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Agricultural sciences
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Methodology and Background

The aim of the current study was to assess the balance of raw-net CO: eq from the usually farm
crops. The research activity, based on the realization of numerous analyses, determinations and studies
of an economic nature, was performed in the agricultural bio base of the Research and Development
Station for Bovine Arad, Romania during the year 2024. The structure of the fodder system of this farm
included the following crops:

-concentrated fodder crops (585 ha-57%)

-grain wheat 335 ha-33%),

-grain corn (150 ha-14-%),

-grain barley (100 ha-10%,)

- green fodder crops (178 ha-18%)-

-alfalfa (79 ha-8%),

-perennial grasses (58 ha-5%),

-Sudan grass (22 ha-2%),

-autumn gorse (15 ha-2%),

-mix of alfalfa with perennial grasses (4 ha-1%)

- ensilaged fodder crops (256 ha-25%)

- corn silage (256 ha-25%)

The results of the conducted studies aimed at the following objectives:

-the amount of "raw" C-CO2 eq captured through photosynthesis and fixed in the biomass of crops
in the feed system- the carbon footprint according to agrotechnical works applied to carry out the
germinal, fertilization, maintenance, harvesting and transport operations

-the amount of “net” carbon fixed and the general distribution of carbon fixed through
photosynthesis, at the level of the forage system- the total amount of "net" carbon fixed through
photosynthesis at the level of the forage system

I. The amount of "raw" C-CO2 eq captured through photosynthesis and fixed in the biomass of
crops in the feed system- the carbon footprint according to agrotechnical works applied to carry out the
germinal, fertilization, maintenance, harvesting and transport operations.

The synthesis of research results from recent decades on the situation of global GHG emissions
shows that, on average, their quantitative value increased from 10 million tons CO2 eq in 1750 to 35
billion tons in 2020. The share of GHG emissions at global level, by gas structure is as follows: 65% fossil
CO: and industrial processes), 11% CO: agricultural work, 16% CHas, 6% NO: and 2% other gases. By
economic sector of origin, the share of GHG emissions at global level is given by 25% energy sector, 24%
agricultural and forestry sector, 21% industrial sector, 14% transport sector, 6% construction sector,
10% other sectors. According to EUROSTAT, at the level of EU countries, GHG emissions amount to
4323163 kilotons of CO: eq. In this case, Romania's contribution is only 2% while having a huge carbon



storage potential of approx. 22 Gt CO: eq. The increase in atmospheric CO» concentration is strongly
correlated with a sharp reduction in nutrients in agricultural crops, by up to 20%, in the coming decades.
Thus, a reduction in the content of plant proteins and essential microelements in human and animal
nutrition (Fe, Zn) is expected. Despite all measures to reduce GHGs, research conducted at Harvard
University shows that by 2050, the concentration of CO: in the atmosphere will increase by 35%, from
the current 405 ppm to 550 ppm. In Romania, depending on the structure of agricultural crops and the
technology applied, soil carbon losses vary between 200-300 kg/ha/year, while permanent grasslands
store between 300-500 kg C/ha/year.

In this respect, we present the results obtained through this research on quantifying the amount
of carbon fixed in the biomass of fodder species in the agricultural system implemented in the current
study.

Table 1 The amount of C-CO: eq captured through photosynthesis and fixed in the biomass of the
wheat grain crop

Wheat grain Amount of biomass Chemical analyses Captured carbon C-CO2eq
biomass structure t/ha Total (t) | Ct (%) NE(%) C/N | Kg/ha Total () Kg/ha | Total (t)
Grain production 461 1542 41 1,28 32 1890 633 (42%) 6917 2317
Root production 6,6 2211 24,5 0,42 583 | 1617 542 (36%) 5918 1984
Straw production 2,14 719 37,1 0,68 54,5 794 266 (18%) 2906 974
Stubble production 0,49 164 38,4 0,53 72,4 188 63(4%) 688 231

Total 13,84 4636 - - 54,3 | 4489 1504 16429 5506
(100%)

From the data presented in the table, it is found that, in the case of wheat crop, the amount of
carbon fixed through photosynthesis varies depending on the production structure. Thus, the highest
content of fixed carbon is found in grain production, recording a quantity of 1890 kg/ha or a total of 633
t, on a cultivated area of 335 ha. Compared to the total amount of fixed carbon of 1504 t, grain
production fixes carbon in a share of 42%. Root production fixes an amount of 1617 kg C/ha, respectively
36% of the total amount of fixed carbon. Plant residues (straw, stubble) fix smaller amounts of carbon,
respectively 794 kg/ha (18% of the total) in the case of straw production and 188 kg/ha (4% of the total)
for stubble production. The cumulative amount of fixed carbon in the case of wheat crop is 4489 kg/ha
(16429 kg/ha CO2 eq) and a total amount, related to the cultivated area, of 1504 t fixed carbon (5506
tCO2 eq).

The intensity of the decomposition rate of secondary production (straw, stubble) and of roots,
which are part of the organic matter in the soil, is low (with C/N ratio values between 54.5-72.4).

Table 2. The amount of C-CO: eq captured through photosynthesis and fixed in the biomass of the corn

grain crop (150 ha)
Corn grain biomass | Amount of biomass Chemical analyses Captured carbon C-CO2 eq
structure t/ha Total (t) Ct(%) | Nt(%) /N Kg/ha Total (t) Kg/ha | Total (t)
Grain production 4,7 705 41 1,28 32 1927 | 289 (43%) 7053 1058
Strains production 5,7 855 38,8 1,26 30,8 2212 332 (50%) 8095 1215
Root production 0,8 120 37,4 1,22 30,7 299 45 1094 165
(7%)
Total 11,2 1680 - - - 4438 666 16242 2438
(100%)

The corn grain crop captures through photosynthesis and fixes in the total biomass a quantity of
carbon of 4438 kg/ha, respectively 16242 kg/ha CO: eq., of which: in the grain production a quantity of
1927 kg/ha (43%) respectively 7053 kg/ha CO: eq is fixed, in the production of stems+leaves 2212 kg/ha
respectively 8095 CO: eq is fixed; in the production of roots 299 kg/ha carbon respectively 1094 CO: eq
is fixed. At the level of the total area cultivated with corn grain (150 ha) the total quantity of carbon
captured and fixed is 667 t, respectively 2438 t CO; eq. The average C/N ratio is 3 1.2, which indicates an
average intensity of the decomposition rate of organic matter in all components of corn grain production.

Table 3. The amount of C-CO: eq captured through photosynthesis and fixed in the biomass of barley

grain crop (100 ha
Barley grain Amount of biomass Chemical analyses Captured carbon C-CO2 eq
biomass structure t/ha Total (t) | Ct(%) | Nt(%) /N Kg/ha Total () Kg/ha Total ()
Grain production 5,71 571 43 0,92 46,7 2455 245 (42%) 8985 897
Roots production 6,2 620 37,4 1,22 30,6 2319 232 (40%) 8488 849
Strains productions 215 215 42 0,9 46,7 903 90(16%) 3305 329
Stubble production | 0,34 34 383 | 072 | 532 130 13 (2%) 476 48
Total 14,4 144 - - 44,3 5807 580 21254 2123
(100%)

Barley, as a fodder crop, occupies an important place in animal feed and is therefore cultivated on



a large area within the vegetable farm. The total amount of fixed carbon is 5807 kg/ha (21254 kg/ha
CO: eq), structured as follows: grain production with a quantity of 2455 kg/ha (8985 kg /ha CO: eq,
42%), root production with 2319 kg/ha (40%) fixed carbon respectively 8488 kg/ha CO: eq, straw
production with 903 kg/ha fixed carbon (16%,) respectively 3305 kg/ha CO: eq, stubble production with
130 kg/ha (2%) with 476 kg/ha CO: eq. The total amount of fixed carbon at the level of the total barley
area (100 ha) is 580 t, respectively in equivalence 2123 t CO: eq. The calculated average C/N ratio is
44.3, indicating a low intensity decomposition rate. In the case of the root system, a ratio of 30.6 was
calculated, indicating a medium intensity decomposition rate.

Alfalfa, through its morphological and physiological peculiarities (fixes large amounts of biological
nitrogen symbiotically), with a highly developed root system, also fixes large amounts of carbon through
photosynthesis.

Table 4. The amount of C-CO: eq captured through photosynthesis and fixed in the biomass of the

alfalfa crop (79 ha)
Alfalfa biomass Amount of biomass Chemical analyses Captured carbon C-CO2 eq
structure t/ha Total (t) | CE(%) | NE%) | C/N Kg/ha Total (t) Kg/ha | Total (t)
Biomass production 7,65 605 42,4 3 14,1 3244 256 (24%) 11873 937
Roots production 26,6 2101 385 2,12 18,2 10241 809 (76%) 37482 2961
Total 34,25 2706 16,15 13485 1065 (100%) 49355 3898

In the case of alfalfa, biomass has on(y 2 components namely green mass or hay expressed in dry
matter and root production. The largest amount of carbon is fixed in the root system, namely 10241
kg/ha (76% of the total amount of fixed carbon), representing, in equivalence, 37482 kg/ha CO: eq. In
the above-ground production of dry matter, an amount of 3244 kg/ha (24% of the total fixed carbon) is
fixed, the equivalence of 11873 kg/ha CO: eq. At the level of the 79 ha area cultivated with alfalfa,
within the fodder system included in this project, a total amount of 1065 t C was fixed, in the equivalence
of 3898 t CO:; eq.

In the structure of fibrous forage crops for ruminants, mixtures of perennial grass species that form
a meadow (long or short-term) have an important role in nutrition, especially through their energy value.
The highly developed root system and the high production of aboveground phytomass directly influence
the capacity to fix carbon, which is comparable to that of alfalfa. The data obtained within this project
are synthetically presented in table 5.

Table 5 The amount of C-CO: eq captured through photosynthesis and fixed in the biomass of perennial

grasses (58 ha)
Gramineous biomass | Amount of biomass Chemical analyses Captured carbon C-CO2 eq
structure t/ha Total (t) | Ct(%) | Nt(%) | C/N | Kg/ha Total (t) Kg/ha | Total (t)
Biomass production 3,21 186 31,1 1,34 23,2 998 58(10%) 3653 212
Roots production 22,8 1322 39,6 1,02 | 388 | 9029 524 (90%) 33046 1918
Total 26,01 1508 31 10027 | 582 (100%) 36699 2130

The following conclusions result from the data presented above: the largest amount of fixed
carbon is achieved within the root production (in proportion to 90% of the total), respectively 9029
kg/ha, equivalent to 33046 kg/ha CO: eq; aboveground SU production fixes an amount of 998 kg/ha
fixed carbon (3653 kg/ha CO: eq); at the level of the cultivated area (58ha) a total amount of fixed
carbon of 582 t was achieved, equivalent to 2130 t CO: eq. The analysis of the C/N ratio for root
production highlights the threshold of 38.8, which characterizes an average intensity of the organic
matter decomposition process.

Sudan Grass occupies an important place in the structure of the feed ration of cattle due to its high
palatability due to a high carbohydrate content compared to alfalfa or even corn. At the same time, due
to its morphological peculiarities (3-5 mowing per growing season, a deep and well-developed root
system), it is part of the category of species that can fix high amounts of carbon, as can be seen from the
data presented in table 6.

Table 6. The amount of C-CO: eq captured through photosynthesis and fixed in the biomass of Sudan

Grass crop (22 ha)
Sudan Grass biomass | Amount of biomass Chemical analyses Captured carbon C-CO2 eq
structure t/ha Total (t) Ct (%) NE(%) C/N Kg/ha Total (t) Kg/ha Total (t)
Biomass production | 6,15 135 39,8 1,7 234 2445 54 (35%) 8949 197
Roots production 16 352 285 1,5 19 4560 101 (65%) 16690 367
Total 22 487 21,2 7005 155 (100%) 25639 564

The root system fixes most of the carbon (65 % of the total amount), namely 4560 kg/ha,
equivalent to 16690 kg/ha CO: eq. In the production of aboveground phytomass, the amount of fixed
carbon determined was 2445 kg/ha (35% of the total amount of fixed carbon), equivalent to 8949 kg/ha




CO: eq. The total amount of fixed carbon on the cultivated area (22 ha) was 155 t, equivalent to 564 t
CO: eq. The C/N ratio was 21.2, which indicates a medium-intensity decomposition rate of soil organic
matter.

The sown meadow formed by the mixture of alfalfa (40%) and perennial grasses (60%), is
considered the most intensive crop compared to other types of fodder mixtures. At the same time, as can
be seen from the data presented in table 7, through the high dry matter production of the aboveground
phytomass and the root system, this crop fixes significant amounts of carbon through the photosynthetic
activity of the plants.

Table 7. The amount of C-CO: eq captured through photosynthesis and fixed in the biomass of alfalfa
and gramineous crops (4 ha)

Mixture biomass Amount of biomass Chemical analyses Captured carbon C-CO2 eq
structure t/ha Total (t) | Ct(%) | Nt(%) /N Kg/ha Total (£) Kg/ha Total (t)
Biomass production 6,89 28 39 2,16 18,1 2687 11(32%) 9834 39
Roots production 19,8 79 29,3 1,73 16,9 5801 23 (68%) 21232 85
Total 26,79 107 17,5 8488 34 (100%) 31066 124

The root system, by transferring Carbon to the underground biomass, fixes a larger amount of
carbon (68% of the total amount), respectively 5801 kg/ha in the equivalence of 21232 kg/ha CO: eq.
The production of aboveground phytomass fixes an amount of 2687 kg/ha carbon in the equivalence of
9834 kg/ha CO: eq. At the cultivated surface level (4 ha) the total amount of fixed carbon was 34 ¢,
respectively 124 t CO: eq. The C/N ratio, on average 17.5, indicates an intense rate of decomposition of
organic matter.

Autumn gorse, defined as a fodder mixture of an annual autumn legume species (autumn gorse)
and an autumn cereal (wheat), has a participation ratio of 75/25. The relatively short vegetation period
of this fodder mixture does not negatively influence the carbon fixation capacity. This situation is due to
the biological particularities of the lequme in the mixture, a component with a high capacity to fix
atmospheric nitrogen. Thus, in the present case, fescue produces between 80-100 kg/ha of biological
nitrogen, which positively influences the photosynthetic capacity of plants and, implicitly, the capacity
to fix carbon.

Table 8. The amount of C-CO: eq captured through photosynthesis and fixed in the biomass of the
autumn gorse crop (15 ha)

Autumn Amount of biomass Chemical analyses Captured carbon C-CO2 eq |
gorsebiomass t/ha Total (t) | Ct(%) | Nt(%) | C/N | Kg/ha Total (t) Kg/ha Total
structure )
Biomass production 7,27 109 35,5 2,24 15,8 2581 38 (36%) 9446 139

Roots production 14,8 221 30,2 1,92 | 16,6 4470 67 (64%) 16360 245
Total 22,07 330 16,2 7051 105 (100%) 25806 384

The crop produces a quantity of 7. 27 t/ha and a double quantity of roots (14.8 t/ha). These
proportions are also directly correlated with the fixation of specific quantities of carbon. Thus, the
analyses carried out showed that the root system fixes a quantity of carbon of 4470 kg/ha (64% of the
total quantity of fixed carbon) in equivalence of 16360 kg/ha CO. eq. The production of aboveground
phytomass fixes a quantity of 2581 kg/ha carbon, only 36% of the total, in equivalence of 9446 kg/ha
CO: eq. The total quantity of fixed carbon in relation to the total cultivated area (15 ha) was 105 ¢, in
equivalence of 384 t CO: eq. The C/N ratio, on average of 16.2, indicates an intense rate of
decomposition of organic matter in the soil.

In the case of silage corn, the entire plant is used as animal feed, except for the root system. From
the data obtained in the field and presented briefly in table 9, it results that this crop fixes a significant
amount of carbon. Aboveground dry matter production fixes a quantity of carbon of 1683 kg/ha (56% of
the total), equivalent to 6160 kg/ha CO: eq. Root production fixes a quantity of carbon of 1351 kg/ha
(44% of the total fixed carbon), equivalent to 4945 kg/ha CO: eq. At the level of the area cultivated with
silage corn, a total quantity of 777 t of carbon is fixed, equivalent to 2843 t CO: eq. The C/N ratio is, on
average, 29.1, which indicates a decomposition of organic matter of medium intensity.

Table 9. The amount of C-CO: eq captured through photosynthesis and fixed in the biomass of silage

corn crop (256 ha)
Corn silage biomass Amount of biomass Chemical analyses | Captured carbon | C-CO2 eq |
structure t/ha Total (t) Ct (%) Nt(%) C/N Kg/ha Total (t) Kg/ha Total (t)
Biomass production 4 35 1114 38,7 1,37 282 1683 431 (56%) 6160 1577
Roots production 3,7 947 36,5 1,22 29,9 1351 346 (44%) 4945 1266
Total 8,05 2061 - - 29,1 3034 777 11105 2843
(100%)




Il. The amount of “net” carbon fixed and the general distribution of carbon fixed through
photosynthesis, at the level of the forage system

Photosynthesis is the most efficient way to take up carbon C-CO: eq from the atmosphere, being
characteristic of all plant species on Earth. The atmosphere has a surplus of approx. 300 Gt of carbon, of
which plants, through photosynthesis, capture approx. 125 Gt (42%), and another part is taken up by the
oceans. Also, plants return to the atmosphere, through respiration approx. 64 GtC/year (51%) and the
soil (considered the largest natural carbon storage pool) returns, also through respiration, another 62
GtC/year (49%). In this way, photosynthesis compensates for the emissions generated by the natural
agricultural ecosystem through absorption.

The agricultural ecosystem must compensate for the amount of carbon returned to the
atmosphere through plant respiration, by applying special measures:

- creation of varieties with a high photosynthetic capacity, which capture the largest possible
amount of carbon per unit area;

- application of bioeconomic technologies, which use energy sources with a low carbon content;

- application of conservative measures — minimization of mechanized soil work, permanent
covering of soils with organic substances (vegetable residues resulting from harvesting, soil cover crops),
increasing crop biodiversity (crop rotation with soil improving species aimed at increasing humus content,
phytosanitary protection, improving nutritional conditions and soil structure).

Studies conducted in the USA have shown a reduction in N2O emissions by 2 kgN/ha/year in the
corn-soybean rotation system. As part of the research conducted in this project, a study was also
conducted on the quantitative evaluation of the “gross” carbon returned to the atmosphere through
respiration and the determination of the amount of “net” carbon fixed in the plant. Following the studies
conducted, the losses of raw carbon captured and fixed through photosynthesis due to plant respiration
represent 15% of the aboveground biomass, respectively 30% due to the respiration of the root system,
microorganisms and the processes of decomposition and mineralization of organic matter in the soil.

Table 10. Calculation of the amount of "net" carbon following losses of "raw" carbon emitted through

plant respiration
Forage system structure | Raw C captured by Raw C—-CO: eq Returned C “Net” C fixed by “Net” C—CO: eq
photosynthesis returned by photosynthesis
breathing
Kg/ha | Total(t) | Kg/ha | Total(t) | Kg/ha | Total(t) | Kg/ha | Total(t) | Kg/ha | Total(t)
Aboveground | 2684 899 9823 3291 401 134 2283 765 8355 2798
Wheat biomass
grain U{’)de/’ground 1805 605 6606 2215 543 182 1262 423 4618 1547
(335 ha) biomass
Total 4489 1504 1642 5506 944 316 3545 1188 1297 4345
9 3
Corn Aboveground | 4139 621 1514 2273 519 78 3620 543 1324 1987
grain biomass 9 9
(150 ha) | Underground | 299 45 1094 165 92 14 207 31 757 113
biomass
Total 4438 666 1624 2438 611 92 3827 574 1400 2100
2 6
Barley Aboveground | 3358 335 1229 1226 504 50 2854 285 1044 1044
grain biomass 0 5
(100 ha) | Underground 2449 245 8964 897 734 76 1715 172 6276 628
biomass
Total 5807 580 2125 2123 1238 126 4569 457 1672 1672
4 7
Corn Aboveground 1683 431 6160 1577 251 64 1432 367 5241 1342
silage biomass
(256 ha) | Underground 1351 346 4945 1266 406 104 945 242 3458 885
biomass
Total 3034 777 1110 2843 657 168 2377 609 8699 2227
5
Alfalfa(7 | Aboveground | 3244 256 1187 937 487 38 2757 218 1009 797
9 ha) biomass 3 1
Underground 1024 809 3748 2961 3069 242 7172 266 2624 2073
biomass 1 2 6
Total 1348 1065 4935 3898 3556 280 9929 484 3633 2870
5 5 7




Gramineo | Aboveground 998 58 3653 212 150 9 848 49 3104 180
us biomass
(58 ha) Underground | 9029 524 3304 1918 2709 157 6320 367 2313 1341
biomass 6 7
Total 1002 582 3669 2130 2859 166 7168 416 2623 1521
7 9 5
Mixture | Aboveground | 2687 11 9834 38 404 2 2283 9 8356 33
(4 ha) biomass
Underground 5801 23 2123 85 1740 7 4061 16 1486 59
biomass 2 3
Total 8488 34 3106 124 2144 9 6344 25 2321 92
6 9
Sudan Aboveground | 2445 54 8949 197 367 8 2078 46 7605 167
Grass biomass
(22 ha) Underground | 4560 101 1669 367 1258 28 3302 73 1208 266
biomass 0 5
Total 7005 155 2563 564 1625 36 5380 119 1969 433
9 0
Autumn | Aboveground | 2581 38 9446 139 387 8 2194 33 8030 120
gorse biomass
(15 ha) Underground 4470 67 1636 245 1341 20 3129 47 1145 763
biomass 0 2
Total 7051 105 2580 384 1728 28 5323 80 1948 883
6 2
Total Aboveground | 2590 2639 9479 9659 388 395 2202 2243 8059 8212
1019 ha | biomass
Underground 4450 4534 1628 16596 1335 1360 31715 3174 1140 11617
biomass 7 1
Total 7040 7173 2576 26255 1723 1755 5317 5417 1946 19829
6 0

Following the analyses carried out on the quantitative assessment of the raw carbon captured and
fixed through photosynthesis, a series of values were obtained which, when systematized, processed and
interpreted, generated a series of conclusions presented in the table above (Tables 1-9). Table 10 presents
the total quantities of carbon (per ha and per entire cultivated area) associated with the 3 categories
studied, namely “gross” C, C returned through respiration and “net” C. The analysis of these data
highlights the following:

- the total amount of carbon captured and fixed at farm level is 7173 t, of which 2639 t (37%) is
found in aboveground biomass, respectively 4534 t (63%) at the level of belowground biomass. The
average for each cultivated ha is 7040 kg C/ha, of which 2590 kg/ha found within aboveground biomass
and 4450 kg/ha at the level of belowground biomass. The total value, expressed in CO: eq is 26255 t
CO: eq, with an average per ha of 9659 kg CO: eq at aboveground level and 16596 kg/ha CO: eq at
belowground level

- following the respiration processes in plants and soil, the total amount of carbon returned to the
atmosphere is 1755 t, of which 1360 t comes from underground biomass (77%) and 395 t (23%) from
aboveground biomass. The calculation per hectare highlights a total carbon loss, through respiration, of
1723 kg/ha, of which 1335 kg/ha from belowground biomass and 388 kg/ha from aboveground biomass.

- after calculating the difference between the total amount of raw carbon and the total amount
of carbon returned through respiration, the total amount of carbon fixed through photosynthesis was
obtained. In this regard, the data obtained show that at the farm level, on the total area of the forage
system (1019 ha), the total amount of net carbon is 5417 t (19829 t CO: eq), of which, in the
underground biomass we find the average amount of 3174 t (11617 t CO2 eq, 59%) and in the
aboveground biomass we find the amount of 2243 t (8212 t CO: eq, 41%). The average amount of net
carbon fixed per hectare is 5317 kg (19460 kg/ha CO: eq) of which 3115 kg/ha (11401 kg/ha CO: eq) in
belowground biomass and 2202 kg/ha (8059 kg/ha CO: eq) in aboveground biomass.

- long-term or short-term fixed and immobilized carbon at the level of the main production (grains,
phytomass, silage) and secondary production: 2.2 t/ha C (8.05 t/ha CO: eq) respectively a total quantity
of 2243 t (8209 t CO: eq) in proportion to 31.3%,

- long-term or short-term fixed and immobilized carbon at the level of roots, stubble, plant residues
and soil: 3.12 t/ha C (11.42 t/ha CO: eq) respectively a total quantity of 3174 t C (11617 t CO2 eq) in
proportion to 44.2 %,

- carbon fixed and returned to the atmosphere through plant-soil respiration: 1.72 t/ha C (6.3 t/ha
CO: eq), respectively a total quantity of 1755 t C (6423 t CO: eq), in proportion to 24.5%.
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Abstract

We propose mechanism accounting for the genesis of Saturn’s visible dense rings from the
ice bodies of the protoplanetary cloud. It shows how Saturn could create dense rings using its
gravitational and magnetic fields, Also we consider magnetic force leading to diamagnetic
expulsion. This force is acting together with the gravitational and centrifugal forces on the ice
bodies within protoplanetary cloud. The action of diamagnetic expulsion shifts the Kepler’s orbits
of icy bodies toward the plane of the magnetic equator, where the ice body energy is minimal.
Ultimately, every ice body acquires its stable orbit in the magnetic equator, and the net force
prevents radial and vertical shift of ice bodies. In our study all previous theories of the origin of
Saturn's visible dense rings are not questioned, we just added the action of diamagnetic expulsion
force which helps to shifts the Kepler's orbits of ice bodies toward their stable position in plane of
the magnetic equator which almost coincide with geographical one.

Unified Astronomy Thesaurus concepts: Planetary ring divisions (1253); Planetary rings (1254);
Saturn (1426); Solar system (1528); Astrophysical magnetism (102);

1. Questions about origin of Saturn’s rings and suggestions

We consider the origin of visible dense rings only, which consist of ice bodies ranging in size from
millimeter to meters [Kuiper 1949, 1-13].

We do not consider diffuse rings and dusty plasma, which have been studied with influence of
gravitational force, solar radiation pressure force, Lorentz force and drag forces [14-20].

Questions about the origin, evolution, and age of Saturn’s dense rings remain unanswered since
Galilei first saw them in 16 10. Maxwell (1859) proved that rings consist of separated parts, Kuiper (1947)
predicted that visible dense rings are made up of ice, and NASA Cassini probe (2004-2017) confirmed
that dense rings consist of 90%-95% water ice [2]

The well-known explanations of the emergence of Saturn’s rings are based on the ideas of a
gravitational defragmentation of a massive body that approached Saturn, tidal disruption of a comet,
etc. followed by the collision-induced collapse of the spinning cloud [21].

What is missing in the existing scenarios is how the sombrero disk of dense rings is so perfectly
made up at the equator of Saturn with extraordinary narrow flatness. The existing ideas poorly explained
horizontal and vertical stability of ice bodies in the visible dense rings, and their stability

If we compare the thickness-to-length ratio of a sheet of A4 paper with that of Saturn’s dense ring
system, then the relative thickness of the dense rings will be thousands times smaller. It is amazing that
such a thin icy disk of huge diameter hangs in outer space. The questions arise as to whether all possible
Saturn — ice bodies interactions in the planetary cloud have been taken into account in the previous
theories and whether a possible role of other interactions in the existence of the dense rings has not been
overlooked[2, 5].

Important fact is Cassini probe measured the ratio of deuterium and hydrogen isotopes for the ice
of Saturn’s dense rings and found it is the same as for the Earth’s ice [22]. From the infrared image taken
by the Cassini spacecraft, the temperature of Saturn’s visible dense rings vary from 70K to 110K, and it
is below 73K over the entire area of the rings at equinox. Ice XI that is stable below ~73K can be the main
polymorph modification of ice in Saturn’s dense rings and it is diamagnetic (Fig.1) [23] Thus, it is likely
that the ice bodies of Saturn’s dense rings have the same behavior like Earth’s ice XI [24]
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Fig. 1. Low-pressure and the low-temperature part of the phase diagram of ice X/ [23]

2. Origin of visible dense rings from the ice bodies of protoplanetary cloud

Let’s briefly explain our theory. We assert that the angular momentum conservation is not the only
reason for the collision-induced flattening of the spinning cloud of ice bodies around Saturn. Under the
additional action of Saturn’s magnetic field all the Kepler'’s orbits of ice bodies inside the planetary nebula
shifted to the plane of the magnetic equator. As a result, the cloud of ice bodies surrounding Saturn
ended up by collapsing into a disk with the ice bodies orbiting in the planet’s magnetic equator plane.
Thus, a host of bodies formed the disk-shaped system of visible dense rings. We need to solve problem
how, after the interaction of the magnetic field of Saturn with the diamagnetic ice bodies of Saturn’s
planetary cloud, all their orbits should come to the plane of magnetic equator and create a system of
dense rings. All the ice bodies must be eventually trapped inside a three-dimensional magnetic well in the
plane of Saturn’s magnetic equator [24-37].

We need to demonstrate how a cloud of ice pieces can collapse into a disk of dense rings (Fig.2).
To do this, we need to solve the problem of how Saturn’s magnetic field all Kepler’s orbits of diamagnetic
ice bodies of the planetary cloud under the common action of gravitational and magnetic fields of Saturn
fell onto the magnetic equator plane and created a system of dense rings.

®) @ -
(a) (b) (c)

Fig.2. Evolution of Saturn’s planetary cloud into disk-shaped dense rings after the emergence of
Saturn’s magnetic field and its interaction with ice pieces: from (a) — to (b) — to (c)

We use the Safronov’s theory of small nebula [37]. The approach to the mathematical solution of
this problem is based on the fundamental theory presented in. First, we solve the problem of diamagnetic
expulsion for one ice body, and then we apply it to solve the same problem for many ice bodies packed in
the Saturn's rings. This allows us to avoid the tedious study of the trajectories of the ice bodies and go
directly to explanation of observed phenomena in the dense rings system.

It is worthwhile to note that Saturn has a spherically symmetric gravitational field and an
axisymmetric magnetic field. First, we solved problem of magnetization of spherical ice bodies in the
external magnetic field, and then, by analogy, the solution was extended to a system of identical
uniformly magnetized ice bodies with constant number density in an infinite disk-like structure. The
equations of collisionless motion of magnetic ice bodies orbiting at a constant radius to the center in the
gravitational and magnetic field of the planet are reduced to the equation for the polar angle 6_, of

the orbiting ice bodies:

: : GM; 3Cuimgm, ,
f;_, + O5_, cotfs_, = ?cotas_p +m cotfs_, cos” bs._,
-p o i

(1)
where G =6.67430-10""" N-m?kg? is the gravitational constant, My =5.683-10%° is the mass of

Saturn, r,_, Is the radial distance between the centers of Saturn and the spherical piece, mg = 4.6 10"
T-m? is the magnitude of magnetic moment of Saturn [38], M o /s the particle mass, and C is the
Clausius-Mossotti coefficient for magnetic spheres, which depends on the piece environment.



The only singular solution of (1) is: 6,_, = 7/2. It accounts for essentially narrow planar structure

of Saturn’s visible dense rings and location of all ice bodies in the magnetic equator plane. The
relationship for the azimuthal velocity of the piece is:

Ps-p = \/GMS/rg_p + 3Cpgmgm,/(8n*rs_,M,)
(2)

Consequently, the diamagnetic expulsion of ice body in the cloud is weaker than that of ice piece
in a disk-like structure and that of a sole ice body. Because there are no constraints imposed on the nebula
radius, the environment factor can be infinitely great and the diamagnetic force vanishingly small. Thus,
the magnetic force acting on the ice bodies, in the evolution of the planetary nebula to the disk-shaped
system of dense rings, increases in magnitude.

Conclusions

We have started solving the problem of magnetization and, consequently, the potential energy of
a spherical ice body in the magnetic field of Saturn, and we use this solution to describe the dynamics of
ice body in the superposition of gravitational and magnetic fields of the planet. The solution of the
equations of motion in the gravitational field only yielded the angular velocity components whose ratio,
under an assumption of ice piece collisions occasionally happening, turned out to be extremely unlikely,
which speak against the purely gravitational approach to Saturn’s dense rings.

We demonstrated that diamagnetism of the ice bodies is responsible for the origin and stability of
dense rings. Magnetic field of Saturn is non-uniform. Its lines are concentrated near the poles and rarefied
in the plane of magnetic equator, which almost perfectly coincides with the geographic equator of
Saturn. All diamagnetic ice bodies in non-uniform magnetic field are going to be expelled into weak-field
areas, and this feature provides a minimum of the potential energy of visible diamagnetic ice bodies in
Saturn’s magnetic equator plane.
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Abstract

The purpose of this report is to analyze the corporate social responsibility of managers at the
modern stage and to search for ways of further development. The theoretical and methodological
basis of the research is the relevant publications, as well as Internet Resources, which reflect the
analysis and assessment of the practical experience of Georgia and the European Union countries.

The given theses discuss an importance of corporate social responsibility of innovative
management. The close connection of corporate social responsibility with the concept of
sustainable development is also presented. The positive aspects of corporate social responsibility
of managers of the 21st century are identified; Also, as a conclusion, priority directions of
corporate social responsibility of managers of innovative companies of Georgia and the European
Union countries are formulated.

Keywords: Manager, Corporate, Social, Responsibility, Innovative, Sustainable, Development.

Corporate social responsibility (CSR) refers to people and organizations that behave and conduct
Business in an Ethical Manner. By practicing corporate social responsibility, Managers become more
aware of their impact on society and the environment, and take the necessary steps to make a positive
contribution.

Corporate social responsibility is a strategy by which companies constantly compete with each
other and, as a result, achieve positive results for both Business and Society. Innovative companies are
constantly trying to maximize their responsibility to society at large and this trend is slowly gaining
momentum in Georgia. The CSR campaign is based on the main principle - Sustainable Development. This
contributes to the sustainable development not only of the company, but also of all its stakeholders.

In general, even among researchers and International Organizations, there is no clear consensus
on why a CSR campaign is important, although there is a general agreement that this is a Business model
that can minimize the Economic, Social, and environmental interests of an Innovative Company. The
results are partly reflected in the organization's performance. Corporate social responsibility, as a
mutually beneficial action for society and the company, is not a widespread practice in Georgia. CSR
strateqy defines a company's responsibilities and helps Management quickly determine which social
problems an Innovative Organization should address and how to address them. The first thing a company
does when defining a Marketing Plan is to establish Communication with the public, conduct research,
meet interested parties, and then decide on the areas in which it will take responsibility.

Corporate social responsibility is a valuable tool for Effective Communication with society, ensuring
stability, sustainable development and improving business reputation. The interests of society are the
basis for social business investments. Consumers are paying more attention to a company's social
performance, and potential donors are increasingly interested in corporate social responsibility programs
when choosing a donor. Organizations that are involved in social activities are more likely to donate than
donors.

As a result of the rapid expansion of the Global Market, Managers of Leading Georgian companies
have increasingly begun to include social responsibility in their development strategies. In recent years,
social responsibility has been developing in Georgia. It has evolved from a voluntary donation and
sponsorship to a strategic, comprehensive, sustainable and beneficial intervention for all. Managers of
innovative organizations are increasingly focusing on sustainable community programs and recognize an
importance of these actions in building a competitive edge.


https://orcid.org/0009-0004-2899-3988

The only way to achieve a lasting project is through a genuine corporate social responsibility, not a
one-time charity event. In the 21st century, consumers set high standards for business. Today, they
demand more from business than just Economic Benefits. Since companies have analyzed the need for
corporate social responsibility, they have been implementing different activities in different directions.
This is the goodwill and ethical action of the company, through which it is possible to contribute to solving
the Social, Ecological and Economic problems existing in the country. At the same time, companies care
not only about satisfying the needs of their own customers, but also take into account the expectations
of other people. According to the concept of social responsibility, the goal of a Manager is not only to
maximize profits or shareholder returns, but also to protect the interests of other members of society,
such as Talent, Consumers and Society as a whole.

Companies that have taken on social responsibility are more trusted by consumers, it can create a
company's image, Employee morale increases, which in turn leads to greater productivity. Practice has
shown that innovative companies that have taken on social responsibility have increased sales, achieved
operational cost savings and have a greater ability to retain Human Resources. This is a way to achieve
sustainability. Its basic principles, such as accountability and transparency, can ensure the long-term
viability and success of any organization or system. Companies that have taken on social responsibility
are less affected by scandals, rumors and other events that can damage the company's reputation.

Corporate social responsibility is based on the voluntary principle of responding to social problems
in society and is not defined by applicable legislation or regulatory measures. Today, corporate social
responsibility is gaining increasing importance. The surveyed Managers believe that the impact on
increasing business social responsibility is real, has great importance and will grow, despite some
resistance from ordinary Human Resources to the participation of an innovative company in social
programs due to the demands for greater profit and revenue growth.

Significant charity work was carried out in the last century and is still carried out by Georgian
businessmen in the fields of Education, Science, Culture and Sports. Therefore, innovative organizations
should direct part of their resources and efforts to the benefit of local communities in which the company
and its subdivisions operate. It is also worth noting that not only large organizations can assume social
responsibility. If a company cannot conduct its business profitably, the issue of social responsibility
acquires primarily an academic character. But be that as it may, innovative organizations need to conduct
their affairs in accordance with public expectations. In other words, social responsibility for a company
means more than just philanthropic activities.

The social responsibility of a company, first of all, as stated in the current theses, implies
compliance with existing social, economic and environmental laws and, on this basis, the assumption of
additional, voluntary obligations. And in countries where the law does not establish minimum social and
environmental standards, a responsible company needs to be guided by generally recognized
international norms. Corporate responsibility is an integral part of the company's core business activities,
and not an additional activity for the purpose of marketing or PR communication. It is an innovative
method of doing business that involves taking into account social and environmental issues, both in
business strategy and in all components of the company'’s activities at the level of implementing policies,
Management Systems and Programs.

Corporate social responsibility is closely related to the concept of sustainable development. Since
sustainable development includes Economic, Social and environmental goals recognized and shared by
all mankind, its concept reflects the expectations and demands of society, which responsible companies
must take into account.

Therefore, corporate social responsibility is an essential concept for business, through which the
Management of an innovative company contributes to sustainable development and, of course, has a
positive impact on society. By implementing a successful CSR strategy, innovative companies can
strengthen their reputation, establish more effective relationships with stakeholders, as well as attract
and retain customers and, of course, receive Financial Benefits.

The development of a corporate social responsibility strategy by the Management of an innovative
company and the planning of activities in this direction are profitable for both the business and its
employees and customers.

Conclusion: Thus, the ultimate goal of corporate social responsibility is to promote sustainable
development by the company's Management and contribute to the achievement of its goals.

Today, corporate social responsibility is a much broader concept than charity, sponsorship and
philanthropy. However, they are considered as components of CSR.
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For Managers of Innovative Companies in Georgia and the European Union, the priority areas of
corporate social responsibility should be: Education, Employment, Business, Women's Empowerment,
Environmental Protection and Support for Innovations.
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Abstract

The article examines the qualification aspects of the interaction between labor market
supply and demand in a regional context, using the Karaganda region as an example. Key factors
influencing the labor market structure, including demographic, economic, and institutional
aspects, are analyzed. Special attention is paid to the issue of qualification mismatch and methods
for its elimination. The study presents data on the current state of the labor market in the region,
trends in its development, and prospects for improving the workforce training system.

The paper reviews the main theoretical approaches to labor market analysis, including
classical, neoclassical, and institutional theories. An analysis of existing problems related to the
imbalance between labor demand and workforce qualifications is conducted, along with
recommendations for improving labor market efficiency. The obtained results can be used in the
development of employment strategies and educational programs aimed at adapting the
workforce to changing economic conditions.

AHHOMauus

B cmambe paccmMampusaromca KBaaupuUKayUoHHbIe ocobeHHocmu B3aumodelcmBsus
CNPOCA U NPeOJIoHeHUS Ha pbiHKe Mpyod B8 pe2uoHaIbHOM dcnekme, Ha npumepe KapazaHouHcKol
obaacmu. AHAIU3UPYHOMCA K/oYeBble pakmopbl, B/USHOULUE HA CMPYKMYPY PbIHKA Mpyod, 8 MOM
yucse 0emo2paguyeckue, 3KoHOMUYeCcKue U UHCMUMYUUOHAIbHble. Ocoboe BHUMAaHue yoesnsaemcs
npobsieme KBAAUPUKAUUOHHO20 HecoomBemcmaUs, d MAkxe MemoddM e20 YCmpaHeHus. B
pabome npedcmassieHbl 0aHHbIe 0 MeKyWemM COCMOSHUU PbIHKA MPyod B peauoHe, MmeHOeHUUSX
e20 pasBUMUS U NepPCNeKmMuUBAax COBEPUIEHCMBOBAHUSA CUCMEMbI NOO20MOBKU KAOPOB.

PaccmompeHb! 0CHOBHbIe meopemuyeckue nooxoob! K U3YYeHUHo pbIHKA mMpyod, BKIHYAA
K/IACCUYeCKyro, HeOKIAcCuyeckyro U UHCMUMYYUOHA/IbHYO meopuu. [lposedeH aHaau3
cywecmsyrouux npobsieM, CBA3AHHbIX C OUCOAIAHCOM Mexdy CNpoCcoM Ha paboyyro cuiy u
Ksanugukayueld pabomHUKOB, a Makxe 0aHb! peKomMeHoauuu No NOBbIWLEHU 3¢pekmuBHoOcmuU
pbiHKa mpyoda. [lonydyeHHble pe3ysabmamsl mMo2ym Obimb UCNO/Ib308AHbLI NPU  pa3pabomke
cmpameaud 3aHAMOoCmU U 06pazoBameJibHbIX NPO2PAMM, HANPABJIeHHbBIX Ha adanmauuro paboyel
CUJTbI K UBMEHSIFOULUMCA SKOHOMUYECKUM YC/TOBUSIM.

Keywords: labor market, supply and demand of labor force, qualification mismatch,
demographic factors, state employment policy, professional retraining, Karaganda region.



Knrovesble c/ioBa: pbiHoK mpyod, CNpoC U NpedsioxeHue paboyel Cu/ibl, KBAUPUKAYUOHHOE
HecoomBemcmaue, demozpaguyeckue Gakmopsbl, 20Cy0apCMBeHHAs NOJAUMUKA 3dHSIMOCMU,
npogeccuoHabHas nepenod2omosKd, KapazaHouHcKas obacme.

CoBpemeHHbIlU pbIHOK mpyda npemepnesaem 3HA4YumesibHble U3MeHeHUss Noo BJIUSHUEM
yugposusayuu, asmomamusayuu u 2robanusayuu. [ns ycnewHo2o GyHKUUOHUPOBAHUS 3KOHOMUKU
peauoHa BaxHo, 4Ymobbl CNPOC HA paboqyro Cusly COOMBEMCMBOBA NPEOVJIOMEHU HEe MOJIbKO
KOJIUYeCmBeHHO, HO U KadyecmseHHo. B KapazaHOuHckol obnacmu, Kak U BO MHO2UX Opyeux
NPOMBIWIEHHBIX PeuoHax, Habsrooaemcs paspbis mexody nompebHocmamu pabomodameneld u
YPOBHEM  KBa/ugukayuu Kaopos. ImMo npusooum K pocmy cmpykmypHol 6e3pabomuubl U
Heo03a2pyx#eHHOCMU NPOU3BOOCMBEHHbIX MOUJHOCMEU.

AKMyasbHOCMb MmeMbl 06YC/108/1eHa HeobXo0UMOCMbO pa3pabomKu 3¢peKkmuBHbIX MEXAHU3MOB
cbanaHcuUpoBaHusi CNPoca U NPeosIoXeHUs Ha pbiHKe mpyodd, a makxe Bbipabomku cmpameaull
NpogeccuoHanbHo20 0by4YeHuUs U NepekBaaupuKauyuu Kaopos.

PbiHOK mpyoda npedcmassisem cobol C/IoxcHyr cucmemy, 20e s3aumodelicmsyrom pabomodamesnu
U pabomHuku. E2o ¢GyHKUUOHUPOBAHUE 0OBACHAEMCS PAs/IUYHbIMU MeopemuyeckumMu Nooxodamu,
KaxObIld U3 KOMOPbIX (OKYycupyemcsa Ha onpeoesieHHbIX acnekmax @opMupoBaHus cnpoca u
NPeOsIOHEHUS], pe2yIupoBaHUS 3aHSIMOCMU U BUSHUS BHEWHUX (pakmopos.

Knaccudyeckass meopusi paccmampusaem pbiHOK mpyoda Kak camopeaysupyemyro cucmemy, 2oe
pasHosecue odocmueaemcsa 3a cyem eubkocmu 3apabommwbix naam. OOHAKo 3mom NooxXo0 He
Y4umbIBaem  UHCMUMYYUOHA/IbHbIE U COUUA/IbHbIe  6apbepbl, Mmakue Kak 20Cy0dpCmBeHHOe
pe2y/iupoBaHue, NpogCcoro3bl U BAUSHUE MexHOoMoeul. Heoknaccudeckas meopusi akyeHmupyem
BHUMAHUE HA 3HAYUMOCMU YesoBedyecko2o Kanumana. ObpadzosaHue, onbIM U KBAIUGUKAUUs
onpeoesigrom KOHKYpeHmocnocobHocms pabomHuka. Co2/1acHo 3momy NOOX00Y, BJIOXEHUS 8 pa3sumue
COMPYOHUKOB NOBLILLAKOM UX 00X00 U WAaHCkbl Ha mpydoycmpolicmso. OOHako docmyn K 06pa3oBaHuUto
U BO3MOXCHOCMSAM NPOGEecCUoHasbHo20 pocma He Bce20da pasHOMEPHbIU. Teopusi 0yanbHO20 PbIHKA
mpyoa oesum pPbIHOK HA NepBUYHbIU (CMabusibHble, BbICOKOONA4YUBAeMble paboyue mecma) u
BMOPUYHBIL (HU3KOONIAYUBAEMbIE, C BbICOKOU meKy4Yecmbto Kaopos). B KapazaHouHckol obnacmu
Habodaemcs ducbanaHc Mexcoy KBa/IUGUUUPOBAHHBLIMU cheyuasucmamu u
HU3KOKBAUPUUUPOBAHHBIMU pAbOMHUKAMU, YO 02paHu4usaem couuaabHyro mobuisHocms[1].

CoBpemeHHble  NoOXo0bl  Y4UMbIBAOM  BAUSHUE — YugposBuU3ayuu, asmomamuzayuu U
UCKYCCMBEHHO20 UHMes1ieKma. TexHo102uu COKpauiarom cnpoc Ha pymuHHbIe npogeccuu, Ho co30arom
HoBble paboyue mecma 8 IT, pobomomexHuke u aHaau3e 0aHHbIX. [ubkue ¢opmbi 3aHAIMOCMU, Mmaxkue
Kak ¢punaHc u paboma Yepes yugpossie naameopmsi, CmaHo8ImMcs Bce bosee BocmpebosaHHbIMU. Hu
00Ha u3 meopuli He daem nNoJIHO20 0OBACHEHUS BCeX NPOUECCOB HA pbiHKe mpyoad. Knaccuvyeckas u
HeoK1accu4eckass KOHUenyuu NOoMOo2arom NOHSMb 00J120CPOYHbIE MEXAHU3Mbl, HO He Y4umbIBArom
B/IUSHUE UugpoBU3auUU. Teopusi 0ya/ibHO20 PbIHKA OObSACHSIem COYUA/bHbIe pPAa3/iudus, HO He
ompaxcaem BJIUSHUE HOBbIX MexHosao2ul. CoBpemMeHHble UCCIe00BAHUS NO3BOJISHOM AHA/IU3UPOBAMb
BJ/IUSIHUE ABMOMAMU3ayuu, Ho mpebyrom adanmauuu K peauoHasibHbIM 0CObeHHOCMAM. IS U3y4eHus
pbiHKa mpyoda KapazaHouHcKod obiacmu Heobxo0umo y4umsiBams COYemMaHue Bcex meopemuyeckux
nooxo0os, ocoboe BHUMAHUe yoesiasa KBaaupukayuoHHoMy oucbaiarHcy, asmomMamu3ayuu u aoanmayuu
paboyeli Cusibl K HOBbIM YCJI0BUSIM 3KOHOMUKU [2].

CoBpemeHHble UCCIe00BaHUS NOOYEPKUBAOM BJIUSHUE UHHOBAUUU U MexHosa02ull Ha pbIHOK
mpyoda. Tak, X. Bnadumupos 8 pabome «Mediating Role of Innovations as a Factor of Firm’s
Competitiveness» (2021) omme4aem, 4mo UHHoOBayuu He  MOoJIbKO noBbILArom
KOHKYpeHmocnocobHocmb npednpusmud, HO u mpebyrom om pabomHUKOB HOBbIX KomMnemeHyud,
MAakux Kak Yugposble HasbiKu U adanmuBHOCMb. 2Mom Nooxo0 NPUMeHUM K KapazaHOuHCcKou obaacmu,
20e NPOMbIUIIEHHbIE OMPAc/u BCE bo/ibWe 3aBUCSM OM ABMOMAMU3AUUU U Yudposu3ayul, 4mo
yeunusaem nompebHOCMb B KBA/IUGUYUPOBAHHbBIX KAOPAX.

®dakmopesl, BausOWUE HA pbIHOK mpyda KapazaHouHckol obaacmu. [is aHanusa ocobeHHocmed
cnpoca u npeosioxceHus paboyel cusbl 8 KapaeaHOuHCKoU 061acmu BaxHO Yy4UMbIBAMb PA0 KJIHOYEBbIX
akmopos, 0OCHOBAHHbIX HA KOHKPEMHbIX CMAmMUCMUYecKux 0aHHbIX U IKOHOMUYECKUX NOKA3amesisix.

JKOHOMUYeCcKass CmpYKmypa peauoHa uepdaem Oonpeoesisiowyo posib B GHOPMUPOBAHUU
3aHsmocmu. KapazaHouHckas 0b1acme S1B8/ISemcsi 00HUM U3 KpYnHeUwUx NPpOMbIUL/IeHHBIX UeHMPOoB
Kazaxcmara. 1o daHHbiM 202 1 200a, HacesneHue pe2uoHa cocmassigem oKoJ10 1,3 MUIIUOHA YesioBek, a
e20 BK/1a0 B BA/I0BOU pe2uoHasibHbIl Npodykm docmuzaem 5,8% om HAUUOHA/IbHO20 YpPOBHS. B



NPOMbILW/IEHHOCMU  OOMUHUPYHOM  20pHOO0bbIBAOWAS OMPAC/b, MEemAsniypeus, 3HepeemuKkd U
mawuHocmpoeHue.  [opHodobkIBarouwas  NPOMbILIEHHOCMb — obecneyusaem  35-40%  Bce2o
NPOMBIWIEHHO20 NPOU3BOOCMBA, B Hell 3aHImMo okosio 120—130 meicad pabomHukos. Memasypaus
3aHumaem 25%, yumo coomsemcmayem 80-90 mbicsyam paboyux mecm. B sHepeemuke 3a0edcmBoBaAHO
okosio 70-80 mebicsiq YesioBek, a B mMawuHocmpoeHuu — 40-50 mebicsy. Hecmompsi Ha BbICOKYHO
KOHUeHMPauuro NPOMbIWIeHHbIX npednpusmudl, B8 psde ompacield Habarwooaemcs odeguuum
KBaAuGuUUUPOBAHHbLIX KAOPOB, 0COBEHHO B MEXHUYECKUX cneuyuanbHocmsx [3].

Jlemozepaguyeckas cumyayusi 0Kasbisaem 3Ha4umesibHoe BUsSHUe HA PbIHOK mpyod. B peauoHe
HacyumaIiBaemcs 0KoJ10 650 mbicay Yyeso8ek mpyodocnocobHO20 B03pACMA, YmMo COCMAB/ISem NOJI0BUHY
Bce2o HaceneHus. OO0Hako pocm 0dosiu auy cmapuie 60 sem Cokpaujaem KoJiu4ecmso MoJI00bIX
cneyuanucmos, 0ocmynHbix 0189 pabomsi. OMMOK MO00bIX CNeyuadsucmos 8 CMOJIUYHbIe 20p00d
Kazaxcmara, makue Kak Hyp-Cyaimar u Aamamei, ycuausaem npobiemy kaoposo2o deguuuma. o 10—
12% BbINYCKHUKOB MEXHUYeCKUX BY308 pe2uoHd npednoyumarom mMuepayuro 8 NOUCKAx JIy4wux ycao8ul
pabomel. B mo e Bpems Habirodaemcs yseudeHue Yucaa Npuesdux pabomHUKOB, HO B8 OCHOBHOM HA
HeKBa/upuUUUPOBAHHbLIE NO3UUUU, 4YMO He pewaem npobsemMy Hexsamku KBaiuduuupoBaHHoO20
nepcoHana.

KBanugpukauuoHHble  xapakmepucmuku paboyeld cusibl  BbiSBASOM  OUCOANAHC — Mexoy
cmpykmypol Nno02omosKU Kaopos U nompebHoCmAMU 3KOHOMUKU. B KapazaHOuHckol obraacmu
owywaaemcss  0epuyum  UHMEHepHbIX U  MEeXHUYeckux Cneyuasucmos, ocobeHHo B cpepe
asmomamusayuu, mawuHocmpoeHus u IT. [lo ouyeHkam pabomodamernel, HexBamKka mMakux Kaopos
cocmasngem 20-25%. O0HospemeHHo ¢ 3mum Habirodaemcs nepeuzbbimoK cneyuaaucmos 8 cepax
3KOHOMUKU, HopUCNPYOeHuUU U ynpassieHus, Ymo co30aem BbICOKYH KOHKYPEHUYUIO U CHUX(aem YpoBeHb
3apabomHbix naam. Tonbko okoao 30% pabomHukos8 umerom 00Cmyn K NPO2PAMMAM NOBbILEHUS
KBasugukauyuu, 4mo 02paHu4usdaem ux BO3IMOXCHOCMU ddanmayuu K U3MeHeHUsM Ha pbiHKe mpyoa [4].

VIH@pacmpykmypHble U UHCMUMYYUOHA/IbHbIE YC/I0BUS MAKXe OKA3bIBAOM BIUSHUE HA PbIHOK
mpyoa. B pezuoHe deticmsyem 6 8y308 u 10 Kosnedxced, 00Hako ulub 40% u3 HuUX compyoHu4arom
npeonpusimusiMu 0715 0p2aHU3ayUU NPAKMUYECKUX CMAaiupoBOK, YMOo CHUMXAem Ka4eCcmBo N0020MOoBKU
BbINYCKHUKOB. Pe2uoHasbHble Npo2paMmbl 3aHSMOCMU, Makue Kak cybcuouposaHue paboqux mecm u
Hasno208ble 1b20Mbl 019 npednpusgmudl, UHBECMUPYOWUX B8 NO020MOBKY KAOpos, OXBAMbIBAOM
NPUMEPHO NOJI0BUHY Op2aHu3ayul obsacmu. B ycioB8usX 02paHU4YeHHO020 GUHAHCUPOBAHUS pA3BUMUe
dyasibHo20 06pA30B8aHUS U CUCMeEMb] HACMABHUYeCMBA OCMAeMCs Ha HU3KOM YpOBHe —moJibko 15-20%
CMYyO0eHmMOoB NOJIy4arom BO3MOMHOCMb 0OYYeHUS 8 PAMKAX MAKUX NPO2PAMM. AHAIU3 (HAKmMopos,
B/IUSHOUUX HA PbIHOK mpyoa 8 KapaeaHOuHckol obnacmu, nokasbiBaem, 4Ymo e2o0 OUHAMUKA
onpedesifsiemcs SKOHOMUYECKUMU, 0emMoz2padudeckumu, KBAaUuPUKAYUOHHBIMU U UHCMUMYYUOHAIbHbIMU
yenosusamu.  OCHOBHbIE  OMPAC/IU  3KOHOMUKU  Mpebyrom  HAAu4us BbICOKOKBAIUPUUUPOBAHHBIX
Cneyuaaucmos, 00HAako 0emMo2pagduyeckue Bbi308bI U MUSPAUUOHHbBIE NPOUECCh ycy2ybigrom npobiemy
kadposozo deppuyuma. Kpome moeo, Hecoomsemcmaue CMpPyKMypbl NO020MOBKU KAOPOB pedsibHbIM
nompebHocmsm busHeca ycunusaem 0ucbanaHc mexody CnpocoM u npedsioxceHuem paboyel Cusibl.
O2paHu4eHHOCMb  NPo2PaMM  NPOGECcCUOHAIbHOU — NepenodeomoskKu U ciabas — uHmezpayus
obpazosamesibHbIX yupexcoeHul ¢ bU3HECOM MAKXe CHUMXAarom 3¢pekmuBHOCMb pbIHKA Mpyod. Imu
0aHHble ABNISOMCS 0CHOoBoOU 0719 paspabomku cmpameautl No YJIyYweHUuro Cucmembsl No020mMoBKU
Kkadpos, adanmauuu paboyel Cusibl K UMEHSIOWUMCH 3KOHOMUYECKUM YCA0BUSM U NOBbILIEHUO
3¢ppekmuBHoCcMU pbIHKA Mpyda 8 pecuoHe [5].

VIHHOBAUUOHHAA AKMUBHOCMb Npeonpusamull mMakxe B/ugem Ha cnpoC Ha paboyyro cusy.
CoenacHo X. Bnaoumuposy u A. Yunesamcy («Hotel innovations and performance: the mediating role of
staff related innovations», 2018), uHBecmuuuu B8 oby4yeHue NepcoHasna U BHeOpeHue UHHOBAUUU
NoBbILLAM NPoU3BOOUMeE/IbHOCMb mpydad. B KapazaHouHckol 0b1acmu 3mo 0CobeHHO akmyasibHO 0715
20pHoOdobbiBarowel u memasnypeudeckol ompacnaed, 20e asmomamusayus mpebyem om pabomHUKOB
HOBBbIX MeXHUYecKux komnemeHyud.

lpobnema KBaIUPUKAUUOHHO20 HECOOMBEMCMBUS HA PbiHKe mpyoda KapazaHouHckol obiacmu.
O0HoU u3 Haubosee ocmpbix Npobnem pbiHKa mpyoda KapazaHouHckold obnacmu  as8asemcs
Hecoomsemcmaue KBaA/juduKauuu BbINYCKHUKOB 06pa3oBamesibHbIX Y4pexcoeHul mpeboBaHusm
pabomodamersied. Imo co3daem 3Ha4yumesibHbIl ducbanaHc mexcdy cnpocom Ha paboyyro cusy u ee
nNpeosioxceHuemM, 4mo npusooum K cmpykmypHoU bespabomuue u Hedo3aHIMOoCMU.

MpuquHbl KBAIUPUKAUUOHHO20 HecoomBemcmaus. [lepsoll npuyuHOU AB/9emcs OMmCcmasaHue
y4ebHbIX Npo2pamMm Om CoBpemeHHbIX nompebHocmell pbIHKA mpyod. By3bi U KoJ1eou pecuoHa
NPOO0JIHXAKM 20MOBUMb CNEYUAIUCMOB NO YCMAPesWUM Yy4ebHbIM NJIAHAM, KOMOPble He Y4UmbIBarom



OUHAaMUYHble U3MeHeHUSs B SKOHOMUKe U pa3sumue 4ugpossix mexHoao2ud. [1o daHHbIM MuHucmepcmaa
obpasosaHus Kaszaxcmara, sauwb 30-35% npoepamm B MEXHUYEeCKUX BYy3ax COOMBEemMCMBYHM
akmyasbHbiM mpebosaHusam pabomooamernel. Hanpumep, 8 KapazaHouHckold obiacmu HedoCmamaoyHo
Y4ebHbIX KYpcos NO asMOMAmMu3UpOBAHHOMY NPOU3BOOCMBY, NPO2PAMMUPOBAHUK U Uudposomy
MOOesIupOBAHUI, HECMOMPS HA BbICOKUU CNPOC HA MAKue KoMNemeHUuuU 8 NPOMbILLIEHHOCMU.

Bmopas npuduHa — HeooCMamoyHoe COMPpYOHUHeCmBo Mex0y y4ebHbIMU 3aBe0eHUsMU U
npeonpuamusaMU. B peauoHe delicmayem 6 yHusepcumemos u 10 Kosedxel, 00HaKo moJibKo OKOJI0
40% u3 HUX UMerom NApPMHEPCKUe NPO2PAMMbI C NPOMbIULIEHHBIMU NPeONpUSMUSMU. Mo NpuBooum K
MoMy, YmMO BbINYCKHUKU NOJY4arom Heo0oCMAamoyHO NPAKMUYECKUX HABBLIKOB, YMO CHUXaem ux
KOHKYpeHmMoCcnocobHOCMb HA pbiHKe mpyoa. Hanpumep, no 0aHHbIM onpocos pabomooameried,
nposedeHHbIx B 2022 200y, 65% BbINYCKHUKOB MEXHUYeCKUX BY308 UCNbIMbIBAIOM CAOXHOCMU C
mpyooycmpolcmBOM U3-3a HEXBAMKU NPAKMUYECKO20 ONbIMA.

Tpembs NpUYUHA — HU3KAS NONY/IIPHOCMb MEXHUYeCKUX cneyuasbHocmell cpedu Mosooexcu. B
nocnedHue 200bl Habsrooaemca meHOeHyus K pocmy Yucad CmyoeHmos, 0by4aroujuxcs no
HANPasaeHUsM «3KOHOMUKA», «HOpUCNPYOeHUUsI» U «20CydapcmBeHHoe ynpasseHue». B mo e Bpems
UHMepec K UHIeHepHbIM, CMpoumesibHbiM U IT-cneyuasisHOCMaM oCcmaemcs HedoCcmamoYHbIM. 10
0aHHbIM MuHucmepcmsa mpyada, 8 2021 200y mosbko 18% abumypueHmos Bbibpanu mexHuYyecKue
cneyuasbHOCMU, B MO BPeMs KAk B 3KOHOMUKE U FopucnpyoeHuuU 3mom NoKasamesis Cocmasusi bosee
35%. Takas ducnponopyusi cozdaem u3bbIMOK CNeyuasucmos 8 2YyMaHUMApHbIX cepax u Hexaamky
Kaopos B8 Cmpame2uyecKu BaxHbIX 0OMpPAc/IsSX NPOMbIUIEHHOCMU.

Yemsepmass nNpuyuHa — 02paHu4yeHHbId 0ocmyn K NPO2PAMMAM  NPOGecCUOHaIbHOU
nepeno020mMoBKU. B ycioBusx 6bICmpo2o pazBumusi mexHono2ul MHo2uM pabomHUKam Heobxooumo
06HOB/IIMb CBOU 3HAHUS U OCBAUBAMbL HOBbIe KoMnemeHyuu. OO0HAko B8 KapazaHouHckol obnacmu
mosibko 30% mpyoocnocobHo20 HacesneHus umerom 0ocmyn K NPoepamMmam nepeksanupuxkayuu. is
CpasHeHusi, B CMpaHax Esponelicko2o coro3a 3mom nokazamesib docmueaem 50-60%. OepaHu4yeHHble
BO3MOXCHOCMU NPOGPECCUOHAIbHO20 0bYYeHUs 3ampyoHaom adanmauyuro pabomHUKOB K U3MeHeHUS M
Ha pbiHKe mpyoa u NOBLILUArOM PUCK UX YBOJIbHEHUS [6].

Pacnpepenexsve GakTopoe KBAaNMPUKAUMOHHOIr0 HECOOTRETCTBNR
Ha pbiHKe Tpyaa KaparadnavmHckow obniactu

Or PAHWUNEHHBIE NPOTPAMME NEPENOArOTOBKW

Crpyxrypras beapaborvua

MeperibuTox rymannTapues

HepoiIanaTO T,

HNedmunuT Tex. cneynanncroa

PucyHok 1 — PacnpedenieHue pakmopos KBaaupukayuoHHo20 HeCOomBemcmaUs Ha pbiHKe mpyoa
KapazaHouHckol obracmu

lMocneocmaus  KBAUPUKAYUOHHO20 HEeCoomBemCcmBuUs.[1aBHbIM — nocsedcmauemM — 0aHHOU
npobniembi 58/15eMCcs1 cmpykmypHas 6e3pabomuya. B KapazaHouHckol obaacmu no 0aHHbiM 2022 200a
yposeHb bezpabomuubl cocmasssem okoso 4,8%, 00Hako cpedu mosiodexcu (8 sospacme 18-29 nem)
amom nokasamesib docmuzaem 8,2%. [lpu 3mom B psde ompacied Habaooaemcs Oegpuyum
cneyuasaucmos. Hanpumep, B 20pH000bbIBaroulell NPOMbILLIEHHOCMU U Memasaypeuu He xaamaem
nopsoka 15-20% keanugpuuyuposarHHbIx pabomHUKOB, 8 MO BpeMs KaK Ha PbIHKe Mpyoa npucymcmayem
u36bIMOK 3KOHOMUCMOB, HOPUCMOB U MeHeoxepos. Mo 03Ha4yaem, Yymo pabodyue mecma ecms, HO
pabomodamesiu He Mo2ym Halmu Cneyuasucmos ¢ Heobxo0UMbIMU HABbIKaMU.py2um Nnociedcmauem



AaB/1semcsa Heoo3aHAMOCMb, K020a PAbOMHUKU BbIHYXOeHbl Mpyooycmpausamscs He no csoel
cheyuasbHOCMU WU 3aHUMAmb MeHee KBAauduuuUpoBaHHbIe 0oaxHocmu. Hanpumep, 8 2021 2ody 24%
BbINYCKHUKOB BY308 Kapaz2aHouHckolU obnacmu 6biiu BbIHYXOeHbl UCKamb pabomy B8 cpepax, He
CBS3AHHBIX C UX obpaszoBaHuem. OCObeHHO 3MO Kacaemcs 2yMaHUMmApHbIx cneyuasnbHocmed,
BbINYCKHUKU KOMOPbIX 4ACmOo YCMPAuBarOmcs 8 MOP2OBJI0, CPepy O0OCAYIUBAHUS UIU OPUCHYHO
aOMUHUCMPAyUL, HECMOMPS HA HA/IUYUe BbICLIE20 06pA30BAHUS.

Hedo3aHamocmb makxe npusooum K Heo00CMAamoYyHOMY UCNOJ/Ib30BAHUKD Yesl0Be4ecKo2o
Kanumana. BbinyckHUKU BY308, pabomaroujue He no cneyuaabHOCmu, CMaakusaromcs ¢ bosee HU3KUMU
3apnIamamu U 02paHUYeHHbIMU BO3MOXCHOCMAMU KApbepHo2o pocma. 1o cmamucmuke, cpedHull
YPOBeHb 3apn/iambl B8 MEXHUYECKUX U UHX(EHEePHbIX NPOGECcCUsIX B pe2uoHe cocmassisgem okoso 350-400
MbICSY MeHze, mo20d KAk BbINYCKHUKU 2yMaHumapHbIX cneyudsbHocmed, pabomarowjue He no
npogeccuu, 3apabamsisarom B8 cpedHem 200-250 mbeicay meHee. Mo CHuUxaem MomuBayuro
MOJI00eX#CU K NOJIYYeHUro 06pasoBaHusi U NOBbIWEHU KBanudukayuu.flpobrema KBanupuKayuoHHo20
HecoomsemcmaBus 8 KapazaHouHckol obnacmu mpebyem KoMNIeKCHO20 pelleHus, BKIH0Yaroue2o
MOOEpHU3auU y4ebHbIX Npo2pamm, pacluupeHue NApmHepCKux cssazel mexdy obpazosamesibHbIMU
yupexcdeHusmMU U npednpusmuUsaMU, NONYJISPU3AUUKD MEeXHUYecKux npogeccul cpedu mosodexu u
pazsuMuUe NPo2pamMm NepekBasudukayuu. bez ycmpaHeHus 3mo2o 0ucbanaHca pbiIHOK mpyoad pe2uoHa
NPOOO/IXUM CMAJIKUBAMbLCS C HexXBamkou KBAsUGUUUPOBAHHBIX KAOPOB U POCMOM CMPYKMYypPHOU
6espabomuubi[7].

Cnocobbl ycmpaHeHus oucbanaHca Ha peiHKe mpyoa/ina obecnevyeHus 3¢gekmuBHo2o
B3aumodelicmaus CNpoca U NPeosIoXeHUs Ha PbIHKE mpyoa He0bXo00UMO BHEOPSMb KOMNJIEKCHbIE Mepbl,
HanpasJieHHble  HA — YCMPaHeHue  KBAJIUPUKAUUOHHO20 — HecoomBemcmsus,  NOBbILEHUE
KOHKYpeHmocnocobHocmu pabomHUKOB U adanmauuro cucmembl NOO20MOBKU KAOPOB K peasibHbiM
nompebHOCMAM 3KOHOMUKU. Y4umbisas ocobeHHOCMU pbiHKAa mpyoa KapazaHouHckol obiacmu,
KJIIOYeBbIMU  HANPAB/IEHUAMU  pewieHusi 0aHHoU npobsiemMbl SBASHOMCS MOOepHU3ayuUs CUCMeMbl
06pa3oBaHus, pasBumue NPopeccuoHasbHo20 0bydeHus, 20CY0apCmBeHHoe pezysiuposaHue U
nonysaspusayusa paboqux npogecculi cpedu Moo0exu.

ModepHuzayusi cucmembl 06pa3oBaHUsi uepaem KjYesyr poJib B YCMPAaHeHuu oucbasnaHca
Mex#0y CNPOCOM U NpedsioxceHuem paboyel cusbl. BaxcHo 06HOBUMb y4ebHble NPO2PAMMbI C y4emom
COBpeMeHHbIX MexXHOJI02uYecKux usmeHeHul, 4mobbl N0020MoBKA Cneyuasucmos CoOomBemcmBoB8asad
mpeboBaHusm pabomodamesiel. Hanpumep, B UHXEHEPHbIX U MEXHUYeckux By3ax Heobxooumo
BHeOpeHue UCYUNJIUH, CBA3AHHbIX C asmomamu3ayued, 4udpoBsbIM MOOeupOBAHUEM, UCKYCCMBEHHbIM
UHMEJIZIEKMOM U NPO2PAMMUPOBAHUEM. MO NO3BOJIUM BbINYCKHUKAM 0b61adamb B0CMpPeboBaHHbIMU
KOMNemeHyusmMu U COKPAmum pa3pbiB Mexdy meopemuyeckum obpa3oBaHuemM U peasbHbIMU
npou3Bo0CMBeHHbIMU nompebHocmamu.Pazsumue 0yanbHo20 06pa3oBaHus CMAaHoBUMCS 00HOU U3
Haubosee 3¢pgdexkmusHbIX Mooesiell N0020MOBKU Kaopos, Npu Komopol CmyoeHms! COBMeularom
meopemuyeckoe obydeHue C Npakmukod Ha npeonpusmusix. Takas cucmema yxe YcnewHo
pyHKyuoHUpYem B8 lepmaHuu u ABcmpuu, ede bosree 50% yyaujuxcs npoxodssm obyyeHue 8 popmame
dyasibHo20 0bpasosaHus. B KapaeaHOuHckol obnacmu 0aHHoe HanpasieHue mMakie MoXem Cmamb
KJIH04eBbIM  UHCMPYMEHMOM YCMPAHeHUsl KBAAUPUKAYUOHHO20 pa3pbiBd, eC/iu BY3bl U KOJIEOMU
Haaadsam compyoHU4YeCmB0 C NPOMbIULIEHHBIMU NPEONPUSMUAMU Pe2UOHA. Mo NO3B0IUM CMYO0eHMAam
noJly4ams NPAKMUYECKUE HaBbIKU U bbiIcmpee adanmupoBamscsa K mpebosaHusm pabomodamesned [8].

[ubkue ¢opMbi 3aHIMOCMU U NEPEen0020MOBKA KAOPOB ABJISFOMCS BAXHbIMU UHCMPYMeHmMamu
YCMPAaHeHUs KBAAUpUKAUUOHHO20 paspbisd. X. Baadumupos u M. AH4oscka 8 cmamee «Flexible working
and IT employees’ job satisfaction before and during COVID-19» (2023) nod4epkusarom, 4mo BHeOpeHue
eubkux pabodux modesiell noBbILIAeM YOOB/IEMBOPEHHOCMb COMPYOHUKOB U UX 20MOBHOCMb
0CBAUBAMb HOBbIE HABLIKU. B koHmekcme KapazaHouHckol obaacmu 3mo moxem 6bimb UCN0/Ib308AHO
0719 npusneyeHus IT-cneyuasiucmos u passumusi NPO2PAMmM OUCMAHUUOHHO20 06YYeHUS.

BsedeHue KypcoB YudpoBbIX HaBbIKOB U UHIEHEPHbIX OUCUUNJIUH Q0JIXHO CMams NPUOPUMEMOM
obpasosamesibHbIx pedopm. B yciosusx uugposol mpaHchopmayuu 3KOHOMUKU Bce 6o/buie
npogecculi mpebyrom 3HaHul 8 obaacmu IT, aHAIUMUKU 0aHHbIX U ABMOMAMU3UPOBAHHO20 YNPABJIeHUS]
npoueccamu. CoenacHo ucciedosaHusm, kK 2030 2o0dy okosio 60% paboyux mecm nompebyrom 8/1a0eHus
YugpoBbIMU mexHoso2usmMU. [103Momy UHmMe2payus MAakux Kypcos 8 NPO2PAMMbI BbICWLE20 U CPEOHEe20
06pazoBaHus nomoxem 6yoywum cneyuasucmam Obimb KOHKYPEeHMOCNOCOOHbIMU HA  PbIHKE
mpyoa.CmumyiupoBaHue NpopeccUoHanbHo20 0byYeHUs U NepeKkBasuGukayuu makxie S8/9emcs
BAXCHbIM WA2OM K yCmpaHeHuro ducbasaHca Ha peiHke mpyod. Passumue yeHmpos nepenod2omoBKU
Kaopos No380/1UM JI00SIM, KOMOPbIe OKA3A/UCh BHE BoCmpeboBaHHbIX npogeccull, ocBOUMb HOBbLIE



KomnemeHuuu u Hadmu pabomy 8 nepcnekmuBHbIX ompacsisix. B cmpaHax Esponelicko2o coto3a 0o 50%
pabomHuko8 xoms Obl pas B8 MU3HU NPOXOOSIM NepeKkBasudukayuro, 4mo nomoz2dem UM
adanmupoBambCa K U3MEHeHUsSM Ha pbiHKe mpydad. B KapazaHouHckold obnacmu Heobxooumo
YBesIu4UMb KOIUYeCMBO MAKUX UeHMpPOoB, 0CObEHHO B MAJIbIX 20p00AX U CeIbCKUX palioHax, 20e docmyn
K 06Y4eHUro 02paHuYeH.

Co30aHue 0ocmynHbIX OHIAUH-KYPCOB U NPO2PAMM OUCMAHUUOHHO20 0OYYeHUs NOMOXem
PACWIUPUMBb  BO3MOMHOCMU NPOGECcCUOHaIbHO20 pocma 0/ pabomHUKOB, KOMOpPble He Mo2ym
npoxooums o4yHoe obyyeHue. OHaalH-niamgopmbl, maxkue kak Coursera, Udacity u Khan Academy, yie
NOKA3a/lu CBOK 3PPeKkmuBHOCMb B PpaA3BUMUU  UUPPOBbLIX U UHXEHEPHbIX KoMnemeHuyud. B
KapazaHouHckold 06/1acmu  MOXHO BHeOpUMb 20CY0dpCMBEeHHbIe U 4YaCMmHble 06pa3osamesibHbIe
naam@opMebl, KOMopble NO380JISM pAbOMHUKAM U CMYyOeHMAam noJiy4ams 00NOJIHUME bHbIE 3HAHUS
6e3 Heobxo0uUMOCMU MeHsMb Mecmo X Ume/IbCMmBad Uau npepbisams pabomy.PuHaHCcoBas N000epicka
PaboOMHUKOB, HeNaroujux 0CBOUMb HOBYH NPOGECCUK), MOXem CMamse 0eldCmBeHHbIM UHCMPYMEHMOM
CMUMYIUPOBAHUS NPOGPECCUOHAIBHO20 PazBuUMUs. [ocydapcmBeHHble 2paHmbl, 06pa3oBamesibHbIe
Kpeodumbl U NpoepamMmbl CybcuouUpoBaHUs 0bY4eHUs NomMo2ym CHU3UMb GuUHAHcoBble b6apbepbl U
MomuBupyom pabomHUKOB K 0CBOEHUI0 BOCMPeboBaHHbIX cneyuasibHocmed. Hanpumep, 8 CuHeanype
cywecmsyem npozpamma SkillsFuture, 8 pamkax Komopol Kaxc0omy 2paxoaHuHy npedocmasisemcs
onpedesieHHas cymma Ha obydeHue u pazsumue NPopeccuoHaIbHbIX HABbIKOB. BaedeHue nodobHbIX
MexaHu3mMoB 8 Kasaxcmaxe nomoxem NnoBbicumb MobusibHOCMb pabodel cusibl U CHU3UMb YPOBEHb
KBA/UPUKAUUOHHO20 HeCOOMBEMCMABUS.

[ocydapcmseHHAas No00epx3Ka U pe2yiupoBaHue makxie ueparom BaxcHyro poJsib 8 baiaHCUpoBKe
CNPOCa U NpeodsiodeHuUss Ha pbiHKe mpyodd. OOHUM U3 3¢PeKmuBHbIX UHCMPYMEeHMOoB SBJISHOMCS
npoepamMmel CybcuoupoBaHuUs pabo4ux Mecm 8 Cmpame2udecku Bax3cHbiX 0mpacssx. Hanpumep, 8 cgepe
UUGPOBOU 3KOHOMUKU, UHMCEHepuU U HAy4HbIX UCciedosaHull 20Cy0apcmso Moxem cybcuduposams
3apnaamsl MoJI00bIX CNEYUAIUCMOB, YMO NOBBLICUM UX MOMUBAUUK pabomams 8 OAHHbIX OMPAC/ISX.
[lo0obHas Npakmuka YycnewHo npumeHsemcs B8 psde cmpaH, BKaro4as FOxcHyro Koperwo u
KaHady.BsedeHue Hano208bix Jib2om 018 npeonpusamud, UHBECMUPYOWUX B8 NO020MOBKY KAopos,
NOMOXem CMUMY/IUPOBAMb bU3HEeC K aKkmuBHOMY ydacmuro 8 obydeHuu pabomHukos. KomnaHuu,
KOmMOopble NpoBoOSm KypCbl NEpeno020mMOoBKU U/IU CO30arom KOPNOpaAMUBHbIe YHUBEPCUMEeMb], MO2ym
NoJIy4amsp HAsI0208ble BbIY€Mbl, YMO CHUXCAem UX 3ampamai Ha 0by4eHue NepcoHasna u cnocobcmayem
noBbIWeHUo KBanaugukayuu pabomHukos [9].

Paszsumue MexaHu3mMoB8 NPO2HO3UPOBAHUS CNPOCA HA paboyyro Culy NOMOXEem cucmeme
0bpazosaHusa bosiee MoOYHO OpUEHMUPOBAMbLCA HA NOMPEbHOCMU PbIHKA. VICcNo/b308aHUE UUPPOBBLIX
mexHos02ul 019 aHAsU3d 3KOHOMUYeCKUX meHOeHUyul U nepcnekmuBHbIX npogeccul no38o/aum
06pazoBamesibHbIM  Y4pexcoeHusmM adanmupoBames NPO2PAMMbI K mMpeboBaHUSIM 3KOHOMUKU. B
KazaxcmaHe MOoxHO co30ames naameopmy, Ha kKomopol pabomooamenu, 06pazosamesibHbIe
Y4Ypexo0eHus U 20Cy0apCmBeHHbIe CMpPYKMYypbl CMO2Ym 0bMeHUBAMbCS OAHHLIMU O MeKYULUX U 6YOyuux
nompebHocmsax 8 Kadpax.[lonyaapu3zayus paboyux npogecculd cpedu Mo100exu S8/19emcs BaAXCHbIM
HanpassieHuem 00/120CPoYHOU cmpamezuu NO YCMpaHeHuro ducbanaHca Ha pbiHKe mpyod. B nocieoHue
200b1 Hab1100aemcs CHUXeHUe UHMepeca Mos1o0exu K MexHUYeCKUM U UHIEHePHbIM CNeyuasbHOCMSIM,
ymo npusooum K Oeguuyumy Kaopos B 3mux cpepax. OOHA U3 K/toYeBbix 3a0ay — NPoBeOeHUe
npogopueHmayuoHHol pabomel B WKO/IAX U KOJA/IeOHax, 4Ymobbl yyauwuecs Mo2/iu 3dpaHee
3HAKOMUMbCS C BO3MOMHOCMAMU NPOPECCUOHAIbHO20 POCMA B MEXHUYECKUX U HAYyYHbIX 0671aCMSX.

[po2pamMmbl CMAXUPOBOK U HACMABHUYECMBA NOMO2YM MOJI00bIM CNeyuaaucmam bbicmpee
adanmuposamsca K mpebosaHusm pabomooameniell U NOJAyYUMb Heobxooumble nNpakmu4yeckue
HasbIku. Onbim pa3BUMbIX CMPAH NOKA3blBAem, 4YmMo yd4acmue B CMAXCUPOBKAX 3HAYUMEsbHO
nosbIWaem WaHckbl BbINYCKHUKOB HA ycnewHoe mpyooycmpolcmso. B KapazaHouHckold obnacmu
MOXHO BHEOpUMb cucmemy 0653amesibHbIX CMAXUPOBOK 0/ CMYyO0eHMOB MEXHUYeCKUx BY308 U
Kosiiedxced, 4mo COKpamum paspbiB Mexoy 06pd3oBaHueM U peasibHbiMU NompebHoCmsaIMU
busHeca.llosblweHue NPecmMuUM*HOCMU MeXHUYeCKUX U UHMeHepHbIX npogecculd 00/HHO cmame
npuopumemHou 3adadveli obpazosamesibHoU U Kaoposol NOJUMUKU. IS 3Mo20 MOXCHO NpoBoouMmb
UHGOPMAUUOHHbIE KAMNAaHUU, 0emMoHCMPUPYoUUe NepcnekmuBbl KapbepHo20 pocmd U YpOBeHb
doxodos B8 0aHHbIX npogeccusix. Hanpumep, 8 [epMaHuu akmuBHO pekaamupyromcsi npogeccuu 8 ciepe
MAWUHOCMPOEHUS U UHGOPMAUUOHHBIX MexHo/102ul, Ymo cnocobcmayem NpusIeYeHuUro MOsI00exU B
3Mu ompac/u.PeweHue npobsiemMb! KBAJUPUKAUUOHHO20 HecoomBsemcmaus mpebyem KoMNJIeKCHO20
nooxoda, BK/OYAroWe20 pecopmuposaHue cucmembl 0bpazoBaHus, nod0epIKy NpodeccuoHabHo20
oby4YeHus, akmusHoe ydacmue 2ocy0apcmBsa u bu3Heca, a makxe UsMeHeHuUe BOCNpUAmuUs paboyux



npogeccull 8 obuecmae. TobKO CKOOPOUHUPOBAHHbIE 0elicmBus BCex 3aUHMEepPecoBaHHbIX CMOPOH
Nno3809mM co30amb 3¢pdekmusHbIt U cbanaHcuposarHHbIl pbIHOK mpyda 8 KapazaHouHcKol obiacmu,
omaseyarowjull 8bI1308amM coBpemeHHoU 3KkoHoMuKu [10].

PbIHOK mpyda KapazaHouHckod 0b61acmu CmaikuBaemcs C CEpbe3HbIMU BbI30BAMU, CBA3AHHbIMU
C 0ucbanaHcom mexcoy CNPoCoM U NpedsioxeHuem paboyell Cusbl. BbICOKOMEXHOI02UYHbIe ompaciu
mpebyrom cneyuaaucmos ¢ HOBbIMU HABLIKAMU, 00OHAKO cucmema No020MOBKU KAOpos He Bce20a
ycnesaem adanmupoBambCs K U3MeHeHUsIM. B pesysismame Hab1o0aemcsl HeXBamKa UHXeHEPHbIX U
MexHUYeckKux cneyuaaucmos npu 00HOBPEeMeHHOM nepeu3bbimke pabomHUKOB B 2YMAHUMAPHbIX
cepax, uymo Bedem K pocmy cmpykmypHou 6e3pabomuubl.HedocmamoyHas adanmauyus
o0bpazosamesibHbIX NPO2PAMM U C1abas CBA3b Yy4ebHbIx 3asedeHul ¢ npeonpusmuamu ycyeybasatom
cumyauuro. Mosodexcs pexce 8bibupaem mexHuU4YecKue npogeccuu, a Npo2paMmbl NEPEN0020MOBKU He
0XBameiBarom 00CMAMOYHOE KOau4Yecmso pabomHukos. Kpome moeo, demoz2paguyeckue npoueccsl,
BK/IHO4As CMapeHue HaceseHus U MuepayuoHHbIe NOMOKU, OKA3bIBAKOM BJIUSHUE HA PbIHOK MpYad,
c030asas 0onoJIHUMEesIbHbIe C/IOXHHOCMU 018 3aHAMOCMU.

g ycmpaHeHus KBA/IUPUKAUUOHHO20 HecoomBsemcmaus Heobxoo0umM KOMNIEKCHbIU Nooxoo.
ObHos/IeHUe 06pa30B8amesibHbIX NPO2PAMM,  passumue 0yadsibHo20 0by4eHuss U  pacuiupeHue
docmynHoCmu  NPogeccuoHanbHol  Nepenod20moBKU  NO3BOJIAM  YAYHWUMbL  COOMBemcmaue
No020MoBKU Kaopos NnompebHOCMAM 3KOHOMUKU. [ocydapcmseeHHas noddepxicka 8 suoe cybcuoul u
Han0208bIX 1b2om 018 pabomodamesed, UHBeCMUPYOWUX B NOO20MOBKY KAOPOB, MAKMe Moxem
CNOCOBCMBOBAMb  CHUMEHU KBAJIUPUKAUUOHHO20 paspbiaa.flonynspusayus pabodux npogeccull
Cpedu MoJI00ex U Yepe3 NpogopueHmMayuro, CMaxuposKu U HACMAasHUYeCmao CMAaHem BaXHbIM WAd20M
B peweHuu npobsiembl HEXBAMKU MEexXHUYeCcKux Cneyuasucmos. TOIbKO KOMNJIeKCHbIe Mepbl,
BK/ItO4ArOWUe MOOepHU3AuU 06pa308aHuUs, pPA3BUMUE NPO2PaMM Nepenod20moBKU U dKmuBHoe
y4qacmue 2ocyoapcmasa u busHeca, no3sosam cbanaHcuposams pPbIHOK mpyoda u co30ams YCa08us 018
YemoUyuB020 3KOHOMUYECKO20 POCMA pe2uoHd.
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Abstract

Ethics and ethical behavior are issues that are widely faced by the business world today.
People are becoming increasingly interested in what is actually happening in organizations in both
the public and private sectors in the name of competitiveness, growth, and profitability. An
increasing number of organizations are continuously monitoring and evaluating unethical
practices in business organizations around the world. The purpose of this paper is to examine the
importance of ethical practices, their applicability, and the commitment of both sectors to create
a more ethical business environment.
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Introduction

Ethics is a very important element in creating a good and consolidated image of the public sector
and in organizing and managing the private sector well. What is noticeable is that theoretically, both in
the public and private sectors, there is a broad understanding of what ethics is and the totality of the
norms that shape it in particular. The problem arises in the practical aspect, where especially employees
and self-employed people in the private sector show a high degree of indifference to the importance of
implementing these norms in practice.

If we were to ask businessmen about the importance of a sense of responsibility, and how they
would classify responsibility in relation to other qualities required at work, it turns out that
“responsibility” is an almost unknown concept, especially among young businessmen. As a result of the
growing social gap in the sense of personal and professional responsibility, it is not surprising that there
are so many scandals in various corporations. We witness the unscrupulous violation of ethical
relationships; we see how some top executives give themselves huge bonuses while their companies are
reeling in a whirlwind of financial losses, while others fall prey to moral failures that, due to the
scandalous message they send, are worthy of newspaper headlines. Business entrepreneurs driven by a
thirst for profit often break ethical norms or even break the law. This happens in several ways.

One of the most common ways is not reporting all profits in order to avoid paying taxes. Also, we
have many unregistered businesses. Another problem with businesses is the lack of contracts between
employers and employees, so employers do not pay insurance for them. Another factor that affects
unethical behavior is the poor knowledge of entrepreneurs about business. Lacking knowledge,
entrepreneurs do not succeed in their business, so they try to achieve this success by violating ethical
norms. But also the lack of experience in business development has its impact that leads entrepreneurs
to violate ethical norms.

When we talk about public administration, of course we have in mind the fact that it constitutes
an important sector for every society. Its efficiency and accountability help improve the state and
functionality of social life. Everyone aims for an uncorrupted, professional and efficient public
administration. Success in the field of public administration reforms largely depends on public servants
and their willingness to make fundamental changes in the way they work. In this regard, the state must
strengthen and modernize the public service, implement an employment system that will more fully
reflect the merits in the service.

It is known that dissatisfied civil servants strengthen the negative image that the public has of the
administration and undermine the government's efforts to build a positive image of the state and the
administration as professional, objective and service-oriented.

Continuing to talk about the administration, we cannot deny the fact that ethical norms are more
respected, since their very purpose is to serve the community and every action or procedure is provided



for by law, but still much remains to be done. We are all aware and cannot deny the fact that today there
is a politicized administration, where political views are the best shield against measures that can be
taken against non-compliance with the code of ethics.

Literature Review

1. The conception of ethics in business

In today's global and highly competitive environment in which businesses operate, ethics are
considered a cornerstone for sustainable growth and long-term success.

The word 'ethics' comes from the greek word ethos, which means "character, custom, or a set of
widely accepted moral behaviors". According to Solomon (1984), the etymology of ethics suggests that
its fundamental concerns are: (1) individual character, including what it means to be "a good person” and
(2) the social rules that govern and constrain our behavior, especially the ultimate rules regarding right
and wrong, which we call morality.

Ethics in a general concept is the science that deals with the study of what is good or bad, right or
wrong, lawful or unlawful. If we specify it in the field of business, ethics will be referred to as the science
that studies good and evil, right and wrong, legal and illegal in business (G.Steiner&J.Steiner,2006).
Ethics is the concept of morality; one’s ability to choose between right and wrong, good and evil,
acceptable and unacceptable (Desjardins, 2009; Valasquez, 2009).

The concept of ‘business ethics’ has come to mean different things to different people. Velasquez
(2009) identified business ethics as a specialized study of moral right and wrong,; while Garrett (1970)
defined business ethics as "the relationship of business goals and techniques to specific human goals. It
studies the impacts of actions on the good of the individual, the firm, the business community, and society
as a whole. According to Weihrich and Koontz (1994), business ethics deals with truth and justice and
has a number of aspects such as "social expectations, fair competition, advertising, public relations, social
responsibilities, consumer autonomy, and corporate behavior in the country of origin, as well as abroad.

Ethics is about the standards of right and wrong that influence behavior. These standards may vary
from one country to another and from one culture to another. Ethical behavior is that behavior, which is
conceived as right or wrong based on these standards (Kinicki&Williams, 2011; Daft, Kendrick,
Vershinina, 2010).

However, it is not so easy to act ethically. Unethical behavior or ethical mistakes today do not make
a big impression when faced with it. This is because such problems have become very frequent and the
media every day reports activities, unethical behavior of the government, businesses, state or private
institutions in the field of sports, medicine, science, etc.

Business operates in an environment where the interests of many actors, such as investors,
customers, employees, creditors, or competitors, are intertwined. These groups have their own range of
interests, which in some cases are in conflict not only with each other, but also with the business. The
proper implementation of business ethics in organizations can ensure the maximization of legitimate
profits and effectively protect the interests of all stakeholders of business organizations, including the
corporate social responsibility of business organizations, about which much has been said and written by
academic researchers (Sealy, 1987, 2001, Petrini and Pozzebon, 2009, Blumberg, 1970, Machan 2009).
While we acknowledge that it is not easy to influence individual behavior, there are still a number of
strategies to create an ethical climate, including the importance of a code of ethics. A code of ethics is a
document prepared in order for members of the organization to be guided by its principles when faced
with an ethical dilemma (Sh.Llaci, 2017). It is very important that the code of ethics is communicated,
monitored and implemented in business organizations (Hian and Boo, 2004). It is essential that
management shows a commitment to the code of ethics and materializes it. The implementation of the
code of ethics imposes the right perception on the part of employees on the role of ethics and social
responsibility in achieving the long-term effectiveness of the organization (Vitell et al., 2003).

In general, the code of ethics is an issue forgotten by Albanian business organizations. This, among
other things, is also related to the stage of development of Albanian business, where managers are more
oriented towards the problems of consolidation and business growth and with it also profit and neglect
such important issues (Sh.Llaci, 2017).

Ethics are closely related to the values and beliefs of society (S.Stillo, 2016). In the time we live in
noticing the changes in the mentality of business people in Albania on ethics, we can say that businesses
in our country have serious problems with it. But efforts for change and improvement are increasing, and
these efforts are being made by the most educated part of society, which claims to be the most
predisposed to do so.

2. Public administration and ethics



Public administration is the production of goods and services intended to serve the needs of citizens
and consumers (Dimock, Fox, 1983). In common usage, public administration is a general term for all
those activities involved in the definition and implementation of public policies Graham Jt., Hays, 1986).

Public administration theory is a domain where the meaning and purpose of government,
bureaucracy, budget, management and public affairs are discussed. Traditionally, public administration
has been considered the implementing arm of government. It is supposed to include all those activities
for the implementation of the policies of elected officials and some activities related to the development
of these policies. Public administration is everything that comes after the last promise of the electoral
campaign and the last toast of election night (Starling, 1997).

In recent years, public administration theory has been associated with a strong orientation towards
critical theory and postmodern philosophical notions of government, governance and power, but many
public administration scholars support a classical definition of the term, giving importance to
constitutionalism, service, bureaucratic forms of organization and hierarchical government. Public
administration also focuses on public sector values such as democracy, accountability, equality and
honesty (S.Stillo, 2011).

So, in summary, it can be said that work in the public service is guided by democratic values. In
carrying out the functions of a public administrator, not only efficiency and effectiveness are important,
but above all accountability to all actors who determine the public interest: elected leaders, deputies,
various representative groups and citizens as a whole. Bertrand and Lang also claim that public
administration differs from other forms of government according to its competence and the fact that its
ultimate goal is the general interest

Therefore, public administration consists of civic service, public finance, security, jurisprudence,
local government and many other elements. Shafritz and Russell define public administration from four
different perspectives: political, legal, managerial and professional. In the political aspect, public
administration means what governments do directly or indirectly in the public interest through the
policy-making cycle. In the legal aspect, public administration is defined as rules and laws in action, while
from the managerial one, as the executive branch of government that requires managerial specialization
based on natural talent and continuous effort. From a professional perspective, public administration is
taken as a category of profession that requires good writing skills, a high dose of idealism and formal
academic training.

Moral attitudes are an integral part of the organization, while high standards protect against
demoniacalism”. (Vildavski). According to David H. Rosnebloom and Robert S. Kravchuk, public
administrators must behave with full responsibility because their work has many aspects that can lead
to misunderstanding of the public interest, corruption and subversion.

In addition to the key features of personal ethics such as trustworthiness, respect, responsibility,
care and honesty, impartiality, civic virtue, there are also elements from the so-called "Colero list" and
"Nolan list" in which the criteria for ethical behavior of administrators or politicians with public duties
are noted. Among the values that take place in the Colero list are concern for the well-being of others,
respect for the autonomy of others, trustworthiness and honesty, the desire to become part of the law,
primary justice to be impartial, refusal to take unfair revenge and prevention of a negative situation. In
the Nolan list, which is more It is about executive decision-making with an impact on a larger layer, the
following values are mentioned: not being selfish, aiming for the public interest, acting with integrity and
without being influenced by others in decision-making, being objective and without conflicts of interest,
being responsible, being transparent and creating the image of a trustworthy leader.

Public administration scholars have devoted efforts to examining administrative ethics. Unethical
behaviors have generally been examined as informal behavior, for example, unethical is defined as the
lack of desire to take responsibility, the inability to understand people, the failure to use institutional
resources effectively, etc. None of these problems and behaviors in the abstract can be considered a
violation of the law. Corruption and illegal actions are another part of unethical behavior (S.Stillo, 2011).

However, issues related to ethics are more interesting than non-legal ones and we can say that
ethical issues contain some characteristics that make their study more difficult, because there is no
consensus regarding the division of which actions can be considered ethical and which unethical and
also, since ethics is situational, then what can be ethical would depend from situation to situation and
from organization to organization.

Methodology used

To carry out our study and to investigate how the situation of theoretical conception and practical
application of ethics is presented, we focused on the most successful businesses that develop their



activity in the Korca Region, as well as in the public sector. However, our study was designed in a
qualitative way by focusing on the opinions, stories and experiences of employees of these sectors, using
semi-structured interviews to collect data, as well as a questionnaire. A descriptive and analytical
methodology was used to carry out the study. Data processing was done through the SPSS program.

The results of study

Our first interest in the study was whether organizations in both sectors had a code of ethics and
the result was positive, as 96% of public sector organizations and 82% of private sector businesses have
one. Administrations at the moment of starting a work relationship are more meticulous in presenting
the code of ethics to their employees, while in the private sector, no importance is given to presenting
this Code to new employees. Private sector employees are mostly introduced to the code of ethics
through various trainings and not by the employer as is the case in public administration.

The administration introduces its new employee to the code of ethics from the beginning of the
employment contract, up to the first 3 months of the employee's employment, while in private businesses,
this action is neglected. Among the core values of the code of ethics, honesty and responsibility are most
valued by employees of both sectors, but the implementation of these values does not always occur.

(Fig.1)
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M Liability 35% 25%
O Trust 20% 30%

Fig. 1. Values included in the code of ethics that must be respected during work activities

In the private sector, employees do not have a strong tendency towards ethical behavior in their
work relationships, while in the public sector we have an opposite presentation of this aspect. So, public
sector employees during the work relationship are more inclined to be ethical. This is because business
has as its primary goal its interest, profit and tries at all costs to achieve this. While the public
administration employee has a higher social responsibility and takes care to improve his service by
adhering to the laws and norms of the code of ethics.

If public employees aim to improve their service, private sector employees aim to increase their
income, this also through ethical behavior if necessary. (Fig.2)
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Fig.2. Orientation of employees to increase personal income
It is the Private Sector that, although rarely, encounters unethical behavior among employees than
the public administration. This is certainly a consequence of the lack of knowledge of the code of ethics
by employees. Among the most evident forms of unethical behavior, in the public administration we
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mention corruption, which occupies a very high percentage. Corruption remains present in the private
sector as well, but in this sector a part of the unethical behavior consists of sexual harassment, which,
although in a small percentage, remains worrying. (Fig.3)
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Fig.3. Unethical behaviors identified in the workplace

Regarding the reactions to the non-respect of Ethical norms, it is the public administration that
criticizes this action the most, while the private sector usually remains silent when faced with such a fact.
However, such unethical behaviors are still not denounced when they are observed, even though their
consequences are known by everyone. The value systems that most influence being ethical remain the
family and the personal codes of ethics of employees, and this applies to both sectors. The work of
learning morality rightly rests on the shoulders of parents and the social environment. At the moment
when the codes of ethics of the profession come into play, it is too late to change the moral
predispositions of an adult. (Fig.4)
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Fig.4. Value systems that most influence being ethical
But when it comes to the measures that should be taken by the relevant authorities against the
non-implementation of the code of ethics, in the private sector, the most efficient is the objective respect
of the penalties. Even in the public administration this measure has its importance, but a special weight
to be assessed is also personal awareness. This is an important point which shows the high social
responsibility that exists in this sector. (Fig.5)
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Fig.5. The most effective measures for wider compliance with the code of ethics

Conclusions and recommendations

In order for the positive effects of the implementation of ethical norms to be felt in both the public
and private sectors, the relevant state and non-state authorities must exercise their control up to the
application of legal sanctions in case of non-compliance. Cooperation between the two sectors is
important. Entrepreneurs are the ones who must be transparent in presenting their data and
administrations must be correct in implementing laws and penalties in cases of non-compliance with
laws. The meritocratic employment system is another aspect that needs to be improved in both the
private and public sectors. The recruitment process is the one during which the persons responsible for
carrying it out must choose based on merit and professional skills. Let us hope that this society has the
capacity to build moral individuals who, even in the organizational environment, act according to the
most sublime values, who work, as Weber says, without soul or prejudice.

But what we need to understand and what remains most important is that everything must start
with us, with personal awareness.
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Abstract

This study examines the importance of regional aspects in the development of Azerbaijan’s
alternative energy sector, particularly in the context of the liberated territories. The Karabakh and
East Zangezur economic regions, along with their rich energy potential, have a strategic position.
The declaration of the territories as green energy zones has made the development of renewable
energy sources — solar, wind, hydro and bioenergy — a priority in these regions. The study analyzes
the region’s climate and relief features, solar radiation, wind flows and water resources. In
addition, it assesses relevant technological and investment opportunities, public-private
partnership models and the role of international financial institutions. The results obtained show
that the development of alternative energy infrastructure promotes not only enerqgy security, but
also socio-economic revival and environmental protection. The projects contribute to the creation
of new jobs, the return of the population and the transition of the region to a green economy
model. The study also highlights the role of the liberated territories in strengthening Azerbaijan’s
energy security and expanding its export potential. In this regard, it is considered necessary to
coordinate the existing policy with regional development and sustainable energy strategies. At the
same time, the implementation of alternative energy projects in the liberated territories is also of
great importance in terms of restoring regional balance and reducing energy inequality within the
country. These territories have the potential to form as new centers on the overall energy map of
Azerbaijan. Preliminary calculations on wind and solar energy show that it is possible to produce
thousands of megawatts of electricity in Karabakh and East Zangezur. In addition to meeting the
growing energy demand, these resources also open up wide opportunities for export.

Keywords: Alternative, Energy, Sector Development, Liberated Territories, renewable

Introduction

In recent years, the development of renewable energy sources has come to the fore as one of the
priority directions of energy policy in the world. Climate change, environmental threats and the risk of
depletion of fossil energy sources have accelerated the transition to alternative energy technologies. In
this context, the Republic of Azerbaijan has also reconsidered its energy strateqy and made the
development of the alternative and renewable energy sector an important component of state policy.

One of the main directions of the new stage in the energy sector of Azerbaijan is to effectively use
the alternative energy production potential of the liberated territories - Karabakh and East Zangezur. At
the initiative of President Ilham Aliyev, the “Green Energy Zone” concept is being implemented in this
region, which includes both regional recovery plans and environmentally sustainable energy production.

The potential of solar, wind and hydropower in the liberated territories is quite high, and using
these resources, it is possible to establish the energy supply of the region not only at the level of local
needs, but also in a way that can play an important role on a republican scale. This is of strategic
importance in terms of accelerating economic development, as well as population settlement and the
creation of sustainable infrastructure [2, p. 3].

The relevance of the topic is also related to the multifaceted goals of the region's post-conflict
recovery, the establishment of a sustainable and environmentally friendly economy, attracting foreign
investment, and expanding energy export potential. The main goal of the study is to analyze the
mechanisms and prospects for regional development of the alternative energy sector, as well as to assess
the role and importance of the liberated territories in this area.

The development of green energy sources has been identified as a priority direction in the energy
strategy of Azerbaijan. This direction aims to strengthen national energy security and meet the
requirements of international obligations, in particular the Paris Agreement on combating climate
change and other international documents. The liberated territories have significant potential in this



regard. As a result of preliminary studies conducted in the Karabakh and East Zangezur economic regions,
it was found that the average annual solar radiation in these regions is 1600—1700 kWh/m? and the
average wind speed is 6-8 m/s. These indicators prove that the region has high technical and economic
efficiency in terms of both solar and wind energy.

In addition, the hydropower potential of small rivers and the application of technologies with
minimal environmental impact should also be taken into account. The construction of small hydroelectric
power plants (HPS) on rivers in the Zangilan, Gubadli, Lachin and Kalbajar regions is possible, and this
serves to diversify enerqy supply. Feasibility studies have already been prepared for several projects and
pilot projects have been launched. All these measures do not limit the region's energy supply only to
domestic demand, but at the same time create conditions for the formation of a "smart energy
infrastructure"” integrated into the nationwide energy network [6, p. 21].

On the other hand, the declaration of the liberated territories as an alternative enerqy zone creates
an attractive environment for foreign investors. In 2021-2024, several international companies -
especially energy companies from Saudi Arabia, the UAE and China - showed interest in this area and
initial cooperation protocols were signed. Tax incentives, technical support and logistics opportunities
provided by the government have further increased investors' interest in the region.

The expansion of renewable sources in the energy sector also gives impetus to socio-economic
revitalization in the region. New enerqgy projects also affect issues such as job creation, activation of the
local labor market and meeting the need for qualified personnel. The opening of technical vocational
schools and providing the local population with technical skills in energy constitute the social component
of this strategy. All these regional approaches and strategic plans show that the development of the
alternative energy sector is of great importance not only from an ecological, but also from an economic,
social and geopolitical point of view. In particular, the formation of Karabakh and East Zangezur as a
green enerqgy base mark the beginning of a new stage in Azerbaijan's energy diplomacy.

Table 1.
Alternative energy potential of the liberated territories
District | Solar Radiation | Average Wind Speed | Small HPS | Note
(kwWh/m?/year) (m/s) Potential (MW)
Jabrayil | 1650 6.2 Low Solar energy dominates
Zangilan | 1700 7.5 Medium Wind and solar combination possible
Gubadli | 1620 6.0 Low Favourable for solar energy
Lachin 1680 8.0 High High potential for small hydropower plants
Kalbajar | 1600 7.2 High Favourable for hydropower and wind energy

Source: Ministry of Energy of Azerbaijan, 2023

The first table shows the technical potential of the liberated territories for alternative energy
sources. The Karabakh and East Zangezur economic regions have favorable climatic indicators for solar
and wind energy. In particular, in the Zangilan and Lachin regions, both solar radiation and wind speeds
are distinguished by high indicators for alternative energy production. In the Kelbajar and Lachin regions,
the presence of mountain rivers creates conditions for the construction of small hydroelectric power
stations.

Table 2.
Alternative enerqy projects implemented in Karabakh and East Zangezur
Project name Energy type Power (MW) | Status Partner company
Zangilan Solar Park Solar energy 240 Planning stage ACWA Power (S. Arabia)
Lachin Wind Power Plant Wind energy 100 Feasibility study Masdar (UAE)
Hekari Small Hydropower Plant Hydro energy | 10 Construction stage | Azalternativnerji
Jabrail Green Zone Development Plan | Mixed (hybrid) Strategic stage BP, IREC

Source: "Azerbaijan Alternative and Renewable Energy Agency” annual report, 2024
The second table reflects the specific energy projects planned and underway in these areas. These
projects are being implemented by both local and foreign energy companies. Large-scale projects in the
field of solar and wind energy are planned. In addition, the process of building small hydropower stations
on the Hakkari River has been launched. Hybrid energy zones, on the other hand, provide for the joint use
of different types of energy from a strategic perspective.
Table 3. Regional economic impact of alternative energy projects (forecast 2025-2030)

Economic Indicator Expected Growth Area of influence

New jobs created by relocation +12,000 Energy, construction, services
Impact on regional GDP +8% Karabakh and East Zangezur
Foreign investment volume +51.5 billion Energy and logistics

Reduced dependence on energy imports -10% National energy balance




Source: Ministry of Economy of the Republic of Azerbaijan, 2024 forecast

The third table shows the expected impact of the alternative energy sector on the regional
economy. As a result of these projects, thousands of new jobs will be created, foreign investment inflows
will increase, and the region's gross domestic product will increase. At the same time, the expansion of
alternative energy production will reduce the country's dependence on enerqgy imports, increase the level
of energy security, and contribute to environmental stability. In this regard, green energy policy is of great
importance not only in terms of technological, but also in terms of social and economic development.

The liberated territories occupy a strategically and technically important place on the energy map
of Azerbaijan. The Karabakh and East Zangezur economic regions have a very large potential in terms of
alternative energy sources due to their natural and geographical features. The level of solar radiation,
wind speed, and water resources in these areas create favorable conditions for enerqy production.
Currently, the declaration of these regions as green energy zones and the implementation of state-level
programs in this direction are aimed at realizing this potential.

In terms of solar energy, the average annual solar radiation in the Zangilan, Jabrayil, Gubadli, and
Fuzuli regions is 1600—1700 kWh/m?2. This indicator is quite favorable for the high efficiency of solar
panels. Preliminary planning has already been carried out in these regions for the construction of solar
power plants and the appropriate land plots have been allocated. The exploitation of solar energy will
play an important role in both the electrification of the region and its integration into the centralized
energy system.

In terms of wind energy potential, the Lachin, Kelbajar and Zangilan regions stand out. The average
annual wind speed in these areas varies between 6-8 m/s, which is higher than the minimum required
for the economically efficient operation of wind turbines. In particular, mountainous terrain and open
areas create favorable zones for the efficient production of wind energy. Another advantage of wind
energy is its constant and predictable nature, which is important for balance and stability in the energy
system.

The mountain rivers of the region play an important role in the production of hydroelectric power.
It is considered advisable to build small-scale, environmentally friendly hydroelectric power stations on
the rivers Hakari, Bazarjay, Tartar and other small watercourses located in the Kalbajar, Lachin and
Gubadli regions. These stations can be used to provide sustainable energy to villages and settlements in
addition to local energy supply.

In addition, the Karabakh region also has bioenergy potential. Before the occupation, agricultural
and livestock activities were widespread in this area. In the post-conflict period, along with the
reconstruction of these economic areas, technological opportunities will be created for obtaining biogas
and other biofuels from agricultural waste. This will ensure both waste management and the use of an
additional energy source.

The geographical location of the territory also creates an advantage in terms of energy
transportation. Green energy exports can be carried out from the region to Nakhchivan and Turkey
through the Zangezur corridor. At the same time, the implementation of energy integration projects in
the South Caucasus in the context of the peace process with Armenia also increases the strategic
importance of the region.

All these features indicate that the liberated territories can play a decisive role in the energy future
of Azerbaijan not only on a regional but also on an international scale. The effective use of alternative
energy sources will not only accelerate the socio-economic development of the region, but also
strengthen the country's energy security and environmental stability.

The development of the alternative and renewable enerqy sector has been identified by the
Azerbaijani government as a national priority. The implementation of the green energy concept,
especially in the liberated territories, has been one of the main directions of state policy. By the decree
of President Ilham Aliyev, the Karabakh and East Zangezur economic regions were declared “green
energy zones” and complex programs have been developed to establish energy production in these
regions based entirely on renewable sources [7, p. 45].

The main goal of state policy is to increase the share of alternative sources in the country’s energy
balance, along with ensuring the restoration and sustainable development of the territories. For this
purpose, strategic roadmaps have been prepared by the Ministry of Energy and the Azerbaijan State
Agency for Alternative and Renewable Energy Sources (ABOEMA), and cooperation agreements have
been signed with international companies. In this context, active work is being carried out to attract both
technological transfer and financial investments.



Several major energy production facilities are being planned and constructed within the
framework of infrastructure projects. The 240 MW solar power plant to be built in Zangilan district will
be one of the largest green energy projects in the region. At the same time, the construction of wind
power plants in Lachin and Kalbajar, as well as small hydroelectric power plants on rivers, is planned.
These projects are not only aimed at energy production, but are also planned to ensure the integration
of energy networks into smart systems.

The construction of energy transmission and distribution systems plays an important role in the
restoration and expansion of infrastructure. The introduction of smart grid technology in Karabakh will
ensure the integration of local energy production into a centralized system. New power lines, substations
and digital control systems will increase the stability and efficiency of energy supply in the region.

The state is implementing measures such as tax and customs concessions for investors, technical
aavisory support, land allocations and simplification of other administrative procedures. This approach
not only increases the interest of foreign and local investors in projects, but also increases the speed of
project implementation.

All these measures, as part of the state's transformation policy in the energy sector, serve to
implement long-term strategies not only in terms of energy security, but also in terms of ecological, social
and economic development. Through green enerqy infrastructure, it will be possible to implement a
modern, digital and sustainable development model in the region, and this approach can serve as an
exemplary model for other regions in the future.

The development of the alternative energy sector in the liberated territories of Azerbaijan is closely
linked to the regional recovery process and the national energy strategy. When approaching the topic
analytically, it is clear that these territories offer unique opportunities for green energy production from
both a technical, geographical and geopolitical perspective. The Karabakh and East Zangezur regions are
rich in natural resources suitable for both solar and wind energy, as well as small hydroelectric power
plants. The efficiency of using this potential is of serious importance both in terms of regional
development and diversification of the energy sector.

The energy recovery of the territory is not limited to the renewal of infrastructure and energy
production. It is also directly related to the economic revival in the post-occupation period, the
resettlement of the population to the region and the creation of sustainable living conditions. Alternative
energy projects play the role of a locomotive for the economic development of the region. This includes
both state-implemented enerqgy production facilities and project packages offered to foreign investors.
Thus, green energy is not only a technological innovation, but also an important tool of regional policy
and socio-economic rehabilitation.

Analysis

The analysis shows that the green energy policy implemented by the state is formed in two main
directions: first, increasing energy independence and security, and second, complying with international
obligations in the field of environmental protection and combating climate change. For this purpose, the
state regulates the investment climate with relevant regulatory legal acts, provides technical and
financial support, and coordinates strategic infrastructure projects.

Compared to international experience, the Azerbaijani model is based more on the principle of
“strategic planning + state-investor partnership”. This model is suitable for the development of the
energy sector in the post-conflict region, as it combines elements such as risk sharing, technology
transfer, and market liberalization. However, the analysis shows that for the effective implementation
of projects, security guarantees, personnel training, and long-term maintenance infrastructure in the
region are also important.

Another issue is that the energy potential of these regions is not limited to meeting domestic needs.
In the context of Azerbaijan’s energy integration with Europe, the prospects for green energy exports are
becoming increasingly relevant. In this regard, the Zangezur corridor can be an important transport-
logistics and energy transmission route. That is, the energy potential of these territories is starting to
gain international importance, moving from regional to international.

Consequently, the development of the alternative enerqgy sector in the liberated territories is not
Just a technical project, but a multidimensional strategic process. The success of this process depends on
the correct assessment of the existing potential, on the one hand, and on state policy, investment
attractiveness and ensuring socio-political stability, on the other. It is with the appropriate synthesis of
these factors that the Karabakh and East Zangezur regions can be formed not only as a green energy
base, but also as an example of economic revival.



Continuous analysis of the topic shows that the development of the alternative energy sector has
become an integral part of the reconstruction and sustainable planning processes of the region in post-
conflict conditions. The integration of these territories into the energy systems is accompanied not only
by the creation of new energy sources, but also by the construction of infrastructure in accordance with
modern requirements, the application of digital technologies and increasing the efficiency of energy
management.

The projects implemented in the territory envisage the application of smart grid systems, energy
storage technologies and automated control systems. These technologies are of great importance in
terms of minimizing losses in enerqy distribution, increasing efficiency of use and ensuring uninterrupted
energy supply. This approach creates a modern and sustainable infrastructure base not only for the
energy sector, but also for other economic and social sectors of the region - agriculture, industry, tourism
and settlement. At the same time, the implementation of energy projects in the region also deserves
attention in the context of protecting natural resources and maintaining ecological balance. Alternative
energy sources act as an effective tool for reducing carbon emissions, preventing environmental pollution
and combating climate change. This allows for the specific implementation of Azerbaijan's "green
development"” and "clean energy future"” strategy at the regional level. The analysis shows that energy
projects in the region are implemented not only within the framework of centralized state programs, but
also with the participation of international financial institutions and the private sector. This, in turn,
accelerates technology transfer, the introduction of innovations and the formation of new management
models. However, at the same time, strengthening coordination and monitoring mechanisms in the
implementation of projects, improving the legal and regulatory framework, and involving the local
population in these processes are of particular importance.

All these points show that the development of the alternative energy sector in the liberated
territories requires a complex and multifaceted approach not only in terms of energy supply, but also in
terms of strategic planning, regional integration, social welfare and environmental responsibility. Proper
management of this approach, in addition to being a symbol of the modern transformation of
Azerbaijjan's energy policy as a whole, can also contribute to the formation of a new energy and
cooperation model in the South Caucasus region.

Result

The development of the alternative energy sector in the liberated territories is of strategic
importance for Azerbaijan not only in the energy sector, but also in terms of the sustainable development
of the national economy as a whole. The high natural potential of these regions in terms of solar, wind
and hydropower create the opportunity to turn them into the main centers of green energy production.
Thanks to the targeted policy implemented by the state, international partnerships and the application
of technological innovations, the Karabakh and East Zangezur regions can become fully energy-
independent and export-oriented zones in the near future.

Alternative energy projects have a positive impact on the restoration of infrastructure in the region,
the creation of new jobs, population resettlement and environmental protection. These processes also
serve to increase Azerbaijan's competitiveness in the international energy market and fulfill its
commitments on climate change.

Consequently, the realization of alternative energy potential in the liberated territories is an
important step for Azerbaijan in terms of long-term strategic goals - energy security, economic
diversification and environmental sustainability. This approach will contribute to building a sustainable
future at both the national and regional levels.

The development of the alternative enerqy sector in these areas also creates new opportunities for
Azerbaijan's international reputation and energy diplomacy. The formation of Karabakh and East
zZangezur as a green energy zone creates conditions for the country to expand cooperation in the field of
energy and climate with the European Union and other international organizations. The projects
implemented in these areas allow Azerbaijan to move towards the status of a "green energy center"” and
act as an important factor in the process of integration into the regional energy market.

On the other hand, the organization of alternative enerqgy production in these areas also has a
positive impact on the country's internal energy balance. Reducing energy imports, providing regional
electricity production, and increasing the geographical diversity of energy transportation serve to
strengthen energy security. This is also important in terms of reducing enerqy dependence and
strengthening economic independence.

From a social perspective, green energy projects play an important role in improving the standard
of living in the region, creating settlements equipped with clean energy, and increasing employment



opportunities for the local population. Full energy security of the region is one of the main infrastructure
conditions for the return of the population.

All these factors together show that the development of the alternative energy sector in the
liberated territories is not only a technological and economic issue, but also a multi-level strategic project
from a geopolitical, social and ecological perspective. The sustainable and effective implementation of
these projects will play a significant role in the future development of Azerbaijan and will ensure the
transformation of Karabakh and East Zangezur into a region of peace, development and progress in the
post-conflict period.
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Abstract

This scientific and analytical work presents modern clinical and diagnostic data concerning
the most common malignant intraocular tumor in children — retinoblastoma. The issues of
etiopathogenesis, genetic and molecular features of this pathology, assessment of the role of
biomarkers in diagnostics and prognosis of the disease are covered in detail. Promising directions
for the development of new and improved diagnostic and therapeutic approaches, genetic causes
of this pathology, possibilities of whole genome sequencing for studying the mutation landscape,
currently used classification systems of retinoblastoma, available possibilities of clinical screening
are described. The publication shows that studies of the molecular basis of the disease also led to
deciphering subsequent events and, thus, to the discovery of biomarkers and associated targeted
therapies. In addition, improvements in molecular biology methods contributed to the
development of effective methods of early diagnostics, genetic counseling and disease prevention.
The issues of visual acuity assessment and improving the quality of life of patients are also
comprehensively considered.

Keywords:  oncology,  pediatrics,  ophthalmology,  retinoblastoma,  incidence,
etiopathogenesis, classification systems, screening, visual acuity, biomarkers, RB1 gene, DNA,
genome sequencing, diagnostics, treatment, quality of life, prognosis.

Retinoblastoma (RB) is a malignant tumor of the retina in young children.

The diagnostic criteria are as follows. Complaints and anamnesis: complaints of glow in the
affected eye when exposed to light, often noticed by parents when photographing a child with a flash
(white pupillary reflex, leukocoria, "cat's eye symptom"), convergent or divergent strabismus,



deterioration of vision; redness, hemorrhages, change in eye color, pain (not a typical symptom). It is
necessary to clarify the duration of complaints, hereditary anamnesis.

Physical examination: general examination of the patient - pay attention to changes in the eye
(glow when exposed to light, symmetry of the orbits, is there exophthalmos, is the eye inflamed, color of
the pupil), assessment of the condition of internal organs and systems, palpation of peripheral lymph
nodes - to exclude metastases. Mandatory referral to an ophthalmologist for a complete
ophthalmological examination.

Laboratory tests: complete blood count - presence of anemia, moderate leukocytosis and
accelerated erythrocyte sedimentation rate (for the presence/absence of inflammatory changes);
biochemical blood test: liver function tests, levels of nitrogenous waste products, electrolytes, total
protein and glucose - for radiological diagnostics using a contrast agent. Instrumental tests:
ophthalmoscopy with pupil dilation under general anesthesia - is the most objective method for assessing
the condition of the eye - tumor size, location, prevalence, retinal detachment, condition of the optic
nerve head; retinal camera - documentation of the tumor process; Ultrasound Examination of the orbits
- the presence of an intraocular formation with calcifications is a pathognomic sign, the presence of
retinal detachment, signs of growth into the orbit; Ultrasound Dopplerography of the orbits - presence
of an intraocular formation with calcifications, determination of the tumor's own blood flow, detection
of the "cut off branch” symptom, presence of retinal detachment, signs of growth into the orbit; X-ray of
the chest organs, if necessary in two projections if pneumonia is suspected; magnetic resonance imaging
(MRI) of the brain and orbits with contrast enhancement under anesthesia to determine the size of the
formation, location, involvement of the optic nerve, presence of intracranial foci. In the absence of MRI,
computed tomography (CT) of the brain and orbits may be performed, but this examination does not
provide an objective assessment of the condition of the optic nerve and brain; according to indications,
CT/MRI of other parts of the body in advanced cases with a long history [1].

RB is an intraocular tumor with hereditary and sporadic forms. 8,000 new cases of this ocular
malignancy of the developing retina are diagnosed each year worldwide. The major gene responsible for
retinoblastoma is RB transcriptional co-repressor 1 (RB1), and it harbors a large spectrum of pathogenic
variants. Tumorigenesis begins with mutations that cause RB1 biallelic inactivation preventing the
production of functional RB protein (pRB) [2].

PRB is a multifunctional protein involved in a variety of processes regulating cell proliferation at
multiple levels including apoptosis, histone methylation and chromatin remodelling. Loss of function of
PRB in the retina is thought to lead to dysregulation of these events, resulting in uncontrolled cell
proliferation and chromosomal instability. The RB is the most common primary intraocular cancer of
childhood, causing significant long-term sequelae. Loss-of-function mutations in RB1 are causally
implicated in RB development. RB1 was the first tumour suppressor gene to be isolated, in contrast to
activating oncogenes, which were characterised earlier. In humans, RB1 is located on chromosome
13q14.2, spans approximately 180 Kb and contains 27 exons encoding a 928 amino acid
nucleophosphoprotein, known as pRB [3].

Depending on the type of mutation the penetrance of RB is different. However, in small percent of
tumors additional genes may be required, such as MYCN, BCOR and CREBBP. Additionally, epigenetic
changes contribute to the progression of RB as well. Besides its role in the cell cycle, pRB plays many
additional roles, it requlates the nucleosome structure, participates in apoptosis, DNA replication, cellular
senescence, differentiation, DNA repair and angiogenesis. Notably, pRB has an important role as a
modulator of chromatin remodeling. In recent years high-throughput techniques are becoming essential
for credible biomarker identification and patient management improvement. In spite of remarkable
advances in RB therapy, primarily in high-income countries, our understanding of RB and its specific
genetics still needs further clarification in order to predict the course of this disease and improve therapy.
One such approach is the tumor free DNA that can be obtained from the anterior segment of the eye and
be useful in diagnostics and prognostics. The field of ophthalmology genetics and genomics is expanding
fast and the accumulated knowledge aims to develop novel and improved diagnostic and therapeutic
approaches. The specific molecular mechanisms behind eye diseases, including RB, are being recognized
every day, because it is important to understand their genetic causes and biological behavior in order to
improve clinical outcome. Genetic implications for more than 97% of all RB cases is the RB1 gene
inactivation. Although RB has been genetically characterized a long time ago, its molecular blueprint is
still incomplete and needs deeper investigation. Several classification systems are currently in use, for
example, the International Intraocular Retinoblastoma Classification (IIRC), International Classification
of Retinoblastoma (ICRB) and cTNMH (American Joint Committee on Cancer (AJCC)) and for extraocular



disease, the International Retinoblastoma Staging System (IRSS) and cTNMH staging [2].

Davies H.R. et al. [3] in their study emphasize that the majority of RB1 mutations can be detected
by clinical screening. However, RB cases exist where mutations in RB1 have not been detected. Our
colleagues used whole-genome sequencing to investigate the landscape of mutations in a cohort of
sporadic RBs, including cases where mutations in both copies of RB1 had not been previously identified.
The researchers looked for mutations in cancer driver genes and revealed a wide variety of structural
rearrangements disrupting RB1. In addition, they investigated mutation burden and specific mutation
patterns (mutational signatures), uncovering a treatment-related mutational signature in a tumour
exposed to chemotherapy. The power of whole-genome sequencing to identify RB1 mutations of all
mutation types can have significant relevance to the clinical management of RB patients and genetic
counselling of their families. The development of RB is thought to require pathological genetic changes
in both alleles of the RB1 gene. However, cases exist where RB1 mutations are undetectable, suggesting
alternative pathways to malignancy. The authors used whole-genome sequencing (WGS) and
transcriptomics to investigate the landscape of sporadic RBs derived from twenty patients, sought RB1
and other driver mutations and investigated mutational signatures. At least one RB1 mutation was
identified in all RBs, including new mutations in addition to those previously identified by clinical
screening. Ten tumours carried structural rearrangements involving RB1 ranging from relatively simple
to extremely complex rearrangement patterns, including a chromothripsis-like pattern in one tumour.
Bilateral tumours obtained from one patient harboured conserved germline but divergent somatic RB1
mutations, indicating independent evolution. Mutational signature analysis showed predominance of
signatures associated with cell division, an absence of ultraviolet-related DNA damage and a profound
platinum-related mutational signature in a chemotherapy-exposed tumour. Most RB1 mutations are
identifiable by clinical screening. However, the increased resolution and ability to detect otherwise
elusive rearrangements by WGS have important repercussions on clinical management and advice on
recurrence risks.

The foundational work that explained the RB inheritance but also the concept of tumor suppressor
genes was originally published by Knudson in his seminal paper from 1971 Knudson's two hit model
proposed that one RB1 allele is lost or mutated in all cells and a second somatic mutagenic event affects
the remaining allele in a primitive retinal cell, thus initiating tumorigenesis [4].

With an average incidence of 1 in every 18,000 live births, RB is a rare type of intraocular tumour
found to affect patients during their early childhood. It is curable if diagnosed at earlier stages but can
become life-threateningly malignant if not treated timely. With no racial or gender predisposition, or
even environmental factors known to have been involved in the incidence of the disease, RB is often
considered a clinical success story in pediatric oncology. The survival rate in highly developed countries
is higher than 95% and they have achieved this because of the advancement in the development of
diagnostics and treatment techniques. This includes developing the already existing techniques like
chemotherapy and embarking on new strategies like enucleation, thermotherapy, cryotherapy, etc. Early
diagnosis, studies on the etiopathogenesis and genetics of the disease are the need of the hour for
improving the survival rates. According to the Knudson hypothesis, also known as the two hit hypothesis,
two hits on the susceptibility RB gene is often considered as the initiating event in the development of
the disease. Studies on the molecular basis of the disease have also led to deciphering the downstream
events and thus in the discovery of biomarkers and related targeted therapies. Furthermore,
improvements in molecular biology techniques enhanced the development of efficient methods for early
diagnosis, genetic counseling, and prevention of the disease [5].

As noted by Byroju V.V. et al. [5] with an ability to convert electromagnetic/ light energy to
electrical energy, the retina acts as a transduction screen that enables the visualisation of any object in
front of it by transmitting this electrical energy as nerve impulse to the cortical functioning centres. It
layers the innermost part of the eye and hosts various types of cells like rods and cones which are integral
for its proper functioning. Various diseases like retinal tear, retinal detachment, diabetic retinopathy,
macular degeneration, retinitis pigmentosa etc. have been associated with retina and its impaired
functioning. One such disease is RB, the most common malignant intraocular tumour in children. RB is
theorized to arise from the cones of the retina, which have certain properties that leave them rather
susceptible to tumorigenesis. Globally, 1in every 16,000 to 20,000 live births is known to be afflicted by
RB. Most of the cases are diagnosed before the age of 5 and it accounts for 3% of all childhood cancers.
Previous studies indicated that there were significant differences in the incidence of RB based on gender,
ethnicity, and infections due to poor sanitation. The newer studies, however, deny significance of such
differences and consider RB to have similar incidence throughout the world. Despite being rare, RB



gained interest within the scientific community since RB1 gene is the first tumour suppressor gene to be
discovered. In its hereditary form, RB is associated with de novo mutations resulting in tumours at other
foci in the body which are termed ‘second primary tumours’ and is attributed to the role played by
phosphorylated pRB. Subjects with hereditary RBs are at a higher risk of developing other second primary
tumours such as osteosarcomas, melanomas etc.. Every form of RB, familial and sporadic has the RB gene
mutated to some extent resulting in the downstream processing of aberrant transcripts. RB1 gene is
located on the largest acrocentric chromosome, 13 and consists of 27 exons. Following transcription,
PRB is formed and gets involved in the regulation of cell cycle at the G1-S checkpoint. Phosphorylation
essentially acts to ‘switch off’ RB tumour suppressor protein which results in deregulation of downstream
molecular events that eventually results in RB.

RB has been assigned various stages depending upon the progression of the disease and its
potential for metastasis. The system was named IRSS where, the stage 0 often shows good prognosis
with treatment while stage IV shows poor outcome. During stage IV, the cancer is considered to be
extraocular and can lead to bulging out of the eye. When it comes to differentiating it into various types,
the disease can appear as unilateral, bilateral or trilateral. The chance of a patient developing a trilateral
RB is 6% higher in case of bilateral RB as compared to unilateral and can be fatal in 50% of the cases.
Another classification of RB could be based on direction of progression of the disease; i.e. exophytic if the
tumour originates in the retina and spreads in the direction of the brain behind or endophytic if the tissue
spreads in an anatomic anterior direction [5].

In addition, a very important and even decisive aspect in the early diagnosis of RB is screening.
Screening of RB involves various tests for detecting the symptoms of RB. Leukocoria (sometimes referred
to as the ‘cat’s eye reflex’) can be detected by the presence of a white reflection in photographs or the
red reflex test. A simpler approach would be to use mobile phones for the same purpose where, such an
application exists in the form of an app called “White eye Detector” developed by Bryan Shaw. Performing
cover test detects the presence of strabismus while all other signs can be identified by a systematic visual
examination. Screening by an ophthalmologist is a necessity in children with a positive family history of
RB. Offspring and siblings of affected patients require regular screening examinations in childhood unless
genetic testing is done to rule out a gene mutation in which case the risk is similar to that of the general
population. Genetic counselling for families with RB can help determine the risk to future offspring and
whether other family members are at risk of developing the disease [5,6].

An ophthalmoscope view shows the optic disk, the physiological cup, the retinal vessels, the macula
and the fovea centralis so the tumour is quite easily identified. Non-invasive two dimensional and three-
dimensional real-time ultrasound techniques have eased detection significantly. Once the polymerase
chain reaction (PCR) was invented, it became easy to identify the batch deletion of exons in chromosome
no. 13 of the children whose parents carry the RB1 gene mutation. Quantitative multiplexing is an
advanced form of the technique where several primers are used at the same time together to identify
batch deletions. Use of X Ray and CT has found its place in detection of RB relying on properties such as
calcification in the latter technique. Gadolinium contrast enhancement followed by MRI scanning is
informative for tumor detection. Fat saturation is also very useful when fat has been suppressed at one
time and expressed at another time in anticipation of tumor nature. T1-weighted imaging with
magnetization is used for best results.

Fluorescein angiography is a technique that requires injection of a small bolus of fluorescent
material into the blood stream which finally reaches the ophthalmic artery. A specialized camera takes
pictures of the eye once it reaches there through the catheter using the fluorescence of the arteries of
the eye as a light source. Unsuccessful attempts at detecting RB using positron emission tomography
(PET) were made using Flourine-18-fluorodeoxyglucose (FDG) throughout many years. The conclusion
that FDG-PET is not currently widely established and does not provide any significant advantage over
MRI/CT except in metastasis rendered MR/ as the gold standard. Early detection using an ultrasonogram
in-utero to study the face and eyes can help in detection of the cancer, resulting in earlier detection and
potential cure [7,8].

Vempuluru V.S., Kaliki S. [6] a PubMed search was performed to identify articles published with
specific reference to screening of neonates, infants and children for RB. It has been established that
various devices and mobile phone-based applications based on altered red reflex are finding their way
into community screening. Diagnosis of RB by newborn eye screening is emphasized in several countries,
and red reflex is the most widely employed technique. At the same time several screening programs for
early detection of RB are evolving in the developing countries, but the practices are not uniform. Universal
newborn screening should be the norm. Newer tools and software can be utilized to screen infants on a



community scale. Focussed research on revolutionizing digital imaging for a versatile screening tool holds
promise for early diagnosis of RB.

RB is a cancer that can be cured if diagnosed at an appropriate time. The involvement of structures
beyond the retina and the vitreous humour should be taken into consideration as they have the potential
to progress into metastasis rapidly. The treatment of RB is often complex and involves decisions to be
made based on a number of factors including but not limited to the size of the tumour in various axes,
age of the patient, risk of secondary metastasis, previous attempts made at chemotherapy, toxicity of
the chemotherapeutic agent in the subject and laterality of the tumour. Treatment of RB includes the
following aspects [6,9]:

1. Enucleation. Complete removal of the eye that is affected by the tumour, or surgical excision is
termed as enucleation. It is the least conservative possible management and hence reserved for cases
that cannot be helped otherwise. Enucleation should be avoided in cases where salvage is possible with
other treatment modalities in an effort to preserve vision and improve conservation. For the first 2 years
after surgery, all patients undergoing enucleation must be carefully monitored for the risk of orbital
relapse. Hydroxyapatite implants coated with specialized polymers and have attachment sites for the
extraocular muscles are being implemented. Overall, enucleation was widely used and continues to be
used in cases where other treatment modalities are unhelpful.

2. Intra-arterial chemotherapy (IAC). Intra-arterial chemotherapy is safe and effective enough to
avoid enucleation. Modern microcatheter techniques are used to deliver chemotherapeutic agents, and
success is achieved with acceptable toxicity. Drug choices for this route of administration typically include
mephalan, topotecan hydrochloride, carboplatin, and methotrexate. This method is used as a primary or
secondary therapeutic intervention. Although intra-arterial chemotherapy is an effective treatment
option, its limitations require the introduction of more sophisticated techniques. The efficacy of IAC is
reduced in cases of extensive collateral meningeal vascular presence due to dilution of the agent in these
vessels. Collateral blood supply to the retina other than the ophthalmic artery is variable and affects
dose delivery. Catheterization of appropriate arteries requires skill, and technical difficulties may arise
that may reduce the delivery of intra-arterial chemotherapy.

3. Intravitreal chemotherapy (1VitC). Focused drug delivery to a vitreal seed hotspot is considered
precision intra-vitreal chemotherapy and is an emerging technique. Often used as an adjunct therapy to
IAC, in IVitC, drugs are delivered directly into the vitreous cavity in advanced stages of RB where vitreous
seeding occurs. A combination of chemodrugs such as melphalan and topotecan are the preferred mode
of treatment when tumour seeds recur in the vitreous and is found to be more effective than the
respective individual treatments. While the presence of vitreous seeds is an indication for IVitC,
contraindications include diffuse dispersion of the tumour seeds, invasion of the anterior chamber of the
eye, hemorrhage into the vitreous humour, and secondary glaucoma. With the advent of nanoparticle
delivery, IVitC has promising prospects in the management of RB.

4. Thermotherapy. This mode of treatment is often engaged for tumours of minor dimensions, not
exclusively for the eye. The usual dimension as indicated for thermotherapy alone is of a diameter of
maximum 4 mm. Diode system delivers infra-red rays either through the pupil or the sclera to destroy
tumour tissue by applying focused heat to induce necrosis. Ideal temperature of thermotherapy ranges
from 45-60 C. It is often used in conjunction with other treatment modalities such as chemotherapy.
Complications are seen in some cases which include but are not limited to atrophy of the iris, obstruction
of the retinal vein and detachment of the retina. Attempts were made to avoid thermotherapy as a single
modality in cases where seeding of the vitreous humour is observed.

5. Cryotherapy. Much like thermotherapy, cryotherapy is an adjuvant and used in conjunction with
other treatments. A RB tumour up to 3.5 mm in diameter and 2 mm in thickness could be treated with
cryotherapy. This therapy is contraindicated in cases with vitreous seeding and any tumour that has
dimensions larger than the norm. The modality involves the application of triple freeze thaw technique
using liquid nitrogen.

6. External beam radiation (EBR). EBR is in the line of management of treatment for RB after
enucleation as an attempt to salvage the remaining eye. A high energy photon beam or electrons are
delivered at an angle where the tumour has maximum exposure. Complications include cataracts,
conjunctivitis, dry eyes and intractable glaucoma. Considering side effects such as new mutations, dry
eyes, keratopathy, retinopathy and optic neuropathy, EBR therapy is better restricted to extra ocular
tumour extension or if better alternatives are available, this could be completely avoided. Tumours can
sometimes arise secondarily due to radiation exposure, however, development of new modalities of beam
radiation reduce such instances.



The authors emphasize that tumour regression should be followed up closely and the appearance,
size, location, and number of tumours documented during each examination have to be assessed. When
a tumour regresses after treatment, it can either appear as a white coloured calcific mass or as
translucent piece of flesh. In most of the cases, patients undergo examination under anaesthesia every 4
to 8 weeks until the age of 3, followed by less frequent examinations if the disease is found to be latent.

Ancona-Lezama D. et al. [9] in their publication emphasize that RB, the most common ocular
malignancy in childhood, is lethal if left untreated. RB management remains complex, requiring
individualized treatment based on ICRB staging, germline mutation status, family psychosocial factors
and cultural beliefs, and available institutional resources. Management of RB remains in constant
evolution and treatment can vary among different centers worldwide. However, the same primary goals
of protecting life and preventing metastatic disease, followed by globe preservation, and finally
optimization of vision are commonly shared among RB specialists. The currently used therapies maintain
excellent survival rates when disease is identified in the localized intraocular stage, while newer therapies
have been focusing on additional improvement in globe preservation and providing the best possible
visual acuity outcome. The refinement of these curative strategies has led to unprecedented cure rates
and globe salvage in centers where a complete armamentarium of treatment options is available.

As noted in their study by Zhang R. et al. [10], RB is the most common intraocular malignancy in
childhood. With the advanced management strategy, the globe salvage and overall survival have
significantly improved, which proposes subsequent challenges regarding long-term surveillance and
offspring screening. This cohort study included RB patients who visited Beijing Tongren Hospital from
March 2018 to January 2022 for deep learning algorism development. Clinical-suspected and treated RB
patients from February 2022 to June 2022 were prospectively collected for prospective validation.
Images from the posterior pole and peripheral retina were collected, and reference standards were made
according to the consensus of the multidisciplinary management team. A deep learning algorithm was
trained to identify “normal fundus”, “stable retinoblastoma” in which specific treatment is not required,
and “active retinoblastoma” in which specific treatment is required. The performance of each classifier
included sensitivity, specificity, accuracy, and cost-utility. A total of 36,623 images were included for
developing the Deep Learning Assistant for Retinoblastoma Monitoring (DLA-RB) algorithm. In internal
fivefold cross-validation, DLA-RB achieved an area under curve (AUC) of 0.998 (95% confidence interval
[CI] 0.986-1.000) in distinguishing normal fundus and active RB, and 0.940 (95% Cl 0.851-0.996) in
distinguishing stable and active RB. From February 2022 to June 2022, 139 eyes of 103 patients were
prospectively collected. In identifying active RB tumours from all clinical-suspected patients and active
RB from all treated RB patients, the AUC of DLA-RB reached 0.991 (95% Cl 0.970-1.000), and 0.962
(95% C10.915-1.000), respectively. The combination between ophthalmologists and DLA-RB significantly
improved the accuracy of competent ophthalmologists and residents regarding both binary tasks. Cost-
utility analysis revealed DLA-RB-based diagnosis mode is cost-effective in both RB diagnosis and active
RB identification. In conclusion, the authors point out that DLA-RB achieved high accuracy and sensitivity
in identifying active RB from the normal and stable RB fundus. It can be used to surveil the activity of RB
during follow-up and screen high-risk offspring. Compared with referral procedures to ophthalmologic
centres, DLA-RB-based screening and surveillance is cost-effective and can be incorporated within
telemedicine programs.

A very important issue is the question of preserving vision in this pathology.

Sinenko I.L. et al. [11] in their work they say that it is currently treated with a limited number of
drugs, adapted from other pediatric cancer treatments. Drug toxicity and relapse of the disease warrant
new therapeutic strategies for these young patients. In this study, researchers developed a robust
tumoroid-based platform to test chemotherapeutic agents in combination with focal therapy
(thermotherapy) — a treatment option widely used in clinical practice — in accordance with clinically
relevant trial protocols. The model consists of matrix-embedded tumoroids that retain RB features and
respond to repeated chemotherapeutic drug exposure similarly to advanced clinical cases. Moreover, the
screening platform includes a diode laser (810 nm, 0.3 W) to selectively heat the tumoroids, combined
with an on-line system to monitor the intratumoral and surrounding temperatures. This allows the
reproduction of the clinical settings of thermotherapy and combined chemothermotherapy treatments.
When testing the two main drugs currently used in clinics to treat RB in our model, authors observed
results similar to those clinically obtained, validating the utility of the model. This screening platform is
the first system to accurately reproduce clinically relevant treatment methods and should lead to the
identification of more efficient drugs to treat RB.

Schaiquevich P. et al. [12] in their work they say that the management of RB, the most common



intraocular malignancy in children, has changed drastically over the last decade. Landmark
developments in local drug delivery, namely, safer techniques for intravitreal chemotherapy injection and
ophthalmic artery chemosurgery, have resulted in eye globe salvages that were not previously attainable
using systemic chemotherapy or external beam irradiation. Novel drugs, oncolytic viruses, and
immunotherapy are promising approaches in the treatment of intraocular RB. Importantly, emerging
studies of the pattern of tumor dissemination and local drug delivery may provide the first steps toward
new treatments for metastatic disease. Our colleagues reviewed recent advances in RB treatment,
especially with regard to local drug delivery, that have enabled successful conservative management of
intraocular RB, as well as emerging data from preclinical and clinical studies on innovative approaches
that promise to lead to further improvement in outcomes, namely, the mechanisms and potential uses
of new and repurposed drugs and non-chemotherapy treatments, and future directions for therapeutic
development.

The authors emphasize that RB has been selected as a priority tumor by the World Health
Organization for its Global Initiative for Childhood Cancer. Despite being highly curable at early stages,
it may be fatal if left untreated. Eye-globe salvage treatments have substantially evolved over the last
few decades, making intraocular RB the most curable of all pediatric cancers in high-income countries.
The development of local drug delivery methods that maximize chemotherapy exposure in the retinal,
subretinal, and vitreous spaces, namely ophthalmic artery chemosurgery (OAC) and a safety-enhanced
technique for intravitreous (Vi) injection, have resulted in an unprecedented rate of eye globe and vision
preservation. Importantly, these new local treatments result in very high concentrations of
chemotherapy in the retina and optic nerve as shown in preclinical models, preventing dissemination to
the central nervous system (CNS). So far, after more than a decade of continuous use at major clinical
centers around the world and after more than 200 articles published in the field, IVi and OAC have been
proven safe without increasing the risk of metastatic dissemination. By eliminating the use of external
beam radiotherapy and systemic chemotherapy, these treatments have improved long-term survival by
reducing the incidence of treatment-associated severe toxicities, the risk of secondary malignancies, and
related deaths. In contrast to this exceptional improvement in treatment outcomes, children with
disseminated RB have few therapeutic options, generally limited to high-dose chemotherapy, stem cell
transplant, and local radiotherapy. Even worse is the scenario for patients with metastasis in the CNS, as
these patients seldom survive even with intensive therapies. Thus, newer treatments and improved
methods of targeting drug delivery to the CNS may improve outcomes. Examples of CNS-targeted routes
include intrathecal (IT) and intraventricular (IVt) injection, which ensure direct delivery of chemotherapy
to the cerebrospinal fluid, circumventing the blood-brain barrier. OAC may also be useful in patients with
orbital RB with massive optic nerve and chiasmatic tumor involvement because of maximal local
exposure to chemotherapy as shown in animal models. Future clinical assessments are necessary to
determine the role of local chemotherapy delivery in disseminated RB. In all cases of intraocular and
extraocular disease, there is a need for new therapies that are more effective and carry less risk of
toxicity. New treatment modalities, namely, targeted therapies, immunotherapy, and oncolytic viruses
are emerging as possible non-chemotherapeutic options. These novel treatments may further reduce the
use of cytotoxic agents, potentially leading to even higher ocular preservation rates, reduced toxicities,
and prevention of tumor dissemination. Identifying high-risk features associated with tumor progression
and metastasis by histopathological analysis of the enucleated eye is critical for selecting appropriate
management. These approaches may soon be supplemented by circulating tumor DNA (ctDNA) analysis,
which may be an early and noninvasive prognostic biomarker of treatment response and risk of occult
extraocular dissemination. In addition, ccDNA may be helpful in noninvasive genomic profiling, especially
to identify patients with the subtype 2 molecular signature who have an increased risk of extraocular
relapse. In conclusion, the researchers emphasize that treatments that have evolved over the last century
have led to striking changes in the treatment paradigm for this ocular tumor. Advances in the knowledge
of its tumor biology and drug response and the development of new routes of drug delivery promise to
lead to additional new, more effective, and less toxic therapies in RB [12].

Warda O. et al. [13] in their work they say that the assessment of vision has a growing importance
in the management of RB in the era of globe-conserving therapy, both prior to and after treatment. As
survival rates approach 98-99% and globe salvage rates reach ever-higher levels, it is important to
provide families with information regarding the visual outcomes of different treatments. As part of a
holistic approach, it is essential for clinicians to understand the impact of various treatment modalities
on vision, as severe visual impairment, particularly in bilateral cases, can negatively impact the child’s
development and overall well-being. Although family counselling often appropriately centres on saving



the child’s life, it is important not to let the consideration of visual outcome fall by the wayside, as this is
an additional piece of information that families find useful to help guide their decisions. As the authors
note visual assessment in infants can be difficult. While Snellen visual acuity is used by many studies in
the ophthalmic literature, this method of quantification requires children who are old enough (often over
5 years) to co-operate. Given that RB primarily affects infants and young toddlers, methods of vision
assessment need to be tailored to this age group.

Age-appropriate visual acuity (VA) assessment can be performed using standard orthoptic
techniques including Cardiff Cards, Keeler Cards, Kays picture tests and Single Sheridan Gardner Tests.
When possible VA should be assessed monocularly. An encouraging and animated approach is used to
maximise the engagement and co-operation of the child during VA assessment. As children with RB grow
older, the choice of VA assessment tool should similarly evolve to ensure the most refined quantification
possible. At presentation, children with RB are often seen on an urgent basis at the RB unit, which in
many cases requires them to travel a significant distance. In our service, the visual assessment is
performed by the orthoptist on presentation as well as at every ophthalmological evaluation during
treatment; unless systemic chemotherapy, in which case visual assessment is performed after the final
cycle. When RB is in remission, a visual assessment is performed at each follow-up appointment, this
takes place before the examination under anaesthesia to avoid the child and family travelling great
distances twice. The assessment can prove difficult particularly for starved children before their
anaesthetics, so it may be necessary to settle for binocular VA in this instance. If the quantitative
assessment is not possible, qualitative methods are used i.e. fixing and following a light and different-
sized target to assess for a fixation preference. During the active treatment phase, the timing of visits
depends largely on the treatment modalities employed. In the later years when there is no longer ongoing
active RB treatment, the frequency of visits may in some cases be driven by the need to monitor for or
manage amblyopia. In addition to the subjective methods of assessing VA mentioned above,
electrodiagnostic studies may occasionally be helpful. Electroretinograms (ERGs), visual evoked
potentials (VEPs) and fundus fluorescein angiography (FFA) have been found to be particularly useful in
assessing for retinal toxicity and visual loss following the use of intra-arterial chemotherapy in eyes with
tumour-free foveolae. Whilst ERGs are recognised not to correlate with vision, VEPs have a role in infants
where the foveola is not involved. In fact, VEP Spatial Frequency is better than behavioural methods up
to the age of 3 and is a useful adjunct to behavioural methods in this age group when assessing novel
treatments and their impact on vision [13].

In addition to appropriate timely VA assessment, screening at-risk children plays an important role
in optimising visual outcomes as early diagnosis correlates with smaller tumours. Consensus-based
guidelines for screening are stratified by risk category, with high-risk children being screened at 2 weeks
of age and repeated every 2-4 weeks initially and then at progressively long intervals until 5-7 years of
age. While low-risk screeners are examined primarily within 4 weeks and follow-ups are dependent on
genetic testing and are often awake examinations. In their conclusions and recommendations, the
authors emphasize that with the increased rates of globe salvage, visual outcomes have become an
integral part of planning the management for children with RB. In some situations, enucleation is still
the most appropriate treatment, but with globe-conserving therapy, there is a need for information for
patients and physicians alike to make informed decisions. Specialised orthoptic assessments to check
visual acuity for children with RB has a very important role in the management of those cases. Thus, the
prediction of the visual potential for both eyes needs to be tailored for each patient and be part of the
parents’ discussion and counselling. Tumour location and grading at presentation are the most important
predictors of long-term visual prognosis. Age-appropriate visual assessments in infants and children with
RB are important in safety profile data for new treatments. Families can be effectively counselled using
the visual outcomes from treatment and where, appropriate visual rehabilitation and support can be
provided, in particular liaison with nurseries/schools and local visual impairment teams [13].

As Gurney S.P. et al. [14] note in their work the goals of RB treatment are primarily to preserve life
by curing the disease and preventing extraocular spread and distant metastases. Advances in treatment
modalities over the past decades have improved survival rates and the goals have advanced further
towards preserving eyes and improving visual outcomes. A cautious approach is therefore required to
avoid changing a child’s condition from that of an intraocular disease, when management is largely
focused on avoiding incidence, to extraocular disease, when mortality is a significant concern. The
authors point out that just over a decade ago, entering an eye with viable tumour was considered an
absolute contraindication in most centres around the world. However, intraocular procedures on eyes
with active disease are now performed routinely and safely, with an acceptably small risk of



complications. Intravitreal administration of chemotherapy is now a well-established treatment modality
for vitreous disease. More invasive intraocular surgery, such as pars plana vitrectomy and endoresection
have been reported by a small number of authors for atypical circumstances, including refractory disease
in a child with only one eye or when a family refuses enucleation. The place of such treatment in current
practice is not established and the subject of much debate. Several surgical innovations have made
intraocular procedures safer and minimised the risk of extraocular spread and metastasis. These include
clear corneal incisions where possible, the use of chemotherapeutic agents in irrigation fluid during
surgery and delivered to entry sites (often in combination with cryotherapy) at the end of the procedure
and the prophylactic use of intravitreal chemotherapy before and after surgery. It is likely that, with the
further development of safer surgical techniques, the indications for intraocular surgery in active RB will
continue to broaden. Likewise, the risk-benefit analysis for intraocular surgery for inactive disease may
change and result in earlier interventions to improve visual outcomes or to manage the ocular sequelae
of the disease or iatrogenic complications of the treatments used in the active stage of RB.

Interesting data on the contribution to scientific research on RB were obtained through a
bibliometric analysis by Gu X. et al. [15]. In their study, they attempted to analyze the research trends in
the field of RB and compare the contribution of different countries, institutions, journals and authors.
They extracted all publications concerning RB from 2001 to 2021 from the Web of Science database.
Microsoft Excel and VVOSviewer were employed to collect publication data, analyse publication trends,
and visualize relevant results. A total of 1,675 publications with 30,148 citations were identified. The
United States contributed the most publications (643) and citations (16,931 times) with the highest H-
index value (67) as of February 4, 202 1. China ranked second in the number of publications (259), while
ranking fourth in both citations (2,632 times) and the H-index (26) ranked fourth. The British Journal of
Ophthalmology was the most productive journal concerning RB, and Abramson DH had published the
most papers in the field. Keywords were categorized into three clusters; tumor-related research, clinical
research, and management-related research. The keywords “intravitreal,” “intraarterial,” and
“intravenous” appeared the most frequently, with the average appearing year being 2018.1, 2017.7, and
2017.1, respectively. Management-related research has been recognized as a heavily researched topic in
the field. The study has demonstrated global trends in RB research. It has been established that the
United States has been at the cutting edge of the field based on its role as the lead contributor. Despite
the considerable number of publications in China, the quality of the publications requires further
improvement. Novel progress can be uncovered in the British Journal of Ophthalmology and
Ophthalmology. Abramson DH and Shields CL are regarded as excellent candidates for academic
collaboration in the field. Chemotherapy-related research has received the most attention previously and
currently; furthermore, it may still be considered in the near future as the latest hotspot.

Regarding the quality of life of patients with this pathology. Padamandala K. et al. [16] in their
study note that with the increased survival of RB patients, it is important to evaluate the quality of life
(QoL) of RB survivors as well as caregivers to provide comprehensive care to the children and caregivers.
The aim of the study was to assess the QoL of survivors of RB, according to parents' opinions and patient
self-reports, using the Pediatric QoL Questionnaire (PEDs-Qol). The study cohort included 86 RB
survivors, 86 age-matched controls, and their primary carers. PedsQL 4.0 generic core scale and
structured interview were administered. QoL in physical, social, emotional, and school health was
evaluated and correlated with clinical and sociodemographic parameters. The mean age of the RB
survivors was 5.7 years with an M:F ratio of 1.1:1. Disease was bilateral in 79% of cases. About 45%
(39/86) underwent enucleation, while others received combination therapy (16; 18%), chemotherapy
(30; 34%), and radiation (1; 1%). As reported by parents, the QoL of physical health domain of RB
survivors was 70.2 SD + 27.8 and 96.15 + 13 SD, emotional health was 72.1 + 27.4 SD and 94.4 + 12.5
SD, social health was 80.4 + 24.9 SD and 98.6 + 6.2 SD; and school health was 71.9 + 2 6.5 SD and 96. 1
+ 12.2 SD. As per the self-report perception, the QoL of physical health was 68.2 + 27.8 SD and 96.2 +
13 SD, emotional health was 66.2 + 28.4 SD and 95.3 + 12.5 SD, social health was 69.5 + 24.9 SD and
98.7 + 6.2 SD, and school health was 63.5 + 26.5 SD and 95.1 + 12.2 SD. There was a significant
relationship between enucleation and QoL domains, where x2 = 67.75, degrees of freedom (df) = 36, and
P < 0.01. There was a significant association between vision in the better eye (6/18 or better = 8, 6/18—
6/60 = 8, 3/60 or worse = 42) and QoL scores (x2 = 95.36, df = 62, P < 0.01). There was a substantial
association between socioeconomic status and QoL domains, where x2 = 88.5, df = 56, P < 0.01. The
results of the study showed that the QoL of parents of RB survivors and self-proxy reports were negatively
affected in many ways, including physical, social, emotional, and school-related dimensions. Despite the
small differences, self-proxy reports indicated a lower QoL than the parents’ group. The study findings



indicate that there are notable correlations between enucleation and visual acuity less than 6/18, as well
as socioeconomic status, with various aspects of QoL domains among individuals who have survived RB.

Dhingra H. et al. [17] in their study mention that despite high cure rates, data on health-related
QoL (HRQoL) of RB survivors are limited. This study aimed to analyze parent's perspective and self-report
of HRQoL of RB survivors, using healthy siblings as controls. It also evaluated the impact of socio-
economic status (SES), gender, disease laterality, treatment modality, duration since diagnosis, and visual
outcomes, on HRQoL. Ninety-two RB survivors were enrolled in this observational, cross-sectional
questionnaire-based study conducted at a tertiary care center. QoL was analyzed in four dimensions:
physical, emotional, social, and school, using both self-report (for children >6 years) and parent proxy
report (for children 2-18 years) using Pediatric Quality of Life Inventory™ (PedsQL™) 4.0 Generic Core
Scale. Seventy-seven healthy siblings served as controls. The mean age of both cohorts was 5.7 years.
Thirty-six (39%) patients had bilateral RB. Of the 92 survivors, 43 (47 %) had undergone enucleation. The
HRQolL of RB survivors was significantly lower compared to sibling controls (P < 0.01) in all four domains,
the physical domain being most affected followed by social domain. Parents reported an inferior QoL
than patient's self-report. Vision <6/18 in the best eye and enucleation had a negative impact on HRQoL
whilst gender, disease laterality, duration since diagnosis and SES had no impact. In conclusion, our
colleagues draw attention to the fact that QoL assessment is often neglected but an important aspect
of survivorship. The results of this study will help in formulating awareness of the domains affected and
allow timely advocacy of initiatives for addressing each issue individually. Remedial measures aimed at
optimizing QoL should be incorporated as part of their rehabilitation.

Reynolds M. et al. [18] in a retrospective cohort study examined the academic performance of
childhood RB survivors. Seventy-three patients with RB (median age at diagnosis 9.97 months [range
0.29, 65.1]) were followed for a median of 6.4 years (0.2, 1.76). Forty-eight (65.8%) had unilateral RB.
Forty-three (63.0%) received systemic chemotherapy, 57 (78.1%) enucleation. At last follow-up, 5 (6.8%)
children had bilateral VA <20/70. Seventeen (23.3%,) reported school difficulties and 10 (13.7%) had an
individualized education program (IEP). Multivariable analysis revealed that a history of receiving
chemotherapy was associated with self-reported school difficulties [(odds ratio (OR) 5.44 [1.36, 21.69],
p=0.016)], and possessing an IEP (OR 11.47 [1.34, 98.16], p=0.03). Degree of visual impairment and
history of enucleation did not influence the risk of self-reported school difficulties or the implementation
of an IEP. Among unilateral RB patients, chemotherapy was an independent risk factor for self-reported
school difficulties (OR 12.8 [1.45, 113], p=0.009) and implementation of an IEP (OR 15.2 [0.78, 292],
p=0.02). As the authors state, their study is significant because it is one of the first publications to look
at the incidence of developmental or school delay and evidence of disease/treatment incidence, including
vision loss and hearing loss, for childhood RB survivors. Further research to assess how chemotherapy
treatment impacts the cognitive development of these patients is needed. The association of
chemotherapy administration and school performance could potentially be explained by several factors.
Patients with chemotherapy typically have more extensive disease, thus necessitating the need for
multimodality therapy. Such patients may have had more extensive local therapies or radiation, which
may influence the long-term cognition of a patient. Chemotherapy was typically administered on an
inpatient basis. Frequent and prolonged hospitalizations involve greater disruptions in family routines,
frequent separations from siblings and peers, and time away from school which could impact cognition
and school performance. A study including a greater number of patients, particularly patients with more
significant vision loss, could provide more information with respect to visual acuity and developmental
incidence. In addition, studies looking at developmental incidence in patients treated with intra-arterial
chemotherapy, whose goal is to limit systemic chemotherapy, would be beneficial. In conclusion, the
authors point out the significant fact that childhood RB survivors experience educational burdens from
their disease and its treatment. Efforts to assess and monitor RB survivors for evidence of cognitive
impairment is needed to identify factors associated with such incidence. Identification of such factors
will assist in instituting early interventions for affected patients to improve their long-term outcomes.

To summarize the above, we can conclude that RB is the most common pediatric ocular
malignancy. Despite the fact that the main attention is often paid to more common oncological diseases,
it is important not to forget about the need for a specialized approach to rare forms of cancer.
Peculiarities of symptoms, childhood age of patients predetermine a special approach to diagnostics of
this disease; aspects of oncological alertness sometimes play a decisive role not only in early diagnostics,
but also in the subsequent course of this pathology and its prognosis. Variability and veiled symptoms, its
similarity with various non-core processes, cause certain difficulties and lead to neglect of the disease.

In recent years, highly effective molecular genetic examination methods have become necessary



for reliable identification of the oncological process by using biomarkers and, as a result, improving the
results of patient treatment. At the same time, despite significant advances in the treatment of RB,
understanding the mechanisms of disease progression, features of spread is necessary for further
improvement of treatment methods and schemes. In terms of treatment tactics, innovative approaches
to the treatment of this rare pathology are currently being developed, which at the same time is one of
the most pressing problems at the intersection of modern oncology, ophthalmology and pediatrics.

Patients with RB also need long-term monitoring, since such patients have an increased risk of
developing secondary malignant neoplasms during their life.

Screening by an ophthalmologist is a must for children with a positive family history of
retinoblastoma. Offspring, brothers and sisters of affected patients require regular screening
examinations in childhood, unless genetic testing is performed to exclude a gene mutation, in which case
the risk is similar to that of the general population. Genetic counseling for families with retinoblastoma
can help determine the risk for future offspring and whether other family members are at risk of
developing the disease.
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Abstract

This study presents the first comprehensive morphometric and immunohistochemical
characterization of liver tissue in full-term neonates born to healthy mothers. A total of 45
autopsy-derived liver samples were analyzed for cellular and stromal components, expression of
extracellular matrix proteins, and levels of non-invasive biomarkers APRI and FIB-4. The liver
parenchyma was dominated by mononuclear hepatocytes (93.5+7.1%) with a low binuclearity
index (0.06+0.01). The stromal-parenchymal index was 0.34+0.01, and histological analysis
confirmed the absence of fibrotic changes. Immunohistochemical staining demonstrated distinct
localization and reproducible expression of fibronectin and collagens |, Ill, and 1V, with type IV
collagen predominantly located in sinusoidal basement membranes. Biochemical assays confirmed
normal ALT, AST, and platelet levels, and both APRI (0.19+0.01) and FIB-4 (0.022+0.001) indices
were below fibrotic thresholds. These findings offer reliable baseline data for neonatal hepatic
histology and fibrosis assessment. The work establishes reference standards critical for future
diagnostic and comparative studies in neonatal hepatology and supports the feasibility of applying
APRI and FIB-4 as non-invasive diagnostic tools in the neonatal population.

Keywords: liver, neonate, morphometry, fibrosis, collagen, fibronectin, APRI, FIB-4,
immunohistochemistry, extracellular matrix

Background. Timely identification of liver pathology in newborns remains a challenging issue in
modern clinical practice. This difficulty is primarily due to the high frequency of subclinical disease
progression and the nonspecific nature of early clinical symptoms [1]. Liver dysfunctions in neonates
often manifest as general symptoms such as jaundice, letharqgy, or coagulopathy, which do not allow
timely detection of specific hepatic damage [2]. Despite the rapid advancement of molecular-genetic
diagnostic techniques, pathological and morphometric analysis remains a vital diagnostic tool and
continues to play a key role in verifying liver pathology in infancy [3]. However, correct interpretation of
morphological changes requires reliable reference data on the normal liver structure in full-term
neonates. Current literature reveals a distinct lack of such morphometric characteristics, creating a gap
in evidence-based standards and complicating diagnostic standardization [4].

Objective. To provide a morphometric and immunohistochemical characterization of the main
structural components of the liver in full-term neonates born to healthy mothers with physiological
pregnancies, and to assess the significance of non-invasive liver fibrosis biomarkers (APRI and FIB-4) in
this cohort to establish reference data and improve differential diagnosis in clinical settings [5].

Materials and Methods. The study included 45 liver biopsies from full-term neonates (gestational
age 37-40 weeks) who died within the first 24 hours of life from causes unrelated to liver pathology.
Morphological studies were conducted in accordance with current regulations of the Ministry of Health
of Ukraine [9]. Sections were stained with hematoxylin-eosin and Mallory’s method. Morphometric
evaluations were performed using an Avtandilov grid at x200 magnification. Parameters assessed
included the proportion of mono- and binuclear hepatocytes, structural components (hepatocytes, portal
tracts, sinusoids, central veins, bile canaliculi), the binuclearity index (BIN), and the stromal-parenchymal
index (SPI).

Immunohistochemical analysis included evaluation of fibronectin and collagen types I, Ill, and IV
expression. Commercial antibody kits and automated image analysis systems (Image-Pro Plus 6.0) were
used [2, 6]. In parallel, serum fibrosis biomarkers—APRI and FIB-4—were calculated using standard
formulas [5, 6]. Biochemical indices (ALT, AST, platelets) were obtained from routine venous blood tests.



Results. The livers of neonates exhibited elastic consistency, homogeneous structure, and well-
formed trabecular-radial architecture. Morphometrically, mononuclear hepatocytes predominated
(93.5+7.1%), while binuclear cells accounted for 6.5+1.2%; BIN was 0.06+0.01. Parenchymal
components comprised 74.2+4.3% of the histological field, and stromal elements—25.842.6%; SPl was
0.34+0.01. Hepatocytes demonstrated predominantly eosinophilic cytoplasm with distinct nuclei, and in
some cases, lipid vacuoles were observed [7].

Immunohistochemical analysis revealed fibronectin expression at 17.3+2.5%, type | collagen at
9.7+1.9%, type lll collagen at 10.1+0.9%, and type IV collagen at 5.940.2% [2, 6]. In Disse’s spaces,
collagen | and Ill types showed weak or moderate expression, while type 1V collagen was localized mainly
in the basement membranes of sinusoids. All markers demonstrated distinct localization and
reproducible expression levels, indicating their potential as reliable markers of liver microstructural
organization [2, 5].

Biochemical indicators included ALT — 12.6+2.2 U/L, AST — 21.2+2.7 U/L, and platelet count —
267.3422.6 x1079/L. APRI index — 0.19+0.01; FIB-4 — 0.022+0.001 [5, 6, 8]. These results suggest the
absence of even minimal fibrosis and confirm the physiological state of the liver in control group
neonates.

Discussion. The presented morphometric and immunohistochemical characteristics of liver tissue
in full-term neonates born to healthy mothers represent the first comprehensive dataset of its kind [7].
The lack of comparable international literature highlights the relevance and novelty of this study [1, 3].
The obtained parameters can serve as baseline references for future comparative studies on pediatric
liver pathology [4, 10]. The expression levels of fibronectin and collagens may be useful for constructing
standardized fibrosis assessment scales [2, 5, 9]. Inmunohistochemical visualization of connective tissue
matrix allows for accurate mapping of microstructural changes in pathological conditions [6].

Despite APRI and FIB-4 biomarkers being developed for adults, this study is the first to test them in
neonates, where their levels indicated an absence of fibrosis [5, 6]. The relevance of such an approach is
underscored by the need for non-invasive diagnostic tools in the youngest patient population, for whom
liver biopsy remains technically difficult and risky [4, 8].

Conclusions

1. Morphometric parameters and extracellular matrix protein expression levels in full-term
neonatal livers can be considered reference standards.

2. APRI and FIB-4 indices in neonates may be utilized as non-invasive tools for liver status
assessment in research and potentially clinical applications.

3. The obtained data significantly contribute to the evidence base for liver morphology evaluation
during the neonatal period.

4. Immunohistochemical fibrosis markers enable precise localization of extracellular matrix and
offer promise for early diagnosis of connective tissue changes in the liver.

5. These results may inform clinical protocol development for the management of neonates with
suspected liver pathology.
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Abstract

The present study is an experience of the histopathological spectrum of gastrointestinal
polyps and its correlation with clinical and endoscopic data in the clinic.

Materials and methods: The present study is a 10-year retrospective study from 2014 to
2024. A total of 38 cases of intestinal polyps were studied over a period of 10 years. The mean age
was 50 years. The male to female ratio was 2.2:1. All relevant clinical, endoscopic and radiological
data were obtained from the medical records of medical institutions. Old histological materials
were re-stained and special stains were performed where required. All cases were reviewed.

Results: A total of 38 cases of intestinal polyps were studied over a period of 10 years. The
mean age was 50 years. The male to female ratio was 2.2:1. The most common presentation
system was abdominal pain. We observed both single and multiple polyps. Most of the intestinal
polyps were non-neoplastic, with unremarkable mucosa or inflammatory type. In contrast to
previous studies, the most common location of the hyperplastic polyp in the present study was the
first part of the small-colonic intestine. Among the neoplastic polyps, the most common type was
adenomatous polyp. Among the syndromes included in the study, we encountered two cases of
Peutz-Jeghers syndrome and one case of familial adenomatous polyp.

Conclusion. Gastrointestinal polyps are rarely detected during endoscopic examinations,
although most of them are non-neoplastic in nature. To exclude any neoplastic pathology and
identify the risk of malignancy, a thorough examination of clinical, endoscopic data, as well as
surgical and biopsy material under a microscope is required.

AHHOMAuus

Hacmoswee uccnedosaHue npedcmassisem cobold onbim  2UCMOoNAamosI02u4yecko2o
CNeKmMpa NoJIUNOB Xey00YHO-KUWEYHO20 MPAKmMaA U €20 KOppensuyuu C KAUHUYeckumu Uu
3HOOCKONUYECKUMU OaHHbIMU B K/TUHUKE .

Mamepuanbl u MemoObl: Hacmosuwee ucciedosaque npedcmassisem cobol 10-nemHee
pempocnekmusHoe ucciedosaHue ¢ 2014 no 2024 200. Bcezo bb110 uzy4eHo 38 cy4aes nosunos
Kuwku 3a nepuod 10 nem. CpedHul so3pacm cocmasui 50 nem. COOMHOWEHUe MyXHuH U
HeHwuH cocmasuio 2,2:1. Bce coomsemcmayrowjue KAUHUYecKue, 3HOOCKonudYyeckue u
paouosioeudeckue 0aHHble 6biiu NoJlyYeHbl U3 MeOUUUHCKUX Kapm MeOUUUHCKUX YydpexcoeHud.
Cmapble 2ucmosioeudyeckue mamepuassl Obiiu NOBMOPHO OKpAWeHbl, U mam, 20e 3mMo
mpeboBasiocs, bblu BbINOHEHb! CNeYUAIbHbIE OKPACKuU. Bce ciyyau 6b11u paccmMompeHsi.

Pe3synibmamei: Bce2o 6b110 usyyeHo 38 cayqad nounos KUWKuU 3a nepuod 10 1em. CpeoHul
Bo3pacm cocmasus 50 nem. CoomHoweHue Myx4YuH U XeHUuuH cocmasusio 2,2:1. Haubosnee



pacnpocmpareHHol cucmemol nposisieHus 6bina 6osb B8 xusome. Mbl Habsiodanu Kak
00UHOYHbIE, MAK U MHOXECMBEeHHbIe NOJUNbl. BOMbWUHCMBO NOJUNOB  KUWKU  bbliu
HeonyxoJsiesbIMU, ¢ HenpumeyamesibHol ciu3ucmol 0bo104Kkol Uu BOCNAUMeEIbHO20 mund. B
omsuque om  nNpedbidywux — UcciedosaHuld  Haubosee  pacnpoOCMPAHeHHbIM — MeCcmom
PACNOJIOMHeHUs 2unepnacmu4yecko20 NoauNd 8 HACMOosWeM UcciedosaHuu bbiia nepaas 4acms
MOHKO-mosicmol  Kuwku. Cpedu Heonsiacmu4yeckux Nnosaunos Haubosiee pacnpocmpaHeHHbIM
munom 6bi1 adeHomMamo3sHbit noaun. Cpedu CUHOPOMOB, BXOOSWUX B UCCAe00BAHUE, Mbl
CMOJIKHYAIUCL C 0BYMS C/y4asimu cuHopoma [ledmuya-Eeepca u 00HUM Ciy4aem cemelHo20
adeHoMamo3Ho20 NO/UNG.

3aknroqeHue. [lonunsl 3enyo0oyHo-KUWEYHO20 MPAKmMa pPeoko O0OHAPYMUBAOMCS Npu
SHOOCKONUYeCKUX UCC/Ie00B8aHUSAX, Xoms 60bWLUHCMBO U3 HUX No cBoell Npupode He SBJISHMCS
onyxosiesbIMU. 8 UCKIo4eHUs tobol Heonsacmuyeckod Nnamosiocuu U BbISIBIEHUS PUCKA
3/710Ka4ecmseHHocCmu mpebyemcs mujamesibHoe 0b6C1e008aHuUe KIUHUYECKUX, IHOOCKONUYECKUX
0aHHbIX,a Makxe onepayuoHHo-6uoNCUlHbIT Mamepuasn NOO MUKPOCKONOM.

Keywords: lower gastrointestinal tract, retrospective studies, Peutz-Jeghers syndrome,
adenomatous polyp.

Knroyesble cnosa: HUXCHUU omoes x#esyo00YyHO-KUWLEeYHO20 MPAKkmd, pempocneKmuBHbie
ucc/1e008aHus], cuHopom ledmua-Eeepca, adeHoMamo3HbIt Noaun.

ViHmepec K npobsieme nosiuno8 NPOOUKMOBAH 0bHAPYMHEHUeM U BblOesieHUeM 2eHOB Pas/uYHbIX
$opM CUHOPOMOB NOJIUNO3A HEYOOYHO-KUWEeYHo20 mpakma (KKT).

CuHopom  [ledmuya—Eeepca  —aymoCOMHO-0OMUHAHMHO  Hacsiedyemoe  3abosieBaHue,
Xapakmepu3yroueecsi MHOMeCMBEeHHbIMU 2aMapmMOMHbIMU NOJIUNAMU B XceslyoKe, MoHKoU u moacmod
KUWKe, MesaHUHOBbIMU NUZMEHMHBIMU NAMHAMU HA KOXe U C/IU3UCMbIX 000JI04KAX, A MAKME BbICOKUM
PUCKOM pasBuUMUS 3/10KA4eCMBEeHHbIX 0nyxosell opeaHoB8 NUULEBAPeHUs] U penpodyKmuBHOU cuCmemb!
[1,7,8].

[To cospemeHHoU KAaccudukauuu MHOXECMBEHHbIX NOIUNO308 He/TYO0YHO-KUWLEYHO20 MPakma
(>KKT) cuHOpom Melimua—E2epca omHOCUMCS K HAC/1e0CMBEHHbIM 2aMapmOoMHbIM N0UN03am [5].

[pednonazaemcs, 4YmoO KJUHUYECKAs 2emepo2eHHOCMb 3a060/1eBAHUS Y PA3HbIX NAYUEHMOoB
(wupokas sapuabesbHOCMb NO YUC/IY U MUNY NOAUNOB, NJIOMHOCMU MeIaHUHOBOU NUZMeHMAauuU KoXuU
u cu3ucmesix 0b6os104eK, Bo3pacmy mMaHugdecmauuu 3ab0aesaHus, Maxecmu mevyeHus)) o0bycao8/1eHa
Pa3/IU4HOU 3KCNPECCUBHOCMbHO 2eHA, KOMOPAs, B CBOKD 04epedb, 3aBUCUM Om mund Mymauyuu.

CuHOpom [lelimuya-Ezepca-TypeHa Bcmpeyaemcss HA BCex KOHMUHeHMax. XeHujuHbl 6oserom
HECKOJIbKO Yauie, 4em Myx#C4uHbl. To 4mo CUHOPOM BCMPEYaemcs Yy HECKO/IbKUX 4/1eHoB8 00HOU cembU,
csudemesibcmayem B8 N0Jb3y €20 HAC/e0CMBEHHO20 2eHe3d [2,4,6].

rucmosoaudecku noJunsi lledmua-E2epca xapakmepusyromcs XapakmepHbIM pa3Bems/ieHuem
2/1a0KUX MbILL, B cobcmBeHHoU naacmuHke. O0Hako nosunsi ledmuya-Eeepca moHKo-mosicmot KUWKU
MO2ym UMUMUPOBAMbL NOJIUNBI NPOAANCA C/IU3UCMoU 060/104KU WU Npakmuyecku Jstobol nosun
mosicmoll KUWKU, Komopbil nodsepeaemcs nposancy. LLlupokas sapuabesbHoCMb YUc/aa, pazmepos U
2UCmMosI02uYeckKux munos NOJIUNOB OMPAXAeMmCs B 2eMepo2eHHOCMU KAUHUYeCKoU CUMNMOMamuku. B
HeKOMOpbIX C/IY4asx MHOXecmBeHHbIU nosuno3 XKT doseoe Bpemsa Hudem cebs He npossisem,
MaHugecmupyem 8 3pesiom Bo3pacme. ONUCAHbl Cay4au 0OHAPYXeHUs NoAUNo8 NpU OMCYmMCmauUU
KakoU-n1ubo cumnmomamuku Bo Bpems 0b6c1e008aHuss nayueHmos no Nosody opyeux 3abonesarud [3,

8J.

OOHaKo 4Yauje MHOMeCmBeHHbIU 2aMapmoMHbIl NOUNO3 CMAHOBUMCS NPUYUHOU  SBHbIX
XHEJ1YOOYHO-KUWEYHbIX KpoBomMeYeHul (2emamemesuc, MesieHd), a makxie npusooum K OKKYJIbMHbIM
KpoBOMeYeHUsM U XpoHu4Yeckold aHemuu [5,6,7].

Kpome moeo, nod BausHUeM NepucmaabmuKku KUWEeYHUKA KPYnHble NJ0MHbIe NOJUNbI MO2Ym
msHymb 3a cobol cauzucmyro 060/104KY KUWKU, CMewasicb Ha 0ecamKu CaHMUMempos, Bbi3biBAs
KUWEYHYH UHBA2UHAUUI C KAUHUYeckol KapmuHoU KuwweyHol Henpoxooumocmu. [Ipu uHBazuHauuu
COKPAuWeHHbIl y4acmok KUlKu Bmecme co csoell bpbixelkold no npodosibHoU OCU 3ams2usaemcs B8
oucmasibHbIU omoesT KUWKU C HOPMAslbHbIM NPOCBEMOM. pA3BUBAEMCS OMeK, NOCMeNneHHO BO3HUKAOM
HapyuwieHus KpoBoobpauleHus U HeKpo3 Kuwie4yHol cmeHku [1,4,6].


http://gastroscan.ru/handbook/399/8994
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O0Hako, 8BUDY OMCYMCMBUSA BO3MOXHOCMeU 019 NpoBedeHUs 00po20CMOAWUX MOJIEKYISPHO-
2eHemuyYeckux Memo0oB UCC1Ie00BAHUS U COOMBEMCMBEHHO, UX 00CMYNHOCMU, HA Ce200HAWHUL 0eHb
SHOOCKoNuYeckue u Mopgosio2udeckue 0aHHbIe SBJISHOMCA pewarouumu 0158 OUdeHOCMUKU, J1eYeHUs U
nocnedyrowie2o HabooeHus 3a 60/1bHbIMU C CUHOpoMamu noauno3a XKT.

Lenb uccnedosaHus: Ha oCHOBAaHUU UCC/IE00BAHUS MAMEPUAsd NOJUNOB MOHKOU KUWKU U3y4Umb
U BbIABUMb 0COOGHHOCMU UX pA3BUMUS Y MO100020 B03pACMA 0J15 yCOBEPUIEHCMBOBAHUSA U yHUDUKayUU
mopgonoeudeckoll 0uazHOCMUKU NOJIUNOB MOHKOU KUWKU, MAKXe NOBbIUIEHUS ee KIUHUYecKol
UHpopMamusHoCMU.

Mamepuan u mMemoduKka ucc1edoB8aHus: Ha OCHOBAHUU KOMNJIEKCHO20
NAMOsI020aHAMOMUYECK020 UCCIe00BAHUSI NPOAHAIU3POBAHO ONEPALUOHHO20 Mamepuasnd NoJuNoB
MoHKoU KUWKU 8 nepuod 2014-2024 2. Bce cay4au bbiau nodBepeHymsi NAMOI020aHAMOMUYECKOMY
uccnedosarutro 8 1abopamopuu namomopgoocuu KL MKTY um.A.fcasu.

Pe3ysibmamsbl UCC/IE00BAHUS U UX O0OCYx#0eHue. Makpockonuyecku nosunsl mo2ym 6bimb
NJIOCKUMU UJIU BbICOKUMU, PA3/Iu4HoU BeuYUHbl (0OM HEeCKOIbKUX Musiiumempos 00 5 u bosee
caHmumempos), ¢ 21aokol 1ubo 0osb4amoll NOBEPXHOCMbI), HA WUPOKOM OCHOBAHUU U HA HOMKe
[3,5,8].

Pacnonazaromcs  2amapmombl N0 OOUHOYKE WU  KJIAcmepamu, nopol BbICMUAAS  BCHO
NOBEPXHOCMb CAU3UCMOU, HANOMUHAS KOBPOBOE NOKpbimue [8,9].

lpumeqamesibHo, 4mo y 60JbHbIX C CuHOpomoMm [ledmua—Ezepca Hapsaoy ¢ 2amapmomMHbIMU
nosunamu 8 Moacmol KUWKe U XesyoKe 4acmo 0bHapyxusaromcs adeHoMamosHble nosunsi [6].

Makpockonuyeckue nposisaeHus nosaunos [ledmua-Eeepca HANOMUHArOM MAKOBbIe d0eHoOM
CX00H020 pasmepa. Pasmepbl bbliU pasHble,ux NOBEPXHOCMb Oblia Mecmamu eunepemMupoBaHa U
3Dp03UPOBAHA, MAKXE UMes1 pazBemsieHHoU CMPOMbl.

-

PucyHoK. 1(a,6).3Ha4umesnbHoe ymosuseHue NopadeHHoU CMeHKU KUWEeYHUKA C y4acmKamu
BocnaseHuem.[iybokue ussumaie U JuHelHble U3bA3B8/1eHUA(NPUOarom CMeHKU KUWKU BUO «bY/ibiHHOU

MOCMOBOU») :

.
PucyHok.2.0nyxonesudHoe obpazosaHue 8 No08300WHOU 061acmu MOHK020 KUWKA
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llpu eucmoJsio2u4eckom uccaedoBaHuu OmMeyanocs bosiee mecHoe PAcnosiodeHuUe xesnes, U
06HAPYHUBA/IUCL Y4ACMKU NOJIUNOB, COCMOSAUUE NPEUMYUEeCMBEHHO U3 MeJIKUX Xe/ie3 C BbICOKOU
npoJiugepamusHol akmuBHOCMbO. CMPoMA COCMOSA/ U3 MbIWeYHOU NAACMUHKU  c/lu3ucmod B
coyemaHuu ¢ 2unepnsia3upoBAHHBIM H#e1e3UuCmbiM SNUMesIueM.

VI3MeHeHUs  3numesius  3Mux 044208 NOMUMO  BbICOKOU ~Mumomuyeckold akmusHOCMU
XApAKmepu308aiuCb  MHO20PSIOHOCMbIO  PACNOJIOM(eHUS  f0ep,  BbipaxeHHold  basogunued u
NPakmuyecku NoJIHbIM OMCYmcmauemM cekpema 8 yumonsiasme Kaemok. ObHApyusaiuck Kaemku ¢
KDYNHBIMU 2UNepXPOMHbIMU  UU HA060pOm Ny3bIPbKOBUOHbIMU SO0PAMU U XOPOWIO BbIPAXEHHbIMU

,-‘ w5\ : A

L “ N 5 o 4 ] ul
Puc.3(a,6). OnepayuoHHkIt Mamepuas MoHKoU KUWKU, OKPACKA 2eMamOoKCU/IUHOM U 303uHoM.YB x 200:
KpUnNma! U BOPCUHKU PasaudHol 0/1UHbI, pazoesieHHble BemBamMU 21a0KUX MbILUU, B SNUMesuU Kiaemku,
XapakmepHble 0719 CAu3UCMol 060/104KU MOHKOU KUWKU, — K1emKu [laHema, 3Hmepouumai,

60Ka108UOHbIE KSTEMKU

Vi e
e —-g X :
e

PucyHok.4(a,6). OnepauuoHHbIl Mamepuas MOHKOU KUWKU, OKPACKA 2eMamOKCU/IUHOM U 303UHOM.YB X
200: Inybokul weneBudHbIld s38eHHbIU 0egpekm cau3ucmol 060/104KU, TUMGBOMAKpoGazaibHas
UHGUIbMPAyUs ¢ NPUMEChHHO J1eUKOUUMOB U OMeK MKAHU.[ToTHOKpOBUE MUKPOCOCYOO0B.

OcHoBY OAHHbIX U3MeHeHUl cocmassigem NpPoJanc MbILUeYHo20 C/10 CO6CMBEeHHOU NAACMUHKU
c/uzucmou 060/104KU B CMPOMY NOJIUNG C OPeBOBUOHBIM PA3BemMBJIeHUeM 2/1a0KOMbIULIEYHbIX BOIOKOH,
ymo npu MopgosocuUYecKoM UCCIe00BAHUU CO30dem JIOXHOe BnedYamJieHue UHBA3UU 3nUmesus B
moJiwy KuweyHold cmeHKu [8].

ObcycoeHue

B Hacmoswem uccaedosaHuu 60/1bLUUHCMBO NOIUNOB bbliu HeoNyXosesbiMU, U 60/IbULIUHCMBO U3
HUX 0eMOHCMPUPOBAIU HOPMAJIbHYHO  C/IUUCMYr0  000/104KY 0BeHaduamunepCmHol  KUWKU U
BocnaseHue npu  e2ucmonamosiocu4eckoM UCC/Ie00BaHUU. B 00HoM cyyae ©Obiia ommeyeHa
2PAHYAUUOHHAS MKAHb, A B O0HOM C/y4yae 6bl1 NPOOeMOHCMPUPOBAH PeaKkmMuBHbIU UMGBOUOHBIU
donnukyn. B o0Hom criy4dae cpedu Heonyxoaesbix NOAUNOB UMEIOCh 2PAHYIeMAMO3H0e NOPAXEHUE B
coyemaHuu ¢ u3bs3sieHHol ciuzucmodl 060s104Kkod.

[peuHBasuBHbIe 3NUMEIUA/IbHbIE NOPAMEeHUs MOHKOU KUWKU BCMPeYaromcsl pexce, Yyem ux
aHanoeu 8 mosacmoll KUWKe. boJIbULUHCMBO U3 HUX JIOKA/IU3YoMCA 8 0BeHaouamunepcmHol KUWKeE, 8
Mo Bpems Kak adeHoMbl MOHKOU U N00B300WHOU KUWKU BCMPEYaromcs pexe, 8 OCHOBHOM U3-3d MOZO,
ymo ducmasbHbIl omoes MoHKoU KUWKU 3HOOCKONUYeCKU MeHee docmyneH, a adeHoMbl CMAaHoBsIMCs




KIUHUYeCKU — 0YeBUOHbIMU — MOJIbKO — mo20d, Ko20ad OHU  BbI3bIBAOM  OOCMPYKUUKD — USIU
MPAaHCHopMUPYHOMCSH 8 UHBA3UBHbIE A0@HOKAPUUHOMBI[I].

BbiB0ObI

1. C MOYKU 3peHuss Hay4Ho20 UHMepecd, 3HAHUe 3Mo20 CUHOPOMA NOMOXem B8payy NPABUJIbLHO U
CBOEBPEMEeHHO NOCMABUMb OUAZHO3.

2. [lpu BbigsreHuu cuHopoma [ledmua-Eeepca-TypeHa Heobxodumo o0bcredoBams Bcex
pPOOCMBEHHUKOB 60JIbHO20, YMO NO3BOJIUM BbIABUMbL 6ECCUMNMOMHO NPOMeKaroulue Cay4au 0aHHo20
cemeliHo20 CcmpaoaHus, CBOEBPEeMeHHO NOCMABUMb OUAdeHO3 U NPU BO3HUKHOBEHUU OCIOMHEeHUU
(HenpoxoouMoCmMb KUWEYHUKA, XeJly00YHO-KUWLEYHbIe KPOBOMEeYeHUs) C onpedeseHHOU CmeneHbro
YBepeHHoCMU uMems npeocmassieHue ob ux Npu4yUHax. 3mo, HeCOMHEeHHO, YJy4uum NPoeHoO3 0aHHO20
3a60/1eBaHUS.

3. CuHOpom [lelimua—Ezepca 4acmo umeem OCAOMHEHHOoe meyYeHue, U 60JsbHbIe, Cmpaoarouiue
0aHHbIM 3abosieBaHueM, 00JIXKHbI HAXOOUMbCA NOO NOCMOSHHbIM OUCNAHCEPHbIM  HAbIH00eHUem
2acmpo3HMeposioad, KOJIONPOKMOJ102d, OHKOJ102d.
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Abstract

This scientific and analytical work presents modern world and local-regional data on
incidence, mortality, lethality and five-year survival rate of such a common oncological pathology
as thyroid cancer. The issues of etiology and pathogenesis, modern approaches and principles of
complex diagnostics, prospects for improving treatment results, as well as the prognosis are
covered in detail. The epidemiological characteristics of this pathology in our republic are given in
the context of the regions of the country.
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Thyroid cancer (TC) is a malignant tumor that develops from thyroid tissue. The following
diagnostic criteria for TC are distinguished. Complaints about: enlargement of the gland; appearance of
a tumor on the anterior and lateral surface of the neck; change in voice (with tumor growth into the
recurrent nerve); rapid tumor growth; shortness of breath, feeling of lack of air (with tumor growth into
the recurrent nerve, upper respiratory tract). Anamnesis: thyroid disease (hypothyroidism, euthyroidism,
hyperthyroidism, thyroiditis); long-term use of antithyroid drugs; ionizing radiation; history of radiation
therapy to the head and neck. Physical examination: 1) upon examination, neck deformity (uniform
swelling on the anterior surface of the neck, asymmetry due to an increase in any part of the thyroid
gland, an increase in regional lymph nodes); 2) palpation examination of the thyroid gland - the presence
of a nodular formation in the thickness of the thyroid gland, dense consistency; 3) palpation examination
of regional lymph nodes - dense consistency, painful, mobile, immobile, partially mobile.

Laboratory tests: cytological examination, histological examination. Immunohistochemical
examination: TTF-1, determination of calcitonin, fine-needle aspiration biopsy. All patients diagnosed
with medullary TC or a family history of medullary TC or multiple endocrine neoplasia syndrome type 2



are recommended to undergo genetic testing to determine the germline mutation rearranged during
transfection (RET) in order to determine the prognosis of the disease.

Instrumental studies: 1) ultrasound examination of the thyroid gland (determines the structure of
the gland and tumor, the presence of a nodular formation, cystic cavities, size, echogenicity), the protocol
for ultrasound examination of the thyroid gland includes determining the size, localization, ultrasound
characteristics of the tumor; suspicious signs are (assessed only in solid nodes or in solid areas of the
nodes) hypoechoic solid structure; uneven, fuzzy or polycyclic contour; point hyperechoic inclusions
(microcalcifications); predominance of the anteroposterior size of the node over the width
("higher/than/wider"); 2) ultrasound examination of the cervical, submandibular, supraclavicular,
subclavian lymph nodes (the presence of enlarged lymph nodes, structure, echogenicity, size); The
protocol for ultrasound examination of the thyroid gland and regional lymph nodes should include
assessment of the following parameters: size (it is necessary to assess the diameter or anteroposterior
size, and not the length; for all cervical lymph nodes, except for level Il - the fascial cellular space of the
neck (submandibular zone), the largest size is no more than 0.6 cm, for level Il - no more than 0.8 cm);
the ratio of the long and short axes; the presence / absence of the gate; cystic changes; point hyperechoic
inclusions (microcalcifications); the nature of vascularization (gate or the entire lymph node); increased
echogenicity of the lymph node (similarity to normal thyroid tissue); the most specific signs that allow us
to suspect metastatic lesions of the lymph node are microcalcifications, a cystic component, peripheral
vascularization, and similarity of the lymph node tissue to the thyroid gland; less specific signs are an
increase in size, rounded contours, and the absence of a hilum; 3) computed tomography and/or magnetic
resonance imaging of the soft tissues of the neck and mediastinum (with contrast - in the presence of
invasion into the main vessels, with a retrosternal location), fine-needle aspiration biopsy from the tumor
(allows us to determine tumor and non-tumor processes, the benign and malignant nature of the tumor);
4) skeletal scintigraphy (prescribed if bone metastases are suspected); 5) positron emission tomography,
positron emission tomography/computed tomography of the whole body (performed to diagnose the
prevalence of the tumor process or the progression of the disease, or to assess the dynamics of the
effectiveness of specialized treatment) [1].

The thyroid or glandula thyroidea is an endocrine gland located in the neck below the larynx in
front of the trachea in mammals. In humans, it has the shape of a butterfly. It consists of two lobes
connected by a narrow bridge called the isthmus. Thyroid carcinoma or TC is a malignant tumor of the
thyroid gland. It is the most common malignancy of the endocrine (hormonal) system, but is very rare,
accounting for about 1% of all malignant tumors, however, it has been increasing in frequency in recent
years. TC is a malignant tumor of the glandular tissue of the thyroid gland. There are different types of
TC that arise from different cells in the thyroid gland. TC comprises several categories: (1) differentiated
TC (DTC), including papillary (PTC), follicular (FTC), and Huerthle cell tumours, (2) medullary TC (MTC)
and (3) anaplastic TC. The long-term survival rate of patients with differentiated TC is about 90%,
whereas patients with poorly differentiated TC types show a long-term survival rate of below 10% due
to their resistance to standard treatment options [2]. The latest Global Cancer Observatory survey from
2020 reports that TC is responsible for 586,000 cancer cases worldwide [3].

Horgan D. et al. in their work they say that TC is the most common malignancy of the endocrine
system that affects the thyroid gland. It is usually treatable and, in most cases, curable. The central issues
are how to improve knowledge on TC, to accurately identify cases at an early stage that can benefit from
effective intervention, optimise therapy, and reduce the risk of overdiagnosis and unnecessary treatment.
Our colleagues focus on the fact that the approach to TC needs a rethink to early and correct
identification of patients and improve their patient journey and treatment outcomes, including improved
quality of life. All patients should be referred to comprehensive cancer centres. Such an approach would
instate an optimal patient management mitigating overdiagnosis and overtreatment and would improve
access to biomarker testing, clinical trials, and appropriate systemic therapies for patients with advanced
forms of TC. It would also help establish focused national expertise on rare TC cases, promote research,
training, awareness, and facilitate international collaboration [4].

Treatment and molecular testing guidelines should be regularly updated at regional and national
levels to facilitate the reimbursement and availability for the most effective diagnostics and therapies.
In the most recent update of the clinical practice guidelines, ESMO highlights for the first time the need
to test for actionable cancer alterations in TC. It is essential that national guidelines are coordinated
with the European and international ones [5].

Quality comprehensive genomic testing should be incorporated in clinical practice (tissue or liquid
samples) for all TC patients that can benefit from targeted therapies. In order to facilitate correct



diagnosis, pathology practice, data collection and analysis, as well as communication with the treating
physicians should be improved, with the provision of registers based on pathology. National cancer
registries should distinguish specific diseases with standardised, quality-controlled systems, including
details of case management and including long-term survival data. National and international data bases
are needed not only for refractory TC, but for all types of TC. Thyroid gland examination practices in the
asymptomatic general population need updating. With the rapid growth of big data analytics in
genomics, imaging, and clinical outcomes, health systems should make it possible to generate a
personalised, data-driven risk profile to customise therapy for individual patients, aiming for both long-
term tumour control and manageable adverse effects [4].

Silva S.N. [6] notes that TC is not just a common type of cancer, it is the most frequently diagnosed
endocrine malignancy worldwide. The etiology of TC is essentially multifactorial and radiation is the best
documented risk factor related to the disease. However, many questions are still open and seeking
clarification, especially regarding the genetic aspects of this pathology, with clear implications not only
on a scientific basis of the disease, but foremost in clinical oncology. Thyroid gland tumours are a
heterogeneous group of neoplasms that may arise from virtually any of the different cell types that are
present in the thyroid gland. Although the malignant tumours are most frequently identified in thyroid
follicular cells, it is clear that the molecular-genetic characterization is crucial and should be further
explored to emphasize differences in tumour biological behaviours, aggressiveness, and disease
prognostics. PTC and FTC represent 85-90% and 5-10% of TC cases, respectively, arising from thyroid
follicular cells. These tumour histotypes retain their morphologic features and are often referred to as
DTC. However, the etiology of DTC is still unknown. Considerable progress has been made in the
understanding of thyroid carcinogenesis, in part based on retrospective and prospective studies published
worldwide in recent decades, but also in the development of high-throughput approaches and the
availability of improved diagnostic methodologies that lead to early diagnosis. In fact, over the last few
decades, the research in TC has highlighted the mutational landscape leading to better understanding
of the molecular pathogenesis of DTC.

The hallmarks of cancer have been identified with several potential targets involved in gene
expression deregulation, leading to the promotion of genetic instability and cancer development. The
identification of genetic variants related to TC has been a long way, though it is crucial to identify possible
potential biomarkers of susceptibility. Some genetic variants have been identified in specific subtypes,
which are related to the increased risk to develop this malignancy, such as the BRAF V600OE mutation in
PTC patients with a more aggressive phenotype if telomerase reverse transcriptase gene promoter
mutation coexists [7].

However, mutations in RET and Retrovirus Associated DNA Sequences genes have also been
identified as biomarkers in TC patients.

Alongside with genetic variants, epigenetic events and alterations in the expression of microRNA
(miRNA) and long noncoding RNA (IncRNA) may also, through modulation of gene expression, drive the
aberrant activation of oncogenic signalling pathways and the downregulation of thyroid-specific genes,
thus contributing to the development, progression, and dedifferentiation of TC [8].

Connected to this, the genetic instability inflicted in this malignancy, involving genetic and
epigenetic alterations, might also compromise the treatment response. The standard treatment for TC
patients consists of surgical resection accompanied by post-thyroidectomy radioiodine (RAI) adjuvant
therapy. The radioiodine therapy relies on the ability of 1311 to be preferentially taken up in normal or
neoplastic thyroid follicular cells. Its accumulation induces high DNA damage, which leads to cytotoxicity.
However, the ionizing radiation does not only affect tumour cells, but the lesions may also impair normal
cells. The most common lesions induced by radiation are double-strand breaks, which are processed by
enzymes involved in DNA repair pathways. The presence of genetic variants in these enzymes might
impair the repair efficiency but also could influence the cytotoxic potential of RAI therapy, hence its
efficacy in DTC treatment. The development of induced DNA damage approaches can help in the
evaluation of the efficacy of therapeutics as it has been shown to be an important tool for establishing
biomarkers of susceptibility. Although the most frequent variants identified in TC contribute to sporadic
disease, about 5 to 15% of all diagnosed cases are familial (first degree relatives) in nonMTC, increasing
to 25% in MTC cases. This adds to the clear existence of genetic predisposition factors related to this
pathology Advances in molecular genetics and several candidate gene studies developed worldwide have
linked the occurrence of this malignancy to some hereditary syndromes, some of which are related to
germline mutations in RET genes [6].

Macvanin M.T. et al. [9] in their study note that after the metabolic syndrome and its components,



thyroid disorders represent the most common endocrine disorders, with increasing prevalence in the last
two decades. Thyroid dysfunctions are distinguished by hyperthyroidism, hypothyroidism, or
inflammation (thyroiditis) of the thyroid gland, in addition to the presence of thyroid nodules that can
be benign or malignant. TC is typically detected via an ultrasound fine-needle aspiration biopsy,
cytological examination of the specimen and measurements of traditional biochemical markers, such as
TSH, FT4, Tg, TgAb, and TPOAB. Novel RNA-based markers of thyroid neoplasms are identified by
expression profiling of the thyroid gland tissue and/or blood samples of patients using high-throughput
platforms for RNA analysis and identification, such as next-generation sequencing. Other emerging
biomarkers of thyroid neoplasms are identified using flow cytometry, enzyme-linked immunosorbent
assays, genetic tests, and immunohistological analyses. Due to the rapid advancement of high-
throughput molecular biology techniques, it is now possible to identify new biomarkers for thyroid
neoplasms that can supplement traditional imaging modalities in postoperative surveillance and aid in
the preoperative cytology examination of indeterminate or follicular lesions. In conclusion, the authors
draw attention to the fact that due to the rapid advancement of high-throughput molecular biology
techniques, it is now possible to identify novel biomarkers for thyroid neoplasms that can supplement or
replace existing biomarkers. Current circulating biomarkers, such as Tg or TgAb, are routinely used in
postoperative monitoring; however, at the preoperative stage, they cannot distinguish between benign
and malignant neoplasms or between low- and high-risk malignant lesions. Several new targets are
emerging as potentially useful prognostic circulating biomarkers for TC. Evidence for miRNA, [ncRNA and
circular RNA (circRNA) dysregulation in several thyroid neoplasms and their potential use as sensitive
diagnostic and prognostic biomarkers is particularly interesting. However, the data currently available in
the literature is derived from small-scale clinical studies in specific patient cohorts. Thus, further
validation is required to demonstrate their potential for clinical application. Large-scale studies are
needed to confirm and validate novel biomarkers in the diagnosis, prognosis, and surveillance of thyroid
neoplasms, such as miRNAs, (ncRNAs, and circRNAS.

As they note in their work Saenko V., Mitsutake N. [10], radiation is an environmental factor that
elevates the risk of developing TC. Actual and possible scenarios of exposures to external and internal
radiation are multiple and diverse. In this case: 1) radiation is a risk factor for TC, the risk steadily
increases up to the dose of 10 Gy, levels off in the 10- to 30-Gy interval, and asymptotically declines at
higher doses but remains elevated; once exposed, the risk persists for many decades; 2) risks from the
external and internal irradiation are comparable; 3) there is no evidence of dose-response departure from
linearity at low doses (<0.1 Gy) and of the existence of a “safe” threshold dose; 4) the magnitude of
radiation risk for TC is highest if exposure takes place at a young age; 5) after the Chornobyl nuclear
reactor accident, due to internal exposure to radioactive iodine, a dramatic increase in the incidence of
childhood TCs was observed, especially among children less than 5 years old at the time of the accident;
6) although many TCs were found by the thyroid-screening program after the Fukushima nuclear power
plant accident, comparisons of exposures and characteristics of TC diagnosed after the Chornobyl and
Fukushima nuclear accidents do not support a causative role of radiation in the latter; 7) reduction of the
risk for TC may be achieved by following the As Low As Reasonably Achievable principle, and iodine
thyroid blockage may be performed to protect from anticipated internal exposure. A substantial progress
in understanding of radiation-related TC has been achieved since the discovery of this phenomenon about
60 years ago. Irradiation of the head, neck, and chest areas has been learned to increase the risk for
developing thyroid malignancy during the lifespan. This stimulated numerous investigations in medical,
industrial, and military settings whenever radiation exposure was relevant. Radiation risks have been
quantified and found to be comparable for the external and internal radiation. According to this
knowledge, certain groups at elevated risk could be determined, including those with medical,
occupational, or emergency exposures. Now, the focus of radiation risk studies is shifting toward low-
dose exposures in view of growing number of various radiological procedures, especially in pediatric
patients. The markers of radiation-related TC have not been found so far. Overlaps in the histological
types, oncogenic driver spectrums, and corresponding gene expression profiles between radiation-related
and sporadic tumors suggest that these parameters were unlikely to serve as a marker. Clinical studies
have demonstrated that TCs diagnosed in irradiated patients are of the same histological types as in
nonirradiated patients and that disease prognosis is determined by tumor characteristics regardless of
etiology. This is rather good news for clinicians to know that standard treatment and follow-up
approaches could be used for radiation-exposed patients, but it is necessary to keep in mind that TC
phenotype is changing with patient age and latency period.

Lukasiewicz M. et al. [11] emphasize that the etiology of TC is complex, and a variety of factors



contribute to its development. Among these factors, disorders of lipid metabolism have emerged as a
notable area of interest. Lipids, including fatty acids (FA), play a fundamental role in cell structure and
function. Consequently, disturbances in lipid metabolism can have profound effects on various cellular
processes, potentially favoring the development and progression of TC. Understanding the intricate
relationship between lipid metabolism disorders and TC is of paramount importance as it may provide
new insights into the prevention and treatment of this malignancy. TC is a neoplasm with an increasing
incidence worldwide. Its etiology is complex and based on a multi-layered interplay of factors. Among
these, disorders of lipid metabolism have emerged as an important area of investigation. Cancer cells are
metabolically reprogrammed to promote their rapid growth, proliferation, and survival. This
reprogramming is associated with significant changes at the level of lipids, mainly FA, as they play a
critical role in maintaining cell structure, facilitating signaling pathways, and providing energy. These
lipid-related changes help cancer cells meet the increased demands of continued growth and division
while adapting to the tumor microenvironment. Recent scientific efforts have revealed disturbances in
lipid homeostasis that are specific to TC, opening up potential avenues for early detection and targeted
therapeutic interventions. Understanding the intricate metabolic pathways involved in FA metabolism
may provide insights into potential interventions to prevent cancer progression and mitigate its effects
on surrounding tissues.

Luzén-Toro B. et al. [12] emphasize in their publication that TC, a cancerous tumor or growth
located within the thyroid gland, is the most common endocrine cancer. It is one of the few cancers
whereby incidence rates have increased in recent years. It occurs in all age groups, from children through
to seniors. Most studies are focused on dissecting its genetic basis, since our current knowledge of the
genetic background of the different forms of TC is far from complete, which poses a challenge for
diagnosis and prognosis of the disease. TC is the most common endocrine cancer, with an increasing
overall incidence in recent decades of about two fold in the last 25 years and accounting for 2% of all
cancers. TC is the sixth most common cancer in women, who are three times more likely to have TC than
men. About 2% of cases occur in children and teens. Overall, the 5-year survival rate of TC is 98%.
However, survival rates depend on many factors, such as the specific type of TC and stage of disease. TC
is a disease induced by progressive genetic and epigenetic molecular abnormalities. Most studies describe
several classical aberrations involved in the tumorigenesis and progression of this tumor, such as point
mutations, gene copy number variations, and aberrant gene methylation. The genetic landscape of TC is
growing rapidly. Therapies that are targeted at genetic mutations related to this tumor are being used
in patient care and clinical trials. In comparison with traditional disease-specific trials, molecular
allocation studies (“basket studies”) are testing targeted therapies in patients whose tumors carry
particular mutations, in spite of the tumor type or origin. These studies are more informative on
anticancer therapies because they include a greater number of patients. The correlation of molecular
profile (obtained by new sequencing technologies) with clinicopathological characteristics will lead to
the development of novel precision therapies, reducing incidence and mortality in TC patients. In this
sense, differential response to a mitogen-activated protein kinase inhibitor was found to be related to
the thyroid cancer genotype. Molecular testing of mutation hotspots, rearrangements, and gene
expression is now an effective diagnostic tool to better select patients for potential thyroid surgery. The
authors note that the diagnosis and treatment of TC is nowadays influenced by the molecular
characterization of TC types. The improvement of such techniques would help to reduce the amount of
TC treatment needed and improve outcomes in patients with clinically aggressive forms of cancer.

Chen D.W. et al. [13] emphasize in their work that the past 5-10 years have brought in a new era
in the care of patients with TC, with the introduction of transformative diagnostic and management
options. Several international ultrasound-based thyroid nodule risk stratification systems have been
developed with the goal of reducing unnecessary biopsies. Less invasive alternatives to surgery for low-
risk TC, such as active surveillance and minimally invasive interventions, are being explored. New systemic
therapies are now available for patients with advanced TC. However, in the setting of these advances,
disparities exist in the diagnosis and management of TC. As new management options are becoming
available for TC, it is essential to support population-based studies and randomised clinical trials that will
inform evidence-based clinical practice guidelines on the management of TC, and to include diverse
patient populations in research to better understand and subsequently address existing barriers to
equitable TC care.

Now, regarding this pathology in our country at the republican level. The incidence of TC in the
Republic of Kazakhstan in 2023 was 5.4 per 100 thousand population (4.8 in 2022) with a growth rate
of 13.1% compared to the previous year, taking 3rd place together with connective and soft tissue



tumors, second only to prostate cancer (16.7%) and laryngeal cancer (15.5%), and amounting to 1084
people in absolute numbers (939 cases a year earlier). The proportion of cases diagnosed for the first time
in life, recorded by oncology organizations, was 2.9% (2.7% in 2022). In this case, 167 men fell ill (the
proportion is 1.0%), women - 917 (the proportion is 4.4%) [14].

The TC rate above the national average was established in 9 regions of the country: North
Kazakhstan - 12.6 (the maximum rate); East Kazakhstan - 10.6,; Pavlodar - 8.5; the city of Astana - 8.2;
the city of Almaty - 7.9; Kyzylorda - 7.6; Karaganda - 7.0, Akmola - 6.5, Abay - 5.9. This indicator is below
the national average in 11 regions: Turkestan - 1.7 (the lowest rate); the city of Shymkent - 2.4; Atyrau -
2.6; Almaty - 3.0; West Kazakhstan - 3.8; Aktobe - 4.0, Zhambyl and Kostanay - 4.1; Ulytau - 4.5;
Mangistau - 4.9; Zhetysu - 5.0 regions per 100 thousand population. Mortality from this pathology was
0.3 per 100 thousand population with an increase rate of 19.1% compared to the previous year, second
only to non-melanoma skin cancer (26.0%,).

The regions where the TC mortality rate is higher than the national average (0.3 per 100 thousand
population) include: Abay - 1.0 (maximum level); Aktobe - 0.7, East Kazakhstan and Pavlodar - 0.5;
Zhambyl, Karaganda, North Kazakhstan and the city of Almaty - 0.4. Zhetysu region and the city of
Shymkent are on par with the national average. The lowest rates are noted in Atyrau and Ulytau - 0.0;
Akmola, West Kazakhstan, Kostanay, Mangistau and Turkestan - 0.1, Almaty, Kyzylorda regions and the
city of Astana - 0.2 per 100 thousand population [14].

One-year lethality was 2.3% (2.4% in 2022). At the same time, the ratio between one-year lethality
and neglect (stage IV) was, as in 2022, 0.5, and this is the best indicator among all nosological forms of
malignant tumors after prostate cancer (0.3). At the same time, we recall that the farthest from "1" is
the worst ratio between one-year lethality and neglect.

Now, regarding preventive examinations. It should be noted that during large-scale preventive
examinations of the population in 2023, significantly more patients with malignant neoplasms were
actively identified than in 2022. This is 25,193 patients versus 23,623 patients identified in 2022, i.e.
+6.6%. This is due to the further abatement of the epidemiological situation with coronavirus and the
increased availability of preventive care for the population. The proportion of patients identified during
routine examinations increased from 62.0% to 62.4% of the total number of patients identified over the
vear.

Of course, when analyzing the epidemiological situation, early diagnosis indicators are very
important issues.

As for TC, the early detection of this pathology during routine examinations increased from 78.6%
to 83.7%. The absolute number of TC patients identified during routine examinations was 900 people
(732 a year earlier). At the same time, 849 are patients with early stages (in 2022 - 683 patients) [14].

In general, according to the amount of detected cases of cancer of all localizations, in 2023 the
proportion of forms detected at early stages (0, I-Il stages) increased from 66.3% to 67.9%. At the same
time, detection at 0, I-Il stages in TC increased from 93.3% to 94.3%. The regions where the proportion
of patients with early stage | of the pathology in question is above the national average (71.5% and 2nd
rank place among the best indicators after non-melanoma skin cancer) include the following regions:
Kyzylorda - 85.9% (the best indicator); the city of Almaty - 84.8%, the city of Astana - 83.3%, North
Kazakhstan - 80.0%, West Kazakhstan - 76.9%; Karaganda - 73.4%,; Zhambyl - 72.0%,; Almaty — 71.7%.

The lowest rates of early diagnosis were recorded in: East Kazakhstan - 50.6% (the worst rate);
Atyrau and Turkestan - 55.6%; Mangistau - 56.8%, Zhetysu - 57.1%, Akmola - 58.8%, Aktobe - 59.5%;
Ulytau - 60.0%, Kostanay - 60.6%, Abay - 65.7%; Pavlodar - 69.8% regions and in the city of Shymkent -
71.4%.

TC is in the top three in early diagnosis (stages I-1l) - 92.4%. First place goes to non-melanoma skin
cancer (98.4%), third - to lip cancer (90.7%). The regions where the proportion of patients with TC
detected at stages I-Il is above the national average (92.4% - 2nd rank place) include the following
regions. The leaders are our two megacities - the city of Astana (98.2%) and the city of Almaty (97.1%).
Next come: Kyzylorda - 96.9%,; Zhambyl - 96.0%, Karaganda - 94.9%, Aktobe - 94.6%, Atyrau and
Turkestan - 94.4%; East Kazakhstan - 93.5% regions and the city of Shymkent (92.9%). Low rates of early
diagnosis were recorded in Ulytau - 70.0% (the worst result in the country); Kostanay - 72.7%,; Abay -
80.0%; Akmola - 80.4%, Zhetysu - 82.9%, North Kazakhstan - 90.8%; Almaty - 91.3%, Mangistau - 91.9%;
Pavlodar - 92.1%, West Kazakhstan - 92.3% regions [14].

As is clearly seen from the above data, there is a very large spread in early diagnostic rates across
the country, from very good to thought-provoking. Of course, it is necessary to take into account
migration processes and other factors affecting early diagnostic rates, but nevertheless, the results



obtained give reason not to stop there, both for oncologists and endocrinologists, ultrasound diagnostic
doctors, otolaryngologists, and general practitioners, since improving early diagnostic rates of malignant
tumors has remained one of the main postulates and one of the main tasks of medicine in general, and
continues to be relevant today.

The proportion of stage IV TC among all nosological forms of malignant neoplasms was 3.9%, and
this is the 4th rank place after tumors of the central nervous system (2.5%), lip cancer (0.9%) and non-
melanoma skin cancer (0.4%). In general, in 2023, the share of stage IV malignant neoplasms in the
republic for the sum of all nosologies decreased from 12.58 to 11.7% (from 4790 to 4735 patients). As
for the average republican indicator of the share of stage IV (3.9%), Aktobe, Atyrau, West Kazakhstan
regions and the city of Astana stand out against this background - 0.0%. Then come: the city of Almaty
(0.6%), East Kazakhstan (1.3%); Turkestan (2.8%); Kyzylorda (3.1%) regions. Akmola region is on par with
the average republican indicator. Lower indicators are in: Kostanay region, where every fifth patient with
this visually accessible localization was detected in the terminal stage of the disease (21.2%). Next in line
were: Abay - 14.3%, Ulytau - 10.0%, Zhetysu - 8.6%, the city of Shymkent - 7.1%, North Kazakhstan -
6.2%, Mangistau - 5.4%, Karaganda - 5.1%, Pavlodar - 4.8%, Almaty - 4.3% and Zhambyl - 4.0% regions.

The morphological verification rate of the disease in the country was 97.0%. In 13 regions out of
20 this figure is 100% (Abay, Aktobe, Almaty, Atyrau, East Kazakhstan, Zhambyl, West Kazakhstan,
Karaganda, Mangistau, Pavlodar and Ulytau regions, as well as the cities of Astana and Shymkent). The
lowest figure is in Kyzylorda region (68.8%). Further down the list are Zhetysu (88.6%), Kostanay (93.9%),
Akmola (96.1%), Turkestan (97.2%), North Kazakhstan (98.5%) and the city of Almaty (98.8%) [14].

The total number of patients with malignant neoplasms registered with specialized oncology
organizations of the republic continued to grow and by the end of 2023 amounted to 218,186 people,
with an increase of 6.0% compared to the level of the previous year (2022 - 205,822, +5.8%). The overall
incidence rate of malignant neoplasms increased by 3.9%, from 1055.3 to 1096.4 per 100 thousand
people. The growth of this indicator is due to both the increase in the incidence and detection of
pathology, and the increase in the survival rate of cancer patients. In addition, statistical data on patients
diagnosed with malignant neoplasms, who have been under observation for 5 years or more, and
continue to be observed in 2023, showed that the number of patients under observation by oncological
organizations of Kazakhstan for over five years continued to grow and at the end of the reporting year
amounted to 117,616 people, with an increase of 6.2% (2022 - 110,790 people, + 6.6%) (form No. 7).

One cannot ignore such an important clinical aspect as the coverage in the Republic of Kazakhstan
of special treatment for patients diagnosed with TC for the first time in their lives. In 2023, the number
of hospitalizations for all nosological forms of malignant tumors in oncological organizations of the
country amounted to 108,252 cases (2022 - 101,095), with an increase of 7.1% compared to the previous
vear, which is associated with a constant increase in the number of cancer patients, improvement of the
standardization of oncological care, and the development of palliative and restorative services. At the
end of 2023, the absolute number of TC patients who completed specialized treatment amounted to 560
people, continuing treatment - 414 patients. In percentage terms, the following results were obtained by
methods and types of treatment. The overwhelming majority - 90.4% of patients received surgical
treatment only, complex - 3.8%, combined - 2. 1%, only radiation - 0.4%, only drug - 0.2%.

Further, regarding the five-year survival rate of patients. As for TC, at the end of 2023, 9901 people
or 49.8 per 100 thousand of the population were registered at the dispensary (at the end of 2022 -9121
patients or 46.8 per 100 thousand of the population, respectively); and this is a high 7th rank place
among all nosological forms of malignant neoplasms.

At the same time, the mortality rate of the observed contingents in 2023 was 0.6%, as in the
previous year.

The five-year survival rate of patients with TC was 63.8% in 2023, while in 2022 it was 64.6% [14].

Summarizing the above, we can conclude that with TC, despite the fact that this localization is
visually accessible, despite the increased effectiveness of preventive examinations and fairly high rates
of early diagnosis, a high number of people with this pathology is noted annually, and the five-year
survival rate does not reach 65%. The scarcity, variability and veiled nature of symptoms, their similarity
with various non-core processes, leads to the neglect and progression of the disease, even during
dispensary observation. All this requires both oncologists and, first of all, primary health care workers
and, of course, endocrinologists, ultrasound diagnosticians, otolaryngologists to increase the level of
oncological alertness, inform the population about early symptoms that may indicate this pathology or
the onset of proliferative changes and conduct high-tech diagnostic measures, including for the purpose
of differential diagnosis and, as a result, timely treatment. People from the risk group are recommended



to visit specialized specialists annually and, if necessary, undergo an examination. An epidemiological
assessment of the situation with TC in our country suggests that there are sometimes significant
differences in the regions not only in incidence rates, but also in the parameters of early diagnosis and
mortality from this pathology. In connection with the above, this pathology continues to be a serious
problem of modern clinical oncology.
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Abstract

The article is devoted to the analysis of current problems related to the creation and use of
modern textbooks on Russian as a foreign language (RFL) for universities of the Republic of
Armenia. Methodological, linguistic and cultural difficulties are considered, as well as the
inconsistency of many textbooks with modern requirements of communicative methodology,
digitalization and individualization of learning. The results of the analysis of the most common
textbooks are presented and ways of their improvement are suggested.

AHHOmayus

Cmamssi nocssweHa aHanusy akmyaibHbIX npobseM, CBSA3aHHbIX C CO30aHUeM U
UCNOJIb30BAHUEM COBPEMEHHbIX YHeOHUKOB N0 PYCCKOMY A3bIKY KAk UHocmpaHHomy (PKW) ons
BY308 Pecnybsiuku ApmeHus. Paccmampusaromcs Memooosiocudeckue, JIUHeBUCMUYecKue U
KyJ/Ibmyposioeudeckue mpyoHoCmU, a MAakie Hecoomaemcmsaue MHo2uxX y4ebHUKOB U y4ebHbIX
nocobuli coBpemeHHbIM MmpeboBaHUAM KOMMYHUKamMuUBHOU Memoouku, uugposuzauuu u
uHouBUdyaau3auuu obyyeHus. [lpusoosMcs pesybmamsi aHaau3a Haubosiee pacnpoCmMpPaHEHHbIX
Y4ebHUKOB U Nped1Iazaromcs NYmu UX COBEPUICHCMBOBAHUS.

Keywords: RFL, textbook, communicative methodology, digitalization, foreign language
audience, intercultural competence.

Knroyesbie cnoBa: PKY, y4ebHUK, KOMMYyHUKAMUBHAS MemoouKkd, UugpoBu3ayus,
UHOSI3bI4HAsA ayoumopus, UHMEPKYIbMYPHAs KOMNemeHUUs.

B nocnedHue decsmunemus 8 PA pacmém uHmepec K pYCCKOMY S3bIKY KaK UHOCMPAHHOMY. Imo
obycnasiusaem Heobxo0UMOCMb CO30aHUS 3PPeKkmuBHbIX Yy4ebHbIX Mamepuadsnos, aoekBamHo
COOMBEMCMBYUUX COBpeMeHHbIM mpeboBaHusM. OOHAKo, HecMompsi HA 60JbUIOe KOJIUYeCmBO
paspabomarHbix 8 Hawed pecnybiuke y4yebHukos u y4ebHbix nocobull no PKW, npenodasamesiu-
pPyCcUCMbl, PaBHO Kak u obyyaroujuecs BCE yauwje CMAaakusaromcs ¢ psadom npobsiem, CBA3AHHBIX C
ycmapeswumu nooxo0amu, Memaoodo/102u4ecKUMU U COOePamesibHbIMU HEOOCMAMKAMU COBPEMeHHbIX
Y4ebHbIx Mamepuasios 015 BY308 ApMeHUU.

B Hacmosuwee 8pems 8 CBA3U C 6ObUWUMU NepemMeHamu, NPOUCXOO0AWUMU B Hawem obujecmae,
npobsiema codepxcaHull 3aHamul No PycCKOMYy S3bIKYy B By3e npuobpemaem 0cobyro akmyasabHOCMeb.
MOX*HO KOHCMamuposame, 4Ymo MHoaue Y4ebHUKU U y4ebHo-memooudeckue nocobus, U30aHHble B
Hayane XX| Beka, Ha COBpeMeHHOM 3Mane OKa3a/iuCb COBepUIeHHO HeakmyasabHbIMU, YCMAapeswumu,
HeuHmepecHbIMU. Kak cnpasedsiuso ommeyaem A.M. BiaceHKos, ycBoeHue A3bIKa HepaspbiBHO CBA3AHO
C nocmuxceHuem onpedesieHHbIX CMOPOH OKpyxarouwel 0elcmBuUMebHOCMU, U OCMbICUMb
2PAMMAMUYECKyr0 OPpMYy MOMCHO UL B MOM C/y4ae, €cu Npu 3mMOM Yy4am NOHUMAmMb CBA3U U
OMHOWIEHUSI, CyWecmayroujue Mexoy SB/IeHUSMU B pedsibHoU OdelcmBuUMeIbHOCMU, d 0O6beKMOoMm
OCMbIC/IeHUS NpU  U3Yy4eHUU CUHMAKcuca OO/IHHbI CMAmb He CMOJIbKO CMPYKMYPHbIE CXeMbl
npeonioxeHul, CKOIbKo CmpyKkmypa ux cmbicaa [1: 53].



3amemum, ymo MHozue y4ebHuku no PKW ons 8y308 PA, He0oCmMamoyHO UCNOJIb3YHUUe
NPUHYUNBLI  KOMMYHUKAMUBHOU MemoOuKU, NO-NPexHemMy OpUeHMUPOBAHbI HA ycmapeswiul Ha
Ce200HAWHUU 0eHb 2paMMamuKko-nepeBooHol NOOX00. Haw aHanu3 BbISBU, YmMo B8 60/bWUHCMBE
y4ebHuUKoB no PKW dn1s cmyodeHmos-apMsH Habrodaemcs omcymcmaue cumyauyuoHHO20 KOHMeKcma 8
ynpaxHeHusx. bonee mozo, Hepedko B y4ebHbIX Mamepuasax BCMpeyaemcs 3aMemHas nepezpy3ka
2PAMMAamMUuYeckuM MamepuasaoM, 4Ymo NPOMUBOPEYUM KOMMYHUKAMUBHOMY NOOX00y K 0by4YeHuro
UHOCMPAHHLIM A3bIKAM. HedocmamoyHoe BHUMAaHue yoesnsemcs pa3sumuto NPOOYKMUBHBLIX BUOOB
peyesoli desmesibHOCMU (20B0peHue, NUCbMO), BO3MOMHO U2HOPUPOBAHUE NompebHocmel KoHKpemHol
ayoumopuu (Hanpumep, 2yMaHumapues, MmexHU4Yeckux Ccneuyuasucmos u m.0.), Xoms OCHOBOU
BY30BCK020 06y4YeHuss PKV 8 ApMeHuu NPU3HAH NpogecCcuoHaIbHo-0pueHmMUpPOBAHHbIU NOOXOO0.

[Tpedcmasigemcs 04eBUOHbIM, 4YMO B YC/0BUSX MOMAibHOU yugposuzayuu o0bpazosaHus
BocmpeboBaHbl UMEHHO MyJIbMmumMeoulHbIe pecypcbl, adanmusHble Naamopmbl u 2ubkue popmamel
nodayu mamepuand, KOmopble BO MHO20M CNOCOBCMBYHOM UHMeHCUGUKayuu npoyecca obydeHus
UHOCMPAHHbIM A3bIKaMm. OOHAKo Npu 3MOM 3HAYUMEsIbHAA Yacmb Y4eObHUKOB He ConpoBoX0aemcs
ayouo- U BudeoMamepuasamu, He pazpabomarbl UHMepaKkmusHbie B8epcuu 08 naamgopm
OUCMAHUUOHHO20 06Y4YeHUs;, omCymcmByem CBs13b C MOOUJIbHbIMU NPUSTOXEHUSIMU U OH/IAUH-KYpCamu.
[epeyucieHHoe 3Ha4umesIbHO 3ampyoHsem UCN0/Ib30BaHue y4ebHUKoB no PKM 8 2ubpuOHbIX U OHAAUH-
popmamax oby4eHus.

Cnedyem ommemumsb  04eBUOHbIO — ¢dakm:  PYHKUUOHUpYyrowue B 06pazoBamesbHoOM
npocmpaHcmae PA yyebHuku no PKW 3a4acmyro He opmMupyrom NOSHOUEHHYH UHMEPKY/IbMYPHYH
Komnemeruuro. B y4ebHbix mamepuasaax omcymcmasyrtom 3/10000HeBHbIe MeMbl, UHMepecyruue
COBpeMeHHY Mos1008xb PA: nosumuka, ypbaHUCMUKad, 3K0/102usi (8 MOM YuC/ie 3K0/102Us A3bIKa),
yugposble mexHoso2ul, 2eHoepHble BONPOChl U 0p. Bce 3mo ecmecmBeHHbIM 06pa3oM 3amMemHo
CHUMCaem MOMUBAUUOHHBIU YpoBeHb 0bY4aroUUXCS U He cnocobcmayem KysibmypHol adanmauuu.

Yacmo y4ebHble meKCmbl NPAKMUYeCKU He COomBaemcmByom peadsibHol S3bIKoBoU NPAaKkmMuke Ha
PYCCKOM fi3bIKe. Tak, B y4ebHUKax, Kak Npasusio, UCNOJb3yemcs mak Ha3biBaembil «y4ebHbIl», a He
HUBOU A3bIK, NPU SMOM MAJI0 BHUMAHUS YOe/ISemcs pa32oBopHOU pequ, a makxe xaHpam coycemed,
medua, NoOKAacmam, Ymo 8 Hacmoswee BpemMs NPedcmas/Isemcs BecbMa akmyasbHbIM. HeeamusHbIl
pe3y/IbMmam 04eBUOeH. yHauuecs He Mo2ym NPUMeHsIMb NOJTYYeHHbIe 3HAHUS B PeasibHOU KOMMYHUKAUUU
C HOCUMEeIAMU PYCCKO20 A3bIKA.

Cnedyem ommemume, Ymo 60/IbLWUHCMBO Y4ebHUKOB NOCMPOeHbI NO Wab/IoOHHOU cxeme: meKCm
— 2paMmamuy4eckoe obbacHeHue — ynpax;HeHus. Takol N0OX00 He y4umbiBaem pasHble CMusu 0by4eHus,
KO2HUMUBHbIE 0COBEHHOCMU, meMn 0CBOeHUs Mamepuadnd. [lpu >mom BocmpeboBaHHAs Ha
Ce200HsAWHUl  OeHb  UHOUBUOYaA/U3AUUs, Komopas CMOoJib  Heobxoouma O/  COBPEMEHHbIX
0b6pazoBamesibHbIX NPAKMUK, BO MHO2UX C/1y4asiX He NPUMeHSemcs.

Mbi cqumaem, Yymo 0718 NOBbIWEHUS 3PeKkmuUBHOCMU BY30BCK020 0by4eHus: PKW Heobxooumo
co30aHue  HOBbIX  MOOEPHU3UPOBAHHBIX  y4ebHUKOB B pakypce  npogeccuoHaauzayud,
UHMeEeIIeKmyaau3ayuu u UHmMeHcuguKkayuu npoyecca obyyeHus pycCKomy S3bIKY Kak UHOCMPAHHOMY,
KOmMOopble HenpemeHHO 00JI*HbI ONUPAMbCS HA:

e NPUHUUNBI KOMMYHUKAMUBHO20 U 0essmesibHOCMHO20 N0OX0008;

e LUGPOBbLIE MexHOI02uU U UHMEPaKmuBHbIe popmMbl pabomsl;

e a0anmMauvuro No0 KOHKPemHyro ayoumopuro;

e BKJIIOYEHUE aymeHmMUYHbIX MaMePUAsIoB U COUUOKY/IbMYPHO20 KOHMeKCMA.

Hernb3s obolmu BHUMAHUEM BO3MOXCHOCMb OOHOBJIGHUS yxe CYWecmayruux Yy4ebHUKos u
YYebHbIX nocobuld € y4emomM MmeKyuux JIUH2BOOUOAKMUYECKUX meHOeHuul u obpabomke OaHHbIX
obpamHol csa3u om npenodasamersiel U cmyoeHmos.

s By308 ApmeHuu, ede 0by4aromcs cmyoeHmsl C PA3HbIM YPOBHEM BAOCHUS PYCCKUM A3bIKOM
(koopouHamusHbie U CybopouUHamuBHbie bUIUHEBbI, HOCUMEIU ApMSHCKO20 A3bIKa), uenecoobpazHo
npednioxums Moodesib y4ebHuka PKW, adanmupoBaHHyro K HayUOHA/IbHO-KY/1bMYPHOMY U HenpemeHHO
NpoGeccuoHasbHOMY — KOHMEKCMY, NOCKOJIbKY —npobsema  co30aHus  MOOe/iu  COBPeMeHHO20
MOOEPHU3UPOBAHHO20 Y4ebHUKA NO PYCCKOMY SA3bIKY OIS BbICWUX Y4ebHbIX 3asedeHull mecHo
nepensiemaemcs ¢ HacyWHbIMU BONPOCAMU NPOGEeCcCcUoHaIu3ayuu y4ebHo2o npoyeccd, K KOmopbiM BCe
yawe obpauwjaromcss Memooucmsbl-pycucmsl  Hawel pecnybauku. Bonpockl npogeccuoHanbHol
opueHmauyuu y4ebHo2o0 npouyecca, 8 CBOK 04Yepedb, MEeCHO B3AUMOCBA3AHbI C 2/106a/1bHbIMU 3a0a4amu
UHMes/IeKmyanu3auuu U UHMeHCUpUKayuu Bce2o y4ebHo20 Npoyecca B Uesiom.

Ommemus, 4Ymo obydeHue pycckomy $3biKy C NPOGeccuoHasbHOU HanpasaeHHOCMbHO
ocywecms/isemcs NPAKMUYecku BO BCeX 20Cy0apCmBeHHbIX By3ax Pecnybiuku Apmerus. Kak



ommeqaem b.M. EcadxaHsiH, y4ebHbIl npouecc 8 By3e 00sxeH bbimb NPoueccom GopmupoBaHus
maopyeckol IUYHOCMU B U36PAHHOM HanpasJieHuu. A chopmupoBams MBOPYECKYH TUYHOCMb MOXCHO
MOoJIbKO NymeMm BOB/IeHeHUs Cmy0eHma 8 UeaeHanpassieHHyro 0esmesbHocms [2: 94].

[10CKO/IbKY Y4eOHUK SB/15emcs 00HUM U3 6a308biX, yHOAMeHMAaibHbIX KOMNOHEHMOoB Y4ebH020
npouecca, npedcmasnaouwul cobold onuCaHue, npe3eHmauuro U ompabomky BCe20 COO0EPHaHUS
oby4yeHus Ha onpedesieHHoOM 3mane, a Makx e obecneyusarowUM GopmMupoBaHuUe ymeHul U HaBbIKoB B8
OCHOBHbIX BUOAX peyesol OesmesbHOCMU (POpMUPOBAHUE KOMMYHUKAMUBHOU KoMnemeHyuu,),
NOCMOJIbKY €20 CO0ePIAHUE 00HO3HAYHO QOIHHO OMPAXAMb BCE BblUIENEPEYUC/IeHHbIe 3/T0600HEBHbIe
npobsiembl. OOHAKO OCHOBHBIM CMeEPHCHeM CO0ePXaHUs Y4ebHUKa uau y4ebHo-Mmemoouyecko2o nocobus
no PKV ona 8y308 ApMeHuUU, HA HaAw B32/180, 00XCHA CMamb NPOGeccuoHabHas OopueHmauyus
A3bIKOBO20 MamMepuasna, obecnequsarouds cmabusibHyH MoOMUBAUU Y4ebHo20 Npouecca.

Mo0OepHU3UPOBAHHBIU ~ Yy4ebHUK NO  pYCCKOMY fA3bIKY 019 B8Y308, COOMBEMCMBYHULUL
cospemeHHoMy 3many, 00sixeH bbimb adekBameH 3anpocam CmyoeHmos, yOoB/IemBOPSIMb UX
HeobxoO0uMble  U3HEeHHble nompebHocmu U Obimb  HANPABACHHLIM — HA — GOPMUPOBAHUE
KOMMYyHUKamusHol KomnemeHyuu 8 uesioM, u 8 obnacmu 6yodywel cneuuasbHOCMU, 8 4acmHOCMU,
Komopasi peanusyemcs B paz/iu4HbIX BUOAxX pedesol OessmesibHOCMU, CBS3AHHOU C BOCNpusmueM U
nopoxcoeHuem pequ. WHpopmamusHbitl mamepuas 0omxeH Obimb aKMyasbHbIM, UHMEPECHbIM,
NO3HABAMEsIbHbIM, UMemb UHMEeJIeKMYAIbHY U A3bIKOBYH UEHHOCMb, a MAkxe BKIYamb
onpedesieHHoe KOu4ecmao NPoGdeCcCUOHAbHbIX MEPMUHOB U MEPMUHOJI02UYECKUX coYemaHud.

ViHmepecHoe — codepxcaHue — oby4eHus — 0aem  BO3MOXHOCMb — C030amb  HA — YpoKe
COOMBEMCMBYIOWYH — 3MOUUOHAJbHYHO — 0OCMAHOBKY, —a  00HOBpeMeHHoe  3a0elcmBoBaHUe
MbICAUMEsIbHBIX U SMOYUOHA/IbHBIX KAHAI08 NPU BOCNPUSMUU MAMepuand SBAasemcs 04eHb BaXCHbIM
YC108UeM He MoJIbKo 07158 601ee NPOYHO20 U CO3HAMESIbHO20 YCBOEHUS 3HAHUU, HO U 0J1F pOPMUPOBAHUS
ybexcoeHull, obecneqyeHus e0uHCmMBa BoOCNUMAHUs u obyqyerus [3: 12].

TpUHYUNUATbHBIMU NOJIOXCEHUSIMU, KOMOPbIe QOJIHCHbI NPUHUMAMbCS BO BHUMAHUE NPU CO30aHUU
COBPEMEHHbIX MOOEPHU3UPOBAHHBIX NPOGPECCUOHAIbHO OPUEHMUPOBAHHLIX Y4EOHUKOB NO PYCCKOMY
A3bIKY KAK UHOCMPAHHOMY 07151 BY308, 00JI#CHbI CMAamb Ce0yrouiue:

® KOMMYHUKAMUBHO-OPUEHMUPOBAHHOE 06y4eHue ¢ NpodeccuoHabHol HanpasIeHHOCMbH,

® HAYUOHA/IbHO U NOJIUKY/IbMYPHO OPUEHMUPOBAHHOE 0byYeHue;

e UHMeslekmyanusayus  y4ebHo2o0 npouecca, NOOpasymesarowsds passumue  JUuYHOCMU,
OCHOBAHHOE HA NO3HABAMeE/IbHOM UHMepece, KOMopbIl BbICMYNAem 8 KA4Y€CMBE 04eHb 3HAYUMEeTbHO20
MOMUBA — BHYMpeHHe20 NobyxoeHus desmeslbHOCMU Y4auuxcs, u 8 3mol posiu e20 HeBO3MOMCHO
nepeoueHums [5: 10];

e U3MeHeHUe OMHOWEeHUSI K 06y4aemMomy Kak K akmusHomy cybbekmy oby4deHus], Haxoosuwemycs 8
NApMHEPCKUX OMHOWEHUSIX C 06y4aroujum;

e peanu3ayus IUYHOCMHO OPUEHMUPOBAHHO20 NOOX00A K 0by4YaemMomy B y4ebHOM npoyecce;

e CBM3b U3Y4YeHUs UHOCMPAHHO20 f3bIKA C NOBEOEHUEM Yesi08eKd B f3bIKe, C e20 KO2HUMUBHO-
KOMMYHUKamusHol 0essmesibHOCMbIo HA 3MOM f3blKe, ¢ €20 CNOCOOHOCMAMU, BO3MOMCHOCMAMU U
YMeHuem Halmu onpedesieHHYr0 Cmpamezuro NoBeoeHUs 018 pewieHus 8epbasibHbIX U HeBepbasbHbIX
3a0ay 8 Kax0ol BO3HUKarowel cumyauyuu;,

® UCNOJ/Ib30BAHUE HA YPOKAX BO3MOMCHOCMeEU BHEWHe20 U BHYMPEHHe20 CONOCMAs/eHUs]
A3bIKoBO20 Mamepuana [4:133].

Takum 06pazoM, NPUHUUNUATBHO HOBAS COBPEMEHHAs cucmema 0by4YeHus PyCcCKOMY SA3bIKY
mpebyem HoBbIX N0OX0008 K 06y4aroWUMCS, a MAakx e ux (N00xo008) MOMUBAUUOHHO-CMpPAme2u4eckol
peanusayuu B8 y4ebHomM npouyecce, Ymo, HECOMHEHHO, DOJIXHO HAUmu OmpaxceHue 8 MoOesIsX HOBbIX
MOOEPHU3UPOBAHHbIX Y4eOHUKOB U y4ebHO-Memoou4eckux nocobud.

B Hacmosiwee Bpems B JIUH2BOOUOAKMUKE OOHUM U3 BaMHelwux HanpasaeHul s871s9emcs
JIUYHOCMHO OPUEHMUPOBAHHbLII NOOX00 K ydaujemycss B8 cucmeme 06y4eHus PyccKomy $3biKYy B8
HauuoHaieHoU ayoumopuu, Komopbit a8/189em cobol uHOuBUOYasIbHbIU NOOX00 K 0by4aemomy Kak K
ocobol nuyHocmu,. B coBpemeHHoOU Memoduke NpenoddsBaHusi PYyccko2o A3bIKA KAK UHOCMPAHHO20
JIUYHOCMHO ~ OpUEHMUPOBAHHbLIU  NOOX00  paspabamsiBaemcss 00BOJIbHO AKMUBHO C  UEJbH
MakcumanbHol — uHousudyaiu3ayuu — obydeHus. Bedb  BaxcHelwum  CpedcmBoM  NOBbILEeHUS
spdekmusHocmu ayoumopHo20 U ABMOHOMHO20 YCBOEHUS fA3bIKA ABASeMCa passumue Y4ebHbIX u
KOMMYHUKamUBHbIX cmpamezull — ymeHul y4umabCsl U 06uwamacs, Komopbie popmMupyromcs y cybbekma
B X00e YCBOEHUS POOHO20 fA3bIKA U BXO0SM B COCMAB €20 KOMMYHUKAMUBHOU KOMNemeHuuuU 8 Buoe
UCXO0HOU ¢opmbl cmpamez2udeckoll KoMnemeHyuu. B Hee make BK/IHYaromcs YHUBEPCAsIbHbIe
Memaxko2HUMUBHbIE CMpameauu — YMeHUs 0p2aHU308amb CBOK Y4ebHyo 0essimesibHOCMb, d MAakMe



appekmusHbie (3MOUUOHA/bHbIC) U COUUAd/IbHbIe cmpameauu. Ha Haw B32/180, y4em JIUYHOCMHO
OpUEHMUPOBAHHO20 NOOX00A NPpuU co30aHuu y4ebHukos no PKV npusedem K mMakcumasabHol omaoadye u
bydem cnocobcmsosames 3PpeKmuBHOMY YCBOCHUKD NPEOsIOEHHO20 SA3bIKOBO2O U Peyeso2o
mamepuand. /JlaHHbld Nooxod npeonosiaeaem AKMUBHYH) HANPABIEHHOCMb  MoOeu  HOBO20
MOOEPHU3UPOBAHHO20 Y4ebHUKA Ha 06y4aemo2o, CMuMyupoBaHUe akmusBHO20, CAMOCMOAMEesbHO20
YCBOGHUS Mamepuasa u uyeseHanpassieHHoe GopMupoBaHue U passumue HoBbiX YMeHUl U HaBbIKOS,
COBOKYNHOCMU  NPUPOOHbIX — KOMnemeHuul, — NPOSBASIUUXCS B8  cnocobHocmu — oby4aembix
aHanu3upoBAmMb, CUHME3UPOBAMb, CONOCMABIAMbL NPedsiaeaeMbill Mamepuds, UHMe2pupoBAms,
nepeHoCUMb U UCNOJIb30BAMb NOJIYYEHHbIE 3HAHUS B PA3HBIX HCUIHEHHbIX CUMYAUUsX. Takas WupoKas
obpauwieHHocmsb K 0by4aemomy cozdaem yci08us 018 6o/1ee akmuBHO20 U CaAMOCMOSAMENIbHO20 YCBOEHUS
Mamepuana y4auuMucs.

Ymo kacaemcs ombopa U Npes3eHmauuu CcooepxaHus y4ebHuka, Haubosiee akmyasibHbIM
npeocmassigemcss  peanusauusi — CoBPeMeHHbIX — Meopemuyecku  0BOCHOBAHHbIX — KO2HUMUBHO-
KOMMYHUKAMUBHBIX U NPAZMamu4yeckux nooxo008 K 0by4eHuro UHOCMPAHHbIM A3bIKaM. [Ipu 3mMom, Ha
Haw 83271590, 0CHOBHOU Ynop 00/1x3eH 0es1ambCs Ha popMUpOBAHUE AKMUBHOCMU 06y4aemo2o, pa3sumue
e20 Iu4HOCMHOU U coyuasnbHol omBemCcmBeHHOCMU, 0CO3HaHuUe yesel U CaMoOUeHKU pe3ysibmamos
obyyeHus.

VMcxo0s U3 BCe20  BbILLECKA3AHHO20,  XAPAKMEPHOU  OCOBeHHOCMbH — COBPEMEHHO20
MOOEpHU3UPOBAHHO20 Y4ebHUKA 00JIXHA CMAamb €20 aKMUBHAS HANPABAeHHOCMb HA 06y4aemoeo,
CMUMY/IUPOBAHUE  CAMOCMOSME/IbHO20 YCBOCHUS  Yy4ebHO020 Mamepuand U UeseHanpassieHHoe
dopmuposaHue u pazsumue ymeHull U HABBLIKOB, COBOKYNHOCMU NPUPOOHLIX KomnemeHuyud,
NPOSABAIAIOWUXCS B CNOCOOHOCMU 06Yy4aemMbix aHaauU3UupPOBAMb, CUHME3UPOBAMb, CONOCMAB/ISIMb
npeosiazaembiti  Mamepuas, UHMe2pupoBamse, NEPeHOCUMb U UCNOJIb30BAMb 3HAHUS B PA3HbIX
JU3HEHHbIX Ccumyauusx. Takas wupokas obpauweHHocmb K obydyaembim co3daem Yycao8us OJis
aKMUBHO20 U CAMOCMOSIMesIbHO20 YCBOGHUS S3bIKOBO20 MAMepUasd.

B cospemeHHoU MoOesu HoBO20 Y4ebHUKA PYCCKO20 A3bIKa 0J18 BY308 00JIHHbI ObIMb OMPAXeHb!
HoBble N00X00b! K NPeACMas/IeHUro S3bIKOBO20 MAMepuasda, Ymo NO3B0AUM yBUOembs Mecmo mo2o Uu
UHO20 2paMMamuyecko2o ¢pazmeqma B8 obuwjell cucmeme u3y4aemoeo f3biKa. [Ipu 3mom HepeoKo
c/1iedyem ucnoJ/ib308ams CONOCMABUMEIbHO-MUNOJI02UYecKUe UUu KOHMPACMUBHbIE XapaKmMepuCmuKu
0aHHOR20 S3bIKOBOR20 SIBJIeHUS, d MAKXEe Pedsu308amb BO3MOXCHOCMU BHYMPEHHe20 CONOCMAB/ICHUS
A3bIKOBO20 Mamepuana [4: 134].

/Jlo Hacmoswezo BpemeHu y4ebHuku no PKV 0518 BY308 Npakmuyecku He UiIHoCmpupoBaiuch.
OO0HAKO CoBpPeMeHHbIe mexHUYyeckue cpedcmsd Npeodadzarom WUPOKUE BO3IMOXCHOCMU PA3MeUeHus]
PA3/IUYHbIX — WIKOCMPAyud u 0pyeux pazHoobpa3HbIX HA2S0HbIX MAMEpPUAdsos, Ymo, HEeCOMHEHHO,
cdesaem HoBbIU Y4ebHUK bosiee akmyasibHbIM U UHMEPeCHbIM, NOCKOJIbKY MUWamesbHO U 2paMomHO
No00OPAHHBIL, A MAakxe 3pdekmHo pasmeweHHbId UIIFCMPAmUBHbIL  Mamepuan  (pucyHKU,
¢omoepacuu, cumBosbI U NP.) NO3BOUM ONUPAMbLCA HE MOJIbKO HA Jlo2Uu4eckoe U accoyuamusHoe
MbIW/IeHUE, HO U Ha SMOYUOHA/IbHOe BOCNPUSIMUE Yy4aujuxcsl, Ymo coenaem pabomy no y4ebHuKy bosee
uHmepecHol u 3¢pgpekmusHol. Takum obpazom, 8 OaHHOM C/Iy4ae Haau4Yecmayem Maxkie akmusHoe U
NOCMOSHHOE BOBJICYEHUE NOJIOXUMEIbHO20 3MOUUOHA/IbHO20 hakmopa B8 Y4ebHbIl Npoyecc, 4mo
makxe cnocobcmsyem ¢popmupoBaHuro cmabusibHol MomuBauuu obyYeHusl.

LlenesbiMu ycmaHoskamu mooenu y4ebHuka no PKW ona 8y308 ApmeHuu OO0J#HbI CMAmb
cnedyroujue:

e (hopmuposaHue npodeccuoHaIbHO-KOMMYHUKAMUBHOU KOMNemMeHUUU Ha PYCCKOM A3bIKe.

e Yyem HAUUOHA/IbHO20, JIUHRBOKY/IbMYPHO20 U OUJIUHEBAIEHO20 KOHMEKCMA apMSHCKUX
CcmyoeHmos.

e N0020MOBKA CMYO0eHMOoB K NPOGeccUoHasIbHOMY B3aUMOOeUcmBUO C  PYCCKOS3bIYHbIMU
Kosine2amu.

e DA3BUMUE  aKdoemuyeckux U  COUUOKYJ/IbMYPHbIX  HABLIKOB,  HEObX0OUMbIX 01
npogeccuoHanbHoU MobubHOCMU.

B npednazaemoli Mooesu y4ebHUKa pyccko2o A3biKa 019 BY308 00/xeH bbimb npedcmassieH
WwupoKkul BbI6Op OpUEHMUPOB, 0becneyuBaroulux yboKyro npopabomky U O0CBOEHUE SA3bIKOBO2O
mamepuasa (mecmal, 0uaioau, UaroCMpUpPOBAHHbLIe CUMYAauUU, MBOPYECKUe 3a0aHusl, pa3HoobpasHkie
CXeMbl U 2pammamuyeckue mabauybl, Ompaxarousue He MoJsibKo S3bIKOBbIE SB/IeHUS PYCCKO2O0 S3bIKd, HO
u odarowjue munosioeudeckue U KOHMPAcmuBHbIe XapakmepucmuKku Ha mamepuane 0Byx (pycckud,
apmsiHckull) — si3bikos.  Bce 3mo  6ydem cnocobcmsosams  AKMUBU3AUUU  OCO3HABAGMbIX U
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HeoCco3Hasaemblx, KOHMPOJUPYeMbIX U HEeKOHMPOJIUPYeMbIX NPOYECCOB 0BJIA0eHUSI PYCCKUM S13bIKOM
cmydeHmamu BYy308.
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TIME TRAVELS IS NOW PHYSICALLY POSSIBLE'
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Abstract

The theme of time travels has now been successfully mastered mainly by science fiction
writers. The official position of science on this problem is as follows: although the possibility of
time travels by the laws of physics is not excluded — teleportation in quantum mechanics, “twin
paradox” in the special theory of relativity, “mole burrows” in the general theory of relativity, etc.
— it will not be possible to create a time machine either now or in the distant future.

However, this article provides descriptions of time travel realisations that are already
physically feasible on Earth now.

Keywords: imaginary numbers, special theory of relativity, invisible universes and anti-
universes, hidden Multiverse, Hyperuniverse, portals, anomal zones

1. Introduction

The XX century in physics was rich in new interesting scientific ideas. But many of them, even called
theories, have not yet received experimental confirmation. And one of such scientific theories studied
now in all physics textbooks is the special theory of relativity (STR) [1]-[3], which has been nominated 66
times for the Nobel Prize, but due to the lack of its experimental confirmation has not received it.

And the article proven that this version of STR is incorrect, as relativistic formulas received in it are
incorrect, they are incorrectly explained with use of incorrect principle of non-exceeding of speed of light
and from them incorrect conclusions about physical unreality of imaginary numbers, and also about that
in the nature there is only our visible universe. Nevertheless, this incorrect version of STR is now taught
in all physics textbooks.

In the article also the basic provisions of the corrected version of STR [4]-[11] are stated, from
relativistic formulas of which and new scientific knowledge received after creation of the incorrect
version of STR, it follows that in the nature there exists not only our visible universe, but also many other
mutually invisible universes and antiverse. And in addition to matter, space and time in the universes.
antimatter, anti-space and anti-time exist in the antiverse. Therefore, travelling is possible not only in
space, but also in time. The article explains how to realise them.

2. Time travelling with using the nature of the Earth

The purpose of this publication is an attempt to show that time travel for people on Earth is already
quite feasible. At the same time, let us specify at once what kind of time we are talking about. About the
fact that for each person there are two different kinds of time — his internal biological time, as a resource
independent of the environment, and external time for the processes occurring around him in the
environment. And it is possible to travel only in external time. Internal time cannot flow backwards. A
person cannot return to his childhood.

But the situation in the external environment in which a person is, can change in the most
incredible way, including under the influence of people. And in this external environment it is possible to
move both to the future and to the past time. And even short-term movements in time can be very useful.
For example, if you get an opportunity to look into the future at least for a short time, you can make a
better choice in the present. Or, by travelling to the past, you can fix something.

And such external time for people on the Earth exists. These are 24 time zones, which are
generated by the rotation of the Earth around its axis. Moving through them in space, people also move
in time. And depending on the direction of movement in space — to the West or to the East — they can
move both to the past and to the future time. This is well known to everyone, but it is not used in human
activity yet.

And it's a free resource for solving the problem of human time travel that isn't even difficult to use.
In fact, to travel back in time, for example, 24 hours, all you have to do is move east 24 time zones. To
travel into the future, you would have to do the same thing, but only by travelling west. All this is not



difficult to do. It is also necessary to take into account that crossing one time zone will take less time,
the closer to the pole — regardless of which one, north or south — the transport route of time travellers
will run. Therefore, it will be more favourable to lay it closer to the poles (for example, at a distance of
200-1000 km from the pole around the pole).

In this variant of time travelling everything is clear. Therefore, the experiment on its realisation can
be done as follows. Suppose that in one of the South American countries the president is assassinated.
Then the head of the security service gets on a plane and, having flown around Antarctica in 24 time
zones, lands a day in the past at the same aerodrome from which he took off. The external time for him
changed into the past by 24 hours, and the internal biological time changed into the future, for example,
by 10 hours. That is, the head of the security service arrived in time 14 hours before the attempt on the
president’s life. And then during this time he will have time to take the necessary measures to save the
president’ and arrest the criminals.

And if the result of this simple experiment turns out to be positive, there will be a great interest in
the practical use of time travel. Then the problem of creating a time machine capable of comfortably
realising more complex and longer time travel routes will inevitably become urgent. But at the same time
it will be necessary to recognise that the generally recognised version of the special theory of relativity
(STR) studied in all physics textbooks is incorrect, as it states that there is only our visible universe in
nature, in which there are no portals.

3. The version of STR taught in all physics textbooks is incorrect

Since STR, created more than 100 years ago, is now studied in all universities, even the most
prestigious ones, and is used in very expensive scientific research (including the Large Hadron Collider),
its criticism must be impeccably evidentiary.

So, let's prove on such conditions that the generally recognised version of STR is incorrect [12]-[40],
since:

e the relativistic formulas obtained in it are incorrect;

e they are incorrectly explained using the incorrect principle of non-exceedance of the speed of
light;

e from the wrong relativistic formulas the wrong conclusions about existence in the nature of our
only visible universe and physical unreality of imaginary numbers are made.

Indeed, after the creators of STR got their relativistic formulas,

me=——m (1)
N8

A=Aty [1- (%)’ (2)

=1, /1-(%)2 3)

in which mo - is the rest mass of a moving body (for example, an elementary particle):
m - relativistic rest mass of a moving body;

to - the rest time of the moving body;

t - relativistic time of a moving body;

lo - rest length of a moving body;

[ - relativistic length of a moving body;

much of what they did afterwards had already been done incorrectly.

"It is possible that President Kennedy could have been saved in a similar way at one time.



Fig 1. Graphs of functions m(v), At(v), [(v) corresponding to the existing and corrected versions of STR in
the sublight v < c and hyperlight v > ¢ ranges

Firstly, the authors of STR did not realise that the value v appearing in these formulas according to
Newton's first law is the fourth, besides length, width and height, spatial dimension. And therefore
relativistic formulas necessarily should be explained not only in sublight v < ¢, but also in hyperlight v > ¢
ranges.

Secondly, not being able to explain the physical meaning of imaginary values of quantities m(v),
At(v), ((v) in the hyperluminal range v > ¢ and in order not to admit it?, they introduced into STR an
incorrect postulate called the principle of unexceeded speed of light.

Thirdly, they did not pay attention to the fact that the formula (1) in the hyperluminal v > ¢ range
corresponds to a physically unstable process, which cannot exist in the nature. And, consequently, the
relativistic formulas (1)-(3) are incorrect.

Fourthly, as it will be proved further, the statement of STR about physical unreality of imaginary
numbers is incorrect, and therefore the following from it principle of non-exceeding of speed of light and
the statement about existence in the nature of our only visible universe are also incorrect.

And therefore the version of STR studied in all physics textbooks is incorrect.

And, although it was never written about?, in fact, the universally recognised version of the STR
was refuted before its creation by Charles Proteus Steinmetz's interpretation of Ohm's? law for
alternating current circuits published in 1893 [41], which is now used daily by millions of electrical and
radio engineers around the world in their practical activities.

8880008

H

Fig. 2. In any radio-technical laboratory there are devices called frequency response meters, which by
their mere existence prove the physical reality of complex frequency responses and, consequently, of
any other imaginary and complex numbers. And thus they make the failed OPERA experiment
unnecessary.

2 Since no one would want a theory that even its authors couldn't explain.

3 Because in 1893-1905. STR didn't exist yet.

4 And in the original author's interpretation of this law for electric circuits of direct current Georg Simon Ohm was formulated
after 9 years of experimental research in 1826, when there were not yet any electrical measuring devices. And in 1828 Ohm
was dismissed from his job by the Minister of Education for publishing his research. The high-ranking official believed that the
use of mathematics in physics was unacceptable.



At the same time, of course, proving its validity. Indeed, in the formulation of Ohm's law proposed
by Steinmetz, it is stated that not only resistors, but also capacitors and inductors (also called inductance
coils) have electrical resistance. But the resistance of resistors is measured by real numbers R, and the
resistances of capacitors and inductors are measured by imaginary numbers® -1/jwC and jwL.

Therefore, linear electric L CR-circuits of any configuration possess resistance measured by complex
numbers. Consequently, its value and the value of the current flowing through such a circuit in
accordance with Ohm's law in the interpretation of Steinmetz depend on the frequency w of the
sinusoidal voltage applied to this electric circuit. And this makes it possible to perform a very simple but
very important experiment, which will allow us to confidently answer the question whether imaginary
numbers are physically real. After all, if imaginary resistances of capacitors and inductance coils are
physically unreal, their inclusion in electric circuits should not affect the results of LCR-circuit resistance
measurements. The measured resistance of the LCR-circuit in this case will always be measured in real
numbers and will not depend on frequency. Conversely, if the imaginary resistances -1/jwC and jwL are
physically real, then when the frequency w of the voltage applied to the LCR-circuit changes, the
magnitude of the current flowing through it will change due to the change in the value of its resistance.
And all electrical and radio engineers know that the resistance of LCR-circuits always depends on the
frequency of the voltage applied to them. Which proves the physical reality of imaginary numbers in the
most indisputable way. After all, it is only possible to measure what actually exists in nature. Therefore,
most of what we know about the world around us, we have learnt with the help of instruments — in
physics, biology, chemistry and all other sciences.

And in radio engineering, instruments for recording such measurements have long been created
and commercially produced - oscilloscopes, frequency response meters, spectrum analysers and others.
Even many radio amateurs possess the simplest of such devices - a tester, which allows to measure the
capacitor capacitance value. In fact, in accordance with Ohm's law as interpreted by Steinmetz, the
tester measures the imaginary value of electrical resistance of the capacitor and recalculates it into the
capacitance value.

There are other proofs of physical reality of imaginary numbers [42]-[53].

And from the experimentally proved principle of physical reality of imaginary numbers it follows
that the postulate about not exceeding the speed of light and the conclusion made with its use about the
existence in nature of our only visible universe, in which everything is measured only by real numbers, are
incorrect.

4. Corrected version of STR

Therefore, the relativistic formulas (1)-(3) should be explained in the hyperluminal velocity range v
> ¢ also. Moreover, since they are incorrect in this speed range, they need to be fixed first. And
remembering Newton's first law, it's clear how the formulas (1)-(3) must be corrected. To make them
look like the graphs in Fig. 1d,e,f, similar to the graphs in Fig. 1a,b,c in the range v < ¢, a multiplier ¥ must
be introduced into them.

m,i° m,i°
e N T
() = A" - (Y] - =t i (W)’ 5
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where (V) = LV/ CJ is the “floor” function of discrete mathematics (see Fig. 3a) of the argument

v/c

w =v—qc is the local velocity for each universe (see Fig. 3b).

This is a convenient function® to explain, since for integer values of the argument 0,1,2,3,4,5,... it
takes the alternating values we need +1,+i,-1,-i,+1,+I,... corresponding to four different types of universes

m(q) =

(4)

> In electrical engineering and radio engineering, the imaginary unit is denoted by the letter j, since the letter i denotes electric
current.

6 But the i function has the disadvantage that it is defined only for integer values 0,1,2,3,4, 5,... of the argument q.
Nevertheless, since for these same argument values the Euler formula €972 = cos(qn/2)+isin(qn/2) also takes the same values,
then for non-integer argument values the @ function can be calculated by the formula ¥ = cos(qn/2)+isin(qn/2). The latter



alternating in space. The value q=0 corresponds to our visible universe (since for it ° = 1). And the value
q=1 corresponds to another universe (since for i' = i), which is invisible to us due to the condition v > c,
since it is located beyond the event horizon. Stephen William Hawking wrote about imaginary time in
such a Multiverse: “Imaginary time is a new dimension, at right angles to ordinary real time”. And thus,
with his research, he confirmed the validity of the hypothesis of a hidden Multiverse considered below.
For the sake of certainty, we will call this corresponding i’ =i universe tachyon’, since it contains
tachyons, which are understood to be subatomic particles moving at a speed exceeding the speed of light.
But many physicists believe that they should not exist in nature (understood to be the Monouniverse
corresponding to the generally accepted interpretation of STR), since they violate the principle of
causality. And since tachyons are actually not in our universe, but in the tachyon universe (or
antiuniverse), they do not actually violate the principle of causality. And, therefore, they do exist.

q w
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Fig. 3. Graphs of the functions q(v) and w(v), illustrating the meaning of the “floor” function of
discrete mathematics

For similar reasons, we will call our universe tardyon®. And then it will be logical to assert (see Fig.
4) that the value g=2 corresponds to an invisible tardyon antiuniverse (since for it i =-1), the value
g=3 corresponds to an invisible tachyon antiuniverse (for which i =—i), the value g=4 corresponds to
an invisible other tardyon universe (for which i# = 1) the value q=5 corresponds to an invisible other
tachyon universe (for which i = i). And so on.

We will therefore call such an invisible Multiverse hidden [54]-[70]. Its open helical structure
distinguishes it from numerous other Multiverses, some of which are described in [71]-[79].

Then a natural question arises for her: what is beyond these edges? And this question is similar to
the question that arose even among ancient people - what is beyond the edges of our flat, as they believed
then, Earth. But the answer to the latter question was never received, since the Earth, as it later turned
out, has an almost spherical shape. More precisely, the shape of an ellipsoid of rotation, i.e. a geoid.
Therefore, it has no edges. But our questions remain - so what is beyond the edges of the screw structure
of the hidden Multiverse. And it will be logical to assume that beyond the edges of the hidden Multiverse,
shown in fig. 4, there are other Multiverses, not shown in the figure for simplicity.

It is also time to answer one more natural question - in what space such parallel universes of the
hidden Multiverse exist, if they do not intersect? The answer to it can be only one - in the space having
more than three dimensions. This circumstance in formulas (4)-(6) is taken into account by the parameter
g, which is the fourth spatial dimension (since it is a quantity proportional to velocity v). In such a four-
dimensional space three dimensions x, y, z determine the distribution of material contents in each
universe and antiverse, and the fourth dimension q determines the mutual spatial position of different
parallel universes and antiverses.

And since in formulas (4)-(6) the value q, is an additional spatial dimension, it can be stated that in
the four-dimensional space of such a hidden Multiverse the parallel universes, continuously drifting
relative to each other, touch each other all the time and even often slightly sink into each other, forming
a set of bidirectional transition zones or portals, which in Fig. 4 are indicated by single two-sided arrows.
On Earth the entrances to the portals [80],[81] are probably at least some of the so-called anomalous
zones [82]-[85]. And on Earth they can be on its surface, above and below its surface, on the surface of
rivers, lakes, seas, oceans and in their depths. These anomalous zones can have different sizes and

formula has a very important advantage — it introduces into the mathematics of hypercomplex numbers a mathematical
operation of raising imaginary numbers to a non-integer power, which was absent until now.

7 The term tachyon universe was coined by Isaac Asimov in his short story "Take a Match".

8 The term tardion universe was also coined by Isaac Asimov in his short story "Take a Match".
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manifest themselves in different ways. And through these portals neighbouring universes can exchange
with each other their material contents, including living inhabitants. Therefore, the mass/energy of
parallel universes and antiverses in the hidden Multiverse, no matter how they appeared, must have
averaged significantly over billions of years of their existence.

Fig. 4. The proposed open-loop screw structure of the hidden Multiverse, corresponding to the
principle of physical reality of complex numbers

Albert Einstein did not exclude such a correction of STR in the future. He wrote: "There is no idea
in which | would be sure that it will stand the test of time".

But we have one question left unanswered. As is easy to see, the structure of the hidden Multiverse
shown in Fig. 4 has the disadvantage that it does not take into account the existence of the phenomena
of dark matter and dark enerqgy, which are not explained in any way. However, they are explained further.

5. Using experimental data obtained by the WMAP and Planck spacecraft

In the twentieth century, two extremely important scientific discoveries were made in astrophysics.
One of them, made in 1932-33 by Jan Hendrik Oort [86] and Fritz Zwicky [87], was called dark matter.
The other, called dark energy, was made in 1998-1999 by Saul Perlmutter [88], Brian Schmidt [89] and
Adam Riess [90], who were awarded the Nobel Prize for it. Emphasizing the significance of these
discoveries, Adam Riess wrote: “Humanity stands on the threshold of a new physics of the Universe.
Whether we like it or not, we will have to accept it.”

According to these discoveries, the mass/energy of dark matter and dark energy is about twenty
times greater than the mass/energy of our visible universe, making the problem of explaining them
extremely relevance. But these discoveries turned out to be very inexplicable



Indeed, in any range of electromagnetic waves, dark matter and dark energy are invisible, since
they do not radiate these waves, do not absorb or reflect. Therefore, they are inaccessible to direct
observation. In addition, neither molecules, nor atoms, nor subatomic particles were found in the
composition of dark matter and dark energy®. Over the past decades, searches for an explanation of the
phenomena of dark matter and dark energy were given very much attention and a very large amount of
scientific research was done. But the phenomena were not explained. Sol Perlmutter on this occasion
noted: “The Universe consists mainly of dark matter and dark energy, but we can’t imagine what it is”.

And, of course, this situation prompts to think about what is the reason for this result? What is not
taken into account? What can be the directions of possible alternative scientific research in accordance
with the remark of Albert Einstein: “It is pointless to continue to do the same and expect other results.”
And the reason for the inexplicability of the phenomena is that the names of these scientific discoveries
were understood too literally. Although due to the incomprehensibility of the subject of discoveries, it
was impossible to give them more correct names. Nevertheless, the names of these discoveries and what
was known about them, as if prompted that the explanation of dark matter and dark energy should most
likely be to look somewhere in the microworld of our world, in some of its new structure. Since due to
the hypo-thesis of the Monouniverse, which is in a hundred consequence of the principle of non-
exceedance of the speed of light, an explanation of dark matter and dark energy, it would seem, was
nowhere else to look for. Therefore, the Nobel Prize laureate Stephen Weinberg suggested: “I hope that
it will be possible to open particles of dark matter and that some manifestations of super-symmetry will
be discovered. Perhaps, that a superparticle will be disco-vered, which is just a particle of dark matter. It
will be simply remarkable if this happens”. They are still looking for this superparticle.

6. Explanation of the phenomena of dark matter and dark energy

Therefore, in the article offered to the attention of readers, an attempt was made to outline the
basic principles of a probable alternative explanation of the phenomena of dark matter and dark energy.
Moreover, this explanation even implies the existence of another previously unknown phenomenon — the
phenomenon of dark space [91], [92].

The structure of the hidden Multiverse can be clarified using data obtained by the WMAP
spacecraft, launched in 2001 by the National Aeronautics and Space Administration (NASA) and
operating until 2010 [93], as well as the Planck spacecraft, launched by the European Space Agency (ESA)
in 2009 and operating until 2013 [94]. According to data obtained by the WMAP spacecraft, the entire
universe (in fact, the entire hidden Multiverse) consists of 4.6% baryonic matter, 22.4% dark matter, and
73.0% dark energy. And according to more recent data obtained by the Planck spacecraft, the entire
universe (again, in fact, the entire hidden Multiverse) consists of 4.9% baryonic matter, 26.8% dark
matter, and 68.3% dark energy. As you can see, these results do not differ much. And this gives rise to
confidence that they are correct. But what dark matter and dark energy themselves are has never been
explained. It is for this incomprehensibility that these physical entities were called dark.

And since it was proven above in the most indisputable way that in nature there is not a Monoverse,
but a hidden Multiverse, then dark matter and dark energy must somehow be present in it. And it is
possible that the phenomena of dark matter and dark energy are somehow generated by the entire
structure of the hidden Multiverse and are due to the mutual influence of the invisible universes on each
other. This alternative assumption we will further consider. Then, if we abandon the condition of seeking
an explanation of dark matter and dark energy within the framework of the Monoverse hypothesis and
seek it in the hidden Multiverse, then this allows us to quite clearly and convincingly explain the main
features of these phenomena that have remained unexplained until now — their invisibility and
undetectable corpuscular content:

e dark matter and dark energy are not actually some kind of material physical entities, but merely
phenomena (something like a gravitational image) generated by the existence, in addition to our visible
tardion universe, of other invisible parallel universes and antivrtsrs of the hidden Multiverse;

e dark matter is a phenomenon generated by the existence of invisible parallel universes and
antivrtsrs neighbouring our universe in the hidden Multiverse,

e dark energy is a phenomenon generated by the existence of others, except our visible universe,
neighbouring invisible parallel universes and antiverse of the hidden Multiverse;

e and precisely because dark matter and dark energy are just phenomena, they have no material
content, and therefore they are invisible in themselves.

9 This alone was supposed to suggest that dark matter and dark energy may not be material physical entities, but are only
unusual images of something like a gravitational shadow.



That is, there is no unusual material content in dark matter and dark energy in nature. Just as there
is no material content in our shadow on a sunny day.

Such explanation of these phenomena also allows to understand the structure of the hidden
Multiverse. Indeed, assuming the mass of different invisible parallel universes and antiverses in the hidden
Multiverse with a high degree of accuracy due to the presence between them of a large number of portals
existing for billions of years is almost the same, it is possible to determine:

e how many parallel universes and antiverses make up the hidden Multiverse. And according to the
above data obtained by the WMAP spacecraft, their numberis 100% /4.6% == 21.74. And according
to the data obtained by the Planck spacecraft, their numberis 100% /4.9% = 20.41. Consequently, their
real number is presumably equal to 20...22 universes and antiverses. l.e. besides our visible universe there
are 19 ... 21 invisible universes and antiverses.

e how many parallel universes and antiverses are neighbouring our universe and give rise to the
phenomenon of dark matter. According to the data obtained by the WMAP spacecraft, their number is
22.4%/4.6 %=4.87. And according to the data obtained by the Planck spacecraft, their numberis 26.8%
/ 4.9% = 5.47. Consequently, their real number is most likely equal to 5...6 parallel universes and
antiverses.

e how many parallel universes and antiverses give rise to the phenomenon of dark energy. And
according to the data obtained by the WMAP spacecraft, their number is 73.0% / 4.6% = 15.87. And
according to the data obtained by the Planck spacecraft, their number is 68.3% / 4.9% = 13.94.
Consequently, their real number, presumably, is equal to 14...16 parallel universes and antiverses.

7. Structure of the hidden Multiverse

And then the discrepancy of the obtained results of these calculations with the structure of the
hidden Multiverse given above in Fig. 4 is immediately striking. which cannot be explained by inaccurate
measurements of WMAP and Planck spacecraft, because the difference between the results of
calculations and experimental data is too great. Neighbouring with our universe other parallel universes
appeared not two, but five or six. But such a number of them does not fit into the structure shown in Fig.
4.

Moreover, the above calculations allowed us to determine only statistical average datas. And since
there are more than two hundred thousand anomalous zones and, consequently, portals on the Earth, it
is not excluded that some small number of portals on the Earth can connect it with a larger number of
neighbouring universes. Therefore, the astro-geophysical studies of portals mentioned below will
presumably provide very valuable information about other universes of the hidden Multiverse.

Then it is logical to assume that the previous reasoning contained some mistake. And this error
consists in the fact that earlier for simplicity we assumed in the hidden Multiverse the existence of only
one additional dimension and, consequently, its correspondence to physically real complex numbers
containing only one imaginary unit. And for six other parallel universes —three tachyon universes and
three tachyon antiverses — to neighbour our universe it is necessary to have three additional dimensions
g, r, s, by which their position in space will be determined. Consequently, the space of such a hidden
Multiverse will be six-dimensional (see Fig. 5). And its structure will correspond to quaternions o + i1w +
i>w + 3w, i.e. hypercomplex numbers [95], containing just three imaginary units is, iz, i3, which are related
to each other by relations

ks =yl = ighi, = -1 (8)
igly =1k = kg0, =1 9)

In such a quaternionic structure of the hidden Multiverse, the distribution of material contents in
each three-dimensional parallel universe and antiverse will be determined by some function fqs (XY,2),
and the values i1q, izr, i3s are the coordinates of these universes and antiverses (see Fig. 5). l.e. the
structure of the hidden Multiverse is described by the formula fqrs (X,V,2)+ + i1q + i2r + i3s. This is what
Lisa Randall meant: "Perhaps we live in a three-dimensional pocket of multidimensional space”.
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Fig. 5. Six-dimensional space of the hidden Multiverse, in which q, r, s —are coordinates of invisible
parallel universes and antiverse, and x, y, z— are coordinates of material contents in each such parallel
universe and antiverse

Therefore relativistic formulas (4)-(6) should be once again corrected as follows

Myl i, i;
m(q,r,s) = - (10)
1Y~ (@+r+9)]
At(q,r,s) :Atoifizrig\/l—[%—(q+r+s)]2 (11)

I(@r,8) =Liigis [ [V - (@ + T+ )T (12)
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Fig. 6. The proposed open-loop screw structure of the hidden Multiverse, corresponding to the principle
of physical reality of hypercomplex numbers



where q(v) = |vg/c| isthe "floor" function of discrete mathematics from the argument v/c,

which is the fourth spatial dimension;

r(v) = |v,./c| is the "floor" function of discrete mathematics from the argument v/c, which is
the fifth spatial dimension;

s(v) = |vs/c| is the "floor” function of discrete mathematics from the argument v/c, which is the
sixth spatial dimension;

v,, U, Vs are projections of velocity vector v on orthogonal coordinates gq, 1, s.

Therefore from formulas (10)-(12) follows a very important conclusion - the velocity v mentioned
in Newton's first law, which serves in the uncorrected version of STR as the fourth spatial dimension,
turns out to be not scalar, but vector quantity, determining in orthogonal coordinates i:q, izr, izs the
position in the cosmic space of universes and antiverse of the hidden Multiverse.

And the information about the screw structure of such hidden Multiverse is contained in formulas
(7)-(9). It follows from them that it is possible to move to the tardion antiverse from the tardion universe
and to the tardion universe from the tardion antiverse in different, but not arbitrary ways, but only in
such a way that the value i9,i7, i will successively take the values +1, +i1@®+i2®+i3, -1, - i1D-i2D- I3,
+1,... etc.., where® is the symbol of the logical operation of discrete mathematics 'exclusive OR'. In this
case, different trajectories of travelling from one universe (or antiverse) to another can differ only by
replacing one tachyon universe iy, iz, i3 by another and one tachyon antiverse iy, iz, i3 by another. Hence,
the tachyon universes ii, iz, iz in the hidden Multiverse are placed parallel to each other. The tachyonic
antiverse i, iz, i3 are also placed parallel to each other for the same reasons. And so in the hidden
Multiverse parallel universes and antiverse must alternate in the following sequence - 'tardion universe’,
‘one of the tachyon universes’, 'tardion antiverse', 'one of the tachyon antiverse', 'tardion universe', 'one
of the tachyon universes’, etc. An example of the quaternionic structure of such a hidden Multiverse is
given in Fig. 6.

Thus, one difference of the structure shown in Fig. 6 structure from the structure shown in Fig. 4
is the presence in it of several different parallel included tachyon universes and antiverses corresponding
to three imaginary units i1, i>, is. Another difference of the Multiverse structure, due to formulas (7)-(9),
is the presence in this structure of the Multiverse not only of bidirectional portals corresponding to
formula (7) and denoted by bilateral arrows, but also of unidirectional portals’ corresponding to
formulas (8), (9) and marked by unilateral arrows.

8. How to experimentally prove the existence of portals?

The above information is quite convincing. But only if the portals actually exist. And only
experiments can give full confidence in this. So it's time to describe such an experiment. And the proposal
to conduct an inexpensive but very convincing experiment has already been published [96]-[113].

Observatory outside Observatory outside Observatory outside
anomalous zone anomalous zone anomalous zone

Observatory in Com puter Observatory outside
anomalous zone anomalous zone

Observatory outside Observatory in
anomalous zone anomalous zone

Observatory outside
anomalous zone

Fig. 7. Scheme of an astronomical experiment to detect invisible universes
As can be seen in Fig. 6, all portals begin and end at different astronomical objects. Consequently,
on the starry sky at the entrance and exit of portals will always be observed completely different
constellations. Therefore, when travelling through the portals, the map of the starry sky will gradually
change, eventually gradually replacing some constellations with others. And the fact that constellations,

10 Due to what circumstances in such portals movement is possible only in one direction - from entrance to exit - it is difficult for
us, living in a space in which movement is possible in any direction, even to imagine. And the processes that make such movement
possible in nature are yet to be understood. But they are more dangerous than bidirectional portals for visitors who have entered
such unidirectional portals, because it is impossible to return to one's own universe from them. Though in the underground with
unidirectional movement on escalators we do meet them. But the underground is not nature.



never observed outside the portals, will be observed in the portals will allow to detect the portals. And
not only portals, but also neighbouring universes'’, which will allow the structure of our hidden universe
to be clarified. And even to determine the possible presence of neighbouring universes and antiverse,
which are not included in the hidden Multiverse. But forming together with the hidden Multiverse the
Hyperuniverse, to which corresponds the phenomenon of dark space.

And the entrances to the portals are the so-called anomalous zones, of which there are many on
our planet - more than two hundred thousand. And in some of these anomalous zones, observatories
have already been located. Like, for example, the Main Astronomical Observatory of the National
Academy of Sciences of Ukraine, which is located in the Goloseevsky forest just 12 km from the center of
the capital of Ukraine, Kiev.

But people avoid going into the portals. And rightly so, because portals are labyrinths and they're
invisible. So if you accidentally once you've entered a portal, it's almost impossible to get out. But it's
possible to create equipment for orientation in portals is possible. It's also possible to use unmanned
remotely piloted vehicles using unmanned, remote-controlled robotic vehicles.You just have to want to.
It is even possible not to go far into the portals, but to limit ourselves to the use of anomalous zones.
Although in anomalous zones, i.e. at the very edge of the portals, the change in the appearance of the
constellations we know is very small, still can be detected by comparing on the computer (Fig. 7)
observations of the same areas of the starry sky by different observatories located both in the anomalous
zones and outside the anomalous zones in the same region.

And if these differences are too small, the telescope will have to be moved deeper into the portal.
After all, Sir Arthur Stanley Eddington [114] was able to carry out his famous experiment, which
confirmed the predicted by the general theory of relativity deviation of light rays in the gravitational field
of the Sun back in 1919, to move his telescope much further — from England to the island of Principe in
the Atlantic Ocean.

9. The relevance of astro-geophysical researches of portals needed to create a time machine

Thus, the above allows us to consider it proven that:

e the hidden Multiverse really physically exists;

e the hidden Multiverse has a quaternionic structure and contains, in addition to our visible
tardionic universe, about twenty more mutually invisible tardionic and tachyon universes and antiverse,
connected with each other by bidirectional and unidirectional portals;

e the tardion and tachyon universes contain matter, space and time, and the tardion and tachyon
antiverse contains anti-matter, anti-space and anti-time;

e travelling through the hidden Multiverse in space is accompanied by time travel.

It follows that in the hidden Multiverse it is possible to create different time-travelling routes in
the hidden Multiverse by setting the corresponding routes of travelling through this Multiverse in space
[115]-[123]. But we will not do it, because the research of such routes in the hidden Multiverse would be
too expensive. And it is not necessary, as for creation of time machines we need only information which
can be received by geophysical researches of portals [124]-[141]. And not even the research of portals
on full depth, but only the research of their relatively small entrance areas, because, most likely, their
geophysical parameters will be the same along the entire length of the portals from the entrance to the
exit.

10. Conclusion

In the article examples of practically useful and realisable on the Earth time travels with the use of
time zones are given.

In the article it is also proved that the version of STO studied in all physics textbooks is incorrect
because:

e the relativistic formulas obtained in it are incorrect;

e they are incorrectly explained using the incorrect postulate about the non-exceeding of the speed
of light;

e from incorrect relativistic formulas wrong conclusions about physical unreality of imaginary
numbers and about existence of our only visible universe in nature are made.

Therefore the corrected version of STO was created, in which;

e the principle of physical reality of imaginary numbers is experimentally proved and theoretically
explained, by which the postulate about non-exceeding of the speed of light is refuted;,

"' In the same way, we can see the adjacent invisible room (or at least the edge of it, to make sure it exists) next to our visible
room, which we are currently in, only if we go into the corridor between these rooms.



e the corrected relativistic formulas explained with the use of the principle of physical reality of
imaginary numbers are obtained;

e from the corrected relativistic formulas the conclusion about existence in Nature of quaternionic
structure of the hidden Multiverse, containing besides our visible Universe about twenty mutually
invisible tardionic and tachyon universes and antiverses, connected with each other by bidirectional and
unidirectional portals, was made.

The article describes experiments that allow by geophysical researches to experimentally prove the
existence of portals. And the knowledge obtained in such geophysical research will allow the creation of
time machines.
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Abstract

We explore how security diplomacy is undergoing constant evolution in the multipolar
dimension of international relations. First, we illustrate that in the absence of concepts of security
diplomacy efforts, world security may be under serious threat in real geopolitical trends. Next, we
consider the historical context after World War Il and the period of transformation in relations
between Eastern and Western Europe. We present the general changes in diplomacy after the Cold
War that influenced the evolution of European relations, which have a direct impact on modern
global security. Based on the impact of European integration, we illustrate changes in security
diplomacy within the framework of stabilizing the world order. Based on cases of contemporary
challenges, we examine how global security is evolving into new perspectives for the development
of diplomatic approaches in the context of globalization and international cooperation.

AHomauisa

Mu Odocnioxyemo sk 6e3nekosa ounjomamis  3a3HAe  NocmilHoi  esosouli B
b6azamonosiipHOMy  BUMIDI  MiXHAPOOHUX BIOHOCUH. CnoYamky MU i/TFOCMPYEMO, WO 3d
BiocymHocmi KoHyenyid 3ycusb 6eanekosoi dunsomamii ceimosa 6e3neka mMmoxe onuHUMmuUCs Nio
Ceplio3HOH 3a2P030t0 B PEAsIbHUX 2e0N0JIIMUYHUX MeHOeHUIaX. Jlani mu po32aa0aemo icmopuyHul
KoHmekcm nicsa [lpyeoi ceimosoi 8iliHu ma nepiod mpaHcgopmauii'y 8ioHoCUHax mix: CxioHoro ma
3axioHoro €8ponoto. Mu npedcmasaseMo 3a2asibHi 3MiHU B dunioMmamii nicig Xono0Hoi BiliHU, SKi
BNJIUHY/IU HA €BOJTOUIH EBPONEUCHKUX BIOHOCUH, UjO MArOMb NPAMUL BNJIUB HA CY4ACHY 27106a/1bHY
6e3neky. Cnuparo4ucb Ha BNJUB €BPONEUCLKOI iHme2pauii, Mu iJIroCMpPYEMO 3MiHU B8 6e3neKkosill
odunsiomamii 8 pamkax cmabinizayii ceimoso2o NopsAoKy. Ha npukiadi BUNAOKIB CY4ACHUX BUK/IUKIB
MU po32/190aemMo, SK 2r06asbHa 6e3neka po3BUBAEMbLCA B HOBUX NEPCNeKMUBAX pPO3BUMKY
ounsiIoMamuy4yHux nioxodiB y KoHMeKcmi enobanizauii ma MixcHapooHo2o cnispobimHuUUMBaA.

Keywords: diplomacy, peace, agreements, strategies, organizations, transformation.
Knroyosi ciosa: ounsiomamis, Mup, y2o0u, cmpamezii, opeaHi3auii, mpaHcgopmauis.

Bcmyn

EBos1touist 6e3nekosoi ouniomamii € NpUpoOHUM | HA03BUYAUHO BAX/IUBUM NPUPOOHUM PaKmMOpPoM,
30amHicmb K020 AKICHO MpaHchopmysamucs ma adanmysamuck 00 CBIMOBUX MeHOeHUil, 2apaHmye
mup i cmabifibHiCmb Yy BCbOMY CBIMI. 13 MUM CaMUM PO3PAXYHKOM, CMpamezii NOKPAaujeHHs MUpHOI
iHmezpauii cmasisame NUMAHHSA €8ponelicbKoi dunoMamii Ha 00He (3 Nepuwiux MicUb Y Cy4acHit cucmemi
MIXXHAPOOHUX BIOHOCUH. Y uiti cmammi po32190arombCs 3a2d/ibHA iCMOpUYHAa ma NPAaKkmMu4yHa 0CHOBA
peop2aHizauii mpaHcgopmauii dunaoMmamuyHUX BHECKIB B8 Nepiod Mixc 1945-2024 pokis, SKi MOXCYMb
C/1y2yBamMu OCHOBO 015 3a2a/IbHO20 BUBYEHHSI CMPYKMYpPU MiXHAPOOHOI be3neku Ha esponelcbKomy
KOHMUHeHmI. LLJo cmocyembcss nepedymoBs, 3a SKUX MiXcHapooHa be3neka Habysna HauBa U/iusilio2o



3HA4YeHHs, Mo Mup 3asxou 6y8 0HMOJI02iYHO 0OYMOBIeHUM pakmopom cmabisibHO20 CNiBICHYBAHHS HA
BCIX piBHSAX JIFOOCMBA, W0 € BKpaAll Ba}iusum y byob-akull yac. lcmopioepacis nicisBoeHHo020 nepiody
noyuHaroqu i3 1945-x 0o 1990-x poKy 3a3Hasa NPUHUUNIA/IbHUX 3MIH B MEXAX SKOI BCMAHOBIEHHS HOBUX
cucmem MiXcHapooHoI cnisnpaui ma nopsoky 6ys10 Hesid eMHUM pakmopom. Lii 3miHu Bidobpaxcaaucs He
Jiuwie 8 MiDypaoosux BiOHOCUHax, ane Uy cnocobax, aKumu 0epxcasu B3AEMOOIF/IU HA MIXHAPOOHIU
apeHi. [l[pomsazom ubo2o nepiody KpaiHu €sponu 3myweHi byau adanmysamu csoi cmpameeii, wob
Bi0noBidamu HOBUM BUK/IUKAM, WO BUHUKAKOMb Yy 27106a/1bHOMY KOHMeKCmI. [Jo2080pu, asabsHCU ma
npasuaa, Wo BUHUKAU Nnicaa [pyeoi c8imoBsoi BiliHU, ICMOMHO BNAIUHYIU HA KOHUEeNUito BiOHOBIEHHS
QuNIOMAMUYHUX 3B'A3KIB MiXC 0epxasamu B HAMA2AHHI NOWYKY KOMNPOMICY mMa BCMAHOBJ/ICHHIO
CUSTbHUX MIDXHApOOHUX opagHizauit, wio 6 eapaHmysasu ma pe2ysitosasnu Mup K 0CHOBY CBIMOBO2O
npasonopsoKky. TeHOeHuUis MIUHUX ma opeaHi3auitl 3poCmasa 3 KOXHUM 0ecamuiimmam €8ponelicbKoi
icmopii, 8 AKil abCo/ITOMHO KOMX(HA 0epxasa Hamazaaack 6aaaHcysamu HAUioHAbHIi Ma MiXHAPOOHI
iHemepecu. 3pewimoro, 0BONOJIFOCHA CUCMeMd, WO BUHUK/IA HA OCHOBI Ub020 nepiody Bidiepasna
BUPIWA/IbHY POJib Y BU3HAYEHHI xapakmepy 6e3nekosoi duniomamii Ha oucamunimms snepeo. Y uil
cucmemi 0CHoBHa yBaza by/1a 30cepedreHa Ha CMpUMyBAaHHi ma NPomucmosiHHI Mix« CPCP | 3axodom, 8
Haodii BcmaHosumMU BAACHI NpaAsusia epu, $ki sidnosidasu 6 [HMepecam OOHIEI (3 CMOPIH,
NPOMUCMAB/IAHYU HAUYIOHAIbHI iIHMepecu 3a2aabHomy bazy.

[on08HI  mpaHchopmauii 8 MixHHAPOOHIU ounsomamii nicia 3asBepuwieHHs Xoa00HOI BiliHU
rDYHMYBAIUCA HA ICMOMHUX ACNeKMax, d MAKoX Ha HOBUX BUKJIUKAX [ MOXIUBOCMSAX 0/11 6a2ambox
KpaiH csimy, AKi npazHyiu BU3HAYUMU CBOE MiCUe 8 po3UUpPeHOMY 2/106a/1bHOMY NPABOBOMY cepedosul,
wo nepebysano 8 MIHAUBOMY CMAaHi 2106abHUX 3MiH, KOpueyro4Yu B/1aCHI cmpamezii ma nioxoou
BI0NOBIOHO 00 HOBUX YMOB | peasiitl. ¥ cmammi po32/1SHymi K/104081 Kpu3u ma s0epHi 3a2po3u, SKi cmasu
piuydHO CUIOK O/ CMBOPEHHS 0epHoi duniomamii 8 KOHMeKCMI NOJIMUKU CMPUMAHHS 8 €8poni.
3asepuieHHs1 Xo100HOI BiliHU Npu3Bes1o 00 BAXUIUBUX | 3HAYHUX 2/IUOOKUX 3MiH Y be3nekosil duniomamii,
AKI Manu 0anekoCSaXHI HACioKu. Lli 3MiHU, 30Kpema, cnpusiiu macumabHOMy pO3WUPEHHIO SIK
€sponeticbko2o Coro3y, mak i HATO, ujo CcymmeEBO BNJIUHY/IO He JIuLIe HA HOBI NOAIMUYHI peaii, ane U Ha
MiXHAPOOHY cmabiibHicmb y 6bazambox pe2ioHax caimy. Le po3wupeHHs CMasao BaXuiusum dakmopom
vV opmyBaHHi HOBOI  apximekmypu 6e3neku 8 NOCMX0J/I00HIU cucmemi, BNJIUBAKOYU HA CNIBNPAUHD MIXH
depxcasamu ma CMBOPHYU HOBI BUK/IUKU, AKI nompebysasiu echekmusHo20 Bpeay/itoBaHHs U adanmauii
nosimuKu.

Bnaus €spoiHmezpauli Ha 6e3nekosy OunsioMamito Nic/is HAc/IioKiB8 Xo/00HOI BilHU 3HAYHO
MPaHchopmMyBas NOAIMUYHI BIOHOCUHU MiX €BpPONEUCbKUMU 0epXasamu, OCKiIbKU CNPUAB iHmezpauii
KpaiH LleHmpanbHo-CxioHoi €8ponu 0o €BponelicbKux CmpyKkmyp i 3abe3nequs HoBi MOXIUBOCMI 01
cnisnpayj, ocobauso B Makux cgepax, sk eKoHomika, be3neka ma Kysbmypd. Lle, B8 cBor 4epey,
003B0/1U/I0 KPAiHAM pe2ioHy He Juwe BIOHOBUMU CBOI eKOHOMIKU, ane ( 3MiyHUMU O0emMOKPaAMUYHI
iHcmumyuii. Ljeli npouec cmas MOXCIUBUM 3ABOSKU CNIIbHUM 3YCUIIM €8ponelicbKux KpaiH, Ki
npazHyau 0o iHmezpayii ma cmabiibHOCMi B pe2ioHi. BaxusBum acnekmom uiei esostoyii cmasio
NIONUCAHHS YUC/IeHHUX 0P2aHi3auyitiHUX ma KOMNIeKCHUX MidHAPOOHUX Y200, CNPSIMOBAHUX HA 3MIUHEHHS
CNiIBPOBGIMHUUMBA MiXC 0epxcasamu. Ycmammi Mu po32g/150aEMOo K €B8pOiHMe2pauiliHi npouecu cnpusiiu
noanubsieHHro cniBnpaul Mixc esponelicbKumMu KpaiHamu 8 2asny3i besneku. Lii npouecu cnpusisiu He auuie
PO3BUMKY €KOHOMIYHUX 3B'A3KiB, ane ( 3MIUHeHHIO NOJIIMUYHOI cmabilbHOCMI B pe2ioHi, Wo cmasno
BAXCIUBUM (pAKmMopom 0J18 NIOMPUMKU MUpy ma be3neku 8 €B8poni Yepe3 BBeO0eHHS HOBUX CMAaHAapmis i
nosiimuk 0715 3abe3neqyeHHs CUIbHOI pe2ioHaIbHOI be3nexu.

Y cmammi mu makoxc 00C/iOHYEMO K Cy4acHi BUKUKU MaA 2eonoimuyHi MOXCIUBOCM, SIKI
BUHUKU 00 2024 poKy, BUMA2asu mMepmMiHOBo20 Nepesidy mpaouuiiHux OuNIOMamuYyHUX NPAKmMuUK
Bi0NOBIOHO 00 HOBUX peanil 2nobasibHo20 c8imy. CMamms BU3HAYAE, WO Ui 3MIHU ICMOMHO BNJIUBAOMb
Ha 3anpONOHOBAHI CMpamezii MiXcHapoOHUX BIOHOCUH. Ocob/1uBe 3HaYeHHS MAe aHasi3 Moo, K Cymmesi
mpaHcoopmauii 8 MiXHApPoOOHOMY cepedoBuli KOHGIIKMY B8 YKpaiHi NO3HA4YarombCcsl Ha nioxodax
€sponeliCbKUx KpaiH 00 peani3auli 30BHIWHBLOI NOJMIMUKU, WO, B CBOK Yepey, BU3HAYAE iX
30BHIULIHBOGKOHOMIYHI  Ma iHHOBAUIUHI cmpameziyHi KomyHikauii. /o po32180y NPONOHYEMbCS
062pyHMYBAHHS HOBUX 3A2p03, MAKi SK Kibep3azpo3su, mepopusm ma 2i6pudHi sitiHuU, AKi, SK BU3HAYEHO,
BuUMazaroms WBUOKOI adanmaduii duniomamuyHux cmpamezitl Bi0 060pOHHUX opeaHi3auit ma siacHe
camux depxas. Lfi HoBI BUKIUKU 3yMOBJIHOHOMb HeobXiOHICmb nepeaigdy mpaduuiliHux nioxodis depicas
00 MDHHAPOOHUX BIOHOCUH, NIOKPEC/IFOrYU  BAXUIUBICMb  MYJIbMUOUCUUNIHAPHO20 NioXody B8
ounsiomamii- ma po3yMiHHSI HOBOI 2en0iMUYHOI peasbHOCMI, WO BK/HOYAE CNIBNPAUIO 3 HEYpA0oBUMU
0p2aHi3auigMmu ma sKiCHUMU MiX¥HapoOHUMU YCMaHoBamu. LLjob6 ompumamu ysiB/ieHHs Npo Nepcnekmusu
po3sBumMKy 6e3nekosoi dunisomamii 8 KoHmMekcmi enobanizauii ma  MixHAapoOHoi  cnisnpaui



p032/190arombCs HOBIMHI egekmuBHi Mooesli ma iHiyiamuBu, SKi Cnpusiromes 0UNJIOMAMIB KOMXCHOI i3 KpaiH
00 MiUHUX cnisibHUX OomoBsieHocmed.

SAK BUCHOBOK, Yy CMammi MU y3a2a/IbHIOEMO 32a0aHi ioei ma po32niso icmopiozpagii ouniomamii
3a3HYeHo20 nepiody Ha 0CHOBI MeHOeHYil BiONOBIOHUX 00 CYy4YACHUX BUK/IUKIB. MU MAakox BU3HAYAEMO
BAXUIUBICMb  PO3YMIHHSI  [CMOPUKO-NOIIMUYHO20 KOHMeEKCmYy 0/ PO3yMiHHS 6e3neKkoBux OCHOB
dunsomamii 8 €sponi. [1idcymoByrodu Mu 00B00UMO, WO 3MIHU, SKi BIO6YUCS nic/is [py20i cB8imoBoi BitiHU
ma i Haciioku 018 30B8HIWHBLONOIIMUYHUX cmpameeill KpaiH 3anexcanu si0 6azambox ¢akmopis,
BKJIHOHAKOHU eKOHOMIYHI, COUiasibHI Ma KyJibMypHi acnekmu. 30Kpemd, Bpaxo8aHo 3MiHy 2e0N0JIiMmuUYHOI
cumyauii, sKka npussena 00 HOBUX QJIbSHCIB | KOHGIKMIB, a makox< adanmauiro ounjioMamuyHuUX
nioxo0iB 00 2/106abHUX BUK/IUKIB. Hamu makox< 0o08e0eHo, W0 HOBI BUKIUKU BUMA2AOMb HOBUX MA
WBUOKUX NiOX00iB 00 BCMAHOBJ/IEHHA epekmuBHUX cmpamezil, AKi MoXymb 2apaHmysamu mMup ma
cmabiibHICMb Ha KOHMUHEHMI.

Y po3sumky A1muHCcbKo-ITocmOoamcbKoi' cucmemu, SKa Hapoulysasa csil 8naus 019 0BONOJIHOCHOI
cucmemu.

1. lMicnsBoeHHa duniomamuyHa peopaarizauia 1940-1950x pokis

icns 3a8epuweHHs []py2oi ceimoBoi BilIHU c8im yBItWOoB Y HOBY ¢azy MiXHapoOH020 NOPSIOKY, W0
pezysitoBasCcs Mak 3BaHON  SJIMUHCbKO-[TOMCOAMCbKOK CUCMEMOK)  MiXCHAPOOHUX BIOHOCUH. L{g
cucmema He suwie nepeocMuc/iuIa 2eonosimuyHul naHowagm €sponu, ane U 3akaana oCHoBU 071
po3BUMKY Modesnield 6e3neku, SKi BNIUHYAU HA NOOAbWy OUHAmiKy Xoso00HoI BiliHU. Hacnioku uiel
cucmemu speuwimi-pewsm NO3HA4uauUcCsa Ha 6anaHci cus ma xapakmepi oungomamii npomseom 0py2oi
nososuHu XX cmosimms. ®akmuyHo, SAnmuHcbKo-lTomcoamcbka yeoda scmarosusna 6inossgpHy
apximekmypy 6e3neku, sKa 8 0CHOBHOMY KOHmMpososanacs CnoaydeHumu LLimamamu ma PadsiHCbKUm
Coro3oM. KoxcHa 3 Haddepxcas BU3HAYU/IA CBOK BJIACHY CGepy BNIUBY, 3aNPOBAOXCYHOYU CneyudiyHi
ounsioMamuyHi nioxoou w000 COH3HUKIB MA ONOHEHMIB Y BIONOBIOHUX pe2ioHax.

ANMUHCbKo-NlomcoamcbKa cucmema MidHApOOHUX BIOHOCUH O/ OUNJIOMAMUYHO20 pO32/10y
CMasa 0CHOBOK 0J1S BU3HAYEHHS] HOBUX KOPOOHIB Yy €8poni, po30i1uBwIU KOHMUHEHM Ha cepu Bniusy
Mixc Cxodom | 3axodom. Lle npu3sesno 00 ¢popmMyBaHHS HOBO20 NOPAOKY HA 0BOX NPOMUJIEHCHUX bJI0KAX,
wo, B CBOK 4Yepey, CMUMY/IHBAZIO pPO3BUMOK b6e3nekoBuX aJbsHCiB, ceped sKux  6ya
[lisHiyHoamaaHmuyHul anbsHC (HATO). OcHosonosoxcHoro (deero HATO Cmasno NOOXEHHS Npo
KoJsilekmusHY 060POHY, 3aKpinieHe 8 cmammi 5 BawuHemoHCbKo20 002080pYy, nepedbayasio, wo Hanao
Ha 00HYy 3 0epx(as-y4acHuub cnpulmamumemscs K Hanad Ha Bcl. [okmpuHa HATO, ska 6yna
NPOOeKMOoBAHA 20/10COM BCiX YjeHi8 opazHasauli masa Ha memi 0Bi OCHOBHI CmpameidyHi Ui
CMPUMYBAHHSA | 060poHa [1. ¢. 42]. [JuniomamuyHa KOHCondauis BCiX Y4acHUKIB npouecy 2apaHmysasna
BPAXYBAHHS IHMEpeciB KOXCHOI 0epXasu, Wo 3yMOBJIHOBAI0 MA NIOMBEPOXCYBAN0 OCHOBHI HApAMuBU
Hosoi' Ha mol momeHm 6e3nekoBoi opeaHizauil. Lje cmano ocHoBor 018 ¢opmyBaHHa b6e3neyHo2o
cepedosula 8 ymosax Xo100Hoi BilIHU ma 00380/1U/0 KPAIHAM-Y4aCHUUSM CNiJIbHO BUPIWLYBAMU 3a2pO3U,
wo npudiwi/iu 3 6oky malibymHb020 Bapuwascebko2o 6710Ky. 3azanom, 3axioHa €spona, ska bys1a 06'e0HaHa
nio ezidoro HATO, npacHyna He nuwe 30idcHroBamu 6e3nekosi iHiuiamusu, ane ( niompumysamu
eKOHOMIYHe BiOHOBIeHHS Yepe3 [1naH Mapwanna, akul mMas Ha memi cmpumamu paodsHCbKUl B8nJUB
WIIXOM eKoHoMIYHoI cmabinizauii. Ljed naaH He auwe cnpusiB BiOHOBAEHHHO iIHpacmpykmypu, ane U
CNpUsiB CMBOPEHHK HOBUX EKOHOMIYHUX 3B'S3KIB MiXC 3axiOHOEBPONElCbKUMU Oepiasamu, Wo
3MEHWYBAI0 PU3UK KOHGIIKMIB ma nocuaosano cmabiibHICMb Y pezioHi. Le, B8 cBor 4epay, cmaso
OCHOBOHK 0718 POPMYBAHHS HOBUX COKO3IB, MAKUX SIK EBpONelCbKa eKkoHOMIYHA CNiJlbHOMA, W0 CNPUsi/Io
iHmeepauji'ma cnisnpaui ceped KpaiH pezioHy.

HimeyyuHa Bidieparodu poJib 2apaHmMHA HOBOI MIXHAPOOHOI cucmemu Yy po3yMiHHI nooisy i
mepumopiti Ha Yomupu cpepu snausy mix: CLLUA, CPCP, Benukorwo bpumariero ma ®paHuiero 0515
3abe3neyeHHs OunJIoMamu4YHoi cmabisibHOCMI CMaio He JuWe CUMBOJIOM NOWYKY Halae2wux W/sxis
BCMAHOBJIGHHA MuUpy, a U mMemu BCMAHOBUMU ounjoMamuyHul mupHud naaudapm. Lled nodin, wo
Bi06YBaABCA Nicas 3aKiHYeHHs [py2oi cBiMoBoi BilHU, 3ano4YamKysas emanu ¢opmyBaHHs be3nekosux
a/IbAHCIB, AKI MAIU HA Memi CMPUMYBAHHS NOMEHUIUHUX KOHGAIKMIB | 3anobi2aHHsI HOBUM 3a2p0O3am.
Baxcnusy posib y ubomy npoueci gidizpaau HATO ma BapuwascbKuli 00208ip, SKi 8 CBOH Yepay BU3HAYAJIU
cmpamezii ma nosiimuku 06ox 610KiB. Ljed cknadHul npoyec nodisly He auwe popmysas HoBi KOPOOHU, a
U cmBoptoBas 1uboki iICMopuYHi Hapamusu, SKi B8 N00AILLIOMY BNJIUHY/IU HA COYidIbHy MAa NoJIiMuYHy
cmpykmypy HimeqyquHu. 3axioHa HimeyyuHa, §Ka cmasa cuMB0oJIoM CMPIMKO20 €KOHOMIYHO20 3pOCMAHHS
U deMoKpamuyHuUx UyiHHocmed, AcKpaso KoHmpacmysana 3 CxXiOHOH HiMeyqyuHor, Wo nepexcusanda
yucs1eHHi NOIIMUYHI penpecii (i eKOHOMIYHY HeBOAYy Nid #OPCMKUM KOMYHICMUYHUM PEXCUMOM. L{i pi3Hi
HApamusBu He Jule CmOoCYyBAAUCS BHYMPIWHbOI NOJIMUKU, ase U BU3HAYAU 30BHIWHKO NOJIIMUKY



HimeyyuHu, Oe BOHA CMAA BAXJIUBUM 2pdBUeM HA MiXHAPOOHIU dpeHi, 3Mywyrodu [HWi KpaiHu
adanmysamu c8oi cmpameezii ma nioxoou 00 HoBUX peaill, AKi BUHUK/IU BHACIOOK UUX KAPOUHA/IbHUX
3MIH. Hime4yquHa Bussuiaca 8 ueHmpi 210banbHUX 6e3nekosux i eKOHOMIYHUX OUCKYCil, (o020 poJib
CMasana Bce NOMIMHIWOK Y CBIMI, W0 WBUOKO 3MiHOBABCSA. Lle 3yMoB/IeHO He iuwe 2e0noiimuYHUMU
3MiHamu, ase U 3pOCMAHHSIM eKOHOMIYHOI NOMYXHOCMI HimMey4yuHu, SKa cmana Karo4osum 2pasuem y
popmyBaHHI HOBUX 6E3NeKOBUX AJIbAHCIB.

BUCHOBOK i3 HaBe0eH020 meKcmy c8io4uUmMb NPO Me, W0 Nic/iA [py20i c8imoBsoi BilIHU cBim 3a3HAB
CYMMEBUX 3MiH Y MIXHAPOOHUX BIOHOCUHAX, W0 0OYMOB/IeHO BUHUKHEHHSM SIMUHCbKO-1omcoamcbKoi
cucmemu. L cucmema cmana ocHoBor 0718 opmyBaHHA 6inonspHo2o csimy, 8 aKomy CnosydeHi
LLImamu ma PadsHcbkul Cor3 KOHMPOIOBAAU CBOI cgpepu BNIUBY, WO 3HAYHO BNJIUHYIO HA
dunnomamiro U 6anaHc cusl npomseom 0pyeoi noaosuHU XX cmosimms. Y pamkax uiei cucmemu
PO3BUHY/IUCA HOBI MOOeJ1i be3neku, 30Kkpema, cmseopeHHs HATO, aKe 3aKpinusio KOHUEeNUito KoJ1eKmuBsHoI
060poHU. Takox Bid3HavyeHo, wo naH Mapwasnna sidiepas Ba sy posib y BIOHOB/IEHHI eKOHOMIKU
3axioHoi €sponu i cnpusas iHmezpauii Mixc depxcasamu pezioHy. [100in HimeyyuHu Ha CxioHy ma 3axioHy,
Wo cmas pe3ysibmamom HOBOI MIXHAPOOHOI cucmemu, npu3sis 00 KOHMPACMHUX COUia/IbHO-
nosiimuyHux peanid, aKi maau 21ubokull BNIUB HA 30BHIUIHIO NOJIMUKY MA MiXHAPOOHY pOJib HiMeYyuHuU.
Takum YuHOM, Usl enoxa CMasad BU3HA4YaabHOK 0J18 POPMYBAHHS HOBUX 6@3NEeKOBUX A/IbAHCIB, cmpameaill
ma nosimuK, Wo 3aauwiuiu csil c/1id Ha icmopii €8ponu ma csimy 8 uiziomy. [Ipocmumu C/108amu, Nepioo
NIC/IIBOEHHOI peopaaHizayii nocmasas Sk eman BU3HAYeHHS HOBUX NPABUJI 2pu B €BPONeUChbKUX
MIDKHAPOOHUX BIOHOCUHAX, Kompul BUK/AUKAB nompeby B8 opieHmauii Ha KoneKmusHi 0OO0POHHI
MexaHi3mu.

2. Mepiod XonooHoi sitiHu (1950-1990-i poku)

Ha npomusazy, CxioHa €spona nid KepisHUYMBoM PadsHcbko2o Coro3y Hamazaaacs 3akpinumu
NO3UUi" COUIaICMUYHUX PeXCUMIB, UL0 NOCUIUIO KOHKYPEHUit0 Mma nomeHuUiliHi KoHGikmu 8 pe2ioHi. Y
Bi0NoBIOb Ha ue, Bapwascbkull do2osip cmseopeHuld y 1955 poui 3abe3nequs BilicbKoBY 0OUHUYHICMb
PAOSHCLKUX camesiimis, NIOKPec/Itoryu po3nodisi BNIUBY MiX 0BOMA BesuYe3HUMU NOJiMmUYHUMU
cucmemamu, a came KanimasizMom ma couianiamom. Ljed nepiod xapakmepusyembCs YimKuM NooisioMm
€s8ponu Ha 08a 0CHOBHI bJI0KU, U0 Y CBOK Yepey akmuBi3yBanao ¢opmy CmpumyBaHHs KOHGaikmis. Lled
nodin He auwe 3MiHBAB 2eonoslimuyHy Kapmy €sponu, ane U ¢popmysas beanekosy ounsiomMamiro, aKa
Haoasi cmana BU3HAYAIbHUM GAaKmMOopoM Y MIiXHAPOOHUX Nepe2osopax Npomseom Xos100HOI BilHU.
Po3Bumok 6e3nekoBuUX a/IbSIHCIB CYMMEBO BNJIUHYB HA GOPMYBAHHA cmpameeit CMpPUMYBAHHS, SIKi He
Jiuwe pe2ysito8asau Nioxoou 0epxcas 0o BilicbKOBOI' NOIMUKU, ane U ¢opmyBasu CycniibHi YaBaeHHS Npo
3a2po3u ma besneky. Y ubomy KoHmekcmi esponelicbka besneka cmasia He uuwie NUMAaHHIM BilicbKoBoT
pauioHassHocmi, a U nosimuyHo20 0iano2y, Wo 3YMOBUIO HEObXIOHICMb Yy HOBUX MeXAaHi3mMax
3abe3neyeHHs MUpy Ha KOHMUHeHMI.

Bax)uso 3a3Haqyumu, Wwo nepemiujeHHs KopooHi8 BnIUBY ma 3miHa 8ilicbkkosux cmpameziti 3 060x
CMOPIH CYyNPOBOOMCYBAIACL NOCMIUHUMU NOMIMUYHUMU MUCKAMU Ma KpU3amu. B8io bepniHcbKoi 610kadu
00 nodanbuwiux Kpu3 y YexocnosaqyduHi ma YeopujuHi. ¥ 0aHux nodisx Uwioca He uwe npo NPUXOBAHI
Biticbkosi maHespu, a ( Npo i0eosno2iyHi bumau, wo sidobpaxcanu 6opombsby 3a cepus i po3ymu
esponelicbkux Hapodis. bepniHcbka Kpuza 1948-1949 pokis ma ii BnaUB HA MiIXHAPOOHY cucmemy
be3neku byB ACKpasumM NPUKIAOOM 3POCMAHHS HANPyx#eHocmi mMixc Cxodom i 3ax000M, U0 CYMMEBO
BNJIUHYIO HA GopmyBaHHS HoBux cmpameeill be3neku. Lled eman icmopii npodeMoHCmMpyBas, KO
Ba}w1UBOK bYy/1a posib be3nekoBuXx asbsaHCIB, Makux aK HATO, y 3abesnedyeHHi cmabinibHocmi 8 €8poni
ma 0emoHCmpauii pitly4o20 Kypcy HA CMBOPEHHS 3axiOHOHIMeubKoi depxcasu [2]. Takum 4yuHom,
BIO3HA4aro4u nNOOiI KOHMUHEHMY, MOXHA CmBepoxysamu, wo 6e3nekosa ounjgomamis noyanaa
Habupamu obepmis, OCKI/IbKU KpaiHu npazHyau 3Hadmu cnocib 3asadumu eckanauii KoHaikmis i
niompumamu mMup, 00HAK He 3aBx0u e Npu3BoousIo 00 KIHUEB020 BUPIUICHHS Kpu3. be3nekosi anbsaHcu,
V UbOMY KOHMeKCMI, He npocmo 06 '€0HyBasau KpaiHu, ane U ¢opmysanu HoBy NOAIMUYHY peasabHICms,
W0 cmMasa oCHOBO 0719 NOOA/IbUIO20 PO3BUMKY dunsiomamii 8 €8poni. Takum YuHoM, nodis1 €EBponu He
Jiuwie BusHaqus eeoepagidHi ma cmpameeidHi iHii, ane  cmas Kamasnizamopom 019 bazamoacnekmHux
mpaHcghopmauit, ki NPOOOBXCYHOME BNAUBAMU HA €BPONEUCHKY NOJIMUKY 00 CbO20OHI.

Tpusas ueti nepiod 3 1950 do 1990-x pokis, AKul 03HalMeHyBaBCs IHMeHCUBHUM NPOMUCMOSHHSIM
M 0BoMa Haddepxcasamu - CnoaydeHumu LLImamamu Amepuku ma PadsHcbkum COHO30M, B SIKOMY
s0epHa ounioMamisi CMasa He OCHOBHUM, A€ MOYHO K/IHOYOBUM e/leMeHmom be3nekosux cmpamezil 8
€sponi Ha mou nepiod. KoHuenuia YeopcbKkoi Kpu3u 1956 poKy, sKa cmasnaa Kao4oBUM MOMEHMOM,
CYMMEBO BNJIUHY/IA HA PO3BUMOK be3nekosoi dunsomamii 8 €8poni mo2o nepiody. HanpyxeHicme, aKa
BUHUKJ1A BHAC/TIOOK HAPOOHO20 NOBCMAHHS NPOMU PAOSIHCbKO20 PeHUMy, CMasa Kamasizamopom HOBUX



cmpamezid, Wo BKIYAAU K POPMYBAHHS COHO3iB, MAK [ QUNJIOMAMUYHI HiyiamuBu, CNPAMOBAHI Ha
3abe3neyeHHa cmabinbHOCMIi B8 pe2ioHi. 3axiOHi KpaiHu, cnocmepiearoyu 3a nodiamu B8 YeopuluHi,
ycsidomunu HeobxioHicmb 3MIUHEHHS KonekmusHoi 6e3neku 8 pamkax HATO, aoxe yeopcbki nodii
NpodemMoHCMpYBaaU Bpaznusicms KpaiH-camenimis CPCP ma ixHro nomeHyidHy 30amHicms 0o onopy. Y
UbOMY KOHMeKCMI, NOKU baxaHHsa aominicmpauii CLLIA npokaacmu wiisix 00 38i/1bHeHHS LjeHmpasibHo-
CxiOHOI €B8ponu 3 padsiHCbKo20 BNJIUBY NIOBULLYBAIO OUNJIOMAMUYHY AKMUBHICMb, CMPUMYHOYi 3acobu
3a0UWanuUcs B8 pyKax peanbHoi cuniu, wo 6ysa 2omosa BuKOpuCmoByBamu BilicbKosi onuii 018
NIOMPUMKU pexcumis, AKI CNpusu iXHIM iHmepecam. Y pe3ysibmami, Y2opCbKa Kpu3d BNJIUHY/AA HA
popmyBaHHa H0B020 NiOxody 0o cmpamezitl 308HIUIHLOI NOJIIMUKU, 8 SKOMY BAXUIUBY POJib Bidi2pasasu
cmpamegii de3iHopmayii ma KOHMPOosIb HA0 KOMYHIKauiamu. Pe3ysismamu Kpu3oB8ux nodit nioKkpecauu
BA}UIUBICMb HE Jlule BUBYEHHS (i3UYHUX 3a2po3, asie U NCUXOJI02iYHUX acnekmis ounaoMaii, makux K
BNJIUB NPONA2AHOU HA MACU. JJuniomamuyHi 3ycusiis CMasu He Jiuwe NOWYKamMu KOHCEeHCYCY, ane MAaKkoM
i akmusHoro bopombboro 3a ymu ma cepys siroded, U0 B8 KiHUeBOMY pe3y/ibmami 3MiHU/I0 MOPAsIbHI Ma
emuyHi NIOBAIUHU 308HIWHbOI NOIIMUKU 0epxcas, AKi NpazHy/Iu 3bepeamu CB80I HAUIOHA/IbHI IHMepecu 8
YMoBax HecmabisibHocmi. Bapmo dodamu, Wo Y20pCbKa Kpu3a niowmoBsxHy1a 00 NepeocMUCIeHHS posli
MIXCHAPOOHUX opeaHizauill y 3abezneqeHHi be3neku. OOH, xoya i He 3Mo2/1a BUPILIUMU KOHGTIKM, npome
cmasna csiokom esostouli ideli KonekmusHoi 8ionosidasibHOCMI 3a MiXHApOOHUU NOPAOOK. TaKUM YUHOM,
nodii B Y20pwiuHi BIiOKpUIU HOBI 20pU30HMU 0719 0620B0OPeHHS NPUHUUNIB MIiXHAPOOHOI be3neku,
3aKpiNUBWU He3B80POMHI 3MIHU B NIOX0dax 00 BUPIWEHHS KOHGIIKMIB 8 €BPONI, SKI 3a/1UWLamMUMymbCs
aKkmyasabHUMU NPOMSA20M HACMYNHUX 0eCamu/Tima.

Ha @OoHI [HWUX 3a2po3 BUHUKA/IU HOBI BUK/IUKU MIXHApOOHOI cucmemu y Bunisoi bepriHcbKol
CMIiHU, wo 6yna 38edeHa y 1961 poui, sKa cmana cuMBosoM po3nodisly €Bponu HA 08I NPOMUJICHCHI
cucmemu, fK BXe 3d3HA4Yas0CsS - KanimajaiCmuyHy ma CcouiasicmuyHy. Lle 38e0eHHs HAao4YHo
0eMOHCMPpYBaso HAcaioku 2eonosimudyHoi bopombbu. Y yux KpUMUYHUX Cumyauisx ounaoMamuyHi
cmpameeii BUSIBUAIUCST HAOMO BAXUIUBUMU O0JI1 KOHMPOJIKO ecKanayii KoH@Iikmis. BcmaHos/ieHHS
"2apayux siiHid" Mixc BawuHemoHoM | MOCKBOK CMasio Bax)UiuBUM KDOKOM Y 3an0bi2aHHI Henopo3yMiHb,
wo Mo2iu npuzsecmu 00 Kamacmpo@idHux Hacaiokis. byodiBHUUMBO bepiHCbKOI cmiHu 00380/1UJI0
BU3Ha4yumu ounJomamuyHi cmpameeii KpaiH HATO ma Bapwascbko2o 00208ipy, ki 6y1u cnpsmoBsaHi Ha
niompumky b6anaHcy cus, 3anobieaHHs NPAIMoMy BilICbKOBOMY KOHGJIIKMY ma B8nsusy HAa NOJIIMUYHY
cumyauito 8 HimeyquHi ma CxioHit €sponi. Cnonyyeri LLimamu ma 3axioHa HimewyquHa npazHysu
deeckasauji Hanpyau, a Makox< NiOmMpuUMyBaHHsa NOJIIMUYHO20 BNIUBY B 3axiOHOMY bepJiiHi.

AKUeHmu nodasibwoi mpacgopmauii 0unoMamu4yHo20 YyCmporo, AKi 6y1u CNPSIMOBAHI Ha S0epHe
CMPUMYBAHHS, WO 6a3ysanoca HA OOKMPUHI B3AEMHO20 2APAHMOBAHO20 3HUWEHHS, WO 32000M
Bidi2pano BU3HAYHY poJib Y 3abesneveHHi BIOHOCHOI cmabilbHOCMI Ha KOHMUHeHMI. L KoHuenuis
noksiadanaa BionosidasbHICMb 3a MOMXUIUBICMb 3dCMOCYBAHHA S0epHOi 36poi Ha 06udBi CMOPOHU
KOH@IIKmMY, Wo ympumyBsaso ix si0 BIOKpUMO20 BIlICbKOBO20 3iMKHEHHS. Y pamkax ufei ounsiomamii,
OCHOBHUMU 2pasusiMu CMaJsu He auwe BiticbKosi ma noaimuyYHi 1idepu, a i cmpameeiyHi aHanimuku, sKi
PO3POOIAAU CUEHApPIi MOXUJIUBUX KOH@IIKMIB, WO CNUPAIUCS HA MEXHOJ02i4Hi 00CS2HeHHS B 2asy3i
pakemobyodyBaHHs ma s10epHoi” gi3uku. Takum cmas Hosul nepiod 8 ounjomamuyHil icmopii, aKkud
ompumas Hasgy Xo/100Ha BidHa.

Kapubcbka kpusa 1962 poKy, wo 3aeocmpusia HanpyxeHicms mixc CLLIA ma CPCP, 3mycunia csim
nocmasumu nio CYMHIB MOXIUBICMb S0epHOI BIHU. KOHGIIKM, WO BUHUK Yepe3 pOo3MiUjeHHS
PaosIHCbKUX A0epHuUx pakem Ha Kybi, npu3sis 00 6e3nocepedHb020 BillcbKOBO20O 3IMKHEHHSI MiX 0BoMa
Haddepxcasamu, cmasaayu 0OCMBO HA Mexcy mpemboi CBIMoBoI BiliIHU. HacmioKu ubo2o emany He
Jiuwie nepemaopusiu cmocyHKU mixc CLLIA i CPCP, ane i s8niuHysiu Ha 2106asibHy 6e3neky, noaimuyHy
apximekmypy ma MexaHiamu MixHapooHoi dunsomamii. Y ybomy KOHMeKcmi, 00Hiero 3 Haubiibw
CYMMEBUX XApaKmMepuCmMuK 0epHo20 CMpUMyBaAHHS Y10 popMyBaAHHS CMpameidHo20 6anaHCyBaHHs,
[Ke 0isi710 SK 3an0bDHHUK Bi0 NPIMO20 BilICbKOBO2O KOHPJIIKMY.

Mo-nepwie, Kapubcbka Kpu3a NioKpecu1a Ba uiusiCmes KOMYHIKAUIUHUX KAHAIIB Y MiXHAapOOHIl
ounsiomamii. Bi03Ha4yaroyu KpUmMuUYHi HEOOJIIKU B MEXAHI3MAax 38°A3KY MiXC BEIUKUMU 0epxasamu, Wo
npu3sesu 00 NOMUJIKOBUX OUIHOK | NiOBUWEHHS BIlICbKOBOI HANPYaU, Kpu3d CNOHYKAid CMBOPEHHS K
3A3HAYAI0CS «2APSHOI TIHIT» MDY BawuH2mMoHoM ma MocKBoH. Lje cmasno 8ax iusum KPOKOM Y HaNPsMKy
3MEeHWeHHS pU3UKY s10epH020 36polioB020 KOHGJIIKMY, CMAasWwu emasnaoHoM 0J1 N00AsbWO20 PO3BUMKY
ounIOMamMUuUYHUX IHCMPYMeHMIB.

[Mo-0pyze, Bnaus KapubcbKoi Kpu3u mMAakox< OKpecus HoBY epy B MIXCHAPOOHUX BIOHOCUHAX, 0e
KOHUenuis «B3aeMHO20 3anobieaHHs» (mutual assured destruction) cmana 0OMiHYHHYOK B OCMUC/IEHHI
cmpameziyHoi cmabinbHocmi [3]. Lg KoHuenuis sBumazana 8io 0epxas yHUKamu 8ioKpumux KOH@GIikmis,



aoxe maki 0ii Mmoz2au npuzBecmu 00 HeNnonpasHuUx HAcC/iOKIB 015 BCbO20 JIOOCMBA. TAKOM(, Kpu3a
CNOHYKasna 00 3pOCMAHHA AKMUBHOCMI MiX¥HAPOOHUX opeaHizauil, makux ak OOH, ma iHiuiroBana
YUC/IeHHI Nepe20BopuU U000 KOHMPOIHO HAOD 036POEHHAMU. LJi 3MIHU Cnpusi/iu (POPMYBAHHIO HOBOI
cucmemu beznekosux eapaHmid, Wo cnupaaucs Ha 6azamocmopoHHi 0020BipHI MexaHi3mu, CNPSIMOBAHI
Ha 0bMexteHHs pO3N0BCHOOMHEHHSA A0epHOI 36poi' Ma 3MeHWeHHS 3a2aiom BilicbKOBUX KOHGIIKMIB Y cB8imi
[3]. Takum quHom, KapubcbKa Kpu3a cmasia 8ax)Jiusum Kamasiizamopom 0J18 N00ad/ibLWoi mpaHcpopmauii
2n0basnbHOI nosimuku  6e3neku, 3Micmuswu GOKYC HA CNiBNpauto ma ounjioMamito K OCHOBHI
IHCMpPYMeHmU B YMOBAx 10epHO20 CMOJIiMMS.

Y €8poni, s0epHa ounaomamis HaUsacKpasiuwie nposBuIaca Yepes CnpusHHsa anbaHcy HATO, wo
CMas apxemunom KoJIeKmuBHO20 CMPUMYBAHHS Ma be3neku. ¥ pamkax Uyb0o20 a/IbSIHCY, KpaiHu-y4acHuuy
30ilcHUAU peanizayito NOAIMUKU S0epHo20 CMPUMYBAHHS, AKA BK/YAsna 8 cebe CKIaoHy 3azpo3y
8i0NoBI0I y BUNAOKY S0epH020 Hanady. [0108HOH cmpameziero 610 3abe3neyyrodu 3axucm ma cnisibHy
be3neky ceped cBOIX YieHiB, ulo 6y/10 Ha03BUYAUHO BAX/IUBO 0J18 3aN0b6i2AHHS MOXJIUBUM KOHGAIKMam.
3okpema, [NiBHIYHOAMIAHMUYHUU A/IbSHC CMBOPUB YMOBU 0J1F MICHIWOI cniBNpauyi 8 NUMAaHHAX 6e3nexu,
Wo NOCunuao 00BIpY MX KPAiHAMU | 3MeHWU/0 pu3uku eckanauii Kpus. AKMUBHA KoasiuidHa
dunsiomMamis, 3aCmMoCOBAHA nio 4Yac 36suxceHHs depxcas 8 pamkax €C | Bapwascbko2o 0020B0pY,
000amKoB0O IFOCMPYE, W0 OUHAMIKA MIXHAPOOHUX BIOHOCUH OKPiM BiI0BEpMUX KOHGIiKkmis Moaia bymu
36a/1aHCOBAHA Yepes eKoOHOMIYHY [Hmez2pauiro ma Ky/ibmypHi iHiuiamusu. 3aB0sSKU UbOMY BUHUKA/IU HOBI
naameopmu 01 CNISIKYBAHHS Ma CNIBNPAU], 30Kpema y 2asy3i Hayku ma mexHos102il, HaBimes KoJu
i0eos102idHi po36iXHOCMI 3a/IUWAIUCS OYXe BUPAXeHUMU. Tak, cmpamezis HeOOHOIIHItHO20 Nioxody 00
MDKHAPOOHOI NOMIMUKU, AKA BPpaxosysadsnd fK BIUCbKOB], MAK | HEBOEHHI 3acobu, nIOKpPec/oe
KoMnJiekcHicmb ma 6azamoepaHHicme  OUNJIOMAMUYHUX 3YCUsb, CNPSIMarodu ix Y 6iK YHUKHEHHS
27106abHUX KOHGAIKMIB, 8 Mol 4Yac K 3anobieaHHsA BIlCbKOBUM 3iMKHEHHAM Nepeniimanocs 3
PUHKOBOK MA KY/IbMYPHOK KOHKYPEHUIEHO.

Hosi BUKIUKU SIK-0m OKYyNauis Yexocso8a44uHuU Bilicbkamu Bapuascbko2o 002080py 8 1968 pou,
Cmana BMXJIUBUM emanomM Yy @GOopMYBAHHI HOBOI 2eonoslimuyHoi peasbHoCcmi 0e 3pOoCMAaHHS
HanpyxeHoCcmi ma KoH@ikmis sumazasiu 8io 6ezanekoso2o anbsaHcy HATO HeealiHoi ounioMamu4Hoi ma
NoJIiMUYHOI peakuli Ha 3a2po3u, Wo BUHUKA/IU BHAC/IOOK padsIHCbKOI ekcnaHcii. Bionosiob HATO Ha nodii,
wo masau micye 8 Yexocsosaq4uHi, Bidobpax3cana He suwe BHympiwHit onip COO3HUKIB, a U nompeby 8
adanmaduii 00 HOBUX 2eonoaimuyYHUX peanit. 3anobi2aHHa paodAaHCbKUM 3a0ymMaMm, BUMA2A/I0 SK
nidBuweHoi  BilicbkkoBoi 2omosHocmi U cmitkocmi, mak | npodymaHoi odunsomamii, 30amHoi
CNPAB/IAIMUCS 3 HOBUMU BUK/IUKAMU. L{g cumyauig cmanaa pywitiHow cuio 075 pO3BUMKY HOBUX
mooesiell besneKku 8 pe2ioHi, akueHmMyrYu BAXUIUBICMb CNIBNPAUI PI3HUX AKMOPIB, W0 BUXOOU/IU 3a MEXCI
0epxaBHo20 piBHS, 00 MiIXCHAPOOHUX opeaHizauit, makux sk OOH ma pezioHanbHUX iHcmumyuid. Takum
yuHom, nodii B Yexocs108a44uHi cmasnu He auule ceplio3Hum sunpobyBsaHHAM 018 HATO, ane U NOMyx#HUM
Kamasnizamopom 019 GOpMyBaAHHA HOBUX Nioxodi8 00 MIiXHAPOOHOI b6e3neKku, CNPSAMOBAHUX HA
Npo@inakmuky nodibHUX Kpu3 i nNiompumky cmabisibHOCMIi B8 pe2ioHi 8 MalbymHbOMY.

3aeanom, duniaomamuyHi cmpamezii- Xon00HoI BilIHU BKJ/IHOYAIU KOHUENUH CMPUMYBAHHS, W0
nosigeana B 3anobi2aHHi PO3WIUPEHHS KOMYHICMUYHO20 BNJIUBY, MA KOHUenuito oecmabinizayii
CYNPOMUBHUKA, WO MAKOX BK/IHOYA/1A NIOPUBHI 3aXo0u BCepeouHi KpaiH, Ki cnpulmManucs S 3a2po3d. Y
KOHmekcmi 0emeHmy, skul nocmasas y cepeduHi 1970-x, akueHm 3pobieHOo HA 3HUMCeHHI
Hanpyx#eHoCcmi MiX CynepHUKamu 4Yepes y2o0u Npo KOHMPOJb HA0 036POEHHSIMU, SK-om []o2oBip npo
npomupakemHy 06opoHy (ABM) ma cmpameziyHi y2o0u npo 0bmexceHHsI HaCmMynasabHUX 036pO€EHb
(SALT). 3a3HayeHi dunsiomMamuyHi KOHUenuji ma ix Npakmu4He 3acmocyBaHHs Maiu ceplosHul 8nauUB Ha
noslimuKy mo2o 4Yacy. Y 1960-x pokax Nno4YamoK CMBOPEHHSI Nepuiux cucmem CmpameziqyHoi
npomupakemHoi 060poHU NpuBIB 00 BUHUKHEHHS NeBHo20 ducbasnaHcy y cmpamezidyHomy napumemi
a0epHux cusi mix: PadsHcekum Corozom ma CnoaydeHumu LLimamamu. Takum yuHom OunioMamuyHa
cmopoHa 8 [Joeosopi npo npomupakemHy 06opoHy 6ys10 nidnucaHo nio 4ac MocKoBCbKo20 camimy 8
1972 poui. Llel nioxio He nuwe 3agikcysas icHyroyul 6anaHc cusi, ane U BIOKpUB WX 01
ounsiomamuyHux 0iano2is, AKi CNPUS/IU @KOHOMIYHUM | KYJ1bMypPHUM 0OMIHAM. 3aB0AKU LUUM CMpamezism
CMaso MOMXCIUBUM CMBOPEHHS YMOB, W0 3MeHWYBA/IU PU3UK 6be3nocepedHb020 BilicbkOBO2O 3IMKHEHHS,
NOKA3yr4u, Wo HAsime Yy nepioou 3a20CMpeHHs KOHG/IIKmy BUCOKUU piBeHb dunaomamii Moxce bymu
docseHymud i niompumysamue mup. Posib HATO B nepiod BCMAaHOBAEHHS Yux OUNIOMAMUYHUX 38 A3KI8
OKPec/1t0B8a1a PamKU, 8 AKUX 06U0Bi 0epxcasu NpazHy/1u KOHMPOBAMU 3pOCMAaro4ull apceHasn §0epHoi
36poi, BU3HaAro4U, W0 3abe3neqeHHs 6e3neku Wasxom 6e3nocepedHbo20 3HUULeHHS 3andaciB 036pOEHb
MOXce npu3Becmu 00 KamacmpogidHux HacioKia.



32000M ye200u SALT, nepwa 3 skux 6yna yknadeHa B8 1972 poui, npodosxuau ued 0ianoe,
30cepeoXxyrodu yeazy Ha obMexeHHi Kislbkocmi cmpamezidHux S0epHuUX 036poeHb. Lfi ouniomMamuyHi
3ycunna 3 boky HATO manu Ha memi He siuwe 3piBHOBAXUMU BiliCbKOBI MOXIUBOCMI, a U cmsopumu
YMOBU 0J19 NOOA/IbUIUX NEPe2oBOPIB U000 KOHMPOJIHO 036POEHB, SKI BKIOYAIU MexaHismu sBepudikauii
ma 3s8imHocmi. OKpiM Ub020, BOHU CMAU BAXUIUBUM dakmopom y neeimumauli HATO SK OCHOBHOI
naameopmu 0118 KosekmusHoi 6eaneku 8 €8poni, OCKI/IbKU AJIbAHC 0eMOHCMPYBAs CB0OH 30amMHICMb
Becmu KoHCmMpyKkmusHul 0iasoe Hasime Yy BOEHHUU nepiod. Lle, y c80t0 Yyepey, 3aKaadaao oCHoBU 0Jis
madbymwHix iHiyiamus 8 obnacmi 6e3neku ma cmpameeidHoi cmabilbHOCMI,  NIOKPec/IorYU
NPOOOBXHCEHHS BAXIUBOCMI OUNIOMAMIi B8 YMOBAX 2e0NOJIMUYHUX 3MiH. TaKuM YUHOM, OUNJIOMamis
HATO B KoHmekcmi yeod ABM i SALT cmana He suwe NOKAMYUKOM 3yCu/ib 00 3MeHUWeHHs S0epHoi
3aepo3u, ane U BUABOM [HHOBAUILIHO20 NIOX00Y 00 MiXHAPOOHOI 6e3neKku, wo Moxce C/ayeysamu
00B20CMPOKOBUM 3aCO6OM NIOMPUMAHHA Mupy B €Bponi. Lfi Had38u4yalHo CKAAOHI KOHCMPYKUII
B3aeMOOIi NPOOEMOHCMPYBA/IU, U0 HABIMb Y HAUCKAAOHIWUX 06CMAasuHax, Nosimuka 6e3nexku moxe i
NoBUHHA 6asysamucsa Ha NPUHUUNAxX Cnisnpaui ma oiaaoay.

3. Bnsus eBpoiHmezpayii Ha 6e3nekosy ounsioMamito

[locmxon00Ha BiliHa, w0 po3no4yanacs Ha nodamky 1990-x pokis, 3mycusna eBponedchbKi KpaiHu
nepeocmuc/iumu cBoi’ nioxodu 00 6es3nekosoi dunsomMamii, Wo BUPA3UAOCA B po3wupeHHi HATO |
€sponeticbkoeo Coro3y. Y KOHMeKcmi eKoHOMIYHOI i nosiimuYHoi mpaHcghopmauii' kpaiH CxioHoi €sponu,
AKI sudwiu 3-nid padsiHcbKkozo Bnausy, HATO 3ano4yamkyBaso npocpamy PO3UIUPEHHS, WO BKIHYATIO
iHMezpauito HoBuUX YjeHis, maki sk [loabwia, Yexia ma YeopwuHa 8 1999 poui. Ljeli npouyec He auwe
cnpuss 3abesneyeHH0 KOeKMuBHOI besneku, a U BUK/IUKAB 3AHENOKOEHHS Y Pocii aka cnpudmana
po3wiupeHHs HATO §K 3azpo3y CBOIM CMpameziHHUM iHmepecam. L{g 3MiHa B8 2eonosiimuyHomMy
JiaHowagmi NopoousIa HoBi BUK/IUKU, 30Kpemd, He0bxioHicmb po3pobKu mexaHiamis cnisnpaui mix HATO
i Poci€ro, 3 MemMoro YHUKHEHHS KOHGIIKMIB | 3MiuHeHHs 6e3neku 8 pe2ioHi.

Y opyeiti nonosuHi 1990-x pokis sBumo2u 0o beaneku 3a3Hasu 3Ha4HUX 3MiH Nid BNIUBOM WBUOKO20
PO3BUMKY PI3HUX MexHOo102il, 30Kpema 3p0c/ia BaXJiusicms Kibepbesneku 8 MiXHapoOHUX BIOHOCUHAX.
Po3wupeHHss ma aKkmusHe BUKOPUCMAHHA IHpopmauitiHux mexHosoeil Yy pi3HUX cgepax xumms
CMBOPU/IO HOBI MOXJIUBOCMI 071 PO3BUMKY MA BOOCKOHAJIEHHS] OUNJIOMAMUYHUX NPOUECis, npome
BOOHOYAC NPU3BE/I0 00 BUHUKHEHHS HOBUX 3a2p03. KpaiHu noyasu ycsioom/1o8amu CBOHO BPA3/IUBICMb Y
coepi  iHpopmMauiliHux cucmem, Wo CNpusio HeobxiOHOCMIi BNPOBAOXEHHS HOBUX edeKmuBHUX
cmpamezid 019 3axucmy HauioHasbHUX iHMepecis. IHHoBauii y BilCLKOBUX MEXHOJ/I02ISAX, 30Kpema
BUKOPUCMAHHSA  6e3nilomHuUX JimasabHUX anapamis, OPOHIB [ Cy4ACHUX CUCMeEM NepexonsieHHs
iHopmauii, cmanu icmomHoK CKAa00BOK Cy4acHOI apximekmypu 6e3neku ma nosimuku 6azamsox
depxcas. 3Ha4yHul BNUB €BPOIHMeE2PAUii NOSIS2AE He uWe B YKPinJieHHI 060POHHUX a/baHCB, a Uy
PopMyBaHHI CnisibHUX HOPM | cmaHOapmis 6e3neku. Y uboMy KOHMeKCmi 0epxasu Bus4Yaroms 0ocsio
00Ha 00HOI, obuparoyu epekmusHi cmpamezii pea2yBaHHa Ha HOBIMHI 3a2po3u. Hanpukaaod, cnisibHi
aHanimuyHi MexaHi3mu ma npozpamu 0O6MIHy IHHOPMAUIEHD MiXC 0epxasamu-4/1eHamu NOKA3yroms, K
iHmeapauiss mMoxce nidBUWUMU 3a2d/ibHYy 20MOBHICMb 00 Kpu3. HassHicmb CnilbHUX 6e3neKoBuX
IHCMPYMeHmMIB | NoIIMUK Maxkox« 003B0JISIE NOCUAUMU NOJIIMUYHI MA eKOHOMIYHI 38 93KU MiX KPaiHamMU,
WO B CBOK Yepey 3MIUHIOE peioHabHy CMabinibHICMb. TUM He MeHW, He3BaM(aroyu Ha 3yCcussis, AKi
BXUBAOMbLCA B PAMKAX €BPOIHMeE2pauli, HOBI 3aepo3u BUMA2aromb HECMAHOAPMHO20 MUC/IeHHS mda
adanmauji 00 WBUOKO 3MIHKOBAHUX YMOB.

Takum 4uHOM, eman NOCMXO000HOI BIlIHU BIO3HAYUBCS 2/1UbOKUMU 3MiHamu y cucmemax b6e3neku
ma ounaomamii 8 €8poni. [nobanizauis, Wo BKIYAAA PO3WUPEHHS BIilICbKOBUX | €KOHOMIYHUX
00'€0HaHb, NOEOHYBAIACA 3 HOBUMU BUK/IUKAMU, MAKUMU K Kibep3azpo3u ma HeobxioHicms adanmauii
00 WBUOKO 3MIHHOBAHO20 MEXHOJI02[4HO20 CepedoBuLLd. B3aEMOOIsi MiX CMapumu i HOBUMU AKMOopamu B8
Yux cucmemax cmanaa KpUumuyYyHO BAaXIUBOK 071 3abesneyeHHs cmabiibHOCMi | Mupy B peioHi,
NIOKPec/IroroYU 3HaYeHHs IHHoBauil | cnisnpaui 8 KOHMeKCMI Cy4acHoi beanekosoi duniomamii.

KoHuenuisi po3wupeHHs HATO y 1999 | 2004 pokax, Ko/u 00 Q/bSHCY NPUEOHAIUCS KpaiHu
L{eHmpanbHoi i CxiOHoi €8ponu, cMaao BAXUIUBUM KPOKOM HA WISXY iHMeepauii KpaiH, aKki paHiuie
nionadasu nio domiHyBaHHA PadsHcbko2o Coro3y. Leli npouec He uwie 3mMiuHUB beanekosy apximekmypy
€Bponu, ase Makox npusis 00 36i1bUWEHHS HanpyXeHoCmi 3 Pociero, aKa cnpuliHaaa po3wupeHHs HATO
SIK 302p0o3y CBOIM cmpamezidyHuUmM iHmepecam. llapanesbHo, €sponelcbkuti Co3 aKmMUBHO NPOCYBAB
iHmezpauiliHi  npouecu ceped HOBUX YJIeHIB, WO MAKOXC CYynpPOBOOXYBANOCA NOJIMUYHUMU,
eKOHOMIYHUMU Mad COUIa/IbHUMU BUKAUKAMU. 3pOCMaro4a B3AEMO3ANIeHHICMb Y cepi eKoHoMiKu ma
be3neku 3ymosuna HeobxioHicme adanmauii iHcmumymis €C 00 HoBuX peasill, BK/IOYArOYU BUK/IUKU,
NoB’a3aHi 3 HepiBHOMIDHUM eKOHOMIYHUM PO3BUMKOM ceped O0epxas-4/eHi8 i NUMAHHIMU Mi2pauii.



Bi03Ha4YaembCs, Wo iHmMe2pauiss HoBUX KPpaiH, makux Sk boneapia i PymyHia y 2007 poui, @ makoic
Xopsamii'y 2013 poui, cynposooxyaanaca cnpobamu po3pobumu CNisibHi MEXAHI3MU peaz2yBaHHs Ha
3a2po3u, K MO Mmepopu3M ma Kibepbesneka.

Y mod »ce yac, B3aemo38'930K Mix po3wiupeHHsIM HATO | EC nocmasus neped Lumu iHCmumymamu
HOBI NUMAHHS, a came: K 3abe3nequmu KoJleKmusHy 6esneky Hanpomusazy HoBuUM ¢opmam azpecii,
Makux K 2i6pudHi 3aepo3u, KyJbMUBOBAHI 0epxcasamu, Wo npazHyms niopusamu cmabiibHiCmb
€sponu. Bio3Ha4aembCs, WO PO3WUPeHi Mexci be3neku Bumazasiu Bu2adsiusux, bazamoacnekmHux
nioxo0is, AKI NOEOHYOMb K MPAouUiltHi BilicbKosi Memoou, Mak i MexaHiamu ouniomamii. Takum YUHOM,
mpaHcgpopmauis beznekosoi dunsomamii 8 enoxy enobanizauii i po3WUpeHHs, CBI0YUMb NPO
HeobxiOHicmb nocmiliHo20 aHanizy i adanmauii Noimuk 0o HoBUX peasit, CnpUSOYU CMBOPEHHIO bislbul
cmitikoi apximekmypu 6e3neku 8 €8poni Ha GOHI WBUOKUX 3MIH Y MIX¥HAPOOHOMY cepedoBuLLi.

JluniomamuyHi npakmuku iHmeepauii, Hanpukaao gk CnisibHa 308HiWHS ma 6e3nekosa NosiimuKka
(Common Foreign and Security Policy, CFSP) €sponelicbkoeo Cor3y GopmyBanaack NOCmMynoso, Y
8i0N0BIOb Ha Nompeby KpaiH-4ieHis 2080pUMU EOQUHUM 20J10COM HA MiXHAPOOHIU apeHi. [Tepuuum KpOKOM
do il cmBopeHHa cmasna €sponeticbka nosimuyHa cnisnpaus (European Political Cooperation, EPC) y
1970-x pokax, AKa we He mMana rpuduyHo 3060B°F3yH04020 Xapakmepy, npome 3abe3neqysasna
KOOPOUHAUit0 NO3uuill 0epxas-4/ieHis Woodo K/HYOBUX 30BHIUHLONOAIMUYHUX NUMAHb. Bax)uiusum
npopusom cmas Maacmpuxmcbkul do2osip 1992 poky, akull ¢opmanizysas CFSP ak opyeud "cmosn”
HoBocmBopeHo2o €sponelicbkko2o Coro3y, BUOKPeMUBWIU I SK OKpemy cgepy iHme2pauii no3a mexcamu
CniflbHo20 npasa (acquis communautaire). Modasbwe iHcmumyuyitiHe nocuneHHs CFSP sidbynocsa i3
nionucaHHaIM AMcmepoamcbKo2o 0o2o8opy 1997 poky, wo 3anposadus Nocady Bucoko2o npeocmasHUKa
3 NUMAaHb CNISIbHOI 30BHIWHBOI nolimuku ma 6e3neku. 3200om, JlicaboHcbkull dozosip 2009 poky
3akpinus CFSP sK Ko4oBul KOMNOHeHm 30BHIiWHbKOI Oii €C, cmBopuswu €BponedcbKy Cay#by
308HiWHbOI Oii (European External Action Service, EEAS) mobmo ounsomamuyHy cayxcby €C. Ljed Kpok
CNpusiB He auwe KoopouHauii ounioMamuyYyHuUX 3ycusb, a U po3wupus moxciusocmi €C peacysamu Ha
MIDXHAPOOHI Kpu3u 3a 0ONOMO20H) CNIJIbHUX IHCMPYMeHMIB, BKItOYaro4U UusiibHi U BilicbkKosi Micii B
mexcax lMonimuku 6e3neku i obopoHu (CSDP) [4]. Hessaxcarodu Ha nocmynosy iHCMumyuioHazi3auiro,
CFSP 3anuwaemscsi cgpeporo, 0e KOHCEHCYC € K/IHYOBUM NPUHUUNOM YXBAJIeHHS PilueHb, U0 Yacom
obmexye epekmuBHiCMb 308HIiWLHBOI noimuku €C. OOHaK Npomsa2oM OCMAHHLO20 0ecamusiimms,
0cobs1uB0 Ha mai KoHGikmis Ha bauzbkomy Cxodi, aHekcii Kpumy ma azpecii Pocilickkoi @edepauii
npomu YKpaiHu, KpaiHu-41eHu 0emoHCmpytoms bisibuUly 32YypmOBAHICMb Y NUMAHHSAX besneku. Takum
yuHom, CFSP nocmynoBo MpaHchOpMyeEMbCS 3 MeXaHiamy KoopOUHauli 8 IHCMpYyMeHm cmpamezidHo2o
BNJIUBY, Y AKOMY €BPOIHMeE2pauis 8i0iepae He auuwe eKoHOMIYHY, a U 2eonoiimuYyHy posib.

Cama xc iHcmumyyidHa cucmema €sponelicbko2o Coro3y MAe HU3KY OpeaHis, Ki Bidieparomsb
KJI040BY pOJib Y popmyBaHHi 6esnekosoi dunsomamii. LleHmpasibHe micue nocioae €sponelicbKa cyxba
308HiWHbOI Oii" (EEAS), Bidiepae posnb sk ouniomamuyHul opeaH €C, cmsopeHul nicas Habymms
yuHHocmi  JlicaboHcbko2o 0o2oBopy Yy 2009 poui. EEAS KOOPOUHYE 30BHIUWHKO NOJIMUKY ma
ounsiomamuyHi micii Coro3y no BCbOMY CBIMY, NPAUKOOYU NIO KepiBHUYMBOM BUCOKO20 NpedcmasHUKa
€C i3 3aKkopOdoHHUX cnpas ma nosimuku 6esnexku. Came us cyxba 3abezneqye onepamusHy peaxkuiro Ha
MIXCHAPOOHI KpU3U, 20MYeE aHaaimuyHi 38imu 019 iHCmumyuyit ma sede nepe2osopu 3 mpemimu KpaiHamu
3 numawk besneku. €sponelicbka padd, 0o cKa1ady AKoi BX00IMb 21a8uU 0epxas ma ypaois KpaiH-4/1eHis
€C, BU3HA4Yae cmpamezidHi HanpaMKU CNiJIbHOI 308HIWHBbOI Ma 6e3nekoBoi NosimuKu. BoHa BCMAaHOBJIHOE
noslimuYHi npiopumemu, peazye Ha 2n106a/bHi BUK/IUKU MA KOHGIIKMU, @ MAakox npulimae Karo4osi
piieHHs wo0o caHKkuil, ouniomMamuyHux iHiyiamus i miciti CSDP. Pada sucmynae maloaH4ukom 0Jis
BUPObIeHHS CNiSIbHOI NO3UUT 0epxcas-4/ieHis, Wo 0cobuBo BAXUIUBO B YMOBAX NOMPEbU KOHCEHCYCY B
6e3nekoBUX NUMAHHSX. X04a BOHA He BUKOHYE W00eHHUX OUNIOMAMUYHUX @YyHKUIL, iT pilueHHs] Maroms
BU3HAYA/IbHUU BNJIUB HA 30BHIUWLHLONOAIMUYHUU KYPC Ycb0o20 COHO3Y.

Poboma eBponelicbkuli nNAapsameHmy mMaxkoM< MAe CBOH pPoJib Y GopmMyBaHHi be3nekosoi
dunsioMamii, Xo4a BOHA € NepesaXcHo 0opadyoro ma KOHMPOJIbHO. [lapameHm 3amBepoxcye brooxem
30BHIUWHBOI 0iF/IbHOCMI, OUIHIOE pobomy EEAS, 0620B0pro€ Kpu3u ma KOHGaIkmu y c8imi, BNaUBAKOYU HA
OPMYBAHHA NOJIMUYHOI  ammocgepu HABkoMo 6e3nekoBux NuUMaHb. Mo2o pesostouii He €
00608 '3K0BUMU, 0OHAK BOHU 4acmo ¢opmyroms nybaidHUl | NOAIMUYHUL MUCK Ha iHwi iHcmumyuyii €C.
3aeanom, mak 3BaHull mpukymHuk EEAS - €sponelicbka pada - €sponelicbKull napaameHm CmBOPHOE
CKJIa0Hy, ase epekmusHy Mooesib popmMyBaHHs i peanizauii besnekosoi ounsomamii €8pocoro3y, AKa 3
KOXCHUM POKOM CMAe bi/1bW 32ypmoBaHo0 ma NPOAKMUBHOK.

Peanizauis 6e3nekosoi nosimuku €sponelicbko2o Cor3y CMUKAEMbCS 3 HU3KOK CMPYKMYPHUX |
NOJIIMUYHUX BUKJIUKIB, WO YCKIAOHHOMb (POPMYBAHHS €0UHO20 NiOX00y 00 MIiXHAPOOHOI be3neku.



OO0HUM i3 20/T0BHUX BUKJIUKIB € NOMpeba 00Csi2HeHHSI KOHCEHCYCY MiXC YCiMa 0epxasamu-4eHamu npu
YXBAJIEHHI 30BHIWLHbONOIMUYHUX PILLUEHb, WO CYMMEBO YNOBIIbHIOE peakuito €C Ha Kpusu. IHmepecu
KPaiH-4/1eHiB HepioKo po3xo0SmbCs Yepe3 BiOMiHHOCMI 8 202pAdiYHOMY PO3MALLYBAHHI, I[CMOPUYHOMY
docsioi, pisHi 3a2po3 ma npiopumemax. Hanpuknad, 019 KpaiH 6aamii' 20108HOK 3a2p0O30H0 € a2pecuBHa
nosimuka Pocii:  0n19 niBOeHHUX 0epxas HAUaKmyaabHIWUMU NUMAHHAMU € Miepauis ma
HecmabinbHicmsb y [MisHIYHIG Appuui. LLje 00HIero npobemoro € ppazmeHmauis eBponelcbKux 060poOHHUX
pecypcis ma BidcymHicmb NOBHOI cmpamezidyHoi asmoHomii. Hasims nonpu me, wo €C 3anposadus maki
iHiyiamusu, gk lMocmiliHe cmpykmyposaHe cnispobimHuymso (PESCO) ma €sponelicbkuti 060poHHUL
OHO, BOHU we He 3abe3neyyrombs 00CMAMHbO20 PIBHA iHMe2pauii Yu egpekmusHocmi. B pesyibmami
binbwicmp 0epxcas-yaeHis doci pozenadaroms HATO sk caili 207108HUl Wum 6e3neku, Wo CMBOPHE
nooBIiliHicmb Yy cucmemi CmMpame2iyHo20 NAAHYBAHHS. Lle npu3sesno 00 MUCKY Mid NpUXUIbHUKAMU
nocuneHHs poni €C 8 060poHi ma mumu, xmo 6oimbca 0ybaoBaHHA 3ycusib abo niopusy
MPaHcamaaHmMuU4YHUX 38 '93KI8.

binbwe moezo, 6e3nekosa dunsomamisa €C 4yacmo € HeegpekmuBHOK, KOU NPOMUCMOImb
asmopumapHUM Pexcumam, AKi Oiromb a2pecusHo ma He peazyroms HA mpaouuiliHi ounaoMamuyHi
IHCMPYMeHmMU, mMaki K CaHKyii 4u nepeeosopu. €C 4acmo CMUKAEMbCS i3 3ABOAHHAM OOHOYACHO
niompumysamu mypbomausy €0HiCMb W000 eHepeemuyHUX iHmepecis, mopeissii Yu cnisnpaui 3i cBoIMu
cycioamu 3 mpemix KpaiH, 0e MipKyBaHHsS b6e3neku cynepeyams eKOHOMIYHUM iHmepecam. L
cynepeyHoOCmi BUMA2aromeb He Jiuwe [HCMUmyyitdHux YOOCKOHaneHb, a U 2aubwo2o nepeesisoy
cmpameziyHoi Kysibmypu €sponelicbko2o Coro3y, moyHiwe nepexody Bi0 peakmusHoi dungomamii 0o
NPOAKMUBHO20 pOpMyBAHHSA apximeKkmypu 2106a/16HOi' be3neku.

llocmxo/100Ha BiliHa cNOHYKasa eBponelchbKi KpaiHu nepeocmuciumu besnekosy ounoMamiro, o
BusBuIocA B po3uwupeHHi HATO ma €sponeticbkozo Coto3y. IHmeepauis KpaiH CxioHoi €Bponu, 3mMiyHUAa
KosekmusHy 6e3neky, ase BoOHOYAaC BUKJ/IUKAJIA 3AHEeNOKOEHHS 3 6OKY Pocii. BUKIUKU Cy4acHoOcmi,
30Kpema kibepbezneka, BuMazaroms HOBUX cmpamezil 019 3axXucmy HauioHaabHUX iHmepecis. IHHoBauii
V BIICbKOBUX MEXHO/102i1X, MAKux sk 6e3niJIomHUKU, CMaroms BAXJIUBUMU B dpximeKkmypi 6e3neku, ujo
NIOKpec/Ioe HeobxiOHICMb CNIBNPAU M KpaiHamu. Hessaxcarodyu Ha npozpec y €BpoiHmezpauii, Hosi
3aepo3u BUMazaromes adanmauii 0o WBUOKO 3MIHHKBAHO20 cepedoBuld. 3MiHU B OUNJIOMAMUYHUX
NPAaKkmukax, 30Kkpema po3sumok CniyibHoi 308HiWIHLOI ma 6e3nekosoi nonimuku €C, sidobpax;caroms
cnpobu KpaiH-4s1ieHis dismu eOUHUM 20/10COM. B moll Je 4ac, 00CA2HEHHS KOHCEHCYCY MiX 0epxasamu-
PIBHUMU Y4ACHUKAMU 4Acmo 3ampuMye peakyito Ha Kpusu. Lli Bukauku niokpeciaroroms nompeby 8
npoakmusHomy nioxodi 0o opmysaHHsa cmpamezii 2106abHoI besneku 8 €8poni.

4. CyyacHi Buk/uku ma nepcnekmusu 00 2024 poky

€spona dedani binbwe cmukaemscs 3 0edani bisibUWOoK 3a2po30t0 3 bOKY Kibepamak, a maxkoxc
6in1bW MpaduyidHUX ma iHHOBAUIHUX CUJ/I, MAKUX AK dCUMempuYHa BillHa Yyu mepopusm, de He BUOHO
yimKo20 B0po2d. BOOHOYAC 3pOCMAE HANPYXEHICMb MM UeHmpamu c8imosoi 81adu ma iHWUmMuU cuiamu
€Bponu, Makumu K Mepopu3M, NOPYLIEHHSI eHepeemu4yHoi be3neku ma HesaeeasbHa iMmiepayis, wo
Bi06YBAEMbLCA B YCbOMY CBIMI, @ MAKOXC 3axucm iHpopmauii, wio € deskumu npukaadamu. 3 2020 no 2024
PIK YCI Ul BUK/IUKU BUXOOU/IU 3 PaAMKU mpaduuitiHoi dunaomamii' y 30BHIWHIG nosimuui, 3mMywyro4u
esponelicbKi iIHCmumyuli: cmsopumu HoBY CmMpamezito 308HilLHLOI dun1oMamii, 9Ka NOEOHYE 0OOPOHHY
CNIBNPAUID, MEXAHI3MU CAHKUIU ma 2Hy4YKy cucmemy peazysarHHs Ha HempaouuiliHi 3aepo3u 6e3neui. [lics
moeo, Ak Pocilickka ®@edepauis po3no4asaa nosHoMacwmabHe BmMop2HeHHs B YKpaiHy, €sponelicbKull
Coro3 ma HATO wBUOKO akmuBgi3yBasau ounoMamuydHi 3ycusns, wob 3asydumu BCi CMOPOHU 00
nepe2osopis, NioMpumanu YKpaiHy ma 3anponoHyBasau BCinfky donomozy. OOHUM 3 UeHMPAasibHUX
BUKJIUKIB € MEPOPUCMUYHI 2pYNU, HeCaHKUIOHOBAHI 0ePXABO0, AKI menep cmasu cucmemamuyHUMU. Lle
BK/IOYAE, 30Kpema, Kibepamaku Ha ypsoosi CMpPYKmMypu mda iHGpacmpykmypy, wo CmMaHoBumab
HUMMEBO BAXUIUBUL iHMepec 0719 KPAiHU, a MAKOX Ha NPpUBAMHI NIONPUEMCMAAQ.

Y Bionosiob €C 3anpoBaoxcye HU3KY IHiuiamus, sKa ompumasaa sionosBioasbHICMe 3a HA2190 3a
CMpamezivHUMU KOMYHIKAUISMU, MuM Camum po3WUPUIA CNiibHI MEXAHI3MU BUSIBJIEHHS] BMPYYAHHS 3
60Ky mpemix KpaiH ma po3pobusna pi3Hi CMpyKmypu OIS NOWUPEHHs iHgopmauii Yyepe3 cniibHi
naameopmu. €sponelicbkull Coro3 3apas sce binbwe | bibwe iHmezpye yugposull BUMIP Y CBOHO
be3nekoBy OuNIOMamitro, BU3HAKOYU Kibepnpocmip NOBHOUIHHOK CMpamezidHor cgeporo. 3i cBo2o 6OKY,
HATO makox BnpoBaoxye npozpamHe 3abesneqeHHs, ake 0038079€ oMy pO3Ni3HABAMU Pi3HOMAHIMHI
Hosi 3aepo3u. Kibepzazpo3u ma 2ibpudHa sitiHa € ceped Uio2o npiopumemis y uiti Hositi CmpPyKmMypi, SK
3a3HaveHo y CmpameeiyHil koHuenuii HATO 2022 poky [5]. MixxBidomyi KoopouHauitiHi ueHmpu AJIbSIHCY
3 npomudii’ de3iHgopmayii' ma KoaekmusHi iHCmpymeHmu 0715 NPOeKmMiB Kibepsaxucmy € npukaadamu



moeo, AK AJIbSIHC NPOCYBAEMbLCS BNeped HA UuX GPOHMAx. TAKOX MOXHA Cnopcmepiaamu K 4acmo
npoBoOaMbCA 3ycmpidi 3 €C 3 YUX NUMAHb.

Jlonomoza Oepxcasam-4jieHam ma NAapmHepam (BKroYarodu YKpaiHy) Y No0OIaHHI 2ibpudHux
BUK/IUKIB CMAsA KYOBUM Npiopumemom ounomamuyHoi pobomu HATO [6. c. 21]. Lje BidobpaxceHo
K 8 aKmMUBHIU NOAIMUYHIl NioMpumMui, Mak i 8 mexHiyHit niompumui, 30kKpema 8 Kibepzaxucmi. [jo 2024
POKY Memoou 3aCmoCyBaHHa 6eanekosoi duniomamii 8 €8poni BUSHAYEHI Pi3HUMU HOBUMU 3A2pO3amu,
AKi cnoyamky maroms 6ymu BK/IOYeHi 00 cmpameziyHo20 NJIaHyBaHHs ma pobomu 8 pAMKax ycix
iHcmumyuit. HATO ma €C paszom 3 KpaiHamu-napmHepamu Ha nepedosil 2i6pudHoi’ BitiHU, MAKumu K
YkpaiHa, Jlumsa, EcmoHis yu Mosbwia, € 0cobauBo Bax usuMu 0J1 UUX NPOUECIB. He MeHW Bax uiusum €
3HUWEHHA  aHanimu4YHux moxciusocmel, 000dBAHHA «yu@poBoi  ounsomMamii» ma  3a/1y4eHHs
HedepxasHux cyb'ekmis 00 popmyBaHHa nosimuku 6esneku. 30Kkpema SKoi, € BadIUBUM 3a/1y4eHHs 3M,
0p2aHi3auiti  2poMaodAaHCbLKo20 CYcniIbCMBA MaA MexHos02iYHUl cekmop. B pesysbmami, pyx
esponelicbkoi 6e3nekosoi dunsomamii 3a3Has 2aubokoi mpacgopmauii. i matdbymHe nonseae 8
mpaouuiliHux ouUNJIOMamuUyYyHUX Memoodax Yy NOEOHAHHI i3 Cy4acHUMU [HCMPYMeHmMamu 8 makux cgepax,
K iHopmauilHa, Kibepbesneka ma eHepeemuyHa be3neka. Junsomamisa 3apa3z oedasi binbwe cmae
IHCMPYMEeHMOoM CMPUMYBAHHS B HOBUX 06CMABUHAX, @ MAKOX e/leMeHmMOoM onopy 32y6HOMy BnIUBY Ma
3AXUCHUKOM €8ponelicbko20 0eMOKPamuy4yHo20 NPOCMOpY.

[Ipoms2oM 0CMAHHbLo20 0ecamuIimms Mi2pauitiHi Kpu3u cmasu Halbiibuor MemMoro Cynepeyok
y esponelicbKil beznekositi dunsomamii, ocobuso Bpaxosyrodu nodii 0o 2024 poKy. bixrceHyi 3 61u3bKo20
Cxody ma Appuku, YkpaiHa 3 2022 poKy, auuie NocuauIu MuUck Ha CUCMemMu couyidibHo20 3abe3neqeHHs,
a Makox}« Ha camy €esponelicbKy CoMioapHiCMeb. banaHcyBaHHa 2ymaHimapHux obos'askis y cgepi
HauioHabHOI 6e3neku € OCHOBOK 0epXAasHOI NOJIIMUKU, CMBOPHOYU MAKUuM YHYUHOM Ccgepu
OuNJIOMaMUYHUX — HABUYOK MY — OKPeMUMU  O0epy(dBamu-4/leHamu, da MAakoxc y  Wupuwomy
€B8POAMJIAHMUYHOMY KOHMEKCMI.

Pusuku 0219 BHympiwHb0i cmabiibHoCmi BHYMPIWHbLOI nosimuku 8 6a2ambox €8ponelchbKuX
KpaiHax 3Ha4yHo noenubunucs. Cnaaaxu Nonysismy, 3p0OCMAHHS Y/IbMmpanpasux Cusa i Hagims NPOCMOo
«NONYJIAPHI» KCeHOoPOOCbKI Hacmpoi YUHU/IU MUCK HA yYpAou, opieHMOoBaHi Ha €spony, SKi NpoBoousIU
noslimuky BIOKpuMuX MizpauiliHux dsepel 3 Memor OMPUMAHHS bIiIbUWOI KisIbKOCMi 20710CIB Y CBOIX
KpaiHax. 3as0sKu makit ammocgepi beanekosa ounoMmamis Mae Mamu cnpasy He Jiule i3 308HIUHIMU
3aepo3amu, a U i3 CYCNiIbHUMU NUMAHHAMU B8 €Bponi, B8i0 KOHQIIKMIB M CYCiOHIMU KPaiHamu,
Hanpuk/1ao, 00 pu3uKis padukanizauii. IHmeapyroducs y ounioMamuyHul OUCKYPC, mpaduuitiHi KoHUenuii
be3neku makum YuHOM pO3BUBAOMBLCS.

Jlo 2024 poky nepcnekmusu esponelcbkoi ounsomamii y cgepi b6e3neku 0/ BUPIUIEHHS
MiepayiiHux npobsiem NosS2aaU 8 MOMY, W0 BOHA 0edani binbwe 3acmocosysamume 36asaHcosaHull ma
cmpameziyHud nioxio 0o peazysBaHHsA. [1o cymi, ue 03Ha4yasao, Wo 0BOCMOPOHHI OOMOBICHOCMI 3
MPAH3UMHUMU KpaiHamu masau Cmamu 20/1I0BHUM npiopumemom. Lle mae skar4yamu iHsecmuuii 8
PO3BUMOK KPaiH, 38i0KU NOXO0SMb Mi2PAHMU, Ma 3anobi2aHHs KOHGIKMam, ki CMBOPHOHOMb HOBI XBUJTI
MiepaHmis. Yce ue npuszsesno 0o moeo, Wo MiepauiliHa 6esneka cmasaa NosHICMI [HMe2poBaHOK B
wupoKkul npouec esponelicbKoi dungomamii besnexu.

Takum YuHOM y KOHMeKCMi HOBUX BUKJIUKIB €Bponelicbka be3nekosa ounsiomamis 0o 2024 poKy
3d3Hana CYMmMEBUX 3MiH, 30Kpema 4yepes [Hmeapauio Uugdposux mexHoso2il ma BOOCKOHA/ICHHS
Kpu3080i KoMyHikauii. Ljugpposa dunsomamis cmana iCMOMHUM [HCMPYMEHMOM 0JiI 3MIUHEeHHS
MIXHAPOOHOI penymauii, CBOEYACHO20 pea2yBaHHs Ha iHGopmayidHi amaku ma @opmMyBaHHs
Nno3umuBHo20 iMioxy KpaiH €C ma ix napmHepis, BKIOYAroYU YKpaiHy. BoHa HA0ae MOX/IUBICMb ypsaoam
ma ounNJIoMamu4YyHUM Cy*bam OiSmu B8 pexumi peasabHo20 4acy, Mobii3yto4u NiOMPUMKY, NOSCHIOHYU
cBoi’ no3uyii ma cnpocmosyrodu  deziHpopmauito. OHAAlUH-NIaMm@opMuU, CouidsbHI  Mepexc ma
cneyianizoBaHi UUGPOBI IHCMPYMeHMuU CMaau BaXJiuBUMU 3acobamu NPOAKMUBHOI yd4acmi B
27106a716HOMY OUCKYPCI.

Kpu3oBa KoMyHiKauis, 8 CBOK 4Yepay, Habyia ocobausoi Bazu 8 ymMoBax BilIHU, MepopuCmMuUYHUX
3a2po3 | KibepiHyudeHmis. €8ponelcbKi iHcmumyuii, 30kpema €sponelicbka Cayxba 308HiUHbOI Oii
(EEAS), akmusizysaniu po3pobKy cmpamezil iHpopmauiliHo2o peazysaHHs HA Haod3su4YadHi cumyaui.
Ypsiou depxcas-4neHis 30cepedusiu CBOI 3ycuiisa Ha GOPMYBAHHI €OUHOI NOJIMUKU IHHOPMYBAHHS, SKa
3abe3neyye 00Bipy CYCNisIbCMBA NI YAC KPU3, He3AEHCHO Bi0 MO20, Yu lidembcsa Npo 36 poliHi KOHGIIKMU,
eHepeemuyHi Kpusu Yu macwmabHi Kibepamaku. Takum 4HuHom, ounjomamis nepecmana bymu
BUKJIFOYHO NPUXOBAHOK Ois/ibHICMIIO | 0edani bibuie 30cepedxcyemnscs Ha nybaidHil s8ioKpumocmi ma
cmilikocmi 00 iHpopMauiliHo2o MUCKY.



3azanom, mMooepHi3auia OUNJOMAMUYHUX MEXAHI3MIB MA€E Ha Memi NIOBUUEHHS 2HYy4KoCmi ma
egpekmusHocmi ounsomamii 8 csimi, 0e iHpopmauis, wBuOKiCMb peazysaHHs ma 008ipa sidi2paroms
K/1t0408Y poJib. [T0EOHAHHA yugposoi dungomamii ma Kpu3oBoi KOMyHiKauii, SKka 00380/5€ 0epiasam
popmyBamu KoMNJIeKCHY Noslimuky 6e3neku He jauuwe Yepe3 KaacuyHi ounsioMamuyHi Kadanu, a d y
2nobasbHOMy Uugpposomy npocmopi. Lle BIOKpuBae Hosi MOXCIUBOCMI 019 MPAHCAMAAHMUYHOI
cniBnpayj, onepamuBHo20 pea2yBaHHsI Ha 3a2po3u MAd 3MIUHEHHS 1e2iMUMHOCMI MI¥CHAPOOHUX pilleHb Y
6opomnb6i 3a cmabinbHicme ma mup y €8poni.

BucHosku

Micns [lpyeoi caimosoi’ BilIHU cBIMOBA cUCMeMa MIiXHAPOOHUX BIOHOCUH yBiliwia 8 HOBY epy,
copmosaHy AnmuHcbKo-llomcdamcbkumu oomosieHocmamu. Came BOHU 3aKAAAU  OCHOBU 0JiS
6inonspHO20 cBIM0B020 NOPAOKY, B Akomy CLLIA ma CPCP sBusHayaiu c8oi cepu BnuBYy, o CymmeBO
3MIHUIO Xapakmep ounsiomamii ma cucmemu b6e3neku. BuHukHeHHs: HATO sk 6e3nekoB8020 asibHCY
CMAasno Ka4oBoK BiONOBIOO 3axo0y HA Ui 3MiHU, 3aKpiNUBWU NPUHUUN KOJeKMUBHOI 060poHU ma
CMUMYJTOHOYU EOHICMb Y NPOMUCMOSHHI NOMeHUiUHUM 3a2po3am. OOHOYACHO 3 UUM, eKOHOMIYHe
BiOHOB/IeHHSA 3axioHoi €Bponu 3a 0onomMo2oro [11aHy Mapuwiania He uwe 3MeHWUs10 padsHCbKUU BNJIUB,
a (i 0aso iMny/ibC 00 CMBOPEHHS HOBUX popM CniBNpaui, 30Kpema €8ponelicbKoi eKOHOMIYHOI CNi/ibHOMU.
Ocobnuge 3Ha4YyeHHs B UbOMY npoueci Bsidizpana HimeyyuHa, SKa cmana eniyueHmpom HOBUX
2eonosiimuyHuX peanid. [1odin il mepumopii Mix Yomupma 0epIaBamu-nNepemModcusamu He ulle BU3HAYUB
KOpOOHU HOBO20 CBIMOBO20 NOPAOKY, a U cgpopmyBas 08I pi3Hi COUiaIbHO-NOIMUYHI MOOesi Ha 00HiIl
HauioHanbHIl OCHOBI. 3axioHa Himewy4uHa cmasaa Npukiadom ycniwHoi MmodepHizauii U iHmezpauii 8
3axioHull 6710k, mo0i K CxiOHa CUMBOJIOM XOPCMKO20 KOHMPOJIHO MA eKOHOMIYHUX MPYOHOULIB Y Mexax
PAodsIHCbK020 BNJIUBY. Lled KoHMpacm nioKpecus Ba iusicms CMpamezi4Ho20 NO3ULIOHYBAHHS KPAiHU
y csimositi noaimuui ma i y4acmi Yy @popMyBaAHHI HOBUX AJIbAHCIB, WO BU3HAYA/IU apXimeKkmypy
esponelicbKoi be3neku Ha decasmusiimms B8nepeo.

Y cmammi po3sz2nsHymo, K Yy NicasgBoeHHIU €sponi B8i06YBAcs NOOI MiXC Kanimaaicmu4yHum
3axodom i couianicmuyHum CX000M, SKUl CopMyBAB HOBY 2€0NOJIMUYHY PeasbHICMb, Wo CMana
OCHOBOO 015 PO3BUMKY be3nekosoi duniomamii. BUHUKHEHHS 6e3neKoBuUX a/IbSHCIB, Makux K HATO i
BapwascbKul 00208ip, B8i0obpazusio npazHeHHs 0o cmabinizauii pe2ioHy ma cmpumyBaHHs KOHGIIKMIB.
L{i cmpykmypu He suwe KOoopouHyBaiu BiliCbKoBY NOJMIMUKY, a U mpaHchopmyBanu YsB/ieHHs
cycninbcms npo 6e3neky, 3aKaasuwu OCHOBU OUNJIOMAMUYHUX MExaHi3miB, CNPSMOBAHUX HA MUDHE
CNiBICHYBAHHSA. Kto4yosi HagedeHi 8 cmammi Kpu3u Xo/00HoI BiliHU, CMasu nepesioMHuUMu MoMeHmamu
0719 MiDXHApoOHoI dunsiomamii. BoHU Npo0emMOHCMPYBaiu, Wo NopsAd i3 BilicbKOBUMU CMpame2igmu
KPpUMUYHY poJib B8i0ieparomb NCUXOJI02IYHI, i0eooeiyHi ma iHpopmauitiHi iHcmpymeHmu. Li noodii
NpUWBUOWIUIU CMBOPEHHS IHCMUMYUIUHUX KAHamiB KOMYHiKauii ma cnoHykanu 00 akmusizayii
MIXCHapOOHUX opearizauit, maxkux sk OOH, y cgepi Bpeay/itoBaHHS KOHGIIKMIB.

Bpewmi, XonooHa sitiHa cmasa emanom CMaHoB/eHHS KOMNJIeKCHoi duniomamii, wo 6asysanack
Ha KoHUenuyii cmpumyBaHHsi, s0epHo2o 6aiaHcy ma kosekmusHoi 6e3neku. [100ii'y Yexocnosa4y4quHi 1968
POKY 3acsioqunu nompeby eHyYykux cmpamezili, Oe BilicbkoBd NPUCYMHICMb NOEOHYBAIACL 3
dunsioMamu4yHuUM muckom | bazamopisHesoro cnisnpauero. Takum YuHom, be3nekosa ounsomamis
nepiody Xos100HoI BiliHU cmasaa npoobpasom Cy4acHoi eBponelcbKoi NoIimuKu besneku, opieHmoBaHoi
Ha nonepeoxeHHs eckanauii ma 36epexceHHs cmabiibHOCMI B8 yMoBaAx 2/106a/1bHUX BUK/IUKIB.

Y cmammi docnioxeHo, 5K y NOCmMX0/100Hy enoxy esponelicbka besnekosa ounjoMamis 3a3Haaa
CYMmMeEBUX MPAHcgopmauit, wo cmanu Bi0N0BIOOKD HA 3MIiHY 2eonoJlimuYHo20 Ccepedosulyd.
Po3wupeHHs HATO ma €C iHmeepysano KpaiHu LleHmpanbHoi i CxioHoi €8ponu y Hosy 6e3nekosy
cucmemy, npome BOOHOYAC 3d20CMPUJIO BIOHOCUHU 3 Pocieo. 3pocmarHsl Kibep3azpos, po3BUMOK
HOBIMHIX BIilICbKOBUX MexHo/102il | 2iI6pUOHI BUKIUKU NOCMABUAU neped e€BponelicbKumu oepicasamu
HOBI 3aBOAHHS, BUMA2ArOHU 2HYYKOCM, iIHHOBAUIL | NOCU/IeHHS MIXOepXasHOI KoopouHauii. ¥ yux ymosax
€8poiHMe2pauiliHi npouecu Cmasu He Juwe NOJIMUYHUM NPOEKMOM, a U IHCMpPYyMeHmom 3abe3neqeHHs
pezioHasnibHoi cmabisibHocmi. €sponelcbkuli Cor3 NOCMYNoBO IHCMUMYUIOHAM3yBas cBot be3nekosy
ounsioMmamiro Yepes CMBOPEeHHS MexaHiamis, makux Kk CFSP i EEAS, aKi NOK/IUKAHI ¢popmyBamu cnisibHy
308HiWHO nosimuky. OOHAK, HeobXiOHICMb KOHCEHCYCY, BIOMIHHOCMI B8 HAUIOHA/IbHUX IHMepecax ma
b6pak cmpamezidyHoi aBmoHOMIi 0bMexCytoms eekmuBHiCMb yux cmpykmyp. lonpu ye, €C Npo0oBMYe
PYX Y HanpsMKy noznubsieHHs1 cnisnpaui 8 cgepi be3neku, 30kpema 4epes 0bOpOHHI IHiuiamusu ma
aHmukpuszosi micii. Cy4acHi BUK/IUKU BUCBIMJIIOIOMb nompeby B nepexodi 8i0 peakmusHOi 00
npoakmusHoi' dunsomamii, 30amHoi popmysamu HoBy apximekmypy 6e3neku y csimi 3pOCMaroyux
3az2pos3.



[lidcymoByroyu, docnioxeHo, wo esponelcbka besnekosa ounsomamia 0o 2024 poKy 3d3Hana
21ubokoi mpaHcgopmauii, peazyrodu Ha Hosi BUK/IUKU Bi0 2ibpudHuUX 3az2po3 i Kibepamak 0o miepauitHux
Kpus3 i mepopusmy. LJi 3a2po3u suliwsiu 3a mexc mpaouuyitHoi dunsomamii, 3mycuswiu iHcmumyuii €C i
HATO po3pobumu bazamopisHesy cucmemy pea2yBaHHs, W0 NOEOHYE LudpoBy ounIoMamiro, CaHKUIUHI
MExXAHI3MU, Kpu30BY KOMYHIKAUi0 ma niompumKy ndpmHepis, makux Ak YkpaiHa. Kibepnpocmip,
iHpopmauiliHa 6e3neka ma 3axucm KPUMUYHOI [HGHPACMPYKMypu CMaau Hesio €EMHOK YAaCMUHO
CMpameziyHo2o NAAaHyBAHHSA. Pasom 3 mum, BHYMPIWHI BUKIUKU, 30Kpema padukasaizauis, nonysiam i
Mi2pauiltiHi HanpyxeHHs, nocuauau nompeby 8 KOMNIEKCHOMY Nioxodi 00 duniomMamii, AKa OXONJIHOE K
308HIWHIG, Mak i BHympiwHil sumipu. Ljugpposi mexHonoeii 4 akmusHa y4acmse CYycnisibHUX akmopis
cmanu HOBUM CMAHOApmoM, a cama ounsiomMamisi IHCMpPYMeHMoM CMPUMYBAHHS, cmabinizayii ma
BIOCMOKBAHHA 0eMOKPAMUYHUX YiHHOCMeU Y MiHIUBOMY 6€3neKoBoMY 2e0N0iMuUYHOMY CEpedoBULLI.
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Abstract

The main directions of Turkmenistan's cooperation with the countries of the European Union
are considered. The expediency of further realizing the existing potential in the field of urban
development, monitoring of methane emissions, "green" and hydrogen energy, and education
between Turkmenistan and the French Republic is substantiated. We have to conclude that it is
necessary to expand activities in the field of science and culture between the two friendly
countries.
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As you know, Turkmenistan is an independent and neutral state. In March 2025, the United Nations
General Assembly adopted a resolution recognizing Turkmenistan's neutrality for the third time. Based
on this legal status, our country has been pursuing an "open door" policy and broad international
cooperation based on the principles of equality and mutual respect for many years. At the initiative of
the esteemed President of Turkmenistan, Serdar Berdimuhamedov, 2025 was declared the "International
Year of Peace and Trust", which was supported by members of the international community, including
the leadership of the French Republic. Regarding the geopolitical situation, Turkmenistan, along with
Kazakhstan, Uzbekistan, Tajikistan and Kyrgyzstan, is one of the countries of Central Asia. Our country
also borders Iran and Afghanistan. Our state maintains good-neighborly relations with neighboring
States, which are based on a reliable and solid foundation of mutually beneficial economic cooperation.
Thus, according to the statistical indicators of the International Monetary Fund, our country is included
in the rating of economically developing countries. To achieve this level, state programs are being
adopted and implemented at the state level to create favorable economic conditions for foreign
companies interested in investing in the development of various sectors of the national economy. In this
way, the following state programs are being successfully implemented in the field of development of the
oil and gas, gas chemical, agricultural and construction industries: "The program of industrialization of
the country for the period up to 2030" and "The National Program of socio-economic development of the
country up to 2052"[1].

The country has also established a regulatory framework that provides legal guarantees and
reliable investments. It complies with generally accepted norms of international law. Our country actively
participates in partnership formats with the European Union (EU), including on the Central Asia—EU
platform. In this regard, it is necessary to emphasize the importance of the First Summit in this format
held in April 2025 in the city of Samarkand, which emphasized the relevance of interregional cooperation
on issues such as peace, security and stability. The summit discussed the possibilities of expanding
sectoral cooperation in economic, trade and investment relations based on the implementation of
current and future bilateral Cooperation Agreements. Four key areas have been identified that are the
most promising for joint work: transport infrastructure, critical raw materials, clean energy and digital
communications. The Central Asian countries have impressive reserves of critically important raw
materials. The region contains 40% of the world's reserves of manganese, as well as lithium and graphite.
These materials are necessary for the "green" and digital transformation of the global economy. In
addition, this region has a unique potential in the field of renewable energy. The importance of digital
equality was highlighted, as well as the development of projects to connect remote regions of Central
Asia to the EU satellite Internet. In the field of communications, we also proceed from the necessity and



possibility of laying cables along the bottom of the Caspian Sea. Turkmenistan generally believes that
the construction of underwater infrastructure in the Caspian meets the economic needs of coastal States
and is an important condition for ensuring enerqgy, economic and transport stability in Eurasia based on
equal consideration of interests and benefits.

It is most appropriate to support ongoing efforts to ensure sustainable transport connectivity and
strengthen economic ties through initiatives within the framework of the Global Gateway strategy. In
this context, it is necessary to note the progress in the creation of the Trans-Caspian Transport Corridor
connecting Europe and Central Asia using the potential of the International Seaport of Turkmenbashi on
the shores of the Caspian Sea. Considering that water use is one of the key issues in the Central Asian
region, our country proceeds from three principles in considering this issue: compliance with international
law; mutual consideration of the interests of all States in the region; participation of international
organizations, primarily the United Nations. The EU and Central Asia, which will contribute to
strengthening sustainable transport links as a driving force for economic growth and regional
integration. To enhance cooperation in the field of energy and the green transition, the EU-Central Asia
Declaration of Intent on Sustainable VValue Chains for Critical Raw Materials was approved. Turkmenistan
is committed to developing and expanding cultural and humanitarian cooperation with European
countries. It is necessary to note the effectiveness of educational projects and programs that have been
implemented by the EU in our country for many years. Among them are such large-scale programs as
TACIS-TEMPUS, ERASMUS-MUNDUS, DARYA. In particular, more than 40 projects in the field of master's
degree programs, digitalization in education, support for sustainable development and academic mobility
have been implemented in Turkmenistan within the framework of the ERASMUS-MUNDUS and
ERASMUS+ programs. In the development of this work, responding to objective requests and needs for
cooperation, joint projects in the field of vocational education are promising. The training of highly
qualified technical personnel working at enterprises with high-tech equipment is important for the
creation of innovative products and technologies. Thus, Turkmenistan's well-thought-out economic
strategy, a favorable investment climate and conditions for effective cooperation increase its
attractiveness to the global business community, which is why many foreign companies are showing
great interest in working in the promising Turkmen market.

In the modern period, the international relations between neutral and independent Turkmenistan
and the French Republic indicate the mutual commitment of the parties to bring mutually beneficial
cooperation in all areas to a qualitatively new level. Therefore, at the Turkmen-French economic forum,
which took place in early May 2025, further ways of expanding bilateral economic, social and
humanitarian ties were comprehensively studied. The forum aimed at the effective use of trade and
economic potential was attended by the heads of leading French companies and members of the
Turkmen delegation.The expansion of mutually beneficial cooperation with large French companies is
one of the priorities of our country's foreign economic strateqy. Thus, the activities of the French
company Bouygues in Turkmenistan are evidence of the effectiveness of established business cooperation
as a result of the successful implementation of numerous joint construction and architectural projects.
This company, which has been operating in our country since the first years of independence, also makes
a significant contribution to the expansion of international educational ties, as well as to the teaching of
French in the country. For example, there is a specialized French language school in Ashgabat, built by
this company. Also, over the years of independence, constructive cooperation has been established with
such large French companies as Cifal, Vinci, Schneider Electric and others. The experience gained during
the joint work with its positive results point to the prospects of the future bilateral partnership.

As experts point out in their scientific research, the economy of the French republic is characterized
by a diversified and integrated industrial base, advanced technologies and in accordance with
environmental requirements. Thanks to the National Investment Program launched in 2010, the country
has seen an improvement in the quality of higher education and training, scientific research, and
accelerated innovative development of industry, medium and small businesses, the digital economy, and
environmental technologies. The creation of innovation clusters, the reform of university education, and
favorable tax refund conditions for specialists in conducting research and development (R&D) create
favorable conditions for doing business. France is favorable for international cooperation due to the
availability of highly qualified specialists, well-developed infrastructure, as well as support from
government authorities [2, 3].

In 2013, the country adopted the Law on Higher Education and Scientific Research. It aims to
democratize higher education, open access to knowledge, and support students in studying at
universities, regardless of socio-cultural background, age, and financial status. Admission to universities



becomes possible for those who have received "professional” and "technological” bachelor's degrees. The
number and size of scholarships have been increased, especially for those from families with modest
incomes. Professional orientation in the first years of higher education has been strengthened, special
attention has been paid to the development of digital technologies. The law is aimed at developing links
between universities, schools and research centers, and achieving greater international recognition of
French universities, university education, and scientific research. The possibility of teaching in foreign
languages is being consolidated, in particular, within the framework of agreements with foreign
universities and programs funded by the EU. Conducting research independent of the economic situation
has become possible due to the simplification of the procedure for introducing scientific achievements
into the economy and production, as well as strengthening the role of the state in consolidating
fundamental research and ensuring their financing.

The French Republic is an economically developed country that is currently investing in the
following five strategic areas in order to increase the competitiveness of all sectors of the national
economy and prepare the basis for their sustainable development in the future:

* Higher education and specialist training. It is planned to create from five to ten universities in the
country and turn the Plateau de Saclay research site into the largest center in the EU for training
scientific and technological specialists;

« Scientific research. It is planned to create medical research institutes within universities, expand
the network of scientific laboratories for conducting research on nanotechnology and biotechnology.,

* Small and medium-sized businesses, industrial sector. Further development of the aerospace
sector, innovative companies and clusters is planned;

» Ecology. Within the framework of the New Environmental Agreement program, various
environmental business projects are being implemented: obtaining energy from renewable sources,
developing environmentally safe modes of transport and developing a green urban environment, and
introducing energy-saving technologies for households;

* Digital economy.lt is expected to build a high-speed broadband network, create innovative
services and products, in particular, the digitization of French cultural heritage.

In the modern period in France, there is an increasingly intensive introduction of inventions and
technologies by the efforts of innovative small and medium-sized businesses. A very centralized structure
of innovative research has traditionally been formed in this country. Unlike many European countries,
France refuses to pursue a global policy in the field of science and technology with the help of
administrative and legal levers and is rebuilding its infrastructure in order to create the most favorable
conditions for cooperation between science and production. An effective complex of exploratory and
applied research has been created in the country. The national innovation policy is developing in several
directions: supporting the innovation activities of small and medium-sized enterprises, removing
restrictions on venture capital investments, and stimulating cooperation between scientific
organizations, universities, and industrial enterprises. Despite the relative centralization of scientific and
technical activities, a regional approach to innovation is also clearly visible. The promotion of innovation
in industry is entrusted to the French Innovation Agency, which is located under both the Ministry of
Industry and the Ministry of Scientific Research. The agency is characterized by a decentralized
structure with broad representation at the regional level [4, 5,6].

In legal terms, the basis of innovation policy is the French Law on Innovation and research, which
aims to transfer the results of research funded by the public sector of the economy to industry and the
creation of small innovative enterprises. In France, various innovation support systems have been most
developed. Specialized innovation structures have been created at the regional level (technoparks,
business incubators, agencies and technology transfer centers). The French Ministry of Scientific
Research has established more than 150 specialized centers for regional innovation and technology
transfer. Each center specializes in a specific area of expertise and industry. In some regions of France,
innovative development within the framework of the formation of modern scientific centers is carried
out through the creation of high-tech technology parks, and they are formed not only in industrially
developed departments, but also in those where the economy had a mono-product orientation (for
example, winemaking, tourism).

It should be noted that “TurkmenAlem 52°E” is the first Turkmen communications satellite built by
the French company “Thales Alenia Space” based on the Spacebase satellite platform. It was launched in
April 2015 from Cape Canaveral (USA). The satellite is located in geostationary orbit and covers most of
Europe, Central Asia and the Middle East with its signal. Undoubtedly, the presence of its own satellite
has positively influenced the development of communication systems and the Internet, television in the



country, contributed to the implementation of environmental programs, improved methods of
exploration of new deposits, as well as the successful implementation of a number of other government
programs. As a satellite operator, a closed-type Auction Company (JSC) “Turkmen Khemrasy” offers
telecom operators, TV and radio companies and other participants in the satellite communications
market access to the capacity of the space segment. The resources of the “Turkmen Alem 52°E”
communications satellite provide extensive opportunities for organizing communication services and
digital broadcasting, creating VVSAT networks, broadband Internet access, and organizing departmental
and corporate communications networks in the satellite's coverage area. In 2018, “Turkmen Khemrasy”
JSC built its own FSS Teleporter and deployed a VSAT network based on Newtec Dialog, which made it
possible to effectively use the satellite's capacity and increase the number of its users, as well as improve
the quality of services provided and data transmission volumes. In addition, “Turkmen Khemrasy” JSC is
actively working in the field of broadcasting, able to meet the needs of the population for the highest
quality television content [7].

Thus, our country is interested in attracting advanced French experience in the field of urban
development, monitoring of methane emissions, geological exploration, supplies of oil and gas
equipment, "green" and hydrogen energy. It is advisable to continue the practice of holding international
events such as the energy forum held in Paris in 2024. Taking into account France's leading position in
the global tourism sector and Turkmenistan's significant tourism potential, it is advisable to establish
cooperation in this area. The following documents were signed in 2025:

« Memorandum of Understanding between “Turkmenaragatnasyk” Agency of the Agency for
Transport and Communications under the Cabinet of Ministers of Turkmenistan and “Airbus Defense and
Space SAS” company;

« Framework agreement between the “Turkmenaragatnasyk” agency of the Agency for Transport
and Communications under the Cabinet of Ministers of Turkmenistan and “Thales Alenia Space France”
company on the operation of the” Turkmen “Alem 52° E-2” telecommunications satellite;

« Memorandum of Understanding between the Ministry of Agriculture of Turkmenistan and “IGN
FI” company on cooperation in the field of land cadastre and remote monitoring of agricultural crops;

* Memorandum of Understanding between the State Committee of Water Resources of
Turkmenistan and “SUEZ International” company on cooperation in the field of rational use of water
resources;

* Memorandum of Understanding between “Turkmengaz” State Concern and “SUEZ International”
company on cooperation in the gas industry;

* Memorandum of Understanding between “Turkmengaz” State Concern and “Kayrros SAS”
company;

* Declaration on cooperation in the field of sustainable urban development between the
Government of Turkmenistan and the Government of the French Republic;

* Roadmap for cooperation in the field of education and higher education institutions for 2025-
2026 between the Ministry of Education of Turkmenistan and the Ministry of Europe and Foreign Affairs
of the French Republic;

* Agreement between the Ministry of Culture of Turkmenistan and the National Museum of Natural
History of France on cooperation in the field of archaeological research;

These documents will be of great importance for the development of interstate relations.

Thus, the following are identified as promising areas for further Turkmen-French partnership: oil
and gas complex, satellite communication technologies, transport, construction, water resources,
chemical industry, educational sector and agriculture.
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EXPERIMENTAL STUDY OF HYDRAULIC RESISTANCES IN PIPES MADE OF PARALLEL JOINTED
PLASTIC MASS USED IN TRANSPORTATION OF OIL AND OIL PRODUCTS

Guliyev Asif Humbat

Baku Engineering University, Khirdalan, Azerbaijan
Azammadov Nurlan Rasul

Azerbaijjan State Oil and Industry University, Baku, Azerbaijan

Abstract

The transportation of oil and oil products through pipelines requires materials and designs
that ensure minimal hydraulic resistance, durability, and efficiency under varying operational
conditions. This study presents an in-depth experimental investigation into the hydraulic
resistances encountered in pipes manufactured from parallel jointed plastic mass — a modern
polymer-based material increasingly adopted in pipeline systems due to its corrosion resistance,
lightweight nature, and cost-effectiveness.

The objective of this research is to determine the hydraulic behavior of such plastic pipes
when used for transporting crude oil and its derivatives. A series of experiments were conducted
to evaluate how pipe geometry, flow velocity, fluid viscosity, and internal surface characteristics
influence pressure losses and flow uniformity. The test bench was equipped with flow meters,
pressure sensors, and temperature control units to simulate realistic operational environments and
collect precise measurements under controlled conditions.

Key experimental parameters included varying the internal diameters of the plastic pipes,
adjusting the fluid flow rates, and using oil products of different viscosities. The flow regime was
carefully monitored to distinguish between laminar and turbulent conditions. The results were
then compared with classical theoretical models, including the Darcy-Weisbach and Hazen—
Williams equations, to assess the deviation of experimental data from standard hydraulic
resistance predictions.

The study revealed that parallel jointed plastic pipes exhibit lower hydraulic resistance
compared to traditional steel and cast-iron pipes, particularly under laminar flow regimes.
However, surface roughness due to jointing and microstructural inconsistencies introduced minor
turbulence at higher velocities, resulting in increased pressure drops. The correlation between
Reynolds number and friction factor was established for the tested material, allowing for a better
prediction of head losses in practical pipeline design.

Furthermore, the influence of temperature on oil viscosity and its effect on hydraulic
resistance was evaluated, revealing that temperature management plays a significant role in
maintaining flow efficiency. Based on the findings, recommendations for optimal flow rates and
installation practices are proposed to minimize resistance and enhance the energy efficiency of oil
transportation systems using plastic pipes.

This research contributes valuable empirical data for engineers and designers working with
polymer-based pipeline systems and offers insights for improving the hydraulic performance of
pipelines in the oil and gas industry. Future studies may focus on long-term durability, erosion
effects, and dynamic response under fluctuating pressure loads.

Keywords: Hydraulic resistances, oil products, pipe, transportation, flow

Introduction. As is known, the correct organization of the work of hydraulic systems depends on
their design and reporting. To study the hydraulic resistance in parallel connected plastic pipes of
different diameters and different lengths, in other words, to establish the dependence of the pressure
drop on the flow, it is first necessary to assemble an experimental device. To assemble the device, first of
all, the information available in the literature in this direction was analyzed. Then, the experimental
laboratory capabilities for the object under study were investigated, including the material and technical
base of the laboratory, its hermeticity (first of all, it should not affect other scientific research
laboratories located in the vicinity).



Considering the above, the chapter under consideration of the dissertation work is divided into
sections of different diameters (l11=1.4 m, (2=1.2 m, [3=1.0 m) and various lengths (d1=20 mm, d2=25
mm, d3=32 mm) of plastic pipes are devoted to the experimental study of hydraulic resistance
(dependence of pressure drop on flow). As is known from the literature, a series of scientific works have
been carried out on the study of hydraulic resistance of parallel connected pipes. However, in connection
with the development of science and technology, there is a need for experimental study of hydraulic
resistance in pipes and fittings of various lengths and diameters produced as a result of new technological
processes. Because, it would be incorrect to design hydraulic machines without knowing the values of
hydraulic resistance. Scientific research works conducted in this direction at the “Mechanics” department
of Azerbaijan Oil and Industry University, one of the leading higher educational institutions of our
Republic, are a vivid example of this. Before experimentally studying the hydraulic resistance of plastic
pipes of different diameters and different lengths connected in parallel in the assembled experimental
device, the linear hydraulic resistance of the plastic pipe with a continuous indicator was studied in that
device and the results obtained were checked with reliable literature sources. In this regard, the research
objects, diameters and lengths of the pipes were changed in the assembled device, and experiments were
conducted in the experimental device without changing the measuring devices.

METHODOLOGY: EXPERIMENTAL DEVICE FOR STUDYING HYDRAULIC LOSSES IN PARALLEL
JOINTED PIPES MADE OF PLASTIC MASS

As is known, experimental devices for experimental study of hydraulic resistances must meet the
specific requirements intended for conducting experiments. For this purpose, firstly, since the
experimental device has a rotating part, safety requlations must be strictly observed, secondly, in parallel
connected pipes of different diameters and lengths, it must be convenient to change the flow rate to
establish the dependence of hydraulic resistance and pressure drop on the flow rate, thirdly, the
experimental device must have the ability to change the objects of study, fourthly, the measuring devices
(flow rate measuring manometers, etc.) placed in the experimental device are placed at such an optimal
distance that it is possible to create a stationary regime. For this purpose, the initial distance in laminar
mode motion is taken as lhead = 0.029d*Re, for turbulent mode motion this distance is taken as (head =
(40 - 50)d.

Experimental setup that meets the above requirementsThe scheme of the experimental device
assembled in the scientific and research laboratory of the "Mechanics" department of AzTU is shown in
Figure 1.

The experimental setup consists of three main parts: pressure generation, regulation and
measurement parts. In Figure 3.1, 1, receiving tank; 2,4,5, valves; 3 - pump; 6- water flow meter (Meter,
brand BKCM, 90 and SQV, 15); 7, 8, 10, 11, 12, 14, 15, 17 manometers; 9, 13, 16 research object
(Measured pipes, respectively d1=20 mm, d2=25 mm, d3=32 mmand (1=1.4m, [2=1.2m, (3=1.0 m plastic
pipes) 18- pressure pipe, 19- requlation pipe. The requirements stipulated in the assembled experimental
setup were strictly followed. 4.5 valves were used to obtain the appropriate values of the velocity due to
the flow change in the cross section of the research object. That is, by changing the cross-sectional area
(passage area) of valve 5, a certain part of the liquid is directed to the experimental object by changing
the passage area of valve 4 and is directed to the receiving tank through pressure pipe 18. Another
important requirement is that the manometers 7 and 11 are placed at a distance of [ = (40 - 50)d,
depending on the fluid flow regime (since the regime of movement is turbulent).



XVI INTERNATIONAL SCIENTIFIC CONFERENCE. STOCKHOLM. SWEDEN. 27-28.05.2025

Figure 1. Scheme of an experimental setup for studying hydraulic losses in parallel connected pipes of
different diameters and lengths

METHODOLOGY OF EXPERIMENTAL STUDY OF HYDRAULIC LOSSES IN PARALLEL JOINTED PIPES
MADE OF PLASTIC MASS

As is known, before starting the main experiment, the operation of separate, separate rotating and
measuring devices (the shaft of the electric motor and the impeller of the pump, the liquid flow meter, 6
-meter, manometers, 7,8,10,11,12,14,15,17) is checked. Then the opening and closing of the valves 2, 4,
5 and is checked, and the regularity of the pump's operation, that is, its efficiency, is considered. The
stationary nature of the flow in the research object (in the pipes) is checked according to the indications
of the manometers.

With the element used in the experimental setup where the experiment is being conductedit is
necessary to indicate the main parameters of the equipment (pump, water flow meter, manometers,
valves, plastic pipes). The energy source, the pump, is manufactured by foreign companies and is of the
brand IDEL PUMPS DTD. This pump is a type of vane pump, centrifugal type, and receives its rotational
motion from an electric motor. Since these pumps do not have suction capacity, the receiving tank is
located 0.8 m above the pump axis. Another advantage of the reception tank being located above the
pump axis is that cavitation does not occur in the pump. (This is described in detail in Chapter Il). The
main parameters of the pump are as follows.

A) productivity Q = (5 -32) [/min; (0 083 - 0.53) l/sec;

B) pressure P = (0.5 -36) kG cm2; (0.05- 0.36)MPa;,

C) number of revolutions of the shaft n = 2900 revolutions/min = 48.3 sec’’.

The parameters of the flow meter water meter are as follows:

Brand SQV, 15 000 PKF "BETAR"

SQV, 15 stampsThe technical characteristics of the water meter are given in table 1.

Indications of manometers used to measure pressure in the relevant pipes

P =(0.1-0.2) MPa.

The general methodology for conducting experiments is as follows. This methodology is related to
the expression of the dependence of hydraulic resistance and pressure drop on flow in parallel connected
pipes. This expression is the selection of the graphoanalytic method in parallel connected pipes.



Table 1

Parameter names Nominal diameter, Dsh, mm

No.
15 | 20

1 Ambient air temperature, °C From 5 to 50
2 Relative humidity of ambient air, % Up to 80
3 Water consumption, m3/hour
4 The largest Qmax 3.0 5.0
5 Nominal Qom 1.5 2.5
6 Transition Qt 0.12 0.2
7 The smallest Omin 0.03 0.06
8 The largest water volume, m3
9 During the day 37.5 62.5
10 | During the month 1125 1875

The parameters measured from the experiment are the readings of the manometers and
flowmeters at constant flow rates over time. To find out the pressure difference, the readings of the
manometers P7, P8, P10,P11, P12,P14,P15 and P17 are measured, and to calculate the liquid flow rate,
the corresponding flow values are measured. The experimental measurements were carried out in the
following sequence.

1. Check the condition of the experimental setup by measuring the pressure in the receiving tank
2 without starting the pump.

By opening the valve, water flows into the pump and the connections are

- Attention is paid to leaks;

2. 1 tank of liguid yesAfter making sure that cmin is equal to the pump's 2-3 minute efficiency,
pump 3 is started;

3. Valve 5is fully closed and valve 4 is fully open. At this time, the pump will operate in idle mode.k
is prepared for the main experiment by directing the working fluid 18 through the discharge pipe to the
receiving tank;

4. After the steady movement established in the idle mode is obtained, the valve 5 opens in
accordance with the step. This is determined by the minimum vibration of the indications of the
manometers 7 and 11.

HYDRAULIC ANALYSIS OF PIPELINES
Hydraulic analysis of pipelines is carried out to determine the geometric dimensions of the
pipelines. Here, a certain flow rate of fluid, or the hydraulic characteristics of the pipeline, pressure loss
and the flow rate of fluid passing through the cross section of the pipe are determined. All these
calculations are carried out based on the known dimensions of the pipeline.
During the hydraulic analysis of pipelines in turbulent flow, the Bernoulli equation is used for two
flow cross sections.
2 2
zl+&+a1'91—=22+&+a29i+2h (1)
~9 29 ~9 29
here Z h It is the pressure loss between the sections 1-1 and 2-2. In general, the formula (Darcy) named

after the first water pipe is used to determine this pressure loss between the sections under
consideration.

2 2
_8gLs?_ L g

= 2
2 c’d2g d 2g (2
here A - is the h vdraulic resistance coefficient, and is determined as follows.
2=8 (3)

c

hereC It is determined by the formula of Academician N.N. Pavlovsky. Then A can be calculated as
follows.

_ 8gn?
“
(4)

heren - s the pipe's roughness coefficient.

A (4)
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In formula (2)19 when expressing its speed with the known formula, that is
VES % hereQ -It is the flow rate of fluid passing through a pipe per unit time and is taken from

experience.
2

f = T - is the area of the live cross-section of the pipe.

Then a new formula is obtained, which is called the second Sukemeri formula.
LQ*  64LQ% Q?
Zh = =5 s -al—%
c2f2 d  c*z%d d
4

(5)

2
herea = 64 _ _bdn (6)

C27Z'2 - 2 d 2y
72' —
;)

2
Given in diameter d for pipelinesQ at the expense of e is considered a constant quantity.

That is,
QZ
Z h = aLd—5 = AL (7 )
The fluid consumption in a determined movement is calculated using the following formula.
Q= fCVRJ ()

hered -is the hydraulic gradient and is the loss per unit length.

joh
L

R - Hydraulic radius is the ratio of the live cross-section to the wetted perimeter.

_t_m® _d
y 4nd 4
From expression (8) Q = fCVR

NA)

For a pipe with a constant cross-section fC andR - is a constant quantity.

Q
= fCJR =K
5 (%)

hereK - is a consumption characteristic.
K = fCVR or

2qd

K=f_ |=—=2= 10
P (10)
ThenQ = KA/J
If we express the flow characteristic in terms of diameter, then
2
K= fcyr =9 |9 1gy (11)
4 \4n

Here, the strength indicator depends on the hydraulic radius and the coefficient of roughness
according to the N.N.Pavlovsky formula. Studies have shown that among the existing empirical formulas,
the formula of academician N.N.Pavlovsky is more correct in terms of its structure, i.e.

C=ERV:E(E)V (12)
n n4



heren - js the roughness coefficient, characterizing the roughness of the pipe wall. For plastic pipes,
n=0.011 was adopted. R - hydraulic radius;y - It is a variable strength indicator and is calculated as
follows.
y =2.5Jn—0.13-0.75VR(~/n —0.10) (13)

Formula (13) is based on experimental data and gives good results in practice. Therefore, currently,
satisfactory results are obtained from this formula, especially during calculations in turbulent regime
motion.

According to the formula (5) ment/'oned earlier, K — If we add the consumption characteristics, then

20 Q*

Zh aLd—S,the L —J—ad—5 they
5

from here ~—=—
a

J
d 5
then K? = " (14)
By taking expression (14) into account in the second water column formula, we obtain the formula for
the pressure loss

2
Zh= sz or
Q=K % (15)

It should be noted that for parallel connected pipelines, the sum of the flows between points a and b is
equal to their sum in the individual branches, i.e.

Q=07+0Q2+03 (16)

The pressure loss is equal to their difference, and in parallel connected pipes (branches) the same Z h,,
> h, and>" h, thats,

ZhleA_HB/ > .h, =H,—Hg; ZhS:HA_HB (17)
From the equality of expression (17), we get that > h, =>"h, =>"h, =>"h (18)
These pressure losses can be expressed in terms of consumption as follows.
n
Zhl :KlQ / zhz :Kan;Zh3 =K3Qn (79)

where K1, K2, K3 and n are determined depending on the motion mode.
Therefore, the following system equat/'on can be formu[ated

h / /
| Qz = K (20)

Let us simplify expression (20)
h h h
Q=K% Z Q22=K22 3 Q32=K23 | (21)
3
Letus determ/ne the rat/o of costs usmg expression (21)

LEEET

The pressure loss through the report is calculated using the following formula.

Z“jKlQ—Kz);Z“‘ L “
- 4 1 3112
NN NN




From expressions (16) and (17) it can be concluded that to establish the complete characteristics of
several pipelines connected in parallel, the samez h In the value of -, any point is constructed by

summing the values of Q1, Q2 and Q3 and by the rule>" h =>" h(Q) The curve is constructed.
As in turbulent flow, the pressure drop or pressure drop along the length of the pipe in laminar flow
is calculated using the well-known Darcy-Weisbach formula.
2
z h=1 18
d 29

Note that the hydraulic resistance coefficient in laminar flow is theoretically determined by the
following formula:

A= 64 is determined by.
Re
It should be noted that NZFrenkel's experiments have shown that
A The experimental values of differ sharply from the theoretical values in individual cases, large
diameters and large roughness. In general, the hydraulic resistance coefficient in laminar flow is
expressed as follows:
A

A=—
Re

here A coefficient based on empirical values A= T (d,N) is accepted. Then the pressure loss in laminar
flow is as follows.
8ALQ? L
= 295 ~a—g
Regz-d d

2 2
Shoal 8 _AQT
d 2g Red2gf

8A
dairfor laminar flow in pipes & = > accepted.
Regr
As we mentioned, after experimentally studying the hydraulic resistance in parallel connected pipes

of different diameters and lengths, the total flow rate according to the flow meter reading was
calculated using the following formula and is given in Table 2.

Vv

Q=— (24)

T
hereV - volume (amount) of fluid passing through the cross-section of the pipe, m3, T - is the time for the
liquid to flow, seconds.

table 2

Row Ox105, P7 P11, .
No. m3/sec kg/cm?2 kg/cm?2 T min vx703,m3

1 0 0 0 0 0

2 2.045 0.074 0.059 1.46 3.0

3 1.96 0.071 0.052 1.53 -«-

4 1.75 0.066 0.048 1.72 -«-

5 1.7 0.059 0.048 1.76 -«-

6 1.65 0.054 0.048 1.82 -«-

7 1.5 0.048 0.044 2.0 -«-

8 1.46 0.037 0.036 2.05 -«-

9 1.3 0.03 0.029 2.3 -«-

10 0.96 0.025 0.02 3.12 -«-

11 0.38 0.015 0.013 7.89 -«-

In parallel connected branches, the indications of manometers P8, P10, P12, P14, P15 and P17
were the same. The pressure drop due to the hydraulic resistance in the connections was recorded on
manometers P7 and P11. Using the obtained experimental values, it is possible to calculate the flow in
different branches. For this purpose, knowing the value of Q obtained from the experiment according to
formula (16), we calculate Q1 by replacing Q2 and Q3 with Q1 from the system equation according to
expression (22) and performing transformations.



_Q _ o -
Q=—2ri Q-2092Q Q, =466Q,

For a plastic pipe with a diameter of d=20 mm, we calculate C1 using formula (12), knowing that
C1=22.04; we determine K1 from formula (11). K1=0.48 |/sec. Thus, we determine C2, K2 and C3, K3 in
the same sequence. That is, C2=24.02; K2 =0.93 l/sec; C3 =26.35, K3 = 1.89 |/sec. Thus, the results
obtained from the calculation based on experimental values are given in table 3.

(25)

; table 3
row > hx10",m Q x10°,m*/san | Q,x10°,m*/san | Q,x10°,m*/san
1 0 0 0 0
2 0.014 0.05 0.1 0.23
3 0.09 0.12 0.26 0.58
4 0.17 0.167 0.36 0.79
5 0.21 0.18 0.39 0.87
6 0.22 0.19 0.4 0.9
7 0.27 0.21 0.442 0.99
8 0.29 0.22 0.46 1.02
9 0.307 0.225 0.47 1.05
10|03 0.25 0.525 1.16
11| 041 0.26 0.547 1.198

In the same coordinate system using experimental and calculated va[uesz h=f(Q,),
> h=1(Q,)and> h= f(Q,) graphical dependencies have been established. These dependencies are

given in Figure 2. Taking into account the certain regularity of the constructed graphical dependencies,
the following mathematical empirical formula has been proposed.

>'h, =0.001-0.0029Q, +6.0486Q,”

Expression (25) is obtained for the first arm (diameter d=20 mm, length | =1.4m ) expresses the
relationship between pressure drop in a pipe and flow.
In the second arm connected in parallel with the same approach (diameter d=25 mm, length

| =1.2m ) A mathematical empirical formula has been proposed proportional to the curve between
pressure drop and flow in the pipe.

> h, =0.0038-0.0583Q, +1.472Q," (27)

In the second arm connected in parallel with the same approach (diameter d=32 mm, length

(26)

| =1.0m ) A mathematical empirical formula has been proposed proportional to the curve between
pressure drop and flow in the pipe.

> h, =0.0052—0.0453Q, +0.3171Q,” (28)

It should be noted that from the proposed mathematical empirical expressions, during the
hydraulic analysis and design of simple pipelines, it is possible to calculate the value of the pressure drop
at any value of the flow rate in the studied interval and select an energy source with optimal parameters.
As is known, it is possible to establish the dependence between the pressure drop and the flow rate in
parallel connected pipelines using the graph-analytical method. Based on the experimental and
computational results, the following mathematical empirical expression was proposed in accordance
with the dependence established between the pressure drop and the flow rate in parallel connected
pipelines according to the research object.

Zh =0.0058-0.157Q +0.1074Q" (29)

This also allows you to run parallel using the given parameters.The flow rate in the individual
branches of the connected pipes should be correctly calculated and the hydraulic system should be
properly reported and designed.
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Figure 2. Dependence between pressure and flow in parallel connected pipes of different diameters and
lengths
Results

1. ParallelThe change in flow rate in separate branches at the same pressure loss values in
connected plastic pipes of different diameters and lengths was experimentally investigated.
> h =1(Q), > h = f(Q,)and> h, = f(Q,) dependencies are established;

2. Based on the results of the experiment, separate paralleiMathematical empirical formulas have
been proposed to calculate the pressure loss between the pressure drop and the flow in the combined
branches at any value of flow.

3. Using the graph-analytical method, the flows in different branches at the same pressure loss
values in parallel connected plastic pipes were collected and the dependence of the total flow on the
pressure loss was established.

4. Taking into account the regularity of the constructed graphical dependence, a mathematical
empirical formula was proposed to calculate the pressure loss in the studied interval depending on the
flow.
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Abstract

This article presents an experimental investigation into the hydraulic resistance encountered
in series-connected pipelines of varying diameters and lengths, with a particular focus on plastic
pipes commonly used in modern fluid transport systems. The main objective of the study is to
examine the dependence of pressure drop on fluid flow rate, which is a critical factor in the design,
efficiency, and reliability of pipeline networks used in industrial applications such as the
transportation of oil and oil products.

To achieve this goal, the research began with a comprehensive review of the relevant
scientific literature to understand the theoretical foundations of hydraulic resistance, flow
dynamics, and pressure loss mechanisms in pipeline systems. Following the theoretical analysis, an
experimental test rig was developed and implemented under laboratory conditions. The test setup
was designed to simulate practical flow environments while enabling precise measurement of
pressure drops across different segments of the pipeline system.

During the experiments, plastic pipes of three different internal diameters (d+ = 20 mm, dz =
25 mm, ds = 32 mm) and corresponding lengths (11 = 1.4 m, [ = 1.2 m, [z = 1.0 m) were assembled
in series to observe the cumulative effect of hydraulic resistance across a multi-section system.
Flow rates were varied systematically, and pressure sensors were installed at key points along the
pipeline to capture accurate data for each configuration.

The experimental findings revealed that the total hydraulic resistance in a series-connected
pipe system is additive, meaning the overall pressure loss is equal to the sum of pressure losses
across each individual section. This behavior was consistent across different pipe configurations
and was influenced by factors such as pipe diameter, length, fluid velocity, and flow regime.
Notably, smaller diameter pipes exhibited higher resistance due to increased frictional effects,
while larger diameters demonstrated more efficient flow with reduced pressure drops.

The results obtained from the experiments were compared with classical hydraulic equations
and models found in scientific literature, such as the Darcy-Weisbach equation, and showed good
agreement with theoretical expectations. These findings are significant in the context of
optimizing pipeline design for minimal energy consumption and accurate prediction of system
behavior.

This research provides valuable insights for engineers, designers, and operators involved in
fluid transport systems, supporting the selection of appropriate materials and pipe dimensions for
efficient hydraulic performance. The study also lays a foundation for future work in optimizing
flow in complex pipeline networks.

Keywords: hydraulic resistance, flow, pipelines, sequential connection, pressure

Introduction:The study of hydraulic resistances of sequentially connected pipes of different
diameters and different lengths means establishing the dependence of the pressure drop on the flow
rate. To establish this dependence, it is first necessary to assemble an experimental device. The data in
the literature were analyzed to assemble the device. Then, experiments were conducted in laboratory
conditions for the applied object, including the technical base of the laboratory, its hermeticity (first of
all, it should not affect other scientific and technical research laboratories located in the vicinity).

The considered chapter of the dissertation work is devoted to the experimental study of hydraulic
resistance in sequentially connected plastic pipes of different diameters (d1=20mm, d2=25mm,
d3=32mm) and different lengths (l1=1.4m, (2=1.2m, (3=1.0m). As is known from the literature, scientific
works have been carried out with a system for studying the hydraulic resistance of sequentially
connected pipes. However, in connection with the development of science and technology, there is a need
for experimental study of hydraulic resistance in pipes and fittings of different diameters and different
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lengths produced as a result of new technological processes. Because, without being able to adjust the
values of hydraulic resistances, the design of hydraulic machines would not be correct.

Suppose that simple pipelines (1,2,3) of different diameters and lengths are connected in series
(Fig. 1 a). 4,5 and 6 are local resistances. It is known that since the fluid is incompressible, the flow rate
will be the same at all points of such pipelines. The total pressure loss between points A and B is equal to
the sum of the pressure losses in the individual pipes connected in series.

5 6
> 9 _
Al ) >
l.d,
/ ' 2 hd, 3 kL
a
=7/
= -
=h =50
.‘_le; -':,-,
—3
s =
Xh:: -
-
'y Q. o

>

Figure 1. Joints of pipes of different lengths and different diameters

Methodology: The main purpose of this study is to study the hydraulic resistances in series-
connected pipelines of different diameters and lengths, to determine the dependence of the pressure
drop on the flow rate, and to evaluate the practical application possibilities of the obtained results. The
research results are of great importance in terms of more efficient design of pipeline systems and
optimization of hydraulic losses. During the study, the existing scientific literature was first analyzed, and
then an experimental device was prepared and experiments were conducted in laboratory conditions.
Plastic pipes of different diameters (d1=20 mm, d2=25 mm, d3=32 mm) and different lengths ({1=1.4
m, (2=1.2 m, (3=1.0 m) were used in the experiments. The flow rate was kept constant during the
measurements, and the pressure loss in individual sections of the pipes was recorded and the total
hydraulic resistance was determined. The results were compared with reliable literature sources and
analyzed.

Experimental device

As is known, in order to conduct an experimental study of hydraulic resistances, experimental
devices must meet the specific requirements intended for conducting experiments. For this purpose, first,
safety regulations must be strictly observed in the experimental device, second, it must be convenient to
change the pressure to establish the dependence of the hydraulic resistance - pressure drop on the flow
in non-metallic pipes of different diameters and different lengths connected in series, third, there must
be an opportunity to change the objects of research in the experimental device, fourth, the measuring
devices placed in the experimental device must be located at such an optimal distance that it is possible
to create a stationary regime. For this purpose, the initial distance in the laminar regime of movement is
taken as 1.029d Re, and for the turbulent regime of movement this distance is taken as 1.050d.
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Figure 2. Experimental device for study of hydraulic resistances

Reporting methodology

As mentioned, the following issues are mainly encountered during the hydraulic calculation of
pipelines:

1) Finding the diameter of the pipe when the flow rate, pressure difference, and length of the pipe
are known;

2) Finding the pressure difference (at the starting and end points) when transporting the required
flow through the pipeline (in this case, the diameter and length of the pipe are known);

3) Finding the fluid flow rate when the diameter and length of the pipeline and the pressure
difference are known;,

Analytical and graphoanalytical methods are used when conducting hydraulic reports of pipelines.

The simplest way to use the analytical method is to assume the flow regime to be laminar. This
condition can be accepted in liquids with high viscosity and in cases where the ratio of the pressure
difference to the length of the pipeline is not large.

If the viscosity of the fluid is low and the ratio of the pressure difference to the pipe length is large,
then the motion regime is considered turbulent.

If the results of the inspection show that the adopted regime is incorrect, then the issue can be
resolved using the graphoanalytic method.

The graphoanalytical method refers to the construction of the hydraulic characteristics of a
pipeline.

The application of the graphoanalytic method both facilitates and simplifies the solution of the
problem, and in some cases (for example, when studying the operation of several centrifugal pumps
together with a pipeline) becomes the only way to solve the sought-after problem.

Hydraulic analysis of pipelines

Hydraulic analysis of pipelines is carried out to determine the geometric dimensions of the
pipelines. Here, a certain flow rate of fluid, or the hydraulic characteristics of the pipeline, pressure loss
and the flow rate of fluid passing through the cross section of the pipe are determined. All these
calculations are carried out based on the known dimensions of the pipeline.

During the hydraulic analysis of pipelines in turbulent flow, the Bernoulli equation is used for two
flow cross sections.

2 2
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here It is the pressure loss between the sections 1-1 and 2-2. In general, the formula (Darcy)
named after the first water pipe is used to determine this pressure loss between the sections under
consideration.
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here A - is the hydraulic resistance coefficient, which is determined as follows.
1-89 (5)
c

here ¢ It is determined by the formula of Academician N.N. Pavlovsky. Then A can be calculated
as follows.
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here n -is the pipe's roughness coefficient.
In formula (2)3 when expressing its speed with the known formula, that is

A

(6)

9= % , hereQ -It is the flow rate of fluid passing through a pipe per unit time and is taken from

experience.
ﬂ'd 2
f = - /s the area of the live cross-section of the pipe.
Then a new formula is obtained, which is called the second Sukemeri formula.
LQ? 64LQ° Q?
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Given in diameter d for pipelines Q at the expense of ad% is considered a constant quantity.

That is,
Q2

The fluid consumption in a determined movement is calculated using the following formula.
Q= fC+VRIJ (10)

here J - is the hydraulic gradient and is the loss per unit length.
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L

R - Hydraulic radius is the ratio of the live cross-section to the wetted perimeter.
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From expression (8) Q = fCJ/R (12)
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For a pipe with a constant cross-section fC andR - is a constant quantity.

Q
— = fCJVR =K 13
: V (13)

hereK - is a consumption characteristic.

K=fCJR  or (14)
2qd
K=f |— 15,
p (15)
Then Q=KVJ (16)
If we express the flow characteristic in terms of diameter, then
2
K= fcV/R =" \/EERV (17)
4 \V4n

Here, the strength indicator depends on the hydraulic radius and the coefficient of roughness
according to the N.N.Pavlovsky formula. Studies have shown that among the existing empirical formulas,
the formula of academician N.N.Pavlovsky is more correct in terms of its structure, i.e.

CZERY:E(E)V (18)
n n 4
here n - is the roughness coefficient, characterizing the roughness of the pipe wall. For plastic

pipes, n=0.011 was adopted. R - hydraulic radius;y - It is a variable strength indicator and is calculated
as follows.
y = 2.5y/n —0.13-0.75V/R(+/n —0.10) (19)

As we mentioned, after experimentally studying the hydraulic resistance in sequentially connected
pipes of different diameters and lengths, the total flow rate according to the flow meter reading was
calculated using the following formula and is given in Table 2.

Q=" (20)
T

hereV - volume (amount) of fluid passing through the cross-section of the pipe, m3, T - is the time
for the liquid to flow, seconds.

table 1
'[/?VOOW %@i /<gpc7m P P2, kg/cm2 T,s Vx103,m3

7 0 0 0 0 0

2 0.65 0.015 0.24 46.15 3.0
3 0.8 0.019 0.027 37.5 -«-
4 1.1 0.023 0.027 27.23 -«-
5 1.2 0.027 0.032 25 -«-
6 1.3 0.032 0.036 23.7 -«-
7 1.45 0.037 0.036 20.6 -«-
8 1.5 0.041 0.044 20 -«
9 1.65 0.047 0.044 18.1 -«
10 1.705 0.054 0.048 17.54 -«-
11 1.75 0.059 0.048 17.14 -«
12 1.82 0.062 0.048 16.5 -«-
13 1.96 0.066 0.052 15.3 -«
14 2 0.071 0.052 15 -«-
15 2.045 0.074 0.056 14.67 -«-

The readings of the manometers P1, P2, are marked on the successively connected branches. Using
the obtained experimental values, the pressure loss in the various branches can be calculated. For this

purpose, knowing the value of Q obtained from the experiment according to the formula (17).



For a plastic pipe with a diameter of d=20 mm, we calculate C1 using formula (12), C1 =22.04;
Knowing that, we determine K1 from formula (11). K1=0.48 |/sec. Thus, we determine C2, K2 and C3,
K3 in the same sequence. That is, C2=24.02; K2 =0.93 l/sec; C3 =26.35, K3 = 1.89 |/sec. Thus, the results
obtained from the calculation based on experimental values are given in table 2.

table 2

- H.,m H,m H.m
Row x10° m3 1 2 3
o > Q%10 ", m?®/san
1 0 0 0 0
2 0.65 3.34 1.5 0.56
3 0.8 4.33 2.12 0.75
4 1.1 7.05 3.57 1.25
5 1.2 8.42 4.18 1.56
6 1.3 9.83 4.89 1.92
7 1.45 12.37 6.11 2.5
8 15 13.35 6.96 2.95
9 1.64 16.18 7.85 3.48
10 1.705 17.56 8.4 3.93
11 1.75 18.43 9.2 4.15
12 1.82 20.12 10.05 4.73
13 1.96 23.33 12.28 5.7
14 2 24.34 13.84 7.73
15 2.045 25.23 15.72 9.87

Conclusion

This study investigated the hydraulic resistance characteristics of continuously jointed non-
metallic pipes commonly used in oil field equipment. Experimental results demonstrated that pressure
loss in these pipelines is additive across series-connected sections and is strongly affected by pipe
diameter, length, and surface conditions. Smaller diameter pipes produced higher frictional losses, while
larger ones maintained more efficient flow. Despite minor turbulence introduced by jointing interfaces,
the non-metallic pipes showed favorable hydraulic behavior, validating their suitability for oil transport
applications.

The findings align well with classical hydraulic models such as the Darcy-Weisbach equation,
confirming their applicability to modern polymer-based piping systems. Overall, the study highlights the
potential of non-metallic pipes to enhance efficiency in oil field operations due to their low weight,
corrosion resistance, and ease of installation. These results provide a useful foundation for further
research on long-term performance and optimization of such systems under field-specific conditions.
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Abstract

This article studies the interdependencies between the main operating parameters of a
hydraulic cylinder engine operating under different load conditions. Since hydraulic cylinders are
widely used in technological processes and industrial facilities, their reliable and stable operation
under changing external conditions is of particular importance. The main objective of the study in
the article is to determine the effect of different load conditions on the engine performance -
pressure, flow rate, output force and cylinder movement speed.

During the study, both theoretical analysis was carried out and the behavior of the engine
under different conditions was modeled using simulation or experimental data. The functional
relationships between the main parameters during the change of operating modes at different
load levels were determined and their dynamic characteristics were analyzed. The results showed
that an increase in load leads to an increase in pressure in the system, but after a certain level, the
speed decreases and the efficiency weakens.

The research provides useful information for the design and optimal control of hydraulic
cylinders. These results can be the basis for future energy efficiency improvements, system stability
improvements, and effective operation of hydraulic systems applied in various industrial sectors.

Keywords: hydraulic cylinder, load mode, pressure, flow rate, cylinder speed.

INTRODUCTION:Hydraulic cylinders are important actuators widely used in modern industrial
systems and mechanical engineering. They are used to achieve linear motion in various technological
processes and occupy an important place in engineering systems due to their high output force, reliability
and flexible control capabilities. The effective operation of hydraulic cylinders depends on the interaction
of the main operating parameters such as pressure, flow and force occurring inside them. Especially
under variable load conditions, these parameters change significantly, which affects the overall
efficiency and enerqy consumption of the system.

Although many studies currently analyze hydraulic systems based on theoretical models,
observations and measurements in real conditions - that is, on a practical device - provide more complete
and reliable results. In this regard, studying the effect of different load regimes on the parameters of a
real hydraulic cylinder engine allows us to form a more objective picture of the system's operation.

The aim of this article is to determine and evaluate the interdependencies between the main
parameters — internal pressure, fluid flow rate, cylinder output force and movement speed — based on
the results of research conducted on a real hydraulic cylinder unit under different load regimes. A special
experimental device was designed for the study and real measurement data were collected under
different load conditions by placing measuring instruments on it. The results obtained show that as the
load increases, the internal pressure increases linearly, but after a certain limit, the flow stability is
disturbed and the cylinder efficiency decreases.

The results of the study provide practical recommendations on the main criteria that should be
considered when designing and operating hydro systems. This approach allows for both increased energy
efficiency and long-term stable and sustainable operation of the system.

METHODOLOGY: The main objective of the study was to determine the functional dependencies
between the main parameters of a real hydraulic cylinder engine operating under different load regimes
- internal pressure, flow rate, cylinder output force and movement speed - and to assess the impact of
these dependencies on the overall performance of the system. For this purpose, practical measurements
were carried out based on the experimental method and the results were subjected to statistical and
graphical analysis.



Classification and general information of hydraulic power cylinders:Hydraulic power reciprocating
cylinders are used in most areas of technology, especially in construction, earthmoving, lifting transport,
road vehicles, as well as in technological equipment such as metal cutting machines and press machines.

The main parts of a hydraulic cylinder are a cylindrical body with sealing elements and a piston rod
(or plunger). In the case of a fixed body, the output point in hydraulic cylinders is the rod (plunger), and
in the case of a fixed rod, it is the cylinder body.

Reciprocating hydraulic power cylinders can be classified as follows, depending on the elements
included:

> by the number of effects:
® single-acting (unilateral) (figure 1.1)

® double-acting (bilateral) (figure 1.3)
> According to the construction of the dam in the body:

® pjston

® plunger (figure 1.2)

» by the number of stocks:
® with one-sided stock

® with double-sided stock

® stockless,
> according to its construction:

® ordinary cylinders
® (elescopic cylinders

® combined (mixed) type, etc.

The direction of movement of the rod depends on the cavity into which the working fluid enters.
In this case, the working cavity of the cylinder on the opposite side is connected to the discharge line.

In single-acting hydraulic cylinders, the working travel of the piston occurs under the influence of
the working fluid pressure, and the return to the initial position occurs under the influence of a spring or
external forces R. Usually, hydraulic cylinders of this type are used when the required return force is small.

Plunger hydraulic cylinders have a single external main seal. Piston hydraulic cylinders have an
internal (piston) seal.

In double-acting hydraulic cylinders, the piston moves forward and backward under the influence
of fluid pressure.

In most cases, hydraulic cylinders operate under heavy, sudden (jumping) changes in load and
speed, and in adverse climatic conditions. To prevent moisture and dirt from entering, a double dirt-
collecting ring or other type of seal is used, and sometimes a rubber bellows that completely closes the
rod during advancement.

The main indicators of hydraulic cylinders are:
internal cylinder (piston) diameter D;
rod diameter d;
the force P generated at the outlet of the cylinder;
the speed of the cylinder outlet v;
rod pitch (length of travel path) [
working fluid consumption Q;
cylinder power N;
total n and mechanical nmex of the cylinder, etc.

Nominal pressure pnom

In mechanical engineering and oil and gas hydraulic transfer devices, double-acting hydraulic
cylinders with a single-sided rod are more widely used. In this type of hydraulic cylinder, the working
movement of the rod and the forces acting on it can be in both directions. These cylinders have two
working cavities (chambers).

The working fluid consumption (Q) is equal to:

Q=wu (1.2)

The force P generated at the outlet of the cylinder:
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p=_ (1.3)
F—working area of the piston,
Cvlinder power N;
N=FuorN=PQ (1.4)
The step of the rod (length of the travel path) (;
[=Co (1.5)
The speed of the cylinder outlet is v;
u_Q (1.6)
where Q- the flow rate of the working fluid entering the hydraulic cylinder, w-working area of the
piston

Hydrocylinder, like other large-volume hydraulic machines, The total FIA is defined by the following
expression.ng

Oetc. =0pilgrimagel mechUh (1.7)
Here  hydraulic cylinder — Uhajj- volume,  Omex— mechanical,  Oh- hydraulic FIA.
w,and —working areas of p/stons wz
_ a2
wl— s =(1.8)w, —H(D <)
where D is the diameter of the cyl/nder (p/ston) d-is the diameter of the plunger.
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Figure 1.1.Diagram of a single-acting, single-acting rod hydraulic cylinder
1- stock; 2 — spring; 3 — piston; 4 — stock sealer;
5—piston seal
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Figure 1.2. Diagram of a plunger hydraulic cylinder
1-plunger; 2 — cylinder body; 3 — plunger seal
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Figure 1.3. Scheme of forward and reverse movements of a double-acting single-acting rod hydraulic
cylinder

1-rod; 2 —rod seal; 3 — cylinder body;
4- piston sealer; 5 — piston



Constructions of hydraulic power cylinders:Power hydraulic cylinders are manufactured in industry
from seamless steel tubes with normal accuracy, hot and cold drawn. Power cylinders are usually
designed as assemblies. They consist of a body, piston, rod, seals and caps.

The covers of hydraulic cylinders are usually made flat and are connected to the body by threads
or bolts. The back cover without holes (on the piston cavity side) is often welded to the body. The supply
and discharge of working fluid to hydraulic cylinders is carried out through fittings connected to the body
by threads.

The body of the hydraulic cylinder consists of a flange welded to a cylindrical tube (sleeve), a hinged
cover and a perforated cover. Inside the body, a piston is placed, fastened with a nut together with cuffs.
The rod passes through the perforated cover and is sealed with a piston by a sealing ring. The cover is
sealed with a ring by the cylinder body. The rod is sealed at the outlet by a cuff, ring and debris cleaning
ring 4. The hangers are equipped with articulated bearings.

To lower the beam, the working fluid is supplied to the cavity on the piston side of the cylinder, and
to raise it, to the cavity on the rod side, meaning that only the tensile force acts on the rod during lifting.

Hydraulic power cylinders often rotate to some angle during operation. In order to keep the supply
and discharge pipes from the feed pump and cylinder stationary, the cylinders can be fixed with hinges
(joints). In this case, the supply and discharge of the working fluid is carried out through hinged sleeves
connected to the cylinder body of the machine. In this design, the working fluid is transmitted to the
sleeves through rigid rigid pipes, and then through channels in the swinging cylinder through holes,
respectively, into the piston or rod cavities.

In order to simplify the design of swinging power cylinders in oilfield mobile hydraulic units, it is
more convenient to supply and discharge the working fluid through the cylinder rod.

This hydraulic power cylinder has channels placed in the head of the hollow rod. The working fluid
passes through the channel and tube and enters the piston cavity of the cylinder, and at this time, the
working fluid is discharged from the rod cavity of the cylinder through the internal channel and hole of
the channel rod. In this type of construction, the connection of the cylinder to the hydraulic system is
simplified and its reliability increases.

The sequence of calculation of hydraulic power cylinders:

The calculation of hydraulic power cylinders is carried out in the following sequence:

1) The maximum dimensions of the hydraulic power cylinder are determined depending on its
location in the device;

2) determination of the useful (external) load R acting on the rod of the hydraulic power cylinder
and on it in the axial direction;

3) The necessary force Pp generated by the hydraulic cylinder is calculated to overcome the useful
load acting on the rod in both directions of movement;

4) the scheme of the hydraulic power cylinder and the method of attachment to the device are
adopted;

5) determination of the rod pitch (;

6) The pressure of the working fluid in the cylinder is assumed to be pg,

7) Taking into account the pressure of the working fluid in the cylinder and the forces created
during operation with the hydraulic cylinder, the working area F of the cylinder piston is found;

8) The diameters of the cylinder piston D and the rod d are calculated and adjusted according to
the values in standards and industry norms (usually, d = (0.5...0.7)D is accepted;



Figure 1.4. Single-acting hydraulic cylinder with a single-acting rod of a unified rod pump unit.
1- dirt collecting (protective) gasket; 2 — stem gasket; 3 — lower cover;
4, 9 - flanges; 5 —stock; 6 — piston valve, 7 — piston, 8 — cylinder body
(cylinder); 10 — top cover; 11 —nut; 12 —lock nut; 13, 14 — fittings.

Conclusion

The conducted research highlights the complex interdependencies between pressure, flow rate,
output force, and movement speed in a hydraulic cylinder engine under varying load conditions. Both
theoretical analysis and simulation data confirmed that increasing the external load results in higher
system pressure; however, beyond a certain threshold, this also leads to a reduction in movement speed
and overall efficiency.

These findings emphasize the need for careful consideration of load conditions in the design and
operation of hydraulic systems. Understanding the dynamic behavior of key parameters allows engineers
to predict performance more accurately and implement control strategies that enhance system stability
and energy efficiency.

The results of this study provide a valuable foundation for the development of more efficient
hydraulic drives, enabling their optimized application across various industrial sectors. Future work may
focus on real-time adaptive control systems that respond dynamically to load variations, further
improving the performance and reliability of hydraulic machinery.
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The present study investigates the influence of volcanic ash on the properties of dry
construction mixtures. It was determined that as the amount of volcanic ash used instead of quartz
sand increases, the setting time of the mixtures is prolonged, their plasticity improves, and a certain
decrease in the density of the mortar is observed. The noticeable reduction in density is mainly
explained by the dispersed composition of volcanic ash and the consequently higher water demand
for achieving normal consistency. It was established that replacing up to 15% of quartz sand in
cement-based construction mortar with volcanic ash enhances the adhesion of the mortar to
various surfaces (ceramics, concrete, limestone) and increases its sorption moisture after
hardening. These findings indicate that the studied compositions possess high hygienic and
consumer properties as a new generation of dry construction mixtures, which allows their
application in areas characterized by specific humidity conditions such as basements, attics, and
bathrooms.

Keywords: VVolcanic ash, sorption moisture, dry construction mixture, pozzolanic additive,
Portland cement, quartz sand

The application of dry construction mixtures (DCMs) in construction and finishing works is
expanding year by year. Compared to traditional mortars that are typically prepared directly at
construction sites, the advantage of these materials lies in the fact that they are delivered to the site in
a ready-made, pre-packaged form according to the required composition and properties, and are used
simply by mixing with water. Centralized production ensures the stable composition of these mixtures,
including a consistent granulometric structure and stable properties, thereby improving the overall
quality of construction works [1].

In the production of dry construction mixtures, depending on their intended use, traditional
hydraulic and air-setting binders (Portland cement, gypsum, lime, etc.), quartz sand with a specific
granulometric composition, and various functional additives are used. These functional additives ensure
the optimal rheological and high performance-technical characteristics of the mortars [2-3].

In recent years, the dry construction mixtures market has been rapidly developing both globally
and in our country. However, our research indicates that the product range of most enterprises is
represented by similar types, and there is a lack of new approaches and proposals aimed at meeting the
growing aesthetic and sanitary-hygienic demands of consumers. We believe that the development,
characterization, and application of a new generation of dry construction mixtures is a crucial and
current scientific-practical issue, particularly for maintaining sanitary-hygienic conditions within
acceptable standards in areas typically characterized by high humidity, such as sanitary units, and to
some extent, kitchens, balconies, basements, and attics.

It is well known that under high humidity conditions, plasters, wallpapers, decorative gypsum
elements, furniture, various items, devices, and accessories tend to deteriorate rapidly, leading to a
decline in their aesthetic and artistic qualities. Furthermore, a humid environment creates favorable
conditions for the formation and proliferation of mold and bacteria on walls and between finishing
materials. This results in the emergence of various unpleasant odors and adversely affects the health of
occupants. Therefore, this new class of dry construction mixtures must retain their functionality under
humid conditions while also possessing anti-mold and antibacterial properties.



It is well known that pozzolanic additives are widely used to enhance the hardening properties of
materials under humid conditions and to improve their performance characteristics in such
environments. Pozzolans are employed as hydraulic additives that provide air lime with the ability to
harden in moist conditions and as binders for the free lime released during the hydration of Portland
cement. Since ancient times, dehydrated clay (clay calcined at 500-700°C) and volcanic ashes have been
widely used as pozzolanic additives. In recent years, the use of metakaolin for this purpose has also
become increasingly widespread.

Thus, this study investigates the feasibility of using volcanic ash as a mineral-active pozzolanic
additive for the development of a new generation of dry construction mixtures with complex
performance and hygienic properties. The volcanic ash used in the study was sourced from the
Ceyranchol region in Azerbaijan, which is known for its large reserves of such material.

It is well known that mineral active additives react with CaO released during the hydration of
Portland cement, regulating the composition of hydration products and thereby enhancing the durability
of the material [4-14]. When pozzolanic cements harden, the cement particles first interact with water
to form calcium hydroxide, dicalcium hydrosilicate (C2SHz), and highly basic calcium hydroaluminates
and hydroferrites. The presence of an active mineral additive accelerates the hydration and hydrolysis of
the cement component in the pozzolanic cement. Subsequently, the active components of the additive
react with the hydration products of the cement, primarily with calcium hydroxide. This gradually reduces
the concentration of lime in the liquid phase of the hardening system, resulting in the transformation of
dicalcium hydrosilicate into monocalcium silicate — CSH(B), and of highly basic hydroaluminates into less
basic forms. When hydroaluminates interact with active SiO-, they form sulfate-resistant hydrogarnets
of the type 3Ca0-Al203-Si0z(6-2x)H:O.

Pozzolanic cements, in which calcium hydroxide is bound and less basic hydrosilicates and
hydroaluminates of calcium are formed compared to ordinary cement, show higher resistance to
leaching with fresh water and to the effects of mineralized waters. When interacting with calcium
hydroxide and water during cement hydration, individual fine grains of the pozzolanic additive swell in
volume. This causes compaction of the mortar or concrete. Such densification enhances the water and
salt resistance of pozzolanic cement by making it more difficult for aggressive water to penetrate the
concrete matrix, thereby preventing structural deterioration.

It is also worth noting that pozzolanic particles in a highly dispersed state possess numerous active
acidic centers on their surface, which are responsible for both their high hygroscopicity and their
intensive interaction with free CaO [4—15]. For this reason, pozzolanic additive systems also participate
in moisture regulation by adsorbing the water required for hydration processes from the humid
environment.

Methodology of theexperiments: Since the activity of the additive determines its optimal usage
rate, the activity of the Ceyranchol volcanic ash was initially assessed using the lime absorption method
from a known lime solution [16]. The activity of the volcanic ash was found to be 75 mg CaO/g. The
chemical composition of the volcanic ash and the hardened construction mixture was determined using
the S8 TIGER spectrometer (Bruker, Germany) (Table 1), while the mineralogical composition was studied
using the Miniflex 600 X-ray diffractometer (Rigaku, Japan) with a copper anode (Figure 1, Table 2).
According to the results of the X-ray phase analysis, the mineral composition of the Jeyranchol volcanic
ash used in the study consists mainly of active glass phase (74%), feldspar (12%), and quartz (11%). The
high content of glass phase indicates the high reactivity of the volcanic ash.

Table 1.
Mineralogical composition of volcanic ash
Ceyranchol Mineralogical composition of volcanic ash, mass %
volcanic ash Quartz Feldspar Hematite Volcano glass Total
11 12 3 74 100
Table 2
Chemical composition of volcanic ash
Ceyranchol Chemical composition of volcanic ash, mass %
volcanic ash NazO MgO Al0; SiO: K20 CaO FeO Total
3,67 1,05 13,91 71,86 3,93 2,33 3,25 100

It is well known that the required amount of pozzolanic additives in pozzolanic cements depends
on their reactivity. However, using large quantities of low-reactivity pozzolans in compositions is not
advisable, as a significant portion of such additives would act merely as inert filler (ballast) [15]. During
the experiments, certain proportions of Ceyranchol volcanic ash, used as a replacement for quartz sand,



were investigated in terms of their effects on the technological and mechanical properties of
construction mortars.

Discussion of research results: To determine the optimal content of volcanic ash in dry mixtures,
finely dispersed volcanic ash was added at levels of 5%, 10%, 15%, and 20% in place of quartz sand to a
standard Portland cement-based dry mixture (Portland cement 42.5 MPa, produced by Qaradag Holcim
cement plant — 40%, quartz sand — 59%, polymer additive — 0.8%, and cellulose additive — 0.2%). In our
experiments, the volcanic ash used had a residue of no more than 15% on the 0.8 mm sieve. X-ray phase
analysis of the hydration products was carried out, and the amount of free CaO was determined.The
results of the analysis showed that replacing quartz sand with volcanic ash above the 10-15% range is
not recommended. Beyond this interval, no significant decrease in the amount of free CaO was observed.
Additionally, the granulometric composition of the system becomes disrupted, which negatively affects
the mechanical properties of the hardened coating (Tables 3 and 4) [17-19].

Table 3.
Technological properties of dry construction mixtures containing volcanic ash
Portland Quartz Volcanic ash, | Normal Holding time, hours Plasticity, cm Density of
cement, sand, % density, Start, min | Last, hour the solution,
% % % kg/m?
40 59 - 27 40 8 8 1800
40 54 5 28 45 9 8 1795
40 49 10 30 52 10 9 1790
40 44 15 31 60 11 9 1780
40 39 20 34 65 13 9 1775
Table 4

Strength of construction mortars based on dry construction mixtures containing volcanic ash (on
a dense structural base).

Portland Quartz Volcanic The amount of | Bending strength limit, MPa | Compressive strength limit,
cement, % | sand, ash, CaO in the 7- MPa
% % | day hydration | 7 day 14day | 28day | 7day 14day | 28 day
product, %
40 59 - 54 0,81 1,40 1,52 8,2 10,8 14,5
40 54 5 4.1 0,72 1,38 1,50 80 10,2 13,9
40 49 10 2,2 0,67 1,35 1,47 7,8 10,3 14,2
40 44 15 1,1 0,65 1,33 1,53 7,1 10,2 14,2
40 39 20 1,1 0,65 1,30 1,52 6,0 10,2 13,6

As seen from Table 3, when volcanic ash is used as a replacement for quartz sand, an increase in
its amount leads to an extension in the setting time of the mixtures, an increase in plasticity, and a certain
reduction in the density of the mortar. This aligns with existing theoretical conclusions. The noticeable
decrease in the density of the mortar is mainly attributed to the dispersion characteristics of the volcanic
ash, which results in a higher water demand for achieving normal consistency.

When quartz sand is replaced by volcanic ash, a reduction in both flexural and compressive strength
is observed. However, the decline is not significant and reaches up to 20% primarily in the early stages of
hardening. At 28 days of curing, the strength of compositions containing volcanic ash is almost identical
to the mechanical properties of the reference (ash-free) composition; in some experiments, a slight
increase was even recorded. This tendency is typical for pozzolanic systems [4—-16].

The slight variation in strength during the early days of hardening is explained by the fact that the
mineral formation processes that determine hardening are not yet complete. We assume that at 7 days
of curing, the hydration of cement minerals is still in its initial phase, the formation of hydrosilicates is
ongoing, and simultaneously, the reaction between the free CaO released during hydration and the
active glassy phase of the pozzolan is still in progress.

The performance characteristics of construction mortars are determined not only by their
mineralogical and granulometric compositions and the water-to-binder ratio, but also by the nature of
the substrate they are applied to. Surface texture, chemical nature, and porosity are the main factors
influencing the adhesion and mechanical performance of mortars. In the next stage of our research, the
effect of volcanic ash on the adhesion of construction mortars to surfaces of different chemical nature
(concrete, ceramic, limestone) was studied (Table 5) [17].



Table 5
Adhesion of construction mortars with volcanic ash additives to bases of various natures after
hardening in dry weather for 28 days, MPa

Portland | Quartz Volcanic Adhesion, MPa
cement, sand, % | ash, Concrete base Ceramic brick base Saw stone
% 7day | 14day | 28day | 7day | 14day | 28 day | 7 day 14 day | 28 day
%
40 59 - 1,3 1,4 2.2 1,5 2,1 2,8 1,4 1,9 2,6
40 54 5 1,4 1,5 2,4 1,6 2,2 3,2 15,3 2,0 3,0
40 49 10 1,6 1,8 2,7 1,8 2,7 3,4 15,2 2,5 3,2
40 44 15 1,7 2,2 2,8 2,1 2,9 3,6 15,1 2,8 3,4
40 39 20 1,6 2,2 2,7 2,1 2,8 3,3 14,7 2,8 3,1

As seen from Table 5, increasing the amount of volcanic ash improves the adhesion of the
construction mortar. This is explained by both the fine dispersion composition (mainly <0.08 mm) and
the high activity of the mineral volcanic ash additive, which replaces the coarse-grained quartz sand
(main fraction 0.1-0.63 mm). The fine dispersive structure increases the contact surface between the
base and the adhesive mortar, facilitates the penetration of dispersed particles into the substrate, and
consequently enhances the base—adhesive bond strength.Higher adhesion was observed on clay brick and
limestone surfaces, which can be attributed to their porosity and chemical nature. In contrast, the
penetration of mortar into dense concrete surfaces is lower, which results in reduced adhesion
performance.

As noted above, one of the primary goals of the study is to develop dry construction mixtures that
can operate effectively under high humidity conditions by utilizing the specific properties of pozzolanic
additives. The efficiency of the studied construction mortars under humid conditions was evaluated by
examining their sorption moisture capacity in accordance with GOST 24816-81 [19-20].

Table 6
Sorption moisture of hardened construction mortars
Portland cement, % Quartz sand, % Volcanic ash, % Sorbtion moisture at 90% relative humidity, %

40 59 - 1,5
40 54 5 2,5
40 49 10 2,8
40 44 15 3,2
40 39 20 3,4

As shown in Table 6, increasing the amount of volcanic ash in the mixture significantly increases
the sorption moisture capacity (more than threefold). This indicates that the studied compositions
possess high hygienic and consumer properties as next-generation dry construction mixtures.
Consequently, they are suitable for application in areas characterized by specific humidity conditions,
such as basements, attics, and bathrooms.
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Abstract

This study investigates the feasibility of effective dry magnetic separation for
titanomagnetite ores with a particle size of 1T mm as an alternative to conventional wet separation
for particles of 0.075 mm. The objectives are to reduce grinding costs and water consumption, as
well as to minimize titanium and vanadium losses and concentrate contamination by gangue,
which is especially important in the beneficiation of finely disseminated titanomagnetite ore.

It was established that the iron recovery to the magnetic fraction is 87.39%, and the increase
in iron content to 52.34% compared to 38.98% in the non-magnetic fraction confirms the
efficiency of dry magnetic separation.

The results obtained will be used to develop a general technological concept for processing
of titanomagnetite ores of Tymlayskoye deposit (Kazakhstan).

Keywords: titanomagnetite ores, ilmenite, magnetic separation, Tymlai deposit, recovery,
concentrate

Introduction. Based on the study of the technological properties of titanomagnetite ores, it has
been established that these ores cannot be separated using physical methods [1-3].

The titanomagnetite ores of the Tymlay deposit are a promising source of iron, titanium, and
vanadium. However, their finely disseminated nature and the presence of gangue minerals pose certain
challenges for beneficiation.

The most common technology for extracting valuable components is wet magnetic separation,
which requires grinding the ore to a particle size of 0.075 mm. This results in high energy and water
consumption [4-5].

The relevance of this study lies in exploring the possibility of using dry magnetic separation for
particles sized up to 1 mm. This could help minimize grinding costs and reduce water consumption. In
addition, this approach may contribute to lower losses of valuable components in tailings and improve
the quality of the concentrate.

The aim of this research is to evaluate the efficiency of dry magnetic separation of titanomagnetite
ores with a particle size of 1 mm in comparison with wet separation.

Research Methods. The object of the study is the titanomagnetite ore from the Tymlay deposit
(Kazakhstan).
The ore sample was a core with a height of 12—15 cm and a diameter of 5 cm (Figure 1).
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Fig. 1. Cores of titanomagnetite ores of Tymlai deposits
For magnetic separation, 3.5 kg of ore was prepared, subjected to two-stage crushing to a particle
size not exceeding 1 mm.
Dry magnetic separation of titanomagnetite ore from the Tymlay deposit after preliminary
crushing was carried out according to the technological flowchart shown in Figure 2.

Titanium magnetite ore core

3,5 kg -60+0

)

3,5kg -1 mm 80%

-10 mmi v +10 mm
+1mm v l
Dry magnetic separation at
3000 Oe
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Fig. 2. Process flow diagram for core processing of titanomagnetite ores by dry magnetic separation.
Evaluation of Results.
Table 1. Separation results of magnetic and non-magnetic fractions

Initial phase.

bal | Fe Si Mg | Ti Ca Al | P Mn | K Zn S cl % Cr Ba othe
rs
525 | 243|869 |21 |32 |485] 1.6 | 1.15]| 032|028 | 0.172 | 0.19 | 0.08 | 0.07 | 0.05 | 0.03 | 0.07
9 8 7 3 9 4 5 8 9 4 8 2 6 7
5231186 | 46 | 6.9 | 104 | 3.6 | 247 | 0.7 0.671 1027|043 0.18 | 0.17 | 0.11 | 0.08 | 0.17
7 6 6 4 2 3
Non-metallic phase
bal | Fe Si Mg | Ti Ca Al | P Mn | K Zn S cl % Cr Ba othe
rs

5281 203|985 |46 |21 |569| 19| 132|032 037 | 008|027 0.06| 0.06| 0.04 | 0.04 | 0.08

5 4 6 7 7 0 7 2 0 0 7 6 6
389 | 188 |88 | 41 | 109 | 3.6 | 253 | 062 | 0.71 | 0.16 | 0.47 | 0.11 | 0.11 | 0.09 | 0.09 | 0.16
8 8 7 4 7 6

Metallic phase

bal | Fe Si Mg | Ti Ca Al | P Mn | K Zn S cl % Cr Ba othe
rs
42.7 | 29.5 | 10.0 | 54 | 4.7 | 279 | 25 | 0.74 | 0.37 | 0.30 | 0.20 | 0.21 | 0.174 | 0.11 | 0.06 | 0.03 | 0.08

9 3 4 1 0 2 6 7 5 6 1 0 4 5 8 4
523|178 | 95 | 83 | 495 | 44 | 1.32 | 0.56 | 0.54 | 0.37 | 0.37 | 0.25 | 0.20 | 0.12 | 0.07 | 0.15
4 0 9 3 7




As seen in Table 1, a high degree of iron recovery (87.39%) is observed in the magnetic fraction.

The increase in iron content in the magnetic fraction to 52.34% (compared to 38.98% in the non-
magnetic fraction) confirms the effectiveness of the magnetic separation. However, a portion of iron
(12.61%) remains in the non-magnetic fraction, which may be related to the finely disseminated nature
of the ore. To increase iron recovery, repeated magnetic separation with adjusted magnetic field
parameters may be applied.

The increase in titanium content in the magnetic fraction (up to 8.33%) compared to the non-
magnetic fraction (4.14%) indicates its partial association with magnetic minerals. The high titanium
recovery (93.34%) combined with its increased concentration in the magnetic fraction makes the
separation process promising for further processing.

The content of phosphorus (P) and sulfur (S) in the magnetic fraction decreases compared to the
initial ore. This is a positive result since phosphorus and sulfur are undesirable impurities in ferrous
metallurgy, especially considering that the obtained concentrate is planned for use in direct steel
production alloyed with titanium and vanadium [6-7].

Conclusions. Dry magnetic separation of ores with a particle size of 1 mm effectively recovers
iron and titanium with minimal losses, confirming the promising potential of this method for the
preliminary beneficiation of finely disseminated titanomagnetite ores from the Tymlay deposit.

Despite challenges caused by fine grain size and gangue minerals, dry separation reduces grinding
and water consumption.

The developed approach allows obtaining a concentrate suitable for further processing and
represents an economically efficient alternative to traditional wet separation methods.
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