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Abstract. This paper presents approaches for enhancing the accuracy and
methodological transparency of laboratory determinations of soil grain-size
distribution using digital simulation. The study aims to develop and implement
an interactive model of the sieve analysis process that visualizes the sequence
of laboratory operations and highlights the importance of a standardized
procedure. The scientific significance lies in formalizing the traditional testing
methodology and creating an algorithm that enables precise reproduction in a
digital environment. The practical relevance of the research stems from the
simulation’s ability to compensate for the limitations of real laboratory
conditions, where alternative sieving scenarios cannot always be reproduced,
thereby reducing the accuracy and repeatability of results. This issue is critical
notonly in education but also in engineering practice, where insufficient sieving
completeness may distort grain-size characteristics and, consequently, lead to
errors in construction design and bearing-capacity assessment. Incorporating
these aspects into the digital simulation improves methodological awareness. It
expands its applicability to both academic and engineering contexts, providing
an additional tool for quality control and strengthening the reliability of
geotechnical decision-making.
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Introduction

Soil grain size distribution is one of the key indicators determining the engineering-geological
and construction properties of soil [1-2]. The distribution of particles by size determines the
filtration characteristics, density, compactability, water permeability, and behavior of soil under
load [3]. Therefore, sieve analysis, traditionally used in laboratory practice, occupies a central
place in the training program for future construction specialists. Despite its simplicity, the sieving
technique has several aspects that directly affect the accuracy of the results obtained and the
correctness of the subsequent engineering interpretation [4].

Today, many studies examine the effectiveness of various scenarios, methods, and tools for
soil granulometry [5-7]. This study analyzes the possibilities of mathematical modeling to describe
the particle size distribution (PSD) of soils, which is an important source of information about the
gradation and distribution of particle sizes. The authors [8] compare the predictive capabilities of
three groups of mathematical models, selecting the nine most robust and proven options from
previous studies. The evaluation uses 144 experimental data sets across 12 soil texture classes
from the UNSODA database. Attention was paid to the models' ability to predict values at points
not included in the sample, which is key to correctly restoring the shape of the PSD curve. To do
this, a comprehensive ranking method and relative error assessment were used to compare the
effectiveness of models on different texture classes. The results showed that the number of the
model's parameters is not directly related to the accuracy of predictions. The Skaggs and Weipeng
models demonstrated the best results in interpolation and extrapolation. Thus, the study
emphasizes the importance of choosing the correct function when analyzing different types of
soils.

In the following work, [9] proposes an improved mechanical method of washing and sieving
to obtain an accurate particle size distribution of soil. The developed technology is an extension of
the previously created manual method of «extended wet sieving» and is based on the
modernization of a traditional vibrating sieving machine. The improved design includes steel
sieves with a mesh size of 0.063 mm and ten fabric sieves with apertures ranging from 0.048 to
0.0008 mm, which allows for effective separation of silt and clay particles. The machine generates
three-dimensional movement and vibration, ensuring the rapid passage of particles smaller than
the sieve apertures.

The authors propose utilizing machine learning to enhance the accuracy and reproducibility
of estimates. To determine the applicability of existing approaches, the researchers [10] conducted
a comparative study that assessed the effectiveness of eleven mathematical models and three
machine learning algorithms previously used to analyze soils in the northwestern Himalayan
region. Such a comparative analysis was necessary because a correct model must adequately
describe the entire PSD curve for different soil types. The quality of the selection was assessed
using standard criteria: the adjusted coefficient of determination, the Akaike information criterion,
and the root mean square error. The most accurate results among the mathematical models were
shown by the Fredlund, Weibull, and Rosin-Ramler models, while the Gompertz, S-curve, and Van
Genuchten models demonstrated an insufficient level of correspondence with the experimental
data. Thus, the authors note that modern ML approaches have significant potential for PSD
modeling, surpassing traditional mathematical functions in accuracy, especially when analyzing
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complex soil samples.

In continuing the study, it should be noted that one of the equally important factors to consider
is the completeness of sieving, the degree to which particles of different sizes are distributed across
the sieves during the test [11-12]. In educational settings, students usually encounter only one
scenario: a single sample is sieved, and a single particle-size distribution curve is obtained.
However, a single observation does not allow the full sensitivity of the method to changes in testing
conditions or possible deviations from the standard procedure to be identified. Acquiring skills in
how significantly even a small violation of the completeness of sieving can affect the final shape of
the curve, the classification of the soil, and, consequently, the choice of its application in
construction.

Traditional laboratory work does not allow such changes to be fully demonstrated, since
conducting several full-fledged tests within a single class requires significant time and labor
resources. Repeated sieving, particularly under deliberately altered conditions leading to
incomplete sieving, is not typically included in the teaching format and is rarely performed. As a
result, only a single reference outcome is observed, without comparison to alternative results
arising from procedural deviations that are common in real practice. This limits the depth of
understanding of the method and reduces future engineers' ability to evaluate the reliability of the
data obtained critically. In addition to the educational environment, the issue of complete sieving
is also significant in industrial practice, especially when implementing large-scale construction and
infrastructure projects. In conditions of large volumes of engineering-geological work, laboratory
tests are often carried out in an accelerated mode, which simplifies individual stages of the
methodology. These seemingly insignificant deviations can accumulate and affect the final
assessment of soil properties.

The methodology

The study included four key stages presented in Figure 1. The sequential implementation of
these stages ensured the collection of reliable experimental data and its further use in the
development of a digital model. Accordingly, the first stage of the study included laboratory
determination of the soil particle-size distribution in accordance with the standard [13].

Laboratory
determination of Developimentan Development of

Debugging and

validation of
simulation

soil particle size algorithm digital simulation
distribution

Figure 1. Research workflow

The laboratory setup included a complete set of soil-testing sieves with mesh openings ranging
from 10 mm to 0.1 mm, arranged in descending order of aperture size. For weighing operations,
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both analytical and technical laboratory balances were employed, the latter ensuring a relative
weighing accuracy better than 0.1% (Figure 2).

o

Figure 2. Process of testing

Standard supporting equipment, such as a porcelain mortar and pestle with a rubber tip for
gentle disaggregation of soil aggregates, a porcelain cup, a brush for cleaning the sieve surfaces,
and auxiliary tools for sample handling, was also used [13-14]. All drying procedures were
performed using a laboratory drying oven and a sand bath to ensure a constant mass of the soil
sample before analysis. An average soil sample was prepared using the quartation method and
subsequently dried to constant mass. The sieves were mounted in a vertical column and positioned
on a receiving pan. The prepared sample was carefully placed onto the upper sieve and covered
with a lid. Sieving was first performed manually through light lateral tapping of the sieve column
until the passage of soil particles stabilized.

The fractions retained on each sieve were then collected sequentially, beginning from the
uppermost sieve. To ensure complete disaggregation of soil aggregates, the retained material was
gently ground in a porcelain mortar using a pestle with a rubber tip and reintroduced into the sieve
column for repeated sieving. This step ensured that each grain-size fraction contained only
individual particles rather than composite aggregates. The completeness of sieving was checked
by shaking each sieve over a clean sheet of paper and visually confirming that no additional
particles passed through. The mass of each retained fraction was determined using laboratory
balances.

In the second stage of the study, the actual laboratory sieve analysis method was presented as
an algorithm suitable for subsequent transfer to a digital environment. Based on the experimental
protocol, the main operations, the sequence of actions performed, and the key control points
directly affecting the particle size analysis result were identified. First, the sample preparation
procedure was structured: actions for taring the tray, collecting soil, controlling the sample weight,
and recording the initial parameters were defined. Next, the assembly of the sieve column was
formalized, including the order of sieve arrangement by hole size, checking the weight of each
empty sieve, and its identification in the system. The sieving process was presented as a sequence
of actions: installing the column on a vibrating platform, starting and stopping the device, and
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checking the completeness of the sieving. Attention was paid to steps that could lead to
methodological deviations in real testing: the appearance of particles when shaking over a sheet
of paper (incomplete sieving) or their absence (complete sieving). These situations were included
in the algorithm as several scenarios. The final block of the formalized procedure included
weighing the residue on each sieve, automatically constructing a table of fractional composition,
and calculating the distribution of mass and pass percentages. Both variants of the incomplete and
complete sieving scenarios were integrated into the structure, which made it possible to
subsequently programmatically simulate the two modes of operation.

The digital simulation was developed using object-oriented programming technologies with
ActionScript, which enabled the implementation of interactive elements, particle animation, and
visual support for the stages of sieve analysis. The development environment used allowed for the
creation of step-by-step user scenarios, including the selection of sieves, simulation of the sieving
process, and automatic construction of a particle size distribution curve. The simulation was
implemented as a low-resource application running in a standard IBM PC-compatible software
environment. For it to work correctly, a basic computer configuration with an Intel Pentium 2 GHz
processor and 256 MB of RAM is sufficient, which confirms the accessibility of the solution for
educational audiences and allows it to be used on a wide range of devices.

Simulation debugging included verifying the correctness of the sieving algorithm, comparing
calculated values with laboratory test results, and evaluating operational stability across various
scenarios (complete and incomplete sieving). The logical sequence of stages and the correctness
of the recalculation of the mass fractions were checked.

Findings/Discussion

Based on the sieve analysis performed, a distribution of fractions was obtained that
characterizes the soil's structural features. The masses of soil fractions are presented in Figure 3.
Depending on the percentage of these fractions, the soil classification was subsequently
determined. Each fraction affects the soil's ability to retain water and interact with external loads,
which is important to consider when designing construction projects.

Particle Percent .
size, passing, % .
mm ..

10 90.04
5 80 i
2 68.06 £,
1 54 »
0.5 21.08 »
0.25 16.1 0
0.1 7.06 o
0.05 0 Paricesire

Figure 3. Particle size distribution: experimental data
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The developed algorithm for the laboratory sieve analysis method, to be subsequently
transferred to a digital environment, is shown in Figure 4.

1. System initialization

— + Loading the interface

* Selecting the “Grain-size distnibution” module
« Setting initial parameters

2. Preparation of the soil sample
* Measurningthe sample mass

3. Preparation of the sieve stack

- * Selecting the set of sieves

« Visualizing the sieve columnin descending aperture size
« Placing the preparedsoil sample ontothe top sieve

4. Primary sieving
« Starting the virtual shaker
« Simulation of vibration and sieving duration
* Preliminary distnbutionof soil acrossthe sieves

Algorithm

5.Checking completeness of sieving

—-_— « Shaking each sieveovera sheetofpaper

« If particles appear— retuming them to the next sieve
* Repeating sieving until no particles fall onto the paper

6. Calculation of grain-size distribution

1 *Calculating mass fractions andpercentpassing
* Generating the grain-size distribution table

7.Results and learning scenarios
« Displaying the table andthe grain-size distnbutioncurve

Figure 4. Algorithm for soil sieve testing

The algorithm reflects the sequence of operations performed when determining the
granulometric composition of soil and serves as a basic model for subsequent digital
implementation.

ONIPAABNEHME rPaHYNOMETRMUEERDRD COCTRRA RYKTa (Bapiant Nt}

Figure 5. Test version of digital simulation: a) verification of sieving completeness;
b) during the testing procedure [15]
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Each stage of the algorithm is highlighted as a separate technological procedure, which
ensures the accuracy and reproducibility of the description of the actual laboratory process. Such
detail eliminates the variability that arises when tests are performed by different operators and
establishes uniform requirements for the sequence of actions. Visualization helps to identify the
stages that are critical for visualization in the simulation, including checking the completeness of
sieving and processing residual particles. Based on this, the functional modules of the digital model
and the logic of transitions between them were established. As a result, the algorithm ensured the
correct transformation of the traditional methodology into an interactive digital format designed
for educational and practical purposes. The developed digital simulation, based on experimental
data and allowing the reproduction of various sieving scenarios, is shown in Figure 5.

Simulation allows soil testing and study of the methods of complete sieving and incomplete
sieving, in which some fractions are retained on the surface of the sieves, and some end up on a
sheet of paper after testing. This opportunity is significant for students, allowing them to obtain
and compare two such results simultaneously. The debugging results showed that the simulation
correctly reproduces the sieve analysis algorithm. The shape of the particle size distribution curve
also fully corresponded to the laboratory curve. The interface modules worked stably during
repeated actions, and transitions between simulation stages were performed without
interruptions. Thus, the experimental digital simulation demonstrated stability, reliability of
results, and readiness for use in educational and demonstration practices..

Table 1. Methodological Value of the Simulation

Ne Scenario Potential consequences Methodological value of the simulation
1 Particles are not Underestimation of fine fractions, . .
. ) . The simulation demonstrates that
transferred to the next distorted particle size , . .
. . e , . incomplete particle transfer results in
sieve after shaking above | distribution, and incorrect soil . . e
D inaccurate fraction distribution.
the paper classification
2 Particles are transferred ) N
. . . . The simulation illustrates the effect of
to the next sieve, but Fine particles remain trapped; . . i .
L . . } incomplete sieving on the final particle
repeated sieving is overestimation of coarse fractions | . e
. size distribution.
omitted
3 The sieving completeness | High risk of systematic error; The simulation visualizes the critical
check in the paper is misrepresentation of grain-size role of sieving completeness
omitted composition verification.
4 Completeness verification . . .
. P N The simulation emphasizes the
is performed for only one | Irregular errors in individual . o Lo
. . . . . necessity of verifying every sieve in the
sieve, while others are fractions; inconsistent results set
ignored '
5 Shaking above the paper | Residual particles remain; slight The simulation reveals measurable
is performed for an systematic overestimation of differences between full and
insufficient duration coarse fractions incomplete sieving.
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One of the key results of the development is the ability to demonstrate the complete procedure
for checking the completeness of sieving. In traditional laboratory conditions, students often work
with soils that either pass completely through the sieve on the first cycle or contain a minimal
amount of residue. In such cases, students do not have the opportunity to observe an alternative
scenario — the appearance of particles on a sheet of paper when checking the completeness of
sieving and the need to return them to the next sieve for subsequent re-sieving. As a result, an
important methodological element of the procedure goes unnoticed, although it is precisely this
element that ensures accuracy and prevents material loss. The developed simulation compensates
for this limitation of real laboratory practice by allowing both scenarios, complete and incomplete
sieving, to be reproduced, regardless of the properties of a particular soil sample. This expands the
educational potential of the methodology and ensures the mastery of the critically important stage
of checking the completeness of sieving.

The developed simulation accurately reproduces the standardized stages of the sieve analysis
procedure, visualizing each step in accordance with the requirements of the standard
methodology. This enables the user to clearly observe how the completeness check is performed,
how particles are redistributed, and why repeated verification is essential to the process. Such
detailed visualization serves as a preventive function, helping to avoid typical mistakes that are
frequently made during the first independent execution of the test. The scenarios presented in
Table 1 illustrate the potential consequences of deviations from the standardized procedure, while
the simulation acts as a tool for giving a consistent understanding of the correct sequence of
operations and their impact on the final grain-size distribution

From a methodological point of view, the simulation highlights two important aspects:

-The accuracy of sieve analysis depends not only on the equipment, but also on the operators’
compliance with the regulated procedure.

-The lack of sieving completeness control is a source of systematic errors that are difficult to detect
and diagnose by indirect signs.

Thus, simulation serves as a tool for teaching the accuracy of laboratory testing, minimizing
material losses, and improving the quality of particle size distribution determination. This makes
it a significant element in the training of future builders, developing both technical skills and
engineering thinking based on an understanding of the cause-and-effect relationships between test
quality and the reliability of engineering solutions. Moreover, simulation expands not only the
educational but also the practical professional scope of application, helping to reduce risks when
making engineering decisions at the stages of research, design, and quality control of work.

Conclusion

A digital simulation of soil sieve analysis was developed based on experimental data and the
algorithmization of the laboratory procedure. The model reproduces the key stages of the
methodology, including verification of the completeness of sieving, which often remains out of
sight of students in normal laboratory conditions. The simulation demonstrates the impact of
correct operation on the final distribution of fractions and promotes a better understanding of the
standardized process. The resulting tool expands the possibilities of training and can serve as a
basis for further improvement of digital techniques in engineering practice. Research conclusions:
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-Algorithmic modeling of the methodology allowed the identification of key stages of sieve

analysis and the assessment of their influence on result reliability.

-The use of ActionScript provided flexibility in visualization and the ability to create a step-by-

step interactive model without reducing computational accuracy.

-Debugging of the simulation showed its resistance to variable scenarios and demonstrated

the value of the digital tool for ensuring the correct execution of the laboratory process.

Funding: This research has been/was/is funded by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (Grant No. AP26195121
«Development of an educational digital platform for future builders with simulation of
construction processes and integration with measuring devices via [0T»).

The contribution of the authors:

Tulebekova A. - development of the research concept, critical review of content.
Denissova N. - verification of the developed simulation module.

Kastrati B. - review of sources

References

1. An investigation in laser diffraction soil particle size distribution analysis to obtain
compatible results with sieve and pipette method / D.N. Svensson, I. Messing, ]. Barron
// Soil and Tillage Research. — 2022. — Vol. 223. — P. 105450. DOLI
10.1016/j.still.2022.105450

2. Real Time Virtual Laboratory Solution Prototype and Evaluation for Online Engineering
Degree Programs / M. Alkhatib, Y. Qu, R. Cai, R.A.G. Unglaub, R. Ritter // IEEE Access. —
2023. —T.11. — pp. 130508-130516. DOI: 10.1109/ACCESS.2023.3334262

3. Critical Evaluation of Particle Size Distribution Models Using Soil Data Obtained with a
Laser Diffraction Method / W. Weipeng, L. Jianli, Z. Bingzi, Z. Jiabao, L. Xiaopeng, Y. Yifan
// PLOS ONE. — 2015. — Vol. 10, No. 4. — P. e0125048. DOI:
10.1371/journal.pone.0125048

4. Particle Size Distribution of Various Soil Materials Measured by Laser Diffraction—The
Problem of Reproducibility / C. Polakowski, M. Ryzak, A. Sochan, M. Beczek, R. Mazur, A.
Bieganowski // Minerals. — 2021. — Vol. 11, No. 5. — P. 465. DOIL
10.3390/min11050465

5. Anovel and simple method for accurate prediction of soil particle-size distribution from
limited soil texture data / H. Mozaffari, A.A. Moosavi, ].A.M. Dematté, W. Cornelis // Soil
and Tillage Research. — 2026. — Vol. 256. — P. 106858. DOLI
10.1016/j.still.2025.106858

6. Effect of Grain Size Distribution of Sandy Soil on Shearing Behaviors at Soil-Structure
Interface / H.-L. Wang, W.-H. Zhou, Z.-Y. Yin, X.-X. Jie // Journal of Materials in Civil
Engineering. — 2019. — Vol. 31, No. 10. — P. 04019238. DOI: 10.1061/(ASCE)MT.1943-
5533.0002880

JLH. 'ymunes ambiHdarsl Eypasust yaimmulk yHusepcumemiuiy XABAPIIBICHI. N91(154)/ 2026 43
TexHUKa/bIK FblALIMOAD HIHE MEXHON02USANAD CePUSACHI
ISSN: 2616-7263. eISSN: 2663-1261



A.Tulebekova, N. Denissova, B. Kastrati

7. Analyzing the influence of particle size distribution on the maximum shear modulus of
soil with an interpretable machine learning framework and laboratory test dataset [Text]
/ X. Liu, D. Zou, Y. Chen, H. Pei, Z. Li, L. Sun, L. Song // Soil Dynamics and Earthquake
Engineering. — 2025. — Vol. 188. — P. 109031. DOI: 10.1016/j.s0ildyn.2024.109031

8. Performance Comparison of Different Particle Size Distribution Models in the Prediction
of Soil Particle Size Characteristics / H. Zhang, C. Wang, Z. Chen, Q. Kang, X. Xu, T. Gao //
Land. — 2022. — Vol. 11, No. 11. — P. 2068. DOI: 10.3390/land11112068

9. Rotary vibrating machine-based washing and sieving method for soil classification / S.
Ma, W.V. Yue, Z.Q. Yue // Frontiers of Structural and Civil Engineering. — 2024. — Vol.
18, No. 12. — P. 1865-1887. DOI: 10.1007/s11709-024-1127-6

10. Mathematical vs. machine learning models for particle size distribution in fragile soils of
North-Western Himalayas / O. Bashir, S.A. Bangroo, S.S. Shafai, T.I. Shah, S. Kader, L.
Jaufer, N. Senesi, A. Kuriqi, N. Omidvar, S. Naresh Kumar, A. Arunachalam, R. Michael, M.
Ksibi, V. Spalevic, P. Sestras, S.B. Markovi¢, P. Billj, S. Ercisli, A. Hysa // Journal of Soils
and Sediments. — 2024. — Vol. 24, No. 6. — P. 2294-2308. DOI: 10.1007/s11368-024-
03820-y

11. Grain Size Influence on the Compaction Aptitude and the Bearing Strength of the Gravel
Lateritic Soils / B.O. Diop, I. Gbaguidi, P.G. Lo, A. Cisse, S. Sene, M. Ba // Geomaterials. —
2018. — Vol. 08, N2 04. — pp. 63-76.DOI: 10.4236/gm.2018.84005

12. Effect of grain size distribution on the shear properties of sand / H. Guo, S. Wang, C. Guo,
K. Yang, R. Guo, J. Fu, Y. Nan, M. Tao // Frontiers in Materials. — 2023. — Vol. 10. — p.
1219765. DOI: 10.3389/fmats.2023.1219765

13.GOST 12536-2014. Soils. Methods of laboratory granulometric (grain-size) and
microaggregate distribution. Moscow: Standardinform, 2014. 19 p.14.

14. GOST 25100-2020. Soils. Classification. Moscow: Standardinform, 2020. 40 p.

15. Tulebekova A. Digital educational simulation for determining the grain size distribution
of soil: Certificate of State Registration of Copyright No. 66886. Registration date: 30
January 2026.

A.C. Tyne6ekoBal”, H.®./lenucosa2, b.Kacrparul

/1. H. 'ymusaes amoviHOarsl Eypasus yammuik yHugepcumemi, Acmaua, Kazakcman
2 /. Cepikbaee amviHdarbl Llbirbic KazakcmaH mexHUKa/bIK yHUgepcumemi, OckemeH,
Kazakcmah
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»K9He MPaKTUKAJIbIK, MAHbI3AbLIbIFbI

Angarna. Makasnaza TONbIpaKThbIH IPaHy/JIOMETPUSJIBIK KYPaMblH 3epTXaHaJIbIK KaFJan/ja
aHBIKTAy/blH, [A3JIAIri MeH aJjicTeMeJiiKk alKbIHAbIFbIH apTTbhIpyFa OaFbITTa/IFaH LUQPJIBIK,
CUMYJIALUAHBI KOJIJJaHY TOCUIepi KapacThIpblIaAbl. 3epTTeY/iH MaKCaThl — eJiey TajlJaybIHAaFbl
3epTXaHaJIbIK ONepalusJapAblH, A9UEKTINIriH BU3yaJu3alUsaJaUTbIH KoHE CTaHAApTTa/IFaH
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npoLeAypaHblH MaHbI3bIH KepCeTeTiH UHTEPAKTUBTI MOZie/1b/ii 93ipJiey )KoHe eHri3y. JKyMbICThIH,
FbIJIBIMU MaHbI3/IbIJIbIFbI ADCTYPJIi CbIHAK 9/licTEMECIH popMain3anusiayFa :KoHe OHbI [UPPJIBIK
opTajia 9/ KaillTa >XaHFbIPTyFa MYMKiHAIK OepeTiH aJropuTMmJi >Kacayfa Heri3/ie/ireH.
[IpakTuKaNbIK MaHbI3JbLIbIFbl — HAKThl 3epTXaHaJIbIK, XKaFJaija 6asamMa ejiey ClieHapUuiJepiH
9pAaubIM OpbIHJAAY MYMKIH eMecCTiriHe 0aW/IaHbICTbl CUMYJISALUAHBIH OyJ1 LIeKTeyJiepAi eTey
KabisieTiHe, 6y/1 HOTHXKeJEeP/IiH J19/1/1iri MEH KaWUTa/IaHFbILITHIFbIH TOMeH/leTe/i. Bys Macesie Tek
6is1iM Gepy casnacblHZla FaHa eMeC, UHXXEHEPJIIK TaxipubeJie /e ©3eKTi, cebebi esieyiH TOJIbIK,
OpbIHZAJIMaybl TPaHYJIOMETPUAJIBIK, CUIIaTTaMaslapAblH OypMaJsiaHyblHa, COHZA-aK Herizzaepai
»KobaJsiayAaFbl >KoHe KOTEPrilllTiK KabisieTiH 6aFasiayarbl KaTeJiKTepre aKeayi MyMKiH. OcblHau
acnekTiziepAiH [UPPAbIK MO/Jle/IbTe €HTi3i/yi aicTeMeNIK TYCiHIKTIJIIKTI apTThIPbIIN, OHbIH, OKY
»K9HEe MHXKEeHEePJIiK opTaAaFrbl KOJJAaHbLIY asiCblH KEHEeUTe/ji )KoHe canaHbl 6aKblaay/IblH KOCbIMIIA
KypaJibl peTiHzge reoTeXHUKaJbIK, mewiMaepaiy, CEeHIMAIIITriH KYLIEUTe].

Ty#iH ce3aep: rpaHy/IOMeTPUSJIBIK, KypaM, eJjiey TajJiaybl, TONbIPAK, CBIHAKTAPbl, LUQPJIBIK,
CUMYJIALUS, 3epTXaHaJIbIK d/jicTeMe.

A.C.Tyne6ekoBal’, H.®./lenucoBa2, b.KacrpaTrul

1Eepa3sutickull HayuoHa/abHblll yHusepcumem umenu JI.H. ['ymunesea, Acmana, KazaxcmaH
2BocmouHo-KaszaxcmaHckull mexHuveckull yHugepcumem umeHu /]. Cepukbaesa,
Yemo-Kamenozopck, Kazaxcmau

IIndpoBas cumMy isInusi CATOBOrO aHA/IM3a rPyHTA: BU3ya/Iu3anys JJa6opaTOPHOTO
npoiecca ¥ NnpakTuyecKas 3HAYMMOCTh

AHHOTanmAa. B cTaTbe npe/cTaB/eHbl MOJX0Abl K NOBBIIIEHUI0 TOYHOCTH U METOJUYECKON
NPO3PAaYHOCTH JIAOOPATOPHOTO ONpefesieHUsI TI'PaHyJIOMeTPUYECKOr0 COCTaBa TpPyHTa C
npuMeHeHHeM LUPoOBON cuMyasanuu. Llenab uccnefoBaHUA 3aK/a4yaeTcss B pa3paboTke U
BHEJDEHMU UHTEPAaKTUBHOM MOJeJU Ipoliecca CUTOBOTO aHajlu3a, [O03BOJISOILEN
BU3yaJIM3UPOBATh MOCJE0BATEJbHOCTh Jab0PaTOPHBIX ONepaluil U MOAYEPKHYTh BAXKHOCTb
COOJII0/IEHUS] CTAaHJapTU3UPOBAHHOM MpolleAypbl. HayyHas 3HaUMMOCTb paboThI 3aKJIH0YAETCS B
dbopmanuzanu  TPaJAULMUOHHOM  METOJAWKM  HWCOBITAHUM W CO3JJaHUM  aJIFOPUTMA,
obecreuynBaIero eé TOYHOe BOCIpou3BeieHUe B [UPpoBoi cpefie. [[pakTuyeckass 3HAYUUMOCTb
CBSI3aHAa CO CIOCOOHOCTBIO CUMYJISIIMKU  KOMIIEHCUPOBATh OrpPaHUYEHHUS  peasbHbIX
JIabOpaTOPHBIX YCJAOBUM, MPU KOTOPBIX aJbTepPHATUBHbIE ClleHAPHWU NMPOCEUMBaHHS He Bcerja
MOTYT ObITh BOCIIPOU3BE/IEHDI, YTO CHUXKAET TOYHOCTb U IOBTOPSIEMOCTD Pe3yJbTaTOB. JJaHHBIN
acrnekT BakeH He TOJIbKO B 00pa30BaTeJIbHOU Cpefie, HO U B UHXXEHEPHOU MpPAKTHKe, TaK KakK
HeJ0CTAaTOYHasl MOJIHOTA IpoceBa MOXET NPUBECTH K HCKAKEHUI0 MCTUHHBIX 3HAYeHUH
rpaHyJIOMeTPUYECKUX XapaKTEPUCTHUK TPYHTAa U NPUBECTH K OLIMOKAM B MPOEKTUPOBAHUU
OCHOBAaHUU U OLlEHKe Hecyllell cnocOOHOCTU. BKioueHHe 3TUX aceKTOB B IUPPOBYIO MOJeb
MOBBILIAET METOAUYECKYI0 0CO3HAHHOCTD U paclIupsieT eé NPUMEHUMOCTD KaK B y4eOHBIX, TaK U
B podeCCUOHAbHBIX UHXKeHEePHbIX KOHTEKCTAX, SIBJSSCH JOMOJHUTEIbHBIM HUHCTPYMEHTOM
KOHTPOJIS Ka4eCTBa U MOBbIIIEHUS Ha[eXKHOCTU re0TeXHUYECKUX pelleHU .
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KioyeBble c/10Ba: rpaHy/IOMeTPUYECKUN COCTaB, CUTOBbIM aHaJIU3, UCNIbITAHHUE T'PYHTOB,
nudpoBas cuMyJisLus, JabopaTopHas MeTOAHKa.
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