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GENDER ENROLLMENT PATTERNS IN A UNIVERSITY IN KAZAKHSTAN: A 2020-
2024 ANALYSIS OF STEM AND NON-STEM DISCIPLINES

Abstract. This study explores gender enrollment patterns in STEM and non-STEM
disciplines at a university in Kazakhstan from 2020 to 2024, examining evolving gender dynamics
in higher education. Using longitudinal data on enrollment, gender ratios, and Unified National Test
(UNT) scores, the analysis reveals persistent gender disparities. Female enrollment in STEM fields
remained stable at approximately 34% throughout the study period, contrasting with higher but
gradually declining female participation in non-STEM fields, which decreased from 74.8% in 2020
to 68.9% in 2024. Despite statistical significance in changes across both STEM and non-STEM
fields, the practical significance of these shifts is minimal, highlighting the challenges of addressing
gender imbalances in STEM. Factors such as cultural norms, limited female role models, and
curriculum biases are discussed as contributors to the disparity. This research emphasizes the need
for targeted interventions and inclusive policies to foster greater female participation and retention
in STEM disciplines. The findings also underscore the economic and societal relevance of equitable
education, offering actionable insights for policymakers and educators to promote gender equity in
Kazakhstan's higher education system. Ultimately, this study contributes to the broader discourse on
gender dynamics in education, particularly in the context of Central Asia.

Keywords: gender disparities, gender equity, enrollment trends, STEM education, higher
education.

Introduction

This study considers the evolving gender dynamics in higher education within a specific
Kazakhstani university. By examining enrollment trends in STEM (Science, Technology,
Engineering, and Mathematics) and non-STEM disciplines over the period from 2020 to 2024, the
research sheds light on critical issues of representation. The findings go beyond academic interest,
offering valuable insights that could shape educational policies, institutional strategies, and societal
attitudes towards gender equity in one of Central Asia’s key educational institutions.

Kazakhstan’s focus on educational reform and technological innovation provides a
compelling backdrop for exploring gender disparities in university enrollments. While women
comprise 53% of researchers overall, they represent less than 45% in STEM fields (Tsakalerou,
2022). As the country seeks to diversify its economy and improve its standing in global innovation
indices, addressing gender imbalances in higher education—particularly in STEM disciplines—
becomes essential. This study is timely and relevant, not only identifying current trends but also
contributing to the development of inclusive educational and career opportunities. By doing so, it
aims to help ensure that Kazakhstan’s future workforce reflects the diverse talents of its population.

Gender disparities in education are a well-documented global phenomenon, yet the case of
Kazakhstan introduces unigue regional and cultural dimensions. While women dominate in public
education and higher education institutions (Kredina et al., 2023), there is gender inequality in
postgraduate education, with more women than men pursuing advanced degrees (Satpayeva &
Nygymetov, 2023). Factors such as cultural norms, curriculum biases, and limited female role models
in STEM careers contribute to this imbalance. Conversely, many non-STEM disciplines have either
achieved gender parity or, in some cases, seen higher female participation. By examining these trends
at the university level, this study provides a focused view that mirrors broader national and regional
dynamics.
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The primary objective of this study is to conduct a detailed longitudinal analysis of gender
enrollment trends from 2020 to 2024 in STEM and non-STEM disciplines at a Kazakhstani university.
Its contributions are wide-ranging, offering empirical insights by documenting enrollment patterns
and providing a robust foundation for future research on gender dynamics in higher education. The
findings also present actionable strategies for policymakers to address gender disparities within the
Kazakhstani context and guide universities in designing inclusive educational approaches that align
with local cultural and academic settings. Additionally, the study emphasizes the economic relevance
of equitable education by highlighting how gender imbalances may impact Kazakhstan’s
competitiveness in key industries, reinforcing the broader significance of fostering gender equity in
higher education.

Literature Review

Overview of Existing Studies on Gender Disparities in Education

Numerous studies have highlighted the persistent gender disparities within educational settings.
For instance, Jacobs (1996) examined the historical trends in gender differences in college enrollment,
noting that women have increasingly outnumbered men in higher education overall. However, this trend
does not uniformly apply across all disciplines. Despite women's increased participation in higher
education, they remain underrepresented in prestigious STEM fields, particularly engineering and
computer science (Bystydzienski, 2020; Mullen & Baker, 2015). This gender gap persists due to various
factors, including hostile academic climates, exclusionary practices, and subtle discrimination in hiring
and promotion (Bystydzienski, 2020). Gender segregation in fields of study persists across different types
of universities, with women underrepresented in prestigious fields like engineering and computer science
(Jacobs, 1996; Liu, 2024). Cultural stereotypes about these fields, such as social isolation and male-
orientation, act as gatekeepers, deterring girls from pursuing these careers (Cheryan et al., 2015). The
underrepresentation of women in engineering and computing is significant, as diversity in the workforce
contributes to creativity, productivity, and innovation (Corbett, 2015). Conversely, fields traditionally
dominated by women, such as education and nursing, continue to see higher female enrollments (Sax,
2001). These studies underscore the complex nature of gender dynamics in education, influenced by
cultural, social, and institutional factors.

Focus on Trends in STEM and Non-STEM Enrollments

Recent research has highlighted trends in STEM and non-STEM enrollments and persistence.
Predictive analytics using middle school math software interactions can distinguish future STEM majors
with 66% accuracy (Pedro et al., 2014). Factors influencing STEM retention include financial aid,
demographics, and academic performance, with concerns about the underrepresentation of women and
minorities (Whalen & Shelley, 2010). Cross-country analysis reveals that R&D expenditures positively
impact STEM enrollments, while population density and expected years of schooling have negative
effects (Bruno & Faggini, 2021). For on-campus students, noncognitive factors like academic self-
efficacy and degree aspiration positively affect STEM persistence, while academic performance is crucial
for both STEM and non-STEM retention (Gansemer-Topf et al., 2017).

Beede et al. (2011) reported that while women's participation in STEM has grown, the rate of
increase has not kept pace with that in non-STEM fields, leading to a widening gender gap in STEM
disciplines. Hill, Corbett, and St. Rose (2010) further explored why this gap exists, pointing to factors like
lack of early encouragement, societal stereotypes, and the chilly climate in some STEM departments. On
the other hand, research by Ceci, Williams, and Barnett (2009) suggests that in some non-STEM areas
like humanities, women's enrollment has reached or exceeded parity with men. This discrepancy
illustrates not just a field-specific gender divide but also the variability in growth rates between different
educational sectors.

Gaps in the Current Literature That the Study Aims to Address

While much research has been dedicated to understanding gender enrollment trends, there are
notable gaps that the current study aims to address. Firstly, there is a lack of longitudinal data that
specifically compares the growth rates of male and female enrollments across both STEM and non-STEM
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fields over recent decades. Secondly, many studies focus on either STEM or non-STEM exclusively
without a comparative analysis that could shed light on why disparities might occur differently in these
areas. Lastly, the interaction between gender and other demographic variables like ethnicity or
socioeconomic status in enrollment trends is often underexplored. The research question, “Are there
significant differences in the growth rates of male and female enrollments in STEM and Non-STEM fields
from 2020 to 2024?”, seeks to bridge these gaps by providing a comprehensive analysis of these trends,
potentially offering insights into policy and educational strategies to mitigate gender disparities in higher
education.

Methodology
Data Sources and Preparation

Table 1. Annual Enrollment and UNT Metrics (2020-2024)

Year Total Female Male STEM non-STEM Average
enrollment enrollment enrollment enrollment enrollment UNT scores

2020 2081 1171 910 959 1122 94

2021 2239 1259 980 960 1279 104

2022 2388 1403 985 947 1441 102

2023 2504 1336 1168 955 1549 104

2024 2351 1417 934 579 1772 107

The datasets used in this study were sourced from enrollment records of a university in
Kazakhstan, covering the academic years from 2020 to 2024. These records include data on total
enrollments, gender, Unified National Test (UNT) scores, and the departments students enrolled in.
The STEM specializations include fields such as Computer Science, Information Systems,
Mathematics, and Statistics, while Non-STEM specializations encompass disciplines such as
language and math education, law, economics, and international relations.

The data was organized to examine the trends in gender-specific enrollments and academic
preparedness, as reflected by the UNT scores, across both STEM and Non-STEM fields. The data
preparation process involved categorizing students into their respective fields (STEM or Non-STEM)
and computing average UNT scores for each year. This data is summarized in Table 1: Annual
Enrollment and UNT Metrics (2020-2024), which presents the total, female, male, STEM, and Non-
STEM enrollment counts, as well as the average UNT scores for each year.

For visual representation, Figure 1 illustrates the total enrollment statistics and dynamics by
gender, while Figure 2 highlights the trends in STEM and Non-STEM enrollments alongside the
average UNT scores over the study period. These visual aids help in understanding the underlying
patterns of gender disparity and academic achievement within the university’s enrollment landscape.
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Figure 1- Total enrollment statistics and enrollment dynamics according to gender
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Figure 2- STEM and non-STEM enrollment dynamics and average UNT scores

Statistical Analysis

To test whether there was a statistically significant change in the female and male enrollment
ratios in STEM and non-STEM fields over the years, we first conducted normality tests using the
Shapiro-Wilk test for both female and male ratios in each field. This test checks whether the
distributions of the ratios follow a normal distribution. The results showed that both the female and
male ratios in STEM and non-STEM fields followed normal distributions (p-values for both female
and male ratios in both fields were above 0.05, indicating normality). After confirming normality, we
proceeded with paired t-tests to compare the means of the female and male enrollment ratios across
the five years. The paired t-test was chosen because it is suitable for comparing two related samples,
in this case, the female and male ratios over the same years. A p-value threshold of 0.05 was used to
determine statistical significance.

Additionally, we analyzed trends in female enrollment rates in STEM and non-STEM fields.
In STEM fields, the female ratio remained relatively stable over the years, while in non-STEM fields,
the female ratio showed a steady decline. The observed changes, while statistically significant,
appeared to have minimal practical significance, particularly in STEM, where the female enrollment
ratio showed only small fluctuations despite statistical significance. In non-STEM fields, although
the female enrollment ratio decreased over time, the magnitude of change was modest, underscoring
the distinction between statistical significance and practical significance.

The analysis also focused on the comparison of gender distributions between STEM and non-
STEM fields, specifically in 2024. This was done through descriptive statistics and comparisons of
the female and male enrollment ratios across the two disciplines. These comparisons highlighted the
significant gender disparities in STEM versus non-STEM fields, with female enrollment in STEM
remaining at approximately 34%, while female enrollment in non-STEM fields was much higher,
although it decreased over time.

Findings

Figure 3(A) presents the trends in STEM enrollment by gender from 2020 to 2024. Over this
period, male enrollment consistently outhumbered female enrollment. The data shows a relatively
steady trend for male students, with the highest number of male enrollments in 2023 (642), while
female enrollments saw a gradual decline from 2020 to 2024, with a significant drop in 2024 (197).
The decreasing trend for female students in STEM disciplines raises concerns about potential attrition
and the need for interventions to retain female students in these fields. In contrast, Figure 3(B)
highlights the trends in non-STEM enrollment by gender over the same period. Female enrollments
in non-STEM specialties have steadily increased, reaching 1220 in 2024, showing a positive growth
trajectory. Meanwhile, male enrollments also grew, but at a slower pace compared to female
enrollments, peaking at 552 in 2024. The rising number of female enrollments in non-STEM fields
suggests an increasing shift toward these disciplines, highlighting the evolving landscape of gender
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dynamics in higher education. Together, these figures underscore the contrasting enrollment patterns
in STEM and non-STEM fields, with a notable gender imbalance in STEM that warrants further
investigation.
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Figure 3- Female vs male enrollment in STEM and non-STEM specialties (2020-2024),
respectively.

Table 2 presents the ratios of female and male student enrollments in STEM and non-STEM
specialties. The Shapiro-Wilk test results showed that both the female and male enrollment ratios in
STEM fields followed normal distributions, as evidenced by the high p-values (0.9818 for both
ratios). Subsequently, a paired t-test was conducted to evaluate whether there was a statistically
significant difference between the female and male enrollment ratios over the years. The t-test results
revealed a highly significant difference, with a t-statistic of -20.49 and a p-value of 3.35e-05, which
is well below the 0.05 threshold. This indicates that the female and male enrollment ratios in STEM
fields have changed significantly over the years. Specifically, the data suggests a trend where the
male enrollment ratio has been consistently higher than the female ratio, and this difference has
remained statistically significant throughout the study period.

Table 2. Female vs male enrollment ratios for STEM and non-STEM specialties (2020-2024).

Year STEM non-STEM

Female ratio Male ratio Female ratio Male ratio
2020 34.6% 65.4% 74.8% 25.2%
2021 35.8% 54.2% 71.5% 28.5%
2022 37.1% 62.9% 73.0% 27.0%
2023 32.8% 67.3% 66.0% 34.0%
2024 34.0% 66.0% 68.9% 31.1%

The table presenting the female and male enrollment ratios for Non-STEM fields from 2020
to 2024 shows that the female ratio has fluctuated over the years, starting at 0.747 in 2020, dipping
to 0.660 in 2023, and then recovering slightly to 0.688 in 2024. The male ratio, conversely, has shown
a corresponding inverse trend, with a decrease in the female ratio resulting in an increase in the male
ratio. The Shapiro-Wilk test results indicate that both the female and male ratios follow normal
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distributions, with p-values of 0.896, suggesting no deviation from normality. A paired t-test was then
conducted to assess whether the changes in the ratios over the years were statistically significant. The
test yielded a t-statistic of 13.50 and a p-value of 0.00017, indicating a highly significant difference
between the female and male ratios in non-STEM fields over the years.

Table 2 compares female enrollment ratios in STEM and non-STEM fields from 2020 to 2024.
In STEM fields, the female enroliment ratio consistently hovers around 34%, with minor fluctuations
between 32.8% in 2023 and 37.1% in 2022. In contrast, the female enrollment ratio in non-STEM
fields is significantly higher, starting at 74.8% in 2020 and gradually declining to 68.9% by 2024.
Over time, the female ratio in non-STEM fields shows a noticeable decrease, while the ratio in STEM
remains relatively unchanged. The male enrollment ratio in STEM fields has remained higher than
the female ratio, whereas in Non-STEM fields, the male enrollment ratio has increased from 25.2%
in 2020 to 31.1% in 2024.

Discussion

The comparison of female enrollment rates in STEM versus non-STEM fields reveals a stark
contrast in gender representation. While female enrollment in STEM remains stable at around 34%
across the five years, the female enrollment ratio in non-STEM fields is significantly higher, starting
at 74.8% in 2020 and gradually declining over time to 68.9% in 2024. This decline in non-STEM
female enrollment suggests a shifting trend in women’s participation in non-technical fields, although
it remains markedly higher than in STEM disciplines. On the other hand, the stability in the female
ratio in STEM reflects a persistent gender gap in technical disciplines, with minimal improvement in
female representation despite fluctuations in the data. These trends highlight the ongoing challenges
in achieving gender equity in STEM education, where women continue to be underrepresented
compared to non-STEM fields. Further efforts may be necessary to address the gender imbalance in
STEM and support greater female participation in these areas.

Although the paired t-test indicates a statistically significant difference in the female and male
enrollment ratios in STEM fields over the years (with a p-value well below the 0.05 threshold), the
practical significance of this result appears minimal. The observed changes in the female ratio from
0.345 in 2020 to 0.340 in 2024 are relatively small, suggesting that the gender gap in STEM
enrollments has remained fairly consistent over the study period. Despite the statistical significance,
the magnitude of the difference is minor, and the trends do not indicate a substantial shift in the gender
balance. This highlights the distinction between statistical significance and practical significance,
where even small differences can be statistically significant in a paired t-test, but the actual change in
the enrollment ratios may not be meaningful in real-world terms. Therefore, while the result is
significant from a statistical perspective, the practical implications for addressing gender disparities
in STEM may require more pronounced shifts.

Similarly, although the paired t-test suggests a statistically significant difference in the female
and male enrollment ratios in non-STEM fields (p-value = 0.00017), the observed changes in the
ratios appear relatively modest in practical terms. The female ratio decreased from 0.747 in 2020 to
0.688 in 2024, while the male ratio increased correspondingly from 0.252 to 0.312. These changes,
while statistically significant, do not represent large shifts in the gender distribution of non-STEM
enrollments. The result underscores the importance of distinguishing between statistical significance
and practical significance. While small differences over time can lead to significant test outcomes,
the overall trends in enrollment ratios remain relatively stable, with no substantial reversal or dramatic
change in gender representation. This suggests that, despite the statistical evidence, the actual gender
dynamics in non-STEM fields have not changed drastically in recent years.

Conclusion

In conclusion, this study provides valuable insights into the gender dynamics of university
enrollments in Kazakhstan, particularly in STEM and non-STEM disciplines, over the period from
2020 to 2025. The findings underscore persistent gender disparities, with female representation in
STEM remaining relatively stable around 34%, while non-STEM fields show a gradual decline in
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female enrollment ratios. Despite statistically significant changes in both STEM and non-STEM
enrollments, the practical significance of these shifts appears minimal. This highlights the importance
of distinguishing between statistical significance and real-world impact. The results suggest that while
gender imbalances in STEM persist, attention to targeted interventions and continued efforts are
necessary to address the underrepresentation of women in these critical fields. Moreover, the findings
encourage a broader discussion on the changing trends in non-STEM fields and the evolving
landscape of gender roles in higher education. Ultimately, the study calls for greater focus on creating
inclusive educational environments that foster greater participation and retention of women in STEM
disciplines, alongside addressing the complex dynamics in non-STEM fields.

Funding. This research was funded by the Ministry of Science and Higher Education of the
Republic of Kazakhstan within the framework of project AP25796179
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KA3AKCTAH YHUBEPCUTETIHE TYCYAIH 'TEHAEPJIIK 3AHABIJIBIKTAPBI: 2020-
2024 KBIJIJAPJATFBI STEM KOHE STEM EMEC II9OHAEPII TAJIAAY

Angarna. byn 3eprrey XKorapel OUTiIM AMHAMUKACBIHAAFbl ©3repICTep/ll aHBIKTall OTBHIPHIII,
2020-2024 xwinmap apansirbiaaarel Kazakcran yHuBepcutertepidin Oipinne STEM-6imiMre sxoHe
STEM emec-moHmepre KaObuigay VATUICPIHAECTT TEHACPTIK JUCTIPOTIOPUMSUIAPIBI  3EPTTEYTe
apHanraH. KaObuigay, reHiepiik KaTblHacTap *oHe ¥JTTHIK OipbiHFail Tectiiey (¥bT) ymaiinapsr
TypaJibl MOIIMETTEepre HET3ACNTeH Tajaay TeHAEPIIK TEeHrepIMCI3IIKTIH CaKTadyblH KOPCETEl.
STEM mnonpaepinzeri oiienaepaiy yieci 3epTrey KeseHiHne mamameHn 34% neHreiinae TypakTel
6osein Kamapl, an STEM emec moHaepre oiennepAiH KaThICybl OacTamkpiaa korapbl 60161, 2020
x®butbl  74,8%-man 2024 xeutel 68,9%-ra  geitin temenneni. KaOvuimay  ypaictepinaeri
CTaTUCTUKAJIBIK MaHBI3/Ibl ©3repiCTepre KapaMmacTaH, OJap IbIH MPAaKTUKAJIBIK MaHbI3bI IIEKTEYI1, Oy
STEM-ne reHaepiiK TEHIIKKE KOJI JKETKI3y MOCENeCIH MICHIyIiH KUBIHIBIFBIH KOPCETEI.
TenrepiMci3fikke bIKHAT €TETIH (GaKTOPJAPABIH IIHAEC MOJECHH HOpMaJap, OUENICpIIiH POk
MOJIENBACPIHIH O00IMaybl J)KOHE OKYy OaraapiiaMaiapbIHBIH €PEKIICNIKTEepPl epeKIIeeHe . 3epTTey
TeHCPIIK TEHMIKTI Urepiiety skoHe ouenaepain STEM moHaepiHe KaTbICybIH apTThIPY YIIiH
MaKcaTThl apajacyjap MEH HWHKIIO3UBTI cascaTTapJblH KaXETTUIriH kepcerenl. Hormxenep
casicaTkepiep MeH OuriM Oepy MekeMesepiHe NPaKTUKAIBIK HyCcKayjgap YChbIHA OTBIPHIII,
SKOHOMMKAJIBIK JJAMY MEH 9JIEyMETTIK IPOrpecke KeHIpeK acep eTell.

Tyiiin ce3aep: reHmepIiK TeHCI3IIK, TeHACPIIK TeHIIK, Kadbuiaay ypaicrepi, STEM-0urim,
YKOFaphl OLTIM.
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I'EHAEPHBIE 3AKOHOMEPHOCTHU 3AYUCJIEHUA B YHUBEPCUTETE
KA3AXCTAHA: AHAJIU3 STEM U HE-STEM JUCIUIIJIAH 3A 2020-2024 I'OJAbI

AbcTpakT. /laHHOE HcclieoBaHUE MOCBSIIEHO M3YYEHUIO T'eHJEPHBIX AUCHPONOPLUN B
narrepHax 3aurciaeHus Ha STEM-oOpaszoBanne u He-STEM-auciumnuusl B OJHOM U3
yauBepcuteToB Kazaxcrana 3a mepuon ¢ 2020 mo 2024 ron, BBISIBISIS W3MEHEHUs B JUHAMUKE
BbICIIEr0 00pa3oBaHusl. AHaIN3, OCHOBAHHBIN Ha TAHHBIX O 3aYMCICHNUH, TE€HEPHBIX COOTHOILIEHUSX
u Oannax Equnoro HanmonansHoro TectupoBanus (EHT), moka3piBaeT coxpaHsromuiicst FeHIepHbIi
mucbananc. Jlomns sxenmud B STEM-nmuciumHaax octaBanach cTabUIbHOM HA ypoBHE O0KoJio 34% B
TeueHHe BCEro Mepro/ia UCCIeI0BaHts, B TO BpeMs KaK ydacTue *eHIUH B He-STEM-nuciunnmnax,
M3HavaJIbHO OoJiee BhICOKOe, CHU3MIIOCH ¢ 74,8% B 2020 roxy no 68,9% B 2024 rony. HecmoTps Ha
CTaTUCTMYECKH 3HAUYUMble M3MEHEHHUS B TEHJCHLHUAX 3aUUCICHHs, WX IMPAKTUYECKOE 3HAUYECHUE
OTPaHUYEHO, YTO TOJYEPKHBAET CJOXKHOCTh PEIICHUs MPOOJIeMbl JOCTHKEHUS TEHIECPHOTO
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paBerctBa B STEM. Cpenu ¢axTopoB, crocoOCTBYIONNX AUCOAAHCY, BBLACTSIOTCS KYJIbTYPHBIC
HOPMBI, HEJOCTATOK JKEHCKUX pOJIEBBIX MoOJeNed M OCOOCHHOCTH YYEOHBIX MPOTPAMM.
HccnenoBanue NouepKUBaeT HEOOXOJUMOCTh IENIEBBIX WHTEPBEHIMHA M MHKIIFO3MBHBIX IOJHUTHK
JUTSL IPOABMDKEHHS TeHJICPHOTO PAaBEHCTBA M YBEJIIMUCHUS ydacTus >keHIuH B STEM-muciumimnnax.
PesynpraThl nMeroT 6osiee MUPOKUE MOCIESACTBUS I SKOHOMHUYECKOTO PA3BUTHS U COLMAIBHOTO
mporpecca, mpeayaras NPaKTUYeCKHe PEKOMEHJAIMN ISl TIOJIMTHKOB M 00pa3oBaTeIbHBIX
YUPEKIACHUM.

KiwueBble cioBa: TeHIEpHBIE AWCHPOTIOPIHH, TEHICPHOE pPABEHCTBO, TEHACHIIUU
3auucienus, STEM-o0pa3oBanue, Beiciiee 00pa3oBaHue.
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