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The article investigates the issue of enhancing the effectiveness of mechanics education within engineering pro-
grams. Traditional methods, relying on lectures, paper-based problems, and limited laboratory work, often fail to pro-
vide a deep understanding of the subject due to the abstract nature of concepts, the complexity of models, and the lack
of visualization and practical application. The authors argue for the necessity of integrating computer modeling, which
serves as a powerful tool to overcome the limitations of traditional teaching. Computer modeling simplifies the visual-
ization of complex mechanical processes, enables the conduction of virtual experiments, and allows for the analysis of
how various parameters affect the behavior of systems. Various software tools for modeling in mechanics and their
capabilities are examined. Particular attention is paid to the impact of modeling on the quality of education, including
improved comprehension, skill development, and increased motivation. In conclusion, the importance of incorporating
computer modeling into mechanics education is emphasized to prepare qualified engineers capable of solving complex
problems in the context of modern technological development.
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B cTraTbe HccienyeTcd Bonpoc nNoBbIIIEHHUA S(I)CDGKTI/IBHOCTI/I npenogaBaHUd MeXaHUKU B MHXKEHEPHbIX Iporpam-
Max. Tpa,ELI/IL[I/IOHHbIe MeTOo/Jbl, OCHOBAHHbIE€ Ha JIEKIIUAX, 6yMa)KHbIX 3aa4ax U OrpaHUY€HHbIX na6opaT0prIx pa60-
TaX, 4aCTO He 06eCcrneYyruBaT I"J'ly6OKOG INOHMMaHHe NTpeJgMeTa U3-3a a6CTpaKTHOCTI/I MOHSITHUH, CJI0XKHOCTH Mo,ueneﬁ
W HEJOCTAaTKa BU3yaJU3alUH U IPAKTUYECKOI'o IpUMEeHEeHU . ABTOpbl APryMeHTUpyroT HeOGXOAI/IMOCTb HWHTerpanguu
KOMIIBIOTEPHOTO MO E/JIMPOBaHUA, KOTOPOE CJIYXXUT MOLIHBIM UHCTPYMEHTOM JJif IIPpe0J0JI€eHUSA OFpaHI/I‘{eHI/Iﬁ Tpa-
AVULHUOHHOTO 06y‘{eHI/IH. KOMHB}OTepHOG MOJeJIMpOBaHUeE yIpollaeT BU3yaJnu3alvI0 CJIOXKHBIX MEXaHUYECKHX ITpoLec-
COB, IO3BOJIAET IPOBOAUTL BUPTYaJIbHbI€ SKCIIEPUMEHTHBI U aHAJIU3UPOBATH BJIUAHHE IIAapaMeTpPOB Ha TOBejeHHE CU-
CTeM. PaCCManHBa}OTCH pasjrdHbIE€ IpOrpaMMHbI€ CpeACTBa AJid MOAECJIMPOBAHHUA B MEXdaHHUKE U UX BO3SMOXHOCTH.
Oco60e BHUMaHHE yaesdaeTcd BJIMAHUIO MOJAEJIMPOBAHUA HAa Ka94€CTBO 06paSOBaHI/IH: yJay4duieHrve NOHUMaHus, pa3BU-
THE HaBbIKOB W IIOBbILLIEHWE MOTHBALUH. B 3akstouenue noA4YepKHUBaeTCAd BaXKHOCTb BKJIOYE€HHA KOMIILIOTEPHOT'0 MO-
A€JIMPpOBAHUA B 06y'{e1-me MexXaHHuKe Jid NoATr0OTOBKHU KBaJIl/I(l)I/ILU/IpOBaHHle HWHXXEHEPOB, CIOCOOHBIX pemaTb C/I0XK-
Hbl€ 3aJla4U B YCJIOBHUAX COBPEMEHHOI'O TEXHOJIOTUYECKOI'0 Pa3BUTHUA.

Kalueswle caosa: KoMnbromepHoe MoaeﬂupoeaHue, MexXAaHUKda, UHMCeHepHoe o6pa3oeal—1ue, o6yquue, susyaausa-
yus, aLlHa.Ml,lK'a, KUHemMamuka, Memod KOHe4YHbIX J/1emMeHmos, npocpammHoe 066CH€‘1€HU€, supmya/ibHble 3Kchepu-
MEHMbI, Haavdeocmb, UHMepaKkmueHocmsy, npadkmu4vecKue Ha8blKu, 3¢¢€KmU6Hocmb 06yweHu2, UHJCEHepHble 3a0a4u.

Introduction teraction of bodies, underpinning numerous engi-
Mechanics, as a fundamental scientific discipline, neering fields. From the design of bridges and build-
plays a pivotal role in the advancement of civiliza- ings to the development of spacecraft, mechanics
tion and the formation of the modern technological permeates all aspects of our lives, defining the capa-
landscape. It serves as the foundation for under- bilities and limitations of technological progress.
standing the physical laws governing motion and in-  In engineering education, mechanics occupies a unique
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position, shaping the professional competence of fu-
ture engineers and providing a theoretical frame-
work for understanding the principles of technical
systems, fostering analytical skills, modeling,
and the resolution of complex problems. A profound
understanding of mechanics is indispensable for the
successful design, calculation, and operation of tech-
nical devices and structures (e.g., automotive engi-
neers utilize dynamics laws to calculate braking sys-
tems and stability; while constructing skyscrapers,
statics and mechanics of deformable bodies are ap-
plied to ensure structural integrity).

Despite its significance and role in engineering
education, traditional teaching methods face chal-
lenges hindering the development of deep compre-
hension, leading to reduced learning efficiency, for-
mal assimilation of material, and insufficient gradu-
ate preparation. One critical issue is the limitation of
traditional methods, which often reduce to lectures,
problem-solving on paper, and laboratory works
with frequently outdated equipment. Lectures rep-
resent a unidirectional transfer of information, not
always facilitating active student engagement. Prob-
lem-solving on paper also has constraints, as tasks
are simplified models that do not always elucidate
how these models function in real-world scenarios.
Furthermore, solving problems demands substan-
tial effort in mathematical computations, potentially
diverting attention from the physical essence of the
problem. The lack of visual representation leads stu-
dents to formally absorb material —memorizing for-
mulas without understanding their practical appli-
cations. Consequently, students struggle to apply
their knowledge to real engineering challenges. Tra-
ditional laboratory works, although offering practi-
cal experience, often fail to simulate complex pro-
cesses, are time-constrained, and do not permit in-
dependent parameter exploration by students.

These issues collectively underscore the inade-
quacy of traditional methods in adequately preparing
graduates for real-world engineering tasks. Graduates
frequently lack experience in analyzing and modeling
complex mechanical systems. In conclusion, the prob-
lem of traditional teaching methods in mechanics lies
in their limitations, absence of visualization and ani-
mation, difficulties in understanding complex dynamic
processes, lack of student engagement, constraints
of laboratory work, and ultimately, insufficient gradu-
ate preparation. These challenges necessitate the pur-
suit of novel, more effective methods to overcome
these barriers and achieve deeper understanding.
Computer modeling is one such method.

Computer modeling is a powerful tool that trans-
cends the limitations of traditional methods, visualizes
abstract concepts, and creates interactive models,
thereby promoting deeper comprehension and skill
development in analysis. For instance, via computer
modeling, one can visualize a projectile’s trajectory
by varying the launch angle, analyze the influence
of initial velocity on flight distance [1], and more. Com-

puter modeling enables the simulation of real engi-
neering tasks difficult to replicate in laboratories; soft-
ware can model mechanism dynamics [2], structural
deformations, and aerodynamics of flying vehicles.

The integration of computer modeling into the edu-
cational process is a critical task requiring attention
from instructors, methodologists, and educational pro-
gram developers, and has the potential to significantly
enhance teaching quality, making the study of mechan-
ics more engaging.

Methods

Overview of Key Computer Modeling Methods
as a Pedagogical Tool for Teaching Mechanics

Computer modeling represents a methodological
approach to studying and analyzing complex systems
and processes through the creation of digital represen-
tations, termed models, followed by computational ex-
periments with these models. In the context of mechan-
ics, computer modeling acts as a robust tool for investi-
gating mechanical systems, predicting their characteris-
tics, and optimizing parameters without resorting
to costly and labor-intensive physical experiments. This
approach facilitates the study of phenomena that are
difficult or impossible to examine traditionally, such
as the dynamics of complex mechanisms, deformations
of structures under extreme loads, or fluid/gas flows
in complex geometries.

At the core of computer modeling is the formula-
tion of a mathematical model that accurately describes
the behavior of the system under investigation and can
be represented as a set of equations, algorithms,
or rules defining the interrelations between system
parameters. After developing the mathematical model,
itis translated into a computer program enabling com-
putational experiments and presenting results in nu-
merical data, graphs, animations, or other forms. De-
pending on the representation and solution method
of the mathematical model, computer modeling in me-
chanics can be classified into several primary catego-
ries: numerical modeling, analytical modeling, and the
visualization and animation of mechanical processes.

Numerical modeling involves solving mathemat-
ical models by discretizing continuous equations
and subsequently solving them using numerical
methods. In mechanics, numerical modeling is ex-
tensively applied for analyzing complex systems
where analytical solutions are absent. The core idea
is to replace the continuous domain with a discrete
grid composed of finite elements. Subsequently,
the equations describing the system’s behavior are
approximated on this grid, and the resulting alge-
braic system is solved using numerical algorithms.

The two most widely employed numerical meth-
ods in mechanics are the Finite Element Method (FEM)
[3] and the Finite Difference Method (FDM) [6]. FEM is
a versatile and universal method widely used for ana-
lyzing the stress-strain state of solids, mechanical sys-
tem dynamics, heat transfer, hydrodynamics,
and other domains. In FEM, the studied domain is di-
vided into a finite number of elements of varied shapes
and sizes; equations governing system behavior are
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approximated on each element. Solutions from indi-
vidual elements are aggregated to yield a solution for
the entire domain. FEM allows modeling complex ge-
ometries [4], heterogeneous materials, and diverse
load types. FEM is extensively applied in engineering
practice for structural strength and stability analysis,

parameter optimization, and behavior prediction un-
der various operational conditions. Examples include
stress analysis in bridge cranes [5] (fig. 1), wing defor-
mation under aerodynamic forces, and thermal regime
of electronic components.

AX =182 mm
AY =129 m
A7 = -16.83 1

AX =078 me
AY =149 me
AZ = -16.04 1

Fig. 1. Deformed state of the bridge crane - static calculation using FEM (illustration by the authors)
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Fig. 2. Example of analytical modeling of the motion of a body thrown at an angle to the horizon [11]:
a - representation of the body and its trajectory; b - influence of the throwing angle on the flight distance;
¢ - influence of the initial throwing velocity on the flight distance and maximum height (illustration by the authors)
Puc. 2. [Ipumep aHarumu4eckozo Mo0eaAupos8aHus deuxceHus mead, 6pOuEHH020 N00 y2/A0M K 20pU30OHMY:
a - npedcmas./ieHue mead U e20 mpaekmopuu; 6 — 8AusiHue y2.1a 6pocka Ha daabHOCMb noJiema;
8 — 8/AUSIHUE HAYA/IbHOU CKOpOoCcmuU 6pocka HA da1bHOCMb NO-/1ema U MaKCUMAAbHyH 8blcomy (Uaarcmpayust asmopos)
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FDM is another prevalent numerical method used
for solving partial differential equations. In FDM, the
studied domain is discretized into a grid, and unlike
FEM, the equations are approximated directly at grid
nodes using finite differences. FDM is widely applied
for hydrodynamics, aerodynamics, heat transfer, and
other fields where system behavior can be described
by partial differential equations. Examples include
modeling fluid flow in pipes, wave propagation in
elastic media, and thermal processes in internal com-
bustion engines.

Analytical modeling [7] involves solving mathe-
matical models by deriving analytical expressions
that describe system behavior. In mechanics, analyti-
cal modeling is used for analyzing relatively simple
systems with exact or approximate analytical solu-
tions. Analytical modeling enables the derivation
of general behavior patterns and the investigation of
parameter influences. Software packages such
as MATLAB [8], Mathematica [9], and Maple [10] are
commonly utilized, offering extensive tools for sym-
bolic computation, equation solving, graph plotting,

and other operations. These packages automate
the solving of mathematical models and present re-
sults in user-friendly formats. Examples include de-
riving pendulum motion equations, analyzing spring
system oscillations, and calculating the trajectory of a
body thrown at an angle to the horizon [1] (fig. 2).

Visualization and animation of mechanical pro-
cesses are critical components of computer model-
ing, presenting results in intuitive and comprehen-
sible forms—graphs, diagrams, etc.—that facilitate
understanding of system behavior. Animation de-
picts dynamic processes as sequences of images
showing the system’s state changes over time. Visu-
alization and animation play a vital role in mechan-
ics education, enabling students to grasp complex
concepts and develop an intuitive understanding of
mechanical system behavior. Examples include
stress distribution visualization in deformable bod-
ies, mechanism movement animation [12] (fig. 3),
and fluid flow around streamlined objects.

Fig. 3. Animation frames of the crank-slider mechanism:
a - 2D model, b - 3D model (rod-type and round-linkage construction)
(illustration by the authors)
Puc. 3. Kadpwl aHumMayuu KpugowunHo-noA3yHH020 MEXAHU3MA:
a - 2D-modenn, 6 - 3D-modens (cmepicHesast u Kpyen038eHHAst KOHCMPYKYUsi)
(unnrocmpayus asmopos)

In conclusion, computer modeling in mechanics is
a multifaceted approach encompassing numerical
modeling, analytical modeling, and the visualiza-
tion/animation of mechanical processes. Each method
has distinct advantages and limitations, and the choice
of technique depends on the nature of the problem and
the required result accuracy. Collectively, these meth-
ods enable the study of a wide range of mechanical
phenomena, making computer modeling an indispen-
sable tool in modern mechanics.

Software for Mechanical Modeling

Currently, a vast array of software exists for
computer modeling in mechanics, each with unique
capabilities, functionalities, and applications.
Broadly, mechanical modeling software can be cate-
gorized into several primary groups.

Numerical Modeling Software

This category includes software designed for
solving mechanical problems using numerical meth-
ods (FEM and FDM) and provides extensive tools for
creating geometric models, assigning material prop-
erties, defining boundary conditions, performing
calculations, and visualizing results: a) ANSYS - one
of the most popular and powerful numerical model-
ing software, widely used in engineering fields in-
cluding mechanics [13], heat transfer, hydrodynam-
ics, and electromagnetism; offers extensive capabil-
ities for modeling complex mechanical systems, in-
cluding stress-strain analysis, dynamic analysis, and
stability analysis; b) Abaqus - a robust software ex-
celling in nonlinear problem analysis, such as large
deformations, material failure, and contact interac-
tions; widely used in automotive, aerospace, and
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construction industries; ¢) COMSOL Multiphysics -
software focused on multiphysical process model-
ing, i.e., processes involving multiple simultaneous
physical phenomena (e.g., mechanical deformations
and heat transfer).

Analytical Modeling Software

This category includes software designed for
solving mathematical models analytically and per-
forming symbolic computations, equation solving,
and graph plotting: a) MATLAB - widely used for nu-
merical calculations, data analysis, and algorithm
development; provides tools for solving differential
equations, vibration analysis, etc.; b) Mathematica -
software focused on symbolic computations, equa-
tion solving, and graph plotting; offers powerful
tools for analytical modeling and mathematical
model research; c) Maple - software for symbolic
computations, equation solving, graph/animation
creation; features extensive tools for analytical
modeling and mathematical model research [14].

CAD Modeling and Visualization Software

This category includes software for creating ge-
ometric models, visualizing simulation results, and
generating animations: a) SolidWorks - a popular
3D CAD modeling software widely used in mechani-
cal engineering; offers extensive tools for geometric
modeling, assembly design, and result visualization;
b) AutoCAD [15] - a popular 2D/3D CAD software
widely used in construction and other fields for
drawing plans and graphical documents [16, 17].

The selection of specific software depends on the
nature of the problem, required result accuracy,
available resources, and user expertise. In educa-
tion, the use of multiple software packages is recom-
mended to provide students with experience in di-
verse tools and develop skills in selecting appropri-
ate software for specific tasks.

Results. Analysis of Educational Effects
of Implementing Computer Modeling

Introducing computer modeling into mechanics ed-
ucation unlocks significant advantages that enhance
the assimilation of material, practical skill development,
and student motivation. The benefits of computer mod-
eling can be categorized into several key aspects.

One of the most significant advantages is the abil-
ity to provide visual representation of complex me-
chanics concepts and phenomena. Many fundamental
mechanics principles, such as rotational dynamics,
oscillations, and solid deformations, are described
by complex mathematical models that are challeng-
ing to visualize without computer modeling. Com-
puter modeling creates dynamic models demonstrat-
ing mechanical system behavior in real-time, greatly
aiding the understanding of abstract concepts. For
example, instead of merely studying pendulum mo-
tion equations, students can observe its oscillations
in a computer model, adjust parameters, and analyze
their effects on motion, facilitating result interpreta-
tion and understanding parameter interrelations.

Similarly, when analyzing beam deformation under
load, students can visualize stress/deformation dis-
tribution, better grasping how load influences struc-
tural behavior.

Another key advantage is interactivity and ex-
perimentation potential. Computer modeling pro-
vides an interactive learning environment, enabling
students to actively participate in the learning pro-
cess. Unlike passive lecture attendance and solving
standard problems, students can independently in-
vestigate mechanical systems, adjust parameters,
and observe results, gaining practical experience
and developing analytical and problem-solving
skills. For instance, while studying projectile motion
under a horizontal angle, students can vary initial
velocity, launch angle, and other parameters, ob-
serving their effects on trajectories and inde-
pendently exploring ballistics laws [1, 11].

Computer technologies enable simulating real
engineering tasks challenging to replicate in labs,
such as mechanical systems under extreme loads,
complex mechanism dynamics, deformations of
building structures [4, 5], and aircraft aerodynam-
ics. Simulating real-world tasks allows students to
see theoretical knowledge applications, increasing
interest in the subject and motivating deeper study.

Computer modeling fosters problem-analysis and
solving skill development, critical for future engi-
neers. Students learn to create models, select appro-
priate methods, evaluate result accuracy, interpret
outcomes, and draw conclusions about system be-
havior. Additionally, computer modeling enhances
proficiency in professional software used in engi-
neering practice, such as ANSYS [18], SolidWorks
[19], MATLAB [20], COMSOL [21], Abaqus [22], etc.

Computer modeling accelerates the learning pro-
cess by providing more visual and interactive material
presentation. Students grasp complex concepts and
laws faster, gaining practical experience otherwise un-
attainable via traditional methods, while increased
motivation results from a more engaging and interest-
ing learning process. The ability to independently ex-
plore and experiment, coupled with visual results, en-
hances student interest and engagement.

Thus, computer modeling offers significant ad-
vantages in mechanics education, including visuali-
zation of complex concepts, interactivity and exper-
imentation, real-world task simulation, problem-
analysis skill development, and accelerated learning
and increased motivation. These advantages make
computer modeling an indispensable tool in mod-
ern mechanics education, fostering deeper and
more effective knowledge assimilation and prepar-
ing highly qualified engineers.

Conclusion

The analysis demonstrates that computer mod-
eling is not merely a promising but a necessary tool
for modern mechanics, particularly in education,
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representing a paradigm shift in teaching methodol-
ogy, providing opportunities previously inaccessi-
ble via traditional approaches.

Unlike passive information reception typical of
lectures, computer modeling engages students in
active learning, enabling them not only to observe
mechanical phenomena but also to independently
investigate them by adjusting parameters and ana-
lyzing results. This approach fosters deeper and du-
rable understanding, as well as critical thinking and
analytical skills development.

Implementing computer modeling into the cur-
riculum not only enhances learning quality but also
develops skills in demand in modern engineering
practice. Working with industry-standard software
gives students practical experience crucial for suc-
cessful professional activity, improving their com-
petitiveness in the job market and aiding adaptation
to real working conditions.

Future developments in mechanical computer
modeling involve refining numerical methods, de-

veloping new algorithms, and creating more power-
ful and user-friendly software. In particular, multi-
physical process modeling methods and integration
with virtual/augmented reality technologies are ex-
pected to create even more immersive and interac-
tive learning environments.

In conclusion, computer modeling is not a panacea
for all education challenges but a powerful tool over-
coming many traditional teaching method limitations.
Its implementation requires instructors and method-
ologists to revise curricula and develop new materials,
but the achievable results justify these efforts.

Computer modeling fosters deeper and durable
understanding, practical skill development, and stu-
dent motivation, ultimately preparing highly qualified
engineers capable of solving complex, non-standard
tasks in the context of modern technological progress.

Further development and integration of com-
puter modeling into education is a crucial step to-
ward improving engineering education and training
specialists meeting modern world demands.
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HccnenoBanne NOCBAIEHO COBEPIIEHCTBOBAHUIO METPHK PeJIEBAHTHOCTH 3MOLIMOHAJIBHOTO KOHTEKCTa B CHUCTe-
Max U3BJIedeHHs KOHTeKcTa A Retrieval-Augmented Generation. CoBpeMeHHbIe nox0/ibl GOKYCHPYIOTCS Ha CEMaH-
THYEeCKOM CXO/,CTBe TEKCTOB, IPOIyCKas SMOLMOHAIBHYI0 COCTABJIAIIYI0, KOTePEHTHOCTh, YTO KPUTHYHO JJI 3a4a4
Han6oJiee TOYHOTO IOKCKA B IMOLMOHA/ILHO OKpallleHHbIX AaHHbIX. [Ipe/iokeHa KOMIIO3UTHAsA MeTPUKA, 06'beJUHA-
I0111ast CEMAaHTHYEeCKOe CX0JCTBO BEKTOPHBIX IMO€e/JJUHIOB ¥ IMOLIHOHA/IbHYIO KOTepEeHTHOCTD, OLleHUBAaeMYI0 KaK KO-
CHUHYCHOE CXOJICTBO TeKCTOB. OnucaHa MeTO/0/I0TUsl BbIYMCIEHUs] KOMIOHEHT METPUKHU U UX B3BellIMBaHUSA, Ha OC-
HOBe KOTOPOU MpoBeJieH psifl IKCIIepUMEHTOB C LieJ1bI0 BbISICHEHUS CIOCOGHOCTH Npe/i/I0XKeHHON MeTPUKU Hax04UTh
TeKCT 60Jlee TOUHO, YeM MOJe/lb, OCHOBBIBAIOILAsICA HA MOMCKe TOJbKO CEMaHTU4YeCKOM cocTaBasouell. OneHka ad-
$eKTHBHOCTH NPOBe/ieHa HA CAMIIJIMPOBAHHOM NOAMHOKecTBe faTaceTa Stanford Sentiment Treebank 2 (SST-2). Kom-
M03UTHAasi MeTpUKa NPOJEMOHCTpUpOBaia 60siee BbICOKYI0 3PpdeKTUBHOCTb 10 MeTpUKaM Precision@5, Recall@5,
NDCG@5 u MAP no cpaBHEHHUIO C METOJAaMU NTIOMCKA, OCHOBAHHBIMH UCK/IUYUTENbHO HA CEMAaHTUUYECKON COCTaBJISIIO-
weil. [IpoBefieHHbIe 3KCIIEPUMEHTBI T0Ka3aJd 3HAYUTeIbHbIN IPUPOCT METPHUK [JIsl TO3UTUBHBIX U HETaTUBHBIX 3a-
npocos. [IpoBejieH fabHeH N aHAIN3 BJIUSAHUA KO3 PULMEeHTOB NpeA10XKeHHO! MeTpUKHU. [Ipy paccMoTpeHUH No-
JIy4eHHBIX Pe3y/IbTaTOB ObLJIO YCTAHOBJIEHO, UTO yYyeT SMOLIMOHAJbHON KOrepeHTHOCTH He06X0JUM ISl JOCTHXKEHUS
ONTHMaJIbHOM NPOHU3BOAUTENbHOCTH METPUKH.

Kawouesule cnoea: mawuHHoe obyveHue, 06pabomka ecmecmeeHHO20 53blKa, S3blKo8ble ModeaU, Mempuku o6pa-
60mKU ecmecmeeHH020 53blKa, LLM, amb6edduHau.
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The research focuses on improving emotional context relevance metrics in context extraction systems for Retrieval-
Augmented Generation (RAG) systems. Current approaches focus on semantic similarity of texts, missing the emotional
component, coherence, which is critical for the task of the most accurate retrieval in emotionally colored data.
We propose a composite metric that combines semantic similarity of vector embeddings and emotional coherence,
evaluated as the cosine similarity of texts. A methodology for computing the components of the metric and weighting them
is described, based on which a series of experiments were conducted to find out the ability of the proposed metric to find
text more accurately than a model based on semantic component search alone. Performance evaluation was performed
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