https://doi.org/10.31489/2025Ped4/198-207
UDC 378.147.311.21 Received: 19.01.2025 | Accepted: 07.10.2025

G.M. Madybekova®, N.A. Abdikayumova®"

1-250uth Kazakhstan Pedagogical University named after O. Zhanibekov, Shymkent, Kazakhstan
("Corresponding author. E-mail: nodira.086@mail.ru)

'ORCID 0000-0002-1970-8143
2ORCID 0009-0007-4604-418X

Application of artificial intelligence technologies in teaching chemistry

Modern artificial intelligence technologies are being actively introduced into chemistry teaching, expanding
the possibilities of learning and experimentation. This article examines the key areas of artificial intelligence
application in the educational process, including the use of ChatGPT and VR Chemistry Lab systems. The
benefits of Al integration have been analyzed, such as increasing the level of student engagement, improving
the assimilation of complex chemical concepts, and optimizing the work of teachers. The purpose of the study
is to analyze the use of artificial intelligence in chemical education, its scientific and practical significance in
the context of modern educational technologies. The work is aimed at exploring the possibilities of artificial
intelligence to create personalized educational trajectories, optimize the learning,pro€ess and, improve the
safety of experiments. The research methodology is based on an analysis of existifg, interpational research
and examples of the use of artificial intelligence in chemistry teaching. As a resultrthethigh potential of arti-
ficial intelligence has been identified to improve the quality of education, ingreasé student engagement, and
create a safe environment for experimentation. The main findings show that“artificial’intelligence contributes
to an improved understanding of complex chemical processes through vistializatien, as well as assists in mon-
itoring and analyzing educational activities.

Keywords: Artificial intelligence, chemistry teaching, ChatGPRw\/R\Chemistry Lab, differentiated tasks,
pedagogical technologies, inclusive learning.

Intkoduction

The near future of humanity is associated with a fundamental change in all spheres of human life under
the influence of digital technologies and artificialintelligence [1]. The use of artificial intelligence is becom-
ing an integral part of modern education, @pening’up new perspectives for students and teachers [2]. In the
modern era, a large-scale technologicaldransformation is underway, known as Industry 4.0, characterized by
the integration of cognitive and physical'systems into production processes and the social space of individu-
als.

In an implicit or explicitynmannerrthe existence of a significant part of the population is modified under
the influence of intelligent cemputer systems. As an empirical illustration, it can be stated that algorithmic
machine learning systems\are ‘already integrated into information search engines, educational digital plat-
forms, and electroniC communication systems (including the Google and Yandex ecosystems) in order to
optimize and amplify“@ser experience.

During the digital evolution of the educational system, the introduction of intelligent technologies into
the teaching methodology of chemistry constitutes a progressive didactic approach [3]. Modern molecular
science requires students to master the perception of complex atomic interactions, spatial intelligence, and
experimental data processing skills. Cognitive systems demonstrate significant potential in optimizing the
educational process through individualization of learning, visualization of chemical processes, and automa-
tion of pedagogical functions.

The key scientific and practical significance of the research is dictated by the challenges facing the
modern system of chemical education: the imbalance between the rapid development of Al technologies and
their limited integration into the educational process, the lack of a methodological basis for the implementa-
tion of intelligent systems in chemistry teaching, the need to develop adaptive educational platforms.

The modern education system in chemistry education is in critical need of innovative teaching methods
based on artificial intelligence technologies that can overcome the limitations of traditional pedagogical ap-
proaches by introducing predictive performance analytics and creating personalized educational trajectories.

198 BecTHuK KaparaHguHckoro yHuBepcuTeTa


https://doi.org/10.31489/2025Ped4/198-207
mailto:nodira.086@mail.ru)

Application of artificial...

Methods and materials

— The present study analyzes modern literature, including domestic and foreign works devoted to the
field of artificial intelligence in chemistry teaching. We have formulated the following research questions:

— What are the possibilities and limitations of using artificial intelligence in chemistry teaching?

— What is the role of artificial intelligence systems such as ChatGPT and VR Chemistry Lab in opti-
mizing the educational process and the safety of conducting chemistry experiments, as well as creating and
analyzing pedagogical components for chemistry teaching?

— What are the practical and pedagogical advantages and disadvantages of using artificial intelligence
in chemistry teaching?

— We have put forward the following hypothesis: The use of artificial intelligence in chemistry teach-
ing, including virtual laboratories and deep learning systems, significantly improves the quality of teaching,
contributes to students’ enhanced understanding of chemical processes, improves the safety of experiments
and increases student engagement.

— The stages of the research included:

— review of domestic and foreign research: At this stage, an analysis of scientific papers for 2023-2025
was conducted on the use of artificial intelligence in chemistry teaching, as well as the use of specific sys-
tems such as ChatGPT and VR Chemistry Lab. This allowed us to identify currenttrends, problems and op-
portunities related to the use of artificial intelligence;

— comparative analysis: assessment of the effectiveness of some artifieial“intelligence technologies in
the educational process, including their use to create personalized educatignaltrajectories and improve learn-
ing outcomes;

— developing recommendations: based on the analysis of existing'data, recommendations were formu-
lated for more effective implementation of artificial intelligence in ¢hemistry teaching.

— Research methods:

— asystematic review and analysis of existing researghrgn‘the use of artificial intelligence in chemistry
teaching;

— a comparative analysis to evaluate the effectiveness of artificial intelligence-based methods com-
pared to traditional methods of teaching chemistry.

— The research used methods of monitoring the educational system, studying the experience of chemis-
try teachers, modeling, comparison and scientific ‘and methodological analysis.

— The primary areas of relevance fog’sueh research work are as follows:

— The development of useful computer technologies that improve the process of teaching subjects;

— The introduction of new gemegatien information and special technologies into the educational pro-
Cess;

— The introduction of medern pedagogical, innovative and complex technologies into the educational
process, etc. [4].

In the course of pedagegical technologies, the student learns and develops under the guidance of teach-
ers. This means thdt pedagogical technology is designed to achieve a learner’s expected goals. For quality
and effective education, teaching methods are especially important. The use of integrated technologies in
organizing the educational process in accordance with the requirements of modern requirements is of par-
ticular importance. Integrating artificial intelligence into domain-specific learning tasks is important because
it reflects how people solve practical problems [5]. Pedagogically integrating technology to develop scien-
tific content in a chemical unit that considers the macroscopic, symbolic, and microscopic levels before ex-
plaining chemical phenomena, in order to increase the students’ cognitive activity and the effectiveness of
the learning process, becomes highly relevant and necessary [6; 5].

One of the major benefits of differentiated use of chemistry assignments is that it provides variety in
terms of academic readiness, learning styles, and student interests. By tailoring tasks to meet the specific
needs of each student, educators can create a supportive and inclusive learning environment in which all stu-
dents feel valued and capable of success. This approach also helps prevent students from giving up on tasks
that are too easy or too difficult, thereby shaping learning attitudes. To focus the attention of students, the
teacher significantly transforms and complicates the work in the learning environment, where the necessary
cognitive abilities of students are formed and developed (Fig. 1). Flow occurs when the exercises offered to
students match their cognitive abilities. The teacher should try to create conditions for students to have what
the famous psychologist Csikszentmihalyi called “an end in itself”. For these qualities to be reflected in the
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learning process, it is important that the experience of flow occurs frequently and that students and teachers
make a conscious effort to develop it. Through the mental stimulation of the teacher, students begin to feel a
sense of “order in the mind,” resulting in them achieving flow. As individuals seek to master new challenges,
they develop greater levels of skill. Once mastered, they must identify progressively more complex challeng-
es to create an ideal match for their skills. Flow thereby invokes a growth principle, in which a more com-
plex set of capacities is sought and developed [7].

(High)

Anxiety

Challenges

Boredom

(Low)

(Low) Skills (High)

From Flow: The Psychology of Optimal Experie:
by Mihaly Csikszentmihalyi (poge 74)

Figure 1. “An End in Self” by Csikszentmihalyi
(https://public-media.interaction-esign.org/images/uploads/3bdf27¢0f9980b3227d82bec5f950f20.jpg)

Exercises and tasks tailored to students’ abilities in chemistry ¢las§€s can promote high levels of student
engagement and motivation. When students are presented witthchallénges that match their cognitive abilities,
they are more likely to engage in learning and take responsibility for their learning progress. This leads to
increased effort, persistencepersistence, and ultimatelyyimproved learning outcomes [8]. Differentiated as-
signments allow students to develop critical thinking and problem-solving skills at an appropriate level.

Differentiated chemistry assignments improve leatning outcomes for all students. By meeting a variety
of student needs, teachers can effectively suppokt students in mastering basic chemistry concepts. Students
demonstrate greater understanding of a subjeCtaahen they are given tasks that are relevant and interesting to
their individual learning needs. In the learning, process, learning media play an important role [9]. This ap-
proach also helps reduce achievement'gaps.between students with different levels of prior knowledge and
performance. Differentiated tasks playsa critical role in effective chemistry teaching and learning.

The study of methods of teachingchemistry has been a topic of interest to many scientists and educa-
tors. Several prominent scientistsshave devoted their research to understanding the most effective ways to
teach chemistry in schools. One Such scientist, Johnstone, emphasized the importance of using visual repre-
sentations to learn chemistry, concepts [10]. His research focuses on the use of diagrams, graphs, and other
visual aids to help Studentsjunderstand complex chemical principles. Johnstone's work had a major influence
on the development of\ghemistry teaching strategies.

Results and discussion

At the present stage, both traditional and highly effective machine learning methods cover a wide range
of chemical disciplines: organic chemistry, inorganic chemistry, medicinal chemistry, analytical
chemistryanalytical chemistry, and materials science. The number of tasks solved using artificial intelligence
has increased significantly and includes, in particular, predicting the thermodynamic and kinetic characteris-
tics of substances, replacing resource-intensive quantum chemical calculations with algorithmic machine
learning models, monitoring reaction dynamics and detecting abnormal patterns in mass spectrometry and
electron microscopy data. Consequently, artificial intelligence is effectively integrated into most aspects of
chemical theory and practice.

Scientists pay special attention to AI’s functions, which have the capabilities inherent in humans: think-
ing, analyzing, solving specific multifunctional, integrated tasks, and self-learning [11].

Machine learning became an integrated component in many fields of chemical science several decades
ago. In the field of medicinal chemistry, research has been conducted on correlations between the molecular
architecture and the pharmacological activity of organic compounds. In the 80s, statistical methods of linear
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regression were used for these purposes, and molecular structures were encoded using matrix representations
corresponding to graphs of molecules. In modern conditions, preference is given to deep learning methods —
convolutional and recurrent neural networks.

The use of Al in the teaching and learning process is considered in the works of such scientists as
Kurbanova Z.S., Ismailova N.P., Filatova O.N., Bulaeva M.N., Gushchin A.V. and Petrov V.V. [12], [13],
[14]. According to the authors, artificial intelligence allows changing the approach to learning and increasing
student engagementengagement; the introduction of neural networks and the integration of artificial intelli-
gence systems into the educational environment contributes to the openness of learning and its quality im-
provement [15].

According to the data obtained by Singapore an researchers in 2023, an experiment was conducted on
the basis of several schools, which the data describes. Natural science teachers have introduced artificial in-
telligence into their lessons. In particular, the teachers integrated the structural components of artificial intel-
ligence into the topics “The nature of the particles of matter”, “The structure of the atom”atom,* and “The
cell as the basic unit of life” [16]. The results showed that teachers noted that the use of artificial intelligence
in the classroom has made it possible to create models that represent simplified explanations of phenomena
and mathematical models, which greatly facilitated the educational process. Models, generated by artificial
intelligence can be used to predict the structure of a molecule, as well as cell growth atieach stage.

Research by the authors Ugar S.S. et al. [17] evaluated five majos lafiguage, models (LLM) —
ChatGPT, GPT-4, Davinci-003, LlamalLlama, and Galactica — in zero-shot andifewsshaot learning conditions
and showed the diversity of their capabilities in solving various chemistfy probtems. Competitive results
were achieved in two tasks, selective competitiveness was observed inathree@nd the models showed poor
results in the remaining three tasks. GPT-4 stands out in particular, stigpassing traditional machine learning
algorithms such as random forest and XGBoost in predicting the propérties of chemical compounds on mul-
tiple datasets.

The EDUCAUSE QuickPoll survey shows that the majority of stakeholders in higher education are
confident that artificial intelligence will profoundly changg it'in the next 3-5 years, and that it has more ad-
vantages than disadvantages in higher education [18].

To date, the generative Al chatbot ChatGPT ¢€entinues to implement and improve its platform. One of
the latest studies in this area conducted by the authors*Eiorentino M., Gabbard J. L. [19] confirms the effec-
tiveness of its application in the field of organizing educational classes for teachers.

According to a study by the authors Juménez=Pitre I. et al., ChatGPT can change the way we solve com-
plex global problems and help decision makersidevelop comprehensive and inclusive strategies [20].

Lee and Zhai (2024) conducted a'study“in which prospective chemistry teachers were asked to create
lesson plans using ChatGPT. 29 futurg'primary school teachers participated in the study, each of them creat-
ed a lesson plan, assigning specific cammands to the chatbot. These lesson plans focused on the objectives of
the chemistry curriculum and, develeping a chosen type of intelligence from multiple intelligence theory. Af-
ter developing the lesson planjysemi-structured interviews were conducted to capture participants’ opinions
about their experiences. Thenesults showed dramatically positive results, but it was worth following certain
commands when making chatbot requests [21].

— Hunegnaw et ali(2025) conducted a study that compared the impact of virtual and physical laborato-
ry experiments on students’ comprehension of chemical kinetics concepts. The results showed that both
groups demonstrated significant improvement in their understanding of the material after the experiments.
However, qualitative analysis revealed that students using virtual labs were more likely to focus on macro-
scopic knowledge representation, whereas physical experiments promoted a deeper understanding of submi-
croscopic and symbolic levels [22].

— Artificial intelligence successfully employs a variety of pedagogical techniques, transforms educa-
tion into a more dynamic and exciting process, eliminating mechanical memorization of data.

— ChatGPT can provide pedagogical support during classes. The functionality of this technology is
remarkable: a language model that generates meaningful answers, creates detailed texts texts, and tasks [23].

— Possible applications of this artificial intelligence system:

— assistance in developing the lesson structure. The system provides a detailed response to a correctly
formulated request. Illustration: “Develop a lesson structure about the element oxygen. The lesson duration
is 45 minutes. Students are 14-15 years old. The task of the lesson is to master the chemical element".

— control of the development of the material. The Al will help you create a list of questions for the
studied section.
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— create custom tasks. The system will develop individual home exercises based on the completed
material.

— creating a list of auxiliarytasks in the form of reports. The system will help you determine the subject.

— to consolidate and effectively assimilate the material, it is possible to ask questions of the system.
The information received can be discussed with the studentsto determine if they share the presented position.

— checking the completion of homework.

For the correct use of artificial intelligence, it is necessary to understand that programs can be used ex-
clusively as an auxiliary tool for improving the effectiveness of teaching [24].

It is of the utmost importance to emphasize that a key characteristic of artificial intelligence is the pos-
sibility of personalizing the educational process. Technology is able to create a personalized educational plan
for the effective development of knowledge. The algorithm can select appropriate resources, taking into ac-
count the students’ competencies, or combine students according to similar indicators.

This approach helps to improve academic performance in the discipline while maintaining the same
amount of time spent on training. The algorithm is straightforward: the assessment is carried out through test
papers that provide accurate information about the level of training. Subsequently, the task of artificial intel-
ligence is to determine the teaching methodology applicable to different groups of students. The artificial
intelligence system also demonstrates the ability to identify problem areas, after whieh it focuses on these
aspects (revision of the material, additional exercises).

VR Chemistry Lab is a chemical laboratory, enabling safe manipulation ofichemical reagents. In the la-
boratory, students can design and implement experimental research, formdlatestheoretical assumptions and
verify them empirically, identify and correct errors.

The software package enables analysis of students’ manipulatiy€ aetions and calculate performance in-
dicators for chemical reactions. Consequently, the algorithmic strueture does not contain preset reaction
schemes such as “component A, when integrated with compenent B, turns purple”, but integrates molar pa-
rameters, quantitative ratios, volume characteristics of substanees, factors influencing reaction completeness
or thermal destruction, sedimentation processes and related phenomena.

Currently, the software platform provides numerous,laboratory protocols in the following thematic are-
as: the study of amphoteric properties, hydration pracesses of oxide compounds, reducing properties of halo-
gen-containing substances, metal oxide complexes, analytical identification of anionic groups, spectral flame
analysis and other research topics.

Nowadays, the use of artificial intelligence“inychemical education seems to be an effective tool for stim-
ulating students’ cognitive activity inthe study of various topics, integrating them into the pedagogical pro-
cess, and providing autonomy in condueting"experiments. It is possible for systematic or methodological er-
rors to occur. Although these errorg cansoe corrected, monitoring of these systems is necessary. The teacher
should be able to monitor their students? research activities during experimental classes.

Finally, the most importantthing that needs to be emphasized in this context is that experiments involv-
ing the use of various chemical reagents, solutions, powders, and others may not be safe, and compliance
with safety regulations and experimental conditions is quite strict.

After masteringhthe theoretical material in chemistry, it will be useful to use a virtual laboratory and
conduct an experiment.phus, an advantage can be identified here from the perspectives of effective training,
convenience, and especially economics. A school or university can reduce its equipment costs. It is im-
portant to note that the use of a virtual chemical laboratory does not mean that traditional methods should be
completely excluded traditional methods of conducting experiments. In particular, students specializing in
chemistry-related fields or pursuing narrowly focused professional training still require traditional laboratory
experiments .

The introduction of artificial intelligence systems in schools and universities for teaching chemistry is
necessary and requires a clear understanding of the directions for their application. First of all, it is worth
remembering personalized learning, in which there is a need to adapt educational material to students’ indi-
vidual topics and learning styles, to automatically identify knowledge gaps, and to form a personal educa-
tional trajectory and generate individual tasks and exercises in chemistry.

The next thing worth emphasizing is that in a virtual laboratory, as mentioned above, it is possible to
simulate various (from simple to complex) chemical reactions and processes, and it is safer to conduct exper-
imental research and to interactively simulate almost all types of chemical processes and visualize them.

Artificial intelligence systems also allow to automatically check assignments completed by students,
including test assignments and projects. The system also allows to analyze chemical formulas and reaction
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equations, which is the basis of chemistry, and at the same time track the learning process and progress of
students and provide feedback instantly.

We have analyzed the advantages and disadvantages of artificial intelligence in chemistry teaching, the
advantages include the following:

An absolutely safe environment for conducting the experiment (exclusion of risks and hazardous effects
of reactions on the experimenter, safe development of skills and the possibility of conducting dangerous ex-
periments);

— accessibility (the ability to conduct experiments without expensive equipment, round-the-clock ac-
cess to materials and the possibility of distance learning);

— the effectiveness of learning (increased involvement of students, understanding of complex concepts
with visualization, the possibility of repeated practice of the experiment and the development of practical
skills);

— Analytical capabilities for the teacher (analysis of academic performance, analysis of errors in com-
pleted assignments, prediction of learning difficulties, etc.);

— Pedagogical opportunities for the teacher (creation of assignments, tests, lesson plans, lesson con-
tent, etc.).

The disadvantages include the following:

— possible technical limitations (a constant high-quality Internet connectiong.technical failures, etc.);

— methodological limitations (teachers’ lack of experience, limited deyelepment<f practical skills in
working with technology, difficulties in applying or carrying out compleX tasks,>and the inability to fully
replace traditional experiments);

— pedagogical aspects (there are risks of reducing the role of theseagher in the educational process, a
possible dependence on technology and the need for regular teaches training);

— psychological aspects (there are risks of reducing soeiakinteraction, possible loss of interest in tradi-
tional experiments and other pedagogical methods and the fermation of an incomplete understanding of
chemical processes).

Thus, it is necessary to understand that the successfulNimplementation of artificial intelligence and its
systems in chemical education requires a balanced¥approach, where technology does not replace, but com-
plements the role of the teacher, contributing to,a deepef understanding of the subject and the development
of theoretical and practical skills of students. At the same time, it is necessary to continuously improve teach-
ing methods, improve the teachers' skills andstegularly monitor the effectiveness of the technologies used.

Conclusion

The introduction of artificial iftelligence into chemistry teaching demonstrates significant potential for
transforming the educationalypracess.. VR Chemistry Labs allow for the conduct of secure virtual experi-
ments, automate the processes of knewledge analysis and assessment, including the development of training
programs and methodologies, ‘and®much more. Studies conducted in various countries confirm the effective-
ness of the use of artificial telligence in chemical education. Based on the literature analysis, we can offer
recommendations forthe effective implementation of artificial intelligence in chemistry teaching.

It is recommendethto apply an integrated approach, starting with the phased introduction of technolo-
gies and careful training of teaching staff. It is important to organize regular advanced training courses on
working with artificial intelligence and provide teachers with the necessary methodological materials and
technical support. Special attention should be paid to the personalization of trainingby using the capabilities
of the systems to create individual educational programs and adapt the educational material to the level of
each student. At the same time, it is necessary to ensure a high level of security and quality of the education-
al process, regularly checking the accuracy of the information generated and protecting the personal data of
students.

In practical application, it is recommended to combine virtual experiments with real laboratory work,
use artificial intelligence for preliminary preparation for practical exercises and develop interactive tasks that
contribute to a deeper understanding of chemical processes. Such an integrated approach will make it possi-
ble to maximize the potential of artificial intelligence in chemical education, while maintaining a balance
between innovative and traditional teaching methods.
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I"'M. Magri6exkoBa, H.A. AGaukaroMoBa

XuMusl OHIH OKBITY/IA KACAHAbI HHTEJJIEKT TEXHOJIOTHSJIAPBIH KOJAaHY

Kasipri 3amMaHFBI jkacaHbl HHTEIUIEKT TEXHOJOTHUIAPB! XMMHS TIOHIH OKBITYZa OeJICeHAl TypAe eHri3imyne,
OYJI OKBITY MEH DKCIEPHMEHT JKYPri3y MYMKIHIIKTepiH KeHelTeni. Makamana »acaHAbl HHTEIUICKTIH OLTiM
6epy mporuecinaeri konaanputy O6arbiTTapbl, coHbiH imriHae ChatGPT sxone VR Chemistry Lab xyiienepin
naiijanany KapacTelpbuiFaH. JKacaHIbl MHTEIUIEKT MHTETPALMACHIHBIH OKYIIbUIap OENCEHIUNIriH apTTHIPY,
KYpAeni XHMHS YFBIMAAPBIH MEHIepyli >KaKcapTy >KOHE MYFaliMHIH JKYMBICBIH OHTailIaHIBIPYAAFbI
apTHIKUIBUIBIKTAPEl TaJJaHFaH. 3epTTEyIiH MakcaTbl — XHMHUSUIBIK OimiM Oepyne jkacaHOsl WHTEICKT
KOJIIaHYIBIH FBUIBIMHA JKOHE MPAKTUKAIBIK MAaHBI3IBUIBIFBIH Kas3ipri OuriM Oepy TEXHOJIOTHSIAphI
KOHTEKciHJe Tannay. JKyMbIC jkacaH bl HHTEIUIEKTIH JKeKe OLTiM Oepy TpaeKTOpHsIapblH KYpPY, OKY IPOILECiH
OHTaWJIAHIBIPY KSHE SKCIEPUMEHTTEpAiH KayilCi3AiriH apTTBIPY MYMKIHIIKTEpiH 3epTTeyre OarbITTalIFaH.
3epTTey aaicTeMeci XaIbIKapalbIK 3epPTTEYJIep MEH XMMHSHBI OKBITYAAFbl KaCaHIbl HHTEIICKT KOJIJaHy MBI-
cajIapblH Tannayra HerizgenreH. Harmkecinge OuriM  Oepy camachlH  JKakcapTy, \CTYICHTTEpPHIH
OeJICeHAUTIrIH apTTHIPY JKOHE IKCIIEPUMEHTTEp YIUiH Kayilci3 aFaail »kacay YILiH JKacaHmbl, HHTEIUICKTIH
JKOFapbl JieyeTi aHbIKTaIabl. Herisri Ty)XbIppIMIap ’KacaHIbl MHTEIUICKT BU3yaIn3agysiay apKbUIbl Kypaemi
XUMHSJIBIK TPOLECTepAi TYCIHYZl JKakcapTyFa BIKMAl ETETiHIH JKOHE OKY JKYMbBICRapblH Oakpuiay MeEH
TaljilayFa KOMEKTeCeTiHiH kepceredi. JKYMBICTBIH KYHIBUIBIFBI XUMUSUIbIKgO1MiM  Oepyne kacaHmsl
MHTEIUIEKTI KOJIIaHy IbIH apTHIKIIBUIBIKTAapEl MEH KeMIIUTIKTepiH HeTi3aey, GHbI CHRISY JKoHE HHHOBALMSIIBIK
TEXHOJIOTHSUIApABI OKY IIPOLECiHE CATTI WHTerpanusulay YINiH OHT#ffibl Jkarnmaiiimap »xacay OoHBIHIIA
ychIHBICTAp Oepy. JKYMBICTBIH NPaKTHUKAJIBIK MaHBI3IBUIBIFBI OKY OpPBIHTapeIHIA XUMISUIBIK OLTIM Oepy
carachlH JKaKcapTy YIIiH YCHIHBUIFaH YCHIHBICTAPIbI KOJIIAHY.

Kinm ce3odep: xacaHIpl UHTEIUICKT, XUMISIHBI OKBITY, menaror,dChatGPT, VR Chemistry Lab, capananran
TarcelpMaiap, neaarorukaiblK TEXHOJIOTUsIap, HHKITIO3UBTIOLMM Gepy, OKy-TopOue npoueci.

I''M. MagsioexoBa, H.Al AGaukaromoBa

HpnMeHe}me TEXHOJIOTUH HCKYCCTBEHHOI'0 HHTCJUVICKTA B IIPpCNOJaBaHUU XUMHUHA

CoBpeMeHHbIE TEXHOJIOTHH HCKYGCTBEHHOTO)MHTEIJIEKTa aKTHBHO BHEIPSIOTCS B MPOIECC MPEHNOJaBAHHS
XMMHH, PACLIMPSs BO3MOXKHOCTH OOyieHusis dKCIIEepUMEHTUPOBaHM. B IaHHOI cTaThe pacCMOTPEHBI KITIO-
YeBbIe HAIPABJICHUS PUMEHEHUST UCKYECTBEHHOTO HHTEIUIEKTa B 00pa30BaTeIbHOM MpaKTHKe, BKIIOYas HC-
none3oBanre cucreM ChatGP T ugVR Chemistry Lab. IIpoananusupoBans! npenmyiectBa uaterpamun VU,
TaKWe KaK IMOBBIIICHUE WPOBHS BOBICYCHHOCTH YYalIUXCsl, YJIYYIIEHHE YCBOCHUS CIOXHBIX XMMHYECKHX
KOHIICTIIMI U ONTHMH3ALMSE paboThI eqaroros. Llens nccnenoBanmus — aHAIM3 NPUMEHEHHS! HCKYCCTBEHHO-
TO MHTEIUIEKTa B XMMHUCCKOM 00pa30BaHNM, €T0 HayJHAs U MPAKTHYECKas 3HAYNMOCTHh B KOHTEKCTE COBpe-
MEHHBIX 00pa3®BaTeIsHbIX TexHomornil. Pabora HampaBiieHa Ha MCCIIEIOBAaHHE BO3ZMOXHOCTEH HCKYCCTBEH-
HOTO MHTEINIEKTA/ s, CO3/IaHuUsI TEPCOHANN3NPOBAHHBIX 00pa30BaTENbHBIX TPACKTOPHIA, ONITHMHU3ALNH y4IeO-
HOTO TIPOLIECCA M TIOBBIICHHS 0€30MaCHOCTH 3KCIIEPUMEHTOB. METONOIOr s UCCIENOBAHUSA OCHOBAaHA Ha
aHaJIM3€e CYHIECTBYIOUIMX MEXIYHAapOIHBIX HCCIEAOBAHUN M NMpUMEpax NPHUMEHEHHs HCKYCCTBEHHOTO HH-
TCJUICKTa B NMIPENOIaBaHUU XVMHU. B pe3yiabpTaTe OBLT BBISIBIIEH BBICOKHI MOTEHIUAJTI UCKYCCTBEHHOI'O UHTEJI-
JIeKTa JUIs YITy4IIeHUs] Ka4ecTBa 00pa30BaHusl, HOBBIILICHHUS BOBJICYCHHOCTH CTY/ACHTOB U CO3/JaHus Oe3omac-
HBIX YCIIOBHH ISl SKCTIepuMeHTOB. OCHOBHBIE BBIBOABI MOKA3BIBAIOT, YTO MCKYCCTBEHHBIH HHTEIUICKT CIIO-
COOCTBYET YJIY4IICHHIO TOHUMAHHS CJIOKHBIX XUMHYECKHX MPOLIECCOB Yepe3 BU3YAIU3ALHIO, a TaKKe TOMO-
raeT B MOHUTOPHHIE M aHaju3e y4eOHbIX paboT. IleHHOCTh paboThl 3aKII0YaeTcsi B 00OCHOBAaHUU MPEHMY-
IIECTB U HEJJOCTATKOB MCNOJb30Banus NI B XUMHUECKOM 00pa3oBaHHUH, PEKOMEHAAIHUIX 10 er0 BHEIPEHHIO
U CO3JaHHUH OITHUMAJIBHBIX yCJ'IOBI/Iﬁ JUIA yCl'[eLLIHOi’I UHTETPpAllM WHHOBAIIMOHHBIX TEXHOJIOTUH B yqGGHblP'I
nporecc. [IpakTnueckoe 3HaueHUE pabOThI 3aKIIIOYACTCS B IPUMEHEHHHU HPEUIOKEHHBIX PEKOMEHIAINH s
yay4leHus KaueCTBa XUMHUYECKOI0O 06p3303a1-lm{ B y‘leGHbIX 3aBCACHUAX.

Kuiouesvle cnosa: MCKYCCTBEHHBI MHTEIUICKT, penojaaBanne xumuw, negaror, ChatGPT, VR Chemistry
Lab, mubdepeHunpoBaHHble 3aJaHKs, TEAarorHYECKHe TEXHOJIOTHH, WHKIIO3UBHOE O0ydeHue, oOpa3oBa-
TEINBHBIN MPOIECC.
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