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Abstract

This study evaluated the influence of maltodextrin in the diet of weaned pigs on growth, backfat thickness,
haematology, serum biochemical and cost benefit indices. A total of 54 weaned pigs which are largewhite x land-
race crosses with average weight of 9.35+2.36 kg were used for this study. They were randomly allotted to three
dietary treatments (T1 - basal diet, T2 - 500g/tonne maltodextrin inclusion, T3 - 1kg/tonne maltodextrin inclusion)
with three replicates each and six animals per replicate in a completely randomized design. The body weight gains
of the pigs were not significantly (P>0.05) affected by the dietary treatments. They were 23.65, 25.92 and 24.63
kg in T1, T2 and T3 respectively. At the 6™ week of the study, the FCR was significant (P<0.05) and were 3.62,
4.26 and 3.81 in T1, T2 and T3 respectively. However, the FCR at the 13" week was not significant (P>0.05)
among the treatments. The high density lipoprotein cholesterol were significantly higher in T2 (56.33 mg/dL) and
T3 (52.00 mg/dL) than in T1 (46.00 mg/dL). The back fat thickness and all the haematological indices measured
were not significantly (P>0.05) influenced by the dietary treatment. The feed cost per weight gain improved with
inclusion of maltodextrin from ¥1,213.03 in T1 to ¥1,153.77 in T2 and ¥1,120.75 in T3. The supplementation of
maltodextrin in the diet of weaned pigs did not negatively influence the growth and the health status of the animals.

Keywords: Health Status, Maltodextrin, Postweaning performance, Feed utilization, Blood profile.

Introduction

Weaning is one of the most critical stages in pig’s
life because of the need to adjust to dietary and envi-
ronmental changes. These changes could have adverse
effect on the intestinal and immune systems resulting in
impaired health and growth particularly during the first
few weeks post-weaning. At weaning, the sows' milk is
replaced by a dry and less digestible starch-based diet
(Williams, 2003), resulting in significantly reduced en-
ergy intake for epithelial structure maintenance (Pluske
et al., 1996), reduced transmucosal resistance (Spreeu-
wenberg et al.,, 2001, Boudry et al., 2004), and in-
creased secretory activity in the small intestine (Boudry
et al., 2004). With the underdeveloped innate and adap-
tive immune systems of the weaned pigs, damage to the
epithelial layers also reduces the ability of nutrients to
be digested and absorbed into the blood stream which
increases the substrates available for pathogen prolifer-
ation (Pluske et al., 2002). These biological changes
have short and long-term effects on subsequent perfor-
mance of pig in terms of growth and well being. As a
result of this, it is important that swine producers use
appropriate health, nutrition, and management strate-
gies to minimize the adverse effects of weaning stress
S0 as to improve productivity.

A nutritional strategy to promote an early feed
consumption after weaning is the use of highly palata-
ble and digestible ingredients in the post-weaning diet,

such as milk-derived products, or highly digestible ce-
real or animal origin protein sources (Sola-Oriol et al.,
2009). Apart from the main ingredients, non-nutritive
feed additives, such as zinc oxide, acidifier, flavour and
antibiotics are often incorporated to stimulate gut
health and digestive capacity (Heo et al., 2013). Hence,
the need for an alternative non-conventional feed addi-
tive. Due to the adaptive nature of piglet’s digestive
system to milk components, post weaning diets have
been formulated with lactose-rich ingredient that stim-
ulate the intake of feed, help diet transitions (Berrocoso
et al., 2012), and increase nutrient digestibility
(O’Doherty et al., 2005), thereby mitigating the de-
crease in post weaning performance. Studies by Mahan
and Newton (1993) and Oliver et al. (2002) have shown
that it is possible to use hydrolyzed corn starch (Malto-
dextrin) as replacement for lactose in diets of infants
without adversely affecting performance.

Notably, one of the main sources of energy for an
infant's development and growth comes from carbohy-
drates. Maltodextrins (MDs) are a class of carbohy-
drates (CHOs) industrially produced by enzymatic or
acid hydrolysis of the starch, followed by purification
and spray drying (Takeiti et al., 2010). It has an energy
value of approximately 4 kcal/g (Katouzian et al.,
2015). Studies have shown that maltose and maltodex-
trin are digested by a set of enzymes called maltases.
These enzymes are responsible for about 70 and 20%
of the hydrolysis of those carbohydrates, respectively.
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Maltodextrin has the ability to lower the pH of the con-
tents of the rectal cavity and has been implicated in
lowering the total coliform and E. coli populations in
the caecum thus, having a prebiotic effect (Pivetta et
al., 2014). Also, it has been reported to be effective in
partially or totally (Augusto et al., 2011; Pivetta et al.,
2014) substituting lactose in the feed of weaned piglets.
Lactase activity has been reported to be lower than
maltase activity in weaner pigs (Kidder, 1980), hence,
maltodextrin supplementation in the diet of weaner pigs
might induce the synthesis of maltase through the mod-
ulation of enzyme activity exerted by the substrate with
improved performance. This study assessed the influ-
ence of supplementing the diet of weaned pigs with var-
ying level of maltodextrin on the performance, back fat
thickness, cost benefit and health status of the animals
in a tropical environment.

Materials and methods

This study was carried out at AK Research Farms,
Eleyele, Ibadan, Oyo State, Nigeria with daily temper-
ature ranging between 25 - 35°C and annual rainfall of
1800mm (Victory et al, 2022). The study lasted 91
days. Fifty-four weaned piglets (large white x landrace
crosses) with mean weight of 9.35+£2.36kg (+SE) were
used for the experiment. They were administered 0.2 -
0.3 mg/kg of ivermectin injection sub-cutaneously
against internal and external parasites before the com-
mencement of the experiment.

The animals were housed in open sided cross ven-
tilated pens with concrete floor under good manage-
ment practices. The pens were equipped with concrete
water trough and Big Dutchman’s semi-automatic
feeder. Water and Feed were supplied ad libitum
throughout the experimental period. Daily routine prac-
tices carried out included feeding, watering, waste dis-
posal, washing of pens and general observation of the
animal’s welfare.

The pigs were randomly allotted into 3 dietary
treatments labeled T1, T2 and T3 in a completely ran-
domized design (CRD). Each treatment was replicated
3 times with 6 animals per replicate. The diet of T1
(control/basal diet) was formulated to meet the nutri-
ents requirements as recommended by the National Re-
search Council (2012) for weaned pigs raised in tropi-
cal environment (Table 1). Pigs in T2 were fed basal
diet with 500g/tonne maltodextrin while T3 contained
the basal diet with an inclusion rate of 1kg/tonne malto-
dextrin.

The feed intake was estimated daily by subtracting
the weight of the left over feed from that of the feed
given. The body weight of the pigs were determined
weekly using a walk-through digital measuring scale.
The weight gain was calculated as the difference be-
tween the initial weight and the final weight. The feed
conversion ratio (FCR) was determined as the ratio of
feed intake to weight gain.

Table 1

Percentage Composition of Basal Diet
Ingredients Quantity %
Maize 40.00
Groundnut cake 25.00
Wheat offal 10.00
Corn bran 16.00
Fish meal 2.50
Limestone 2.00
Bone meal 2.00
Lysine 0.40
Methionine 0.325
Salt 0.40
Starter Premix 0.25
Toxin binder 0.05
Multi enzyme 0.05
Lavaricide 0.025
Palm oil 1.00
Total 100
Calculated Composition
Metabolizable energy (Kcal/kg) 2650
Crude fiber (%) 5.73
Crude protein (%) 19.67

The proximate composition of the samples of the
three diet were determined using the recommended
procedures described by Association of Official Ana-
Iytical Chemists (AOAC, 2010). The backfat thickness
were measured across the treatment at the 12" week of
the study using the ultrasonic probe technique de-
scribed by Fortin et al. (1980) and modified by Jiang et
al. (2014). The ultrasonic probe technique works on the
principle of reflection of sound wave. The calibration
of the instrument was based on the assumption that the
ultrasonic sound waves travels through fatty tissue at a

velocity of 1480 m/s. The backfat thickness was taken
off the midline over the last rib using ultrasound gel on
the probe. This was done using the Dramiski ultrasound
scanner.

At the end of the feeding trial, pigs were randomly
selected from each treatment and sampled for blood
through the jugular vein into clinical sample bottles for
analysis using hypodermic syringe and needle. The
blood sampled for serum biochemistry analysis were
collected into sterile plain sample bottles without anti-
coagulant while those for haematological analysis were
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sampled into bottles with anti-coagulant (EDTA) to
prevent the blood from clotting. The sampling was
done in the morning before feeding. About 5mls of
blood samples were collected from each animal and
were stored in iced flask till it was delivered to the la-
boratory some minutes after collection. The blood sam-
pled for haematology were analysed for packed cell
volume (PCV), haemoglobin concentration, erythro-
cyte count, leucocyte count, platelets, lymphocytes,
neutrophils, monocytes, eosinophils, mean corpuscular
haemoglobin concentration (MCHC), mean corpuscu-
lar haemoglobin (MCH) and mean cell volume (MCV).
For serum biochemical analysis, the sampled blood

were centrifuged for 20 - 30 min at 4000 rpm to sepa-
rate the serum from the cells. The serum was analysed
for total protein, albumin, aspartate aminotransferase
(AST), alanine amino transferase (ALT), blood urea ni-
trogen, creatinine, glucose, total cholesterol, high den-
sity lipoprotein cholesterol and triglyceride. The glob-
ulin, albumin-globulin ratio (A:G) and low density
lipo-protein cholesterol were estimated.

Data were subjected to analysis of variance
(ANOVA) procedures using the General Linear Model
procedures of SAS (2002). The means among variables
that were significant were separated using the Duncan’s
Multiple Range (DMR) Test.

Table 2
Proximate Composition of Experimental Diet

SAMPLE T1 T2 T3

Crude Protein (%) 19.43 19.625 19.835
Ether Extract (%) 3.79 3.865 3.825
Crude Fibre (%) 3.595 3.555 3.52

Ash (%) 5.59 5.46 5.345
Moisture (%) 11.355 11.19 11.135
Gross Energy (Kcal/g) 4.0215 4.031 4.0395
Nitrogen free extract (%) 67.595 67.495 67.475

Results and Discussion

The performance of weaned pig fed different lev-
els of maltodextrin till week 6 is as highlighted in Table
3. At week 6 no significant difference was observed in
the body weight, feed intake and weight gain among the
treatments. The weight gain were 8.68, 7.24 and 7.75
kg in T1, T2 and T3 respectively at week 6. However,
the feed conversion ratio (FCR) significantly differs
among the treatments. The group fed with diet contain-
ing 500g/tonne maltodextrin (T2) had the significantly
(P<0.05) highest FCR (4.26) but was not significantly
(P>0.05) different from group fed with 1kg/tonne
maltodextrin, T3 (3.81). The FCR of T2 however, differ
significantly (P<0.05) from that of T1 fed the control
diet (3.62). The FCR of T1 and T3 were however not
significantly (P>0.05) different. At the 13" week of the
study, the result obtained is as indicated in Table 4
showed that the feeding of varying levels of maltodex-
trin to weaned pigs in this study did not significantly
(P>0.05) influence all the growth indices measured.
The final weights were 33.15, 35.20 and 33.89 kg in T1,
T2 and T3 respectively. The average daily feed intake
ranged from 1.11 kg in the group fed control diet (T1)
and 1.21 kg in T2 fed 0.05 % maltodextrin inclusion in
the diet. Pigs in T2 had the highest (4.23) feed conver-
sion ratio (FCR), while the lowest was (4.11) recorded

in the group fed 0.1% maltodextrin inclusion (T3). This
corroborates the findings of Hauptli et al. (2016) who
reported no significant effect of feeding weaner pigs
with maltodextrin. Pivetta et al. (2014) also reported
that the inclusion of maltodextrin on the diet of weaned
pigs did not compromise the performance of the pigs
but depressed feed intake. The significant difference
seen between the FCR of T1 and T2 at week 6 may sug-
gest that feeding maltodextrin may only be useful for a
short period postweaning. The reports of O’Doherty et
al. (2010) and Kim et al., (2010) suggest that maltodex-
trin improve the performance of weaned pigs from first
week of inclusion and was identified to have similar ef-
fects with lactose. However, there may be need to as-
certain the effect of feeding maltodextrin for longer pe-
riods on the performance of the pigs. The thickness of
back fat in weaner pig is related to growth and repro-
ductive indices (Roongsitthichai and Tummaruk,
2014). The backfat thickness of pigs fed varying levels
of maltodextrin the diet is as shown in Figure 1. The
backfat thickness of the weaner pigs were not signifi-
cantly influence by the inclusion of maltodextrin in the
diet. They were 8.50, 10.25 and 9.75 mmin T1, T2 and
T3 respectively.

Table 3
Performance of Weaned Piglets Fed Different Levels of Maltodextrin at \Week 6

PARAMETERS T1 T2 T3 SEM
Initial Weight (kg) 9.50 9.28 9.26 0.91
Final Weight (kg) 18.17 16.52 17.0 1.76
Weight Gain (kg) 8.68 7.24 7.75 0.91
Average Daily Gain (g) 206.60 172.36 184.47 21.6
Feed Intake (kg) 30.83 30.88 29.15 2.94
Average Daily

Feed Intake () 734.10 735.23 721.16 69.97
Feed conversion Ratio 3.62° 4.262 3.81% 0.10

&b Means with different superscript across the row are significantly different at a=0.05

T1 - Control (Without maltodextrin)
T2 - 500g/tonne maltodextrin inclusion
T3 - 1kg/tonne maltodextrin inclusion



Slovak international scientific journal # 84, (2024) 7
Table 4
Performance of Weaned Piglets Fed Different Levels of Maltodextrin at Week 13

PARAMETERS T1 T2 T3 SEM
Initial Weight (kg) 9.50 9.28 9.26 0.91
Final Weight (kg) 33.15 35.20 33.89 2.07
Weight Gain (kg) 23.65 25.30 24.63 1.29
Average Daily Gain (g) 0.26 0.28 0.27 0.02
Feed Intake (kg) 101.20 109.73 102.46 7.63
Average Daily Feed Intake (Kg) 1.11 121 1.13 0.08
Feed conversion Ratio 4.20 4.23 411 0.17

T1 - Control (Without maltodextrin)
T2 - 500g/tonne maltodextrin inclusion
T3 - 1kg/tonne maltodextrin inclusion

12
10

Back fat thickness (mm)

8
6
4
2
0

T1

T2 T3

T1- Control (without maltodextrin)
T2 - 500g/tonne maltodextrin inclusion
T3 - 1kg/tonne maltodextrin inclusion

Fig 1: Back fat thickness (mm) of weaner pigs fed varying levels of maltodextrin in the diet.

Haematological and serum biochemical assays
play crucial roles in assessing the physiological and
health status of animals (Adenkola et al., 2009; Etim,
2014; Koomkrong et al., 2017). The haematology indi-
ces of weaner pigs fed varying levels of maltodextrin is
as presented in Table 5. No significant (P>0.05) effect
of the dietary treatments were seen on the haematolog-
ical indices measured in this study. Similarly, Pivetta et
al. (2014) that fed maltodextrin at inclusion rate above
those in this study reported no significant interaction
between diet with maltodextrin and that of fructooligo-
saccharides for all the haematological parameters
measured. Although not significantly (P>0.05) notable,
maltodextrin had lowering effect on the levels of hae-
matological parameters measured in this study. The
packed cell volume (PCV) was 38.00 % in the animals
on the control diet (T1), 33.00 % in animals fed
0.5kg/tonne maltodextrin in the diet (T2) while those
fed 1kg/tonne maltodextrin in the diet (T3) had 35.33

%. Haemoglobin ranged from 10.67 to 12.40 g/dL in
T2 and T1 respectively. The erythrocyte count also re-
ferred to as red blood cell (RBC) were 6.05, 5.23 and
5.80 uL in T1, T2 and T3 respectively. The eosinophils
were 4.67, 3.33 and 2.33 % in T1, T2 and T3 respec-
tively. Mean corpuscular haemoglobin concentration
(MCHC) reduced fom 32.64 g/dL in T1 to 32.32 g/dL
in T2 and 31.90 g/dL in T3. Similarly, Mean haemoglo-
bin concentration (MCH) reduced from 20.83 pg in T1
to 20.39 pg in T2 and 19.47 pg in T3. The reducing ef-
fect of maltodextrin on the haematological indices es-
pecially the packed cell volume, haemoglobin and red
blood cells calls for a monitoring in the use of malto-
dextrin as a reduction below certain levels will suggest
anaemia in the piglets. The values obtained for all the
haematological indices in this study fall within the nor-
mal physiological range of a weaner pig (Merck Man-
ual, 2012).
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Table 5
Haematological parameters of weaner pigs fed varying levels of maltodextrin

Parameters T1 T2 T3 SEM
Packed cell volume (%) 38.00 33.00 35.33 35.44
Haemoglobin (g/dL) 12.40 10.67 11.27 11.44
Erythrocytes Count (uL) 6.05 5.23 5.80 5.69
Total Leucocytes (uL) 4400.00 4433.33 4300.00 4377.78
Platelets (L) 169666.67 116333.33 103333.33 129777.78
Lymphocytes (%) 49.33 48.33 49.33 49.00
Neutrophils (%) 46.33 45.00 45.33 45.56
Monocytes (%) 3.00 3.33 2.33 2.89
Eosinophil (%) 4.67 3.33 4.33 4.11
MCHC (g/dL) 32.64 32.32 31.90 32.29
MCH (pg) 20.83 20.39 19.47 20.23
Mean cell volume (fL) 63.82 61.02 62.65 62.65

T1 - Control (Without maltodextrin)
T2 - 500g/tonne maltodextrin inclusion
T3 - 1kg/tonne maltodextrin inclusion

MCHC - Mean corpuscular haemoglobin concentration

MCH - Mean corpuscular haemoglobin

The serum biochemicals are important biomakers
which could be suggestive of the impact of external fac-
tors such as plane of nutrition on the functionality of
tissues, organs and body systems as a whole (Adenkola
et al., 2009; Koomkrong et al., 2017). The serum bio-
chemical indices of piglets fed diet containing different
inclusion levels of maltodextrin is highlighted in Table
6. The varying inclusion levels of maltodextrin in the
diets presented to weaner pigs in this study did not sig-
nificantly influence the serum biochemical indices as-
sayed in this study except the High density lipoprotein
(HDL) cholesterol. HDL was significantly (P<0.05)
highest (56.33mg/dL) in T2 fed diet containing
500g/tonne maltodextrin and different from 46.00 and
52.00 mg/dL recorded in Tland T3 respectively. The
level of HDL in the serum increased with inclusion of
maltodextrin in this study. The maltodextrin had a hy-
polipidemic effect (Hassan et al., 2014) on the pigs.
This corroborate the report of Inglett and Grisamore
(1991) who stated that the inclusion of maltodextrin in
the diet has the potential to reduce bad fat (LDL) and
increase good fat (HDL). This is made possible by the
action of the beta-glucan component of maltodextrin
which lowers total blood cholesterol by improving the
HDL and lowering the LDL cholesterol (Inglett and
Grisamore, 1991). This is beneficial to the health of the
pig. The total protein were 7.00, 7.20 and 7.40 g/dl in
T1, T2 and T3 respectively. The Alanine aminotrans-
ferase increased from 38.97 1U/l in T1 to 39.67 U/l in

T2 and 40.50 1U/l in T3. The creatine was 0.77mg/dL
in T1 and 0.80 mg/dL in both T2 and T3.

Feed cost takes a very huge proportion of the var-
iable cost of production in most livestock enterprises,
that is why farmers are always on the look out for
cheaper and effective alternatives. Maltodextrin has
been identified as cheaper alternative to other expen-
sive carbohydrate sources especially in the diet of
weaner pigs (Machado and Carvalho, 2015). The cost-
benefit analysis of maltodextrin supplementation in the
diet of weaner pigs is as presented in Table 7. The result
showed no significant effect (P>0.05) of maltodextrin
supplementation on overall cost of feeding. The aver-
age cost of feed consumed per day were N270.63,
N293.72and 274.51in T1, T2 and T3 respectively. The
feed cost per weight gain decreased across the treat-
ments with increasing level of maltodextrin in the diet.
Feed cost per weight gain were ¥1,213.03 in diet fed
0 % maltodextrin (T1), ¥1,153.77 in T2 fed 0.05 %
maltodextrin and }1,120.75 in T3 fed 0.1 % maltodex-
trin. The cost per weight gain which was estimated to
be higher for the control diet (T1) than in the diets sup-
plemented with maltodextrin (T2 and T3) implies that
the cost of including maltodextrin in the diet of pigs is
beneficial considering that less is spent on feeding to
produce a kg of live weight. This is an indication that
the inclusion of maltodextrin diet is beneficial cost and
health wise.
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Table 6
Serum Biochemical Parameters of Weaners Fed Varying Levels of Maltodextrin
Parameters T1 T2 T3 SEM
Total protein (g/dL) 7.00 7.20 7.40 0.11
Albumin (g/dL) 2.90 3.07 3.25 0.06
Globulin (g/dL) 4.10 4.13 4.15 0.06
RATIO 0.71 0.74 0.78 0.01
AST (1U/l) 44.00 47.00 47.00 2.58
ALT (1UN) 38.67 39.67 40.50 1.95
Blood urea nitrogen (mg/dL) 8.43 8.83 8.80 0.12
Creatinine (mg/dL) 0.77 0.80 0.80 0.01
Glucose (mg/dL) 78.33 82.00 84.50 1.52
Total cholesterol (mg/dL) 91.00 93.67 96.50 1.78
High density lipoprotein (mg/dl) 46.00° 56.33% 52.00P 1.14
Triglyceride (mg/dL) 79.00 84.00 81.50 0.87
Low density lipopretein (mg/dL) 29.20 20.53 28.20 1.57
ab ¢ Means with different superscript across the row are significantly different at a=0.05
T1 - Control (without maltodextrin)
T2 - 500g/tonne maltodextrin inclusion
T3 - 1kg/tonne maltodextrin inclusion
AST - Aspartate transaminase
ALT - Alanine aminotransferase
Table 7
Cost-Benefit Analysis of Maltodextrin Supplementation in Diet of Weaner Pigs
Parameters T2 T3 SEM
Cost of feed per kg (N/Kg) 243.36 243.58 243.8 0.06
Total cost of feeding (¥) 24626.95 24626.96 24980.82 1857.51
Average Daily Feed Intake (Kg) 111 121 1.13 0.08
Average cost of feed/day (¥) 270.63 293.72 27451 20.41
Feed conversion Ratio 4.20 4.23 411 0.17
Feed Cost/Weight Gain 3¥/Kg) 1021.30 1029.53 1001.75 40.82

T1 - Control (Without maltodextrin)
T2 - 500g/tonne maltodextrin inclusion
T3 - 1kg/tonne maltodextrin inclusion
Dollar to Naira- $1 = ¥403

Conclusion

The inclusion of maltodextrin in the diet of
weaned pigs did not negatively influence the growth,
back fat thickness and health status of the pigs. Malto-
dextrin had a hypolipidism effect on the pigs by in-
creasing the high dendity lipoprotein (HDL) and reduc-
ing the low density (LDL). Its inclusion also improved
the cost per weight of the gain of the pigs. Thus, malto-
dextrin can be added up to 0.1% in the diet of pigs in
the tropics.
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approximation error. The paper describes the algorithm, its Python implementation, and examples of its application

to test functions.

Keywords: greedy algorithm, Walsh system, Walsh-Fourier coefficients.

1. Introduction

The expansion of functions in systems of basis
functions is a fundamental problem in various areas of
mathematics and its applications. One widely used ba-
sis is the Walsh-Fourier system, based on Rademacher
functions and their products. Efficient function expan-
sions in the Walsh basis have important applications in
signal processing, data compression, approximation
theory, and other fields.

The classic method for constructing function ap-
proximations is the Fourier series truncation method,
where the first N terms of the expansion are kept. How-
ever, this approach is not always optimal, as achieving
good approximation accuracy may require a significant
number of expansion terms. An alternative approach is
the so-called "greedy" algorithms, which select the ex-
pansion terms not in the order of their appearance, but
in the order of decreasing their weights (coefficients).
This method often provides faster convergence for the
same number of series terms.

This paper proposes a modified step-by-step
"greedy" algorithm for approximating functions in the
Walsh-Fourier system [1,2]. The classical "greedy" al-
gorithm selects a fixed number n of the largest absolute
Walsh-Fourier coefficients to approximate the func-
tion. However, this approach is not always optimal in
terms of accuracy for a given number of series terms.
The proposed algorithm works iteratively, adding the
next largest coefficient at each step and evaluating the
approximation error. The process stops once the error
becomes less than a specified threshold €. This allows
achieving the required accuracy with a minimal number
of series terms. The paper describes the algorithm, its
Python implementation, and examples of its application
to test functions. The results demonstrate that the mod-
ified "greedy" algorithm can provide more efficient ap-
proximations compared to the classical method and
partial Fourier approximation when reaching the re-
quired level of accuracy.

2. Step-by-step "‘greedy' algorithm with re-
spect to Walsh system

To define the Walsh function, it is necessary to de-
fine the Rademacher function [1].

Definition 1. The Rademacher system is defined

1
1,x € [0, 2),
1
-1,x € (E, 1] ,
To(x + 1) = ry(x), e (%) = 1 (2%x), k = 1,2,...,

i.e. to find the r, Rademacher function, the inter-
val [0; 1) is split 2¥*1 of equal subintervals, on each of
which the 7, (x) function takes +1 and -1 values succes-
sively.

The Walsh system is defined as all possible finite
products of Rademacher functions. More precisely, we
define the Walsh system by Paley numbering as follows
[2,3]:

Definition 2. W,(x) = 1. Let n be any natural
number, represented as n = YX_,2™s, m; >m, >
-+ > my. The n-th Walsh function will be defined as
follows:

as

ro(x) =

W (x) = [15=1 Tms(x)-
The function f (x) is given. Let us denote its Fou-
rier-Walsh n-th partial sum as follows:

5200 = )" GlHWi (),
k=0

where C,(f) =f01f(t)Wk(x) are the Fourier-

Walsh coefficients of the function f(x).

The greedy algorithms ([4]) with respect to Walsh
system defined the following way.

Let's arrange the coefficients {C, (f)} in descend-
ing order of their absolute values, as follows:

|Co0y(D)] > |Cocry(D] >+ > |Commy (]

and consider the greedy approximant of the func-

tion f(x). Let's designate it as follows:
n-1

Ga) = ) Coty (Wi ():
k=0

It's known that the greedy algorithm, for example,
for the Walsh system, is not always optimal ([5.6]).

In particular, we have shown that for example
fl0) = x3,

A=|f(x) = Ss0(x)| = 0.0410837068979848,


https://polytech.am/en/institutes/faculty-of-applied-mathematics-and-physics/faculty/
https://polytech.am/en/institutes/faculty-of-applied-mathematics-and-physics/faculty/
https://doi.org/10.5281/zenodo.11624303
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and

B =|f(x) — Gg(x)| = 0.0530793301723754.

Thus, we find that A < B.

Now let's modify the algorithm by implementing
a "greedy" approach with sequential steps. Our objec-
tive is to develop a "greedy" algorithm with incremen-
tal steps of arbitrary precision.

First, we fix an arbitrary number &> 0. If
|f(x) — G,(x)| < €, then the process halts, and the
value of ¢ should be decreased.

We select from the sequence {C,,(f)Wi(f)} the
term C,(0) (f )W 0y (x) for which

|Co0)(N)] = max i ()],
and we estimate
|f (%) = Cog0) P Wa ) (X)].
We verify the following condition:
|f(X) - CU(O)(f)WO'(O)(x)| <e (1)

If the condition (1) is satisfied, then we compute

the difference
I () = Ga(O| = |F () = Coroy(F)Wooy ()],
and the process halts.

If condition (1) is not met, then we define

f1(x) = f(x) = Co0) (F) W (o) ().
Now we select Cy 1) (f) Wy (x) and create the
difference
|f1(x) = Coy (DW,1y ()]
Let's reevaluate:
|/1(0) = Coy (N Wy ()]
=|fe)
- La(0) Or) WO‘(O) (x) (2)
— Coty (N Wy (0|
<eg

Again, if condition (2) is fulfilled, the process
halts, and we calculate:

If () = Gu ()| = |fi (%) = Cocty (N Wiy (1)

And if condition (2) does not occur, then we con-
tinue the process for the function:

f2(x) = fi(x) - Ca(1)(f)Wa(1)(x)
We continue this process until it stops at any step,
meaning we will have
|£ie () = Cogo (DWW ()] <&,
and then calculate the difference
|f(x) - Gn(x)l - |fk(x) - Ca(k)(f)wa(k)(x)|-

And if the process continues until reaching n, then
we conclude that the outcome of the "greedy" algorithm
with successive steps is equivalent to the outcome of
the complete "greedy" algorithm.

The algorithm was implemented using a Python
program. It takes inputs such as M (for the partial Fou-
rier-Walsh sum calculation), n (for the complete
"greedy" algorithm calculation), & (precision level),
and f (x) (the function under consideration) data.

3. Code in Python

from scipy.linalg import hadamard

import sympy as sp

# Symbolic variable
X = sp.symbols('x’)

M=int(input("Enter M number: ™))

n = int(input("Enter n number for Greedy: "))
E=float(input("Enter epsilion: "))

# User input for the expression
user_input = input("Enter a mathematical expres-
sion in terms of 'x": ")

# Parse the user input into a SymPy expression
expr = sp.sympify(user_input) #function

def generate_x_values(M):
return [k/M for k in range(M+1)]

x_values = generate_x_values(M)

#define Walsh

C_index=M # initial index

N=1

N_check =0

binary_length =0

d_bool = False

while N_check < M:
N=N*2
binary_length +=1
ifM>0and (M & (M - 1)) ==0:

d_bool = True
M+=1
if M==1:
d_bool = False
N_check =N

step_size=1/N
step_sizes = [i * step_size for i in range(N + 1)]

hadamard_matrix = [hm for hm in hadamard(N)]

def index_convert(N, I):

walsh_index =[]

for i in range(N):
decimal_number =i
desired_length = |
binary_number =

f"0{desired_length}b™)

reversed_code = binary_number[::-1]
walsh_index.append(int(reversed_code, 2))

return walsh_index

format(decimal_number,

walsh_index = index_convert(N, binary_length)
walsh_function = [hadamard_matrix[i] for i in
walsh_index]

M=c_index
def calculate_coefficients(integrated_expr,

step_sizes, walsh_function, c¢_index):
differences =[]

for interval_start, interval_end in
zip(step_sizes[:-1], step_sizes[1:]):

integrated_value_start = inte-
grated_expr.subs(x, interval_start)

integrated_value_end = inte-

grated_expr.subs(x, interval_end)
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difference = float(integrated_value_end - in-
tegrated_value_start)
differences.append(difference)

coefficients =]
for ¢ in range(c_index + 1):
c_list = [diff * walsh for diff, walsh in
zip(differences, walsh_function[c])]
coefficient = sum(c_list)
coefficients.append(coefficient)

return coefficients

integrated_expr = sp.integrate(expr, x)

coefficients = calculate_coefficients(inte-
grated_expr, step_sizes, walsh_function, c_index)

sorted_c=sorted(coefficients,key=lambda X:
abs(x), reverse=True)#decreasing order

def get_f for_x(x_values, step_sizes, w):
w_x =[]
for i, x in enumerate(x_values):
for j in range(len(step_sizes) - 1):
if step_sizes[j] <= x < step_sizes[j + 1]:
w_x.append(wl[j])
break
else:
w_x.append(w[-1])
return w_x

f x=[]

for j in range(M+1):
expr_value = expr.subs(x, x_values[j])
f_x.append(expr_value)

def calculate_cw(coefficients, walsh_function, M,
N):
cw=]]
for j in range(M+1):
c_w_values =[]
for i in range(N):
c_w_values.append(coefficients][j] *
walsh_function[j][i])
c_w.append(c_w_values)
return c_w

c_w = calculate_cw(coefficients, walsh_function,
M, N)

sorted_cw=calculate_cw(sorted_c,walsh_func-
tion,M,N)

cw=I]

walsh_values_in_x =[]

sorted_c_w_in_x=[]

for i in range(M+1):

w x = get f for_x(x_values,
walsh_function[i]) #Values of w_i(x)

cw_x=get_f for_x(x_val-
ues,step_sizes,sorted_cwli])

walsh_values_in_x.append(w_x)

sorted_c_w_in_x.append(cw_x)

transposed_sorted_cw_x = [[row[i] for row in
sorted_¢ w_in_x] for i in

step_sizes,

range(len(sorted_c_w_in_x[0]))] #
cw(0),...cw(1), cw(l)

cw(0),

sigma =1]

s=[] #for fourier M

for row in transposed_sorted_cw_x:
row_sum = sum(row[:n+1])
sum_fourier=sum(row[:M+1])
sigma.append(row_sum)
s.append(sum_fourier)

#greedy normal

a=[]

for i in range (M+1):
fs=abs(f_x[i]-sigmal[i])
a.append(fs)
B=sum(a)/len(a)

#Fourier

fourier=[]

for i in range (M+1):
four=abs(f_x[i]-s[i])
fourier.append(four)
A=sum(fourier)/len(fourier)

#greedy step by step
b=[]
b_without_abs=[]
f k=[]
greedy_step=0
t=False
while t==False:
while t==False:
for i in range(n+1):
for j in range(M+1):
b_i_without_abs=f_x][j]-
sorted_c_w_in_x[i][j]
b_i=abs(f_x[j]-sorted_c_w_in_X[i][j])
b.append(b_i)
b_without_abs.append(b_i_without_abs)

greedy step+=1
GS=sum(b)/len(b)

if b_i<E:
t=True
break

else:
f_x=b_without_abs
b=[]
b_without_abs=[]
t=False

break

print("Greedy Normal Form=",B)

print("Greedy step by step=",GS)

print("Fourier approximation=",A)

print("steps=",greedy_step)

The results of the algorithm are then presented in
the following format:
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Example 1.
M = 50,
n = 20,
e =0.13,
fx)=x
Greedy Normal Form=0.0702512254901961
Greedy step by step=0.0638235294117647
Fourier approximation= 0.0702512254901961
step=3, where 'step' indicates in which steps the
algorithm performed the approximation with the accu-
racy e.
Example 2.
M = 80,
n = 60,
e =0.1,
flx) = x®
Greedy Normal Form= 0.0451854271375904
Greedy step by step=0.0451854271375904
Fourier approximation= 0.0453110690028777
In this example, the values of Greedy Normal
Form and Greedy step by step are identical, which
means that the "greedy" algorithm with successive
steps continued the calculations until completion,
reaching n, and as a result matched the outcome of the
full "greedy" algorithm.
Conclusion
In this paper, we proposed a modified step-by-step
"greedy" algorithm for approximating functions in the

Walsh basis with arbitrary precision. The classical
"greedy"” algorithm fixes the number of expansion
terms, which is not always optimal in terms of approx-
imation accuracy. The proposed algorithm works itera-
tively, adding terms until the required accuracy is
achieved. The Python implementation and examples
demonstrate that this approach can provide more effi-
cient approximations compared to classical methods
when reaching a given accuracy level. Future work will
investigate the convergence and error estimates for the
modified algorithm.

References

1. Rademacher H., Einige Sitze {iber Reihen von
allgemeinen Orthogonalfunktionen, Math. Ann., 1922,
v. 87, no. 1-2, p. 112 — 138.

2. Walsh J., A Closed Set of Normal Orthogonal
Functions, Amer. J. Math.,1923., v. 45. p. 5 — 24.

3. Paley R., A Remarkable Series of Orthogonal
Functions, Proc. Lond. Math. Soc. 1932, v. 34, p. 241
- 279.

4. Temlyakov, V.N., Greedy approximations,
Cambridge University Press, 2011

5. Episkoposian S.A., On the divergence of
Greedy algorithms with respect to Walsh subsystems in

Ll, Nonlinear Analysis: Theory, Methods & Applica-
tions, v. 66, n. 8, 2007, p. 1782-1787.



Slovak international scientific journal # 84, (2024) 15

SMART HOME TECHNOLOGY AND TRENDS IN LIVING SPACE TRANSFORMATIONS

Manafov E.,

Doctoral student

Sardarova I.

Academic supervisor, PhD, Assoc. Prof.
Department of Electronics and automation,
Azerbaijan State Oil and Industry University
Baku, Azerbaijan

DOI: 10.5281/zenodo0.11624311

Abstract

The improvement of management systems has opened the gate for complex automation of processes. Now-
days, technologies are developing. Similar results are also used in the smart control systems applied in houses and
other buildings. In recent years, innovations in the technologies, the development process in automation systems
allow to use devices faster and more productive and flexible.

Modernization of management systems in our time has led to complex mechanization and automation of
production processes. By applying new and modern progressive methods, the intensification of production is en-
sured, thus, the quality indicator of the produced product is improved. Such achievements are also used in intelli-
gent management systems applied in buildings. Today, technology is constantly developing. Of course, the devel-
opment of technologies plays a big role in people’s lives. We are living in such a time that before, "This cannot be
realized, it is impossible to do." Projects using sentences like these are very easy to implement nowadays. Innova-
tions that have happened in the field of technology in recent years, of course, have an impact on us. The develop-
ment process in mechatronic systems makes it possible to use devices with faster and larger capacities. Technolo-
gies are evolving today. The results of technological development are also used in smart control systems applied
in homes and other buildings. In recent years, innovations in technologies, the development process in automation
systems allow using devices faster, more productively and flexibly.

The level of development in smart homes did not happen by itself. All innovations first take place within
society and are shaped by the influence of trends within society. Also, with the use of special technologies to
increase the value of smart homes, it is also aimed at improving the smart home environment.

A smart home is a home equipped with technological solutions designed to provide services that meet people’s
needs. The purpose of this article is to systematically evaluate the latest smart home literature and review research
and developments in the living space and smart technologies transformationss In addition to providing a overview
of the development and performance of current smart home systems and this paper provides detailed information

on the latest equipment and systems.

Keywords: smart systems, sensors, electronic systems, automation, smart transformation.

The Smart Home - technology of the century. It
integrates many new technologies through home net-
works to improve the quality of human life. Smart
home commerce has attracted the attention of research-
ers for over a decade. Smart home technology is a com-
bination of networks and services. In recent years, the
term "smart" has become synonymous with any tech-
nology that has some level of artificial intelligence. The
ability to collect information from the environment and
react accordingly is a critical feature of smart technol-
ogies. Smart technology has become the main driver of
innovative ideas such as the smart home system. With
the development of smart products and services, the
world has witnessed an increase in device interaction
and data sharing, which has influenced the rapid devel-
opment of smart home technologies worldwide. Due to
the advantages provided by smart technologies and the
possible large global market, interest in smart home
technologies among researchers has increased dramati-
cally.

In the field of home automation and control, the
smart home has become a very promising sector. The
term "smart home" is not limited to human residences.
Rather, it has broader technological implications, in-
cluding smart housing and living.

A smart home is a home equipped with technolog-
ical solutions designed to provide services that meet
people's needs. The purpose of this article is to system-
atically evaluate the latest smart home literature and re-
view research and developments in the sensors types
and security systems field. In addition to providing a
overview of the development and performance of cur-
rent smart home systems and this paper provides de-
tailed information on the latest equipment and systems.
Details of the by smart home management system com-
ponents provided and its advantages pointed in the ar-
ticle.

Smart technologies are currently developing rap-
idly. We understand a certain concept of a computer
network that connects various devices into a network;
these devices interact and are able to exchange infor-
mation offline without human intervention or with min-
imal participation. Now Smart technologies used in the
industrial sector, the so-called B2B (business to busi-
ness) technologies, and in the B2C (business to con-
sumer) consumer sector. One of the striking examples
of the use of technology in the space of everyday prac-
tices can be the concept of a “smart home” - a house
within which the technology of interconnected “smart”
things is used, which are part of the internal and exter-
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nal home spaces. Such a “smart home” is a self-regu-
lating system containing a number of subsystems: mi-
croclimate subsystems, subsystems for lighting and
regulation of the operation of electronic devices; within
the framework of a “smart home” a “smart refrigerator”
can operate, equipped with devices with artificial intel-
ligence, which can analyze the consumption of certain
products, their stock and consumption dynamics. You
can also include a security system here. It must be said
that the concept of a “smart home” presupposes, on the
one hand, devices that can operate autonomously in a
systemic unity, on the other hand, a “house”, which is,
as arule, a separate building, they are conveniently and
rationally designed, taking into account the possibility
of using smart technologies. The purpose of this work is
to highlight and consider some trends in the transfor-
mation of living space within the framework of smart
home technology.

After analyzing some changings home space in re-
lation to smart home technology, some trends are visi-
ble as follows:

The first trend is the increasing functionality of the
home and home spaces. Configuration of living space
reflects social realities is an opportunity for customized
home design, taking into account both design and aes-
thetic imperatives, which can be unique, and functional
and technological solutions. Of course, it is worth say-
ing that we are talking about the premium segment of
houses and corresponding solutions which are not
available to all segments of the population, even if we
take into account residents of large cities. Researchers
note that only laying the necessary cables and sensors
is comparable in the cost of purchasing a good class car.
The popularity of individual design solutions, loft de-
sign (mainly in urban environments), regarding interior
design of space is increasing. Some producing compa-
nies even say that such design correlates with the life-
style of single people and married couples without chil-
dren, as opposed to traditional design and architectural
solutions of the industrial era, designed for the tradi-
tional family. As a rule, loft design involves technolog-
ical equipment. It is logical to assume that smart home
technologies will focus on this kind of solutions, alt-
hough a traditional house, without large internal
“empty spaces,” is also relevant for the implementation
of the smart home technologies. The individualized de-
sign of a modern home, which applies to both the pre-
mium segment and more budget options, represents the
trend of customizing a home, and many areas of life of
a modern person. By customization we mean a certain
trend which appeared as part of marketing strategies, it
is associated with the development of personalized
products and services aimed at specific customers.

Customization may imply the opportunity for the
consumers themselves to participate in the creation of a
product in terms of developing its features, design in a
broad sense, or personalized service. It is clear that so-
lutions in the field of the Internet of Things, such as
“multi-home” technologies, require customization,
since it is impossible to unify the needs and features of
a home (especially when it comes to the premium seg-
ment and a separate house). In addition, customization
will also concern the ability to create interior elements,

furniture and, probably, integrate them with devices
within the “smart home” system (sensors, drives and
other elements can already be purchased). Moreover, it
is even possible to print building elements for a house
and create the house itself using a 3D printer (here, of
course, questions arise about the reliability of parts and
their technical characteristics, compliance with build-
ing codes and regulations). It is possible that such a
practice, focused on functionality and decentralized
customized production, will seriously change the con-
tours of the socio-economic system, and the very atti-
tude towards consumption throughout society.

So, highlighted aspects of increasing the im-
portance of the functional component of the space of
the house, customization and the possibility of autono-
mous creation of elements of the home space.

As for the trend towards autonomy, it also applies
to the devices themselves within the framework of the
“smart home” concept. For example, there are already
sensor networks that implement “smart dust” technol-
ogy. “Smart dust” is a collection of miniature sensors
with computing and wireless communication capabili-
ties, in addition, these elements have memory for data
storage and special sensitive elements for environmen-
tal analysis. These elements are comparable in size to
sand grains. Each element, or “mote” (speck of dust),
can have its own sensors, power supply, communica-
tion and computing node. Such motes can group to-
gether and create flexible and mobile networks, con-
suming a small amount of energy. “Smart dust” can be
used in climate control systems and multimedia envi-
ronments in the “smart home” space.

Conclusion

So, trends are identified in autonomization and in-
creased functionality in various aspects of smart home
technology. These trends echo the general vector of de-
velopment of the technical and information universe in
which modern people live. As information technologies
develop, these trends will intensify—customization of
various spheres and practices, strengthening of their
functional potential, at the same time as “smarter”, au-
tonomization at various levels. All this will concern the
development of the home environment of the “smart
home”, which can turn into something different com-
pared to the current home space (if we understand the
home space as a set of everyday practices). It is possible
that the very principle of autonomy and autonomization
of the elements of the house in its correlation with the
expansion of the “computational potential” of things
and objects will give rise to some new contours of hu-
man living space.
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AHHOTAIHUSA

B COBPEMCHHOM MHPE MHOTHC JIHOAW AKTUBHO ITOJIB3YHOTCH MOOWMIIBHBIMU MMPUITOXKCHUAMMU. 3a IIOCIICAHUEC
TOJIbI pa3paboOTKH B chepe 37paBOOXpaHECHHS BHECTH OOJIBITON BKJIAJ B POCT MOOMJIBHBIX MPHIIOKEeHMH. MHOTHE
N3 KOTOPBIX pa60TamT B PCIKUMCE O(b(I)J'IaIZHa 1 IO3BOJIAIOT IOJIB30BATCIIAM OTCIIC)KHUBATH CBOC 310POBLC, (bHSI/I‘Ie-
CKYIO aKTHUBHOCTb, COH, ITyJIEC, apTEPHAILHOE JIABJICHNE, YPOBEHD caxapa B KpOBH U Jpyrue napamerpsl. L{udpo-
BHU3alHs 3APABOOXPAHCHUA Tpe6yeT OT MCIUIIMHCKHUX MOOMIIBHBIX HpI/IJ'IO)KeHI/Iﬁ CTaTh 4aCTbIO eI[I/IHOI\/'I MCIUIIUH-
CKOM 3KOCHUCTEMEL.

Abstract

In the modern world, many people actively use mobile applications. Developments in the healthcare sector
have contributed greatly to the growth of mobile apps in recent years. Many of which work offline and allow users
to track their health, physical activity, sleep, pulse, blood pressure, blood sugar and other parameters. Digitalization
of healthcare requires medical mobile applications to become part of a unified healthcare ecosystem.

KiiroueBble c10Ba: MOOMIIBHBIC MEITUITMHCKUE TIPHIIOKCHHUS, JICKTPOHHBIN PEIenT, u(POBU3AIUS 3IPaBO-

OXpaHCHUSA, MEJUIIMHCKAs DKOCUCTEMA.

Keywords: mobile medical applications, electronic prescription, digitalization of healthcare, healthcare eco-

system.

[udpoBuzanus chepsl 31paBOOXPAHEHUS KU3-
HEHHass HEOOXOIMMOCTb COBPEMEHHOCTH, KOTOpas
HalpaBlieHa Ha TOBBIINIEHHE 3(PQPEKTUBHOCTH U JAeH-
CTBEHHOCTH OKa3aHUs MEIUIIMHCKOIN MOMOIIH 32 CUEeT
MPUMEHEeHHU ] THHOBAI[MOHHBIX 110/1X0/10B. L{enbto 1ud-
POBOTO 3IPaBOOXPAHEHHUS ABIAETCA 0OBEANHEHUE Me-
JMUIUHCKUAX JaHHBIX B paMKax €IWHOTO MH(POBOi
wiaT(opMbl, aHAJIU3 KOTOPBIX IHO3BOJHUT OOECIEUHUTHh
BBICOKUI ypOBEHb KaueCcTBa MEIULIMHCKUX yCIYT U 3a-
00Ty O 370pOBbE HaceleHHs. AHaNIN3 MEIUIIMHCKHX
JIaHHBIX TpakJaH, HAKaINIMBA€MbIX B TEUEHHE BCETrO
JKU3HEHHOT'O LIMKJIA, MO3BOJIAET JIydlle MOHATH MpH-
YyyHy 3a00JIeBaHUs, IOCTABUTH TOYHBIA AMArHo3 M
obecrieunTs Hanbosee mpaBmibHOE JedeHune. Hampu-
Mep, B chepe paguoiIoruy JaHHBIE W AITOPUTMBI HC-
KyCCTBEHHOTO HMHTEJUIEKTa SBISIOTCS HE3aMEHHMBIM
WHCTPYMEHTOM IMarHOCTHPOBAaHUsS 3a00JeBaHUIl Ha

caMo paHHeH cTaanu. AHAIN3 OONBIINX JTaHHBIX T103-
BOJISIET BBICTPaMBATh MOJENHM ONTHUMH3AIMH IIPOLEC-
COB, MPEIOTBPALICHHUS PACIIPOCTPAHEHUS MaHJEMHUN U
YIIydIIeHUs] KauecTBa 3/I0POBbS U MPOJOIDKUTEIIBHO-
CTH Xu3HH [4, 5].

B crparermn nmudpoBoro 3apaBOOXpaHEHHS OC-
HOBHOW 3ajadell sBiseTcs (OPMUPOBAHUE €IUHON
9KOCUCTEMBI MEIUIIMHCKUX JaHHBIX, 00BbEIUHSIOMEH
BCE MEJMIIMHCKUE YUPEKICHNS CTPAHbI U 00ecIieyeHne
GecrnpepbIBHOTO J0CTYIIa K 3TUM JIaHHBIM CO CTOPOHBI
MEIULUHCKOrO NnepcoHana. YTo no3BOIUT UM B IPUHS-
THH PEUICHUH B MpoIecce TUarHoCTUPOBaHMs 3a00J1e-
BaHMH W Ha3Ha4YeHMH HauOonee 3PQEeKTUBHBIX METO-
J0B sedeHnsi. OCHOBHBIM HCTOYHHKOM JAaHHBIX OymeT
peectp moj Ha3BaHWeM «MeEIUITMHCKUNA IUPPOBOH
JBOWHUK TpaKIaHWHA», B KOTOPOM OyAeT oTpakeHa
BCs MHGOPMAIIHA O 3I0POBBE - MEAUIITHCKHAE HCTOPHH,
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JIMAarHO3bI, METOJBI JICUCHUS], Pe3yIbTaThl aHAIN30B H
pannoJIOTHH, HA3HAUYEHHS PEIeTITOB, aHAMHECTHIECKas
UCTOPUS O TEHETUYECKOH MPepacoNoKeHHOCTH K 3a-
OoneBaHUsM ¢ MOMEHTA HAcHTU(UKAIK (akTa Oepe-
MEHHOCTH BO BpeMs OOpalleHus MaTepu B MEJULIUH-
CKO€ yUpekA€HHE JO MOMEHTA TPAHCIIJIAHTOJIOTHH Op-
TaHOB, B CIy4dae €Clii TpaKIaHUH JaJll Coracue cTaTbh
JIOHOpOM TMocie cmepTu. HakamnuBaemble MeTUIMH-
CKHE AaHHBIC CTAHYT OCHOBOW JJIsI MaKpOaHAIN3a CO-
CTOSIHUS 3I0POBBS HaceJeHWs B MaciuTabax Bceit
CTpaHbl, IOHNMaHHUI BOCTPEOOBAHHOCTH U YIOBJIICTBO-
PEHHOCTH Ka4eCTBOM MEIUIIMHCKUX YCIYT, IUIAHUPO-
BaHUs PAa3BUTUS HEOOXOIUMONW HWHPPACTPYKTYPHI,
pUMeHeHHUs 3PPEKTUBHBIX YKOHOMUYECKHX MOJIETIeH,
BKJII0Yasl CTPaxOBaHUE, Pa3BUTUS KaJpOBOro NOTEHIU-
ajia ¥ COOTBETCTBEHHO TMOKOTO IUIAHMPOBAHMS PA3BHU-
TUSL OTPAC/IU U Peanu3alud NPUOPUTETHBIX JUIS TOCy-
JapcTBa 3a71a4 B 37paBooxpaneHui [3].

Ha cerogusmnawuii geHs B EnquHoit nHbOpMaImoH-
HOU cucTeMe MUHHCTEpCTBa 3IpaBOOXpaHeHU A3ep-
Oaitkana QyHKITHOHUPYET 20 3IEKTPOHHBIX CHCTEM,
BKITIoUaromux Oosiee 70 mMporpaMMHBIX MOJIYJICH, He-
KOTOpPBIC M3 HHUX Takke (QYHKIMOHHPYIOT B KaueCTBE
MOOHMIIEHOTO TIPHIIOKEHUS.

B coBpeMeHHOM MUpe MOOMIIEHBIC MEIUIIMHCKIC
MPUIOKEHUS CTAHOBITCA Bce Oosiee MOMYJISIPHBIMH,
MEHSIOIUM apagurmMsl 3apaBooxpaneHus. C pa3Bu-
THEM MOOMJIBHBIX TEXHOJIOTUH U JOCTYIHOCTH CMapT-
(hOoHOB, MOOMIIbHBIE MEAUIIMHCKUE MTPHIIOKEHHS TIpeI-
JIararoT UIMPOKUH CIIEKTP BO3MOKHOCTEH I yJIydlle-
HUS  3/0pOBBS, IUATHOCTHKHW, MOHUTOPHHTa U
YIpaBJICHUS MEIUIIMHCKAMH COCTOSTHHUSMHU.

entpoM OOmECTBEHHOTO 3paBOOXpPAaHECHUS MU
Pedopm MunucrepcTBa 31paBOOXpaHeHUsT A3zepOaii-
JDKaHa pa3paboTaHbl HEKOTOPHIE MOOHIbHbIE MPUJIO-
skenms [1]:

1. IIpnno:xenue "310poBoe nuTaHue' MOMOXET
COCTaBUTh TNPABWIBHBIN DPAIlMOH MHUTAHUS U PacCcyu-
TaTh Kajopuu. [IpuimoxkeHue Taxke paboTaeT B pe-
skume OFFLINE u He TpeOyeT noakimroueHus k MHTep-
HeTy. OHO COCTOUT U3 5 OCHOBHBIX QyHKIwmii: 1) Kans-
KYJISITOP KaJIOPUH,

2) Kanpkynstop Maccsl Tena, 3) Kanpkymsarop mo-
Ne3HOCTH muind, 4) ExxemHeBHBIN KalbKYISATOP Kallo-
pun 1 5) CraThe ¢ HH(pOpPMAITHEH O TOJIE3HOM MTAHUU

2. OCHOBHOM TEINBIO CO3/IaHUSI MOOHMIHLHOTO MpPH-
Joxenns “CaxapHplii 1uadet” sABIsICTCS HHPOPMHU-
pOBaHUE HACENEHHS O MPOQUIAKTHKE, ICUCHIH U KOH-
TpoJie YpoBHS caxapa npu nuabere. IIporpaMmmy moryt
HCIIOJIb30BaTh Kak OOJIBbHBIE CaXapHBIM IUa0eTOM, TaK
U JIO/IM, yASNAIONe BHUMAHNUE TUTAHUIO U YTIICBO-
HOMYy 0oOMeHy. MoOMIbHOE TPHUIIOKEHUE TPEIOCTaB-
JISIeT OT/IeJICHUE TTaMSTH TSI CBOCBPEMEHHOTO TpHeMa
JIEKapCTB, KAJIbKYJIATOP €IMHUI] XJ1e0a 1 TI0JIE3HYI0 UH-
dbopmarro o amabere (THIBI, qHAOET, OCIOXHEHUS,
UCIIOJIb30BaHUE UHCYJIMHA U T. [1.).

3. C nmoMompr0 MOOWIEHOTO MpUJIoKeHus "3a-
IIUTH CBOe cepame” BBl MOXKETE IIOCTOSIHHO KOHTPO-
JHPOBAThH 3J0POBLE CBOETO CEPALlA, MOXKETE O3HAKO-
MHUTBCS C OCHOBHBIMH (PaKTOpaMu pHCKa CepAeIHO-CO-
CYyIUCTBIX 3a0oieBaHWil, ¢ MeTomamMu OOpBOBI CO
CTPECCOM W APYTHMH HOJE3HBIMH MaTepuaiamu. Pas-

nensl «HasHauenune BpemMeHu mpuema JekapcTBy», «M3-
MEpeHHE apTepHaJIbHOTO MABICHUS W IMyJIbCa» B MPH-
JIOKCHUW HANIOMHUHAKOT O CBOCBPEMCHHOM IIpHEME
HA3HAYCHHBIX JICKAPCTB. BBl MOXeTe MTHOBEHHO 3aITH-
CBHIBaTh UH(POPMAIIHIO O BAIllEM 3I0POBbE (apTEpUANb-
HOE JaBJICHHE U ITyJIC) U OTIPABJIATH B BHJIE TAOIUIIBI
Ha aJipec JJICKTPOHHOM MOYTHI CBOETO Bpada C MOMO-
I[bI0 MOOWJIFHOTO YCTPONCTBA B TCUCHUE JHS WM HE-
bi (178

4, MobouabHoe mpuiaoxkenue “IlanamaTuBHasi
noMouns” . [TajuimaTuBHASA ITOMOIIE — 3TO MEXIUCIIN-
IUTMHAPHAS MEIUIIMHCKAS CIIEIHaIbHOCTD, HATIPaBJICH-
Has Ha YMEHBIIIEHUE CTPANaHUH U MOAIEPKAHUE MaK-
CHUMaJIbHO BO3MOYKHOTO Ka4eCTBA KU3HHU MAIUCHTOB B
KPUTHYCCKOM COCTOSIHUU M MX ceMeil. OCHOBHAs IIeITh
MOOWJIBHOTO MPHIOKEHHS MPEIOCTABUTh MAUCHTAM,
YJICHAM UX CEMEH, a TAKXKE MCIUIUHCKOMY MIEPCOHATY
MoIPOOHY 0 WHGOPMAIIHIO O MAJUTUATHBHOMN MOMOIIH,
MMOMOYb HAWTH OTBETHI HA BOMPOCHI, KOTOPHIC MOTYT
BO3HUKHYTb.

[TomMuMO XapaKTEPUCTHK MAJUTHATHBHOM ITOMOIIIH,
B MOOWJIHHOM TPWJIOKCHUH OIMCAHBI MEpHI, HaIlpaB-
JICHHBIC HAa YMCHBIIICHHE CHUMIITOMOB, OKa3aHHE IICHXO0-
JOTHYECKOW ¥ COIMANBHOW MONICPKKH, CHIDKCHHE
CTpaxa WIH TPEBOTH IOTEPH OJM3KOTO YeIOBEKa B Ce-
Mbe. Takke B HEro BKJIFOUEH HAIIMOHAJIbHBIN U MEXKTY-
HapOJHbIN ONBIT NAJUJIMATUBHOM MOMOIIHU, OpraHu3a-
UK, 3aHUMAIOIINECs MAaUTHATUBHOW IIOMOIIBIO B
Asep0aiikane, 1 HOBOCTH 00 UX JEATSILHOCTH.

5. Mo6unbHoe mpuiioxkenue «bypaa Xatyn».
Kaxxmast OepeMeHHas )KeHIIMHA X04eT 3HATh U CIICAUTH
3a TeM, KaK pacTeT ee Oyaymui peOeHOK B yTpoOe Ma-
TEPU M 3a €ro 3I0pOBheM. MOOWIBHOE MPUIOKECHUE
«bypna XatyH» obecrieuynuBacT OBICTPBIA M yIOOHBIN
JOCTYI K MHPOPMAaIUH o Bameil OepeMeHHOCTH, pa3-
BHUTHH peOCHKA W BaXXKHBIM PEKOMEHIAIVSM JUTS Oepe-
MEHHBIX, & TAK)KE MPOCTHIM S3bIKOM OOBSICHSIET CaMble
Ba)KHBIC MOMEHTHI T10 YXOIy 332 HOBOPOXKICHHBIMH H
MJIaJIEHIIaMU TI0CTIEe POKICHHUSI.

6. Ipunoxenue “IlepBasi moMouIb” MOMOraeT
pearupoBaTh Ha TIOBCEIHEBHBIC YPE3BbIYAMHBIC CUTYa-
IIUU ¥ 1a€T COBETHI, YTO JIENATh B CIy4Yae HEOTIOKHON
MeIUIUHCKOW nomMomty. [TpunoxeHne mperocTaBiser
JOCTYIl K TEMAaTHYECKUM BHICOPOIMKAM U TIPOCTHIM
MTOIIAarOBBIM MHCTPYKIIMSM II0 BEITIOJTHEHHIO MeEp TIep-
BOH MOMOIIM WM IOMOIIM B Mepax, MPHHAMAEMbIX
TIpH HEOOXOIUMOCTH HJIH 10 YKa3aHHIO CIykKO0 CKOpoi
MEIWIIUHCKOW TOMOINM WM JAPYTHX 3KCTPEHHBIX
ciyxO0.

7. llpuno:xkenue “Buneo/lokrop”, 3T0 Teaeme-
TUIMHCKHE YCJIYTd, MPeI0CTABJIsIeMbIe JTHIICH3UPO-
BaHHBIMHU BpavyaMu, paOOTAOIIUMH B IPYIIE HE3ABH-
CHUMBIX CIICIHATU3UPOBAHHBIX IPAKTHK, HM3BECTHBIX
nox ooOwuM HaszeanueMm VideoDoktor Professionals.
OTH CHEUATUCTHl OKa3bIBAIOT YCIIYTH Yepe3 TeieMe-
JTUIMHCKYEO TuaTgopmy «BumeolokTopy exeTHEeBHO
1 B 1F000M Mecte. OUHBIE BUIEO CEAHCHl MOTYT IPOBO-
JUTHCS 10 3aIPOCY WIIH B 3apaHee OrOBOPEHHOE BPEMS,
JTHEM U HOYBIO, BKJIFOUAs Mpa3aHUYHbIC THA. [Tomyuure
KauyeCTBEHHYI0 MEIUITMHCKYIO IMOMOIIL B O€30mMacHO-
CTH BaIlleTo JJOMa.
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8. ITpuito:keHue “IIeKTPOHHBIN penent” sBIs-
eTCst MOOMIIBHBIM MPIMEHEHHEM CHCTEMBI « DJIEKTPOH-
HBIA PEIEIT», KOTOPBIH SBISCTCS CIUHBIM PEECTPOM
PETUCTpAIMK W YIIPABICHUS PEICNTAMU MO0 MEIUIUH-
CKUM MpernapaTaM, BBIITHCAHHBIM Tpa)KIaHAM B TOCY-
JTAPCTBCHHBIX U YACTHBIX MEAUIIUHCKHUX YUPEKICHHUIX
Asep0Oaiimkana. Bocronb30BaThCsl cHCTEMON «DIeK-
TPOHHBIH PEIENT» MOTYT BCE TPAKAAHE, ITOTyYaIOIIHe
YCIIyTH 10 00s3aTeIbHOMY MEIUIIMHCKOMY CTpaxoBa-
HUIO, TPakIaHe, OTHOCAIINECS K JIBTOTHOM KaTeropuw,
a TaKkKe rpakJaHe, MOTyJaloIie YCIYTH 10 YaCTHOMY
MEIHUITTHCKOMY CTPaxOBaHUIO, a TaKXKe He3acTpaxo-
BaHHBIC Ipakaane [2].

MoOuIbHBIC MPUIOKECHUS 3MPABOOXPAHCHHS OT-
paXkaroT ypoBeHb i poBH3anuu 3Toi otpaciu. [1o u3-
MEHCHHUIO YPOBHS MOOWIBHBIX IMPHUIOKCHUNH MOXKHO
clieNaTh BBIBOJ 00 CErOMHSAIIHUX yClexax B Iu(poBU-
3aliH 3paBooXpaHeHus B pecityonuke. Kak BuaHo, u3
OTMCAHHBIX BHIIIIEC MPUIOKCHUH NEPBhIC U3 HUX MPEIO-
CTaBJSUTM MH(GOPMALIMIO JTAaXKe B pekuMe odiaiHa.
O6MeH uH(popMaIeit MOYKHO OBLITO BBEITIOJHUTH B BHJIC
otnpasieHuss CMC cooOIeHnH, Wik CIeIHATU3UPO-
BaHHBIX BUICO-4aTOB. A NpHJIOKeHUE “DJIEeKTPOH-
HBIH peuent” SBISETCA YK€ MOOHIHHBIM IpPHMEHE-
HHEM CHCTEMBI «JJIEKTPOHHBIH pEIEeNnT» aHOHCHUPO-
BaHHOM B 2023 romy, B KOTOpPOM, IIOJb30BaTelb
JIOJDKEH UMETh YKe UICHTH(DUKAIIMOHHBIN KO/, T.C. pe-
THCTpAIMI0 B TOCYJapCTBEHHOM peecTpe. UTo sIBIIs-
€TCsI HOBBIM 3TAIOM I[U(PPOBHU3AIMHU 3APABOOXPAHCHHUS
C UCTIOJIb30BAaHUEM IIEHTPAIU30BAHHOM rOCyJapCTBEH-
HBII 0aspl. [Ipemmaraercs GpopMHpOBaTH SIUHOE HH-
(hopMaImOHHOE TIPOCTPAHCTBO MPU ITOMOIIN CHCTEMEI
9JIEKTPOHHOTO perenTta, KoTopas OyAeT OXBaThIBaTh
TIOJIMKJIMHUKY, CTAI[MOHAPHI M CETH alTeK CTPaHHL. B

OyyleM UHTErpalisi CUCTEMBI C PEECTPOM KOHTPOJIS
3a JBMKEHHEM JIEKAPCTBEHHBIX CPEICTB, IMO3BOJIUT
YCHJIUTH KOHTPOJIb 32 ONEPAIlUSIMH PEaTU3AIMHA MU~
KaMEHTOB, BKJIOYas MPEIOTBPAINCHUE PACIIPOCTPaHe-
HUSl HE3apErHUCTPUPOBAHHBIX MpenapaToB. Takxke ue-
pe3 STO MOOWIbHOE MPHJIOKCHHE MOXKHO Oyaer
YI0OHO BECTH MOUCK aNTEeKH JJIsl IPUOOPETCHHS HYX-
HOro TperapaTta WM 3aKa3biBaTh ero 3apanee. Cum-
TaeM, 4TO MOOHMJIBHOE MPUIIOKEHUE DIIEKTPOHHOTO Pe-
mernTa 0COOCHHO OyIeT HeOOXOAMMBIM IS TIAITUCHTOB
C XpOHUYECKUMHU 3a00JieBaHUAMU. VM OoJIbIle HE TIpH-
JIETCsI OTCHIKMBATh OYepe/ib K Bpauy ISl BHIIMCKU He-
obxomumMoro mpenapara. Korma cucreMa MONTHOCTHEO
3apaboTaeT, TO MPOJUICBATh PEUEHT OHH CMOTYT yaa-
JICHHO TI0 COTJIACOBAHUIO C JIOKTOPOM. A TIPUXOIHTH K
Bpady Ha MpUeM HEoOXOAMMO OYIET yKe TOJNBKO Ha
00s13aTeNIbHBIE OCMOTPEI.
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AHoOTAaNis

OcTtaHHIME pOKaM¥ TPaHCTIOPTHUH CeKTOp Y KpaiHu 3a3HaB U poBoi TpaHcHopMaIlii, 110 3HAYHO BIUTHHYJIIO
SK Ha e()eKTUBHICTH Horo poboTH, Tak i Ha KoMpopT macaxkupiB. OTHAK, 3pocTaroda 3aNEKHICTh B iHPopMa-
HiﬁHO-KOMYHiKaHiﬁHHX TEXHOJIOTIH Ipu3Bea 10 TOro, 10 3a3Ha4CHa rajly3b CTajla JOCTATHBO BPA3JIMBOIO Y€pPE3
BIUTMB Pi3HOMaHITHUX KiOep3arpo3, siki MOKyTh 3aBIaTH CYTTEBOI IIKOAHW IiIMPUEMCTBY TPAHCIIOPTHOI rairysi.
BinmoBinHO, BU3HAUSHHS Ta aHAJI3 iICHYIOUHX iH(POpPMAamiiHUX 3arpo3, 0 BHHUKAIOTH ITiJ] 9aC POOOTH TPAHCIIO-
PTHUX MIANPUEMCTB Ta OIIEPaTUBHE PearyBaHHs Ha HUX 3 METOIO 3aro0iraHHs KatacTpod € akTyalbHOK HAyKOBO-
TEXHIYHOIO 3a/1a4€0.

Abstract

In recent years, the transport sector of Ukraine has undergone a digital transformation, which significantly
affected both the efficiency of its work and the comfort of passengers. However, the growing dependence on
information and communication technologies has led to the fact that the mentioned industry has become quite
vulnerable due to the impact of various cyber threats that can cause significant damage to the transport industry
enterprise. Accordingly, the identification and analysis of existing information threats arising during the operation
of transport enterprises and prompt response to them in order to prevent disasters is an urgent scientific and tech-
nical task.

KaiouoBi ciioBa: tpancnoptHuii cextop, iHpopmaniitna 6e3neka, iHpopmaliiiiHa TexHooris, iHpopmaniiiui
3arposu, DDoS-artaku, kibepaTtaxa.

Keywords: transport sector, information security, information technology, information threats, DDoS at-
tacks, cyber attack.
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Beryn. [ndopmariiitna 6e3neka Biairpae BaxIuBy
pob y 3abe3nedeHHi eeKTHBHOTO (YHKIIOHYBaHHS
MiAIPUEMCTB TPpaHCIIOPTHOTO cekTopy [1]. B HaykoBo-
TEXHIUHIH JiTepaTypi iCHyE JOCTaTHBO pOOIT, MPUCBS-
YCHHX aHaJi3y iH(pOpMAaIiTHUX 3arp03, 10 MOXKYTh BH-
HHUKATH B PI3HUX Taly3sX TPAHCHOPTHOTO KOMILIEKCY
Kpainu. 30kpema, B poOoTi [4] po3MISHYTO CyKyIHICTb
METO/IiB i MPAKTHK 3aXUCTY BiJl aTaK 3JI0BMUCHUKIB JJIs
3abe3neueHHs Oe3nepediiHOi pPOOOTH KOMIT IOTEpiB,
eJIIEKTPOHHHX CHUCTEM, MEpPEX Ta TAHUX Ha aBTOMOO1IIb-
HOMY TpaHcmopTi. B po6oTi [2] mpoananizoBaHo icHY-
fodi mpobieMu iHpOpManiitHOi Oe3neKu aBialliifHOTO
TpaHCHOPTY. ABTOPOM poboTH [3] 3amporoHoBaHo po-
3msaati iHdopMmaniiiHy Oe3neKy sK eJeMEHT ITiJBH-
IMIeHHS e()eKTHUBHOCTI KOMIUIEKCHOTO KOHTPOJIIO Ha
MiANPUEMCTBAX BOJAHOTO TPAHCTIOPTY. Y po0OoTi [S] no-
CJIIJPKEHO TIMTaHHS OpraHizaii, BIPOBaPKEHHS Ta 3a-
OesneuenHs iHopmaniitHoi 6e3nekn Ha BOJHOMY Tpa-
HCIIOPTi, 30KpeMa, Ha MOPCHKUX cynHax. Jlesiki mpo-
OmeMu BIPOBAPKEHHS CTaHAAPTIB KiOepOesmekn Ha

MOPCBKOMY TPAHCIIOPTi PO3TIISIHYTO aBTOpaMu poOOTH
[6].

Opnak, s eekTUBHOrO 3a0e3rnedeHHs iH)op-
MaIiifHOT Oe3MeKH MiAMPUEMCTB TPAHCIIOPTHOTO CEK-
TOPY HEOOXIZHO NMPOBECTH KOMILIEKCHUH aHai3 iH(po-
pMaIliifHUX 3arpo3, SKi 3aBIAl0Th HAWOUIBIIOT IIKOIH
3a3HayeHii rany3i. OcTaHHE 03BOJIUTH BU3HAYHTH
Bpa3JKBI MicIis, pO3pOOHTH IUIaH pearyBaHHs, BIIPOBa-
IUTH yci HeoOXigHI 3axoiu Oe3MeKw Ta MiArOTYBaTH
MepCOHA] U YCIIIIHOTO pPO3Ii3HABaHHS Ta peary-
BaHHS Ha KiOepaTaku.

TakuM 9UHOM, METOI0 MaHOI POOOTH € TpOBe-
JCHHS KOMIUIEKCHOTO aHaji3y iH(popMamiifHux 3arpos,
110 BUHUKAIOTH I1i]] 4ac (YHKIIOHYBaHHS ITAIPUEMCTB
TPaHCIIOPTHOTO CEKTOPY.

OcHoBHa yacTHHA. Bu3Haunmo, sika yacrtka Kioe-
paTak npumnaaae Ha TPAaHCTIOPTHUHN cekTop. st 1poro
BUKOPHCTAaEMO piYHUH 3BIiT KommaHii Microsoft 3a
2022 pik [9]. Ha niarpami (puc. 1) npoeMOHCTpOBaHO
CEKTOPH €KOHOMIKH, 110 HaifyacTille ImiIaBajIich Ha-
majiaM KiOep3JI09HHIIIB.

Fanysi, wo sasHanu Kibepartak B CBITi

B KomyHikawii
H Megia M @iHaHCK
B AHANITAYHI LEHTPK mIT

B Mixypagoei opradizauii M TpaHcnopTHa ranyab

OxopoHa 340poB'A
M [lep#aBHi opravm W OceiTa

W IHwi

Pucynox 1 — Ianysi, wo 3azuanu kibepamax 6 ycvomy ceimi na 2022 pix

B upomy x 3BiTi Oyna nmojana indopmanis npo ranxysi B YKpaiHi, 10 HaiOUIbIIe MiAnang mijg yaap micis
BTOPTHEHHs. Pe3ynbTaTi JociipKeHHs 300pakeHi Ha HaCTyHil aiarpami (puc. 2).
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Fanysi, wWo sasHanu Kibepartak B YKpaiHi

miT B EHepreTHka

W KomyHikawii B DiHaHCK

W IHWi

N AgepHa NPOMMCAOEBICTD

m Megja

TpaHCnopTHa ranysb

B [lepagHi opraHu M Pozapibua Topriena

Pucynok 2 — Ianysi 6 Ykpaini, wo 3aznanu kibepamax na 2022 pix

[IpoanamnizyBaBuiy iarpaMu, MOKHA TOMITHTH,
0 CEKTOPU €KOHOMIKH B CBiTi, 0 HAYACTIIIIE TTiaa-
FOTBCSL KibepaTakaM, 3HAYHOIO MipOIO BipPi3HSIOTHCA
BiJ THX, IO 3a3HaNu Kibeparak B YkpaiHi. Takox 1e
TTOMITHO ¥ JJIs1 TPaHCHIOPTHOI iHPPACTPYKTYpH, 1€ Ki-
Oeparaku Ha YKpaiHy cTaHOBIATE 7% (Ha BiAMIiHY Bif
THX, IIIO0 CTOCYIOTBECS CBITY — 2%). Benuky poib B mux
3MiHax BiJirpae BTOPrHEHHS! BOPOTa B HAILy KpaiHy.

[inecnpsiMoBaHi OOCTPINM TPAHCIIOPTY CTAHOB-
JSITH 3arpo3y Uit cdepH, IO Mae BHpILIaJbHE 3HA-
YeHHsI U1 TPOMaJIsiH YKpaiHu, sIKi HaMararoThCsl BH-
JKMTH B YMOBaXx BiifHH. 3TiIHO 3 OIMTYBaHHSM, IIPOBE-
neanMm 3a niarpumkn FOHICE® y tpasni 2022 poky,
PECIIOH/ICHTH B MOCTPAXKIAIMX BiJ KOHPIIKTY MICBKUX
paiioHax OynM HalOLIbIIe 3aHENOKOEH! MpoOIIeMaMu
TPaHCIIOPTY 1 HajMBa, MepeOosiIMU B MOCTa4aHHi, 0e3-
TIEKOI0 T2 0OMEKEHNUM JIOCTYTIOM JI0 IPOJYKTIB Xapuy-
BaHHS, MEINYHUX 1 (JiHAHCOBUX TTOCIYT.

Jlnst Bu3HaueHHS 0€3MOCEPHIX 3arpo3, 10 MAKTh
HaWOUIbILINIA IIPOSIB Y TPAHCIIOPTHOMY CEKTOPi, CKOPH-
CTAaEMOCH 11I€ OJJTHUM 3BiTOM. EBpOIEiicbKe areHTCTBO 3

MepexeBoi Ta iHdopmaniiinoi 6e3neku (ENISA) Bre-
plIe TmpoBeJOo aHami3 Mo JaHAmAadTy Kidep3arpos y
TpaHcriopTHOMY cektopi €C [8]. 3BiT Mae Ha MeTi Ha-
JIaT HOBE PO3yMiHHS peallbHOCTI TPAHCIIOPTHOTO CEK-
TOpY HUIIXOM KapTorpadyBaHHs Ta BUBYCHHS KiOepiH-
muaeHTiB 3 ciuHsg 2021 poky mo xoBTeHs 2022 poKy.
Bin BH3Ha4Ya€ OCHOBHI 3arpo3u, Cy0'eKTH Ta TEHACHIII1
Ha OCHOBI aHaNi3y KiOeparak, CIpsIMOBaHUX Ha aBia-
WiAHUA, MOpPCHKUM, 3ai3HHYHHA Ta aBTOMOOUILHUI
TPAHCIIOPT 3a MaikKe 2 POKHU.

Po3rnsiHeMo CTaTUCTHKY iHIMICHTIB Ha Pi3HI Tpa-
HCIIOPTHI CEKTOPH. 3a 3BITHUII NIepioj] IpOaHaIi30BaHO
27 IHIUIEHTIB, CIPSIMOBaHHX Ha aBialliiHUI TpaHC-
mopt (28%), 18 iHIMAEHTIB, CIIPIMOBAaHUX Ha MOPCH-
kuit Tparcnopt (18%), 21 iHIUAEHT, CIpSIMOBaHU Ha
3aJi3HMYHUHA TpaHcnopT (21%) i1 24 iHmuneHTy, crps-
MOBaHi Ha aBTOMOOUTHHMH TpaHcnopT (25%). Takox
Oyio BriroueHo § iHnmAeHTiB (8%), siKi cTocyBanmcs
TPAHCIOPTHOTO CEKTOPY B IJIOMY, a00 IHIMICHTH,
CIPSIMOBaHI MPOTH TPAHCHIOPTHUX MIHICTEPCTB.

3arposa TPaHCNOPTHUM CeKTopam

B TpaHcnopT B winomy MABiauia B 3anisHWUHWIA

AeTomobinbHuiA B MopcbKuii

Pucynok 3 — 3aeposu mpancnopmuum cekmopam 3a 36imuiti nepioo



24

Slovak international scientific journal # 84, (2024)

[IpoTsarom 3BiTHOTO TIEPiOAy CIIOCTEpIiramucs Ha-
CTYITHI BUIU 3arpo3 (puc. 4) mjs TpaHCTIOPTHOT TaiTy3i.
B nmanoMy BUmNanKky, iHIUACHT MOXHA BIHECTH JIO Ki-
JIBKOX KaTeropii 3arpo3, sikuii o3Havae, o 3araabHu
BIZICOTOK 3arpo3, MOKa3aHWX Ha pHUC. 4, IepeBUILyE
100%. Hanpukian, BEKTOp aTaku JUIst TOYaTKOBOTO JI0-

CTYITy MOX€ BKJIIOUATH (illIMHTOBY KaMIIaHito, sKa T0-
TIM CYTIPOBOJKYETHCS KOMITPOMETAITIEIO 33 JOTIOMO-
rolo nporpaMmu-pumarava. IlogiOHuM umHOM, iHUMAE-
HTH, IKi BKJIIOYAJIM aTaKy Ha [0cTadajbHUKa, Kiacudi-
KyBaJIMCsl SIK aTaky Ha JIAHIIOT NOCTa4aHHs, TaK 1 K
THII aTaKu, BUKOPUCTAHUH JJIs1 KOMIIPOMETALLii.

OCHOBHI 3arposu TpaHCMOPTHOMY

Mporpamu-sumaravi

3arposu, nos'asai
3 JaHUMKU

LWkianmee nporpamue
3abesneueHHA

DoS/DDoS/RDoS

Piwmnr

Ataum Ha NaHuworu
NOCTaBOK

NMopyuweHH:A/BTOPrHeHHA

lWaxpaitcteo/BuaasaHun cebe
3a iHwy ocoby/nigpobra

BUKOpUCTaHHA BPa3MBOCTER

Pucynox 4 — Ocrosni 3aepo3u mparncnopmuomy cekmopy (civensv 2021 — sicosmens 2022)

Posenanemo ocHoemi 3a2po3u mpancnopmuomy
cexmopy.

Mporpamu-Bumaraui. [lporpamHe 3abe3ne-
YCHHS-BHUMAarad BU3HAYA€ThCs K TUI aTaKW, IiJ 4ac
SIKOT'O 3JIOBMHCHHUKH 3aXOILIFOIOTh KOHTPOJIb Hall aKTH-
BaMU Ta BUMAraroTh BUKYI B OOMiH Ha TIOBEPHEHHS 10~
CTYITHOCTI aKTUBY. [HIIMJCHTH 3 MpOrpaMaMu-BUMara-
YaMU [PEICTaBICHI OKPEMO BiJ| LIKIUIMBUX MPOTPaM,
OCKIJIbKA BOHHM CTaHOBIIATH 3HAYHY YaCTHUHY BUSBIIC-
HUX iHOUACHTIB (38%) MpOTAroM 3BITHOTO TEpiony, 3
KUJThKOMa PE30HAHCHUMHU IHIMICHTaMU, SIKi OTPUMAIH
MIUPOKHUN PO3TOJIOC.

3arposu, o noB’s3axi 3 fanumu. Jxepena aa-
HUX CTalOTh 00'€KTaMU aTak 3 METOI HECaHKIIOHOBA-
HOTO JIOCTYITy Ta PO3TOJIOMICHHS, a TAKOX MaHIITyJII0-
BaHHs JAHUMHU JJI1 BTPYYaHHS B MOBEIIHKY cucteM. LIi
3arpo3u € OCHOBOIO JIJIsl 0araTboX 1HIIUX 3arpo3, sKi Ta-
KOK PO3IJISal0ThCsl. Hampukiaa, mnporpaMu-BHMa-
raui, 0o DDoS-aTaku, MalOTh Ha METI BiIMOBUTH B J[0-
CTYyII 10 JaHUX 1, MOYKJIMBO, BUMAraTH IUIaTy 3a BiJTHO-
BJICHHSA IOTO AOCTYIy. 3 TEXHIYHOI TOYKH 30Dy,
3arpo3u I TaHUX B OCHOBHOMY MOXHa KiacH(iKy-
BaTH SIK BUTOKH Ta OPYIICHHS AaHuX. [lopyiieHHs na-
HUX — IIc HABMICHA aTaKa, 3/1iiCHeHa KiOep3I0YHHIIEM
3 METOK OTPUMAaHHS HECAHKIIOHOBAHOTO JOCTYIY Ta
BUTOKY YyTJIUBHUX, KOHQIICHIIHHUX ab0 3aXHIIEHUX
JaHuX. BUTIK qaHUX — 1€ MOis, sIKka MOYKe TIPU3BECTH
JI0 HCHaBMUCHOTO BUTOKY UyTJIHUBUX, KOH(1ICHIII HHIX
a00 3aXWIIEHUX NaHWX Yepe3, HANPHKIAL, HEIpPaBHU-
TpHI KOH(pITyparlii, Bpa3muBOCTI ab0 TIOACHKI MOMHU-
nKku. Y 3BiTHOMY miepioni 6:1m3pK0 30% crocTepexyBa-
HUX IHIUAEHTIB OyiH (hOpMOIO 3arpo3u AJIs TaHuX Tpa-
HCIIOPTHUX OpraHizarii.

HlkinnmuBe mporpamue 3ade3mevyenns. [lIxin-
JMBE IMIPOTpaMHE 3a0e3MeUeHHs — 1€ 3arajJbHUI Tep-
MiH, KU} BUKOPHUCTOBYETHCS IUISl OMUCY OY/b-SIKOTO
HPOrPaMHOTO 3a0e3Me4eHHs 200 MiKpOIIPOrpaMu, MpH-
3HAYEHOI JUIsl BUKOHAHHS HECAHKLIOHOBaHHX IPOIe-
CiB, 1110 HETATUBHO BIUIMBAIOTh HAa KOH(IAEHIIHHICTB,
LUIICHICTh a00 JOCTYIHICTh CHUCTEMH. TpaguiliiiHO
OpUKIaJaMH IIKIJUIMBOTO KOAy € BipycH, XpoOakw,
TPOSIHCHKI IIPOTpaMH, MIMUTYHCHKI IPOrpaMu, pekia-
MHI TIPOTpaMU Ta iHIII KOJOBiI 00'€KTH, SIKi BPaXkalOTh
komir'totep. IIporsirom 3BitHOTO Mepiony 17% inmmzae-
HTIB, CHPSIMOBaHMX HA TPAHCHOPTHHH CEKTOp, OyIH
MOB'sI3aHi 31 3JIOBMHCHUM IIPOTPaMHHAM 3a0e3IedeH-
HSIM.

BinmoBa B o6cayrosyBanHi. /loctynHicts € 00'-
€KTOM 0e3J1iui 3arpo3 i1 aTak, cepel| SKuX BHILUISETHCS
DDoS-araka. DDoS-ataku HamijeHi Ha JAOCTYINHICTh
CHCTEM 1 JaHHX 1, XO4a HE € HOBOIO 3arpo30¥0, Biairpa-
I0Th 3HAYHY POJb Yy JaHAmadTi 3arpo3 KidepOesneku
TPaHCIIOPTHOTO CEKTOPY. ATaku BiOYyBarOTHCS, KOJIU
KOPHCTYBadi cHCcTeMH abo cepBicy HE MOXYTh OTpH-
MaTH JIOCTYI IO BiJIOBiTHUX JAaHUX, MOCIYT abo iH-
mux pecypcis. Lle Moke OyTH JOCSATHYTO IUIIXOM BH-
CHa)XEHHsI cepBicy Ta Horo pecypciB abo mepeBaHTa-
JKCHHS KOMIIOHEHTIB MEpEeKeBOi 1HPPACTPYKTypH.
[IpoTsirom 3BITHOTO MEPioAy TEOMOIITHYHI MOII] Ta ak-
TUBHICTh XaKTHUBICTIB 30iMbIIMIN KiTbKiCTE DDoS-
aTaK Ha TPAHCIOPTHI opranizamii, gocsarayBmu 16%
BIJI 3araJIbHOI KIJIBKOCTI 1HIIMAEHTIB.

Buxopucranaa Bpa3nauBocteil. ExcruryaTamis
BPAa3IMBOCTEH — 116 BUKOPUCTAHHS BIIOMUX BPa3JINBO-
cTeii a00 Bpa3IMBOCTEH HYJIHOBOIO JIHS.
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CouianbHa iHxeHepis. CoriasbHa i1HXEHEpis
OXOIUTIOE MMUPOKUAN CHEKTP AISUIBHOCTI, sKa Hamara-
€THCS] BUKOPUCTATH JIIOJICHKY TIOMHJIKY a00 MOBEMiHKY
JIFOJIUHU 3 METOI0 OTPUMaHHS AOCTYIy 110 iH(popmarii
a0 nocnyr. BoHa BUKOpHUCTOBYE pi3Hi pOpMHU MaHimy-
TSN, 100 3MYCHTH JKEPTB IPUIYCTHTHCS MMOMHIIKA
abo nepenatu KoH(}igeHIIHY Y1 CeKpeTHY iH(popMa-
uiro. Y cepi kibepbesneku couianbHa iHXeHepis 3a-
MaHIO€ KOPHCTYBadiB BiAKpUBATH TOKYMEHTH, (ailin
a00 eJeKTPOHHI JINCTH, BiJBiAyBaTH BeO-caifTn abo Ha-
JIaBaTH HEaBTOPHU30BAaHUM 0co0aM JOCTYII IO CHCTEM
abo nocayr. L1 kaHBa 3arpo3 CKIagaeThCs MePEeBaXKHO
3 TAKUX BEKTOPiB: (QilIMHT, criamM-(pimHT, KKATOOIH,
«CMIIIAHTY, «BIIIUHTY, KOMIPOMETAIis UTOBOI JICK-
TPOHHOI IOIITH, IaxpaiicTBO, BUIABaHH: ceOe 3a 1HIILy
0co0y Ta miipoOKa JOKyMEHTIB. Y I[bOMY 3BITHOMY ITe-
piozi crocTepirajiuch nepeBakHO (IIIMHIOBI aTakH,
CIpsIMOBaHI Ha KopucTyBadiB Tpancnopty (10%), a Ta-
KOX 1HLIMJIEHTH, MOB'A3aH] 3 IaXpalCTBOM, BHJaBaH-
HIM cebe 3a iHmy oco0y Ta migpoOKOI0 TOKYMEHTIB
(6%).

ATaKHi Ha MOCTAYAJbLHHUKIB i JIAHIIOTH MOCTa-
BOK. ATaka Ha JIAaHIIOT [IOCTA4YaHHs CIIPSIMOBaHA Ha Bi-
JTHOCHHH MiXK OpTaHi3allisMH Ta IXHIMHU MTOCTa4aIbHU-
KaMd. Y [bOMY 3BiTi BUKOPHCTOBYEThCS BU3HAYCHHS,
HaBezieHe B jaHamadti 3arpo3 ENISA nns nanmrora
MOCTABOK, JIe aTaka BBa)XKAEThCS TaKOIO, L0 MICTHTh
KOMITOHEHT JIAaHIIIOTa IOCTaYaHHsl, SKIIO0 BOHA CKJIa/1a-
€TbCs 3 KOMOiHaMT npuHaiiMHi 1Box arak. [1[o0 araky
MoxHa OyJ10 Kiacu(ikyBaTH SIK aTaKy Ha JIAHIIIOT IoC-
TaBOK, IUIIMHA MarOTh OYTH SK IOCTa4aJbHUK, TaK 1
KitieHT. CX0%Ke, 10 37I0BMUCHUKH NPOJOBKYIOTH KOPH-
CTYBaTHCh LIUM JDKEPEJIOM, 1100 IPOBOAUTH CBOI OIIe-
pamii Ta 3aKpilUTFOBATHCS B OpraHi3alisx, HaMararo-
YHCh OTPUMATH BUTOJY BiJl ITMPOKOT'O BIUIUBY Ta ITOTE-
HIiifHOT 0a3m JkepTB TakWX arak. Y  3BITI
CIIOCTEPIrajJuch SIK aTaku Ha JIAHIIOT OCTAYaHHS, SIK
BHM3HAYEHO BHIIE, TAK i aTaKW Ha MMOCTAYaIbHHKIB, SIKi
pU3BeNH 10 30018 200 30UTKIB Cy0’€KTaM y TPaHCIIO-

pTHOMY cektopi (10% Bix 3aranbHOI KiTBKOCTI 1HIHAE-
HtiB). Lle# BruinB He 000B’SI3KOBO OYB HACJIITKOM BTO-
PUHHOI aTakHu.

Mopymennsi/Bropruennsi. [lopyuieHHs/Bropr-
HEeHHS — [I¢ 1HIUJICHTH, KOJIM aTaka Ha CHCTeMy Oyia
MiATBEp/KEHAa ab0 ONPHIIONHEHA, 1 3JI0BMUCHUKH
OTpUMaJIH JOCTYII 0 CUCTEMH, aJie JIeTali TOro, sIK Bi-
n0yJocst NOpyIIeHHsT a00 BTOPTHEHHS, HE OyJIM PO3K-
pHTI.

Inumri 3arpo3u BKIFOYAIOTH ITOOJWHOKI BUTIAIKH
300py OOJIKOBHX MAaHUX 1 MiIPOOKY TeoNIOKalii B MOp-
CBKOMY CEKTOPI.

Hapemiri, € HeBenWKHWIA BiICOTOK IHIMICHTIB,
KOJIM HaBiTh SIKIIO BiIOyacs KibepaTaka, HeI0CTaTHHO
inpopmarii, 1mo0 T03BOJUTH Kiacu(]iKyBaTH iHIHU-
JICHT. 3arajioM Ii¢ CTaHOBUThL 7% IHIUIACHTIB (HEBIIO-
MUX).

Jani mpo iHOuAeHTH, 3i0paHi a0 XOBTHS 2022
POKY, CBiMYaTh MPO 30UIBIICHHS KITBKOCTI MOBiIOM-
JICHb TIPO aTaKW 3 BUKOPUCTAHHSAM MPOrpaM-BAMaradiB
mpotsrom 2022 poky (puc. 5). KinpkicTs moBiZoMIICHB
TIPO IIi aTaK! Y TPAHCIIOPTHOMY CEKTOPi MaiiKe TOABO-
imacs, 30impmuBLINCE 10 25% y 2022 pomi 3 13% y
2021 poui. Ha Biqminy Bix mporpam-BuMmaradis, y 2022
POt CIIOCTEPiraaoch 3HIKEHHS KUTBKOCTI 1HITICHTIB,
NOB'SI3aHMX 31 LIKIJUIMBUM MPOTpaMHUM 3a0e3redeH-
HsM, niopiBHsIHO 3 2021 pokom (3 11% mo 6%) [7].

3arpo3u, NOB'sI3aHI 3 JaHUMH (3]IOMH, BHTOKH),
3MEHIIMIKCS MOPIBHSHO 3 MPOrpaMaMu-BUMarayaMu,
aJle 3aIMIIAITHCS 3HAYHUMH. ATaKH, 1110 CriocTepira-
mues y 2021 Ta 2022 pokax, Oyiu cripssMoBaHi Ha 00Ti-
KOBI J1aHi, IEpCOHANBHI JaHi CIiBPOOITHUKIB Ta Taca-
JKHUPIB, KOPIIOPATUBHI NTaHI Ta IHTEIEKTyallbHY BJac-
HICTb.

¥V 2022 pori criocTepiranock 301bIISHHS KUTBKO-
cti DDoS-arak, 1110 31e01I51I10T0 MOB's13aHO 3 HEILO1a-
BHBOIO aKTHBHICTIO XaKTUBICTIB. YacToTa X aTak 30-
Cepe/PKeHa Ha KOHKPETHHX PErioHax i 3aJeKHTh Bif
MOTOYHOI I'€OMOJIITHYHOT HATIPYKEHOCTI.
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OCHOBHI 3arposu TpaHCNOPTHOMY ceKkTopy: 2021 npoTtu 2022
Pix ®2021 @2022

Nporpamu-enmaraui

: . 21%
3arposm, Nnos'A3aHi

3 AaHWUMK

Wkignuee nporpamue
3abeanevyeHHA

DoS/DDoS/RDoS

|

®iwmnr

ATakM Ha NaHUoM
NOCTaBOK

MopyweHHaA/BTOPrHeHHA

Waxpaiicteo/supasaqHn cebe
3a iHwy ocoby/niapobka

BuKOpUCTaHHA BpaznMBOCTEM

1"

Pucynox 5 — [opienanus wacmomu 3a2po3 051 MPAHCROPMHO20 CEKMOPY

IIaJ'Il PO3TIIAHEMO MOTUBHU, AKUMU KEPYIOTHCS 3J10- -

BMHCHUKH TIpH 3[iiCHeHI KibepaTak Ha TPaHCIOPTHI
nixnpueMcTBa (puc. 6). MOXIMBUMH MOTHBaMH € Ha-
CTYIIHI:

- IIIMUTYHCTBO, KOJIM METOIO aTak| € 30ip iH]o-
pMarii (iHTeJeKTyalpHOI BiacHOCTI abo iHQopmarii
JIep>KaBHOTO 3HAUCHH);

(hbiHaHCOBa BHTOJla, KOJM 32 aTaKolO € 4YiTKa
rpoluIoBa BUMOTA, HAIIPUKIIA, BAMaraHHs, IPoIaX BH-
KpaJIeHnX AaHHUX TOLIO;

- 1/1€0JIOTIYHI, KOJIM aTaKa ITOB's13aHa 3 XaKTHBI-
CTCBKOIO TisUTBHICTIO 1 € WiTKi JeKiapamii mpo MeTy
aTaku 3 OOKy cy0'ekTa;

- TOpyUIEHHsS poOOTH, KOJIM aTaka CIpsMOBaHa
Ha MopyIIeHHsS poOoTH cepBiciB, Ha BIAMIHY BiJ BUIa-
JIKIB, KOJIH 1€ € TOOIYHUM e(DEeKTOM aTaku.

MoTuBM NOPYLLIHUKIB

K,

» lgeonoriyui

® LUNWryHCTEG ™ ®IHAHCOBA BUIOAa MopyweHHA poGoTk B Hesigomi

Pucynox 6 — Momusu amax Ha mpancnopmui nionpuemcmed
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Binbme monoBWHM iHIMIEHTIB, 3adiKCOBaHUX Y
3BITHOMY TIepioi, OyJin MOB's3aHi 3 KiOEp3IOUMHIIIMH
(55%). Lle Takox MOB'I3aHO 3 MOTHBAIIIEIO0 IUX aTaK,
sKa TlepeBakHo nossirae y ¢inancosiit Buroai (38%).

TpaHCOPTHHI CEKTOP BBAKAETHCS PHOYTKOBUM
0i3HECOM TS KiOEP3IOUHHIIIB, OCKUIBKY JIaH] KITI€HTIB
PO3IIISIAIOTECS SIK TOBAp, a MPH aTakax Ha TPaHCHOP-
THI JIQHIIFOTH TIOCTaBOK — SK Jy’Ke LiHHA iH(pOpMaIlis,
[I0 CTAaHOBHUTh KOMEPUiHHY TaeMHHUIIO. UBEpTh aTak
MOB'3aHa 3 XaKTUBICTCHKUMH rpynamu (23%), MoTu-
Ballis AKMX 3a3BMYail IOB'13aHa 3 T€OIOJIITUYHOIO CH-
Tyarji€ro i crpsMoBaHa Ha nmopymeHHs1 podotu (20%)
a60 3 imeonoriyHUME MOTHBAMH (6%).

BucHoBku. TakuM 4MHOM, TPAHCIIOPTHUI CEKTOP
€ )KHUTTEBO BXKJIMBUM Ul EKOHOMIKH Ta CyCITIUIbCTBA B
nitomy. KibepaTaka Moxe MOPYIIUTH HOpMaJbHE (y-
HKI[IOHYBaHHS MiCTa, PEerioHy 4YM IJI0i KpaiHH, OJIHO-
YacHO 3aBJal04M IIKOAM 0araTboM rary3siM IpOMHUCIIO-
BOCTI.

TpaHcnopTHHH KOMIUIEKC BXOANUTH 10 CITUCKY Ce-
KTOpIB, 1[0 HaifuacTimie maualThCcs KibepaTakaM 3110-
ynHIiB. B VkpaiHi BigcoTok kibepaTak Ha TpaHCTIOP-
THY 1HQPacTpyKTypy wie Oinpmmi, HiX y cBiTi (2% y
cBiTi, 7% B YKpaiHi). 3pocTaHHs 3arpo3u 3HAYHOIO Mi-
PO¥O TIOB’S13aHO 3 MOISIMH OCTaHHIX POKIB.

Amnani3 3arpo3 iHdpopMariiHoi Oe3neKd 3 CiuHs
2021 poky mo xoBTeHb 2022 poKy IoKa3aB, 110 Haifya-
CTillle TPAHCTIOPTHHUH CEKTOP 3IIUTOBXYETHCS 3 HACTYTI-
HUMHU BHJIAMM 3arpo3: NporpamMu-BUMaradi; 3arposu,
MOB’s3aHi 3 JaHUMM; IIKIIJIMBE MpOTrpamMHe 3adesrme-
YEeHHsI; BIIMOBA B 00CIyroByBaHHI; aTaKH Ha JIAHIFOTH
MIOCTABOK; MOPYIICHHS/BTOPTHEHHS; IaXpaliCTBO; BH-
KOpHCTaHHS BpasnuBocTedl. [Ipym 1boMy OCHOBHHMHU
MOTHBAMH MOPYITHHUKIB € MIIUTYHCTBO, (iHAHCOBA BU-
roja, iIe0JOTiYHI MOTHBH Ta MOPYIICHHS POOOTH cep-
BiCIB.
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B crarTi onncaHe HOBE TEXHOJIOTTYHE PIllICHHS MO 3BEACHHIO BEJMKOIPOTOHOBUX MOKPHUTTIB i THOMHUMH
Moxynsimu. OTOpHI puTeli MOKPUTTS B IPOLECi YKPYIMHEHHS Ha (GyHIAMEHTaX PO3MIIIYIOTECSA B MIPOCTOPI Mixk
CIIAPSHUMH KOJIOHAMH HECydoro Kapkacy. [lepeMillileHHs pureliB IOKPHUTTIB Ha NPOSKTHY BHCOTY BHKOHYIOTB 31
CIMpaHHAM Ha CTBOJIA MiAHOMHHX MOJYJIB, SIKi MiAPOIIYIOTECS B MiDKKOJIOHHOMY TIpocTopi. HoBe pimeHHs 103-
BOJISIE CYTTEBO CKOPOTUTH 00’ €MH BUCOTHHX MOHTa)KHHMX POOIT Ta 3arajibHi CTPOKH ITi THOMHHUX POOIT.

Abstract

The article describes a new technological solution for erection of large-span coatings by lifting modules.
Support crossbars of coating in process of enlargement on foundations are placed in space between paired columns
of bearing frame. Movement of cross-bars of coatings to design height is performed with resting on trunks of
lifting modules, which are grown in inter-column space. The new solution allows to significantly reduce the vol-
ume of high-altitude installation work and the overall time of lifting work.

Kuro4oBi cjioBa: 3BeZIcHHS BEIMKONPOTOHOBHUX ITOKPUTTIB, MiAHOMHI MOIYIIiB

Keywords: erection of large-span coatings, lifting modules

AKTYyaJIbHICTb NP0oGJ1eMu

CyuyacHi TexHOJOTii 3BEACHHS BEJIMKOIPOTrOHO-
BUX IMOKPHUTTIB IPOMHUCIOBUX Ta LMBUILHUX 00’ €KTIB
nependavyaTh IOMNEPeHE YKPYITHEHHs OJIOKIB TOK-
PHUTTIB Ha HU3bKHUX PHIITYBaHHIX METOJAaMHU BIILHOTO
iAoMY 3 BUKOPHUCTAHHSM CaMOXIJIHMX CTPLIOBHX
kpadiB [1,c.80 — 62] Ta HacTymHe MPUMYyCOBE MepeMi-
IIEHHS TIOKPUTTIB HAa IPOEKTHY BUCOTY METOAAMH MiJl-
TATYBaHHS a00 BUINTOBXYBaHH [2, c.12-14]. [IepeBaru
BiJJOMUX PIIIEHb IPIMYCOBOTO MiTHOMY IMTOKPUTTIB aK-
HENTYIOTHCS IPH PO3pOOIIi HOBUX TEXHOJOTIH migioMy
3 BUKOPUCTaHHSAM IiAHOMHHMX MOJYJNiB. 3MEHIICHHS
00’eMiB MOHT@KHHX BHCOTHHX POOIT Ta CKOPOYECHHS
3arajJbHUX CTPOKIB MiJHOMHUX POOIT 3 BUKOPHCTaH-
HSM TIHOMHUX MOJYJIiB, € aKTyaJbHUM HaIpaBJICH-
HSIM BJIOCKOHAJICHHS TEXHOJIOTIYHUX PillleHb 3BEICHHS
BEJIMKOMPOTrOHOBUX TIOKPUTTIB.

AHnaJi3 myoaikauii

Pe3ynbraT BUBYEHHS OpraHi3aniifHO-TEXHOJIOTI-
YHHX BapiaHTIB 3BEJCHHS BEIMKOIPOrOHOBHX 3alli30-
0OETOHHMX Ta METaJEeBHUX NOKPHUTTIB BiZJ0OpakeHi B Ha-
YKOBHUX TIpansix yKpaiHChKUX Ta 3aKOPJIOHHUX BYCHUX.
Cepen yKpailHCBKMX BUCHHX HaHOUIBIINKA BKIIaJ] B PO3-
POOKY TEXHOJIOTiH 1O 3BEJICHHIO KOHCTPYKTUBHO-TEX-
HOJIOT1YHUX OJIOKIB MOKPHUTTIB 3 BUKOPUCTAHHAM IIiJI-

omHMX MoxyiB 3poomn Konecnuk JI. A. [3], Haza-
penko B.®. [4], HixnikoBebkuii I'.C. [1], Ocunos O.D.
[2], Cuthik H.I1.[4], Cobxo FO.T. [5], Tonkadees I'.M.
[2], , Penopenko ILIL.[6], Yepnenko B.K. [2], [lIkpo-
Maga A.A.[6] . Cepen 3aKOpIOHHUX BUYCHHUX BEITMKHUI
BHECOK B PO3POOKY HAYKOBO-TCOPETUUHHUX PIIICHB I10
3BEJICHHIO BEJIMKOIPOrOHOBHX MOKPHUTTIB MPOMHUCIIO-
BHX Ta TPOMAASHCHKUX 00’ ekTiB 3poommm Fliger K. [7],
Rowinski L. [7], Kiihn E. [8], Riihle H. [8], Orlik G.
[9], Zidlko J. [9].

Mera po6otu

Ha 3akmnani aHamizy mepeBar i HEIOMIKIB BiTOMUX
BapiaHTiB 3BEICHHSI BEJIMKOIPOIrOHOBUX MOKPHUTTIB Me-
TOJaMHU MiATATYBaHHs a00 BHIITOBXYBaHHs, HEOOXi-
JTHO PO3POOUTH PIlIeHHS 3 BUKOPUCTAHHIM MEXaHi30-
BaHOT'0 TEXHOJIOTIYHOT0 00JIaIHAHHS, TIPEJICTABICHOTO
MiTAOMHUMH MOIYJISIMH. 3TiTHO 3 pO3pOOJICHOI0 TeX-
HOJIOTI€F0, TiIPOITyBaJIbHI CTBOJH MiAHOMHHUX MOIY-
JIB BHIITOBXYIOTH OIOPHI pHUresli KOHCTPYKIIH IOK-
PHUTTIB B IPOCTOPI MK CHAPEHUMH KOJIOHAMH HeCy-
yoro Kapkacy. IlizpomryBaHHS cekuid CTBOIIB
MiIHOMHHUX MOIYJIB BHKOHYIOTH TiIPaBIi4HI IOMK-
partu, po3TranioBaHi Ha (yHAaMEHTax MiX CHapeHUMH
KoJloHaMH. HaBaHTa)KeHHS BiJ| pUTENiB TIOKPUTTS, 110
MiIHIMAETHCA, TIOYEPTOBO CIPUMMAIOTH i IHOMHI IIJIO0-
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MIaJIKK , 3’ €THAHHI 31 IITOKaAMH TiIPaBIiYHUX JTOMKpa-
TiB TAHOMHUX MOIYJIB Ta puremni (QikcatopiB min-
oMy, 3MOHTOBaHI Ha 30BHIIIHIX CTOPOHAX CIAPEHHUX
KOJIOH. BukopucTanHs po3poOieHux MmiAHOMHHX MO-
JIYJTiB JIO3BOJISIE ONTUMI3yBaTl MOHTa)KHI MPOLIECH 110
3BEJICHHIO MOKPHUTTIB 32 PaXyHOK CYTTEBOTO 3MEH-
IIEHHS KUIbKOCTI MOHTa)KHHX OIlepalliii Ta CKOpOUYEHHS
TPUBAJIOCTI MiAHOMY HOKPHTTIB Ha IPOEKTHY BHCOTY.

Bukiax 0cHOBHOT0 MaTepiay K0C/TizKeHb

[TigfioM BENMMKONPOTOHOBOTO METAJIEBOI0 KOHC-
TPYKTUBHO-TEXHOJIOTTYHOTO OJIOKY IMTOKPHUTTSI METOZIOM
miATsATyBaHHs OyB BUKOPUCTAHMH NP 3BEIEHHI ITOK-
PpHUTTA 1eXiB aBiamiiiHoro 3aBoay. ITokpuTTs ckiana-
JI0Ch 3 O6JI0KiB po3Mipamu 96 x 48m Ta 96 X 54M 1 Macoro
1100 — 1200 T [ 6, c.74 - 76]. IIpouec migiioMmy MOK-
PUTTSI METOZOM MIJTSATYBaHHS Ta By3ous (ikcauii pu-
Tels MiTHIMaeMOTo MOKPUTTS NoKa3aHi Ha Puc.1.

Puc.1 ITidtiom 6enukonpo2oHo8020 NOKpUmMnis Memooom niOma2y8ants: a — NOKPUMms 8 npoyeci niouomy,
6 — y3011 ghikcayii onopro2o pueens niOHiMaemo2o nokpumms, 1- 610k nokpumms, 2- cmitika gpepmu nox-
pummsi, 3 — eepxHiii nosic pepmu nokpummsi, 4 — ONOpHUIL pucenb NOKPUMMms, 5 — KOJIOHA HECYyY020 KapKacy,
6 — niotiomnux I1111-330, 7 — onopa niotiomuuka, 8 — npomisxchuti niotiomuutl ynop, 9 — msaeoea cmpiuka,
10 — nepexiona nanxa mszoeoi cmpiuxu, 11 — cmponysanvha mpasepca.

[Tiniiom nokputTs Ha BUcoTy 34M TpuBaB 10 3MiH.
liaponiniiomuuku [1HI-330 Oynm po3ramoBaHi Ha
OTOJIOBKax MPOEKTHUX KOJIOH 1 BUKOHYBAJIU LUKIIIYHE
MiATAryBaHHS OJIOKIB TOKPUTTIB 32 JIOTIOMOTOIO IHap-
HIPHO-JIAHIIIOTOBOI TATOBOI CTpiukw. ['igporiqifoMHIK
araydoro Ty [THI — 330 ckimamaBes 3 JBOX TimpaB-
migaux gomkparis ['J] — 170 (BaHTaXOMi AHOMHICTE TIO
170 TOH KOXKHUH, TOBXKHHA POOOTOTO X0y IITOKY J10-
MKkpara 1120MM), TBOX CTpaxyBaJdbHHX TBHUHTIB, ITiJI-
JIOMKpaTHOT 1 HaIAMOKPaTHOI OaJIOK, IIIFHO3BAPEHOI
YeJTHOYHOT CTpiuku (noBxuHa 12M), sika 3’€IHaHA HH-
JKHIM KIHIIEM 3 TSATOBOKO CTpiukoio (B mepepisi
600x40mm). Tsroesa crpiuka ckiajanach 3 HIAPHIPHO
3’€IHAHUX JIAHOK JTOBXKUHOIO 6M. TsroBa cTpiuka Oyia
MIAPHIPHO MPHKPIMJIeHa 0 OalKy MiJHIMAEMOTO MOK-
putTs. B SKOCTI OMOPHUX KOHCTPYKIIN IS T1IPOTIia-
HOMHHKa BUKOPHCTOBYBAJINCH KOJIOHH HECYdOTO Kap-
Kacy 3 HPOMDKHHUMHU CTOJIMKAMH JUII TUMYacOBOTO
crnMpaHHs OJOKY IIOKPUTTS B IPOIIEC IEPEMIIICHHS Ha
MpoeKkTHY BUCOTY. [imgifoM TBOX MOKPIBENFHUX OJIOKIB
(3arabHa miomma 40000 M? Ha BucOTy 34 M OyB BHKO-
Hanuii 3a 10 3min. [4]. [Ipouec migiioMy KOXHOTO
0JIOKY CKJIa/IaBCsl 3 IIICTHOX MOBTOPHUX ITUKJIIB. J[0 KO-
’KHOT'O IIMKJTY BXOJIMJIU JIBa TIOCIIIJIOBHUX €TaIu — Iiji-
fioM OJOKy MOKPHUTTS Ha 6M Ta NMPOMDKHE CIHUpPaHHSI
MOKPUTTS Ha OTOPHI CTOJHMKH KOJIOH. B KOXXKHOMY 11H-
KJI MiZHOMY MOKPHTTS IIICTh pa3iB MiATATYBAIOCH 10
TOpHY Ha BUCOTY 1M, sika OyIa BiANOBIAHA X0y IITOKIB
JIOMKpATiB Ta KPOKY OTBOpIB B TATOBi cTpivmi. ITix yac
HiHOMY HOKPHTTS B KOJIOHAX 3a JONOMOTOI0 PYYHOI

ne0iIKM B MDKKOJIOHHOMY ITIPOCTOPI JAEMOHTYBAJIHCh
€JIEMEHTHU PEIIITKU Ha MIJSHIII BUCOTO O6M 3 MOIalh-
[IMM MOHTA)XEM PEUIITOK MicCysl MiAHOMY PUrelis MOK-
putts. Jlo HEMOJMIKIB CIPABXHLOTO METOLY MOHTAXKY
MOYHA BiJHECTH CKJIQJHWI MOHTaX 1 JEMOHTAaX ITiJ-
HOMHOTO OOJIaIHAaHHS Ha 3HAYHIA BHCOTi 3 YTBOPEH-
HSM BHUCOTHHX OMOPHHX IUIOMIAIOK JUIA ITiAHOMHHKIB
(momaTKOBHH pPO3XiJ OMOPHUX METATOKOHCTPYKIIH
ckiraB 160T1), ckiaagHe i HeOe3nedyHe 00CITyroByBaHHS
MiIHOMHHKA HA BUCOTI 34 M, HEOOXiHICTH yTBOPEHHS
BEJIMKOI KUIBKOCTI MPOMDKHUX BHUCOTHHX ILIOIIAIOK
JUISL IEMOHTAKY JIAHIFOTIB TATOBOI CTPIYKH MO Mipi mi-
niiomy nokputTs. Jlo mepeBar aHasizyeMoro pilieHHs
MOJKHA BIZIHECTH YTBOPEHHSI KOPCTKOTO IOMEPEUHOTO
KapKacy 3 HECY4YHX KOJIOH Ta MKKOJIOHHHX OaJIOK, KO-
HTPOJIb BEPTHKATHHOCTI MiAHOMHOTO MpOIECy MOK-
PHUTTS, KU 320€31eTyBaBCs IePEMIICHHSIM OTIOPHUX
purerniB OJIOKY TOKPHUTTS MiXK CIIAPCHUMHU HECYYHMH
KOJIOHAMH.

XapaKkTepHUM TPUKIAJOM BUKOPUCTAHHSI METOY
BHIIITOBXYBAHHS 31 COHUPAHHIM PUTEIIB TOKPHUTTS, IO
MiTHIMAETHCSI, HA OTOJIOBKY MiPOIIYBajJbHIUX CTBOJIB
MiTAOMHHUKIB, € 3BEJIEHHS MOKPHUTTA IEXy aBia3aBoOAy
po3mipamu 144 x 275m. IToxpurts momero 39600 m? i
macoro 1100t migHiManzock Ha BUCOTY 24 M 3a 12 3MiH.
B migponnyBaHHI CTBOJIB MiZHOMHHUKIB OyiH 3aisiHi
rigpomigitomuanku [11-300 [5]. Bapiant mimitomy mok-
PHUTTS METOJIOM BUILIITOBXYBAHHS 31 CIIUPAHHSAM Ha OTO-
JIOBKH TI1IPOIIYBAIHUX CTBOJIIB MiIHOMHHUKIB TIOKa3a-
Huit Ha Puc.2.
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Puc.2 ITiotiom noxpumms Memooom UIMOBXYBAHHSL 31 CNUPAHHAM PU2eiié NOKPUMMSL Ha 02006KU RIOpowysa-
JIBHUX CMBOJII6 NIOUOMHUKIG: (@) — 8eIUKONPOIbOMHE NOKPUMMsL 8 npoyeci niotuomy, (6) — niotomMHuL Mooy
11-300, 1 — nokpumms, 2 — ceemernmu cmeoaa nIOUOMHUKA, 3 — RIOPOUeHHUT CMBOJ NIOUOMHUKA,

4 — yinicna npoekmua Koaoua, 5 — 2iopasniyni domMKpamu.

B mporeci BepTHKaIbHOTO TEpEMIlIeHHS Hecydi
pHresi MOKPUTTS CIIUPAITUCH Ha OTOJIOBKH MiAPOIIyBa-
JHHUX CTOBINB MigHOMHUKIB. CyIiJIbHI IPOEKTHI KO-
JoHU OyIW TPUKPIMIICH] 0 HWKHBOI MOBEPXHI HECY-
YHMX PUTENIB IMMOKPUTTS B MEPiOA YKPYITHCHHS BEJINKO-
NPOJBOTHOTO  OJIOKY ~ MOKPUTTS  Ha  HHU3BKHX
putyBaHHsx (Bucota 2,0 m). [To mipi migpouryBaHHs
CTOBIIIB MiJHOMHHKIB, MPOCKTHI KOJOHH 3MIiHIOBAJIH
TIOJIO’KEHHS 3 HAXWJIEHOT0 10 BepTHKajibHOro. Ha 3aBe-
pluanbHid (asi migpolyBaHHS CTBOJIB IMiAHOMHHKIB
MPOEKTHI KOJIOHH 3aKPIILIFOBAJIHMCh B BEPTHKAIHLHOMY
MOJIO’KCHHI B (yHAaMEHTHHX cTakaHax. Ha Hactym-
HOMY €eTarli MOHTaKHHUX POOIT Ha OTOJIOBKU MPOEKTHUX
KOJIOH Tepe/laBajloCh HABAHTAXEHHsI Bi/l ONIOPHUX PH-
relniB HOKpHUTTs. [licist HpOro CTBOMH i THOMHUKIB Je-
MOHTYBaJIMCh. BpaxoBytoun Te, 1110 B Iporieci nigiomy
MOKPHUTTS METOZOM TiJIPOIIYBaHHS ITPOEKTHI KOJIOHU
He Oynu 3aiisHi, MOXHa KiacudikyBaTd Mixpoury-
BaHHI CTBOJIM MiAHOMHUKIB SIK «ITiPOLIyBaJibHi MOH-
TaKHI KOJIOHW». J[J1s1 0CTaTOYHOT MOCaAKH OJIOKIB TOK-
PHTTS HA POEKTHIH BUCOTI 0araTopa3zoBO BUKOHYBAaTH
[UKJIA «IT1IHOM-0IyCKaHHs» B BUCOTHUX Mexax 200 —
300 MM 3 MOCTIHHUM pEryJIIOBaHHSIM MICIb CTHKY-
BaHHS PUTEIIB OKPEeMHX OJOKiB MOKpUTTS. Jlo Hemoi-
KiB TEXHOJIOTiI, IO PO3TIAAEThCA, MOXHA BITHECTH
CKJIIaHICTD TMOCanKd OJOKIB TOKPHUTTS HA OTOJOBKH
MPOEKTHUX KOJIOH Ta 3HAYHA IPAIlCEMHICTh MOHTaX-
HUX TPOIECIB HA BUCOTI 24M, IMOB’SI3aHUX 31 CTHKOB-
KOIO MK CO0OI0 pHUrelniB MiAHATHX OJIOKIB MOKPHUTTSL.
Jlo mepeBar poO3TISAHYTOrO BapiaHTy MigHOMY IOK-
PHUTTS MOXHA BiTHECTH BiJICYTHICTh MIPOMIKHUX BHCO-
THUX MOHTQ)XHHX IUIONIA0K B POLIECI BEPTUKAIBLHOTO

MIEpEeMIIIeHHs] PHUreNliB HMOKPUTTA. Beck mporec Imi-
J0My TIOKPUTTS OyB CKOHLICHTPOBAHMII Ha (yHIaMe-
HTax. B poboTax Ha BUCOTI 24M MOHTaKHUKH OYJIIH 3a-
JisTHI TUTPKY Ha 3aBEpIIaNbHIN (a3i mpu ¢ikcarii oro-
JIOBKIB MIPOEKTHUX KOJIOH HAa HWKHIX TPAHAX PUTEIIB
MOKPUTTSI T2 OCTATOYHOMY CKPIIIEHHI MiXk COOOI0 OK-
PEMHUX CETMEHTIB MOKPiBEIbHOT KOHCTPYKIIT.

3 ypaxyBaHHSIM IlepeBar BapianTty HiIidoMy IOK-
PUTTS METOJIOM IIATATYBAaHHS, KOJIM MPOEKTHI CrIapeHi
KOJIOHH, sIKi pa30M 3 MXKKOJIOHHMMH 0ajIKaMu Ta 3B’513-
KaMH CTBOPIOBAJIM MONEPEYHUI KapKac dKOPCTKOCTI Ta
BUKOHYBaIH (YHKIIO HATPABIAIOYUX IS TIepeMi-
LICHHSA B MDKKOJOHHOMY IIPOCTOpPI CIIapEHUX KOJIOH
ONOPHHUX PHIETiB KOHCTPYKIUIi MOKPUTTS Ta METOLY
BUINTOBXYBaHHS, KOJIM J0 HEPEeiKy BEepXOJa3HHX PO-
0iT BiTHOCHIIACH TiIbKA MOHTa)KHI POOOTH 10 OCTAaTO-
YHii (iKkcalii OMOPHUX PUTETIB MOKPUTTS Ha OTOJIOB-
KaxX KOJIOH HECydoro KapKkacy Ta KOHIIEHTpalis BCiX
HpolLeCi IMiIPOILYyBaHHsS KOJIOH B 30HI ()yHJaMEHTIB,
Oyna po3pobiieHa HOBa TEXHOJIOT1S 3BeICHHS BEJIUKOII-
POTOHOBHUX TOKPUTTIB 3 BUKOPHUCTaHHSM IiJJHOMHHUX
MOTYJIIB.

3rigHo 3 pPO3pOOJICHOI0 TEXHOJOTIE, MMepeMi-
LICHHS OMOPHHUX PUIeNiB HMOKPUTTSA 3 PIBHA YKPYI-
HEHHS Ha PUINTYBAaHHAX (BUCOTA O 2M) 10 PiBHS MPO-
eKTHOI BUCOTH BHKOHYBAJOCh B IIPOCTOPI MiX cHape-
HUMH KOJIOHaMH HECY4Oro KapKacy 31 CHHpaHHSIM HO
OTOJIOBKH i JPOIIYBATLHUX CTBOJIIB i JHOMHHX MOJY-
. das3u UMKy HiIPOLYBaHHS CEKIIH CTBOJIIB ITiH0-
MHOTO MOJYJIsl TOKa3aHi Ha Puc.3.
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Puc.3 @aszu yuxny niotiomy nokpummsi 3i CRUPAHHAM HA NIOPOWYEAHHI CIMEOIU NIOUOMHUX MOOYIG:
a — CNputliHaAmMms HABAHMAIICEHHSL 810 NOKPUININSL NIOPOWYBATLHUM CMBOIOM NIOUOMHO20 MOOYIA,

0 — BUUMOBXYBAHHSL NOKPUMMSL CIGOJOM NIOUOMHO20 MOOYIIsl, 8 — Nepedaid HaAGAHMANCEHHS 6i0 NOKPUMMS HA
Gixcamopu niotiomy, 1 — konona kapkacy, 2 — nanpsamuuti npogine, 3 — pueenv nokpummsi, 4 — onopna pama
noKpummsi, 5 — 6epXHs CeKyis Cmeoaa NiOUOMHUKA, 6 — KOHCOIbHUL BUCIYN CeKYil cmBoia niOuOMHUKA,

7 — onoprna pama , 8 — pueensv ixcamopa niotiomy, 9 — puwimyeaHHs.

[MocninoBHiCTh 3BeAeHHS OJOKY MOKPHUTTS 31 CIUPAHHSAM HECYYHX PHIeiB IOKPUTTS Ha MiAPOIIyBajbHI
CTBOJIM ITiIHOMHHX MOJYJIIB IOKa3aHa Ha Puc. 4.
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Puc.4 Iocnioosnicme 36edenHs 610Ky NOKpUmMms 3i CRUPAHHAM HeCy4ux pu2eiie NOKpUmms Ha niopowy8aibHi
cmeoau RIOUOMHUX MOOYNIG: a, 6 — nepeOniOuoOMHUL eman, 8, 2, 0 — NIOUOMHUL eman, e — NiCIANIOUOMHUL eman,
1 — konona xapxacy, 2 — nanpamuuil npoghine, 3 — 2i0poniotioMHuUK, 4 — ONOpHA NAOWAOKA MOOYIA,

5 — gepxns cexyis cmsona niouomuuxa, 6 — pueeib nokpummsi, 7 — onopra pama , 8 — pueens gixcamopa nio-
tiomy, 9 — puumyeanHs.

[pouec 3BeieHHS BETMKONPOTOHOBUX MOKPHUTTS
31 CIIMpaHHSM Ha OTOJIOBKHU MiJPOIIYBaJbHUX CTBOJIB
MiAHOMHAX MOJIYJIB CKJIAZaBCs 3 TPhOX eTariB. - [le-
peoniotiomuutl eman. 3 BUKOPUCTAHHIM CaMOXIJTHUX
CTPLIOBHX KpaHiB BCTAHOBIIOIOTH Ha (PyHJaMEHTH Cria-
PEHi KOJIOHH HECY4Oro KapKacy, Ha BHYTPIIIHIX ITOBe-
PXHSIX KOJIOH 3aKpiIUTIOIOTh BEPTHKAIbHI HampsMHI
npodiii, B MDKKOJIOHHOMY IPOCTOPi HA (hyHAaMEHTax
PO3MIIIYIOTH TiAPOIIAHOMHHUKH Ta OMOPHI IUTOMIAJKH
MiAAOMHOTO MOAYJIsI, HA OTIOPHI TUIOIIAJKU MOAAI0Th
OTOJIOBKH ITiIPOITYBAJILHOTO CTBOJA i HOMHOTO MO-
nyns. Ha TopiibOBHX MOBEPXHSIX KOJIOH Ha BUCOTHIN
BiJIMITIIi, HYDKYHMI Hi’)K BUCOTHA BiIMiTKa BEPXHbBOT 10O~
BEPXHi OTOJIOBKIB CTBOJIIB MiTHOMHUKIB, 3aKPIIIIIOIOTH
pureni ¢ikcaropy migiioMy. Ha HU3bKHMX pUIITYBaHHS
(Bucora 1m0 2M) BHKOHYIOTh MOHT@)X KOHCTPYKIIiH
650Ky TOKpuTTs. Hecyui puresti HOKpUTTS, PU IbOMY,

MOHTYIOTh B MIXKKOJIOHHOMY IIPOCTOPI HaJi BEPXHIMHU
CEKI[ISIMHM CTBOJIA MiTHOMHUKA. MiXK BEpXHIMU CEKITi-
SIMH CTBOJIIB MIIHOMHHMKIB Ta HECYYUMH PUTEIISIMH I10-
KPHUTTS PO3MILIYIOTh ONOPHI paMu. BHKOHYIOTH Bech
KOMILIEKC pOOIT MO0 MOHTaXXy TEXHOJOTI9HOTO 00aI-
HaHHS B TOKPiBEIILHOMY IIPOCTOPI, 10 YTBOPEHHIO BCIiX
apo-, TEIIo, TiJIpo Ta 30BHILIHIX (iHIIIHUX MOKpiBe-
JIBHUX NPOLIAPKIB., 3i0paHuii Ha (QyHAaMEHTaxX BEJH-
KOTporoHoBui 010k mokputts 100% roToBHOCTI MOXE
OyTH mepeMilIeHui Ha TPOEKTHY BUCOTY.

- Iliovomnuti eman. TlogaroTs pobody piguHy B
KOPIyCH TiJIpOMiAHOMHUKIB MiAHOMHOTO MOJYJIS.
[Toxu Tigpomi THOMHHUKIB MEPEMILI[yIOTh BEPXHIO CEK-
1Iif0 CTBOJIA IMiAHOMHOTO MOJYJIS , OTIOPHY pamy Ta He-
CY4MH pHUrelb MIOKPUTTS 10 PIBHS BHIIOTO, HIK PiBEHb
3aKpiluieHHs purelniB ¢ikcaropy migiomy. B HuxHIN
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YaCTHHI JJBOX OOKOBUX MTOBEPXOHb OTOJIOBKA TTiIPOIITY-
BaJIbHOTO CTBOJIA ITi IHOMHOT'O MOJTYJIS 1 y BCiX TOaJTb-
NIMX CEKIiSX IMiJPONIyBAILHOTO CTBOJA ITiTHOMHUKA
nepenOaveHi OMOPHI KOHCONIBHI BUCTYNHU. Pureni ¢ik-
caropy miJjfoMy po3MillleHH]I Ha TOPU30HTAILHUX OIO-
PHHUX IIIOIIA/IKaX 3 MOXKIIMBICTIO IEPEMIIIEHHS B TOPH-
30HTANBHI TUIOMMHI. ['opu3oHTanmbHE mNEepeMileHHS
pureniB ¢ikcaropy migioMy 3a0e3rnedyroTh iIpOIHIIi-
HZAPH, 3aKpiIUIeHI B TOPILIX IUIOmAnoK. [lpn BUImITOB-
XyBaHHI OTOJIOBKIB CTBOJIA IiAHOMHUKA, pureni (ikca-
TOpY MiAHOMY 3HAaXOJSTHCS B IIOYAaTKOBOMY IIOJIO-
JKCHHI, TpHU SKOMY OIIOPHI KOHCOJBHI BHCTYIH
OTOJIOBKIB CTBOJIB MiAHOMHHKIB O€3MIEePEnTKOIHO ITi/I-
HIMAaIOTbCsl BUILE PIBHS PO3MILIEHHS pUreliB Qikca-
Topy migoima. Ilicns migloMy KOHCOJBHUX BHUCTYIIIB
OTOJIOBKIB CTBOJIA i THOMHHUKA BUILE PiBHS pUrelnis ¢i-
KCaTopy MiJiioMy, BAKOHYIOTh TOPU30HTAIbHE MIEpeMi-
IIEHHS pUreiB QikcaTopy migiHoMy 10 MOMEHTY, IOKH
pureni QikcaTopy miadoOMy He ONUHSTHCS IMiJ KOHCO-
JHHUMHM BUCTYIIaMH OTOJIOBKIB CTBOJIA ITiJHOMHHKA.

HactymHuii Kpok — OITyCKaHHS OTOJIOBKIB CTBOJIA
MiTHOMHHKA O MOMEHTY CITMpaHHS KOHCOJBHUX BH-
CTYIIIB OTOJIOBKIB CTOBJA MiAHOMHHKA Ha pureli Qik-
catopy mimifomy. Ilicis mepenadi HaBaHTa)KCHHS Bif
MiAHIMAEMOTO TIOKPUTTSA Ha pHrenmi Qikcaropy mia-
oMy, OTIOPHI TJIOIIAIKU i JHOMHOTO MOYJISI IIepeMi-
HIYIOTh B [TI0YaTKOBE MOJIOKEHHSI.

Ha onopHi miomanky maioMHOro MOyJIs oja-
I0Th IPYTyY CEKIIIIO MiIpoIlyBabHOr0 cTBOA. [Tepemi-
HICHHS PYToi CeKIliT CTBOJIA MiAHOMHOTO MOIYJIS OTIO-
PHOIO TUIOMIAAKOK MiTHOMHHMKA MiX BEPTHKAIbHUMHU
HanpsMHUMH NPOQUIIMHI BUKOHYIOTh 10 MOMEHTY JO-
THKY BEpXHBOIO IIOBEPXHEIO APYyTroi CeKmii CTBOMA Mif-
HOMHHKa HI)KHBOT TOBEPXHI OTOJIOBKA CTBOJIA ITiAHOM-
HuKa. [Ipy mopanemoMy BepTHKAIEHOMY MEpeMilleHHI
ONOPHMX IUIOIMIAAOK MiAHOMHHKA, HaBaHTa)KeHHS Bil
MiIHIMAEMOTO TOKPUTTS TEPEaeThCsl Ha MiIpOIIyBa-
JIBHHUH CTBOJI MiHOMHOTO MOJTYJIs. 3BUTILHEHI Bl HaBa-
HTa)XeHHsl, pureii (ikcaropy MmigHoMy MOXYTb OyTH
MepeMillleHHI B TOYaTKOBE MOJIOKEHHS. TakuM 4nHOM
3a0e3Meuy€eThesi Oe3MePenIKOIHUM M JHOM KOHCOJIb-
HHUX BHCTYHIB JIpyroi CeKuii mipoIlyBaIbHOrO CTBOJIA
MiIHOMHYKA BUILE PiBHS PO3TAIlyBaHHS PUTEIIB (ikK-
catopy migiomy. Hamadi, micis Topu3oHTaIbHOTO Tie-
PEeMIIIEHHS pUTeINiB QiKcaTopy MiTHOMY ITiJl KOHCOJIBHI
BUCTYIIM APYToi CEKIii CTBOJIA MiHOMHHKA, BUKOHY-
I0Th OITyCKaHHSI KOHCOJIbHHX BHUCTYIIB APYroi CeKIii
CTBOJA MITHOMHHKIB Ha pureni (ikcaTtopy MigiHoMy.
3BiIbHEHA BiJl HABAHTAXKCHHS, OTIOPHA IUIOIIAAKA TTi/I-
HOMHOTO MOJLYyJIsl MOXKE OYyTH IIepeMillieHa B II0YaTKOBE
TOJIOKEHHST /ISl IMiPOIIYBAaHHS HACTYNHUX CEKIii
CTBOJIA MiAHOMHHKA.

[Ipomec moyepropoi nepeaadi HaBAaHTAKEHHS Bif
MiTHIMAEMOTO TOKPUTTS Ha MiAPONIYBAILHUN CTBOJ
miioMHMKa Ta puresi (ikcaTopy HiIiioMy pOaoBKY-
I0Th 10 MOMEHTY JIOCSATHEHHS MOKPHUTTSIM IPOSKTHOL
BUCOTH. Ha 3aBepmianbHiii ¢asi migiiomy ocraTouHe
BHCOTHE IT0JI0’KEHHS OIOPHHUX paM MOKPHUTTIB IS 3a-
KpIMJIEHHsI HA OTOJIOBKAX KOJIOH 3a0e3MeuyeThes, JIuc-
TaHIIHHO KEePOBAHMM, MiHIMAJIBLHUM «IIiIHIMAHHSIM-
OITyCKaHHSAM)» OTOJIOBKA IiIPOIIEHHOTO CTBOJA MifiHo-
MHOT'0 MOIYJH . - [licaaniotiomuuii eman. Ilicns 3akpi-
TUICHHS] OOPHUX paM MOKPHTTS Ha OTOJIOBKaX KOJOH

BHKOHYIOTh JISMOHTaX CEKIIil CTBOJIA ITi IHOMHOTO MO-
nyns. B mporieci omyckaHHS CEKIil CTBOJa IMiIHOM-
HOT'O MOJYJIsl HABAHTa)KCHHS B/l AEMOHTYEMHUX CEKLiH
M0YEeProBo CIPUHMalOTh pureni Qgikcatopy migiiomMy ta
OTOPHI TUIOMIAIKK MiAHOMHUX MOJTYJIIB.

[Tpn BUKOpHCTaHHI NPOMOHYEMOTO MiAHOMHOTO
MOJTyJISl TIPOIIECH MiAPOIIYBaHHs CEKIid CTBOJIB Mij-
HOMHHMKIB CKOHIICHTPOBAaHI Ha piBHI ()yHIaMEHTIB, Ha-
BaHTA)KEHHS BiJl pUTEiB MOKPHUTTS, IO MiTHIMAETHCH,
repenaeThCs Ha GyHIAMEHTHY IUIUTY Yepe3 TiIpomia-
HOMHHKH a00 4epe3 KOJIOHH, Ha SIKUX B HIDKHbOMY BH-
COTHOMY DiBHI 3aKpiIUIeHI TOPU30HTAJIbHI IUIOIIAIKH
pureniB ¢ikcaTopis migiiomy. Bei mporecu mo migpo-
[[YBaHHIO CEKI[ill CTBOJIB MiJHOMHHKIB BUKOHYIOTHCS
B aBTOMaTHYHOMY pexxumi. KepyBaHHs mpouecamu Ii-
JIiOMy BUKOHYIOTh OIEpaToOpy, KOMaHJHHH IYHKT
SIKMX PO3TallOBaHMH 3a MEXKaMH 30HW MOHTa)KHHUX PO-
oir.

BucHoBku

- Ha 3aKJIaJli aHaJi3y BiJIOMEX BapiaHTIB MigiHoMy
BEJIMKONIPOTOHOBHUX MOKPUTTIB METOAAMH BHIITOBXY-
BaHHSA Ta MIATATYBaHHS OyB BH3HAYCHMH HampsMOK
BIIOCKOHAJICHHS OpraHi3aIlifHO-TeXHOJIOTIYHIX 1 KOHC-
TPYKTHBHO-TEXHIYHHUX DIllleHb, a CaMe, YTBOPEHHS He-
CY4O0T0 KapKacy B OZHOMY MOHTaKHO-TE€XHOJIOTIYHOMY
eTarni 3 yKpYIHEHHSIM TIOKPUTTIB B KOHCTPYKTHBHO-Te-
XHOJIOTTYHHH OJIOK Ha HU3bKHX PUIITYBaHHSX (BHCOTA
10 2M), 3a0e3NeueHHs] BEPTUKAIBLHOCTI MiAHOMY MOK-
PUTTS 32 paxyHOK IEPEMIIEHHs] OIIOPHHUX MOKPiBEb-
HHUX PHUTeliB MK CHApEHUMH HECYYHMHU KOJOHaMH 3i
CIIMPaHHAM Ha OTOJIOBKH IiJPOLTYBaJIbHUX CTBOJIIB IIi-
THOMHHX MOJYJIIB, BEPTHKAIBHICTD IIEPEMIICHHS i1~
POIIYBaJbHAX CEKI[ifl CTBONIB MiAHOMHHKIB 3a0e3Ie-
Yy€ThCS HAIPSIMHUMH BEPTHKAIBHUMH PO LIIMH, 3a-
KpIIUICHUMH Ha BHYTPIIIHIX MOBEPXHAX CHAPCHHUX
KOJIOH;

- 3MEHIIEHHsI TPOLECIB, B IKUX 3a/1is1HI MOHTaX-
HHUKH TiJ] 4ac MiAHOMY KOHCTPYKTHBHO-TEXHOJIOTIY-
HOTO OJIOKY TIOKPHTTS, 10 Oomeparlii mo ikcarrii omop-
HHUX PUreNiB MOKPHUTTS HA OrOJIOBKAaX IMPOEKTHHUX KO-
JIOH Ha 3aBepliaibHiil $asi migiomy;
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Xiilasa

Ocdadlarimizin tofokkiiriinds bizdon gizlonon arxetipin montigi on bariz sokildo dekorativ-tstbigi sonotds vo
memarliqda 6ziinii gostorirdi. Cannat vo Yer romzlori modosniyyat alomine tizvi sokilde toxunmusdur - insan somaya
baxmagla mokani vo vaxti 6l¢gmoyi 6yranmisdir. Ovvalca hondasi simvolizmdo ifado olunan monavi prosesin mahiy-
yati vo mogsadi simvolik vo tatbiqi funksiyalar1 yerino yetiran ¢oxsayl variasiyalara sabob olmugdur.

Abstract

The concealed logic of archetypal thought among our ancestors is most vividly manifested in decorative arts
and architecture. Symbols of the Sky and Earth are organically woven into the cultural world—Dby observing the
sky, humanity learned to measure space and time. The essence and purpose of the spiritual process, initially ex-
pressed through geometric symbolism, gave rise to numerous variations that serve both symbolic and practical

functions.

Acar sozlar: Azarbaycan, Goy Tanri, "babil" isarasi, kult, kainatin ti¢ hissali sokli.
Keywords: Azerbaijan, Gok Tanry, "Babylon™ symbol, cult, tripartite cosmology.

Bu giino godor golib ¢atmig ayin vo marasimlor
bosor madaniyystinin nadir tobagasini tomsil edir. Son
onilliklards acdadlarimizin miigaddas hayatt mévzusu
xiisusi aktualliq qazanmigdir. Bu, asasen yeni arxeoloji
materiallarin vo todqgiqatlarin ortaya ¢ixmast ilo
baglidir. Goy Tanriya inam goyls yerin birliyi haqqinda
gadim fikirlordon gaynaqlanir. Qadim insanin diinya
monzorasi  kainatla six garsilighh  olagedon  for-
malagmisdir. Bela Ki, onu oshato edon mikrokosmosda
makrokosmik miinasibatlori taglid edoan strukturlari ye-
niden yaratmasi toocciiblii deyil. Incasanat ovvalco
sinestetik xiisusiyyatlora malik idi - onun névlarinin har
biri sinesteziya ilo xarakterizo olunur. Sinesteziya
sayasinds incasanatds vahid badii mokan anlayisinin
universalligim vo qarsihiqh tosir géstoran sonatlorin
problemini izah etmok miimkiindiir.

Hor bir fardi sonat formasi 6ziinamaxsus xiisusiy-
yatloro malik olan 6z sinestetik biitovlilylini for-
malagdirir. Belo simvolik elementlors "Babil" isarasi -
bir-birinin i¢arisinds ¢okilmis bir ne¢o diizbucaqlt tos-
viri daxildir. Kigik Asiyada neolit dovriindo belo bir
simvol Yerin olamati idi: "onun markazini tacassiim
etdiron miigeddos bir dagin timsalinda" [12, s. 131].
“Babil” tosviri Azorbaycan, Tiirkiys, Iran, Simali
Qafgaz, Dagistan, Bolqgaristan orazisinds tapilib. O,
zigqurat vo ya piramida planma banzayir [12, s. 131].
Mifoloji olaraq Kainat ti¢ moartobs ilo tamsil olunurdu -
Cannat, Yer, Cahannom, bir-birilorina moarkazi ox ils
baglidirlar. Ug kosmik sferanin vohdatini vo slagasini
ifado edon simvolizm ¢ox miirakkab va ziddiyyatlidir
ki, bu da onun min iller arzinds doyisdirilmasi v za-
man kecgdikco  sonraki  kosmik  simvolizmlora

cevrilmoasi ilo izah olunur. H.Heyrman hesab edir ki,
sinesteziya sonotin biitlin novlorindo 6ziinii biruzo
verir, ¢iinki sinesteziya “monanin psixoloji vahidi” va-
sitosilo sonati birlogdiron vasitodir. Sinesteziya imumi
cohatlors vo analogiyalara, eloca do metaforalara isara
edo bilor [34]. K.Yunqun fikrinco, ilkin mifoloji
obrazlar - arxetiplor diisiiniilmodon yaradilirdi, manaca
banzar idi, bir-biri ils alagasi olmayan mifologiyalarda
rast golinirdi, bu da, onlarin bir-birindon kogiiriilmasi
izahimi inkar edir. [20, 5.110]. Qeyd etmak lazimdir ki,
Almaniyada “Babil” dedikdo Ag§ doniz bolgssinin
labirintlori das halgali kurqanlar nazerdo tutulur. [12,
s.131]. Azorbaycan, Dagistan vo Sorqi Avropadaki
“Babillor”in tosvirlarini miiqayiso edon Ariel Qolanin
fikrinco, Qobustan variantt an godimdir. [12, 5.131].
Bundan olavs, Qala (Abseron) kondinds moarkozi alti
¢okilmis ti¢ kvadratin tosviri askar edilmisdir (das
iizarindaYekoxana kondinds, Goygay rayonu) va S.
Homginin Mugla (Tiirkiys) orazisinds gayalarda,
Batmandan (Tirkiya) qobir daslarinda, Cara Topa
(iran) qayalarinda da rast galinir.

Gamiqaya (Naxgivan, Azorbaycan) petrogliflori
arasinda araba, yasayis tikililori, Babillorin tosvirlori
kimi gorh edilo bilon diizbucaqli tosvirlor vardir. ©n
maraqlist Gomigaya 498 das1 tizorindo ti¢ hokk
olunmus diizbucaqlinin  tosviridir  (imumiyyatlo,
burada xronoloji diapazon eramizdan owval IV
minilliyin sonu - I minilliyin avvallori daxil olmagla -
Tunc vo Erkon Domir dovrlorini ohats edir). Oxsar
tosvirlor Catal Hoyiikda var va yasayis binalarin
planina banzayir [26, s.35].
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Bozi “Babillor”  tosvirlorinin

todqiqateilar
labirintlorle slagali oldugunu diisiiniirlor [7, s. 21-23].
Tamamilo mimkiindir ki, “Babil” semantik cohatdon

Azorbaycanin vo Dagistanin maddi modoniyyot
abidolorindo tosvirino tez-tez rast golinon labirintlo
baglidir. Hom "labirint", hom do "Babil" simvolunun
"yeralt1 diinya tanris1" qala evinin tasviri olduguna dair
bir fikir var. [12, s. 132]. Basqga bir versiyaya goro,

1. 2. 3.

Babillor — godim memarlarin binalar1 isaralomok iigiin
istifado etdiklori cizgilordir. Beloliklo, Ribakovun
fikrinco, “Babillor”in hondesi qurulusu qizil bolgiiniin
ahongdar hissolorini ehtiva edir vo yaqin ki, tikinti islori
zamani miitanasiblik aloti kimi istifads edilmisdir. Eyni
fikro Bolgaristan memarligmin todqiqatgilart G.M.
Davletsin vo F.S. Xuzin do golmislor [13, 26, s. 34].

Petrogliflor. 1. Qobustan. Béyiikdas. Das-23 (I.Cafarzada, 1973-cii il); 2. Abseron, Qala kondi;
3. das, Yekyaxana kondi, Goy¢ay rayonu; 4. Xolil Baba magbarasi, Siyazan rayonu [26, s. 34]

1. 2.
1-3. Bosqablar, Hacilar kon

4. Xanlar, Azarbaycan, Tunc dovrii

Dunay Bolqaristaninda moghur zadogan Mostigin
(X osrin ortalar1) gobir daginda vo Pliskada qodim
daslardan birinds “Babil” kvadrati (7-ci asrin sonu-1X
asrlor) tosvir edilmigdir [13]. Dagistanda "babillor"
qayalarda vo yasayls binalarinda olur, hotta ciizi
dayisikliklo onlar oyunlar igiin istifade olunur; [5].
Solde-Teyada (Tiva, Rusiya) yerin ssthinds cigirlarla
hissaloro  bolinmiis saquli  yerlosdirilmis  kigik
daslardan  ibarst miintozom diizbucaqli  askar
edilmigdir. Onun simal-sorqdoki Xottinin ucu dairs-
"ruhlar evi" kimi tosvir edilir [18, s. 46; 19, 77-109; 14
, S. 32]. Mugur-Sarqol vo Aldi-Mozagada (Tuva,
Rusiya) daxili xatlorlo bir nego hissoys boliinmiis
diizbucaqlilar soklindo ¢oxsayli hondasi fiqurlar
molumdur [19, s. 77-109] . Bu tosvirleri nazardan
kegiran M.Kilunovskaya onlar1 ev kimi tesovviir edir:

1. 2 3

“yagayis yeri” vo ya ‘“ruhlarin moskonlori”: Orta
Asiyada Son Tunc dovriinds genis yayilmis das tikililor
kontekstinds olan “Yasayis yerlori”-igarisi Xotlorlo vo
ya, noqtalerlo doldurulmus diizbucaqli hondasi
fiqurlardir. [18, s. 46]. Eramizdan avval 6-c1
minillikden 1-ci minilliys qadar inkisaf edon okingilik
vo  heyvandarliq  dovriiniin = qodim  yasayis
maskaonlorinin memarlhigma xiisusi diqqgst yetirmok
istordim. Azarbaycan arazisinds tapilan bu dovrs xas
(Kiil-tapa, e.0. V-1V min, Nax¢ivan; Somu-topa, e.0. VI
-V min, Qazax vilayati) [8, s.14] tosvirlor Qobustan vo
Gomiqaya petroqgliflorindoki tosvirloro  bonzoyir.
D.A.Axundov Qobustan qayalarindaki tesvirlorin
gadim kandlarin (Somu-topa, Toyra-taps) plan hallarilo
oxsarligini da vurgulayib. [8, s. 15-30] .

I ;
Lt [
'~ 4

1,2. Qobustan, petroglif; 3,4. Qobustan gqayalarinda yasayis binalarmin goriintiilari
(D.A. Axundovun rekonstruksiyast [9])
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2. K]
1. Mugla. Tiirk gaya

resimleri 2. Ali

Qoabir dasi. Meskin. Ordabil (Iran Azatbaycant)

Qeyd etmok lazimdir ki, “Babillor”in tasvirlori
osason zigquratin plani ilo eynidir. Mesopotamiyada
zigqurat diinyanin markszindo dayanan muqgoaddas
dagin reproduksiyas idi, yani “yerin gobayi”. Ziqqurat
goylo yer arasinda olago idi [24]. Zigquratlar iragda
(Borsippa, Babil, Dur-Sarrukinds - e.a. | minillik) vo
franda  (Coga-Zonbil, 2-ci  minillik)  gorunub
saxlanilmigdir. Maragh tosvirlari Topo-Sialkdan (e.s.

3000-ci il; Kasan, iran) tapilmis polixrom keramika
izarinds do gérmak olar. Fars mifologiyasinda Varanin
sohabalarinin maskani kvadrat formasindadir; bu tosvir
asasan zahirinds xaos va 6liimls dolu olan bir dinya ilo
ziddiyyot toskil edon daxili kvadrat ideyasini oks
etdirir. Bu kompozisiyaya on ¢ox Sirvan-Quba
moktobinin xalgalarinda rast galinir.

2. &

Dashly-3. e.a. XVII asr. Ofganistan [36]

Dash-3 xiisusi diggste layiqgdir. e.a e. Arxeologlar
arasinda onun mogsadi ilo bagh fikir birliyi yoxdur.
Dasli-3 yasayis moaskani bir nego asrlor boyu méveud
olub, 600 nofara gadar yerlago bilon 130 x 150 m orazini
tutub. Maragh faktlar, masalon: dairovi plan, dolama
dohliz, binamin xarici perimetri boyunca dogquz
“qullo”-nin toskili, adaton mobodlors xas olan bir kult
fokusunun olmasi.

Bozi tosvirlorin simvolu digor bir semantik par-
aleli xatirladir - mandala simvollarini. Burada
Azarbaycan xalga sanatinin ornament xiisusiyyatlarini
nazars alaraqg, asas semantik elementi - “golleri” geyd
etmok olar ki, bu da, Orta Asiya va Tiirkiys xalgalarina
aiddir. Tiirk xalgalarinin gollarindas darin kosmik man-
alar var. Azorbaycan incesanoti abidslorinin handasi
bozayinds do gollor sorh edilmisdir. Qeyd edok Ki,

2 3

1,2,3. Dekorativ boyunbagilar [30]. Nargizava (Azarbaycan); 4-5.

Quba (Azorbaycan) toxuculari medalyonlar1 — orta
olgiili gollari “carhovuz” (hovuz), onun tizarinds yer-
loson elementlori  “ordok™ adlandirirlar. [17]. Bu
toacciiblii deyil, ¢linki mifoloji GOy Tanrisinin iradasi
ilo “insan ogullarmin” moskunlasdigi yerin -Orta
Tengri diinyasinin osas tanris1 “Miiqaddas Torpag-Su”
hesab olunurdu. [10]. Homg¢inin Azorbaycanda tunc
dovriinden galmis maghur zorgorlik momulatlart - Ayin
tosviri ilo bagh i¢-igoa li¢ dairovi elementi olan hamayil-
boyunbagi vo ya, ¢evralor - morkoazi aydin sokilds
goriinarak ii¢ daira ilo shato olunmus tosvirlor dos
maraqlidir. Oxsar bazoklor Sarmato-Alanda da genis
yayilmigdir. Qadim iranllar arasinda yeri ti¢ dofo
geniglondiran gilinag gshramani Yimanin ofsanasine
uygun olaraq miigoaddas mokani togkil etmak tigiin iig
konsentrik dairadan istifads edilirdi.

P \,‘3 S

4

Qabir dagsi, Kangamiran kandi, Azarbaycan (Lerik rayonu)

Banzar bir kompozisiyan1 Arkaimin memarliginda
(Orta Tunc H1-11 min e.s.) goriiriik. [6]. Gobakli - Tapa
da (Tiirkiya) demak olar ki, eyni plana malikdir. Oxsar
ananos Kigik Asiya mongali Etrusk mobadinds do var -
miigoddes mokanin biitin hissalarinin ibadstgahin
iifiiqi miistoviya proyeksiyast kimi qobul edilon va
Kainatin saquli oxu ilo birlogdirilmis {i¢ dairavi pilladon
- g0y, yer vo yeralti diinyadan ibarat ideal mobad. [11,
s. 58]. Oxsar kompozisiya qurulusu tarixi Islam
sohorlorinin  tomolinds dayanir, harada ki, inkisaf
miiqoddas markazdan periferiyaya — ibadstgah markazi
olan qala, yaxud igori sahardon xarica dogru gedirdi.
Belo bir kompozisiyanin kokleri ham do monavi
diinyanin tglitytinii oks etdiron Goy Tanr1 anlayisinin

ifadasi sayila bilar. Tenqrizm eyni zamanda Kainatin iig
zonasina vurgu ilo xarakteriza olunur: samavi, yeristii
va yeralt1 [31]. Semavi diinya “ii¢, doqquz va ya, daha
cox lifiiqi pillolordan ibarst idi, onlarin hor biri bir
tanrinin moaskani idi; sonuncu pillo Somanin Boyiik
Ruhuna - Go6y Tanrisma aid idi" [31]. Semada atlara
minon insanlara qarsi yingil vo xeyirxah tanrilar vo
ruhlar var idi, buna gora do atlar onlara qurban verilirdi.
[31]. Heyvandarligla bagl is, tabistin ilahilogdirilmis
qiivvalaring sitayis va acdadlarin ayinlarile alagesi olan
tobii ritmlordon asili (vaxt, fasillorin ardicil doyismasi
Vo Ssama cisimlarinin  horokati) biitiin rituallar,
morasimlar, bayramlar birbaga vo ya, dolay1 yolla
hoyatin uzadilmasina yonaldilmisdi [31].
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1,2. Yalli. Qobustan petroqlifi (Apseron, Azarbaycan); 3. Zarévson. Tacikistan. Tunc dévrii

Bir ¢ox gadim xalglar arxaik "dairavi rogslori" -
goruyub saxlayiblar: deyo bilarik ki, onlar meditasi-
yamn xisusi formalarina ossaslanir. Biitiin diinyada
ibtidai rituallarin osasinda samavi simvolizm va somavi
giica inam dayanir: odun, qurbangah vo ya biit otrafinda
dairavi ragslor vo yurdlarin, ¢adirlarin dairavi forma-
lari; firlanan samanlar; meqalitik isars vo strukturlarin
dairavi qurulusu. Siibhasiz ki, “dairavi ragslor” ilo goy
cisimlorinin Giinas strafinda harakati ilo soma tanrisina
— “Goy Tanri”ya poarostis arasinda oslago var. Bu ciir
“sirlor” ali dini biliklorin mévcudlugunu, eloca do vacd
halinda yenilonmani — bir tarofdon paklagsmani, koffars
qurbanlarint  nozords tuturdu; yirislor, mahnilar,
ragslor va ekstazin mixtslif tozahirlori isa simvolizm
vo alleqoriya elementlori ilo sirlorin 9sas mozmununu
toskil edirdi. Qadim Yunanistanin bir ¢cox mitommalar:
halo doa 6z sirlarini goruyub saxlayir. Qadim yunanlar
yay gundonimiinds bir sira rogqaslarin ilan kimi
qivrildigr "od" rogsi ifa edirdilor. [12, s. 31].
Qurbangahin otrafinda dairovi ritual horokstlor do
zordistilarin ananovi rituallarna daxil idi [4, s. 56-57].
Svan modoniyystindo iig pillali dairavi rags var: “on iki
rags edon adamdan ibarat dairodan formalasib, hor biri
istirakcin1 qabaqda komardon tutur; dairovi ragsin
ikinci pillasi birincinin ¢iyinlarine, tgiinci pillasi
ikincinin ¢iyinlorina séykanir. [29, s. 101]. Bir ¢ox
xalglarm moadoniyystindo qorunub saxlanilan arxaik
dairavi ragslor indi do sonliklor zamani kegirilir. Xiisusi
grupa tirk xalglarmin kollektiv rogslori  daxil
edilmalidir - bunlara Orta Asiya, Sibir vo Anadolu
xalqlar1 daxildir. Bu giin do genis yayilan Azarbaycan
milli ragsi “Yalli”’nin tarixi ¢oxoasrlik tarixo malikdir.
Qobustanda mezolit dovriino (e.a. 8-ci minillik) aid
olan, rogs edon insanlar1 tosvir edon petrogliflor buna
stibutdur. Gomiqayanin (Kalbacar rayonu, Azarbaycan)
goriintiilori arasinda kollektiv rags sshnalori do geyda
almb [3, s. 175]. Maraghdir ki, Naxgivandan
gotiiriilmiis tunc dovrii keramika momulatlarinda da
rogs edon insanlar1 tosvir edon kompozisiyalara rast
galinir. [3, s. 35]. A.Olokborova “yalli”n1 ritual hesab
edir, rogsin bitin horokat vo ritmlori 6z orijinal
formasinda qorunub saxlanilib, burada osas qiivve

ritmdadir. [2, s. 10-11]. Bir gayda olarag, Azorbaycan
ragsi ti¢ hissodon ibaratdir: birinci hisso dairavi harokat,
ikinci hisso yerindo lirik donms (slizmo) Vo iigiincii
hissads yenidon dairavi horoket, lakin daha siiratli vo
daha ¢ox tontanali sokilds.

Dairavi ritual ragsler sas ritmi ils miisayist olunur
- bura ol ¢almaq, ayaqlart stamplamaq, insan sasi,
homginin miixtalif zorb alotlorindon istifado daxildir.
Musiqi miisayioti ¢ox ritmikdir, getdikco daha siiratli
olur. Yall1 rogsi siiratli temp va ritmlo saciyyalonir:
yavag ritmlo baslayr vo temp todricon artir.
Qobustanlilar ayinlorin rogsi zamami Qobustan
orazisindo Cingirdag dagmin otoyindo vo Boyiikdas
daginda yerloson “qavaldag” dasindan istifads edirdilar.
Xalq arasinda Cingir-baba adlanan Cingirdag dag: 19-
cu asrin avvallerine gador ziyarstgah idi. Alimlarin
fikrinco, qavaldas insanlara yuxari paleolitdon
molumdur. Qaval das1 nohong ohong dasidir - onu
ritmik vurmagqla aydm motivli mahnilar ¢almaq olur.
Zorbanin vuruldugu sahadon asili olaraq ii¢ rezonansda
miixtalif yiiksoklikli sas yaranir [1, s. 33].

Dairavi rogslor diinya dinlari yaranandan sonra da
0z simvolikasin1 saxlamisdir. Belo ki, sufilorin ritual
rogsi ulduzlarin horokatini tokrarlayir, Kainatin
simvolik qurulusuna osaslanir vo “Allah1 dork etmok
yolunu” tomsil edir. [4, s. 56-57]. Sufi doarvislorinin
roqsi 6z oxu otrafinda firlananlarin 6zlorini Allaha
yaxinlagdirdiglart diisiincodir. Yeno do rogs nagara,
fleyta vo qavalin miisayiati ilo tomsil olunur. Onu da
geyd etmok lazimdir ki, bu monavi tocriibonin biitiin
badonin sagalmasina miisbat tasiri vardir. Ritual dairovi
rogslari Oyranarkon, rags harokatinin gedisatina diqqot
yetiro bilorsiniz - burada konsentrik vo spiralvari
elementlordon istifado edilir. Bu, hom bir ndqto
(raqqas), hom do vahid morkoz otrafinda harokatin
sintezindos 6ziinli gostarir. Prosesin qurulmasi prinsipi
cisimlorin dairovi harokatilo toCossiim olunan atoso
qarst ayinlorlo bagl arxetipik obrazlar1 6ziindo oks
etdiron dinamikadadir - osas parametrlors goro onlar
“tosovvif” vo “sia”liyin yeddi pillali” ucaltma rituallari
ilo iist-tisto digtir [29, s. 78] .

o -
Qafqaz Albaniyasinin markazi giinbazli kilsalori. Kilisadag ( II - 111 asrlar, Kabala rayonu)
va Mamrux mabadlari (11 - IV asrlor, Kutkasenski rayonu)
Kainatin monzorasini  goxmoarhaloli qurulus  memarhgmi tohlil etdikdo, bu ideyaya miitonasib

soklinda nozoro alan ocdadlarimiz 6z dini-memorial
strukturlarin1 pilloli formalarda yaratmiglar. Sorq

Sasani franmin dord siitunlu  od
son antik Sorq vo erkon Xxristian

kromlexlori,
mabadlarini,
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memarliginin memorial sallaxlarini, eloco do Simali vo
Conubi Azarbaycanm miiqoddes atogo ehtiram edilon
coxsaylt markazi ibadstgahlarini qeyd etmok olar.
Onlarin torkibi ¢oxpillali qiillo qurulusuna malikdir,
¢ox vaxt giinbazls vurgulanib. Kainat sisteminin mokan
qavrayigt mobad mokanlarinin saquli inkisafina vo
iifiiqi dorinliyino tosir etdi. Qafqaz Albaniyasindaki
(Azorbaycan) morkoazi giinbazli, pillali  Xristian
kilsalarini tahlil edorkan — burada asagi sathinin dairovi
yerlosmis oyuqlardan, yuxart sasthinin iss binanmn
morkoazina dogru yiiksalon va zirvasinds giinbaz
goyulmusdur konstruksiyasina rast golirik [27, s. 12-
14]. Onlar saquli bolgii kompozisiyalarindaki zamanin
miintoazom cohotini oks etdiron vahid moarkazo dogru
yonolmis “zaman vo mokan qurulusu ideyas1” osasinda
borpa etmok olar.

Bu ciir morkazlilik, konsentriklik va ritmiklik
sistemi on godim arxaik musiqi formas: sayilan —
mugamatda (dostgah) da 6ziinli gostorir. Azorbaycan
mugami 6z qurulusunda 6ziinamaxsus dramaturgiyaya
malik biitév bir kompozisiyadir - giris, islonmis siijet
Xatti, kulminasiya néqtosi vo yekun [29, s. 13].
Mugamin qurulusu ilkin sos tonlarmnaddniis edarak,
getdikca sas axininin yuxartya dogru dairavi harokatini
xatirladir  [29, s. 42]. Toadqiqatgilarin  fikrinca:
“Mugam-dostgah kompozisiyasinda konstantliq “yeddi
pillo”nin ritmik formuluna vo modalliq prinsipino
cevrilon daxili prosesin dinamikasi ilo ifads olunur”
[29, s. 52]. Azorbaycan mugam tiirk taksimleri, iran

dostgahlari, uygur mugamlari, Ozbok-tacik
sasmaqamlari, orob maqomlari, hind raqalar1 vo s. Kimi
sorg musigi onsnoalori ilo iimumi kompozisiya

xtisusiyyatlorina malikdir. Kosmik ayin horakatlori
tokamiil naticesinde  mugami ritmik piramidal

e il 0 B 3.

konsepsiyaya catdirmigdir. Mohz monavi yiiksslisin
ritmik toskilatinda - ucaliga dogru gedisatinda ritual
tocriiba, ayin formalari, miflarin, afsanslorin, bir sozla,
nasillordan miras qalan biitiin manavi sarvatlorin zaman
kegdikco mugam-dosgahinda saflasaraq  tomolli
formaya ¢evrilmoasi mosalosi durur [29, s. 74].
Azarbaycan xalg musigisinin asasini togkil edon ladlar
bes nov tetrakordun birlogmoasindon formalagmisdir.
[32, s. 15-17]. Forhadova S.M. hesab edir ki, “Mugam,
ilk névbada, monovi prosesdir, xalqn tofokkiiriini
formalagdirib, dinamikasin1 qoruyan aparici bir
qivvadir” [29, s. 16]; musigi vasitasilo diisiinco
prosesinin  universalliginin  vo  konseptualli§inin
tozahiiridiir [29, s. 17]. R.Zohrabovun fikrinca:
Azorbaycan “mugamlar maddi-manovi
modaniyystimizin on giymatli abidasidir” [16, s. 69].
Kompozisiyanin  morkozdan  ¢igoklonmasinin
universal prinsipini mugamin biitiin soviyyslorinds tok
segmentdon - ritm-intonasiyasindan tutmus biitévlikda
formaya goador izlomok olar [29, s. 52]. Dairs igindo
daira, kvadrat i¢indo kvadrat, agilan spiral kimi handasi
sokilda ifado edilon monovi prosesin simvolik obrazlari
xalqumizin moadoniyystinds 6ziinii  gostoran vahid
semantik niivonin bdyiimesi konsepsiyasini ehtiva edir
Vo gordilyiimiiz kimi, madoniyystimiz diinya nizaminin
kosmik qavrayist olan “dairalor nozoriyyssi’no
osaslanir. Ritmik dairalor nozariyyssi orta asrlor musiqi
elminin osasim togkil edir. Nozoriyya¢i vo bastokar
Sofiaddin Urmovi (toxminon 1217-1294) “Kitab-iil-
advar” osorindo do musiginin ilk novbeds ritmik
sokilda toskil olunmus kosmik proses oldugunu qeyd
etmigdir: “Uca Allah goylori yaradaraq, firlanmalarini
omr etdi. Soslor onlarin firlanmasindan yaranir va bu
saslora “monovi melodiyalar” deyilir [29 , s. 63].

o
5. o{: (e i 7

1.2. Sabaka Vo ornament, Soki Xan sarayi, Azarbaycan . 3.4. Urmiya, Giiney Azarbaycan, 5, 6 .

Sirvan xalgasi, Azarbaycan; 7. Quba Xalgas: (Azarbaycan)

Qobustanda tosvir olunan "Babil" isarasi an qadim
hesab olunur. Qoadim yasayis moskonlorinin (Kiil-tepe,
Somu-tepe,  Azorbaycan)  memarligi = Qobustan
(Azorbaycan) v Gomiqaya (Azorbaycan)
petroqliflorindoki tosvirlors banzoyir [26, s. 36]. Tunc
dovriiniin manovi alominin tigqathgini oks etdiron maraql
zargarlik ogyalari var. "Babil" simvolu, konsentrik dairolor
kult memarliginda vo sohorsalmada, homg¢inin qobir daslar
va ornament soklinds tapilir. Ovvalca handasi simvolizmda
ifado olunan ruhani prosesin mahiyyati vo magsadi (bir
cadugorin vo ya samanin soxsinds enerji morkazi ilo ritual
dairovi rogsi, eloco do bir samanm qavali kimi) yalniz
simvolik deyil, hom do totbiq olunan funksiyalar1 yerina
yetiron ¢oxsayh doyisikliklora sobsb oldu [26, s. 36]
“Babil” simvolu va Kkonsentrik dairalora  dini
memarliqda va soharsalmada, gabir daglar tizerinds va
ornamental sanatds rast golinir. Bu simvollar miixtalif
orazilords eyni dovrdo yaranmis va nasillorin

yaddasinda miixtalif assosiasiyalar soklinds - dekorativ
ornamentlor (xalgalar, rongli vitrajlar — siiso soboko, das
soboka), oyunlar va s. kimi qorunub saxlanilmigdir.
Aparilan tohlil tam ominlikls tasdiq etmoys imkan verir
ki, Azorbaycan ta godimdon diinya kosmoloji
tofakkiiriiniin formalagsma prosesinin vahid bir hissasi
olub. Burada Goy Tanriya inam on moarkozi yeri
tuturdu. Isaro komplekslorinin simvolikasinin barpasi
Vo diinyanin realizasiya edilmis miixtolif modellori
arasindaki semantik olage ocdadlarimizin  dini,
kosmogonik ananalarinin asaslarmni iize ¢ixarir. Ibtidai
sonatkarligda sinesteziya daha ¢ox ibtidai comiyyatdo
tobistina goére vohdat togkil edon dini saviyyado
ideyalarin  olagosidir. Ibtidai ddvriin  simvolik
kosmoloji konsepsiyalarmin spesifik kateqoriyalari
mokan, zaman va harakatin vehdasti haqqinda timumi
falsafi fikirlori aks etdirir. Biz diinya nizaminin yenidan
qurulmasi prosesinda biitiin sonat névlarinin icmasmin
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sinesteziyasini goriiriik. Rasmlorin tohlili gostorir ki,
maddi madaniyyat abidalorinin dekorativ-tatbiqi bazoayi
Azorbaycan xalqmin biitiin hoyatina sirayst etmis,
sifahi xalq yaradiciliginda, adat-anonoalords, dekorativ-
tothigi sonotdo 6z oksini tapmig ibtidai ayin vo
ofsanalorlo bagli doyismoz obrazlar g¢evrasini ehtiva
edir.
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Abstract

The article discusses the methodological foundations for the development of a “conjunctural-structural”
macro-econometric model of the cyclical functioning of the country’s national economy. It argued that, along with
various processes that are cyclical in the country’s economy, the country’s economy as a whole at the macro level
operates in a cyclical mode. One cycle of functioning consists of the stages of development and decline in the rate
of development, crisis, decline and stabilization. At the stage of development of the country's economy, an intra-
system economic threat to the state structure does not arise. Intra-system economic threats to the state structure
manifest themselves at the stages of declining growth rates of economic development and crisis. Therefore, it is
necessary to have tools with the help of which one could determine the time of formation of stages of declining
growth rates and the manifestation of crisis situation in the country’s economy. We believe that by developing a
“conjunctural-structural” macro-econometric model of the cyclical functioning of the country’s national economy,
it is possible to determine the possible time of onset of economic threats to the state structure and prepare a program

for eliminating threats beforehand.

Keywords: cyclical economic process; econometric model; cyclical functioning of the country's national
economy; “conjunctural-structural” macro econometric model; economic threats to the state structure.

Methodology. The research methodology is a sys-
tems approach, the basic principles of the general the-
ory of dynamic systems. To compile a “conjunctural-
structural” equation for a macro-econometric model of
the cyclical functioning of the country’s national econ-
omy, the author of the article has developed a method-
ology based on statistical-economic, calculation-con-
structive, econometric methods of cognition.

Based on the research methodology developed by
the author of the article, an algorithm for performing
calculations to compile a “conjunctural-structural”
equation of a macro-econometric model of the cyclical
functioning of the country’s national economy con-
structed.

Introduction. Since the mid-19th century, many
scientific works published explaining the essence and
content of cyclical processes of various durations in the
country's economy. The American economist, repre-
sentative of the neoclassical economic school E.H.
Hansen in the 30s of the last century systematized ideas
about the economic cycles occurring in the national
economy of the country [1]. In modern macroeconomic
theory, related to investments directed into the national
economy of the country, the following cycles are dis-
tinguished:

1. The role of growth and decline in investment
volume.

2. Analysis of the dynamics of factors determining
the volume of investment: graph of the limits of invest-
ment efficiency suitable for interest rates.

3. Dynamics of technical, natural resource, territo-
rial factors, as well as population growth factors that
determine the volume of investments and their impact
on the cyclical nature of the functioning of the coun-
try’s economy.

4. Chain characteristics of investments related to
the development of innovations, scientific, and techno-
logical progress (Schumpeter);

5. Long-term production of elements of fixed as-
sets, the impact of the durability of fixed capital on eco-
nomic systems.

6. Initial impulses that create economic processes
caused by economic growth, which have an oscillatory,
cyclical nature.

Also, in economic theory, there are several types
of macroeconomic cycles, differing in the duration of
the periods. Modern concepts of macroeconomic cycles
of various durations can grouped as follows.

1. Short-term cycles with a period of 3-5 years. 3-
5-year short-term cycles include: the life cycle of man-
ufactured products (service life of product types)
Schumpeter, associated with innovation; K. Kitchen’s
cycles associated with world gold reserves and vital
material reserves; cycles of K. Marx and E. Hansen of
uneven reproduction of working capital in the country's
economy.

2. Medium-term 8-12 year cycles associated with
fixed production assets. These types of cycles include
the cycles of K. Marx on the massive renewal of fixed
assets of production, as well as the cycles of K. Juglar
on the influence of monetary factors associated with the
activities of banks on the period of change in fixed cap-
ital.

3. Long-term 15-25-year cycles of the American
economist, Nobel Prize winner S. Kuznets, related to
the demographic situation in the country, migration,
construction, including the renewal of infrastructure fa-
cilities.


https://doi.org/10.5281/zenodo.11624382

42

Slovak international scientific journal # 84, (2024)

4. Long-term (more than 40 years) oscillatory cy-
cles of N. Kondratiev, associated with the economic sit-
uation, that is, with the situation and with the state of
social reproduction. N. Kondratiev, based on statistical
data from European countries (period 1800-1920), hav-
ing studied the functioning of national economies, con-
cluded that national economies in the long term (40-60
years), depending on the situation, have an oscillatory
nature.

Discussion. Conjuncture factors include factors
that influence the elements of the reproduction process,
consisting of the stages of production, exchange, in-
come distribution and consumption.

According to N. Kondratiev and followers of Kon-
dratiev’s theory, due to the fact that the functioning of
national economies, as well as large regional economic
systems over a long period (40-60 years) is of an oscil-
latory nature. These vibrations have a “long-wave”
characteristic [203]. However, neither Kondratiev nor

his followers proposed an econometric model assessing
the “long-wave” oscillatory activity of the national
economy.

In studies of the functioning of the national econ-
omy of different countries, the American economist
R.G. Hawtry [400] concluded that macroeconomic
fluctuations in the functioning of the national economy
do not depend on technological progress, capital accu-
mulation or population growth. Macroeconomic fluctu-
ations are a secondary indicator of development, and
they are just fluctuations. In reality, the country's econ-
omy has the character of development, and indicators
characterizing fluctuations are secondary indicators
and are not important.

We believe that, along with cycles of economic
processes of different nature and duration, in the longer
term (more than 30 years) the country’s national econ-
omy operates in a cyclical mode.

Diagram 1: schematic model of the functioning of the country's
national economy in the long-term (more than 30 years) period.

cyclel cycle 2
A product A product s A
release y £D ~ release y Y |
stage of DE trend
BC C}'lSiS recession release
stage of decline ' stage | J K trajectory

in development

- AB EF release trajectory Q
" developmental ~ Stabilization )
stage stage period t

In the mid-20th century, US economists A. Burns
and W. K. Mitchell [398] proposed a concept that ex-
plains the essence of the cyclical functioning of the
country’s economy over 25-30 years.

According to the authors, business activity in the
national economy of the country, that is, the production
of material products and the provision of services,
flows along a straight line, characterized by long-term
development along the Y curve, which rises and falls
around the trend Y (diagram). However, the authors be-
lieved that in the long term, the development of the
country’s economy has a direct trend of constant
growth Y, and the factors shaping the production of ma-
terial products and the provision of services Y have vir-
tually no effect on the direct trend Y.

In our opinion, the American economists A. Burns
and W. K. Mitchell, in their studies of the cyclical na-
ture of the functioning of the country's economy in the
long term, came to the wrong conclusion.

So firstly, in classical and neoclassical economic
theories it believed to be that the functioning of national
economic systems has a cyclical nature, consisting of

stages: development — slowdown development — cri-
sis — decline — stabilization (Diagram.1).

Secondly, the indicator of production and provi-
sion of services Y, expressing the result of the function-
ing of the national economy, depends on changes in
fixed capital, working capital, labor, money supply, as
well as from the multiplier effect of investments and the
effect of acceleration of production volumes, provision
of services.

Thirdly, in the long term, the dependence of the
trend parameter of the country's economic development
¥ on the actual parameter of production of goods and
provision of services y, is measured by a linear function

y=ap+ary

As can be seen from the function, provided that
parameters ap and a; remain constant, large values of
the parameter y correspond to large values of the pa-
rameter ¥, and small values of the parameter y corre-
spond to small values of the parameter ¥.
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Conclusions. We believe that, along with cyclical
economic processes that differ in essence and duration,
in the longer term (more than 30 years) the country's
national economy operates in a cyclical mode. (Dia-
gram 1).

In contrast to the opinion of the American econo-
mist R.G. Hawtry, we believe that the country's econ-
omy has the character of development at a certain stage.
The indicators characterizing fluctuations are the pri-
mary indicators that form the growth rate of develop-
ment.

In addition, in contrast to the opinion of American
economists A. Burns and W. K. Mitchell, we believe
that in the long term, the development of the country’s
economy has a direct trend of constant growth Y, and
the factors that shape the production of products and the
provision of services Y shape the development trend.

We believe that in the long term, the development
of the country's economy has a constantly increasing Y
-direct trend. However, the factors that shape the Y row
have a direct impact on the trend line Y (diagram 1).
Methodology for developing an econometric
model of the cyclical functioning of the national
economy in the long-term (more than 30 years) pe-
riod.
The parameter §°, characterizing the periodic pro-
cess, can be expressed as the algebraic sum of the re-
duced parameter ¥ of the empirical series y for time t:

y=(co+crt), @

And the parameter of the empirical series y, ex-
panded into a trigonometric Fourier series f(x):

m
f(x) =ao/ 2 + X (ak-cos kt + besin kt), k =1,2,3,..., m, 2
k=1
That is:
¥ =¥+ f(x) = (co+ c1't) + (1), 3)
Or,
m
5/5 = (Co + a/2 + ¢-t) + X (ak-cos kt + bg-sin kt), k =1,2,3,..., m, | (4)
k=1

In this case, the parameters §° of the cyclic process are expressed by the trigopnometric Fourier function with
a period of 2xt. Dividing the parameter of an empirical series of a cyclic process into trigonometric Fourier series
is considered a Problem of harmonic analysis [264, pp. 165-169; 129, pp. 418-419; 344, p. 427-463].

We believe that the function expressing the dynamics of the indicator of total output §° for the period T

m

_\75 = (o + a/2 + ¢;-t) + X (ak-cos kt + bg-sin kt), k =1,2,3,..., m, | 4)

k=1

is a “conjunctural-structural” function, expressing
a change in the structure of gross output, depending on
the conjuncture of the functioning of the national eco-
nomy in the long term.

According to the method we proposed, when ex-
pressing the parameters of the §° of a periodic process
using the trigonometric Fourier function, harmonic se-
ries are calculated that approximate a given empirical
series, and a function with a correlation coefficient of
the highest harmonic order is selected.

When expressing the parameters of a periodic se-
ries using the trigonometric Fourier function, the para-
meters of the Fourier series are determined using the
following system of equations:

a=2-X(y-¥)/n
ak =2-[Z(y—¥)-coskt] /n (5)
bk =2-[X(y — §)-sinkt] /n
In the system of equations (5): y is an indicator of
the dynamics of the empirical series, ¥ is an indicator
of the dynamics of the aligned empirical series; n is the

number of years of the empirical series; t — expression
of time sequence (T) in radians:

t=(0.2n/n,2 2n/n,3 27/n,...,(n-1) 27/n, 21);

k - the number of harmonics that bring the Fourier
series closer to the empirical series.

Algorithm for compiling a macroeconometric
model of the cyclical functioning of the country’s
national economy

We believe that the macroeconomic model of the
cyclical functioning of the national economy in the
long-term (more than 30 years) period must be com-
piled according to the equations we proposed (1), (2),
3), (4), (5).

The macroeconomic “conjunctural-structural”
model of the cyclical functioning of the national econ-
omy in the long term (more than 30 years) is compiled
in the following sequence.

1. At the first stage, the dynamics of the empirical
indicator of total output over the past (more than 30
years) period in the country’s national economy is ex-
amined. If the graph of the dynamics of the empirical
indicator of total output y for the period under study
shows signs of cyclicality, begin the study.

2. Dynamics of the aggregate output volume pa-
rameter y levels off in a straight line

Y=(co+ciT), 1)



44

Slovak international scientific journal # 84, (2024)

3. The indicator Y u is calculated as the sum of the
differences between the empirical series of total
production output y and the calculated indicator :

2u=2(y-9), (®)
4. The expression of moments of the time period
T, in t radians, for the purpose of decomposing the
empirical series of the total volume of output of goods
and services Y into the trigonometric Fourier series is
calculated by the formula

t=2n"T/n, (6)

In formula (6): n is an indicator of the number of
moments in the time period T, measured in years. In
calculations when expressing the time period T in terms
of t radians, the initial year of the time period T is
assumed to be zero. For example, if the time period T
covers 30 years, then the expression for n moments of
period T in t radians is calculated as:
t=(0; 1-21/30; 2-2n/30; 3-21/30; ... ; 29-21/30),  (7)

5. The harmony of the first row YSI at values k =
1 is calculated in the following sequence.

5.1. The trigonometric functions cos t and sin t are
calculated in radians;

5.2. Parameters ) (u-cos t) and }(u'sin t) are
calculated;

k=2, cos 2t u sin 2t, Y (u-cos2t) u Y (u-sin 2t), a2 = (2/n)-} (u-cos 2t); b» = (2/n)-) (u-sin 2t),
Y51 = (co+ ao/2) + ¢1-T + a1-cos t + by-sin t + ax-cos 2t + bo-sin 2t,

2) Third harmony YSIII, with values:

k =3, cos 3t msin 2t, Y (u-cos 3t) 1 Y (u-sin 3t), a3 = (2/n) Y (u-cos 3t); bz = (2/n)-> (u-sin 3t),
Yo = (co+ae/2) + ¢1-'T + aj-cos t + by-sin t + az-cos 2t + ba- sin 2t + a3-cos 3t + bs-sin 3t

And so on.

Calculations continue until the maximum value r
max Obtained.

Thus, we believe that, based on the methodology
we propose, it is possible to form a “conjunctural-struc-
tural” econometric model of the cyclical functioning of
the country’s national economy in the distant future. By
calculating the normative forecasts for the indicator of
total output in the national economy, as well as socio-
economic indicators arising from the indicator of total
output, it is possible to assess the possible state of the
country’s national economy in the distant future.

Compilation of an econometric model of the cy-
clical functioning of the national economy of Azer-
baijan in 1965-2000.

The national economy of the Republic of Azerbai-
jan until 1992 of the 20th century functioned as part of
the national economic system of the USSR. As result of
the collapse of the national economic system of the
USSR state, in the 90s of the last century, the national
economy of the Republic of Azerbaijan transformed
from a structure based on a social formation into a new
structure of a market economy.

During the study, we believed that the essence of
the theoretical provisions of the mechanism of produc-
tion and provision of services in the period 1965-1992
and in the period 1992-2000 in the national economy of
Azerbaijan has not changed.

5.3. The parameters a0, al, b1 of the trigonometric
Fourier series are calculated using the formulas:

a0=(2/n)-Yu; a; = (2/n)-Y(u-cos t); by = (2/n)-Y (u-sin t), '8)

5.4. Based on the calculated parameters a0, al, b1,
the Fourier trigonometric series f(x) is calculated:

f(thr=ap/2 + aj-cos t+ by-sin t, 9)

Thus, with the cyclical functioning of the national
economy of the country, the calculation equation of the
“conjuncture-structural” model - the dynamics of gross
output in the long term in the first harmony is expressed
by the function:

Y5 = (co+ap/2) +cr-T+aj-cost+bypsint, (10)

The correlation coefficient calculated between the
empirical series of gross output Y and the series of dy-
namics of gross output YS, in the first harmony.

If the calculated value of the correlation coeffi-
cient RI is between the values of 0.950 <r <1.000, then
it considered there is a high relationship between the
calculated first harmonic series YSI and the empirical
series of total output Y the relationship is high.

5.5. The equation of the “conjunctural-structural”
model is calculated:

1) Second harmony YSII, with values:

(11)
(12)

(13)
(12)

Based on information from the State Committee
for Statistics of Azerbaijan, we have compiled statisti-
cal data on the indicator of the total output of products
and services in Azerbaijan for the period 1965-2020.

Research has shown that the period of one full cycle
of functioning of the national economy of Azerbaijan is
35-36 years. It was determined that the national economy
of Azerbaijan: in the period 1965-1984 functioned at the
stage of development; in the period 1984-1990 at the stage
slowdown and crisis; in the period 1990-1995 during the
recession; and in the period 1995-2000 at the stage of sta-
bilization.

The compilation of the “conjunctural-structural”
econometric model was carried out in the following se-
quence.

1. Dynamics of Y volumes of gross output of the na-
tional economy of Azerbaijan during the study period
1965-2000, in 2000 prices, aligned by linear function

Y =0,0036-T + 0,5048.

In the resulting linear function: T — time points for
1965-2000; 0.0036 — average annual increase in the dy-
namics of total output of products and services in 2000
prices; the value 0.5048 represents the initial value of the
aligned time series of total output at 2000 prices.

2. The indicator (3 u) calculated.

3. Moments of the time period T are expressed in
t radians:
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t=1(0; 1 2/30; 2 2w/30; 3 2n/30...; 35 21/36).

4. Calculated by:
cos t, cos 2t, cos 3t vo sin t, sin 2t, sin 3t

5. Calculated by:

Y(u-cost), > (u-cos 2t), > (u-cos 3t), Y (u-sin t), Y (u-sin 2t), > (u-sin 3t).

6. The functions Y5, Y3y, Y3 of the harmonic series k = (1,2,3) of gross output are compiled.
Calculations showed that in the period 1965-2000 the “conjunctural-structural” equation of the full cycle
functioning of the national economy of Azerbaijan in third harmony (k=3), at r = 0.977 is expressed as:

Y85 = 0,5041 + 0,0036-T - 0,318-cost - 0,016-sint + 0,052-cos 2t + 0,095-sin 2t +
+ 0,036-cos3t - 0,021-sin3t.

Thus, based on our research, we came to the con-
clusion that:

1) the national economy of Azerbaijan operates in
a cyclical mode in the long-term period;

2) the period of one complete cycle is 35-36 years.

3) it was determined that in the twentieth century,
in the period 1894-2000, the national economy of Azer-
baijan functioned in three complete cycles;

4) from the beginning of the new 21st century,
from 2001, the national economy of Azerbaijan began
to function in a new 35-36 flight cycle;

Based on statistical data from the State Statistics
Committee of the Republic, it was established that the
economy of Azerbaijan from 2001 to 2014 functioned
at the stage of development. And starting from 2015,
the pace of economic development began to decline.
So, it was established that, if the average annual rate of
total output of products and provision of services at the
development stage was 20.5%, after 2014, the average
annual growth rate of total output of products and pro-
vision of services tended to decrease and amounted to
(-0.1)%.

We believe that using our proposed methodology
for compiling a “conjunctural-structural” macro-econ-
ometric model of the cyclical functioning of the coun-
try’s national economy, it is possible to draw conclu-
sions about the history of the functioning of the coun-
try’s economy in the distant past, and based on the
forecasts compiled, conclusions can be drawn about the
state of the country’s national economy in the long-
term future period.
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Abstract

Four times in the 20th century (1905-1906, 1918-1920, 1948-1953, 1988-1991) Azerbaijanis were deported
from the territory of present-day Armenia - their historical-ethnic land - with massacres. Armenians fighting for
"Turkless Armenia" and their ideologues, as well as their patrons from near and far abroad, completed the ethnic
cleansing operation in the 90s of the 20th century. The last settlement of Azerbaijanis in Armenia - the village of
Nuvedi was subjected to genocide by the Armenians and the indigenous inhabitants of the village - Azerbaijanis -
were deported from their historical and ethnic lands. Thus, not a single Azerbaijani remained in Western Azerbai-
jan, which is now called Armenia. This article talks about the genocides carried out by Armenians against the
Azerbaijani people in Western Azerbaijan in 1918-1920. Valuable documents proving these genocides are today
in the documents of the Extraordinary Investigation Commission preserved in the National Archives of the Re-
public of Azerbaijan, the "General Staff Military History and Strategic Studies Archive", the "Bagbakanlik Otto-
man Archive" of the Republic of Turkey and the "Political Archive of the German Ministry of Foreign Affairs™ in
Berlin, Germany "(Politischen Archiv den Auswiétrigen) are preserved in the funds of the First World War and the
War of Independence. The actual materials in those archival documents prove that from 1917 to 1920, Armenians
mercilessly killed tens of thousands of peaceful, unarmed Turkish-Muslim population in Zangazur district of Azer-

baijan due to their ethnicity. Historical facts are shown in the article referring to these sources.
Keywords: Western Azerbaijan, Yerevan, Zangazur, genocide, Turkish-Muslim, Armenians.
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Introduction

At the beginning of the 20th century, Armenians
purposefully implemented the policy of genocide in the
territory of Azerbaijan. Taking advantage of the politi-
cal situation after the February revolution and the Oc-
tober coup in 1917, the Armenians colluded with the
Bolsheviks and committed genocide against the Turk-
ish-Muslim population. The main goal was to weaken
the social base of "Musavat", which won the elections
to the Baku Soviet. The Armenian-Bolshevik forces led
by S. Shaumyan started from Baku and from March 31
continued in Shamakhi, Lankaran, Zangezur, Iravan, as
well as in Urmiya, Khoy and Maku. This is not the first
murder committed by Armenians against the local pop-
ulation. Armenians tried to implement their plans by
abusing the disruption of historical and political stabil-
ity. Thus, trying to benefit from the revolution that took
place in Tsarist Russia in 1905-1907, Armenians com-
mitted genocide against the Turkish-Muslim popula-
tion. Unthinkable crimes were committed against the
peaceful, innocent population during these events,
which are recorded in history as the Armenian-Muslim
conflict. There is enough information about this in his-
torical sources. In the works "Bloody Years" by
Mammad Said Ordubadi and "Armenian-Muslim con-
flict in 1905-1906" by Mir Mohsen Nawab, important
facts related to the atrocities committed against Azer-
baijanis in 1905-1906 were found. In the 1905-1906
editions of the "Kaspi" newspaper printed in Baku in
Russian, as well as in the book "Armenian-Turkish

clashes in the Caucasus (1905-1906)" by A. Don, pub-
lished in Armenian in 1907, with the events that took
place during that period related information can be
found [1, 36]. However, Azerbaijanis did not learn
from this, even after these events, they wrote works
promoting humanism and coexistence. However, such
works by Armenians do not exist.

At that time, they covered up this genocide, which
was organized by the Dashnak military forces, in a dif-
ferent way. Thus, the Armenian Bolsheviks, led by Ste-
pan Shaumyan, tried to paint it as a civil war and
thereby cover up the real historical truth. The ugly,
criminal acts of Armenians who committed genocide in
Azerbaijan are known from archival materials and wit-
ness statements. However, despite this, after the estab-
lishment of the Soviet government in Azerbaijan, this
issue was not objectively investigated in a scientific di-
rection, and in historiography, the genocide committed
against the Azerbaijani people was characterized as
"civil war", "Musavat massacre”, and "March Upris-
ing". However, after the fall of the USSR, the oppor-
tunity to objectively investigate the historical truths
was obtained. It was possible to express and analyze
historical documents and sources as they are. This is a
direct blow to the plans of the Armenians and their pa-
trons, who are trying to falsify and hide their actions.

Genocide in Zangezur

In 1918-1920, Zangezur district was one of the ter-
ritories of Azerbaijan that suffered the genocide of Ar-
menians. Armenian gangs led by Andranik and Nijde
attacked the territories of Azerbaijan, threatened the
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population, and called for submission to the Armenian
government. Those who did not submit to the Arme-
nian government had to leave the city or become vic-
tims of Andranik's brutal crimes. It should be noted that
in the 19th century, as a result of the Russo-Qajar and
Russo-Turkish wars, Armenians from both Ottoman
and Qajar empires and other regions of Tsarist Russia
were moved to this area with the agreements concluded
between the parties. As a result of the resettlement, the
Armenians who settled in the historical lands of Azer-
baijan carried out a policy of ethnic cleansing against
the local population. It is no coincidence that the Arme-
nian population living here played an active role in the
genocide carried out in the 20th century. When Andran-
ik's and others' gangs attacked, the Armenians living in
these areas also supported the implementation of the
genocide, since they were resettled here in the 19th cen-
tury, they knew the region better, which allowed them
to help the attacking gangs and strike from within
against the Azerbaijanis who were trying to defend
themselves.

On July 15, 1918, the government of the Azerbai-
jan Democratic Republic established an Extraordinary
Commission of Inquiry to investigate the genocide
against Azerbaijanis in 1918 [13, 27]. The massacres
that took place through this institution were investi-
gated, witness statements and information obtained
from those involved in the investigation once again
confirm that the Armenian-Bolshevik forces committed
genocide on purpose. Two of the 36 volumes of inves-
tigative materials examined by this institution refer to
the events that took place in Zangezur. It is known from
the documents of the Extraordinary Investigation Com-
mission that 115 villages of Zangezur district were de-
stroyed by Armenians. The names of those villages are
mentioned in these documents. [6 p. 127]. 3257 men,
2276 women, 2196 children were killed from 115 vil-
lages. In addition, it should be noted that 10,068 Azer-
baijanis were killed by Armenians and maimed as a re-
sult of serious injuries before the report of the Extraor-
dinary Investigation Commission was prepared. The
chaotic and unstable situation during the events of the
genocide did not allow identifying all of the victims of
Armenian atrocities [3, 166].

The events that took place in Zangezur accident
are proof of Armenian atrocities. Armenians Killed the
population mercilessly. This can be seen from the facts
and examples known from the investigation. Children's
corpses found on the streets of Sheki village, divided
into two parts, nursing babies who were bayoneted in
Irmishli village, families burned alive along with their
houses, people whose hands, feet, and various organs
were cut off and put in a terrible condition show the
scale and horror of the murders committed by Armeni-
ans [9, 47]. With this, they tried to create fear among
the population and drive the survivors out of their
places once and for all with such "examples". Armeni-
ans did not ignore the religion and customs of the pop-
ulation and did not hesitate to damage the holy places.
Thus, in the village of Vagudu of Zangezur district,
more than 400 people, who assumed that the Armeni-
ans would not touch the mosque, hid there and tried to

protect themselves in the mosque. However, the Arme-
nians threw a bomb into the mosque, set it on fire and
burned it together with the people inside it [6, 128]. It
should be noted that the damage done to holy places
and historical monuments does not end there. The gen-
ocides committed by Armenians against the people of
Azerbaijan and the policy of ethnic cleansing do not
consist only of the events that took place in 1918-20.
From the end of the 20th century, starting from the 80s,
they began to occupy the territories of Azerbaijan. As a
result, they have damaged the monuments and material-
cultural examples here. It is enough to show that ani-
mals were kept in mosques.

The attacks, which started in 1918, intensified in
November 1919. Armenians organized more extensive
attacks and carried out heavy operations in the villages
of Zangezur such as Okchu, Atgiz, and Shabadan.
Since 1920, it was the Republic of Ararat that organized
the intensification of these massacres [4]. The main
purpose of this was to cleanse Zangezur of Azerbaijanis
and completely armenize it, and after capturing Zange-
zur, it was permanently captured by the main states that
participated in the Paris peace conference and legiti-
mized it. It is no coincidence that the official armed
forces of Ararat state participated in the process of eth-
nic cleansing.

From January 1920, letters were sent to the Parlia-
ment of Azerbaijan and political circles about the dete-
rioration of the situation in Zangezur, mass massacres
committed by Armenians, and they asked for help to
prevent Armenian atrocities. Among such telegrams
addressed to the government of Azerbaijan, it is possi-
ble to mention the ones sent by Jalil Sultanov, a mem-
ber of the Azerbaijani parliament who visited
Zanegzur, and Huseyn Akhundzade, a teacher from
Jabrayl. From the telegrams sent on January 21 and 23,
1920, it is once again clear that the Armenians were
mercilessly oppressing the Azerbaijani people and try-
ing to seize these territories by committing genocide
against the population. As stated in the telegram sent by
Jalil Sultanov on January 23, 1920, the goal of the Ar-
menians was to completely capture the territories of
Karabakh, Nakhchivan, Iravan, and Zangezur, to re-
move the local population from here and to armenize
them: completely destroyed. The number of regular Ar-
menian army that participated in the battle reaches ten
thousand. According to the information we received, an
attack on Jabrayil district will be launched tomorrow
from the Zangezur side. The goal of the Armenians is
to completely cut off the connection with Nakhchivan,
thus solving the issue of both Karabakh and Na-
khchivan once and for all. The time has come to put an
end to the protests on paper, to reveal to the world the
treacherous Armenians who led to the destruction of the
over two hundred thousand Zangezur Muslim popula-
tion. Please take immediate action so that at least
Shusha and Gabriel can be saved. Every minute is pre-
cious. Being late is equal to crime and treason in front
of the people and the country" [6, 130].

It should be noted that what was written in the
book "Garagin Nizhde i eqo ucheniya («I'aparuu
Hmxne u ero yuennsi») published in Armenia in 2004
about the genocide in Zangezur is proof of the actions
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committed by Armenians. It is written here that more
Azerbaijanis were killed, and that 200 villages inhab-
ited by Turks and Tatars were "returned" to Armenians.
This should be considered as an acknowledgment of the
actions committed by Armenians [16, 8]

Genocide in Irevan

With the collapse of empires at the end of the First
World War, peoples had the opportunity to determine
their own destiny. As a result, with the collapse of Tsar-
ist Russia, the peoples of the Caucasus managed to de-
clare their independence. The Republic of Azerbaijan,
Armenia (Ararat) and Georgia were formed in the
South Caucasus. There were problems in determining
the borders of the states. Thus, Armenians trying to re-
alize the dream of "Great Armenia" wanted to set the
borders according to the borders of this desired "state".
According to the unfounded claims of Armenians, the
Armenian state should have included the territories of
the Ottoman Empire, Azerbaijan and Georgia. They
tried to realize these plans in the following years [10,
49]. Territorial disputes with Azerbaijan and Georgia
are also the result of this policy of the Armenians, who
are trying to appropriate the ancient and eternal lands
of the peoples in order to build the "Great Armenia",
which never existed and is only a dream. In order to
realize their plans, the Armenians, who tried to seize
foreign lands, and for this purpose, tried to expel the
local, aboriginal population from their homeland by
committing murders and exiles, although they could not
build the "Great Armenia" of their dreams, they man-
aged to create the currently existing Republic of Arme-
nia.

On May 29, 1918, in order to end the massacres
committed by the Armenians against Azerbaijan, the
groundless territorial claims, the government of Azer-
baijan was forced to give its historical lands, Iravan, to
the Armenians as the capital. The main condition for
the concession of Yerevan to the Armenians was that
the Armenians renounced their claims to other territo-
ries. One of the factors that created conditions for this
was the transfer of Gyumri (Alexandropol) territories,
which the Armenians envisioned as the capital, to the
control of the Ottomans [8, 136]. According to the in-
formation stored in the Russian archives, it is clear that
the Provisional government, which was established af-
ter the February revolution of 1917, also used Armeni-
ans for its own purposes. For this purpose, he adopted
the concept of "Turkey Armenia" [15, 356-357]. To
weaken and defeat the Ottomans, the Russian, British
and other forces used the Armenians living here, giving
them promises and making concessions to create a
state. The goal was to strengthen in these areas and to
use the Armenians as a political tool for this. The fact
that both the newly formed government, the successor
of Tsarist Russia, and Soviet Russia drew Armenians to
their side served this purpose. They tried to create a
state for them by applying the concept of "Turkey-Ar-
menia". However, as is known from history, the plan to
create a state for Armenians was transferred to the Cau-
casus because the Ottoman state later liberated those
territories. With this, the Armenian state was estab-

lished in the historical lands of Azerbaijan in the terri-
tory of the South Caucasus - in the lands of Western
Azerbaijan [12, 249]

Iravan was one of the territories of Azerbaijan
where Armenians committed genocide. Back in No-
vember 1917, after the October coup in Russia, Arme-
nians who seized the weapons of the Russian troops re-
treating from Eastern Anatolia and the Caucasus front
committed genocides against Turks and Azerbaijanis.
Thus, on December 5, 1917, an agreement was signed
in Erzincan between the South Caucasian Commissar-
iat and the Ottoman government. After that, the Arme-
nians, who took advantage of the retreat of the Russian
troops from Eastern Anatolia, seized the weapons and
started slaughtering the Turkish-Muslim population
[14, 21]. In this regard, information is also provided in
the documents kept in the political archive of the Ger-
man Ministry of Foreign Affairs. At that time, the Ger-
man representative in the South Caucasus, Bernstroff,
sent to the German Ministry of Foreign Affairs on Feb-
ruary 27, 1918, it was written: "Atrocities committed
by Armenian volunteer groups in Erzincan should be
considered very important. The population in the vil-
lages was completely destroyed™ [11, 41].

From the beginning of 1918, Armenian armed
groups started to commit mass massacres against Azer-
baijanis in Iravan province. Until March 1918, Arme-
nian armed groups destroyed 198 villages, including 32
villages in Iravan District, 84 in Echmiadzin District, 7
in Yeni-Beyazid District, and 75 in Surmali District of
Iravan Governorate. In those districts, approximately
135,000 Azerbaijanis were subjected to genocide [6,
133].

Until September 1919, except for some village of
Zangibasar, all the villages of Iravan district and also of
Vedibasar were destroyed, their inhabitants were mer-
cilessly killed, and the survivors were removed from
their native lands. In 1920, the "Azerbaijan" newspaper
published information about this in April: "There are no
more Muslims left in Goycha district. Currently, 84
Muslim villages have been destroyed in Yeni Beyazid
district, 22 of them were destroyed in April alone. Tash-
kent, Goshabulag, Sariyagub, Bash Shorja, Ashagi
Shorja, Sogangulu-Agali, Agkilsa, Zod, Gulu, Agali, B.
Garagoyunlu, K. Garagoyunlu, Zarzibil, Adli, Inakdag,
Garaiman, Kaseman, Bashkend, Bala Marza, Shish-
gaya, Bash The population of Haji and Garibgaya vil-
lages with more than 15,000 houses fled, leaving be-
hind all their property and the state. All this wealth is
now left to Armenians, the looted property is worth sev-
eral millions or even billions" [6, 135]. The information
published in this newspaper is once again a proof that
Armenians have taken possession of someone else's
land by force and committed genocide, displacing the
local population. Also, if you pay attention to the ety-
mology of the listed village names, it shows that each
of them belongs to Azerbaijan. However, later Armeni-
ans changed the names of the native lands of Azerbai-
jan in order to Armenianize them by implementing a
genocidal policy against toponyms. With this, they are
trying to deny that these territories historically belong
to Azerbaijan and falsify history. However, the names
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mentioned in sources and historical documents and
their origin also expose Armenian lies.

There is also information about the subsequent re-
settlement of Armenians to these areas in English doc-
uments kept in the archives of Great Britain. Of these,
the memorandum prepared by the political intelligence
department of the British Foreign Ministry on October
28, 1918 states: "When solving the Armenian question,
it should be taken into account that its center of gravity
is not in the Caucasus, but in the south of Asia Minor.
Armenians came to the Caucasus from Turkey mainly
as refugees during the last decades during the Russian
rule. The Russian government used them here to incite
disputes between Georgians and Tatars" [2, 110]. Im-
portant facts related to the genocides committed by Ar-
menians in Azerbaijan were also reflected in the docu-
ments of the British government stored in the British
archives. Among them, the letters sent by the high com-
missioner for the South Caucasus appointed by the Brit-
ish government, General O. Wardrop, to his govern-
ment, the information contained in his correspondence
can be cited as an example. In his report sent to London
on October 2, 1919, he informed: "Recently, the Arme-
nians destroyed 60 Muslim villages in Yeni Beyazid,
Alexandropol and Iravan regions” [5, 30].

In the letters sent by O. Wardrop in December
1919, it was mentioned that the Armenians killed the
civilian population - the Muslim population, including
women and children, in the mosque, and the Muslims
of Zangezur are in a state of panic. It should be noted
that in addition to O. Wardrop's information, the Azer-
baijani government also sent a letter to the British
Prime Minister Lord Curzon, informed about the geno-
cide committed by the Armenians in Zangezur, and the
British government officially recognized these territo-
ries as Azerbaijani territory. [5, 31].

It is known from the British documents that the
British government tried to use the Armenians against
the Ottomans, and even for this purpose Andranik was
provided with weapons and financial support for the re-
sistance against the Turks. Genocides committed by
Armenians in Azerbaijan were evaluated as damage to
British plans. In this regard, it is stated in official doc-
uments and correspondence that if the Armenians do
not stop the massacres, the aid to them will be stopped.
0. Wardrop wrote about this in document No. 52 sent
on January 28, 1920: "The main purpose of my visit to
Yerevan was to put pressure on the Armenian Prime
Minister to withdraw the regular troops from Zangezur
and punish the culprits. | have already sent a telegram
to his relatives that if the Armenian government does
not stop the aggression, | will advise His Majesty's gov-
ernment not to help them" [5, 34] Each of these facts
confirms that Armenians committed genocide against
the people of Azerbaijan. In matters related to the gen-
ocide, it is once again proven that the events were com-
mitted by the political line of the Armenians and the
state of Ararat.

The genocides carried out by Armenians in the ter-
ritory of Iravan governorate in 1918-1920 were also re-
flected in the Ottoman archival documents. In these
documents, it was also mentioned that he asked for help

from the Ottoman 15th regular army command to de-
fend against Armenian oppression and atrocities com-
mitted by Armenians against the population. Among
the documents of this period, there are also maps de-
scribing the territories where the Armenians committed
genocide, which are historical sources of great im-
portance in terms of specifying the territory covered by
the massacres. One such map was drawn on July 3,
1919. The map called "Description of the places where
Armenians committed atrocities against the population
of Goyja" shows the areas where the Armenians com-
mitted genocide - Agbulag, Shoreyel, Gamarli and
other areas. Another map drawn up in the same month
shows regions affected by genocide such as Iravan, Big
Vedi, Karalar, Shirazli, Khalisa, Sadarak, Alisar [11,
43].

In Ottoman archival documents from 1920, it is
possible to find information about atrocities committed
by Armenians, killing the population in an inhuman
manner. An example of this is the documents where 50
children and teenagers were chopped with axes by Ar-
menians in 1920 in Gizilkilsa village of Yerevan, their
eyes were removed with red skewers, and people were
burned in cauldrons and destroyed by torture. The doc-
uments belonging to the Ottoman archives once again
prove that in 1918-1920, Armenians committed geno-
cide against Azerbaijanis, invaded Azerbaijani territo-
ries by committing brutal murders, and as a result of all
this, created a state for themselves in the historical
lands of Azerbaijan.

The result

The territory of Western Azerbaijan, which is now
the territory of the state called Armenia, is the historical
land of Azerbaijan. There are historical sources, topo-
nyms, and monuments that prove this place belongs to
Turkish culture. However, Armenians living with the
dreams of "Great Armenia" displaced the aboriginal
population of this place from their native lands through
genocide and deportation. When we look at history, we
see that the current historical and political conditions
are effective for Armenians in this regard. During Tsar-
ist Russia and later during the USSR, Armenians used
the opportunity for their own plans. The genocides car-
ried out by the Armenians in 1918-1920 were a contin-
uation of the massacres committed in 1905-1906 and
the same policy they pursued. However, the policy of
genocide and ethnic cleansing against Azerbaijan and
Azerbaijanis did not end there. V. I. In December 1920,
Zangezur was given to Armenia unconditionally as a
result of the new colonial policy implemented in this
region by the dictates of the Armenian and Georgian
Bolsheviks, who had great influence in the ruling cir-
cles of Soviet Russia headed by Lenin. Armenians, who
felt that this issue was completely resolved for their
own benefit, did not object to the return of the Azerbai-
jani population expelled from Zangezur to their homes
in order to create temporary calm, but in the following
years, they again displaced the Azerbaijanis from their
native places. Azerbaijanis were deported from the Ar-
menian SSR from 1948-53 by the hands of the Soviet
regime. Armenians were settled in their houses, native
and historical territories. The Armenians used all the
means and every opportunity to expel the Azerbaijanis
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from this area. Starting from the late 1980s, they man-
aged to completely expel Azerbaijanis from Western
Azerbaijan using the current political situation in the
USSR. These facts once again prove that the actions of
Armenians are against humanity and international law
norms. The rights of the displaced Azerbaijani popula-
tion must be restored. This is the historical and legal
right of the expelled population.
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MATHEMATICS

IT FOLLOWS FROM THE SPECIAL THEORY OF RELATIVITY THAT INVISIBLE AFTERLIFE
WORLD IS IN FACT PHYSICALLY REAL!
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The article proves that the generally accepted version of special theory relativity (SRT), which states that
imaginary numbers are physically unreal, is incorrect. Experimental evidence is given of the general scientific
principle of the physical reality of imaginary numbers, with the use of which a corrected version of the SRT was
created. She argues that in addition to our visible universe, there are many other mutually invisible universes in
nature. And they form the actually physically existing afterlife invisible world, predicted by all religions.

Keywords: imaginary numbers, special theory of relativity, invisible universes, invisible afterlife world.

1. Introduction

Imaginary numbers, discovered about 500 years
ago by Scipione Del Ferro, Niccolo Fontana Tartaglia,
Gerolamo Cardano, Lodovico Ferrari and Raphael
Bombelli [1], are known to everyone and are currently
used in all exact sciences. They are even studied in
school mathematics courses. But unlike other numbers
that are understandable to everyone - integers and frac-
tions, positive and negative, scalar and vector, etc. -
their physical essence has not yet been explained. In-
deed, what 2 kg., 3 m., 4 sec. is clear to everyone, but

what is 2i kg., 3i m., 4i sec., where | = \/—_l no one
can explain. Nevertheless, no one cared about this, just
as, for example, now no one can explain. Nevertheless,
no one cared about this, just as, for example, how no
one cares that the phenomenon of ball lightning is not
explained.

But at the beginning of the 20th century Joseph
Larmor [2], Nobel Prize winner Hendrik Anton Lorenz
[3], Jules Henri Poincaré [4], Nobel Prize winner Albert
Einstein [5] and other outstanding scientists created the
special theory of relativity, which rightly accepted to be
considered an outstanding scientific achievement of
physics of the 20th century, because it proposed the
principle of relativity. And which is therefore now stud-
ied in all physics textbooks used in the educational pro-
cess even at the most prestigious universities. However,
in this theory, calculations using relativistic formulas,
which were the final result of all reasoning, in some

cases led to a result measured by imaginary numbers.
And this result already needed to be explained. After
all, no one would need a theory that even its creators
could not explain. But the authors of SRT did not know
how to do this. And the fate of the service station hung
in the balance. But it was saved by the fact that an ad-
ditional postulate was introduced into the SRT, called
the principle of not exceeding the speed of light, from
which it followed that quantities measured by imagi-
nary numbers do not exist in nature. And therefore,
there is no need to explain them.

This is the form in which SRT is still taught.

2. The physical reality of imaginary numbers.

But besides STR there are other sciences. Includ-
ing the theory of electrical circuits, which is used in ra-
dio engineering, electrical engineering and computer
science. Fundamental to this theory is Ohm’s law [6],
[7], discovered in 1826 for DC electrical circuits, which
is now studied even in school physics textbooks. And
in 1893, Charles Proteus Steinmetz proposed its inter-
pretation of Ohm’s law for alternating current electrical
circuits [8], which is now used daily by millions of en-
gineers around the world in their work. In this theory of
electrical circuits, the imaginary resistances of capaci-
tors and inductors, which can be measured by instru-
ments, were recognized as actually physically existing.
And if these imaginary resistances were recognized as
physically unreal, as follows from SRT, then neither ra-
dio engineering, nor electrical engineering, nor com-
puters, nor radio measuring instruments should exist.

! This is reprint of the article “Antonov A. A. From the physical reality of imaginary numbers it follows that the invisible
afterlife world predicted by all religions actually exits. Norwegian Journal of development of the International Science. 130.

36-41.
https://doi.org/10.5281/zenodo.10975059”.
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Fig. 1. In any radio-technical laboratory there are devices called frequency response meters, which prove the
physical reality of imaginary and complex numbers by their mere existence

But they do exist. And thereby they prove the
physical reality of imaginary numbers [9]-[33]. Conse-
quently, by the existence of radio- and electrical engi-
neering, the generally accepted version of SRT was re-
futed even before its creation. Other proofs of the phys-
ical reality of imaginary numbers have been published
in [34]-[46]. Therefore, the logical conclusion is that
the version of SRT currently presented in all physics
textbooks is incorrect [47]-[66]

3. Physical reality of invisible parallel universes

In the existing generally recognized version of
SRT from its relativistic formulas and the principle of
non-exceeding the speed of light also follows that in
nature there is only our visible universe in which eve-
rything is measured only by real numbers. However, in
the corrected version of SRT [67]-[74], from its relativ-
istic formulas it follows that in our Multiverse [75]-
[85], in addition to our visible universe, there are also
about twenty other mutually invisible parallel universes

And one can be convinced of their existence [86]-
[91]. as a result of astronomical observations of the
starry sky in portals [92]-[94], since the constellations
in them will differ - and the further into the portal one
penetrates, the greater the differences will be - from the
constellations observed at the same time in the same re-
gion outside the portals. And since there are a lot of
anomalous zones [95]-[98] on Earth, such anomalous
zones. Like, for example, the main astronomical obser-
vatory of the National Academy of Sciences of
Ukraine, located in Goloseyevsky forest 12 km from
the center of Kyiv. Therefore, in order to verify the ex-
istence of neighboring invisible universes adjacent to
our visible universe, it is enough to compare on a com-
puter the observations of this observatory with the ob-
servations of neighboring observatories located outside
the anomalous zones.

Observatory outside
anomalous zones

Observatory outside
anomalous zones

\\

Observatoryin {f ) Obsenvatory outside
NN <

anomalous zone \ Comp uter, / anomalous zones

Obsenvatory outside Observatory outside Obsenvtoryin Obsentory outside

anomalous zones anomalous zones anomalous zone anomalous znes

Observatory outside
anomalous zones

//

Observatory outside
anomalous zones

Fig. 2. Scheme of an astronomical experiment to detect invisible universes

4. Why, despite all the refutations of the gener-
ally accepted version of SRT, set out in all physics
textbooks, it continues to be taught.

But this simple and low-cost experiment, which in
the most indisputable way will allow us to answer the
question of whether there are invisible universes neigh-
boring our visible universe, no one has done or is going
to do. Obviously, because physicists do not need such
an answer, since it will refute the version of SRT stud-
ied in textbooks.

The corrected version of SRT states that imaginary
numbers are physically real and invisible universes ex-

ist. Therefore, having become convinced of the exist-
ence of invisible universes, we will have to admit that
the corrected version of SRT is correct and once again
be convinced that imaginary numbers actually physi-
cally exist. And then it will inevitably be necessary to
explain their physical meaning of imaginary numbers.
And itis obvious - in addition to our visible world, there
is an invisible world.

5. The existence of a physically real invisible
world

However, the usefulness for science of the above
experimental evidence of the physical reality of imagi-
nary numbers goes beyond problems of correcting the
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version of SRT given in physics textbooks. From ex-
perimentally proven principle of the physical reality of
imaginary numbers, one will inevitably have to con-
clude that the results of all studies described by imagi-
nary numbers in all other exact sciences also are phys-
ically real.

Then many difficult questions will arise. For ex-
ample, what exists in the looking glass when we see
ourselves in the mirror? And therefore, in the end, we
will have to admit that in addition to our visible world,
there is also a huge (most likely even much larger than
our visible world) invisible world [99]-[107]. Indeed,
in addition to the room in which we are now and which
we see, there are a large number of other invisible to us
rooms in other apartments, houses, cities and countries.
The same situation is in space — in addition to our visi-
ble universe, in other dimensions there are about twenty
other parallel universes of the hidden Multiverse that
are invisible to us. And outside of our hidden Multi-
verse in the Hyperverse, there are many other Multi-
Verses.

And the existence of such a world invisible to us,
in which Gods and the souls of the dead live, was long
predicted by all world religions. Consequently, what
these religions say about the world order, about the af-
terlife, is true. And therefore, all of us, the inhabitants
of planet Earth, will now have to believe in this.

6. Conclusion

The author hopes that the information presented in
the article will be an incentive to unite the efforts of
science and religions in their activities for the benefit of
people.
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In this paper, we propose an efficient finite difference method to solve third order boundary value problems.
Analysis proves that the proposed method have at least quadratic convergence. Numerical results confirm the

accuracy and efficiency of the proposed method.
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1. Introduction

Third-order differential equations arise in many
modelling problems like aeroelasticity, beam deflection
theory, electromagnetic waves, theory of thin film flow.

In this paper, we study an effective numerical
technique based on finite differences to solve third or-
der boundary value problems(BVPs) of the following

type:

u" =fx,u),a<x<bh (1.1)
subject to the boundary conditions
u’(a) = a,u(b) =p,u'(b) =y (1.2)

where the a, 8 and y are arbitrary constants.

The discussion on the existence, uniqueness and
convergence of the solution of problem 1.1 can be
found in the literature [1], [12], [3], [6]. We wont men-
tion the conditions on the existence and uniqueness of
the solution to problem 1.1.

a=x0<x1<x2<'“XN_1<xN=b

We assume the existence and uniqueness of the so-
lution to problem 1.1. We also assume that problem 1.1
is well posed.

This article is arranged in the following order. In
section 2, we propose the finite difference method. In
section 3, we discuss the convergence of the proposed
method. In section 4, we illustrate the method with ex-
amples and finally in section 5 we present the perfor-
mance of our proposed method.

2. The Difference method

To find an approximation to the solution of the
problem 1.1, we discretize the domain [a, b] into N

. . b—
equal subintervals each of size h = Ta:

(2.1)

where the nodes are given by x; = a + ih,i = 0,1, ...,N.
We want to determine the numerical approximation of the true solution u(x) of the problem 1.1 at the nodal

point

x;,i=12,..,N.
Let u; and f; denote the numerical approximations of u(x) and f(x,u(x)) atx = x;,i = 0,1, 2, ..., N which
allows us to write the boundary value problem 1.1 at node x = x; as written as

u' =f,a<x;<bh

subject to the boundary conditions

22)

"no__ _ 1o
ug =a, uy =pf, uy =v.

We define the nodes as

X. 1
Lii

and denote the solution of the problem 2.2 at x, 1 by
-2

u

h
=xt5,i=12,.,N-1

L, 1.
it

Using the method of undetermined coefficients and Taylor’s series expansion [7, 8, 9], we get the following

scheme:

h.3
u,_1—2u, 1+u 3=hu’; +—
l_E l+z i+- 24

2

h.3
—u, 3+3u,_1—-3u, 1+tu = —(
2 2 2 2 2

—_ ! h3 nr nr . _
ui_% - 3ui_% + Zui% = hu;,, + E(Zlui_% - 67ui_%) +T,i=N-1

W'yl ) + T2 S i SN -2
2 2

(2511’.”1 + 11uf"1> +T,i=1
l_E l+E

(23)

3
—2u, s+ 5u,_3 +5u,_1 = 8u; — Shuj + Z—4<25ulfz§ + 3Ou;'_'1) +T,i=N
2 2 2 2

where

2

T,i=12..,N
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is the truncation error.
After neglecting the truncation errors T; at the nodes x,_1,i = 1,2, ..., N, in 2.3, we obtain a system of N x N

2
equations in the unknowns u,_1, which may be linear or non-linear according as f (x, w) is linear or non-linear.
2
Using the values u;_1, we compute the values u; , i = 0, 1, ..., N according to the second-order approximation
2

(3 -

2 ui+§ ui+% ifi=0

1( ) fl<i<N-1

“(u, 1+u, 1

2 l_E l+E

3. Convergence Analysis

Let U,_1,i=1,..,N, denote the true solution of the problem 1.1 at the x, 1,i =1,.., N and let U be the
2 2

column vector

u; = (2.4)

U= [Ui_%] (3.1)
Also let, u be the column vector consisting of the approximations u,_1 atthe nodes x; 1,i =1,..,N,
2 2
u= [ui_é] (3.2)

and the errors at the nodes x; 1,i = 1, ..., N be denoted by
2
€. 1=U. 1—u 1,i=1,..,N (3.3)
P -z g :

and the error vector in column form be denoted by

e=[e 1] =[U,_1—u, 1] (3.4)

2 2 2

Then, we have the following equations

AU=Db+t (3.5)
Au=Db (3.6)
where the N x N matrix A and column vectors b and t are given by
1 -2 1 0 07
-1 3 -3 1 0
0O -1 3 -3 1 0
0 o -1 3 -3 1 0
0 0 0O -1 3 -3 1 0
A= v
0 0 0 - 3.7)
-1 3 -3 1 0
0 0 1 -3 2
L0 w 0 0 =2 5 5w
b = [b;] (3.8)
t = [T}] (3.9)
and the b; ’s and T; ’s are given by
h3 .
h?a + Z(25fi_% + 11fi+%> +T,i=1
3
h?(fi_1+fi+1) +T,2<i<N-2
b; = 1 s 2 2 (3.10)
hy + —<21f._; - 67f._1) +T,i=N-1
48 =3 =3
3
88 — Shy + h—<25f._3 + 3Of._1> +T,i=N
24 =3 =3
and
S R5u®) ifi =1,
24 l—E
—ruif2<i<N-2
T={" e 2 (3.11)
o -2 psu®ifi =N -1, '
1920 l—z
— L r5u®ifi =N
384 -

The matrix A is nonsingular [4, 5] and its inverse A~' = B = [b;;] is given by
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ifi=N,j=1,..,N
ifi=1,.,N—1,j=N

—i 2
bij = | SO ifi=1.,N—2j<i (3.12)

(2(N-i)+1)?
8

QIR ]|

ifi=N-1,N,j=1,..,N—2

and

A7) = 8N3-16N2+15N—6 (3.13)

24 '
Here ||A™?|| denotes the maximum row sum norm of A~1 .
Now,
3

L (3.14)
From equations 3.5 and 3.6, we have

Ae =t (3.15)
which gives

e=A1t (3.16)
Therefore,

llell < A= |1l (3.17)
where ||t]| is the maximum norm of t.
If we let,

M = max [u® (x)| (3.18)
Th asxsb

en

It]| < Mh® (3.19)

Hence
N3MRS _ (b-a)3Mh® _ M(b-a)® ,,
lell < ——= = h (3.20)

3h3 3
which shows that the our proposed scheme 2.3, 2.4 has second order convergence.
4. Numerical Examples
The following problems illustrate the performance of our method. We compute the maximum absolute error
MAE in the true solution u(x), namely:

MAE = max |u(x;) — ]
All the computations were performed on Ubuntu 20.04.4 LTS GNU linux operating system with IDLE 3.8.10
running Python version 3.8.10 on Intel® Core[1i5-9400 CPU @ 2.90GHz x 6 PC.
Example 4.1. Consider the linear model problem in [10] given by:
u" —axu(x) = (x3—2x2—5x—3)exp(x),0<x <1 4.2)
with the boundary conditions

u"(0) =0,u(1) =0, u'(1) = —exp (1) (4.2)
with the exact solution
u(x) = x(1 — x)exp (x) (4.3)
The MAE computed by method 2.3 for different values of N are given below
N MAE

128 8.150736478892279¢-05
256 2.0557217413813555e-05
512 5.161967603378552¢-06
1024 1.2933322996243161e-06
2048 3.2368860043946283e-07
4096 8.096661511538226e-08

Example 4.2. Consider the linear model problem in [11] given by:
u" +ulx) = (x? — 6x — 1) sin(x) + (7 —x*) cosx,0 < x <1, (4.9)
with the boundary conditions
u”(0) = 0,u(l) =0, u'(1) = 2sin (1) (4.5)
with the exact solution
u(x) = (x? — 1)sin (x) (4.6)
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The MAE computed by method 2.3 for different values of N are given below:
N MAE
128 3.0204368352604316e-05
256 7.55068418839544e-06
512 1.8876175097159997e-06
1024 4.71897596415749e-07
2048 1.1797358473453201e-07
4096 2.9493265135682734e-08
Example 4.3. Consider the nonlinear model problem in [12] given by:
u”" + 2exp (—3u(x)) =4(1+x)3,0<x <1, 4.7)
with the boundary conditions
u”(0) = —1,u(1) = In(2),u'(1) =7 (4.8)
with the exact solution
u(x) =In(1+x) (4.9
The MAE computed by method 2.3 for different values of N are given below:
N MAE
128 2.2417700782846953e-05
256 5.662842074857788e-06
512 1.4230859950213962e-06
1024 3.5669952002108547e-07
2048 8.92905674886816e-08
4096 2.2330040715915107e-08

5. Conclusion

In this paper we have proposed a numerical
method to solve third order boundary value problems
having quadratic convergence. We have estimated the
error involved. We have also given several numerical
examples which confirms our claim.
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Systemic lupus erythematosus (SLE) is one of the most serious systemic connective tissue diseases that de-
velops more often in young women and girls, although it can occur at any age. Patients with SLE still have a high
risk of death (3 times higher than in the general population). Early diagnosis, intensification of basic therapy and
minimization of the dose of glucocorticoids (GC), assessment of cardiovascular risk and treatment of cardiovas-
cular diseases are considered to be the basis for improving the prognosis in SLE.

Keywords: systemic lupus erythematosus, facial erythema, polyarthritis, pneumosclerosis, myocardiofibro-
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Introduction

Rheumatology is one of the most diagnostically
complex medical disciplines, which is at the intersec-
tion of many specialties. A rheumatologist needs a high
level of professional skills, because he often has to di-
agnose conditions that can hide under the mask of rheu-
matological symptoms. One of the most difficult
groups of rheumatological diseases to differentiate is
systemic lupus erythematosus.

Systemic lupus erythematosus (SLE) is a systemic
autoimmune polyetiological disease characterized by
hyperproduction of autoantibodies to various compo-
nents of the cell nucleus with the development of im-
munoinflammatory damage to tissues and internal or-
gans [1, 7]. In all age groups, the incidence is higher
among women, especially those of reproductive age,
when the ratio of the incidence of women to men is 8:1—
15:1, while this pattern is least pronounced in prepuber-
tal age — 4:3 [2, 11] According to over the past 60
years, the 5-year survival of patients with SLE has in-
creased from 50 to 91-97% [16, 18]. Such an improve-
ment is primarily associated with timely diagnosis, and
therefore early initiation of therapy, and management
of patients based on the principle of "treatment until the
goal is achieved" — stable clinical and laboratory re-
mission [12].

SLE is accompanied by multiple organ damage
and the development of various complications, includ-
ing both typical and rare ones. In particular, one of the
main reasons for the unfavorable prognosis of the dis-
ease is kidney damage [5]. Despite progress in the di-
agnosis and treatment of this pathology, kidney damage
remains the leading cause of death in patients with SLE.
Many such patients develop chronic kidney disease
(CKD), as well as complications, concomitant diseases
and conditions that are a consequence of immunosup-
pressive therapy: infections, osteoporosis, damage to
the cardiovascular and reproductive systems, etc. [3, 4].
Regarding methods of treatment of lupus nephritis in
SLE, many studies are being conducted, new promising

drugs are appearing [9, 15]. CKD is also associated
with the development of vitamin D deficiency, sys-
temic osteoporosis, and secondary hyperparathyroid-
ism [6].

According to the literature, there are 5 main types
of soft tissue calcification: dystrophic, metastatic, idio-
pathic, iatrogenic, and calciphylaxis [10, 17]. Most of-
ten, in systemic connective tissue diseases, a dystrophic
process is noted, which consists in secondary tissue
damage and the formation of calcifications [8]. It is
generally accepted that soft tissue calcifications are de-
tected in dermatomyositis, systemic scleroderma,
CREST syndrome, overlap syndrome, but they are rare
in SLE [13, 14].

We bring to your attention a clinical case of the
development of myocardial cardiomyopathy, pneu-
mosclerosis, polyarthritis and dyscirculatory encepha-
lopathy in a patient with SLE.

Purpose: to describe a clinical case of the devel-
opment of damage to all organs and systems in a patient
with SLE and to prescribe combined treatment depend-
ing on the damage to the relevant body systems.

Materials and methods

Patient V., 50 years old, complains of difficulty in
self-care, pain and stiffness in the joints of the hands
and feet, periodic aching pain in the area of the heart,
palpitations, rapid fatigue, coldness of the hands, suffo-
cation during physical exertion.

She considers herself a patient for 11 years. He is
periodically treated as an inpatient. Systematically
takes GC (diprospan, medrol). In connection with dete-
rioration of well-being and strengthening of the above-
mentioned symptoms, she was sent for inpatient treat-
ment in the rheumatology department of the OKL.

Objectively upon admission: the general condi-
tion of the patient is of moderate severity. Normos-
thenic. Swelling of the feet. Body temperature is
37.1°C. Pulse 82 per minute, satisfactory properties.
Blood pressure 140/90 mm Hg. The rhythm of cardiac
activity is correct, the ratio of tones is preserved. In the
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lungs, percussion is clear pulmonary sound, ausculta-
tion — vesicular breathing, basally weakened. Respira-
tory rate - 22 per minute. The tongue is wet, covered
with a white coating. The abdomen is soft, sensitive in
the epigastric region, in the left hypochondrium, the
edge of the liver is sensitive to palpation. Symptom
Pasternacki is negative on both sides. Limitation of
movements in the radiocarpal joints: right - dorsiflex-
ion 0% palmar flexion - 259, left - dorsiflexion 0°, pal-
mar - 25°. Left shoulder joint: flexion 90°, abduction
90°. Knee joints: right flexion 40°, extension 180°, left
flexion 45° extension 175° Ankle-foot joints: right
dorsiflexion - 30°, plantar flexion - 10°, left dorsiflexion
309, plantar 10°. Contractures of both radiocarpal joints.
Contracture of the left shoulder joint. Extensor contrac-
ture of the right knee joint with impaired function. Flex-
ion-extension contracture of the left knee joint without
impaired locomotor function. Contractures of both an-
kle-foot joints with impaired function. Pain along the
paravertebral points of the thoracic spine.

Conducted examination:

PRS from 06.22.23 - negative. Blood group B(l1l),
Rh-positive

General blood test from June 21, 2023 - erythro-
cytes- 3.4x10%%/1, Hb - 106 g/l, k.p. - 0.9, platelets—
216x10°, leukocytes— 5.1x10%1, eosinophils — 2%, rod
nuclear — 2%, segment nuclear— 70%, lymphocytes —
25%, monocytes — 1%; erythrocyte sedimentation rate
—34 mm/h.

Biochemical analysis of blood from July 1, 2023.
protein 76.0 g/, urea— 6.8 mmol/I, total bilirubin — 11.0
pum/1, blood glucose — 3.6 mmol/l.

Biochemical analysis of blood from July 9, 2023.
protein 77.0 g/I, urea— 6.7 mmol/l, total bilirubin — 18.0
pmol/l, blood glucose — 5.1 mmol/l, ASAT — 0.2
pmol/l, AIAT — 0.41 pmol/l, thymol test — 1.0 units,
urea — 6.6 mmol/l I, cholesterol - 4.2 mm/I.

Blood glucose as of March 7, 2023 - 6.4 mmol/l.

Rheumatic tests from June 23, 2023 - ASLO - 200;
CRP - 42 mg/ml, sialic test - 328 units, sulfur mucoid -
280 units.

General urine tests from 01.07.23 - 100 ml, light
yellow, transparent, specific weight- 1012, weakly
acidic, single transitional epithelium, single leukocytes,
single bacteria, protein, glucose - not found.

Daily glucosuria 06/21/23 1.00 |

Fecal analysis from June 21, 2023 — no helminth
eggs were found.

Fluorography of the chest organs from June 29,
2023 — lungs and heart within normal limits.

Electrocardiography from July 1, 2023 — sinus
rhythm, regular, heart rate 87 beats per minute.
Changes in the myocardium of the back wall of the left
ventricle, hypertrophy of the myocardium of the left
ventricle.

Ultrasound diagnostics of the abdominal cavity
from June 24, 2023 - vertical size of the right lobe of
the liver - 152 mm, increased echogenicity. The
gallbladder is oval in shape, contains echogenic bile,
the walls are compacted. Pancreas of increased echo-
genicity. Spleen 110x41mm, homogeneous. The right
kidney is moderately lowered, N sizes. In both kidneys,

the calyces are compacted, casts of salts, the paren-
chyma is preserved. Signs of chronic cholecysto-pan-
creatitis.

Ultrasound diagnostics of the thyroid gland (thy-
roid gland) - both lobes of the thyroid gland are of nor-
mal size, the tissue of the thyroid gland is homogene-
ously heterogeneous, more on the right. Signs of diffuse
goiter.

Consultation of a gynecologist on November 6,
2023, she is healthy.

Consultation of an endocrinologist - Diffuse non-
toxic goiter 11 st. Autoimmune thyroiditis.

The diagnosis was made: Systemic lupus erythe-
matosus, chronic course, activity of the 1 degree, with
lesions of the skin (erythema of the face, décolletage,
reticular liver), heart (myocarditic myocardiofibrosis,
arrhythmic variant of Heart failure 11A, functional class
I1), lungs (pneumosclerosis Pulmonary failure 1) , joints
(Polyarthritis Ro 1l stage, Joint functional insufficiency
Il stage, contractures of carpal, knee, ankle-foot joints),
nervous system (dyscirculatory encephalopathy), RES
(lymphoadenopathy).

And the treatment carried out: diet No. 10, medrol,
dexamethasone, panangin, renalgan, corvitin, tivortin,
reosorbilact, metamax, thiotriazoline, neocardil,
aspecard, megafen, calcium-D3 nicomed. Passed health
school No. 6.

On July 6, 2023, she was discharged home to con-
tinue outpatient treatment.

RECOMMENDED in the future for the patient:

1. "D" registration with a rheumatologist, endocri-
nologist, gastroenterologist at the place of residence.

2. Methylprednisolone 20 mg (according to the
scheme).

3. Plaquenil 1 tablet at night- 6 months

4. Calcium - D3 Nikomed 1 tablet x 2 r per day -
during the period of taking GC.

5. Pantaprozole 40 mg 1 tablet x 1 per day - during
the period of GC reception.

6. Curantyl 1 tablet x 2 times (2 weeks).

7. Panangin 1 tablet x 3 times a day — the entire
period of taking GCS

8. Sedative therapy (barboval, motherwort, seda-
tive herbal preparation).

9. Observe the regime of work and rest.

CONCLUSION

A large number of pathological conditions unre-
lated to rheumatology can be hidden under the mask of
rheumatological symptoms. Systemic lupus erythema-
tosus, which is characterized by polymorphism of man-
ifestations, requires special attention. The presence of
comorbid pathology in patients with systemic lupus er-
ythematosus creates problems for verifying the diagno-
sis of this disease and conducting high-quality multi-
symptom treatment.
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The situation of teaching includes the existence of a problem (contradiction) and the way to solve it. That is,
the teacher should put a problem in front of the children, deeply understand the nature of the question, and also
imagine how the children can answer. He should always be ready to help students not get confused in the formu-
lation of problems and discussions. Creating a learning situation is a process of conducting problem-based learn-

ing.
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The teaching situation ensures creative assimila-
tion of knowledge by students through dialogue with
the teacher. This method allows to develop cognition
and communication skills, provides effective develop-
ment of high-quality knowledge, intelligence and crea-
tive abilities, education of an active personality.

By creating a learning situation, the teaching
method is aimed at:

1) identification of the problem (difficulties);

2) choosing a solution to the problem;

3) ability to work with information;

4) listening and understanding other people;

5) ability to work in a group.

Teacher's duty:

- creating learning situations (determining the ped-
agogical task (developing writing skills);

- choose the teaching material;

- to determine the way of organizing the learning
situation (how to start, what to do for everyone);

- predict possible actions of children;

- turning training tasks into learning situations (not
only with the learning task, but also its "regulation” -
putting this task in conditions that encourage children
to be active, create motivation for learning).

Types of learning situations:

1. Selection. A number of ready-made solutions
are provided, including incorrect ones. You need to
choose the right one.

2. Uncertainty. Uncertain decisions due to lack of
information.

3. Surprise. It causes surprising unusualness, par-
adoxically.

4. Conflict. A situation that thinks otherwise.

5. Incompatibility. It does not "fit" existing prac-
tices and ideas. [3, p.13-14]

The requirements for carrying out the study are:

- that students have basic knowledge and skills in
subjects (have program material);

- ability to work independently;

- the value of the expected training results;

- the ability to change the way of thinking.

In the lesson of learning new material, two con-
nections should be worked out: the formulation of an
educational problem and the search for its solution. The
formation of the educational problem and the search for
a solution are carried out by students during a specially
structured dialogue.

Dialogue is at the heart of any learning situation,
and dialogue is essential to resolving this situation.

Methods of creating a learning situation with prob-
lem formulation and solving occur in three stages of
lessons:

1) updating knowledge.

2) statement of the problem.

3) "discovery" of new knowledge by children.

"Discovery" of new knowledge by children is
based on some mental operations, so tasks that teach
this mental operation should be included in the stage of
updating knowledge. Thought must be put into "form".
Therefore, in the actualization of knowledge, it is nec-
essary to include tasks of this type: find the excess, di-
vide into groups, compare and show the difference,
tasks for the development of variant thinking, attention,
memory, etc. In the final task, "complexity” is planned.
Completion of the stage of updating knowledge is as-
sociated with the identification of "difficulties” in the
activity. [2, p.101]

To create a learning situation means to present stu-
dents with a sense of surprise or any contradiction that
arises in relation to difficulties. For example: it is
enough to look at the methods of creating educational
situations in the lessons of the special course "Preven-
tion of spelling errors".

Methodical material for Azerbaijani language les-
sons is prepared according to demand. At the heart of
the outline plans is a modern approach to learning.

Various innovative techniques, methods and
forms were used during the development of lessons.
The realities of modern life require students to develop
a creative approach to learning, so it is rational to apply
group work to lessons in order to understand the im-
portance of teamwork, develop research skills, deepen,
systematize and summarize the material.

Lessons in groups assume the presence of children
with a high, sufficient, medium and low level of
knowledge in each group. Groups can be permanent or
changing (depending on their deep goals and tasks, the
degree of complexity, the level of mastery of the mate-
rial, the wishes of the students). Improving speech cul-
ture is one of the main goals of learning at this stage, so
it is appropriate to include elements of literature in
Azerbaijani language classes. It also helps students to
have a coherent understanding of the texts.
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In the methodical materials presented for class V,
a sufficient amount of different materials have been se-
lected for all these types of work, so that each teacher
can choose the necessary option, focusing on his class.
[7, p.13] The presented textbook set consists of two
books: a textbook and a teacher. funds for (MMV). Ac-
cording to this set, it is planned to teach the Azerbaijani
language in 6 sections. In the 5th grade, the subject of
the Azerbaijani language is taught for 5 hours a week
for 34 weeks (170 hours).

A small summative assessment (KSQ) is carried
out no earlier than 4 weeks and no later than 6 weeks,
and each educational stage covering this period corre-
sponds to a certain section (topic) reflected in the text-
book. A major summative assessment (BSQ) is con-
ducted at the end of each semester. The number of
hours allocated for each section includes 1 hour for
KSQ. Hours intended for BSQ are not reflected in the
schedule. The reading and listening materials, as well
as the speaking and writing activities presented in each
unit, are related to the topic of that unit.

Materials related to language rules are divided into
sections as follows: Section | — the sound and letter
composition of the word (phonetics); Section Il — se-
mantic features of the word (lexicon); Section Il —
word composition and formation methods (word crea-
tion); Section IV — words denoting name, sign, action
(morphology); Section V — spelling of compound
words. Section VI - types of sentences according to pur-
pose and intonation, punctuation in dialogue. At the end
of each section, the textbook provides materials for re-
peated lessons on the language rules taught in the cor-
responding section. [8, p. 4]

Tasks of various levels of complexity combine
knowledge of theoretical material in practice, allowing
not only to perform training exercises of a reproductive
nature, but also to use the creative component that con-
tributes to the further development of the individual,
the manifestation of activity, and also increases interest
in the subject.

The manual will help novice teachers to acquire
the first methodical skills, and will give experienced
teachers the opportunity to diversify the methodical
techniques used in the lesson. Plans are designed taking
into account the age characteristics of students and con-
tain not only educational material, but also game tasks
that develop the creative activity of schoolchildren,
take them to the interesting country of the Azerbaijani
language and help them to remember easily. The pro-
posed coursework will provide practical help in choos-
ing the types of training and control work that are fully
presented and meet the requirements of the National
Curriculum for the Azerbaijani language for grades V-
XI.

Methodical resources are designed for creative use
by diversifying the methods of presenting the material.
Training can be effective if there is a qualitative change
in training methods, and attention is paid to the active
inclusion of thinking in the process of cognition and
knowledge acquisition. The concept of "active learning
method" characterizes learning based on active cogni-
tive activity in the process of cooperation with other

participants of the educational process. Often, the con-
cept of "interactive teaching methods" is used as a syn-
onym of this concept.

Active learning is a set of ways of organizing and
managing teaching and cognitive activity, which are
characterized by the following: creation of a cognitive
problem situation by the teacher; stimulating the active
research position of students in the process of solving
the problem situation; creating conditions for independ-
ent discovery, assimilation and assimilation of new
knowledge for students. The essence of this approach
to teaching is that training is not based on enriching stu-
dents' memory with new knowledge, but on the system-
atic development of thinking and skills for self-assimi-
lation and assimilation of knowledge. [2, p. 114]

The main condition for learning in this case is the
need for the child to consciously isolate the educational
task as a cognitive task: what to learn, why to learn,
how to learn and what results it will lead to. The teach-
er's position is that of a "facilitator”. The main function
that determines the role of the teacher in active learning
as a guide on the way to knowledge is called facilitation
(creating favorable conditions). It is a new type of
teacher leadership, based on the joint activity of stu-
dents and teachers, aimed at achieving a common edu-
cational goal. At the same time, the teacher does not
rule the classroom as an undisputed authority and does
not stand outside of it.

He cooperates with him in a systematic and pur-
poseful way: he organizes problematic situations, helps
students formulate research problems, provides me-
thodical assistance in solving them, directs and shows
the way to acquire knowledge. The task of the teacher-
facilitator is to teach learning, that is, to help the child:
master the main components of the learning activity; to
master in practice the set of mental methods and meth-
ods necessary for the acquisition and application of
knowledge. This curriculum has an action quality and
is designed to help each student become a competent,
independent researcher, independently acquire the nec-
essary knowledge, and become a lifelong learner.

However, in order to implement such a training
scheme, the teacher should not only understand the role
of a guide in the path of acquiring knowledge, but also
know its specific functions and be able to apply them in
practice. For this, first of all, it is necessary to under-
stand the facilitation process itself: facilitation as a pro-
cess is the process of organizing the discussion, activat-
ing the students by effectively using guiding, guiding
questions, leading to the discovery of new knowledge;
the main feature of facilitation is that new knowledge
is acquired not by the teacher, but by the students; the
position of the facilitator, whose main function is to en-
courage thinking and guide it in the right direction. The
main goal of the facilitation approach is to fully satisfy
cognitive and creative needs and create opportunities
for students' self-realization.

Since active learning methods are based on con-
ducting research for the purpose of discovering new
knowledge, active teaching itself is based on the laws
of conducting research.
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Learning a foreign language requires the perception and assimilation of foreign language knowledge to mem-
orize and use it later. The process of remembering is accompanied by forgetting. Memorizing foreign words hap-
pens gradually and in stages, which is why foreign language vocabulary is divided into two categories: passive
and active vocabulary. For these reasons, we have different degrees of mastery of foreign words. These features
of the process of acquiring foreign language knowledge make it dynamic. Between passive and active vocabulary,
there is constant movement of vocabulary in both directions. Repetition of foreign words from the passive vocab-
ulary leads to their passage into the active vocabulary and vice versa — when a given foreign word is not actively
used, it returns to the passive vocabulary. The dynamics of learning the foreign language determines the result.
Knowledge of this dynamic is important for the correct construction of teaching methods and conducting the pro-

cess of learning a foreign language.

Keywords: Passive Vocabulary; Memorization; Repetition; Language Dynamics; Contextual Memory; For-

eign Language Acquisition.

1. Dynamics of Passive and Active Vocabu-
lary in Foreign Language Acquisition

It is natural for foreign language learners to under-
stand some words during conversation or reading, but
when it comes time to speak or write, these words dis-
appear. This phenomenon is known as passive and ac-
tive vocabulary and is crucial for foreign language
learning. Our ability to differentiate between these
types of vocabulary is very important for anyone trying
to acquire or improve their foreign language profi-
ciency.

Passive and active foreign language vocabulary, as
well as the dynamics between them, are essential ele-
ments of foreign language learning and acquisition.
There are two main factors that determine the outcome
of foreign language acquisition. On the one hand, these
are the motivation and attention of the learner, and on
the other hand, an important factor is the process of for-
getting. Learning the vocabulary and grammar of a for-
eign language is a prolonged process that goes through
several stages concerning each lexical or grammatical
unit.

Each foreign word must first be perceived aurally
or read, after which its meaning must be understood.
Memorizing foreign words and their active use takes
time, during which the studied vocabulary is reviewed
repeatedly. The very act of memorizing vocabulary is
conditional and variable. In human memory, there are
two main sectors where foreign language information
is stored: short-term and long-term memory. Infor-
mation stored in short-term memory needs to be further
developed, and information stored in long-term
memory must be maintained to avoid being lost.

Knowing foreign vocabulary is a broader concept
that includes foreign words whose meanings can be un-
derstood only in context, but a word read or heard out-
side of context can also be understood. On the other
hand, there are foreign words that are only understood

but not actively used in speaking or writing. In this re-
gard, the main characteristic of foreign language acqui-
sition can be noted as its dynamic nature.

One of the key tasks in foreign language acquisi-
tion is converting passive vocabulary into active vocab-
ulary. This requires constant practice and use of new
words in various contexts. Regular review and practice
help reinforce vocabulary and prevent forgetting. Ad-
ditionally, using different learning methods such as lis-
tening, reading, writing, and speaking is essential for
effective foreign language acquisition.

In conclusion, the dynamics between passive and
active vocabulary are crucial for successful foreign lan-
guage acquisition. Understanding these processes and
using appropriate learning methods can significantly
improve language skills and facilitate the transition
from passive knowledge to active use of the foreign lan-
guage.

2. Analysis of Passive and Active Foreign Lan-
guage Vocabulary

2.1.Passive Vocabulary

Laufer, B., (1998). The passive vocabulary in-
cludes words that we recognize and understand when
we hear or read them but do not use actively. These can
be words encountered in books, movies, or conversa-
tions but not fully integrated into our own language use.
The passive vocabulary is divided into two categories.
In the first category are words that are understood only
in context, without being understood out of context.
This part of memory is called Contextual Passive
Memory. The second category includes words that are
understood out of context but not used actively, mean-
ing their level of familiarity is higher than words that
can only be understood in context. This part of memory
is called Non-contextual Passive Memory. [1]

The passive vocabulary is divided into two
categories:
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e Contextual Passive Memory:

— Words and expressions understood only
within a specific context.

— Maintained through passive repetition (listen-
ing and reading).

¢ Non-contextual Passive Memory:

— Words and expressions understood even out-
side a specific context.

— Maintained through active repetition (active
learning, translation).

e Characteristics of Passive Vocabulary:

— Recognition: Words are recognized when seen
or heard.

— Limited Use: Rarely used in active speech or
writing.

— Activation: May require effort to recall and
use effectively.

Primary Conclusion:

Passive memory is divided into two categories:

— Contextual Passive Memory: Words and ex-
pressions understood only in context, maintained
through passive repetition (listening and reading).

— Non-contextual Passive Memory: Words and
expressions understood outside context, maintained
through active repetition (active learning, translation).

2.2.Active Vocabulary

Laufer, B., (1998). The active vocabulary consists
of foreign language words that are frequently and con-
fidently used in daily communication. These are the
words that come naturally, without us having to think,
when we speak or write. The active vocabulary is a fun-
damental tool for any foreign language; it is always
available and ready for use without the need for a dic-
tionary or reference.

Active vocabulary is a measure of language profi-
ciency and overall fluency. It is dynamic and ever-

changing. Words and expressions that are not used fre-
quently decrease in their level of familiarity within the
foreign language vocabulary of the speaker, resulting in
their return to one of the previous levels of mastery
found in the passive vocabulary. This process of words
shifting between active and passive memory highlights
the importance of regular usage for maintaining lan-
guage skills. [1]

e Characteristics of Active Vocabulary:

— Frequent Use: Regularly employed in both
spoken and written communication.

— Confident and Accurate Use: Words are un-
derstood and used correctly, with a high level of confi-
dence.

— Quick and Automatic Recall: Words come to
mind effortlessly, without the need for pauses or deep
thinking.

— Spontaneity: Ability to use words naturally
and spontaneously in various contexts.

Primary Conclusion:

Laufer, B., (1998). Active memory is created after
the assimilation of words and expressions. These words
are easily accessible and can be used spontaneously and
effectively. The dynamic nature of active vocabulary
underscores the need for consistent practice and en-
gagement with the language to ensure that words re-
main readily available for use. Regular interaction with
the language, through speaking, writing, and other
forms of communication, is essential for maintaining
and expanding one's active vocabulary.

3. Analysis of Kostadinov’s Model of Passive
and Active Foreign Language Vocabulary Dynam-
ics

Ognyan Kostadinov's model for the dynamics of
passive and active foreign language vocabulary is pre-
sented in a table that examines the different stages and
processes related to the acquisition and use of foreign
words (Table 1).

Table 1

KOSTADINOV'S MODEL OF PASSIVE AND ACTIVE FOREIGN LANGUAGE VOCABULARY DYNAMICS

LISTENING PASSIVE

RECEFTION INTERPEETATION CONTEXTUAL
FOREIGN COMPREHENSION MEMORIZATION PASSIVE
WORDS TRANSLATION MEMORY
READING REPETION

The analysis of this model can be described as fol-
lows:

e Reception of Foreign Words (INPUT Info):

— Listening and Reading are the primary meth-
ods for receiving new information. These activities
include:

e Understanding of meaning by:

— Interpretation: Understanding the meaning of
words in the context of the sentence.

— Comprehension: Fully grasping the meaning
of the text.

— Translation: Translating words or text into the
native language.

Author: Ognyan Kostadinov,

ACTIVE ACTIVE ACTIVATION SPEAKING
NON-CONTEXTUAL
PASSIVE DYNAMICS
MEMORY [—]
REPETION PRACTICE FADING WRITING

ORCID ID: 0000-0002-9183-5243

e Passive Memory:

— This stage includes **Memorization** and
**Contextual Passive Memory**. Words are memo-
rized in the context in which they are encountered, aid-
ing better retention.

e Active Memory:

— Non-Contextual Passive Memory**: Words
are memorized without connection to a specific con-
text.

— Repetition: Repeating words helps retain them
longer and transition them to active memory.

e Active Usage:

— Assimilation: Integrating new words into ac-
tive vocabulary through Practice and Activation, lead-
ing to dynamic use in speech and writing.
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— Dynamics: Transition of words between active
and passive memory depending on frequency of use.

e Speaking and Writing (OUTPUT Info):

— These activities represent the ultimate goals of
the model—the active use of foreign words in speech
and written texts.

This model emphasizes the importance of both
passive and active learning strategies, highlighting the
dynamic nature of vocabulary acquisition and reten-
tion. It illustrates the process from passive to active
memory through practical application and repetition,
underscoring the necessity of frequent use for maintain-
ing an active vocabulary.

o Key points of the model include:

— The importance of practice and repetition for
retention and activation of foreign words.

— The significance of context for effective mem-
orization and understanding.

— The process of fading, where infrequent use
leads to words transitioning from active to passive
memory.

4. Basic Stages of Foreign Word Acquisition
and Knowledge Transition from Passive to Active
Vocabulary

Via listening to, reading, and writing texts, as well
as via the use of visual dictionaries that offer each word
in textual form together with a picture, we can acquaint
with foreign vocabulary. The use of word cards and the
repetition of reading phrases from dictionaries are also
standard practices. It is also beneficial to make use of
all the available ways to learn foreign words, as this will
ensure effective and long-lasting memory. One of the
most important factors in keeping new language is con-
sistent exposure and practice. In addition, participating
in discussions and using language that is applicable to
real-world situations strengthens both memory and
comprehension.

4.1.Listening to Unfamiliar Words:

The first stage is to get comfortable with foreign
words by listening to them several times without being
aware of what they signify in one's home language. The
listener is supposed to adjust their ears to the sounds to
achieve the aim. Hearing a foreign word several times
helps in its memory, which in turn causes the listener to
view the word as being familiar each time they hear it.
The first step in being comfortable with a foreign term
is to get familiar with it. This stage assists the student
in becoming used to the phonetic structure of the new
language he or she is learning.

4.2.Using Expressions with Unfamiliar Words:

When there are phrases that include words that are
not easily understood in a foreign language, it is im-
portant to learn them in the appropriate manner. For
students who are learning a foreign language, it is of
utmost importance to comprehend the meaning of new

terms in the context in which they are used. However,
the degree of difficulty of these expressions must cor-
respond with the amount of knowledge that they pos-
sess; otherwise, relying on a dictionary, which may be
distracting, is not the most effective method. New
words are easier to recall when they are associated with
previously learned ideas, which is accomplished via
contextual learning.

4.3.Repetition of Foreign Words and Building
Passive Vocabulary:

Passive vocabulary consists of two distinct cate-
gories: contextual and non-contextual words. These
represent separate groups within the realm of passive
vocabulary. The transition of words from contextual to
non-contextual occurs through continuous exposure to
a variety of texts, whether through listening or reading.
This process exemplifies a dynamic interaction within
passive vocabulary, where the acquisition and assimi-
lation of words undergo transformative phases.

4.4.Utilizing Dictionaries and Digital Tools for
Vocabulary Enhancement:

In the later stages of learning, students should em-
ploy dictionaries to delve into unfamiliar words, com-
prehending their fundamental meanings and broader
applications. Additionally, numerous digital dictionar-
ies offer audio features, enabling users to listen to the
pronunciation of the word. Moreover, these dictionaries
often provide contextual sentence examples, signifi-
cantly aiding in grasping the accurate meaning of the
word and facilitating its retention. This phase repre-
sents the mastery stage in enhancing one's familiarity
with words. By utilizing sentence examples, learners
can better grasp the proper usage and nuances of the
word.

4.5.Mastering Memory: The Art of Effective
Retention and Repetition

Memorization is not a single act, and to memorize
information effectively, it is important to repeat what
we have learned a great number of times.

Marousis, A., (2023). According to Harman Eb-
binghaus's forgetting curve, the retention rate of infor-
mation decreases over time:

— After 1 hour about 50% of the information is
retained.

— After 1 day about 30% of the information is
retained.

— After 1 week about 10% of the information is
retained.[2]

Jaap, M., Murre, J., Dros, J. (2015). These values
are approximate and may vary depending on various
factors such as methods and individual differences. The
Ebbinghaus Forgetting Curve (fig. 1) shows how
quickly new information can be retained if it is not used
or practiced regularly.
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The repetitions should be planned out and spaced
out over a period of one month to assist the learner's
passive memory in absorbing the knowledge. To boost
retention, this strategy makes use of the spacing effect,
which involves extending the amount of time that
passes between review sessions. Reviewing the content
on a regular basis helps to reinforce the knowledge,
which in turn increases the probability that it will be
retained in long-term memory.

According to Harman Ebbinghaus, the forgetting
curve (fig. 2) with periodic negotiation of what has

been learned every 12 hours illustrates how regular rep-
etition of information significantly improves its reten-
tion in memory:

— 1 hour after learning about 50% of the infor-
mation is retained.

— 12 hours after the first repetition the retention
increases to 70%.

— 24 hours after learning (after the second repe-
tition) retention is around 60%.

— After each subsequent iteration, the retention
rate increases or stabilizes at high levels.
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Figure 2

Regular repetition helps consolidate knowledge in
long-term memory and significantly minimizes the
pace at which information is forgotten. This may be ac-
complished using the most efficient means possible,
which include the comprehension of relevant educa-
tional information by reading and comprehension. One
example of this would be viewing films or television
shows that are captivating and that pique the learner's
interest and curiosity. It is possible that we may refer to
this task as the third stage of learning foreign words
since it is a job that will never be finished. Within the
context of building passive vocabulary in a foreign lan-
guage, this stage acts as a transitional stage leading to
the fourth step. [3]

4.6.Transition from Passive to Active Memory:

Passive memory is often where a foreign word is
stored after it has been mastered. When the words are
spoken or heard often, they have the potential to enter
active memory. As a rule, we need to take into consid-
eration the fact that passive foreign language study,
which includes listening to comprehension and reading
comprehension, often only results in the improvement
of passive memory. Only a small number of passive
words can make their way into active memory without
conscious effort. It is necessary to participate in active
use, such as speaking or writing, to develop one's active
vocabulary. This is because active usage helps to rein-
force the words that are learnt via practical application.
This is the fourth step of creating an active vocabulary
inside a foreign language, often known as the process
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of acquiring foreign words. Active use of the foreign
language, which involves conversation as well as ver-
bal and written translation from the native language
into the foreign language, is the most effective method
for accomplishing this goal.

4.7.Building Active Vocabulary:

Active foreign language vocabulary building is the
last stage of memorization. It necessitates the active use
of foreign words. This could be accomplished through
dialog, oral, or written translations from a native lan-
guage into a foreign language. The active foreign lan-
guage vocabulary is based on passive vocabulary. Only
after repeated use of passive words and their active use
in speaking and writing can we expect to enhance ac-
tive vocabulary. Practical usage solidifies the transition
of words from passive to active memory. The level of
fluency and proficiency in a foreign language measures
the permanent process of building an active vocabulary.

Active vocabulary building is the final stage of
memorization for acquiring foreign words. It requires
actively using these words in various contexts. Dia-
logue, oral practice, or written translations from one's
native language into the foreign language can achieve
this active utilization of foreign words. A language
builds its active vocabulary on its passive vocabulary.
Mastery of words, initially encountered passively, only
comes after repeated use in speaking and writing. Prac-
tical application further solidifies the transition of
words from passive to active memory, reinforcing lan-
guage acquisition. "The development of active vocabu-
lary is an ongoing process in foreign language acquisi-
tion, measured by one's fluency and proficiency in the
language.

4.8.Maintaining Vocabulary:

There is a possibility that some words may return
to their passive form if we do not make consistent use

of them in our active vocabulary. When it comes to
keeping an active vocabulary, regular practice and use
are very necessary. It is helpful to keep words active
and prevent them from reverting to passive memory by
reviewing them and utilizing them in a variety of set-
tings. Active and passive language usage on a regular
basis may assist in the maintenance of vocabulary in a
foreign language.

Conclusion:

The study outlines a model of passive and active
foreign language vocabulary dynamics, emphasizing
the importance of memorization and forgetting in lan-
guage learning. It differentiates between passive vocab-
ulary (words recognized and understood but not ac-
tively used) and active vocabulary (words frequently
and confidently used in daily communication). The dy-
namic nature of vocabulary acquisition involves a con-
tinuous movement of words between passive and active
states. Regular practice and repetition are crucial for
maintaining and expanding active vocabulary. Under-
standing these dynamics is essential for developing ef-
fective teaching methods and enhancing language
learning outcomes.
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AHHOTAIHUSA

Hccrnenoranue mokasaino, 4To 0ojee BhICOKas TeMIepaTypa TepMOOOpaOOTKH MOJTUMEPHOIO MOJIUIPOBO/I-
HHUKA MNOJIUTUAPOXUHOHA, obecnieunBaeT Ooee IUIOTHYHO YIIAKOBKY MAKpPOMOJICKYJI, U3MEHA MCIKMOJICKYJIAPHBIC
PacCTOAHUA U YCIOBUA KOHTAKTA MCKAY MOJICKYJIaMH. 9T0 MNPpUBOAUT K YBCIWYICHHUIO JJINHBI 3(1)(1)6KTI/IBHOFO CO-
TpsDKeHUS, Oarofaps yIydIIeHHIO TIPH Mpoliecce TEPMOOOPaOOTKH YCIOBHN sl OCYIICCTBIICHHUS KOMILIaHAp-
HOCTHU MaKpOMOJICKYJI.

Abstract

The study showed that a higher heat treatment temperature provides a more dense packing of macromolecules,
changing the intermolecular distances and contact conditions between molecules. This leads to an increase in the
effective conjugation length, due to the improvement in the heat treatment process of conditions for the coplanarity

of macromolecules.

KiroueBble ciioBa: DIIEKTPOIPOBOAHOCTD, TSIUIONPOBOIHOCTD, TEPMOOOPaOOTKA, KOMIUIAHAPHOCT.
Keywords: Electrical conductivity, thermal conductivity, heat treatment, coplanarity.

Eme 2018 roxy yuensie u3 MIT u Apronuckoit
HAIIMOHAIBFHOH J1a00paTOPHH TPEATIONIOKIIN, YTO TI0-
TEHIMaJbHBIMH KaHIUIATAMH Ha POIb TEIUIOIPOBOIS-
MIMX TOJMMEPOB MOTYT CTaTh MaKPOMOJEKYJNEI C CO-
MPSOKCHHBIMH CBSI3SIMH B TNIaBHOH memu. Cructema co-
NpsOKEHHUS CBA3€M B MONMMEpax BO3HHKAeT JHOO 3a
CYET YepelOoBaHUs JIBOMHBIX W OJMHAPHBIX CBA3EH,
mu00 3a cYeT uepeOBaHHs COEJMHEHHBIX OJMHap-
HBIMHU CBSI3SIMH apOMaTHYeCKUX (ParMeHToB, OO 3a
CUeT COYETaHusl ITUX ciydaes. [1,2]

CyuiectBytonie auTepaTypHbie aaHHbie [3,4,5]
MOKa3bIBAIOT, YTO B IOJIMMEPHBIX ITONYIIPOBOJTHUKAX
00J1aCTH MOJSCOTIPAXKCHHUS pa3IelICHBl MEHEE CTPYKTY-
PUPOBAHHBIMU MPOCIOHKAMH U 3TH MIPOCIOHKH MOKHO
paccMaTpuBaTh KaK IMOTEHIMAJbHBIC Oaphephl IS
npefia HocuTeNeH ToKa, BEICOTa KOTOPBIX ONpeaesseT
SHEPTUI0 AKTUBAIMM IPOBOJUMOCTH ITOCTOSTHHOM
TOKE.

C 1enpio BBISICHEHUS CBSI3M MEXAY DIIEKTPOIPO-
BOJHOCTH C TEIJIOMPOBOJHOCTIO, a TaKXKe BIMSHUS
TEPMOOOPAaOOTKH Ha BBICOTY MOTCHIHMAIBHOTO Oaph-
epa, KOTOPBIH CyIIECTBYeT B 00BeMe TTOIUMEPHOTO TI0-
JyIPOBOJIHHUKA TTOJIMTUIPOXUHOHA, ObLiIa HCCIleI0BaHa
TeMIIepaTypHasi 3aBUCUMOCTb YAEIBHOM 3IEKTPONpPO-
BOJIHOCTHU 6 ¥ K03(p(UIMEHTa TETUIONPOBOIHOCTH A.

W3MepeHne TerionpoBOTHOCTH U AIIEKTPOIPO-
BOJHOCTHU IIPOBOJMIIACH HA MPECCOBAaHHBIX 00pa3max,
MIPUTOTOBIICHHBIX B BUIE TabNeToK. (s yMEeHbIICHUS
J0JH O0MIETro TEeIIOBOTO MOTOKA, WAYIIEro Ha U3JIyde-
HUE, MPUMEHSIINCH TUIOCKUE 00pasisl cedeHus 0,3 +
0,4 cm? u BeicoToit 0,1 < 0,2 em. IIpUHSATEIE MEPBI 103-
BOJIUJIM OOECIeUnTh H3MEPEeHHE aOCOJIOTHOM BeNU-
YUHBI A B UHTEpBAJIS

80+420°K c TouHOCTBIO He MeHee ~ 5%. Temie-
patypa pasmsardenus nomuruapoxunona T > 430°K.
MeTtoanka m3MepeHus onrcana B padore [6]. Mccaemno-
BaHMe MpoBoauIock B Bakyyme 10 Topp (133,322 I1a)

Ha puc. I u 2 npencrasiensl TeMneparypHble 3a-
BHCUMOCTH yICITBHOM 3IIEKTPOIPOBOJHOCTH G ¥ KO3(-
(ULKEHTHI TEIUIONPOBOIMMOCT A U TIOJIMMEP HOTO MO-
JYIPOBOJHHKA MOJIUTHAPOXUHOHA. Pe3ynbraTel n3Me-
pennst 3aBucuMoctd 6(T) u A (T) BOCIPOU3BOAMMBI
JUTA KX IO TeMIiepaTypsl TepMmoodpadoTku. 13 puc.1
BHIHO, YTO KaXK0€ MOBBIIICHNE TEMIIEPATyPBl TEPMO-
00paboTKN TPUBOANT K YBEIMUYEHHUIO JIEKTPOIPOBO-
JUMOCTH, CJI€JJOBATEIbHO YMEHBIIAETCS SHEPT U AKTH-
Banuu (AE ), onpenensemoii no Haknony npsmoit ¢ (T)
BBICOKOTEMIIEPATypHOI 00IaCTH, KOTOpasi XapaKTepH-
3yeT IOTEHIMAIBLHON Oaphep B MOJIUTHIPOXHHOHE.
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B Tabuie npuBeiensl 3HaueHus o, L 1 AE npu temneparype 293°K ny1s ka0l TeMnepaTypsl TEpMO0OPabOTKHL.

TemmnepaTypa TepM0o0OpPadOTKH c A AE

T (K) Om' em! B1/Om.rpaa. eVv.

373 1-10°% 3,1-10° 13

383 1,210 4,0-10° 1,1

396 9-10%3 4,8-10° 0,96

413 8:10%2 5,810° 0,82

Kak BuzmHO, 3HaueHHE A JOCTATOYHO HU3KO, IO-
3TOMY JIEKTPOHHAsS TEIUIONPOBOJHOCTh PACCUUTAHHAS
Ha cooTHoLeHU Buaemana-®panna, a Takxke 3a c4eT
OounosapHoit auddy3uu oka3pIBaeTCs HECYLIeCTBEH-
HeIM. Huskue 3HaueHus ko3¢ ¢uimenta uHppakpac-
HOTO TIOTJIOLICHUS, TAK)KE ITO3BOIIIET IPEAIIOIOKHTH,
YTO W3MEPEHHAs Ha OMbITE A SABIISACTCS TEILUIONPOBO-
HOCTBIO (DOHOB BO BCEM HCCIICIOBAHHOM HHTEpBAJC
TEeMIIEpaTypHl.

OcoOeHHOCTH A MOTYT OBITH CBSI3aHBI IBYMS 00-
CTOSITENBECTBaMHU. BoO-TIEpBBIX: TeM, MaKpOMOJIEKyJa
COJICPKUT 00JIbLIOE YnCiIo aToMoB nopsiika 1000 Bo-
BTOPBIX: CYIIECTBEHHBIM SIBJISIETCS, I10-BUANMOMY,
6opII0e pa3nTuune B3aUMOJCHCTBUS BHYTPH MOJIEKYT
U MOJIEKYJISIDHOTO B3auMOAeHcTBUA. BHyTpuMoneky-
JSIPHBIE CBSI3M SIBJISIIOTCS KOBaJCHTHBIMH. Mexxmore-
KyJISIpHOE B3aUMOJICICTBUE CYyIeCTBEHHO OoJjee cia-
0oe. BzamMopneiicTBue MeXAy ITUHEHHBIMU IICTISIMHU
3TOTO TOJIMMEpAa OOYCIIOBJIEHO MEKMOJIEKYIISIPHOM
cBa3b1o paaukanoB OH [6]. HenmpepbiBHBIN pocT A ¢ 1O-
BBIIIIEHHEM TEMIIEPATYPhl CBA3aHO O XapakTepoM ¢o-
HOHHOTO crieKTpa. ®OHOHHBIN CHEKTp JICTUTCS Ha J[BE
9JacTH: NepBasi HU3KOYAaCTOTHAs 4acTh CIIEKTpa, KOTO-
past cBs3aHa ¢ KoJe0aHUAMH LIeJI0i MOJIeKyJIbl. Bropas
9acTh CIEKTpa — 3TO BHYTPUMOJEKYJISIpHBIE Kojeba-
TENbHBIC U BpallaTeIbHbIE ABMKEHHE OTICIBHBIX aTO-
MOB M TPYII aTOMOB. DTH KoJieOaHHUs BO30YXIat0TCs
yxe npu T < 100°K 1 MoryT y4acTBOBaTh B TIEpEHOCE
teria. Takum oO6pa3oM, Gosee BBICOKasl TeMIieparypa
TEPMOOOPaOOTKH, BUIUMO oOecrieunBaeT Ooee TIoT-

HYI0 YHNaKOBKY MaKpOMOJIEKYJ, M3MEHa MEXKMOJIEKY-
JSIPHBIE PACCTOSHMS U yCIIOBHS KOHTAKTa MEXKy MOJIe-
KyJIaMH. DTO MPUBOJUT K YBEJIUUCHHIO JIHHBI 3 dek-
THUBHOTO COIPSDKEHUS, Onarojaps yIJy4IICHUIO HpU
mporecce TepMOoOPa0OTKH YCIIOBHIA ISl OCYIIIECTBIIC-
HHS KOMIDIAHAPHOCTH MAaKPOMOJIEKYL.

BrlmeykasanHoe IpearnoIoKeHHe coriacyercs ¢
CYILECTBYIOIIEH TEOpUEH O CTPYKTYpPE U CBOMCTBAX MO-
JMMEPHBIX TOIYIPOBOJHHUKOB [7].
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Many scientists are trying to develop a theory of everything or a supposition to explain all aspects of the
physical universe. This paper explores a set of theories called effective and string field theory or EFT and SFT,
respectively. These suppositions can be utilized in both old and possibly new physics. Typically, EFT and SFT
have a mathematical method for solving problems called the perturbation theory (PT); the generating function
technique or GFT can substitute this means of problem-solving. The latter method is used to solve several examples
of physical problems, such as determining the cause of muon g-2 experimental deviations, the means for the cal-
culation of glueballs via meson decay, the ascertainment of tetraquark mass from their decay products, and the
analysis of binary black hole mergers. Ultimately, GFT, instead of traditional PT methods, is a potent tool for
improving our understanding of concepts in contemporary physics, such as in EFT and SFT. Also, GFT shows the
existence of a triality between EFT, SFT, and Quantum Information theory (QIT).

Keywords: generating function technique, effective, quantum, and string field theory.

1.) Introduction

An appropriate theory of everything or ToE should
adequately combine general relativity and quantum me-
chanics [2,57,61,62]. Physics significantly grew after
Sir Isaac Newton discovered gravity [1,38]. Then, Al-
bert Einstein radically updated humanity’s current un-
derstanding of gravity with his General Theory of Rel-
ativity [13,19,29,37,38,46,91]. General relativity her-
alded another revolution in physics [1]. Quantum
mechanics, the study of quanta or particles, underwent
a revolution a little after the world recognized general
relativity as being virtually true [18,25,59]. Even
though many physicists developed putative mathemat-
ical frameworks, there was no provable strong theory
combining general relativity and quantum mechanics to
date.

Two basic systems of ideas that attempted to ex-
plain aspects of the universe involved fields. EFT and
SFT implemented physical body (i.e., particle) and
string fields to describe the behavior of facets of classi-
cal and quantum physics [21,26,52]. Hypothetically,
both theories served as a basis for a new ToE.

Calculus was the field of mathematics heavily en-
trenched in physics; thus, methods for solving such
problems incorporating differential equations were es-
sential. Since the inception of calculus, individuals
have established various techniques (i.e., perturbation
theory or PT) for deriving the solutions to differential
equations [20]. The latest method for solving physics
problems, GFT, which this author discovered, involved
using several truncated Laurent series of formal power
series or generating functions to solve problems known
to old physics (i.e., Boussinesq equation, Navier-Stokes
problems, etc.) [3,63]. This novel method of accruing
solutions to differential equations has a broad reach and
is considered capable of solving a wide range of prob-
lems in mathematical physics [88].

This paper discusses EFT and SFT via PT as prac-
tical ToEs. This study is divided into several sections:
section 2 provides concepts in perturbation, effective,
and string field theories; the next section shows how
GFT serves as a template for solving problems linked

to EFT and SFT; Section 4 shows how EFT and SFT
via GFT can be used in deriving solutions to four issues
alluding to old and new physics; finally, the last section
gives a quick review of EFT and SFT that shows GFT
is a highly effective means for solving problems related
to the two suppositions. In addition, the GFT claims at
least two significant links are apparent between the two
field theories and QIT in the last section.

2.) Basics of EFT and SFT after the consideration
of PT, then GFT

2.1.) PT synopsis

In PT, an individual finds an approximate solution
to a more straightforward defined problem [64]. The
solution becomes more accurate as the approximate so-
lution gains terms with decreasing parameters [64,89].
Ultimately, the approximate solution asymptotically
approaches the exact solution as the number of terms
added to the perturbation series approaches infinity
[64]. In other words, the perturbation series becomes a
formal power series over time [64].

2.2.) EFT synopsis

EFT encompasses an extensive array of fields in
physics [21]. Therefore, EFT covers quantum, classi-
cal, and cosmological fields [21]. In this study, we will
focus on quantum field theory, or QFT, and the cosmo-
logical aspects of EFT.

QFT combines quantum mechanics, classical field
theory, and special relativity [4,24,28,47,60]. It is com-
monly applied to particle physics and, thus, essential in
forming models within subatomic and condensed mat-
ter physics [4,24,28,47,60,92]. Since its advent in the
1920s and rebirth in the 1970s, QFT has had a promi-
nent role in describing contemporary physics.

QFT was divided into at least three branches:
quantum electrodynamics (QED), quantum flavor-dy-
namics (QFD), and quantum chromodynamics (QCD).
QED was primarily developed by Dirac in 1927 and
was built upon canonical quantization [9,32,40,44].
Also, it dealt with the interaction of fermionic and elec-
tromagnetic fields. QFD studied electroweak nuclear
force, such as bosons Z° and W* activities, while QCD
involved nuclear solid interactions, generally mediated
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gluon fields [12,23,47]. It is expected to find situations
where certain branches, like QED and QCD, cross over
or encroach on each other.

PT can be used to solve many problems in QFT
[47,60,92]. The interaction between particle fields is
treated as small perturbations in a free field. Finally, the
integration of PT with QFT is called perturbative quan-
tum field theory or pQFT.

EFT can also be applied to cosmology [14,15,29].
Cosmology is the study of the universe and its evolu-
tion. This realm of study includes the observations of
large-scale structures (LSS) and the laws that dictate
their behavior [95]. PT plays an active role in solving
problems associated with cosmology: The combination
of PT and this area of study is called cosmological per-
turbation theory [14,15,29]. The practical field theory
of large-scale structures or EFTOLSS is used to enhance
the derivation of solutions in this area of science via
novel PT methodologies [96].

2.3.) SFT synopsis

This supposition involves reformulating relativ-
istic strings to QFT [12,24,28,60,92]. Unlike QFT,
which treats an individual field of particles in excited
states or quanta, string theory converts point-like parti-
cles into one-dimensional entities, referred to as strings.
Thus, string field theory uses these one-dimensional
strings to define excited particle fields.

Second quantization dictates the type of SFT to be
considered, such as open and closed string fields [97].
In the standard model of particle physics, some open
string fields are represented by gauge (gluons, photons,
W and Z bosons) and quark or lepton fermions [90].
Fields that describe the scattering of open or closed
strings are called open or closed SFT, respectively.
However, if a field contains a combination of both open
and closed strings, it is referred to as an open-closed
SFT.

SFT possesses advantages over regular string the-
ory. For instance, it permits the calculation of “off-
shell” amplitudes and thus provides information about
string scattering [52]. In addition to giving an individ-
ual the means to calculate the masses of particle sys-
tems that obey classical equations of motion, it can be
used to determine particle systems that do the contrary.
This process is called “off the mass shell” or off-shell
of the mass hyperboloid via perturbation methods [52].
In other words, SFT can be used to define attributes of
particles that do not follow the equations of motion in
a classical sense (i.e., virtual particles, dark sector
quanta, etc.) due to its innate ability to depict particles
as string fields.

2.4.) Mathematical descriptions of effective and
string fields via GFT

In EFT, an elementary field y is a formal power
series of a function f. A physical body, such as a parti-
cle, can be designated as an exponential function f, as-
suming the auxiliary/characteristic equation is of the
first order, takes the following form:

f& =cie™,

where ¢, is an arbitrary constant, and ¢ is the an-
satz transform variable. (Note: For GFT purposes, the
auxiliary function is generally designated by the Greek

letter ¢p. However, this study will designate the auxil-
iary function with the alphanumeric letter f due to par-
ticle physicists' conventional use of ¢ for bosons.) The
ansatz transformed variable & for a (3+1) system was
defined as

§=at+pix+ By + Baz.

On the other hand, the expression of a “brane,”
which can be designated by a sinusoidal wave function
f, Assuming the auxiliary/characteristic equation is of
the second order and is expressed as

f(&) = crcos(§) + ¢ sin()

f (&) = c1 cosh(n) + ic, sinh(n)

where 7 is the imaginary ansatz transform varia-
ble, where n = i¢ , and c, is another arbitrary constant.

The physical body and wave function f leads to
EFT and SFT, respectively.

Thus, the elementary physical body or string field
y can be defined as

y(€) = Xeopf (O,

where p,, is the k-th parameter/coefficient of the
formal power series y. On the contrary, its conjugate
elementary qubit gate y* is the following expression:

Y (©) = —Eiiopif (-6,

The formal power series g and g*are also elemen-
tary effective or string fields. It is important to state an
elementary string field is an object with an infinite
number of branes; one of the branes acts as the “string”
while the other branes serve as the “bulk” space or com-
pactified dimensions of the universe [82,87]. Finally, a
truncated Laurent series of the elementary effective or
string field g or g* raised by some power j forms a
transformed compound effective or string field U if py
is combinatorial or trigonometric:

U§) = Xj-nqjy ()

or

or
U'(§) = —Xj-na;v' (=),

where n is the absolute integer value of the trun-
cated power and g; is the j-th parameter/coefficient and
power. Regarding string field theory, n is equal to the
supersymmetry level N. Ultimately, the difference be-
tween PT and GFT is that one method builds upon an
approximate solution while the other narrows the gen-
eral solution to derive the exact solution. The former
method would require many steps to achieve its objec-
tive due to adding higher-order terms. At the same time,
the latter only needs a few steps, like solving the pa-
rameter/coefficient and arbitrary constants.

3.) GFT as a new mathematical basis for garner-
ing solutions in EFT or SFT

3.1.) GFT and general solutions to particles

GFT, with some modification, was a method im-
plemented to find the solution of [non]linear PDEs. Its
transformed general solution U comprised a Laurent se-
ries set of combinatorial or trigonometric-based gener-
ating functions [3]. One should consider the trans-
formed general solution U as a transformed effective or
string field. After one assessed the maximal and mini-
mal power n, through which the Laurent series of vari-
ous types of elementary practical or string field y or y’,
their conjugate is eventually truncated, (s)he plugs in
the predefined function f into the transformed general
solutions for effective or string fields ¢,, ¢;, ¢!, ¢,*,
o/, &, W, and ¥y,
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2u(§) = E Z(al” (Z 2£(£)*$.(0))) + bl (Z 26O ),
— j=-n
?i(§) = E z(ali,- O 2£ (S0 + bly () 26O F(-§))),
k=0 k=0

j=-n

o) =e E zml (ZZf(f)"Sk(m ) + bl (chkm)f(f) "),

j_—l’l

j=-n

D1 (&) = —e" E Z(aléﬁ‘(zsz(—f)ksk(oﬁ)f+bl£7(zzck(0)ff(—f)")f).
k=0 k=0
i=1

2
D (§) = E Z(al ZZf(S)"Sk(O) ) + bIt? chkm)f(f) )y,

j=-n

o (&) = — E Z< l"“’(ZZf( =45k (0))) + DI 26,0)'F (=6,
k=0

j=-n

V() = e E E (emy () 2f @S @) + dmy; () 26, (0) F (1)),
k=0 k=0
wd j=—n

and

() = —e’

j=-n

where @, and @ are the transformed scalar
bosonic effective or string fields, ¢/“and cb are trans-
formed vector bosonic effective or string fields, &/
and @*" are the transformed tensor bosonic effective
or string fields, ¥,,, and ¥, are the transformed fermi-
onic effective or string fields, and 7 is a specific ansatz
transformed time variable or
T=a;t.
The parameter/coefficient p, was defined as com-
binatorial numbers to the i-th power like
Pr = 25,(0)
and
pr = 2C,(0)".
The square root of the k-th Fibonacci number
at/about zero, or S(0), was

nk
5,(0) = sin (7>,
while the k-th Chebyshev T or U (not to be con-
fused with the transformed general solution of the ef-

fective or string field) number at/about zero, or Ci(0),
was

C,(0) = cos (%k)

Z(cmi,- O 2f (9 50 +dmy () 26, 0)'F (-1,
k=0 k=0

For this article, the parameter/coefficient q; was
either al;; or bl;; for bosonic effective or string field
while the parameter/coefficient q; was either cm;; or
dm;; were used for the fermionic effective or string
fields, wherel =1,2,..,n;andm=1,2,..,n,

Ultimately, mesonic effective or string fields ex-
hibit as a hyperbolic secant function raised by some
power. In contrast, gauge bosonic and fermionic effec-
tive or string fields can be expressed as a logistic func-
tion raised by some power. Figure 1 claims odd integer
spin bosonic or half-spin fermionic string fields possess
open strings whose vibratory modes satisfy solely Di-
richlet boundary conditions; the strings, called D-
branes, about such fields, have endpoints that are fixed
in spacetime [83,86,87]. Thus, GFT implies the odd in-
teger spin bosonic or half-spin fermionic string field’s
cm;; are equal to null. On the contrary, Figure 1 sug-
gests that other string fields, such as fields that com-
prise even integer spin bosonic strings (excluding those
that describe scalar particles), can be closed or open
strings [76,85,86,87]. They possess vibratory modes
that satisfy solely Neumann boundary conditions; these
fields have string endpoints that are free to roam in
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spacetime [76,85,86,87]. In short, open string fields
that behave like gauge bosons, such as photons and glu-
ons, have alj; equal to null and bl{; exist as a 4 X 1
vector, while open string fields that behave like pseu-
doscalar and vector mesons retain a bl;; equal to null.

DO-branes -

D1-branes
vector meson

or boson

Dirichlet boundary

condition satisfving

> D2-branes ND-branes

Illbﬁ_g’.\ boson or

On the contrary, closed string fields that behave like
tensor bosons possess bl{;” equal to null and al{;” exist

as a 4 X 4 matrix. The endpoints of the open string
fields are fermions.

pseudoscalar grovion

bundle

mesons

Neumann boundary
condition satisfving

Figure 1: examples of relativistic strings.

For this paper’s purposes, alfj., blfj-, and alfj.v can
be expressed as

ali; = al;j(1,1,1,1),

blj; = bl;;(1,1,1,1),

and
mwo _
alij = al;;

Finally, most operations involve Hadamard multi-
plication, mainly if limited to two vectors.

3.2.) On- and off-shell rest mass assessment via
renormalization

The expression for renormalization within a vol-
ume V was:

1
my = [ [UEOU @]V,
where m;; was the mass-energy equivalence for a
compound effective or string field U and its conjugate
U”. Assuming the spherical volume, using Manhat-
tan/taxicab-like distance &, for compound effective or
string field U was equal to the following expression
[75]:
3
T
/-
the formula for renormalization became the fol-
lowing:

Li¢]
Ll¢¥] =

ol

2
and

6M¢u MHp'H—

<1
my =12 [ GREUOUEd,
0
or
“1
my =1 [ GrEUOUE©s]

If the field pertains to either a vector or tensor
boson, an individual must find the (root) mean (square)
of my, for the former and implement a trace on my, then
divided by four to the latter.

4.) Examples

This section explores and expands upon two basic
Lagrangian equations needed to solve the effective and
string fields associated with this paper. One Lagrangian
density formalism for either a fermion or gauge boson
field involving the Dirac equation, with its complex
conjugate field:

L[yl = h(@,4p 0"y + g,1¥1?)
or
L[¢#] = h(pH 8 "™ + g,|p*|?).

Either equation obeys canonical commutation re-
lations and is converted to the Schrodinger equation if
the process is Markovian or the quantum telegraph
equation if the process is not Markovian [105]. For this
paper’s intentions, all functional derivatives of the
above equations will not involve a Markov process,
yielding the quantum telegraph equation. On the other
hand, the inhomogeneous Klein-Gordon equations for
a (pseudo)scalar, vector, and tensor mesons/boson are

1 1
Eaud) 6“‘1”_ 2 CZMZ¢¢’ + Linteractions:

1 2572 '
EC M ¢H¢ “ 4+ Linteractions’

L[q')lw] = %aﬂd)m] av(p’uv + %61,(1)#” a#¢’uv+%a#¢#v aud)’lw - %CZMZ(}SHV(}SWV + Linteractionsa

respectively. (Note: If a gauge boson is a constit-
uent of another particle, one should use the quantum
telegraph Lagrangian formalism. On the contrary, if a

vector meson is considered a composite particle, then
(s)he should use the inhomogeneous Klein-Gordon La-
grangian equation.) The values g, is an interaction
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constant generally equal to unity, while the value h
equals a positive integer if the particle/string is pre-
sented initially or a negative integer if the parti-
cle/string is a by-product [16,44]. Also, the number h
equals the coefficient associated with a specific term in
the inhomogeneous Klein-Gordon Lagrangian. The
principles of least action have several bold Lagrangian
terms: ¢ represents the set of scalar bosonic effective
or string fields, ¢* represents the set of vector-based
bosonic effective or string fields, ¢*? represents the set
of tensor bosonic effective or string fields. On the other
hand, 1; and v signify the initial and final fermionic
effective or string fields, respectively. Also, " symbol-
izes the conjugate fields.

Supplementary material included with this study
is Mathematica® spreadsheets of the following exam-
ples of EFT solved by GFT. The supplementary mate-
rial also contains an instance of linearized gravitational
waves solved via GFT. Finally, the results between
EFT and SFT were equal!

4.1.) The cause of the deviation in the muon g-2
experiment

The muon g-2 experiment attempts to measure a
muon's magnetic dipole moment or g-factor accurately,
and Fermilab is currently conducting it [17,55]. The ex-
periment involves injecting the muons from the decay
of pseudoscalar pions into a storage ring and then meas-
uring the muon’s g-factor. Theoretically, the strength of
the magnetic dipole moment is supposed to be exactly
two. Any deviation from this, the latter value claims
there are likely additional particles in the standard
model in the storage ring.

So far, the laboratory has experimented two times.
The results of the first two experiments suggested that

R . . -2
the anomalous magnetic moment, which is a, = gT,

had deviated by a factor of 0.00116592 [33]. Ulti-
mately, this data implied there was likely at least one
additional particle that is a by-product of a pion but not
currently listed in the standard model.

Assuming the additional particle is a vector boson
¢>}£‘ and the Lagrangian term for interactions is as fol-
lows:

Linteractions [¢i' ¢]l:' lljfl' lpfz]

2 2 2
= 010 ([l + [wral” + 2100f°)
then the principle of least action for pion decay is as defined as:

S[¢i' qb]l:' I:bfl' ¢f2] =
910 ([l + Wra” +20881°) = 90 (s + el + 200 )

Jax*(

=2 a/,t‘l),il aﬂqb}‘u - a;ﬂpfl a#¢}1 - au¢f2 a‘ulp}Z )

— P MP Gy} +58,0; 0B
Claiming ¢;is the pionic effective or string field, ¢j£‘ is the unknown bosonic effective or string field, and 1,
is one of the valence muonic effective or string fields, while 14, is the valence muon neutrino-based effective or
string field associated with the decay of the pion, the functional derivative of the principle of least action yields at

least four transformed Hamiltonian equations:

. . a? aa;
Ofllzyflf + arl’Pfl, - C_quflTT - C_zwflf‘t -

2
(i_z — (B + B3+ ﬂz?)) Yriee = 9191 ¥51 + 92%51,

a’ilpfzf + a‘rilpr‘r - a‘LZ'/CZquZTT - aar/cijfzf‘r - (az/cz - (ﬁlz + 322 + ﬁag))lpfzif = glcpil'”fz + gzlpfz,
(a?/c? = (BF + B3 + ) Pige + *M>®; = g, (V1 W1 + ¥y ¥ + 201 0"),

and

ai®f; + ari®f, — al [cPPp — aa, [P, — (a?/c? — (B2 + p% + ﬂ32))¢f”§€ = g, D:®f + g, 9f"
After solving for any arbitrary parameters/coefficients and constants whenever possible and setting g, and
g, to unity, then assuming the self and mixing interaction mass-energy equivalence equation, one can derive the

following mass-energy equivalences:

1
mlpmuon = ;T[(_6 + T[Z)ldllzlzx

_ 1

mlpmuon neutrino 288

(=6 + 12)|9 M* — 4(2b2,,” + d1,,%)],

1 2 4
Mpion = 571(—6 + ) |M|*,

and

1
Mgy = —m(—6+ 2)|b24,|2.

After using the three most former expressions and
the known rest masses for the particles or relativistic
strings of interest, one can solve for the arbitrary pa-
rameters/coefficients b2,, , d1;,, and constant M using
known values for items of interest. Next, the rest mass
of the unknown particle or relativistic string is calcu-
lated to be 1.70 X 107 eV or 17 MeV.

4.2.) Glueball estimations

A glueball is a hypothetical particle solely com-
prised of gluons [58]. Particle physics theories suggest

contemporary colliders should detect them. Although
there is anecdotal evidence pointing to the existence of
these particles, they have not been explicitly identified
[47,58].

Since a gluon is a vector boson ¢! and the Lagran-
gian terms for interactions of the entanglement type are
as follows:

Linteractions[(pf: ¢lﬂ’ l/)ih l/)L'Z] = gl(|¢iul/)i1|¢f + |¢iuwi2|¢f)’
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then, the principle of least action for the decay of a meson should be as follows:
S[d)f! ¢lli, lljilﬂ l/JiZ] =
2
—a1(|6fwualor + |01 Wizl bf) = g2 (W2 + [l + 2|91 ]°)

J dx*(

— 0, ¢! 4" — 0,pin 0*piy — 0, in O*Y), )-

1 ’ 1 ’
— 3 C M2 Prf + 50,05 04 f

Suggesting ¢yis the mesonic effective or string
field, @; is the gluonic effective or string field, and ¥;;
is one of the valence quark effective or string fields,

while ¥;, is the other valence quark effective or string
field present in the decay of the meson, the functional
derivative of the principle of least action yields at least
four transformed Hamiltonian equations:

ai¥iie + a;i¥; — a2 /PP — @ /P Wie — (“2/02 — (BZ + B3 + /332))1111'155 = g19:%¥i1 + 9%
ai¥ie + a; i — az/c*Wier — aar/czlpizfr - (az/cz - (ﬁ12 + 322 + /”g))l[jisz = 0197%¥; + 9. Wi,
(a?/c? = (BE + B3 + B2))Pree + 2 M*D; = g, (9]“ W, + PLB}),

and

@idly + a idf — aZ /P — aa, /D, — (aP/c? — (BF + B + B))Plss = 91D D + 92D

After solving for any arbitrary parameters/coeffi-
cients and constants whenever possible and setting g,
and g, to unity, and using the self and mixing interac-
tion mass-energy equivalence equation, one can derive
the following mass-energy equivalences:

My, = (=6 + )1, |2,
2)|(9 M4—4b212d112)2|
b212°
1152
= %n(—6 + ) |M|*,

n(—6+m

My, =
me

f
and

1
Mmyn = —m(=6+ m2)|b24,|%.

One may also assume that the gluonic effective or
string field qbl." forms a glueball. In other words, the
mass of a glueball would constitute the mass-energy
equivalence of gluonic effective or string field. After
using the three most former expressions and the known
rest masses for the particles or relativistic strings of in-
terest, one can solve for the arbitrary parameters/coef-
ficients b2,, , d1,,, and constant M using known val-
ues for items of interest. Check the table for calcula-
tions of glueballs.

A table of predicted glueball masses derived from
various meson decays is featured below:

Quark 1/my,, Quark 2/my,, Meson/m, Glueballlmq)?
(eV) (eV) (eV) (eV)
charged pion 2.20*107 4,70%108 1.40*108 1.49*10° [65]
”e”(tgz:r‘)"on 2.20%10° 4.70%10° 1.35%108 1.39%10° [65]
neutral kaon 4.70*10° 9.60*107 4.98*108 1.72*10° [65]
J/psi meson 1.28*10° 1.28*10° 3.10*10° 1.87*10° [66,67]

4.3.) Assessment of tetraquarks mass via decay
by-products.

Recently, LHC at CERN found that the four
charmed tetraquark ccc¢, which had a rest mass of 6.9
GeV, decayed into the vector meson and sigma glueball
o [98,99,100].

Assuming the tetraquark is a scalar bosonic entity
¢; and the Lagrangian term for entanglement interac-
tion is as follows:

Linteractions [(l’i' ¢]l:1' (l’,!:z] =20, |¢;‘1¢}42|¢i1
then the principle of least action for cccc decay
into vector J/ly mesons and s glueball is defined as:

S[‘l’i' d)jl:l' ‘l’j‘tz] =

Jax*(

2 2 ’
~20:|9}1 0|0 — 292 (|91 + [0fal”) — 0u0) 9014
1 ’ 1 e
- au(p]l:z 6#(1)]’:2 - EC2M2¢i¢i + Eauq’)i a#(pi

One may also deem that the tetraquark effective or string field ¢; is comprised of the vector meson j /1 or
glueball o effective or string fields ¢}‘1 and qb]’fz, respectively. The functional derivatives of the Lagrangian yields

three evolution equations:

(a?/c? — (BE + B3 + BD))Dige + 2M?®; = g, (D, + DL D7y

AP + a i®p, — af/c*Pf,
and
APy + ari®p,, — af/c*df;

After solving for any arbitrary parameters/coeffi-
cients and constants whenever possible and setting g,
and g, to unity, then assuming the self and mixing in-
teraction mass-energy equivalence equation, one can
derive the following mass-energy equivalences:

F2%F1 F1%fr2 )

firr aa_[/czq)f“l& - (az/cz - (:812 + :822 + ﬁsg))(pf“lgg = gl(pi(pfp; + g2<Df”1,

Farr T aar/cz(pfuzgf - (az/cz - (B + B3 + ﬁ32))d)f“255 = gl(pi(pf“z + gz(pf”z-

1
Megee = 3_27'[(_6 + 7T2)|M|4,
1
mypy = 5 m(=6+ ) [b21,|%,
and
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8
B on(-6+m?)| bzlvizzl
Mg = 2048 :

After using the two latter expressions and the
known rest masses for the particles or relativistic
strings of interest, one can solve for the arbitrary pa-
rameters/coefficients b2,, and constant M using
known values for the vector meson J /i or glueball o.
Plugging in the value M into the former expression
claims, the mass of the four-charm tetraquark is
6.90*10° eV.

4.4.) Photon analysis linked to a binary black hole
merger

Black holes (BH) were objects in the universe that
had much speculation and excellent study. In the 18%
century, Pierre-Simon Laplace and John Michell pro-
posed that the universe possessed objects whose gravi-
tational fields were so intense that light could not es-
cape them [31]. Two centuries later, David Finkelstein
and Karl Schwarzschild could make primitive solutions
that were used to define such entities [69,70,93] ini-
tially. It was not until the 1960s that BH became a reg-
ular prediction in the general theory of relativity [37].

While undergoing mergers in spacetime, BH was
known to emit gravitational waves (GW) and possibly
some forms of light [49,94]. In 1916, Albert Einstein
postulated that BH created ripples in spacetime in his
great work, the General Theory of Relativity [46]. Be-
fore Einstein pinpointed the primary source of GW,
Poincare, and Heaviside stated there were gravity’s

equivalent to electromagnetic waves [71,72]. In 2015,
the first GW was detected by LIGO gravitational wave
detectors. Finally, Atura Tanikawa and associates
claimed that g-ray bursts were also emitted during the
BH merger [74].

Quantum entanglement (QE) may be the primary
mechanism for merging BHs. Leonard Susskind and
Juan Maldacena generated a conjecture stating BH
were like two entangled particles, or Einstein-Po-
dolsky-Rosen pair, connected by a wormhole or Ein-
stein-Rosen bridge [13]. Thus, they established the fol-
lowing relationship: ER = EPR. For this study, we used
the previous equation to signify BH-QE.

In the first section of this study, we generate a La-
grangian to define BH-QE. Upon functional differenti-
ation of this Lagrangian, we derive three quantum tele-
graph equations and two inhomogeneous nonlinear
Klein-Gordon equations, or QT-KG. Assuming the
three quantum telegraph equations described the two
BH associated via ER = EPR and the merged BH while
the inhomogeneous Klein-Gordon equations repre-
sented GW and photons, we used the generating func-
tion technique (GFT) to solve for the three BH, GW,
and photons. Then, we try to predict the mass equiva-
lents for photon emission, given we know the values of
the three BH and GW. Ultimately, we concluded that
population Il stars were the source of BH mergers
since they produced g-ray photons predicted via BH-
QE system of equations.

GW

RBH

Q) merging black holes
BHI BH2'

merger complete

GRB


javascript:;
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Assuming black holes are vector boson-like and the Lagrangian term for interactions, such as entanglement,
is as follows:

Linteractions [0t 0l 0F 0, 041 = 9:08" (|0t i | + |05 = 10£]") gy
then the principle of least action for the merger of a binary black hole system is as follows:
Slet bz b7 b6 by =
9188” (18l | + 198 | = 19f17) g + 92 (1051 + |05 + 2165 | = |9f )91
Jax*( +0uw 049l 045 + Guv 0udf, 0433 + Guv Oupy 04y — 7 04 ).

1 2072 WV 411V 1 WY Ap g THY w I w U
_ECM ¢ Pe g;w"'zguvau ¢ Mg +0,0; 0,0, + 0,0, 9,0,

Deeming ¢~"is the gravitational wave/gravitonic ~ fields involved in the merger, and ¢j’f is the residual
practical or string field involved in the merger, ¢, isthe  black hole effective or string field, the functional deriv-
photonic effective or string field, ¢/, is the first black  ative of the principle of least action yields at least six
hole, and ¢ is the second black hole effective or string ~ transformed Hamiltonian equations:

ait;lbﬁf + ai® —al/ctdf — aar/cztbi’;& —(a?/c?— (BE+ B2 + Bg))dg’;ff = g1 DL D + 9, P,
and
aicblef + aid, —al/ctdf,  — aar/cztbi’;& —(a?/c?— (BE+ B2 + /332))¢>i‘;§ = g1 DL DL, + g, P,

aiPfy + a i®f, — al [Pl — aa /Dl — (a?/c? — (B2 + p% + [)’32))q>f“§€ = 019 Df + g ®f,
by, + a iy, — al [c* Py, — aa /Dy — (a?/c? — (B2 + p% + B??))cb]f‘ff = 10 ) + 9,9},
And
4AT ®fg, + (a?/c® — (B + B3 + B)) Pl Guw + P MP DL gy = g1 (P2 + D)D) — D D) g,

_e 0 0 0 0 0 0
c2 911
whereaT=| O —BI 0 0 |andg,, = g 9(2)2 00
0 0 —p2 0 gzz O
0 0 0 —p2 0 0 0 gus
AT is the Ansatz transform tensor, and g, is the 1 2 2
metric tensor. After solving for any arbitrary lpl)arame- Mop = ﬁn(_6 +m)1b51|
ters/coefficients whenever possible and constants, set- mey, = é”(_6 + )| M|*,
ting g, and g, to unity, and applying the mass-energy and
equivalence equation to one element of the transformed 1
solutions, assume the following relationships for deter- Mk = ﬁﬂ(—6 + %) |b24,|?
mining the mass-energy equivalents of fermion and After using the four most former expressions and
bosonic effective or string fields associated with the  the known rest masses for the large-scale structures or
BH-QE system of equations were true: relativistic strings of interest, one can solve for the ar-
myu = %n(—6 +12)|b3y, |2 bitrary parame_ters/coefficients b2, : b3, b:512 and
L ) constant M using known values for items of interest.
Mgk = mﬂ(—6 + Ultimately, (s)he obtained the following table of pho-
2] (9 m*+8b215b315-8b51,2)” | tons for the first several GWSs detected by LIGO:
b21,° '
Specific GW BH 1/mg,, BH 2/my,, Residual BH/m y GWimg,. Photons/m oL
(solar masses) | (solar masses) (solar masses) (solar masses) (erg)
GW150914 35.6 30.6 63.1 3.1 4.40*10%
GWwW151012 23.3 13.6 35.7 15 2.60*10%
GW151226 13.7 7.7 20.5 1.0 1.47*10%
GW170104 31.0 20.1 49.1 2.2 3.54*10%°
GW170608 10.9 7.6 17.8 0.9 1.25*10%
GW170729 50.6 34.3 80.3 4.8 5.26*10%
GW170809 35.2 23.8 56.4 2.7 3.99*10%
GW170814 30.7 25.3 53.4 2.6 3.69*10%
GWw170818 35.4 26.7 59.4 2.7 4.24*10%
GW170823 39.5 29.0 65.4 3.3 4.56*10%
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5.) Conclusion

Via EFT and SFT, one will likely identify particle
X17 as the culprit causing the deviation in the muon g-
2 experiment. The additional by-product from pion de-
cay that coexists with the muons in the Fermilab stor-
age ring has a rest mass of 17 MeV. This is the same
mass as particle X17, a hypothetical protophobic spin-
0 boson first captured by the ATOMKI and then JINR
[101,102,103].

EFT and SFT might provide an accurate means to
calculate glueballs derived from the decay of mesons.
The rest of the masses of glueballs, condensed gluonic
particles, or relativistic stings, established from the de-
cay of pions and kaons, derived in this paper were con-
sistent with CERN data [65]. Therefore, the theories
discussed in this study could adequately estimate the
masses of glueballs derived from the decay of other me-
sons.

EFT and SFT claimed that the initial gravitational
waves detected by VIRGO/LIGO were generated from
binary black hole mergers and were likely accompanied
by g-ray bursts, or GRB. The theories in this study
claimed the earliest observed binary black hole mergers
likely emitted g-ray bursts at ~ 10% erg. It is well
known that many cosmological phenomena emit g-ray
bursts. However, this range of energy for photons sug-
gested the merging BH likely existed in the first gener-
ation or hypothetical population Il stars [8].

Establishing a Triality between Quantum Infor-
mation Theory (QIT), EFT, and SFT. Information the-
ory is known as the study of uncertainty in the quantum
realm, and its basic unit of information is the qubit, a
two-state quantum mechanical system [104]. If an indi-
vidual lets ¢, = ic;, then (s)he obtains:

f@) =ce™
f(&) =cre™®.

This expression is associated with the exponential
map of a qubit [104]. Also, if one applies Euler’s for-
mula to the above expression, (s)he obtains the sinusoi-
dal wave function f discussed in section 3. The above
statements imply there is an intimate link between a
qubit, physical body/particle, and string.
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Abstract

The work was carried out taking into account the specific epizootic situation of plague in 2020, on the territory
where the course of plague among mammals has been observed for more than 40 years, which is a constant poten-
tial threat of epidemic of this infection among the population. Taking into account the fact that plague epizootic
was detected by bacteriological method during rodent plague testing in spring 2015, and in the fall of the same
year local low-intensity plague epizootic was detected by serological method in the tract "Shynyrau kudyk", indi-
cating the continuation of the epizootic, as well as intensive human economic activity in the active Moyinkum
desert plague focus, in the spring season of 2021. studies of the state of fauna and rodent abundance in the Western
Remnant Landscape-Epizootologic Region (LER) were conducted. During the research period, the territory on the
area of 3000 km2, which is a part of the Moyinkum desert plague focus, was surveyed. Among rodents, large and
small gerbils, yellow gopher and small marmoset were studied, among predators - fox, skogpa, buzzard and harrier.

Rodent abundance was low.

Keywords: rodents, natural plague focus, landscape-epizootologic region, carriers of the plague pathogen,

great gerbil, small gerbils.

Introduction. The plague epizootic in the study
area was detected in spring 2012 at the following
points: "Satybaldy" 1 culture of plague was isolated
from the greater sandfly and 1 seropositive greater
sandfly was detected, "Kadyrbek™ 1 culture of plague
was isolated from the greater sandfly; "Shynyrau
kudyk" 1 seropositive greater sandfly was detected;
plague epizootic was detected at the following points:
"Satybaldy" ur. "Kadyrbek" 1 culture of plague was
isolated from the great sandfly; "Shynyrau kudyk" - 1
seropositive great sandfly was found; the plague epizo-
otic was characterized as local, intensive, occurred on a
total area of 300 km2 [1]. In the fall of 2012, no epizo-
otic process was registered in this territory.

In spring 2013 local low-intensity epizootic of
plague was detected by serologic method in tracts
"Kokdala", Baikozha, headquarters Bekmurat,
Sadykzhal, Kuzendidala, Suzhal-1. The plague epizo-
otic at all sites was characterized as local, low-intensity
and occurred on a total area of 600 km2 [1]. From the

fall of 2013 to the fall of 2014, despite the survey of the
territory, no plague epizootics were registered.

In spring 2015, the epizootic process was regis-
tered by bacteriological method on the area of 500 km2
in the tract "Shokai" isolated 5 strains of Y. pestis from
fleas of the great gerbil burrows of the plague pathogen
from the flea of the burrows of the great gerbil
Xenopsylla gerbilli minax. In the tract "Koizhigit" 1
culture of the plague pathogen was isolated from the
suspension of the great gerbil in the tract "Zhaylybek"
1 culture of the plague pathogen was isolated from the
red-tailed gerbil and in the tract "Kokdala" 1 culture of
the plague pathogen was isolated from the great gerbil,
around the settlement "Kishi Kokdala™ 1 culture of the
plague pathogen was isolated from the flea of the great
gerbil burrows: Xenopsylla gerbilli minax. The plague
epizootic was characterized as local low-intensity. In
the fall of 2015, local low-intensity plague epizootic
was detected by serological method in Shynyrau kudyk.
The plague epizootic at all sites was characterized as
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local, low-intensity and flowed over a total area of 100
km2 [1]. From 2016 to the fall of 2017, despite the sur-
vey of the territory, the plague epizootic was not de-
tected.

In spring 2018, a local low-intensity plague epizo-
otic was detected in the tracts "Satybaldy" (1 seroposi-
tive great sandfly was isolated), "Kadyrbek" 2 seroposi-
tive great sandflies were isolated; The plague epizootic
at all sites was characterized as local, low-intensity and
flowed over a total area of 200 km2. An inter-epizootic
period was observed from fall 2019 to spring 2021.

The main host of the plague pathogen is the great
gerbil. Great Sandpiper settlements are mostly sporadic
and occur in small groups [2-4]. The density of settle-
ments is very low. Only in the extreme northwest in a
relatively small area and in some places in the southeast
along the southern edge of the sands, colony density is
somewhat higher. Numbers of the Greater Sandpiper in
these areas averaged 3.0 individuals per 1 ha, varying
from 0.5 to 4.5 individuals per year [5-7]. In addition,
the Noon Sandpiper, Grebeschik's Sandpiper and Red-
tailed Sandpiper inhabit the area. The Noon Sandpiper
dominates among the Small Sandpipers. The abun-
dance of the Yellow Gopher is also low. Other rodents
are rare. The vectors are fleas of sandflies, mainly of
the Greater Sandpiper [8-9]. According to long-term
averages, their number in the habitat of the Greater
Sandpiper is 140 specimens per 1 ha, with annual vari-
ations from 24 to 535 [10-12].

The purpose of our research was to study the state
of the fauna and to conduct an inventory of the number
of rodents in the Western Remnant Landscape-Epizo-
otologic Area, as well as their natural enemies - preda-
tory animals.

Materials and Methods.

Great Sandpiper was captured from 10-12 rodent
colonies. Traps were placed 1.5 km apart. On one col-
ony 2-3 traps were placed, for a more uniform survey
of the territory, 1-2 gerbils were captured from each
colony on average, after which the traps were moved to
colonies that had not been trapped. First of all, the sur-
vey was conducted in the vicinity of settlements, by
sectors and was aimed at searching for local epizootics
in the places of plague pathogen establishment and ad-
jacent areas.

During the spring season of 2021, 500 rodents, in-
cluding the greater sandfly, were captured.

The population of the greater sandfly was counted
using the route-colonial method, while the lesser sand-
flies and other small rodents were counted using the
trap-night method.

The trapping of Greater Red-tailed Sandpipers
was carried out with special traps placed at the entrance
to the burrows of these rodents. No more than 2 gerbils
were captured per colony, after which the traps were
moved to other colonies.

Small Sandpipers were counted by placing 100
traps with standard bait (bread moistened with vegeta-
ble oil) in a line at 5-meter intervals in the main habi-
tats, as well as traps placed on colonies of large sandpi-
pers.

Counts of Yellow Gophers were carried out on au-
toroutes (number of sightings per 1 km). Small gopher

tortoises were counted at dusk in the light of car head-
lights (number of sightings per 1 or 10 km of route).

Numbers of rodents were determined by the trap-
night method. When counting in settlements, at least
20% of the total number of objects were surveyed.
Small settlements with up to 20 houses were surveyed
completely. At the same time with counting the number
of rodents, four-legged predators were counted by trap-
ping them in traps placed on colonies of Great Sandpi-
pers.

The number of raptors was judged by the number
of birds seen per daylight hours.

To conduct stationary observations of the Greater
Sandpiper, 3 fixed points were selected, which most
fully reflect the landscape-ecological peculiarity of the
surveyed area. The following ecological observations
were carried out at the stationary points of permanent
record:

a/ observations of rodent population composition
and breeding intensity;

b/ counting the number of embryos in pregnant fe-
males;

c/ registration of repeated pregnancy and embryo
resorption;

d/ study of multi-year population dynamics of the
great gerbil,

e/ change of colonies, interspecific contacts, ro-
dent mobility, etc.

Results

During the period of work from 28.05.2020 to
16.07.2021 the survey was conducted on the area of -
3000 sg. km2. The abundance of Great Sandpiper
(Rhombomys opimus (Lichtenstein, 1823)) in the
whole LER per 1 km2 amounted to 228 individuals,
with colony occupancy of 37.6 %. Colony density av-
eraged 146 per 1 km2. The average number of Greater
Sandpipers per colony was 4.6 individuals. The per-
centage of minor rodents caught in traps was 0 % per
100 I/n.

Counting of the number of the main carrier of the
plague pathogen is carried out before the release of
young animals. In the study area, 51.8% of animals sur-
vived the winter period, which stabilized the number of
the main carrier in most parts of the LER.

In general, the number of Great Sandpipers per 1
km2 in spring 2021 was 256, with a range of 77 to 384,
and 141 in spring 2020, with colony occupancy rates of
37.6 % and 43.6 %, respectively.

During the 2021 summer season, 196 Great Sand-
pipers were captured in the Western Remnant LER, of
which 67 (34.2 %) were sexually mature males and 112
(57.1 %) were sexually mature females. Of the sexually
mature females: 35 (31.3 %) were yearlings, 67 (59.8
%) were littered, and only 7 (6.3 %) were pregnant.
Young were captured 17 (8.7 %), of which 10 (58.8 %)
were young males and 7 (41.2 %) were young females.

The ratio of sexually mature females to males, was
1.7:1. The percentage of females participating in repro-
duction was 66.1%.

The number of embryos per pregnant female was
2.7, ranging from 1 to 5. The breeding intensity index
was 22.
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Numbers of the Noon Sandpiper (Meriones merid-
ianus (Pallas, 1773)) are generally low in the area. For
example, the percentage of their occurrence per 600 I/n
was 0% in the LER.

Numbers of Red-tailed Sandpiper (Meriones liby-
cus (Lichtenstein, 1823)) are generally low in the area.
The percentage of their occurrence per 600 I/n in the
LER was - 0.

Numbers of Grebe Sandpiper (Meriones tamaris-
cinus (llliger, 1811)) are generally very low in the area.
For example, in the LER the percentage of their occur-
rence per 500 I/n was - 0%.

In the Western Remnant LER this summer, num-
bers of Ruffs remain at a low level. No geese were
caught in fishing gear. At dusk single animals were en-
countered on the routes, and 10 Little Ruffs (Allactaga
elater (Lichtenstein, 1825)) were recorded per 10 km of
the auto-route (or 1.0% per 1 km of the route). Their
numbers may increase slightly in the fall of 2021.

Numbers of yellow gophers (Spermophilus fulvus
(Lichtenstein, 1832)) on the territory of the Western
Remnant LRR were below average. Gophers were not
specifically captured during material sampling.

Three routes were established to record the abun-
dance of yellow gophers:

The total area of these routes was 3 km2, 15 yel-
low gophers were encountered, with an average of 0.15
animals per 1 km2.

Numbers of terrestrial predators (weasels, band-
ages, ferrets) in the area were counted visually and by
trapping. Four-legged predators were not specifically
captured. Their numbers are still low. A total of 2 Red
Foxes (Vulpes vulpes (Linnaeus, 1758)) were recorded.

Among raptors, an average of 2 birds were seen
per daylight hours, mainly Buzzards (Buteo rufinus
(Cretzschmar, 1827)). Nests of buzzards contained
mainly 2 eggs, but not more than 3 eggs. In addition to
Buzzards, Osprey Pandion haliaetus (Linnaeus, 1758),
Harrier (Circus pygargus (Linnaeus, 1758)) were rec-
orded, approximately 1 - 4 birds of prey per 10 km of
the vehicle route.

Weather conditions are characterized according to
the data of the weather station located in Oyyk settle-
ment. The winter of 2020-2021 was snowy with rare
precipitation in the form of snow (18 days). The winter
temperature background was close to the average long-
term data and was -8.4. Spring was relatively cool and
prolonged.

In the 1st decade of March the temperature back-
ground was +4.10 C, in the 2nd decade of the month -
1.10 C. In the 3rd decade of the month and average air
temperature amounted to +8.30 C. The average
monthly air temperature was +3.80, last year +7.00 C,
with a norm of +1.7 OC. Precipitation in the form of rain
fell in the 1st, 2nd, 3rd decade (11 days). Snow cover
on the soil surface was recorded until March 20, while
last year it was until February 7. The transition from
00°C to above zero temperatures was recorded on
March 19 (February 13 last year).

In April, the weather was stable, within multiyear
values. Air temperature in the first ten-day period was
+ 10.70 C, in the second ten-day period + 15.10 C, in
the third ten-day period + 16.70C. Precipitation fell in

the form of rain in the second and third ten-day periods
of the month (accompanied by strong easterly winds in
the first and second ten-day periods). Rare flowering of
tulips was observed in the first, second and third ten-
day periods of April. Rare flowering of poppies was ob-
served in the third decade of April. The vegetation con-
dition assessment was low due to weak vegetation of
ephemerals and ephemeroids. In general, weather con-
ditions in April were favorable for rodent activity.

In May, the weather was stable, moderately warm
but windy, with strong easterly winds prevailing. Pre-
cipitation fell in the first and second decades of the
month (3 times). Air temperature was +21.30 C in the
first decade, +23.00 C in the second and +28.40 C in
the third. Assessment of vegetation condition was un-
satisfactory, ephemerals and ephemeroids vegetated
poorly, wormwood and sagebrush grew poorly, meager
flowering of poppies continued until the third decade of
May.

In general, it can be said that the spring of 2021
was late and drier than the spring of the previous year.
The forage base for rodents was insufficient due to
weak vegetation of desert vegetation, climatic condi-
tions were satisfactory and sufficient for rodent activity
(Table 1).

Thus, the abundance of the Greater Sandpiper here
remains below average. Thus, the number of animals in
summer of this year was 266 animals per 1 km2, with
an average colony occupancy rate of 38.2%. The index
of intensity of the main carrier remained at the last
year's level and amounted to 22. The average number
of embryos per pregnant female was 2.7. Taking into
account the above-mentioned data, it can be assumed
that by the fall of 2021 the number of the greater sand-
fly in the whole territory under favorable weather and
climatic conditions will be higher than last year's data,
therefore, the possibility of a local epizootic of plague
in the fall of 2021 is not excluded in this territory.
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