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A SYSTEM FOR GENERATING CHATBOTS TO SUPPORT LEARNING
IN THE FIELD OF EXACT SCIENCES USING GENERATIVE ARTIFICIAL
INTELLIGENCE MODELS

The integration of generative artificial intelligence (Al) into education, especially for teaching exact sciences,
represents an innovative opportunity to enhance student engagement and understanding. Chatbots such as
ChatGPT can promote interactive learning, allowing students to explore complex scientific concepts through
personalized support and real-time feedback. This approach not only transforms traditional pedagogical
methods but also fosters deep curiosity and understanding among students. This study examines the task of in-
creasing the degree of automation in creating Al-powered chatbots and their integration into the learning pro-
cess for exact sciences, particularly mathematics, for school students in online educational settings. The rele-
vance of the research is driven by the need to improve the success rate of educational activities under wartime
conditions, eliminate knowledge gaps, bridge disparities in knowledge and skills among school students in ex-
act sciences when preparing for further studies in higher education institutions, enhance the efficiency of inde-
pendent learning in online educational settings, and stabilize the socio-emotional state of children. The pur-
pose of this study was to develop a web platform for generating various types of chatbots using artificial intel-
ligence models to improve the quality of school students’ preparation in exact sciences in online educational
settings. The objectives include: analyzing the challenges and peculiarities of creating chatbots and preparing
high-quality datasets; developing the structure and describing the functionality of the chatbot generation sys-
tem; providing examples of creating various types of chatbots; conducting experiments to determine the effec-
tiveness and cost of chatbot generation. The following results were obtained: A method to optimize the for-
mation of datasets for chatbots was developed. A web platform for generating various types of chatbots was
created, including assistant bots, bots for generating variants of mathematical problems and step-by-step ex-
planations of their solutions, and testing bots using artificial intelligence models to improve the quality of
school students’ preparation in exact sciences in online educational settings. Conclusions. The scientific nov-
elty of the research is associated with improving the method of creating structured chatbot datasets while
maintaining the thematic integrity of text and context, ensuring a more accurate selection of relevant infor-
mation by chatbots for responding to user queries. The effectiveness of the proposed approach is illustrated
through examples of creating an assistant bot, a bot for generating variants of mathematical problems and
step-by-step explanations of their solutions, and testing bots, which demonstrated cost optimization and more
efficient resource utilization. A significant advantage is the convenience of tools for creating and configuring
chatbots, as well as their use through a showcase of ready-made chatbots in messengers.

Keywords: chatbots; education; mathematics; datasets; web platform; chatbot generation system.

technologies and tools has the potential to improve the
quality of educational environments in academic institu-

1. Introduction

The development of artificial intelligence technol-
ogies has had a profound impact on various spheres of
life, including reshaping models and methods of educa-
tion [1, 2] in order to reorient modern students to work
that is personally meaningful and that can only be per-
formed by humans [3]. The careful integration of Al

tions [4] overall. The use of GAI (Generative Artificial
Intelligence) systems has already demonstrated a posi-
tive effect on student performance [5], support for in-
clusive education [6], personalized learning, and foster
student autonomy [7]. The latter is achieved primarily
using personalized online assistants in the form of Al-
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based chatbots [8, 9].

Moreover, the creation and implementation of such
chatbots [10] mitigates educational losses in learning
deficits caused by the absence of or limited access to
education, which became a global concern during the
COVID-19 pandemic and the widespread adoption of
distance learning.

Al-powered chatbots can learn and adapt to the
needs of educational programs, instructors, and stu-
dents, thus enabling flexibility in educational processes
and tailoring to specific learning contexts or areas of
study.

These general trends in the use of Al technologies
in education are particularly significant for Ukraine to
ensure quality educational services during wartime con-
ditions.

Challenges such as forced interruptions in educa-
tion, destroyed educational institutions, the inability to
conduct in-person learning, limitations in remote and
hybrid formats, and disruptions in electricity and com-
munication have been the main obstacles facing Ukrain-
ian education in recent years. Such challenges in organ-
izing learning during martial law create gaps in stu-
dents” knowledge and skills, which are especially evi-
dent in the exact sciences.

Monitoring studies by the Ukrainian Center for
Educational Quality Assessment [11] and international
PISA evaluations [12, 13] have shown a long-term trend
of declining performance in national multi-subject tests
in exact sciences. Today, there is also a growing de-
mand for interactive learning: students seek accessible
and convenient ways to study complex subjects such as
mathematics and physics, while teachers need effective
tools to engage students and automate routine tasks.

1.1. Motivation

These challenges necessitate the search for new
approaches and solutions based on artificial intelligence
methods that generalize the experience of computerized
learning of core competencies in exact sciences and
solving algorithmic problems.

One such approach is the development of personal-
ized online assistants in the form of Al-powered chat-
bots. Among the advantages of such chatbots is their
ability to learn and adapt: leveraging artificial intelli-
gence, chatbots can update their knowledge and skills
based on new data, which makes them flexible and
ready to adjust content and application conditions.

In our view, a partial solution to these significant
problems and challenges could be the creation of a plat-
form encompassing functionality for creating and fine-
tuning chatbots (of various types [8] and themes) to
provide individualized learning support in a convenient
format, such as a website or messenger.

Considering the Ukrainian context, our research
tested the developed platform for teaching mathematics;
however, the proposed solutions are universal and can
be applied to other subjects.

1.2. State of the art and problem statement

Considering the use and integration of Al tools in
business processes, the following points should be not-
ed: specific knowledge is required for interaction with
API services, messengers, databases, interfaces, and
more. Experience in formulating accurate and compre-
hensive bot prompts is crucial because each generation
of a specific type may require an option that is unsuita-
ble for another task. In addition, fine-tuning options are
often unavailable to ordinary users but are accessible via
APIs (Table 1).

Since the release of ChatGPT and the opening of
the OpenAl API to the public, numerous services that
partially address these issues have emerged. However,
most of them are highly specialized. For instance, some
services are focused specifically on creating Al assis-
tants in chat form, while others are designed for generat-
ing characters (real or fictional) for entertainment or
educational purposes [8].

Given that developing a chatbot as a modern Al
assistant often requires significant resources, it is advis-
able to analyze the "Language Model for Development
of Interactive Chat Bot for SaaS Solutions" [14]. Here,
we discuss some commonly used chatbot creation ser-
vices.

ChatGPT + Custom GPTs. The basic version of
ChatGPT offers the minimal functionality required to
send instructions to the bot, which is advantageous for
ordinary users with limited configuration needs who can
express their requirements in textual form. In the con-
text of this research, attention should be paid to the
analysis of OpenAl’s GPTs marketplace for individual
LLMs [15] and an example of using these tools to create
conversational agents to enhance learning quality within
the Advanced Placement Computer Science Principles
(CSP) course in U.S. high schools [16]. This service
operates on a subscription-based business model; thus,
to use the more advanced ChatGPT-4 model, users must
purchase a subscription, which provides additional fea-
tures, such as image processing and generation based on
textual prompts within the chat. Subscribers can also
create custom bots ("GPTs") trained on diverse types of
documents, and most of the configuration process is
performed directly within the chat, thereby minimizing
technical complexity. The primary drawback of using
the official service is that a subscription is required not
only by the creator of the bot but also by its users.
Moreover, as noted in studies conducted by Harvard
University representatives [17], the popularization of
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this service raises concerns about user privacy and secu-
rity.

Dropchat.co. This service allows users to upload a
document or enter a website URL, after which a chat is
generated that can respond to questions based on the
provided materials. Overall, the service is useful for
processing large volumes of content and retrieving spe-
cific relevant information through a chat format. How-
ever, the service does not address most of the issues
associated with working with generative Al-based ser-
vices and lacks the advantages of being used through
messengers.

Quickchat.ai. This system allows the creation of a
bot by providing a brief behavioral instruction in a text
form or attaching additional data in the form of docu-
ments or web pages. However, the service does not al-
low users to preview the chatbot as a tool before its cre-
ation in their account, targeting a B2B model, where
sharing a bot can only be performed manually. Consid-
ering the subscription cost, using this service for pur-
poses other than automating business communication is
impractical because there are cheaper alternatives.
Nonetheless, its advantages include accurate translation
and a user-friendly interface, which promote intercul-
tural exchange [18].

chatbotkit.com. This service offers extensive capa-
bilities for providing contextual data to the bot and con-
figuring datasets. However, when creating datasets, the
service not only fragments sentences but also truncates
words, which significantly impacts the dataset quality.
In addition, text fragments are limited to 260 tokens,
which often prevents comprehensive topic representa-
tion; thus, only a few sentences are retained. The Xatkit
experience is a model framework for chatbot develop-

ment is detailed in [19]. In [20], the Xatkit structure was
described as a means of providing a set of domain lan-
guages for defining chatbots (including voice bots and
general bots) in a platform-independent manner.

character.ai. This service allows users to create any
character for interaction and provides a public library of
bots ranked based on the number of messages generated
during interactions with other users. The proposed ser-
vice provides the capability to immediately select the
desired interaction instruction with a bot and start using
it without the need for configuration, dataset provision,
or additional setup. Research by Swiss scholars [21] has
confirmed that the use of characters enhances individual
client experiences through personalization.

Some of the services reviewed opt to split text into
limited fragments based on a specific number of charac-
ters, leading to a lack of full context when processing
user queries. This not only limits the bot's ability to pro-
vide adequate responses but also complicates user inter-
action for those seeking comprehensive and detailed
answers.

Splitting text, even in the mid-sentence, results in
parts of the context being in one data source and another
part being in a different source. This leads to the loss of
information from the sentence as a whole and may re-
sult in incorrect responses generated from fragmented
information.

On the other hand, some services offer high-
performance models by using expensive technological
solutions. However, their costs are justified only in spe-
cific cases, and for many users who do not require spe-
cialized computational power, this becomes a financial-
ly inefficient solution.

Table 1
Comparison of Chatbot Creation Services
Functionality dropchat.co | quickchat.ai | chatbotkit.com | character.ai ChatGPT+
GPTs
Analysis of created datasets Yes No Yes No No
Splitting text by topic, not just No ? No ?
by a certain number of charac-
ters
Adding additional context for No No No ?
datasets
Availability of an open bot No No No Yes Yes
library
Message limit per month 6,000 mes- Unlimited 5k ? 40 messages in
sages 3 hours
Minimum monthly cost $24 $99 $65 $10 $20 + $20
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The shortcomings of the analyzed systems can be
summarized as follows:

- excessive costs for basic use and even higher
costs for additional features;

- lack of clarity regarding the final output of the
created bot;

- absence of search functionality among created
bots;

- inability to analyze the generated dataset and its
components, or splitting by a specific number of charac-
ters, which negatively impacts data quality;

- most systems are heavily focused on creating Al
assistants for business purposes, particularly to enhance
team productivity in software engineering [22], improve
reporting in accounting and consulting activities [23],
and enhance customer interactions in customer relation-
ship management (CRM) [24].

From the perspective of using such services, there
are drawbacks in the form of the need to configure the
required service, which takes time and still requires cer-
tain skills and an understanding of the final goal. In ad-
dition, there are limitations in usage, such as difficulty
in creating a specific tool, configuring it, and presenting
it as a ready-made chatbot for another person to use
intuitively. For this reason, some educational institu-
tions develop their own systems based on chatbots. For
instance, researchers at Queen Mary University of Lon-
don developed a system called Q-Module-Bot, which is
accessible to both technical and non-technical educators
to leverage the benefits of e-learning [10]. Similarly,
researchers in India created dynamic assistants using the
Rasa open-source platform [9].

Regarding the thematic focus (in our study, we fo-
cus on mathematics education), the following analyses
are noteworthy: recommendations for building Al bot
scenarios for teaching mathematics in high schools [25];
experience in creating chatbots for adaptive mathemat-

Problems

Decline in statistical performance on National
Multisubject Test mathematics tasks

Students' education is complicated by various
regional conditions due to military aggression

The percentage of participants prepared for
higher education institutions is decreasing

Increasing the proportion of tasks related to
real-life situations and tasks illustrated with
graphs, tables, diagrams, etc.

ics learning [26]; testing chatbots on math and logic
problems [27]; teachers' attitudes toward integrating Al-
based chatbots into mathematics instruction [28]; the
application of Al-based chatbots to enhance middle
school students' mathematical thinking skills [29]; the
use of ChatGPT versions in mathematics education to
obtain basic information and supervised help [30]; and
the advantages and limitations of applying GAI models
in mathematics education for university students [31].

1.3. Obijectives and methodology

The goal of this study is to develop a web platform
for generating various types of chatbots using artificial
intelligence models to improve the quality of school
students' preparation in exact sciences within online
educational environments. The reasons justifying our
research stem from several problems (Fig. 1), such as: A
decline in statistical indicators for completing tasks in
the National Multidisciplinary Test (NMT); challenges
in teaching students due to differing regional conditions
caused by military aggression; a decrease in the per-
centage of participants prepared for higher education
institutions; The Ministry of Education's requirement to
increase the proportion of tasks related to real-life situa-
tions and tasks illustrated with graphs, tables, and dia-
grams. Therefore, the requirements we aim to meet with
our solutions are as follows: improving the efficiency of
independent learning in online educational conditions;
enhancing the understanding of basic mathematical
competencies; ensuring high adaptability so that chat-
bots can be used for various exact sciences and different
educational levels; ensuring the personalization of the
learning process; and providing accessibility on mobile
devices within online educational conditions.

Our web platform will focus on creating various
types of chatbots (Fig. 2):

Requirements

Increasing the efficiency of independent learning
in online educational settings

Improving the understanding of basic
mathematical competencies

Ensuring high adaptability

Ensuring the personalization of the learning
process

Accessibility on mobile devices in online
educational settings

Fig. 1. Problems and Requirements for Preparing Students for Exact Sciences in Online Learning Environments
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Bot-Assistant

Bot — Generator of
Mathematical
Problems Variants

Bot — Step-by-Step
Solution Explanation
Generator

Bot-Tester

 Virtual math tutor and beyond; a reference guide
with access to a repository of mathematical concepts,
formulas, and equations; "Explain my answer" mode

* Automatic creation of multiple versions of tasks,
including in line with the National Multisubject Test
preparation program

* Provides step-by-step guidance, improving the
understanding of mathematical concepts

¢ Allows generating a list of questions and answer
options based on the uploaded dataset

Fig. 2. List of bots created by the proposed web platform

- assistant bots, which act as virtual instructors in
mathematics and other exact sciences, provide 24/7 ac-
cess to an information repository of mathematical con-
cepts with explanations of formulas and equations, and
can work in modes like "Explain my answer," among
others;

- task generator bots, capable of automatically
creating multi-variant tasks for teachers’ daily work,
students’ independent practice, and skill reinforcement,
as well as generating new tasks in training mode accord-
ing to the NMT preparation program;

- step-by-step solution generator bots provide
step-by-step instructions to enhance the understanding
of mathematical concepts;

- testing bots, which allow for quick and easy
generation of question lists and answer options based on
an uploaded dataset or simply a list of topics, and are
also ready for students to use in messengers.

In accordance with the research goal, the following
tasks were addressed:

1. Analyze the challenges and specifics of creating
chatbots and preparing high-quality datasets.

2. Develop the structure and functionality of the
chatbot generation system.

3. Provide examples of creating different types of
chatbots.

4. We conducted experiments to determine the ef-
fectiveness and cost of chatbot generation.

This paper has the following structure. Section 2
describes the optimization method for forming high-
quality chatbot datasets. Section 3 describes the struc-
ture and stages of the system’s operation. In Section 4,
we present examples and experiments to generate chat-

bots for various purposes. Section 5 discusses the find-
ings and evaluates the effectiveness and cost of the de-
veloped solutions. Section 6 summarizes the key contri-
butions and outlines potential directions for future re-
search.

2. Methods for creating high-quality
chatbot datasets

If the task involves creating chatbots trained on
specialized data unavailable in standard ChatGPT mod-
els [32, 33], or if there is a need to provide clarification
or data that should trigger unambiguous bot responses
(with a volume reaching thousands of characters), this
can significantly increase the cost of responses.

The simplest method to load a dataset is to enter
data or provide a text file that is then processed auto-
matically.

Requiring users to input critical data manually for
each point of interest provides the advantage of produc-
ing precise and accurate bot responses. However, this
would require significantly more time to process data
into the correct format, which is unsuitable for most
scenarios where a chatbot must quickly process and
understand the material provided.

2.1. Existing methods to process
large textual datasets

To provide a substantial amount of data for a bot,
several data processing methods are available:
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- additional data processing. This involves creating
points that reflect the most relevant and concise infor-
mation in the provided text. Additional text processing
can reformat data into a specific structure while preserv-
ing the core context and supplementing the original da-
taset. The downside is the added time and resource de-
mands, leading to increased costs;

- fine-tuning. This method allows us to modify the
context of a bot’s responses, tone, and quality of its
messages. However, a universal approach is needed for
possible user instructions to the bot, and fine-tuning
would require a specific dataset to train the model;

- embeddings. This appears to be the most suitable
option because it accounts for thousands of descriptions
across various categories and effectively differentiates
texts. However, experiments have shown that this meth-
od performs poorly on large text volumes (over 500
characters) and is unable to distinguish between texts
with similar topics or individual sentences;

- manual search within text segments. By splitting
the input query into words or their roots, a search can be
conducted within the text to identify segments with the
highest matches. These segments are then sent to the
API to generate a bot response.

An analysis of these methods suggests that em-
beddings are an effective auxiliary tool, but they are
best combined with additional text processing for struc-
tured context generation. Since the primary function of
the project involves creating an assistant bot, the format
for contextualization will be designed as a question-and-
answer structure, allowing users to query the text.

2.2. Splitting text datasets
into thematic sections

A critical step in chatbot development is splitting
input text into thematic blocks. This process uses ad-
vanced natural language processing methods, such as
clustering algorithms and topic modeling, to ensure ef-
fective text segmentation, key themes, and thematic
groups.

The ChatGPT model, capable of recognizing and
classifying text, is used to determine the boundaries of
thematic blocks. Each block represents a specific aspect
or topic of the original text. The process is based on
sentence structure and specific keywords, ensuring pre-
cise thematic division.

The result of this step is structured text, where
each block corresponds to a specific topic. This struc-
ture simplifies subsequent analysis and processing,
thereby providing a foundation for improving interac-
tion quality and response accuracy in future chatbot
development stages.

Thematic text division is essential for maintaining
the context and information structure, which is critical

for chatbots to function effectively. Simply splitting text
by character count can create information asymmetry,
thereby degrading text comprehension and interaction
quality.

Thematic division preserves logical information
blocks, which improves the bot’s understanding and
response quality. It helps identify key concepts and ide-
as within each text segment and structure information
for more convenient further analysis.

This approach is particularly significant when text
is split mid-topic, leading to context loss and disrupted
idea continuity, which are essential for accurate and
clear responses. Thematic division avoids such issues
and ensures information integrity, crucial for successful
chatbot-user interactions.

To ensure effective topic separation, the text
should be split at points at which new themes or logical
contexts begin. This improves the dataset usability and
makes it easier to search for relevant data to provide
contextual responses.

The query formats of ChatGPT can vary. Users
can request that the text be divided into specific formats
or provide text sections indicating where new topics are
beginning.

After receiving the results, the output must be re-
viewed for accuracy and adequacy. The task is marked
as complete or sent for further processing. Based on
experiments, 2—3 attempts with well-formed instructions
are typically sufficient. Increasing the number of at-
tempts to four is reasonable; afterward, the text should
be split not arbitrarily but at sentence boundaries.

2.3. Creating additional individual questions
and answers for text sections

Embeddings generated for text may not sufficient-
ly reflect its essence when dealing with large volumes
or unevenly structured text. Subsequent searches using
the generated embeddings may yield results with mini-
mal differences, thereby complicating the selection of
the most relevant text segment.

To address this issue, additional descriptions in the
form of questions and answers are proposed for each
text section. The chatbot is being developed; thus, this
format is most appropriate for user interaction, which
often involves asking questions and receiving answers.

In addition, providing individual descriptions of
text sections in the form of questions and answers car-
ries additional value because this approach avoids the
need to send the full text in the context of a chatbot que-
ry. Instead, only the question and its associated answer
are used, which helps reduce API interaction costs and
improve query processing speed.

In the modern context of natural language pro-
cessing, creating embeddings for textual data can face
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challenges, especially when the text is complex and
contains a large volume of information. The generated
embeddings may capture the general context but often
fail to account for subtle nuances and the diversity of
topics present in the text.

In cases in which the text is divided into different
thematic blocks, the use of embeddings may lead to
insufficient differentiation between them. Search results
based on the created embeddings may differ only slight-
ly, which makes it difficult to select the most appropri-
ate text segment for a specific query.

To improve this process, it is proposed to provide
an additional description of each text section in the form
of questions and answers. This approach is particularly
appropriate when developing chatbots because they in-
teract with users primarily by asking questions and
providing answers.

Creating individual questions and answers for each
text section helps preserve the context and structure of
the information, thereby ensuring more precise selection
of relevant information during searches. In addition, this
approach facilitates effective interaction with the chat-
bot, allowing users to send only questions and receive
specific answers. This simplifies APl usage and opti-
mizes interaction cost.

2.4. Proposed approach to create
a high-quality chatbot dataset

The justified conclusions of the analysis highlight
the importance of cost optimization and ensuring more
efficient resource utilization for chatbot development.

Thus, a combination of methods was chosen: split-
ting datasets into logical thematic sections, generating
additional context by posing questions about the topics,
and creating embeddings to identify similar text for
chatbot response generation (Fig. 3).

After dividing the text into sections, each section
is queried sequentially with ChatGPT to obtain a list of
questions that users would most likely ask about the
text. Based on the experiments, it was determined that

Existing Systems
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Fig. 3. Proposed Approach to Create a High-Quality Chatbot Dataset
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using one question for every 150-200 characters in the
text (approximately 1-2 sentences) was optimal.

If too many questions are requested, the answers
may include repetitions, or the number of generated
questions may significantly decrease when ChatGPT
cannot create many questions for homogeneous text.

If the goal is not to create an assistant bot but ra-
ther a tester bot that quizzes the user and checks their
answers, the query requests not only one correct answer
but four options, with only one being correct.

Subsequently, when presenting the question, the
system shuffles the answers to make the question-and-
answer format appear even more randomized.

3. Structure and stages
of system operation

3.1. Structure of the chatbot
generation system

The following technologies were used to develop
the web platform for chatbot generation: frontend — Ja-
vaScript + AJAX, backend — PHP, database — MySQL.
External libraries used include: Smalot\PdfParser for
decoding PDF files into text; danny50610/bpe-tokeniser
for counting tokens in the text; Highcharts for display-
ing charts.

To create the described services, the system needs
to be divided into specific modular components, each
performing its own tasks (Fig. 4).

Since the project allows material uploads via URL
or links to PDF files, the data may contain a significant
amount of extraneous material, such as HTML tags,
system symbols, page numbering, and other irrelevant
elements.

To ensure a high-quality dataset, only useful text
that is free of unnecessary symbols and informational
noise should be obtained. At the same time, it is im-
portant to maintain a balance by retaining data that may
be necessary when uploading datasets.
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Fig. 4. Structure of the Chatbot Generation System

Therefore, users will be provided with the ability
to edit the dataset after uploading it from an external
resource.

This allows them to independently remove obvious
extraneous parts of the text that are irrelevant to the ma-
terials intended for chatbot responses. Preliminary for-
matting is necessary to improve the text structure during
subsequent dataset formation because there may be line
breaks or text placed in separate blocks with tags such
as “span,” among others.

3.2. Web interface of the chatbot
generation system

The web interface is designed to allow users to
browse and select created chatbots for further interac-

tion. It serves as a showcase (Fig. 5), displaying a list of
available bots along with their descriptions and func-
tionality.

The control panel of the system for creating and
managing chatbots is an interface that includes a set of
features that are intended to provide convenient and
efficient management of chatbot creation, configuration,
and analysis processes.

This interface is designed to simplify routine tasks
related to administration and optimize the functioning of
chatbots (Fig. 6).

A key function of the control panel is the ability to
create a new chatbot. In this window, the user can enter
basic information about the bot, which allows for the
creation of datasets and API configuration for its opera-
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Fig. 6. Control Panel for Creating and Managing Chatbots

tion in the chat. This feature enables efficient setup of
new bots and subsequent work with them.

The second important function is a module to re-
view the created chatbots, which allows a detailed anal-
ysis of each one. This feature provides users with access
to specific information about each bot and its settings.

The third function involves general settings for
created bots, which allows the user to modify and main-
tain the chatbot operating parameters up to date.

A dedicated module is included in the system to
provide the ability to upload datasets and view their
details. This feature allows users to control and analyze
datasets, which is a key aspect of chatbot creation.

Another component of the control panel is usage
analysis functionality with the ability to generate graphs
illustrating API usage costs. This feature keeps users
informed about API-related expenses and helps opti-
mize resource usage. The analytical graphs on the main
page display the total API usage costs for the existing
bots. Categorizing graphs by expense type and date al-
lows users to identify the most popular usage types and
days with the highest number of user interactions with
bots.

A final but equally important feature is the ability
to view user interactions logs. This feature enables the
analysis of chat histories between users and bots, which
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is a critical aspect of understanding user interactions
with chatbots. The proposed control panel for creating
and configuring chatbots offers several advantages that
enhance the convenience and efficiency of bot man-
agement. One of the key benefits of this system is the
centralized management of all aspects of chatbot crea-
tion, configuration, and operation. This reduces the time
required to administer each bot individually and simpli-
fies the interaction process.

4. Examples and experiments
in chatbot generation

4.1. Example of configuring a bot
in assistant mode

In the first operational mode, which was imple-
mented as a classic teaching assistant, the user interacts
with the bot by posing questions. The bot, in turn, uses
models based on an extensive set of datasets to generate
responses. This approach allows the bot to answer sev-
eral questions based on the enriched knowledge ob-
tained from the dataset.

Interaction occurs in real time, where the user in-
puts their questions the system generates appropriate
responses based on the training data.

The tool created in the classic assistant mode
stands out for its flexibility and versatility. It can answer
a broad spectrum of questions and perform tasks in var-
ious fields by leveraging diverse datasets.

This makes it an effective tool for both obtaining
information and completing various practical tasks. In
addition to responding to specific questions, the bot is
provided with a history of previous messages to ensure
a more comprehensive interaction context. This enhanc-
es the bot’s ability to understand and adapt to individual
user needs, thereby helping to create more personalized

Algebra 9th grade "Fundamentals of combinatorics, probability theory and statistics”

id: 8
Assistant
CTaTUCTHUHKK", NiArOTOBKKA A0 TECTIEB Ta MifBUWEHHA YCNilWHoCT

Bot settings Dataset settings

Messenger settings

and effective responses. In the same mode, the bot can
also operate under specific instructions that define its
behavior in different scenarios.

This functionality is essential for ensuring con-
sistency and control in user interactions. Instructions
provide the bot with structured directives, which allows
it to respond appropriately to specific situations and
avoids misunderstandings.

When creating a bot in its basic settings, general
information about the bot can be configured, which is
displayed to users in the web interface (Fig. 7). In addi-
tion to the bot’s name and textual description, the basic
settings of the assistant bot allow for the addition of a
technical instruction to help it respond more effectively
to questions and better understand the context of the
data from the dataset.

The following instructions also enable the configu-
ration of additional rules for specific interaction scenar-
i0s, such as cases where data from the dataset are miss-
ing or when there is a need to avoid answering particu-
lar questions. They can also specify a predefined re-
sponse to specific inquiries.

A well-crafted context compensates for the short-
comings in the quality and quantity of data in the dataset
and allows for the creation of behavioral rules using
simple text-based queries.

This eliminates the need for code editing or devel-
opment skills.

To provide relevant answers and understand the
specifics of its functionality, the bot must have high-
quality textual data to generate responses. Since our
system can form datasets from external sources, users
can upload links to ready-made resources (web pages or
full-text PDF files) from which the necessary textual
information can be extracted.

Alternatively, users can provide information as
plain text copied from other pages or textbooks (Fig. 8).

Al_kaf302_algebra_bot

BipTyanbHUi iIHTENEKTYaNbHUIA aCUCTEHT, AKWIA NONOMOKe 3 BUBUEHHAM anrebpu 9 Knacy 3a Temow "OcHOBU KoMBIHATOPWKK, Teopii HMOBIpHOCTeH Ta

Usage Iog

Bot name

{Ngebra 9th grade "Fundamentals of combinatorics, probability theory and statistics” ]

Technical manual for
the bot

additional questi and maintain Your re

“fou are a very helpful algebra assistant on the topic "Fundamentals of Combinatorics, Probability
Theory, and Statistics™ for high school students. Therefore, respond in a simplified manner so

that high school students can easily understand. Do not give overly long answers. Instead, ask
hould simplify learning

mathematics, help find correct answers, and clarify methods and algorithms for solving

problems.Be polite. Occasionally, offer ed tasks to check

by-step for solving problems.

g. Provide step-

user
preparation and improving academic performance

Bot description for the Avirtual intelligent assistant that helps with studying 9th-grade algebra on the topic
“"Fundamentals of Combinatorics, Probability Theory, and Statistics.” It assists in test

Fig. 7. Basic Settings of the Assistant Bot for the Topic "Fundamentals
of Combinatorics, Probability Theory, and Statistics"
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Fig. 8. Dataset Configuration for the Assistant Bot

To verify that the text has been properly divided,
our system, unlike some similar services, provides the
ability to view the created sections. This can be
achieved simply by clicking the corresponding button
next to the desired dataset. After pressing the button, the
results of the selected dataset division into sections can
be viewed (Fig. 9). The available examples clearly
demonstrate the quality of text segmentation, forming

EnemeHT KOMBIHAaTOPUKHK, CTaTUCTUKK Ta Teopii iMoBipHOCTeR
KombinaTopHi 3apadi

MoHATTA KOMBIHATOPUKK

Teopin:

KomGiHaTopuka

— po3Ain MaTeMaTuku nNpo oB4YMCNeHHA KiNbKOCTI pisHux KomBiHauih Gyne-
AKUX ENEMENTIB.

Y 3aBaaHHAX 3 KoMGiHaTOpMKK, 3a3BM4ai, NOTPIGHO 3'ACYBATW, YX MOXKIMBO
cknacTk KomGiHauilo NEBHOro BUrNAQY i CKINbKW pisHWX KOMGiHALIA MOMHa
CKNaCTH.

Mpuknan:

1. CKinbKN Pi3HWX TPM3HAYHUX HOMEPIB TenedhoHy MOMHAa CKNAacTU 2 N'ATK
uup? (Binnosiab: \(125Y)

2. CrinbkoMa pisHUMK cnocoBaMu MOMHA CKNACcTH TaHLOBaNbHy Napy, AKWO
B konekTuei \(3\) xnonuuka | \(4\) piB4rHKK? (Bignosiae: \(12Y)).

3. CrinbKoMa pi3HMMK cnocobaMK MOMHA YTBOPUTU Napy YEproBuX, AKLLO B
wnaci sanMwunuca Haas, Bika, Cawa i KOpa? (Bignoeige: \(6Y)).

4, Crinskoma piaHuMu cnocofammu MokHa BuBpaTw gBOX y4HiB (ogHOro -
YMCTWTM OOLWKY, APYroro - NigMiTaTy nignory), AKWO B Knaci 3anywwnuca
Hags, Bika, Cawa i KOpa? (Bianosige: \(12Y)

the final dataset that is used to generate responses to
queries. It can be observed that the questions accurately
reflect the essence of the text and further divide it into
smaller parts. This approach reduces the cost of bot re-
sponses when delivering materials from datasets while
maintaining the quality and completeness of the an-
SWers.

AK BU pO3yMiETE MNOHATTA "MOBHWA nepebip BapiaHTie" y BUpPIWEHHI
kombBiHaTopHux 3apay? - [MoeHwid nepebip BapiaHTiB - ue MeTon
po3s'A3aHHA KOMBIHaTOPHWUX 3adavy, WO NONArae B PO3rNAL| BCiX MOMAMBUX
KoMBiHaUiin eneMeHTiB ANA 3HaXOAXKeHHA Bignosial.

AKi oCHOBHI NOHATTA KOMGIHATOPMKKM Ba)kNWBI ANA BMBYEeHHA B 9 knaci? -
BamnMBMMK NOHATTAMKM KOMOIHAaTOPWUKKM ONA BUBYEHHA B 9 wKnaci €
nepectaHoBKM, KoM6iHaLii, dhakTopian Ta iHLWi.

AK MoXHa 3acTocyBaT HKOMGIHAaTOPWUKY B MOBCAKAEHHOMY DJHUTTI? -
KomGiHaTopuKka Moxke GyTW 3acToCOoBaHa B NOBCAKQEGHHOMY >KUTTI 4nA
PO3B'A3AHHA Pi3HWX 3aBAAHL, TakWX AK CKNafaHHA posknagy, Bubip
noaapyHHie, hopMyBaHHA KOMaHA TOLLO.

Aki MeToaM poas'AlaHHA 33034 KOMGIHATOPUKK B 3HAETE, OKPIM NOBHOMO
nepefopy BapiaHTiB? OwxpiM noeHoro nepeGopy BapianTie, AnNA
Po3B8'A3aHHA 33834 KOMBIHAaTOPUKK MOXHA BMHOPWCTOBYBATH Pi3Hi MeToauM,

Taki Ak popMynn KomBiHaToOpUKK, NepecTaHoBKK, KOMBIHaLi Ta iHLWi.

Aki Npuknagn KomGiHAaTOpPHWUX 3afadY MOXKHA PO3B'A3aTM 3a AONOMOroK
kombinaTopukn? - KomGiHaTtopuka ponomarae po3B'A3yBaTH 3apadi Ha
OGYMCNEHHS KINbKOCTI PIaHWUX TPM3HAYHKUX HOMEpIB TenedoHy, CKNanaHHA

TaHWIOBaNbHUX Nap, YTBOPEHHA nap uyeproBux Ta BWGIp yuWiB AnA

BUKOHaHHA NEBHKX 3aBAaHb.

Wo Take KomGiHaTOpWKa i AKI NWTaHHA BOHA QONOMarac BUpIWYBaTH? -
KomBiHaTopuka = ue po3ain MaTeMaTUKK, AKWIA DOCNIAMKYE KiNbKICTb Pi3HMX
KoMBiHaUiil eneMeHTiB Ta BHPILIYE NWTEHHA NPO MOMNMBICTb CKNANAHHA
womBiHauiin neBHOro BUrNAAQY.

Fig. 9. Result of Web Page Processing and Automatic Dataset Formation
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CboroaHi M1 Oi3HaEMOCA NPO NOHATTA WMOBIPHOCTI.

Y »uTTi € 6araTo NoAiK, peaynsTati AKKMX NIOAM XOTinK 6 3HaTH 3a3panerigb.
Hanpwknaga, eurpaw y notepei, pesynetaT yTEONLHOMO MaTYy,

LiHK aKuiid KoMNaHii, peaynsTaT KMaKa rpansHux KyGukie, norogy Ta Garato
iHLWMX.

Xo4 0AHO3HA4YHO Ui NOAIT CNPOrHO3yBaTW W HE MOXMHa, npoTe Noau
HaBYMNUCA 064MCNIOBATH WMOBIPHOCTI IXHiX pe3yneTaTie

i, 3BaxaloqM Ha Ue, YxBanioBaTh HeobxigHi pileHHA.

IHTYiITWBHO BM pO3yMieTe, WO NiAKMAADYW FPanbHOro KyGuKa, Ha AKOMY €
YWCNa BiA OAHOrO A0 WECTH,

AMOBIPHICTE OTPUMATH OAWMH AOPIBHICE OAHIA LWOCTIA, aAMe KOMHE YHCNO
BUNALAE 3 OAHAKOBOK HMOBIPHICTIO.

CeorogHi MW 0aMo KNacWYHe BU3HAYEHHA WMOBIPHOCTI Ta pPO3B'AMEMO
pexinbKa 3afad.

Akwe nopin oboe'AR3KoBO  BipByneTbeA,
pocToBipHOIO | i AMOBIpHicTs 1.

Hanpuknaa, nopis «Y pesaynstati kmoka ky6uka eunage Yucno Big 1 no 6»
o06oB'A3KoBo BIAGYAETLER,

AMMKE IHWKX YUCeN Ha KYOUKY HEMaE, | TOMY BOHa MaE MMOBIpHICTL 1.

Mopii, AKi He MOXyTb BIAGYTMCA, HA3WBAKOTHCA HEMOMNMBUMMK | MaKTb
AmoBipHicTs 0.

Hanpuknap, nopia «Y pesyneTati kugka KyGuka Bunage 7* HiKonu He
Bia6yneTeCs, apHe Ha KyBuKy € nuwe yucna eig 1 no 6.

AKwo BUNPo6OBYBaHHA MOXE MOKA3aTW OAWH 3 N PIBHOMOMNMBKX
pe3ynbTaTis, 3 AKWX M NPM3BOARTL A0 HACTaHHRA Noaji A,

TA Guanindierma Aanll A Wa3WAAATRE RiNWANIAKEE M A n Hannuenan

TO Taky MOAIl0 Ha3WBaKTL

"Ake Knacu4He Bu3Ha4YeHHA WMoOBIpHoCTI?' -"KnacuyHe BM3HAYeHHA

WMOBIPHOCTI  CTBEPIKYE, WO WMOBIPHICTE noAii  JOPIBHIOE  KinbHoCTI
CNPUATAMBKMX BWNAOKIB, NOAINEHIW Ha 3aranbHy KiNbKICTB MOMAWBUX
Bynaakis."

"Hk MOMHA 0BYMCIUTA AMOBIPHICTL BUrpawy y noTepei?” -"MMoBipHicTb
Burpawy y novepel 064MCNICETECA HA OCHOBI CNIBBIAHOWEHHA BUMPALIHWUX
KoMBiHaLiil 0o 3aranbHOI KINBKOCTI MOMAWBKX KOMBIHaLin."

"Aki nNpuknagu nNoAid  MOMHa BUKOPWUCTOBYBaTM ONA  OBYUCNEHHRA
viMoBipHocTi?" -"MpuknagaMu € BUrpaw y noTepei, peaynsTaTi CNOPTUBHUX
MaTHiB, WiHW aKUii, kKuaku Ky6Gukis Ta noroga.”

"LLLo Take AMOBIDHICTL Y KOHTEKCTI NOBCAKAEHHOrO HUTTA?" -"IMOBIpHICTL -
ue Mipa MOMNMBOCTI HAacTaHHA NEBHOI NOAIl, Wo fonoMarae NPorHo3yBaT
PesyNETaTH Y MUTTI"

"Aki npuknagM noaili MomyTe GyTu gocToBipHMMK?' - "lMpuxknapom
AOCTOBIpHOI nopji € BunapaHHA Yucna Bio 1 po 6 npu KWOKY KyGuka,
OCKINbKKU L@ HEMOM/IMBO 3MIHUTK."

"YoMy WMMOBIPHICTb 3YCTPITM AMHO3aBpa He AopiBHioe 1/27" - "MmMoBipHicTb
3YCTPITU KMBOTO AMHO3aBPa MEeHWa 3a 1/2, OCKiNbKKW HAcNpPaBAi WaHcK Ha
e NPakTUYHO HyNbOoBI."

"Hka HMOBIPHICTE BUNAfaHHA NapHoro Yrcna Ha kyBuky?" - "MmosipHicTe
BWNaAaHHA NapHoro 4YwWcna Ha KyGWky cTaHoBuTb 3/6, abo 1/2, ockinbku €
TPW NapHi Yucna 3 wectk."

Fig. 10. Result of Dataset Segmentation into Sections and Generated Questions

Let us try asking the assistant chatbot a few ques-
tions (Fig. 11).

It can be observed that the bot performs excellent-
ly when generating responses to user queries. The bot
was provided with no less than 1,000 tokens of material
for generating answers, along with the complete history
of previous messages. This helps the bot provide more
accurate and user-specific responses.

The bot offers step-by-step solutions to problems,
generates tasks for independent practice, identifies prob-
lematic areas, and provides recommendations (Fig. 12).

Hp 9

TPHBIT 1135,
% MpuBiT! Ak TBOI cNpaBn? YUm MOXXY JONOMOITH ChOTOAHI? 1735
Lllo Take koMBiHaTOPUKA? 1159,

pUKa — Ue po3ain MKM, KW BUBYAE
€NOCOBM KOMGIHYBaHHS, PO3MILLLEHHS Ta NiAPaXYHKY PISHUX
o6'ekTin a6o eneMenTi. BoHa 3aMMAETLCA NUTAHHAMM, K
nos'A3aHi 3 opraizauiero i BHSOPOM ENEMEHTIB B MHOXWHAX.

### OCHOBHI NOHATTH KOMGIHATOPUKM:

1. *KomBinaviir:

- Bubip enemenTis 3 6es
Hanpuknag, u6ip 2 dpykTis 3 Habopy \(\{#6nyko, 6aHaH,
anenbcuH\J\).

2. *epmyTaLii**:
- PoaMmileHHs enemeHTis y nopsaky. Hanpuknag, BCi MOXNBI
cnocobu, Ak MoXHa poacTasutu 3 nitepu (A, B, C) 8 psa.

3. T*POIMILLEHHA™:
- BUGIp eNeMEHTIB 3 MHOXMHI 3 YPaxyBaHHAM Nopaaky. Lie ak
KOMGIHAL|iT, ane BaXUBO, B AKOMY NOPAAKY BUEPaHi eNemeHTM.

##H# 3acToCYBaHHA KOMBIHATOPUKN:

KomBiHaTopuKa 3acTOCOBYETHCA B PisHux chepax, Big
CTATUCTIKM A0 KOMI'IOTEPHIX HAYK, & TAKOX B NOBCAKAEHHOMY
OKUTTI, HANPUKNAA, NPK NNAHYBaHHI 3ax0Ais a60 aHanisi
MoBipHOCTE# Y rpi.

AKWo To6i Likaei AeTani 860 KOHKPETHI NPUKNaAM, AaH 3HaTH!

11:39
[@ Message

The total cost of using each bot is displayed in two
graphs (Fig. 13):

- daily expenses — this allows analysis of the bot’s
usage daily. The division by days helps identify poten-
tial anomalies and monitor the bot’s popularity;

- total expenses by type — categorizing expenses
into groups allows examination of which specific opera-
tions with the bot incur the highest costs and how future
optimization can be achieved.

Meni nanv sapayy. B ectaderti 6epe yuactsb 5 yuHis. Ckinbkoma :(
C€noco6amMn BOHU MOXYTh BULIMKYBaTHUCh Yy paa? MosicHu ski |
PO3AiNM Ta 3HaHHA MEHI NOTPIGHI Wo6 Take poBuTH?

1254w |

Lle yikaea sapayva! LLlo6 ii poss’'asaTk, To6i 3HagobnATLCA
3HAHHA 3 KOMGIHATOPUKM, 30KPEMa NPO **nepMyTauii*.

### Po3p'AsanHs 3aaavi:

1. **KinbkicTb yuacHukis**: ¥ Hac e 5 yuHis.

2. **BusHaueHHs nepmyTauin**: MepmyTayii — ue cnocotu

PO3MILLLEHHA ENEMEHTIB Y NEBHOMY NopAAKY. KinbkicTe

nepmyTaiin \(n\) eneMenTis 06UMCNIOETCA 38 GOpMYNOKD:
P(n)=n!

Ae n! —uye dakTopianuMcna n.

3. *06UMCAMMO™: ¥ HaLIOMY BUNagKy n=5:

o

[ P(5)=51=5%4 %3 +2%1=120
| |

|| Takum unHOM, 5 yuHiB MOXYTb BULIMKyBaTHCB Y psf 120
| cnocoGamn.

### AKi 3HAHHA NOTPIGHI:

- **(akTopian**: PosymiTu, sk o6uucniosati daxTopianu
(nanpuknag, 5!').

- **MepmyTauii**: 3HaTw, WO Take NepmyTaLjii Ta Ak ix
0BUUCAIOBATH.

- **QCHOBM KOMBIHATOPHKU**: 3aranbHi NPUHLMNM
KOMGIHATOPHUX OBYMCNEHD.

AKIWO ¥ TeGE BUHUKIIM W NUTaHHS ao T xodel
MONPaKTUKYBaTMCA 3 NOAIBHUMMU SABAAHHAMM, fai SHATU! 155,

Fig. 11. Example of Using the Bot in Assistant Mode
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€ 3afa4a cKiNbKM ICHYE PiHWX KOMBIHALA ANA KOAOBOO 3aMKa

3 4 yuap. MNoscHu it 11437 |

3suyanHo! [laBail po3rnAHeMo 3afaqy Npo KOAOBWA 3aMOK 3 4
undp.

#HE YmoBM 3afaui:

MpunycTUMO, ANA KOXHOT UMDPH B KOAT MOXHA
BUKOPUCTOBYBATH uucna sig 0 go 9. Lle o3Hayae, wo y Hac e 10
moxnueux undp (0, 1,2, 3,4, 5,6,7, 8, 9). Akwo nopagok uudp |
Ba¥NUBUA (TOBTO, KOMBIHaLYT 1234 i 4321 — ye piaHi kogu), Toai g N
MK ByiemM0 BUKOPMCTOBYBATWU NPOCTHH NifpaxyHoK.

### KpoKn po3B'A3aHHA:

1. *Bu3HaueHHA KiNbKOCTi BapiaHTiB ANA KOXHOT unppu**:
- Ans nepwoi yudpu: 10 MOXNUBUX BapiaHTIB.
- Ons apyroi udpu: 10 MOXNUBKX BapiaHTIB.
- Ans TpeTbol undpw: 10 MOKNMBUX BAPIaHTIB.
- Ons yetBeptoi undpu: 10 MOX/IMBUX BAPIaHTIB.

2. **0B4nCNeHHN 3araNnbHOI KINbKOCTI KOMBIHaLin**:
- OcKinbku KoXHa undpa BUGUPAETHCA HE3ANEXKHO, MU NPOCTO
|| MHOXHMO KINbKIiCTb BapiaHTIB ANA KOXHOT NO3MLT:

vy

3aransHa KinbKicTs KombiHauin = 10*4 = 10000.

| ### Bignosige:
TakuM YHHOM, icHye **10000%* pisHux KOMBiHaLi Ans KOROBOrO
- 3amka 3 4 unop.

| Akwo y Tebe € nuTaHHA abo xo4eww cnpobyBaTi CaMoCTIRHO

| BWPILIATK CXOXY 3aAauy, Aaid 3HaTU! 11.43
]

Xouy, 1ai MeHi 33884y 1146,
3sicHo! Ocb 3aA24a Ha KOMGiHaTOpiKy:
**3agaua*: ¥ Knaci e 5 yuHie: AHs, Borgan, Bika, [lima Ta €sreH.
Bubepu 3 yunie AnA yyacTi y amMaraHHax. CKinbku pisHnx

KOMGiHaLiA yuHIB MOXHa BUGpaTH?

#i#t# MoKPOKOBE PO3B'ASAHHA:

1. BU3HAUMTH, CKiNbKK Y4HIB (n) Ta CKinbku noTpi6Ho BuGpaTi

()

n=5
k=3

(BCi yuHi)
(yuHi ans suGopy)

2. BukopucTaTi hopMyny Ans KOMGiHaLLii:

C(n, k) = {ni} / (kIfn - K1}

3. MigcTaBuTh 3Ha4eHHs n i k@

C(5,3) = {51 / {31(5- 3)})

4. 06uncnuT hakTopianu Ta 3HARTK BIANOBIAL.

Cnpo6yit po3s’'A3aTi Lo 3afaqy, a NOTiM NOAINKCA CBOIM
pileHHsam! Akwo 6yae NoTpiGHO ACONOMOrTH, NPOCTO Aai 3HaTH!
11:46

Fig. 12. Example of Using the Bot in Assistant Mode (Continued)

DAILY EXPENSES (S}
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@ Chat Answer

TOTAL EXPENSES BY TYPE ()

Embeddings @ Questions for Chunks @ QnA for Manual Topics

QnAfor Chunks @ Split text by Topics
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Fig. 13. Bot Usage Graphs

4.2. Example of configuring the bot
in tester mode

The separate testing mode in the chatbot creation
service allows users to generate a list of questions and
answer options based on an uploaded dataset. This
mode is designed to create a quiz bot that sends users
questions with multiple-choice answers. The main func-
tionality of this mode is that the bot checks the correct-
ness of user answers and provides feedback on the test
results.

The testing process began by uploading a dataset
containing textual data with sequential information
about the questions and their correct answers (Fig. 14).

The next step is the generation of questions and
answer options based on the selected thematic lists. The
system selects various question formulations consider-
ing their diversity and adjusts the probability of the cor-
rect answer appearing among the options.

To ensure question diversity, the bot can account
for texts containing variables, which are later replaced
with specific values.

Special attention is given to verifying the correct-
ness of user answers. After sending a question, the sys-
tem awaits a user response and compares the response
to the proposed answer options.

In case of a match, the bot informs the user of the
correct answer and may increase the user’s ranking if
such a feature is implemented.
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In addition, test results can be stored in a database,
where user response statistics are recorded. This enables
tracking participant performance, comparing results,
and creating leaderboards of top test performers. These
data can also be used for statistical analysis and to im-
prove the system based on the collected insights. The
aforementioned functionalities and aspects of the sepa-
rate testing mode are designed to enhance the effective-
ness and capabilities of the chatbot creation service, as
well as broaden user opportunities to utilize it in educa-
tional and entertainment contexts. The implementation
of such features allows the service to be used more ex-

e Test on the topic "Sets. Operations on sets”
a:

tensively to create custom trainers and remote tests, as
well as to develop intellectual skills and knowledge in a
continuous mode.

These quiz-based chatbots can be used to conduct
thematic tests or evaluate the development of specific
competencies.

After forming the dataset, the text sections were
segmented by meaning or topics, and questions were
generated for each section along with four answer op-
tions. Figure 15 shows an example of dataset segmenta-
tion and question generation for the test on the topic
"Sets. Operations on Sets".

QNAsDataset [1epeBIpKa 3HaHbL YYHIB NPO MHOMMHY Ta il N1EMEHTU, MOPOMHID MHOMMHY, CNOCOBK 3a0aHHA MHOMXKWH Ta Npo onepauii Hag MHOXUHaMKA

20 HEABHMX 2AMMTAHE

Bot settings Dataset settings

Add new Data-Set

Enter text

Messenger settings

] Download

Text
Page URL [
URL to PDF [

] Download

Sources for Data-Set

Aal

100%
completed

© W

Fig. 14. Dataset Configuration for the Tester Bot

HEPRJIHMEHHFEM || &JIEMEHTIE. IVIHUMAHE BHAMAEIDLH JdadHUK), HKLU BKd3dHd
BNACTWBICTb, AKY MalOTb BCI ii €NeMEeHTH | He MalTb L0 BNACTMBICTb iHWI
ob'ektv. Taka BNacTMBICTb HA3WBAETbCA XapaKTEPUCTMYHOK BNAcTUBICTIO
MHOMAHH.

MHOMMHY €NneMeHTIB, WO MalTe AaHY XapakTepuCTWYHY BNacTUBICTB
NO3HAYaTE TaK: NUWYTE GIryPHi AYMKKK, B HAX — MNO3HAYEHHA eneMeHTa
MHOMMWHW, NICNA HBOrc — ABOKPanKy, a MOTIM — XapaKTepUCTUHHY
BNACTUBICTE

Hanpwknag, 3anuc A = {x : -3 < x < 4} o3Ha4aE, WO MHOXKHA A CHNANAETHCA
i3 BCiX YMCen X, WO 3a40B0NbHAKTE HEPIBHOCTI -3 < X < 4,

AKLWO KOMEH ENEeMEHT MHOMWHW A MICTUTBCA Y MHOMXWHI B, TO MHOXKMHA A
HA3MBAETECA NIQMHOXWHOK MHOMMHKU B. Lle 3anucyetecAa Tak: A c B
(4uTaeTbeA: A € NiaMHOXKKMHOIO B, abo A BKNIOYaETLCA A0 B, abo A MiCTUTLCA B
B, abo B sknio4ae B cebe A, abo B MicTute A).

Hanpuknag: MHOMWHA YYHIB BALWOro KNAcy € NIAMHOMUHOK MHOMUHK YYHIB
LWKONW; MHOXMWHA MELKaHUIB XapKoBa € NiAMHOMMHOI MelKaHUiB YKpaiHu;
MHOMWHA 3ipoK Hawoi ManakTUKKW € NIAMHOXKWHOK MHOMWHW BCIX 3iPOK
BCECBITY.

Bce ye HaouHo 306pa)kaloTe 3a fonoMorcko agiarpamu Einepa.

MNepeTvHoM MHOMMH A | B Ha3uBaeTbcA MHOXMHA C, AKA CKNAJaAETBCR 3 yCix
THX | NUWe TUX eneMeHTiB, AKi HaneaTb KOMHIH i3 QaHWUX MHOMXKWH.
Mo3navaemo ueTak: ANB=C

1. "flka 3 HACTYNHUX YUCEN HANEMUTL MHOXMWHI B, AKa MICTWUTL Yucna, KpaTHI
15 ta MeHwi 3a 907" a) "75" b) "80" ¢} "50" d) "30"

3. "AKWO KOMEH eNeMeHT MHOXUHKM A MICTUTBCA Yy MHOMUHI B, To ax
Ha3WBaETECA MHOXMHA A7?" a) "nioMHOMWHOK MHOMMHM B" b
"A0NOBHEHHAM 00 MHOXUHKU B" ¢) "nepeTuHoM MHOMMH A i B" d) "cymoio
MHOMMH A | B"

2. "Wo o3mavae 3annc A = {x : -3 < x < 4}7" a) "MHOXWHa A CKNapaeTeCA i3
BCiX YMcen X, WO 3af0BONBHAKNTL HEPIBHOCTI -3 < X < 4" b) "MHOXMHa A
MicTUTE Anwe yncno 4" c) "MHoMMHa A nopoxxHR" d) "MHOXWHA A MicTUTB
BCi HaTypanbHi 41cna"

1. "AKk NO3HA4YaAETLCA MHOMMHA  ENeMEeHTIB, WO MawTb AOaHy
XapaKTepUCTUYHY BRacTuBicTb?" a) "dirypHumMun aymKamu" b) "KeaapaTHUMK
ny*kkamu" c) "kpyrnumu gyskkami” d) "nankammn”

2. "AK No3HavaEeTLCA NepeTHH MHOMKUH A | B?" a) "A N B" b) "A u B" ¢) "A -
B"d) "A + B"

1. "lWo Take niaMHOMMHA B MaTeMaTUUI?" a) "MHOMXWHA, BCT eneMeHTH AKol
Hanemars iHWid MHOKUHI" b) "MHoMWHA, WO MiCTUTE BUNagkoBi eneMeHTk"
c) "MHOMMHA, WO He Ma€ woaHoro eneMeWta’ d) "MHouMa, wWwo
CKNapaETbCA TiNBKK 3 0AHOMD enemMeHTa"

Fig. 15. Result of Dataset Segmentation into Sections and Generated Questions for the Tester Bot
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The cost of dataset segmentation was $0.003,
while generating questions and answer options cost
$0.005 (Fig. 16).

As a result, we created a ready-to-use chatbot with
20 questions on the topic "Sets.” Operations on Sets".

When using the chatbot in a messenger, the user is
presented with a question and four buttons to submit
their answer. In case of an error, the bot will notify the
user of the correct answer. An example of using the bot
is shown in Fig. 17.

This number of questions can comprehensively
cover almost any topic and provide users with the op-
portunity to test their skills on a large amount of unique
material. If the bot is created in testing mode with ques-
tions and answers, it is possible to review which users
interacted with the bot and how many questions they
were able to answer correctly (Fig. 18).

This functionality helps create user rankings,
which can motivate users to continue using the bot and
compare their skills in a selected topic with other users.

TOTAL EXPENSES BY TYPE ($)

0.008

0 0.0005 0.001 0,0015 0,002 0.0025 0,003 0,0035 0,004

@ Split text by Topics QnAfor Chunks @ QnA for Manual Topics

@ Questions for Chunks.

There is also a chathot generation mode for testing
based on a list of topics. This mode, which allows tester
bots to be created from a list of provided topics, realizes
quick and efficient question and quiz generation.

Unlike the previous mode, which relies on dataset
analysis, the proposed mode operates solely with the
provided topics, which simplifies the question genera-
tion process and allows for the rapid creation of tester
bots based on common topics.

The first step in creating a tester bot is to submit a
list of topics that will be used to generate questions. The
system then analyzes the provided topics and prepares
for the question generation task. The generation process
involves the bot creating a certain number of questions
related to each given topic (Fig. 19).

In the example shown, a bot was created for the
topic of 9th-grade algebra, specifically "Inequalities and
Systems of Inequalities”. The bot settings included the
following topics: properties of numerical inequalities,
coordinate line, numerical intervals, solving linear ine-
qualities, rational inequalities, and systems of rational
inequalities.

| | |
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|
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|
0008 00.

Embeddings @ Chat Answer

Fig. 16. Costs of Creating a Chatbot with 20 Questions on the Topic "Sets. Operations on Sets"
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Fig. 17. Example of Using the Tester Chatbot on the Topic "Sets. Operations on Sets"
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the Bot in Testing Mode
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After generating questions, the system creates cor- Once the questions and answer options have been
responding answer options for each question (Fig. 20).  created, the bot is ready for use and testing. Users can
Unlike the dataset mode, where the answer options can  interact with the bot, answer questions, and check their
be derived from the text, in this mode, the answer op-  knowledge about the given topics.
tions are generated according to the topic of the ques-
tion. For each topic, 20 questions were generated.

i 10 Algebra 9th grade. Tests on the topic "Inequalities and systems of inequalities”
id:
QNasTopics [lepeBipKa 3HaHb Y4HIB Ha TeMmy "HepiBHocTi Ta cucTemu HepisHocTeid"

119 HaneHMx 3aNMTaHL

Bot settings Dataset settings Messenger settings Usage log

Sources for Data-Set

Algebra 9th grade - Properties of numerical inequalities Completed @) 'ﬁl‘
Algebra 9th grade - Coordinate line Completed & ﬁ
Algebra 9th grade - Numerical intervals Completed [} 'ﬁl‘
Algebra 9th grade - Solving linear inequalities Completed @ 'ﬁ"
Algebra 9th grade - Rational inequalities Completed [} ﬁ'
Algebra 9th grade - Systems of rational inequalities Completed D ﬁl‘
Fig. 19. Automatically Generated Datasets for the Tester Bot Based on a List of Topics

1. AKe 3 HACTYNHWX PIBHAHb € CUCTEMOIO PaLioHaNbHUX HEPIBHOCTEN? .

correct - x/(x-1) > 3, 2/(x+2) = 1

b) xA2+ 2x+1=0

¢x+5=0

d)dx-7<0

2. flka yMmoBa Mae 6yTi BUKOHaHa A1A Toro, Wob pauioHansHa HepiBHICTs x/(x-3) < 2 6yna BuaHaveHa?

correct - x# 3

b)x#0

cjx<2

d)x>3

3. AKe 3HaYEeHHA X 3aN0BONBHAE CMCTEMY HepiBHOCTeR: 1/x > 11 x < 47

correct - x = 2

b)x=5

x=1

d)x=0

4. flka 3 HacTyNHUX HepiBHOCTE He € paujoHansHoK?

correct - xA2 > 4

b) 1/(x-1) <0

o) (x+1)/(x-2) > 0

d) 2/(x+3) < 1

5. AlKe 3 HACTYNHKUX 3HAYEHb X € PO3B'A3KOM CUCTEMU HepiBHocTel: (x-1)/(x+2)z0ix > -1?

correct-x=1

b) x =-3

c)x=-2

d)x=0

6. Aka 3 HaBepeHUX HepiBHOCTEH € HEBIpHOW ANA X = 07

correct - 1ix <0 M

Fig. 20. Questions and Answers Generated by the System for the Tester Chatbot
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This bot format does not require payment for oper-

ations other than generating questions for each text sec-
tion; thus, it is the most cost effective bot mode.
Thus, this mode enables the quick and efficient creation
of tester bots based on provided topics, making it a val-
uable and versatile tool for teachers creating quizzes and
ready-to-use tester chatbots.

4.3. Chatbot for generating variants
of mathematical tasks

To develop strong mathematical problem-solving
skills, students must solve a series of tasks of a specific
type, varying in conditions and numerical parameters.
This approach enhances competency acquisition and
prevents students from memorizing answers, thus ensur-
ing better results when retaking tests. To achieve this,
the following must be ensured:

- a set of meaningful formulations for individual
classes of mathematical problems (where possible);

- The ability to generate random numerical pa-
rameters for all task classes.

Teachers often use the same tasks repeatedly, with
solutions that can even be found online. As a result,
instead of solving the tasks independently, some stu-
dents search for answers online.

When preparing for the National Multidisciplinary
Test (NMT) in exact sciences, there is also a need to
generate tasks of a specific type and develop the neces-
sary problem-solving skills. Our platform, powered by
generative artificial intelligence, helps teachers address
the following issues:

- generation of mathematical problem variants
(automatic creation of multi-variant tasks);

- generation of possible answer options for tasks,
considering the structure of the National Multidiscipli-
nary Test;

- creation of step-by-step explanations for solv-
ing generated tasks and improving students’ understand-
ing of mathematical concepts;

- generation of templates for formulas, geometric
figures, and function graphs in LATEX and PDF for-
mats (LaTeX is a markup language and a macro pack-
age for TeX, commonly used for high-quality mathe-
matical and technical document formatting, considered
the de facto standard for scientific publications);

- generation of algorithms and Python code to
solve the generated mathematical problems.

In the student mode, each test attempt generates a
unique set of tasks that are specifically designed for the
student.

The complexity of numerical parameterization lies
in the fact that correct answers cannot be pre-calculated

and stored in a database. In addition, random generation
must ensure results produce whole numbers without
requiring a calculator. When the input data changes,
both the answer and all parameters of the step-by-step
solution must be recalculated automatically. To achieve
this, calculation functions need to be developed for each
task class, which are triggered by data changes. At the
same time, it is essential to preserve the system’s scala-
bility and ability to add new task classes.

Our approach allows for dynamic task generation.
The teacher-user interacts with the system through a
user-friendly web interface that provides access to an
administrative panel to manage task template genera-
tion. This interface makes it easy to generate new math-
ematical task variants and, if needed, answer options,
step-by-step solutions, Python code (for further experi-
ments with numerical parameterization or computer
science lessons), and templates for formulas, geometric
figures, and function graphs in LATEX and PDF for-
mats.

Fig. 21 shows the administrative panel interface
for managing task template generation for a class of
tasks, such as the "Problem-Oriented Task on Linear
Equations," a task category included in the NMT.

Fig. 22 presents an example of task generation for
the class "Simplify the Expression Using Factoring
Formulas". In addition, a LATEX template of the for-
mula used in the task was generated, along with a
graphical representation in PDF.

Fig. 23 shows another example of task generation
for geometry, specifically the "Parallelograms and
Trapezoids" task class.

The tasks generated in this way can be added to
the corresponding chatbot, which, for example, can
serve as a practice tool for NMT preparation.

5. Discussion

The effectiveness and cost of the developed solu-
tions were evaluated through experiments.

The developed tool, which is based on the classic
assistant mode, stands out for its high flexibility and
versatility. It can respond to several questions and per-
form tasks in various fields using diverse datasets. This
makes it effective for both obtaining information and
solving practical tasks. In addition to answering specific
questions, the bot has access to the history of previous
messages, providing a deeper interaction context. This
feature enhances the bot’s ability to understand and
adapt to individual user needs, resulting in more person-
alized and useful responses. To test the assistant bot's
functionality, multiple bots were created for high school
algebra and geometry topics.
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a\sin(\alpha))\). - Bextop \(b\) Moxemo
npeactasuTy Kk \(\wec(b} = (b, O]V}, ockinekm sik
REXUTE Ha 0ci \(A). Kpox 1: Bextopra
penpesentauis cropin. 3 orasay Ha seawumrHn |
{a = 5 em. \(b = 3Y) cm i \\alpha = 60V)
rpaaycis, maemo: \(\vec(a) = (S\cos(60\circ),
S\sin(B0M\irc)\) Ta \wecib} = (3, O)V). Kpok 2
3Haxo/KeHHA BexTopa alaroHani. JliaroHans
napanencrpama oxe GyTM InaiiAena ax
sextopra cyma \(iveclal) i \(wec(bj\, wo ase
nam \(wecld) = \vecfa) + \wec[b]\). Kpok 3:
BHKDPHCTRHHA 32K0HY KOCHHYCIB. [loBXHHa

AlTaskPythonCode

generation of answer options for this type of task
is not provided

GENERATE PYTHON CODE FOR SOLUTION

AlMathGraph&Formulas

the PDF seems to be generated and you will see it
in 2 seconds

PDF FOR FORMULAS OR GRAPHICS

Fig. 23. Example of Using the Panel for Managing Task Template Generation
for the Task Class "Parallelograms and Trapezoids"
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As demonstrated in section 4.1 with the assistant
bot for the topic "Fundamentals of Combinatorics,
Probability Theory, and Statistics”, the system effective-
ly segments text into parts, forming a final dataset for
generating responses.

Because the system can track expenses by query
type, we can calculate the exact cost of dataset genera-
tion for the topic "Fundamentals of Combinatorics,
Probability Theory, and Statistics”, as shown in Table 2.

Table 2
Cost of Dataset Generation

Cost
Calculation

Dataset | Input

Tokens

Output
Tokens

Cost (3$)

Dataset 1 {3343 1874 3343/1000 *
0.001 +
1874/1000 *

0.002

0.007

Dataset 13343
(second
attempt)

580 3343/1000 *
0.001 +
580/1000 *

0.002

0.0045

Dataset 2 |3084 1126 3084/1000 *
0.001 +
1126/1000 *

0.002

0.0053

Dataset 3 |4841 674 4841/1000 *
0.001 +
674/1000 *

0.002

0.0061

Dataset 4 (1725 63 1725/1000 *
0.001 +
63/1000 *

0.002

0.0018

Dataset 5 [1506 1035 1506/1000 *
0.001 +
1035/1000 *

0.002

0.0035

vices, this approach offers higher quality because it does
not simply break the text in the middle of sentences but
separates it thematically.

Furthermore, after the segmented parts are formed
based on thematic meaning, the service initiates the pro-
cess of generating primary questions for the text, which
can be developed. This allows highly accurate answers
to frequently asked questions.

The creation of additional context in the form of
questions for every few sentences cost only $0.053, but
increased the dataset size by 65% while structuring the
data more effectively for chatbot interaction. This minor
cost of bot configuration and question generation signif-
icantly improves the quality of responses by enabling
more precise information retrieval from the datasets.

As shown in Figures 9 and 10, the generated ques-
tions accurately reflect the text’s content and further
break it down into smaller segments, which reduces the
bot’s response cost when delivering information while
maintaining answer quality and completeness.

After the dataset text is divided into sections based
on themes and supplementary question-answer descrip-
tions are generated, each part is assigned an Embed-
dings description.

In the assistant bot example for 9th-grade algebra
on the topic "Fundamentals of Combinatorics, Probabil-
ity Theory, and Statistics", the length of the question
texts was 15,173 tokens, while the length of the text
segmented by themes was 23,303 tokens.

For the descriptions, the OpenAl model "text-
embedding-ada-00" was used, and it was priced at
$0.0001 per 1 K tokens, which equals $0.038 based on
these calculations.

The total cost of configuring the assistant bot is
summarized in Table 3.

Table 3
Total Cost of Dataset Generation for the Assistant Bot
on the Topic "Fundamentals of Combinatorics, Proba-
bility Theory, and Statistics"

Dataset 6 {1857 452 1857/1000 *
0.001 +
452/1000 *

0.002

0.0027

Total 19699  |5804 0.0309 0.0309

Based on these calculations, we provided sufficient
comprehensive information for creating the bot, totaling
23,835 characters; however, the cost of segmenting the
text into parts was only $0.03. Compared to similar ser-

Task Type Token Count Cost ($)

Segmentation | 19699 input + 0.0309%
5804 output

Question Gen- | 23303 input + 0.0536%
eration 15173 output
Embeddings 38476 output 0.038%
Generation
Total 0.1225%

Only $0.1225, considering that the configuration
includes datasets totaling approximately 90,000 charac-
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ters, which can be considered a comprehensive volume
of information, makes this cost a clear advantage com-
pared to other services reviewed in this article.

The implementation of such functionality as the
creation of tester chatbots, expands the use of the ser-
vice, which allows users to create their own training
tools and remote tests while continuously developing
their intellectual skills and knowledge.

One advantage of using the proposed mode with-
out a dataset, relying instead on the topics specified in
the bot's instructions, is the speed of creating tester bots
based on commonly known topics.

This allows teacher-users to quickly prepare test
questions and quizzes without the need to collect and
analyze large datasets. Moreover, using such a bot does
not incur additional costs because no API calls to
ChatGPT are made when questions are displayed.

Another key point emphasizing the importance of
generating new task variants during interactions with
the assistant bot or through our separate task generation
service is that when teachers use pre-existing tasks, such
as those previously included in the NMT, solutions of-
ten eventually become available online (Fig. 24).

@ sipnoeis/na - nepesipexa excnepramMu

' !D 06.06.2024 « MaTematiks » 10 - T knacce:

. CepriiA kynus 4 yopHi, 6 YepBOHMX i N CUHIX pydok No 27 rpH, 15 rpH i 10
rPH KoXHa. CepeaHa UiHa OAHIET KynaeHo! py4Ykid BUABMAACA MEHLLOID 3a 13
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Fig. 24. Example of NMT Task Solutions
Auvailable Online

Students often use such resources without solving
tasks independently, which reduces the effectiveness of
the learning process. We understand that creating
unique task variants for each topic adds extra workload
for teachers. This is why our service has become an
essential assistant to educators seeking to address this
issue.

Using these tasks in our chatbot modes allows stu-
dents to build strong problem-solving skills by complet-
ing a series of tasks of the same type. This approach
promotes deeper material retention and competency
development and prevents the mechanical memorization

of answers, ultimately improving performance on re-
peated tests.

6. Conclusions

A study was conducted to describe the develop-
ment of a web platform for generating various types of
chatbots using artificial intelligence models to improve
the quality of student preparation in exact sciences un-
der online educational conditions.

1. An analysis of the problems and features of
chatbot creation demonstrated the importance of cost
optimization and more efficient resource utilization dur-
ing the development process. Compared to similar ser-
vices, there is a clear gap in the speed of accessing tools
powered by generative Al models. This gap is evident
from the moment the service page loads to the point
where educators and students can start using the tool.
Modern demands show a growing interest in interactive
learning: students seek convenient and accessible ways
to master complex subjects like mathematics and phys-
ics, while educators search for effective tools to engage
learners and automate routine tasks. This highlights the
importance of developing a web platform for generating
various types of chatbots using Al models to enhance
student preparation in exact sciences under online learn-
ing conditions.

As a result of the analysis of methods for pro-
cessing large volumes of text while forming a quality
dataset for chatbots, a combination of approaches was
selected, including thematic segmentation, generating
additional context through topic-specific questions, and
generating embeddings to match similar texts when
providing chatbot responses. Generating unique ques-
tions and answers for each text fragment helps preserve
the context and structure of the data, thereby ensuring
more accurate information retrieval during searches.
This method also facilitates convenient interactions with
the chatbot by allowing users to send only questions and
receive clear answers, simplifying API usage and opti-
mizing interaction costs.

2. The structure and functionality of the chatbot
generation system were also developed and described. A
breakdown of the system’s components and their func-
tionalities was provided to ensure the implementation of
the new data processing and dataset formation methods.
A significant advantage over other services is the ability
to provide ready-to-use chatbots can be provided for
interaction. To achieve this, a web platform was devel-
oped where, on the homepage, a list of ready chatbots is
available for immediate use. Users can start a conversa-
tion with the selected bot in a messenger by clicking a
single button. In the chatbot creation mode, the user is
redirected to the system's management panel, which



42

Radioelectronic and Computer Systems, 2025, no. 2(114)

ISSN 1814-4225 (print)
ISSN 2663-2012 (online)

offers tools for creating, configuring, and manage chat-
bots effectively.

3. The experiments were conducted using various
bots in different modes, each loaded with separate sets
of thematic information. Examples of different types of
chatbots created include:

- assistant bot;

- tester bot;

- math problem generator bot with step-by-step
explanations.

4. Experiments were conducted to determine the
efficiency and cost of chatbot generation. The results
demonstrate that the developed bots successfully com-
pleted their tasks and were significantly cheaper com-
pared to other similar systems. For instance, the cheap-
est subscription package of the services reviewed, which
allowed the creation of a topic-unrestricted assistant bot,
cost $25 per month and was limited to 5,000 total mes-
sages between the user and bot. In the presented exam-
ple, a bot transmitting the full message history and
providing comprehensive responses without artificial
limitations costs approximately $0.00025 per user mes-
sage + bot response. Compared with the cheapest alter-
native, the 5,000-message limit would cost only $6.25
(0.0025 * 2500) in operational costs. However, the da-
taset quality generated by the proposed system was sig-
nificantly higher, demonstrating a clear competitive
advantage.

These calculations confirm that the cost of generat-
ing responses with the developed system is four times
lower than the cheapest comparable system. This vali-
dates not only the success of the new dataset formation
methods, but also a significant reduction in operational
costs. Additionally, the cheapest competing system had
a limit of only 10 datasets, while the developed system
created six datasets for $0.1225, allowing the creation of
one dataset for an average of $0.02. This means that a
user can create 50 datasets for only $1.

These calculations, the new dataset formation
methods, conducted experiments, and cost analysis con-
firm that the proposed system offers clear qualitative
and functional advantages, along with financial benefits.

Future studies will focus on further refining per-
sonalization algorithms to allow chatbots to adapt to
individual learning styles, integrating models to assess
student progress and automatically adjust the learning
plan, using multimodal models (images, video) to ex-
plain complex topics, and analyzing the impact of chat-
bots on students’ comprehension of complex subjects.
In addition, metrics will be developed to evaluate the
quality and effectiveness of chatbots in educational pro-
CEesses.
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CUCTEMA I'EHEPAIIIl YAT-BOTIB JIJISI NIITPUMKU HABYAHHSI
B I'AJIY31I TOYHUX HAYK 3 BHKOPHUCTAHHSIM
MOJEJIEM TEHEPATUBHOI'O IITYYHOI'O IHTEJIEKTY

0. B. IIpoxopos, /1. 1. Illumko, O. I'. Ky3emincoxa,
A. I. Qyxpai, O. B. Lllamanos, O. O. Xonoouax

IHTerpartisi reHepaTUBHOIO IITYYHOT'O 1HTENEKTY B OCBITY, OCOOJIMBO Ul BUKJIAJaHHS TOUYHHX HAYK, IpEJCTa-
BJIsIE 1HHOBAIIHI MOYIIMBOCTI JUTS TiIBUILCHHSI 3alydeHHs1 Ta po3yMiHHs cTyaeHTiB. YaT-0otH, Taki sik ChatGPT,
MOXYTb CIIPHSATH IHTEPAKTUBHOMY HABYAHHIO, JIO3BOJISIIOUM CTYAEHTaM JOCHTI/PKYBATH CKIIAHI HAYKOBI KOHIICTIIIiT
3a JOMOMOIOK0 MEPCOHAII30BAHOI MiITPUMKH Ta 3BOPOTHOTO 3B'S3Ky B pEeXHMMI peanpHoro uacy. LleW minxin He
TIJIBKH MIEPETBOPIOE TPATUILIINHI ITeAAroTiuHI METO/IH, aje U CIpusie TIIMOOKIH I[IKaBOCTI Ta PO3YMIHHSI Cepell YUHIB.
JocaimKyeTbest 3aBIaHHsl MiIBUIICHHS CTYIIEHs] aBTOMATH3aI[i1 CTBOPEHHS 4aT-00TIB 31 INTYYHUM IHTEIEKTOM Ta iX
iHTerpaiii B Ipolec HaBYaHHS 3 TOYHHX HAayK, 30KpeMa MaTeMaTHKH, IKOJISPIB B OHJIAWH-OCBITHIX yMOBax. AKTY-
AJIBHICTDb TOCITI/PKEHHS BUKITMKaHA HEOOXIIHICTIO ITiABUIIEHHS PIBHS YCHIIIHOCTI HABYAIBHOI HisJIBHOCTI B YMOBax
BOEHHOT'O CTaHy, JIiKBiJialii MpOrajiH B 3HAHHSIX Ta BUPIBHIOBAHHS PO3PHBY B 3HAHHSX 1 HABMYKAX CEePel LIKOJISPIB
B TOYHHMX HAayKaX MU MiATOTOBII JO MPOJOBKEHHS HAaBYAHHS B 3aKJIalaX BUIIOI OCBITH, ITiABHUIIICHHS €()eKTUBHOCTI
CaMOCTIMHOTO HaBUaHHS B OHJIAMH-OCBITHIX yMOBaxX Ta craliii3allii comiaJbHO-eMOIiifHOro crany nitei. MeToro
JaocJaiIxeHHs] € po3poOka BeO-TuTaTopMu TeHepallii 9aT 00TiB PI3HOrO CIPSIMYBaHHA, 3 BUKOPUCTAHHAM MOIETeH
IITYYHOT'O 1HTENEKTY, [UIA IiJBUIIEHHS SIKOCTI MiATOTOBKH IIKOJISPIB 3 TOYHMX HAyK B OHJIAMH-OCBITHIX yMOBaXx.
3aBaaHHS: TPOBECTH aHAJI3 MPOOJIEM Ta OCOOIMBOCTEH CTBOpEHHS 4aT-OOTIB Ta MIATOTOBKH SIKICHHX JATaCeTiB;
pO3pOOHUTH CTPYKTYpPY Ta ommcaTH (PYHKIIIOHYBaHHS CHCTEMH TeHepallii yaT-00TiB; HaBECTH MPUKIAIN CTBOPEHHS
PI3HUX THITIB 4aT-00TiB; MPOBECTH SKCIIEPUMEHTH II[OJ0 BU3HAYCHHS e()eKTUBHOCTI BUKOPUCTAHHS Ta BAPTOCTI re-
Heparii yaT-6oTiB. OTpuMaHi HacTyIHI pe3ynbTaTH. Po3pobieHo meron ontuMizamii (GOpMyBaHHS IATACETIB LIS
4gaT-00TiB. Po3pobneno BeO-mmaTdopmy reHepariii 4aT O0TIiB Pi3HOTO CTIPSAMYBaHHSI, a caMe OO0TiB-aCHCTEHTIB, 0O-
TiB-TEHEpaTOpiB BapiaHTIB MaTeMAaTHYHMX 3aBlaHh Ta IOKPOKOBOTO TIOSICHEHHS IX BHpIIIEHHS, OOTIB-
TECTYBAJIBHHUKIB, 3 BHKOPHUCTAHHSAM MOJIENEH MTYIHOTO 1HTENEKTY, IS MMiABUIIECHHS SKOCTI ITiIrOTOBKH MIKOJISIPIB 3
TOYHUX HAyK B OHJIAWH-OCBITHIX yMoBax. BucHoBku. HaykoBa HOBH3HA MOCIHIPKEHHS TIOB’3aHAa 3 YIOCKOHAJICH-
HSM METOIY CTBOPEHHS CTPYKTYpPOBaHHUX JIaTaceTiB 4aT-OOTiB 31 30epekeHHSIM TEeMAaTHYHOI ITUIICHOCTI TEKCTY Ta
KOHTEKCTY, [0 3a0e3medye OiTbII TOYHUN BUOip BinMOBigHOI iH(OpMaItii 4aT-00TaMu Tl BIATIOBiAI HA 3aIIUTAHHS
KOpUCTyBadiB. EQEKTHBHICTh 3alponOHOBAHOTO IIXOAY IIPOLTIOCTPOBAaHA MPHU CTBOPEHHI NPHUKIAINIB OO0TY-
ACHCTEHTY, OOTy-TeHepaTopy BapiaHTIB MaTeMaTHYHHX 3aBJaHb Ta TOKPOKOBOTO MOSCHEHHS 1X BHpilIeHHS, OOTiB-
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TECTYBAJIBHHUKIB, 10 MOKA3aJI0 ONTHUMI3aIlif0 BUTpAT 1 3a0e3medeHHs OUTbIT e()eKTHBHOT'O BUKOPHUCTAHHS PECypCiB.
3HAYHOIO TMEPEBarol0 € 3pYYHICTh IHCTPYMEHTIB CTBOPCHHS, HANAINTYBAHHS 4aT-0OTIB, @ TAKOX iX BUKOPHCTAHHS
Yyepe3 BITPUHY TOTOBUX 9aT-00TiB Y MECCHKEpaXx.

KuarouoBi ciioBa: 4aT-00TH; HABYAHHS, MATCMATHKA; TaTACETH; BeO-IaTdopMa; CIcTeMa TeHepallii 9aT-00TiB.
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