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BbICTyNalT HEOTbEMSIEMbIM MHCTPYMEHTOM MOBbIWEHMA KavecTBa oOpasoBaTenbHOro
npouecca 1 ero COOTBETCTBUA 3anpocam obLecTBa U pbiHKa TpyAaa.

MHHOBaUWOHHbIE NOAXOAbl, OPUEHTUPOBAHHbLIE HA FIMYHOCTHO—OPUEHTUPOBAHHOE,
KOMNETEHTHOCTHOE W [AeATeflbHOCTHOe oOf0y4veHne, cnocobCTBYOT (POPMUPOBAHUIO Y
o0y4aloLWmnXCca KNYeBbIX U NPOodecCcuoHarnbHbIX KOMMNETEHUMA, Pas3BUTUIO CaMOCTOS—
TENbHOCTU, KPUTUYECKOTO MBbIWSEHUS U CNOCOBHOCTM K HeNpepbiBHOMY OBy4YeHuto.
O deKkTUBHbIE Negarornyeckne nNpakTukuU, OCHOBaHHbIE Ha aKTUMBHbLIX MeToAax obyyeHus,
NPOEKTHON M UCCreoBaTENIbCKON AOEATENbHOCTU, a Takke MCNofb30BaHUM LMEPOBbIX
TEXHOSOMMI, MOBbLIWAT MOTMBaALMIO OOy4YaloWMXCA U NPaKTUYECKYld 3Ha4YMMOCTb
nosily4aembIX 3HaHUN.

Ocobas ponb B peanu3auuuM MHHOBAUMA MPUHAANEXUT negarorm4eckomMy Kor—
NeKTnBy, NpodeccnoHarbHas roTOBHOCTb M MHHOBALMOHHAsA KyrbTypa KOTOPOro onpeae—
NA0T ycnewHocTb obpasoBaTenbHblX NpeobpasoBaHnin. HecMoTpst Ha Hanuumne npobnem,
CBsI3aHHbIX C peCypCHbIM obecnevYeHnemM 1 ypoBHEM MOArOTOBKM Negaroros, NepcnekTnBbl
BHepeHUs1 NHHOBALMOHHbLIX MPaKTUK OCTATCS 3HAYUTENbHBIMU NPU YCIOBUN CUCTEMHOIO
noaxoga, METOANYECKON NOAAEPKKN U HENPEPLIBHOIO NPOodeCCUOHAaNbHOIro pasBuTUSI.
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Abstract

This article analyzes the possibilities and prospects of implementing artificial intelligence (Al)
technologies in the training of highly qualified specialists of agribusiness power engineering. The urgent
need to digitally modernize education curricula considering modern challenges in the energy sector is
substantiated. Specific Al tools, such as intelligent tutoring systems and machine learning—based simulators,
which contribute to improving the quality of practice—oriented education, are considered. It is demonstrated
that Al integration allows for the creation of personalized educational pathways and effectively develops
critical thinking of the future electrical engineers in the field of agribusiness.
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AHOamna

byn makanada aspoeHepkacinmik keweHdezi xorapbl binikmi aHepeemuka mamaHOapbiH Oasiprnayra
xacaHObl uHmernnekm (MKW) mexHonoeausnapblH UHMeepayusinayobiH MyMKIHOikmepi MeH 6onaluarbl
mandaHadbl. QHepeemuKka canacblHbIH Kasipei KUbIHObIKMapblH eckepe ombipbir, binim 6epy 6ardap—
namanapbiH yughprsik mypreHdipy Kaxemminiai Hezaizdenedi. Toxipubeze barbimmarFaH OKbimy carnacbiH
JKaKcapmyfa biknan ememiH UHmersnekmyandbl OKbiImy xydenepi MeH MalwUuHasbIlK OKbImyFa HeaizoesizeH
cumynsamopnap cusskmsl Hakmbel XKW Kypandapbi markbinaHadsl. XU uHmezpayusicsl xekeneHoipinzeH
6inim bepy xondapbiH KypyFa MyMKIHOIK 6epemiHi >oHe azpoeHepkacinmik KeweHdeai 6onawak
9Hepzemuka mamaHdapbiHOa CbiHU olnaydbli muiMOi dambimambiHbl 08r1e/10€H2EH.

TyliHOi ce3dep: xxacaHObI UHMesNeKm, 3Hepeemuka; 6inim 6epydi yugpnaHobIpy; XeKerneH—
dipinzeH oKbIMy; MawuUHasnbIK OKbimy; UHMesneKmyanobl cCuMynsmopap

AHHOMauyus

Hacmoswas cmambs nocesiweHa aHanu3dy 803MoxHocmel U rnepcriekmus 8HeOpeHUs1 mexHonozaul
uckyccmeeHHo20 uHmernnekma (UHY) e npouecc no02omoeKuU 8bICOKOK8anUGULUPO8aHHbIX Creyuanucmos—
9HEP2EMUKO8 a2porpOMbIWLIEHHO20 Komrnekca. ObocHosaHa Heobxodumocmb yughposol mpaHcghop—
Mayuu obpa3sosameribHbIX pospaMM 8 C8eme COBPEeMEHHbIX 8bI30808 3JHepeemu4veckol ompacsu.
PaccmompeHbl KOHKpemHble UHCmpymMeHmbi W, makue kak uHmersnnekmyarsbHble obydarouiue cucmemsl U
cumynamopsl Ha 6asze MawuHHO20 0by4eHusi, criocobcmeyrowue MosbILEHU Kadyecmea rpakmuKo—
opueHmMuposaHHo20 obyqeHus. [JokazaHo, 4mo uHmezpauusi MM noseonsiem co3damb NEepPCoOHasIu—
3uposaHHble 0bpa3osamesibHble MPaekmopuu U 3¢hheKmuUsHO pa3susamb KPUMUYECKOe MbIWiIeHUe Yy
b6ydyuwux aHepeemukos AllK.

Knrodyeeble crioea: UCKYCCMBEHHbIU UHMENNIEKM, 3Hepeemuka, uughposusayus obpasosaHus;
repcoHanu3upogaHHoe obydeHue; MawuHHoe 0bydyeHue;, UHMesiieKmyarnbHble CUMYITISmOopabl.

In the context of the rapid modernization of the energy complex and the transition to
the global paradigm of "Industry 4.0", the justification for the necessity of a deep digital
transformation of the professional education system is becoming especially significant.
The energy sector, as a critical infrastructure, is undergoing revolutionary changes driven
by the implementation of "Smart Grids" technologies [3].

Smart Grids, characterized by the two—way transmission of energy and information,
require future specialists in the field of agribusiness power engineering to possess not only
fundamental theoretical knowledge but also professional competencies that allow them to
flexibly adapt to the conditions of a highly automated operational environment [3]. That’s
why higher technical educational institutionshave to train young professionals who are
proficient in modern pedagogical technologies and, crucially, capable of effectively
managing and optimizing the operation of complex distributed systems.

In this regard, the relevance of this study is determined by the urgent need to
develop and implement new models and forms of teaching process that combine
academic preparation with the real professional activities of future engineers. The central
tool in addressing this challenge is Artificial Intelligence (Al).

The Aim of the Article: To substantiate the methodological approaches and identify
the practical possibilities of using Atrtificial Intelligence technologies to improve the quality
and practical orientation of training future electrical engineers in the context of digital
transformation.

Research Obijectives:

1. To analyze the competency requirements for energy specialists in the context of
Smart Grid development.

2. To substantiate the role of Al as a tool for creating adaptive and personalized
educational pathways.
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3. To consider the practical application of Al tools (simulators, intelligent systems)
for developing real—time decision—making skills.

The transition to the "Smart Grids" concept requires operational personnel to
possess skills for working with highly dynamic and unpredictable systems. Traditional
static simulators, which are based on predefined algorithms, are unable to fully prepare a
specialist for conditions of uncertainty and information overload. Intelligent Simulators, built
on Machine Learning technologies and Digital Twinsare central to this approach. [1].

The main advantage of Al simulators (in contrast to conventional static ones) in
training a power system operator lies in their ability to autonomously and dynamically
generate and modify scenarios depending on the actions of the trainee [1]. Al allows for
modeling rare and critical emergency situations that are difficult or dangerous to reproduce
in real life (e.g., cascading blackouts, cyberattacks); adapting the complexity and pace of
training in real-time, simulating the reaction of a real power system to the specialist's
actions (rather than merely following a rigid script) and ensuring multi—factor influence
(weather conditions, demand fluctuations, sudden sensor failures), which brings the
learning environment closer to real production conditions.

Thus, Al simulators do not just repeat pre—programmed situations; they create an
adaptive, realistic space for developing decision—making skills under stress and time
deficit. The impact of such systems on developing competencies is significantly higher
compared to traditional methods, which is confirmed by the data from the comparative
analysis of training results (see Figure 1).

TS vs. Al-S: Dynamics of Decision-Making Skills Development.
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Figure 1 — Dynamics of Key Competency Formation (Decision—Making Skills) for an
Energy Specialist using Traditional (TS) and Al-Oriented (Al-S) Training Methods.

The second key area for Al application is the provision of personalized learning
trajectories [2, 4]. Traditional education often uses a one-size—fits—all approach, which
fails to account for the individual learning speed and specific knowledge gaps of future
specialists. Al—-driven platforms, utilizing learning analytics and diagnostic tools, can
precisely identify the points of failure in a student’s fundamental knowledge [4].

For future specialists in the field of agribusiness power engineering, foundational
weakness frequently arises in areas critical for the operation of Smart Grids, such as:
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1. Theoretical Foundations of Electrical Engineering (TFEE): Weak understanding
of transient processes, complex circuit analysis, and electromagnetism, which are
essential for modeling modern grid behavior.

2. Applied Programming and Automation: Deficiencies in skills related to
programming industrial controllers and configuring SCADA systems, which are essential
for highly automated substations and renewable energy integration. The Intelligent
Tutoring Systems based on Al solve this problem by [5]:

— Real-time Diagnostics: Analyzing student performance in quizzes, practical
tasks, and simulations to precisely identify the module or subtopic requiring correction.

— Targeted Gap Remediation: Automatically generating personalized
assignments, micro—lessons, or specialized modules to close the identified gap, thus
preventing the accumulation of knowledge deficits.

— Adaptive Pacing: Allowing students to master foundational subjects at their
individual speed before advancing to complex, application—specific disciplines (e.g., relay
protection or grid optimization).

The effectiveness of this diagnostic and corrective approach is illustrated in Table 1,
which compares the average number of additional hours of in—class learning required for
students to achieve a predefined mastery level in key foundational subjects using
traditional and Al-driven methods.

Table 1. Comparative Analysis of Time Spent on Remedial Teaching for
Foundational Subjects (Average additional hours per student).

Traditional Al-Driven
. . Teaching (Tutor / Personalized Time
Foundational Subject (Knowledge Gap) Group Classes) Remediation Reduction (%)
(Hours) (Hours)

Complex Circuit Analysis (TFEE) 15 6 60 %
Differential Equations (Mathematics) 12 5 58 %
PLC Programming Principles 20 8 60 %
Average Efficiency Gain 15,7 6,3 59,3 %

Traditional knowledge control methods often suffer from subjectivity and an inability
to adequately assess practical decision—making skills under stressful conditions. In training
specialists for Smart Grids, it is critical to assess not only "knowing" but also "being able to
act".

Artificial intelligence allows for a radical increase in the objectivity and validity of
assessment by performing the following functions [5]:

— Analysis of Implicit Parameters: Al systems embedded in Digital Twin simulators
can analyze not only the final outcome of the operator’s action but also the decision—
making process: reaction time, number of unnecessary switching operations, sequence of
steps, and even the emotional state (through analysis of voice commands or cursor
movements).

— Comparison with Reference Models: The Al compares the trainee's actions
against an optimal algorithm (expert model) created based on the experience of leading
industry specialists, providing a precise, unbiased report on discrepancies.

The highest efficiency is achieved when assessment is no longer a separate event
(an exam) but becomes a continuous process integrated into the learning trajectory [5].
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Figure 2 — Methodological Scheme for Integrating Artificial Intelligence into the
Training Process of future specialists in the field of agribusiness power engineering based
on Adaptive Learning Trajectories.

As shown in Figure 2, the methodological scheme for Al integration involves
constant monitoring and correction. This means the Al platform not only teaches but also
continuously assesses the student at every stage:

— Current Control: Evaluation of the complexity of the material mastered and the
speed of module completion.

— Intermediate Control: Assessment of effectiveness in simulator scenarios.

— Final Control: Comprehensive testing of all competencies in an Al-generated
scenario.

This cyclical model ensures the transparency of the learning process for both the
student and the instructor, providing a detailed "digital footprint* of competency acquisition.

Based on the conducted analysis, it can be asserted that the integration of Artificial
Intelligence technologies into the educational process for training future specialists is not
merely a modernization but a strategic necessity to meet the requirements of the "Smart
Grids" concept and the transition to Industry 4.0.

The main conclusions of the study are as follows:

1. Enhanced Practical Training: The use of Intelligent Simulators and Digital Twins,
powered by Al, allows for a shift from the static reproduction of scenarios to dynamic,
adaptive modeling. This is crucial for developing operational personnel's decision—making
skills under uncertainty and during the occurrence of rare, cascading faults, which is
unattainable through traditional methods [1] (see Figure 1).

2. Effective Gap Remediation: Al systems provide personalized learning, effectively
identifying and specifically addressing gaps in fundamental knowledge (e.g., in Theoretical
Foundations of Electrical Engineering and higher mathematics). This approach
significantly reduces the total time required to achieve the necessary competency level,
thereby increasing the overall effectiveness of the educational process [2, 4] (see Table 1).

3. Assessment Obijectivity: Al ensures the transparency and objectivity of
competency assessment. By analyzing not only the final result but also the student's
decision—making process (reaction time, sequence of actions) in simulation environments,
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Al provides unbiased feedback, which forms the basis for a continuous learning and
correction cycle [5] (see Figure 2).

4. Comprehensive Transformation: The methodological scheme for Al integration
into education provides a cyclical, adaptive process that combines diagnosis, an individual
trajectory, and continuous monitoring. This allows higher technical education institutions to
rapidly train future specialists who possess not only theoretical knowledge but also the
practical skills required in the highly automated energy sector.

Thus, Al is a key factor in ensuring the formation of highly qualified, adaptive
specialists capable of effectively managing the complex and dynamic systems of the
modern energy complex.
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YOK 377.1

OTHOWEHUE OBYYAIKOLWNXCA TEXHUYECKOIO BY3A K
NCNoJib3OBAHUIO NCKYCCTBEHHOIO MHTEJIEKTA B BbICLUEM
OBPA30OBAHUA

TapabapuHa lOnua AnekceeBHa,

cTapwun npenogasatenb Kadeapbl MHOCTPaHHbIX A3bIKOB

N npopeccrnoHarbHOM KOMMYHMUKaL MK,

OIbOY BO «HaumoHanbHbIM nccnenoBaTenbCKUN
MocKoBCKMI rocyapCTBEHHbIN CTPOUTESIbHbLIN YHUBEPCUTETY,
r. Mocksa, Poccusa

AHHOMauus

B cmambe npedcmasneH aHanu3 pe3ynbmamos ornpoca cmydeHmos HayuoHanbHo20
uccriedosameribcko20 MocKo8CKO20 20CcydapCmeeHHO20 CcmpoumesibHo20 yHuUsepcumema. Llenbio onpoca
6bI10 8bISICHUMbB OMHOWEHUE 0by4Yarouuxcs K 6HEOPEHUK MEeXHOsI02ull UCKYCCMBEHHO20 UHMesiekma 8
obpazosamernbHbil npouyecc. [lo pe3synbmamam onpoca 60nbWUHCMEo 0byYaruuxcs MO3UMUBHO
oueHusarom rpUMEHEHUEe UCKYCCIMBEHHO20 UHMmerssiekma 8 0Oy4YyeHuu, MOCKOMbKY 3mo o3eossem
9KOHOMUMb 8PEMSI Ha 8bIrofiHeHue y4ebHbix pabom. Tem He MeHee, cmyOeHmMbl 8bipaxarom
0becrnokoeHHOCMb ygeriudeHUeM 06 beMO8 akaleMu4ecKo20 MOWEeHHUYecmaa.

Knroueeble cnoea: UCKyCCMBEHHbIU UHMerekm, akabeMu4ecKoe MOWEHHUYECMB0, KpUMmuU4YecKoe
MbiwneHue, uHousudyanusayusi obpa3osaHus, Helipocemu.
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