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This paper presents a detailed analysis of the environmental impact of high- and low-pressure polyethylene
production processes. The composition of waste generated during the synthesis, polymerization, and granulation
stages is investigated. Particular attention is paid to emissions of volatile organic and inorganic compounds,
wastewater contamination with heavy metals, and the problem of microplastics in the form of industrial granules.
An analysis of the qualitative and quantitative composition of gaseous, liquid, and solid waste was carried out.

Keywords: polyethylene, polymerization, petrochemical waste, volatile organic inorganic compounds, mi-

croplastics.

Introduction

The production of synthetic polymers is one of the
fastest growing sectors of the global chemical industry.
Polyethylene (PE), thanks to its unique physical and
chemical properties, low cost, and versatility, occupies
a leading position among all plastics produced [1].
Global polyethylene production exceeds 100 million
tons per year and continues to grow, driven by demand
for packaging materials, pipes, insulation, and con-
sumer goods. In developed countries, per capita con-
sumption was 85-90 kg per person, and this figure con-
tinues to grow annually. Along with the growth in pol-
yethylene production, its negative impact on the
environment has also increased

[2].

The technological cycle for producing polyeth-
ylene includes the processes of hydrocarbon pyrolysis,
gas separation, polymerization (at high or low pres-
sure), degassing, and granulation. Each of these stages
produces specific types of waste: gaseous emissions
containing ethylene and solvents; liquid effluents con-
taminated with oligomers and catalytic sludge; solid
waste in the form of defective polymer, “lumps” and
dust. Polymer materials are usually multicomponent
systems created using various polymer components.
Technological waste in the production of polymer ma-
terials arises during their synthesis and processing.
They are divided into recyclable materials and techno-
logical waste that cannot be recycled. Such waste ac-
counts for 5 to 35%. Based on the insoluble basis of the
waste, the raw material is of high quality, not differing

TLC_HZ _ CH‘E P.t,cat

Despite the chemical inertness of the product it-
self, the technological processes involved in its produc-

from the properties of the original polymer. No special
equipment is required to process this waste, which is
produced at the same plant. Waste generated during
production is used in the processing of various products
in addition to various products used as raw materials.
In the production of multicomponent polymers, as well
as in their practical use, there are processes of separat-
ing a number of harmful low-molecular substances
from materials [3,4].

Polymer materials with physical, chemical, struc-
tural, and technological properties based on various
plastics and elastomers are widely used in various areas
of the economy and medicine. This is associated with
the generation of waste at all stages of the production
and processing of polymer materials. Therefore, their
disposal is a pressing issue, and their negative impact
on human health and the environment has always been
a global problem. The solution to environmental prob-
lems has led to strict requirements: the production of
polymers must be environmentally friendly or at least
have a minimal impact on the environment [5].

The purpose of this work is to identify harmful
substances emitted into the atmosphere at SOCAR Pol-
ymer production facilities, study their concentration in
the air, and assess the environmental impact of each of
them on the surrounding environment.

Materials and methods

Polyethylene is the most widely used polymer in
the world, accounting for more than 30% of the total
plastics market [ 6 ]. The chemical formula of the mon-
omer is ethylene (CH,=CH»).

[ CH2 CHZZ ]u

tion (polymerization, separation, granulation) are asso-
ciated with the generation of significant amounts of
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waste. Technological stages and sources of waste gen-
eration Polyethylene production is divided into two
main types: LDPE (low-density polyethylene): Radical
polymerization at high pressure. HDPE (high-density
polyethylene): Ion-coordination polymerization at low
pressure using catalysts [7]. Specific types of waste are

generated at each stage. The use of organometallic cat-
alysts (Ziegler-Natta, chromium) leads to the formation
of toxic sludge containing heavy metals.

In various countries, the production of polyeth-
ylene results in the release of many tons of waste into
the atmosphere, which severely pollutes the environ-
ment. Fig. 1.

Fig. 1. Emissions into the atmosphere during polyethylene production

Industrial pellets (Nurdles): This is one of the most
pressing problems. Small granules of raw material (2-5
mm in diameter) often spill during transportation and

PE

(Pelywitylenr)

PP

(redypropylees)

Ll g

PA. "

packaging, ending up in storm drains and from there
into rivers and oceans. Fig. 2.

" Shutterstock

Fig. 2. Emissions of pollutants into the atmosphere during polyethylene production [8]

The ethylene production process and the stages of
atmospheric pollutant emissions are shown in Figure 3.
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Fig. 2. Schematic diagram of waste generation sources in the process of ethylene suspension polymerization.

We have access to information on the dynamics of  of plastic materials is increasing significantly year after
polyethylene production from 2009 to 2023 [9]. The year. Naturally, this is also a source of environmental
graph clearly shows that the growth in the production  pollution.
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Fig. 3. Dynamics of polyethylene production in Azerbaijan in 2009-2023.

The technological process of polyethylene pro-  formation of harmful substances that have a negative
duction consists of three main stages. The first stage in-  impact on the environment (Table 1). The data availa-
volves the preparation of raw materials, namely the pu-  ble in the literature on the total amount of pollutant
rification of raw materials from impurities and contam-  emissions in polyethylene production is shown in table
inants, as well as the regeneration of catalysts used in 1 [10].
purification. This stage is characterized by the highest
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Table 1.

Emissions of pollutants into the atmosphere during polyethylene production

IPollutant Hazard class Mass of pollutant emissions per ton of product, kg/t
Minimum value Maximum value
Suspended solids - - 0,072
Ethylene 4 2,45 6,7
Carbon monoxide 4 - 0,93
Butylene 4 0,011 0,053
IAliphatic 3 0,040 0,31
Hydrocarbons C1-C5 (exclud-
ing methane) 3 - 0,022
IAliphatic 3 0,0012 0,093
IHydrocarbons C6-C10 3 - 0,00018
INitrogen dioxide 2 0,00021 0,16
|Acetaldehyde 1 - -

The second stage involves the synthesis of poly-
ethylene in a reactor using initiators and catalysts — this
stage is the main stage in the production of polyeth-
ylene. During the ethylene polymerization process, eth-
ylene oxide may be formed, which can be purified and
sold as a by-product, as well as benz(a)pyrene, which
is classified as a Class I hazardous substance. It should
be noted that pollutant emissions during the second
stage are most often associated with malfunctions in the
technological equipment.

At the final stage of production, called “granula-
tion,” polyethylene chips may form in the air, which
when heated can release organic acids, formaldehyde,
and acetaldehyde, as well as ethylene oxide. All these
substances, when exceeding the maximum permissible
concentration, lead to acute and chronic poisoning [11].

The Polypropylene and High-Density Polyeth-
ylene production areas at the SOCAR Polymer plant are
designed to produce 200,000 tons of polypropylene and
120,000 tons of high-density polyethylene per year, re-
spectively. Measurements were conducted by our team

at 5 selected points in the production area of the
SOCAR Polymer plant for PM10 (particulate matter),
background radiation, dust, volatile organic com-
pounds (VOC), sulfur dioxide (SO>), nitrogen oxides
(NOx), and noise levels in the ambient air. The coordi-
nates of the measurement points were determined and
the corresponding records were kept [12,13].

Environmental monitoring was organized in two
phases (active and passive). The results of the studies
conducted with mobile devices are presented in Table
2. For the determination of volatile organic compounds,
Camsco tubes were used during passive monitoring; the
gravimetric method was used for the determination of
dust particles; and during active monitoring, a remote
sensor “Qrawulf” device was used for the determina-
tion of CO, SO,, NO, and NO; [14,15]. The collected
samples were analyzed at Azecolab Company LLC,
and the results of the laboratory analyses are presented
in tables 2 and 3.

Table 2.
Results of laboratory analysis conducted by Azecolab.
Sernumber Date  06.10.2025 Station indicators Mol?lle
device
Unit of Lesson 1. Be- Section 2. Be- t3v'v::3:1; 4. Between 5. Near
1. Parameters measure- tween zones 02 tween units E- zones 01 object S-3  the nitro-
ment and 03. 2 and E-5. and zone 05 gen plant.
and 05 G
NOx (nitric R as an-
2. oxide) mg/m 0,02 0,02 0,0 0,0 0,02  alyzer
3. SO mq/m® 0,001 0,000 0,001 0,001 0,001
4. Cco mq/m® 0,07 0,07 0,07 0,07 0,07
5. VOC mq/m3 0,02 0,02 0,02 0,02 0,02
6. ol —— 0,001 0,005 0,071 0,001 0,001 Dust
dust meter
7. Radiation mkR/saat  11-13 10-12 10-11 11-13 1011 P oo
Sound
8. Noise dB 56-63 60-65 7680  80-82 90-95 M

ment
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Table 3
Results of surveys conducted using mobile devices in polymer production areas.
Gas sample
Act Date of analysis
No. Started Finished Note
Regu-
Order | 06.10.2025 | 06.11.2025 Sample code f;‘;‘;y
ment
Parametrlor Olgii va- St. 1. St. 2. St.3. St.4. St. 5.
hidi 19/00040 | 19/00041 | 19/00042 | 19/00043 | 19/00044
1. VOC ppm <1.00 <1.00 <1.00 300-990 9-17 .
CO carbon mon- ISO
2. oxide Volume % <0.01 <0.01 <0.01 <0.01 <0.01 6976
SO, sulfur diox- ASTM
3. ide2 Volume % <0.01 <0.01 <0.01 <0.01 <0.01 D1945
. N, ( nitrogen ) Volume % 78,08 78,08 78,08 78,08 78,08
5. O, (oxygen ) Volume % 20,9 20,9 20,9 20,8 20,9

Tables 4 and 5 show that nitrogen and volatile or-
ganic compounds, particulate matter, and nitrogen ox-
ides in the air stream generated during the use and re-
generation of catalysts in the technological process,
which are mainly formed as a result of fuel combustion
and contained in flue gases, are emitted into the atmos-
phere. If we consider the technological characteristics
of the burner and the indicators of internal gas emis-
sions in the process, we will see that they comply with
environmental standards.

The tables below present the results of research
and monitoring work on the topic “Study of the envi-
ronmental impact of gas emissions generated during the
production of polymers in the petrochemical industry”
at SOCAR Polymer plants, which produce SOCAR
polymers and are the most environmentally advanced
project. An environmental analysis was conducted
based on the results of the research work.

Table 4.
Composition of fuel gas (V,%) obvemuvix npoyenmax)) ila)
N, 1,33
CO; 4,11
CH4 87,32
C,He 3,22
C;Hg 1,6
Il-C4H10 1,01
H: 1,41
Table 5.
The volume of waste gases sent for incineration in October.
PP YSPE

Total (t) 431,67 ton 100% | Total (t) 286,15 T 100%
Propylene (t) 376,79 ton 87,29% | Ethylene, Ethane (t) 156,27 T 54,61%
Propane (t) 28,99 ton 6,72% | Hexene, Hexane (t) 381t 1,33%
Hydrogen (kg) 69,75 kq 0,02% | Isobutane (t) 58,38 T 20,40%
Nitrogen (t) 6,40 ton 1% Hydrogen (kg) 357,00 kr 0,12%
Ethylene (t) 16,20 ton 4% Nitrogen (t) 67,05 T 23%

Others (isobutane, pen- Others (methane, bu-

tane, ethane, methane, 3,22 ton 0,75%  tane, acetylene, etc.), 0,29 1 0,1%

etc.), (1)

®
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As can be seen from the tables, the measurement
results at specified points at the polymer production
plant are within acceptable limits for all parameters
studied. Noise intensity was recorded at 80-82 dB
(slightly above normal). The noise level was recorded
at 90-95 dB. The indicators for other measured param-
eters, including background radiation (10-13 pR/h) and
total dust content (0.001-0.071 ug/m?), are within the
norm for the plant's territory. When considering hourly,
daily, monthly, and annual indicators at SOCAR Poly-
mer plants, they comply with the environmental stand-
ards set by the European Union [16].

The report scientifically substantiates the eco-
nomic and environmental significance of organizing
stationary or continuous environmental monitoring
every two hours using a Hi-Flow sampler, personal
Drager X2 gas analyzers with infrared cameras during
the storage, transportation, and production of raw ma-
terials at a polymer manufacturing plant, gas leaks into
the atmosphere from tank breathing valves and pipe-
lines (flange connections), as well as the prevention of
explosions, fires, and environmental pollution [17].

Conclusion

The composition of harmful gases emitted into the
atmosphere from SOCAR Polymer production areas
and the concentration of each of them in the air were
determined using modern gas analyzers: “Flow Meter,”
“Kamsko Tube,” “Arex,” and “Graewulf.” PM10 dust
particles, NOx, SO,, CO, harmful gases, and volatile
organic compounds were identified in the waste gases
emitted into the atmosphere from the production areas,
and environmental analyses were also carried out . It
was established that the neutralization of waste gas
mixtures produced during technological processes us-
ing a regenerative thermal oxidizer (RTO) burner, cur-
rently used in polymer plants, at the required level is of
great environmental importance for the protection of at-
mospheric air. The implementation of a “zero emis-
sions” strategy is an achievable goal for companies in
the industry by 2030.
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In the modern educational system, the assessment and prediction of the performance of higher education

institutions (HEIs) are closely linked to multifactorial parameters such as students’ academic achievements, the
competence of instructors, infrastructural resources, and the effectiveness of management. Traditional qualitative
approaches often fail to capture the complex interactions among these components, which necessitates the use of
computational and mathematical models, as well as the implementation of such a model using the Maple symbolic
mathematics software package.

The aim of the article is to develop a mathematical and computational model for achieving success in higher
education institutions, a model based on multifactor analysis that integrates student-related, academic, infrastruc-
tural, and managerial components. The proposed model provides an objective, data-driven assessment, determines
the weights of the indicators, and offers predictive capability. The results obtained may be used both to improve
the quality of education and for strategic management processes, thereby enhancing the competitiveness of higher

education institutions in the contemporary educational environment.
Keywords: computational model; mathematical model; linear functions; factors influencing the educational

process, Maple - symbolic mathematics package.

Introduction.

Education and intellect represent core values in the
21% century-a century defined by knowledge. Educa-
tion and professional expertise determine the economic
strength of a country.

The modern educational space is developing dy-
namically and requires approaches that ensure system-
atic analysis and prediction of the success of higher ed-
ucation institutions. The factors determining this suc-
cess are multifaceted and include both academic
achievements and pedagogical competencies, organiza-
tional and infrastructural resources and the effective-
ness of management. The complex interconnection of
these factors requires a scientifically grounded, objec-
tive, and quantitative assessment, which is difficult to
achieve only by using traditional methods based solely
on qualitative evaluation.

In this context, the use of mathematical and com-
putational modeling becomes particularly significant,
as it enables the identification of success indicators, the
determination of their influence, and the forecasting of

the development of educational institutions [1-2], [4-5].
Mathematical and computational models are a solid
foundation for optimizing managerial decisions, im-
proving the quality of education, and effectively imple-
menting strategic management processes.

In Western and international practice, various
mathematical and computational models and algo-
rithms are employed to optimize the assignment of
teachers to positions. These methods include classical
and modified Hungarian algorithms, evolutionary algo-
rithms, and multi-objective optimization techniques.
The Hungarian method and its variations are commonly
applied to teacher—position assignment problems, as re-
flected in the research of N. Ibrahim (2024). In Roma-
nia, at the Technical University of Bucharest, the sys-
tem developed by Francis Diallo (2024) relies on evo-
lutionary algorithms and multi-objective optimization
to refine instructional activity schedules, with the goal
of maximizing teachers’ preferences and ensuring a
more effective and equitable distribution. Similarly, at
the University of Edinburgh in the United Kingdom, an
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integer programming model has been applied—using
the example of the School of Mathematics—to opti-
mize teacher appointments while prioritizing the maxi-
mization of teachers’ preferences for fair and efficient
allocation.

The aim of the given article is the formulation
of mathematical and computational models for
achieving success in a higher educational institution
and the demonstration of their theoretical-practical
significance. These models will be based on multifac-
tor analysis, that affects key aspects of educational pro-
cess management. The article also presents the imple-
mentation of the mathematical model using the Maple
symbolic mathematics package. This approach enables
both researchers and administrators to objectively as-
sess the current situation and identify optimal direc-
tions for development.

Main part. In modern literature, the performance
of an educational institution is regarded as a complex
concept encompassing academic, organizational, so-
cial, and infrastructural components. Assessing these
components presents a significant challenge, as they are
closely interrelated and form a complex system. Re-
search by Tinto (1993) and Astin (1999) demonstrates
that student success is directly linked to the quality of
the educational environment and the level of institu-
tional support. Furthermore, UNESCO’s 2021 report
emphasizes that institutional effectiveness should be
evaluated not only through academic indicators but also
with consideration of socio-economic and cultural con-
texts.

Mathematical and computational models are
widely used in educational research because they pro-
vide a data-driven foundation for analysis. Among
these models, the following are particularly notewor-
thy:

e Statistical models: Pascarella and Terenzini
(2005) indicate that regression analysis is effective for
studying the influence of social and academic factors
on students’ achievements [7].

e Optimization models: Johnes (2006) empha-
sizes that linear programming is useful for optimizing
resource allocation in universities [8].

e Stochastic models: Bean and Metzner (1985)
employed Markov chains to predict student dropout [9].

e Multifactor indices: QS (Quacquarelli Sy-
monds) and THE (Times Higher Education) are two
leading global rankings that evaluate universities based
on multiple criteria, including academic reputation, re-
search quality, and lecturer-to-student ratio, although
their methodologies and results differ slightly. The QS
ranking focuses on academic reputation, citations, and
internationalization, whereas THE ranking uses a
more complex methodology, giving greater weight to
teaching quality, research activity, and international re-
lations.

Many studies have been dedicated to evaluating
the performance of educational organizations. For ex-
ample, OECD’s Education at a Glance (2023) high-
lights the need for systemic indicators to assess the
quality of education [10].

Hanushek and Woessmann (2015) emphasize that
mathematical and statistical modeling is critical for an-
alyzing the relationship between education quality and
economic growth [11].

As for our country, Georgia, the National Center
for Educational Quality Enhancement (EQE, 2019)
uses multifactor evaluation models during the accredi-
tation of higher education institutions (HEIs) [12].

The analysis of these studies indicates that the as-
sessment of success cannot be limited to only one indi-
cator. A comprehensive mathematical model is re-
quired, which simultaneously takes into consideration
both academic and managerial parameters. Precisely
This approach provides the foundation for a systematic
and predictable evaluation.

Four main factors affecting the teaching process
are discussed in the work [3]; these are:

1.“Discipline factor” — this encompasses positive
and negative behaviors, the students’ personal attitudes,
behaviors and habits, and adherence to rules of conduct
in the learning environment. It also considers extreme
or unregulated behaviors and the presence and manage-
ment of necessary sanctions. As the disciplinary func-
tion increases, it continues to grow simultaneously, =
t, , the function can eventually take negative values:

f@®) = —ayt— by

The maximal point, where the disciplinary value
of the transition from normal discipline to extreme dis-
cipline is expressed t = t; = tpqx. Accordingly,

when t = t; € [0,t,] we have:

max(f(tmax)) = A1tpax + bl =G

where ¢; € R

2.“Teacher factor” — the qualification of teach-
ers, experience, and the use of innovative teaching
methods.

This is because, in the interval (0,m] each teacher
is expected to have the opportunity to perform at their
maximum potential. Accordingly, the maximum value
of this factor can be expressed as:

max(g(tmax)) = aytipax + bZ =m

m € R. Maximum pointt = t; = tyqy, whent =
tj € [0,t,]

3. “Student factor” — this factor includes attend-
ance, learning motivation, average assessment score,
course-completion rate. Taking into account the stu-
dent’s contribution, the maximum value of the educa-

tional institution’s success will take the form:

(max (¢ (6) (max (F()(max(g(®) , _, |
max(S(t)) = e B} mminh(f) TS,
—e 1

(t—to)so —

— erqm(t—tg)so.

Here, S(t) and max(s(t)) )), to = 0 in the time in-
terval [0, t, ]

If (t) =Sy 05 0<S5(t)<I then this is an unsuccessful
situation, and in that case, the interval (t — t;)

Should be taken in the form of ¢4 — ¢;

4.“Negative Factor”- this factor reflects the influ-
ence of the family environment or economic condi-
tions, which negatively affects the student’s work,
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causing a decrease in the student’s motivation to pursue
education; the function N=h(t)N which represents the
negative factors, is defined as follows:
h:[0,t,] - [1,n),h(t) = a3t + b3, a3,b;,n ER
The average contribution of negative factors to
student achievement in the time interval [0, t,,]
that is, the arithmetic mean of the magnitudes ob-

tained during this time interval, will be:
n

— 1
h(t) = HZ h(tj)) =46
j=1

Where: 6 € [1,n)

Based on the 4 important factors identified by the
model in the article [3], linear 1. and nonlinear 2. cases
are constructed; the solution [6] of the nonlinear (quad-
ratic) case is carried out using the Maple program
(Fig.). Subsequent studies have shown that it is possible
to construct higher-order (3rd, 4th) systems, the solu-
tions of which can also be carried out in the Maple pro-
gram, but these are not presented in this article. The ob-
tained results help in the proper organization and man-
agement of the educational process. Below, the linear
and quadratic cases of the model are presented.

Let us consider the linear and nonlinear (quad-
ratic) cases.

1. Linear case, when functions D=(t), T=g(t)
and N=h(t) are linear.

Let D be the set composed of disciplinary values.
D,,D,,D3,D,,Ds so

D= {D1!D2!D3!D4!D5}

And let the corresponding disciplinary values be

real numbers.
djl' de' dj3’ d]"l-’ d]5 (i = 1, 2) N
Accordingly In the time interval t = t; for t = t;

we have
_dyy+dyp+diztdyyt+dss
For t = t, we have
_dyy +dyy +dyz +dyyt+dys
As f(tl) = a1t1 + b1 and f(tz) = a1t2 + b1
we get the system:

a1t1 + b1 = dtl (1)
altz + b1 = dtz

As a result of solving this system (1), the coeffi-
cients a; and b; will have the form:
dtz - dl tZdt1 - tldtz
— B b1 —
-4 LL—t4
The linear equation for the points (¢, d¢,) and (t,,
d;,) will take the form:

a;

d,. —d t,d, —td
f(t1) =a1t+b1 — ty lt 2%ty 1%,
t, -t t, -t

The disciplinary, teacher, and negative factors for
the pointst = t; and t = t,

will be defined, respectively, as:

D ={D4,D;,D3,D4, D5},

T ={T1, T2 T3 T4 Ts} >N ={Ny,Nz,N3,Ny N5}

In reality, each factor, as we know, corresponds to
real variables, respectively. (t]-), g(tj) Qo h(tj) coef-
ficient for t = t; will be:

L = 2@ (8)g(4)
’ h(t;)

2. Nonlinear case when functions D=(t), T=g(t)

and N=h(t) are nonlinear (specifically, it’s quadratic)
D=f({t)=at?’+bt+c

Disciplinary values d. ,dand d;,, t =t;,t =
t,and t =t;,t =t, for the time points, in this case
t; < t, < t; the system will look as follows:

ati + bty +c=d,,
ats + bt, + ¢ =d,, )
ati + btz +c=d,,

Let’s solve this system (2) with respect to a, b and
c. The solution will be carried out using the Maple soft-
ware. The program line for solving the system has the
following form:

The solution of the system corresponding to the
considered model in the Maple software package is
shown in Figure 1, where the coefficients are known.

Specifically, if the functions T=(t) and N=h(t) are
quadratic, their coefficients can be determined accord-
ing to the method described above. Among these func-
tions, two may be quadratic while the third is linear, or
one may be quadratic while the remaining two are lin-
ear. To determine the coefficients of a quadratic func-
tion, we use the data points (&q,d,,), (t2,d;,) and

(t3,d; )
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2 2 2
salve({a-(tl] +b-(t1) +c=dtl,a-(2) +b-12+ c=dt2,a-(13) —I—b-t3-|—c=dt3},{a,b,c})

0= dtl 2 — dil 63 — di2tl + di263 + di3tl — di3e2

b=

2 2 2 2 2 2°
tle—u -t +uE +1028—-1026

5

e — aid — aeed’ + aeed + asid — asid

2
(t1 —12) (mz - -2+ )

E

2 2 1 2 1 2 |
o= 162 13— arli213 — di2e] 3+ d2tle3 + di3el 12 — di3ile?

2
(t1 —t2) (mz -t —-28+13 )

Fig. Solution of system in the Maple sofiware package.

Based on the program results, the disciplinary sit-
uation can be determined at the time point ¢ = ¢; using
the corresponding disciplinary function. The analysis
showed that considering the combined effect of various
factors provides a more objective assessment of the
successful performance of an educational institution.

Conclusion

The computer and mathematical models discussed
employ functions representing “disciplinary factors,”
“teacher performance factors,” “student factors,” and
“negative factors” to determine actual outcomes. When
the success value is negative, it becomes possible to
identify and improve specific functions that adversely
affect the results. For example, in cases of disciplinary
failure, the function can be adjusted using average val-
ues and disciplinary indicators to construct a linear
equation for subsequent stages.

The model is also used to achieve positive out-
comes through carefully selected functions, particularly
when the management of an educational institution is
assessed negatively. A multi-factorial approach ensures
that development is informed by comprehensive data,
enhancing effectiveness, reducing the risk of subjectiv-
ity, and strengthening the accuracy of the analytical
process.

Applying a multi-factorial approach in the accred-
itation of educational institutions allows for an objec-
tive and multifaceted assessment of educational qual-
ity. Considering only a single criterion cannot capture
the overall picture of the system, whereas a combined
analysis of factors reveals the full spectrum of strengths
and weaknesses.

Thus, this model represents a crucial mechanism
in the management of educational quality. Its further
refinement, through the integration of modern analyti-
cal tools and databases, ensures that higher education
in Georgia remains competitive within the international
educational landscape.
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Abstract

This study investigates the role of foreign trade in the economic development of the Republic of Azerbaijan
by analysing the relationship between foreign trade turnover and gross domestic product (GDP) over the period
1995-2023, using annual time series data. Trade turnover in this research is defined as the combined value of
exports and imports, which serves as a key indicator of Azerbaijan’s integration into the global economy. The
primary objective of the study is to determine whether changes in foreign trade activity have a significant impact
on the country’s economic growth and long-term development.

To achieve this objective, a comprehensive set of econometric and statistical techniques was employed. These
include descriptive statistical analysis to examine the historical trends of the variables, unit root tests to assess the
stationarity of the data, and regression analysis to evaluate the nature and strength of the relationship between GDP
and trade turnover. In addition, the Johansen cointegration test was applied to explore the existence of a long-run
equilibrium relationship between the variables, while the Granger causality test was used to determine the direction
of causality in the short run. Several diagnostic tests were also conducted to ensure the reliability and validity of
the model by checking for problems such as heteroskedasticity and autocorrelation.

The empirical results reveal a statistically significant and positive relationship between foreign trade turnover
and GDP in Azerbaijan. The Johansen cointegration test confirms the existence of a stable long-term relationship
between these two variables, suggesting that foreign trade is closely linked to the country’s economic performance
over time. However, the results of the Granger causality analysis indicate that, in the short run, changes in GDP
tend to drive changes in trade turnover, rather than trade turnover driving economic growth. This implies that while
foreign trade is closely associated with economic development, it may not be the primary short-term catalyst of
growth.

Overall, the findings suggest that foreign trade plays an important supportive role in Azerbaijan’s economic
development. Nevertheless, for sustainable and resilient long-term growth, policymakers should focus on reducing
dependence on a limited range of export products and instead implement strategies aimed at export diversification,
value-added production, and the expansion of non-oil sectors. Such measures would strengthen Azerbaijan’s po-
sition in international markets and enhance its ability to withstand external economic shocks.

Keywords: Azerbaijan, trade, export, import, relation.

Introduction

In the era of globalization, foreign trade has be-
come one of the key drivers of economic development,
especially for developing and emerging economies.
The influence of foreign trade on the growth perfor-
mance of national economies has increased signifi-
cantly; however, the mechanisms through which trade
affects growth remain complex and in some cases con-
tradictory across different country groups (Bahadurlu,
2021). Through participation in international trade,
countries gain access to larger markets, advanced tech-
nologies, and higher-quality capital goods. In addition,
foreign trade encourages specialization based on com-
parative advantage, increases export revenues, and at-
tracts foreign direct investment, which in turn contrib-
utes to job creation, infrastructure development, and
overall economic modernization.

Supporters of export-oriented growth strategies
argue that such policies lead to greater economic spe-
cialization and positive economies of scale (Helpman
& Krugman, 1985). Moreover, for an export sector to
remain competitive in international markets, it must be
productive and innovative, thereby creating demand for
highly skilled labor and facilitating the development
and diffusion of new technologies, including technol-
ogy transfer from abroad (Grossman & Helpman,
1991). Other scholars also emphasize the critical role of
exports in generating foreign currency earnings, which
are essential for financing imports of capital goods and

supporting macroeconomic stability (Yagubov & Ali-
yev, 2020).

In the case of Azerbaijan, foreign trade not only
generates national income through exports but also
plays an important role in improving economic diversi-
fication and integrating the country into the global
economy. However, foreign trade can also present sig-
nificant challenges and risks, particularly for resource-
rich developing countries. One of the most prominent
theoretical perspectives highlighting the potential neg-
ative effects of foreign trade is the “resource curse” or
the phenomenon known as Dutch disease (Yagubov &
Aliyev, 2020). According to this theory, continuous re-
liance on resource exports may lead to the depletion of
natural reserves, while an appreciation of the national
currency reduces the competitiveness of non-resource
sectors, leading to a decline in the efficiency of other
export-oriented industries. Several studies have also
found that excessive dependence on resource exports
may negatively affect long-term economic growth and
industrial diversification (Sachs & Warner, 2001).

Given these conflicting theoretical and empirical
perspectives, the impact of foreign trade on Azerbai-
jan’s economic development remains a subject of con-
siderable debate. Therefore, the aim of this study is to
empirically assess the effect of foreign trade on Azer-
baijan’s economic growth using annual time-series data
covering the period from 1995 to 2023. The research
applies a comprehensive econometric framework to
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quantify and interpret the trade—growth relationship.
Specifically, annual data on real GDP, exports, imports,
and a composite trade openness index are used to esti-
mate a Vector Error Correction Model (VECM), which
captures both short-run dynamics and long-run equilib-
rium relationships among the variables. The reliability
of the estimations is ensured through stationarity and
cointegration tests, including the Augmented Dickey—
Fuller (ADF) and Johansen tests, while Granger causal-
ity analysis is employed to identify the direction of in-
fluence between foreign trade variables and economic
growth.

Literature Review

The link between foreign trade and economic de-
velopment has been extensively examined in the eco-
nomic literature. In recent years, numerous scholars
have focused on assessing how foreign trade compo-
nents—such as exports, imports, and trade openness—
affect economic growth. Most studies rely on econo-
metric models to analyze the relationship between these
trade variables and Gross Domestic Product (GDP).

One of the recent contributions is by Ilgar Seyful-
layev (2022), who analyzed annual data covering the
period from 1995 to 2020. The findings indicate the ab-
sence of a long-run cointegration relationship among
the selected variables. Nevertheless, in the short run, a
unidirectional causal relationship from trade openness
to economic growth was identified, while the impact of
economic growth on openness was found to be statisti-
cally insignificant. These results suggest that Azerbai-
jan gains economic advantages from openness, primar-
ily through oil exports to the global market. However,
the short-term nature of these benefits, combined with
the lack of reverse causality, highlights structural chal-
lenges related to export diversification and quality.

Similarly, the relationship between foreign trade
and GDP was investigated in a thesis by Farman Baha-
durlu (2021). The study was grounded in the theoretical
and methodological foundations established by both
domestic and international researchers in the field of
foreign trade and economic expansion. A range of sci-
entific methods was employed, including graphical and
comparative analysis, as well as systematic, historical,
deductive, and inductive approaches. In addition, sta-
tistical, correlation, and regression analyses were con-
ducted. The research data were obtained from official
statistical sources, including the State Statistical Com-
mittee and the State Customs Committee of Azerbaijan,
as well as international publications such as the United
Nations Statistical Yearbook and reports from the
World Bank. The results of the study reveal that in-
creases in both imports and exports contribute posi-
tively to the country’s economic development. Re-
seacher Elman Aghayev (2024) is analyzed statistical
evidence of foreign relation of Azerbaijan and found
the economic integration plays important role for eco-
nomic growth of country. Another notable study by Sa-
kit Yaqubov and Ali Aliyev (2020) examined the im-
pact of foreign trade indicators on Azerbaijan’s eco-
nomic growth. The authors first provided a statistical
overview of the dynamics of foreign trade over the pre-
vious decade and calculated the terms of trade index.
They then applied a Vector Error Correction Model
(VECM) to analyze the interrelationships among GDP
growth, export volume, terms of trade, and oil prices,

considering both quarterly and annual data. The analy-
sis confirmed the presence of causal relationships
among the time series variables. The findings demon-
strated a positive short-run and long-run effect of ex-
ports and oil prices on GDP growth, as well as a long-
term influence of the terms of trade. However, no evi-
dence of reverse causality from foreign trade to GDP
growth was found. Sara Huseynova suggests that for-
eign trade has a predominantly positive effect on Azer-
baijan’s economic growth. At the same time, research-
ers emphasize the need to promote trade openness, ex-
port diversification, and foreign direct investment in
order to mitigate potential risks. These results underline
the strong dependence of the Azerbaijani economy on
the external sector and support the export-led growth
hypothesis. Consequently, foreign trade, particularly
exports, is identified as a major driver of economic
growth, making the external sector a critical factor in
economic forecasting and policy formulation.

Methodology. This study investigates the impact
of foreign trade turnover on the economic development
of Azerbaijan over the period 1995-2023. The method-
ology combines descriptive, econometric, and diagnos-
tic approaches to ensure a comprehensive analysis of
the relationship between foreign trade and economic
growth. The research utilizes annual time series data ob-
tained from official national and international sources,
including the State Statistical Committee of Azerbai-
jan, the World Bank, and the International Monetary
Fund (IMF).Descriptive statistics, including mean, me-
dian, standard deviation, minimum, and maximum val-
ues, were calculated to examine the historical trends
and volatility of GDP and trade turnover. Graphical
analysis was also employed to visualize the long-term
patterns of economic growth and trade activity in Azer-
baijan.The Augmented Dickey-Fuller (ADF) test is em-
ployed to determine the stationarity of the time series.
Stationarity is a necessary condition for reliable regres-
sion and cointegration analysis. A simple linear regres-
sion model is estimated to explore the relationship be-
tween GDP (dependent variable) and foreign trade
turnover (independent variable). The model is tested for
statistical significance using t-tests, F-tests, and R-
squared values. Diagnostic tests such as the Breusch-
Pagan test (for heteroskedasticity) and the Durbin-Wat-
son test (for autocorrelation) are applied to ensure
model reliability.

The Johansen cointegration test is used to investi-
gate the existence of a long-term equilibrium relation-
ship between GDP and trade turnover. Cointegration
analysis allows us to determine whether the variables
move together in the long run, indicating a stable eco-
nomic relationship.

Emprical analyses and discussion.

This section presents the results of the empirical
analysis conducted to examine the relationship between
foreign trade and economic development in Azerbaijan
over the period 1995-2023. The analysis follows a sys-
tematic econometric procedure, including descriptive
statistics, stationarity testing, regression analysis, coin-
tegration analysis, and causality testing. The main ob-
jective is to evaluate both the short-run and long-run
dynamics between foreign trade turnover and real gross
domestic product (GDP).

The descriptive analysis of the data shows a clear
upward trend in both foreign trade turnover and real
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GDP in Azerbaijan during the study period. This
growth is particularly noticeable in the early 2000s, co-
inciding with increased oil production and exports fol-
lowing the development of major energy projects such
as the Baku—Tbilisi-Ceyhan pipeline. The rapid in-
crease in export revenues significantly boosted national
income and foreign exchange reserves.

However, the data also reveal fluctuations in trade
turnover and GDP, especially during periods of global
economic instability, such as the 2008—2009 financial

crisis and the decline in global oil prices in 2014-2016.
These shocks affected Azerbaijan’s export revenues
and highlighted the country’s vulnerability to external
factors, reinforcing concerns related to overdependence
on natural resource exports.

Despite these fluctuations, the long-term trend in-
dicates that Azerbaijan’s integration into the global
economy through foreign trade has played an important
role in its overall economic expansion. Table 1 is
showed analyses of descriptive statistics.

Table 1
Descriptive statistics
GDP Trade Turnover
Mean 35375.66 22142.27
Median 40867.90 21596.60
Maximum 78807.50 56212.00
Minimum 2415.200 1304.900
Skewness 0.108710 0.343714
Kurtosis 1.577333 1.777118
Jarque-Bera 2.502764 2.377999
IProbability 0.286109 0.304526

Basic statistical analysis was carried out to under-
stand the characteristics of the data. Mean, median,
minimum, and maximum values were calculated. Val-
ues of Skewness of GDP and Trade Turnover equal cor-
respondingly 0.108710 and 0.343714. Distribution of
GDP and Trade Turnover is right side according to val-
ues of skewness. Furthermore, Kurtosis of GDP and

Trade Turnover equal relatively 1.577333 and
1.777118, it means that distribution of GDP and Trade
Turnover is peakiness. Probability of Jarque-Bera value
for GDP and Trade Turnover is more than 0.05, it
means that time series accepted normal distribution.
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A simple linear regression model was used to ex-
amine the effect of trade turnover on GDP. The simple

A simple linear regression model is shown on Ta-
ble 2

linear regression equation equals:
DGDPt = a + - DTRADEt + ¢t

Table 2.

Regression model
Variable Coefficient Std. Error t-Statistic Prob.
DAZTRADE 0.509890 0.098277 5.188307 0.0000
C 1672.452 1221.321 1.369379 0.1826
R-squared 0.508679 Mean dependent var 2500.475
IAdjusted R-squared 0.489782 S.D. dependent var 8969.967
S.E. of regression 6407.208 Akaike info criterion 20.43698
Sum squared resid 1.07E+09 Schwarz criterion 20.53214
Log likelihood -284.1178 Hannan-Quinn criter. 20.46607
[F-statistic 26.91853 Durbin-Watson stat 1.682450
IProb(F-statistic) 0.000020

The regression results show a positive and statisti-
cally significant relationship between trade turnover
and GDP. R-squared value of 0.51, indicating that
about 51% of the variation in GDP is explained by trade
turnover. Probability of T-statistic of Trade Turnover
(0.0000) is less than 0.05. It means that regression
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model parameters are important. Probability of T-sta-
tistic of C (0.1826) is more than 0.05. It means that re-
gression model parameters are unimportant. The Dur-
bin-Watson statistic (1.68) indicated no serious auto-
correlation problem. Stability of parameters is analysed
by CUSUM test.
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5% Significance

Graph 2. CUSUM test

CUSUM test is defined stability or non-stability of
coefficients (parameters) of linear regression model. In
test, main line (blue line) of graph doesn’t intersect with
border lines, it means that regression model parameters
are stable.

Breusch-Pagan-Godfrey is defined homos and
hetros of errors. F-statistic probability equals 0.3265.
When F-statistic probability is more than 0.05, it means
that regression model errors are homoscedasticity.

Table 3.

The result of Breusch-Pagan-Godfrey

IHeteroskedasticity Test: Breusch-Pagan-Godfrey
INull hypothesis: Homoskedasticity

F-statistic 1.000313 Prob. F(1,26) 0.3265
Obs*R-squared 1.037349 Prob. Chi-Square(1) 0.3084
Scaled explained SS 1.550669 Prob. Chi-Square(1) 0.2130
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Time series analysis plays a central role in exam-
ining the dynamic behavior of economic and financial
variables over time. In this study, time series techniques
are applied to investigate the relationships between the
selected variables and to identify both short-run and

long-run dynamics. The analysis follows several sys-
tematic steps: data visualization, stationarity testing,
model estimation, and diagnostic checking.Table 2 is
shown the unit root test of tome series.

Table 4.
Dickey Fuller test
variable stage critical value 1% 5% 10%
GDP 15 difference | -3.621708 -4.339330 -3.587527 -3.229230
Trade Turnover 1* difference -7.626713 -4.339330 -3.587527 -3.229230

To avoid misleading results in time series analysis,
the Augmented Dickey-Fuller (ADF) test was used to
check whether the data series are stationary. Both GDP
and trade turnover were found to be non-stationary at

level but became stationary after taking the first differ-
ence. This means the variables are integrated of order
one

Table 5.
Granger test
Sample: 1995 2023
Lags: 2
Null Hypothesis: Obs F-Statistic Prob.
DAZTRADE does not Granger Cause DGDP 26 2.85958 0.0797
DGDP does not Granger Cause DAZTRADE 8.66111 0.0018

The Granger causality test was conducted to ex-
amine the directional relationship between the station-
ary time series of Trade Turnover and GDP. The results
indicate that, in the first case, where Trade Turnover is
tested as a predictor of GDP, the F-statistic probability
value is 0.0797, which is greater than the 5% signifi-
cance level (0.05). Therefore, the null hypothesis can-
not be rejected, suggesting that Trade Turnover does
not Granger-cause GDP.

In contrast, in the second case, where GDP is
tested as a predictor of Trade Turnover, the F-statistic

probability value is 0.0018, which is less than the 5%
significance level. In this case, the null hypothesis is
rejected, indicating that GDP Granger-causes Trade
Turnover. This finding reveals the existence of a unidi-
rectional causality running from GDP to Trade Turno-
ver.

These results imply that changes in economic
growth significantly influence trade activity, whereas
changes in trade turnover do not significantly predict
variations in GDP over the sample period.

Table 6.
Johanssen Cointegration test

Unrestricted Cointegration Rank Test (Trace)

Hypothesized Trace 0.05

INo. of CE(s) Eigenvalue Statistic Critical Value Prob.**
None * 0.646227 31.14803 25.87211 0.0100
At most 1 0.186836 5.170572 12.51798 0.5721
Trace test indicates 1 cointegrating eqn(s) at the 0.05 level

* denotes rejection of the hypothesis at the 0.05 level

**MacKinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

Hypothesized Max-Eigen 0.05

INo. of CE(s) Eigenvalue Statistic Critical Value Prob.**
None * 0.646227 25.97746 19.38704 0.0048
At most 1 0.186836 5.170572 12.51798 0.5721
Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level

* denotes rejection of the hypothesis at the 0.05 level

**MacKinnon-Haug-Michelis (1999) p-values
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The Johansen Cointegration Test was applied to
check if there is a long-run relationship between GDP
and trade turnover. Null hypothesis (None) probability
(0.0100) is less than 0.05 and Trace statistics
(31.14803) is more than critical value (25.87211). It
means that Null hypotthesis can be rejected.

Alternative hypothesis probability (0.5721) is
more than 0.05 and Trace statistics (5.170572) is less
than critical value (12.798). It means that Alternative
hypotthesis can be accepted.

Two conditions are adopted so, It means the be-
tween stasionary time series exist cointegration rela-
tion.

Conclusion

This research studied the relationship between for-
eign trade turnover and economic growth in Azerbaijan
from 1995 to 2023 using various econometric methods.
The results showed that there is a statistically signifi-
cant and positive relationship between trade turnover
and GDP. This means that increases in foreign trade
have contributed to the growth of Azerbaijan’s econ-
omy during the observed period.

The Augmented Dickey-Fuller (ADF) test con-
firmed that both GDP and trade turnover are non-sta-
tionary at level but become stationary at first difference.
The Johansen cointegration test showed that there is a
long-term equilibrium relationship between the two
variables. This confirms that trade and economic
growth move together in the long run.

The regression analysis proved that trade turnover
has a strong positive effect on GDP, explaining more
than half of its variation. The CUSUM test also showed
that the model is stable, and the Breusch-Pagan-God-
frey test confirmed that the error terms are homosce-
dastic.

However, the Granger causality test results indi-
cate that while GDP causes changes in trade turnover,
the opposite is not true in the short run. This suggests
that the direction of influence mostly runs from eco-
nomic growth to trade, and not the other way around.

Overall, the findings of this study support the idea
that foreign trade is important for economic develop-
ment in Azerbaijan. Still, the results also suggest that
more attention should be given to increasing the quality
and diversity of exports to strengthen the long-term
benefits of trade. For future policy, it is important to
focus on reducing dependency on a few export products
and improving the structure of trade to support sustain-
able economic growth.

Discussion and suggestion.

This study provides empirical evidence of a strong
and positive relationship between foreign trade turno-
ver and economic growth in Azerbaijan during the pe-
riod 1995-2023. The regression results confirm that in-
creases in trade turnover are associated with increases
in GDP, indicating that foreign trade has played an im-
portant role in supporting the country’s economic ex-
pansion. This finding is consistent with the theories of
export-led growth proposed by Helpman and Krugman
(1985) and Grossman and Helpman (1991), who argue
that international trade promotes specialization, techno-
logical transfer, and productivity growth.

The ADF and Johansen cointegration test results
further indicate the existence of a long-run equilibrium
relationship between trade turnover and GDP. This im-
plies that despite short-term fluctuations, these varia-
bles tend to move together over time, reflecting the
structural importance of foreign trade for the Azerbai-
jani economy. Such a long-term link is particularly ex-
pected in a resource-rich country like Azerbaijan,
where export revenues—especially from oil and gas—
have historically formed a significant part of national
income.

However, the Granger causality test reveals a uni-
directional short-run causality from GDP to trade turn-
over rather than the opposite. This result suggests that
in the short term, economic growth drives increases in
foreign trade activity, rather than trade being the main
trigger of growth. One possible explanation is that ris-
ing domestic output and income levels increase produc-
tion capacity and import demand, which in turn expand
trade turnover. Another explanation is the heavy de-
pendence on energy exports, meaning that trade vol-
umes are influenced more by global price fluctuations
and domestic production levels than by structural trade
policies.

Furthermore, the results relate to the concept of the
“resource curse” or Dutch disease, which suggests that
an economy heavily dependent on a narrow range of
export commodities may experience limited diversifi-
cation and vulnerability to external shocks. Azerbai-
jan’s long-term cointegration with trade, combined
with the absence of short-run causality from trade to
GDP, may indicate that the quality and structure of
trade are just as important as its volume.

Overall, while foreign trade supports Azerbaijan’s
economic development, the results highlight the need
for more balanced and diversified trade to ensure sus-
tainable long-term growth.
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Abstract

This study examines the impact of modern irrigation systems and precision agriculture technologies on grain
crop productivity in the Agdam region of Azerbaijan, with a particular focus on wheat, barley, and late corn pro-
duction. Using official agricultural statistics from the State Statistical Committee of Azerbaijan for the period
20152024, the research analyzes historical yield trends and regional productivity differences. Time-series fore-
casting is conducted using the Error—Trend—Seasonality (ETS) model to project crop yields for the period 2025—
2035 under baseline conditions. To capture the effects of technological advancement, forecasted results are ad-
justed based on empirical evidence from international studies and regional pilot projects employing pivot irrigation
and precision sowing and fertilization technologies.

The findings indicate that Agdam consistently outperforms national average yields for both wheat and barley,
reflecting favorable agro-climatic conditions. The adoption of modern irrigation systems is projected to increase
average wheat and barley yields by approximately 25% compared to traditional rain-fed farming practices, with
potential yields reaching 6.5—6.8 t/ha for wheat and over 5.3 t/ha for barley by 2035 under optimal conditions.
Comparative analysis with real production data from Samukh and Tovuz districts confirms the robustness of these
projections, as pivot-irrigated fields demonstrate significantly higher productivity than regional and national aver-
ages. For late corn cultivated as a second crop, linear regression forecasts indicate stable yield growth within the
range of 3.5-4.7 t/ha over the forecast horizon.

Overall, the results demonstrate that the integration of modern irrigation infrastructure and precision agro-
technologies can substantially enhance grain productivity, mitigate climate-related risks, and improve agricultural
efficiency in semi-arid regions. The study provides empirical support for investment in irrigation modernization
as a key strategy for sustainable agricultural development and food security in Azerbaijan.

Keywords: Agricultural, development, investment, productivity.

Methodology The key variables employed in the analysis in-
This study applies a quantitative, applied research  clude:

design to evaluate crop productivity and forecast future e Dependent variables:

yields for wheat, barley, and late corn under conven- o Crop yield (t/ha) for wheat, barley, and late

tional and modern agricultural practices in the Agdam  corn.

region of Azerbaijan. The methodology integrates de- e Independent variables:

scriptive statistical analysis, time-series forecasting, o Precipitation levels (mm)

and scenario-based adjustments reflecting the adoption o Average growing season temperature (°C)

of modern irrigation and precision agriculture technol- o Irrigation availability (rain-fed vs. irrigated)

ogies. o Adoption of modern irrigation systems (pivot

The research combines secondary statistical data  irrigation)
with empirical field-based observations, ensuring both o Use of precision sowing and fertilization tech-
analytical rigor and practical relevance. nologies

Data Sources

The analysis is based on the following data
sources:

e Official agricultural statistics obtained from
the State Statistical Committee of the Republic of Azer-
baijan (Stat.gov.az), covering crop yields for the period
2015-2024.

e Regional yield data for Agdam, Samukh, and
Tovuz districts.

e C(Climatic indicators, including precipitation
and temperature averages, derived from national mete-
orological records.

e FEmpirical data and professional observations
from pilot pivot irrigation projects implemented in
Samukh and Tovuz regions during 2017-2023.

e International benchmark studies from institu-
tions such as the World Bank and FAO, used to esti-
mate the productivity effects of irrigation and precision
agriculture technologies.

Variables and Indicators

e Control factors:

o Soil fertility conditions

o Crop variety characteristics

o Agronomic practices (planting depth

The productivity of crops planted in the selected
Agdam area will vary depending on many different fac-
tors. The main data and nuances that will be used in
productivity calculations will be the fertility of the soil
cover, whether the planted crop is suitable for the soil
structure, and the productivity data provided by the Sta-
tistics Committee.

Literature Review

Agricultural productivity and structural transfor-
mation have long been central themes in development
economics, particularly in the context of food security,
economic growth, and rural development. Classical
contributions by Schultz (1964) laid the theoretical
foundation by arguing that traditional agriculture is
economically rational but constrained by limited access
to modern inputs, technology, and institutional support.
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This perspective highlighted the importance of invest-
ment in human capital, innovation, and policy reforms
to unlock productivity gains in agriculture.

The Green Revolution marked a turning point in
global agricultural development. Pingali (2012) pro-
vides a comprehensive assessment of its impacts, em-
phasizing significant yield improvements through the
adoption of high-yielding varieties, irrigation, and
chemical inputs. While these advances contributed to
food security and poverty reduction, the study also un-
derscores environmental degradation, resource over-
use, and inequality as critical limitations, calling for a
more sustainable and inclusive path forward. Comple-
menting this view, Ruttan (2002) examines the sources
of global agricultural productivity growth, identifying
technological innovation, institutional change, and
public investment as key drivers, while also noting con-
straints such as land scarcity, environmental stress, and
diminishing returns to traditional input intensification.

In developed economies, productivity dynamics
are closely linked to innovation systems and policy
frameworks. The USDA (2023) highlights the role of
research and development, mechanization, and preci-
sion agriculture in sustaining long-term productivity
growth in the United States. Similarly, Alston et al. em-
phasize the importance of public agricultural R&D in
generating high social returns, reinforcing the argument
that productivity growth is not automatic but policy-de-
pendent. In the European context, Pretty (2018) focuses
on sustainability and resource efficiency, arguing that
future productivity gains must be aligned with environ-
mental objectives through agroecological practices and
sustainable intensification.

A substantial body of literature examines agricul-
tural productivity in transition and post-socialist econ-
omies. Swinnen and Rozelle (2006) analyze the politi-
cal economy of agricultural transition from centrally
planned systems to market-based structures, emphasiz-
ing land reforms, price liberalization, and institutional
restructuring. Gorton and Davidova (2019) document
mixed productivity outcomes across transition econo-
mies, noting that while efficiency gains were achieved,
structural fragmentation, limited access to finance, and
weak institutions constrained performance in many
countries. Henning and von Cramon-Taubadel (2018)
further demonstrate that regional disparities and uneven
policy implementation significantly influence agricul-
tural development outcomes in Eastern Europe.

Policy interventions, particularly subsidies and ru-
ral development programs, play a crucial role in shap-
ing productivity and farm behavior. Matthews (2020)
evaluates the impact of agricultural subsidies in Eu-
rope, concluding that while they stabilize farm incomes
and support rural livelihoods, their productivity effects
depend on design and targeting. Pietola and Lansink
(2020) analyze farm investment behavior under risk
and uncertainty, showing that access to credit, policy
stability, and risk management tools significantly influ-
ence productivity-enhancing investments.

From a regional perspective, the World Bank and
European Union (2021) provide an extensive overview

! https://icarda.org/media/blog/wheat-self-sufficiency-re-

quires-sustainably-closing-yield-gap-

of agriculture and rural development in Europe and
Central Asia, identifying low productivity, fragmented
landholdings, and limited technological adoption as
persistent challenges. These issues are particularly rel-
evant for countries like Azerbaijan, where agriculture
remains strategically important for food security and
employment.

Empirical studies focusing on Azerbaijan contrib-
ute valuable insights into the macroeconomic and sec-
toral linkages affecting agricultural development. Guli-
yev and Huseynova (2016) analyze the relationship be-
tween imports and GDP using econometric models,
highlighting structural dependencies relevant for food
security and trade policy. Huseynova’s broader work
on food security emphasizes agriculture as a complex
system encompassing production, transportation, and
policy coordination. Related econometric studies by
Huseynova and co-authors (2023; 2024; 2025) demon-
strate the applicability of advanced quantitative meth-
ods in analyzing economic stability, trade dynamics,
and policy effectiveness in Azerbaijan, providing a
methodological foundation for agricultural productiv-
ity analysis.

Overall, the literature suggests that agricultural
productivity growth is a multifaceted process influ-
enced by technology, institutions, policy design, and
macroeconomic conditions. While global experiences
offer valuable lessons, transition economies such as
Azerbaijan require context-specific strategies that bal-
ance productivity, sustainability, and structural trans-
formation. This study builds on the existing literature
by integrating international theoretical perspectives
with regional empirical evidence to assess agricultural
productivity and its broader economic implications.

The average wheat productivity per hectare for
Azerbaijan for the time 2015-2024 ranges around 30-
33 centners per hectare, equivalent to 3.0-3.3 t/ha. In
contrast, the average productivity for the Aghdam re-
gion was a slight improvement, increasing productivity
from 32.4 centners per hectare to 41.6 centners per hec-
tare. This suggests that the wheat productivity level for
the Aghdam region has surpassed the average for the
entire nation by around 6-8 centners per hectare. Vari-
ability of productivity over the last ten years is con-
sistent with weather patterns, for example, the average
wheat productivity for 2018 declined sharply by around
30.0 centners per hectare because of the drought, which
was temporarily offset by a 7.6% increase for the year
2019, when the rainfall patterns picked up.

Climate Factors that Influence Yields. Precipita-
tion is a decisive factor for wheat yield, given the semi-
arid climate of Azerbaijan. Wheat is widely grown on
rain-fed fields, and drought is the main limiting factor
for wheat growth. This affects about one-third of the
total wheat area in the country, thus resulting in reduced
wheat yields. However, well-irrigated wheat areas dur-
ing years of sufficient precipitation increase productiv-
ity. Studies show that there is a direct correlation be-
tween water supply and wheat yield'. This is estimated
at about 10 kg of grain per | mm of water, regardless
of whether it is rain or irrigation. This is supported by

cwana#:~:text=Our%20data%20%28Fig,water%20availabil-
ity%20and%20productivity%20gains
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regional data, which shows that the national wheat
yield dropped to around 29-30 centners per hectare dur-
ing the drought of the 2017-2018 growing season, but
it returned to above 32 centners per hectare when pre-
cipitation improved the following year. Temperature is
the other variable used in the regression analysis 2. Hot
weather, especially when it occurs during the growing
season, is known to accelerate drought effects, thus
lowering crop productivity. In this case, for instance,
the summer of 2017 was recorded to be very hot, with
the average June-August temperature of 26.6 °C, which
is 1.9 °C higher than the average. It is presumed that
this condition, therefore, accelerated drought effects on
the growing plants. It is also worth noting that lower
growing season temperatures or sufficient moisture that
compensates for the presence of high temperatures are
the keys to higher productivity. It is also found that the
regression analysis between the climate and yields re-
veals that higher rainfall and lower growing season
temperatures (averaged around 14-15 °C), which is the
average, result in higher productivity, while drought
that is accompanied by heatwaves results in lower
productivity.

Impact of Modern Irrigation on Yield. The imple-
mentation of a modern irrigation system for 2,500 ha of
land in the village of Aghdam will positively affect the
wheat yield. In that village, the wheat harvest used to
come only from rainfed agriculture, also known as
“domyo okingiliyi.” By using irrigation, it will make it
possible to provide water when it is needed the most.
According to the World Bank, the average increase of
wheat yield for Azerbaijan farmers that used improved
on-farm irrigation systems exceeded 20% 2. For wheat
farming within the Kura-Araz Lowland, where the vil-
lage of Aghdam lies, the average rainfall is approxi-
mated at 406 mm, with irrigation contributing to about
84 mm. Increased irrigation will provide the necessary
water for the plant, especially during droughts, when it
used not to. This is because the total water requirement
for the plant is about 500-600 mm, and this requirement
will have been satisfied. Practically, irrigation will help
offset reduced yields for irrigation areas that receive
lower rainfall annually. Studies among regions of sim-
ilar climates have shown that the increment of irrigation
water by 100 mm will increase wheat yields by about 1
t/ha when other optimal circumstances are provided.
Even supplemental irrigation of 28-166 mm after the
dry season was shown to raise wheat yields by 2-3 t/ha
when timely planting and variety selection are made.
Consequently, it is expected that a large increment of
wheat yields will result if the initial 2,500 ha irrigation
materializes. Nevertheless, it should not be overlooked
that soil fertility might become the next limiting pro-
gress. The soil of the irrigation area was made better
only by the return of the residues (straw) of the previous
harvests with only minimal fertilizer use. However, soil
fertility will not play the decisive role when water is
plentiful. The use of water will then depend on the

2 https://www.worldbank.org/en/results/2019/10/10/azerbai-
jan-managing-irrigation-systems-through-water-user-associ-
ations#:~:text=Jabbar%20Asa-
dov%20is%20a%?20farmer,a%?20re-
sult%200f%20the%20improvements

availability of several nutrients (nitrogen, phosphorus,
among others) for the full use of the potential of irriga-
tion for yielding. However, irrigation, even without op-
timizing fertilizer use, will help bring the average wheat
irrigation areas of Aghdam closer to their biological op-
timum. To give a perspective, new wheat varieties were
introduced in Azerbaijan, and they attained as high as
55 centners per hectare or 5.5 t’/ha when provided opti-
mal cultivation. This veritably suggests that if irrigation
will take on new irrigation systems, it is also possible
that average wheat irrigation areas will break the barrier
of 50 centners per hectare of average annual actual
yields up through new irrigation systems. In other
words, irrigation areas will offset the bad effects of
lower rainfall. Of note, other inputs will also become
important. Overall, other inputs that make wheat
reaches optimal growth will also become important.

Smart Sowing and Precision Fertilization Tech-
nologies. Irrigation, along with other related activities,
such as optimal planting and fertilizer application, also
significantly contribute to increased productivity. Un-
der the umbrella of precision agriculture, it has been
shown that optimal practices are carried out on a per
square meter basis using global positioning systems,
sensors, Variable Rate Fertilizer Application (VRT),
and other information technology. According to world-
wide assessments, the implementation of such technol-
ogy has a distinct role in increasing productivity. To
give a perspective, it has been determined that precision
farming techniques are able to increase overall produc-
tivity by as much as 30%, in addition to decreasing wa-
ter use by 20% and fertilizer use by 15%, as per a 2021
evaluation by Food and Agriculture Organization
(FAO), *which means that smart technologies are able
to increase yields by as much as a third from a similar
area. The application of innovations in planting and fer-
tilizing has also been shown with concrete examples. A
meta-analysis conducted by Chinese scholars, involv-
ing 79 studies, revealed that adopting wide-row preci-
sion planting technology resulted in a 9.9% increase in
yields of winter wheat over conventional planting. This
is due to optimized factors like soil preparation, plant-
ing depth, and row spacing, because of which around
10% more wheat can be produced per hectare. Further-
more, experience in advanced nations has shown that
adopting precise fertilizing and spray technology en-
sures that no excess as well as deficient fertilizer
reaches the plant, hence not only using fertilizer effec-
tively but also increasing yields. Adopting smart ferti-
lizing technology, for example, has been revealed to in-
crease yields by 20% with simultaneous reductions in
water and fertilizer use of around 40%.

Impact on Forecasts and Expected Growth Rates.
From the above empirical facts, it can be argued that
the adoption and implementation of modern pivot irri-
gation and precision sowing and fertilizing methods
have great potential for improving productivity above
what would be achieved by conventional methods. To

3 https://www.coherentmarketinsights.com/industry-

reports/precision-farming-
market#:~:text=As%20the%20world%275%20population%
20continues,%28FA0%2C%202021


https://www.worldbank.org/en/results/2019/10/10/azerbaijan-managing-irrigation-systems-through-water-user-associations#:~:text=Jabbar%20Asadov%20is%20a%20farmer,a%20result%20of%20the%20improvements
https://www.worldbank.org/en/results/2019/10/10/azerbaijan-managing-irrigation-systems-through-water-user-associations#:~:text=Jabbar%20Asadov%20is%20a%20farmer,a%20result%20of%20the%20improvements
https://www.worldbank.org/en/results/2019/10/10/azerbaijan-managing-irrigation-systems-through-water-user-associations#:~:text=Jabbar%20Asadov%20is%20a%20farmer,a%20result%20of%20the%20improvements
https://www.worldbank.org/en/results/2019/10/10/azerbaijan-managing-irrigation-systems-through-water-user-associations#:~:text=Jabbar%20Asadov%20is%20a%20farmer,a%20result%20of%20the%20improvements
https://www.worldbank.org/en/results/2019/10/10/azerbaijan-managing-irrigation-systems-through-water-user-associations#:~:text=Jabbar%20Asadov%20is%20a%20farmer,a%20result%20of%20the%20improvements
https://www.coherentmarketinsights.com/industry-reports/precision-farming-market#:~:text=As%20the%20world%27s%20population%20continues,%28FAO%2C%202021
https://www.coherentmarketinsights.com/industry-reports/precision-farming-market#:~:text=As%20the%20world%27s%20population%20continues,%28FAO%2C%202021
https://www.coherentmarketinsights.com/industry-reports/precision-farming-market#:~:text=As%20the%20world%27s%20population%20continues,%28FAO%2C%202021
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Slovak international scientific journal # 103, (2025)

23

operate within this perspective, a linear regression
model based on historical productivity measures, as
measured within traditional approaches, can be adapted
and shifted upwards based on the adoption and imple-
mentation of modern technologies to achieve precision.
Based on percentages shown within global experiences,
it would be feasible to assume that modern irrigation
technologies and related ‘smart’ agrotechnical solu-
tions greatly improve output forecasts. According to in-
ternational statistics, pivot irrigation systems, which
optimize water feeding for plants, save water and im-
prove outputs up to twice as much as before at once. At
the same time, based on exact sowing and fertilizing
solutions, it becomes possible to increase production by
20-30% within delimited production territories. As-
suming that our forthcoming linear regression model
will define a basic scenario based on traditional
knowledge, this new reality requires an upgrade on the
projection course provided by our model. First, there
will be an adjustment on forecast indicators represent-
ing an average 25% boosted contribution of modern
technologies, based on international scientific and prac-
tical facts. It becomes evident that modern irrigation
and agrotechnical solutions will enable significantly
higher outputs within forthcoming years compared to
today’s production rates.

Calculation Method. Calculations will start with
making forecasting for next 10 years based on data
from previous 25 years. There are 3 methods to make
forecasting: linear regression, ETS, and ARIMA. The
calculations were made using the ETS method. The
main reasons for this are listed below:

ETS Model (Error, Trend, Seasonal) - The ETS
model represents a class of exponential smoothing
methods. Error, Trend, and Seasonality are compo-
nents. The ETS model, which describes a method for
representing and decomposing a univariate or multivar-
iate stream of data into three components: error, trend,
and seasonality, is widely recognized as an interpreta-
ble and flexible model. It was formalized by Hyndman
et al. in 2008. The ETS model represents time series
observations Y; using the following decomposition:

Y=l 1 +b1+smte

l;_1 : Level component

b;_;: Trend component

S¢—m: Seasonal component (If applicable)

&: Error term at time ¢

m: Seasonality length

Each component (E, T, S) can be specified as:

- Additive (A): constant magnitude over time,

- Multiplicative (M): Varies proportionally with
level,

- None (N): The component is not included.

As a result, there are various ETS model combina-
tions supported by ETS, including ETS(A, A, N), ETS
(M, A, N), and ETS (A, M, A).

Advantages of ETS Modeling:

- Flexibility: ETS models fit datasets with or with-
out trend and seasonality and allow a maximum of 30
different model types.

- Recency Weighted Smoothing: Exponential
smoothing gives more importance to recent values and
thus increases sensitivity to recent changes in the data.

- Effective performance with limited data: ETS
performs effectively even with limited data, especially
when trend effects are more prominent compared to cy-
clical components.

- Interpretability and transparency: Unlike some
models based on machine learning algorithms, ETS
components are interpretable and help explain the un-
derlying dynamics.

Applications in Agricultural Yield Forecasting.
Agricultural ETS models are commonly used in agri-
culture forecasting involving annual or seasonal series
with trend or small cyclic components. Examples of
crop production datasets, such as wheat or barley pro-
duction per year, will have trend components due to im-
provements in farming methods and changes in
weather; ETS models can handle these (Makridakis et
al., 2020). Within arid and semi-arid regions, such

as Azerbaijan, ETS models will be capable of ac-
counting for the increases due to infrastructural devel-
opments like irrigation and better crop seeds. The Py-
thon code used for the calculation is as shown in Figure
6.

Where:
Table 3.
Actual average wheat and barley yield in Azerbaijan and Agdam, t/ha, 2015-2024
Wheat Barley

Year = Azerbaijan Re- Agdam Re- Difference = Azerbaijan Re- Agdam Re- Difference

s public gion % public gion %

2015 3.15 3.19 2% 2.95 2.98 1%
2016 3.06 3.27 4% 2.69 3.0 12%
2017 2.98 3.87 27% 2.56 3.18 24%
2018 3 3.76 25% 2.79 3.44 23%
2019 3.21 3.9 20% 2.97 3.55 20%
2020 3.18 4.07 28% 2.96 3.64 23%
2021 3.28 4.09 24% 3.07 3.67 20%
2022 3.13 4.11 29% 2.88 3.75 30%
2023 33 4.19 24% 2.99 3.9 30%
2024 3.1 4.23 37% 293 3.84 31%

Source: Stat.gov.az, hitps://www.stat.gov.az/source/agriculture/az/2.187.xls



https://www.stat.gov.az/source/agriculture/az/2.187.xls
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from statsmodels.tsa.holtwinters import ExponentialSmoothing

# Step 1: Take historical yield
yield series = agdam df["vield t ha"]

# Step 2: Build ETS Model

— additive trend, no seasonality

ets model = ExponentialSmoothing(yield series, trend="add", seasonal=None)

ets fit = ets model.fit()

# Step 3: Figure out forecast period
forecast_values = ets fit.forecast(10)

# Forecast for 1@ years

# Step 4: Convert results to DataFrame format

forecast _years = list(range(2025, 2035))
forecast_df = pd.DataFrame({
"Year": forecast years,
"Forecast Yield t ha":

)

forecast values

Figure 6. Python ETS Forecast Calculation (Additive Trend, No Seasonality)

Adjusting the obtained productivity results with
the effects of modern irrigation technologies and
"smart" sowing and fertilization technologies on

productivity, the results obtained are reflected in Table
4:

Table 4.
Average forecasted wheat yield in Agdam, t/ha, 2025-2026
Wheat Barley
Years Forecast Yield t/ha Adjusted Yield, t/ha Forecast_Yield t/ha Adjusted Yield, t/ha
2025 4.38 5.48 3.76 4.70
2026 4.49 5.61 3.81 4.77
2027 4.59 5.74 3.86 4.83
2028 4.69 5.86 3.91 4.89
2029 4.79 5.99 3.96 4.95
2030 4.9 6.12 4.01 5.01
2031 5 6.25 4.06 5.07
2032 5.1 6.37 4.11 5.13
2033 52 6.5 4.16 5.19
2034 5.3 6.63 4.20 5.26
2035 5.4 6.75 4.25 5.32

Assumptions. The projections are made based on
average climatic conditions every year (no worse-than-
worst drought or heatwave on top of existing variabil-
ity, since irrigation will mitigate the effects of rainfall
shortfalls). They also consider improvements in agri-
culture technology in the irrigated areas, perhaps addi-
tional fertilizer uses or better seeds, in the order of im-
provements that can reasonably be expected within the
next ten years. Such improvements will not come about
by technological revolution but will result from the bet-
ter climate. Yields could level off around 48-50 c/ha
(since growth cannot exceed nutrient-supplied growth
rates, even when irrigation is provided). However, us-
ing high-yielding varieties along with judicious ferti-
lizer use, the results could go beyond the estimates,
since studies show that it is possible to get 6.5-7.0 tons
per hectare.

Comparison with real “Pivot” data. In this part, a
comparative analysis will be presented in relation to
empirically observed production figures, which have
been derived from the author's personal working expe-
rience, in addition to the wider production trends based
on regional and national levels in Azerbaijan. In recent
years, pilot projects with a focus on ‘pivot irrigation
systems and improved fertilization methods have been
initiated in the Samukh and Tovuz regions. Such local
projects have recorded higher production trends com-
pared to regional and national production levels. As
presented in Table 5, in Samukh district, wheat produc-
tion in Pivot irrigations since 2017 has an average pro-
duction level of 4.31 t/ha during 2017-2023, which is
higher than the regional average of 3.71 t/ha by 15%.
In Samukh, based on the national average, wheat pro-
duction in pivot irrigations is higher by 35%. Further-
more, in the Tovuz district, wheat production via pivot
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irrigation is higher than regional and national averages
by 19% and 39%, respectively. Thus, barley plantings
were also carried out in both regions using the pivot ir-
rigation method during 2019-2023, and the results ex-
ceeded the regional averages by 58% and the national
average by 86%, which is an example of how pivot ir-
rigation and proper fertilization and technical mainte-
nance increase productivity. Moreover, Table 5 above
highlights interesting dynamics in barley production in
Samukh in the early years of research. A reduction in
production occurred from 2019 to 2021. However,

based on professional research observations by the re-
searcher, this situation reversed in 2022 with an en-
hanced approach in carrying out technical maintenance
and fertilization work. Therefore, a nearly two-fold in-
crease in production occurred. From a research per-
spective, a more conservative approach has been taken
in adjusting these real data for productivity results. As
an alternative to real increases, a 25% increase in the
results of previous periods has been considered,_alt-
hough_in Samukh district, for example, over a 7-year
period, the productivity indicator at the end of the pe-
riod showed a 46% increase compared to the beginning.

Comparison of actual barley and wheat yield results with averages, 2017-2023 fables
Years Region  Crop Har- Actual Actual  Aver- Average %in % in Azer-
vested quantity,T  yield,T age yield in region  baijan
area, ha yielq in Azprbai-
region, jan,
2017 Samukh Wheat 2,696 7,549  2.80 2.62 3.05 7% -8%
2018 Samukh Wheat 2,614 11,765  4.50 3.53 3.01 28% 50%
2019 Samukh Wheat 2,275 6,839  3.01 3.26 3.24 -8% -1%
2020 Samukh Wheat 2,423 12,638  5.22 4.32 3.17 21% 65%
2021 Samukh Wheat 2,089 9,011 431 3.8 3.29 14% 31%
2022 Samukh Wheat 2,416 12,268  5.08 4.23 3.19 20% 59%
2023 Samukh Wheat 2,015 10,590  5.26 4.23 3.38 24% 55%
2019 Samukh Barley 148 720  4.86 3.46 2.97 41% 64%
2020 Samukh Barley 221 1,054  4.77 3.6 2.96 32% 61%
2021 Samukh Barley 222 1,044 471 3.67 3.07 28% 53%
2022 Samukh Barley 222 1,673  7.55 3.72 2.88 103% 162%
2023 Samukh Barley 495 1,947  3.93 3.61 2.99 9% 32%
2017 Tovuz  Wheat 6,938 13,183  1.90 3.23 3.05 -41% -38%
2018 Tovuz  Wheat 4,180 18,808  4.50 3.24 3.01 39% 50%
2019 Tovuz  Wheat 4,799 17,755  3.70 3.3 3.24 12% 14%
2020 Tovuz  Wheat 4,705 25,900  5.50 3.83 3.17 44% 74%
2021 Tovuz  Wheat 4,522 23,656  5.23 3.71 3.29 41% 59%
2022 Tovuz  Wheat 5,177 26,759  5.17 4.37 3.19 18% 62%
Wheat
2023  Tovuz 5,215 26,883  5.16 4.19 3.38 23% 53%
2019 Tovuz Barley 377 1,715  4.55 2.73 2.97 67% 53%
2020 Tovuz  Barley 409 2,523 6.18 3.95 2.96 56% 109%
2021 Tovuz  Barley 466 2,908  6.24 3.79 3.07 65% 103%
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2022  Tovuz Barley 613 4,018  6.55 3.8 2.88 72% 128%
2023 Tovuz Barley 540 3,235 5.99 2.93 2.99 104% 100%

Late Corn. It is planned to plant corn as a second
crop to wheat and barley fields. This decision has both
agronomic and economic aspects. So, Corn is an im-
portant grain and forage crop. This plant has a wide
range of applications and high productivity. Canned
products such as flour, starch, grits, ethyl alcohol, oil,
and others are obtained from corn kernels. Paper, lino-
leum, activated carbon, synthetic resin, and other prod-
ucts can be obtained from the stalks, leaves, and peti-
oles. The high content of feed units and digestible pro-
tein in corn kernels allows its use as valuable forage,
and transplanting is considered an important method
for increasing forage production. At present, in global
agriculture, all kinds of resources and the implementa-
tion of cost-effective technologies are allocated to this
purpose. The key elements of these technologies in-
clude minimal and zero-tillage techniques, also known
as No-Till. Considering the fact that a strong root sys-
tem is formed in a corn plant, during re-sowing, the
field must be covered immediately after harvest to a
depth of 8-12 cm, and organic and mineral fertilizers
must be applied to the field at a rate determined in ac-
cordance with the results of soil analysis and tilled to a
depth of 25-28 cm. The top layer of the soil must be
loosened with a trowel or rotor tines. This will make the
soil soft, granular, even, remove weeds, and will pro-
vide an even depth of seed burial. The application of
soil herbicides for weeds must be applied and mixed in

the fields 2-3 days before sowing. Cultivation, thinning,
and re-filling operations must be performed 2-3 times
during re-sowing of the corn. The first cultivation op-
eration among the rows must be performed at a depth
of 8-10 cm, the second operation at a depth of 6-8 cm,
and the third operation at a depth of 5-6 cm.

Calculation Method. Because of the constrained
nature of available government statistics with respect to
late corn (as a second crop) yield in the Agricultural
Statistics of Azerbaijan, this research work utilizes
solely on the expertise of the researcher in their profes-
sional field to predict future production in the next dec-
ade. As shown in Table 6 below, variability in the level
of production of late corn in terms of yield shows a
level of variability, but with no major fluctuation. The
average production level over this period is therefore
approximately 4.05 t/ha. Hence, taking into considera-
tion these elements in projecting future production lev-
els, a good estimate in this research work to project pro-
duction level in the first year of forecasting, namely
2025, will be 3.5 t/ha, which is a level taking into con-
sideration the lower bound of early-year production
levels in empirical research work. With a linear regres-
sion mathematical model established using a Python
programming tool, future production levels in this next
10-year period have a projected potential capacity rang-
ing from 3.5 to 4.66 t/ha.

Table 6.
Actual yields of late corn in Samukh and Tovuz, 2017-2022
Years Region Area Harvested, Ha Actual Quantity, T Yield, T/Ha
2017 = Samux 1,766 5,298 3.00
2018 | Samux 2,663 12,915 4.85
2019 = Samux 2,033 7,500 3.69
2020 = Samux 2,311 10,537 4.60
2021  Samux 2,069 4,671 2.26
2022 | Samux 1,680 6,867 4.09
2017 | Tovuz 2,946 11,107 3.77
2018 | Tovuz 2,713 10,715 3.95
2019  Tovuz 2,033 7,500 3.69
2020 | Tovuz 5,260 28,943 5.50
2021 @ Tovuz 4,208 21,021 5.00
2022 | Tovuz 3,405 14,267 4.19
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Other Crops. These 3 crops are considered as the
main crop area and the main calculations were made on
these crops. The other 3 crops are planned to be planted
more for crop rotation and enrichment of the soil cover
with a fertile humus layer obtained from plant residues.
Thus, sugar beet, soybean and alfalfa are high-protein
crops, when the plant residues remaining after harvest-
ing are mixed with the soil during the tillage stage, the
minerals collected in the residues will be mixed with
the soil and ultimately form a more productive and fer-
tile soil layer for the main crops in the next plantings.
A standard agronomic approach has been put forward
for the yield forecasts of these crops. Thus, the yield
results obtained with traditional technical maintenance
rules will be taken into account for the next 10-year pe-
riod with a stable and slightly positive increase in all
years. Planting these crops in small plots will minimize
the risks of yield loss that may arise from them. The
results are also strengthened and justified by the au-
thor's professional experience and outputs obtained as
a result of agronomic consultations.
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Abstract

This study presents a statistical assessment of revenue generated from cargo transportation in Azerbaijan’s
sea transport sector. By applying descriptive statistical methods, the research investigates long-term patterns, var-
iability, and distributional characteristics of maritime income from 2000 to 2024. The analysis indicates consider-
able fluctuations influenced by cargo volume shifts, economic developments, and sector-specific changes.
Measures such as average income, variance, skewness and kurtosis outline the fundamental properties of income
distribution, offering deeper insight into the operational dynamics of maritime transport. These results confirm the
enduring significance of sea transport as a major contributor to national transport revenues.

The research also conducts a statistical evaluation of income derived from freight transportation in Azerbai-
jan’s railway sector during 2000-2024. It explores the strategic importance of railway transport in the modern
economy and its central role within Azerbaijan’s logistics network. The analysis includes freight income trends,
descriptive indicators, covariance and correlation outcomes, and factors shaping revenue—such as cargo volume,
tariff regulations and infrastructure progress. Furthermore, the study emphasizes the influence of key international
transport corridors, including the Trans-Caspian International Transport Route (Middle Corridor), the Baku—Tbi-
lisi—Kars line, the North—South Corridor and the TRACECA initiative. Overall, the findings provide a detailed
overview of income behavior in the railway sector and underline its relevance for national economic growth and
global transport integration.

Additionally, the study investigates income patterns in Azerbaijan’s air transport sector using statistical data.
It compares total transport revenue with income derived specifically from air transportation and evaluates income
from both air cargo and passenger services. The research applies various statistical techniques such as graphical
analysis, descriptive statistics, covariance, correlation and standard deviation to measure variability across income
categories. A two-sample t-test is used to compare mean differences among income groups. The results reveal that
air transport revenue rises in parallel with total transport income, while strong positive relationships exist between
air passenger and air cargo earnings. Overall, the analysis demonstrates that the air transport sector represents a
vital and growing component of Azerbaijan’s transport economy.

The sea transport sector represents a strategically important component of Azerbaijan’s overall transport and
logistics system. Situated along the western coast of the Caspian Sea, the country combines modern port facili-
ties—particularly the Baku International Sea Trade Port and several specialized oil terminals—with an expanding
fleet of commercial and technical vessels that operate on domestic, regional, and international routes. Maritime
transport supports both general cargo and energy-related shipments and plays a vital role in Azerbaijan’s plans to
strengthen transit connections between Europe and Asia.

Keywords: Azerbaijan, Sea transport, logystic system, air transport, railway transport, economic growth,
incomes.

Introduction.In recent years, the performance of
Azerbaijan’s maritime industry has been mixed. While
port revenues and transit-related shipments have grown
during many periods, cargo volumes and other opera-
tional indicators have fluctuated due to global energy
market dynamics, seasonal conditions, and regional in-
frastructure limitations. Official statistics show steady
increases in port income across certain years, alongside
variable levels of maritime cargo tonnage depending on
segment type, such as international cargo, coastal ship-
ments, and oil-related transshipment. Revenue in the
maritime sector is drawn from diverse sources, includ-
ing port fees, terminal handling charges, freight and
charter services, bunkering operations, marine support
activities, and petroleum logistics. Despite its strong
contribution to national transport earnings and foreign
exchange inflows, the sector faces ongoing structural
and environmental challenges such as port congestion,

fluctuating Caspian Sea water levels, dredging require-
ments, and geopolitical uncertainties that influence fu-
ture investments and income stability. These risks must
be assessed together with opportunities arising from
new transit initiatives and the expansion of port capac-
ity.

Railway transport is another core element of Azer-
baijan’s transport system and plays an essential role in
the national economy. Railways offer a cost-effective
and efficient means for moving large quantities of
goods, making them a central pillar of the country’s lo-
gistics network. Continuous investment in rail infra-
structure, modernization of rolling stock, and improve-
ments in passenger services have strengthened the sec-
tor and enhanced its long-term financial performance.
The development and upgrading of the railway network
have also contributed significantly to balanced regional
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growth and the broader expansion of Azerbaijan’s eco-
nomic potential.

Income generated from railway operations de-
pends on multiple variables, including freight volume,
passenger numbers, tariff policies, infrastructure devel-
opment, and overall operational efficiency. Seasonal
trends, logistical challenges, and fluctuations in fuel
prices further shape yearly revenue levels. The recent
modernization of the network and expansion of major
lines have contributed to rising income from both
freight and passenger services. Statistical tools such as
descriptive indicators, trend analysis, covariance, and
correlation help identify revenue patterns, assess per-
formance, and forecast income dynamics. Consistent
upward trends reflect improvements in network acces-
sibility and operational capability, supporting domestic
economic development and the growth of foreign trade.

Azerbaijan’s railway system is also deeply inte-
grated into international transport routes such as the
Trans-Caspian International Transport Route (Middle
Corridor), the Baku—Tbilisi—Kars Railway, the North—
South Transport Corridor, and TRACECA. These cor-
ridors establish multimodal links between Europe and
Asia, attract additional freight flows, and strengthen
Azerbaijan’s position within global logistics chains.
Examining income trends in the railway sector there-
fore offers valuable insight into its strategic role in eco-
nomic development and international connectivity.

The development of air transport in Azerbaijan
also has a long historical trajectory that continues to
shape the country’s aviation sector today. Aviation ac-
tivities began as early as 1910, initially in experimental
form, but gradually evolved into organized air services
by the 1920s, including cargo transportation. Over
time, and particularly during the Soviet era, technolog-
ical advancements and expanding airport capacity in-
creased the ability to handle air freight. Airports in
Baku, Ganja, and Nakhchivan grew into important hubs
for both domestic and international cargo flows.

Following independence, Azerbaijan made sub-
stantial investments in airport infrastructure, aircraft
modernization, and specialized cargo facilities. The es-
tablishment of the Baku Cargo Terminal significantly
enhanced the country’s capacity to process large vol-
umes of freight. Today, air cargo transport plays a key
role in facilitating trade and connecting Azerbaijan to
global markets, enabling the fast movement of machin-
ery, electronics, medical supplies, perishable goods,
and other critical products.

Income from air cargo operations now constitutes
an essential part of the aviation sector’s earnings, re-
flecting both domestic demand and the increasing use
of Azerbaijan as a regional transit center. Continuous
improvements in aviation infrastructure and logistics
services further strengthen the competitiveness of the
country's air transport industry. Examining income
generated from air transport therefore provides im-
portant insights into the broader economic impact of
aviation and its contribution to national development.

Recent publications. In recent years, researchers
have published several studies analyzing the income
dynamics of railway freight transport through statistical

and econometric methods. Railway transport is recog-
nized as a key driver of economic development and
trade efficiency, linking industrial production with re-
gional and international markets. Recent publications
relevant to the income structure of Azerbaijan’s sea
transport sector mainly originate from official state in-
stitutions and industry bodies. The State Statistical
Committee of Azerbaijan annually publishes data on
transport revenues, cargo volumes, and sectoral indica-
tors.

Literature Review

The development of freight transportation
systems, logistics regulation, and the relationship
between macroeconomic indicators and sectoral
growth has been extensively examined by international
and local scholars. Existing studies reveal that
transportation infrastructure and freight coordination
play a vital role in economic performance, while
economic shocks, pricing mechanisms, and regulatory
frameworks significantly influence sector efficiency.

Gao et al. (2020) emphasize the regional
differentiation in freight mode coordination in China,
arguing that efficient multimodal freight integration
depends on the economic development level, industrial
structure, and geographical conditions of regions. Their
findings highlight that integrated logistics corridors
increase transport efficiency and reduce costs,
especially in regions with advanced infrastructure.

Ko et al. (2022) conduct a data-driven assessment
of short-distance freight rail transportation potential
within the U.S. Lake Superior region. The study
identifies log movements as a key indicator for
estimating rail demand and concludes that optimizing
short-haul freight can reduce road congestion and
environmental load. This complements Gao et al.
(2020), indicating the need for regional adaptation in
freight planning rather than uniform nationwide
strategies.

The COVID-19 outbreak brought significant
volatility to freight volumes worldwide. Saxena and
Yadav (2022) apply an ARIMA model to analyze rail
freight volume and revenue during the pandemic,
establishing that freight transport experienced short-
term decline followed by gradual stabilization. The
study underscores the importance of forecasting tools
for crisis management in the transport sector.

Ng et al. (2024) extend this discussion by applying
econometric modeling to evaluate pandemic-driven
disruptions and recovery patterns in the U.S. rail freight
industry. Their results suggest a nonlinear recovery
trajectory, influenced by policy responses and supply
chain resilience measures. Together, these studies show
that pandemic shocks have high short-term impact but
long-term adaptability is achievable through strategic
planning.

Li and Wu (2024) investigate dynamic pricing in
rail freight transport under carbon emission penalties.
Their results demonstrate that carbon pricing influences
freight operator behavior, pushing them toward
environmentally sustainable strategies. The study
contributes to the emerging literature on green logistics
and provides a quantitative basis for environmental
policy evaluation in transport markets.
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A group of studies focuses on the macroeconomic
relationship  between  sectors and economic
development, with particular emphasis on Azerbaijan.

Huseynova (2023) examines economic growth
parameters in Russia and Azerbaijan using
cointegration analysis and finds long-run relationships
between macroeconomic indicators, reflecting shared
economic trends shaped by energy markets.

Huseynova & Hajizada (2024) analyze the
stability of Azerbaijan’s banking sector under crisis
conditions using econometric models. The findings
confirm the resilience of financial institutions, though
external shocks remain influential. Complementing
this, SM & SS (2025) demonstrate a long-run link
between the tourism sector and Azerbaijan’s economic
growth, stressing tourism as a growth-enhancing
industry.

Alirzayev & Huseynova (2025) evaluate the J-
curve effect and Marshall-Lerner condition for
Azerbaijan, providing evidence of export—import
elasticity effects and confirming currency depreciation
impacts on trade balance in the short and long run.
Similarly, Huseynova & Gambarli (2023) investigate
the cointegration and causality between the U.S. stock
market and global markets, revealing significant
transmission mechanisms of financial shocks.

Collectively, these works demonstrate that
economic growth in  Azerbaijan is closely
interconnected with external trade, tourism, and

financial,transport integration.

Several studies address regulatory aspects and
modernization trends in transport policy. Huseynova &
Qurbanova (2025) discuss the state’s role in regulating
transport and logistics services for foreign trade
development, arguing that infrastructure investment
and policy harmonization are essential for enhancing
transit capacity.

The regulatory basis is reinforced by national
documents such as the Law “On Transport”, which
establishes operational and safety rules, and the
Assessment of regulatory framework readiness in
international trade (economy.gov.az), which highlights
current gaps in legal harmonization with global trade
standards. Additionally, the 2024-2026 Action Plan
prioritizes expansion of international transit corridors
and strengthening Azerbaijan’s role as a regional
logistics hub.

Yusifov et al. (2019) also stress strategic
development directions in Azerbaijan’s logistics sector,

noting the potential for digitalization, diversification of
cargo routes, and structural reforms aimed at improving
competitive positioning in Eurasian transport Limited
research exists on digital logistics ecosystems and Al-
driven optimization in Azerbaijan.

Overall, the literature suggests that efficient
freight coordination, resilient transport systems, and
robust policy frameworks are central to economic
performance. International studies highlight advanced
modeling and forecasting tools, while regional research
on Azerbaijan focuses on economic integration,
banking stability, tourism, and logistics regulations.
Future research may benefit from integrating digital
transformation,  sustainability, and multimodal
optimization strategies into transport and trade studies.

Methodology. This study conducts a statistical
analysis of railway transport income in the Republic of
Azerbaijan, covering both cargo and passenger services
from 2000 to 2024. Descriptive statistics are applied to
summarize key variables, including cargo volume, pas-
senger numbers, revenue. Trend analysis, covariance,
and linear correlation methods are used to explore rela-
tionships between these variables and assess their im-
pact on income. Official data sources, including the
State Statistics Committee of Azerbaijan and transport
reports, are utilized, while EXCEL is employed for cal-
culations, tables, and graphical representations. This
methodology provides a concise, reliable framework
for understanding the financial and operational dynam-
ics of Azerbaijan’s railway sector and supports fore-
casting of future trends.

The research applies a quantitative descriptive
statistical approach based on secondary data obtained
from official transport sector reports. Data for total
transportation income, income from sea transport, and
income specifically from sea transportation of goods
were processed using standard statistical tools.
Indicators such as mean, median, mode, standard
deviation, sample variance, skewness, kurtosis, and
confidence intervals were calculated to summarise the
income structure and distribution. Graphs and
comparative tables were used to identify long-term
trends between 2000 and 2024. The analysis focused on
identifying distribution patterns (right-skewness,
peakness or softness), variability levels, and the
comparative behaviour of different income categories
within the transport sector. No primary data collection
was carried out; all analysis is based on documented
statistical sources.
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Total income from transportation
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Figure 1.1

Figure 1.1 shows the general income from all
transportation services in Azerbaijan from the early
2000s to 2024.

o Atthe beginning (2000-2005), the income was
low and stable, showing slow development in the
transport sector.

e Around 2006, the income started to increase
more noticeably, meaning overall transport activities
(road, rail, air, sea) were growing.

e From 2010 to 2017, the graph shows a steady
upward trend, which reflects improvements infrastruc-
ture, higher demand, and growing transit activities.

o After 2018, the rise becomes faster. This pe-
riod shows strong expansion, especially due to new lo-
gistics projects, transit corridors, and more trade pass-
ing through Azerbaijan.

e Around 2020, there is a small dip, possibly
connected to global disruptions (like the pandemic), but
the income quickly rises again.

e By 2023-2024, the income reaches its highest
level showing that Azerbaijan’s transport sector has
grown significantly and continues to expand.

Total income from railway transport sector
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Figure 1.2

Figure 1.2 shows income specifically from rail-
way services in Azerbaijan from 2000 to 2024.

e From 2000 to 2005, the income was low and
increased slowly, reflecting limited railway activity at
that time.

e Between 2006 and 2014, the line rises stead-
ily, meaning the railway sector was gradually becoming
more active and efficient.

o After 2015, the income contributes to grow,
showing improvements linked to modernization pro-
jects, new wagons, and better railway services.

e There are small ups and downs, but the overall
direction is positive.

e The most significant jump happens around
2021-2023, where income rises sharply. This relates to:

= Increased transit through Azerbaijan,

= The Middle Corridor becoming important,

= Rising trade flows from Asia to Europe.
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e In 2024, the income remains very high com-

pared to earlier years.

Income from railway goods transport
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Figure 1.3

Figure 1.3 shows how much income Azerbaijan
earns from transporting goods by railway from 2000 to
2024.

e At the start (2000-2004), the income was low
but slowly rising, showing limited but increasing goods
movement.

Around 2005-2008, the graph shows a clear
increase, meaning more freight activities and more de-
mand for rail cargo services.

In 2009, there is a small drop, possibly linked
to global economic slowdown, but the income quickly
recovers.

After 2010, the line increases steadily and con-
tinuously, showing:

more transit goods,

bigger trade flows through Azerbaijan,
modernization of railway infrastructure.
Between 2020-2023, the income rises sharply.
This strong jump reflects:

Growth of Middle Corridor,

Increased East-West transit,

Higher international and domestic freight vol-
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In 2024, the income slightly decreases but
stays very high compared to earlier years.

Income from railway passenger transport
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Figure 1.4

Figure 1.4 shows income earned from carrying
passengers by railway from 2000 to 2024.

e From 2000 to 2006, passenger income in-
creases quickly, meaning more people were using
trains.

It reaches a strong peak around 2007-2008.
This was the highest point in passenger transport in-
come.
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e After 2008, the graph shows a sharp decline,

which continues for several years. Reasons may in-

clude:
=  Modernisation works on rail lines,

Growing use of cars and buses,

Changes in travel habits.

Between 2012-2018, the income stays low and

stable, with small ups and downs.
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e In 2020, income drops significantly again,
likely affected by COVID-19 restrictions and reduced
travel.

e After 2021, income begins to rise again, show-
ing slow recovery.

By 2023-2024, the line moves upward, but

levels are still much lower than in the early 2000s.
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Figure 1.5

Figure 1.5 illustrates the overall revenue generated
from all transportation services in Azerbaijan between
the early 2000s and 2024.

e From 2000 to 2005, the income remained low
and almost unchanged, indicating that the transport sec-
tor was developing slowly during this period.

e After 2006, the revenue began to rise more

clearly, showing growth across all transport modes, in-
cluding road, rail, air, and sea.
Between 2010 and 2017, the graph presents a
consistent upward movement, which suggests better in-
frastructure, increasing demand, and expanding transit
operations.
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e Post-2018, the increase becomes sharper, re-
flecting rapid sector expansion supported by new logis-
tics projects, international transport corridors, and a rise
in trade flows through Azerbaijan.

e Around 2020, a slight decline appears, likely
related to global challenges such as the pandemic, but
the income recovers shortly after.

By 2023-2024, the revenue reaches its peak,
demonstrating that Azerbaijan’s transportation sector
has achieved strong growth and continues to develop.
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Figure 1.6
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Figure 1.6 shows the income from the air transport
sector in Azerbaijan from the early 2000s to 2024.

e Between 2000 and 2005, the income was quite
low and stable, showing that the aviation sector was
still at an early stage of development.

e After 2006, the revenue started to increase
gradually, meaning that air travel demand, international
flights, and cargo activities were growing.

e From 2010 to around 2017, the graph demon-
strates a steady upward trend, reflecting improvements
in airport infrastructure, the expansion of national air-
lines, and higher passenger traffic.

e After 2018, the growth becomes faster. This
period shows strong development in the aviation sector,
supported by new routes, increased transit flights, and
rising air cargo operations.

e Around 2020, there is a noticeable decline,
most likely caused by global air travel restrictions dur-
ing the pandemic. However, the income begins to re-
cover soon after.

e By 2023-2024, the income reaches its highest
point, showing that air transportation in Azerbaijan has
expanded strongly and continues to grow.
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Figure 1.7

Figure 1.7 shows the income from passenger con-
veyance in the air transport sector in Azerbaijan from
the early 2000s to 2024.

e From 2000 to 2005, the income remained low
and almost unchanged, which indicates limited passen-
ger traffic and slow development in the aviation mar-
ket.

o After 2006, the revenue began to rise gradu-
ally, reflecting increasing demand for domestic and in-
ternational flights.

e Between 2010 and 2017, the graph shows a
stable upward trend, suggesting improvements in air-
port services, more flight destinations, and an overall
rise in passenger numbers.

o After 2018, the increase becomes more rapid.
This period demonstrates strong growth driven by
higher transit passengers, expanded airline operations,
and improved air travel accessibility.

e Around 2020, the income drops noticeably
due to global travel restrictions caused by the pan-
demic, reducing passenger movements. However, re-
covery starts shortly after this period.

e By 2023-2024, the income reaches its peak,
showing that passenger transportation by air in Azer-
baijan has grown significantly and continues to expand.
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Figure 1.8

Figure 1.8 shows the income from the transporta-
tion of goods in the air transport sector in Azerbaijan
from the early 2000s to 2024.

e From 2000 to 2005, the income was low and
remained nearly stable, showing that air cargo activities
were still limited during this period.

e After 2006, the revenue started to increase
gradually, indicating a rise in air freight demand and the
development of cargo services.

e Between 2010 and 2017, the graph shows a
steady upward trend, which reflects improvements in
cargo infrastructure, better logistics systems, and grow-
ing international trade.

o After 2018, the growth becomes faster, show-
ing strong expansion in air cargo operations supported
by transit routes, new logistics hubs, and higher vol-
umes of imported and exported goods.

e Around 2020, there is a slight decline due to
global disruptions and reduced trade activity, but the
income begins to rise again soon after.

e By 2023-2024, the income reaches its highest
level, demonstrating that air cargo transportation in
Azerbaijan has grown significantly and continues to de-
velop.
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Figure 1.9 illustrate how total income from trans-
portation in transport sector, income from sea transpor-
tation in transport sector, income from sea transporta-
tion of goods in transport sector and income from sea
transportation of passenger in transport sector change
by the year from 2000 to 2024.

Blue line illustrate total income from transporta-
tion in transport sector

Red line illustrate income from sea transportation
in trsansport sector

Green line illustrate , income from sea transporta-
tion of goods in transport sector



Slovak international scientific journal # 103, (2025)

37

And last one purple line illustrate income from sea
transportation of passenger in transport sector.

Key Decline Periods and Causes

1.2008-2009 Global Financial CrisisA sharp de-
cline is visible around 2008—2009. This corresponds to
the global financial crisis, which led to reduced trade
volumes worldwide. Maritime cargo turnover in the
Caspian Sea region, including Azerbaijan, decreased.

Source: State Statistical Committee of Azerbaijan
(SSC) transport reports, 2009.

2. 2014-2016 Oil Price Shock Income from sea
transport significantly dropped during 2014-2016. The
global oil price collapse reduced both petroleum ship-
ment volumes and related port revenues. Since a large
share of Azerbaijan’s maritime income is tied to oil lo-
gistics, the impact was immediate.

Source: SSC annual transport statistics; ASCO fi-
nancial report 2015.

3.2020 — COVID-19 PandemicThe graph shows
a distinct fall in 2020. The pandemic caused disruptions
in logistics chains, lowered demand for industrial prod-
ucts, and reduced passenger sea transport almost com-
pletely.

Sources: Trend News Agency (2020), Report.az
maritime overview (2020), SSC transport indicators.

4.2022-2023 Regional Geopolitical Shifts Some
instability is observed in 2022-2023 due to regional
transport rerouting caused by international sanctions
and shifts in Eurasian trade corridors. Although the
Middle Corridor gained importance, short-term fluctu-
ations appeared while logistics systems adapted.

Source: Baku International Sea Trade Port annual
report (2023).

Descriptive statistics of total income from transportation and total income from railway transport se{?:rle -
Total income from transporta- Total income from railway transport sec-
tion tor
Mean 4162191.32 | Mean 221860.52
Standard Error 683116.394 | Standard Error 20040.00953
Median 3341800 Median 205828
Mode #N/A Mode #N/A
Standard Deviation 3415581.97 | Standard Deviation 100200.0476
Sample Variance 1.1666E+13 | Sample Variance 1004004954
6
Kurtosis - Kurtosis 0.139673363
0.30500832
Skewness 0.79606331 | Skewness 0.726624947
Range 11147389 Range 356243
Minimum 375131 Minimum 83348
Maximum 11522520 Maximum 439591
Sum 104054783 | Sum 5546513
Count 25 Count 25
Largest(1) 11522520 Largest(1) 439591
Smallest(1) 375131 Smallest(1) 83348
Confidence Level(95.0%) 1409882.94 | Confidence Level(95.0%) 41360.54684

Table 1.1 presents the results of the analysis of sta-
tistical characteristics. The Skewness value for total in-
come from transportation is positive number, it means
that distribution is on the right side. The Skewness
value for total income from railway transport sector is
positive number, it means that distribution is on the

right side. The Kurtosis value for total income from
transportation is negative number, it means that distri-
bution is softness. The Kurtosis value for total income
from railway transport sector is positive number, it
means that distribution is peakness.
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Table 1.2

Descriptive statistics of total income from railway transport sector and income from railway goods transport.

Total income from railway transport sector Income from railway goods transport

Mean 221860.5 | Mean 207198.5
Standard Error 20040.01 | Standard Error 20434.17
Median 205828 Median 186087
Mode #N/A Mode #N/A
Standard Deviation 100200 Standard Deviation 102170.9
Sample Variance 1E+10 Sample Variance 1.04E+10
Kurtosis 0.139673 | Kurtosis 0.073506
Skewness 0.726625 | Skewness 0.82625
Range 356243 Range 353224
Minimum 83348 Minimum 77093
Maximum 439591 Maximum 430317
Sum 5546513 Sum 5179963
Count 25 Count 25
Largest(1) 439591 Largest(1) 430317
Smallest(1) 83348 Smallest(1) 77093
Confidence Level(95.0%) 41360.55 | Confidence Level(95.0%) 42174.06

Table 1.2 presents the results of the ana
tistical characteristics. The Skewness value
come from railway transport sector is positi
it means that distribution is on the right side.
ness value for income from railway goods

lysis of sta-
for total in-
ve number,
The Skew-
transport is

positive number, it means that distribution is on the

Descriptive statistics of total income from railway trans

right side. The Kurtosis value for total income from
railway transport sector is positive number, it means
that distribution is peakness. The Kurtosis value for in-
come from railway goods transport is positive number,

it means that distribution is peakness.

Table 1.3

ort sector and income from railway passenger transport.

Total income from railway transport sector|

Income from railway passenger transport,

Mean 221860.5 [Mean 14661.92
Standard Error 20040.01 [Standard Error 1775.138
Median 205828 Median 14240
Mode HN/A Mode #N/A
Standard Deviation 100200 Standard Deviation 8875.689
Sample Variance 1E+10 Sample Variance 78777863
Kurtosis 0.139673  |Kurtosis 2.324375
Skewness 0.726625  |Skewness 1.193048
IRange 356243 Range 39716
Minimum 83348 Minimum 1837
Maximum 439591 Maximum 41553
Sum 5546513  |Sum 366548
Count 25 Count 25
Largest(1) 439591 Largest(1) 41553
Smallest(1) 83348 Smallest(1) 1837
Confidence Level(95.0%) 41360.55 |Confidence Level(95.0%) 3663.705

Table 1.3 presents the results of the ana
tistical characteristics. The Skewness value
come from railway transport sector is positi

lysis of sta-
for total in-
ve number,

it means that distribution is on the right side. The Skew-
ness value for income from railway passenger transport
is positive number, it means that distribution is on the
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right side. The Kurtosis value for total income from
railway transport sector is positive number, it means

that distribution is peakness. The Kurtosis value for in-
come from railway passenger transport is positive num-

ber, it means that distribution is peakness.

Table 1.4

Descriptive statistics of income from railway goods transport and income from railway passenger transport.

Income from railway goods transport Income from railway passenger transport

Mean 207198.5 | Mean 14661.92
Standard Error 20434.17 | Standard Error 1775.138
Median 186087 Median 14240
Mode #N/A Mode #N/A
Standard Deviation 102170.9 | Standard Deviation 8875.689
Sample Variance 1.04E+10 | Sample Variance 78777863
Kurtosis 0.073506 | Kurtosis 2.324375
Skewness 0.82625 Skewness 1.193048
Range 353224 Range 39716
Minimum 77093 Minimum 1837
Maximum 430317 Maximum 41553
Sum 5179963 Sum 366548
Count 25 Count 25
Largest(1) 430317 Largest(1) 41553
Smallest(1) 77093 Smallest(1) 1837
Confidence Level(95.0%) 42174.06 | Confidence Level(95.0%) 3663.705

Table 1.4 presents the results of the analysis of sta-
tistical characteristics. The Skewness value for income
from railway goods transport is positive number, it
means that distribution is on the right side. The Skew-
ness value for income from railway passenger transport

is positive number, it means that distribution is on the

right side. The Kurtosis value for income from railway
goods transport is positive number, it means that distri-
bution is peakness. The Kurtosis value for income from
railway passenger transport is positive number, it
means that distribution is peakness.

Table 1.5
Descriptive statistics of Income from transportation of air transport sector in Azerbaijan.
YEARS TOTAL AIR

Mean 2012|Mean 3237867.92|Mean 1332094.52
Standard Error 1.47196|Standard| 526746.506|Standard Error| 307868.1451
Median 2012|Median 2645666|Median 617870
Mode #N/A |Mode #N/A Mode #N/A
Standard Deviatid 7.3598|Standard| 2633732.53(Standard Devia] 1539340.726
Sample Variance | 54.1667|Sample V| 6.9365E+12|Sample Varianq 2.36957E+12
Kurtosis -1.2|Kurtosis | -0.57589481 Kurtosis 0.391702127
Skewness O[Skewnesg 0.67630001|Skewness 1.285703421
Range 24|Range 8392942 |Range 4841155
Minimum 2000(Minimum| 241001 |Minimum 63655
Maximum 2024 | Maximur 8633943 |Maximum 4904810
Sum 50300(Sum 80946698 |Sum 33302363
Count 25|Count 25|Count 25
Largest(1) 2024 (Largest(1 8633943|Largest(1) 4904810
Smallest(1) 2000(Smallest( 241001 |Smallest(1) 63655
Confidence Level(| 3.03798|Confiden{ 1087151.36|Confidence Ley] 635408.6219

Based on table 1.5 skewness distribution of total
income from transportation of air transport sector is
positive number, it means that distribution is right sided
and skewness distribution of income from transporta-

tion of air transport sector is also positive it means that

distribution is right sided. In table kurtosis also men-
tioned. Kurtosis for Total income from transportation
of air transport sector is negative number it means dis-
tribution is softness. But kurtosis for income from
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transportation of air transport sector is positive number

it means our distribution is peakness.

Table 1.6
Descriptive statistics of Income from sea transportation in transport sector in Azerbaijan
Total Sea

Mean 4162191.32 | Mean 134266.76
Standard Error 683116.394 | Standard Error 10978.75374
Median 3341800 | Median 110778
Mode #N/A Mode # N/A
Standard Deviation 3415581.97 | Standard Deviation 54893.76868
Sample Variance 1.16662E+13 | Sample Variance 3013325840
Kurtosis -0.305008323 | Kurtosis 0.014025188
Skewness 0.796063313 | Skewness 0.962746538
Range 11147389 | Range 193870
Minimum 375131 | Minimum 59051
Maximum 11522520 | Maximum 252921
Sum 104054783 | Sum 3356669
Count 25 | Count 25
Largest(1) 11522520 | Largest(1) 252921
Smallest(1) 375131 | Smallest(1) 59051
Confidence Level(95.0%) 1409882.943 | Confidence Level(95.0%) 22659.03404

Based on table 1.6 skewness distribution of total
income from transportation in transport sector is posi-
tive number it means that distribution is right sided and
skewness distribution of income from sea transporta-
tion in transport sector is also positive it means that dis-
tribution is right sided. In table kurtosis also mentioned.

Kurtosis for Total income from transportation in
transport sector is negative number it means distribu-
tion is softness. But kurtosis for income from sea trans-
portation in transport sector is positive number it means
our distribution is peakness.

Table 1.7
Descriptive statistics of income from sea transportation of goods in transport sector
Income from sea transportation of goods in transport sector
Mean 132779.52
Standard Error 10800.26632
Median 110047
Mode #N/A

Standard Deviation

54001.33158

Sample Variance 2916143813
Kurtosis -0.03757408
Skewness 0.948912941
Range 190371
Minimum 58627
Maximum 248998
Sum 3319488
Count 25
Largest(1) 248998
Smallest(1) 58627
Confidence Level(95.0%) 22290.65412

Based on table 1.7 skewness distribution for In-
come from sea transportation of goods in transport sec-
tor is positive number it means that distribution is right

sided. And kurtosis for Income from sea transportation
of goods in transport sector is negative number it means
distribution is softness.
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Table 1.8
Descriptive statistics of income from passenger conveyance in seaway transport sector
Income from passenger conveyance in seaway transport sector

Mean 1487.24
Standard Error 282.593355
Median 940
Mode #N/A

Standard Deviation 1412.966775
Sample Variance 1996475.107
Kurtosis 4.479895441
Skewness 2.14711409
Range 5778
Minimum 401
Maximum 6179
Sum 37181
Count 25
Largest(1) 6179
Smallest(1) 401
Confidence Level(95.0%) 583.2440188

Based on table 1.8 skewness distribution for In-
come from sea transportation of passenger in transport
sector is positive number it means that distribution is

right sided. And kurtosis for Income from sea transpor-
tation of goods in transport sector is peakness number
it means distribution is peakness.

Table 1.9

Correlation matrix of total income from transportation and total income from railway transport sector.

Total income from transpor-

Total income from railway transport

sector

tation sector
Total income from transportation 1
Total income from railway transport | 0.960556 |

Table 1.9 Presents the results of the analysis of sta-
tistical characteristics.

The relationship between total income from trans-
portation and total income from railway transport sec-
tor is strong linear.

Table 1.10

Correlation matrix of total income from railway transport sector and income from railway goods transport.

Total income from railway

Income from railway goods

transport

transport sector transport
Total income from railway 1
transport sector
Income from railway goods 0.996342283 1

The relationship between total income from rail-
way transport sector and income from railway goods
transport is strong linear.

Table 1.11

Correlation matrix of total income from railway transport sector and income from railway passenger transport.

Total income from railway
transport sector

Income from railway passenger
transport

Total income from railway
transport sector

1

Income from railway passenger

transport

-0.179927139

Table 1.11 presents the results of the analysis of
statistical characteristics.

The relationship between total income from rail-
way transport sector and income from railway passen-
ger transport is weak linear.
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Table 1.12
Correlation matrix of income from railway goods transport and income from railway passenger transport.
Income from railway Income from railway passen-
goods transport ger transport
Income from railway goods transport 1
Income from railway passenger transport -0.263326501 1
Table 1.12 presents the results of the analysis of
statistical characteristics. The relationship between in-
come from railway goods transport and income from
railway passenger transport is weak linear.
Table 1.13
Correlation matrix of total income from transportation and total income from seaway transport sector.
Total Sea
Total 1
Sea 0.945835422 1
Table 1.13 shown that total income from transpor-
tation in transport sector and income from sea transpor-
tation in transport sector has strong relation.
Table 1.14
Correlation matrix of total income from seaway transport sector and income from seaway passenger transport.
Income from passenger conveyance in seaway
Sea transportation
Sea 1
Income from passenger conveyance in seaway | 0.639340
transportation 993 1

Table 1.14 shown income from sea transportation
in transport sector and income from passenger convey-
ance in seaway transportation has middle relation.

Table 1.15
Correlation matrix of total income from seaway transport sector and income from seaway goods transport.
Sea Income from transportation of goods
Sea 1
Income from transportation of goods 0.999797589 1
Table 1.15 shown income from sea transportation
in transport sector and income from transportation of
goods in seaway transportation has strong relation.
Table 1.16
Correlation matrix of income from seaway goods transport and income from seaway passenger transport.
Income from goods in sea- Income from passenger conveyance
way transportation in seaway transportation
Income from goods in seaway trans- 1
portation
Income from passenger conveyance in 0.623741467 |
seaway transportation
Table 1.16 shown Income from passenger convey-
ance in seaway transportation and Income from trans-
portation of goods in seaway transportation has middle
relation.
Table 1.17
Correlation matrix of total income from transportation and income from air transport sector in Azerbaijan.
TOTAL AIR
TOTAL 1

AIR 0.96523 1
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Table define that relation between total income
from transportation and income from air transport sec-
tor in Azerbaijan is strong.

Table 1.18

Correlation matrix of income from air transport sector and Income from passenger conveyance in transport sec-
tor in Azerbaijan.

AIR |ncome from passenger conveyance in air transport sector, thousand manats
AIR 1
Income from p| 0.88698 1
Table define that relation between income from air
transport sector and Income from passenger convey-
ance in transport sector in Azerbaijan is strong.
Table 1.19

Correlation matrix of income from air transport sector and Income from transportation of goods in transport sec-
tor in Azerbaijan.

AIR

ncome from transportation of goods in air transport sector, thousand manat:

AIR 1

Income fromty 0.97668

Table define that relation between income from air
transport sector and Income from transportation of
goods in transport sector in Azerbaijan is strong.

Conclusion. The analysis of income dynamics in
Azerbaijan’s railway sector shows that railway
transport plays an essential strategic role in national de-
velopment and international connectivity. Azerbaijan’s
railway network functions not only as a domestic logis-
tics system but also as an important component of sev-
eral major regional and global transport corridors. The
country participates in the Trans-Caspian International
Transport Route (Middle Corridor), the Baku—Thbilisi—
Kars Railway, the North—South Transport Corridor,
TRACECA, and other international logistics routes.
These corridors increase the volume of transit cargo
passing through Azerbaijan and strengthen the coun-
try’s role as a key transport hub between Europe and
Asia. As a result, the railway sector gains higher freight
income, attracts new transit flows, and diversifies its
economic revenue sources.

Modernization of infrastructure, digitalization of
cargo operations, expansion of logistics centers, and in-
tegration with regional platforms have improved oper-
ational efficiency. The increase in cargo turnover along
the Middle Corridor has been especially significant,
since global supply chains increasingly rely on alterna-
tive Eurasian routes. The Baku—Thbilisi—Kars Railway
also supports growing trade between Turkey, Georgia,
Central Asia, and Europe, contributing to stable long-
term income growth. Passenger transport has benefited
from improved service quality and stronger regional
mobility.

Despite these positive trends, revenue stability is
still affected by both internal and external factors, such
as geopolitical risks, seasonal fluctuations, changes in
global trade demand, and the need for continuous infra-
structure investment. Improving tariff competitiveness,
strengthening institutional capacity, and expanding in-
ternational cooperation will remain important for main-
taining sustainable growth.

Overall, Azerbaijan’s railway sector has strong
potential to further improve its financial performance
by using its geographic advantages, strengthening its
participation in international transport corridors, and
continuing modernization efforts. As global supply
chains continue to transform, Azerbaijan’s strategic
railway network is well-positioned to support national
economic development and reinforce the country’s role
as a major regional transport and logistics hub.

The statistical analysis of income from sea trans-
portation in Azerbaijan’s transport sector between 2000
and 2024 demonstrates clear links between economic
conditions, global market shifts, and sector-specific de-
velopments. The data reveal that sea transport contin-
ues to be an essential contributor to national transport
revenues, particularly due to its integration with oil lo-
gistics, cargo transit, and increasing regional trade
flows.

Fluctuations in income—especially during periods
such as the 20082009 financial crisis, the 2014-2016
oil price decline, and the 2020 COVID-19 pandemic—
show that the maritime sector is sensitive to global eco-
nomic disruptions. Meanwhile, recent geopolitical
shifts highlight both risks and opportunities for Azer-
baijan, as the Middle Corridor expands and interna-
tional transport routes evolve.

Descriptive statistics indicate right-skewed distri-
butions, suggesting that peak-income years signifi-
cantly exceed average performance, mainly driven by
oil-related activity. Variance and standard deviation
values confirm that income streams remain highly var-
iable, reflecting the dynamic nature of maritime trade.

Overall, the analysis underscores the importance
of continued investment in port infrastructure, fleet
modernization, and diversification of maritime ser-
vices. Strengthening these areas will enhance the resil-
ience of Azerbaijan’s sea transport sector and support
sustainable revenue growth in the years ahead.
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DEVELOPMENT OF NOVEL POLYAMINE COAGULANTS FOR WASTEWATER AND DRINKING
WATER
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The purpose of the research work is to purchase new types of coagulants, which are more efficient, easy to
produce and relatively cheaper than the coagulants used in the treatment of waste and drinking water.

In the laboratory, new types of coagulants were synthesized from the reaction of various diamines such as
ethylenediamine, diethylenetriamine, hexamethylenediamine with propylene oxide and epichloridine. During the
synthesis, 4 types of coagulants were obtained. The effectiveness of coagulants in different doses was studied
using the "Jar test" method and the Turbidometer device. By comparison, the most ideal type of coagulant was
determined. The amount of nitrate and ammonium in the water treated with a new type of coagulant was measured
and analyzed. Properties, structure and quality of the obtained coagulant were determined by IR spectrum.

Keywords: coagulant, water treatment, polyamine polymer, turbidity removal, sustainable water.

Introduction Water resources are increasingly
strained by population growth and environmental pres-
sures. Globally, over 40% of people experience water
scarcity, and more than 700 million lack access to clean
drinking water. In this context, efficient water purifica-
tion is critical. Suspended solids, organic matter, and
inorganic salts released during industrial and household
wastewater generation degrade water quality and
threaten human health. Coagulation—flocculation (C/F)
is a key treatment process: adding a coagulant destabi-
lizes colloidal particles and organic matter, forming
flocs that can be sedimented or filtered out. Traditional
coagulants (e.g. aluminum sulfate, ferric chloride) have
long been used in drinking-water treatment. However,
drawbacks include high chemical dosage needs, the
generation of large quantities of sludge, and residual
metal ions in treated water. For example, excessive alu-
minum from alum or polyaluminum chloride has been
linked to health risks, prompting strict WHO limits on
Al in drinking water. Similarly, iron and aluminum
salts can cause pH shifts and are toxic at high levels.

These issues motivate the search for new, more
sustainable coagulants. In recent years, research has ex-
plored both natural coagulants (e.g. plant extracts) and
synthetic organic polymers. In particular, cationic pol-
yamine coagulants — polymers built from amines and
epichlorohydrin — have shown excellent performance in
removing turbidity and colloids. Such polymers carry
high positive charge density and can rapidly neutralize
negatively charged particles over a wide pH range.
They are also easier to handle and dose than metal salts.

Nevertheless, many existing polyamine flocculants re-
quire complex synthesis or costly monomers. The goal
of this study was to synthesize and evaluate new poly-
meric coagulants that are easy to produce, cost-effec-
tive, and highly efficient in turbidity removal for
wastewater and potable water treatment.

Materials and Methods

Synthesis of Coagulants: Four novel polyamine
coagulants were prepared via stepwise polymerization.
Following literature methods for epichlorohydrin con-
densation, epichlorohydrin (ECH) and propylene oxide
were first reacted with a diamine (e.g. diethylenetri-
amine, DETA) under stirring for ~6 hours at elevated
temperature. The reaction mixture was then split into
portions; to each portion, additional diamines (such as
ethylenediamine or hexamethylenediamine) were
added and reacted for ~5 hours. This condensation
yields a viscous, water-soluble polymer rich in amine
and quaternary ammonium groups. The product mix-
tures were then heated (=70 °C) under reduced pressure
(rotary evaporation) to remove unreacted monomers
and water, yielding concentrated coagulant solutions. *
Jar-Testing: Coagulation efficiency was assessed by
standard jar tests. Turbid suspensions were prepared by
dispersing clay into distilled water (initial turbidity
~100 NTU). Each synthesized coagulant (at 0.1% con-
centration) was dosed at 2.5, 5.0, and 10.0 mL into sep-
arate jars of the turbid water. Gentle mixing was ap-
plied, and the mixture was allowed to settle. Water tur-
bidity was measured after 15 and 30 minutes using a
turbidimeter to quantify flocculation performance
(lower NTU indicates better clarity).
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Name Chemical for- | Molar mass | Density Boiling Melting
mula ( g\mol) (g\cm3) point (0 C) | point (0 )

Epixlorhidrin C;HsCl 78.11 1.18066 117.9 -48
Propilen oksidi C;HsO 58.080 0.859 35 -111.9
Etilendiamin C,Hs (NHa), 60.100 0.90 116 8
Dietilenetriamin C4H N3 103.169 955 204 -39
Heksametilendiamin CeHieN: 116.208 0.84 204.6 39-42

The initial synthesis was carried out with epichlo-

rohydrin, propylene oxide and diamine for 6 hours.
HaC

NH  + HyC——CH—CH,Cl + HC——CH—CH; + Hy;N—CH,—CH,—NH,

WV,

Hs
CHs
l+ + + + +
—[—N_—CHZ—CH—CHZ NH,—GH,—CH,—NH=CH, CH—CHZ—NH_—CHz—CHZ—NHj]—
| | "ler |CI ci |CI n
CHs OH CH, OH CH,
HO——CH HO—CH
CH, CHs
CH3—N——CH;
cl
HO—CH
CH,

The resulting compound was divided into 3 equal
parts, and a 3:1 part was reacted with ethylenediamine
for 5 hours. The resulting 4-part mixture was boiled in
an R-210 Rotavapor for 1 hour and separated from the
water contained in the diamine.

Water Quality Analysis: After coagulation, key
water-quality parameters were measured. pH and elec-
trical conductivity (EC) were measured with a multi-
parameter meter; total dissolved solids (TDS) were cal-
culated from EC. Ammonium and nitrate concentra-
tions were determined by standard colorimetric meth-
ods. These values were compared to drinking-water
standards (e.g. WHO limits) to ensure treatment safety.

Characterization: The chemical structure of the
new coagulants was confirmed by Fourier-transform
infrared (FTIR) spectroscopy. Characteristic absorp-
tion bands (-NH, —C—N, epoxy-derived linkages) were
identified, confirming successful polymer formation
and functional group presence.

Results and Discussion

Among the four synthesized polymers, the coagu-
lant containing diethylenetriamine (DETA) as one
component — designated EXH-DMA-PO-DETA — ex-
hibited the highest flocculation efficiency. Table 1
summarizes the jar-test results for this coagulant at dif-
ferent dosages.

Turbidity removal: The EXH-DMA-PO-DETA
coagulant achieved the greatest turbidity reduction at
the lowest dose (2.5 mL). Specifically, the turbidity fell
from ~100 NTU to 32.6 NTU after 15 min and to 12.96
NTU after 30 min (approximately 87% removal at 30
min). Higher doses were less effective: at 5.0 mL the
30-min turbidity was 46.5 NTU, and at 10 mL it was
29.0 NTU. This indicates an optimal dosage of ~2.5 mL
under these conditions. (Overdosing can lead to re-sta-
bilization of particles, a known effect in jar tests.)

Table 1. Turbidity (NTU) after coagulation with
EXH-DMA-PO-DETA (initial =100 NTU). -

2.5mL dose: 15 min—32.64 NTU; 30 min— 12.96

NTU - 5.0 mL dose: 15 min — 63.84 NTU; 30 min
—46.54 NTU

10.0 mL dose: 15 min — 41.15NTU; 30 min —
29.01 NTU

These results demonstrate that EXH-DMA-PO-
DETA is a highly effective coagulant: at optimal dose
it removed nearly all turbidity within 30 minutes, com-
parable to or better than many conventional coagulants.
The superior performance at low dose suggests that the
polyamine polymer has very high charge density and
floc-forming ability.
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2,5 ml 5 ml 10 ml
15 minute 30 minute 15 minute 30 minute 15 minute 30 minute
32,64 12,99 63,85 46,54 41,16 30
32,64 12,99 63,83 46,54 41,15 29,01
32,65 12,96 63,83 46,54 41,12 29,01
32,64 12,96 63,83 46,54 41,12 29,01

Treated water quality: After flocculation with
EXH-DMA-PO-DETA (2.5 mL dose), the water pH
shifted slightly from 7.5 to about 8.5. This pH (within
the 6.0-9.0 range recommended for drinking water) is
acceptable for potable supply. The EC and TDS values
showed only minor increases, indicating negligible ad-
dition of dissolved salts. Nitrate concentrations de-
creased slightly (perhaps due to adsorption on flocs),
while ammonium increased marginally (possibly from
residual amine groups). Crucially, both analytes re-
mained well below regulatory limits (e.g. WHO guide-
line of 50 mg/L for nitrate), so the treated water quality
meets drinking-water standards.

Structural confirmation: FTIR spectra of the EXH-
DMA-PO-DETA polymer showed broad —NH and —
OH stretching bands and characteristic C—N and epoxy-
derived linkages, consistent with a polyamine—epichlo-
rohydrin copolymer. The presence of quaternary am-
monium peaks confirmed successful polymerization, in
agreement with the intended structure.

Overall, the DETA-based coagulant (EXH-
DMA-PO-DETA) outperformed the other variants
(EDA- or HMDA-based) under the test conditions. Its
high efficiency at low dosage suggests it could signifi-
cantly reduce chemical usage in treatment processes.
Moreover, because these polyamine coagulants can be
synthesized from readily available industrial chemicals
(epichlorohydrin, propylene oxide, common amines),
production costs should be relatively low. By replacing
or supplementing aluminum- or iron-based coagulants,
such polymers can reduce sludge generation and health
risks. Conclusions New polyamine-based coagulants
were successfully synthesized via epichlorohydrin-con-
densation chemistry and tested for water purification.

Key findings include: - Four novel coagulant pol-
ymers were obtained by reacting epichlorohydrin, pro-
pylene oxide, and various diamines (EDA, DETA,
HMDA). - Jar-test evaluations showed that the DETA-
containing polymer (EXH-DMA-PO-DETA) achieved
the greatest turbidity removal, reducing ~100 NTU to
~13 NTU in 30 minutes at a 2.5 mL dose. (Turbidity
removal exceeded 85% under optimal conditions.) -
Treated water quality (pH, TDS, nitrate, ammonium)
remained within safe limits for drinking water. The co-
agulant did not impart any unacceptable residue and ac-
tually lowered nitrate levels. - Structural analysis
(FTIR) confirmed the expected polymer composition
with abundant amine and quaternary groups.

These results indicate that EXH-DMA-PO-DETA
is a promising new coagulant for both wastewater and
potable water treatment. Its high charge density and ef-
fective flocculation are comparable to leading commer-
cial polyamine coagulants, while potentially offering
easier synthesis and lower chemical cost. The fact that

drinking-water parameters were largely unaffected sug-
gests safe applicability (with conventional post-treat-
ment). For practical application, combining this poly-
mer with coagulant aids or standard multi-step treat-
ment may further enhance performance. Future work
should explore scale-up of synthesis, longer-term sta-
bility, and cost-benefit analysis, with the goal of deliv-
ering an industrially viable, sustainable water-treatment
reagent. Coagulants with 5 different compositions were
obtained through syntheses. Each of these coagulants
was tested using the “jar test” method and their effec-
tiveness was measured. Based on the results obtained
during the analyses, a comparison was made between
the coagulants based on the turbidity results they
showed in the first 2.5 ml of the solution within 30
minutes. The data obtained showed that the coagulant
with the best coagulation effect was the diethylenetri-
amine-based coagulant called EXH-DMA-PO-DETA.
Later, we determined that the EXH-DMA-PO-DETA
coagulant did not seriously affect the drinking water
standards in the analyses of ammonium, pH, TDS, total
hardness. When looking at the safety analyses con-
ducted, it was concluded that after using the diethylene-
triamine-based coagulant, the water will go through
other purification stages and that its use is safe, taking
into account the parameters of the raw water itself. It is
proposed that the coagulants be used with a coagulant
additive to increase the effectiveness of the coagulation
process. Let's hope it will contribute to progressive so-
lutions for the industry.

Sources: This work builds on established
knowledge of coagulation processes and polyamine co-
agulant chemistry. All experimental results and inter-
pretations are original to the current study.

References

1. Imanov F.D., Olokbarov A.B. Azarbaycanin
Su Ehtiyatlarinin Miiasir Doyismaleri vo Inteqrasiyali
Idara Edilmasi. Bak1 — Miitarcim — 2017. Sah 56,146

2. TOCT 2874-82 Russian drinking water
standart

3. American Water Works Association (1999)
Water quality and treatment: A handbook of commu-
nity water supplies McGraw-Hill Inc

4. Aragonés-Beltran, P.; Mendoza-Roca, J. A.;
Bes-Pia, A.; Garcia-Melon, M.; Parra-Ruiz, E. (2009-
05-15). "Application of multicriteria decision analysis
to jar-test results for chemicals selection in the physi-
cal-chemical treatment of textile wastewater". Journal
of Hazardous Materials. 164 (1): 288-295

5. Ramavandi, Bahman (2014-08-01). "Treat-
ment of water turbidity and bacteria by using a coagu-
lant extracted from Plantago ovata". Water Resources
and Industry. 6: 36-50



Slovak international scientific journal # 103, (2025)

48

6. Von Sperling, M. (2015). "Wastewater Char-
acteristics, Treatment and Disposal". IWA Publishing.
6.doi:10.2166/9781780402086. ISBN 9781780402086

7. Bratby, J. Coagulation and Flocculation in
Water and Wastewater Treatment. 3rd ed., IWA Pub-
lishing, London, 2016.

8. Pernitsky, D.J., Edzwald, J.K. Selection of
alum and polyaluminum coagulants: principles and ap-
plications. Journal of Water Supply: Research and
Technology—AQUA, 55 (2), 121-141 (2006).

9. Yang, Z., Gao, B., Wang, Y., Yue Q. Coagu-
lation performance and mechanisms of polyamine pol-
ymers in water treatment. Chemical Engineering Jour-
nal, 266, 146—154 (2015).



Slovak international scientific journal # 103, (2025) 49
POST-COVID-19 VISUAL IMPAIRMENTS: PATHOPHYSIOLOGY AND CLINICAL
MANIFESTATIONS

Miryusifova Kh.

PhD, Ministry of Science and Education of the Republic of Azerbaijan, Institute of Physiology,

Abstract

Baku, Azerbaijan

Baku State University, Baku, Azerbaijan
Alasgarova J.

Researcher, Baku State University, Baku, Azerbaijan
DOI: 10.5281/zen0do.18169879

SARS-CoV-2 infection is increasingly recognized as a multisystem disorder affecting not only the respiratory
system but also neural, vascular, and sensory pathways. Among post-infectious complications, visual impairments
have gained attention due to their multifactorial origins. This review synthesizes current evidence regarding the
pathophysiological mechanisms underlying visual dysfunctions following COVID-19, emphasizing direct viral
effects, immune-mediated inflammation, vascular alterations, and hypoxia. Clinical manifestations, including ret-
inal abnormalities, optic neuritis, and central visual pathway dysfunction, are discussed, alongside implications

for diagnosis and monitoring.
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Introduction

The SARS-CoV-2 virus, identified in late 2019,
quickly escalated into a global pandemic, resulting in
severe medical, social, and economic consequences. In-
itially considered primarily a respiratory pathogen, sub-
sequent studies have highlighted its systemic involve-
ment, affecting multiple organs including the nervous
system and sensory pathways [1,2].

Evidence indicates that SARS-CoV-2 exhibits
neuroinvasive and vasculotropic properties, which,
along with systemic inflammatory responses and endo-
thelial dysfunction, can contribute to neurological and
sensory deficits [3,4]. The visual system is particularly
vulnerable to such direct and indirect viral effects.

Expression of ACE2 receptors in the retina, vas-
cular endothelium, optic nerve, and brain structures
suggests that SARS-CoV-2 may directly affect the vis-
ual apparatus [5]. Additionally, COVID-19-associated
hypercoagulability and microcirculatory dysfunction
can compromise retinal perfusion, potentially leading
to ischemic injury and neuronal damage [6]. Clinical
and imaging studies have observed retinal microhemor-
rhages, cotton wool spots, thickening of the retinal
nerve fiber layer, optic neuritis, and cortical-origin vis-
ual deficits [7,8]. These findings underscore the multi-
factorial impact of COVID-19 on the visual system.

Pathophysiological Mechanisms of Visual Dys-
function

Direct Viral Infection

SARS-CoV-2 enters host cells via its S-spike pro-
tein binding to ACE2 receptors. These receptors are ex-
pressed in the retina, choroid, vitreous body, photore-
ceptors, Miiller cells, and retinal vascular endothelium
[9]. Viral entry can initiate endothelial injury, cytokine
production, and vascular dysfunction, resulting in di-
rect cellular damage in ocular tissues [10].

Endothelial Injury and Thrombotic Events

COVID-19 is associated with endothelial dysfunc-
tion and a procoagulant state, which can compromise

retinal vascular structures. This may result in vessel oc-
clusions, edema, hypoxia, and microinfarcts, leading to
visual loss [11]. Microvascular events also contribute
to structural retinal pathology.

Immune and Inflammatory Mediated Damage

The systemic immune response, including cyto-
kine storms, can cause ocular inflammation such as
uveitis, retinitis, and optic neuritis. Autoimmune re-
sponses may arise due to molecular mimicry between
viral and host proteins, e.g., MOG-IgG and AQP4-1gG
associated optic neuritis [12].

Hypoxia and Systemic Oxygen Deficiency

Severe COVID-19 may induce prolonged hy-
poxia, affecting high oxygen-demand tissues like the
retina. Atrophic changes in the outer plexiform layer
(OPL) have been observed, likely resulting from hy-
poxic injury [13]. Retinal hypoxia compromises vascu-
lar and neural layers, leading to functional visual im-
pairment.

Optic Nerve and Central Visual Pathway In-
volvement

SARS-CoV-2 can infiltrate the CNS, impacting
the optic nerve and visual pathways. Viral entry may
disrupt the blood-brain barrier, resulting in inflamma-
tion and demyelination. Clinical reports describe optic
neuritis, ischemic optic neuropathy, and retinal vascu-
lar events [14,15]. Both direct and indirect effects con-
tribute to significant visual dysfunction.

Clinical Manifestations

Conjunctival Involvement

Conjunctivitis is common post-COVID-19, pre-
senting with hyperemia, tearing, foreign body sensa-
tion, and mild burning. Red eye is attributed to direct
viral action, inflammatory responses, and immune acti-
vation [16].

Retinal Alterations

Optical coherence tomography (OCT) reveals
post-COVID retinal changes including thickened reti-
nal nerve fiber layers, microhemorrhages, cotton wool
spots, and vascular alterations. Long-term thinning of
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the ganglion cell layer suggests potential neurodegen-
eration [17,18].

Optic Neuritis

Post-COVID optic neuritis manifests as reduced
visual acuity, impaired color vision, and headaches.
These effects are likely mediated by immune activation
and cytotoxic effects on neural tissue [19].

Central Nervous System-Origin Visual Symp-
toms

Blurred vision, photophobia, delayed visual infor-
mation processing, and functional visual deficits may
arise from central visual pathway dysfunction, particu-
larly in the visual cortex and associative areas [16].

Conclusion

SARS-CoV-2 impacts the visual system via mul-
tiple mechanisms: direct infection of retinal and endo-
thelial cells, endothelial dysfunction, thrombosis, im-
mune-mediated inflammation, hypoxia, and CNS in-
volvement. These pathophysiological processes lead to
retinal vascular occlusion, microinfarcts, optic neuritis,
uveitis, and central visual pathway dysfunction, result-
ing in visual impairments such as blurred vision, pho-
tophobia, and delayed visual processing. Understand-
ing these multifactorial effects is essential for the clini-
cal management and monitoring of post-COVID-19
visual complications.
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Abstract

This article explores the possibilities of using artificial intelligence (Al) technologies in the teaching process
for biology teachers. In the modern era, digital transformations have become one of the primary directions of
educational development, necessitating the renewal of teachers’ pedagogical approaches. Specifically, Al tools in
biology education enhance the relevance, interactivity, and scientific basis of lessons, bringing new content to
students’ learning processes. The article explains the role of Al in lesson planning, improving assessment mecha-
nisms, and creating adaptive learning environments tailored to students’ individual characteristics. Research indi-
cates that using Al not only helps optimize teachers’ workloads but also significantly improves students’ inquiry-
based learning skills and interest in the subject. Tools such as virtual laboratories, 3D modeling software, and
simulations enable a clearer and deeper understanding of abstract biological concepts. At the same time, the article
highlights the technological, methodological, and ethical challenges that arise when implementing Al, emphasiz-

ing the particular importance of enhancing teachers’ digital competencies for contemporary education.
Keywords: artificial intelligence, adaptive learning, interactive teaching, simulation software, virtual labor-

atories, educational technologies.

Introduction

The rapid innovations observed in the global edu-
cation system today require teachers to expand their
professional competencies and demonstrate a more
flexible and modern mindset. “Currently, artificial in-
telligence is developing rapidly and is remarkably
spreading across all spheres of the world” (Tahiru,
2021). The penetration of Al technologies into all areas
of society has created conditions for education to keep
pace with this process. A modern teacher no longer
serves merely as a knowledge transmitter but acts as a
facilitator who organizes the learning environment and
fosters students’ research and creative abilities. In this
context, integrating Al into teaching not only opens up
extensive methodological opportunities for educators
but also presents certain adaptation challenges. Modern
youth - including school students, university students,
and new-generation teachers-show high interest in in-
novative educational technologies and observe the out-
comes of their application in the learning process.
These technologies enhance learning efficiency while
increasing students’ motivation and enabling more pur-
poseful lesson organization. “The application of
new educational technologies in biology lessons allows
students to acquire a large volume of cognitive and sci-
entific information, makes the lessons more engaging
and interesting, and promotes learners’ active partici-
pation in the educational process. This, in turn, im-
proves the quality of instruction and retention” (Baba-
yeva, 2023, p. 18).

Since biology studies the structure, functioning,
and interactions of living organisms, the application of
new technologies in this field is particularly significant.
Al tools enable teachers to present lesson materials in a
more visual, interactive, and application-oriented man-
ner. Applications such as virtual laboratories, simula-
tion software, and 3D modeling allow students to ob-
serve complex biological processes in conditions close

to real-life experiences, facilitating deeper understand-
ing. By observing abstract biological concepts through
virtual laboratories and simulation tools, students can
grasp complex processes in a more tangible and com-
prehensible way. This not only enhances lesson quality
but also significantly increases students’ interest in bi-
ology and nature.

“The most immersive systems are those that use
virtual reality (VR) technology. This technology allows
the user to view a virtual environment from their own
perspective. Because the scene is continuously updated
with head or body movements, the user feels as if they
are inside the environment, and the realism of the vir-
tual world is stronger” (Pagliai et al., 2021). At the
same time, Al supports teachers in pedagogical pro-
cesses such as lesson planning, formative assessment,
and monitoring students’ individual developmental dy-
namics. However, effective utilization of these oppor-
tunities requires the development of teachers’ digital
competencies. This article systematically examines the
practical applications of Al for biology teachers, its im-
pact on the teaching process, and future perspectives.

The Role of Artificial Intelligence in Education

In the modern era, the development of artificial in-
telligence (AI) technologies has led to the emergence
of new approaches in the education system. Al has be-
come a crucial tool in the teaching process, enhancing
both teachers’ performance and students’ learning ex-
periences. The primary function of Al is to analyze
large volumes of data in a short time, personalize learn-
ing, and create adaptive mechanisms within the educa-
tional process. These capabilities represent the key sci-
entific advantages that distinguish AI from traditional
teaching approaches.

Al in education primarily enables the establish-
ment of adaptive learning models. Such models provide
instructional materials tailored to each student’s
knowledge level, learning pace, and individual charac-
teristics. Data on students’ prior activities are analyzed


https://doi.org/10.5281/zenodo.18169884

Slovak international scientific journal # 103, (2025)

52

by Al systems, resulting in the automatic personaliza-
tion of the learning process. This increases learner en-
gagement in line with constructivist approaches and fa-
cilitates more sustainable knowledge acquisition. Addi-
tionally, Al supports teachers’ activities through
intelligent tutoring systems, offering assistance in les-
son planning and instructional decision-making.

Intelligent assessment tools, automated test analy-
sis, monitoring of student achievements, and lesson
planning functions reduce teachers’ workloads and en-
able the management of the pedagogical process on a
more scientific basis. Therefore, Al is not only a tech-
nical tool but also serves as an analytical assistant in
pedagogical decision-making. “A methodology based
on fuzzy logic, combining both quantitative and quali-
tative indicators, has been proposed to measure the
quality of education” (Ismayilov et al., 2024).

Moreover, Al holds particular significance in
teaching subjects like biology, which require experi-
mental and visual explanations. Modeling biological
phenomena, creating 3D representations of cell struc-
tures, virtually observing ecosystems, and simulating
real laboratory conditions allow students to gain a
deeper understanding of complex topics. These tech-
nologies contribute both to concretizing abstract con-
cepts and expanding practical learning opportunities.
The use of virtual reality (VR) in education not only
impacts academic outcomes but also enhances retention
and recall of learned information. Research indicates
that “students learning in fully immersive VR environ-
ments retain information better and for longer periods
compared to traditional educational settings” (Ah-
madov & Osmanli, 2025; Ismayilov et al., 2024).

Overall, Al makes teacher-student interactions
more efficient, structures the learning process, and in-
creases objectivity in education. Its analytical, adap-
tive, and interactive functions make Al an essential
component of 21st-century educational environments
and provide a significant contribution to the develop-
ment of innovative pedagogical models.

Applications of Al in Various Fields of Biology

Biology as a subject is rich in abstract, micro-
scopic, and often directly unobservable processes for
students. Consequently, Al and virtual laboratories are
particularly effective in certain areas of biology. Below
are the areas where Al is most frequently applied and
generates high educational value.

1. Microbiology

Microbiology deals with the structure, behavior,
and reproduction of microorganisms, which are often
difficult for students to observe in real laboratory set-
tings. In this field, Al enables:

e the creation of 3D models of microorganisms,

e simulation of their reproduction in various nu-
trient media,

e step-by-step visualization of infection pro-
cesses.

Thus, students begin to understand abstract theo-
retical information visually.

2. Cytology (Cell Biology)

The structure of cells and the functions of orga-
nelles are among the most abstract topics for students.
Al and virtual laboratories in this area:

e present interactive 3D models of cells,

e explain the functions of organelles through an-
imations,

e sequentially and clearly visualize the stages of
cell division (meiosis and mitosis).

This method also reinforces memory by “animat-
ing” intracellular processes.

3. Histology

Histology requires extended laboratory practice
with microscopes. Al in this field:

e provides high-resolution virtual microscope
images of tissue samples,

e teaches automatic recognition of cell and tis-
sue types,

e ecnables comparison of healthy and diseased
tissues.

This is especially advantageous in schools with a
limited number of microscopes.

4. Genetics

Genetic processes, DNA structure, and inheritance
mechanisms pose abstract challenges. Al in genetics:

e visually demonstrates DNA replication and
transcription processes,

o allows simulations of genetic combinations,

o models the effects of mutations on organisms.

5. Ecology and Environment

Ecological modeling is challenging due to the high
variability in real-world conditions. Al in this area:

e creates 3D models of ecosystems,

e calculates the impact of environmental
changes on living organisms,

e simulates population growth and decline pro-
cesses.

“Artificial intelligence can recommend appropri-
ate learning resources, identify areas needing develop-
ment, and adjust the difficulty level of learning tasks”
(Harry, 2023).

Observations from the virtual laboratories we con-
ducted indicate that Al-based simulations play a signif-
icant role in mastering the abstract concepts of biology.
In particular, virtual experiments in microscale and the-
oretically complex fields such as cytology, microbiol-
ogy, and histology substantially enhance students’ ob-
servation, analysis, and critical thinking skills. “Artifi-
cial intelligence can support the enhancement of
students’ knowledge and skills in education through
personalized learning opportunities, intelligent tutoring
systems, and simulation-based instructional tools”
(Zhao et al., 2018).

Stepwise modeling of cell structures, microorgan-
ism behaviors, and tissue changes in virtual environ-
ments allows students to comprehend processes that are
difficult to observe in real laboratories in a visual and
interactive manner. Additionally, in anatomy lessons,
virtual laboratories enable visualization of the internal
structure of organs, which is particularly valuable when
direct observation of real organs presents certain chal-
lenges. Observations show that virtual laboratories or-
ganized with Al support increase students’ motivation
to learn, strengthen their interest in biology, and facili-
tate a deeper and more systematic understanding of top-
ics.
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Challenges in AI Implementation

Although the use of Al in biology lessons signifi-
cantly enriches the teaching process, practical observa-
tions indicate that its implementation encounters cer-
tain challenges. “To advance the development of next-
generation Al systems in the field of biology, it is nec-
essary to overcome a number of critical scientific and
technological barriers” (Hassoun et al., 2025). Timely
consideration of these limitations is essential for both
teachers and schools.

1. Insufficient Material and Technical Re-
sources

Observations indicate that Al tools require power-
ful computers, tablets, stable internet, and modern tech-
nical infrastructure to function effectively. Many
schools do not fully possess these resources, limiting
teachers’ ability to utilize virtual laboratories and other
Al-based programs to their full potential. In particular,
virtual simulations are resource-intensive, and school
equipment often cannot support them. This constitutes
a major factor restricting the implementation of these
technologies.

2. Concerns Among Parents

The extensive use of technology by students raises
concerns for some parents. They worry that Al may
lead to excessive dependence on technology and
weaken practical laboratory skills. Many parents con-
sider Al-based lessons to be “too digital” and believe
that traditional learning methods are safer. Such con-
cerns can sometimes hinder teachers from integrating
technology into their lessons.

3. Methodological Adaptation Challenges

Using Al in lessons requires teachers to adopt new
planning strategies and teaching approaches. Preparing
assignments for virtual laboratories, tracking student
outcomes on Al platforms, and adapting lessons to
these technologies demand additional time and prepa-
ration. This can create extra workload for teachers.

4. Social and Psychological Effects

Widespread use of technology may cause distrac-
tion and excessive screen time for some students. Con-
versely, students who use technology less frequently
may feel left behind. This imbalance can create psycho-
logical obstacles within the learning process.

Conclusion and Recommendations

The integration of artificial intelligence (Al) into
biology education in the modern era provides new op-
portunities for both teachers and students. Virtual la-
boratories and Al-based simulations enable the visual
and interactive presentation of abstract and microscopic
biological concepts. Observations conducted in this
study indicate that the use of virtual laboratories in
fields such as cytology, microbiology, histology, and
anatomy enhances students’ observation, analysis, and
critical thinking skills, increases interest in the subject,
and facilitates a deeper understanding of the topics. Al
also serves as an important support tool for teachers in
lesson planning, assessment, and the organization of in-
dividualized learning. However, the implementation of
this technology faces certain challenges. High demands
for material resources, limited access to technological
infrastructure, and students’ excessive reliance on tech-
nology make Al utilization difficult in some schools.

Additionally, parental concerns require teachers to ap-
ply technology in a balanced manner. Leveraging the
large volumes of data generated by virtual technology
environments allows for more reliable predictions of
the effectiveness of teaching and learning activities. As
a result, “decisions necessary for quality improvement
can be made more quickly and based on more accurate
information” (Abbasova & Aliyeva, 2023).

Based on these considerations, the following rec-
ommendations can be proposed for the effective use of
Al in biology education:

1. Organize professional development programs
to enhance teachers’ digital and Al competencies;

2. Improve technological infrastructure in
schools and expand access to virtual laboratories;

3. Integrate virtual laboratories and Al tools into
lesson plans purposefully and in a balanced manner;

4. Ensure proper supervision and guidance by
teachers and parents during students’ use of technol-
0gy;

5. Apply the STEAM approach in biology les-
sons to strengthen students’ creative and inquiry-based
learning skills.

Thus, Al and virtual laboratories make biology ed-
ucation more interactive, practical, and personalized,
enriching the learning experience for both teachers and
students and contributing significantly to increasing fu-
ture interest in the subject.
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Abstract

This paper examines the role of input in second language acquisition in the light of theoretical and empirical
studies. The role of input in language acquisition is examined within the theoretical frameworks of the Input Hy-
pothesis of Krashen, Interaction Hypothesis of Long and the Output Hypothesis of Swain in the present study.
This study, which is based on the literature review, reveals that input alone is not sufficient; it should be handled
together with attention, interaction and cognitive processes.

In the field of second language acquisition, input is considered one of the key components of the language
learning process. In this context, the study aims to examine the function and limits of input in language acquisition.
The research was conducted with a qualitative literature review method. The literature review reveals that com-
prehensibility of input is necessary for language acquisition but not sufficient on its own. Studies show that input
yields more effective results when supported by cognitive and interactional processes such as attention, awareness,
interaction, and output production. As a result, this study emphasizes that the qualitative characteristics of the input
in second language teaching should be organized consciously and purposefully and provides a holistic perspective

between theoretical approaches and pedagogical practices in the literature.
Keywords: second language, language input, comprehensible input, learner interaction, cognitive processes.

1. INTRODUCTION

Second Language Acquisition (SLA) is a major
area of research as it examines how people learn a lan-
guage that is not their native language. This field, which
is related to many disciplines, especially linguistics and
educational sciences, aims to explain the cognitive and
environmental factors affecting the language learning
process. Among these factors, input is accepted as one
of the basic concepts at the center of second language
acquisition theories.

The input involves all language contents that the
learner is exposed to the target language. This is in the
field of reading, listening and the language teachers in
the classroom make use of, and the daily example of
communication. The concept has been given theoretical
sensitivity by Krashen in his “Input Hypothesis” where
he argues that intelligible input is the main requirement
in language acquisition (Krashen, 1985). However,
subsequent research has raised the question of whether
the input alone is sufficient; it has been suggested that
processes such as output, interaction and noticing also
play a role in acquisition. This necessitated a more de-
tailed consideration of the function of the input in sec-
ond language acquisition.

The concept of input is important not only in terms
of theoretical discussions, but also in terms of second
language teaching practices. The effectiveness of learn-
ing process directly depends on quality and level of lin-
guistic materials given to students. Therefore, the type
of input and how it is processed by the learner remains
an important topic of study for researchers and teach-
ers.

The aim of this study is to examine the basic the-
oretical approaches and related research that address
the role of input in second language acquisition. In this
article, which is based on the literature review, the place

and importance of the input in second language acqui-
sition will be evaluated in the light of current studies.
The study aims to provide a general framework on the
subject by summarizing the discussions in the field.

1.1 Theoretical Background

The role of input in second language acquisition
has been discussed within the framework of different
theoretical approaches in the literature. One of the most
effective of these approaches is the “Input Hypothesis”
developed by Krashen. Krashen argues that the process
of learning a language occurs when the learner is ex-
posed to comprehensible input that can be referred to as
i+1 that is just slightly higher in level than the current
level of the learner. According to this school of thought,
language acquisition is to a large extent an unconscious
process, and that the grammar structures will be ac-
quired without compulsion so long as one supplies
enough input (Krashen, 1985).

Over time, however, there have been criticisms
that mere exposure to input is not enough for second
language acquisition. In this regard, the Interaction Hy-
pothesis developed by Long is based on the idea that
input is made easier to understand once it is interacted
with by the learners and that acquisition can use this as
a process. The meaning negotiations that take place in
the process of interaction allow learners to identify their
deficit in linguistic abilities and to input more fruitfully
(Long, 1996).

In addition, Swain’s Output Hypothesis lays stress
on the fact that the process of language production by
learners is crucial to the acquisition process. Swain sug-
gests that understanding of linguistic constraints in the
generation of output is cognisant amongst learners and
the knowledge of these constraints enables the input to
be handled with more conscious deliberation (Swain,
1985). These theoretical approaches show that input
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alone is not enough; it should be handled together with
processes such as interaction, output and awareness.

As aresult, although the theoretical framework for
second language acquisition accepts input as a basic el-
ement, it reveals that the acquisition process has a mul-
tidimensional structure.

2. METHODOLOGY OF
LITERATURE REVIEW

This study is a qualitative literature review aimed
at evaluating research examining the role of input in
second language acquisition. No original data collec-
tion process was carried out in the study; instead, pre-
viously published theoretical and empirical studies on
the subject were systematically examined. In this re-
spect, the study aims to bring together the existing in-
formation in the literature and provide a general frame-
work.

Within the scope of the literature review, basic the-
oretical approaches and frequently cited studies focus-
ing on the concept of second language acquisition and
input were selected. The studies examined have been
evaluated within the framework of theoretical models
explaining the role of input in second language acqui-
sition, especially Krashen's Input Hypothesis, Long's
Interaction Hypothesis and Swain's Output Hypothesis.
Sources have been determined on the basis that they are
directly related to the subject and reflect the discussions
in the field.

The selected studies were analyzed comparatively
in terms of the type of input, its comprehensibility, and
its contribution to the acquisition process. In this anal-
ysis process, the common findings and differing opin-
ions of the studies were tried to be revealed. In the lit-
erature review, mainly peer-reviewed academic arti-
cles, basic theoretical works and widely used sources in
the literature were taken into account.

As a result, this methodological approach aims to
summarize the existing literature on the role of input in
second language acquisition and to reveal general
trends on the subject.

3. LITERATURE REVIEW

3.1 Types and Features of Input

In the literature on second language acquisition,
the concept of "input" has raised the question not only
of the learner's exposure to language, but also of what
characteristics this input has. Initial empirical studies
assumed that linguistic input intelligibility is a pre-req-
uisite to a successful language acquisition. The later
studies however, have established that variables such as
type of input, presentation modality and learner pro-
cessing strategy have a conclusive effect on the results
of acquisition. It is argued that intelligible input is
structured specifically through interaction, and negoti-
ation processes make input learnable (Long, 1983,
p-130). In this context input has been thought of as a
dynamic element, which is actively constructed by
communicative exchange, and not as an archive (of lin-
guistic information).

However, the view that only understandable input
exposure is not enough has gradually gained strength in
the literature. It was noticed that the learner must con-
sciously recognize certain linguistic features in order
for the input to turn into acquisition (Schmidt, 1990,

THE

p-132). This approach deepened the discussions about
the nature of input around the concepts of attention and
consciousness. As a matter of fact, many studies have
revealed that acquisition is limited when the input is not
made "noticeable" by the learner (Schmidt, 1990,
p-140).

The input enhancement approaches developed in
this direction aim to attract attention by visually or for-
mally highlighting certain features of the input. empha-
sized that input enhancement can increase recognition
in instructional contexts, but this will not automatically
result in acquisition (Smith, 1993, p.167). Subsequent
empirical studies show that the consequence of this
method depends on the characteristics like the target
linguistic system, genre of the task, and the level of pro-
ficiency of the learner.

Another important dimension related to the char-
acteristics of the input is its relationship with the output.
It is revealed that when output production and input en-
hancement are considered together, learners pay more
attention to linguistic forms and this supports acquisi-
tion (Izumi, 2002, p.545). These findings show that in-
put is more explanatory when evaluated together with
interaction and production processes, not alone.

The broad meta-analyses indicate that the results
of studies on textual input enhancement are not homog-
enous and effects become strongly context-sensitive. It
was stated that the effects of the type and characteristics
of input on acquisition are not universal, but dependent
on conditions (Han, Park, & Combs, 2008, p.161).
Therefore, the current literature reveals that instead of
explaining the effect of input through a single feature,
intelligibility, attention, interaction and production pro-
cesses should be handled holistically.

3.2 Input in Different Language Skills

Although the role of input in second language ac-
quisition research has been discussed in a general
framework for a long time, later studies have revealed
that the effects of input on different language skills are
not the same. Especially receptive skills such as listen-
ing and reading and productive skills such as speaking
and writing require different cognitive processes in
terms of the way the input is processed. Therefore,
skill-based examination of input has become an im-
portant area of research in the SLA literature.

Empirical studies on listening proficiency have
also found out that the meaning-oriented and contextu-
alized inputs can help in acquiring a language. It was
stated that learners process input through both bottom-
up and top-down strategies in the listening process, and
that quality input plays a central role in this process
(Vandergrift, 2007, p.193). Similarly, it was empha-
sized that input in listening is not only auditory data,
but also carries discursive and pragmatic cues (Rost,
2011, p.59).

In terms of reading skills, it has been suggested
that written input offers a more favorable environment
for the recognition of linguistic forms. It was argued
that reading provides learners with intensive and repet-
itive input, which in particular supports the acquisition
of vocabulary and syntactic structures (Grabe, 2009,
p-88). Moreover, when the written input is maintained,
the recognition is also enhanced as a learner is able to
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work with the material with a personalized temporal fo-
cus.

When it comes to productive skills, it seems that
input plays an indirect but critical role. In speaking
skills, learners use the input they are exposed to as a
model and reconstruct that input during interaction.
Meaningful speech input supports the development of
fluency and accuracy, but this is often effective in com-
bination with interaction and feedback (Bygate, 2001,
p-17). In writing skills, input is decisive, especially in
the acquisition of text type knowledge and discourse
structures. Learners internalize academic writing norms
and linguistic patterns through the texts they read (Hy-
land, 2003, p.21).

As a result, the current literature reveals that input
does not have a uniform effect on different language
skills, but on the contrary, input functions in different
ways according to the specific cognitive and pedagogi-
cal needs of each skill. As a result, systematic manipu-
lation of the quality of input in the skill-based models
of pedagogy becomes the issue that should be ad-
dressed urgently by educators.

3.3 Empirical Studies on Input and Language
Acquisition

The input provided to the second language acqui-
sition has been discussed in a more concrete manner es-
pecially using experimental and quasi-experimental
studies. The empirical investigation has examined how
the amount and quality of input influences acquisition
in various situations; therefore, disrupting the validity
of current theoretical presumptions in passing through
methodology. These studies have answered the ques-
tions since whether input alone is sufficient and how it
can facilitate acquisition assuming it is sufficient or not.

Empirical research carried out earlier has shown
that learners who have been exposed to intensive me-
dium that describes meaning make significant gains in
language development. In experimental study on vo-
cabulary acquisition, it was found that learners who re-
ceived interactionally modified input achieved higher
levels of vocabulary acquisition compared to those who
received simplified input (Ellis, Tanaka, and Yamazaki,
1994, p.176). The above result highlights the im-
portance of simplifying input besides the importance of
reconfiguring it by means of interaction.

Empirical investigations that directly aim at the as-
pect of input recognition show that form-based inter-
ventions help in facilitating acquisition. It was reported
that form-focused instruction applied during reading
tasks significantly increased learners' awareness and
use of relative sentence structures (Doughty, 1991,
p.441). These results show that meaning-based input
can be enriched pedagogically in terms of target struc-
tures.

In contrast, other empirical research claims that
the effectiveness of the input interventions is limited
and strongly dependent on circumstances. In the study
examining the relationship between conscious aware-
ness levels and acquisition, stated that being noticed
does not always result in long-term gains (Leow, 1997,
p.481). This shows that cognitive individual differences
should also be taken into account when explaining the
effect of input.

More recent empirical research has addressed in-
put along with output and feedback. The learners who
received feedback during the interaction showed signif-
icant improvement in their question structures, and this
improvement was more pronounced compared to the
groups exposed to input only (Mackey, 1999, p.580).
Therefore, these results have been consistent with the
fact that input is most effective, empirically speaking,
when applied within interactional settings.

In general, empirical literature confirms that input
is an indispensable element for language acquisition,
but suggests that it must be supported by factors such
as attention, interaction, and cognitive processing for
acquisition to occur. These findings reveal the im-
portance of adapting theoretical input approaches to
pedagogical practices on an empirical basis.

4. DISCUSSION

The literature discussed in this study clearly re-
veals that the role of input in second language acquisi-
tion cannot be evaluated as a one-dimensional phenom-
enon. The theoretical and empirical studies examined
show that input does not only mean the learner's expo-
sure to language; on the contrary, the type of input, the
way it is presented, and how it is processed by the
learner determine the acquisition process.

The most basic point that the literature points out
in common is that understandable input is necessary for
acquisition, but not sufficient on its own. Although
early approaches have emphasized the quantity of in-
put, later studies have shown that cognitive processes
such as attention, recognition and interaction play a
central role in the transformation of input into intake.
Empirical research, particularly following the noticing
hypothesis, demonstrates that students can fail to learn
language irreversibly when exposed to intensive lan-
guage input including forms of language that they do
not consciously notice. This implies that input only
takes place when the learner processes it, but not just
being exposed to it.

When skill-based studies are examined, it is seen
that the effects of input on different language skills are
not homogeneous. With receptive skills, listening and
reading, meaning-driven, contextually-rich information
directly facilitates learning. Input plays a more con-
structive role of being indirect in productive skills like
speaking and writing. In productive skills, input usually
gains meaning with interaction, feedback and output
production. Therefore, production practice must be
available in correspondence with the input, and not sep-
arately.

A significant portion of empirical studies have re-
vealed that interactionally enriched input supports ac-
quisition. Negotiations of meaning that occur during in-
teraction allow learners to restructure language at both
the form and meaning levels. Nonetheless, other studies
show that input changes of instruction interventions are
small or vary depending on the context. This situation
reveals that the effect of input cannot be explained by
universal rules; variables such as individual differ-
ences, task types and learning context should be taken
into account.

Such findings demonstrate how an input design in
language teaching should be conscious and purposeful.
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Rather than simply offering intensive input to learners,
providing attention-grabbing, interactive, and produc-
tion-promoting inputs can make acquisition more effec-
tive. Especially in skill-based teaching approaches, it is
clear that the type of input required by each skill should
be different. In this context, it can be said that curricula
should move away from the understanding of "uniform
input".

Input as found in literature is critical but not con-
clusive in language acquisition. The effect of input on
acquisition becomes more meaningful when considered
together with attention, interaction, and cognitive pro-
cessing processes. These findings suggest that both the-
oretical models should be re-evaluated and pedagogical
practices should be designed from a more holistic per-
spective. Therefore, there is a need to revisit both theo-
retical models and teaching practices in a more holistic
approach.

4.1 Limitations

This study is not a research based on original data
collection, but a theoretical and empirical synthesis of
the existing literature. Therefore, the results obtained
cannot be interpreted as causal inferences. In addition,
the fact that the studies examined include different con-
texts, learner profiles, and methods limits the generali-
zability of the findings. Individual learner differences
are not discussed in detail in this study.

4.2 Suggestions for Future Research

It is reasonable to assume that future studies need
to examine the long-term implications of the different
kinds of input on certain language skills by applying the
experimental and longitudinal designs. In addition, re-
search addressing the cognitive underpinnings of atten-
tion and recognition processes will more clearly ex-
plain the mechanisms of transformation of input into
acquisition. Input in the technology-supported learning
contexts is an important field that warrants future aca-
demic investigation.

5. CONCLUSION

This study discussed the role of input in second
language acquisition from a multidimensional perspec-
tive in the light of theoretical and empirical literature.
While the researchers confirm that input is an indispen-
sable component for language acquisition, it clearly re-
veals that it is not an element that guarantees acquisi-
tion alone. On the contrary, the effect of input is closely
related to the learner's attention, recognition processes,
interaction possibilities, and cognitive processing
mechanisms. This fact suggests that input is to be eval-
uated as an active learning experience but not like a
passive exposure.

Findings from the literature revealed that the type
of input and the form of presentation have different ef-
fects on different language skills. While meaning-ori-
ented and enriched input directly contributes to recep-
tive skills such as listening and reading, it is seen that
input functions together with interaction, feedback and
output production in productive skills such as speaking
and writing. This indicates that input should be orga-
nized in a conscious and purposeful way in skill-based
language teaching.

Empirical research synthesis demonstrates that in-
teractive and attention-catching input can be used to

ease acquisition but this can be affected by contextual
factors and characteristics of learners. Therefore, in-
stead of explaining the effect of input with universal
rules, context-sensitive and flexible models need to be
developed.

In conclusion, while this study confirms the cen-
tral position of input in second language acquisition, it
reveals that acquisition is only possible by integrating
input with cognitive and interactional processes. These
findings also enhance the reconsideration of the theo-
retical frameworks and the planning of educative prac-
tice that concentrate on a more comprehensive view on
the subject.
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AHHOTAIHSA

3HUMHEe CONHIIECTOSTHIE — 3TO MOMEHT, Koraa CoJHIe HaXOMUTCS HA MUHUMAJIBHOW BBICOTE HaJ TOPH30H-
ToM. HaxiioH ocu, o kotopoii Bparaercs 3emiisi, B AHH COJTHIECTOSHUS OKa3bIBACTCS MAKCHMAIIbHBIM, B CTOPOHY
uin CeepHoro, win FOxHoro nonmymmapus. [1osToMy conHuectossHue ObIBaeT J1Ba pa3a roA: B MIOHE, KOT/Ia JCHb
CTAQHOBHTCS CAaMbIM JUITMHHBIM, U B JiekaOpe, Kora HOYb OKa3bIBAeTCs CaMOU MPOJOIKUTEIBLHO.

SIBIeHHeE MMOTYyYHIIO CBOE Ha3BaHHE, HOTOMY YTO 33 HECKOJIBKO JHEH [0 M ITOCIIe TOr0 MOMEHTA HOJIOKEHHE
ConHna B HeOE B MONJECHB MOYTH HE MEHSCTCS.

B HOub ¢ 21 Ha 22 nekaOpsi — IeHb 3MMHET0 COJTHIIECTOSIHUS, KOT/1a aCTPOHOMHUYECKHUI FO0BON LIUKII 3aBep-
II1aeTcsl, KOIr/la Hy’KHO paccTaThCsl CO CTapbIM M He OpaTh ¢ co00if B HOBBIM To. DTO Ha4aJI0 acCTPOHOMHUYECKON
3uMbl. Camasi JUIMHHAS HOYb M CaMblil KOPOTKHUH JICHb B IOJly. DTO Npa3/JHUK Hayaja 3UMbl Y IPEBHHUX TIOPKOB,
JIeHb OOHOBJICHUsI BpeMeHHU. B npocTpaHcTBe HapuT BO3AYIIHBIH map. [1o 3Toil npuunHe nepBblid Mecsl] 3MMHEro
CEe30HAa HA3BIBACTCS Y Ka3aXOB «KEITOKcam» (1ekadpp). 25 nekadbps — Jlenp HapTyrana — 3to TO e, 4T0 310 Pox-
nectBo XpUCTOBO B EBpore, T.e. AeHb poxaeHus npopoka KMca (Mucyca ).

Ka3zaxu Ha3pIBasi A€Hb 3UMHETO COJHLECTOSHUS «KapaTyH» (YepHas Houb). [y KoueBoro Hapoaa KapaTtyH
UMeJT TITy00KOe CUMBOJIMYECKOE 3HAUCHUE M BOCIIPHHUMAJICS KaK MOMEHT Iepexo/ia, Korua ThMa JOCTUraeT CBO-
ero muka, a 3ateM B JleHp HapTyrana HaunHaeTcst OOHOBJICHHE U POCT. DTOT MEPHOJ CUUTANICS BPEMEHEM pas-
MBIIUICHUI, BHYTPEHHET0 OYHIICHHUS U IIOATOTOBKH K HOBBIM JKH3HCHHBIM JTallaM.

MHorre HapoAbl OTMEYAITH JIeHb 3UMHETO COJTHLECTOSHUS. Y IPEBHUX CJIABsH 3UMHEE COJHIIECTOSHHUE 3Ha-
MEHOBaJIO c000if pazaHuK KoJsiapl, OAWH M3 CaMbIX BXKHBIX PA3IHUKOB IoJia, IIOCBSICHHbIH COJHILY, €r0 BO3-
POXKICHUIO U TTo0eIe CBeTa HaJl ThMOIA.

CunTanoch, YTO B 3TOT JEHb OEpPET CBOKO BIACTH Ipo3HbIH KapauyH — 00kecTBO CMEpTH, MOJI3EMHBIH Oor,
MOBEJICBAIOLINH MOPO3aMH, 37101 1yX. [[peBHUE CiaBsHE BEPHIIH, YTO OH MOBEJIEBAET 3UMOI 1 MOPO3aMH U YKO-
payrBaeT CBETIOE BPEMs CyTOK.

Abstract

The winter solstice is the moment when the Sun is at its minimum height above the horizon. The inclination
of the axis along which the Earth rotates is at its maximum during the solstice, towards either the Northern or
Southern Hemisphere. Therefore, the solstice occurs twice a year: in June, when the day becomes the longest, and
in December, when the night turns out to be the longest. The phenomenon got its name because a few days before
and after this moment, the position of the Sun in the sky at noon hardly changes. On the night of December 21-22
is the winter solstice, when the astronomical annual cycle ends, when you need to part with the old and not take it
with you in the new year. This is the beginning of the astronomical winter. The longest night and the shortest day
of the year. This is the holiday of the beginning of winter among the ancient Turks, the day of the renewal of time.
A balloon reigns in space. For this reason, the Kazakhs call the first month of the winter season "zheltoksan"
(December). December 25 is Nartugan Day, which is the same as Christmas in Europe, i.e. the birthday of the
prophet Isa (Jesus).

Kazakhs called the day of the winter solstice "karatun" (black night). For the nomadic people, karatun had a
deep symbolic meaning and was perceived as a moment of transition when darkness reaches its peak, and then on
the Day of Nartugan renewal and growth begin. This period was considered a time of reflection, inner purification
and preparation for new life stages.

Many nations celebrated the winter solstice. Among the ancient Slavs, the winter solstice marked the holiday
of Kolyada, one of the most important holidays of the year, dedicated to the sun, its rebirth and the victory of light
over darkness.

It was believed that on this day the terrible Karachun, the deity of death, the underground god who commands
frosts, and the evil spirit, took power. The ancient Slavs believed that he commanded winter and frost and short-
ened the daylight hours.

Karouesble ciioBa: ConHIECTOSHHE, CBET, ThMa, KapaTyH, HAPTyraH, KapadyH.

Keywords: Solstice, light, darkness, karatun, nartugan, karachun.

BpeMﬂ IUKJIUYHO. I'maBHEIC COJISIPHBIE TOYKH KOCMUYCCKNUMHU PUTMAMU, 4 TOTOMY OTJIMYHO 3HAJIU 3a-
roaa — JABa paBHOJACHCTBUS 1 JIBa COJIHIECTOSHUA ObLIN KOHBI MPpUPOAbI U PYKOBOJACTBOBAJIMCH HUMH cebe BO
H3BCCTHBI YCJIOBCKY emé MHOTO ThICAY JIET Hazaj. Ounaro.

Hamm MNpeaAKH KWJIN B IrapMOHUH C NPUPOJAHBIMU U
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Tak, OHM BBIYMCIMIIM B CYTKax BpeMmsi, KOTIa B
MIPHUPOAE CO3AIOTCS ONITUMAIBHBIC YCIIOBHS IS OTIpe-
JICIICHHBIX PUTYAJIOB.

3UMHEe COJHIIECTOSIHHE — 3TO MOMEHT, KOTJa
CouHnie HaxoIUTCS HA MUHUMAIBHOW BBICOTE HAJ TO-
puszoHTOoM. HakioH ocu, 1Mo KOTOpoil Bpamiaercs
3eMisl, B THH COJHIICCTOSHUS OKa3BIBACTCS MaKCH-
MaJlbHbIM, B cTOpoHy min CeepHoro, win FOxHOTO
nonymapus. [loaToMy cosHUecTOsiHHE OBIBaeT [Ba
pa3a roj: B MIOHE, KOIJia JI€Hb CTAHOBUTCS CaMbIM
JUIMHHBIM, U B Jieka0Ope, Koraa HO4b OKa3bIBaeTcs ca-
MO MPOAOIKHUTEIBHOI OKa3bIBaeTCs caMOM IpooJ-
JKUTENbHOH [1].

SIBNeHUE MOyYMIIO CBOE Ha3BaHUE, TOTOMY HTO
3a HECKOJIBKO TTHEH 0 U MOciie TOr0 MOMEHTA IMOJI0-
sxeare CoitHIa B HEOE B ITOJIIEHD IIOYTH HE MEHSIETCS.

B HOYB ¢ 21 Ha 22 nekaOps — IeHb 3UMHETO COJH-
LECTOSAHUS, KOTJa aCTPOHOMHUYECKHI TOJOBOM LUK
3aBepIlaeTcs, Korjaa HyKHO PaccTaThCsl CO CTapbhIM U
He OpaTh ¢ coOOW B HOBBIH Iojl. DTO HAYAJIO aCTPOHO-
Mudeckoil 3umbl. Camasi JUIMHHAs HOYb M CaMbIi KO-
POTKHH NeHb B rofy. OTO Mpa3JHUK Hayaja 3UMBI Y
JIPEBHUX TIOPKOB, JIeHb OOHOBJICHUS BpeMeHH. B mpo-
CTpPaHCTBE LAPUT BO3AYIIHBIN map. [1o 3Toil npuunHe
TICPBEIA MeCsI] 3UMHETO Ce30HA HAa3BIBACTCS Y Ka3aXOB
<OKeNTOKCcan» (nexadpsr). 25 mexabps — Jens Hapty-
ra’a — 3To TO e, 4To 310 PoxxnectBo Xpucroso B EB-
pore, T.e. IeHb poxkaeHus mpopoka Mca (Mucyca ).

Benukas Houp Kaparyn — npazguuk Hypryras.
Kazaxu Ha3bpIBaIM 1eHb 3UMHETO COJTHIICCTOSHUS «Ka-
patyn» (duepHas HOub). J[J1s1 KoueBOro Hapoaa KapaTyH
uMel Tiy0oKoe CHMBONHMYECKOE 3HA4YeHHE U BOCIpH-
HUMAJICA KaK MOMCHT II€pe€xoaa, Koraa TbMa 10CTUTracT
CBOETO NMKa, a 3ateM B JleHp HapTyrana HaunHaercs
OOHOBJICHHE U POCT. DTOT NEPUOJT CUUTAJICS BpeMEHEM
pa3sMBIINUICHAN, BHYTPEHHETO OYHINEHHWS W IIOATO-
TOBKHM K HOBBIM KU3HEHHBIM 3Taram [7].

OOpsi, KOTOPBIH B CETOAHANIHUX PEaHsX PEKO-
MEHJIyeTCsl MPOBECTH Tepesa 3akaToM HakaHyHe Ka-
paryHa: oOpamasick B ctopoHy CoOJHIA MPOU3HECTH
(pas3sl Ha paccTaBaHHE C YEeM-ITUOO WM yAaJICHHUEM
9ero-1ubo U3 cBoe Ku3HU. Ppa3bl JOIKHBI 3BYYaTh B
Oynymem BpemeHH. JKenmaTenbHO 3TO JiesaTh Ha OT-
KpBITOM Bo3yxe. Eciiu He 1oiry4aercs BBIITH, TO, XOTS
Obl, clenath 3TO B moMelieHuu (goma, B odwuce).
Hampumep: «S paccranych ¢ 60je3HbIO», «S Opormry
KypUTB», «51 paccunTaroch ¢ goiaramm» (Ipo cedst) uim
«AHapa miepectaner 0onetsy, «/BaH mepectaHeT Ky-
putb», «bepuk paccuuraercs ¢ moirramu» (Ipo Apy-
Tux), ¥ TaK Janee.

Ecmu ecTh Takast BOSMOXKHOCTB, TIPH CBETE YXOIs-
IIETO COJHIA OyIeT XOpOIIO 3aKe4hb CBEYY HIIHM KO-
crép. ['opeTp OrHto nydie BIUIOTH /IO paccBeTa, HO
MOJKHO 3aTYIINTh €Tr0 Yepe3 rmojigaca Mocie 3aKkara 1
CHOBa pa3Xedb 3a Iojrgaca A0 paccBeTa. Takum oOpa-
30M, MBI CHUMBOJIU3UPYEM IIPUCYTCTBUEC COJIHCYHOT'O
CBeTa JIa)ke B CaMyl0 TEMHYIO HOUYb B TOAY.

C nmactymnenneM Kapatys cembsi cobupaercs me-
pen oruem (OyZb TO KOCTEp WM 3aXKKEHHBIE CBEUH).
Heo0xo01umMo mporoBOpuUTh WIIM BCIIOMHUTH BCE, UTO
OBUIO y Bac XOPOIIEro M IUIOXOTo 3a MPOIIEANINI To.
Hanmcats Ha OymMa)kkax BEIW WM CUTYAIUH, C KOTO-
PBIMU XOTUTE PACCTaThCS U CIKUTalTe ux B orHe [3].

Hou4bplo MOXXHO 3aHATBHCS YCTAaHOBKOM €JIKU M 3a-
TOTOBKOH JIEHT, C KOTOPBIMH MOJKHO 3arajarh Xeia-
HUSL.

ITepen paccBeToM, pU HACTYIUIEHHX BTOPOTO TO-
TPaHMYHOTO COCTOSIHHS CYTOK, HEOOXOIMMO oOparia-
sICh Ha BOCXOJ IIPOM3HOCHUTH (Ppa3bl Ha IPUOBITHE, yBE-
JIMYeHUE Yero-mnbo, Kakayro ¢pasy MIporoBapuBas
BCIIyX IO HECKOJIBKO Pa3 M 3aKPEHHTh CBOE JKellaHHME,
3aBsi3aB JEHTOUKY [3].

Hy»HO MOMHHTB, YTO NPHUBS3HIBAs JICHTHI HA JKH-
BOE pacTEeHHE BCErja cleayeT HCIIONb30BaTh TOJBKO
MPOCTYIO OEyI0 XJIOIMKOBYIO TKaHb U HE BsI3aTh (DUK-
cupyroumil yzen. HyHo cl10XUTb JI€HTY BABOE, Iiepe-
KHHYTbH €€ 4epe3 BETKY, M IPOITyCTHTH J[Ba CBOOOIHBIX
KOHIIa 4epe3 00pa30BaBIIYIOCS TETENbKY. Bl Tak ke
MOJKETE HCII0JIb30BATh NCKYCCTBEHHOE JIEPEBO.

@pas3sl TaKkKe NPOU3HOCATCS B OymymieM Bpe-
MeHn. Hampumep: «S1 Haiigy cebe xoporryio padboty»,
«Mowu criocoOHOCTH ycsTes», «51 0yay 310poB» (TIpo
cebs1) mn «Bnagucnas Oyner 310posy», «Hypnan BbI-
TOJIHO ITPOJIACT KBAPTUPY», K AHHYD YAa4HO YCTPOUTCS
Ha HOBOM MecTe» (IIpo Ipyrux) u Tak aaiee. OgHo mo-
JKeJaHUE Ha OJHY JICHTY.

[Tocne 3TOro MOXHO MPUCTYNATh K TPa3IHUYHOMI
Tpamese o ciydaro HacTymieHus Hypryran (3apox-
nenue CeeTa).

CwmbIcnt Benukoro 3uMHETO NMpa3gHAKA, KOHEIHO
e, OCHOBaH Ha BO3POKACHHHM OTMEUYECHHOTO BBIIIE
3MMHET0 CE€30HA M BPEMEHH, IIPOCIIAaBICHHE HEO0X0IH-
MBIX UM OOpSIIIOB.

[Tpa3aHuK HApTYTraH — 3TO CE30H 3UMbI, MEPOIIPH-
ATHE, YTOOBI BEIUTPATh CaMbIi KOPOTKUH AEHB U CaMyIO
JUITMHHYIO HOYb, YTOOBI OCBETUTh CyMEPKH JIHS U HOYH.
Hapryran — 370 1iepeMoHus pa3JHOBaHUs IEBSHOCTA
COJIHEYHBIX 3MM I0J Ha3BaHueM <«KenTokcany;
HayaJl0 NPUBUTHUS UYEJIOBEYECKUX IIEHHOCTEH, TaKhX
KaK yBaKeHHE K BO31yxy, nountanue Connia, Ceera,
JKeJaHUe TApPMOHUM OTHA ¥ BO31yXa. B mociexnuii me-
csiI1 3MMBI Benmkue creny HaBoTHEHBI OeIol MeTebIo,
KOTOpasi TaKKe SBIAETCS 3UMHHAM XapaKTepOM BO3-
nyxa. Mecs Ha3pIBaeTcs «akmany (pespainp) [7].

Crnenyer oOpaTUTh BHUMaHHE Ha OJIHY UCTOpHYE-
CKYIO LIEHHOCTb, CBUJICTEJIbCTBYIOIIYIO O COJICPIKAaHUU
npa3JAHuKa HapTyrad. Mbl JJOJDKHBI TIPU3HATH, YTO BOC-
XOAsIIas KOopoBa, M300pakeHHass B merporimde Ha
cKaJie Ha rope AHbIpaKai, sSBJISeTCs )KUBBIM BOILIOLIE-
HHEM 3TOT0 3MMHET0 CEe30Ha.

B ka3zaxckoM MOHMMaHUY 3UMHHUH CE30H 03HaYaeT
MPU3HAK CTApEeHUs BpeMeHH [7].

[MpazgHUK HapTyraH HWMEeT IEepPBOCTENEHHOE
3HAYeHUe, YTOOBI 1TOKa3aTh yBEKOBEUMBAHNE BPEMEHU
B oOpase CoJIHIIa 4epe3 BOCKPECCHHE W3 MEpPTBBIX.
Ckopee Bcero, IeHb pOXKIeHUs Ha3Bamu Obl «KpacHas
[lamouka". Ot0 00pa3 HOBOPOXKAECHHOTO, M CIOBO
«Illaka» — &IPEBHETIOPKCKOE MOHATHE «pebeHOoK".
OmHuM ¥3 TPOM3BOAHBIX 3TOro HapryraHckoro
pHUTyaja cieayeT CYWTaTh M TIPOCTaBICHHE oOpsiia
«KpacHO€ SHI0» C TIOPKaMU B COCTaBE IOJIbCKOM
HalWH.

Hapryran — 3T0 no3HaBaTenbHbIN BETUKUI npa3j-
HUK 3UMHETO CE30HA, OCHOBAaHHBIM Ha JIPEBHHUX TECH-
TPUAHCKUX 3HAaHMSAX TIOPKCKUX HaponoB. [IpeBHee
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CJIOBO «HAp», 0003HAYAOIIEE MOHATHE COIHIIA, TOCITY-
JKUJIO OCHOBOW ISl Ha3BaHUS 3TOTO Npazauuka [10].
KoueBoil Hapoxa co3gan 3TOT MpPa3AHUK B BIOXY
Coumnna u cBeta. OHAKO CETOTHS 3TOT MPa3IHUK, CO-
CTOSIINN M3 HECKOJIIBKHUX 3TAllOB PUTYaJOB U 0OPSIOB,
XapakTepeH IS OCEIUTBIX HAIIMOHATHHOCTEH W HapO-
HocTel. OH SBIIIETCS EHHOCTHIO, KOTOPasi 3SHAMEHYEeT
KOCMOTOHHYECKOE TIO3HAHKNE CBPA3UIACKUX HAPOIOB HA
JIPEBHUX MpocTpaHcTBax. OIHAKO OH CErOJHs MOYTH
3a0BIT U MOCTEICHHO MPEBPATUIICA B BO3BpAIICHUE K
CBOEMY TPEKHEMY XapaKTepy ¢ OObCAMHEHHBIM BOC-
CTaHOBJICHUEM HECKOJIBKHX HapojoB. Haptyran — 3to
HE TOJIBKO TPa3JHHUK, HO 3TO HCTOPHYECKAs IICHHOCTE,
CKPBIBAIONIAsl CBOM JPEBHUE HCTOPUUECKUE TIOHATHS U
3HAHUS, 3TO HCTOPHYECKas LEHHOCTh, CKPHIBAIOIIAS
CBOM JAPEBHHUE HCTOPWYCCKHE MOHATHSI W 3HAHUS, a

TaK)Ke COOCTBEHHOE M3 YellOBEKa, HalpHUMep, COBpe-
MEHHBIE Ka3zaxckue uMeHa, Takue kak Hypryran, Kyn-
TyraH, A#ryran. Taxoke OBUTH W3BECTHBI Ka3aXCKHE
’kplpayn ¢ umeHamu Haprtyran u Hypryran. Kazaxu
OOBIYHO CBSI3BIBAIOT ATO C SIBICHUEM, MPHYPOUCHHBIM
KO JTHIO pO’KICHHS YeoBeka [7].

Ho B Hamie BpeMs MBI C COXKaJ€HHEM TOBOPHM,
YTO OOLIETIOPKCKUI XapakTep CTall OTCTPaHEHHBIM U
3a0bITBIM. VIMEHHO MOSTOMY B 3THOTpad)uy MHOTHX
HapoJOB TPYIHO BCTPETUTH OSTOT MNpa3IHHK. OJTOT
MIPa3JHAK CETOJHS COXPAHWICSA y TIOPKCKOTO Hapoja
yyBallei — HapTykaH. B rmocneanee Bpems Hauanu Boc-
CTaHAaBIMBATHCS U TaTapCKHUE, OAIIKUPCKUE HAapOIbI
[3]. Hapsimy ¢ 3TM BeHTepcKHuil Hapo.l TakKe Ipa3i-
HyeT «KopadyH»/ «kapadayH»/KaparyHn, He 3a0bBas
TpaAUIHN.

Ma>xkapnap exxenri TypKinepH/.?..
HapTtyraH (KapauyH)
mMepekeciH aTan eTTi

>KaHanbikTapabl telegram
apHambI3aH OKbIHbI3!

TEMEPUWH. KazAknapaTt - Ma>kapcTaHgblK,
«Mapgunap-TypaH» Kopbl exXXenri TYPKIiHIiH,
KapauyH mepekeciH aTtan eTTi. byn mepam
KasakcTtaHga HapTyFaH gereH atneH TaHbiMman,
nen xabapnangbl KasAknapaTt RTV apHacbiHa
cinTeme >kacan.

B sroii kapTHHKE coolmaercs, 4to B BeHrpum
dhorn «Mamusap-Typan» OTMETHIT TPEeBHUH TIOPKCKUH
npa3aauk KapauyH, kotopsrii B Kasaxcrane Ha3biBa-
etcst Hapryras (Magpspbl — caMOHa3BaHUE BEHTPOB [0,
c. 331)).

Ceronus KapauyH, npa3iHOBaHUE, OTPaHU3yEMOE
tdormom "Manusap-Typan", TpaAUIIMOHHO OTMEYALTCS
B BEHrepcKoii ctpane. Ouu roBopsaT «Kapadon», ocHO-
BBIBAsCh Ha JIPEBHETIOPKCKOM cioBe. [lo mporpamme
Npa3HUKa BEHIPBI 3KHUTAI0T OOJIBIION (hakes 1o Beei
CTpaHe U MOIT MamMaHckue necHu. CyTh 3TOTO pUTY-
ajia B TOM, YTO CBET CIHOCOOCTBYET TOMY, YTOOBI JIyd
ObIcTpee MpeoJoIes caMylo JUIMHHYIO HOYb B TOJY H
CHOBA 3aCHsLIL.

M5l HE MOXKEM CKPBITh TOT (PaKT, 4TO Mpa3gHUK
OBLT OTMEYEH IO-pa3HOMY IO BIMSHUEM MHOTOBEKO-
BOM HJEOJIOTUM W HOCWUJ pa3HbId Xxapaktep. boiee
TOTO, TaKWe HApOMbl, KaK IOJSIKH, OTMe4aroT JleHb

«KpacHOTO SHIIay, IPUYPOUCHHBIN K STOMY TPa3IHUKY .
Y4uTBIBasg, YTO MHOTHE ITHOTpaHUUYECKHe NEHHOCTH
Ka3aXCKOT0 Hapoja HEPa3phIBHO CBS3aHBI C ATOW 3HA-
MeHaTeNbHOH natoii [3].

N3BecTHO, YTO TIOPKCKHUE HAPOJbI MOYUTAIH de-
ThIpE CTUXHUH, CTUXHUHU KaK BEJIMKOTO TBOPIIA. DTO BOJA,
OTOHb, IOYBA U BO3AYX. B TFOPKCKOM MOHMMAaHUHU 3TH
YETHIPE CTUXUHU COBMAAAIOT C YETHIPHMS CE30HAMH Bpe-
MCHHU: BeCHa — BoaHBIN, JI€TO — OTHEHHBIM, OCEHb —
MTOYBEHHBIH, 3UMa — BO3AYIIHBIH, II03TOMY OKPYXKaro-
miasi MPUPOJIa BIAJACT B YCTHIPE PA3NIMYHBIX COCTOSI-
Husl. B BeceHHee BpeMs TIOBEPXHOCTh 3¢MITH MTOKPHIBA-
€TCsl BOAOM, BECb MU CMEIIMBAETCA C BOAOH, KOTOPYIO
Ka3ax¥ Ha3bIBAIOT «OYPHOID»; B ICTHUH CE30H JTHEM Ha
3eMJIe He OCTAeTCsl HU TPaBbl, HU PACTUTEILHOCTH, HH
4eJI0BeKa, HM HAaCEKOMOT'0, HH YKHBOTHOTO, KOTOPBIC HE
BBIXOJISIT HA TIOBEPXHOCTh, HO TIPH OTOM HAKaIUIUBAIOT
sHepruto. Otcionma u HazBaHue «OTrHEHHOW» 3eMiH,
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T.€. UCIEMeNAoNas xapa, 3H0ii, TpaBa BBITOpPaeT, Cy-
xoBei. Korya Hactymnaer oceHb, BeCh JIETHUN «OTOHbBY
YBSIIAET, OCBIMAETCA, MaJaceT Ha 3E€MIII0 M MpeBpamia-
ercs B mo4By. OCEHBIO IPOCTPAHCTBO CIYXKHUT MOYBECH-
HBIM ITOKPOBOM. A C HACTYNJIEHHEM 3MMBI, KOTJa 1ap-
CTBOBaHHE CTUXUH Bo3nyxa m 3akpemmnocs Ha 3emie,
JIEBSIHOCTO [JHEH Has3pBalOT «Jexabpem». BecHa,
Hayayo roza «Cy nyneii — «BogHas» jero — «O» o1-
TOKCaH», T.€. «OTHEHHas1», OCEHHUI ce30H — TomnbIpak
«1o4Bay. TOJBKO CIIOBO «KENTOKCAaH» Aya «BO3AYyII-
Has» OT CJIOBA <OKBUIFA» — (OKBUITOKCaH», AekaOpp"
CTaJI0 Ha3BaHMEM IIEPBOTO MECSIA 3UMBI U IePeCTano
HCTIONB30BaThCA [3].

Bpems nmpuxona Kaxaol 4yeTBEpTU NPU3HAHO B
COOTBETCTBHHM C JTHEM M HOUYBIO: BECCHHEE PABHOJCH-
ctBHe — Haypr3, ocennee paBHOneHCcTBHE — CabaHTYH,
JIeTHee colHiecTosiHne — CabaToli, a 3MMHEE COJIHIIE-
CTOSIHHE — B COOTBETCTBUH C Npa3gHuKamu Hapryras,
OTKPBITBI U OTMEUAIOTCS CTUXUITHbIE BpEMEHa roja.

Hapryran — oOuMH M3 deThIpeX BEIHUKHX
MPa3THUKOB, OCHOBAHHBIX HAa TAaKOM HCTOPHUKO-
¢dbunocodckoM MO3HAHUH, U, HECMOTPS HA TO, YTO OH
SBJISIETCA CHUMBOJIOM 3UMHETO CE30Ha, OH HAaYMHAeT
BOCXOXKIECHHE K HMCTOYHHMKY BEJIHMKOTO ITO3HAHUS,
Hapsiy ¢ IPHCBOCHUEM APEBHETO Ha3BaHUS CONHIYY. B
JPEBHETIOPKCKOM MMOHMMaHuH COJHIIE — 3TO BEYHOCTb,
¥ [IO9TOMY OHO YMHPAET U BOCKPEIIAETCsI KasKAbIH TOJI.
[ara ero cMepTH coBrnanaeT ¢ JlHeM caMOro KOpOTKOTO
IHS B Tomy B HOub ¢ 21Ha 22 nexabps. Uepes Tpu
CBATBHIX JHS COJHLE-ITy4 Bo3poxnaercs. [ara — 25
Jekadpsi. JTo To, YTO TIOPKM HaspiBatoT Hapryraw/
Hapryxkasn [7].

Uro 31ech 03Ha4aeT ClOBO «Hap»? B kazaxckom
s3bIKe B Hame BpeMs cioBo «Hyp» oOo3Hauaer cBs-
IICHHBIH CBET, HO JTO OBUIO JApeBHEE MOHITHE
«COJIHIIE», KOTOPOE OBIJIO Ha3BaHO «HAP»: B IPOIIIOM
OH 3aMeHeH ucnaMckuM cioBoM «Hyp». Manrucrayc-
kuil Hapox B Ka3zaxcrane, npuHaanexamuil K equHON
AITaCKON SI3BIKOBOM IpyImIe, 10 CUX HOp Ha3bIBAaeT
«Hap». B obmeM, cioBo Hap — «3TO BCeUyeIOBEUECKOE
Ha3BaHUE JIHS, ¥ TOJBKO KaXkKIbIA Ha CBOW SI3BIK TOBO-
pu «Hap wim» «Hyp» [10].

Hamu npenku HaumHamm aexaOpb ¢ BoiHBL. Ho
CETOJHSI 3TO MPEBPATUIOCH B KOPOTKYIO KaMIIaHHIO 110
COXpaHEHHUIO Msica. A IpeBHUM BapHaHT — MCTOYHHUK
CBeTa, CTABIIMKA UCTOYHUKOM BEJITUKOHW KU3HH, — OBLI
npuHeceH B kepTBy B uecTh ComHua. bemgHsle, y
KOTOPBIX HE OBIJIO MIIM MaJIO KPYITHOTO POTaToro CKOTa,
00BeIMHAINCH, YTOOBI 3a0UTh OJJMH KPYITHBIH pOraThIit
CKOT, pa3lielWB €ro Ha 12 dYenoBeK W pa3jienuB
JKepeObEBKY. Oto OBLTO OOKECTBEHHOE
MHPOBO33peHHe. 12-5 9acTh MOXET CHMBOJIHM3HPOBATh
CTPYKTYypy INIOOAIbHOTO MPOCTPAHCTBA, HWMEIOIIETO
npsMoe BiausgHNe Ha COHEYHYIO CHCTEMY, COCTOSIIIYIO
n3 12 co3Be3amii Ha HebOe, W MOXKENIaTh OIATOIOTY U
3TOMY MPOCTPAHCTRBY [7].

OTOT JeHb COXpaHMJICS Y MHOTHX Kak 3HaMeHa-
TENBbHBIA TPa3THUK, M KaXKABIH HApOJ OJHUIETBOPSET
CBOE€ MO3HAHME THM JIHEM: Y BEHI'€pCKOTO Hapoaa —
«xapauyH»/KapaTyH; y TOJIBCKOTO — «JIeHb KPacHOTO
aina", y uyBaled — HapTyKaH U T.0. A B Ka3axCKOU
KyJIbTYpE OH HE SIBJII€TCS] 3HAMEHATEJIbHBIM Mpa3iHU-

KOM, MIPUCIIOCOOIIEH K OBITOBBIM 00bIYasiM, CMBICI pH-
Tyasia ObUT 3a0BIT ¢ MPUXOAOM HciIaMa. UTo Kacaercs
HapTyraHa, TO CpeAn TIOPKCKHX HapoJoB Hamboiee
MIOJTHO OOBIYay M TPAJULIUU COXPAHWINCH Y TyBalleH.
Hagaiite Bo3pMeM putyan CypXypH, YTOOBI yOeTUTHCS.

Cypxypu — Hayano Tpa3iHHKA, CBA3aHHOTO C
Comanem (22 pexabps). Cyp xypu (miieBats Ha dep-
HOr0) O3HauaeT OTpHULATh MHedanb. VHaue MecTHbIE
Ha3bIBalOT "HapTykaH". 3a TpU JHS A0 3TOTO MOMEHTa
JIeBYIIKH T'YJISIOT IO IePEBHE U KPYy>KaT BOKPYT oMa ¢
HEBECTKOH. 3aTeM COOMpPAIOT COJIOA U ypOXKaid, 4YTOOBI
MIPUTOTOBUTH 003y U Kalry. Bce coOuparoTcst 1 roToBST
3Ty €Iy B YEAWHEHHOM JOME, BEUEPOM B 3TOM JOME
MOJIOAEXKb Tpa3IHyeT HaeANHE. DTO MOX0XKE Ha Ka3ax-
CKYIO «TOJIOBHYIO» cKaMblo. Ha cienyromee yTpo B oc-
HOBHOM COOHMPAIOTCS OTI(BI MOJOABIX Toxen. Ux ca-
XKAIOT Ha YETBEPEHBKH, JAIOT 003y, IIyTAT U BECEIATCH.
CMBICTT 3TOTO TNpa3gHMKA YyBalled — KOHEIl roja U
pOXkIeHue HoBoro roaa [3].

JleHb ceTa — OCHOBA pa3pylICHUS CTApOTo U TeM-
Horo. CaMblif KOPOTKUH JIeHb B rofy. DTOT €Hb CUH-
TaeTcs MOMEHTOM YCUJICHUS TeMHBIX CUI. B 3TOT AeHb
YUTAETCsI MOJIUTBA [0 OTHOIICHUIO K OJI0MAIlTHEHHBIM.
OxasbIBaeTcsl, B )KepTBY 3a0MBaIOT Tyceil. A y Ka3axoB
COFBIM, T.€. 3a0MBAIOT KPYIHBIA POTaThIi CKOT.

Kamapnau (Kamapan) — HenenbHOE MPOI0IKeHNE
Hapryrana/ Cypxypu. [ TaBHBII HAIUTOK 3TOW HeleIH
— 003a, (hepMEHTHPOBAHHAS CHECHUATBHBIM PUTYaJIOM.
310 AemaeTcs ¢ MOMOIIBIO pUTYajla ¥ MOJIHUTBBI, KOTO-
pBI€ CIIENHAIBHO COOMIONAIOTCS BO BPeMs OpOKEHUSL.
Koamrapau Haunnaercs nocie 21-22 nexabps [7].

B mectHOCTH Mapel B TypKMEHUH TaKKe UMEETCS
JIOCTAaTOYHO oObIyaes, HETOCPEICTBEHHO
otHocsamuxcs Kk Hapryrany. Tak, urpst «Illopsikiion»
(oBeubs HOTa) MPOBOAATCS MOCJTE KOPOTKOTO 3UMHETO
OHA W JIONroi HouM B TedeHWe Hexenn. OBsna
n300pakeHa Kak oHa npoekuus CollHIa Ha 3eMITIo. A
B OCHOBE Ka3aXCKOTO OpHaMeHTa M3 0apaHbHUX POTOB,
CKOpee BCETo, M300paXkeH OJMH M TOT e >KU3HEHHBII
myts Connna. [losToMy OH cTanm yBakaeMbIM U
MOYNTAEMBIM CHMBOJIOM. DTa UTpa XapaKTepHa TakkKe
JUISL TMyBamiei, Tarap, Oamkup W yAMYpPTOB. Y
TYPKMEHCKHX Maphl TakKe €CTh Urpa IO/ Ha3BaHHEM
«CoxkpIpTaray, KoTopas SBISETCS aHAJIOTOM, BepcHei
kazaxckoit urpsl «Cokplpreke» (ciemoi Oapan). B
Ka3axckoM (oJpKIOpe aWMycHH AK cepKe Hrpaer
CUMBOJI HOYM, a por urpaer posup Jlynel. Hrpa B
LIypliaHue, TMOBBIIIEHHE  cTaryca  JHS, Mepa
nonaepxku [7].

ATpuOyTHUBHBIE CHMBOJIBI Tpa3fHUKAa HAPTYTaH
YCKOPSIIOT YCBOCHHWE, NMPUHATHE INPa3JHAKA B CO3Ha-
HUH, TTOBBIIIAIOT €T0 [IEHHOCTb.

Porarteiii Gapan — riaBHas s3bpldeckas (urypa
Hapryrana, ¢ poramu, UIyniiMH 110 TPAEKTOPUH JBH-
xerns CoyHIa.

ITetyx — cumBon Ctuxum Boznyxa, npenBecTHHK
BpeMeHU. OH OO0BSBISIET KAKJ0€ YTPO U OOBSIBISAET O
B0O300HOBJICHUH JHS.

ConHeuHOE BEYHO3EJIEHOE IEPEBO, KOTOPOE BbI-
JepKHUBAET BO3AYILIHbIE MOPBIBEI U HE MEHSET LBETA,
BEYHBIIl CUMBOJ BPEMEHH, IIyTU B MPHPOJE, TO €CTh
IyTh JKeJaHus. ATpUOYTHBHBIE CHMBOJBI IIPa3HUKA
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€JIKH YCKOPSIOT YCBOCHUE, IPUHATHE MIPa3IHUKA B CO-
3HAHWH, TIOBBIIIAIOT €T0 IIEHHOCTh. ENKy Tak:ke MOYKHO
WCIIONB30BaTh B BUJE KOJIBIIIIKOB.

Baypcaxk (msImHbIe, jkapeHHBIE B Maciie XJIcOHbIe
W3IENUA) B Ka3axXCKOW Tpagummu u3o0paxkaer obOpa3
JKapKOTO COJHIIA, IOJICP>KUBACT HOBOPOKICHHBIH Hap
OTHEM U 3HEpTUeH, — 3TO apoMaT, KOTOPbII U3JIy4aeT
MIPOAYKT.

V kapakanmnakoB — Kencene spbiv XKynaszeiM. Y
TypkMmeHoB — HypTtyran [7].

MHorue Hapojbl OTMeYalu JeHb 3UMHEr0 COJIH-
LECTOSIHUA. Y JPEBHUX CIaBsSH 3UMHEE COJTHIIECTOSHUE
3HaMeHOBao coboif mpa3gauk Komsaapl, oguH U3 ca-
MBIX B@XHBIX NPa3THUKOB TOMAA, ITOCBSIIECHHBII
COJIHITY, €r0 BO3POKACHUIO U 1mo0esie CBeTa Hal ThMOit
[11].

B 3TOT neHp craBsiHE YECTBOBAIH COJHIIE, KOTO-
poe, Ka3anoch, 3aMHpPajo, YTOOBl OTOM HadaTh CBOM
HOBBIM IyTh. I'TaBHBIM CHMBOJIOM COJHLIA B 3TOT Iie-
puoz 66110 Koo, orpoMHOE K0JIECO, KOTOPOE OOBSI3bI-
BaJM COJIOMOI M TOJKHTalH, a 3aTeM CKAThIBAJIHU C
rOpbl, IPOBOXKAsg yXOASIIUN TOJ U BCTpedas HOBBIM.
Jlronu mexnM Kpyrible KapaBau, CUMBOJU3UPYIOIINE
COJIHIIE, ¥ YTOILIaNIU IpyT ApyTa.

Komsma Brimrouama B ceOst oOpsa KOJSTOBAHHA.
Mormnonexs, HapsSIUBIINUCH B IPKHE KOCTIOMEI, XOIMIIA
0 JIOMaM, pacreBast KOJSAKH — TECHU C TI0KeJIaHu-
SIMU 700pa, 3A0POBBS U OJIATOIIOyYHs X035€BaM U MX
ceMbsiM. B3aMeH Konsayromue moayvYail YTOMeHUs 1
MOJapKA. DTOT 00BIYail OBLI HE TONBKO BECEIBIM pa3-
BJIEYEHHEM, HO U CIIOCOOOM paclpOCTpaHeHHs T00PbIX
MOXKENaHUH U YKPeTJIeHUs OOIIUHBI.

Ceituac, XOTs JpEBHUE TPATUIMU H3MECHUINCH,
JICHb 3UMHET0 COJHIECTOSHUS, MPOJOJIKAET OCTa-
BaThCsl BPEMEHEM JUIsl pa3MbILUIeHUH, (uitocodceTBo-
BaHU, TIOJBSICHUS UTOTOB W 3araJbIBaHUS JKCJAHUH.
BoT HecKONBKO MPOCTHIX PUTYAJIOB: HaBEICHHUE IO-
psiiKa B CBOeM JoMe, M30aBJICHHE OT HEHYKHBIX Be-
mieid, 9ToOBl OCBOOOAMTH TPOCTPAHCTBO JUII HOBOM
SHEPTHUU U MMO3UTHUBHBIX TIEPEMEH; 3aIHCh U COKATAHUE
JKEJaHuM.

CKaHJMHABHI B IPEBHOCTH OTMeuanu Mok, 03Ha-
YaBIIMKA BO3BpalieHue cBera. [lomyaspHbIM o0bdaeM
OBUTO CXKUTAHHE OOJIBIIOTO IOJICHA, KOTOPOE TOIDKHO
OBLJIO TJIETh HECKOJIbKO AHEH. OHO CUMBOJIM3UPOBAIIO
MpoJyIeHne coaHeuHoro cera [10].

Y HHKOB (APEBHETO BBICOKOKYIBTYpPHOTO IIjie-
MeHH UHJeHIeB, xuBineM B FOxHoI AMepuke B Oac-
ceitHe pexn AMa30HKH [6, c. 242]) 6su1 ipa3gHuk MHTH
Paiimu, mocBaménnsnid 6ory MHTH, 3UMHEMY COJTHIIE-
crossauio 1 HoBomy romy. LlepeMoHus mura neBsATh
JTHEH, ¢ My3BIKOHM W TaHI[AMH, JIFOAW HAJEBAIN Pa3HO-
[[BETHYIO OJCKIY H MacKH.

B Hpane B xpyry 6mm3kux otmeuarot 111a6-e Amna
— Mpa3IHUK, KOTOPEIH Beimagaet Ha 20, 21 nmm 22 ne-
Kabps. B camyro AnmmHHYIO HOYB B Oy JIIOAM yrolla-
IOTCSI OpEeXaMH, ITpaHaTaMu 1 apOy3aMu: KpPaCHBIH I[BET
OJIUIIETBOPSET OTTEHKH pAcCBeTa M CHMBOJ JKH3HH.
Ectb Te, KTO He JI0XXKUTCA CIIaTh 10 CaMOT'o yTpa, 4YTOObI
YBUJIETh HACTYIUIEHUE paccBeTa [1].

KapauyH (cymr. M. 1 Hap.) — KaIyT, KOHeIl, CMEPTh,
rudenb, W3BOJ; JIONSYEHHE KOTro-JIMOO /0 KOHIA,

HarpuMmep, Takue 00opoThl: «/laTk KoMy KapauyH, 3a-
JaTh KapadyHay — yOUTb, YHHYTOXXUTH KOT0-T100, 4TO;
«ITpumén emy kapagyn». Cum0. 3moit nyx. «CouHie-
BOPOT, eHb 12 (25) nexadps CriupugoHOB I€Hb — ICHB
si3prgeckoro 6ora Kapauyna. Kapaayrute» — yHHYTO-
JKHUTb, I3BOJUTH, YOUBATh. [2, c. 312].

Kapauyn (KopouyH) — JIeHb 3UMHETO COJIHIIECTO-
stHusE 21-22 nexabps.

Kapauyn — (BHe3amHast cMepTh — ycTap.) Obue-
ciaB. OOpazoBaHO, BEPOSTHO, C TOMOLIBIO CY(. -yH OT
ocHOBBI *kork, CBS3aHHOM STHMOJIOTHYECKH C KOPOK —
«HoTa, mar». Cm. kapauuM, okopok. Hanucanue u mpo-
m3HomeHne A BMecto O — B pe3ynbTaTe akaHbs U 3a-
KperieHus ero B opdorpaduu [12, c. 188]

B craBsiHCKO# MEDoITOTHY 311011 TyX, COKpamIaro-
LU )KU3Hb U OJIMLETBOPSIOLIUN CMEPTH B PAHHEM BO3-
pacte. Ilo MHeHMIO psiga uccienosareneii, Kapauyn —
00’KECTBO HIKHETO MHpa, NMOBEIUTENIL MOPO30B, XO-
nona u Mpaka [4].

B ncrounuke [8] npuBeneHbl TAKHE MPEIIIONIONKE-
HUSI O IPOMCXOKAEHUH coBa «Kapaayn»:

1. B kapnaTto-0alkaHCKOM 3THOJMHIBUCTHYE-
ckoM apeaine cioBo «Kapauyn» oGo3Haganmo poxne-
CTBCHCKUI KaJICHIAPHBINA UK U ero 00psI0BBIC pea-
THN.

2. Ilo rumore3e actponoma [1.0., B JlpeBHei
Pycu cnoBom «Kopouton» HasbIBalM AE€Hb 3MMHETO
COJTHIIECTOSTHHUS.

3. Ilo muenuro B.B VBanosa u B.H. Topomnosga,
B cnaBsHCKOH Mudosornn KapauyHom Ha3bIBaiCs
3UMHMU COJIHLIEBOPOT U CBA3aHHBIN C HUM IIPa3JHUK.

Kapauys [5] —3T0 ieHb 0ABEICHUS UTOTOB, MPO-
CJIABJICHHS TIPEJIKOB, POJIOBBIX OOrOB, yXOBHOE U (u-
3U4YecKoe OYHIICHHE Yepe3 OroHb, T.C. B TeUEHHE He-
JIEJIA JI0 3TOTO JHS TOJDKHBI TopeTh cBeun [10].

Creyronmii 1eHb — Kansga — n30aBJIeHUe OT He-
HYXHOTO, CTaporo, BO3pPO’K/IEHHE, Ha4ajo HOBOTO,
npubaBiIeHNEe CBETa, 3a4MHAHUE HOBOTO IMKJIA, MOYH-
TaHWe MPenKoB ( Ha CTOJE MOJDKHA OBITh KyThs), IPHU-
pacTaHus CUIIBL, CBETA.

Jlana — BesmKast mpapoUTENbHALIA POXKaHa, Tpa-
MaTepb 00U (MOSIBJICHUE MJIaJICHIIA U3 TEMHOTHI: Te-
Iiepa, BepTell, I7ie BCE BEPTUTCA, KPYTUTCA. 25 nexadpst
— PoxxaecTBo, YTHIIM MPEIKOB, CIaBUIIN OOTOB (IEpo-
Beuep) [4].

Apwuna Huxutuna [11] oTMeuaeT, CHMBOIaMH Ka-
padyHa CUMTaIH NTHUIy CUPHUH, OOTHHIO Kapa (4€pHas
BOJIYMIIA). B 3TOT 1€Hb MOJIO’KEHO paccTaThes € 3r0, CO
CTapbIM, OTITyCTUTb, HE OOMaHBIBATh ce0sl, TOKOPMHUTD
cobauex.

Kapauyn (KopouyH) — nata coOBITHS yHUKaJIbHA
Ut kakaoro roga. B 2025 roxy 3ta nata— 21 nexaOps.
OnvH U3 caMBIX XOJIOTHBIX THEH 3UMBI U CaMBIil KOPOT-
Kuit neHb B roay. JeHp si3pryeckoro nountanus Kapa-
yyHa (BTopoe nMms UepHOOOra) MpUXOIUTCSA HA JIEHBb
3MMHETO COJIHIIEBOPOTa (OTMEYAEMOTO B 3aBHCUMOCTH
ot rona 21 wmm 22 nekabps). Cauranock, 4To B 3TOT
JIeHb OepeT CBOIO BJIACTh Tpo3HbIH KapauyH — Goxe-
CTBO CMEpPTH, IIOA3EMHBII1 OOT, MOBEJICBAIOLINHA MOPO-
3aMu, 37101 qyX. JIpeBHHE ClaBsHE BEPUIH, YTO OH MO-
BeJEBAET 3UMOM U MOPO3aMHU M YKOPAauHBaeT CBETIOE
BpeMmsl CyTOK [8].
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Cuiyru rposHoro KapauyHa — MeBeAU-1IaTyHBI, B
KOTOPBIX 000paunBaroTCs OypaHbl, © METEIU-BOJKH.
CunTanoce, 9To M0 MEABEKBEMY XOTEHHIO U 3Ma CTY-
JIeHas! JUIUTCS: TIOBEPHETCS MEBEIb B CBOCH Oepiiore
Ha Jpyroi 00K, 3HAYNT, U 3UME POBHO IOJOBHHY ITyTH
JO BECHBI MpoHTH ocTanock. OTCIONa M IOTOBOPKA:
«Ha ComnnieBoporta MenBsenp B Oepiiore moBOpavymBa-
eTcsi ¢ oqHoro 6oka Ha npyroi» [11].

B Hapoze moHsiTHE «KapadyH» B CMBICIE OTH-
Oemu, cMepTH HUCHONb3yeTca A0 cux mop. ['oBopsr,
HaIrpuMep: «IpHILIET eMy KapadyHy, «KIH KapadyHay,
«3a]aTh KapauyHay, «XBaTHJI KapauyHy. C Apyroii cro-
POHBI, CIOBO «KapadnTb» MOXET MMETh CIIEIYyIOIINe
3HAYEHHA — IATHTHCS 3370M, TTOJI3KOM, «CKOPSIHIIO» —
CKOpUmio, ceso. BosmoxxHo, KapauyHa Tak Ha3bpIBanu
UMEHHO IIOTOMY, YTO OH Kak OBl 3aCTaBILUT JHEBHOE
BpEMs HATH B OOpPaTHYIO CTOPOHY, ISTUTHCS, IMOJI3TH
MIOJI3KOM, yCTyHas HO4H.

IlocrenenHo B HapogHoMm co3HaHuu Kapauyn
comm3mics ¢ Mopo3oM, KOTOPBIA CKOBBIBAET CTYXEH
3eMJII0, Kak OBl MOTpyXkast ee B CMepTHBII coH. DT0 60-
nee 6e300uaHBIN 00pa3, ueM cypoBslit KapauyH. Mo-
P03 — MPOCTO MOBEIUTENb 3UMHHX X01070B [11].

Hrak, Ha OorpoMHOM IpocTpaHcTBe EBpasuu ot1-
MEYaroT JIeHb 3UMHETO COJIHIIECTOSIHUS, B CaMBbIil KO-
POTKHMH A€Hb W CaMyIO IJIHHHYIO HOYb T0Jia IOJBOJIS
UTOTH TIEpes OTHEM KOCTpa WIM CBEYH, HMPOIIASCH CO
CTapbIM, HEHY KHBIM. 3aTEM BCTPEYAIOT PACCBET, MOSIB-
JICHUE HOBOTO JTHS C Ha/Ie)K 0 1 Bepoil B IprOaBIIeHHE

cBeta. Takxke APCBHUE MHKHM U CKaHJAMHABBI IPA3IHO-
BaJM 3TOT JEHb y IUIAaMEHH KOCTPa, COIPOBOXKIAS
OTIpeICIIEHHBIMH PUTYaJIaMH.
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