimulation, alongside servant leadership’s focus on empowerment and
participative leadership’s leveraging of collective intelligence, emerge as
theoretically vital for driving the exploratory behaviors and rapid iteration
underpinning sustained innovation and responsiveness. Furthermore, the heightened
focus on employee well-being and sustainable engagement represents a significant
modern imperative, recognizing their intrinsic value and critical role as antecedents
to long-term performance. Leadership behaviors directly impacting psychological
safety, work-life integration, recognition, and perceived support core tenets of
servant and relationship-oriented transformational styles gain theoretical
significance. Leaders who authentically prioritize follower well-being contribute to
mitigating burnout, enhancing resilience, and fostering the intrinsic motivation that
fuels discretionary effort and commitment, thereby underpinning sustained high
performance. These modern imperatives collectively underscore that effective
leadership is intrinsically contextually embedded. They necessitate a sophisticated
theoretical understanding where leaders possess not only behavioral repertoire but
also the diagnostic acuity to discern which elements of their style align with the
specific demands posed by virtuality, diversity, the need for agility, and the
imperative of well-being within their unique organizational ecosystem. The
contingent nature of leadership effectiveness is thus amplified by these
contemporary realities.

Conclusion

This theoretical exploration establishes that the relationship between
leadership style and team performance is inherently complex and non-deterministic.
Core findings reveal that transformational leadership primarily enhances innovation
and adaptability, transactional styles ensure operational efficiency and goal
reliability, servant leadership fosters member well-being and long-term cohesion,
while democratic approaches strengthen satisfaction and collective ownership.
Authoritarian methods retain limited utility in specific crisis scenarios. Critically,
these relationships are systematically moderated by task characteristics, team
composition, organizational environment, and follower attributes. No universal
leadership solution exists; effectiveness emerges from the congruence between
leader behaviors and the specific constellation of situational demands.

The central synthesis underscores the criticality of contextualized leadership.
Effective influence within modern organizations demands leaders transcend rigid
adherence to any singular paradigm. Instead, mastery lies in developing diagnostic
acuity the capacity to accurately assess the multifaceted operational milieu coupled
with behavioral flexibility to strategically adapt style along the task-relationship
continuum and across leadership paradigms. This contingent adaptability is
paramount for synchronizing the often-competing dimensions of team performance:
efficiency, innovation, adaptability, and member well-being. Leadership is thus
reconceptualized as a dynamic, contingent practice responsive to systemic
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complexity.For Russian managers and organizations navigating evolving economic
structures and global integration pressures, these insights yield significant practical
imperatives. First, cultivating leader diagnostic capability is essential.
Organizations must implement frameworks and training enabling leaders to
systematically evaluate task demands, team maturity, cultural dynamics within
increasingly diverse workforces, and prevailing organizational climate. Second,
fostering behavioral flexibility is crucial. Leadership development programs should
move beyond prescriptive models towards cultivating a repertoire of behaviors,
emphasizing the conscious calibration of directive, supportive, empowering, and
inspirational actions based on contextual analysis. Third, organizational structures
and cultures must evolve to support this adaptability. This entails moving towards
flatter hierarchies where feasible, promoting psychological safety to enable
authentic leader-team interactions, and embedding feedback mechanisms that
facilitate continuous leadership adjustment. The integration of modern
imperatives—managing virtual’/hybrid collaboration, leveraging diversity for
innovation, prioritizing agility, and safeguarding well-being further necessitates
context-sensitive leadership strategies tailored to Russia’s unique socio-economic
transition and workforce demographics.

Conclusively, the path to optimized team performance within Russian
organizations lies not in importing universal leadership formulas but in strategically
developing leaders capable of nuanced contextual analysis and adaptive behavioral
response. This theoretical contribution provides a structured framework for future
empirical validation within the Russian context and underscores leadership
adaptability as the cornerstone of sustainable organizational resilience and
competitive capability in an increasingly volatile global landscape. Future research
must rigorously test these contingent relationships within Russia's distinctive
operational environments.
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FORMATION OF COGNITIVE COMPETENCE THROUGH
TRILINGUAL SOFTWARE IN MATHEMATICS LESSONS (BASED ON
ACADEMIC LYCEUM EXPERIENCE)

Abstract: This article discusses the methodology for using trilingual (in three
languages: Uzbek, Russian, and English) software tools in the formation of students’
cognitive competence. According to the author's scientific assumptions, developed
on the basis of trial lessons at the academic lyceum level, trilingual educational
tools effectively develop students’ critical, logical, and creative thinking abilities.

Keywords: trilingual software, infusion, integrative, elective, metacognitive
activity, CLIL methodology, metalinguistic thinking, cross-linguistic thinking,
adaptive learning modules, interactive training, reflection, analytical thinking,
interactive assessment modules, learning platforms.

The development of students' thinking activity in the educational process is
one of the main directions of modern pedagogy. In particular, at the academic
lyceum stage, students are required to engage in logical, analytical, and cognitive
activity when mastering complex and high-level topics in mathematics. The
formation of cognitive competence in academic lyceum students includes
adolescence. Adolescence is a critical period during which not only biological
changes occur, but also higher-level cognitive processes such as thinking, decision-
making, and problem-solving are formed. Therefore, age characteristics,
psychological preparation, and social context play an important role in the
development of cognitive competence. Academic lyceums use cognitive
competence to enable students to master, over the years, from literacy and numeracy
skills to science, mathematics, and complex new skills and concepts. In academic
lyceums, everything is required from the very beginning. Academic lyceum groups
are complex environments. Students in each group differ in their qualifications,
interest in learning, personality, and family background. Teachers differ in their
teaching, teaching skills, and methods, and in their determination to motivate
students to learn. Academic lyceum subjects differ in their conceptual
characteristics and requirements; for example, learning a language, mathematics, or
another subject requires a combination of cognitive processes. These differences are
more pronounced than when students learn at school. Unfortunately, however, not
all academic high school students are able to fulfill all educational plans in any high
school subject. When academic high school students do not fulfill these
developmental priorities, they often lack the knowledge and skills necessary to
master the cognitive abilities associated with a particular year in order to move
forward effectively. Problem solving is central to the study of mathematics. The goal
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is to introduce the study of number, algebra, and geometry through real-life
scenarios and scenarios related to various scientific fields, such as physics and
biology. These activate cognitive processes to make sense of unknown situations,
express meaning, and represent particular aspects of the world or fields of
knowledge in language and mathematical problem solving. The selection of
appropriate prior knowledge and strategies to represent a problem mathematically
will depend on many factors.

Cognitive competence is a person's ability to understand, analyze, generalize,
and apply information in practice (Sun & Hui, 2006). Constructivist and
sociocultural approaches of scientists such as Vygotsky (1978) and Piaget (1977)
are important in developing this competence in students. These competencies can
be further developed through the use of trilingual (trilingual) software. Or I think it
would be appropriate to conduct the lesson process based on a trilingual approach.
The trilingual approach allows the student to analyze knowledge in three languages.

This approach:

* enhances the student's language competence;

* increases metacognitive activity in the subject;

* provides access to international resources;

* helps to understand science in different cultural contexts.

Naturally, the question arises as to what a trilingual approach would look like
in mathematics lessons.

Mathematics is a subject rich in terms, expressed through formulas, and it is
important to understand the terms correctly. Therefore, in a trilingual approach:
When a student begins to see mathematical terms in three languages:

* he distinguishes the nuances in each language;

* he gains an understanding of the roots and etymology of terms;

* he learns new terms faster;

* he is prepared to independently read scientific literature in English.

As a scientific basis for my opinion, I would like to cite L. Vygotsky's views
on this matter, namely, L. Vygotsky saw language as a means of thinking and
evaluated communication as the main source of intellectual growth. Also, as J.
Cummins (2000) said, "knowledge transfer occurs from one language to another",
according to A. Demetriou (2017), multilingualism increases cognitive flexibility.
Indeed, trilingualism strengthens the terminological base of the student, strengthens
his cognitive competence and analytical thinking. The quality of education based on
the CLIL methodology (Content and Language Integrated Learning) increases. Now
it would be appropriate to add another innovation to this methodology, namely, to
use trilingual software in mathematics lessons to further strengthen the formation of
cognitive competence and create a modern system of teaching using this software.
The issue of cognitive competence formation in a modern digital environment, in
particular in a multilingual (trilingual) educational environment, is reaching a new
level. Trilingual software is a digital platform that allows the transmission,
reception, processing and analysis of educational materials in three languages
(usually the native language, the state language and English). These technological
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solutions develop not only the language competence of the student, but also the
flexibility of thinking, semantic thinking, metacognitive control and communicative
strategies. The use of multimodal tools in education plays an important role in
managing the cognitive load. According to Mayer's theory, the simultaneous
transmission of visual, auditory and textual information facilitates the student's
assimilation of information (Mayer, 2005). Trilingual software is based on this
principle: it covers language and logical concepts in different contexts. Also, the
content presented in three languages strengthens metalinguistic thinking in students.
That is, the learner attempts to think about language, compare means of expression,
and understand grammatical and semantic structures. This process, in turn, leads to
the development of general cognitive competence (Cummins, 2001).

Trilingual systems are especially important for students in science and
technology. For example, by studying concepts in mathematics or computer science
in Russian, English, and Uzbek, a student can see a single conceptual knowledge in
different linguistic contexts. This activates cross-linguistic thinking and leads to
deeper mastery.

Below, we will look at the benefits of some digital platforms in building
cognitive competencies.

» Adaptive learning modules: Automatically select content that is appropriate
for the individual level of learning of students. This method develops the student’s
ability to work independently and prepare for self-assessment.

* Interactive exercises and reflection: Platforms encourage students to think
actively, ask questions, and draw conclusions through interactive tasks. In particular,
exercises in the question-and-answer format are effective in developing critical
thinking (Lipman, 2003).

* Problem-based learning (PBL): Trillingual software solutions are focused
on solving problems in real-life contexts, and this methodological method enhances
students’ independent decision-making, development of alternative solutions, and
reflective thinking (Barrows, 1986).

* Mind maps and visual graphics: They serve to develop students’ cognitive
skills such as structuring information, isolating main ideas, and analyzing
interrelationships.

In addition, through trillingual software, students develop multicultural
literacy. This, in turn, not only expands the scope of thinking, but also strengthens
the student's social and adaptive competencies.

Below, we will consider the advantages of some digital platforms in the
formation of cognitive competencies.

GeoGebra is an open-source interactive mathematics platform used in
teaching areas such as algebra, geometry, analysis and statistics. It can be used at all
levels from school to university.

Trillingual opportunities:

* The platform is available in more than 40 languages, including Uzbek,
Russian and English interface support;

» There are menus, tasks and tools adapted to each language.
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Impact on cognitive competencies:

* Concretization of abstract concepts through visual modeling;

* Activation of the student's analytical and spatial thinking;

* Experimentation and drawing conclusions using dynamic elements.

Desmos is an online graphing calculator and visual tasks platform. It is mainly
used for drawing graphs, analyzing equations, and creating mathematical models.

Trillingual capabilities:

* The interface is fully in English, partially in Russian, and in Uzbek through
auxiliary resources (through user-generated content);

* Desmos Activities can be customized in your language.

Impact on cognitive competence:

* Stimulating critical thinking through challenging graphical tasks;

* Connecting student thinking with mathematical expressions and models;

* Interactive learning through real-time observation of variables.

Khan Academy is a non-profit educational platform designed to teach
mathematics, physics, computer science, and other subjects. It contains video
lessons, tasks, and tests.

Trillingual capabilities:

* Fully in English;

» Russian version available;

* Partial translation into Uzbek has begun: some topics have been introduced
through local projects.

Impact on cognitive competence:

* Multimodal learning through the integration of video, text and tests

* Step-by-step in-depth explanation of each topic

* Reflection and independent thinking through self-assessment (mastery

learning).
Comparison table:
Platform Languages Directions Cognitive advantages
GeoGebra UZ, RU, EN Geometry, algebra Cognitive benefits
Desmos EN, RU Graph, function  Critical thinking, real-time analysis
Khan EN, RU, (UZ Comprehensive Independent thinking, reflection,
Academy partially) sciences processing

In developing cognitive competence in mathematics lessons, digital platforms
such as GeoGebra, Desmos and Khan Academy allow students to simultaneously
develop their language competence, logical thinking and analytical skills through a
trilingual interface. These platforms allow for multimodal, contextual and
differentiated education in accordance with the CLIL methodology.

The use of GeoGebra, Desmos, and Khan Academy platforms in mathematics
lessons serves to develop not only students' subject-specific, but also linguistic and
cognitive competencies. By presenting interfaces and tasks in Uzbek, Russian, and
English, students' metalinguistic thinking, critical analysis skills, visual perception,
and self-assessment skills are strengthened. The trilingual approach can be
effectively implemented in academic lyceum mathematics lessons by using
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Desmos, GeoGebra, and Khan Academy platforms. In test lessons, complex topics
such as logarithms, probabilities, combinatorics, and inequality graphs were taught
in a visual, interactive manner with explanations in Uzbek, Russian, and English.
This serves to increase students' critical thinking, metacognitive activity, and
cognitive flexibility. The following didactic approaches are relevant in the formation
of cognitive competence based on software:

» Adaptive learning modules: Automatically select content that is appropriate
for the individual level of learning of students. This method develops the student’s
ability to work independently and prepare for self-assessment.

* Interactive exercises and reflection: Platforms encourage students to think
actively, ask questions, and draw conclusions through interactive tasks. Question-
and-answer exercises are especially effective in developing critical thinking
(Lipman, 2003).

* Problem-based learning (PBL): Trillingual software solutions are focused
on solving problems in real-life contexts, and this methodological method enhances
students’ independent decision-making, development of alternative solutions, and
reflective thinking (Barrows, 1986).

* Mind maps and visual graphics: They serve to develop students’ cognitive
skills such as structuring information, isolating main ideas, and analyzing
interrelationships.

In addition, trilingual software tools help students develop multicultural
literacy, which not only broadens their horizons but also strengthens their social and
adaptive competencies.

With the use of these technological tools, methods for assessing cognitive
competencies are also being updated. For example, diagnostic tests, gamified
problems, and reflective writing tasks are used to identify the student's cognitive
strategies. In addition to traditional knowledge control, the assessment process also
takes into account the student's thinking planning, adaptation to changing situations,
and decision-making skills.

In conclusion, the formation of cognitive competence using trilingual
software is a strategic platform that serves not only to develop linguistic skills, but
also the ability to think, make decisions and solve problems at a higher level.

The modern educational environment requires the widespread use of digital
tools. In particular, trilingual software (learning platforms with an interface in three
languages) allows for the assessment and development of cognitive competences in
different languages. Such systems include:

* Solving problem tasks through interactive tasks,

* Opportunities for self-assessment and reflection,

* Analysis of thinking models through observation of actions.

These ensure the transition of students from egocentric thinking to systematic
and flexible thinking. A monitoring system should be implemented to determine
how the student’s cognitive competence changes over time. They include:

* Initial diagnostics (entry test)

* Intermediate assessment (formative)
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* Final assessment (summative)

Based on the results of monitoring, it is possible to adjust individual learning
paths, adapt educational technologies, and apply motivational mechanisms
(Zimnyaya, 2003; Anderson & Krathwohl, 2001).

Developing students' cognitive competence is one of the strategic priorities
of the modern education system. Based on the analysis presented in this article, the
following general conclusions can be drawn:

1. Cognitive competence is the ability to analyze, apply, reflect, and create
new knowledge in addition to acquiring knowledge (Sun & Hui, 2006).

2. The scientific basis of cognitive development was highlighted based on the
theories of cognitive psychology of scientists such as Piaget, Vygotsky, and Fry.

3. Critical and creative thinking are components of cognitive competence, and
their mutual integration forms the ability of students to think at a higher level
(Sternberg, 2006; Paul, 1993).

4. Trillingual software creates a learning environment that focuses on
students’ multilingual thinking, analysis, and evaluation. This tool also develops
digital skills.

5. Infusion, integrative, and elective approaches play a complementary role
in developing cognitive competence. Each approach has its own methodological
advantages.

6. Through assessment and monitoring processes, individual cognitive
profiles of students are identified and educational strategies are adapted accordingly.

Within the framework of the main issues raised in the article, the following
scientific proposals are put forward:

1. Conducting extended empirical research: studying the impact of critical
and creative thinking on cognitive competence based on quantitative and qualitative
indicators.

2. Studying with experimental groups: determining the effectiveness of
cognitive competence formation in an academic lyceum using trilingual software.

3. Developing modular curricula for schoolchildren: creating competency-
oriented textbooks and methodological guides suitable for an integrative approach.

4. Comparing age groups and cultural contexts: developing a differential
approach by comparing socio-cultural factors affecting the development of
cognitive competence.

5. Creating assessment systems in online and offline environments:
developing opportunities for real-time monitoring of cognitive competence based
on digital metrics.

Practical recommendations:

» Teachers: It is recommended to use a combination of infusion and
integrative methods to develop critical and creative thinking. At the same time,
elements of reflection and metacognition should be included in regular assessment
practices.
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* School leaders: It is necessary to increase the number of elective courses
and project activities aimed at developing students' cognitive competence, and
improve the infrastructure for teaching in a trilingual environment.

* Software developers: It is necessary to develop learning platforms that work
in multiple languages, stimulate analytical thinking, and have interactive assessment
modules.
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PE3VJIBTATHI UCCJEJOBAHUSI MAKPO3OOBEHTOCA
O3EPA CAUKYJIb

Annomauyusa. B cmamve npedcmasieHvl pe3yibmamvl UCCIe008AHUSA
makpozoobenmoca  osepa  Cailikynb,  GvlABUBULE20 — YMEPEHHOe  BUO0BOE
pasnooopasue (44 euda) ¢ npeobradaruem XupoHoOMUO U COXpaAHeHuem omoebHbIX
apanvcxkux penuxkmos. Coobuecmeo OemMoHCmpupyem BblpadiCeHHble Ce30HHble
KOJIeOaHUsL YUCTEHHOCTNU U OUOMACCHI: 8eCeHHe-0CeHHUe NUKU CMEHAIOMCS 3UMHUM
MUHUMYMOM.  OCHOBHBLIMU — TUMUMUPYIOWUMY — hakmopamu  OuopaszHooobpasus
ABNAIOMCSL NOBLIULEHHASL COIEHOCIb 800l (4—6 2/1) U usMeHeHUs YPoeHs 8000éMma.
Buvicokuti koagpuyuenm cxoocmea (66—81%) ¢ Opyeumu coroHO8amo80OHbLIMU
03épamu Kapaxarnakcmana ompasxcaem 00wy 9KOA0SUHECKYIO CNeYUPDUKY
pecuona. Tlonyuennvie pe3yibmantvl noOmeepAUHcOaom 3HaueHue
MAKpPO3000eHmoca KaKk UHOUKAMopa COCMOSHUSL B0OHBIX IKOCUCTEM U OMKIUKA HA
KAUMamuyeckue u anmpono2eHHble 6030etCmausl.

Knrwouesvie cnosa: 6uo, yuciennocms, 03epa, MaKkpo3000eHmoc, pecuoH.

Endirboeva M.
Karakalpak State University named after Berdakh
Republic of Uzbekistan

RESULTS OF THE STUDY OF MACROZOOBENTHOS OF LAKE
SAIKUL

Abstract: The article presents the results of the study of macrozoobenthos of
Lake Saykul, which revealed moderate species diversity (44 species) with a
predominance of chironomids and the preservation of individual Aral relics. The
community demonstrates pronounced seasonal fluctuations in abundance and
biomass: spring-autumn peaks are replaced by a winter minimum. The main
limiting factors of biodiversity are increased salinity of water (4-6 g /1) and changes
in the water level of the reservoir. The high similarity coefficient (66-81%) with
other brackish-water lakes of Karakalpakstan reflects the general ecological
specificity of the region. The results confirm the importance of macrozoobenthos as
an indicator of the state of aquatic ecosystems and response to climatic and
anthropogenic impacts.

Key words: species, abundance, lakes, macrozoobenthos, region.
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Beenenne

Ozepo Cailikynb, pacnonoxkeHHoe B Pecnyonuke Kapakanmakctan
(Y30ekucran), sBIM€TCS OIHMUM W3 KPYHHEHIIMX BOJOEMOB  PpErHMOHA,
MOJIBEP>)KEHHBIM BJIUSHUIO ApUJIHOTO KJIMMara M aHTPOIMOTCHHBIX (PAKTOPOB,
BKJIIOUYasi OCyIIEHHE ApajibCKOTO MOPSI U CEIbCKOXO3UCTBEHHYIO JESATEIbHOCTD.
Makp03000€HTOC — JOHHBbIE MaKpOOECIO3BOHOUYHBIE pazMepoM Oonee 1 MM —
UTpaeT KIOYEBYIO POJIb B SKOCUCTEME 03€pa, YUacTBYS B IMKJIAX BEIIECTBA, CIIyKa
KOpMOBOM 0a3zoi st pbl0 W WHIUKATOPOM IKOJOTHMYECKOTO COCTOSHHS.
HccnenoBanuss Makpo3000€HTOCA Ba)KHbBI JJIA MOHMMaHUA OUWOpa3zHOOOpa3us u
JUHAMHUKW BOJHBIX dKkocucteM B I[lpuapanbve. llens cratbu — mpeacTaBUTh
pe3yabTaThl UCCIeNoBaHUs Makpo3ooOeHToca o3epa CaliKyllb Ha OCHOBE JAHHBIX
pEruoHaIBHBIX HCCIEAOBAHUN, aJalNTHPOBAHHBIX IS AHAJOTUYHBIX BOJOEMOB
Kapakannakcrana.

MarepuaJibl M METOIBI

Marepuan cobupascs ce30HHO (BeCHa, JIETO, oceHb) B iepuoy 20222026 rr.
¢ ucnonb3oBanueM gHoueprarens [lerepcena nns ordbopa npod nHa. OOpaboTka
IPOBOJUIIACH 110 CTAHJAAPTHBIM TUAPOOHOIOTHUECKUM METOJaM, WIASHTU(UKAIIHS
TUAPOOMOHTOB — TIO COBPEMEHHBIM ompenenutensM. JlJiss OIeHKH CXOICTBa
BUJIOBOTO cocTaBa npumensics koddduiment Cépencena-Yekanorckoro: K = 2C
x 100% / (A + B), rne A u B — konmu4yecTBO BUJIOB B CpaBHUBAaEMbIX 03epax, C —
KOJMYECTBO OOMIMX BHUAOB. AOMOTHYECKHE NapameTpbl (TUlomaab, TIyOuHA,
COJIEHOCTh, THI TPYHTA) YUYUTHIBAIMCH JII HHTEPIpETaIMy AaHHBIX. MeToabl
aJanTUPOBAHBI JJIsI COIOHOBATOBOAHBIX O3€P PETrHOHA, aHATOTUYHBIX CalKyib.

Pe3ysbTaThl M 000CY:K/AEHUSA

B o3epe Caiikynb 3aperucTpupoBaHo Okojio 44 BHIIOB MaKpO3000€HTOCA,
aHAJOTMYHO coceqHuM Bogoemam Kapakanmakctana (Hampumep, 3anagHbINd
Kaparepenp B Bernange Cynouse). BupoBoil cocTaB BKIIIOUAaeT TPYMIbL:
Chironomidae (momunupyromas, 10 46% Bunos), Odonata, Mollusca, Annelida,
Ephemeroptera u apyrue. OOmiee komMuecTBO BHIIOB B peruoHe — 187, ¢
xupoHoMHu1aMu (86 BUIOB) Kak HanboJiee pa3HOOOpa3HOM TPYMIIO.

Ce30oHHBIC BapHalMK MOKA3bIBAIOT MUKA OMOMACChl BECHOW M OCEHBIO, C
JOMUHHMPOBAHUWEM BHUAOB, Takux Kak Chironomus salinarius, Paranais simplex n
Physella acuta. Cpenusis Ouomacca — 6-8 1/m?, ¢ yncieHHocThio 150—400 3x3./M?
B 3aBHCHMOCTH OT C€30HA. B 03epe COXpaHSIOTCS PEIUKTH apaibCKou (ayHbI,
BKitouast Nereis diversicolor u Turkogammarus aralensis, HO OTCYTCTBYIOT
HEKOTOPbIE TUITUYHBIEC BUIBI N3-32 0COJIOHEHMS (coneHoCTh 4—6 /7). Koadpurment
cxoJicTBa ¢ Apyrumu o3zepamu Kapakanmnakcrana (Hanpumep, Capbikambiiil) — 66—

81%, yka3piBasi Ha OHKOJOTHYECKYIO ONHM30CTh COJIOHOBATOBOJHBIX BOIOEMOB
(Tabmuma 1).
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Tao6auna 1
Ce30HHbBIC BapUaLUM JOMHUHUPYHOIIMX BUI0B MaKP03000€HTOCA B 03epe
Caiikyab

Takcon KosnyecTBo ToMHHUpYIOIHE BB Buomacca (r/m?,
BH/I0OB pyrom A cpeaHss)
Annelida b ;)g;;cg:iil:s simplex,  Limnodrilus 05
‘Mollusca Hll HPhysella acuta, Lymnaea stagnalis H2.1
Chironomidaell10 Chlron(?mus salinarius, C. )3
halophilus
Turkogammarus aralensis, Sigara
Jlpyrue 21 assim(z%is ¢ 1.0
‘Bcero H44 H— H6.4

Pe3ynbrarhl ykasplBarOT Ha YMEPEHHOE pa3HooOpa3ue Makpo3000eHTOoca B
o3epe Calikylb, C JOMHUHUPOBAHHUEM XHUPOHOMHJ M COXPAHEHHEM apajbCKHUX
PEIUKTOB, YTO OTpaXkaeT Mepexo1 K MPEeCHOBOAHOM (hayHe MO BIUSHUEM KJIMMara
U aHTPOINOTeHHOTO cTpecca. Hwuszkoe pa3zHoOOpa3we 1O CpaBHEHUIO C
IIPECHOBOJHBIMM O3€paMU CBS3aHO C COJIGHOCTBHIO M CE30HHBIMHU KOJEOAHUSIMU
ypOBHS BOABL. Makp03000€HTOC CIIYKUT MHAMKATOPOM JEerpajialiii, aHaJIOTUYHO
ApabCckoMy MOpIo, Tiie 6ropasHooOpa3ue CHU3UIOCH ¢ 1980-x.

3akirouenmne

HccnenoBanne makpo3ooOeHToca o3epa Calikylnb MOKa3alo yMEPEHHOE
BUI0BOE pazHooOpasue (44 Buaa) ¢ JOMUHUPOBAHUEM XUPOHOMU U COXPAaHEHUEM
OTJIEIBHBIX apadbCKUX peauKTOB. COOOIIECTBO XapaKTEPHU3YETCs CE30HHBIMU
KOJIeOaHUSMH YMCIICHHOCTH U OMOMACChI, C BECEHHE-OCEHHUMU MTUKaMHU ¥ 3UMHUM
MUHUMYMOM. OCHOBHBIMHU (PaKTOpaMH, OTPaHWYHBAIOIIMMU OHOpa3zHooOpasue,
SIBJISIFOTCS TIOBBIIICHHAS COJIEHOCTD (4—06 T/11) 1 KojiebaHus ypoBHS BOAblL. Bricokuit
kodpdunment cxoacta (66—81%) c Apyrumu COJOHOBATOBOJHBIMH 03€paMu
Kapakanmakctana oTpakaeT oOOIIYyI0 3KOJIOTHYECKYIO Crenu(uKy peruoHa.
[lonmy4yeHHble AaHHBIC TOITBEPKAAIOT POJIb MAaKpO3000E€HTOCAa KaK WHAMKATOpPA
COCTOSIHUSI HSKOCHUCTEM M TMOCIEACTBHM KIMMAaTHUYECKUX M AHTPOIOT€HHBIX
BO3JICVICTBUU.
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Kocmomapoe B./I.
mazucmpanm
Kageopa apxumexmypul 00uecmeeHHbIX 30aAHUTL
MockoécKuiit apxumeKkmypHblil UHCHUHYm
(I'ocyoapcmeennan Axkademus)
2. Mockea, Poccus

TPAHCIIOPTHAS CBSIBAHHOCTH KAK KJIIOYEBOM ®AKTOP
PEJEBEJIOIIMEHTA ITPOMBIIIVIEHHBIX TEPPUTOPUH ¥
CTAHIIMM MIIK

Annomayusa: B cmamve ananuzupyemcs poib mpaHcnopmHou C8A3aHHOCU
8 npoyeccax peoeselonMeHma NPOMbIUIEHHbIX MePPUMopuUti, NPULecaruux K
Mockosckomy yemmpanvnomy xoavyy. Paccmampusaromcsa meopemuueckue
Nn0O0X00bl K HOHUMAHUIO MPAHCNOPMHOU UHMe2PAYUU, d MakKdHce ome4ecimeeHHulll U
3apyOedcHbILL ONbIM BKIIOYEHUS. NPOMBIULLEHHBIX 30H 8 20POOCKYIO CIPYKmMYpY HA
OCHOBe paszsumus mpancnopmuoz2o kapkaca. Ocoboe 6HUMaHUe yoeneHo Céa3U
MPAHCNOPMHOL OOCMYNHOCMU U COYUATbHO-IKOHOMUYECKOU 3P ghekmusHocmu
peoegenonmenma. Coenan 661600 0 MOM, YMO MPAHCNOPMHASA CEA3AHHOCb
A6IAEMC ONPeOelAOUUM YAKMoOpoM YCHewHOU UHmMe2payuu npomMblULIeHHbIX
meppumoputl  20pOOCKYI0 MKAHb.

Kntouesvie cnosa: mpancnopmuas — c8A3aHHOCMb,  pPeOeGelONMEHN,
npomviuiieHHvle meppumopuu, MIIK, eopoockas cmpykmypa, unmezpayus,
MPAHCNOPMHBIU KAPKAC.

Kostomarov V.D.

student

Department of Architecture of Public Buildings
Moscow Architectural Institute (State Academy)
Moscow, Russia

TRANSPORT CONNECTIVITY AS AKEY FACTOR IN THE
REDEVELOPMENT OF INDUSTRIAL AREAS NEAR MCC STATIONS

Abstract: The article analyzes the role of transport connectivity in the
redevelopment of industrial areas adjacent to the Moscow Central Circle (MCC).
Theoretical approaches to understanding transport integration are discussed, along
with domestic and international practices of incorporating industrial zones into the
urban structure through the development of the transport framework. Particular
attention is paid to the relationship between transport accessibility and the socio-
economic efficiency of redevelopment. It is concluded that transport connectivity is
the key factor for the successful integration of industrial areas into the urban fabric.
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Keywords: transport connectivity, redevelopment, industrial areas, MCC,
urban structure, integration, transport framewortk.

PeneBenonMeHT NPOMBIIUICHHBIX TEPPUTOPHUIMI B KPYMHBIX METaroiaucax
HEBO3MOXKEH 0e3 yuéra TpaHcmopTHOro ¢akropa. B ycnoBusix MockBbl UMEHHO
oTKpbITHEe MockoBckoro nentpanbHoro koibta (MLK) crano ormpaBHO# ToOuKOH
JUI. TIEPEOCMBICIICHUS 3HAUYUTEIBHBIX TMPOMBIIIJICHHBIX 30H, MPUJIETAIOIUX K
KEJIE3HOAOPOKHBIM KOpHUJIOpaM. OTH TEPPUTOPHUH JOJITO€ BPEMS OCTABAJIUCH
M30JIMPOBAHHBIMU OT TOPOJICKOM KU3HU, BBINOJIHSS MPEUMYIIECTBEHHO CKIAJCKUE
WJIM YCTApEeBIIINE TPOU3BOACTBEHHbBIC (DYHKITUU.

TpancnopTHass  CBSI3aHHOCTh  BBICTYNMAET  KIIOUEBBIM  BJIEMEHTOM,
OTpeAeIIAIONINM YCIICITHOCTh UX peodpazoBanus. Kak ormeuaer B. JI. [a3piues,
COBPEMEHHBIN TOPOJI Pa3BUBAETCS HE TOJIBKO 33 CYUET PACIIMPEHUS TIJIOMIAIEH, HO U
Onarojaps YJIy4dllIEHUIO «CUEIUICHHUS» pa3IU4HbIX €ro 4YacTel, rie TPaHCHOPT
UrpaeT pojib MNPOCTpaHCTBeHHOro kies [l]. ITloaTtomy mnpu mNpoeKTHUpPOBAHUU
peaeBeoNMEeHTa HEOOXOMMO YYHUTBHIBaTh HE TOJIBKO HAJIWMYHE TPAHCIIOPTHBIX
y3JI0B, HO U UX CIOCOOHOCTh MHTETPUPOBATH HOBBIE MPOCTPAHCTBA B FOPOJCKYIO
TKaHb.

TpaHcnOpTHAs CBA3aHHOCTH B IPAIOCTPOUTEIBHOM KOHTEKCTE MPEAIONaraet
HE TOJBKO (DU3MYECKYIO IOCTYMHOCTh TEPPUTOPUM, HO M €€ (PYHKIIMOHAIBHYIO
UHTErpallMi0 B cUCTeMy Tropoga. IIpomblluieHHBIE 30HBI  TPaJULIMOHHO
(bopMHUPOBAIIUCH BIOJb JKEJE3HBIX JOPOT U MarucTpajei, HO ¢ TEeYEHUEM BpEMEHHU
sTa OnM30CcTh mpeBparuiack B Oapbep. CeromHs 3aJayud apXUTEKTOPOB U
IpagoOCTPOUTENEH COCTOSAT B TOM, YTOOBI MPEBPATUTH TPAHCIIOPTHBIE KOPUIOPHI U3
Pa3IeSIONIEro JIEMEHTa B 00 bEANHSIONTUH.

MOCKOBCKOE ILIEHTPAJIbHOE KOJBIO SBISIETCS HPUMEPOM TOro, Kak
TPAHCIIOPTHAsI CUCTEMA MOJKET CTaTh JIpariBepoM peaesesonmenrta. [1o maenuro I
M. Jlanmo, uMeHHO (OPMUPOBAHHE MHOTOYPOBHEBOTO TPAHCIIOPTHOTO Kapkaca
MO3BOJISIET OBBICUTH LIEHHOCTh MPUJIETAIONIUX TEPPUTOPUI U IPUIATh UM HOBBIE
¢byukuu [2]. Cranmuu MIIK cTaHOBSTCS TOUYKaMU MPUTSKEHUS, BOKPYT KOTOPBIX
BO3MOXKHO Pa3BUTHUE KUJIOU, JEJTOBOM U KYJIIBTYPHOM 3aCTPOMKHU. B 3TOM KOHTEKCTE
TPaHCTIOPTHAsI CBA3aHHOCTH BBICTYMAeT 0A30BBIM YCIOBHEM i (POPMHUpPOBAHUS
KOMILJIEKCHBIX IIPOEKTOB PEIEBEIONMEHTA.

MexnyHapOoAaHbIi ONBIT MOATBEPKIACT NaHHYK TeHICHIMI0. B JloHnone
npeodpa3oBanHue paiioHOB BOKpYr craHimii Overground u Crossrail mokasaso, 4to
MOBBIIIEHUE TPAHCIIOPTHON TOCTYITHOCTU CIIOCOOCTBYET POCTY CTOMMOCTH 3€MJIH,
Pa3BUTHIO KUJIBIX KBAPTAJIOB U KYJIbTYPHBIX KiacTepoB [3]. B bepnune unrterpanus
MIPOMBIIIJIEHHBIX TEPPUTOPUI BOIU3H KEITE3HOAOPOKHBIX Y3JIOB B OOLIETOPOJICKYIO
CTPYKTYpPY CONPOBOXJAlach CO3JaHMEM  HOBBIX JEJIOBBIX LEHTPOB H
oOmiecTBeHHbIX TpoCcTpancTB [4]. [lomoOHBIE TPOEKTHI JTOKA3BIBAIOT, YTO
TPAHCIIOPTHAsA MHTErpauys MOXKET BBICTYyNaTh KIKOYEBBIM HHCTPYMEHTOM
W3MEHEHUS MPOCTPAHCTBEHHOTO U COLUAIIBHOTO XapAKTEpa TEPPUTOPHUH.

B poccuiickoil TpakTUKE BIUSHUE TPAHCIIOPTHOM CBSI3AHHOCTU TAaKKe
oueBuHO. [locne 3amycka MIIK HabGntonaercst pocT akTUBHOCTH JI€BEJIONEPOB U
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MHBECTOPOB B IMPWIETAIOUIMX IIPOMBIIUICHHBIX 30HaxX. [Io TaHHBIM HCClle0OBaHUM
N. A. J1oO6psikoBa, IMEHHO JOCTYITHOCTh TPAHCIIOPTHBIX Y3JI0B SIBISETCS OCHOBHBIM
(akTOpoM, ONPEAENSIONIMM CKOPOCTh M MacumTad peneBenonMentra [5]. Oto
MOATBEPKAACTCSI U CTAaTUCTUYECKUMM JaHHBIMH: PalloHbl B paguyce | KM OT
cranuuii MIIK neMOHCTpUpYIOT YCTOWYMBBIA POCT HMHTEpeca K KWIOW U
KOMMEPUYECKOU 3aCTPOUKE.

Onnako  TpaHCIOpTHas  CBA3AHHOCTb  HE  CBOAMTCSA  JIMIIb K
KEJIE3HOJOPOKHOMY WJIM aBTOMOOMIIBHOMY TpaHCHOPTY. BaxkHOe 3HaueHHEe UMeeT
pa3BUTHE TMEIIEXOJHOM U BEJOCUNEIHOW HWH(QPPACTPYKTYypbl, YTO MO3BOJIIET
(bopMHUpOBATH 1EJIOCTHBIE CLIEHAPUU UCIIOJIb30BAHUS NMPOCTpaHcTBa. Kak otMeuaror
B. H. BracoB u A. 0. baxupes, unterpanus «Markoii MOOUIbHOCTHY» CTAHOBHUTCS
BaKHBIM YCIIOBUEM YCTOMYMBOIO Pa3BUTUS TPAHCIOPTHBIX Y310B [6]. OTO
OCOOEHHO aKTyaJIbHO 11 MOCKBBI, TJie BBICOKMH YPOBEHb aBTOMOOMIM3ALMU
TpeOyeT MOUCKA aJTbTePHATUBHBIX PEIICHUA.

Takum 00pa3oM, TpaHCHOpPTHAS CBSI3aHHOCTh CTAHOBUTCS HE TOJBKO
yCIIOBUEM, HO U HHCTPYMEHTOM pezieBenonMenTa. OHa GopMHUpyeT mpenrnoCchulKu
U1l KOMIUIEKCHOTO  OCBOEHHUSI ~ TEPPUTOPUM, CTUMYIUPYET  COLMAIBHO-
HKOHOMHUYECKYI0 aKTUBHOCTh M CHOCOOCTBYET DSKOJIOTMYECKOW —ajanTaiuu
ropoAackux mpoctpaHctB. B ycmoBuax MIIK  ngawubiii  ¢akrtop urpaer
CTpaTerMuyecKyl0 poiib, oOmpenensis Oyaymee pa3BuTtue MOCKBBI U €€
IPOCTPAHCTBEHHYIO CTPYKTYPY.

TpancnopTHasi CBS3aHHOCTH BBICTYHAeT OCHOBOIMOJATAIOMINM (PaKTOpOM
peIeBeNIONIMEHTa TMPOMBIIUIEHHBIX —Tepputopuii  y crannuii MIIK. Omna
o0ecreynBaeT UX UHTETPAIUIO B TOPOACKYIO TKaHb, MOBBIIIAET WHBECTUIIMOHHYIO
NPUBJIEKATEIbHOCTD U CO3AET YCIOBUS 1JI1 KOMILJIEKCHOTO OCBOEHUSI.

AHanu3 OTEYECTBEHHOTO U 3apyOEKHOTO OIbITAa MOKA3bIBAET, YTO MUMEHHO
TpaHCHOpPTHAas MHTerpanus crnocoOHa TpaHC(HOPMHUPOBATH HM3OJIMPOBAHHBIC
IPOMBILIUIEHHBIE 30HbI B AaKTUBHBIE TOPOACKHE LEHTPbl. MOCKOBCKUI OIBIT
noATBepkAaeT H3Tor Te3uc: 3anyck MIK npupganm  MOMHBIM - MMITYIbC
peleBEIONMEHTY TEPPUTOPHL, paHee BOCIIPUHUMABILNXCS KaK NepuQepuiiHbIe.

CrnenoBarenbHO, TPAHCIOPTHASI CBSI3aHHOCTH JIOJKHA PACCMAaTpPUBATHCS HE
TOJIBKO KaK HH(PACTPYKTYPHBIN apaMeTp, HO M KaK CTPaTernyeCKUil HHCTPYMEHT
GopMHupoBaHUs YCTONYMBOrO Meramoiuca. B codyeTaHuu ¢ apXUTEKTYpHBIMH U
HKOJIOTMYECKUMHU PELICHUSIMH OHA CIIOCOOHA MPEBPATUTH MPOMBILIUICHHbBIE 30HbI B
HOBBIE Y3JIbI TOPOACKOM aKTUBHOCTH, ompenesstomue passutue Mocksbl B XXI
BEKE.
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position of the company's website. A solution to this problem is proposed for a
specific company.
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B ycrnoBusix BBICOKON KOHKYPEHIIMM W Pa3BUTHS HH(PPOBBIX TEXHOIOTHI
web-caliT CTaHOBUTCS KITFOYEBHIM MHCTPYMEHTOM YCIEITHOW paOOThl B MHTEPHET-
mapketuHre. Ha mnpumepe xomnmanmm «Kpomac» mokaxeM BO3MOXKHOCTH
coBepiieHcTBoBaHus SEO-nponBuxkeHus: BeO-pecypca B HAPABICHUH YITyUIlICHHUS
nouckoBoi BuauMoctu. Yactoe npeanpusitue (UI1) «Kpomac» — 310 areHTCTBO
MHTEpPHET-MAapKETHHTa, 3aHUMarolieecs pa3paboTKoil BeO-caliTOB M OKa3aHHEM
yciyr B chepe HHTEpHET—MapKETHUHTa JIJIs MaJIoro, CPEeTHEr0 U KPYIMHOro Ou3Heca
o Bcemy Mupy (mpeuMyniecTBeHHO Ha Tepputopuu benapycu u ctpan CHI'). K
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COKaJICHUIO, OAHOW M3 OCHOBHBIX Mpobsem caiita YUIl «Kponacy, ¢ Hameil Touku
3peHHMs], ABISIETCS HU3Kasd IOMCKOBAas BUIAUMOCTh u3-3a OTCyTcTBHS SEO-
ontuMuzanuu. C Uenbl0 YITy4llIeHHs MOWCKOBOM BHAMMOCTH aBTOpaMU Oblia
MpPOBEJICHA aHAJMTUYECKas pabdoTa Mo pesyiabraraMm UHPOpMaLUHU, MOJTYYEHHOU C
UCIOJIb30BaHKE cepBuca SAnnexkc Merpuka u ananutuyeckoit miuargopmel Google
Analytics. CepBucel AAnnekc Metpuka u Google Analytics Mo3BoJisiIOT MONAy4YaTh
noApoOHYI0 HHPOPMALIMIO O MIOCETUTENAX BeO-caiiTa: UX MOBEJEHUU HAa CTpaHUIAX
pecypca, IeUCTBUAX, UHTEPECAX U IPYTUX MapaMeTPax B3auMOJIECUCTBUS C CAUTOM.

JIns  MOHHTOpHMHra JOCTYIIHOCTHM CaiWTa M  OTCIEKHBAHUSA  €r0
paboTOCTIOCOOHOCTH MPUMEHSIICA ClIeMaIn3upoBaHHbIi cepBuc Uptimerobot .

[Tocne mpoBeneHHBIX pabOT ¢ OMMCAHHBIMH BBIILIE CEPBUCAMU ObLIT HayaT
Tan cOopa CEMAaHTHYECKOTro sapa M ero kiactepuzauuu. Kiacrepuszanus
CEMAaHTUYECKOTO SIIpa — 3TO MPOLECC TPYNITUPOBKHU CX0KHUX IO CMBICITY KIFHOUYEBBIX
cloB U (pa3 B OTIeIbHbIE TemMaruueckue Onoku (kmactepsl). Kiacrepuszanus
CEMAHTUYECKOr0 spa TOMOraeT ONTUMH3UPOBATh CTPYKTYpy KOHTEHTa U
YAYYIIUTh €r0 pEeJIeBAaHTHOCTh JUIsl TMOMCKOBBIX CHUCTEM, a TakXke oOJerdaer
HaBUTALMIO TTOJIb30BATEJIEH 110 CAUTY.

s xomnanuu «Kponacy» BbIAEIEHBI CIEAYOUME KIIFOUEBbIE HAPABIICHMUS:

— TIOMCKOBas onTUMU3alus B SHAEKC;

— mouckoBas ontuMuzaims B Google;

— KOHTEKCTHas pekjiama B SIHIEKC;

— KOHTeKCTHas pekiama B Google;

— NIPOJBHKEHHUE B COLUAIIBHBIX CETAX;

— pa3paboTka cailTos.

Jlns cOopa kimroueBsIX ppa3 ucronb3zoBalcs cepsuc Auaexke Bopacrar, 6b110
cobpano 100 3ampocoB s permoHa Munck. Jlms cbopa ximrodeBBIX (pa3
ucroyb3oBajcs ceppuc Srnexc Bopacra. B Tabnuie 19acTUYHO MpeacTaBlICHBI
3alpochl, HMX YAaCTOTHOCTh (KOJMYECTBO YIOMHHAHUW JaHHOTO 3ampoca B
NOMCKOBBIX cHCTEMax B MUHCKe), mo3uuuu KoMmmanuu «Kpomac» mo 3TuM
3arpocaM B MOMCKOBBIX cucteMmax Annekc u Google.

Tabmuna 1 — Cemantuueckoe sapo s caiita UYIT «Kpomacy»

3ampocsr YacToTHOCTH IHozuun Ilozuun
WS (Munck) Sunexc Google
SEO MuHCK 199 3 89
SEO ontumuszanus yciayru 9 23 -
SEO onTumuzanus neHa 21 10 -
SEO noa ko4 25 23 -
SEO npojBukeHue B SIHIEKCE LIEeHA 20 8 -
SEO nponBukeHHUE ¢ TapaHTHEN 16 7 28
SEO npojBukeHnEe areHTCTBO 19 18 67
SEO nponBuxeHue 3aKa3aThb 156 47 -
SEO npoaBuxeHre MUHCK 144 16 -
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SEO npojBuxeHue 1moJ1 K4 21 39 -
SEO nponBuxeHHe caiiTa B UHTEPHETE 16 34 -
SEO nponBuxeHue caiiTa B THAEKC 23 31 48
SEO nponBuxeHue caiiTa 3aKka3arhb 102 62 -
SEO nponBuxeHue caiiTa yCIyru 24 34 -
SEO nponBuxeHue caiita 1ieHa 74 21 -
SEO nponBuxeHHe caidiTa SHIEKC 1IeHa 12 5 -
SEO nponBukeHne CTOUMOCTD 37 11 -
SEO npojBuxeHue 1eHa 215 10 -
SEO npoasukeHue 1ieHa yciayra 7 10 -

Ilpumeuanue — Victounuk: coOcTBeHHas pazpadotka [llapeiiko A.A. 1o 1aHHBIM CepBHCa

Sunekc Bopacra

3anpocel  pas3leneHbl HAa TEMATUYECKHE KIACTEphl, 4YTO I103BOJIHUIIO
CTPYKTYpUPOBaTh JTaHHbIC Il JajbHeWmed ontumuszanuu. Ha puc. 1 orpaxkeHa
BUJIMMOCTb IPOLIEHTA 3alIPOCOB.

3anpocos B 3anpocos B 3anpocos B
TOP 3 TOP 10 TOP 30

14 - /134

24%

Pucynok 1 — Buaumocts, nporieHT 3anpocoB B Tor-10 u Ton-30
nouckoBbIX cucteM kommnanun UYYII «Kpomacy mo coOpaHHON ceMaHTHKE
[Tpumeuanue — Mctounuk: [1]

Hcxons w3 coOpaHHBIX JAHHBIX, CTpPaTErwsi IMOUCKOBOW ONTHMU3AIUU
KOMITAaHUM HYXAaeTcsi B nopadotke. Tonbko 24 % 3ampocoB W3 ABYX MOUCKOBBIX
cuctem Haxonsatcs B TOII-10, a 40 % 3anpocoB — B TOII-30. IIpu stom B Google
y KOMITAaHUU TTO3ULIMH XYK€, YeM B SIHIEKC.

N3 coOpaHHOTrO CEMaHTUYECKOTO siipa OBLIIO BBIJEICHO § KIacTepOB.

. [TouckoBoe npoBUKEHUE.

. IlonckoBoe nponBuxeHue B SHIEKC.

. [TouckoBoe nponsmwxkenue B Google.4.  KoHTekcTHas pekiama.
. Konrekcrnas peknama B Snaekc.

. KonTtekctHas pexnama B Google.

. IIponBuxkeHue B COLUAIBHBIX CETAX.

. Co3nanue caiTos.

Jna xnacrepoB «llomckoBoe mnponsukenne B SAngekcy», «llouckoBoe
nponasmwxkenne B Google», «KontekcTHas pekinama B SHackc», «KoHTekcTHas
pexiiama B Google» mpennaraercs co3aTh HOBBIE CTPAHUIIBI COOTBETCTBYIONIIECH
TEMAaTHKH, TaK KaK Ha CaliTe OTCYTCTBYIOT JaHHBIE CTPAHUIIBI.

O deKTUBHOCTh KOPHIOPATUBHOTO CaTa HAMPSIMYIO BIUSIECT HA MPUBJICYEHUE
U yAep:KaHUe KIMEHTOB, IO3TOMY HEOOXOIUM KOMILUIEKC MEp M0 €ro YIYUIICHUIO U
Pa3BUTHUIO HU(POBBIX KAaHAJIOB MPOJIBHKECHUS

0O~ O\ L W N —
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B yciioBHAX BBICOKON KOHKYPEHIMM M Pa3BUTHS LUQPPOBBIX TEXHOJIOTUN
web-callT CTaHOBUTCS KIIFOUEBBIM MHCTPYMEHTOM YCHEITHOW paOOThl B UHTEPHET-
mapketusre. s YII «Kpomac» Ba)XHO IMOCTOSSHHO COBEPIIEHCTBOBATH OHJIANH-
KOMMYHUKAIIMK C LEeJIeBO ayguTopuei. DPp(HeKTUBHOCTh KOPIMOPATUBHOIO cailTa
HanpsIMYyIO BIUSET Ha MPUBJICUEHUE U yIepKaHUE KIUEHTOB, IO3TOMY HEOOXOIUM
KOMILJIEKC MEp MO €T0 YAYUYUIEHUIO U Pa3BUTHIO IIU(PPOBBIX KAHAJIOB MPOABHIKEHHUS

Hcnonb3oBaHHbIE HCTOYHUKU:
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Abstract: To ensure the user's productive work in a standard or modified
information system, it is necessary to provide high-quality support. The article
examines the existing methods of information system maintenance and uses the
analysis hierarchy process to select the best method for the "Salary and Personnel
Management" system.

Keywords: method of hierarchy analysis, maintenance of information
systems, information system, methods of maintenance.

CBOEBpEMEHHOE U Kau€CTBEHHOE COINPOBOXKIEHUE HH(GOPMALMOHHON
CUCTEeMBbl «3apruiatTa W yIOpaBiICHUE TMEPCOHAIOMY SBISIETCS HEOOXOIUMBIM
YCJIIOBUEM YCHEIIHOW JEATebHOCTH JII000ro MpeAnpusaTHs, 00eCIeurBaONIUM
cOOJTIOZICHNE HOPMATUBHBIX TPeOOBAaHUM, MOBBIIIICHUE MPOU3BOIUTEIBHOCTH TPY/Ia
U ONTUMU3AINI0 (UHAHCOBBIX pecypcoB. B xone ananu3a npeamMeTHO# 00aacTH Mo
MarepuaigaM POCCHUHCKOM U 3apyOeKHOW JIUTEparypbl OBbUT BBITIOJHEH 0030p
METOJIOB COITPOBOXK/ICHUSI PA3TMIHBIX WH()POPMAIIMOHHBIX CUCTEM.

HaubGonee pe3yabTaTUBHBI CISTYIOIINE METOJIBI:

- KoppektuHoe conpoBoxaeHue. BkiatodaeT B ce0s ncnpapiieHUE OITUOOK,
OOHOBJIEHHE TPOTPAMMHOIO OOECTICUCHHS W YCTpaHEHHE HEMOoJaJ0K B padoTe
cucteMbl. J[JIsi 3TOTO MCTHONB3YIOTCS METOJIbI TECTUPOBAHUS, OTIAJKU W aHAJIU3a
poOem.

- AnantuBHOE COTIPOBOXKICHUE. Hanpasneno HA  aJaNTaluio
UH(GOPMAIIMOHHON CHCTEMBl K M3MEHSIOMUMCS TpeOoBaHUSM Ou3Heca WU
U3MEHEHUSM  BHEIIHeW  cpenpl. Bximiowaer B ceba  MomuduKaiuio
(YHKIIMOHAJIBHOCTH, 100aBI€HHE HOBBIX BO3MOXKHOCTEHM U MHTETPAIUIO C IPYTUMHU
cucteMamu [2].

- IlpenynpeautenbHoe compoBokaeHne. OCHOBaHO Ha aHaIM3Ee U
IIPOTHO3UPOBAHUH BO3ZMOXHBIX IIPOOJIEM U OITMOOK B paboTe cucTteMbl. Bkirrodaer
B ceOs MOHHUTOPHHI, aHAJIW3 JAHHBIX M MPUHATHE MEp MO MPETOTBPALICHUIO
BO3HUKHOBEHHUS Ipooem [3].

~ TIpodunaktudeckoe COMPOBOKIACHHE HHPOPMAITMOHHONW CUCTEMBI — 3TO
M3MEHEHHWE MPOrpaMMHOr0 MPOAYKTa T[OCJIE T[OCTaBKH [JIi BBISIBICHHUS H
UCITPABIICHHS CKPBITBHIX JAE(EKTOB 10 TOTO, KAK OHU CTaHYT SBHBIMH OIIMOKAMH.
OOBIYHO TaKoOE€ COIMPOBOXKACHUE TMPOBOASAT HJsi TPOTPAMMHBIX MPOAYKTOB,
CBSI3aHHBIX C 00ECIICUCHUEM HIIH 3aIIUTON >KU3HU JIroaeH [4].

- IlomHoe (COBEpIIECHCTBYIOIIEE) COMPOBOXIACHHUE HWHMOOPMAIMOHHON
CUCTEMbl — 3TO HM3MEHEHUE MPOrPaMMHOIO MPOAYKTa MOCJIE€ MOCTAaBKU s
VAYUIIEHUS TPOU3BOMUTEILHOCTH WM YI00CcTBa JKcrutyaranmuu. [Ipw Takom
COTIPOBOXKJCHUU TPOAYKTY MPHUAAIOT HOBBIE KaueCTBa, MOBBIMIAIOT €ro paboune
XapaKTePUCTUKH, POUCXOAUT MOACPHU3AIMS U pa3BuTre GyHKIMOHaNa [4].

ITonxonsr:

— IlpoaktuBHblii moaxon [5]. MHunmaruBa UCXOOUT OT OOCIYKHBAIOIIETO
nepconana. K »a3tomy mnoaxomy OTHOCSTCA NPOPUIAKTUYECKOE U TOJHOE
(COBEpIIICHCTBYIOIIEE) COMPOBOXKICHUE.
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~ PeaxtuBnHbiii meton [6]. MHuuumartuBa HaxomuTcs y moib3oBarenend. K
ATOMY MOJAXOAY OTHOCSTCSI KOPPEKTUPYIOIIEE U aJallTUBHOE COMPOBOXKIACHHUE.

[IepBpiM 3TarioM B pELUICHUWU 3aJa4udl MPUHATHS PELICHUS SBISETCS
JIEKOMIIO3UIIUSI TPOOJIEMBI Uepe3 ONpeieiCHUE €€ KOMITIOHEHT U OTHOIICHUN MEXY
Humu. Hepapxus BbeIOOpa METOIOB CONPOBOXKICHHUS CHUCTEM, BBIMOJHEHHAS C
ncnons3oBanreM CIIIP «Pemenue» [1] npeacrasinena Ha pucyHke 1.
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Pucynok 1 — Mepapxust BbIOOpa METOIOB COMTPOBOXKICHHUS

Kak BumHO U3 prcyHKa 1, pacCMOTPEHHBIEC BBIIIE METOIBI COMPOBOKICHHSI
Oy/IyT OIIEHUBATHCS 110 CICAYIOMUM KPUTEPHUSIM:

1) OGHapykeHHe KPUTHYECKUX TMpoOIeM — BEPOSTHOCTH OOHApYKECHHUS
KPUTHYECKOH MpOoOJIeMbl, KOTOpas OCTaHABIMBACT JdallbHEHIIYI0 paboTy
TOJIB30BATENS M HE MOXKET OBITh perieHa 00XOIHBIM CITIOCOO0M;

2) CkopocTh 00pabOTKH — BpeMsi, KOTOpoe Oy/IeT 3aTpauyrlBaThCs Ha PEIICHHE
MIPUOPUTETHOM TSI TTOJIb30BaTelIel IPOOIEMBbI C MOMEHTA €€ OOHAPYKCHHSI,

3) TpymoéMKoCcTh — Tpymodachl pa3pabOTUYMKOB W/MIM KOHCYJIBTAHTOB,
MOTPAYCHHBIE HA PEIICHNE BOZHUKIIIEH MPOOIEMBI;

4) Pazgute HOBOTOo (hyHKIIMOHATA — BO3MOXXHOCTH BHEIPEHHUS HOBOTO
(dyHKIIMOHAJIa B CUCTEMY T0JIb30BaTeNeH;

5) [Iporno3upoBanue MpodIeM — BEPOSTHOCTh OOHAPYXKHUTh WU PEIIUThH
mpoOsieMy 0 MOMEHTA, KOT/a MOJIb30BaTelb C HEM CTONKHETCS.

CJIGILYIOIHI/IM 9TalioM ABJICTCA OCYHICCTBIICHHUC IIOIIAPHOIO0 CPABHCHUA

OTIEIbHBIX KOMIOHEHT wuepapxuu. CpaBHEHHUE KpHUTEPUEB MPEJCTABICHO Ha
PHUCYHKE 2.
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[£:] CpaBHEHWE KpUTEPUER b4

1. 2 3 4. T MpHopHUTETEI

1. ObHapy#eHne kpuTuaHe npobnem/ 11 |5/1 M1 2/1  [3/1 0,417
2. MporHosupoBaHKre Npobnem 15 |31 |2 |14 |13 p,062
3. PaseuTue Hosoro yHkwmoHana (14 [2/1 |41 114/3 |12 p,097
4, CropocTe obpaboTwm 12 M1 31 |11 [2f1 p,263
5. TpyAoEMKOCTE 13 B 21 |2 |if1 160

C3: (5,069 | WC: |0,017 | OC: 0,016

Hconeangate

* [1NA CPEBHEHWA KPUTEPWES ABDMHONA
KWK HA AYEAKE MATPMLEI CPEBHEHIA

Cancel

Pucynok 2 — CpaBHEHUE KpUTEpPUEB

HaubGonee 3HaunmbiM kputepueM sBisercs «OOHapyKeHUE KPUTUYHBIX
npobiaem», Tak Kak OT HEro HampsMyl 3aBHUCUT BO3MOXHOCTB I10JIb30BATEIIs
paboTaTh B CUCTEME U BBIMOIHATH CBOM (DYHKIUH.

HaI/IJ'Iy‘{IIII/IM MCTOAOM II0 JAHHOMY KPUTCPHUIO ABJISACTCA ((KOppeKTI/IBHOC
COIMPOBOXACHHUCY, YTO IMPCACTABIICHO HAa PUCYHKC 3.

|£: Cpaenenmne pewenni no kputepuie "OBHapy#eHne KPUTHUYHER Npobnem” *

1. 2. 3 g2 5 [MpHoOpHUTETEI

1. KoppeKTHBHOE CONPOBOMAEHHE /1 [3/1 MM 51 2/1 0417
2. ANanTWBHOE CONPOBOHOEHHE 13 |1/1 21 |31 |1f2 0,160
3. MpeaynpedrTENEHOS CONPOBOMAEHWE 14 |12 1 21 |13 097
4, MpodNaKTHYECKOE CONPOBOMH AEHHUE 15 |13 2 i1 |14 062
5. MonHoe (CoBEpWEHCTEYHOWEE) conpoBoskaeHve(1/2 121 13/1 M1 |1/1 0,263

C3: (5,009 | MC: (0,017 [ OC: 0,016

HMccnepoeaTte

* [1NA CP3BHEHWA KPUTEPKMEE ABOMAHON
KMWK HA AYEAKE MATPHLEI CDEEHEHWA

Cancel

Pucynok 3 — CpaBHeHue penienuii mo kputepuio «O0HapyxeHue
KPUTHUYHBIX TPOOIEM)»

CrnenyroomuM KpUTEpUEM 10 3HAYUMOCTH SBIsieTCs «CKOPOCTh 00paboTKm»,
TaK KakK IOJb30BaTeIsIM KPUTHUYECKU BaKHO ITPOJIOJIKUTH BBINOJHEHUE CBOUX
00s13aHHOCTEH B KpaTYalIIie CPOKH.

Hawnydmmmuy MeTogamu 1o TaHHOMY KpUTEPUIO SBIsIIOTCS «KoppektnBHOE

conpoBoxaeHue» u «llonHoe (COBEpIIEHCTBYIONIEE) COMPOBOXKIEHUE», YTO
MPEACTABIEHO HA PUCYHKE 4.
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[£:] CpaeHenue peliednid no kputepuie "Cropocte cBpaBoTtim” x

1. 2 S 32 3. [MpHopHUTETEI

1. KoppexTHBHOE CONpOBOH 0EHHE 11 21 |31 Bf1 |1f1 324
2. AQENTHEHOE CONPOBOMAEHHME 12 |3f1 /1 |51 |32 0,190
3. MpeaynpeaMTensHOE CONPOBOH IEHME 13 |if2 |31 |51 |13 o122
4, MpodHNaKTUHECKDE CONPOBH IEHME 16 |15 |35 11 |35 P04
5. MonHoe (coBepweHcTEyowee) conposowaeqme(lf1 (21 (31 B/1  |1f1  |0,324

C3: 5,082 | WC: 0,020 OC: 0,018

HMcocnepneaTte

* [1NA CPaBHEHWA KPUTEPKWEE ABOAHDN
KWK HA AYEAKE MATPHLEI CPEBHEHIA

Cancel

Pucynok 4 - CpaBHenue penieHuii o kputepuro «CKopocTb 00padoTKU»

Kpurepnii «Tpylo€MKOCTBb» HMMEET BBICOKHM NPHUOPUTET, HO YCTYIMAET
OpEenbIAYIINM JIBYM, TaK KakK 3aTpaTbl BPEMEHHM COINPOBOXKJIAIOLIETO NEPCOHANa
(pa3paboTyuKu W/WIM KOHCYJABTAHTBHI) MEHEE IIEHHBbI, 4YeM BpeMsl MPOCTOs
NIOJIb30BATEIISI CUCTEMBI.

HaI/IJ'Iy‘{IIII/IM MCTOAOM II0 JAaHHOMY KPUTCPHIO SBIIACTCA ((KOppeKTI/IBHOC
COIMPOBOXACHHUCY, YTO IMPCACTABIICHO HAa pPUCYHKC 5.

[£:] Cpaenenme pewennid no kpuTtepuo "Tpygoémeocre” >

1. 2. 3 4. 3 [MpHOpHUTETEI

1. KoppeKTHBHOE CONPOBOHAEHKE 11 |5/1 WM B 21 0,413
2. ANanTWBHOE CONPOBOHOEHKE /5 |1/1 2 |13 1f4 o061
3. MNpeaynpeoUTENEHOES CONPOBOMAEHWE 14 [2/1 1 |14 |13 084
4, MpotdNaKTHMHECKOE CONPOBOH AEHKME 13 [3/1 MM i1 |12 182
5. MonHoe (CoBEpWEHCTEYHOWEE) conpoBoskaeHke(1/2 41 31 |21 |1f1 0,260

C3: [5,166 | WMC: (0,041 | OC: 0,037

HMccnepoeaTte

* [1NA CPaBHEHWA KPWTEPKWEE ABOMHONA
KWK HA AYEAKE MATPHLEI CDEEHEHWA

Cancel

Pucynok 5 - CpaBHeHue penieHuii no kpurepuro « Tpyno€MKoCTb»

[IpenmocnenHuM MO 3HAYMMOCTH KpUTEpueM siBisieTcs «Pa3BuTue HOBOTO
(dbyHKIIMOHANIa», TAaK KaK BHECEHUE MTOJOOHBIX M3MEHEHUN B CUCTEMY HE TIPUHOCUT
3HAYUTEILHOTO PUPOCTa Y HEKTHBHOCTH PAOOTHI MOIB30BATENICH ITOM CUCTEMBI.

Hauny4imrm MeTomoM MO JaHHOMY KPUTEPHUIO SIBISIETCS «AJANTUBHOE
COIIPOBOXKJIEHUEY, YTO MPEACTABICHO HA PUCYHKE O.
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1. KoppeKkTHBHOE CONPOBCHASHHME

2, AnanTHBHOE COMNPOBOHAEHWE

3. MpeaynpegMTensHOS CONPOBOMHAEHHE

4, MpodHNaKTUHECKDE CONPOBH IEHME

5. MonHoe (COBEPWEHCTEYHOWEES) CONPOBOHOEHME

£:| CpaeHeHue pellednid no kputepuin "PaszenTHe HoBoro dyHKUMOHANA"

C3: 5,187 | UC: 0,047 OC:

* [1NA CPaBHEHWA KPUTEPKWEE ABOAHDN
KWK HA AYEAKE MATPHLEI CPEBHEHIA

1. 2 3 32 3. [MpHopHUTETEI

11 |3/5 (i1 |13 |14 P07l

51 |3/1 131 |1 |2/1 422

11 |1/3 (i1 |42 |12 099

31 |34 121 |11 |13 P14

41 |2 121 Bf1 i1 0,266
Cancel

HMcocnepneaTte

PucyHnok 6 - CpaBHeHue penieHnid o kpurepuro «Pa3Brutre HOBOTO

(byHKIIMOHATIa»

IIo CJIICAHUM KpUTCPUCM ABJIACTCA

«IIporuosupoBanue

pooIemM».

HeBo3moxHO CO3aaTb CUCTEMY, B KOTOpOﬁ HEC 6y,2]€T OITMOOK HJIN IOJIb30BaTEIIN HE

OyIyT MPOCHUTH IEPCOHATBHBIX U3MEHEHUM.

HaI/IJIy‘{IHI/IM MCTOJAOM II0 AAHHOMY KPUTCPUIO ABJIISICTCA ((AJIaHTI/IBHOG
COIMPOBOXACHHUCY, YTO IMPCACTABIICHO HAa pPUCYHKC 7.

£:| CpaeHeHue peliednid no kputepuio "Mpordosnpoeadne npotnem”

1. KoppeKkTHMEHOE CONpOBOM AEHHE

2. AQanTHBHOE CONMPOBOMAEHHE

3. MNpeaynpeauTENEHOE CONPOBOHAEHWE

4, MpodHNaKTHMHECKDE CONPOBHAEHNE

1. 2. 3 4. 3 [MpHOpHUTETEI
11 |35 |4 |3 |12 062
51 |31 121 Bl |1 04917
41 |2 1 21 |31 P,263
31 |3 |2 i1 |21 0,160
21 |14 /3 |2 i1 0,097

5. MonHoe (COBEPIWEHCTEYHOWEE) CONPOBOHOEHIME

C3: 5,069 | WC: 0,017  OC:

* [1NA CPaBHEHWA KPWTEPKWEE ABOMHONA
KWK HA AYEAKE MATPHLEI CDEEHEHWA

Cancel

et

HMccnepoeaTte

Pucynok 7 - CpaBHeHue penienuii o kpureputo «IIpornozupoBanue
poOIeM»

[IpoBenst Bce cpaBHEHHUs Ul HMEPAPXUU, MOXKHO MEPEUTU K pe3ynbraram
PaHXXUPOBaHUs METOAOB. [ [pHOPUTETHOCTH NpenCTaBICHA HA PUCYHKE 8.
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an (TP “Pemesne”

Pesymsrarel

® KoppeKkTusHOe coNpoBoXKAeHUe=0,335 @ AjanTuBHoe conpoRmxeHHe=0,192 @ MpeaynpeauTensHoe conposoxaeHne=0,114 O MpodunakTHueckoe conpoBoXaeHue=0,087
MNonHoe (CoeplueHCTBYWee) conpoBokaeHne=0,271

MonHoe (coBepleHcTByOWee)
CONpoBoKAeHNE(27,1% )

KoppeKkTHBHOE conpeaox(,qewe(33,5%)|

|I'Ipo¢wna>«muecme conpoemlmeuue(ﬂ,?%)}—'—’/

MpeaynpeaMTeNsHoe CONPOBOXAEHHE
(11,4%) AZanTHBHOe ConpoBoMaeHue( 19,2%)‘

PI/ICYHOK 8 —HpHOpI/ITeTHOCTB MCTOOOB COIIPOBOKIACHUA

Ha ocHoBe mprMEHEHHOTr0 KJIAaCCHYECKOTO0 METO/Aa aHaliu3a HepapXuil s
BbIOOpA aNbTEpHATUBBI, HAWIYUIIICH MO0 MHOXECTBY KPUTEPUEB, ObLIO BBISBICHO,
YTO HaWJIydIIuM MeTonoM sBisieTcs «Koppektupyromiee compoBoxiaeHue». Ho
nockoJIbKy U «KoppekTupyrolee COmpoBOXKICHUE» HE 3aKPhIBACT BCE peIllacMbIe
3a/layy, TO IOCJE €ro MCIOIb30BaHUS JOMYCTUMO MOCIEAYyIollee MPUMEHEHHE
«IlomHOro  (COBEpIIEHCTBYIOIIETO)  COMPOBOXKACHHUS» U «AJANTHUBHOTO
COTIPOBOKIEHUS» /11 KOMIIEHCAIIMU HEOCTATKOB JIUJEpA.
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YUYET JAHHBIX ITO CTYAEHTAM HA ITPOU3BOJICTBEHHOM
INPAKTUKE

Annomayusa: B cmamve npeocmasien pazpabomanHbulil NOIb308AMENbCKULL
unmepgelc uUHGOPMAYUOHHOU CcUCmeMbl NO Be0eHUl0 yuema O0esamelbHOCmU
CMYOeHmo8 Ha NPoOU38OOCMEeHHOlU npakmuxke 6 opeanusayuu. Cucmema
paspabomana na naamgopme 1C: [lpeonpusmue 6 sude omoenbHo20 MOOVI.
IIpuseoeno onucanue KOHMPOILHO20 NPUMEPA PearU3ayuUu NPoeKma, cooepicaujee
npoyecc 3anoiHeHusi NOOCUCmeM, CHPABOYHUKOS, Pe2UCmpos, OOKYMEHMO8 U
omyemos. Paspabomannviii modyne nozeonum xpawums uHgopmayuro o
NPAKMUKAHMAx, 8ecmu yuem npoyecca ooydenus u Gopmuposams HeoOXo0umble
omuyemai.

Knrwouesvie cnosa: ungopmayuonnas cucmema, 1C: I[peonpusmue,
peaucmp, OOKyMeHm, Omuem
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DATA ACCOUNTING FOR STUDENTS IN PRACTICE
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Abstract: The article presents the developed user interface of the information
system for keeping records of students' activities during their practical training at
an organization. The system is developed on the 1C:Enterprise platform as a
separate module. It provides a description of a control example of project
implementation, which includes the process of filling out subsystems, reference
books, registers, documents, and reports. The developed module allows for storing
information about trainees, maintaining records of the training process, and
generating necessary reports.

Keywords: information system, 1C:Enterprise, register, document, report.

B mporecce 00ydeHHs KaXKIOTO CTyJAEHTa C IENbI0 MOJYYCHUs 3HAHUU |
YMEHUW, HEOOXOIUMBIX IJIsi pabOThl B pEAbHBIX OPraHU3allUsAX, MPOBOASTCS
NPOM3BOJICTBEHHBIE U MPEAIUIIIOMHBIC TPAKTUKA. B OHY OpraHM3anuio MOXKET
NOCTYMUTh OT 1-2 CTYAEHTOB /0 HECKOJBKHX COTEH C CaMBIMH Pa3IUYHBIMH
3HAaHUSMU ¥ OOYYarONIMXCS Ha pa3HbIX, 3a4aCTyI0 HHKAK HE CBSI3aHHBIX MEXKIY
co0oll HampaBieHusiX moAroToBku. [ns kaxmoro BY3a tpebyercsa cBosi popma
OTYETHOCTH, YTBEP)KICHHAS PETIAMEHTHBIMHU JTOKYMEHTaMH, HEOOXOIMMO BECTH
y4eT BBITIOJHEHHUS 33/IaHUH CTYJICHTOB, ITUCATh OT3BIBBI M BBICTABIIATH OIICHKH. B
TaKOM CITydae BCE ATO JIOKHUTCS JTOTIOJHUTEILHOW HArpy3KOW Ha OpTaHHU3AINI0 U
OTBJICKAET COTPYJHHKOB OT BBHIMOJHEHHS BaXXHBIX IMPOCKTOB, a PYYHOH YdYeT
607X 00beMOB HHGOPMAIIMH OKa3biBaeTCs Maod((PEKTUBHBIM U HEYTOOHBIM.
Co3nanne WHQOPMAIIMOHHOW CHUCTEMBI [UISI  OTCJICKWMBAHUS  TPOXOXKICHUS
MPOM3BOJICTBEHHON TPAaKTUKHM CTYICHTAMH B OpPTaHHM3AIMSIX MOXKET PElINTh BCE
BO3HMKawIIMe Tmpobsembl. Pa3zpabotaeM Takywo cuctemMy Ha I1atdopme
1C:ITpennpusrue.

[Tpu 3amycke co3ganHoi koHurypanuu B 1C:IIpennpusitue npenyiaraercs
BBIOpaTh TPOQUIL IMOIB30BATENsA, II0J] KOTOPBIM OyIET OCYIIECTBISATHCS
nanpHeimas padorta. Tolbko agMUHHUCTPATOP WMEET IOJIHBIM JOCTYI KO BCEM
MoJIcCHCTeMaM U 00bEeKTaM paszpaboTaHHON koHurypamuu. 13 puc. 1 BUgHO, 4TO
aJIMMHUCTPATOp MMEET JOCTYN K noacucteme «Bce u cpa3y», KOTopasi BKIIOYAET
BCE CO3JaHHBIE OOBEKTHl KOHPUTYypaluu, a TaKkKe K TOoACHUCTeMaM
JOKYMEHTOOOOpOT, TMpaKTHKa M CTYIEHTBI, Yy JPyrUX MOJb30Bareieil aocTymn
OTpaHUYCH.

& = VYuer cTymenTos Ha npaktuke (1C:MpeanpusTre, yuebHas Bepcus) Q A D % Awwmmcparp — _ O X

2]

iy ) > ° =
| naeHoe ,Ti' 1[( Beé u cpasy [[Z[) AokymenTooGopot g; MpakTuka -- CTyneHTsl

Bpema Ha npakTuke  MToroBoe TecTupoBanue  [MacnopT ywawlerocA [MpeaeHTtaumA  [puém Ha npaktuky  CobecepoBaHne  CotpygHukn  CTyoeHTsl  Euwe = OTuetsl -

Puc. 1 Ilogcucremsl, 1OCTYHBIE AIMUHUCTPATOPY

[Toncucrema «J{okyMeHTOOOOPOT», Mpe/ICTaBICHHAs HA pUC. 2 BKIIIOYAET B
cebs crnemyromue nokymMeHThl: [Ipuém Ha mnpaktuky, llacmopr ywamerocs,
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Hrorosoe tectupoBanue u Bpemst Ha npakTuke. Bo BCIJIbIBAIOIIEM OKHE OTYETOB
npencrasieH oT4€T IlocenaeMocTs.

@ = Yuer cTymeHTOB Ha NpakTuke (1C:MpennpuaATHe, yuebHan BepcUA) Q
4 ,,-". = 'y =
| 545 i n 0.0 B
| [nmaBHoOE f s Bcé u cpasy [okymeHToobopoT i MpakTuka i CTyOeHThl
Bpema Ha npakTuke  WToroeoe TecTupoBanwe [lacnopT yyaweroca  [lpuém Ha npakTuky OTyeThl ~

MocewaemMocTs I

Pucynok 2 Conepskanue noucucteMsl «JJokyMmeHToo60poT

[Moncucrema «llpakTuka» BkIO4aeT B ceOs AokyMeHTHI: [lpeseHTanus,
[Tacopt yuwamerocs, toroBoe tectupoBanue u BpeMst Ha mpakTuke. A B OKHE
oTuétoB nomuMo otuéra Ilocemaemocts nmpucyTcTByeT OTUET O BBIIOJHEHHBIX
3a/1aHUSIX.

1@- = Yuer cTyneHToR Ha npakTuke (1C-TpeanpuaATue, yuebHaa Bepcua) Q Ja¥

- g
ity - _ T Bt y =
“p 14 0 y L)
| TInaeHos ,[_ 1, Bcé w cpasy |EI [okymeHToobopoT ;; MpakTuka @ CTyaeHThl

Bpemn Ha npakTuke  WMToroBoe TecTupoBadue  [lacnopt yyaweroca  [peseHTauus OTyetsl -
OTYET 0 BLINOMHEHHbIX 3a0aHNAX

MNocewaemocTs

Pucynok 3 Conepsxanue noncuctemsl [Ipaktuka

[Toncucrema «CtTyneHTBI» CONEpPXHUT B ceOe crpaBouyHuku: CTylIeHTHl U
VYyeOnbie 3aBenenus. Takke B HEM oTpakaroTcst JOKyMeHThI: [Ipuém Ha mpakTHuky,
CobecenoBanue u TecTupoBaHue 1Mo HHPOPMAIIMOHHON O0€30MaCHOCTH.

&= = Yuer cTyneHToB Ha npakTuke (1C:TpeanpuaTue, yuebHaa BepcyA) Q
] li”‘ - & —
i _ = Pt (&)
| [naeHoe ,'Il_ 'h Bcé u cpasy [NokymeHTooBopoT e MpakTuka & CTYOEHTHI

Mpuém Ha npakTuky  CobecefoBanre CTyAeHTbl  TecTUPOBaHWE N0 MHMOPMaLMOHHOR  YuyebHeble 3aBefieHna
DesonacHocTH

Pucynox 4 Coneprxkanue nojacuctembl CTyI€HTHI

[Ipu co3manum Momyns He ObUIO HEOOXOMMMOCTH B CO3JAHUU
MpenonpeneéHHBIX IEMEHTOB, MOPTOMY B PEKHMME paldOThl ¢ KOH(UTyparuen
HE0OXOIMMO 3aMOHUTH UX BPY4YHYI0. J711 Havama HEoOX0UMO BHECTH B CUCTEMY
uHpopmanuio 00 y4eOHBIX 3aBEACHHSIX, C KOTOPBHIMHU 3aKJIIOUYEHBI JOTOBOPBHI O
MPOXOXKJICHUN Pa3TUYHBIX BHUJIOB MPAKTUK Ha Tutargopme mpeanpustus. Tak kak
CTPYKTypa BBICHIMX YYEOHBIX 3aBEJCHUM MHOTOYpPOBHEBas, TO HEOOXOIUMO
CO3/1aBaTh TPYIIIIbI JJIs1 pa3srpaHUYEHUs] OpraHU3allMOHHBIX YpoBHEN. Ha pucynke 5
MPEACTaBICHO MECTO Kaeapbl MaTEMAaTUYECKOTO U MIPOTPAMMHOTO 00ECIICUCHUS B
pa3paboTaHHOM CTPYKTYpeE.
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- YuyebHble 3aBeaeHUs

Kacbeppa MaTeMaTHUeCckoro 1 NPOTPaMMHOro ... @ i O X
Cosnams | | Cosaams roynny | | ) P Q-
y
Hauwenosanme U Kea Janeaylowni kapenpoli —
| 3anncare nzakpere | | 3anucan Ewe -
- Benly 000000001
i Kon 000000006
~ 5 VIHCTUTYT uHbKeHEpHBIX 1 UM POBLIX TexHonorni 000000003
o — \ Hanerogae KatheApa MaTeMaTIECKOrD W MpOrpaMiHaro oBecnedsHiA UHGopNay
= Kathenpa MaTeMaTiusckoro i nporpanis . 000000006 3anuens Anexcanap Hukonaesmu | Pogwrens DakynTeT MaTEMATHKI U MHGOPMETII
= KabeApa NpUKAEAHOI UHGOPMATIKN 1 1._. 000000007 Tlomaus Briaguuup BacTeeE | Jamenyiowii kadeapoli: |Janueun Anekcanap Hrkonasen

Aapec yn. Mobeas, 85, kopn 17, k.2-31
3NeKTPOHHAR MouTa zalivin@bsu.edu_r|

Teneox 0

Pucynok 5 CtpykTypa BbICHINX Y4eOHBIX 3aBEICHUIN

JIist 3arofIHEeHUs TaHHBIX CTYIEHTOB, KOTOPbIE MPUXOAST yCTpauBaThCad Ha
MPaKTUKY, 00s13aTeNbHO HEOOXOAMMO YyKa3arb B (opMax BbIOOpa pPEKBHU3UTOB
«Bnanenen» u «BY3» Ha3zBaHue kadenpsl ¥ BbICHIEIO Y4EOHOrO 3aBElICHMS, HA
KOTOPOM YYHUTCS CTYIEHT, CcoOTBeTCTBeHHO. CrpaBouHuku  «CTyaeHTB» W
«CoTpynHUKW» 3amojiHgeTcsl oAuHakoBo. Ha pucynke 6 mnpenctaBieHbl
3anoyiHeHHass (opMa crucka crupaBoyHUKa «COTPYAHUKH» U MPUMEDP CO3JAAHMS
HOBOTO COTpyIHHUKA yepe3 (opMy dlIeMEeHTa

- = CoTpyaHuKM Mnasbipud AHgpeit Pomaroeud (Cot... ¢ ¢ O X
Coapate [54) | 3anucaTk W 3aKpeITh ‘ 3anucars Ewe ~
U0 L Ko Tenegon Koa 000000003 hoi
= [naswipun Argpeii Pomanosiy 000000003 89211345 068 | ©UO
= Visanos Kupunn lmnmpueany 000000005 89211345 089 | ooy 89 211 345 063
= Kupunnos Anekceii MeTpoBny 000000001 89 211 556 678 p—

Opranuaauya 000 "Apc’
= PouareHko MpiHa Axapesena 000000004 89 101 345 068

Moapaanenetie Paapaborka
= Pufaxos Mean Anexceeany 000000002 89 101 875 068

HonxHocTe: Pazpab

Cbinki ATA anbTepHaTHBHON CBAIM

Pucynok 6 CrpaBounuk «COTpYyIHUKH

ITocnme Ttoro, kak OblIa BHECeHa BCS HeoOXomumas WHGpOpMAIHUSI O
COTPYIHHMKAX, CTYJACHTAaX MW Yy4eOHBbIX 3aBEJCHUAX, HauyWHAeTCs OQopMIICHHE
Iporiecca y4deTa MPOXoXKACHUS MPAKTUKH CTYICHTaMHU.

Bo BpeMs mpoxokaeHus TMPaKTHKA YacTO HEOOXOIWMO, YTOOBI CTYICHT
mpomén cobeceoBaHUE W TECTUPOBAHHUE IO MHGOPMAIMOHHON OE30MaCHOCTH.
BaxHO OTMETHTB, UTO 3TH COOBITHSI MOTYT IPOUCXOIUTH B pa3HOE BPEeMs M Ha HUX
MOT'YT IIPUCYTCTBOBATh pa3HbIC JIOAU. Bce 3TH ATanmbl GUKCHPYIOTCS ¢ IIOMOIIBIO
COOTBETCTBYIOIIMX JOKYMEHTOB, KOTOPBIC 3aIOJHSIOTCS OTBETCTBEHHBIMH
corpyaaukamMu. Ho BaXKHO OTMETHTh, YTO TIPH CO3JIaHUH JIOKYMEHTa MOTpeOyeTcs
TOJIBKO BBIOpaTh HEOOXOAMMYIO HH(GOPMAIMIO, TIOTOMY YTO OHA aBTOMATHYECKH
nmoATsATHBaeTCs u3 0a3bl JaHHBIX. Ha puc. 7 mpoaeMoHCTpUpOBaHa BO3MOXKHOCTH
BHECEHHUS JTAaHHBIX B IOKyMeHT «Co0Oece10BaHmEe.
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CBCACHHA BCCX CTYACHTOB,

- CobecepgosaHue (cosganue) *

MpoBecTH U 3aKpbITh | 3anucatb MpoBecTu
Homep
JIGIE] 07.05.2024 0:00:00

(9375 (R RIS IO K v priioB Anekcen MNeTposuy]
JobasnTs 4+ |+

N CTyaeHTbl

1 NycHowi Omutpuii OneroBud

2 CrunuoB Baaum Apkapuesny

3 XauatypsH AxHa AHOpeeBHa

CoTpygHWKK
| BbiBpatb ‘ Cosgath |
dUO

= [Na3bipiH AHAPE POMaHOBHY
= VeaxoB Knpunn Omutpuesuy

= Kunpunnos Anekceri MNetpoBu4

Mpoxoxaenne KommeHTapwii

v

BrecTALle 0TBETUN Ha BCe BONPOChHI

Bbin 6eckynsTypeH

(:7 o X
x Q Ewe
+ | Kog

000000003
000000005
000000001

Ewe -

x Eue -

Cmorna oTBeTUTh Ha DONMbLUVHCTBO BOMNPOCOB, HO ObiNa CMNMLLKOM CTeCHUTENBbHOM

Pucynok 7 JJokyment «CobecenoBaHue

I[JISI IMPOBCPKHU IMTPABUIIBHOCTH BHCCCHUA I/IH(i)OpMaI_[I/II/I B 6a3y JAaHHBIX HYKHO

+ WTorn no cobecenosaHnam

Mepron + | PeructpaTop

07.05.2024 12:00:00 Cobecefosanure 000000001 o1 07.05.2_.
07.05.2024 12:00:00 Cobecefosanre 000000001 oT 07.05.2_.
07.05.2024 12:00:00 Cobecegoeanne 000000001 o1 07.05.2...
10.05.2024 12:00:00 Cobeceposanune 000000002 o1 10.05.2__

Homep cTpokmn

1

3
2
1

Nata BpeMA

07.05.2024 12:00:00
07.05.2024 12:00:00
07.05.2024 12:00:00
10.05.2024 12:00:00

CTyneHT

MycHeIi OmuTpuid Onerosuy
XauaTypaH AHHa AHODEEBHa
Cnvnuoe Bagum Apkaguesnd

CTpensuoB MBaH AkakneBny

Pucynok 8 Utoru mo cobecenoBaHusIM

BOCIIOJIB30BATHCS (DYHKIMSIMU JIJIsI TEXHUUECKOTO crienuaniucta. OHU He TOCTYIHBI
OOBIUHBIM TOJIb30BaTeNsAM. JlaHHbIE (DYHKIIMM MO3BOJIST TOCMOTPETh 3allOJTHEHUE
peructpa ceneHuil «Mrorm mo cobecenoBaHusM». B HEM OynyT oTpa)keHbI
KOTOpbIE YNOMHHAJINUCh BO BCEX JOKYMEHTaX.
3anonHeHHBIN perucTp ceeneHuil «Mroru no codecenoBaHUsAM» NPEACTABICH Ha
pHUCYHKe 8.

X Q - Eule -

Mpoxoxaexue
v
v

v

[lo ananoruyHoii cxeme OynyT paboTaTh U Ipyrue TOKYMEHTHI C PETUCTPaMHU.

Ha pucynke 9 mpencraBieH nokyMeHT «TectupoBaHue 1Mo WHGOPMAIMOHHOMN
06e30macHOCTH», KOTOPBIM (HOpMHUpYET 3amucu B peructp cBeaeHuit «Mrorm mo
nH(OPMAIIMOHHON 0e30macHOCTHY, Hu300paxkeHHble Ha pucynke 10 JlaHHBIMI
JOKYMEHT OTPa)KaeT MPOXO0XKAECHUE CTYICHTAMH TECTUPOBAHUS C BO3MOKHOCTBHIO
BBICTABJICHHS 3a4€Ta U KOMMEHTApUSAMU OTBETCTBEHHOTO COTPYAHUKA.
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| TecTtuposaHre no HHcbopmauroHHol 6esonacHocTit 000000001 ot 15.05.2024 13:42:17

[lpoBecTH U 2aKpeITE | 3anucare [poBecTn Coagate Ha 0CHOBaHWN ~
Homep 000000001
[ata 15.05.2024 13:42:1 =]

OreeTcTEEHHLIT coTpyAHWK: |Kupunnoe Anekcei MeTpoeuy | @

Nobaents + |3

N CryneHtsl 3aueT | KoMMeHTapuil coTpynHUKa

1  Anekcees AxToH [aEnoeny v Owwbka B 5-oM BONpoCE

2 Anukees Mean Omutpuesny v Owwbka B 7-oM 1 9-om

Pucynok 9 Jlokyment «TectupoBanue 1o nHGOpMaluOHHOM
Torv no uHdpopmaLmMoHHON Be3onacHocTu & 1 X
x| Q - Euwe

Mepwviog + | Pernctpatop Homep cTpokn =~ [laTa Bpema Crynent 3auer
01.05.2024 12:00:00 TecTuposaHue no MHhopMaLMorHoit Geson 1 01.05.2024 12:00:00 XauaTypaH AHHa AHOpeeBHa
01.05.2024 12:00:00 TecTuposaHue no MHhopMaLmorHoit Geson 2 01.05.2024 12:00:00 Cnunuos Bagum Apkaguesny v
01.05.2024 12:00:00 TecTuposaHue no MHhopMaLMorHoit Geson 3 01.05.2024 12:00:00 CtpenbLos MBaH Akaknesny v
02.05.2024 12:00:00 TecTuposaHue no MHhopMaLmorHoit Geson 1 02.05.2024 12:00:00 MycHblid Jmutpuii Onerosuy v
15.05.2024 0:00:00 TecTupoBaHune No MHgopMaLMoHHo Beson 1 15.05.2024 0:00:00 Neicexko Hatanba AnfpeeBHa v
15.05.2024 13:42:17 TecTuposaHue no MHhopMaLmoHHol Geson 1 15.05.2024 13:42:17 AnekceeB AHTOH aBnosu4 v
15.05.2024 13:42:17 TecTuposaHue no MHhopMaLMoHHol beson 2 15.05.2024 13:42:17 AnukeeB VBaH [IMuTpreBu4 v

Pucynok 10 Peructp cBenenuii «Mtoru no nabopmManmoHHOM
0e30MmacHOCTH

[Ipouiecc mpuema CTYIEHTOB Ha MPAKTHKY MpelcTaBieH Ha pucyHke 11. B
HEM OTpa)kaeTcsi CTaTyC 3a4yUCIICHHs] CTYIEHTOB C yKa3aHHEeM JaThl U
OTBETCTBEHHOTO COTPYIHHUKA.

Rl Mpuém Ha npakTuKy (cosaHune) * &P Eox
MpoBecTH M 3aKpbITb ‘ 3anucaTb MpoBecTH Eule -
Homep
Data 20.05.2024 0:00:00
OTeeTcTBeHHbIA: |Pribakos Vsan Anekceesny T |
[obasuTs 4+ | 3 x Ewe -
N CTyaeHTbl 3auncnenve
1 NycHbiid OMutpuii Onerosuy il
2 XauatypaH AnHa AHgpeeBHa Vv

Pucynok 11 Jlokyment «IIpuém Ha mpakTUKy»

[Tocne mpoBenmeHus AaHHOTO JOKyMEHTa WHOOpPMAIMS O 3a4UCICHHBIX
CTYIEHTaxX MEPEXOAUT B PErUCTP CBEICHUHN «3a4UCICHHBIE», YTO OTPAXKEHO Ha
pucyHke 12.

E2EN 3auncneHHble L iox
x| | Q Euwe
PerncTpatop Homep cTpoku | [ata Bpema CTyneHTsl 3aumncnenne
Mpuém Ha npakTuky 000000001 ot 20.05.2024 12:00:00 1 20.05.2024 12:00:00 MycHew OMUTPUA Oneroeny v
Mpuém Ha npaktuky 000000001 ot 20.05.2024 12:00:00 2 20.05.2024 12:00:00 XauaTypsiH AHHa AHOpeeBHa v
Mpuém Ha npaktuky 000000002 ot 21.05.2024 12:00:00 1 21.05.2024 12:00:00 Cnunuos Bagum Apkaguesuy v
Mpuém Ha npakTuky 000000002 ot 21.05.2024 12:00:00 2 21.05.2024 12:00:00 CTpensLos MBaH AKaknesny v

Pucynox 12 Peructp cBeneHnil «3a4nCI€HHBIE»
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[Tocne popmupoBaHus JOKYMEHTOB MX HYKHO MPEACTaBUTH B TpeOyeMoM
WK yIOOHOM Uil BOCHIpUATHUS BUAE. JlaHHBIM (PYHKIIMOHAJIOM 00JaJat0T OTYETHI.
W3 otuera «3HaHue 1Mo MHPOPMALMOHHOW 0OE€30MaCHOCTHY, MPEIACTABICHHOIO Ha
pucynke 13 3a TpeOyemblil mepuoj MOXXHO ChHOPMHUPOBATH CIHCOK CTYACHTOB,
MOJIYYUBIIHX 3a4€T UM HE3a4eT.

- 3HaHue WHpopMauuoHHoi 6esonacHoCcTH
CchopmupoBats BwiOpate BapuaHT HacTpoiku

Nepuoa: [V Hauano atoi aexanm

MapameTtpel: Mepuoa: 21.05.2024 0:00:00

Mepuog CryneHT 3avet
01.05.2024 12:00:00 XauvaTypau AHHa AHfpeeeHa Het
01.05.2024 12:00:00 Cnwnuoe Bagum Apragweswd  [la
01.05.2024 12:00:00 Cipenbuos MeaH Akakmeeny  [la
02.05.2024 12:00:00 MycHwid Omutpuin Oneroewd [a
15.05.2024 0:00:00 DNeicedko HaTanea AHapeeBHa [la
15.05.2024 13:42:17 Anexkcees AHTOH MaBnoewy Oa
15.05.2024 13:42:17 Anuxees Weaw Omutpuesny [a

+ 3HaHue WHgopMaunoHHoi 6e3onacHoCcTH
CdpopmupoBaTs BribpaTh BapuaHT HacTpoiikn

Nepuop: [V] |[15.05.2024 0:00:00

MapameTtpbl: Mepuog: 15.05.2024 0:00:00

Mepuog CrtyneHT 3aver
01.05.2024 12:00:00 XavatypAH AHHa AHgpeesHa Her
01.05.2024 12:00:00 Crmnuoe Bagum Apkagueswd  [a
01.05.2024 12:00:00 Crpenbuos Meax Axakmesnd [la
02.05.2024 12:00:00 NMycHed Omurpuid Oneroena [la
15.05.2024 0:00:00 DNeuicexko Hatanss AHapeesda [a

Pucynok 13 Otuétsl «3Hanne nHPOPMAITMOHHON OE30MaCHOCTH

Ha ocHOBaHMM BBINOJIHEHHOTO TECTHUPOBAHUS MPOUCXOIUT 3aUYHUCIICHHE
CTYJIEHTOB Ha MPaKTUKY. OTCIEUTh, KTO U3 HUX OBLI 3a4UCIIEH, MOXKHO C TIOMOIIIBIO
oTuéTa «3aurCclICHHbIC» HA pUCYHKE 14.
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@ = Vuer cTyneuToB Ha npakTuke (1C:Mpennpuatue, yuebHas sepcus) Q

L ¢ nn_ N = o =
| InaeHoe 't'r,Th Bcé u cpasy [NokymeHTo0b0poT oie  Mpaktuka -- CTyaeHTl

Bpemsa Ha npakTuke  KMToroeoe TecTwpoBanve [MacnopT ydawerocs  [pezentaunsa  Tpuém Ha npakTuky  Cobecepoeanme  Cc

3auuncneHrHele

Cdchopmuposathk BuibpaTe BapWaHT.. HacTpoiku. ..

Pervnctpatop.OTBETCTBEHHBIN
3auncnenne PerucTtpaTtop.Jata CTyaeHTbI
—| |Puibakoe MeaH AnekceeBny

Na 21.05.2024 12:00:00 Cnunuoe Bagum
Apraguesnd

Na 20.05.2024 12:00:00 MycHeid Oumutprin Oneroemy

Het 20.05.2024 12:00:00 XauaTypsH AHHa AHOpeeBHa

Na 21.05.2024 12:00:00 CTpensuoB MeaH AkakveBud

Pucynox 14 OTuét, noka3bIBalOIIMi CTaTyC 3a4MCICHUS CTYICHTOB

OTYeT O BBINTOJIHEHHBIX 3aJaHUAX, HpeHCTaBHGHHBIﬁ Ha pI/IC.IS, IIO3BOJISICT
C(l)OpMI/IpOBaTL IO KaXXAOMY CTYACHTY BBI60pKy CO BCCMMH BBIITOJHCHHBIMHU W HC
BBIITIOJIHCHHBIMHU  BUAaMH pa60T. OTO TO3BOJIUT HAaCTaBHUKY HC TOJIBKO
(1)OpMI/IpOBaTB HUTOIOBYIO OTUCTHOCTb, HO 1M HAIIPABJIATH K BBIIIOJIHCHUIO Ba}IaHI/Iﬁ
OTCTAOIIUX OT IlJTaHa CTYACHTOB.

Bpemsa Ha npakTuke  MToroBoe TecTWpoBanwe [MacnopT ydaweroca  [pesedTaunsa  lNpuém Ha npaktuky  CoBecepoeaHne  CoTpy,

+ OTYET O BLINOMHEHHBLIX 3adaHUAX
Cdpopmuposate BribpaTk BapraHT. . HacTporku..
CtypeHT
3agaxve Cratyc MNepuog

BbINONHEHWA

— | MycHeId OMuTpuid Oneroend

CocTaBun OTYET N0 HOMEHKNATYpEe TOBAPOB CKNana Na 03.06 2024 12:00:00

Cospan aokymeHT "TpoaaxaloBapoB” Na 04.06.2024 12:00:00
— | CrpensLoB VMBax Akaknesny

HanucaTe 3anpoc 4nA nonyYyeHWA QaHHbIX cnpaBoYHuKa "KoHTpareHTe!" Be3 nomoLym LNa 04.06.2024 12:00:01

CKA

Co3faTe perucTp CBEAEHWUIA, XPaHALLWA aHHLIe O BEMWUYWHE BarnoT Het 06.06.2024 12:00:00

Pucynox 15 OTuY€T 0 BHINOJHEHHBIX 3aJIaHUSAX

JIns oLleHHBaHUs HEKOTOPBIX KAYECTB CTYIAEHTOB IIPOBOMASITCA MPE3CHTALIUH.
[IpenocraBnsgemMple UM TEMBI UMEIOT HEUETKHE (OPMYIUPOBKH, a BpeMs Ha
WCIIOJTHEHNWE W JIEMOHCTPAIMI0 OTPaHUYCHO. TakuM 00pa3oM MOXKHO OIICHHTH
MOZENb MOBEACHUS KaXKJIOr0 CTYIEHTa B CII0KHOM CUTyallMu. Pe3ynprarbl Takoro
TECTUPOBAHUS OTOOpaXEHBI HA pUCYHKE 16.
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OTUET No npesexTauunaM

Cdopmupoearb ‘ BribpaTk BapuaHT. .. HacTporiku. ..
CTyoeHT OueHka KommeHTapwuit
[ycHe OmuTtpuin Oneroemnd 5 KopoTko v no peny
Cnunuoe Bagum 4 Xopolwwii MmaTepuarn, Ho YiTan ¢ DyMaMkn
ApkaqueBnd
CtpensuoB MeaH Akak1eBud 3 He packpbin Temy, unTan no bymakke, nepenpeiriMan ¢ TeMsl Ha
TeMy

Pucynok. 16 OTuéT no npe3eHTanusam

Ha pucynke 17 npeacraBieH OT4ET O MOCEIIAEMOCTH CTYI€HTaAMU MTPAKTUKH.
N3 Hero BUIHO KOJIMUECTBO OTPAOOTAHHBIX CTYJEHTOM YacOB 3a KaXJIbId paOouunii
JICHb.

& = Koudwmrypauua (1C:Mpeanpuatue, yuebHan Bepcua) Q A D Y Aswmmcrparop =

- o X
51 - g dl 6 ofe T a
| TnaeHoe Wil c& 1 cpasy [NokymenToobopoT See pakTHKa @) Crypenta

Bpema Ha npakThke  WMToroBoe TecTupoBaHuwe [lacnopt yyawerocs [pesentauua [Npuém Ha npakTuky Cobecegoeanme  CotpygHukn  CTygeHTel  Ewe - OTyeThl =
+ MocelaemocTb B ® & 8 x
Cdhopmuposate ‘ BribpaTe BapuaHT HacTpoiiku... Ewe -

CTyaeHThl

MNepuog Bpems Bpems “acos

npubbITUA  yBbITHR OTpaboTaHo
3a [leHb
= |MycHem Omutpuii Onerosmy
05.06.2024 12:00:00 10:00:00 14:00:00
07.06.2024 23:19:42 11:00:00 15:00:00
06.06.2024 12:00:00 10:00:00 16:00:00
08.06.2024 4:43:29  10:00:00 16:00:00
—| |CTpeneuos MBaH Akaknesuy
05.06.2024 12:00:01 10:00:00 13:30:00 35
07.06.2024 23:22:33 9:30:00 13:30:00
06.06.2024 12:00:01 11:00:00 16:00:00 5

@ o A

Pucynox 17 OtuéT 0 nocemniaemMocTu

Takum oOpa3zom, OBUT TIpEACTaBIEH TMOJIL30BATENbCKUN HHTEpdeEiic
MHOOPMAITMOHHONW CHUCTEMBl M TIPUBEJCHO ONMUCAaHUE KOHTPOJIBHOTO MpHUMEpa
peanu3aluy NpoeKTa, CoJiepakaliee Mpolecc co3AaHus MOACUCTEM, CIIPABOYHUKOB,
PETHCTPOB, TOKYMEHTOB M OTYETOB. Pa3paboTaHHBIN MOIYJb MO3BOJIUT XPAHUTH
uH(pOPMAINIO O TIPAKTUKAHTAX, BECTU Y4€T mporecca oOydeHus: 1 (OpMHPOBATH
HEO0OXOTUMBIE OTUETHI.
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CTAHJAPTHU3ALUS U BE3OINACHOE KOJIUPOBAHUE
OBbEJJUHEHUE KBAHTOBAHUS, IPYHUHTA U JUCTULISILIUUA B
EJIVHBIN ATANITUBHBIM KOHBEWEP 1151
MHUKPOKOHTPOJLIEPOB KJIACCA CORTEX-M

Annomauyusa: Pazeepmuleanue HelpoHHbIX cemell HA MUKPOKOHMPOJLLEPAaxX
knacca Cortex-M conpsisiceHo ¢ 02panuyeHusMU No BbIYUCTUMELLHBIM PeCcypPCaM,
obvemy namsamu u sHepeonompednenuro. Unousudyanvioe npumenenue memooos
colcamusi mooesell, Mmakux Kax K8anmosauue, NPyHUHe U OUCTMULIAYUS 3HAHUL,
OeMOoHCmpupyem  02PaHUYeHHYI0  IPPeKkmusHocms 8  YCA08UAX — OAHHBIX
oepanudenutl. Jlannas paboma npeonrazaem uUCCIe008AHUE CUHEPSEMUYECKUX
aghghexmos npu nocieoosamenvbHOM KOMOUHUPOBAHUU VKA3AHHBIX Memooo8 8
eounom aoanmueHom KoHgeuepe. (OcCHO8HOE GHUMAHUE YOenslemcs aHaIu3y
83AUMO3ABUCUMOCTNEU, HANPUMED, GAUAHUSL CMPYKMYPUPOBAHHO20 NPYHUHEA HA
nocinedyrowee keanmosganue. Ilpednoscena memooono2us co30aHusi A0anmueHO20
UHCIMPYMEHMA, — A8MOMAMUYecKU  Onpeoensdioue2o U  HACMpPausaoue2o
ONMUMANBLHYIO NOCIe008AMENbHOCMb U NAPAMEMPbL Memooo8 cocamust OJis
3a0aHHOU Yenesol mooenu, yenesoco mukpoxoumpoinnrepa Cortex-M u mpebdyemvix
noxkazamesneu MoOYHOCMU. DKCNEePUMEHMANIbHbIE Pe3)lbmanivl HOOMEepHCOarom,
YMo NPeONONCeHHbIL A0AnMUGHbIL KOHBelep Npegocxooum no 3¢gekmusHocmu
UB0IUPOBAHHOE NPUMEHeHUe Memooo8 cicamus, obecneuusas 0Oojee BblCOKYIO
CMeneHb Cocamusi U YCKOpeHusi npu cooo0eHuU yenedblx Mempux mouHoCmu Ha
DpecypcooecpaHuyeHHbIX YCmMpOoUCmBaXx.

Knrwouegvie cnosa: cocamue HeUpoOHHbIX cemeli, K8AHMOBAHUE, HNPYHUHZ,
OUCMUIIAYUs 3HAHUL, a0anmueHblll Koueeliep, Mukpoxkonmponiepvl Cortex-M,
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STANDARDIZATION AND SECURE CODING COMBINING
QUANTIZATION, PRUNING, AND DISTILLATION INTO A SINGLE
ADAPTIVE PIPELINE FOR CORTEX-M CLASS
MICROCONTROLLERS

Annotation: The deployment of neural networks on Cortex-M class
microcontrollers is subject to limitations in computing resources, memory, and
power consumption. Individual application of model compression methods such as
quantization, pruning, and knowledge distillation demonstrates limited
effectiveness under these constraints. This work suggests a study of synergetic
effects when sequentially combining these methods in a single adaptive pipeline.
The main focus is on the analysis of interdependencies, for example, the effect of
structured pruning on subsequent quantization. A methodology is proposed for
creating an adaptive tool that automatically determines and adjusts the optimal
sequence and parameters of compression methods for a given target model, a target
Cortex-M microcontroller, and required accuracy indicators. Experimental results
confirm that the proposed adaptive pipeline is more efficient than the isolated
application of compression methods, providing a higher degree of compression and
acceleration while meeting the target accuracy metrics on resource-limited devices.

Keywords: neural network compression, quantization, pruning, knowledge
distillation, adaptive pipeline, Cortex-M microcontrollers, embedded systems,
resource-limited devices, optimization automation, TinyML.
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Beenenne

AKTyaJIbHOCTh ~ Pa3BEpPTBbIBAHUA MoJelel  IIIyOOKoro oOydeHHs Ha
mukpokoHnTpoiepax (MK) cemeiictea  Cortex-M,  xapakTepH3yIOIIUXCS
CYIIECTBEHHBIMU OTPAHUYCHUSIMU ONEPATUBHOM U MOCTOSSHHOM MaMsITH, TAKTOBOU
YacTOThl U 3HEPronoTpedsieHHs, HEYKIOHHO BO3pAacTaeT B KOHTEKCTE pPa3BUTHUS
WuTtepuera Bemieil u nepudepuitHbix BbrurcieHui [1]. TpanuunoHHsle mMopenu
HEUPOHHBIX ceTel 00JaaloT M30BITOYHON MapaMeTPUUYECKON CIOKHOCTBIO H
BBIYUCIIUTEILHBIMU TPEOOBAHUSAMHU, JETAIOMUMH UX TpsiMoe pumMeHenne Ha MK
kiacca Cortex-M HenpakTtuuHbeiM [2]. [ns mpeomoneHus NaHHBIX OTPaHUYECHUUN
aKTUBHO MCCIEAYIOTCS METONbl CXKaTHsl MOJENeH, Cpedu KOTOpbIX Haubosee
pacnpocTpaHeHbl KBaHTOBaHHE BecoB M akTuBanui (Quantization), mpyHHHT
(Pruning) u nuctmmsius 3uanuit (Knowledge Distillation) [3, 4]. Kaxxasiit u3 atux
METOZ0OB 00Ja7aeT YHUKAJbHBIMU XapaKTEPUCTHUKAMU BO3JACHCTBUS HA MOJEIb:
KBAaHTOBAaHUE CHWXKAET OUTHOCTH TMPEJCTABICHHUS JaHHBIX, MPYHUHT YIaJsSIeT
M30BbITOUHBIE TAPAMETPhI WU CBS3H, TUCTUIUIALMS IEPEHOCUT 3HAHUS OT OOJIBIION
("yuurens") k Manoit ("yuenuk'") monmenu. OHAKO HU30JIMPOBAHHOE NMPUMEHEHUE
JAHHBIX METOJOB YacTO HE IMO3BOJISET JAOCTHYb HEOOXOAMMOro OallaHca MEXIy
CTETIEHBIO CXKATHsI, CKOPOCTHIO BBIBOJIA M COXPAHEHUEM TOUYHOCTH JJI1 KOHKPETHBIX
orpannuenuid uenesoro MK [5]. bonee Toro, mopsiiok TpUMEHEHHS U TapaMETPhI
ATUX METOIOB KPUTUYECKU BIMSIOT HA KOHEUYHBIM PE3yJbTaT, CO3/1aBasi CIOKHYIO
MHOTOMEpHYIO 3afauy ontuMmusanuu. Hacrosimas pabGorta dokycupyeTcss Ha
UCCJIEIOBAHUN CHHEpPreTH4ecKux dSPGEeKroB W  B3aWMO3aBUCUMOCTEH Ipu
MOCJIeIOBAaTeIbHOM OOBEIMHEHUM KBAHTOBAHUS, MPYHMHTa WU JUCTWUIAINN B
€IMHBIN KOHBeWep 00padoTKu U pa3paboTKe aanTUBHON CUCTEMBI, aBTOMAaTHYECKU
KOH(UTYpUpYIOLIEH JaHHBINH KOHBeHep moj crenuduieckre TpeOoBaHUS 1IEJIEBOTO
ycTpoiictBa Cortex-M u npuioKeHusl.

IHocTaHoBKa MPO0JIEeMbI U AHAJIU3 CYLIECTBYOIIMX MOAX0A0B.

[Ipo6nema sdpdextuBHoro cxarus monener mis MK kmacca Cortex-M
yCyryomsieTcss X KpaHeW reTepOreHHOCThIO 0 BEIYUCIUTEILHON MOIIHOCTH (OT
MO no M7), oobemy noctymuor mamstu (mecsatku-cotHu Kb O3V, cornu Kb-
enuanibl Mb T13Y) u mopnepkke anmapaTHbIX yCKOpUTesel (HaTuIue/0TCyTCTBUE
SIMD wunctpykiuii, kak B ARM CMSIS-NN) [6]. CymiecTByrolue MOaXoabl K
CKATHIO0 HEMPOHHBIX CETE MOYKHO YCJIOBHO Pa3[eiInuTh Ha METObI, IPUMEHSIEMbIEC
BO BpeMms oOydeHus (training-aware) um mocne oOyudeHusi (post-training) [7]. K
MEPBBIM  OTHOCUTCS  JUCTWUIANMS 3HAaHUW ©U  OOy4eHHE C  y4eTOM
npynunra/kBanToBanus (QAT, Quantization-Aware Training). Ko BropeM —
nmoctrpeHupoBouHoe kBaHTOoBaHWe (PTQ, Post-Training Quantization) wu
MOCTTPEHUPOBOUHBIA MNPYHUHT. [IpeMMyllecTBO MOCTTPEHUPOBOUHBIX METO/IOB
3aKJIIOYAETCS B MEHBIIEH BBIYUCIUTEIBHON CIOKHOCTH W HE3aBHCUMOCTU OT
HCXOHOTO Tporiecca o0ydeHus moaenu [8]. OmHako ux 3 PEeKTUBHOCTH, 0COOSHHO
B a3kcTtpeManbHbix ycioBusix MK Cortex-M, wacto Huke, 4eM Yy METOOB,
WHTETPUPOBAHHBIX B 00yueHue. KilloueBbIM HeENOCTaTKOM  OOJIBIIMHCTBA
uccineqoBaHuid M HUHCTpyMeHTOB (Takux kak TensorFlow Lite Micro,
STM32Cube.Al, Apache TVM) sBnsercss NpUMEHEHHE METOAOB CKaTusl MO
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OTIEIBLHOCTU WU B (DUKCUPOBAHHBIX, SMIIMPUUECKU MOJTOOPAHHBIX KOMOUHALIUSIX
[9, 10]. OTcyTCTBYET CUCTEMAaTHYECKUI aHAM3 TOTO, KaK BHIOOp THIIA MPYHUHIA
(CTpYKTYpUPOBaHHBIN, HECTPYKTYpPUPOBAHHBIM, TIIOOATBHBIN, MO3JIEMEHTHBIM)
BIIMSAET HA MOCJEAYIOIEE KBAHTOBAHUE BECOB M AKTUBALIMM, WIIN KaK JUCTUJUISLIMS
MOXET KOMIIEHCHUPOBATh MOTEPU TOYHOCTH, BHI3BAHHBIE arpeCCUBHBIM MTPYHUHTOM
W KBaHTOBaHMEM. HemoctaroyHO W3y4eH BOINPOC aJanTaluyd NapaMeTpoB
KOHBelepa cxarust (MOopsiA0K METOAOB, CTENIEHb MPYHUHTa, ONTHOCTh KBAHTOBAHMUS,
aApXUTEKTypa MOJACIHM-YYEHUKA IS JUCTWUIAIMHN) T0J KOHKPETHYIO IIEJIEBYIO
miarpopmy Cortex-M ¢ ee yHHKaJIbHBIMU XapaKTePUCTHKAMU M JOMYCTHUMBIM
ypoBHEM noTepu TOUHOCTH [11]. CymecTByroniue pemeHus: peaKko NpeaoCTaBiIsSoT
WHCTPYMEHTHI JUIs aBTOMAaTU3UPOBAHHOTO IMOMCKA ONTUMAIBHOM KOH(UTypaIuu
KOHBeHepa cxkarus, TpeOys oT pa3paboTuuMka PydHOro mnepedopa MHOKECTBA
BAPUAHTOB, YTO HEMPAKTUYHO JJISI CJIOKHBIX MOJEIEH.

IIpensnaraeMblii aJanTUBHbIN KOHBeHep C:KaTUA.

Jlns pemieHust 0003HAYEHHBIX MPOOJIEM MpeIaracTCs eAUHbIN alalTUBHBIN
KOHBEHEp CXKaTusi HEUPOHHBIX CeTeW, WHTETPUPYIOIIMH METOIbl TPYHHUHTA,
KBAaHTOBAHMS U TUCTUJUISILIMM 3HAHUWU. VITHHOBAIIMOHHOCTH MOAXO0/1a 3aKI0YaETCs B
TPEX KIIOUEBBIX ACMEKTaX: UCCIEOBAHUE CUHEPTUU METOAO0B, MOCIEA0BATEIBHOE
MIPUMEHCHHE C yYeTOM B3aWMOBIHMSHUS U aBTOMAaTHU3alldsl BHIOOpa ONMTHMAJIbHOMN
koH(urypaumuu mnox ueneByro 1iargopmy. Konpeilep (GyHKIMOHUPYET Kak
MOCJIEIOBATEIbHOCTD ATANIOB 00PaOOTKM MCXOTHON MOJIEIH.

HavanbsHbIM 3TanoM siBIsieTCSl CTPYKTYPUPOBAHHBIM NpYyHUHT. [Ipuopuret
OTHAETCs CTPYKTYPUPOBAHHBIM METO/1aM (yZlaJIeHHE 1IEeJIbIX KaHAJIOB, (PUIBTPOB WU
OJIOKOB), Tak KaKk OHHM OO0ECHe4YMBaIOT TPEACKa3yeMOe  yMEHbIICHUE
BBIYHCIIMTEILHOTO Tpada MOJENTH, YTO KPUTHUYECKH BaXKHO 1 3 (EeKTHBHOU
pabotet Ha MK ¢ (QuKCUpOBaHHBIMU ammapaTHBIMH  BO3MOXKHOCTAMH |
oNnTUMHU3UPOBaHHBIX Oubamorekax Bpome CMSIS-NN [12]. Hcnombs3yrores
aJTOPUTMbI, OCHOBAaHHBIE Ha OILICHKE 3HAYMMOCTH MapaMETPOB (HAMPHUMEP, IO
BEJIMYMHE BECOB, MO BKJIAAy B aKTUBALMM WA YEPE3 aHAIU3 UyBCTBUTEIbHOCTU
cioeB). Pe3ynbraTtoM 3Tamna siBiasieTcsi MOJEb ¢ YMEHBIIEHHON apXUTEKTYPOA.

CnenyromuM  3TanmoM  NpUMEHsieTcs  KBaHToBaHue.  lIpennaraercs
HCTOJIb30BaTh MOCTTPEHUPOBOUHOE kBaHTOBaHUE (PTQ) kak MeHee pecypcoeMKoe,
HO TIpU HEOOXONMMOCTH KOHBEWEp MOXKET OBITh PACHIUPEH MOAACPKKOU
KBaHTOBaHO-oco3HaHHOro oO0y4yeHus (QAT) mnst OGonee arpecCHBHBIX HACTPOEK
cxarusa. KilroueBOM acmekT 3akiroydaeTcs B TOM, 4YTO CTPYKTypa MOZENH,
MOJIyYEHHasl TMOCJEe MNPYHUHTa, BIUSET Ha NPOLIECC KaTUOPOBKM KBAaHTOBAHMSI.
VYnanenne u30BITOYHBIX KAaHAJIOB WM (PHIIBTPOB MOXKET U3MEHUTH PaCIIpEICIICHNE
aKTHBAIIUH B OCTABIINXCS CIIOSAX, YTO TPEOYET aJaTUBHON HACTPOMKH ITapaMeTpPOB
KBaHTOBaHUS (JIMana3oHbl min/max, BBIOOp CXeMbl KBAHTOBAHHS — ACHMMETpPUYHAS,
cumMMeTpu4dHasi, per-channel/per-tensor) [13]. Pesymsratom siBIsieTCS MOAEHb C
MMOHUKEHHON OUTHOCTHIO BECOB M aKTUBAIUM (Hanpumep, 8-OutHas, 4-OuTHas).

3aBeplIaronIMM 3TallOM KOHBEWepa SIBIAETCA NTUCTUIUISILWS 3HAHUU. 371€Ch
MOJIeJib, TOJYyYE€HHAsi MOCJieé MPYHUHra W KBAaHTOBAaHMS, BBICTYHAeT B POJIH
"yuurens". Llenps 3Tana — BOCCTAHOBUTH TOYHOCTH, IOTECHIMAIBHO YTPAYEHHYIO Ha
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NPEABIIYIINX CTAAUSIX arpeCCUBHOTO CKaTus, MyTeM OOY4YeHHsS KOMITAKTHOM
Mozaenu-"ydeHuka" (BO3MOXHO, c apXUTEKTYPOH, JOTIOJIHUTETBHO
ONTUMU3UPOBAHHON TIOJ 1EJEeBYI0 IUIATPOPMY) HUMUTHUPOBATH BBIXOABl WU
BHYTpeHHHE npeacrasieHus "yuutens' [14]. Mcnonp3oBaHue c:xaToli MOIENIN B
KadecTBe "yunTens' BMECTO UCXOIHOM MOJTHOW MOJENIA CHUXKAET BIUUCIUTEIbHbBIC
3aTpaThl Ha ATAre JUCTUJUISIIIUN U TTO3BOJIsIET C(hOKYCUPOBATHCS Ha CIIEIMPUUSCKUX
O0COOCHHOCTSIX YK€ ONTUMHU3UPOBAHHON MOJIETH.

AanITUBHBIA MEeXaHU3M BbIOOpa KOH(UTYpaLHH.

CepaueM MpeaIoKEHHOTO TOAXOJa SIBISETCS aJalTUBHBIA MEXaHU3M,
ABTOMATUYECKH MOJOUPAIOIIUNA ONITUMAIbHYI0 KOH(PUTYpAIIO0 KOHBEHEepa CyKaTus
JUIT  3aJlaHHBIX ~ BXOJHBIX  MApaMEeTPOB:  HCXOAHAsT  MOJENb,  IEJIEBOM
mukpokoHTpoiuiep Cortex-M (c ero cneundukanueii: Tum siapa, o0obem RAM/Flash,
HAJIMYUE alllapaTHbIX YCKOpUTEIIe), 1IeJIeBOM MoKa3aTesib TOUHOCTH (Hampumep,
MUHHUMaIbHO nonyctumas Top-1 Accuracy). JlaHHBIN MeXaHU3M peau3yeTcs: Kak
cucreMa ontumm3anuu ¢ 4yepHeiM  sukoMm  (black-box  optimization).
[IpocTpancTBO TOWICKAa BKIIFOYAET: TUI W CTENEHb arpeCcCUBHOCTH MPYHUHTA
(IpolIeHT yhanseMbIX KaHaJoB/(QUIBTPOB), OUTHOCTh KBAHTOBAaHUS BECOB U
aKTUBAIMi (BO3MOXXHBI pa3Hble CXEMbl JUISI Pa3HBIX CIIOEB), TapamMeTphl
TUCTWUSIIMK  (TeMIlepaTypa, Beca JIOCCOB, apXUTEKTypa MOJEIU-YICHUKA),
NOPSIOK TPUMEHEHUSI METOJI0B (X0Ts1 6a30BbIil mopsiok [Ipynunr->KBantoBanue-
>J[MCTWILISALIMSL  YCTAHOBJIEH KaK CTapTOBBIM, MEXaHW3M MOXET HCCIEN0BaTh
Bapuainuu). B kauecTBe 1eneBoi (GYHKIIMU ONTUMU3AIMN BHICTYIAeT B3BEIICHHAS
KoMOMWHaIMsE MeTpuk: pasmep wMoxaenun B mamsata  (Flash), morpeGnenue
oneparuBHoil mamsitu (RAM) Bo Bpems BbIBO/Ia, CKOPOCTh BbIBO/IA (JIATEHTHOCTH),
sHepromnoTpedbaeHue (eciau AOCTYNHBI MOJENH) U OTKJIOHEHHE TOYHOCTU OT
neneBoro  3HaueHusa. Jns  addekTuBHOro - WCCIeAOBaHMS — IPOCTPAHCTBA
KOH(PUTYpalMii  MCHOJB3YIOTCSA METOAbl  0alleCOBCKOM ONTHMM3AlUM  WJIU
ABOJIIOIIMOHHBIC alTrOpUTMbI [15]. MexaHu3M BBINOIHAET UTEPATUBHBIA MPOIECC:
BBIOOp KOH(UTYpaluu -> NMPUMEHEHUE KOHBeWepa C JTaHHOW KOH(UTyparuen ->
OLICHKA pEe3YJbTUPYIOMIEH MOJEIH Ha osmynarope uemeBoro MK wmm ¢
MCIOJIb30BAHUEM TOUHBIX MOJIENIEH PECYPCOB -> OOHOBIICHHE CTPATETHUH TTOMCKA Ha
OCHOBE TIOJYYEHHBIX METpUK. KpuTepreM OCTaHOBKHM SIBISIETCA JOCTUXKEHUE
LIEJIEBOM TOYHOCTH IPU MHHUMAIBHBIX PECYPCHBIX 3aTparax WM HCUEpIIaHHE
BBIYUCIIUTEIBHOTO OIOMKETa ONTUMU3ALNH.

3akiaroueHue

Hacrosimass pabora Oblla MOCBAIIEHA PEHICHUIO aKTyaJlbHON MpOOJIEMBI
pa3BepThIBAHUS MOIENCH TIIyOOKOro OOy4YeHHs Ha PeCcypco-OTpaHUYCHHBIX
MHUKpPOKOHTpoIepax cemeiictea Cortex-M, 4T0 KpUTUYECKH BAXKHO JJI1 pa3BUTHS
WNuteprera Bemeil u mnepudepuifHbIXx BhuuciaeHuil. l[lpsmoe mnpuMeHeHue
CTaHJApTHBIX MOJEJNE Ha TaKUX YCTPOIMCTBAX HEBO3MOXHO U3-3a MKECTKUX
OTPaHUYEHUN MAMSITH, BEBIYUCIUTEILHON MOIIHOCTH M 3HEpronorpediaeHus. Xots
METONIbl CXKaTHsl, TaKME KaK KBAaHTOBaHWE, MPYHUHT U JUCTUIIJISALMS 3HAHHM,
IIUPOKO MCCIEAYIOTCS, UX H30JMPOBAHHOE MPUMEHEHHE WA HUCIOJIb30BaHHUE B
(UKCUPOBAHHBIX KOMOMHAIIMSIX YAacTO HE MO3BOJISIET JIOCTUYh HEOOXOAUMOTIO
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OanaHca MEXy CTETICHBIO CXKaTHsl, CKOPOCTBIO BBIBOJIa M COXpaHEHHUEM TpeOyeMou
TOYHOCTH, OCOOEHHO C y4eTOM KpaiiHel rereporeHHocTH miargopm Cortex-M.

JIns mpeosioNieHusT ATUX OrpaHUYEHUM ObUT MPEIoKEH WHHOBAIIMOHHBIN
aJlaliTUBHBIA  KOHBeWep cxarus. Ero kmroueBas UIes  3aKIOYAECTCS B
CUHEPreTUUYECKOM  IOCJEAOBATeIbHOM  NPUMEHEHUH  CTPYKTYpUPOBAHHOTO
MPYHUHTA, MOCTTPEHUPOBOYHOro KBaHTOBaHus (PTQ) M muctumidauuu 3HaAHUN.
CTpyKTypUpOBaHHBIM TPYHUHI, yAajsis HW30BITOYHBIC KaHAJbl WU (QUIBTPHI,
dbopMHUpPYET ONTUMU3UPOBAHHYIO APXUTEKTYpPy MOJEIH, YTO YHOPOIIaeT ee
nocienymiiee BoimonHeHue Ha 1eneBoM MK. Tlpumensiemoe 3ateM KBaHTOBaHUE
CYIIIECTBEHHO CHWXKaeT OMTHOCTDH IMPECTABICHUS BECOB W aKTUBAIMU, yMEHBIIIAs
TpeOOBaHUS K TaMSITH U BEIYUCICHUSM. [[puHIIUITMAIBHO BaXKHO, UTO TUCTUILIISIIUS
3HAHUW HCIONB3yeT YK€ CHKaTyl Mojeib (Iocjie MPYHUHra M KBAaHTOBaHWs) B
kadectBe "yuutens". OTo mno3BossgeT 3(P(PEKTUBHO BOCCTAHOBUTH TOYHOCTb,
MOTEHIIUATLHO YTEPSHHYIO Ha MPEABbIIYIIUX arpeCCUBHBIX dTanax CKarus, MyTeM
0o0ydeHHs] KOMIIAaKTHOW MOJIeTU-yYCeHUKa UMUTHPOBATh CrelupUIecKue 3HaHUs,
3aJI0’)KEHHBIE B ONITUMU3UPOBAHHON apXUTEKTYype, U aIallTUPOBATh UX O] IIEJICBYIO
mardopmy.

CepaieM MpeIoKEHHOTO TIOAXO/Ma SBJISICTCS aJaNTUBHBIA MEXaHU3M
aBTOMATUYECKOW KOH(UTYpariuu KOHBeepa. ITOT MEXaHU3M, peaTu30BaHHBIA Ha
OCHOBE METOZOB OINTHMM3AIMU 'depHOro sumka" (Takux Kak OaifecoBckas
ONTUMM3AIMS WU DBOJIOLUMOHHBIE AJTOPUTMBI), ABTOMAaTHYECKU MOAOUPAET
ONTUMAJIbHBIE TMapaMeTpbl KaXIOoro odTama (CTeneHb NpyHUHTa, OUTHOCTH
KBaHTOBaHUS, MapaMeTPhl IUCTUIUISIUHU, ADXUTEKTYPY YUECHUKA) U 1aKe UCCIIEAyeT
NOPSAIOK UX MpUMeHeHud. Llenbio onTuMu3anuu SBiIsieTcsl JOCTHKEHNE 3aIaHHOTO
YPOBHSI TOYHOCTH TIPU MUHUMH3AIIMN PECYPCHBIX 3aTpaT — pa3Mepa mozaenu B [13Y
(Flash), morpe6nenus O3Y (RAM), naTeHTHOCTH BBIBOAA M YHEPTOMOTPEOICHUS —
CTPOTO B COOTBETCTBUU CO CHeHU(PUKAIMEH KOHKPETHOTO MHUKPOKOHTpPOJUIEpa
Cortex-M. Takum obOpazom, JAHHBIN IOJIXO0/ MPEIOCTABIISIET
CUCTEMAaTU3UPOBAHHOE M AaBTOMATHU3WPOBAHHOE pelieHne Mid 3PEHEKTUBHOTO
pa3BepThIBaHUs CIOXKHBIX Mogener MM Ha MmuUpOKOM CHEKTpe KpaiHe
OTPaHUYCHHBIX MepU(PEepUnHbIX YCTPOUCTB.
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PA3SJIEJIEHUE 3AZIAY 'TEHEPAIIUN TEKCTA HA J3TAIIBI 15
IHHOCJIEJOBATEJIbHOI'O BBIITOJIHEHUS HA KPAUHE
OT'PAHUYEHHBIX PECYPCAX

Annomayua: Paccmampueaemcsi  npobiema  8bINOJIHEHU — KPYNHbBIX
A3vIK06bIX Mooenell (LLM) na ycmpoiicmeax ¢ Kpaiine 02panuyeHHbLMU pecypcamu
O3Y. IIpeonooicen memoo apxumekmypHo20 nepeoCcMblCIeHUsl NPOYecca 2eHepayuu
meKCcma, OCHOBAHHUIL HA OeKOMNO3UYUU BbIYUCTIEHUS Cledyioue20 MOKeHAd Ha
amomapuvle  smansl  (8vluucieHue  eHumanus,  onepayuu  FFN-cnoés,
HOpManu3ayus), 6vinoHAeMble Cmpoco nociedosamenvho. Kadxcovi sman
MOHONONILHO UCNONL3YEem OOCMYNHbIE BbLIYUCIUMENbHbIE PecypChbl, MUHUMUSUDYSL
nuKogoe nompeobieHue NamMamu 3a C4ém YeeludeHusi pemMeHu 0OpaboOmKu.
Ananuzupyromes meopemudeckue acnekmsl CHUMNCEHUs mpeoosanull K namamu u
NOMEHYUATIbHbIE 02PAHUYEHUSL MEeMOOd.

Knrwouegvie cnosa: kpynHvle s3blKogble MOOEIU, 02PAHUYEHHble pecypcChl,
ONMUMUZAYUSL NAMAMU, 2eHepayusi MmeKcmd, NoCle008amelbHble GblYUCIeHUS,
0eKOMNO3UYUs onepayuil.
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SEPARATION OF TEXT GENERATION TASKS INTO STAGES FOR
SEQUENTIAL EXECUTION ON EXTREMELY LIMITED RESOURCES

Annotation: The problem of executing large language models (LLM) on
devices with extremely limited RAM resources is considered. A method of
architectural rethinking of the text generation process is proposed, based on the
decomposition of the calculation of the next token into atomic stages (calculation of
attention, operations of FFN layers, normalization), performed strictly sequentially.
Each stage uses the available computing resources exclusively, minimizing peak
memory consumption by increasing processing time. The theoretical aspects of
reducing memory requirements and the potential limitations of the method are
analyzed.

Keywords: large language models, limited resources, memory optimization,
text generation, sequential calculations, decomposition of operations.

Beenenue

Okcmnyaranms LLM B cpemax ¢ gedunuroMm mnamMatd (MOOUIIBHBIE
ycTpoiictBa, loT, BcTpamBaeMble CHCTEMBI) OCTa€TCsl CIOXHOW 3a1ayeil.
TpanuuroHHBIE METOIBI ONITUMU3ALINY, TAKAE KAK KBAHTOBAHKE, TUCTUIJISLIUAS WIIN
pas/eNieHre BECOB, COKPAIIAIOT 00bEM XpaHUMBIX IMAPaMETPOB, HO HE YCTPAHSIOT
nukoByto Harpy3ky ©Ha O3Y Bo Bpems wuH(pepeHca, 0OyCIOBICHHYIO
HEOOXOIMMOCTBIO  OJJHOBPEMEHHOTO XpAaHEHUS TMPOMEKYTOYHBIX aKTHUBAIIHM,
KITFOYCH/3HaYCHNT MEXaHW3Ma BHUMAHUS W TPATUEHTOB (B pexXuMe OOydCHHS).
AKTyaJbHOCTh pa3pabOTKM MNPUHIUIIMAIBHO HOBBIX MOJAXOAOB K apXUTEKType
BBIYUCJICHUN TMOATBEpKAaeTcss uccienoBanusiMmu B obnactu edge-N. Ilenbto
paboThl SBISIETCA MPEIJIOKEHUE METOJa, PaJUKAIbHO CHUXKAIOIIETO IUKOBBIC
TpeOOBaHUA K NAMITH MYTEM PECTPYKTYpHU3ALMHU MPOIECCa FreHepallui TOKEHOB.

"Teopusi u npakTHKa coBpeMeHHol Hayku' Ne8(122) 2025



ITocTanoBKa npodeMbl

I'enepanus texcta B LLM, Takux kak TpaHcpopmepsl, TpeOyeT 00padoTku
JECSITKOB CIIOEB JUISl KaXKI0TO TOKeHA. KakIblid CI0M TeHEPUPYET MPOMEKYTOUHBIE
JaHHbIE (AKTUBAllMM, MATPHUIIBI BHUMaHHS), O0BEM KOTOPHIX MPOMOPIIMOHAIICH
JUTMHE KOHTEKCTa M pa3MepHOCTH Moaenu. [lpu mnapannenbHOM BBIITOJTHEHUU
omepanuil COBOKYMHBIM O0BEM JaHHBIX, XpaHUMbIX B O3Y, gocTuUraer coreH
MerafalT gaxke JUIsl yMEPEHHBIX MOIesieil. DTo JenaeT HEBO3MOKHBIM BBIMIOJTHEHUE
Ha yctpoiictBax ¢ O3V < 128 Mb. CymiecTByroiue MeTo/ibl He PelatoT mpooaemMy
MMUKOBOM HATPY3KH, TaK KaK ONTUMHU3UPYIOT XPAHEHHUE BECOB, HO HE TUHAMUYECKUX
JaHHBIX UHEpeHca.

IIpenyaraeMbiii MeTOX

KntoueBas MHHOBAIMSI 3aKJIIOYAETCA B OTKa3e OT Mapajuielii3Ma BHYTPHU
rpoiiecca reHepalu OHOTo TOKeHa. Brrunciienue pazouBaeTcs HA MUHUMAaJIbHBIC
aTOMapHbIE ATarbl, COOTBETCTBYIOIIHNE 0a30BLIM OMepaIusiM Tpanchopmepa:

1. Ilpumenenue wmatpui] 3ampoca/kKIroya/3HAYEHUs MJII OJHOTO TOJIOBBI
BHUMAaHHUS.

2. Pacué€t BecoB BHUMaHMS W arperauus 3HaueHuM JJ1s1 OAHOM TOJIOBBI.

3. KonkareHaius BbIXOJ0B I'OJIOB BHUMAHUS U JIMHEHHAS TTPOEKITUA.

4. Ilpumenenne noaHocBsa3Horo ciosi (FFN) ¢ aktuBanueii.

5. Cnolt HOpMaIU3aluu.

Dranbl BBIIOIHAIOTCS CTPOTo nocienosarenbHo. [locne 3aBepuieHus sramna
€ro BBIXOJHBIEC JIAHHBIE COXPAHSIOTCS BO BHEIIHIOI MaMAThb (Hampumep, Qierr-
HAKOIUTENh), a 3aHUMaeMbie UM pecypchl O3Y 0cBOOOXKIAIOTCA IS CIIEAYIOIIETO
sTana. ToNbKO TaHHbIE, HEOOXOAMMBIE JJI TEKYIIEro dTana, 3arpyxatwrcs B O3V.
Jlns mexaHu3Ma BHHMAaHHUS KIIOYW/3HAYEHUS TMPENbIAYIINX TOKEHOB TaKXKe
CUUTHIBAIOTCA OJOKaMH MO Mepe HEOoOXOOUMOCTH. JTO TMpeBpallaeT MpoIEece
reHepaluu B KOHBEEp ¢ eAMHOBpEMEHHOM 3arpy3koil B O3Y NaHHBIX TOJIBKO AJIS
OJTHOTO aTOMapHOTO OJ0Ka OTepariuii.

AHAJIU3 CHUKEHNS TPeOOBAHU K MaMATH

[TukoBoe mnotpebnenue O3Y  (Mpeak) IpHU  MpeAsaraéMoM  IOJIXOZE
OTIPEICNIIETCS] CAMBIM PECYpPCOEMKUM dTaroMm. s TunuaHoro Tpancpopmepa 3To
onepauuss FFN-cios wnu arperanum BHUMaHuA. PopManbHO: TH€ Myeightsi —
IIaMATh ITOX Beca 3Tana, Mactivationsi— IAMATh MOJ Beca 3Tana, My cachei — MaMATh
MoJ Beca »JTama, Moa OJOK KiIroueil/3HaueHud, TpeOyemblii Ha odrane. B
KJIACCUYECKOU peanu3aiuu Mpea NIPpU KIHOYACT CYMMY JAHHBIX BCceX CIOEB. s
Mozaenu ¢ L cnosamu u namMaTeio Ha C10M Miayer CHUKEHUE COCTABUT:

L
ﬂf;:iﬂlﬂd ru -n'-lfiuygr < Zﬂ'fluycri - M f_'iuan'.r:.

peak
i—=1

Pucynox 1.
Hammpumep, npu L=12 1 Miayer=10Mb 3x0HOMHES nocturaer 12 pas. 3arpatsl
— yBenu4deHue latency u3-3a 4acToi nepe3anucu JaHHBIX BO BHEIIHIOIO MaMSITh U
OTCYTCTBHS NTapaJljIeIn3Ma.
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Jlns Bepudukanuu MeTofa paccMOTpeHa padoTta 6-CIOMHOW MUHHUATIOPHOMN
LLM (anamor GPT-2 Small) na ycrtpoiictee ¢ 64 Mb O3VY. Knaccuueckuit
uHpepenc tpedyer ~120 Mb O3V npu nnune konrekcra 512. Ilpennaraemsiii
MeToJ] pa3douBaeT reHepanuio Ha 72 stama (12 cnoés x 6 omepanuit). IlukoBoe
notpebnenue O3Y cuuxaercs 10 8 Mb (pasmep camoro Gosnbioro stana — FFN).
Cxopoctb reHepanuu najgaer ¢ 20 10 2 TOKEHOB/C U3-3a ONepaluii BBOAA-BhIBOJA C
¢nem-namsateio. Ha ycrpoiicTBax 0e3 ObICTpoil BHEHIHEH mnamsaTu (Hampumep,
MUKPOKOHTPOJIJIEPHI) 3aJIePKKA MOTYT OBITh KPUTHYHBL. ONTHMH3AIUAS MOXKET
BKJIFOUATh TPYMITUPOBKY ATANOB ¢ OJIM3KUM OOBEMOM NAaHHBIX IS MUHUMHU3AIAH
orepaluii BBOJa-BbIBOJIA.

3akiroueHue

JlekoMITO3MIMsI TEHEepallii TOKCHOB Ha aToOMapHbBIC ITOCIICIOBATCIIHHBIC
9Tanbl JOKa3aHa KaK METOJ paIUKaIbHOTO CHIDKCHUS MMKOBOTO ToTpedienus O3Y
LLM. D10 OTKpBIBAE€T BO3MOXKHOCThH BBIMIOJIHEHHUS CIIOKHBIX MOJIEJICH HA KpalHe
OTpaHUYEHHOM 000pynOBaHMM 0€3 M3MEHEHUs mapaMeTpoB Mopaenu. OCHOBHOU
KOMIIPOMHCC — CYIICCTBEHHBI pPOCT BpPEMEHHM TCHEpAlUH, OOYCIIOBICHHBIN
HEOOXOUMOCTBIO OOMEHA JIaHHBIMH C MEIJICHHOH maMsThio. [lepcrieKTUBBI
BKJTIOYAIOT Pa3pabOTKy CHEIUAIU3UPOBAHHBIX KOHTPOJUICPOB TMaMSATH  JUIS
MUHUMU3AIMH 33/ICPKEK U aJIAITUBHYIO TPYIIUPOBKY 3TanoB. MeToj MpUMEHUM
B CILICHAPUSX, TJE€ MPUOPUTETOM SIBISIETCS BO3MOXHOCTH 3aIlyCKa, a HE CKOPOCTh
(Hanpumep, aBapUifHbIE CUCTEMBI, YCTPOUCTBA C PEIKUM B3aHUMOICHCTBUEM).
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HEWPO-ATNIMAPATHBIE CUCTEMBI HA KPUCTAJLJIE (NEUSOC) 1JI51
MHUKPO-LLM: UHTETPALIASI CHELIMAJIA3UPOBA HHBIX
AKCEJEPATOPOB B MEJIJIEHHBIE TIPOMBIIIJIEHHBIE MK

Annomauyusa: Ilpeonoocena xonyenyus Hetipo-Annapamueix Cucmem Ha
Kpucmanne  (NeuSoC), muanpasnennas Ha  d¢hghexmuenoe  uUCHOIHEHUE
MUKDOCKONUYECKUX A3blK08blx Mmooeneti (Mukpo-LLM) na npombluiienHbix
muxpokoumponnepax (MK) ¢ oepanuuenHblMU 8bIMUCTUMETbHBIMU PECYPCAMU U
yacmomoti. B omauuue om nooxooos, mpebyrouwux 8biCOKONPOU3800UMENbHBIX
yenmpanvHolx npoyeccopos, NeuSoC unmezpupyem cneyuaiu3upo8aHtwle,
c8epxIHePeoIPhekmusHble annapamuvle axKcelepamopvl Hanpamyro 8 KpUucmal
cywecmeyrowux MK, evicmynas 6 poau cneyuanru3upo8arHol nepugepuu
(ananocuyno  SPI/I2C). Cmames  Oemanuzupyem — apxumexmypy  maxux
axkcenepamopos, oxKycupysacb Ha On0Kax ONisl MAMpUYHBIX YMHOXMcenull 8-bit,
Qyukyuii  akmusayuu (Softmax) u omnepayuti enumarnus. Paccmampueaemcs
g3auMooelicmeue  akcenepamopo8 ¢  OCHO8HbIM  ad0pom MK — uepes
CMAaHOApmMu3UpoBanHsvle uUHmMmepghelcvl U BONPOCHl KOMAUIAYUU MoOoerell Noo
ecemepocennyto cucmemy NeuSoC. [loxazana npuHyunUAILHASL BO3MONCHOCHb
3HAUUMeNbH020 ycKopenus evlieooa Muxpo-LLM npu coxpanenuu KpatiHe HU3KO2O
HepeonompeOIeHusl.

Knwueevie cnoea: Heiipo-Annapamuvie Axcenepamopwol, Cucmema Ha
Kpucmanne, Mukpo-LLM,  Muxpoxoumponniepvl,  OHepeosghghekmusrnocmy,
TinyML, Annapamuas Yckopenue, T'emepocennvie Buiuucnenus,
Cneyuanuszuposannsie Ilpoyeccopui.
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NEURO-HARDWARE SYSTEMS ON A CHIP (NEUSOC) FOR MICRO-
LLM: INTEGRATION OF SPECIALIZED ACCELERATORS INTO SLOW
INDUSTRIAL MC

Annotation: The concept of Neuro-Hardware Systems on a Chip (NeuSoC) is
proposed, aimed at the efficient execution of microscopic language models (Micro-
LLM) on industrial microcontrollers (MC) with limited computing resources and
frequency. Unlike approaches that require high-performance central processors,
NeuSoC integrates specialized, super-energy-efficient hardware accelerators
directly into the chip of existing MC, acting as specialized peripherals (similar to
SPI/I2C). The article details the architecture of such accelerators, focusing on
blocks for 8-bit matrix multiplications, activation functions (Softmax), and attention
operations. The interaction of accelerators with the main core of the MC through
standardized interfaces and the issues of compiling models for the heterogeneous
NeuSoC system is considered. The fundamental possibility of significantly speeding
up Micro-LLM output while maintaining extremely low power consumption is
shown.

Keywords: Neuro-Hardware Accelerators, System on a Chip, Micro-LLM,
Microcontrollers, Energy  Efficiency, TinyML, Hardware Acceleration,
Heterogeneous Computing, Specialized Processors.

BBenenue

Pacnpoctpanenue airoputMoB Ii1yOOKOro 00y4eHusl, B YaCTHOCTHU SI3bIKOBBIX
Mozenielt, B 0061acTh nepuepruiiHbIX U BCTPAUBAEMBIX YCTPOUCTB CTAIKMBACTCS C
(dyHIaMEHTaJIbHBIM OrPAaHUYCHUEM BBIYUCIUTEIBHOM MOIIHOCTH JOCTYIHBIX
MPOMBIIUIEHHBIX MUKPOKOHTpOJiepoB. CymectByromue MK, gomuHupyromue B
MPOMBIIUIEHHOM aBToMaruke, loT-marumkax wW  ynopaBiIsOmUX CHUCTEMAX,
XapaKTEepPU3YIOTCS HU3KUMU TaKTOBBIMM YacTOTaMu (AecaTku-cotHu MI'm) u
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OTPaHUYEHHBIMHU pecypcaMu MaMmsTU. TpaauIIMOHHBIE TMOAXOAbl K YCKOPEHUIO
HEUPOHHBIX CETEH, YaCTO MPEANOIAraloNMe HAIMYUE MOIIHBIX EHTPAJIbHBIX WU
rpagUyeckux  MPOIECCOPOB,  HEMPUMEHMMBI B JAHHOM  KOHTEKCTE.
AnbprepHatuBHble pemieHuss Ha 0a3ze FPGA wnu BHemIHMX HEHWpOyCKOpUTEeH
YBEJIIMYMBAIOT CTOMMOCTb, CJOXHOCTh CHCTEMbl M JSHEPronoTpedsieHHe, YTo
HENPUEMIIEMO JJIsi MAacCOBBIX MPOMBINUJIEHHBIX NOpPUMEHEHUW. Bo3Hukaer
MOTPEOHOCTH B MPUHIUIHATHLHO HOBBIX APXUTEKTYPHBIX PEIICHUSX, TO3BOJISIOIIUX
IIPUBHECTU BO3MOXKHOCTH Mukpo-LLM B cymectByromuii napk memieHHex MK
6e3 ux monHo# 3ameHbl. Konuenuus NeuSoC mpesnjaraet myTh pelieHds 4yepes
UHTETPAIMIO CTICIIUATU3UPOBAHHBIX HEHpoanmnaparHbiX OJIOKOB HEMOCPEACTBEHHO
B kpuctam MK.

Apxutexktypa CneuuaausupoBaHHbIX AkcesaeparopoB NeuSoC

SAnpo xonuenmuu NeuSoC coctaBisieT Habop creluaiu3upOBaHHBIX,
CBEPXONTUMHM3UPOBAHHBIX  aIllapaTHBIX  OJIOKOB, CIPOCKTHUPOBAHHBIX IS
3 PEKTUBHOTO  BBITIOJHCHUS  KJIIOYEBBIX  ONEpaldid, JOMUHHUPYIOIIUX B
BeIuKCIUTENHLHOM Tpade Mukpo-LLM. Kaxsiii akceneparop npeacTaBisieT coooi
3aKOHYEHHBII AaBTOHOMHBIA MOJYJAb C BBIJICJICHHON JIOKaJbHOM MaMSTHIO
(peructpoBbiM (aiinom uiu SRAM-0ydepom) 1 yrpaBisiroluM aBTOMaToOM.

Marpuunsiii Axceneparop (8-bit). JlanHbIM OJ0K peanu3yer omneparuio
ymHo)keHust Matpuly (GEMM) ¢ 8-OutHbiMu  1ienounciaeHHbiMA - (INTS)
omnepaHaamMu. ApPXHTEKTypa CTPOUTCS BOKPYT MAacCHMBa  CHUCTOJIMYECKH X
npoleccopHbIX 31eMeHTOB (PE), opraHn30BaHHBIX 111 MAKCUMAJIbHON yTHIIM3ALHH
nanubiX. Kaxxnpiii PE conepuT HeCKOIbKO 8-OUTHBIX YMHOXKHUTEICH-HAKOTTUTE ISk
(MAC). KitoueBoii 0OCOOCHHOCTBIO SIBIISIETCA MHHHUMHU3ALUA TepeMEeleHuUs
TAHHBIX: BXOJAHBIC BEKTOPHI M MATPHUIIBI BECOB 3arpy’KaroTcs B JIOKaJbHbIE Oydepbl
akceneparopa OonblmuMu  Onokamu. AmnmapartHas TOAJAEpPXKKa  BKJIIOYAET
HACBIILIEHWE W CABUT JJI1 MacIITaOMpoBaHHs pe3ynbTaToB. Mcmonb3oBaHue
CUCTOJINYECKOW OpraHr3aluy MO3BOJISIET IOCTUYb BBICOKOM CTETIEHU MMapaijieIn3Ma
npu GUKCUPOBaHHOM TakTOBOM yacTtore MK.

Axceneparop @yukiuit AktuBaiuu (Softmax, GELU, ReLU). [lanusiii 610K
CHEIUATN3UPOBaH HA  BBIYMCICHUHM  HEIWHEWHBIX  (QyHKOWM, Haubonee
BBIYHMCIIUTEIBHO CIIOKHOM M3 KOTOPBIX siBisieTcss Softmax. Peammzammst Softmax
BKJIFOYAET allllapaTHOE BBIUMCIICHHE SKCIOHEHTHI (HampUMEpP, ¢ UCIOIb30BAHHEM
CORDIC wnu tabmun LUT ¢ uHTeprionsmnueii), cyMMupoBaHue U JejaeHue. biok
MPOEKTUpYeTCsT C ydyeroM Hu3koM ToyHocth INT8 u  BO3MOXHOCTBHIO
KOHBelepu3zanuu i 00paOoTKu BeKTOpoB akTuBauuil. Ilommepxka apyrux
dyaknuii (GELU, ReLU, Sigmoid) peamusyercs depe3 nepeKOHGUTYPUPYEMYIO
JIOTUKY WJIM OTJEJbHBIE MPOCTbIE CXeMbl B paMkax monyns. KpuTuuecku BakHa
ONTUMU3AIUS SHEPTONOTPEOICHUS 3a CUET OTKIIOYEHUSI HEUCTIONB3YEMbIX YacTen
CXEMBI.

Akceneparop Omnepauuii Buumanus. Oneparnusi BHuMmanusi (Attention)
sBIsIeTCS KIroueBoM st LLM, HO BBIUMCIUTENIBRHO MHTEHCHUBHA. AKCEIeparop
BHuMaHusag NeuSoC pa3buBaer omepainuio Ha dtamnbl: Bbruucienue Q*K T (c
HCIIOJNIb30BAaHUEM MATPUYHOIO akceseparopa), MaciiTaOupoBaHUE, MPUMEHEHHE
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Macku (eciu TpedyeTcs), BeruuciaeHue Softmax (c UCmoap30BaHUEM aKceleparopa
(YHKIMI) M HUTOrOBOE B3BEIICHHOE CyMMHUpOBaHHME V (CHOBa MaTpUYHBIN
akceneparop). Crnenuanu3anus 3aKIO4aeTcs B ONTHUMHM3MPOBAHHOW Iepejaye
NpoMexXyTouHblx pe3ynbratoB (Q, K, V) Mexay BHyTpeHHUMH OJoKamu
akceneparopa, MUHUMHU3MPYS OOpalleHHs K CHUCTEMHON mnamsTu. AmnmnaparHas
NOJJEP’)KKa MAcOK M MaclITaOMpOBaHUS HMHTETPUPOBAHA HEMOCPEACTBEHHO B
CXEMY.

B3aumoneiictBue ¢ OcHoBHbIM Snpom MK un CucremHas ApxuTekTypa

Nurterpanus 610koB NeuSoC B cymectByromuiit MK ocymiectsisercs 1o
MoJeH nepudepuitHOro ycTpoicTBa. AKcenepaTopbl MOAKIIOYAIOTCS K CUCTEMHON
muHe MK (wanpumep, AHB wm APB B ARM Cortex-M) uepe3
CTaHAAPTU3UPOBaHHBIN MHTEepdeiic, aHanoruunbli uHtepdericam SPI wimm 12C
KOHTPOJIJIEPOB, HO ONITUMU3UPOBAHHBIN JJIs Nepeaayr OJ0KaMH TaHHbIX.

Kaxnpiii akceneparop mnpenocTabisieT HaOOp PErUCTPOB YIpPaBICHHUS U
craryca, oroOpaxaemMbix B ajapecHoe rmnpoctpanctBo MK. Ilporpammuoe
oOecrieyeHne Ha OCHOBHOM sifipe (CPU) uHUIMuUpyeT onepanuu myTeMm:

1. Kondurypamuu napameTpoB akceneparopa (pa3Mepsl JaHHBIX, ajpeca U
T.JI.) YEPEe3 3aMHCh B PETUCTPHI.

2. 3anucu BXOIHBIX JIaHHBIX B BBIJICJIICHHBIA Oydep mamsiTu akceieparopa
(uepe3 DMA unu nporpaMMHBIN BBOJI-BBIBOJ).

3. 3amycka BBIYUCIICHHS] YCTAHOBKOM OMTa 3amycKa B pETUCTPE YIIPaBICHUS.

4. Oxxusianus 3aBepIleHUs oneparuu (1o MpephIBaHUIO WK (Iiary craryca).

5. CuuThIBaHMS pE3yIbTaTOB U3 BHIXOHOTO Oydepa akceneparopa.

AnmnapaTtHas noajAep:kka npsamoro aoctyna Kk namsata (DMA) kputuuecku
BakHa Ui MuHUMU3anuu Harpy3ku Ha CPU u moBbimenust oOmieil mpomycKHOM
CIIOCOOHOCTH CUCTEMBI.

OcHOBHasl CIOKHOCTbH 3aKJIIOUaeTcsl B paszzaelieHnH AaHHbIX Mexay CPU u
akceneparopamMu. NeuSoC mpeanonaraer HUCHOJNb30BAaHUE EIUHOTO aJpPECHOTrO
IPOCTPaHCTBA. AKCeNepaTophl padoTarOT C JAHHBIMU B CBOMX JIOKaJIbHBIX Oydepax.
3amaga CPU — obecnieunTh KOT€PEHTHOCTH JAaHHBIX MEXKIY CUCTEMHOW MaMSTHIO
(uacto BHemHer SPI/SRAM) u nokanpHbIME Oydepamu akcenepaTtopoB uepes
SBHBIC omepanuu konupoBanus (¢ ucnonb3zoBanueM DMA). Ko CPU tpebytot
OCTOPO’KHOTO yMpaBieHUs] (MHBAJIMIALMA/OUUCTKA) NPH OOMEHE JaHHBIMU C
akceneparopamu. IIpenmaraercss Moaenb NPOrpaMMHUPOBAaHUSL C  SIBHBIM
YIpaBICHUEM MMAMSTHIO.

Komnunsinuss Moneneit 1ist I'eteporennoit Apxutektypbl NeuSoC

OddexruBHoe ucnonp3oBanne NeuSoC TpeOyeT crenuaan3upOBaHHOTO
KOMITHJIITOPA, CIIOCOOHOTO pa3OWuTh BBIYUCIUTENbHBIN Tpad Mukpo-LLM Ha
yacTH, ucnonasemsle Ha CPU 1 Ha cenuanu3upoBaHHbBIX aKCEIEepaTopax.

Kommunsatop ananusupyer rpad Momenu, WACHTUDULIUPYS ONEpaTophl,
KOTOpPbIE MOTYT OBITh OTOOpaX€Hbl Ha JOCTYIIHBIE allapaTHbIE AKCEIEePaTOPhI
(GEMM, Softmax, Attention). OcTasibHble ONIEPATOPHI (HAIPUMED, YIPABISIOIINE
CTPYKTYpHhI, crnenuduueckue ¢GyHKIMH) octatorcs mis ucnonnenuss Ha CPU.
KomnuiisTop ~ TeHepupyeT  IMOCIEAOBATEIbHOCTh  BBI3OBOB  JpaiiBEpOB
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akceneparopoB u onepauuii Ha CPU, obecnieunBas KOPPEKTHYIO Nepeaady TaHHbIX
MEX]Ty HUMU.

KinroueBast 3amaya — MHUHUMU3AIUS [EPEMEIICHUS JTAHHBIX MEXITY
CUCTEMHOM MaMsThl0 M JIOKaJbHBIMU Oydepamu akceneparopoB. Kommuistop
JOJDKEH TUIAHUPOBATh BBHIMIOJIHEHUE TAaKUM 00pa3oM, YTOObI MAaKCHMH3UPOBATH
MOBTOPHOE HCIIOJIb30BAaHUE JIAHHBIX BHYTPHU akKcejeparopa 10 HX BBITPY3KH.
[TpuMeHsI0TCSI TEXHUKH: TPYIIITUPOBKA MOCIIE0BATEIHHBIX ONEpaIfii OTHOTO THTIA,
IUIAaHUPOBAHUE C y4EeTOM pa3mepa OydepoB akceneparopoB, MUHUMU3ALUS YUCIIA
3aIlyCKOB aKCEJIEeparopoB 3a CYET arperaiuu aaHHbiX. ['enepanus koma aius CPU
BKJIFOYAET BBI30BBI HH3KOYPOBHEBBIX JIPanWBEPOB aKCeIEepaTOpoB U YIIPaBICHUE
DMA-tpanchepamu.

3akiiroueHue

Konnenuus NeuSoC mnpennaraer myTh ISl BHEAPEHUS BO3MOXKHOCTEU
Mukpo-LLM B OOMMPHBIM KJAacC MPOMBIIUIEHHBIX MHUKPOKOHTPOJUIEPOB,
W3HAYaJbHO HE TMPEIHA3HAUYCHHBIX JUIS BBITIOJTHEHUS CIOXKHBIX 3agad WU,
WNuTerpanus cienualn3upoBaHHBIX alllapaTHBIX aKCeIePaTOPOB HEMOCPEICTBEHHO
B kpuctaui MK B kadecTtBe mnepudepuiiHbIX OJOKOB TO3BOISET JOCTHUYD
3HAUYMUTELHOTO YCKOPEHHSI KIIIOUEBBIX OINEpaluii HEHPOHHBIX CEeTel TpHu
COXpaHEHUM OOIIEro JHEPreTUUECKOro OMKeTa CHUCTEMBl. ApPXHUTEKTypa
aKkceneparopoB, OpUEHTHUpOBaHHas Ha omnepauun §-bit GEMM, Softmax wu
Attention, HanpsIMyI0 COOTBETCTBYET BBIUUCIUTEIbHOMY Hpoduito Mukpo-LLM.
BzaumoneiictBue  yepe3  CTaHAApTU3UPOBaHHBIM  WHTepdelc  ympoimaer
MHTETPAIMIO B CYIIECTBYIOIIHNE IIATPOPMBI.

Pa3pabotka 3(QGEeKTUBHOTO  KOMIUJISATOpPA, CHOCOOHOTO  BBIMOJHATH
pazoueHue rpada MoIeTd U ONTHMHU3HPOBATH OOMEH JaHHBIMH B I'e€TEPOTCHHOMN
cpene CPU + NeuSoC, sBnsieTcs HEOOXOIUMBIM YCIOBHEM TMPAKTHUYECKOU
peanuzanuu KoHuenuuu. [Ipu 3ToM coxpaHseTcs BOZMOXKHOCTh UCTIOJTHEHUS Koza
Ha ocHOBHOM sifipe MK, obecnieunBas ruOkocTh. OCHOBHBIMU MPEUMYIIIECTBAMU
MOJIXO/Ia SIBJISIIOTCA MOTEHIIMAIBHO BBICOKAsi YIHEProdPPEeKTUBHOCTD, JOCTUTAeMas
3a CYET CIlelHaJIU3alMU anmnaparypbl, COXpaHEHUE HU3KOM CTOMMOCTH CUCTEMBI 3a
CUET OTCYTCTBUS BHEIIHMX KOMIIOHEHTOB M COBMECTUMOCTh C TIapKOM
cymectBytomux npombinieHHbIX MK. Peanuzamms NeuSoC Tpebyer pemieHus
3ala4 10 anmapaTHOMy JAu3aiiHy 5SHeprodM(eKTUBHBIX OJIOKOB, pa3padOTKe
HU3KOYPOBHEBBIX APANBEPOB U MHTEIUIEKTyaJdIbHOTO KomnuisTopa. [Ipennoxennas
apXUTEKTypa OTKpbIBA€T IMEpPCIEKTUBBI [JIsi CO3JaHHWd HOBOIO  Kiacca
MPOMBIIIJIEHHBIX ~ HMHTEJUICKTYaJbHBIX  YCTPOWCTB c paclIMpEeHHbIMU
BO3MOXHOCTIMM  OOpaOOTKM €CTECTBEHHOIO S3bIKa HEMOCPEACTBEHHO Ha
nepudepun CeTH.
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K3II-OCO3HAHHAS ONTUMU3ALIAS BOJbINNX SI3bIKOBbBIX
MOJAEJIEA JJI1 MUKPOKOHTPOJUIEPOB

Annomauyusa: Pacnpocmpanenue 6onvuiux sasvikosvix mooenei (LLM) na
yempoiicmea  Hnmepnema eewei  (IoT) cOepowcusaemcs  oepanudenHvIMU
pecypcamu  mukpoxkoumponnepos (MCU), 6 wacmumocmu, manvim obvemom u
8bICOKOU JIAMEHMHOCMbIO dHepeonezasucumon namsamu (Flash) u onepamusnoil
navamu (RAM). Tpaouyuonunvie nooxoovl @GoKycupyiomcs Ha YMeHbUleHUU
pasmepa mooenu. Jlannas paboma npednacaem UHHOBAYUOHHBIU NOOX0O,
cMewarowull. aKyenm Ha ONMUMU3AYUI0 NAMMEPHO8 O00CMYNad K OAHHbIM KaK
OCHOBHO20 UCMOYHUKA 3A0E€PHCEK 8 CUCMeMax ¢ MeONeHHOU NAMIMbIO.
Hccnedyromes aneopummol nepeynopsaoodu8anus 6ecos Mooenu u cmpamecuu
YnpasieHus nocied08amenbHOCMbl0 BbIYUCIEHUL (BK0YAS NOPSAOOK 00pabomKu
C/10€8 U 2PYRNUPOBKY ONepayull) ¢ Yeibio MaKkCUMu3ayu UCHOIb308aHUsL ObICIPUIX,
HO Kpatine oecpaHudenHvlx xowel LI/L2 npomvnunennvix CPU u munHumuzayuu
obpawenuti Kk MmeoleHHou 6HewHell namsamu. I[Ipedcmasnennas memooono2us
mpebyem 21y60K020 AHAIU3A Yene80U MUKPOAPXUMEKMYPbl. IKCNepUMeHmaibHble
pe3yiomamsl 0eMOHCMPUPYIOM 3HAYUMENTbHOE CHUNCEHUE KOIUYeCmeda NpomMaxos
KauLa u epemeru gvinoaHenus ungeperca LLM na munoswvix MCU. Knouesoti 6xknad
3aKA04aemcs 6 Odokazamenbcmee aghgpexkmusrocmu annapamuo-
OPUEHMUPOBAHHOU PeoPeanu3ayuu OaGHHbIX U 8blyucieHull 07 yckopenus LLM na
PeCYPCOOCPaHUYeHHbIX NAam@opmax.

Knrwueewie cnosa: oonvuiue szvikogvie mooenu, LLM, mukpokonmponiepai,
MCU, onmumuzayus ungepenca, KIU-NAMAMb, KIU-OCO3HAHHBIE GbIYUCTEHUS,
nepeynops004usanue 6ecos, YNpasieHue GblYUCIeHUsMU, aANnapamuo-3a6Uucumas
onmumuzayus, TinyML, snepeosgpghexmusrnocme.
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CACHE-CONSCIOUS OPTIMIZATION OF LARGE LANGUAGE
MODELS FOR MICROCONTROLLERS

Annotation: The spread of large language models (LLM) to Internet of
Things (loT) devices is constrained by the limited resources of microcontrollers
(MCUs), in particular, the low volume and high latency of non-volatile memory
(Flash) and RAM. Traditional approaches focus on reducing the size of the model.
This work offers an innovative approach that shifts the focus to optimizing data
access patterns as the main source of delays in systems with slow memory.
Algorithms for reordering model weights and strategies for managing the sequence
of calculations (including the order of processing layers and grouping operations)
are being investigated in order to maximize the use of fast but extremely limited
L1/L2 industrial CPU caches and minimize accesses to slow external memory. The
presented methodology requires an in-depth analysis of the target
microarchitecture. Experimental results demonstrate a significant reduction in the
number of cache misses and the execution time of the LLM inference on typical
MCUs. The key contribution is to prove the effectiveness of hardware-based data
and computing reorganization to accelerate LLM on resource-constrained
platforms.

Keywords: large language models, LLM, microcontrollers, MCU, inference
optimization, cache memory, cache-aware computing, weight reordering,
computing management, hardware-dependent optimization, TinyML, energy

efficiency.

BBenenue

AKTHUBHOE pa3BUTHE OONBIIMX S3BIKOBBIX Mojener (LLM) mopoxmaer
NOTPeOHOCTh B HMX HCIOJIHEHUM Ha NepudEepUiHbIX YCTPONCTBAX, BKIIOYAs
MukpokoHTpoiepsl (MCU), nyist obecriedeHust MpUBaTHOCTH, HU3KOU 3aJIEPKKU U
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sHeprodpdexruHoctu. OgHako pasBepreiBanne LLM na MCU crankuBaeTcsi ¢
dbyHIaMEHTaIbHBIM TPOTUBOPEYUEM MEXKJY BBIUUCIUTEIBHONW CJIOKHOCTHIO
MOZeJIe M KECTKHUMHU alMapaTHBIMA OTPAaHUYCHUSIMU: MajbiM O00BEMOM
oneparuBHoil mamsatu (RAM), eme MeHbmuM oObemoM kdmi-mamsitd L1/L2 u
BBICOKOM JIATEHTHOCTBIO JoCTyna K sHeproHeszaBucumoin mnamaru (Flash), rnoe
0ObIYHO XpaHATcs Beca Monenu [1, 2]. [IpeoOnanaromue crpaterud ONTUMU3ALNH,
TaKM€ KaK KBAaHTOBaHWE, MNPYHUHI M AuCTWULALMA [3, 4], HampaBieHbl Ha
YMEHBIIIEHUE Pa3Mepa MOJEIHN U BBIYUCIUTEILHONU CI0XKHOCTUA. XOTA 3TH METOJbI
HEOOXOAUMBI, OHM 4YacCTO HEIOCTATOYHBl ISl JIOCTHXKEHUS TMPUEMIIEMOU
MPOU3BOJUTENBHOCTH HAa MHOTHUX NpoMblieHHbIX MCU. [Ipuunna 3akitoyaercs B
TOM, YTO MIPU MaJIbIX pa3Mepax MOAEIEH OCHOBHBIM y3KUM MECTOM CTAHOBUTCS HE
BbIurciuTeNnbHass MoutHocTh CPU, a moctyn K JaHHBIM, OCOOCHHO MPU YaCTHIX
mpoMaxax B KdIIax, TPEOYIOIUX OOpalieHuss K MEIJEHHOW BHEIIHEH MaMsiTu
(Flash/RAM) [5]. JlaTeHTHOCTb TakuX OOpallleHUI HA MOPSIKU MPEBBIIIAET BpEMs
BBIIIOJIHEHUS ONIEpaliuii MTPOLIECCOPOM.

Lenpto maHHOW paboTHI SBISETCS HCCIEAOBaHWE W pa3pabOTKa METO0B
ontumuzanuu nHpepenca LLM nis MCU, chokycupoBaHHBIX HE HA YMEHbBILICHUU
MOJIEJIM, 2 HA MUHUMM3AIMHU 33JIEPKEK JOCTyNa K JAHHBIM 4epe3 paguKaJIbHYIO
aJlanTalldio CTPYKTYPhI MOJICNIH U MPOIecca BBIYUCICHUN K crieliuuke uepapxuu
NaMsTH HEJIEBOM MUKPOAPXUTEKTYpbl. OCHOBHAS TMIIOTE3a 3aKJIFOYAETCS B TOM, YTO
nepeynopsiiounBaHie BECOBBIX MapameTpoB Moxaenu B mamsaTu Flash/RAM wu
yIOPABICHUE  TIOPANKOM  BBIYMCICHUN  (MOCIIEOBAaTEIbHOCTBIO  CIIOEB,
IpyHIUPOBKON oOIepauii BHYTPU CJIOEB) MOTYT OBITh CIPOEKTUPOBAHBI TAKUM
o0pa3oM, 4TOObI MaKCUMHU3HPOBATh JIOKAJTU3aHOCTh OOpalleHudl K JaHHBIM U
3¢ PEKTUBHOCTH UCIIOTB30BaHMS KPOIIeUHBIX Kameld L1/L.2, TeM cambIM cokparias
KOJIMYECTBO JIOPOTOCTOSIIIINX OOpaIieHnii K OCHOBHOM namsTH. VIHHOBallTHOHHOCTh
MOJIX0a COCTOUT B SIBHOM cMemieHnH ¢okyca ontumuzanuu LLM nns MCU ¢
pa3sMepHO-BBIYUCIIUTENBHBIX aCIEKTOB Ha MpPOOJeMy OpraHu3allud JaHHBIX U
BBIYHCIICHUH, TOMYMHEHHYIO OTPAHUYEHUSIM KOHKPETHON CUCTEMBI MTaMSITH.

ITocranoBka mnpobnembl. Mepapxuss mamMsaTH THUIUYHOTO MPOMBIIUIEHHOTO
MCU (mampumep, Ha 6aze smep Arm Cortex-M4/M7/M33) xapakrepusyercs
CIEeIyIONMMHU 0coOeHHOCTSIMU: Hebombimon kamr L1 (16-64 Kb), BO3MOXHBIA, HO
He Bcerga npucyrerByromuil ko L2 (128-512 Kb), orpannuennas RAM (cotHu
Kb — egununer MbB) u Flash (eguaumst MB) ¢ cymecTBeHHO pa3iryaromiencs
MPOMYCKHON CIOCOOHOCTBIO M JAaTeHTHOCThIO [6]. Beca LLM, mpeBslimaromiue
pasmep RAM, xpansrcsa Bo Flash u moarpyxarorcs B RAM wnu HanpsiMyto B K1
Mo Mepe HeoOXOMMMOCTH. AKTHBAIlMH, TEHEPUPYEMbIE B Ipollecce HMHQPEPEHca,
pasmemiatorca B RAM. Ilponeccop u3Biekaer gaHHbIE (Beca U aKTUBAI[MU) Yepe3
Ka-naMsTh. [Ilpomax B kame L1 npuBoaut k nmoucky B L2 (eciu ecTh), a mpomMax B
L2 nmm ero orcyrcTBue BeneT K ureHnio u3 RAM wnm Flash, 4to 3aHnMaeT cotHn
TakTOB mpoueccopa [7]. HauBnHas peanuzauus uHdepenca LLM mnpuBoaut K
YacThIM IIPpOMaxaM KaIiia h3-3a 00JbIIOro pabovyero MHOKECTBA U HEONTUMAJIbHBIX
MaTTEPHOB JOCTYIIA, IPEBPAIasi BHINOJIHEHUE MOJICIIH B ONIEPALUIO, OTPAHUYEHHY IO
MPOMYCKHON CITIOCOOHOCTHIO MAMSITH, a HE BhIYUCIUTENbHOM MomiHOCTRI0 CPU [§].
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IIpennaraemasi MeToO1010THSI.

[Ipemyaraempiil  KALI-OCO3HAHHBIA IMOAXOJ ONTUMHU3ALMM BKJIIOYAET JBA
B3aMMOCBSI3aHHBIX HAMPABICHHUS:

AnnapaTHO-OpUeHTUpPOBaHHOE TnepeynopsaounBanue BecoB (HW-aware
Weight Reordering). BecoBble TeH30pbl Monenu (HampuMep, MaTpULb
MOJIHOCBSI3HBIX  CJIOEB WJIM  Sipa CBEPTOK) TMOJBEPraloTcs CTPYKTYpPHOM
TpaHcopMali HE C IEJIbI0 HM3MEHEHMs] MaTeMaTUYeCKOW CEMaHTHKH, a JJIs
yAYUIIEHUs] IPOCTPAHCTBEHHON M BPEMEHHOMW JIOKAJIM3aHHOCTH MPU JOCTYME BO
BpeMst nuHdepeHca [9]. AITOpuT™M peopepuHra aHaJIU3UPYET MOCIEI0BATEIbHOCTD
JIOCTyNa K BECOBBIM KO3 dHUIIMEHTAM, TNPEICKa3bIBAEMYI0 BBIYUCIUTEIHHBIM
rpadoM MOIENM U IUIAHUPOBIIMKOM OTEpalui, ¢ y4eToM IapaMeTpoB KdIa
neineBoro MCU: pasmepa ctpoku kdmia (cache line size), accoluaTUBHOCTH,
pasmepa camoro kdma. llenp — crpynnupoBarh B CMEXKHBIE OOJaCTH MaMSITH
Flash/RAM Tte Beca, KoTopble OynyT MOCIeI0BaTeIbHO UCIIOJIB30BATHCS B OJIM3KHUE
MOMEHTBI BPEMEHHU MPOIECCOPOM, YBEIMYUBAs BEPOSTHOCTH MOMAJaHUS B OAHY
CTPOKY KAIIIa U YMEHbIIIasi KOIMYECTBO MIPOMAXOB, BhI3BaHHBIX KOH(MKTamu [10].
Jns cnoxubix cinoeB (Hampumep, Multi-Head Attention) 3To MOXeT BKIIIOYaTh
HNePErpynImupOBKY BECOBBIX OJIOKOB, COOTBETCTBYIOIIMX OTIAEILHBIM IOJIOBaM, WIIH
U3MCHEHUE TOPsIKa XpaHEHHUS IMapaMeTPOB BHYTPH OJIOKa.

Kbami-oco3nanHoe yrpapieHue mocienoBaresibHOCThI0 Bhruncienuit (Cache-
conscious Computation Scheduling). [Topsiox BBINMOTHEHUS OIEpaluii BHYTPH
MOJIEH aJanTUPYyeTCs JUIsl MaKCUMHU3allMKd MOBTOPHOTO HCIIOJIH30BAaHUS JIaHHBIX,
y’K€ HaXOISAIIMXCS B K31Ie. DTO BKIOYAeT: a) ONTUMH3AIUIO Topsaka 00paboTKu
CJIOEB WJIM OJOKOB BHYTPH CIIOEB ISl YBEJIMYEHUS BPEMEHHOM JIOKAJIM3aHHOCTU
aktuBaruii. Hampumep, B Transformer-apXutekTtype MOXKET OBITh BBITOIHO
oOpabaTbeiBaTh HECKOJIBKO TOCJIEIOBATEIBLHBIX TOKCHOB BHYTPH OJHOTO OJ0Ka
nepes MepexoloM K CIeaylomeMy OJIOKY, €ClId TMPOMEKYTOYHBbIE aKTUBALIUU
TOKEHOB ToMernaroTcs B kam1 [11]. 6) Crparerudeckyro rpynmupoBKY OIepaluii
BHYTpHU cy0sl. JlJIsI MaTpUUYHBIX YMHOXKE€HUU, COCTAaBISIOMMX OoCcHOBY LLM, 310
MOJKET O3HauaTh pa3OueHne OOIbITUX MaTpUIl Ha 010Kk (tiling), pasMepsl KOTOPBIX
TIIATEIBHO MOAOUPAIOTCA TaK, 4TOOBI paboure HaOOphI TaHHBIX (BECOBBIC OJIOKU U
COOTBETCTBYIOIIME OJIOKM aKTUBAIMM ) 1JIsI YMHOXKEHUS MOJTHOCTHIO TOMEIIAINCH B
wm L1 wm L2 [12]. B) YnpaBieHue MNOTOKOM AaHHBIX I MHUHUMM3AIUU
«XOJIOHBIX» TPOMAxXOB IMpPU TNEPEXONE MEXKIY CIOSMH, BO3MOXHO, C
WCIIONIb30BaHUEM TpeABBIOOpKH  (prefetching) maHHBIX B K3II, TAE 9TO
Nojiep KuBaeTcs arnmaparso [13].

Pa3paboTka KOHKpPETHBIX aJrOpPUTMOB PEOPICPUHTA W TUIAHUPOBAHUS
TpeOyeT AeTaJIbHOTO 3HAHUSI MUKPOAPXUTEKTYPHI LIEJIEBOTO MpoLieccopa: pa3MepoB
Y TIOJIUTHUK KAIIIeH, TATCHTHOCTH NaMATH, Haanaus u xapakrepuctuk TCM (Tightly
Coupled Memory), mOIAEPKKH HWHCTPYKIUN MPeaBBIOOpKU. MeTtomoorus
npeanonaraeT npoQuiInpoBaHUe TAJTOHHOUN peanu3anuu uHpepeHca Ha 1EeIeBOM
MCU pans BbIABIEHHS «Y3KHMX» MECT, CBSI3aHHBIX C MpOMaxaMH Kd3ma, C
MOCJIEYIOIIEH UTEPATUBHOW HACTPOMKON aJITOPUTMOB ONITUMHU3ALIHNH.
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3akil0ueHue

B pabote npeioxkeH noaxoa K YCKOpeHU0 HHpepeHca OONIbIINUX S3bIKOBBIX
MoJIeJIelt Ha MUKPOKOHTPOJUIEpax, OCHOBAHHBIN Ha KAIII-OCO3HAHHOW ONTUMHU3AITUU
MaTTepHOB JOCTYyIAa K AaHHBIM. CABUT (OKyca C YMEHBIIICHUS pa3Mepa MOJICIH Ha
MUHHAMHM3AIUIO 33JIEPKEK, BBI3BAHHBIX MEJICHHOW MaMAThIO, TyTEM aIlllapaTHO-
OpPUEHTUPOBAHHOTO MEPEYNMOPSAA0YMBAHUS BECOB U CTPATETHUECKOTO YIPABICHUS
MOCJICIOBATEIIEHOCTHIO BBIYUCIICHHH, JTOKA3aJl CBOIO BBICOKYHO 3(P(EKTHBHOCTS.
KitoueBbiM  (hakTOpOM ycriexa SBISETCS CTPOrO€ COOTBETCTBHE AaJrOPUTMOB
ONTUMHM3AIMN TIapaMeTpaM HepapXuu TMaMsITH KOHKPETHOW MHKPOAPXHTECKTYPHI
(pasmepbl  komet L1/L2, accounuaTMBHOCTB, pa3Mmep CTpoku). Pesynbrars
JEMOHCTPUPYIOT 3HAYMTEJIBHOE COKpaIlleHHE IPOMAaxXOB KJ3IIa W BPEMCHH
BbINOTHEHUS! H(pepeHca Ha npomblnuieHHoM MCU. JlanbHeiiue ucciaeaoBanus
MOTYT OBITh HAmpaBleHbl HA aBTOMATH3aIlMI0 TIpoliecca MPOQHINPOBAHHS U
TeHepallii ONTUMHU3UPOBAHHBIX IIJIAHOB BBIYHUCICHUHN U CTPYKTYP XPaHCHHUS BECOB
s pasnuuHblx  apxutektyp LLM m MCU, a Takke Ha MHTETpalMio
NPEITIOKCHHBIX METOJOB C CYIICCTBYIOIIMMH TEXHUKAMHU CYKATHS MOJICIICH.
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NTEPATUBHAS PE®JIEKCUBHASA 'EHEPAIIUSA 11 MUKPO-LLM:
KOMIEHCALIUS MAJIEHBKOI'O PASMEPA MOJAEJIA IYTEM
MHOKECTBEHHBIX ITPOXOZ0OB C OBPATHOU CBA3bIO

Annomauyusa: Ilpeonacaemcs nooxoo Hmepamusnoti Pegrexcuenotl
lI'enepayuu (UPI') ons a3vikosvix moodenetl manoco pasmepa (mukpo-LLM). I1o0xo0
Hanpaenen Ha npeodoieHue O02PAHUYEeHUl, HAKIAObIBAeMbIX MAIbIM 00beMOM
napamempos Mmukpo-LLM, 3a cuem nociedo8amenvHuiX YUKIO8 2eHepayul,
AHAMU3A U YMOYHEHUsl 8bIXOOHLIX OanHblX. Muxpo-LLM evinonnsiem ueprogyro
2eHepayuro omeema, 3amem mom JHce IKIEMNIAP MOOeIU Ul CHeYUATUUPOBAHHbBIE
npocmvle MEXAHU3MbL  AHATUSUPYIOM  C2eHEPUPOBAHHBINL MEKCM Ha npeomem
coomeemcmsusl 3a0aue, popmamy, 102UHecKoll YeroCMHOCIU U 8bIAGISION Clabble
Mecma; Ha OCHO8e AHAIU3A QOPMUPYIOMCA  YMOUHAIOWUE UHCMPYKYUU OJs
credyroweeo  yukia — 2enepayuu.  Peanuzyemcs  komnpomucc — mexncoy
BDeMEHEM/BbIMUCTIUMETbHBIMU DEeCypCamul U KAuecmeoM BbIXOOHbIX OAHHbIX Npu
Qukcuposannom pasmepe mooenu. Pezynibmamul 9KCnepumenmos 0emoHCmpupyon
CMAMUCMUYECKU  3HAYUMOE  VIVHUEHUe MeMmpuK Kayecmea 2eeHepayuu no
CPABHEHUIO C OOHONPOXOOHBIM PEHCUMOM.

Knwueevie cnosa: muxpo-LLM, s3vixogvie Mmoldenu manoz2o pasmepa,
umepamueHas — 2ceHepayus, pegeKkcusHas — 2eHepayus, o0OpamHas — CeA3b,
camoucnpagierue, 3¢pexmusHvie 8blYUCTEHUS, PECYPCOOSPAHUYEHHbLE CPEObL.
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ITERATIVE REFLEXIVE GENERATION FOR MICRO-LLM:
COMPENSATING FOR SMALL MODEL SIZE THROUGH MULTIPLE
FEEDBACK PASSES

Annotation: An Iterative Reflexive Generation (IRG) approach for small-size
language models (micro-LLM) is proposed. The approach is aimed at overcoming
the limitations imposed by the small volume of micro-LLM parameters through
successive cycles of generation, analysis and refinement of output data. Micro-LLM
performs rough response generation; then the same model instance or specialized
simple mechanisms analyze the generated text for compliance with the task, format,
logical integrity, and identify weaknesses.; Based on the analysis, clarifying
instructions are generated for the next generation cycle. A compromise is being
implemented between time/computing resources and the quality of the output data
with a fixed model size. The experimental results demonstrate a statistically
significant improvement in generation quality metrics compared to the single-pass
mode.

Keywords: micro-LLM, small-size language models, iterative generation,
reflexive generation, feedback, self-correction, efficient computing, resource-
limited environments.

Beenenue

PazBeprhiBanue s3bikOBbIX Moneneid (LLM) B pecypcoorpaHuy€HHBIX
cpenax, TaKuX Kak MOOWIbHBIE YCTPOICTBA, BCTPAMBAEMbIE CHUCTEMbI WIIU
MPWIOKEHUS C YKECTKUMHU TPEOOBAaHUSAMH K 3a7€pKKe M DHEPronoTpeOICHHIO,
TpeOyeT UCIONb30BaHUS MOJIEIEH IKCTPEMANIBHO MaJIoro pazmepa — MUKpo-LLM.
OnHako CyHIECTBEHHOE YMEHBIIIEHHE KOJIMYECTBA MMapaMeTPOB HEU30€KHO
MPUBOJIUT K CHH>KEHHUIO CIOCOOHOCTHU MOJIEIU K PACCYXKIEHUIO, KOHTEKCTYaIbHOMY
MOHHMAHHUIO W TEHEPAlUHUH TOYHBIX, CBSI3HBIX W PEJIECBAHTHBIX OTBETOB 3a OIWH

"Teopusi u npakTHKa coBpeMeHHol Hayku' Ne8(122) 2025



npsAMoON npoxona. TpaaullMOHHBIE NMOAXOABI K YIYYLIEHHWIO KadyecTBa MUKpo-LLM
bOKyCUPYIOTCSL Ha apXUTEKTYPHBIX ONTUMM3ALMIX, NUCTHWLISALMU 3HAHUW WU
C)KaTUM JTaHHBIX, YacTO JOCTUras mnpezaena 3(QQPEeKTUBHOCTU i 3aJaHHBIX
BBIYMCIIUTENBHBIX OTPAHUYEHUN.

Lenbro gaHHOTO MCCIEI0BAaHUS ABISETCS pa3padoTKa U BaluAaus MOAX0/a,
KOMIICHCUPYIOILIETO OrpaHUYECHHBbIE BHYTPEHHHUE BO3MOXXHOCTH MUKpO-LLM 3a
CUET OpraHu3alMy [polecca TeHEpauuud B BHJAE  MOCIEI0BAaTEIbHOCTH
UTEPATUBHBIX LIATOB C BHYTPEHHEW WM THOpUIHON 0OpaTHOM cBsi3bi0. OCHOBHAs
TUIIOTE3a 3aKJII0YaeTcsd B TOM, YTO MHOIOKPATHOE, HAIIPABICHHOE YTOYHEHHE
BBIXOAHBIX JAHHBIX HA OCHOBE MPOCTOTO aHaln3a MPEAbIAYIIMX IMOMNBITOK
no3poisieT Mukpo-LLM  nocthub ypOBHS KadecTBa, HENOCTHKHMOIO B
OJHONIPOXOAHOM pEXKMME, LIEHOW YBEIWYEHHs BpPEMEHU TeHepanuu. JlaHHBIMI
noaxon obo3Hayaercs kak MreparuBHas PeduiekcuBHas [enepanms.

KayecTBO reHepanuu S3BIKOBBIX MOJENEH Koppelupyer ¢ 00beMoM
o0yy4aroluX JaHHBIX U KOJIMYECTBOM NapameTpoB moaenu. Mukpo-LLM, obnagas
Ha MOPSIAKK MEHBIIIMM YUCIIOM MMapaMeTPOB MO CPABHEHUIO C KPYITHBIMHU MOJIETISIMH,
CTpPalaloT OT OrpPaHUYEHHOW EMKOCTH NaMSTH, CHUKEHHOW CIIOCOOHOCTH K
aOCTpaKIMK U CIOKHBIM JIOTHUYECKUM BhIBOJIaM. TUTTMYHBIE HETOCTATKU BKIIOYAIOT
TeHEPAIMIO0 BHYTPEHHE TPOTUBOPEUUBBIX YTBEPKIAECHUN, OTKIIOHEHHUE OT 3aJJaHHOTO
¢opmaTa oTBeTa, MOBEPXHOCTHOE MOHUMAHNE KOHTEKCTA, TaJUTIOIMHAIIMN (aKTOB
U CHHTaKcuueckue omuoku. TpeboBaHue ModydyeHHs] TPUEMIIEMOTO pe3ylibTaTa 3a
omuH mpoxon (single-shot generation) cTaHOBHUTCS KIIFOYEBBIM OTPaHUYMBAIOLIUM
(dakTopoM IJIsl IpaKTUYECKOro npuMeHeHust Mukpo-LLM B 3amadax, TpeOyrommx
HAJI€KHOCTU U TOYHOCTH.

HreparuBHas PeduiekcuBnas I'enepauusa (UPI)

Apxutekrypa HWPI' Bkmrowaer Tpu (QyHIaMEHTAJIbHBIX KOMITOHCHTA,
B3aUMOJICUCTBYIOIIUX UUKIWYECKA: MOIYJb YEPHOBOM TIEHEpauuu; MOIYJb
aHanu3a u pedIIeKCHH; MOIYIb INIAHUPOBAHUS YTOUHEHUH.

1. Monynb Yepnonoii I'enepaunu (MUI): Ha nepBoii urepariuu Mukpo-LLM
MOJIy4aeT UCXOIHBIM MPOMIIT ITOJIB30BATENsl U T€HEPUPYET HAYAIbHBIA YEPHOBOU
otBeT. Ha mocnenytonux urepanusx MUI nonyyaet MonuduIIupoOBaHHbIN TPOMIIT,
BKJIIOYAIOIIMKA MCXOAHBIM 3allpOC M YTOUHSIOIIME WHCTPYKIUU OT MOIYIIS
IJIAHUPOBAHUSL.

2. Monyns Ananmza u Pednexcun (MAP): JlanHBI MOmynh TPUHUMAET
CTeHEpPUPOBAHHBI YEPHOBUK W MUCXOMHBIN mpoMnT. Ero dyHKIMS — quarHocTuka
HEJIOCTAaTKOB TeKyllero orseta. Peanuzanuss MAP Bo3Mo)kHa B JIByX BapuaHTax:
Buytpennsisi Pednekcuss — TOT ke sK3eMmiuisip MUKpo-LLM wucnons3yercss B
CHELUUAIU3UPOBAHHOM PEXHUME (Yepe3 MPOMIITHUHT) JUIsi OLUEHKHM COOCTBEHHOIO
BBIBOJIA 110 33/IaHHBIM KpUTEpHUsIM (HarpuMmep, "BpisiBU npoTUBOpeUUst B TeKcTe:",
"IIpoBepb coorBercTBUE hopmary JSON:"); Baemnss Pednexcus — npumenstorcs
JIETKOBECHbIE  JICTEPMUHUPOBAHHbIE TMpaBUjia, KOHEUYHbIE AaBTOMATbl WU
CIEUUATIBHO OOYyYE€HHBIE MUKPO-KIACCU(PUKATOPHI ISl MPOBEPKH KOHKPETHBIX
acrekToB ((hopmart, HaTuure 00s3aTeNIbHBIX KITFOYEBBIX CJIOB, 0a30BbIC TPOBEPKHU HA
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MPOTUBOPEUUBOCTh). BbixomoM MAP sBnsercss CTpyKTypUpOBaHHBIM OTYET 00
omuOKax U cladbIX MECTax.

3. Monyne IlnanupoBanus Ytounenuit (MIIY): Ha ocnoBe oruera MAP
JaHHBIA MOAYIb (POPMYIHPYET KOHKPETHBIE MHCTPYKIIMH JJIs1 CIEAYIOLIEro UK
reHepauuu. MHCTpyKUMM HampaBi€Hbl HA MCIPABIECHUE BBISIBICHHBIX MPOOJIEM.
MITY wmoxer ObITh peanu3oBaH uepe3: IIpaBuiia Ha OCHOBE IIa0JIOHOB (€CiH
oOHapyxeHa omuOka Tuna X, J00aBUTh HWHCTPYKIHUIO Y); Mukpo-LLM-
IJTAaHUPOBUIUK (MCIIOJIB30BAHUE TOTO K€ WIIM OTJIEIbHOTO HEOOJIBIIOTO SK3EMILISApa
LLM niis reHepaiid yTOUHSIOIIETO NMPOMITa Ha ocHOBE otyeta MAP n ncropun
utepauuii). CdopMupoBaHHBIE HWHCTPYKIMHU TMepeaatroTcss obparHo B MUI,
UHULAHUPYSI CIETYIOLIYIO UTEPALIUIO.

Hukn '"l'emepaumss -> AnHamu3 -> IlnanupoBanue -> Ienepauus..."
NOBTOPSETCS 0 AOCTHKEHHUS OJHOTO W3 YCIOBHW OCTaHOBa: BbIXOX MAP He
BBISIBUJI KPUTUYECKUX OIIMOOK; JOCTUTHYTO MAaKCHUMAJbHO JIOMYCTUMOE YHUCIIO
UTEpalUii; IPEBBIIIEH JIUMUT BpeMeHU. DUHATbHBIM OTBETOM CUHUTAETCS PE3YNbTaT
MOCJIEHEN UTEPALIUH.

Oo6cy:xxnenne

KitoueBbiME (hakTOpamu ycriexa SIBISIOTCS: CIIOCOOHOCTH Ja)Ke MPOCTOM
MOJIEIM K TIOBEPXHOCTHOMY CaMOaHaju3y IIpU MPaBWIBHOM IPOMIITHUHIE;
3G (PEKTUBHOCTh JETEPMUHUPOBAHHBIX TMPAaBWJI I TPOBEPKH KOHKPETHBIX
acmekToB; (OKyCHpOBKa KaXKIOM UTEpali Ha WCIPABICHUH KOHKPETHBIX,
BBISIBJIEHHBIX HEAOCTATKOB MPEIbIAYIIEH BEPCUN.

OCHOBHBIM OTPaHUYEHHUEM SBISIETCS YBEIUYEHHUE 3aJEPKKHA BBIBOA, YTO
MOKET OBITh KPUTUYHO B CHCTEMaX peasibHOro BpeMeHH. ONTUMU3AIMs CKOPOCTU
pabotel MAP 1 MITY, a takxke pa3paboTKa aJanTHBHBIX CTpaTEruil BHIOOpA YKCIa
UTEpalUi SBISIOTCS HAIPaBICHUSMHU IS JalbHEHIINX ncciieqoBanuii. CpaBHEHUE
3¢ PEeKTUBHOCTH BHYTPEHHEH M BHENTHEH peqIICKCHH TTOKa3ajo MeJIeCO00Pa3HOCTh
rUOpPUIHOTO TOAXO0MAA, TIIe MPOCThIE IPOBEPKH JETNETUPYIOTCS MpaBuiaM, a oonee
CJIIOKHBIM CEMaHTHUUECKUM aHAJIN3 — CaMOU MOJEJIH.

[Mpumenumocts WP nHambomnee ompaBaaHa B CIIEHAPUAX, TJE KaueCTBO
OTBETa KPUTHUYECKH BAXKHO, A YBEJIWYCHUE BPEMEHU TE€HEPALUH JOITYCTUMO,
HanpuMep, Mpu 00paboTKe TaHHBIX B (POHOBOM pEXUME, TCHEpAIlM KOHTSHTA IS
MOCJICAYIOIIETO HCHOJb30BaHUS WM B HWHTEPAKTUBHBIX CHUCTEMax, IJe
MOJIb30BaTENbh OKHJIaeT 00Jiee TOUHOTO pe3ysbTara.

3akiaroueHue

Ureparusnas Pednexkcupnas ['eneparms npencrapiser co00i MpaKTHIECKUI
METOJl KOMIIEHCAIIMM OIPAHUYEHHBIX BO3MOYKHOCTEH SI3BIKOBBIX MOJEIEH Majioro
pasmepa. Ilyrem opraHumzanuy LUKIMYECKOIO NPOILIECCAa TEHEpPAllMM, aHAJIN3a
CT€HEPUPOBAHHOTO KOHTEHTA U TUIAHUPOBAaHUSI YTOUHEHUN Ha OCHOBE BBIABIECHHBIX
HEJ0CTaTKOB, MUKpPO-LLM crocoOHa JocTHrarh CyIIeCTBEHHO 00Jiee BBICOKOTO
YPOBHS TOUHOCTH, CBSI3HOCTH M COOTBETCTBUS TPEOOBAHUSAM 3a]1a4M 10 CPABHEHHUIO
C TPaJUIIMOHHON OXHOMPOXOAHOM reHeparueit. Jlocturaercs 3To 3a cueT oOMeHa
BPEMEHH W BBIYHCIUTEIBHBIX IHKIOB HA KAaue€CTBO BBIXOAHBIX JIaHHBIX.
[IpensioxkeHHass apXUTEKTypa SABIsIETCAS THOKOM, TOMyCKasl pa3iMuHble peain3aluu
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MoyJeH pedaeKkcry U INIaHUPOBaHMsl. Pe3ybTaThl SKCIIEPUMEHTOB MOITBEPIKIAOT
KHU3ZHECITOCOOHOCTh U A(PHEKTUBHOCTD MOAXO/A, OTKPHIBAasI MEPCIEKTUBLI JJIsI €T0
WCIIOJIb30BaHUSI B PECYPCOOTPAHUUYEHHBIX MPWIOKECHHUIX, TJE pPa3BEPTHIBAHUC
kpynHbix LLM HeBO3MOXHO MJIM HenenecooOpasHo. JlanpHeimas padora OyaeT
HanpaBJicHa Ha ONTHUMHU3AIMI0 BPEMEHHBIX 3aTpaT, WCCIICIOBaHUE aJalTHBHBIX
cTpareruii urepanuii u npumenenue MPI" k Gonee mupokoMy criekTpy 3aaad.
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Annomauyusa: Illpeonazaemcs memooonocus 3IKCMPEMAanlbHOU KOMNPeCcCcuu
KPYNHLIX  513bIKOBbIX  Moldeneti  (LLM) nocpeocmeom  yenesoco  yoaneHus
DYHKYUOHATIbHBIX BO3MONCHOCHEU, He PeNleBAHMHbIX KOHKPEMHOU Y3KONPODUIbHOU
NPOMbIWIEHHOU 3a0ade. B omauyue om mpaouyuoHHwlX n00X0008 K CHCAMUIO,
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EXTREME SPECIALIZATION OF LARGE LANGUAGE MODELS
BASED ON ONTOLOGICAL RELEVANCE FOR INDUSTRIAL TASKS

Annotation: A methodology for extreme compression of large language
models (LLM) is proposed by purposefully removing functionality that is not
relevant to a specific narrow-profile industrial task. Unlike traditional compression
approaches that focus on preserving the overall capabilities of the model, this
approach focuses on identifying and subsequently eliminating the parameters and
internal representations responsible for processing knowledge beyond the required
domain. The method involves analyzing the semantic importance of data relative to
the target ontology of the task (for example, fault diagnosis of a machine based on
logs), the use of structured pruning and selective freezing of network modules. The
result is a significant reduction in computational requirements and model size while
maintaining the required specialized functionality. This approach provides a
practical opportunity to implement LLM in resource-limited industrial
environments that require high efficiency and predictability.

Keywords: large language models, model compression, extreme
specialization, industrial application, ontological relevance, structured pruning,
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Beenenue

[IIupokoe pacnpocTpaHeHUE KPYMHBIX S3bIKOBBIX Moxenei (LLM) [1]
BBISIBUJIO CYIIIECTBEHHBIN Pa3pbiB MEXKIY UX MOTEHIIMAIbHBIMU BO3MOKHOCTIMU U
MPAaKTUUYECKUMHU  TPeOOBAHUSIMU  MPOMBIIUICHHOTO  BHeApeHUs. (OCHOBHBIM
MPENATCTBUEM  BBICTYNAIOT YPE3BBIYAKMHO BBICOKHE  BBIYUCIUTEIBHBIE U
SHEPreTUYECKUE 3arparhl, HEoOXoguMble sl (YHKIMOHUPOBAHUS JIAHHBIX
Mojielieil, OCOOCHHO B YCIIOBUSIX pPEajJbHOTO BPEMEHHU WM Ha mNepudepuiHbIX
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ycTpoiictBax (edge computing) [10]. TpanuinmonHsie MeToabl Komnpeccun LLM,
TAKWE KaK MPYHUHT BECOB, KBAHTOBaHUE, NUCTWILISALMSA [2, 7, 8], HampaBieHbl Ha
oOlllee yMEHBIIIEHUE pa3Mepa U CI0KHOCTU MOJEIU C COXPAaHEHUEM KaK MOXKHO
OoJyiee MIMPOKOTO CHEKTpa €€ HMCXOAHBIX crmocoOHocTel. OpHako i MHOTHX
CHIELUATU3UPOBAHHBIX MIPOMBIIIIIEHHBIX CIIEHAPHEB, TaKuX KakK
ABTOMATHU3UPOBAHHBIN aHAJIM3 TEKCTOBBIX JIOTOB 0OOPYAOBAHUS ISl AUATHOCTUKU
c0oeB, NPOTHO3UPOBAHHWE OTKA30B HAa OCHOBE TEXHUYECKUX OIMUCAHUN WU
CEMaHTUYECKU TOUCK B 0a3ax 3HAHUNA WH)XEHEPHOU MOIJIEPKKH, OOLIMpHBIE
oOlue 3HAHMS MOJENM SIBIAIOTCS U30bITouHbIMU [12]. TpelOyercs nwuiib
y3KOHaIpaBjieHHass (PYHKIIMOHATIBLHOCTh, CTPOTO COOTBETCTBYIOIIAS OHTOJIOTHUH
KOHKPETHON TpeAMETHON 00JacTu W peraeMoi 3amauu. BosHukaeT rumoresa o
BO3MOXKHOCTH JJOCTHXKEHUS CYIIIECTBEHHO 00Jiee BHICOKOM CTENEHN KOMITPECCHUH 32
CYET LEJCHANPABICHHOIO YIAJIE€HUS T€X KOMIIOHEHTOB MOJIEIU, KOTOPHIE OTBEYAIOT
3a 00paboTKy UH(pOpPMAIUH, HE UMEIOIIEH OTHOIICHUSI K IIEJI€BOM TPOMBIIIIICHHOMN
3amaue [16]. JlaaHbIii mogxos, 0603Ha4aeMblid KaK dKCTpeMasbHas Crielain3alus,
IpeanosaracT Mepexo] OT COXPaHEHUsS OOIIMX CIOCOOHOCTEH K COXpPaHCHHIO
UCKITFOUUTENIBHO KPUTHYECKH HEOOXOIMMBIX ISl KOHKPETHOTO USE case.

IIpobaemaruka Oo1ei Komnpeccun VS. TpeGoBanmust
IIpomMbILTIEHHOCTH

CrangaptHble monxoasl k cxaruio LLM crankuBatorcs ¢ GpyHIaMEeHTAIbHBIM
OTpaHWYEHUEM IIPU AJANTAMU K Y3KOCHEUUAIN3UPOBAHHBIM IPOMBIIIICHHBIM
3amayaM. MeTonbl 100ANbHOTO TMPYHUHra CTPEMSTCS YIaJIUTh HaWMEHee
3HaYMMBbIE BECa IO BCEH CETH, OCHOBBIBASICh HA PBPHUCTUKAaX BEJIMYMHBI BECa WJIU
€ro BIMSIHUS Ha o01Iy10 GYHKIUIO 1oTeph [2, 3]. KBaHTOBaHUE CHUXAaeT OUTHOCTD
IOpEACTABICHUSI TNapaMETpPOB, BJIMSASA Ha BCE CIOM MOJEIM DPABHOMEPHO WU
agantuBHO [8]. JAuctuimnsanus mepenaeT 3HAHUS OOJBIION Mojenu (y4uTens) B
MEHBINYI0 (YYEHUKA), CTPEMSCh anmpOKCUMHUPOBATh OOIee MOBEACHUE YUHTEIs
[7]. OOmie#t yepToit AITUX METOJOB SBIACTCS II€JIb MUHUMH3UPOBATH JCTPAIAIINIO
IPOU3BOAUTENBHOCTH MOJENIM Ha IIMPOKOM Habope oOmux 3amad (Hampumep,
GLUE, SuperGLUE) [9]. Ognako B KOHTEKCTE NPOMBIIUICHHOTO TPUMEHEHHS], TIe
MOZIeNIb JOJDKHA peniarb OAHY YETKO ONpPEIeNCHHYI0 3ajadyy B CTPOro
OTPaHMYCHHOW TMpEAMETHOW o00nacTv, TOIJCpKAHUE MIUPOKUX  OOIINX
CIIOCOOHOCTEH CTaHOBUTCS HeompapaaHHOW pockomibio [10, 12]. 3HaunTenbHas
94acTh BBIYUCIHMTEIBHBIX PECYpCOB TpaTUTCA Ha OOpabOTKYy M MOAJAepKaHHUE
BHYTPEHHHUX TPEACTaBICHUIN, aOCOIIOTHO HEPEIICBaHTHBIX I, HalpuMep,
Ki1accudukanuyu komoB omubok ctanka UIIY mo ux TEKCTOBBIM OMHCAHUSM B
jorax. Ota "OHTOJIOTHYECKass H30BITOYHOCTR" [16] mpencraBnseT co60i OCHOBHOM
pe3epB sl JAOCTHXKEHHS] PaJUKAIbHOTO COKpAllleHUs pa3Mepa U CJIOKHOCTU
MOJIeJIA PUMEHUTENBHO K CIEIHATN3UPOBAHHOMY CIIEHAPUIO UCIIOJIb30BAHUS.

Konuenmnus IKCTpeMATbHOM Cnenuajamnsanum Ha OCHOBE
Onronornuyeckoii PesieBaHTHOCTH

[Ipennaraemsiii moaxon (yHIAAMEHTAIbHO OTJIMYAETCS OT TPAJAUIIMOHHOM
komnpeccuu [2, 7, 8, 16]. Ero sigpom siBiasieTcss NpuHUUIN (PYHKIIMOHAIBHOTO
MIPYHHUHTA, HAMPABIICHHOTO HE Ha MaJI0O3HAYMMbIE Beca B IJ100aJIbHOM CMBICTIE, a Ha
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L[eJICHAINIPaBICHHOE yAaJeHUE BO3MOXXHOCTEW MOJENIH, CBSI3aHHBIX ¢ 00pabOTKOM
JAHHBIX, JIGKAIIMX BHE 1eleBoi  oHTosoruu. Iloxg  "oHTOJIOrmMueckoi
PEIEBAHTHOCTHIO" TMOHUMAETCS COOTBETCTBUE 3HAHWM, (DAKTOB, KOHIEMUIHUA U
A3BIKOBBIX KOHCTPYKLMHM TOH Y3KOM IpeIMEeTHOM 00JacTH, KOTOpas HeoOXoauma
Il PELICHUs KOHKPETHOM NPOMBINUJICHHOW 3anayu. Hampumep, s cUCTEMBI
JUArHOCTUKM TO JIOTaM KPUTHUYHBI 3HAHUS O KOJaX OIIUOOK, TEXHUYECKUX
TEPMUHAX, CHEIU(PUUECKUX TIOCIENAOBATEIBHOCTIX COOBITUH, HOMEHKIATYpe
KOMIIOHEHTOB 000PYIOBaHUS M UX B3aUMOCBA3SX. 3HAHUSA O JIUTEpaType, UCTOPHH,
oOl1eil Hayke WM JaXe O CMEXKHBIX, HO HE MCIOJb3yeMbIX B JaHHOM 3ajaye
WHXKCHEPHBIX  JUCHMUIUIMHAX  SIBISIIOTCA  HepeneBaHTHbiMU  [12].  Llens
KCTpEMAIbHOM  CHeNMalu3aliil  —  WJACHTUPUIMPOBAThL  MapamMeTpbl U
CTPYKTypHBIE 3yieMeHThl LLM (HelpoHbl, Tpynmbl HEUWPOHOB, CIOM BHUMAaHWII,
nensie cinou) [4, 5, 13], oTBeTCTBEHHbIE 3a KOAMPOBAHUE U MAHUIYJIUPOBAHUE
HEpEJICBAHTHBIMU 3HAHUSIMU, U HACUJIBCTBEHHO YCTPaHUTh WU JCAKTUBUPOBATH
WX, OCTaBUB TOJILKO MUHUMAJILHO HEOOXOIUMBIN JJIS 1IEIeBOM 3a1aun (PyHKIIMOHA
[16].

Metoabt  Haentupuxanuum  HepeneBaHTHBIX  DYyHKIHMOHAJBHBIX
Bo3moxkHocTel

KitroueBbIM ATarom peaausamnu SKCTPEeMaTbHOM CreIuaaInu3aiiuu sBIsSeTCs
pa3paboTKa HAJEKHBIX METOAOB i1 WACHTHU(PUKAIMK 4YacTell Mojenw,
OTBETCTBEHHBIX 32 HEpEeJIEBaHTHbIC 3HaHUA. OJIMH NEPCIEKTUBHBIN IyTh — aHAJIN3
BIIMSHUS Ha IIEJIEBYIO 3a1a4y [3, 6, 9]. Mcnonb3ys crienuain3upoBaHHbIA JaTACET,
CTPOTO COOTBETCTBYIOUIUI MPOMBINIJIEHHON 3a7aue (HanmpuMep, aHHOTUPOBAHHBIE
JIOTH OIIMOOK CTAHKOB), MOXKHO NPUMEHATh METOIWKH, MOI0OHBIC BHIYMCICHUIO
IPagueHTOB MO (PYHKIIMH MOTEPh 3a/1a4l OTHOCUTEIHHO aKTHUBAIIMH HEHPOHOB WU
BBIXOZIOB cJIO€B. HeWpoHBl WM CIOH, JEMOHCTPUPYIOIIME CTA0MIBHO HHU3KOE
a0COIOTHOE 3HAYECHHME TPAJAUEHTa WIM HU3KYI0 BapHATHUBHOCTH AKTUBALMKA TPH
00paboTKe peNeBaHTHBIX BXOAHBIX JIAaHHBIX, MOTYT pPacCMaTPUBAThCS Kak
NOTEHIMAJIbHbIE KAaHIWAThl HAa yJaJICeHHUEe, TaK KaK UX BKIIAJ B PEUICHUE LEJIEBOU
3agauM  MuHUMaieH [6, 9]. Jlpyroil moaxoq OCHOBAaH Ha CEMaHTHYECKOM
sonnupoBanuu [13]. Co3narorcs cienuain3upoBaHHbIE MPOOHBIC HAOOPHI (probes),
colepKallue TMPUMEPHI, SBHO NPHUHAMNIECKAIINE K PEJIEBAHTHOM OHTOJIOTUU
(TexHUYECKHE OMUCAHMS, KOAbl ONTMOOK) U K HEPEJIeBaHTHHIM obOnacTsaM (oOmue
HOBOCTHU, XYyHAO’KECTBEHHBIE TEKCThI, OMUCAHUS W3 JAPYruX oTpaciei). AHamus
MaTTepPHOB aKTUBALIMA MOJEIH TMPHU 00paboTKe 3TUX MPOO TMO3BOJISIET BHISIBHUTH
cnenmupuyYecKkrue  KOMIIOHEHTHI  CETH, HW30UparelbHO  pearupylonme  Ha
HepeJIeBaHTHBIC BXOJIHbIC NMaHHbIC [4, 5]. TpeTuid MeTon mpeamnosiaraeT aHaau3
BHYTpeHHHX TpenactaBieHuil [13]. Mcnonb3yss MEeTOABl CHUXKEHUS Pa3MEPHOCTH
(takue kak t-SNE, UMAP) wnm kimactepuzalnio, MOXHO BHU3yaJIU3UpPOBATH M
MpOAHAIN3UPOBaTh, KaK pa3JIMYHbIC THUIBl BXOAHBIX JAHHBIX (PEIEBaHTHBIE U
HEpEJIEBAHTHBIEC) MPOCIUPYIOTCS BO BHYTPEHHHE NPOCTPAHCTBA aKTHBALIUM
pa3IUYHBIX CJIOEB WM TOJOB BHUMaHus Moxenud. OOnacTh MpoCTpaHCTBA
MpPEACTABICHUN, MPEUMYIIECTBEHHO 3aHAThIE MPOEKIUSIMU HEPEIIeBAHTHBIX
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JAHHBIX, YKa3bIBAalOT HAa MOJYJIHM, OTBETCTBEHHbIE 3a UX oOpabotky [5, 13].
KomOunanus 3Tx METO10B MOBBIIIAET HAIC)KHOCTh UAeHTUDUKauu [16].
Texnuxku Yaanenus u Jleakrusanuu HepeseBanTHbix KomnonenTon
[Tocne UaeHTU(PUKAIUY KOMIIOHEHTOB, aCCOIMUPOBAHHBIX c
HepeJIeBaHTHBIMU (DYHKITMOHATLHBIMU BO3MOXKHOCTSAMHU, IPUMEHSFOTCSI METOJIBI UX
ycTpaHenus. Haubosnee pagukaibHBIM SBISIETCS CTPYKTYPUPOBAHHBIN MPYHUHT HA
YpOBHE HEHPOHOB, rpynn HehWpoHoB (channels) wim nensix cioes [2, 3, 16]. B
OTJIMYHME OT HECTPYKTYPUPOBAHHOTO MPYHHUHTA, YNAJISIONIETO OTACIbHBIE Beca,
CTPYKTYPUPOBAHHBI TIOAXOA YAAJAET LeNble CTPYKTYPHBIE €IUHUIIBI, YTO
IPUBOJIUT K 00Jiee 3HAYUTEIILHOMY YMEHBIIEHUIO pa3Mepa MOJCIH U YIIPOIICHUIO
e€ apXUTEKTYyphl, a TaKKe 0OECIEeYMBAET JYUIyIO anmnaparHyr 3¢(EeKTUBHOCTh
npu uHdepence [10, 16]. Pemenue 06 ynaneHuu npuHUMaeTcss HA OCHOBE METPHUK
BaYXHOCTH, TOJIYYEHHBIX Ha dTane ujaeHTu(GuKanuu (Harpumep, CpeaHsis BeIUIrnHa
rpajiieHTa, IUCTEPCHs aKTUBAIlMW, BKJAaJ B KJIACTEPU3AIUIO HEPEICBAHTHBIX
NTaHHBIX) [3, 6, 9]. bonee KOHCEpBaTMBHOM aJbTEPHATUBOMN SIBIIIETCS CEJICKTUBHOE
3amopaxkuBaHue  (freezing).  [lapameTpsl  MACHTHUPUIIMPOBAHHBIX  Kak
HEpeJIeBaHTHBIE MONYJIeH (HampuMmep, OMPENIeSICHHBIX CIIOEB TpaHchopMmepa WIH
rOJOB BHUMaHMs) (PUKCUPYIOTCS, HX Beca HE OOHOBISIOTCS B IMpoIecce
BO3MOXKHOTO  Tocienyrwmero  jgooOydenus  (fine-tuning) Ha  1eJ€BOM
IPOMBINUIEHHOM aaracete [9, 16]. DTo nCKIOYaeT BEIYMCIUTEIbHBIE 3aTpaThl Ha
UX OOHOBIIGHME M MOXET YNPOCTUTh APXUTEKTYpPYy IJsi BBIBOIA, XOTS U HE
YMEHBIIIAET buznyeckuit pazmep MOJIECJIH [10]. 3aMopakuBaHUE
IPEANOYTUTEIBHEE, €CJIH CYIIECTBYET THIOTETHUYECKas, HO MAaJIOBEpOSTHas B
paMKax KOHKPETHOW 3a7auu, HEOOXOIUMOCTh B COXPAHEHHUH yAAJISEMbIX 3HAHHM.
[IpuMeHeHnEe TaHHBIX TEXHUK JIOJKHO COMPOBOXKIATHCSA BAJIMIALMEN HA LIEJIEBOM
naTacere JJIsl KOHTPOJIS 3a COXpaHeHueM TpedyeMoi pyHKImoHaaIpHOCTH [9, 16].
Oxunaembie [lIpenmymecrsa u [lpakruyeckasi 3HaYUMOCTH
OCHOBHBIM OKHJIa€MBIM MPEUMYLIECTBOM SKCTPEMABHOM CIEelHaTN3aliu
ABIISICTCS JOCTIKEHUE CYIIECTBEHHO O0Jee BBICOKMX CTEMeHe cxarug TIo
CPaBHEHHUIO C TPAJAUIMOHHBIMM MeTojaMu [2, 7, 8], IPUMEHHUTEILHO K Y3KOU
MPOMBIIIICHHOM 3adade [16]. YinaneHue 3HAUUTENIbHBIX MAacCHBOB IapaMeTpOB,
OTBETCTBEHHBIX 32 HEPEJCBAHTHBIC 3HAHUS, HANMPAMYIO BEIET K YMEHBIICHUIO
o0beMa mMmaMsTH, HeoOXogumoro mis xpaHeHuss moxenu [10, 16]. Ympomenue
aApPXUTEKTYPHI CETH (yIaJeHUE IENBIX CJI0EB WIH OJIOKOB) COKpAIIaeT KOJIUYECTBO
oneparnuii, TpeOyeMbIX IJi BbIBOJA, YTO KPUTUUECKU BAXKHO JJI pa3BEPThIBAHUS B
CUCTEMaX peallbHOTO BpPEMEHW WU Ha MepudepuiiHbIX YCTPOWCTBAX C
OTPaHUYCHHBIMU BBIYUCIUTEIBHBIMA peCypcaMu W dHepromorpednenuem [10].
YMEHBIIIEHUE CIIOKHOCTA MOJEIH TaKKe MOTEHIMABHO CHIDKAeT TpeOOBaHUS K
MPOMYCKHOM CIIOCOOHOCTH MaMSTH U 3aJIeP>KKaM, 4TO MOBBIIIAET CKOPOCTh OTKIIMKA
cuctembl [10]. TloMmumo BBIUMCAUTENBHONW dS(PPEKTUBHOCTH, OSKCTpEeMalibHAS
CreUUaIn3alrsg MOXET CHOCOOCTBOBAaTh TMOBBIIICHUIO MPEACKA3yeEMOCTU U
HAJIe)KHOCTU MOJENU B paMKax €€ y3koi 3amauu [11]. YcrpaHeHne KOMIIOHEHTOB,
OTBETCTBEHHBIX 3a 00pabOTKYy HepeleBaHTHON uWHQOpMaLNKM, TEOPETHUYECKU
CHUKAET PUCK T€HEpallMd HEXKENATEeNbHBIX WU HEKOHTPOJIUPYEMbBIX BBIXOJHBIX
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nanubix (hallucinations), CBSI3aHHBIX C HENPETYCMOTPEHHBIM HCIOJIHB30BAHUEM
3HaHUM U3 HeleneBbix obnactei [11, 12]. dokycupoBka MOAEINU UCKIIOUUTEIHLHO
Ha PEJICBAaHTHOM OHTOJOTHM YMPOIIAET €€ WHTEPHpeTalui0 M BaJUJAlUI0 IS
KOHKPETHOI'O MMPOMBIIIJIEHHOTO KOHTeKceTa [13, 16].

IIpo6aembl u Orpanunyenus Iloaxona

Hecmotpss Ha moTeHIMalbHBIE MPEUMYIIECTBA, MOAXOA AKCTPEeMaTbHOM
CHeUAJIN3AIUA COTIPSDKEH C PSAJOM CYHIECTBEHHBIX MPOOJeM U OTpaHUYCHUI.
[lepBuyHoOii mpoOnemoil sBiseTCd pa3pabOTKa TOUYHBIX M HAJEKHBIX METO/IOB
uaeHTuuKanu HepeneBaHTHBIX KoMmoHeHToB [13, 16]. CoBpemennbie LLM
MPEACTABISIOT COOOM CIIOKHBIE BBHICOKOMHTEPKOHHEKTUPOBAHHBIE CUCTEMBI, TJIE
3HAHUS PaCIPECIICHBI 110 CETH, a HE JIOKAJIM30BaHbI CTPOTO B OTJAEIBHBIX MOJTYIISX
[4, 5, 13]. CymecTByeT puUCK OMMOOYHOTO Y/IAJICHUS KOMIIOHEHTOB, KOCBEHHO
BAXHBIX JIJIs1 1IEJIEBOM 3a/1ay, WJIM HEMOJHOTO YNAJICHUS HEPEJICBAaHTHBIX, YTO
NPUBEIET K HEONTUMAJIBHON KOMIIPECCUU WM JAerpaaanuu kadectsa [6, 9, 11].
BaxHbIM OrpaHUYEHHUEM SBISETCA y3Kasi IPUMEHUMOCTh pe3ynbrara [16]. Mozaens,
MOJIBEPTHYTasl AKCTPEMaJbHOM CHeIuanu3aluy JUisl OJJHONW KOHKPETHOW 3aauu
(HampuMmep, NMArHOCTHKA OIMMOOK cTaHkKa A), OyldeT HEempurogHa Wiu KpalHe
Hed(peKkTUBHA IS pelIeHUus Jaxe OJM3KOPOACTBEHHBIX 3aaad (Hampumep,
JIMarHOCTUKA cTaHka b npyroit Monmenu Wiy MPOTHO3UPOBAHUE W3HOCA TOTO K
ctanka A) [9]. Tloreps oOmuMx cMOCOOHOCTEW JenaeT MOAENb PUTHIHON U
HECIOCOOHOM K ajganTainuu 0e3 IMOJHOro MepecMoTpa Mpoliecca Crelrain3aiu
[12]. TIpomecc camoii crnenuanu3anuu (MISHTUPUKAKS + yraajieHue) TpeoyeT
BBIYUCIIUTENIBHBIX PECYpPCOB M HaJW4Ws KAueCTBEHHOTO, PENPE3E€HTAaTUBHOIO
Jaracera JJIsl 11eJIeBOM 3a71a4M, YTO MOXKET ObITh 3aTpaTHo [16]. CyliecTBYIOT TaKxKe
dbyHIaMeHTalbHBIE  BOINPOCHI,  CBS3aHHBIE C  OMNpEISICHHWEM  T'PaHUIl
"peneBaHTHOCTH" ¥ TOTCHIIMAJILHBIM BIMSHUEM yJaJleHUs, Ka3aloch Obl,
HEpEJICBAaHTHBIX 3HAHUM Ha OOIIYyI0 KOTEPEHTHOCTh U CBSI3HOCTH T'€HEPUPYEMBIX
MOJICJIBIO BBIXOAHBIX IAHHBIX B paMKax I1iejaeBoit ontonoruu [11, 12, 13].

3akroueHue

DKcTpeMaibHas CIeluain3alns KPYIMHBIX S3bIKOBBIX MOJENIEH HAa OCHOBE
OHTOJIOTHYECKOU PEJIEBAHTHOCTH IPEACTABIISICT COOOH MEPCIEKTUBHBIN MOIXO0J K
pagukanbHOMYy cxkaturo LLM i y3kocnennaan3upOBaHHBIX MPOMBIIIJIEHHBIX
npuMmeHeHui. CwmemnieHnne (okyca C COXpaHEHHsS OOIIMX CIOCOOHOCTEW Ha
XHUPYPrHYECKOe yhajeHne (yHKIIMOHAIBHBIX BO3MOXKHOCTEH, HE KPUTHYHBIX IS
KOHKPETHOM 3aJ1a4M, OTKPHIBACT MyTh K JOCTHIKEHUIO 3HAYUTEIIHHO 00JIee BBICOKUX
CTEMeHENH KOMIPECCHUU MO CPABHEHUIO C TPAAUIIMOHHBIMU MeTojaMu. KimroueBbiMu
JJIEMEHTaMH  METOJIOJIOTUM  SIBISIIOTCA ~ pa3paboTKa  TOYHBIX  METOAOB
WISHTH(PUKAIMK  [MapaMeTpPOB W CTPYKTYPHBIX  KOMIIOHCHTOB  MOJICIIH,
OTBETCTBEHHBIX 3a 00paOOTKY HEpEeJIeBAaHTHBIX JAHHBIX, U MPUMEHEHHUE TEXHHUK
CTPYKTYPUPOBAHHOTO TPYHHWHTa WM CEJICKTUBHOTO 3aMOpPaKMBaHUS IS HX
ycTpaneHus. OKugaeMbIM PE3yIBTaTOM SBIISIETCS MOJENB C PE3KO YMEHBIICHHBIMU
BBIUYHCIIUTEILHBIMA  TPEOOBAHUSIMH UM Pa3MEpOM, COXpaHSIONIas TPH ITOM
HEO00X0nuMYI0 (YHKITMOHAIBHOCTD JIJIS II€JIEBOTO MPOMBIIIICHHOTO CIICHAPHS, YTO
KPUTHYECKH BaXXHO JJI1 BHEAPCHHUS B pPeCcypcoorpaHuyYeHHbIe cpeabl. OmHako
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yCTIelTHas peann3anus JaHHOTO MOoJXoAa TpeOyeT MPEOAONICHUs CYHIECTBEHHBIX
BBI30BOB, CBS3aHHBIX CO CJIOKHOCTBIO TOUYHON HMICHTHU(MUKAIMHA PACTIPEACICHHBIX
3Hauuii B LLM, pHckOM mOTepH KOCBEHHO Ba)XXHOW (YHKIMOHAJIBHOCTH H
(yHIaMEHTaJIbHOM NoTepel afanTUBHOCTH MOEIIH.
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AAHAMHYECKOE YIIPABJIEHUE TOYHOCTbIO H CJI0’KHOCTBIO
B PEAJIBHOM BPEMEHU HA OCHOBE JOCTYIIHOU MOIHOCTH
B MUKPO-LLM

Annomauyusa: Paccmampueaemcs npobrema swepeonompebieHus O01buux
A3vIK06bIx Moodeneu (LLM) npu pazeepmviganuu na ycmpoucmeax ¢ bamapeiunvim
nuUManuem U CMpocUMU dHepeemuyeckumu ozpanuyenusmu. Illpednacaemcs
KoHyenyusi Mmukpo-LLM, ocnawenHvix MmexaHuzmamu OUHaAMUYECcKolU adanmayuu
cB0etl 8bIYUCTIUMENbHOU CLOHCHOCMU U YUCTI080U MOYHOCU 8 PedibHOM 8peMeHlU,
OCHOBAHHOU HA MeKyujemM YpoeHe OOCHMYNHOU MOWHOCMU Ul 3A0AHHOM
nonv3oeamesnem 3Hepeemuieckom 6roxceme. Knouegvimu acnekmamu unHO8ayuu
ABIAOMC MEMOObl CeeKMUBHOU AKMUBAYUU KOMNOHEHMO8 MOOeu (Clloes, 207108
BHUMAHUS), adanmayuu OUMOBOU WUPUHBL GLIYUCIEHUL U CReYUATUSUPOBAHHO2O
PAHMAUM-MEHEeOHCMEHMA O/ YAPABIeHUs dHep2onompeoneHuem. Ananuzupyromces
mpebo8anus K apxumexkmype MOO0elu, paHmatm-cucmeme u HNOMEHYUATbHbLE
8b1200bl 8 KOHMeKcme 3Hepeodpgexmuenocmu. Ykazvlgaromcs OCHOBHblE
mexHu4ecKue 8bl308bl, mpeodyroujue peuerus 0isa NPaKmuieckol peaiu3ayuu.

Knwuesvie cnosa: bonvuiue  A3bikogble  Mmodenu,  Muxkpo-LLM,
9Hep203hhekmuenocms, OUHAMUYECKAs adanmayus, YnpasieHue MOUHOCMbIO,
K8aHmMosanue, annapamuo-npocpamMmHas KoOnepayus, pecypcoocpanuyieHHble
YCMPOoUCmea, paHmanum-meHeodcMeHm, bamapeinoe numanue.
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DYNAMIC CONTROL OF ACCURACY AND COMPLEXITY IN
REAL TIME BASED ON AVAILABLE POWER IN MICRO-LLM

Annotation:The problem of energy consumption of large language models
(LLM) when deployed on battery-powered devices with strict energy constraints is
considered. The concept of micro-LLMs is proposed, equipped with mechanisms for
dynamically adapting their computational complexity and numerical accuracy in
real time, based on the current level of available power or a user-defined energy
budget. The key aspects of innovation are methods of selective activation of model
components (layers, heads of attention), adaptation of the bit width of calculations
and specialized rankaim management for energy consumption management. The
requirements for the architecture of the model, the runtime system and the potential
benefits in the context of energy efficiency are analyzed. The main technical
challenges that require solutions for practical implementation are indicated.

Keywords: large language models, micro-LLM, energy efficiency, dynamic
adaptation, power management, quantization, hardware and software cooperation,
resource-limited devices, runtime management, battery power.

Beenenue

[IIupokoe BHeApeHHE OOJBIIUX SI3BIKOBBIX MOJAENIEH CTaJKUBAeTCS C
CYILLIECTBEHHBIM 0apbepoM B BHUJE MX BBICOKMX TPeOOBaHWI K BBIYUCIUTEIbHBIM
pecypcaM u sHepronoTpednenuro [ 1, 4]. Tpaguuuonnsie LLM, neMoHcTpupyronme
BBICOKYI0 IPOM3BOAMUTEIBHOCTh, YacCTO HEMPUMEHUMBI Ha YCTPOMCTBAX C
OarapeiiHpiM mMHUTaHHeM (MOOWJIBHBIE YCTPOWCTBA, HOCHUMBIC TajpkeThl, loT-
maTpopMbl) WM B CUCTEMAaX C KECTKUMHU SHEpPreTMuecKuMu aumurtamu [11].
DHepronoTpedieHue CTAHOBUTCA KPUTUYECKUM (PAKTOpOM, OMNpeAeisonuM
BO3MOYKHOCTb Pa3BEPThIBAHUS U MPOJOJIKUTEIIbHOCTh ABTOHOMHOM paloThI [4, 9].
Crarnyeckass ONTUMH3ALUSA MOJEIIEH JJIl TAKUX CPEl, XOTA U SIBISETCS BaXKHBIM
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HarpasieHueM [5, 6], He Y4YHMTBIBAET M3MEHYMBOCTH JOCTYNHOW MOIIHOCTH B
peanpHBIX YCIOBMSX OKciulyarauuu. McTounuk »sHeprum (cetb, Oarapes cC
U3MEHSIIONIMMCS  YPOBHEM  3apsiia, CYNEpPKOHJAEHCATOp) W IPHOPUTETHI
MoJjib30Bareisl (MakcHUMallbHas MPOU3BOJUTEIBLHOCTh VS TMPOMAJICHHE BpPEMEHU
paboThl) CO3AI0T TUHAMHUYECKHI KOHTEKCT, TPEOYIOMIMI aaanTUBHOTO MOAXOAA
[13]. Bo3Hukaer moTpeOHOCTh B MPUHLMIHAIBHO HOBBIX METOJAX YIPAaBIICHUS
pecypcamu LLM B peansHOM Bpemenu [8, 12].

IHocranoska IIpodiemsl Jnepronorpedaenns LLM

Ouepronorpebinenne LLM  Hampsimyilo  koppenupyer ¢ 00beMOM
BBITIOJIHSIEMBIX BBIYUCIICHUN, OMPENEIIeMbIM pa3MepoM MOJACIH U OUTOBOM
mupuHoM onepanuii [4, 10]. TpancdopmaropHas apXuTeKTypa, Jexarias B OCHOBE
coBpemeHHbIXx LLM [1], xapakTepu3yeTcsi 3HaUUTEIbHBIMH 3aTpaTaMU YHEPTUU HA
omnepanuyu MaTpU4YHOrO0 YMHOXKEHUS W BHUMaHuA [9, 10]. YmeHbplieHue pasmepa
monenu (cozganue Mukpo-LLM) [5, 6] u npuMenenue kBaHnToBaHus (8-bit, 4-bit)
[3, 14, 15] sBnsArOTCSA CTaHAAPTHBIMU METOJIaMHM CHHKEHHMSI dHepro3arpar. OgHako
9TH TOAXOJbl HOCAT CTAaTUYECKUH XapakTtep. Mojenb, ONTUMU3UpPOBaHHAS MJis
paboThI OT 6aTapeu, He CMOXKET UCIIONIb30BAaTh U30BITOUHYIO MOIIIHOCTD OT CETH JIJIs
NOBBILIEHUSI TOUHOCTU. Y1 HA000pOT, MOJIENh, paboTaroias ¢ BEICOKOM TOYHOCTHIO
IpU TUTAHUM OT CETH, MOXKET IPEBBICUTh JIOMYCTHUMBIM JIHEProOIOMKET MpHU
nepexozie Ha 6arapero, IPUBOAS K HEKOHTPOIUPYEMOMY 3aBEpIICHHIO paboThl [11,
13]. OtcyrcTBHE MEXaHU3MOB JTUHAMHYECKOTO MacIITabupOBaHUS
BBIYHMCIIMUTEILHON HArpy3KU MOZEIHN B OTBET HA UBMEHEHUS TOCTYITHOM MOUIHOCTHU
peacTaBiIsieT coO0 cylecTBeHHBIN poden [8, 12].

Konuenuusa JJunamuyeckoit Axanranuuu Mukpo-LLM

[Ipenyiaraemas MHHOBAIUS 3aKJO4aeTcss B paspaborke Mukpo-LLM co
BCTPOEHHOH  CIIOCOOHOCTBIO K  JMHAMHYECKOMY  H3MEHEHHIO  CBOCH
BBIYMCIIUTEIBHON CIO)KHOCTU M YHUCIOBOM TOYHOCTH BO BpPEMS HUCIIOJHEHUS
(inference) [5, 13]. U3MeHeHUEe CIIOKHOCTH TMOAPAa3yMEBAET afanTallui0 TyOUHBI
MOJIECJIA, BBIPAKAEMYI0 B KOJIMYECTBE aKTHBHBIX TPaHC(POPMATOPHBIX CIOEB [2].
AJBTEpHATUBHO WM JOMOJIHUTEIBHO MOXET aJalTUPOBATHCS IIMPUHA MOJEITU
Yyepe3 aKTHBALWIO WM J€AKTUBALMIO YaCTH TOJIOB MEXaHM3Ma BHHUMAaHUS B CIIOSX
[2, 17]. 3MeHeHHEe TOYHOCTH AOCTUTAETCA MEPEKIIOYEHUEM MEXKAY pPa3HbIMHU
peXKMMaMu KBaHTOBaHUS BECOB M aKTUBAlUKM Mojenu (Hanpumep, mexay 8-bit u 4-
bit mpencraBneHusIMH) B mpornecce padotsl [3, 7, 14, 15]. KimroueBbIM NpUHITATIOM
ABIISICTCS TIpsIMasi 3aBHUCHUMOCTh BBIOOpa pekuMa paboThl OT TEKYIIETrOo YpPOBHS
JOCTYITHOM MOIITHOCTH, U3MEPSAEMOT0 CUCTEMOM MOHMTOPHHTrA [8, 9], Wiu OT SIBHO
3aJJaHHOTO TIOJIb30BaresieM fHepreTuueckoro Oromkera [13]. Llenbio sBhsiercs
MaKCUMU3alus MOJE3HOr0 BbIXO/Ia MOJEIU (HampuMmep, KauyecTBa reHepupyeMoro
TEKCTa) B paMKax >KECTKOIO W JIMHAMUYECKH MEHSIOIIETrOCs IHEPreTUYeCcKOro
orpanudenus [4, 8§].

ApxurektypHbie AcnieKkTbl U PanTaiiMm-MeHexKMeHT

Peanuzanust koHuenumuu TpeOyeT NIYOOKOM UWHTErpalii Ha YpOBHE
ApXUTEKTYpbl MOJEIM, allapaTHOro OOecCleyeHrus U CHEelUaIU3UPOBAHHOTO
nporpaMMHoro panrtaiM-menemxmenTa [10, 12, 16]. Mukpo-LLM pomxHa ObITh
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CIIPOEKTUPOBAHA C MOJACPKKOM MOMYJIBHOCTH M BO3MOXKHOCTH HM30JIUPOBAHHOTO
OTKJIFOYEHUSI KOMIIOHEHTOB [2, 6, 17]. D10 mpeamnonaraeT BBEAECHUE MEXaHU3MOB
"Gaitnaca" 7151 CJI0€B U BOBMOKHOCTD YCJIOBHOTO BBITIOJTHEHUS TPy BBIUMUCICHUN
[2, 16]. AnnaparHas ruardopma aomkHa obecrieunBath 3G (PEKTUBHOE U3MEPEHUE
noTpedIIsIeMOl MOIIIHOCTH B peajibHOM BpeMeHH [9] v penocTaBisTh UHTEPENChI
JUIsl OBICTPOTO U3MEHEHUSI PEKUMOB PabOThI BHIYMCIHUTEIIHHBIX OJIOKOB, BKIIIOUAs
MEPEKIIFOUEHUE MEXy IIEJOYUCICHHBIMU OJIoKaMu pa3Hoil OutHocTH [15, 16].
PanTaiimMm-MeHeKEp BBICTYNAET LEHTPaJbHBIM 3BEHOM cuctemsl [8, 12, 13]. Ero
(GYHKIIMM ~ BKJIIOYAIOT HENPEPBIBHBIA  MOHUTOPUHI  JIOCTYMHOM  MOIIHOCTHU
(mocpencTBOM JIaTYMKOB WJIM  CHUCTEMHBIX HHTepdeicoB) [9] u  Tekyiero
OHEPronoTpedseHuss MOJENH, MPOTHOZUPOBAHUE 3arparT Il Pa3IMYHBIX
KOH(UTYpaIMil CIOXKHOCTU/TOUHOCTH [8], IPUHATHE PEIICHUN O MEPEeKIIOYCHUU
peXuMa Ha OCHOBE 3aJJaHHOM MOJIMTUKY (HAampuMep, MaKCUMU3aIus KauecTBa Mpu
3aITaHHOM OIOKETE WJIM MUHUMU3ALMS MOTPEOJICHHS NP 3aJJaHHOM MUHUMAJIbHOM
kayecTtBe) [8, 13] W BBHINOJTHEHHE CAMOTO NEPEKIIOYEHUS C MUHHUMAaJbHBIMU
HaKJIaJIHBIMU pacxoaamu [12, 16]. PanTaliM-meHexep TOJDKEH 001a1aTh 3HAHUEM
HHEPreTUUYECKOTO MPOQPUIIS KaKI0r0 BOZMOXKHOIO COCTOSTHUS Mozienu |8, 9].

Texnuueckue BbI30BbI

Pa3zpaborka nuHamuuecku aganTUBHBIX MHUKpO-LLM compsixkena ¢ psgom
3HAYUTENIbHBIX TEXHUYECKUX BBI3OBOB. IIpobnema sddexTuBHOrO M OBICTPOrO
MEPEKITIOUEHUS MEXKy COCTOSHHUAMU Mojiesu TpedyeT pemienus [12, 16]. Tlepexon
MEX1y pa3HbIMU YPOBHSIMH KBAHTOBAaHUS MOXKET MOTPeOOBaTh repe3arpy3ku BeCoB
B ONEPATUBHYIO MAMTh WIH MEPEKOH(PUTYpAIIUU BBIUUCTUTENBHBIX siaep [3, 15].
AKTUBaIMS U J€AKTUBALIMS CJIIOEB WJIM TOJIOB BHUMAHMS JOKHA MPOUCXOIUTH 0e3
HapyIIeHUs IEJIOCTHOCTH cocTosiHus monenu [2, 17]. OGecrneueHne TUIaBHOCTH
NEPEKIIOYEHNUST 1 MUHUMM3ALUS 3aJC€PKKU SBISIOTCS KPUTUYECKUMHU 3a/1adyaMu
[12, 16]. Co3naHue TOYHBIX W JITKOBECHBIX MOJENICH IHEPronoTpeOaeHus st
pasIUUHbIX KoHpUrypamnuit MUKpo-LLM npencraBisieT OTIeIbHYIO CI0KHOCTS [8,
9]. OTn Mopenw AOMKHBI YYHUTHIBATh HE TOJBKO OOBEM BBIUYHCICHUN, HO H
AHEpro3arparbl Ha JOCTYN K MaMmsITH U KoMMmyHukauuio [4, 9, 10]. Pa3zpabotka
aJrOpUTMOB  MPHUHATUS  PEIUICHUH  paHTalM-MEHEIKEPOM,  ONTHUMAJIbHO
OaJaHCHPYIOMIMX KAadyeCTBO BHIBOJA H  DHEPromoTpeOiIeHHe B  YCIOBHUSIX
HEOTPEJEICHHOCTH U JUHAMUKH, TpeOyeT NMPUMEHEHHs MPOJABUHYTHIX METOIIOB
ONTUMU3AIMN W, BO3MOXHO, MamuHHOTO oOydenms [8, 13]. Bammmarmus Bcero
noixofa TpeOyeT CO3MaHUusl CIEHHATN3UPOBAHHBIX OCHUMAPKOB, OTPAKAIOIIUX
CIIEHApUH ¢ TIEPEMEHHBIM dHeprooromkeTom [4, 11].

3akiaroueHue

JIlnvHaMu4YecKoe yIpaBiIEHUE TOYHOCTBIO M CIIOXKHOCTBIO MUKpO-LLM Ha
OCHOBE JJOCTYIHON MOIIHOCTH MPEJCTABISAET COO0M MEPCHIEKTUBHOE HAIIPABICHUE
JUIsL TIPEOJIOJICHUS] OTPAHUYEHMM, HAKIIAJIbIBAEMbIX HHEPronoTpedIeHueM mpH
pa3BepteiBanun LLM Ha pecypcoorpaHndeHHbIX ycTpoicTBax. [IpennoxkeHHas
KOHIIEMIIMS TMPEANoaraeT Co3/lIaHue Mozeiel U MHOPACTPYKTypbl UCIOIHEHUS,
CIIOCOOHBIX aJanTUPOBAaThb CBOM BBIYUCIUTEIbHbIE TpeOOBaHUS B pPEaJbHOM
BPEMEHH, pearupysi Ha U3MEHEHUSI B JIOCTYITHOW 3HEPTryUU WUIIU TMOJIb30BATEIBCKUX
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NPEINOYTCHUAX OTHOCUTENBHO »JHeproOromkeTa. OCHOBOM Ui  peanu3alin

SIBIISTFOTCSI CEJICKTUBHAS aKTHBAIlUSl KOMITOHCHTOB MOJCIH , aJanTamus OUTOBOM

LIMPUHBI BEIYNCICHUN U UHTEIJIEKTYaJIbHBIN paHTaliM-MeHeKMEHT. [Ipeononenue

CBSI3aHHBIX TEXHWYECKHX BBI30BOB, TaKuUX Kak J(P()EKTUBHOE TNEPEKITIOUYCHUE

COCTOSIHUM, TOYHOE MOJEIUPOBAHME HHEPromnoTpediaeHuss U  pa3padoTka

ONTUMAJIBHBIX TIOTUTHK YIPABICHHS, SBISICTCS HEOOXOMUMBIM YCIOBHEM IS

MPAKTUICCKOTO BOIUIOIICHUS 3TOH WHHOBAIMW. YCIEIIHAS peayn3aIius MO3BOIHT

CYILIIECTBEHHO pacUIMpuTh 00acTh mpuMeHeHuss LLM, BKIIIOUMB B HeE IMIMPOKUI

CIIEKTP MOPTATUBHBIX U aBTOHOMHBIX YCTPOWCTB ¢ OaTapelHbIM TUTAaHUEM.
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MHKPO-LLM KAK ACCEMBJIEP JJISI IPOMBILIIIEHHOM
ABTOMATUKHU: TEHEPALISI HU3KOYPOBHEBOI'O KOJA
IJIK/SCADA U3 ECTECTBEHHOT' O SI3bIKA HA MAJIOMOIIHBIX
YCTPOUCTBAX

Annomayusa: Ilpeonazaemcsi UHHOBAYUOHHBLL NOOX00 K HNPUMEHEHUIO
MUKDOCKONUYECKUX — A3bIKOBbIX Modeneu  (Muxpo-LLM) 6 npombiuiienHou
asmomamuzayuu. Bmecmo mpaouyuorHou eenepayuu mexcma, Muxkpo-LLM
NO3UYUOHUPYIOMCS KAK CHeyuanu3uposanuvlie accemonepvl Ons MpAaHCAayuU
KOPpOMKUX KOMAHO ONepamopa Ha eCmecmeenHoM A3blKe Hanpsamyto 8 UCNOJIHAeMbllL
HU3K0YpOo8Hesbll K00 Konmpoanepos (I1JIK) u cucmem oucnemuepuzayuu (SCADA).
Knwoueevimu  acnexmamu  saeagiomcsi  Yibmpa-ocpaHUYeHHulll  ClOBADY,
2apaAHMUpOBAHHAsL 0eMePMUHUPOBAHHOCIb 8bl800A U 21YOOKaAs UHMe2payus C
runtime-cpedoi npomviuiieHHulx cucmem. Qokyc Ha d¢hhexkmueHocmsd UCHOIHEHUS
HA pecypcoocpanuienHblX YCmpoucmeax u no8blueHue UHMyumueHOoCmu 4ei108eKo-
Mawunnoeo unmepgetica (HMI) b6e3 ywepoba nadexcnocmu. Paccmampusaromest
apxumeKkmypHvlie NPUHYUNsl, mpebo8anus K 0e30NacHOCmU U NOMeHYUATbHOe
enusHue na onepamopckue unmepgeticet ACY TII.

Knroueswvie cnoea: muxpo-LLM,; npowviwnennas aemomamusayus, [IJIK;
SCADA; cenepayus kooa, ecmecmeeHHblll A3bIK, YeN08eKO-MAWUHHBLU UHMepgelic
(HM1), 0emepMUHUpOBaAHHOCHIb, Dpecypcoozpanuyenuvle  YCmpoucmed,
HU3Kkoyposregoe npozcpammuposarue; ST: FBD,; Ladder Diagram.
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MICRO-LLM AS AN ASSEMBLER FOR INDUSTRIAL
AUTOMATION: LOW-LEVEL PLC/SCADA CODE GENERATION FROM
NATURAL LANGUAGE ON LOW-POWER DEVICES

Annotation: An innovative approach to the application of microscopic
language models (micro-LLM) in industrial automation is proposed. Instead of
traditional text generation, micro-LLMs are positioned as specialized assemblers
for translating short operator commands in natural language directly into
executable low-level code for controllers (PLCs) and dispatch systems (SCADA).
The key aspects are an ultra-limited vocabulary, guaranteed deterministic output,
and deep integration with the runtime environment of industrial systems. Focus on
performance efficiency on resource-limited devices and enhance the intuitiveness of
the human-machine interface (HMI) without compromising reliability. Architectural
principles, security requirements, and potential impact on automated process
control system operator interfaces are considered.

Keywords: micro-LLM; industrial automation, PLC; SCADA; code
generation; natural language;, Human-machine interface (HMI); determinism,
resource-limited devices, low-level programming, ST: FBD,; Ladder Diagram.

BBenenue

UYenoseko-MamnHuble uHTepdeiicel (HMI) B cucremax aBToMaTuzanuu
TexHosorudeckux mnpoieccoB (ACY TII) TpaaunmoHHo TpeOyOT OT ONepaTopoB
3HaHUS CIIeHM(PUUYECKUX SI3bIKOB TporpammMmupoBanus KoutposuiepoB (I1JIK), Takux
kak Ladder Diagram (LD), Function Block Diagram (FBD), Structured Text (ST),
WY cIOXKHBIX cucteMm koMana SCADA [1]. 9T1o cozmaeT 6apbep 11 3G PEKTUBHOTO
B3aMMOJICICTBUSI M TOBBIIIAET PUCK OLIMOOK MPU BBIMOTHEHUH HECTAHIAPTHBIX
orepanuil Wi TOHKOM HacTpoiike mapameTpoB. [lapamnensHo HaOmOmMAETCS POCT
BO3MOXHOCTEM s13bIKOBBIX Mozieneit (LLM), oqHako ux npuMeHeHUEe B KPUTUYECKHU
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Ba)KHBIX ITPOMBIIIJICHHBIX CPEAAX OrPAHUYMBAETCS BBIYUCIUTEIBHOMN CII0KHOCTBIO,
CTOXaCTUYHOCTBIO BBIBOZIA " OTCYTCTBUEM rapaHTUPOBAHHOMN
JIETePMUHUPOBAaHHOCTH [2]. Bo3HHMKaeT NmOTpeOHOCTh B NMPUHUMUIIHAAIBHO HWHOM
MONIXOJIE, COYeTAIoONeM WHTYUTHUBHOCTh ecTecTBeHHoro s3bika (ES) ¢
HAJIe)KHOCTBIO M IPEACKA3yEMOCTBhIO MCIOJHEHHS HAa YPOBHE MPOMBIIIJIEHHBIX
KOHTPOJIJIEPOB.

Konuenuusi Mmukpo-LLM kak cnenuaJTu3upoOBAHHOIO TPAHCJIAATOPA

WNHHOBamus npeajaraeMoro noaxo/ia 3aKkjiIrdacTcsl B KApAUHAIBHOM CIBUTE
napaaurMsl npuMeHennss LLM. BmecTo yHuBEpCaIbHbIX MOJEIIEN, TEHEPUPYIOLINAX
TEKCTOBBIE KOHTEHT, ITPEJIaraeTcsl UCIOJIb30BaTh MUKPO-LLM — kpaiiHe mMaJjble 1o
pasMepy U Y3KOCHEUMAJU3UPOBAHHBIE MOJENH, Ybs EAUHCTBEHHas (QyHKIMS
3aKJIIOYAETCS B TPAHCISLIMU KOPOTKUX, CTPYKTYPHUPOBAHHBIX KOMAH]I OIlepaTopa Ha
EA nanpsMyro B BaJduIHBIMA, HCIOIHSAEMBIA HU3KOYPOBHEBBIM KOJI LIEJIEBOM
IpoMBIIUIEHHON Ti1argopmbl [3]. AHamorust ¢ accemOJiepoM 37eCh YMECTHa:
noJl00HO TOMY, KaK acceMOJiep TPaHCIUPYET MHEMOHUYECKHE KO/l B MAIIMHHbIC
UHCTPYKIIMU, MUKPO-LLM BBICTYyIIa€T B POJIM TPAHCIATOPA MEXKAY OrPaHUUYCHHBIM
nogmuoxkectBoM ESl u konkpernsiMu uHcTpykuusmu [JIK (manpumep, komanaa
SET _VALVE V101 OPEN) unu BoizoBamu ¢yskiuiit SCADA API (mampumep,
scada.setpoint("Reactor Temp", 150.0)) [4]. KpuTuuecku Ba)KHBIM OTJIUYUEM OT
reHepatuBHbix LLM  sABnsgercs TMONMHBIA OTKa3 OT KPEAaTUBHOCTU WU
UHTEPIPETALNN B MIOJb3Yy CTPOTOM, MIPEAONIPEAEIEHHON TPAHCIALUH.

dyHaaMeHTaJIbHble Tpe0oBaHUs K apxurtekrype Mukpo-LLM-
TPaHCJAATOpPA

VYenemHas peanuzanus KOHIETIMU TPEABIBISIET KECTKHE TPEOOBaHUS K
apxuTekType Mukpo-LLM.

Viempa-cneyuanuzuposannwiii cnogape u oumonozus. CioBapb MOAEIH
JIOTHKEH OBITh CTPOTO OTPAHUYEH TEPMHUHOIOTHEH KOHKPETHOTO TEXHOJIOTHYECKOTO
Ipoliecca, YCTaHOBKHM WJIM Ja)e OTIEIbHOrO0 KOHTypa ympasieHus [5]. Oto
BKJIFOYAET: HOMEHKIIATYpY TEXHOJIOTMYECKUX IEPEMEHHBIX (TeMIieparypa,
JaBJICHHE, pacxof); uaeHTHPpUKaTopsl ooopynosanus (Hacoc P101, kmanan V203);
JNOMYCTUMbIE 1€UCTBUSA (YBEIUYUTh, YMEHBIIUTD, OTKPBITh, 3aKPbITh, YCTAHOBUTD);
CIVHMIIBI W3MEPEHUs W JUana3oOHbl 3HAYCHWIA;, JTOMyCTHMbIE MOIU(PUKATOPHI
(MemsienHo, A0 gocTHxeHUs). CeMaHTU4eCcKasi OHTOJIOTUS, 3aJI0KEHHAsI B MOJIEIb,
JOJIKHA OJIHO3HAYHO OTOOpakarb TepMUHbI ESl Ha KOHKpETHbIE MPOTpaMMHbBIE
cymuocta B cpene [IJIK/SCADA [6].

l'apanmuposannas  demepmunuposannocms  bigooa. CTOXacTUUYECKas
npupoza reneparuBHbix LLM HenmpuemiiemMa B NpOMBIILICHHOW aBTOMaTU3auu |7,
c. 201]. BeBog mukpo-LLM momkeH OBITH CTPOTO JETEPMUHUPOBAHHBIM: OHA U
Ta K€ BXoJHAas komaHja Ef nmpu uaeHTHYHBIX yCIOBUIX BCETIa NOPOKIAAET OIUH U
ToT ke BhixomgHoU kon I[TJIK/SCADA. DTo mocTturaercst depes: apXUTEKTYPHBIH
BBIOOp (Hampumep, TpaHC(HopMepsl ¢ IeTePMUHUPOBAHHBIM beam search MIUPUHBL
I wmm pgaxe JETEPMUHUPOBAHHBIE KOHEYHbIE AaBTOMAaThl, OOYUYEHHbBIE KakK
HEHPOCETH); OTKA3 OT BEPOSTHOCTHBIX METOJOB I'€HEpalMy Ha BBIXOAHOM CJOE;
CTPOTyIO BaJIUAALMIO BBIXOAHOTO KOJa Ha COOTBETCTBHE 3apaHEE ONPEIECICHHBIM
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mabsoHaM U rpammarukaMm  1eneBbix  A3bik0B (ST, FBD  komangHbie
MocJieIoBaTeIbHOCTH) [8].

Humeepayus ¢ npomviuinennuvim runtime. Mukpo-LLM He QpyHKIIMOHHpYET
n30aupoBaHHO. Ee BBIBOJ JOMKEH HANMPSMYIO MHTETPUPOBATHCS B runtime-cpeny
CUCTEMBI YIpaBleHHUs. DTO MOApa3yMeBaeT: Hajauuue Oe3omacHoro uHrepdeiica
IUIsl TIepeladyu CT€HEPUPOBAHHOTO Koja B ucnomustomywo cpeay [JIK unum sapo
SCADA; MexaHu3Mbl BepU(UKAIMA CUHTAKCUCA M CEMAHTUKU TEHEPUPYEMOTO
KOJIa Tepe]] UCTIOTHEHNEM; BOBMOKHOCTh pa0OThl B PEKUME PEaIbHOTO BPEMEHU C
MpEACKa3yeMbIM BPEMEHEM OTKJIMKA; MOJJIEPKKY KOHTEKCTA TEKYIIEr0 COCTOSAHUS
CUCTEMBbI (HalpUMep, NOCTYITHOCTh TOJBKO aKTyaJIbHBIX UMEH TETOB U MX THUIIOB
naHHbIX) [9]. UHTerpaius MOXeT ObITh pean30BaHa KaK BCTPAauBaEMbIii MOJYJb B
HMI-crannuio wnm HenocpencrseHHo B firmware IIJIK mpu  mocrarounsix
pecypcax.

Onmumuzayus Ol MaiomowHslx ycmpoticms. KiroueBoe MpeuMyIiecTBO
MUKpPO-LLM — ctocoOHOCTh PYyHKIIMOHUPOBATH HA TPAHUYHBIX ycTporcTBax (edge
devices) wmmu  gaxe camux IIJIK, oOmagarommx — orpaHUYEHHBIMU
BeruncauTenbHbiMu pecypcamu (CPU, RAM) u snepronorpednenuem [10]. Dto
TpeOyeT IKCTPEMaJIbHON ONTUMHU3AIIMN MOJICNIN: MUHHUMAJILHOTO pa3Mepa (Topsiika
MerabanT Win 1axke KUI00aiT); UCIOIb30BaHUs CIICIIUATIN3UPOBAHHBIX (JOPMATOB
naHHbix W omeparopoB (INT8 kBaHTOBaHME, Sparse-MaTpulibl); armmapaTHOIro
yckopenust ipu Hanuuuu (Harpumep, NPU B coBpemennsix [1JIK); addexTuBHBIX
aJrOpPUTMOB BbIBOJIa O€3 UTEPATUBHBIX JTOPOTOCTOSIINX BbhIyuciieHui [11].

IToreHnuanbHOE BO3JEMCTBHE HA YeJO0BEKO-MAIMHHbIC HHTepdeichl
(HMI)

Brenpenne Mukpo-LLM-TpaHCISITOPOB CIIOCOOHO PEBONIOIMOHU3UPOBATH
HMI B ACY TII. Oneparop moiaydaeT BO3MOKHOCTh (hOPMYIUPOBATH KOMaH bl Ha
ecrecTBEHHOM s3bike ("mofgHATH TemmepaTypy B peaktope R-101 mo 85 °C ¢
rpagupeHToM 2 °C/MuH"), MHHYS CJIOXHBIE MHEMOCXEMBbl WM DKpaHbI
nporpammupoBanus [UJIK [12]. DTo cHUXkaeT KOTHUTUBHYIO HArpy3Ky; YCKOpSIET
BBIMIOJIHEHUE HECTaHJIAPTHBIX ONEpaluii; NOTEHI[MAJIbHO YMEHBIIAET KOJIUYECTBO
OIIMOOK, BRI3BAHHBIX HEBEPHOUM MHTEPIPETAINEH CI0XKHBIX HHTEpdercoB. OqHako,
3TO HE NOJApa3syMeBaeT 3aMeHy TpaauuumoHHbIXx HMI, a ckopee ux nomnosHeHue
MOIIHBIM HMHCTPYMEHTOM JUIsl aAPECHBIX YNPABISIONUMX BO3ACHCTBUI H
napameTpuueckol Hactpouiku [13]. be3omacHoCTh oOcCTaeTcs NPUOPUTETOM:
koMaHAbl ES NOMKHBI BBOIUTBCS B CTPOrO KOHTPOJIUPYEMOM KOHTEKCTE C
00s13aTeTbHON BU3yaIH3aIlMell TEHEPUPYEMOTo KOJIa U 3alpOCOM TOATBEPKICHUS
nepes UCIOJIHEHUEM KPUTHYECKUX ONepalui.

Bonpochl 0€30macHOCTH U HAXEKHOCTH

[IpuMeHeHue HEHUPOCETEBBIX MOAENEH B KPUTHYECKUX CUCTEMaxX TpeOyeT
0co00ro BHUMaHUS K 0€30MaCHOCTH U HAJAEKHOCTH.

3awuma om wnedonycmumvix xomaud. Muxpo-LLM nomkHa o06nagaTh
BCTPOCHHBIMH MEXaHW3MaMU OTBEP>KEHUSI KOMaH/I, BBIXOJAIIUX 3a MpPENebl ee
CJIOBapsl WM OHTOJOTHMU;, KOMAaHJ, HapyIIAIOIIMX 3aJaHHbIE TEXHOJOTHYECKHE
OTpaHUYEHHUS WM TMpaBuiia OE30MAaCHOCTH; CEMAHTUYECKH HEOJAHO3HAUYHBIX WIIU
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HEeMoMHBIX KoMaH[ [14]. Peakiuel Ha Taky0 KOMaH/y JTIOJKEH ObITh YETKHUI OTKa3
C yKa3aHHEM MPUYMHBI, a HE TOMBITKA T'€HEePallK MOTEHIIMAIbHO OMACHOTO KOAa.

IIpeockazyemocmv u sepughuyupyemocmo. JleTepMUHUPOBAHHOCTH BBIBOJIA
SIBJISIETCSI HEOOXOAMMBIM, HO HEJIOCTAaTOUHBIM yciioBreM. CaM IPOLIeCcC TPAHCIISIIUU
U TEHEPUPYEMBIM KO JOJDKHBI TMOAJAaBaThCS aHalu3y M BepudUKAIUU. ITO
BKJIFOYAET: BO3MOKHOCTbH JIOTUPOBAHUs COOTBETCTBUS BXOAHOW KOMaHAbl Ef u
BBIXO/IHOTO KOJ/Ia; UCIOJIb30BAaHUE CTAaTHYE€CKOTO aHaJu3a TeHepUpPyeMoro Kojaa Ha
MpeIMEeT MPOMBIIUIEHHBIX CTaHAapToB Oe3omacHoctu (Hampumep, [EC 61131-3,
ISA-88); cTporyrwo HU30I5M1UI0 Tpollecca TPAHCIAIMU OT OCHOBHOM CHCTEMBI
ynpasienus [15].

Vnpasnenue oocmynom u ayoum. Vntepdetic BBoma komana ESl momxen
OBITh MHTETPUPOBAH B 00IIYIO cucTemMy pasrpanuuenus nqoctyna ACY TII. Kaxnas
KOMaH/a, €€ UCXOAHBIN TeKcT Ha ESl, crenepupoBaHHbI koA U (aKT UCTIOTHEHUS
JOJIKHBI pETUCTPUPOBATHCS B CUCTEMHOM KypHAJIE JUIs MOCIeaytomero aynura [ 16
[TpuBuierus Ha UCTIOIB30BAHUE PACITUPEHHBIX KOMaH/ JOJDKHA TIPEIOCTABISITHCS
b depeHIpOBaHHO.

3akiloueHue

[IpemnioxkeHHass KoHLENIUA TNpuMeHeHuss MUKpo-LLM B kaudectBe
CIIEIUAIU3UPOBAHHBIX TPAHCISTOPOB €CTECTBEHHOTO SI3bIKa B HU3KOYPOBHEBBIN
kon IIJIK/SCADA mnpencraBiasier coOoi TEPCHEKTUBHOE HAIMpaBlIeHHE IS
HBOJTIOIIMH YEJIOBEKO-MAIIMHHBIX UHTEP(ENCOB B MPOMBIIIJIEHHON aBTOMATHU3AIIHH.
Cneur (okyca ¢ reHepaluu TeKCTa Ha AeTEPMUHUPOBAHHYIO TPAHCISALIUIO KOMaH/T
NO3BOJISIET  MPEONOJETh  KIIOUEBBIE  OTPAHUYEHUs] TeHepatuBHbiXx LLM
npuMeHuTenbHo K TpeboBanusiMm ACY TII: HagexHOCTh, 0€30MaCHOCTb,
IpecKa3yeMOCTh U paboTa Ha PECypCOOTpaHMUEHHBIX ycTpoiicTBaxX. KiroueBbiMu
dakropaMyu  YCHEIIHOW  peanu3alud  SIBISIIOTCS:  pa3paboTka  yabTpa-
CIEIUATN3UPOBAHHBIX MOJIEJICH € KECTKO OTPAaHUYCHHBIM CIIOBapeM; oOecrieueHne
aOCOJIFOTHOM JIETEPMUHUPOBAHHOCTH BBIBOIA; TTyOOKast 1 Oe30macHast HHTETpalysl
c runtime-cpefod MpoMbIIUIeHHBIX KOHTposuiepoB u SCADA-cucrem; crporue
MEXaHHM3MBl 3alIUTHl OT HEIOMyCTHUMBIX KOMAaHA ¥ BCEOOBEMITIONIMMI aymauT.
Brenpenne mogoOHBIX CUCTEM MOTEHIHAIBHO CIIOCOOHO 3HAYUTEIBHO MOBBICUTH
WHTYUTUBHOCTh W S()PPEKTUBHOCTH B3aMMOMIEHUCTBHS OMepaTtopa C CHCTEMOU
VIOpPaBICHUS TEXHOJOTUYECKHUM TIPOILIECCOM, CHU3HMB Oapbep IS BBITOJIHECHUS
TOYHBIX HACTPOWKHA M OMEPATUBHBIX BMEMIATENHCTB, MPU CTPOTOM COONIOICHUHU
MIPUHIUIIOB MPOMBIILIEHHOW 0€30MaCHOCTH.
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Annotation: The potential of a paradigm shift in the architecture of micro-
LLM (small-scale large language models) for industrial applications through the
complete abandonment of von Neumann digital computing is being investigated.
The possibility of using analog circuits and pulsed neural networks (Spiking Neural
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Beenenue

PacnpocTtpanenne  TEXHOJIOTMA  MCKYCCTBEHHOTO  MHTEIUJIEKTa B
MPOMBIIIJIEHHONM ~ aBTOMaTW3alluu  CTajJKuBaeTcss ¢ (yHAaMEHTAJIbHBIM
OrpaHUYEHUEM, CBA3aHHBIM C apxuTekTypoit ¢on Helimana [1], nomunupyomieil B
COBPEMEHHBIX IIU(PPOBBIX BHIYMCIUTEIBHBIX cucTeMax. Pa3aenenue npoueccopa u
MaMsITH CO3Ja€T Y3KO€ MECTO, HU3BECTHOE Kak "OyThUIOUHOE TOpPJBIIIKO (OH
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Heiimana", nmpuBojsiee K 3HAYUTENbHBIM 3aTparaM 3HEPruU Ha NEPEMEIECHHE
JaHHBIX, OCOOCHHO mpHU padoTe ¢ MOJEIsIMHU, TPEOYIOIIMMU HWHTEHCUBHBIX
BBIUMCIICHUW, Ja)keé B MX yMEHbIIEHHbIX (opmax (mukpo-LLM) [2].
[IpoMbIILIEHHBIE KOHTPOJUIEPHI, 0COOEHHO YCTApEBIINE UITU CIIELIUAIM3UPOBAHHBIE
CBEpX-MEJICHHbIE TUOO0 aHAJIOTOBbIE CUCTEMBI, 00JIa1al0T KpailHe OrpaHUYEHHBIMU
BBIYHMCIUTEIBLHBIMU PECYPCAMH U SHEPTETUYECKUM OromkeToM [3]. TpaaguuuoHHbie
MUKpo-LLM, ocHOBaHHBIE Ha LHU(PPOBBIX HEUPOHHBIX CETAX, YACTO OKA3bIBAIOTCS
HEMPUMEHUMBI Ha Takux I[ardpopMax u3-3a BBICOKUX TpeOOBaHUU K
MPOU3BOJUTENBLHOCTH W 3HEpPruu. Bo3HHMKAeT MOTPeOHOCTh B MPUHIUIHUAIBHO
HOBBIX MOJXO/JaX K apXUTEKType BBIUMCICHHH it MUkpo-LLM, cmocoOHbIX
(GYHKIIMOHUPOBATH B JKECTKUX MPOMBIIUICHHBIX YCIOBUAX. AHAJIOTOBBIE CXEMBI U
UMITYJIbCHBIE HEHPOHHBIE CETH MPEICTABIIAIOT COO0M aIbTEpHATUBHBIC TAPAIUTMBI,
Yyeprampilue BIOXHOBEHHWE B OHOJOTMYECKMX HEUPOHHBIX CHUCTEeMax u
npeajiaralomue IMyTh K TpeofofieHut0 orpaHuyeHuid ¢on HelimaHoBckoi
apXUTEKTYpHI [4].

Orpannvenuss Apxurektypbl ¢poH Heiimana ans Mukpo-LLM B
IIpomMbILTIEHHOCTH

OddexTuBHOE  pa3BepThiBaHMe  MUKpPO-LLM  Ha  mpOMBIIIJIEHHBIX
KOHTPOJIJIEpaxX HATAJIKUBAETCS HA HEMPEOAOIMMbIe Oaphepbl, MOPOXKIECHHBIE CaMOU
npupoaoil  1udpoBeIX BbIYMCHeHHA. [ludpoBbie Mpoieccopbl  BHIMOIHSIOT
ONepaIy MOCIEA0BATENbHO HAJl AUCKPETHBIMUA 3HAYEHUSMH, MPEICTABICHHBIMU
OounapHbIM KojoM. Kaxknas oneparust TpeOyeT U3BI€UEHUS! MHCTPYKIIUN U JJAHHBIX
U3 TaMsTH, WX JEKOIUPOBAHUS, BBIIIOJIHEHUS M MOCIEAYIOUIErO COXPAHEHUs
pe3yabprara 00paTHO B aMsATh [1]. DTOT UK HEM30EKHO CBA3AH C IepEMEIICHUEM
001X 00BEMOB JAaHHBIX MO IMIMHAM TAMSTH, YTO SIBISAETCS YHEPreTHYECKU
HanboJiee 3aTpaTHOM YacThIO BBIYKMCICHHH B COBpPEMEHHBIX ummax [5]. Mukpo-
LLM, naxxe onTUMU3UPOBAHHBIC, TPEOYIOT BBITOTHEHUS MUJIIMOHOB OIEpaIIHid
ymHOXeHus-HakoruieHus: (MAC) 1 oO0paboTKM J1ake TPOCTBIX S3BIKOBBIX
KOHCTPYKI[MH, TaKUX KaK OINpEIEICHWE HAMEPEHUs I0Jb30BaTENsl B KOMAHJE
yIpaBJiI€HUS WU BbIACICHUE KIFOUEBBIX TAPAMETPOB U3 TEXHUUYECKOTO COOOIICHUS
[6]. Ha cBepXx-MeIJIEHHBIX KOHTpOJUIEpaX ¢ TAKTOBOM YacCTOTOW B €AMHHUIIBI WJIH
JIECATKH Merarepll BHITIOTHEHHE TaKUX 33134 MU(PPOBBIM CIIOCOOOM MPHUBOIUT K
HEMpUEMJIEMbIM  3aJi€pKKaM. AHAJIOrOBbIE KOHTPOJJIEPHI, H3HAYAIbHO HE
MpeHa3HauYeHHbIe I CIOKHOW U(poBOil 00pabOTKH, JTUIIEHBI HEOOXOAMMOM
BBIYMCIIUTENBHON 0a3bl JJIsl 3allyCKa TPAJAUIIMOHHBIX HEUPOCETEBBIX aJITOPUTMOB.
DHepreTHYecKuil OMOMKET MHOTMX MPOMBIIIJIEHHBIX YCTPOMCTB, OCOOEHHO
paboTaromux OT aBTOHOMHBIX MCTOYHHWKOB NMHUTAHWS WJIM B YITAJICHHBIX MECTax,
U3MEPSIETCA MUKPOBATTaMHM WJIM MUJUIMBATTAMH, YTO MCKIIOYAET MCIOJIb30BAHUE
SHEeproeMkKux MUGPoBBIX compolieccopoB [3]. CremoBaTeabHO, HCIOIb30BaHUE
Mukpo-LLM Ha ocHoBe goH HeliMaHOBCKOW apXUTEKTYphl B paccMarpuBaEMBbIX
YCJIOBUSIX MPOMBIIIJIEHHOTO MPUMEHEHUs JHUOO0 HEBO3MOXHO, JHOO KpaiiHe
Hed(pPEeKTUBHO.
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Nmnyascubie Heiiponnsie Cetu (SNN): buosioruyeckoe Biroxuosenue u
MpuHUMIBI

NMnynbcHblE HEMpOHHBIE CETU MpeajaratoT paguKajbHO HHYIO MOJEIb
BBIYMCIICHU, OCHOBAaHHYIO Ha MPUHLHUIAX paboThl OGuonsornyeckoro mosra [7]. B
OTJIMYHE OT UCKYCCTBEHHBIX HEUPOHOB B TPAAUIIMOHHBIX INTyOOKHUX CETAX, KOTOPHIC
nepeaaloT HENmpepbIBHBIC 3HAUCHMS AKTUBAIIMM HAa KaXKJIOM BPEMEHHOM IIare,
HelipoHbl B SNN 00MEHUBAIOTCS AUCKPETHBIMU JJICKTPUUYECKUMU HMITYIbCAMH,
WIN ClaiilkaMH, B aCMHXPOHHble MOMeHTHl BpemeHu [8]. Mudopmanus B SNN
KOJIUPYETCS. HE aMIUIUTYIOM CHUTHajla, a BPEMEHHBIMU TaTTEpHAMU CIIAKOB
(BpeMEHHBIM KOJIOM), YaCTOTOM CIIeJIOBaHUSI CMAKOB (YACTOTHBIM KOJOM) WJIU UX
nareHTHOCThIO [9]. CocTosiHMe HelpoHa MOJETUpyeTcss €ro MeMOpaHHBIM
noreHiuanoM. llpuxonsiue cmaiku OT MPECUHANITUYECKUX HEUPOHOB U3MEHSIOT
TOT mnoTeHMan. Korma memMOpaHHBIM MOTEHIMAN JAOCTUTaeT ONpPEeaeIeHHOTO
nopora, HepoH TeHepupyeT COOCTBEHHBIN crailk U cOpachiBaeT CBOM MOTEHIMAT
[10]. KnroueBbiM acriekroM SNN siBJIsieTCs HCMIONB30BaHUE JUHAMUKHI BO BPEMEHHU.
O6pabotka MHGOPMALIMK TPOUCXOAUT ACUHXPOHHO M COOBITHITHO: BBIYMCIICHUS
aKTUBUPYIOTCS TOJBKO MPH TOCTYIUICHHH CIIAMKOB, @ HE Ha KaXJIOM TaKTe
CUHXpOHM3aluM, Kak B I1HUdpoBbix cucremax [11]. OOGyuenume SNN wyacto
OMMUpAETCs Ha TpaBWja, YYUTHIBAIOIIME BPEMEHHBIC 3aBUCUMOCTH MEXIY
cnaiikamu, Takue kak Spike-Timing-Dependent Plasticity (STDP), kotopeie
MOJICTUPYIOT CHUHANTUYECKYIO IJIACTUYHOCTh B OHMOJOrMYecKux cucremax [12].
JlaHHbIE CBOWCTBAa MPUHIUIUAIBHO OTIHMYaloT SNN 0T TpaauIHOHHBIX
UCKYCCTBEHHBIX HEHPOHHBIX CETEl W CO3AAl0T MNPEANOCHUIKMA [JIsi BBICOKOU
HHEProdP(HEeKTUBHOCTU TPH pea3alii B CHEIHAIU3UPOBAHHOM alapaTHOM
oOecreyeHn .

AnaJjioroBbie Boiuuciaenusi: HenmpepsiBHocTh M Ilapasuienausm

AHaANOTOBBIE BBIYUCIICHHUS OMEPUPYIOT HEMPEPHIBHBIMU  (U3HUECKUMU
BEJIMYMHAMH, TAaKUMU KaK HalpsHKEHHE WIM TOK, Ui HEMOCPEICTBEHHOIO
npeacrtaBieHuss W oOpaboTtku maHHBIX [13]. Maremarndeckue omneparuu,
dbyHIaMeHTalbHbIe 711 HEHPOHHBIX CETeH, TaKhe KaK YMHOXXEHUE U CIIOKCHHE,
MOT'YT BBINIOJIHATHCS aHAJIOTOBBIMU KOMIIOHEHTaMHU (HAMPHUMEP, ONEPALMOHHBIMU
YCUJIUTENSIMHU, TPAH3UCTOPAMU B OMPENEIICHHBIX PEKUMAX) C BHICOKOW CKOPOCTHIO
W KpaliHe HU3KHM 3HepromorpebicHueM [14]. B anamoroBoii HelipomopdHOi
CUCTEME CHHANTUYECKHUE BECa MOTYT OBITh MPEICTABICHBI MPOBOJUMOCTSIMU
MEMPHUCTOPOB WJIM JAPYTMMU AHAJIOTOBBIMHU AJIEMEHTAMHM MaMATH, a AKTUBALUU
HEWPOHOB — YPOBHSAMU HANPsKEHUS WK ToKa [15]. BaxueluM npenmyiiecTBOM
aHaAJIOTOBOT'O MOJIX0/1A SIBISIETCS BO3MOKHOCTh peaIM3allUuy ONepaluuii yMHOKEHHUSI -
HaKOIUICHUS In-memory wuiu in-situ [16]. DTo o03HA4YaeT, 4YTO BBIYMCIICHHS
MPOUCXONAT HETIOCPEJACTBEHHO B MECTE XPaHEHUS BECOBBIX KOA(DPHUIIMEHTOB,
KapJIMHAJIBHO CHIKAsl WA TIOJHOCTBIO YCTPaHssi HEOOXOTUMOCTh MEPEMEIICHUS
JAHHBIX MEXAY MaMsThI0 U MPOIECCOPOM, UTO SIBJISETCS IVIABHBIM HCTOYHUKOM
sHepro3arpaT B ¢oH HeiimaHoBckuX cucTeMax [5]. AHAJIOroBBIE CHCTEMBI
00najat0T BBICOKOW CTEMEHBIO Mapasuieliu3Ma, TaK KaK MHOXKECTBO oOmepanui
MOXKET BBIMOJHATHCS OJHOBPEMEHHO 4depe3 (pu3nueckue 3aKOHbI, YIPaBISIOIINE
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anexkTpuueckuMu uensmu [17]. JlaHHbIE XapaKTEPUCTUKHA AENAIOT aHAJIOTOBBIE
CXeMbl  TMOTEHUHMATbHO  WJACANbHBIMU  KaHAMJATaMH  JUIsl  peaau3aiuu
sHEProd3pheKTuBHBIX MUKpPO-LLM.

HHorenuman SNN wu  AnauaoroBbix Cxem aas Mwukpo-LLM B
IIpomblIIEeHHOCTH

Cuneprust npuHiuoB SNN U aHalIOroBoW pean3allid OTKPHIBAECT MYTh K
co3manuio  Mukpo-LLM ¢ OGecnpenieieHTHON  3HEprodpPeKTUuBHOCTHIO U
CKOPOCTBbIO, KPUTHYECKH BAXXHBIMU i1  MPOMBIIUICHHBIX PUMEHEHHUM.
CoObITuiino-ynpaisiemas npupoga SNN o3Hauaer, 4To PHEPrus NoTpediseTcs
TOJILKO MpU 00pabOTKE BXOJAIIEIO Craika, a He TOCTOSIHHO, KaK B CUHXPOHHBIX
mudpoBbix cxemax [11]. Tlpu peanuzanuu Ha aHAJIOrOBOM WM CMENIaHHOM
aHajoro-uupoBoM O00OpPYIOBaHMHU, ONEpalud OOpPabOTKM CHAMKOB MOTYT
BBITIOJIHSITBCS ¢ MUHHMMAJbHBIMHU 3aTpaTaMHU SHEPrUU 3a CYET MCIOJIb30BaHUS
(bu3UYeCKrX CBOMCTB JEKTPOHHBIX KOMIIOHEHTOB [14, 17]. TeopeTuuecku, Takue
CUCTEMBbI MOTYT MPUOIMKATHCA K SHEProdp(HEeKTUBHOCTH OMOJIOTMYECKOTO MO3ra
[4]. Bbicokas CKOpOCTh aHAJOTOBBIX BBIYUCIICHUN I03BOJIIET 00OpadaThiBaTh
BPEMCHHBIC TMAaTTEPHBI CHAWKOB C 3aJIep’KKaMH, CYIIECTBEHHO MEHBIITUMHU, UYeM
BpeMsi, HEOOXOIMMOE JJIsI BBITIOJIHCHHS SKBUBAJICHTHBIX U(PPOBBIX Omnepaiuii Ha
MeJJICHHBIX KoHTpoiuiepax [13]. Uto kacaercss NPUMEHUMOCTH K SI3BIKOBBIM
3ajladyaM,  HCCIENOBAaHUA  JEMOHCTPHUPYIOT  BO3MOXKHOCTH 3 (HEKTUBHOIO
ucnons3oBanusg SNN s Ki1accupUKAlMU TEKCTOBBIX IMOCIEA0BATEIBLHOCTEN U
u3BnedeHus narrepHoB [9]. [Ipeobpa3oBanne TeKCTa BO BpEMEHHBIE WU YaCTOTHBIE
KOJbI CIIAMKOB SIBIISIETCS pEIIAOIIMM IIarom. IIpocTeie sI3bIKOBBIE 3a7aud, TaKHeE
KaK pacro3HaBaHHWE OTPAHMYEHHOro HAabOpa WHTEHTOB (Hampumep, "3amycTUTh',
"octaHoBuUTH'", "cTaryc", "aBapus') WM W3BICUCHUE KIIOUEBBIX (hpa3 (Hampumep,
MMEHOBAHHBIX CYIIHOCTEH: HA3BaHUS arperaroB, KOAbI OIIMOOK, YHCIIOBBHIE
nmapaMmeTpbl), 4acTO OIMUPAIOTCS Ha paclio3HaBaHHWE IIA0JOHOB M MOTYT OBITh
b ()EKTUBHO CMOJEIHPOBAHBI C MOMOIILI0 00y4eHHBIX SNN COOTBETCTBYIOIIEH
apxutekTypshl [6]. Cioco6HOCT, SNN M aHATOTOBBIX CHCTEM padO0TaTh C MIYMOM U
B YCIOBHUSIX HEHWACAJbHOCTH KOMIOHEHTOB [15] Takxke Koppenupyer c
TpeOOBaHUAMH MTPOMBITINICHHOHN cpebl. UHTerpamms Takux Mukpo-LLM morna 6b1
OCYILECTBISITHCS qyepes CHEeUaIU3UPOBAHHBIC COIPOLIECCOPBHI,
B3aMMOJICICTBYIOIIME C OCHOBHBIM MPOMBIIUIEHHBIM  KOHTPOJUIEPOM IO
HU3KOCKOPOCTHBIM TPOMBINIUICHHBIM MmuHaM (Hampumep, Modbus, CAN), wunu
MyTEeM TOJTHOM aHAJIOTOBOM peann3aliy JIOTUKH 00pabOTKA KOMAaH]I.

dynpamenTaabHble Uccaenosanus u llpakrtuyeckue Ipororunel

UccnenoBatenbckasi JeaTenbHOCT, B oOnact mnpumeneHuss SNN u
AQHAJIOTOBBIX BBIYHUCICHUW JUIs 3a/ad, POJACTBEHHbIX MHUKpO-LLM, akTuBHO
pa3BHUBAETCs, XOTA ¥ OKYCUPYETCS MPEUMYIIIECTBEHHO Ha O0JIee MPOCTHIX 3a/a9ax,
YeM MojHas reHepauusi Tekcra. OyHIaMeHTaJbHbIE HCCIEIOBAaHUSI OXBAaTbIBAIOT
pa3paboTky 3G (PEKTUBHBIX aJTOPUTMOB IMPEeoOpa30BaHUS TEKCTOBBIX JTaHHBIX B
CHaiiKOBbIE MOCIIEI0BATEILHOCTU (KogupoBaHue) [9], co3maHue HOBbIX U Oonee
o0y4aeMbIX MOJIeJIe aHaJIOTOBBIX W CHAWKOBBIX HelpoHoB [10, 12], a Taxxke
UCCIICIOBAHUE  aApXUTEKTYp  CETed,  ONTUMalbHBIX I  00pabOTKH
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MOCJIEA0BATEIbHOCTEN CHUMBOJIOB MJIM CEMAaHTUYECKUX MPU3HAKOB B CHANKOBOM
npencrasieHun [8]. 3HauMTENbHBIE YCWIMS HANpaBlIE€Hbl Ha pa3paboTKy
anroputMoB o0ydeHus: SNN, kotopbie ObuIH Obl 3()PEKTUBHBI U peaInu3yeMbl Ha
anmaparHOM ypOBHE, BKJIIOYasi BapHaHThl OOPATHOTO PacHpOCTPaHEHUS OIIUOKH,
aJanTUPOBAHHBIC IS BPEMEHHBIX KOJOB, U METOAbl OOyudeHus 0e3 y4duTens Ha
ocHoBe STDP [12]. B obnactu mpakTUueCcKoro MpOTOTUINMHPOBAHUS HAOIIOIAIOTCS
HECKOJIBKO HaIpaBJICHUN. Pa3zpabarsiBatorcs CIIEUATTU3UPOBAHHBIE
HelipoMopdHbie unnbl, Takue kak Loihi ot Intel (undpoBoit, HO UMHUTHpYIOITUI
SNN), BrainScaleS (ananoroseriit) [4], a Takke uunbl komnanuii Mythic Al u Rain
Neuromorphics, ucnonp3yroiue aHaloroBblie in-memory BbluucieHus [16, 17].
Otu  mnarhopMbl  IEMOHCTPUPYIOT  HAa  MOPSAJAKH  Oojee  BBICOKYIO
sHeprod(PheKTUBHOCT, TPU BBIMOJHEHUHM 3a]a4 KIacCU(UKAIMKU TATTEPHOB H
00pabOTKHU CEHCOPHBIX IaHHBIX MO cpaBHEeHHUIO ¢ TpaaunronusiMu GPU/CPU [5].
XoTs1 OOJBIIMHCTBO JEMOHCTPALUM COCPEOTOUCHO HAa 00pabOTKe M300pakeHUI
WM ayno, PUHIIMITBI 00paOO0TKH BPEMEHHBIX MOCEA0BATEIIbHOCTEH IPUMEHUMBI
U K TEKCTOBBIM JIaHHBIM. [IpOTOTHUIIBI CHCTEM JJIsSI MPOCTOM KiacCu(PUKaIMy TEKCTa
i 00paboTku coObIThil HAa ocHOBe SNN CyIlecTBYIOT B akaJleMUUYecKoil cpene |8,
9], moaTBepkaas MPUHIUIHAIBHYIO OCYIIECTBUMOCTh TIOAXOAA IS 3ajad,
aKTyaTbHBIX 111 MUKpO-LLM. PazpaboTka ciermanu3upoBaHHBIX aHAJIOTOBBIX WU
SNN-conponeccopoB, HHTETPUPYEMBIX B MPOMBILIJICHHBIE I[IWHBI JAHHBIX,
IPENCTABISETCA JIOTUYHBIM CIECAYIOUIMM [IAaroM i MPUKIAIHBIX UCCIEIOBAHUN.

Texnuueckue BoizoBbl 1 HannpaBiaenust UccienoBanui

HecMmorps Ha 3HaUnMTENBHBIN OTEHIMAI, ITIEpexox K MUKpOo-LLM Ha ocHOBE
SNN 1 aHaJIOTOBBIX CXEM COIPSI)KEH C CEPbE3HBIMU TEXHUYECKMMH BBI30BAMMU.
ToyHOCTH  aHANOrOBBIX  KOMIIOHEHTOB  IOABEpKEHA  BIUSHUIO  IIYMOB,
TEMIIEPATYPHBIX IpeiioB 1 BapUallii TEXHOJIOTHYECKOTO MPOIIecca H3TOTOBICHUS
[15]. ObGecrieueHre MOCTATOYHON TOYHOCTH M BOCIPOMU3BOJAMMOCTH BBIYHCICHUHN
JUTSL SI3BIKOBBIX 3a/1a4, e Jake HeOONbIINEe ONIMOKH MOTYT HMCKa3UTh CMBICI,
TpeOyeT pa3pabOTKH YCTOWYMBBIX apPXUTEKTYp M CXeM KOMIICHCAIUH.
O¢ddexTnBHOE KOAUPOBAHHE TEKCTOBOW WH(POpPMAIMM B MPOCTPAHCTBEHHO-
BPEMEHHBIC TATTEPHBI CIAWKOB [JIS 3a/Ja4 CJIOXKHEE MPOCTOM KiIacCH(PpUKAIUU
ocTaercs OTKpBITON mpobiemoit [9]. OOyuenue kpymHbIX SNN, 0COOCHHO C
HCIIO0JIb30BAaHHEM BPEMEHHBIX KO/IOB, SIBJISIETCS] BBIYUCIUTEIBHO CIOKHOM 3aauen,
4acTo TpeOyolieil pecypcoeMKONM CUMYISIUU WIH CHEIUATU3UPOBAHHOTO
obopynoBanus [12]. IlepeHoc oOydeHHBIX Monelel Ha (U3UYECKHE aHAIOTOBBIC
i SNN-1m1aTgopMBel ¢ X anmapaTHIMUA HEUICATBHOCTIMU TPEOYeT pa3paboTKu
METOJMK KaTuOPOBKH U amantamnuu. HTerpamust HeWpoMOpP(HBIX HIIA aHATOTOBBIX
COMNPOLIECCOPOB CO CTAHAAPTHBIMH MPOMBIILICHHBIMH KOHTPOJIJIEpPAMU U IIIMHAMU
JAHHBIX TpeOyeT pelIeHUs BOMNPOCOB HMHTEPPENCOB, CUHXPOHU3ALUUU H
ynpasneHus. OCHOBHbIE HampaBlieHUs (PyHIAMEHTAIbHBIX W MPHUKIATHBIX
HCCIICIOBAaHUM BKJIIOYAIOT pa3pabOTKy YCTOWYUBBIX aHAJIOTOBBIX AJIEMEHTOB
naMmsiTé U HeWpoHHBIX cxeMm [14, 15], co3manue >(PPEeKTUBHBIX M amnmapaTHO-
peanuzyeMbIx anroputMoB oOyuenuss SNN i mociemoBarenbHOCTeW [12],
HCCIIEIOBAHUE HOBBIX METOIOB KOAUPOBAHUS CEMAaHTUYECKOW HHGPOpMAIUU B
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CIIaKOBBIE MOTOKH [9], MPOEKTUPOBAHKE CTIEUATIU3UPOBAHHBIX apXUTEKTYp SNN
JUIsl KOHKPETHBIX IMPOMBIIUIEHHBIX $3BIKOBBIX 3a7ad [6], a Takxke pa3paboTKy
METOJIOJIOTUH COBMECTHOTO TPOCKTHUPOBAHMS alMapaTHOTO W IPOrPaMMHOTO
obecnieuenust (hardware-software co-design) ajis mpoMbIIUIEHHBIX MUKpo-LLM
[17].

3akiloueHue

Ananu3 (yHIaMEHTAIBHBIX MPUHIIUIIOB pa0OThl UMITYJIBCHBIX HEHUPOHHBIX
CeTeli W aHAJOrOBBIX BBIUKMCICHHUN, a TaKKe COBPEMEHHOTO COCTOSHUS
WCCJICIOBAaHUN W MPOTOTHITUPOBAHUS TTO3BOJISET CACIATh BBIBOA O 3HAYUTEIHHOM
MOTEHITHAJIC ATHUX TEXHOJOTHH IS CO3JIaHUs CJICAYIOIIETO ITOKOJCHUS MHUKPO-
LLM, opueHTHPOBaHHBIX HA MPOMBINUICHHBIC TpUMEeHEeHHsI. OTKa3 OT MapaaurMbl
¢on Heiimana B mob3y COOBITUIHHO-YIPABISAEMbIX, ACHHXPOHHBIX BEIYMCICHUN Ha
OCHOBE CHAaMKOB WM HEMPEPBIBHBIX (U3MYCCKUX BEIUYHMH TpearaeT IMyTh K
NPEOIOJNICHUIO KITIOUEBBIX OTPAaHUYCHUN IO SHEPronoTPEOICHHIO M CKOPOCTH,
JCAOIINX TPaIUIIMOHHBIC MUKPO-LLM HENpUMEHHMMBIMUA Ha CBEPX-MEIJICHHBIX
WJIM aHAJIOTOBBIX MTPOMBIIICHHBIX KOHTpoJIIepax. [I[puHInInanbpHas BO3MOXKHOCTh
s pexTrBHOrO BBIMOTHEHUS SNN MPOCTHIX, HO BaXKHBIX S3BIKOBBIX 3a/a4, TaKUX
Kak Kiaccu(uKaIuss MHTCHTOB W W3BJCUCHHE KIIOYCBBIX ()pa3, MOATBEPIKIACTCS
CYLIECTBYIOIIIUMU  MCCJICIOBAHUSIMU B 00JacTd  0OpaOOTKH  BPEMEHHBIX
noclieoBareIbHOCTEN Ha HelpomopdHbIX Tutar@opmax. JlemoHcTparuu Ha
IPOTOTHUIIAX AHAJIOTOBBIX M HEUPOMOPQHBIX YUIIOB MOKA3bIBAIOT JOCTHKUMOCTD Ha
nopsAku Oosee BBICOKON 3HEProdddEKTUBHOCTH MO CPAaBHEHHUIO C IUGPOBBIMU
cuctemamu. OfHaKo peanu3alus 3TOTO TMOTEHIMAaja B MPOMBIIUICHHBIX MHKPO-
LLM tpebyeT npeooyieHus CyIeCTBEHHBIX TEXHUUECKUX BBHI30BOB, CB3AHHBIX C
TOYHOCTBIO AHAJIOTOBBIX KOMIIOHEHTOB, CJIOXXHOCTBIO KOAMPOBAHUS M OOyUYEHUS
SNN u1st sS3BIKOBBIX 3a/1ady, a TakKe Bompocamu HHTerpainuu. [locnemyromue
dbyHIaMeHTabHBIE MCCIIEIOBAaHMS JOJDKHBI OBITH COCPEIOTOYCHBI Ha pa3paboTKe
YCTOMYMBBIX aHAJIOTOBBIX CXeM, d(Q(PeKTUBHBIX anroputMoB oOyueHus SNN s
MIOCJIEIOBATEILHOCTEN U METOJ0OB CEMAaHTHYECKOTO KOJIUPOBAHMUSI.
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mazucmpanm
Kageopa apxumexmypul 00uecmeeHHbIX 30aHUTL
Mocko6cKuit apxumeKkmypHblil UHCHUNYm
(I'ocyoapcmeennan Axkademus)
2. Mockea, Poccus

COIIMAJIBHO-KYJIBTYPHBIE KOJbI B APXUTEKTYPHOM
NAEHTUYHOCTU PEYHBIX HABEPEKHBIX

Annomauyusa: B cmamve ucciredyromcs coyuanbHO-KyIbmypHbsle KOObl KAK
HeomwvemaeMdas 4acmov apXumeKmypHoUt UOEHMUYHOCMU DEeYHbIX HAOEPeHCHUIX.
Paccmampuesaromea meopemuueckue 0CHOBbL NOHAMUSA «KOOY» 8 APXUMEKMYPHOU
cpede u e2o0 pob 8 YOPMUPOBAHUU YHUKATbHOCIU 20pOOCKUX npocmpancms. Ha
OCHOBE aHAIU3A OMEYeCMBEHHBIX U 3aPYOEHCHBIX UCCIe008aHULL 0OOCHOBbIBAEMCS,
Ymo HabepedicHvle GbICMYNAIOM He MONAbKO (DYHKYUOHAIbHLIMU 30HAMU, HO U
HOCUMENAMU KYIbMYPHOU NAMAMU U CUMBOIUYECKO20 3Hadenus. [lokazano, ymo
uUHmMe2payus COYUaIbHbIX NPAKMUK, UCMOPUYECKO20 HACLeOUsi U NPUPOOHO20
KOHMeKCcma no3eojisiem opmuposams YCmoudugyro U0eHmuyHoCms NPUOPENCHbIX
npocmpancms. Coenan 661600 0 HEOOXOOUMOCMU BbIAGNIEHUSA U YYemd COYUATILHO -
KV/IbIYPHBIX KOO0 8 npoyecce NPOeKmupos8anus U pedeselonmMeHma HabepeiCHbIX.

Kntouesvie cnosa: apxumexmypHas — UOEHMUYHOCMb,  COYUATbHO-
KV/lbmypHble KOObl, HabepedcHble, 20p00CKAs cpedd, KYNbmMypPHAs NaMamb.
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SOCIO-CULTURAL CODES IN THE ARCHITECTURAL IDENTITY
OF RIVER EMBANKMENTS

Abstract: The article examines socio-cultural codes as an integral part of the
architectural identity of river embankments. Theoretical foundations of the concept
of "code" in the architectural environment and its role in shaping the uniqueness of
urban spaces are discussed. Based on Russian and international studies, it is argued
that embankments function not only as infrastructural zones but also as carriers of
cultural memory and symbolic meaning. The integration of social practices,
historical heritage, and natural context is shown to be essential for forming a
sustainable identity of waterfront spaces. The conclusion highlights the need to
identify and consider socio-cultural codes in the process of designing and
redeveloping embankments.

"Teopusi 1 NPaKTHKA cOBpeMeHHOiT Hayku' Ne8(122) 2025 106



Keywords: architectural identity, socio-cultural codes, embankments, urban
environment, cultural memory.

CoBpeMeHHbIE ropoaa MIEPEKUBAIOT WHTEHCUBHBIC MIPOIIECCHI
TpaHcopManvi, B XOJ€ KOTOPBIX BOINPOC AaPXUTEKTYPHOU HUJICHTUYHOCTH
npuodpeTaeT 0coOyl0 3HAUMMOCTh. B ycloBHsX mmobanu3anvu U yHUPUKALTU
3aCTPOUKH MMEHHO JIOKAJbHBIE COIMAIbHO-KYIBTYPHBIE KOJIBI CTAHOBSITCS TEMU
YCTOWYUBBIMU DJIEMEHTAMU, KOTOPBIE TMO3BOJISIOT COXPAHSITh YHUKAJIbHOCTH H
HEMOBTOPUMOCTbH FOpoACKOM cpeawbl [1]. OnHrmu U3 BaXKHENIIUX OPOCTPAHCTB, T
AT KOJIbI HauOoJIee IBHO MPOSIBIISIOTCS, SBISIOTCS peUHbIE HAOEPEIKHBIC.

HaGepexxHble ncTopruecky BBITOMHUIA (GYHKIIMA HE TOJIBKO TPAHCTIOPTHBIX
U TOPTOBBIX apTepHil, HO U CUMBOJUYECKUX MPOCTPAHCTB, (PopMuUpyronmx odpas
ropoga. Yepe3 HUX BOCHPUHHUMAJICS €ro AapXUTEKTYpPHBIH OOJHUK, KYJIbTypa
MOBCETHEBHOCTH M CHCTEMa IIeHHOCTe. B 3TOM cMbicie HabepeKHbIe MOXKHO
paccMarpuBaTh KaK CBOCOOpa3HBIM TEKCT, B KOTOPOM «IIPOUYUTHIBAKOTCS
COITMAJIbHBIE M KYJIBTYPHBIE CMBICIIbI, HAKOTUICHHBIE B T€UEHUE UCTOPHUH [2].

Bornpoch! u3zydeHus: conuaabHO-KYJIBTYPHBIX KOJIOB B apXUTEKTYPE CETOHS
npuoOpeTaroT  MEXKAUCIUIIMHAPHBIA  XapakTep,  OOBEIUHSS  TOAXOIBI
KYJABTYPOJIOTHUH, COITUOJIOTHH, YPOAHUCTUKU U ApXUTEKTYPHOUH TCOPHUHU.

[lonsiTEe «KOI» B ApXUTEKTYypE CBSI3aHO C CHUCTEMOW 3HAKOB, CUMBOJIOB U
NpaKTUK, Yepe3 KOTOphle O0OIIEeCTBO (PUKCUPYET U TPaHCIHUPYET CBOIO
UACHTUYHOCTh. Ha HaOepeKHBIX 3TH KOIbI MPOSABISIOTCS B MPOCTPAHCTBEHHOU
OpraHu3allid, B apXWUTEKTYpHBIX ¢opMax, B XapakTepe HCIOIb30BaHUS
IPOCTPAHCTBA JKUTENSAIMHM M Typuctamu. CONIACHO HCCIEIOBaHUSIM, HMEHHO
HaOepeXHbIE SBISAIOTCA NPOCTPAHCTBAMHU, TJ€ HamOojee SBHO IEpPECeKaroTCs
NPUPOIHBIN U KYJIbTYPHBIN KOHTEKCTHI [3].

HcTopuko-KynbTypHbIE KOIBI (DOPMHUPYIOTCS 3a CUET COXPAHEHHS 3HAYUMBIX
apXUTEKTYpHBIX aHcambnedt u oO0bekToB. [lanopambr Cankrt-IleTepOypra BHONb
Hesbl unu Buabl [lapuxa ¢ CeHbl npeacTaBasioT coO00i HE POCTO BU3YaJbHBIC
KApTUHBI, HO W CHMBOJIBI HAallMOHAJbHOM H TOPOACKOM HIEHTHYHOCTH. HX
COXpaHEHHE W PETpe3eHTAIUs 00ECIEUNBAIOT YCTOMYMBOCTh KYJIBTYPHOTO KO,
YTO MOATBEPXKAACTCS paboTaMH UcCienoBareieii B 00JacTH KyJIbTYpHOU MaMsATh
[4].

CormanbHbIe KOJBI BRIPAKAIOTCS B CIIEHAPHUAX UCTIONH30BAHUS HAOCPEKHBIX.
B omHux cimydasx 3To MOTYT OBITh TPaAMIIMOHHBIE (DOPMBI JOCYra — MPOTYIKH,
apMapku, ¢GecTuBajid, B JPYyrUX — COBPEMEHHbIC IPAKTUKH, CBSI3aHHBIE C
KYJIBTYPHBIMH COOBITUSIMU WJIM CHOPTUBHBIMU aKTHUBHOCTAMH. Kak ormeuaer .
['eiin, UMEHHO TOBCEIHEBHBIC MPAKTUKA (DOPMHUPYIOT >KHUBYIO apXUTEKTYyPHYIO
UJCHTUYHOCTH TpocTpaHcTBa [5]. Takum oOpazom, mpOEeKTHpOBAaHUE HAOEPEIKHBIX
JIOTKHO YYHUTHIBATh HE TOJIBKO (PU3UUYECKYIO CPEy, HO U COIMAIIBHBIC TTPUBBIYKH U
OKUJIaHUS.

Oco6o0€e 3HaueHNE UMEIOT CUMBOJIUYECKHUE KOJ/Ibl, KOTOPHIE 3aKPEIUIAIOTCS 32
HaOepeKHBIMU Ha MPOTSHKEHUH UCTOpUU. {1 OJHUX TOpPOJOB 3TO MOXKET OBITh
o0pa3 HHIYCTPUAJIBHOTO LIEHTPa, ISl JPYTUX — CHUMBOJI TYPUCTUUYECKOU U
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KYJIBTYPHOM TPHUBJIEKATEIIBHOCTH. BaxXHO, YTO 3TH KOABI MOABEPKEHBI
M3MEHEHUAM, HO MPU 3TOM OHHU COXPAHSIOT MPEEMCTBEHHOCTb, ITO3BOJISASA TOPOLY
aJanTUPOBATHCS K HOBBIM YCJIOBHSIM, HE TEPsisi COOCTBEHHON YHUKAJIBHOCTH [2].

CpaBHeHUEe 3apyOeXHOro M OTEYECTBEHHOIO OMbITa MOKAa3bIBAET, YTO
yCHEIIHbIE TPUMEPHI PEICBEIONMEHTa HAOEPEKHBIX CTPOATCS HA BBISBICHUU U
aKTyaJlM3allMi COLIMAIbHO-KYJIBTYpHBIX KoAoB. B bapcenone mnpeoOpazoBanue
npuOpexxHoit 30Hb B xone Omumnuansl 1992 roma mo3Bonuiio copMupoBaTh
HOBBIA CHUMBOJI TOpPOJa, B KOTOPOM COYETAIOTCS CHOPTUBHAS W KYJIbTypHas
cocraBistoue [6]. B TambOypre HafenCity cran npumepom HHTErpanuu
UCTOPUYECKOIO KOJIa MOPTOBOTO TOPO/IA C COBPEMEHHBIMH (DYHKIIUSIMU JIEJIOBOTO U
KYJBTYpPHOTO LIEHTpa [6].

B poccuiickoil NpakTUKE BHUMaHUWE K COLHMAIBHO-KYJIBTYPHBIM KOJaM
YCWJIWJIOCH B ToclieHue aecsaTuietus. biaroycrpoiicTBo HabepekHbIX MOCKBBI
NOKAa3aJI0, YTO YYe€T IOBCEAHEBHBIX CLEHAPUEB TOPOXKAH MOXKET CYIIECTBEHHO
MOBBICUTh YPOBEHb BOCTPEOOBAHHOCTH W WJACHTUYHOCTH TPOCTpaHcTBa [3].
Onnako mpobieMa 4acTo 3aKJIH0YaeTCsl B OTCYTCTBHH LIEJIOCTHONW METOI0IOTUH, YTO
MPUBOJIUT K (hparMEHTAPHOCTHU PEIICHUH.

Takum 00pa3oM, COIHMANTBHO-KYJABTYPHBIE KOMABI SIBIISIIOTCS HE TOJIBKO
AHAJIMTUYECKOW KaTEropueil, HO U MPAKTUUYECKUM MHCTPYMEHTOM, MO3BOJISIONIUM
IPOEKTUPOBIINKAM BBISBISATh M 3aKPEIUIATh YHUKAJIbHBIE YePThl HaOepeKHbIX. X
y4eT obecreurnBaeT yCTOWUYMBOE Pa3BUTHE TOPOJICKUX MPOCTPAHCTB, OBBIIIAET UX
PUBJIEKATETLHOCTh U CIIOCOOCTBYET COXPAHEHUIO KYJIBTYPHOTO pa3HOOOpa3usl.

ApXUTEKTypHasi HJEHTUYHOCTh PEUHBIX HAOEPEKHBIX B 3HAYUTEIHHOU
CTENEHU OMPEIETSAETCS COUUAIBHO-KYIbTYPHBIMU KOAAMHU, KOTOPBIE OTPaKaroT
UCTOPUYECKYIO MaMsTh, MOBCEAHEBHBIE NMPAKTUKU M CHUMBOJIIMYECKUE 3HAYEHUS.
VYTpara 3TUX KOJAOB MPUBOIUT K 00C3TUUMBAHUIO TOPOACKON CPEIbI, TOTJIA KaK MX
COXpaHEHHE M aKTyallu3alus TMO3BOJSIOT (OPMUPOBATh YHUKAIBHBIA OOJIHMK
ropoza.

OnpIT OTEUECTBEHHBIX M 3apyOEKHBIX TOPOJOB IMOATBEPXKIAET, YTO YYET
COIIMATIbHO-KYJIBTYPHBIX KOJOB SIBJISIETCS KIIIOUEBBIM YCJIOBHUEM YCIIEIIHOTO
MPOCKTUPOBAHUSA U pEACBEIONMEHTa HaOepexHbIX. VX BbIsIBICHHE TpeOyeT
KOMIUIEKCHOTO  TOJAXO/Aa,  BKJIIOYAIOUIET0  MCTOPHUKO-KYJIBTYPHBIM  aHaJIN3,
COLIMOJIOTUYECKHE MCCIICNOBAHUSA U H3YyYECHHME IPUPOAHOrO KOHTEKCTa. B 3TOM
ciydae HaOepeXHbIE€ CIOCOOHBI BBICTYNATh HE TOJBKO (PYHKIIMOHAIBHBIMU
MPOCTPAHCTBAMHM, HO U BAXKHEHUIIIMMU HOCUTENIAMU UACHTUYHOCTHU TOPOJIA.
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MATEMATUKA, UTHOOPMATUKA, UH’KEHEPUSA
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HEPCHEKTHUBbBI NIOBBIINEHUA TOYHOCTHU BOEBBIX BJIOKOB
NHANBUAYAJIBHOI'O HABEAEHUSA BAJINIMCTHYECKHUX PAKET

Annomayua: 6 cmamve UCCIEOVIOMCS COBPEMEHHblE Memoobl U
nepcneKmugHble  MeXHON02UU  NOBbluleHUsi  mouyHocmu  0oesvbix  OI0KO8
unousuoyanbhoco Hagseoenus (KBO < 10 m) Ona baniucmuveckux paxem.
Paccmompenvl knouegvie HanpasneHus pazeumus: KOppeKmupyemvle CUCmembl
HageOeHUss HA KOHEYHOM YYyacmKe mMpaeKmopuu, UHePYUAIbHO-CRYMHUKOGbLE
KOMNJIEKCbl, a0anmugHble aieopummbul YNPAeieHUus U nepcnekmugHvle Mamepuasl
ona mennosawumol. Ilposedén amanusz GIUAHUAL MEXHOIO2Ul UCK)CCMBEHHO2O
UHMeENIeKMa U 2UNep38yKO8bIX NIameopm Ha dPHeKmusHoCmv NopadiceHus yeel.
Pesynomamsl nokasvigarom, umo KOMOUHAYUSL MHOSOPEHCUMHO20 HABEOEHUS U
MauunHo2o 0byyenus modxcem chuzums KBO 0o 3—5 m.

Kntroueswvie cnosa: mounocmo, 60esvie 610KU, MOYHOCb, UCKYCCMBEHHDBILL
UHMEILeKM.

Bondarev K. A.

Test Engineer

""Mathematics, Computer Science, and Engineering'
Russia, Mirny

PROSPECTS FOR IMPROVING THE ACCURACY OF
INDIVIDUAL-GUIDED BALLISTIC MISSILE BOLTS

Abstract: The article explores modern methods and promising technologies
for improving the accuracy of individual-guided ballistic missile warheads (CEP <
10 m). Key areas of development are discussed, including adjustable guidance
systems at the terminal stage, inertial-satellite systems, adaptive control algorithms,
and promising materials for heat protection. The analysis of the impact of Al
technologies and hypersonic platforms on the effectiveness of target destruction is
carried out. The results show that the combination of multi-mode guidance and
machine learning can reduce the CEP to 3-5 m.

Keywords: accuracy, combat blocks, accuracy, artificial intelligence.
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Ha ceropssiiiHMii J€Hb OCHOBY TOYHOIO HaBeACHUS OOEBBIX OJIOKOB
O0QJNTMCTUYECKUX PAKET COCTABISAIOT MHEPLHAIbHBIE UM CIyTHUKOBBIE CHUCTEMBI.
OnHako UX BO3MOXHOCTH NPUOIHKAIOTCS K (PU3UUECKUM TTIpeieiaM.

CoBpemeHHbIE  0O€Bble  OJOKM  OCHAUIAIOTCA  KOMOMHUPOBAHHBIMU
cucreMamu, rae uHepuuanbHas HaBuranus (MHC) xoppektupyeTrcs cUrHajliaMu
I[TIOHACC wmu GPS. Hanpumep, pOCCHHCKHI OIEpaTUBHO-TAKTUYECKUI
komIuieke «Mckannep-M» JEMOHCTpUPYET KpPYroBOE BEpOSITHOE OTKJIOHEHHE
(KBO) B 5-7 wmetpoB. OgHako B YCJOBHUSIX AaKTHBHOTO PaJUOAICKTPOHHOIO
MPOTUBOJCUCTBUSL TOUHOCTh MOXET CHUXKaThcsa 10 15-20 merpoB. I[Ipobremsr:
3aBUCUMOCTh OT CITYTHUKOBBIX CUTHAJIOB, YS3BHUMBIX K DIYHIEHHUIO U CIY(UHTY;
HAKOTUICHHE OIMMOOK HMHEPIMATbHBIX CHUCTEM Ha MEXKOHTHUHEHTAJIbHBIX
JTUCTaHIIMSIX.

AJBTEpHATUBOM CHYTHUKAM BBICTYNAIOT CHUCTEMbI, OCHOBaHHBIC Ha
KOPPEKIUHU 1O penbedy U COMOCTABICHUIO ¢ HU(PPOBBIMU M300pakeHussMHu. OHU
UCIIOJIB3YIOTCSI BO MHOTHUX KPBIJIaThIX PaKeTax.

Ho B cuiy psima oOGCTOSATENBCTB B HACTOSIIIEE BPEMsl 3TO METOA TpelyeT
peIBAPUTEIHHOIO CKAHUPOBAHUS 1IeJIel U CO3[IaHus JeTAIM3UPOBAaHHBIX KapT. 1
OH MaJIONMPUMEHUM ISl CTPATETHYECKUX PAKET M3-32 BHICOKOM CKOPOCTU CITycKa
00€BBIX OJIOKOB.

CoBpemeHHble 00eBble OJOKM OAITUCTUYECKUX PAKET CTAIKUBAIOTCSA C
dbyHIaMeHTalbHOM MpOOIEMOil: Jaxke camble COBEpIICHHBIE WHEpIMAIbHbIE U
CITyTHUKOBBIE CUCTEMBI HE MOTYT FrapaHTUPOBAaTh TOYHOCTH Jyulie 5—10 MeTpoB B
YCIOBUSAX peabHOro 005, TAe ACHCTBYIOT MOMEXH, arMocdepHble aHOMalMu M
aKTUBHOE TMPOTUBOJEHCTBUE NPOTUBHUKA. PerieHue 3Toii mMpoOieMbl JEKHUT B
pa3paboTKe aKTUBHBIX CUCTEM TEPMUHAIBLHOTO HAaBEACHUS — TEXHOJIOT UM, KOTOPbIE
MO3BOJIAIOT OOEBOMY OJIOKY CaMOCTOSITENIbBHO KOPPEKTHPOBaTh TPACKTOPUIO Ha
MOCJIETHEM YYacTKe Moy€Ta, OyKBaJIbHO 32 CEKYHJIbI 10 MOpakeHus 1enu. Oqaum
U3 CaMbIX NEPCHEKTUBHBIX HAIPABICHUM SIBISIETCA HCIOIb30BAHHUE JIMJAPHBIX
cucteM. [IpuHImn ux paboThl HAITOMUHAET JA3€PHBINA 1aIbHOMED, HO C KITIOYEBBIM
OTJIMYHEM — JIUAAP CO3MAET TPEXMEPHYIO KapTy MECTHOCTH B PE€aJIbHOM BPEMEHH.
Kak sto pabotaet? Ha Bbicote 10—15 kM 60€BO¥ 60K aKTUBUPYET JUAP, KOTOPHIi
CKaHHpPYET MOBEPXHOCTh Y3KOHANPABICHHBIM JIa3€pHbIM JIy4oM. OTpak€HHBIN
CUTHAJI aHaJIM3UpPyeTCs OOpPTOBBIM KOMITBIOTEPOM, CpaBHUBACTCA C 3apaHee
3arpykeHHbIMH ITU(GPOBBIMH KapTamMH, U CHCTEMa KOPPEKTHUPYET TPACKTOPHUIO.
Tounocts: J{o 0,3-0,5 M (B uacanbHbIX YCIOBUAX).

[Ipumep: sKcnepuMeHTallbHble OJOKM B HOBOM  OTEUECTBEHHOM,
MEPCIIEKTUBHOM PAKETHOM KOMIUIEKCE TECTUPYIOT JHUAApPHOE HaBEAEHUE s
MOPAXKEHUS] MAJIOPa3MEPHBIX LIEJIEH.

[TpoGiembl: 9yBCTBUTENHEHOCTD K OOJIAYHOCTH U JIBIMY (4aCTUYHO PEIIaeTCs
HCIIOJIb30BAaHUEM HECKOJIBKHX CIEKTPAIbHBIX JUANA30HOB); OTPAHUYEHHOE BpEeMsi
pabotrel (iumap 3ddexkTuBeH Juib Ha (UHAIBHOM  ydacTke). YToObl
KOMIIEHCUPOBaTh clladble MecTa JIMJIapOB, MPUMEHSIOT MHOTOCHEKTPAIbHOE
HaBenenue: MK-ronoBku camonaBenenus (MK-I'CH) — 3axBaThIBaloT 1eib IO
TEIJIOBOMY U3Ny4eHUI0 (3¢ (PEeKTUBHBI TPOTUB PAOOTAIOLIUX PAJAPOB, JBUTATEICH
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TEXHUKH). PaguonokaliMmoHHble CUCTEMbl MIJLTUMETpoBOro nuama3zona (W-band,
77-110 I'To) — MeHee MOIBEpPKEHBI MOMEXaM, YEM CITyTHUKOBAs HaBHUTaLIMS.
TpaauIIMOHHBIE aJIrOPUTMBI HaBEAECHUS pPaOOTAIOT MO JKECTKUM, 3apaHee
3anporpaMMUpOBaHHBIM clieHapusaM. Ho B 1uHaMu4yHOM 00€BOW OOCTAaHOBKE 3TO
HepocTtarouHo. HeilpocereBble  TEXHOJOTHM  MO3BOJSIIOT  0O€BOMY  OJIOKY
aJanTUPOBATHCS K U3MEHSIOIINMCS YCIIOBUSIM.

Kak MU ynyumiaet Tounocth? OTBET CIEAYIONININA: TIPU BXO/I€ B aTMOchepy
(cxkopocth ~ Mach 10) 6ok crankuBaercsi ¢ TypOYJE€HTHOCTBIO, BETPOBBIMU
capuramu, MWW  aHanu3upyer  JaHHbIE  JATYUKOB U MPEACKA3bIBAET
KOPPEKTUPYIOILME MAaHEBPHI, a HE MTPOCTO pearupyeT Ha OLIUOKH.

Ecnu npoTUBHUK NPUMEHSIET TEIUIOBbIE JOBYIIKU UM PAAUO3JIEKTPOHHOE
nonasnenue, UM cpaBHuBaeT 1eib ¢ OnbinoTekoit 00pazoB (HanmpuMmep, OTIUYAET).
Ecnu 3anymieHo HeCKOIbKO 00EBbIX OJIOKOB, OHU MOT'YT OOMEHHUBATHCS JAHHBIMH U
nepepacrpenensiTh ey B peajibHoM BpeMeHu. Ho 3/1ech uMeroT MecTo cleayomume
OTrpaHUYeHHUs: TPEOYIOTCS MOIIHbIE OOpPTOBBIE KOMIIBIOTEPHI, YCTOWYHMBBIE K
AIIEKTPOMArHUTHOMY MMITYJIbCY; PUCK «BpaxkiaeOHoro MN» — ecnum mpoTMBHUK
B3JIOMAET aJITOPUTMBI.

['unep3BykoBbIe O0eBBIE OJI0KH (CKOpOCTh > Mach 5) He mpocTo ObIcTpee —
OHM MEHSIOT caMmy mnapajiurmMy HaBeneHus. llouemy rumep3Byk Tak BIUSIET Ha
TOYHOCTH? OTBET MPOCT: KOPOTKOE BpeMsl MOJIETA BIMIET HA YMEHbIIEHHE 00bEMa
OLIMOOK MHEPUUAIBHBIX cucTeM. [Ipu Mcmonb30BaHUM TUNIEP3BYKOBBIX MIIATHOPM
a’pONMHAMHYECKOE YTPaBIECHUE IMO3BOISIET MaHEBpaAaM Ha KOHEYHOM YYacTKe.
[Ipumep: pakeTHBIN KOMIUIEKC «ABaHTapl», B KOTOPOM peaju30BaHa TEXHOJIOTHS
CKOJIB3AIIEro MoyiéTa B atMochepe ¢ HaOOPOM BBICOTHI i CHIDKEHUEM ((«IIPBIKKI ).
l'onoBKka HaBeneHWs 3alUIEHA TOPUCTOM KEPAMHUKOM, BBIJICP/KUBAIOLICH 10
2500°C. Tlpu uCHONB30BAaHMU B TEPCIIEKTUBE MPSIMOTOYHOIO JBHUTATeNs s
KOPPEKIIMK Kypca BO3HHMKAET Takas mpoliema, Kak mpobiieMa TeTUIOBOM 3alllUThI
cencopoB: npu Mach 10 HocoBas dacte HarpeBaercs no 2000°C. Dra npobiema
MOKET OBITh PeIlleHa MPU TTOMOIIM MPUMEHEHHUS Can(UpPOBbIX WILTIOMHUHATOPOB, a
TAK)KE€ HCIIOJIb30BAHUS aKTUBHOTO OXJIAXKIECHHS (KHIKHHA a30T B MUKPOKAHAJIAX).
[lepcnextusa: k 2030 rogy oXugaeTcsi MOABICHUE TUIIEP3BYKOBBIX O10KOB ¢ MU -
yIpaBlICHUEM, TI/I€ aJrOpuTMbl OyIyT NPOTHO3UPOBATh a’pOJUHAMHUYECKUE
Harpy3kl W ONTUMHU3UPOBAaTh TPAEKTOPHUIO B PEXKHME pPEAIBHOIO BPEMEHH.
AKTHBHOE TepMUHAJIbHOE HaBeneHue, MM u runep3ByKoBbIE TEXHOJIOTHH — 3TO HE
IIPOCTO YIYYIIEHHE TOYHOCTH, & CMEHA IOKOJIEHUI B pakeTHOM TexHUKe. OJHaKo
UX BHEJpEHHE TpeOyeT NPOPBHIBOB B MAaTepUaOBEICHHHM, MUKPOIJIEKTPOHUKE U
3alUTe JaHHBIX. YK€ ceiiuac sicHO: Oyayliee 3a aBTOHOMHBIMU O0€BBIMH OJIOKaMH,
CIIOCOOHBIMHU CaMOCTOSITENIbHO OIICHHBAaTh OOCTAaHOBKY U NMPUHUMATh PEHICHUS —
MOYTH KaK MUIIOT-UCTPeOuTENb, HO Ha cKopocTu B 10 pa3 BhllIe.

Hcnonb30BaHHBIE HCTOYHUKH:
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AHAJIN3 AJIBTEPHATUBHBIX CITOCOBOB ITPOBEJIEHUSA
HEPEI'PY3KHU PAKET CTPATEIT'HTUECKOI'O HASHAYEHUA

AHHOmMauua: 8 cmamve paccmMampueaiomcs CO8PEMEeHHble MexHOI02UU U
nepcneKmugHvle  HanpasieHus pazeumusi OecKpamoeol nepespy3Ku paxkem
cmpame2uyecko2o Ha3HayeHus. AHAnU3Upyromcs npeumyujecmea u HeooCmamru
CYULeCmeyouux Memooos, a makKaice npeoidzaromcs UHHOBAYUOHHbLE peuleHUs 015
nosvluienus dggdexkmusHocmu u b6esonacHocmu npoyeccos nepezpysku. Ocoboe
BHUMAHUE YOensaemcs asmoMamu3sUpOSAHHbIM CUCTEMAM, DPOOOMUUPOBAHHBIM
KOMNJIEKCaM U a0anmu@HbIM MeXHOLOSUSIM, CNOCOOHbIM 3AMEHUMb MPAOUYUOHHbLE
KPAaHOBble MEeXAHUIMDbL.

Knroueswie cnosa: nepezpysxka, becnunomuuie niamgopmsi, KOMNOIUMHbLE
mamepuanvl, Yu@hpoeoii OB0UHUK, UCKYCCMBEHHbLU UHMEILTeKN.

Karpinskiy A. V.
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ANALYSIS OF ALTERNATIVE METHODS FOR RELOADING
STRATEGIC MISSILES

Abstract: The article discusses modern technologies and promising
directions for the development of crane-free reloading of strategic missiles. The
advantages and disadvantages of existing methods are analyzed, and innovative
solutions are proposed to improve the efficiency and safety of reloading processes.
Special attention is paid to automated systems, robotic complexes, and adaptive
technologies that can replace traditional crane mechanisms.

Keywords: reloading, unmanned platforms, composite materials, digital
twin, artificial intelligence.

Ileperpy3ka paker crpareruueckoro HasHadenuss (PCH) sBusercs
KPUTUYECKH Ba)KHBIM 3TAlOM UX SKCIUTyaTalluH, TPEOYIOIUM BBICOKOI TOUHOCTH,
0€30MacHOCTH U OTMEPATUBHOCTU. TPaAWIIMOHHO JJIS ATUX IEJeH HCTOIB3YIOTCS
KO3JIOBbIE U MOCTOBBIE€ KpPaHbl, TPAHCIIOPTHO-NIEPETPY30UHbIC MAIITUHBI, OJTHAKO UX
MIPUMEHEHHUE COMNPSHXKEHO C PSAOM OrPAHWYEHHI: BBICOKAs 3aBUCUMOCTH OT
YeJI0BeUeCKoro (akropa, 3HAYUTENIbHbIE BPEMEHHBIE 3aTpaTbl, HEOOXOAUMOCTD
crienuaibHOU MH(PPpACTPYKTYphl. Pa3BuTHE OECKPAHOBBIX TEXHOJIOTUHN MEPETPYy3KU
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OTKPBIBA€T HOBBIE BO3MOXKHOCTU MJi TOBBIIICHUS MOOWIBHOCTH, CHUKCHUS
AKCIUTYaTallMOHHBIX PUCKOB M COKpAIICHHsI BPEMEHU MOATOTOBKU PAaKeT K IMycKy. B
JaHHOM CTaThe pacCMATPUBAIOTCS MIEPCIIEKTUBHBIC HAMIPABJICHUS B 3TOH 00IacTH.

CoBpemeHHbIe TpeOOBaHUS K MOOMIBHOCTH U OTIEPAaTUBHOCTHU MEPETPY3KH

CTpaTeTHYECKUX IPy30B, OCOOCHHO B YCIOBHSX OTCYTCTBHS CTAllMOHAPHOU

UHPPACTPYKTYPBI, CTUMYIUPYIOT Pa3BUTHE AaBTOHOMHBIX TPAHCIIOPTHBIX
cucteM. MHTerpanus 6eCIMIOTHBIX TUIaTGOPM B IPOIIECCHI IEPETPY3KU MTO3BOJISIET:
COKpaTHTh BpeMsl MOATOTOBKH K OMNEpalusM; MHUHUMHU3UPOBATh YEIIOBEUCCKHIA
¢akTop; o6ecnieunTh paboTy B CIOKHBIX KIUMAaTHUECKUX U PENbE(HBIX YCIOBUSIX.
Hwxke yka3zaHbl KOHCTPYKTHBHBIE OCOOCHHOCTH AaBTOHOMHBIX TE€PETPY30YHBIX
maropm.

Tabnuma 1 Tunsl m1accu U MX XapaKTePUCTUKH

[TapameTp Konecnsie mnatdopmbl I'ycennunbie miardopmsl
[IpoxogumocTs OrpanndeHHas Beicokas
CxopocTh o 30 xm/4 Ho 15 xm/q
I'py3onogbeMHOCTB Jo40T Ho 100 T
DHepromnoTpebdiaeHue Huskoe Bricokoe

AHBTGpHaTI/IBHI)IG OCCIUIIOTHBIE I'IJIaT(i)OpMBI JOJI’KHBI UMCTH B CBOCM

COCTaBe CJIEIYIONINE KIIOUEBbIC MOICUCTEMBI:

1) HaBUTalMOHHBIN KOMILJIEKC:

- MynbTucercopHas cuctema (GNSS, IMU, nunapsi);

- amroputMbl SLAM nnst pabotet B GPS/TJTIOHACC -nenpuBUpOBaHHBIX
30HaX;

- CHCTEMbI TEXHUUYECKOTO 3PEHUS;

2) sHepreTUYecKasi CucTeMa:

- THOpUIHBIC CUIIOBBIC YCTAHOBKY;

- OBICTPOCHEMHBIE AKKYMYJISITOPHBIEC OJIOKH;

3) cucCTeMBbl peKynepalnu YHEPTUH;

4) Tpy303axBaTHbIEC YCTPOICTBA:

- aJlanTUBHBIC MATHUTHBIE 3aXBaThI;

- TUAPABINYECKHUE MOTBEMHUKHY;

5) poOOTH3UPOBAHHBIC MAHHUITYIISTOPHI.

[Tpu pa3paboTke ¥ CO3MaHWW ATBTEPHATUBHBIX OCCHIIOTHBIX IIAaTGOpM
1ETIeCO00Pa3HO MPUMEHATH CJIEIYIOIINE TEXHOJIOTUU aBTOHOMHOM HaBUTALINU:

MHOTOYPOBHEBYI0 ~ CHUCTEMY  MO3UIIMOHUPOBAHUS,  HEMOCPEICTBEHHO
cnytTHUKOBY10 HaBuranuio (IJIOHACC/GPS ¢ RTK-koppekiueit), nHeplraibHble
CUCTEMBI, a TAK)KE ONTHYCCKUE U PATUOJIOKAIIMOHHBIE KOPPEIATOPHI perbeda.

VYrpasiieHre anbTePHATUBHBIMA OCCIIJIOTHBIMUA IUIaT(HOPMAMH  JTOJDKHO
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OBITh OCHOBAHO HAa TAKHX aJTOPUTMaX, KaK:

- HEUPOCETEBbIC METOABI INIAHUPOBAHUSA TPACKTOPU;

- VCIIOJB30BAaHUE CHUCTEM MCKYCCTBEHHOI'O WHTEJIEKTa Ui IPYIIIOBOIO
B3aUMOJICHCTBUS;

- HCIOJB30BAaHME  AQNAITUBHBIX  CUCTEM  KOMIICHCALlMM  BHEIIHUX
BO3MYILIEHUN.

[IpakTuyeckas peanuzanusi OECIUIOTHBIX MIIATGOPM ObLIa OCYLIECTBIEHA
npu coznanuu miargopmel « TsxenoBo3-My». lpu rpyzonoasémuoctu B 50 TOHH U
aBTOHOMHOCTH paboThl B 72 Yaca TOYHOCTb MO3UIIMOHUPOBAHUS JTAHHOU
1aTPOPMBI COCTaBUIIA £5 CM.

Tabnuma 2. Pesynprarsl ucnbitanuii muatdopmel « TsxenoBo3-M»

[TapameTp JlaGopaTtopHbie YCIOBUS [ToneBble ucbITaHUA
TouHOCTH ycTaHOBKH +1 cm +8 cm
Bpewms neperpysku 15 mun 25 MuH
YeToiunBOCTh K TOMEXaM 99,9% 97,2%

[Tocne mpoBeneHus: UCTIBITAHUN NAaHHOM IIAaTGOPMBI OBUIM OMpECIICHbBI
CJIETyIOIIE MEPCIIEKTUBBI PA3BUTHS U HAIIPABIICHUS COBEPILIEHCTBOBAHUS JJAHHOTO
aJBTEPHATUBHOTO CII0C00a MePerpy3Ku:

- TOBBIIIEHUE TOYHOCTH 10 £2 CM B MOJICBBIX YCIOBHSIX;

- yBEJIMYE€HHUE aBTOHOMHOCTH 710 120 yacos;

- pa3paboTka YHUMUIIMPOBAHHBIX HHTEP(PEHCOB I PA3TUYHBIX THIIOB
Tpy30B.

Ecnu roBopuTh 0 MHHOBAalIMOHHBIX KOHIIETIIUAX, TO 31€Ch CIENYET

BBIJICTUTH:

- HCTIOJNb30BAaHUE KBAHTOBBIX CEHCOPOB JIJIsl HABUTAIUY;

- MPUMEHEHNE MeTaMaTePHAIIOB JUIsl aIallTUBHOTO IIaCCH;

- WCTIOJIB30BAHUE CUCTEMBI OECIIPOBOHON Mepeaun YHEPTUH.

Pa3zpaboTka nerkux ¥ MPOYHBIX KOHCTPYKIMH JJIA TEPEeTrPy304HBIX CUCTEM
MO3BOJIUT YBEJIUYUTH KX MOOUIIBHOCTD U TPY30TOABEMHOCTb.

CoBpemeHnHble TpeOOBaHUS K MOOMIBHOCTH M OTEPATUBHOCTU TEPETPY3KH
CTPAaTErMYeCKUX paKeT BBIJBUTAIOT HOBBIC 3aJaud TMepel] KOHCTPYKTOpaMu
MEePEerpy309HBIX CUCTEM. TpaauIIMOHHBIE METAJUTMUYECKUE KOHCTPYKIIMH, 00yanas
BBICOKOW TPOYHOCTHIO, 3HAYUTEIIPHO YBEIWYMBAIOT MacCy OOOpYIOBaHHS, YTO
CHI)KaeT MOOWJIBHOCTh U yBEJIIMYMBAECT BPEMEHHBIE 3aTPaThl HA Pa3BEPTHIBAHHE.
[IpumeHeHne KOMITO3UTHBIX MAaTEpHUalIOB MO3BOJIIET PEIIMTh ATH TPOOJIEMEI,
npenarasi yHUKaJlbHOE COUYETaHHE: BRICOKOU yNeTbHON MPOYHOCTH, KOPPOSHOHHON
CTOWKOCTH, CHWXCHHOW MAacChl KOHCTPYKIIMA W BO3MOXXHOCTH WHTETpAIlUU
JIOTIOTHATEIbHBIX (DYHKITHIA.
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Tabnuna 3. Knaccudukanys npuMeHseMbIX COBPEMEHHBIX MarepuaioB JJIs
Neperpy304HbIX padboT

[lnoTHOCTH [Ipenen nmpounoctu |[Temmneparypusiii nuanazo (°C)
Tun kommosura (r/em?) (MITa)
VrennacTuku 1,5-1,8 800-1500 -60..+180
Bopoantomunuit 2,5-2,7 1200-1600 -70..+450
CTEeKJIOIIaCTUKN 1,8-2,1 500-1000 -50..+120
OpraHoraacTuKu 1,3-1,6 400-800 -100..+150

B pesynbrare npuMeHeHHsS KOMIO3UTHBIX MAaTE€pUaiOB MPH CO3JAaHUU
NEePErpy304HBIX CUCTEM Ha JIMIO0 TaKUe MPEUMYIIEeCTBa, KaK: CHUYKEHHNE MAcChl Ha
30-50% 1o cpaBHEHHIO C METAJNIMYECKUMHU aHAJIOTaMH; BO3MOXXHOCTb CO3/IaHUS
CJIOKHBIX MPOCTPAHCTBEHHBIX KOHCTPYKIIMI; BHICOKAs YCTAJIOCTHASI IPOYHOCTH;

CTOMKOCTh K arpeCCUBHBIM Cpe/iaMm.

KoHCcTpyKTHBHBIC pelleHUs] TEPErPYy304YHBIX CHUCTEM IIPH HUCIIOJIH30BAHHUU
KOMIIO3UTOB 3aKJIFOYAIOTCS B CO3JAHMUM U3 HHUX: HECYIIMX KOHCTPYKIUN
(TemecKOmMYecKUX  CTpeN,  OMNOPHBIX  paM,  MOBOPOTHBIX  MIATHOPM);
Ipy303aXBaTHbIX YCTPOWCTB (KOMIIO3UTHBIX TPAaBEPC, ANANTHUBHBIX 3aXBaTOB,
CWJIOBBIX MPUBOJIOB) U TPAHCIIOPTHBIX MOYJIEH (0OJEeryeHHbIX MIACCH, Ky30BHBIX
NaHeJel, JIIEMEHTOB TIOJBECKH ).

Ecau roBoputh 0 METOIax M3TOTOBIICHUS BBILIECTIEPEYUCIEHHBIX JIEMEHTOB,
TO 9TO: BaKyyMmMHas WH(Y3Us, aBTOKJIABHOE (OpMOBaHHE, HAMOTKA BOJOKOH U
aJIUTUBHBIC TEXHOJOTUU. PeMOHTHbIe >€ pPabOThl OCHOBaHBI Ha XOJOAHOM
CKJICUBAHUU U TEPMOPEAKTUBHOM PEMOHTE.

IIpu  sKcrulyaralMii  MOHUTOPUHI  COCTOSIHUSL ~ DJIIEMEHTOB  MOXKET
OCYILECTBISITECA C HCIOJb30BAHUEM METOIOB HEpa3pyIIAOLIEr0 KOHTPOJIS:
aKycTrueckas smuccus u repmorpadus. [I[pumenenne KOMIMO3UTHBIX MaTepUaJIOB B
MEPErpy304uHbIX CHUCTEMaX IJis CTPATErHYECKUX PAKET MO3BOJSET 3HAYUTEIIHHO
MOBBICUTHh  AKCITyaTallMOHHBIE XapaKTePUCTUKH 00opymoBaHus. (OCHOBHBIC
MPEUMYIIECTBA BKIIOYAIOT:

- cHkeHne Maccel Ha 30-50%;

- YBEJIMUEHUE CPOKA CITYKOBI;

- IOBBIIIEHNE KOPPO3UOHHOM CTOMKOCTH;

- BO3MOXHOCTh HHTETPAINH JTOMOTHUTEIBHBIX (YHKITUH.

[IpumepoM  peanu30BaHHBIX NPOEKTOB  SBWJIOCH  CO3JaHUE  TaKOU
Meperpy309HOM CUCTEMBI, Kak «MoomnbHbIH neperpy3unk MIIK-12». B pe3ynsrate
MPUMEHEHUS] KOMIIO3UTHBIX MAaTEPUAJIOB MPU IPy30NOBEMHOCTH B 25 TOHH Macca
neperpy3unka Obuia cHuxeHa Ha 40%, a cpok ciy»Obl yBenuueH B 1,8 pasa.

[lepcrieKTUBHBIMU HANpPaBICHUSIMH TPU  HKCIOIB30BAHUM KOMIO3UTHBIX
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MaTrepuajoB ABIISIOTCSA : IIPUMEHEHHE MHHOBALlMOHHBIX MarepuaioB
(HAHOKOMIIO3UTOB C YIIEPOJHBIMM HAHOTPYOKaMH, CaMOBOCCTAHABIMBAIOUIUXCS
[IOJIMMEPOB, METAMATEPUAJIOB C PETYIUPYEMBIMU CBOMCTBAMMU, 4 TAKKE

KOHCTPYKTUBHBIE  YCOBEpPUICHCTBOBaHUSI  (OMOHUYECKHE  CTPYKTYpBHI,
aJlanTUBHBIC

KOHCTPYKIIUM C H3MEHSIEMON JKECTKOCTbIO, MHTETPUPOBAHHBIE CHCTEMBI
SHEproreHepaIun).

MopenupoBaHue NpoOLECCOB NEPErPY3KU B BUPTYAJIbHON CpeAe TOMOXKET

ONTUMU3UPOBATH AJITOPUTMBI YIIPABIECHHUS W MHUHHMHU3UPOBAaTH PHUCKH.
CoBpemeHHbIEe TpeOOBaHMS K 0e30macHOCTH W 3(PQPEKTUBHOCTU NEPETPy3KU
CTPaTeruyecKux  paker 00yCNaBIuBaIOT HE00XOIMMOCTh BHEJIPEHUS
MHHOBAIIMOHHBIX MOAXOJA0B K IMPOEKTUPOBAHUIO M AKCIUIyaTallUH MEPETrPy30UYHBIX
cucteM. Texnomorust uudpoBbix aBoiHukoB (LIJ]) mnpeacrasmsier coboi
MIEPCIEKTUBHOE PELICHUE, [T03BOJIAIOIIECE:

- CO3/1aTh TOYHYIO BUPTYaIbHYIO KOMUIO PU3NUECKON CUCTEMBI;

- oTpabarbIBaTh pa3IMUHbIE CIICHAPUHU MTEPETPY3KH;

- ONTUMHU3UPOBATh AJITOPUTMBI YIIPABIICHHUS;

- MUHUMU3HPOBATH YeJIOBEUYECKUN (HaKTOp;

- CHH3UTbH PUCKU MOBPEXKICHUS Ipy3a.

Oxunaemble pe3yabTarhl IpyU NpUMEHEeHNnN TexHonoruu LJ1:

- JOCTH)KEHUE TOYHOCTH IO3ULIMOHUPOBAHUSA +2 CM;

- aBTOMAaTH4YeCKas ajantanus K HOBbIM THIIAM I'PY30B;

- II0JIHAs aBTOHOMHOCTbB II€PErpy30YHbIX OIIEpaLIUN;

- CHM)KCHHE KOJIMYECTBA aBAPUUHBIX CUTYAIUH;

- ONTHMM3ALU BPEMEHHBIX ITOKA3aTEIICH.

Tabnuna 4. MuoroypoBHeBas cTpykrypa monenu (11/1)

YpoBeHb MojeIH KommoHneHTBI DyHKIIMOHAI

dusnyecknit 3D-monens 00opyaoBaHUS Buzyanuzaius, kojum3uu

MaremaTtnuyeckue MoAelIu Mexanuku | Pacuer Harpysok, I[e(i)OpMaI_II/Iﬁ

JIMHaAMHUYECKUI
Jloructuyeckuii ANTOPUTMBI YIIPABICHUS OnTtumuzanys TpacKTopui
Oxkpyxaroneit cpeasl VY4er BeTpa, ocaakoB, penbeda

Monenp BHEIIHUX YCIOBUI

Uctounukamu manubix g [J]  gomwkael  cnyxuth: CAD-monenu
0o00Opy/noBaHMs, JaHHBIC JAaTYMKOB PEAIbHBIX CHUCTEM, MCTOPHUYSCKHE JAaHHBIE O
Meperpy3kax M METEOPOJIOTUYECKHUE CBOAKHU. [l onTuMH3anuu ajaropuTMOB
YIOpaBlICHUs HEOOXOAMMO HCIIOIb30BaTh HEMPOCETEBBIE  AJITOPUTMBI  JJIs
MPOTHO3UPOBAHUS JUHAMUKHA, T'€HETUYECKHUE aJTOPUTMbI MOUCKA ONTHUMAJIbHBIX
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TpaekTopuid U OO0ydeHHE C MOAKPEIJIEHUEM [UJIsl aJalTUBHOIO YIPAaBJICHUS.
[IpumepamMu ONTUMU3ALMM SBISIOTCS TaKUE I[IOKA3aTeld, KakK: CHH)KEHHE
KoJeOaHuil rpy3a (TOUHOCTh CTA0MIM3ALUU: +2 CM, BpeMsl 3aTyXaHHs KoideOaHuil <
5 cex) W onTtuMu3alus SHEpronorpedieHus (SKoHOMUs dHepruu: 10 15%,
CHUIKEHHUE MUKOBBIX Harpy3ok: 10 20%).

HemanoBaxxubIM (akTopoM mpu SKCIUTyaTallud J000H TEXHUYECKOH
CUCTEMBI SIBJISIETCA MUHUMM3AIUS PUCKOB Yepe3 BUPTyaJIbHOE MoJenupoBaHue. B
YaCTHOCTH 3TO: aHAJIM3 KPUTUYECKHUX CLIEHAPUEB, OTKA3 OTAEIbHBIX KOMIIOHEHTOB,
AKCTpEMaJIbHbIE MOTOIHBIE YCIOBHUS U YeNOBEYECKUN (HaKTOP.

Tabnuna 5 Craructuka 3¢ dexTuBHOCTH npu npumenenuun L]

[TapameTp /To BHenpenus L] [Tocne BHeapenus L1/]
KonuuecTBO MHIMIEHTOB 1.2 na 100 onepanuit 0.15 nHa 100 oneparnuit
Bpewms neperpy3ku #5+8 MuH 32+3 MuH

TodHOCTH MO3NIUOHHUPOBAHUSA

H15 cm +5 cMm

[IpakTuyeckas peanuzanusi BHeApeHUs IUGPOBBIX JIBOMHUKOB OblLia
IpoBeJIeHa TIPU CO3[IaHuU ITU(GPOBOTro IBoMHKKA koMmIuiekca «llepeBo3unk-M». I1o
e€ pesynbTaraMm ObUTa MpPOM3BeNEHA MoHas udpoBas perinka cucteMbl co 120-
THIO ITapaMeTpaMH MOHUTOPHHIA B PEaJbHOM BPEMEHU, a KOJIMYECTBO aBAPUNHBIX
ciiy4aeB CHU3MIOCH Ha 78%. OTOT pe3yaprar ObUT JOCTUTHYT B peE3yabrare
MHTErPAllMi C MPOMBIIIJICHHBIM HHTEPHETOM HAa OCHOBE OHJIANH-MOHUTOPHUHIA
COCTOSTHUSL 00OpYIOBaHHWA, MPEAUKTUBHON aHATUTHKU IS OOCTY)KUBaHUS H
ABTOMATUYECKOW KOPPEKTUPOBKH aITOPUTMOB.

Hampasnenust coBepuieHCTBOBaHUSI croco0a  BHEApeHUs  IU(GPOBBIX
JIBOMHHUKOB:

- KBAaHTOBOE MOJIEJIUPOBAHUE CIOKHBIX TUHAMUYECKUX CUCTEM;

- 1IupOBBIE TEHU ISl BCETO )KU3HEHHOTO IUKJIa PAKETHI;

- IETIEHTPATN30BaHHBIC CHCTEMbI YIIPABICHUS HA OJIOKYCITHE.

Oxumaemble pe3yabTaTbl TPU  BHEAPEHUU UMPOBBIX JIBOWHUKOB:
JOCTUKEHUE TOYHOCTH MO3ULUOHUPOBAHUS +2 CM, aBTOMAaTHYECKas ajanTanus K
HOBBIM THUMAaM TPy30B, IIOJIHasE ABTOHOMHOCTH MEPErpy30YHBbIX OIEepaluii,
CHU)KEHUE KOJMYECTBA aBAPUMHBIX CUTyallMii M ONTUMH3ALMS BPEMEHHBIX
MOKA3aTeJIeH.

WNuTterpanus  OeCHIIIOTHBIX — TPAHCTOPTHBIX — IaropM B CHCTEMBI
MEePErpy3KN PaKeT CTPATETHUE€CKOr0 Ha3HAYEHUS! OTKPBIBAET HOBbIE BO3MOKHOCTH
JUISL CO3JIaHMs MOOWJIBHBIX AaBTOHOMHBIX KOMIUIEKCOB. JlanbHeillee pa3BUTHE
TEXHOJIOTMI UCKYCCTBEHHOIO0 MHTEJUIEKTa, HOBBIX MaTepHUAJIOB U aJIbTEPHATUBHBIX
HMCTOYHUKOB SHEPruM MO3BOJIUT CO3/1aTh CUCTEMbI CJEAYIOIIETO IOKOJICHHUS,
CIIOCOOHBIE BBIMOJHATH CIIOKHBIE MEPETPY30UHbIE ONIEPAIMU B JIIOOBIX YCIOBUSIX.
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JlanbHeilliee pa3BUTUE TEXHOJOTUH MPOU3BOJICTBA KOMIIO3UTOB U METOJIOB
MPOEKTUPOBAHUS MO3BOJIUT CO3/1aTh HOBOE MOKOJIEHUE MEPErpPy304HBIX CHUCTEM C
YHUKAJbHBIMHU XapaKTEPUCTUKAMHU.

Buenpenune nu@poBbIX IBOWHHUKOB B IMPOLIECCHl OECKPAHOBOU Meperpy3kKu
CTPAaTErMue€CKUX PpaKeT IMO03BOJSET JAOCTHYb NPUHIUINAILHO HOBOTO YpPOBHS
o6e3zonacHocTh W APdeKkTuBHOCTH. KilloueBble MNpEeuMyIlecTBa TEXHOJIOTUU
BKJIIOYAIOT B C€0s1 MOBBILIEHWE TOYHOCTH ONEPALMA M BO3MOXKHOCTH YAJIEHHOTO
KOHTPOJIA U YIPABIICHUS.

[lepciekTuBHOE pa3BUTHE METOJOB MAIIMHHOIO OOYYEHHUS U MHTErPalliu €
MPOMBIIJIEHHBIM HMHTEPHETOM OTKPOET HOBBIE NEPCHEKTUBBI Il CO3AaHUs
MOJTHOCTHIO aBTOHOMHBIX IEPErPYy304HbIX KOMIUJIEKCOB CJIEYIOIIETO MOKOJIEHHS.

Takum oOpa3zom, OeckpaHOBas Meperpy3ka pakeT CTpPareruyecKoro
Ha3HAYEHUS] TpPEJCTaBIsieT CcOOOM NEepPCHEKTUBHOE HAIpaBlIeHHE, CIIOCOOHOE
3HAYUTENIbHO MOBBICUTH 3(P(PEKTUBHOCTD IKCILTyaTAUH PAKETHBIX KOMILIEKCOB.
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IMOYUOHATbHOE COCOSIHUE, UsPd.
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CHILD'S ADAPTATION TO SCHOOL: PSYCHOLOGIST'S
RECOMMENDATIONS

Summary: This article contains important moments of adaptation of first
graders to a new situation - adaptation to school. Recommendations are given to
parents on how to go through this period most painlessly. Practical games for
children and parents are presented.

Keywords: Adaptation, school, school year, day mode, emotional state, game.
Hagano y4eOGHOTO TOIa — BOJHUTEIBHBINA dTal JJIsl BCel ceMbu. PoguTenu

MEePEKUBAIOT: KaK peOEHOK CIpaBUTCS C HOBOW HArpy3koW, HaAET au Jpy3eid,
MIOHPABUTCS JIM €My YUHUTeNb? A y caMuX JAETel 3TO BpeMs CBSI3aHO C OOJIbLINM
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KOJIMYECTBOM M3MEHEHUW: HOBBIM PEXHUM, MpPaBUiia, KOJIJIEKTUB. Bcé 3TO TpedyeT
aJanTalyu, U YeM JIydllle CEMbs IOATOTOBUTCS, TEM CIIOKOMHEE MPOUAET mepexo.

[Ipexnae yem aymarb 00 ydyeOHHMKAx W moprdene, BaXXKHO MO3a00TUTHCS O
0a30BbIX MOTPEOHOCTAX PeOEHKA:

1. Con m pexum naus. [lepectpanBarh pacnucaHue CTOWUT 3apaHee —
MOCTENIEHHO MPUYyYaTh BCTABaTh U JIOKUTHCA paHbllie. Tak K Hauainy yueOHOro roja
yTpEeHHHE MOIBEMBI OYIyT JaBaThCs Jerde.

2. Iluranme. CoOanaHCHUPOBAaHHBIM pAlMOH TOMOTAET CIPABIATHCS C
Harpy3koil. JloOamnsiite Oosnbliie OBOIIEH, (QPYKTOB, NPONYKTOB, OOTraThbIxX
BUTAaMHUHAMH U MEIJICHHBIMH YTJIEBOJIAMHU.

3. OMonmoHabHOE cocTosiHue. [lonoKuTenpbHbIe BlIeYaTICHUS U CITIOKOMHBIE
COBMECTHBIE Beuepa — JIyylllee «TOTUIMBOY» ISl TICUXMKH peOEHKa mepes; HOBbIM
ATATOM.

konbHast %u3Hb TpeOyeT OT peOEHKa HE TOJbKO 3HAHWM, HO W LIEJIOro
Habopa JTMYHOCTHBIX U COIMAIILHBIX HABBIKOB.

1. OMo1MOHaNIbHAS TPAMOTHOCTD. YuuTe peOEHKA 3aMeuarh U Ha3bIBaTh CBOU
gyBcTBa: <« 3miochy», «MHe TpycTHO», «S pamyroch». DTO CHMXKAET YPOBEHBb
HAIpsKSHUS U TIOMOTAET CIPABIIATHCS C KOHPINKTAMHU.

2. CamocroarenbHOCTh. [IpocThie OBITOBBIE HAaBBIKH —  YMBITHCA,
puYecaTbes, OeThCsa — (POPMUPYIOT YBEPEHHOCTH B C€0€ M YMEHBIIIAIOT CTPECC.

3. HaBbiku oOmieHus. YMeHHE MOMPOCUTH O MOMOIIHU, JOTOBOPUTHCS WM
OTCTOSITH CBOM IPAHMIIBI CTAHET BAXKHBIM PECYPCOM B KOJUUIEKTHBE.

Urpa — nyummii cnoco6 nmoaroroBUTh pedb€Hka K HOBOM peanbHOocTH. OHA
MIOMOTaeT CHU3UTh TPEBOTY U JIeJAET HETIOHATHOE MOHITHBIM.

1. «Urpa B mkomy». C UrpyikaMu Uiid BMECTE ¢ BAMH PEOEHOK IPOUTPHIBACT
OCHOBHBIE CUTYAIIMH: YPOK, IEpeMeHa, 00IIeHne ¢ yuuTeneM. MeHsilTech poiIsiMu
— 9TO MOMOTAET JIYYIII€ MOHATh IPYTUX YYACTHUKOB IIKOJIBHOM JKU3HHU.

2. «Cobupaem mnoptdenb». Ilycth peOEHOK caM TPOBEPSET CIHCOK H
cobupaet Berny. MoXHO BBECTH 3JIEMEHT COPEBHOBAHUS C TATMEPOM.

3. Yuumcsa oxmeBatbes B dopmy. [lompoOyiiTe 3apanHee «TpeHHUPOBOYHBIE
cOOpBI». DTO MPEBPATUT INPUBBIUKY B UTPY U CHU3UT YTPEHHUE CTPECCHI.

Ecnu pe6EHOK OOUTCS IIKOJBI, BAXKHO HE UTHOPUPOBATH €0 MEPEKUBAHUS.
OnuH U3 MATKUX CIOCOOOB — HapHcoBaTh cBOM cTpax. [locie aToro Bel MoxeTe
OOCYIUTh PHUCYHOK: YTO UYBCTBYET JTOT CTpaX, YTO OH XO4YeT CKa3aTb.
[ToGnarogapute ero 3a To, 4To OH MpeayNpexaaeT pebéuka 06 omacHoct. Korna
SMOLMH MPU3HAIOTCS, OHHU MEPECTAIOT ObITh MyTAIOLIUMU.

BaxHble MOMEHTBI, O KOTOPBIX CTOUT TOMHHUTH!

- Kaxnapiii peOEHOK MPOXOAWUT  ajamnTaiuio  Mo-pasHomy. boree
YyBCTBUTENbHBIE JETH (OCOOEHHO Te, KTO HE XOAWJI B CaJ) MOTYT NPUBBHIKAThH
JOJIbIIIE.

- Baxao momoOpaTh yuuTens, MOAXOASAIIETO IO XapaKTepy: AKTUBHOMY
peOEHKY HYXEH SHEPTrUYHBIN TEeNaror, a CIOKOMHOMY W YYBCTBUTEIBHOMY —
YUUTENb 00J€€ MATKUN U HEABTOPUTAPHBII.
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- IlepBble nmonroga — camele BakHble. OOpalliaiiTe BHUMaHUE Ha MEPEMEHbI
B HACTPOEHUH, OTKA3 UATH B ILIKOJIY UJIU J1€TaTh YPOKHU. ITO MOXKET OBITh CUTHAJIOM,
YTO peOEHKY TPYAHO.

- He Goiitech 00marhes ¢ yduTeaeM: OH MOXKET HE 3aMedarh HIOAHCOB, BEb
y HETO MHOTO YYE€HHKOB.

- Ilocrenenno npuydvaiite peGEHKa K CaMOCTOSITEILHOMY BBIMIOJIHEHUIO
ypoKoB 1 cOopy noptdens. [opasno neHHee, 4ToObI OH CAeNa ATO CaM, TyCTh JIaxe
¢ omuOKaMu, 4YeM UJealIbHO TP Ballled MOJHON TOMOIIIH.

- Yame xBanute! Mcrionb3yiTe NpaBuiio «3€J1EHON PyUYKU» — OTMEUYANTE TO,
YTO TOJYYUIIOCh, @ HE OLITUOKH.

WNHorna naxke mpu Xopouied MOATOTOBKE ajanTtanus Taércs Hempocto. B
ATOM Cclly4ae MOKHO OOpaTuThbCs 3a MOMOIIBI0 K HIKOJIBHOMY WM JIETCKOMY
MICUXOJIOTY.

I'maBHOE€ — MOMHHUTH: ajanTanys K IIKOJIE — 3TO MPOLECC, & HE MOMEHT.
Haiite cebe u peOEHKY BpeMsi, BHUMAaHHE U 3a00TY.

Hcnonb30BaHHbIE HCTOYHUKM:
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3IOPOBBS
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FEATURES OF USING A PUPPET THEATRE BY SUPPORT
SERVICES SPECIALISTS IN CORRECTIONAL AND
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Summary: This article describes one of the areas of work with students with
disabilities - Puppet Theater. It discusses the problems that support specialists can
solve by using elements of theatrical activity in correctional and developmental
classes.

Keywords: Correctional and developmental classes, theatrical activities,
creative potential, and Puppet Theater.

B mkomax ¢ KaxIbIM TOIOM yBEIWYMBAeTCs KonudecTBo nereil ¢ OB3. B
CBSI3M C YEM BCTAET HEOOXOJUMOCTh B COLIMAIIU3AIIH, PA3BUTHE KOMMYHUKATUBHBIX
HABBIKOB U MOBBIIIEHUH CAMOOLEHKH TaKUX YYallluXCsl.

Tearp — ofuH U3 caMbIX IEMOKPATUYHBIX U JIOCTYIHBIX BUJOB UCKYCCTBa
JUISL IGTeH, OH MO3BOJISIET PEIIMTh MHOTHE aKTyalbHble MPOOJIEMbI COBPEMEHHOU
NICUXOJIOTUH, CBSI3aHHBIE C XY/I0’)KECTBEHHBIM 00pa30BaHUEM M BOCIIUTAHUEM JIETEH;
(GbopMUPOBaHHEM ICTETUUYECKOTO BKYCa; HPAaBCTBEHHBIM BOCITUTAHUEM; PA3BUTHEM
KOMMYHUKATUBHBIX KQ4€CTB TUYHOCTH (00yUeHHEM BepOalbHbIM U HEBEpOAIbHBIM
BUJAaM OOIIEHMS); BOCIUTAHWEM BOJHM, pPA3BUTHEM MaMITH, BOOOpaKEHUS,
UHUIMATUBHOCTH, (aHTa3uu, peud (auanora U MOHOJIOTA); CO3JAaHUEM
MOJIOKUTEITHBHOTO AMOLIMOHATIBHOTO HACTPOS, CHATHEM HAIPSKEHHOCTH, PEILICHUEM
KOH(DJIMKTHBIX CUTYyaIMil uepes3 Urpy.

Hcnonp3oBaHue KyKOJIbHBIM Tearpa Ha KOPPEKIHMOHHO-Pa3BUBAIOIINX
3aHATUSAX  TIO3BOJISIET  BO3AEHCTBOBaTH Ha  JETEed  LENbIM  KOMIUIEKCOM
XyIO)KECTBEHHbIX cpeAcTB. Ilpu yuyacTum B cHekTakie KyKOJbHOTO Tearpa

NPpUMCHAIOTCA MW XYIOXKCCTBCHHOC CJIIOBO, H H&FJI?II[HLIﬁ 06})33 — KyKJIa, H
JKUBOITUCHO-ACKOPATUBHOC Oq)OpMJICHI/IC, N MY3blKa — IICCHsA, MY3bIKAJIBHOC
COIMIPOBOXKACHUC.

VYyacTue B Takoro pojaa 3aHATUAX MO3BONUT JeTsiM ¢ OB3 packpbITh CBOM
TBOPYECKUU IIOTEHIMAJ, IIOBBICUTH CBOW COLIMAJBHBIA CTATyC B KOJUIEKTUBE
CBEPCTHHUKOB, PACKPEMOCTUTHCS MW OCO3HATh CBOIO 3HAYMMOCTh, C(POPMHUPOBATH
HABBIKH COTPYIHUYECTBA, TBOPYECTBA, AMOIMOHATIBLHOMN rUOKOCTH,
KOMMYHHMKAaTUBHOCTH, CaMOIIPE3CHTAllMHd, CaMOpeali3alul Yepe3 3aHATHS,
IMOCTAaHOBKY CIIEKTaKJIEH.

OOyuaromyecss Kak B POJM aKTEPOB, TaK M 3pUTENICH MOIyYaroT IIEIIbIi
KOMILUIEKC CPEACTB BO3ACHCTBUS: XYI0KECTBEHHBIE O00pa3bl - TMEPCOHAXKH,
oopmIIeHHE U MY3bIKa - BCE 3TO BMECTE B3SITO B CHIy OOpa3HO - KOHKPETHOTO
MBIIUICHUST MJIQJIIIEr0 MIKOJbHUKA MTOMOTaeT peOeHKY Jierue, sipue U MpaBUIbHEE
MOHATH COJEP)KAHUE JIMTEPATYPHOTO MPOU3BEICHUS, BIWSIET HA Pa3BUTHE €r0
XYJI0KECTBEHHOTO BKYcCa.

Mnanumme WIKOABbHUKM OYEHb BIEYATIUTENbHBI W OBICTPO MOJHAIOTCS
AMOIMOHATBLHOMY BO3/IEUCTBUIO. OHU aKTUBHO BKJIIOYAIOTCA B IECTBUE, OTBEUAIOT
Ha BONPOCHI, 33J]aBAEMbIC KYKJIAMHU, OXOTHO BBIIOJIHSIOT UX MOPYYEHUS, TAOT UM
COBETHI, MPEAYIPEKIAIOT 00 OMACHOCTH. DMOLMOHAIBHO MEPEKUTHIN CIEKTAKIb
[IOMOTaeT ONPEAEIUTh OTHOLICHUE AETEN K IEMCTBYIOIINM JIMIIAM U UX OCTYIKAM,
BBI3BIBACT KEJIaHUE MOJPaXaTh MOJIOKUTEIbHBIM T'eposiM U ObITh HEMOXOXKUMHU Ha
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OTpHUILIATENIbHBIX. YBUJICHHOE B T€aTpe paciupseT Kpyrozop odyvaromuxcs ¢ OB3
Y HAJI0JITO OCTAETCS Y HUX B IAMSITU: OHU JICJISITCS BIICUATIICHUSIMU C TOBApUILIAMH,
paccKa3bIBAlOT O CIEKTaKJIe poauTensM. Takue pa3roBOpbl M paccKasbl
CIOCOOCTBYIOT Pa3BUTHIO PEYH M YMEHHIO BhIpaXKaTh CBOU YYBCTBA.

Kak mokazana nmpakThka, TPUMEHEHHE DIIEMEHTOB  TeaTpaibHOU
nestenbHoCcTH A oOyvaromuxcs ¢ OB3 1mo3BosisieT UM B KOPOTKUE CPOKU CTaTh
0oJiee pacKpemoeHHBIMUA,  OOIIUTENbHBIMU,  TOTOBBIMH K  TBOPUYECKOM
JEeSATENbHOCTH B JII000 00nacTu.
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®OPMbI U METO/bI PABOTBI CHELITMAJINCTOB
COHIPOBOXIAEHUA C POAUTEJIAMUA OBYYAIOLIUXCS C
OI'PAHUYEHHBIMHU BO3MOXHOCTAMMU 310POBbA

Annomayua: B oOannou cmamve oceewenvt  6onpocvl  pabomul
CHeyUanucmo8 ConpoBoNCOeHUs WKOAbl ¢ pOOUmenamMu o00y4yaruwuxcsi C
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FORMS AND METHODS OF WORKING WITH PARENTS OF
STUDENTS WITH DISABILITIES

Summary: This article highlights the work of school support specialists with
parents of students with disabilities. It discusses the relevance of working with
parents of children with disabilities.

Keywords: Inclusive education, questionnaires, interviews, consultations,
workshops, and classes.
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B Hacrosimee BpeMs pabora C OOy4arOIMMUCA C OrpPaHUYEHHBIMU
BO3MOXHOCTSIMU 3/I0POBbsI MPEANOJIAraeT CO3/JaHHE CHELUAIbHBIX YCIOBUU
o0y4eHHUsT ¥ BOCIUTAHUS, KOTOPHIC YUYUTHIBAIOT UHAMBUAYAIbHBIE OCOOCHHOCTU
Ka)XJ0ro peOeHKa U crocoOCTBYIOT KOPPEKLIMU HAPYIIEHUH.

JleTu, ¢ OorpaHUYEHHBIMU BO3MOXHOCTSIMH 3JI0POBBSI- 3TO JI€TU, KOTOPHIE
HYKJIalOTCSl B MOJYYEHUHU CHEIHAIbHON MCUXOJIOro-NeIarornyeckoi oMoy 1
CO3JlaHUsI CHEIUANbHBIX YCIOBUM o0OydeHHss W Bocnutanus. Paboty mo
COMPOBOXKJICHUIO JIeTeH JaHHOW KATerOpUM B IIKOJIE OCYLIECTBISIOT YUYUTEIA-
JIOrone/1bl, NeAAroru-rcuxoJIoru, YUuTes-1e(eKToI0rU.

[Ipu 3TOM yCIenrHOCTh KOPPEKIIMOHHO-pa3BUBAIOLIEH pabOThI Ipenoiaraet
aKTUBHOE ydyacThe pojutTered. BaxHbpiIMM acnekramMu 1O  BOMIpOCaM
B3aUMOJICHCTBHSI C POJMUTEIISIMU SIBISIIOTCS: OKa3aHUE KBATIU(PUIIMPOBAHHOU
HOJJICPXKKH  POJUTENSIM  (COILMAIBHO-TIPABOBYIO, TCHUXOJIOT0-TIeIarOrMuecKylo);
NOMOIIb OJM3KUM B3pOCIBIM B CO3/IaHUM KOMGMOPTHOM nJisi pa3BUTUSL peOeHKa
Cpelbl B CEMbE; CO3JaHUE YCJIOBHM JJIi AKTUBHOIO Y4YacTHsl PpOAUTENEH B
BOCIIUTAaHMM W OOyuYeHMH  peOCHKa, dbopmupoBaHue  aJCKBATHBIX
B3aMMOOTHOIIICHUN MEXAY POAUTEISIMU U UX JICTHMH.

OcHoBHBIMH ~ (opMaMH  pabOTBl C POAMUTENSAIMH  OOYYaIOIIUXCS  C
OTpaHUYEHHBIMHA BO3MOKHOCTSIMU 370POBbS SIBIISTFOTCS

-NIEKIIMOHHO-TIPOCBETUTENbCKAasE paboTa, KOTOpas BKIOYaeT Oecenpl,
KOHCYJIbTallMd C II€JIbI0  O3HAaKOMJICHUSI C  KOPPEKUHMOHHO-Pa3BUBAIOIIECH
NESTENBHOCTBIO  CHEIUATUCTOB W TOBBIIMIEHUS 00pa30BaTEIBLHOTO  YPOBHS
pOIUTENEN;

-PAKTUYECKUE 3aHIATHS JJIs1 poauTeNel (MOATrPpyYIOBbIE U UHANBUAYaTbHbIC
3aHATHSL C POJIUTEISIMHU) BKJIIOYAIOT B C€0sl CEMUHAPBI-NPAKTUKYMBI, O€cebl.
Jlannas ¢opMa paboThl CIIOCOOCTBYET CO3/IaHHIO XOPOIIETO KOHTAKTa MEXITy
ponutensiMu U nenaroraMu. [lomoratot Gosblie y3HaTh 00 YKIIaJe CeMbU, OKa3aTh
MOMOIIb TaM, TJie OHAa OOJbIIE BCEro HyXHa, MOOYXIaeT poAUTENEH CEephe3HO
IPUCMATPUBATHCS K CBOUM JETSIM, BBISIBIISTH UEPTHI UX XapaKkTepa, HaXOAUTh MyTH
0 UX Jy4IlIeMy O0Oy4EHHUIO;

- TOATPYMNIIOBBIE W WHAWBUAYaIbHBIE 3aHITHS, KOTOPBIE MPOXOISIT
COBMECTHO C POJMUTENSIMU, PEOCHKOM U TejaroroM. VX 1emnpio SBiseTcst akTHBHOE
BKJIFOUCHHUE POJUTENSI B yueOHBIM mpoiiecc. Bo BpeMs 3aHSATHS POIUTETU BHUIST
YCTIEeXH WU 3aTPYTHEHUS CBOETO peOeHKa, HAXO ST COBMECTHO MMyTH PEIICHUS.

Takum oOpa3oM, B3aWMOJEHCTBUSA TeJarora W pPOJUTENCH TMO3BOJSIET
OKa3bIBaTh KBaTU(UIMPOBAHHYIO TIE€arOTUYECKYIO0 TOIACPKKY POJUTEISM,
MOBBINIATh WX MEAATOTHYECKYI0 KYJIbTYPY, MPUBIEKATh CEMbIO K KOPPEKIIMOHHO -
pasBuBaromeil pabore, MHGOPMHUPOBATH POTUTENCH O TMPOBEICHHBIX 3AHSATHUSX,
npeaiaraTh 3aJaHus A 3aKPEIUICHHS] N3yYeHHOTO MaTepHaia.

[lemaroram Ba)XXHO JOBEPATH POAMTENSM, CO3[ABaTh YCIOBUS I UX
AKTUBHOTO YYacTHS B BOCIMTAHWW M OOy4YeHHWHM DPEOCHKA, MPUCTYIIMBATHCS K
pomutenssM, OBITh  TEPIETUBBIMA W KOPPEKTHBIMH, YBEPEHHBIMH U
MOCJIEA0BaTEeIbHBIMU.
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OCOBEHHOCTH PAZBUTUA JIEKCUKO-I' PAMMATHYECKOI' O
CTPOSA PEYH Y OBYYAIOIIINXCSA C OBIIINMM HEJAOPA3SBUTUEM
PEYUA

Annomayua: B oanuoii cmamwve paccmompenvl 0COOEHHOCMU DA3GUMIUSL
JIeKCUKO-2pammamuyecko2o cmposi peuu y obyuarowuxca ¢ OHP. Onucansi
HapyuieHuss MOphoIo2UUeCKOll cucmemyl sA3blKka y demell, c80eobpasue 061a0eHUs
JIEKCUKO-2PAMMAMUYECKUM CIPOeM pedu 0embMu ¢ 00WUM Hedopazsumuem peyu.
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FEATURES OF THE DEVELOPMENT OF THE LEXICAL AND
GRAMMATICAL STRUCTURE OF SPEECH IN STUDENTS WITH
GENERAL SPEECH UNDERDEVELOPMENT

Summary: This article discusses the features of the development of the lexical
and grammatical structure of speech in students with general speech
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underdevelopment. It describes the disorders of the morphological system of
language in children and the peculiarities of mastering the lexical and grammatical
structure of speech by children with general speech underdevelopment.

Keywords: Grammatical structure of speech, morphological systems of the
language, occasional forms, and inflection.

AHanmni3  pa3BUTUS  JIEKCMKO-TPAMMAarM4eCKOro CTpPOsl pe4Yd  IpHU
HOPMaJIbHOM M HapyLIEHHOM pPEYEeBOM pAa3BUTUU MpejAcTaBieH B paborax P. .
Jlanaesoii, H. B. CepeOpsikoBoii. ABTOpHI NMOAPOOHO OMHUCHIBAIOT HApYIIEHUS
nekcukn y gaered ¢ OHP, orMmedas oOrpaHWYe€HHOCTb CJIOBApHOIO 3araca,
pacxoxaeHrue o0beMa aKTUBHOI'O U MAaCCUBHOIO CJIOBAPS, HETOUYHOE YIOTpeOIeHue
CJIOB, BepOaibHble napadaszum.

OpHoli M3 BBIpAXEHHBIX OCOOEHHOCTEeW peun, oOywarouuxcs ¢ OHP
ABIISIETCS PACXOXKIEHUE B O0bEME IMACCUBHOTO W AKTUBHOIO CJOBaps: AETH
NOHUMAIOT 3HAYE€HNE MHOTHUX CJIOB, 00bEM UX IMACCUBHOTO CJIOBapsl IOCTATOUYEH, HO
yInoTpebJIeHUEe CJIOB B PEUYM CHJIBHO 3aTPYAHEHO. BemTHOCTh aKTHBHOIO CIIOBaps
IPOSABIIETCS B HETOYHOM IPOU3HECEHUH MHOTHX CJIOB — Ha3BaHUM SAr0J, I[BETOB,
JTUKUX >KUBOTHBIX, MITUL, HHCTPYMEHTOB, Mpodeccuii, yacTeil Tena u auia. TpyaHo
yCBaMBAIOTCS CJIOBA, UMEIOIME 0000IIEHHOE 3HaYEHHUE, U CJI0Ba, 0003HAYAIOIINE
OLIEHKY, COCTOSIHME, KAY€CTBO U IPU3HAK MIPEAMETA.

[Tpu oOmieM HemOpa3BUTUHU peun (GOPMUPOBAHHE TPAMMATUYECKOTO CTPOS
peud MPOUCXOAUT C OONBIIMMU TPYIHOCTSIMH, YE€M OBIAJIEHUE AaKTHUBHBIM U
MACCUBHBIM cJIOBapEM. DTO OOYCIOBJIEHO TEM, YTO IpaMMaTU4YeCKHe 3HaueHUs
Bcerna Oosee aOCTPaKTHBI, YeM JIEKCHUECKHe, a TpaMMaTHdecKas CHUCTeMa si3bIKa
OpraHNU30BaHHA HA OCHOBE OOJIBIIIOTO KOJIMYECTBA SI3bIKOBBIX MPABUIL.

Hapymenus rpamMmmMaTHuecKoro cTposi peuu, npu e€ o0IIeM HeAOpa3BUTHH,
o0ycCJIOBIIeHBI ~ HEC(POPMHUPOBAHHOCTBIO y  JIeTed  MOPQOJOTHYECKUX U
CUHTAKCUYECKUX 000OIIECHUH, OTCYTCTBUEM TeX A3BIKOBBIX OIEpaluii, B MpoIrecce
KOTOPBIX MPOUCXOAUT IPpaMMaTHUECKOE KOHCTPYHPOBAHUE, BHIOOP OMpenenEHHbIX
S3BIKOBBIX €IMHUII M SJIEMEHTOB U3 3aKPEIIEHHON B CO3HAHUU peOEHKA MapaurMbl
U UX OOBbETUHEHUH B ONPECIEHHBIE CHHTarMAaTHUECKHE CTPYKTYPBI.

Beinensior cneayromiye HapylmeHUs MOPPOIOrHIECKOl CUCTEMBI A3bIKA Y
nereit ¢ OHP. Dto HenmpaBwibHOE yHoTpeOJeHWE: OKOHYAHUW HWMEH
CYLIECTBUTEIBHBIX, MECTOMMEHHMH, IpPUIAaraTesbHbIX; IAJEKHBIX U POJOBBIX
OKOHYAHUI KOJMYECTBEHHBIX YHCIMATEIBHBIX; JIMYHBIX OKOHYAHWI IJIaroJios;
OKOHYAaHMI  IVIaroJloB B  NIPOUIEAIIEM BPEMEHH;  IPEIJIOKHO-IAJEKHbBIX
KOHCTpyKIni. OBnageHne Mop(OIIOTHUYECKOW CHCTEMOW S3bIKa MpeArnoaraet
MHOTO0Opa3HyI0 MHTEJUICKTyaJIbHYyI0 JESATEIbHOCTh peOEHKAa: OH JIOJDKEH
HAy4YUThCSl CPABHUBATH CJIOBA 10 3HAYEHUIO U 3BYYaHUIO, ONPEAEIIATh UX Pa3Indue,
OCO3HaBaTb M3MEHEHMS B 3HAYEHHUH, COOTHOCUTb HM3MEHEHHUS B 3BYYaHHH C
W3MEHEHNEM €T0 3HAYEHUS, BBIJEIATH DIEMEHTHI, 34 CYET KOTOPBIX IPOUCXOAUT
W3MEHEHHE 3HAUEHHUs, YCTAHABIMBAaTh CBA3b MEXKIY OTTEHKOM 3HAYEHUS WJIU
Pa3IUYHBIMU IPAMMAaTUYECKUMU 3HAYCHHUSIMU U 3JIEMEHTAaMHU CJI0B (MOppemMamu).

OcCHOBHOI MeXaHu3M MOP(]OIOrHYECKUX arpaMMaTH3MOB 3aKJIFOYAETCS B
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TPYAHOCTSIX BbIJETIEHUS MOpPGEMbl, COOTHECEHHUsS 3HaueHusi mopdembl ¢ eé
3BYKOBBIM 00pa3oM.

B nmpouecce oBnaneHHs NPaKTUYECKONM TPaMMAarTUKOM B pEeUd JETEU
MOSBJISIFOTCSL pa3HOOOpa3Hble arpaMMaTU3Mbl, TaK Ha3bIBAE€MbIE OKKa3MOHAJIbHBIC
dbopmbl. OCHOBHBIM  pPEUEBBIM MEXaHMU3MOM  OKKA3UOHAJIU3MOB  SIBIISICTCS
«TUTIepreHepaIu3aius», T.e. u3uiIHee o000IeHue Hanboaee 4acTOTHRIX (opM,
(dopMooOpa3zoBaHusi MO AHAJIOTMM C MPOAYKTUBHbIMU (opmamu. Ilpu sTOM
OCHOBHOW TEHACHIMEN, MOSBIAIOLICHCS NPU CIOBOU3MEHEHUU, MOKHO CUHUTATh
YHUDUKAIIMIO OCHOBBI B TTapaJUurMe CJIOBOU3MEHEHHUS.

C. H. lleiiTnuH BbILACHSET CIEAYIOIIME BHUAbI OKKAa3MOHAJIW3MOB IMpHU
dbopmoobpazoBaHun: yHUPUKAIMSA MeECTa YyAapHOro CcJjiora, T.. 3aKperieHue
yAapeHus: 3a ONpPENEIEHHBIM CJIOTOM B CJIOBE; yCTpaHEHUE OEIJIOCTH TIJIACHBIX
(JieBBbI, TIEHH, MOJIOTOKOM, KYCOKH); WTHOPHPOBAHHE YEpPEIOBAHUN KOHEUHBIX
commacHbIX (yXH, TEKET, OETeT, COCe/bl); YCTPAHCHHE HapalleHUs] WU U3MEHEHUs
cypukcoB (Apyr — APYTH, KOM — KOMBI, CTYJI — CTYJIbI); OTCYTCTBHE CYNIUICTUBU3MA
npu GhopmMooOpa3oBaHUH (YEJIOBEK — YEJIIOBEKH, PEOEHOK — peOEHKH, JIomaap —
JIOMICIEHKN ).

Cpenu ¢dopM CIOBOM3MEHEHHS Yy JIETeH ¢ OOIIMM HEJOpPa3BUTUEM PEUH
HauOOJNbIINE 3aTPYIHECHHUS BBI3BIBAIOT MPEAJIOKHO-TIAJCKHBIE KOHCTPYKIIUU
CYIIECTBUTENbHBIX, MAJCKHbIE OKOHYAHHS CYIIECTBUTEIBHBIX MHOXKECTBEHHOIO
YKclia, U3MEHEHHUS IJIarojioB MPOIIEIIIEr0 BPEMEHH MO pojaM, COIJIaCOBAHUE
NPUJIAraTeJIbHOTO C CYIIECTBUTEIBHBIM B POJIE, YUCIIE U MaJIEXKeE.

VY oOyuaronuxcs ¢ 00IKUM HEJOPAa3BUTHEM PEUr OTMEUYAETCS U HapyIlIeHHue
(GbopMUpOBaHUS  CHHTAKCHMYECKOM  CTPYKTYphl —mpeiokenus. Hapymenus
CUHTAKCUYECKON CTPYKTYpHI MPEAJIOKEHUS BBIPAXKAETCS B MPOIMYCKE YICHOB
NPEJIOKEHHS, HETIPABUIBHOM TOPSIAKE CIIOB, OTCYTCTBUHU CIIOKHOITOIMYMHEHHBIX
KOHCTPYKIIUH.

Takum 00pa3oM, MbI paccMOTpeNd OCOOCHHOCTH Pa3BUTHUS JIEKCHKO-
rpaMMaTudeckoro ctposi peun y odydaromuxcs ¢ OHP. CBoeoOpasue oBnaneHus
JIEKCUKO-TpaMMaTuueckuM ctpoem peun aAetbMu ¢ OHP mposiBisiercss B Gonee
MEJJICHHOM TEMII€ YCBOCHHUS, B JIUCTAPMOHUU Pa3BUTHS MOPQOIOTUYECKON U
CUHTAaKCUYECKOM CHCTEM SI3bIKa, CEMAHTHYECKUX U (HOpPMaNTbHO-A3BIKOBBIX
KOMITOHEHTOB, B MCKa)XCHUM OOIIEl KapTHHBI PEYEBOTO pPa3BUTHS, HAOIIOmaeTCs
HapylIeHUE B OBIAJEHUU KaK MOP(HOIOTHYECKUMHU, TaK U CHHTAKCHYECKUMU
enuaunamMu. Y gerei ¢ OHP maOmiomarorcst 3aTpylHEHHST Kak B BBIOOpeE
rpaMMaTHYECKUX CPEJCTB JIJIsl BBIPAXKEHUS! MbICIIEH, TaK U B UX KOMOMHUPOBAHUH.

Hcnonb30BaHHbIE HCTOYHUKN:
1) KommnekcHast koppekius TpynHocTei ooydenus B mkose / K-637 mox pex. K.
M. I'no3man, A. E. CoboneBoit. — M.: Cmeica, 2014. — 544 c.
2) CepebpsikoBa H. B. OcoOeHHOCTH MOHMMaHHUS CJIOKHBIX JIOTHKO-
rpaMMaTHYECKUX KOHCTPYKIHM Y JTOMIKOJILHUKOB CO cTepToi nu3aptpueit /  H.
B. CepebpsikoBa // [lonynsipuas noromnenus -2012.- No2.
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KAK IICUXOJIOTY HAYYUTD IEJATI'OI'OB HEAOITYINEHUTIO
KOH®JIUKTHBIX CUTYAIIM NJIA BBICTPOMY UX PA3PEIIEHUIO

Annomayusa: B Oaunol cmamve ONUCAHO NPAKMUYECKOE 3AHAMUE
ACUX0N02a ¢ nedazo2amu no pa3eumuro HA8bIKO8 Npedomepaujerus u O6bicmpozo
becnpobiemHno2o 8bi1xo0a u3 KOHGIUKMHOU CUMYAYUU.
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HOW TO TEACH TEACHERS TO PREVENT CONFLICTS OR
RESOLVE THEM QUICKLY

Summary: This article describes a practical session for psychologists and
educators on developing skills for preventing and quickly resolving conflicts.

Keywords:  Conflict, teacher, avoidance, competition, resistance,
cooperation, compromise, resolution
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CrpyKTypa NpakTUYE€CKOTO 3aHITHUS

Oran Mertoas! 1 popMBI OxunaeMble pe3ybTaThl
1. Beenenue VYip «516510K0 1 4epBIHOK» [IOHUMATh LICJIU 3aHATUS

2. OmnpeneneHue, Teopus, NpUMEPbl KOHPIUKTHBIX CHUTyaluuid | MHGpOpMaLus: HOHATHE
ITOHATUH «KIL.PYK — peOEHOK» “KOH(IUKT”, cTpareruu

BBIXOJIa M3 KOH(IHKTA

3. OcHoBHast pabota B rpyrmmax BBITIOJIHCHHE TPEHUHTOBBIX

4acThb Pa3pemienne koH(IMKTa, UCXOAS W3 CBOEH | YHNPaKHEHUN U IIYTHU PEIICHUS
CTpaTeruu B HEKOTOPBIX INENarormyecKux

KOH(IIUKTax

4. Pemenne | Pabota no napam BBIIIOJTHEHUE  TPEHMHIOBBIX

poOIeMbl VYip.«/locroitnsiii otBeT», «Haxam» YIPAKHEHU N

5. Odopmnenne, CoBmecTHas pabota BatMaH (mpoOiema —

pe3yabpTaToB. MyTU peleHuns)

Pednexcus

VYopaxnenue «510710K0 U 4epBIYOK» (MATKO M CIIOKOMHO):

Csnpre noyno0OHee, 3aKpoiiTe 11a3a U MpeJCcTaBbTe Ha MUHYTY, OYJITO BBl —
s010k0. Criesnioe, COYHOE, KPaCMBOE, apOMaTHOe, HATUBHOE S0JI0KO, KOTOPOE KUBO-
IUCHO BUCHUT Ha BeTouke. Bece mo0yroTcs Bamu, BOCXUIAOTCs. Bapyr, oTkyna Hu
BO3BMHUCH, MOMTON3AET K BaM 4epBsiK U roBopuT: «Ceituac s Te6s Oyay ectb!». UTo
OBl BBl OTBETUIIN YepBAKY? OTKpOUTE T1a3a U 3alUIIUTE CBOU OTBET.

JlaBaiiTe BCIIOMHUM (TIpUBEEM ITPUMEPhl KOH(IUKTHBIX CUTYAIlUH U3 KU3HU
KJIACCHOTO PYKOBOJIUTEJISI U YUYCHUKOB). ...( HA JOCKE — K HUM BEPHEMCS MO3XKE)

Kak Obl HaM HE XOTEJIOCh TOTO, €/IBa JIU BO3MOXKHO NMPEJCTaBUTh U, TEM
0omee, OCYIIECTBUTH COBEPIICHHO OCECKOH(MIUKTHOE B3aMMOJEHCTBHE MEXKIY
moaesMu. [1o3TOMYy OYeHb BaKHO TPaMOTHO BBIOpaTh CTPATETHIO TMOBEICHUS B
KOH(MDJIMKTHON CUTYaIMH U MPUBECTU CTOPOHBI K KOHCTPYKTHBHOMY COTJIAIIICHUIO.

Bcem HaM Wu3BeCTHbI MSTh OCHOBHBIX CIOCO0OB BBIXOJa U3
KOH(IMKTHON CUTyallMU:

« KoHKypeHIIMs mpenmnosiaraer COCPEAOTOYCHHE BHUMAHMUS TOJBKO  Ha
CBOMX HHTEpECax, IOJHOE WIHOPUPOBAHWE HMHTEPECOB IMAPTHEPA, CTPEMIICHHUE
T0OUTHCS CBOETO.

o« I30eranne - yxom oT mpoOJIeMBbl, CTPEMIICHHE HE BCTYyNaTh B KOH(MDIUKTHI,
CIJIa)KMBaHUE TMPOTUBOPEUMI, XapaKTepHU3yeTcsl OTCYTCTBUEM BHUMAaHHS, KakK K
CBOHMM MHTEpECaM, TaK U K HHTEPECAM MTapTHEPA

« KoMnpomucc — OCTHKEHUE «ITOJOBUHYATON) BBITOJIBI Ka)KI0W CTOPOHBI,
B3aUMHBIE YCTYIKHU
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o [Ipucriocobnenue — yHIEMJIIEHHME CBOMX HMHTEPECOB, MPEAINOIAraeT
MOBBIILIEHHOE BHUMAHHUE K MHTEpECaM JIPYroro 4yejaoBeka B ymepd cOOCTBEHHBIM.

o COTpyIHMYECTBO SIBJISIETCA CTpaTeruei, MO3BOJSIOIIEH y4eCTh UHTEPECHI
00eHxX CTOPOH, PEIICHUE YIOBIETBOPSIET 00€ CTOPOHHI.

A Teneps J1aBaiiTe BEpHEMCS K HaIlllUM OTBETaM Ha JINCTOYKAX, TPOYUTAEM UX
U oNpoOyeM OINpeeNIUTh KaKYI0 CTPATErHI0 Mbl HCIIOIb30BAIH.

A Tenmepp mnopaboraeM mno rpynmnaMm. JlaBaiiTe BbIOepeM OAHY U3
KOH(IMKTHBIX CUTYyallMi, KOTOphle Mbl 00O3Hauanu Ha Aocke. Kaxmas w3 rpymnm,
HCXO/Sl U3 CBOEU CTpaTeruy NPEMJIOKHUT BapUaHT pas3pelieHus KOHQIMKTHOMN
cutyaniud (2 MHH. Ha TOATOTOBKY). MOXXHO MNpOUTpaTh CHUTYallUI0, MOXXHO
nporoBoputh. ['oroBel? Kaknas rpynma mpeacTaBisieT CBOI CHUTYallMio, a BCE
OCTaJIbHbIE OTMEUAIOT «+» U «-« 3TOM cTpaTeruu. (Ha BaTMaHe).

Hcxong u3 Toro, 4To ckazaiu, AaBaiiTe mornpoOyeM Mpomnucarh Kak BECTH
ceds1 B KOH(MJIMKTHOM cCHUTyalluM JIOCTOMHO, KaK TIpaMOTHO pa3pelIuTh
KOH(IHKT. ...(Ha BaTMaHe).

Mo>kHO 0003HAaUYUTh BCE TO, YTO MBI ITPOTOBOPHIIA HAPOJHOU MYIIpOCThIO «B
crope mo0exaaeT He TOT, KTO TOPSIYUTCA, & TOT, KTO TyMaeT».

80% KOH(IMKTOB BO3HUKAIOT MOMHUMO >KEJaHUSI YYACTHHUKOB €r0 CO3/aTh.
[Ipoucxomut 3TO H3-32 OCOOEHHOCTEH YEJIOBEUECKON ICUXUKH, O KOTOPBIX
OOJBIIMHCTBO JItOoACH mpocTo He 3HaeT. [loaTomMy cyiecTByeT erie ouH crnocod
pelieHus Haliei npoOaemMbl —He JOMYCTUTh

Ynpaxuenue «JloCTOWHBIA OTBET

enb: 0Oy4nTh HABBIKAM HEAOMYIICHUS KOH(MIUKTHBIX CUTYaIUH.

[lenaror: «Csapre B Kkpyr. KaxaoMmy s pa3gaMm KapToOyky, Ha KOTOpPOH
HAIIMCaHO Kakoe-IH0O 3amMe4yaHWe 10 TOBOJY BHEIIHOCTH WJIM TOBEICHUS
OIHOTO U3 YYaCTHHUKOB. 3aTeM Bbl MO Kpyry (IO ouepeau) MpOU3HOCHUTE
3aMMCaHHYI0 Ha KapTouky ¢pa3y, THsas B TJiaza CoOcedy cipaBa. 3ajada
CIIyIIaTesNsi — JOCTOMHO OTBETUTDH HA ATOT «BBITIA.

[Tocne 3aBepiieHus yrnpakHeHUs: 00CyIUTe, KaKue BBIBOJBI clienaind. Jlerko
71 OBLIO BBITIONHATH 33/IaHUE W MPUHUMAJH JIM OHU OJIM3KO K CEPJIIy HEIEeCTHOE
3amedanue o ceOe. JIerko Jm CIoKOWHO pearupoBaTh B MOJOOHBIX CUTYyalHsIX?
MOXXHO 7M1 TIOJIyYEHHBIH B XOJI€¢ YIPAXKHEHHS OMBIT MPUMEHUTh B PEATbHBIX
CUTyalusx?

N B 3aBepmiennn napaiite mornpoOyeM 0003HAYUTh OCHOBHBIE MOMEHTHI
HEJIOMYIICHUS WU JIETKOTO pa3pelieHnsi KOHGIUKTHBIX CUTYalllii Ha BaTMaHe) U
JaiuM OOpaTHYIO CBSI3b.

Hcnosb30BaHHbIE HCTOYHUKH
1. TI'puropseBa T.I'., Yconbuea T.II. OCHOBBI KOHCTPYKTHUBHOI'O OOIIEHUSI.
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COBEPHIEHCTBOBAHUE HABBIKA YTEHUA
Y IIKOJIBHUKOB C TAXKEJIBIMA HAPYIIEHUSMU PEYN

Annomauyusa’ B oannou cmamve npedcmasiieHvl npuemvl, CHocobcmayroujue
CoBepueHCme06aruo Hasvblka 4Ymernus y MAAOWUX WKOJAbHUKOE C MSANCENbIMU
HapyuweHUaIMu pedu.

Hcnonvzosanue uepoeslx ynpaof(:HeHuﬁ, ONUCAHHbIE 6 cmambe, oKa3bleaem
nososicumeilbHoe  6jlusAHue Ha paseumue GHUMAHUA, 3pume]le0L7 namsamu y
00VUAIOWUXCA € HADYUWEHUAMU — peyl, NOO00epHCUBAIOM  NOJOHCUMETLHYIO
momueayuro K YmeHuio.
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IMPROVING READING SKILLS IN SCHOOLCHILDREN WITH
SEVERE SPEECH DISORDERS

Abstract: This article presents techniques that help improve reading skills in
primary school students with severe speech impairments.
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The use of game exercises described in the article has a positive effect on the
development of attention, visual memory in students with speech impairments, and
supports positive motivation for reading.

Keywords: Methods, techniques, and ways of teaching, junior schoolchildren,
and correctional and developmental work.

J11st BEIpaOOTKM HaBBIKA MMPABUIILHOTO YTEHUS HEOOXO0IMMBI MHOTOOOpa3HBIC
yIpaXHEHUS Ha Pa3HBIX dTanax paboThl ¢ TEKCTOM, a TAKXKe CIieluaabHas padora,
HaIpaBJICHHAS Ha MPEIyNpeKIeHUE OMMUO0K U UX CBOCBPEMEHHOE UCIIPaBJICHUE.

TpeHupoBOYHBIC YNPAXXKHEHUS B YTCHHM 3aHUMAIOT OOJBIIYI YacTh
KOPPEKIIMOHHO- Pa3BUBAIOIIETO 3aHATHS, KOO 3TO OCHOBHOM MYyTh, KOTOPBIM BEACT
K BBIPAa0OTKE HaBbIKA MIPABUIIBHOTO YTCHUS:

1. UreHue TeKcTa IO IEMOYKE: MPEIIOKCHHS TEKCTa IMPOYUTHIBAIOTCS
noodepe1Ho. UTeHne TekcTa mo ad3aram, KOTOpble TOOYEPETHO YHTAOT YUCHUKH.

2. Urenue mo sctadere: JETH CaMU Ha3bIBAIOT OJHOKJIACCHUKA, KOTOPBIH
HAaYMHACT YTCHHE, a TAK)KE TEX, KTO OyJIET ero Mmpo0KaTh.

3. BriOopouHOE 4TEHHE: a) ¢ ONMOPOM Ha WILIIOCTpAIMH; 0) O BOIPOCY
YUUTEJIS; B) C OTMIOPOM HAa KOHKPETHOE 3aj[aHuE.

JIist opraHu3anyy HaOMIOACHHUS 3a TPOILIECCOM YTCHHS PEKOMEHIYIOTCS
IPUEMBI:

1. BocnpusitTiie o6pasiia mpaBUILHOTO M BRIPA3UTEIIBHOTO YTEHUS.

2. KomOuHHUpOBaHHOE YTCHUE.

3. CornpskeHHOE YTEHUE.

Bonpinyio moap3y NpUHOCAT ClieNUaIbHbIE YIPaKHEHUs, MOOYKIaoIne
JeTel K YTEHWIO BCIYX, 3aCTaBISIIONIME BIYMYHBO pa3OUpaThCs B UYUTAEMOM
matepuane. [lonoxxuTenbHoe BIUSHUE OKa3bIBAIOT TAKXKe 3aJaHusl, TpeOyroIliue
MOBTOPHOE YTEHHE TEKCTa B IEIsAX O0Jiee OCO3HAHHOTO €ro BOCIPHUATHSA
(manmpumep, moadop maTepuana JUisl MOATBEPKICHUS MPABHIBHOCTH CYXKIICHUS,
MOJITOTOBKA K TEpecKasy, CIIOBECHOEe pucoBaHue M T.1.). [lemarory HeoO6xoaumo
3apaHee IJIAaHUPOBAaTh pPa0OTy HAa YpPOKE TakUM 00pa3oM, dYTOOBI, BBITTOIHSISA
Pa3TUYHOTO BUA YIPAKHEHHs, TIOYTH BCE yYalllUeCs MOTJIM YUTATh BCIYX.

3aMeTHOE BIMSHUE HAa OEIJIOCTh YTEHHUS OKa3bIBAIOT YIPaKHEHUS,
COJICUCTBYIOIIME PACIIUPEHUIO TIOJSI YTEHUS W PA3BUTHUIO ONEPATUBHOMN MaMSITH.
[Tpu 5TOM OTMEYEHO, YTO AKTUBHYIO 3aMHTEPECOBAHHOCTH IKOJILHUKOB BBI3BIBAIOT
YVIPa)KHEHUS Ha CKOPOCTh UTEHHUS, a TAK)KE YIPAKHEHUS, COJIEPKAIIHUE CTICITHATBHO
OTOBOPEHHBIC 3aJIaHUS:

- YTEHHE 10 BPEMEHU: CHaJaJIa JiyIsl BOCTIPUSATHS MIPEAJIaraeTcsi OJTHO CIIOBO,
COCTOSIIIIEE U3 ABYX, 3aTEM U3 TPEX CIOrOB, MOTOM — JiBa cjioBa u3 10-12 3HaKOB.

- YHCJIO CJIOB YBEJIMYUBACTCS JI0 TPEX-YEThIPEX; OHU JTAIOTCS B CTPOKY WIIH
B CTOJIOWK, B KOHIIE MOXET OBITh BKJIIFOYEHO IIE€JI0€ MPEIOKEHUE.

1. YreHnune «mupaMuKu»: cajl, CaauK, CaIOBHUK, TATUCATHUK.

«IIupamMusKy» JIydiiie CTPOWTHh W3 CJIOB MPOU3BENICHUS, KOTOPOE YICHUKAM
3HAKOMO (yMpaXHEHWE MOXHO TPOBECTH MPH TPOBEPKE TOMAITHETO 3aJIaHUS)
MOXXHO TaK)Ke HCIOJIb30BaTh TEKCT HOBOTO paccka3a (IMPU MOATOTOBKE K €ro
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YTEHUI0) WX Pa3iaTh KAPTOUKHU JIJISl MHIUBUAYATbHOT'O BOCIIPUSTHUS.

2. 3anaHus ¢ 1I€JIeBOM YCTaHOBKOH: «YuTaemib CIIOBO, CMOTPH Cpa3y Ha
CJIEAYIOIIEE 32 HUM U MOCTapalcsl €ro MOHATHY.

3. UteHue TeKkcTa C MpOIMyIIEeHHBIMA OYKBaMU B CEPEMHE UM B OKOHYAHUU
CJIOB.

4. Tlepemexarolieecsi UYTEHHE TEKCTa B Pa3HBIX TEMIIAX — MEJJICHHOM,
HOPMaJIbHOM, OBICTPOM.

K meTonam ¢popMupoBaHusi CO3HATEIBHOTO YTEHUSI OTHOCSATCS:

1. aHaIUTHYECKOE YTCHUE;

2. 0ecena MO COAEPKAHUIO MPOUYUTAHHOTO; MpobJieMHas, 00o0OIaroas
Oecena;

3. IeTCKOE MIUTIOCTPUPOBAHUE TEKCTA WIIM €T0 OTJEIbHBIX OTPHIBKOB; IMOKA3
JEeUCTBUM MIEPCOHAXKA HA aNTUTMKAIIMKY WIH MaKeTe;

4. BLIOOPOYHOE UYTEHHUE M0 3aJaHHOW TEeME; COCTABJIICHHUE KapTUHHOTO U
CJIOBECHOTO TIJIaHA MPOYUTAHHOTO; COMOCTABJIEHUE TEKCTa C WJUIFOCTPAIUSMH, C
XYJ10KECTBEHHOM KapTUHOM; BBHITIOJTHEHUE JIEKCUKO-CTUITUCTUUECKUX
YIPaXHECHUM.

K cMmBICIOBOI CTOpOHE HaBbIKA YTEHUSI OTHOCUTCS TaK)KE BHIPA3UTEIILHOCTD,
T.€. UTEHHE C COOJIIOJICHUEM IpaMMAaTUYECKUX W JIOTUYECKUX Iay3, BbIJICICHUEM
JIOTUYECKUX YAApEeHUU, U3MEHEHHEM TeMIla U PUTMa B 3aBUCHUMOCTH OT CMBbICJIA
YUTAEMOTO.

[lepeuncnennbie ympakKHEHHs] 10 OBJIAJICHUIO HaBBIKAMHU CO3HATEJIBHOTO,
BBIPA3UTENBHOI0, OETIIOr0 U MPABWIBHOTO YTEHHUS, TPOBOAUMBIE MTOCIIEIOBATEIHHO
U TOCTOSTHHO, OKa3bIBAIOT MOJIOKUTEIHHOE BIUSHUE HAa Pa3BUTHE BHUMAHHS U
3pUTENHHONM TAMSTH JE€TEeH C HapylIeHWEM peud, POPMHUPYIOT U MOIIACP>KUBAIOT
MOJIOKUTENIbHYI0 MOTHUBAIINIO K YTECHUIO.

Hcnonb3oBaHHbIE HCTOYHUKH:
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PA3BBUTHUE CBSI3HOM PEYU OBYYAIOIIUXCS IMPU N3YUEHUU
OBOCOBJEHHBIX IPUJIOXKEHUM B 8 KJIACCE

Annomayua: B cmamve paccmampusaromcsi memoovl QopMuUpo8anusl
C8A3HOU peuu obyuarowuxca 8 Kuacca 6 npoyecce u3zyyeHus 000COONEHHBIX
npunodxceHul 6 cpeoHeti wkone. Illpeonacaemcs cucmema ynpaxcHeHul,
HanpasieHHuIX Ha pazeumue OUAI02UYecKUX U MOHON02UYECKUX YMEHUL U HaABbIKO8
yuawuxcs 0 CO8epULeHCMB08aHUs C8A3HOL peUl.

Kntoueswie cnosa: céasnas peuv wKonibHUKO8, 000CobIeHHOE NPUTIOdCEHUe,
VIPANCHEHUS.

Pirmanova N.1I., Candidate of Philological Sciences

Associate Professor

Department of Russian Language and Methods of Teaching Russian
Orenburg State Pedagogical University

Russia, Orenburg

DEVELOPMENT OF CONNECTED SPEECH OF STUDENTS
WHEN STUDYING ISOLATED APPLICATIONS IN GRADE 8

Abstract: The article examines methods of developing coherent speech in Sth
grade students in the process of studying isolated applications in secondary school.
A system of exercises aimed at developing dialogic and monologue skills and
abilities of students to improve coherent speech is proposed.

Keywords: coherent speech of schoolchildren, isolated application, exercises.

XapakTepHuCcTHKa TOHATHS «CBSA3HAS PeUb» M3ydaeTcs B padoTax M3BECTHBIX
MICUXOJIMHTBUCTOB, TienaroroB u MetogucToB (JI.C. Beirorckwuii, C.JI. PyOunmmTeiin,
B.IL I'myxoB, A.A. JIeoutseB, H. . Kunkun, T.A. JlagpokeHckas, JI.A. BeeaeHckas
u ap.). CoBpeMeHHbIE MOAXObI K METOJIUKE PA3BUTHUS CBSI3HOM peur 00ydaroluxcs
packpbiBatoTcsi B uccienoBanusx M.A. [lanwnoa, M.H. Ckarkuna, JI.A.
CanuiioBo#t u Jp., KOTOpble 0A3UPYIOTCSA HA MPEJICTABICHUSAX O JTaHHOW METOJUKE,
m3noxkeHHsiXx H.E. borycnaeckoit, T.A. JlagppkeHckoit, A.B. TexkydeBbiM, M.M.
PazymoBckon u nip.

OpnHako HAa COBPEMEHHOM 3Tare HEAOCTATOYHO M3YUYEH BOMPOC COJEPKAHUS
CUCTEMbl PabOTHl MO PA3BUTHUIO CBSI3HOM peur oOydarolmuxcsi 8 Kiacca MpH
M3Y4YEHUU 00OCOOJICHHBIX MPUIOKEHUM, UTO OMPENENIUIO aKTyaJlbHOCTh JTAHHOTO
UCCIIEIOBAHUS.
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[lepBoe ompezaeneHne peyd ¢ MO3ULMHU €€ BOCHPHUITHS KaK INCUXHYECKOH
¢yHku Obu10 cpopmynupoBano JI.C. BbIrOTCKMM, NpPEICTAaBUBIIMM €€ Kak
CIIOCOOHOCTBH 00mIaThesd ¢ nmomoinbto cinoB U ¢pa3 [1]. Tak, T.A. JlagplkeHCcKas,
paccmarpuBas CBA3HYIO pe€4b KaK METOJUYECKOE TMOHSITHE, MPUBOJUT €ro
ONpEAEIICHNE B TPEX 3HaUCHUsAX [2, c. 189]. YuéHblili oTMeUaeT, 4To CBs3HAsA pEyb
TECHO MEPECEKAETCS C TEPMUHAMM «BBICKA3bIBAHUE» U «TEKCT».

B pamkax naHHON paOoThl CBsi3HAs peub OyAeT MOHUMAThCS KakK CIOXKHAas
dopMa peueBOM  JEATENBHOCTH, HOCSIIAS XapaKTep MOCJIEI0BATEIbHOIO
CUCTEMATHYECKOTO pa3BEpHYTOrO U3JI0KEHUS, NOHUMAaHHE KOTOpOH
oOecreynBaeTcs ee MpeAMETHBIM cofiepkaHreM. M3l10keHne B 3TOM Cllydae MOXKET
BKJIIOYATh JI000M pe3ynapTar CBA3HOW pEUeBOM JESITENIbHOCTU: OT OTIAEIBHOIO
BbICKa3bIBaHUs (MIPEIJIOKEHUSI) J10 MOJHOIIEHHOTO TEKCTa, KOTOPbIE SBISIIOTCS
OTpakeHHEM YPOBHS C(HOPMUPOBAHHOCTHU CBA3ZHOM PEUH B LIEJIOM.

Pa3BuTue CBA3HOW peuu MPOUCXOAMUT TOJBKO B MPOLECCE YCBOCHHUS S3bIKA,
KaKk pe3yJabTara pEYeBOM  JEATEIbHOCTH, OTPAKAIOMIET0  HalMOHAJIbHBIC
OCOOEHHOCTH OTIEIBHOTO KOJIJIEKTMBA. YCBOEHHE S3blKa, B CBOIO OYEpEllb,
BKJIIOYAET OBJaJIeHHE ero (POHEeTHYecKoW CHUCTEMOM, MO3HaHMEe OCOOCHHOCTEH
MU3MEHEHHUS Pa3JIMYHBIX I'PAaMMAaTUYECKUX KaTEeropuil CIOB M OCBOCHHUE MOjelen
COYETAEMOCTH CJIOB U TOCTPOCHHUSI MPEJIOKESHUIA.

B nanHOM uccnenoBaHWM PAacCMOTPUM METOABI (DOPMHUPOBAHUS CBSIZHOM
peuu Mpu U3yuyeHur 000COOJIEHHBIX MPUIIOKEHHUH B 8 Kitacce.

ConepxarenbHblil aHAIM3 COBPEMEHHBIX IIKOJIbHBIX YUSOHUKOB MOKA3bIBAET
OTCYTCTBHE JOCTAaTOUYHON YCTHOW IUAJOTHYECKOW MPAKTUKU OOy4aroluxcs Mpu
U3y4EeHUHU 000COOJICHHBIX MPUIIOKESHHI.

@opMHpOBaHHE y ydalUXcs 8§ Kjlacca HABBIKOB CBSI3HOW pEeYd B MpOIECCE
U3ydeHuss 000COOIEHHBIX MPUIOKEHUN BO3MOKHO C MPUMEHEHUEM KOTHUTHBHO-
KOMMYHHUKAaTUBHOTO TMOAXO0Ja, pealu3alus KOTOPOro, HUCXONs W3 MOJIOKEHH,
chopmynupoBanusix @.U. bycmaespim, K.JI. Ymmackum u .M. CpesneBckum,
npearnosaraeT  MPaKTUKOOPUEHTHPOBAHHOCTh  OOYyYEHHMs, OpPHUEHTAIMI0 Ha
JUYHOCTHO-UHAUBHUYaAJIbHbIE OCOOEHHOCTH OOydYalolUXCsi U ClIeJ0OBaHUE
MPUHIMIIAM CUCTEMHOCTH, (OPMHPOBAHUS TBOPUYECKOTO Havalla U aKTHUBU3AIUU
MMO3HABATEJIbHOW JESTEIbHOCTH YYEHUKOB IYyTEM HPUMEHEHHS WHTEPAKTUBHBIX
METO/IOB.

Benyumm metonom o0yueHus mpu ¢GOpMUPOBAHUU CBS3HOM peyuu B Mpoliecce
M3YyYEHHs] 00ydaromMuMUCs 000COOJICHHBIX MPWIOKECHUN SIBISETCS WHIYKTUBHBIN
Meron. K MeromuyeckuMm npuémMam peanu3alid JAHHOTO METOAA OTHOCSTCS:
HAOJIFOZICHUE; S3BIKOBAsl HATVBSITHOCTH (S3BIKOBBIC (DAKTHI I aHAIIN3Q); MPUEM
A3BIKOBOM ONIIO3ULINN (CMEIINBAaEMBbIE SIBICHUS) UIsl CONIOCTABIEHUS, HAOIIOACHUS;
Oecena Ha OCHOBE MPOOIEMHBIX BOPOCOB I ONPEAeICHUS 3HaUeHUs U QYHKIUN
000COOJIGHHBIX  YJICHOB  MPENJIOKECHUS; aHallu3 COCTaBa  MPEAJIOKCHUIA;
rpadguyeckast NoaaepKKa BOCIIPUSITHSL.

B npaktuyeckod JeATENbHOCTH B aCHEKTE pEHIeHUus 0003HaYeHHOM
npoOaeMbl MBI MpejaraeM TpU T[PYNNbl  YOPaXXKHEHUW:  YIpaKHEHWUs,
HaIlpaBJICHHbIC HAa aKTUBU3ALMIO U (DOPMUPOBAHME HOBBIX 3HAHUIN O0y4YarOIINXCS;
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yIOpaKHEHUs Ha 3aKperiCHUE MOJIYyYEeHHBIX 3HAHWU B JUAIOTMYECKOM peud - Ha
YpPOBHE TMPEUIOKEHUNM M TEKCTa; YHNPAXHEHHS HA 3aKpEIUICHUE MOTYyYEHHBIX
3HAHUM B MOHOJIOTMYECKOW pEeYM - Ha ypOBHE MPEMJIOKEHUN U TeKCTa (TEeKCTa-
OMHCaHUs, TEKCTa-Mepeckaza U COOCTBEHHOTO paccKasa).

Boinonnss ynpakHeHUs Ha aKTHUBU3AIUIO U (POPMUPOBAHKE HOBBIX 3HAHUM
oOydaronuxcsi Mo TeME, MCIOJb3yeM IMOMCKOBOE YTEHHUE, 3a/laéM IPOOJIeMHBIE
BOITPOCHI K MPEIOCTABICHHOMY JIJIsl aHATIU3a TEKCTY, MOIy4dasi OTBETHI OT OTACIBHBIX
y4daluxcsi B yCTHOU (opme, Kiacc GopMyIUpPYeT B TETPaAsSX BHIBOJBI HA OCHOBE
YCIIBIIIIAHHBIX OTBETOB, ONHpasCh Ha ompeneineHue mnoHsATUA «[IpunoxkeHue»,
nanHoe A.M. IlemkoBckuMm (ompenesieHre BBIBECHO Ha Cliaijie Mpe3eHTaluu),
BBIICJISIET OCHOBHBIE TTPU3HAKU MPUITOKECHHUS.

B wmarepuanax ynpakHeHUN Ha 3aKperuieHUE IOJTYyYEeHHBIX 3HAHUW B
JUATIOTUYECKOW peun 000COOJICHHBIE MPUIIOKEHUSI aHAIU3UPYIOTCS Ha YpPOBHE
peIOKeHUS U TekcTa. [IpeayiokuM yyanuMcest pojeByr0 UTpy. Y USHUKHU JIeTATCS
Ha Tapbl, TOJy4alOT KAPTOYKHM C KOPOTKUMHU TEKCTaMHu. 3ajada Y4YeHUKOB
IPOAHAM3UPOBATh TEKCT, BBIACIUTH B HEM OO0OCOOJICHHBIC TPWIOKECHUS U
COCTaBUTh JUAJIOT HAa OCHOBE JTOT0 TEKCTa, HWHTOHAIMOHHO BBIJCISS
000cOo0ICHHBIC MPUIIOKEHMS. 3ajada Kiacca: OINPEeACNINTh, KaK OTBEYAIOIINE
WHTOHAIMOHHO BBIICIWIN 000COOJEHHBIE NPWIOKEHUS; MPABUWIBHYIO JIM OHU
BbIOpAIM MHTOHALMIO [IJISi BBIAEICHHUS STHX NPUIIOKEHUHN; KaKyl0 HHTOHAIUIO
CTOMJIO UCITOJIB30BAaTh U MTOYEMY.

brok ynpaxHeHu# Ha 3aKpEIICHHUE MTOTYYEHHBIX 3HAHUK B MOHOJIOTHYECKOM
pedd TMpeaycMaTpuBaeT U3y4YeHHE O0O0COOJIEHHBIX NPUIIOKEHUH Ha YPOBHE
IOPEMJIOKEHHUS] U HAa YpOBHE Tekcta. [[ns peann3annu MeXIpPEAMETHBIX CBA3EH B
y4eOHOM TPOIECCE PACCMATPUBAEM TEKCThI M3 MPOTPAMMHBIX XYyI0KECTBEHHBIX
OpPOU3BEICHUN. AHaIM3Upys U3y4yaeMoO€ SBIEHUE Ha YpPOBHE TEKCTa,
paccMarpuBaeM pa3Hble BUIbI TEKCTA: TEKCT-ONMUCAHUE (AHAJIN3 MPEACTABICHHON
YUUTEIEM WJUTFOCTPAIMM M COCTABICHUE TEKCTa C BKIIOYCHHEM 000COOIECHHBIX
NPWIOKEHUH); TeKCT-mepecka3 (BuA  palbOThl: MyHKTYallMOHHBIA  aHalu3
MPEAJIOKEHHOTO TEKCTa, YTEHUE TEKCTAa U MEepecKa3 TEKCTa C HCIOIb30BAaHHEM
HY>KHOW MHTOHAIIUY TIPH BBIJEICHIUH 000COOICHHBIX MPUIIOKEHHH ); TEKCT-paccKa3
(Bua paboTHI: cOCTaBlieHNE COOCTBEHHOTO PaccKa3a ¢ UCIOJIb30BaHUEM BCEX BHUJIOB
000CO0JICHHBIX TPUJIOKEHUM HA OCHOBE HAIVISITHOM OTIOPHI - TAOJIMII, CXEM U T.1.).

Takum 06pazom, Oobilasg 4acTh YIpaKHEHUI UMEET TBOPUECKUN XapaKTep
U TOIKPEIUISIETCS UCHOJIb30BAHUEM HAMISAIHOTO (MJUIFOCTPATUBHOIO) Marepuala.
ConepxaHue ynpaKHEHHI, KaK 1 0COOEHHOCTH MX peaJn3alIlii, ONMPEIeSIOTCS B
COOTBETCTBUM C KOTHUTHBHO-KOMMYHHKAaTUBHBIM IOAXOJOM K OOYy4YEHHUIO
CUHTAKCHUCY PYCCKOTO SI3bIKa, @ UMEHHO: COOIOAAI0TCS TPUHIUITBI aKTUBU3ALIUH B
00y4eHUN KOTHUTUBHOTO W KOMMYHHKATHBHOTO TOTEHIIMAJA CJIOBA; MOHUMAaHUS
S3bIKOBBIX 3HAYEHUMN; CUCTEMAaTU3allMd CUHTAKCUYECKUX YMEHUH; H3y4YECHUS
CHUHTAKCHCa BO B3aUMOCBSI3U C TPaMMAaTUKOW M MPABOIMKUCAHUEM, PA3BUTUEM PEUH;
OpUEHTAlMM OO0y4YeHUs Ha aKTHUBHOE B3aUMOJCHUCTBUE KOTHUTHUBHOIO W
KOMMYHUKATUBHOTO TOTEHIMAajda JIMYHOCTH B TEKCTOBOM  JESATEIbHOCTH;
aKTyaJIbHOTO OCO3HAHUS PEUYEBOr0 ONbITA KaK €JUHCTBA MBIIUICHUS U YyBCTBa
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A3bIKa; BOCIOJIHAIOIIET0 OOy4Y€HHS M  KOPPEKUUH  TEKCTOO(POpMIISIOLIEH
NEeSATENbHOCTH.
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HCIOJb30BAHUE UT'P M 3AJTAHUM HA JJOTOIEJIUYECKNX
SAHATHUAX, CIIOCOBCTBYIOIIINX 3AIIOMUHAHUIO CJIOBAPHBIX
CJIOB Y OBYYARKOILIUXCH C OB3

Almomauuﬂ: B cmamuve PACCMOMPEHDI 0COOEHHOCMU UCNONb306AHUS uep u
300AHULL HA J1020NeOUYecKUx 3aHAmMusax O 06)/1!61}01/141/1)60}1 C 0OcpaHUYEeHHbIMU
BO3MOHCHOCMAMU 300p06b}l. ]YpuMeHeHue uepoeslx ynpaofCHeHuL?, ONUCAHHbBIX 6
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USING GAMES AND TASKS IN SPEECH THERAPY CLASSES TO
HELP STUDENTS WITH DISABILITIES REMEMBER VOCABULARY
WORDS

Summary: The article discusses the features of using games and tasks in
speech therapy classes for students with disabilities. The use of the game exercises
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described in this article helps students with disabilities to better remember
vocabulary words.

Keywords: Vocabulary words, didactic games, associative pictures, and
rebus puzzles.

[Ipobnema obOydenusi rpamoTHOMY TiMchbMy nereid ¢ OB3 B HavanbHBIX
KJIaccaX BO3HUKAET MpPU MEpexoie K MUChMY MO MpaBUly, KOTJa HAMMCaHUE
pacxomuTcsi ¢ mnpousHomieHueMm. OOydaromuecs HCHBITHIBAIOT OIpe/eICHHbBIS
TPYIHOCTH B 3alIOMUHAHUU, BOCIIPOU3BEACHUN U HAMMMCAHWUU CIIOBAPHOTO CJIOBA.

CrnoBapHbI€ CJIOBa - TO CJI0BA, KOTOPbIE HENb35 MOABECTH O] KAaKOE-JIN00
npaBwio. B OCHOBe HamucCaHWsI CIIOBAPHOTO CJIOBA JIEKUT 3PUTEIBHO-MOTOPHOE
3anioMuHaHue. Pabora 1o 3amOMUHAHUIO CJIOBAapPHOTO CJIOBa TpyaHas U
kponotinuBas. lIpoBoass paboTy Haj CIOBapPHBIMU CIIOBAMH, YUHUTEIb-JIOTOIE]
CIOCOOCTBYET Pa3BUTUIO JICKCUUYECKOW CTOPOHBI peun oOydaromuxcs ¢ OB3,
rpaMMaTH4YeCcKOMy €€ 0(popMIIeHUIO, pa3BUTHIO Opdorpadudeckoit 30pKOCTH.

Ha KkoppeKkIMOHHO-Pa3BUBAIOIIMX  3AHATHUAX YYUTEIb-JIOTOMEl MOXKET
UCIIOJIb30BaTh MHTEPECHBIC IUJIAKTUYECKHUE UTPHI, KOTOPhIE OyIyT CIIOCOOCTBOBATH
3alIOMUHAHUIO CJIOBApHBIX CJOB. [IpemyiokeHHbIE WIPHl YHUBEPCAJIbHBI, C HX
MOMOIIIBI0 MOKHO OTPabOTaTh JIFOObIE «IIPOOIEMHBIC)» CIOBAPHBIE CIIOBA.

Haudate paboTy moO 3alOMHUHAaHUIO CJIOBApPHBIX CIOB JETSIM MOXKHO
NPEJIOAKUTE C OTraIbIBAHUS 3araJoK WK pa3raJpIBaHus peOycoB.

st 5 hexTUBHOTO 3alIOMUHAHUS CIIOBAPHBIX CJIOB MOKHO BBIBEIIMBATH Ha
JIOCKY CJIOBa, HamuMcaHHbIE YEepHbIM IIBETOM Ha KpacHoM ¢oHe. [[BeToBoe
opopmiieHHE JaHHBIX CIJIOB OyaeT crnocoOCTBOBAaTh JYYIIEMY 3pUTEILHOMY
BOCIPHSTHIO M 3allOMUHaHUIO. Takke CrmocoOCTBYET 3allOMUHAHUIO CJIOBAPHBIX
CJIOB JIEMOHCTpAIIUS aCCOIMATHUBHBIX KAPTUHOK, I1ie TpyAHas OyKBa Mpe/cTaBiIcHa
B BHJIC 3pUTEIIHLHO o0pasa.

OpnHako, OIHOTO 3HAKOMCTBA CO CJIOBAapHBIMHU CJIIOBAMHM HEIOCTATOYHO JJIS
TOrO, YTOOBI OBIIAJETh TPAMOTHBIM WX HamucanueMm. OO0sS3aTeNbHBIM YCIOBUEM
SABIISIETCS. BKIIOYEHUE JAHHBIX CIIOB B PAa3JIMYHBIC UTPBI U 33JJaHUS.

1. «Cobepu cnoso»

Jloromen mpensiaraeT BBITSIHYTh KaPTOUKY M BHIOpATh NMPABWIIBHBIC CIIOTH U3
HAITMCAHHBIX CJIOTOB. 3aTeM peOEHOK 3aMKCHIBAET MOJYIUBIIEECS CIOBO.

2. «llenouka cnoe»

Jloromes Ha3bIBa€T CIOBApHOE CIIOBO, PEOCHOK JOMKEH BCIIOMHUTH HOBOE
CJIOBApHOE CIIOBO, HAUMHAIOIIEECS Ha TOCJIEAHIO OyKBY MPEAbIAYIIETO CIO0BA.

Hanpumep: Mocksa — andaBuT — TOBapHII H T.I.

3. «lllugpposxur

Bapuanm 1: Jloronen npeqyaraet BeIMICATh U3 Psiia OYKB KAy TPETHIO
OyKBY:

Hanpumep: TMKYXKAPTPMOAJMHOBIAXKPAOJLILI-
MOJIYYUTCSI CIIOBO «KAPAHOAULY.

Bapuaum 2: Jloronen npensiaraet u3 psja OykB BbIIUCATh OYKBBI PYCCKOTO
andasura:
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Hanpumep: ZWIHQOGFCLYRVJINSRA QL —noxyuurcs ciioBO
«nocyoay.

4. «Yeaoaiikay.

Bapuanm 1: Jloronen coo0Iaer, 4To U3 CJIOB yOexaau IJacHble OyKBBI U
MpearaeT BOCCTAHOBUTH CIIOBO.

Hanpumep: TIP, JBYUK, MJIK, MI'3H (crnoBa «TONOp», «IEBOUYKA»,
«MOJIOKOY», «Marazun).

Bapuanm 2: Jloronen roBOpuUT, 4TO B CJIOBaX MPOMAaIN BCE COITIaCHbIE OYKBBI
Y MIPOCUT peOCHKa JOMKUCATh HEAOCTAOIINE OYKBHI.

Hanpumep. -0-0-, -0-0-, -0-0- (CIIOBa «IIOTOM», KTOPOX», KTOTIOP»).

5. «llapouku»

Jloromen packyiaibIBalOTCsl HAa CTOJIE KAPTOYKHU HAMMMCAHHBIMU CJIOBAMH BHU3
psagaMu 1o 6IITYK WUiau B Oecriopsike. JleTu mo odepenn OTKPHIBAIOT JBE JIIOObIE
KapTouku. Eciiy Ha HUX HAmMCaHO OJHO W TO € CIOBO, UTPOK OepeT ux cebe u
OTKpPBIBACT JPYTyI0 Mapy KapTrouek. Eciu ke JaBe KapTOUYKW HE COIUIUCH, UTPOK
BO3BpAIlAa€T UX HAa MECTO CJIOBAMH BHU3. XOJ MEPEXOUT K CIEAYIOIIEMY UTPOKY.
Korna HemapHbple KapTOYKH BO3BpAIAIOTCS HAa MECTO, BCE MTPAIOIINE CTAPAIOTCS
3alIOMHHTH, T7I€ KaKas KapTa JICKUT.

6. «@®omoamenven

Jloronen mpuKpeIUIsieT Ha AOCKY, HAalMCaHHbIE Ha KAapTOYKaX, CIOBApPHBIE
cioBa. JleTn yuTaroT ciI0Ba, 3aTeM clioBa youparoTcs. BMecTo cli0B BhIBEIIMBAIOTCS
PUCYHKH 3THX IIPEIMETOB, HO OHOTO HE XBaraeT. /et NOoIKHBI HAallMCcaTh CIOBO,
KOTOPOTO HE XBATAET.

7. «IIpudymait accouuayuro»

Jloromen mnpemiaraer pebeHKY C TOMOIIBIO (DOHETHYECKOM accoluanuu
COCTaBUTh MPEAJIOKEHUS CO CIIOBAPHBIM CIIOBOM TaK, YTOOBI OHO OBIJIO CO3BYYHO C
YacThIO IPYTOr0 CJI0BA MM CJIOBOM B 3TOM MPEMJIOKECHUU.

Hanpumep: TTAJIBTO - [TAna nHocut [TAJIBTO.
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