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Abstract

The application of stochastic techniques as a tool for enhancing the quality of the technical specialties’
educational process is investigated in this paper. Particularly relevant in the framework of fast technical and
digitalization advancements, these approaches enable the modeling of complicated industrial processes and
solving of problems under conditions of uncertainty. The research emphasizes the development of strategies
for instructing stochastic procedures inside educational curricula designed to cultivate technical specialists.
The primary objective of this study is to enhance students' analytical thinking, forecasting, and decision-
making skills in unconventional situations, thereby allowing educational processes to align with the
requirements of contemporary industrial sectors. The scientific and pragmatic relevance of the research is
found in the fact that stochastic approaches enable the combination of theoretical knowledge with practical
skills, therefore facilitating the training of highly qualified experts ready to operate in dynamic and complex
systems. The study approach called for theoretical modeling, data analysis, and investigation of real-world
examples. By means of production scenario modeling, the outcomes were acquired, therefore highlighting the
efficiency of stochastic methods in addressing practical issues. The results of the research suggest that using
stochastic approaches helps students to acquire their data analysis, process management under uncertainty, and
modern digital tool application abilities. The approach significantly helps to create adaptable learning
environments meant to solve industrial challenges. The practical relevance of the research findings is in their
usefulness for the creation of educational programs meant to equip graduates fulfilling the criteria of digital
transformation and modern industries.

Keywords: stochastic methods, Monte Carlo method, Markov processes, applied problems, technical
specialties.
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TEXHUKAJIBIK MAMAH/IBIKTAPJIbIH CTYAEHTTEPIHE CTOXACTUKAJIBIK
OJICTEPII OKBITY JIbIH KOJJAAHBAJIbI BAFBITHI

Anoamna
Makanasa TeXHHKaJbIK MaMaHIbIKTapAa OiiM Oepy yaAepiciHiH camachlH apTThIpy Kypaibl peTiHge
CTOXaCTHKAJIBIK SicTepAi KOJAaHy KapacTelpbuiaibl. by omictep Kyphemi eHZIIpICTIK mHpouecTepi
MOJIENIbIEYTe JKOHE OeNTiCi3iK >KaFdalapbelHia Moacelenepli IIenryre MyMKIiHIiK —Oepemi, Oy
TEXHOJIOTHsIap MeH UMQPIaHABIPYAbIH KapKbIHABI AaMybl JKaFAalblHAA EpeKIle MaHbI3Abl. 3eprTey
TEXHUKANBIK MaMaHIapAbl JaiiblHAay YwiH Oirim Oepy OaraapiamaiiapblHa CTOXACTUKANBIK SicTepmi
OKBITYJIBIH 9IICTEMENIK TACUIIEPiH a3ipieyre OarbITTanraH. JKyMBICTBIH HETI3r MACSICHI — CTYIACHTTEPIIH
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AaHAJUTUKANBIK Oifay, OobKay >KOHE CTaHAApTThl €MeC >Karjaiiapia wiemiM KaObuigay IarAbUlapblH
KaJIBIITACTBIPY apKbUIBI OiiM Oepy yaepicTepiH Kasipri 3aMaHFBl ©HEPKSCIN cajlalapblHBIH TallallTapblHA
Oeliimzaey. 3epTTeyAiH FBUIBIMH JKOHE MPAKTUKAIBIK MaHBI3ABUIBIFBl CTOXACTHUKAIBIK SICTEP TEOPHSUIBIK
OLTiMII IPaKTUKANIBIK JaFJbUIapMEH YIIecTipyre MyMKIiHIIK OepeTiHiMEeH epeKieneHe i, Oy KypAeni xKoHe
TUHAMHKAIBIK KYHenep KarqaiblHIa )KYMBIC ICTeH allaThIH KOFapbl OUTIKTI MaMaHIap bl JaspiayFa BIKIIal
eTeni. 3epTTey 9aiCHAMAaChIH/Ia TEOPHUSUIIBIK MOAETBACY, ACPEKTEPl Tanaay JKOHE MPAKTHKAIBIK KehcTepi
3epTTey KOJMaHbuIAbl. HoTwkenep OHAIPICTIK JKarmaimapApl MoOJENbACY HETi3iHAE anblHFaH, Oyl
CTOXAaCTHUKAJBIK TACULAEPAIH HAKTHl MOCENleepAl MIeNIyAeri THIMAUIITIH KepceTeni. 3epTTey HoTIKenepi
CTOXAaCTHUKANBIK OAICTEepAl KOJAAaHy CTYISHTTepPAIH MAepeKTephi Tannay, Oenrici3mik >KaFmaiaapblHa
npornecTepAi Oackapy koHe 3amaHayd IMQPIBIK KypajizapAsl HaiganaHy NaFabUIapblH JaMBITYFa BIKMAT
eTeTiHiH pacraiinel. XXymbic OimiM Oepy >KyieciH eHAIpicTIK MiHAETTEpAl HIenryre OarbITTaNFaH aaanTHBTI
KYHenepAl AaMbITyFa eJNeyii ylec KOCaabl. 3epTTey HOTIKEIEepiHIH MPAaKTHKAIBIK MaHBI3IBUTBIFBl OHBIH
HOTHXeNepiH TUQPIBIK TpaHCHOPMALUSHBIH KoOHE Ka3ipri 3aMaHFbl HHAYCTPHAIAPAbIH TalanTapbiHa JKayall
OepeTiH TyJieKTepAl AalbIHAaWThIH OiniM Oepy OargapiamanapbiH 93ipiey Ke3iHle KoJnaHy MYMKiHAIriHe
KAaTBI.

Tyiiin ce3nep: croxacTuKaIbIK oaicTep, MonTe-Kapio omici, MapkoB mporiecTepi, KoigaHoasl ecentep,
TEXHUKAJBIK MAMaH]IBIKTap.
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MNPUKJIIAAHASI HAITIPABJIEHHOCTDb OBYYEHUS CTOXACTUYECKUM METOJAM
CTYJAEHTOB TEXHUUYECKHWX CHEIIUAJIBHOCTEN

Annomayus

B crathe wmccnemyercs NPUMEHEHHE CTOXACTHMYECKMX METOIOB KaK HMHCTPYMEHTA IS TOBBIIICHUS
KadecTBa OO0pa30BATENILHOIO TPOIECCa TEXHUYECKUX crHenuaibHocTe. OCOOCHHO aKTyaJllbHBIMH 93TH
MOJTXO/IbI CTAHOBSITCS B YCJIOBUSIX CTPEMHUTEIHHBIX TEXHHYSCKHUX M ITU(PPOBBIX MPeoOpa3oBaHuil, Tak KaKk OHU
MO3BOJIAIOT MOJICIUPOBATh CJIOKHBIC IPOMBIIUICHHBIC TIPOIECCHl M peliaTh 3aJladd B YCJIOBHSX
HeompeeNeHHOCTH. VcenenoBanne cocpeioToueHO Ha pa3paboTKe METOIUK MPETOIaBaHUs CTOXACTHUSCKIX
METOJIOB B 00pa30BaTeNbHBIX MPOrpaMMax, HAMPaBICHHBIX HA MOATOTOBKY TEXHHUYECKHUX CIHEIHUATHUCTOB.
OCHOBHOH 1€7bI0 Pa0OTHl SBJISICTCS Pa3BUTHE Y CTYACHTOB aHAJUTHUYECKOTO MBIIUICHUS, HABBIKOB
MPOTHO3UPOBAHUS M TPUHATHS PEIICHUI B HECTAHIAPTHBIX CHUTYyallMsSX, YTO MO3BOJISET aJalTUPOBATh
00pa3oBaTesbHBIA MpoIecC MOoJ TPeOOBaHUS COBPEMEHHBIX OTpaciicll MPOMBINUICHHOCTH. HayuHas wu
MPAKTHUYECKask 3HAYUMOCTh UCCIICOBAHUS 3aKIFOYACTCS B TOM, UTO CTOXACTUYCCKHUE TTOIX0IbI CIIOCOOCTBYIOT
00BEIMHEHUIO TEOPETUUCCKUX 3HAHUN C MPAKTHYSCKUMH HABBIKAMH, TEM CaMbIM O0CCIIEYMBAs ITOATOTOBKY
BBICOKOKBAJTU(DMIIMPOBAHHBIX CIECIUAIUCTOB, TOTOBBIX pa0dOTaTh B TUHAMHUYHBIX M CIIOXKHBIX CHCTeMax. B
paMKax HCCJICAOBAHHS HCIIONB30BATNCh TCOPETHUYECKOE MOJCIMPOBAHNE, AHATN3 JAHHBIX M HW3y4YCHHE
peayIbHBIX PUMEPOB. [lyTemM MoeMpoBaHus MPOU3BOACTBEHHBIX CIICHAPUEB ObLIM TOJIYYCHBI PE3YJIbTATHI,
nojTBepkaaronue 3hHEKTUBHOCTh CTOXACTHUECKUX METOJIOB B PEIICHUH MPAKTUUECKUX 3aj1a4. Pe3ynbTaThl
HCCIIEIOBAHMUS TTOKA3BIBAIOT, YTO MPUMEHEHHE CTOXACTHUECKUX METOJOB IIOMOTAeT CTYJACHTaM MPUOOPETaTh
HaBBIKM aHaliM3a JaHHBIX, YIPABJICHUS NPOIECCAMU B YCIOBHSIX HEONPEACICHHOCTH M HCIIOJb30BaHUS
COBPEMEHHBIX NMUMPOBBIX MHCTPYMEHTORB. [107X0/1 3HAYMTEIHLHO CIOCOOCTBYET CO3IAHMIO AMalTHPYEMbIX
yUeOHBIX Cpell, HAMPaBICHHBIX HAa PEIICHUE 33734 MPOMBINUICHHOTO cekTopa. [IpakThveckas 3HAYMMOCTh
PE3yITAaTOB HCCIIEAOBAHUS 3aKIII0YAETCS B UX IPUMEHUMOCTH IS pa3paboTKH 00pa30BaTeIbHBIX IPOrpamMM,
HAIICJICHHBIX Ha TOJTrOTOBKY BBIITYCKHHKOB, COOTBETCTBYIOIIMX KPUTEPHSIM IU(PPOBOH TpaHChHOpMAIUU U
COBpPEMEHHBIX OTpaciiell IPOMBIIIIIEHHOCTH.

KuaroueBble c10Ba: cTOXaCTUYECKUE METO/TbI, MeTO1 MoHTe-Kapiio, MapKkoBCKHE ITPOLIECCHI, TPUKITATHBIC
3a/1a49u, TEXHHYECKHE CIIENATbHOCTH.

Main provisions

The major objectives of the research are to investigate methodological approaches to their use and
to find the relevance of stochastic techniques in the technical education process. Markov processes
and the Monte Carlo approach were applied to fit instructional materials for industrial environments.
These approaches were seen as efficient instruments for addressing mathematical problems and
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simulating complicated systems. The goal of this research aimed to offer a thorough investigation of
stochastic technique use in the educational process.

Introduction

Modern technical education is absolutely essential in the environment of industrial globalization,
digital transformation, and technological uncertainty to provide professionals with the necessary
skills to operate successfully. Students in practical industrial environments have to gain not just
academic knowledge but also skills in data analysis, forecasting, and management due of the
complexity of industrial processes and the rapid development of technology. Sometimes conventional
teaching methods are insufficient for properly preparing students to manage the complexity of modern
industrial processes and may not be able to control changing surroundings.

Derived from probabilistic models, stochastic approaches find tremendous use in engineering for
data analysis and process optimization. Sheldon M. Ross's work [1] carefully investigates the
fundamental concepts and instruments of stochastic processes. Moreover addressed in the
monograph [2] by Andras Prékopa are other applications for stochastic optimization methods. These
studies offer the theoretical framework for the use of stochastic methods spanning several domains;
yet, there is still a great gap in particular direction for their implementation inside the educational
system. Recently, stochastic approaches added into the learning process have drawn interest. The
work of Haldar and Mahadevan highlights the managing of engineering design uncertainty by use of
stochastic methods [3]. Although this research demonstrate the effectiveness of stochastic approaches
in engineering, careful strategies for their methodical use in educational settings still lack.

Further studies have stressed how stochastic approaches should be applied during the learning
process [4,5]. Examining difficult systems using these methods will enable pupils to develop
professionally more ready. Many current studies neglected practical relevance in favor of theoretical
models. The present publication attempts to offer methodological rules and explore the possibilities
of stochastic approaches for technical education. Review present methods, modify stochastic models
for education, and evaluate how these changes impact students’ analytical and practical skills are the
key objectives. Stochastic techniques are supposed to increase students' capacities in data analysis,
forecasting, and decision-making under uncertainty, therefore enabling their successful assimilation
into practical industrial environments. This work presents a comprehensive understanding of the
opportunities for adding stochastic techniques into instructional activities by means of real-world case
studies, industrial situation modeling, and theoretical analysis.

Research methodology

In engineering sciences, often employed stochastic models and methods contributed to develop
methodological approaches. By means of mathematical modeling and probabilistic tools, these
methods allow efficient management of systems affected by stochastic fluctuations and uncertainty.
Stochastic methods are a collection of mathematical and computational techniques designed to
address random or uncertain factors in issues. Mostly different from others are stochastic approaches
in their use of probabilistic models to facilitate decision-making in uncertain surroundings and help
to clarify events. These approaches help with optimization, forecasting, modeling difficult systems,
data analysis [6,7] and other areas.

1. The Monte Carlo method is a mathematical computational tool based on probability and random
numbers. It is used for the modeling and analysis of systems that incorporate stochastic elements or
provide challenges in solving intricate mathematical models. Especially in instances where a perfect
analytical solution is unattainable, the Monte Carlo method facilitates the approximation of solutions
to several problems. This method fundamentally produces a substantial quantity of random numbers
for computational purposes. These figures represent the stochastic processes of actual systems. Each
computation is regarded as a "experiment,” and the average of the outcomes gives an approximate
value for the quantity being assessed [7,8].
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2. Markov processes are mathematical models of random systems where the probability of
transitioning to the next state depends only on the current state and is independent of all previous
states. These processes are used to analyze systems undergoing dynamic changes, such as predicting
equipment failures or modeling the flow of requests in service systems.

In the field of education, Markov processes have been utilized to model sequences of events
characteristic of real industrial processes [7,9]. A Markov chain is a stochastic process where the
probability of transitioning to the next state depends only on the current state. In other words, past
states have no influence on this transition probability. This characteristic is known as the Markov
property [7,3].

Key Concepts: Set of States: S ={s,,S,,..., S, }

Time Scale: time can be either discrete (t =0,1,2...) or continuous (t € R).

Transition Probability:

For discrete time: P(X,,, =s; | X, =s,) = p;.

For continuous time, the transition rate g, is used.

Discrete Markov Chain
Transition probabilities between states are described by the matrix P, where p; represents the

probability of transition from state i to state j.

pll plz pln
P= p.21 p22 p2n .
pnl pn2 pnn

Conditions:
1. 0<p;<1forallij.

2. The sum of each row equals 1: Z p; =1

j=1
If 7, - represents the probability distribution at step t, then the probability distribution after n steps
is given by: =, =7,P",
Here P" —is the n-th power of the transition probability matrix P.

Stationary Distribution
A stationary distribution & satisfies the following equation: 7 = 7P,

n
Where: 7 ={z,, 7,,... 7,} and > 7 =1
i=1
Continuous-Time Markov Chain
In continuous-time Markov chains, the transition probabilities are described using the generator

matrix Q, where q;— represents the transition rate from state i to state j. The transition rates g are

defined as:

Pij (At) - 5i'

q; = lim -, where §,— Kronecker Delta Symbol (5, =1, ifi=j, or 5; =0).

At—0
Properties of the Generator Matrix Q:
1. gy20fori=]j 2. q; = —Zﬂ O
Task 1. The company wants to evaluate the probability that its web server can handle incoming
requests within a specified time interval (t,., ). The number of requests (N) varies depending on the
time of day, ranging from 100 to 1,000. The processing time for each request (t) is a random variable
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with a mean and standard deviation (mean processing time is approximately u=0.02 seconds, and

N
standard deviation is 6=0.005 seconds). The total time required to process all requests is t,, = Zti.

i=1
Determine the probability that, t,, <t,, under the given conditions.

Methodological Guidelines for Solving the Problem

a) Algorithm and Application of the Monte Carlo Method:

1. Identifying the Given Data

Number of requests (N) is a random variable in the range [100,1000].

Processing time for each request (t) follows a normal distribution with a mean p and standard

N
deviation . Total processing time for all requests: t,,,, = Zti
i=1
2. Simulation
Perform M iterations (e.g., M=10,000). In each iteration:
Randomly select the number of requests (N).
Randomly generate the processing time for each request (t).
Calculate the total processing time t

3. Condition Check
If t,. <t.. thesimulation is considered successful.

total —
4. Calculate the Result
Estimate the probability using the number of successful simulations:
p _ SuccessCount

success
M

Start Monte Carlo Simulation

Define parameters:
t_max, min_requests,
max Tedquests, mean time,
std dewv time, iterations.

total *

b) Flowchart

y

Initialize success_count = 0

o

For each iteration {1 to N):

Generate num redquests Calculate success probability
using random integer [min, max]. and failure probability.

Generate request_times
using normal distribution.

e

Compute total time as
sum of request_times.

Print probabilities and end.

If total time <= t_max:

Increment success count.

Figure 1. Flowchart for Solving the Problem
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¢) Solution in Python Program:

1 import numpy as np Probability of successful processing: 16.83%
2 Probability of failed processing: 83.17%

3 # Parameters

4 tmax = 5 £ Maximum ti ng=) === Code Execution Successful ===

5 win_requesis = 100

6 max reguests = 1000 #
4 mean_time = 0.02 # quest (seconds)
8 std dev_time = 0_005 &

9 iterations - 10000 # Numb

1 # Results

£ success_count - 0

4 # Monte arlo simulation

5- for _ in range(iterations):

16 # Number of requests

7 num_requests = np.random.randincimin_reguests, max_reguests = 1)
# Processing time for each request

19 reqguest_times = np.random.norwal{mean_time, std dev_time, num_requests)

20 # Total processing time

21 total time = np.sum(reguest_times)

22

23 # Check condition

24 if total time <= t_max:

25 success_count == 1

25

27 culate res

28 success_probability - success_count / iterations
29 failure_probability - 1 - success_probability

31 print(f Frobability of successful processing: {success_probability:.z2%}")
32 print(f Probability of failed processing: {failure_probability:.2%}™)

Figure 2. Solution in the Python Program

d) Result:

As a result of the simulation, the probability of successful processing is calculated. This indicator
allows assessing the server's ability to handle the load.

Task 2. The time to download a file of size F=500F = 500F=500 MB from a server depends on the
download speed S, which is determined by a normal distribution (u=10 MB/sec, =2 MB/sec).
Perform M=10,000 simulations and calculate the mean download time of the file along with the 95%
confidence interval.

Methodological Guidelines for Solving the Problem

a) Algorithm and Application of the Monte Carlo Method

1. Identifying the Given Data:

F —file size (MB), p,c —mean and standard deviation of the download speed,

M — number of simulations.

2. Simulation

A loop is created to repeat M times.

At each iteration, the download speed (S) is randomly selected based on the normal distribution.
If S<0, the download speed is set to S=0.1 (to avoid errors).

The download time is calculated using the following formula: T = %
3. Calculating the Results
: 13
Mean download time: T, ZMZTi :
i=1
+7 O-_T

JM

where z=1.96 (for a 95% confidence level).
b) Flowchart

Confidence interval: Cl =T,
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Start Simulation

A
Define parameters:
F mu, sigma, M.

i

Y

Initialize dowmnload_times
as an empty list,

For each iteration (1 to M):

After iterations, calculate:
Generate S (speed) - mean_time

using normal distribution, - std_time

- confidence_interval,

Print mean time and
confidence_ interval.

IS ==0,set 5 =0.1.

Compute T = F /5 and
append fto download times.

Figure 3. Flowchart for Solving the Problem

c) Solution in the Python Program:

1 import numpy &8s np Average download time: 52.06 seconds
2 Confidence interval: [51.83, 52.30] seconds
3 i Input Data

4 F =500 # File size Code Execution Successful
5 mu =10 # fver

6 sigma = 2 # Star i v I speed (MB/sec)

7 M = 10000 # Number of simulations

8

9 # Simulation results

10 download times = []

11

12- for _ in range(M}:

13 # Generate download speed based on normal distribution

14 S = np.random_normal(mu, sigma)

15 # If the speed is below 0, set it te 0.1

16~ if § == O:

17 5=10.

18 # Calculate download time

19 T F f5

20 download_times.appand(T)

21

22 # calculate results

23 mean_time = np.mean{download times)
24 std_time - np.std(download_times) # Stan
25 confidence_interval = (]

26 mean_time - 1.96 * std _time / np.sqro(M).
27 mean_time + 1.96 * std_time / np.sqrt(M),
28 )

29

30 print{f"Average download time: {mean_time:. 2f} seconds")

Figure 4. Solution in the Python Program
d) Result
Mean Download Time (Tmean): The average time required to download the file.
Confidence Interval (CI): Indicates that with 95% probability, the download time will fall within
this interval.
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Task 3. The network load over time can exist in three states: Low, Medium, and High. The
probability of staying in the Low Load state is 70%, transitioning to the Medium Load state is 25%,
and transitioning to the High Load state is 5%. For the Medium Load state, the probability of staying
is 50%, transitioning to the Low Load state is 30%, and transitioning to the High Load state is 20%.
In the High Load state, the probability of staying is 30%, transitioning to the Low Load state is 40%,
and transitioning to the Medium Load state is 30%. If the network initially starts in the Low Load
state, determine the probability of being in each state after 5 transitions.

Methodological Guidelines for Solving the Problem

This problem is based on the transition probabilities of Markov processes. The states of the
network transition from one state to another over time, and these transition probabilities are described
by a matrix.

a) Constructing the Transition Probability Matrix:

Based on the given probabilities, we construct the transition matrix:

0.7 025 0.05
P=/03 05 0.2
04 03 03

This matrix represents the following:

First row: The probabilities of transitioning from the Low Load state to other states.

Second row: The probabilities of transitioning from the Medium Load state to other states.

Third row: The probabilities of transitioning from the High Load state to other states.

b) Determining the Initial State:

It is known that the network initially starts in the Low Load state. Therefore, the initial
probability vector is: 7 = (1,0,0)

This vector indicates that the network is exclusively in the Low Load state.

c) Calculating the State After 5 Transitions:

To determine the probabilities of the network being in each state after 5 transitions:

7y =nP°.
Here, P> —is the transition matrix raised to the 5th power.
75 = (P(Low), P(Medium), P(High))

0.7 025 0.5
7s=@0 0 0)03 05 02| =(0525 0.341 0.134)

04 03 03

d) Result:

The probabilities after 5 transitions are: (0.525 0.341 0.134)

Task 4. In an online store, user actions are described by three states: Browse, Add to Cart, and
Exit. A user can transition from one state to another, with the following transition probabilities:

In the Browse state, the probability of staying in Browse is 60%, transitioning to Add to Cart is
30%, and transitioning to Exit is 10%.

In the Add to Cart state, the probability of staying in Add to Cart is 50%, returning to Browse is
20%, and transitioning to Exit is 30%.

In the Exit state, the probability of staying in Exit is 50%, and transitioning back to Browse is
50%.

If the user initially starts in the Browse state, determine the probabilities of being in each state
after 6 transitions.

Methodological Guidelines for Solving the Problem

a) Constructing the Transition Probability Matrix:
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Based on the given probabilities, we construct the transition matrix. This matrix represents the
following:

06 03 0.1
P=102 05 03]
05 0 05

his matrix is read as follows:

First row: The probabilities of transitioning from the "Browse" state to other states
(Browse—Browse, Browse—Add to Cart, Browse—Exit).

Second row: The probabilities of transitioning from the "Add to Cart" state to other states (Add
to Cart—Browse, Add to Cart—Add to Cart, Add to Cart—Exit).

Third row: The probabilities of transitioning from the "Exit" state to other states (Exit—Browse,
Exit—Add to Cart, Exit—EXit).

b) Determining the Initial State:

Since the user initially starts in the "Browse" state, the initial probability vector is: 7 =(1,0,0
This vector indicates that the user is exclusively in the "Browse" state.

c) Calculating the State After 6 Transitions

To determine the probabilities after 6 transitions: 7, = 2P°

06 03 0.1Y
7e=@0 0 0)0.2 05 03| =(0.462 0.277 0.261)
05 0 05

d) Result:
The probabilities of being in each state after 6 transitions: (0.525 0.341 0.134)

Results of the study

Stochastic methods, including Markov processes and the Monte Carlo method, are extensively
applied in the IT industry for modeling complex systems and decision-making processes. Teaching
these techniques helps students develop the ability to solve real-world problems. To this end, a
pedagogical experiment aimed at solving I1T-related problems using Markov processes and the Monte
Carlo method was conducted at Almaty University of Energy and Communications in October-
November 2024. The study involved two groups: the 1Sk-23-1a control group and the I1Sk-23-1b
experimental group. The control group followed traditional teaching methods, while the experimental
group was introduced to new methods. These new methods focused on solving real IT problems
through the application of stochastic techniques. To assess the knowledge of both groups, control
tasks were performed before and after the experiment. During the experiment, students were given a
set of 4 problems focused on applying Markov processes and the Monte Carlo method. These tasks
were designed to develop skills in data modeling and analysis for the IT sector. The students'
responses were recorded in terms of the percentage of correct and incorrect answers. To evaluate
progress, the initial results of the control and experimental groups were provided (Table 1).

Table 1. Initial Results of the Experiment

Task Control group Control group Experimental group | Experimental group
(Correct %) (Incorrect %) (Correct %) (Incorrect %)
1 55 45 48 52
2 51 49 53 47
3 48 52 46 54
4 47 53 48 52
Average 50,25 49,75 48,75 51,25
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After conducting the experimental work, the final results of the control group and the experimental
group were presented to monitor the outcomes (Table 2).

Table 2. Final Results of the Experiment

Task Control group Control group Experimental group Experimental group
(Correct %) (Incorrect %) (Correct %) (Incorrect %)
1 55 45 67 33
2 51 49 65 35
3 53 47 60 40
4 47 53 70 30
Average 51,5 48,5 65,5 34,5

A chart was created (Figure 5) to compare the initial and final results of the experimental group
for each task, based on the results of the conducted summative assessment.
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Figure 5. Comparison of Results Chart

The experimental group achieved an average result of 65.5%, which was notably higher than the
control group's result of 51.5%. Students in the experimental group showed better performance when
solving real IT problems. Mastery of these methods greatly improved their analytical thinking and
problem-solving skills. The application of new methods reinforced their theoretical knowledge and
enhanced their ability to solve practical tasks. The widespread use of these methods plays a key role
in preparing future IT professionals and contributes to the improvement of their professional
competencies.

Discussion

Modern studies demonstrate the efficiency of applying stochastic approaches in teaching technical
fields. These techniques are absolutely important for developing analytical abilities, managing under
uncertainty, and modeling complicated systems. For instance, high efficiency is shown by assessing
system dependability and modeling real-world manufacturing scenarios with Markov processes and
the Monte Carlo approach. In their study, Haldar and Mahadevan underlined the major part stochastic
methods play in engineering reliability calculations [3]. Through random number modeling, the
Monte Carlo approach lets one assess the efficiency of information systems and manufacturing. When
complicated mathematical models or analytical solutions are absent, this approach is especially
helpful. Walrand J. showed in his studies the great effectiveness of the Monte Carlo technique in
production process optimization [10]. Technical systems are modeled using markov processes rather
extensively. These techniques let one project the future condition of a system depending just on its
present state. Markov processes, for instance, are especially good in estimating the equipment failure
risk in manufacturing processes. In their study, Russell and Norvig underlined the need of this
approach in evaluating manufacturing and service systems [11]. Using stochastic techniques helps
students acquire the analytical ability required to address practical production issues. For example,
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assignments involving network operation optimization and server load prediction enable students
improve their analytical skills. We have designed a set of activities aiming at promoting students’
analytical thinking, problem-solving skills, and decision-making abilities under uncertainty using
stochastic approaches in the teaching of technical disciplines based on the examination of scientific
and methodological works. This system comprises tasks meant to leverage stochastic approaches in
real-world production scenarios as well as puzzles and exercises for implementing stochastic models.
For instance, we discuss such chores in the part on "Research Methodology" in our paper.

Conclusion

The application of stochastic methods in technical disciplines' education determines very much
how students' analytical thinking, process modeling, and problem-solving abilities develop.
Simulated real-world production situations allow students to blend their academic knowledge with
practical skills by means of methodological approaches proposed in the research. The results of the
experimental study revealed that applying stochastic methods enhanced the academic performance of
the students. Particularly activities based on Markov processes and Monte Carlo methods
significantly raised students' capacity to interpret data and under uncertainty make decisions. By
allowing a greater understanding of the course content than by traditional teaching approaches, these
techniques help students to use their knowledge to solve practical production problems. The practical
importance of stochastic methods should be particularly emphasized. They provide the foundation
for solving critical tasks such as evaluating the reliability of complex systems, optimizing production
processes, and predicting the load of information systems. For example, the Monte Carlo method
increases the ability to model random processes in systems, while Markov processes enable
forecasting and analysis of system states. These methods prepare students to tackle problems arising
in real-world situations and enhance their professional competencies. Incorporating stochastic
approaches into the classroom improves not just students' practical skills but also helps them to meet
the demands of the modern job market. Methodically teaching these techniques helps the educational
process to match the new standards of technological development. Future development of the system
of tasks based on stochastic techniques should be focused on their implementation in educational
practice.
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