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Abstract: The changes in the natural environment in the areas affected by the 

Chernobyl accident over 38 years have been investigated. Various ecosystem 

transformations, the impact of radionuclides on biota, and radiobiological effects 

have been identified. Changes in plant and animal life, including a decrease in 

synanthropic species populations and an increase in biodiversity, have been observed. 

The results are of significant importance for understanding the impact of radiation on 

ecosystems and the necessity of monitoring to prevent negative consequences. 

Keywords: Chernobyl, radiation, ecosystem, biota, biodiversity. 

 

Analyzing the trends of changes in the natural environment in the areas 

affected by the Chernobyl disaster over 38 years, various transformations in 

ecosystems can be identified. Isotopes with short half-lives have undergone decay. 

So, currently, the radiological situation is determined by the presence of 
137
Cs (with a 

half-life of approximately 30 years), 
90
Sr (with a half-life of 29 years), long-lived 

isotopes of plutonium, and 
241
Am. It is projected that the specific activity of 

241
Am 

will increase by natural decay of 241Pu until around 2060. The most widespread 

radioactive isotopes accumulated within the Chernobyl Exclusion Zone primarily due 
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to the majority of their release (besides 
137
Cs) into the atmosphere during the first 

(explosive) and third (high-temperature) phases of the accident, mainly associated 

with "hot particles" [1]. 

The significant dose of radiation received by biota was primarily caused by the 

deposition of "hot particles" on the surface of organisms. The ultimate expression of 

the radiobiological response of plants was the death of pines and firs in the area 

known as the "Red Forest". The presence of high radiation doses was indicated by the 

death not only of coniferous trees but also of certain deciduous species, such as birch 

and black alder. Additionally, widespread occurrence of radiomorphosis and 

suppression of growth processes were observed in the affected zone. These changes 

resulted from the loss of organs' ability to grow normally due to the appearance of 

stochastically distributed cells in tissues that were unable to undergo planned 

divisions. Additionally, regular morphoses were observed, characterized by 

significant deviations in size or shape from the norm while maintaining regularity of 

structure. The appearance of such radiomorphoses was caused by the loss of the 

ability of meristematic cells to recognize positional information or by changes in the 

morphogenetic program [2]. Certainly, radiation induced the mortality of various 

species of flora and fauna. In areas with very high levels of surface contamination, 

the most radioresistant species remained, among which lichens and certain moss 

species were particularly prominent. Meanwhile, the microflora of the soil and 

hydrobionts in water bodies within the zone were heavily impacted by radiation. 

Additionally, the mortality of certain plant and animal species was documented. 

In areas affected by radioactive contamination, the highest activity of 

radionuclides in most phytocenoses is concentrated in the dead remains of fallen 

leaves and the surface layer of soil. Therefore, organisms inhabiting the surface layer 

of the soil cover experience elevated levels of radiation exposure. It is in this 

environment that numerous groups of various fauna species, fungi, and bacteria are 

concentrated, experiencing the greatest impact of ionizing radiation [3]. 

The cessation of economic activities, particularly agriculture, and the 

relocation of residents from a number of settlements had a significant impact on the 
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biota. Natural vegetation has been restored on previously arable lands through the 

successive phases of vegetation change, accompanied by the gradual regeneration of 

forest formations. In accordance with these changes in vegetation, which serve as the 

fodder base for herbivores, a new species composition of the animal world is 

forming. The depopulation of settlements was accompanied by a sharp decrease in 

the population of synanthropic animal species and the gradual decline of synanthropic 

plant species. Instead, an increase in biological diversity was observed due to the 

growth in the population of species whose normal development was hindered by 

human economic activities, particularly hunting. Therefore, in recent years, the 

population of previously rare plant and animal species has increased [4]. 

On the most heavily contaminated areas with radionuclides, completely sterile 

surface layers of soil were found. Naturally, with a decrease in radiation dose rates, 

the restoration of soil fauna and microbial communities occurs, but the species 

composition of new communities may differ from that formed before the accident. 

Since insects in their juvenile developmental stages (eggs, larvae, pupae) are 

significantly more radiation-sensitive than adult individuals, the entomofauna has 

undergone significant changes. However, visual observations of biota changes also 

reveal manifestations of ionizing radiation, the essence of which is elucidated through 

specialized radiobiological studies, which detect deviations from the norm in 

processes at the cellular and subcellular levels of biological systems organization. 

Particularly prominent are cytogenetic cell damages observed in humans, animals, 

and plant organisms [5].  

Numerous experiments have demonstrated that under conditions of chronic 

irradiation, organisms undergo gradual accumulation of irreversible molecular 

damage to the genetic apparatus of cells, leading to a kind of "memory" of the dose 

and a cumulative radiation effect. ʅʘʯʘʣʦ ʬʦʨʤʳ Additionally, since plant and 

animal organisms accumulate radionuclides, primarily radioactive isotopes of cesium 

and strontium, in the tissues of their organs, and the latter are unevenly distributed 

among the ultrastructural components of the cell, the "internal irradiation" caused by 

them is characterized by increased effectiveness. Even if the manifestation frequency 
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of damage to the genetic apparatus of cells is relatively low, due to the very large 

number of irradiated species populations, negative effects will still occur over the 

next decades. Such negative effects, categorized as long-term consequences of 

radiation exposure, pose a danger to individual species, biocenoses, and biological 

diversity. Therefore, monitoring of long-term post-accident consequences is 

extremely important to prevent them in a timely manner. Since the basis of long-term 

consequences lies in DNA damage and regulatory systems of cells, which are 

common to all living organisms, monitoring the dynamics of the formation of long-

term consequences has general biological significance in predicting further 

radiobiological effects [6]. 
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Abstract. Agriculture in Ukraine is recognized as a priority area of the 

economy and provides food for a significant part of the country's population. In the 

pre-war period, a lot of state resources and foreign investments were spent on reforms 

and programs to support the development of agriculture. Fertile lands, a favorable 

climate and investments not only ensured an increase in the production of agricultural 

products, but also contributed to their export to Asia, Africa and the Middle East. As 

a result, a complex structural dynamics of the Ukrainian agricultural sector was 

formed: large agrarian business competes with farms and small-scale family-type 

farms. The Russian invasion brought enormous destruction and problems to 

agricultural production and rural areas. 

Keywords: agriculture, investment, development, economy 

 

Agriculture is the central component of the Ukrainian economy and the main 

source of livelihood for approximately one third of the population of Ukraine. A large 

amount of fertile land, appropriate climatic conditions and a relatively favorable 

investment climate allowed Ukraine not only to feed itself, but also to provide food 

for millions of people in Asia, Africa, the Middle East and other countries. Before the 

war, the growth rate of agriculture in Ukraine was one of the highest among other 
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sectors (with annual growth of 5-6%), the share in GDP was 10.9%, by 2021 the 

sector would provide 17% of domestic employment. 

Russia's full-scale invasion of Ukraine on February 24, 2022 seriously 

disrupted food production and trade in Ukraine, endangering the food security of 

Ukraine and the world. Targeted attacks by the Russian army on Ukrainian 

agriculture, such as shelling of agricultural facilities and infrastructure throughout 

Ukraine, mining and burning of agricultural land near active combat zones, a 

five-month blockade of Black Sea ports, and the blowing up of the Kakhovskaya 

HPP dam, have extremely complicated the functioning of the Ukrainian agricultural 

sector. sector While export-oriented agribusiness suffered the greatest losses, 

especially at the beginning of the war, family farms and private peasant farms were 

able to adapt to extreme conditions and provide food for the Ukrainian army and 

population. 

The Ukrainian government and its international allies took a variety of 

measures to support food production and trade during the war. This includes, in 

particular, the reduction of certain taxes, tariffs and quotas, as well as the 

development of new storage facilities and land routes for the export of Ukrainian 

agricultural products. 

As of mid-2023, Russia's war in Ukraine has caused total losses to Ukrainian 

agriculture of US$8.72 billion, with cumulative losses of US$31.50 billion, according 

to World Bank estimates. Damages include the partial or complete destruction of 

machinery and equipment, warehouses, livestock and perennial crops, as well as 

stolen material and technical means and products, agricultural land that requires 

inspection, cleaning and restoration. Cumulative losses include production losses 

such as missed harvests, reduced production volumes, higher production costs, and 

lower selling prices for export-oriented commodities such as wheat, barley, corn, and 

sunflower seeds. In addition, the Kakhov disaster caused direct agricultural losses of 

US$25 million, leaving almost 600,000 hectares of agricultural land without access to 

irrigation. In general, about 30% of agricultural land in Ukraine is currently not 

cultivated due to the fact that it is located in temporarily occupied territories or is 
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dangerous for agriculture. 

In addition to the direct impact on agriculture, Russia's war against Ukraine has 

a devastating impact on the environment, soils and water quality, which will have a 

negative impact on the development of agriculture in the long term. 

On June 23, 2022, Ukraine received the status of a candidate for membership 

in the European Union. There were no special requirements in the field of agriculture 

for obtaining and maintaining this status, except for the continuation of reforms in 

accordance with the Association Agreement between Ukraine and the EU [1] (ratified 

in 2014). As of the end of 2022, the overall progress in the implementation of the 

Agreement in the field of agriculture is estimated at the level of 60% [1] (lower than 

in other areas of the economy and social life) and includes policy adjustments in the 

area of product quality assurance and standardization of trade in agro-food products, 

restrictions the use of genetically modified organisms and support for the 

development of organic agriculture. These measures are welcomed by family 

farmers-entrepreneurs who want to enter the EU markets. However, the introduced 

standardization and registration may become an obstacle to the informal economy [2] 

of food production by personal peasant farms and disincentivize some small 

producers to engage in food production. 

A large amount of arable land is now mined or unusable due to the effects of 

massive bombing. There is no access to part of the land, the enemy is deliberately 

destroying warehouses and agricultural machinery. All these factors will directly 

affect the development of agriculture in the near future. In modern conditions, the 

number one problem for farmers is the sale of grown products. Traditionally, in 

Ukraine, most of the total grain harvest is exported, while the share of the harvest 

needed for domestic needs does not exceed a third of the volume. Money is needed 

for cultivating the soil, buying seeds, fertilizers, protective equipment, fuel and 

lubricants, paying taxes and salaries, but it is lacking due to the lack of opportunities 

to sell products. In contrast to the growing panic, the government of Ukraine and the 

international community are making great efforts to preserve the logistical routes of 

grain export. 
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Today, Ukrainian agribusiness works in extremely difficult conditions and 

demonstrates flexibility and efficiency. Due to the complex logistics of grains, 

agriculture is being reoriented, farmers are increasingly betting on oil crops. It is 

necessary to find sales options for the grown products.  

Today's challenges have exposed the problem of the raw material vector of 

Ukraine's exports and allowed to increase the rate of reorientation of the agricultural 

sector to products with a higher added value without resistance. One example is the 

creation of new enterprises for the processing of agricultural products, it is about the 

processing of grains into ready-made products, such as flour, pasta, cereals, alcohol, 

animal feed, starch and other products. 

At present, farmers are also faced with the challenge of shortages and a 

significant increase in fuel prices. Increasing the share of use of alternative renewable 

energy sources will help reduce dependence on the fuel market.  

Despite the difficult conditions, many agricultural producers continue to sow, 

harvest, take care of the farm and make every effort to ensure the food security of 

Ukraine and the world. 
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ʗʂɯʉʊʔ ɿɽʈʅɸ ʂʋʂʋʈʋɼɿʀ ɿɸʃɽɾʅʆ 

ɺɯɼ ɻʋʉʊʆʊʀ ʉʊʆʗʅʅʗ ʈʆʉʃʀʅ 

 

ɸʥʪʘʣ ʊʝʪʷʥʘ ɺʦʣʦʜʠʤʠʨʽʚʥʘ, 

ʢʘʥʜʠʜʘʪ ʩ-ʛ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʊʝʨʥʦʚʠʡ ʅʘʟʘʨʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, 

ɸʥʪʘʣ ʗʥʘ ʄʠʭʘʡʣʽʚʥʘ 

ʉʪʫʜʝʥʪʠ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ 

ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʠʨʦʙʥʠʮʪʚʦ ʟʝʨʥʘ ʢʫʢʫʨʫʜʟʠ ï ʮʝ ʩʢʣʘʜʥʠʡ ʽ ʟʘʪʨʘʪʥʠʡ ʧʨʦʮʝʩ ʟ ʯʽʪʢʠʤ 

ʜʦʪʨʠʤʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʠʩʮʠʧʣʽʥʠ, ʩʚʦʻʯʘʩʥʠʤ ʽ ʷʢʽʩʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʫʩʽʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. ɺʠʨʦʱʫʚʘʥʥʷ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʥʦʚʠʭ ʛʽʙʨʠʜʽʚ ʟ 

ʚʠʩʦʢʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʻ ʟʘʧʦʨʫʢʦʶ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ 

ʟʝʨʥʘ ʚ ʋʢʨʘʾʥʽ. ʗʢ ʚʽʜʦʤʦ, ʟʘ ʨʘʭʫʥʦʢ ʛʝʪʝʨʦʟʠʩʫ ʤʦʞʣʠʚʦ ʟʙʽʣʴʰʠʪʠ 

ʫʨʦʞʘʡʥʽʩʪʴ ʟʝʨʥʘ ʢʫʢʫʨʫʜʟʠ ʥʘ 50 % ʽ ʙʽʣʴʰʝ [1]. 

ʋ ʢʦʤʧʣʝʢʩʽ ʘʛʨʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʭʦʜʽʚ ʟ ʚʠʨʦʱʫʚʘʥʥʷ ʢʫʢʫʨʫʜʟʠ, ʚʽʜ 

ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʫʨʦʞʘʡ ʽ ʡʦʛʦ ʷʢʽʩʪʴ, ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʧʦʩʽʜʘʻ ʛʫʩʪʦʪʘ ʩʪʦʷʥʥʷ 

ʨʦʩʣʠʥ. ɺʘʛʦʤʠʡ ʫʨʦʞʘʡ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʽʥʜʠʚʽʜʫʘʣʴʥʽʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʾ ʱʽʣʴʥʦʩʪʽ ʩʪʝʙʣʦʩʪʦʶ ʚ ʢʦʥʢʨʝʪʥʽʡ 

ʟʦʥʽ ʚʠʨʦʱʫʚʘʥʥʷ. 

ʍaʨaʢʪʝʨʥoʶ oʩoʙʣʠʚiʩʪʶ ʩʫʯaʩʥoʛo iʥʥoʚaʮiʡʥoʛo ʚʠʨoʙʥʠʮʪʚa ʟʝʨʥa 

ʢʫʢʫʨʫʜʟʠ ʻ ʚʧʨoʚaʜʞʝʥʥʷ ʥoʚʠʭ ʚʠʩoʢoʧʨoʜʫʢʪʠʚʥʠʭ ʛiʙʨʠʜiʚ ʨiʟʥʠʭ ʛʨʫʧ 

ʩʪʠʛʣoʩʪi, ʷʢi ʚiʜʟʥaʯaʶʪʴʩʷ ʛoʩʧoʜaʨʩʴʢʠʤʠ oʟʥaʢaʤʠ ʪa ʚʣaʩʪʠʚoʩʪʷʤʠ, a 

ʪaʢoʞ aʛʨoʪʝʭʥiʯʥʠʤʠ ʧʨʠʡoʤaʤʠ, ʩʧʨʷʤoʚaʥʠʤʠ ʥa ʨʝaʣiʟaʮiʶ ʾʭ ʛʝʥʝʪʠʯʥoʛo 

ʧoʪʝʥʮiaʣʫ ʚ ʧʝʚʥʠʭ ʛʨʫʥʪoʚo-ʢʣiʤaʪʠʯʥʠʭ ʫʤoʚaʭ [2].  

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʧʨoʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪaʣʴʥʠʭ ʜoʩʣiʜʞʝʥʴ ʟ ʨoʟʨoʙʢʠ 

ʧʨʠʡoʤiʚ ʩoʨʪoʚoʾ aʛʨoʪʝʭʥiʢʠ, ʱo oʙʫʤoʚʣʶʻʪʴʩʷ oʧʪʠʤaʣʴʥoʶ ʛʫʩʪoʪoʶ 

ʩʪoʷʥʥʷ ʨoʩʣʠʥ i ʚʠʟʥaʯʝʥʥʷ ʥaʡʙiʣʴʰ aʜaʧʪʠʚʥʠʭ ʬoʨʤ ʢʫʢʫʨʫʜʟʠ ʥa 

ʯoʨʥoʟʝʤaʭ ʪʠʧoʚʠʭ ʤaʣoʛʫʤʫʩʥʠʭ, ʚ ʂʠʾʚʩʴʢʽʡ ʦʙʣʘʩʪʽ, ʻ ʥʝoʙʭiʜʥoʶ 
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ʩʢʣaʜoʚoʶ ʨʝaʣiʟaʮiʾ ʧoʪʝʥʮiʡʥʠʭ ʤoʞʣʠʚoʩʪʝʡ ʩʫʯaʩʥʠʭ ʛʝʥoʪʠʧiʚ ʜaʥoʾ 

ʢʫʣʴʪʫʨʠ i ʧʨʝʜʩʪaʚʣʷʻ ʧʨaʢʪʠʯʥʠʡ iʥʪʝʨʝʩ i aʢʪʫaʣʴʥʫ ʧʨoʙʣʝʤʫ ʷʢ ʜʣʷ ʥaʫʢʠ, 

ʪaʢ i ʚʠʨoʙʥʠʮʪʚa. 

ʄʝʪa ʨoʙoʪʠ ï ʪʝoʨʝʪʠʯʥo oʙˇʨʫʥʪʫʚaʪʠ ʪa ʚʩʪaʥoʚʠʪʠ oʧʪʠʤaʣʴʥʫ 

ʛʫʩʪoʪʫ ʩʪoʷʥʥʷ ʨoʩʣʠʥ ʢʫʢʫʨʫʜʟʠ, ʟa ʷʢʦʾ ʜoʩʷʛaʻʪʴʩʷ ʤaʢʩʠʤaʣʴʥa ʨʝaʣiʟaʮiʷ 

ʛʝʥʝʪʠʯʥoʛo ʧoʪʝʥʮiaʣʫ ʧʨoʜʫʢʪʠʚʥoʩʪi, ʧʽʜʚʠʱʝʥʥʷ ʚʨʦʞʘʡʥʽʩʪʴ ʪʘ ʷʢʦʩʪʽ 

ʟʝʨʥʘ ʢʫʢʫʨʫʜʟʠ. 

ʇʨʝʜʤʝʪ ʜoʩʣiʜʞʝʥʥʷ. ʉʝʨʝʜʥʴʦʩʪʠʛʣʽ ʛiʙʨʠʜʠ ʢʫʢʫʨʫʜʟʠ ʢʦʤʧʘʥʽʾ 

ʄʦʥʩʘʥʪʦ ɼʂʉ 4014 (ʢʦʥʪʨʦʣʴ) (ʌɸʆ 310), ɼʂʉ 4408 (ʌɸʆ 350) ʪʘ 

ʩʝʨʝʜʥʴʦʨʘʥʥʴʦʾ ʛʨʫʧʠ ʩʪʠʛʣʦʩʪʽ ʛʽʙʨʠʜ ɼʅ ʍʦʨʪʠʮʷ (ʌɸʆ 240).  

ʄʝʪoʜʠ ʜoʩʣiʜʞʝʥʥʷ. ɺ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʟʘʛʘʣʴʥʦ-ʥʘʫʢʦʚʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ʉʝʨʝʜ ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ: ʣʘʙʦʨʘʪʦʨʥʠʡ ï ʚʠʟʥʘʯʝʥʥʷ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʝʨʥʘ [1]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʇʇ çɸʛʨʦʬʽʨʤʘ çʈʦʟʚʦʣʦʞʞʷè, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʝʣʽ ɸʥʪʦʥʽʚ, ɹʽʣʦʮʝʨʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ, ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. 

ʏʦʨʥʦʟʝʤʠ ʪʠʧʦʚʽ, ʢʣʽʤʘʪ - ʧʦʤʽʨʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʡ. ʇʣoʱa ʧoʩiʚʥoʾ 

ʜʽʣʷʥʢʠ ï 120 ʤ
2
, oʙʣiʢoʚoʾ ï 50 ʤ

2
. ʇoʚʪoʨʥiʩʪʴ ʪʨʠʨʘʟʦʚʘ. ʉʭʝʤʘ ʜʦʩʣʽʜʫ: 

ʌʘʢʪʦʨ ɸ. ɻʽʙʨʠʜʠ - ɼʂʉ 4014 (ʢoʥʪʨoʣʴ), ɼʂʉ 4408, ɼʅ ʍʦʨʪʠʮʷ ʌʘʢʪʦʨ ɺ. 

ɻʫʩʪʦʪʘ ʩʪʦʷʥʥʷ ʨʦʩʣʠʥ, ʪʠʩ.ʰʪ./ʛʘ ï 55, 65,75. ɼʦʩʣʽʜʠ ʙʫʣʠ ʟʘʢʣʘʜʝʥʽ ʥʘ 

ʚʠʩʦʢʦʤʫ ʬʦʥʽ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ (N90P90K90), ʥʽʪʨʦʘʤʦʬʦʩʢʫ ʚʥʦʩʠʣʠ ʧʽʜ 

ʧʝʨʝʜʧʦʩʽʚʥʫ ʢʫʣʴʪʠʚʘʮʽʶ. ʇʦʧʝʨʝʜʥʠʢʦʤ ʙʫʣʘ ʦʟʠʤʘ ʧʰʝʥʠʮʷ 

ʇʨʠ ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʧʨʠʡʦʤʽʚ ʚʠʨʦʱʫʚʘʥʥʷ ʛʽʙʨʠʜʽʚ 

ʢʫʢʫʨʫʜʟʠ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʦʪʨʠʤʘʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʆʩʥʦʚʥʠʤʠ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʟʝʨʥʘ ʢʫʢʫʨʫʜʟʠ ʻ ʚʤʽʩʪ 

ʧʨʦʪʝʾʥʫ, ʞʠʨʫ ʪʘ ʢʨʦʭʤʘʣʶ. ɿʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʟʝʨʥʦ ʢʫʢʫʨʫʜʟʠ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʝʨʥʘ ʽʥʰʠʭ ʟʣʘʢʦʚʠʭ ʢʫʣʴʪʫʨ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʢʨʦʭʤʘʣʶ ʽ 

ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʠʤ ï ʧʨʦʪʝʾʥʫ ʷʢʠʡ ʜʦ ʪʦʛʦ ʞ ʻ ʥʝʧʦʚʥʦʮʽʥʥʠʤ. ʌʦʨʤʫʚʘʥʥʷ 

ʷʢʦʩʪʽ ʟʝʨʥʘ ʢʫʢʫʨʫʜʟʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʽʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʽʙʨʠʜʽʚ, ʛʫʩʪʦʪʠ 

ʩʪʦʷʥʥʷ ʨʦʩʣʠʥ, ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʱʫʚʘʥʥʷ ʽ ʛʽʜʨʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚ ʚʧʨʦʜʦʚʞ 

ʚʝʛʝʪʘʮʽʾ [3]. 
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ɿʘ ʧʝʨʽʦʜ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʚʤʽʩʪ 

ʞʠʨʫ ʙʫʚ ʫ ʩʝʨʝʜʥʴʦʨʘʥʥʴʦʛʦ ʛʽʙʨʠʜʫ ɼʅ ʍʦʨʪʠʮʷ ʟʘ ʛʫʩʪʦʪʠ ʩʪʦʷʥʥʷ 

55 ʪʠʩ. ʰʪ. /ʛʘ ï 4,34% (ʪʘʙʣ. 1). ʉʝʨʝʜ ʩʝʨʝʜʥʴʦʩʪʠʛʣʠʭ ʛʽʙʨʠʜʽʚ ɼʂʉ 4014 ʪʘ 

ɼʂʉ 4408 ʥʘʡʙʽʣʴʰʠʡ ʚʤʽʩʪ ʞʠʨʫ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʟʘ ʛʫʩʪʦʪʠ ʩʪʦʷʥʥʷ 

55 ʪʠʩ. ʰʪ. /ʛʘ ʜʝ ʩʪʘʥʦʚʠʚ 4,16 ʪʘ 3,91 % ʚʽʜʧʦʚʽʜʥʦ.  

ʊʘʙʣʠʮʷ 1 

ʗʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʟʝʨʥʘ ʛʽʙʨʠʜʽʚ ʢʫʢʫʨʫʜʟʠ ʨʽʟʥʠʭ ʛʨʫʧ ʩʪʠʛʣʦʩʪʽ 

ʟʘʣʝʞʥʦ ʚʽʜ ʛʫʩʪʦʪʠ ʩʪʦʷʥʥʷ ʨʦʩʣʠʥ 

ɻʽʙʨʠʜ 

ɻʫʩʪʦʪʘ ʩʪʦʷʥʥʷ 

ʨʦʩʣʠʥ, ʪʠʩ. 

ʰʪ./ʛʘ 
ʇʨʦʪʝʾʥ % ʂʨʦʭʤʘʣʴ, % ɾʠʨ, % 

ɼ
ʂ
ʉ
 

4
0
1
4 55 7,9 72,9 4,16 

65 7,4 72,9 4,03 

75 7,3 73,3 3,49 

ɼ
ʂ
ʉ
 

4
4
0
8 55 7,9 71,3 3,91 

65 7,4 71,9 3,78 

75 7,4 72,5 3,52 

ɼ
ʅ
 

ʍ
ʦ
ʨ
ʪ
ʠ
ʮ

 ̫

55 8,8 73,7 4,34 

65 8,3 74,3 4,19 

75 8,3 74,5 4,03 

 

ʍʘʨʘʢʪʝʨʠʟʫʶʯʠ ʚʤʽʩʪ ʢʨʦʭʤʘʣʶ ʪʦ ʥʘʡʤʝʥʰʠʡ ʚʤʽʩʪ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʟʘ 

ʛʫʩʪʦʪʠ ʩʪʦʷʥʥʷ 55 ʪʠʩ. ʰʪ. /ʛʘ ʫ ʛʽʙʨʠʜʫ ɼʂʉ 4408 ï 71,3%. ʅʘʡʙʽʣʴʰʠʡ 

ʧʦʢʘʟʥʠʢ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʫ ʩʝʨʝʜʥʴʦʨʘʥʥʴʦʛʦ ʛʽʙʨʠʜʫ ɼʅ ʍʦʨʪʠʮʷ ʟʘ ʛʫʩʪʦʪʠ 

ʩʪʦʷʥʥʷ 75 ʪʠʩ. ʰʪ. /ʛʘ. ï 74,5%. ɺʤʽʩʪ ʢʨʦʭʤʘʣʶ ʟʙʽʣʴʰʫʚʘʚʩʷ ʚʽʜʧʦʚʽʜʥʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʛʫʩʪʦʪʠ ʩʪʦʷʥʥʷ. 

ɸʥʘʣʽʟʫʶʯʠ ʚʤʽʩʪ ʧʨʦʪʝʾʥʫ ʥʘʡʙʽʣʴʰʠʡ ʚʽʥ ʚʠʷʚʠʚʩʷ 8,8 % ʫ 

ʩʝʨʝʜʥʴʦʨʘʥʥʴʦʛʦ ʛʽʙʨʠʜʫ ɼʅ ʍʦʨʪʠʮʷ ʟʘ ʛʫʩʪʦʪʠ ʩʪʦʷʥʥʷ 55 ʪʠʩ. ʰʪ. /ʛʘ. ɿʘ 

ʛʫʩʪʦʪʠ ʩʪʦʷʥʥʷ 65 ʪʠʩ. ʰʪ. /ʛʘ ʜʣʷ ʩʝʨʝʜʥʴʦʩʪʠʛʣʠʭ ʛʽʙʨʠʜʽʚ ʮʝʡ ʧʦʢʘʟʥʠʢ 

ʩʪʘʥʦʚʠʚ 7,4 %. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʛʫʩʪʦʪʠ ʩʪʦʷʥʥʷ, ʷʢ ʜʣʷ ʩʝʨʝʜʥʴʦʩʪʠʛʣʠʭ ʪʘʢ ʽ 

ʜʣʷ ʩʝʨʝʜʥʴʦʨʘʥʥʽʭ ʛʨʫʧ ʩʪʠʛʣʦʩʪʽ, ʚʤʽʩʪ ʧʨʦʪʝʾʥʫ ʟʤʝʥʰʫʚʘʚʩʷ. 

ɺʠʩʥʦʚʢʠ. ɺʤʽʩʪ ʧʨʦʪʝʾʥʫ, ʢʨʦʭʤʘʣʶ, ʞʠʨʫ ʫ ʛʽʙʨʠʜʫ ɼʅ ʍʦʨʪʠʮʷ ʙʫʣʠ 

ʙʽʣʴʰʠʤʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʩʝʨʝʜʥʴʦʩʪʠʛʣʠʤʠ ʛʽʙʨʠʜʘʤʠ ɼʂʉ 4408 ʪʘ ɼʂʉ 4014.  
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ʋɼʂ 630*5 

ʃɯʉʆɺʀʁ ʌʆʅɼ ʌɯʃɯɰ çɺɯʅʅʀʎʔʂɽ ʃɯʉʆɺɽ ɻʆʉʇʆɼɸʈʉʊɺʆè 

ɼʇ çʃɯʉʀ ʋʂʈɸɰʅʀè 

 

ʇʘʭʦʣʶʢ ɺ. ʇ., 

ʄʝʣʴʥʠʢ ɼ. ɺ. 

ɻʝʪʴʤʘʥ ɸ. ʄ., 

ɯʚʘʥʦʚ ɼ. ʄ. 

ʉʪʫʜʝʥʪʠ ʬʘʢʫʣʴʪʝʪʫ ʣʽʩʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʝʢʦʣʦʛʽʾ 

ʇʦʣʽʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʤ. ɾʠʪʦʤʠʨ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʇʨʦʙʣʝʤʘ ʚʠʚʯʝʥʥʷ ʣʽʩʦʚʦʛʦ ʬʦʥʜʫ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʝʨʝʜʙʘʯʘʻ ʨʝʪʝʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʦʨʛʘʥʽʟʘʮʽʶ ʜʦʩʣʽʜʞʝʥʴ. ɼʘʥʘ 

ʨʦʙʦʪʘ ʧʦʪʨʝʙʫʻ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʧʦʪʦʯʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ (ʣʽʩʦʚʽ ʧʣʘʥʠ, 

ʢʘʜʘʩʪʨʦʚʽ ʢʘʨʪʠ, ʣʽʩʦʨʫʙʥʽ ʢʚʠʪʢʠ, ʜʦʟʚʦʣʠ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʩʦʚʠʭ ʨʝʩʫʨʩʽʚ 

ʪʦʱʦ) ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʣʽʩʦʚʦʛʦ ʬʦʥʜʫ ʧʽʜʧʨʠʻʤʩʪʚʘ 

[1, 2]. ʎʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʠʚʯʝʥʥʷ ʾʭʥʴʦʾ ʧʣʦʱʽ, ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ, 

ʨʝʣʴʻʬʫ, ʪʠʧʽʚ ʣʽʩʽʚ ʪʘ ʾʭʥʴʦʛʦ ʩʪʘʥʫ. ʇʨʦʚʝʜʝʥʥʷ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʜʝʨʝʚʥʠʭ 

ʥʘʩʘʜʞʝʥʴ, ʚʠʟʥʘʯʝʥʥʷ ʚʠʜʽʚ ʜʝʨʝʚʥʠʭ ʧʦʨʽʜ, ʾʭʥʽ ʨʦʟʤʽʨʠ, ʚʽʢʦʚʫ ʩʪʨʫʢʪʫʨʫ, 

ʩʪʘʥ ʟʜʦʨʦʚ'ʷ ʪʘ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɸʥʘʣʽʟ ʝʢʦʥʦʤʽʯʥʠʭ ʘʩʧʝʢʪʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʩʦʚʠʭ ʨʝʩʫʨʩʽʚ, ʚʢʣʶʯʘʶʯʠ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʜʽʷʣʴʥʦʩʪʽ, ʚʠʪʨʘʪʠ ʥʘ ʦʙʨʦʙʢʫ ʜʝʨʝʚʠʥʠ, ʮʽʥʠ ʥʘ ʨʠʥʢʫ ʪʦʱʦ. ʆʮʽʥʢʘ ʚʧʣʠʚʫ 

ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʝʢʦʩʠʩʪʝʤʠ ʣʽʩʫ (ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʚʦʜʥʽ ʨʝʩʫʨʩʠ, 

ˇʨʫʥʪʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʦʱʦ) [1, 2]. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʽʩʦʚʦʛʦ ʬʦʥʜʫ ʬʽʣʽʾ 

çɺʽʥʥʠʮʴʢʝ ʣʽʩʦʚʝ ʛʦʩʧʦʜʘʨʩʪʚʦè. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɿʘʩʪʦʩʦʚʘʥʦ ʘʥʘʣʽʪʠʯʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʪʦʜ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ çʃʽʩʦʚʧʦʨʷʜʥʠʢè ʪʘ ʛʝʦʧʦʨʪʘʣʫ 

çʃʽʩʠ ʋʢʨʘʾʥʠè. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʋʪʚʦʨʠʣʘʩʷ ʬʽʣʽʷ çɺʽʥʥʠʮʴʢʝ ʣʽʩʦʚʝ 

ʛʦʩʧʦʜʘʨʩʪʚʦè ʚʥʘʩʣʽʜʦʢ ʨʝʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ɼʇ çɺʽʥʥʠʮʴʢʝ ʃɻè ʡ ɼʇ 
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çʍʤʽʣʴʥʠʮʴʢʝ ʃɻè. ɼʦ ʩʢʣʘʜʫ ʬʽʣʽʾ ʚʭʦʜʠʪʴ 19 ʣʽʩʥʠʮʪʚ: ʇʨʠʙʫʟʴʢʝ ʣ-ʚʦ, 

ʍʤʽʣʴʥʠʮʴʢʝ ʣ-ʚʦ, ɺʦʨʦʥʦʚʠʮʴʢʝ ʣ-ʚʦ, ʃʽʪʠʥʩʴʢʝ ʣ-ʚʦ, ʊʠʚʨʽʚʩʴʢʝ ʣ-ʚʦ, 

ʋʣʘʜʽʚʩʴʢʝ ʣ-ʚʦ, ɻʥʽʚʘʥʩʴʢʝ ʣ-ʚʦ, ʐʠʨʦʢʦʛʨʝʙʝʣʴʩʴʢʝ ʣ-ʚʦ, ɯʚʘʥʽʚʩʴʢʝ ʣ-ʚʦ, 

ɹʝʨʝʟʥʷʥʩʴʢʝ ʣ-ʚʦ, ʂʘʣʠʥʽʚʩʴʢʝ ʣ-ʚʦ, ʗʢʫʰʠʥʝʮʴʢʝ ʣ-ʚʦ, ʂʦʟʷʪʠʥʩʴʢʝ ʣ-ʚʦ, 

ʄʠʭʘʡʣʽʚʩʴʢʝ ʣ-ʚʦ, ɼʝʤʠʜʽʚʩʴʢʝ ʣ-ʚʦ, ʏʦʨʥʦʣʽʩʴʢʝ ʣ-ʚʦ, ɺʽʥʥʠʮʴʢʝ ʣ-ʚʦ, 

ʄʝʜʚʽʜʩʴʢʝ ʣ-ʚʦ ʡ ʐʝʥʜʝʨʽʚʩʴʢʝ ʣ-ʚʦ [1]. 

ʏʘʩʪʢʘ ʣʽʩʽʚ ʥʘʫʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʟʘʧʦʚʽʜʥʦʛʦ, ʣʽʩʦʚʠʭ ʫʨʦʯʠʱ, 

ʟʘʢʘʟʥʠʢʽʚ ʪʦʱʦ, ʩʪʘʥʦʚʠʪʴ ʤʘʡʞʝ 5 %. ʏʘʪʢʦʶ ʚ 33% ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʣʽʩʠ 2-ʾ 

ʢʘʪʝʛʦʨʽʷ, ʟ ʥʠʭ 8,5 ʪʠʩ. ʛʘ ʟʘʡʤʘʻ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʘ ʯʘʩʪʠʥʘ ʣʽʩʽʚ ʟʝʣʝʥʦʾ ʟʦʥʠ. 

ɺ ʜʘʥʽʡ ʟʦʥʽ ʜʦʟʚʦʣʝʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ [2, 3]. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʪʠʧʦʤ ʣʽʩʫ ʻ 

ʩʚʽʞʘ ʛʨʘʙʦʚʘ ʜʽʙʨʦʚʘ (74 % ʧʣʦʱ) ʪʘ ʩʚʽʞʘ ʛʨʘʙʦʚʘ ʩʫʜʽʙʨʦʚʘ (10 %) (ʨʠʩ. 1.1.). 

ʃʽʩʦʨʦʩʣʠʥʥʽ ʫʤʦʚʠ ʻ ʜʦʩʠʪʴ ʩʧʨʠʷʪʣʠʚʠʤʠ ʜʣʷ ʨʦʩʪʫ ʧʝʨʝʚʘʞʥʦʾ ʙʽʣʴʰʦʩʪʽ 

ʜʝʨʝʚʥʠʭ ʧʦʨʽʜ, ʧʨʦ ʱʦ ʟʘʩʚʽʜʯʫʶʪʴ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɹʽʣʴʰʝ 

98 % ʧʣʦʱ ʣʽʩʦʚʠʭ ʥʘʩʘʜʞʝʥʴ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʤʠ. 

 

ʈʠʩ. 1.1. ʊʠʧʦʣʦʛʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʣʽʩʽʚ ʬʽʣʽʾ 

 çɺʽʥʥʠʮʴʢʝ ʣʽʩʦʚʝ ʛʦʩʧʦʜʘʨʩʪʚʦè 

ʇʦʢʨʠʪʽ ʣʽʩʦʤ ʜʽʣʷʥʢʠ ʟʘʡʤʘʶʪʴ 91 % ʧʣʦʱ ʣʽʩʦʚʦʛʦ ʬʦʥʜʫ. ɿʘ 

ʧʦʭʦʜʞʝʥʥʷʤ ʧʝʨʝʚʘʞʘʻ ʰʪʫʯʥʝ ʥʘʩʘʜʞʝʥʥʷ (71 % ʚʽʜ ʫʩʽʭ ʧʦʢʨʠʪʠʤ ʣʽʩʦʤ 

ʜʽʣʷʥʦʢ). ʋ ʧʦʨʦʜʥʦʤʫ ʢʣʘʜʽ ʣʽʩʽʚ ʜʦʤʽʥʫʶʯʦʶ ʧʦʨʦʜʦʶ ʻ ʜʫʙ ʟʚʠʯʘʡʥʠʡ, 

ʯʘʩʪʢʘ ʪʘʢʠʭ ʥʘʩʘʜʞʝʥʴ ʩʪʘʥʦʚʠʪʴ 72 % ʚʽʜ ʧʦʢʨʠʪʦʾ ʣʽʩʦʤ ʧʣʦʱʽ. ɿʥʘʯʥʦ ʤʝʥʰ 

ʧʦʰʠʨʝʥʠʤʠ ʻ ʥʘʩʘʜʞʝʥʥʷ ʟ ʜʦʤʽʥʫʚʘʥʥʷʤ ʩʦʩʥʠ ʟʚʠʯʘʡʥʦʾ (6 %), ʷʩʝʥʘ 

ʟʚʠʯʘʡʥʦʛʦ (5 %), ʛʨʘʙʘ ʟʚʠʯʘʡʥʦʛʦ (5 %), ʚʽʣʴʭʠ ʯʦʨʥʦʾ (4 %) ʽ ʜʫʙʘ ʯʝʨʚʦʥʦʛʦ 
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(3 %) [2]. 

ʈʦʟʧʦʜʽʣ ʧʣʦʱʽ ʧʦʢʨʠʪʠʭ ʣʽʩʦʤ ʜʽʣʷʥʦʢ ʟʘ ʛʨʫʧʘʤʠ ʚʽʢʫ ʚʢʘʟʫʻ ʥʘ 

ʜʦʤʽʥʫʚʘʥʥʷ ʩʝʨʝʜʥʴʦʚʽʢʦʚʠʭ ʥʘʩʘʜʞʝʥʴ, ʯʘʩʪʢʘ ʢʦʪʨʠʭ ʜʦʩʷʛʘʻ 52 % [2, 3]. 

ɺʠʩʥʦʚʢʠ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʪʠʧʦʤ ʣʽʩʫ ʫ ʣʽʩʘʭ ʬʽʣʽʾ ʻ ʩʚʽʞʘ ʛʨʘʙʦʚʘ 

ʜʽʙʨʦʚʘ (94 %). ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚ ʩʚʽʞʽʡ ʪʘ ʚʦʣʦʛʽʡ ʛʨʘʙʦʚʽʡ ʜʽʙʨʦʚʽ, 

ʥʘʩʘʜʞʝʥʥʷ ʜʫʙʥʷʢʽʚ ʤʘʶʪʴ ʥʘʡʚʠʱʠʡ ʧʦʢʘʟʥʠʢ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɺʽʢʦʚʘ 

ʩʪʨʫʢʪʫʨʘ ʜʫʙʥʷʢʽʚ ʻ ʜʦʩʠʪʴ ʥʝʨʽʚʥʦʤʽʨʥʦʶ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʩʝʨʝʜʥʴʦʚʽʢʦʚʠʭ 

ʜʝʨʝʚʦʩʪʘʥʽʚ. 
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Abstract:  This is one of the most important ecological factors of plant life, 

depending on the intensity of illumination and the spectral composition of light; it is 

not the same in different species. First of all, it does not have the same effect 

depending on the angle of incidence of the light and the intensity of the light. If we 

take into account the energetic sensitivity of chlorophyll, the quantum energy of light 

rays - ultraviolet, violet, yellow, green, red, blue, infrared and green rays - we will 

discover the mechanism of influence of each monospectrum (ray). Light spectra are 

of particular importance in plant life. However, since the influence of individual 

monospectra - green, red and blue spectra - creates different energy effects depending 

on the energy of the quanta, the growth and development of plants are not the same, 

but are different depending on the biological affiliation of the plants. Considering all 

that has been said, our research is devoted to the study of chlorophyll synthesis and 
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the dynamics of its changes in plants in different spectra. 

Key words: chlorophyll, synthesis, monospectrum, light, beam. 

 

Introduction: Light is one of the important ecological factors in the life of 

plants. The main source of light in nature is the sun. Sunlight is a physical factor, it is 

white light. The white light beam has complex properties and consists of 

monospectra. It is also clear that white light has 7 monospectrums. Each light wave, 

that is, its monospectra, has its own quantum energy. We would like to briefly bring 

to your attention some forms of environmental factors [2, p. 3-7]. To solve the 

problem, it is necessary to carry out certain experimental tests, to investigate the 

morphological and biological changes of plants due to the influence of climatic 

changes. For this purpose, in laboratory conditions, different monospectra of light 

flood - blue, green, red, yellow, infrared, etc. the effect of radiation spectra on plants 

is investigated. Since the quantum energy is different, their effect on the growth and 

development of plants is not the same. Light and illumination are sources of energy 

that are indispensable in the life of plants. As the energy affecting the plants changes, 

the rate of their metabolism changes [3, p. 23-25]. The sun's rays falling on the leaf 

organs enter the chloroplasts and excite the chlorophyll molecules there, and the 

chlorophyll rises to an energetic level. During this period, as a result of the chemical 

reactions between the carbon dioxide (CO2) entering from the nozzle of the leaf 

organs and the water (H2O) molecule coming from the root system to the leaf, the 

synthesis and accumulation of organic compounds (C6H12O6), the possibility of 

oxygen entering the atmospheric air in atomic form (O) increases, the atom in the air 

the oxygens in the state combine to form an oxygen molecule suitable for breathing 

(O+O ŸO2). If we take into account the energetic sensitivity of chlorophyll, the 

quantum energy of light rays - ultraviolet, violet, yellow, green, red, blue, infrared 

and green rays - we will discover the mechanism of the influence of each 

monospectrum (ray). 

Research object and methods: When setting up experimental tests, plants in 

special chambers use light bulbs to be exposed to light flow. Light flux is expressed 



31 

in lumens, and illuminance is expressed in lux. Luminous flux characterizes the light 

source. Illumination refers to the light falling on the surface. 1 Lm is the illuminance 

falling on 1 m2 surface.The lamp characterizes the light temperature. N.N. Protosova 

notes that if we add 25% blue light to the red spectrum, the a good result is obtained. 

The volume of their fruits is much larger (Fig 1.). Adding 14% of the blue spectrum 

to red light expands the leaf surface, and fruits ripen faster than plants that received 

green and blue light. Due to the effect of the green light spectrum, the productivity 

decreases, the leaves are thin, and the chlorophyll is less collected, the rate of 

photosynthesis decreases. Chlorophyll decreases by 60% due to the influence of the 

green spectrum, while it increases in the blue spectrum. 

 

Figure 1. Laboratory staff during the analysis 

Although chlorophyll is active in the green spectra, absorption of CO2 gas is 

normal. Due to the effect of blue light, the coloring of leaves and stems weakens, but 

the photosynthesis coefficient is high, the amount of pigments is high, and the leaf 

area is small, and the mass of fruits is reduced compared to red spectra. The number 

of chloroplasts on 1 cm
2 
surface increases due to the influence of the blue spectrum. It 

is much more than the red and green spectra. Productivity increases by 22-26% due to 

the effect of white light, unlike blue and green spectra. As a wave of 640-670 nÕ, the 

red spectrum increases the development of the leaves, the coloring is accelerated, the 

blue spectrum reduces the coloring of the stem and the leaf surface. It yields little. 

Under the influence of 520-550 nÕ green light, the leaf becomes thin, the number of 
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chloroplasts is small, photosynthesis is weak, and productivity decreases. If the 3 

main spectrums (blue, green, red) affect the plants separately, the effect will be less. 

There is a need for experimental experiments to study the variability caused by 

monospectra in plants. For this purpose, trees and shrubs of the same age were placed 

in separate chambers, and they were placed separately in a chamber with white light 

and other monospectrums. Before placing the experimental plants in the chamber, the 

length of the vegetative organs of the plants, the number of leaves, and the total 

amount of chlorophyll in the leaves - 5 mm
2
 area were determined with a 

chlorophyllometer. The plants were placed in the chamber [5, p. 116-117]. 

Analysis: We have studied the influence of individual monospectra on the 

amount of chlorophyll ñaò and ñbò in the leaf during the vegetation period in different 

plant species. The energy absorption of protochlorophyll due to the effect of weak 

illumination, depending on the quantum size, is poorly illuminated in the literature. 

That is why during the reporting year, we tried to investigate the mechanism of 

influence of blue, green, red and white light spectrums. In certain researches, while 

the illumination source was taken as 1 lk, in our experimental tests, the illumination 

intensity was carried out by keeping the quantum energy of monospectra constant for 

8 hours [4, p. 138-139]. The main purpose of the experiments was to investigate the 

dynamics of the synthesis of chlorophyll "a" and "b" from protochlorophyll due to the 

effect of quantum energy in chloroplasts. In the subsequent transformations of 

pigments in plant leaves, low light is sufficient for the formation of protochlorophyll 

chlorophyll "a", and less energy is spent at this time. When processed chlorophyll "a" 

is energetically affected, chlorophyll "b" is formed. If the duration of illumination is 

more than 2 hours, then the synthesis of chlorophyll "a" increases. When plant leaves 

are exposed to light ï white, blue, red and green ï the synthesis of chlorophyll ñaò 

accumulates at a higher level in the 650 nÕ region (red). According to T. N. Godnev 

and V. I. Raskin (1965), the formation of chlorophyll "a" from protochlorophyll 

increases when the illumination is 650 nÕ, and when the intensity of illumination 

decreases, chlorophyll "b" begins to accumulate (Fig 2.). From this, it can be seen 

that the amount of chlorophyll "a" and "b" reaches a maximum under the influence of 
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red spectra (650 nÕ), and this amount is much higher than the white light spectrum. 

 

Figure 2. Appearance of plants under different light intensity spectrums 

As a result of the research, it became clear that protochlorophyll has an 

important role in the biosynthesis of chlorophyll "a" and "b". Kaller V.L. that 

protochlorophyll is the cause of chlorophyll and Shlyk A.A., Litvin F.F., 

Krasnovski A.A. and Rikhireyev G.T. (1959-1961, 1962) assumed in the research 

works and Asadov H.H. and others (2019, 2020) was confirmed in their experimental 

tests [1, p. 23-27]. It was observed in the green leaves of trees and shrubs, in the first 

stages of vegetation. As a result of photochemical reactions under the influence of 

monospectra, a significant amount of protochlorophyll accumulation was found in 

green leaves. In our experiments, after extracting the total amount of chlorophylls in 

70% ethyl alcohol with a SPAD-502 PLUS device without separating the leaves from 

the mother plant, the spectra of 420-460 nÕ wavelength were measured with an 

APEL AP-120 photometer and calculated according to a special equation for 1g of 

green leaf. Shlyk A.A. and Nikolayeva G.N. (1962) noted that when the light 

intensity is high (670nÕ), the amount of chlorophyll ñaò is higher in young leaves, 

and in such conditions, both chlorophyll "a" and chlorophyll "b" are collected at the 

same level. It is assumed that the function of chlorophyll "a" and "b" in the process of 

photosynthesis is not the same. It became clear that the amount of chlorophyll "a" and 

chlorophyll "b" in the leaves of different levels in the trunks of trees and shrubs is not 

the same. That is why the ratio of ʘ/ʚ changes during the vegetation. As the amount 

of chlorophyll "b" increases, the indicator of the ratio "ʘ/ʚ" decreases. The amount of 

chlorophyll "b" in the lower layers is more than the upper layer. In plants exposed to 
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white light, the amount of chlorophyll "b" decreases significantly. 10, 20 and 30 days 

after the experiment, bio morphological determinations were made in different organs 

of trees and shrubs. From the beginning of the experiment to the present period, the 

plants were constantly (for 8 hours) illuminated with monospectra, the relative 

humidity of the chambers was kept stable between 60-65%, the aerial parts were 

consistently sprayed with water, and the soil in the pots was watered. Measurements 

were made 3 times a day (900, 1300 and 1700) to study the dynamics of chlorophyll 

"a" and "b" changes during the research. The amount of pigments determined in the 

5th leaves of the European olive (Olea europaea L.) is consistent with the parameters 

observed in the noble laurel (Laurus nobilis L.). However, the amount of chlorophyll 

"a" in stone oak (Quercus ilex L.) is relatively different at noon [6, p. 24-29]. Thus, at 

1300 hours, chlorophyll in the hard leaves of stone oak (Quercus ilex L.) The amount 

of "a" was 0.75 mg/l in the morning and about 1.0 mg/l in the evening. These 

indicators prove that the stone oak (Quercus ilex L.) can be included among the 

highly resistant species adapted to the arid and hot climatic conditions of the 

Absheron peninsula (Tab. 1.). 

Table 1 

The amount of chlorophyll in the leaves of some tree and shrub species 

due to monospectra, in Õg/l 

 

 

 

 

 

 

 

 

 

 

 

Row Light spectrum Plant species chlorop
hyllçʘè 

chlorophyl
l çbè 

ʘ+b ʘ/b 

1 White light 

210-880 nm 

Laurus nobilis L. 6,17 10.23 16,4 0,60 

2 Olea europaea L. 7,5 11,76 19,26 0,63 

3 Qu®rcus ilex L. 6,4 10,13 16,53 0,63 

4 Seratonia siliqua L. 6,67 12,09 18,76 0,55 

5 Liqustrum japonicum L.  4,86 9,13 13,99 0,53 

6 White light 

210-880 nm 

Laurus nobilis L. 7,4 12,81 20,21 0,57 

7 Olea europaea L. 5,75 10,39 15,56 0,55 

8 Qu®rcus ilex L. 3,45 5,73 9,18 0,60 

9 Seratonia siliqua L. 5,22 10,23 15,45 0,51 

10 Liqustrum japonicum L.  6,76 11,18 17,94 0,60 

11 Blue light 
430-490 nm 

Laurus nobilis L. 8,04 12,56 20,6 0,64 

12 Olea europaea L. 4,48 8,06 12,54 0,55 

13 Qu®rcus ilex L. 4,99 9,02 14,01 0,55 

14 Seratonia siliqua L. 3,8 6,85 10,65 0,55 

15 Liqustrum japonicum L.  4,53 7,53 12,06 0,60 

16 Red light 
570-600 nm 

Laurus nobilis L. 8,99 13,9 22,89 0,64 

17 Olea europaea L. 8,33 12,97 21,3 0,64 

18 Qu®rcus ilex L. 8,64 13,42 22,06 0,64 

19 Seratonia siliqua L. 4,64 7,71 12,35 0,60 

20 Liqustrum japonicum L.  6,97 11,53 18,5 0,60 
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Graph 1. Change dynamics of total chlorophyll in the area of 5 mm
2
 in the 

leaves of plants under the white light spectrum, ɛg/mm
2
 

 

Graph 2. Change dynamics of total chlorophyll in the area of 5 mm2 in the 

leaves of plants under the green light spectrum, Õg/mm
2
 

 

Graph 3. Change dynamics of total chlorophyll in the area of 5 mm
2
 in the 

leaves of plants under the blue light spectrum, Õg/mm
2
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Graph 4. Change dynamics of total chlorophyll in the area of 5 mm
2
 in the 

leaves of plants under the red light spectrum, Õg/mm2 

 

Graph 5. Change dynamics of total chlorophyll in the area of 5 mm
2
 in the 

leaves of plants under the green light spectrum, Õg/mm
2
 

 

 

Graph 6. Change dynamics of total chlorophyll in the area of 5 mm
2
 in the 

leaves of plants under the blue light spectrum, Õg/mm
2
 

0

10

20

30

40

50

60

70

80

90

100
Dᴅfnᴅ 

Zeytun

Ke­i

buynuzu
Daĸ palēd

Yapon

birgºz¿

Mkq/m

m2 

Date 

0

10

20

30

40

50

60

70

80

90

100

2
5
.
0
5
.
2
é

2
6
.
0
5
.
2
é

2
7
.
0
5
.
2
é

2
8
.
0
5
.
2
é

2
9
.
0
5
.
2
é

3
0
.
0
5
.
2
é

3
1
.
0
5
.
2
é

0
1
.
0
6
.
2
é

0
2
.
0
6
.
2
é

0
3
.
0
6
.
2
é

0
4
.
0
6
.
2
é

0
5
.
0
6
.
2
é

0
6
.
0
6
.
2
é

0
7
.
0
6
.
2
é

0
8
.
0
6
.
2
é

0
9
.
0
6
.
2
é

1
0
.
0
6
.
2
é

1
1
.
0
6
.
2
é

1
2
.
0
6
.
2
é

1
3
.
0
6
.
2
é

1
4
.
0
6
.
2
é

1
5
.
0
6
.
2
é

1
6
.
0
6
.
2
é

Dᴅfnᴅ 

Zeytun

Daĸ palēd

Yapon

birgºz¿

Mkq/m

m2 

Date 

0

10

20

30

40

50

60

70

80

90

2
5

.0
5
.2

0
2

2

2
6

.0
5
.2

0
2

2

2
7

.0
5
.2

0
2

2

2
8

.0
5
.2

0
2

2

2
9

.0
5
.2

0
2

2

3
0

.0
5
.2

0
2

2

3
1

.0
5
.2

0
2

2

0
1

.0
6
.2

0
2

2

0
2

.0
6
.2

0
2

2

0
3

.0
6
.2

0
2

2

0
4

.0
6
.2

0
2

2

0
5

.0
6
.2

0
2

2

0
6

.0
6
.2

0
2

2

0
7

.0
6
.2

0
2

2

0
8

.0
6
.2

0
2

2

0
9

.0
6
.2

0
2

2

1
0

.0
6
.2

0
2

2

1
1

.0
6
.2

0
2

2

1
2

.0
6
.2

0
2

2

1
3

.0
6
.2

0
2

2

1
4

.0
6
.2

0
2

2

1
5

.0
6
.2

0
2

2

1
6

.0
6
.2

0
2

2

Dᴅfnᴅ 

Zeytun

Daĸ palēd

Yapon

birgºz¿

Mkq/mm
2 

Date 



37 

 

Graph 7. Change dynamics of total chlorophyll in the area of 5 mm
2
 in the 

leaves of plants under the blue light spectrum, Õg/mm
2
 

A part of the energy of the light rays falling on the surface of the plants is 

reflected, and a part is captured by the chloroplasts in the leaf organ and used for the 

photosynthesis process, chemical energy products are synthesized from the effect of 

physical energy. The ability to absorb light rays in different types of trees and shrubs 

is not distributed equally depending on the height and layers of the plant. From the 

graphs obtained during the research (1, 2; 3;4; 5;6; 7), it is clear that the synthesis of 

chlorophyll under different spectra in light-loving plants and in shade-loving plants 

has gone at a relatively moderate level. Due to the fact that during the study period 

there were not completely optimal conditions for the plants, each series of the study 

was partially short-term, and 5 series of repetitions were carried out with the same 

plant species. It is clear from the presented tables that the amount of chlorophyll "b" 

synthesized in the leaves of plants under monospectra was higher than "a", which 

indicates that the quantum energy falling on the surface is not enough. During the 

reporting period, the green, yellow, blue, red and white spectra of the monospectra 

were used in the experimental experiments conducted at the current stage in 3-5-year-

old plants, and the intensity of the spectra was determined separately. Since white 

light has a complex spectrum in the research, it was taken as a control. The green 

spectrum has a positive effect on the formation of young leaves of individual shrubs 

and trees, as well as the synthesis of chlorophyll in the leaves, the blue and red light 
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spectra have a positive effect on the intensive growth of shoots, and the yellow 

spectrum has a positive effect on the growth of the width of the leaf. At the same 

time, it was found that the growth of the observed plants was not considered 

satisfactory due to the low quantum energy of monospectral lamps. At the same time, 

it is likely that if sources with high quantum energy are used to activate the 

photosynthesis process in the leaves of plants, the energy effect of chlorophyll in the 

leaves will increase and the growth and development of plants can be ensured 

optimally. 

Result: As a result of the conducted studies, it became clear that the synthesis 

of chlorophyll is much weaker due to the low quantum energy of monospectra (green 

and red rays of 54 watt lamps and blue light lamp of 18 watts) under experimental 

conditions. Synthesis of chlorophyll ñbò was higher than chlorophyll ñaò under all 4 

spectra. 
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Abstract: The results of comparative immunoenzymatically study of the 

content of matrix metalloproteinase MMP 2 in oral fluid of practically healthy people 

with intact periodontium and patients with chronic generalized periodontitis are 

presented. Analyzing the obtained data, we can conclude that the content of MMP-2 

in oral fluid is significantly higher in persons with chronic generalized periodontitis 

than in those with clinically intact periodontium, and reliably reflects the severity of 

periodontitis. 

Keywords: periodontitis, MMP metalloproteinase 2, oral fluid, bleeding index, 

periodontal pocket. 

 

Relevance. Inflammatory-destructive diseases of the oral cavity are an urgent 

problem of stomatology, because they are the cause of a decrease in the quality of life 

and health of the population. Their prevalence, increased morbidity, recurrent nature 

of the course leading to the development of secondary adentia, determine the need for 

in-depth study of not only the processes occurring in the periodontal tissues, but also 
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in the body as a whole [1, 3, 4, 5].  

The search for prognostically significant indicators of the course of 

inflammatory diseases is due to the wide prevalence of these pathological processes. 

In this regard, the study of oral fluid composition as one of the main biological media 

deserves special attention recently. Cytochemical methods are used to detect the 

activity of enzymes involved in various aspects of metabolism in various 

inflammatory diseases, including those of the oral cavity. One of the widespread 

inflammatory diseases is periodontitis. It is now established that pro- and 

anti-inflammatory cytokines play an important role in the regulation of inflammation 

in the periodontal complex [2, 7, 9]. But the relationship between inflammatory 

mediators in periodontium and clinical parameters is not sufficiently studied. 

Therefore, in our work we studied unstimulated oral fluid in which we determined the 

content of inflammatory markers such as metalloproteinase-2 (MMP-2) using 

standard kits for enzyme immunoassay and analyzed the relationship between its 

expression and the main clinical manifestations of periodontal diseases [6, 8, 10]. 

Material and methods: 85 people without generalized pathology were 

included in the study. Of these, 70 patients with chronic generalized periodontitis 

aged from 20 to 54 years and 15 patients with clinically intact periodontium were 

included. Patients with a history of conditions requiring regular prophylactic 

administration of antibacterial drugs, as well as antibacterial therapy during the last 6 

months; taking medications that affect the immune status of the patient; pregnancy or 

lactation were excluded from the study. A comprehensive examination of periodontal 

tissues was performed on all subjects. The contingent to be examined: patients with 

chronic generalized chronic periodontitis. Methods: periodontal status (OHI-S, 

Green-Vermillion, GI LoÌ, Silness, Russel PI, Muhlemann-Cowell bleeding index), 

radiation diagnostics (orthopantomography). 

In the morning on an empty stomach oral fluid was collected from the 

examined patients. In unstimulated oral fluid the content of the studied protein 

MMP-2 was determined Markers were determined using standard kits for enzyme 

immunoassay in accordance with the instructions of the manufacturers. Statistical 
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processing of data was performed using the software package "Statistica 7.0". 

Own research: as a result of our research we obtained data showing the 

relationship between the expression of markers of inflammatory processes and the 

clinical picture of periodontal disease. Our data show a significant increase in the 

levels of matrix metalloproteinases in the oral fluid of patients with chronic 

periodontitis. The content of MMP-2 in the oral fluid is significantly higher in 

persons with chronic generalized periodontitis than in those with clinically intact 

periodontium and reliably reflects the severity of periodontitis, the depth of 

periodontal pockets and the degree of gingival bleeding. 

Thus, the content of MMP-2 in the oral fluid was significantly associated with 

the severity of periodontitis. Their values increased significantly with increasing 

severity and corresponded to 2.9 ng/mL in mild CGP, 3.4 ng/mL in moderate severity, 

and 15.2 ng/mL in severe CGP. The frequency of detection of zero values of MMP-2 

was 21.2% in patients with chronic generalized periodontitis compared to 74% in the 

control group with (intact periodontium) and was minimal at the severe degree of 

periodontitis - 5.8%. 

Further comparative analysis of the obtained results showed a reliable 

relationship of the studied indicators with the depth of periodontal pockets. When the 

depth of periodontal pockets increased, the values of the indicators increased 

significantly. The content of MMP-2 significantly increased with increasing the 

degree of PC depth from 1.9 ng/mL at a depth of less than 3 mm, at a depth of PC     

3-5 mm 3.7 ng/mL and up to 13.8 ng/mL at a depth of 6 mm and more. 

The results of our studies also demonstrated the correlation of MMP-2 

expression with such clinical manifestation of inflammatory periodontal diseases as 

gingival bleeding. The content of the studied parameters in the oral fluid increased in 

proportion to the increase in the degree of gingival bleeding. The content of MMP-2 

significantly increased from 1.2 ng/mL in the absence of gingival bleeding in the 

control group, 1.8 ng/mL in mild CGP, 4.01 ng/mL in moderate CGP, and up to 

6.1 ng/mL in bleeding during meals and spontaneous bleeding in severe CGP. The 

frequency of detection of zero values of this marker decreased in proportion to the 
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increase in bleeding severity from 50 to 0%. 

Analyzing the obtained data, we can conclude that the content of MMP-2 in 

oral fluid is significantly higher in individuals with chronic generalized periodontitis 

than in those with clinically intact periodontium and reliably reflects the severity of 

periodontitis, the depth of periodontal pockets and the degree of gingival bleeding.  

Conclusions: The data on immunoenzymatic determination of MMP-2 in the 

oral fluid of periodontitis patients obtained as a result of our studies have a close 

relationship with the development of this pathology. We have shown a significant 

increase in MMP-2 levels with increasing clinical manifestations of the disease. 
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Abstract. Modern adhesive systems that interact with dentin either completely 

remove the smear layer (total etch mode - TE) or retain it as a basis for bonding 

(self-etch mode - SE). Elemental analysis of the dentin surface after air-abrasion with 

powders based on sodium bicarbonate and erythritol, carried out using 

energy-dispersive spectroscopy, had revealed a significant increase in silica content 

by 4.7 and 3.6 times respectively. The obtained data have indicated on the necessity 

ofconducting an additional study in order to identify certain patterns for clinical 

practicein terms of application of both air-abrasive powders and adhesive systems. 

Key words. Adhesive systems, total etch mode ï TE, bonding (self-etch 

mode - SE), dentin surface, air-abrasive powders 

 

Adhesion to dentin remains one of the most difficult problems in restorative 

dentistry due to its complex composition, including an organic matrix filled with a 

mineral component, as well as moisture located in the dentinal tubule system and 

flowing towards the enamel under the influence of pulpal pressure [1, 2].  

Modern adhesive systems that interact with dentin either completely remove 

the smear layer (total etch mode - TE) or retain it as a basis for bonding (self-etch 

mode - SE) [3]. Unlike TE monomers, SE adhesives chemically modify and integrate 

the smear layer into a hybrid layer [4]. 
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Application of SE adhesives is usually associated with minimal technical 

sensitivity when applying the material to the tooth surface. Also the occurrence of a 

chemical bond between the functional monomer and dentin hydroxyapatite, as well as 

no need in formation of a deep hybrid layer, help to significantly reduce the risk of 

postoperative pain in the treatment of dental caries and create a practical basis for 

popularizing the concept of self-etching of dentin among dentists [5, 6]. 

At the moment, there is a large number of studies indicating the same efficacy 

of TE and SE adhesive systems in terms of adhesion strength to tooth dentin. 

However, only some of them indicate on the formation of a zone in the dentin 

structure that has an acid-base resistance (ABRZ). Despite the existing technical 

difficulties in verification ofABRZ, resin reinforced dentin was called ñSuper Dentinò 

[7]. 

It was noted earlier, that the use of SE adhesive systems involves the 

modification and incorporation of smear layer into a hybrid one. Taking into account 

the peculiarities of the structure and composition of the smear layer, many 

researchers began to study the effect of various methods of mechanical processing of 

tooth dentin, among which the most common are air-abrasive methods [8]. 

Several studies have found that pre-treatment of dentin with an air-abrasive 

mixture based on aluminum oxide increases the adhesive surface area and improves 

the bond strength of composite to tooth dentin [9, 10]. 

Other studies revealed no influence of air abrasion on the adhesion strength of 

the composite material to tooth dentin, and its negative impact on the studied 

parameter was noted in accordance with the results of another reseachers. [9, 10]. 

Thus, it was noted that despite the increase in the number, length and diameter of 

adhesive tags in the hybrid layer after applying SE adhesive resins, the increase in 

SBS values did not reveal statistical significance, which was associated with an 

increase in the number of microcracks in the dentin mass after sandblasting with 

Al 2O3 powder. 

In this regard, powders with less abrasive ability were introduced into practical 

dentistry. These include abrasive mixtures based on sodium bicarbonate, glycine, 
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erythritol and some others.It is known that aerogels of amorphous silica are used in 

the production of the listed powders. Aerogels are used to coat abrasive particles to 

give them the desired toughness [11, 12]. 

A few studies have found that the use of air-abrasive mixtures containing 

amorphous silica causes an increase in its content on the dentin surface [11, 12]. 

Based on this, it was assumed that the use of universal self-etch adhesive systems 

would help to obtain a stronger adhesive connection between the composite material 

and the dentin of the tooth. 

Materials and methods. Powders based on sodium bicarbonate (NaHCO3) 

(40ɛm) (AIR-FlOW Classic Comfort, EMS, Nyon, Switzerland) and erythritol 

(14ɛm) (AIR-FLOW Plus, EMS, Nyon, Switzerland) were used for the air-abrasive 

treatment of adhesive surfaces. Bonding steps were carried out with Single Bond 

Universal (SBU) (3M ESPE, USA) and Bond Force 2 (BF2) (Toquyama, Japan). The 

adhesion strength of composite to dentin was evaluated on 40 samples prepared in 

accordance with the Ultradent Shear Bond Strength test. All samples were divided 

into 2 groups depending on the method of dentin surface processing. In Group 1 

(n=20) and Group 2 (n=20), samples were treated using powders based on sodium 

bicarbonate and erythritol, respectively.  

Each group was divided into 2 subgroups (Sub-A and Sub-B) depending on the 

type of adhesive system used. Adhesive resin was applied and polymerized in 

accordance with the manufacturerôs instructions. Single Bond Universal (SBU) was 

used for the samples of Sub-A, and Bond Force 2 (BF2) (Toquyama, Japan) was used 

for the samples of Sub-B. Scanning electron microscopy and surface elemental 

composition of samples were carried out on an SEM-EVO MA 10 (Carl Zeiss) and 

energy dispersive X-ray spectrometer with EDS Aztec Energy Advanced X-Act 

(Oxford Instruments).  

Results. Elemental analysis of the dentin surface after air-abrasion with 

powders based on sodium bicarbonate and erythritol, carried out using energy-

dispersive spectroscopy, had revealed a significant increase in silica content by 4.7 

and 3.6 times respectively (table 1). 
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Table 1.  

Elemental composition of dentin surfaces 

after processing with different methods 

GROUPS Si
+
 

 

B/M 

Bicarbonate 

abraded 

0.28 Ñ0.12 

P - value < 0,05 

Machined 0.06 Ñ0.04 

 

E/M 

Erythritol abraded  0.18 Ñ0.07 

P - value < 0,05 

Machined 0.05 Ñ0.04 

Average values of adhesion strength of composite material to tooth dentin 

when using universal self-etch adhesive system and self-etching system which is not 

contain a silane coupling agent had significant differences depending on the 

composition of the air-abrasive mixture applied. 

Table 2.  

Adhesion strength of composite to tooth dentin in groups (lb). 

Group/ 

Subgroup 

Group 1 Group 2 Statistics 

 

Subgroup A 

 

20.54 Ñ 2.16 

 

21.11 Ñ 4.3 

F=1.6320 

P=0.2014 

 

Subgroup B 

 

12.85 Ñ 2.36 

 

9.2 Ñ 2.83 

F=15.0697 P=0.000 

P1B-2B=0.0076 

P- value <0.0001 < 0.0001  

 

It was found that abrasion of the dentin surface with sodium bicarbonate and 

erythritol powders did not cause significant changes in adhesion strength when using 

the SBU universal self-etch adhesive system. However, a similar preparation of an 

adhesive surface contributed to a significant reduction in the studied parameter in 

case of using the BF2 adhesive system, particularly after air-abrasion of dentin 

surface with amixture water and erythritol. 

The obtained data have indicated on the necessity ofconducting an additional 

study in order to identify certain patterns for clinical practicein terms of application 

of both air-abrasive powders and adhesive systems. 
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Introductions. Smoking is an actual medical problem. According to the WHO, 

smoking is the second leading cause of premature death [6]. 

The composition of tobacco smoke and the mechanism of toxic action of its 

components have been studied quite actively [2]. Tobacco smoke contains about 

1,900 components that act (toxic, mutagenic, carcinogenic) on organs and tissues. 

Lipid-soluble particles of cigarette smoke enter the blood when smoking through the 

lungs. 

Every year, smoking kills about 5 million people. These indicators are 2 times 

higher than the indicator of deaths from alcohol and drug use taken together [5]. 

Smoking is a risk factor for the occurrence of more than 20 diseases, which accounts 

for about 75 % of all causes of death in the population. Smoking shortens life 

expectancy by 5 years for a 35-year-old female smoker or by 7 years for a 

35-year-old male smoker [6]. The majority of tobacco-related deaths (70%) occur 

among people aged 35-69 [4]. Smoking cessation is an important component of 

preventing disability from COPD [1]. 

Aim. To study and evaluate the effect of cigarette smoke of smokers on the 

metabolism of lipids in blood serum. 

Materials and methods. Serum lipid metabolism was assessed by fatty acid 

(FA) composition. The composition of fatty acids of phospholipids in blood serum 

was studied on a gas-liquid chromatography of the Cvet-500 series with a plasma 

ionization detector in isothermal mode. Extraction of lipids from blood serum was 
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carried out, phospholipids were isolated, methylated and the composition of fatty 

acids was analyzed. The quantitative assessment of the spectrum of fatty acids of 

lipids was carried out by the area normalization method and the proportion of fatty 

acids was determined (in %) [3]. 

Results and discussion. 104 (74.4 %) healthy individuals who did not smoke 

(I group) and 36 (25.6 %) healthy individuals who smoked (II group) were examined. 

The following fatty acids were determined in the blood serum of individuals of 

the II group: saturated (palmitic, stearic, myristic, margaric) and unsaturated (oleic, 

linoleic, arachidonic). 

In individuals of the II group, the amount of myristic FA (C14:0) was 

(12.6 Ñ 0.7) %, and margaric FA (C17:0) - (1.2 Ñ 0.2) %. They are absent in the 

blood serum of individuals of the I group. The appearance of myristic FA (C14:0) in 

the blood serum of individuals of the II group indicates endocrine changes in the 

body, and the appearance of margarine FA (C17:0) is due to the presence of a 

bacterial infection. 

The amount of palmitic (ʉ16:0) and stearic (ʉ18:0) FA significantly decreased 

to (32.6 Ñ 1.7) % and (8.8 Ñ 0.9) %, respectively (ʨ < 0.001) at (41.9 Ñ 0.9) % and 

(15.1 Ñ 1.1) %, respectively, in the control (I) group, which increased the 

unsaturation of the lipid complex of blood serum. A significant decrease in the level 

of oleic FA (ʉ18:1) to (13.5 Ñ 1.1) % compared to the control group ((24.2 Ñ 0.6) %, 

p < 0.05) and a significant increase in the total content of polyunsaturated fatty acids 

were revealed FA (PUFA) up to (31.3 Ñ 1.5) % with a norm of (18.8 Ñ 1.4) %, 

p < 0.001. The amount of linoleic FA (ʉ18:2) increased significantly to                

(25.5 Ñ 1.8) % compared to the norm (16.0 Ñ 1.4) %, p < 0.001. 

Conclusions. Smoking significantly affects the composition of fatty acid lipids 

in the blood serum, which is manifested by the appearance of myristic and margaric 

fatty acids, an increase in the content of linoleic fatty acids (ʉ18:2) and PU fatty 

acids, a decrease in the level of palmitic (ʉ16:0), stearic (ʉ18:0) and oleic (ʉ18:1) 

fatty acids, due to the occurrence of inflammatory changes in the respiratory organs. 
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Introductions. In the lumen of the large intestine, bacterial fermentation of 

proteins (mucus, exfoliated epithelial cells) produces acetic and propionic acids, and 

fatty acid (short-chain) [2]. Especially important is butyric acid, which supports 

intestinal homeostasis. Butyric acid has a beneficial effect on the intestinal wall and 

strengthens its barrier function to antigens. An important component of this barrier is 

the layer of mucus (covering the epithelium), and butyric acid increases the 

production of mucus and restores the level of antimicrobial proteins [4], it has 

anti-inflammatory and anti-carcinogenic effects. Butyric acid deficiency contributes 

to the development of inflammatory processes, ulcerative colitis and colon cancer [1]. 

Short-chain fatty acids affect the motility of the upper parts of the gastrointestinal 

tract and appetite [5, 6]. 

The level of butyric acid is related to the amount of long-chain fatty acids. 

Fatty acids are structural elements of biomembranes and participate in reactions of 

lipid peroxidation (LPO). Therefore, qualitative and quantitative changes in fatty 

acids may indicate the presence of a pathological process in the human body. 

Aim  - to evaluate the effectiveness of the use of zafacol (by the composition of 

fatty acids in blood serum) in combination with surgical treatment in patients with 

intestinal polyps. 

Materials and methods. We examined 35 (35.9% of 98) healthy individuals 

and 63 (64.1% of 98) patients with intestinal polyps, in whom more than 2 polyps 

were found. The first group (I, comparison) consisted of healthy individuals (n=35). 

The second (II) and third (III) groups consisted of patients with colon polyps. The II 
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group included 33 (33.6% of 98) persons; they were prescribed only traditional 

surgical treatment (polypectomy). Group III included 30 (30.5% of 98) people; they 

were prescribed surgical treatment in combination with medication (zafakol). The age 

of the examinees is 30 to 75 years. 

The composition of fatty acids and lipids in blood serum (before and after the 

completion of the Zafacol course) in patients with intestinal polyps was studied on a 

gas-liquid chromatograph of the "Cvet - 500" series with a plasma ionization detector 

in isothermal mode. The composition of fatty acids of lipids in the blood was 

estimated by the method of area normalization (by determining the peaks of methyl 

esters of fatty acids and their fraction) (in %) [3]. 

Zafakol (Italy) was prescribed 1 tablet 2 times a day after meals (without 

chewing); the course of treatment is 30 days. 

Results and discussion. In patients with intestinal polyps, the spectrum of 

lipid fatty acids is changed - the total content of unsaturated fatty acids (including 

polyunsaturated) increases and the total content of saturated fatty acids decreases. 

This indicates impaired lipid metabolism in patients with intestinal polyps and 

depends on the number of polyps (with an increase in their number, the changes are 

more significant). 

When zafacol was used in patients with intestinal polyps (III group), the 

parameters of fatty acids in blood serum improved faster (normalized the total 

content of saturated and unsaturated fatty acids) compared to patients who did not use 

zafacol (II group, normalization of the total content of saturated and unsaturated fatty 

acids) there were no acids). 

Before treatment, the fatty acids in the blood serum of patients with II and III 

groups of intestinal polyps did not differ significantly. In patients of II and III groups, 

the total content of unsaturated fatty acids (including polyunsaturated) increased and 

the total content of saturated fatty acids decreased before treatment. In patients of II 

and III groups, the content of unsaturated fatty acids increased before treatment (up to 

(64.9 ° 1.6) % compared to (43.0 ° 2.0) % in healthy individuals (I group), 

p < 0.001). The amount of saturated fatty acids before treatment significantly 
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decreased in patients of II and III groups (by (35.1 ° 1.6) % versus (57.0 ° 2.0) % in 

the comparison group, p < 0.001). 

The increase in the content of polyunsaturated fatty acids before treatment in 

individuals of the II and III groups (up to (50.3 ° 1.3) % compared to (18.8 ° 1.8) % 

in healthy individuals, p < 0.001) occurred at increasing the level of linoleic (C18:2) 

and arachidonic (C20:4) fatty acids. 

Conclusions. 

1. In patients with intestinal polyps, the fatty acid composition of lipids is 

changed (the total content of unsaturated (including polyunsaturated) increases and 

the total content of saturated fatty acids decreases) compared to healthy individuals. 

2. Changes in the composition of fatty acids in the blood serum of patients with 

intestinal polyps indicate a violation of lipid metabolism and the need to correct their 

composition. 

3. The use of Zafacol in combination with surgical treatment in patients with 

multiple intestinal polyps is aimed at rapid correction of changes in the composition 

of fatty acids and lipids in blood serum. 
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Abstract. The relationship between changes in semen parameters in the 

presence of sperm DNA fragmentation in men of reproductive age with impaired 

reproductive function was investigated. It has been established that changes in semen 

analysis indicate the presence of astheno-, oligo- and teratozoospermia, dyskinesis, 

and are dependent on the level of sperm DNA fragmentation. Thus, the more severe 

the changes in the key parameters of the spermogram, the greater the probability that 

the frequency of sperm DNA fragmentation will be higher than normal. 

Keywords: male infertility, sperm DNA fragmentation, semen analysis. 

 

The increase in the share of the male factor in the structure of childless 

marriage necessitates a deeper and more detailed study of the existing problem. 

Today it is known that at least 30-50 % of all cases of severe male infertility are 

caused by genetic factors. [1, p. 2444-2448; 2, p. 163-167]. Sperm DNA 

fragmentation is a relatively recently discovered cause of male infertility, and as the 

name implies, that is breaks or damages sperm DNA strands, and the more such 

damage, the lower the degree of integrity of the genetic material and the less chance 

of pregnancy. [3, p. 24-27; 4, p. 83-91].  

Given the numerous data that anomalies of chromatin in sperms are often 
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associated with reduced sperm indicators, and sperms evaluated as "morphologically 

normal" (by light microscopy) may have a damaged DNA, and vice versa 

[4, p. 83-91; 5, p. 2-10], it was of interest to determine the relationship between 

sperm DNA fragmentation level and the degree of impaired fertility of the ejaculate. 

Aim: to assess changes in the main sperm indexes under the influence of sperm 

DNA fragmentation in men of reproductive age 

Material and methods 

Totally 70 men aged from 22 to 43 years have been included in investigation 

who underwent examination on planning childbirth. All men have presented an 

agreement in written form for participation in the studies. The agreement has been 

approved by Institutional Committee on Bioethics and corresponded to the bases of 

Helsinki Declaration and corresponded to ethic, moral and legal requirements of the 

Order No 281 of Ministry of Health of Ukraine from 01.11.2000. 

Examined men have been divided into three groups. The first group (control) 

included 20 men with a normal level of sperm DNA fragmentation, who had 1-2 

children. The second group (comparison) consisted of 27 infertile patients with a 

normal level of sperm DNA fragmentation. The third group was composed of 23 

infertile men with a high level of sperm DNA fragmentation. 

All men underwent a comprehensive study that included the semen analysis 

according to WHO recommendations [6] and determination of the level of sperm 

DNA fragmentation. 

Semen analysis was performed over standard technique recommended by 

WHO. During ejaculate analysis volume, color, consistency, pH, concentration of 

spermatozoa in 1 ml ejaculate and their total amount, degree of motility and 

microscopic investigation of stained specimen have been assessed. 

To assess sperm DNA fragmentation level technique Sperm Chromatin 

Dispertion test has been used. Sperm DNA fragmentation level up to 30 % 

corresponded to standard values, higher values ï than 30 % of calculated 500 

spermatozoa. 

Statistical analysis of obtained data was performed using computer programs 
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set STATISTICA (StatSoft Statistic v.7.0.). Statistical significance of compared 

indices with distribution different from standard, assessed by Kolmogorov-Smirnov 

test, has been established using Wald-Wolfowitz runs test at the significance level of 

0.05. 

Results 

The first (control) group was characterized by ejaculate fertility preserved 

accordingly to the standard values, recommended by WHO. 

While examining native and stained specimen under microscope in II group of 

patients active spermatozoa decreased by 52 %, fixed forms and immotile sperm 

increased by 130 % and 21 %, respectively, compared to control group values. 

Concentration of spermatozoa in 1 ml and their total amount in ejaculate of II group 

patients has been decreased by 37 % on average and 24 % compared to the values of 

control group. Pathologic forms increased by 60 % secondary to decreasing standard 

forms of spermatozoa by 26 % concerning values of control group; teratozoospermia 

index was in conformity with admissible values. 

Thus, the detected changes in spermograms in men of II group indicate the 

presence of a small astheno- and teratozoospermia on the background of moderate 

oligozoospermia, which, in turn, indicates a slight decrease in ejaculate fertility. 

In the study of ejaculate indices in men of III group there was a decrease in the 

number of active spermatozoa by 65 % and 48 % relative to the values of the control 

and II groups and an increase in the not motile spermatozoa by 26% relative to the 

control indicators.  

Significantly increased the number of fixed sperm forms by 188 % and 25 % 

relative to control and II groups, respectively, the appearance of dyskinetic forms. 

The concentration of sperm in 1 ml decreased by 58 % and 33 %, and the total 

number of sperm in the ejaculate - by 55 % and 40 % relative to the values of the 

control and II groups, respectively. There was also a decrease in the number of 

normal sperm forms by 41 % and 21 % and an increase in pathological forms by 95% 

and 22 % relative to the values of control and II groups, respectively. 

In the analysis of spermograms of men in III group, significant astheno- and 
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oligozoospermia, slight dyskinesis, marked teratozoospermia were observed, which 

obviously contributes to a significant decrease in ejaculate fertility in men of this 

group. 

As a result of the study of the level of sperm DNA fragmentation, it was found 

that in men II groups, although changes in semen analysis were observed, but the 

number of fragmented sperms was on average 16%. In men of III group, the level of 

sperm DNA fragmentation exceeded the norm and averaged 38%.  

Thus, the data obtained by us confirm the assumption of a certain relationship 

between the basic parameters of sperm (their concentration, motility and 

morphology) and the frequency of their nuclear DNA fragmentation. The less motile 

and more morphologically anomalous sperms in the ejaculate were found, the greater 

the likelihood of increased frequency of DNA fragmentation in them. 

Conclusions 

1. The revealed changes in the semen analysis in men with reproductive 

function disorders indicate the presence of astheno-, oligo- and teratozoospermia, 

dyskinesis depending on the level of sperm DNA fragmentation. 

2. The degree of impaired spermatogenesis directly correlates with the level of 

DNA fragmentation in male gametes. The heavier the pathoospermia, the greater the 

probability that the frequency of DNA fragmentation in sperm will be above normal. 

3. The index of sperm DNA fragmentation has significant diagnostic and 

prognostic value in married couples with impaired reproduction, especially for men 

with sperm counts that are close to normal, in who no obvious causes of infertility are 

detected and in cases of failed attempts of IVF, ICSI or habitual miscarriages. 
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ʈʆʃʔ ɸʈʊ-ʊɽʈɸʇɯɰ ɺ ʃɯʂʋɺɸʅʅɯ ʇɸʃɯɸʊʀɺʅʀʍ ʍɺʆʈʀʍ ɿ ʈɸʂʆʄ 

ʄʆʃʆʏʅʆɰ ɿɸʃʆɿʀ 

 

ɹʦʙʨʦ ʃʽʣʽʷ ʄʠʢʦʣʘʾʚʥʘ, 

ʢ.ʤʝʜ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ 

ʟʘʛʘʣʴʥʦʾ ʧʨʘʢʪʠʢʠ ï ʩʽʤʝʡʥʦʾ ʤʝʜʠʮʠʥʠ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʭʚʦʨʦʙ, 

ʃʦʽʢ ʃʶʙʦʚ ɺôʷʯʝʩʣʘʚʽʚʥʘ, 

ʌʝʜʦʨʦʚʘ ʃʽʥʘ ɸʥʜʨʽʾʚʥʘ 

ʩʪʫʜʝʥʪʢʠ 6 ʢʫʨʩʫ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɸʨʪ-ʪʝʨʘʧʽʷ (AT) ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʪʚʦʨʝʥʥʷ ʚʠʪʚʦʨʽʚ ʤʠʩʪʝʮʪʚʘ ʜʣʷ 

ʚʠʨʘʞʝʥʥʷ ʪʘ ʩʧʽʣʢʫʚʘʥʥʷ, ʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʦʥʘ ʟʤʝʥʰʫʻ ʧʩʠʭʦʣʦʛʽʯʥʽ ʪʘ ʬʽʟʠʯʥʽ 

ʩʠʤʧʪʦʤʠ ʫ ʭʚʦʨʠʭ ʥʘ ʨʘʢ. ʆʩʥʦʚʥʘ ʤʝʪʘ ʘʨʪ - ʪʝʨʘʧʽʾ ð ʩʧʨʠʷʪʠ ʧʦʩʠʣʝʥʥʶ 

ʦʙʨʦʙʢʠ ʝʤʦʮʽʡ; ʦʜʥʘʢ ʤʘʣʦ ʜʦʩʣʽʜʞʝʥʴ ʚʠʚʯʘʶʪʴ ʮʽ ʟʤʽʥʠ. ɿʛʽʜʥʦ ʟ 

ʚʠʟʥʘʯʝʥʥʷʤ ɸʤʝʨʠʢʘʥʩʴʢʦʾ ʘʨʪ-ʪʝʨʘʧʝʚʪʠʯʥʦʾ ʘʩʦʮʽʘʮʽʾ (AATA) ʫ ʩʪʘʪʪʽ çʇʨʦ 

ʘʨʪ-ʪʝʨʘʧʽʶè (2018), ʘʨʪ-ʪʝʨʘʧʽʷ, ʷʢʫ ʧʨʦʚʦʜʠʪʴ ʧʨʦʬʝʩʽʡʥʠʡ ʘʨʪ-ʪʝʨʘʧʝʚʪ, - ʮʝ 

ʪʝʨʘʧʝʚʪʠʯʥʘ ʤʦʜʘʣʴʥʽʩʪʴ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʦʪʦʯʥʠʭ ʩʝʘʥʩʽʚ ʜʣʷ 

çʧʦʢʨʘʱʝʥʥʷ ʢʦʛʥʽʪʠʚʥʠʭ ʽ ʩʝʥʩʦʤʦʪʦʨʥʠʭ ʬʫʥʢʮʽʡ, ʚʠʭʦʚʘʥʥʷ ʩʘʤʦʦʮʽʥʢʠ ʽ 

ʩʘʤʦʩʚʽʜʦʤʦʩʪʽ, ʨʦʟʚʠʚʘ ̒ ʝʤʦʮʽʡʥʫ ʩʪʽʡʢʽʩʪʴ, ʩʧʨʠʷ ̒ ʨʦʟʫʤʽʥʥ,ʁ ʧʦʢʨʘʱʫ ̒

ʩʦʮʽʘʣʴʥʽ ʥʘʚʠʯʢʠ, ʟʤʝʥʰʫ ̒ʪʘ ʚʠʨʽʰʫ ̒ʢʦʥʬʣʽʢʪʠ ʪʘ ʩʪʨʘʞʜʘʥʥʷ ʪʘ ʩʧʨʠʷʻ 

ʩʫʩʧʽʣʴʥʠʤ ʪʘ ʝʢʦʣʦʛʽʯʥʠʤ ʟʤʽʥʘʤè. 

ʇʘʮʽʻʥʪʠ ʟ ʨʘʢʦʤ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ ʩʧʨʘʚʣʷʶʪʴʩʷ ʟ ʜʝʧʨʝʩʽʻʶ, ʷʢʘ 

ʧʦʚôʷʟʘʥʘ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʚʠʞʠʚʘʥʥʷ ʪʘ ʬʽʟʠʯʥʠʤʠ 

ʩʠʤʧʪʦʤʘʤʠ.  

ɹʽʣʴ ʽ ʚʪʦʤʘ ʻ ʷʩʢʨʘʚʠʤʠ ʩʠʤʧʪʦʤʘʤʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʘʤʦʧʦʯʫʪʪʷ 

ʭʚʦʨʠʭ ʥʘ ʨʘʢ. ʅʘʰʘ ʪʝʤʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʚʯʝʥʥʷ ʜʚʦʭ ʤʝʭʘʥʽʯʥʠʭ ʟʤʽʥ: 

ʝʤʦʮʽʡʥʦʾ ʦʙʨʦʙʢʠ (ʫʩʚʽʜʦʤʣʝʥʥʷ, ʚʠʨʘʞʝʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʷ) ʪʘ ʭʦʣʽʥʝʨʛʽʯʥʠʭ 

ʧʨʦʪʠʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ (ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʩʝʨʮʝʚʦʛʦ ʨʠʪʤʫ ʪʘ ʝʢʩʧʨʝʩʽʾ 

ʮʠʪʦʢʽʥʽʚ), ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʚʪʨʫʯʘʥʥʷ ʘʨʪ-ʪʝʨʘʧʽʾ ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʜʝʧʨʝʩʽʶ, 

ʙʽʣʴ ʽ ʚʪʦʤʫ.  
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ʄʝʪʘ. ɺʠʚʯʠʪʠ ʚʧʣʠʚ ʘʨʪ - ʪʝʨʘʧʽʾ ʥʘ ʦʙʨʦʙʢʫ ʝʤʦʮʽʡ, ʷʢ ʤʝʭʘʥʽʟʤ 

ʟʤʝʥʰʝʥʥʷ ʩʠʤʧʪʦʤʽʚ ʫ ʞʽʥʦʢ ʟ ʨʘʢʦʤ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ.  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɹʫʚ ʧʨʦʚʝʜʝʥʠʡ ʦʛʣʷʜ ʪʘ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʞʝʨʝʣ ʟʘ ʧʝʨʽʦʜ ʟʘ ʦʩʪʘʥʥʽ 10 ʨʦʢʽʚ ʫ ʙʘʟʘʭ ʜʘʥʠʭ ʜʦʢʘʟʦʚʦʾ 

ʤʝʜʠʮʠʥʠ - PubMed ʪʘ Medline, ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʨʪ-ʪʝʨʘʧʽʾ ʫ ʣʽʢʫʚʘʥʥʽ 

ʞʽʥʦʢ, ʭʚʦʨʠʭ ʥʘ ʨʘʢ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ. 

ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʠʡʤʘʣʦ ʫʯʘʩʪʴ ʜʚʘʜʮʷʪʴ ʞʽʥʦʢ ʟ ʜʽʘʛʥʦʟʦʤ ʨʘʢ 

ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ, ʷʢʽ ʧʨʦʡʰʣʠ ʧʝʨʚʠʥʥʝ ʣʽʢʫʚʘʥʥʷ.  

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʩʪʫʧʥʦʾ 

ʤʝʜʠʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ ʥʘʷʚʥʽʩʪʴ ʜʦʩʪʦʚʽʨʥʦʛʦ ʝʬʝʢʪʫ ʚʽʜ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʨʪ- ʪʝʨʘʧʽʾ, ʱʦ ʧʨʦʷʚʣʷʣʦʩʴ ʫ ʟʤʝʥʰʝʥʥʽ ʧʨʦʷʚʽʚ ʜʝʧʨʝʩʽʾ, ʙʦʣʶ ʽ 

ʚʪʦʤʠ.  

ʊʘʢ, ʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʧʨʦʚʝʜʝʥʦʤʫ Johanna Czamanski-Cohen PhD, Joshua F 

Wiley PhD ʪʘ ʽʥ., ʫʯʘʩʥʠʮʽ ʙʫʣʠ ʨʘʥʜʦʤʽʟʦʚʘʥʽ ʜʣʷ ʫʯʘʩʪʽ ʫ ʚʦʩʴʤʠʪʠʞʥʝʚʽʡ 

ʘʨʪ ï ʪʝʨʘʧʽʾ ʥʘ ʛʨʫʧʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʨʪ-ʪʝʨʘʧʽʾ (ʚ ʷʢʽʡ ʨʦʟʬʘʨʙʦʚʫʚʘʣʠ 

ʤʘʥʜʘʣʠ) ʪʘ ʛʨʫʧʫ ʧʦʨʽʚʥʷʥʥʷ, ʚ ʷʢʽʡ ʧʨʦʚʦʜʠʣʘʩʷ ʪʽʣʴʢʠ ʙʘʟʦʚʘ ʪʝʨʘʧʽʷ. 

ʋʯʘʩʥʠʮ ̔ ʚʽʜʧʦʚʽʜʘʣʠ ʥʘ ʘʥʢʝʪʠ ʜʦ ʪʘ ʧʽʩʣʷ ʚʪʨʫʯʘʥʥʷ. ʉʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ 

ʦʙʨʦʙʣʷʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʣʴʢʫʣʷʪʦʨʫ D ʂʦʝʥʘ (ʜʣʷ ʦʮʽʥʢʠ ʨʦʟʤʽʨʽʚ ʝʬʝʢʪʫ) 

ʪʘ t-ʢʨʠʪʝʨʽʶ (ʜʣʷ ʚʠʚʯʝʥʥʷ ʛʨʫʧʦʚʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ). ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʜʚʘ 

ʧʦʪʝʥʮʽʡʥʽ ʤʝʭʘʥʽʟʤʠ ʚʧʣʠʚʫ ʚʪʨʫʯʘʥʥʷ ʥʘ ʜʝʧʨʝʩʽʶ, ʙʽʣʴ ʽ ʚʪʦʤʫ: ʝʤʦʮʽʡʥʫ 

ʦʙʨʦʙʢʫ ʪʘ ʭʦʣʽʥʝʨʛʽʯʥʽ ʧʨʦʪʠʟʘʧʘʣʴʥʽ ʧʨʦʮʝʩʠ ʪʘ ʧʦʨʽʚʥʷʥʦ ʮʽ ʝʬʝʢʪʠ ʫ ʨʽʟʥʠʭ 

ʛʨʫʧʘʭ ʞʽʥʦʢ. 

ʇʽʩʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ 

ʛʨʫʧʘʤʠ ʚ ʝʤʦʮʽʡʥʽʡ ʦʙʽʟʥʘʥʦʩʪʽ ʪʘ ʧʨʠʡʥʷʪʪʽ ʝʤʦʮʽʡ, ʩʢʦʨʦʯʝʥʥʽ ʯʘʩʫ 

ʧʨʠʡʥʷʪʪʷ ʝʤʦʮʽʡ, ʝʤʦʮʽʡʥʦʤʫ ʫʩʚʽʜʦʤʣʝʥʥʽ ʪʘ ʟʤʝʥʰʝʥʥʽ ʩʠʤʧʪʦʤʽʚ ʜʝʧʨʝʩʽʾ ʚ 

ʦʩʥʦʚʥʽʡ ʛʨʫʧʽ ʫ ʧʘʮʽʻʥʪʦʢ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʛʨʫʧʦʶ ʢʦʥʪʨʦʣʶ. 

ɺʠʩʥʦʚʦʢ. ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʙʨʦʙʢʘ ʝʤʦʮʽʡ ʫ ʘʨʪ-ʪʝʨʘʧʽʾ 

ʤʦʞʝ ʙʫʪʠ ʧʦʪʝʥʮʽʡʥʠʤ ʤʝʭʘʥʽʟʤʦʤ, ʱʦ ʟʤʝʥʰʫʻ ʜʝʧʨʝʩʽʶ ʪʘ ʩʦʤʘʪʠʯʥʽ 

ʩʠʤʧʪʦʤʠ ʫ ʭʚʦʨʠʭ ʥʘ ʨʘʢ. ɸʨʪ-ʪʝʨʘʧʽʷ ʻ ʤʦʞʣʠʚʠʤ ʚʪʨʫʯʘʥʥʷʤ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʤʦʮʽʡʥʦʾ ʦʙʨʦʙʢʠ. ʇʦʪʨʽʙʥʝ ʙʽʣʴʰ ʤʘʩʰʪʘʙʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ 
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ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ ʡʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʩʠʭʦʣʦʛʽʯʥʽ ʪʘ ʬʽʟʠʯʥʽ ʩʠʤʧʪʦʤʠ ʫ 

ʭʚʦʨʠʭ ʥʘ ʨʘʢ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ. ʂʦʣʠ ʣʽʢʫʚʘʣʴʥʘ ʪʝʨʘʧʽʷ ʜʣʷ ʥʝʚʠʣʽʢʦʚʥʦ 

ʭʚʦʨʦʛʦ ʧʘʮʽʻʥʪʘ ʙʽʣʴʰʝ ʥʝ ʞʠʪʪʻʟʜʘʪʥʘ, ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʟʘʩʦʙʠ, ʪʘʢʽ ʷʢ ʪʚʦʨʯʝ 

ʚʪʨʫʯʘʥʥʷ ʚ ʤʠʩʪʝʮʪʚʦ, ʷʢʝ ʤʦʞʝ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʞʠʪʪʷ, ʥʝʟʤʽʥʥʦ ʘʢʪʫʘʣʴʥʽ ʚ 

ʩʬʝʨʘʭ ʤʝʜʠʮʠʥʠ, ʷʢʽ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʢʦʤʬʦʨʪʽ ʧʘʮʽʻʥʪʘ, ʥʘʧʨʠʢʣʘʜ ʧʘʣʽʘʪʠʚʥʽʡ 

ʪʘ ʭʦʩʧʽʩʥʽʡ ʜʦʧʦʤʦʟʽ. 

 

ʉʇʀʉʆʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃ: 

1. The role of emotional processing in art therapy (REPAT) for breast 

cancer patients. https://pubmed.ncbi.nlm.nih.gov/30929590/ 

2. Protocol for the REPAT study: role of emotional processing in art therapy 

for breast cancer palliative care patients https://pubmed.ncbi.nlm.nih.gov/33444178/ 

3. Art Therapy https://pubmed.ncbi.nlm.nih.gov/31747178/ 
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ʈʆʃʔ ɽʌɽʂʊʆʈʅʀʍ ʇɸʊʆɻɽʅɽʊʀʏʅʀʍ ʄɽʍɸʅɯɿʄɯɺ ɺ ʈʆɿɺʀʊʂʋ 

ʉʀʅɼʈʆʄʋ ɺʆʃʔʌɸ-ʇɸʈʂɯʅʉʆʅɸ-ʋɸʁʊɸ ʊɸ ʇʆɻʃʗɼ ʅɸ 

ʉʋʏɸʉʅɯ ʄɽʊʆɼʀ ʁʆɻʆ ʃɯʂʋɺɸʅʅʗ 

 

ɹʦʛʦʤʦʣ ʂʘʪʝʨʠʥʘ ɺʦʣʦʜʠʤʠʨʽʚʥʘ 

ʉʪʫʜʝʥʪʢʘ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʚʠʩʚʽʪʣʝʥʽ ʧʨʠʯʠʥʠ, ʧʝʨʝʜʫʤʦʚʠ ʽ ʬʘʢʪʦʨʠ ʨʠʟʠʢʫ 

ʨʦʟʚʠʪʢʫ ʩʠʥʜʨʦʤʫ ɺʦʣʴʬʘ-ʇʘʨʢʽʥʩʦʥʘ-ʋʘʡʪʘ, ʘ ʪʘʢʦʞ ʾʭ ʝʬʝʢʪʦʨʥʽ ʤʝʭʘʥʽʟʤʠ. 

ɹʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʨʘʥʩʛʝʥʥʠʭ ʤʠʰʝʡ ʽ ʟôʩ̫ʦʚʘʥʦ ʨʦʣʴ ɸʄʌ-ʘʢʪʠʚʦʚʘʥʦʾ ʧʨʦʪʝʾʥʢʽʥʘʟʠ ʚ 

ʨʦʟʚʠʪʢʫ ʩʠʥʜʨʦʤʫ. ʆʙʛʦʚʦʨʝʥʦ ʥʘʡʙʽʣʴʰʽ ʨʠʟʠʢʠ ʜʣʷ ʭʚʦʨʠʭ ʽʟ ʩʠʥʜʨʦʤʦʤ 

ɺʦʣʴʬʘ-ʇʘʨʢʽʥʩʦʥʘ-ʋʘʡʪʘ ʽ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʡʦʛʦ ʣʽʢʫʚʘʥʥʷ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʉʠʥʜʨʦʤ ɺʦʣʴʬʘ-ʇʘʨʢʽʥʩʦʥʘ-ʋʘʡʪʘ, ɸʄʌ-ʘʢʪʠʚʦʚʘʥʘ 

ʧʨʦʪʝʾʥʢʽʥʘʟʘ, ʜʦʜʘʪʢʦʚʽ ʧʨʦʚʽʜʥʽ ʰʣʷʭʠ, ʜʝʣʴʪʘ-ʭʚʠʣʷ, ʛʽʧʝʨʪʨʦʬʽʷ, ʤʝʪʘʙʦʣʽʪʠ, 

ʨʘʜʽʦʯʘʩʪʦʪʥʘ ʢʘʪʝʪʝʨʥʘ ʘʙʣʷʮʽʷ. 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʽʜʦʤʦ, ʱʦ ʚ ʨʦʟʚʠʪʢʫ ʛʽʧʝʨʪʨʦʬʽʾ ʤʽʦʢʘʨʜʘ 

ʰʣʫʥʦʯʢʽʚ, ʚʘʞʣʠʚʦʾ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʩʠʥʜʨʦʤʫ 

ɺʦʣʴʬʘ-ʇʘʨʢʽʥʩʦʥʘ-ʋʘʡʪʘ, ʧʨʦʚʽʜʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʤʫʪʘʮʽʷ ʚ ɔ2 ʨʝʛʫʣʷʪʦʨʥʽʡ 

ʩʫʙʦʜʠʥʠʮʽ PRKAG2 (ɸʄʌ-ʘʢʪʠʚʦʚʘʥʦʾ ʧʨʦʪʝʾʥʢʽʥʘʟʠ) ï ʬʝʨʤʝʥʪʫ, ʷʢʠʡ ʙʝʨʝ 

ʫʯʘʩʪʴ ʚ ʨʝʛʫʣʷʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʛʦʤʝʦʩʪʘʟʫ ʢʣʽʪʠʥʠ, ʘʢʪʠʚʫʶʯʠ ʧʦʛʣʠʥʘʥʥʷ ʪʘ 

ʨʦʟʧʘʜ ʛʣʶʢʦʟʠ [1, 2]. ʋ ʣʶʜʝʡ ʟ ʤʫʪʘʮʽʷʤʠ ʧʨʦʪʝʾʥʢʽʥʘʟʠ ʥʝʨʽʜʢʦ ʚʠʷʚʣʷʶʪʴʩʷ 

ʝʣʝʢʪʨʦʬʽʟʽʦʣʦʛʽʯʥʽ ʧʦʨʫʰʝʥʥʷ, ʦʜʥʠʤ ʟ ʷʢʠʭ ʻ ʧʝʨʝʜʯʘʩʥʝ ʟʙʫʜʞʝʥʥʷ 

ʰʣʫʥʦʯʢʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʽ ʜʣʷ ʩʠʥʜʨʦʤʫ ɺʦʣʴʬʘ-ʇʘʨʢʽʥʩʦʥʘ-ʋʘʡʪʘ, ʪʘ ʽʥʰʠʭ 

ʧʨʦʷʚʽʚ ʘʪʨʽʦʚʝʥʪʨʠʢʫʣʷʨʥʦʾ ʜʠʩʬʫʥʢʮʽʾ [1, 2]. 

ɼʣʷ ʟôʷʩʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ, ʟʘ ʷʢʠʤ ʤʫʪʘʮʽʾ PRKAG2 ʩʧʨʠʯʠʥʷʶʪʴ 

ʛʽʧʝʨʪʨʦʬʽʶ ʟ ʝʣʝʢʪʨʦʬʽʟʽʦʣʦʛʽʯʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ, ʥʘʫʢʦʚʮʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 
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ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʪʨʘʥʩʛʝʥʥʠʭ ʤʠʰʝʡ ʟ ʥʘʜʤʽʨʥʦʶ ʝʢʩʧʨʝʩʽʻʶ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʾ 

ɼʅʂ PRKAG2 ʽ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʪʨʘʥʩʛʝʥʥʽ ʤʫʪʘʥʪʥʽ ʤʠʰʽ ʚʠʷʚʣʷʶʪʴ 

ʧʽʜʚʠʱʝʥʫ ʘʢʪʠʚʥʽʩʪʴ ʧʨʦʪʝʾʥʢʽʥʘʟʠ, ʘʢʪʠʚʦʚʘʥʦʾ ɸʄʌ, ʫ ʾʭ ʩʝʨʮʝʚʦʤʫ ʤôʷʟʽ 

ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʟʥʘʯʥʠʡ (ʚ 30 ʨʘʟʽʚ ʚʠʱʝ ʥʦʨʤʠ) ʥʘʜʣʠʰʦʢ ʛʣʽʢʦʛʝʥʫ, ʚʠʥʠʢʘʻ 

ʚʠʨʘʞʝʥʘ ʛʽʧʝʨʪʨʦʬʽʷ ʣʽʚʦʛʦ ʰʣʫʥʦʯʢʘ, ʧʝʨʝʟʙʫʜʞʝʥʥʷ ʤʽʦʢʘʨʜʽʦʮʠʪʽʚ ʽ 

ʜʠʩʬʫʥʢʮʽʷ ʩʠʥʫʩʦʚʦʛʦ ʚʫʟʣʘ [3]. ɻʽʩʪʦʣʦʛʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʦ, 

ʱʦ ʬʽʙʨʦʟʥʽ ʢʽʣʴʮʷ ʧʨʘʚʦʛʦ ʽ ʣʽʚʦʛʦ ʧʝʨʝʜʩʝʨʜʥʦ-ʰʣʫʥʦʯʢʦʚʠʭ ʦʪʚʦʨʽʚ, ʷʢʽ ʚ 

ʥʦʨʤʽ ʧʦʧʝʨʝʜʞʘʶʪʴ ʰʣʫʥʦʯʢʠ ʚʽʜ ʧʝʨʝʜʯʘʩʥʦʛʦ ʟʙʫʜʞʝʥʥʷ ʟ ʧʝʨʝʜʩʝʨʜʴ, 

ʩʧʦʪʚʦʨʝʥʽ ʤʽʦʮʠʪʘʤʠ, ʧʝʨʝʧʦʚʥʝʥʠʤʠ ʛʣʽʢʦʛʝʥʦʤ. ɽʣʝʢʪʨʦʬʽʟʽʦʣʦʛʽʯʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʠʣʦ ʦʟʥʘʢʠ ʥʘʷʚʥʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʘʪʨʽʦʚʝʥʪʨʠʢʫʣʷʨʥʠʭ 

ʧʨʦʚʽʜʥʠʭ ʰʣʷʭʽʚ (ʩʢʦʨʦʯʝʥʥʷ ʽʥʪʝʨʚʘʣʽʚ PR, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʤʝʥʰʝʥʥʷ 

ʬʽʟʽʦʣʦʛʽʯʥʦʾ ʯʘʩʦʚʦʾ ʟʘʪʨʠʤʢʠ ʤʽʞ ʝʣʝʢʪʨʠʯʥʦʶ ʘʢʪʠʚʘʮʽʻʶ ʧʝʨʝʜʩʝʨʜʴ ʽ 

ʰʣʫʥʦʯʢʽʚ, ʪʘ ʜʝʣʴʪʘ-ʭʚʠʣʴ), ʱʦ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʪʘʢʠʤʠ ʧʨʠ ʩʠʥʜʨʦʤʽ 

ɺʦʣʴʬʘ-ʇʘʨʢʽʥʩʦʥʘ-ʋʘʡʪʘ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʧʨʠʯʠʥʷʶʪʴ ʧʦʧʝʨʝʜʥʻ ʟʙʫʜʞʝʥʥʷ 

ʰʣʫʥʦʯʢʽʚ [3]. 

ɺ ʽʥʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʤʫʪʘʮʽʾ ʛʝʥʘ PRKAG2 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ ʤʽʦʮʠʪʽʚ ʪʘ ʨʦʟʚʠʪʢʫ ʥʝʟʥʘʯʥʦʛʦ 

ʽʥʪʝʨʩʪʠʮʽʘʣʴʥʦʛʦ ʬʽʙʨʦʟʫ, ʘʣʝ ʚʦʥʠ ʥʝ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʪʘʢʠʭ ʧʘʪʦʛʥʦʤʦʥʽʯʥʠʭ 

ʦʟʥʘʢ ʛʽʧʝʨʪʨʦʬʽʯʥʦʾ ʢʘʨʜʽʦʤʽʦʧʘʪʽʾ, ʷʢ ʜʝʟʦʨʛʘʥʽʟʘʮʽʷ ʤʽʦʬʽʙʨʠʣ ʽ ʤʽʦʮʠʪʽʚ. ʋ 

ʪʦʡ ʞʝ ʯʘʩ, ʟ ʤʫʪʘʮʽʻʶ ʮʴʦʛʦ ʞ ʛʝʥʘ ʧʦʚô̫ ʟʫʶʪʴ ʫʪʚʦʨʝʥʥʷ ʚ ʤʽʦʮʠʪʘʭ ʚʘʢʫʦʣʝʡ, 

ʟʘʧʦʚʥʝʥʠʭ ʛʣʽʢʦʛʝʥʦʤ [4]. ʗʢʱʦ ʨʘʥʽʰʝ ʚʚʘʞʘʣʦʩʷ, ʱʦ ʤʫʪʘʮʽʷ ʛʝʥʘ PRKAG2 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʚʠʪʢʫ ʫ ʧʘʮʽʻʥʪʽʚ ʛʽʧʝʨʪʨʦʬʽʯʥʦʾ 

ʢʘʨʜʽʦʤʽʦʧʘʪʽʾ (ɻʂʄʇ) ʪʘ/ʘʙʦ ʩʠʥʜʨʦʤʫ ɺʦʣʴʬʘ-ʇʘʨʢʽʥʩʦʥʘ-ʋʘʡʪʘ, ʪʦ ʪʝʧʝʨ 

ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʜʘʥʽ ʜʘʶʪʴ ʧʽʜʩʪʘʚʫ ʚʚʘʞʘʪʠ, ʱʦ ʮʷ ʤʫʪʘʮʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʦʟʚʠʪʢʫ ʧʘʪʦʣʦʛʽʾ, ʧʦʚôʷʟʘʥʦʾ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤ ʛʣʽʢʦʛʝʥʫ ʚ ʢʣʽʪʠʥʘʭ ʩʝʨʮʝʚʦʛʦ 

ʤôʷʟʘ, ʦʟʥʘʢʠ ʷʢʦʾ ʻ ʩʭʦʞʠʤʠ ʥʘ ɻʂʄʇ ʽ ʩʠʥʜʨʦʤ ɺʦʣʴʬʘ-ʇʘʨʢʽʥʩʦʥʘ-ʋʘʡʪʘ 

(ʛʽʧʝʨʪʨʦʬʽʷ ʤʽʦʢʘʨʜʘ, ʧʦʧʝʨʝʜʥʻ ʟʙʫʜʞʝʥʥʷ ʰʣʫʥʦʯʢʽʚ ʽ ʩʧʦʪʚʦʨʝʥʥʷ 

ʧʨʦʚʽʜʥʠʭ ʰʣʷʭʽʚ). ʅʘʡʙʽʣʴʰʦʶ ʥʝʙʝʟʧʝʢʦʶ ʧʝʨʝʙʽʛʫ ʩʠʥʜʨʦʤʫ 

ɺʦʣʴʬʘ-ʇʘʨʢʽʥʩʦʥʘ-ʋʘʡʪʘ ʽ ʧʝʨʝʜʫʤʦʚʦʶ ʨʘʧʪʦʚʦʾ ʩʝʨʮʝʚʦʾ ʩʤʝʨʪʽ ʧʘʮʽʻʥʪʽʚ ʻ 

ʨʦʟʚʠʪʦʢ ʘʪʨʽʦʚʝʥʪʨʠʢʫʣʷʨʥʦʾ ʪʘʭʽʢʘʨʜʽʾ ʟʘ ʪʠʧʦʤ Re-entry, ʷʢʘ ʤʦʞʝ ʧʝʨʝʡʪʠ ʫ 
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ʬʽʙʨʠʣʷʮʽʶ ʧʝʨʝʜʩʝʨʜʴ, ʘ ʟʛʦʜʦʤ ʽ ʰʣʫʥʦʯʢʽʚ, ʦʩʦʙʣʠʚʦ, ʷʢʱʦ ʰʚʠʜʢʽʩʪʴ 

ʧʨʦʚʝʜʝʥʥʷ ʽʤʧʫʣʴʩʫ ʧʦ ʜʦʜʘʪʢʦʚʠʭ ʰʣʷʭʘʭ ʧʝʨʝʚʠʱʫʻ 300 ʟʘ ʭʚʠʣʠʥʫ [5].  

ʉʴʦʛʦʜʥʽ ʟʘ ʜʘʥʠʤʠ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʞʝʥʴ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʪʨʠ ʬʘʢʪʦʨʠ 

ʨʠʟʠʢʫ ʨʦʟʚʠʪʢʫ ʬʽʙʨʠʣʷʮʽʾ ʧʝʨʝʜʩʝʨʜʴ ʽ ʰʣʫʥʦʯʢʽʚ: ʢʦʨʦʪʢʠʡ ʽʥʪʝʨʚʘʣ R-R, 

ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʬʽʙʨʠʣʷʮʽʡ ʧʝʨʝʜʩʝʨʜʴ ʘʙʦ ʘʪʨʽʦʚʝʥʪʨʠʢʫʣʷʨʥʠʭ ʪʘʭʽʢʘʨʜʽʡ ʟʘ 

ʤʝʭʘʥʽʟʤʦʤ Re-entry, ʘ ʪʘʢʦʞ ʩʪʘʨʰʘ ʚʽʢʦʚʘ ʛʨʫʧʘ ʧʘʮʽʻʥʪʽʚ, ʜʝ ʯʘʩʪʽʰʝ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʨʦʟʚʠʪʦʢ ʟʣʦʷʢʽʩʥʠʭ ʘʨʠʪʤʽʡ, ʱʦ, ʤʦʞʣʠʚʦ, ʡ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʬʽʙʨʠʣʷʮʽʡ ʟʛʦʜʦʤ [6].
 
ɸʣʝ ʮʽ ʪʚʝʨʜʞʝʥʥʷ ʢʦʥʪʨʘʩʪʫʶʪʴ ʟ ʚʠʩʥʦʚʢʘʤʠ ʽʥʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʜʝ ʟʘʷʚʣʝʥʦ, ʱʦ ʚʽʢʦʚʠʡ ʬʘʢʪʦʨ ʥʝ ʩʣʽʜ ʚʚʘʞʘʪʠ ʚʠʟʥʘʯʘʣʴʥʠʤ ʫ 

ʨʦʟʚʠʪʢʫ ʪʘʢʦʛʦ ʚʘʞʢʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ, ʷʢ ʬʽʙʨʠʣʷʮʽʷ ʧʝʨʝʜʩʝʨʜʴ, ʽ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʚʠʥʠʢʥʝʥʥʷ ʬʽʙʨʠʣʷʮʽʾ ʰʣʫʥʦʯʢʽʚ ʣʠʰʝ ʚ ʜʽʪʝʡ ʽ ʧʽʜʣʽʪʢʽʚ ʟ ʥʘʷʚʥʠʤʠ 

ʜʦʜʘʪʢʦʚʠʤʠ ʰʣʷʭʘʤʠ ʚ ʧʨʦʚʽʜʥʽʡ ʩʠʩʪʝʤʽ ʩʝʨʮʷ [5]. ʆʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ 

ʣʽʢʫʚʘʥʥʷ ʭʚʦʨʠʭ ʟ ʩʠʥʜʨʦʤʦʤ ɺʦʣʴʬʘ-ʇʘʨʢʽʥʩʦʥʘ-ʋʘʡʪʘ ʻ ʨʘʜʽʦʯʘʩʪʦʪʥʘ 

ʢʘʪʝʪʝʨʥʘ ʘʙʣʷʮʽʷ ʜʦʜʘʪʢʦʚʠʭ ʧʨʦʚʽʜʥʠʭ ʰʣʷʭʽʚ. ʅʘ ʜʫʤʢʫ 

ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʝʣʝʢʪʨʦʬʽʟʽʦʣʦʛʽʚ, ʮʝʡ ʤʝʪʦʜ ʚʦʣʦʜʽʻ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 

ʫʩʧʽʭʫ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʟʥʘʯʥʠʭ ʫʩʢʣʘʜʥʝʥʴ [5, 6]. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ 

ʨʘʥʜʦʤʽʟʦʚʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʪʨʠʚʘʣʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʷʢʦʛʦ ʩʪʘʥʦʚʠʣʘ 

ʙʣʠʟʴʢʦ 5 ʨʦʢʽʚ, ʧʨʦʬʽʣʘʢʪʠʯʥʘ ʢʘʪʝʪʝʨʥʘ ʘʙʣʷʮʽʷ ʫ ʧʘʮʽʻʥʪʽʚ ʟ ʙʝʟʩʠʤʧʪʦʤʥʠʤ 

ʧʝʨʝʙʽʛʦʤ ʩʠʥʜʨʦʤʫ ɺʦʣʴʬʘ-ʇʘʨʢʽʥʩʦʥʘ-ʋʘʡʪʘ, ʥʘ 92% ʟʥʠʞʫʻ ʨʠʟʠʢ 

ʚʠʥʠʢʥʝʥʥʷ ʫʩʢʣʘʜʥʝʥʴ ʚ ʧʦʜʘʣʴʰʦʤʫ [7]. 

ɺʠʩʥʦʚʢʠ. ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʪʘʢʽ ʚʠʩʥʦʚʢʠ: 

1. ʄʫʪʘʮʽʷ ʚ ʛʝʥʽ PRKAG2, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʜʤʽʨʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ɸʄʌ-ʘʢʪʠʚʦʚʘʥʦʾ ʧʨʦʪʝʾʥʢʽʥʘʟʠ ʡ ʥʘʢʦʧʠʯʝʥʥʷ ʤʝʪʘʙʦʣʽʪʽʚ ʫ ʢʣʽʪʠʥʘʭ 

ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ ʻ ʦʩʥʦʚʥʠʤ ʝʬʝʢʪʦʨʥʠʤ (ʤʦʣʝʢʫʣʷʨʥʠʤ) ʤʝʭʘʥʽʟʤʦʤ ʧʘʪʦʛʝʥʝʟʫ 

ʩʠʥʜʨʦʤʫ ɺʦʣʴʬʘ-ʇʘʨʢʽʥʩʦʥʘ-ʋʘʡʪʘ . 

2. ʅʘʡʙʽʣʴʰʦʶ ʥʝʙʝʟʧʝʢʦʶ ʜʣʷ ʧʘʮʽʻʥʪʽʚ ʽʟ ʩʠʥʜʨʦʤʦʤ 

ɺʦʣʴʬʘ-ʇʘʨʢʽʥʩʦʥʘ-ʋʘʡʪʘ ʻ ʥʘʷʚʥʽʩʪʴ ʫʤʦʚ ʜʣʷ ʨʦʟʚʠʪʢʫ ʤʝʭʘʥʽʟʤʫ ʧʦʚʪʦʨʥʦʛʦ 

ʚʭʦʜʫ ʟʙʫʜʞʝʥʥʷ (Re-entry) ʟ ʧʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʤʠʛʦʪʣʠʚʦʾ ʘʨʠʪʤʽʾ, ʱʦ 

ʥʝʨʽʜʢʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʧʦʥʪʘʥʥʦʾ ʩʝʨʮʝʚʦʾ ʩʤʝʨʪʽ.  

3. ʆʩʥʦʚʥʠʤ ʧʨʠʥʮʠʧʦʤ ʣʽʢʫʚʘʥʥʷ ʻ ʨʘʜʽʦʯʘʩʪʦʪʥʘ ʢʘʪʝʪʝʨʥʘ ʘʙʣʷʮʽʷ, 
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ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʦʾ ʻ ʜʦʮʽʣʴʥʠʤ ʥʘʚʽʪʴ ʫ ʧʘʮʽʻʥʪʽʚ ʟ ʙʝʟʩʠʤʧʪʦʤʥʠʤ ʧʝʨʝʙʽʛʦʤ 

ʭʚʦʨʦʙʠ.  
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ʋɼʂ 616.4 

ɸʂʊʋɸʃɯɿɸʎɯʗ ʊɽʃɽʄɽɼʀʎʀʅʀ ɼʃʗ ʃɯʂʋɺɸʅʅʗ ʊɸ ʂʆʅʊʈʆʃʖ 

ʍɺʆʈʀʍ ʅɸ ɼɯɸɹɽʊ ʇɯɼ ʏɸʉ COVID 19 

 

ʂʠʰʠʯʝʥʢʦ ɸʥʥʘ ɸʥʜʨʽʾʚʥʘ 

ɿʜʦʙʫʚʘʯ ʦʩʚʽʪʠ 6 ʢʫʨʩʫ ɯɯɯ ʤʝʜʠʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ 

ɹʦʙʨʦ ʃʽʣʽʷ ʄʠʢʦʣʘʾʚʥʘ 

ʢ.ʤʝʜ.ʥ. ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʟʘʛʘʣʴʥʦʾ ʧʨʘʢʪʠʢʠ 

cʽʤʝʡʥʦʾ ʤʝʜʠʮʠʥʠ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʭʚʦʨʦʙ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ: ʆʩʪʘʥʥʽ ʜʚʘ ʜʝʩʷʪʠʣʽʪʪʷ ʩʪʘʣʠ ʩʚʽʜʢʘʤʠ ʪʦʛʦ, ʷʢ ʪʝʣʝʤʝʜʠʮʠʥʘ 

ʩʪʘʣʘ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ, ʷʢ ʤʝʪʦʜ ʧʦʣʝʛʰʝʥʥʷ ʚʟʘʻʤʦʜʽʾ 

ʣʽʢʘʨʷ ʪʘ ʧʘʮʽʻʥʪʘ. ɿʘʚʜʷʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʨʦʟʚʠʪʢʫ ʪʘ ʥʘʢʦʧʠʯʝʥʥʶ ʜʦʩʚʽʜʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʣʝʤʝʜʠʮʠʥʠ, ʧʝʨʝʚʘʛʠ ʪʘ ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠʟʚʝʣʠ ʜʦ 

ʪʦʛʦ, ʱʦ ʾʾ ʚʠʟʥʘʣʠ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʜʽʘʙʝʪʦʣʦʛʽʾ. ʆʜʥʘʢ, ʧʘʥʜʝʤʽʷ 

ʩʪʚʦʨʠʣʘ ʥʦʚʽ ʚʠʢʣʠʢʠ ʜʣʷ ʩʠʩʪʝʤ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ, ʽ ʪʝʤʧʠ ʨʦʟʚʠʪʢʫ 

ʮʠʬʨʦʚʠʭ ʧʦʩʣʫʛ ʧʦʯʘʣʠ ʟʨʦʩʪʘʪʠ ʚ ʛʝʦʤʝʪʨʠʯʥʽʡ ʧʨʦʛʨʝʩʽʾ. ʅʝʟʘʙʘʨʦʤ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ, ʱʦ ʭʚʦʨʽ ʥʘ ʜʽʘʙʝʪ, ʟ ʽʥʬʽʢʦʚʘʥʠʤ COVID-19, ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʠʡ 

ʨʠʟʠʢ ʷʢ ʩʤʝʨʪʥʦʩʪʽ, ʪʘʢ ʽ ʪʷʞʢʠʭ ʥʘʩʣʽʜʢʽʚ. ʂʨʽʤ ʪʦʛʦ, ʙʫʣʦ ʧʦʤʽʯʝʥʦ, ʱʦ ʮʝʡ 

ʚʠʩʦʢʠʡ ʨʠʟʠʢ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʰʣʷʭʦʤ ʧʽʜʪʨʠʤʢʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘʜ ʤʝʪʘʙʦʣʽʟʤʦʤ ʛʣʶʢʦʟʠ ʧʘʮʽʻʥʪʘ. ʆʩʢʽʣʴʢʠ 

ʤʦʞʣʠʚʦʩʪʽ ʬʘʢʪʠʯʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʚʽʟʠʪʫ ʣʽʢʘʨʷ ʜʦ ʧʘʮʽʻʥʪʘ ʩʪʘʣʠ ʦʙʤʝʞʝʥʠʤʠ, 

ʪʝʣʝʤʝʜʠʮʠʥʘ ʟʘʙʝʟʧʝʯʠʣʘ ʥʘʡʟʨʫʯʥʽʰʫ ʤʦʞʣʠʚʽʩʪʴ ʩʧʽʣʢʫʚʘʥʥʷ ʟ ʧʘʮʽʻʥʪʘʤʠ 

ʪʘ ʥʘʜʘʥʥʷ ʤʝʜʠʯʥʦʾ ʜʦʧʦʤʦʛʠ. ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʜʦʩʚʽʜʫ ʥʘʜʘʥʥʷ ʤʝʜʠʯʥʦʾ 

ʜʦʧʦʤʦʛʠ ʧʽʜ ʯʘʩ ʧʘʥʜʝʤʽʾ, ʧʨʠʟʚʽʚ ʜʦ ʨʦʟʨʦʙʢʠ ʢʽʣʴʢʦʭ ʯʫʜʦʚʠʭ ʩʪʨʘʪʝʛʽʡ ʱʦʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʣʝʤʝʜʠʮʠʥʠ ʚ ʫʩʴʦʤʫ ʩʧʝʢʪʨʽ ʣʽʢʫʚʘʥʥʷ ʜʽʘʙʝʪʫ. ʇʨʦʜʦʚʞʝʥʥʷ 

ʮʠʭ ʩʪʨʘʪʝʛʽʡ, ʡʤʦʚʽʨʥʦ, ʧʨʠʥʝʩʝ ʢʦʨʠʩʪʴ ʢʣʽʥʽʯʥʽʡ ʧʨʘʢʪʠʮʽ ʥʘʚʽʪʴ ʧʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʧʘʥʜʝʤʽʯʥʦʾ ʢʨʠʟʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʝʣʝʤʝʜʠʮʠʥʘ, ʜʽʘʙʝʪ 2 ʪʠʧʫ (ʎɼ 2), COVID - 19, 

ʤʦʥʽʪʦʨʠʥʛ ʛʣʶʢʦʟʠ, ʧʨʦʬʽʣʘʢʪʠʢʘ ʪʘ ʢʦʥʪʨʦʣʴ ʜʽʘʙʝʪʫ, ʣʽʢʫʚʘʥʥʷ ʜʽʘʙʝʪʫ 
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ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʛʣʷʥʫʪʠ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʘ ʚʘʞʣʠʚʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʪʝʣʝʤʝʜʠʮʠʥʠ ʧʽʜ ʯʘʩ ʨʽʟʥʠʭ ʫʤʦʚ, ʟʦʢʨʝʤʘ, ʧʽʜ ʯʘʩ ʧʘʥʜʝʤʽʾ Covid-19.  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʘʪʝʡ, ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʱʦʜʦ 

ʪʝʣʝʤʝʜʠʮʠʥʠ ʚ ʣʽʢʫʚʘʥʥʽ ʪʘ ʢʦʥʪʨʦʣʶ ʭʚʦʨʠʭ ʥʘ ʮʫʢʨʦʚʠʡ ʜʽʘʙʝʪ.  

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʅʝʚʜʦʚʟʽ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʧʘʥʜʝʤʽʾ 

ʢʦʨʦʥʘʚʽʨʫʩʥʦʾ ʭʚʦʨʦʙʠ 2019 ʨʦʢʫ (COVID-19) ʩʪʘʣʦ ʦʯʝʚʠʜʥʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ 

ʜʽʘʙʝʪʫ ʧʽʜʚʠʱʫʻ ʨʠʟʠʢ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ [1, 2] ʥʘ ʬʦʥʽ ʽʥʬʝʢʮʽʾ COVID-19. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʘ-ʘʥʘʣʽʟʫ Mantovani et al. [3], ʧʦʪʨʝʙʠ ʚ ʽʥʪʝʥʩʠʚʥʽʡ ʪʝʨʘʧʽʾ 

ʟʨʦʩʣʠ ʙʽʣʴʰ ʥʽʞ ʚʜʚʽʯʽ ʫ ʧʘʮʽʻʥʪʽʚ, ʷʢʽ ʧʨʦʭʦʜʠʣʠ ʣʽʢʫʚʘʥʥʷ ʜʽʘʙʝʪʫ ʽ ʙʫʣʠ 

ʛʦʩʧʽʪʘʣʽʟʦʚʘʥʽ ʟ COVID-19 (n=22 ʜʦʩʣʽʜʞʝʥʥʷ; ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʰʘʥʩʽʚ: 2,10), 

ʪʦʜʽ ʷʢ ʾʭʥʽʡ ʨʠʟʠʢ ʩʤʝʨʪʥʦʩʪʽ ʟʨʽʩ ʤʘʡʞʝ ʚʪʨʠʯʽ (n=15 ʜʦʩʣʽʜʞʝʥʴ, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʰʘʥʩʽʚ: 2,6). ɸʥʘʣʽʟʫʶʯʠ ʘʥʛʣʽʡʩʴʢʠʡ ʜʽʘʙʝʪʠʯʥʠʡ ʨʝʻʩʪʨ, 

Holman et al. [4] ʧʦʚʽʜʦʤʠʣʠ, ʱʦ ʢʦʥʪʨʦʣʴ ʛʣʽʢʝʤʽʾ ï ʦʮʽʥʝʥʠʡ ʥʘ ʦʩʥʦʚʽ 

ʚʠʤʽʨʶʚʘʥʴ HbA1c ï ʪʘ ɯʄʊ ʙʫʣʠ ʥʝʟʘʣʝʞʥʠʤʠ ʧʨʝʜʠʢʪʦʨʘʤʠ ʩʤʝʨʪʥʦʩʪʽ, 

ʧʦʚôʷʟʘʥʦʾ ʟ ʽʥʬʝʢʮʽʻʶ COVID-19. ɺʦʥʠ ʪʘʢʦʞ ʚʠʷʚʠʣʠ, ʱʦ ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʘʮʽʻʥʪʘʤʠ ʟ ʨʽʚʥʝʤ HbA1c ʤʽʞ 6,5-7%, ʧʘʮʽʻʥʪʠ ʟ ʜʽʘʙʝʪʦʤ 1 ʪʠʧʫ (ʎɼ 1) ʟ 

ʨʽʚʥʝʤ HbA1c ʧʦʥʘʜ 10% ʤʘʣʠ ʧʽʜʚʠʱʝʥʥʷ ʩʤʝʨʪʥʦʩʪʽ ʚʽʜ COVID 19 ʥʘ 113%; 

ʫ ʭʚʦʨʠʭ ʥʘ ʮʫʢʨʦʚʠʡ ʜʽʘʙʝʪ 2 ʪʠʧʫ (ʎɼ 2) ʩʤʝʨʪʥʽʩʪʴ ʟʨʦʩʣʘ ʥʘ 61%. ʊʘʢʦʞ 

ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʘʮʽʻʥʪʠ ʚʽʢʦʤ ʜʦ 70 ʨʦʢʽʚ ʧʽʜʜʘʶʪʴʩʷ ʱʝ ʙʽʣʴʰʦʤʫ ʨʠʟʠʢʫ. 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʩʘʤʦʢʦʥʪʨʦʣʶ ʨʽʚʥʷ ʛʣʶʢʦʟʠ ʚ ʢʨʦʚʽ (SMBG) ʧʘʮʽʻʥʪʽʚ ʟ ʜʽʘʙʝʪʦʤ 

ʚ ʋʛʦʨʱʠʥʽ ʟ ʦʜʥʦʯʘʩʥʦʶ ʽʥʬʝʢʮʽʻʶ COVID-19 ʧʦʢʘʟʘʚ, ʱʦ ʽʩʥʫʻ ʩʪʘʪʠʩʪʠʯʥʦ 

ʟʥʘʯʫʱʘ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʧʽʜʚʠʱʝʥʥʷʤ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ ʮʫʢʨʫ ʚ ʢʨʦʚʽ ʪʘ 

ʩʢʣʘʜʥʽʩʪʶ ʣʽʢʫʚʘʥʥʷ [5]. ɺʦʜʥʦʯʘʩ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʽʥʩʫʣʽʥʦʪʝʨʘʧʽʶ ʧʨʦʚʦʜʠʣʠ 4 ʽ ʙʽʣʴʰʝ ʨʘʟʽʚ ʥʘ ʜʦʙʫ, ʨʽʚʝʥʴ ʮʫʢʨʫ ʚ ʢʨʦʚʽ 

ʟʘʣʠʰʘʚʩʷ ʥʠʞʯʝ 10 ʤʤʦʣʴ/ʣ. ʎʝ ʩʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʦʩʢʽʣʴʢʠ ʨʽʚʝʥʴ ʩʤʝʨʪʥʦʩʪʽ 

ʭʚʦʨʠʭ ʥʘ ʮʫʢʨʦʚʠʡ ʜʽʘʙʝʪ, ʷʢʽ ʩʪʨʘʞʜʘʶʪʴ ʥʘ ʽʥʬʝʢʮʽʶ COVID-19 ʟ ʨʽʚʥʝʤ 

ʮʫʢʨʫ ʚ ʢʨʦʚʽ ʧʦʥʘʜ 10 ʤʤʦʣʴ/ʣ, ʫ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʚʠʱʠʡ ʧʦʨʽʚʥʷʥʦ ʟ ʪʠʤʠ, ʯʠʡ 

ʨ̔ ʚʝʥʴ ʥʠʞʯʝ 10 ʤʤʦʣʴ/ʣ [6]. ʂʨʽʤ ʪʦʛʦ, ʚʠʜʘʥʥʷ ʟʚʝʨʪʘʻ ʫʚʘʛʫ ʥʘ ʚʘʞʣʠʚʽʩʪʴ 

ʩʘʤʦʢʦʥʪʨʦʣʶ ʨʽʚʥʷ ʛʣʶʢʦʟʠ ʪʘ ʢʦʥʪʨʦʣʶ ʤʘʩʠ ʪʽʣʘ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ 

ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʠʭ ʭʚʦʨʦʙ ʪʘ ʛʽʧʦʛʣʽʢʝʤʽʾ. ɸʢʮʝʥʪ ʥʘ ʩʦʮʽʘʣʴʥʦʤʫ 
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ʜʠʩʪʘʥʮʽʶʚʘʥʥʽ ʪʘ ʫʥʠʢʥʝʥʥʽ ʪʽʩʥʠʭ ʦʩʦʙʠʩʪʠʭ ʢʦʥʪʘʢʪʽʚ, ʷʢʽ ʻ ʧʨʽʦʨʠʪʝʪʥʠʤʠ 

ʧʽʜ ʯʘʩ ʧʘʥʜʝʤʽʾ COVID-19, ʩʪʚʦʨʠʣʠ ʧʨʦʙʣʝʤʠ ʟ ʧʽʜʪʨʠʤʢʦʶ ʜʦʩʪʘʚʢʠ ʣʽʢʽʚ ʽ 

ʤʝʜʠʯʥʠʭ ʪʦʚʘʨʽʚ ʜʣʷ ʧʘʮʽʻʥʪʽʚ ʟ ʜʽʘʙʝʪʦʤ. ɺʦʜʥʦʯʘʩ ʧʦʪʨʝʙʘ ʚ ʦʧʪʠʤʘʣʴʥʦʤʫ 

ʛʣʽʢʝʤʽʯʥʦʤʫ ʢʦʥʪʨʦʣʽ ʪʘ ʧʨʦʬʽʣʘʢʪʠʮʽ ʫʩʢʣʘʜʥʝʥʴ ʩʪʘʣʘ ʱʝ ʙʽʣʴʰ ʚʠʨʘʟʥʦʶ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʨʦʣʴ ʪʝʣʝʤʝʜʠʮʠʥʠ, ʪʝʣʝʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʪʝʣʝʢʦʥʩʫʣʴʪʘʮʽʡ ʩʪʘʣʘ 

ʙʽʣʴʰ ʧʦʤʽʪʥʦʶ. 

ʏʫʜʦʚʠʤ ʧʨʠʢʣʘʜʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʣʝʤʝʜʠʮʠʥʠ ʚ ʢʣʽʥʽʯʥʽʡ ʧʨʘʢʪʠʮʽ ʻ 

ʚʽʨʪʫʘʣʴʥʘ ʧʨʦʛʨʘʤʘ ʜʦʧʦʤʦʛʠ ʧʘʮʽʻʥʪʘʤ Onduo [7-9]. ʋʯʘʩʥʠʢʠ ʮʴʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʣʠ ʧʨʠʩʪʨʦʾ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʛʣʶʢʦʟʠ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ (RT-CGM). ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʛʨʘʤʫ ʜʣʷ ʪʝʣʝʬʦʥʫ ʪʘ ʜʘʥʽ, 

ʟʽʙʨʘʥʽ ʟ ʧʨʠʩʪʨʦʾʚ, ʢʦʤʘʥʜʘ ʤʝʜʠʢʽʚ ʟʤʦʛʣʘ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʥʩʫʣʴʪʘʮʽʾ, ʱʦʜʦ 

ʟʤʽʥʠ ʩʧʦʩʦʙʫ ʞʠʪʪʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʨʝʙ ʧʘʮʽʻʥʪʽʚ [10], ʚʥʦʩʷʯʠ ʥʝʦʙʭʽʜʥʽ 

ʢʦʨʠʛʫʚʘʥʥʷ ʪʝʨʘʧʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ADA [11]. ɼʣʷ 

ʮʽʣʝʡ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ ʧʘʮʽʻʥʪʠ ʟ ʮʫʢʨʦʚʠʤ ʜʽʘʙʝʪʦʤ 2 ʪʠʧʫ ʟ ʨʽʚʥʝʤ 

HbA1c ʚ ʤʝʞʘʭ 8-12%. ʇʨʦʪʷʛʦʤ ʯʦʪʠʨʴʦʭ ʤʽʩʷʮʽʚ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʤʦʜʠʬʽʢʘʮʽʷ 

ʪʝʨʘʧʽʾ ʫ 87% ʧʘʮʽʻʥʪʽʚ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ HbA1c ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 

1,6% (SD: 1,0; P: <0,001). ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʾ ʮʫʢʨʦʟʥʠʞʫʶʯʦʾ 

ʪʝʨʘʧʽʾ, ʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʛʽʙʽʪʦʨʽʚ DPP-4 ʽ ʧʦʭʽʜʥʠʭ ʩʫʣʴʬʦʥʽʣʩʝʯʦʚʠʥʠ 

ʟʘʟʚʠʯʘʡ ʟʤʝʥʰʠʣʦʩʷ, ʘ ʘʛʦʥʽʩʪʠ ʨʝʮʝʧʪʦʨʽʚ GLP-1 ʧʨʠʟʥʘʯʘʣʠʩʷ ʯʘʩʪʽʰʝ. ʋ 

ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʙʫʣʦ ʥʝʦʙʭʽʜʥʠʤ ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʩʫʣʽʥʦʪʝʨʘʧʽʾ. ɹʫʣʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʽʥʰʽ ʪʝʣʝʤʝʜʠʯʥʽ ʧʨʦʛʨʘʤʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ 

ʮʫʢʨʦʚʦʤʫ ʜʽʘʙʝʪʽ 2 ʪʠʧʫ, ʧʝʨʝʚʘʞʥʦ ʥʘ ʦʩʥʦʚʽ RT-CGM, ʝʬʝʢʪʠʚʥʽ ʫ ʟʥʠʞʝʥʥʽ 

HbA1c ʥʘʚʽʪʴ ʟʘ ʧʨʦʛʨʘʤʦʶ Onduo [12-14]. ʆʜʥʘʢ ʢʣʽʥʽʯʥʘ ʽʥʝʨʮʽʷ ʻ ʦʜʥʽʻʶ ʟ 

ʦʩʥʦʚʥʠʭ ʧʝʨʝʰʢʦʜ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʛʣʽʢʝʤʽʾ. ʊʨʠʚʘʣʠʡ 

ʧʦʛʘʥʠʡ ʤʝʪʘʙʦʣʽʯʥʠʡ ʢʦʥʪʨʦʣʴ, ʦʯʝʚʠʜʥʦ, ʧʽʜʚʠʱʫʻ ʨʠʟʠʢ ʨʦʟʚʠʪʢʫ 

ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʩʢʣʘʜʥʝʥʴ [15]. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʤʘʡʞʝ 50% 

ʧʘʮʽʻʥʪʽʚ ʟ ʨʽʚʥʝʤ HbA1c ʤʽʞ 8-8,9%, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʜʚʘ ʨʽʟʥʽ ʧʨʦʪʠʜʽʘʙʝʪʠʯʥʽ 

ʧʨʝʧʘʨʘʪʠ, ʥʝ ʦʪʨʠʤʫʚʘʣʠ ʞʦʜʥʠʭ ʟʤʽʥ ʫ ʪʝʨʘʧʽʾ ʜʦ ʰʝʩʪʠ ʤʽʩʷʮʽʚ ʧʽʩʣʷ 

ʚʠʟʥʘʥʥʷ ʾʭ ʥʝʟʜʦʨʦʚʦʛʦ ʤʝʪʘʙʦʣʽʯʥʦʛʦ ʩʪʘʪʫʩʫ [16]. 

ɼʘʥʽ ʧʨʦ ʨʽʚʝʥʴ ʛʣʶʢʦʟʠ ʚ ʢʨʦʚʽ ʧʘʮʽʻʥʪʽʚ, ʷʢʽ ʥʘʜʘʶʪʴʩʷ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤ 
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ʤʝʜʠʯʥʠʭ ʧʦʩʣʫʛ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʘ ʪʘʢʦʞ ʥʘʣʝʞʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ 

ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʤʝʜʠʯʥʠʭ ʧʦʩʣʫʛ ʽ ʧʘʮʽʻʥʪʘʤʠ ʻ ʢʣʶʯʦʚʠʤʠ ʬʘʢʪʦʨʘʤʠ 

ʚʥʝʩʝʥʥʷ ʢʦʨʠʛʫʚʘʥʴ ʪʝʨʘʧʽʾ ʚ ʥʘʣʝʞʥʠʡ ʯʘʩ. ʎʝ ʧʠʪʘʥʥʷ ʩʪʘʣʦ ʱʝ ʙʽʣʴʰ 

ʘʢʪʫʘʣʴʥʠʤ ʧʽʜ ʯʘʩ ʧʘʥʜʝʤʽʾ COVID, ʢʦʣʠ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʦʩʦʙʠʩʪʠʭ ʟʫʩʪʨʽʯʝʡ ʣʽʢʘʨʷ ʟ ʧʘʮʽʻʥʪʦʤ ʩʪʘʣʠ ʥʘʜʟʚʠʯʘʡʥʦ ʦʙʤʝʞʝʥʠʤʠ. ʋ 

ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ ʢʦʥʪʨʦʣʶʚʘʪʠ ʤʝʪʘʙʦʣʽʯʥʠʡ ʩʪʘʪʫʩ 

ʧʨʠʟʚʝʣʘ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʧʦʙʽʯʥʠʭ ʨʝʘʢʮʽʡ ʽ ʚʠʱʦʛʦ ʨʽʚʥʷ ʩʤʝʨʪʥʦʩʪʽ ʚʥʘʩʣʽʜʦʢ 

ʟʘʨʘʞʝʥʥʷ ʚʽʨʫʩʦʤ SARS CoV. ʉʪʦʩʦʚʥʦ ʪʝʣʝʤʝʜʠʮʠʥʠ ʪʘ ʡ ʫʩʽʻʾ ʩʠʩʪʝʤʠ 

ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʚʠʥʠʢʣʦ ʙʘʛʘʪʦ ʚʘʞʣʠʚʠʭ ʧʠʪʘʥʴ ʽ ʧʨʦʙʣʝʤ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ 

ʚʽʜʧʦʚʽʜʝʡ ʽ ʨʦʟôʷʩʥʝʥʴ. ʅʘ ʞʘʣʴ, ʜʦʩʪʫʧ ʜʦ ʪʝʣʝʤʝʜʠʮʠʥʠ ʪʘ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʦʮʽʘʣʴʥʠʤʠ, ʝʢʦʥʦʤʽʯʥʠʤʠ ʪʘ ʦʩʚʽʪʥʽʤʠ 

ʬʘʢʪʦʨʘʤʠ [17]. ɺʝʣʠʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʨʘʭʦʚʫʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʽʥʩʪʨʫʢʪʘʞʫ ʪʘ ʥʘʚʯʘʥʥʷ ʷʢ ʧʘʮʽʻʥʪʽʚ, ʪʘʢ ʽ ʤʝʜʠʯʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʪʝʣʝʤʝʜʠʯʥʽ ʧʦʩʣʫʛʠ ʙʫʣʠ ʩʧʨʘʚʜʽ ʫʩʧʽʰʥʠʤʠ [18]. ɿʘʙʝʟʧʝʯʝʥʥʷ ʮʴʦʛʦ 

ʚʠʤʘʛʘʪʠʤʝ ʟʤʽʥ ʫ ʤʠʩʣʝʥʥʽ ʙʘʛʘʪʴʦʭ ʤʝʜʠʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʦʩʚʦʻʥʥʷ ʥʦʚʠʭ 

ʥʘʚʠʯʦʢ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʤʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʘʜʝʢʚʘʪʥʘ ʙʘʟʦʚʘ ʧʽʜʛʦʪʦʚʢʘ ʪʘ 

ʙʝʟʧʝʨʝʨʚʥʘ ʦʩʚʽʪʘ ʚ ʮʽʡ ʛʘʣʫʟʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʙʦʚôʷʟʢʦʚʠʤʠ, ʷʢ ʽ ʚ ʽʥʰʠʭ 

ʛʘʣʫʟʷʭ ʤʝʜʠʮʠʥʠ, ʥʘʚʽʪʴ ʷʢʱʦ ʧʦʪʨʽʙʥʘ ʣʽʮʝʥʟʽʷ ʥʘ ʧʨʘʢʪʠʢʫ ʪʝʣʝʤʝʜʠʮʠʥʠ. 

ɺʠʩʥʦʚʢʠ. ʋ ʥʝʜʘʚʥʴʦʤʫ ʤʠʥʫʣʦʤʫ ʙʫʣʦ ʦʧʫʙʣʽʢʦʚʘʥʦ ʙʘʛʘʪʦ ʯʫʜʦʚʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʣʝʤʝʜʠʮʠʥʠ, ʘ ʦʜʥʠʤ ʽʟ 

ʚʠʜʘʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ ʜʽʘʙʝʪʦʣʦʛʽʻʶ, ʻ ʧʨʦʬʝʩʽʡʥʠʡ ʢʦʥʩʝʥʩʫʩ ʧʽʜ 

ʨʝʜʘʢʮʽʻʶ ʏʞʘʥʘ [19, 20]. ʎʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ 38 ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʨʘʟʦʤ ʟ ʦʮʽʥʢʦʶ ʜʦʢʘʟʽʚ ʱʦʜʦ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʪʝʣʝʤʝʜʠʮʠʥʠ ʜʦ 

ʚʩʴʦʛʦ ʩʧʝʢʪʨʫ ʣʽʢʫʚʘʥʥʷ ʜʽʘʙʝʪʫ ʚʽʜ ʪʝʨʘʧʽʾ ʩʧʦʩʦʙʫ ʞʠʪʪʷ ʜʦ ʤʝʜʠʯʥʦʛʦ 

ʣʽʢʫʚʘʥʥʷ.  

ʆʜʥʘʢ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʠʟʢʫ ʦʙʩʪʘʚʠʥ. ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʤʠ 

ʤʦʞʝʤʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʱʝ ʙʽʣʴʰʝ ʧʘʨʘʤʝʪʨʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɸʣʛʦʨʠʪʤʠ ʪʘ 

ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʙʫʜʫʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʚʝʣʠʯʝʟʥʫ ʙʘʟʫ ʜʘʥʠʭ, 

ʷʢʘ ʩʪʘʻ ʜʦʩʪʫʧʥʦʶ, ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʷʚʣʝʥʽ 

ʥʝʚʽʜʦʤʽ ʢʦʨʝʣʷʮʽʾ. ɿʘʚʜʷʢʠ ʮʠʤ ʚʽʜʢʨʠʪʪʷʤ ʪʝʨʘʧʽʷ ʤʦʞʝ ʩʪʘʪʠ ʱʝ ʙʽʣʴʰ 
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ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʦʶ ʽ, ʦʪʞʝ, ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʤʠ ʧʦʚʠʥʥʽ ʫʥʠʢʘʪʠ 

ʪʦʛʦ, ʱʦ ʦʭʦʨʦʥʘ ʟʜʦʨʦʚôʷ ʩʪʘʥʝ ʦʨʽʻʥʪʦʚʘʥʦʶ ʥʘ ʭʚʦʨʦʙʫ, ʘ ʥʝ ʥʘ ʧʘʮʽʻʥʪʘ. 

ʇʝʨʰʘ ʟʫʩʪʨʽʯ ʤʽʞ ʣʽʢʘʨʝʤ ʽ ʧʘʮʽʻʥʪʦʤ, ʘ ʪʘʢʦʞ ʧʝʨʚʠʥʥʘ ʦʮʽʥʢʘ ʟʘʚʞʜʠ 

ʧʦʚʠʥʥʽ ʧʨʦʚʦʜʠʪʠʩʷ ʦʩʦʙʠʩʪʦ. ʗʢʱʦ ʜʦʟʚʦʣʷʻ ʩʪʘʥ ʧʘʮʽʻʥʪʘ ʪʘ ʻ ʚʽʜʧʦʚʽʜʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ ʟʥʘʥʥʷ, ʫ ʤʘʡʙʫʪʥʴʦʤʫ ʜʦ ʮʴʦʛʦ ʤʦʞʥʘ ʜʦʜʘʪʠ 

ʪʝʣʝʤʝʜʠʯʥʽ ʚʽʟʠʪʠ. ʆʜʥʘʢ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʦʮʽʥʠʪʠ ʤʦʞʣʠʚʽ ʫʩʢʣʘʜʥʝʥʥʷ, 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʦʩʦʙʠʩʪʽ ʟʫʩʪʨʽʯʽ ʣʽʢʘʨʷ ʟ ʧʘʮʽʻʥʪʦʤ ʯʝʨʝʟ ʧʝʚʥʽ ʧʨʦʤʽʞʢʠ 

ʯʘʩʫ. ɹʘʛʘʪʦ ʭʪʦ ʙʦʾʪʴʩʷ, ʱʦ ʨʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʩʫʥʝ 

ʦʩʦʙʠʩʪʽ ʩʪʦʩʫʥʢʠ (ʣʽʢʘʨ-ʧʘʮʽʻʥʪ) ʚ ʦʭʦʨʦʥʽ ʟʜʦʨʦʚ'ʷ ʥʘ ʜʨʫʛʠʡ ʧʣʘʥ. ʆʜʥʘʢ, ʥʘ 

ʥʘʰʫ ʜʫʤʢʫ, ʮʝ ʣʠʰʝ ʥʦʚʘ ʢʦʤʫʥʽʢʘʮʽʡʥʘ ʤʦʞʣʠʚʽʩʪʴ, ʷʢʘ, ʷʢʱʦ ʾʾ ʧʨʘʚʠʣʴʥʦ 

ʚʠʢʦʨʠʩʪʘʪʠ, ʤʦʞʝ ʟʨʦʙʠʪʠ ʟʫʩʪʨʽʯʽ ʣʽʢʘʨʷ ʪʘ ʧʘʮʽʻʥʪʘ ʙʽʣʴʰ ʟʤʽʩʪʦʚʥʠʤʠ ʪʘ, 

ʟʘʚʜʷʢʠ ʘʢʪʠʚʥʦʤʫ ʟʘʣʫʯʝʥʥʶ ʧʘʮʽʻʥʪʽʚ, ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʮʽʻʥʪʽʚ ʪʘ ʫʩʧʽʰʥʽʰʝ ʟʘʦʭʦʯʫʚʘʪʠ ʚʝʩʪʠ ʙʽʣʴʰ ʟʜʦʨʦʚʠʡ 

ʩʧʦʩʽʙ ʞʠʪʪʷ. ʋʩʧʽʰʥʝ ʣʽʢʫʚʘʥʥʷ ʟʘʚʞʜʠ ˇʨʫʥʪʫʚʘʣʦʩʷ ʥʘ ʜʦʚʽʨʽ ʪʘ ʩʪʦʩʫʥʢʘʭ 

ʤʽʞ ʣʽʢʘʨʷʤʠ ʪʘ ʧʘʮʽʻʥʪʘʤʠ. ɾʠʪʪʻʚʦ ʚʘʞʣʠʚʦ, ʱʦʙ ʧʨʦ ʮʝ ʥʝ ʟʘʙʫʚʘʣʠ ʧʨʠ 

ʦʙʛʦʚʦʨʝʥʥʽ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʎʝ ʢʣʶʯʦʚʠʡ ʬʘʢʪʦʨ, ʷʢʠʡ 

ʧʦʚʠʥʥʽ ʤʘʪʠ ʥʘ ʫʚʘʟʽ ʷʢ ʣʽʢʘʨ, ʪʘʢ ʽ ʧʘʮʽʻʥʪ, ʽ ʷʢʠʡ ʜʦ ʮʴʦʛʦ ʤʦʤʝʥʪʫ ʚ 

ʦʩʥʦʚʥʦʤʫ ʩʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʥʘʣʝʞʥʝ. ʎʝ ʤʦʞʝ ʧʦʨʦʜʠʪʠ ʥʘʡʚʘʞʣʠʚʽʰʝ ʧʠʪʘʥʥʷ 

ʥʘ ʤʘʡʙʫʪʥʻ: ʯʠ ʤʦʞʥʘ ʧʝʨʝʬʦʨʤʘʪʫʚʘʪʠ ʮʽ ʚʽʜʥʦʩʠʥʠ? ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʯʠ 

ʤʦʞʣʠʚʘ ʛʫʤʘʥʽʟʘʮʽʷ ʮʠʬʨʦʚʽʟʘʮʽʾ? 
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ʋɼʂ 612.2-616.2-616.9 

ʂɸʐʃʖʂ ʊɸ ʁʆɻʆ ʄɽʊʆɼʀ ʇʈʆʌɯʃɸʂʊʀʂʀ 

 

ʃʠʪʚʠʥʝʥʢʦ ɻʘʥʥʘ ʃʝʦʥʽʜʽʚʥʘ, 

ʢ. ʤʝʜ. ʥ., ʜʦʮʝʥʪ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʬʘʨʤʘʮʝʚʪʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

ʄʦʟʛʦʚʘ ʃʘʨʠʩʘ ɺʦʣʦʜʠʤʠʨʽʚʥʘ, 

ʟʜʦʙʫʚʘʯ ʚʠʱʦʾ ʦʩʚʽʪʠ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʬʘʨʤʘʮʝʚʪʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ. ɿʘ ʜʘʥʠʤʠ ɺʆʆɿ, ʚʽʜʩʦʪʦʢ ʜʽʪʝʡ ʚ ʋʢʨʘʾʥʽ ʚʽʢʦʤ ʜʦ ʦʜʥʦʛʦ 

ʨʦʢʫ, ʷʢʽ ʦʪʨʠʤʘʣʠ ʪʨʠ ʜʦʟʠ ʢʦʤʙʽʥʦʚʘʥʦʾ ʚʘʢʮʠʥʠ ʧʨʦʪʠ ʜʠʬʪʝʨʽʾ, ʧʨʘʚʮʝʚʦʛʦ 

ʘʥʘʪʦʢʩʠʥʫ ʪʘ ʢʘʰʣʶʢʫ ʫ 2022 ʨʦʮʽ ʟʥʠʟʠʚʩʷ ʜʦ 73%.  

ɿʛʽʜʥʦ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʜʘʥʦʾ ʎʝʥʪʨʦʤ ʛʨʦʤʘʜʩʴʢʦʛʦ ʟʜʦʨʦʚôʷ ʋʢʨʘʾʥʠ, ʟʘ 12 

ʤʽʩʷʮʽʚ 2023 ʨʦʢʫ ʚ 20-ʪʠ ʦʙʣʘʩʪʷʭ ʋʢʨʘʾʥʠ ʟʘʨʝʻʩʪʨʦʚʘʥʦ 707 ʚʠʧʘʜʢʽʚ 

ʟʘʭʚʦʨʶʚʘʥʥʷ ʥʘ ʢʘʰʣʶʢ. ʅʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʚʠʧʘʜʢʽʚ ʟʘʬʽʢʩʦʚʘʥʦ ʥʘ ɺʦʣʠʥʽ 

(182), ʥʘ ʈʽʚʥʝʥʱʠʥʽ (139) ʪʘ ʚ ʤ. ʂʠʾʚ (80). ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʪʘʢʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʭʚʦʨʦʙʠ ʻ ʥʝʜʦʩʪʘʥʝ ʦʭʦʧʣʝʥʥʽ ʱʝʧʣʝʥʥʷʤʠ ʧʨʦʪʠ ʢʘʰʣʶʢʫ ʩʝʨʝʜ 

ʜʠʪʷʯʦʛʦ ʥʘʩʝʣʝʥʥʷ. ɺ ʧʦʨʽʚʥʷʥʥʽ ʟ 2022 ʨʦʢʦʤ ʚ ʋʢʨʘʾʥʽ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ 

ʚʩʴʦʛʦ 32 ʚʠʧʘʜʢʠ ʟʘʭʚʦʨʶʚʘʥʥʷ ʥʘ ʢʘʰʣʶʢ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʦʮʽʥʠʪʠ ʚʘʞʣʠʚʽʩʪʴ ʚʘʢʮʠʥʘʮʽʾ ʚʽʜ ʢʘʰʣʶʢʘ, ʷʢ 

ʟʘʩʦʙʫ ʩʧʝʮʠʬʽʯʥʦʾ ʧʨʦʬʽʣʘʢʪʠʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʘʰʣʶʢ, ʨʠʟʠʢʠ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʚʘʢʮʠʥʘʮʽʷ, 

ʧʨʦʬʽʣʘʢʪʠʢʘ. 

 

ʂʘʰʣʶʢ (ʢʦʜ ʟʘ ʄʂʍ-10: ɸ37) ī ʚʠʩʦʢʦʢʦʥʪʘʛʽʦʟʥʘ ʛʦʩʪʨʘ ʙʘʢʪʝʨʽʘʣʴʥʘ 

ʽʥʬʝʢʮʽʷ, ʧʝʨʝʚʘʞʥʦ ʫ ʜʽʪʝʡ ʨʘʥʥʴʦʛʦ ʚʽʢʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʛʦʩʪʨʠʤ 

ʢʘʪʘʨʦʤ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ ʽ ʥʘʧʘʜʘʤʠ ʩʧʘʟʤʘʪʠʯʥʦʛʦ ʢʘʰʣʶ [1, ʩ. 162]. 

ʇʨʠʙʣʠʟʥʦ ʫ ʢʦʞʥʦʾ ʜʝʩʷʪʦʾ ʜʠʪʠʥʠ, ʷʢʘ ʟʘʭʚʦʨʽʣʘ ʥʘ ʢʦʢʣʶʰ, 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʟʘʧʘʣʝʥʥʷ ʣʝʛʝʥʴ, ʫ ʢʦʞʥʦʛʦ 50-ʛʦ ʚʠʥʠʢʘʶʪʴ ʩʫʜʦʤʠ (ʫ 3% 
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ʥʝʤʦʚʣʷʪ). ɺ 1 ʥʘ 250 ʚʠʧʘʜʢʽʚ (ʫ 1% ʛʨʫʜʥʠʭ ʜʽʪʝʡ) ʚʨʘʞʘʻʪʴʩʷ ʛʦʣʦʚʥʠʡ ʤʦʟʦʢ 

(ʝʥʮʝʬʘʣʦʧʘʪʽʷ). ʂʘʰʣʶʢ ʽ ʡʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʤʝʨʪʽ 

ʜʠʪʠʥʠ, ʧʽʢ ʩʤʝʨʪʥʦʩʪʽ ʚʽʜ ʢʦʢʣʶʰʫ ʧʨʠʧʘʜʘʻ ʥʘ ʚʽʢ ʜʦ 1 ʨʦʢʫ [2]. 

ɿʙʫʜʥʠʢʦʤ ʢʦʢʣʶʰʫ ʻ ʙʘʢʪʝʨʽʷ Bordetella pertussis, ʚʽʜʢʨʠʪʘ ʫ 1906 ʨ. 

ʬʨʘʥʮʫʟʴʢʠʤʠ ʚʯʝʥʠʤʠ ɹʦʨʜʝ ʽ ɾʘʥʛʫ. ɺʭʽʜʥʠʤʠ ʚʦʨʦʪʘʤʠ ʽʥʬʝʢʮʽʾ ʧʨʠ 

ʢʦʢʣʶʰʽ ʻ ʚʝʨʭʥʽ ʜʠʭʘʣʴʥʽ ʰʣʷʭʠ.  

ʂʦʢʣʶʰʥʘ ʧʘʣʠʯʢʘ ʢʦʣʦʥʽʟʫʻ ʩʣʠʟʦʚʫ ʦʙʦʣʦʥʢʫ ʛʦʨʪʘʥʽ, ʙʨʦʥʭʽʚ, 

ʙʨʦʥʭʽʦʣ, ʘ ʪʘʢʦʞ ʣʝʛʝʥʝʚʽ ʘʣʴʚʝʦʣʠ, ʜʝ ʚ ʢʣʽʪʠʥʘʭ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʝʧʽʪʝʣʽʶ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʡʦʛʦ ʨʦʟʤʥʦʞʝʥʥʷ. ʇʘʣʠʯʢʘ ʢʦʢʣʶʰʫ ʧʨʦʜʫʢʫʻ ʪʦʢʩʠʥ, ʷʢʠʡ 

ʧʦʜʨʘʟʥʶʻ ʨʝʮʝʧʪʦʨʠ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʢʘʰʝʣʴ. ɹʘʢʪʝʨʽʻʤʽʾ ʽ 

ʧʨʦʥʠʢʥʝʥʥʷ ʟʙʫʜʥʠʢʘ ʚ ʨʽʟʥʽ ʦʨʛʘʥʠ ʽ ʪʢʘʥʠʥʠ ʧʨʠ ʢʦʢʣʶʰʽ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. 

ɿʙʫʜʥʠʢ ʨʦʟʤʥʦʞʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʜʽʣʷʥʮʽ ʨʝʬʣʝʢʩʦʛʝʥʥʠʭ ʢʘʰʣʴʦʚʠʭ ʟʦʥ. 

ʊʨʠʚʘʣʝ ʧʦʜʨʘʟʥʝʥʥʷ ʨʝʮʝʧʪʦʨʥʠʭ ʟʘʢʽʥʯʝʥʴ ʙʣʫʢʘʶʯʦʛʦ ʥʝʨʚʘ ʟʫʤʦʚʣʶʻ 

ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʦʪʽʢ ʽʤʧʫʣʴʩʽʚ ʫ ʜʦʚʛʘʩʪʠʡ ʤʦʟʦʢ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʚ ʥʴʦʤʫ ʩʪʽʡʢʦʛʦ ʚʦʛʥʠʱʘ ʟʙʫʜʞʝʥʥʷ ʟ ʦʟʥʘʢʘʤʠ ʜʦʤʽʥʘʥʪʠ ʟʘ 

ɸ.ɸ. ʋʭʪʦʤʩʴʢʠʤ: ʥʝʩʧʝʮʠʬʽʯʥʽ ʧʦʜʨʘʟʥʝʥʥʷ ʟ ʽʥʰʠʭ ʨʝʮʝʧʪʦʨʥʠʭ ʜʽʣʷʥʦʢ 

çʧʨʠʪʷʛʫʶʪʴʩʷè ʜʦ ʟʘʩʪʽʡʥʦʛʦ ʚʦʛʥʠʱʘ ʽ ʩʧʨʠʷʶʪʴ ʯʘʩʪʽʰʦʤʫ ʚʠʥʠʢʥʝʥʥʶ ʽ 

ʧʦʩʠʣʝʥʥʶ ʧʨʠʩʪʫʧʽʚ ʢʘʰʣʶ [3, ʩ. 26]. 

ʂʘʰʣʶʢ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʡ ʜʣʷ ʜʽʪʝʡ ʧʝʨʰʠʭ ʨʦʢʽʚ ʞʠʪʪʷ, ʘ 

ʦʩʦʙʣʠʚʦ ï ʧʝʨʰʠʭ ʤʽʩʷʮʽʚ ʞʠʪʪʷ.  

ʆʩʥʦʚʥʽ ʧʘʪʦʤʦʨʬʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʘʭ. ɺʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʘʪʘʨʘʣʴʥʠʤ ʟʘʧʘʣʝʥʥʷʤ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ ʛʦʨʪʘʥʽ ʽ ʪʨʘʭʝʾ, 

ʩʧʘʩʪʠʯʥʠʤ ʩʪʘʥʦʤ ʙʨʦʥʭʽʚ, ʨʽʟʢʠʤ ʧʦʨʫʰʝʥʥʷʤ ʢʨʦʚʦʦʙʽʛʫ ʚ ʣʝʛʝʥʷʭ, 

ʥʘʙʨʷʢʦʤ ʾʭ ʧʝʨʠʙʨʦʥʭʽʘʣʴʥʦʾ, ʧʝʨʠʚʘʩʢʫʣʷʨʥʦʾ ʽ ʽʥʪʝʨʩʪʠʮʽʘʣʴʥʦʾ ʪʢʘʥʠʥʠ. ʎʽ 

ʟʤʽʥʠ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʨʦʟʚʠʪʢʫ ʘʪʝʣʝʢʪʘʟʫ ʽ ʙʨʦʥʭʦʧʥʝʚʤʦʥʽʾ. ʇʨʦʚʽʜʥʝ 

ʤʽʩʮʝ ʩʝʨʝʜ ʧʨʠʯʠʥ ʣʝʪʘʣʴʥʦʛʦ ʟʘʚʝʨʰʝʥʥʷ ʢʘʰʣʶʢʫ ʚ ʜʽʪʝʡ ʨʘʥʥʴʦʛʦ ʚʽʢʫ 

ʧʦʨʷʜ ʽʟ ʧʥʝʚʤʦʥʽʻʶ ʧʦʩʽʜʘʻ ʣʝʛʝʥʝʚʘ ʛʽʧʝʨʪʝʥʟʽʷ, ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʝʨʮʝʚʦʾ 

ʥʝʜʦʩʪʘʪʥʦʩʪʽ ʪʘ ʰʦʢʫ. ʊʦʢʩʠʥʠ, ʷʢʽ ʧʨʦʜʫʢʫʻ B.pertussis, ʙʣʦʢʫʶʪʴ 

ʽʦʥʦʪʨʦʧʥʠʡ ʝʬʝʢʪ ʘʜʨʝʥʦʤʽʤʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ. ʉʤʝʨʪʥʽʩʪʴ ʩʝʨʝʜ ʥʝʤʦʚʣʷʪ ʧʨʠ 

ʮʴʦʤʫ ʫʩʢʣʘʜʥʝʥʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʩʦʢʦʶ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ 
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ʣʽʢʫʚʘʣʴʥʫ ʩʪʨʘʪʝʛʽʶ ʝʢʩʪʨʘʢʦʨʧʦʨʘʣʴʥʦʾ ʤʝʤʙʨʘʥʥʦʾ ʦʢʩʠʛʝʥʘʮʽʾ, ʐɺʃ ʽʟ 

ʟʘʢʠʩʦʤ ʘʟʦʪʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʟʦʜʠʣʘʪʘʪʦʨʽʚ ʣʝʛʝʥʝʚʠʭ ʩʫʜʠʥ ʘʙʦ ʧʨʦʚʝʜʝʥʥʷ 

ʟʘʤʽʥʥʦʛʦ ʧʝʨʝʣʠʚʘʥʥʷ ʢʨʦʚʽ ʜʣʷ ʫʩʫʥʝʥʥʷ ʛʽʧʝʨʣʝʡʢʦʮʠʪʦʟʫ. ʋ ʪʢʘʥʠʥʽ ʤʦʟʢʫ 

ʪʝʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʙʨʷʢ ʟ ʨʽʟʢʠʤ ʨʦʟʰʠʨʝʥʥʷʤ ʩʫʜʠʥ, ʦʩʦʙʣʠʚʦ ʢʘʧʽʣʷʨʽʚ, 

ʟʷʚʣʷʶʪʴʩʷ ʜʝʛʝʥʝʨʘʪʠʚʥʽ ʟʤʽʥʠ ʨʝʯʦʚʠʥʠ ʤʦʟʢʫ, ʷʢ ʥʘʩʣʽʜʦʢ ʾʾ ʦʩʦʙʣʠʚʦʾ 

ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʛʽʧʦʢʩʽʾ (ʢʦʢʣʶʰʥʘ ʝʥʮʝʬʘʣʦʧʘʪʽʷ) [3, ʩ. 28, 29]. 

ʋʥʠʢʥʫʪʠ ʪʷʞʢʠʭ ʥʘʩʣʽʜʢʽʚ ʤʦʞʥʦ ʟʘʚʜʷʢʠ ʚʘʢʮʠʥʘʮʽʾ. ʉʘʤʝ ʚʥʘʩʣʽʜʦʢ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʾ ʚʘʢʮʠʥʘʮʽʾ, ʧʨʦʚʝʜʝʥʦʾ ʫ 1950-1960 ʨʦʢʘʭ ʫ ʧʨʦʤʠʩʣʦʚʦ 

ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ, ʩʪʘʣʦʩʷ ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ (ʙʽʣʴʰ ʥʽʞ ʥʘ 90%) 

ʽ ʩʤʝʨʪʥʦʩʪʽ ʚʽʜ ʢʘʰʣʶʢʫ. 

ʅʘʞʘʣʴ, ʋʢʨʘʾʥʘ ʥʘʣʝʞʠʪʴ ʜʦ ʢʨʘʾʥ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʦʭʦʧʣʝʥʥʷ 

ʽʤʫʥʽʟʘʮʽʻʶ. ɿʘ ʜʘʥʠʤʠ ɺʆʆɿ ʩʪʘʥʦʤ ʥʘ 2022 ʨʽʢ ʚ ʋʢʨʘʾʥʽ ʚʽʜʩʦʪʦʢ ʜʽʪʝʡ ʚʽʢʦʤ 

ʜʦ ʦʜʥʦʛʦ ʨʦʢʫ, ʷʢʽ ʦʪʨʠʤʘʣʠ ʪʨʠ ʜʦʟʠ ʢʦʤʙʽʥʦʚʘʥʦʾ ʚʘʢʮʠʥʠ ʧʨʦʪʠ ʜʠʬʪʝʨʽʾ, 

ʧʨʘʚʮʝʚʦʛʦ ʘʥʘʪʦʢʩʠʥʫ ʪʘ ʢʘʰʣʶʢʫ ʟʥʠʟʠʚʩʷ ʜʦ 73%. ʅʘʡʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʙʫʣʠ 

ʚ 2000-2002 ʨʦʢʘʭ 99%, ʩʘʤʠʡ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʚʘʢʮʠʥʘʮʽʾ ʙʫʚ ʫ 2016 ʨʦʮʽ ʪʘ 

ʩʪʘʥʦʚʠʚ 16%. ʊʦʜʽ ʷʢ ʚ ɭʚʨʦʧʽ ʮʝʡ ʧʦʢʘʟʥʠʢ 94% [4]. 

ʂʘʣʝʥʜʘʨ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʱʝʧʣʝʥʴ ʚ ʋʢʨʘʾʥʽ ʚʢʣʶʯʘʻ ʦʙʦʚôʷʟʢʦʚʽ 

ʧʨʦʬʽʣʘʢʪʠʯʥʽ ʱʝʧʣʝʥʥʷ ʟ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʭʚʦʨʶʚʘʥʥʷʤ ʥʘ ʜʠʬʪʝʨʽʶ, 

ʢʘʰʣʶʢ, ʢʽʨ, ʧʦʣʽʦʤʽʻʣʽʪ, ʧʨʘʚʝʮʴ, ʪʫʙʝʨʢʫʣʴʦʟ (ʅʘʢʘʟ; ʄʆɿ ʋʢʨʘʾʥʠ ʚʽʜ 

16.09.2011 ˉ 595). ʑʝʧʣʝʥʥʷ ʚʽʜ ʜʠʬʪʝʨʽʾ, ʢʘʰʣʶʢʘ, ʧʨʘʚʮʷ ʧʨʦʚʦʜʠʪʴʩʷ ʚ 2, 4, 

6 ʪʘ 18 ʤʽʩʷʮʽʚ [5].  

ɸʘʂɼʇ ī ʢʦʤʙʽʥʦʚʘʥʘ ʚʘʢʮʠʥʘ ʜʣʷ ʧʨʦʬʽʣʘʢʪʠʢʠ ʜʠʬʪʝʨʽʾ, ʧʨʘʚʮʷ, 

ʢʘʰʣʶʢʫ (ʘʮʝʣʶʣʷʨʥʠʡ ʢʦʤʧʦʥʝʥʪ) (ʘʜʩʦʨʙʦʚʘʥʘ, ʟʽ ʟʤʝʥʰʝʥʠʤ ʚʤʽʩʪʦʤ 

ʘʥʪʠʛʝʥʽʚ); ɸʂɼʇ - ʢʦʤʙʽʥʦʚʘʥʘ ʚʘʢʮʠʥʘ ʜʣʷ ʧʨʦʬʽʣʘʢʪʠʢʠ ʜʠʬʪʝʨʽʾ, ʧʨʘʚʮʷ, 

ʢʘʰʣʶʢʫ (ʮʽʣʴʥʦʢʣʽʪʠʥʥʠʡ ʢʦʤʧʦʥʝʥʪ) (ʅʘʢʘʟ; ʄʆɿ ʋʢʨʘʾʥʠ ʚʽʜ 11.10.2019 

ˉ 2070) [6]. ʉʬʦʨʤʦʚʘʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʚʥʦʛʦ ʢʫʨʩʫ ʚʘʢʮʠʥʘʮʽʾ ʽʤʫʥʽʪʝʪ 

ʧʨʦʪʠ ʢʘʰʣʶʢʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚʧʨʦʜʦʚʞ 5-7 ʨʦʢʽʚ ï ʥʘ ʪʦʡ ʧʝʨʽʦʜ ʞʠʪʪʷ ʜʠʪʠʥʠ, 

ʚ ʷʢʦʤʫ ʭʚʦʨʦʙʘ ʧʝʨʝʙʽʛʘʻ ʥʘʡʪʷʞʯʝ.  

ɿʛʽʜʥʦ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ, ʫ 2022 ʨ. ʫ ʩʚʽʪʽ ʧʝʨʰʫ ʜʦʟʫ ʚʘʢʮʠʥʠ 

ɸʂɼʇ ʥʝ ʦʪʨʠʤʘʣʠ ʧʦʥʘʜ 14 ʤʣʥ ʥʝʤʦʚʣʷʪ, ʽ ʱʝ ʧʦʥʘʜ 6 ʤʣʥ ʥʝʤʦʚʣʷʪ ʙʫʣʦ 
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ʚʘʢʮʠʥʦʚʘʥʦ ʣʠʰʝ ʯʘʩʪʢʦʚʦ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʝʜʦʩʪʘʪʥʶ ʜʦʩʪʫʧʥʽʩʪʴ ʧʦʩʣʫʛ ʟ 

ʽʤʫʥʽʟʘʮʽʾ ʪʘ ʽʥʰʠʭ ʤʝʜʠʯʥʠʭ ʧʦʩʣʫʛ [7]. 

ʉʪʨʘʰʥʘ ʨʝʧʫʪʘʮʽʷ ʢʘʰʣʶʢʫ ʥʝ ˇʨʫʥʪʫʻʪʴʩʷ ʣʠʰʝ ʥʘ ʪʦʤʫ, ʱʦ ʚʽʥ ʰʠʨʦʢʦ 

ʧʦʰʠʨʝʥʠʡ, ʪʨʠʚʘʣʠʡ ʽ ʜʫʞʝ ʥʝʧʨʠʻʤʥʠʡ; ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʩʪʽʡʥʦʾ 

ʚʪʨʘʪʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʘʙʦ ʩʤʝʨʪʽ. ʋ ʥʽʤʝʮʴʢʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʛʘʣʴʥʘ ʯʘʩʪʦʪʘ 

ʩʝʨʡʦʟʥʠʭ ʫʩʢʣʘʜʥʝʥʴ ʫ ʥʝʤʦʚʣʷʪ ʽ ʜʽʪʝʡ ʩʪʘʥʦʚʠʣʘ 6%, ʘ ʩʝʨʝʜ ʥʝʤʦʚʣʷʪ 

ʤʦʣʦʜʰʝ 6 ʤʽʩʷʮʽʚ ð 24% [8, ʩ. 1]. 

ɿʘ ʜʘʥʠʤʠ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʚ ʉʐɸ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʫʩʧʽʭ ʧʨʦʛʨʘʤʠ 

ʜʠʪʷʯʦʾ ʚʘʢʮʠʥʘʮʽʾ ʧʨʦʪʠ ʢʘʰʣʶʢʫ ʪʘ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʧʽʜʣʽʪʢʦʚʦʾ ʚʘʢʮʠʥʘʮʽʾ 

Tdap, ʩʤʝʨʪʥʽʩʪʴ ʚʽʜ ʢʘʰʣʶʢʫ ʩʝʨʝʜ ʥʝʤʦʚʣʷʪ ʚʽʢʦʤ 0ï3 ʤʽʩʷʮʽ ʧʨʦʜʦʚʞʫʚʘʣʘ 

ʟʨʦʩʪʘʪʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ Tdap ʜʣʷ ʩʪʚʦʨʝʥʥʷ çʢʦʢʦʥʘ ʟʘʭʠʩʪʫè ʥʘʚʢʦʣʦ 

ʥʦʚʦʥʘʨʦʜʞʝʥʠʭ ʰʣʷʭʦʤ ʚʘʢʮʠʥʘʮʽʾ ʤʘʡʙʫʪʥʽʭ ʘʙʦ ʤʦʣʦʜʠʭ ʤʘʪʝʨʽʚ ʪʘ ʽʥʰʠʭ 

ʙʣʠʟʴʢʠʭ ʢʦʥʪʘʢʪʽʚ (ʙʘʪʴʢʘ, ʙʨʘʪʽʚ ʽ ʩʝʩʪʝʨ, ʙʘʙʫʩʴ ʽ ʜʽʜʫʩʽʚ ʪʦʱʦ) ʚʠʷʚʠʣʦʩʷ 

ʝʬʝʢʪʠʚʥʠʤ ʧʨʠ ʥʘʣʝʞʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ, ʘʣʝ ʡʦʛʦ ʙʫʣʦ ʜʫʞʝ ʩʢʣʘʜʥʦ 

ʨʝʘʣʽʟʫʚʘʪʠ. ʎʽ ʪʨʫʜʥʦʱʽ ʩʪʠʤʫʣʶʚʘʣʠ ʽʥʪʝʨʝʩ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ Tdap ʧʽʜ ʯʘʩ 

ʚʘʛʽʪʥʦʩʪʽ, ʘʣʝ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʠ 2 ʧʨʦʙʣʝʤʠ: ʙʝʟʧʝʢʫ (ʷʢ ʜʣʷ ʤʘʪʝʨʽ, 

ʪʘʢ ʽ ʜʣʷ ʧʣʦʜʘ) ʪʘ ʧʦʪʝʥʮʽʡʥʝ ʧʨʠʛʥʽʯʝʥʥʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʚʘʢʮʠʥʘʮʽʶ ʥʝʤʦʚʣʷʪ 

ʧʨʦʪʠ ʢʘʰʣʶʢʫ (ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʪʨʘʥʩʧʣʘʮʝʥʪʘʨʥʠʭ ʘʥʪʠʪʽʣ). ʇʽʩʣʷ 

ʧʦʯʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʨʦʟʚʽʷʣʠ ʦʙʠʜʚʘ ʟʘʥʝʧʦʢʦʻʥʥʷ, ACIP ʫ 2011 ʨʦʮʽ 

ʨʝʢʦʤʝʥʜʫʚʘʚ ʟʘʩʪʦʩʫʚʘʥʥʷ Tdap ʧʽʜ ʯʘʩ ʚʘʛʽʪʥʦʩʪʽ. ʏʠʩʣʝʥʥʽ ʧʦʜʘʣʴʰʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʙʝʟʧʝʢʫ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʘʢʮʠʥʘʮʽʾ Tdap ʧʽʜ 

ʯʘʩ ʚʘʛʽʪʥʦʩʪʽ. ɺʘʢʮʠʥʘʮʽʷ Tdap ʧʽʜ ʯʘʩ ʚʘʛʽʪʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʻ ʥʦʚʦʥʘʨʦʜʞʝʥʦʤʫ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʪʨʘʥʩʧʣʘʮʝʥʪʘʨʥʦ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʠʥʩʴʢʠʭ ʘʥʪʠʪʽʣ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʟʘʭʠʩʪ ʫ ʧʝʨʽʦʜ ʥʘʡʙʽʣʴʰʦʛʦ ʨʠʟʠʢʫ, ʜʦ ʧʦʯʘʪʢʫ ʩʝʨʽʾ ʚʘʢʮʠʥʘʮʽʾ 

ʥʝʤʦʚʣʷʪ [8, ʩ. 7, 8]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʻʜʠʥʠʤ ʥʘʜʽʡʥʠʤ ʟʘʩʦʙʦʤ ʩʧʝʮʠʬʽʯʥʦʾ ʧʨʦʬʽʣʘʢʪʠʢʠ ʻ 

ʚʘʢʮʠʥʘʮʽʷ ʫʩʽʭ ʥʝʤʦʚʣʷʪ ʜʦ ʨʦʢʫ ʪʨʴʦʤʘ ʜʦʟʘʤʠ ʢʦʤʙʽʥʦʚʘʥʦʾ ʚʘʢʮʠʥʠ ʧʨʦʪʠ 

ʜʠʬʪʝʨʽʾ, ʧʨʘʚʮʝʚʦʛʦ ʘʥʘʪʦʢʩʠʥʫ ʪʘ ʢʘʰʣʶʢʫ. ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʟ ʤʝʪʦʶ 

ʽʤʫʥʦʧʨʦʬʽʣʘʢʪʠʢʠ ʟʘʭʚʦʨʶʚʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʘʢʮʠʥʘ ʟ ʮʽʣʴʥʦʢʣʽʪʠʥʥʠʤ 

ʢʘʰʣʶʢʦʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʝʥʪʘʢʩʠʤ (pentaxim).  
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ʆʉʆɹʃʀɺʆʉʊɯ ɺʇʃʀɺʋ SARS-COV-2 ʅɸ ʆʈɻɸʅʀ ʊʈɸɺʃɽʅʅʗ 

 

ʈʝʚʘ ʊʝʪʷʥʘ ɺʘʩʠʣʽʚʥʘ 

ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʤʝʜʠʯʥʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ ʢʘʬʝʜʨʠ ʚʥʫʪʨʽʰʥʴʦʾ ʤʝʜʠʮʠʥʠ, 

ʢʣʽʥʽʯʥʦʾ ʬʘʨʤʘʢʦʣʦʛʽʾ ʪʘ ʧʨʦʬʝʩʽʡʥʠʭ ʭʚʦʨʦʙ 

ɹʦʥʜʘʨ ʂʘʨʽʥʘ ɺʦʣʦʜʠʤʠʨʽʚʥʘ 

ʩʪʫʜʝʥʪʢʘ 5 ʢʫʨʩʫ, ʩʧʝʮʽʘʣʴʥʽʩʪʴ 222 ñʄʝʜʠʮʠʥʘò 

ɹʫʢʦʚʠʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʤ. ʏʝʨʥʽʚʮʽ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ: COVID-19, ʚʠʢʣʠʢʘʥʠʡ SARS-CoV-2, ʻ ʩʝʨʡʦʟʥʦʶ ʛʣʦʙʘʣʴʥʦʶ 

ʧʨʦʙʣʝʤʦʶ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚô̫ . COVID-19 ʟʘʟʚʠʯʘʡ ʨʦʟʚʠʚʘʻʪʴʩʷ ʫ ʧʘʮʽʻʥʪʽʚ ʷʢ 

ʨʝʩʧʽʨʘʪʦʨʥʝ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʜʝʷʢʽ ʧʘʮʽʻʥʪʠ ʧʦʚʽʜʦʤʣʷʶʪʴ ʧʨʦ 

ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʽ ʩʠʤʧʪʦʤʠ ʧʽʜ ʯʘʩ ʝʧʽʟʦʜʽʚ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʪʘʢʽ ʷʢ ʜʽʘʨʝʷ, 

ʘʥʦʨʝʢʩʽʷ, ʥʫʜʦʪʘ, ʙʣʶʚʘʥʥʷ, ʜʠʩʢʦʤʬʦʨʪ ʫ ʰʣʫʥʢʫ ʪʘ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʘ 

ʢʨʦʚʦʪʝʯʘ. ʈʦʟʣʘʜʠ ʪʨʘʚʥʦʾ ʩʠʩʪʝʤʠ, ʩʧʨʠʯʠʥʝʥʽ SARS-CoV-2, ʤʦʞʫʪʴ 

ʧʦʛʽʨʰʠʪʠ ʧʨʦʛʥʦʟ ʧʘʮʽʻʥʪʽʚ ʪʘ ʟʙʽʣʴʰʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʩʤʝʨʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʨʦʥʘʚʽʨʫʩ, SARS-CoV-2, ʪʨʘʚʥʘ ʩʠʩʪʝʤʘ, ʫʨʘʞʝʥʥʷ 

ʧʝʯʽʥʢʠ, ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʽ ʩʠʤʧʪʦʤʠ. 

 

COVID-19 ï ʮʝ ʧʘʥʜʝʤʽʷ, ʩʧʨʠʯʠʥʝʥʘ ʚʘʞʢʠʤ ʛʦʩʪʨʠʤ ʨʝʩʧʽʨʘʪʦʨʥʠʤ 

ʩʠʥʜʨʦʤʦʤ ʢʦʨʦʥʘʚʽʨʫʩʫ 2 (SARS-CoV-2). ʇʝʨʰʽ ʩʠʤʧʪʦʤʠ ʚʢʣʶʯʘʶʪʴ 

ʣʠʭʦʤʘʥʢʫ, ʢʘʰʝʣʴ ʪʘ ʨʝʩʧʽʨʘʪʦʨʥʽ ʩʠʤʧʪʦʤʠ. ɹʫʣʦ ʥʝʙʘʛʘʪʦ ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦ 

ʩʠʤʧʪʦʤʠ ʟ ʙʦʢʫ ʦʨʛʘʥʽʚ ʪʨʘʚʣʝʥʥʷ. ʆʜʥʘʢ ʽʟ ʧʦʰʠʨʝʥʥʷʤ COVID-19 ʫ ʚʩʴʦʤʫ 

ʩʚʽʪʽ ʚʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ ʧʨʠʚʝʨʪʘʶʪʴ ʪʘʢʽ ʩʠʤʧʪʦʤʠ, ʷʢ ʙʣʶʚʘʥʥʷ, ʜʽʘʨʝʷ ʪʘ ʙʽʣʴ ʫ 

ʞʠʚʦʪʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʠʣʠ, ʱʦ ʘʥʛʽʦʪʝʥʟʠʥʧʝʨʝʪʚʦʨʶʶʯʠʡ ʬʝʨʤʝʥʪ 2 

(ACE2), ʨʝʮʝʧʪʦʨ SARS-CoV-2, ʩʠʣʴʥʦ ʝʢʩʧʨʝʩʫʻʪʴʩʷ ʚ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʤʫ 

ʪʨʘʢʪʽ ʪʘ ʧʝʯʽʥʮʽ. ʊʝʦʨʝʪʠʯʥʦ ʯʠ ʢʣʽʥʽʯʥʦ ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʧʫʩʢʘʶʪʴ 

ʪʽʩʥʠʡ ʟʚô̫ʟʦʢ ʤʽʞ COVID-19 ʽ ʪʨʘʚʥʦʶ ʩʠʩʪʝʤʦʶ. [1, 2]  

SARS-CoV-2 ʥʘʣʝʞʠʪʴ ʜʦ ʨʦʜʠʥʠ ʙʝʪʘ-ʢʦʨʦʥʘʚʽʨʫʩʽʚ, ʷʢʽ ʧʨʦʥʠʢʘʶʪʴ ʫ 
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ʢʣʽʪʠʥʠ ʯʝʨʝʟ ʨʝʮʝʧʪʦʨ ACE2. ʉʠʤʧʪʦʤʠ, ʧʦʚô̫ ʟʘʥʽ ʟ ʪʨʘʚʥʦʶ ʩʠʩʪʝʤʦʶ, ʥʝ 

ʙʫʣʠ ʦʯʝʚʠʜʥʠʤʠ ʩʝʨʝʜ ʧʘʮʽʻʥʪʽʚ, ʷʢʽ ʩʪʨʘʞʜʘʶʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʭʚʦʨʦʙʠ ʚ 

ʋʭʘʥʽ (ʂʠʪʘʡ). ʃʠʰʝ 2,6% ʧʘʮʽʻʥʪʽʚ ʤʘʣʠ ʜʽʘʨʝʶ ʽ 2% ʭʚʦʨʠʭ ʤʘʣʠ ʭʨʦʥʽʯʥʽ 

ʟʘʭʚʦʨʶʚʘʥʥʷ ʧʝʯʽʥʢʠ. ʋ ʤʽʨʫ ʫʩʢʣʘʜʥʝʥʥʷ ʚʠʧʘʜʢʽʚ ʚʩʝ ʙʽʣʴʰʝ ʧʘʮʽʻʥʪʽʚ 

ʧʦʚʽʜʦʤʣʷʶʪʴ ʧʨʦ ʩʠʤʧʪʦʤʠ ʟ ʙʦʢʫ ʪʨʘʚʥʦʾ ʩʠʩʪʝʤʠ. ʈʦʟʣʘʜ, ʧʨʠ ʷʢʦʤʫ 

ʥʘʡʯʘʩʪʽʰʝ ʚʠʥʠʢʘʻ ʜʽʘʨʝʷ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʘʥʦʨʝʢʩʽʻʶ, ʥʫʜʦʪʦʶ, ʙʣʶʚʘʥʥʷʤ, 

ʜʠʩʢʦʤʬʦʨʪʦʤ ʫ ʞʠʚʦʪʽ ʪʘ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʶ ʢʨʦʚʦʪʝʯʝʶ. ɹʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʽʣʴʢʘ ʧʦʪʝʥʮʽʡʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʦʟʚʠʪʢʫ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʠʭ 

ʧʨʦʙʣʝʤ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʩʧʨʠʯʠʥʝʥʽ ʚʽʨʫʩʦʤ ʮʠʪʦʧʘʪʠʯʥʽ ʚʧʣʠʚʠ ʯʝʨʝʟ 

ACE2, ʽʤʫʥʦʦʧʦʩʝʨʝʜʢʦʚʘʥʠʡ ʟʘʧʘʣʴʥʠʡ ʮʠʪʦʢʽʥʦʚʠʡ ʰʪʦʨʤ, ʬʫʥʢʮʽʷ ʦʩʽ 

ʢʠʰʝʯʥʠʢ-ʣʝʛʝʥʽ, ʘ ʪʘʢʦʞ ʰʢʦʜʘ, ʧʦʚô̫ ʟʘʥʘ ʟ ʧʨʠʡʦʤʦʤ ʣʽʢʽʚ. [3, 4] ʎʽ ʰʣʷʭʠ 

ʪʘʢʦʞ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʨʦʟʚʠʪʢʫ ʩʝʧʩʠʩʫ ʪʘ ʛʦʩʪʨʦʛʦ ʨʝʩʧʽʨʘʪʦʨʥʦʛʦ 

ʜʠʩʪʨʝʩ-ʩʠʥʜʨʦʤʫ (ɻʈɼʉ), ʷʢʽ ʻ ʦʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʩʤʝʨʪʽ ʧʘʮʽʻʥʪʽʚ ʟ 

COVID-19. ʆʜʥʘʢ ʧʦʯʘʪʢʦʚʽ ʦʩʥʦʚʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ 

ʣʽʢʫʚʘʥʥʷ ʧʘʮʽʻʥʪʽʚ ʽ ʧʨʦʛʥʦʟ ʥʝ ʣʠʰʝ ʫ ʚʠʧʘʜʢʘʭ COVID-19, ʘʣʝ ʡ ʧʨʠ 

ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʠʭ ʟʘʭʚʦʨʶʚʘʥʥʷʭ. [4]  

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʢʣʽʥʽʯʥʽ ʩʠʤʧʪʦʤʠ COVID-19, ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʜʽʘʨʝʷ, 

ʯʘʩʪʦʪʘ ʷʢʦʾ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 2,0 ʜʦ 47,9%, ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ 

ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʠʤ ʩʠʤʧʪʦʤʦʤ ʫ ʧʘʮʽʻʥʪʽʚ ʽʟ COVID-19. ʏʘʩʪʦʪʘ ʜʽʘʨʝʾ 

ʟʘʟʚʠʯʘʡ ʙʽʣʴʰʘ ʥʘ ʧʽʟʥʽʭ ʩʪʘʜʽʷʭ. ʅʘʩʪʫʧʥʠʡ ʩʠʤʧʪʦʤ ï ʘʥʦʨʝʢʩʽʷ, ʤʦʞʝ ʯʘʩʪʦ 

ʚʠʥʠʢʘʪʠ ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʽʘʛʥʦʟʫ. Wang ʪʘ ʽʥ. [4] ʧʦʚ̔ʜʦʤʠʣʠ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ʜʘʥʦʾ ʩʢʘʨʛʠ ʫ 39,9% ʚʠʧʘʜʢʽʚ, ʘ Fang et al. [3] ʧʦʚʽʜʦʤʠʣʠ ʧʨʦ 33,1% ʚʠʧʘʜʢʽʚ. 

ɿʘ ʜʘʥʠʤʠ, ʧʘʮʽʻʥʪʠ ʟ ʥʫʜʦʪʦʶ ʩʪʘʥʦʚʣʷʪʴ 1,0ï19,3%. ɹʣʶʚʘʥʥʷ, ʜʠʩʢʦʤʬʦʨʪ ʫ 

ʰʣʫʥʢʫ ʪʘ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʘ ʢʨʦʚʦʪʝʯʘ ʪʘʢʦʞ ʤʦʞʫʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʫ 

ʧʘʮʽʻʥʪʽʚ ʟ COVID-19, ʭʦʯʘ ʡ ʟ ʥʠʟʴʢʦʶ ʯʘʩʪʦʪʦʶ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʜʦʩʪʫʧʥʠʭ 

ʢʣʽʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʽ ʩʠʤʧʪʦʤʠ ʚʽʜʥʦʩʥʦ ʧʦʰʠʨʝʥʽ ʫ 

ʧʘʮʽʻʥʪʽʚ ʟ COVID-19, ʥʘʚʽʪʴ ʷʢʱʦ ʚʦʥʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʣʠʰʝ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʧʘʪʦʣʦʛʽʻʶ, Xiao et al. [5] ʧʦʢʘʟʘʣʠ, ʱʦ 

ʬʘʨʙʫʚʘʥʥʷ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ ʪʘ ʝʦʟʠʥʦʤ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ ʩʪʨʘʚʦʭʦʜʫ, ʰʣʫʥʢʘ, 

ʜʚʘʥʘʜʮʷʪʠʧʘʣʦʾ ʢʠʰʢʠ ʪʘ ʧʨʷʤʦʾ ʢʠʰʢʠ ʥʝ ʚʠʷʚʠʣʦ ʽʩʪʦʪʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ 
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ʝʧʽʪʝʣʽʶ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ. ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʚʠʧʘʜʢʦʚʘ 

ʽʥʬʽʣʴʪʨʘʮʽʷ ʣʽʤʬʦʮʠʪʘʤʠ ʚ ʧʣʦʩʢʦʤʫ ʝʧʽʪʝʣʽʾ ʩʪʨʘʚʦʭʦʜʫ. ʍʦʯʘ ʫ ʚʣʘʩʥʽʡ 

ʧʣʘʩʪʠʥʮʽ ʜʚʘʥʘʜʮʷʪʠʧʘʣʦʾ ʢʠʰʢʠ ʪʘ ʧʨʷʤʦʾ ʢʠʰʢʠ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʥʘʜʣʠʰʦʢ 

ʽʥʬʽʣʴʪʨʦʚʘʥʠʭ ʧʣʘʟʤʘʪʠʯʥʠʭ ʢʣʽʪʠʥ ʪʘ ʣʽʤʬʦʮʠʪʽʚ ʽʥʪʝʨʩʪʠʮʽʡʥʦʛʦ ʥʘʙʨʷʢʫ, 

ACE2 ʨʽʜʢʦ ʝʢʩʧʨʝʩʫʚʘʚʩʷ ʚ ʝʧʽʪʝʣʽʾ ʩʪʨʘʚʦʭʦʜʫ, ʘʣʝ ʙʫʚ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʚ 

ʚʽʡʢʘʭ ʟʘʣʦʟʠʩʪʦʛʦ ʝʧʽʪʝʣʽʶ ʪʘ ʚ ʮʠʪʦʧʣʘʟʤʽ ʝʧʽʪʝʣʽʘʣʴʥʠʭ ʢʣʽʪʠʥ ʰʣʫʥʢʘ ʪʘ 

ʢʠʰʝʯʥʠʢʘ.[7, 9] ɹʽʣʦʢ ʥʫʢʣʝʦʢʘʧʩʠʜʫ ʚʽʨʫʩʫ, ʭʦʯʘ ʽ ʥʝ ʚ ʝʧʽʪʝʣʽʘʣʴʥʠʭ ʢʣʽʪʠʥʘʭ 

ʩʪʨʘʚʦʭʦʜʫ, ʙʫʚ ʚʠʷʚʣʝʥʠʡ ʫ ʮʠʪʦʧʣʘʟʤʽ ʟʘʣʦʟ ʰʣʫʥʢʘ, ʜʚʘʥʘʜʮʷʪʠʧʘʣʦʾ ʢʠʰʢʠ 

ʪʘ ʧʨʷʤʦʾ ʢʠʰʢʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ SARS-CoV-2 ʤʦʞʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʨʘʞʘʪʠ 

ʢʣʽʪʠʥʠ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ, ʦʩʦʙʣʠʚʦ ʝʧʽʪʝʣʽʘʣʴʥʽ ʢʣʽʪʠʥʠ ʰʣʫʥʢʫ ʪʘ 

ʢʠʰʝʯʥʠʢʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʧʘʣʴʥʠʭ ʨʝʘʢʮʽʡ. ɿʘʨʘʟ ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ 

ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʠʡ ʪʨʘʢʪ ʭʚʦʨʠʭ ʥʘ COVID-19 ʫʨʘʞʘʻʪʴʩʷ 

ʚʽʨʫʩʘʤʠ. Lin ʪʘ ʽʥ. [6] ʦʙʩʪʝʞʠʣʠ 95 ʭʚʦʨʠʭ ʥʘ COVID-19 ʪʘ ʧʨʦʚʝʣʠ 

ʝʥʜʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʠʭ ʚʠʧʘʜʢʽʚ. ɺʽʨʫʩ ʚʠʷʚʣʷʣʠ ʫ 

ʨʽʟʥʠʭ ʚʽʜʜʽʣʘʭ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ. ʉʷʦ ʪʘ ʽʥ. ʜʦʩʣʽʜʞʫʚʘʣʠ 73 

ʧʘʮʽʻʥʪʠ ʟ COVID-19 ̔ ʚʠʷʚʠʣʠ, ʱʦ ʧʦʥʘʜ 20% ʚʠʧʘʜʢʽʚ ʙʫʣʠ ʧʦʟʠʪʠʚʥʠʤʠ ʥʘ 

ʚʽʨʫʩ ʫ ʢʘʣʽ ʥʘʚʽʪʴ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʜʠʭʘʣʴʥʽ ʰʣʷʭʠ ʙʫʣʠ ʦʯʠʱʝʥʽ ʚʽʜ ʚʽʨʫʩʫ. ʎʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʥʘʷʚʥʽʩʪʴ SARS-CoV-2 ʫ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʤʫ 

ʪʨʘʢʪʽ ʧʘʮʽʻʥʪʽʚ ʟ COVID-19, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ ʩʠʤʧʪʦʤʠ ʟ ʙʦʢʫ ʪʨʘʚʥʦʾ ʩʠʩʪʝʤʠ 

ʤʦʞʫʪʴ ʢʦʨʝʣʶʚʘʪʠ ʟ ʚʽʨʫʩʥʠʤʠ ʽʥʬʝʢʮʽʷʤʠ ʫ ʧʘʮʽʻʥʪʽʚ ʟ COVID-19. ʄʘʡʞʝ ʫ 

ʧʦʣʦʚʠʥʠ ʧʘʮʽʻʥʪʽʚ ʽʟ COVID-19 ʽʟ ʩʠʤʧʪʦʤʘʤʠ ʪʨʘʚʣʝʥʥʷ ʚʽʨʫʩʥʫ ʈʅʂ ʤʦʞʥʘ 

ʚʠʷʚʠʪʠ ʚ ʢʘʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʽʘʛʥʦʟʫ ʪʘ ʧʝʨʝʜʘʯʽ. ʄʦʞʣʠʚʽʩʪʴ 

ʬʝʢʘʣʴʥʦ-ʦʨʘʣʴʥʦʾ ʧʝʨʝʜʘʯʽ SARS-CoV-2 ʤʘʻ ʚʘʞʣʠʚʽ ʥʘʩʣʽʜʢʠ ʪʘ ʧʦʪʨʝʙʫʻ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ. [9, 10] ɼʘʥʽ ʽʤʫʥʦʬʣʶʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʙʽʣʦʢ ACE2 ʨʷʩʥʦ ʝʢʩʧʨʝʩʫʻʪʴʩʷ ʚ ʟʘʣʦʟʠʩʪʠʭ ʝʧʽʪʝʣʽʘʣʴʥʠʭ ʢʣʽʪʠʥʘʭ ʰʣʫʥʢʘ, 

ʜʚʘʥʘʜʮʷʪʠʧʘʣʦʾ ʢʠʰʢʠ ʪʘ ʧʨʷʤʦʾ ʢʠʰʢʠ, ʱʦ ʩʧʨʠʷʻ ʤʦʞʣʠʚʦʤʫ ʧʨʦʥʠʢʥʝʥʥʶ 

SARS-CoV-2 ʫ ʢʣʽʪʠʥʠ ʛʦʩʧʦʜʘʨʷ. ʂʨʽʤ ʪʦʛʦ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ ʤʦʞʣʠʚʠʡ 

ʤʝʭʘʥʽʟʤ ʪʨʘʚʥʠʭ ʩʠʤʧʪʦʤʽʚ ʫ ʧʘʮʽʻʥʪʽʚ ʟ COVID-19. ɽʢʩʧʨʝʩʽʷ ACE2 ʥʘ 

ʢʣʽʪʠʥʘʭ ʧʦʚʝʨʭʥʽ ʪʦʥʢʦʾ ʢʠʰʢʠ ʤʦʞʝ ʦʧʦʩʝʨʝʜʢʦʚʫʚʘʪʠ ʚʽʨʫʩʥʫ ʽʥʚʘʟʽʶ ʪʘ 

ʝʢʩʧʘʥʩʽʶ, ʚʠʢʣʠʢʘʶʯʠ ʟʘʧʘʣʝʥʥʷ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ ʪʨʘʚʥʦʛʦ ʢʘʥʘʣʫ. 
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SARS-CoV-2 ʧʨʦʥʠʢʘʻ ʚ ʢʠʰʢʦʚʽ ʢʣʽʪʠʥʠ, ʷʢʽ ʝʢʩʧʨʝʩʫʶʪʴ ACE2, ʚʠʢʣʠʢʘʶʯʠ 

ʤʘʣʴʘʙʩʦʨʙʮʽʶ, ʢʠʰʢʦʚʽ ʨʦʟʣʘʜʠ, ʘʢʪʠʚʘʮʽʶ ʝʥʪʝʨʘʣʴʥʦʾ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ ʪʘ, 

ʟʨʝʰʪʦʶ, ʜʽʘʨʝʶ. [11, 12] ʎʽʢʘʚʦ, ʱʦ ʧʦʧʝʨʝʜʥʻ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʰʠʭ 

ʢʦʨʦʥʘʚʽʨʫʩʽʚ ʧʦʢʘʟʘʣʦ, ʱʦ ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʝʧʽʪʝʣʽʘʣʴʥʠʭ ʢʣʽʪʠʥ ʢʠʰʝʯʥʠʢʘ 

ʣʶʜʠʥʠ ʜʦ ʢʦʨʦʥʘʚʽʨʫʩʫ ʧʽʜʚʠʱʫʻ ʾʭ ʨʝʧʣʽʢʘʪʠʚʥʫ ʟʜʘʪʥʽʩʪʴ. ʂʨʽʤ ʪʦʛʦ, ʮʝʡ 

ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʠʡ ʪʨʦʧʽʟʤ ʤʦʞʝ ʧʦʷʩʥʠʪʠ ʯʘʩʪʫ ʧʦʷʚʫ ʢʦʨʦʥʘʚʽʨʫʩʥʦʾ ʜʽʘʨʝʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʤʦʞʣʠʚʽ ʤʝʭʘʥʽʟʤʠ ʫʨʘʞʝʥʥʷ 

ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ SARS-CoV-2:  

1. ɺʽʨʫʩʠ ʧʦʨʫʰʫʶʪʴ ʨʝʛʫʣʷʮʽʶ ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʙʽʦʪʠ. ʇʽʜʚʠʱʫʶʪʴ ʨʠʟʠʢ 

ʮʠʪʦʢʽʥʦʚʠʭ ʰʪʦʨʤʽʚ ʽ ʧʦʰʢʦʜʞʫʶʪʴ ʽʤʫʥʥʫ ʩʠʩʪʝʤʫ (ʦʩʦʙʣʠʚʦ ʚ ʣʝʛʝʥʷʭ).  

2. ɺʽʨʫʩʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʢʣʠʢʘʶʪʴ ʟʘʭʚʦʨʶʚʘʥʥʷ ʢʣʪ̔ʠʥ ʰʣʫʥʢʦʚʦ-

ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ ʪʘ ʚʠʢʣʠʢʘʶʪʴ ʙʽʣʴ ʫ ʞʠʚʦʪʽ, ʙʣʶʚʘʥʥʷ ʪʦʱʦ.  

3. ɺʽʨʫʩʠ ʚʠʜʽʣʷʶʪʴ ʬʘʢʪʦʨʠ ʟʘʧʘʣʝʥʥʷ ʪʘ ʭʝʤʦʢʽʥʠ ʫ ʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ. 

ʅʝʡʪʨʦʬʽʣʠ ʧʽʜʚʠʱʫʶʪʴ ʨʠʟʠʢ ʩʝʧʩʠʩʫ ʪʘ ɻʈɺɯ. ʎʝ ʪʘʢʦʞ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ 

ʛʽʧʝʨʮʠʪʦʟ ʪʘ ʧʦʣʽʦʨʛʘʥʥʫ ʥʝʜʦʩʪʘʪʥʽʩʪʴ. [7]  

ʆʢʨʽʤ ʪʦʛʦ, ʥʘʷʚʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʛʥʦʟ ʧʘʮʽʻʥʪʽʚ ʟ 

COVID-19. ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʘʮʽʻʥʪʠ ʟ ʨʘʢʦʤ ʤʘʶʪʴ 

ʙʽʣʴʰʝ ʰʘʥʩʽʚ ʙʫʪʠ ʩʢʦʤʧʨʦʤʝʪʦʚʘʥʠʤʠ. ɸʥʘʣʽʟ, ʧʨʦʚʝʜʝʥʠʡ ʫ ʂʠʪʘʾ, ʧʦʢʘʟʘʚ, 

ʱʦ 18 ʽʟ 1590 ʚʠʧʘʜʢʽʚ COVID-19 ʤʘʣʠ ʚ ʘʥʘʤʥʝʟʽ ʨʘʢ, ʩʝʨʝʜ ʥʠʭ ʫ 3 ʚʠʧʘʜʢʘʭ 

ʙʫʚ ʜʽʘʛʥʦʩʪʦʚʘʥʠʡ ʢʦʣʦʨʝʢʪʘʣʴʥʠʡ ʨʘʢ. ʇʘʮʽʻʥʪʠ ʟ ʦʥʢʦʣʦʛʽʯʥʠʤʠ 

ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ COVID-19 ʤʦʞʫʪʴ ʙʫʪʠ ʙʽʣʴʰ 

ʫʨʘʟʣʠʚʠʤʠ ʜʦ ʩʝʨʡʦʟʥʠʭ ʽʥʮʠʜʝʥʪʽʚ. [10] ʇʦʧʫʣʷʮʽʷ ʚʠʩʦʢʦʛʦ ʨʠʟʠʢʫ ʱʦʜʦ 

COVID-19 ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʘʮʽʻʥʪʽʚ ʽʟ ʩʪʽʡʢʠʤ ʟʘʧʘʣʴʥʠʤ ʟʘʭʚʦʨʶʚʘʥʥʷʤ 

ʢʠʰʢʽʚʥʠʢʘ (ɿɿʂ). ʇʽʩʣʷ ʩʧʘʣʘʭʫ COVID-19 ʫ ʂʠʪʘʾ ʙʫʣʦ ʚʧʨʦʚʘʜʞʝʥʦ ʨʽʟʥʽ 

ʩʪʨʘʪʝʛʽʾ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʤʦʞʣʠʚʦʛʦ ʨʠʟʠʢʫ ʟʘʨʘʞʝʥʥʷ SARS-CoV-2 ʫ ʧʘʮʽʻʥʪʽʚ 

ʽʟ ɿɿʂ. ʏʦʤʫ ʧʘʮʽʻʥʪʠ ʟ ɿɿʂ ʙʽʣʴʰ ʟʘʨʘʟʥʽ? ʂʣʫʙʦʚʘ ʢʠʰʢʘ ʪʘ ʢʽʥʮʝʚʠʡ ʚʽʜʜʽʣ 

ʪʦʚʩʪʦʾ ʢʠʰʢʠ ʧʘʮʽʻʥʪʽʚ ʽʟ ɿɿʂ ʻ çʢʨʠʭʢʠʤʠè, ʘ ʝʢʩʧʨʝʩʽʷ ʙʽʣʢʘ ACE2 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʤʽʩʮʷʭ ʟʘʧʘʣʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʝʢʩʧʨʝʩʽʷ ACE2 ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ 

ʧʦʢʨʘʱʝʥʘ ʚ ʥʝʟʘʧʘʣʴʥʠʭ ʤʽʩʮʷʭ. ɿɿʂ ʟʘʟʚʠʯʘʡ ʣʽʢʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʤʫʥʦʪʝʨʘʧʽʾ. ʎʝʡ ʤʝʪʦʜ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʨʝʘʢʮʽʶ ʦʨʛʘʥʽʟʤʫ ʥʘ ʩʪʽʡʢʽʩʪʴ 
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ʧʘʪʦʛʝʥʽʚ ʽ ʧʽʜʚʠʱʠʪʠ ʨʠʟʠʢ ʽʥʬʽʢʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʘʮʽʻʥʪʠ ʟ ʟʘʧʘʣʴʥʠʤʠ 

ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ ʢʠʰʢʽʚʥʠʢʘ ʙʽʣʴʰ ʩʭʠʣʴʥʽ ʜʦ ʽʥʬʝʢʮʽʾ SARS-CoV-2 ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʚʽʨʫʩʥʠʭ ʨʝʮʝʧʪʦʨʽʚ ʪʘ ʽʤʫʥʦʪʝʨʘʧʽʾ. [11, 12]  

ʇʝʯʽʥʢʘ ʻ ʥʘʡʙʽʣʴʰʠʤ ʦʨʛʘʥʦʤ ʪʨʘʚʥʦʶ ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʟʤʫ ʜʣʷ ʙʽʣʽʛʝʥʝʟʫ 

ʪʘ ʜʝʪʦʢʩʠʢʘʮʽʾ. ʋʨʘʞʝʥʥʷ ʧʝʯʽʥʢʠ ʽʥʦʜʽ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʪʠʧʦʚʝ ʷʚʠʱʝ ʫ 

ʧʘʮʽʻʥʪʽʚ ʟ COVID-19. ʄʝʭʘʥʽʟʤʠ ʫʨʘʞʝʥʥʷ ʧʝʯʽʥʢʠ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʥʠʢʘʶʪʴ 

ʯʝʨʝʟ ʧʨʷʤʫ ʚʽʨʫʩʥʫ ʽʥʬʝʢʮʽʶ, ʮʠʪʦʪʦʢʩʠʯʥʽʩʪʴ ʣʽʢʽʚ ʽ ʟʘʧʘʣʴʥʫ ʽʤʫʥʥʫ 

ʚʽʜʧʦʚʽʜʴ. ɸʣʴʪʝʨʥʘʪʠʚʥʽ ʧʦʷʩʥʝʥʥʷ ʚʢʣʶʯʘʶʪʴ ʛʽʧʦʢʩʠʯʥʠʡ ʛʝʧʘʪʠʪ, ʟʘʩʪʽʡʥʽ 

ʷʚʠʱʘ ʚ ʧʝʯʽʥʮʽ, ʧʦʚô̫ ʟʘʥʽ ʟ ʤʝʭʘʥʽʯʥʦʶ ʚʝʥʪʠʣʷʮʽʻʶ, ʽ ʜʠʩʬʫʥʢʮʽʶ ʢʠʰʢʦʚʦʛʦ 

ʙʘʨô̒ ʨʫ. ɼʽʡʩʥʦ, ʧʦʤʽʪʥʽ ʬʘʢʪʠ ʚʢʣʶʯʘʶʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ACE2-ʧʦʟʠʪʠʚʥʠʭ 

ʢʣʽʪʠʥ ʫ ʪʢʘʥʠʥʘʭ ʧʝʯʽʥʢʠ, ʷʢʽ ʧʝʨʝʪʚʦʨʶʶʪʴ ʧʝʯʽʥʢʫ ʥʘ ʧʦʪʝʥʮʽʡʥʫ ʤʽʰʝʥʴ ʜʣʷ 

ʽʥʬʝʢʮʽʾ SARS-CoV-2. [11, 12] ʂʨʽʤ ʪʦʛʦ, ʟʚô̫ ʟʦʢ ʤʽʞ ʧʦʧʝʨʝʜʥʽʤʠ 

ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ ʧʝʯʽʥʢʠ ʪʘ COVID-19 ʩʧʨʠʷʪʠʤʝ ʧʦʛʽʨʰʝʥʥʶ ʢʣʽʥʽʯʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʽ ʜʦ ʮʴʦʛʦ ʩʣʽʜ ʩʝʨʡʦʟʥʦ ʩʪʘʚʠʪʠʩʷ ʧʽʜ ʯʘʩ ʣʽʢʫʚʘʥʥʷ. [8]  

ʇʦʧʝʨʝʜʥʽ ʟʚʽʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠʙʣʠʟʥʦ ʫ 60% ʧʘʮʽʻʥʪʽʚ ʽʟ ɻʈɺɯ 

ʨʦʟʚʠʥʫʣʦʩʷ ʫʨʘʞʝʥʥʷ ʧʝʯʽʥʢʠ, ʘ ʪʘʢʦʞ ʚʠʷʚʠʣʠ ʧʦʟʠʪʠʚʥʠʡ ʪʝʩʪ ʥʘ SARS-CoV 

ʫ ʪʢʘʥʠʥʘʭ ʧʝʯʽʥʢʠ. ʇʦʜʽʙʥʦ ʜʦ SARS-CoV, ʟô̫ ʚʠʣʠʩʷ ʜʦʢʘʟʠ ʪʦʛʦ, ʱʦ 

SARS-CoV-2 ʧʦʚô̫ ʟʘʥʠʡ ʟ ʫʨʘʞʝʥʥʷʤ ʧʝʯʽʥʢʠ. ɿʛʽʜʥʦ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʘʥʠʤʠ, 

ʯʘʩʪʢʘ ʭʚʦʨʠʭ ʥʘ COVID-19 ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʫʨʘʞʝʥʥʷ ʧʝʯʽʥʢʠ ʦʮʽʥʶʻʪʴʩʷ ʫ 

58ï78%. [14] ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʠʣʠ, ʱʦ ʜʝʷʢʽ ʧʘʮʽʻʥʪʠ ʟ COVID-19 ʤʘʣʠ 

ʧʽʜʚʠʱʝʥʽ ʨʽʚʥʽ ʘʩʧʘʨʪʘʪʘʤʽʥʦʪʨʘʥʩʬʝʨʘʟʠ (ɸʉʊ) ʽ ʘʣʘʥʽʥʘʤʽʥʦʪʨʘʥʩʬʝʨʘʟʠ 

(ɸʃʊ), ʦʙʠʜʚʘ ʟ ʷʢʠʭ ʜʝʤʦʥʩʪʨʫʚʘʣʠ ʧʦʤʽʨʥʝ ʧʽʜʚʠʱʝʥʥʷ. ʋ ʚʠʧʘʜʢʘʭ 

COVID-19 ʫʨʘʞʝʥʥʷ ʧʝʯʽʥʢʠ, ʷʢ ʧʨʘʚʠʣʦ, ʻ ʧʦʤʽʨʥʠʤ ʽ ʟʘʟʚʠʯʘʡ ʥʝ ʧʦʪʨʝʙʫʻ 

ʣʽʢʫʚʘʥʥʷ. ʆʜʥʘʢ ʪʘʢʦʞ ʧʦʚʽʜʦʤʣʷʣʦʩʷ ʧʨʦ ʚʠʧʘʜʢʠ ʪʷʞʢʦʛʦ ʫʨʘʞʝʥʥʷ ʧʝʯʽʥʢʠ ʟ 

ʨʽʚʥʷʤʠ ɸʉʊ ʽ ɸʃʊ ʫ ʩʠʨʦʚʘʪʮʽ ʜʦ 1445 ʆʜ/ʣ ʽ 7590 ʆʜ/ʣ ʚʽʜʧʦʚʽʜʥʦ. Parohan M. 

at al. [13] ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ 3428 ʧʘʮʽʻʥʪʽʚ ʟ COVID-19, ʚʢʣʶʯʘʶʯʠ 1455 ʚʘʞʢʠʭ 

ʚʠʧʘʜʢʽʚ. ɿʥʘʯʥʦ ʚʠʱʽ ʨʽʚʥʽ ɸʉʊ, ɸʃʊ ʽ ʟʘʛʘʣʴʥʦʛʦ ʙʽʣʽʨʫʙʽʥʫ ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ, 

ʘʣʝ ʥʠʞʯʽ ʨʽʚʥʽ ʘʣʴʙʫʤʽʥʫ ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʚ ʛʨʫʧʽ ʽʟ ʚʘʞʢʠʤʠ 

ʚʠʧʘʜʢʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʫ ʚʘʞʢʠʭ ʚʠʧʘʜʢʘʭ COVID-19 ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʘʢʪʠʚʘʮʽʷ 

ʢʦʘʛʫʣʷʮʽʾ ʪʘ ʬʽʙʨʠʥʦʣʽʟʫ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʚʘʣʘʩʷ ʪʨʦʤʙʦʮʠʪʦʧʝʥʽʻʶ. ʋʨʘʞʝʥʥʷ 
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ʧʝʯʽʥʢʠ ʤʦʞʝ ʧʦʩʠʣʶʚʘʪʠʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʪʷʞʢʦʩʪʽ ʽʥʬʝʢʮʽʾ COVID-19, ʱʦ 

ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʩʪʫʧʽʥʴ ʫʨʘʞʝʥʥʷ ʧʝʯʽʥʢʠ ʤʦʞʝ ʩʣʫʞʠʪʠ ʽʥʜʠʢʘʪʦʨʦʤ 

ʧʨʦʛʨʝʩʫʚʘʥʥʷ COVID-19. ʇʦʪʝʥʮʽʡʥʽ ʤʝʭʘʥʽʟʤʠ ʫʨʘʞʝʥʥʷ ʧʝʯʽʥʢʠ ʫ ʧʘʮʽʻʥʪʽʚ ʟ 

COVID-19: SARS-CoV-2 ʟʜʘʪʥʠʡ ʩʧʝʮʠʬʽʯʥʦ ʟʚô̫ ʟʫʚʘʪʠʩʷ ʟ ACE2 ʥʘ 

ʛʝʧʘʪʦʮʠʪʘʭ, ʢʣʽʪʠʥʘʭ ʞʦʚʯʥʠʭ ʧʨʦʪʦʢ ʽ ʝʥʜʦʪʝʣʽʘʣʴʥʠʭ ʢʣʽʪʠʥʘʭ ʧʝʯʽʥʢʠ, 

ʚʠʢʣʠʢʘʶʯʠ ʫʨʘʞʝʥʥʷ ʚʽʨʫʩʥʠʤ ʛʝʧʘʪʠʪʦʤ. ʂʨʽʤ ʘʧʦʧʪʠʯʥʠʭ ʢʣʽʪʠʥ ʧʝʯʽʥʢʠ, ʫ 

ʧʘʮʽʻʥʪʽʚ ʟ COVID-19 ʯʘʩʪʽʰʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʞʠʨʦʚʘ ʜʠʩʪʨʦʬʽʷ ʧʝʯʽʥʢʠ. 

ɯʤʫʥʦʦʧʦʩʝʨʝʜʢʦʚʘʥʝ ʟʘʧʘʣʝʥʥʷ ʪʘ ʪʦʢʩʠʯʥʽʩʪʴ ʣʽʢʽʚ ʪʘʢʦʞ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʧʦʰʢʦʜʞʝʥʴ ʧʝʯʽʥʢʠ. ʈʠʟʠʢ ʪʷʞʢʦʛʦ ʧʝʨʝʙʽʛʫ COVID-19 ʤʦʞʝ ʙʫʪʠ ʚʠʱʠʤ 

ʜʣʷ ʨʝʮʠʧʽʻʥʪʽʚ ʪʨʘʥʩʧʣʘʥʪʦʚʘʥʦʾ ʧʝʯʽʥʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʤʫʥʦʩʫʧʨʝʩʠʚʥʽ 

ʧʨʝʧʘʨʘʪʠ, ʽ ʦʩʦʙʣʠʚʦ ʜʣʷ ʪʠʭ, ʭʪʦ ʤʘʻ ʤʝʪʘʙʦʣʽʯʥʽ ʫʩʢʣʘʜʥʝʥʥʷ. [14, 15]  

ɺʠʩʥʦʚʦʢ: SARS-CoV-2 ʩʧʨʠʯʠʥʷʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʚʝʩʴ ʦʨʛʘʥʽʟʤ 

ʣʶʜʠʥʠ ʚ ʮʽʣʦʤʫ, ʧʦʪʨʘʧʣʷʶʯʠ ʚ ʢʣʽʪʠʥʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʯʝʨʝʟ ʨʝʮʝʧʪʦʨ ACE2. 

COVID-19 ʤʦʞʝ ʚʨʘʞʘʪʠ ʣʝʛʝʥʽ, ʩʝʨʮʝ, ʤʦʟʦʢ, ʥʠʨʢʠ, ʧʝʯʽʥʢʫ ʽ ʢʠʰʢʽʚʥʠʢ; ʚʽʥ 

ʩʧʨʠʯʠʥʷʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʚʩʽ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʽ ʦʨʛʘʥʠ ʽ ʩʠʩʪʝʤʠ. ʊʠʤ 

ʯʘʩʦʤ, ʨʦʟʣʘʜʠ ʪʨʘʚʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʧʦʛʽʨʰʠʪʠ ʧʨʦʛʥʦʟ ʧʘʮʽʻʥʪʽʚ ʪʘ 

ʟʙʽʣʴʰʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʩʤʝʨʪʽ. ʆʩʥʦʚʥʽ ʤʝʭʘʥʽʟʤʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ COVID-19 ʽ 

ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ ʪʨʘʚʥʦʾ ʩʠʩʪʝʤʠ ʜʦʩʽ ʥʝʚʽʜʦʤʽ. ʊʦʤʫ ʤʘʻʤʦ ʥʘʜʽʶ, ʱʦ ʤʘʡʙʫʪʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʦʩʝʨʝʜʷʪʴʩʷ ʥʘ ʮʴʦʤʫ ʧʠʪʘʥʥʽ ʪʘ ʟʘʧʨʦʧʦʥʫʶʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ 

ʧʨʦʬʽʣʘʢʪʠʯʥʽ ʟʘʭʦʜʠ, ʤʝʪʦʜʠ ʣʽʢʫʚʘʥʥʷ ʪʘ ʢʣʽʥʽʯʥʽ ʩʪʨʘʪʝʛʽʾ. ɺʽʜʜʘʣʝʥʽ 

ʥʘʩʣʽʜʢʠ COVID-19 ɦ ʝ ʚʠʚʯʘʶʪʴʩʷ, ʘʣʝ ʚʞʝ ʟʘʨʘʟ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʡʦʛʦ 

ʥʝʛʘʪʠʚʥʽ ʝʬʝʢʪʠ ʟʙʝʨʝʞʫʪʴʩʷ ʥʘ ʚʩʝ ʞʠʪʪʷ. 
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ɺɸʂ-ʊɽʈɸʇɯʗ ï ʉʋʏɸʉʅʀʁ ʄɽʊʆɼ ɺ ʃɯʂʋɺɸʅʅɯ ɺʆɻʅɽʇɸʃʔʅʆ 

ʆʉʂʆʃʂʆɺʀʍ ʇʆʈɸʅɽʅʔ 

 

ʈʽʛʘ ɸʨʪʝʤ ʉʝʨʛʽʡʦʚʠʯ 

PhD, ʘʩʠʩʪʝʥʪ 

ʂʘʬʝʜʨʘ ʭʽʨʫʨʛʽʾ ˉ1 

ʂʦʨʝʮʴʢʘ ɸʥʘʩʪʘʩʽ ̫ʉʝʨʛʽʾʚʥʘ 

ʟʜʦʙʫʚʘʯ ʚʠʱʦʾ ʦʩʚʽʪʠ 6 ʢʫʨʩʫ 4 ʛʨʫʧʠ 

çʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ɺʚʝʜʝʥʥʷ. ɺɸʂ-ʪʝʨʘʧʽʷ  ̒ʜʦʩʪʘʪʥʴʦ ʜʘʚʥʽʤ ʩʧʦʩʦʙʦʤ ʣʽʢʫʚʘʥʥʷ ʨʘʥ, ʱʦ 

ʧʨʠʜʫʤʘʣʦ ʣʶʜʩʪʚʦ. ɸʣʝ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ ʪʘʢʠʡ ʚʘʨʽʘʥʪ ʣʠʰʝ ʚ ʦʩʪʘʥʥʻ 

ʜʝʩʷʪʠʣʽʪʪʷ ʥʘʙʫʚʘʻ ʩʚʦʶ ʧʦʧʫʣʷʨʥʽʩʪʴ. ʅʦʚʽ ʨʝʘʣʽʾ ʞʠʪʪʷ ʟʤʫʰʫʶʪʴ ʰʫʢʘʪʠ 

ʽʥʰʽ ʰʣʷʭʠ ʟʘʛʦʻʥʥʷ ʨʘʥ, ʱʦʙ ʧʨʠʩʢʦʨʠʪʠ ʮʝʡ ʧʨʦʮʝʩ,  ̔ ʪʘʢʠʡ ʚʠʥʘʭʽʜ ʷʢ 

ɺɸʂ-ʘʧʘʨʘʪ ʯʫʜʦʚʦ ʚ ʮʴʦʤʫ ʜʦʧʦʤʘʛʘʻ. ʎ  ̫ ʪʝʨʘʧʽʷ ʤʘʻ ʙʝʟʣʽʯ ʧʝʨʝʚʘʛ: 

ʧʨʠʩʢʦʨʶʻ ʦʯʠʱʝʥʥʷ, ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʟʘʤʽʱʝʥʥʷ ʨʘʥʴʦʚʠʭ ʜʝʬʝʢʪʽʚ, ʧʦʢʨʘʱʫʻ 

ʢʨʦʚʦʧʦʩʪʘʯʘʥʥʷ ʜʦ ʮʠʭ ʟʦʥ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʩʽ ʧʦʟʠʪʠʚʥʽ ʷʢʦʩʪʽ ɺɸʂ-ʪʝʨʘʧʽʾ, 

ʜʝʷʢʽ ʣʽʢʘʨʽ ʥʝ ʨʦʟʫʤʽʶʪʴ ʾʾ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʙʦ ʚʦʥʘ ʧʽʜʭʦʜʠʪʴ ʥʝ ʜʣʷ ʚʩʽʭ ʨʘʥ, ʪʘ ʡ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʦʙʣʘʜʥʘʥʥʷ  ̒ʜʦʩʠʪʴ ʢʦʰʪʦʚʥʠʤʠ. ʊʦʤʫ ʭʽʨʫʨʛʠ ʥʘʜʘʶʪ ɹ

ʧʝʨʝʚʘʛʫ ʪʨʘʜʠʮʽʡʥʠʤ, ʧʝʨʝʚʽʨʝʥʠʤ ʤʝʪʦʜʘʤ ʟʘʛʦʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʝʨʝʚôʷʟʦʢ ʟ ʤʘʟʻʤʠ, ʢʨʝʤʘʤʠ.  

ʄʝʪʘ ʨʦʙʦʪʠ. ɼʦʩʣʽʜʠʪʠ ʷʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɸʂ-ʪʝʨʘʧʽʾ ʧʨʠʩʢʦʨʶʻ 

ʟʘʛʦʻʥʥʷ ʚʦʛʥʝʧʘʣʴʥʠʭ ʧʦʨʘʥʝʥʴ ʚʝʨʭʥʽʭ ʢʽʥʮʽʚʦʢ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʠʤʠ 

ʧʝʨʝʚôʷʟʢʘʤʠ. 

ʄʘʪʝʨʽʘʣʠ  ̔ʤʝʪʦʜʠ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʚ ʷʢʦʤʫ ʚʟʷʣʠ ʫʯʘʩʪʴ 

20 ʭʚʦʨʠʭ ʟ ʚʦʛʥʝʧʘʣʴʥʠʤʠ ʧʦʨʘʥʝʥʥʷʤʠ ʚʝʨʭʥʽʭ ʢʽʥʮʽʚʦʢ. ɰʭ ʙʫʣʦ ʧʦʜʽʣʝʥʦ ʥʘ 

2 ʛʨʫʧʠ ʧʦ 10 ʭʚʦʨʠʭ: ʧʝʨʰʘ ʛʨʫʧʘ - ʦʪʨʠʤʫʚʘʣʠ ʣʽʢʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ɺɸʂ-ʪʝʨʘʧʽʾ, ʜʨʫʛʘ - ʧʝʨʝʙʫʚʘʣʠ ʥʘ ʣʽʢʫʚʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʚʠʯʘʡʥʽ 

ʧʦʚᾷʷʟʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ  ̔ʦʙʛʦʚʦʨʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʽʜʤʽʯʝʥʦ, ʱʦ: 

ɺ ʧʝʨʰʽʡ ʛʨʫʧʽ ʭʚʦʨʠʭ ʣʽʢʘʨʽ ʤʘʣʠ ʟʤʦʛʫ ʚʞʝ ʥʘ 11-20 ʜʝʥʴ ʥʘʢʣʘʜʘʪʠ 
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ʚʪʦʨʠʥʥʽ ʰʚʠ ʘʙʦ ʚʠʢʦʥʫʚʘʪʠ ʘʫʪʦʜʝʨʤʦʧʣʘʩʪʠʢʫ. ɺʩʝ ʟʘʣʝʞʘʣʦ ʚʽʥ ʦʙᾷʻʤʫ ʨʘʥ. 

ʊʘʢʽ ʰʚʠʜʢ ̔ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʜʦʩʷʛʥʫʪʽ ʯʝʨʝʟ ʜʦʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣ ʢʦʨʠʩʪʫʚʘʥʥʷ 

ɺɸʂ-ʘʧʘʨʘʪʦʤ, ʚʠʢʦʥʘʥʥʷ ʨʝʚʽʟʽʾ ʨʘʥ, ʥʝʢʨʝʢʪʦʤʽʾ, ʩʘʥʘʮʽʾ ʪʘ ʧʝʨʝʚᾷʷʟʦʢ ʽʟ 

ʟʘʤʽʥʦʶ ʛʫʙʢʠ. 

ɺ ʜʨʫʛʽʡ ʛʨʫʧʽ ʭʚʦʨʠʭ ʟʘʤʽʥʠ ʧʦʚᾷʷʟʦʢ ʧʨʦʚʦʜʠʣʠʩʷ ʢʦʞʥʽ 2 ʜʥʽ. ɹʫʣʠ 

ʚʠʢʦʥʘʥʥʽ ʨʝʚʽʟʽʾ ʨʘʥ, ʩʘʥʘʮʽʾ, ʥʝʢʨʝʢʪʦʤʽʾ, ʥʘʢʣʘʜʥʘʥʥʷ ʧʦʚôʷʟʢʠ ʟ ʃʝʚʦʩʠʥʦʤ. 

ɺʽʜʤʽʯʘʣʦʩʷ, ʱʦ ʧʨʦʮʝʩ ʟʘʛʦʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʧʦʚʽʣʴʥʽʰʝ  ̔ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙôʻʤʫ ʜʝʬʝʢʪʫ ʟʘʡʤʘʚ ʚ ʩʝʨʝʜʥʴʦʤʫ ʚʽʜ 6 ʜʦ 8 ʪʠʞʥʽʚ. 

ɺʠʩʥʦʚʢʠ. ʂʦʞʝʥ ʟ ʤʝʪʦʜʽʚ ʟʘʛʦʶʚʘʥʥʷ ʚʦʛʥʝʧʘʣʴʥʠʭ ʧʦʨʘʥʝʥʴ ʤʘʻ ʩʚʦʾ 

ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʣʽʢʫʚʘʥʥʷ ʨʘʥ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʙʠʜʚʘ ʤʝʪʦʜʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʷʞʢʦʩʪʽ ʜʝʬʝʢʪʽʚ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʤʠ ʟʤʦʞʝʤʦ ʜʦʩʷʛʪʠ ʥʘʡʢʨʘʱʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʟʘʛʦʻʥʥʷ ɺʆʇ ʨʘʥ ʟʘ 

ʢʦʨʦʪʢʠʡ ʧʝʨʽʦʜ ʯʘʩʫ, ʷʢʠʡ  ̒ʪʘʢʠʤ ʜʦʨʦʛʦʮʽʥʥʠʤ ʟʘʨʘʟ.  
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ʆʅʆɺʃɽʅʀʁ ʉʀʉʊɽʄɸʊʀʏʅʀʁ ʆɻʃʗɼ ʑʆɼʆ ʇʆʐʀʈɽʅʆʉʊɯ 

ʍʈʆʅɯʏʅʆɻʆ ɸʊʈʆʌɯʏʅʆɻʆ ɻɸʉʊʈʀʊʋ ɿ 2014 ʇʆ 2024 ʈɯʂ 

 

ʊʦʧʦʣʶʢ ʂʘʪʝʨʠʥʘ ʉʝʨʛʽʾʚʥʘ 

ʟʜʦʙʫʚʘʯ ʚʠʱʦʾ ʦʩʚʽʪʠ I ʤʝʜʠʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʇʦʣʴʱʘ ɽʜʫʘʨʜ ʆʣʝʢʩʘʥʜʨʦʚʠʯ 

ʟʜʦʙʫʚʘʯ ʚʠʱʦʾ ʦʩʚʽʪʠ I ʤʝʜʠʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: 

ʄʘʣʠʢ ʅʘʪʘʣʽʷ ɺʽʪʘʣʽʾʚʥʘ 

ʢ.ʤʝʜ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ 

ʟʘʛʘʣʴʥʦʾ ʧʨʘʢʪʠʢʠ ï cʽʤʝʡʥʦʾ ʤʝʜʠʮʠʥʠ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʭʚʦʨʦʙ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ. ʍʨʦʥʽʯʥʠʡ ʘʪʨʦʬʽʯʥʠʡ ʛʘʩʪʨʠʪ (ʍɸɻ) ʻ ʦʜʥʠʤ ʽʟ ʨʷʜʫ 

ʧʝʨʝʜʨʘʢʦʚʠʭ ʫʨʘʞʝʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʩʣʠʟʦʚʽʡ ʦʙʦʣʦʥʮʽ ʰʣʫʥʢʘ ʜʦ ʧʦʷʚʠ 

ʢʠʰʢʦʚʦʛʦ ʧʽʜʪʠʧʫ ʨʘʢʫ ʰʣʫʥʢʘ. ɿʘʛʘʣʦʤ ʧʨʦʮʝʩ ʡʜʝ ʚʽʜ ʥʝʘʪʨʦʬʽʯʥʦʛʦ 

ʛʘʩʪʨʠʪʫ ʜʦ ʍɸɻ, ʧʦʪʽʤ ʜʦ ʢʠʰʢʦʚʦʾ ʤʝʪʘʧʣʘʟʽʾ, ʜʠʩʧʣʘʟʽʾ ʽ, ʥʘʨʝʰʪʽ, ʜʦ 

ʘʜʝʥʦʢʘʨʮʠʥʦʤʠ [1]. ʑʦʙ ʟʨʦʟʫʤʽʪʠ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʮʴʦʛʦ ʨʘʢʫ ʪʘ 

ʚʠʟʥʘʯʠʪʠ ʬʘʢʪʦʨʠ ʨʠʟʠʢʫ ʡʦʛʦ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ, ʚʘʞʣʠʚʦ ʚʠʚʯʠʪʠ ʧʦʧʝʨʝʜʥʽ 

ʫʨʘʞʝʥʥʷ ʪʘ ʬʘʢʪʦʨʠ ʨʠʟʠʢʫ, ʧʦʚôʷʟʘʥʽ ʟ ʾʭ ʟʘʭʚʦʨʶʚʘʥʽʩʪʶ. 

ɯʥʬʝʢʮʽʷ Helicobacter pylori (HP) ʻ ʪʘʢʠʤ ʬʘʢʪʦʨʦʤ ʨʠʟʠʢʫ, ʪʽʩʥʦ 

ʧʦʚôʷʟʘʥʠʡ ʽʟ ʟʘʭʚʦʨʶʚʘʥʽʩʪʶ ʥʘ ʍɸɻ [2]. Marques-Silva ʪʘ ʽʥ. ʪʘʢʦʞ ʧʨʦʚʝʣʠ 

ʤʝʪʘ-ʘʥʘʣʽʟ ʱʦʜʦ ʧʦʰʠʨʝʥʦʩʪʽ ʍɸɻ, ʦʜʥʘʢ ʮʝʡ ʘʥʘʣʽʟ ʚʢʣʶʯʘʚ ʣʠʰʝ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʜʦ ʙʝʨʝʟʥʷ 2013 ʨʦʢʫ [3]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʙʫʣʘ 

ʧʦʪʨʝʙʘ ʩʪʚʦʨʝʥʥʷ ʦʥʦʚʣʝʥʦʛʦ ʤʝʪʘ-ʘʥʘʣʽʟʫ ʽʟ ʚʢʣʶʯʝʥʥʷʤ ʦʩʪʘʥʥʽʭ 

ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦʙ ʜʦʜʘʪʢʦʚʦ ʜʦʚʝʩʪʠ ʧʨʠʯʠʥʥʫ ʨʦʣʴ HP-ʽʥʬʝʢʮʽʾ ʚ 

ʨʦʟʚʠʪʢʫ ʍɸɻ. 

ʄʝʪʘ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ Web 

of Science, PubMed, Cochrane ʪʘ Embase, ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʱʦʜʦ 

ʜʦʩʷʛʥʝʥʴ ʫ ʩʬʝʨʽ ʧʦʰʠʨʝʥʦʩʪʽ ʭʨʦʥʽʯʥʦʛʦ ʘʪʨʦʬʽʯʥʦʛʦ ʛʘʩʪʨʠʪʫ (ʍɸɻ), ʦʜʥʦʛʦ 

ʟ ʧʝʨʝʜʨʘʢʦʚʠʭ ʫʨʘʞʝʥʴ ʨʘʢʫ ʰʣʫʥʢʘ ʟʘ ʦʩʪʘʥʥʽ 10 ʨʦʢʽʚ ʪʘ ʡʦʛʦ ʟʚôʷʟʢʫ ʟ 
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ʽʥʬʝʢʮʽʻʶ HP. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʥʠʡ ʧʦʰʫʢ ʩʪʘʪʝʡ ʪʘ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʜʘʥʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 

ʜʝʩʷʪʠ ʨʦʢʽʚ (ʟ 1 ʩʽʯʥʷ 2014 ʨʦʢʫ ʜʦ 1 ʛʨʫʜʥʷ 2024 ʨʦʢʫ) ʫ Web of Science, 

PubMed, Cochrane ʪʘ Embase. ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʤʝʪʘ-ʘʥʘʣʽʟʫ, ʚʢʣʶʯʘʶʯʠ 

ʧʝʨʝʭʨʝʩʥʽ ʘʙʦ ʨʝʪʨʦʩʧʝʢʪʠʚʥʽ ʩʪʘʪʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ. ɿʘʛʘʣʦʤ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 14 ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʜʘʥʠʤʠ ʧʨʦ 

ʧʦʰʠʨʝʥʽʩʪʴ ʍɸɻ, ʩʝʨʝʜ ʷʢʠʭ ʧʦʢʘʟʥʠʢʠ ʧʦʰʠʨʝʥʦʩʪʽ ʢʦʣʠʚʘʣʠʩʷ ʚʽʜ 6% ʜʦ 

66%. ʆʙôʻʜʥʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʩʽʭ 14 ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʦʰʠʨʝʥʽʩʪʴ ʍɸɻ ʫ 

ʚʩʴʦʤʫ ʩʚʽʪʽ ʩʪʘʥʦʚʠʣʘ 25%, ʱʦ ʻ ʥʠʞʯʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʥʽʞ ʨʘʥʽʰʝ 

ʧʦʚʽʜʦʤʣʷʣʦʩʷ ʚ ʤʝʪʘ-ʘʥʘʣʽʟʽ, ʦʧʫʙʣʽʢʦʚʘʥʦʤʫ ʚ 2014 ʨʦʮʽ [3]. ɹʽʣʴʰʽʩʪʴ 

ʣʽʪʝʨʘʪʫʨʠ, ʚʢʣʶʯʝʥʦʾ ʜʦ ʮʴʦʛʦ ʤʝʪʘ-ʘʥʘʣʽʟʫ [3], ʙʫʣʘ ʟ 1990 ʧʦ 2010 ʨʽʢ, ʽ 

ʥʠʞʯʘ ʧʦʰʠʨʝʥʽʩʪʴ, ʷʢʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʜʘʥʦʾ ʨʦʙʦʪʠ, ʤʦʞʝ 

ʚʽʜʦʙʨʘʞʘʪʠ ʧʦʣʽʧʰʝʥʥʷ ʩʧʦʩʦʙʫ ʞʠʪʪʷ ʣʶʜʝʡ ʽ ʙʽʣʴʰʝ ʟʫʩʠʣʴ, ʷʢʽ 

ʜʦʢʣʘʜʘʶʪʴʩʷ ʜʣʷ ʩʢʨʠʥʽʥʛʫ ʪʘ ʣʽʢʫʚʘʥʥʷ ʧʝʨʝʜʨʘʢʦʚʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʰʣʫʥʢʘ. 

ʇʦʚʽʜʦʤʣʷʣʦʩʷ, ʱʦ HP-ʽʥʬʝʢʮʽʷ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʘ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʍɸɻ [2]. 

ɿʙʽʣʴʰʝʥʥʷ ʧʦʰʠʨʝʥʦʩʪʽ ʍɸɻ ʫ HP-ʧʦʟʠʪʠʚʥʠʭ ʧʘʮʽʻʥʪʽʚ ʙʫʣʦ ʦʯʽʢʫʚʘʥʠʤ ʽ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʘʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʦʰʠʨʝʥʽʩʪʴ ʍɸɻ ʙʫʣʘ 

ʚ 2,4 ʨʘʟʠ ʚʠʱʦʶ ʫ HP-ʧʦʟʠʪʠʚʥʠʭ ʧʘʮʽʻʥʪʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʪʠʤʠ, ʭʪʦ ʙʫʚ 

HP-ʥʝʛʘʪʠʚʥʠʤ. ʎʝʡ ʢʦʝʬʽʮʽʻʥʪ ʙʫʚ ʧʦʜʽʙʥʠʡ ʜʦ ʨʝʟʫʣʴʪʘʪʫ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʤʝʪʘʘʥʘʣʽʟʫ, ʦʧʠʩʘʥʦʛʦ ʚʠʱʝ [3]. ʆʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʧʦʷʩʥʝʥʴ ʟʥʠʞʝʥʥʷ 

ʨʠʟʠʢʫ ʍɸɻ ʟ ʯʘʩʦʤ ʫ HP-ʧʦʟʠʪʠʚʥʠʭ ʧʘʮʽʻʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʨʦʟʚʠʪʦʢ 

ʪʦʣʝʨʘʥʪʥʦʩʪʽ ʜʦ ʚʽʨʫʣʝʥʪʥʦʩʪʽ HP. 

ɯʥʰʠʤ ʚʘʞʣʠʚʠʤ ʚʠʩʥʦʚʢʦʤ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʪʝ, ʱʦ ʷʢ ʪʠʧ 

ʧʦʧʫʣʷʮʽʾ, ʪʘʢ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʜʽʘʛʥʦʩʪʠʯʥʠʡ ʤʝʪʦʜ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ 

ʧʦʰʠʨʝʥʽʩʪʴ ʍɸɻ. ʃʶʜʠ ʟ ʩʠʤʧʪʦʤʘʤʠ ʚʝʨʭʥʽʭ ʚʽʜʜʽʣʽʚ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ 

ʪʨʘʢʪʫ, ʧʨʠʨʦʜʥʦ, ʯʘʩʪʽʰʝ ʤʘʣʠ ʍɸɻ, ʥʽʞ ʪʽ, ʭʪʦ ʥʝ ʤʘʚ ʩʠʤʧʪʦʤʽʚ, ʩʘʤʝ ʪʦʤʫ 

ʧʦʰʠʨʝʥʽʩʪʴ ʍɸɻ ʫ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʻ ʚʠʱʦʶ ʫ ʚʠʙʨʘʥʽʡ ʧʦʧʫʣʷʮʽʾ, ʥʽʞ ʫ 

ʟʘʛʘʣʴʥʽʡ ʧʦʧʫʣʷʮʽʾ [4]. ɺʠʷʚʣʝʥʦ, ʱʦ ʷʢ ʧʦʰʠʨʝʥʽʩʪʴ ʍɸɻ, ʪʘʢ ʽ ʨʠʟʠʢ ʍɸɻ ʫ 

HP-ʧʦʟʠʪʠʚʥʠʭ ʧʘʮʽʻʥʪʽʚ ʻ ʚʠʱʠʤʠ ʧʨʠ ʜʽʘʛʥʦʩʪʠʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʩʪʦʣʦʛʽʾ, 
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ʥʽʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʨʦʣʦʛʽʾ, ʽ ʦʜʥʽʻʶ ʟ ʤʦʞʣʠʚʠʭ ʧʨʠʯʠʥ ʮʴʦʛʦ ʤʦʞʝ ʙʫʪʠ 

ʥʠʟʴʢʘ ʯʫʪʣʠʚʽʩʪʴ ʩʝʨʦʣʦʛʽʾ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʍɸɻ [5]. 

ɼʦ ʪʦʛʦ ʞ, ʻ ʜʝʷʢʽ ʦʙʤʝʞʝʥʥʷ ʮʴʦʛʦ ʘʥʘʣʽʟʫ. ʇʦ-ʧʝʨʰʝ, ʚ ʽʩʥʫʶʯʽʡ 

ʣʽʪʝʨʘʪʫʨʽ ʙʫʣʘ ʧʝʚʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ. ʅʘʧʨʠʢʣʘʜ, ʜʽʘʛʥʦʩʪʠʯʥʽ ʢʨʠʪʝʨʽʾ ʍɸɻ 

ʚʽʜʨʽʟʥʷʣʠʩʷ ʚ ʨʽʟʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʽ ʚ ʨʽʟʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʨʽʟʥʽ ʤʝʪʦʜʠ ʜʣʷ ʦʮʽʥʢʠ HP- ʽʥʬʝʢʮʽʾ. ʇʦ-ʜʨʫʛʝ, ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ, ʫ ʷʢʠʭ 

ʧʦʚʽʜʦʤʣʷʣʦʩʷ ʧʨʦ ʩʪʘʥ HP-ʽʥʬʝʢʮʽʾ, ʽ ʚʽʜʧʦʚʽʜʥʽ ʨʦʟʤʽʨʠ ʚʠʙʽʨʢʠ ʙʫʣʠ 

ʥʝʚʝʣʠʢʠʤʠ, ʱʦ ʤʦʛʣʦ ʚʧʣʠʥʫʪʠ ʥʘ ʩʪʘʪʠʩʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʇʦ-ʪʨʝʪʻ, ʯʝʨʝʟ 

ʙʨʘʢ ʜʘʥʠʭ ʚʘʞʢʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʙʘʛʘʪʦ ʧʦʪʝʥʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ ʨʠʟʠʢʫ ʍɸɻ, 

ʢʨʽʤ ʽʥʬʝʢʮʽʾ HP. 

ʎʝ ʦʜʠʥ ʟ ʥʘʡʥʦʚʽʰʠʭ ʤʝʪʘ-ʘʥʘʣʽʟʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʰʠʨʝʥʦʩʪʽ ʍɸɻ, 

ʷʢʠʡ, ʷʢ ʚʠʷʚʠʣʦʩʷ, ʩʪʘʥʦʚʠʪʴ ~25% ʫ ʟʘʛʘʣʴʥʽʡ ʧʦʧʫʣʷʮʽʾ, ʘ ʨʠʟʠʢ ʍɸɻ ʙʫʚ 

ʧʨʠʙʣʠʟʥʦ ʚ 2,4 ʨʘʟʠ ʚʠʱʠʡ ʫ HP-ʧʦʟʠʪʠʚʥʠʭ ʧʘʮʽʻʥʪʽʚ, ʥʽʞ ʫ ʪʠʭ, ʭʪʦ ʙʫʚ 

HP-ʥʝʛʘʪʠʚʥʠʡ. ʇʦʪʨʽʙʥʽ ʧʦʜʘʣʴʰʽ ʘʥʘʣʽʟʠ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʜʦʜʘʪʢʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʫʯʘʩʥʠʢʽʚ, ʱʦʙ ʜʦʩʣʽʜʠʪʠ ʤʘʡʙʫʪʥʶ 

ʧʦʰʠʨʝʥʽʩʪʴ ʍɸɻ ʪʘ ʡʦʛʦ ʬʘʢʪʦʨʠ ʨʠʟʠʢʫ. ɿʘʛʘʣʦʤ, ʩʚʽʪʦʚʘ ʧʦʰʠʨʝʥʽʩʪʴ ʍɸɻ 

ʚʩʝ ʱʝ ʚʠʩʦʢʘ, ʘ ʽʥʬʝʢʮʽʷ HP ʟʘʣʠʰʘʻʪʴʩʷ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʨʠʟʠʢʫ ʜʣʷ ʍɸɻ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʡʙʫʪʥʽ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʝ ʱʝ 

ʧʦʪʨʝʙʫʶʪʴ ʪʝʨʤʽʥʦʚʦʛʦ ʢʦʥʪʨʦʣʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʧʦʰʠʨʝʥʽʩʪʶ 

ʍɸɻ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʪʷʛʘʨ ʨʘʢʫ ʰʣʫʥʢʘ. ɭ ʧʝʚʥʘ ʜʫʤʢʘ, ʱʦ ʣʽʢʚʽʜʘʮʽʷ HP-

ʽʥʬʝʢʮʽʾ ʝʬʝʢʪʠʚʥʦ ʟʥʠʟʠʪʴ ʨʽʚʝʥʴ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʥʘ ʍɸɻ. ɯʥʰʽ ʟʘʭʦʜʠ 

ʟʘʧʦʙʽʛʘʥʥʷ ʍɸɻ ʚʢʣʶʯʘʶʪʴ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʯʦʚʠʭ ʟʚʠʯʦʢ ʽ ʧʦʩʠʣʝʥʥʷ 

ʬʽʟʠʯʥʠʭ ʚʧʨʘʚ. 
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ɺɿɸɭʄʆɺʇʃʀɺ ʂʆʄʆʈɹɯɼʅʆʉʊɯ ʉʊɽɸʊʆʊʀʏʅʆɰ ʍɺʆʈʆɹʀ 

ʇɽʏɯʅʂʀ, ɸʉʆʎɯʁʆɺɸʅʆɰ ɿ ʄɽʊɸɹʆʃɯʏʅʆʖ ɼʀʉʌʋʅʂʎɯɭʖ ɯ 

ɸʈʊɽʈɯɸʃʔʅʆʖ ɻɯʇɽʈʊɽʅɿɯɭʖ 

 

ʍʫʭʣʽʥʘ ʆʢʩʘʥʘ ʉʚʷʪʦʩʣʘʚʽʚʥʘ 

ʜ.ʤ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʚʘʯ 

ʢʘʬʝʜʨʠ ʚʥʫʪʨʽʰʥʴʦʾ ʤʝʜʠʮʠʥʠ ʢʣʽʥʽʯʥʦʾ ʬʘʨʤʘʢʦʣʦʛʽʾ 

ʪʘ ʧʨʦʬʝʩʽʡʥʠʭ ʭʚʦʨʦʙ 

ɹʫʢʦʚʠʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʍʦʚʘʥʝʮʴ ʂʨʽʩʪʽʥʘ ʈʫʩʣʘʥʽʚʥʘ 

ʉʪʫʜʝʥʪʢʘ 

ɹʫʢʦʚʠʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʤ. ʏʝʨʥʽʚʮʽ ,ʋʢʨʘʾʥʘ 

 

ʈʝʟʶʤʝ. ʉʫʯʘʩʥʘ ʤʝʜʠʯʥʘ ʧʨʘʢʪʠʢʘ ʟʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʻ ʧʦʻʜʥʘʥʥʶ 

ʥʦʟʦʣʦʛʽʯʥʠʭ ʬʦʨʤ ʫ ʢʦʥʢʨʝʪʥʦʛʦ ʭʚʦʨʦʛʦ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʘʙʦ ʥʝʩʧʨʠʷʪʣʠʚʠʤ 

ʬʦʥʦʤ, ʷʢʠʡ ʧʦʜʘʻ ʦʜʥʝ ʽʟ ʟʘʭʚʦʨʶʚʘʥʴ, ʘʙʦ ʦʜʥʦʯʘʩʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʢʣʽʥʽʯʥʫ 

ʩʠʤʧʪʦʤʘʪʠʢʫ ʦʙʦʭ ʟʘʭʚʦʨʶʚʘʥʴ ʫ ʪʘʢʦʤʫ ʪʘʥʜʝʤʽ. ʅʘ ʮʝʡ ʯʘʩ ʽʩʥʫʻ ʙʘʛʘʪʦ 

ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʪʘʢʠʤ ʧʠʪʘʥʥʷʤ. ʇʨʠ ʮʴʦʤʫ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʥʦʟʦʣʦʛʽʯʥʠʤ ʬʦʨʤʘʤ, ʱʦ ʤʘʶʪʴ ʩʦʮʽʘʣʴʥʫ ʟʥʘʯʫʱʽʩʪʴ ʫ ʩʫʩʧʽʣʴʩʪʚʽ. ʉʝʨʝʜ ʥʠʭ 

ʨʦʟʛʣʷʜʘʶʪʴ ʘʨʪʝʨʽʘʣʴʥʫ ʛʽʧʝʨʪʝʥʟʽʶ (ɸɻ) ʪʘ ʤʝʪʘʙʦʣʽʯʥʽ ʨʦʟʣʘʜʠ ʚ ʧʦʻʜʥʘʥʥʽ ʟ 

ʥʝʘʣʢʦʛʦʣʴʥʦʶ ʞʠʨʦʚʦʶ ʭʚʦʨʦʙʦʶ ʧʝʯʽʥʢʠ ʯʠ ʩʪʝʘʪʦʪʠʯʥʦʶ ʭʚʦʨʦʙʦʶ ʧʝʯʽʥʢʠ, 

ʘʩʦʮʽʡʦʚʘʥʦʶ ʟ ʤʝʪʘʙʦʣʽʯʥʦʶ ʜʠʩʬʫʥʢʮʽʻʶ (ʉʍʇ ʄɼ). 

ʇʦʻʜʥʘʥʠʡ ʧʝʨʝʙʽʛ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʪʘ ʩʦʮʽʘʣʴʥʦ ʟʥʘʯʫʱʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʽʚ, ʪʘʢʠʭ ʷʢ ɸɻ ʪʘ ʉʍʇ ʄɼ ʽʟ ʤʝʪʘʙʦʣʽʯʥʠʤ 

ʩʠʥʜʨʦʤʦʤ, ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʤʽʥ ʫ ʧʘʪʦʛʝʥʝʪʠʯʥʠʭ ʣʘʥʢʘʭ ʟʘʭʚʦʨʶʚʘʥʴ. ʋ 

ʪʘʢʦʤʫ ʨʘʟʽ ʤʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʧʨʦʛʨʝʩʫʚʘʥʥʷ ʮʠʭ ʩʪʘʥʽʚ ʫ ʭʚʦʨʠʭ ʥʘ ʉʍʇ ʄɼ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʪʝʘʪʦʪʠʯʥʘ ʭʚʦʨʦʙʘ ʧʝʯʽʥʢʠ, ʤʝʪʘʙʦʣʽʯʥʘ ʜʠʩʬʫʥʢʮʽʷ, 

ʛʝʧʘʪʦʮʠʪʠ, ʘʨʪʝʨʽʘʣʴʥʘ ʛʽʧʝʨʪʝʥʟʽʷ, ʤʝʪʘʙʦʣʽʯʥʠʡ ʩʠʥʜʨʦʤ. 
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ɺʩʪʫʧ. ʉʪʝʘʪʦʪʠʯʥʘ ʭʚʦʨʦʙʘ ʧʝʯʽʥʢʠ, ʘʩʦʮʽʡʦʚʘʥʘ ʟ ʤʝʪʘʙʦʣʽʯʥʦʶ 

ʜʠʩʬʫʥʢʮʽʻʶ (ʉʍʇ ʄɼ) ʘʙʦ ʥʝʘʣʢʦʛʦʣʴʥʘ ʞʠʨʦʚʘ ʭʚʦʨʦʙʘ ʧʝʯʽʥʢʠ (ʅɸɾʍʇ) ʻ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʭʨʦʥʽʯʥʠʤ ʟʘʭʚʦʨʶʚʘʥʥʷʤ ʧʝʯʽʥʢʠ ʚ ʧʨʦʤʠʩʣʦʚʦ ʨʦʟʚʠʥʫʪʠʭ 

ʢʨʘʾʥʘʭ, ʽ ʾʾ ʧʦʰʠʨʝʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʦʧʫʣʷʮʽʾ ʪʘ ʤʝʪʦʜʫ 

ʜʽʘʛʥʦʩʪʠʢʠ. ʑʦʨʽʯʥʘ ʟʘʭʚʦʨʶʚʘʥʽʩʪʴ ʫ ʩʚʽʪʽ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 28/1000 ʚ ʟʘʭʽʜʥʠʭ 

ʢʨʘʾʥʘʭ ʜʦ 52/1000 ʚ ɸʟʽʾ [1]. ʉʍʇ ʄɼ ʚʠʷʚʣʷʻʪʴʩʷ ʫ ~ 25 % ʜʦʨʦʩʣʠʭ ʧʽʜ ʯʘʩ 

ʚʽʟʫʘʣʽʟʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʉʝʨʝʜʥʽʡ ʉʭʽʜ ~ 32 %, ɸʟʽʷ 12 %, ʗʧʦʥʽʷ 19,9 %, 

ʇʽʚʜʝʥʥʘ ɸʤʝʨʠʢʘ ~ 30,5 %, ɸʬʨʠʢʘ 13,5 %), ʘ ʥʝʘʣʢʦʛʦʣʴʥʠʡ ʩʪʝʘʪʦʛʝʧʘʪʠʪ 

(ʅɸʉɻ) ʜʽʘʛʥʦʩʪʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʛʽʩʪʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʫ 30ï60 % ʭʚʦʨʠʭ ʥʘ 

ʉʍʇ ʄɼ [2]. ʏʘʩʪʦʪʘ ʅɸʉɻ ʫ ʟʘʛʘʣʴʥʽʡ ʧʦʧʫʣʷʮʽʾ ʦʮʽʥʶʻʪʴʩʷ ʚ 1,5ï6,45 %. 

ɿʘʭʚʦʨʶʚʘʥʥʷ ʜʽʘʛʥʦʩʪʫʻʪʴʩʷ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʚʽʮʽ, ʜʝʱʦ ʯʘʩʪʽʰʝ ʥʘ 4-ʤʫ ʽ 5-ʤʫ 

ʜʝʩʷʪʠʣʽʪʪʷʭ ʞʠʪʪʷ, ʚʜʚʽʯʽ ʯʘʩʪʽʰʝ ʫ ʯʦʣʦʚʽʢʽʚ. ɯʩʥʫʻ ʪʽʩʥʠʡ ʚʟʘʻʤʦʟʚô̫ ʟʦʢ ʤʽʞ 

ʉʍʇ ʄɼ ʪʘ ʤʝʪʘʙʦʣʽʯʥʠʤ ʩʠʥʜʨʦʤʦʤ ʽ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʉʍʇ ʄɼ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ~ 50% ʣʶʜʝʡ ʟ ʦʞʠʨʽʥʥʷʤ, ʫ >95% ʭʚʦʨʠʭ ʥʘ ʧʘʪʦʣʦʛʽʯʥʝ 

ʦʞʠʨʽʥʥʷ, ʷʢʠʤ ʧʨʦʚʦʜʠʪʴʩʷ ʙʘʨʽʘʪʨʠʯʥʝ ʣʽʢʫʚʘʥʥʷ, ʫ 60-70% ʧʘʮʽʻʥʪʽʚ ʽʟ 

ʮʫʢʨʦʚʠʤ ʜʽʘʙʝʪʦʤ 2-ʛʦ ʪʠʧʫ, ʫ ~ 69% ʧʘʮʽʻʥʪʽʚ ʽʟ ʛʽʧʝʨʣʽʧʽʜʝʤʽʻʶ, ʫ ~ 39% 

ʧʘʮʽʻʥʪʽʚ ʽʟ ʘʨʪʝʨʽʘʣʴʥʦʶ ʛʽʧʝʨʪʝʥʟʽʻʶ ʽ ʫ ~ 42% ʧʘʮʽʻʥʪʽʚ ʽʟ ʤʝʪʘʙʦʣʽʯʥʠʤ 

ʩʠʥʜʨʦʤʦʤ, ʘʣʝ ʪʘʢʦʞ ʫ ~ 7% ʧʘʮʽʻʥʪʽʚ ʽʟ ʥʦʨʤʘʣʴʥʦʶ ʤʘʩʦʶ ʪʽʣʘ. ɿʘ ʦʮʽʥʢʘʤʠ, 

ʉʍʇ ʄɼ ʚʨʘʞʘʻ 1 ʤʽʣʴʷʨʜ ʣʶʜʝʡ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʽ ʩʪʘʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ 

ʮʠʨʦʟʫ ʧʝʯʽʥʢʠ, ʛʝʧʘʪʦʮʝʣʶʣʷʨʥʦʾ ʢʘʨʮʠʥʦʤʠ ʪʘ ʩʤʝʨʪʽ ʚʽʜ ʟʘʭʚʦʨʶʚʘʥʴ 

ʧʝʯʽʥʢʠ. ʋ ʜʽʪʝʡ ʯʘʩʪʦʪʘ ʧʦʰʠʨʝʥʦʩʪʽ ʉʍʇ ʄɼ ʪʘʢʦʞ ʻ ʚʠʩʦʢʦʶ, ʟʦʢʨʝʤʘ ʚ 

ʉʐɸ ʧʦʰʠʨʝʥʽʩʪʴ ʮʽʻʾ ʭʚʦʨʦʙʠ ʩʝʨʝʜ ʜʽʪʝʡ ʪʘ ʧʽʜʣʽʪʢʽʚ ʩʪʘʥʦʚʠʪʴ 9,8 %, 

ʧʨʠʯʦʤʫ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʧʦʤʽʪʥʝ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ ʭʚʦʨʦʙʠ ʟ ʚʽʢʦʤ (ʚʽʜ 0,7 % ʫ 

ʚʽʮʽ 2-4 ʨʦʢʽʚ ʜʦ 17,3 % ʫ ʚʽʮʽ 15-19 ʨʦʢʽʚ), ʘ ʚ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʉʦʶʟʽ 

ʧʦʰʠʨʝʥʽʩʪʴ ʭʚʦʨʦʙʠ ʩʪʘʥʦʚʠʪʴ 2,6 % ʩʝʨʝʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʠʪʷʯʦʛʦ 

ʥʘʩʝʣʝʥʥʷ, ʘ ʩʝʨʝʜ ʜʽʪʝʡ ʽʟ ʧʽʜʚʠʱʝʥʦʶ ʤʘʩʦʶ ʪʽʣʘ ʧʦʰʠʨʝʥʽʩʪʴ ʉʍʇ ʄɼ 

ʩʪʘʥʦʚʠʪʴ 22,5-52,8 % [3-4]. ɿʘ ʜʘʥʠʤʠ ʢʣʽʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʫ 25 % ʭʚʦʨʠʭ 

ʅɸɾʍʇ ʻ ʅɸʉɻ, ʘ ʩʝʨʝʜ ʥʠʭ ʫ 25 % ʚʠʧʘʜʢʽʚ ʬʦʨʤʫʻʪʴʩʷ ʮʠʨʦʟ ʧʝʯʽʥʢʠ [5]. 

ʇʦʰʠʨʝʥʽʩʪʴ ʉʍʇ ʄɼ ʟʘʣʠʰʘʻʪʴʩʷ ʦʩʪʘʪʦʯʥʦ ʥʝʚʠʟʥʘʯʝʥʦʶ, ʦʩʢʽʣʴʢʠ 

ʣʠʰʝ ʚ ʧʨʠʮʽʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʝʜʦʢʘʟʦʚʦʾ ʤʝʜʠʮʠʥʠ ʧʨʦʚʦʜʠʣʦʩʷ ʾʾ 
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ʚʠʚʯʝʥʥʷ. ɿʦʢʨʝʤʘ, ʩʝʨʝʜ 224 ʦʩʽʙ ʙʝʟ ʟʥʘʯʠʤʠʭ ʭʨʦʥʽʯʥʠʭ ʭʚʦʨʦʙ ʚʽʢʦʤ å40 

ʨʦʢʽʚ, ʷʢʽ ʟʘʛʠʥʫʣʠ ʚʥʘʩʣʽʜʦʢ ʥʝʦʧʽʢʦʚʦʾ ʪʨʘʚʤʠ, ʚ 48,2% ʙʫʣʦ ʜʽʘʛʥʦʩʪʦʚʘʥʦ 

ʩʪʝʘʪʦʟ ʧʝʯʽʥʢʠ (ʉʇ), ʘ ʫ 2,7% ï ʩʪʝʘʪʦʛʝʧʘʪʠʪ [5]. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʅɸɾʍʇ 

ʫʨʘʞʘʻ ӎ-ı ʥʘʩʝʣʝʥʥʷ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʚ ʝʧʦʭʫ ʧʘʥʜʝʤʽʾ 

ʢʦʨʦʥʘʚʽʨʫʩʥʦʾ ʽʥʬʝʢʮʽʾ ʟʨʦʩʪʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʉʇ, ʘʜʞʝ ʚʠʱʦʶ ʻ 

ʯʘʩʪʦʪʘ ʉʇ ʫ ʧʘʮʽʻʥʪʽʚ ʽʟ COVID19, ʘʥʽʞ ʫ ʟʘʛʘʣʴʥʽʡ ʧʦʧʫʣʷʮʽʾ (50%, 53%, 60% 

[6-9]), ʘ ʪʘʢʦʞ ʚʠʱʦʶ ʻ ʯʘʩʪʦʪʘ ʪʷʞʢʦʛʦ ʧʝʨʝʙʽʛʫ COVID19 ʟʘ ʉʍʇ ʄɼ ʫ 4 

ʨʘʟʠ, ʪʦʜʽ ʷʢ ʟʘ ʩʫʧʫʪʥʴʦʛʦ ʽʟʦʣʴʦʚʘʥʦʛʦ ʎɼ 2 ʪʠʧʫ ï ʣʠʰʝ ʚ 3 ʨʘʟʠ. 

ʋ ʉʐɸ ʪʘ ʢʨʘʾʥʘʭ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʅɸɾʍʇ ʚʚʘʞʘʻʪʴʩʷ ʧʨʠʯʠʥʦʶ 

40 % ʮʠʨʦʟʽʚ ʧʝʯʽʥʢʠ ʥʝʚʽʨʫʩʥʦʾ ʝʪʽʦʣʦʛʽʾ, ʜʝʢʦʤʧʝʥʩʘʮʽʷ ʷʢʦʛʦ ʩʪʘʣʘ ʧʨʠʯʠʥʦʶ 

5ï8 % ʪʨʘʥʩʧʣʘʥʪʘʮʽʡ ʧʝʯʽʥʢʠ. ʊʦʯʥʽ ʜʘʥʽ ʧʦʰʠʨʝʥʦʩʪʽ ʉʍʇ ʄɼ ʚ ʋʢʨʘʾʥʽ 

ʚʽʜʩʫʪʥʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʥʝ ʚʚʝʜʝʥʘ ʜʦ ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʚʽʪʥʠʭ ʬʦʨʤ. 

ɿʘ ʩʪʘʜʽʻʶ ʧʨʦʛʨʝʩʫʚʘʥʥʷ ʬʽʙʨʦʟʫ ʽ ʨʦʟʚʠʪʢʦʤ ʩʪʝʘʪʦʛʝʧʘʪʠʪʫ ʉʍʇ ʄɼ 

ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 3 ʩʪʫʧʝʥʽ ʽ 4 ʩʪʘʜʽʾ. ɿʛʽʜʥʦ ʟ ʮʽʻʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʨʦʟʨʽʟʥʷʻʪʴʩʷ 

3 ʩʪʫʧʝʥʽ ʛʽʩʪʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʅɸʉɻ: 1 ʩʪʫʧʽʥʴ ð ʧʦʤʽʨʥʠʡ, 

2 ʩʪʫʧʽʥʴ - ʩʝʨʝʜʥʴʦʾ ʪʷʞʢʦʩʪʽ, 3 ʩʪʫʧʽʥʴ ð ʪʷʞʢʠʡ. ɿʘ ʨʦʟʚʠʪʢʦʤ ʬʽʙʨʦʟʫ ʉʍʇ 

ʄɼ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 4 ʩʪʘʜʽʾ. ɯ ʩʪʘʜʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʦʟʚʠʪʢʦʤ 

ʧʝʨʠʮʝʣʶʣʷʨʥʦʛʦ, ʧʝʨʠʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ, ʬʦʢʘʣʴʥʦʛʦ ʘʙʦ ʝʢʩʪʝʥʩʠʚʥʦʛʦ ʬʽʙʨʦʟʫ 

ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʧʦʨʪʘʣʴʥʦʛʦ ʪʘ ʤʦʩʪʦʧʦʜʽʙʥʦʛʦ ʪʠʧʽʚ ʬʽʙʨʦʟʫ. ɯɯ ʩʪʘʜʽʷ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʦʟʚʠʪʢʦʤ ʧʝʨʠʮʝʣʶʣʷʨʥʦʛʦ, ʧʝʨʠʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ, 

ʬʦʢʘʣʴʥʦʛʦ ʘʙʦ ʝʢʩʪʝʥʩʠʚʥʦʛʦ ʬʽʙʨʦʟʫ 3-ʾ ʟʦʥʠ ʟ ʬʦʢʘʣʴʥʠʤ ʘʙʦ ʝʢʩʪʝʥʩʠʚʥʠʤ 

ʧʦʨʪʘʣʴʥʠʤ ʬʽʙʨʦʟʦʤ. ʇʨʠ ɯɯɯ ʩʪʘʜʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʟʚʠʪʦʢ ʤʦʩʪʦʧʦʜʽʙʥʠʭ 

ʩʝʧʪ ʫ 3-ʡ ʟʦʥʽ ʪʘ ʚʠʨʘʞʝʥʦʛʦ ʧʦʨʪʘʣʴʥʦʛʦ ʬʽʙʨʦʟʫ. ɯV ʩʪʘʜʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʦʙ'ʻʜʥʘʥʥʷʤ 3 ʟʦʥ ʩʝʧʪʘʤʠ, ʟʘʤʽʱʝʥʥʷ ʧʦʨʪʘʣʴʥʠʭ ʪʨʘʢʪʽʚ ʧʦʣʷʤʠ ʬʽʙʨʦʟʫ ʪʘ 

ʩʝʧʪʘʤʠ, ʧʦʰʠʨʝʥʠʡ ʤʦʩʪʦʧʦʜʽʙʥʠʡ ʬʽʙʨʦʟ ʽʟ ʮʠʨʦʪʠʯʥʦʶ ʧʝʨʝʙʫʜʦʚʦʶ 

ʧʝʯʽʥʢʦʚʦʾ ʪʢʘʥʠʥʠ [10-11]. 

ɯʥʩʫʣʽʥʦʨʝʟʠʩʪʝʥʪʥʽʩʪʴ ʽ ʧʦʨʫʰʝʥʥʷ ʨʝʛʫʣʷʮʽʾ ʘʜʠʧʦʥʝʢʪʠʥʫ, ʢʣʶʯʦʚʦʛʦ 

ʛʦʨʤʦʥʫ, ʱʦ ʨʝʛʫʣʶʻ ʝʥʝʨʛʝʪʠʯʥʠʡ ʛʦʤʝʦʩʪʘʟ ʦʨʛʘʥʽʟʤʫ, ʚʽʜʽʛʨʘʶʪʴ ʦʩʥʦʚʥʫ 

ʨʦʣʴ ʫ ʧʘʪʦʛʝʥʝʟʽ ʉʍʇ ʄɼ. ʇʨʠʯʠʥʦʶ ʉʍʇ ʄɼ ʻ ʚʠʩʦʢʦʢʘʣʦʨʽʡʥʘ ʜʽʻʪʘ (ʾʞʘ 

ʪʠʧʫ fast food), ʙʘʛʘʪʘ ʨʘʬʽʥʦʚʘʥʠʤʠ ʚʫʛʣʝʚʦʜʘʤʠ, ʦʩʦʙʣʠʚʦ ʬʨʫʢʪʦʟʦʶ, 
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ʥʘʩʠʯʝʥʠʤʠ ʞʠʨʘʤʠ ʽ ʧʽʜʩʦʣʦʜʞʝʥʠʤʠ ʥʘʧʦʷʤʠ, ʱʦ ʚ ʢʦʤʙʽʥʘʮʽʾ ʟ 

ʥʝʜʦʩʪʘʪʥʴʦʶ ʬʽʟʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʚʝʜʝ ʜʦ ʥʘʜʤʽʨʥʦʾ ʚʘʛʠ ʪʘ ʦʞʠʨʽʥʥʷ. 

ɻʝʥʝʪʠʯʥʽ ʬʘʢʪʦʨʠ, ʪʘʢʽ ʷʢ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʉʍʇ ʄɼ ʪʘ ʧʦʣʽʤʦʨʬʽʟʤʦʤ 

rs738409 ʛʝʥʘ PNPLA3, ʥʦʩʽʾ ʷʢʠʭ ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʞʠʨʫ ʚ ʧʝʯʽʥʮʽ ʪʘ 

ʧʽʜʚʠʱʝʥʠʡ ʨʠʟʠʢ ʉʍʇ ʄɼ, ʚʩʝ ʙʽʣʴʰ ʚʽʜʦʤʽ. ɯʥʰʽ ʛʝʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ 

ʞʠʨʦʚʠʡ ʦʙʤʽʥ (PPARɔ), ʟʘʧʘʣʝʥʥʷ, ʤʝʪʘʙʦʣʽʟʤ ʽʥʩʫʣʽʥʫ, ʦʢʠʩʣʶʚʘʣʴʥʠʡ ʩʪʨʝʩ, 

ʤʝʪʘʙʦʣʽʟʤ ʟʘʣʽʟʘ ʪʘ ʬʽʙʨʦʛʝʥʝʟ ʪʘʢʦʞ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʘʪʦʛʝʥʝʟʽ. 

ɯʥʩʫʣʽʥʦʨʝʟʠʩʪʝʥʪʥʽʩʪʴ ʟʤʽʥʶʻ ʣʽʧʽʜʥʠʡ ʦʙʤʽʥ, ʧʦʩʠʣʶʶʯʠ ʣʽʧʦʣʽʟ ʫ 

ʧʝʨʠʬʝʨʠʯʥʠʭ ʪʢʘʥʠʥʘʭ ʽʟ ʥʘʜʭʦʜʞʝʥʥʷʤ ʚʽʣʴʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʜʦ ʧʝʯʽʥʢʠ ʪʘ 

ʧʦʩʠʣʶʶʯʠ ʩʠʥʪʝʟ ʪʨʠʘʮʠʣʛʣʽʮʝʨʦʣʽʚ (ʊɻ). ʂʨʽʤ ʪʦʛʦ, ʨʝʟʠʩʪʝʥʪʥʽʩʪʴ ʜʦ 

ʽʥʩʫʣʽʥʫ ʧʨʠʛʥʽʯʫʻ ʚʠʨʦʙʣʝʥʥʷ ʃʇɼʅʑ ʽ ʚʠʚʝʜʝʥʥʷ ʊɻ ʟ ʛʝʧʘʪʦʮʠʪʽʚ [12-13]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʡʥʷʪʦʾ ʚ ʜʘʥʠʡ ʯʘʩ ʙʘʛʘʪʦʝʪʘʧʥʦʾ ʛʽʧʦʪʝʟʠ ʨʦʟʚʠʪʢʫ ʅɸʉɻ, 

ʩʧʦʯʘʪʢʫ ʟʘʚʜʷʢʠ ʽʥʩʫʣʽʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʽ ʛʝʧʘʪʦʮʠʪʠ ʥʘʢʦʧʠʯʫʶʪʴ ʞʠʨ 

(ʩʪʝʘʪʦʟ), ʧʦʪʽʤ ʦʢʠʩʣʶʚʘʣʴʥʠʡ ʩʪʨʝʩ ʩʧʨʠʯʠʥʷʻ ʧʦʰʢʦʜʞʝʥʥʷ ʤʽʪʦʭʦʥʜʨʽʡ ʪʘ 

ʝʥʜʦʧʣʘʟʤʘʪʠʯʥʦʾ ʩʽʪʢʠ, ʧʝʨʦʢʩʠʜʥʝ ʦʢʠʩʥʝʥʥʷ ʣʽʧʽʜʽʚ (ʨʘʟʦʤ ʟ ʢʠʩʥʝʚʠʤʠ 

ʨʘʜʠʢʘʣʘʤʠ ʘʢʪʠʚʫʶʪʴ ʟʽʨʯʘʩʪʽ ʢʣʽʪʠʥʠ ʽ ʩʪʠʤʫʣʶʶʪʴ ʬʽʙʨʦʟ), ʘʧʦʧʪʦʟ ʪʘ 

ʧʨʦʜʫʢʮʽʶ ʧʨʦʟʘʧʘʣʴʥʠʭ ʮʠʪʦʢʽʥʽʚ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʅɸʉɻ. ʇʦʚô̫ ʟʘʥʽ ʟ 

ʦʞʠʨʽʥʥʷʤ ʪʘ ʽʥʩʫʣʽʥʦʨʝʟʠʩʪʝʥʪʥʽʩʪʶ ʧʦʨʫʰʝʥʥʷ ʤʽʢʨʦʙʽʦʪʠ ʢʠʰʝʯʥʠʢʘ, 

ʧʦʰʢʦʜʞʝʥʥʷ ʢʠʰʢʦʚʦʛʦ ʙʘʨô̒ ʨʫ ʟ ʝʥʜʦʪʦʢʩʝʤʽʻʶ ʪʘ ʧʦʨʫʰʝʥʥʷ ʦʩʽ ʤʽʢʨʦʙʽ 

ʦʪʘ-ʢʠʰʝʯʥʠʢ-ʧʝʯʽʥʢʘ ʪʘ ʮʠʪʦʢʽʥʠ, ʧʦʚô̫ ʟʘʥʽ ʟ ʦʞʠʨʽʥʥʷʤ, ʪʘʢʽ ʷʢ ɯʃ-6, ʣʝʧʪʠʥ 

ʪʘ ʌʅʇ-Ŭ, ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʽʜʽʛʨʘʚʘʪʠ ʨʦʣʴ [14]. 

ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʢʘʣʦʨʽʡʥʦʩʪʽ ʨʘʮʽʦʥʫ, ʟʙʽʣʴʰʝʥʥʷ 

ʬʽʟʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ ʪʽʣʘ, ʣʽʢʫʚʘʥʥʷ ʟʘʭʚʦʨʶʚʘʥʴ, ʱʦ 

ʧʽʜʚʠʱʫʶʪʴ ʨʠʟʠʢ ʨʦʟʚʠʪʢʫ ʅɸʉɻ. ʅʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ ʩʢʨʠʥʽʥʛ, 

ʟʦʢʨʝʤʘ ʫ ʧʦʧʫʣʷʮʽʷʭ ʽʟ ʧʽʜʚʠʱʝʥʠʤ ʨʠʟʠʢʦʤ ʨʦʟʚʠʪʢʫ ʉʍʇ ʄɼ. 

ɸʨʪʝʨʽʘʣʴʥʘ ʛʽʧʝʨʪʝʥʟʽʷ ʟʘ ʧʦʢʘʟʥʠʢʦʤ DALY (2009) ʣʽʜʠʨʫʻ ʫ ʩʪʨʫʢʪʫʨʽ 

ʟʘʭʚʦʨʶʚʘʥʴ, ʱʦ ʻ ʧʨʦʚʽʜʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʨʠʟʠʢʫ [15]. ɺʠʩʦʢʠʡ ʘʨʪʝʨʽʘʣʴʥʠʡ 

ʪʠʩʢ ʨʝʻʩʪʨʫʻʪʴʩʷ ʫ 12,8 % ʚʠʧʘʜʢʽʚ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʯʘʩʪʝ ʧʦʻʜʥʘʥʥʷ ɸɻ ʟ 

ʽʥʰʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ [16-17].  

ʋ ʪʦʡ ʞʝ ʯʘʩ ʉʍʇ ʄɼ, ʧʨʝʜʠʢʪʦʨʦʤ ʷʢʦʾ ʻ ʥʘʜʣʠʰʢʦʚʘ ʚʘʛʘ ʪʘ ʦʞʠʨʽʥʥʷ, 
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ʩʝʨʝʜ ʜʘʥʠʭ ʬʘʢʪʦʨʽʚ ʧʦʩʽʜʘʻ ʧô̫ ʪʝ ʤʽʩʮʝ ð 4,8 %. ɺʠʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʢʽʣʴʢʽʩʪʴ 

ʭʚʦʨʠʭ ʷʢ ʥʘ ɸɻ, ʪʘʢ ʽ ʦʞʠʨʽʥʥʷ ʧʦʩʪʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ ʧʦʚô̫ ʟʫʶʪʴ ʥʝ 

ʪʽʣʴʢʠ ʟ ʭʨʦʥʽʯʥʠʤ ʩʪʨʝʩʦʤ, ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʠʤʠ ʧʝʨʝʜʫʤʦʚʘʤʠ ʪʘ ʩʧʘʜʢʦʚʽʩʪʶ, 

ʘ ʡ ʟ ʧʦʰʠʨʝʥʽʩʪʶ ʚʠʩʦʢʦʢʘʣʦʨʽʡʥʦʾ ʰʚʠʜʢʦʾ ʾʞʽ, ʱʦ ʩʧʨʠʷʻ ʥʘʢʦʧʠʯʝʥʥʶ 

ʥʘʜʣʠʰʢʦʚʦʾ ʚʘʛʠ. ʅʘ ʮʝʡ ʯʘʩ ʚʠʟʥʘʯʝʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ 

ʘʨʪʝʨʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʫ ʭʚʦʨʠʭ ʽʟ ʥʘʜʣʠʰʢʦʚʦʶ ʚʘʛʦʶ ʪʘ ʦʞʠʨʽʥʥʷʤ [18-19]. 

ʉʝʨʝʜ ʥʠʭ: ʛʦʨʤʦʥʠ ʞʠʨʦʚʦʾ ʪʢʘʥʠʥʠ (ʣʝʧʪʠʥ, ʘʜʠʧʦʢʽʥ, ʨʝʟʠʩʪʠʥ, ʘʧʝʣʽʥ ʪʦʱʦ), 

ʧʨʦʟʘʧʘʣʴʥʽ ʮʠʪʦʢʽʥʠ (ʬʘʢʪʦʨ ʥʝʢʨʦʟʫ ʧʫʭʣʠʥʠ ʘʣʴʬʘ, ɯʃ-6, ʢʦʤʧʣʝʤʝʥʪ ʉ3, 

ʽʥʛʽʙʽʪʦʨ-1 ʘʢʪʠʚʘʪʦʨʘ ʧʣʘʟʤʽʥʦʛʝʥʫ), ʧʽʜʚʠʱʝʥʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʣʽʧʦʣʽʪʠʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʢʘʪʝʭʦʣʘʤʽʥʽʚ, ʥʘʜʣʠʰʦʢ ʚʠʨʦʙʣʝʥʥʷ ʘʜʠʧʦʮʠʪʘʤʠ ʘʥʛʽʦʪʝʥʟʠʥʦʛʝʥʫ, 

ʧʦʨʫʰʝʥʥʷ ʤʝʪʘʙʦʣʽʟʤʫ ʚʫʛʣʝʚʦʜʽʚ ʪʘ ʣʽʧʽʜʽʚ, ʨʦʟʚʠʪʦʢ ʛʽʧʝʨʽʥʩʫʣʽʥʝʤʽʾ (ʽʥʩʫʣʽʥ 

ʧʦʩʠʣʶʻ ʩʠʤʧʘʪʠʯʥʫ ʘʢʪʠʚʘʮʽʶ ʪʘ ʩʧʨʠʷʻ ʫʪʨʠʤʘʥʥʶ ʥʘʪʨʽʶ) [20-21]. ʆʟʥʘʯʝʥʽ 

ʣʘʥʢʠ ʧʘʪʦʛʝʥʝʟʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʧʦʻʜʥʘʥʥʷ ʜʘʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʘʣʝ ʡ 

ʾʭ ʧʨʦʛʨʝʩʫʚʘʥʥʷ. ʊʦʙʪʦ ʫ ʭʚʦʨʠʭ ʥʘ ʉʍʇ ʄɼ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʝʘʪʦʛʝʧʘʪʠʪʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʨʝʟʫʣʴʪʘʪʦʤ ʷʢ ʥʘʜʣʠʰʢʦʚʦʛʦ ʛʝʤʦʜʠʥʘʤʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʟʘʛʦʩʪʨʝʥʥʽ ʧʨʦʮʝʩʽʚ ʫ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʽʡ ʩʠʩʪʝʤʠ, ʪʘʢ ʽ 

ʘʢʪʠʚʘʮʽʾ ʧʨʦʟʘʧʘʣʴʥʦʾ ʣʘʥʢʠ ʽʤʫʥʽʪʝʪʫ, ʦʩʥʦʚʥʽ çʙʘʪʘʣʽʾè ̫ ʢʦʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʷʢ 

ʥʘ ʝʥʜʦʪʝʣʽʾ ʩʫʜʠʥ, ʪʘʢ ʽ ʥʘ ʛʝʧʘʪʦʮʠʪʽ [22-23]. ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʻ ʟʘʢʦʥʦʤʽʨʥʠʤ, ʱʦ 

ʧʨʠ ʧʦʻʜʥʘʥʥʽ ɸɻ ʪʘ ʉʍʇ ʄɼ ʚʠʥʠʢʘʶʪʴ ʧʝʨʝʜʫʤʦʚʠ ʜʦ ʧʨʦʛʨʝʩʫʚʘʥʥʷ 

ʧʘʪʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʤʽʰʝʥʷʤʠ ʷʢʦʛʦ ʻ ʩʝʨʮʝ, ʥʠʨʢʠ ʪʘ ʧʝʯʽʥʢʘ [24-25]. 

ʇʦʻʜʥʘʥʠʡ ʧʝʨʝʙʽʛ ɸɻ ʪʘ ʉʍʇ ʄɼ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥ ʚ ʽʤʫʥʦʣʦʛʽʯʥʦʤʫ 

ʩʧʝʢʪʨʽ ʢʨʦʚʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ ʟʘʧʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʫ (ʧʨʦʟʘʧʘʣʴʥʠʭ ʮʠʪʦʢʽʥʽʚ, ʩʫʤʘʨʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʠ ʢʦʤʧʣʝʤʝʥʪʫ), 

ʱʦ ʤʦʞʝ ʩʧʨʠʷʪʠ ʧʨʦʛʨʝʩʫʚʘʥʥʶ ʷʢ ɸɻ, ʪʘʢ ʽ ʉʍʇ ʄɼ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʛʥʦʟ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʉʍʇ ʄɼ ʻ 

ʩʧʨʠʷʪʣʠʚʠʤ. ʇʨʠ ʨʦʟʚʠʪʢʫ ʤʘʢʨʦʚʝʟʠʢʫʣʷʨʥʦʛʦ ʩʪʝʘʪʦʟʫ ʧʝʯʽʥʢʠ ʟ ʷʚʠʱʘʤʠ 

ʩʪʝʘʪʦʛʝʧʘʪʠʪʫ ʧʨʦʛʥʦʟ ʟʘʭʚʦʨʶʚʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʤ, ʧʨʠ 

ʤʽʢʨʦʚʝʟʠʢʫʣʷʨʥʽʡ ʬʦʨʤʽ ʩʪʝʘʪʦʟʫ ʫʨʘʞʝʥʥʷ ʧʝʯʽʥʢʠ ʧʨʦʩʫʚʘʻʪʴʩʷ ʰʚʠʜʰʝ, ʽ 

ʧʨʦʛʥʦʟ ʧʨʠ ʮʽʡ ʬʦʨʤʽ ʻ ʙʽʣʴʰ ʩʝʨʡʦʟʥʠʤ. ɿʨʦʩʪʘʶʯʘ ʧʦʰʠʨʝʥʽʩʪʴ ʉʍʇ ʄɼ 

ʨʦʙʠʪʴ ʮʽʣʢʦʤ ʤʦʞʣʠʚʠʤ ʾʾ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʟ ʽʥʰʠʤʠ ʭʨʦʥʽʯʥʠʤʠ 
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ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ ʧʝʯʽʥʢʠ, ʱʦ ʱʝ ʙʽʣʴʰʝ ʟʘʧʝʨʝʯʫʻ ʜʽʘʛʥʦʟ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʚʠʢʣʶʯʝʥʥʽ ʩʫʧʫʪʥʽʭ ʟʘʭʚʦʨʶʚʘʥʴ. ʉʍʇ ʄɼ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʣʘʩʥʦʛʦ ʥʘʙʦʨʫ ʧʦʟʠʪʠʚʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʘ ʥʝ ʢʨʠʪʝʨʽʾʚ ʚʠʢʣʶʯʝʥʥʷ. 

ʋ ʭʚʦʨʠʭ ʥʘ ʘʨʪʝʨʽʘʣʴʥʫ ʛʽʧʝʨʪʝʥʟʽʶ, ʱʦ ʧʝʨʝʙʽʛʘʻ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʉʍʇ 

ʄɼ, ʬʦʨʤʫʶʪʴʩʷ ʫʤʦʚʠ ʜʣʷ ʧʦʩʠʣʝʥʦʛʦ ʨʦʟʚʠʪʢʫ ʘʚʪʦʽʤʫʥʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʙʽʣʴʰ ʯʘʩʪʦʛʦ ʫʨʘʞʝʥʥʷ ʦʨʛʘʥʽʚ-ʤʽʰʝʥʝʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʟʦʣʴʦʚʘʥʦʛʦ ʧʝʨʝʙʽʛʫ ʛʽʧʝʨʪʝʥʟʽʾ. 
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ʅɸ ʉʆʉʊʆʗʅʀɽ ʇʆʃʆʉʊʀ ʈʊɸ 

 

ʐʫʢʫʨʦʚʘ ʋʤʠʜʘ ɸʙʜʫʨʘʩʫʣʦʚʥʘ 

ɿʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʳ ʇʨʦʧʝʜʝʚʪʠʢʠ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ ʊʘʰʢʝʥʪʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ, ʜ.ʤ.ʥ., ʜʦʮʝʥʪ 

ʍʘʪʘʤʦʚʘ ʐʘʭʣʦ ɸʣʪʠʙʘʝʚʥʘ 

ɹʘʟʦʚʳʡ ʜʦʢʪʦʨʘʥʪ ʢʘʬʝʜʨʳ ʇʨʦʧʝʜʝʚʪʠʢʠ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ ʊʘʰʢʝʥʪʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʉʘʜʠʢʦʚʘ ʀʨʦʜʘ ʕʨʢʠʥʦʚʥʘ 

ɸʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʇʨʦʧʝʜʝʚʪʠʢʠ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ ʊʘʰʢʝʥʪʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ 

 

ɸʥʥʦʪʘʮʠʷ: ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʪʠʚʥʦʩʪʠ ʩʚʦʙʦʜʥʳʭ 

ʨʘʜʠʢʘʣʦʚ ʚ ʢʣʝʪʢʘʭ. ʏʘʩʪʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʙʦʨʦʚ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʦʣʝʤ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʩʠʭʠʯʝʩʢʠʤ ʠ ʵʤʦʮʠʦʥʘʣʴʥʳʤ ʨʘʩʩʪʨʦʡʩʪʚʘʤ, ʫʭʫʜʰʝʥʠʶ 

ʟʨʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷʤ ʚ ʛʦʤʝʦʩʪʘʟʝ ʧʦʣʦʩʪʠ ʨʪʘ. ɼʘʥʥʳʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ʫʩʪʘʥʦʚʠʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʧʦʣʦʩʪʠ ʨʪʘ, ʘ ʠʤʝʥʥʦ, ʥʘ ʩʦʩʪʦʷʥʠʝ ʪʚʸʨʜʳʭ ʪʢʘʥʝʡ ʟʫʙʦʚ ʠ 

ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ ʧʦʣʦʩʪʠ ʨʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, 

ʟʘʙʦʣʝʚʘʥʠʷ ʧʦʣʦʩʪʠ ʨʪʘ, ʢʘʨʠʝʩ ʟʫʙʦʚ, ʨʦʪʦʚʘʷ ʞʠʜʢʦʩʪʴ, ʢʦʤʧʴʶʪʝʨʥʳʡ 

ʥʝʢʨʦʟ, ʛʠʧʝʨʝʩʪʝʟʠʷ. 

 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ï ʵʪʦ ʦʩʦʙʘʷ ʬʦʨʤʘ ʤʘʪʝʨʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ 

ʩʦʙʦʡ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʤʥʦʛʠʝ ʙʳʪʦʚʳʝ ʧʨʠʙʦʨʳ ʠʤʝʶʪ ʩʚʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ (ʕʄʇ) ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʂ ʪʘʢʠʤ ʧʨʠʙʦʨʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 
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ʬʝʥ, ʵʣʝʢʪʨʦʙʨʠʪʚʫ, ʣʶʤʝʥʠʩʪʝʥʪʥʳʝ ʣʘʤʧʳ, ʤʠʢʨʦʚʦʣʥʦʚʘʷ ʧʝʯʴ, ʪʝʣʝʚʠʟʦʨ, 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʣʠʪʘ, ʢʦʤʧʴʶʪʝʨ, ʭʦʣʦʜʠʣʴʥʠʢ, ʩʦʪʦʚʳʝ ʪʝʣʝʬʦʥʳ. ʉʦʛʣʘʩʥʦ 

ʥʦʨʤʘʤ, ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʩʪʘʚʣʷʝʪ 100 ʤʢʊʣ 

(ʧʨʠ ʝʞʝʜʥʝʚʥʦʤ 8-ʯʘʩʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ). ɺ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʝʩʩʘ ʠ ʙʳʩʪʨʦʛʦ ʨʘʟʚʠʪʠʷ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ ʧʦʪʦʢ ʠʥʬʦʨʤʘʮʠʠ ʧʦʩʪʦʷʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʨʘʜʠʘʮʠʷ, ʢʦʪʦʨʘʷ, ʧʦ ʜʘʥʥʳʤ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ, ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ, ʤʦʞʝʪ ʦʢʘʟʘʪʴ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ɺʦʟʜʝʡʩʪʚʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʣʠʯʥʦʩʪʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤ, ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ, 

ʙʠʦʭʠʤʠʯʝʩʢʦʤ ʫʨʦʚʥʷʭ ʩʠʩʪʝʤʥʦʡ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ (ʕʄʇ) ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʪʠʚʥʦʩʪʠ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ 

ʚ ʢʣʝʪʢʘʭ. ʍʦʪʷ ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʦʦʙʱʘʶʪ, ʯʪʦ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ 

ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) ʚʳʧʦʣʥʷʶʪ ʧʦʣʝʟʥʫʶ ʬʫʥʢʮʠʶ, ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʌʂ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʦʚʨʝʞʜʝʥʠʝ ʢʣʝʪʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ. ʕʪʠ ʨʘʜʠʢʘʣʳ ʨʝʘʛʠʨʫʶʪ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʙʠʦʤʦʣʝʢʫʣʘʤʠ, ʥʦ ʵʥʝʨʛʠʠ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʠ ʧʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʦʥʠ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʛʨʘʙʠʪʝʣʠ, ʢʦʪʦʨʳʝ ʟʘʙʠʨʘʶʪ ʵʥʝʨʛʠʶ ʫ ʜʨʫʛʠʭ 

ʢʣʝʪʦʢ ʠ ʛʨʘʙʷʪ ʯʝʣʦʚʝʢʘ ʨʘʜʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ [1, 5, 7].  

ʂʦʤʧʴʶʪʝʨʳ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ. ɽʩʪʝʩʪʚʝʥʥʦ, ʩ ʨʘʟʚʠʪʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʨʘʩʪʝʪ ʯʠʩʣʦ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʢʦʤʧʴʶʪʝʨ ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʨʘʙʦʪʳ ʠ ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʟʘ ʢʦʤʧʴʶʪʝʨʦʤ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʨʘʙʦʪʝ ʚ ʀʥʪʝʨʥʝʪʝ, ʛʜʝ ʦʥʠ ʧʨʦʚʦʜʷʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʧʝʨʝʜ ʢʦʤʧʴʶʪʝʨʦʤ. 

ʏʘʩʪʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʩʠʭʠʯʝʩʢʠʤ ʠ 

ʵʤʦʮʠʦʥʘʣʴʥʳʤ ʨʘʩʩʪʨʦʡʩʪʚʘʤ, ʫʭʫʜʰʝʥʠʶ ʟʨʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷʤ ʚ ʛʦʤʝʦʩʪʘʟʝ 

ʧʦʣʦʩʪʠ ʨʪʘ. ʆʜʥʠʤ ʠʟ ʚʨʝʜʥʳʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ 

ʠʟʣʫʯʝʥʠʝ, ʠʩʭʦʜʷʱʝʝ ʢʘʢ ʦʪ ʤʦʥʠʪʦʨʘ, ʪʘʢ ʠ ʦʪ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʙʣʦʢʘ [4, 5].  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʦʤʘʪʦʣʦʛʠ ʦʪʤʝʯʘʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʷʚʣʝʥʠʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʦʨʛʘʥʳ ʠ ʪʢʘʥʠ ʧʦʣʦʩʪʠ 
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ʨʪʘ. ʇʨʠ ʢʣʠʥʠʯʝʩʢʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʧʘʮʠʝʥʪʦʚ ʦʪʤʝʯʘʶʪʩʷ ʥʘʨʫʰʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʪʚʸʨʜʳʭ ʪʢʘʥʝʡ ʟʫʙʦʚ, ʧʦʨʘʞʝʥʠʷ ʪʢʘʥʝʡ ʧʘʨʦʜʦʥʪʘ ʠ ʩʣʠʟʠʩʪʦʡ 

ʦʙʦʣʦʯʢʠ ʧʦʣʦʩʪʠ ʨʪʘ, ʘ ʪʘʢʞʝ ʷʚʣʝʥʠʷ ʛʠʧʦʩʘʣʠʚʘʮʠʠ. ʀʟʤʝʥʝʥʠʷ ʪʚʸʨʜʳʭ 

ʪʢʘʥʝʡ ʟʫʙʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʚʠʜʝ ʛʠʧʝʨʝʩʪʝʟʠʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ, 

ʵʨʦʟʠʡ, ʢʣʠʥʦʚʠʜʥʳʭ ʜʝʬʝʢʪʦʚ, ʥʝʢʨʦʟʦʚ ʵʤʘʣʠ, ʦʯʘʛʦʚ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ, 

ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ 

ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦʨʦʚʴʷ ʘʢʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢʦʤʧʴʶʪʝʨʦʚ [1, 5, 6]. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʚʣʠʷʝʪ ʥʘ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʦʪʦʚʘʷ ʧʦʣʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʙʘʨʴʝʨʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʧʫʪʴ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ [1, 3].  

ɺʩʝʤʠʨʥʘʷ ʆʨʛʘʥʠʟʘʮʠʷ ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (ɺʆɿ) ʨʝʢʦʤʝʥʜʦʚʘʣʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ (ʕʄʀ) ʦʪ 

ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 

ɺʳʩʦʢʦʯʘʩʪʦʪʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʪʘʢʦʝ ʢʘʢ ʠʟʣʫʯʝʥʠʝ ʦʪ 

ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ, ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʢʘʥʝʡ ʚ ʦʙʣʘʩʪʠ ʣʠʮʘ ʠ ʨʪʘ. ʕʪʦ ʪʝʧʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ, ʥʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʤʦʞʝʪ 

ʚʳʟʚʘʪʴ ʜʠʩʢʦʤʬʦʨʪ ʠʣʠ ʜʘʞʝ ʧʦʚʨʝʞʜʝʥʠʷ [3, 9]  

ɸʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʣʠʷʥʠʶ ʕʄʀ ʥʘ 

ʥʝʩʪʠʤʫʣʠʨʦʚʘʥʥʫʶ/ʩʪʠʤʫʣʠʨʦʚʘʥʥʫʶ ʩʢʦʨʦʩʪʴ ʩʣʶʥʦʦʪʜʝʣʝʥʠʷ ʠ ʜʨʫʛʠʝ 

ʧʨʦʙʣʝʤʳ ʩʦ ʟʜʦʨʦʚʴʝʤ ʩʨʝʜʠ ʧʨʦʞʠʚʘʶʱʠʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ ʚʙʣʠʟʠ ʠ ʚʜʘʣʠ 

ʦʪ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʠʩʧʳʪʫʝʤʳʭ, ʧʨʦʞʠʚʘʚʰʠʭ ʚʙʣʠʟʠ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ, 

ʞʘʣʦʚʘʣʠʩʴ ʥʘ ʥʘʨʫʰʝʥʠʷ ʩʥʘ, ʛʦʣʦʚʥʫʶ ʙʦʣʴ, ʛʦʣʦʚʦʢʨʫʞʝʥʠʝ, 

ʨʘʟʜʨʘʞʠʪʝʣʴʥʦʩʪʴ, ʪʨʫʜʥʦʩʪʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʥʠʤʘʥʠʷ ʠ ʛʠʧʝʨʪʦʥʠʶ. ʋ 

ʙʦʣʴʰʠʥʩʪʚʘ ʫʯʘʩʪʥʠʢʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʩʝʢʨʝʮʠʶ ʩʣʶʥʳ (P <0,01) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ 

ʛʨʫʧʧʦʡ, ʯʪʦ ʜʦʢʘʟʘʣʦ ʚʣʠʷʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʕʄʀ ʦʪ ʙʘʟʦʚʳʭ 

ʩʪʘʥʮʠʡ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ ʥʘ ʟʜʦʨʦʚʴʝ ʠ ʙʣʘʛʦʧʦʣʫʯʠʝ ʥʘʩʝʣʝʥʠʷ ʠ ʥʘ 
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ʩʦʩʪʦʷʥʠʝ ʧʦʣʦʩʪʠ ʨʪʘ ʚ ʮʝʣʦʤ [2, 10, 12]. 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʟʜʦʨʦʚʴʷ ʕʄʀ ʚʳʰʝʢ ʩʦʪʦʚʦʡ 

ʩʚʷʟʠ ʚʢʣʶʯʘʶʪ ʛʦʣʦʚʥʳʝ ʙʦʣʠ, ʥʘʨʫʰʝʥʠʷ ʩʥʘ, ʩʥʠʞʝʥʠʝ ʧʘʤʷʪʠ, ʧʩʠʭʠʯʝʩʢʦʝ 

ʚʦʟʙʫʞʜʝʥʠʝ, ʥʝʨʚʦʟʥʦʩʪʴ, ʩʪʨʝʩʩ, ʜʠʩʪʨʝʩʩ, ʛʦʣʦʜ, ʣʝʪʘʨʛʠʶ, ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʝ 

ʵʬʬʝʢʪʳ ʠ ʢʘʥʮʝʨʦʛʝʥʥʳʝ ʵʬʬʝʢʪʳ [6, 11]. 

ʃʶʜʠ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʟʫʙʥʳʤʠ ʧʨʦʪʝʟʘʤʠ ʠʣʠ ʠʤʧʣʘʥʪʘʪʘʤʠ ʤʦʛʫʪ 

ʦʧʘʩʘʪʴʩʷ ʚʦʟʜʝʡʩʪʚʠʷ ʕʄʀ ʥʘ ʵʪʠ ʤʘʪʝʨʠʘʣʳ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ, ʦʙʳʯʥʦ ʥʝ ʨʝʘʛʠʨʫʶʪ 

ʥʘ ʦʙʳʯʥʳʝ ʫʨʦʚʥʠ ʕʄʀ. ʇʨʠ ʦʮʝʥʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʟʘʱʠʪʳ ʦʪ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʟʚʦʣʠʪ ʚʳʨʘʙʦʪʘʪʴ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʬʠʣʘʢʪʠʢʝ ʠ ʣʝʯʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʘʪʦʣʦʛʠʠ ʧʦʣʦʩʪʠ ʨʪʘ [5, 8].  

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ, ʢʘʢ ʕʄʀ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʪʢʘʥʷʤʠ ʧʦʣʦʩʪʠ ʨʪʘ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ, ʤʦʞʝʪ 

ʧʦʤʦʯʴ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʟʜʦʨʦʚʴʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ, 

ʦʭʚʘʪʳʚʘʶʱʠʝ ʜʣʠʪʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ ʠ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ ʣʶʜʝʡ, ʤʦʛʫʪ 

ʧʦʤʦʯʴ ʚʳʷʚʠʪʴ ʜʦʣʛʦʩʨʦʯʥʳʝ ʵʬʬʝʢʪʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʧʦʣʦʩʪʠ ʨʪʘ [2, 5]. 

ʈʘʟʣʠʯʥʳʝ ʪʢʘʥʠ ʚ ʧʦʣʦʩʪʠ ʨʪʘ ʤʦʛʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʧʦ-ʨʘʟʥʦʤʫ, ʧʦʵʪʦʤʫ ʚʘʞʥʦ ʠʟʫʯʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʫʙʳ, ʜʝʩʥʘ, 

ʩʣʠʟʠʩʪʫʶ ʦʙʦʣʦʯʢʫ ʠ ʜʨʫʛʠʝ ʩʪʨʫʢʪʫʨʳ. ʅʝʢʦʪʦʨʳʝ ʛʨʫʧʧʳ ʣʶʜʝʡ, ʪʘʢʠʝ ʢʘʢ 

ʜʝʪʠ, ʙʝʨʝʤʝʥʥʳʝ ʞʝʥʱʠʥʳ ʠʣʠ ʣʶʜʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʤʦʛʫʪ 

ʙʳʪʴ ʙʦʣʝʝ ʫʷʟʚʠʤʳ ʢ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʣʦʩʪʴ ʨʪʘ [2, 6, 12]. 

ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʙʝʟʦʧʘʩʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʫʩʪʨʦʡʩʪʚ, ʠʩʧʫʩʢʘʶʱʠʭ ʕʄʀ, ʩ 

ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʠʩʢʦʚ ʜʣʷ ʟʜʦʨʦʚʴʷ ʧʦʣʦʩʪʠ ʨʪʘ. ɺ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʪʘʢʞʝ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ: ʠʟʫʯʝʥʠʝ ʪʦʛʦ, ʢʘʢ ʕʄʀ 

ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʤʠʢʨʦʬʣʦʨʫ ʧʦʣʦʩʪʠ ʨʪʘ, ʚʢʣʶʯʘʷ ʙʘʢʪʝʨʠʠ ʠ ʜʨʫʛʠʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʥʳʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 
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ʚʣʠʷʥʠʷ ʥʘ ʟʜʦʨʦʚʴʝ ʧʦʣʦʩʪʠ ʨʪʘ [1, 10]. 

ɺʳʚʦʜʳ ʠʟ ʦʙʩʫʞʜʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʕʄʀ ʥʘ ʧʦʣʦʩʪʴ ʨʪʘ ʚʢʣʶʯʘʶʪ ʚ 

ʩʝʙʷ ʩʣʝʜʫʶʱʝʝ: ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʪ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ ʤʦʞʝʪ 

ʚʳʟʚʘʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʢʘʥʝʡ ʚ ʦʙʣʘʩʪʠ ʣʠʮʘ ʠ ʨʪʘ; 

ʕʄʀ ʪʘʢʞʝ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʩʦʩʪʘʚ ʩʣʶʥʳ, ʯʪʦ ʤʦʞʝʪ ʠʤʝʪʴ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʟʜʦʨʦʚʴʷ ʧʦʣʦʩʪʠ ʨʪʘ; ʩʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʦʪʝʟʦʚ ʦʙʳʯʥʦ ʥʝ ʨʝʘʛʠʨʫʶʪ 

ʥʘ ʪʠʧʠʯʥʳʝ ʫʨʦʚʥʠ ʠʟʣʫʯʝʥʠʷ, ʥʦ ʩʣʝʜʫʝʪ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʦʙʱʝʝ 

ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʧʦʣʦʩʪʠ ʨʪʘ [3, 7, 9]. 

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʢʣʠʥʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʩʦʩʪʦʷʥʠʝ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʧʦʣʦʩʪʠ ʨʪʘ ʯʝʣʦʚʝʢʘ [5].  

ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʕʄʀ ʥʘ ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʡ ʧʦʣʦʩʪʠ ʨʪʘ, ʪʘʢʠʭ ʢʘʢ 

ʢʘʨʠʝʩ, ʧʘʨʦʜʦʥʪʠʪ ʠ ʜʨʫʛʠʝ, ʤʦʞʝʪ ʧʦʤʦʯʴ ʦʧʨʝʜʝʣʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ 

ʠʟʣʫʯʝʥʠʝʤ ʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʧʦʣʦʩʪʠ ʨʪʘ. ʇʨʦʚʝʜʝʥʠʝ ʤʝʪʘ-ʘʥʘʣʠʟʘ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʕʄʀ ʥʘ ʧʦʣʦʩʪʴ ʨʪʘ ʤʦʞʝʪ 

ʧʦʤʦʯʴ ʚʳʷʚʠʪʴ ʦʙʱʠʝ ʪʝʥʜʝʥʮʠʠ, ʧʨʦʙʝʣʳ ʚ ʟʥʘʥʠʷʭ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʮʝʣʦʤ, ʧʦʥʠʤʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʕʄʀ ʥʘ ʧʦʣʦʩʪʴ ʨʪʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʘʩʧʝʢʪʦʤ ʟʜʦʨʦʚʴʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʚʢʣʶʯʘʷ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʮʝʥʢʫ ʜʦʣʛʦʩʨʦʯʥʳʭ ʵʬʬʝʢʪʦʚ, 

ʚʣʠʷʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʪʢʘʥʝʡ ʠ ʛʨʫʧʧʳ ʣʶʜʝʡ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʫ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʙʝʟʦʧʘʩʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʫʩʪʨʦʡʩʪʚ. ʃʶʜʷʤ, 

ʙʝʩʧʦʢʦʷʱʠʤʩʷ ʦʙ ʵʪʦʤ ʚʦʧʨʦʩʝ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʣʝʜʠʪʴ ʟʘ ʦʙʱʠʤ ʩʦʩʪʦʷʥʠʝʤ 

ʟʜʦʨʦʚʴʷ ʧʦʣʦʩʪʠ ʨʪʘ ʠ ʢʦʥʩʫʣʴʪʠʨʦʚʘʪʴʩʷ ʩʦ ʩʪʦʤʘʪʦʣʦʛʦʤ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ.  

ʉʫʱʝʩʪʚʫʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʟʫʙʳ ʠ ʜʝʩʥʘ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʠʭ ʟʜʦʨʦʚʴʝ. ʆʜʥʘʢʦ ʢʦʥʢʨʝʪʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠ ʧʦʩʣʝʜʩʪʚʠʷ 

ʵʪʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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Annotation:  Based on the study of the pharmaco-technological parameters of 
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Scientists at the Tashkent Pharmaceutical Institute have developed a 
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technology for obtaining a dry extract from Samarkand immortelle flowers, 

ascertaining its pronounced choleretic activity and the absence of acute toxicity. 

The aim of this research was to select the composition and develop technology 

for a biologically active food supplement in the form of capsules based on the 

obtained dry extract. 

Based on the results of studying the pharmaco-technological parameters of the 

dry extract of Samarkand immortelle, the need to introduce a complex of excipients 

and the use of the granulation method was ascertained to achieve the required degree 

of flowability of the encapsulated mass. Based on the bulk density of the dry extract, 

the size of gelatin capsules No. 1 was selected. 

For a scientifically based approach to the selection of capsule composition, 

more than 20 compositions were considered. The masses obtained from 7 of them 

were analyzed according to such indicators as flowability, bulk density, angle of 

repose, disintegration, fraction of size fractions of 0.2-0.5 mm, residual moisture. 

Based on the results of the research, the following composition was selected: 

Dry extract of Samarkand immortelle ï 200 mg, lactose ï 52 mg, calcium 

carbonate ï 10 mg, starch ï 35 mg, magnesium stearate ï 3 mg. 70% ethyl alcohol 

was used as a wetting agent. 

Quality control of the capsules was carried out. According to the results 

obtained, the analyzed capsules No. 1 have light brown content, which give a positive 

reaction to flavonoids (color reaction with magnesium powder and r-concentrated 

HCl). The average weight of the capsules was 0.368 g, with the norm being 

0.347-0.403 g, and the deviation did not exceed the regulated 7.5% (Ñ0.80%). The 

average weight of the encapsulated mass was also within acceptable limits and 

amounted to 0.294 g Ñ2%. The disintegration time of the capsules was 8 minutes 10 

seconds. 

For dietary supplements, the quantitative content of biologically active 

substances is not regulated, but we decided to conduct these studies. The amount of 

flavonoids in terms of isosalipurposide was 26.67%, with a norm of at least 25%. 

Thus, the developed food supplement in the form of capsules based on the dry extract 
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of Samarkand immortelle meets the quality requirements of the State Pharmacopoeia 

of the Republic of Uzbekistan and the State Pharmacopoeia XIV (RF) [1, 2]. 

In a separate series of experiments, the shelf life of the developed dietary 

supplement was ascertained. The study was carried out using the natural storage 

method [3]. Samples of capsules were packaged in contour-cell packaging in 

accordance with BA 64-074-91 from polyvinyl chloride film in accordance with SSt 

25250-88 (container 1) and contour-cell packaging in accordance with BA 64-074-91 

from printed aluminum foil, varnished in accordance with TC48-21- 270-78 (package 

2). Re-monitoring of quality indicators was carried out every 3 months of 

experimental storage. According to the results obtained, the shelf life of the analyzed 

capsules was ascertained to be 2 years in both types of packaging. 

Based on the data obtained, together with ñMakro Farm Andijanò LLC, 

Technical Conditions and Technological Instructions for the production of dietary 

supplement ñCholenormò based on dry extract of Samarkand immortelle were 

developed and approved by the Committee of Sanitary-Epidemiological Welfare and 

Public Health of the Republic of Uzbekistan. 
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L-ɸʉʂʆʈɹʀʅʆɺɸʗ ʂʀʉʃʆʊɸ (ɺʀʊɸʄʀʅ ʉ), ʇʆɺʓʐɸʖʑɸʗ 

ʀʄʄʋʅʀʊɽʊ ʀ ʆɹʃɸɼɸʖʑɸʗ ɸʅʊʀʆʂʉʀɼɸʅʊʅʓʄ ʕʌʌɽʂʊʆʄ 

II. ʇʆɼʈʆɹʅʆɽ ʆɹʒʗʉʅɽʅʀɽ ʉɽʃɽʂʊʀɺʅʆɻʆ ʇʈʆɺɽɼɽʅʀʗ 

ɺʉɽʍ ʇʈʆʄɽɾʋʊʆʏʅʓʍ ʈɽɸʂʎʀʁ ʇʈʆʎɽʉʉɸ ʇʈʀ ʉʀʅʊɽɿɽ 
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ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ 

 

ɸʥʥʦʪʘʮʠʷ: ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʚʠʪʘʤʠʥʘ ʉ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ 

D-ʛʣʶʢʦʟʳ, D-ʩʦʨʙʠʪ ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʦʢʠʩʣʷʝʪʩʷ. ʆʢʠʩʣʝʥʠʝ D-ʩʦʨʙʠʪʘ ʢʘʢ 

ʤʥʦʛʦʘʪʦʤʥʦʛʦ ʩʧʠʨʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʢ ʦʙʳʯʥʳʭ 

ʦʢʠʩʣʠʪʝʣʝʡ, ʪʘʢ ʠ ʬʝʨʤʝʥʪʦʚ, ʩ ʧʦʣʫʯʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʦʢʠʩʣʝʥʠʷ ʦʙʳʯʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ, ʧʨʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʤ ʦʢʠʩʣʝʥʠʠ ʤʦʞʝʪ 

ʦʢʠʩʣʷʪʴʩʷ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʛʨʫʧʧʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʦʤ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʘʢʪʝʨʠʠ Acetobacter Xylinum ʧʨʦʠʩʭʦʜʠʪ 

ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʧʦ ʘʪʦʤʫ ʉ-5, ʠ ʠʟ D-ʩʦʨʙʠʪʘ ʧʦʣʫʯʘʝʪʩʷ L-ʩʦʨʙʦʟʘ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʪʝʨʤʝʜʠʘʪʦʤ ʚ ʩʠʥʪʝʟʝ L-ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʘ ʉ-1 ʦʙʨʘʟʫʶʱʝʛʦʩʷ L-ʩʦʨʙʦʟʳ ʚʩʝ ʝʝ 

ʦʩʪʘʚʰʠʝʩʷ ʆʅ-ʛʨʫʧʧʳ ʟʘʱʠʱʘʶʪʩʷ ʜʚʫʤʷ ʠʟʦʧʨʦʧʠʣʠʜʝʥʦʚʳʤʠ ʛʨʫʧʧʘʤʠ, ʘ 

L-ʩʦʨʙʦʟʘ ʚ ʵʪʦ ʚʨʝʤʷ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʚ ʚʠʜʝ ʬʫʨʘʥʦʟʳ. 

ɼʠʠʟʦʧʨʦʧʠʣʠʜʝʥʦʚʦʝ ʧʨʦʠʟʚʦʜʥʦʝ (I, ʚ ʩʭʝʤʝ 2) ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʦʢʠʩʣʠʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʧʝʨʤʘʥʛʘʥʘʪ ʢʘʣʠʷ, ʧʨʝʚʨʘʱʘʶʪ ʚ ʧʨʦʠʟʚʦʜʥʦʝ 

ʘʣʴʜʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (II, ʚ ʩʭʝʤʝ 2). ʇʦʩʣʝʜʫʶʱʠʤ ʢʠʩʣʦʪʥʳʤ ʛʠʜʨʦʣʠʟʦʤ 

ʧʦʣʫʯʘʶʪ 2-ʢʝʪʦʘʣʴʜʦʥʦʚʫʶ ʢʠʩʣʦʪʫ, ʪ.ʝ. 2-ʢʝʪʦ-L-ʛʫʣʦʥʦʚʫʶ ʢʠʩʣʦʪʫ (III, ʚ 
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ʩʭʝʤʝ 2), ʢʦʪʦʨʘʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʦʙʨʘʟʫʝʪ ʣʘʢʪʦʥ ï L-ʘʩʢʦʨʙʠʥʦʚʫʶ ʢʠʩʣʦʪʫ, 

ʩʫʱʝʩʪʚʫʶʱʫʶ ʚ ʝʥʜʠʦʣʴʥʦʡ ʬʦʨʤʝ (ʩʤ. ʩʭʝʤʘ 2). ʆʩʦʙʝʥʥʦ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʣʴʜʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʩʧʦʩʦʙʥʳ ʥʝ ʪʦʣʴʢʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ɔ-ʣʘʢʪʦʥʦʚʦʛʦ ʢʦʣʴʮʘ (1,4-ʢʣʦʴʮʦ), ʥʦ ʪʘʢʞʝ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ŭ-ʣʘʢʪʦʥʦʚʦʛʦ 

ʢʦʣʴʮʘ (1,5-ʮʠʢʣ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʘʭʘʨʦʚ, ʫ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʝʥ 1,5-ʮʠʢʣ, 

ʫ ʘʣʴʜʦʥʦʚʳʭ ʢʠʩʣʦʪ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʷʚʣʷʝʪʩʷ 1,4-ʣʘʢʪʦʥ. ʇʦʵʪʦʤʫ ʦʙʳʯʥʦ 

ʠʟ ʘʣʴʜʦʥʦʚʳʭ ʢʠʩʣʦʪ ʦʙʨʘʟʫʶʪʩʷ ɔ-ʣʘʢʪʦʥʳ ʠ ʪʦʣʴʢʦ ʧʨʠ ʦʩʦʙʳʭ ʫʩʣʦʚʠʷʭ 

ŭ-ʣʘʢʪʦʥʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: D-ʛʣʶʢʦʟʘ, D-ʩʦʨʙʠʪ, L-ʩʦʨʙʦʟʘ, 2-ʢʝʪʦ-L-ʛʫʣʦʥʦʚʘʷ 

ʢʠʩʣʦʪʘ, ɔ- ʠ ŭ-ʣʘʢʪʦʥʳ, ʚʠʪʘʤʠʥ ʉ (L-ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ). 

 

ʂʘʢ ʚ ʧʨʝʜʳʜʫʱʝʝ ʩʦʦʙʱʝʥʠʝ [1, ʩ. 67], ʪʘʢ ʠ ʚ ʢʥʠʛʝ [2, ʩ. 96] ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʦʤʳʰʣʝʥʥʳʡ ʩʠʥʪʝʟ ʚʠʪʘʤʠʥʘ ʉ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʡ.  

 

D-ʛʣʶʢʦʟʘ ʦʯʝʥʴ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʧʨʠʨʦʜʝ, ʦʥʘ ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʩʦʢʝ ʚʠʥʦʛʨʘʜʘ ʠ ʜʨʫʛʠʭ ʩʣʘʜʢʠʭ ʧʣʦʜʦʚ. ʀʟ ʝʝ ʦʩʪʘʪʢʦʚ ʧʦʩʪʨʦʝʥʳ ʚʘʞʥʝʡʰʠʝ 

ʧʦʣʠʩʘʭʘʨʠʜʳïʛʝʢʩʦʟʘʥʳ (ʢʣʝʪʯʘʪʢʘ ʠ ʢʨʘʭʤʘʣ). ʕʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ, ʩʣʘʜʢʦʝ ʥʘ ʚʢʫʩ (2/3 ʩʣʘʜʦʩʪʠ ʪʨʦʩʪʥʠʢʦʚʦʛʦ ʩʘʭʘʨʘ). ʀʩʪʦʯʥʠʢʦʤ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ D-ʛʣʶʢʦʟʳ ʷʚʣʷʶʪʩʷ ʢʨʘʭʤʘʣ ʠʣʠ ʢʣʝʪʯʘʪʢʘ. ʇʨʠʤʝʥʷʝʪʩʷ 

ʛʣʶʢʦʟʘ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʘʢ ʜʝʰʝʚʳʡ ʟʘʤʝʥʠʪʝʣʴ ʪʨʦʩʪʥʠʢʦʚʦʛʦ 
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ʩʘʭʘʨʘ, ʚ ʨʷʜʝ ʧʨʦʠʟʚʦʜʩʪʚ ʢʘʢ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ, ʘ ʪʘʢʞʝ ʚ ʤʝʜʠʮʠʥʝ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʭʝʤʳ, ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʚʠʪʘʤʠʥʘ ʉ, D-ʩʦʨʙʠʪ 

(ʛʣʶʮʠʪ) ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ D-ʛʣʶʢʦʟʳ [2, ʩ. 96]. ɺ ʢʘʯʝʩʪʚʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʠʤʝʥʷʶʪ ʚʦʜʦʨʦʜ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʣʣʘʜʠʷ ʠʣʠ 

ʥʠʢʝʣʷ, ʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴ ʙʦʨʛʠʜʨʠʜ ʥʘʪʨʠʷ [3, ʩ. 553]. ɺ 

ʦʪʣʠʯʠʝ ʦʪ D-ʛʣʶʢʦʟʳ (ʘʣʴʜʦʟʳ), ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ D-ʬʨʫʢʪʦʟʳ ʢʘʢ ʢʝʪʦʟʳ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʭ ʠʟʦʤʝʨʦʚ ʩʧʠʨʪʘ, ʘ ʠʤʝʥʥʦ D-ʩʦʨʙʠʪʘ ʠ 

D-ʤʘʥʥʠʪʘ (ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʧʦʣʫʯʘʝʪʩʷ ʠʟ D-ʤʘʥʥʦʟʳ). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʢʘʨʙʦʥʠʣʴʥʘʷ ʛʨʫʧʧʘ ʧʨʠ ʘʪʦʤʝ ʉ-2 ʬʨʫʢʪʦʟʳ ʜʘʝʪ ʥʦʚʳʡ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʡ 

ʘʪʦʤ ʢʘʨʙʦʥʘ [3, ʩ. 554]. ɺʦ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ L-ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ D-ʩʦʨʙʠʪʘ. ʂʩʪʘʪʠ ʦʢʠʩʣʝʥʠʝʤ ʤʥʦʛʦʘʪʦʤʥʳʭ ʩʧʠʨʪʦʚ 

ʦʙʳʯʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ ʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʵʥʟʠʤʦʚ ʜʘʝʪ ʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ. ʊʘʢ 

ʧʨʠ ʦʙʳʯʥʦʤ ʦʢʠʩʣʝʥʠʠ ʧʦʣʫʯʘʝʪʩʷ ʩʤʝʩʴ ʚʝʱʝʩʪʚ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʭʠʤʠʯʝʩʢʦʤ 

ʦʢʠʩʣʝʥʠʠ ʰʝʩʪʠʘʪʦʤʥʦʛʦ ʩʧʠʨʪʘ D-ʩʦʨʙʠʪʘ ʥʘʨʷʜʫ ʩ D-ʛʣʶʢʦʟʦʡ ʦʙʨʘʟʫʝʪʩʷ ʠ 

L-ʛʫʣʦʟʘ: ʧʝʨʚʘʷ - ʟʘ ʩʯʸʪ ʦʢʠʩʣʝʥʠʷ çʚʝʨʭʥʝʡè ʛʨʫʧʧʳ ʉʅ2 ʆʅ, ʘ ʚʪʦʨʘʷ - ʟʘ 

ʩʯʝʪ çʥʠʞʥʝʡè ʛʨʫʧʧʳ ʉʅ2ʆʅ [3, ʩ. 552]. *ɼʣʷ ʫʜʦʙʩʪʚʘ ʩʨʘʚʥʝʥʠʷ ʬʦʨʤʫʣʘ 

ʦʢʠʩʣʝʥʥʦʛʦ D-ʩʦʨʙʠʪʘ (L-ʛʫʣʦʟʳ) ʧʦʚʝʨʥʫʪʘ ʥʘ 180Á. ɿʜʝʩʴ ʪʘʢʞʝ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ D-ʛʫʣʦʟʳ. 

 

ʇʨʠ ʵʥʟʠʤʘʪʠʯʝʩʢʦʤ ʦʢʠʩʣʝʥʠʠ ʤʦʞʥʦ ʦʢʠʩʣʠʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʛʨʫʧʧʫ - ʚ ʵʪʦʤ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʦ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʙʠʦʣʦʛʠʯʝʩʢʦʤ 

ʦʢʠʩʣʝʥʠʠ (ʆʅ ʛʨʫʧʧʳ ʉ-5 ʘʪʦʤʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Acetobacter Xylinum) 

D-ʩʦʨʙʠʪʘ ʧʦʣʫʯʘʝʪʩʷ L-ʩʦʨʙʦʟʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʦʤʝʞʫʪʦʯʥʦʤ 

ʧʨʦʜʫʢʪʦʤ ʧʨʠ ʩʠʥʪʝʟʝ ʚʠʪʘʤʠʥʘ ʉ (ʩʤ. ʩʭʝʤʫ 1). ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʭʝʤʳ, ʥʘ 

ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ L-ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, D-ʛʣʶʮʠʪ 
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ʧʦʜʚʝʨʛʘʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʦʤʫ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʦʢʠʩʣʝʥʠʶ ʚ L-ʩʦʨʙʦʟʫ. 

ʊʘʢʘʷ ʨʝʘʢʮʠʷ (ʢʘʢ ʚʳʰʝʝ ʩʢʘʟʘʥʦ ʥʝ ʦʩʫʱʝʩʪʚʠʤʘʷ, ʨʘʟʫʤʝʝʪʷ, ʜʝʡʩʪʚʠʝʤ 

ʭʠʤʠʯʝʩʢʠʭ ʦʢʠʩʣʠʪʝʣʝʡ) ʩʪʘʣʘ ʚʦʟʤʦʞʥʦʡ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʙʘʢʪʝʨʠʡ ʨʦʜʘ 

Acetobacter, ʢʦʪʦʨʳʝ ʦʢʠʩʣʷʶʪ ʚʪʦʨʠʯʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ, ʩʦʩʝʜʥʠʡ ʩ ʛʨʫʧʧʦʡ 

CH2OH [4, ʩ. 133] ʠ ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʛʣʠʢʦʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʩ 

D-ʵʨʠʪʨʦ-ʢʦʥʬʠʛʫʨʘʮʠʝʡ (ʥʘ ʩʭʝʤʝ 2 ʵʪʦʪ ʬʨʘʛʤʝʥʪ ʦʯʝʨʯʝʥ). ʏʪʦʙʳ ʫʪʘʯʥʠʪʴ 

ʪʦʯʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʦʙʨʘʟʫʶʱʝʡʩʷ ʢʝʪʦʛʝʢʩʦʟʳ, ʝʝ ʤʦʣʝʢʫʣʫ ʧʦʚʦʨʘʯʠʚʘʶʪ 

ʥʘ 180Á (ʩʤ. ʩʭʝʤʫ 1). ʎʝʣʴʶ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʟʘʧʠʩʴ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʦʡ 

L-ʩʦʨʙʦʟʳ ʧʦ ʬʦʨʤʫʣʝ ʧʨʦʝʢʮʠʠ ʌʠʰʝʨʘ [2, c. 20]. ɿʜʝʩʴ ʚʘʞʥʦ ʪʘʢʞʝ 

ʦʪʤʝʪʠʪʴ, ʩʚʦʡʩʪʚʘ ʤʦʥʦʩʘʭʘʨʠʜʦʚ ʢʘʢ ʛʣʠʢʦʣʝʡ. ʂʘʢ ʠʟʚʝʩʪʥʦ [5, ʩ. 349], 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʮʠʩ-ʛʣʠʢʦʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʦʡ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʭʝʣʘʪʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʩ ʠʦʥʦʤ ʤʝʜʠ (II) ʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ. ʅʘ ʦʙʨʘʟʦʚʘʥʠʠ ʙʦʨʘʪʦʚ ʠʟ 

ʮʠʢʣʠʯʝʩʢʠʭ ʮʠʩ-1,2-ʜʠʦʣʦʚ (ʥʘʧʨʠʤʝʨ, ʤʦʥʦʩʘʭʘʨʠʜʦʚ) ʦʩʥʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʵʣʝʢʪʨʦʬʦʨʝʟʝ ʧʦʣʠʦʣʦʚ. ɹʦʨʘʪʥʳʡ 

ʢʦʤʧʣʝʢʩ ʚʦʟʥʠʢʘʝʪ ʣʠʰʴ ʧʨʠ ʮʠʩ-ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʠʦʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ, ʪʦʛʜʘ 

ʢʘʢ ʪʨʘʥʩ-1,2-ʜʠʦʣʳ ʥʝ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʦʜʦʙʥʳʡ ʢʦʤʧʣʝʢʩ [5, ʩ. 349]: 

 

ɼʣ̫ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʩʦʩʝʜʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʠʤʝʣʠ 

ʮʠʩ-ʨʘʩʧʦʣʦʞʝʥʠʝ. ʊʘʢʦʤʫ ʪʨʝʙʦʚʘʥʠʶ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʤʦʥʦʩʘʭʘʨʠʜʳ ʠ 

ʥʝʢʦʪʦʨʳʝ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʫʛʣʝʚʦʜʦʚ. ɹʦʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʥʘʣʠʟʝ ʠ 

ʨʘʟʜʝʣʝʥʠʠ ʩʘʭʘʨʦʚ ʤʝʪʦʜʘʤʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʠ ʠʦʥʦʦʙʤʝʥʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʬʦʨʝʟʘ. ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʨʝʘʢʮʠʷ ʩ ʛʠʜʨʦʢʩʠʜʦʤ 

ʤʝʜʠ (II) ʩʣʫʞʠʪ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʥʘʣʠʯʠʷ Ŭ-ʮʠʩ-ʛʣʠʢʦʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʚ 

ʤʦʣʝʢʫʣʝ ʩʘʭʘʨʠʜʘ [4, ʩ. 130]. ɻʣʠʢʦʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʤʦʥʦʩʘʭʘʨʠʜʦʚ ʠʣʠ ʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʜʘʚʘʷ 

ʮʠʢʣʠʯʝʩʢʠʝ ʘʮʝʪʘʣʠ, ʥʘʟʳʚʘʝʤʳʝ ʘʣʢʠʣʠʜʝʥʦʚʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ. ɽʩʣʠ ʚ 
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ʨʝʘʢʮʠʠʶ ʚʩʪʫʧʘʝʪ 1,2-ʜʠʦʣʴʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ, ʪʦ ʦʙʨʘʟʫʶʪʩʷ ʧʷʪʠʯʣʝʥʥʳʝ 

ʘʮʝʪʘʣʠ ʩ 1,3-ʜʠʦʢʩʦʣʘʥʦʚʳʤ ʮʠʢʣʦʤ; ʩ ʫʯʘʩʪʠʝʤ 1,3-ʜʠʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʧʦʣʫʯʘʶʪʩʷ ʰʝʩʪʠʯʣʝʥʥʳʝ 1,3-ʜʠʦʢʩʘʥʦʚʳʝ ʘʮʝʪʘʣʠ [4, ʩ. 130].  

 

ɺ ʢʘʯʝʩʪʚʝ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʯʪʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʮʝʪʦʥ ʠʣʠ ʙʝʥʟʘʣʴʜʝʛʠʜ [4, ʩ. 131], ʚ ʩʨʝʜʝ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʪʩʷ 

ʨʝʘʢʮʠʷ. ɸʣʢʠʣʠʜʝʥʦʚʘʷ ʛʨʫʧʧʘ, ʥʘʨʷʜʫ ʩʦ ʩʣʦʞʥʦʵʬʠʨʥʦʡ, ʷʚʣʷʝʪʩʷ, ʧʦʞʘʣʫʡ, 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʡ ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʦʡ ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʫʛʣʝʚʦʜʦʚ [4, ʩ. 131]. ʉ ʝʝ ʧʦʤʦʱʴʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʱʠʪʘ ʩʨʘʟʫ ʜʚʫʭ, ʘ 

ʠʥʦʛʜʘ ʠ ʯʝʪʳʨʝʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ (ʜʚʫʭ ʧʘʨ) ʤʦʥʦʩʘʭʘʨʠʜʘ. 

ɸʣʢʠʣʠʜʝʥʦʚʳʝ ʧʨʦʟʚʦʜʥʳʝ ʫʩʪʦʡʯʠʚʳ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʠ ʱʝʣʦʯʥʦʡ ʩʨʝʜʘʭ ʠ 

ʣʝʛʢʦ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʠʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʤʷʛʢʦʤ ʢʠʩʣʦʪʥʦʤ ʛʠʜʨʦʣʠʟʝ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʘʣʢʠʣʠʜʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʩʪʝʨʝʦʭʠʤʠʝʡ ʤʦʥʦʩʘʭʘʨʠʜʘ, ʠ ʜʘʣʝʢʦ ʥʝ ʢʘʞʜʘʷ ʧʘʨʘ ʩʦʩʝʜʥʠʭ ʛʠʜʨʦʢʩʠʣʦʚ 

ʩʧʦʩʦʙʥʘ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʢʘʨʙʦʥʠʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʤ. ʈʝʘʢʮʠʷ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʙʣʠʞʝʥʥʦʩʪʠ ʆʅ-ʛʨʫʧʧ ʠʣʠ ʢʦʛʜʘ ʵʪʠ ʛʨʫʧʧʳ ʤʦʛʫʪ 

ʦʢʘʟʘʪʴʩʷ ʥʘ ʥʝʦʙʭʦʜʠʤʦʤ ʨʘʩʩʪʦʷʥʠʠ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣʳ [4, ʩ. 131].  

ʂʩʪʘʪʠ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʚʦʧʨʦʩ ʦ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʷʪʠ ï ʠʣʠ ʰʝʩʪʠʯʣʝʥʥʦʛʦ ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʘʮʝʪʘʣʷ. ɺ ʨʝʘʢʮʠʷʭ ʩ ʘʮʝʪʦʥʦʤ ʯʘʱʝ ʧʦʣʫʯʘʶʪʩʷ ʘʮʝʪʘʣʠ ʩ ʧʷʪʠʯʣʝʥʥʳʤ 

ʮʠʢʣʦʤ (ʠʣʠ ʮʠʢʣʘʤʠ), ʘ ʩ ʙʝʥʟʘʣʴʜʝʛʠʜʦʤ ï ʩ ʱʝʩʪʠʯʣʝʥʥʳʤʠ, ʯʪʦ 

ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʜʚʫʤʷ ʧʨʠʤʝʨʘʤʠ. ɺ ʧʝʨʚʦʤ ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ 

ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ D-ʛʣʶʢʦʟʘ ʨʝʘʛʠʨʫʝʪ ʚ ʬʫʨʘʥʦʟʥʦʡ ʬʦʨʤʝ, ʨʝʘʣʠʟʫʷ 

ʚʦʞʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʜʚʫʭ ʘʮʝʪʘʣʴʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ [4, ʩ. 131].  
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ɺʪʦʨʦʡ ʧʨʠʤʝʨ ʧʦʢʘʟʳʚʘʝʪ ʩʙʣʠʞʝʥʥʦʩʪʴ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʧʨʠ ʉ-4 ʠ 

ʉ-6 ʚ ʧʨʦʠʟʚʦʜʥʳʭ D-ʛʣʶʢʦʧʠʨʘʥʦʟʳ ʚ ʢʦʥʬʦʨʤʘʮʠʠ 
4
ʉ1, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʳʢʘʥʠʝ 1,3-ʜʠʦʢʩʘʥʦʚʦʛʦ ʮʠʢʣʘ [4, ʩ. 131].  

 

ɿʥʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʘ ʉ-1 L-ʩʦʨʙʦʟʳ 

ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʛʨʫʧʧʳ ʆʅ ʟʘʱʠʱʘʶʪ ʜʚʫʤʷ ʠʟʦʧʨʦʧʠʣʠʜʝʥʦʚʳʤʠ ʛʨʫʧʧʘʤʠ, 

ʧʨʠʯʝʤ L-ʩʦʨʙʦʟʘ ʨʝʘʛʠʨʫʝʪ ʚ ʬʫʨʘʥʦʟʥʦʡ ʬʦʨʤʝ. ɼʠʠʟʦʧʨʦʧʠʣʠʜʝʥʦʚʦʝ 

ʧʨʦʠʟʚʦʜʥʦʝ (I) ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʧʝʨʤʘʥʛʘʥʘʪ 

ʢʘʣʠʷ, ʧʨʝʚʨʘʱʘʶʪ ʚ ʧʨʦʠʟʚʦʜʥʦʝ ʘʣʴʜʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʩʤ. II, ʚ ʩʭʝʤʝ 2). 

ʇʦʩʣʝʜʫʶʱʠʤ ʢʠʩʣʦʪʥʳʤ ʛʠʜʨʦʣʠʟʦʤ ʧʦʣʫʯʘʶʪ 2-ʢʝʪʦʘʣʴʜʦʥʦʚʫʶ ʢʠʩʣʦʪʫ 

[1, ʩ. 67], ʪ.ʝ. 2-ʢʝʪʦʛʫʣʦʥʦʚʫʶ ʢʠʩʣʦʪʫ (ʩʤ. III, ʚ ʩʭʝʤʝ 2), ʢʦʪʦʨʘʷ ʚ ʢʠʩʣʦʡ 

ʩʨʝʜʝ ʦʙʨʘʟʫʝʪ ʣʘʢʪʦʥ ï L-ʘʩʢʦʨʙʠʥʦʚʫʶ ʢʠʩʣʦʪʫ, ʩʫʱʝʩʪʚʫʶʱʫʶ ʚ 

ʝʥʜʠʦʣʴʥʦʡ ʬʦʨʤʝ (ʩʤ. ʩʭʝʤʘ 2).  

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʥʦʩʘʭʘʨʠʜʘʭ ʥʘʠʙʦʣʝʝ ʣʝʛʢʦ ʦʢʠʩʣʷʝʪʩʷ 

ʧʦʣʫʘʮʝʪʘʣʴʥʘʷ (ʛʣʠʢʦʟʠʜʥʘʷ) ʛʨʫʧʧʘ, ʧʦʵʪʦʤʫ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʩʧʠʨʪʦʚʳʭ 

ʛʠʜʨʦʢʩʠʣʦʚ ʩʣʝʜʫʝʪ ʠʩʭʦʜʠʪʴ ʠʟ ʛʣʠʢʦʟʠʜʦʚ [2, ʩ. 104] ʠʣʠ ʜʨʫʛʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʟʘʱʠʱʝʥʥʳʤ ʘʥʦʤʝʨʥʳʤ ʮʝʥʪʨʦʤ. ʀʟʙʠʨʘʪʝʣʴʥʦʤʫ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʤʫ ʦʢʠʩʣʝʥʠʶ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪʘ ʪʦʣʴʢʦ ʛʨʫʧʧʘ CH2OH 

ʛʣʠʢʦʟʠʜʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ ʫʨʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʠʟ 
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ʢʦʪʦʨʳʭ ʧʦʣʫʯʘʶʪ ʩʘʤʠ ʫʨʦʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʘʩʪʚʦʨʝ ʚ 

ʨʘʚʥʦʚʝʩʠʠ ʩʦ ʩʚʦʠʤʠ ʣʘʢʪʦʥʘʤʠ [4, ʩ. 132].  

 

ʆʩʪʘʣʴʥʳʝ ʦʢʠʩʣʠʪʝʣʠ ʜʝʡʩʪʚʫʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʩʝʣʝʢʪʠʚʥʦ, ʠ 

ʦʢʠʩʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʪʨʝʙʫʝʪ ʟʘʱʠʪʳ ʦʩʪʘʣʴʥʳʭ 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ. ʂʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ ʪʘʢʦʡ ʧʦʜʭʦʜ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʦʜʥʦʡ ʠʟ 

ʩʪʘʜʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʚʠʪʘʤʠʥ ʉ), ʠʩʭʦʜʷ 

ʠʟ D-ʛʣʶʢʦʟʳ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʧʦʣʥʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʥʘʯʘʣʴʥʦʛʦ ʩʪʘʜʠʷ (ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ D-ʛʣʶʢʦʟʳ ʚ D-ʩʦʨʙʠʪ), ʦʧʠʩʘʥʥʦʛʦ ʚ 

ʩʭʝʤʝ 1.  

 

ɹʣʘʛʦʜʘʨʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʩʭʝʤʳ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʦʜʠʥ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʚʠʪʘʤʠʥʦʚ (L-ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ) ʩʪʘʣ ʣʝʛʢʦʜʦʩʪʫʧʥʳʤ ʠ 
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ʜʝʰʝʚʳʤ ʚʝʱʝʩʪʚʦʤ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʩʪʝʨʝʦʠʟʦʤʝʨʳ L-ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (D-ʵʥʘʥʪʠʦʤʝʨ ʠ ʜʠʘʩʪʝʨʝʦʤʝʨʳ) ʠ 

ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ, ʥʦ ʥʠ ʦʜʠʥ ʠʟ ʥʠʭ ʥʝ ʦʜʥʦʡ ʦʙʣʘʜʘʣ ʩʪʦʣʴʢʦ-ʥʠʙʫʜʴ 

ʟʘʤʝʪʥʦʡ ʚʠʪʘʤʠʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [4, ʩ. 133].  

ʂʘʢ ʚʠʜʥʦ, ʧʨʠ ʩʠʥʪʝʟʝ ʚʠʪʘʤʠʥʘ ʉ ʚ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʷʤʠ 

2-ʢʝʪʦʘʣʴʜʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʘ ʪʦʯʥʝʝ ʩʘʤʘ 2-ʢʝʪʦ-L-ʛʫʣʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʠ ʝʛʦ 

ɔ-ʣʘʢʪʦʥ ʦʙʩʫʞʜʘʝʤ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʛʠʜʨʦʢʩʠʢʠʩʣʦʪ (ʘʣʴʜʦʥʦʚʳʭ ʠ ʩʘʭʘʨʥʳʭ 

ʢʠʩʣʦʪ) ʧʫʪʝʤ ʦʢʠʩʣʝʥʠʷ ʩʘʭʘʨʦʚ ʠ ʢʘʢ ʠʟ ʘʣʴʜʦʥʦʚʳʭ ʢʠʩʣʦʪ ʬʦʨʤʠʨʫʶʪʩʷ ɔ- ʠ 

ŭ-ʣʘʢʪʦʥʳ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʦʢʠʩʣʝʥʠʝ ʩʘʭʘʨʦʚ ʜʘʝʪ ʧʦʣʠʦʢʩʠʢʠʩʣʦʪʳ 

(ʘʣʴʜʦʥʦʚʳʝ ʠʣʠ ʩʘʭʘʨʥʳʝ): 

 

ʕʪʠ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʷʛʢʦ ʜʝʡʩʪʚʫʶʱʠʭ 

ʦʢʠʩʣʠʪʝʣʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʧʨʠʤʝʥʷʶʪ ʭʣʦʨʥʦʚʘʪʠʩʪʫʶ ʠʣʠ ʣʫʯʰʝ 

ʙʨʦʤʥʦʚʘʪʠʩʪʫʶ ʢʠʩʣʦʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʝʡʩʪʚʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʘʣʦʛʝʥʘ 

ʥʘ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʘʣʴʜʦʟʳ: Br2 + H2O ź HBr + HOBr; C6H12O6 + HOBr Ÿ 

C6H12O7+ HBr 

ʆʙʨʘʟʫʶʱʠʡʩʷ ʛʘʣʦʛʝʥʚʦʜʦʨʦʜ ʩʚʷʟʳʚʘʶʪ ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʠʷ ʠʣʠ 

ʙʘʨʠʷ.  

ɺ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʘʣʴʜʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʧʨʝʚʨʘʱʘʶʪʩʷ 

ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʘʢʪʦʥʳ, ʥʘʧʨʠʤʝʨ, D-ʛʣʶʢʦʟʘ ï ʚ ɔ - ʣʘʢʪʦʥ D-ʛʣʶʢʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ [3, ʩ. 554].  

ɸʣʴʜʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʩʧʦʩʦʙʥʳ ʥʝ ʪʦʣʴʢʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ɔ - ʣʘʢʪʦʥʦʚʦʛʦ 

ʢʦʣʴʮʘ (1,4-ʢʣʦʴʮʦ), ʥʦ ʪʘʢʞʝ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ŭ - ʣʘʢʪʦʥʦʚʦʛʦ ʢʦʣʴʮʘ (1,5-ʮʠʢʣ). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʘʭʘʨʦʚ, ʫ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʝʥ 1,5-ʮʠʢʣ, ʫ ʘʣʴʜʦʥʦʚʳʭ 

ʢʠʩʣʦʪ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʷʚʣʷʝʪʩʷ 1,4-ʣʘʢʪʦʥ [3, ʩ. 554]. ʆʙʳʯʥʦ ʠʟ 

ʘʣʴʜʦʥʦʚʳʭ ʢʠʩʣʦʪ ʦʙʨʘʟʫʶʪʩʷ ɔ-ʣʘʢʪʦʥʳ ʠ ʪʦʣʴʢʦ ʧʨʠ ʦʩʦʙʳʭ ʫʩʣʦʚʠʷʭ 
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ŭ-ʣʘʢʪʦʥʳ [3, ʩ. 554]. ʂʩʪʘʪʠ ʩʠʣʴʥʳʤʠ ʦʢʠʩʣʠʪʝʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʝʨʚʠʯʥʘʷ 

ʩʧʠʨʪʦʚʘʷ ʛʨʫʧʧʘ ʛʝʢʩʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʢʠʩʣʷʝʪʩʷ ʚ ʢʘʨʙʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ. 

ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʪʩʷ ʜʚʫʭʦʩʥʦʚʥʘʷ ʩʘʭʘʨʥʘʷ ʢʠʩʣʦʪʘ ʩ ʪʝʤ ʞʝ ʯʠʩʣʦʤ ʘʪʦʤʦʚ 

ʢʘʨʙʦʥʘ, ʯʪʦ ʠ ʤʦʥʦʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ. ʆʙʳʯʥʦ ʜʣʷ ʪʘʢʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʧʨʠʤʝʥʷʶʪ ʘʟʦʪʥʫʶ ʢʠʩʣʦʪʫ. ɺ ʩʣʫʯʘʝ ʢʝʪʦʟʳ ʫʛʣʝʨʦʜʥʘʷ ʮʝʧʴ ʨʘʟʨʫʰʘʝʪʩʷ ʧʦ 

ʤʝʩʪʫ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭʦʩʥʦʚʥʦʡ ʢʠʩʣʦʪʳ [3, ʩ. 554]. 

ɼʚʫʭʦʩʥʦʚʥʳʝ ʩʘʭʘʨʥʳʝ ʢʠʩʣʦʪʳ ʣʝʛʢʦ ʧʝʨʝʭʦʜʷʪ ʚ ʣʘʢʪʦʥʳ. ʇʨʠ 

ʙʣʘʛʦʧʨʠʷʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʙʨʘʟʫʶʪʩʷ ʪʘʢʞʝ ʜʠʣʘʢʪʦʥʳ. 

ʊʘʢ, ʩʣʠʟʝʚʘʷ ʢʠʩʣʦʪʘ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ D-ʛʘʣʘʢʪʦʟʳ, ʣʘʢʪʦʥʠʟʠʨʫʝʪʩʷ ʩ ʪʨʫʜʦʤ. 

D-ʉʘʭʘʨʥʘʷ (ʛʣʶʢʘʨʦʚʘʷ) ʢʠʩʣʦʪʘ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ D-ʛʣʶʢʦʟʳ, ʦʙʨʘʟʫʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʦʥʦʣʘʢʪʦʥ, ʘ ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ D-ʤʘʥʥʦʩʘʭʘʨʥʘʷ (ʤʘʥʥʘʨʦʚʘʷ) 

ʢʠʩʣʦʪʘ (ʠʟ D-ʤʘʥʥʦʟʳ) ʣʝʛʢʦ ʧʝʨʝʭʦʜʠʪ ʚ ʜʠʣʘʢʪʦʥ:  

 

ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʩʘʭʘʨʥʳʭ ʢʠʩʣʦʪ ʧʝʨʚʦʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʘ 

ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ, ʢʦʪʦʨʘʷ ʣʝʛʯʝ ʣʘʢʪʦʥʠʟʠʨʫʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʘʪʴʩʷ ʘʣʴʜʝʛʠʜʦʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ï ʫʨʦʥʦʚʳʝ ʢʠʩʣʦʪʳ. ʊʘʢ ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʤʦʥʦʣʘʢʪʦʥʘ ʩʘʭʘʨʥʦʡ ʢʠʩʣʦʪʳ ʘʤʘʣʴʛʘʤʦʡ ʥʘʪʨʠʷ ʚ ʢʠʩʣʦʤ 

ʨʘʩʪʚʦʨʝ ʦʙʨʘʟʫʝʪʩʷ D-ʛʣʶʢʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ [3, ʩ. 554]. 
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ʏʆʊʀʈʀ ʎɯʂɸɺɯ ɿɸɼɸʏɯ ɺ ɹʈɸɿʀʃʔʉʔʂʆʄʋ ʉʊʀʃɯ ʅɸ ʊɽʄʋ 

ɹʈɸɿʀʃʔʉʔʂʆɰ ʇɯʉʅɯ 

 

ʊʢʘʯ ɺ. ɺ. 

ʏʅʋ ʽʤ. ʖ. ʌʝʜʴʢʦʚʠʯʘ, ʋʢʨʘʾʥʘ 

ʊʦʨʽʥʘ ʅ. ɺ. 

ɿʝʣʝʥʢʽʚʩʴʢʘ ʛʽʤʥʘʟʽʷ, ʋʢʨʘʾʥʘ 

ʇʨʦʢʦʧʝʮʴ ʅ. ʆ. 

ʂɿ çʃʽʮʝʡ çɺʽʢʪʦʨʽʷ-ʇèè ʂʨʦʧʠʚʥʠʮʴʢʦʾ ʄʽʩʴʢʦʾ ʈʘʜʠ, ʋʢʨʘʾʥʘ 

ʇʝʪʨʫʩʷʢ ʊ. ɺ. 

ʂɹ çʏʝʨʥʽʚʝʮʴʢʘ ʄʫʟʠʯʥʘ ʐʢʦʣʘ ˉ1è, ʋʢʨʘʾʥʘ 

 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ, ʜʽʪʠ ʧʦʩʪʫʧʦʚʦ ʚʪʨʘʯʘʶʪʴ ʽʥʪʝʨʝʩ ʜʦ ʚʠʚʯʝʥʥʷ ʪʦʯʥʠʭ ʪʘ 

ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʨʷʜʦʤ ʦʙôʻʢʪʠʚʥʠʭ ʪʘ ʩʫʙôʻʢʪʠʚʥʠʭ 

ʬʘʢʪʦʨʽʚ, ʦʜʥʠʤ ʽʟ ʷʢʠʭ ʻ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦ ʫʯʥʽʚ. 

ʆʜʥʠʤ ʽʟ ʟʘʩʦʙʽʚ ʟʘʮʽʢʘʚʣʝʥʥʷ ʫʯʥʽʚʩʴʢʦʾ ʘʫʜʠʪʦʨʽʾ ʜʦ ʧʦʷʩʥʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʻ ʟʘʜʽʷʥʥʷ ʤʽʞʧʨʝʜʤʝʪʥʠʭ ʟʚôʷʟʢʽʚ. ʍʽʤʽʯʥʠʡ ʤʘʪʝʨʽʘʣ ʜʦʟʚʦʣʷʻ 

ʧʽʜʽʙʨʘʪʠ ʤʽʞʧʨʝʜʤʝʪʥʽ ʟʚôʷʟʢʠ ʭʽʤʽʾ ʽʟ ʙʫʜʴ-ʷʢʠʤ ʧʨʝʜʤʝʪʦʤ ʰʢʽʣʴʥʦʾ 

ʧʨʦʛʨʘʤʠ ï ʷʢ ʧʨʠʨʦʜʥʠʯʦ-ʤʘʪʝʤʘʪʠʯʥʦʛʦ, ʪʘʢ ʽ ʩʫʩʧʽʣʴʥʦ-ʛʫʤʘʥʽʪʘʨʥʦʛʦ ʪʘ 

ʤʠʩʪʝʮʴʢʦʛʦ ʮʠʢʣʫ, ʚʢʣʶʯʘʶʯʠ ʤʫʟʠʢʫ, ʱʦ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ. 

ʊʫʪ ʧʦʜʘʥʽ ʪʨʠ ʧʨʠʢʣʘʜʠ ʦʨʠʛʽʥʘʣʴʥʠʭ ʟʘʜʘʯ. ʇʨʠ ʾʾ ʧʽʜʛʦʪʦʚʮʽ ʘʚʪʦʨʠ 

ʦʨʽʻʥʪʫʚʘʣʠʩʷ ʥʘ ʪʠʧʠ ʪʘ ʨʽʚʝʥʴ ʩʢʣʘʜʥʦʩʪʽ ʟʘʚʜʘʥʴ ʽʩʧʠʪʽʚ ʟ ʭʽʤʽʾ, ʷʢʽ ʙʫʣʠ 

ʟʘʜʘʥʽ ʫ ʨʽʟʥʽ ʨʦʢʠ ʫ ʰʢʦʣʘʭ ʨʽʟʥʠʭ ʰʪʘʪʽʚ ɹʨʘʟʠʣʽʾ. ɺ ʥʠʭ ʬʦʨʤʫʣʶʚʘʥʥʷ 

ʫʤʦʚʠ ʟʘʜʘʯʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʪʝʢʩʪʽʚ ʚʽʜʦʤʠʭ ʧʽʩʝʥʴ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʘʙʦ ʧʨʦʮʝʩʽʚ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ ʫ ʥʠʭ.  

ɼʘʥʽ ʟʘʜʘʯʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʙʨʘʟʠʣʴʩʴʢʦʾ ʧʽʩʥʽ çViagemè 

(çʇʦʜʦʨʦʞè - ʤʫʟ. ɾ. ɸʢʽʥʫ, ʩʣ. ʇ.ʉ. ʇʽʥʴʻʡʨʫ). ʇʽʩʥʷ ʩʪʘʣʘ ʜʝʙʶʪʥʦʶ ʜʣʷ 

ʧʦʝʪʘ-ʧʽʩʝʥʥʠʢʘ ʇʘʫʣʫ ʉʝʟʘʨʘ ʇʽʥʴʻʡʨʫ, ʷʢʦʤʫ ʥʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʥʷ ʪʝʢʩʪʫ 

ʧʽʩʥʽ ʙʫʣʦ ʚʩʴʦʛʦ 13 ʨʦʢʽʚ, ʦʜʥʘʢ ʥʘʡʙʽʣʴʰʦʾ ʩʣʘʚʠ ʦʪʨʠʤʘʣʘ ʫ 1971 ʨʦʮʽ, ʢʦʣʠ ʾʾ 

ʚʠʢʦʥʘʣʘ ʄʘʨʽʟʘ ˆʘʪʘ ʄʘʥʩʘ. ʎʝ ʦʜʥʘ ʽʟ 50 ʥʘʡʢʨʘʱʠʭ ʙʨʘʟʠʣʴʩʴʢʠʭ ʧʽʩʝʥʴ 

ʍʍ ʩʪʦʣʽʪʪʷ:  
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Oh, tristeza, me desculpe! 

Estou de malas prontas - 

Hoje a poesia 

Veio ao meu encontro. 

J§ raiou o dia, 

Vamos viajar. 

Vamos indo de carona, 

Na garupa leve 

Do vento macio, 

Que vem caminhando 

Desde muito longe 

L§ do fim do mar. 

 

Vamos visitar a estrela 

Da manh« raiada, 

Que pensei perdida, 

Pela madrugada, 

Mas que vai escondida 

Querendo brincar. 

Senta nessa nuvem clara, 

Minha poesia, 

Anda, se prepara, 

Traz uma cantiga - 

Vamos espalhando 

M¼sica no ar. 

 

Olha quantas aves brancas, 

Minha poesia, 

Dan­am nossa valsa 
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Pelo c®u, que o dia 

Faz todo bordado 

De raios de sol. 

Oh, poesia, me ajude, 

Vou colher avencas, 

L²rios, rosas, d§lias 

Pelos campos verdes, 

Que voc° batiza 

De ñjardins do c®uò. 

 

Mas pode ficar tranquila, 

Minha poesia, 

Pois n·s voltaremos 

Numa estrela guia 

Num clar«o de lua 

Quando serenar. 

Ou, talvez at® (quem sabe?), 

N·s s· voltaremos 

No cavalo baio 

No alaz«o da noite 

Cujo o nome ® raio, 

Raio de luar. 

ɿʘ ʘʚʪʦʨʩʴʢʠʤ ʟʘʜʫʤʦʤ, ʧʽʩʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʨʠʪʤʽ ʧʦʚʽʣʴʥʦʛʦ 

(çʘʥʛʣʽʡʩʴʢʦʛʦè) ʚʘʣʴʩʫ, ʧʨʦ ʱʦ ʟʛʘʜʫʻʪʴʩʷ ʚ ʾʾ ʪʨʝʪʴʦʤʫ ʢʫʧʣʝʪʽ. ʇʝʨʰʽ ʪʨʠ 

ʢʫʧʣʝʪʠ ʚʠʢʦʥʫʶʪʴʩʷ ʫ ʪʦʥʘʣʴʥʦʩʪʽ ʤʽ-ʤʘʞʦʨ, ʪʠʤʯʘʩʦʤ ʷʢ ʦʩʪʘʥʥʽʡ ï ʥʘ 

ʧʽʚʪʦʥʘ ʚʠʱʝ (ʫ ʬʘ-ʤʘʞʦʨʽ). ʆʜʥʘʢ, ʯʠʩʣʝʥʥʽ ʙʨʘʟʠʣʴʩʴʢʽ ʚʠʢʦʥʘʚʮʽ (ɽʤʽʣʽʫ 

ʉʘʥʪʴʷˇʫ, ʅʝʣʩʦʥ ˆʦʥʩʘʣʚʝʰ, ʉʦʨʘʡʷ ʈʘʚʝʥʣʽ, ʜʫʝʪ ɹʨʫʥʫ ʽ ʄʘʨʨʦʥʽ), ʨʦʙʠʣʠ 

ʘʨʘʥʞʫʚʘʥʥʷ ʚ ʽʥʰʠʭ ʪʦʥʘʣʴʥʦʩʪʷʭ ʽ ʘʜʘʧʪʫʚʘʣʠ ʜʦ ʜʚʦʭ- ʽ ʯʦʪʠʨʠʜʦʣʴʥʠʭ 

ʨʦʟʤʽʨʽʚ. ʅʘʚʽʪʴ ʄʘʨʽʟʘ ˆʘʪʘ ʄʘʥʩʘ, ʟʙʝʨʽʛʰʠ ʚʠʭʽʜʥʠʡ ʨʦʟʤʽʨ ʪʘ ʨʠʪʤ, 

ʚʠʢʦʥʫʚʘʣʘ ʧʽʩʥʶ ʥʘ ʧʽʚʪʦʥʘ ʥʠʞʯʝ.  
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ʋ ʧʽʩʥʽ ʧʦʝʪʠʯʥʝ ʚʽʜʯʫʪʪʷ ʟʘʧʨʦʰʫʻ ʣʽʨʠʯʥʦʛʦ ʛʝʨʦʷ ʡʦʛʦ ʥʘ ʧʦʜʦʨʦʞ, ʚ 

ʷʢʽʡ ʚʽʥ, çʧʨʦʾʭʘʚʰʠʩʴ ʚʝʨʭʠ ʥʘ ʚʽʪʨʽè, çʚʽʜʚʽʜʘʻ ʨʘʥʢʦʚʫ ʟʽʨʢʫè, çʩʷʜʝ ʚʝʨʭʠ ʥʘ 

ʭʤʘʨʠʥʮʽè, çʧʦʰʠʨʶʶʯʠ ʧʽʩʥʽ ʧʦ ʩʚʽʪʫè, çʟʙʠʨʘʪʠʤʝ ʚʝʥʝʨʠʥʽ ʢʫʯʝʨʽ, ʪʨʦʷʥʜʠ, 

ʣʽʣʽʾ, ʞʦʨʞʠʥʠ ʫ ʥʝʙʝʩʥʠʭ ʩʘʜʘʭè ʽ, ʚʨʝʰʪʽ-ʨʝʰʪ, ʧʦʚʝʨʥʝʪʴʩʷ ʜʦʜʦʤʫ ʥʘ 

çʩʽʨʦʤʫ ʢʦʥʽ, ʽʤôʷ ʷʢʦʤʫ ï ʤʽʩʷʯʥʝ ʩʷʡʚʦè.  

ʅʘ ʦʩʥʦʚʽ ʮʽʻʾ ʧʽʩʥʽ ʙʫʜʫʶʪʴʩʷ ʟʘʚʜʘʥʥʷ 1 ï 4:  

1. ʋ ʜʨʫʛʦʤʫ ʢʫʧʣʝʪʽ ʟʛʘʜʫʻʪʴʩʷ, ʱʦ çʄʠ ʚʽʜʚʽʜʘʻʤʦ ʷʩʢʨʘʚʫ ʨʘʥʢʦʚʫ 

ʟʽʨʢʫ, ʷʢʫ ʷ ʚʚʘʞʘʚ ʚʪʨʘʯʝʥʦʶ ʚʨʘʥʮʽ, ʘʣʝ ʷʢʘ ʩʭʦʚʘʣʘʩʷ ʚ ʙʘʞʘʥʥʽ ʧʦʛʨʘʪʠʩʷè. 

ʆʙʨʘʟ ʟʽʨʢʠ, ʱʦ ʩʧʫʩʢʘʻʪʴʩʷ ʟ ʥʝʙʝʩ, ʜʫʞʝ ʧʦʰʠʨʝʥʠʡ ʚ ʣʽʪʝʨʘʪʫʨʥʽʡ ʪʘ 

ʧʽʩʝʥʥʽʡ ʪʚʦʨʯʦʩʪʽ, ʦʜʥʘʢ ʪʘʢʘ ʧʦʚʝʜʽʥʢʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʢʦʤʘʭ ʩʚʽʪʣʷʯʢʽʚ.  

ʗʢ ʚʽʜʦʤʦ, ʩʚʽʪʣʷʯʢʠ ï ʢʦʤʘʭʠ, ʟʜʘʪʥʽ ʩʚʽʪʠʪʠʩʷ ʫ ʪʝʤʨʷʚʽ. ʄʝʭʘʥʽʟʤ 

ʧʦʷʚʠ ʩʚʽʪʽʥʥʷ ʫ ʩʚʽʪʣʷʯʢʽʚ ʻ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʠʤ, ʦʜʥʘʢ ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʫ 

ʣʘʥʮʶʞʢʫ ʨʝʘʢʮʽʡ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʡʦʛʦ ʧʦʷʚʠ ʻ ʦʢʠʩʥʝʥʥʷ ʣʶʮʠʬʝʨʠʥʫ 

(ʈʠʩ. 1) ʦʩʦʙʣʠʚʠʤ ʝʥʟʠʤʦʤ ï ʣʶʮʠʬʝʨʘʟʦʶ.  

 

ʈʠʩ. 1. ʃʶʮʠʬʝʨʠʥ. 

 

ʃʶʮʠʬʝʨʠʥ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʣʘʥʮʶʞʢʫ ʙʽʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʚ ʷʢʠʭ ʙʝʨʫʪʴ 

ʫʯʘʩʪʴ ʨʽʟʥʽ ʨʝʯʦʚʠʥʠ (ʚʢʣʶʯʘʶʯʠ ɸʊʌ) ʪʘ ʝʥʟʠʤʠ.  

1.1. ʊʨʴʦʤʘ ʨʝʘʢʮʽʷʤʠ ʧʨʦʽʣʶʩʪʨʫʡʪʝ ʚʣʘʩʪʠʚʦʩʪʽ ʣʶʮʠʬʝʨʠʥʫ ʷʢ 

ʢʘʨʙʦʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʬʝʥʦʣʫ ʪʘ ʪʽʘʟʦʣʴʥʦʛʦ ʧʦʭʽʜʥʦʛʦ 

1.2. ʑʦʜʦ ʣʶʮʠʬʝʨʠʥʫ, ʚʢʘʞʽʪʴ ʥʝʚʽʨʥʝ ʪʚʝʨʜʞʝʥʥʷ  

ʘ) ʃʶʮʠʬʝʨʠʥ ʟʙʝʨʽʛʘʻ ʘʨʦʤʘʪʠʯʥʽʩʪʴ ʚ ʦʙʦʭ ʮʠʢʣʘʭ 

ʙ) 40 ʛ ʣʶʮʠʬʝʨʠʥʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʡʦʛʦ  ʤʦʣʴ 

ʚ) ʃʶʮʠʬʝʨʠʥ ʻ ʘʤʬʦʪʝʨʥʦʶ ʩʧʦʣʫʢʦʶ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ 
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ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ, ʬʝʥʦʣʴʥʦʛʦ ʛʽʜʨʦʢʩʠʣʫ ʪʘ ʧʽʨʠʜʠʥʦʚʠʭ ʘʪʦʤʽʚ ʅʽʪʨʦʛʝʥʫ 

ʛ) ʃʶʮʠʬʝʨʠʥ ʚʩʪʫʧʘʻ ʚ ʨʝʘʢʮʽʶ ʝʣʝʢʪʨʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ 

ˇ) ʃʶʮʠʬʝʨʠʥ ʟʥʝʙʘʨʚʣʶʻ ʙʨʦʤʥʫ ʚʦʜʫ ʪʘ ʨʦʟʯʠʥ ʂʘʣʽʡ ʧʝʨʤʘʥʛʘʥʘʪʫ.  

1.3. ɿʥʘʡʜʽʪʴ ʤʘʩʩʫ ʣʶʮʠʬʝʨʠʥʫ, ʜʽʻʶ ʤʝʪʘʣʝʚʦʛʦ ʥʘʪʨʽʶ ʥʘ ʷʢʠʡ 

ʤʦʞʥʘ ʟʘʧʦʚʥʠʪʠ ʚʦʜʥʝʤ ʟʘ ʥ.ʫ. ʧʦʩʫʜʠʥʫ ʚ ʬʦʨʤʽ ʧʽʨʘʤʽʜʠ 32 ʩʤ ʟʘʚʚʠʰʢʠ. ɺ 

ʦʩʥʦʚʽ ʧʽʨʘʤʽʜʠ ʣʝʞʠʪʴ ʢʚʘʜʨʘʪ, ʜʽʘʛʦʥʘʣʴ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ 64 ʩʤ. 

2. ʋ ʧʽʩʥʽ ʟʛʘʜʫʻʪʴʩʷ, ʱʦ ʛʝʨʦʡ ʧʽʜ ʯʘʩ ʧʦʝʪʠʯʥʦʾ ʧʦʜʦʨʦʞʽ ʟʙʠʨʘʪʠʤʝ 

ʚʝʥʝʨʠʥʽ-ʢʫʯʝʨʽ, ʣʽʣʽʾ, ʪʨʦʷʥʜʠ ʪʘ ʞʦʨʞʠʥʠ. ɺʝʥʝʨʠʥʽ-ʢʫʯʝʨʽ, ʪʘʢʦʞ ʚʽʜʦʤʽ ʷʢ 

ʘʜʽʘʥʪʫʤ ï ʜʝʢʦʨʘʪʠʚʥʘ ʨʦʩʣʠʥʘ, ʱʦ ʧʨʦʷʚʣʷʻ ʣʽʢʘʨʩʴʢʽ (ʧʨʦʪʠʚʠʨʘʟʢʦʚʽ ʪʘ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ) ʪʘ ʘʨʦʤʘʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɸʨʦʤʘʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʽʻʾ 

ʨʦʩʣʠʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʩʧʝʮʠʬʽʯʥʠʭ ʨʝʯʦʚʠʥ ï ʢʝʪʦʥʽʚ ʘʜʘʥʪʦʥʽʚ ʪʘ 

ʩʧʠʨʪʽʚ ʘʜʽʘʥʪʦʣʽʚ ï ʽ ʥʘʩʠʯʝʥʠʭ, ʽ ʥʝʥʘʩʠʯʝʥʠʭ, ʩʝʨʝʜ ʷʢʠʭ ʻ ʘʜʽʘʥʪ-5-ʝʥ-3-ʦʣ 

(ʈʠʩ. 2):  

 

ʈʠʩ. 2. ɸʜʽʘʥʪ-5-ʝʥ-3-ʦʣ 

2.1. ʊʨʴʦʤʘ ʨʝʘʢʮʽʷʤʠ ʧʨʦʽʣʶʩʪʨʫʡʪʝ ʚʣʘʩʪʠʚʦʩʪʽ ʘʜʽʘʥʪ-5-ʝʥ-3-ʦʣʫ ʷʢ 

ʥʝʥʘʩʠʯʝʥʦʛʦ ʩʧʠʨʪʫ. ʏʦʤʫ ʽʟʦʤʝʨ ʘʜʽʘʥʪ-5-ʝʥ-3-ʦʣʫ ʽʟ ʛʽʜʨʦʢʩʠʜʦʤ ʧʨʠ 

ʧʦʜʚʽʡʥʦʤʫ ʟʚôʷʟʢʫ ʽʟʦʤʝʨʠʟʫʻʪʴʩʷ ʫ ʥʘʩʠʯʝʥʠʡ ʮʠʢʣʽʯʥʠʡ ʢʝʪʦʥ?  

2.2. ʑʦʜʦ ʘʜʽʘʥʪ-5-ʝʥ-3-ʦʣʫ, ʚʢʘʞʽʪʴ ʥʝʚʽʨʥʝ ʪʚʝʨʜʞʝʥʥʷ.  

ʘ) ɸʜʽʘʥʪ-5-ʝʥ-3-ʦʣ ʻ ʘʨʦʤʘʪʠʯʥʦʶ ʩʠʩʪʝʤʦʶ, ʚʩʪʫʧʘʶʯʠ, ʧʦʜʽʙʥʦ ʜʦ 

ʙʝʥʟʝʥʫ, ʜʦ ʨʝʘʢʮʽʡ ʟʘʤʽʱʝʥʥʷ 

ʙ) ɸʜʽʘʥʪ-5-ʝʥ-3-ʦʣ ʟʥʝʙʘʨʚʣʶʻ ʙʨʦʤʥʫ ʚʦʜʫ ʪʘ ʨʦʟʯʠʥ ʂʘʣʽʡ 

ʧʝʨʤʘʥʛʘʥʘʪʫ  

ʚ) ɸʜʽʘʥʪ-5-ʝʥ-3-ʦʣ ʫʪʚʦʨʶʻ ʷʢ ʝʪʝʨʠ, ʪʘʢ ʽ ʝʩʪʝʨʠ  
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ʛ) ɸʜʽʘʥʪ-5-ʝʥ-3-ʦʣ ʚʟʘʻʤʦʜʽʻ ʟ ʘʢʪʠʚʥʠʤʠ ʤʝʪʘʣʘʤʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʦʜʥʶ  

ˇ) ɸʜʽʘʥʪ-5-ʝʥ-3-ʦʣ ʦʢʠʩʥʶʻʪʴʩʷ ʜʦ ʢʝʪʦʥʥʦʾ ʛʨʫʧʠ  

2.3. ʇʦʩʫʜʠʥʘ ʚ ʬʦʨʤʽ ʧʨʠʟʤʠ τςЍσ ʩʤ ʟʘʚʚʠʰʢʠ ʤʽʩʪʠʪʴ ʟʘ ʥ.ʫ. ʚʦʜʝʥʴ. 

ɺ ʦʩʥʦʚʽ ʧʨʠʟʤʠ ʣʝʞʠʪʴ ʧʨʷʤʦʢʫʪʥʠʡ ʪʨʠʢʫʪʥʠʢ, ʱʦ ʻ ʧʦʣʦʚʠʥʦʶ 

ʨʽʚʥʦʩʪʦʨʦʥʥʴʦʛʦ ʪʨʠʢʫʪʥʠʢʘ ʟʽ ʩʪʦʨʦʥʦʶ 64 ʩʤ.  

ʘ) ɿʥʘʡʜʽʪʴ ʤʘʩʫ ʘʜʽʘʥʪ-5-ʝʥ-3-ʦʣʫ, ʜʽʻʶ ʥʘ ʷʢʠʡ ʤʝʪʘʣʝʚʠʤ ʥʘʪʨʽʻʤ 

ʤʦʞʥʘ ʟʘʧʦʚʥʠʪʠ ʧʦʩʫʜʫ ʚʦʜʥʝʤ 

ʙ) ɿʥʘʡʜʽʪʴ ʤʘʩʫ ʘʜʽʘʥʪ-5-ʝʥ-3-ʦʣʫ, ʷʢʘ ʛʽʜʨʫʻʪʴʩʷ ʜʘʥʠʤ ʦʙôʻʤʦʤ ʚʦʜʥʶ 

ʜʦ ʥʘʩʠʯʝʥʦʛʦ ʮʠʢʣʽʯʥʦʛʦ ʜʚʦʭʘʪʦʤʥʦʛʦ ʩʧʠʨʪʫ 

3. ɿʛʘʜʘʥʽ ʚ ʧʽʩʥʽ ʞʦʨʞʠʥʠ, ʱʦ ʽʥʢʦʣʠ ʧʦʤʠʣʢʦʚʦ ʥʘʟʠʚʘʶʪʴʩʷ 

çʛʝʦʨʛʽʥʘʤʠè ʻ ʢʚʽʪʘʤʠ ʟ ʨʦʜʠʥʠ ɸʡʩʪʨʦʚʽ ʘʙʦ ʉʢʣʘʜʥʦʮʚʽʪʽ. ʆʩʥʦʚʥʠʤ 

ʧʨʠʨʦʜʥʠʤ ʘʨʝʘʣʦʤ ʞʦʨʞʠʥ ʻ ʄʝʢʩʠʢʘ. ʇʨʦ ʝʢʩʪʨʘʦʨʜʠʥʘʨʥʫ ʢʨʘʩʫ 

ʩʚʽʞʦʚʽʜʢʨʠʪʠʭ ʟʝʤʝʣʴ ʟʛʘʜʫʚʘʚ ʱʝ ʢʦʥʢʽʩʪʘʜʦʨ ɽʨʥʘʥ ʂʦʨʪʝʩ ʫ ʩʚʦʻʤʫ ʣʠʩʪʽ 

ʢʦʨʦʣʶ ʂʘʨʣʫ V.  

ʂʦʣʠ ʫ 1615 ʨʦʮʽ ʌ. ɽʨʥʘʥʜʝʩ ʚʽʜʚʽʜʘʚ ʄʝʢʩʠʢʫ, ʚʽʥ ʦʧʠʩʘʚ ʞʦʨʞʠʥʠ ʫ 

ʩʚʦʻʤʫ ʟʚʽʪʽ ʧʨʦ ʣʽʢʘʨʩʴʢʽ ʪʨʘʚʠ ʅʦʚʦʾ ɯʩʧʘʥʽʾ.  

ʉʪʦʣʽʪʪʷʤ ʧʽʟʥʽʰʝ ʅʽʢʦʣʷ ɾʦʟʝ ʊʴʻʨʽ, ʱʦ ʧʨʠʙʫʚ ʜʦ ʄʝʢʩʠʢʠ ʱʦʙ 

ʦʪʨʠʤʘʪʠ ʢʦʰʝʥʽʣʴ, ʱʦ ʮʽʥʫʻʪʴʩʷ ʟʘ ʩʚʽʡ ʯʝʨʚʦʥʠʡ ʙʘʨʚʥʠʢ, ʚʽʜʦʤʠʡ ʷʢ ʢʘʨʤʽʥ 

(ʧʨʦ ʷʢʠʡ ʙʫʜʝ ʟʛʘʜʘʥʦ ʥʠʞʯʝ), ʟʘʟʥʘʯʠʚ ʚ ʩʚʦʾʡ ʜʦʧʦʚʽʜʽ ʧʨʦ ʥʝʡʤʦʚʽʨʥʦ 

ʢʨʘʩʠʚʽ ʢʚʽʪʠ.  

ʇʽʩʣʷ ʮʴʦʛʦ ʥʘʩʽʥʥʷ ʮʠʭ ʢʚʽʪʽʚ ʙʫʣʠ ʥʘʜʽʩʣʘʥʽ ʜʠʨʝʢʪʦʨʦʤ ɹʦʪʘʥʽʯʥʦʛʦ 

ʉʘʜʫ ʅʦʚʦʾ ɯʩʧʘʥʽʾ ɺʽʩʝʥʪʝ ʉʝʨʚʘʥʪʝʩʦʤ ʟ ʄʝʢʩʠʢʠ ʜʦ ʄʘʜʨʠʜʘ, ʘ ʧʦʪʽʤ ï ʽ ʜʦ 

ɸʥʛʣʽʾ, ʧʽʩʣʷ ʯʦʛʦ ʾʭ ʩʪʘʣʠ ʢʫʣʴʪʠʚʫʚʘʪʠ ʧʦ ʚʩʽʡ ɭʚʨʦʧʽ. ɾʦʨʞʠʥʘ ʚʚʘʞʘʻʪʴʩʷ 

ʢʚʽʪʢʦʶ-ʩʠʤʚʦʣʦʤ ʄʝʢʩʠʢʠ.  

ʈʦʜʦʚʫ ʥʘʟʚʫ Dahlia ʨʦʜʫ ɾʦʨʞʠʥʘ ʧʨʠʩʚʦʾʚ ʜʠʨʝʢʪʦʨ ʄʘʜʨʠʜʩʴʢʦʛʦ 

ʂʦʨʦʣʽʚʩʴʢʦʛʦ ɹʦʪʘʥʽʯʥʦʛʦ ʉʘʜʫ ɸʥʪʦʥʽʦ ʍʦʩʝ ʜʝ ʂʘʚʘʥʽʣʴʻʩ, ʥʘ ʯʝʩʪʴ 

ʰʚʝʜʩʴʢʦʛʦ ʙʦʪʘʥʽʢʘ ɸʥʜʝʨʩʘ ɼʘʣʷ, ʽ ʩʘʤʝ ʮʷ ʥʘʟʚʘ ʽ ʚʚʽʡʰʣʘ ʫ ʞʠʚʽ ʽʩʧʘʥʩʴʢʫ 

ʪʘ ʧʦʨʪʫʛʘʣʴʩʴʢʫ ʤʦʚʠ (ʽʩʧ. dalia, ʧʦʨʪ. d§lia), ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʫ ʙʽʣʴʰʦʩʪʽ ʽʥʰʠʭ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʦʚ, ʚʢʣʶʯʘʶʯʠ ʟʘʭʽʜʥʦ- ʪʘ ʧʽʚʜʝʥʥʦʩʣʦʚôʷʥʩʴʢʽ. ʊʽʣʴʢʠ ʫ 

ʩʭʽʜʥʦʩʣʦʚôʷʥʩʴʢʠʭ ʤʦʚʘʭ ï ʧʽʜ ʚʧʣʠʚʦʤ ʨʦʩʽʡʩʴʢʦʾ ʤʦʚʠ ï ʚʦʥʘ ʥʘʟʠʚʘʻʪʴʩʷ 
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ʛʝʦʨʛʽʥʦʶ/ʞʦʨʞʠʥʦʶ, ʘ ʪʫʨʝʮʴʢʦʶ ʚʦʥʘ ʥʘʟʠʚʘʻʪʴʩʷ yēldēz ­i­eĵi (ʢʚʽʪʢʘ-ʟʽʨʢʘ).  

ʍʘʨʘʢʪʝʨʥʝ ʷʩʢʨʘʚʝ ʟʘʙʘʨʚʣʝʥʥʷ ʞʦʨʞʠʥʠ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʾʾ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʘ ʽ ʧʨʦʪʠʟʘʧʘʣʴʥʘ ʜʽʷ, ʧʦʚôʷʟʘʥʽ ʽʟ ʥʘʷʚʥʽʩʪʶ ʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ, 

ʩʝʨʝʜ ʷʢʠʭ ʻ ʙʫʪʝʾʥ ʽ ʩʫʣʴʬʫʨʝʪʠʥ: (ʈʠʩ. 3)  

OH

OH

O OH

OH

 

OH

OH

O

O

OH

 

ʈʠʩ. 3. ɹʫʪʝʾʥ ʪʘ ʩʫʣʴʬʫʨʝʪʠʥ 

 

3.1. ʊʨʴʦʤʘ ʨʝʘʢʮʽʷʤʠ ʧʨʦʽʣʶʩʪʨʫʡʪʝ ʚʣʘʩʪʠʚʦʩʪʽ ʙʫʪʝʾʥʫ ʪʘ 

ʩʫʣʴʬʫʨʝʪʠʥʫ ʷʢ ʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ, ʧʦʭʽʜʥʠʭ ʘʣʢʝʥʽʚ ʪʘ ʢʝʪʦʥʽʚ. ɼʣʷ ʦʙʦʭ 

ʩʧʦʣʫʢ ʧʨʦʽʣʶʩʪʨʫʡʪʝ ʦʢʠʩʥʝʥʥʷ ʛʽʜʨʦʭʽʥʦʥʥʦʾ ʬʦʨʤʠ ʜʦ ʭʽʥʦʥʥʦʾ.  

3.2. ʑʦʜʦ ʙʫʪʝʾʥʫ ʪʘ ʩʫʣʴʬʫʨʝʪʠʥʫ ʚʢʘʞʽʪʴ ʥʝʚʽʨʥʝ ʪʚʝʨʜʞʝʥʥʷ  

ʘ) ʉʫʣʴʬʫʨʝʪʠʥ ʻ ʧʦʭʽʜʥʠʤ ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʛʝʪʝʨʦʮʠʢʣʽʯʥʦʾ ʩʧʦʣʫʢʠ, 

ʚʽʜʦʤʦʾ ʷʢ ʙʝʥʟʦ[c]ʬʫʨʘʥ  

ʙ) 16 ʛ ʙʫʪʝʾʥʫ ʚʽʜʧʦʚʽʜʘʶʪʴ  ʤʦʣʴ  

ʚ) ʆʙʠʜʚʽ ʩʧʦʣʫʢʠ ʟʥʝʙʘʨʚʣʶʶʪʴ ʙʨʦʤʥʫ ʚʦʜʫ ʪʘ ʨʦʟʯʠʥ ʂʘʣʽʡ 

ʧʝʨʤʘʥʛʘʥʘʪʫ  

ʛ) ʆʙʠʜʚʽ ʩʧʦʣʫʢʠ ʻ ʘʨʦʤʘʪʠʯʥʠʤʠ ʽ ʣʝʛʢʦ ʚʩʪʫʧʘʶʪʴ ʚ ʝʣʝʢʪʨʦʬʽʣʴʥʝ 

ʟʘʤʽʱʝʥʥʷ  

ˇ) 10 ʛ ʩʫʣʴʬʫʨʝʪʠʥʫ ʚʽʜʧʦʚʽʜʘʶʪʴ  ʤʦʣʴ  

3.3. ʇʦʩʫʜʠʥʘ ʚ ʬʦʨʤʽ ʧʨʠʟʤʠ τςЍσ ʩʤ ʟʘʚʚʠʰʢʠ ʤʽʩʪʠʪʴ ʟʘ ʥ.ʫ. ʚʦʜʝʥʴ. 

ɺ ʦʩʥʦʚʽ ʧʨʠʟʤʠ ʣʝʞʠʪʴ ʧʨʘʚʠʣʴʥʠʡ ʰʝʩʪʠʢʫʪʥʠʢ ʟʽ ʩʪʦʨʦʥʦʶ 32 ʩʤ. ɿʥʘʡʜʽʪʴ 

ʤʘʩʫ ʙʫʪʝʾʥʫ ʪʘ ʩʫʣʴʬʫʨʝʪʠʥʫ, ʱʦ, ʨʝʘʛʫʶʯʠ ʟ ʤʝʪʘʣʝʚʠʤ ʥʘʪʨʽʻʤ ʤʦʞʝ 

ʟʘʧʦʚʥʠʪʠ ʧʦʩʫʜʠʥʫ ʚʦʜʥʝʤ.  

4. ʄʽʩʷʯʥʝ ʩʷʡʚʦ ʚʥʦʯʽ ʟʜʘʻʪʴʩʷ ʷʩʢʨʘʚʦ-ʩʨʽʙʣʷʩʪʠʤ, çʩʨʽʙʣʷʥʠʤè, 

ʦʩʦʙʣʠʚʦ ʥʘ ʪʝʤʥʦʤʫ ʬʦʥʽ ʥʽʯʥʦʛʦ ʥʝʙʘ. ɯ ʚʩʝ-ʪʘʢʠ ʧʨʠ ʫʚʘʞʥʦʤʫ ʨʦʟʛʣʷʜʽ 

ʤʦʞʥʘ ʟʥʘʡʪʠ ʥʘ ʥʴʦʤʫ ʽ ʪʝʤʥʽ ʧʣʷʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʘʢ ʟʚʘʥʠʤ çʤʽʩʷʯʥʠʤ 
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ʤʦʨʷʤè. ɺ ʨʘʡʦʥʽ ʩʘʤʝ ʦʜʥʦʛʦ ʽʟ ʪʘʢʠʭ ʤʦʨʽʚ ï ʄʦʨʷ ʉʧʦʢʦʶ ï ʽ ʚʽʜʙʫʣʘʩʷ 

ʟʥʘʤʝʥʠʪʘ ʚʠʩʘʜʢʘ ʅʽʣʘ ɸʨʤʩʪʨʦʥˇʘ ʥʘ ʧʦʚʝʨʭʥʶ ʄʽʩʷʮʷ.  

ʊʝʤʥʠʡ ʚʽʜʪʽʥʦʢ ʤʽʩʷʯʥʠʭ ʤʦʨʽʚ ʧʦʷʩʥʶʻʪʴʩʷ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚ ʾʭ 

ʨʘʡʦʥʽ ˇʨʫʥʪʫ ʟ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʌʝʨʫʤ (ɯɯ) ʦʢʩʠʜʫ, ʷʢʠʡ ʧʨʠʩʫʪʥʽʡ ʫ 

ʤʽʩʷʯʥʦʤʫ ˇʨʫʥʪʽ ʩʘʤʝ ʫ çʪʝʤʥʽʡè ʤʦʜʠʬʽʢʘʮʽʾ.  

4.1. ʊʨʴʦʤʘ ʨʝʘʢʮʽʷʤʠ ʧʨʦʽʣʶʩʪʨʫʡʪʝ ʚʣʘʩʪʠʚʦʩʪʽ ʌʝʨʫʤ (ɯɯ) ʦʢʩʠʜʫ. ʏʠ 

ʚʽʥ ʻ ʦʩʥʦʚʥʠʤ ʯʠ ʢʠʩʣʦʪʥʠʤ 

4.2. ʑʦʜʦ ʌʝʨʫʤ (ɯɯ) ʦʢʩʠʜʫ, ʚʢʘʞʽʪʴ ʥʝʚʽʨʥʝ ʪʚʝʨʜʞʝʥʥʷ:  

ʘ) ʌʝʨʫʤ (ɯɯ) ʦʢʩʠʜ ʨʝʘʛʫʻ ʟ ʚʦʜʦʶ ʟ ʫʪʚʦʨʝʥʥʷʤ ʌʝʨʫʤ (ɯɯ) ʛʽʜʨʦʢʩʠʜʫ  

ʙ) 8 ʛ ʌʝʨʫʤ (ɯɯ) ʦʢʩʠʜʫ ʚʽʜʧʦʚʽʜʘʶʪʴ  ʤʦʣʴ 

ʚ) ʌʝʨʫʤ (ɯɯ) ʦʢʩʠʜ ʚʟʘʻʤʦʜʽʻ ʟ ʢʠʩʣʦʪʘʤʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʩʦʣʝʡ ʌʝʨʫʤʫ (ɯɯ)  

ʛ) ʌʝʨʫʤ (ɯɯ) ʦʢʩʠʜ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʤʽʞʥʦʤʫ ʩʪʫʧʝʥʶ ʦʢʠʩʥʝʥʥʷ ʡʦʥʫ 

ʌʝʨʫʤʫ. ʇʨʠ ʮʴʦʤʫ ʡʦʛʦ ʤʦʞʥʘ ʟʘ ʙʘʞʘʥʥʷʤ ʜʦʦʢʠʩʥʠʪʠ 

ˇ) ʌʝʨʫʤ (ɯɯ) ʦʢʩʠʜ ʟ ʢʦʥʮʝʥʪʨʦʚʘʥʦʶ ʥʽʪʨʘʪʥʦʶ ʢʠʩʣʦʪʦʶ ʨʝʘʛʫʻ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʛʘʟʦʧʦʜʽʙʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʌʝʨʫʤ (ɯɯɯ) ʥʽʪʨʘʪʫ  

4.3. ʉʫʤʽʰ ʌʝʨʫʤ (ɯɯ) ʽ ʌʝʨʫʤ (ɯɯɯ) ʦʢʩʠʜʫ ʤʽʩʪʠʪʴ ʟʘ ʤʘʩʦʶ  

ʆʢʩʠʛʝʥʫ. ɿʥʘʡʜʽʪʴ ʤʘʩʦʚʽ ʪʘ ʤʦʣʴʥʽ ʯʘʩʪʢʠ ʢʦʞʥʦʛʦ ʟ ʦʢʩʠʜʽʚ.  
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The maintenance on condition (MCC) process is an integral part of a more 

general process - the process of technical operation facility. Taking into account the 

fact that we are considering objects in a state of intended use, formally MCC process 

will be described by the graph of states and transitions shown in figure 1. 

According to this formal description, MCC process of an object can take one of 

following states: 

0 - object is operational and is used as intended; 

1 - object has failed and it is being restored (current repair); 

2 - technical condition of object is monitored; 

3 - maintenance of object is performed. 

 

Transitions between states occur at random times, controlled by the corresponding 

transition intensities. Figure 1 uses the following notation: 

},1);({)(
0

Eittt
i

==S  - vector parameter characterizing the current vehicle of 

object. The element of the vector S is state parameter of i-th element, )()(
0

ttts
ii

= , 

where )(
0

tt
i

 - is the moment of last update of element (E - is the set of object 

elements). It is obvious that after each failure (recovery) or maintenance there is a 

change in the state S, leading to an improvement in the reliability of object; 

)/( Stl  - rate of object failures; 

)(
ʚ

tm  - intensity of object restoration; 

)(
ʢ

tl  - intensity of the object control; 
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)/(
ʢ

Stm  - intensity of monitoring events resulting in the decision that 

maintenance is not required; 

)/(
ʪʦ

Stl  - intensity of monitoring events, ending with a decision on the need 

for maintenance (intensity of maintenance events); 

)/(
ʪʦ

Stm  - intensity of transitions from the TO state to the operational state of 

object. 

Let us consider each of the transition intensities in more detail. 

If the elements of object are connected in series in the sense of reliability and 

the failures are independent, failure rate can be defined as the sum [1]: 

ä=
i

ii
ttt )/()/(

0
ll S , (1) 

where )/(
0ii

ttl - is the failure rate of i-th element, provided that its last update 

occurred at the moment of time 
i

t
0

 ( Ei ,1= ). 

The intensity )/(
0ii

ttl through the distribution function of the operating time to 

failure of an element )/(
0ii

ttF can be expressed as follows [1 - 3]: 

)/(1

)/(
)/(

0

0

0

ii

ii

ii
ttF

ttF
tt

-

¡
=l . (2) 

As a distribution function )/(
0ii

ttF , one of the distributions related to the 

WF-models of failures can be specified [2]. If by updating we mean replacing an 

element with a new one, then the function )/(
0ii

ttF can be obtained by a simple shift 

along the time axis, that is )()/(
00 iiii

ttFttF -= . 

For simplicity, the recovery rate )(
ʚ

tm  will be assumed to be a constant,

constt ==
ʚʚ

)( mm . This assumption will in no way affect the essence of the 

developed model. The recovery time in this case obeys an exponential distribution 

with a parameter 
ʚ
m whose value is equal to 

ʚʚ
/1 T=m , 

ʚ
T  - where is the average 

recovery time of object. 

An approximate value can be found by the formula [3]: 
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ä
=

i
i

i
ii

T
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T
ʩʨ

ʩʨʚ

ʚ
/1

/

, (3) 

where 
i

T
ʚ

- is the average recovery time of i-th element; 

i
T
ʩʨ

- is the mean time to failure of i-th element, which is 

ñ
¤

-=
0

ʩʨ
)](1[ dttFT

ii
. (4) 

Taking into account the fact that the control of technical condition object is 

carried out periodically 
ʢ

T  at deterministic points in time with frequency, the 

intensity of control can be determined as follows: 

)()(
ʢʢ

Ttt -=dl , (5) 

where )(Öd - is the delta function. 

The frequency of control 
ʢ

T , as we will see later, can be variable. 

It is assumed that when monitoring an object, technical condition of all 

controlled (potentially serviced) elements is sequentially checked. When checking i-

th element, determining parameter )(tu
i

 is measured and a decision is made on the 

need to replace it or adjust according to the criterion ʪʦ)( utu
i
² . Taking this into 

account, maintenance intensity )/(
ʪʦ

Stl can be defined as the product: 

)/()()/(
ʪʦʢʪʦ

SS tPtt ll = , (6) 

where )/(
ʪʦ

StP - is the probability that at time t it will be required to perform 

maintenance for at least one of the elements. 

The probability )/(
ʪʦ

StP  is 

])/(1[1)/(
0ʪʦʪʦ Ô --=

i
ii

ttPtP S , (7) 

where )/(
0ʪʦ ii

ttP - is the probability that at time t it will need maintenance of 

i-th element, provided that its last update occurred at the time 
i

t
0

: 

{ }ʪʦ
00ʪʦ

)(ɺʝʨ)/( uttuttP
iiii
²-= . (8) 

If, as a result of monitoring, a decision is made that maintenance is not 

required, then a transition from state 2 to state 0 occurs. The intensity of such 
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transitions is 

[ ])/(1)()/(
ʪʦʢʢ

SS tPtt -=lm . (9) 

Expressions (6) and (9) are written taking into account the assumption that the 

monitoring duration is 0. Such an assumption seems to be quite acceptable, since in 

real systems, the monitoring duration is, as a rule, significantly shorter than the 

maintenance duration and recovery time 
ʚ

T . 

The residence time in maintenance state is determined by the following 

expression: 

ä Ö+=
i

iii
ttPt

ʪʦ0ʪʦ

0

ʪʦʪʦ
)/()/( ttt S , (10) 

where 0

ʪʦ
t  - is the administrative time, meaning the time of object transfer from 

the application mode to maintenance mode; 

iʪʦ
t - is the average duration of the maintenance operation of i-th element. 

Obviously, the value )/(
ʪʦ

Stt  is random, since the probabilities that depend on 

a random )/(
0ʪʦ ii

ttP  parameter 
i

t
0

 are random. It is not yet possible to determine the 

distribution law of quantity )/(
ʪʦ

Stt , since this will require additional research. For 

now, we will only accept the assumption of the existence of a distribution function 

for the duration of maintenance, which we will )/(
ʪʦ

StF designate. Knowledge of the 

function )/(
ʪʦ

StF is necessary to obtain intensity )/(
ʪʦ

Stm . If the function )/(
ʪʦ

StF  is 

known, then the intensity )/(
ʪʦ

Stm is found from the expression: 

)/(1

)/(
)/(

ʪʦ

ʪʦ

ʪʦ
S

S
S

tF

tF
t

-

¡
=m . (11) 

So, we examined the possibilities of determining the intensities of transitions of 

the process, the graph which is shown in figure 1. The analysis performed showed 

that the determination of some them is associated with significant difficulties, to 

overcome which additional models and corresponding studies will be required. 

If it was possible to obtain analytical expressions for the intensities of 

transitions process under consideration, then it would be possible to formulate a 

system of differential equations for the probabilities of the states process. In our case, 
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such a system of equations has the following form: 

)/()/()()/()/()]()/()[/()/(
ʪʦ3ʢ2ʚ1ʢ00

SSSSSSS ttPttPtPtttPtP mmmll +++--=¡ ; 

ʚ101
)/()/()/()/( ml SSSS tPttPtP -=¡ ; 

)/()/()()/()()/()/(
ʪʦ3ʢ2ʢ02

SSSSS ttPttPttPtP lml --=¡ ; 

)/()/()/()/()/(
ʪʦ2ʪʦ03

SSSSS ttPttPtP lm +-=¡ ; 

1)/(
3

0

=ä
=j

j
tP S , (12) 

where )/( StP
j

 - are the probabilities of corresponding states process ( 3,0=j ). 

The system of differential equations (12) is a mathematical model of the 

object's MCC process. The model inputs are: 

{ )(tF
i

, 
i

T
ʚ

} ï indicators of reliability and maintainability of elements; 

{
iʪʦ

t } ï indicators of maintenance of elements; 

ʢ
T  ï frequency of vehicle control of the object; 

{ ʪʦ

i
u } ï maintenance levels of elements. 

The output information (solution to system of equations (12)) is the 

probabilities { )/( StP
j

}. Based on the probabilities found )/( StP
j

, we can obtain the 

final indicators of interest to us: mean time between failures of an object, availability 

factor, technical utilization factor, etc. 

It is easy to see that it is not possible to solve the system of equations (12) by 

classical methods (for example, Runge-Kutta method [3]). The main obstacle to this 

(apart from the difficulties in obtaining expressions for the transition rate functions) 

is the presence of a time-dependent vector parameter S. 

It is clear from simple physical considerations that the system of equations (12) 

also does not have an asymptotic exact solution, since the parameter S is a random 

vector. We can only assume that the elements of the random vector S at ¤­t  are 

subject to the distribution law, which is a mixture of distributions )(xF  and )(
ʪʦ

xF

)(xF - distribution of time intervals between object failures, )(xF  - distribution of 

time intervals between maintenance). We denote the asymptotic values )/( StP
j

of the 
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probabilities )
~
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Thus, in the problem under consideration, one can speak only about the 

mathematical expectations of the corresponding probabilities, while variances 

)}
~

(
~

{ S
jj

PMP = can be quite large. 

Considering all this, we can conclude that the analytical solution of problem is 

not possible and for its solution it is necessary to look for other methods. The most 

suitable and, apparently, the only method that will allow solving this problem is the 

method of imitative statistical modeling [1-3]. 

The analysis and formalization of the process under study made here allow, 

firstly, to better understand the logical content of MCC process, and, secondly, to use 

the introduced formalisms in the development of a simulation statistical model. 

 

LIST  OF REFERENCES 

1. ʃʝʥʢʦʚ ʉ.ɺ., ʎʳʮʘʨʝʚ ɺ.ʅ., ɹʘʥʟʘʢ ɻ.ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦ ʨʝʩʫʨʩʫ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ // ɺʽʩʥʠʢ ʽʥʞʝʥʝʨʥʦʾ ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ. ï 2011. - ˉ 3-4. ï ʉ.94 ï 100. 

2. ɹʘʥʟʘʢ ɻ.ɺ., ʉʝʣʶʢʦʚ ɸ.ɺ., ʎʳʮʘʨʝʚ ɺ.ʅ. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʘʪʝʛʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ñʧʦ 

ʩʦʩʪʦʷʥʠʶò ʩ ʘʜʘʧʪʠʚʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʦʙʲʝʢʪʘ // 

ɺʽʩʥʠʢ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ï 

ʂ., 2011. ï ʊʦʤ 9, ˉ 4. ï ʉ.342 ï 349. 

3. Forecasting to reliability complex object radio-electronic technology and 

optimization parameter their technical usage with use the simulation statistical 

models: [monography] in English / Sergey Lenkov, Konstantin Borjak, Gennady 

Banzak, Vadim Braun, etc.; under edition S. V. Lenkov. ï Odessa: Publishing house 

çɺʄɺè, 2014. ï 252 p.  

  



139 

UDC 662-1 

THE BATTERY IN AN ELECTRIC CAR. 

IS IT HARMFUL TO THE ENVIRONMENT? 

 

Daus Maria 

PhD, Associate Professor 

Skutin Daniil 

Student 

Odessa National Maritime University 

Odessa, Ukraine 

 

Abstract: This paper analyses the harms of electric cars. The topic is relevant 

due to the growth of the market for this type of transport around the world. A 

comparative analysis of the approximate pollution coefficient from internal 
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According to a study conducted in the summer of 2023, it was found that 

almost one in five new registered vehicles in June were electric. In 2023, there were 

more than 5.8 million electric vehicles and hybrids connected to the network, which 

is a record at the moment. The chart below shows how many electric vehicles were 

purchased in 6 years. (Fig. 1) 

 

When it comes to electric cars, the first association that comes to mind is 

environmental friendliness, because they do not emit harmful substances into the 

atmosphere. According to research, this is not the case. 

In most cases, electric vehicles use lithium batteries. The damage from such 

batteries in the first stage ï the stage of production ï is felt mainly by people working 

in the respective factories. In the production of lithium-ion batteries, such harmful 

and 
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Fig. 1. Global sales of electric vehicles from 2018 to 2023 [1] 

Dangerous substances are used both for the environment and for the human 

body, such as cobalt, nickel and lithium boride. In addition, the harm from such 

batteries at the production stage is equal to that which throws into the atmosphere an 

ordinary car with an internal combustion engine for several years. The impact of the 

electric car on the environment is also due to the large number of batteries that are 

used in it.  

The next stage is the operation of the lithium-ion battery. When driving, the 

electric car does not emit harmful gases into the atmosphere, like an internal 

combustion engine, but these gases emit a power plant. The largest share of energy 

produced at power plants that burn fuel (coal and gas), thereby forming the main 

environmental damage from the electric vehicle. However, even with this factor, the 

total damage from the electric car will be at least twice less.  

The efficiency of the electric motor is 88-95%, and the efficiency of the 

transmission for an electric vehicle is comparable to the efficiency of the car's 

transmission with an internal combustion engine (80-90%). Thus, the amount of 

energy consumed in an electric vehicle will be 0.54-0.70 MJ/km. Despite the high 

efficiency of the electric vehicle, the battery has the property of self-discharge even in 

the absence of load. On average, one lithium-ion battery lasts 12-14 years. In the 

Regulations on maintenance and repair of road transport equipment of road transport 

it is noted that the normal mileage can be 75 thousand km for a car of five years of 

age [2].  

Thus, for 13 years of operation, we have 135 thousand kilometers of mileage. 
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On full charge, the electric car overcomes 200 kilometers. Therefore, the 1 battery of 

the electric vehicle must be charged approximately 134 800 times during the service 

life. To provide electricity to one electric vehicle, tons of pollutants are released into 

the atmosphere. The final stage is the completion of the battery life cycle and its 

disposal. As mentioned above, in the production of lithium-ion batteries, such toxic 

substances as cobalt, nickel and lithium boride are used. Such elements cannot be 

buried in the ground. 

Otherwise, there is a negative impact on the restoration of soil and 

groundwater. 

It is also worth noting that batteries are dangerous not only for the 

environment, but also for humans. There are many cases of self-ignition of batteries, 

which can lead to a fire. Most often, fire is associated with a sharp increase in 

temperature due to a short circuit of electrodes. Sometimes the cause can be not only 

physical effects on the battery, but also a technical defect or complex internal 

processes during aging [3]. Summing up all of the above, we can conclude that in 

terms of consumption of electric vehicles is really a relatively environmentally 

friendly mode of transport. But some processes that occur before, during and after 

use, such can not be called. Mass use of electric vehicles can lead to an improvement 

in the environmental situation on the planet, but such measures should be systemic. In 

addition to replacing cars with internal combustion engines, energy should be 

produced in an environmentally friendly way, processed without the penetration of 

harmful substances into various environments, etc.  
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Summary: The new technical solution of a heat-recovery device designed to 

heat the air for combustion of plants burning fuels from solid household waste 

installations to increase the efficiency of these plants by to the recovery of the heat of 

spent waste gases is proposed. The results of calculation studies of the air-heating 

heat exchanger are given and the regularities of changes in its main heat technical 

indicators in different operating modes during the year in the practical range of 

changes in the parameters of heat carriers at the entrance to the heat-recovery unit are 

established. 
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Combustion of solid household waste and artificial fuels from them is one of 

the ways to combat their accumulation and negative impact on the environment and 

human health [1, 2]. The important problems of creating appropriate technological 

installations are to ensure the efficient burning of the specified fuels and the deep 

recovery of the generated heat. Recovery heat of the waste gases heat in such 
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technological installations is a rather difficult task due to the content in the 

combustion products of these installations of chemically aggressive compounds in a 

gaseous state, as well as solid removal of various chemical and fractional 

compositions in the form of dust [3-5] 

The purpose of the work is to develop a technical solution for a waste gas heat 

exchanger characterized by high thermal efficiency, resistance of working surfaces to 

the corrosive and erosive action of waste gases, the possibility of partial self-cleaning 

of these surfaces from dust deposits and, if necessary, their forced cleaning for plants 

burning fuels from solid household waste (PBF-SHW), as well as determination of its 

thermal efficiency indicators. 

To increase the efficiency of PBF-SHW, a technical solution of a heat-recovery 

unit (Fig. 1) is proposed, designed to heat the air for combustion of these installations 

due to the recovery of the heat of the spent waste gases leaving after the turbine or 

water heating boiler.  

The heat exchange surface of the heat exchanger consists of a package of steel 

panels formed by pipes with membranes. The pipes used in the panels have annular 

flow turbulators (Fig. 1b), which ensure the intensification of heat exchange on their 

inner surfaces by 1.4 õ 1.8 times with a moderate, compared to other methods of 

intensification of heat exchange, increase in aerodynamic resistance. 

The movement of heat-transfer agents (Fig. 1b) is cross-flow, where air passes 

in a horizontal plane - inside the pipes, and flue gases in a vertical plane - in the 

inter-panel space, which ensures the process of self-cleaning from dust deposits on 

the surface of the panels. For forced cleaning of these surfaces with compressed air, 

special hatches are provided in the design of the heat-recovery unit. 

Computational studies were performed on the thermal efficiency indicators of 

the developed air-heating heat-recovery unit. The initial data (Table 1) for performing 

calculation studies of the heat-recovery unit were taken in their practical range of 1 

t/h according to literature data [6, 7]. 
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a) b) 

Fig. 1. Schematic circuit of an air-heated heat-recovery unit for PBF-SHW: 

a) general view of the unit; b) heat exchange surface and directions of movement 

of heat carriers. 

 

Table 1 

Initial data 

Characteristic name, dimension Value 

Waste gas consumption, kg/s 1,8 

Excess air factor 1.5 õ 2.5 

Inlet temperature of waste gas, Üʉ 200 õ 300 

Inlet temperature of air, Üʉ -20 õ +20 

Inlet moisture content of waste gases, kg/kg dry 

gases 
0.15 õ 0.20 

Coefficient of dustiness of the heat exchange 

surface 
0.5 õ 1.0 

 

The analysis of the obtained results shows that the use of the proposed heat 

exchanger during the year at different values of the coefficient of excess air in the 

waste gases ensures their cooling to a temperature of 107 õ 152 Áʉ and heating of the 

air to 131 õ 151 Áʉ for the initial temperature of the gases tg
in
 = 200 Áʉ. If, under the 

same conditions, the temperature of the tg
in
 is increased to 300 Áʉ, a higher level of 

air heating is achieved (up to a temperature of 198 õ 220 Áʉ), but an increase in the 

output temperature of waste gases within the range of 168 õ 227 Áʉ is also realized. 

According to the research results, for the considered conditions, the thermal 
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productivity of the Q heat-recovery exchanger during the year varies in the range of 

95 õ 274 kW. Moreover, the Q value increases with an increase in the initial 

temperature of waste gases and air flow and decreases with an increase in its 

temperature ta. 

It was also established that, under the considered conditions, the change in the 

initial moisture content of waste gases does not affect their final moisture content. 

That is, in the heat recovery process, deep cooling of these gases is not implemented, 

which protects the working surfaces of the heat-recovery unit from the corrosive 

action of the condensate during operation, in which the corrosive compounds 

contained in the waste gases are usually dissolved. 

A study was also carried out on the temperature indicators of the heat transfer 

medium of the heat-recovery device in the presence of contamination on its heat 

exchange surface. Researches were carried out in the range of values of the dustiness 

coefficient k from 0.5 to 1. The value k = 0.5 corresponds to a reduction of the heat 

transfer coefficient by half, other things being equal. The analysis of the obtained 

results shows that the value of the final temperature of the heated air at values of       

k = 0.5 decreases by 1.3 õ 1.4 times and its minimum value is 95 Áʉ. Under these 

conditions, the final temperature of the waste gases increases by 1.1 õ 1.2 times to the 

maximum value of 245 ÁC, which indicates an insufficient level of use of their heat 

and the need for forced removal of dust pollution from the surface of the heat 

exchanger. 

In Fig. 2, as an example, the results of research on the dependence of the 

thermal efficiency Q of the heat exchanger on the dust level of the heat exchange 

surfaces k at different values of the inlet temperatures of the heat-transfer agents 

(waste gases and air) and the coefficient of excess air in the waste gases Ŭ = 2.0. 

The given data show that the value of the heat productivity Q in the presence of 

dust deposits on the heat exchange surface under the considered conditions varies in 

the range of 88 õ 216 kW. And this value is all the more, the lower the level of 

surface dust, the lower the inlet temperature of the heated air and the higher the 

temperature of the waste gases, the higher the coefficient of excess air. Calculations 
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showed that in the case of Ŭ = 2.5, the minimum value of Q during the operation of 

the heat-recovery unit decreases to 72 kW. In order to increase the heat productivity 

Q, it is necessary to periodically clean the heat exchanger. 

 

a)                                                                        b) 

Fig. 2. Dependence of the thermal productivity Q of the heat-recovery exchanger 

on the contamination coefficient k of the heat exchange surface at different 

values of the temperature of the waste gases and air at the inlet and the 

coefficient of excess air a = 2.0: ʘ) tg
in
 = 200 Áʉ, ʙ) tg

in
 = 300 Áʉ; 1 ï ta = -20 Áʉ; 

2 ï ta = 0 Áʉ; 3 ï ta = +20 Áʉ. 

 

The maximum level of surface contamination, at which it is necessary to carry 

out forced removal of dust deposits, is determined by the specific conditions of 

operation of the heat-recovery exchanger, namely: the rate of dusting of the heating 

surface, the required level of the final air temperature, the conditions for the technical 

implementation of the cleaning process, etc. 

Conclusions. 

1. A new technical solution of an air-heated heat-recovery unit for plants 

burning household waste and synthetic fuels from them has been developed, which is 

characterized by high thermal efficiency, resistance of working surfaces to corrosion 

and the possibility of forced cleaning of these surfaces from dust deposits. 

2. It was established that the deposition of dust on the heat exchange surface 
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leads to a decrease in the temperature of the heated air by 1.3 õ 1.4 times and an 

increase in the final temperature of the waste gases by 1.1 õ 1.2 times. In this case, 

the heat transfer coefficient of the heat exchanger is reduced by half. 
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Abstract: The use of the similarity theory in convective heat exchange is 

considered. The determination of heat transfer coefficients using the 

calculation-experimental method and the regular thermal mode method is given. The 

calculation of the experiment was performed using two methods, and the results of 

the calculations were compared. It was determined that the RTR method makes it 

possible to determine the intensity of heat exchange in unknown substances with an 

error of 30 ï 40% 

Keywords: similarity theory; heat transfer coefficient; calculation and 

experimental method; regular thermal mode. 

 

Introduction.  Convective heat exchange is a complex phenomenon described 

by a system of differential equations. Considering the significant complexity of the 

differential equations governing convective heat exchange and the uniqueness 

conditions involving numerous variables, obtaining an analytical solution for the 

general case is not feasible. The solution to this problem is possible through the 

application of similarity theory. Widely used in engineering, similarity theory aids in 

solving problems related to heat exchange, hydrodynamics, mass transfer, and other 
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processes. It enables the extrapolation of results from measurements or studies in one 

system to predict the behavior of analogous systems with different parameters or 

conditions [1]. Similarity theory does not provide a solution but allows for the 

generalization of experimental data. It is a theory of experimentation, making it 

particularly valuable for scientific domains based on experimentation or digital 

solutions. Convective heat exchange falls into such a domain. The purpose of this 

work is to investigate the methodology for determining the regular thermal mode in 

fluids. 

Research results. Mathematical description of convective heat exchange 

processes consists of a complete system of differential equations, supplemented by 

uniqueness conditions and the addition of the differential equation of heat transfer. 

The similarity theory is applied to determine the regular thermal regime (RTR) ï a 

heat conduction process in which the excess temperature field remains similar during 

changes in time. The concept of a regular thermal regime is justified only for solid 

bodies and systems of solid bodies [2, 3]. For liquids, sources of information where 

the existence of a regular thermal regime in the process of unsteady heat exchange 

has been identified and established are unknown. 

The heat transfer research was conducted on a laboratory experimental stand. 

The main elements of the stand are two metal cavities. In container 1, with a diameter 

of d=200 mm and a height of H=143 mm, cold water at a temperature of t1=22 ÜC is 

poured. In container 2, with a diameter of d=85 mm, a height of H=132 mm, and a 

wall thickness of ŭ=0.3 mm, a heat transfer fluid at a temperature of t2=60 ÜC is 

poured ï a mixture of 500 grams composed of water and crushed sunflower husks. 

Subsequently, container 2 with the cold heat transfer fluid is placed inside container 

1. After a certain interval of time, temperature measurements are taken with 

resistance thermometers equipped with analog-to-digital converters at five points in 

the cavity V1 and five points in V2. The experiment concludes when the average 

temperature difference æt reaches 3 to 5 ÁC. To determine the heat transfer 

coefficients, two methods are considered. The first method is 

computational-experimental, based on determining the heat transfer coefficient using 



151 

dimensionless equations. The accuracy in determining the flow regime, defining 

temperature, linear size, and selecting the dimensionless equation within the 

appropriate range is crucial in this method. 

The heat transfer coefficient Ŭ2 is given by the formula: 

Ŭ2= (1/ə -l/(NuĀɚ)-ŭ/ɚ )
-1
 

where: Nu is the Nusselt number, l ï the characteristic size, ɚ ï the thermal 

conductivity of the wall of the heat exchange surface, ŭ ï the thickness of the wall of 

the heat exchange surface, ə ï the experimental heat transfer coefficient [4]. 

Now, considering the second method for determining heat transfer 

coefficients - the method of regular thermal regime. The coefficient Ŭ2 is determined 

through the temperature gradient (cooling or heating). The temperature gradient 

represents the relative rate of temperature change within the substance. 

The heat transfer coefficient Ŭ2 in this method is given by: 

Ŭ2= (1/ə -mCp/F )
 -1

 

where: ɣ is the coefficient of non-uniformity of temperature distribution, F is 

the area of the cylindrical vessel, m ï the temperature gradient (cooling or heating) of 

the experimental liquid medium, ʉʨ ï the heat capacity of the liquid medium, 

J/(kgĿK). 

The use of the regular thermal regime method simplifies the design of the 

setup, enhances its reliability, and expands the possibilities for experimental research.  

Conclusions. 

The methods for determining heat transfer coefficients using the 

computational-experimental method and the regular thermal regime method have 

been discussed. The application of the regular thermal regime methods enables the 

prediction of heat transfer coefficients and the determination of equivalent thermal 

conductivity coefficients in real heat exchange conditions, during heating and 

cooling, with an error of Ñ30-40%. This method provides new information about heat 

exchange mechanisms in viscous liquid mediums and improves the accuracy of 

estimating heat exchange intensity. 
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Abstracts: the paper proposes developments that complement the capabilities 

of the Autodesk Inventor package to reduce the time for depicting parametric 

three-dimensional models of parts with elements such as stiffeners in orthogonal 

projections and their axonometric images in the Autodesk Inventor package in 

accordance with the requirements of current standards. 

Keywords: conventions and simplifications of images, projection views, 

axonometry, parametric void area, toolkit, Autodesk Inventor package. 

 

The most popular computer-aided design environment is the Autodesk Inventor 

package [5], a product of the Autodesk company. The package has a user-friendly 

interface, a design support system, and an excellent multimedia assistance system, 

and a large set of tools is used to develop parametric 3D models of structural 

elements of parts, assemblies, mechanisms, and their working drawings.  

However, when constructing working drawings based on 3D models, some 

conventions and simplifications are not taken into account [1, 3], namely, the image 

on orthogonal and axonometric projections of stiffeners, thin walls, lugs, etc. 

The paper proposes a generalized algorithm for depicting elements of 

stiffeners, thin walls, lugs, etc. on orthogonal and axonometric projections [2]. This 

algorithm does not require knowledge of the built-in VBA programming language 

and the use of iLogic tools.  

The essence of the algorithm is that when building a parametric [4] 

three-dimensional model of a part, an additional three-dimensional hollow element 
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(elements) is added (Fig. 1). The location, shape, and dimensions of the element 

(elements) are determined by the conditions of depicting sections of parts (the 

presence of hatching) in the drawings (on orthogonal and axonometric projections of 

stiffeners, thin walls, lugs, etc.) 

For example, the dimensions of the sides of stiffeners directed along the long 

side, thin walls, lugs, etc. differ from their geometry by an infinitesimal amount (it 

can be varied) (Fig. 2, b). The width of the element(s), on the contrary, is an 

infinitesimal value æ.  

Since the position of the hollow element(s) is related to the sectional plane, the 

sectional plane must be located in the middle of the hollow element(s) to be depicted 

on orthogonal projections of the part elements (Fig. 1, a). And for the image on 

axonometric projections, the sectional plane should be located in front of or outside 

the hollow element(s) at an infinitesimal distance (Fig. 1, b). Then the error in the 

location of the sectional plane will be infinitesimal. In this case, the error can be 

varied. 

 

ʘ                                     b 

Fig. 1. Parametric three-dimensional hollow element. The position of the 

sectional plane relative to the parametric hollow element: 

a - in orthogonal projections; b - in axonometry 

 

Activating the view display tool "Hidden Line Removed" speeds up the design 

of part drawings, since parametric three-dimensional hollow elements are displayed 

only on those views that have sections. 

The generalized image algorithm can be used for any part element and for any 
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position of the sectional plane. 

In Fig. 2, a shows a 3D model of a part with two stiffeners located in different 

planes. Moreover, the rib located parallel to the frontal projection plane has a local 

hole. 

Using a generalized algorithm, additional three-dimensional hollow elements 

are added (Fig. 2, b). The location, shape, and dimensions of the parametric elements 

are related to the geometry of the 3D model and are determined by the conditions of 

the image of the sections in the drawing. 

 

ʘ                                                                           b 

Fig. 2. Additional three-dimensional hollow elements 

a - 3D model of the part; b - location and geometry 

 

Next, to take into account some conventions and simplifications, namely, the 

depiction of stiffeners, thin walls, ears, etc. on orthogonal and axonometric 

projections, you need to perform the following sequence of actions: 

1. Taking into account the position of the hollow element(s) associated with the 

sectional plane, draw sketches on views or planes where conventions and 

simplifications are taken into account (Fig. 3, a) using the "Start Sketch" tool and the 

toolbar "Create"; 

2. Using the "Break Out" tool, remove the necessary part of the 3D model of 

the part according to the sketch, taking into account the position of the sectional 

plane, which should be located within the hollow element; 

3. To depict a 3D model of a part on an axonometric projection, the sectional 

plane must be located in front of or outside the hollow element at an infinitesimal 
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distance (it can be varied) (Fig. 3, b). In this case, the error in the location of the 

sectional plane will be infinitesimal.  

The result of using the generalized algorithm is shown in Fig. 4. 

 

ʘ 

 

b 

Fig. 3. Determining the conditions for depicting sections on a drawing 

a - projection views; b - axonometry 

 

 

Fig. 4. The result of using parametric hollow elements 

in orthogonal projections and in axonometry 
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The study of the limitations on the application of the generalized algorithm in 

the construction of 3D models and the design of part drawings showed that it can be 

used to construct any section and cross section without restrictions, namely: 

regardless of the position of the sectional plane relative to the projection planes; 

regardless of the position of the sectional plane relative to the part; regardless of the 

number of sectional planes; regardless of the position of local sections, taking into 

account the conventions and simplifications in accordance with the requirements of 

current standards. 

To solve engineering problems (static, kinematic, dynamic, temperature, etc.), 

the integrity of 3D part models can be easily restored by hiding a 3D hollow 

element(s) with the "Suppress Features" tool in the construction tree "Model 

Browser". 
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ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʚ ʩʫʯʘʩʥʦʤʫ ʮʠʬʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʦʙʫʤʦʚʣʝʥʘ ʨʷʜʦʤ 

ʟʥʘʯʫʱʠʭ ʬʘʢʪʦʨʽʚ. ʆʜʠʥ ʽʟ ʥʠʭ - ʮʝ ʢʦʥʢʫʨʝʥʪʥʘ ʙʦʨʦʪʴʙʘ ʚ 

ʦʥʣʘʡʥ-ʩʝʨʝʜʦʚʠʱʽ. ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʘʡʪʽʚ ʚ 

ʦʥʣʘʡʥ-ʧʨʦʩʪʦʨʽ ʩʪʘʻ ʚʘʞʣʠʚʠʤ ʨʦʟʫʤʽʪʠ, ʷʢ ʦʮʽʥʶʻʪʴʩʷ ʪʘ ʚʠʤʽʨʶʻʪʴʩʷ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʤʽʱʝʥʦʛʦ ʥʘ ʥʠʭ ʢʦʥʪʝʥʪʫ, ʟ ʤʝʪʦʶ ʧʨʠʚʝʨʥʝʥʥʷ ʪʘ ʫʪʨʠʤʘʥʥʷ 

ʫʚʘʛʠ ʘʫʜʠʪʦʨʽʾ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʾ ʢʦʥʢʫʨʝʥʮʽʾ. 

ʂʣʯʁʦʚʽ ʩʣʦʚʘ: ʤʫʣʴʪʠʤʝʜʽʡʥʠʡ ʩʘʡʪ, ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʉʘʘʪʽ, 

ʤʫʣʴʪʠʤʝʜʽʡʥʠʡ ʢʦʥʪʝʥʪ, ʩʘʡʪ, ʢʦʥʪʝʥʪ-ʤʘʨʢʝʪʠʥʛ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʋ ʩʫʯʘʩʥʦʤʫ ʮʠʬʨʦʚʦʤʫ ʩʚʽʪʽ ʽʩʥʫʻ ʚʝʣʠʯʝʟʥʘ 

ʢʽʣʴʢʽʩʪʴ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʘʡʪʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʧʨʘʛʥʝ ʧʨʠʚʝʨʥʫʪʠ ʪʘ ʫʪʨʠʤʘʪʠ 

ʫʚʘʛʫ ʘʫʜʠʪʦʨʽʾ. ʆʜʥʘʢ, ʚʠʟʥʘʯʝʥʥʷ ʪʦʛʦ, ʱʦ ʨʦʙʠʪʴ ʢʦʥʪʝʥʪ ʥʘ ʮʠʭ ʩʘʡʪʘʭ 

ʝʬʝʢʪʠʚʥʠʤ, ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʯʝʨʝʟ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʘʢʪʦʨʽʚ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʣʫʯʝʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʙʽʟʥʝʩ-ʮʽʣʝʡ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʛʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʷʢʫ ʨʦʟʛʣʷʜʘʻ ʮʷ ʩʪʘʪʪʷ, ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʝʥʪʫ, ʷʢʠʡ ʙʠ ʚʢʣʶʯʘʚ 

ʘʥʘʣʽʟ ʚʽʟʫʘʣʴʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ, ʟʘʣʫʯʝʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʪʝʭʥʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤ. ɸʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ 

ʨʦʟʛʣʷʥʫʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ ʘʥʘʣʽʟʫ, ʚʢʣʶʯʘʶʯʠ ʢʽʣʴʢʽʩʥʽ ʪʘ 

ʷʢʽʩʥʽ ʦʮʽʥʢʠ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʣʠʙʰʦʛʦ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʷʢ ʢʦʥʪʝʥʪ ʤʦʞʝ ʙʫʪʠ 

ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʘʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 
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ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

ʪʘ ʧʫʙʣʽʢʘʮʽʡ ʚ ʦʙʣʘʩʪʽ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʝʥʪʫ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ 

ʩʘʡʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʚʦʥʠ ʦʭʦʧʣʶʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʠʪʘʥʴ, ʚʽʜ ʶʟʘʙʽʣʽʪʽ ʪʘ 

ʜʠʟʘʡʥʫ ʚʝʙ-ʩʘʡʪʽʚ ʜʦ ʚʝʙ-ʘʥʘʣʽʪʠʢʠ ʪʘ ʢʦʥʪʝʥʪ-ʤʘʨʢʝʪʠʥʛʫ. ʅʘʷʚʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʧʨʦʙʣʝʤʠ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʝʥʪʫ ʜʣʷ 

ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʘʡʪʽʚ - Jacob Nielsen's Heuristic Evaluation: Nielsen - ʦʜʠʥ ʽʟ 

ʧʨʦʚʽʜʥʠʭ ʝʢʩʧʝʨʪʽʚ ʫ ʩʬʝʨʽ ʶʟʘʙʽʣʽʪʽ. ʁʦʛʦ ʤʝʪʦʜʠ ʝʚʨʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʥʘʜʘʶʪʴ 

ʥʘʙʽʨ ʧʨʘʚʠʣ ʜʣʷ ʦʮʽʥʢʠ ʶʟʘʙʽʣʽʪʽ ʩʘʡʪʽʚ. ʍʦʯʘ ʮʝ ʥʝ ʧʨʷʤʦ ʧʦʚ'ʷʟʘʥʦ ʟ 

ʤʫʣʴʪʠʤʝʜʽʡʥʠʤ ʢʦʥʪʝʥʪʦʤ, ʮʽ ʤʝʪʦʜʠ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʽ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʘʡʪʫ. 

ʂʣʶʯʦʚʫ ʨʦʣʴ ʚ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʢʦʥʪʝʥʪʫ ʥʘ ʨʽʟʥʠʭ ʧʣʘʪʬʦʨʤʘʭ ʚʽʜʽʛʨʘʶʪʴ 

ʚʽʟʫʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʨʦʟʢʨʠʚʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʘ 

ʜʠʩʪʨʠʙʫʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʜʫʢʪʫ. ɺʽʟʫʘʣʴʥʽ ʢʦʤʫʥʽʢʘʮʽʾ ʩʪʘʶʪʴ ʥʘʡʙʽʣʴʰ 

ʟʘʪʨʝʙʫʚʘʥʠʤ ʩʧʦʩʦʙʦʤ ʜʦʩʪʘʚʢʠ ʤʝʩʝʜʞʫ ʜʦ ʘʫʜʠʪʦʨʽʾ, ʱʦ ʟʫʤʦʚʠʣʦ ʾʭʥʶ 

ʧʦʧʫʣʷʨʥʽʩʪʴ ʫ ʩʠʩʪʝʤʽ ʤʘʩ-ʤʝʜʽʘ. 

ɼʦʩʣʽʜʞʝʥʥʶ ʚʽʟʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠʩʚʷʯʝʥʦ ʯʠʤʘʣʦ ʧʨʘʮʴ. ɿʦʢʨʝʤʘ, 

ʢʥʠʛʠ ʅʝʡʤʘʥʘ ʗʫ "Visualize This", ɹʝʥʘ ʌʨʘʷ "Visualizing Data", ɼʝʚʽʜʘ 

ʄʘʢʂʝʥʜʣʝʩʘ "Information is Beautiful", ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʨʦʙʦʪʠ ɽʜʚʘʨʜʘ ʊʘʬʪʽ, 

ɸʣʴʙʝʨʪʘ ʂʘʾʨʦ. 

ʇʨʦʬʝʩʦʨ ʧʩʠʭʦʣʦʛʽʾ Richard E. Mayer ʥʘ ʬʘʢʫʣʴʪʝʪʽ ʦʩʚʽʪʠ ʋʥʽʚʝʨʩʠʪʝʪʫ 

ʂʘʣʽʬʦʨʥʽʾ ʚ ʉʘʥʪʘ-ɹʘʨʙʘʨʽ ʫ ʩʚʦʾʡ ʨʦʙʦʪʽ çMultimedia Learning è, ʧʨʦʚʽʚ ʥʠʟʢʫ 

ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʪʦʛʦ, ʷʢ ʣʶʜʠ ʥʘʚʯʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ 

ʢʦʥʪʝʥʪʫ. ʁʦʛʦ ʧʨʠʥʮʠʧʠ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘʜʘʶʪʴ ʦʩʥʦʚʫ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʦʩʚʽʪʥʴʦʛʦ ʢʦʥʪʝʥʪʫ. ʈʽʯʘʨʜ ɽ. ʄʘʻʨ ʟʨʦʙʠʚ ʟʥʘʯʥʠʡ 

ʚʥʝʩʦʢ ʫ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ. ˆʨʫʥʪʫʶʯʠʩʴ ʥʘ 

ʢʦʛʥʽʪʠʚʥʽʡ ʪʝʦʨʽʾ ʦʧʨʘʮʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʚʽʥ ʜʦʩʣʽʜʞʫʚʘʚ, ʷʢ ʣʶʜʩʴʢʠʡ 

ʤʦʟʦʢ ʟʘʩʚʦʶʻ ʡ ʦʧʨʘʮʴʦʚʫʻ ʽʥʬʦʨʤʘʮʽʶ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʚʢʣʶʯʥʦ ʟ ʪʝʢʩʪʦʤ, 

ʟʦʙʨʘʞʝʥʥʷʤʠ ʪʘ ʟʚʫʢʦʤ. ʁʦʛʦ ʨʦʙʦʪʠ ʚʠʷʚʠʣʠ, ʱʦ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʷʛʘʶʪʴʩʷ, ʢʦʣʠ ʩʣʦʚʝʩʥʽ ʪʘ ʚʽʟʫʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʧʦʻʜʥʫʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦ ʧʽʜʩʠʣʶʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ, ʟʘʤʽʩʪʴ ʪʦʛʦ ʱʦʙ ʢʦʥʢʫʨʫʚʘʪʠ ʟʘ ʫʚʘʛʫ ʪʦʛʦ, ʭʪʦ 
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ʥʘʚʯʘʻʪʴʩʷ, ʘʙʦ ʧʝʨʝʚʘʥʪʘʞʫʚʘʪʠ ʢʦʛʥʽʪʠʚʥʽ ʨʝʩʫʨʩʠ [1]. 

ʄʝʪʘ ʩʪʘʪʪʽ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʪʘ 

ʩʪʫʧʝʥʷ ʚʧʣʠʚʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʝʥʪʫ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʩʘʡʪʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ɸʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʉʘʘʪʽ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ ʚʽʜʥʦʩʥʫ ʚʘʛʦʤʽʩʪʴ 

ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʘ ʪʘ ʚʠʷʚʠʪʠ ʢʣʶʯʦʚʽ ʧʦʢʘʟʥʠʢʠ ʫʩʧʽʰʥʦʩʪʽ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʡ ʢʦʥʪʝʥʪʫ, ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʚʝʨʩʽʾ 

ʪʘ ʧʦʣʽʧʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʜʦʩʚʽʜʫ. ʋ ʨʘʤʢʘʭ ʮʽʻʾ ʤʝʪʠ 

ʧʣʘʥʫʻʪʴʩʷ ʦʮʽʥʢʘ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʦʚʠʱʘ ʚ ʜʘʥʽʡ ʛʘʣʫʟʽ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ 

ʦʩʥʦʚʥʠʭ ʚʠʢʣʠʢʽʚ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ. ʈʦʟʜʽʣʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ ʚʢʣʶʯʘʪʠ ʘʥʘʣʽʟ ʪʠʧʽʚ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ, 

ʚʠʚʯʝʥʥʷ ʪʝʥʜʝʥʮʽʡ, ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʤʘʪʠʯʥʠʭ ʩʪʨʘʪʝʛʽʡ, ʧʝʨʝʣʽʢ 

ʢʨʠʪʝʨʽʾʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʢʦʥʪʝʥʪʫ ʥʘ ʩʘʡʪʽ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʙʫʜʝ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ, ʷʢʽ ʜʦʧʦʤʦʞʫʪʴ ʨʦʟʢʨʠʪʠ ʩʫʪʥʽʩʪʴ 

ʪʘ ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʬʦʨʤʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʫʯʘʩʥʘ ʝʧʦʭʘ ʮʠʬʨʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʧʨʠʚʥʝʩʣʘ ʚ ʥʘʰʝ ʞʠʪʪʷ ʙʝʟʣʽʯ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ. ʊʝʢʩʪʠ, ʟʦʙʨʘʞʝʥʥʷ, ʟʚʫʢʠ ʪʘ ʚʽʜʝʦ ï ʮʝ 

ʣʠʰʝ ʥʝʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʬʦʨʤʘʪʽʚ, ʱʦ ʦʭʦʧʣʶʶʪʴ ʥʘʰʽ 

ʝʢʨʘʥʠ ʪʘ ʜʠʥʘʤʽʢʠ. ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʤʠ ʨʦʟʧʦʯʥʝʤʦ ʟʘʭʦʧʣʶʶʯʫ ʧʦʜʦʨʦʞ ʫ 

ʩʚʽʪ ʪʠʧʽʚ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ, ʜʝ ʢʦʞʝʥ ʬʦʨʤʘʪ ʻ ʫʥʽʢʘʣʴʥʠʤ 

ʤʠʩʪʝʮʪʚʦʤ ʪʘ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚʧʣʠʚʫ ʥʘʰʠʭ ʧʦʯʫʪʪʽʚ ʪʘ ʩʧʨʠʡʥʷʪʪʷ. ɻʦʣʩʪʽ [2] 

ʥʘʜʘʻ ʰʠʨʦʢʝ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʪʝʥʪ-ʘʥʘʣʽʟʫ ʷʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʫʢʦʚʠʭ ʤʝʪʦʜʽʚ ʜʦ 

ʜʦʢʫʤʝʥʪʘʣʴʥʠʭ ʜʦʢʘʟʽʚ. ʊʘʢ ʩʘʤʦ ʂʨʽʧʧʝʥʜʦʨʬ ʚʠʟʥʘʯʘʻ ʢʦʥʪʝʥʪ-ʘʥʘʣʽʟ ʷʢ 

çʜʦʩʣʽʜʥʠʮʴʢʫ ʪʝʭʥʽʢʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʧʣʽʢʦʚʘʥʠʭ ʪʘ ʚʘʣʽʜʥʠʭ ʚʠʩʥʦʚʢʽʚ ʟ 

ʜʘʥʠʭ ʾʭ ʢʦʥʪʝʢʩʪʫè [3]. ʂʦʥʪʝʥʪ-ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʘʥʘʣʽʟ ʜʘʥʠʭ ʽ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʫ ʷʢʽʩʥʠʭ, ʪʘʢ ʽ ʫ ʢʽʣʴʢʽʩʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [4]. 

ɿʘʟʚʠʯʘʡ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʽʥʜʠʚʽʜʫʘʣʴʥʽʡ ʧʝʨʩʧʝʢʪʠʚʽ, ʷʢʽʩʥʠʡ ʢʦʥʪʝʥʪ-ʘʥʘʣʽʟ 

ʩʭʦʞʠʡ ʥʘ ʪʝʢʩʪʦʚʠʡ ʘʥʘʣʽʟ ʪʠʤ, ʱʦ ʚʽʥ ʧʝʨʝʚʘʞʥʦ ʽʥʪʝʨʧʨʝʪʘʪʠʚʥʠʡ ʟʘ ʩʚʦʻʶ 

ʧʨʠʨʦʜʦʶ ʽ ʯʘʩʪʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʪʘʪʠʩʪʠʢʫ ʜʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʢʽʣʴʢʽʩʥʠʡ ʢʦʥʪʝʥʪ-ʘʥʘʣʽʟ - ʮʝ ʜʦʩʣʽʜʥʠʮʴʢʘ ʪʝʭʥʽʢʘ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 
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ʚʘʣʽʜʥʠʭ ʪʘ ʥʘʜʽʡʥʠʭ ʚʠʩʥʦʚʢʽʚ ʟ ʜʘʥʠʭ ʾʭ ʢʦʥʪʝʢʩʪʫ [3]. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʢʦʥʪʝʥʪʫ ʪʘʢ ʩʘʤʦ ʫʤʦʚʥʘ ʪʘ ʥʝʦʜʥʦʟʥʘʯʥʘ, ʷʢ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʥʪʝʥʪʫ. ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʚʠʜʠ ʢʦʥʪʝʥʪʫ. 

ɿʘ ʧʦʜʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ. ɿ ʧʦʛʣʷʜʫ ʧʦʜʘʯʽ ʢʦʥʪʝʥʪ ʙʫʚʘʻ: 

Å ʊʝʢʩʪʦʚʠʤ (ʩʪʘʪʪʽ, ʥʦʚʠʥʠ, ʧʦʩʪʠ). 

Å ɻʨʘʬʽʯʥʠʡ (ʢʘʨʪʠʥʢʠ, ʽʥʬʦʛʨʘʬʽʢʘ). 

Å ʋ ʬʦʨʤʘʪʽ ʚʽʜʝʦ (ʨʦʣʠʢʠ, ʩʪʦʨʽʟ). 

Å ʋ ʬʦʨʤʘʪʽ ʘʫʜʽʦ (ʧʦʜʢʘʩʪʠ, ʘʫʜʽʦʧʦʚʽʜʦʤʣʝʥʥʷ). 

ʄʘʪʝʨʽʘʣ, ʷʢʠʡ ʤʦʞʥʘ ʟʘʨʘʭʫʚʘʪʠ ʦʜʥʦʯʘʩʥʦ ʜʦ 2 ʟ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʜʽʚ, 

ʚʚʘʞʘʻʪʴʩʷ ʤʫʣʴʪʠʤʝʜʽʡʥʠʤ ʢʦʥʪʝʥʪʦʤ. ʅʘʧʨʠʢʣʘʜ, ʩʪʘʪʪʷ ʚ ʽʥʪʝʨʥʝʪʽ, ʱʦ 

ʤʽʩʪʠʪʴ ʽʣʶʩʪʨʘʮʽʾ, ʙʫʜʝ ʤʫʣʴʪʠʤʝʜʽʡʥʦʶ. 

ɿʘ ʟʤʽʩʪʦʤ. ʋ ʨʘʤʢʘʭ ʮʽʻʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʦʥʪʝʥʪ ʧʦʜʽʣʷʶʪʴ ʥʘ: 

Å ɯʥʬʦʨʤʘʮʽʡʥʠʡ (ʙʣʦʛʦʚʽ ʩʪʘʪʪʽ, ʦʛʣʷʜʠ, ʥʦʚʠʥʠ). 

Å ʇʽʟʥʘʚʘʣʴʥʠʡ (ʩʪʦʨʽʪʣʽʥʛ, ʨʝʮʝʥʟʽʾ, ʦʩʦʙʠʩʪʽ ʜʦʙʽʨʢʠ) 

Å ʈʦʟʚʘʞʘʣʴʥʠʡ (ʢʫʤʝʜʥʽ ʚʽʜʝʦʨʦʣʠʢʠ). 

Å ʂʦʤʝʨʮʽʡʥʠʡ (ʨʝʢʣʘʤʥʽ ʪʝʢʩʪʠ ʪʘ ʙʘʥʝʨʠ, ʚʽʜʝʦʨʝʢʣʘʤʘ ʚ ɯʥʩʪʘʛʨʘʤʽ). 

Å ɯʥʪʝʨʘʢʪʠʚʥʠʡ (ʢʦʥʢʫʨʩʠ, ʦʧʠʪʫʚʘʥʥʷ, ʦʙʛʦʚʦʨʝʥʥʷ). 

ɿʘ ʟʚʽʪʦʤ Global Digital 2021, 35% ʦʧʠʪʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʦʮʤʝʨʝʞ 

ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʢʫʤʝʜʥʠʤ ʚʽʜʝʦ ʪʘ ʩʪʦʨʽʟʘʤ. ɼʝʱʦ ʙʽʣʴʰʝ ʣʶʜʝʡ (36,5%) 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʦʮ-ʤʝʨʝʞʽ ʜʣʷ ʧʦʰʫʢʫ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ [5]. 

ɺʠʚʯʠʚʰʠ ʜʦʩʣʽʜʞʝʥʥʷ [6] ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʪʘʢʽ ʚʠʜʠ 

ʢʦʥʪʝʥʪʫ ʷʢ ʚʽʜʝʦ ʢʦʥʪʝʥʪ, ʛʨʘʬʽʯʥʠʡ ʽ ʪʝʢʩʪʦʚʠʡ ʢʦʥʪʝʥʪ ʻ ʥʘʡʙʽʣʴʰ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʽ ʧʦʧʫʣʷʨʥʠʤʠ ʚ 2023 ʨʦʮʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʦʢʣʘʜʥʽʰʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʞʥʦʛʦ ʚʠʜʫ ʢʦʥʪʝʥʪʫ ʪʘ ʡʦʛʦ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʫ ʢʦʥʪʝʢʩʪʽ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʠʩʪʝʤ. 

ʑʝ ʦʜʥʽʻʶ ʢʣʶʯʦʚʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʩʫʯʘʩʥʠʭ ʤʝʜʽʘ ʻ ʤʫʣʴʪʠʤʝʜʽʡʥʽʩʪʴ, 

ʪʦʙʪʦ ʤʦʞʣʠʚʽʩʪʴ ʢʦʤʙʽʥʫʚʘʪʠ ʚʩʝʨʝʜʠʥʽ ʦʜʥʽʻʾ ʧʫʙʣʽʢʘʮʽʾ ʨʽʟʥʽ ʬʦʨʤʘʪʠ (ʪʝʢʩʪ, 

ʬʦʪʦ, ʚʽʜʝʦ, ʘʫʜʽʦ, ʛʨʘʬʽʢʘ ʪʘ ʽʥ.). ʇʦ ʩʫʪʽ, ʤʫʣʴʪʠʤʝʜʽʡʥʽʩʪʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʤʽʥʠʪʠ ʯʘʩʪʠʥʫ ʪʝʢʩʪʫ ʥʘ ʚʽʟʫʘʣʴʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʠʚʝʨʥʫʪʠ ʽ 

ʚʪʨʠʤʘʪʠ ʫʚʘʛʫ ʩʴʦʛʦʜʥʽʰʥʴʦʛʦ ʙʘʛʘʪʦʟʘʜʘʯʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʤʘʢʩʠʤʘʣʴʥʦ 
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ʧʦʣʝʛʰʠʪʠ ʩʧʨʠʡʥʷʪʪʷ ʤʘʪʝʨʽʘʣʫ. 

ʇʦʪʨʽʙʥʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʤʫʣʴʪʠʤʝʜʽʡʥʽʩʪʴ ʧʦʢʣʠʢʘʥʘ ʧʦʣʝʛʰʠʪʠ 

ʩʧʨʠʡʥʷʪʪʷ ʤʘʪʝʨʽʘʣʫ: ʟʘʤʽʥʠʪʠ ʪʝʢʩʪ ʥʘ ʚʽʟʫʘʣʴʥʽ ʝʣʝʤʝʥʪʠ, ʨʦʟʙʠʪʠ ʡʦʛʦ ʥʘ 

çʧʦʩʠʣʴʥʽè ʜʣʷ ʘʫʜʠʪʦʨʽʾ ʬʨʘʛʤʝʥʪʠ, çʫʧʘʢʫʚʘʪʠè ʥʘʚʽʪʴ ʩʢʣʘʜʥʠʡ ʘʙʦ ʦʙ'ʻʤʥʠʡ 

ʤʘʪʝʨʽʘʣ ʫ ʧʨʠʚʘʙʣʠʚʫ ʬʦʨʤʫ. 

ʉʫʯʘʩʥʠʡ ʘʤʝʨʠʢʘʥʩʴʢʠʡ ʜʦʩʣʽʜʥʠʢ ʊʝʡ ɺʦʥ (Tay Vaughan) ʚʠʟʥʘʯʘʻ 

ʤʫʣʴʪʠʤʝʜʽʘ ʷʢ ʢʦʤʙʽʥʘʮʽʶ ʪʝʢʩʪʫ, ʟʦʙʨʘʞʝʥʥʷ, ʟʚʫʢʫ, ʘʥʽʤʘʮʽʾ ʪʘ ʚʽʜʝʦ, ʥʘʜʘʥʫ 

ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʛʦ ʧʨʠʩʪʨʦʶ. çʊʘʢʘ ʢʦʤʙʽʥʘʮʽʷ ʟʜʘʪʥʘ ʜʦʩʪʘʚʠʪʠ ʚʘʤ ʙʘʛʘʪʽ 

ʚʽʜʯʫʪʪʷ. ʂʦʣʠ ʚʠ ʧʦʻʜʥʫʻʪʝ ʨʘʟʦʤ ʯʫʪʪʻʚʽ ʝʣʝʤʝʥʪʠ ʤʫʣʴʪʠʤʝʜʽʘ ï ʩʣʽʧʫʯʽ 

ʢʘʨʪʠʥʢʠ ʪʘ ʘʥʽʤʘʮʽʶ, ʚʨʘʞʘʶʯʫ ʤʫʟʠʢʫ, ʚʽʜʝʦʢʣʽʧʠ, ʪʝʢʩʪʦʚʫ ʽʥʬʦʨʤʘʮʽʶ, ï ʚʠ 

ʙʫʢʚʘʣʴʥʦ ʝʣʝʢʪʨʠʬʽʢʫʻʪʝ ʜʫʤʢʠ ʣʶʜʝʡ ʽ ʜʽʶʯʽ ʮʝʥʪʨʠ ʾʭʥʴʦʛʦ ʤʦʟʢʫè. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʫʣʴʪʠʤʝʜʽʘ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʫʚʘʪʠ ʦʜʥʫ ʟʘʭʦʧʣʶʶʯʫ ʫʚʘʛʫ ʽ 

ʟʘʢʽʥʯʝʥʫ ʟʘ ʟʤʽʩʪʦʤ ʽʩʪʦʨʽʶ ʥʘ ʦʜʥʽʡ ʧʣʘʪʬʦʨʤʽ, ʩʪʚʦʨʝʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʙʽʥʘʮʽʾ ʨʽʟʥʠʭ ʟʘʩʦʙʽʚ [2].  

ʅʘ ʪʘʙʣʠʮʽ 1 ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʚʠʜʠ ʢʦʥʪʝʥʪʫ ʜʣʷ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ 

ʩʠʩʪʝʤ, ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ. 

ʊʘʙʣʠʮʷ 1.  

ɺʠʜʠ ʢʦʥʪʝʥʪʫ ʜʣʷ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʠʩʪʝʤ 

ɺʠʜ 

ʢʦʥʪʝʥʪʫ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʆʩʦʙʣʠʚʦʩʪʽ 

1 2 3 

ɺʽʜʝʦ 

ʢʦʥʪʝʥʪ 

1. ɺʽʟʫʘʣʴʥʘ 

ʬʦʨʤʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʫʭʦʤʠʭ ʟʦʙʨʘʞʝʥʴ 

ʪʘ ʟʚʫʢʫ. 

2. ʄʦʞʝ 

ʤʽʩʪʠʪʠ ʢʦʨʦʪʢʽ 

ʨʦʣʠʢʠ, ʜʦʚʛʽ 

ʬʽʣʴʤʠ, ʚʝʙʽʥʘʨʠ ʪʘ 

ʽʥʰʽ ʬʦʨʤʘʪʠ. 

1. ɽʤʦʮʽʡʥʘ ʜʽʷ: 

ʄʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʘʯʽ 

ʝʤʦʮʽʡ ʯʝʨʝʟ ʞʠʚʽ 

ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʟʚʫʢ. 

2. ɿʘʣʫʯʝʥʥʷ: 

ʂʦʨʠʩʪʫʚʘʯʽ ʯʘʩʪʦ 

ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʚʽʜʝʦ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʯʝʨʝʟ ʡʦʛʦ ʜʠʥʘʤʽʯʥʽʩʪʴ. 

3. ʐʠʨʦʢʝ 

ʦʭʦʧʣʝʥʥʷ: ʄʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʨʽʟʥʠʭ 

ʢʦʥʪʝʢʩʪʘʭ, ʨʦʟʚʘʞʘʣʴʥʦʛʦ 

ʜʦ ʦʩʚʽʪʥʴʦʛʦ. 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 1.  

ɺʠʜʠ ʢʦʥʪʝʥʪʫ ʜʣʷ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʠʩʪʝʤ 

1 2 3 

ɻʨʘʬʽʯʥʠʡ 

ʢʦʥʪʝʥʪ 

1. ɺʢʣʶʯʘʻ 

ʟʦʙʨʘʞʝʥʥʷ, 

ʬʦʪʦʛʨʘʬʽʾ, ʽʣʶʩʪʨʘʮʽʾ, 

ʛʨʘʬʽʢʫ ʪʘ ʽʥʰʽ 

ʚʽʟʫʘʣʴʥʽ ʝʣʝʤʝʥʪʠ. 

1. ɺʽʟʫʘʣʴʥʘ 

ʧʨʠʚʘʙʣʠʚʽʩʪʴ: ʇʨʠʚʝʨʪʘʻ ʫʚʘʛʫ 

ʘʫʜʠʪʦʨʽʾ ʟʘʚʜʷʢʠ ʷʩʢʨʘʚʠʤ ʪʘ 

ʧʨʠʚʘʙʣʠʚʠʤ ʟʦʙʨʘʞʝʥʥʷʤ. 

2. ʃʝʛʢʽʩʪʴ ʩʧʨʠʡʥʷʪʪʷ: 

ɿʦʙʨʘʞʝʥʥʷ ʤʦʞʫʪʴ ʰʚʠʜʢʦ 

ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʙʫʪʠ 

ʣʝʛʰʠʤʠ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ. 

3. ɹʨʝʥʜʫʚʘʥʥʷ: ʐʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʚʧʽʟʥʘʚʘʥʦʛʦ ʙʨʝʥʜʫ 

ʯʝʨʝʟ ʣʦʛʦʪʠʧʠ ʪʘ ʛʨʘʬʽʯʥʽ 

ʝʣʝʤʝʥʪʠ. 

ʊʝʢʩʪʦʚʠʡ 

ʢʦʥʪʝʥʪ 

ʉʣʦʚʝʩʥʘ ʬʦʨʤʘ 

ʧʝʨʝʜʘʯʽ, ʚʢʣʶʯʘʶʯʠ 

ʩʪʘʪʪʽ, ʙʣʦʛʠ, ʨʝʮʝʥʟʽʾ 

ʪʦʱʦ. 

ɻʣʠʙʦʢʠʡ ʢʦʥʪʝʢʩʪ: ɼʦʟʚʦʣʷʻ 

ʥʘʜʘʪʠ ʜʝʪʘʣʴʥʫ ʪʘ ʛʣʠʙʦʢʫ 

ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʧʝʚʥʫ ʪʝʤʫ. 

ʋʥʽʚʝʨʩʘʣʴʥʽʩʪʴ: ɿʘʩʪʦʩʫʻʤʦ ʫ 

ʨʽʟʥʠʭ ʢʦʥʪʝʢʩʪʘʭ, ʚʽʜ ʦʩʚʽʪʥʽʭ 

ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ. 

ʇʦʰʫʢʦʚʘ ʦʧʪʠʤʽʟʘʮʽʷ (SEO): 

ʊʝʢʩʪʦʚʠʡ ʢʦʥʪʝʥʪ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ SEO ʪʘ ʧʦʰʫʢʦʚʦʾ 

ʚʠʜʠʤʦʩʪʽ. 

ʇʨʠ ʧʨʘʚʠʣʴʥʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʢʦʥʪʝʥʪ-ʤʘʨʢʝʪʠʥʛʫ ʫ ʙʽʟʥʝʩ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ: 

1) ʜʦʜʘʪʢʦʚʫ ʘʫʜʠʪʦʨʽʶ; 

2) ʧʨʦʩʫʚʘʥʥʷ ʙʨʝʥʜʫ; 

3) ʜʦʚʽʨʫ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

4) ʟʘʣʫʯʝʥʥʷ ʪʨʘʬʽʢʫ ʥʘ ʩʘʡʪ; 

5) ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʘʞʽʚ.  

ʂʦʥʪʝʥʪ-ʤʘʨʢʝʪʠʥʛ ʧʨʘʮʶʻ ʫ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʩʪʚʦʨʶʻʪʴʩʷ ʫʥʽʢʘʣʴʥʠʡ 

ʪʘ ʝʢʩʧʝʨʪʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʥʽʰʽ ʙʽʟʥʝʩʫ. ʅʘ ʧʨʘʢʪʠʮʽ ʮʝ ʚʠʛʣʷʜʘʻ ʪʘʢ: 

ʢʦʨʠʩʪʫʚʘʯ ʰʫʢʘʻ ʽʥʬʦʨʤʘʮʽʶ ʚ ʽʥʪʝʨʥʝʪʽ, ʧʦʪʨʘʧʣʷʻ ʥʘ ʤʘʪʝʨʽʘʣ ʙʣʦʛʫ, 

ʚʠʨʽʰʫʻ ʟʘ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʩʚʦʾ ʧʦʪʨʝʙʠ, ʧʽʜʧʠʩʫʻʪʴʩʷ ʥʘ ʨʦʟʩʠʣʢʫ, ʧʦʯʠʥʘʻ 

ʜʦʚʽʨʷʪʠ ʙʨʝʥʜʫ ʪʘ ʩʪʘʻ ʢʣʽʻʥʪʦʤ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ ʨʝʢʣʘʤʠ, 

ʢʦʥʪʝʥʪ-ʤʘʨʢʝʪʠʥʛ ʧʨʦʧʦʥʫʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʷʢʽʩʥʠʡ ʤʘʪʝʨʽʘʣ ʽ ʣʠʰʝ ʟʥʘʡʦʤʠʪʴ 

ʾʭ ʟ ʧʨʦʜʫʢʪʦʤ, ʘ ʥʝ ʥʘʚ'ʷʟʫʻ ʡʦʛʦ.  
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96% ʤʘʨʢʝʪʦʣʦʛʽʚ ʢʘʞʫʪʴ, ʱʦ ʩʪʚʦʨʝʥʥʷ ʢʦʨʠʩʥʦʛʦ ʢʦʥʪʝʥʪʫ ʜʦʧʦʤʦʛʣʦ 

ʟʘʚʦʶʚʘʪʠ ʜʦʚʽʨʫ ʘʫʜʠʪʦʨʽʾ [7]. ʗʢʽʩʥʠʡ ʢʦʥʪʝʥʪ ʧʦʚʠʥʝʥ ʚʤʽʱʘʪʠ ʚ ʩʝʙʝ 

ʚʠʤʦʛʠ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤ, ʚʠʤʦʛʠ ʢʣʽʻʥʪʽʚ, ʚʠʤʦʛʠ ʦʧʪʠʤʽʟʘʪʦʨʽʚ. ʗʢʽʩʥʠʡ 

ʢʦʥʪʝʥʪ ï ʮʝ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʤʘʻ ʥʠʟʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʫʥʽʢʘʣʴʥʽʩʪʴ, ʢʦʨʠʩʥʽʩʪʶ, 

ʧʨʘʢʪʠʯʥʽʩʪʴ, ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ, ʽ ʷʢʠʡ ʟʤʫʰʫʻ ʢʦʨʠʩʪʫʚʘʯʘ ʟʘʣʠʰʘʪʠʩʷ ʜʣʷ ʡʦʛʦ 

ʚʠʚʯʝʥʥʷ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʨʦʙʽʪ ʘʚʪʦʨʽʚ [8-11] ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʥʘʩʪʫʧʥʠʡ ʧʝʨʝʣʽʢ 

ʢʨʠʪʝʨʽʾʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʢʦʥʪʝʥʪʫ ʥʘ ʩʘʡʪʽ: 

1. ʍʫʜʦʞʥʽ ʟʥʽʤʢʠ. 

2. ʇʨʦʬʝʩʽʡʥʝ ʦʬʦʨʤʣʝʥʥʷ. 

3. ʇʘʨʪʥʝʨʩʴʢʽ ʧʫʙʣʽʢʘʮʽʾ. 

4. ʉʪʘʪʪʽ ʪʘ ʦʛʣʷʜʠ, ʝʢʩʧʝʨʪʥʽ ʜʫʤʢʠ. 

5. ɺʽʜʝʦʨʦʣʠʢʠ (ʥʘʚʯʘʣʴʥʽ, ʨʝʢʣʘʤʥʽ ʪʦʱʦ). 

6. ʇʦʜʢʘʩʪʠ (ʟʚʫʢʦʚʽ ʝʧʽʟʦʜʠ ʥʘ ʨʽʟʥʽ ʪʝʤʠ). 

7. ɯʥʬʦʛʨʘʬʽʢʘ. 

8. ʌʦʪʦʛʨʘʬʽʾ. 

9. ʊʝʢʩʪʦʚʽ ʥʦʚʠʥʠ. 

10. ɽʣʝʢʪʨʦʥʥʽ ʢʥʠʛʠ. 

11. ʉʦʮʽʘʣʴʥʽ ʤʝʜʽʘ-ʧʦʩʪʠ. 

12. ɯʥʪʝʨʘʢʪʠʚʥʽ ʦʧʠʪʫʚʘʥʥʷ. 

13. ʇʨʝʟʝʥʪʘʮʽʾ. 

14. ɸʫʜʽʦʢʥʠʛʠ. 

15. ɻʫʤʦʨʠʩʪʠʯʥʠʡ ʢʦʥʪʝʥʪ. 

16. ɺʝʙʽʥʘʨʠ. 

17. ʊʝʩʪʠ ʪʘ ʦʧʠʪʫʚʘʥʥʷ. 

18. ʂʝʡʩ-ʩʪʘʜʽ. 

19. ʊʝʭʥʽʯʥʽ ʽʥʩʪʨʫʢʮʽʾ. 

20. ʂʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʡ ʢʦʥʪʝʥʪ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ: ɺʽʜʛʫʢʠ, ʬʦʪʦʛʨʘʬʽʾ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. 

21. ɯʥʪʝʨʚ'ʶ (ʈʦʟʤʦʚʠ ʟ ʝʢʩʧʝʨʪʘʤʠ ʪʘ ʦʩʦʙʠʩʪʦʩʪʽ). 
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22. ɽʢʩʢʣʶʟʠʚʥʠʡ ʢʦʥʪʝʥʪ (ʫʥʽʢʘʣʴʥʽ ʧʨʦʧʦʟʠʮʽʾ ʪʘ ʤʘʪʝʨʽʘʣʠ ʜʣʷ 

ʢʣʽʻʥʪʽʚ). 

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʪʥʦʩʪʽ ʢʨʠʪʝʨʽʾʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʢʦʥʪʝʥʪʫ ʜʣʷ ʩʘʡʪʫ [11], ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʚʣʘʩʪʠʚʽ ʾʤ ʩʢʣʘʜʥʦʩʪʽ ʽ ʥʝʜʦʣʽʢʠ, ʷʢʽ 

ʨʘʮʽʦʥʘʣʴʥʦ, ʚ ʧʦʜʘʣʴʰʦʤʫ, ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʘʥʘʣʽʪʠʢʦ-ʪʝʦʨʝʪʠʯʥʽ ʜʘʥʽ (Di, ʧʨʠ 

k,1i =  ), ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʢʣʘʜʥʦʩʪʽ 

ʨʝʘʣʽʟʘʮʽʾ ʢʨʠʪʝʨʽʾʚ. ɺʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʚʧʣʠʚʫ ʢʨʠʪʝʨʽʾʚ ʥʘ ʩʪʫʧʝʥʴ 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʪʝʥʪʫ ʩʘʡʪʫ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʦʙʨʦʙʢʠ ʙʝʟʣʽʯʽ ʢʨʠʪʝʨʽʾʚ (ʢʨʠʪʝʨʽʾʚ) 

ʚʧʣʠʚʫ FV, ʧʨʠ 28,1v= , ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʦʙʨʦʙʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʞʥʦʛʦ ʟ ʢʨʠʪʝʨʽʾʚ ʚʧʣʠʚʫ. ʂʨʠʪʝʨʽʾ, 

ʷʢʽ ʤʘʶʪʴ ʥʘʡʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʚʽʜʩʽʢʘʶʪʴʩʷ ʟ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʛʣʷʜʫ ʷʢ ʪʘʢʽ, ʱʦ ʚʥʦʩʷʪʴ ʤʘʣʠʡ ʚʥʝʩʦʢ ʫ ʧʨʦʮʝʩ ʦʧʪʠʤʽʟʘʮʽʾ ʰʚʠʜʢʽʩʪʶ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʘʡʪʫ. ʋ ʪʘʙʣ. 2 ʥʘʚʝʜʝʥʽ ʢʨʠʪʝʨʽʾ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʫʧʝʥʴ 

ʦʧʪʠʤʽʟʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʘʡʪʫ, ʽ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ, 

ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʨʘʪʠ ʪʽʣʴʢʠ ʥʘʡʙʽʣʴʰ ʟʥʘʯʠʤʽ ʟ ʢʨʠʪʝʨʽʾʚ. 

ʊʘʙʣʠʮʷ 2. 

ʂʨʠʪʝʨʽʾ ʚʧʣʠʚʫ ʥʘ ʩʪʫʧʝʥʴ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʪʝʥʪʫ ʩʘʡʪʫ 

ʂʨʠʪʝʨʽʾ ɺʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ 

)F( i
u

i
m

 
ʇʦʟʥʘʯʝʥʥʷ ʅʘʡʤʝʥʫʚʘʥʥʷ 

1 2 3 

f1 ʉʪʘʪʪʽ ʪʘ ʦʛʣʷʜʠ, ʝʢʩʧʝʨʪʥʽ 

ʜʫʤʢʠ 

0,21 

f2 ɺʽʜʝʦʨʦʣʠʢʠ (ʥʘʚʯʘʣʴʥʽ, 

ʨʝʢʣʘʤʥʽ ʪʦʱʦ) 

0,21 

f3 ʇʦʜʢʘʩʪʠ (ʟʚʫʢʦʚʽ ʝʧʽʟʦʜʠ ʥʘ 

ʨʽʟʥʽ ʪʝʤʠ) 

0,2 

f4 ɯʥʬʦʛʨʘʬʽʢʘ 0,19 

f5 ʌʦʪʦʛʨʘʬʽʾ 0,18 

f6 ʊʝʢʩʪʦʚʽ ʥʦʚʠʥʠ 0.17 

f7 ʉʦʮʽʘʣʴʥʽ ʤʝʜʽʘ-ʧʦʩʪʠ 0,16 

f8 ɯʥʪʝʨʘʢʪʠʚʥʽ ʦʧʠʪʫʚʘʥʥʷ 0,15 

f9 ɸʫʜʽʦʢʥʠʛʠ 0,14 

f10 ɺʝʙʽʥʘʨʠ 0,13 

f11 ʂʝʡʩ-ʩʪʘʜʽ 0,12 

f12 ʂʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʡ ʢʦʥʪʝʥʪ, 

ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ: ɺʽʜʛʫʢʠ, 

ʬʦʪʦʛʨʘʬʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ 

0,11 

f13 ɯʥʪʝʨʚ'ʶ (ʈʦʟʤʦʚʠ ʟ 

ʝʢʩʧʝʨʪʘʤʠ ʪʘ ʦʩʦʙʠʩʪʦʩʪʽ) 

0,1 

f14 ɽʢʩʢʣʶʟʠʚʥʠʡ ʢʦʥʪʝʥʪ 

(ʫʥʽʢʘʣʴʥʽ ʧʨʦʧʦʟʠʮʽʾ ʪʘ 

ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʢʣʽʻʥʪʽʚ) 

0,1 

f15 ʍʫʜʦʞʥʽ ʟʥʽʤʢʠ 0,08 

f16 ʇʨʦʬʝʩʽʡʥʝ ʦʬʦʨʤʣʝʥʥʷ 0,07 



166 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʫʱʠʭ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʙʨʘʪʠʤʫʪʴ ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʽ 

ʨʘʥʞʠʨʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ: 

1) ʧʦʙʫʜʫʚʘʪʠ ʤʘʪʨʠʮʶ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʢʨʠʪʝʨʽʾʚ 
f ij

F=
 (ʧʨʠ i, j = n,1 ). 

ɺ ʦʩʥʦʚʫ ʧʨʦʮʝʜʫʨʠ ʧʦʨʽʚʥʷʥʥʷ ʧʦʢʣʘʜʝʥʦ ʧʠʪʘʥʥʷ: çʅʘ ʩʢʽʣʴʢʠ ʦʜʠʥ ʢʨʠʪʝʨʽʾ 

ʚʧʣʠʚʫ ʥʘ ʩʪʫʧʝʥʴ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʪʝʥʪʫ ʩʘʡʪʫ ʩʫʪʪʻʚʽʰʠʡ, ʥʽʞ ʽʥʰʠʡ?è. 

ʇʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʙʫʜʫʻʪʴʩʷ ʤʘʪʨʠʮʷ, ʚ 

ʟʘʛʦʣʦʚʢʘʭ ʨʷʜʢʽʚ (i) ʽ ʩʪʦʚʧʮʽʚ (j) ʨʦʟʪʘʰʦʚʘʥʽ ʚʠʙʨʘʥʽ ʢʨʠʪʝʨʽʾ, ʧʦ ʜʽʘʛʦʥʘʣʽ 

ʧʨʦʩʪʘʚʣʷʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ç1è, ʪʘʢ ʷʢ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʢʦʞʝʥ ʢʨʠʪʝʨʽʡ 

ʧʦʨʽʚʥʶʻʪʴʩʷ ʧʦ ʟʥʘʯʠʤʦʩʪʽ ʥʝ ʪʽʣʴʢʠ ʟ ʫʩʽʤʘ, ʘʣʝ ʽ ʟ ʩʘʤʠʤ ʩʦʙʦʶ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʣʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʚʘʞʣʠʚʦʩʪʽ ʧʦʧʘʨʥʦ ʧʦʨʽʚʥʶʚʘʥʠʭ 

ʢʨʠʪʝʨʽʾʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʢʘʣʘ ʚʽʜʥʦʩʥʦʩʪʽ (ʰʢʘʣʘ ʩʪʫʧʝʥʷ ʟʥʘʯʠʤʦʩʪʽ ʜʽʡ), 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʉʘʘʪʽ [12]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʢʨʠʪʝʨʽʷ f18 (ʝʣʝʢʪʨʦʥʥʽ ʢʥʠʛʠ) 

ʟ ʢʨʠʪʝʨʽʻʤ f13 (ʽʥʪʝʨʚ'ʶ (ʨʦʟʤʦʚʠ ʟ ʝʢʩʧʝʨʪʘʤʠ ʪʘ ʦʩʦʙʠʩʪʦʩʪʽ)). ɺʠʟʥʘʯʘʻʪʴʩʷ, 

ʱʦ ʢʨʠʪʝʨʽʡ f13 ʚ 2 ʨʘʟʠ ʙʽʣʴʰʝ ʟʥʘʯʫʱʠʡ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʢʦʥʪʝʥʪʫ ʩʘʡʪʫ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʨʠʪʝʨʽʻʤ f18, ʟʥʘʯʠʤʽʩʪʴ ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ 0,05. 

ʌʨʘʛʤʝʥʪ ʤʘʪʨʠʮʽ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ:  
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(1.1) 

2) ʨʦʟʨʘʭʫʚʘʪʠ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ: 

ä
=

=
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(1.2) 

ʜʝ 

)(Fi

u

i
m

 
ï ʟʥʘʯʝʥʥʷ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ i-ʭ ʢʨʠʪʝʨʽʾʚ ʚ ʤʝʞʘʭ u-ʛʦ 

ʜʽʘʧʘʟʦʥʫ, ʧʨʠ 1,0uÍ .  

ɼʘʣʽ, ʥʘ ʦʩʥʦʚʽ ʦʙʯʠʩʣʝʥʥʷ ʟʘ ʢʦʞʥʠʤ Fi ʩʫʤʠ ʚʠʜʫ 

)F( i

n

1j

u

iäm
=  ʚʠʟʥʘʯʘʶʪʴʩʷ 
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ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʢʨʠʪʝʨʽʾʚ.  

ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʙʠʪʠ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ 

ʜʝʢʽʣʴʢʦʭ ʢʨʠʪʝʨʽʾʚ ʚʧʣʠʚʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʪʝʥʪʫ ʩʘʡʪʫ ʤʽʞ ʩʦʙʦʶ.  

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʟʥʘʯʝʥʥʷ ʚʘʛʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʨʠʪʝʨʽʶ f1 ʩʪʘʥʦʚʠʪʴ: 

)(F1

u

1
m

 = 0,05.  

ʈʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʢʦʞʥʦʛʦ ʢʨʠʪʝʨʽʷ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʥʘʚʝʜʝʥʽ ʚʠʱʝ 

(ʪʘʙʣ. 1). 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʫʤʘ ʚʩʽʭ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ ç1è: 

1)(
1

=ä
=

i

n

i

u

i
Fm

, 

(1.3) 

3) ʚʠʷʚʠʪʠ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ (ʟʥʘʯʫʱʽ) ʢʨʠʪʝʨʽʾ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʷʢʽʩʥʦʛʦ ʢʦʥʪʝʥʪʫ ʩʘʡʪʫ. ɼʦʨʝʯʥʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʚ ʧʨʦʮʝʩ 

ʚʠʙʦʨʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʠʪʠ, ʚʠʭʦʜʷʯʠ ʟʽ ʩʬʦʨʤʦʚʘʥʦʛʦ ʘʚʪʦʨʘʤʠ [8-11] 

ʚʠʩʥʦʚʢʫ ʧʨʦ ʪʝ, ʱʦ 90% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʻ ʘʙʩʦʣʶʪʥʦ 

ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʛʣʷʜʫ, ʘʥʘʣʽʟʫ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʚʠʩʥʦʚʢʽʚ.  

ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʮʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʩʪʫʧʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ: 

ʘ) ʢʨʠʪʝʨʽʾ f15, f16, f17, f18, f19, f20 f21, F22 ʚ ʩʫʤʽ ʟʘ ʟʥʘʯʠʤʽʩʪʶ ʥʘʙʨʘʣʠ 

ʤʝʥʰʝ 10%. ʆʪʞʝ, ʾʭ ʤʦʞʥʘ ʚʠʢʣʶʯʠʪʠ ʟ ʧʨʦʮʝʩʫ ʨʦʟʛʣʷʜʫ; 

ʙ) ʢʨʠʪʝʨʽʾ f1, f2, f3, f4, f5, f6, f7, f8, .f9, f10, f11, f12, f13, f14 ʚ ʩʫʤʽ 

ʥʘʙʨʘʣʠ ʙʽʣʴʰʝ 90%. ɰʭ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʷʢʽʩʥʦʛʦ 

ʢʦʥʪʝʥʪʫ ʩʘʡʪʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʠʚʝʜʝʥʦ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʽ ʢʨʠʪʝʨʽʾ, ʩʘʤʝ ʾʭ 

ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʷʢʽʩʥʦʛʦ ʥʘʧʦʚʥʝʥʥʷ ʩʘʡʪʫ: 

1. ʉʪʘʪʪʽ ʪʘ ʦʛʣʷʜʠ, ʝʢʩʧʝʨʪʥʽ ʜʫʤʢʠ. 

2. ɺʽʜʝʦʨʦʣʠʢʠ (ʥʘʚʯʘʣʴʥʽ, ʨʝʢʣʘʤʥʽ ʪʦʱʦ). 

3. ʇʦʜʢʘʩʪʠ (ʟʚʫʢʦʚʽ ʝʧʽʟʦʜʠ ʥʘ ʨʽʟʥʽ ʪʝʤʠ). 
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4. ɯʥʬʦʛʨʘʬʽʢʘ. 

5. ʌʦʪʦʛʨʘʬʽʾ. 

6. ʊʝʢʩʪʦʚʽ ʥʦʚʠʥʠ. 

7. ʉʦʮʽʘʣʴʥʽ ʤʝʜʽʘ-ʧʦʩʪʠ. 

8. ɯʥʪʝʨʘʢʪʠʚʥʽ ʦʧʠʪʫʚʘʥʥʷ. 

9. ɸʫʜʽʦʢʥʠʛʠ. 

10. ɺʝʙʽʥʘʨʠ. 

11. ʂʝʡʩ-ʩʪʘʜʽ 

12. ʂʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʡ ʢʦʥʪʝʥʪ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ: ɺʽʜʛʫʢʠ, ʬʦʪʦʛʨʘʬʽʾ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. 

13. ɯʥʪʝʨʚ'ʶ (ʈʦʟʤʦʚʠ ʟ ʝʢʩʧʝʨʪʘʤʠ ʪʘ ʦʩʦʙʠʩʪʦʩʪʽ). 

14. ɽʢʩʢʣʶʟʠʚʥʠʡ ʢʦʥʪʝʥʪ (ʫʥʽʢʘʣʴʥʽ ʧʨʦʧʦʟʠʮʽʾ ʪʘ ʤʘʪʝʨʽʘʣʠ ʜʣʷ 

ʧʝʨʝʜʧʣʘʪʥʠʢʽʚ ʘʙʦ ʧʝʨʝʜʧʣʘʪʥʠʢʽʚ). 

ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʢʨʠʪʝʨʽʾʚ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʫ ʜʣʷ ʪʦʛʦ ʱʦʙ ʦʮʽʥʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʽʟʥʠʭ ʪʠʧʽʚ ʢʦʥʪʝʥʪʫ ʥʘ ʚʝʙ-ʩʘʡʪʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚʽʜʝʦ ʢʦʥʪʝʥʪ, 

ʬʦʪʦ ʢʦʥʪʝʥʪ ʪʘ ʘʥʽʤʘʮʽʾ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʉʘʘʪʽ. 

ʉʭʝʤʘ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʝʥʪʫ ʥʘ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʘʡʪʘʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʉʘʘʪʽ: 

 

ʈʠʩ. 1. ʆʪʨʠʤʘʥʘ ʩʭʝʤʘ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʝʥʪʫ ʥʘ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ 

ʩʘʡʪʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʉʘʘʪʽ. ɸʚʪʦʨ: ʉʚʽʯʢʦ ʊ. ʆ. 

ʅʘ ʜʘʥʽʡ ʩʭʝʤʽ ʟʦʙʨʘʞʝʥʦ ʩʪʨʫʢʪʫʨʫ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʦʥʪʝʥʪʫ ʥʘ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʘʡʪʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ, 
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ʨʦʟʨʦʙʣʝʥʦʛʦ ʊʦʤʘʩʦʤ ʉʘʘʪʽ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʨʦʟʩʪʘʚʠʪʠ ʧʨʽʦʨʠʪʝʪʠ ʪʘ 

ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʚ ʫʤʦʚʘʭ ʤʥʦʞʠʥʥʠʭ ʢʨʠʪʝʨʽʾʚ ʽ ʻ ʯʘʩʪʠʥʦʶ ʧʨʦʮʝʩʫ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʫʧʨʘʚʣʽʥʥʽ ʪʘ ʙʽʟʥʝʩʽ.  

ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʢʦʞʥʠʡ ʢʨʠʪʝʨʽʡ. 

ɺʽʜʝʦʨʦʣʠʢʠ (ʥʘʚʯʘʣʴʥʽ, ʨʝʢʣʘʤʥʽ ʪʦʱʦ) - ʩʪʚʦʨʝʥʥʷ ʚʽʟʫʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʫ 

ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʚʯʘʥʥʷ ʘʙʦ ʨʝʢʣʘʤʠ. 

ɯʥʬʦʛʨʘʬʽʢʘ - ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʥʘʛʣʷʜʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʢʣʘʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʌʦʪʦʛʨʘʬʽʾ. ɺʽʟʫʘʣʴʥʘ ʨʝʧʨʝʟʝʥʪʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʦʪʦʛʨʘʬʽʡ, ʷʢʘ ʧʨʠʚʝʨʪʘʻ ʫʚʘʛʫ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʊʝʢʩʪʦʚʽ ʥʦʚʠʥʠ - ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʘʢʪʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʥʦʚʠʥ ʪʘ 

ʧʦʜʽʡ ʚ ʪʝʢʩʪʦʚʦʤʫ ʬʦʨʤʘʪʽ. 

ʉʪʘʪʪʽ ʪʘ ʦʛʣʷʜʠ, ʝʢʩʧʝʨʪʥʽ ʜʫʤʢʠ - ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʝʪʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʝʢʩʧʝʨʪʥʠʭ ʦʛʣʷʜʽʚ, ʩʧʨʠʷʶʯʠ ʚʠʚʯʝʥʥʶ 

ʢʦʥʢʨʝʪʥʠʭ ʪʝʤ. 

ɯʥʪʝʨʘʢʪʠʚʥʽ ʦʧʠʪʫʚʘʥʥʷ - ʩʪʚʦʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʘʢʪʠʚʥʦʛʦ 

ʚʟʘʻʤʦʜʽʾ ʘʫʜʠʪʦʨʽʾ ʯʝʨʝʟ ʦʧʠʪʫʚʘʥʥʷ ʪʘ ʛʦʣʦʩʫʚʘʥʥʷ. 

ʂʝʡʩ-ʩʪʘʜʽ - ʧʦʜʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʢʣʘʜʽʚ ʘʙʦ ʽʩʪʦʨʽʡ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʯʠ ʜʦʩʷʛʥʝʥʴ. 

ʇʦʜʢʘʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʘʫʜʽʦʬʦʨʤʘʪ ʚʟʘʻʤʦʜʽʾ, ʷʢʠʡ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʩʣʫʭʘʯʘʤ ʧʨʦʩʣʫʭʦʚʫʚʘʪʠ ʢʦʥʪʝʥʪ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʤʠ ʚ ʙʫʜʴ-ʷʢʠʡ 

ʟʨʫʯʥʠʡ ʜʣʷ ʥʠʭ ʯʘʩ. 

ɸʫʜʽʦʢʥʠʛʠ - ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʦʥʪʝʥʪʫ ʫ ʚʠʛʣʷʜʽ ʘʫʜʽʦʟʘʧʠʩʽʚ ʜʣʷ ʪʠʭ, ʭʪʦ 

ʚʽʜʜʘʻ ʧʝʨʝʚʘʛʫ ʘʫʜʽʦ ʩʧʨʠʡʥʷʪʪʶ. 

ɺʝʙʽʥʘʨʠ - ʦʨʛʘʥʽʟʘʮʽʷ ʦʥʣʘʡʥ-ʟʘʭʦʜʽʚ ʜʣʷ ʥʘʚʯʘʥʥʷ, ʜʠʩʢʫʩʽʡ ʪʘ ʚʟʘʻʤʦʜʽʾ 

ʟ ʘʫʜʠʪʦʨʽʻʶ. 

ʉʦʮʽʘʣʴʥʽ ʤʝʜʽʘ-ʧʦʩʪʠ - ʨʦʟʤʽʱʝʥʥʷ ʢʦʨʦʪʢʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʦʚʽʜʦʤʣʝʥʴ ʥʘ ʧʣʘʪʬʦʨʤʘʭ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʜʣʷ ʟʘʣʫʯʝʥʥʷ ʘʫʜʠʪʦʨʽʾ. 

ʂʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʡ ʢʦʥʪʝʥʪ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ - ʟʘʣʫʯʝʥʥʷ ʘʫʜʠʪʦʨʽʾ ʜʦ 

ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʥʦʛʦ ʢʦʥʪʝʥʪʫ, ʪʘʢʦʛʦ ʷʢ ʚʽʜʛʫʢʠ ʯʠ ʬʦʪʦʛʨʘʬʽʾ. 
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ɯʥʪʝʨʚ'ʶ (ʨʦʟʤʦʚʠ ʟ ʝʢʩʧʝʨʪʘʤʠ ʪʘ ʦʩʦʙʠʩʪʦʩʪʽ) - ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʤʦʚ ʟ 

ʬʘʭʽʚʮʷʤʠ ʯʠ ʚʠʜʘʪʥʠʤʠ ʦʩʦʙʠʩʪʦʩʪʷʤʠ ʜʣʷ ʦʙʛʦʚʦʨʝʥʥʷ ʪʝʤ ʯʠ ʧʦʜʽʡ. 

ɽʢʩʢʣʶʟʠʚʥʠʡ ʢʦʥʪʝʥʪ - ʮʝ ʥʘʜʘʥʥʷ ʫʥʽʢʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʯʠ ʧʨʦʧʦʟʠʮʽʡ, 

ʷʢʽ ʜʦʩʪʫʧʥʽ ʣʠʰʝ ʪʠʤ, ʭʪʦ ʤʘʻ ʧʝʨʝʜʧʣʘʪʫ ʘʙʦ ʧʽʜʧʠʩʢʫ. 

ɺʠʩʥʦʚʢʠ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʚʽʜʫʚʘʥʦʩʪʽ ʪʘ ʧʨʠʚʝʨʪʘʥʥʷ ʫʚʘʛʠ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʘʡʪʘʭ ʚʘʞʣʠʚʦ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʪʘ ʦʮʽʥʢʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʢʦʥʪʝʥʪʫ, ʚʢʣʶʯʘʶʯʠ ʚʽʜʝʦ, ʬʦʪʦʛʨʘʬʽʾ ʪʘ ʘʥʽʤʘʮʽʶ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʉʘʘʪʽ ʷʢ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʦʮʽʥʢʠ ʢʦʥʪʝʥʪʫ ʤʦʞʝ ʩʧʨʠʷʪʠ 

ʨʦʟʚ'ʷʟʘʥʥʶ ʩʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʙʘʛʘʪʦ ʟʤʽʥʥʠʭ. ʆʜʥʽʻʶ ʟ 

ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʢʨʠʪʝʨʽʾ 

ʦʮʽʥʶʚʘʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ʪʘ 

ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʨʠʪʝʨʽʾ, ʱʦ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʦʮʽʥʢʫ ʢʦʥʪʝʥʪʫ, 

ʪʘʢʽ ʷʢ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ, ʽʥʪʝʨʘʢʪʠʚʥʽʩʪʴ, ʽʥʬʦʨʤʘʮʽʡʥʘ ʮʽʥʥʽʩʪʴ ʪʘ 

ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜ. ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ ʪʘ ʚʣʘʩʥʠʢʽʚ ʚʝʙ-ʩʘʡʪʽʚ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʪʝʥʪʫ 

ʪʘ ʜʦʩʷʛʘʥʥʷ ʙʽʟʥʝʩ-ʮʽʣʝʡ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ 

ʉʘʘʪʽ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʩʭʝʤʘ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʝʥʪʫ ʥʘ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ 

ʩʘʡʪʘʭ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ ʢʨʠʪʠʯʥʽʡ ʧʦʪʨʝʙʽ ʝʬʝʢʪʠʚʥʦʛʦ 

ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ ʜʣʷ ʚʝʙ-ʩʘʡʪʽʚ. ɹʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʤʝʪʦʜ 

ʦʮʽʥʶʚʘʥʥʷ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʨʽʟʥʽ ʤʝʪʨʠʢʠ ʟʘʣʫʯʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʈʝʟʫʣʴʪʘʪʠ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜ ʪʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʢʦʥʪʝʥʪʫ ʻ ʢʣʶʯʦʚʠʤʠ ʜʣʷ 

ʫʪʨʠʤʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʉʪʘʪʪʷ ʥʘʜʘʣʘ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ʢʦʥʪʝʥʪʫ ʥʘ ʚʝʙ-ʩʘʡʪʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚʽʜʝʦ ʢʦʥʪʝʥʪ, ʬʦʪʦ ʢʦʥʪʝʥʪ ʪʘ 

ʘʥʽʤʘʮʽʾ, ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ɸʥʘʣʽʟʫ ɯʻʨʘʨʭʽʡ ʉʘʘʪʽ, ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʩʭʝʤʫ 

ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʝʥʪʫ ʥʘ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʘʡʪʘʭ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʫ ʩʫʯʘʩʥʦʤʫ ʮʠʬʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʫʤʦʚʣʝʥʘ ʥʠʟʢʦʶ 

ʚʘʞʣʠʚʠʭ ʯʠʥʥʠʢʽʚ. ʆʜʥʠʤ ʽʟ ʥʠʭ ʻ ʢʦʥʢʫʨʝʥʪʥʘ ʙʦʨʦʪʴʙʘ ʚ ʦʥʣʘʡʥ-ʩʝʨʝʜʦʚʠʱʽ. 

ʆʩʢʽʣʴʢʠ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʘʡʪʽʚ ʚ ʦʥʣʘʡʥ-ʩʝʨʝʜʦʚʠʱʽ 

ʚʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ, ʷʢʠʤ ʯʠʥʦʤ ʦʮʽʥʶʻʪʴʩʷ ʽ ʚʠʤʽʨʶʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʟʤʽʱʝʥʦʛʦ ʥʘ ʥʠʭ ʢʦʥʪʝʥʪʫ, ʱʦʙ ʧʨʠʚʝʨʥʫʪʠ ʡ ʫʪʨʠʤʘʪʠ ʫʚʘʛʫ ʘʫʜʠʪʦʨʽʾ ʚ 

ʫʤʦʚʘʭ ʚʝʣʠʯʝʟʥʦʾ ʢʦʥʢʫʨʝʥʮʽʾ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʤʠ ʙʘʯʠʤʦ, ʷʢ ʩʪʨʽʤʢʦ 

ʟʤʽʥʶʻʪʴʩʷ ʧʽʜʭʽʜ ʜʦ ʧʨʦʩʫʚʘʥʥʷ ʦʩʦʙʠʩʪʦʛʦ ʙʨʝʥʜʫ ʽ ʢʦʤʧʘʥʽʡ. ʗʢʱʦ ʨʘʥʽʰʝ 

ʘʢʪʫʘʣʴʥʠʤʠ ʙʫʣʠ ʧʝʨʝʚʘʞʥʦ ʭʦʣʦʜʥʽ ʜʟʚʽʥʢʠ ʽ ʧʨʷʤʘ ʨʝʢʣʘʤʘ, ʪʦ ʟʘʨʘʟ ʫ 

ʬʘʚʦʨʠʪʘʭ ʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ: ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ, ʙʣʦʛʠ ʽ ʧʫʙʣʽʢʘʮʽʾ ʚ ʤʝʜʽʘ. ɸʜʞʝ 

ʢʦʥʪʝʥʪ - ʮʝ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʮʠʬʨʦʚʦʛʦ ʽʤʽʜʞʫ ʙʫʜʴ-ʷʢʦʛʦ ʙʨʝʥʜʫ, ʦʩʦʙʠʩʪʦʛʦ 

ʘʙʦ ʢʦʤʝʨʮʽʡʥʦʛʦ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʫʣʴʪʠʤʝʜʽʡʥʠʡ ʩʘʡʪ, ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʉʘʘʪʽ, 

ʤʫʣʴʪʠʤʝʜʽʡʥʠʡ ʢʦʥʪʝʥʪ, ʩʘʡʪ, ʢʦʥʪʝʥʪ-ʤʘʨʢʝʪʠʥʛ. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʈʦʟʨʦʙʢʘ ʢʦʥʪʝʥʪʫ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ 

ʢʦʞʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʨʦʙʢʠ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʚʝʙ-ʙʘʟʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ. ʋ ʩʫʯʘʩʥʦʤʫ ʮʠʬʨʦʚʦʤʫ ʩʚʽʪʽ ʽʩʥʫʻ ʚʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ 

ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʘʡʪʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʧʨʘʛʥʝ ʧʨʠʚʝʨʥʫʪʠ ʪʘ ʫʪʨʠʤʘʪʠ ʫʚʘʛʫ 

ʘʫʜʠʪʦʨʽʾ. ʆʜʥʘʢ, ʚʠʟʥʘʯʝʥʥʷ ʪʦʛʦ, ʱʦ ʨʦʙʠʪʴ ʢʦʥʪʝʥʪ ʥʘ ʮʠʭ ʩʘʡʪʘʭ 

ʝʬʝʢʪʠʚʥʠʤ, ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʯʝʨʝʟ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʘʢʪʦʨʽʚ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʣʫʯʝʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʙʽʟʥʝʩ-ʮʽʣʝʡ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʛʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʷʢʫ ʨʦʟʛʣʷʜʘʻ ʮʷ ʩʪʘʪʪʷ, ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʝʥʪʫ, ʷʢʠʡ ʙʠ ʚʢʣʶʯʘʚ 

ʘʥʘʣʽʟ ʚʽʟʫʘʣʴʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ, ʟʘʣʫʯʝʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʪʝʭʥʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤ. ɸʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ 

ʨʦʟʛʣʷʥʫʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ ʘʥʘʣʽʟʫ, ʚʢʣʶʯʘʶʯʠ ʢʽʣʴʢʽʩʥʽ ʪʘ 

ʷʢʽʩʥʽ ʦʮʽʥʢʠ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʣʠʙʰʦʛʦ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʷʢ ʢʦʥʪʝʥʪ ʤʦʞʝ ʙʫʪʠ 

ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʘʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

ʪʘ ʧʫʙʣʽʢʘʮʽʡ [3-5] ʚ ʦʙʣʘʩʪʽ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʝʥʪʫ 

ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʘʡʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʚʦʥʠ ʦʭʦʧʣʶʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʠʪʘʥʴ, 

ʚʽʜ ʶʟʘʙʽʣʽʪʽ ʪʘ ʜʠʟʘʡʥʫ ʚʝʙ-ʩʘʡʪʽʚ ʜʦ ʚʝʙ-ʘʥʘʣʽʪʠʢʠ ʪʘ ʢʦʥʪʝʥʪ-ʤʘʨʢʝʪʠʥʛʫ. 

ʅʘʫʢʦʚʽ ʨʦʙʦʪʠ, ʷʢʽ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʚ ʮʴʦʤʫ ʦʛʣʷʜʽ, ʚʢʣʶʯʘʶʪʴ ʤʝʪʦʜʠ 

ʝʚʨʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʗʢʦʙʘ ʅʽʣʴʩʝʥʘ, ʷʢʽ ʻ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʽʟʫ ʟʨʫʯʥʦʩʪʽ 

ʚʝʙ-ʩʘʡʪʽʚ, ʪʘ ʨʦʙʦʪʠ ʈʽʯʘʨʜʘ ɽ. ʄʘʡʝʨʘ, ʷʢʽ ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ ʥʘ ʢʦʛʥʽʪʠʚʥʠʭ 

ʘʩʧʝʢʪʘʭ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʂʥʠʛʘ ɸʚʽʥʘʰʘ ʂʦʰʠʢʘ çWeb Analytics: 

An Hour a Dayè ʚʥʦʩʠʪʴ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʫʤʽʥʥʷ ʤʝʪʨʠʢ ʽ ʘʥʘʣʽʪʠʢʠ 

ʚʝʙ-ʩʘʡʪʽʚ, ʪʦʜʽ ʷʢ ʉʪʽʚ ʂʨʫʛ ʟʘʙʝʟʧʝʯʫʻ ʚʘʞʣʠʚʽ ʧʨʠʥʮʠʧʠ ʶʟʘʙʽʣʽʪʽ ʯʝʨʝʟ ʩʚʦʶ 

ʧʨʘʮʶ çDon't Make Me Thinkè. ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ, ʭʦʯʘ ʽʩʥʫʻ ʙʘʛʘʪʦ 

ʜʦʩʣʽʜʞʝʥʴ ʟ ʪʝʤʘʪʠʢʠ ʦʮʽʥʶʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʚʝʙ-ʩʘʡʪʽʚ, ʥʝʜʦʩʪʘʪʥʴʦ ʫʚʘʛʠ 

ʧʨʠʜʽʣʝʥʦ ʩʧʝʮʠʬʽʯʥʠʤ ʤʝʪʦʜʠʢʘʤ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʧʣʠʚʫ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ 

ʢʦʥʪʝʥʪʫ ʥʘ ʟʘʣʫʯʝʥʥʷ ʪʘ ʫʪʨʠʤʘʥʥʷ ʘʫʜʠʪʦʨʽʾ. ɯʥʩʪʨʫʤʝʥʪʠ ʚʝʙ-ʘʥʘʣʽʪʠʢʠ, ʪʘʢʽ 

ʷʢ Google Analytics, ʽ ʤʝʪʦʜʠʢʠ, ʷʢ A/B ʪʝʩʪʫʚʘʥʥʷ, ʧʦʯʠʥʘʶʪʴ ʟʘʧʦʚʥʶʚʘʪʠ ʮʶ 

ʧʨʦʛʘʣʠʥʫ, ʧʨʦʪʝ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 
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ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ. 

ʄʝʪʘ ʩʪʘʪʪʽ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʪʘ 

ʘʧʨʦʙʘʮʽʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʝʥʪʫ 

ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʘʡʪʽʚ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ɸʥʘʣʽʟʽ ʽʻʨʘʨʭʽʡ ʉʘʘʪʽ. ɼʘʥʠʡ ʤʝʪʦʜ 

ʤʘʻ ʦʙ'ʻʜʥʘʪʠ ʚ ʩʦʙʽ ʢʨʠʪʝʨʽʾ ʶʟʘʙʽʣʽʪʽ, ʜʠʟʘʡʥʫ, ʚʝʙ-ʘʥʘʣʽʪʠʢʠ ʪʘ 

ʢʦʥʪʝʥʪ-ʤʘʨʢʝʪʠʥʛʫ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʙʘʛʘʪʦʚʠʤʽʨʥʝ ʨʦʟʫʤʽʥʥʷ ʟʘʣʫʯʝʥʥʷ ʪʘ 

ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʢʦʥʪʝʥʪʦʤ. ɿʘʩʪʦʩʫʚʘʥʥʷ ɸʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʉʘʘʪʽ 

ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ ʚʽʜʥʦʩʥʫ ʚʘʛʦʤʽʩʪʴ ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʘ ʪʘ ʚʠʷʚʠʪʠ ʢʣʶʯʦʚʽ 

ʧʦʢʘʟʥʠʢʠ ʫʩʧʽʰʥʦʩʪʽ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʡ 

ʢʦʥʪʝʥʪʫ, ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʚʝʨʩʽʾ ʪʘ ʧʦʣʽʧʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ 

ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʜʦʩʚʽʜʫ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʦʥʪʝʥʪʫ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʘʡʪʽʚ - ʮʝ ʙʘʛʘʪʦʛʨʘʥʥʘ ʧʨʦʙʣʝʤʘ, ʷʢʘ ʟʘʯʽʧʘʻ ʢʽʣʴʢʘ 

ʘʩʧʝʢʪʽʚ, ʚʢʣʶʯʥʦ ʟ ʶʟʘʙʽʣʽʪʽ, ʜʠʟʘʡʥʦʤ, ʽʥʪʝʨʘʢʪʠʚʥʽʩʪʶ, ʘ ʪʘʢʦʞ ʤʝʪʨʠʢʘʤʠ 

ʚʝʙ-ʘʥʘʣʽʪʠʢʠ. ʅʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʥʘʷʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʧʨʦʙʣʝʤʠ 

ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʝʥʪʫ ʜʣʷ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʘʡʪʽʚ. Jacob Nielsen's 

Heuristic Evaluation: Nielsen - ʦʜʠʥ ʽʟ ʧʨʦʚʽʜʥʠʭ ʝʢʩʧʝʨʪʽʚ ʫ ʩʬʝʨʽ ʶʟʘʙʽʣʽʪʽ. 

ʁʦʛʦ ʤʝʪʦʜʠ ʝʚʨʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʥʘʜʘʶʪʴ ʥʘʙʽʨ ʧʨʘʚʠʣ ʜʣʷ ʦʮʽʥʢʠ ʶʟʘʙʽʣʽʪʽ 

ʩʘʡʪʽʚ. ʍʦʯʘ ʮʝ ʥʝ ʧʨʷʤʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʤʫʣʴʪʠʤʝʜʽʡʥʠʤ ʢʦʥʪʝʥʪʦʤ, ʮʽ ʤʝʪʦʜʠ 

ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʽ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʩʘʡʪʫ. 

ʇʨʦʬʝʩʦʨ ʧʩʠʭʦʣʦʛʽʾ Richard E. Mayer ʥʘ ʬʘʢʫʣʴʪʝʪʽ ʦʩʚʽʪʠ ʋʥʽʚʝʨʩʠʪʝʪʫ 

ʂʘʣʽʬʦʨʥʽʾ ʚ ʉʘʥʪʘ-ɹʘʨʙʘʨʽ ʫ ʩʚʦʾʡ ʨʦʙʦʪʽ çMultimedia Learningè, ʧʨʦʚʽʚ ʥʠʟʢʫ 

ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʪʦʛʦ, ʷʢ ʣʶʜʠ ʥʘʚʯʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ 

ʢʦʥʪʝʥʪʫ. ʁʦʛʦ ʧʨʠʥʮʠʧʠ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘʜʘʶʪʴ ʦʩʥʦʚʫ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʦʩʚʽʪʥʴʦʛʦ ʢʦʥʪʝʥʪʫ. ʈʽʯʘʨʜ ɽ. ʄʘʻʨ ʟʨʦʙʠʚ ʟʥʘʯʥʠʡ 

ʚʥʝʩʦʢ ʫ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ. ˆʨʫʥʪʫʶʯʠʩʴ ʥʘ 

ʢʦʛʥʽʪʠʚʥʽʡ ʪʝʦʨʽʾ ʦʧʨʘʮʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʚʽʥ ʜʦʩʣʽʜʞʫʚʘʚ, ʷʢ ʣʶʜʩʴʢʠʡ 

ʤʦʟʦʢ ʟʘʩʚʦʶʻ ʡ ʦʧʨʘʮʴʦʚʫʻ ʽʥʬʦʨʤʘʮʽʶ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʚʢʣʶʯʥʦ ʟ ʪʝʢʩʪʦʤ, 

ʟʦʙʨʘʞʝʥʥʷʤʠ ʪʘ ʟʚʫʢʦʤ. ʁʦʛʦ ʨʦʙʦʪʠ ʚʠʷʚʠʣʠ, ʱʦ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ 
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ʜʦʩʷʛʘʶʪʴʩʷ, ʢʦʣʠ ʩʣʦʚʝʩʥʽ ʪʘ ʚʽʟʫʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʧʦʻʜʥʫʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦ ʧʽʜʩʠʣʶʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ, ʟʘʤʽʩʪʴ ʪʦʛʦ ʱʦʙ ʢʦʥʢʫʨʫʚʘʪʠ ʟʘ ʫʚʘʛʫ ʪʦʛʦ, ʭʪʦ 

ʥʘʚʯʘʻʪʴʩʷ, ʘʙʦ ʧʝʨʝʚʘʥʪʘʞʫʚʘʪʠ ʢʦʛʥʽʪʠʚʥʽ ʨʝʩʫʨʩʠ [1].  

ʑʝ ʦʜʥʠʤ ʽʟ ʧʨʦʚʽʜʥʠʭ ʝʢʩʧʝʨʪʽʚ ʫ ʩʚʽʪʽ ʟ ʚʝʙ-ʘʥʘʣʽʪʠʢʠ ʻ ɸʚʽʥʘʰ ʂʦʰʠʢ. 

ʁʦʛʦ ʢʥʠʞʢʠ ʩʪʘʣʠ ʦʩʥʦʚʦʧʦʣʦʞʥʠʤʠ ʚ ʮʽʡ ʮʘʨʠʥʽ, ʽ ʚʽʥ ʥʘʜʘʚ ʙʝʟʣʽʯ ʽʥʩʘʡʪʽʚ ʽ 

ʤʝʪʦʜʠʢ, ʷʢʽ ʜʦʧʦʤʦʛʣʠ ʙʘʛʘʪʴʦʤ ʦʨʛʘʥʽʟʘʮʽʷʤ ʧʦʣʽʧʰʠʪʠ ʾʭʥʶ ʦʥʣʘʡʥ-

ʧʨʠʩʫʪʥʽʩʪʴ. 

ʋ ʩʚʦʾʡ ʢʥʠʟʽ "Web Analytics: An Hour a Day" ɸʚʽʥʘʰ ʂʦʰʠʢ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʚʯʝʥʥʷ ʚʝʙ-ʘʥʘʣʽʪʠʢʠ, ʧʦʯʠʥʘʶʯʠ ʟ ʦʩʥʦʚ ʽ 

ʟʘʢʽʥʯʫʶʯʠ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤʠ ʪʝʤʘʤʠ. ɺʽʥ ʨʦʟʛʣʷʜʘʻ ʨʽʟʥʽ ʽʥʩʪʨʫʤʝʥʪʠ 

ʘʥʘʣʽʪʠʢʠ, ʧʦʢʘʟʥʠʢʠ (KPIs) ʽ ʥʘʡʢʨʘʱʽ ʧʨʘʢʪʠʢʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ 

ʚʝʙ-ʪʨʘʬʽʢʫ. ʆʩʥʦʚʥʠʡ ʘʢʮʝʥʪ ʨʦʙʠʪʴʩʷ ʥʘ ʪʝ, ʷʢ ʧʨʘʚʠʣʴʥʦ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʜʘʥʽ 

ʽ ʷʢ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʟʥʘʥʥʷ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʢʦʥʪʝʥʪʫ ʽ ʟʙʽʣʴʰʝʥʥʷ 

ʢʦʥʚʝʨʩʽʾ ʥʘ ʩʘʡʪʽ [6]. 

ʉʪʽʚ ʂʨʫʛ - ʚʽʜʦʤʠʡ ʝʢʩʧʝʨʪ ʫ ʩʬʝʨʽ ʶʟʘʙʽʣʽʪʽ ʚʝʙ-ʩʘʡʪʽʚ, ʽ ʡʦʛʦ ʢʥʠʞʢʘ 

çDon't Make Me Thinkè ʚʚʘʞʘʻʪʴʩʷ ʢʣʘʩʠʯʥʠʤ ʧʦʩʽʙʥʠʢʦʤ ʽʟ ʜʠʟʘʡʥʫ ʪʘ 

ʽʥʪʝʨʬʝʡʩʽʚ. ʋ ʩʚʦʾʡ ʢʥʠʟʽ çDon't Make Me Thinkè Krug ʨʦʟʛʣʷʜʘʻ ʧʨʠʥʮʠʧʠ 

ʶʟʘʙʽʣʽʪʽ ʚʝʙʩʘʡʪʽʚ, ʚʢʣʶʯʥʦ ʟ ʦʮʽʥʢʦʶ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʣʝʛʢʦʶ ʪʘ ʽʥʪʫʾʪʠʚʥʦ 

ʟʨʦʟʫʤʽʣʦʶ ʻ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʚʟʘʻʤʦʜʽʷ ʟ ʢʦʥʪʝʥʪʦʤ. ɺʽʥ ʪʘʢʦʞ ʧʽʜʢʨʝʩʣʶʻ 

ʚʘʞʣʠʚʽʩʪʴ ʨʦʙʠʪʠ ʝʣʝʤʝʥʪʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʢʣʽʢʘ, ʷʚʥʦ ʚʠʜʠʤʠʤʠ. ʗʢʱʦ 

ʢʦʨʠʩʪʫʚʘʯ ʥʝ ʨʦʟʫʤʽʻ, ʱʦ ʤʦʞʥʘ ʥʘʪʠʩʥʫʪʠ ʥʘ ʝʣʝʤʝʥʪ, ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʚʪʨʘʪʠ ʽʥʪʝʨʝʩʫ ʘʙʦ ʧʣʫʪʘʥʠʥʠ. ɺʚʘʞʘʻ, ʱʦ ʢʦʥʪʝʥʪ ʥʘ ʩʘʡʪʽ ʤʘʻ ʙʫʪʠ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʷʩʥʦ ʽ ʣʦʛʽʯʥʦ. ʍʦʨʦʰʠʡ ʜʠʟʘʡʥ ʜʦʧʦʤʘʛʘʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ 

ʰʚʠʜʢʦ ʟʥʘʡʪʠ ʪʝ, ʱʦ ʡʦʤʫ ʧʦʪʨʽʙʥʦ, ʽ ʟʨʦʟʫʤʽʪʠ, ʜʝ ʚʽʥ ʧʝʨʝʙʫʚʘʻ ʥʘ ʩʘʡʪʽ [9]. 

ʊʘʢʦʞ ʽʩʥʫʶʪʴ ʽʥʩʪʨʫʤʝʥʪʠ ʘʥʘʣʽʪʠʢʠ, ʷʢ Google Analytics, ʚʦʥʠ ʥʘʜʘʶʪʴ 

ʥʠʟʢʫ ʤʝʪʨʠʢ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʦʮʽʥʢʦʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʝʥʪʫ, ʚʢʣʶʯʥʦ ʟ 

ʧʦʢʘʟʥʠʢʘʤʠ ʚʽʜʚʽʜʫʚʘʥʦʩʪʽ, ʯʘʩʫ, ʧʨʦʚʝʜʝʥʦʛʦ ʥʘ ʩʪʦʨʽʥʮʽ, ʽ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʚʽʜʤʦʚ. ʎʽ ʤʝʪʨʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ ʥʘ ʩʘʡʪʽ. 

A/B ʪʝʩʪʫʚʘʥʥʷ: A/B ʪʝʩʪʫʚʘʥʥʷ - ʮʝ ʤʝʪʦʜ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʧʦʨʽʚʥʶʶʪʴ ʜʚʽ 
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ʚʝʨʩʽʾ ʚʝʙ-ʩʪʦʨʽʥʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ, ʷʢʘ ʟ ʥʠʭ ʢʨʘʱʝ ʧʨʘʮʶʻ ʱʦʜʦ ʢʦʥʢʨʝʪʥʦʾ 

ʤʝʪʠ (ʥʘʧʨʠʢʣʘʜ, ʨʽʚʝʥʴ ʢʦʥʚʝʨʩʽʾ). ʎʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʦʮʽʥʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ. 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ɯʥʪʝʨʥʝʪ-ʤʘʨʢʝʪʠʥʛʫ ʻ 

ʢʦʥʪʝʥʪ-ʤʘʨʢʝʪʠʥʛ - ʽʥʩʪʨʫʤʝʥʪ ʽʟ ʟʘʣʫʯʝʥʥʷ ʥʦʚʠʭ ʢʣʽʻʥʪʽʚ ʪʘ ʢʦʤʫʥʽʢʘʮʽʾ ʟ 

ʥʠʤʠ ʯʝʨʝʟ ʧʦʰʠʨʝʥʥʷ ʢʦʨʠʩʥʦʛʦ ʢʦʥʪʝʥʪʫ. 

ʂʦʥʪʝʥʪ-ʤʘʨʢʝʪʠʥʛ ʧʨʘʮʶʻ ʫ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʩʪʚʦʨʶʻʪʴʩʷ ʫʥʽʢʘʣʴʥʠʡ 

ʪʘ ʝʢʩʧʝʨʪʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʥʽʰʽ ʙʽʟʥʝʩʫ. ʎʝ ʚʠʛʣʷʜʘʻ ʪʘʢ: ʢʦʨʠʩʪʫʚʘʯ ʰʫʢʘʻ 

ʽʥʬʦʨʤʘʮʽʶ ʚ ʽʥʪʝʨʥʝʪʽ, ʧʦʪʨʘʧʣʷʻ ʥʘ ʤʘʪʝʨʽʘʣ ʙʣʦʛʫ, ʷʢʠʡ ʚʠʨʽʰʫʻ ʡʦʛʦ 

ʧʨʦʙʣʝʤʠ ʘʙʦ ʧʦʪʨʝʙʠ, ʧʽʜʧʠʩʫʻʪʴʩʷ ʥʘ ʨʦʟʩʠʣʢʫ, ʧʦʯʠʥʘʻ ʜʦʚʽʨʷʪʠ ʙʨʝʥʜʫ ʪʘ 

ʩʪʘʻ ʢʣʽʻʥʪʦʤ. 

ʂʦʥʪʝʥʪ-ʤʘʨʢʝʪʠʥʛ ï ʮʝ ʩʪʨʘʪʝʛʽʯʥʠʡ ʤʘʨʢʝʪʠʥʛʦʚʠʡ ʧʽʜʭʽʜ, ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʪʘ ʧʦʰʠʨʝʥʥʷ ʮʽʥʥʦʛʦ, ʨʝʣʝʚʘʥʪʥʦʛʦ ʪʘ ʤʽʩʪʢʦʛʦ 

ʢʦʥʪʝʥʪʫ ʜʣʷ ʟʘʣʫʯʝʥʥʷ ʡ ʫʪʨʠʤʘʥʥʷ ʧʝʚʥʦʾ ʘʫʜʠʪʦʨʽʾ, ʘ ʪʘʢʦʞ ʩʪʠʤʫʣʶʚʘʥʥʷ 

ʢʣʽ̒ʥʪʽʚ ʜʦ ʧʨʠʙʫʪʢʦʚʠʭ ʜʽʡ [7]. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ ʨʝʢʣʘʤʠ, ʚʽʥ 

ʧʨʦʧʦʥʫʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʷʢʽʩʥʠʡ ʤʘʪʝʨʽʘʣ ʽ ʣʠʰʝ ʟʥʘʡʦʤʠʪʴ ʾʭ ʽʟ ʧʨʦʜʫʢʪʦʤ, ʘ ʥʝ 

ʥʘʚ'ʷʟʫʻ ʡʦʛʦ. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʜʦʩʣʽʜʞʝʥʥʷ [2-4], ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ 96% 

ʤʘʨʢʝʪʦʣʦʛʽʚ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʩʪʚʦʨʝʥʥʷ ʢʦʨʠʩʥʦʛʦ ʢʦʥʪʝʥʪʫ ʜʦʧʦʤʦʛʣʦ 

ʟʘʚʦʶʚʘʪʠ ʜʦʚʽʨʫ ʘʫʜʠʪʦʨʽʾ [37]. ʗʢʽʩʥʠʡ ʢʦʥʪʝʥʪ ʧʦʚʠʥʝʥ ʚʤʽʱʘʪʠ ʚ ʩʝʙʝ 

ʚʠʤʦʛʠ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤ, ʚʠʤʦʛʠ ʢʣʽʻʥʪʽʚ, ʚʠʤʦʛʠ ʦʧʪʠʤʽʟʘʪʦʨʽʚ. ɹʽʣʴʰʽʩʪʴ 

ʤʘʨʢʝʪʦʣʦʛʽʚ ʨʦʟʛʣʷʜʘʶʪʴ ʢʦʥʪʝʥʪ ʷʢ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʫ ʙʽʟʥʝʩ-ʩʪʨʘʪʝʛʽʶ (81%) 

(ʨʠʩ.1) [8].  

 

ʈʠʩ. 1. ɼʦʩʣʽʜʞʝʥʥʷ ʄʘʨʢʝʪʦʣʦʛʽʚ Semrush 
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ʈʠʩ. 2. ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʨʢʝʪʦʣʦʛʽʚ Semrush 

ɺʽʜʝʦ ʩʪʘʣʦ ʦʩʦʙʣʠʚʦ ʧʦʧʫʣʷʨʥʠʤ ʤʘʨʢʝʪʠʥʛʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 91% ʧʽʜʧʨʠʻʤʩʪʚ. (ʨʠʩ.2.) 

 

ʈʠʩ. 3. ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʨʢʝʪʦʣʦʛʽʚ Semrush 

ɹʽʣʴʰʽʩʪʴ ʤʘʨʢʝʪʦʣʦʛʽʚ ʚʚʘʞʘʶʪʴ, ʱʦ ʷʢʽʩʥʠʡ ʢʦʥʪʝʥʪ ʢʨʘʱʠʡ ʟʘ 

ʢʽʣʴʢʽʩʪʴ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʽʥ ʧʫʙʣʽʢʫʻʪʴʩʷ ʨʽʜʰʝ (83%) (ʨʠʩ.3.) 

 

ʈʠʩ. 4. ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʨʢʝʪʦʣʦʛʽʚ Semrush 

 



178 

ʌʘʢʪʠʯʥʦ, 44% ʤʘʨʢʝʪʦʣʦʛʽʚ ʟʘʷʚʠʣʠ, ʱʦ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʮʽʥʥʦʩʪʽ 

ʢʦʥʪʝʥʪʫ ʧʨʠʟʚʝʣʦ ʜʦ ʫʩʧʽʭʫ, ʘ 42% ʟʘʷʚʠʣʠ, ʱʦ ʦʥʦʚʣʝʥʥʷ ʽʩʥʫʶʯʦʛʦ ʢʦʥʪʝʥʪʫ 

ʧʽʜʚʠʱʠʣʦ ʾʭʥʶ ʤʘʨʢʝʪʠʥʛʦʚʫ ʮʽʥʥʽʩʪʴ (ʨʠʩ.4.). 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʢʦʥʪʝʥʪʫ ʥʘ ʩʘʡʪʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʫʥʽʢʘʣʴʥʦʩʪʽ, 

ʚʽʟʫʘʣʴʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ, ʘʜʘʧʪʠʚʥʦʩʪʽ, ʨʝʣʝʚʘʥʪʥʦʩʪʽ, ʽʥʪʝʨʘʢʪʠʚʥʦʩʪʽ, ʷʢʦʩʪʽ 

ʪʘ SEO-ʦʧʪʠʤʽʟʘʮʽʾ. ʋʥʽʢʘʣʴʥʠʡ ʢʦʥʪʝʥʪ ʧʨʠʚʘʙʣʶʻ ʘʫʜʠʪʦʨʽʶ ʪʘ ʧʦʢʨʘʱʫʻ 

SEO, ʚʽʟʫʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʘʜʘʧʪʠʚʥʠʡ ʜʠʟʘʡʥ, ʧʽʜʚʠʱʫʶʪʴ ʟʨʫʯʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʨʝʣʝʚʘʥʪʥʽʩʪʴ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʽʩʪʴ ʧʦʛʣʠʙʣʶʶʪʴ ʚʟʘʻʤʦʜʽʶ, ʘ 

ʷʢʽʩʥʠʡ ʢʦʥʪʝʥʪ ʪʘ ʰʚʠʜʢʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʦʨʽʥʦʢ ʩʧʨʠʷʶʪʴ ʣʦʷʣʴʥʦʩʪʽ ʪʘ 

ʫʪʨʠʤʘʥʥʶ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɺʩʽ ʮʽ ʘʩʧʝʢʪʠ ʨʘʟʦʤ ʚʠʟʥʘʯʘʶʪʴ, ʷʢ ʢʦʥʪʝʥʪ ʙʫʜʝ 

ʩʧʨʠʡʥʷʪʠʡ ʮʽʣʴʦʚʦʶ ʘʫʜʠʪʦʨʽʻʶ ʽ ʚʠʤʘʛʘʶʪʴ ʧʦʩʪʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʢʨʘʱʦʛʦ UX [10]. 

ɯʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʝʥʪʫ ʥʘ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʘʡʪʘʭ ʦʭʦʧʣʶʻ ʨʽʟʥʽ 

ʘʩʧʝʢʪʠ: ʘʥʘʣʽʟ ʪʨʘʬʽʢʫ, ʚʟʘʻʤʦʜʽʶ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽʟ ʢʦʥʪʝʥʪʦʤ, ʢʦʥʚʝʨʩʽʶ ʪʘ 

ʙʘʛʘʪʦ ʽʥʰʠʭ. ʈʽʟʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʦʧʦʤʘʛʘʶʪʴ ʚʠʤʽʨʶʚʘʪʠ ʡ ʘʥʘʣʽʟʫʚʘʪʠ ʮʽ 

ʧʦʢʘʟʥʠʢʠ. ʆʩʴ ʜʝʷʢʽ ʟ ʥʠʭ: Google Analytics ʚʽʜʩʪʝʞʫʻ ʚʽʜʚʽʜʫʚʘʥʥʷ ʽ ʧʦʚʝʜʽʥʢʫ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, Hotjar ʚʽʟʫʘʣʽʟʫʻ ʮʶ ʧʦʚʝʜʽʥʢʫ, SEMrush ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ SEO, 

BuzzSumo ʘʥʘʣʽʟʫʻ ʩʦʮʽʘʣʴʥʽ ʪʨʝʥʜʠ, Crazy Egg ʧʦʢʨʘʱʫʻ UX, Moz ʧʽʜʚʠʱʫʻ 

SEO-ʚʠʜʠʤʽʩʪʴ, ContentSquare ʦʧʪʠʤʽʟʫʻ ʚʟʘʻʤʦʜʽʶ ʟ ʢʦʥʪʝʥʪʦʤ, Ahrefs 

ʜʦʧʦʤʘʛʘʻ ʚ ʘʥʘʣʽʟʽ SEO ʽ ʣʽʥʢʙʽʣʜʽʥʛʫ, Socialbakers ʤʦʥʽʪʦʨʠʪʴ ʩʦʮʤʝʜʽʘ, ʘ 

Mixpanel ʘʥʘʣʽʟʫʻ ʢʦʥʚʝʨʩʽʾ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʨʦʟʨʦʙʥʠʢʫ ʢʦʥʪʝʥʪʫ 

ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ, ʷʢ ʢʦʥʪʝʥʪ ʧʨʘʮʶʻ, ʜʝ ʻ ʧʨʦʙʣʝʤʠ ʽ ʷʢ ʾʭ ʤʦʞʥʘ ʨʦʟʚ'ʷʟʘʪʠ, 

ʱʦʙ ʧʦʣʽʧʰʠʪʠ ʚʟʘʻʤʦʜʽʶ ʟ ʘʫʜʠʪʦʨʽʻʶ ʽ ʜʦʩʷʛʪʠ ʧʝʚʥʠʭ ʙʽʟʥʝʩ-ʮʽʣʝʡ. 

ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ ʩʪʦʾʪʴ ʧʝʨʝʜ ʥʠʟʢʦʶ 

ʧʨʦʙʣʝʤ ʽ ʚʠʢʣʠʢʽʚ. ʆʩʴ ʜʝʷʢʽ ʟ ʥʠʭ:  

- ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʜʘʥʠʭ: ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʢʘʥʘʣʽʚ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, 

ʬʦʨʤʘʪʽʚ ʢʦʥʪʝʥʪʫ ʽ ʤʝʪʨʠʢ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʬʘʭʽʚʮʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ 

ʪʨʫʜʥʦʱʽ ʚ ʦʙʨʦʙʮʽ ʪʘ ʨʦʟʫʤʽʥʥʽ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ; 
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- ʤʽʥʣʠʚʽʩʪʴ ʘʫʜʠʪʦʨʽʾ: ʧʦʚʝʜʽʥʢʘ ʘʫʜʠʪʦʨʽʾ ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ, ʽ ʪʝ, 

ʱʦ ʧʨʘʮʶʚʘʣʦ ʚ ʤʠʥʫʣʦʤʫ, ʤʦʞʝ ʥʝ ʩʧʨʘʮʶʚʘʪʠ ʩʴʦʛʦʜʥʽ. ʎʝ ʚʠʤʘʛʘʻ 

ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʘʜʘʧʪʘʮʽʾ ʩʪʨʘʪʝʛʽʾ; 

- ʪʝʭʥʽʯʥʽ ʧʨʦʙʣʝʤʠ: ʧʨʦʙʣʝʤʠ ʟ ʚʽʜʩʪʝʞʝʥʥʷʤ, ʙʘʛʠ ʥʘ ʩʘʡʪʽ ʘʙʦ ʚ 

ʟʘʩʪʦʩʫʥʢʫ, ʥʝʧʨʘʚʠʣʴʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʘʥʘʣʽʪʠʢʠ ʤʦʞʫʪʴ 

ʩʧʦʪʚʦʨʠʪʠ ʨʝʟʫʣʴʪʘʪʠ; 

- ʙʝʟʣʽʯ ʟʤʽʥʥʠʭ: ʦʩʦʙʣʠʚʦ ʚ ʢʘʤʧʘʥʽʷʭ ʟ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʤ 

ʤʘʨʢʝʪʠʥʛʦʤ ʚʘʞʢʦ ʚʠʟʥʘʯʠʪʠ, ʷʢʠʡ ʩʘʤʝ ʢʘʥʘʣ ʘʙʦ ʝʣʝʤʝʥʪ ʢʦʥʪʝʥʪʫ ʧʨʠʟʚʽʚ 

ʜʦ ʙʘʞʘʥʦʾ ʜʽʾ; 

- ʚʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʠʭ ʤʝʪʨʠʢ: ʚʠʟʥʘʯʝʥʥʷ ʪʦʛʦ, ʷʢʽ ʤʝʪʨʠʢʠ ʻ 

ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʪʘ ʨʝʣʝʚʘʥʪʥʠʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʢʘʤʧʘʥʽʾ ʯʠ ʩʪʨʘʪʝʛʽʾ, 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʦʤ;ʩʫʙ'ʻʢʪʠʚʥʽʩʪʴ ʩʧʨʠʡʥʷʪʪʷ: ʤʫʣʴʪʠʤʝʜʽʡʥʠʡ ʢʦʥʪʝʥʪ 

ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʘʫʜʽʦ, ʚʽʜʝʦ, ʘʥʽʤʘʮʽʶ ʪʘ ʽʥʰʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʩʧʨʠʡʤʘʪʠʩʷ 

ʧʦ-ʨʽʟʥʦʤʫ ʨʽʟʥʠʤʠ ʯʣʝʥʘʤʠ ʘʫʜʠʪʦʨʽʾ; 

- ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʽʩʪʴ: ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʝʥʪʫ ʥʘ ʨʽʟʥʠʭ 

ʧʨʠʩʪʨʦʷʭ ʽ ʧʣʘʪʬʦʨʤʘʭ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ ʧʽʜʭʦʜʽʚ; 

- ʢʦʨʦʪʢʘ ʫʚʘʛʘ ʘʫʜʠʪʦʨʽʾ: ʫ ʩʚʽʪʽ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʰʚʠʜʢʦ 

ʟʤʽʥʶʻʪʴʩʷ, ʫʪʨʠʤʘʪʠ ʫʚʘʛʫ ʘʫʜʠʪʦʨʽʾ ʩʪʘʻ ʜʝʜʘʣʽ ʩʢʣʘʜʥʽʰʝ. ʆʮʽʥʢʘ, ʥʘʩʢʽʣʴʢʠ 

ʫʩʧʽʰʥʦ ʢʦʥʪʝʥʪ ʧʨʠʚʝʨʪʘʻ ʡ ʫʪʨʠʤʫʻ ʫʚʘʛʫ, ʤʦʞʝ ʙʫʪʠ ʩʢʣʘʜʥʦʶ; 

- ʧʦʨʽʚʥʷʥʥʷ ʟ ʢʦʥʢʫʨʝʥʪʘʤʠ: ʚʠʟʥʘʯʝʥʥʷ, ʥʘʩʢʽʣʴʢʠ ʚʘʰ ʢʦʥʪʝʥʪ 

ʝʬʝʢʪʠʚʥʠʡ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʢʫʨʝʥʪʘʤʠ, ʚʠʤʘʛʘʻ ʜʦʩʪʫʧʫ ʜʦ ʾʭʥʽʭ ʜʘʥʠʭ ʘʙʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʦʨʦʥʥʽʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʦʮʽʥʢʠ; 

- ROI ʽ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: ʙʘʛʘʪʦ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʢʘʤʧʘʥʽʡ 

ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʚʝʨʥʝʥʥʷ 

ʚʽʜ ʽʥʚʝʩʪʠʮʽʡ ʤʦʞʝ ʟʘʡʥʷʪʠ ʯʘʩ; 

ʉʧʨʘʚʣʷʶʯʠʩʴ ʽʟ ʮʠʤʠ ʪʘ ʽʥʰʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʬʘʭʽʚʮʽ ʟ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ 

ʢʦʥʪʝʥʪʫ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʦʮʽʥʠʪʠ ʡ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʚʦʾ ʩʪʨʘʪʝʛʽʾ, ʱʦʙ ʜʦʩʷʛʪʠ 

ʥʘʡʢʨʘʱʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ - ʮʝ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʤʝʪʦʜ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʴ, ʱʦ 

ʜʘʻ ʟʤʦʛʫ ʚʧʦʨʷʜʢʦʚʫʚʘʪʠ ʪʘ ʧʨʽʦʨʠʪʠʟʫʚʘʪʠ ʩʢʣʘʜʥʽ ʧʨʦʙʣʝʤʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ 
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ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʝʥʪʫ ʥʘ 

ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʘʡʪʘʭ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʨʦʟʚ'ʷʟʘʪʠ ʥʠʟʢʫ ʚʠʱʝʟʛʘʜʘʥʠʭ 

ʧʨʦʙʣʝʤ, ʘ ʩʘʤʝ [11]: 

- ɺʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʠʭ ʤʝʪʨʠʢ: ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʝʪʘʧʽʚ ʤʝʪʦʜʫ 

ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʻ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʧʨʦʙʣʝʤʠ. ʎʝ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʬʘʭʽʚʮʷʤ 

ʯʽʪʢʦ ʚʠʟʥʘʯʠʪʠ, ʷʢʽ ʤʝʪʨʠʢʠ ʪʘ ʬʘʢʪʦʨʠ ʻ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʝʥʪʫ ʪʘ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʥʠʭ. 

- ɹʝʟʣʽʯ ʟʤʽʥʥʠʭ: ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʚʨʘʭʦʚʫʻ ʨʽʟʥʽ ʢʨʠʪʝʨʽʾ ʪʘ 

ʧʽʜʢʨʠʪʝʨʽʾ. ɿʘ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʘʥʘʣʽʟʫʚʘʪʠ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʢʦʥʪʝʥʪʫ, ʪʘʢʽ 

ʷʢ ʷʢʽʩʪʴ, ʫʥʽʢʘʣʴʥʽʩʪʴ, ʚʽʟʫʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʦʱʦ, ʽ ʚʠʟʥʘʯʠʪʠ ʾʭʥʶ 

ʚʽʜʥʦʩʥʫ ʚʘʞʣʠʚʽʩʪʴ. 

- ʉʫʙ'ʻʢʪʠʚʥʽʩʪʴ ʩʧʨʠʡʥʷʪʪʷ: ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʚʠʤʘʛʘʻ ʧʘʨʥʦʛʦ 

ʧʦʨʽʚʥʷʥʥʷ ʝʣʝʤʝʥʪʽʚ. ʎʝ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʚʨʘʭʫʚʘʥʥʶ ʩʫʙ'ʻʢʪʠʚʥʠʭ ʜʫʤʦʢ 

ʨʽʟʥʠʭ ʝʢʩʧʝʨʪʽʚ ʽ ʩʪʝʡʢʭʦʣʜʝʨʽʚ, ʨʦʙʣʷʯʠ ʧʨʦʮʝʩ ʦʮʽʥʶʚʘʥʥʷ ʙʽʣʴʰ 

ʦʙ'ʻʢʪʠʚʥʠʤ. 

- ʇʦʨʽʚʥʷʥʥʷ ʟ ʢʦʥʢʫʨʝʥʪʘʤʠ: ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ 

ʤʦʞʥʘ ʧʦʨʽʚʥʶʚʘʪʠ ʩʚʽʡ ʢʦʥʪʝʥʪ ʽʟ ʢʦʥʢʫʨʝʥʪʘʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʜʥʽ ʡ ʪʽ 

ʩʘʤʽ ʢʨʠʪʝʨʽʾ ʪʘ ʧʽʜʢʨʠʪʝʨʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʢʠ. 

- ɺʝʣʠʢʠʡ ʦʙʩʷʛ ʜʘʥʠʭ: ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ 

ʚʧʦʨʷʜʢʫʚʘʪʠ ʽ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʜʘʥʠʭ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʡʦʛʦ ʥʘ 

ʢʝʨʦʚʘʥʽ ʪʘ ʘʥʘʣʽʟʦʚʘʥʽ ʛʨʫʧʠ ʘʙʦ ʢʨʠʪʝʨʽʾ. 

- ʄʽʥʣʠʚʽʩʪʴ ʘʫʜʠʪʦʨʽʾ: ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʜʘʻ ʟʤʦʛʫ ʨʝʛʫʣʷʨʥʦ 

ʧʝʨʝʛʣʷʜʘʪʠ ʽ ʧʝʨʝʦʮʽʥʶʚʘʪʠ ʢʨʠʪʝʨʽʾ ʪʘ ʧʽʜʢʨʠʪʝʨʽʾ ʥʘ ʦʩʥʦʚʽ ʥʦʚʠʭ ʜʘʥʠʭ ʘʙʦ 

ʧʦʚʝʜʽʥʢʠ ʘʫʜʠʪʦʨʽʾ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ. 

- ROI (Return on Investment) ʽ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʘ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʤʦʞʥʘ ʟʚʘʞʫʚʘʪʠ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽ (ʚʠʪʨʘʪʠ 

ʥʘ ʤʘʨʢʝʪʠʥʛʦʚʽ ʢʘʤʧʘʥʽʾ, ʢʽʣʴʢʽʩʪʴ ʢʦʥʚʝʨʩʽʡ, ʢʽʣʴʢʽʩʪʴ ʥʦʚʠʭ ʢʣʽʻʥʪʽʚ) ʪʘ 

ʜʦʚʛʦʩʪʨʦʢʦʚʽ (ʢʣʽʻʥʪʩʴʢʘ ʣʦʷʣʴʥʽʩʪʴ, ʨʝʧʫʪʘʮʽʷ ʙʨʝʥʜʫ, ʟʘʛʘʣʴʥʠʡ ʧʨʠʙʫʪʦʢ) 

ʧʦʢʘʟʥʠʢʠ, ʚʨʘʭʦʚʫʶʯʠ ʾʭʥʶ ʚʽʜʥʦʩʥʫ ʚʘʞʣʠʚʽʩʪʴ ʜʣʷ ʟʘʛʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʫ ʢʦʥʪʝʢʩʪʽ ʦʮʽʥʶʚʘʥʥʷ 
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ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ ʚʠʤʘʛʘʻ ʛʣʠʙʦʢʦʾ ʝʢʩʧʝʨʪʠʟʠ ʪʘ ʨʦʟʫʤʽʥʥʷ ʷʢ ʩʘʤʦʛʦ 

ʤʝʪʦʜʫ, ʪʘʢ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʪʝʥʪʥʦʛʦ ʤʘʨʢʝʪʠʥʛʫ. ʆʜʥʘʢ ʫ ʨʘʟʽ ʧʨʘʚʠʣʴʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʥ ʤʦʞʝ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʽ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ 

ʜʦ ʦʮʽʥʢʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʪʝʥʪʫ. 

ɿʘʩʪʦʩʦʚʫʶʯʠ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʪʝʥʪʫ, ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʪʘ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʝʥʪʫ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʙʝʟʣʽʯ ʬʘʢʪʦʨʽʚ ʪʘ 

ʟʦʩʝʨʝʜʠʪʠ ʟʫʩʠʣʣʷ ʥʘ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʘʩʧʝʢʪʘʭ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʨʦʙʽʪ ʘʚʪʦʨʽʚ [2-5] ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʥʘʩʪʫʧʥʠʡ ʧʝʨʝʣʽʢ 

ʢʨʠʪʝʨʽʾʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʢʦʥʪʝʥʪʫ ʥʘ ʩʘʡʪʽ: 

1. ʆʨʠʛʽʥʘʣʴʥʽʩʪʴ 

2. ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ 

ʥʘʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

3. ɿʥʘʯʠʤʽʩʪʴ ʜʣʷ ʮʽʣʴʦʚʦʾ 

ʘʫʜʠʪʦʨʽʾ 

4. ʗʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʪʘ ʚʽʜʝʦ 

5. ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʚʽʟʫʘʣʴʥʦʛʦ 

ʦʬʦʨʤʣʝʥʥʷ ʮʽʣʴʦʚʦʾ ʘʫʜʠʪʦʨʽʾ 

ʪʘ ʙʨʝʥʜʫ 

6. ʇʨʦʬʝʩʽʡʥʝ ʦʬʦʨʤʣʝʥʥʷ 

7. ʅʘʚʽʛʘʮʽʷ ʧʦ ʩʘʡʪʫ 

8. ɸʜʘʧʪʠʚʥʠʡ ʜʠʟʘʡʥ ʜʣʷ 

ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ 

9. ʐʚʠʜʢʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʩʪʦʨʽʥʦʢ 

10. ʏʘʩ, ʧʨʦʚʝʜʝʥʠʡ ʥʘ ʩʪʦʨʽʥʮʽ 

11. ʂʦʤʝʥʪʘʨʽ ʪʘ ʟʚʦʨʦʪʥʠʡ 

ʟʚ'ʷʟʦʢ 

12. ʇʦʚʪʦʨʥʽ ʚʽʜʚʽʜʫʚʘʥʥʷ ʪʘ 

ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʚʽʜʤʦʚ 

13. ʅʘʷʚʥʽʩʪʴ ʢʣʶʯʦʚʠʭ ʩʣʽʚ 

14. ʆʧʪʠʤʽʟʘʮʽʷ ʤʝʪʘʪʝʛʽʚ ʪʘ 

ʦʧʠʩʽʚ 

15. ʉʪʨʫʢʪʫʨʘ ʪʘ ʚʥʫʪʨʽʰʥʻ 

ʧʝʨʝʣʽʥʢʫʚʘʥʥʷ ʢʦʥʪʝʥʪʫ 

16. ɼʦʪʨʠʤʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ 

ʜʦʩʪʫʧʥʦʩʪʽ 

17. ʏʠʪʘʥʥʷ ʪʝʢʩʪʫ 

18. ʆʧʠʩ ʟʦʙʨʘʞʝʥʴ (alt-ʪʝʢʩʪʠ) 

19. ʇʨʠʩʫʪʥʽʩʪʴ ʫ ʩʦʮʽʘʣʴʥʠʭ 

ʤʝʨʝʞʘʭ 

20. ʇʘʨʪʥʝʨʩʴʢʽ ʧʫʙʣʽʢʘʮʽʾ ʪʘ 

ʩʠʥʜʠʢʘʮʽʷ ʢʦʥʪʝʥʪʫ 

21. Email-ʤʘʨʢʝʪʠʥʛ ʪʘ 

ʨʝʪʘʨʛʝʪʠʥʛ 

22. ʏʽʪʢʽʩʪʴ ʽ ʚʠʜʠʤʽʩʪʴ CTA 

23. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʢʣʠʢʽʚ ʜʦ 

ʜʽʾ 

24. ʊʨʝʢʽʥʛ ʪʘ ʘʥʘʣʽʟ ʢʦʥʚʝʨʩʽʡ 

25. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ 

KPI 

26. ʈʝʛʫʣʷʨʥʠʡ ʘʥʘʣʽʟ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ 

ʢʦʥʪʝʥʪʫ 

27. ɺʠʤʽʨʶʚʘʥʥʷ ROI 

(ʧʦʚʝʨʥʝʥʥʷ ʥʘ ʽʥʚʝʩʪʠʮʽʾ) 

28. ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʩʪʠʣʝʤ 

ʢʦʤʫʥʽʢʘʮʽʾ ʙʨʝʥʜʫ ʟ ʮʽʣʴʦʚʦʶ 

ʘʫʜʠʪʦʨʽʻʶ ʪʘ ʧʦʩʠʣʘʥʥʷʤ 

ʢʣʽʻʥʪʘʤ 

29. ʇʽʜʪʨʠʤʢʘ ʙʨʝʥʜ-

ʽʜʝʥʪʠʯʥʦʩʪʽ 

30. ʉʪʨʘʪʝʛʽʯʥʘ ʽʥʪʝʛʨʘʮʽʷ 

ʢʦʥʪʝʥʪʫ ʟ ʽʥʰʠʤʠ 

ʤʘʨʢʝʪʠʥʛʦʚʠʤʠ ʟʘʭʦʜʘʤʠ 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʙʫʣʦ ʫʟʘʛʘʣʴʥʝʥʦ ʪʘ ʚʠʚʝʜʝʥʦ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʽ 

ʢʨʠʪʝʨʽʾ, ʩʘʤʝ ʾʭ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʷʢʽʩʥʦʛʦ ʥʘʧʦʚʥʝʥʥʷ 

ʩʘʡʪʫ: 

1) ʚʽʟʫʘʣʴʥʘ ʧʨʠʚʘʙʣʠʚʽʩʪʴ; 

2) ʟʘʣʫʯʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

3) ʪʝʭʥʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ; 

4) SEO ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʘʫʜʠʪʦʨʽʾ. 

ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʢʨʠʪʝʨʽʾʚ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʫ ʜʣʷ ʪʦʛʦ ʱʦʙ ʦʮʽʥʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʽʟʥʠʭ ʪʠʧʽʚ ʢʦʥʪʝʥʪʫ ʥʘ ʚʝʙ-ʩʘʡʪʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚʽʜʝʦ ʢʦʥʪʝʥʪ, 

ʬʦʪʦ ʢʦʥʪʝʥʪ ʪʘ ʘʥʽʤʘʮʽʾ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʉʘʘʪʽ. 

ʉʭʝʤʘ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʝʥʪʫ ʥʘ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʘʡʪʘʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʉʘʘʪʽ: 

 

ʈʠʩ. 5. ʆʪʨʠʤʘʥʘ ʩʭʝʤʘ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʝʥʪʫ ʥʘ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ 

ʩʘʡʪʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʉʘʘʪʽ. ɸʚʪʦʨ: ʉʚʽʯʢʦ ʊ. ʆ. 

ʅʘ ʜʘʥʥʽʡ ʩʭʝʤʽ ʟʦʙʨʘʞʝʥʦ ʩʪʨʫʢʪʫʨʫ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʦʥʪʝʥʪʫ ʥʘ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʘʡʪʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ, 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʊʦʤʘʩʦʤ ʉʘʘʪʽ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʨʦʟʩʪʘʚʠʪʠ ʧʨʽʦʨʠʪʝʪʠ ʪʘ 

ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʚ ʫʤʦʚʘʭ ʤʥʦʞʠʥʥʠʭ ʢʨʠʪʝʨʽʾʚ ʽ ʻ ʯʘʩʪʠʥʦʶ ʧʨʦʮʝʩʫ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʫʧʨʘʚʣʽʥʥʽ ʪʘ ʙʽʟʥʝʩʽ.  

ɺʠʩʥʦʚʢʠ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʚʽʜʚʽʜʫʚʘʥʦʩʪʽ ʪʘ ʟʘʣʫʯʝʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ 

ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʘʡʪʘʭ ʥʝʦʙʭʽʜʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʦʮʽʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʢʦʥʪʝʥʪʫ, ʚʢʣʶʯʘʶʯʠ ʚʽʜʝʦ, ʬʦʪʦʛʨʘʬʽʾ ʪʘ ʘʥʽʤʘʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʉʘʘʪʽ (AHP) ʷʢ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʙʦʨʫ 



183 

ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʢʦʥʪʝʥʪʫ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ 

ʚʠʨʽʰʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʽ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʙʘʛʘʪʦ ʟʤʽʥʥʠʭ. ʆʜʥʽʻʶ ʟ 

ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ AHP ʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʢʨʠʪʝʨʽʾ ʦʮʽʥʶʚʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ AHP ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ 

ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ ʚʘʛʫ ʧʨʠ ʦʮʽʥʮʽ ʢʦʥʪʝʥʪʫ, ʚʢʣʶʯʘʶʯʠ ʷʢʽʩʪʴ 

ʟʦʙʨʘʞʝʥʥʷ, ʽʥʪʝʨʘʢʪʠʚʥʽʩʪʴ, ʽʥʬʦʨʤʘʮʽʡʥʫ ʮʽʥʥʽʩʪʴ ʪʘ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜ, 

ʘ ʪʘʢʦʞ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʨʦʟʨʦʙʥʠʢʘʤ ʪʘ ʚʣʘʩʥʠʢʘʤ 

ʚʝʙ-ʩʘʡʪʽʚ ʦʧʪʠʤʽʟʫʚʘʪʠ ʢʦʥʪʝʥʪ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʚʦʾʭ 

ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤ, ʪʠʤ ʩʘʤʠʤ ʧʦʢʨʘʱʫʶʯʠ ʟʘʣʫʯʝʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ 

ʜʦʩʷʛʘʶʯʠ ʙʽʟʥʝʩ-ʮʽʣʝʡ. 
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ʋɼʂ 539 

ɼʀʅɸʄɯʂɸ ʅɽʉʋʏʀʍ ʐɸʈɯɺ ɽʃɯʇʊʀʏʅʆɻʆ ʎʀʃɯʅɼʈɸ ʇʈʀ 

ʅɽʉʊɸʎɯʆʅɸʈʅʆʄʋ ʅɸɺɸʅʊɸɾɽʅʅɯ 

 

ɻʘʡʜʘʡʯʫʢ ɺʽʢʪʦʨ ɺʘʩʠʣʴʦʚʠʯ, 

ʜ. ʪ. ʥ, ʧʨʦʬʝʩʦʨ 

ʂʦʪʝʥʢʦ ʂʦʩʪʷʥʪʠʥ ɽʜʫʘʨʜʦʚʠʯ, 

ʢ. ʪ. ʥ, ʜʦʮʝʥʪ 

ʂʣʠʤʝʥʢʦ ʄʠʢʦʣʘ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, 

ʢ. ʪ. ʥ, ʜʦʮʝʥʪ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ 

 

ɸʥʦʪʘʮʽʷ: ɼʦʩʣʽʜʞʝʥʽ ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʥʝʩʫʯʠʭ ʰʘʨʽʚ ʪʨʠʰʘʨʦʚʦʾ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʝʣʽʧʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɺʠʟʥʘʯʝʥʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʝʣʠʯʠʥ 

ʥʦʨʤʘʣʴʥʠʭ ʧʨʦʛʠʥʽʚ 1

3u , 2

3u  ̔  ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘʧʨʫʞʝʥʴ 1

22s , 
2

22s  

ʥʝʩʫʯʠʭ ʰʘʨʽʚ ʩʪʨʫʢʪʫʨʠ ʝʣʽʧʪʠʯʥʦʛʦ ʮʠʣʽʥʜʨʘ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ 

ʧʨʫʞʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ʈʦʟʨʘʭʫʥʢʠ ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʠʤ ʤʝʪʦʜʦʤ. ɺ ʜʦʩʣʽʜʞʝʥʥʽ 

ʚʠʢʦʨʠʩʪʘʥʽ ʟʩʫʚʥʘ ʪʝʦʨʽʷ ʦʙʦʣʦʥʦʢ ʽ ʩʪʝʨʞʥʽʚ, ʽ ʤʦʜʝʣʴ ʧʦʩʪʝʣʽ ʧʨʫʞʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ɺʽʥʢʣʝʨʘ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʨʠʰʘʨʦʚʘ ʝʣʽʧʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ, ʧʨʫʞʥʝ ʩʝʨʝʜʦʚʠʱʝ, 

ʝʣʽʧʪʠʯʥʠʡ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ, ʘʨʤʦʚʘʥʠʡ ʧʦʣʽʤʝʨʥʠʡ ʟʘʧʦʚʥʶʚʘʯ, 

ʥʝʩʪʘʮʽʦʥʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʦʝʬʽʮʽʻʥʪ ɺʽʥʢʣʝʨʘ, ʤʦʜʝʣʴ ʪʝʦʨʽʾ ʦʙʦʣʦʥʦʢ ʽ 

ʩʪʝʨʞʥʽʚ. 

 

ɺʩʪʫʧ. ɿʥʘʯʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʠʥʘʤʽʢʠ ʦʙʦʣʦʥʢʦʚʠʭ ʩʪʨʫʢʪʫʨ 

ʩʪʘʣʠ ʨʝʟʫʣʴʪʘʪʦʤ ʚʨʘʭʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʩʧʝʮʠʬʽʢʠ ʮʠʭ ʩʪʨʫʢʪʫʨ ʽ 

ʟʥʘʯʠʤʽʩʪʴ ʚʧʣʠʚʫ ʥʘ ʥʠʭ ʟʦʚʥʽʰʥʴʦʛʦ ʧʨʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [1]. ʇʨʦʚʽʜʥʠʤ ʚ 

ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʩʪʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘʩʪʦʩʦʚʫʶʯʽ ʤʦʜʝʣʴ ɺʽʥʢʣʝʨʘ [2]. 

ɺʽʜʨʽʟʥʷʶʯʠʩʴ ʧʨʦʩʪʦʪʦʶ, ʮʷ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʧʨʫʞʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʩʪʨʫʢʪʫʨʠ ʟ ʜʦʧʦʤʦʛʦʶ ʣʠʰʝ ʦʜʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ (ʢʦʝʬʽʮʽʻʥʪʘ 
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ɺʽʥʢʣʝʨʘ).  

ɿʚô̫ ʟʦʢ ʤʽʞ ʨʝʘʢʮʽʻʶ ʧʨʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ( , , )R x s t  ̔  ʨʘʜʽʘʣʴʥʠʤʠ 

ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʪʦʯʦʢ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ 
3( , , )u x s t ʫ ʚʠʧʘʜʢʫ ʤʦʜʝʣʽ 

ɺʽʥʢʣʝʨʘ ʤʘʻ ʚʠʛʣʷʜ:  

),,(),,(
~

31 tsxuCtsxR =
, 

ʜʝ ʉ1 ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʪʝʣʽ ʧʨʫʞʥʦʾ ʦʩʥʦʚʠ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʦʙʦʪʫ ʥʘ 

ʨʦʟʪʷʛ - ʩʪʠʩʢ; x, s ï ʦʩʥʦʚʘ ʪʘ ʦʢʨʫʞʥʘ ʢʦʦʨʜʠʥʘʪʘ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʽ t ï ʯʘʩʦʚʘ ʢʦʦʨʜʠʥʘʪʘ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʪʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ ʪʦʯʥʽʩʪʴ ʦʮʽʥʢʠ 

ʚʧʣʠʚʫ ʧʨʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʧʦʚʝʜʽʥʢʫ ʰʘʨʫʚʘʪʠʭ ʩʪʨʫʢʪʫʨ [3].  

ɺʠʤʦʛʠ ʤʽʮʥʦʩʪʽ ʽ ʚʘʛʠ, ʱʦ ʧʨʝʜô̫ ʚʣʷʶʪʴʩʷ ʜʦ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʡ 

ʚʝʩʴ ʯʘʩ ʟʨʦʩʪʘʶʪʴ, ʘ ʫʤʦʚʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʪʘʶʪʴ ʙʽʣʴʰ ʞʦʨʩʪʢʠʤʠ, 

ʧʦʪʨʝʙʫʶʯʠʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʣʦʾ ʥʠʟʢʠ ʽʥʦʜʽ ʥʘʚʽʪʴ ʩʫʧʝʨʝʯʣʠʚʠʭ ʚʠʤʦʛ. ɺ ʮʽʡ 

ʩʠʪʫʘʮʽʾ ʧʦʟʠʪʠʚʥʦʤʫ ʨʦʟʚô̫ ʟʘʥʥʶ ʧʨʦʙʣʝʤʠ ʧʨʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʘʥʘʣʽʟʽ 

ʝʣʝʤʝʥʪʽʚ ʧʨʫʞʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʩʧʨʠʷʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʩʫʚʥʦʾ ʤʦʜʝʣʽ 

ʪʝʦʨʽʾ ʦʙʦʣʦʥʦʢ ʽ ʩʪʝʨʞʥʽʚ ʉ.ʇ. ʊʠʤʦʰʝʥʢʦ [4, 5], ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʟʘʣʝʞʥʠʭ ʛʽʧʦʪʝʟ ʜʦ ʢʦʞʥʦʛʦ ʰʘʨʫ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʟʥʘʯʥʽʡ ʚʽʜʤʽʥʥʦʩʪʽ ʾʭ 

ʬʽʟʠʢʦ ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʪʘʢʦʞ ʚʘʨʽʘʮʽʡʥʦʛʦ ʧʨʠʥʮʠʧʫ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ 

ɻʘʤʽʣʴʪʦʥʘ-ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʪʨʠʰʘʨʦʚʠʡ ʮʠʣʽʥʜʨʠʯʥʠʡ ʝʣʝʤʝʥʪ 

ʘʨʤʦʚʘʥʠʡ ʜʠʩʢʨʝʪʥʠʤʠ ʨʝʙʨʘʤʠ (ʨʠʩ. 1), ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʙʝʟʽʥʝʨʮʽʡʥʦʤʫ 

ʧʨʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʫʞʥʫ ʩʪʨʫʢʪʫʨʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʚʥʫʪʨʽʰʥʴʦʾ (ʽʥʜʝʢʩ 1), ʟʦʚʥʽʰʥʴʦʾ (ʽʥʜʝʢʩ 2) ʥʝʩʫʯʠʭ ʦʙʦʣʦʥʦʢ, ʣʝʛʢʦʛʦ 

ʟʘʧʦʚʥʶʚʘʯʘ (ʽʥʜʝʢʩ t) ʽ ʥʘʙʦʨʫ ʜʠʩʢʨʝʪʥʠʭ ʨʝʙʝʨ (ʽʥʜʝʢʩ j), ʞʦʨʩʪʢʦ ʟ'ʻʜʥʘʥʠʭ ʟ 

ʟʘʟʥʘʯʝʥʠʤʠ ʥʝʩʫʯʠʤʠ ʦʙʦʣʦʥʢʘʤʠ. ɺʽʜʥʝʩʝʤʦ ʮʠʣʽʥʜʨʠʯʥʫ ʦʙʦʣʦʥʢʫ ʜʦ 

ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʦʨʪʦʛʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ 1 2( , , ),s s z  ʜʝ 1 2, ,s s z ï ʜʦʚʞʠʥʠ 

ʪʚʽʨʥʦʾ, ʥʘʧʨʷʤʥʦʾ ʪʘ ʥʦʨʤʘʣʽ ʜʦ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʚʝʣʠʯʠʥʘ 

z ̒  ʜʦʜʘʪʥʦʶ ʷʢʱʦ ʪʦʯʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʟ ʙʦʢʫ ʦʧʫʢʣʦʩʪʽ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ.  
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ʈʠʩʫʥʦʢ 1. ʂʦʥʩʪʨʫʢʮʽʷ ʪʨʠʰʘʨʦʚʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʝʣʽʧʪʠʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʟ ʧʦʣʽʤʝʨʥʠʤ ʟʘʧʦʚʥʶʚʘʯʝʤ ʘʨʤʦʚʘʥʠʤ ʨʝʙʨʘʤʠ ʞʦʨʩʪʢʦʩʪʽ: 

1 ï ʚʥʫʪʨʽʰʥʽʡ ʰʘʨ; 2 ï ʧʦʣʽʤʝʨʥʠʡ ʟʘʧʦʚʥʶʚʘʯ; 3 ï ʟʦʚʥʽʰʥʽʡ ʰʘʨ; 

4 ï ʘʨʤʫʶʯʽ ʨʝʙʨʘ; 5 ï ʧʨʫʞʥʝ ʩʝʨʝʜʦʚʠʱʝ ɺʽʥʢʣʝʨʘ 

 

ʈʽʚʥʷʥʥʷ ʢʦʣʠʚʘʥʴ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʝʣʽʧʪʠʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʟʥʘʭʦʜʠʤʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʘʨʽʘʮʽʡʥʠʡ ʧʨʠʥʮʠʧ ɻʘʤʽʣʴʪʦʥʘ - ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ 

[6] 

[ ] 0)(
2

1

=--ñ dtAʂʇ

t

t

dd , (1.2) 

ʜʝ ʇ ï ʧʦʚʥʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ ʽ ʧʨʫʞʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ɺʽʥʢʣʝʨʘ, ʂ ï ʧʦʚʥʘ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ, ɸ ï ʨʦʙʦʪʘ 

ʟʦʚʥʽʰʥʽʭ ʩʠʣ, t1 ʽ t2 ï ʬʽʢʩʦʚʘʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. 

ʇʽʩʣʷ ʩʪʘʥʜʘʨʪʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʚʘʨʽʘʮʽʡʥʦʤʫ ʬʫʥʢʮʽʦʥʘʣʽ ʨʽʚʥʷʥʥʷ 

ʢʦʣʠʚʘʥʴ ʛʣʘʜʢʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʟ ʝʣʽʧʪʠʯʥʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʥʘ 

ʧʨʫʞʥʽʡ ʦʩʥʦʚʽ ʤʘʶʪʴ ʚʠʜ: 

2

1
2

21

11

t

u
h

s

S

s

T

µ

µ
r=

µ

µ
+

µ

µ

 (1.3) 

2

2
2

232

2

22

1 t

u
hTk

s

T

s

S

µ

µ
r=-

µ

µ
+

µ

µ

 

2

3
2

21331222

2

23

1

13 ),,(
t

u
htssPuCTk

s

T

s

T

µ

µ
r=+--

µ

µ
+

µ

µ

 



188 

2

1
23

13

21

11

12 t

h
T

s

H

s

M

µ

jµ
r=-

µ

µ
+

µ

µ

 

2

2
23

23

2

22

1 12 t

h
T

s

M

s

H

µ

jµ
r=-

µ

µ
+

µ

µ

 

ɺ ʮʠʭ ʨʽʚʥʷʥʥʷʭ ʧʦʟʥʘʯʝʥʥʷ ʉ1 ï ʢʦʝʬʽʮʽʻʥʪ ɺʽʥʢʣʝʨʘ ʧʨʫʞʥʦʾ ʦʩʥʦʚʠ.  

ʇʨʠʚʝʜʝʥʘ ʩʠʩʪʝʤʘ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʷʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʦʧʠʩʫʚʘʪʠ ʜʠʥʘʤʽʯʥʫ ʧʦʚʝʜʽʥʢʫ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʝʣʽʧʪʠʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʚ ʨʘʤʢʘʭ ʥʘʡʧʨʦʩʪʽʰʦʛʦ ʚʘʨʽʘʥʪʫ ʛʝʦʤʝʪʨʠʯʥʦ ʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʦʙʦʣʦʥʦʢ 

ʪʠʧʫ ʉ.ʇ. ʊʠʤʦʰʝʥʢʘ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʽ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ. 

ʉʢʣʘʜʥʽʩʪʴ ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʩʢʨʝʪʥʦʩʪʽ ʘʨʤʫʶʯʠʭ 

ʨʝʙʝʨ ʧʦʣʽʤʝʨʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ, ʥʘʷʚʥʦʩʪʽ ʚ ʥʠʭ ʨʦʟʨʠʚʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʪʚʦʨʝʥʥʷ ʯʠʩʝʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʷʢʽ çʩʢʣʝʶʶʪʴʩʷè ʚ ʛʣʘʜʢʽʡ 

ʦʙʣʘʩʪʽ ʥʘ ʣʽʥʽʷʭ ʨʦʟʨʠʚʽʚ, ʨʦʟʨʘʭʫʥʢʠ ʪʘʢʠʭ ʟʘʜʘʯ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ 

ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʽ ʢʦʤʧʣʝʢʩʠ. ʊʦʤʫ ʧʨʠ ʨʦʟʚô̫ ʟʘʥʥʽ ʪʘʢʠʭ ʟʘʜʘʯ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʠʡ ʤʝʪʦʜ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʦ ʽ 

ʧʨʠ ʨʦʟʚô̫ ʟʘʥʽ ʜʘʥʦʾ ʟʘʜʘʯʽ [7, 8]. 

ʏʠʩʣʦʚʽ ʨʝʟʫʣʴʪʘʪʠ. ʈʦʟʛʣʷʜʘʣʘʩʷ ʟʘʜʘʯʘ ʜʠʥʘʤʽʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʥʝʩʫʯʠʭ ʰʘʨʽʚ ʮʠʣʽʥʜʨʠʯʥʦʾ ʝʣʽʧʪʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʚ ʾʾ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ 

2 0s =  . 

ɺʠʟʥʘʯʘʣʠʩʷ ʚʝʣʠʯʠʥʠ ʥʦʨʤʘʣʴʥʠʭ ʧʨʦʛʠʥʽʚ 1

3u , 2

3u  ʽ ʥʦʨʤʘʣʴʥʠʭ 

ʥʘʧʨʫʞʝʥʴ 1

22s , 
2

22s  ʚ ʮʠʭ ʰʘʨʘʭ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʤʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʽ ʜʚʦʭ ʚʘʨʽʘʥʪʘʭ ʧʨʫʞʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʈʦʟʛʣʷʜʘʣʠʩʷ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʨʫʢʪʫʨʠ ʟ ʥʘʷʚʥʽʩʪʶ ʽ ʚʽʜʩʫʪʥʽʩʪʶ ʘʨʤʦʚʘʥʦʛʦ 

ʧʦʣʽʤʝʨʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ. ʇʨʠʡʤʘʣʠʩʷ ʚʘʨʽʘʥʪʠ, ʢʦʣʠ ʪʦʨʮʽ ʦʙʦʣʦʥʢʠ 

ʟʘʢʨʽʧʣʝʥʽ ʞʦʨʩʪʢʦ ʪʘ ʰʘʨʥʽʨʥʦ. ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʧʨʠʡʤʘʣʠʩʷ ʥʫʣʴʦʚʠʤʠ. 

ʈʦʟʧʦʜʽʣʝʥʝ ʽʤʧʫʣʴʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 3 1 2( , , )P s s t ʟʘʜʘʚʘʣʦʩʷ: 

[ ]3 1 2( , , ) sin ( ) ( ) ,
t

P s s t A t t T
T

p
h h= Ö - - 

ʜʝ A  ï ʘʤʧʣʽʪʫʜʘ ʥʘʚʘʥʪʘʞʝʥʥʷ; Tï ʪʨʠʚʘʣʽʩʪʴ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ; )(th  ï ʬʫʥʢʮʽʷ ʍʝʚʽʩʘʡʜʘ. ɺ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʤʘʣʦʩʷ: 610A= ʇʘ; 
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650 10T -= Ö ʩ. 

ʆʙʦʣʦʥʢʠ ʨʦʟʚôʷʟʫʚʘʣʠʩʷ ʟ ʥʘʩʪʫʧʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʪʘ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 0,01h= ʤ; 1 2 0,001h h= = ; 1 0,4L = ʤ; 

10
1 2 7 10 ʇʘ;jE E E= = = Ö

81,4 ʇʘ10tE = Ö ;
12 21 0,3;jn n n= = =  ɟ1=ɟ2=ɟj=2,7Ā10

3
 ʢʛ/ʤ

3
, 

ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʫʞʥʦʾ ʦʩʥʦʚʠ ʉ1 =1Ā10
8
 ʅ/ʤ

3
 ʪʘ ʉ1 =1Ā10

9
 ʅ/ʤ

3
, 0,11a= ʤ.  

ʇʘʨʘʤʝʪʨʠ ʝʣʽʧʪʠʯʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ: 1,1a b= . 

ɸʨʤʫʶʯʽ ʨʝʙʨʘ ʩʪʨʫʢʪʫʨʠ (ʧʘʨʘʣʝʣʽ) ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʴ ʚ ʪʘʢʠʭ ʾʾ ʪʦʯʢʘʭ: 

1[16 17( 1)] , 1, 5,
100

j

L
x k x k x= + - D = D =

 , 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ NASTRAN [9] ʘʜʝʢʚʘʪʥʠʭ 

ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʠʭ ʤʦʜʝʣʝʡ ʪʨʠʰʘʨʦʚʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʦʙôʻʤʥʽ ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ ʪʠʧʫ Solid, ʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʫʞʥʦʾ ʦʩʥʦʚʠ ʫ ʨʘʤʢʘʭ ʛʽʧʦʪʝʟʠ ɺʽʥʢʣʝʨʘ ï ʦʜʥʦʤʽʨʥʽ ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ 

ʪʠʧʫ Spring, ʨʦʟʪʘʰʦʚʘʥʽ ʧʦ ʜʦʚʞʠʥʽ ʦʙʦʣʦʥʢʠ. 

ʉʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʽ ʤʦʜʝʣʽ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʜʣʷ ʦʙʦʣʦʥʢʦʚʠʭ ʩʪʨʫʢʪʫʨ ʙʝʟ 

ʟʘʧʦʚʥʶʚʘʯʘ ʽ ʟ ʥʘʷʚʥʽʩʪʶ ʣʝʛʢʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ (ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ: 1 500tE E = ). 

ʋ ʚʘʨʽʘʥʪʽ ʪʨʠʰʘʨʦʚʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʝʟ ʧʦʣʽʤʝʨʥʦʛʦ 

ʟʘʧʦʚʥʶʚʘʯʘ ʤʦʜʝʣʴ ʥʘʣʽʯʫʚʘʣʘ ʫ ʚʥʫʪʨʽʰʥʽʡ ʥʝʩʫʯʽʡ ʦʙʦʣʦʥʮʽ 40000 

ʝʣʝʤʝʥʪʽʚ, ʟʦʚʥʽʰʥʽʡ ï 40000, ʘ ʚ ʘʨʤʫʶʯʠʭ ʨʝʙʨʘʭ ï 4000. ʂʽʣʴʢʽʩʪʴ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʣʝʛʢʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʜʦʨʽʚʥʶʚʘʣʘ 36000. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʩʢʽʥʯʝʥʥʠʭ ʪʨʠʚʠʤʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʠʧʫ Solid ʫ ʤʦʜʝʣʽ ʙʝʟ ʟʘʧʦʚʥʶʚʘʯʘ 

ʩʢʣʘʜʘʣʘ 84000 ʝʣʝʤʝʥʪʽʚ ʽ 124200 ʚʫʟʣʽʚ. ɸ ʧʨʠ ʡʦʛʦ ʥʘʷʚʥʦʩʪʽ ï ʤʘʣʘ ʪʘʢʽ ʜʘʥʽ: 

120000 ʝʣʝʤʝʥʪʽʚ ʽ 141400 ʚʫʟʣʽʚ. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʪʠʧʫ Spring ʫ 

ʢʦʞʥʽʡ ʤʦʜʝʣʽ ʩʪʨʫʢʪʫʨʠ ʩʪʘʥʦʚʠʣʘ 20200. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ (ʨʠʩ. 2 ï ʨʠʩ. 5) ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʪʨʠʰʘʨʦʚʦʛʦ ʝʣʽʧʪʠʯʥʦʛʦ 

ʮʠʣʽʥʜʨʘ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʫ ʧʨʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ɺʽʥʢʣʝʨʘ 

ʉ1 =1Ā10
8 
ʅ/ʤ

3
 ʪʘ ʉ1 =1Ā10

9 
ʅ/ʤ

3
 ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʪʘ ʥʘʷʚʥʦʩʪʽ ʤʽʞ ʥʝʩʫʯʠʤʠ 

ʰʘʨʘʤʠ ʩʪʨʫʢʪʫʨʠ ʜʠʩʢʨʝʪʥʦʛʦ ʣʝʛʢʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ (ʧʽʥʦʧʣʘʩʪʫ). 
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ʅʘ ʛʨʘʬʽʢʘʭ ʨʠʩ. 2ʘ ʟʦʙʨʘʞʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʥʦʨʤʘʣʴʥʠʭ 

ʧʨʦʛʠʥʽʚ 1
3u (1) ʽ 2

3u (2) ʚ ʩʝʨʝʜʠʥʥʠʭ ʧʦʚʝʨʭʥʷʭ ʥʝʩʫʯʠʭ ʦʙʦʣʦʥʦʢ ʪʨʠʰʘʨʦʚʦʾ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʫ ʧʨʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ɺʽʥʢʣʝʨʘ (ʉ1 =1Ā10
8
 ʅ/ʤ

3
) 

ʚʟʜʦʚʞ ʢʦʦʨʜʠʥʘʪʠ 
1S ʚ ʧʝʨʝʨʽʟʽ 2 0s =  (ʚʟʜʦʚʞ ʪʚʽʨʥʦʾ 110 Ls ¢¢ ). ʊʦʨʮʽ ʦʙʦʣʦʥʢʠ 

ʞʦʨʩʪʢʦ ʟʘʪʠʩʥʝʥʽ. ʅʘ ʛʨʘʬʽʢʫ ʢʨʠʚʘ 1 ʚʽʜʧʦʚʽʜʘʻ ʚʝʣʠʯʠʥʽ 1
3u  ʚʥʫʪʨʽʰʥʴʦʾ 

ʥʝʩʫʯʦʾ ʦʙʦʣʦʥʢʠ ʩʠʤʝʪʨʠʯʥʦʛʦ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʘ ʢʨʠʚʘ 2 ï ʚʝʣʠʯʠʥʽ 

2
3u  ʟʦʚʥʽʰʥʽʡ ʥʝʩʫʯʽʡ ʦʙʦʣʦʥʮʽ ʩʠʤʝʪʨʠʯʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʤʦʤʝʥʪ 

ʯʘʩʫ   

 

 

 

 

ʈʠʩʫʥʦʢ 2. ɾʦʨʩʪʢʝ ʟʘʢʨʽʧʣʝʥʥʷ ʦʙʦʣʦʥʢʠ. ɺʽʜʩʫʪʥʽʩʪʴ ʟʘʧʦʚʥʶʚʘʯʘ 

a ï ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʥʦʨʤʘʣʴʥʠʭ ʧʨʦʛʠʥʽʚ 1
3u (1) ʽ 2

3u (2); 

ʙ ï ʪʝʞ ʩʘʤʝ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ 1
22s (1) ʽ 

2
22s (2) 

t=3,7T (ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ 1
3u  (1) ʽ 2

3u  (2)). ʃʝʛʢʠʡ 

ʟʘʧʦʚʥʶʚʘʯ ʚʽʜʩʫʪʥʽʡ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʥʘ ʮʠʭ ʞʝ ʛʨʘʬʽʢʘʭ ʜʣʷ ʧʨʫʞʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ɺʽʥʢʣʝʨʘ (ʉ1=1Ā10
9
ʅ/ʤ

3
) ʚʽʜʧʦʚʽʜʥʽ ʢʨʠʚʽ ʟʦʙʨʘʞʝʥʽ ʧʫʥʢʪʠʨʥʦʶ 

ʣʽʥʽʻʶ ʧʨʠ t=1,25T. 

ʅʘ ʨʠʩ. 2ʙ ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʥʦʨʤʘʣʴʥʠʭ 

ʥʘʧʨʫʞʝʥʴ 1

22s  (1) ʽ 
2

22s  (2) ʚ ʩʝʨʝʜʠʥʥʠʭ ʧʦʚʝʨʭʥʷʭ ʥʝʩʫʯʠʭ ʦʙʦʣʦʥʦʢ ʫ 

ʧʨʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ɺʽʥʢʣʝʨʘ (ʉ1 =1Ā10
8 
ʅ/ʤ

3
) ʚʟʜʦʚʞ ʢʦʦʨʜʠʥʘʪʠ 

1S ʚ ʧʝʨʝʨʽʟʽ 

2 0s =. ʅʘ ʮʴʦʤʫ ʽ ʧʦʜʘʣʴʰʠʭ ʛʨʘʬʽʢʘʭ ʢʨʠʚʘ 1 ʚʽʜʧʦʚʽʜʘʻ ʚʝʣʠʯʠʥʽ 1

22s  

ʘ ʙ 
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ʚʥʫʪʨʽʰʥʴʦʾ ʥʝʩʫʯʦʾ ʩʠʤʝʪʨʠʯʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ, ʘ ʢʨʠʚʘ 2 ï ʚʝʣʠʯʠʥʽ 

2

22s  ʟʦʚʥʽʰʥʴʦʾ ʥʝʩʫʯʦʾ ʩʠʤʝʪʨʠʯʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʚ ʤʦʤʝʥʪ ʯʘʩʫ  

t=3,7T  (ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ 122s  (1) ʽ 
2

22s  (2)). 

ʃʝʛʢʠʡ ʟʘʧʦʚʥʶʚʘʯ ʚʽʜʩʫʪʥʽʡ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʥʘ ʮʠʭ ʞʝ ʛʨʘʬʽʢʘʭ ʜʣʷ ʧʨʫʞʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ɺʽʥʢʣʝʨʘ (ʉ1 =1Ā10
9 
ʅ/ʤ

3
) ʚʽʜʧʦʚʽʜʥʽ ʢʨʠʚʽ ʟʦʙʨʘʞʝʥʽ ʧʫʥʢʪʠʨʥʦʶ 

ʣʽʥʽʻʶ ʧʨʠ t=1,25T. 

ʅʘ ʛʨʘʬʽʢʘʭ ʨʠʩ. 3, ʘ ʟʦʙʨʘʞʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ 

ʥʦʨʤʘʣʴʥʠʭ ʧʨʦʛʠʥʽʚ 1
3u (1) ʽ 2

3u (2) ʚ ʩʝʨʝʜʠʥʥʠʭ ʧʦʚʝʨʭʥʷʭ ʥʝʩʫʯʠʭ ʦʙʦʣʦʥʦʢ 

ʩʠʤʝʪʨʠʯʥʦʾ 

 

 

ʈʠʩʫʥʦʢ 3. ɾʦʨʩʪʢʝ ʟʘʢʨʽʧʣʝʥʥʷ ʦʙʦʣʦʥʢʠ. ʅʘʷʚʥʽʩʪʴ ʟʘʧʦʚʥʶʚʘʯʘ: 

a ï ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʥʦʨʤʘʣʴʥʠʭ ʧʨʦʛʠʥʽʚ 1
3u (1) ʽ 2

3u (2); ʙ 

ï ʪʝʞ ʩʘʤʝ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ 1
22s (1) ʽ 

2
22s (2) 

ʪʨʠʰʘʨʦʚʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʫ ʧʨʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ɺʽʥʢʣʝʨʘ 

(ʉ1 =1Ā10
8 
ʅ/ʤ

3
 ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ ʧʨʠ t = 3,65T; ʉ1 =1Ā10

9 
ʅ/ʤ

3
 ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ʧʨʠ  

t = 2T ) ʚʽʜ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ 
1S ʚ ʧʝʨʝʨʽʟʽ 2 0s = . ʊʦʨʮʽ ʦʙʦʣʦʥʢʠ ʞʦʨʩʪʢʦ 

ʟʘʪʠʩʥʝʥʽ. ʇʽʥʦʧʣʘʩʪ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ ʥʝʩʫʯʦʛʦ ʰʘʨʫ ʽ 

ʟʘʧʦʚʥʶʚʘʯʘ 1

1 1/ 500tE E = . ʅʘ ʨʠʩ. 3ʙ ʟʦʙʨʘʞʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ 1

22s  (1) ʽ 2

22s  (2) ʚ ʩʝʨʝʜʠʥʥʠʭ 

ʧʦʚʝʨʭʥʷʭ ʥʝʩʫʯʠʭ ʰʘʨʽʚ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ 
1S  ʚ ʧʝʨʝʨʽʟʽ 

2 0s = . ʅʘ ʛʨʘʬʽʢʘʭ ʨʠʩ. 4ʘ ʟʦʙʨʘʞʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ 

ʥʦʨʤʘʣʴʥʠʭ ʧʨʦʛʠʥʽʚ 1
3u (1) ʽ 2

3u (2) ʚ ʩʝʨʝʜʠʥʥʠʭ ʧʦʚʝʨʭʥʷʭ ʥʝʩʫʯʠʭ ʰʘʨʽʚ 

ʩʠʤʝʪʨʠʯʥʦʾ ʪʨʠʰʘʨʦʚʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʫ ʧʨʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʘ ʙ 
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ɺʽʥʢʣʝʨʘ (ʉ1 =1Ā10
8 
ʅ/ʤ

3
 ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ ʧʨʠ t = 8,65T; ʉ1 =1Ā10

9 
ʅ/ʤ

3
 ʧʫʥʢʪʠʨʥʘ 

ʣʽʥʽʷ ʧʨʠ t = 5,2T ) ʚʽʜ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ
1.S ʊʦʨʮʽ ʦʙʦʣʦʥʢʠ ʰʘʨʥʽʨʥʦ 

ʟʘʢʨʽʧʣʝʥʽ ʙʝʟ ʧʽʥʦʧʣʘʩʪʫ. 

 

 

 

ʈʠʩʫʥʦʢ 4. ʐʘʨʥʽʨʥʝ ʟʘʢʨʽʧʣʝʥʥʷ ʦʙʦʣʦʥʢʠ. ɺʽʜʩʫʪʥʽʩʪʴ ʟʘʧʦʚʥʶʚʘʯʘ: 

a - ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʥʦʨʤʘʣʴʥʠʭ ʧʨʦʛʠʥʽʚ 1
3u (1) ʽ 2

3u (2); 

ʙ - ʪʝʞ ʩʘʤʝ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ 1
22s (1) ʽ 

2
22s (2) 

ʅʘ ʨʠʩ. 4ʙ ʟʦʙʨʘʞʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ 

ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ 1

22s  (1) ʽ 
2

22s  (2) ʚ ʩʝʨʝʜʠʥʥʠʭ ʧʦʚʝʨʭʥʷʭ ʥʝʩʫʯʠʭ 

ʦʙʦʣʦʥʦʢ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ 
1S ʚ ʧʝʨʝʨʽʟʽ 2 0s =. ʅʘ ʛʨʘʬʽʢʘʭ ʨʠʩ. 5ʘ ʧʨʠʚʝʜʝʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʥʦʨʤʘʣʴʥʠʭ ʧʨʦʛʠʥʽʚ 1
3u (1) ʽ 2

3u (2) ʚ 

ʩʝʨʝʜʠʥʥʠʭ ʧʦʚʝʨʭʥʷʭ ʥʝʩʫʯʠʭ ʰʘʨʽʚ ʩʠʤʝʪʨʠʯʥʦʾ  

 

 

 

ʈʠʩʫʥʦʢ 5. ʐʘʨʥʽʨʥʝ ʟʘʢʨʽʧʣʝʥʥʷ ʦʙʦʣʦʥʢʠ. ʅʘʷʚʥʽʩʪʴ ʟʘʧʦʚʥʶʚʘʯʘ 

a - ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʥʦʨʤʘʣʴʥʠʭ ʧʨʦʛʠʥʽʚ 1
3u (1) ʽ 2

3u (2); 

ʙ - ʪʝʞ ʩʘʤʝ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ 1
22s (1) ʽ 

2
22s (2) 

ʘ ʙ 

ʘ ʙ 
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ʊʨʠʰʘʨʦʚʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʥʘ ʧʨʫʞʥʽʡ ʦʩʥʦʚʽ ɺʽʥʢʣʝʨʘ 

(ʉ1 =1Ā10
8 
ʅ/ʤ

3
 ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ ʧʨʠ  t = 6,3T ; ʉ1 =1Ā10

9 
ʅ/ʤ

3
 ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ʧʨʠ t 

= 2,15T) ʚʽʜ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ 
1S ʚ ʧʝʨʝʨʽʟʽ 2 0s = . ʊʦʨʮʽ ʦʙʦʣʦʥʢʠ 

ʰʘʨʥʽʨʥʦ ʟʘʢʨʽʧʣʝʥʽ, ʧʽʥʦʧʣʘʩʪ1

1 1/ 500tE E = .  

ʅʘ ʨʠʩ. 5ʙ ʧʨʠʚʝʜʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ 

ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ 1

22s  (1) ʽ 2

22s  (2) ʚ ʩʝʨʝʜʠʥʥʠʭ ʧʦʚʝʨʭʥʷʭ ʥʝʩʫʯʠʭ 

ʦʙʦʣʦʥʦʢ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ 
1S  ʚ ʧʝʨʝʨʽʟʽ 

2 0s = . 

ɺʠʩʥʦʚʢʠ. ɼʦʩʣʽʜʞʝʥʦ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʝʣʽʧʪʠʯʥʠʭ 

ʪʨʠʰʘʨʦʚʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʽ ʥʘʷʚʥʦʩʪʽ ʚ ʩʪʨʫʢʪʫʨʽ 

ʣʝʛʢʦʛʦ, ʘʨʤʦʚʘʥʠʤ ʨʝʙʨʘʤʠ ʧʦʣʽʤʝʨʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʧʽʜ ʜʽʻʶ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʇʨʠ ʘʥʘʣʽʟʽ ʜʠʥʘʤʽʢʠ ʝʣʝʤʝʥʪʽʚ ʧʨʫʞʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʝʣʴ 

ʪʝʦʨʽʾ ʦʙʦʣʦʥʦʢ ʽ ʩʪʨʠʞʥʽʚ ʉ.ʇ. ʊʠʤʦʰʝʥʢʘ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʦʟʨʘʭʫʥʢʽʚ 

ʚʧʣʠʚʫ ʧʦʣʽʤʝʨʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʦʙʦʣʦʥʢʠ ʥʘ ʾʾ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ 

ʧʨʠ ʟʤʽʥʽ ʚʝʣʠʯʠʥ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʦʜʝʣʽ ɺʽʥʢʣʝʨʘ.  

ʉʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʠʥʘʤʽʢʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʪʨʠʰʘʨʦʚʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʢʘʭ ʝʣʽʧʪʠʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʨʦʟʤʽʱʝʥʠʭ ʫ 

ʧʨʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʧʦʢʘʟʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʢʦʣʠʚʘʣʴʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ.  
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ʋɼʂ 351:347.779 

ʆʉʆɹʃʀɺʆʉʊɯ ɿɸɹɽɿʇɽʏɽʅʅʗ ʇʈɸɺɸ ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɰ 

ɺʃɸʉʅʆʉʊɯ ʋ ʉʌɽʈɯ ʎʀʌʈʆɺʀʍ ʊɽʍʅʆʃʆɻɯʁ 

 

ɼʷʯʝʥʢʦ ɺʘʣʝʥʪʠʥ ʉʝʨʛʽʡʦʚʠʯ, 

ʢ. ʝ. ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʢʽʙʝʨʙʝʟʧʝʢʠ, ɯʊ ʪʘ ʝʢʦʥʦʤʽʢʠ 

ɼʷʯʝʥʢʦ ʅʘʪʘʣʽʷ ʇʘʚʣʽʚʥʘ, 

ʢ. ʜʝʨʞ. ʫʧʨ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʢʽʙʝʨʙʝʟʧʝʢʠ, ɯʊ ʪʘ ʝʢʦʥʦʤʽʢʠ 

ɻʦʣʫʙʢʦʚ ɯʚʘʥ ɸʥʜʨʽʡʦʚʠʯ, 

ʟʜʦʙʫʚʘʯ ʚʠʱʦʾ ʦʩʚʽʪʠ 

ʂʠʾʚʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ʪʘ ʧʨʘʚʘ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʆʜʝʩʴʢʘ ʶʨʠʜʠʯʥʘ ʘʢʘʜʝʤʽʷè 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ: ɼʦʩʣʽʜʞʝʥʦ ʜʠʥʘʤʽʢʫ ʟʤʽʥ ʝʢʩʧʦʨʪʫ ʧʦʩʣʫʛ ʩʬʝʨʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʘʛʘʣʴʥʦʛʦ ʝʢʩʧʦʨʪʫ ʧʦʩʣʫʛ ʚ ʋʢʨʘʾʥʽ. 

ʅʘʛʦʣʦʰʝʥʦ, ʱʦ ʚʘʞʣʠʚʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʪʝʥʜʝʥʮʽʻʶ ʩʫʯʘʩʥʦʩʪʽ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʽʤʽʪʫʶʪʴ ʨʝʘʣʴʥʽʩʪʴ (ʚʽʜ 

ʚʽʨʪʫʘʣʴʥʦʾ ʪʘ ʜʦʧʦʚʥʝʥʦʾ ʜʦ ʟʤʽʰʘʥʦʾ), ʚʠʦʢʨʝʤʣʝʥʦ ʨʷʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʨʝʥʜʽʚ 

2023 ʨʦʢʫ. ɺʠʷʚʣʝʥʦ, ʱʦ ʘʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʦʤ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʜʽʷʣʴʥʦʩʪʽ ʫ 

ʩʬʝʨʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʝʬʝʢʪʠʚʥʝ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ, 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤ ʩʫʯʘʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʨʦʥʽʚ, 

ʱʦ ʚʢʘʟʫʻ ʥʘ ʟʨʦʩʪʘʶʯʫ ʤʦʜʝʨʥʽʟʘʮʽʾ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʫ ʩʬʝʨʽ ʟʘʭʠʩʪʫ ʧʨʘʚʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʚʣʘʩʥʽʩʪʴ, ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ 

ʪʘ ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ɯʊ-ʩʬʝʨʘ 

 

ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʘ 

ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʤʘʡʞʝ ʚʩʽ ʩʬʝʨʠ ʩʫʩʧʽʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʞʠʪʪʷ 

ʦʙʫʤʦʚʠʣʠ ʧʝʨʝʭʽʜ ʩʚʽʪʦʚʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ ʥʘʩʪʫʧʥʦʾ ʩʪʘʜʽʾ 

ʨʦʟʚʠʪʢʫ - ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ, ʚ ʷʢʦʤʫ ʽʥʬʦʨʤʘʮʽʷ ʩʪʘʻ 

ʩʪʨʘʪʝʛʽʯʥʠʤ ʨʝʩʫʨʩʦʤ ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʠʭ ʟʤʽʥ ʫ ʩʫʩʧʽʣʴʩʪʚʽ. 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʚʽʪʽʚ Open Data Maturity 2022 [1], ʋʢʨʘʾʥʘ ʫ 2022 ʨʦʮʽ 

ʟʘʜʘʻ ʪʨʝʥʜʠ ʟ ʚʽʜʢʨʠʪʪʷ ʜʘʥʠʭ, ʘʜʞʝ ʧʦʜʽʣʷʻ ʧʝʨʰʽʩʪʴ ʚ ɭʚʨʦʧʽ ʨʘʟʦʤ ʟ ʂʽʧʨʦʤ, 

ɼʘʥʽʻʶ, ɽʩʪʦʥʽʻʶ, ɯʨʣʘʥʜʽʻʶ, ɯʪʘʣʽʻʶ, ʇʦʣʴʱʝʶ ʪʘ ɯʩʧʘʥʽʻʶ. ɯ ʮʷ ʪʝʥʜʝʥʮʽʷ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʚʞʝ ʜʨʫʛʠʡ ʨʽʢ ʧʦʩʧʽʣʴ. 

ɿʘ ʚʝʨʩʽʻʶ ɺʩʝʩʚʽʪʥʴʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ (ʘʥʛʣ. 

WIPO), ʋʢʨʘʾʥʘ ï ʩʝʨʝʜ ʥʘʡʙʽʣʴʰ ʽʥʥʦʚʘʮʽʡʥʠʭ ʢʨʘʾʥ (49 ʤʽʩʮʝ) ʫ Global 

Innovation Index 2022 [2], ʘ ʅʘʮʽʦʥʘʣʴʥʘ ʩʠʩʪʝʤʘ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ ʛʦʪʫʻ ʩʫʪʪʻʚʫ, ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʢʨʘʾʥʘʤʠ, ʢʽʣʴʢʽʩʪʴ ʬʘʭʽʚʮʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ɯʊ-ʩʬʝʨʠ (ʨʠʩ. 1). 

ʈʠʩ. 1 ʂʽʣʴʢʽʩʪʴ ʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ ɯʂʊ ʪʘ ʢʽʣʴʢʽʩʪʴ ʚʠʧʫʩʢʥʠʢʽʚ ɯʂʊ 

 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʚ ʋʢʨʘʾʥʽ ʦʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʧʦʩʪʘʻ 

ʧʦʪʨʝʙʘ ʩʚʦʻʯʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ, ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ, ʫʟʘʛʘʣʴʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʾʾ 

ʢʦʥʩʦʣʽʜʘʮʽʾ, ʬʦʨʤʫʚʘʥʥʷ ʦʧʝʨʘʪʠʚʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ, ʩʪʨʘʪʝʛʽʯʥʠʭ 

ʧʝʨʝʜʙʘʯʝʥʴ ʪʘ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʛʨʦʤʘʜʷʥʘʤ, ʱʦ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦ, 

ʚʥʫʪʨʽʰʥʴʦ ʧʝʨʝʤʽʱʝʥʠʤ ʦʩʦʙʘʤ, ʱʦ ʡ ʘʢʪʫʘʣʽʟʫʻ ʧʦʪʨʝʙʫ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʫʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʘ ʮʠʬʨʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʪʨʘʜʠʮʽʡ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪʴ ʱʦʜʦ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʫ 
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ʩʬʝʨʽ ɯʂʊ ʻ ʫʩʪʘʣʝʥʘ ʪʝʥʜʝʥʮʽʷ ʪʦʛʦ, ʱʦ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ 

ʋʢʨʘʾʥʽ - ʧʨʦʚʽʜʥʠʡ ʥʘʧʨʷʤʦʢ ʥʘʜʘʥʥʷ ʝʢʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ. 

ɿʦʢʨʝʤʘ, ʫʧʨʦʜʦʚʞ 2021 ʨʦʢʫ ɯʊ ʛʘʣʫʟʴ ʜʝʤʦʥʩʪʨʫʚʘʣʘ ʩʪʘʣʫ ʧʦʟʠʪʠʚʥʫ 

ʜʠʥʘʤʽʢʫ ʝʢʩʧʦʨʪʫ ʧʦʩʣʫʛ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʢʫ ʩʫʤʘ ʝʢʩʧʦʨʪʫ ʩʪʘʥʦʚʠʣʘ 

6,5 ʤʣʨʜ ʜʦʣ., ʱʦ ʥʘ 36% ʙʽʣʴʰʝ, ʥʽʞ ʫ 2020 ʨʦʮʽ (5 ʤʣʨʜ ʜʦʣ.). ʋ ʟʚôʷʟʢʫ ʟ 

ʚʚʝʜʝʥʥʷʤ ʫ ʣʶʪʦʤʫ 2022 ʨʦʢʫ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʟʘʛʘʣʴʥʠʡ ʝʢʩʧʦʨʪ ʧʦʩʣʫʛ ʫ 

ʙʝʨʝʟʥʽ ʤʽʩʷʮʽ ʩʢʦʨʦʪʠʚʩʷ ʥʘ 41 %, ʧʨʠ ʮʴʦʤʫ ʩʪʘʥʦʚʠʚ 52 % ʫ ʩʢʣʘʜʽ 

ʟʘʛʘʣʴʥʦʛʦ ʝʢʩʧʦʨʪʫ ʧʦʩʣʫʛ ʋʢʨʘʾʥʠ. ɿʘ ʧʽʜʩʫʤʢʘʤʠ 2022 ʨʦʢʫ ɯʊ-ʩʝʢʪʦʨ, ʻʜʠʥʘ 

ʛʘʣʫʟʴ, ʱʦ ʟʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʝʢʩʧʦʨʪ, ʧʨʦʜʦʚʞʠʣʘ ʩʪʨʽʤʢʝ ʟʨʦʩʪʘʥʥʷ ʧʦʧʨʠ 

ʧʘʜʽʥʥʷ ʝʢʦʥʦʤʽʢʠ ʥʘ ʪʣʽ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ [3]. ʊʘʢʽ ʞ ʪʝʥʜʝʥʮʽʾ ʡ ʫ 2023 ʨʦʮʽ, 

ʟʦʢʨʝʤʘ ɯʊ-ʝʢʩʧʦʨʪ ʧʦʩʣʫʛ ʫ ʪʨʘʚʥʽ 2023 ʨʦʢʫ ʟʨʽʩ ʥʘ 9,5 % ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʦʧʝʨʝʜʥʽʤ ʤʽʩʷʮʝʤ [4]. 

ɸʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʦʤ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʜʽʷʣʴʥʦʩʪʽ ʫ ʩʬʝʨʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ  ̒ ʝʬʝʢʪʠʚʥʝ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ, ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ 

ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤ ʩʫʯʘʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʨʦʥʽʚ.  

ʋ 2022 ʨʦʮʽ ʫʢʨʘʾʥʩʴʢʠʡ ʨʠʥʦʢ ʜʨʦʥʽʚ-ʦʙʧʨʠʩʢʫʚʘʯʽʚ ʩʪʘʚ ˉ1 ʫ ɭʚʨʦʧʽ 

[5].  

ɹʘʟʦʚʠʤ ʥʘʧʨʷʤʦʤ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʜʽʷʣʴʥʦʩʪʽ ʫ ʩʬʝʨʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʩʪʘʚ ʘʢʪʫʘʣʴʥʠʡ ʫ ʯʘʩʠ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʥʘʮʽʦʥʘʣʴʥʠʡ Military Tech, 

ʘʢʪʫʘʣʽʟʦʚʘʥʠʡ ʫ 2014 ʨʦʮʽ ʪʘ ʚʢʨʘʡ ʥʝʦʙʭʽʜʥʠʡ ʥʘʨʘʟʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ, ʩʠʣ ʧʨʦʪʠ ʧʦʚʽʪʨʷʥʦʾ ʦʙʦʨʦʥʠ, ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤ 

ʥʘʚʝʜʝʥʥʷ ʪʘ ʜʨʦʥʽʚ. 

ʋ ʩʬʝʨʽ ʩʪʨʠʤʫʚʘʥʥʷ, ʦʙʦʨʦʥʠ ʪʘ ʥʘʩʪʫʧʫ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʜʠʥʘʤʽʯʥʠʡ 

ʨʦʟʚʠʪʦʢ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʷʢʠʭ ʟôʷʚʠʣʦʩʴ ʚʠʩʦʢʦʪʦʯʥʝ ʢʝʨʦʚʘʥʝ ʦʟʙʨʦʻʥʥʷ, ʷʢʝ ʟʘʙʝʟʧʝʯʠʣʦ, ʟʦʢʨʝʤʘ, ʡ 

ʤʦʞʣʠʚʽʩʪʴ ʚʝʜʝʥʥʷ ʪʘʢ ʟʚʘʥʠʭ ʤʝʨʝʞʝʚʠʭ ʚʦʻʥʥʠʭ ʜʽʡ.  

ʊʨʝʥʜʦʤ ʙʝʟʫʤʦʚʥʦ ʻ ʜʨʦʥʠ ï ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ (ʜʘʣʽ ïɹʇʃɸ), ʟʘ 

ʯʘʩ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʚʟʷʪʦ ʥʘ ʦʟʙʨʦʻʥʥʷ ʙʣʠʟʴʢʦ ʜʝʩʷʪʢʘ ʚʽʪʯʠʟʥʷʥʠʭ ɹʇʃɸ, 

ʟʦʢʨʝʤʘ, ʙʝʟʧʽʣʦʪʥʠʢ ɽ-300 Enterprice, ʜʨʦʥ ʟ ʢʦʨʠʩʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʫ 300 ʢʛ, 

ʙʝʟʧʽʣʦʪʥʠʢ D-80 Discovery ʜʨʦʥ ʟ ʢʦʨʠʩʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʫ 80 ʢʛ ʪʘ ʽʥʰʽ. 
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ʊʘʢʽ ʪʝʥʜʝʥʮʽʾ ʚʢʘʟʫʶʪʴ ʥʘ ʟʨʦʩʪʘʶʯʫ ʧʦʪʨʝʙʫ ʫ ʬʘʭʽʚʮʷʭ, ʟʦʢʨʝʤʘ, 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ, ʡ ʫ ʣʘʚʘʭ ɿʙʨʦʡʥʠʭ ʩʠʣ ʋʢʨʘʾʥʠ. 

ʋ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʧʨʘʚʦʚʦʛʦ ʨʝʞʠʤʫ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʫ 2022 ʨʦʮʽ 93560 

ʦʩʽʙ ʙʫʣʦ ʟʘʨʘʭʦʚʘʥʦ ʥʘ ʥʘʚʯʘʥʥʷ ʫ ʟʘʢʣʘʜʠ ʥʘʜʘʥʥʷ ʦʩʚʽʪʠ ʨʽʟʥʦʛʦ ʨʽʚʥʷ 

(ʨʠʩ. 2), ʱʦ ʣʠʰʝ ʥʘ 5,9% ʤʝʥʰʝ, ʥʽʞ ʫ 2021 ʨʦʮʽ (99101 ʦʩʽʙ), ʚ ʷʢʦʤʫ ʥʘ 85% 

ʟʙʽʣʴʰʠʣʘʩʴ ʯʠʩʝʣʴʥʽʩʪʴ ʟʘʨʘʭʦʚʘʥʠʭ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 2020 ʨʦʢʦʤ (53437 ʦʩʽʙ). 

 

ʈʠʩ. 2. ɼʠʥʘʤʽʢʘ ʟʤʽʥ ʯʠʩʝʣʴʥʦʩʪʽ ʟʘʨʘʭʦʚʘʥʠʭ ʦʩʽʙ ʥʘ ʥʘʚʯʘʥʥʷ ʫ ʟʘʢʣʘʜʠ 

ʥʘʜʘʥʥʷ ʦʩʚʽʪʠ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʫʧʨʦʜʦʚʞ 2020-2022 ʨʦʢʽʚ ʪʘ ʪʝʥʜʝʥʮʽʾ ʪʨʝʥʜʫ. 

ɼʞʝʨʝʣʦ: ɼʝʨʞʘʚʥʘ ʩʣʫʞʙʘ ʩʪʘʪʠʩʪʠʢʠ ʋʢʨʘʾʥʠ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʣʽʥʽʾ ʪʨʝʥʜʫ ʤʘʻʤʦ ʧʝʨʩʧʝʢʪʠʚʠ ʱʦʜʦ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʙʘʞʘʶʯʠʭ ʩʪʘʪʠ ʟʜʦʙʫʚʘʯʘʤʠ ʚʠʱʦʾ ʦʩʚʽʪʠ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. 

ɿ ʤʝʪʦʶ ʥʘʜʘʥʥʷ ʟʜʦʙʫʚʘʯʘʤ ʚʠʱʦʾ ʦʩʚʽʪʠ ʥʝʦʙʭʽʜʥʠʭ ʟʥʘʥʴ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ɯʂʊ ʫ ʩʚʦʾʡ ʧʨʦʬʝʩʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʽʙʝʨʧʦʣʽʛʦʥ ï ʩʫʢʫʧʥʽʩʪʴ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʷʢʽ 

ʦʙôʻʜʥʘʥʽ ʧʨʦʚʽʜʥʠʤʠ ʪʘ ʙʝʟʧʨʦʚʽʜʥʠʤʠ ʟʘʩʦʙʘʤʠ ʢʦʤʫʥʽʢʘʮʽʡ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʽʥʪʝʛʨʦʚʘʥʠʤʠ ʚ ʤʝʨʝʞʫ ɯʥʪʝʨʥʝʪ ʪʘ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚʧʣʠʚʫ ʥʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʩʪʘʥʦʚʠʪʠ ʽʥʪʝʨʝʩ, ʜʣʷ 

ʟʘʭʠʩʪʫ ʚʣʘʩʥʠʭ ʩʠʩʪʝʤ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ. 

ʈʦʟʛʦʨʪʘʥʥʷ ʢʽʙʝʨʧʦʣʽʛʦʥʫ ʥʘ ʙʘʟʽ ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ ʩʧʨʠʷʪʠʤʝ 
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ʥʘʙʫʪʪʶ ʥʠʤʠ ʥʘʚʠʯʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʪʠʢ ʧʝʨʝʜʙʘʯʝʥʥʷ ʢʽʙʝʨʘʪʘʢ, ʤʝʪʦʜʽʚ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʠʤʫʣʷʮʽʾ ʢʽʙʝʨʘʪʘʢ, ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʠʢ ʾʭ ʚʽʜʙʠʪʪʷ, ʘʜʞʝ, 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʩʠʩʪʝʤʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʩʧʨʠʷʶʪʴ ʚʽʜʧʨʘʮʶʚʘʥʥʶ 

ʢʽʙʝʨʜʽʡ, ʱʦ ʟʜʽʡʩʥʶʶʪʴʩʷ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʉʠʩʪʝʤʘʤʠ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʧʝʨʝʜʙʘʯʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʢʽʙʝʨʘʪʘʢ, ʷʢʽ ʤʦʞʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʥʘ 

ʢʦʤʧôʶʪʝʨʥʽ ʤʝʨʝʞʽ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʟʤʝʥʰʝʥʥʷ ʯʠ ʡ ʟʦʚʩʽʤ ʫʥʠʢʥʝʥʥʷ ʚʠʪʨʘʪ 

ʥʘ ʧʨʠʜʙʘʥʥʷ ʨʝʩʫʨʩʽʚ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʅʘʚʯʘʣʴʥʠʡ ʢʽʙʝʨʧʦʣʽʛʦʥ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʫ ʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ 

ʩʠʩʪʝʤʠ ʧʨʦʬʝʩʽʡʥʠʭ ʟʜʘʪʥʦʩʪʝʡ, ʘʜʞʝ ʜʦʟʚʦʣʷʻ ʽʤʽʪʫʚʘʪʠ ʢʽʙʝʨʘʪʘʢʠ, 

ʢʽʙʝʨʥʘʧʘʜʠ ʥʘ ʩʝʨʚʝʨʠ, ʷʢʽ ʦʙʩʣʫʛʦʚʫʶʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʫʩʪʘʥʦʚʠ ʯʠ ʦʨʛʘʥʽʟʘʮʽʾ ʜʣʷ ʧʦʰʫʢʫ ʚʨʘʟʣʠʚʠʭ ʤʽʩʮʴ, ʫʩʫʥʝʥʥʷ ʾʭ ʚʨʘʟʣʠʚʦʩʪʽ, 

ʥʘʣʘʛʦʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʥʘʷʚʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʚʽʜʥʦʚʣʶʚʘʪʠ ʰʪʘʪʥʝ ʾʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ɺʘʞʣʠʚʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʪʝʥʜʝʥʮʽʻʶ ʩʫʯʘʩʥʦʩʪʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʽʤʽʪʫʶʪʴ ʨʝʘʣʴʥʽʩʪʴ (ʚʽʜ ʚʽʨʪʫʘʣʴʥʦʾ ʪʘ 

ʜʦʧʦʚʥʝʥʦʾ ʜʦ ʟʤʽʰʘʥʦʾ), ʟʦʢʨʝʤʘ ʫ ʩʬʝʨʽ ʤʝʜʠʮʠʥʠ ʪʘ ʽʥʰʠʭ ʩʬʝʨʘʭ. 

ʇʦʩʝʨʝʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʨʝʥʜʽʚ 2023 ʨʦʢʫ ʚʘʨʪʦ ʚʠʦʢʨʝʤʠʪʠ: 

ï ʈʦʟʰʠʨʝʥʫ ʨʝʘʣʴʥʽʩʪʴ (ʘʥʛʣ. Augmented reality, AR) ï ʪʨʝʥʜ, ʱʦ 

ʦʙôʻʜʥʫʻ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʽʤʽʪʫʶʪʴ ʨʝʘʣʴʥʽʩʪʴ ʚʽʜ ʚʽʨʪʫʘʣʴʥʦʾ, ʜʦʧʦʚʥʝʥʦʾ ʯʠ 

ʟʤʽʰʘʥʦʾ. ʊʝʭʥʦʣʦʛʽʷ ʢʦʨʠʩʪʫʻʪʴʩʷ ʧʦʧʫʣʷʨʥʽʩʪʶ ʥʝ ʣʠʰʝ ʫ ʛʝʡʤʝʨʽʚ, ʘ ʡ ʫ 

ʬʘʭʽʚʮʽʚ ʤʝʜʠʯʥʦʾ ʩʬʝʨʠ ʪʘ ʙʘʛʘʪʴʦʭ ʩʬʝʨ ʙʽʟʥʝʩʫ, ʘʜʞʝ ʩʪʚʦʨʶʻ ʨʝʘʣʴʥʽʩʪʴ ʙʝʟ 

ʙʫʜʴ-ʷʢʦʾ ʤʘʪʝʨʽʘʣʴʥʦʾ ʧʨʠʩʫʪʥʦʩʪʽ. 

ï ɻʨʘʥʠʯʥʽ ʦʙʯʠʩʣʝʥʥʷ (ʘʥʛʣ. Edge Computing), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʪʝʨʤʽʥʦʚʦʾ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ. ʉʫʪʪʻʚʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʜʽʡʩʥʶʚʘʪʠ ʦʧʝʨʘʮʽʾ ʟ ʚʽʜʜʘʣʝʥʠʭ ʚʽʜ ʦʬʽʩʽʚ ʤʽʩʮʴ ʨʦʟʪʘʰʫʚʘʥʥʷ. 

ï ɹʣʦʢʯʝʡʥ (ʘʥʛʣ. Blockchain), ʷʢ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʣʠʰʝ 

ʜʦʧʦʚʥʝʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʙʣʦʢʽʚ ʜʘʥʠʭ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʻ ʟʤʽʥʫ ʜʘʥʠʭ ʯʠ ʾʭ 

ʚʠʣʫʯʝʥʥʷ, ʘ, ʚʽʜʪʘʢ, ʥʽʚʝʣʶʻʪʴʩʷ ʧʦʪʨʝʙʘ ʢʦʥʪʨʦʣʶ ʯʠ ʧʝʨʝʚʽʨʢʠ ʟʘ ʩʪʘʥʦʤ 

ʨʘʥʽʰʝ ʚʥʝʩʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 
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ï ʈʦʟʫʤʥʽ ʧʨʠʩʪʨʦʾ (ʘʥʛʣ. Smart devices) ï ʨʦʙʦʪʠ ʟʽ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ 

ʧʦʢʣʠʢʘʥʽ ʧʦʣʝʛʰʠʪʠ, ʟʦʢʨʝʤʘ, ʱʦʜʝʥʥʫ ʜʦʤʘʰʥʶ ʧʨʘʮʶ ʪʘ ʟʨʦʙʠʪʠ ʥʘʰʝ 

ʞʠʪʪʷ ʢʦʤʬʦʨʪʥʠʤ. 

ï ʄʝʪʘʚʩʝʩʚʽʪ (ʘʥʛʣ. Metauniverse), ʷʢ ʥʘʜʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʚʽʨʪʫʘʣʴʥʦʛʦ 

ʰʦʧʽʥʛʫ, ʚʽʨʪʫʘʣʴʥʠʭ ʧʦʜʦʨʦʞʝʡ, ʚʽʨʪʫʘʣʴʥʦʾ ʩʦʮʽʘʣʽʟʘʮʽʾ, ʥʘʚʯʘʥʥʷ VR ʯʠ 

ʧʨʦʤʠʩʣʦʚʠʡ ʤʝʪʘʚʩʝʩʚʽʪ, ʙʽʣʴʰʝ ʚʽʜʦʤʠʡ ʷʢ ɯʥʜʫʩʪʨʽʷ 5.0, ʱʦ ʧʨʦʧʦʥʫʻ 

ʨʝʘʣʴʥʽʡ ʝʢʦʥʦʤʽʮʽ ʮʠʬʨʦʚʫ/ʚʽʨʪʫʘʣʴʥʫ ʨʝʧʨʝʟʝʥʪʘʮʽʶ ʦʙôʻʢʪʽʚ, ʘʢʪʠʚʽʚ ʯʠ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʴ. ɺʽʨʪʫʘʣʴʥʽ ʦʬʽʩʠ, ʷʢʽ ʫ ʯʘʩʠ ʧʘʥʜʝʤʽʾ ʪʘ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ 

ʥʘʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʜʦʚʞʠʪʠ ʜʽʷʣʴʥʽʩʪʴ ʢʦʤʧʘʥʽʷʤ, ʧʦʩʧʨʠʷʣʠ ʫʩʫʥʝʥʥʶ 

ʧʦʪʨʝʙʠ ʦʨʝʥʜʠ ʧʨʠʤʽʱʝʥʥʷ ʧʽʜ ʦʬʽʩ, ʘ ʚʽʜʪʘʢ, ʧʝʨʝʪʚʦʨʠʣʠ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʽʥʥʦʚʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɼʦ 2027 ʨʦʢʫ ʚʽʨʪʫʘʣʴʥʽ ʨʦʙʦʯʽ 

ʧʨʦʩʪʦʨʠ ʟʘʙʝʟʧʝʯʘʪʴ 30 -ʪʠ ʚʽʜʩʦʪʢʦʚʝ ʟʨʦʩʪʘʥʥʷ ʽʥʚʝʩʪʠʮʽʡ ʢʦʤʧʘʥʽʡ ʫ 

ʪʝʭʥʦʣʦʛʽʾ ʤʝʪʘʚʩʝʩʚʽʪʫ. 

ʅʘʙʫʪʽ ʧʨʠ ʦʧʘʥʫʚʘʥʥʽ ʤʦʞʣʠʚʦʩʪʝʡ ʢʽʙʝʨʧʦʣʽʛʦʥʫ ʟʜʦʙʫʚʘʯʘʤʠ ʚʠʱʦʾ 

ʦʩʚʽʪʠ ʟʥʘʥʥʷ, ʚʤʽʥʥʷ ʪʘ ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ ʩʧʨʠʷʪʠʤʫʪʴ ʾʭ 

ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʦʩʪʽ ʪʘ ʟʘʪʨʝʙʫʚʘʥʦʩʪʽ ʥʘ ʚʽʪʯʠʟʥʷʥʦʤʫ ʨʠʥʢʫ ʧʨʘʮʽ, ʘ ʚʽʜʪʘʢ 

ʟʘʙʝʟʧʝʯʘʪʴ ʬʦʨʤʫʚʘʥʥʷ ʟʘʩʘʜ ʥʘʮʽʦʥʘʣʴʥʦʾ ʢʽʙʝʨʥʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ.  

ɺʘʨʪʦ ʥʘʛʦʣʦʩʠʪʠ, ʱʦ ʽʛʥʦʨʫʚʘʥʥʷ ʧʦʪʨʝʙʠ ʧʽʜʛʦʪʦʚʢʠ ʩʧʝʮʽʘʣʽʩʪʽʚ 

ʚʠʩʦʢʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ ʫ ʩʬʝʨʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʾʭ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘ 

ʨʠʥʢʫ ʧʨʘʮʽ ʩʪʚʦʨʶʻ ʜʣʷ ʜʝʨʞʘʚʠ ʟʥʘʯʥʽ ʨʠʟʠʢʠ, ʘʜʞʝ ʥʘʡʙʽʣʴʰ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤʠ ʚʠʷʚʣʷʶʪʴʩʷ ʪʽ ʜʝʨʞʘʚʠ, ʪʨʫʜʦʚʽ ʨʝʩʫʨʩʠ ʷʢʠʭ 

ʤʘʢʩʠʤʘʣʴʥʦ ʛʦʪʦʚʽ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʘ 

ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ.  

ʋ ʟʚôʷʟʢʫ ʟ ʚʠʾʟʜʦʤ ʟʘ ʢʦʨʜʦʥ ʯʘʩʪʠʥʠ ʩʧʝʮʽʘʣʽʩʪʽʚ ʚ ɯʊ ʛʘʣʫʟʽ, ʥʘ 

ʝʥʜʦʛʝʥʥʦʤʫ ʨʠʥʢʫ ɯʊ-ʧʨʘʮʽ ʟôʷʚʠʣʠʩʴ ʜʦʜʘʪʢʦʚʽ ʚʘʢʘʥʩʽʾ, ʪʘʢ ʫ ʤʽʩʪʽ ʂʠʻʚʽ 

ʩʪʘʥʦʤ ʥʘ 26 ʣʶʪʦʛʦ 2024 ʨʦʢʫ ʾʭ 1929 [12], ʦʜʥʘʢ, ʫʤʦʚʠ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʥʘʷʚʥʽʩʪʴ ʩʪʘʞʫ ʫ ʜʘʥʽʡ ʩʬʝʨʽ ʱʦʥʘʡʤʝʥʰʝ 2 ʨʦʢʠ, ʪʦʤʫ ʩʚʽʪʯʝʨʘʤ, ʷʢ 

ʩʧʝʮʽʘʣʽʩʪʘʤ ʽʥʰʠʭ ʛʘʣʫʟʝʡ, ʱʦ ʦʪʨʠʤʘʣʠ ʟʥʘʥʥʷ ʯʠ ʦʩʚʽʪʫ ʟ ɯʊ, ʥʘʙʘʛʘʪʦ 

ʩʢʣʘʜʥʽʰʝ ʧʨʘʮʝʚʣʘʰʪʫʚʘʪʠʩʴ, ʾʭ ʯʠʩʝʣʴʥʽʩʪʴ ʥʘʨʘʟʽ ʙʽʣʴʰʘ ʥʽʞ ʢʽʣʴʢʽʩʪʴ 

ʚʘʢʘʥʩʽʡ.  
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ʋ ʟʚôʷʟʢʫ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʫʧʨʦʚʘʜʞʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʘ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʩʽ ʩʬʝʨʠ ʩʫʩʧʽʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʦʛʦ ʞʠʪʪʷ, ʨʦʟʰʠʨʝʥʥʷʤ ʩʬʝʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟʦʢʨʝʤʘ ʜʨʦʥʽʚ ʫ 

ʧʨʠʚʘʪʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʪʘ ʫ ɿʙʨʦʡʥʠʭ ʉʠʣʘʭ 

ʋʢʨʘʾʥʠ ʥʝʦʙʭʽʜʥʦ: 

ï ʨʦʟʨʦʙʠʪʠ ʅʘʮʽʦʥʘʣʴʥʫ ʩʪʨʘʪʝʛʽʶ ʨʦʟʚʠʪʢʫ ʩʬʝʨʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʚʣʘʩʥʦʩʪʽ, ʧʝʨʝʜʙʘʯʠʚʰʠ ʫ ʥʽʡ ʧʨʘʚʦʚʽ ʟʘʩʘʜʠ ʟʘʭʠʩʪʫ ʧʨʘʚʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʚʣʘʩʥʦʩʪʽ ʫ ʩʬʝʨʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʘ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ; 

ï ʫʜʦʩʢʦʥʘʣʠʪʠ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʱʦʜʦ ʟʘʭʠʩʪʫ ʧʨʘʚʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʚʣʘʩʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʫ ʩʬʝʨʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʘ ʮʠʬʨʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. 
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ʐʃʗʍʀ ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʄɽʊʆɼʀʏʅʆɰ ɹɸɿʀ ʆʎɯʅʖɺɸʅʅʗ 

ɿɸɻʈʆɿ ʊɸ ʈʀɿʀʂɯɺ ʋ ʇɯɼʇʈʀɭʄʉʊɺɸʍ ʎʀɺɯʃʔʅʆɰ ɸɺɯɸʎɯɰ 

 

ʂʦʩʦʛʦʚ ʆʣʝʢʩʘʥʜʨ ʄʠʢʦʣʘʡʦʚʠʯ, 

ʢ.ʚʽʡʩʴʢ.ʥ., ʩʪ.ʥʘʫʢ.ʩʧʽʚ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ, 

ɺʣʘʩʝʥʢʦ ɻʝʥʥʘʜʽʡ ʄʠʢʦʣʘʡʦʚʠʯ, 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ. ɺʠʟʥʘʯʝʥʦ ʰʣʷʭʠ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʯʥʦʾ ʙʘʟʠ 

ʦʮʽʥʶʚʘʥʥʷ ʟʘʛʨʦʟ ʪʘ ʨʠʟʠʢʽʚ ʚ ʘʚʽʘʮʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʋʢʨʘʾʥʠ. ɺʽʜʤʽʯʝʥʦ, 

ʱʦ ʜʦʮʽʣʴʥʦ ʫʜʦʩʢʦʥʘʣʠʪʠ ʽʩʥʫʶʯʠʡ ʤʝʪʦʜʠʯʥʠʡ ʘʧʘʨʘʪ ʫ ʥʘʧʨʷʤʢʘʭ 

ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʝʚʝʥʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʘʚʽʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʥʝʟʘʢʦʥʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʜʦ ʧʨʠʡʥʷʪʥʦʛʦ ʨʽʚʥʷ; 

ʢʦʦʨʜʠʥʘʮʽʾ ʪʘ ʩʧʽʚʧʨʘʮʽ ʦʨʛʘʥʽʚ ʜʝʨʞʘʚʥʦʾ ʚʣʘʜʠ ʱʦʜʦ ʦʮʽʥʢʠ ʨʽʚʥʷ ʨʠʟʠʢʽʚ ʪʘ 

ʟʘʛʨʦʟ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʾ 

ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʽ ʟʘʛʨʦʟ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʮʠʚʽʣʴʥʘ ʘʚʽʘʮʽʷ, ʘʚʽʘʧʽʜʧʨʠʻʤʩʪʚʦ, ʨʠʟʠʢ, ʟʘʛʨʦʟʘ, 

ʙʝʟʧʝʢʘ, ʚʨʘʟʣʠʚʽʩʪʴ, ʢʨʠʪʝʨʽʾ ʙʝʟʧʝʢʠ. 

 

ɺ ʋʢʨʘʾʥʽ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʫʭʚʘʣʝʥʦ ɯʥʩʪʨʫʢʮʽʶ ʟ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʪʘ 

ʟʘʛʨʦʟ ʙʝʟʧʝʮʽ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ [1]. ɺʠʤʦʛʠ ɯʥʩʪʨʫʢʮʽʾ ʧʦʰʠʨʶʶʪʴʩʷ ʥʘ 

ʥʘʮʽʦʥʘʣʴʥʝ ʚʽʜʦʤʩʪʚʦ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ, ʘ ʪʘʢʦʞ ʥʘ ʝʢʩʧʣʫʘʪʘʥʪʽʚ 

ʘʝʨʦʜʨʦʤʽʚ/ʘʝʨʦʧʦʨʪʽʚ, ʝʢʩʧʣʫʘʪʘʥʪʽʚ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ ʽ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ 

ʘʝʨʦʥʘʚʽʛʘʮʽʡʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʅʘ ʦʩʥʦʚʽ ɯʥʩʪʨʫʢʮʽʾ ʝʢʩʧʣʫʘʪʘʥʪʠ 

ʘʝʨʦʜʨʦʤʽʚ (ʘʝʨʦʧʦʨʪʽʚ), ʝʢʩʧʣʫʘʪʘʥʪʠ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ ʽ ʧʦʩʪʘʯʘʣʴʥʠʢʠ 

ʘʝʨʦʥʘʚʽʛʘʮʽʡʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʦʟʨʦʙʣʷʶʪʴ ʩʚʦʾ ʚʣʘʩʥʽ ʢʝʨʽʚʥʠʮʪʚʘ ʪʘ 

ʧʨʦʚʦʜʷʪʴ ʦʮʽʥʢʫ ʨʠʟʠʢʽʚ ʽ ʟʘʛʨʦʟ. ɯʥʩʪʨʫʢʮʽʷ ʤʽʩʪʠʪʴ ʤʝʪʦʜʠʢʫ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʽ 

ʟʘʛʨʦʟ ʙʝʟʧʝʮʽ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ, ʷʢʘ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʧʦʚʽʜʥʽʡ ʤʝʪʦʜʠʮʽ 
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ɯʂɸʆ. 

ɯʥʩʪʨʫʢʮʽʷ ʟʘʧʨʦʚʘʜʞʫʻ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʚ 

ʛʘʣʫʟʽ ʙʝʟʧʝʢʠ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ 

ʚʽʜ ʘʢʪʽʚ ʥʝʟʘʢʦʥʥʦʛʦ ʚʪʨʫʯʘʥʥʷ, ʘ ʪʘʢʦʞ ʟʜʽʡʩʥʝʥʥʷ ʟʘʭʦʜʽʚ ʘʚʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʭʘʨʘʢʪʝʨʫ ʪʘ ʨʽʚʥʶ ʟʘʛʨʦʟʠ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʚ ɯʥʩʪʨʫʢʮʽʾ ʥʝ ʢʦʥʢʨʝʪʠʟʦʚʘʥʦ ʪʘʢʽ ʘʩʧʝʢʪʠ, ʷʢ: 

- ʩʧʦʩʦʙʠ ʥʘʜʘʥʥʷ ʣʶʜʩʴʢʠʭ ʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ 

ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʽ ʟʘʛʨʦʟ; 

- ʩʧʦʩʦʙʠ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʝʚʝʥʪʠʚʥʠʭ 

ʟʘʭʦʜʽʚ ʘʚʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʥʝʟʘʢʦʥʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʜʦ 

ʧʨʠʡʥʷʪʥʦʛʦ ʨʽʚʥʷ;  

- ʢʦʦʨʜʠʥʘʮʽʷ ʪʘ ʩʧʽʚʧʨʘʮʷ (ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ) ʦʨʛʘʥʽʚ ʚʠʢʦʥʘʚʯʦʾ 

ʚʣʘʜʠ ʪʘ ʧʨʘʚʦʦʭʦʨʦʥʥʠʭ ʦʨʛʘʥʽʚ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʨʝʘʣʽʟʘʮʽʾ ɼʝʨʞʘʚʥʦʾ 

ʧʨʦʛʨʘʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ, ʟ ʤʝʪʦʶ ʩʚʦʻʯʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʚʽʜʦʤʩʪʚʘ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ ʪʘ ʘʚʽʘʮʽʡʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ 

ʱʦʜʦ ʦʮʽʥʢʠ ʨʽʚʥʷ ʨʠʟʠʢʽʚ ʪʘ ʟʘʛʨʦʟ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʨʠʪʝʨʽʾʚ (ʡʤʦʚʽʨʥʽʩʪʴ ʪʘ 

ʥʘʩʣʽʜʢʠ ʣʶʜʩʴʢʠʭ ʞʝʨʪʚ ʽ ʚʪʨʘʪʠ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫʥʘʩʣʽʜʦʢ ʚʯʠʥʝʥʥʷ 

ʘʢʪʽʚ ʥʝʟʘʢʦʥʥʦʛʦ ʚʪʨʫʯʘʥʥʷ); ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ 

ʨʠʟʠʢʽʚ ʽ ʟʘʛʨʦʟ; ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʧʨʦʩʫʚʘʥʥʷ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝʢʠ ʘʚʽʘʮʽʡʥʠʤʠ 

ʦʨʛʘʥʽʟʘʮʽʷʤʠ. 

ʊʦʤʫ ʚ ʜʽʷʣʴʥʽʩʪʴ ʘʚʽʘʢʦʤʧʘʥʽʡ ʜʦʮʽʣʴʥʦ ʚʧʨʦʚʘʜʠʪʠ ʪʘʢʠʡ ʤʝʭʘʥʽʟʤ 

ʦʮʽʥʶʚʘʥʥʷ ʟʘʛʨʦʟ ʽ ʨʠʟʠʢʽʚ. 

ɺʠʟʥʘʯʝʥʥʷ ʟʘʛʨʦʟʠ ʪʘ ʢʨʠʪʝʨʽʾʚ ʫʨʘʟʣʠʚʦʩʪʽ 

ɼʣʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʟʘʛʨʦʟʠ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʭʘʨʘʢʪʝʨʫ ʡʤʦʚʽʨʥʦʾ ʟʘʛʨʦʟʠ ʟʘʩʪʦʩʦʚʘʥʦ ʩʠʩʪʝʤʥʠʡ, ʢʽʣʴʢʽʩʥʠʡ ʧʽʜʭʽʜ. ɺ 

ʦʩʥʦʚʫ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʧʦʢʣʘʜʝʥʦ ʪʨʠ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʘʚʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ (ɸɹ), ʘ ʩʘʤʝ: ʚʠʟʥʘʯʝʥʥʷ, ʨʝʘʣʽʟʘʮʽʷ ʪʘ ʧʽʜʪʨʠʤʢʘ.  

ʇʽʜ ʯʘʩ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʟʘʛʨʦʟʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʽʥʬʦʨʤʘʮʽʷ, ʬʘʢʪʠ ʽ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʩʧʝʮʽʘʣʴʥʦ ʫʧʦʚʥʦʚʘʞʝʥʦʛʦ ʦʨʛʘʥʫ ʟ 

ʧʠʪʘʥʴ ʘʚʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ, ʩʣʫʞʙ ʘʚʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 
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ʘʝʨʦʧʦʨʪʽʚ ʪʘ ʘʚʽʘʢʦʤʧʘʥʽʡ, ʶʨʠʜʠʯʥʠʭ ʦʩʽʙ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ 

ʘʝʨʦʧʦʨʪʦʚʠʭ ʢʦʤʽʪʝʪʽʚ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. 

ʇʨʠ ʦʮʽʥʮʽ ʰʣʷʭʽʚ ʚʠʙʦʨʫ ʢʣʶʯʦʚʠʭ ʤʦʤʝʥʪʽʚ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʷ ʟʘʛʨʦʟʠ 

ʪʘ ʢʨʠʪʝʨʽʾʚ ʫʨʘʟʣʠʚʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʯʠʥʥʠʢʠ, ʷʢʽ ʚʚʘʞʘʶʪʴʩʷ ʪʠʤʠ, ʱʦ 

ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʚʘʛʫ ʘʙʦ ʟʥʘʯʝʥʥʷ ʚ ʜʘʥʦʤʫ ʧʨʦʮʝʩʽ.  

ʂʣʶʯʦʚʽ ʤʦʤʝʥʪʠ ʟʤʽʥʶʶʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʜʽʻ ʚ 

ʨʝʛʽʦʥʽ, ʘʝʨʦʧʦʨʪʫ, ʘʚʽʘʢʦʤʧʘʥʽʾ ʘʙʦ ʛʨʫʧʽ ʣʶʜʝʡ, ʥʘ ʧʝʨʽʦʜ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʨʦʟʠ 

ʪʘ ʢʨʠʪʝʨʽʾʚ ʫʨʘʟʣʠʚʦʩʪʽ. 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʦʮʽʥʢʠ ʪʦʛʦ, ʷʢʠʤ ʯʠʥʦʤ ʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠʩʴ ʟʘʛʨʦʟʘ 

(ʥʘʧʨʠʢʣʘʜ ʘʢʪ ʥʝʟʘʢʦʥʥʦʛʦ ʚʪʨʫʯʘʥʥʷ (ɸʅɺ) ʫ ʜʽʷʣʴʥʽʩʪʴ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ 

(ʎɸ)) ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʩʪʦʩʦʚʥʦ ʪʦʛʦ ʘʙʦ ʽʥʰʦʛʦ ʦʙôʻʢʪʫ, ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʛʣʷʥʫʪʠ ʧʨʠʯʠʥʠ ʘʙʦ ʤʦʪʠʚʠ, ʫ ʟʚôʷʟʢʫ ʟ ʷʢʠʤʠ ʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠʩʴ ʟʘʛʨʦʟʘ, 

ʩʘʤ ʦʙôʻʢʪ ʪʘ ʦʮʽʥʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟʠ (ʘʪʘʢʠ). 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ɸʅɺ ʦʩʥʦʚʥʠʤʠ ʤʦʪʠʚʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ: 

- ʧʦʣʽʪʠʯʥʽ; 

- ʨʝʣʽʛʽʡʥʽ; 

- ʢʦʥʢʫʨʝʥʪʥʘ ʙʦʨʦʪʴʙʘ; 

- ʥʘʤʘʛʘʥʥʷ ʦʪʨʠʤʘʪʠ ʤʘʪʝʨʽʘʣʴʥʽ ʢʦʰʪʦʚʥʦʩʪʽ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʛʨʦʰʽ); 

- ʟʚʝʜʝʥʥʷ ʦʩʦʙʠʩʪʠʭ ʨʘʭʫʥʢʽʚ; 

- ʮʽʢʘʚʽʩʪʴ; 

- ʥʝʤʦʪʠʚʦʚʘʥʘ ʜʽʷ ʧʽʜ ʚʧʣʠʚʦʤ ʘʣʢʦʛʦʣʶ ʘʙʦ ʽʥʰʠʭ ʨʝʯʦʚʠʥ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʥʘʨʢʦʪʠʢʽʚ. 

ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʟʜʽʡʩʥʝʥʥʷ ʘʢʪʽʚ ʥʝʟʘʢʦʥʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʚ 

ʜʽʷʣʴʥʽʩʪʴ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ (ʨʝʘʣʽʟʘʮʽʷ ʟʘʛʨʦʟʠ ɸʅɺ): 

- ʨʫʡʥʫʚʘʥʥʷ ʘʙʦ ʧʦʰʢʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ, ʦʙôʻʢʪʽʚ 

ʨʘʜʽʦʥʘʚʽʛʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʽʥʰʠʭ ʩʧʦʨʫʜ ʘʝʨʦʧʦʨʪʫ, ʘʝʨʦʜʨʦʤʫ, ʘ 

ʪʘʢʦʞ ʡʦʛʦ ʩʣʫʞʙ;  

- ʩʪʚʦʨʝʥʥʷ ʧʝʨʝʰʢʦʜ ʬʫʥʢʮʽʦʥʫʚʘʥʥʶ ʧʦʚʽʪʨʷʥʠʤ ʩʫʜʥʘʤ, ʦʙôʻʢʪʘʤ 

ʨʘʜʽʦʥʘʚʽʛʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʽʥʰʠʤ ʩʧʦʨʫʜʘʤ ʘʝʨʦʧʦʨʪʫ, ʘʝʨʦʜʨʦʤʫ, ʘ 

ʪʘʢʦʞ ʾʭ ʩʣʫʞʙʘʤ, ʷʢʝ ʟʘʛʨʦʞʫʻ ʙʝʟʧʝʮʽ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ ʧʽʜ ʯʘʩ ʧʦʣʴʦʪʫ; 
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- ʬʽʟʠʯʥʝ ʟʥʠʱʝʥʥʷ ʧʘʩʘʞʠʨʽʚ, ʧʝʨʩʦʥʘʣʫ ʘʝʨʦʧʦʨʪʽʚ ʪʘ ʘʚʽʘʢʦʤʧʘʥʽʡ 

ʘʙʦ ʧʦʛʽʨʰʝʥʥʷ ʫʤʦʚ ʾʭ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ; 

- ʢʨʘʜʽʞʢʘ ʘʙʦ ʟʥʠʱʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʤʘʪʝʨʽʘʣʴʥʠʭ ʢʦʰʪʦʚʥʦʩʪʝʡ. 

ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʨʦʙʦʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʥʘʜʘʥʥʷ ʜʦʧʦʤʦʛʠ ʫ ʧʨʦʮʝʩʽ ʦʮʽʥʢʠ.  

ʈʦʙʦʯʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʜʘʥʽʡ ʤʝʪʦʜʠʮʽ, ʦʪʨʠʤʘʚ 

ʥʘʟʚʫ ñʤʘʪʨʠʮʷ ʫʨʘʟʣʠʚʦʩʪʝʡò. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʘʥʘʣʽʟʫ, ʟ 

ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷ ʟʘʛʨʦʟʠ ʎɸ, ʤʦʞʫʪʴ 

ʙʫʪʠ ʦʙôʻʜʥʘʥʽ ʜʚʽ ʤʘʪʨʠʮʽ, ʱʦ ʥʘʜʘʥʽ ʫ ʜʦʜʘʪʢʘʭ 1, 2 ʜʦ ɯʥʩʪʨʫʢʮʽʾ ʟ ʦʨʛʘʥʽʟʘʮʽʾ 

ʪʘ ʟʜʽʡʩʥʝʥʥʷ ʢʦʥʪʨʦʣʶ ʥʘ ʙʝʟʧʝʢʫ ʚ ʘʝʨʦʧʦʨʪʘʭ ʋʢʨʘʾʥʠ [2].  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʫʧʠ 

ʇʽʜ ʯʘʩ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ñʤʘʪʨʠʮʽ ʫʨʘʟʣʠʚʦʩʪʽò ˉ1, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʝʷʢʫ 

ʛʨʫʧʫ ʣʶʜʝʡ, ʥʝʦʙʭʽʜʥʦ ʚʠʭʦʜʠʪʠ ʟ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʙʽʣʴʰʽʩʪʴ Ăʩʠʩʪʝʤò, 

ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʣʶʜʝʡ, ʤʦʞʣʠʚʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʧôʷʪʴʤʘ ʦʩʥʦʚʥʠʤʠ 

ʦʟʥʘʢʘʤʠ, ʘ ʩʘʤʝ:  

- ʢʝʨʽʚʥʠʮʪʚʦ; 

- ʩʫʪʥʽʩʪʴ ʩʠʩʪʝʤʠ; 

- ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ; 

- ʢʦʥʪʠʥʛʝʥʪ; 

- ʤʝʭʘʥʽʟʤ ʙʦʨʦʪʴʙʠ. 

ʇʦʥʷʪʪʷ Ăʢʝʨʽʚʥʠʮʪʚʦò ʩʢʣʘʜʘʻʪʴʩʷ, ʩʝʨʝʜ ʽʥʰʦʛʦ, ʟ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʛʨʫʧʠ, ʥʘʷʚʥʦʩʪʽ ʟʘʢʦʥʥʦʛʦ ʧʦʣʽʪʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʥʠʮʪʚʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʚʪʦʨʠʪʝʪʘ ʣʽʜʝʨʽʚ. 

Ăʉʫʪʥʽʩʪʴ ʩʠʩʪʝʤʠò ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʷʢ ʥʘʤʘʛʘʥʥʷ ʪʘ ʧʦʨʠʚʘʥʥʷ ʛʨʫʧʠ 

ʨʝʘʣʽʟʫʚʘʪʠ ʚ ʞʠʪʪʷ ʩʚʦʾ ʪʝʦʨʝʪʠʯʥʽ ʮʽʣʽ, ʘ ʩʘʤʝ: ʧʦʣʽʪʠʯʥʫ ʧʨʦʛʨʘʤʫ ʘʙʦ 

ʨʝʣʽʛʽʡʥʽ ʧʝʨʝʢʦʥʘʥʥʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ, 

ʧʨʠʜʙʘʥʥʷ ʟʙʨʦʾ, ʨʦʟʰʠʨʝʥʥʷ ʜʞʝʨʝʣ ʬʽʥʘʥʩʫʚʘʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʚʠʢʦʥʘʚʮʽʚ. 

ʉʢʣʘʜʦʚʠʤʠ ʯʘʩʪʠʥʘʤʠ Ăʽʥʬʨʘʩʪʨʫʢʪʫʨʠò ʻ:  

- ʨʦʟʤʽʨ ʪʘ ʢʽʣʴʢʽʩʪʴ ʦʩʝʨʝʜʢʽʚ ʘʙʦ ʧʽʜʨʦʟʜʽʣʽʚ ʛʨʫʧʠ; 

- ʥʘʣʘʛʦʜʞʝʥʘ ʤʝʨʝʞʘ ʟʚôʷʟʢʫ; 
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- ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʰʣʷʭʽʚ ʽ ʢʘʥʘʣʽʚ ʧʦʩʪʘʯʘʥʥʷ. 

ʇʽʜ ʧʦʥʷʪʪʷʤ Ăʢʦʥʪʠʥʛʝʥʪò ʨʦʟʫʤʽʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʯʠʩʣʝʥʥʽʡ ʤʝʨʝʞʽ ʟ 

ʙʦʢʫ ʩʧʽʚʯʫʚʘʶʯʠʭ ʤʽʩʮʝʚʠʭ ʞʠʪʝʣʽʚ ʘʙʦ ʽʥʰʠʭ ʣʶʜʝʡ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ 

ʜʽʷʣʴʥʽʩʪʴ ʛʨʫʧʠ. 

ʆʟʥʘʢʘ Ăʤʝʭʘʥʽʟʤ ʙʦʨʦʪʴʙʠò ʧʨʠʩʚʦʶʻʪʴʩʷ ʛʨʫʧʽ, ʷʢʘ ʚʝʜʝ ʘʢʪʠʚʥʽ ʜʽʾ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʩʚʦʾʭ ʮʽʣʝʡ. ʏʣʝʥʽʚ ʛʨʫʧʠ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʪʘʢʠʭ ʜʽʷʭ, 

ʤʦʞʣʠʚʦ ʥʘʟʠʚʘʪʠ ʙʦʡʦʚʠʢʘʤʠ, ʧʦʚʽʪʨʷʥʠʤʠ ʧʽʨʘʪʘʤʠ, ʧʽʜʨʠʚʥʠʢʘʤʠ-

ʩʤʝʨʪʥʠʢʘʤʠ, Ăʩʧʝʮʽʘʣʽʩʪʘʤʠò, ʷʢʽ ʚʠʛʦʪʦʚʣʷʶʪʴ ʚʠʙʫʭʦʚʽ ʧʨʠʩʪʨʦʾ. 

ʂʘʪʝʛʦʨʽʾ ʟʘʛʨʦʟ ʘʚʽʘʮʽʡʥʽʡ ʙʝʟʧʝʮʽ 

ñʄʘʪʨʠʮʷ ʫʨʘʟʣʠʚʦʩʪʽò ˉ2 [2] ʩʢʣʘʜʘʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʰʝʩʪʠ ʢʘʪʝʛʦʨʽʡ 

ʟʘʛʨʦʟʠ. ʎʶ ʤʘʪʨʠʮʶ ʤʦʞʣʠʚʦ ʨʦʟʰʠʨʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ 

ʚʚʘʞʘʶʪʴʩʷ ʚʘʞʣʠʚʠʤʠ ʥʘ ʜʘʥʠʡ ʯʘʩ. 

ɼʦ ʢʘʪʝʛʦʨʽʾ ʟʘʛʨʦʟʠ ʚʽʜʥʦʩʷʪʴʩʷ ʪʘʢʽ ʯʠʥʥʠʢʠ: 

- ʥʘʷʚʥʽʩʪʴ ʛʨʫʧʠ, ʷʢʘ ʟʜʘʪʥʘ ʟʜʽʡʩʥʠʪʠ ɸʅɺ; 

- ʜʘʥʽ ʧʨʦ ʘʢʮʽʾ, ʷʢʽ ʙʫʣʠ ʟʜʽʡʩʥʝʥʽ ʧʨʦʪʠ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ ʚ 

ʤʠʥʫʣʦʤʫ; 

- ʥʘʷʚʥʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʢʦʥʬʣʽʢʪʽʚ; 

- ʩʪʘʥ ʝʢʦʥʦʤʽʯʥʦʾ ʢʨʠʟʠ; 

- ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʨʝʡʩʽʚ; 

- ʨʝʡʩʠ ʧʽʜʚʠʱʝʥʦʛʦ ʨʠʟʠʢʫ. 

ʎʽ ʢʣʶʯʦʚʽ ʤʦʤʝʥʪʠ ʟʜʝʙʽʣʴʰʦʛʦ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʦʮʽʥʢʠ ʟʘʛʨʦʟʠ ʥʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ, ʘʚʽʘʢʦʤʧʘʥʽʷʤ ʪʘ ʘʝʨʦʧʦʨʪʘʤ. 

ʇʽʩʣʷ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʦʮʽʥʦʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʥʘʜʘʥʽ ʢʘʪʝʛʦʨʽʷʤ 

ʟʘʛʨʦʟʠ, ʦʪʨʠʤʫʶʪʴ ʢʽʣʴʢʽʩʥʠʡ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʫʧʝʥʷ ʟʘʛʨʦʟʠ ʜʣʷ ʤʝʪʠ, 

ʚʽʜʥʦʩʥʦ ʷʢʦʾ ʟʜʽʡʩʥʶʚʘʚʩʷ ʘʥʘʣʽʟ. ʗʢʱʦ ʜʘʥʫ ʩʫʤʫ ʧʦʨʽʚʥʷʪʠ ʟ ʩʫʤʘʨʥʦʶ 

ʚʝʣʠʯʠʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʧʠ, ʪʦ ʦʪʨʠʤʘʻʤʦ ʨʝʟʫʣʴʪʘʪ, ʷʢʠʡ ʤʦʞʥʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜʥʝʩʪʠ ʜʦ ʦʙôʻʤʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ, ʷʢʽ ʙʫʜʫʪʴ ʩʧʽʣʴʥʦʤʽʨʥʽ ʟ ʦʮʽʥʦʯʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʩʪʫʧʝʥʷ ʟʘʛʨʦʟʠ. 

ɿʘʢʣʶʯʥʠʡ ʘʥʘʣʽʟ 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʟʘʢʣʶʯʥʦʛʦ ʘʥʘʣʽʟʫ ʥʝʦʙʭʽʜʥʦ: 
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- ʟʘʜʘʪʠ ʢʨʠʪʝʨʽʾ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʠʪʠ; 

- ʟʘʧʦʚʥʠʪʠ ʚʩʽ ʛʨʘʬʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʮʽʥʦʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ; 

- ʩʢʣʘʩʪʠ ʧʽʜʩʫʤʢʦʚʽ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʞʥʦʾ ʣʽʥʽʡʢʠ ʪʘ 

ʢʦʞʥʦʛʦ ʩʪʦʚʧʮʷ; 

- ʧʨʠʟʥʘʯʠʪʠ ʧʨʽʦʨʠʪʝʪʠ ʟʘʭʦʜʘʤ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʙʽʣʴʰʦʤʫ 

ʦʮʽʥʦʯʥʦʤʫ ʧʦʢʘʟʥʠʢʫ ʚʽʜʧʦʚʽʜʘʣʘ ʙʽʣʴʰ ʚʠʩʦʢʘ ʩʪʫʧʽʥʴ ʟʘʛʨʦʟʠ ʪʘ ʫʨʘʟʣʠʚʦʩʪʽ. 

ɹʫʜʴ-ʷʢʘ ʦʮʽʥʢʘ ʟʘʛʨʦʟʠ ʧʦʚʠʥʥʘ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʜʦʢʣʘʜʥʠʤ 

ʧʦʷʩʥʝʥʥʷʤ ʟ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʚʠʩʥʦʚʢʽʚ.  

ɼʦʙʨʝ ʦʙˇʨʫʥʪʦʚʘʥʝ ʧʦʷʩʥʝʥʥʷ ʙʫʜʝ ʦʩʥʦʚʦʶ ʧʽʜʩʫʤʢʦʚʦʾ ʧʨʦʛʨʘʤʠ ʱʦʜʦ 

ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʭ ʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ, 

ʦʭʦʨʦʥʠ ʪʘ ʙʝʟʧʝʢʠ ʧʘʩʘʞʠʨʽʚ, ʯʣʝʥʽʚ ʝʢʽʧʘʞʫ, ʘʚʽʘʮʽʡʥʦʛʦ ʧʝʨʩʦʥʘʣʫ, 

ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ, ʦʙôʻʢʪʽʚ ʘʝʨʦʧʦʨʪʫ. 

ɸʜʝʢʚʘʪʥʽ ʟʘʭʦʜʠ ʙʝʟʧʝʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷ ʟʘʛʨʦʟʠ ʙʝʟʧʝʮʽ ʮʠʚʽʣʴʥʦʾ 

ʘʚʽʘʮʽʾ 

ɼʦʜʘʪʢʦʚʽ ʟʘʭʦʜʠ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʘʝʨʦʧʦʨʪʽʚ ʪʘ 

ʝʢʩʧʣʫʘʪʘʥʪʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʞʠʪʠ ʷʢ ʥʘ ʧʦʩʪʽʡʥʽʡ, ʪʘʢ ʽ ʥʘ ʪʠʤʯʘʩʦʚʽʡ ʦʩʥʦʚʽ, 

ʟʘʣʝʞʥʦ ʚʽʜ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʛʨʦʟʫ, ʘ ʪʘʢʦʞ ʱʦʜʦ ʘʝʨʦʧʦʨʪʫ, ʦʢʨʝʤʦʾ 

ʡʦʛʦ ʟʦʥʠ ʘʙʦ ʦʙôʻʢʪʘ, ʧʦʚʽʪʨʷʥʦʛʦ ʩʫʜʥʘ. 

ʇʣʘʥʫʚʘʥʥʷ ʘʜʝʢʚʘʪʥʠʭ ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷ ʟʘʛʨʦʟʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʪʘʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ:  

- ʟʜʽʡʩʥʠʪʠ ʦʮʽʥʢʫ ʟʘʛʨʦʟʠ, ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʭʘʨʘʢʪʝʨ ʽ ʩʪʫʧʽʥʴ ʟʘʛʨʦʟʠ 

ʜʣʷ ʘʝʨʦʧʦʨʪʫ ʘʙʦ ʝʢʩʧʣʫʘʪʘʥʪʘ, ʚʠʭʦʜʷʯʠ ʟ ʜʦʩʪʦʚʽʨʥʦʾ ʦʮʽʥʢʠ ʟʘʛʨʦʟʠ ;  

- ʚʠʟʥʘʯʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʧʽʜʚʠʱʝʥʦʛʦ ʩʪʫʧʝʥʷ ʟʘʛʨʦʟʠ;  

- ʦʟʥʘʡʦʤʠʪʴʩʷ ʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ ʦʙôʻʢʪʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʧʽʜʜʘʚʘʪʠʩʷ ʘʢʪʘʤ ʥʝʟʘʢʦʥʥʦʛʦ ʚʪʨʫʯʘʥʥʷ;  

- ʟʜʽʡʩʥʠʪʠ ʦʙʣʽʢ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʩʣʫʞʙʠ ʘʚʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ;  

- ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽʩʥʫʶʯʽ ʥʘ ʜʘʥʠʡ ʯʘʩ ʟʘʭʦʜʠ ʘʚʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʚ 

ʘʝʨʦʧʦʨʪʫ;  

- ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʨʝʡʩʽʚ ʽ ʧʘʩʘʞʠʨʽʚ, ʘ ʪʘʢʦʞ ʦʙôʻʤ ʙʘʛʘʞʫ ʪʘ 
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ʚʘʥʪʘʞʫ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʧʨʦʮʝʜʫʨ ʢʦʥʪʨʦʣʶ ʥʘ ʙʝʟʧʝʢʫ.  

ʇʣʘʥ ʘʜʝʢʚʘʪʥʦʛʦ ʧʦʩʠʣʝʥʥʷ ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠ ʘʝʨʦʧʦʨʪʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʽʚʥʷ ʟʘʛʨʦʟʠ ʙʝʟʧʝʮʽ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ ʚʽʜʧʨʘʮʴʦʚʫʻʪʴʩʷ ʘʝʨʦʧʦʨʪʦʚʠʤ 

ʢʦʤʽʪʝʪʦʤ ʟ ʘʚʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʟʘʚʯʘʩʥʦ.  

ʈʘʥʛ ʚʘʞʣʠʚʦʩʪʽ ʢʦʞʥʦʛʦ ʟʘʚʜʘʥʥʷ ʘʙʦ ʥʘʧʨʷʤʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘ 

ʄʝʪʦʜʠʢʦʶ ʚʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʽʚʝʥʴ 

ʙʝʟʧʝʢʠ ʩʠʩʪʝʤʠ [3] ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʩʪʘʚʠʥ, ʱʦ ʩʢʣʘʣʠʩʷ ʥʘ ʜʘʥʠʡ ʯʘʩ. 

ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʦʤʫ ʟʘʚʜʘʥʥʶ ʘʙʦ ʥʘʧʨʷʤʫ ʜʽʡ ʧʨʠʩʚʦʶʶʪʴ ʥʘʡʤʝʥʰʠʡ 

ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʨʘʥʛʫ ʚʘʞʣʠʚʦʩʪʽ.  

ʆʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʽ ʟʘʛʨʦʟ ʙʝʟʧʝʮʽ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ ʧʨʦʚʦʜʠʪʴʩʷ 

ʨʦʙʦʯʦʶ ʛʨʫʧʦʶ ʚʽʜʦʤʩʪʚʘ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ ʥʘ ʨʝʛʫʣʷʨʥʽʡ ʦʩʥʦʚʽ. ʑʦʙ ʤʘʪʠ 

ʧʨʘʚʦ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʮʴʦʤʫ ʦʨʛʘʥʽ, ʯʣʝʥʠ ʪʘʢʦʾ ʨʦʙʦʯʦʾ ʛʨʫʧʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʥʝ 

ʤʝʥʰʝ ʪʨʴʦʭ ʨʦʢʽʚ ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ ʚ ʛʘʣʫʟʽ ʘʚʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʧʨʦʡʪʠ 

ʥʘʚʯʘʥʥʷ ʟ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʪʘ ʥʘʙʫʪʠ ʟʥʘʥʴ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʩʧʦʩʦʙʽʚ ʽ 

ʟʘʩʦʙʽʚ ʚʯʠʥʝʥʥʷ ʘʢʪʽʚ ʥʝʟʘʢʦʥʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. 

ʈʦʙʦʯʘ ʛʨʫʧʘ ʘʚʽʘʮʽʡʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʚʦʜʠʪʴ ʦʮʽʥʢʫ ʨʠʟʠʢʽʚ ʽ ʟʘʛʨʦʟ ʜʣʷ 

ʝʢʩʧʣʫʘʪʘʥʪʽʚ ʘʝʨʦʜʨʦʤʽʚ/ʘʝʨʦʧʦʨʪʽʚ, ʝʢʩʧʣʫʘʪʘʥʪʽʚ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ ʽ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʘʝʨʦʥʘʚʽʛʘʮʽʡʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʎʶ ʨʦʙʦʯʫ ʛʨʫʧʫ ʤʘʻ 

ʦʯʦʣʶʚʘʪʠ ʟʘʩʪʫʧʥʠʢ ʜʠʨʝʢʪʦʨʘ ʟ ʘʚʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. 

ɽʢʩʧʣʫʘʪʘʥʪʠ ʘʝʨʦʜʨʦʤʽʚ/ʘʝʨʦʧʦʨʪʽʚ, ʝʢʩʧʣʫʘʪʘʥʪʠ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ ʽ 

ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʘʝʨʦʥʘʚʽʛʘʮʽʡʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʱʦʢʚʘʨʪʘʣʴʥʦ ʦʮʽʥʶʶʪʴ 

ʨʽʚʝʥʴ ʨʠʟʠʢʽʚ ʽ ʟʘʛʨʦʟ. 

ʂʨʽʤ ʪʦʛʦ, ʝʢʩʧʣʫʘʪʘʥʪʠ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ ʦʮʽʥʶʶʪʴ ʨʽʚʝʥʴ ʨʠʟʠʢʽʚ ʽ 

ʟʘʛʨʦʟ ʧʝʨʝʜ ʚʠʢʦʥʘʥʥʷʤ ʢʦʞʥʦʛʦ ʧʦʣʴʦʪʫ. ˆʨʫʥʪʫʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʩʚʦʾʭ 

ʚʣʘʩʥʠʭ ʦʮʽʥʦʢ, ʘ ʪʘʢʦʞ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʚʽʜʧʦʚʽʜʥʠʭ ʦʮʽʥʦʢ, ʧʨʦʚʝʜʝʥʠʭ 

ʚʽʜʦʤʩʪʚʦʤ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ, ʝʢʩʧʣʫʘʪʘʥʪʠ ʘʝʨʦʜʨʦʤʽʚ/ʘʝʨʦʧʦʨʪʽʚ, 

ʝʢʩʧʣʫʘʪʘʥʪʠ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ ʽ ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʘʝʨʦʥʘʚʽʛʘʮʽʡʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʧʨʦʚʘʜʞʫʶʪʴ ʽ ʨʝʘʣʽʟʫʶʪʴ ʥʘʣʝʞʥʽ ʟʘʭʦʜʠ ʘʚʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʜʣʷ ʟʘʭʠʩʪʫ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ ʚʽʜ ʘʢʪʽʚ ʥʝʟʘʢʦʥʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. ʎʽ ʟʘʭʦʜʠ ʤʘʶʪʴ 

ʙʫʪʠ ʩʧʽʚʤʽʨʥʠʤʠ ʟ ʭʘʨʘʢʪʝʨʦʤ ʽ ʨʽʚʥʝʤ ʟʘʛʨʦʟʠ. 
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ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʽ ʟʘʛʨʦʟ, ʥʘʜʘʶʪʴʩʷ ʚʽʜʦʤʩʪʚʫ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ. 

ʋ ʨʘʟʽ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʛʨʦʟʫ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʜʞʝʨʝʣʘ ʝʢʩʧʣʫʘʪʘʥʪʠ 

ʘʝʨʦʜʨʦʤʽʚ/ʘʝʨʦʧʦʨʪʽʚ, ʝʢʩʧʣʫʘʪʘʥʪʠ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ ʽ ʧʦʩʪʘʯʘʣʴʥʠʢʠ 

ʘʝʨʦʥʘʚʽʛʘʮʽʡʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʚʠʥʥʽ ʧʨʦʚʝʩʪʠ ʜʦʜʘʪʢʦʚʫ ʦʮʽʥʢʫ ʨʠʟʠʢʽʚ ʽ 

ʟʘʛʨʦʟ. 
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ʋɼʂ 629.78: 681.326 

ʂʆʅʎɽʇʎɯʗ ʂɽʈʋɺɸʅʅʗ ʊʆʇʆʃʆɻɯɭʖ ʉʋʇʋʊʅʀʂʆɺʆɰ ʄɽʈɽɾɯ 

ʅɸ ʂʆʃʆɺʀʍ ɯ ɽʃɯʇʊʀʏʅʀʍ ʆʈɹɯʊɸʍ ɿɸ ʇʆʊʆʏʅʀʄ 

ʈʆɿʊɸʐʋɺɸʅʅʗʄ ʂʆʉʄɯʏʅʀʍ ɸʇɸʈɸʊɯɺ 

 

ʃʘʙʫʪʢʽʥʘ ʊʝʪʷʥʘ ɺʽʢʪʦʨʽʚʥʘ 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʃʦʙʘʥʦʚ ɼʤʠʪʨʦ ʉʝʨʛʽʡʦʚʠʯ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

 

ɸʥʦʪʘʮʽʷ: ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʪʨʦʩʧʝʢʪʠʚʥʠʡ ʧʦʛʣʷʜ ʥʘ ʨʦʟʚʠʪʦʢ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ ʽ ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʦʚôʷʟʘʥʠʭ ʟ ʥʠʤ ʩʫʯʘʩʥʠʭ 

ʪʨʝʥʜʽʚ ʟʽ ʩʪʚʦʨʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʽʢʠ ʢʦʤʫʪʘʮʽʾ 

ʧʘʢʝʪʽʚ, ʤʽʞʩʫʧʫʪʥʠʢʦʚʠʭ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʦʚʠʩʦʢʠʭ 

ʦʨʙʽʪʘʣʴʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʥʘ ʢʦʣʦʚʠʭ ʽ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ. ʈʦʟʛʣʷʥʫʪʽ ʙʘʣʽʩʪʠʯʥʽ 

ʘʩʧʝʢʪʠ ʢʝʨʫʚʘʥʥʷ ʣʽʥʽʷʤʠ ʤʽʞ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʦʪʦʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʫ ʧʨʦʩʪʦʨʽ ʚʽʜʥʦʩʥʦ ʽʥʰʠʭ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʢʦʣʦʚʠʭ ʽ 

ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ. ɿʦʢʨʝʤʘ, ʘʢʮʝʥʪʦʚʘʥʦ ʫʚʘʛʫ ʥʘ çʜʽʣʷʥʢʘʭ ʢʦʤʫʥʽʢʘʮʽʾè ʤʽʞ 

ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʫʛʨʫʧʦʚʘʥʴ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʽ ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʧʫʪʥʠʢʦʚʘ ʩʠʩʪʝʤʘ ʟʚôʷʟʢʫ, ʦʨʙʽʪʘʣʴʥʝ ʫʛʨʫʧʦʚʘʥʥʷ, 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪ, ʣʽʥʽʷ ʤʽʞʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ, ʝʣʽʧʪʠʯʥʽ ʽ ʢʦʣʦʚʽ ʦʨʙʽʪʠ ʚ 

ʩʠʩʪʝʤʘʭ ʟʚôʷʟʢʫ, ʪʦʧʦʣʦʛʽʷ ʩʫʧʫʪʥʠʢʦʚʦʾ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ, ʢʝʨʫʚʘʥʥʷ 

 

ʅʘ ʩʴʦʛʦʜʝʥʥʷ ʜʦ ʚʠʟʥʘʯʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʥʘʣʝʞʽʪʴ 

ʰʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʽ ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʈʽʟʥʦʤʘʥʽʪʪʷ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ. ʇʦʻʜʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞʥʽʡ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ. 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʭʦʧʣʶʶʪʴ ɿʝʤʣʶ ʽ ʚʞʝ ʧʽʜʥʷʪʽ ʚʠʩʦʢʦ ʥʘʜ ɿʝʤʣʝʶ, ʚ 

ʢʦʩʤʦʩ. ʄʝʨʝʞʽ ʟʘʚôʷʟʢʫ ʟ ʪʝʭʥʽʢʦʶ ʢʦʤʫʪʘʮʽʾ ʧʘʢʝʪʽʚ ʟʘʧʦʣʦʥʠʣʠ ʩʚʽʪ, ʽ ʟʘʨʘʟ 
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ʨʦʟʧʦʯʘʣʠ ʩʚʦʻ ʪʨʽʫʤʬʘʣʴʥʝ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘ ʥʘʚʢʦʣʦʟʝʤʥʠʭ ʦʨʙʽʪʘʭ.  

ʈʦʟʚʝʨʥʝʤʦ ʧʦʛʣʷʜ ʥʘʟʘʜ, ʱʦʙ ʧʦʙʘʯʠʪʠ ʩʴʦʛʦʜʝʥʥʷ ʚ ʤʠʥʫʣʠʭ 

ʜʝʩʷʪʠʨʽʯʯʷʭ. ʇʝʨʰʠʤʠ ʧʦʪʫʞʥʠʤʠ ʨʽʰʝʥʥʷʤʠ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʩʠʩʪʝʤ, ʤʦʞʣʠʚʦʩʪʽ ʷʢʠʭ ʰʚʠʜʢʦ ʦʮʽʥʠʣʦ ʣʶʜʩʪʚʦ, ʩʪʘʣʠ ʩʫʧʫʪʥʠʢʦʚʽ ʩʠʩʪʝʤʠ 

ʟʚôʷʟʢʫ ʥʘ ʦʨʙʽʪʘʭ, ʷʢʽ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʚʠʩʦʢʠʤʠ (ʫʥʽʢʘʣʴʥʘ ʛʝʦʩʪʘʮʽʦʥʘʨʥʘ 

ʦʨʙʽʪʘ ʽ ʚʠʩʦʢʽ ʝʣʽʧʪʠʯʥʽ ʦʨʙʽʪʠ ʟ ʘʧʦʛʝʻʤ ʥʘʜ ʧʽʚʥʽʯʥʦʶ ʧʽʚʢʫʣʝʶ ɿʝʤʣʽ ʚʞʝ ʚ 

ʤʠʥʫʣʦʤʫ ʩʪʦʨʽʯʯʽ ʟʙʽʣʴʰʠʣʠ ʟʤʦʛʫ ɿʝʤʣʷʥ ʱʦʜʦ ʨʝʘʣʽʟʘʮʽʾ ʟʚôʷʟʢʫ ʪʘ 

ʰʠʨʦʢʦʛʦ ʤʦʚʣʝʥʥʷ). ʇʨʦʦʙʨʘʟʦʤ ʩʫʯʘʩʥʠʭ ʥʦʚʽʪʥʽʭ ʙʘʛʘʪʦʪʠʩʷʯʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʥʘ ʥʠʟʴʢʠʭ ʦʨʙʽʪʘʭ ʽ ʚʝʣʠʢʠʤʠ çʽʥʩʪʨʫʤʝʥʪʘʤʠè ʜʣʷ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʨʽʟʥʠʭ ʟʘ ʩʚʦʾʤ ʤʘʩʰʪʘʙʦʤ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʨʽʰʝʥʴ 

ʱʦʜʦ ʧʦʙʫʜʦʚʠ ʛʣʦʙʘʣʴʥʠʭ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ 

ʩʪʘʣʠ ʩʫʧʫʪʥʠʢʦʚʽ ʩʠʩʪʝʤʠ Globalstar ʽ Iridium. ʉʫʧʫʪʥʠʢʦʚʘ ʩʠʩʪʝʤʘ Globalstart 

ʥʝ ʤʘʣʘ ʤʽʞʩʫʧʫʪʥʠʢʦʚʠʭ ʣʽʥʽʡ ʟʚôʷʟʢʫ, ʨʝʘʣʽʟʦʚʫʚʘʣʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʽʜʝʾ çʣʦʤʘʥʦʾ ʣʽʥʽʾè, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʨʥʠʭ ʚʽʜʨʽʟʢʽʚ ʟʚôʷʟʢʫ çʥʘʟʝʤʥʘ 

ʩʪʘʥʮʽʷ ï ɿʝʤʣʷè ʪʘ çɿʝʤʣʷ ï ʩʫʧʫʪʥʠʢè [1]. ʉʫʧʫʪʥʠʢʦʚʘ ʩʠʩʪʝʤʘ Iridium 

ʚʧʝʨʰʝ ʧʽʜʥʷʣʘ ʥʘʜ ɿʝʤʣʝʶ ʤʝʨʝʞʫ ʩʫʧʫʪʥʠʢʽʚ, ʷʢʘ çʦʛʦʨʪʘʣʘè ɿʝʤʣʶ ʽ ʙʫʣʘ 

ʧʦʙʫʜʦʚʘʥʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʽʞʩʫʧʫʪʥʠʢʦʚʠʭ ʣʽʥʽʡ ʟʚôʷʟʢʫ [2]. ʎʝʡ ʧʨʦʝʢʪ 

ʦʪʨʠʤʘʚ ʨʦʟʚʠʪʦʢ ʚ ʩʠʩʪʝʤʽ Iridium-next [3]. ʉʠʩʪʝʤʠ Globalstar ʽ Iridium ʥʘʜʘʣʠ 

ʚʝʣʠʢʠʡ ʜʦʩʚʽʜ, ʜʦʟʚʦʣʠʣʠ ʚʽʜʧʨʘʮʴʦʚʫʚʘʪʠ ʤʥʦʞʠʥʫ ʦʨʠʛʽʥʘʣʴʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʨʽʰʝʥʴ ʨʽʟʥʦʛʦ ʤʘʩʰʪʘʙʫ. 

ɸ ʤʘʡʞʝ ʧʦʨʷʜ ʡʰʣʠ ʧʨʦʝʢʪʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ, ʱʦ ʟʘʩʪʦʩʦʚʫʚʘʣʠ 

ʢʦʣʦʚʽ ʽ ʝʣʽʧʪʠʯʥʽ ʦʨʙʽʪʠ ʩʝʨʝʜʥʴʦʾ ʚʠʩʦʪʠ. ʇʨʦʝʢʪʠ ʩʝʨʝʜʥʴʦʚʠʩʦʢʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʚ ʪʦʡ ʯʘʩ ʥʝ ʧʝʨʝʜʙʘʯʘʣʠ ʤʽʞʩʫʧʫʪʥʠʢʦʚʠʭ ʣʽʥʽʡ ʟʚôʷʟʢʫ. 

ʊʫʪ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʽʜʝʶ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ Odysey [4], ʷʢʘ ʤʽʩʪʠʣʘ ʚʩʴʦʛʦ 12 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʥʘ ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ ʚʠʩʦʪʦʶ 10354 ʢʤ (ʦʩʥʦʚʥʘ ʽ ʻʜʠʥʘ 

ʟʘʜʘʯʘ ʙʫʣʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʢʨʠʪʪʷ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ), ʘʣʝ ʧʨʦʧʦʥʫʚʘʣʦʩʷ ʥʝ ʪʽʣʴʢʠ 

ʟʘʩʚʦʻʥʥʷ ʩʝʨʝʜʥʽʭ ʚʠʩʦʪ, ʘ ʡ ʨʽʟʥʽ ʥʦʚʽʪʥʽ ʧʽʜʭʦʜʠ. ʅʘʧʨʠʢʣʘʜ, ʪʘʢʠʤ ʥʦʚʽʪʥʽʤ 

ʥʘ ʪʦʡ ʯʘʩ ʪʝʭʥʽʯʥʠʤ ʨʽʰʝʥʥʷʤʠ ʙʫʣʦ ʟʘʙʝʟʧʝʯʝʥʥʷ çʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦè 

ʧʦʢʨʠʪʪʷ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʟʦʥʘʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʢʦʣʠ ʧʨʠ 

ʨʫʩʽ ʩʫʧʫʪʥʠʢʘ çʧʨʦʤʝʥʽè ʬʘʟʦʚʘʥʦʾ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ ʙʫʣʠ ʩʢʝʨʦʚʘʥʽ ʪʘʢ, ʱʦ 
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ʜʝʷʢʠʡ ʯʘʩ ʟʘʣʠʰʘʣʠʩʷ çʥʝʨʫʭʦʤʠʤʠè, çʬʽʢʩʦʚʘʥʠʤʠè ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ. ɼʦ 

ʦʨʠʛʽʥʘʣʴʥʠʭ ʩʨʝʜʥʴʦʚʠʩʦʢʠʭ ʩʠʩʪʝʤ ʪʠʭ ʨʦʢʽʚ ʥʘʣʝʞʘʚ ʧʨʦʝʢʪ ʩʠʩʪʝʤʠ Ellipso 

[5], ʚ ʷʢʦʤʫ ʧʨʦʧʦʥʫʚʘʣʘʩʷ ʧʦʙʫʜʦʚʘ ʦʨʙʽʪʘʣʴʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ ʥʘ ʜʚʦʭ 

ʧʽʜʫʛʨʫʧʦʚʘʥʥʷʭ (ʤʦʞʝʤʦ ʛʦʚʦʨʠʪʠ: ʥʘ ʜʚʦʭ ʦʨʙʽʪʘʣʴʥʠʭ ʩʝʛʤʝʥʪʘʭ, ʘʙʦ ï ʥʘ 

ʜʚʦʭ ʧʽʜʩʠʩʪʝʤʘʭ): ʫʛʨʫʧʦʚʘʥʥʷ Ellipso-Concordia ʙʫʣʦ ʚʩʴʦʛʦ ʜʝʢʽʣʴʢʦʤʘ 

ʩʫʧʫʪʥʠʢʘʤʠ ʥʘ ʢʦʣʦʚʽʡ ʝʢʚʘʪʦʨʽʘʣʴʥʽʡ ʦʨʙʽʪʽ ʚʠʩʦʪʦʶ 8040 ʢʤ; ʫʛʨʫʧʦʚʘʥʥʷ 

Ellipso-Borealis ʧʝʨʝʜʙʘʯʘʣʦ ʩʫʧʫʪʥʠʢʠ ʥʘ ʜʚʦʭ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ ʟ ʘʧʦʛʝʻʤ 

520 ʢʤ ʽ ʧʝʨʠʛʝʻʤ 7840 ʢʤ. ɺ ʩʫʧʫʪʥʠʢʦʚʽʡ ʩʠʩʪʝʤʽ Ellipso ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʣʽʧʪʠʯʥʦʾ ʦʨʙʽʪʠ ʙʫʣʦ ʧʨʦʜʠʢʪʦʚʘʥʦ ʥʘʾʚʥʦʶ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʴʦʛʦʜʝʥʥʷ) 

ʩʧʨʦʙʦʶ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʥʘ ʜʝʢʽʣʴʢʘ ʦʜʠʥʠʮʴ, 

ʨʦʟʪʘʰʦʚʫʶʯʠ ʘʧʦʛʝʡ ʥʘʜ ʧʽʚʥʽʯʥʦʶ ʧʽʚʢʫʣʝʶ, ʜʝ ʟʥʘʭʦʜʷʪʴʩʷ ʙʽʣʴʰʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʦʩʣʫʛ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ. 

ɯ ʛʦʚʦʨʷʯʠ ʧʨʦ ʚʝʣʠʯ ʧʝʨʰʠʭ ʧʨʦʝʢʪʽʚ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ (ʚʝʣʠʯ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʩʤʽʣʠʚʦʩʪʽ ʧʦʛʣʷʜʽʚ ʽ ʦʨʠʛʽʥʘʣʴʥʦʩʪʽ ʨʽʰʝʥʴ) ʥʝʤʦʞʥʘ ʥʝ ʟʛʘʜʘʪʠ 

ʧʨʦʝʢʪ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʦʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ Teledesic, ʷʢʠʡ ʥʘ ʢʽʥʝʮʴ 

ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʟʜʘʚʘʚʩʷ ʬʘʥʪʘʩʪʠʯʥʠʤ [6]. ɺʞʝ ʚ ʪʦʡ ʯʘʩ ʚ ʮʴʦʤʫ ʧʨʦʝʢʪʽ 

ʧʨʦʧʦʥʫʚʘʣʦʩʷ ʧʽʜʥʷʪʠ ʪʝʭʥʦʣʦʛʽʾ ɯʥʪʝʨʥʝʪ ʥʘ ʦʨʙʽʪʠ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʥʝʡʤʦʚʽʨʥʫ 

ʥʘ ʪʦʡ ʯʘʩ ʢʽʣʴʢʽʩʪʴ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ï 800). ʂʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ ʮʽʻʾ ʩʠʩʪʝʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚ ʚʞʝ ʧʦ ʜʚʘ ʟʚôʷʟʢʠ ʚ ʢʦʞʥʠʡ ʙʽʢ (ʧʦ ʜʚʘ ʟʚôʷʟʢʠ ʧʦʧʝʨʝʜʫ ʽ 

ʧʦʟʘʜʫ ʥʘ ʦʜʥʽʡ ʦʨʙʽʪʽ; ʟ ʥʘʡʙʣʠʞʯʠʤʠ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʩʫʜʥʠʭ ʦʨʙʽʪ ï 

ʜʚʦʭ ʦʨʙʽʪ ʣʽʚʦʨʫʯ ʽ ʜʚʦʭ ʧʨʘʚʦʨʫʯ), ʪʘ ʱʝ ʙʘʛʘʪʦ ʽʥʰʠʭ ʮʽʢʘʚʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʽ 

ʩʴʦʛʦʜʥʽ ʱʝ ʦʯʽʢʫʶʪʴ ʩʚʦʛʦ ʚʪʽʣʝʥʥʷ. 

ʎʝ ʪʘ ʥʝʚʝʣʠʯʢʘ ʨʝʪʨʦʩʧʝʢʪʠʚʘ, ʷʢʘ ʜʘʻ ʧʦʛʣʷʜ ʥʘ ʨʦʟʚʠʪʦʢ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʩʠʩʪʝʤʠ, ʱʦ ʫʚʘʞʥʦ ʨʦʟʛʣʷʜʘʣʠʩʷ ʙʘʛʘʪʴʤʘ ʘʚʪʦʨʘʤʠ ʚ ʩʧʝʮʽʘʣʴʥʽʡ ʣʽʪʝʨʘʪʫʨʽ, 

ʷʢ ʪʽʣʴʢʠ ʢʦʞʝʥ ʧʨʦʝʢʪ ʙʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʚʽʪʫ. ʅʘ ʟʘʨʘʟ ʤʠ ʚʞʝ ʙʘʯʠʤʦ, ʷʢ ʚ 

ʮʠʭ ʧʝʨʰʠʭ ʩʠʩʪʝʤʘʭ ʧʨʦʛʣʷʜʘʣʠ ʽʜʝʾ ʧʦʪʫʞʥʠʭ ʧʨʦʝʢʪʽʚ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ 

ʩʴʦʛʦʜʝʥʥʷ. ɼʠʚʣʷʯʠʩʴ ʥʘ ʧʨʦʝʢʪ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ O3b [7] (ʚ ʷʢʦʤʫ ʚʞʝ 

ʙʽʣʴʰ ʜʝʩʷʪʠ ʨʦʢʽʚ ʪʦʤʫ ʥʘ ʢʦʣʦʚʫ ʝʢʚʘʪʦʨʽʘʣʴʥʫ ʦʨʙʽʪʫ ʚʠʩʦʪʦʶ 8063 ʢʤ ʙʫʣʠ 

ʚʠʚʝʜʝʥʽ ʩʫʧʫʪʥʠʢʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʽʞʩʫʧʫʪʥʠʢʦʚʽ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʩʣʫʛʘʤ ɯʥʪʝʨʥʝʪ-ʟʚôʷʟʢʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʥʝʚʠʩʦʢʠʭ ʰʠʨʦʪʘʭ), ʪʘ 



213 

ʜʠʚʣʷʯʠʩʴ ʥʘ ʧʨʦʜʦʚʞʝʥʥʷ ʩʠʩʪʝʤʠ O3b ʫ ʩʠʩʪʝʤʽ O3b mPOWER [8], ʟʛʘʜʫʻʤʦ 

ʩʠʩʪʝʤʫ Ellipso ʽ ʾʾ ʧʽʜʩʠʩʪʝʤʫ Ellipso-Concordia. ɯ ʨʦʟʫʤʽʻʤʦ, ʱʦ ʥʘʩʪʫʧʥʠʡ 

ʢʨʦʢ ʟʘʨʘʟ ʚʝʜʝ ʜʦ ʜʦʧʦʚʥʝʥʥʷ ʩʠʩʪʝʤʠ O3b ʩʨʝʜʥʴʦʚʠʩʦʢʠʤʠ ʧʦʭʠʣʠʤʠ 

ʦʨʙʽʪʘʤʠ, ʷʢʽ ʥʘ ʦʩʥʦʚʽ ʤʽʞʩʫʧʫʪʥʠʢʦʚʠʭ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʜʦʟʚʦʣʷʪʴ ʧʦʙʫʜʫʚʘʪʠ 

ʩʨʝʜʥʴʦʚʠʩʦʢʫ ʩʫʧʫʪʥʠʢʦʚʫ ʤʝʨʝʞʫ, ʷʢʘ çʦʛʦʨʥʝè ɿʝʤʣʶ. 

ʉʫʧʫʪʥʠʢʦʚʽ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ ʨʦʟʚʠʚʘʶʪʴʩʷ ʚʞʝ ʙʘʛʘʪʦ ʜʝʩʷʪʠʨʽʯ, ʘʣʝ 

ʟʘʨʘʟ, ʚ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʨʽʯʯʷ, ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚ ʮʽʡ ʮʘʨʠʥʽ ʚʽʜʙʫʣʠʩʷ ʩʧʨʘʚʜʽ 

ʨʝʚʦʣʶʮʽʡʥʽ ʟʤʽʥʠ. ʉʫʧʫʪʥʠʢʦʚʘ ʩʠʩʪʝʤʘ Starlink [9] ʢʦʤʧʘʥʽʾ SpaceX ʩʪʘʣʘ 

ʜʠʚʦʤ ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʨʽʯʯʷ, ʚʨʘʟʠʣʘ ʥʝʡʤʦʚʽʨʥʦ ʘʤʙʽʪʥʠʤʠ ʧʣʘʥʘʤʠ, 

ʤʘʩʰʪʘʙʘʤʠ ʧʦʪʫʞʥʦʛʦ ʩʪʘʨʪʫ. ɿʘ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ ʪʠʩʷʯʽ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ 

ʙʫʣʠ ʚʠʚʝʜʝʥʽ ʥʘ ʦʨʙʽʪʠ ʽ ʟʨʦʙʠʣʠ ʧʦʩʣʫʛʠ ʢʦʩʤʽʯʥʦʛʦ ɯʥʪʝʨʥʝʪʫ ʯʘʩʪʠʥʢʦʶ 

ʙʘʛʘʪʴʦʭ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʩʫʪʪʻʚʦ ʧʦʰʠʨʠʣʠ ʤʦʞʣʠʚʦʩʪʽ ʣʶʜʝʡ. ɺʞʝ ʟʘʨʘʟ 

ʚ ʩʫʧʫʪʥʠʢʦʚʽʡ ʩʠʩʪʝʤʽ Starlink ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʜʝʢʽʣʴʢʘ ʨʽʟʥʦʚʠʩʦʢʠʭ ʩʝʛʤʝʥʪʽʚ 

ʥʘ ʦʨʙʽʪʘʭ ʥʠʟʴʢʦʾ ʚʠʩʦʪʠ. ʉʭʦʞʽ ʧʣʘʥʠ ʽ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʽ ʫ ʥʠʟʢʠ ʽʥʰʠʭ 

ʢʦʤʧʘʥʽʡ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʥʘ ʦʨʙʽʪʘʭ ɿʝʤʣʽ. 

 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʝʣʠʢʠʡ ʧʦʧʠʪ ʽ ʧʦʰʠʨʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʪʝʥʮʽʘʣʴʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʦʩʣʫʛ ʢʦʩʤʽʯʥʦʛʦ ɯʥʪʝʨʥʝʪʫ. ʇʦ-ʧʝʨʰʝ, ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʩʪʘʶʪʴ 

ʩʪʘʥʫʪʴ ʥʝ ʪʽʣʴʢʠ ʣʶʜʠ, ʘʡ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʭʥʽʯʥʽ ʧʨʠʩʪʨʦʾ, ʢʦʣʦ ʷʢʠʭ ʚʩʝ 

ʟʨʦʩʪʘʻ ʥʘ ʩʣʫʞʙʽ ʫ ʣʶʜʝʡ. ʇʦ-ʜʨʫʛʝ, ʧʦʩʣʫʛʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʥʘʟʝʤʥʽ ʢʦʨʠʩʪʫʚʘʯʽ, ʘ ʡ ʘʚʽʘʮʽʡʥʽ ʽ ʢʦʩʤʽʯʥʽ. ʎʝ 

ʧʨʠʟʚʝʜʝ ʜʦ ʪʦʛʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʩʫʧʫʪʥʠʢʦʚʠʭ ʫʛʨʫʧʦʚʘʥʴ (ʽ ʚ ʨʘʤʢʘʭ ʜʝʢʽʣʴʢʦʭ 

ʚʝʣʠʢʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ, ʽ ʚ ʨʘʤʢʘʭ ʻʜʠʥʦʾ ʛʣʦʙʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚ 

ʥʘʚʢʦʣʦʟʝʤʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʜʦ ʩʪʚʦʨʝʥʥʷ ʷʢʦʾ ʢʦʣʠʩʴ ʧʨʠʡʜʝ ʣʶʜʩʪʚʦ [10, 11]), 

ʟʥʘʯʥʦ ʟʨʦʩʪʝ. ʈʦʟʚʠʪʦʢ ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʪʘʥʝ ʧʦʪʨʝʙʫʚʘʪʠ çʥʘʩʠʯʝʥʥʷè 

ʢʦʩʤʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ʤʝʨʝʞʘʤʠ ʟ ʪʝʭʥʽʢʦʶ ʢʦʤʫʪʘʮʽʾ ʧʘʢʝʪʽʚ. ʆʨʙʽʪʘʣʴʥʽ 

ʫʛʨʫʧʦʚʘʥʥʷ ʥʘ ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ ʥʠʟʴʢʦʾ, ʩʝʨʝʜʥʴʦʾ ʚʠʩʦʪʠ ʙʫʜʫʪʴ ʨʦʟʪʘʰʦʚʘʥʽ 

ʥʠʞʯʝ ʧʝʨʰʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʦʷʩʘ ɺʘʥ-ɸʣʣʝʥʘ, ʤʽʞ ʧʝʨʰʠʤ ʽ ʜʨʫʛʠʤ 

ʨʘʜʽʘʮʽʡʥʠʤʠ ʧʦʷʩʘʤʠ ɺʘʥ-ɸʣʣʝʥʘ, ʚʠʱʝ ʜʨʫʛʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʦʷʩʫ (ʘ ʢʦʣʠʩʴ, 

ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʭʠʩʪʫ ʚʽʜ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ, ï ʽ ʚ ʟʦʥʘʭ 
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ʚʠʩʦʪ ʨʘʜʽʘʮʽʡʥʠʭ ʧʦʷʩʽʚ). ɿʘʨʘʟ ʽ ʜʘʣʽ ʮʝ ʙʫʜʫʪʴ ʦʨʙʽʪʘʣʴʥʽ ʫʛʨʫʧʦʚʘʥʥʷ ʥʘ 

ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ, ʜʦ ʷʢʠʭ ʜʦʜʘʜʫʪʴʩʷ ʫʛʨʫʧʦʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ. ɺ 

ʫʛʨʫʟʘʥʴ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ ʚʞʝ ʙʫʜʝ ʽʥʰʘ ʤʽʩʽʷ, ʥʽʞ ʢʦʣʠʩʴ, ʢʦʣʠ ʾʭ 

ʩʪʚʦʨʶʚʘʣʠ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʽʚʥʽʯʥʦʾ ʧʽʚʢʫʣʽ ɿʝʤʣʽ, 

ʥʘʤʘʛʘʶʯʠʩʴ ʟʤʝʥʰ ʢʽʣʴʢʽʩʪʴ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ. 

ʋʛʨʫʧʦʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ ʟʘʨʘʟ ʤʘʶʪʴ çʟʚôʷʟʫʚʘʪʠè ʚ ʻʜʠʥʝ ʮʽʣʝ 

ʫʛʨʫʧʦʚʘʥʥʷ ʥʘ ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ çʣʘʥʮʶʞʢʘʤʠè ʧʦʩʣʽʜʦʚʥʠʭ ʧʝʨʝʜʘʯ 

ʽʥʬʦʨʤʘʮʽʾ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʝʨʝʜʘʯʽ, çʟʘʧʦʚʥʶʚʘʪʠè 

ʥʘʚʢʦʣʦʟʝʤʥʠʡ ʧʨʦʩʪʽʨ ʜʦʜʘʪʢʦʚʦʶ ʤʝʨʝʞʝʶ ʟʚôʷʟʢʫ, ʫ ʷʢʽʡ ʪʽʣʴʢʠ ʯʘʩʪʠʥʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʨʘʜʽʘʮʽʡʥʠʭ ʧʦʷʩʽʚ ɺʘʥ-ɸʣʣʝʥʘ [12-14]. 

ʎʷ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʚʠʪʢʫ ʟʘʜʘʯʽ ʩʪʚʦʨʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ʥʘ 

ʢʦʣʦʚʠʭ ʽ ʝʣʽʧʪʠʯʥʠʭ ʦʨʙʽʪʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʚ ʧʫʙʣʽʢʘʮʽʷʭ [12-14]. ɿʦʢʨʝʤʘ, 

ʨʦʟʛʣʷʥʫʪʽ ʙʘʣʽʩʪʠʯʥʽ ʘʩʧʝʢʪʠ ʢʝʨʫʚʘʥʥʷ ʣʽʥʽʷʤʠ ʤʽʞ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʫ ʧʨʦʩʪʦʨʽ ʽ 

ʚʽʜʥʦʩʥʦ ʽʥʰʠʭ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ʥʘ çʜʽʣʷʥʢʘʭ 

ʢʦʤʫʥʽʢʘʮʽʾè ʤʽʞ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʫʛʨʫʧʦʚʘʥʴ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʽ ʢʦʣʦʚʠʭ 

ʦʨʙʽʪʘʭ. ʇʨʠ ʮʴʦʤʫ, ʷʢʽ ʽ ʚ ʨʦʙʦʪʘʭ [12-18], ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʫ ʢʦʞʥʦʛʦ 

ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʝʟʤʽʥʥʘ ʢʫʪʦʚʘ ʦʨʽʻʥʪʘʮʽʷ ʚʽʜʥʦʩʥʦ 

ʦʩʝʡ ʙʘʨʠʮʝʥʪʨʠʯʥʦʾ ʦʨʙʽʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ 

ʩʫʧʫʪʥʠʢʠ ʩʪʘʙʽʣʽʟʦʚʘʥʽ (ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʫ ʤʘʩ ʚ ʥʠʭ ʚʽʜʩʫʪʥʽʡ). 

 

ʄʽʞʩʫʧʫʪʥʠʢʦʚʽ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʨʠʩʪʨʦʷʤʠ ʰʽʩʪʴʦʭ ʪʠʧʽʚ. 

ʉʧʨʦʱʝʥʦ ʧʨʠʡʤʝʤʦ, ʱʦ ʧʨʠʩʪʨʽʡ ʢʦʞʥʦʛʦ ʪʠʧʫ q  ( 6,1q= ) ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ 

ʣʽʥʽʶ ʟʚôʷʟʢʫ ʚ ʢʦʥʫʩʦʧʦʜʽʙʥʽʡ ʟʦʥʽ, ʚʽʩʩʶ ʩʠʤʝʪʨʽʾ ʷʢʦʾ ʻ ʚʽʩʴ ʙʘʨʠʮʝʥʪʨʠʯʥʦʾ 

ʦʨʙʽʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ brbrbr zyOx  (ʨʠʩ. 1). ɼʦʚʞʠʥʘ ʪʚʽʨʥʦʾ mL  ʮʽʻʾ 

ʢʦʥʫʩʦʧʦʜʽʙʥʦʾ ʟʦʥʠ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʽʡ ʚʽʜʩʪʘʥʽ ʤʽʞ ʦʙôʻʢʪʘʤʠ, 

ʷʢʽ ʟʚôʷʟʫʶʪʴʩʷ. ʂʫʪ mg  - ʻ ʢʫʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʦʩʽ 

ʩʠʤʝʪʨʽʾ ʮʽʻʾ ʢʦʥʫʩʦʧʦʜʽʙʥʦʾ ʟʦʥʠ. 
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ʈʠʩʫʥʦʢ 1 ï ɼʦ ʧʦʷʩʥʝʥʥʷ çʚʟʘʻʤʦʜʽʾè ʢʦʣʦʚʠʭ ʽ ʝʣʽʧʪʠʯʥʦʾ ʦʨʙʽʪʠ 

 

ʅʘʧʨʷʤʢʠ ʦʩʥʦʚʠ ʢʦʥʫʩʦʧʦʜʽʙʥʦʾ ʟʦʥʠ ʤʦʞʣʠʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʣʽʥʽʾ 

ʟʚôʷʟʢʫ ʜʣʷ ʧʨʠʩʪʨʦʾʚ ʪʠʧʽʚ 1 ʽ 2 (ʪʦʙʪʦ ʥʘʧʨʷʤʦʢ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʪʠʧʽʚ 1 ʽ 2) 

ʩʧʨʷʤʦʚʘʥʠʡ ʚʽʜʧʦʚʽʜʥʦ ʚʚʝʨʭ ʽ ʚʥʠʟ ʚʽʜ ʧʣʦʱʠʥʠ ʤʠʪʪʻʚʦʛʦ ʤʽʩʮʝʚʦʛʦ 

ʛʦʨʠʟʦʥʪʫ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʥʘ ʷʢʦʤʫ ʚʩʪʘʥʦʚʣʝʥʠʡ ʮʝʡ ʧʨʠʩʪʨʽʡ. ʅʘʧʨʷʤʢʠ 

ʦʩʥʦʚʠ ʢʦʥʫʩʦʧʦʜʽʙʥʦʾ ʟʦʥʠ ʤʦʞʣʠʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʪʠʧʽʚ 3 ʽ 4 

ʩʧʨʷʤʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʣʽʚʦʨʫʯ ʽ ʧʨʘʚʦʨʫʯ ʚʽʜ ʧʣʦʱʠʥʠ ʦʨʙʽʪʠ. ʂʦʥʫʩʦʧʦʜʽʙʥʘ 

ʟʦʥʘ ʤʦʞʣʠʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʪʠʧʽʚ 5 ʽ 6 ʨʦʟʪʘʰʦʚʘʥʘ ʧʦʧʝʨʝʜʫ ʽ 

ʧʦʟʘʜʫ ʚʽʜ ʙʽʥʦʨʤʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ (ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ ʤʦʞʝ 

ʟʚôʷʟʫʚʘʪʠʩʷ ʟ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʧʦʧʝʨʝʜʫ ʽ ʧʦʟʘʜʫ ʥʴʦʛʦ, ʪʦʙʪʦ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʟʚôʷʟʢʠ ʟ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʥʘ ʦʜʥʽʡ ʦʨʙʽʪʽ). 

ɺ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ ʢʝʨʫʚʘʥʥʷ ʮʽʣʴʦʚʦʶ ʘʧʘʨʘʪʫʨʦʶ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ 

ʫʧʨʘʚʣʽʥʥʷ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʻ ʧʨʦʛʨʘʤʥʠʤ (ʘʙʦ ʢʦʤʙʽʥʦʚʘʥʠʤ ʟ ʢʝʨʫʚʘʥʥʷʤ 

ʟʽ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ, ʘʣʝ ʙʘʟʦʚʝ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠ ʮʴʦʤʫ ʟʘʣʠʰʘʻʪʴʩʷ 

ʧʨʦʛʨʘʤʥʠʤ). ɯ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʡʜʝʪʴʩʷ ʧʨʦ ʧʨʦʛʨʘʤʥʝ 

ʢʝʨʫʚʘʥʥʷ ʣʽʥʽʷʤʠ ʤʽʞʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ. ɺ ʢʝʨʫʚʘʥʥʽ ʣʽʥʷʤʠ 

ʤʽʞʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʽ ʩʢʣʘʜʦʚʠʭ. ʇʝʨʰʘ ʩʪʦʩʫʻʪʴʩʷ 
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ʚʠʟʥʘʯʝʥʥʷ, ʟ ʷʢʠʤ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʦʤ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ʩʪʚʦʨʶʻʪʴʩʷ 

ʟʚ'ʷʟʦʢ ʥʘ ʧʦʪʦʯʥʠʡ ʯʘʩ (ʘʙʦ ʽʥʘʢʰʝ ï ʚʠʟʥʘʯʘʻʪʴʩʷ çʧʝʨʝʤʠʢʘʥʥʷè ʣʽʥʽʾ ʟʚôʷʟʢʫ 

ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʘ ʟ ʦʜʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʩʠʩʪʝʤʠ ʥʘ ʽʥʰʠʡ). ʎʝ 

ʬʘʢʪʠʯʥʦ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʢʝʨʫʚʘʥʥʷʤ ʧʦʪʦʯʥʦʶ ʪʦʧʦʣʦʛʽʻʶ ʤʝʨʝʞʽ. ɼʨʫʛʘ 

ʯʘʩʪʠʥʘ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʣʽʥʽʻʶ ʤʽʞʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʩʪʦʩʫʻʪʴʩʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʣʽʥʽʾ ʟʚôʷʟʢʫ (ʩʧʨʷʤʫʚʘʥʥʷ ʾʾ ʚ ʪʦʯʢʫ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʟ ʷʢʠʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʚôʷʟʦʢ). ɹʫʜʝʤʦ 

ʨʦʟʛʣʷʜʘʪʠ ʪʽʣʴʢʠ ʧʝʨʰʫ ʯʘʩʪʠʥʫ ʟʘʜʘʯʽ ʜʣʷ ʚʠʧʘʜʢʫ ʚʟʘʻʤʦʜʽʾ (ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ) ʤʽʞ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʦʤ ʥʘ ʢʦʣʦʚʽʡ ʦʨʙʽʪʽ ʽ ʢʦʩʤʽʯʥʠʤ ʘʧʘʨʘʪʦʤ 

ʥʘ ʝʣʽʧʪʠʯʥʠʡ ʦʨʙʽʪʽ. ʎʷ ʚʟʘʻʤʦʜʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʦʙʤʝʞʝʥʽʡ (ʚʽʜʥʦʩʥʦ 

ʥʝʚʝʣʠʢʽʡ) ʜʽʣʷʥʮʽ, ʢʦʣʠ ʩʫʧʫʪʥʠʢ ʧʨʦʭʦʜʠʪʴ ʯʘʩʪʠʥʫ ʦʨʙʽʪʠ, ʥʘʙʣʠʞʝʥʫ ʜʦ 

ʘʧʦʛʝʶ, ʘʙʦ ʢʦʣʠ ʧʨʦʭʦʜʠʪʴ ʯʘʩʪʠʥʫ ʦʨʙʽʪʠ, ʥʘʙʣʠʞʝʥʫ ʜʦ ʧʝʨʠʛʝʶ. ʅʘ ʨʠʩ. 1 

ʧʦʢʘʟʘʥʽ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʧʦ-ʧʝʨʰʝ, ʢʦʣʦʚʦʾ ʦʨʙʽʪʠ ʽ çʘʧʦʛʝʡʥʦʾè 

ʯʘʩʪʠʥʠ ʝʣʽʧʪʠʯʥʦʾ ʦʨʙʽʪʠ, ʧʦ-ʜʨʫʛʝ ï ʢʦʣʦʚʦʾ ʦʨʙʽʪʠ ʽ çʧʝʨʠʛʝʡʥʦʾè ʯʘʩʪʠʥʠ 

ʝʣʽʧʪʠʯʥʦʾ ʦʨʙʽʪʠ. ʂʦʣʦʚʘ ʦʨʙʽʪʘ ʤʦʞʝ ʧʨʦʭʦʜʠʪʠ ʚʠʱʝ ʘʙʦ ʥʠʞʯʝ, ʱʦ ʚʠʤʘʛʘʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʪʠʧʽʚ ʧʨʠʩʪʨʦʶ ʟʚôʷʟʢʫ 2 ʘʙʦ 1. ʂʦʩʤʽʯʥʠʤ ʘʧʘʨʘʪʦʤ 

ʥʘ ʝʣʽʧʪʠʯʥʽʡ ʦʨʙʽʪʠ ʙʫʜʝ ʟʘʩʪʦʩʦʚʘʥʠʡ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʚʘʨʽʘʥʪ ʧʨʠʩʪʨʦʶ 

ʟʚôʷʟʢʫ ï ʚʽʜʧʦʚʽʜʥʦ 1 ʘʙʦ 2.  

ɺʚʝʜʝʤʦ ʥʘʩʪʫʧʥʽ ʧʨʘʚʠʣʘ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʙʫʜʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠʩʷ 

ʢʝʨʫʚʘʥʥʷ ʣʽʥʽʻʶ ʟʚôʷʟʢʫ. ʇʦ-ʧʝʨʰʝ, ʪʦʯʢʠ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʜʽʣʷʥʢʫ, ʥʘ ʷʢʠʡ 

ʩʫʧʫʪʥʠʢ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʚʟʘʻʤʦʜʽʶ ʽʟ ʩʫʧʫʪʥʠʢʦʤ ʥʘ ʽʥʰʽʡ ʦʨʙʽʪʽ, 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘʟʜʘʣʝʛʽʜʴ (ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʪʝʥʮʽʘʣʴʥʘ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ 

ʟʚôʷʟʢʫ). ʇʦ-ʜʨʫʛʝ, ʜʣʷ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʟʥʘʭʦʜʞʝʥʥʷ ʩʫʧʫʪʥʠʢʘ ʥʘ ʜʽʣʷʥʮʽ 

ʦʨʙʽʪʠ, ʥʘ ʷʢʠʡ ʚʽʥ ʤʦʞʝ ʟʚôʷʟʫʚʘʪʠʩʷ ʟ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʥʘ ʽʥʰʽʡ ʦʨʙʽʪʽ, 

ʟʘ ʧʝʚʥʠʤʠ ʧʨʘʚʠʣʘʤʠ ʦʙʠʨʘʻʪʴʩʷ ʧʨʦʛʨʘʤʘ çʧʝʨʝʤʠʢʘʥʴè ʚʽʜ ʦʜʥʦʛʦ ʜʦ ʽʥʰʦʛʦ 

ʩʫʧʫʪʥʠʢʘ (ʧʝʨʝʤʠʢʘʥʴ ʤʦʞʝ ʥʝ ʙʫʪʠ ʧʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʚʩʽʻʾ ʜʽʣʷʥʢʠ, ʪʦʙʪʦ 

ʩʫʧʫʪʥʠʢ, ʷʢʠʡ ʙʫʜʝ ʦʙʨʘʥʦ ʜʣʷ ʢʦʤʫʥʽʢʘʮʽʾ ʽ ʟ ʷʢʠʤ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʚ'ʷʟʦʢ, ʥʝ 

ʟʤʽʥʠʪʴʩʷ). ɼʣʷ ʪʦʛʦ, ʱʦʙ ʜʣʷ ʧʨʠʩʪʨʦʶ ʟʚôʷʟʢʫ ʢʦʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʟʜʽʡʩʥʠʪʠ 

ʧʦʪʦʯʥʠʡ ʚʠʙʽʨ ʢʦʩʤʽʯʥʦʛʦ ʥʘ ʽʥʰʠʡ ʦʨʙʽʪʽ, ʟ ʷʢʠʤ ʚʟʘʻʤʦʜʽʷʪʠ, ʥʝʦʙʭʽʜʥʦ 

ʪʘʢʦʞ ʟʥʘʪʠ ʜʣʷ ʽʥʰʦʾ ʦʨʙʽʪʠ ʾʾ ʜʽʷʣʴʥʫ (ʪʦʯʢʠ, ʱʦ ʾʾ ʦʙʤʝʞʫʶʪʴ), ʥʘ ʷʢʠʡ 
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ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ ʪʦʾ ʦʨʙʽʪʠ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʟʚ'ʷʟʦʢ. ʂʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ 

ʽʥʰʦʾ ʦʨʙʽʪʽ, ʷʢʽ ʙʫʜʫʪʴ ʧʨʦʭʦʜʠʪʠ ʜʽʣʷʥʢʫ ʦʨʙʽʪʠ, ʥʘ ʷʢʠʡ ʟ ʥʠʤʠ ʤʦʞʣʠʚʘ 

ʚʟʘʻʤʦʜʽʷ, ʤʦʞʝ ʙʫʪʠ ʜʝʢʽʣʴʢʘ. ɹʘʞʘʥʦ ʦʙʨʘʪʠ ʪʦʡ ʟ ʮʠʭ ʩʫʧʫʪʥʠʢʽʚ, ʟ ʷʢʠʤ 

ʟʚôʷʟʦʢ ʙʫʜʝ ʥʘʡʜʦʚʰʠʤ. ʄʝʪʦʜ ʚʠʢʦʥʘʥʥʷ ʦʧʠʩʘʥʠʭ ʦʧʝʨʘʮʽʡ ʨʦʟʨʦʙʣʝʥʦ. 

ɹʽʣʴʰ ʧʨʦʩʪʠʡ ʧʽʜʭʽʜ ï ʩʢʣʘʜʘʪʠ ʜʣʷ ʧʨʠʩʪʨʦʾʚ ʟʚôʷʟʢʫ ʢʦʩʤʽʯʥʠʭ 

ʘʧʘʨʘʪʽʚ ʨʦʟʢʣʘʜʠ ʜʦʩʪʫʧʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʽʥʰʦʾ ʦʨʙʽʪʠ ʽ ʚʠʟʥʘʯʘʪʠ 

ʧʨʦʛʨʘʤʫ çʧʝʨʝʢʣʶʯʝʥʴè (ʧʨʦʛʨʘʤʫ ʚʟʘʻʤʦʜʽʾ ʟ ʩʫʧʫʪʥʠʢʘʤʠ ʥʘ ʽʥʰʽʡ ʦʨʙʽʪʽ) ʥʘ 

ʦʩʥʦʚʽ ʨʦʟʢʣʘʜʫ ʜʦʩʪʫʧʥʦʩʪʽ. ʆʙʨʦʙʢʘ ʨʦʟʢʣʘʜʽʚ ʜʦʩʪʫʧʥʦʩʪʽ ʪʘʢʦʞ ʧʦʪʨʝʙʫʻ 

ʧʝʚʥʦʛʦ ʤʝʪʦʜʫ. ʊʘʢʠʡ ʤʝʪʦʜ ʨʦʟʨʦʙʣʝʥʦ. 
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ʋɼʂ 004.438  

ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ɸʃɻʆʈʀʊʄɯɺ ʊɸ ʄɽʊʆɼɯɺ ɼʃʗ 

ɺʀʗɺʃɽʅʅʗ ʊɸ ɺʀʈɯʐɽʅʅʗ ʂʆʅʌʃɯʂʊɯɺ ʋ ɹɸɿɸʍ ɼɸʅʀʍ 

 

ʄʘʢʫʰʝʥʢʦ ʊʠʤʫʨ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, 

ʢ. ʪ. ʥ., ʜʦʮʝʥʪ 

ɼʝʩʷʪʥʠʯʝʥʢʦ ʆʣʝʢʩʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, 

ʢ. ʪ. ʥ. 

ʇɿɺʆ çʍʘʨʢʽʚʩʴʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʐɸɻè 

 

ɸʥʦʪʘʮʽʷ: ɼʦʩʣʽʜʞʝʥʥʷ ʘʥʘʣʽʟʫʻ ʧʨʦʙʣʝʤʠ ʢʦʥʬʣʽʢʪʽʚ ʫ ʙʘʟʘʭ ʜʘʥʠʭ ʽ 

ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ, ʚʠʟʥʘʯʘʻ ʤʝʪʦʜʠ ʾʭ ʚʠʨʽʰʝʥʥʷ ʪʘ ʧʨʦʧʦʥʫʻ 

ʦʧʪʠʤʘʣʴʥʽ ʩʪʨʘʪʝʛʽʾ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʮʽʣʽʩʥʦʩʪʽ ʜʘʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ. 

ɼʦʚʝʜʝʥʦ, ʱʦ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ ʙʣʦʢʫʚʘʥʥʷ, ʤʽʪʢʠ ʯʘʩʫ ʪʘ ʧʝʨʝʚʽʨʢʘ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ, ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʝʬʝʢʪʠʚʥʠʤʠ ʫ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ. ɺʦʥʦ ʪʘʢʦʞ 

ʚʠʚʯʘʻ ʥʦʚʽ ʧʽʜʭʦʜʠ, ʪʘʢʽ ʷʢ ʦʧʪʠʤʽʩʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʧʘʨʘʣʝʣʴʥʦʩʪʽ ʪʘ CRDT, 

ʷʢʽ ʧʨʦʧʦʥʫʶʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʘʟʠ ʜʘʥʠʭ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʢʦʥʬʣʽʢʪʠ, ʘʣʛʦʨʠʪʤʠ  

 

ʋ ʩʚʽʪʽ ʙʘʟ ʜʘʥʠʭ ʽ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ ʥʝʦʜʤʽʥʥʦ ʚʠʥʠʢʥʫʪʴ 

ʢʦʥʬʣʽʢʪʠ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʯʠ ʡʜʝʪʴʩʷ ʧʨʦ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʘʥʠʭ, 

ʧʨʦʙʣʝʤʠ ʟ ʦʜʥʦʯʘʩʥʠʤ ʜʦʩʪʫʧʦʤ ʯʠ ʢʦʥʬʣʽʢʪʥʽ ʦʥʦʚʣʝʥʥʷ, ʝʬʝʢʪʠʚʥʝ 

ʚʠʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʮʽʣʽʩʥʦʩʪʽ ʜʘʥʠʭ 

ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʨʦʙʦʪʠ. ʆʩʥʦʚʥʘ ʤʝʪʘ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ - ʮʝ 

ʟʨʦʟʫʤʽʪʠ, ʷʢʽ ʤʝʪʦʜʠ ʥʘʡʢʨʘʱʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʫʤʦʚ ʽ ʷʢʽ ʟ ʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʫ ʚʠʨʽʰʝʥʥʽ ʨʝʘʣʴʥʠʭ 

ʧʨʦʙʣʝʤ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʩʬʝʨʽ ʪʝʭʥʽʯʥʠʭ ʟʥʘʥʴ. ɸʜʞʝ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ 

ʧʠʪʘʥʥʷ ʩʧʨʠʷʪʠʤʝ ʟʘʧʦʙʽʛʘʥʥʶ ʧʦʰʢʦʜʞʝʥʥʷ ʜʘʥʠʭ, ʟʘʙʝʟʧʝʯʫʻ ʫʟʛʦʜʞʝʥʽʩʪʴ 

ʜʘʥʠʭ ʽ ʧʽʜʪʨʠʤʫʻ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʇʨʦʚʝʜʝʥʥʷ ˇʨʫʥʪʦʚʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ 

ʨ̔ ʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʪʘ ʚʠʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ ʩʧʨʠʷʪʠʤʝ 

ʥʘʡʙʽʣʴʰ ʰʚʠʜʢʦʤʫ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦʤʫ ʚʠʙʦʨʽ ʧʽʜʭʦʜʽʚ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ 
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ʚʠʧʘʜʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʟ ʜʘʥʠʭ ʪʘ ʟʥʘʥʴ ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʙʘʛʘʪʴʦʭ 

ʛʘʣʫʟʝʡ, ʚʢʣʶʯʘʶʯʠ ʥʘʫʢʫ, ʦʩʚʽʪʫ, ʙʽʟʥʝʩ ʪʘ ʫʨʷʜʦʚʽ ʩʣʫʞʙʠ. ʆʜʥʘʢ, ʟ ʨʦʩʪʦʤ 

ʦʙʩʷʛʫ ʪʘ ʩʢʣʘʜʥʦʩʪʽ ʮʠʭ ʙʘʟ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʢʦʥʬʣʽʢʪʽʚ ʜʘʥʠʭ. ʎʽ ʢʦʥʬʣʽʢʪʠ 

ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʯʝʨʝʟ ʨʽʟʥʽ ʧʨʠʯʠʥʠ, ʪʘʢʽ ʷʢ ʧʦʤʠʣʢʠ ʚʚʦʜʫ ʜʘʥʠʭ, 

ʥʝʩʫʤʽʩʥʽʩʪʴ ʬʦʨʤʘʪʽʚ ʜʘʥʠʭ ʘʙʦ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʨʽʟʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ 

ʪʘ ʚ ʧʽʜʩʫʤʢʫ ʩʪʚʦʨʶʚʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʮʽʣʽʩʥʽʩʪʴ ʜʘʥʠʭ, ʥʘʜʽʡʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ [1, 3]. 

ɯʩʪʦʨʠʯʥʦ ʚʠʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ ʫ ʙʘʟʘʭ ʜʘʥʠʭ ʚʢʣʶʯʘʣʦ ʪʘʢʽ ʤʝʪʦʜʠ, ʷʢ 

ʙʣʦʢʫʚʘʥʥʷ, ʤʽʪʢʠ ʯʘʩʫ ʪʘ ʧʝʨʝʚʽʨʢʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ. ʍʦʯʘ ʮʽ ʤʝʪʦʜʠ ʩʣʫʞʠʣʠ 

ʩʚʦʾʡ ʤʝʪʽ, ʚʦʥʠ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʣʠ ʜʦ ʚʫʟʴʢʠʭ ʤʽʩʮʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʧʨʦʙʣʝʤ 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʪʘ ʩʢʣʘʜʥʠʭ ʚʠʤʦʛ ʜʦ ʨʝʘʣʽʟʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ 

ʚʠʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ ʥʝ ʟʘʚʞʜʠ ʙʫʣʠ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ 

ʩʮʝʥʘʨʽʾʚ ʢʦʥʬʣʽʢʪʫ. 

ɹʣʦʢʫʚʘʥʥʷ ʻ ʧʦʰʠʨʝʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʟʘʧʦʙʽʛʘʥʥʷ ʢʦʥʬʣʽʢʪʘʤ ʰʣʷʭʦʤ 

ʦʙʤʝʞʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʩʧʽʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʊʨʘʥʟʘʢʮʽʾ ʽ ʙʣʦʢʫʚʘʥʥʷ ʪʽʩʥʦ 

ʧʦʚ'ʷʟʘʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ. ʊʨʘʥʟʘʢʮʽʾ ʥʘʢʣʘʜʘʶʪʴ ʙʣʦʢʫʚʘʥʥʷ ʥʘ ʜʘʥʽ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ACID. ɹʝʟ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ ʙʣʦʢʫʚʘʥʴ ʜʝʢʽʣʴʢʘ 

ʪʨʘʥʟʘʢʮʽʡ ʤʦʛʣʠ ʙ ʟʤʽʥʶʚʘʪʠ ʦʜʥʽ ʽ ʪʽ ʞ ʜʘʥʽ [4]. ʆʜʥʘʢ ʪʨʘʜʠʮʽʡʥʽ ʤʝʭʘʥʽʟʤʠ 

ʙʣʦʢʫʚʘʥʥʷ, ʪʘʢʽ ʷʢ ʝʢʩʢʣʶʟʠʚʥʽ ʙʣʦʢʫʚʘʥʥʷ ʪʘ ʩʧʽʣʴʥʽ ʙʣʦʢʫʚʘʥʥʷ, ʤʦʞʫʪʴ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʪʫʧʠʢʦʚʠʭ ʩʠʪʫʘʮʽʡ ʽ ʟʤʝʥʰʠʪʠ ʧʘʨʘʣʝʣʽʟʤ ʩʠʩʪʝʤʠ. ʋ 

ʩʝʨʝʜʦʚʠʱʘʭ ʽʟ ʚʠʩʦʢʠʤ ʪʨʘʬʽʢʦʤ ʙʣʦʢʫʚʘʥʥʷ ʤʦʞʝ ʟʥʠʟʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʢʦʥʢʫʨʝʥʮʽʾ ʟʘ ʨʝʩʫʨʩʠ. 

ʋʧʦʨʷʜʢʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʧʦʟʥʘʯʦʢ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʟʥʘʯʝʥʥʽ ʯʘʩʦʚʠʭ 

ʧʦʟʥʘʯʦʢ ʪʨʘʥʟʘʢʮʽʷʤ ʽ ʚʠʨʽʰʝʥʥʽ ʢʦʥʬʣʽʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʧʦʨʷʜʢʫ ʯʘʩʦʚʠʭ 

ʧʦʟʥʘʯʦʢ. ʍʦʯʘ ʮʝʡ ʤʝʪʦʜ ʜʦʧʦʤʘʛʘʻ ʚʠʷʚʠʪʠ ʢʦʥʬʣʽʢʪʠ, ʚʽʥ ʥʝ ʟʘʚʞʜʠ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʤʧʣʝʢʩʥʝ ʚʠʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʫ. ʇʽʜʭʦʜʠ ʥʘ ʦʩʥʦʚʽ ʯʘʩʦʚʠʭ 

ʧʦʟʥʘʯʦʢ ʤʦʞʫʪʴ ʙʫʪʠ ʩʭʠʣʴʥʽ ʜʦ ʜʨʝʡʬʫ ʯʘʩʦʚʠʭ ʧʦʟʥʘʯʦʢ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ. 
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ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʙʘʟ ʜʘʥʠʭ ʽ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ 

ʟôʷʚʠʣʠʩʷ ʥʦʚʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʤʝʪʦʜʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ 

ʚʠʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ [2]. ɿʦʢʨʝʤʘ: ʦʧʪʠʤʽʩʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʧʘʨʘʣʝʣʴʥʦʩʪʽ, 

ʙʝʟʢʦʥʬʣʽʢʪʥʽ ʨʝʧʣʽʢʦʚʘʥʽ ʪʠʧʠ ʜʘʥʠʭ (CRDT), ʘʣʛʦʨʠʪʤʠ ʢʦʥʩʝʥʩʫʩʫ. 

ʆʧʪʠʤʽʩʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʧʘʨʘʣʝʣʴʥʦʩʪʽ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʚʠʷʚʣʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ ʧʽʜ 

ʯʘʩ ʬʽʢʩʘʮʽʾ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʚʝʨʩʽʡ ʪʨʘʥʟʘʢʮʽʡ. ʎʝʡ ʧʽʜʭʽʜ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʱʠʡ ʨʽʚʝʥʴ ʧʘʨʘʣʝʣʽʟʤʫ ʩʠʩʪʝʤʠ ʪʘ ʟʤʝʥʰʫʻ ʩʫʧʝʨʝʯʥʦʩʪʽ 

ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʙʣʦʢʫʚʘʥʥʷ. ʇʝʨʝʚʽʨʷʶʯʠ ʪʨʘʥʟʘʢʮʽʾ 

ʣʠʰʝ ʧʽʜ ʯʘʩ ʬʽʢʩʘʮʽʾ, ʦʧʪʠʤʽʩʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʧʘʨʘʣʝʣʴʥʦʩʪʽ ʤʽʥʽʤʽʟʫʻ ʨʠʟʠʢ 

ʢʦʥʬʣʽʢʪʽʚ ʽ ʧʦʢʨʘʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. 

ʑʦʜʦ CRDT, ʪʦ ʮʝ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʢʦʥʬʣʽʢʪʥʦʾ ʨʝʧʣʽʢʘʮʽʾ ʚ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤʘʭ. ɺʢʣʶʯʘʶʯʠ ʬʫʥʢʮʽʾ ʟʣʠʪʪʷ 

ʪʘ ʣʦʛʽʢʫ ʚʠʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ ʫ ʪʠʧʠ ʜʘʥʠʭ, CRDT ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʨʝʙʽʡʥʫ 

ʨʝʧʣʽʢʘʮʽʶ ʪʘ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʜʘʥʠʭ ʤʽʞ ʢʽʣʴʢʦʤʘ ʚʫʟʣʘʤʠ. CRDT ʧʨʦʧʦʥʫʶʪʴ 

ʥʘʜʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ, ʛʘʨʘʥʪʫʶʯʠ ʦʩʪʘʪʦʯʥʫ ʫʟʛʦʜʞʝʥʽʩʪʴ 

ʫ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

ɸʣʛʦʨʠʪʤʠ ʢʦʥʩʝʥʩʫʩʫ, ʪʘʢʽ ʷʢ Paxos ʽ Raft, ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʽʜʤʦʚʦʩʪʽʡʢʫ 

ʨʦʟʧʦʜʽʣʝʥʫ ʢʦʦʨʜʠʥʘʮʽʶ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ. ʎʽ ʘʣʛʦʨʠʪʤʠ ʜʦʟʚʦʣʷʶʪʴ 

ʨʦʟʧʦʜʽʣʝʥʠʤ ʩʠʩʪʝʤʘʤ ʜʦʩʷʛʘʪʠ ʟʛʦʜʠ ʱʦʜʦ ʧʦʨʷʜʢʫ ʪʨʘʥʟʘʢʮʽʡ ʽ ʚʠʨʽʰʫʚʘʪʠ 

ʢʦʥʬʣʽʢʪʠ ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʣʽʜʝʨʘ ʪʘ ʨʝʧʣʽʢʘʮʽʾ. ʂʦʥʩʝʥʩʫʩʥʽ ʧʨʦʪʦʢʦʣʠ 

ʧʽʜʚʠʱʫʶʪʴ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʟʛʦʜʞʝʥʽʩʪʴ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʤʝʨʝʞʝʚʠʭ ʨʦʟʜʽʣʽʚ ʽ ʟʙʦʾʚ. 

ʆʪʞʝ, ʧʦʨʽʚʥʷʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʽ ʤʝʪʦʜʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ ʚʠʨʽʰʝʥʥʷ 

ʢʦʥʬʣʽʢʪʽʚ ʫ ʙʘʟʘʭ ʜʘʥʠʭ ʽ ʙʘʟʘʭ ʟʥʘʥʴ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʜʘʥʠʭ. ɺʽʜ ʪʨʘʜʠʮʽʡʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʙʣʦʢʫʚʘʥʥʷ ʜʦ ʩʫʯʘʩʥʠʭ CRDT ʽ ʢʦʥʩʝʥʩʫʩʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʚʠʙʽʨ 

ʧʨʘʚʠʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʚʠʤʦʛ 

ʩʠʩʪʝʤʠ ʪʘ ʭʘʨʘʢʪʝʨʫ ʢʦʥʬʣʽʢʪʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ. ʆʮʽʥʠʚʰʠ ʧʝʨʝʚʘʛʠ ʪʘ 

ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʛʦ ʤʝʪʦʜʫ, ʦʨʛʘʥʽʟʘʮʽʾ ʤʦʞʫʪʴ ʟʘʧʨʦʚʘʜʠʪʠ ʥʘʜʽʡʥʽ ʩʪʨʘʪʝʛʽʾ 

ʚʠʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ, ʷʢʽ ʧʽʜʚʠʱʘʪʴ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ. 
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ʋɼʂ 622.276.5 

ɼʆʉʃɯɼɾɽʅʅʗ ʄɽʊʆɼɯɺ ɼɯʗʅʅʗ ʅɸ ʇʈʀɺʀɹɯʁʅʋ ɿʆʅʋ ʇʃɸʉʊɸ, 

ʅɸʉʀʏɽʅʆɻʆ ɺʀʉʆʂʆʇɸʈɸʌɯʅʀʉʊʆʖ ʅɸʌʊʆʖ 

 

ʄʦʨʦʟ ʃʝʩʷ ɹʦʛʜʘʥʽʚʥʘ, 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɻʨʠʛʦʨʘʰ ɹʦʛʜʘʥ ʄʠʢʦʣʘʡʦʚʠʯ 

ʘʩʧʽʨʘʥʪ 

ɿʘʛʦʩʢʽʥ ʆʣʝʢʩʘʥʜʨ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, 

ʘʩʧʽʨʘʥʪ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

 ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ. ɼʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʚʠʜʦʙʫʚʘʥʥʷ ʥʘʬʪʠ ʥʘ ʨʦʜʦʚʠʱʘʭ 

ʇʝʨʝʜʢʘʨʧʘʪʪʷ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʡʰʣʠ ʛʽʜʨʘʚʣʽʯʥʠʡ ʨʦʟʨʠʚ ʧʣʘʩʪʘ 

(ɻʈʇ), ʩʦʣʷʥʦʢʠʩʣʦʪʥʝ (ʉʂʆ) ʽ ʪʝʧʣʦʚʝ (ʊʆ) ʦʙʨʦʙʣʝʥʥʷ. ɿʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʜʽʷʥʥʷ ʥʘ ʧʨʠʚʠʙʽʡʥʫ ʟʦʥʫ ʟ ʤʝʪʦʶ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʚʠʜʦʙʫʚʘʥʥʷ ʥʘʬʪʠ ʥʘ ʨʦʜʦʚʠʱʘʭ ʇʝʨʝʜʢʘʨʧʘʪʪʷ. ʋʟʘʛʘʣʴʥʝʥʫ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ, ʩʚʝʨʜʣʦʚʠʥʘ, ʧʘʨʘʬʽʥ, ʜʝʙʽʪ, ʥʘʬʪʘ, 

ʧʨʠʚʠʙʽʡʥʘ ʟʦʥʘ. 

 

ʋ ʥʠʟʴʢʦʜʝʙʽʪʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʽʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰʦʛʦ ʜʝʙʽʪʫ 

ʜʦʚʦʜʠʪʴʩʷ ʧʽʜʚʠʱʫʚʘʪʠ ʜʝʧʨʝʩʽʶ ʪʠʩʢʫ ʥʘ ʧʨʦʜʫʢʪʠʚʥʠʡ ʧʣʘʩʪ. ʎʝ ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʚ ʯʘʩʪʠʥʽ ʧʣʘʩʪʘ ʥʘʚʢʦʣʦ ʩʪʦʚʙʫʨʘ ʩʚʝʨʜʣʦʚʠʥʠ 

ʥʠʞʯʝ ʚʽʜ ʪʠʩʢʫ ʥʘʩʠʯʝʥʥʷ ʥʘʬʪʠ ʛʘʟʦʤ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦ ʚʠʜʽʣʝʥʥʷ ʽʟ ʥʘʬʪʠ 

ʚʽʣʴʥʦʛʦ ʛʘʟʫ. 

ʇʦʯʘʪʢʦʚʠʡ ʽ ʧʦʪʦʯʥʠʡ ʧʣʘʩʪʦʚʠʡ ʪʠʩʢʠ ʚ ʧʦʢʣʘʜʘʭ ʇʝʨʝʜʢʘʨʧʘʪʪʷ ʚ 

ʦʩʥʦʚʥʦʤʫ ʻ ʨʽʚʥʠʤʠ ʘʙʦ ʙʣʠʟʴʢʠʤʠ ʜʦ ʪʠʩʢʫ ʥʘʩʠʯʝʥʥʷ ʨʥ ʥʘʬʪʠ ʛʘʟʦʤ. ɿʘ 

ʪʘʢʠʭ ʫʤʦʚ ʚʠʜʦʙʫʚʘʥʥʷ ʥʘʬʪʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʪʠʩʢʫ ʚ ʧʦʢʣʘʜʽ 

ʥʠʞʯʝ ʚʽʜ ʪʠʩʢʫ ʥʘʩʠʯʝʥʥʷ, ʚʠʜʽʣʝʥʥʷʤ ʽʟ ʥʘʬʪʠ ʚʽʣʴʥʦʛʦ ʛʘʟʫ ʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʦʧʦʨʫ. ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʥʘʬʪʘ - ʛʘʟ 
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ʟʽʩʪʘʚʣʷʻʤʦ ʚʪʨʘʪʠ ʪʠʩʢʫ ʚ ʧʣʘʩʪʽ ʟ ʚʠʜʽʣʝʥʥʷʤ ʛʘʟʫ ʚʟʜʦʚʞ ʰʣʷʭʫ ʬʽʣʴʪʨʘʮʽʾ ʽ ʚ 

ʧʣʘʩʪʽ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʽʣʴʪʨʘʮʽʷ ʥʝʛʘʟʦʚʘʥʦʾ ʥʘʬʪʠ, ʪʦʙʪʦ 
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ʜʝ űʛ ï ʢʦʝʬʽʮʽʻʥʪ ʟʙʽʣʴʰʝʥʥʷ ʜʝʧʨʝʩʽʾ ʪʠʩʢʫ; ȹʨ, ȹʨ0 ï ʚʪʨʘʪʠ ʪʠʩʢʫ 

ʚʽʜʧʦʚʽʜʥʦ ʚ ʧʣʘʩʪʽ ʟ ʜʚʦʤʘ ʟʦʥʘʤʠ ʬʽʣʴʪʨʘʮʽʾ ʦʜʥʦʨʽʜʥʦʾ ʥʝʛʘʟʦʚʘʥʦʾ ʥʘʬʪʠ ʪʘ 

ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʦʚʘʥʦʾ ʥʘʬʪʠ ʽ ʚ ʟʽʩʪʘʚʠʤʦʤʫ ʧʣʘʩʪʽ ʟ ʦʜʥʦʶ ʟʦʥʦʶ ʬʽʣʴʪʨʘʮʽʾ 

ʥʝʛʘʟʦʚʘʥʦʾ ʥʘʬʪʠ; Rʢ, rʩ ï ʨʘʜʽʫʩʠ ʚʽʜʧʦʚʽʜʥʦ ʢʦʥʪʫʨʫ ʞʠʚʣʝʥʥʷ ʧʣʘʩʪʘ ʽ 

ʩʚʝʨʜʣʦʚʠʥʠ; R ï ʨʘʜʽʫʩ ʟʦʥʠ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʦʚʘʥʦʾ ʥʘʬʪʠ; ɸ ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʜʚʦʬʘʟʥʽʩʪʴ ʧʦʪʦʢʫ, ɸ = 0,944 ï 21,43 Ŭ; Ŭ ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʬʪʠ ʽ ʛʘʟʫ, Ŭ=Ŭʨɛʛ/ɛʥ; Ŭʨ ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʯʠʥʥʦʩʪʽ ʛʘʟʫ ʚ 

ʥʘʬʪʽ; ɛʛ, ɛʥ ï ʜʠʥʘʤʽʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚôʷʟʢʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʛʘʟʫ ʽ ʥʘʬʪʠ ʟʘ 

ʧʣʘʩʪʦʚʠʭ ʫʤʦʚ. 

ɿʘ ʟʤʽʥʠ ʙʽʞʫʯʦʛʦ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʪʠʩʢʫ ʚ ʧʣʘʩʪʽ ʨ/ʨʥʘʩ ʚʽʜ 1,0 ʜʦ 0,2 

ʟʥʘʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ Ŭ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 0,0005 - 0,015 (ʟʘ ʜʘʥʠʤʠ 

ʄ.ʄ. ɻʣʦʛʦʚʩʴʢʦʛʦ ʽ ʄ.ɼ. ʈʦʟʝʥʙʝʨʛʘ, ʘ ʪʦʜʽ ʢʦʝʬʽʮʽʻʥʪ ɸ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ 

0,933285 ʜʦ 0,62255. 

ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ (ʨʠʩ. 1), ʱʦ ʥʝʤʠʥʫʯʝ ʨʦʟʛʘʟʫʚʘʥʥʷ ʥʘʬʪʠ ʚ ʧʣʘʩʪʽ 

ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʽʟʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʜʝʧʨʝʩʽʾ ʪʠʩʢʫ ʥʘ 10 - 40% ʟʘ ʨʘʜʽʫʩʘ 

ʟʦʥʠ ʨʦʟʛʘʟʫʚʘʥʥʷ R < 0,2Rʢ , ʘ ʧʦʜʘʣʴʰʠʡ ʨʽʩʪ ʚʝʣʠʯʠʥʠ ʨʘʜʽʫʩʘ R ʚʞʝ ʩʣʘʙʢʦ 

ʚʧʣʠʚʘʻ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʜʝʧʨʝʩʽʾ ʪʠʩʢʫ. 

ʈʘʟʦʤ ʽʟ ʪʠʤ ʨʦʟʛʘʟʫʚʘʥʥʷ ʥʘʬʪʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʪʦʢʫ ʛʘʟʦʚʘʥʦʾ ʥʘʬʪʠ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ 

ʥʘʬʪʘ - ʪʚʝʨʜʠʡ ʧʘʨʘʬʽʥ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʪʚʝʨʜʦʛʦ ʧʘʨʘʬʽʥʫ ʚ 

ʧʨʠʚʠʙʽʡʥʽʡ ʟʦʥʽ ʧʣʘʩʪʘ, ʟʙʽʣʴʰʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʧʦʪʦʢʦʚʽ ʽ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʪʨʘʪ ʪʠʩʢʫ ʟʘ ʧʦʩʪʽʡʥʦʛʦ ʜʝʙʽʪʫ [1, 2] (ʢʦʣʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʩʚʝʨʜʣʦʚʠʥʥʦʛʦ ʥʘʩʦʩʘ ʻ ʤʝʥʰʦʶ ʚʽʜ ʤʦʞʣʠʚʦʛʦ ʧʨʠʧʣʠʚʫ ʨʽʜʠʥʠ ʽʟ ʧʣʘʩʪʘ ʟ 

ʚʝʣʠʢʠʤ ʟʘʥʫʨʝʥʥʷʤ ʥʘʩʦʩʘ ʧʽʜ ʜʠʥʘʤʽʯʥʠʡ ʨʽʚʝʥʴ). ʊʘʢ, ʟʘ ʜʘʥʠʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʜʝʣʽ ʧʣʘʩʪʘ 
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ʃʫʢʚʠʥʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʥʠʞʯʝ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʠʯʝʥʥʷ ʥʘʬʪʠ ʧʘʨʘʬʽʥʦʤ 

ʫʩʴʦʛʦ ʥʘ 2-3 ʂ (ʨʽʟʥʠʮʷ ʤʽʞ ʧʣʘʩʪʦʚʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʥʘʩʠʯʝʥʥʷ ʮʽʻʾ ʥʘʬʪʠ ʧʘʨʘʬʽʥʦʤ ʩʪʘʥʦʚʠʪʴ 1-4 ʂ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʚ 7 ʨʘʟʽʚ, ʪʦʜʽ ʷʢ ʜʠʥʘʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʩʪʽ ʥʘʬʪʠ 

ʟʨʦʩʪʘʻ ʪʽʣʴʢʠ ʚ 2,4 ʨʘʟʠ, ʧʨʠ ʮʴʦʤʫ ʛʨʘʜʽʻʥʪʠ ʪʠʩʢʫ, ʟʘ ʷʢʠʭ ʚʠʪʽʩʥʷʻʪʴʩʷ ʥʘʬʪʘ 

ʽʟ ʤʦʜʝʣʽ ʧʣʘʩʪʘ, ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ (ʥʘ ʧʦʨʷʜʦʢ) ʨʝʘʣʴʥʦ ʽʩʥʫʶʯʽ ʛʨʘʜʽʻʥʪʠ 

ʪʠʩʢʫ ʥʘ ʨʦʜʦʚʠʱʽ. ʎʝ ʩʚʽʜʯʠʪʴ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʧʨʦ ʟʙʽʣʴʰʝʥʥʷ ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ 

ʦʧʦʨʫ, ʘ ʟ ʜʨʫʛʦʛʦ ʙʦʢʫ, ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʣʴʤʘʪʘʮʽʾ ʚʩʽʭ ʧʦʨ, ʽʥʘʢʰʝ 

ʩʚʝʨʜʣʦʚʠʥʠ ʧʨʠʧʠʥʠʣʠ ʙ ʩʚʦʶ ʨʦʙʦʪʫ ʯʝʨʝʟ ʟʤʝʥʰʝʥʥʷ ʧʨʠʧʣʠʚʫ ʨʽʜʠʥʠ ʜʦ 

ʥʫʣʷ [3]. 

ʋ ʚʠʧʘʜʢʫ ʨʦʟʨʦʙʢʠ ʥʘʬʪʦʚʦʛʦ ʨʦʜʦʚʠʱʘ ʟ ʙʘʛʘʪʴʤʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʦʙô̒ ʢʪʘʤʠ ʟʤʽʥʶʚʘʪʠ ʫʤʦʚʠ ʱʦʜʦ ʚʠʧʘʜʘʥʥʷ ʧʘʨʘʬʽʥʫ ʽʟ ʥʘʬʪʠ ʤʦʞʥʘ ʟʘ 

ʩʧʦʩʦʙʦʤ. 

 

ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʰʝʥʥʷ =Dʨ /Dʨʦ ʚʽʜ R / Rʢ ʧʨʠ Rʢ=500 ʤ,      

rʩ=0,1 ʤ ʽ ʨʽʟʥʠʭ ʟʥʘʯʠʥʘʭ ʢʦʝʬʽʮʽʻʥʪʘ ɸ: 1 ï 0,6 ; 2 ï 0,65 ; 3 ï 0,7 ; 4 0,75 ;      

5 ï 0,8 ; 6 ï 0,85 ; 7 ï 0,9 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʟʘ ʢʨʘʪʥʽʩʪʶ ʟʙʽʣʴʰʝʥʥʷ ʜʝʙʽʪʫ ʻ ʉʂʆ ʽ ɻʈʇ ʽʟ 

ʟʘʢʨʽʧʣʝʥʥʷʤ ʪʨʽʱʠʥ ʧʽʩʢʦʤ (1,79 ʽ 1,672), ʧʨʠʯʦʤʫ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʧʽʜ ʯʘʩ ʉʂʆ 

ʤʦʞʣʠʚʠʤ ʻ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ ʽ, ʦʪʞʝ, ʢʠʩʣʦʪʥʘ ʝʨʦʟʽʷ ʾʭ ʩʪʽʥʦʢ. ʅʘ ʦʩʥʦʚʽ 

ʚʠʩʥʦʚʢʽʚ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʪʨʽʱʠʥ, ʟʨʦʙʣʝʥʠʭ ʫ ʨʦʙʦʪʽ [4], 

ʪʘ ʽʟ ʜʘʥʠʭ ʪʘʙʣʠʮʽ ʚʠʧʣʠʚʘʻ, ʱʦ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘʢʨʽʧʣʝʥʥʷ ʨʦʟʢʨʠʪʠʭ 

ʪʨʽʱʠʥ ʧʽʜ ʯʘʩ ɻʈʇ. 
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ɿʘ ʥʘʷʚʥʦʩʪʽ ʚʠʩʦʢʦʧʘʨʘʬʽʥʠʩʪʠʭ ʪʘ ʚʠʩʦʢʦʩʤʦʣʠʩʪʠʭ ʥʘʬʪ ʧʦʟʠʪʠʚʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʟ ʚʠʩʦʢʠʤ ʚʽʜʩʦʪʢʦʤ ʫʩʧʽʰʥʠʭ ʦʧʝʨʘʮʽʡ (74,18% ʽ 73,3%) ʜʘʶʪʴ 

ʪʘʢʦʞ ʪʝʨʤʦʦʙʨʦʙʣʝʥʥʷ ʧʨʠʚʠʙʽʡʥʠʭ ʟʦʥ (ʚʽʜʧʦʚʽʜʥʦ ʟ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘ ʛʠʨʣʽ 

161
0
ʉ ʽ 73

0
ʉ). ʆʜʥʘʢ ʢʨʘʪʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʜʝʙʽʪʫ ʧʨʠ ʮʠʭ ʪʝʨʤʦʦʙʨʦʙʣʝʥʥʷʭ ʻ 

ʥʠʞʯʦʶ (1,35 ʽ 1,258), ʥʽʞ ʧʨʠ ʉʂʆ ʽ ɻʈʇ (1,79 ʽ 1,672). ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʮʴʦʛʦ 

ʤʦʞʝ ʙʫʪʠ ʥʝʜʦʩʪʘʪʥʻ ʧʨʦʛʨʽʚʘʥʥʷ ʧʨʠʚʠʙʽʡʥʠʭ ʟʦʥ, ʭʦʯ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʚʠʩʦʢʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʧʦʤʧʦʚʫʚʘʥʠʭ ʨʽʜʠʥ [5]. 

ʋ ʧʨʦʮʝʩʽ ʊʆ ʚʽʜʤʽʯʝʥʦ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʥʘʚʽʪʴ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘ ʚʠʙʦʾ ʥʠʞʯʝ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʠʯʝʥʥʷ ʥʘʬʪʠ ʧʘʨʘʬʽʥʦʤ. ɺʥʘʩʣʽʜʦʢ 

ʥʝʜʦʩʪʘʪʥʴʦʾ ʜʣʷ ʨʦʟʪʦʧʣʝʥʥʷ (ʨʦʟʧʣʘʚʣʝʥʥʷ) ʧʘʨʘʬʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʛʣʠʙʠʥʘʭ ʧʦʥʘʜ 1800-2000 ʤ, ʥʠʟʴʢʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʟʘʧʦʤʧʦʚʫʚʘʥʠʭ ʨʽʜʠʥ 

(ʥʘʬʪʘ, ʜʠʟʧʘʣʴʥʝ) ʽ ʧʝʨʝʚʘʞʥʦʛʦ ʧʨʦʥʠʢʘʥʥʷ ʟʘʧʦʤʧʦʚʫʚʘʥʠʭ ʨʽʜʠʥ ʫ 

ʚʠʩʦʢʦʜʨʝʥʦʚʘʥʽ ʧʨʦʧʣʘʩʪʢʠ ʧʽʜ ʯʘʩ ʊʆ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʨʦʟʪʦʧʣʝʥʥʷ, ʘ 

ʯʘʩʪʢʦʚʝ ʨʦʟʯʠʥʝʥʥʷ ʧʘʨʘʬʽʥʦʚʠʭ ʚʽʜʢʣʘʜʽʚ, ʱʦ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ 

ʙʘʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʝʨʝʢʦʥʫʶʪʴ, ʱʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʥʠʢʥʦʩʪʽ 

ʢʝʨʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʧʽʩʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ ʚʽʜ ʧʣʘʩʪʦʚʦʾ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʦʧʣʝʥʥʷ ʪʫʛʦʧʣʘʚʢʠʭ ʬʨʘʢʮʽʡ ʧʘʨʘʬʽʥʫ. 

ʎʽʢʘʚʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʥʝʚʫʛʣʝʚʦʜʥʝʚʠʭ ʨʽʜʠʥ 

ʧʽʜ ʯʘʩ ʉʂʆ ʽ ɻʈʇ ʽʟ ʟʘʢʨʽʧʣʝʥʥʷʤ ʪʨʽʱʠʥ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʤʘʣʠʤʠ ʽ ʩʝʨʝʜʥʽʤʠ 

ʚʽʜʩʦʪʢʘʤʠ ʫʩʧʽʰʥʠʭ ʦʧʝʨʘʮʽʡ (53,97% ʽ 55,3%). ʅʘʡʤʝʥʰʠʡ ʩʝʨʝʜʥʽʡ ʚʽʜʩʦʪʦʢ 

ʫʩʧʽʰʥʠʭ ʦʧʝʨʘʮʽʡ ʧʨʠ ʉʂʆ, ʡʤʦʚʽʨʥʦ, ʤʦʞʥʘ ʪʘʢʦʞ ʧʦʷʩʥʠʪʠ ʧʦʛʣʠʥʘʥʥʷʤ 

ʢʠʩʣʦʪʠ ʟʚʠʯʘʡʥʦ ʥʝʚʝʣʠʢʦʶ, ʜʦ 30%, ʯʘʩʪʠʥʦʶ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʨʦʟʨʽʟʫ ʽ 

ʙʘʛʘʪʦʨʘʟʦʚʠʤ ʧʦʚʪʦʨʝʥʥʷʤ ʉʂʆ ʥʘ ʩʚʝʨʜʣʦʚʠʥʘʭ. ʆʩʢʽʣʴʢʠ ɻʈʇ ʙʝʟ 

ʟʘʢʨʽʧʣʝʥʥʷ ʪʨʽʱʠʥ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Ăʣʝʛʢʦʾò ʥʘʬʪʠ 

ʯʠ ʜʠʟʧʘʣʴʥʦʛʦ, ʪʦ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ ʥʘʷʚʥʽʩʪʴ ʨʦʟʯʠʥʝʥʥʷ ʧʘʨʘʬʽʥʦʚʠʭ 

ʚʽʜʢʣʘʜʽʚ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʧʽʜ ʯʘʩ ʊʆ (ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ ʚʽʜʩʦʪʢʠ ʫʩʧʽʰʥʠʭ 

ʦʧʝʨʘʮʽʡ: ɻʈʇ ï 83,56%, ʊʆ ï 74,18% ʽ 73,3%; ʢʨʘʪʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʜʝʙʽʪʫ: 

ɻʈʇ ï 1,285, ʊʆ ï 1,35 ʽ 1,258). ʆʜʥʘʢ ʧʨʠ ʉʂʆ ʽ ɻʈʇ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ 

ʚʽʜʤʽʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʜʦʚʠʱ (ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʙʣʠʟʢʽʩʪʴ ʧʣʘʩʪʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʠʯʝʥʥʷ ʥʘʬʪʠ ʧʘʨʘʬʽʥʦʤ), ʙʦ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘʤʠ, ʧʽʜ ʯʘʩ 
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ʟʘʧʦʤʧʦʚʫʚʘʥʥʷ ʥʘ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ ʨʽʜʠʥ ʤʦʞʣʠʚʠʤ ʻ 

ʦʭʦʣʦʜʞʝʥʥʷ ʚʠʙʦʾʚ ʧʦʜʽʙʥʦ ʜʦ ʚʦʜʦʥʘʛʥʽʪʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. ʑʦʙ 

ʧʽʜʪʚʝʨʜʠʪʠ ʮʝ, ʟʛʘʜʘʻʤʦ, ʱʦ ʚ ʘʥʘʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ ʨʦʜʦʚʠʱʘ ʋʟʝʥʴ 

ʚʽʜʤʽʯʘʻʪʴʩʷ ʚʟʠʤʢʫ ʟʤʝʥʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ɻʈʇ, ʷʢʝ ʘʚʪʦʨʠ ʧʦʚôʷʟʫʶʪʴ ʽʟ 

ʦʭʦʣʦʜʞʝʥʥʷʤ ʚʠʙʦʶ [6]. ʊʘʢʝ ʻ ʤʦʞʣʠʚʠʤ ʽ ʧʽʜ ʯʘʩ ʛʽʜʨʦʧʽʩʢʦʩʪʨʫʤʠʥʥʦʾ 

ʧʝʨʬʦʨʘʮʽʾ.  

ʉʧʝʮʽʘʣʴʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʫ ʩʚʝʨʜʣʦʚʠʥʘʭ ʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ 

ʮʠʨʢʫʣʷʮʽʾ ʨʽʜʠʥʠ ʫ ʩʚʝʨʜʣʦʚʠʥʽ ʧʨʦʪʷʛʦʤ ʧʝʨʰʦʛʦ ʮʠʢʣʫ (30-90ʭʚ.) 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ ʥʘ ʚʠʙʦʾ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ. ʆʭʦʣʦʜʞʝʥʥʷ ʚʠʙʦʶ ʤʦʞʝ ʩʷʛʘʪʠ 

40% ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʨʠʨʦʜʥʦʾ ʛʝʦʩʪʘʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʨʽʜ ʫ ʚʠʧʘʜʢʫ 

ʰʚʠʜʢʽʩʥʦʛʦ ʧʨʦʤʠʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʛʣʠʥʠʩʪʠʤ ʨʦʟʯʠʥʦʤ. ɺʦʥʦ ʻ ʙʽʣʴʰ 

ʽʥʪʝʥʩʠʚʥʠʤ ʫ ʚʠʧʘʜʢʫ ʧʨʦʤʠʚʘʥʥʷ ʚʠʩʦʢʦʚô̫ ʟʢʠʤʠ ʨʦʟʯʠʥʘʤʠ ʟ ʤʘʣʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʛʫʩʪʠʥʠ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʚʝʨʜʦʾ ʬʘʟʠ. ʆʭʦʣʦʜʞʝʥʥʷ ʚʠʙʦʶ ʧʽʜ ʯʘʩ 

ʧʨʦʤʠʚʘʥʥʷ ʛʣʠʥʠʩʪʠʤ ʨʦʟʯʠʥʦʤ ʫ ʪʨʠ ʨʘʟʠ ʻ ʚʠʱʠʤ, ʥʽʞ ʧʽʜ ʯʘʩ ʧʨʦʤʠʚʘʥʥʷ 

ʚʦʜʦʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠʚʠʙʽʡʥʦʾ ʟʦʥʠ ʧʣʘʩʪʘ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʚʝʨʜʣʦʚʠʥʠ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ ʧʽʜ ʯʘʩ ʡʦʛʦ 

ʨʦʟʢʨʠʪʪʷ, ʧʨʠʧʣʠʚʫ ʛʘʟʦʚʘʥʦʾ ʥʘʬʪʠ ʯʠ ʟʘʧʦʤʧʦʚʫʚʘʥʥʷ ʚʦʜʠ (ʛʘʟʫ) ʚ ʧʨʦʮʝʩʽ 

ʨʦʙʦʪʠ ʩʚʝʨʜʣʦʚʠʥʠ, ʘʣʝ ʡ ʚ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʡʥʠʭ ʽ ʨʝʤʦʥʪʥʠʭ 

ʨʦʙʽʪ, ʷʢʽ ʧʦʚʷʟʘʥʽ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʟʘʧʦʤʧʦʚʫʚʘʥʥʷʤ ʫ ʩʚʝʨʜʣʦʚʠʥʠ ʚʝʣʠʢʠʭ 

ʦʙôʻʤʽʚ ʭʦʣʦʜʥʠʭ ʨʽʜʠʥ. 

ɿʚʽʜʩʠ ʧʨʠʭʦʜʠʤʦ ʜʦ ʽʜʝʾ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʊʆ, ʉʂʆ, ʦʙʨʦʙʣʝʥʥʷ 

ʚʫʛʣʝʚʦʜʥʝʚʠʤ ʨʦʟʯʠʥʥʠʢʦʤ ʽ ɻʈʇ ʚ ʦʜʥʽʡ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ, ʙʝʟʧʝʨʝʯʥʦ ʧʦʚʠʥʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʽʪ ʟ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʠʧʣʠʚʫ ʫ 

ʩʚʝʨʜʣʦʚʠʥʘʭ ʥʘ ʨʦʜʦʚʠʱʘʭ ʚʠʩʦʢʦʧʘʨʘʬʽʥʠʩʪʠʭ ʥʘʬʪ. 
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ʙʽʦʩʦʨʙʝʥʪʽʚ ʽʟ ʚʽʜʭʦʜʽʚ ʜʝʨʝʚʠʥʠ, ʪʘʢʠʭ ʷʢ ʦʩʠʢʘ, ʢʦʨʠ ʛʦʨʽʭʦʚʠʭ, ʟʠʟʠʬʫʩʘ, 

ʧʘʚʣʦʚʥʽʾ, ʧʝʨʩʠʢʘ, ʭʚʦʷ ʚ ʦʨʠʛʽʥʘʣʴʥʽʡ ʽ ʤʦʜʠʬʽʢʦʚʘʥʽʡ ʬʦʨʤʘʭ, ʻ ʪʘʢʦʞ 

ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ ʜʦʩʣʽʜʞʝʥʴ ʚ ʧʦʜʦʣʘʥʥʽ ʧʨʦʙʣʝʤ ʫʪʠʣʽʟʘʮʽʾ, ʧʦʚôʷʟʘʥʠʭ ʽʟ 

ʩʧʝʮʠʬʽʯʥʠʤʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʚʽʜʭʦʜʘʤʠ, ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʷʢ 

ʙʽʦʩʦʨʙʝʥʪʽʚ. 

ɼʦʩʣʽʜʞʝʥʘ ʟʜʘʪʥʽʩʪʴ ʨʽʟʥʠʭ ʙʽʦʩʦʨʙʝʥʪʽʚ ʜʦ ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʨʝʯʦʚʠʥ ʧʦʢʘʟʘʣʘ, ʱʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ, ʪʘʢʽ ʷʢ 

ʘʜʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ, ʨʦʟʤʽʨ ʧʦʨ, ʦʙôʻʤ ʧʦʨ, ʜʟʝʪʘ-ʧʦʪʝʥʮʽʘʣ ʽ ʧʦʚʝʨʭʥʝʚʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʛʨʫʧʠ ʚʽʜʽʛʨʘʶʪʴ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʚ ʘʜʩʦʨʙʮʽʡʥʽʡ ʟʜʘʪʥʦʩʪʽ 

ʜʦ ʧʦʣʶʪʘʥʪʽʚ ʩʪʽʯʥʠʭ ʚʦʜ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʽʦʩʦʨʙʮʽʷ, ʙʽʦʣʦʛʽʯʥʽ ʩʦʨʙʝʥʪʠ, ʘʜʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ, 

ʧʦʣʶʪʘʥʪʠ, ʩʪʽʯʥʘ ʚʦʜʘ 

 

ɺʠʜʦʙʫʪʦʢ ʽ ʧʝʨʝʨʦʙʢʘ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʚʠʨʦʙʥʠʮʪʚʦ ʝʥʝʨʛʽʾ 

ʫʪʚʦʨʶʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʟʘʙʨʫʜʥʝʥʠʭ ʩʪʦʢʽʚ. ʅʘʧʨʠʢʣʘʜ, ʚʫʛʽʣʴʥʽ ʢʦʪʝʣʴʥʽ 

ʙʘʛʘʪʴʦʭ ʧʽʜʧʨʠʻʤʩʪʚ ʫʪʚʦʨʶʶʪʴ ʩʪʽʯʥʽ ʚʦʜʠ, ʚ ʩʢʣʘʜʽ ʷʢʠʭ ʤʽʩʪʷʪʴʩʷ ʨʦʟʯʠʥʝʥʽ 

ʭʽʤʽʯʥʽ ʨʝʯʦʚʠʥʠ ʚʽʜ ʟʤʠʚʘʥʥʷ ʟʦʣʠ ʟ ʜʠʤʦʭʦʜʫ ʪʘ ʪʦʧʢʠ [1]. ɼʘʥʽ ʩʪʽʯʥʽ ʚʦʜʠ 
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ʤʽʩʪʷʪʴ ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ ʚ ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʷʢʽ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʥʝʙʝʟʧʝʯʥʠʤʠ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʝʬʝʢʪʠʚʥʦ 

ʦʯʠʱʘʪʠ ʾʭ, ʧʝʨʰ ʥʽʞ ʩʢʠʜʘʪʠ ʫ ʚʦʜʥʽ ʦʙôʻʢʪʠ [1, 2]. ʆʩʢʽʣʴʢʠ ʚʘʨʪʽʩʪʴ 

ʦʯʠʱʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʘʥʘʜʪʦ ʚʠʩʦʢʦʶ [1, 3], ʩʪʽʯʥʽ ʚʦʜʠ ʯʘʩʪʦ ʩʢʠʜʘʶʪʴ ʫ 

ʚʝʣʠʢʽ ʩʭʦʚʠʱʘʭ, ʪʘʢ ʟʚʘʥʽ ʧʨʠʨʦʜʥʽ ʚʽʜʩʪʽʡʥʠʢʠ. ʆʜʥʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʦʯʝʚʠʜʥʫ ʦʙʤʝʞʝʥʽʩʪʴ ʮʠʭ ʚʦʜʦʡʤ, ʚʽʜʩʪʽʡʥʠʢʠ ʻ ʟʥʘʯʥʠʤ ʜʞʝʨʝʣʦʤ ʪʦʢʩʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʤʽʩʮʝʚʠʭ ʦʨʛʘʥʽʟʤʽʚ [4]. ʊʦʙʪʦ, ʽʩʥʫʻ ʧʦʪʨʝʙʘ ʚ ʝʢʦʥʦʤʽʯʥʦ 

ʝʬʝʢʪʠʚʥʦʤʫ, ʩʪʽʡʢʦʤʫ ʪʘ ʢʦʤʧʣʝʢʩʥʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʙʽʦʨʝʤʝʜʽʘʮʽʾ ʟʘʙʨʫʜʥʝʥʠʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʦʢʽʚ. 

ɹʽʦʩʦʨʙʮʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʦʤʘʩʠ ʻ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʽʩʥʫʶʯʠʤ 

ʪʝʭʥʦʣʦʛʽʷʤ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ [5]. ɹʽʦʩʦʨʙʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʜʘʪʥʽʩʪʴ 

ʤʝʨʪʚʦʾ ʘʙʦ ʜʝʥʘʪʫʨʦʚʘʥʦʾ ʙʽʦʤʘʩʠ ʚʠʜʘʣʷʪʠ ʽʦʥʠ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʟ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ [6, 7]. 

ʆʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʘʜʩʦʨʙʮʽʻʶ ʻ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤ ʧʨʦʮʝʩʦʤ, 

ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʘʭʠʱʘʻ ʝʢʦʩʠʩʪʝʤʫ, ʚʠʚʽʣʴʥʷʶʯʠ ʤʝʥʰʝ ʟʘʙʨʫʜʥʝʥʴ; ʚʽʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʪʽʡʢʽ ʨʝʩʫʨʩʠ; ʚʽʥ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʧʝʨʝʨʦʙʢʠ ʥʝʚʠʢʦʨʠʩʪʘʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʽ ʫʧʨʘʚʣʷʻ ʟʘʣʠʰʢʘʤʠ ʚʽʜʭʦʜʽʚ ʫ ʙʽʣʴʰ ʙʽʦʣʦʛʽʯʥʦ ʧʨʠʡʥʷʪʥʠʡ 

ʩʧʦʩʽʙ.  

ʆʪʨʠʤʘʥʥʷ ʙʽʦʩʦʨʙʝʥʪʽʚ ʟ ʚʽʜʭʦʜʽʚ ʜʝʨʝʚʠʥʠ 

ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʭʦʜʽʚ ʜʝʨʝʚʦʦʙʨʦʙʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʝʜʦʩʪʘʪʥʴʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘ ʫʪʠʣʽʟʫʻʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʨʦʙʣʝʤ. ʊʦʤʫ ʦʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ʝʢʦʣʦʛʽʯʥʦʾ ʙʽʦʪʝʭʥʦʣʦʛʽʾ 

ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʽʦʚʽʜʭʦʜʽʚ ʜʝʨʝʚʠʥʠ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ 

ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʷʢ ʘʜʩʦʨʙʝʥʪʽʚ ʜʣʷ ʨʽʟʥʠʭ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ.  

ʑʦʙ ʦʪʨʠʤʘʪʠ ʙʽʦʩʦʨʙʝʥʪʠ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʟʽ 

ʩʪʽʯʥʠʭ ʚʦʜ, ʜʝʨʝʚʠʥʫ Populus tremula ʩʧʦʯʘʪʢʫ ʧʦʜʨʽʙʥʶʚʘʣʠ, ʧʦʪʽʤ 

ʟʘʤʦʯʫʚʘʣʠ ʜʝʢʽʣʴʢʘ ʛʦʜʠʥ ʚ ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ. ɼʘʣʽ ʬʽʣʴʪʨʫʚʘʣʠ ʪʘ ʩʫʰʠʣʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 60 ÁC. ɸʜʩʦʨʙʮʽʡʥʽʡ ʻʤʥʽʩʪʴ ʪʘʢʦʛʦ ʙʽʦʩʦʨʙʝʥʪʫ ʩʪʘʥʦʚʠʪʴ 

2,7 ʤʛ/ʛ (ʈʠʩ.1). 
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ʈʠʩ. 1. ɸʜʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʙʽʦʩʦʨʙʝʥʪʽʚ 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʦʩʦʨʙʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʜʝʨʝʚʠʥʠ Carya ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʦʜʥʦʝʪʘʧʥʝ ʧʦʜʨʽʙʥʝʥʥʷ. ɹʽʦʩʦʨʙʝʥʪʠ ʦʙʨʦʙʣʷʣʠ ʩʽʨʯʘʥʦʶ ʢʠʩʣʦʪʦʶ ʘʙʦ 

ʛʽʜʨʦʢʩʠʜʦʤ ʥʘʪʨʽʶ ʪʘ ʧʦʜʨʽʙʥʶʚʘʣʠ. ɼʘʣʽ ʧʨʦʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ, 

ʩʫʰʠʣʠ ʧʨʦʪʷʛʦʤ 12 ʛʦʜʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 80 ÁC ʪʘ ʧʦʜʨʽʙʥʶʚʘʣʠ.  

ʆʪʨʠʤʘʥʠʡ ʢʠʩʣʦʪʥʠʡ ʙʽʦʩʦʨʙʝʥʪ ʟʜʘʪʥʠʡ ʚʠʜʘʣʠʪʠ ʜʦ 88 % 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʫʞʥʦʛʦ ʙʽʦʩʦʨʙʝʥʪʫ - ʜʦ 77 % (ʈʠʩ.2). 

 

ʈʠʩ.2. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʧʦʣʶʪʘʥʪʽʚ ʙʽʦʩʦʨʙʝʥʪʘʤʠ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʟ ʚʦʜʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 
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ʙʽʦʩʦʨʙʝʥʪʫ ʦʪʨʠʤʘʥʦʛʦ ʟ ʢʦʨʠ Z²z²phus jujuba ʩʢʣʘʜʘʣʦʩʴ ʟ ʜʝʢʽʣʴʢʦʭ ʝʪʘʧʽʚ. 

ʉʧʦʯʘʪʢʫ ʢʦʨʫ ʧʦʜʨʽʙʥʶʚʘʣʠ, ʘ ʧʦʪʽʤ ʟʤʽʰʫʚʘʣʠ ʟ ʨʦʟʯʠʥʦʤ ʛʽʜʨʦʢʩʠʜʫ ʥʘʪʨʽʶ, 

ʧʝʨʝʤʽʰʫʚʘʣʠ, ʬʽʣʴʪʨʫʚʘʣʠ ʪʘ ʧʨʦʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ. ɼʘʣʽ ʚʝʣʠ 

ʚʠʩʫʰʫʚʘʥʥʷ ʪʘ ʧʨʦʩʽʚʘʥʥʷ ʯʝʨʝʟ ʥʘʙʽʨ ʩʠʪ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʙʽʦʩʦʨʙʝʥʪʦʤ ʟ Z²z²phus 

jujuba ʩʢʣʘʣʘ 96 % (ʈʠʩ.2). ɸʜʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʪʘʢʦʛʦ ʙʽʦʩʦʨʙʝʥʪʫ ʩʪʘʥʦʚʠʪʴ 

59,8 ʤʛ/ʛ (ʈʠʩ.1). 

ʇʨʠʛʦʪʫʚʘʥʥʷ ʙʽʦʩʦʨʙʝʥʪʫ ʟ ʚʽʜʭʦʜʽʚ Prunus persica ʜʣʷ ʚʠʜʘʣʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʴ ʚʢʣʶʯʘʻ ʝʪʘʧʠ ʧʦʜʨʽʙʥʝʥʥʷ, ʟʤʽʰʫʚʘʥʥʷ ʟ ʝʪʘʥʦʣʦʤ, 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ʪʘ ʩʫʙʣʽʤʘʮʽʡʥʝ ʩʫʰʽʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ï 

60 ÁC. ʆʪʨʠʤʘʥʠʡ ʙʽʦʩʦʨʙʝʥʪ ʤʘʻ ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʟ ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʜʦʤʽʰʦʢ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʜʩʦʨʙʮʽʾ ʟʘʙʨʫʜʥʝʥʴ ʜʦ 95 % (ʈʠʩ.2).  

ɽʢʦʣʦʛʽʯʥʠʤ ʽ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʦʪʨʠʤʘʥʥʷ ʙʽʦʩʦʨʙʝʥʪʫ 

ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʟʽ ʩʪʽʯʥʠʭ ʚʦʜ ʻ ʝʪʝʨʠʬʽʢʘʮʽʷ ʜʝʨʝʚʠʥʠ Paulownia ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʭʽʤʽʢʘʪʽʚ, ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʩʝʯʦʚʠʥʠ, 

ʷʢʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʽ ʜʦʙʨʠʚ [8]. 

ɼʝʨʝʚʠʥʫ ʧʘʚʣʦʚʥʽʾ ʩʧʦʯʘʪʢʫ ʧʝʨʝʪʚʦʨʶʶʪʴ ʥʘ ʪʨʽʩʢʫ, ʟʤʽʰʫʶʪʴ ʟ ʛʽʜʨʦʢʩʠʜʦʤ 

ʥʘʪʨʽʶ ʪʘ ʥʘʛʨʽʚʘʶʪʴ ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ ʛʦʜʠʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 100 ÁC, ʧʽʩʣʷ 

ʯʦʛʦ ʧʨʦʤʠʚʘʶʪʴ ʛʘʨʷʯʦʶ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʚʠʯʘʡʥʦʛʦ 

ʙʽʦʩʦʨʙʝʥʪʫ. ʍʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʙʽʦʩʦʨʙʝʥʪ ʛʦʪʫʶʪʴ ʰʣʷʭʦʤ 

ʩʫʩʧʝʥʜʫʚʘʥʥʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʙʽʦʩʦʨʙʝʥʪʫ ʫ ʚʦʜʽ ʪʘ ʟʤʽʰʫʚʘʥʥʷ ʡʦʛʦ ʟ 

ʬʦʩʬʦʨʥʦʶ ʢʠʩʣʦʪʦʶ ʪʘ ʩʝʯʦʚʠʥʦʶ. ʇʦʪʽʤ ʩʫʤʽʰ ʩʫʰʘʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

80 ÁC ʧʨʦʪʷʛʦʤ 12 ʛʦʜʠʥ, ʧʨʦʤʠʚʘʶʪʴ ʛʘʨʷʯʦʶ ʚʦʜʦʶ ʽ ʟʘʣʠʰʘʶʪʴ ʩʫʰʠʪʠʩʷ ʥʘ 

ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ.  

ʇʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʬʦʩʬʦʨʠʣʶʚʘʥʥʷ ʧʨʦʷʚʠʚʩʷ ʫ ʟʥʘʯʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ 

ʘʜʩʦʨʙʮʽʡʥʦʾ ʻʤʥʦʩʪʽ ʟ 18,5 ʤʛ/ʛ ʜʣʷ ʟʚʠʯʘʡʥʦʛʦ ʙʽʦʩʦʨʙʝʥʪʫ ʜʦ 130,2 ʤʛ/ʛ ʜʣʷ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʽʦʩʦʨʙʝʥʪʫ (ʈʠʩ.1).  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʽʦʩʦʨʙʝʥʪʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʙʽʦʤʘʩʠ ʜʝʨʝʚ, ʥʘʪʫʨʘʣʴʥʘ 

ʭʚʦʡʥʘ ʩʪʨʫʞʢʘ ʤʘʻ ʥʠʟʴʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʚʠʜʘʣʝʥʥʽ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, 

ʣʠʰʝ ʙʣʠʟʴʢʦ 3%.  
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ʆʪʞʝ, ʥʘʡʙʽʣʴʰʫ ʘʜʩʦʨʙʫʶʯʫ ʻʤʥʽʩʪʴ ʩʝʨʝʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʙʝʥʪʽʚ 

ʤʘʶʪʴ ʚʽʜʭʦʜʠ ʧʘʚʣʦʚʥʽʾ ʤʦʜʠʬʽʢʦʚʘʥʽ ʬʦʩʬʦʨʥʦʶ ʢʠʩʣʦʪʦʶ ʪʘ ʩʝʯʦʚʠʥʦʶ, ʘ 

ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʚʠʜʘʣʝʥʥʷ ʧʦʣʶʪʘʥʪʽʚ ʟʽ ʩʪʽʯʥʠʭ ʚʦʜ ʚʦʣʦʜʽʻ ʟʠʟʠʬʫʩ.  
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ʋɼʂ 358 

ʉʊɸɼɯʗ ɿɸʂʋʇɯɺʃɯ ɺ ɾʀʊʊɭɺʆʄʋ ʎʀʂʃɯ ʇʈʆɻʈɸʄʅʆɻʆ 

ɿɸɹɽɿʇɽʏɽʅʅʗ ʇʈʆɼʋʂʎɯɰ ɺɯʁʉʔʂʆɺʆɻʆ ʇʈʀɿʅɸʏɽʅʅʗ 

 

ʇʨʦʢʦʧʯʝʥʢʦ ʉʝʨʛʽʡ ɺʽʢʪʦʨʦʚʠʯ 

ʛʦʣʦʚʥʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ 

 ʋʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ 

ʩʧʝʮʽʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ 

ʉʣʫʞʙʠ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ: ɺ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ ʩʪʘʜʽʾ 

çʟʘʢʫʧʽʚʣʷè ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢ ʧʨʦʜʫʢʮʽʾ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚ 

ʢʦʥʪʝʢʩʪʽ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚʠʨʦʙʫ, ʢʣʶʯʦʚʽ ʝʣʝʤʝʥʪʠ ʩʪʨʘʪʝʛʽʾ ʟʘʢʫʧʽʚʣʽ, 

ʤʽʥʽʤʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠ ʫʢʣʘʜʘʥʥʽ ʢʦʥʪʨʘʢʪʫ 

(ʜʦʛʦʚʦʨʫ).  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʞʠʪʪʻʚʠʡ ʮʠʢʣ, ʩʪʘʜʽʷ 

ʟʘʢʫʧʽʚʣʽ, ʚʝʨʠʬʽʢʘʮʽʷ, ʚʘʣʽʜʘʮʽʷ. 

 

ɺʩʪʫʧ./Introductions. ʈʦʟʨʦʙʣʝʥʥʷ ʪʘ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇɿ) ʻ ʥʘʡʙʽʣʴʰ ʚʘʛʦʤʦʶ ʯʘʩʪʠʥʦʶ ʟʘʛʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ ʇɿ, ʷʢʝ ʻ ʥʝʚʽʜôʻʤʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ ʝʣʝʢʪʨʦʥʥʠʭ ʚʠʨʦʙʽʚ 

ʽ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʧʨʦʜʫʢʮʽʾ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ.  

ɿʘʜʣʷ ʥʘʣʝʞʥʦʛʦ ʨʦʟʧʦʜʽʣʫ/ʝʢʦʥʦʤʽʾ ʨʝʩʫʨʩʽʚ ʟʘʤʦʚʥʠʢ ʤʦʞʝ ʧʨʠʡʥʷʪʠ 

ʨʽʰʝʥʥʷ ʧʨʦ ʟʘʢʫʧʽʚʣʶ ʛʦʪʦʚʦʛʦ ʇɿ ʜʣʷ ʚʠʨʦʙʫ ʪʘ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʚʢʣʘʜʝʥʥʷ 

ʬʽʥʘʥʩʦʚʠʭ ʽʥʚʝʩʪʠʮʽʡ ʚ ʡʦʛʦ ʨʦʟʨʦʙʣʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʤʧʨʦʤʽʩʫ ʤʽʞ 

ʢʨʠʪʝʨʽʷʤʠ ʧʨʠʡʥʷʪʥʦʩʪʽ, ʚʠʪʨʘʪʘʤʠ, ʨʠʟʠʢʘʤʠ ʪʘ ʽʥʰʠʤʠ ʢʨʠʪʝʨʽʷʤʠ 

(ʢʝʨʫʚʘʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʻʶ, ʽʥʪʝʛʨʘʮʽʷ, ʚʠʧʨʦʙʫʚʘʥʥʷ/ʪʝʩʪʫʚʘʥʥʷ, ʽʥʩʪʨʫʤʝʥʪʠ 

ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʪʦʱʦ).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʢʫʧʽʚʣʷ ʛʦʪʦʚʠʭ ʇɿ ʻ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʾʭʥʴʦʛʦ ʨʦʟʨʦʙʣʝʥʥʷ 

ʫ ʞʠʪʪʻʚʦʤʫ ʮʠʢʣʫ ʇɿ ʚʠʨʦʙʫ.  
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ʄʝʪʘ ʨʦʙʦʪʠ./Aim. ʄʝʪʦʶ ʨʦʙʦʪʠ ʨʦʟʛʣʷʜ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʘʜʽʾ ʟʘʢʫʧʽʚʣʽ 

ʇɿ ʚ ʞʠʪʪʻʚʦʤʫ ʮʠʢʣʽ (ɾʎ) ʚʠʨʦʙʫ ʷʢ ʧʨʦʜʫʢʮʽʾ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ./Materials and methods. ʆʟʥʘʡʦʤʣʝʥʥʷ ʟ 

ʣʽʪʝʨʘʪʫʨʦʶ, ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʱʦʜʦ 

ʟʘʢʫʧʽʚʣʽ ʚ ʞʠʪʪʻʚʦʤʫ ʮʠʢʣʽ ʇɿ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ./Results and discussion. ʆʩʥʦʚʥʠʤʠ ʝʪʘʧʘʤʠ 

ʩʪʘʜʽʾ çʟʘʢʫʧʽʚʣʷè ʇɿ ʷʢ ʧʨʦʜʫʢʮʽʾ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʻ: 

ð ʨʦʟʨʦʙʣʝʥʥʷ ʩʪʨʘʪʝʛʽʾ ʟʘʢʫʧʽʚʣʽ ʇɿ; 

ð ʨʦʟʨʦʙʣʝʥʥʷ ʩʧʝʮʠʬʽʢʘʮʽʾ ʚʠʤʦʛ ʜʦ ʇɿ, ʷʢʱʦ ʚʦʥʘ ʥʝ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ 

ʨʘʥʽʰʝ; 

ð ʚʠʚʯʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ; 

ð ʦʛʦʣʦʰʝʥʥʷ ʟʘʢʫʧʽʚʣʽ ʪʘ ʧʝʨʽʦʜʫ ʫʪʦʯʥʝʥʴ, ʢʦʣʠ ʧʦʪʝʥʮʽʡʥʽ ʫʯʘʩʥʠʢʠ 

ʪʦʨʛʽʚ ʤʦʞʫʪʴ ʧʦʩʪʘʚʠʪʠ ʟʘʧʠʪʘʥʥʷ ʟʘʤʦʚʥʠʢʫ ʪʘ ʦʪʨʠʤʘʪʠ ʚʽʜʧʦʚʽʜʽ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʯʠʥʥʠʭ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ; 

ð ʧʨʦʚʝʜʝʥʥʷ ʪʦʨʛʽʚ (ʧʦʜʘʥʥʷ ʧʨʦʧʦʟʠʮʽʡ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ); 

ð ʚʠʟʥʘʯʝʥʥʷ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʇɿ; 

ð ʫʢʣʘʜʘʥʥʷ ʢʦʥʪʨʘʢʪʫ (ʜʦʛʦʚʦʨʫ); 

ð ʧʦʩʪʘʯʘʥʥʷ ʇɿ. 

ʉʪʨʘʪʝʛʽʶ ʟʘʢʫʧʽʚʣʽ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʽʥʪʝʛʨʦʚʘʥʠʡ ʧʣʘʥ, ʫ ʷʢʦʤʫ 

ʚʠʟʥʘʯʘʶʪʴ ʧʽʜʭʦʜʠ ʜʦ ʰʚʠʜʢʦʛʦ ʡ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʠʜʙʘʥʥʷ ʇɿ, ʧʦʩʪʘʯʘʥʥʷ ʪʘ 

ʥʘʜʘʥʥʷ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʇɿ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʩʧʦʞʠʚʘʯʘ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʩʫʯʘʩʥʠʭ ʧʨʘʢʪʠʢ ʨʦʟʨʦʙʣʝʥʥʷ ʇɿ, ʩʪʨʘʪʝʛʽʷ ʡʦʛʦ ʟʘʢʫʧʽʚʣʽ ʪʘ ʚʽʜʧʦʚʽʜʥʽ 

ʧʨʦʛʨʘʤʥʽ ʜʦʢʫʤʝʥʪʠ ʤʘʶʪʴ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʚʠʤʦʛ ʧʨʦʛʨʘʤʠ (ʧʨʦʻʢʪʫ) ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʛʨʘʤʦʶ (ʧʨʦʻʢʪʦʤ). ʉʪʨʘʪʝʛʽʷ 

ʟʘʢʫʧʽʚʣʽ ʤʘʻ ʙʫʪʠ ʨʦʙʦʯʠʤ ʜʦʢʫʤʝʥʪʦʤ ʽ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠʩʷ (ʧʽʜʜʘʚʘʪʠʩʷ 

ʫʪʦʯʥʝʥʥʶ) ʫʧʨʦʜʦʚʞ ɾʎ ʟʘʢʫʧʽʚʣʽ. 

ʄʝʥʝʜʞʝʨ ʧʨʦʛʨʘʤʠ (ʧʨʦʻʢʪʫ) ʧʦʚʠʥʝʥ ʘʢʪʠʚʥʦ ʩʧʽʚʧʨʘʮʶʚʘʪʠ ʟʽ ʚʩʽʤʘ 

ʟʘʽʥʪʝʨʝʩʦʚʘʥʠʤʠ ʩʪʦʨʦʥʘʤʠ ʪʘ ʝʢʩʧʝʨʪʘʤʠ ʟ ʧʠʪʘʥʴ ʨʦʟʨʦʙʣʝʥʥʷ ʩʪʨʘʪʝʛʽʾ 

ʟʘʢʫʧʽʚʣʽ ʇɿ ʟ ʦʛʣʷʜʫ ʥʘ ʧʦʪʦʯʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʧʨʽʦʨʠʪʝʪʠ, ʨʠʟʠʢʠ ʪʘ ʧʽʜʭʦʜʠ. 

ʗʢʱʦ ʦʙôʻʢʪʦʤ ʟʘʢʫʧʽʚʣʽ ʻ ʚʙʫʜʦʚʘʥʝ ʇɿ, ʪʦ ʩʪʨʘʪʝʛʽʷ ʡʦʛʦ ʟʘʢʫʧʽʚʣʽ ʤʘʻ 
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ʫʟʛʦʜʞʫʚʘʪʠʩʴ ʟʽ ʩʪʨʘʪʝʛʽʻʶ ʟʘʢʫʧʽʚʣʽ ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʚʙʫʜʦʚʘʥʦʛʦ ʇɿ. ʈʽʚʝʥʴ 

ʩʢʣʘʜʥʦʩʪʽ ʇɿ ʤʦʞʝ ʫʩʢʣʘʜʥʶʚʘʪʠ ʧʨʦʮʝʜʫʨʫ ʟʘʢʫʧʽʚʣʽ ʯʝʨʝʟ ʧʦʰʫʢ 

ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʨʦʙʥʠʢʽʚ (ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ) ʇɿ ʽʟ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʠʤ ʜʦʩʚʽʜʦʤ ʽ 

ʟʥʘʥʥʷʤʠ. ʈʦʟʫʤʽʥʥʷ ʤʝʥʝʜʞʝʨʦʤ ʧʨʦʛʨʘʤʠ (ʧʨʦʻʢʪʫ) ʧʨʠʥʮʠʧʽʚ ʽ ʥʘʡʢʨʘʱʠʭ 

ʧʨʘʢʪʠʢ ʟ ʨʦʟʨʦʙʣʝʥʥʷ ʇɿ, ʘ ʪʘʢʦʞ ʚʦʣʦʜʽʥʥʷ ʧʨʘʢʪʠʯʥʠʤʠ ʟʥʘʥʥʷʤʠ ʧʨʦ 

ʪʝʨʤʽʥʦʣʦʛʽʶ ʫ ʩʬʝʨʽ ʇɿ, ʤʦʜʝʣʽ ʨʦʟʨʦʙʣʝʥʥʷ ʇɿ, ʤʝʪʦʜʽʚ ʽʥʪʝʛʨʘʮʽʾ ʇɿ ʽ 

ʚʨʘʭʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʨʠʟʠʢʽʚ ʜʦʟʚʦʣʷʻ ʫʢʣʘʜʘʪʠ ʢʦʥʪʨʘʢʪʠ (ʜʦʛʦʚʦʨʠ) ʽ 

ʧʣʘʥʫʚʘʪʠ ʙʫʜʴ-ʷʢʠʭ ʨʦʙʦʪʠ (ʥʘʧʨʠʢʣʘʜ, ʢʝʨʫʚʘʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʻʶ, 

ʚʠʧʨʦʙʫʚʘʥʥʷ/ʪʝʩʪʫʚʘʥʥʷ, ʽʥʪʝʛʨʘʮʽʷ, ʩʫʧʨʦʚʦʜʞʝʥʥʷ). 

ɺ ʩʪʨʘʪʝʛʽʾ ʩʣʽʜ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʇɿ ʢʝʨʫʻ ʚʠʨʦʙʦʤ 

ʦʟʙʨʦʻʥʥʷ ʪʘ (ʘʙʦ) ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʱʦ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʩʘʤʦʛʦ ʚʠʨʦʙʫ, ʞʠʪʪʷ ʪʘ ʙʝʟʧʝʢʫ ʡʦʛʦ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʇʦʜʽʙʥʽ 

ʛʦʪʦʚʽ ʚʠʨʦʙʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʢʚʘʣʽʬʽʢʦʚʘʥʽ ʪʘ ʩʝʨʪʠʬʽʢʦʚʘʥʽ ʱʦʜʦ ʙʝʟʧʝʢʠ ʪʘ 

ʩʫʤʽʩʥʦʩʪʽ ʽʟ ʧʨʠʜʙʘʥʠʤʠ ʇɿ ʟʘʟʜʘʣʝʛʽʜʴ ʜʦ ʾʭʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʂʣʶʯʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʪʨʘʪʝʛʽʾ ʟʘʢʫʧʽʚʣʽ ʻ: 

ʘ) ʧʽʜʭʽʜ ʜʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʻʢʪʦʤ ʽ ʩʫʧʨʦʚʦʜʞʝʥʥʷʤ ʇɿ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʨʠʟʠʢʘʭ; 

ʙ) ʜʦʨʦʞʥʷ ʢʘʨʪʘ ʪʘ ʩʪʨʦʢʠ (ʪʝʨʤʽʥʠ) ʧʦʩʪʘʯʘʥʥʷ ʇɿ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʜʝʤʦʥʩʪʨʘʮʽʶ ʬʫʥʢʮʽʡʥʦʩʪʽ ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʇɿ ʥʝ ʧʽʟʥʽʰʝ ʥʽʞ ʯʝʨʝʟ ʦʜʠʥ ʨʽʢ 

ʧʽʩʣʷ ʜʘʪʠ ʟʘʢʫʧʽʚʣʽ, ʟʘʭʦʜʠ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʇɿ ʧʨʠʥʘʡʤʥʽ ʨʘʟ ʥʘ ʨʽʢ ʧʽʩʣʷ 

ʟʘʢʫʧʽʚʣʽ, ʘ ʪʘʢʦʞ ʽʥʪʝʛʨʘʮʽʶ ʚʙʫʜʦʚʘʥʦʛʦ ʇɿ (ʷʢʱʦ ʻ); 

ʚ) ʛʥʫʯʢʘ ʪʘ ʤʦʜʫʣʴʥʘ ʢʦʥʪʨʘʢʪʥʘ ʩʪʨʘʪʝʛʽʷ, ʷʢʘ ʜʦʟʚʦʣʷʪʠʤʝ ʨʦʟʨʦʙʥʠʢʘʤ 

ʇɿ ʰʚʠʜʢʦ ʧʨʦʝʢʪʫʚʘʪʠ, ʨʦʟʨʦʙʣʷʪʠ, ʚʠʧʨʦʙʦʚʫʚʘʪʠ/ʪʝʩʪʫʚʘʪʠ, ʽʥʪʝʛʨʫʚʘʪʠ ʪʘ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʇɿ; 

ʛ) ʘʜʘʧʪʘʮʽʷ ʧʨʦʮʝʩʽʚ ʟʘʢʫʧʽʚʣʽ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʤʦʜʝʣʝʡ 

ʨʦʟʨʦʙʣʝʥʥʷ ʇɿ; 

ʜ) ʟʘʧʣʘʥʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʣʫʛ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʨʝʩʫʨʩʽʚ; 

ʝ) ʩʪʨʘʪʝʛʽʾ ʚʠʧʨʦʙʫʚʘʥʴ/ʪʝʩʪʫʚʘʥʴ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʜʣʷ ʚʘʣʽʜʘʮʽʾ ʷʢʦʩʪʽ 

ʇɿ, ʘ ʪʘʢʦʞ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʧʨʦʙʫʚʘʥʴ/ʪʝʩʪʫʚʘʥʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʣʘʥʦʚʘʥʠʭ ʧʣʘʪʬʦʨʤ, ʨʝʩʫʨʩʽʚ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; 
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ʞ) ʘʨʭʽʪʝʢʪʫʨʥʽ ʩʪʨʘʪʝʛʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʜʫʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

çʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤè, ʩʫʤʽʩʥʦʛʦ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʧʽʜʩʠʩʪʝʤʘʤʠ; 

ʢ) ʩʪʨʘʪʝʛʽʾ ʢʽʙʝʨʙʝʟʧʝʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʩʪʦʩʦʚʥʦʾ ʧʦʣʽʪʠʢʠ ʪʘ ʚʠʤʦʛ 

ʱʦʜʦ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʷʢʽ ʤʘʶʪʴ ʧʝʨʝʜʙʘʯʘʪʠ ʨʝʛʫʣʷʨʥʝ ʦʮʽʥʶʚʘʥʥʷ ʣʘʥʮʶʛʽʚ 

ʧʦʩʪʘʯʘʥʥʷ, ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʣʝʥʥʷ, ʧʨʦʮʝʩʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ 

ʙʝʟʧʝʨʝʨʚʥʝ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʧʝʨʝʚʽʨʷʥʥʷ ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘ ʦʮʽʥʶʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʇɿ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʩʪʽʡʢʦʩʪʽ ʜʦ ʢʽʙʝʨʦʧʝʨʘʮʽʡ; 

ʣ) ʩʪʨʘʪʝʛʽʾ ʟʘʭʠʩʪʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ, ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʽ 

ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʇɿ, ʚʠʤʦʛʠ ʱʦʜʦ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʽʜʪʨʠʤʫʚʘʥʦʩʪʽ ʫʧʨʦʜʦʚʞ ɾʎ ʇʨɿ; 

ʤ) ʜʽʷʣʴʥʽʩʪʴ ʤʝʥʝʜʞʝʨʘ ʧʨʦʛʨʘʤʠ (ʧʨʦʻʢʪʫ) ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʘʢʪʽʚ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʽ ʪʝʭʥʽʯʥʠʭ ʨʝʛʣʘʤʝʥʪʽʚ ʫʧʨʦʜʦʚʞ ɾʎ 

ʇɿ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [2, ʩ. 43], [3, ʩ. 67] ʧʨʠ ʫʢʣʘʜʘʥʥʽ ʢʦʥʪʨʘʢʪʫ (ʜʦʛʦʚʦʨʫ) 

ʱʦʜʦ ʟʘʢʫʧʽʚʣʽ ʇɿ ʚʨʘʭʦʚʫʶʪʴ ʷʢ ʤʽʥʽʤʫʤ ʥʘʩʪʫʧʥʝ: 

ð ʪʠʧʦʚʽ ʨʠʟʠʢʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʇɿ; 

ð ʧʨʦʚʝʜʝʥʥʷ ʧʝʨʝʚʽʨʷʥʥʷ ʩʧʝʮʠʬʽʢʘʮʽʾ ʥʘ ʇɿ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʙʦ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ; 

ð ʦʨʛʘʥʽʟʫʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʟ ʨʦʟʨʦʙʥʠʢʘʤʠ ʚʠʨʦʙʫ ʚʽʡʩʴʢʦʚʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʨʦʟʨʦʙʥʠʢʘʤʠ (ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ) ʇɿ; 

ð ʧʦʢʘʟʥʠʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʇɿ; 

ð ʚʠʤʦʛʠ (ʧʨʦʮʝʩʠ) ʱʦʜʦ ʙʝʟʧʝʢʠ, ʟʘʭʠʩʪʫ, ʘʨʭʽʪʝʢʪʫʨʠ ʽ ʚʟʘʻʤʦʜʽʾ ʇɿ ʟ 

ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ; 

ð ʢʝʨʫʚʘʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʻʶ, ʚʝʨʠʬʽʢʘʮʽʷ ʪʘ ʚʘʣʽʜʘʮʽʷ ʦʙôʻʢʪʽʚ ʽʥʪʝʛʨʘʮʽʾ 

ʇɿ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʟʘʩʦʙʠ ʨʦʟʨʦʙʣʝʥʥʷ ʇɿ; 

ð ʘʨʭʽʪʝʢʪʫʨʫ çʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤè, ʧʦʚôʷʟʘʥʽ ʧʨʘʚʘ ʥʘ ʜʘʥʽ ʪʘ ʧʠʪʘʥʥʷ ʾʭ 

ʩʫʧʨʦʚʦʜʞʝʥʥʷ; 

ð ʧʣʘʥʠ ʚʠʧʨʦʙʫʚʘʥʥʷ/ʪʝʩʪʫʚʘʥʥʷ ʇɿ, ʟʘʩʦʙʠ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʜʘʥʽ ʜʣʷ 

ʧʽʜʪʨʠʤʫʚʘʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʤʦʛ, ʜʠʟʘʡʥʫ ʪʘ ʽʥʪʝʨʬʝʡʩʽʚ ʩʝʨʝʜʦʚʠʱʘ; 

ð ʟʚʽʪʫʚʘʥʥʷ ʧʨʦ ʧʨʦʙʣʝʤʠ ʇɿ, ʾʭ ʦʮʽʥʶʚʘʥʥʷ, ʨʦʟʨʦʙʣʝʥʥʷ ʟʙʽʨʦʢ, 
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ʨʝʛʨʝʩʽʡʥʝ ʪʝʩʪʫʚʘʥʥʷ; 

ð ʥʝʟʘʣʝʞʥʫ ʚʝʨʠʬʽʢʘʮʽʶ ʽ ʚʘʣʽʜʘʮʽʶ ʇʨɿ (ʦʩʦʙʣʠʚʦ ʪʦʛʦ, ʱʦ ʻ 

ʚʣʘʩʥʽʩʪʶ ʧʽʜʨʷʜʥʠʢʘ); 

ð ʢʝʨʫʚʘʥʥʷ ʚʝʨʩʽʷʤʠ, ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʜʘʥʠʭ, ʚʠʧʨʦʙʫʚʘʥʥʷ/ʪʝʩʪʫʚʘʥʥʷ 

ʛʦʪʦʚʠʭ ʇɿ; 

ð ʚʝʨʠʬʽʢʘʮʽʶ ʧʨʦʛʨʘʤʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʢʝʨʫʚʘʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʻʶ, 

ʨʝʣʝʚʘʥʪʥʽʩʪʴ ʚʠʧʨʦʙʫʚʘʥʴ/ʪʝʩʪʫʚʘʥʴ ʱʦʜʦ ʟʘʩʪʘʨʽʣʠʭ ʽ ʥʦʚʠʭ ʇɿ. 

ʂʦʥʪʨʘʢʪ (ʜʦʛʦʚʽʨ) ʥʘ ʟʘʢʫʧʽʚʣʶ ʇɿ ʦʙʦʚôʷʟʢʦʚʦ ʤʘʻ ʤʽʩʪʠʪʠ ʚʠʤʦʛʠ 

ʟʘʤʦʚʥʠʢʘ (ʩʧʦʞʠʚʘʯʘ) ʱʦʜʦ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʽ ʚʠʣʫʯʝʥʥʷ ʇɿ. 

ʇʽʩʣʷ ʧʦʩʪʘʯʘʥʥʷ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʦʮʽʥʶʚʘʥʥʷ ʚʘʨʪʦʩʪʽ ʇɿ (ɾʎ ʇɿ) 

ʱʦʥʘʡʤʝʥʰʝ ʨʘʟ ʥʘ ʨʽʢ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʇɿ ʫ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʛʨʘʤʠ (ʧʨʦʻʢʪʫ) ʟʘʚʜʷʢʠ ʧʨʠʜʙʘʥʦʤʫ ʇɿ ʫ ʨʦʟʨʽʟʽ 

ʧʦʪʦʯʥʠʭ ʽ ʤʘʡʙʫʪʥʽʭ ʽʥʚʝʩʪʠʮʽʡ. 

ɺʠʩʥʦʚʢʠ./Conclusions. ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʜʽʾ ʟʘʢʫʧʽʚʣʽ ʇɿ ʚ 

ɾʎ ʚʠʨʦʙʫ ʷʢ ʧʨʦʜʫʢʮʽʾ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʇɿ ʥʘ ʩʪʘʜʽʷʭ ɾʎ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ: ʥʘʧʨʷʤʠ ʩʪʨʘʪʝʛʽʾ ʟʘʢʫʧʽʚʣʽ ʇɿ, ʨʽʚʝʥʴ ʧʽʜʛʦʪʦʚʢʠ ʩʧʝʮʠʬʽʢʘʮʽʾ 

ʚʠʤʦʛ ʜʦ ʇɿ, ʨʽʚʝʥʴ ʢʦʤʧʝʪʝʥʮʽʾ ʧʦʪʝʥʮʽʡʥʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ. 

 

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ 

1. Defense Acquisition Book, April 2021, US Army, United States 

Government. 

2. DOD Instruction 5000.87 Operation of the Software Acquisition 

Pathway 
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ʋɼʂ 00 

ɺʇʃʀɺ ɸʈʍɯʊɽʂʊʋʈʅʀʍ ɿʄɯʅ ʊɸ ʆʅʆɺʃɽʅʔ ʅɸ ɹɽɿʇɽʂʋ 

ɺɽɹ-ɼʆɼɸʊʂɯɺ: ɺɯɼ ʄʆʅʆʃɯʊʅʀʍ ɼʆ 

ʄɯʂʈʆʉɽʈɺɯʉʅʀʍ ɸʈʍɯʊɽʂʊʋʈ 

 

ʈʘʜʯʫʢ ɯʛʦʨ ʖʨʽʡʦʚʠʯ 

ʉʪʫʜʝʥʪ 

ʇʦʣʽʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʤ. ɾʠʪʦʤʠʨ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ: ʜʦʩʣʽʜʞʝʥʥʷ ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ ʚʠʚʯʝʥʥʽ ʚʧʣʠʚʫ 

ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʟʤʽʥ ʪʘ ʦʥʦʚʣʝʥʴ ʥʘ ʙʝʟʧʝʢʫ ʚʝʙ-ʜʦʜʘʪʢʽʚ, ʟʦʢʨʝʤʘ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʤʦʥʦʣʽʪʥʠʭ ʘʨʭʽʪʝʢʪʫʨ ʜʦ ʤʽʢʨʦʩʝʨʚʽʩʥʠʭ ʩʪʨʫʢʪʫʨ. ɸʥʘʣʽʟʫʶʪʴʩʷ ʚʠʢʣʠʢʠ, 

ʧʦʚ'ʷʟʘʥʽ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʙʝʟʧʝʢʠ ʚ ʢʦʥʪʝʢʩʪʽ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ, 

ʚʢʣʶʯʘʶʯʠ ʫʧʨʘʚʣʽʥʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ, ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ ʪʘ ʤʦʥʽʪʦʨʠʥʛ 

ʤʝʨʝʞʝʚʦʾ ʘʢʪʠʚʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʝʟʧʝʢʘ, ʘʨʭʽʪʝʢʪʫʨʘ, ʤʦʥʦʣʽʪ, ʤʽʢʨʦʩʝʨʚʽʩʠ, ʚʝʙ-ʜʦʜʘʪʢʠ. 

 

ɺʩʪʫʧ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʟʤʽʥ ʥʘ ʙʝʟʧʝʢʫ ʚʝʙ-ʜʦʜʘʪʢʽʚ 

ʚʽʜ ʤʦʥʦʣʽʪʥʠʭ ʜʦ ʤʽʢʨʦʩʝʨʚʽʩʥʠʭ ʘʨʭʽʪʝʢʪʫʨ ʤʘʻ ʚʝʣʠʢʫ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʝʨʝʭʽʜ 

ʜʦ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʩʪʚʦʨʶʻ ʥʦʚʽ ʚʠʢʣʠʢʠ, ʪʘʢʽ ʷʢ ʢʦʤʧʣʝʢʩʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ 

ʤʦʜʫʣʽʚ, ʨʦʟʰʠʨʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʘʪʘʢ, ʰʚʠʜʢʘ ʜʠʥʘʤʽʢʘ ʨʦʟʨʦʙʢʠ ʪʘ ʙʽʣʴʰʘ 

ʧʦʚʝʨʭʥʷ ʘʪʘʢ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʘʞʣʠʚʝ ʜʣʷ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʚ ʫʤʦʚʘʭ ʟʤʽʥʝʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʜʦʜʘʪʢʽʚ. 

ʇʨʦʙʣʝʤʘ ʙʝʟʧʝʢʠ ʚ ʤʦʥʦʣʽʪʥʠʭ ʪʘ ʤʽʢʨʦʩʝʨʚʽʩʥʠʭ ʘʨʭʽʪʝʢʪʫʨʘʭ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʢʦʞʥʘ ʟ ʮʠʭ ʘʨʭʽʪʝʢʪʫʨ ʤʘʻ ʫʥʽʢʘʣʴʥʽ ʚʠʢʣʠʢʠ. ʋ ʤʦʥʦʣʽʪʥʠʭ 

ʩʠʩʪʝʤʘʭ, ʜʝ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʚʟʘʻʤʦʜʽʶʪʴ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʠʥʠʢʘʻ ʨʠʟʠʢ ʟʙʽʣʴʰʝʥʥʷ ʧʦʚʝʨʭʥʽ ʘʪʘʢʠ ʚ ʨʘʟʽ ʫʩʧʽʰʥʦʛʦ 

ʧʨʦʥʠʢʥʝʥʥʷ ʟʣʦʚʤʠʩʥʠʢʘ. ʋ ʤʽʢʨʦʩʝʨʚʽʩʥʠʭ ʘʨʭʽʪʝʢʪʫʨʘʭ, ʜʝ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ 

ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʦʢʨʝʤʽ ʩʝʨʚʽʩʠ, ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ ʤʝʨʝʞʽ ʤʽʞ ʥʠʤʠ, 

ʘ ʪʘʢʦʞ ʢʦʥʪʨʦʣʶʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʽʢʨʦʩʝʨʚʽʩʽʚ. ʂʨʽʤ ʪʦʛʦ, ʚ ʦʙʦʭ 
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ʚʠʧʘʜʢʘʭ ʦʥʦʚʣʝʥʥʷ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʧʦʪʝʥʮʽʡʥʽ ʪʦʯʢʠ 

ʚʨʘʟʣʠʚʦʩʪʽ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʟʘʭʦʜʽʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʟʤʽʥ ʪʘ 

ʦʥʦʚʣʝʥʴ ʥʘ ʙʝʟʧʝʢʫ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʻ ʨʦʟʫʤʽʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʥʦʚʠʭ ʚʠʢʣʠʢʽʚ ʽ 

ʨʠʟʠʢʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʤʽʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʜʦʜʘʪʢʘ. ʎʝ ʜʦʟʚʦʣʠʪʴ 

ʨʦʟʨʦʙʥʠʢʘʤ ʪʘ ʽʥʞʝʥʝʨʘʤ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʽ ʪʘ ʘʜʘʧʪʦʚʘʥʽ ʩʪʨʘʪʝʛʽʾ 

ʙʝʟʧʝʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ, ʪʘʢʠʭ ʷʢ ʧʝʨʝʭʽʜ ʚʽʜ ʤʦʥʦʣʽʪʥʠʭ ʜʦ 

ʤʽʢʨʦʩʝʨʚʽʩʥʠʭ ʘʨʭʽʪʝʢʪʫʨ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʚʝʙ-ʜʦʜʘʪʢʽʚ ð ʮʝ ʙʘʟʦʚʽ ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ, ʷʢ ʨʽʟʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʪʘ ʤʦʜʫʣʽ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʫ ʚʟʘʻʤʦʜʽʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʤʽʯʝʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. ɼʚʦʤʘ ʧʦʰʠʨʝʥʠʤʠ ʧʘʨʘʜʠʛʤʘʤʠ ʚ 

ʘʨʭʽʪʝʢʪʫʨʽ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʻ ʤʦʥʦʣʽʪʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʘ ʤʽʢʨʦʩʝʨʚʽʩʽʚ. 

ʄʦʥʦʣʽʪʥʘ ʘʨʭʽʪʝʢʪʫʨʘ - ʮʝ ʪʨʘʜʠʮʽʡʥʠʡ ʽ ʪʽʩʥʦ ʽʥʪʝʛʨʦʚʘʥʠʡ ʧʽʜʭʽʜ, ʧʨʠ 

ʷʢʦʤʫ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʚʝʙ-ʧʨʦʛʨʘʤʠ ʦʙ'ʻʜʥʫʶʪʴʩʷ ʚ ʻʜʠʥʫ ʫʥʽʬʽʢʦʚʘʥʫ ʙʘʟʫ 

ʢʦʜʫ ʪʘ ʧʘʢʝʪ ʨʦʟʛʦʨʪʘʥʥʷ. ʎʷ ʘʨʭʽʪʝʢʪʫʨʘ ʩʧʨʦʱʫʻ ʨʦʟʨʦʙʢʫ ʪʘ ʪʝʩʪʫʚʘʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʚʩʝ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ, ʘʣʝ ʾʾ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʞʝ ʩʪʘʪʠ ʩʢʨʫʪʥʠʤ ʫ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʪʘ ʩʢʣʘʜʥʦʩʪʽ 

ʧʨʦʛʨʘʤʠ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʤʽʢʨʦʩʝʨʚʽʩʽʚ - ʮʝ ʩʫʯʘʩʥʽʰʠʡ ʽ ʤʦʜʫʣʴʥʽʰʠʡ ʧʽʜʭʽʜ, ʧʨʠ 

ʷʢʦʤʫ ʚʝʙ-ʜʦʜʘʪʦʢ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʥʘʙʽʨ ʜʨʽʙʥʽʰʠʭ ʥʝʟʘʣʝʞʥʠʭ ʩʝʨʚʽʩʽʚ, ʷʢʽ 

ʚʟʘʻʤʦʜʽʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ ʯʝʨʝʟ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʽ API. ʎʝʡ ʧʽʜʭʽʜ ʦʩʦʙʣʠʚʦ 

ʚʠʛʽʜʥʠʡ ʜʣʷ ʚʝʣʠʢʠʭ ʽ ʩʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʜʦʟʚʦʣʷʻ ʢʦʤʘʥʜʘʤ 

ʧʨʘʮʶʚʘʪʠ ʥʘʜ ʨʽʟʥʠʤʠ ʩʝʨʚʽʩʘʤʠ ʦʜʥʦʯʘʩʥʦ, ʩʧʨʠʷʻ ʽʟʦʣʷʮʽʾ ʧʦʤʠʣʦʢ ʽ 

ʩʧʨʦʱʫʻ ʦʥʦʚʣʝʥʥʷ ʪʘ ʤʦʜʠʬʽʢʘʮʽʾ, ʥʝ ʪʦʨʢʘʶʯʠʩʴ ʫʩʽʻʾ ʩʠʩʪʝʤʠ. 

ʄʦʥʦʣʽʪʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʾʭ ʙʝʟʧʝʢʘ. 

ʄʦʥʦʣʽʪʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ð ʮʝ ʪʨʘʜʠʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ 

ʚʝʙ-ʜʦʜʘʪʢʽʚ, ʧʨʠ ʷʢʦʤʫ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʧʨʦʛʨʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʽʥʪʝʨʬʝʡʩ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʙʽʟʥʝʩ-ʣʦʛʽʢʫ ʪʘ ʨʽʚʥʽ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ, ʪʽʩʥʦ ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʻʜʠʥʫ 
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ʢʦʜʦʚʫ ʙʘʟʫ ʽ ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʷʢ ʻʜʠʥʝ ʮʽʣʝ. ʋ ʤʦʥʦʣʽʪʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʚʩʷ 

ʧʨʦʛʨʘʤʘ ʚʠʢʦʥʫʻʪʴʩʷ ʷʢ ʻʜʠʥʠʡ ʧʨʦʮʝʩ, ʟʘʟʚʠʯʘʡ ʦʜʥʦʤʫ ʩʝʨʚʝʨʽ ʯʠ ʢʣʘʩʪʝʨʽ 

ʩʝʨʚʝʨʽʚ. 

ʊʨʘʜʠʮʽʡʥʽ ʤʦʥʦʣʽʪʥʽ ʚʝʙ-ʜʦʜʘʪʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʨʦʩʪʦʪʦʶ ʨʦʟʨʦʙʢʠ 

ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ. ʎʷ ʧʨʦʩʪʦʪʘ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʠʩʢʦʨʝʥʥʷ ʮʠʢʣʽʚ ʨʦʟʨʦʙʢʠ 

ʪʘ ʩʧʨʦʱʝʥʥʷ ʥʘʣʘʛʦʜʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝ ʩʘʤʝ ʩʝʨʝʜʦʚʠʱʝ ʚʠʢʦʥʘʥʥʷ. 

ʆʜʥʘʢ ʤʦʥʦʣʽʪʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʩʪʠʢʘʶʪʴʩʷ ʟ ʥʠʟʢʦʶ ʧʨʦʙʣʝʤ ʙʝʟʧʝʢʠ: 

ʆʙʤʝʞʝʥʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ. ʄʦʥʦʣʽʪʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʤʦʞʝ ʙʫʪʠ ʚʘʞʢʦ 

ʤʘʩʰʪʘʙʦʚʘʥʽ, ʦʩʢʽʣʴʢʠ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ. ʎʝ ʤʦʞʝ 

ʩʧʨʠʯʠʥʠʪʠ ʧʨʦʙʣʝʤʠ ʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʧʦʪʝʥʮʽʡʥʠʤʠ ʚʨʘʟʣʠʚʽʩʪʶ ʙʝʟʧʝʢʠ 

ʧʨʠ ʚʝʣʠʢʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. 

ɭʜʠʥʘ ʪʦʯʢʘ ʚʽʜʤʦʚʠ. ʆʩʢʽʣʴʢʠ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʧʨʦʛʨʘʤʠ ʪʽʩʥʦ 

ʽʥʪʝʛʨʦʚʘʥʽ, ʟʙʽʡ ʚ ʦʜʥʽʡ ʯʘʩʪʠʥʽ ʧʨʦʛʨʘʤʠ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʝ ʚʠʚʝʩʪʠ ʟ ʣʘʜʫ ʚʩʶ 

ʩʠʩʪʝʤʫ, ʱʦ ʟʨʦʙʠʪʴ ʾʾ ʻʜʠʥʦʶ ʪʦʯʢʦʶ ʚʽʜʤʦʚʠ ʟ ʙʝʟʧʝʢʠ. 

ʇʦʚʝʨʭʥʷ ʘʪʘʢʠ. ʄʦʥʦʣʽʪʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʟʘʟʚʠʯʘʡ ʤʘʻ ʙʽʣʴʰʫ ʧʦʚʝʨʭʥʶ 

ʘʪʘʢʠ ʧʦʨʽʚʥʷʥʦ ʟ ʙʽʣʴʰ ʤʦʜʫʣʴʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ. ʆʩʢʽʣʴʢʠ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ 

ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ, ʟʣʦʚʤʠʩʥʠʢ, ʷʢʠʡ ʦʜʝʨʞʘʚ ʜʦʩʪʫʧ ʜʦ ʦʜʥʽʻʾ ʯʘʩʪʠʥʠ ʧʨʦʛʨʘʤʠ, 

ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. 

ʆʙʤʝʞʝʥʘ ʛʥʫʯʢʽʩʪʴ. ʄʦʥʦʣʽʪʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʤʝʥʰ 

ʛʥʫʯʢʠʤʠ, ʢʦʣʠ ʩʧʨʘʚʘ ʜʦʭʦʜʠʪʴ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʙʝʟʧʝʢʠ ʯʠ 

ʦʥʦʚʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ. ʆʩʢʽʣʴʢʠ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʪʽʩʥʦ ʽʥʪʝʛʨʦʚʘʥʽ, ʚʥʝʩʝʥʥʷ 

ʟʤʽʥ ʜʦ ʦʜʥʽʻʾ ʯʘʩʪʠʥʠ ʧʨʦʛʨʘʤʠ ʤʦʞʝ ʚʠʤʘʛʘʪʠ ʟʤʽʥ ʽ ʚ ʽʥʰʠʭ ʯʘʩʪʠʥʘʭ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʪʨʠʚʘʣʠʭ ʮʠʢʣʽʚ ʨʦʟʨʦʙʢʠ ʪʘ ʧʦʪʝʥʮʽʡʥʠʭ ʨʠʟʠʢʽʚ ʙʝʟʧʝʢʠ 

ʚ ʧʨʦʮʝʩʽ ʦʥʦʚʣʝʥʥʷ. 

ʇʨʠʚ'ʷʟʢʘ ʜʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ. ʄʦʥʦʣʽʪʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʧʨʠʚ'ʷʟʢʠ ʜʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ, ʦʩʢʽʣʴʢʠ ʨʦʟʨʦʙʥʠʢʠ ʯʘʩʪʦ ʧʨʠʚ'ʷʟʘʥʽ ʜʦ 

ʢʦʥʢʨʝʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʣʘʪʬʦʨʤ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʦʥʦʣʽʪʥʦʤʫ 

ʜʦʜʘʪʢʫ. ʎʝ ʤʦʞʝ ʦʙʤʝʞʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʙʝʟʧʝʢʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʘʙʦ ʧʝʨʝʭʦʜʫ ʥʘ ʽʥʰʽ ʧʣʘʪʬʦʨʤʠ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. 
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ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʽ ʧʨʦʙʣʝʤʠ, ʤʦʥʦʣʽʪʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʪʘʢʦʞ ʤʘʻ ʜʝʷʢʽ 

ʧʝʨʝʚʘʛʠ ʱʦʜʦ ʙʝʟʧʝʢʠ: 

ʇʨʦʩʪʦʪʘ. ʄʦʥʦʣʽʪʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʧʨʦʩʪʽʰʝ ʟʨʦʟʫʤʽʪʠ ʽ ʢʝʨʫʚʘʪʠ ʥʠʤʠ ʟ 

ʧʦʛʣʷʜʫ ʙʝʟʧʝʢʠ, ʦʩʢʽʣʴʢʠ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʪʽʩʥʦ ʽʥʪʝʛʨʦʚʘʥʽ ʫ ʻʜʠʥʫ ʢʦʜʦʚʫ 

ʙʘʟʫ. ʎʝ ʤʦʞʝ ʧʦʣʝʛʰʠʪʠ ʨʝʘʣʽʟʘʮʽʶ ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠ ʪʘ ʤʦʥʽʪʦʨʠʥʛ 

ʧʦʪʝʥʮʽʡʥʠʭ ʚʨʘʟʣʠʚʦʩʪʝʡ. 

ʎʝʥʪʨʘʣʽʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ. ʆʩʢʽʣʴʢʠ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʧʨʘʮʶʶʪʴ 

ʚ ʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʠʢʦʥʘʥʥʷ, ʧʨʦʩʪʽʰʝ ʨʝʘʣʽʟʫʚʘʪʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʝʣʝʤʝʥʪʠ 

ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ, ʪʘʢʽ ʷʢ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ, ʘʚʪʝʥʪʠʬʽʢʘʮʽʷ ʪʘ ʰʠʬʨʫʚʘʥʥʷ, 

ʱʦ ʜʦʧʦʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ. 

ʇʨʦʩʪʽʰʝ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ. ʄʦʥʦʣʽʪʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʤʦʞʝ ʩʧʨʦʩʪʠʪʠ 

ʟʫʩʠʣʣʷ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʧʦʣʽʪʠʢʠ ʙʝʟʧʝʢʠ ʪʘ 

ʝʣʝʤʝʥʪʠ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʦʜʥʘʢʦʚʦ ʜʣʷ ʚʩʴʦʛʦ ʜʦʜʘʪʢʘ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʭʦʯʘ ʤʦʥʦʣʽʪʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʧʨʦʧʦʥʫʻ 

ʧʨʦʩʪʦʪʫ ʪʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ, ʚʦʥʘ ʪʘʢʦʞ ʤʘʻ ʦʙʤʝʞʝʥʥʷ, 

ʪʘʢʽ ʷʢ ʧʨʦʙʣʝʤʠ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ, ʚʝʣʠʢʘ ʧʦʚʝʨʭʥʷ ʘʪʘʢʠ ʪʘ ʦʙʤʝʞʝʥʘ 

ʛʥʫʯʢʽʩʪʴ. 

ʄʽʢʨʦʩʝʨʚʽʩʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʾʭ ʙʝʟʧʝʢʘ 

ʄʽʢʨʦʩʝʨʚʽʩʠ - ʮʝ ʰʘʙʣʦʥ ʘʨʭʽʪʝʢʪʫʨʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚ ʷʢʦʤʫ 

ʧʨʦʛʨʘʤʘ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʥʝʚʝʣʠʢʽ, ʥʝʟʘʣʝʞʥʦ ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʩʝʨʚʽʩʠ, ʷʢʽ 

ʚʟʘʻʤʦʜʽʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ ʯʝʨʝʟ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʽ API. ʂʦʞʝʥ ʤʽʢʨʦʩʝʨʚʽʩ 

ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʢʦʥʢʨʝʪʥʫ ʙʽʟʥʝʩ-ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʤʦʜʫʣʴʥʫ 

ʨʦʟʨʦʙʢʫ, ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ. 

ʄʽʢʨʦʩʝʨʚʽʩʠ ʨʦʟʙʠʚʘʶʪʴ ʤʦʥʦʣʽʪʥʽ ʩʪʨʫʢʪʫʨʠ, ʜʝ ʚʩʷ ʧʨʦʛʨʘʤʘ 

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʽ ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʷʢ ʻʜʠʥʝ ʮʽʣʝ, ʥʘ ʙʽʣʴʰ ʜʨʽʙʥʽ ʘʚʪʦʥʦʤʥʽ ʧʦʩʣʫʛʠ. 

ʇʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʥʘ ʙʝʟʧʝʢʫ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʢʽʣʴʢʦʤʘ ʬʘʢʪʦʨʘʤʠ. ʅʘʩʘʤʧʝʨʝʜ ʤʦʜʫʣʴʥʘ ʧʨʠʨʦʜʘ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʙʝʟʧʝʢʠ. ʂʦʞʝʥ ʤʽʢʨʦʩʝʨʚʽʩ 

ʤʦʞʥʘ ʟʘʭʠʩʪʠʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦ, ʘ ʚʨʘʟʣʠʚʦʩʪʽ ʚ ʦʜʥʦʤʫ ʩʝʨʚʽʩʽ ʟ ʤʝʥʰʦʶ 

ʡʤʦʚʽʨʥʽʩʪʶ ʧʦʩʪʘʚʠʪʴ ʧʽʜ ʟʘʛʨʦʟʫ ʚʩʶ ʧʨʦʛʨʘʤʫ. ʊʘʢʠʡ ʧʦʜʽʣ ʟʚʦʜʠʪʴ ʜʦ 
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ʤʽʥʽʤʫʤʫ ʧʦʚʝʨʭʥʶ ʘʪʘʢʠ ʪʘ ʦʙʤʝʞʫʻ ʧʦʪʝʥʮʽʡʥʫ ʜʽʶ ʧʦʨʫʰʝʥʴ ʙʝʟʧʝʢʠ. 

ɹʽʣʴʰ ʪʦʛʦ, ʤʽʢʨʦʩʝʨʚʽʩʠ ʯʘʩʪʦ ʚʟʘʻʤʦʜʽʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ ʯʝʨʝʟ ʯʽʪʢʦ 

ʚʠʟʥʘʯʝʥʽ API, ʷʢʽ ʤʦʞʥʘ ʟʘʭʠʩʪʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʟʤʽʚ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ 

ʘʚʪʦʨʠʟʘʮʽʾ. ʎʝ ʜʦʜʘʻ ʜʦʜʘʪʢʦʚʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ, ʛʘʨʘʥʪʫʶʯʠ, ʱʦ ʣʠʰʝ 

ʘʚʪʦʨʠʟʦʚʘʥʽ ʩʣʫʞʙʠ ʤʦʞʫʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʦʜʥʘ ʟ ʦʜʥʦʶ. ʂʨʽʤ ʪʦʛʦ, ʥʝʟʘʣʝʞʥʝ 

ʨʦʟʛʦʨʪʘʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʜʦʟʚʦʣʷʻ ʯʘʩʪʽʰʝ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʦʥʦʚʣʝʥʥʷ ʪʘ 

ʚʠʧʨʘʚʣʝʥʥʷ, ʛʘʨʘʥʪʫʶʯʠ ʰʚʠʜʢʝ ʫʩʫʥʝʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ ʙʝʟʧʝʢʠ, ʥʝ 

ʪʦʨʢʘʶʯʠʩʴ ʫʩʽ ʧʨʦʛʨʘʤʠ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʽ ʧʝʨʝʚʘʛʠ, ʚʘʞʣʠʚʦ ʚʠʟʥʘʪʠ, ʱʦ ʤʽʢʨʦʩʝʨʚʽʩʠ 

ʩʪʚʦʨʶʶʪʴ ʥʦʚʽ ʧʨʦʙʣʝʤʠ ʪʘ ʘʩʧʝʢʪʠ ʙʝʟʧʝʢʠ. ʇʽʜʚʠʱʝʥʘ ʩʢʣʘʜʥʽʩʪʴ 

ʘʨʭʽʪʝʢʪʫʨʠ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʧʦʪʨʝʙʫʻ ʥʘʜʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ, 

ʙʝʟʧʝʯʥʠʭ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ʂʦʞʝʥ ʤʽʢʨʦʩʝʨʚʽʩ 

ʧʦʚʠʥʝʥ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘʜʽʡʥʽ ʤʝʭʘʥʽʟʤʠ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ, ʘ ʟʚ'ʷʟʦʢ ʤʽʞ ʩʝʨʚʽʩʘʤʠ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʘʰʠʬʨʦʚʘʥʠʡ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʶ ʪʘ ʧʽʜʨʦʙʣʝʥʥʶ 

ʜʘʥʠʭ. 

ɽʬʝʢʪʠʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʚʝʜʝʥʥʷ ʞʫʨʥʘʣʽʚ ʻ ʚʘʞʣʠʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʙʝʟʧʝʢʠ ʤʽʢʨʦʩʝʨʚʽʩʽʚ. ʆʩʢʽʣʴʢʠ ʢʦʞʝʥ ʤʽʢʨʦʩʝʨʚʽʩ ʧʨʘʮʶʻ ʥʝʟʘʣʝʞʥʦ, 

ʽʥʩʪʨʫʤʝʥʪʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʤʦʞʫʪʴ ʥʘʜʘʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ ʪʘ ʙʝʟʧʝʢʫ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. 

ʄʽʢʨʦʩʝʨʚʽʩʠ ʧʨʦʧʦʥʫʶʪʴ ʙʝʟʣʽʯ ʧʝʨʝʚʘʛ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʜʦʜʘʪʢʽʚ, 

ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʶʯʠ ʥʘ ʙʝʟʧʝʢʫ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʤʦʜʫʣʴʥʽʡ ʪʘ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽʡ 

ʩʪʨʫʢʪʫʨʽ. ʆʜʥʘʢ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʧʦʪʨʽʙʥʽ 

ʥʘʜʽʡʥʽ ʟʘʭʦʜʠ ʙʝʟʧʝʢʠ, ʚʢʣʶʯʘʶʯʠ ʘʚʪʝʥʪʠʬʽʢʘʮʽʶ, ʘʚʪʦʨʠʟʘʮʽʶ, ʰʠʬʨʫʚʘʥʥʷ 

ʪʘ ʢʦʤʧʣʝʢʩʥʠʡ ʤʦʥʽʪʦʨʠʥʛ. ʇʦʨʽʚʥʷʥʥʷ ʙʝʟʧʝʢʠ ʤʦʥʦʣʽʪʥʠʭ ʪʘ ʤʽʢʨʦʩʝʨʚʽʩʥʠʭ 

ʘʨʭʽʪʝʢʪʫʨ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1: 

ʊʘʙʣʠʮʷ 1 

ʇʦʨʽʚʥʷʥʥʷ ʘʩʧʝʢʪʽʚ ʙʝʟʧʝʢʠ ʤʦʥʦʣʽʪʥʦʾ ʪʘ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨ 

ɸʩʧʝʢʪ ʄʦʥʦʣʽʪʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʄʽʢʨʦʩʝʨʚʽʩʥʘ ʘʨʭʽʪʝʢʪʫʨʘ 

ʇʦʚʝʨʭʥʷ ʘʪʘʢʠ ɺʝʣʠʢʘ ʧʦʚʝʨʭʥʷ ʘʪʘʢʠ ʯʝʨʝʟ ʻʜʠʥʫ 

ʢʦʜʦʚʫ ʙʘʟʫ 

ʄʝʥʰʘ ʧʦʚʝʨʭʥʷ ʘʪʘʢʠ ʟ ʽʟʦʣʴʦʚʘʥʠʤʠ 

ʩʝʨʚʽʩʘʤʠ 
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ɯʟʦʣʷʮʽʷ ʆʙʤʝʞʝʥʘ ʽʟʦʣʷʮʽʷ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʉʫʚʦʨʘ ʽʟʦʣʷʮʽʷ ʤʽʞ ʤʽʢʨʦʩʝʨʚʽʩʘʤʠ 

ʈʠʟʠʢ ʟʘʣʝʞʥʦʩʪʽ ɺʠʩʦʢʠʡ ʨʠʟʠʢ ʟʘʣʝʞʥʦʩʪʽ, ʻʜʠʥʘ ʪʦʯʢʘ 

ʚʽʜʤʦʚʠ 

ʅʠʟʴʢʠʡ ʨʠʟʠʢ ʟʘʣʝʞʥʦʩʪʽ ʯʝʨʝʟ 

ʨʦʟʧʦʜʽʣ ʭʘʨʘʢʪʝʨʫ 

ɺʧʣʠʚ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʥʘ ʙʝʟʧʝʢʫ 

ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʚʩʽʻʾ ʧʨʦʛʨʘʤʠ. 

ʉʧʨʦʱʝʥʥʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʦʢʨʝʤʠʭ 

ʩʣʫʞʙ, ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ. 

ʈʠʟʠʢ ʨʦʟʛʦʨʪʘʥʥʷ ɹʽʣʴʰ ʨʠʟʠʢʦʚʘʥʽ ʦʥʦʚʣʝʥʥʷ, ʦʩʢʽʣʴʢʠ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʦʨʥʫʪʠ ʚʩʽ ʧʨʦʛʨʘʤʠ. 

ɿʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʟʘ ʨʘʭʫʥʦʢ 

ʥʝʟʘʣʝʞʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʩʣʫʞʙʠ. 

ɹʝʟʧʝʢʘ ʜʘʥʠʭ ɿʘʛʘʣʴʥʘ ʙʘʟʘ ʜʘʥʠʭ ʟʙʽʣʴʰʫʻ ʧʨʦʙʣʝʤʠ 

ʙʝʟʧʝʢʠ ʜʘʥʠʭ 

ʆʢʨʝʤʽ ʙʘʟʠ ʜʘʥʠʭ ʧʽʜʚʠʱʫʶʪʴ ʙʝʟʧʝʢʫ 

ʜʘʥʠʭ. 

ʊʘʙʣʠʮʷ 2 

ʂʦʨʦʪʢʠʡ ʦʧʠʩ ʚʧʣʠʚʫ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʟʤʽʥ ʥʘ ʙʝʟʧʝʢʫ ʚʝʙ-ʜʦʜʘʪʢʽʚ 

ɸʨʭʽʪʝʢʪʫʨʥʽ ʟʤʽʥʠ ɺʧʣʠʚ ʥʘ ʙʝʟʧʝʢʫ 

ʄʦʥʦʣʽʪʥʽʩʪʴ ʜʦ 

ʤʽʢʨʦʩʝʨʚʽʩʽʚ 

ɸʨʭʽʪʝʢʪʫʨʘ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʧʽʜʚʠʱʫʻ ʙʝʟʧʝʢʫ ʟʘ ʨʘʭʫʥʦʢ ʽʟʦʣʷʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʟʤʝʥʰʝʥʥʷ ʧʦʚʝʨʭʥʽ ʘʪʘʢʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʨʘʱʦʛʦ ʩʪʨʠʤʫʚʘʥʥʷ ʧʦʨʫʰʝʥʴ. 

ʆʜʥʘʢ ʮʝ ʫʩʢʣʘʜʥʶʻ ʙʝʟʧʝʢʫ ʟʚ'ʷʟʢʫ ʤʽʞ ʤʽʢʨʦʩʝʨʚʽʩʘʤʠ. ʇʨʘʚʠʣʴʥʽ 

ʤʝʭʘʥʽʟʤʠ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ ʤʘʶʪʴ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ  

ɹʝʟʩʝʨʚʝʨʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ɹʝʟʩʝʨʚʝʨʥʘ ʪʝʭʥʦʣʦʛʽʷ ʟʥʠʞʫʻ ʚʝʢʪʦʨʠ ʘʪʘʢ ʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʦʩʢʽʣʴʢʠ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʢʝʨʫʚʘʥʥʷ ʩʝʨʚʝʨʦʤ ʣʝʞʠʪʴ ʥʘ ʧʦʩʪʘʯʘʣʴʥʠʢʫ ʭʤʘʨʥʠʭ 

ʧʦʩʣʫʛ. ʇʨʦʪʝ ʟʘʭʠʩʪ ʙʝʟʩʝʨʚʝʨʥʠʭ ʬʫʥʢʮʽʡ ʧʦʪʨʝʙʫʻ ʟʦʩʝʨʝʜʞʝʥʥʷ ʫʚʘʛʠ ʥʘ 

ʙʝʟʧʝʮʽ ʢʦʜʫ, ʩʪʦʨʦʥʥʽʭ ʟʘʣʝʞʥʦʩʪʷʭ ʪʘ ʧʨʘʚʠʣʴʥʦʤʫ ʥʘʣʘʰʪʫʚʘʥʥʽ. 

ʂʦʥʪʝʡʥʝʨʠʟʘʮʽʷ (ʥʘʧʨʠʢʣʘʜ, 

Docker, Kubernetes) 

ʂʦʥʪʝʡʥʝʨʠ ʧʽʜʚʠʱʫʶʪʴ ʙʝʟʧʝʢʫ, ʽʟʦʣʶʶʯʠ ʜʦʜʘʪʢʠ ʪʘ ʟʘʣʝʞʥʦʩʪʽ. ʆʜʥʘʢ 

ʥʝʧʨʘʚʠʣʴʥʽ ʫʩʪʘʥʦʚʢʠ ʽʥʩʪʨʫʤʝʥʪʽʚ ʦʨʢʝʩʪʨʘʮʽʾ ʢʦʥʪʝʡʥʝʨʽʚ, ʪʘʢʠʭ ʷʢ 

Kubernetes, ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʨʘʟʣʠʚʦʩʪʝʡ ʙʝʟʧʝʢʠ. ʈʝʛʫʣʷʨʥʽ ʧʝʨʝʚʽʨʢʠ 

ʪʘ ʧʨʘʚʠʣʴʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʘʶʪʴ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ. 

ʇʨʦʛʨʝʩʠʚʥʽ ʚʝʙ-ʧʨʦʛʨʘʤʠ 

(PWA) 

PWA ʧʽʜʚʠʱʫʻ ʙʝʟʧʝʢʫ, ʜʦʟʚʦʣʷʶʯʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ HTTPS, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʮʽʣʽʩʥʽʩʪʴ ʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʜʘʥʠʭ. ʆʜʥʘʢ ʥʝʧʨʘʚʠʣʴʥʘ ʨʝʘʣʽʟʘʮʽʷ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʦʟʢʨʠʪʪʷ ʢʦʥʬʽʜʝʥʮʽʡʥʠʭ ʜʘʥʠʭ. ʅʘʡʢʨʘʱʽ ʧʨʘʢʪʠʢʠ 

ʚʢʣʶʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ HTTPS, ʙʝʟʧʝʯʥʝ ʢʦʜʫʚʘʥʥʷ ʪʘ ʨʝʛʫʣʷʨʥʽ ʧʝʨʝʚʽʨʢʠ 

ʙʝʟʧʝʢʠ. 

ʆʜʥʦʩʪʦʨʽʥʢʦʚʽ ʧʨʦʛʨʘʤʠ 

(SPA) 

SPA ʧʦʢʨʘʱʫʶʪʴ ʚʟʘʻʤʦʜʽʶ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʘʣʝ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʨʠʟʠʢʠ 

ʜʣʷ ʙʝʟʧʝʢʠ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʦʙʨʦʙʢʠ ʥʘ ʩʪʦʨʦʥʽ ʢʣʽʻʥʪʘ. ʇʨʘʚʠʣʴʥʘ 

ʧʝʨʝʚʽʨʢʘ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʤʝʪʦʜʠ ʙʝʟʧʝʯʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʣʽʪʠʢʠ ʙʝʟʧʝʢʠ ʢʦʥʪʝʥʪʫ (CSP) ʤʘʶʪʴ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ. 

 

ɺʠʩʥʦʚʦʢ. ʆʪʞʝ, ʘʨʭʽʪʝʢʪʫʨʥʽ ʟʤʽʥʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʝʟʧʝʢʫ ʚʝʙ-ʜʦʜʘʪʢʽʚ, 

ʚʠʟʥʘʯʘʶʯʠ ʾʭʥʶ ʟʘʛʘʣʴʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʨʽʟʥʠʭ ʟʘʛʨʦʟ ʪʘ ʘʪʘʢ. ʅʦʚʘ ʘʨʭʽʪʝʢʪʫʨʘ 

ʤʦʞʝ ʚʨʘʭʦʚʫʚʘʪʠ ʩʫʯʘʩʥʽ ʩʪʘʥʜʘʨʪʠ ʙʝʟʧʝʢʠ ʪʘ ʥʘʡʢʨʘʱʽ ʧʨʘʢʪʠʢʠ, ʱʦ 

ʟʤʝʥʰʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ. ʈʦʟʧʦʜʽʣʝʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʽʢʨʦʩʝʨʚʽʩʠ ʯʠ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʶ, ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʫ ʽʟʦʣʷʮʽʶ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʨʦʙʠʪʴ ʩʠʩʪʝʤʫ ʤʝʥʰ ʚʨʘʟʣʠʚʦʶ ʜʦ ʘʪʘʢ, 

ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʘʙʢʦʩʪʝʡ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʙʝʟʧʝʢʠ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʫ ʢʦʥʪʝʢʩʪʽ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

ʚʠʤʘʛʘʻ ʫʚʘʛʠ ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ 

ʙʝʟʧʝʢʫ. ʊʘʢʦʞ ʚʘʞʣʠʚʠʤʠ ʻ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʡ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ, ʪʘʢʠʭ 

ʷʢ Docker ʽ Kubernetes, ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʙʝʟʧʝʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʯʝʨʝʟ 

ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʽ DevSecOps. ɼʦʜʘʪʢʦʚʦ, ʚʠʚʯʝʥʥʷ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʚʠʢʣʠʢʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ɯʥʪʝʨʥʝʪʦʤ ʨʝʯʝʡ, ʻ ʢʣʶʯʦʚʠʤʠ ʘʩʧʝʢʪʘʤʠ ʧʽʜʚʠʱʝʥʥʷ 

ʙʝʟʧʝʢʠ ʚʝʙ-ʜʦʜʘʪʢʽʚ. 

 

ʉʇʀʉʆʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃ 

1. What is Web Application Architecture? Components, Models, and 

Types. ɼʞʝʨʝʣʦ: https://hackr.io/blog/web-application-architecture-definition-

models-types-and-more 

2. Microservices vs. monolithic architecture. ɼʞʝʨʝʣʦ: 

https://www.atlassian.com/microservices/microservices-architecture/microservices-vs-

monolith 

3. Monolithic vs microservices architecture: Which is better for security? 

ɼʞʝʨʝʣʦ: https://www.invicti.com/blog/web-security/monolithic-vs-microservices-

architecture-which-is-better-for-security/ 

4. Benefits of a microservices architecture. ɼʞʝʨʝʣʦ: 

https://vilmate.com/blog/benefits-of-microservices-architecture/ 

5. Which Is More Secure: Monolith or Microservices? ɼʞʝʨʝʣʦ: 

https://nordicapis.com/which-is-more-secure-monolith-or-microservices/ 
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ʋɼʂ 663/664.0:355 

ɼɯɭʊʀʏʅɸ ɼʆɹɸɺʂɸ ɸɼɸʇʊʆɻɽʅʅʆɰ ɼɯɰ 

ɼʃʗ ɽʂʉʊʈɽʄɸʃʔʅʀʍ ʋʄʆɺ ɼʆɺʂɯʃʃʗ 

 

ʉʽʤʘʭʽʥʘ ɻʘʣʠʥʘ ʆʣʝʢʩʘʥʜʨʽʚʥʘ, 

ʜ. ʪ. ʥ., ʧʨʦʬ. 

ʂʦʯʫʙʝʡ-ʃʠʪʚʠʥʝʥʢʦ ʆʢʩʘʥʘ ɺʘʣʝʨôʷʥʽʚʥʘ, 

ʜ. ʪ. ʥ., ʧʨʦʬ. 

ʅʘʫʤʝʥʢʦ ʅʘʪʘʣʽʷ ɺʘʣʝʥʪʠʥʽʚʥʘ 

ʜ. ʬʽʣʦʣ. ʥ., ʧʨʦʬ. 

ʇʦʙʨʫʩʠʣʦ ʄʘʨʠʥʘ ɺʦʣʦʜʠʤʠʨʽʚʥʘ, 

ʟʜʦʙʫʚʘʯ ʦʩʚʽʪʥʴʦ-ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ çʜʦʢʪʦʨ ʬʽʣʦʩʦʬʽʾè 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ. ɺʟʘʻʤʠʥʠ ʣʶʜʠʥʠ ʪʘ ʜʦʚʢʽʣʣʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʭʦʨʦʥʠ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʦʪʞʝ, ʟʙʝʨʝʞʝʥʥʷ ʽ ʟʤʽʮʥʝʥʥʷ ʟʜʦʨʦʚôʷ, 

ʧʨʦʬʽʣʘʢʪʠʢʠ ʽʥʬʝʢʮʽʡʥʠʭ ʪʘ ʥʝʽʥʬʝʢʮʽʡʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʟʜʘʚʥʘ ʻ ʦʜʥʽʻʶ ʟ 

ʛʣʦʙʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʣʶʜʩʪʚʘ. ʆʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦʶ ʚʦʥʘ ʩʪʘʣʘ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚ 

ʋʢʨʘʾʥʽ, ʫ ʟʚôʷʟʢʫ ʟ ʚʽʡʩʴʢʦʚʠʤʠ ʜʽʷʤʠ. ʊʦʤʫ ʫ ʩʬʝʨʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʻ ʧʨʦʚʝʜʝʥʥʷ ˇʨʫʥʪʦʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʧʦʰʫʢʫ ʥʦʚʠʭ 

ʧʨʠʨʦʜʥʠʭ ʜʞʝʨʝʣ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʽʻʪʠʯʥʠʭ ʜʦʙʘʚʦʢ ʨʽʟʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʩʧʨʷʤʫʚʘʥʥʷ, ʧʝʨʝʜʫʩʽʤ ʘʜʘʧʪʦʛʝʥʥʦʾ ʜʽʾ. ʃʽʢʘʨʩʴʢʽ ʨʦʩʣʠʥʠ ʧʦʢʠ ʱʦ ʻ 

ʥʝʪʨʘʜʠʮʽʡʥʦʶ ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʜʽʻʪʠʯʥʠʭ ʜʦʙʘʚʦʢ, ʦʜʥʘʢ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʦʩʪʫʧʦʚʦ ʨʦʟʰʠʨʶʻʪʴʩʷ, ʟʚʘʞʘʶʯʠ ʥʘ 

ʙʘʛʘʪʠʡ ʩʢʣʘʜ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʽ ʾʭʥʽʡ ʧʦʟʠʪʠʚʥʠʡ 

ʨʽʟʥʦʩʧʨʷʤʦʚʘʥʠʡ ʚʧʣʠʚ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʩʪʚʦʨʝʥʦ ʜʽʻʪʠʯʥʫ ʜʦʙʘʚʢʫ ʥʘ ʦʩʥʦʚʽ 5 

ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ, ʧʦʢʘʟʘʥʦ ʾʭʥʶ ʜʽʶ ʥʘ ʨʽʟʥʽ ʦʨʛʘʥʠ ʪʘ ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʟʤʫ 

ʣʶʜʠʥʠ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ. ʂʦʤʧʦʥʝʥʪʠ ʦʪʨʠʤʘʥʦʾ 

ʜʦʙʘʚʢʠ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʪʦʤʫ ʚʦʥʠ ʙʫʜʫʪʴ 

ʜʦʩʪʫʧʥʠʤʠ ʟʘ ʮʽʥʦʶ ʜʣʷ ʨʽʟʥʠʭ ʚʝʨʩʪʚ ʥʘʩʝʣʝʥʥʷ, ʘ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘʢʠʭ 

ʜʽʻʪʠʯʥʠʭ ʜʦʙʘʚʦʢ ʤʘʪʠʤʝ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ ʥʘʜ ʽʤʧʦʨʪʥʦʶ ʧʨʦʜʫʢʮʽʻʶ ʮʽʻʾ 
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ʢʘʪʝʛʦʨʽʾ ʪʦʚʘʨʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʣʽʢʘʨʩʴʢʽ ʨʦʩʣʠʥʠ, ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ, 

ʬʽʟʽʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ, ʪʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ, ʝʢʦʥʦʤʽʯʥʘ ʽ ʩʦʮʽʘʣʴʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ.  

 

ʅʘ ʩʴʦʛʦʜʥʽ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʦ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʩʧʝʮʽʘʣʴʥʦʛʦ ʭʘʨʯʫʚʘʥʥʷ 

ʤʦʞʥʘ ʟʥʘʯʥʦ ʧʦʣʽʧʰʠʪʠ ʨʦʙʦʪʫ ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ ʪʘ ʩʠʩʪʝʤ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ, 

ʧʽʜʚʠʱʠʪʠ ʡʦʛʦ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʧʣʠʚʫ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʜʽʾ ʦʪʨʫʡʥʠʭ 

ʨʝʯʦʚʠʥ ʪʘ ʽʥʰʠʭ ʥʝʛʘʪʠʚʥʠʭ ʯʠʥʥʠʢʽʚ ʜʦʚʢʽʣʣʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʩʠʭʦʝʤʦʮʽʡʥʠʭ. 

ʎʽʣʢʦʤ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʷʢ ʦʜʥʝ ʽʟ ʦʩʥʦʚʥʠʭ ʧʨʠʨʦʜʥʠʭ ʧʦʪʨʝʙ ʦʨʛʘʥʽʟʤʫ 

ʨʘʮʽʦʥʘʣʴʥʦ ʩʢʦʤʧʦʥʦʚʘʥʝ ʭʘʨʯʫʚʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʘ ʦʩʥʦʚʽ ʥʦʚʠʭ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʟʘʙʝʟʧʝʯʫʻ ʥʦʨʤʘʣʴʥʠʡ ʧʝʨʝʙʽʛ 

ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʙʝʨʽʛʘʻ ʟʜʦʨʦʚôʷ, ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʣʶʜʠʥʠ, ʘ ʪʘʢʦʞ 

ʙʦʻʟʜʘʪʥʽʩʪʴ ʚʽʡʩʴʢʦʚʦʩʣʫʞʙʦʚʮʽʚ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ.  

ɺ ʫʤʦʚʘʭ ʙʦʡʦʚʠʭ ʜʽʡ ʭʘʨʯʫʚʘʥʥʷ ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ. ɺ ʮʴʦʤʫ 

ʨʘʟʽ ʧʨʠ ʚʠʙʦʨʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʨʝʞʠʤʫ ʭʘʨʯʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ 

ʪʘʢʠʭ ʥʝʛʘʪʠʚʥʠʭ ʯʠʥʥʠʢʽʚ, ʷʢ ʧʽʜʚʠʱʝʥʽ ʥʝʨʚʦʚʦ-ʝʤʦʮʽʡʥʽ ʪʘ ʬʽʟʠʯʥʽ 

ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʪʣʽ ʥʝʩʪʽʡʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦʚʢʽʣʣʷ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʧʦʩʠʣʝʥʥʷ ʢʘʪʘʙʦʣʽʟʤʫ ʙʽʣʢʽʚ, ʚʽʪʘʤʽʥʽʚ, ʽʥʰʠʭ ʚʘʞʣʠʚʠʭ ʥʫʪʨʽʻʥʪʽʚ [1]. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʭʘʨʯʦʚʽ ʧʨʦʜʫʢʪʠ ʟ 

ʜʦʩʪʘʪʥʴʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʧʨʠʨʦʜʥʠʭ ʩʧʦʣʫʢ-ʘʜʘʧʪʦʛʝʥʽʚ, ʦʧʪʠʤʘʣʴʥʦʶ 

ʬʦʨʤʦʶ ʦʪʨʠʤʘʥʥʷ ʷʢʠʭ ʻ ʜʽʻʪʠʯʥʽ ʜʦʙʘʚʢʠ. ʋ ɿʘʢʦʥʽ 771/97-ɺʈ çʇʨʦ ʦʩʥʦʚʥʽ 

ʧʨʠʥʮʠʧʠ ʪʘ ʚʠʤʦʛʠ ʜʦ ʙʝʟʧʝʯʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚè ʟʘ ʨʝʜʘʢʮʽʻʶ 

ʚʽʜ 16.01.2020 ʨ. ʜʘʥʦ ʪʘʢʝ ʚʠʟʥʘʯʝʥʥʷ: ʜʽʻʪʠʯʥʘ ʜʦʙʘʚʢʘ ï ʭʘʨʯʦʚʠʡ ʧʨʦʜʫʢʪ, 

ʷʢʠʡ çʻ ʢʦʥʮʝʥʪʨʦʚʘʥʠʤ ʜʞʝʨʝʣʦʤ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʙʽʣʢʽʚ, 

ʞʠʨʽʚ, ʚʫʛʣʝʚʦʜʽʚ, ʚʽʪʘʤʽʥʽʚ, ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ) ʘʙʦ ʽʥʰʠʭ ʨʝʯʦʚʠʥ ʟ 

ʧʦʞʠʚʥʠʤ ʘʙʦ ʬʽʟʽʦʣʦʛʽʯʥʠʤ ʝʬʝʢʪʦʤ; ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʫ ʬʦʨʤʽ ʢʘʧʩʫʣ, 

ʧʘʩʪʠʣʦʢ, ʧʽʛʫʣʦʢ ʪʘ ʩʘʰʝ, ʘʤʧʫʣ ʟ ʨʽʜʠʥʘʤʠ, ʧʣʷʰʦʢ ʜʣʷ ʢʨʘʧʝʣʴʥʦʛʦ 

ʜʦʟʫʚʘʥʥʷ ʯʠ ʚ ʽʥʰʠʭ ʬʦʨʤʘʭ ʨʽʜʠʥ ʪʘ/ʘʙʦ ʧʦʨʦʰʢʽʚ; ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʩʧʦʞʠʚʘʥʥʷ ʚ ʥʝʚʝʣʠʢʠʭ ʚʠʟʥʘʯʝʥʠʭ ʢʽʣʴʢʦʩʪʷʭ; ʩʧʦʞʠʚʘʻʪʴʩʷ ʷʢ ʜʦʧʦʚʥʝʥʥʷ 
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ʜʦ ʟʚʠʯʘʡʥʦʛʦ ʭʘʨʯʦʚʦʛʦ ʨʘʮʽʦʥʫ ʦʢʨʝʤʦ ʘʙʦ ʚ ʢʦʤʙʽʥʘʮʽʾ ʟ ʽʥʰʠʤʠ ʭʘʨʯʦʚʠʤʠ 

ʧʨʦʜʫʢʪʘʤʠè [2]. 

ɸʜʘʧʪʦʛʝʥʠ ï ʮʝ ʧʨʠʨʦʜʥʽ ʟʘʩʦʙʠ, ʷʢʽ ʩʪʠʤʫʣʶʶʪʴ ʟʘʭʠʩʥʽ ʩʠʣʠ ʦʨʛʘʥʽʟʤʫ 

ʣʶʜʠʥʠ, ʧʨʠʩʪʦʩʦʚʫʶʪʴ ʡʦʛʦ ʜʦ ʟʤʽʥ ʧʦʛʦʜʠ, ʢʦʣʠʚʘʥʴ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ, 

ʧʽʜʚʠʱʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʪʨʝʩʽʚ, ʬʽʟʠʯʥʫ ʡ ʨʦʟʫʤʦʚʫ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ. ʄʝʭʘʥʽʟʤ 

ʜʽʾ ʘʜʘʧʪʦʛʝʥʽʚ ï ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʥʝʩʧʝʮʠʬʽʯʥʦʾ ʦʧʽʨʥʦʩʪʽ ʦʨʛʘʥʽʟʤʫ 

ʥʝʛʘʪʠʚʥʦʤʫ (ʰʢʽʜʣʠʚʦʤʫ) ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʙʽʦʣʦʛʽʯʥʦʾ, ʬʽʟʠʯʥʦʾ ʪʘ ʭʽʤʽʯʥʦʾ 

ʧʨʠʨʦʜʠ. ʇʨʝʧʘʨʘʪʠ ʚʢʘʟʘʥʦʾ ʛʨʫʧʠ ʩʪʚʦʨʶʶʪʴ ʩʪʘʥ, ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʦʨʛʘʥʽʟʤ 

ʢʨʘʱʝ ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʟʤʽʥ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʽʜʙʫʚʘʻʪʴʩʷ 

ʘʢʪʠʚʽʟʘʮʽʷ ʩʠʥʪʝʟʫ ʈʅʂ ʽ ʙʽʣʢʽʚ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʧʦʩʠʣʶʶʪʴʩʷ ʚʽʜʥʦʚʥʽ 

ʧʨʦʮʝʩʠ [3]. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʜʽʻʪʠʯʥʦʾ ʜʦʙʘʚʢʠ ʘʜʘʧʪʦʛʝʥʥʦʾ ʜʽʾ ʦʙʨʘʥʦ ʪʘʢʽ ʩʢʣʘʜʥʠʢʠ: 

ʧʣʦʜʠ ʛʦʨʦʙʠʥʠ, ʢʦʨʽʥʴ ʨʦʜʽʦʣʠ ʨʦʞʝʚʦʾ, ʣʠʩʪʷ ʘʰʚʘʛʘʥʜʠ, ʢʦʨʽʥʴ ʩʦʣʦʜʢʠ ʪʘ 

ʦʤʘʥ ʚʠʩʦʢʠʡ. ɿʜʽʡʩʥʶʻʤʦ ʘʥʘʣʽʟ ʢʦʤʧʦʥʝʥʪʽʚ ʜʘʥʦʾ ʢʦʤʧʦʟʠʮʽʾ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ.  

ʇʣʦʜʠ ʛʦʨʦʙʠʥʠ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʚʽʪʘʤʽʥʥʠʭ ʟʙʦʨʽʚ, ʘ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʟʘʭʚʦʨʶʚʘʥʥʷʭ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ, 

ʘʪʝʨʦʩʢʣʝʨʦʟʽ ʪʘ ʛʽʧʝʨʪʦʥʽʯʥʽʡ ʭʚʦʨʦʙʽ; ʢʦʨʽʥʴ ʨʦʜʽʦʣʠ ʨʦʞʝʚʦʾ ʤʘʻ 

ʟʘʛʘʣʴʥʦʟʤʽʮʥʶʶʯʫ ʪʘ ʽʤʫʥʦʤʦʜʫʣʶʶʯʫ ʜʽʶ; ʘʰʚʘʛʘʥʜʘ ï ʙʦʨʝʪʴʩʷ ʟʽ ʩʪʨʝʩʦʤ, 

ʧʦʣʽʧʰʫʻ ʧʘʤ'ʷʪʴ, ʧʽʜʚʠʱʫʻ ʟʘʭʠʩʥʽ ʩʠʣʠ ʦʨʛʘʥʽʟʤʫ ʪʘ ʥʦʨʤʘʣʽʟʫʻ ʬʫʥʢʮʽʶ 

ʱʠʪʦʧʦʜʽʙʥʦʾ ʟʘʣʦʟʠ; ʢʦʨʽʥʴ ʩʦʣʦʜʢʠ ï ʟʤʝʥʰʫʻ ʩʪʨʝʩ; ʦʤʘʥ ʚʠʩʦʢʠʡ ʤʘʻ 

ʟʘʛʘʣʴʥʦʟʤʽʮʥʶʶʯʫ ʜʽʶ [4, 5, 6]. 

ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʘʥʠʡ ʟʙʽʨ ʯʠʥʠʪʠʤʝ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʚʩʽ ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʚ. ɼʽʷ ʚʩʽʭ ʨʦʩʣʠʥ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʥʠʞʝʥʥʷ ʩʪʨʝʩʫ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʦʧʽʨʥʦʩʪʽ ʦʨʛʘʥʽʟʤʫ ʚ ʥʠʥʽʰʥʽʡ ʩʢʣʘʜʥʽʡ ʩʠʪʫʘʮʽʾ. ʆʢʨʽʤ ʮʴʦʛʦ, 

ʪʘʢʠʡ ʟʙʽʨ ʤʘʪʠʤʝ ʧʨʠʚʘʙʣʠʚʠʡ ʚʠʛʣʷʜ ʪʘ ʘʨʦʤʘʪ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʪʘʢʠʡ ʢʦʤʧʦʥʝʥʪʥʠʡ ʩʢʣʘʜ ʫ ʧʨʦʮʝʥʪʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ:  

¶ ʧʣʦʜʠ ʛʦʨʦʙʠʥʠ ï 15;  

¶ ʢʦʨʽʥʴ ʨʦʜʽʦʣʠ ʨʦʞʝʚʦʾ ï 15;  

¶ ʘʰʚʘʛʘʥʜʘ ï 20;  
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¶ ʢʦʨʽʥʴ ʩʦʣʦʜʢʠ ï 25;  

¶ ʦʤʘʥ ʚʠʩʦʢʠʡ ï 25. 

ʇʣʦʜʠ ʛʦʨʦʙʠʥʠ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʧʦʣʽʚʽʪʘʤʽʥʥʠʤ ʟʘʩʦʙʦʤ [5]. ɼʦ ʩʢʣʘʜʫ 

ʧʣʦʜʽʚ ʚʭʦʜʷʪʴ ʪʘʢʽ ʬʝʥʦʣʴʥʽ ʩʧʦʣʫʢʠ, ʷʢ ʬʣʘʚʦʥʦʣʠ (ʚʽʜ 20 ʜʦ 240 ʤʛ%), 

ʘʥʪʦʮʽʘʥʠ (ʚʽʜ 300 ʜʦ 1500 ʤʛ%), ʢʘʪʝʭʽʥʠ (ʙʣʠʟʴʢʦ 412 ʤʛ%, ʘ ʪʘʢʦʞ ʬʦʣʽʻʚʘ 

ʢʠʩʣʦʪʘ (ʚʽʜ 0,18 ʜʦ 0,25 ʤʛ%), ʢʘʨʦʪʠʥ (ʚʽʜ 5 ʜʦ 12 ʤʛ%), ʚʽʪʘʤʽʥʠ ʉ (ʚʽʜ 50 ʜʦ 

100 ʤʛ%), ɺ2 (ʚʽʜ 0,05 ʜʦ 0,08 ʤʛ%), ʂ (ʙʣʠʟʴʢʦ 0,4 ʤʛ%) ʪʘ ɽ (ʚʽʜ 1 ʜʦ 5 ʤʛ%). 

ʂʨʽʤ ʮʴʦʛʦ, ʨʦʩʣʠʥʘ ʤʽʩʪʠʪʴ ʚʠʥʥʫ, ʷʙʣʫʯʥʫ, ʱʘʚʣʝʚʫ, ʷʥʪʘʨʥʫ, ʜʦ 85 ʤʛ 

ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʙʣʠʟʴʢʦ 8 % ʮʫʢʨʫ, ʚʽʜ 0,3 ʜʦ 0,6 % ʜʫʙʠʣʴʥʠʭ ʽ 

ʧʝʢʪʠʥʦʚʠʭ ʨʝʯʦʚʠʥ, ʤʽʥʝʨʘʣʴʥʽ ʩʦʣʽ ʪʘ ʩʧʠʨʪ ʩʦʨʙʽʪ.  

ɼʦ ʬʣʘʚʦʥʦʾʜʽʚ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʚ ʧʣʦʜʘʭ ʛʦʨʦʙʠʥʠ ʥʘʣʝʞʘʪʴ ʽʟʦʢʚʝʨʮʽʪʨʠʥ, 

ʢʚʝʨʮʽʪʨʠʥ, ʩʧʽʨʝʦʟʠʜ, ʨʫʪʠʥ ʽ ʤʝʨʘʪʠʥ. ʋ ʧʣʦʜʘʭ ʚʠʷʚʣʝʥʽ ʚʽʪʘʤʽʥʠ: 

ʢʘʨʦʪʠʥʦʾʜʠ (ʪʝʪʨʘʪʝʨʧʝʥʦʾʜʠ) ð ʜʦ 27 ʤʛ% (Ŭ-ʢʘʨʦʪʠʥ, ɓ-ʢʘʨʦʪʠʥ ð 3,8 ʤʛ%, 

ʥʝʦ-ɓ-ʢʘʨʦʪʠʥ ð 3,3 ʤʛ%, ɝ-ʢʘʨʦʪʠʥ ð 1,6 ʤʛ%, ʧʦʣʽʢʦʧʽʥ 1,4 ʤʛ%, ʮʠʩð ʽ 

ʪʨʘʥʩ-ʢʨʠʧʪʦʢʩʘʥʪʠʥʠ, 5,6-ʤʦʥʦʝʧʦʢʩʠʜ Ŭ-ʢʘʨʦʪʠʥʫ, 5,6-ʤʦʥʦʝʧʦʢʩʠʜ 

ɓ-ʢʘʨʦʪʠʥʫ, ʤʫʪʘʪʦʭʨʦʤ, ʬʽʪʦʬʣʫʾʥ, ʘʫʨʦʭʨʦʤ, ʟʝʘʢʩʘʥʪʠʥ, ʣʶʪʝʾʥ, 

ʚʽʦʣʘʢʩʘʥʪʠʥ) 

ɸʰʚʘʛʘʥʜʘ ʤʘʻ ʙʝʟʣʽʯ ʢʦʨʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʧʦʷʩʥʶʶʪʴʩʷ ʙʘʛʘʪʠʤ 

ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʧʨʘʚʠʣʴʥʦ ʟʘʛʦʪʦʚʣʝʥʦʛʦ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ. ɼʦ ʩʢʣʘʜʫ ʮʽʻʾ 

ʨʦʩʣʠʥʠ ʚʭʦʜʷʪʴ ʘʤʽʥʦʢʠʩʣʦʪʠ, ʩʘʧʦʥʽʥʠ, ʛʣʽʢʦʟʠʜʠ, ʬʽʪʦʩʪʝʨʠʥʠ, ʘʣʢʘʣʦʾʜʠ, 

ʟʘʣʽʟʦ ʪʘ ʚʽʪʘʬʝʨʠʥ ɸ. 

ɺ ʦʩʥʦʚʥʦʤʫ ʘʰʚʘʛʘʥʜʘ ʧʦʢʨʘʱʫʻ ʢʦʛʥʽʪʠʚʥʽ ʪʘ ʚʠʢʦʥʘʚʯʽ ʬʫʥʢʮʽʾ, 

ʟʤʽʮʥʶʻ ʧʘʤ'ʷʪʴ, ʫʚʘʛʫ ʪʘ ʧʨʠʩʢʦʨʶʻ ʨʝʘʢʮʽʶ. ɺʽʪʘʬʝʨʠʥ ɸ ʟʘʧʫʩʢʘʻ ʧʨʦʮʝʩʠ, 

ʱʦ ʩʧʨʠʷʶʪʴ ʟʘʧʦʙʽʛʘʥʥʶ ʫʪʚʦʨʝʥʥʷ ʚʪʦʨʠʥʥʠʭ ʚʦʛʥʠʱ ʧʫʭʣʠʥʥʦʛʦ ʨʦʩʪʫ 

(ʤʝʪʘʩʪʘʟʠ). ʄʽʞʥʘʨʦʜʥʝ ʚʠʜʘʥʥʷ World Journal of Medical Sciences ʧʦʚʽʜʦʤʠʣʦ 

ʧʨʦ ʢʦʨʠʩʪʴ ʘʰʚʘʛʘʥʜʠ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʛʽʧʝʨʪʦʥʽʯʥʽʡ ʭʚʦʨʦʙʽ, 

ʧʨʦʷʚʣʷʶʯʠ ʘʥʪʠʭʦʣʝʩʪʝʨʠʥʦʚʫ ʜʽʶ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʨʦʙʦʪʫ ʤ'ʷʟʽʚ ʩʝʨʮʷ ʪʘ 

ʢʨʦʚʦʥʦʩʥʠʭ ʩʫʜʠʥ [6]. ʇʘʩʣʴʦʥʦʚʘ ʨʦʩʣʠʥʘ ʧʨʦʷʚʣʷʻ ʘʥʪʠʩʪʨʝʩʦʚʠʡ ʝʬʝʢʪ, 

ʟʥʠʞʫʶʯʠ ʩʝʢʨʝʮʽʶ ʥʘʜʥʠʨʢʦʚʠʭ ʟʘʣʦʟ ʛʦʨʤʦʥʘʣʴʥʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʚʠʨʦʙʣʷʻʪʴʩʷ ʧʨʠ ʩʪʨʝʩʦʚʠʭ ʩʠʪʫʘʮʽʷʭ. ɯʥʜʽʡʩʴʢʠʡ ʞʫʨʥʘʣ çʂʣʽʥʽʯʥʘ ʤʝʜʠʮʠʥʘè 
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ʤʽʩʪʠʪʴ ʩʪʘʪʪʶ ʧʨʦ ʢʦʨʠʩʪʴ ʘʰʚʘʛʘʥʜʠ, ʚʦʥʘ ʟʥʠʞʫʻ ʨʠʟʠʢ ʨʦʟʚʠʪʢʫ 

ʜʝʧʨʝʩʠʚʥʦʛʦ ʩʪʘʥʫ, ʪʨʠʚʦʞʥʠʭ ʨʦʟʣʘʜʽʚ, ʩʫʜʦʤʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʧʨʦʙʣʝʤ ʽʟ 

ʟʘʩʠʥʘʥʥʷʤ [7]. 

ʋ ʢʦʨʝʥʷʭ ʽ ʢʦʨʝʥʝʚʠʱʘʭ ʩʦʣʦʜʢʠ ʤʽʩʪʠʪʴʩʷ ʜʦ 23% ʪʨʠʪʝʨʧʝʥʦʚʠʭ 

ʩʘʧʦʥʽʥʽʚ: ʛʣʽʮʠʨʠʟʠʥ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʘʣʽʻʚʫ ʽ ʥʘʪʨʽʻʚʫ ʩʽʣʴ 

ʛʣʽʮʠʨʠʟʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʽ ʷʢʠʡ ʥʘʜʘʻ ʩʦʣʦʜʢʦʛʦ ʩʤʘʢʫ ʢʦʨʝʥʷʤ, 27 ʬʣʘʚʦʥʦʾʜʽʚ 

(ʣʽʢʚʽʨʠʪʠʥ, ʣʽʢʚʽʨʠʪʦʟʠʜ, ʽʟʦʣʽʢʚʽʨʠʪʠʥ, ʣʽʢʚʽʨʠʪʠʛʝʥʽʥ ʪʘ ʽʥ.), ʚʤʽʩʪ ʷʢʠʭ 

ʜʦʩʷʛʘʻ 4%, ʛʣʽʮʠʨʝʪʠʥʦʚʘ (ʛʣʘʙʨʦʚʘ) ʢʠʩʣʦʪʘ, ʝʬʽʨʥʘ ʦʣʽʷ, ʘʩʧʘʨʘʛʽʥ, 

ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ (ʜʦ 30 ʤʛ / 100 ʛ), ʛʽʨʢʦʪʠ, ʧʽʛʤʝʥʪʠ, ʢʘʤʝʜʽ, ʩʪʝʨʦʾʜʠ 

(ʩʪʝʨʦʣʠ, ʚʢʣʶʯʘʶʯʠ ʙʝʪʘ-ʩʠʪʦʩʪʝʨʦʣ, ʩʽʛʤʘʩʪʝʨʦʣ), ʢʨʦʭʤʘʣʴ (ʜʦ 30%), ʙʽʣʢʠ, 

ʨʽʟʥʽ ʮʫʢʨʠ [8, 9]. 

ʂʦʨʝʥʝʚʠʱʝ ʽ ʢʦʨʝʥʽ ʦʤʘʥʫ ʚʠʩʦʢʦʛʦ ʤʽʩʪʷʪʴ ʽʥʫʣʽʥ (ʜʦ 44%) ʪʘ ʽʥʰʽ 

ʧʦʣ̔ʩʘʭʘʨʠʜʠ (ʧʩʝʚʜʦ̔ʥʫʣ̔ʥ, ʥ̔ʫʣʝʥ̔ʥ), ʩʤʦӢʣʠ, ʢʘʤʝʜʴ, ʩʣʽʜʠ ʘʣʢʘʣʦʾʜʽʚ, 

ʩʘʧʦʥ̔ʥʠ, ʦʨʛʘʥ̔ʯʥ̔ ʢʠʩʣʦӢʪʠ ʡ ʝʬ̔ʨʥʫ ʦʣ̔ʁ  (ʜʦ 4,3%), ʫ ʩʢʣʘʜ̔ ̫ʢʦʾ ̒ ʙ̔ʮʠʢʣ̔ʯʥ̔ 

ʩʝʩʢʚʽʪʝʨʧʝʥʦʚʽ ʣʘʢʪʦʥʠ (ʘʣʘʥʪʦʣʘʢʪʦʥ, ʽʟʦʘʣʘʥʪʦʣʘʢʪʦʥ, ʜʠʛʽʜʨʦʘʣʘʥʪʦʣʘʢʪʦʥ), 

ʘʣʘʥʪʦʣ, ʧʨʦʘʟʫʣʝʥ ʽ Ŭ-ʪʦʢʦʬʝʨʦʣ [10]. ɺʚʘʞʘʶʪʴ, ʱʦ ʣʽʢʫʚʘʣʴʥʘ ʜʽʷ ʨʦʩʣʠʥʠ 

ʟʫʤʦʚʣʝʥʘ ʛʝʣʝʥʽʥʦʤ ʘʙʦ ʘʣʘʥʪʦʚʦʶ ʢʘʤʬʦʨʦʶ (ʘʣʘʥʪʦʣʘʢʪʦʥʦʤ). ɺʽʥ ʧʦʣʽʧʰʫʻ 

ʪʨʘʚʣʝʥʥʷ; ʥʦʨʤʘʣʽʟʫʻ ʜʽʷʣʴʥʽʩʪʴ ʪʨʘʚʥʦʛʦ ʢʘʥʘʣʫ, ʨʝʛʫʣʶʻ ʦʙʤʽʥ ʨʝʯʦʚʠʥ [11]. 

ʆʤʘʥ ʚʠʩʦʢʠʡ ʟʙʫʜʞʫʻ ʘʧʝʪʠʪ, ʧʦʣʽʧʰʫʻ ʪʨʘʚʣʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʧʦʥʠʞʝʥʽʡ 

ʢʠʩʣʦʪʥʦʩʪʽ, ʨʝʛʫʣʶʻ ʩʝʢʨʝʪʦʨʥʫ ʬʫʥʢʮʽʶ ʰʣʫʥʢʘ ʽ ʢʠʰʦʢ ʪʘ ʩʪʠʤʫʣʶʻ 

ʟʘʛʘʣʴʥʠʡ ʦʙʤʽʥ ʨʝʯʦʚʠʥ ʚ ʦʨʛʘʥʽʟʤʽ. 

ʆʩʥʦʚʥʠʤʠ ʜʽʶʯʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʨʦʜʽʦʣʠ ʨʦʞʝʚʦʾ ʻ ʬʝʥʦʣʴʥʽ ʩʧʦʣʫʢʠ: 

ʬʝʥʦʣʦʩʧʠʨʪʠ ʪʘ ʾʭ ʛʣʽʢʦʟʠʜʠ: ʪʠʨʦʟʦʣ (n-ʛʽʜʨʦʢʩʠʬʝʥʽʣʝʪʘʥʦʣ) ð 0,25% ʽ 

ʩʘʣʽʜʨʦʟʠʜ (ʨʦʜʽʦʣʦʟʠʜ) ð 0,51ï1,39%; ʦʨʛʘʥʽʯʥʽ ʢʠʩʣʦʪʠ: ʱʘʚʣʝʚʘ, ʷʙʣʫʯʥʘ, 

ʙʫʨʰʪʠʥʦʚʘ, ʣʠʤʦʥʥʘ, ʛʘʣʦʚʘ; ʤʝʪʠʣʦʚʠʡ ʝʪʝʨ ʛʘʣʦʚʦʾ ʢʠʩʣʦʪʠ; ʛʣʽʢʦʟʠʜʠ 

ʢʦʨʠʯʥʦʛʦ ʩʧʠʨʪʫ: ʨʦʟʘʚʽʥ ð 1ï2,5%, ʨʦʟʘʨʠʥ, ʨʦʟʠʥ; ʬʣʘʚʦʥʦʾʜʠ: ʢʝʤʧʬʝʨʦʣ, 

ʘʩʪʨʘʛʘʣʽʥ, 7-ʨʘʤʥʦʟʠʜ ʢʝʤʧʬʝʨʦʣʫ, ʪʨʠʮʠʥ, 5-ʛʣʶʢʦʟʠʜ ʽ 7-ʛʣʶʢʦʟʠʜ ʪʨʠʮʠʥʫ, 

ʨʦʜʽʦʥʽʥ, ʨʦʜʽʦʟʠʥ, ʘʮʝʪʠʣʨʦʜʘʣʛʽʥ, 8-ʤʝʪʠʣʛʝʨʙʘʮʝʪʠʥ; ʬʣʘʚʦʣʽʛʥʘʥ ʨʦʜʽʦʣʽʥ; 

ʜʫʙʠʣʴʥʽ ʨʝʯʦʚʠʥʠ ʧʽʨʦʛʘʣʦʚʦʾ ʛʨʫʧʠ ð 15,9ï20,25%; ʘʥʪʨʘʭʽʥʦʥʠ.  

ʉʠʨʦʚʠʥʘ ʤʽʩʪʠʪʴ ʪʘʢʦʞ ʚʫʛʣʝʚʦʜʠ: ʛʣʶʢʦʟʫ ʽ ʬʨʫʢʪʦʟʫ ð 2,31%, 
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ʩʘʭʘʨʦʟʫ ð 0,53%, ʩʝʜʦʛʝʧʪʫʣʦʟʫ; ʪʝʨʧʝʥʦʾʜʠ: ʨʦʟʠʨʠʜʠʥ, ʨʦʟʠʨʠʜʦʣ; ʝʬʽʨʥʫ 

ʦʣʽʶ ð 0,8ï0,9%, ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʷʪʴ ʢʦʨʠʯʥʠʡ ʘʣʴʜʝʛʽʜ, ʮʠʪʨʘʣʴ, 

ʬʝʥʽʣʝʪʠʣʦʚʠʡ ʩʧʠʨʪ, ɓ-ʬʝʥʽʣʝʪʠʣʘʮʝʪʘʪ; ʩʪʝʨʦʾʜʠ: ɓ-ʩʠʪʦʩʪʝʨʠʥ; ʘʣʢʘʣʦʾʜʠ; 

ʤʘʢʨʦ- ʪʘ ʤʽʢʨʦʝʣʝʤʝʥʪʠ: K, Ca, Mg, Fe, Mn (ʈ.ʨ. ð ʤʘʥʛʘʥʦʬʽʣ), Zn, Cu, Ti, S, 

Cl, Br, J, Al, Mo, Se [12]. 

ɼʘʥʠʡ ʟʙʽʨ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʞʠʚʘʪʠ ʚ ʚʠʛʣʷʜʽ ʥʘʩʪʦʷʥʢʠ. 2 ʩʪʦʣʦʚʽ ʣʦʞʢʠ 

ʟʙʦʨʫ ʟʘʚʘʨʠʪʠ ʫ 500 ʤʣ ʦʢʨʦʧʫ, ʥʘʩʪʦʷʪʠ ʫ ʟʘʢʨʠʪʦʤʫ ʧʦʩʫʜʽ ʧʨʦʪʷʛʦʤ 1 

ʛʦʜʠʥʠ, ʧʨʦʮʽʜʠʪʠ. ɸʜʘʧʪʦʛʝʥʠ ʪʘʢʦʞ ʤʦʞʥʘ ʜʦʜʘʪʠ ʫ ʩʢʣʘʜ ʩʤʫʟʽ. 

ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʠʡʤʘʪʠ ʾʭ ʚ ʦʩʦʙʣʠʚʦ ʩʪʨʝʩʦʚʽ ʧʝʨʽʦʜʠ (ʜʝʢʽʣʴʢʘ ʜʥʽʚ ʘʙʦ 

ʪʠʞʥʽʚ), ʘ ʧʦʪʽʤ ʨʦʙʠʪʠ ʥʝʚʝʣʠʢʫ ʧʝʨʝʨʚʫ.  

ɿʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʞʝʨʝʣʘʤʠ, ʪʘʢʠʡ ʟʙʽʨ ʢʨʘʱʝ ʚʞʠʚʘʪʠ ʚ ʧʝʨʰʽʡ 

ʧʦʣʦʚʠʥʽ ʜʥʷ. ʊʘʢʦʞ ʜʦʙʘʚʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʩʫʭʦʤʫ 

ʚʠʛʣʷʜʽ - ʧʦʨʦʰʢʠ, ʛʨʘʥʫʣʠ, ʢʘʧʩʫʣʠ, ʪʘʙʣʝʪʢʠ ʪʦʱʦ. ʊʘʢʠʡ ʟʙʽʨ ʥʝ 

ʚʽʜʨʽʟʥʷʪʠʤʝʪʴʩʷ ʟʘ ʮʽʥʦʶ ʚʽʜ ʽʥʰʠʭ ʬʽʪʦʜʦʙʘʚʦʢ, ʦʩʢʽʣʴʢʠ ʩʠʨʦʚʠʥʘ ʜʦʩʠʪʴ 

ʧʦʰʠʨʝʥʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʘ ʪʝʭʥʦʣʦʛʽʷ ʢʣʘʩʠʯʥʘ ʽ ʥʝ ʧʦʪʨʝʙʫʻ 

ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʯʠ ʜʦʨʦʛʦʚʘʨʪʽʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʊʝʭʥʦʣʦʛʽʷ ʥʝ ʤʘʻ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʥʘ ʝʢʦʣʦʛʽʯʥʫ ʩʠʪʫʘʮʽʶ. ʈʦʩʣʠʥʥʽ 

ʚʽʜʭʦʜʠ, ʧʣʦʜʦʥʽʞʢʠ, ʥʝʢʦʥʜʠʮʽʡʥʘ ʩʠʨʦʚʠʥʘ ʡʜʝ ʥʘ ʧʝʨʝʨʦʙʣʝʥʥʷ ʥʘ ʢʦʤʧʦʩʪ: 

ʡʦʛʦ ʤʦʞʥʘ ʧʨʦʜʘʚʘʪʠ ʷʢ ʫʨʦʟʜʨʽʙ ʜʣʷ ʚʠʩʘʜʞʫʚʘʥʥʷ ʢʽʤʥʘʪʥʠʭ ʨʦʩʣʠʥ ʯʠ 

ʨʦʟʩʘʜʠ ʚʜʦʤʘ, ʪʘʢ ʽ ʜʣʷ ʧʦʪʨʝʙ ʘʛʨʦʬʽʨʤ. 

ɺʦʜʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʤʠʚʘʥʥʷ ʢʦʨʝʥʽʚ, ʤʦʞʝ ʦʯʠʱʘʪʠʩʷ ʚʽʜ 

ʟʘʚʠʩʣʠʭ ʯʘʩʪʦʢ ʽ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʥʘ ʧʝʨʰʠʭ ʝʪʘʧʘʭ ʤʠʪʪʷ. 

ʆʧʠʩ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʜʽʻʪʠʯʥʦʾ ʜʦʙʘʚʢʠ ʫ ʚʠʛʣʷʜʽ ʧʦʨʦʰʢʫ. 

ʇʽʜʛʦʪʦʚʢʘ ʩʠʨʦʚʠʥʠ: ʢʦʨʝʥʽ ʤʠʶʪʴ ʚʽʜ ʟʝʤʣʽ, ʷʛʦʜʠ ʛʦʨʦʙʠʥʠ ʟʚʽʣʴʥʷʶʪʴ 

ʚʽʜ ʧʣʦʜʦʥʽʞʢʠ. ʂʦʨʽʥʴ ʦʤʘʥʫ 2-3 ʜʥʽ ʧʨʦʚôʷʣʶʶʪʴ ʥʘ ʧʦʚʽʪʨʽ, ʨʽʞʫʪʴ ʥʘ 

ʰʤʘʪʢʠ ʟʘʚʜʦʚʞʢʠ 10-15 ʩʤ. ʂʦʨʽʥʴ ʩʦʣʦʜʢʠ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʩʫʰʽʥʥʷ ʚ'ʷʣʷʪʴ 

ʧʨʦʪʷʛʦʤ 122 ʜʥʽʚ, ʨʦʟʨʽʟʘʶʪʴ ʫʟʜʦʚʞ ʥʘ ʯʘʩʪʠʥʠ ʜʦʚʞʠʥʦʶ 30ï35 ʩʤ. 

ʉʫʰʽʥʥʷ: ʧʽʜʛʦʪʦʚʣʝʥʫ ʩʠʨʦʚʠʥʫ ʚʠʩʫʰʫʶʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 35-40 Áʉ ʫ 

ʩʧʝʮʽʘʣʴʥʠʭ ʩʫʰʠʣʴʥʠʭ ʘʧʘʨʘʪʘʭ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʟʘʣʠʰʢʦʚʦʾ ʚʦʣʦʛʠ 10-12%.  

ʇʽʩʣʷ ʩʫʰʽʥʥʷ ʫʩʽ ʢʦʤʧʦʥʝʥʪʠ ʟʙʦʨʫ ʧʦʜʨʽʙʥʶʶʪʴʩʷ ʥʘ ʚʠʨʦʙʥʠʯʠʭ 
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ʤʣʠʥʘʭ ʜʦ ʫʪʚʦʨʝʥʥʷ ʧʦʨʦʰʢʽʚ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʦʢ 1-2 ʤʤ ʪʘ ʜʦʟʫʶʪʴ ʫ 

ʥʝʦʙʭʽʜʥʽʡ ʢʽʣʴʢʦʩʪʽ, ʧʝʨʝʤʽʰʫʶʪʴ ʪʘ ʧʘʢʫʶʪʴ (ʧʝʨʝʚʘʞʥʦ ʚ ʧʘʧʝʨʦʚʽ ʧʘʢʝʪʠ ʟ 

ʚʥʫʪʨʽʰʥʴʦʶ ʬʦʣʴʛʦʚʦʶ ʚʢʣʘʜʢʦʶ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ). 

ʅʘ ʟʘʧʘʢʦʚʘʥʽ ʧʘʢʝʪʠ ʟʽ ʟʙʦʨʦʤ ʥʘʥʦʩʷʪʴ ʝʪʠʢʝʪʢʫ ʪʘ ʜʘʪʫ ʚʠʛʦʪʦʚʣʝʥʥʷ. 

ʅʘ ʝʪʠʢʝʪʮʽ ʦʙʦʚôʷʟʢʦʚʦ ʤʘʻ ʙʫʪʠ ʚʢʘʟʘʥʦ: ʩʢʣʘʜ ʟʙʦʨʫ, ʦʧʠʩ ʡʦʛʦ ʜʽʾ, ʚʤʽʩʪ 

ʦʩʥʦʚʥʠʭ ʜʽʶʯʠʭ ʨʝʯʦʚʠʥ, ʧʦʢʘʟʘʥʥʷ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʩʧʦʩʽʙ ʟʘʩʪʦʩʫʚʘʥʥʷ, 

ʫʤʦʚʠ ʪʘ ʪʝʨʤʽʥ ʟʙʝʨʽʛʘʥʥʷ, ʜʘʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʩʝʨʽʷ ʪʘ ʥʦʤʝʨ ʧʘʨʪʽʾ, ʘʜʨʝʩʘ 

ʧʦʪʫʞʥʦʩʪʝʡ ʚʠʨʦʙʥʠʢʘ. ɼʣʷ ʟʘʮʽʢʘʚʣʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʫ ʜʽʻʪʠʯʥʽʡ ʜʦʙʘʚʮʽ 

ʧʣʘʥʫʻʪʴʩʷ ʨʦʟʨʦʙʠʪʠ ʷʩʢʨʘʚʫ ʝʪʠʢʝʪʢʫ ʟ ʟʦʙʨʘʞʝʥʥʷʤʠ ʨʦʩʣʠʥ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ 

ʩʢʣʘʜʫ ʟʙʦʨʫ, ʟ ʦʨʽʻʥʪʦʚʥʦʶ ʥʘʟʚʦ  ʁçʉʽʤ ʥʝʙʝʩè. ʈʝʢʣʘʤʫ ʙʫʜʝ ʨʦʟʤʽʱʝʥʦ ʚ 

ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ. 

ɼʣʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʦʚʫ ʜʦʙʘʚʢʫ ʧʣʘʥʫʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ 

ʪʨʝʥʽʥʛʠ ʪʘ ʚʝʙʽʥʘʨʠ, ʜʝ ʨʦʟʧʦʚʽʜʘʪʠʤʫʪʴ ʧʨʦ ʢʦʨʠʩʪʴ ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ, ʯʠʤ 

ʢʦʨʠʩʥʽ ʨʦʩʣʠʥʠ ʘʜʘʧʪʦʛʝʥʠ ʪʘ ʯʦʤʫ ʚʘʞʣʠʚʦ ʚ ʩʫʯʘʩʥʽʡ ʝʢʩʪʨʝʤʘʣʴʥʽʡ ʩʠʪʫʘʮʽʾ 

ʚʞʠʚʘʪʠ ʧʨʝʧʘʨʘʪʠ ʘʜʘʧʪʦʛʝʥʠ. ʊʘʢʽ ʟʘʭʦʜʠ ʜʦʟʚʦʣʷʪʴ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ 

ʦʙʽʟʥʘʥʦʩʪʽ ʧʦʪʝʥʮʽʡʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʚ ʧʠʪʘʥʥʽ ʜʽʾ ʩʪʨʝʩʫ ʥʘ ʦʨʛʘʥʽʟʤ ʽ 

ʧʽʜʚʠʱʠʪʠ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʚ ʨʦʟʨʦʙʣʝʥʽʡ ʜʦʙʘʚʮʽ. 

ʊʘʢʦʞ ʧʣʘʥʫʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʟʘʭʦʜʫ ʫ ʬʦʨʤʘʪʽ ʛʨʫʧʦʚʦʛʦ ʟʘʥʷʪʪʷ ʟ 

ʧʩʠʭʦʣʦʛʦʤ ʽʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʩʪʫʧʝʥʷ ʩʪʨʝʩʫ ʘʙʦ ʜʠʩʪʨʝʩʫ, ʷʢʦʤʫ ʧʽʜʜʘʻʪʴʩʷ 

ʦʩʦʙʘ. ʎʝ ʟʚʝʨʥʝ ʫʚʘʛʫ ʩʧʦʞʠʚʘʯʽʚ ʥʘ ʩʧʦʩʦʙʠ ʙʦʨʦʪʴʙʠ ʟʽ ʩʪʨʝʩʦʤ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʨʝʩʦʩʪʽʡʢʦʩʪʽ. ʈʦʟʨʦʙʣʝʥʘ ʜʽʻʪʠʯʥʘ ʜʦʙʘʚʢʘ ʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʚ 

ʘʧʪʝʢʘʭ, ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʤʘʛʘʟʠʥʘʭ ʪʘ ʚ ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘʭ. ɿʚʘʞʘʶʯʠ ʥʘ 

ʜʦʚʝʜʝʥʠʡ ʦʬʽʮʽʡʥʦʶ ʤʝʜʠʮʠʥʦʶ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʩʪʨʫʢʪʫʨʦʶ ʭʘʨʯʫʚʘʥʥʷ ʪʘ 

ʩʪʘʥʦʤ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ, ʟʨʦʟʫʤʽʣʠʤ ʻ ʬʘʢʪ, ʱʦ ʧʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ 

ʘʜʘʧʪʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʦʨʛʘʥʽʟʤʫ ʛʨʦʤʘʜʷʥ, ʾʭʥʴʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʨʝʥʦʩʠʪʠ 

ʪʨʠʚʘʣʽ ʬʽʟʠʯʥʽ ʽ ʧʩʠʭʦʝʤʦʮʽʡʥʽ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ ʙʝʟ ʟʥʠʞʝʥʥʷ çʨʝʟʝʨʚʽʚ 

ʟʜʦʨʦʚôʷè ʧʨʠʚʝʨʪʘʻ ʫʚʘʛʫ ʥʝ ʣʠʰʝ ʤʝʜʠʢʽʚ, ʬʽʟʽʦʣʦʛʽʚ, ʧʩʠʭʦʣʦʛʽʚ, ʘ ʡ ʬʘʭʽʚʮʽʚ 

ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʧʝʨʝʜʫʩʽʤ ʪʠʭ, ʷʢʽ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʽ, 

ʩʪʚʦʨʝʥʥʽ ʪʘ ʚʠʨʦʙʥʠʮʪʚʽ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʧʨʦʜʫʢʮʽʾ, ʘʜʝʢʚʘʪʥʦʾ ʥʫʪʨʠʪʠʚʥʠʤ 

ʧʦʪʨʝʙʘʤ ʦʨʛʘʥʽʟʤʫ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ. 
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ʎʝ ʚʠʟʥʘʯʠʣʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʧʦʰʫʢʫ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ 

ʝʬʝʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ. ʆʩʥʦʚʦʶ ʾʭ ʤʘʻ ʩʪʘʪʠ 

ʚʠʨʦʙʥʠʮʪʚʦ ʩʧʝʮʽʘʣʴʥʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʘʧʨʦʙʦʚʘʥʠʭ. ʄʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʧʨʦʜʫʢʪʽʚ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʦʙʤʝʞʝʥʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʩʪʚʦʨʶʶʪʴʩʷ ʥʘ ʪʨʘʜʠʮʽʡʥʠʭ ʭʘʨʯʦʚʠʭ 

ʦʩʥʦʚʘʭ, ʘ ʟʙʘʛʘʯʫʶʯʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʽʥʛʨʝʜʽʻʥʪʠ ʻ ʥʘʪʫʨʘʣʴʥʠʤʠ 

ʙʽʦʢʦʤʧʣʝʢʩʘʤʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʘ ʣʽʢʘʨʩʴʢʦʾ ʩʠʨʦʚʠʥʠ ʟ ʜʦʚʝʜʝʥʠʤʠ 

ʬʽʟʽʦʣʦʛʽʯʥʠʤʠ ʝʬʝʢʪʘʤʠ. ʂʦʥʮʝʧʪʫʘʣʴʥʽ ʟʘʩʘʜʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʪʘ ʜʽʻʪʠʯʥʠʭ ʜʦʙʘʚʦʢ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʤʘʶʪʴ ˇʨʫʥʪʫʚʘʪʠʩʴ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʟʙʘʣʘʥʩʦʚʘʥʦʩʪʽ ʦʢʨʝʤʠʭ ʛʨʫʧ ʥʫʪʨʽʻʥʪʽʚ, ʾʭʥʴʦʾ ʘʜʝʢʚʘʪʥʦʩʪʽ 

ʬʽʟʠʯʥʠʤ ʽ ʧʩʠʭʦʝʤʦʮʽʡʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘ ʟʜʘʪʥʦʩʪʽ ʧʽʜʚʠʱʫʚʘʪʠ 

ʘʜʘʧʪʘʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʦʨʛʘʥʽʟʤʫ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ. 

ɽʢʦʥʦʤʽʯʥʘ ʩʠʪʫʘʮʽʷ ʚ ʋʢʨʘʾʥʽ ʟʫʤʦʚʣʶʻ ʧʦʰʫʢ ʜʝʰʝʚʠʭ ʨʦʩʣʠʥʥʠʭ 

ʜʞʝʨʝʣ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʜʽʻʪʠʯʥʠʭ ʜʦʙʘʚʦʢ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʫ ʨʝʮʝʧʪʫʨʘʭ 

ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʮʠʚʽʣʴʥʦʛʦ ʥʘʩʝʣʝʥʥʷ, ʚʽʡʩʴʢʦʚʦʩʣʫʞʙʦʚʮʽʚ, ʽʥʰʠʭ 

ʩʧʝʮʢʦʥʪʠʥʛʝʥʪʽʚ. ʊʘʢʠʤʠ ʜʞʝʨʝʣʘʤʠ ʻ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ ʪʘ ʣʽʢʘʨʩʴʢʘ 

ʨʦʩʣʠʥʥʘ ʩʠʨʦʚʠʥʘ. ʆʪʨʠʤʘʥʽ ʟ ʥʝʾ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤ ʩʫʰʽʥʥʷʤ ʪʘ 

ʧʦʜʨʽʙʥʝʥʥʷʤ ʧʦʨʦʰʢʦʧʦʜʽʙʥʽ ʩʫʤʽʰʽ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʢʘʨʦʪʠʥʦʾʜʥʦ-ʭʣʦʨʦʬʽʣʴʥʠʭ ʩʧʦʣʫʢ, ʚʽʪʘʤʽʥʽʚ-ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ, ʤʽʥʝʨʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʻ ʝʬʝʢʪʠʚʥʠʤʠ ʘʜʘʧʪʦʛʝʥʘʤʠ. 

ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʽʪʯʠʟʥʷʥʘ ʣʽʢʘʨʩʴʢʘ ʩʠʨʦʚʠʥʘ 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʠʪʠ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʽ ʜʽʻʪʠʯʥʠʭ ʜʦʙʘʚʦʢ, ʟʜʘʪʥʠʭ 

ʟʘʙʝʟʧʝʯʠʪʠ ʭʘʨʯʦʚʽ ʪʘ ʙʽʦʣʦʛʽʯʥʽ ʧʦʪʨʝʙʠ, ʟʘʭʠʩʥʽ ʽ ʨʝʘʙʽʣʽʪʘʮʽʡʥʽ ʬʫʥʢʮʽʾ. 
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ʋʈɸʍʋɺɸʅʅʗ ʅɸʇʃɸɺʃɽʅʅʗ 

ɺ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆʄʋ ʇʈʆɽʂʊʋɺɸʅʅɯ 

 

ʊʘʥʮʫʨʘ ɻʘʥʥʘ ɯʚʘʥʽʚʥʘ 

ɹʽʣʦʫʩ ʆʣʝʥʘ ɯʚʘʥʽʚʥʘ 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪʠ, 

ʂʦʣʦʩʦʚ ɼʤʠʪʨʦ ʃʝʦʥʽʜʦʚʠʯ 

ʜ.ʪ.ʥ. ʜʦʮʝʥʪ, 

ɿʫʻʥʢʦ ʈʦʩʪʠʩʣʘʚ ɯʛʦʨʦʚʠʯ 

ʩʪʫʜʝʥʪ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʫʥʠʚʝʨʩʠʪʝʪ 

ʤ. ʂʘʤʷʥʩʴʢʝ, ʋʢʨʘʠʥʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʠʥʘ 

 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʫʨʘʭʫʚʘʥʥʷ ʚ 

ʧʨʦʮʝʩʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʧʣʠʚʫ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ʥʘ 

ʤʝʭʘʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʣʘʪʠ ʷʢ ʢʦʤʧʦʟʠʪʥʦʾ ʜʚʦʰʘʨʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʘ, ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʤʝʪʦʜʘʤʠ ʢʣʘʩʠʯʥʦʾ ʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ 

ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʥʘʧʣʘʚʣʝʥʦʾ ʧʣʘʪʠ, ʱʦ 

ʩʧʝʨʘʻʪʴʩʷ ʥʘ ʧʨʦʪʠʣʝʞʥʽ ʢʨʘʾ. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʧʣʠʪʠ 

ʥʘʚʘʥʪʘʞʝʥʦʾ ʥʦʨʤʘʣʴʥʦʶ ʨʦʟʧʦʜʽʣʝʥʦʶ ʩʠʣʦʶ. ɺʩʪʘʥʦʚʣʝʥʦ ʭʘʨʘʢʪʝʨ 

ʟʘʣʝʞʥʦʩʪʽ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʥʘʧʣʘʚʣʝʥʦʾ ʧʣʠʪʠ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʪʦʚʱʠʥ. ɸʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ ʫʨʘʭʫʚʘʪʠ ʧʦʢʘʟʥʠʢʠ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʥʘʧʣʘʚʣʝʥʠʭ ʣʠʩʪʽʚ ʧʽʜ ʯʘʩ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʘʧʣʘʚʣʝʥʘ ʧʣʠʪʘ, ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, ʬʫʥʢʮʽʷ ʥʘʧʨʫʞʝʥʴ ɽʨʽ. 

 

ɺʽʜʦʤʦ, ʱʦ ʩʧʦʣʫʯʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʤʘʪʝʨʽʘʣʠ ʟ 

ʦʩʦʙʣʠʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʰʘʨʫʚʘʪʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʧʦʪʨʝʙʫʻ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ.  
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ʇʠʪʘʥʥʷʤ ʰʘʨʫʚʘʪʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠʩʚʷʯʝʥʦ ʨʷʜ ʨʦʙʽʪ. ɿʛʠʥ ʢʨʫʛʦʚʠʭ 

ʧʣʠʪ ʥʘ ʧʨʫʞʥʽʡ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʦ ʚ ʨʦʙʦʪʽ [1]. ɺ ʥʽʡ ʚʨʘʭʦʚʘʥʦ ʫʩʝʨʝʜʥʝʥʽ 

ʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʢʣʘʜʦʚʠʭ. ɺ ʩʪʘʪʪʷʭ [2, 3] ʦʪʨʠʤʘʥʽ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʽʤʝʪʘʣʝʚʠʭ ʪʝʨʤʦʤʝʪʨʽʚ. ɺʠʙʽʨ 

ʜʚʦʰʘʨʦʚʦʾ ʩʪʘʣʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʫʜʥʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚ [4]. 

ʅʘʧʣʘʚʣʝʥʠʡ ʚʠʨʽʙ ʤʘʻ ʬʽʢʩʦʚʘʥʽ ʨʦʟʤʽʨʠ. ɺʽʥ ʜʝʬʦʨʤʫʻʪʴʩʷ ʷʢ ʻʜʠʥʠʡ. 

ʁʦʛʦ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʤʽʥʥʽ ʧʦ ʪʦʚʱʠʥʽ. ʍʘʨʘʢʪʝʨ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʧʨʠʟʤʘʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʥʝʟʤʽʥʥʠʭ ʧʦ ʪʦʚʱʠʥʽ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ 

ʤʝʪʦʜʘʤʠ ʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ. ɿʘʩʪʦʩʫʻʤʦ ʾʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʥʘʧʣʘʚʣʝʥʦʾ ʜʝʪʘʣʽ ʧʨʠʟʤʘʪʠʯʥʦʾ ʬʦʨʤʠ.  

ʅʝʭʘʡ ʧʨʷʤʦʢʫʪʥʘ ʙʝʟʤʝʞʥʦʾ ʰʠʨʠʥʠ ʧʣʠʪʘ ʜʦʚʞʠʥʦʶ a ʩʧʠʨʘʻʪʴʩʷ 

ʢʨʘʷʤʠ ʚ ʧʝʨʝʨʽʟʘʭ x=0 ʪʘ x=a ʪʦʙʪʦ ʚʦʥʘ ʫʪʨʠʤʫʶʪʴʩʷ ʜʦʪʠʯʥʠʤʠ ʩʠʣʘʤʠ 

(ʨʠʩ.).  

 

ʈʠʩ. ʉʭʝʤʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʧʣʘʚʣʝʥʦʾ ʧʣʠʪʠ 

 

ʅʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ (ʅɼʉ) ʧʣʠʪʠ ʧʣʦʩʢʠʡ. ɺʝʨʭʥʷ 

(ʥʘʧʣʘʚʣʝʥʘ) ʯʘʩʪʠʥʘ ʧʣʠʪʠ ʤʘʻ ʚʽʜʤʽʥʥʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʅʘʧʣʘʚʣʝʥʘ 

ʧʣʠʪʘ ʻ ʜʚʦʰʘʨʦʚʦʶ ʢʦʥʩʪʨʫʢʮʽʶ. ʐʘʨʠ ʧʨʠʡʤʝʤʦ ʽʟʦʪʨʦʧʥʠʤʠ, ʧʦʩʪʽʡʥʦʾ 

ʪʦʚʱʠʥʠ, ʜʝʬʦʨʤʫʻʪʴʩʷ ʚ ʤʝʞʘʭ ʣʽʥʽʡʥʦʛʦ ʟʘʢʦʥʫ ɻʫʢʘ, ʪʦʚʱʠʥʠ ʰʘʨʽʚ 

ʜʦʚʽʣʴʥʽ. ʇʦʢʘʟʥʠʢʠ ʅɼʉ ʢʦʞʥʦʛʦ ʰʘʨʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚʠʢʦʨʠʩʪʘʚʰʠ 

ʙʽʛʘʨʤʦʥʽʡʥʫ ʬʫʥʢʮʽʶ ʥʘʧʨʫʞʝʥʴ ɽʨʽ ű [5].  
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ʜʝ ()
2 2

2

2 2

... ...
...

x z
D

µ µ
= + ; ɛ, G ï ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ʪʘ ʤʦʜʫʣʴ ʟʩʫʚʫ 

ʤʘʪʝʨʽʘʣʫ.  

ɺʝʣʠʯʠʥʠ ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ʥʘʜʽʣʠʤʦ ʽʥʜʝʢʩʘʤʠ 1. ɼʣʷ 

ʜʨʫʛʦʛʦ ʽʥʜʝʢʩʠ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʝ ʙʫʜʝʤʦ. ʊʦʚʱʠʥʫ ʧʣʠʪʠ ʧʦʟʥʘʯʠʤʦ L, 

ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ï l.  

ʉʬʦʨʤʫʣʶʻʤʦ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʪʘ ʫʤʦʚʠ ʩʫʤʽʩʥʦʩʪʽ ʜʝʬʦʨʤʫʚʘʥʥʷ: 

ʚ ʧʝʨʝʨʽʟʽ 0x x a= Ù = 1 10 0x x, z z,X X u u= = Ø = =,  

ʚ ʧʝʨʝʨʽʟʽ z l=- ()1 10z , z ,X Z q x= Ù = ,       (2) 

ʚ ʧʝʨʝʨʽʟʽ z L= 0 0z zZ X= Ø =, 

ʚ ʧʝʨʝʨʽʟʽ 0z= 1 1 1 1x, x z, z z, z z, zu u u u Z Z X X= Ø = Ø = Ø =. 

ɺʨʘʭʫʻʤʦ ʫʤʦʚʠ (2). ʇʨʠʡʤʝʤʦ ʥʘʩʪʫʧʥʫ ʬʫʥʢʮʽʶ ʥʘʧʨʫʞʝʥʴ: 

1

m m

m

m m

m m
A exp z B exp z

a a m
sin x

am m
C zexp z D zexp z

a a

p p

j p

p p

¤

=

å õå õ å õ
+ - +æ ö æ öæ ö

ç ÷ ç ÷ å õæ ö= æ ö
æ öç ÷å õ å õ
+ + -æ öæ ö æ ö

ç ÷ ç ÷ç ÷

ä ,  (3) 

ʜʝ Am, Bm, Cm, Dm ï ʚʝʢʪʦʨʠ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

ɸʥʘʣʦʛʽʯʥʫ ʬʫʥʢʮʽʶ ʧʨʠʡʤʝʤʦ ʽ ʜʣʷ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ. ʅʝʭʘʡ ʧʣʠʪʘ 

ʥʘʚʘʥʪʘʞʝʥʘ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʦʶ ʩʠʣʦʶ ʪʠʩʢʫ ʦʜʠʥʠʯʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ 

ʟʘʜʘʥʘ ʨʷʜʦʤ ʌʫʨôʻ. 

()
0

1

2 a

m

m m
q x sin x dx sin x

a a a
p p

¤

=

å õ å õ
= æ ö æ ö

ç ÷ ç ÷
ä ñ .     (4) 

ɺʠʱʝ ʥʘʚʝʜʝʥʝ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʣʶʚʘʪʠ ʩʠʩʪʝʤʠ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ 

ʚʦʩʴʤʦʛʦ ʧʦʨʷʜʢʫ. ʈʦʟʚôʷʟʢʦʤ ʮʠʭ ʩʠʩʪʝʤ ʻ ʢʦʝʬʽʮʽʻʥʪʠ ʙʽʛʘʨʤʦʥʽʡʥʦʾ ʬʫʥʢʮʽʾ 

ʥʘʧʨʫʞʝʥʴ ɽʨʽ (2). ɺʽʜʦʤʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʅɼʉ ʧʨʷʤʦʢʫʪʥʦʾ 

ʧʣʠʪʠ. ʂʽʣʴʢʽʩʪʴ ʨʦʟʚôʷʟʘʥʠʭ ʩʠʩʪʝʤ, ʚʽʜʧʦʚʽʜʥʦ, ʢʽʣʴʢʽʩʪʴ ʚʨʘʭʦʚʘʥʠʭ ʯʣʝʥʽʚ 

ʚʝʢʪʦʨʽʚ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʤʘʻ ʚʠʟʥʘʯʘʪʠʩʷ ʟ ʫʤʦʚʠ ʜʦʩʪʘʪʥʴʦʛʦ ʨʽʚʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

ʈʘʟʦʤ ʟ ʪʠʤ ʟʦʚʥʽʰʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ (4) ʤʘʻ ʚʨʽʚʥʦʚʘʞʫʚʘʪʠʩʷ ʜʦʪʠʯʥʠʤʠ 

ʥʘʧʨʫʞʝʥʥʷʤʠ Ű. ɼʣʷ ʫʨʘʭʫʚʘʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʜʦʜʘʻʤʦ ʜʦ ʙʽʛʘʨʤʦʥʽʡʥʦʾ ʬʫʥʢʮʽʾ 
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(3) ʥʘʩʪʫʧʥʫ ʩʢʣʘʜʦʚʫ.  

2* d x zj= ,      (5) 

ʜʝ d ï ʜʦʚʽʣʴʥʘ ʩʪʘʣʘ ʚʝʣʠʯʠʥʘ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʽʚ (1), ʜʦʜʘʪʢʦʚʘ ʩʢʣʘʜʦʚʘ ʙʽʛʘʨʤʦʥʽʡʥʦʾ ʬʫʥʢʮʽʾ (5) 

ʚʧʣʠʚʘʻ ʣʠʰʝ ʥʘ ʟʥʘʯʝʥʥʷ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʪʘ ʧʝʨʝʤʽʱʝʥʴ ʚʟʜʦʚʞ ʦʩʽ x. 

ɼʦʜʘʪʢʦʚʽ ʩʢʣʘʜʦʚʽ ʚʝʣʠʯʠʥ ʟ (1) ʤʘʶʪʴ ʚʠʛʣʷʜ. 

2*
xZ dm= , 1 12*

,xZ dm= .     (6) 

*
x

d z
u

G
= , 1
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*
,x

d z
u

G
= .      (7) 

ɿ ʫʤʦʚʠ ʚʨʽʚʥʦʚʘʞʝʥʥʷ ʜʦʪʠʯʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ ʧʨʠʢʣʘʜʝʥʦʛʦ ʟʫʩʠʣʣʷ. 

( ) ()
0 0

1 10 0
2

2

L L

,x xl l

a
d dz dz Z dz Z dz q xm m+ + + =°ñ ñ ñ ñ .  (8) 

 

ɺʨʘʭʫʻʤʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʴ q(x). ɺʠʟʥʘʯʠʤʦ ʟʥʘʯʝʥʥʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʬʫʥʢʮʽʾ ɽʨʽ. 

( )

0

1 0

1

2

2

L

,x xl

a
Z dz Z dz

d
L lm m

- -
=

-

ñ ñ
.      (9) 

ɿʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ (6), (7) ʤʘʶʪʴ ʙʫʪʠ ʜʦʜʘʥʽ ʜʦ ʚʠʱʝ ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʅɼʉ. ʅʘʚʝʜʝʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʻ ʰʫʢʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ 

ʚʠʟʥʘʯʝʥʥʷ ʅɼʉ ʥʘʧʣʘʚʣʝʥʦʾ ʧʣʠʪʠ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ ʱʦ ʩʧʠʨʘʻʪʴʩʷ ʜʚʦʤʘ 

ʢʨʘʷʤʠ.  

ʅʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʩʪʘʥ ʥʘʧʣʘʚʣʝʥʦʾ ʧʣʘʪʠ, ʟʦʢʨʝʤʘ, ʚʧʣʠʚ ʢʦʝʬʽʮʽʻʥʪʘ 

ʇʫʘʩʩʦʥʘ ʥʘ ʅɼʉ ʧʣʠʪʠ. ʉʧʽʚʩʪʘʚʣʝʥʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʜʚʦʭ 

ʚʠʧʘʜʢʽʚ ï ʢʦʣʠ ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ʤʘʢʩʠʤʘʣʴʥʠʡ, ʘ 

ʧʣʠʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʪʘ ʥʘʚʧʘʢʠ.  

ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʟʘʻʤʥʠʡ ʪʠʩʢ ʰʘʨʽʚ ʜʝʱʦ 

ʧʝʨʝʚʠʱʫʻ ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ. ʇʝʨʝʤʽʱʝʥʥʷ ʪʦʨʮʽʚ ʧʣʠʪʠ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʤʦʜʫʣʽʚ ʟʩʫʚʫ ʤʘʪʝʨʽʘʣʽʚ ʰʘʨʽʚ. ɺʦʥʠ ʟʨʦʩʪʘʶʪʴ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʤʦʜʫʣʶ ʟʩʫʚʫ 

ʪʘ ʧʨʘʢʪʠʯʥʦ, ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʇʫʘʩʩʦʥʘ. 
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ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʅɼʉ ʥʘʧʣʘʚʣʝʥʦʾ 

ʧʣʠʪʠ ʩʧʝʨʪʦʾ ʜʚʦʤʘ ʢʨʘʷʤʠ ʪʘ ʥʘʚʘʥʪʘʞʝʥʦʾ ʨʦʟʧʦʜʽʣʝʥʠʤ ʥʦʨʤʘʣʴʥʠʤ ʪʠʩʢʦʤ. 

ɸʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ ʫʨʘʭʫʚʘʪʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʥʘʧʣʘʚʣʝʥʠʭ 

ʣʠʩʪʽʚ ʧʽʜ ʯʘʩ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ ʱʦ ʅɼʉ ʧʣʠʪʠ 

ʟʘʣʝʞʠʪʴ ʷʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʦʜʫʣʽʚ ʟʩʫʚʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʽʘʣʽʚ 

ʧʣʘʩʪʠʥʠ ʪʘ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʘʢ, ʟʘ ʟʥʘʯʥʦ ʙʽʣʴʰʦʛʦ ʤʦʜʫʣʷ ʟʩʫʚʫ ʪʘ 

ʟʘ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ ʥʘʧʣʘʚʣʝʥʠʡ ʰʘʨ ʤʘʡʞʝ ʥʝ 

ʪʠʩʥʝ ʥʘ ʧʣʠʪʫ. ʇʝʨʝʤʽʱʝʥʥʷ ʪʦʨʮʽʚ ʧʣʠʪʠ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽ ʤʦʜʫʣʽʚ ʟʩʫʚʫ 

ʤʘʪʝʨʽʘʣʽʚ ʰʘʨʽʚ. ɺʦʥʠ ʟʨʦʩʪʘʶʪʴ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʤʦʜʫʣʶ ʟʩʫʚʫ ʪʘ ʧʨʘʢʪʠʯʥʦ, 

ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʇʫʘʩʩʦʥʘ. 

ɺ ʧʦʜʘʣʴʰʦʤʫ ʜʦʮʽʣʴʥʦ ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʅɼʉ ʰʘʨʫʚʘʪʠʭ 

ʝʣʝʤʝʥʪʽʚ ʽʥʰʠʭ ʬʦʨʤ ʪʘ ʥʘʚʘʥʪʘʞʝʥʴ. 
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ʋɼʂ 621.311 

ʈʆɿʈʆɹʂɸ ɸʇɸʈɸʊʅʆ-ʇʈʆɻʈɸʄʅʀʍ ɿɸʉʆɹɯɺ ʇɯɼʉʀʉʊɽʄʀ 

ɼʀʉʊɸʅʎɯʁʅʆɻʆ ʆʇʆɺɯʑɽʅʅʗ ʆʇɽʈɸʊʆʈɯɺ 

ɻɸɿʆʈʆɿʇʆɼɯʃʔʅʀʍ ʉʊɸʅʎɯʁ 

 

ʊʘʨʘʩʝʥʢʦ ʄʠʢʦʣʘ ʄʠʢʦʣʘʡʦʚʠʯ, 

ʘʩʧʽʨʘʥʪ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, ʋʢʨʘʥʾʘ 

ʅʠʢʦʣʘʡʯʫʢ ʄʠʢʦʣʘ ʗʨʦʩʣʘʚʦʚʠʯ, 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, ʋʢʨʘʥʾʘ 

 

ɸʥʦʪʘʮʽʷ: ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʝʘʣʽʟʘʮʽʾ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʦʾ 

ʟʘʜʘʯʽ ʟ ʨʦʟʨʦʙʢʠ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜʩʠʩʪʝʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʦʧʦʚʽʱʝʥʥʷ (ʇɼʆ) ʦʧʝʨʘʪʦʨʽʚ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʭ ʩʪʘʥʮʽʡ (ɻʈʉ) ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʤʠ ʩʪʘʥʮʽʷʤʠ ʟ ʬʫʥʢʮʽʷʤʠ 

ʘʚʘʨʽʡʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ GSM-ʢʦʤʫʥʽʢʘʮʽʾ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤʠ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟ 

ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʭ ʩʪʘʥʮʽʡ ʟʘʩʪʦʩʦʚʘʥʦ ʩʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ çPhoenix Contactè. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʦʙʢʠ ʚʧʨʦʚʘʜʞʝʥʽ ʥʘ ʜʽʶʯʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʘʭ ɻʈʉ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ, ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʘ 

ʩʪʘʥʮʽʷ, ʦʧʝʨʘʪʦʨʥʝ ʢʝʨʫʚʘʥʥʷ, ʜʠʩʪʘʥʮʽʡʥʝ ʦʧʦʚʽʱʝʥʥʷ, ʧʨʦʤʠʩʣʦʚʽ 

ʢʦʤʫʥʽʢʘʮʽʾ, PLC, SCADA. 

 

ʇʽʜʩʠʩʪʝʤʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʦʧʦʚʽʱʝʥʥʷ ʦʧʝʨʘʪʦʨʽʚ ʟʘʙʝʟʧʝʯʫʻ ʛʦʣʦʩʦʚʝ 

ʦʧʦʚʽʱʝʥʥʷ ʪʨʴʦʭ ʘʙʦʥʝʥʪʽʚ (ʦʧʝʨʘʪʦʨ, ʜʠʩʧʝʪʯʝʨ, ʥʘʯʘʣʴʥʠʢ ʩʣʫʞʙʠ ɻʈʉ) ʜʣʷ 

ʩʚʦʻʯʘʩʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙô̒ ʢʪʘʭ. 

ʇʽʜʩʠʩʪʝʤʘ ʚʠʢʦʥʫʻ ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 16 ʜʠʩʢʨʝʪʥʠʭ ʩʠʛʥʘʣʽʚ ʽ 4 
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ʛʘʣʴʚʘʥʽʯʥʦ ʨʦʟʚôʷʟʘʥʠʭ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʠ (ʪʠʩʢ ʛʘʟʫ ʥʘ ʚʭʦʜʽ, ʪʠʩʢ ʛʘʟʫ ʥʘ 

ʚʠʭʦʜʽ, ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʥʘ ʚʭʦʜʽ, ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ). ɯʥʬʦʨʤʘʮʽʷ 

ʧʦʚʠʥʥʘ ʧʝʨʝʜʘʚʘʪʠʩʴ ʥʘ ʚʝʨʭʥʽʡ ʨʽʚʝʥʴ ʚ ʨʝʞʠʤʽ çon-lineè ʨʝʟʝʨʚʦʚʘʥʠʤʠ ʪʘ 

ʟʘʭʠʱʝʥʠʤʠ ʢʘʥʘʣʘʤʠ GSM-ʢʦʤʫʥʽʢʘʮʽʾ. 

ʇʽʜʩʠʩʪʝʤʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʙʘʟʽ PLC (Programmable Logic Controller) 

çPhoenix Contactè. 

ʂʦʥʪʨʦʣʝʨʠ çPhoenix Contactè 

ʉʝʨʽʷ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽʯʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ çInline-Controllerè - ʮʝ ʩʝʨʽʷ 

ʢʦʥʪʨʦʣʝʨʽʚ ʜʣʷ ʩʫʯʘʩʥʠʭ ʤʦʜʫʣʴʥʠʭ ʢʦʤʧʘʢʪʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ. 

ɿʘʚʜʷʢʠ ʩʚʦʾʤ ʚʽʜʢʨʠʪʠʤ ʽʥʪʝʨʬʝʡʩʘʤ ʾʭ ʤʦʞʥʘ ʽʥʪʝʛʨʫʚʘʪʠ ʧʨʘʢʪʠʯʥʦ ʚ 

ʙʫʜʴ-ʷʢʫ ʤʝʨʝʞʫ. ɹʘʟʦʚʘ ʩʠʩʪʝʤʘ çInlineè ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʰʠʨʝʥʥʷ, ʟʘʚʜʷʢʠ ʯʦʤʫ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʪʠʧʦʚʠʭ ʟʘʜʘʯ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʰʠʥʘ çINTERBUSè ʤʦʞʝ 

ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʨʦʟʧʦʜʽʣʝʥʫ ʧʝʨʠʬʝʨʽʶ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʘʪʯʠʢʽʚ ʽ ʚʠʢʦʥʘʚʯʠʭ 

ʝʣʝʤʝʥʪʽʚ [1, ʩ. 133]. 

ʆʙʤʽʥ ʜʘʥʠʤʠ ʤʽʞ ʢʦʥʪʨʦʣʝʨʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʦʜʫʣʽʚ IEC 61131-5. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʦʜʫʣʽʚ 

TCP/IP ʧʨʦʚʦʜʠʪʴʩʷ ʦʙʤʽʥ ʜʘʥʠʤʠ ʟ ʙʫʜʴ-ʷʢʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʽ ʩʠʩʪʝʤʘʤʠ, ʱʦ 

ʧʽʜʪʨʠʤʫʶʪʴ ʧʨʦʪʦʢʦʣ TCP/IP [2, ʩ. 343]. 

ʂʦʥʪʨʦʣʝʨʠ çInlineè ʢʦʥʬʽʛʫʨʫʶʪʴʩʷ ʽ ʧʨʦʛʨʘʤʫʶʪʴʩʷ ʟ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ çPC WORXè ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ ɯɽʉ 61131 

[3, ʩ. 73]. 

ɿʘʚʘʥʪʘʞʝʥʥʷ ʽ ʪʝʩʪʫʚʘʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʢʦʥʘʥʥʷ 

ʧʨʠʩʪʨʦʶ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʜʦʧʦʤʦʛʦʶ Ethernet, INTERBUS ʘʙʦ ʣʦʢʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ RS-232. 

ɯʥʪʝʛʨʦʚʘʥʽ ʬʫʥʢʮʽʾ ʢʦʤʫʥʽʢʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʟ̔ʦʚʫʚʘʪʠ ʝʬʝʢʪʠʚʥʫ 

ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʯʝʨʝʟ ʤʝʨʝʞʫ Ethernet. ʄʝʨʝʞʘ Ethernet ʥʘʜʘʻ ʫʥʽʚʝʨʩʘʣʴʥʠʡ 

ʢʘʥʘʣ ʜʣʷ ʟʚ'ʷʟʢʫ ʟ ʢʦʥʪʨʦʣʝʨʦʤ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʙʣʦʢʠ 

ʧʨʠʡʦʤʫ ʡ ʚʽʜʧʨʘʚʣʝʥʥʷ, ʢʦʥʪʨʦʣʝʨʠ Inline ʤʦʞʫʪʴ ʦʙʤʽʥʶʚʘʪʠʩʷ ʜʘʥʠʤʠ ʽ 

ʟʤʽʥʥʠʤʠ ʯʝʨʝʟ ʤʝʨʝʞʫ Ethernet. ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʨʦʟʧʦʜʽʣʝʥʫ, ʤʦʜʫʣʴʥʫ 
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ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. 

ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʦ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʥʪʨʦʣʝʨʘ çInlineè (ILC 130 

ETH, ILC 150 ETH, ILC 155 ETH) [4]. 

 

ʈʠʩ. 1. ɽʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮ̔ʾ ʢʦʥʪʨʦʣʝʨʘ çInlineè 

(ILC  130 ETH, ILC  150 ETH, ILC  155 ETH) 

ʂʦʥʪʨʦʣʝʨ çInlineè ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥ ̔ʝʣʝʤʝʥʪʠ: 

1) ʧʨʦʮʝʩʦʨʥʠʡ ʤʦʜʫʣʴ; 

2) ʧʝʨʝʤʠʢʘʯ ʨʝʞʠʤʫ ʨʦʙʦʪʠ; 

3) ʢʥʦʧʢʘ ʩʢʠʜʘʥʥʷ; 

4) ʥ̔ʪʝʨʬʝʡʩ V.24 (RS-232); 

5) Ethernet ʧʦʨʪ; 

6) ʪhʝʢʝʨ 1: ʢʣʝʤʠ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʞʠʚʣʝʥʥʷ; 

7) ʪhʝʢʝʨ 2: ʢʣʝʤʠ ʜʠʩʢʨʝʪʥʠʭ ʚʠʭʦʜʽʚ; 

8) ʪhʝʢʝʨʠ 3 ʽ 4: ʢʣʝʤʠ ʜʠʩʢʨʝʪʥʠʭ ʚʭʦʜʽʚ; 

9) ʥ̔ʜʠʢʘʪʦʨʠ ʩʪʘʥʫ; 

10) ʪʝʨʤʽʥʘʣʴʥʘ ʧʣʘʪʘ. 

ʅʘ ʨʠʩ. (2-3) ʥʘʚʝʜʝʥʦ ʧʨʦʮʝʩ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ILC 171 ETH 2TX ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ çPC WORXè [5]. 
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ʈʠʩ. 2. ɺʠʛʣʷʜ ʚʽʢʥʘ çPC WORXè ʟ ʦʩʥʦʚʥʠʤʠ ʢʦʥʬʽʛʫʨʘʮʽʷʤʠ 

 

ʈʠʩ. 3. ɺʠʛʣʷʜ ʚʽʢʥʘ çPC WORXè ʟ ʤʝʨʝʞʝʚʠʤʠ ʢʦʥʬʽʛʫʨʘʮʽʷʤʠ 

 

ɹʣʦʢ ʇɼʆ ʚʠʢʦʥʫʻ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽ:ʾ 

- ʘʚʪʦʤʘʪʠʯʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ; 

- ʘʚʪʦʤʘʪʠʯʥʫ ʨʝʻʩʪʨʘʮʽ ʁʜʠʩʢʨʝʪʥʠʭ ʩʠʛʥʘʣʽʚ; 

- ʦʨʛʘʥʽʟʘʮʽ ʁ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʩʠʩʪʝʤ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʽʟ ʟʦʚʥʽʰʥʽʤʠ 

ʧʽʜʩʠʩʪʝʤʘʤʠ; 

- ʟʙʽʨ ʘʚʘʨʽʡʥʠʭ ʪʘ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʧʝʨʝʜʘʯʘ ʾʭ ʥʘ ʚʝʨʭʥʽʡ 

ʨʽʚʝʥʴ; 

- ʛʦʣʦʩʦʚʝ ʦʧʦʚʽʱʝʥʥʷ ʦʧʝʨʘʪʦʨʘ ʧʨʦ ʩʧʨʘʮʶʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʢʘʥʘʣʽʚ 

ʩʠʛʥʘʣʽʟʘʮʽʾ; 

- ʨʝʟʝʨʚʫʚʘʥʥʷ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʧʝʨʝʤʠʢʘʥʥʷʤ ʤʽʞ 
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ʥʠʤʠ; 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʟʝʨʚʥʦʛʦ ʞʠʚʣʝʥʥʷ ʙʣʦʢʫ ʇɼʆ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʦʩʥʦʚʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʦ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʧʽʜʩʠʩʪʝʤʠ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʦʧʦʚʽʱʝʥʥʷ ʦʧʝʨʘʪʦʨʽʚ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʭ ʩʪʘʥʮʽʡ ʥʘ ʙʘʟʽ PLC 

ILC 171 ETH 2TX çPhoenix Contactè ʽ ʘʧʨʦʙʦʚʘʥʦ ʥʘ ʦʙôʻʢʪʘʭ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʾ 

ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ. 
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1. ʅʠʢʦʣʘʡʯʫʢ ʄ.ʗ. ʆʨʛʘʥʽʟʘʮʽʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ WEB-ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʙôʻʢʪʘʤʠ // ʄʝʪʦʜʠ ʪʘ ʧʨʠʣʘʜʠ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ. 2014. - 

ˉ2(33). - ʉ. 133-138. 

2. ʅʠʢʦʣʘʡʯʫʢ ʄ.ʗ. ʆʩʦʙʣʠʚʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

WEB-ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʦʙôʻʢʪʘʤʠ // ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʜʦʧʦʚʽʜʝʡ VII -ʾ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʧʨʠʣʘʜʠ, ʤʘʪʝʨʽʘʣʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʥʝʨʫʡʥʽʚʥʦʛʦ 
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ʋɼʂ 351.74 

ʑʆɼʆ ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼʋ OSINT ʋ ɼɯʗʃʔʅʆʉʊɯ 

ʇɯɼʈʆɿɼɯʃɯɺ ʅɸʎɯʆʅɸʃʔʅʆɰ ʇʆʃɯʎɯɰ ʋʂʈɸɰʅʀ 

 

ʎʫʨʢʘʥ ɯʚʘʥ ʆʣʝʢʩʽʡʦʚʠʯ, 

ʉʠʥʞʝʨʷʥ ɸʥʜʨʽʡ ɸʥʜʨʽʡʦʚʠʯ, 

ʉʪʝʮʠʢ ʈʦʤʘʥ ʄʠʨʦʩʣʘʚʦʚʠʯ 

ʢʫʨʩʘʥʪʠ ʬʘʢʫʣʴʪʝʪʫ ˉ 4 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʚʥʫʪʨʽʰʥʽʭ ʩʧʨʘʚ 

ɿʘʚʦʜʥʠʡ ʆʣʝʢʩʘʥʜʨ ʆʣʝʢʩʘʥʜʨʦʚʠʯ 

ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʫ ˉ 6 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʚʥʫʪʨʽʰʥʽʭ ʩʧʨʘʚ 

ʆʥʠʱʝʥʢʦ ʖʨʽʡ ʄʠʢʦʣʘʡʦʚʠʯ 

ʟʘʩʪʫʧʥʠʢ ʜʝʢʘʥʘ ʟ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʾ ʨʦʙʦʪʠ ʬʘʢʫʣʴʪʝʪʫ ˉ 4, 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʚʥʫʪʨʽʰʥʽʭ ʩʧʨʘʚ 

ʢʘʥʜʠʜʘʪ ʥʘʫʢ ʟ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʜʦʮʝʥʪ, 

http://orcid.org/0000-0002-7755-3071 

 

ʉʫʯʘʩʥʠʡ ʩʚʽʪ ʥʝʤʦʞʣʠʚʦ ʫʷʚʠʪʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʘ ʩʚʽʪʦʚʘ ʤʝʨʝʞʘ Internet ʩʪʘʣʘ ʥʝʚʽʜ'ʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʞʠʪʪʷ 

ʣʶʜʩʪʚʘ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʢʦʞʝʥ ʢʦʨʠʩʪʫʚʘʯ ʽʥʪʝʨʥʝʪ-ˇʘʜʞʝʪʽʚ ʪʘʢ ʯʠ ʽʥʘʢʰʝ 

ʟʘʣʠʰʘʻ ʩʚʽʡ çʽʥʪʝʨʥʝʪ ʩʣʽʜè ʬʦʪʦʛʨʘʬʫʶʯʠʩʴ ʟ ʜʨʫʟʷʤʠ, ʩʪʘʚʣʷʯʠ çcheck-inè 

ʘʙʦ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʪʦʨʛʽʚʝʣʴʥʦ-ʩʝʨʚʽʩʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. ʇʦʨʷʜ ʟ ʮʠʤ ʪʘʢʽ ʝʣʝʤʝʥʪʘʨʥʽ ʜʽʾ ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʛʨʦʤʘʜʷʥ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʘʮʽʚʥʠʢʘʤʠ ʧʨʘʚʦʦʭʦʨʦʥʥʠʭ ʦʨʛʘʥʽʚ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʘʙʦ 

ʨʦʟʢʨʠʪʪʷ ʢʨʠʤʽʥʘʣʴʥʠʭ ʟʣʦʯʠʥʽʚ. ɸ ʚʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʦʩʦʙʣʠʚʽʩʪʴ 

ʨʦʙʦʪʠ ʙʽʣʴʰʦʩʪʽ ʧʦʣʽʮʝʡʩʴʢʠʭ ʚʽʜʦʤʩʪʚ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʨʝʚʝʥʪʠʚʥʫ ʜʽʷʣʴʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʨʦʟʚʽʜʢʠ ʟ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ. ʋ ʪʦʤʫ ʯʠʩʣʽ 

ʭʦʪʽʣʦʩʷ ʙ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʘʤʠ ʚ ʞʦʜʥʦʤʫ ʨʘʟʽ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʟʜʦʙʫʪʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ OSINT, ʧʨʦʪʠ ʦʩʥʦʚʥʠʭ ʜʝʨʞʘʚʥʠʭ 

ʧʽʜʚʘʣʠʥ ʘʙʦ ʟʙʦʨʫ ʜʘʥʠʭ ʜʣʷ ʛʨʦʤʘʜʷʥ ʽʥʰʠʭ ʢʨʘʾʥ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ OSINT 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʤʝʪʦʜ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ ʨʦʟʢʨʠʪʪʷ ʟʣʦʯʠʥʽʚ 
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ʥʘ ʧʨʠʢʣʘʜʽ ʜʽʷʣʴʥʦʩʪʽ ʅʘʮʽʦʥʘʣʴʥʦʾ ʧʦʣʽʮʽʾ ʋʢʨʘʾʥʠ. 

ɺʧʝʨʰʝ ʪʝʭʥʽʯʥʽ ʧʨʠʡʦʤʠ OSINT (Open Sours Intelligence ï ʨʦʟʚʽʜʢʘ ʟ 

ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ) ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʽʜ ʯʘʩ ɼʨʫʛʦʾ ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ 

ʘʤʝʨʠʢʘʥʩʴʢʦʶ ʨʦʟʚʽʜʢʦʶ, ʘ ʩʘʤʝ ʉʣʫʞʙʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ʽʥʦʟʝʤʥʦʛʦ 

ʨʘʜʽʦʤʦʚʣʝʥʥʷ (FBMS). ɸʣʝ ʩʴʦʛʦʜʥʽ OSINT ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝ ʣʠʰʝ 

ʨʦʟʚʽʜʫʚʘʣʴʥʽ ʧʽʜʨʦʟʜʽʣʠ ʜʝʨʞʘʚ, ʘ ʡ ʞʫʨʥʘʣʽʩʪʠ, ʧʨʠʚʘʪʥʽ ʜʝʪʝʢʪʠʚʠ, 

IT-ʢʦʤʧʘʥʽʾ, ʬʽʥʘʥʩʦʚʽ ʢʦʨʧʦʨʘʮʽʾ ʪʦʱʦ. 

ɼʦ ʧʝʨʝʚʘʛ OSINT ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦʩʪʫʧʥʽʩʪʴ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ, ʦʙʩʷʛ 

ʨʝʩʫʨʩʽʚ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʦʩʪʦʪʘ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʪʘʢʦʞ ʤʽʥʽʤʘʣʴʥʽ 

ʚʠʪʨʘʪʠ ʥʘ ʦʪʨʠʤʘʥʥʷ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʪʘ ʪʝʭʥʽʯʥʠʭ ʧʨʠʡʦʤʽʚ OSINT 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʫ ʢʦʥʪʝʢʩʪʽ ʜʽʷʣʴʥʦʩʪʽ ʧʨʘʚʦʦʭʦʨʦʥʥʠʭ ʦʨʛʘʥʽʚ ʫ ʧʦʻʜʥʘʥʥʽ ʟ 

ʽʥʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚ ʨʘʤʢʘʭ ʢʦʥʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʪʠʜʽʾ ʟʣʦʯʠʥʥʦʩʪʽ. 

ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ 

ʤʦʞʥʘ ʢʚʘʣʽʬʽʢʫʚʘʪʠ ʷʢ ʟʘʟʽʭʘʥʥʷ ʥʘ ʥʝʜʦʪʦʨʢʘʥʥʽʩʪʴ ʦʩʦʙʠʩʪʦʛʦ ʞʠʪʪʷ. 

ʅʘʧʨʠʢʣʘʜ, ɭʚʨʦʧʝʡʩʴʢʠʤ ʩʫʜʦʤ ʟ ʧʨʘʚ ʣʶʜʠʥʠ ʫ ʩʧʨʘʚʽ ʉʝʛʝʨʩʪʝʜ ɺʽʙʝʨʛ 

ʧʨʦʪʠ ʐʚʝʮʽʾ ʚʽʜ 06 ʯʝʨʚʥʷ 2006 ʨʦʢʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʽʾ ʧʨʘʚʦʦʭʦʨʦʥʥʠʭ 

ʦʨʛʘʥʽʚ ʱʦʜʦ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʜʦʩʪʫʧʥʦʾ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ 

ʢʚʘʣʽʬʽʢʦʚʘʥʽ ʷʢ ʧʦʨʫʰʝʥʥʷ ʥʘ ʥʝʜʦʪʦʨʢʘʥʥʽʩʪʴ ʦʩʦʙʠʩʪʦʛʦ ʞʠʪʪʷ, ʱʦ 

ʛʘʨʘʥʪʦʚʘʥʦ ʩʪ. 8 ʂʦʥʚʝʥʮʽʾ ʈʘʜʠ ɭʚʨʦʧʠ çʇʨʦ ʟʘʭʠʩʪ ʧʨʘʚ ʣʶʜʠʥʠ ʪʘ 

ʦʩʥʦʚʦʧʦʣʦʞʥʠʭ ʩʚʦʙʦʜè ʚʽʜ 04 ʣʠʩʪʦʧʘʜʘ 1950 ʨʦʢʫ [-1]. ʋ ʪʘʢʦʤʫ ʨʘʟʽ 

ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʨʦʟʮʽʥʶʻʪʴʩʷ ʷʢ ʟʘʟʽʭʘʥʥʷ ʥʘ ʦʩʦʙʠʩʪʝ ʞʠʪʪʷ, ʫ 

ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʦʩʦʙʘ, ʷʢʘ ʨʦʟʤʽʱʫʻ ʮʶ ʽʥʬʦʨʤʘʮʽʶ, ʨʦʟʨʘʭʦʚʫʻ ʥʘ 

ʟʙʝʨʝʞʝʥʥʷ ʮʠʭ ʜʘʥʠʭ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʡʦʛʦ ʧʨʦʬʽʣʝʤ. ɿʙʽʨ ʜʘʥʠʭ 

ʜʦʧʫʩʪʠʤʠʡ ʣʠʰʝ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ʽ ʟ ʤʝʪʦʶ ʙʦʨʦʪʴʙʠ ʟʽ ʟʣʦʯʠʥʥʽʩʪʶ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʤʦʛʠ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʧʨʦ ʟʘʭʠʩʪ ʧʨʘʚ ʽ 

ʩʚʦʙʦʜ ʣʶʜʠʥʠ, ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʧʨʘʚʦʦʭʦʨʦʥʥʽ ʦʨʛʘʥʠ ʤʘʶʪʴ 

ʧʨʘʚʦ ʟʜʽʡʩʥʶʚʘʪʠ ʟʙʽʨ ʙʫʜʴ-ʷʢʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʱʦ ʮʝ ʧʝʨʝʜʙʘʯʝʥʦ 

ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ ʢʨʘʾʥʠ, ʘ ʪʘʢʦʞ ʟʙʝʨʽʛʘʪʠ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʫ ʽʥʬʦʨʤʘʮʽʶ, 

ʦʪʨʠʤʘʥʫ ʟʘʢʦʥʥʠʤ ʰʣʷʭʦʤ.  
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ɯʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʦʢʨʝʤʠʭ ʦʩʽʙ ʧʦʣʽʮʽʷ ʤʘʻ ʧʨʘʚʦ ʟʙʠʨʘʪʠ ʣʠʰʝ ʚ ʨʘʤʢʘʭ 

ʦʢʨʝʤʦʾ ʦʧʝʨʘʪʠʚʥʦ-ʨʦʟʰʫʢʦʚʦʾ ʩʧʨʘʚʠ ʘʙʦ ʚʽʜʢʨʠʪʦʛʦ ʢʨʠʤʽʥʘʣʴʥʦʛʦ 

ʧʨʦʚʘʜʞʝʥʥʷ. ʑʦʜʦ ʮʠʭ ʚʠʧʘʜʢʽʚ ʫ ʯ. 3 ʩʪ. 214 ʂʨʠʤʽʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫʘʣʴʥʦʛʦ 

ʢʦʜʝʢʩʫ ʋʢʨʘʾʥʠ ʟʘʢʦʥʦʜʘʚʮʝʤ ʧʝʨʝʜʙʘʯʝʥʦ, ʱʦ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʫʜʦʚʦʛʦ 

ʨʦʟʩʣʽʜʫʚʘʥʥʷ (ʟʜʽʡʩʥʝʥʥʷ ʩʣʽʜʯʠʭ (ʨʦʟʰʫʢʦʚʠʭ) ʜʽʡ) ʜʦ ʚʽʜʢʨʠʪʪʷ 

ʢʨʠʤʽʥʘʣʴʥʦʛʦ ʧʨʦʚʘʜʞʝʥʥʷ ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ ʪʘ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʚʽʜʧʦʚʽʜʥʫ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ (ʱʦʜʦ ʜʦʩʫʜʦʚʦʛʦ ʩʣʽʜʩʪʚʘ ʚʠʥʷʪʦʢ ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ ʦʛʣʷʜ 

ʤʽʩʮʷ ʧʦʜʽʾ) [-2]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʦʣʦʞʝʥʥʷʤʠ ʩʪ. 9 ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ 

ʦʧʝʨʘʪʠʚʥʦ-ʨʦʟʰʫʢʦʚʫ ʜʽʷʣʴʥʽʩʪʴè ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʛʘʣʴʥʫ ʟʘʙʦʨʦʥʫ ʥʘ 

ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦ-ʨʦʟʰʫʢʦʚʠʭ ʟʘʭʦʜʽʚ ʙʝʟ ʟʘʧʨʦʚʘʜʞʝʥʥʷ 

ʦʧʝʨʘʪʠʚʥʦ-ʨʦʟʰʫʢʦʚʦʾ ʩʧʨʘʚʠ [-3]. 

ɼʣʷ ʦʙ'ʻʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ OSINT ʫ ʨʦʙʦʪʽ ʧʦʣʽʮʝʡʩʴʢʠʭ ʚʽʜʦʤʩʪʚ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʤʝʞʫʚʘʪʠ ʧʨʠʥʮʠʧʠ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ, 

ʟʦʢʨʝʤʘ: 

- ʟʘʛʘʣʴʥʦʧʨʘʚʦʚʽ ï ʟʘʢʦʥʥʦʩʪʽ; ʧʦʚʘʛʠ ʪʘ ʜʦʪʨʠʤʘʥʥʷ ʧʨʘʚ ʽ ʩʚʦʙʦʜ 

ʣʶʜʠʥʠ ʪʘ ʛʨʦʤʘʜʷʥʠʥʘ; ʚʝʨʭʦʚʝʥʩʪʚʘ ʧʨʘʚʘ ʪʘ ʧʨʝʟʫʤʧʮʽʷ ʥʝʚʠʥʥʦʩʪʽ. ʎʷ 

ʛʨʫʧʘ ʧʨʠʥʮʠʧʽʚ ʩʧʽʚʚʽʜʥʦʩʠʪʴʩʷ ʥʝ ʣʠʰʝ ʟ ʨʦʟʚʽʜʫʚʘʣʴʥʦʶ ʪʘ ʧʨʘʚʦʦʭʦʨʦʥʥʦʶ 

ʜʽʷʣʴʥʽʩʪʶ, ʘʣʝ ʥʘʩʘʤʧʝʨʝʜ ʽʟ ʙʫʜʴ-ʷʢʠʤʠ ʩʬʝʨʘʤʠ ʩʫʩʧʽʣʴʥʠʭ ʚʟʘʻʤʠʥ; 

- ʚʽʜʦʤʯʽ ï ʭʘʨʘʢʪʝʨʥʽ ʚʠʢʣʶʯʥʦ ʜʣʷ ʧʽʜʨʦʟʜʽʣʽʚ, ʷʢʽ ʧʨʦʚʦʜʷʪʴ 

ʧʦʣʽʮʝʡʩʴʢʫ ʦʧʝʨʘʪʠʚʥʦ-ʨʦʟʰʫʢʦʚʫ ʯʠ ʩʣʽʜʯʫ ʜʽʷʣʴʥʽʩʪʴ ʚʠʢʣʶʯʥʦ ʫ ʤʝʞʘʭ 

ʢʨʠʤʽʥʘʣʴʥʦʾ ʩʧʨʘʚʠ (ʧʨʦʚʘʜʞʝʥʥʷ). ɼʦ ʥʠʭ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʧʨʠʥʮʠʧʠ 

ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ, ʛʦʣʦʩʥʠʭ ʪʘ ʥʝʛʣʘʩʥʠʭ ʩʣʽʜʯʠʭ ʜʽʡ, ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ ʪʘ 

ʥʝʫʧʝʨʝʜʞʝʥʦʩʪʽ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ OSINT ʘʢʪʠʚʥʦ ʪʘ 

ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʤʠ ʧʽʜʨʦʟʜʽʣʘʤʠ; ʜʘʥʽ 

ʚʽʜʩʦʪʢʦʚʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʩʚʽʜʫ ʉʐɸ ʪʘ 

ʢʨʘʾʥ ɭʚʨʦʧʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʦʧʝʨʘʪʠʚʥʠʭ, ʪʘʢʪʠʯʥʠʭ ʪʘ ʩʪʨʘʪʝʛʽʯʥʠʭ ʟʘʚʜʘʥʴ 

ʩʠʣʦʚʠʭ ʩʪʨʫʢʪʫʨ [3]. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ OSINT ʫ 

ʙʘʛʘʪʴʦʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ ʻ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʧʦʣʽʮʝʡʩʴʢʦʾ 
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ʜʽʷʣʴʥʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʧʽʜ ʯʘʩ ʟʜʽʡʩʥʝʥʥʷ ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦʛʦ ʪʘ ʝʢʩʧʝʨʪʥʦʛʦ 

ʩʫʧʨʦʚʦʜʫ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ʟʣʦʯʠʥʽʚ ʟ ʤʝʪʦʶ ʧʦʰʫʢʫ ʜʦʢʘʟʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝ ʚʠʢʣʘʜʝʥʦʛʦ, OSINT ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʩʧʦʩʦʙʽʚ ʪʘ ʤʝʪʦʜʽʚ 

ʧʦʰʫʢʫ ʽʥʬʦʨʤʘʮʽʾ ʫ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʭ ʜʞʝʨʝʣʘʭ, ʪʘʢʠʭ ʷʢ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ ʪʘ 

ʚʽʜʢʨʠʪʽ ʙʘʟʠ ʜʘʥʠʭ ʚ Internet. ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ OSINT ʻ ʜʦʩʪʫʧʥʽʩʪʴ 

ʜʞʝʨʝʣ ʪʘ ʤʽʟʝʨʥʽʩʪʴ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʘʢʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜʠ OSINT, ʧʦʣʽʮʝʡʩʴʢʽ ʧʽʜʨʦʟʜʽʣʠ ʤʦʞʫʪʴ: 

- ʚʩʪʘʥʦʚʠʪʠ ʦʩʦʙʫ, ʷʢʘ ʚʯʠʥʠʣʘ ʟʣʦʯʠʥ, ʟʘ ʬʦʪʦʛʨʘʬʽʻʶ; 

- ʚʩʪʘʥʦʚʠʪʠ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʦʩʦʙʠ, ʷʢʘ ʧʝʨʝʙʫʚʘʻ ʚ ʨʦʟʰʫʢʫ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ, ʟʦʢʨʝʤʘ ʦʩʦʙʠʩʪʠʭ ʩʪʦʨʽʥʦʢ ʷʢ ʨʦʟʰʫʢʫʚʘʥʦʾ 

ʦʩʦʙʠ, ʪʘʢ ʽ ʢʦʣʘ ʾʾ ʟʥʘʡʦʤʠʭ; 

- ʚʩʪʘʥʦʚʠʪʠ ʢʦʣʦ ʟʥʘʡʦʤʩʪʚ ʪʘ ʽʥʪʝʨʝʩʽʚ ʦʩʦʙʠ ʪʦʱʦ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʚʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʾ ʧʨʘʚʦʚʦʛʦ ʨʝʞʠʤʫ 

ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʚ ʋʢʨʘʾʥʽ ʧʨʘʚʦʦʭʦʨʦʥʥʠʤ ʦʨʛʘʥʘʤ ʥʘʰʦʾ ʢʨʘʾʥʠ, ʟʦʢʨʝʤʘ 

ʧʨʘʮʽʚʥʠʢʘʤ ʅʘʮʽʦʥʘʣʴʥʦʾ ʧʦʣʽʮʽʾ ʋʢʨʘʾʥʠ, ʥʝʦʙʭʽʜʥʦ ʦʧʘʥʦʚʫʚʘʪʠ ʤʝʪʦʜ 

OSINT ʪʘ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʥʘʚʠʯʢʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
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Annotation Lead telluride (PbTe) is considered one of the most promising 

materials in thermoelectrics due to its unique thermoelectric properties. This 

semiconductor exhibits a high thermoelectric figure of merit (ZT) in certain 

temperature ranges, making it highly effective for converting heat energy into 

electricity. Additionally, PbTe is characterized by stability and low thermal 

conductivity, which further enhances the efficiency of thermoelectric devices. 

Another advantage of using PbTe is its relative affordability and high availability of 

raw materials.  

This makes it attractive for manufacturing mass thermoelectric devices such as 

thermoelectric modules for automobiles, industrial thermoelectric generators, heat 

recirculators, and others. The paper provides a review of works and an analysis of 

general approaches to semiconductor thermoelectric materials, including lead 

telluride. 
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Abstract Recent achievements in the field of thermoelectrics encompass a 

wide range of directions, including the development of new thermoelectric materials 

with enhanced thermoelectric properties, optimization of manufacturing processes 

and design of thermoelectric devices, as well as applications in renewable energy and 

energy-efficient technologies [1]. Some of the most significant achievements include 

the development of new nanostructured materials with a high thermoelectric figure of 

merit (ZT), improvement of crystal growth and film synthesis methods, and the 

implementation of thermoelectric devices in electronics and automotive industries. 

Thermoelectrics is increasingly important in the search for new energy sources and 

addressing energy efficiency issues, making it one of the most actively researched 

fields in modern science and technology. 

Lead chalcogenides and compounds based on them find wide application in 

thermoelectrics. However, for the extensive utilization of lead telluride in 

thermoelectric applications, researchers continue to improve its production 

technology, optimize strengthening processes, and control its microstructure. This 

effort is aimed at further increasing the ZT coefficient and enhancing the efficiency 

of thermoelectric devices based on this material. All of this underscores the potential 

and prospects of using lead telluride in thermoelectric applications, which can play a 

significant role in the development of energy-efficient technologies and addressing 

energy efficiency issues. The article provides an overview of works and analysis of 

general approaches to semiconductor thermoelectric materials, including lead 

telluride. 

Discussion 

The development of new technologies with energy-saving characteristics, the 

creation of renewable energy sources that are efficient, the utilization of thermal 

waste, autonomous energy sources, etc., are among the most significant and priority 

directions of global scientific research and are highly relevant today. Therefore, at 
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present, the development of science and technology is undoubtedly linked to 

successes and progress regarding the improvement of technologies for obtaining 

traditional semiconductor materials, as well as issues related to the development and 

research of new semiconductor structures [2, 3]. 

The efficiency of using thermoelectric semiconductor materials primarily 

depends on their thermoelectric figure of merit 

c

s2S
Z= , 

where S is the Seebeck coefficient, ů is the specific electrical conductivity, ɢ is 

the thermal conductivity coefficient, as well as the possibility of this parameter 

reaching high values [3]. 

The coefficient of thermoelectric efficiency or the coefficient of thermoelectric 

conversion ZT allows you to make a proper assessment of the efficiency of the 

thermoelectric material at different temperatures T [3] 

c

sTS
ZT

2

= . 

When it comes to increasing the thermoelectric efficiency coefficient, it should 

be understood that optimizing the entire set of parameters cannot be achieved solely 

by increasing or minimizing one of the variables. High Seebeck coefficient, as well as 

significant electrical and thermal conductivity, are essential for highly efficient 

thermoelectric materials. To obtain a material with the highest possible effective 

electrical and thermal conductivity, it is necessary to optimize these parameters 

independently of each other. 

For thermoelectric materials, the value of the dimensionless thermoelectric 

figure of merit is equally important. Therefore, when the parameter ZT å 1, it should 

be noted that these materials will have considerable value for practical applications. 

With a value of ZT å 2-3, the efficiency coefficient would be approximately 20, 

which would naturally increase the demand for these materials (at T = 300 K). 

Moreover, with a dimensionless thermoelectric figure of merit ZT å 3-4, 

thermoelectric converters would have the potential to be competitive even with 
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electric generators. With the help of the electronic subsystem (assuming 

s2SP=  - power coefficient), it is possible to determine the thermoelectric power 

coefficient as well as electrical conductivity. As for thermal conductivity, this 

parameter is determined by both the electronic and phonon subsystems, namely 

phel ccc += , where ɢ is the overall thermal conductivity coefficient, and ɢel and ɢph 

are electronic and phonon thermal conductivity, respectively. However, the issue with 

modern traditional thermoelectric materials such as Bi2Te3, PbTe, PbSe, PbS, remains 

their relatively low thermoelectric efficiency coefficient ZT ~ 0.6 [1]. Therefore, 

many researchers and scientists are engaged in the search for new materials or 

improving the properties of already known thermoelectric materials to obtain a high 

ZT value.  

Among the thermoelectric materials already used for the manufacture of 

electric power generators, lead telluride (PbTe) should be noted. PbTe is a promising 

and effective semiconductor material for the medium temperature region 

(500-750)K [5]. For the creation of thermoelectronic energy converters, 

photo-receiving devices, as well as emitting structures of the mid- and far-infrared 

range of the optical spectrum, lead telluride is the basic and main material. Among 

other thermoelectric materials, PbTe is distinguished by its properties: the value of 

the energy spectrum (N = 4); lattice thermal conductivity has a rather low value 

(ɢlatt = 2.09Ŀ10
-2
 WĿK

-1
Ŀcm

-1
); the mobility of electron charge carriers is quite high 

(ɛe å 10
3
 cm

2
ĿV

-1
Ŀs

-1
); the value of ɛe/ɢ is one of the largest. At such values of these 

quantities, the maximum value of the thermoelectric factor (Zmax) tends to increase 

[6, 7]. 

Many experimental studies of lead telluride and thin films based on it are given 

in literary sources [8-10], but there is no information about the entire complex of 

thermoelectric characteristics of this material, only individual properties are studied. 

Therefore, the next task should be to optimize the set of thermoelectric, structural and 

micromechanical characteristics, properties and parameters of this semiconductor 

material. 

So, it is possible to formulate the main criteria that are basic for highly efficient 
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thermoelectric materials: 

- weighted value of 
c

m 23*m
 (m

*
 ï effective mass of media);  

- significant doping of the material (up to a concentration of 10
19

-10
20

 cm
-3
), we 

are talking about donor and acceptor impurities that have the required solubility in 

this material;  

- a rather high effective mass of charge carriers, for the value of Õ/ɢ, which is 

characteristic for a broad plan of the energy spectrum;  

- a weak decline in the mobility of charge carriers within the limits of medium 

and high temperature indicators, which leads to the corresponding temperature 

dependence of Z;  

- the width of the band gap is not very small, but it prevents the premature 

appearance of effects associated with intrinsic conductivity (namely, bipolar 

diffusion). This helps to maintain high values of the efficiency of the thermoelectric 

material within high temperatures and expands its interval (in other words, as the 

temperature increases, the value of the ȹE parameter will also increase). 

Lead telluride and lead selenide (PbTe and PbSe) have these properties. 

In addition to the already mentioned criteria, which are required for the study 

of thermoelectric materials and thin films, in particular PbTe, it is possible to 

determine the main technological conditions that are necessary for their effective use 

and prospects for their use in various thermoelements, even when these 

thermoelements have a number of available favorable parameters. 

Such technological conditions include: 

- good mechanical properties of the material (nano- and micro-hardness) and 

the ability to withstand temperature cycling processes (heating and cooling), 

corresponding to the real operating conditions of the thermoelectric generator; 

- the nature of the materials should prevent irreversible physico-chemical 

reactions. Specifically, attention should be paid to the melting temperature of the 

thermoelectric material, as irreversible phenomena often occur at temperatures close 

to the material's melting point, making it unsuitable for use in such conditions. 
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Therefore, the melting temperature should be 200-300 K higher than the temperature 

of the hot junction of the thermocouple, which includes the material; 

- high radiation resistance of the selected thermoelectric materials in case 

nuclear reactors are used as heat sources in thermogenerators. 

It should be noted that the thermoelectric factor of material Z will mostly be 

small, regardless of the optimal parameters of thermoelectric materials, such as the 

concentration of electron charge carriers and temperature, with significant lattice 

conductivity. In this case, the future research of scientists will obviously relate to the 

search for thermoelectric materials that will have a low lattice thermal conductivity. 

Conclusion 

The provided review of works and analysis of general approaches to 

semiconductor thermoelectric materials unequivocally indicates that for the range of 

so-called intermediate temperatures (500-850 K), the most effective material is 

undoped non-stoichiometric lead telluride. At the same time, important questions 

arise concerning both the physical and chemical nature of the material and the study 

of all details of the technological process for manufacturing thermoelectric material. 
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ʋɼʂ 52-5 

ʇʈʆ ʉʊɺʆʈɽʅʅʗ ʇɽʈʐʀʍ ʏʆʈʅʀʍ ɼɯʈ ɯ ɻɸʃɸʂʊʀʂ 

 

ʂʦʥʜʨʘʪʝʥʢʦ ʇʝʪʨʦ ʆʣʝʢʩʽʡʦʚʠʯ 

ɼʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ. 

ʇʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʟʘʛʘʣʴʥʦʾ ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʬʽʟʠʢʠ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ ɺ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʝ ʦʙʛʦʚʦʨʝʥʥʷ ʬʘʢʪʫ ʧʦʷʚʠ ʚʘʞʢʠʭ ʯʦʨʥʠʭ ʜʽʨ 

ʚ ʤʦʣʦʜʠʭ ʛʘʣʘʢʪʠʢʘʭ ʚ ʉʪʘʥʜʘʨʪʥʽʡ ʤʦʜʝʣʽ ʩʪʚʦʨʝʥʥʷ ɺʩʝʩʚʽʪʫ, ʘ ʪʘʢʦʞ ʚ 

ʤʦʜʝʣʽ ɺʩʝʩʚʽʪʫ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʧʦʯʘʪʢʦʚʦʶ ʝʥʪʨʦʧʽʻʶ (ɺʄʇɽ) ʽ ʟʨʦʙʣʝʥʽ 

ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. ʇʝʨʰ ʟʘ ʚʩʝ, ʉʪʘʥʜʘʨʪʥʘ ʤʦʜʝʣʴ ʩʪʚʦʨʝʥʥʷ ɺʩʝʩʚʽʪʫ ʥʝ 

ʪʽʣʴʢʠ ʩʫʧʝʨʝʯʠʪʴ ʟʘʢʦʥʘʤ ʬʽʟʠʢʠ, ʘ ʽ ʥʝʩʧʨʦʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʦʷʚʫ ʨʘʥʥʽʭ 

ʛʘʣʘʢʪʠʢ ʟ ʤʘʩʠʚʥʠʤʠ ʯʦʨʥʠʤʠ ʜʽʨʘʤʠ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʤʦʜʝʣʴ ɺʄʇɽ ʩʪʚʦʨʝʥʘ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʠʢʦʥʫʚʘʣʠʩʴ ʚʩʽ ʟʘʢʦʥʠ ʬʽʟʠʢʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ɿʘʢʦʥʠ ʻʜʥʦʩʪʽ 

ʪʘ ʧʦʜʽʙʥʦʩʪʽ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʽʻʨʘʨʭʽʯʥʠʭ ʩʠʩʪʝʤ, ʟʘʚʜʷʢʠ ʧʨʦʛʨʘʤʽ, ʟʘʢʣʘʜʝʥʽʡ 

ʚ ʉʢʘʣʷʨʥʦʤʫ ʇʦʣʽ. ʗʢ ʥʘʩʣʽʜʦʢ ʮʽʻʾ ʧʨʦʛʨʘʤʠ, ʤʘʩʠ ʟʽʨʦʢ ʽ ʛʘʣʘʢʪʠʢ 

ʟʙʽʣʴʰʫʶʪʴʩʷ ʥʝʧʝʨʝʨʚʥʦ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ. ʊʦʤʫ ʤʦʣʦʜʽ ʛʘʣʘʢʪʠʢʠ 

ʤʘʶʪʴ ʤʘʣʫ ʤʘʩʫ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʧʨʦʮʝʩʠ ʬʣʫʢʪʫʘʮʽʾ ʚ ʧʝʨʚʠʥʥʠʭ ʩʢʫʧʯʝʥʥʷʭ 

ʛʘʣʘʢʪʠʢ, ʘ ʪʘʢʦʞ ʭʘʦʩ ʚ ʮʝʥʪʨʘʣʴʥʠʭ ʦʙʣʘʩʪʷʭ ʛʘʣʘʢʪʠʢ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʙôʻʜʥʘʥʥʷ ʟʽʨʦʢ ʽ ʩʪʚʦʨʝʥʥʷ ʯʦʨʥʠʭ ʜʽʨ, ʤʘʩʘ ʷʢʠʭ ʟʙʽʣʴʰʫʻʪʴʩʷ ʷʢ ʟʘ ʨʘʭʫʥʦʢ 

ʧʦʛʣʠʥʘʥʥʷ ʧʝʨʚʠʥʥʠʭ ʟʽʨʦʢ, ʪʘʢ ʽ ʟʘ ʨʘʭʫʥʦʢ ʦʙôʻʜʥʘʥʥʷ ʯʦʨʥʠʭ ʜʽʨ. ʆʩʪʘʥʥʻ 

ʩʧʨʠʯʠʥʶʻ ʧʦʷʚʫ ʛʘʣʘʢʪʠʯʥʠʭ ʨʫʢʘʚʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɯʻʨʘʨʭʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ɺʩʝʩʚʽʪʫ, ʉʢʘʣʷʨʥʝ ʇʦʣʝ, ʤʦʜʝʣʴ 

ɺʩʝʩʚʽʪʫ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʧʦʯʘʪʢʦʚʦʶ ʝʥʪʨʦʧʽʻʶ, ʥʘʨʦʜʞʝʥʥʷ ʨʝʯʦʚʠʥʠ, 

ʧʣʘʥʝʪʥʠʭ ʩʠʩʪʝʤ, ʛʘʣʘʢʪʠʢ ʽ ʩʢʫʧʯʝʥʥʷ ʛʘʣʘʢʪʠʢ, ʧʦʷʚʘ ʚʘʞʢʠʭ ʯʦʨʥʠʭ ʜʽʨ ʚ 

ʤʦʣʦʜʠʭ ʛʘʣʘʢʪʠʢʘʭ.  

 

ɺʩʪʫʧ ʋ ʟʚôʷʟʢʫ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʥʦʚʽʪʥʽʭ ʪʝʣʝʩʢʦʧʽʚ ʪʠʧʫ JWST (James 

Webb Space Telescope), ʟʜʘʪʥʠʭ ʟʘʛʣʷʥʫʪʠ ʜʦ ʧʦʯʘʪʢʫ ʩʪʚʦʨʝʥʥʷ ɺʩʝʩʚʽʪʫ, 

https://www.discoverresultsfast.com/ar?q=james%20web%20telescope%20images
https://www.discoverresultsfast.com/ar?q=james%20web%20telescope%20images
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ʟôʷʚʠʣʦʩʴ ʙʘʛʘʪʦ ʘʩʪʨʦʥʦʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʯʝʨʝʟ 400 ʤʣʥ 

ʩʚʽʪʣʦʚʠʭ ʨʦʢʽʚ ʚʞʝ ʽʩʥʫʚʘʣʠ ʛʘʣʘʢʪʠʢʠ ʟ ʤʘʩʠʚʥʠʤʠ ʯʦʨʥʠʤʠ ʜʽʨʘʤʠ ʚ ʾʭʥʴʦʤʫ 

ʮʝʥʪʨʽ. ʎʝʡ ʬʘʢʪ ʩʫʧʝʨʝʯʠʪʴ ʉʪʘʥʜʘʨʪʥʽʡ ʤʦʜʝʣʽ ʩʪʚʦʨʝʥʥʷ ɺʩʝʩʚʽʪʫ, ʱʦ 

ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʪʦʯʥʝʥʥʷ ʤʦʜʝʣʽ ʩʪʚʦʨʝʥʥʷ ʟʽʨʦʢ, ʛʘʣʘʢʪʠʢ ʽ ʯʦʨʥʠʭ ʜʽʨ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʢʨʽʤ ʉʪʘʥʜʘʨʪʥʦʾ ʤʦʜʝʣʽ ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʤʦʜʝʣʴ ʩʪʚʦʨʝʥʥʷ 

ɺʩʝʩʚʽʪʫ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʧʦʯʘʪʢʦʚʦʶ ʝʥʪʨʦʧʽʻʶ (ɺʄʇɽ). 

ɺ ʜʘʥʦʤʫ ʧʦʚʽʜʦʤʣʝʥʥʽ ʤʠ ʟʫʧʠʥʠʤʦʩʴ ʥʘ ʩʪʘʪʪʽ [1], ʚ ʷʢʽʡ ʛʨʫʧʘ ʘʚʪʦʨʽʚ ʟ 

ʋʥʽʚʝʨʩʠʪʝʪʫ ɼʞʦʥʘ ɻʦʧʢʽʥʩʘ ʚ ʉʐɸ ʽ ʋʥʽʚʝʨʩʠʪʝʪʫ ʉʦʨʙʦʥʥʠ ʫ ʌʨʘʥʮʽʾ 

ʧʨʦʚʝʣʠ ʛʨʘʥʜʽʦʟʥʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʽ ʪʝʦʨʝʪʠʯʥʫ ʨʦʙʦʪʫ, ʱʦʙ ʟôʷʩʫʚʘʪʠ, ʷʢ 

ʤʦʛʣʦ ʪʨʘʧʠʪʠʩʴ, ʱʦ ʪʘʢ ʨʘʥʦ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʤʘʩʠʚʥʽ ʯʦʨʥʽ ʜʽʨʠ, ʭʦʯ ʛʘʣʘʢʪʠʢʠ 

ʱʝ ʙʫʣʠ ʤʘʣʠʤʠ. ɺ ʩʪʘʪʪʽ [1] ʥʘʚʦʜʠʪʴʩʷ ʚʝʣʠʢʠʡ ʧʝʨʝʣʽʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, 

ʧʨʠʩʚʷʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʶ ʨʘʥʥʴʦʛʦ ɺʩʝʩʚʽʪʫ.  

ʎʷ ʛʨʫʧʘ ʚʯʝʥʠʭ [1] ʟʚʝʨʥʫʣʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʪʝʣʝʩʢʦʧ çɺʝʙʙè ʚʠʷʚʠʚ 

ʦʜʥʫ ʥʘʜʤʘʩʠʚʥʫ ʯʦʨʥʫ ʜʽʨʢʫ ʯʝʨʝʟ 470 ʤʣʥ ʨʦʢʽʚ ʧʽʩʣʷ ɺʝʣʠʢʦʛʦ ʚʠʙʫʭʫ, ʘ 

ʽʥʰʫ ï ʯʝʨʝʟ 400 ʤʣʥ ʨʦʢʽʚ. ʄʘʩʫ ʦʩʪʘʥʥʴʦʾ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʥʘ ʨʽʚʥʽ 1,6 ʤʣʥ. 

ʩʦʥʷʯʥʠʭ. ʇʨʠʯʦʤʫ, ʯʦʨʥʘ ʜʽʨʢʘ ʟʥʘʭʦʜʠʣʘʩʷ ʚ ʮʝʥʪʨʽ ʛʘʣʘʢʪʠʢʠ, ʷʢʘ ʙʫʣʘ 

ʣʝʛʰʘ, ʥʽʞ ʜʽʨʢʘ ʚ ʾʾ ʩʝʨʮʝʚʠʥʽ. ʊʘʢʠʡ ʬʘʢʪ ʚʠʢʣʠʢʘʚ ʥʦʚʫ ʧʨʦʙʣʝʤʫ, ʷʢʫ ʱʝ 

ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʫʚʘʪʠ ʰʣʷʭʦʤ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʤʦʜʝʣʶʚʘʥʴ ʧʨʦʮʝʩʽʚ ʫ 

ʨʘʥʥʽʭ ʛʘʣʘʢʪʠʢʘʭ. 

ʉʪʚʦʨʝʥʥʷ ʛʘʣʘʢʪʠʢ ʽ ʯʦʨʥʠʭ ʜʽʨ ʚ ʉʪʘʥʜʘʨʪʥʽʡ ʤʦʜʝʣʽ 

ʄʦʜʝʣʴ ʛʘʨʷʯʦʛʦ ɺʩʝʩʚʽʪʫ ʚʧʝʨʰʝ ʙʫʣʘ ʚʠʩʫʥʫʪʘ ɻ.ʆ. ɻʘʤʦʚʠʤ ʽ ʟʛʦʜʦʤ 

ʥʘʟʚʘʥʘ ʉʪʘʥʜʘʨʪʥʦʶ. ɺ ʦʩʥʦʚʫ ʮʽʻʾ ʤʦʜʝʣʽ ʙʫʣʦ ʧʦʢʣʘʜʝʥʦ ʨʦʙʦʪʠ 

ɸ. ɽʡʥʰʪʝʡʥʘ (ɿʘʛʘʣʴʥʘ ʪʝʦʨʽʷ ʚʽʜʥʦʩʥʦʩʪʽ), ʆ. ʌʨʽʜʤʘʥʘ (ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ 

ɺʩʝʩʚʽʪʫ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ɸ. ɽʡʥʰʪʝʡʥʘ), ʘ ʪʘʢʦʞ ɻʘʙʙʣʘ, ʷʢʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʧʦʢʘʟʘʚ, ʱʦ ʚʽʜʩʪʘʥʴ ʤʽʞ ʛʘʣʘʢʪʠʢʘʤʠ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ, ʧʨʦʧʦʨʮʽʦʥʘʣʴʥʦʶ ʚʽʜʩʪʘʥʽ r ʚʽʜ ʩʧʦʩʪʝʨʽʛʘʯʘ, ʪʦʙʪʦ 

ɡ = H0Ŀr, ʜʝ H0 - ʢʦʥʩʪʘʥʪʘ ɻʘʙʙʣʘ. ʆʪʞʝ, ʛʘʣʘʢʪʠʢʠ ʨʦʟʙʽʛʘʶʪʴʩʷ. ɺ 

ʨʝʪʨʦʩʧʝʢʪʠʚʽ ʚʦʥʠ ʧʦʚʠʥʥʽ ʟʽʙʨʘʪʠʩʴ ʚ ʦʜʥʽʡ ʪʦʯʮʽ, ʪʦʙʪʦ, ʟôʷʚʠʣʦʩʴ ʨʦʟʫʤʽʥʥʷ 

ʪʦʛʦ, ʱʦ ʽʩʥʫʚʘʚ ʧʦʯʘʪʦʢ ɺʩʝʩʚʽʪʫ. 

ɿʛʽʜʥʦ ʟ ʤʦʜʝʣʣʶ ɻ. ɻʘʤʦʚʘ ɺʩʝʩʚʽʪ ʥʘ ʧʦʯʘʪʢʫ ʧʝʨʝʙʫʚʘʚ ʚ ʫʤʦʚʘʭ, ʷʢʽ 
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ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (~10
28

 K [2]) ʡ ʪʠʩʢʫ ʚ 

ʩʠʥʛʫʣʷʨʥʦʩʪʽ, ʫ ʷʢʽʡ ʙʫʣʘ ʟʦʩʝʨʝʜʞʝʥʘ ʚʩʷ ʤʘʪʝʨʽʷ. ɿʚʠʯʘʡʥʦ, ʝʥʪʨʦʧʽʷ ʪʝʞ 

ʙʫʣʘ ʚʝʣʠʢʦʶ (S0 = 10
88

 ɼʞ/ʂ [3]). ɺʩʝʩʚʽʪ ʥʘʨʦʜʠʚʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ɺʝʣʠʢʦʛʦ 

ɺʠʙʫʭʫ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʩʪʽʨ ʽ ʤʘʪʝʨʽʷ ʚ ʥʴʦʤʫ ʨʦʟʰʠʨʶʚʘʣʠʩʴ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʥʠʞʫʚʘʣʘʩʴ. ɿ ʥʝʚʽʜʦʤʠʭ ʧʨʠʯʠʥ ʩʝʨʝʜ ʙʘʛʘʪʴʦʭ ʤʦʜʝʣʝʡ ʣʠʰʝ ʤʦʜʝʣʴ 

ɻ. ɻʘʤʦʚʘ ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʽ ʧʦʯʘʣʘ ʩʪʨʽʤʢʦ ʨʦʟʨʦʙʣʷʪʠʩʴ. ɯ ʮʝ ʧʨʠ ʪʦʤʫ, ʱʦ ʚʦʥʘ 

ʚ ʙʘʛʘʪʴʦʭ ʘʩʧʝʢʪʘʭ ʩʫʧʝʨʝʯʠʣʘ ʟʘʢʦʥʘʤ ʬʽʟʠʢʠ. ʇʨʦʪʝ, ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʮʷ 

ʤʦʜʝʣʴ ʧʽʜʪʚʝʨʜʞʝʥʘ ʥʘʷʚʥʽʩʪʶ ʨʝʣʽʢʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [4, 5], ʪʦʙʪʦ, 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʪʝʤʧʝʨʘʪʫʨʦʶ -270,425
ʦ
 ʉ = 2,725 ʂ. 

ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʚʝʣʠʯʠʥʘ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʨʘʜʽʫʩʘ ɺʩʝʩʚʽʪʫ ʜʦʨʽʚʥʶʻ 

rg~7Ŀ10
9
 ʩʚ. ʨʦʢʽʚ [6, 7]. ʆʪʞʝ, ɺʩʝʩʚʽʪ ʚ ʉʪʘʥʜʘʨʪʥʽʡ ʤʦʜʝʣʽ ʧʨʠ ʥʘʨʦʜʞʝʥʥʽ 

ʚʠʷʚʣʷʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʯʦʨʥʦʾ ʜʽʨʢʠ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʜʫʞʝ ʚʝʣʠʢʘ ʧʦʯʘʪʢʦʚʘ 

ʝʥʪʨʦʧʽʷ ɺʩʝʩʚʽʪʫ ʙʫʜʝ ʩʪʦʷʪʠ ʥʘ ʟʘʚʘʜʽ ʜʦ ʩʪʚʦʨʝʥʥʷ ʛʘʣʘʢʪʠʢ, ʟʽʨʦʢ ʽ 

ʧʣʘʥʝʪʥʠʭ ʩʠʩʪʝʤ. ɿʚʠʯʘʡʥʦ, ʙʫʣʠ ʩʧʨʦʙʠ ʧʦʢʨʘʱʠʪʠ ʉʪʘʥʜʘʨʪʥʫ ʤʦʜʝʣʴ. 

ɿʦʢʨʝʤʘ, ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʽʥʬʣʷʮʽʡʥʘ ʪʝʦʨʽʷ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ ʧʨʦʩʪʽʨ ʨʦʟʰʠʨʶʚʘʚʩʷ 

ʥʘ ʙʘʛʘʪʦ ʧʦʨʷʜʢʽʚ ʰʚʠʜʰʝ ʟʘ ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ. ɺ ʥʘʰʦʤʫ ɺʩʝʩʚʽʪʽ ʪʘʢʽ 

ʰʚʠʜʢʦʩʪʽ ʥʝʤʦʞʣʠʚʽ. ʅʝʤʦʞʣʠʚʝ ʽ ʽʩʥʫʚʘʥʥʷ ʪʘʭʽʦʥʽʚ. ɼʣʷ ʥʠʭ ʧʦʪʨʽʙʝʥ 

ʦʢʨʝʤʠʡ ɺʩʝʩʚʽʪ, ʷʢʠʡ ʥʝ ʤʘʻ ʥʽʯʦʛʦ ʩʧʽʣʴʥʦʛʦ ʟ ʥʘʰʠʤ ɺʩʝʩʚʽʪʦʤ . 

ɺ ʉʪʘʥʜʘʨʪʥʽʡ ʤʦʜʝʣʽ ʢʚʘʨʢʠ, ʣʝʧʪʦʥʠ ʽ ʧʨʦʤʽʞʥʽ ʙʦʟʦʥʠ ʩʪʚʦʨʶʶʪʴʩʷ, 

ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 100 ɻʝɺ. ʇʦʯʠʥʘʻʪʴʩʷ ʘʜʨʦʥʥʘ ʝʨʘ, ʢʦʣʠ 

ʢʚʘʨʢʠ ʟʣʠʚʘʶʪʴʩʷ ʚ ʘʜʨʦʥʠ. ɺʠʥʠʢʘʻ ʢʦʥʬʘʡʥʤʝʥʪ ʢʚʘʨʢʽʚ. ʇʨʠ ʮʴʦʤʫ ʯʘʩ ʚʽʜ 

ʥʘʨʦʜʞʝʥʥʷ ɺʩʝʩʚʽʪʫ ʩʢʣʘʜʘʻ 10
-6
 ʩ. ʊʫʪ ʟʥʦʚʫ ʚʠʥʠʢʘʻ ʥʝʧʦʨʦʟʫʤʽʥʥʷ. ʉʧʨʘʚʘ ʚ 

ʪʦʤʫ, ʱʦ ʽ ʪʝʦʨʽʷ ʂʘʣʫʮʠ, ʽ ʪʝʦʨʽʷ ɼʽʨʘʢʘ ʜʦʚʦʜʷʪʴ, ʱʦ ʟʘʨʷʜ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʯʘʩʪʠʥʦʢ ʢʚʘʥʪʫʻʪʴʩʷ ʽ ʤʽʥʽʤʘʣʴʥʦʶ ʚʝʣʠʯʠʥʦʶ ʟʘʨʷʜʫ ʻ ʟʘʨʷʜ ʧʨʦʪʦʥʘ ʽ 

ʝʣʝʢʪʨʦʥʘ. ɸ ʟʘʨʷʜ ʢʚʘʨʢʽʚ ʫ 3 ʨʘʟʠ ʤʝʥʰʠʡ! ɺ ʩʠʥʛʫʣʷʨʥʦʩʪʽ ʙʫʣʘ ʣʠʰʝ 

ʝʥʝʨʛʽʷ, ʷʢʘ, ʟʘ ʫʷʚʣʝʥʥʷʤ ʘʚʪʦʨʽʚ, ʤʦʞʝ ʩʪʚʦʨʠʪʠ ʣʠʰʝ ʧʘʨʠ 

ʯʘʩʪʠʥʢʘ-ʘʥʪʠʯʘʩʪʠʥʢʘ. ɸ ʟʚʽʜʩʠ ʚʠʥʠʢʘʻ ʥʝʚʠʨʽʰʝʥʘ ʧʨʦʙʣʝʤʘ: ʯʦʤʫ ʫ ɺʩʝʩʚʽʪʽ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʣʠʰʝ ʯʘʩʪʠʥʢʠ? ɯ, ʥʘʨʝʰʪʽ, ʽʩʥʫʶʯʽ ʪʝʦʨʽʾ ʥʝ ʧʦʷʩʥʶʶʪʴ, ʯʦʤʫ 

ʚʩʝ ʫ ɺʩʝʩʚʽʪʽ ʦʙʝʨʪʘʻʪʴʩʷ. 
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ʆʪʞʝ, ʟʘ ʉʪʘʥʜʘʨʪʥʦʶ ʤʦʜʝʣʣʶ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʝʨʰʽ ʥʫʢʣʦʥʠ ʙʫʣʠ 

ʩʬʦʨʤʦʚʘʥʽ ʟ ʢʚʘʨʢ-ʛʣʶʦʥʥʦʾ ʧʣʘʟʤʠ ʧʽʜ ʯʘʩ ɺʝʣʠʢʦʛʦ ɺʠʙʫʭʫ, ʧʦʢʠ ʚʦʥʘ 

ʦʭʦʣʦʜʞʫʚʘʣʘʩʴ ʥʠʞʯʝ ʜʚʦʭ ʪʨʠʣʴʡʦʥʽʚ ʛʨʘʜʫʩʽʚ. ɺ ʧʦʯʘʪʢʦʚʽʡ ʤʦʜʝʣʽ 

ʚʚʘʞʘʣʦʩʴ, ʱʦ ʘʪʦʤʠ ʚʦʜʥʶ ʽ ʛʝʣʽʶ, ʟ ʷʢʠʭ ʩʢʣʘʜʘʶʪʴʩʷ ʙʽʣʴʰʽʩʪʴ ʟʽʨʦʢ, 

ʫʪʚʦʨʠʣʠʩʷ ʣʠʰʝ ʯʝʨʝʟ ʜʝʢʽʣʴʢʘ ʩʦʪʝʥʴ ʪʠʩʷʯ ʨʦʢʽʚ ʧʽʩʣʷ ɺʝʣʠʢʦʛʦ ʚʠʙʫʭʫ, 

ʢʦʣʠ ɺʩʝʩʚʽʪ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʚʩʷ ʚ ʨʦʟʤʽʨʘʭ ʽ ʦʭʦʣʦʚ. ʇʨʠ ʮʴʦʤʫ ʚʩʽ ʚʘʞʯʽ ʟʘ 

ʥʫʢʣʦʥ ʘʪʦʤʥʽ ʷʜʨʘ ʥʘʨʦʜʠʣʠʩʴ ʚ ʟʽʨʢʘʭ.  

ʇʨʦʪʝ, ʪʘʢʘ ʤʦʜʝʣʴ ʥʘ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʩʪʚʦʨʝʥʥʷ ʪʽʻʾ ʢʽʣʴʢʦʩʪʽ ʷʜʝʨ ʛʝʣʽʶ, 

ʷʢʫ ʚ ʜʘʥʠʡ ʯʘʩ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʫ ɺʩʝʩʚʽʪʽ. ʊʦʤʫ ʚʽʜʙʫʣʘʩʴ ʢʦʨʝʢʮʽʷ ʤʦʜʝʣʽ. 

ɿʛʽʜʥʦ ʟʽ ʩʢʦʨʠʛʦʚʘʥʦʶ ʤʦʜʝʣʣʶ ʷʜʨʦ ʜʝʡʪʝʨʽʶ ʟ'ʷʚʠʣʦʩʷ ʤʘʡʞʝ ʯʝʨʝʟ 

ʯʦʪʠʨʥʘʜʮʷʪʴ ʩʝʢʫʥʜ, ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 3 ʤʽʣʴʷʨʜʠ ʛʨʘʜʫʩʽʚ ʜʦʟʚʦʣʠʣʘ 

ʥʝʡʪʨʦʥʘʤ ʽ ʧʨʦʪʦʥʘʤ ʟʘʣʠʰʠʪʠʩʷ ʨʘʟʦʤ. ɼʦ ʪʦʛʦ ʯʘʩʫ, ʢʦʣʠ ʮʽ ʷʜʨʘ ʤʦʛʣʠ 

ʩʪʘʪʠ ʩʪʘʙʽʣʴʥʠʤʠ, ɺʩʝʩʚʽʪʫ ʟʥʘʜʦʙʠʣʦʩʷ ʪʨʦʭʠ ʙʽʣʴʰʝ ʪʨʴʦʭ ʭʚʠʣʠʥ, ʢʦʣʠ ʮʷ 

ʨʦʟʞʘʨʝʥʘ ʢʫʣʷ ʦʭʦʣʦʣʘ ʧʨʠʙʣʠʟʥʦ ʜʦ 1 ʤʽʣʴʷʨʜʘ ʛʨʘʜʫʩʽʚ. ɿ ʮʴʦʛʦ ʧʦʯʘʣʘʩʷ 

ʝʧʦʭʘ ʧʝʨʚʠʥʥʦʛʦ ʥʫʢʣʝʦʩʠʥʪʝʟʫ, ʱʦ ʪʨʠʚʘʣʘ ʙʣʠʟʴʢʦ 200 ʩʝʢʫʥʜ. ʉʘʤʝ ʚ ʮʝʡ 

ʧʝʨʽʦʜ ʨʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʽʚ ʩʪʘʚ ʪʘʢʠʤ, ʷʢʠʡ ʤʠ ʤʦʞʝʤʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘʨʘʟ. ɿʘ 

ʢʽʣʴʢʘ ʭʚʠʣʠʥ ʟ ʧʨʦʪʦʥʽʚ ʪʘ ʥʝʡʪʨʦʥʽʚ ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʷʜʨʘ ὌὩȟ ὌὩȟ ʘ ʪʘʢʦʞ ʚ 

ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ὒὭ ̓  ́ὄὩȟ ʪʦʜʽ ʷʢ ʷʜʨʘ ʚʘʞʯʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʡʞʝ ʥʝ 

ʫʪʚʦʨʠʣʠʩʴ. ʇʨʦʮʝʩ ʟʫʧʠʥʠʚʩʷ ʯʝʨʝʟ 20 ʭʚʠʣʠʥ ʯʝʨʝʟ ʧʘʜʽʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʛʫʩʪʠʥʠ ʩʝʨʝʜʦʚʠʱʘ.  

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʦʜʝʥʴ ʪʘ ʛʝʣʽʡ ʫʪʚʦʨʠʣʠ ʧʝʨʰʽ ʟʦʨʽ ʟʘ 500 ʤʣʥ ʨʦʢʽʚ. ɿ 

ʪʠʭ ʯʘʩʽʚ ʫʪʚʦʨʝʥʥʷ ʟʽʨʦʢ ʽ ʛʘʣʘʢʪʠʢ ʫ ɺʩʝʩʚʽʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʧʝʨʝʨʚʥʦ. 

ɽʣʝʤʝʥʪʠ, ʟʥʘʡʜʝʥʽ ʥʘ ɿʝʤʣʽ, (ʚʽʜ ʚʦʜʥʶ ʜʦ ʧʣʫʪʦʥʫ) ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ɿʝʤʣʽ ʟʦʨʷʥʠʤ ʥʫʢʣʝʦʩʠʥʪʝʟʦʤ ʪʘ ʥʫʢʣʝʦʩʠʥʪʝʟʦʤ ʚ ʥʘʜʥʦʚʠʭ ʟʽʨʢʘʭ 

[8].  

ɿʚʝʨʪʘʶ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʚʩʽ ʧʨʦʮʝʩʠ ʟʛʽʜʥʦ ʟʽ ʉʪʘʥʜʘʨʪʥʦʶ ʤʦʜʝʣʣʶ 

ʧʨʦʪʽʢʘʶʪʴ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ. ɸ ʪʦʤʫ ʚʦʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʦʟʪʷʛʥʫʪʠʤʠ ʚ ʯʘʩʽ 

ʥʘ ʤʽʣʴʷʨʜʠ ʨʦʢʽʚ. ʂʨʽʤ ʪʦʛʦ, ʥʝ ʟʨʦʟʫʤʽʣʦ, ʟ ʷʢʠʭ ʧʨʠʯʠʥ ʟʽʨʢʠ ʦʙôʻʜʥʫʚʘʣʠʩʴ ʚ 

ʛʘʣʘʢʪʠʢʠ ʽ ʩʪʚʦʨʶʚʘʣʠ ʛʨʘʥʜʽʦʟʥʠʡ ʦʙʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ. ɯ ʮʝ ʧʨʠ ʰʘʣʝʥʦ 

ʚʝʣʠʢʽʡ ʝʥʪʨʦʧʽʾ ʩʠʩʪʝʤʠ! ʉʴʦʛʦʜʥʽ ʤʠ ʜʠʚʠʤʦʩʴ ʥʘ ɺʩʝʩʚʽʪ ʽ ʙʘʯʠʤʦ 
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ʜʠʚʦʚʠʞʥʫ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʤʘʪʝʨʽʾ. ɸ ʢʫʜʠ ʞ ʟʥʠʢʣʘ ʝʥʪʨʦʧʽʷ? 

ɯ ʥʘʚʽʪʴ ʟ ʚʽʜʤʽʯʝʥʠʤʠ ʥʝʫʟʛʦʜʞʝʥʥʷʤʠ ʟ ʟʘʢʦʥʘʤʠ ʬʽʟʠʢʠ, ʚ ʉʪʘʥʜʘʨʪʥʽʡ 

ʤʦʜʝʣʽ ʯʝʨʝʟ ʤʽʣʴʷʨʜʠ ʨʦʢʽʚ ʧʦʚʠʥʥʽ ʟôʷʚʣʷʪʠʩʴ ʛʘʣʘʢʪʠʢʠ: ʩʧʦʯʘʪʢʫ ʤʘʣʽ, ʧʦʪʽʤ 

ʚʦʥʠ ʷʢʠʤʦʩʴ ʯʠʥʦʤ ʟʙʽʣʴʰʫʚʘʣʠʩʴ. ɿʙʽʣʴʰʫʚʘʣʠʩʴ ʽ ʤʘʩʠ ʟʽʨʦʢ ʟʘ ʨʘʭʫʥʦʢ 

ʘʢʨʝʮʽʾ ʨʝʯʦʚʠʥʠ. ʅʘʨʝʰʪʽ ʧʦʯʘʣʠ ʚʽʜʙʫʚʘʪʠʩʴ ʧʨʦʮʝʩʠ ʩʪʚʦʨʝʥʥʷ ʯʦʨʥʠʭ ʜʽʨ. 

ʇʝʚʥʦ, ʜʣʷ ʮʴʦʛʦ ʤʘʣʦ ʙ ʧʨʦʡʪʠ ʢʽʣʴʢʘ ʤʽʣʴʷʨʜʽʚ ʨʦʢʽʚ. ɸ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʚʠʷʚʣʷʶʪʴ ʛʘʣʘʢʪʠʢʠ ʟ ʤʘʩʠʚʥʠʤʠ ʯʦʨʥʠʤʠ ʜʽʨʢʘʤʠ ʚʞʝ ʯʝʨʝʟ 400 ʤʣʥ ʨʦʢʽʚ 

ʧʽʩʣʷ ɺʝʣʠʢʦʛʦ ɺʠʙʫʭʫ. ʆʪʞʝ, ʉʪʘʥʜʘʨʪʥʘ ʤʦʜʝʣʴ ʥʝʩʧʨʦʤʦʞʥʘ ʧʨʘʚʠʣʴʥʦ 

ʦʧʠʩʘʪʠ ʩʪʚʦʨʝʥʥʷ ʪʘ ʝʚʦʣʶʮʽʶ ɺʩʝʩʚʽʪʫ. ʗʢ ʥʘʩʣʽʜʦʢ, ʧʨʦʙʣʝʤʘ ʥʘʨʦʜʞʝʥʥʷ ʪʘ 

ʝʚʦʣʶʮʽʾ ɺʩʝʩʚʽʪʫ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʶ. 

ʉʪʚʦʨʝʥʥʷ ʘʪʦʤʽʚ, ʟʽʨʦʢ ʪʘ ʛʘʣʘʢʪʠʢ ʚ ʤʦʜʝʣʽ ɺʄʇɽ 

ʄʦʜʝʣʴ ɺʄʇɽ ʩʪʚʦʨʝʥʘ ʘʚʪʦʨʦʤ ʮʽʻʾ ʩʪʘʪʪʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʚʠʢʦʥʫʚʘʣʠʩʴ ʟʘʢʦʥʠ ʬʽʟʠʢʠ ʽ ʚʨʘʭʦʚʫʚʘʣʠʩʴ ɿʘʢʦʥʠ ɭʜʥʦʩʪʽ ʽ ʇʦʜʽʙʥʦʩʪʽ, 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʽʻʨʘʨʭʽʯʥʠʭ ʩʠʩʪʝʤ. ʈʦʟʧʦʜʽʣ ʨʝʯʦʚʠʥʠ ʫ ɺʩʝʩʚʽʪʽ ʜʽʡʩʥʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʟʘʢʦʥʽʚ ʽʻʨʘʨʭʽʯʥʠʭ ʩʠʩʪʝʤ (ʊʘʙʣ.1).  

ʊʘʙʣʠʮʷ 1.  

ɯʻʨʘʨʭʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ɺʩʝʩʚʽʪʫ. 

ɯʈ ʈʝʯʦʚʠʥʘ ɺʟʘʻʤʦʜʽʷ ʈʝʘʢʮʽʷ 

1 
ɽʣʝʤʝʥʪʘʨʥʽ 

ʯʘʩʪʠʥʢʠ 
ʉʣʘʙʢʘ 

ʈʦʟʧʘʜ ʯʘʩʪʠʥʦʢ ʽ ʨʦʟʩʽʷʥʥʷ 

ʣʝʧʪʦʥʽʚ ʥʘ ʙʘʨʽʦʥʘʭ 

2 ɸʪʦʤʥʽ ʷʜʨʘ ʉʠʣʴʥʘ ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʙʘʨʽʦʥʘʤʠ 

3 

ɸʪʦʤʠ, ʤʦʣʝʢʫʣʠ, 

ʤʦʣʝʢʫʣʷʨʥʽ ʩʠʩʪʝʤʠ, 

ʧʣʘʟʤʘ 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʘ 
ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʟʘʨʷʜʞʝʥʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ 

4 ʇʣʘʥʝʪʥʽ ʩʠʩʪʝʤʠ ɻʨʘʚʽʪʘʮʽʡʥʘ ɯ 

ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʪʷʞʽʶʯʠʤʠ 

ʪʽʣʘʤʠ ʚ ʤʝʞʘʭ ʧʣʘʥʝʪʥʦʾ 

ʩʠʩʪʝʤʠ 

5 ɿʦʨʷʥʽ ʩʠʩʪʝʤʠ ɻʨʘʚʽʪʘʮʽʡʥʘ ɯɯ 
ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʟʦʨʷʤʠ ʚ ʤʝʞʘʭ 

ʛʘʣʘʢʪʠʢʠ 

6 ʉʢʫʧʯʝʥʥʷ ʛʘʣʘʢʪʠʢ ɻʨʘʚʽʪʘʮʽʡʥʘ ɯɯɯ 

ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʛʘʣʘʢʪʠʢʘʤʠ 

(ʩʪʽʣʴʥʠʢʦʚʘ ʩʪʨʫʢʪʫʨʘ 

ɺʩʝʩʚʽʪʫ) 

7 ʄʝʪʘʛʘʣʘʢʪʠʢʘ ɻʨʘʚʽʪʘʮʽʡʥʘ ɯV 
ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʩʢʫʧʯʝʥʥʷʤʠ 

ʛʘʣʘʢʪʠʢ 

8 ɹʦʛ ʩʠʩʪʝʤʠ   

ɺ ʤʦʜʝʣʽ ɺʄʇɽ ʧʦʯʘʪʦʢ ʟʥʘʤʝʥʫʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷʤ ʟʘʨʦʜʢʫ 
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ʉʫʧʝʨ-ɺʩʝʩʚʽʪʫ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʨʦʟʰʘʨʦʚʘʥʠʤ ʧʨʦʩʪʦʨʦʤ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʯʦʪʠʨʴʦʭ ʰʘʨʽʚ [6, 7]. 

ʋ ʩʪʚʦʨʝʥʦʤʫ ʉʫʧʝʨ-ɺʩʝʩʚʽʪʽ ʧʝʨʰʠʡ ʰʘʨ ʟʦʙʨʘʞʫʻʪʴʩʷ ʷʢ 

ʥʫʣʴ-ʚʠʤʽʨʥʠʡ ʧʨʦʩʪʽʨ. ɼʨʫʛʠʡ ʰʘʨ ï ʮʝ ʦʜʥʦʚʠʤʽʨʥʠʡ ʧʨʦʩʪʽʨ, 

ʪʨʝʪʽʡ - ʜʚʦʚʠʤʽʨʥʠʡ ʽ ʯʝʪʚʝʨʪʠʡ ï ʥʘʰ ʪʨʠʚʠʤʽʨʥʠʡ ʧʨʦʩʪʽʨ. ʄʽʞ ʩʫʩʽʜʥʽʤʠ 

ʰʘʨʘʤʠ ʽʩʥʫʻ ʽʥʬʦʨʤʘʮʽʡʥʘ ʚʟʘʻʤʦʜʽʷ ʯʝʨʝʟ ʦʜʥʫ ʜʝʣʦʢʘʣʽʟʦʚʘʥʫ ʪʦʯʢʫ.  

ʅʘ ʧʦʯʘʪʢʫ ʩʪʚʦʨʝʥʥʷ ʉʫʧʝʨ-ɺʩʝʩʚʽʪʫ ʢʦʞʝʥ ʰʘʨ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʧʨʦʩʪʦʨʦʤ ʟʽ ʟʛʦʨʥʫʪʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ. 

ʇʝʨʰʠʡ ʰʘʨ ʤʘʻ 12 ʟʛʦʨʥʫʪʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ, ʘ ʪʘʢʦʞ ʯʘʩʦʚʫ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʢʦʦʨʜʠʥʘʪʠ. ɼʨʫʛʠʡ ʰʘʨ ʤʘʻ ʪʨʠ ʟʛʦʨʥʫʪʽ ʧʨʦʩʪʦʨʦʚʽ 

ʢʦʦʨʜʠʥʘʪʠ, ʦʜʥʘ ʟ ʷʢʠʭ ʟ ʯʘʩʦʤ ʨʦʟʢʨʠʚʘʻʪʴʩʷ ʷʢ ʙʨʘʥʘ ʜʚʦʚʠʤʽʨʥʦʛʦ ʧʨʦʩʪʦʨʫ 

(ʢʦʣʦ, ʨʘʜʽʫʩ ʷʢʦʛʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʩʚʽʪʣʘ). ʊʨʝʪʽʡ ʰʘʨ ʤʘʻ ʪʨʠ 

ʟʛʦʨʥʫʪʽ ʧʨʦʩʪʦʨʦʚʽ ʢʦʦʨʜʠʥʘʪʠ, ʜʚʽ ʟ ʷʢʠʭ ʟ ʯʘʩʦʤ ʨʦʟʢʨʠʚʘʶʪʴʩʷ ʷʢ ʙʨʘʥʘ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʧʨʦʩʪʦʨʫ (ʩʬʝʨʘ, ʨʘʜʽʫʩ ʷʢʦʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʩʚʽʪʣʘ). 

ʏʝʪʚʝʨʪʠʡ ʰʘʨ ʤʘʻ 6 ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ, ʪʨʠ ʟ ʷʢʠʡ ʨʦʟʢʨʠʚʘʶʪʴʩʷ ʷʢ 

ʙʨʘʥʘ ʯʦʪʠʨʠʚʠʤʽʨʥʦʛʦ ʧʨʦʩʪʦʨʫ. ʇʨʠ ʮʴʦʤʫ ʨʘʜʽʫʩ ʯʦʪʠʨʠʚʠʤʽʨʥʦʾ ʩʬʝʨʠ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʩʚʽʪʣʘ. ʏʘʩʦʚʘ ʽ ʽʥʬʦʨʤʘʮʽʡʥʘ ʢʦʦʨʜʠʥʘʪʠ ʚʣʘʩʪʠʚʽ 

ʜʣʷ ʚʩʽʭ ʰʘʨʽʚ ʨʦʟʰʘʨʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ. 

12 ʟʛʦʨʥʫʪʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʥʫʣʴ-ʚʠʤʽʨʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʦʭʦʧʣʶʶʪʴ ʚʩʽ ʧʨʦʩʪʦʨʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʨʦʟʰʘʨʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʨʦʮʝʩʘʤʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʥʫʣʴ-ʚʠʤʽʨʥʦʤʫ 

ʧʨʦʩʪʦʨʽ, ʟ ʧʨʦʮʝʩʘʤʠ, ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʚ ʽʥʰʠʭ ʧʨʦʩʪʦʨʘʭ. ɺʩʽ ʧʨʦʩʪʦʨʠ, ʢʨʽʤ 

ʥʫʣʴ-ʚʠʤʽʨʥʦʛʦ, ʷʚʣʷʶʪʴʩʷ ʙʨʘʥʘʤʠ ʧʨʦʩʪʦʨʽʚ ʟ ʨʦʟʤʽʨʥʽʩʪʶ, ʙʽʣʴʰʦʶ ʥʘ 

ʦʜʠʥʠʮʶ. ɿʚʽʜʩʠ ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʩʽ ʮʽ ʧʨʦʩʪʦʨʠ ʟʘʤʢʥʫʪʽ. ɺʦʥʠ 

ʧʦʯʠʥʘʶʪʴ ʨʦʟʰʠʨʶʚʘʪʠʩʴ ʦʜʥʦʯʘʩʥʦ, ʪʘʢ ʱʦ ʨʘʜʽʫʩ ʢʦʞʥʦʾ ʙʨʘʥʠ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʩʚʽʪʣʘ. 

ʏʝʨʝʟ ʥʫʣʴ-ʚʠʤʽʨʥʠʡ ʧʨʦʩʪʽʨ ʚʭʦʜʠʪʴ ʉʢʘʣʷʨʥʝ ʇʦʣʝ ʟ ʧʦʩʪʽʡʥʦʶ 

ʰʚʠʜʢʽʩʪʶ. ʉʢʘʣʷʨʥʝ ʇʦʣʝ ʥʝʩʝ ʟ ʩʦʙʦʶ ʝʥʝʨʛʽʶ ʽ ʧʨʦʛʨʘʤʫ ʩʪʚʦʨʝʥʥʷ 

ʉʫʧʝʨ-ɺʩʝʩʚʽʪʫ. ʎʝ ʇʦʣʝ ʩʧʦʯʘʪʢʫ ʟʘʧʦʚʥʶʻ ʦʜʥʦʚʠʤʽʨʥʠʡ ʧʨʦʩʪʽʨ ʜʦ 

ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʛʫʩʪʠʥʠ ʨʝʯʦʚʠʥʠ ʚ ʮʴʦʤʫ ʧʨʦʩʪʦʨʽ. ʇʦʪʽʤ ʧʦʩʣʽʜʦʚʥʦ 
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ʚʦʥʦ ʥʘʧʦʚʥʶʻ ʜʚʦʚʠʤʽʨʥʠʡ ʽ ʪʨʠʚʠʤʽʨʥʠʡ ʧʨʦʩʪʦʨʠ. ʆʩʢʽʣʴʢʠ ʚʩʽ ʢʦʦʨʜʠʥʘʪʠ 

ʉʚʽʪʫ-1 ʟʘʤʢʥʝʥʽ ʚ ʢʦʣʘ ʤʘʣʦʛʦ ʨʘʜʽʫʩʫ, ʭʚʠʣʷ ʉʢʘʣʷʨʥʦʛʦ ʇʦʣʷ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʮʠʨʢʫʣʷʨʥʦ ʧʦʣʷʨʠʟʦʚʘʥʦʶ. ɸ ʮʝ ʫ ʩʚʦʶ ʯʝʨʛʫ ʩʧʨʠʯʠʥʠʪʴ ʪʝ, ʱʦ ʫ ɺʩʝʩʚʽʪʽ ʚʩʷ 

ʩʪʚʦʨʝʥʘ ʨʝʯʦʚʠʥʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʦʙʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ. ɺʽʜ ʘʪʦʤʘ ʜʦ ʛʘʣʘʢʪʠʢʠ 

ʚʩʝ ʦʙʝʨʪʘʻʪʴʩʷ. ɹʽʣʴʰʝ ʪʦʛʦ, ʘʩʪʨʦʥʦʤʽʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ 

ʛʘʣʘʢʪʠʢʠ ʦʙʝʨʪʘʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʥʘʧʨʷʤʢʫ [9]. ʆʩʢʽʣʴʢʠ ʥʝ 

ʽʩʥʫʻ ʚʠʜʠʤʦʾ ʧʨʠʯʠʥʠ ʪʘʢʦʛʦ ʦʙʝʨʪʘʥʥʷ ʛʘʣʘʢʪʠʢ, ʘʚʪʦʨ ʩʪʘʪʪʽ [9] ʨʦʙʠʪʴ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʦʙʝʨʪʘʥʥʷ ʟôʷʚʠʣʦʩʷ ʧʨʠ ʥʘʨʦʜʞʝʥʥʽ ɺʩʝʩʚʽʪʫ ʽ ʧʝʨʝʜʘʣʦʩʴ 

ʛʘʣʘʢʪʠʢʘʤ. 

ʏʘʩ ʟʘʪʨʠʤʢʠ ʧʦʯʘʪʢʫ ʟʘʧʦʚʥʝʥʥʷ ʝʥʝʨʛʽʻʶ ʪʨʠʚʠʤʽʨʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʩʢʣʘʜʘʻ 3Ŀ10
-5
 ʩ [6,7]. ʅʦʚʦʥʘʨʦʜʞʝʥʠʡ ʪʨʠʚʠʤʽʨʥʠʡ ʧʨʦʩʪʽʨ ʩʧʦʯʘʪʢʫ ʙʫʜʝ 

ʟʘʧʦʚʥʶʚʘʪʠʩʴ ʣʠʰʝ ʚʘʢʫʫʤʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ [10] ʪʘ ʥʫʣʴʦʚʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ 

ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ. ɺʭʦʜʞʝʥʥʷ ʚʝʣʠʢʦʛʦ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ ʉʢʘʣʷʨʥʦʛʦ ʇʦʣʷ ʧʨʠʚʝʣʦ 

ʜʦ ʟʙʫʜʞʝʥʥʷ ʚʘʢʫʫʤʥʠʭ ʯʘʩʪʠʥʦʢ ʽ ʥʘʨʦʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʠʤʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʣʠʰʝ ʙʽʥʝʡʪʨʦʥʠ ʯʠ ʢʦʤʧʣʝʢʩʠ ʙʽʥʝʡʪʨʦʥʽʚ [11].  

ʉʢʘʣʷʨʥʝ ʇʦʣʝ ʚʽʜʧʦʚʽʜʘʣʴʥʝ ʽ ʟʘ ʽʩʥʫʚʘʥʥʷ ʤʘʩʠ ʫ ʯʘʩʪʠʥʦʢ, ʘ ʪʦʤʫ 

ʧʝʨʽʦʜʫ ʽʩʥʫʚʘʥʥʷ ʙʝʟʤʘʩʦʚʠʭ ʯʘʩʪʠʥʦʢ ʥʝ ʤʦʞʝ ʙʫʪʠ. ʅʝ ʽʩʥʫʻ ʽ ʘʥʪʠʨʝʯʦʚʠʥʠ 

ʫ ʥʘʰʦʤʫ ɺʩʝʩʚʽʪʽ. ʆʩʢʽʣʴʢʠ ʉʢʘʣʷʨʥʝ ʇʦʣʝ ʥʝ ʻ ʥʦʩʽʻʤ ʟʘʨʷʜʽʚ, ʧʦʨʦʜʞʝʥʘ ʥʠʤ 

ʤʘʪʝʨʽʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʶ. ɸ ʪʦʤʫ ʫ ʚʩʽʭ ʧʨʦʩʪʦʨʘʭ ʽʩʥʫʻ ʟʘʢʦʥ 

ʟʙʝʨʝʞʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʟʘʨʷʜʫ. 

ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʪʨʠʚʠʤʽʨʥʠʤ ʽ ʜʚʦʚʠʤʽʨʥʠʤ ʧʨʦʩʪʦʨʘʤʠ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚ ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟôʷʚʣʷʶʪʴʩʷ ʯʘʩʪʠʥʢʠ, ʞʦʨʩʪʢʦ 

ʧʦʚôʷʟʘʥʽ ʟ ʙʘʨʽʦʥʘʤʠ ʪʨʠʚʠʤʽʨʥʦʛʦ ʧʨʦʩʪʦʨʫ. ʈʦʟʤʽʨʥʽʩʪʴ ʧʨʦʩʪʦʨʫ ʟʘʜʘʻ 

ʚʝʣʠʯʠʥʫ ʤʽʥʽʤʘʣʴʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʯʘʩʪʠʥʢʠ. ʊʦʤʫ ʢʚʘʨʢʠ, ʙʫʜʫʯʠ 

ʣʦʢʘʣʽʟʦʚʘʥʠʤʠ ʫ ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʤʘʶʪʴ ʟʘʨʷʜ q2 = Ñʝ/3 ʽ Ñ2ʝ/3, ʘ 

ʯʘʩʪʠʥʢʠ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʤʘʶʪʴ ʟʘʨʷʜ q1 = Ñq2/2 = Ñʝ/6. 

ʇʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʢʫʫʤʥʠʭ ʯʘʩʪʠʥʦʢ, ʘ ʧʦʪʽʤ ʽ ʙʽʥʝʡʪʨʦʥʽʚ ʫ 

ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʙʫʜʝ ʨʽʚʥʦʶ 0 ʂ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʥʦʚʽ ʯʘʩʪʠʥʢʠ ʙʫʜʫʪʴ 

ʥʘʨʦʜʞʫʚʘʪʠʩʴ ʚ ʦʩʥʦʚʥʦʤʫ ʚ ʦʢʦʣʽ ʽʩʥʫʶʯʠʭ ʯʘʩʪʠʥʦʢ (ʥʫʢʣʦʥʽʚ), ʟʙʽʣʴʰʫʶʯʠ 

ʤʘʩʫ ʥʦʚʦʫʪʚʦʨʝʥʠʭ ʷʜʝʨ. ʄʘʩʘ ʷʜʝʨ ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠʩʴ, ʚʠʥʠʢʥʫʪʴ ʨʝʘʢʮʽʾ 
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ʧʦʜʽʣʫ ʷʜʝʨ, ʱʦ ʧʨʠʚʝʜʝ ʜʦ ʥʘʨʦʜʞʝʥʥʷ ʧʨʦʪʦʥʽʚ ʽ ʝʣʝʢʪʨʦʥʽʚ, ʘ ʪʘʢʦʞ 

ʩʧʨʠʯʠʥʠʪʴ ʥʘʛʨʽʚʘʥʥʷ ʨʝʯʦʚʠʥʠ. ɿʚʽʜʩʠ ʟʨʦʟʫʤʽʣʦ, ʯʦʤʫ ʥʘ ɿʝʤʣʽ ʧʨʠʩʫʪʥʽ 

ʚʘʞʢʽ ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ, ʚʢʣʶʯʘʶʯʠ ʫʨʘʥ ʽ ʧʣʫʪʦʥʽʡ, ʘ ʪʘʢʦʞ ʯʦʤʫ ʮʝʥʪʨʘʣʴʥʽ 

ʦʙʣʘʩʪʽ ʚʩʽʭ ʧʣʘʥʝʪ ʽ ʟʽʨʦʢ ʤʘʶʪʴ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ. 

ʄʘʶʯʠ ʧʨʦʛʨʘʤʫ ʨʦʟʚʠʪʢʫ ɺʩʝʩʚʽʪʫ, ʉʢʘʣʷʨʥʝ ʇʦʣʝ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ɺʩʝʩʚʽʪʫ, ʚʽʜʨʘʟʫ ʨʦʙʠʪʴ ʟʘʨʦʜʢʠ ʤʘʡʙʫʪʥʽʭ ʟʽʨʦʢ, 

ʦʙôʻʜʥʘʥʠʭ ʚ ʤʘʡʙʫʪʥʽ ʛʘʣʘʢʪʠʢʠ. ʇʨʠ ʮʴʦʤʫ ʚʩʽ ʟʽʨʢʠ ʽ ʛʘʣʘʢʪʠʢʠ ʦʙʝʨʪʘʶʪʴʩʷ. 

ɻʘʣʘʢʪʠʢʠ ʚʽʜʨʘʟʫ ʦʙôʻʜʥʘʥʽ ʚ ʩʢʫʧʯʝʥʥʷ ʛʘʣʘʢʪʠʢ. ɺʘʨʪʦ ʥʘʛʘʜʘʪʠ, ʱʦ ʚ 

ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʟʘʧʦʚʥʝʥʥʷ ɺʩʝʩʚʽʪʫ ʉʢʘʣʷʨʥʠʤ ʇʦʣʝʤ ʡʦʛʦ ʨʘʜʽʫʩ ʙʫʚ ʚʩʴʦʛʦ 

9 ʢʤ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʟʽʨʢʘʤʠ ʚ ʛʘʣʘʢʪʠʮʽ ʽ ʤʽʞ ʛʘʣʘʢʪʠʢʘʤʠ ʚ ʩʢʫʧʯʝʥʥʷʭ ʚ ʮʝʡ 

ʤʦʤʝʥʪ ʙʫʣʘ ʤʽʟʝʨʥʦʶ.  

ʆʩʢʽʣʴʢʠ ʫ ɺʩʝʩʚʽʪʽ ʜʽʻ ɿʘʢʦʥ ʇʦʜʽʙʥʦʩʪʽ, ʧʦʨʽʚʥʷʻʤʦ ʨʦʟʚʠʪʦʢ ɺʩʝʩʚʽʪʫ ʟ 

ʚʥʫʪʨʽʰʥʴʦʫʪʨʦʙʥʠʤ ʨʦʟʚʠʪʢʦʤ ʜʠʪʠʥʠ. ʋ ʚʠʧʘʜʢʫ ʨʦʟʚʠʪʢʫ ʜʠʪʠʥʠ ʩʧʦʯʘʪʢʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʧʣʽʜʥʝʥʥʷ ʷʡʮʝʢʣʽʪʠʥʠ. ʇʦʪʽʤ ʚʽʜ ʮʽʻʾ ʢʣʽʪʠʥʠ ʧʦʯʠʥʘʻ ʨʦʩʪʠ 

ʚʦʣʦʢʥʦ ʟ ʢʣʽʪʠʥ. ɼʫʞʝ ʰʚʠʜʢʦ ʧʦʯʠʥʘʻ ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʚʦʣʦʢʥʘ ʬʦʨʤʫʚʘʪʠʩʴ 

ʜʚʦʚʠʤʽʨʥʘ ʩʪʨʫʢʪʫʨʘ ï ʪʢʘʥʠʥʘ, ʽ ʥʝʟʘʙʘʨʦʤ ʥʘʚʢʦʣʦ ʪʢʘʥʠʥʠ ʬʦʨʤʫʻʪʴʩʷ 

ʪʨʠʚʠʤʽʨʥʠʡ ʦʙôʻʢʪ. ʊʘʢ ʬʦʨʤʫʻʪʴʩʷ ʽ ʟʘʧʦʚʥʝʥʥʷ ʧʨʦʩʪʦʨʽʚ ʉʫʧʝʨ-ɺʩʝʩʚʽʪʫ 

ʉʢʘʣʷʨʥʠʤ ʇʦʣʝʤ, ʪʘʢ ʙʫʜʫʪʴ ʚʽʜʨʘʟʫ ʩʪʚʦʨʶʚʘʪʠʩʴ ʟʽʨʢʠ, ʛʘʣʘʢʪʠʢʠ ʽ 

ʩʢʫʧʯʝʥʥʷ ʛʘʣʘʢʪʠʢ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʰʽ ʭʚʠʣʠʥʠ ʟʘʧʦʚʥʝʥʥʷ ɺʩʝʩʚʽʪʫ ʉʢʘʣʷʨʥʠʤ 

ʇʦʣʝʤ ʚ ʦʢʨʝʤʠʭ ʩʢʫʧʯʝʥʥʷʭ ʟʘʨʦʜʢʠ ʛʘʣʘʢʪʠʢ ʚʥʘʩʣʽʜʦʢ ʧʨʦʮʝʩʽʚ ʬʣʫʢʪʫʘʮʽʾ 

ʤʦʞʫʪʴ ʟʙʣʠʞʫʚʘʪʠʩʴ ʽ ʦʙôʻʜʥʫʚʘʪʠʩʴ. ɺ [6, 7] ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʥʘ ʢʦʞʥʫ ʟʽʨʢʫ ʧʨʠʧʘʜʘʻ ʦʜʥʘʢʦʚʝ ʥʘʜʭʦʜʞʝʥʥʷ ʤʘʩʠ 4,76Ŀ10
12

 ʢʛ/ʩ. ɿʘ 400 ʤʣʥ 

ʨʦʢʽʚ ʮʝ ʩʢʣʘʜʝ 6Ŀ10
22

 ʢʛ (ʩʫʯʘʩʥʘ ʤʘʩʘ ʉʦʥʮʷ å2Ŀ10
30

 ʢʛ). ʆʪʞʝ, ʤʦʣʦʜʘ 

ʛʘʣʘʢʪʠʢʘ ʙʫʜʝ ʤʘʪʠ ʤʘʩʫ ʥʘ 7-8 ʧʦʨʷʜʢʽʚ ʤʝʥʰʫ ʩʫʯʘʩʥʦʾ ʤʘʩʠ. ʍʘʦʩ ʚ ʮʝʥʪʨʽ 

ʛʘʣʘʢʪʠʢʠ ʽ ʚʠʢʣʠʢʘʥʠʡ ʥʠʤ ʧʨʦʮʝʩ ʦʙôʻʜʥʘʥʥʷ ʟʽʨʦʢ ʧʨʠʚʝʜʝ ʜʦ ʧʦʷʚʠ 

ʤʘʩʠʚʥʦʾ ʟʽʨʢʠ (ʯʠ ʤʘʩʠʚʥʠʭ ʟʽʨʦʢ), ʷʢʘ ʤʦʞʝ ʧʝʨʝʪʚʦʨʠʪʠʩʴ ʥʘ ʯʦʨʥʫ ʜʽʨʫ, ʯʠ 

ʚʽʜʨʘʟʫ ʩʪʚʦʨʠʪʴʩʷ ʙʘʛʘʪʦ ʯʦʨʥʠʭ ʜʽʨ ʧʦʙʣʠʟʫ ʮʝʥʪʨʘ. ʍʘʦʩ ʚ ʮʝʥʪʨʽ ʛʘʣʘʢʪʠʢʠ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʪʨʠʚʘʣʠʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʬʝʨʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɺʽʥ ʞʝ ʽ 

ʟʘʙʝʟʧʝʯʠʪʴ ʰʚʠʜʢʝ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʮʝʥʪʨʘʣʴʥʦʾ ʯʦʨʥʦʾ ʜʽʨʠ ʷʢ ʚʥʘʩʣʽʜʦʢ 

ʟʘʭʦʧʣʝʥʥʷ ʯʦʨʥʦʶ ʜʽʨʦʶ ʟʽʨʦʢ, ʪʘʢ ʽ ʚʥʘʩʣʽʜʦʢ ʦʙôʻʜʥʘʥʥʷ ʯʦʨʥʠʭ ʜʽʨ. ʆʩʪʘʥʥʻ 
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ʩʧʨʠʯʠʥʠʪʴ ʧʦʷʚʫ ʛʘʣʘʢʪʠʯʥʠʭ ʨʫʢʘʚʽʚ [12]. ɺʢʘʟʘʥʽ ʧʨʦʮʝʩʠ ʜʦʟʚʦʣʷʶʪʴ 

ʟʨʦʟʫʤʽʪʠ, ʷʢ ʚ ʤʦʣʦʜʠʭ ʛʘʣʘʢʪʠʢʘʭ, ʷʢʽ ʤʘʶʪʴ ʤʘʣʽ ʤʘʩʠ, ʤʦʞʫʪʴ ʩʪʚʦʨʠʪʠʩʴ 

ʚʘʞʢʽ ʯʦʨʥʽ ʜʽʨʠ.  

ɺʠʩʥʦʚʢʠ ɺ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʝ ʦʙʛʦʚʦʨʝʥʥʷ ʬʘʢʪʫ ʧʦʷʚʠ ʚʘʞʢʠʭ ʯʦʨʥʠʭ 

ʜʽʨ ʚ ʤʦʣʦʜʠʭ ʛʘʣʘʢʪʠʢʘʭ ʽ ʟʨʦʙʣʝʥʽ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. 

1. ʉʪʘʥʜʘʨʪʥʘ ʤʦʜʝʣʴ ʩʪʚʦʨʝʥʥʷ ɺʩʝʩʚʽʪʫ ʥʝ ʪʽʣʴʢʠ ʩʫʧʝʨʝʯʠʪʴ ʟʘʢʦʥʘʤ 

ʬʽʟʠʢʠ, ʘ ʽ ʥʝʩʧʨʦʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʦʷʚʫ ʨʘʥʥʽʭ ʛʘʣʘʢʪʠʢ ʟ ʤʘʩʠʚʥʠʤʠ ʯʦʨʥʠʤʠ 

ʜʽʨʘʤʠ. 

2. ʄʦʜʝʣʴ ɺʄʇɽ ʩʪʚʦʨʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʠʢʦʥʫʚʘʣʠʩʴ ʚʩʽ ʟʘʢʦʥʠ 

ʬʽʟʠʢʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ɿʘʢʦʥʠ ʻʜʥʦʩʪʽ ʪʘ ʧʦʜʽʙʥʦʩʪʽ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʽʻʨʘʨʭʽʯʥʠʭ 

ʩʠʩʪʝʤ. ʉʢʘʣʷʨʥʝ ʇʦʣʝ ʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʟʘʙʝʟʧʝʯʫʻ ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢʪʫʨʫ 

ɺʩʝʩʚʽʪʫ, ʚʢʣʶʯʘʶʯʠ ʧʣʘʥʝʪʥʽ ʩʠʩʪʝʤʠ, ʛʘʣʘʢʪʠʢʠ ʽ ʩʢʫʧʯʝʥʥʷ ʛʘʣʘʢʪʠʢ.  

3. ɺ ʤʦʜʝʣʽ ɺʄʇɽ ʤʘʩʠ ʟʽʨʦʢ ʽ ʛʘʣʘʢʪʠʢ ʟʙʽʣʴʰʫʶʪʴʩʷ ʥʝʧʝʨʝʨʚʥʦ ʟ 

ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ. ʊʦʤʫ ʤʦʣʦʜʽ ʛʘʣʘʢʪʠʢʠ ʤʘʶʪʴ ʤʘʣʫ ʤʘʩʫ. 

4. ʇʨʦʮʝʩʠ ʬʣʫʢʪʫʘʮʽʾ ʚ ʧʝʨʚʠʥʥʠʭ ʩʢʫʧʯʝʥʥʷʭ ʛʘʣʘʢʪʠʢ, ʘ ʪʘʢʦʞ ʭʘʦʩ ʚ 

ʮʝʥʪʨʘʣʴʥʠʭ ʦʙʣʘʩʪʷʭ ʛʘʣʘʢʪʠʢ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʙôʻʜʥʘʥʥʷ ʟʽʨʦʢ ʽ ʩʪʚʦʨʝʥʥʷ 

ʯʦʨʥʠʭ ʜʽʨ, ʤʘʩʘ ʷʢʠʭ ʟʙʽʣʴʰʫʻʪʴʩʷ ʷʢ ʟʘ ʨʘʭʫʥʦʢ ʧʦʛʣʠʥʘʥʥʷ ʧʝʨʚʠʥʥʠʭ ʟʽʨʦʢ, 

ʪʘʢ ʽ ʟʘ ʨʘʭʫʥʦʢ ʦʙôʻʜʥʘʥʥʷ ʯʦʨʥʠʭ ʜʽʨ. ʆʩʪʘʥʥʻ ʩʧʨʠʯʠʥʶʻ ʧʦʷʚʫ ʛʘʣʘʢʪʠʯʥʠʭ 

ʨʫʢʘʚʽʚ.  
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ʋɼʂ [514.122]  

ʆʉʆɹʃʀɺʆʉʊɯ ɿɸʉʊʆʉʋɺɸʅʅʗ ʂʈʀɺʀʍ ʃɯʅɯʁ ʊɸ 

ʂʈʀɺʆʃɯʅɯʁʅʀʍ ʇʆɺɽʈʍʆʅʔ ɼʈʋɻʆɻʆ ʇʆʈʗɼʂʋ ɺ ɸʈʍɯʊɽʂʊʋʈɯ 

 

ʉʦʣʜʘʪʝʥʢʦ ʉʚʽʪʣʘʥʘ ʉʝʨʛʽʾʚʥʘ 

ʍʘʨʢʽʚʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʙʫʜʽʚʥʠʮʪʚʘ, ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʜʠʟʘʡʥʫ 

 ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʜʦʩʣʽʜʞʝʥʦ ʧʠʪʘʥʥʷ ʘʥʘʣʽʟʫ ʢʨʠʚʠʭ ʣʽʥʽʡ ʪʘ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʘ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʩʧʦʨʫʜʘʭ. ʅʘʚʝʜʝʥʦ ʽʩʪʦʨʠʯʥʽ ʚʽʜʦʤʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʢʨʠʚʠʭ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ɿôʷʩʦʚʘʥʦ ʚʠʜʠ ʢʨʠʚʠʭ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʾʭ 

ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ. ɼʦʚʝʜʝʥʦ, ʱʦ ʧʦʚʝʨʭʥʽ ʚʠʱʠʭ 

ʧʦʨʷʜʢʽʚ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ ʘʨʭʽʪʝʢʪʫʨʽ, ʦʙʨ̌ʫʥʪʦʚʘʥʦ ʾʭ ʧʝʨʝʚʘʛʠ ʚ 

ʙʫʜʽʚʥʠʮʪʚʽ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʨʠʚʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʢʨʠʚʦʣʽʥʽʡʥʽ ʧʦʚʝʨʭʥʽ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ, ʩʧʦʨʫʜʠ, ʘʨʭʽʪʝʢʪʫʨʘ, ʙʫʜʽʚʥʠʮʪʚʦ. 

 

ʆʩʥʦʚʦʶ ʚʩʽʭ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʘ ʜʠʚʦʚʠʞʥʠʭ ʩʧʦʨʫʜ ʻ ʢʨʠʚʽ ʪʘ ʧʦʚʝʨʭʥʽ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ɯʩʪʦʨʽʷ ʘʨʭʽʪʝʢʪʫʨʠ ʙʘʛʘʪʘ ʨʽʟʥʠʤʠ ʩʪʠʣʷʤʠ ʪʘ ʬʦʨʤʘʤʠ. 

ʌʦʨʤʫ ʛʽʧʝʨʙʦʣʦʾʜʘ ʦʙʝʨʪʘʥʥʷ ʚʧʝʨʰʝ ʚʠʢʦʨʠʩʪʘʚ ʽʥʞʝʥʝʨ ɺʦʣʦʜʠʤʠʨ ʐʫʭʦʚ. 

ɻʽʧʝʨʙʦʣʽʯʥʠʡ ʧʘʨʘʙʦʣʦʾʜ-ʛʽʧʘʨ ʫ ʩʚʦʾʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʟʘʩʪʦʩʫʚʘʚ ʤʝʢʩʠʢʘʥʩʴʢʠʡ 

ʘʨʭʽʪʝʢʪʦʨ ʌʝʣʽʢʩ ʂʘʥʜʝʣʘ. ɺʽʜʦʤʠʡ ʽʩʧʘʥʩʴʢʠʡ ʘʨʭʽʪʝʢʪʦʨ ɸʥʪʦʥʽʦ ɻʘʫʜʽ 

ʚʠʢʦʨʠʩʪʘʚ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʧʘʨʘʙʦʣʽʯʥʠʤʠ ʘʨʢʘʤʠ: ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʮʝʨʢʦʚ ʽ 

ʬʦʨʪʝʮʴ ʦʩʥʦʚʥʘ ʬʦʨʤʘ ʩʢʣʝʧʽʥʴ ʩʢʣʘʜʘʣʘʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʱʦ ʧʝʨʝʭʨʝʱʫʶʪʴʩʷ. ʅʘʡʢʨʘʩʠʚʽʰʽ ʢʣʘʩʠʯʥʽ ʬʦʨʤʠ, ʱʦ ʤʘʶʪʴ 

ʢʣʘʩʠʯʥʽ ʧʦʚʝʨʭʥʽ, ʚʽʜʦʤʽ ʷʢ ʧʦʚʝʨʭʥʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ [1, 2, 3]. 

ʉʫʯʘʩʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʚʝʨʭʥʽ, ʱʦ ʽʤʽʪʫʶʪʴ ʧʨʠʨʦʜʥʽ 

ʬʦʨʤʠ. ʇʨʠ ʮʴʦʤʫ ʩʪʘʚʠʪʴʩʷ ʟʘʚʜʘʥʥʷ ʥʘʪʷʛʫʚʘʥʥʷ ʦʙʦʣʦʥʢʠ ʥʘ ʧʣʦʩʢʠʡ ʘʙʦ 

ʧʨʦʩʪʦʨʦʚʠʡ ʢʦʥʪʫʨ, ʫʪʚʦʨʝʥʠʡ ʟʦʢʨʝʤʘ ʩʝʛʤʝʥʪʘʤʠ ʢʦʥʽʯʥʠʭ ʧʝʨʝʨʽʟʽʚ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʚʝʨʭʥʷ ʦʙʦʣʦʥʢʠ ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʚʠʭ 
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2-ʛʦ ʧʦʨʷʜʢʫ ʪʘ ʣʽʥʽʡʥʠʭ ʥʘʧʨʷʤʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʆʩʢʽʣʴʢʠ ʘʨʭʽʪʝʢʪʦʨ ʤʘʻ ʩʧʨʘʚʫ 

ʟ ʧʨʦʩʪʦʨʦʚʠʤʠ ʬʦʨʤʘʤʠ, ʦʙʤʝʞʝʥʠʤʠ ʨʽʟʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʪʘ ʻ ʪʚʦʨʮʝʤ ʮʠʭ 

ʬʦʨʤ, ʪʦ ʡʦʤʫ ʚʘʞʣʠʚʽ ʪʘ ʮʽʢʘʚʽ ʤʝʪʦʜʠ ʚʠʚʯʝʥʥʷ ʮʠʭ ʧʦʚʝʨʭʦʥʴ. 

ʆʩʥʦʚʥʦʶ ʪʘ ʛʦʣʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ï ʻ 

ʩʧʨʠʡʥʷʪʪʷ ʥʘʚʘʥʪʘʞʝʥʴ. ɺ ʦʩʥʦʚʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʦʢʨʠʪʪʽʚ 

ʤʦʞʝ ʙʫʪʠ ʟʘʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ, ʪʦʙʪʦ ʤʝʭʘʥʽʟʤ ʦʧʦʨʫ ʟʦʚʥʽʰʥʽʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ʅʝʩʫʯʽ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʛʝʦʤʝʪʨʠʯʥʦʶ ʦʟʥʘʢʦʶ ʥʘ 

ʣʽʥʽʡʥʽ, ʜʚʦʤʽʨʥʽ (ʧʣʦʩʢʽ) ʪʘ ʧʨʦʩʪʦʨʦʚʽ (ʪʨʠʤʽʨʥʽ). ʋ ʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤʘʭ 

ʤʘʪʝʨʽʘʣ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʚʟʜʦʚʞ ʧʨʷʤʦʾ (ʙʘʣʢʘ, ʢʦʣʦʥʘ), ʢʨʠʚʦʾ 

(ʘʨʢʘ, ʪʨʦʩ) ʘʙʦ ʣʘʤʘʥʦʾ ʣʽʥʽʾ (ʨʘʤʘ). 

ʋ ʜʚʦʤʽʨʥʠʭ ʥʝʩʫʯʠʭ ʩʠʩʪʝʤʘʭ, ʪʘʢʠʭ ʷʢ ʩʢʣʘʜʢʠ ʪʘ ʦʙʦʣʦʥʢʠ, ʜʚʘ ʚʠʤʽʨʠ. 

ʊʨʠʤʽʨʥʽ ʥʝʩʫʯʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʫʩʽ ʪʨʠ ʚʠʤʽʨʠ ʦʜʥʦʛʦ ʧʦʨʷʜʢʫ ʽ ʤʦʞʫʪʴ ʤʘʪʠ 

ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʫ ʬʦʨʤʫ. ɺʦʥʠ ʫʪʚʦʨʶʶʪʴʩʷ ʟ ʣʽʥʽʡʥʠʭ ʘʙʦ ʧʣʦʩʢʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʚ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ ʦʜʥʦʚʽʩʥʠʡ ʘʙʦ ʜʚʦʚʽʩʥʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ. 

ʇʦʨʽʚʥʷʥʦ ʟ ʧʣʦʱʠʥʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʧʦʢʨʠʪʪʷ ʧʝʨʝʭʨʝʩʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʶʪʴ ʥʠʟʢʫ ʧʝʨʝʚʘʛ: 

- ʧʨʠʙʣʠʟʥʦ ʚʜʚʽʯʽ ʤʝʥʰʫ ʙʫʜʽʚʝʣʴʥʫ ʚʠʩʦʪʫ, ʪʦʤʫ ʚʦʥʠ ʻ 

ʝʢʦʥʦʤʽʯʥʽʰʠʤʠ ʟʘ ʚʠʪʨʘʯʘʥʥʷʤ ʤʝʪʘʣʫ; 

- ʤʘʣʫ ʙʫʜʽʚʝʣʴʥʫ ʚʠʩʦʪʫ ʧʦʢʨʠʪʪʷ ʘʙʦ ʧʝʨʝʢʨʠʪʪʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ 

ʟʘʛʘʣʴʥʠʡ ʦʙ'ʻʤ ʙʫʜʽʚʣʽ; 

- ʟʥʘʯʥʫ ʞʦʨʩʪʢʽʩʪʴ ʧʦʢʨʠʪʪʷ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʨʽʧʠʪʠ ʜʦ ʥʴʦʛʦ 

ʧʽʜʚʽʩʥʝ ʦʙʣʘʜʥʘʥʥʷ; 

- ʧʽʜʚʠʱʝʥʠʡ ʩʪʫʧʽʥʴ ʥʘʜʽʡʥʦʩʪʽ ʧʦʢʨʠʪʪʷ ʚʽʜ ʨʘʧʪʦʚʦʛʦ ʨʫʡʥʫʚʘʥʥʷ 

ʟʘʚʜʷʢʠ ʙʘʛʘʪʦʟʚôʷʟʘʥʦʩʪʽ ʩʠʩʪʝʤʠ; 

- ʨʽʟʥʦʤʘʥʽʪʥʫ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʉʽʪʯʘʩʪʽ ʩʪʘʣʝʚʽ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʪʨʠʞʥʝʚʫ ʘʧʨʦʢʩʠʤʘʮʽʶ 

ʤʝʤʙʨʘʥʥʠʭ ʩʠʩʪʝʤ ʪʘ ʚʩʽʣʷʢʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʦʙʦʣʦʥʦʢ (ɸʧʨʦʢʩʠʤʘʮʽʷ - (ʣʘʪ. 

approximate ð ʥʘʙʣʠʞʘʪʠ) ð ʥʘʙʣʠʞʝʥʝ ʚʠʨʘʞʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʚʝʣʠʯʠʥ (ʘʙʦ 

ʛʝʦʤʝʪʨʠʯʥʠʭ/ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ) ʯʝʨʝʟ ʽʥʰʽ, ʙʽʣʴʰ ʚʽʜʦʤʽ (ʙʣʠʟʴʢʽ ʟʘ 

https://uk.wikipedia.org/wiki/%d0%9b%d0%b0%d1%82%d0%b8%d0%bd%d1%81%d1%8c%d0%ba%d0%b0_%d0%bc%d0%be%d0%b2%d0%b0
https://uk.wikipedia.org/wiki/%d0%9b%d0%b0%d1%82%d0%b8%d0%bd%d1%81%d1%8c%d0%ba%d0%b0_%d0%bc%d0%be%d0%b2%d0%b0
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ʟʥʘʯʝʥʥʷʤ) ʘʙʦ ʙʽʣʴʰ ʧʨʦʩʪʽʰʽ ʚʝʣʠʯʠʥʠ). 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʩʽʪʯʘʩʪʠʭ ʦʙʦʣʦʥʦʢ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʣʘʰʪʫʚʘʥʥʷ ʟ 

ʥʠʭ ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʧʦʢʨʠʪʪʽʚ. ʄʦʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʽʪʯʘʩʪʠʭ ʦʙʦʣʦʥʦʢ ʜʣʷ 

ʟʚʝʜʝʥʥʷ ʩʧʦʨʫʜ ʙʘʰʪʦʚʦʛʦ ʪʠʧʫ. 

ʇʨʦʩʪʦʨʦʚʽ ʥʝʩʫʯʽ ʩʠʩʪʝʤʠ ʚʢʣʶʯʘʶʪʴ ʩʢʣʘʜʢʠ; ʮʠʣʽʥʜʨʠʯʥʽ, ʩʽʪʯʘʩʪʽ, 

ʧʦʣʦʛʽ ʦʙʦʣʦʥʢʠ; ʙʘʥʽ, ʛʽʧʘʨʠ, ʚʠʩʷʯʽ ʪʘ ʚʘʥʪʦʚʽ ʧʦʢʨʠʪʪʷ, ʧʝʨʝʭʨʝʩʥʦ-ʩʪʨʠʞʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ. 

ʇʝʨʝʚʘʛʠ ʩʪʨʫʢʪʫʨʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʚʦʜʷʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʠʭ: 

- ʧʨʦʩʪʦʨʦʚʘ ʨʦʙʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʙʘʛʘʪʦʨʘʟʦʚʽʡ ʩʪʘʪʠʯʥʽʡ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ (ʙʘʛʘʪʦʟʚ'ʷʟʥʦʩʪʽ ʩʠʩʪʝʤʠ), ʱʦ ʛʘʨʘʥʪʫʻ ʧʝʨʝʨʦʟʧʦʜʽʣ ʟʫʩʠʣʴ ʫ 

ʩʪʨʠʞʥʷʭ ʧʨʠ ʨʘʧʪʦʚʦʤʫ ʨʫʡʥʫʚʘʥʥʽ ʜʝʷʢʠʭ ʟ ʥʠʭ; 

- ʦʜʥʦʪʠʧʥʽʩʪʴ ʚʫʟʣʽʚ ʪʘ ʩʪʨʠʞʥʽʚ; ʧʨʠʙʣʠʟʥʦ ʜʚʦʨʘʟʦʚʝ ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʦʣʝʛʰʝʥʥʷ ʚʘʛʠ ʧʦʢʨʽʚʝʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ʧʽʜʚʽʩʥʠʭ ʩʪʝʣʴ ʟʘʚʜʷʢʠ ʯʘʩʪʦʤʫ 

ʨʦʟʪʘʰʫʚʘʥʥʶ ʦʧʦʨʥʠʭ ʪʦʯʦʢ ʫ ʚʫʟʣʘʭ; 

- ʣʝʛʢʘ ʧʨʠʩʪʦʩʦʚʥʽʩʪʴ ʜʦ ʧʣʘʥʽʚ ʩʢʣʘʜʥʠʭ ʪʘ ʥʝʨʝʛʫʣʷʨʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʦʧʦʨ; 

- ʚʠʨʘʟʥʽʩʪʴ ʚ ʽʥʪʝʨ'ʻʨʽ ʪʘ ʧʨʠ ʚʠʥʝʩʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʬʘʩʘʜ. 

ʅʝʜʦʣʽʢʘʤʠ ʩʪʨʫʢʪʫʨʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʧʦʜʝʢʫʜʠ ʜʽʘʣʝʢʪʠʯʥʦ ʧʦʚ'ʷʟʘʥʠʤʠ ʟ 

ʾʭ ʧʝʨʝʚʘʛʘʤʠ, ʻ:  

- ʩʢʣʘʜʥʽʩʪʴ ʚʫʟʣʽʚ ʪʘ ʚʠʩʦʢʘ ʥʝʦʙʭʽʜʥʘ ʪʦʯʥʽʩʪʴ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʨʦʟʚʠʪʢʫ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʟ 

ʚʝʣʠʢʦʧʨʦʛʦʥʦʚʠʤʠ ʥʝʩʫʯʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ ʟʚʝʨʪʘʶʯʠʩʴ ʜʦ ʜʦʩʚʽʜʫ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ, ʢʣʘʩʠʬʽʢʘʮʽʷ ʚʝʣʠʢʦʧʨʦʛʦʥʦʚʠʭ ʧʦʢʨʠʪʪʽʚ 

ʟʘ ʦʙ'ʻʤʥʦ-ʧʨʦʩʪʦʨʦʚʠʤ ʧʨʠʥʮʠʧʦʤ ʤʘʻ 3 ʪʠʧʠ: 

- ʦʙʦʣʦʥʢʘ ʷʢ ʧʦʢʨʠʪʪʷ; 

- ʦʙʦʣʦʥʢʘ ʷʢ ʧʦʢʨʠʪʪʷ ʯʘʩʪʠʥʠ ʙʫʜʽʚʣʽ; 

- ʦʙʦʣʦʥʢʘ ʷʢ ʙʫʜʽʚʣʷ. 

ʆʪʞʝ, ʜʣʷ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʭʘʨʘʢʪʝʨʥʘ ʜʦʤʽʥʫʶʯʘ ʨʦʣʴ ʦʙʦʣʦʥʢʠ ʫ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʽ ʘʨʭʽʪʝʢʪʫʨʥʦʾ ʩʧʦʨʫʜʠ. ʊʘʢʘ ʦʙʦʣʦʥʢʘ ʬʘʢʪʠʯʥʦ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ 

ʚʩʶ ʙʫʜʽʚʣʶ ʽ ʬʦʨʤʫʻ ʾʾ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʪʘ ʽʥʪʝʨ'ʻʨ. ʇʨʠʥʮʠʧʦʚʠʤ ʧʠʪʘʥʥʷʤ 
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ʜʣʷ ʜʘʥʦʛʦ ʪʠʧʫ ʩʪʘʻ ʚʠʙʽʨ ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ ʧʦʢʨʠʪʪʷ-ʦʙʦʣʦʥʢʠ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʥʘʡʙʽʣʴʰ ʚʠʧʨʘʚʜʘʥʠʤ ʚʠʷʚʣʷʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʥʝʩʫʯʠʭ 

ʩʽʪʯʘʩʪʠʭ ʩʠʩʪʝʤ-ʦʙʦʣʦʥʦʢ, ʱʦ ʬʦʨʤʫʶʪʴ ʧʦʢʨʠʪʪʷ ʜʚʦʷʢʦʾ ʯʠ ʥʝʨʝʛʫʣʷʨʥʦʾ 

ʢʨʠʚʠʟʥʠ. 
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GEOGRAPHICAL  SCIENCES 

 

ʋɼʂ 528.92 

ʆʅʊʆʃʆɻɯʏʅɸ ʄʆɼɽʃʔ ɯʅʊɽʈɸʂʊʀɺʅʆɰ ʂɸʈʊʀ ʈʋʁʅʋɺɸʅʔ 

ʋʈɹɸʅɯɿʆɺɸʅʀʍ ʊɽʈʀʊʆʈɯʁ 

 

ʄʽʭʥʦ ʆʣʝʢʩʽʡ ɻʨʠʛʦʨʦʚʠʯ 

ʢ. ʪ. ʥ., ʜʦʮʝʥʪ 

ʇʘʪʨʘʢʝʻʚ ʗʨʦʩʣʘʚ ɯʛʦʨʦʚʠʯ 

ʩʪʫʜʝʥʪ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ: ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʝʜʤʝʪʥʦʾ ʩʬʝʨʠ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʟ ʤʘʩʠʚʫ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʚʽʜʦʤʦʩʪʝʡ, ʷʢʽ ʧʦʪʨʽʙʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʙʣʝʤ.  

ʉʫʯʘʩʥʽ ʤʦʜʝʣʽ ʧʦʜʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʘʢʪʠʚʥʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʽ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʚ ʧʨʘʢʪʠʢʫ.  

ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʝʣʝʤʝʥʪʦʤ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ 

ʦʥʪʦʣʦʛʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʩʝʤʘʥʪʠʢʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʝʜʤʝʪʥʫ 

ʩʬʝʨʫ ʟ ʤʝʪʦʶ ʾʾ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʧʦʜʘʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ.  

ʊʦʤʫ ʦʥʪʦʣʦʛʽʾ ʥʘʙʫʣʠ ʧʦʰʠʨʝʥʥʷ ʚ ʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤ ʧʦʜʘʥʥʷ ʟʥʘʥʴ ʧʨʦ 

ʧʨʝʜʤʝʪʥʫ ʩʬʝʨʫ, ʽʥʞʝʥʝʨʽʶ ʟʥʘʥʴ, ʩʝʤʘʥʪʠʯʥʫ ʽʥʪʝʛʨʘʮʽʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ ʪʦʱʦ.  

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʨʠʥʮʠʧʠ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʬʦʨʤʘʣʴʥʦ-

ʣʦʛʽʯʥʦʛʦ ʧʦʜʘʥʥʷ ʪʘʢʦʾ ʜʝʬʽʥʽʮʽʾ ʷʢ "ʽʥʪʝʨʘʢʪʠʚʥʘ ʢʘʨʪʘ". 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦʟʚʦʣʷʻ ʫʪʦʯʥʠʪʠ 

ʧʦʥʷʪʪʷ ʧʨʝʜʤʝʪʥʦʾ ʩʬʝʨʠ ʪʘ ʚʠʟʥʘʯʠʪʠ ʟʘʛʘʣʴʥʫ ʪʝʨʤʽʥʦʣʦʛʽʯʥʫ ʙʘʟʫ. ʇʦʢʘʟʘʥʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʥʘ ʧʨʠʢʣʘʜʽ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʘʨʪ ʨʫʡʥʫʚʘʥʴ 

ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʚʥʘʩʣʽʜʦʢ ʙʦʡʦʚʠʭ ʜʽʡ ʚ ʋʢʨʘʾʥʽ. 
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ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʥʪʦʣʦʛʽʷ, ʽʥʪʝʨʘʢʪʠʚʥʘ ʢʘʨʪʘ ʨʫʡʥʫʚʘʥʴ, 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ, ʫʨʙʘʥʽʟʦʚʘʥʽ ʪʝʨʠʪʦʨʽʾ. 

 

ɿʘʚʜʘʥʥʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʨʫʡʥʫʚʘʥʴ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʥʝ ʥʦʚʝ. 

ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ ʙʫʪʠ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʨʫʡʥʫʚʘʥʴ ʤʽʩʪʘ ʃʦʥʜʦʥʘ, ʥʘ ʷʢʠʡ ʟ 

1939 ʜʦ 1945 ʨʦʢʫ ʥʽʤʝʮʴʢʽ çʃʶʬʪʚʘʬʬʝè ʩʢʠʥʫʣʠ ʪʠʩʷʯʽ ʙʦʤʙ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʧʦʥʘʜ 70 000 ʙʫʜʽʚʝʣʴ ʙʫʣʦ ʧʦʚʥʽʩʪʶ ʟʨʫʡʥʦʚʘʥʦ, ʘ ʱʝ 1,7 ʤʽʣʴʡʦʥʘ ʟʘʟʥʘʣʠ 

ʧʦʰʢʦʜʞʝʥʴ. ʊʦʛʦ ʯʘʩʫ ʛʝʦʜʝʟʠʩʪʠ, ʘʨʭʽʪʝʢʪʦʨʠ, ʽʥʞʝʥʝʨʠ ʪʘ ʙʫʜʽʚʝʣʴʥʠʢʠ 

ʧʨʘʢʪʠʯʥʦ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʬʽʢʩʫʚʘʣʠ ʽ ʥʘʥʦʩʠʣʠ ʥʘ ʢʘʨʪʫ ʩʪʫʧʽʥʴ 

ʧʦʰʢʦʜʞʝʥʥʷ ʢʦʞʥʦʾ ʟ ʮʠʭ ʙʫʜʽʚʝʣʴ. ʈʝʟʫʣʴʪʘʪʦʤ ʾʭ ʨʦʙʦʪʠ ʩʪʘʣʘ ʢʦʣʝʢʮʽʷ 

ʨʦʟʬʘʨʙʦʚʘʥʠʭ ʚʨʫʯʥʫ ʢʘʨʪ, ʷʢʽ ʚ ʥʘʡʜʨʽʙʥʽʰʠʭ ʧʦʜʨʦʙʠʮʷʭ ʧʦʢʘʟʫʶʪʴ 

ʤʘʩʰʪʘʙʠ ʨʫʡʥʫʚʘʥʴ. ʉʴʦʛʦʜʥʽ ʮʽ ʢʘʨʪʠ ʟʘʣʠʰʘʶʪʴʩʷ ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʚʯʝʥʠʭ, ʽʩʪʦʨʠʢʽʚ ʽ ʥʘʚʽʪʴ ʙʫʜʽʚʝʣʴʥʠʢʽʚ, ʷʢʽ ʥʘʤʘʛʘʶʪʴʩʷ ʥʝ ʟʘʯʽʧʘʪʠ ʙʦʤʙʠ, ʱʦ 

ʥʝ ʨʦʟʽʨʚʘʣʠʩʷ (ʨʠʩ. 1). 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʤʽʩʪʘ ɼʨʝʟʜʝʥ ʫ ʙʝʨʝʟʥʽ 1945 ʨʦʢʫ, ʟʘ 

ʢʽʣʴʢʘ ʤʽʩʷʮʽʚ ʜʦ ʟʘʢʽʥʯʝʥʥʷ ʚʽʡʥʠ. ʎʝʥʪʨ ʤʽʩʪʘ ʥʘ ʧʽʚʜʝʥʴ ʚʽʜ ʨʽʯʢʠ ʚ 

ʦʩʥʦʚʥʦʤʫ ʟʘʬʘʨʙʦʚʘʥʠʡ ʩʠʥʽʤ ʢʦʣʴʦʨʦʤ. ɺ ʧʦʧʝʨʝʜʥʴʦʤʫ ʤʽʩʷʮʽ, 13 ʪʘ 14 

ʣʶʪʦʛʦ, ɼʨʝʟʜʝʥ ʟʘʟʥʘʚ ʧʦʪʫʞʥʦʛʦ ʥʘʣʴʦʪʫ, ʚ ʷʢʦʤʫ ʙʨʘʣʠ ʫʯʘʩʪʴ ʧʦʥʘʜ 1000 

ʣʽʪʘʢʽʚ-ʙʦʤʙʘʨʜʫʚʘʣʴʥʠʢʽʚ RAF ʧʽʜ ʯʘʩ ɼʨʫʛʦʾ ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ. 

ʅʘ ʢʘʨʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʝ ʢʦʣʽʨʥʝ ʢʦʜʫʚʘʥʥʷ:  

ï ʪʝʤʥʦ-ʩʠʥʽʡ ï ʟʨʫʡʥʦʚʘʥʘ ʘʙʦ ʩʠʣʴʥʦ ʧʦʰʢʦʜʞʝʥʘ ʪʝʨʠʪʦʨʽʷ; 

ï ʯʝʨʚʦʥʠʡ ʢʦʥʪʫʨ ï ʪʝʨʠʪʦʨʽʷ ʧʦʚʥʽʩʪʶ ʟʘʙʫʜʦʚʘʥʘ; 

ï ʟʝʣʝʥʠʡ ʢʦʥʪʫʨ ï ʨʘʡʦʥ ʥʘ 40-70% ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ; 

ï ʯʦʨʥʠʡ ʢʦʥʪʫʨ ï ʧʨʦʤʠʩʣʦʚʽ ʨʘʡʦʥʠ. 

ʎʠʬʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʪʘʢʠʭ ʙʫʜʽʚʝʣʴ, ʷʢ ʟʘʚʦʜʠ, 

ʥʽʤʝʮʴʢʽ ʤʽʥʽʩʪʝʨʩʪʚʘ ʽ ʰʪʘʙ-ʢʚʘʨʪʠʨʘ ʛʝʩʪʘʧʦ. ʆʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʧʨʠʢʣʘʜʽʚ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʩʧʘʜʱʠʥʠ ʪʘ ʽʜʝʥʪʠʯʥʦʩʪʽ ʻ ʪʝ, ʱʦ 

ʩʪʘʣʦʩʷ ʫ ɺʘʨʰʘʚʽ ʧʽʜ ʯʘʩ ɼʨʫʛʦʾ ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ. ʉʠʩʪʝʤʘʪʠʯʥʦʤʫ ʨʫʡʥʫʚʘʥʥʶ 

ʙʫʣʦ ʧʽʜʜʘʥʦ ʢʫʣʴʪʫʨʥʫ ʩʧʘʜʱʠʥʫ: ʚʘʞʣʠʚʽ ʧʘʤ'ʷʪʥʠʢʠ, ʤʝʤʦʨʽʘʣʠ ʪʘ ʙʫʜʽʚʣʽ, 

ʷʢʽ ʤʘʶʪʴ ʩʠʤʚʦʣʽʯʥʫ ʪʘ ʽʩʪʦʨʠʯʥʫ ʮʽʥʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʙʫʜʽʚʣʽ ʟ ʘʨʭʽʪʝʢʪʫʨʥʠʤʠ 
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ʩʪʠʣʷʤʠ ʪʘ ʦʟʜʦʙʣʝʥʥʷʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʟʥʠʱʝʥʦ ʧʦʥʘʜ 84% ʤʽʩʴʢʦʾ 

ʟʘʙʫʜʦʚʠ ʤʽʩʪʘ. ʊʘʢʘ ʧʦʣʽʪʠʢʘ ʚʽʜʥʦʩʥʦ ʤʽʩʪʘ ʙʫʣʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʨʠʜʫʰʝʥʥʷ 

ʜʫʭʫ ʦʧʦʨʫ ʩʝʨʝʜ ʧʦʣʴʩʴʢʦʛʦ ʥʘʨʦʜʫ, ʧʦʭʠʪʥʫʪʠ ʚʧʝʚʥʝʥʽʩʪʴ ʧʦʣʷʢʽʚ ʫ ʩʦʙʽ, 

ʟʘʚʜʘʪʠ ʫʜʘʨʫ ʧʦ ʽʜʝʥʪʠʯʥʦʩʪʽ ʪʘ ʩʪʝʨʪʠ ʽʩʪʦʨʽʶ. ʅʘ ʨʠʩ 3 ʧʦʜʘʥʦ ʢʘʨʪʫ 

ʨʫʡʥʫʚʘʥʴ ʟʘʙʫʜʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ɺʘʨʰʘʚʠ. 

 

ʈʠʩ. 1. ʂʘʨʪʘ ʨʘʡʦʥʫ ʍʦʣʙʦʨʥ (ʃʦʥʜʦʥ), ʷʢʘ ʧʦʢʘʟʫʻ ʧʦʰʢʦʜʞʝʥʥʷ ʚʽʜ 

ʙʦʤʙʘʨʜʫʚʘʥʴ. ʂʣʘʩʠʬʽʢʦʚʘʥʦ ʙʫʜʽʚʣʽ ʚʽʜ ʧʦʚʥʦʛʦ ʟʥʠʱʝʥʥʷ (ʯʦʨʥʠʡ), 

ʩʝʨʡʦʟʥʠʭ ʧʦʰʢʦʜʞʝʥʴ (ʪʝʤʥʦ-ʯʝʨʚʦʥʠʡ) ʽ ʜʦ ʟʦʥ ʦʯʠʱʝʥʥʷ (ʟʝʣʝʥʠʡ). 

ɺʢʣʶʯʘʻ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʦʤʙ V1 ʽ V2. 

ʇʦʷʚʘ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʦʯʠʥʘʶʯʠ ʟ 1960 ʨʦʢʫ, ʫ ʟʘʩʦʙʘʭ 

ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠʟʚʝʣʘ ʜʦ ʟʥʘʯʥʠʭ ʟʤʽʥ ʫ ʭʘʨʘʢʪʝʨʽ ʩʧʽʣʢʫʚʘʥʥʷ ʣʶʜʝʡ. 

ʇʽʜ ʽʥʪʝʨʘʢʮʽʻʶ ʥʘ ʪʦʡ ʯʘʩ ʨʦʟʫʤʽʣʠ ʚʟʘʻʤʦʜʽʶ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʧʨʦʛʨʘʤ, ʙʘʟʠ 

ʜʘʥʠʭ ʽʟ ʩʫʙ'ʻʢʪʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤʠ ʧʨʦʛʨʘʤʘʤʠ. ʅʘ ʨʦʟʚʠʪʦʢ ʽʥʪʝʨʘʢʪʠʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʩʧʨʘʚʠʣʘ ʪʝʦʨʽʷ ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ (1960-

1970-ʪʽ ʨʨ.) ʽ ʪʝʦʨʽʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ (ʩʝʨʝʜʠʥʘ ʍʍ ʩʪ.). 

 

ʈʠʩ. 2. ʂʘʨʪʘ ʨʫʡʥʫʚʘʥʴ ɼʨʝʟʜʝʥʘ ʫ ʙʝʨʝʟʥʽ 1945 ʨʦʢʫ, ʟʘ ʢʽʣʴʢʘ ʤʽʩʷʮʽʚ ʜʦ 

ʟʘʢʽʥʯʝʥʥʷ ʚʽʡʥʠ. ʎʝʥʪʨ ʤʽʩʪʘ ʚʠʜʥʦ ʥʘ ʧʽʚʜʝʥʴ 

ʚʽʜ ʨʽʯʢʠ ï ʟʜʝʙʽʣʴʰʦʛʦ ʩʠʥʴʦʛʦ ʢʦʣʴʦʨʫ. 

ʉʪʨʽʤʢʦ ʽʥʪʝʨʘʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʦʯʘʣʠ ʨʦʟʚʠʚʘʪʠʩʷ ʟ ʧʦʷʚʦʶ ʛʣʦʙʘʣʴʥʦʾ 
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ʚʩʝʩʚʽʪʥʴʦʾ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ (1991 ʨ.) ʽ ʧʦʷʚʠ ʧʝʨʰʦʛʦ ʚʝʙ-ʙʨʘʫʟʝʨʘ (1994 ʨ.). ɿ 

ʮʴʦʛʦ ʯʘʩʫ ɯʥʪʝʨʥʝʪ ï ʮʝ ʟʘʩʽʙ ʩʧʽʣʢʫʚʘʥʥʷ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʚʽʨʪʫʘʣʴʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʥʘʚʯʘʥʥʷ. ʇʨʠʢʣʘʜʥʽ ʩʝʨʚʽʩʠ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʥʘʜʘʶʪʴ ʜʦʩʪʫʧ ʜʦ 

ʢʦʥʪʝʥʪʫ ʟ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʩʚʽʪʫ. ʎʽ ʪʝʭʥʦʣʦʛʽʾ ʜʘʣʠ ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʩʝʨʡʦʟʥʠʡ 

ʨʠʚʦʢ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʢʘʨʪʦʛʨʘʬʽʾ. ʊʝʨʤʽʥ 

"ʽʥʪʝʨʘʢʪʠʚʥʽʩʪʴ" ʙʝʨʝ ʧʦʯʘʪʦʢ ʚʽʜ ʘʥʛʣʽʡʩʴʢʦʛʦ ʩʣʦʚʘ interaction, ʱʦ ʚ 

ʧʝʨʝʢʣʘʜʽ ʦʟʥʘʯʘʻ "ʚʟʘʻʤʦʜʽʷ". ʆʜʥʠʤ ʟ ʫʯʘʩʥʠʢʽʚ ʚʟʘʻʤʦʜʽʾ ʚ ʧʨʦʮʝʩʘʭ, ʱʦ 

ʧʦʚ'ʷʟʘʥʽ ʽʟ ʧʨʦʷʚʦʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʚʠʩʪʫʧʘʻ ʢʦʨʠʩʪʫʚʘʯ. ɺ ʫʤʦʚʘʭ 

ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʟʦʢʨʝʤʘ, 

ʧʦʩʪʫʧʦʚʦ ʚʽʜʧʘʜʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʽʡʥʦ ʤʘʪʠ ʧʨʠ ʩʦʙʽ ʢʦʧʽʾ ʢʘʨʪ, ʙʦ 

ʢʦʨʠʩʪʫʚʘʯ, ʤʘʶʯʠ ʜʦʩʪʫʧ ʜʦ ʤʝʨʝʞʽ, ʟʘʚʞʜʠ ʤʦʞʝ ʩʢʦʨʠʩʪʘʪʠʩʷ ʨʽʟʥʠʤʠ 

ʤʝʨʝʞʝʚʠʤʠ ʨʝʩʫʨʩʘʤʠ. 

 

ʈʠʩ. 3. ʂʘʨʪʘ ʨʫʡʥʫʚʘʥʴ ʟʘʙʫʜʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʤ. ɺʘʨʰʘʚʠ ʧʽʩʣʷ ɼʨʫʛʦʾ 

ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ (ʟʨʫʡʥʦʚʘʥʽ ʨʘʡʦʥʠ ʧʦʜʘʥʦ ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ). 

ɺ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʘʨʪʘʭ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʙʽʣʴʰ ʜʨʽʙʥʽ ʜʽʣʷʥʢʠ ʪʝʨʠʪʦʨʽʾ, 

ʘʣʝ ʟ ʧʦʛʣʠʙʣʝʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʷʚʠʱ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʦʪʨʠʤʘʪʠ ʚʩʽ ʜʘʥʽ, ʱʦ ʡʦʛʦ 

ʮʽʢʘʚʣʷʪʴ, ʥʘ ʤʽʩʮʽ, ʙʝʟ ʧʦʜʘʣʴʰʠʭ ʧʦʰʫʢʽʚ. ɯʥʪʝʨʘʢʪʠʚʥʘ ʢʘʨʪʘ ʜʘʻ ʟʤʦʛʫ 

ʚʠʚʦʜʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟʘ ʧʦʪʨʝʙʦʶ ʢʦʨʠʩʪʫʚʘʯʘ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʦʩʪʠʭ 

ʩʪʘʪʠʯʥʠʭ ʢʘʨʪ, ʫ ʢʦʞʥʦʛʦ ʫʤʦʚʥʦʛʦ ʧʦʟʥʘʯʝʥʥʷ ʥʘ ʽʥʪʝʨʘʢʪʠʚʥʽʡ ʢʘʨʪʽ ʻ ʥʝ 

ʪʽʣʴʢʠ ʡʦʛʦ ʟʚʠʯʘʡʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʢʣʘʜʦʚʘ, ʘ ʡ ʧʨʠʭʦʚʘʥʘ, ʷʢʘ ʚʠʚʦʜʠʪʴʩʷ ʟʘ 

ʧʦʪʨʝʙʦʶ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ ʟʤʦʛʫ ʥʝ ʧʝʨʝʚʘʥʪʘʞʫʚʘʪʠ ʢʘʨʪʫ ʫʤʦʚʥʠʤʠ 
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ʟʥʘʢʘʤʠ, ʨʦʙʠʪʴ ʾʾ ʟʨʦʟʫʤʽʣʽʰʦʶ ʽ ʣʝʛʰʦʶ ʜʣʷ ʯʠʪʘʥʥʷ. 

ɯʥʪʝʨʘʢʪʠʚʥʽ ʢʘʨʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ ʟʘʣʝʞʥʦ ʚʽʜ ʮʽʣʝʡ ʽ ʟʘʚʜʘʥʴ, ʷʢʽ 

ʚʦʥʠ ʚʠʢʦʥʫʶʪʴ [1, ʩ. 16; 2, ʩ. 24]: 

ï ʛʝʦʛʨʘʬʽʯʥʽ ʢʘʨʪʠ ð ʧʦʢʘʟʫʶʪʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʘ ʤʽʩʮʝʚʦʩʪʽ, 

ʪʘʢʠʭ ʷʢ ʤʽʩʪʘ, ʨʽʯʢʠ, ʛʦʨʠ ʪʦʱʦ; 

ï ʢʘʨʪʠ ʧʦʛʦʜʠ ð ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʦʪʦʯʥʫ ʧʦʛʦʜʫ ʽ ʧʨʦʛʥʦʟ ʥʘ ʥʘʡʙʣʠʞʯʠʡ 

ʯʘʩ; 

ï ʪʨʘʥʩʧʦʨʪʥʽ ʢʘʨʪʠ ð ʜʦʧʦʤʘʛʘʶʪʴ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʤʘʨʰʨʫʪ ʤʽʞ 

ʜʚʦʤʘ ʪʦʯʢʘʤʠ; 

ï ʽʩʪʦʨʠʯʥʽ ʢʘʨʪʠ ð ʧʦʢʘʟʫʶʪʴ ʟʤʽʥʠ ʚ ʛʝʦʛʨʘʬʽʾ ʪʘ ʧʦʣʽʪʠʯʥʽʡ ʢʘʨʪʽ ʩʚʽʪʫ 

ʧʨʦʪʷʛʦʤ ʩʪʦʣʽʪʴ; 

ï ʝʢʦʥʦʤʽʯʥʽ ʢʘʨʪʠ ð ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʦʟʧʦʜʽʣ ʨʽʟʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, ʪʘʢʠʭ ʷʢ ɺɺʇ, ʨʽʚʝʥʴ ʙʝʟʨʦʙʽʪʪʷ ʪʦʱʦ. 

ɿ ʤʝʪʦʶ ʧʦʚʦʻʥʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʢʨʘʾʥʠ, ʽʥʪʝʛʨʘʮʽʾ ʝʢʦʥʦʤʽʢʠ ʫ 

ʻʚʨʦʧʝʡʩʴʢʠʡ ʧʨʦʩʪʽʨ ʪʘ ʛʣʦʙʘʣʴʥʽ ʣʘʥʮʶʛʠ ʩʪʚʦʨʝʥʥʷ ʚʘʨʪʦʩʪʽ, ʋʢʨʘʾʥʽ 

ʥʝʦʙʭʽʜʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʤʘʩʰʪʘʙʥʫ ʧʨʦʛʨʘʤʫ ʚʽʜʥʦʚʣʝʥʥʷ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ 

ʤʝʪʠ ʚʠʥʠʢʘʻ ʟʘʚʜʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʘʨʪ ʨʫʡʥʫʚʘʥʴ ʚʝʣʠʢʠʭ ʪʘ 

ʤʘʣʠʭ ʤʽʩʪ ʋʢʨʘʾʥʠ.  

ɯʥʪʝʨʘʢʪʠʚʥʘ ʢʘʨʪʘ ʨʫʡʥʫʚʘʥʴ (ɯʂʈ) ð ʮʝ ʩʫʯʘʩʥʠʡ ʢʘʨʪʦʛʨʘʬʽʯʥʠʡ 

ʽʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ, ʢʦʪʨʠʡ ʤʽʩʪʠʪʴ ʩʠʩʪʝʤʫ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʪʘ 

ʦʙʣʽʢʫ ʟʨʫʡʥʦʚʘʥʠʭ ʦʢʫʧʘʮʽʡʥʠʤ ʨʝʞʠʤʦʤ ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ ʞʠʪʣʦʚʠʭ, 

ʩʦʮʽʘʣʴʥʠʭ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʨʽʚʥʽ ʦʙʣʘʩʪʽ, ʛʨʦʤʘʜʠ, ʤʽʩʪʘ. ɯʂʈ 

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʨʛʘʥʽʚ ʜʝʨʞʘʚʥʦʾ ʚʣʘʜʠ, ʤʽʩʮʝʚʦʛʦ 

ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ, ʧʨʘʚʦʦʭʦʨʦʥʥʠʭ ʦʨʛʘʥʽʚ, ʤʽʞʥʘʨʦʜʥʠʭ ʽʥʩʪʘʥʮʽʡ, ʶʨʠʜʠʯʥʠʭ ʽ 

ʬʽʟʠʯʥʠʭ ʦʩʽʙ ʜʦʩʪʦʚʽʨʥʠʤʠ ʚʽʜʦʤʦʩʪʷʤʠ ʧʨʦ ʬʽʟʠʯʥʠʡ ʩʪʘʥ ʤʘʡʥʘ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟ ʤʝʪʦʶ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʚʪʨʘʪ, ʟʘʚʜʘʥʠʭ ʦʢʫʧʘʥʪʦʤ. 

ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʫ ʩʪʚʦʨʝʥʥʽ ɯʂʈ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʚʤʽʱʫʶʪʴ 

[1,  ʩ. 28]: 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʚʝʙ-ʢʘʨʪʦʛʨʘʬʽʾ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʨʫʡʥʫʚʘʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʣʝʛʢʦ 
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ʦʥʦʚʣʶʚʘʪʠ ʜʘʥʽ ʪʘ ʥʘʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ; 

ï ʽʥʪʝʛʨʘʮʽʶ ʜʘʥʠʭ ʽʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʚʢʣʶʯʥʦ ʽʟ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʟʥʽʤʢʘʤʠ, 

ʘʝʨʦʟʡʦʤʢʦʶ, ʬʦʪʦʛʨʘʬʽʷʤʠ ʟ ʜʨʦʥʽʚ, ʟʚʽʪʘʤʠ ʤʽʩʮʝʚʦʾ ʚʣʘʜʠ ʪʘ ʚʦʣʦʥʪʝʨʽʚ; 

ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ 3D-ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ 

ʤʦʜʝʣʝʡ ʟʨʫʡʥʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʽ ʦʙ'ʻʢʪʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʪʦʯʥʽʰʝ ʦʮʽʥʠʪʠ 

ʤʘʩʰʪʘʙʠ ʨʫʡʥʫʚʘʥʴ ʽ ʧʣʘʥʫʚʘʪʠ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʨʦʙʦʪʠ; 

ï ʚʧʨʦʚʘʜʞʝʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʽ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʧʨʦ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ 

ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪ ʽ ʜʘʻ ʟʤʦʛʫ ʰʚʠʜʰʝ ʫʭʚʘʣʶʚʘʪʠ ʨʽʰʝʥʥʷ; 

ï ʩʪʚʦʨʝʥʥʷ ʤʦʙʽʣʴʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʘʨʪ 

ʨʫʡʥʫʚʘʥʴ ʟ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʤʽʥʠ ʩʠʪʫʘʮʽʾ ʥʘ ʤʽʩʮʽ. 

ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʟ ʷʢʦʶ ʩʪʠʢʘʶʪʴʩʷ ʨʦʟʨʦʙʥʠʢʠ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʘʨʪ 

ʨʫʡʥʫʚʘʥʴ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʻ ʩʢʣʘʜʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʘʢʪʫʘʣʴʥʠʭ ʽ 

ʪʦʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʨʫʡʥʫʚʘʥʥʷ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʨʝʛʫʣʷʨʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʘʙʦ 

ʙʨʘʢ ʨʝʩʫʨʩʽʚ. ʅʘ ʨʠʩ.4 ʧʦʜʘʥʦ ʧʨʠʢʣʘʜ ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʚʠʩʚʽʪʣʶʻ 

ʩʠʩʪʝʤʫ ʧʦʥʷʪʴ (ʢʦʥʮʝʧʪʽʚ, ʩʫʪʥʦʩʪʝʡ, ʢʣʘʩʽʚ) ɯʂʈ, ʚʽʜʥʦʩʠʥ ʤʽʞ ʧʦʥʷʪʪʷʤʠ ʪʘ 

ʦʧʝʨʘʮʽʡ ʥʘʜ ʥʠʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʮʝʧʪʫʘʣʽʟʘʮʽʶ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʢʘʨʪʠ 

[3, ʩ. 160]. 

 

ʈʠʩ. 4. ʆʥʪʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʢʘʨʪʠ ʨʫʡʥʫʚʘʥʴ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ 
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ɹʽʣʴʰ ʬʦʨʤʘʣʴʥʦ ʦʥʪʦʣʦʛʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʪʨʠʧʣʝʪ [3, ʩ. 165]: 

O = { T, R, F },  

ʜʝ T = {T1, T2,é, Ti,é, Tn}, i = 1, n; n = Card X ï ʤʥʦʞʠʥʘ ʢʦʥʮʝʧʪʽʚ 

(ʧʦʥʷʪʴ) ɯʂʈ, ʷʢʫ ʦʧʠʩʫʻ ʦʥʪʦʣʦʛʽʷ;  

R ={R1, R2,é, Rk,é, Rm},  R:X1ĬX2ĬéĬXn, i = 1, m , m = Card R, ï ʢʽʥʮʝʚʘ 

ʤʥʦʞʠʥʘ ʩʝʤʘʥʪʠʯʥʦ ʟʥʘʯʥʠʭ ʚʽʜʥʦʰʝʥʴ ʤʽʞ ʢʦʥʮʝʧʪʘʤʠ ɯʂʈ. ɺʦʥʠ 

ʚʠʟʥʘʯʘʶʪʴ ʪʠʧ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʦʥʮʝʧʪʘʤʠ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʚʽʜʥʦʰʝʥʥʷ 

ʧʦʜʽʣʷʶʪʴ ʥʘ ʟʘʛʘʣʴʥʦ ʟʥʘʯʥʽ (ʟ ʷʢʠʭ ʚʠʜʽʣʷʶʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʚʽʜʥʦʰʝʥʥʷ 

ʦʢʨʝʤʦʛʦ ʧʦʨʷʜʢʫ) ʪʘ ʢʦʥʢʨʝʪʥʽ ʚʽʜʥʦʰʝʥʥʷ ɯʂʈ; 

F: XĬR ð ʢʽʥʮʝʚʘ ʤʥʦʞʠʥʘ ʬʫʥʢʮʽʡ ʽʥʪʝʨʧʨʝʪʘʮʽʾ, ʷʢʽ ʟʘʜʘʥʦ ʥʘ 

ʢʦʥʮʝʧʪʘʭ ʪʘ/ʘʙʦ ʚʽʜʥʦʰʝʥʥʷʭ ʦʥʪʦʣʦʛʽʾ ɯʂʈ.  

ʅʘ ʨʠʩ. 4 ʥʘʚʝʜʝʥʦ ʧʝʨʝʣʽʢ ʦʩʥʦʚʥʠʭ ʢʦʥʮʝʧʪʽʚ, ʩʢʣʘʜʝʥʠʭ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ 

ʙʽʙʣʽʦʛʨʘʬʽʾ (ʟʦʢʨʝʤʘ ʝʥʮʠʢʣʦʧʝʜʽʾ ʪʘ ʪʣʫʤʘʯʥʠʤ ʩʣʦʚʥʠʢʦʤ), ʥʘʫʢʦʚʠʤʠ 

ʫʢʨʘʾʥʦ- ʪʘ ʘʥʛʣʦʤʦʚʥʠʤʠ ʩʪʘʪʪʷʤʠ ʪʘ ʤʽʞʥʘʨʦʜʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʷʢʽ 

ʩʪʦʩʫʶʪʴʩʷ ʦʩʥʦʚʥʠʭ ʢʦʥʮʝʧʪʽʚ (ʧʦʥʷʪʴ) ɯʂʈ: 

1. ʄʘʪʝʤʘʪʠʯʥʘ ʦʩʥʦʚʘ ɯʂʈ ð ʩʫʢʫʧʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ 

ʤʘʪʝʤʘʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɯʂʈ. ɺʤʽʱʫʻ ʛʝʦʜʝʟʠʯʥʫ ʦʩʥʦʚʫ, ʤʘʩʰʪʘʙ, 

ʢʘʨʪʦʛʨʘʬʽʯʥʫ ʧʨʦʝʢʮʽʶ, ʢʘʨʪʦʛʨʘʬʽʯʥʫ ʤʝʨʝʞʫ. 

2. ɯʥʪʝʨʘʢʪʠʚʥʘ ʢʘʨʪʘ ð ʮʝ ʽʥʥʦʚʘʮʽʡʥʠʡ ʚʝʙ-ʨʝʩʫʨʩ, ʢʦʨʠʩʪʫʚʘʯʽ ʷʢʦʛʦ 

ʤʦʞʫʪʴ ʧʝʨʝʛʣʷʜʘʪʠ, ʨʝʜʘʛʫʚʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʧʨʦʩʪʦʨʦʚʽ ʜʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʚʠʯʘʡʥʦʛʦ ʚʝʙ-ʙʨʘʫʟʝʨʘ.  

3. ɽʢʩʧʝʨʪʥʠʡ ʘʥʘʣʽʟ ʪʘ ʨʦʟʨʦʙʢʘ ʛʽʧʦʪʝʟ ʚʽʜʥʦʚʣʝʥʥʷ ð ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ 

ʢʣʘʩʽʚ ʤʝʪʦʜʽʚ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʥʘ ʦʩʥʦʚʽ ʜʫʤʦʢ ʝʢʩʧʝʨʪʽʚ ʤʦʞʥʘ ʟʙʫʜʫʚʘʪʠ ʘʜʝʢʚʘʪʥʫ ʤʦʜʝʣʴ 

ʤʘʡʙʫʪʥʴʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʘʙʦ ʧʣʘʥʫʚʘʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʟʨʫʡʥʦʚʘʥʠʭ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ. ɺʽʜʧʨʘʚʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʠ ʮʴʦʤʫ ʻ ʜʫʤʢʘ 

ʩʧʝʮʽʘʣʽʩʪʽʚ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʡ ʨʦʟʨʦʙʢʘʤʠ ʚ ʧʨʦʛʥʦʟʦʚʘʥʽʡ 

ʛʘʣʫʟʽ. 

4. ʇʨʦʩʪʦʨʦʚʘ ʙʘʟʘ ʜʘʥʠʭ ï ʙʘʟʘ ʜʘʥʠʭ, ʷʢʘ ʦʙ'ʻʜʥʫʻ ʷʢ ʪʨʘʜʠʮʽʡʥʽ ʚʠʜʠ 

ʜʘʥʠʭ (ʦʧʠʩʦʚʘ ʯʘʩʪʠʥʘ ʘʙʦ ʘʪʨʠʙʫʪʠʚʥʘ), ʪʘʢ ʽ ʛʝʦʤʝʪʨʠʯʥʽ (ʜʘʥʽ ʧʨʦ 

https://uk.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4
https://uk.wikipedia.org/w/index.php?title=%D0%9D%D0%B0%D1%83%D0%BA%D0%BE%D0%B2%D0%BE-%D1%82%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D0%BD%D0%BE%D0%B7%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%9C%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C
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ʧʦʣʦʞʝʥʥʽ ʦʙ'ʻʢʪʽʚ ʚ ʧʨʦʩʪʦʨʽ). 

5. ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʘ ʦʜʠʥʠʮʷ, ʥʘʩʝʣʝʥʽ ʧʫʥʢʪʠ, 

ʚʫʣʠʯʥʦ-ʜʦʨʦʞʥʷ ʤʝʨʝʞʘ, ʛʽʜʨʦʛʨʘʬʽʷ, ʧʨʠʨʦʜʥʠʯʽ ʦʙ`ʻʢʪʠ ð ʦʩʥʦʚʥʽ 

ʝʣʝʤʝʥʪʠ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʢʘʨʪʠ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʟʘ ʟʤʽʩʪʦʤ ʽ ʦʬʦʨʤʣʝʥʥʷʤ 

ʧʨʠʨʦʜʥʽ, ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʽ, ʤʽʩʪʦʙʫʜʽʚʥʽ ʦʙ'ʻʢʪʠ ʤʽʩʮʝʚʦʩʪʽ ʟ ʚʣʘʩʪʠʚʠʤʠ 

ʾʤ ʷʢʽʩʥʠʤʠ ʽ ʢʽʣʴʢʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʽ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʾʭ ʨʦʟʤʽʱʝʥʥʷ ʥʘ 

ʧʝʚʥʽʡ ʪʝʨʠʪʦʨʽʾ. 

6. ɸʪʨʠʙʫʪʠʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ï ʮʝ ʦʙ'ʻʢʪʠʚʥʘ ʚʥʫʪʨʽʰʥʷ ʚʣʘʩʪʠʚʽʩʪʴ ʚʩʽʭ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ, ʚʦʥʘ ʤʽʩʪʠʪʴʩʷ ʫ ʚʩʽʭ ʝʣʝʤʝʥʪʘʭ ʪʘ ʩʠʩʪʝʤʘʭ 

ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʩʚʽʪʫ. ɸʪʨʠʙʫʪʠʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʻ ʚʣʘʩʪʠʚʽʩʪʶ ʤʘʪʝʨʽʾ. 

7. ɿʨʫʡʥʦʚʘʥʽ ʦʙ'ʻʢʪʠ ï ʮʝ ʦʙ'ʻʢʪʠ, ʷʢʽ ʟʘʟʥʘʣʠ ʧʨʦʮʝʩʫ ʧʦʨʫʰʝʥʥʷ 

ʮʽʣʽʩʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʨʽʟʥʠʭ ʪʠʧʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʽ 

ʧʦʚʝʨʭʦʚʦʩʪʽ ʙʫʜʽʚʝʣʴ ʧʽʜ ʚʧʣʠʚʦʤ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʧʦʚʽʪʨʷʥʦʾ ʚʠʙʫʭʦʚʦʾ 

ʭʚʠʣʽ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʙʫʭʦʚʠʭ ʨʝʯʦʚʠʥ ʧʽʜ ʯʘʩ ʙʦʡʦʚʠʭ ʜʽʡ. 

ʄʥʦʞʠʥʘ ʚʽʜʥʦʰʝʥʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʽʚ ð {ʤʘʻ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʚʤʽʱʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ, ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʪʘ ʟʙʝʨʽʛʘʻʪʴʩʷ, ʟʘʙʝʟʧʝʯʫʻ, 

ʚʽʜʦʙʨʘʞʘʻ, ʤʘʻ}.  

ʇʦʙʫʜʦʚʘʥʘ ʦʥʪʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʻ ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʪʘ 

ʢʘʪʝʛʦʨʽʾ ɯʂʈ ʪʘ ʦʧʠʩʫʻ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʤʽʞ ʥʠʤʠ, ʱʦ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʘʨʪ ʟ ʽʥʰʦʶ ʪʝʤʘʪʠʢʦʶ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ɯʂʈ ʩʪʘʥʜʘʨʪʥʽ ʟʘʛʘʣʴʥʦʛʝʦʛʨʘʬʽʯʥʽ ʦʙ'ʻʢʪʠ ʨʦʟʙʠʪʽ ʥʘ 

ʙʣʦʢʠ ʟʘ ʪʝʤʘʪʠʢʦʶ ʢʘʨʪʠ. 

ɿʘʨʘʟ ʚ ʋʢʨʘʾʥʽ ʚʝʜʝʪʴʩʷ ʚʝʣʠʢʘ ʨʦʙʦʪʘ ʧʦ ʦʮʠʬʨʫʚʘʥʥʶ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʚʩʴʦʛʦ ʮʠʢʣʫ ʚʽʜʥʦʚʣʝʥʥʷ ʟʨʫʡʥʦʚʘʥʦʾ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ: 

ʬʽʢʩʘʮʽʷ ʟʙʠʪʢʽʚ, ʧʣʘʥʫʚʘʥʥʷ, ʧʨʽʦʨʠʪʝʪʠʟʘʮʽʷ ʚʽʜʥʦʚʣʝʥʥʷ, ʚʝʜʝʥʥʷ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʫʧʨʦʜʦʚʞ ʮʠʢʣʫ ʚʽʜʥʦʚʣʝʥʥʷ. ʉʫʯʘʩʥʽ ɯʂʈ 

ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚ ʙʦʨʦʪʴʙʽ ʷʢ ʟ ʥʘʜʟʚʠʯʘʡʥʠʤʠ ʩʠʪʫʘʮʽʷʤʠ, 

ʢʨʠʟʘʤʠ, ʢʘʪʘʩʪʨʦʬʘʤʠ, ʪʘʢ ʽ ʥʘʩʣʽʜʢʘʤʠ ʨʫʡʥʫʚʘʥʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʙʦʡʦʚʠʭ ʜʽʡ. 

ɺ ʢʽʙʝʨʧʨʦʩʪʦʨʽ ʋʢʨʘʾʥʠ ʩʪʨʽʤʢʦ ʬʦʨʤʫʻʪʴʩʷ ʛʣʦʙʘʣʴʥʘ, ʽʥʪʝʨʘʢʪʠʚʥʘ, 

ʨʦʟʛʘʣʫʞʝʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʮʠʬʨʦʚʦʾ ʢʘʨʪʦʛʨʘʬʽʾ, ʱʦ ʥʘʨʘʭʦʚʫʻ, ʢʨʽʤ 

https://uk.wikipedia.org/wiki/%D0%92%D0%BB%D0%B0%D1%81%D1%82%D0%B8%D0%B2%D1%96%D1%81%D1%82%D1%8C
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D1%80%D1%96%D1%8F
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ʧʨʦʬʝʩʽʦʥʘʣʽʚ, ʤʽʣʴʡʦʥʠ ʧʝʨʝʩʽʯʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ-ʫʯʘʩʥʠʢʽʚ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʦʚʽ. 

ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ ʮʷ ʤʘʻ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʫ, ʙʘʛʘʪʦʰʘʨʦʚʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʚ ʨʘʤʢʘʭ 

ʷʢʦʾ ʧʦʻʜʥʫʶʪʴʩʷ ʷʢ ʛʣʦʙʘʣʴʥʽ (Google Maps, Open Street Map, Bing Maps), ʪʘʢ ʽ 

ʣʦʢʘʣʴʥʽ (Sudan Satellite Sentinel Project, CERA) ʩʝʨʚʽʩʠ ʰʠʨʦʢʦʛʦ ʪʘ ʚʣʘʩʥʝ 

ʢʨʠʟʦʚʦʛʦ (Development Seeds, Citivox, Tomnod) ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʦʧʨʽʻʪʘʨʥʠʤʠ ʽ ʥʝʢʦʤʝʨʮʽʡʥʠʤʠ, ʜʦʩʣʽʜʥʠʮʴʢʽ ʮʝʥʪʨʠ (ʧʨʦʛʨʘʤʘ "Crisis 

Mapping and Early Warning" ʚ ʨʘʤʢʘʭ ɻʘʨʚʘʨʜʩʴʢʦʾ ɻʫʤʘʥʽʪʘʨʥʦʾ ɯʥʽʮʽʘʪʠʚʠ) . 

ʋ ʩʧʽʚʧʨʘʮʽ ʽʟ UNDP Accelerator Lab ʢʦʤʘʥʜʦʶ ReStart Ukraine 

ʨʦʟʨʦʙʣʝʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʩʪʨʫʢʪʫʨʽ ʦʥʪʦʣʦʛʽʯʥʦʾ 

ʤʦʜʝʣʽ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʢʘʨʪʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ð ʮʝ ʜʚʦʨʽʚʥʝʚʘ 

ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʘ, ʷʢʘ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʜʦʧʦʤʦʛʫ ʫ ʬʦʨʤʫʚʘʥʥʽ ʟʘʚʜʘʥʴ ʥʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʤʽʩʪ ʽ ʛʨʦʤʘʜ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʡʙʫʪʥʽʭ ʨʠʟʠʢʽʚ ʪʘ ʚʠʢʣʠʢʽʚ (ʨʠʩ. 5), 

ʪʦʙʪʦ ʤʘʻ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ ɯʂʈ, ʪʘʢʽ, ʷʢ ʤʘʪʝʤʘʪʠʯʥʘ ʦʩʥʦʚʘ ʢʘʨʪʠ, ʧʨʦʩʪʦʨʦʚʘ 

ʙʘʟʫ ʜʘʥʠʭ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʝʢʩʧʝʨʪʥʠʡ ʘʥʘʣʽʟ ʱʦʜʦ ʨʦʟʨʦʙʣʝʥʥʷ ʛʽʧʦʪʝʟ ʟ 

ʚʽʜʥʦʚʣʝʥʥʷ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʘʙʦ ʜʦʧʦʤʘʛʘʻ ʚʠʟʥʘʯʠʪʠ ʥʘʡʙʽʣʴʰ ʚʜʘʣʠʡ 

ʬʦʨʤʘʪ ʚʽʜʥʦʚʣʝʥʥʷ. 

 

ʈʠʩ.5. ɸʥʘʣʽʪʠʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʧʦʰʫʢʫ ʥʘʡʙʽʣʴʰ ʚʜʘʣʠʭ ʬʦʨʤʘʪʽʚ 

ʚʽʜʥʦʚʣʝʥʥʷ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʦʥʪʦʣʦʛʽʾ ʨʝʘʣʽʟʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ 

ʜʦʙʫʚʘʥʥʷ ʧʨʝʜʤʝʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʟʥʘʥʴ ʽʟ ʤʥʦʞʠʥʠ ʧʨʠʨʦʜʥʠʯʦ-ʤʦʚʥʠʭ 

ʪʝʢʩʪʽʚ. ʅʘʚʝʜʝʥʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʥʪʦʣʦʛʽʯʥʦʛʦ 
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ʧʽʜʭʦʜʫ ʜʦ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʚʟʘʻʤʦʟʚôʷʟʘʥʠʭ ʢʦʥʮʝʧʪʽʚ (ʧʦʥʷʪʴ) ʽʥʪʝʨʘʢʪʠʚʥʦʾ 

ʢʘʨʪʠ ʨʫʡʥʫʚʘʥʴ. ʉʠʩʪʝʤʘʪʠʟʘʮʽʶ ʙʘʟʦʚʠʭ ʢʘʪʝʛʦʨʽʡ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʢʘʨʪʠ 

ʨʫʡʥʫʚʘʥʴ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ 

ʘʥʘʣʽʟʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʥʘʥʥʷ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʠʩʪʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʛʘʣʴʥʠʡ 

ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʚʟʘʻʤʦʟʚôʷʟʘʥʠʭ ʢʦʥʮʝʧʪʽʚ (ʧʦʥʷʪʴ) ɯʂʈ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʥʦ-ʦʥʪʦʣʦʛʽʯʥʠʡ. ʉʠʩʪʝʤʥʦ-ʦʥʪʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʪʘ 

ʚʽʜʧʦʚʽʜʥʘ ʪʝʭʥʦʣʦʛʽʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʧʫʩʢʘʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʘʟ ʟʥʘʥʴ ʜʣʷ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʘʨʪ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʘʨʪ ʨʫʡʥʫʚʘʥʴ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ. ʇʠʪʘʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟʥʘʥʴ, ʟʦʢʨʝʤʘ ʟ ʤʥʦʞʠʥʠ ʧʨʠʨʦʜʥʠʯʦ-

ʤʦʚʥʠʭ ʦʙôʻʢʪʽʚ, ʟʘʣʠʰʘʻʪʴʩʷ ʩʴʦʛʦʜʥʽ, ʷʢ ʽ ʨʘʥʽʰʝ, ʘʢʪʫʘʣʴʥʠʤ ʪʘ ʚʽʜʢʨʠʪʠʤ. 
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Introduction: Opaque (non-transparent) constituents, such as mafic and heavy 

minerals, dark bioclastic fragments, and organic detritus occur in varying amounts 

and combinations in beach and dune sands. Heavy-mineral concentrations (HMCs) 

punctuate quartz-dominated siliciclastic lithosomes and provide important 

information about sediment source, regional transport pathways, and (paleo-)energy 

conditions, as well as produce prominent reflections in georadar images when 

concentrated [1-3].  

 

Often comprising thin laminae (1-2 mm), HMCs present challenges for 

sampling and quantitative parametrization needed for reconstructing energy regimes 

(e.g., shear stress). We present examples of simple grayscale-based field and 

micrograph analyses using two sites along the Baltic Sea coast of Estonia (Fig. 1A) 

[4-6]: a beach/dune trench wall at Lehtma strandplain (Fig. 1B) and a recent berm 

accumulation at Vageranna Beach (Fig. 1C).  
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Figure 1. A) Location map of the study sites in Estonia. B) Eroded beach/dune 

ridges, Lehtma strandplain, Hiiumaa Island. C) Berm fronting an uplifting dune 

scarp, Valgeranna, Pªrnu Bay. 

 

Methodology: Adhesive tape peels from trenches, cores, or bedding-plane 

exposures preserve grain-thick layers that can be used to evaluate gross magnetic 

properties (relative low-field magnetic susceptibility [2, 8, 9]) and to assess the 

opaque fraction. Detailed mineralogical analyses and heavy-liquid separation are 

extremely labor-intensive and time-consuming. Rather, to evaluate the relative 

proportions of heavy minerals simplified image-processing protocols can be applied 

to trench walls and outcrops for high-resolution mapping of HMC-enriched horizons. 

Macro-photographs of exposures (Fig. 2) and tape mounts (Fig. 3) can be analyzed in 

the field (macro-lens attachment) and laboratory (reflected-light microscopy), 

respectively. Image-processing freeware (e.g., Image J) can then be applied for very 

rapid assessment and quantification of opaque fraction based on intensity profiles and 

spectra. 

Results and Summary: Image J profiles of trench wall (Fig. 2) show that 

inverse grayscale (G) values (white: G=0; black: G=255) correspond well to visible 

stratigraphy, with opaque minerals (dominantly magnetite) having anomalously high 

values (G>200; Fig. 2C), compared to background quartzose matrix (G <100; 

Fig. 2B). 

A B 
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Figure 2. Beach/dune ridge exposure: A) Photograph of the dune trench wall. 

B) Inverted grayscale (G) plot represents a high-resolution intensity patterns, 

which roughly correspond to the concentration of heavy minerals. C) Isolated 

darkest anomalies correspond to thin HMCs in Fig. 2A (red arrow shows the 

most prominent compound horizon). For location and context, see Fig. 1B. 

Similarly, on strewn (hand-sprinkled) tape mounts, magnetite grains are easily 

discerned from those with mid-range hues (feldspars, epidote) and clear grains 

(fractured almandine garnets, quartz), all on a white background (Fig. 3A). Both 

traversed particle dimension and its intensity are clearly captured in a grayscale 

profile (Fig. 3B). Standardized for magnification, lighting, and granulometrically 

adjusted screen coverage, areal grayscale plots (histograms; Fig. 3C) allow 

quantitative assessment of the low-intensity ñdarkò fraction, with quartz-rich sand 

yielding low average values (G~10-20) compared to moderate HMCs (G>60). 

 

Figure 3. Microphotograph analysis of recent berm HMC: A) Section of a 

microphoto shown in Fig. 1C. B) Inverted grayscale profile showing differences 

between light (Q ï quartz), mid-hue (A ï almandine garnet; E ï epidote?) and 

opaque heavy (M ï magnetite) grains on a white background (b). Key metrics 

are summarized. C) Area grayscale plot for the image segment in Fig. 3A. 

For location and context, see Fig. 1C. 
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As denser components typically occur in the finer sand fraction, such analysis 

provides a conservative estimate of their relative contribution. The presented 

approach has the potential to complement traditional sedimentological and 

geophysical datasets with independent compositional parameters at high spatial 

resolution [2]. 
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ʋɼʂ-711 

ʆʇʊʀʄɯɿɸʎɯʗ ʇʈʆʉʊʆʈʆɺʆɻʆ ʇʃɸʅʋɺɸʅʅʗ ʇʈʀɺʆʂɿɸʃʔʅʀʍ 

ʊɽʈʀʊʆʈɯʁ ʋ ʉɽʈɽɼʅɯʍ ʊɸ ʄɸʃʀʍ ʄɯʉʊɸʍ 

çɺɸɾʃʀɺɯʉʊʔ ʃɸʅʐɸʌʅʆɰ ʆʈɻɸʅɯɿɸʎɯɰè 

 

ɺʦʡʢʦ ʅʘʪʘʣʽʷ ʖʨʽʾʚʥʘ 

ʢʘʥ. ʘʨʭ., ʜʦʮʝʥʪ 

ʈʘʰʢʽʚʩʴʢʘ ʂʘʪʝʨʠʥʘ ʆʣʝʢʩʘʥʜʨʽʚʥʘ 

ʄʘʛʽʩʪʨ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ: ʉʪʘʪʪʷ ʨʦʟʛʣʷʜʘʻ ʧʨʦʙʣʝʤʠ ʪʘ ʘʩʧʝʢʪʠ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʧʨʠʚʦʢʟʘʣʴʥʠʭ ʧʣʦʱ ʫ ʤʘʣʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʤʽʩʪʘʭ. ʋ ʮʝʥʪʨʽ ʫʚʘʛʠ 

ʩʪʘʪʪʽ - ʦʩʦʙʣʠʚʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʧʽʰʦʭʽʜʥʦʛʦ ʨʫʭʫ ʥʘ ʧʨʠʚʦʢʟʘʣʴʥʠʭ ʧʣʦʱʘʭ ʤʽʩʪ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʙʫʜʦʚʠ ʪʘ ʮʽʣʝʡ ʧʽʰʦʭʽʜʥʦʛʦ 

ʧʝʨʝʩʫʚʘʥʥʷ. ɺ ʩʪʘʪʪʽ ʚʠʩʚʽʪʣʶʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʩʧʨʠʡʥʷʪʪʷ 

ʩʝʨʝʜʦʚʠʱʘ ʣʶʜʠʥʦʶ ʪʘ ʢʦʤʧʣʝʢʩʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʧʨʦʩʪʦʨʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʛʘʨʤʦʥʽʡʥʦʛʦ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʧʘʩʘʞʠʨʽʚ ʪʘ ʤʝʰʢʘʥʮʽʚ 

ʤʽʩʪʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʠʚʦʢʟʘʣʴʥʘ ʧʣʦʱʘ, ʪʨʘʥʩʧʦʨʪʥʠʡ ʚʫʟʦʣ, ʪʨʘʥʟʠʪ, 

ʧʘʩʘʞʠʨʩʴʢʽ ʧʦʪʦʢʠ, ʧʨʦʩʪʦʨʦʚʝ ʧʣʘʥʫʚʘʥʥʷ, ʚʟʘʻʤʦʜʽʷ ʧʨʦʩʪʦʨʫ, ʣʘʥʜʰʘʬʪʥʝ 

ʦʟʝʣʝʥʝʥʥʷ. 

 

ʇʨʠʚʦʢʟʘʣʴʥʘ ʧʣʦʱʘ - ʪʝʨʠʪʦʨʽʷ ʧʝʨʝʜ ʟʘʣʽʟʥʠʯʥʠʤ ʚʦʢʟʘʣʦʤ ʘʙʦ ʽʥʰʠʤ 

ʪʨʘʥʩʧʦʨʪʥʠʤ ʚʫʟʣʦʤ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʦʨʛʘʥʽʟʘʮʽʶ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʪʦʢʽʚ. ʎʝ ʻ 

ʢʣʶʯʦʚʠʡ ʝʣʝʤʝʥʪ ʤʽʩʴʢʦʛʦ ʛʨʦʤʘʜʩʴʢʦʛʦ ʧʨʦʩʪʦʨʫ. 

ʇʨʠʚʦʢʟʘʣʴʥʽ ʪʝʨʠʪʦʨʽʾ ʚʠʢʦʥʫʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʤʽʩʴʢʦʤʫ 
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ʧʘʩʘʞʠʨʩʴʢʦʤʫ ʪʨʘʥʩʧʦʨʪʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʫʟʣʠ ʟʚ'ʷʟʢʫ ʜʣʷ ʧʝʨʝʩʘʜʦʢ ʪʘ 

ʦʙʩʣʫʛʦʚʫʶʯʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʘʩʘʞʠʨʽʚ ʱʦʜʥʷ. ɺʘʞʣʠʚʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʮʠʭ ʪʝʨʠʪʦʨʽʡ ʫ ʩʝʨʝʜʥʽʭ ʪʘ ʤʘʣʠʭ ʤʽʩʪʘʭ ʩʪʘʻ 

ʘʢʪʫʘʣʴʥʦʶ ʫ ʥʘʰ ʯʘʩ. ɽʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʧʨʦʩʪʦʨʽʚ ʤʦʞʝ 

ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʪʘ ʟʨʫʯʥʽʩʪʴ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʇʘʩʘʞʠʨʠ, ʧʝʨʝʙʫʚʘʶʯʠ ʥʘ ʧʨʠʚʦʢʟʘʣʴʥʠʭ ʧʣʦʱʘʭ ʤʘʣʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʤʽʩʪ 

ʯʘʩʪʦ ʩʪʠʢʘʶʪʴʩʷ ʟ ʨʷʜʦʤ ʤʽʩʪʦʙʫʜʽʚʥʠʭ ʪʘ ʩʦʮʽʘʣʴʥʠʭ ʧʨʦʙʣʝʤ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ 

ʥʝʜʦʩʪʘʪʥʶ ʨʦʟʚʠʥʝʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʣʷ ʧʘʩʘʞʠʨʽʚ, ʥʝʚʧʦʨʷʜʢʦʚʘʥʽ ʤʽʩʮʷ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʧʘʨʢʫʚʘʣʴʥʽ ʪʨʫʜʥʦʱʽ ʪʘ ʥʝʜʦʩʪʘʪʥʶ ʙʝʟʧʝʢʫ ʜʣʷ 

ʧʽʰʦʭʦʜʽʚ. ʊʦʤʫ ʚ ʮʠʭ ʤʽʩʮʷʭ ʽʩʥʫʻ ʧʦʪʨʝʙʘ ʫ ʚʽʜʥʦʚʣʝʥʥʽ ʪʘ ʨʦʟʚʠʪʢʫ.  

ɼʦʜʘʪʢʦʚʫ ʧʨʦʙʣʝʤʫ ʩʪʘʥʦʚʠʪʴ ʚʫʣʠʯʥʘ ʪʦʨʛʽʚʣʷ, ʩʪʚʦʨʶʶʯʠ ʥʝʟʘʢʦʥʥʽ 

ʪʦʨʛʦʚʝʣʴʥʽ ʩʢʫʧʯʝʥʥʷ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʧʝʨʝʩʫʚʘʥʥʶ ʧʽʰʦʭʦʜʽʚ, ʧʩʫʶʪʴ 

ʝʩʪʝʪʠʢʫ ʧʨʦʩʪʦʨʫ ʪʘ ʧʦʨʫʰʫʶʪʴ ʩʘʥʽʪʘʨʥʽ ʪʘ ʛʽʛʽʻʥʽʯʥʽ ʥʦʨʤʠ.  

ʊʘʢ, ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʤʦʞʝ ʚʽʜʽʛʨʘʚʘʪʠ ʚʘʞʣʠʚʫ ʨʦʣʴ 

ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤ ʥʘ ʧʨʠʚʦʢʟʘʣʴʥʠʭ ʧʣʦʱʘʭ, ʩʧʨʠʷʶʯʠ ʨʘʮʽʦʥʘʣʴʥʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʪʘʢʠʭ ʧʨʦʩʪʦʨʽʚ, ʧʦʢʨʘʱʝʥʥʶ ʜʦʩʪʫʧʥʦʩʪʽ ʜʦ ʪʨʘʥʟʠʪʥʠʭ ʰʣʷʭʽʚ 

ʜʣʷ ʧʽʰʦʭʦʜʽʚ ʽ ʪʨʘʥʩʧʦʨʪʫ, ʩʪʚʦʨʝʥʥʶ ʟʦʥ ʙʝʟʧʝʢʠ ʪʘ ʢʦʤʬʦʨʪʫ, ʘ ʪʘʢʦʞ 

ʨʦʟʚʠʪʢʫ ʟʘʛʘʣʴʥʦʾ ʤʽʩʴʢʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʆʩʪʘʥʥʽ ʧʨʦʝʢʪʠ ʟ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʣʽʟʥʠʯʥʠʭ 

ʚʦʢʟʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʘʢʮʝʥʪʫʶʪʴ ʫʚʘʛʫ ʥʝ ʣʠʰʝ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʚʦʢʟʘʣʴʥʠʭ 

ʩʧʦʨʫʜ ʪʘ ʧʣʘʪʬʦʨʤ, ʘʣʝ ʡ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤʫ ʦʥʦʚʣʝʥʥʽ ʣʘʥʜʰʘʬʪʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ 

ʧʨʠʚʦʢʟʘʣʴʥʠʭ ʧʣʦʱ ʪʘ ʧʨʠʣʝʛʣʦʾ ʤʽʩʴʢʦʾ ʪʝʨʠʪʦʨʽʾ (ʥʘʧʨʠʢʣʘʜ, ʧʨʠʚʦʢʟʘʣʴʥʘ 

ʧʣʦʱʽ ʍʘʨʢʦʚʘ) [1]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʠʚʦʢʟʘʣʴʥʠʭ ʧʣʦʱ ʚʠʷʚʠʣʦ, ʱʦ ʚʦʥʠ, ʥʘʩʘʤʧʝʨʝʜ, ʻ 

ʚʘʞʣʠʚʠʤ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʟʘʣʽʟʥʠʯʥʦʛʦ ʚʦʢʟʘʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ. ʅʘ ʧʨʠʚʦʢʟʘʣʴʥʽʡ ʧʣʦʱʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʦʙ'ʻʜʥʘʥʥʷ ʚʩʽʭ ʙʫʜʽʚʝʣʴ ʪʘ 

ʩʧʦʨʫʜ ʚ ʻʜʠʥʠʡ ʘʥʩʘʤʙʣʴ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷ ʧʽʰʦʭʽʜʥʦʛʦ ʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʫʭʫ. ɿ 

ʽʥʰʦʛʦ ʙʦʢʫ, ʧʨʠʚʦʢʟʘʣʴʥʘ ʧʣʦʱʘ ʻ ʚʘʞʣʠʚʠʤ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ 

ʝʣʝʤʝʥʪʦʤ ʪʨʘʥʩʧʦʨʪʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʢʘʨʢʘʩʫ ʤʽʩʪʘ, ʡʦʛʦ ʩʚʦʻʨʽʜʥʦʶ 

ʙʨʘʤʦʶ ʟ ʩʝʤʘʥʪʠʯʥʦʛʦ ʧʦʛʣʷʜʫ. 
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ʅʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ ʩʚʽʜʯʘʪʴ, ʱʦ 

ʬʦʨʤʫʚʘʥʥʷ ʚʦʢʟʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʘ ʡʦʛʦ ʧʨʠʣʝʛʣʦʾ ʧʣʦʱʽ ʟʫʤʦʚʣʝʥʝ ʨʷʜʦʤ 

ʦʙ'ʻʢʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ. ɿʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʦʨʛʘʥʽʟʘʮʽʶ ʧʨʦʩʪʦʨʫ ʧʨʠʚʦʢʟʘʣʴʥʦʾ 

ʧʣʦʱʽ ʤʘʻ ʪʨʘʥʩʧʦʨʪʥʠʡ ʨʫʭ ʤʽʩʪʘ: ʢʽʣʴʢʽʩʪʴ ʤʘʨʰʨʫʪʽʚ ʪʘ ʚʠʜʠ ʪʨʘʥʩʧʦʨʪʫ, ʱʦ 

ʦʙʩʣʫʛʦʚʫʶʪʴ ʧʣʦʱʫ (ʥʘʟʝʤʥʦʛʦ ʽ ʧʽʜʟʝʤʥʦʛʦ); ʧʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ 

ʤʽʩʴʢʠʭ ʘʚʪʦʰʣʷʭʽʚ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʟ ʧʣʦʱʝʶ, ʪʘ ʭʘʨʘʢʪʝʨ ʾʭ ʚʟʘʻʤʦʜʽʾ. ɿʘ 

ʢʨʠʪʝʨʽʻʤ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʧʣʦʱʽ ʟ ʤʽʩʴʢʠʤʠ ʘʚʪʦʤʘʛʽʩʪʨʘʣʷʤʠ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ 

ʪʘʢʽ ʪʠʧʠ: ʪʫʧʠʢʦʚʽ, ʢʠʰʝʥʴʢʦʚʽ, ʩʢʣʘʜʥʦ ʦʨʛʘʥʽʟʦʚʘʥʽ. 

ʇʽʰʦʭʽʜʥʠʡ ʨʫʭ ʤʘʻ ʩʚʦʾ ʭʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʽʩʮʷ 

ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʦʯʫʶʯʦʾ ʟʘʙʫʜʦʚʠ. 

ʆʪʞʝ, ʮʝ ʩʪʘʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʧʨʠ ʡʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʽ ʦʨʛʘʥʽʟʘʮʽʾ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʦʩʪʦʨʦʚʦ ï ʯʘʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʗʢʱʦ ʚʨʘʭʦʚʫʚʘʪʠ ʘʩʧʝʢʪ 

ʩʧʨʠʡʥʷʪʪʷ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠʚʦʢʟʘʣʴʥʦʾ ʧʣʦʱʽ ʣʶʜʠʥʦʶ, ʪʦ ʩʣʽʜ ʧʘʤ'ʷʪʘʪʠ ʧʨʦ 

ʧʦʨʦʛʦʚʽ ʷʚʠʱʘ ʪʘ ʟʤʽʥʫ ʧʨʦʮʝʩʫ ʩʧʨʠʡʥʷʪʪʷ ʤʽʩʪʦʙʫʜʽʚʥʠʭ ʦʙ'ʻʢʪʽʚ ʟʘʣʝʞʥʦ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʩʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʫ ʽ ʧʽʰʦʭʦʜʽʚ.  

ʈʝʰʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ ʜʣʷ ʚʜʘʣʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ ʧʽʰʦʭʽʜʥʦʛʦ ʨʫʭʫ ʩʪʦʩʫʶʪʴʩʷ ʦʩʥʦʚʥʠʭ ʪʨʘʥʟʠʪʥʠʭ ʥʘʧʨʷʤʢʽʚ 

ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ, ʜʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʪʦʢʽʚ 

-ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ - ʚʨʘʭʦʚʫʶʪʴ ʩʪʨʫʢʪʫʨʫ ʪʘ ʧʦʪʨʝʙʠ ʧʘʩʘʞʠʨʽʚ, ʪʘʢʽ 

ʷʢ ʜʝʤʦʛʨʘʬʽʯʥʽ ʜʘʥʽ, ʪʠʧʠ ʧʘʩʘʞʠʨʽʚ (ʪʫʨʠʩʪʠ, ʤʽʩʮʝʚʽ ʤʝʰʢʘʥʮʽ, ʧʨʘʮʽʚʥʠʢʠ); 

-ʢʽʣɹʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ - ʟʘʣʝʞʘʪʴ ʚʽʜ ʦʙʩʷʛʫ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʧʦʪʦʢʫ, 

ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʨʦʟʨʘʭʫʥʢʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʪʘ ʧʦʪʨʽʙʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʨʰʨʫʪʽʚ ʨʫʭʫ: 

-ʤʽʥʽʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʤʘʨʰʨʫʪʽʚ - ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʨʫʯʥʦʩʪʽ ʧʘʩʘʞʠʨʽʚ ʽ 

ʤ̔ ʥʽʤʽʟʘʮʽʾ ʯʘʩʫ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ; 

-ʜʦʩʪʘʪʥʷ ʰʠʨʠʥʘ ʜʦʨʽʞʦʢ ʪʘ ʧʝʨʝʭʦʜʽʚ - ɦ ʦʙ ʫʥʠʢʥʫʪʠ ʩʢʫʧʯʝʥʥʷ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʤʬʦʨʪʥʠʡ ʨʫʭ; 

-ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʪʘ ʩʮʝʥʘʨʽʾʚ ʨʫʭʫ ʧʘʩʘʞʠʨʽʚ ʥʘ ʧʣʦʱʽ - 
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ʜʦʟʚʦʣʠʪʴ ʚʜʘʣʦ ʟʘʢʣʘʩʪʠ ʦʩʥʦʚʥʽ ʦʩʽ ʚʽʟʫʘʣʴʥʦʛʦ ʪʘ ʟʦʨʦʚʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʜʣʷ 

ʢʨʘʱʦʾ ʦʨʽʻʥʪʘʮʽʾ ʧʽʰʦʭʦʜʽʚ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʽʰʦʭʽʜʥʠʭ ʧʝʨʝʪʠʥʘʥʴ ʟ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʰʣʷʭʘʤʠ: 

-ʜʦʨʦʞʥʽ ʨʦʟʤʽʪʢʠ - ʚʘʞʣʠʚʽ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʧʝʨʝʭʦʜʫ ʧʽʰʦʭʦʜʽʚ ʯʝʨʝʟ 

ʪʨʘʥʩʧʦʨʪʥʽ ʰʣʷʭʠ, ʚʢʣʶʯʘʶʯʠ ʧʽʰʦʭʽʜʥʽ ʧʝʨʝʭʦʜʠ ʪʘ ʧʽʜʟʝʤʥʽ ʧʝʨʝʭʦʜʠ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʢʦʩʪʽ ʨʝʢʨʝʘʮʽʡʥʠʭ ʜʽʣʷʥʦʢ: 

-ʟʦʥʠ ʚʽʜʧʦʯʠʥʢʫ ʪʘ ʦʯʽʢʫʚʘʥʥʷ - ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʘʩʘʞʠʨʘʤ ʤʦʞʣʠʚʽʩʪʴ 

ʚʽʜʧʦʯʠʪʠ ʪʘ ʟʨʫʯʥʦ ʧʨʦʚʝʩʪʠ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʫ. 

ɺʽʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʥʘʧʦʚʥʝʥʥʷ ʦʪʦʯʫʶʯʠʭ ʩʧʦʨʫʜ, ʟʘʣʝʞʠʪʴ ʱʽʣʴʥʽʩʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʚ ʟʦʥʽ ʚʦʢʟʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ɼʦ ʩʢʣʘʜʦʚʠʭ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʧʨʠʚʦʢʟʘʣʴʥʠʭ ʧʣʦʱ ʫ ʩʫʯʘʩʥʠʭ 

ʚʦʢʟʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʚʽʜʥʦʩʠʪʴʩʷ ʣʘʥʜʰʘʬʪʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʾʭ ʪʝʨʠʪʦʨʽʾ, ʷʢʘ 

ʚʢʣʶʯʘʻ ʩʧʝʮʽʘʣʴʥʠʡ ʧʽʜʙʽʨ ʨʦʩʣʠʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʇʨʠʩʫʪʥʽʩʪʴ ʟʝʣʝʥʠʭ ʟʦʥ ʫ 

ʩʢʣʘʜʽ ʧʨʠʚʦʢʟʘʣʴʥʦʾ ʧʣʦʱʽ ʻ ʪʠʧʦʚʦʶ ʨʠʩʦʶ ʙʘʛʘʪʴʦʭ ʚʦʢʟʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, 

ʪʘʢʠʭ ʷʢ ɯʣʦʚʘʡʩʴʢ, ʃʴʚʽʚ, ʇʦʣʪʘʚʘ, ʍʘʨʢʽʚ ʪʘ ʽʥ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʟʝʣʝʥʠʭ ʟʦʥ 

ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʷ: ʚʽʜ ʩʪʚʦʨʝʥʥʷ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʦʚʠʭ ʜʝʢʦʨʘʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʷʢʽ ʛʘʨʤʦʥʽʡʥʦ ʥʝ ʚʧʠʩʫʶʪʴʩʷ ʫ ʧʨʦʩʪʦʨʦʚʝ ʩʝʨʝʜʦʚʠʱʝ ʧʨʠʚʦʢʟʘʣʴʥʦʾ ʧʣʦʱʽ 

(ʥʘʧʨʠʢʣʘʜ, ʫ ʤʽʩʪʘʭ ɸʨʪʝʤʽʚʩʴʢ, ɼʦʥʝʮʴʢ, ʏʝʨʥʽʛʽʚ) ʜʦ ʩʪʚʦʨʝʥʥʷ ʛʘʨʤʦʥʽʡʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʙʣʘʛʦʫʩʪʨʦʶ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʟʦʥʠ ʚʽʜʧʦʯʠʥʢʫ, ʦʯʽʢʫʚʘʥʥʷ, 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʢʘʟʽʚʥʠʢʽʚ, ʛʦʩʧʦʜʘʨʩʴʢʫ, ʦʟʝʣʝʥʝʥʥʷ ʪʦʱʦ (ʷʢ ʫ ʊʨʫʩʢʘʚʮʽ, 

ʇʦʣʪʘʚʽ, ʂʠʻʚʽ) [1]. ʆʪʞʝ, ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʢʦʤʬʦʨʪʥʦʛʦ ʧʨʦʩʪʦʨʫ ʩʣʽʜ ʥʝ 

ʟʘʙʫʚʘʪʠ, ʱʦ ʚʜʘʣʘ ʣʘʥʜʰʘʬʪʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʚʠʨʽʰʠʪʠ ʟʥʘʯʥʽ 

ʧʣʘʥʫʚʘʣʴʥʽ ʥʝʫʟʛʦʜʞʝʥʥʷ ʪʘ ʧʦʢʨʘʱʠʪʠ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʢʦʤʬʦʨʪʫ ʜʣʷ 

ʪʨʘʥʟʠʪʥʦʾ ʧʨʠʚʦʢʟʘʣʴʥʦʾ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ.  

ʑʝ ʦʜʥʽʻʶ ʥʝʟʘʜʦʚʽʣʴʥʦʶ ʩʠʪʫʘʮʽʻʶ ʧʨʠʚʦʢʟʘʣʴʥʠʭ ʧʣʦʱ ʚ ʤʘʣʠʭ ʪʘ 

ʩʝʨʝʜʥʽʭ ʤʽʩʪʘʭ ʻ ʪʝ, ʱʦ ʙʘʛʘʪʦ ʟ ʥʠʭ ʤʘʶʪʴ ʝʩʪʝʪʠʯʥʦ ʥʝʟʘʜʦʚʽʣʴʥʠʡ ʚʠʛʣʷʜ. ʋ 

ʜʝʷʢʠʭ ʤʽʩʪʘʭ ʫʚʘʛʘ ʘʢʮʝʥʪʫʻʪʴʩʷ ʣʠʰʝ ʥʘ ʛʦʣʦʚʥʠʭ ʩʧʦʨʫʜʘʭ ʚʦʢʟʘʣʽʚ ʪʘ 

ʧʝʨʦʥʘʭ, ʟʘʣʠʰʘʶʯʠ ʧʨʠʚʦʢʟʘʣʴʥʫ ʧʣʦʱʫ ʙʝʟ ʥʘʣʝʞʥʦʾ ʫʚʘʛʠ. [2]. ʂʨʽʤ ʪʦʛʦ, 

ʙʘʛʘʪʦ ʟ ʧʨʠʚʦʢʟʘʣʴʥʠʭ ʧʣʦʱ ʥʝ ʤʘʶʪʴ ʷʢ ʥʘʣʝʞʥʦʾ ʟʘʛʘʣʴʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʢʦʤʧʦʟʠʮʽʾ, ʪʘʢ ʽ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʦʢʨʝʤʠʭ ʧʣʘʥʫʚʘʣʴʥʠʭ ʟʦʥ, ʱʦ 
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ʚʘʞʣʠʚʦ ʜʣʷ ʢʦʤʬʦʨʪʥʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʮʴʦʤʫ ʧʨʦʩʪʦʨʽ ʧʘʩʘʞʠʨʽʚ ʪʘ 

ʤʝʰʢʘʥʮʽʚ ʤʽʩʪʘ [3].  

ʂʨʽʤ ʪʦʛʦ ʧʨʠʚʦʢʟʘʣʴʥʘ ʧʣʦʱʘ ʻ ʚʘʞʣʠʚʠʤ ʘʨʭʽʪʝʢʪʫʨʥʠʤ ʝʣʝʤʝʥʪʦʤ 

ʤʽʩʴʢʦʛʦ ʧʨʦʩʪʦʨʫ. ɰʾ ʜʠʟʘʡʥ ʧʦʚʠʥʝʥ ʚʽʜʦʙʨʘʞʘʪʠ ʘʨʭʽʪʝʢʪʫʨʥʽ ʪʘ ʢʫʣʴʪʫʨʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʤʽʩʪʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʠʻʤʥʦʛʦ ʚʨʘʞʝʥʥʷ ʥʘ ʤʽʩʪʷʥ ʪʘ ʛʦʩʪʝʡ ʤʽʩʪʘ. 

ɼʣʷ ʮʴʦʛʦ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʨʠʡʦʤʠ ʪʘ ʟʘʩʦʙʠ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʮʠʭ ʧʨʦʩʪʦʨʽʚ. ʇʝʨʰ ʟʘ ʚʩʝ ʥʝʦʙʭʽʜʥʦ ʚʠʷʚʠʪʠ ʮʝʥʪʨ ʧʨʦʩʪʦʨʫ, ʷʢʠʡ 

ʧʦʚʠʥʝʥ ʨʦʟʤʽʱʫʚʘʪʠʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʙʫʪʠ ʘʢʮʝʥʪʦʤ ʮʽʻʾ ʧʣʦʱʽ. ʅʘ ʨʽʚʥʽ 

ʚʽʟʫʘʣʴʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʣʶʜʠʥʠ ʩʣʽʜ ʬʦʨʤʫʚʘʪʠ ʯʽʪʢʫ ʩʠʩʪʝʤʫ ʚʽʟʫʘʣʴʥʠʭ 

ʦʨʽ̒ʥʪʠʨʽʚ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʧʨʠʡʦʤʠ: ʩʫʧʽʜʨʷʜʥʽʩʪʴ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʜʦʤʽʥʘʥʪ, ʯʽʪʢʘ ʩʠʩʪʝʤʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʟʚ`ʷʟʢʽʚ, ʢʦʣʴʦʨʦʚʽ 

ʘʢʮʝʥʪʠ ʪʦʱʦ. ʃʽʥʽʡʥʫ ʧʨʦʪʷʞʥʽʩʪʴ ʧʽʰʦʭʽʜʥʠʭ ʚʽʩʝʡ ʧʨʠ ʘʢʪʠʚʥʦʤʫ ʨʠʪʤʽ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʜʦʮʽʣʴʥʦ ʬʦʨʤʫʚʘʪʠ ʰʣʷʭʦʤ ñʤʘʪʝʨʽʘʣʽʟʘʮʽʾ ʫ ʧʨʦʩʪʦʨʽò 

ʣʶʜʩʴʢʠʭ ʧʦʪʦʢʽʚ [4]. ʆʪʞʝ, ʤʘʶʪʴ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʫʩʽ ʝʣʝʤʝʥʪʠ ʧʨʦʩʪʦʨʫ ʤʽʞ 

ʩʦʙʦʶ ʪʘ ʾʭ ʚʟʘʻʤʦʜʽʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʝʨʝʜʦʚʠʱʫ ʚʠʛʣʷʜʘʪʠ ʮʽʣʽʩʥʦ  

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʨʦʩʪʦʨʫ ʧʨʠʚʦʢʟʘʣʴʥʦʾ ʧʣʦʱʽ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ 

ʥʘʩʪʫʧʥʽ ʟʘʭʦʜʠ: 

¶ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʫʭʫ ʧʽʰʦʭʦʜʽʚ ʥʘ ʧʣʦʱʽ ʪʘ 

ʦʨʛʘʥʽʟʘʮʽʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʦʥ ʜʣʷ ʙʝʟʧʝʨʝʰʢʦʜʥʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʟ ʜʦʩʪʘʪʥʴʦʶ 

ʰʠʨʠʥʦʶ ʜʣʷ ʢʦʤʬʦʨʪʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ; 

¶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʟʫʘʣʴʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʤʽʞ ʧʨʦʾʞʜʞʦʶ ʯʘʩʪʠʥʦʶ ʪʘ 

ʧʣʦʱʝʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʫ ʧʽʰʦʭʦʜʽʚ ʪʘ ʚʽʜʯʫʪʪʷ ʙʝʟʧʝʢʠ ʜʦʮʽʣʴʥʦ 

ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ; 

¶ ʣʘʥʜʰʘʬʪʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʧʣʦʱʽ ʷʢ ʚ ʮʽʣʦʤʫ ʪʘʢ ʽ ʚ ʟʦʥʘʭ ʜʣʷ 

ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʚʽʜʧʦʯʠʥʢʫ ʤʘʻ ʧʝʨʝʜʙʘʯʘʪʠ ʩʪʚʦʨʝʥʥʷ ʟʦʥʫʚʘʥʥʷ ʧʨʦʩʪʦʨʫ ʟ 

ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʢʦʤʬʦʨʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

¶ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʧʨʠʚʦʢʟʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʝʣʝʤʝʥʪʠ ʙʣʘʛʦʫʩʪʨʦʶ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʟʤʽʨʘʤ ʣʶʜʩʴʢʦʛʦ ʤʘʩʰʪʘʙʫ; 

¶ ʩʪʚʦʨʝʥʥʷ "ʜʦʙʨʦʟʠʯʣʠʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ" ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʽʜʢʨʠʪʠʭ ʬʘʩʘʜʽʚ ʙʫʜʽʚʝʣʴ, ʱʦ ʩʪʚʦʨʠʪʴ ʧʨʠʚʘʙʣʠʚʠʡ ʤʽʩʴʢʠʡ 
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ʣʘʥʜʰʘʬʪ ʪʘ ʟʘʙʝʟʧʝʯʠʪʴ ʜʦʩʪʫʧ ʜʦ ʦʙô̒ ʢʪʽʚ ʩʦʮʽʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ.  

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʚʦʢʟʘʣʴʥʠʭ ʧʣʦʱ ʧʽʜʪʚʝʨʜʞʫʻ 

ʾʭ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʟʘʣʽʟʥʠʯʥʦʛʦ ʚʦʢʟʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʘ 

ʤʽʩʴʢʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʮʽʣʦʤʫ. ʇʨʦʩʪʦʨʦʚʝ ʧʣʘʥʫʚʘʥʥʷ ʪʘʢʠʭ 

ʧʣʦʱ ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʘʩʧʝʢʪʠ, ʪʘʢʽ 

ʷʢ: ʪʨʘʥʩʧʦʨʪʥʠʡ ʨʫʭ, ʧʘʩʘʞʠʨʩʴʢʽ ʧʦʪʦʢʠ, ʙʝʟʧʝʢʘ ʪʘ ʢʦʤʬʦʨʪ ʧʽʰʦʭʦʜʽʚ, 

ʢʦʤʧʦʟʠʮʽʷ ʧʨʦʩʪʦʨʫ ʚ ʮʽʣʦʤʫ ʪʘ ʡʦʛʦ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʣʘʥʜʰʘʬʪʥʘ 

ʦʨʛʘʥʽʟʘʮʽʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʦʨʛʘʥʽʟʘʮʽʶ ʧʨʦʩʪʦʨʫ ʧʨʠʚʦʢʟʘʣʴʥʠʭ ʧʣʦʱ, ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʝʬʝʢʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʣʘʥʜʰʘʬʪʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʩʮʝʚʠʭ ʫʤʦʚ ʽ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʋʟʘʛʘʣʴʥʶʶʯʠ ʚʠʷʚʣʝʥʽ 

ʘʩʧʝʢʪʠ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʱʦ ʝʬʝʢʪʠʚʥʝ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʚʜʘʣʘ ʣʘʥʜʰʘʬʪʥʘ 

ʦʨʛʘʥʽʟʘʮʽʷ ʽ ʚʨʘʭʫʚʘʥʥʷ ʫʩʽʭ ʮʠʭ ʘʩʧʝʢʪʽʚ ʩʧʨʠʡʥʷʪʪʷ ʩʝʨʝʜʦʚʠʱʘ ʣʶʜʠʥʦʶ 

ʜʦʟʚʦʣʠʪʴ ʟʨʦʙʠʪʠ ʧʨʠʚʦʢʟʘʣʴʥʫ ʧʣʦʱʫ ʥʝ ʣʠʰʝ ʪʨʘʥʟʠʪʥʠʤ, ʘʣʝ ʡ ʧʨʠʻʤʥʠʤ 

ʤʽʩʮʝʤ ʜʣʷ ʧʝʨʝʙʫʚʘʥʥʷ, ʦʯʽʢʫʚʘʥʥʷ ʪʘ ʚʽʜʧʦʯʠʥʢʫ. 
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Abstract The article discusses the possibilities of using hyperspectral imaging 

to determine the potential of areas for the spread of biota on the surfaces of rocky 

planets. This is of practical importance for the search for life outside the Earth, 

protection of aboriginal alien biota, increasing the efficiency of methods of its search 

and, in the future, increasing the efficiency of terraforming. 
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One of the key features of matter is its ability to exist in certain environmental 

conditions for a certain time. From the very moment of the Big Bang, the evolution of 

all the universe objects takes place according to this definition. Initially, the main 

existence strategy of those elements was resistance to the pressure of the external 

environment and internal destructive changes. However, with the complexity of the 

structure of material objects, new survival strategies appeared. Over time, it became 

possible to preserve not the individual integrity of objects, but their shape due to an 
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increase in the number of similar objects. This is how life arose, the main strategy of 

which was to preserve a certain form of an object by increasing the number of its 

copies. From that moment on, the evolution of the universe followed a new path - the 

improvement of the processes of reproduction of its own kind and the conquest of 

new spaces by them. An increase in the number of organisms and the area of their 

habitats are fundamental signs of life. 

When the biota inhabited the entire surface of the Earth, it faced a difficult 

barrier to overcome - outer space. There was and still is a possibility that certain 

living organisms will fall into open space during a collision with a meteorite. 

However, we have to take into account the physical parameters of such an event and 

the probability of their further meeting the necessary conditions on another planet. 

The probability of this spontaneous panspermia seems very low. 

At the same time, the launch of spacecraft beyond the Earth's orbit makes the 

increased risks of life transfer quite significant. Despite all safety measures, hundreds 

of extremophiles may remain on interplanetary spacecraft [2]. As the latest 

experiments show, they are able to survive both on the surface of ships and on the 

planets where these ships are moving [15]. 

The transfer of organisms beyond their historical range often results in 

environmental problems even on Earth. We have a number of disasters of various 

types as a result of alien species invasions. This can not only pose a threat to 

biodiversity and aboriginal biota but also cause economic losses (weeds, pests of 

forests and agricultural crops) or threaten the life and health of people (Ambrosia 

antemisiifolia L., Heracleum sosnowskyi Manden. and others) [5 ]. 

The transfer of living organisms outside the planet can carry similar risks [4]. 

First, they pose a threat to indigenous alien biota. It is theoretically impossible to 

predict the competitiveness of organisms, one group of which exists only 

hypothetically. Terrestrial biota may turn out to be more adapted to certain 

environmental conditions and transform in such a way that the aboriginal biota will 

be destroyed or its biodiversity will be significantly reduced. It should be taken into 

account that there are mostly no phototrophic highly organized organisms on the 
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planets that are available to us for study. So, unlike our autotrophic extremophiles, 

they did not survive the Oxygen Catastrophe and do not have the appropriate 

adaptations. Thus, the risks of their destruction increase significantly. Such events 

caused by cosmic expansion are not only unethical [12]. From the point of view of 

modern environmental ethics and is a significant blow to our worldview and 

cognitive sphere [3]. After all, while we are dealing with life from only one planet, 

our ideas about life as a whole are completely hypothetical. The lack of a holistic 

view of life carries potential threats to ourselves, which are also part of it. The 

presence of earthly life, accidentally transferred by man, on the surface of other 

planets or their satellites completely nullifies the scientific search for extraterrestrial 

life. After all, we lose the opportunity to study not only the biota that was formed in 

other conditions but also the processes of panspermia [7]. 

In addition to the theoretical aspect of anthropogenic panspermia and 

spontaneous terraforming, there are a number of practical problems. First of all, such 

a movement can pose a direct threat to colonists or residents of space stations. After 

all, among the biota that uncontrollably travels with us, there may be dangerous or 

potentially dangerous organisms for humans [13]. Their influence in the conditions of 

a comic space, on a small and partially isolated group of people can be catastrophic 

[14]. Also, there may be a threat to the biota cultivated by humans in their 

extraterrestrial settlements for scientific or consumer purposes [11]. 

On the other hand, when it comes to uninhabited planets that need to be 

terraformed for human habitation, such spontaneous panspermia and terraforming can 

be extremely useful. They will greatly speed up and cheapen the transformation of a 

planet intended for colonization. Spontaneous restoration of ecosystems in 

uninhabited areas has considerable potential for use. The main task in this case is the 

ability to model these processes in order to have the opportunity for their prediction, 

correction, and acceleration. For this purpose, the basic regularities of spontaneous 

panspermia and terraforming should be established, as well as confirmed in 

experiments or field observations. 

With the constancy of climatic factors and chemical characteristics of the 
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edaphotope, the key factor will be the particle size of its substrate. This is due to the 

potential of converting loose sedimentary rocks into soils. The fact is that highly 

organized biota cannot exist without soil. Even extremophile plants that grow on 

rocks or in deserts depend on small volumes of soil that form between mineral rocks. 

Soilless substrates are filled mainly by unicellular or colonial organisms, as well as 

mosses and lichens. Since the size of mineral particles affects the formation of 

capillaries where water, dissolved minerals and dead organic matter are located, 

many life forms of mosses and lichens will also be limited by a certain size of 

substrate elements. For example, most terrestrial mosses and bushy forms feel better 

on a loose substrate. As shown by laboratory experiments and field observations, an 

ideal mineral substrate from the point of view of formation of capillary moisture 

reserves and transformation into soils is eolian loess with particles of 0.005 mm - 

0.05 mm in size [8]. 

We can assume that the alien aboriginal biota is also distributed unevenly on 

the surface of the planets. Therefore, there are areas where it is more likely to be 

found and those where it is probably absent. If we are talking about extremophile 

chemotrophs whose environmental conditions did not lead to global changes in the 

exobiosphere, then this trend will be more pronounced. Thus, it is rational to search 

for aboriginal biota outside the Earth's borders in territories with a substrate close to 

loess or tiny sand. 

Determining potential sites for the establishment of native or invasive biota 

will not require cumbersome instruments on research vehicles. Today, there is no 

need to use a set of traditional sieves to distribute the mineral components of the 

substrate. This task is currently being handled by photometric methods [9]. The use 

of hyperspectral imaging with the use of artificial intelligence for image processing 

shows good results. Our analysis of average-quality photos may be sufficient to 

obtain data on particle sizes too [10]. Verification of the method on model objects 

within the boundaries of the Earth gives good results. We chose quarries in the 

territory of Central Polissia (Ukraine) as a model object [1]. Restoration of vegetation 

in quarries differs from alien spontaneous terraforming only by the power and 
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diversity of the flow of biota rudiments [6]. Since we manage to make good 

predictions for the restoration of ecosystems on the disturbed surface of our planet, 

there is a high probability of successful application of these methods beyond its 

borders. Such an approach will help to significantly speed up the process of finding 

life on other planets, improve the definition of the most vulnerable regions for 

invasions of terrestrial biota, and develop more effective methods of terraforming 

planets chosen for colonization. 
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Abstract:  The main deposits of water ice on Mars are found in the northern, 

and slightly smaller - in the southern polar cap. Observations with a gamma 

spectrometer indicated the presence of a significant amount of water ice, even under 

the surface of Mars at mid-latitudes, and even in the equatorial region of the planet. 

Ice deposits are usually associated with eroded terrain and with many volcanoes. And 

glaciers were found in several large Martian craters at mid-latitudes. The sediments at 

the bottom of most channels are also glaciers, which are covered by a layer of 

insulating rocks. The frozen features of glaciers repeat the basic topography of the 

surface. At the bottom of the crater, located in the polar region on the Vastitas 

Borealis plain, the image transmitted by the "Mars Express" spacecraft revealed a 

round ice disc up to 200 meters thick. The temperature and pressure values in this 

area are such that these deposits are classified as water ice. Pictures of the surface of 

Mars from the "Mars Odyssey" orbital station made it possible to discover several 

"living" glaciers in the mid-latitudes of the planet. On the images of the Martian 

massif transmitted by the "Mars Global Surveyor" station, a possibly huge icy lake 

was recorded; there may be liquid water under its ice. In the Martian spring, fresh 

flows with the participation of liquid begin to appear on the sunlit slopes of subpolar 

canyons at a temperature of about 143 K. Most likely, mud flows based on carbon 

dioxide can flow there. There are indications that water has flowed across the Martian 

surface for short periods of time at various intervals in recent years. That is, the 

surface of Mars was periodically warm and wet, and could be hospitable for 

microbial life. Studies of information transmitted by the "Mars Global Surveyor" and 

"Mars Reconnaissance Orbiter" stations have shown that the formation of cracks in 
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Martian craters is associated with the evaporation of water that was previously 

contained there. Analysis of the structure of the inner surface of 266 impact craters 

showed that the cracks at their bottom form areas up to 250 meters in size on the 

surface; the width of cracks on the surface varies from 1 to 10 meters. The formation 

of cracks in some craters in the Northern Hemisphere of Mars ended quite recently. It 

is believed that under certain conditions, when a meteorite fell, the ice that was under 

the surface of the planet melted, and this could lead to the formation of a lake of 

liquid water; then it was covered with a thick layer of frozen ice. 

Key words: Mars, water ice, ice disk, climate changes, cracks on the surface.  

 

The main deposits of Martian water ice are found in the northern polar cap 

[16, 30]. Somewhat smaller long-term deposits of it were registered in the southern 

polar cap. And observations with a gamma spectrometer indicated the presence of a 

significant amount of water ice located under the surface of Mars in the mid-latitudes 

of the planet, and even in its equatorial region [5, 15]. That is, glacial structures have 

been found in many areas of Mars, or evidence has been obtained that they were once 

there [25]. Now in these places the ice is protected from sublimation by coverings of 

insulating rock, dust or rock fragments [6, 8, 29]. It was also observed that ice 

deposits are usually associated with eroded terrain and with many volcanoes, such as, 

for example, Pavonis, Arsia, Olympus and others. And glaciers were found in several 

large Martian craters at mid-latitudes too.  

Some of the glacier-like features on the Martian surface may be small glaciers 

that are associated with ravines on the walls of small craters [23]. And the rather flat 

deposits in many valleys are probably covered with a layer of rubble and other 

insulating glacial rocks, which are at the bottom of most channels [17]. 

The very cold temperatures on Mars make the glaciers cold; over time, they 

freeze to the very bottom and therefore do not have the opportunity to slide. For this 

reason, such frozen features repeat the main topography of the studied surface [12]. 

And the accumulation of fairly fresh debris on the surface of such glaciers indicates 

the predominant direction of ice movement. Sometimes the ice immediately 
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evaporates without melting; and then in such places cavities may remain under the 

surface. Over time, the material lying closer to the surface can then collapse, forming 

dips in such cavities. 

On the image of the Vastitas Borealis plain transmitted by the "Mars Express" 

spacecraft at the beginning of February 2006, at a latitude of 70.5ÁN, at the bottom of 

a crater with a diameter of 35 km and a depth of 2 km, a fairly clean round ice disc up 

to 200 m thick was found (Fig. 1, to the left). Frost was visible on the inside of this 

crater in the upper right. The temperature and pressure values in this area are such 

that there could be no solid carbon dioxide. Therefore, these deposits were attributed 

to water ice, which has not evaporated for a long time. The shaft of this crater has a 

height of up to 300 m, and therefore closes the access of direct sunlight to the bottom 

of the crater. Therefore, water on the planet is also contained in the form of open 

deposits of ice and snow. Detailed images of the surface of Mars from the "Mars 

Odyssey" orbital station made it possible to immediately detect several "living" 

glaciers in the mid-latitudes of the planet. On the one shown in Fig. 1 (in the middle) 

of the picture, you can note a rather interesting circumstance, when the lines of ledges 

in the valleys of Martian glaciers look (unlike such formations on Earth) practically 

undamaged and not blurred.  

 

Fig. 1. On the left ï water ice and frost in a crater on the surface of Mars. In the 

middle is the Kasei Valles. On the right ï are relief features reminiscent of the 

glacier-smoothed areas of the Kasei Valles (http://photojournal.jpl.nasa.gov/). 

 

This can be explained by the fact that glaciers on Mars did not melt, as on 

Earth, but immediately turned into steam due to the very rarefied Martian atmosphere 
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(sublimated). Some features of the relief are clearly reminiscent of areas smoothed by 

glaciers (Fig. 1, right, bottom). Judging by the good preservation of these forms, 

which did not have time to either collapse or be covered by subsequent layers, they 

are of relatively recent origin.And at the beginning of the fall of 2000, photos of the 

Martian mountain massif transmitted by the "Mars Global Surveyor" station showed 

a possibly huge ice lake; there may be liquid water under its ice (Fig. 2, left). The 

analysis of the data obtained from the Mars orbiters revealed that seasonally [1, 11, 

13, 14, 18, 20, 27], in the Martian spring on the sunlit slopes of the subpolar canyons, 

covered on top with ice and snow from carbon dioxide, at a temperature of about 143 

Fresh flows with the participation of liquid begin to appear. Water at such 

temperatures is unlikely to be able to flow. Most likely, mud flows based on carbon 

dioxide can flow there. We will recall that liquid carbon dioxide cannot exist on Mars 

either, because due to the rarefied atmosphere, it immediately passes directly from a 

solid to a gaseous state by sublimation [26, 28].  

 

Fig. 2. On the left ï a possible frozen sea on Mars near the equator. On the right 

is a picture of ascent of avalanches on Mars (http://photojournal.jpl. nasa.gov/). 

 

Therefore, it is proposed in [3] that these subpolar "flows" can most likely be 

landslides, or avalanches of "boiling" dry ice, which carries with it sand, dust and 

stones (see, for example, Fig. 2, right). It is believed that approximately 3.8 billion 
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years ago, Mars had a dense atmosphere and a higher surface temperature [4, 24]. 

This allowed a huge amount of liquid water to be on the surface, including possibly 

an ocean. There are indications that water has flowed across the Martian surface for 

short periods of time at various intervals in recent years. That is, the surface of Mars 

was periodically warm and wet, and could be hospitable for microbial life. However, 

the current surface environment is dry and cold.  

It is probably an insurmountable obstacle for living forms. In addition, Mars 

does not have a thick atmosphere, an ozone layer, and a magnetic field. And this 

allows solar and cosmic radiation to reach the surface unhindered. The harmful effect 

of ionizing radiation on the cellular structure is one of the main factors limiting the 

survival of life forms on the surface. Therefore, the best potential places to detect life 

on Mars may be subsurface environments. 

 

Further evidence of the watery past of Mars appeared during observations of 

the Candor Chasma canyon (Fig. 3, left) with a spatial resolution better than 1 m. 

Very interesting geological details became visible in the images. For example, work 

[7] presents data that made it possible to find thin strips of light material along fault 

lines stretching for several kilometers (Fig. 3, right). It was believed that initially it 

was a "pipe" through which a liquid (water, liquid carbon dioxide with or without 

water) flowed with substances dissolved in it. Substances from the flow precipitated 

and accumulated on the walls of the "pipeline".  

After hundreds of millions of years, erosion has greatly changed this area. And 

what was under the surface is now on the surface. This led to the appearance of light 

stripes on a dark background. These deep underground areas could be a kind of oasis 

for various biological activities [7]. Therefore, they (along with areas of Mars 

covered with clays) can be another promising place for searching for traces of life [9, 

10, 19, 21, 22]. Moreover, the same stripes along the cracks and fractures of the 

surface were detected not only in the images of Candor Chasma, but also in several 

other areas of the planet. 
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Fig. 3. On the left ï is an image of the Candor Chasma Canyon. On the 

right - bright material along the lines of rock fractures on the image of the 

"HIRISE" camera from t he board of the "Mars Reconnaissance Orbiter" 

(http://photojournal.jpl.nasa.gov/). 

 

In some places, the surface of the planet is covered with multi-layered rocks, 

similar to terrestrial sedimentary rocks, which remained after the retreat of the sea. 

Among the formations discovered on the surface of Mars, ditches, and so-called 

meander valleys similar to riverbeds deserve special attention. Their appearance and 

the presence of tributaries can hardly be explained otherwise than by suggesting that 

they are dried riverbeds. 

Studies of the information transmitted by the "Mars Global Surveyor" and 

"Mars Reconnaissance Orbiter" stations in [2] showed that the formation of cracks in 

the Martian craters should be related to the gradual evaporation of the water that was 

contained there before. Analysis of the structure of the inner surface of 266 impact 

craters showed that the cracks at their bottom intersected many times, forming 

separate areas on the surface with dimensions up to 250 m. At the same time, the 

average size of such areas was 70-140 m; and the width of cracks on the surface 

varied from 1 to 10 m. Such polygons (Fig. 4), surrounded by cracks on all sides, 

were observed before. However, before this work, their formation was associated 

with the compression of frozen Martian rocks. 
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Fig. 4. Large polygons at the bottom of one of the craters; the size of the central 

one is 160 m (http://photojournal.jpl.nasa.gov/). 

 

In work [2], an analytical model of the formation of such polygons with cracks 

was proposed, which made it possible to find out that under the current conditions on 

Mars, with thermal compression of rocks, only polygons with a diameter of up to 65 

m can be formed. It turned out that the depth of the observed cracks and the 

dimensions of the polygons completely corresponded to the action of the process of 

water evaporation, which, for example, causes cracking of the bottom of a dry lake on 

Earth. The obtained result gives reason to say that several billion years ago, there was 

a lot of water on the surface of Mars, which could collect in craters. Careful studies 

of many craters allowed us to conclude that the formation of cracks in some craters in 

the Northern Hemisphere of Mars ended much later. Under certain conditions, when 

a meteorite fell, the ice that was under the surface of the planet melted and this could 

lead to the formation of a lake of liquid water; then it was covered with a thick layer 

of frozen ice. 
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The relevance of the study of the creative approach to learning the first foreign 

language, namely English, is that children by their nature have a keen interest and 

anticipation of trending things, the so-called clip thinking and emotional perception. 

Such features of a junior high school student affect his interest in school subjects in 

general.  

Children by their nature are creative, playful, active, and the mind, as a rule, as 

well. After working with younger students for some time, you can notice that when 

you understand the origin of words, it is easier for children to learn them. 

Associations with certain words also help well. 

Keywords: first foreign language, children, school, education. 

 

In the New Ukrainian School (NUS), the teacher has a more extensive field of 

activity and a greater number of means of working with students are available. In this 

context, great attention is paid to key competencies when planning a lesson. 

According to modern scientists, teachers, it is the acquisition of vital 

competencies that can give a person the opportunity to correctly navigate in modern 

society and the information space, therefore, it is necessary to make a transition from 

education as "transfer of knowledge" to productive learning, when the assimilation of 

knowledge occurs through the process of creating a student's own creative products 

[1].  
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To achieve this goal and the interest of primary school students, in the learning 

process, tasks to attract creativity and creative thinking are often used. One of these 

options can be a word game using phonemes. In some cases, a phoneme is used to 

explain the origin of words and add interest to the lesson.  

A phoneme is the smallest, further indivisible sound unit of the language, 

capable of distinguishing pairs of words by meaning (for example: feetïfit) or 

differentiating grammatical forms of the same word (for example: toothïteeth) [3]. 

The formation of phonetic skills involves the restructuring of the usual articulation 

based on the establishment of similarities and differences in the pronunciation of the 

sounds of the native and foreign languages, the formation of phonemic hearing, as 

well as mastering the technique of pronouncing foreign sounds in words, phrases, 

sentences and in the flow of speech in the process of speaking and reading.  

The main requirements for students' pronunciation are phonemicity and speed. 

Phonemicity involves the degree of correctness of the phonetic design of speech, 

sufficient for it to be understandable to the interlocutor; speed - the degree of 

automaticity of pronunciation skills, which allows students to speak at a normal rate 

of speech [2]. Thus, about the explanation of the similarity in the pronunciation of 

words, but distant in meaning, it is possible to show children the multifacetedness and 

curiosity of the English language and a series of also conducting parallels. 

Children can themselves create puzzle cards where they have to guess what 

word is drawn on the hidden picture by its pronunciation.  

You can also create poems and funny tongue twisters using such words, which 

in turn will promote children's interest in lessons and the development of creative 

imagination.  

Summarizing all of the above, we can say that phonemes and a creative 

approach can make English lessons more qualitative and interesting. 
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Abstract:  The article attempts to draw attention to the need for a 

comprehensive rethinking of the process of education of modern youth; formation of 

their readiness for effective adaptation to the realities of the 21st century; the urgent 

need to realize the challenges that the rapid processes of globalization and the 

scientific and technological revolution pose to each individual. A special role is 

assigned to the use of artificial intelligence in education and science; the research of 

Ukrainian and foreign scientists dedicated to the study of the factors of perception, 

use and understanding of the role of artificial intelligence by a modern student is 

analyzed. The positive and problematic aspects of the use of artificial intelligence in 

the educational process are considered; the impact of web learning systems on the 

academic achievements of students and their sustainability of acquired knowledge. It 

is concluded that in modern education it is necessary to develop awareness and 

understanding of the complex nature of artificial intelligence, ethical norms of its 

application in the educational process; to form the skills of a conscious approach to 

the effective use of its capabilities 

Keywords: ʝducational process, artificial intelligence, scientific and technical 

process, education seekers, ethical norms 

 

Education, by its purpose, is a means of adapting today's youth to the 
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requirements and tasks that the young generation will need to solve in the near future. 

There is a change in the philosophy of learning from obtaining and studying certain 

information to searching for answers to questions in a huge amount of data. A 

different approach to teaching students is needed, the issue of developing such 

qualities as curiosity, the ability to set one's own goals and test them experimentally, 

becomes urgent. 

The beginning of the history of the phenomenon of artificial intelligence dates 

back to the fifties of the 20th century, when scientists Allen Newell and Herbert 

Simon created the first artificial intelligence computer program "Logic Theorist" 

(1955). The term "artificial intelligence" was first used by the American computer 

scientist, John McCarthy, a college associate professor, in his speech at the 

Dartmouth Conference (1956). The researcher, together with his associates, wanted to 

distinguish this branch of research from the already well-known "cybernetics". The 

document called the Dartmouth Proposal is considered as fundamental to this field of 

research. Scientists emphasized the need for thorough research into neural networks, 

the theory of computability, creativity and natural language processing. The 

documents, called the Dartmouth Proposal, are considered fundamental to this field 

of research. For the first time, scientists emphasized the need for consistent thorough 

research on neural networks, the theory of computability, natural language 

processing, and the creation of a base for voice recognition technology. The logical 

result of these plans was the founding of the Stanford Artificial Intelligence 

Laboratory (SAIL) in 1965 [4]. Now Artificial intelligence (Aɯ) is a branch of 

computer science that deals with the development of intelligent machines that can 

perform tasks that usually require the analysis of human cognitive processes and 

apply the patterns of the human brain to software development. 

The question of the role of artificial intelligence is widely discussed on the 

pages of modern popular [2; 4] and scientific publications [1; 2; 3]. Researching the 

experience of foreign scientists is of particular interest in the study of the problem of 

artificial intelligence in education (Hwang G. J G. Sh. H. Xie, B. W. Wah, 

D. Gasevic) [6]; understanding of artificial intelligence by modern teenagers 
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(C. H. Lee, N. Gobir, A. G. Rockman, E. Soep) [5]; formation of the foundations of 

media literacy (D. Frau-Meigs, S.Kotilainen, M. Pathak-Shelat, M. Hoechsmann and 

S.R. Poyntz) [7]; the role of ethical categories is devoted to studies by W. Holmes, 

K. Porayska-Pomsta, K. Holstein, T. Baker, M. Cukurova, E. Sutherland, S. B. Shum, 

O. C. Santos, M. T. Rodrigo, I. I. Bittencourt) [8]. 

ɿʘʢʣʘʜʠ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʶʪʴ ʚ ʦʩʚʽʪʥʽʡ ʧʨʦʮʝʩ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʽʥʥʦʚʘʮʽʡʥʽ ʬʦʨʤʠ ʥʘʚʯʘʣʴʥʦʾ ʨʦʙʦʪʠ ʟ ʟʘʣʫʯʝʥʥʷʤ ʟʘʩʦʙʽʚ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ [1; 3]. Artificial intelligence offers extraordinary tools for 

efficiency and a personal approach to each student. Andrew McAfee, director of the 

Digital Economy Initiative at the MIT Sloan School of Management, believes that 

there are only four areas in which humans have advantages, namely: common sense; 

the ability to ask questions; the social skills needed to navigate our complex world 

and the ability to collaborate with artificial intelligence. The most popular artificial 

intelligence tools among education seekers are ChatGPT and the international 

services Grammarly, Bard Google, Midjourney, Notion AI and Stable Diffusion 

[ʤʝʣʴ]. But despite this it cannot influence purely human qualities (altruism, 

kindness, morality, loyalty, empathy). In our opinion, the task of educational 

institutions is to find a harmonious balance for the integration of artificial intelligence 

into education, which will improve learning, but does not negate the basic humane 

features of education.  
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ʋɼʂ: 37.013 

ɯʅʊɽɻʈɸʎɯʗ ɿʅɸʅʔ ʇʈʆ ʍɺʆʈʆɹʀ ʅɸʉɽʃɽʅʅʗ ʋʂʈɸɰʅʀ ɺ 

ʐʂɯʃʔʅʀʁ ʂʋʈʉ ɹɯʆʃʆɻɯɰ 

 

ɹʨʠʣʴ ʂʘʪʝʨʠʥʘ ʆʣʝʢʩʘʥʜʨʽʚʥʘ 

ʩʪʫʜʝʥʪʢʘ ʙʘʢʘʣʘʚʨ 

ɺʽʥʥʠʮʴʢʠʡ ʜʝʨʞʘʚʥʠʡ 

ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ʄʠʭʘʡʣʘ ʂʦʮʶʙʠʥʩʴʢʦʛʦ 

ʤ. ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ: ɺʠʚʯʝʥʥʷ ʧʦʰʠʨʝʥʠʭ ʭʚʦʨʦʙ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʻ 

ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʰʢʽʣʴʥʦʛʦ ʢʫʨʩʫ ʙʽʦʣʦʛʽʾ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʮʝ ʜʦʟʚʦʣʷʻ 

ʫʯʥʷʤ ʦʪʨʠʤʘʪʠ ʟʥʘʥʥʷ ʧʨʦ ʘʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʪʘ ʬʘʢʪʦʨʠ 

ʨʠʟʠʢʫ, ʱʦ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʟʘʭʚʦʨʶʚʘʥʴ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʟʥʘʥʥʷ ʙʽʦʣʦʛʽʾ 

ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʟʫʤʽʪʠ ʤʝʭʘʥʽʟʤʠ ʨʦʟʚʠʪʢʫ ʭʚʦʨʦʙ, ʰʣʷʭʠ ʾʭ 

ʧʨʦʬʽʣʘʢʪʠʢʠ ʪʘ ʤʝʪʦʜʠ ʣʽʢʫʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʭʚʦʨʦʙʠ ʥʘʩʝʣʝʥʥʷ, ʥʘʚʯʘʥʥʷ ʙʽʦʣʦʛʽʾ, ʟʘʢʣʘʜʠ ʟʘʛʘʣʴʥʦʾ 

ʩʝʨʝʜʥʴʦʾ ʦʩʚʽʪʠ, ʰʢʽʣʴʥʠʡ ʢʫʨʩ ʙʽʦʣʦʛʽʾ.  

 

ɺʠʚʯʝʥʥʷ ʙʽʦʣʦʛʽʾ ʚ ʟʘʢʣʘʜʘʭ ʟʘʛʘʣʴʥʦʾ ʩʝʨʝʜʥʴʦʾ ʦʩʚʽʪʠ ʜʘʻ ʫʯʥʷʤ ʟʥʘʥʥʷ 

ʧʨʦ ʙʫʜʦʚʫ ʪʘ ʬʫʥʢʮʽʾ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ, ʟʘʢʦʥʠ ʩʧʘʜʢʦʚʦʩʪʽ, ʧʨʠʥʮʠʧʠ 

ʝʚʦʣʶʮʽʾ ʪʘ ʽʥʰʽ ʚʘʞʣʠʚʽ ʘʩʧʝʢʪʠ ʞʠʪʪʷ. ɯʥʪʝʛʨʘʮʽʷ ʟʥʘʥʴ ʧʨʦ ʧʦʰʠʨʝʥʽʩʪʴ 

ʭʚʦʨʦʙ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʚ ʢʫʨʩ ʙʽʦʣʦʛʽʾ ʤʦʞʝ ʟʨʦʙʠʪʠ ʡʦʛʦ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ 

ʪʘ ʧʨʘʢʪʠʯʥʠʤ, ʘ ʪʘʢʦʞ ʜʦʧʦʤʦʛʪʠ ʫʯʥʷʤ: ɿʨʦʟʫʤʽʪʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʩʧʦʩʦʙʦʤ 

ʞʠʪʪʷ ʪʘ ʟʜʦʨʦʚ'ʷʤ, ʦʮʽʥʠʪʠ ʨʠʟʠʢʠ ʨʦʟʚʠʪʢʫ ʧʦʰʠʨʝʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, 

ʚʠʨʦʙʠʪʠ ʥʘʚʠʯʢʠ ʧʨʦʬʽʣʘʢʪʠʢʠ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʟʜʦʨʦʚôʷ, ʚʠʭʦʚʘʪʠ 

ʚʽʜʧʦʚʽʜʘʣʴʥʝ ʩʪʘʚʣʝʥʥʷ ʜʦ ʚʣʘʩʥʦʛʦ ʟʜʦʨʦʚ'ʷ ʪʘ ʟʜʦʨʦʚ'ʷ ʦʪʦʯʫʶʯʠʭ [5; 7]. 

ɯʥʪʝʛʨʫʚʘʪʠ ʟʥʘʥʥʷ ʧʨʦ ʧʦʰʠʨʝʥʠʭ ʭʚʦʨʦʙ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʚʰʠ ʪʘʢʽ ʤʝʪʦʜʠ: ʃʝʢʮʽʾ: ʣʝʢʮʽʾ ʟ ʙʽʦʣʦʛʽʾ ʟ ʚʢʣʶʯʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʧʦʰʠʨʝʥʽʩʪʴ ʭʚʦʨʦʙ ʚ ʋʢʨʘʾʥʽ. ʇʨʘʢʪʠʯʥʽ ʨʦʙʦʪʠ: ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ 
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ʙʽʦʣʦʛʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘʥʘʣʽʟ ʜʘʥʠʭ ʧʨʦ ʧʦʰʠʨʝʥʽʩʪʴ ʭʚʦʨʦʙ. ʇʨʦʻʢʪʠ: 

ʜʦʩʣʽʜʥʠʮʴʢʽ ʧʨʦʝʢʪʠ ʟ ʚʠʚʯʝʥʥʷ ʬʘʢʪʦʨʽʚ ʨʠʟʠʢʫ ʪʘ ʰʣʷʭʽʚ ʧʨʦʬʽʣʘʢʪʠʢʠ 

ʧʦʰʠʨʝʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. ɼʠʩʢʫʩʽʾ: ʦʙʛʦʚʦʨʝʥʥʷ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʦʭʦʨʦʥʠ 

ʟʜʦʨʦʚ'ʷ ʪʘ ʰʣʷʭʽʚ ʾʭ ʚʠʨʽʰʝʥʥʷ. ɿʘʧʨʦʰʝʥʥʷ ʬʘʭʽʚʮʽʚ: ʟʫʩʪʨʽʯʽ ʟ ʣʽʢʘʨʷʤʠ ʪʘ 

ʬʘʭʽʚʮʷʤʠ ʟ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ [1; 4]. 

ʇʨʦʧʦʥʫʻʤʦ ʜʝʢʽʣʴʢʘ ʧʨʠʢʣʘʜʽʚ ʪʝʤ ʥʘ ʷʢʠʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ 

ʽʥʪʝʨʛʘʮʽʶ ʟʥʘʥʴ: ʊʝʤʘ çʈʽʟʥʦʤʘʥʽʪʪʷ ʪʚʘʨʠʥè: ʚʠʚʯʝʥʥʷ ʧʘʨʘʟʠʪʠʯʥʠʭ ʪʚʘʨʠʥ 

ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ. ʊʝʤʘ çɸʥʘʪʦʤʽʷ ʪʘ ʬʽʟʽʦʣʦʛʽʷ ʣʶʜʠʥʠè: 

ʚʠʚʯʝʥʥʷ ʙʫʜʦʚʠ ʪʘ ʬʫʥʢʮʽʡ ʦʨʛʘʥʽʚ ʽ ʩʠʩʪʝʤ ʦʨʛʘʥʽʟʤʫ, ʾʭ ʟʚ'ʷʟʦʢ ʟ 

ʧʦʰʠʨʝʥʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ. ʊʝʤʘ çɻʝʥʝʪʠʢʘè: ʚʠʚʯʝʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ 

ʨʠʟʠʢʫ ʨʦʟʚʠʪʢʫ ʟʘʭʚʦʨʶʚʘʥʴ. ʊʝʤʘ çɽʢʦʣʦʛʽʷè: ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ. ʊʝʤʘ çʆʩʥʦʚʠ ʚʘʣʝʦʣʦʛʽʾè: 

ʚʠʚʯʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʟʜʦʨʦʚʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ ʪʘ ʧʨʦʬʽʣʘʢʪʠʢʠ ʟʘʭʚʦʨʶʚʘʥʴ. 

[8; 9: 10]. 

ʅʘʧʨʠʢʣʘʜ ʪʝʤʘ çɹʽʦʣʦʛʽʷ ʣʶʜʠʥʠè: ʜʦʟʚʦʣʷʻ ʚʠʚʯʘʪʠ ʘʥʘʪʦʤʽʶ ʪʘ 

ʬʽʟʽʦʣʦʛʽʶ ʩʠʩʪʝʤ ʦʨʛʘʥʽʟʤʫ, ʷʢʽ ʥʘʡʙʽʣʴʰʝ ʩʭʠʣʴʥʽ ʜʦ ʧʦʰʠʨʝʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ 

(ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʘ ʩʠʩʪʝʤʘ, ʜʠʭʘʣʴʥʘ ʩʠʩʪʝʤʘ, ʪʨʘʚʥʘ ʩʠʩʪʝʤʘ); ʨʦʟʛʣʷʜʘʻ 

ʬʘʢʪʦʨʠ ʨʠʟʠʢʫ ʪʘ ʰʣʷʭʽʚ ʧʨʦʬʽʣʘʢʪʠʢʠ ʧʦʰʠʨʝʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ (ʽʥʬʝʢʮʽʡʥʽ, 

ʥʝʽʥʬʝʢʮʽʡʥʽ); ʚʠʚʯʘʻ ʚʧʣʠʚ ʰʢʽʜʣʠʚʠʭ ʟʚʠʯʦʢ ʥʘ ʟʜʦʨʦʚ'ʷ (ʢʫʨʽʥʥʷ, ʘʣʢʦʛʦʣʽʟʤ, 

ʥʘʨʢʦʤʘʥʽʷ); ʬʦʨʤʫʻ ʥʘʚʠʯʢʠ ʟʜʦʨʦʚʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ (ʨʘʮʽʦʥʘʣʴʥʝ 

ʭʘʨʯʫʚʘʥʥʷ, ʬʽʟʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ, ʨʝʞʠʤ ʜʥʷ). 

ɯʥʪʝʛʨʘʮʽʷ ʟʥʘʥʴ ʧʽʜ ʯʘʩ ʚʠʢʣʘʜʘʥʥʷ ʙʽʦʣʦʛʽʾ ʚ ʟʘʢʣʘʜʘʭ ʟʘʛʘʣʴʥʦʾ 

ʩʝʨʝʜʥʴʦʾ ʦʩʚʽʪʠ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ ʘ ʩʘʤʝ: 

- ʇʽʜʚʠʱʝʥʥʷ ʤʦʪʠʚʘʮʽʾ ʜʦ ʥʘʚʯʘʥʥʷ: ʚʠʚʯʝʥʥʷ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ 

ʟʜʦʨʦʚ'ʷ ʨʦʙʠʪʴ ʥʘʚʯʘʥʥʷ ʙʽʣʴʰ ʮʽʢʘʚʠʤ ʪʘ ʟʥʘʯʫʱʠʤ ʜʣʷ ʫʯʥʽʚ. 

- ʌʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʤʠʩʣʝʥʥʷ: ʫʯʥʽ ʨʦʟʫʤʽʶʪʴ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʙʽʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʪʘ ʧʦʰʠʨʝʥʽʩʪʶ ʭʚʦʨʦʙ [2; 6]. 

- ʈʦʟʚʠʪʦʢ ʥʘʚʠʯʦʢ ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ: ʫʯʥʽ ʚʯʷʪʴʩʷ ʘʥʘʣʽʟʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʰʠʨʝʥʽʩʪʴ ʭʚʦʨʦʙ ʪʘ ʨʦʙʠʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʚʠʩʥʦʚʢʠ [3]. 

- ʌʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʩʪʘʚʣʝʥʥʷ ʜʦ ʟʜʦʨʦʚ'ʷ: ʫʯʥʽ ʨʦʟʫʤʽʶʪʴ 
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ʚʘʞʣʠʚʽʩʪʴ ʧʨʦʬʽʣʘʢʪʠʢʠ ʟʘʭʚʦʨʶʚʘʥʴ ʪʘ ʟʜʦʨʦʚʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʥʴ ʧʨʦ ʧʦʰʠʨʝʥʽʩʪʴ ʭʚʦʨʦʙ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʚ 

ʰʢʽʣʴʥʦʤʫ ʢʫʨʩʽ ʙʽʦʣʦʛʽʾ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʛʦʪʫʚʘʪʠ ʫʯʥʽʚ ʜʦ ʞʠʪʪʷ ʚ 

ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ ʟʥʘʥʥʷ ʧʨʦ ʟʜʦʨʦʚ'ʷ ʪʘ ʚʤʽʥʥʷ ʡʦʛʦ ʙʝʨʝʛʪʠ ʻ ʟʘʧʦʨʫʢʦʶ 

ʫʩʧʽʭʫ. 
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ʅɸɺʏAʅʅʗ ɯʅʐʆʄʆɺʅʀʍ ʅɸɺʀʏʆʂ ʏʀʊɸʅʅʗ ɿɼʆɹʋɺɸʏɯɺ 

ʇʆʏɸʊʂʆɺʆɰ ʆʉɺɯʊʀ 

 

ɺʘʣʫʻʚʘ ɯʷ ɺʽʢʪʦʨʽʚʥʘ, 

ʢʘʥʜʠʜʘʪ ʬʽʣʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʉʽʤʽʦʥʝʩʢʫ ʗʨʦʩʣʘʚʘ ɺʘʩʠʣʽʚʥʘ 

ʩʪʫʜʝʥʪ 

ʍʝʨʩʦʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ: ʉʪʘʪʪʷ ʧʨʠʩʚʷʯʝʥʘ ʧʠʪʘʥʥʶ ʥʘʚʯʘʥʥʷ ʤʦʣʦʜʰʠʭ ʰʢʦʣʷʨʽʚ 

ʪʝʭʥʽʮʽ ʯʠʪʘʥʥʷ ʽʥʦʟʝʤʥʦʶ ʤʦʚʦʶ. ɿʦʢʨʝʤʘ, ʨʦʟʢʨʠʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʤʝʪʦʜʫ ʮʽʣʠʭ 

ʩʣʽʚ ʪʘ ʬʦʥʝʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʱʦʜʦ ʘʥʛʣʽʡʩʴʢʦʾ ʤʦʚʠ ʷʢ ʨʽʜʥʦʾ ʪʘ ʷʢ ʽʥʦʟʝʤʥʦʾ. 

ʆʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʟʥʘʯʠʤʽʩʪʴ ʬʦʥʦʣʦʛʽʯʥʠʭ ʟʥʘʥʴ ʤʦʣʦʜʰʠʭ ʰʢʦʣʷʨʽʚ ʧʽʜ ʯʘʩ 

ʥʘʚʯʘʥʥʷ ʪʝʭʥʽʮʽ ʯʠʪʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʧʦʯʘʪʢʦʚʦʛʦ ʝʪʘʧʫ 

ʬʦʨʤʫʚʘʥʥʷ ʽʥʰʦʤʦʚʥʠʭ ʥʘʚʠʯʦʢ ʯʠʪʘʥʥʷ ʟʜʦʙʫʚʘʯʽʚ ʧʦʯʘʪʢʦʚʦʾ ʦʩʚʽʪʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʰʦʤʦʚʥʽ ʥʘʚʠʯʢʠ, ʧʦʯʘʪʢʦʚʘ ʦʩʚʽʪʘ, ʬʦʨʤʫʚʘʥʥʷ, 

ʤʦʣʦʜʰʽ ʰʢʦʣʷʨʽ, ʘʥʛʣʽʡʩʴʢʘ ʤʦʚʘ. 

 

ɺʩʪʫʧ. / Introductions. ʅʘʚʯʘʥʥʷ ʽʥʰʦʤʦʚʥʠʭ ʥʘʚʠʯʦʢ ʯʠʪʘʥʥʷ 

ʟʜʦʙʫʚʘʯʽʚ ʧʦʯʘʪʢʦʚʦʾ ʦʩʚʽʪʠ ʩʧʨʠʷʻ ʙʽʣʴʰ ʨʘʥʥʴʦʤʫ ʜʦʣʫʯʝʥʥʶ ʤʦʣʦʜʰʠʭ 

ʰʢʦʣʷʨʽʚ ʜʦ ʥʦʚʦʛʦ ʾʤ ʤʦʚʣʝʥʥʻʚʦʛʦ ʩʚʽʪʫ, ʬʦʨʤʫʻ ʫ ʜʽʪʝʡ ʛʦʪʦʚʥʽʩʪʴ ʜʦ 

ʩʧʽʣʢʫʚʘʥʥʷ ʽʥʦʟʝʤʥʦʶ ʤʦʚʦʶ ʽ ʧʦʟʠʪʠʚʥʠʡ ʥʘʩʪʨʽʡ ʜʣʷ ʾʾ ʚʠʚʯʝʥʥʷ. ʆʜʥʘʢ 

ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʫʻ, ʱʦ ʽʥʪʝʨʝʩ ʜʦ ʮʴʦʛʦ ʚʠʜʫ ʤʦʚʣʝʥʥʻʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫ ʰʢʦʣʷʨʽʚ 

ʜʫʞʝ ʥʠʟʴʢʠʡ. ʏʠʪʘʥʥʷ ʥʝ ʩʧʨʠʡʤʘʻʪʴʩʷ ʰʢʦʣʷʨʘʤʠ ʷʢ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, 

ʧʽʜʚʠʱʝʥʥʷ ʢʫʣʴʪʫʨʥʦʛʦ ʨʽʚʥʷ ʯʠ ʧʨʦʩʪʦ ʜʞʝʨʝʣʦ ʟʘʜʦʚʦʣʝʥʥʷ, ʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʥʠʤʠ ʷʢ ʩʫʪʦ ʥʘʚʯʘʣʴʥʝ ʟʘʚʜʘʥʥʷ. ʇʨʦʙʣʝʤʘ ʥʘʚʯʘʥʥʷ ʽʥʰʦʤʦʚʥʠʭ ʥʘʚʠʯʦʢ 

ʯʠʪʘʥʥʷ ʟʜʦʙʫʚʘʯʽʚ ʧʦʯʘʪʢʦʚʦʾ ʦʩʚʽʪʠ ʟʘ ʫʤʦʚ ʧʦʯʘʪʢʦʚʦʾ ʽʥʰʦʤʦʚʥʦʾ ʦʩʚʽʪʠ 

ʚʠʢʣʠʢʘʻ ʯʠʤʘʣʠʡ ʽʥʪʝʨʝʩ ʷʢ ʫ ʪʝʦʨʝʪʠʯʥʦʤʫ ʧʣʘʥʽ, ʪʘʢ ʽ ʫ ʧʨʘʢʪʠʯʥʦʤʫ. 

ʄʝʪʘ ʨʦʙʦʪʠ. / Aim. ʚʠʜʽʣʠʪʠ ʥʘʡʝʬʝʢʪʠʚʥʽʰʽ ʩʧʦʩʦʙʠ ʥʘʚʯʘʥʥʷ 

ʽʥʰʦʤʦʚʥʠʭ ʥʘʚʠʯʦʢ ʯʠʪʘʥʥʷ ʟʜʦʙʫʚʘʯʽʚ ʧʦʯʘʪʢʦʚʦʾ ʦʩʚʽʪʠ. 
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ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ./Materials and methods. ɸʥʘʣʽʟ ʥʘʫʢʦʚʦʾ ʪʘ 

ʤʝʪʦʜʠʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʟ ʧʨʦʙʣʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ./Results and discussion. ɻʦʣʦʚʥʘ ʤʝʪʘ 

ʥʘʚʯʘʥʥʷ ʽʥʰʦʤʦʚʥʠʭ ʥʘʚʠʯʦʢ ʯʠʪʘʥʥʷ ʟʜʦʙʫʚʘʯʽʚ ʧʦʯʘʪʢʦʚʦʾ ʦʩʚʽʪʠ ʧʦʣʷʛʘʻ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʚ ʫʯʥʽʚ ʢʦʤʫʥʽʢʘʪʠʚʥʦʾ ʢʦʤʧʝʪʝʥʮʽʾ, ʙʘʟʦʶ ʜʣʷ ʷʢʦʾ ʻ ʢʦʤʫʥʽʢʘʪʠʚʥʽ 

ʚʤʽʥʥʷ, ʩʬʦʨʤʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʤʦʚʣʝʥʥʻʚʠʭ ʟʥʘʥʴ ʪʘ ʥʘʚʠʯʦʢ. 

ʇʨʦʛʨʘʤʘ ʧʦʯʘʪʢʦʚʦʾ ʟʘʛʘʣʴʥʦʾ ʦʩʚʽʪʠ ʟ ʽʥʦʟʝʤʥʦʾ ʤʦʚʠ ʜʦ ʦʩʥʦʚʥʠʭ 

ʽʥʰʦʤʦʚʥʠʭ ʥʘʚʠʯʦʢ ʚʽʜʥʦʩʠʪʴ ʫʤʽʥʥʷ ʯʠʪʘʪʠ ʚʛʦʣʦʩ ʥʝʚʝʣʠʢʽ ʪʝʢʩʪʠ, 

ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʚʠʚʯʝʥʦʤʫ ʤʦʚʣʝʥʥʻʚʦʤʫ ʤʘʪʝʨʽʘʣʽ, ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʧʨʘʚʠʣ 

ʯʠʪʘʥʥʷ ʪʘ ʧʦʪʨʽʙʥʦʾ ʽʥʪʦʥʘʮʽʾ, ʘ ʪʘʢʦʞ ʯʠʪʘʪʠ ʧʨʦ ʩʝʙʝ ʪʝʢʩʪʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ 

ʷʢ ʚʠʚʯʝʥʠʡ ʤʦʚʣʝʥʥʻʚʠʡ ʤʘʪʝʨʽʘʣ, ʪʘʢ ʽ ʦʢʨʝʤʽ ʥʦʚʽ ʩʣʦʚʘ ʟ ʨʦʟʫʤʽʥʥʷʤ ʾʭ 

ʦʩʥʦʚʥʦʛʦ ʟʤʽʩʪʫ ʪʘ ʧʦʰʫʢʦʤ ʫ ʪʝʢʩʪʽ ʧʦʪʨʽʙʥʦʾ ʽʥʬʦʨʤʘʮʽʾ [2, ʩ. 6]. 

ʋ ʦʩʥʦʚʽ ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʽʢʠ ʯʠʪʘʥʥʷ ʣʝʞʘʪʴ ʪʘʢʽ ʦʧʝʨʘʮʽʾ: 

ʩʧʽʚʚʽʜʥʝʩʝʥʥʷ ʟʦʨʦʚʦʛʦ/ʛʨʘʬʽʯʥʦʛʦ ʦʙʨʘʟʫ ʤʦʚʣʝʥʥʻʚʦʾ ʦʜʠʥʠʮʽ ʟ ʾʾ 

ʩʣʫʭʦʤʦʚʦ-ʨʫʭʣʠʚʠʤ ʯʠʥʦʤ; ʩʧʽʚʚʽʜʥʝʩʝʥʥʷ ʩʣʫʭʦ-ʤʦʚʦ-ʨʫʭʣʠʚʠʭ ʦʙʨʘʟʽʚ 

ʤʦʚʣʝʥʥʻʚʠʭ ʦʜʠʥʠʮʴ ʟʽ ʟʥʘʯʝʥʥʷʤ. 

ʈʦʙʦʪʘ ʥʘʜ ʽʥʰʦʤʦʚʥʠʤʠ ʥʘʚʠʯʢʘʤʠ ʯʠʪʘʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʬʦʨʤʫʚʘʥʥʷ ʫ 

ʫʯʥʽʚ ʛʨʘʬʝʤʥʦ-ʬʦʥʝʤʥʠʭ ʟʚôʷʟʢʽʚ [6, ʩ. 110]. 

ɺʧʨʘʚʠ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʽʥʰʦʤʦʚʥʠʭ ʥʘʚʠʯʦʢ ʚʛʦʣʦʩ: 

1. ʅʘ ʟʤʽʮʥʝʥʥʷ ʛʨʘʬʝʤʥʦ-ʬʦʥʝʤʥʠʭ ʟʚôʷʟʢʽʚ: ʥʘʟʚʘ ʣʽʪʝʨ, ʟʥʘʡʪʠ ʧʝʚʥʫ 

ʣʽʪʝʨʫ ʚ ʘʣʬʘʚʽʪʽ, ʥʘʟʚʘʪʠ ʣʽʪʝʨʫ ʚ ʟʘʜʘʥʦʤʫ ʩʣʦʚʽ, ʧʦʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʣʽʪʝʨ ʽ 

ʟʚʫʢʽʚ ʫ ʩʣʦʚʽ, ʟʛʨʫʧʫʚʘʪʠ ʩʣʦʚʘ ʟʘ ʧʝʚʥʠʤ ʟʚʫʢʦʤ, ʣʽʪʝʨʠ - ʦʧʠʩʘʪʠ, ʚʠʧʠʩʘʪʠ, 

ʧʨʦʯʠʪʘʪʠ ʩʣʦʚʘ ʟʛʽʜʥʦ ʟ ʢʦʥʢʨʝʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; 

2. ʅʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʬʦʨʤʠ ʟʽ ʟʥʘʯʝʥʥʷʤ: ʚʠʟʥʘʯʠʪʠ ʦʜʥʦʢʦʨʝʥʝʚʽ ʩʣʦʚʘ, 

ʚʠʟʥʘʯʠʪʠ ʫ ʨʷʜʽ ʩʣʽʚ ʧʨʠʢʤʝʪʥʠʢʽʚ ʧʦʨʽʚʥʷʣʴʥʦʶ ʤʽʨʦʶ, ʜʽʻʩʣʦʚʘ ʫ ʯʘʩʽ; 

3. ɺ ʨʦʟʚʠʪʢʫ ʤʦʚʣʝʥʥʻʚʦʛʦ ʧʨʠʧʫʱʝʥʥʷ: ʧʦʰʫʢ ʩʣʽʚ-ʽʥʪʝʨʥʘʮʽʦʥʘʣʽʟʤʽ, 

ʧʝʨʝʢʣʘʜ ʩʣʽʚ ʟ ʾʭʥʴʦʾ ʩʪʨʫʢʪʫʨʠ; 

4. ʅʘ ʨʦʟʚʠʪʦʢ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ: ʚʽʜʥʦʚʠʪʠ ʩʣʦʚʘ ʯʘʩʪʠʥʘʤʠ, 

ʧʽʜʽʙʨʘʪʠ ʽʤʝʥʥʠʢ ʜʦ ʟʘʜʘʥʠʭ ʧʨʠʢʤʝʪʥʠʢʽʚ, ʚʩʪʘʚʢʘ ʟʘʤʽʩʪʴ ʧʝʨʝʧʫʩʪʦʢ 

ʘʨʪʠʢʣʽʚ, ʧʨʠʡʤʝʥʥʠʢʽʚ; 
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5. ʅʘ ʫʛʨʫʧʦʚʘʥʥʷ ʩʣʽʚ ʫ ʩʤʠʩʣʦʚʝ ʮʽʣʝ: ʯʠʪʘʥʥʷ ʧʦ ʩʠʥʪʘʛʤʘʤ, 

ʧʝʨʝʙʫʚʘʥʥʷ ʫ ʨʷʜʽ ʩʣʦʚʦʩʧʦʣʫʯʝʥʴ, ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʯʘʩʫ, ʤʽʩʪʘ; 

6. ʅʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʛʨʘʤʘʪʠʯʥʠʭ ʬʦʨʤ: ʧʦʰʫʢ ʜʽʻʩʣʽʚ, ʽʤʝʥʥʠʢʽʚ; 

7. ʅʘ ʧʦʩʪʘʥʦʚʢʫ ʽʥʪʦʥʘʮʽʾ: ʧʨʦʯʠʪʘʥʥʷ ʟʘ ʜʠʢʪʦʨʦʤ, ʧʨʦʤʦʚʠʩʪʝ ʯʠʪʘʥʥʷ, 

ʯʠʪʘʥʥʷ ʟ ʽʥʪʦʥʘʮʽʡʥʠʤʠ ʧʘʫʟʘʤʠ, ʟʚʝʨʥʝʥʝ ʯʠʪʘʥʥʷ [1, ʩ. 467]. 

ɺʩʽ ʚʧʨʘʚʠ ʤʦʞʫʪʴ ʤʘʪʠ ʽʛʨʦʚʠʡ ʭʘʨʘʢʪʝʨ, ʥʘʧʨʠʢʣʘʜ, ʨʦʟʰʠʬʨʫʚʘʥʥʷ 

ʢʨʠʧʪʦʛʨʘʬʽʾ, ʣʝʛʢʘ ʨʝʢʣʘʤʘ, ʨʦʟʨʦʙʢʘ ʛʦʣʦʚʦʣʦʤʦʢ. ʊʘʢʽ ʟʘʚʜʘʥʥʷ 

ʧʝʨʝʪʚʦʨʶʶʪʴ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʽʥʰʦʤʦʚʥʠʭ ʥʘʚʠʯʦʢ ʯʠʪʘʥʥʷ ʥʘ ʮʽʢʘʚʠʡ 

ʪʚʦʨʯʠʡ ʧʨʦʮʝʩ. ɸʣʝ ʪʝʭʥʽʢʘ ʯʠʪʘʥʥʷ ʤʘʻ ʧʨʘʢʪʠʢʫʚʘʪʠʩʷ ʷʢ ʥʘ ʨʽʚʥʽ ʩʣʽʚ, 

ʩʣʦʚʦʩʧʦʣʫʯʝʥʴ ʽ ʨʝʯʝʥʴ, ʘ ʡ ʣʠʰʝ ʥʘ ʨʽʚʥʽ ʪʝʢʩʪʫ.  

ɼʘʣʽ ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜʠ ʟʘʚʜʘʥʴ ʥʘ ʥʘʚʯʘʥʥʷ ʽʥʰʦʤʦʚʥʠʭ ʥʘʚʠʯʦʢ 

ʯʠʪʘʥʥʷ ʟʜʦʙʫʚʘʯʽʚ ʧʦʯʘʪʢʦʚʦʾ ʦʩʚʽʪʠ ʦʢʨʝʤʠʤ ʚʠʜʘʤ ʯʠʪʘʥʥʷ. 

ɼʫʞʝ ʧʦʰʠʨʝʥʦʶ ʻ ʚʧʨʘʚʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʯʠʪʘʥʥʷʤ ʨʝʯʝʥʴ ʽʟ ʧʦʩʪʫʧʦʚʠʤ 

ʥʘʨʦʱʫʚʘʥʥʷʤ ʡʦʛʦ ʯʘʩʪʠʥ. ʊʘʢʫ ʚʧʨʘʚʫ ʤʦʞʥʘ ʧʦʯʠʥʘʪʠ ʟ ʜʚʦʩʢʣʘʜʦʚʠʭ 

ʩʣʦʚʦʩʧʦʣʫʯʝʥʴ, ʨʦʟʰʠʨʶʶʯʠ ʾʭ ʜʦ ʧʦʰʠʨʝʥʠʭ ʨʝʯʝʥʴ, ʥʘʧʨʠʢʣʘʜ: 

A house 

A little house 

A little wooden house 

A little wooden house stood in the forest. 

A little wooden house stood in a thick forest [5, ʩ. 67] 

ʎʶ ʚʧʨʘʚʫ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʽ ʥʘʚʧʘʢʠ, ʪʦʙʪʦ, ʩʧʦʯʘʪʢʫ ʫʯʥʷʤ ʜʘʻʪʴʩʷ 

ʮʽʣʘ ʧʨʦʧʦʟʠʮʽʷ, ʘ ʫʯʥʷʤ ʪʨʝʙʘ ʾʾ ʨʦʟʯʣʝʥʫʚʘʪʠ. 

ʅʘʩʪʫʧʥʠʡ ʚʠʜ ʚʧʨʘʚ ï ʚʧʨʘʚʠ ʫ ʨʦʟʚʠʪʦʢ ʪʝʭʥʽʢʠ ʯʠʪʘʥʥʷ. ʅʘʚʯʘʥʥʷ 

ʚʠʨʘʟʥʦʛʦ ʯʠʪʘʥʥʷ ʤʘʻ ʧʦʯʠʥʘʪʠʩʷ ʟ ʥʘʚʯʘʥʥʷ ʧʨʘʚʠʣʴʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʣʦʛʽʯʥʦʛʦ 

ʥʘʛʦʣʦʩʫ ʫ ʬʨʘʟʽ. ʊʘʢʽ ʚʧʨʘʚʠ ʜʦʧʦʤʘʛʘʶʪʴ ʫʯʥʷʤ ʦʧʘʥʫʚʘʪʠ ʨʫʭʣʠʚʽʩʪʴ 

ʥʘʛʦʣʦʩʫ, ʘ ʮʝ ʦʟʥʘʯʘʻ ʟʘʯʘʪʢʘʤʠ ʚʠʨʘʟʥʦʛʦ ʯʠʪʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ: 

Where were you yesterday in the evening? 

I was at the theatre yesterday. 

And where were you? 

I was at home, watching TV 
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And where was Jane? 

Jane was in the cinema yesterday [5, ʩ. 72]. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟ ʚʠʨʘʟʥʦʛʦ ʯʠʪʘʥʥʷ ʮʴʦʛʦ ʫʨʠʚʢʫ, ʫʯʥʷʤ ʦʙʦʚ'ʷʟʢʦʚʦ 

ʪʨʝʙʘ ʟʘʟʥʘʯʠʪʠ, ʭʪʦ, ʱʦ, ʢʦʤʫ, ʽʟ ʤʝʪʦʶ, ʟ ʧʨʠʚʦʜʫ ʽ ʟ ʷʢʠʤ ʩʪʘʚʣʝʥʥʷʤ 

ʛʦʚʦʨʠʪʴ. 

ʊʘʢʦʞ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʧʨʘʚʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʚʠʪʦʢ 

ʩʧʨʠʡʥʷʪʪʷ: 

ɺʧʨʘʚʘ çʇʨʦʯʠʪʘʡ-ʢʘè - ʯʠʪʘʥʥʷ ʪʝʢʩʪʽʚ, ʟʘʚʯʝʥʠʭ ʥʘʧʘʤ'ʷʪʴ. ɿʥʘʶʯʠ 

ʩʣʦʚʦ, ʜʠʪʠʥʘ ʧʦʩʪʫʧʦʚʦ ʦʩʚʦʶʻ ʷʢ ʟʚʫʢʦ- ʣʽʪʝʨʥʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ, ʪʘʢ ʡ ʩʘʤʘ 

çʚʽʜʢʨʠʚʘʻè ʧʨʘʚʠʣʘ ʯʠʪʘʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ: ʉʧʦʯʘʪʢʫ ʨʦʟʫʯʫʻʪʴʩʷ ʨʠʤʫʚʘʥʥʷ. Bill, Bill, sit still! 

ʇʦʪʽʤ ʚʠʜʽʣʷʶʪʴʩʷ ʦʢʨʝʤʽ ʩʣʦʚʘ ʽ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ: 

- ʟ ʷʢʠʭ ʣʽʪʝʨ ʚʦʥʠ ʩʢʣʘʜʘʶʪʴʩʷ; 

- ʷʢʠʡ ʟʚʫʢ ʧʦʟʥʘʯʘʻ ʫ ʩʣʦʚʽ ʙʫʢʚʘ ʯʠ ʙʫʢʚʦʩʧʦʣʫʯʝʥʥʷ [3, ʩ. 64]. 

ʅʘʧʨʠʢʽʥʮʽ ʨʠʤʫʚʘʥʥʷ ʧʨʦʯʠʪʫʻʪʴʩʷ ʧʦʚʥʽʩʪʶ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʝ ʚʧʨʘʚʠ ʩʧʨʷʤʦʚʘʥʽ ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʾ ʤʝʪʠ. 

ʇʨʦʚʦʜʷʯʠ ʚʧʨʘʚʠ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʚʽʢʦʚʽ, ʧʩʠʭʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʫʯʥʽʚ. 

ɺʧʨʘʚʠ ʧʦʚʠʥʥʽ ʧʦʣʝʛʰʫʚʘʪʠ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʯʠʪʘʥʥʷ, ʚʦʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʪʘʢʦʞ ʮʽʢʘʚʠʤʠ, ʪʘ ʷʢʽ ʜʘʶʪʴ ʧʝʚʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤʫ ʩʚʦʻʯʘʩʥʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʧʨʘʚ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʚʠʩʦʢʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʝ ʩʪʦʤʣʶʶʯʠ ʩʘʤʠʭ 

ʫʯʥʽʚ. 

ʊʘʢ ʷʢ ʧʨʦʚʽʜʥʦʶ ʜʽʷʣʴʥʽʩʪʶ ʫ ʤʦʣʦʜʰʦʤʫ ʰʢʽʣʴʥʦʤʫ ʚʽʮʽ ʻ ʛʨʘ, ʪʦ 

ʘʢʪʠʚʥʦ ʥʘ ʫʨʦʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʛʨʦʚʽ ʝʣʝʤʝʥʪʠ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ 

ʽʥʰʦʤʦʚʥʠʭ ʥʘʚʠʯʦʢ ʯʠʪʘʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʬʦʥʝʪʠʯʥʘ ʛʨʘ Wide and narrow vowels. 

ɺʯʠʪʝʣʴ ʥʘʟʠʚʘʻ ʩʣʦʚʘ. ʗʢʱʦ ʻ ʜʦʚʛʠʡ ʛʦʣʦʩʥʠʡ ʟʚʫʢ (ʚʠʤʦʚʥʠʡ ʰʠʨʦʢʦ), 

ʫʯʥʽ ʧʽʜʥʽʤʘʶʪʴ ʨʫʢʫ, ʘ ʷʢʱʦ ʛʦʣʦʩʥʠʡ ʚʠʤʦʚʣʷʻʪʴʩʷ ʚʫʟʴʢʦ, ʨʫʢʫ ʧʽʜʥʽʤʘʪʠ ʥʝ 

ʤʦʞʥʘ. ɺʠʛʨʘʻ ʢʦʤʘʥʜʘ, ʷʢʘ ʧʨʠʧʫʩʪʠʣʘʩʷ ʤʝʥʰʝ ʧʦʤʠʣʦʢ. ʅʘʧʨʠʢʣʘʜ: 

meet - week - sit - little; see - sweet - king - kids; car - are - drum ï sun [4, ʩ. 490]. 

ʄʦʞʥʘ ʪʘʢʦʞ ʥʘ ʫʨʦʮʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʽʛʨʠ: 
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çFind the houseè. ʅʘ ʩʪʦʣʽ ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʢʘʨʪʢʠ (5-6) ʟʽ ʩʣʦʚʘʤʠ ʥʘ 2-3 

ʟʚʫʢʠ, ʘʣʝ ʚ ʜʦʰʮʽ ʨʦʟʤʽʱʫʶʪʴ ʢʘʨʪʢʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʚʫʢʘʤʠ (ʙʫʜʠʥʦʯʢʠ). 

ɼʽʪʠ, ʧʽʜʥʽʤʘʶʯʠ ʢʘʨʪʢʫ ʟʽ ʩʣʦʚʦʤ, ʥʘʟʠʚʘʶʪʴ ʽ ʢʣʘʜʫʪʴ ʫ ʚʽʜʧʦʚʽʜʥʠʡ 

çʙʫʜʠʥʦʯʦʢè, ʪʦʙʪʦ, ʧʽʜ ʢʘʨʪʢʫ ʟʽ ʟʚʫʢʦʤ, ʷʢʝ ʮʝ ʩʣʦʚʦ ʧʦʯʠʥʘʻʪʴʩʷ. 

çColour lettersè. ʅʘ ʜʦʰʮʽ ʤʘʣʶʶʪʴ ʟʚʫʢʠ/ʙʫʢʚʠ ʨʽʟʥʠʤʠ ʢʦʣʴʦʨʘʤʠ. 

ɺʯʠʪʝʣʴ ʜʘʻ ʢʦʤʘʥʜʫ: çFind yellowè, ʜʠʪʠʥʘ ʚʩʪʘʻ ʥʘ ʣʽʪʝʨʫ ʚʢʘʟʘʥʦʛʦ ʢʦʣʴʦʨʫ 

ʪʘ ʥʘʟʠʚʘʻ ʾʾ. (ɼʣʷ ʫʩʢʣʘʜʥʝʥʥʷ, ʢʨʽʤ ʣʽʪʝʨʠ, ʜʠʪʠʥʘ ʤʦʞʝ ʥʘʟʠʚʘʪʠ ʩʣʦʚʘ, ʷʢʽ ʟ 

ʥʝʾ ʧʦʯʠʥʘʶʪʴʩʷ) [5, ʩ. 78]. 

çCrouching gameè. ʎʷ ʛʨʘ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʴ ʷʢ ʬʽʟʢʫʣʴʪʭʚʠʣʠʥʢʘ ʚ 

ʩʝʨʝʜʠʥʽ ʫʨʦʢʫ. ʅʝʦʙʭʽʜʥʦ ʧʦʩʪʘʚʠʪʠ ʜʽʪʝʡ ʫ ʜʚʽ-ʪʨʠ ʣʽʥʽʾ (ʟʘʣʝʞʥʦ ʢʽʣʴʢʦʩʪʽ 

ʜʽʪʝʡ, ʣʽʥʽʡ ʤʦʞʝ ʙʫʪʠ ʽ ʯʦʪʠʨʠ-ʧ'ʷʪʴ). ʂʦʞʥʽʡ ʢʦʤʘʥʜʽ ʥʘʜʘʻʪʴʩʷ ʧʝʚʥʘ 

ʢʘʨʪʢʘ/ʩʣʦʚʦ. ɺʯʠʪʝʣʴ ʚʠʤʦʚʣʷʻ ʫ ʭʘʦʪʠʯʥʦʤʫ ʧʦʨʷʜʢʫ ʩʣʦʚʘ, ʽ ʷʢʱʦ ʮʝ ʩʣʦʚʦ 

ʦʜʥʽʻʾ ʟ ʢʦʤʘʥʜ ï ʮʷ ʢʦʤʘʥʜʘ ʤʘʻ ʩʽʩʪʠ. ʂʦʣʠ ʞ ʩʣʦʚʘ ʥʝ ʥʘʣʝʞʠʪʴ ʞʦʜʥʽʡ ʽʟ 

ʢʦʤʘʥʜ ï ʚʦʥʠ ʟʘʣʠʰʘʶʪʴʩʷ ʩʪʦʷʪʠ. ɺʯʠʪʝʣʴ ʚʠʤʦʚʣʷʻ ʟʚʫʢ, ʪʘ ʥʘʟʠʚʘʻ ʩʣʦʚʘ. 

ʗʢʱʦ ʚ ʩʣʦʚʽ ʧʨʠʩʫʪʥʽʡ ʟʘʜʘʥʠʡ ʟʚʫʢ ï ʜʽʪʠ ʣʷʩʢʘʶʪʴ ʫ ʜʦʣʦʥʽ, ʷʢʱʦ ʚʦʥʠ ʡʦʛʦ 

ʥʝ ʯʫʶʪʴ ï ʥʽ. ɼʣʷ ʫʩʢʣʘʜʥʝʥʥʷ ʟʘʚʜʘʥʥʷ ʥʘʟʠʚʘʶʪʴʩʷ ʩʣʦʚʘ ʥʘ ʟʘʜʘʥʠʡ ʟʚʫʢ, ʫ 

ʷʢʠʭ ʟʚʫʢ ʟʥʘʭʦʜʠʪʴʩʷ ʘʙʦ ʥʘ ʧʦʯʘʪʢʫ, ʘʙʦ ʚ ʩʝʨʝʜʠʥʽ ʘʙʦ ʥʘʧʨʠʢʽʥʮʽ ʩʣʦʚʘ. 

ʅʘʧʨʠʢʣʘʜ: çTè çTigerè ï ʜʽʪʠ ʧʣʝʩʢʘʶʪʴ ʫ ʜʦʣʦʥʽ. 

çAntelopeè ï ʜʽʪʠ ʪʫʧʦʪʷʪʴ ʥʦʛʘʤʠ. 

çCatè ï ʜʽʪʠ ʢʣʘʮʘʶʪʴ ʷʟʠʯʢʦʤ. 

çStoryè. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʩʽ ʩʣʦʚʘ ʧʝʚʥʠʡ ʟʚʫʢ. ɿ ʥʠʭ ʩʢʣʘʜʘʻʪʴʩʷ 

ʦʧʦʚʽʜʘʥʥʷ. ʂʦʣʠ ʽʩʪʦʨʽʷ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʩʣʦʚʦ ʟʚʫʢ ï ʡʦʛʦ ʧʦʢʘʟʫʶʪʴ ʜʽʪʷʤ ʥʘ 

ʢʘʨʪʮʽ, ʽ ʚʦʥʠ ʥʘʟʠʚʘʶʪʴ ʡʦʛʦ ʭʦʨʦʤ. 

ʅʘʧʨʠʢʣʘʜ: ɾʠʚ-ʙʫʚ (Rabbit). ɯ ʙʫʣʘ ʫ ʥʴʦʛʦ ʯʫʜʦʚʘ (rope). ʅʘʰ (Rabbit) 

ʧʨʦʩʪʦ ʣʶʙʠʚ ʩʢʘʢʘʪʠ ʯʝʨʝʟ ʩʚʦʶ (rope) ʜʦʚʛʦʶ (road). ɸ ʚʟʜʦʚʞ (road) ʨʦʩʣʠ 

ʥʘʜʟʚʠʯʘʡʥʦ ʢʨʘʩʠʚʽ (roses). ʑʦʨʘʥʢʫ, ʷʢʱʦ ʥʝ ʙʫʣʦ (rain), ʥʘʰ (Rabbit) ʟʙʠʨʘʚ 

ʧʨʝʢʨʘʩʥʽ (roses) ʽ ʚʽʜʥʦʩʠʚ ʩʚʦʾʤ ʜʨʫʟʷʤ! [2, ʩ. 8] 

ʇʽʩʣʷ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʘʣʬʘʚʽʪʦʤ ʪʘ ʟʚʫʯʘʥʥʷʤ ʥʦʚʠʭ ʩʪʦʨʦʥʥʽʭ ʟʚʫʢʽʚ 

ʤʦʞʥʘ ʧʨʠʩʪʫʧʘʪʠ ʚʞʝ ʜʦ ʯʠʪʘʥʥʷ. ɼʣʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʥʘʚʠʯʦʢ ʯʠʪʘʥʥʷ ʪʘʢʦʞ 

ʽʩʥʫʻ ʙʘʛʘʪʦ ʜʠʜʘʢʪʠʯʥʠʭ ʽʛʦʨ, ʥʘʧʨʠʢʣʘʜ: 
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çWhat can you see?è. ʅʝʦʙʭʽʜʥʦ ʧʽʜʛʦʪʫʚʘʪʠ ʢʘʨʪʢʫ ʟ ʥʝʚʝʣʠʢʠʤ ʦʪʚʦʨʦʤ 

ʫ ʩʝʨʝʜʠʥʽ. ʅʘʢʨʠʪʠ ʮʽʻʶ ʢʘʨʪʢʦʶ ʢʘʨʪʠʥʢʫ ʟʽ ʩʣʦʚʦʤ ʽ ʚʦʜʷʯʠ ʦʪʚʦʨʦʤ ʧʦ 

ʢʘʨʪʠʥʮʽ, ʥʘʜʘʪʠ ʜʽʪʷʤ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʧʦʚʽʩʪʠ ʥʘ ʟʘʧʠʪʘʥʥʷ: What is it? 

çWhat is missing?è. ʅʘ ʜʦʰʮʽ ʧʨʠʢʨʽʧʣʶʶʪʴʩʷ ʢʘʨʪʢʠ ʟʽ ʩʣʦʚʘʤʠ, ʜʽʪʠ ʾʭ 

ʥʘʟʠʚʘʶʪʴ. ɺʯʠʪʝʣʴ ʜʘʻ ʢʦʤʘʥʜʫ: Close your eyes! ʽ ʧʨʠʙʠʨʘʻ 1-2 ʢʘʨʪʢʠ. ʇʦʪʽʤ 

ʜʘʻ ʢʦʤʘʥʜʫ: Open your eyes! ʽ ʩʪʘʚʠʪʴ ʟʘʧʠʪʘʥʥʷ: What is missing? ɼʽʪʠ 

ʟʛʘʜʫʶʪʴ ʩʣʦʚʘ, ʷʢʽ ʙʫʣʠ ʥʘ ʜʦʰʮʽ ʨʘʥʽʰʝ [5, ʩ. 89]. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʽʛʦʨ ʣʝʛʢʦ ʤʦʪʠʚʫʚʘʪʠ ʜʠʪʠʥʫ ʜʦ ʯʠʪʘʥʥʷ ʽʥʦʟʝʤʥʦʶ 

ʤʦʚʦʶ, ʟʨʦʙʠʪʠ ʮʝʡ ʧʨʦʮʝʩ ʙʘʞʘʥʠʤ ʪʘ ʫʣʶʙʣʝʥʠʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʥʘʚʯʘʥʥʷ ʽʥʰʦʤʦʚʥʠʭ ʥʘʚʠʯʦʢ ʯʠʪʘʥʥʷ ʟʜʦʙʫʚʘʯʽʚ 

ʧʦʯʘʪʢʦʚʦʾ ʦʩʚʽʪʠ ʥʝʦʙʭʽʜʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʽʥʪʝʨʝʩ ʰʢʦʣʷʨʽʚ ʪʘ ʢʦʥʮʝʥʪʨʫʚʘʪʠ 

ʾʭʥʶ ʫʚʘʛʫ ʥʘ ʟʤʽʩʪʽ ʪʝʢʩʪʽʚ. ɺʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʧʽʜʽʙʨʘʥʽ ʪʝʩʪʠ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦ 

ʥʠʭ ʚʠʤʘʛʘʶʪʴ ʚʽʜ ʫʯʥʽʚ ʧʝʚʥʦʾ ʤʠʩʣʝʥʥʻʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʽ ʪʦʤʫ ʢʦʥʮʝʥʪʨʫʶʪʴ 

ʾʭʥʶ ʫʚʘʛʫ ʩʘʤʝ ʥʘ ʟʤʽʩʪʽ ʯʠʪʘʥʦʛʦ. ʇʨʠ ʮʴʦʤʫ ʤʦʪʠʚ ʜʦ ʯʠʪʘʥʥʷ ʚʠʥʠʢʘʻ ʯʝʨʝʟ 

ʽʥʪʝʨʝʩ ʜʦ ʟʘʚʜʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʩʘʤ ʟʤʽʩʪ ʪʝʢʩʪʫ ʱʝ ʜʫʞʝ ʩʣʘʙʢʦʶ ʤʽʨʦʶ ʤʦʞʝ 

ʧʨʠʚʝʨʥʫʪʠ ʫʚʘʛʫ ʤʦʣʦʜʰʠʭ ʰʢʦʣʷʨʽʚ. 

ɺʠʩʥʦʚʢʠ./Conclusions. ʑʦʙ ʥʘʚʯʠʪʠ ʽʥʰʦʤʦʚʥʠʭ ʥʘʚʠʯʦʢ ʯʠʪʘʥʥʷ 

ʟʜʦʙʫʚʘʯʽʚ ʧʦʯʘʪʢʦʚʦʾ ʦʩʚʽʪʠ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʽʟʥʘʚʘʣʴʥʽ ʧʦʪʨʝʙʠ, 

ʚʽʢʦʚʽ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʜʽʪʝʡ; ʚʢʣʶʯʘʪʠ ʰʢʦʣʷʨʽʚ ʜʦ 

ʘʢʪʠʚʥʦʾ ʪʚʦʨʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʥʘʚʯʘʥʥʷ; 

ʜʘʚʘʪʠ ʾʤ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʣʷʪʠ ʩʘʤʦʩʪʽʡʥʽʩʪʴ ʪʘ ʽʥʽʮʽʘʪʠʚʫ; ʚʠʚʯʘʪʠ ʜʦʣʘʪʠ 

ʪʨʫʜʥʦʱʽ ʫ ʥʘʚʯʘʣʴʥʽʡ ʜʽʷʣʴʥʦʩʪʽ. ɺʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʚʽʜʽʙʨʘʥʽ ʪʝʢʩʪʠ ʪʘ 

ʟʘʚʜʘʥʥʷ ʜʦ ʥʠʭ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʽʥʪʝʨʝʩʫ ʰʢʦʣʷʨʽʚ ʜʦ ʯʠʪʘʥʥʷ ʽʥʦʟʝʤʥʦʶ 

ʤʦʚʦʶ, ʷʢʘ ʫ ʩʚʦʶ ʯʝʨʛʫ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʫʩʧʽʰʥʦʛʦ ʦʚʦʣʦʜʽʥʥʷ ʮʠʤ 

ʚʠʜʦʤ ʤʦʚʣʝʥʥʻʚʦʾ ʜʽʷʣʴʥʦʩʪʽ.  

ʎʽʣʝʩʧʨʷʤʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʢʩʪʽʚ, ʚʽʜʽʙʨʘʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʚʯʘʥʥʷ 

ʽʥʰʦʤʦʚʥʠʭ ʥʘʚʠʯʦʢ ʯʠʪʘʥʥʷ ʟʜʦʙʫʚʘʯʽʚ ʧʦʯʘʪʢʦʚʦʾ ʦʩʚʽʪʠ ʜʦʟʚʦʣʷʻ ʩʫʜʠʪʠ ʧʨʦ 

ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʨʝʩʫ ʫʯʥʽʚ ʜʦ ʧʨʝʜʤʝʪʘ, ʧʨʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʽʢʠ ʯʠʪʘʥʥʷ ʪʘ 

ʛʣʠʙʰʝ ʨʦʟʫʤʽʥʥʷ ʽʥʰʦʤʦʚʥʠʭ ʪʝʢʩʪʽʚ.  
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ʋɼʂ 373.24  

ʌʆʈʄʋɺɸʅʅʗ ɿɺʋʂʆʉʂʃɸɼʆɺʆɰ ʉʊʈʋʂʊʋʈʀ ʉʃʆɺɸ ɼɯʊɽʁ 

ɼʆʐʂɯʃʔʅʆɻʆ ɺɯʂʋ ɿ ɿɸɻɸʃʔʅʀʄ ʅɽɼʆʈʆɿɺʀʊʂʆʄ ʄʆɺʃɽʅʅʗ 

 

ʂʘʯʫʨ ʆʢʩʘʥʘ ʉʝʨʛʽʾʚʥʘ, 

ʫʯʠʪʝʣʴ-ʣʦʛʦʧʝʜ, ʚʠʱʦʾ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʢʘʪʝʛʦʨʽʾ 

ʟʘʢʣʘʜ ʜʦʰʢʽʣʴʥʦʾ ʦʩʚʽʪʠ ˉ131 

ʤ. ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ: ʫ ʩʪʘʪʪʽ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʘʞʣʠʚʦʩʪʽ ʩʚʦʻʯʘʩʥʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʢʦʨʝʢʮʽʾ ʤʦʚʣʝʥʥʷ ʫ ʜʦʰʢʽʣʴʥʦʤʫ ʚʽʮʽ, ʱʦ ʚʚʘʞʘʻʪʴʩʷ ʢʣʶʯʦʚʦʶ 

ʫʤʦʚʦʶ ʜʣʷ ʧʦʚʥʦʮʽʥʥʦʛʦ ʨʦʟʚʠʪʢʫ ʦʩʦʙʠʩʪʦʩʪʽ. ɺ ʢʦʥʪʝʢʩʪʽ ʣʦʛʦʧʝʜʠʯʥʦʾ 

ʨʦʙʦʪʠ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʢʦʨʝʢʮʽʾ ʦʢʨʝʤʠʭ ʟʚʫʢʽʚ ʪʘ ʟʚʫʢʦʩʢʣʘʜʦʚʦʾ 

ʩʪʨʫʢʪʫʨʠ ʩʣʦʚʘ, ʱʦ ʻ ʟʥʘʯʥʠʤ ʚʠʢʣʠʢʦʤ ʫ ʜʦʰʢʽʣʴʥʦʤʫ ʚʽʮʽ. ʇʦʨʫʰʝʥʥʷ 

ʟʚʫʢʦʩʢʣʘʜʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʣʦʚʘ, ʪʘʢʽ ʷʢ ʝʣʽʟʽʷ, ʜʦʜʘʚʘʥʥʷ ʟʘʡʚʠʭ ʩʢʣʘʜʽʚ, 

ʧʝʨʝʩʪʘʥʦʚʢʘ ʩʢʣʘʜʽʚ, ʦʙ'ʻʜʥʘʥʥʷ ʩʢʣʘʜʽʚ ʜʚʦʭ ʩʣʽʚ ʪʘ ʫʧʦʜʽʙʥʝʥʥʷ ʩʢʣʘʜʽʚ, 

ʫʩʢʣʘʜʥʶʶʪʴ ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʚʠʪʦʢ ʤʦʚʣʝʥʥʷ. ɺ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʝʪʦʜʠʢʠ 

ʪʘ ʧʽʜʭʦʜʠ ʜʦ ʢʦʨʝʢʮʽʾ ʮʠʭ ʧʦʨʫʰʝʥʴ, ʟ ʦʛʣʷʜʫ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʨʘʢʪʠʯʥʽ 

ʘʩʧʝʢʪʠ ʨʦʙʦʪʠ ʚʽʜʦʤʠʭ ʫʢʨʘʾʥʩʴʢʠʭ ʪʘ ʟʘʨʫʙʽʞʥʠʭ ʬʘʭʽʚʮʽʚ ʫ ʮʽʡ ʛʘʣʫʟʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʚʣʝʥʥʻʚʠʡ ʨʦʟʚʠʪʦʢ, ʣʦʛʦʧʝʜʠʯʥʘ ʨʦʙʦʪʘ, ʢʦʨʝʢʮʽʷ 

ʧʦʨʫʰʝʥʴ ʤʦʚʣʝʥʥʷ, ʟʚʫʢʦʩʢʣʘʜʦʚʘ ʩʪʨʫʢʪʫʨʘ, ʜʦʰʢʽʣʴʥʠʡ ʚʽʢ, ʬʦʥʝʤʘʪʠʯʥʽ 

ʧʨʦʮʝʩʠ, ʢʦʨʝʢʮʽʡʥʝ ʥʘʚʯʘʥʥʷ. 

 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʛʦʪʦʚʥʦʩʪʽ ʜʠʪʠʥʠ ʜʦ ʫʩʧʽʰʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ 

ʰʢʦʣʽ ʻ ʧʨʘʚʠʣʴʥʝ, ʜʦʙʨʝ ʨʦʟʚʠʥʝʥʝ ʤʦʚʣʝʥʥʷ. ʅʦʨʤʘʪʠʚʥʦ ʧʨʘʚʠʣʴʥʝ 

ʤʦʚʣʝʥʥʷ ï ʥʘʡʚʘʞʣʠʚʽʰʘ ʫʤʦʚʘ ʚʩʝʙʽʯʥʦʛʦ ʧʦʚʥʦʮʽʥʥʦʛʦ ʨʦʟʚʠʪʢʫ ʜʽʪʝʡ. ʊʦʤʫ 

ʪʘʢ ʚʘʞʣʠʚʦ ʜʙʘʪʠ ʧʨʦ ʩʚʦʻʯʘʩʥʝ ʬʦʨʤʫʚʘʥʥʷ ʤʦʚʠ ʜʽʪʝʡ, ʧʨʦ ʾʾ ʯʠʩʪʦʪʫ ʽ 

ʧʨʘʚʠʣʴʥʽʩʪʴ, ʧʦʧʝʨʝʜʞʘʶʯʠ ʽ ʚʠʧʨʘʚʣʷʶʯʠ ʨʽʟʥʽ ʧʦʨʫʰʝʥʥʷ, ʷʢʠʤʠ 

ʚʚʘʞʘʶʪʴʩʷ ʙʫʜʴ-ʷʢʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʥʦʨʤ ʜʘʥʦʾ ʤʦʚʠ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʚ ʣʦʛʦʧʝʜʠʯʥʽʡ ʨʦʙʦʪʽ ʥʘʜ ʢʦʨʝʢʮʽʻʶ ʥʝʧʨʘʚʠʣʴʥʦʾ ʚʠʤʦʚʠ 

ʜʽʪʝʡ ʥʘʡʯʘʩʪʽʰʝ ʥʘ ʧʝʨʰʝ ʤʽʩʮʝ ʚʠʩʪʫʧʘʻ ʟʘʚʜʘʥʥʷ ʢʦʨʝʢʮʽʾ ʦʢʨʝʤʠʭ ʟʚʫʢʽʚ. 
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ʊʠʤ ʯʘʩʦʤ ʚ ʩʘʤʦʤʫ ʭʦʜʽ ʢʦʨʝʢʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʦʚʦʣʦʜʽʥʥʷ 

ʧʨʘʚʠʣʴʥʦʶ ʚʠʤʦʚʦʶ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʨʘʚʠʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʣʦʚʘ ʫ 

ʜʦʰʢʽʣʴʥʦʤʫ ʚʽʮʽ ʻ ʦʩʦʙʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ ʽ ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴʥʦʾ ʫʚʘʛʠ 

ʚʯʠʪʝʣʷ-ʣʦʛʦʧʝʜʘ. ʇʠʪʘʥʥʷ ʧʨʦ ʟʘʩʚʦʻʥʥʷ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʣʦʚʘ ʚ ʫʤʦʚʘʭ 

ʘʥʦʤʘʣʴʥʦʛʦ ʤʦʚʣʝʥʥʻʚʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʝ ʜʣʷ ʧʝʜʘʛʦʛʽʯʥʦʾ 

ʧʨʘʢʪʠʢʠ. ʋ ʚʠʨʽʰʝʥʥʽ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʜʦʩʣʽʜʥʠʢʠ ʚʠʭʦʜʠʣʠ ʟ ʪʨʫʜʥʦʱʽʚ ʧʽʜ ʯʘʩ 

ʦʧʘʥʫʚʘʥʥʷ ʩʣʽʚ ʫ ʜʽʪʝʡ ʽʟ ʟʘʛʘʣʴʥʠʤ ʥʝʜʦʨʦʟʚʠʥʝʥʥʷʤ ʤʦʚʣʝʥʥʷ. 

ʊʘʢʽ ʘʚʪʦʨʠ ʷʢ ʅ. ɹʝʛʽʥʘ, ʆ. ʅʘʫʤʝʥʢʦ, ɭ. ʉʦʙʦʪʦʚʠʯ, ɯ. ʉʦʙʦʪʦʚʠʯ, 

ɺ. ʊʠʱʝʥʢʘ, ʊ. ʊʽʪʦʚʘ ʟʘʡʤʘʣʠʩʷ ʚʠʚʯʝʥʥʷʤ ʟʚʫʢʦʩʢʣʘʜʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʣʦʚʘ ʫ 

ʜʽʪʝʡ ʟ ʤʦʪʦʨʥʦʶ ʘʣʘʣʽʻʶ. ʄ. ʂʠʪʘʻʚʘ ʚ ʩʚʦʾʡ ʜʠʩʝʨʪʘʮʽʾ ʧʦʨʫʰʠʣʘ ʧʨʦʙʣʝʤʫ 

ʧʦʨʫʰʝʥʥʷ ʟʚʫʢʦʩʢʣʘʜʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʣʽʚ ʫ ʜʦʰʢʽʣʴʥʠʢʽʚ ʽʟ ʟʘʪʨʠʤʢʦʶ 

ʧʩʠʭʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. ʆ. ɻʦʧʽʯʝʥʢʦ, ɽ. ɼʘʥʽʣʘʚʽʯʶʪʝ, ɺ. ɯʣʴʷʥʘ, ʖ. ɿʫʙʢʦʚʘ, 

ɭ. ʉʦʙʦʪʦʚʠʯ, ʅ. ʊʨʘʫʛʦʪ, ʅ. ʏʝʨʝʜʥʽʯʝʥʢʦ ʨʦʟʨʦʙʠʣʠ ʧʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ 

ʣʦʛʦʧʝʜʠʯʥʦʾ ʨʦʙʦʪʠ ʟ ʢʦʨʝʢʮʽʾ ʧʦʨʫʰʝʥʴ ʟʚʫʢʦ-ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʣʦʚʘ ʫ 

ʜʽʪʝʡ ʟ ʤʦʚʣʝʥʥʻʚʦʶ ʧʘʪʦʣʦʛʽʻʶ. ʊʘʢʽ ʟʘʨʫʙʽʞʥʽ ʜʦʩʣʽʜʥʠʢʠ, ʷʢ ɸ. ɻʚʦʟʜʻʚ, 

ɹ. ʂʽʪʝʨʤʘʥ, ʈ. ʃʘʣʘʻʚʘ, ɸ. ʄʘʨʢʦʚʘ, ʅ. ʐʚʘʯʢʽʥ ʪʘ ʽʥʰʽ, ʫ ʩʚʦʾʭ ʧʨʘʮʷʭ ʤʘʣʠ ʥʘ 

ʤʝʪʽ ʚʠʷʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʩʧʦʩʦʙʠ ʧʦʜʦʣʘʥʥʷ ʧʦʨʫʰʝʥʥʷ ʩʢʣʘʜʦʚʦʾ 

ʩʪʨʫʢʪʫʨʠ ʩʣʦʚʘ ʚ ʜʽʪʝʡ ʟʽ ʟʘʛʘʣʴʥʠʤ ʥʝʜʦʨʦʟʚʠʪʢʦʤ ʤʦʚʣʝʥʥʷ.  

ɼʣʷ ʜʽʪʝʡ ʜʦʰʢʽʣʴʥʦʛʦ ʚʽʢʫ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʤʠ ʻ ʪʘʢʽ ʧʦʨʫʰʝʥʥʷ 

ʟʚʫʢʦʩʢʣʘʜʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʣʦʚʘ: 

- ɺʠʧʘʜʘʥʥʷ ʩʢʣʘʜʽʚ (ʝʣʽʟʽʾ), ʢʦʣʠ ʟʽ ʩʣʦʚʘ ʚʠʢʣʶʯʘʶʪʴʩʷ ʦʢʨʝʤʽ ʩʢʣʘʜʠ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʡʦʛʦ ʩʢʦʨʦʯʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, çʚʘʜʦʟè ʟʘʤʽʩʪʴ çʚʦʜʦʣʘʟè, 

çʙʘʙʘʥè ʟʘʤʽʩʪʴ çʙʘʨʘʙʘʥè); 

- ɺʩʪʘʚʢʘ ʜʦʜʘʪʢʦʚʦʛʦ ʩʢʣʘʜʫ, ʯʘʩʪʦ ʯʝʨʝʟ ʟʙʽʛ ʧʨʠʛʦʣʦʩʥʠʭ ʘʙʦ ʯʝʨʝʟ 

ʩʭʦʞʽʩʪʴ ʟʚʫʢʽʚ (ʥʘʧʨʠʢʣʘʜ, çʪʘʣʘʚʘè ʘʙʦ çʪʠʣʘʚʘè ʟʘʤʽʩʪʴ çʪʨʘʚʘè, çʰʫʙʘʢʘè 

ʟʘʤʽʩʪʴ çʰʫʙʘè, çʪʝʣʝʣʷè ʟʘʤʽʩʪʴ çʪʝʣʷè); 

- ʇʝʨʝʩʪʘʚʣʷʥʥʷ ʩʢʣʘʜʽʚ ʫ ʩʣʦʚʽ, ʢʦʣʠ ʩʢʣʘʜʠ ʟʤʽʥʶʶʪʴ ʩʚʦʻ ʤʽʩʮʝ 

(ʥʘʧʨʠʢʣʘʜ, çʤʦʨʘʰʢʠè ʟʘʤʽʩʪʴ çʨʦʤʘʰʢʠè, çʷʜʠʛʠè ʟʘʤʽʩʪʴ çʷʛʦʜʠè, 

çʢʘʙʘʞʘʥè ʟʘʤʽʩʪʴ çʙʘʢʣʘʞʘʥè); 

- ɿʣʠʪʪʷ ʩʢʣʘʜʽʚ ʟ ʜʚʦʭ ʨʽʟʥʠʭ ʩʣʽʚ ʫ ʦʜʥʝ (ʥʘʧʨʠʢʣʘʜ, çʢʦʧʘʪʦʤè ʦʟʥʘʯʘʻ 
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çʢʦʧʘʪʠ ʣʦʧʘʪʦʶè, çʨʽʞʦʤè ʦʟʥʘʯʘʻ çʨʽʟʘʪʠ ʥʦʞʝʤè, çʩʦʚʽʥʠʢè ʦʟʥʘʯʘʻ çʩʦʚʦʢ ʽ 

ʚʽʥʠʢè). ʊʘʢʘ ʧʦʤʠʣʢʘ ʻ ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʩʪʘʥʽʚ, ʧʦʜʽʙʥʠʭ ʜʦ ʤʦʪʦʨʥʦʾ ʘʣʘʣʽʾ 

[2]. ʅʝ ʩʬʦʨʤʦʚʘʥʽʩʪʴ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʣʽʚ ʫ ʜʽʪʝʡ ʽʟ ʟʘʛʘʣʴʥʠʤ 

ʥʝʜʦʨʦʟʚʠʪʢʦʤ ʤʦʚʣʝʥʥʷ ʤʘʻ ʨʽʟʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʨʦʟʚʠʪʢʫ 

ʤʦʚʣʝʥʥʷ.  

ɯʥʪʝʨʝʩ ʬʘʭʽʚʮʽʚ ʜʦ ʧʦʨʫʰʝʥʴ ʟʚʫʢʦʩʢʣʘʜʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʣʦʚʘ ʫ ʜʽʪʝʡ 

ʜʦʰʢʽʣʴʥʦʛʦ ʚʽʢʫ ʽʟ ɿʅʄ ʚʠʢʣʠʢʘʥʠʡ ʚʝʣʠʢʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʧʨʦʷʚʽʚ ʜʘʥʦʛʦ 

ʧʦʨʫʰʝʥʥʷ, ʱʦ ʤʘʶʪʴ ʩʪʽʡʢʠʡ ʭʘʨʘʢʪʝʨ. ɿʥʘʯʥʘ ʨʦʣʴ ʧʨʘʚʠʣʴʥʦʛʦ ʟʘʩʚʦʻʥʥʷ 

ʟʚʫʢʦʩʢʣʘʜʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʣʦʚʘ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʘʥʠʤʠ ʟ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʞʝʨʝʣ ʧʨʦ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʣʦʚʥʠʢʘ, ʩʝʤʘʥʪʠʟʘʮʽʾ ʣʝʢʩʠʢʠ, 

ʬʦʨʤʫʚʘʥʥʷ ʚʤʽʥʥʷ ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʪʘ ʩʘʤʦʩʪʽʡʥʦ ʚʞʠʚʘʪʠ ʨʽʟʥʽ ʛʨʘʤʘʪʠʯʥʽ 

ʬʦʨʤʠ ʽ ʩʣʦʚʦʪʚʽʨʥʽ ʤʦʜʝʣʽ ʙʝʟ ʦʚʦʣʦʜʽʥʥʷ ʜʠʪʠʥʦʶ ʥʘʚʠʯʢʦʶ ʧʨʘʚʠʣʴʥʦʛʦ 

ʟʚʫʢʦʩʢʣʘʜʦʚʦʛʦ ʦʬʦʨʤʣʝʥʥʷ ʩʣʽʚ [3]. ʇʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʧʦʨʫʰʝʥʥʷ 

ʫʩʢʣʘʜʥʶʶʪʴ ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʚʠʪʦʢ ʫʩʥʦʛʦ ʤʦʚʣʝʥʥʷ, ʦʚʦʣʦʜʽʥʥʷ ʛʨʘʤʦʪʦʶ ʽ 

ʥʘʜʘʣʽ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʪʨʫʜʥʦʱʽ ʧʨʠ ʦʚʦʣʦʜʽʥʥʽ ʧʠʩʴʤʦʚʠʤ ʤʦʚʣʝʥʥʷʤ. 

ʊʦʤʫ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʜʘʥʽ ʧʦʨʫʰʝʥʥʷ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʦʩʠʪʴ ʚʫʟʴʢʫ 

ʧʨʦʙʣʝʤʫ ʚ ʣʦʛʦʧʝʜʽʾ, ʜʣʷ ʣʦʛʦʧʝʜʠʯʥʦʾ ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʢʠ ʚʠʚʯʝʥʥʷ ʧʦʨʫʰʝʥʥʷ 

ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʣʦʚʘ ʫ ʜʦʰʢʽʣʴʥʠʢʽʚ ʟ ʟʘʛʘʣʴʥʠʤ ʥʝʜʦʨʦʟʚʠʪʢʦʤ ʤʦʚʣʝʥʥʷ 

ʻ ʘʢʪʫʘʣʴʥʠʤ. 

ʅ. ʏʝʨʝʜʥʽʯʝʥʢʦ ʚʢʘʟʫʻ, ʱʦ ʜʽʪʠ ʟ ʚʘʞʢʠʤʠ ʤʦʚʣʝʥʥʻʚʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ 

ʩʪʠʢʘʶʪʴʩʷ ʟ ʩʝʨʡʦʟʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ ʚ ʫʩʽʭ ʘʩʧʝʢʪʘʭ ʫʩʥʦʛʦ ʤʦʚʣʝʥʥʷ, 

ʚʢʣʶʯʘʶʯʠ ʟʚʫʢʦʚʫ ʪʘ ʣʝʢʩʠʢʦ-ʛʨʘʤʘʪʠʯʥʫ ʩʢʣʘʜʦʚʫ ʤʦʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʫ 

ʨʦʟʫʤʽʥʥʽ ʤʦʚʣʝʥʥʷ ʦʪʦʯʫʶʯʠʭ. ɺ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʥʝ ʬʦʨʤʫʻʪʴʩʷ ʽʥʪʫʾʪʠʚʥʝ 

ʩʧʨʠʡʥʷʪʪʷ ʤʦʚʠ, ʘʚʪʦʥʦʤʥʝ ʟʘʩʚʦʻʥʥʷ ʟʚʫʢʦʚʦʾ ʩʠʩʪʝʤʠ ʤʦʚʠ, ʟʙʘʛʘʯʝʥʥʷ 

ʩʣʦʚʥʠʢʦʚʦʛʦ ʟʘʧʘʩʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʤʘʪʠʯʥʠʭ ʩʪʨʫʢʪʫʨ. ɺʘʞʢʽ ʤʦʚʣʝʥʥʻʚʽ 

ʧʦʨʫʰʝʥʥʷ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʜʦʜʘʪʢʦʚʽ ʩʢʣʘʜʥʦʱʽ ʚ ʧʩʠʭʽʯʥʦʤʫ, 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʤʫ ʪʘ ʩʝʥʩʦʨʥʦ-ʤʦʪʦʨʥʦʤʫ ʨʦʟʚʠʪʢʫ. ɺʠʷʚʣʝʥʦ, ʱʦ ʫ ʰʢʦʣʷʨʽʚ ʟ 

ʧʦʨʫʰʝʥʥʷʤʠ ʤʦʚʣʝʥʥʻʚʦʛʦ ʨʦʟʚʠʪʢʫ ʧʦʨʫʰʝʥʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʬʦʥʦʣʦʛʽʯʥʦʛʦ ʘʩʧʝʢʪʫ ʤʦʚʣʝʥʥʷ, ʱʦ ʦʭʦʧʣʶʻ ʬʦʥʝʤʘʪʠʯʥʝ ʩʧʨʠʡʥʷʪʪʷ, 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʬʦʥʝʤʠ, ʘʥʘʣʽʟ ʪʘ ʩʠʥʪʝʟ ʟʚʫʢʽʚ, ʘ ʪʘʢʦʞ ʟʜʘʪʥʽʩʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ 
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ʚʣʘʩʥʝ ʤʦʚʣʝʥʥʷ. [4; 5]. 

ɿʛʽʜʥʦ ʟ ʘʥʘʣʽʟʦʤ, ʧʨʦʚʝʜʝʥʠʤ ɿ. ɸʛʨʘʥʦʚʠʯʝʤ, ʧʨʦʮʝʩ ʢʦʨʝʢʮʽʾ ʧʦʨʫʰʝʥʴ 

ʫ ʩʢʣʘʜʦʚʽʡ ʩʪʨʫʢʪʫʨʽ ʩʣʽʚ ʦʭʦʧʣʶʻ ʨʦʟʚʠʪʦʢ ʩʣʫʭʦʚʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʪʘ 

ʤʦʚʥʦ-ʨʫʭʦʚʠʭ ʥʘʚʠʯʦʢ. ʇʨʦʮʝʜʫʨʘ ʢʦʨʝʢʮʽʾ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ ʬʘʟʠ: 

ʧʦʯʘʪʢʦʚʫ, ʧʽʜ ʯʘʩ ʷʢʦʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʙʦʪʘ ʟ ʷʢ ʥʝʤʦʚʥʠʤ, ʪʘʢ ʽ ʤʦʚʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʟ ʤʝʪʦʶ ʘʜʘʧʪʘʮʽʾ ʜʠʪʠʥʠ ʜʦ ʩʧʨʠʡʥʷʪʪʷ ʨʠʪʤʫ ʤʦʚʥʠʭ ʦʜʠʥʠʮʴ 

ʨʽʜʥʦʾ ʤʦʚʠ, ʪʘ ʦʩʥʦʚʥʫ, ʷʢʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʚʝʨʙʘʣʴʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʪʘ 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʙʝʟʧʦʩʝʨʝʜʥʻ ʫʩʫʥʝʥʥʷ ʧʦʨʫʰʝʥʴ ʫ ʩʢʣʘʜʦʚʽʡ ʩʪʨʫʢʪʫʨʽ ʩʣʽʚ ʫ 

ʜʠʪʠʥʠ ʟ ʤʦʚʣʝʥʥʻʚʠʤʠ ʪʨʫʜʥʦʱʘʤʠ. [1].  

ʇʽʜʛʦʪʦʚʯʠʡ ʝʪʘʧ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʜʠʪʠʥʽ ʧʨʦʧʦʥʫʶʪʴʩʷ ʟʘʚʜʘʥʥʷ 

ʩʧʦʯʘʪʢʫ ʥʘ ʥʝʚʝʨʙʘʣʴʥʦʤʫ ʤʘʪʝʨʽʘʣʽ, ʘ ʧʦʪʽʤ ʥʘ ʚʝʨʙʘʣʴʥʦʤʫ. ʈʦʙʦʪʘ ʥʘ 

ʥʝʚʝʨʙʘʣʴʥʦʤʫ ʤʘʪʝʨʽʘʣʽ 

1. ɯʛʨʠ ʪʘ ʚʧʨʘʚʠ ʥʘ ʨʦʟʚʠʪʦʢ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʣʫʭʦʚʦʾ ʫʚʘʛʠ, ʩʣʫʭʦʚʦʛʦ 

ʛʥʦʟʠʩʫ ʽ ʩʣʫʭʦʚʦʾ ʧʘʤ'ʷʪʽ ʥʘ ʤʘʪʝʨʽʘʣʽ ʥʝʤʦʚʥʠʭ ʟʚʫʢʽʚ . 

2. ʈʦʙʦʪʘ ʥʘʜ ʨʠʪʤʦʤ (ʩʧʦʯʘʪʢʫ ʥʘʜ ʧʨʦʩʪʠʤ, ʧʦʪʽʤ ʥʘʜ ʩʢʣʘʜʥʠʤ).  

3. ʌʦʨʤʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʾ ʢʦʦʨʜʠʥʘʮʽʾ ʨʫʭʽʚ ʧʽʜ ʨʠʪʤʽʯʥʫ ʤʫʟʠʢʫ: 

ʤʘʨʰʠʨʫʚʘʥʥʷ, ʣʝʛʢʠʡ ʙʽʛ, ʭʦʜʴʙʘ. 

4. ɺʧʨʘʚʠ ʥʘ ʨʦʟʚʠʪʦʢ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʘʢʩʠʩʫ ʨʫʢ: ʚʠʢʦʥʘʥʥʷ ʨʫʭʽʚ (ʣʽʚʦʶ, 

ʧʨʘʚʦʶ ʨʫʢʦʶ, ʜʚʦʤʘ ʨʫʢʘʤʠ) ʟʘ ʟʨʘʟʢʦʤ, ʟʘ ʩʣʦʚʝʩʥʦʶ ʽʥʩʪʨʫʢʮʽʻʶ ʘʙʦ ʧʽʜ 

ʨʘʭʫʥʦʢ. 

5. ɺʧʨʘʚʠ ʥʘ ʨʦʟʚʠʪʦʢ ʢʦʦʨʜʠʥʘʮʽʶ ʨʫʢ: ʚʠʢʦʥʘʥʥʷ ʨʫʭʽʚ ʦʜʥʦʯʘʩʥʦ 

ʦʙʦʤʘ ʨʫʢʘʤʠ (ʢʫʣʘʢ ʣʽʚʦʾ ʨʫʢʠ ʨʝʙʨʦ ʧʨʘʚʦʾ ʨʫʢʠ ʽ ʪ.ʜ.). 

6. ɻʨʘʬʽʯʥʽ ʚʧʨʘʚʠ ʥʘ ʧʝʨʝʢʣʶʯʝʥʥʷ (ʧʨʦʜʦʚʞ ʨʷʜʦʢ). 

ʈʦʙʦʪʘ ʥʘ ʚʝʨʙʘʣʴʥʦʤʫ ʤʘʪʝʨʽʘʣʽ. ɯʛʨʠ ʪʘ ʚʧʨʘʚʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʫʷʚʣʝʥʴ (ʧʦʯʘʪʦʢ, ʩʝʨʝʜʠʥʘ, ʢʽʥʝʮʴ; ʧʝʨʝʜ, ʟʘ, 

ʧʽʩʣʷ; ʧʝʨʰʠʡ, ʦʩʪʘʥʥʽʡ). ɼʘʥʽ ʧʦʥʷʪʪʷ ʚʘʞʣʠʚʽ ʧʨʠ ʟʘʩʚʦʻʥʥʽ ʜʠʪʠʥʦʶ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʚʫʢʦ-ʩʢʣʘʜʦʚʦʛʦ ʨʷʜʫ, ʟʚʫʢʦʥʘʧʦʚʥʶʚʘʥʦʩʪʽ ʩʣʽʚ ʧʨʦʩʪʦʾ ʽ 

ʩʢʣʘʜʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʢʪʫʨʠ.  

ʂʦʨʝʢʮʽʡʥʠʡ ʝʪʘʧ. ʂʦʨʝʢʮʽʡʥʘ ʨʦʙʦʪʘ ʙʫʜʫʻʪʴʩʷ ʥʘ ʚʝʨʙʘʣʴʥʦʤʫ 

ʤʘʪʝʨʽʘʣʽ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʨʽʚʥʽʚ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʨʦʙʦʪʽ ʤʦʚʥʦʛʦ, 
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ʩʣʫʭʦʚʦʛʦ, ʟʦʨʦʚʦʛʦ ʽ ʪʘʢʪʠʣʴʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ. ʇʘʨʘʣʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʙʦʪʘ 

ʥʘʜ ʩʢʣʘʜʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ ʩʣʦʚʘ ʽ ʟʚʫʢʦʚʠʤʦʚʦʶ, ʨʦʟʚʠʪʢʦʤ ʘʨʪʠʢʫʣʷʮʽʡʥʦʛʦ 

ʘʧʘʨʘʪʫ, ʨʦʟʚʠʪʢʦʤ ʩʣʫʭʦʚʦʛʦ ʩʧʨʠʡʥʷʪʪʷ [1]. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʩʧʝʮʽʘʣʴʥʫ ʣʽʪʝʨʘʪʫʨʫ ʪʘ ʨʦʟʛʣʷʥʫʚʰʠ ʦʩʥʦʚʥʽ 

ʤʝʪʦʜʠʢʠ ʧʦʜʦʣʘʥʥʷ ʧʦʨʫʰʝʥʴ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʣʽʚ ʫ ʜʽʪʝʡ ʜʦʰʢʽʣʴʥʦʛʦ 

ʚʽʢʫ ʽʟ ʟʘʛʘʣʴʥʠʤ ʥʝʜʦʨʦʟʚʠʪʢʦʤ ʤʦʞʝʤʦ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʧʝʜʘʛʦʛʽʯʥʽ ʫʤʦʚʠ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʠʭ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʴ ʫʩʧʽʰʥʘ ʢʦʨʝʢʮʽʷ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʣʽʚ 

ʪʘ ʥʘʰʘ ʧʦʜʘʣʴʰʘ ʨʦʙʦʪʘ. 

ʂʦʨʝʢʮʽʷ ʧʦʨʫʰʝʥʴ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʣʽʚ ʫ ʜʽʪʝʡ ʽʟ ʟʘʛʘʣʴʥʠʤ 

ʥʝʜʦʨʦʟʚʠʪʢʦʤ ʤʦʚʣʝʥʥʷ ɯɯɯ ʨʽʚʥʷ ʙʫʜʝ ʝʬʝʢʪʠʚʥʠʤ ʟʘ ʪʘʢʠʭ ʫʤʦʚ: 

- ʩʠʩʪʝʤʘʪʠʯʥʘ ʨʦʙʦʪʘ ʟ ʢʦʨʝʢʮʽʾ ʧʦʨʫʰʝʥʴ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʣʽʚ; 

- ʧʦʝʪʘʧʥʘ ʨʦʙʦʪʘ ʫ ʚʠʧʨʘʚʣʝʥʥʽ ʚʘʜ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʣʽʚ; 

- ʧʽʜ ʯʘʩ ʢʦʨʝʢʮʽʾ ʧʦʨʫʰʝʥʴ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʣʽʚ ʦʙʦʚôʷʟʢʦʚʦ 

ʚʚʦʜʠʪʠ ʚ ʨʦʙʦʪʫ ʟʘʚʜʘʥʥʷ ʟ ʬʦʨʤʫʚʘʥʥʷ ʬʦʥʝʤʘʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʧʨʦʮʝʩʽ ʢʦʨʝʢʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟ ʜʽʪʴʤʠ ʜʦʰʢʽʣʴʥʦʛʦ ʚʽʢʫ, 

ʱʦ ʤʘʶʪʴ ʟʘʛʘʣʴʥʠʡ ʥʝʜʦʨʦʟʚʠʪʦʢ ʤʦʚʣʝʥʥʷ, ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʨʦʙʦʪʽ ʥʘʜ ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʤʦʚʠ ʪʘ ʨʦʟʫʤʽʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩʣʦʚʘ. 

ʎʝ ʚʢʣʶʯʘʻ ʥʘʚʯʘʥʥʷ ʜʽʪʝʡ ʨʦʟʧʽʟʥʘʚʘʪʠ ʪʘ ʚʠʤʦʚʣʷʪʠ ʩʣʦʚʘ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ 

ʩʢʣʘʜʥʦʩʪʽ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʣʦʚʘ, ʚʽʜʯʫʚʘʪʠ ʪʘ ʥʘʟʠʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʩʢʣʘʜʽʚ ʫ 

ʩʣʦʚʽ, ʨʦʟʧʽʟʥʘʚʘʪʠ ʾʭʥʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʘ ʚʤʽʪʠ ʩʢʣʘʜʘʪʠ ʩʣʦʚʘ ʟ ʦʢʨʝʤʠʭ 

ʩʢʣʘʜʽʚ. 
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ʋɼʂ : 372.851 

IMPLEMEN TATION OF THE COMPETENCE APPROACH IN THE NEW 

UKRAINIAN SCHOOL BY PROJECT TEACHING OF MATHEMATICS  

 

ʅʻʜʷʣʢʦʚʘ ʂʘʪʝʨʠʥʘ ɺʘʩʠʣʽʚʥʘ 

ʢ. ʧʝʜ. ʥ., ʜʦʮʝʥʪ, 

ʇʦʣʫʷʢʪʦʚʘ ʂʘʪʝʨʠʥʘ ʉʝʨʛʽʾʚʥʘ 

ʩʪʫʜʝʥʪʢʘ 

ʋʥʽʚʝʨʩʠʪʝʪ ʋʰʠʥʩʴʢʦʛʦ 

ʤ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ 

 

Abstract. The presented materials present the author's development of the 

educational project in mathematics "Nicole's journey", which can be implemented in 

grades 5-6 in order to increase the motivation of teaching mathematics, the interest of 

schoolchildren, as well as, first of all, the formation of subject and key competencies 

defined by the concept of the new Ukrainian school. 

Keywords: project training, competence approach, new Ukrainian school. 

 

The Council of Europe identified multicultural, speech, informational, political 

and social competencies as the main necessary life ones in the 21st century. To form 

these competences it is possible by the project activity, because it is one of the most 

promising components of the educational process, as it creates the conditions for 

creative development and self-realization of schoolchildren. Independent acquisition 

of knowledge, their systematization, orientation in the information space, vision of 

the problem and decision-making ʩan be implemented with the help of project 

method [1]. 

The concept of the New Ukrainian school suggests implementing integrated 

and project-based learning. "This contributes to the fact that students get a holistic 

view of the world, because they study phenomena from the point of view of different 

sciences and learn to solve real problems with the help of knowledge from different 

disciplines" [2]. Therefore, the problem of preparing teachers for the implementation 
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of project-based learning of schoolchildren, in particular in the process of teaching 

mathematics, is actualized. Indeed, the selection of material and the thorough 

development of an educational project for its implementation in a school mathematics 

course is a difficult task given the large expenditure of time and intellectual resources 

of the developer. Such work should be facilitated for practicing teachers by providing 

ready-made educational projects prepared by the authors of modern textbooks 

[3, pp. 53, 103-104, 140-141, 183-184, 256-257, 333-335, 395-397, 416-420], which 

can be implemented in a ready-made form, or used as a basis for further development 

of the idea, taking into account the characteristics of the class and the age and 

cognitive capabilities of schoolchildren [4, p. 236]. 

The development of projects can also be undertaken by students - future 

mathematics teachers in the process of completing this type of reseach activity, such 

as coursework. So, as a coursework under scientific guidance, we created the 

educational project çNicole's tripè, which consists of ninʝteen parts. During this 

virtual journey to Italy for a month, the girl encounters various life situations and 

problems, to solve which she needs knowledge of mathematics. In such an 

unobtrusive way, scoolchildren, together with Nicole, systematize, expand and 

deepen their knowledge of mathematics, performing various tasks, in particular 

creative ones, which contributes to the formation of the above-mentioned 

competencies. The following rubrics are used in various parts of the project: 

"Interesting theory", which presents the most important theoretical aspects of 

the mathematical problem (Fig. 1). 

 

Fig. 1. The progect fragment 
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"Try to give an answer", in which a problem question or an oral task on a 

certain topic is presented (Fig. 2). 

 

Fig. 2. The progect fragment 

"It's interesting", which presents fascinating facts on a certain topic (Fig. 3). 

 

Fig. 3. The progect fragment 

"Try to solve", where interesting maths problems are presented on a certain 

topic (Fig. 4). 

 

Fig. 4. The progect fragment 
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The project is related to the following topics and concepts of the school 

mathematics course: probability theory (part 1), percentages (parts 2, 14), 

combinatorics (part 3), (fig. 5); finding a part of a number (part 5); location of 

numbers on a coordinate line and addition of numbers with different signs (part 6), 

ratio (parts 8, 13), scale (part 9), mode of sampling (part 10), sweeps of geometric 

figures (part 11), comparison and addition of fractions (part 12), symmetry (part 16), 

perimeter (part 17), arithmetic mean (part 17), finding a number by its part (part 17), 

simple and complex numbers (part 18), elements and length of a circumference, area 

of a circle (part 19), parallelism (parts 10, 12). 

 

Fig. 5. The third part of the project 

 

It is important that in some parts of the project such topics are presented that 

are not studied in schools at the mandatory level, for example, analogy (part 4), 

elements of graph theory (part 7), elements of game theory (part 15). The tasks of 

these parts of the project are useful for the general comprehensive development of 
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children (Fig. 6). 

 

Fig. 6. The seventh part of the project 

The presented project "Nicole's trip" contributes to the formation of 

schoolchildren' competencies specified by the Concept of the New Ukrainian School 

[1], namely: 

 competence in the field of natural sciences, engineering and technology 

(work with geographic maps, images of architectural structures, scans of geometric 

figures, etc); 

 innovativeness (formation of creative thinking, familiarity with game 

strategy) (fig. 7); 

 environmental competence (promotion of a healthy and ecological 

lifestyle (parts 5, 13, 14, 17)) (fig. 6, 7); 

 

Fig. 7. The 13
th 

and 15
th

 parts of the project 
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 information and communication competence (formation the ability to use 

QR-code links and find out information, familiarity with elements of graph theory 

(part 7), elements of combinatorics (part 3) (fig. 5), elements of probability theory 

(part 1) and others); 

 civic and social competences (acquaintance with episodes from the lives 

of outstanding successful people of the world of the past and present (parts 1, 5)); 

 cultural competence (presentation of architectural masterpieces of Italy 

and the world (part 11), getting to know the basics of musical literacy (part 12), the 

world of fashion (part 10), circus art (part 19) and others); 

 entrepreneurship and financial literacy (calculating the travel budget 

(part 2)). 

Also, during the project, the authors use health-saving technologies (sleep 

mode (part 5), healthy nutrition (part 13) (fig. 7), various sports (part 17) (fig. 8) are 

discussed). 

During the work on the project, early professional orientation of pupils takes 

place ("immersion" in the world of fashion and needlework (parts 3, 10, 16), the 

world of cooking (parts 8, 13), the world of music (part 12), circus art (part 19), the 

basics of medicine are discussed (part 14)). 

 

Fig. 8. The 17
th

 part of the project 
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At the end of the project, schoolchildren are invited to provide feedback and 

express their opinions on the following questions: What did you like most while 

working on the project? In what life situations have you encountered the need for 

knowledge of mathematics? It would also be useful to offer pupils to independently 

develop several tasks aimed at the practical application of mathematical knowledge. 

The project "Nicole's trip" can be recommended to boys and girls of grades 5-6 

with various goals, including increasing motivation and interest, namely: 

¶ before the beginning of the 5th grade (in a summer health camp or math 

club), using the anticipatory learning method; 

¶ during or at the end of the 5th grade - for general repetition, or using the 

anticipatory learning method; 

¶ during or at the end of the 6th grade - for general repetition. 

This project can be implemented in subsequent classes to repeat, deepen and 

expand knowledge of mathematics. 

The project developed by the authors is already being tested at the Odesa 

Lyceum "Mriya" (Ukraine). 

 

Summarizing, it should be noted that the implementation of project-based 

learning is a powerful means of forming the competencies of schoolchildren. In 

addition, learning through the project method allows to integrate knowledge from 

different areas of knowledge and solve practical life situations, realizing the applied 

orientation of mathematics education. 
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ʇʈɽʉʆɼʀɼɸʂʊʀʂɸ: ɺʀɼɸɺʅʀʏɸ ɻɸʃʋɿʔ ʋ ʉʌɽʈɯ ʆʍʆʈʆʅʀ 

ɿɼʆʈʆɺôʗ ɺ ʈʆɿɺʀʊʂʋ ʌɸʍʆɺʆɰ ʂʆʄʇɽʊɽʅʊʅʆʉʊɯ 

ʉʊʋɼɽʅʊɯɺ-ʄɽɼʀʂɯɺ 

 

ʆʥʢʦʚʠʯ ɻʘʥʥʘ ɺʦʣʦʜʠʤʠʨʽʚʥʘ, 

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʄʦʣʦʜʠʯʝʥʢʦ ɸʣʣʘ 

ʌʽʣʽʤʦʥʦʚʘ ɸʣʽʥʘ, 

ʩʪʫʜʝʥʪʠ ɯɯɯ ʢʫʨʩʫ ʂʠʾʚʩʴʢʦʛʦ ʤʝʜʠʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ: ʋ ʨʘʤʢʘʭ ʩʧʝʮʢʫʨʩʫ çʇʨʦʬʝʩʽʡʥʦ ʦʨʽʻʥʪʦʚʘʥʘ ʤʝʜʽʘʦʩʚʽʪʘè, ʜʦ 

ʪʝʭʥʦʣʦʛʽʡ ʧʨʝʩʦʜʠʜʘʢʪʠʢʠ ʜʦʜʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʚʠʜʘʚʥʠʯʠʭ 

ʩʪʨʫʢʪʫʨ, ʢʦʪʨʽ ʚʠʜʘʶʪʴ ʥʘʫʢʦʚʫ, ʥʘʫʢʦʚʦ ʤʝʪʦʜʠʯʥʫ, ʥʘʚʯʘʣʴʥʫ, ʨʝʢʣʘʤʥʫ 

ʧʨʦʜʫʢʮʽʶ ʪʦʱʦ,- ʪʦʙʪʦ ʚʩʝ, ʱʦ ʜʦʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʟ ʤʝʜʠʯʥʦʛʦ ʬʘʭʫ. 

ʅʘʛʦʣʦʰʝʥʦ ʥʘ ʪʨʫʜʥʦʱʘʭ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʤʘʪʝʨʽʘʣʽʚ ʤʝʜʠʯʥʦʛʦ 

ʩʧʨʷʤʫʚʘʥʥʷ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʪʚʦʨʶʚʘʪʠ ʚʣʘʩʥʽ ʤʝʜʽʘ ʧʨʦʜʫʢʪʠ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʇʨʦʬʝʩʽʡʥʦ ʦʨʽʻʥʪʦʚʘʥʘ ʤʝʜʽʘʦʩʚʽʪʘ, ʚʠʜʘʚʥʠʯʘ 

ʜʽʷʣʴʥʽʩʪʴ, ʤʝʜʠʯʥʘ ʞʫʨʥʘʣʽʩʪʠʢʘ, ʩʧʝʮʢʫʨʩ, ʤʝʜʽʘʧʨʦʜʫʢʪ, ʤʝʜʽʘʢʦʤʧʝʪʝʥʪʥʽʩʪʴ 

ʤʝʜʠʯʥʦʛʦ ʧʨʘʮʽʚʥʠʢʘ, ʨʦʟʚʠʪʦʢ ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ.  

 

ɺʩʪʫʧ. ʋ ʨʘʤʢʘʭ ʩʧʝʮʢʫʨʩʫ çʇʨʦʬʝʩʽʡʥʦ ʦʨʽʻʥʪʦʚʘʥʘ ʤʝʜʽʘʦʩʚʽʪʘè [1, 2, 

3] ʤʠ ʚʝʜʝʤʦ ʤʦʚʫ ʧʨʦ ʚʠʜʘʚʥʠʯʫ ʜʽʷʣʴʥʽʩʪʴ ʫʩʪʘʥʦʚ ʽ ʦʨʛʘʥʽʟʘʮʽʡ ʤʝʜʠʯʥʦʾ 

ʛʘʣʫʟʽ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʜʘʚʥʠʮʪʚʘ, ʚʠʜʘʚʥʠʯʽ ʮʝʥʪʨʠ ʡ ʽʥʰʽ ʧʽʜʨʦʟʜʽʣʠ, 

ʟʦʢʨʝʤʘ ʨʝʜʘʢʮʽʾ ʬʘʭʦʚʦʾ ʧʝʨʽʦʜʠʢʠ ʪʦʱʦ. ɰʭʥʷ ʧʨʦʜʫʢʮʽʷ ʩʧʦʚʥʘ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʟ ʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʦ ʁʤʝʪʦʶ ʚ ʨʫʩʣʽ ʬʘʭʦʚʦʾ (ʫ ʥʘʰʦʤʫ 

ʚʠʧʘʜʢʫ = ʤʝʜʠʯʥʦʾ) ʧʨʝʩʦʜʠʜʘʢʪʠʢʠ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡʶ ʇʦʥʷʪʪʷ çʧʨʝʩʦʜʠʜʘʢʪʠʢʘè 

ʙʫʣʦ ʧʝʨʰʠʤ ʟ ʪʠʭ, ʢʦʪʨ ̔ ʥʘʨʘʟʽ ʦʙôʻʜʥʫʻ ʧʘʨʘʩʦʣʴʢʦʚʠʡ ʪʝʨʤʽʥ 

çʤʝʜʽʘʜʠʜʘʪʠʢʘè. ʂʦʣʠ ʤʠ ʚʧʝʨʰʝ ʚʠʢʦʨʠʩʪʘʣʠ ʡʦʛʦ, ʩʣʦʚʘ çʤʝʜʽʘè ʚ ʥʘʱʠʭ 
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ʩʣʦʚʥʠʢʘʭ ʥʝ ʙʫʣʦ. ʋ ʤʦʥʦʛʨʘʬʽʾ ɻʘʥʥʠ ʆʥʢʦʚʠʯ çʄʝʜʠʘʜʠʜʘʢʪʠʢʘ: ʤʘʩʩ-ʤʝʜʠʘ 

ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʦ ʨʫʩʩʢʦʤʫ ʷʟʳʢʫ ʢʘʢ ʠʥʦʩʪʨʘʥʥʦʤʫè. [5]. ɿʛʦʜʦʤ ʙʫʣʦ 

ʟʚʝʜʝʥʦ ʚʩʽ ʪʝʭʥʦʣʦʛʽʾ , ʧʦʚôʷʟʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥ̫ʤ çʩʪʘʨʠʭ ʤʝʜʽʘè ʚ 

ʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʦʤʫ ʧʨʦʮʝʩʽ ï ʧʨʝʩʦʜʠʜʘʢʪʠʢʘ, ʧʨʝʩʦʽʥʛʚʦʜʠʜʘʢʪʠʢʘ, 

ʢʽʥʛʦʜʠʜʘʢʪʠʢʘ, ʨʘʜʽʦʜʠʜʘʢʪʠʢʘ, ʪʝʣʥʜʠʜʘʢʪʠʢʘ. ɿʘʢʽʥʫʚʘʣʘʤʷ ʤʦʥʦʛʨʘʬʽʷ 

ʨʦʟʜʽʣʦʤ çɯʥʪʝʨʥʝʪ-ʜʠʜʘʢʪʠʢʘè, ʢʦʪʨʝ ʥʝʚʜʦʚʟʽ ʩʪʘʣʦ ʪʝʞ ʧʘʨʘʩʦʣʴʢʦ.ʁ [6. 7]. ʋ 

ʥʘʰʦʤʫ ʩʧʝʮʢʫʨʩʽ ʧʦʥʷʪʪʽ çʧʨʝʩʦʜʠʜʘʢʪʠʢʘè ʧʝʚʥʠʤ ʯʠʥʦʤ 

ʪʨʘʥʩʬʦʨʤʫʚʘʣʦʩʷ ï ʤʠ ʚʝʜʝʤʦ ʤʦʚʫ ʧʨʦ ʚʩʶ ʧʨʦʜʫʢʮʽʶ ʚʠʜʘʚʥʠʯʠʭ ʩʪʨʠʢʪʫʨ 

ʛʘʣʫʟʽ. ɺʦʜʥʦʯʘʩ ʧʘʤʷʪʘʻʤʦ ʽ ʧʨʦ ʧʝʨʠʥʥʝ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʦʥʷʪʪʷ, ʢʦʪʨʝ ʤʘʻ 

ʩʚʦʶ ʥʽʱʫ ʚ ʽ ʩʝʨʝʜʦʚʠʱʽ çʥʦʚʠʭ ʤʝʜʽʘè ʧʽʜ çʧʘʨʘʩʦʣʴʢʦʶè 

ɯʥʪʝʨʥʝʪ -ʜʠʜʘʢʪʠʢʘ ʘʜʞʝ ʙʘʛʘʪʦ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʴ ʤʘʶʪʴ ʽʥʪʝʨʥʝʪ-ʚʝʨʩʽʾ.  

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʩʧʝʢʪʨʽ ʜʨʫʢʦʚʘʥʦʾ ʛʘʣʫʟʝʚʦʾ ʧʨʦʜʫʢʮʽʾ 

ʚʠʦʢʨʝʤʣʶʻʪʴʩʷ ʤʝʜʠʯʥʘ ʧʝʨʽʦʜʠʢʘ. ʁʜʝʪʴʩʷ. ɿʦʢʨʝʤʘ, ʡ ʧʨʦ ʤʝʜʠʯʥʫ 

ʞʫʨʥʘʣʽʩʪʠʢʫ. [8, 9] ɯʥʦʜʽ ï̫ ʢ ʩʧʝʮʢʫʨʩ ʫ ʥʘʚʯʘʥʥʽ ʤʝʜʠʢʽʚ ʘʙʦ ʞʫʨʥʘʣʽʩʪʽʚ. 

ʂʥʠʞʢʦʚʦ-ʞʫʨʥʘʣʴʥʘ ʧʨʝʩʦʜʠʜʘʢʪʠʢʘ ʟ ʬʘʭʫ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʚʩʶ ʥʘʜʨʫʢʦʚʘʥʫ ʧʨʦʜʫʢʮʽʶ ʫ ʚʠʛʣʷʜʽ ʢʥʠʛ (ʙʫʜʴ-ʷʢʠʭ ʞʘʥʨʽʚ ʽ ʩʧʨʷʤʫʚʘʥʴ) ʽ 

ʞʫʨʥʘʣʽʚ, ʪʦʙʪʦ ʚʩʝ ʪʝ, ʱʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʟʘʩʽʙ ʥʘʚʯʘʥʥʷ ʚ 

ʢʦʥʪʝʢʩʪʽ ʬʘʭʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ. 

ʇʽʩʣʷ ʦʧʨʘʮʶʚʘʥʥʷ ʚʩʪʫʧʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʦ ʚʠʜʘʚʥʠʯʫ ʜʽʷʣʴʥʽʩʪʴ 

ʤʝʜʠʯʥʦʾ ʫʩʪʘʥʦʚʠ ʩʪʫʜʝʥʪʘʤ ʧʨʦʧʦʥʫʻʪʴʩʷ:  

1. ɼʘʡʪʝ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʧʠʪʘʥʥʷ: -ʷʢʽ ʫʩʪʘʥʦʚʠ ʟʘʡʤʘʶʪʴʩʷ ʜʨʫʢʫʚʘʥʥʷʤ 

ʤʝʜʠʯʥʦʾ ʧʨʦʜʫʢʮʽʾ;-ʷʢʦʶ ʤʝʜʠʯʥʦʶ ʧʨʦʜʫʢʮʽʻʶ ʚʠ ʥʘʡʯʘʩʪʽʰʝ ʧʦʩʣʫʛʦʚʫʻʪʝʩʴ 

ʫ ʩʚʦʻʤʫ ʞʠʪʪʽ;-ʜʦ ʷʢʠʭ ʜʨʫʢʦʚʘʥʠʭ ʟʘʩʦʙʽʚ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʠ ʟʚʝʨʪʘʻʪʝʩʴ 

ʥʘʡʯʘʩʪʽʰʝ. 

2. ɿʥʘʡʜʽʪʴ ʫ ʤʝʨʝʞʽ ʽʥʪʝʨʥʝʪ ʩʘʡʪ / ʙʣʦʛ ʤʝʜʠʯʥʦʛʦ ʚʠʜʘʚʥʠʮʪʚʘ ʘʙʦ 

ʤʝʜʠʯʥʦʾ ʥʘʫʢʦʚʦʾ / ʦʩʚʽʪʥʴʦʾ ʫʩʪʘʥʦʚʠ, ʢʦʪʨʽ ʚʠʜʘʶʪʴ ʤʝʜʠʯʥʫ ʣʽʪʝʨʘʪʫʨʫ. 

ʉʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʚʠʜʘʚʥʠʯʫ ʧʨʦʜʫʢʮʽʶ ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ.  

3. ʇʦʷʩʥʽʪʴ. ʷʢ ʚʠ ʨʦʟʫʤʽʻʪʝ ʧʦʥʷʪʪʷ çʧʨʝʩʦʜʠʜʘʢʪʠʢʘè. ɿʘʚʜʘʥʥʷ ʟ 

ʧʨʝʩʦʜʠʜʘʢʪʠʢʠ 

1. ʇʨʝʜʩʪʘʚʪʝ (ʦʧʠʰʽʪʴ) ʧʝʨʽʦʜʠʯʥʝ ʚʠʜʘʥʥʷ ʟ ɺʘʰʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ 
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ʬʘʭʫ. ʉʢʘʞʽʪʴ, ʭʪʦ ʡʦʛʦ ʚʠʜʘʻ, ʨʝʜʘʛʫʻ.  

2. ʗʢʱʦ ʮʝ ʬʘʭʦʚʠʡ ʞʫʨʥʘʣ, ʪʦ ʧʨʦʢʦʤʝʥʪʫʡʪʝ ʩʢʣʘʜ ʨʝʜʢʦʣʝʛʽʾ. 

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʘʚʪʦʨʽʚ ʚʠʜʘʥʥʷ ï ʭʪʦ ʚʦʥʠ, ʜʝ ʧʨʘʮʶʶʪʴ, ʧʨʦ ʱʦ ʧʠʰʫʪʴ.  

3. ʗʢʽ ʨʦʟʜʽʣʠ (ʨʫʙʨʠʢʠ) ʻ ʚ ʮʴʦʤʫ ʯʘʩʦʧʠʩʽ. ʗʢʘ ʨʫʙʨʠʢʘ ʧʨʠʚʝʨʥʫʣʘ 

ɺʘʰʫ ʫʚʘʛʫ ʽ ʯʦʤʫ ʏʠ ʚʠʥʠʢʣʦ ʫ ɺʘʩ ʙʘʞʘʥʥʷ ʧʨʦʯʠʪʘʪʠ ʩʪʘʪʪʶ ʟ ʬʘʭʫ? ʗʢʫ 

ʩʘʤʝ ʽ ʯʦʤʫ? ʗʢʱʦ ʥʝ ʚʠʥʠʢʣʦ ï ʪʦ ʯʦʤʫ.  

4. ʇʨʦʢʦʤʝʥʪʫʡʪʝ ʩʘʡʪ ʤʝʜʠʯʥʦʛʦ ʚʠʜʘʚʥʠʮʪʚʘ ʘʙʦ ʤʝʜʠʯʥʦʛʦ 

ʧʝʨʽʦʜʠʯʥʦʛʦ ʚʠʜʘʥʥʷʫ. ʇʨʠʢʜʘʜ: ɾʫʨʥʘʣ çʄʝʜʠʯʥʽ ʧʝʨʩʧʝʢʪʠʚʠè ʚʠʜʘʻʪʴʩʷ ʟ 

1996 ʨʦʢʫ, ʟ 1999 ʨʦʢʫ ʘʪʝʩʪʦʚʘʥʠʡ ɺɸʂ ʋʢʨʘʾʥʠ ʷʢ ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʇʦʨʷʜʢʫ ʬʦʨʤʫʚʘʥʥʷ ʇʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ 

ʋʢʨʘʾʥʠ, ʞʫʨʥʘʣʫ ʧʨʠʩʚʦʻʥʘ ʢʘʪʝʛʦʨʽʷ "ɸ" (ʥʘʢʘʟ ʄʆʅ ʋʢʨʘʾʥʠ ʚʽʜ 24.09.2020 

ˉ 1188). ʇʝʨʝʣʽʢ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ (ʥʘʢʘʟ ʄʆʅ ʋʢʨʘʾʥʠ ʚʽʜ 15.04.2021 ˉ 420) 

222 ï ʤʝʜʠʮʠʥʘ 221 ï ʩʪʦʤʘʪʦʣʦʛʽʷ 225 - ʤʝʜʠʯʥʘ ʧʩʠʭʦʣʦʛʽʷ 226 - ʬʘʨʤʘʮʽʷ, 

ʧʨʦʤʠʩʣʦʚʘ ʬʘʨʤʘʮʽʷ 227 ï ʪʝʨʘʧʽʷ ISSN (online) 2786-4804 ɿʘʩʥʦʚʥʠʢ: 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʢʘʟʫ 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʋʢʨʘʾʥʠ ˉ473 ʚʽʜ 16.03.2021ʨ. ɼɿ 

çɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ ʤʝʜʠʯʥʘ ʘʢʘʜʝʤʽʷ ʄʆɿ ʋʢʨʘʾʥʠè ʟʤʽʥʠʚ ʪʠʧ ʪʘ 

ʧʝʨʝʡʤʝʥʦʚʘʥʠʡ ʥʘ ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. ʉʚʽʜʦʮʪʚʦ 

ʧʨʦ ʚʥʝʩʝʥʥʷ ʩʫʙ'ʻʢʪʘ ʚʠʜʘʚʥʠʯʦʾ ʩʧʨʘʚʠ ʜʦ ʜʝʨʞʘʚʥʦʛʦ ʨʝʻʩʪʨʫ ʚʠʜʘʚʮʽʚ ʩʝʨʽʷ 

ɼʂ ˉ7350 ʚʽʜ 07.06.2021 ʨ. ɺʠʜʘʻʪʴʩʷ ʟʛʽʜʥʦ ʨʽʰʝʥʴ ʨʝʜʘʢʮʽʡʥʦʾ ʢʦʣʝʛʽʾ, 

ʨʝʜʘʢʮʽʡʥʦʾ ʨʘʜʠ ʪʘ ɺʯʝʥʦʾ ʨʘʜʠ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʤʝʜʠʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ. ɾʫʨʥʘʣ çʄʝʜʠʯʥʽ ʧʝʨʩʧʝʢʪʠʚʠè ʧʨʘʢʪʠʢʫʻ ʧʦʣʽʪʠʢʫ ʚʽʜʢʨʠʪʦʛʦ 

ʜʦʩʪʫʧʫ ʜʦ ʦʧʫʙʣʽʢʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʦʚʥʽ ʪʝʢʩʪʠ ʩʪʘʪʝʡ ʚʠʢʣʘʜʝʥʽ ʥʘ ʥʘʰʦʤʫ 

ʩʘʡʪʽ ʟ 2005 ʨʦʢʫ. ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʞʫʨʥʘʣʫ ʻ ʧʫʙʣʽʢʘʮʽʷ ʥʘʫʢʦʚʠʭ ʩʪʘʪʝʡ ʟ 

ʤʝʪʦʶ ʧʦʰʠʨʝʥʥʷ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʾ ʽ ʩʫʯʘʩʥʦʾ ʥʘʫʢʦʚʦʾ ʜʫʤʢʠ ʱʦʜʦ 

ʥʦʚʽʪʥʽʭ ʜʦʩʷʛʥʝʥʴ ʪʘ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʤʝʜʠʮʠʥʠ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ 

ʟʘʢʦʨʜʦʥʥʠʭ ʚʯʝʥʠʭ. ɺʠʜʘʻʪʴʩʷ ʞʫʨʥʘʣ ʟ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʯʦʪʠʨʠ ʨʘʟʠ ʥʘ ʨʽʢ. 

ʄʦʚʠ ʧʫʙʣʽʢʘʮʽʡ: ʫʢʨʘʾʥʩʴʢʘ, ʘʥʛʣʽʡʩʴʢʘ e-mail: medpers@dmu.edu.ua ʅʘʜʘʣʽ 

ʩʪʫʜʝʥʪʠ ʤʦʛʣʠ ʦʙʨʘʪʠ ʪʝʤʫ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʯʠ ʟʘʧʨʦʧʦʥʫʚʘʪʠ 

ʩʚʦʶ.  
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ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʄʝʜʽʘ, ʱʦ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʤʝʜʠʯʥʠʭ ʧʠʪʘʥʥʷʭ, 

ʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʚʽʜʦʙʨʘʞʝʥʥʽ ʘʢʪʫʘʣʴʥʠʭ ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʧʨʦ ʩʬʝʨʫ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ. ɰʭʥʷ ʤʽʩʽʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʥʘʜʘʚʘʪʠ ʜʦʩʪʫʧʥʽ, 

ʜʦʩʪʦʚʽʨʥʽ ʪʘ ʟʨʦʟʫʤʽʣʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ ʜʣʷ ʰʠʨʦʢʦʾ ʘʫʜʠʪʦʨʽʾ. [10. 11].  

ʊʨʝʪʴʦʢʫʨʩʥʠʮʷ ɸʣʽʥʘ ʌʽʣʽʤʦʥʦʚʘ ʧʨʝʜʩʪʘʚʠʣʘ ʜʝʷʢʽ ʚʘʞʣʠʚʽ ʘʩʧʝʢʪʠ 

ʤʝʜʠʯʥʦʾ ʞʫʨʥʘʣʽʩʪʠʢʠ ʚ ʋʢʨʘʾʥʽ, ʷʢʘ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʧʦʧʫʣʷʨʠʟʘʮʽʾ 

ʥʦʚʽʪʥʽʭ ʤʝʜʠʯʥʠʭ ʜʦʩʷʛʥʝʥʴ, ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʢʦʨʠʩʥʠʭ ʧʦʨʘʜ ʱʦʜʦ ʟʜʦʨʦʚʦʛʦ 

ʩʧʦʩʦʙʫ ʞʠʪʪʷ ʪʘ ʽʥʬʦʨʤʫʚʘʥʥʽ ʧʨʦ ʨʠʟʠʢʠ ʪʘ ʧʨʦʬʽʣʘʢʪʠʢʫ ʨʽʟʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ. ɺʦʥʘ ʪʘʢʦʞ ʜʦʧʦʤʘʛʘʻ ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤ ʟ ʜʦʩʪʫʧʥʽʩʪʶ 

ʤʝʜʠʯʥʦʾ ʜʦʧʦʤʦʛʠ, ʨʦʟʢʨʠʚʘʶʯʠ ʧʨʦʙʣʝʤʠ ʩʠʩʪʝʤʠ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʪʘ ʰʣʷʭʠ 

ʾʭ ʚʠʨʽʰʝʥʥʷ. 

ʆʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʤʝʜʠʯʥʦʾ ʞʫʨʥʘʣʽʩʪʠʢʠ ʻ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ 

ʪʦʯʥʽʩʪʴ ʪʘ ʦʙ'ʻʢʪʠʚʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʛʣʠʙʦʢʦʛʦ 

ʘʥʘʣʽʟʫ ʬʘʢʪʽʚ ʫ ʩʬʝʨʽ ʤʝʜʠʮʠʥʠ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʚʧʣʠʚʫ ʥʘ 

ʩʚʽʜʦʤʽʩʪʴ ʪʘ ʨʽʰʝʥʥʷ ʛʨʦʤʘʜʷʥ. ɯʥʥʦʚʘʮʽʾ ʚ ʤʝʜʠʯʥʽʡ ʞʫʨʥʘʣʽʩʪʠʮʽ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʦʨʤʘʪʠ, ʪʘʢʽ ʷʢ ʚʽʜʝʦ, ʘʫʜʽʦ, ʽʥʪʝʨʘʢʪʠʚʥʽ 

ʛʨʘʬʽʢʠ ʪʘ ʽʥʰʽ ʢʨʝʘʪʠʚʥʽ ʟʘʩʦʙʠ, ʜʣʷ ʢʨʘʱʦʛʦ ʟʘʣʫʯʝʥʥʷ ʪʘ ʦʩʚʽʪʠ ʘʫʜʠʪʦʨʽʾ. 

ʗʢ ʚʽʜʦʤʦ, ʦʩʥʦʚʦʧʦʣʦʞʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʤʝʜʠʯʥʦʾ ʞʫʨʥʘʣʽʩʪʠʢʠ, ʤʘʶʪʴ 

ʩʪʘʪʠ ʦʙ'ʻʢʪʠʚʥʽʩʪʴ ʽ ʧʨʘʛʥʝʥʥʷ ʜʦ ʙʘʛʘʪʦʩʪʦʨʦʥʥʴʦʛʦ ʚʠʩʚʽʪʣʝʥʥʷ ʪʝʤʠ, 

ʩʦʮʽʘʣʴʥʘ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ, ʧʨʦʬʝʩʽʦʥʘʣʽʟʤ. ʆʜʥʘʢ ʯʝʨʝʟ ʩʧʝʮʠʬʽʢʫ ʤʝʜʠʯʥʦʾ 

ʩʬʝʨʠ ʞʫʨʥʘʣʽʩʪʠ, ʷʢʽ ʧʠʰʫʪʴ ʥʘ ʮʶ ʪʝʤʘʪʠʢʫ, ʢʝʨʫʶʪʴʩʷ ʥʠʤʠ ʥʝ ʟʘʚʞʜʠ. 

ʈʦʟʛʣʷʥʫʚʰʠ ʧʨʦʚʽʜʥʽ ʨʠʩʠ ʮʴʦʛʦ ʚʠʜʫ ʞʫʨʥʘʣʽʩʪʠʢʠ, ʤʦʞʥʘ ʧʘʨʘʣʝʣʴʥʦ 

ʚʠʦʢʨʝʤʠʪʠ ʪʨʫʜʥʦʱʽ, ʟ ʷʢʠʤʠ ʯʘʩʪʦ ʩʪʠʢʘʶʪʴʩʷ ʘʚʪʦʨʠ ʧʫʙʣʽʢʘʮʽʡ. ɺʠʜʽʣʠʤʦ 

ʪʘ ʦʭʘʨʘʢʪʝʨʠʟʫʻʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʤʝʜʠʯʥʦʾ ʞʫʨʥʘʣʽʩʪʠʢʠ, ʷʢʽ ʻ ʪʠʧʦʚʠʤʠ ʜʣʷ 

ʋʢʨʘʾʥʠ:  

1) ʊʨʫʜʥʦʱʽ ʚʠʩʚʽʪʣʝʥʥʷ ʤʝʜʠʯʥʠʭ ʪʝʤ ʯʝʨʝʟ ʾʭ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ (ʪʘʢ ʟʚʘʥʘ 

çʞʫʨʥʘʣʽʩʪʠʢʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽè). ʅʘʧʨʠʢʣʘʜ: ʟ'ʷʚʣʷʻʪʴʩʷ ʥʦʚʠʡ ʰʪʘʤ ʛʨʠʧʫ, 

ʦʜʥʘʢ ʡʦʛʦ ʝʪʽʦʣʦʛʽʷ, ʘ ʪʘʢʦʞ ʥʘʩʣʽʜʢʠ ʱʝ ʜʦ 

ʢʽʥʮʷ ʥʝ ʚʠʚʯʝʥʽ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʞʫʨʥʘʣʽʩʪʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʽʥʬʦʨʤʫʚʘʪʠ 

ʛʨʦʤʘʜʩʴʢʽʩʪʴ ʽ ʥʘʜʘʪʠ ʤʘʢʩʠʤʫʤ ʟ ʤʽʥʽʤʫʤʫ ʽʥʬʦʨʤʘʮʽʾ. ɺʽʜʪʘʢ, ʡʦʤʫ 
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ʜʦʚʦʜʠʪʴʩʷ ʧʨʘʮʶʚʘʪʠ ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʥʝʤʘʻ ʧʦʪʨʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʽ ʚ ʥʘʫʢʦʚʽʡ 

ʣʽʪʝʨʘʪʫʨʽ, ʥʽ ʚ ʽʥʰʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʟʧʦʜʽʙʥʦʾ ʪʝʤʘʪʠʢʠ, ʥʽ ʚ ʦʬʽʮʽʡʥʠʭ ʜʘʥʠʭ 

ʤʝʜʠʯʥʠʭ ʫʩʪʘʥʦʚ; ʥʘʚʽʪʴ ʝʢʩʧʝʨʪʠ (ʣʽʢʘʨʽ) ʚ ʧʦʜʽʙʥʠʭ ʫʤʦʚʘʭ ʥʝ ʟʘʚʞʜʠ 

ʤʦʞʫʪʴ ʥʘʜʘʪʠ ʡʦʤʫ ʚʠʯʝʨʧʥʽ ʢʦʥʩʫʣʴʪʘʮʽʾ ʟ ʮʽʻʾ ʧʨʦʙʣʝʤʠ; 

2) ʉʢʣʘʜʥʽʩʪʴ ʪʘ ʙʘʛʘʪʦʛʨʘʥʥʽʩʪʴ ʤʝʜʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʋ ʤʝʜʠʯʥʽʡ 

ʞʫʨʥʘʣʽʩʪʠʮʽ ʧʨʠʩʫʪʥʽ ʙʘʛʘʪʦ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ, ʘ ʚʽʜʧʦʚʽʜʥʦ, ʩʪʽʣʴʢʠ ʞ ʽʩʥʫʻ 

ʧʦʛʣʷʜʽʚ ʱʦʜʦ ʧʝʚʥʦʛʦ ʧʠʪʘʥʥʷ, ʪʦʤʫ ʧʝʨʝʜ ʞʫʨʥʘʣʽʩʪʦʤ ʩʪʦʾʪʴ ʥʘʜʩʢʣʘʜʥʝ 

ʟʘʚʜʘʥʥʷ ʟʙʘʣʘʥʩʫʚʘʪʠ ʜʫʤʢʠ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʢʦʤʫʥʽʢʘʮʽʾ. ʊʫʪ ʤʦʞʥʘ ʟʽʪʢʥʫʪʠʩʷ 

ʟ ʪʠʤ, ʱʦ ʜʝʷʢʽ ʝʢʩʧʝʨʪʠ ʤʦʞʫʪʴ ʤʘʪʠ ʫʧʝʨʝʜʞʝʥʝ ʩʪʘʚʣʝʥʥʷ ʜʦ ʧʨʦʙʣʝʤʠ ʘʙʦ 

ʙʫʪʠ ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʚ ʯʦʤʫʩʴ, ʪʦʤʫ ʞʫʨʥʘʣʽʩʪʠ ʯʘʩʪʦ ʚʜʘʶʪʴʩʷ ʜʦ ʢʽʣʴʢʽʩʥʦʛʦ 

ʧʽʜʭʦʜʫ ʽ ʧʦʜʘʶʪʴ ʫ ʩʪʘʪʪʽ ʨʽʟʥʽ ʪʦʯʢʠ ʟʦʨʫ ʥʘ ʧʨʦʙʣʝʤʫ. ʂʨʽʤ ʪʦʛʦ, ʟʚʘʞʘʶʯʠ 

ʥʘ ʪʝ, ʱʦ ʤʝʜʠʯʥʘ ʪʝʤʘ ʦʙ'ʻʜʥʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʥʘʫʢʦʚʽ, ʪʝʭʥʽʯʥʽ ʡ ʝʢʦʥʦʤʽʯʥʽ 

ʘʩʧʝʢʪʠ ʧʨʦʙʣʝʤʠ, ʚʘʨʪʦ ʧʘʤ'ʷʪʘʪʠ, ʪʘʢ ʙʠ ʤʦʚʠʪʠ, ʧʨʦ ʤʝʞʽ ʢʦʤʧʝʪʝʥʮʽʾ 

ʝʢʩʧʝʨʪʽʚ; 

3) ʅʝʦʙʭʽʜʥʽʩʪʴ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ: ʷʢ ʩʘʤʦʩʪʽʡʥʦ (ʜʣʷ 

ʚʠʩʚʽʪʣʝʥʥʷ ʧʝʚʥʦʛʦ ʧʠʪʘʥʥʷ), ʪʘʢ ʽ ʧʽʜ ʯʘʩ ʽʥʪʝʨʚ'ʶ, ʘʜʞʝ ʣʽʢʘʨʽ-ʝʢʩʧʝʨʪʠ ʯʘʩʪʦ 

ʛʦʚʦʨʷʪʴ ʤʦʚʦʶ ʥʘʫʢʠ, ʷʢʘ ʧʝʨʝʚʘʥʪʘʞʝʥʘ ʩʧʝʮʠʬʽʯʥʠʤʠ ʪʝʨʤʽʥʘʤʠ ʽ ʻ 

ʥʝʟʨʦʟʫʤʽʣʦʶ ʜʣʷ ʧʝʨʝʩʽʯʥʠʭ ʯʠʪʘʯʽʚ. ʊʦʙʪʦ ʟʘʚʜʘʥʥʷʤ ʞʫʨʥʘʣʽʩʪʘ ʻ 

çʧʝʨʝʢʣʘʜè ʪʘʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʤʦʚʫ, ʟʨʦʟʫʤʽʣʫ ʜʣʷ ʟʘʛʘʣʫ. ʆʪʞʝ, ʞʫʨʥʘʣʽʩʪʠ ʚ 

ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʻ ʩʚʦʻʨʽʜʥʠʤʠ ʤʝʜʽʘʪʦʨʘʤʠ ʧʦʩʝʨʝʜʥʠʢʘʤʠ ʤʽʞ ʩʚʽʪʦʤ ʥʘʫʢʠ ʪʘ 

ʰʠʨʦʢʠʤʠ ʚʝʨʩʪʚʘʤʠ ʥʘʩʝʣʝʥʥʷ. ʑʦʙ ʽʥʬʦʨʤʘʮʽʷ ʜʽʡʰʣʘ ʜʦ ʮʽʣʴʦʚʦʾ ʘʫʜʠʪʦʨʽʾ, 

ʚʦʥʘ ʤʘʻ ʙʫʪʠ ʜʦʩʪʫʧʥʦʶ ʽ ʯʽʪʢʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦʶ, ʘ ʚʽʜʪʘʢ, ʚʠʢʣʘʜʘʪʠ ʾʾ 

ʥʝʦʙʭʽʜʥʦ ʚ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʧʫʣʷʨʥʽʡ ʬʦʨʤʽ. ɯ ʭʦʯʘ ʢʨʠʪʝʨʽʷʤʠ ʚʠʩʚʽʪʣʝʥʥʷ 

ʥʦʚʠʥ ʻ ʣʘʢʦʥʽʯʥʽʩʪʴ ʽ ʢʦʥʢʨʝʪʥʽʩʪʴ, ʫ ʩʬʝʨʽ ʤʝʜʠʮʠʥʠ ʤʘʪʝʨʽʘʣ ʤʘʻ ʤʽʩʪʠʪʠ 

ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʢʦʥʪʝʢʩʪʫ ʽ ʧʝʨʝʜʫʤʦʚ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʙʫʪʠ ʟʨʦʟʫʤʽʣʠʤ ʽ 

ʢʦʨʠʩʥʠʤ ʜʣʷ ʨʝʮʠʧʽʻʥʪʘ; 

4) ʆʙʝʨʝʞʥʽʩʪʴ ʫ ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʽʚ, ʦʩʢʽʣʴʢʠ ʤʝʜʠʯʥʘ ʪʝʤʘʪʠʢʘ 

ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʚʠʩʦʢʦʶ ʝʤʦʮʽʡʥʽʩʪʶ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʧʽʜ ʯʘʩ ʧʘʥʜʝʤʽʾ ʛʨʠʧʫ 

ʥʝʦʙʝʨʝʞʥʽ ʚʠʩʣʦʚʣʶʚʘʥʥʷ ʚ ʧʨʝʩʽ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʧʘʥʽʢʫ, ʪʘʢ ʩʘʤʦ, ʷʢ ʽ 

ʥʘʛʥʽʪʘʥʥʷ ʦʙʩʪʘʥʦʚʢʠ ʪʝʣʝʙʘʯʝʥʥʷʤ. ʎʝ ʤʦʞʥʘ ʙʫʣʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʚ ʋʢʨʘʾʥʽ ʚ 
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2009 ʨ. ʧʽʜ ʯʘʩ ʩʧʘʣʘʭʫ ʥʦʚʦʛʦ ʥʘ ʪʦʡ ʯʘʩ ʰʪʘʤʫ ʛʨʠʧʫ. ʂʨʽʤ ʪʦʛʦ, ʥʝ ʩʣʽʜ 

ʟʘʙʫʚʘʪʠ ʧʨʦ ʪʝ, ʱʦ ɿʄɯ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʻ ʤʘʥʽʧʫʣʷʪʠʚʥʠʤʠ, ʪʦʤʫ ʨʽʚʝʥʴ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʞʫʨʥʘʣʽʩʪʽʚ, ʢʦʪʨʽ ʧʠʰʫʪʴ ʥʘ ʤʝʜʠʯʥʫ ʪʝʤʘʪʠʢʫ, ʻ ʦʩʦʙʣʠʚʦ 

ʚʠʩʦʢʠʤ. ɸʜʞʝ ʤʝʜʽʡʥʽ ʧʫʙʣʽʢʘʮʽʾ, ʫ ʷʢʠʭ ʦʧʠʩʫʶʪʴʩʷ ʩʠʤʧʪʦʤʠ ʭʚʦʨʦʙ, 

ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʷʚʠʱʝ ʩʫʛʝʩʪʽʾ (ʩʧʦʩʽʙ ʚʧʣʠʚʫ, ʦʩʥʦʚʘʥʠʡ ʥʘ ʥʝʢʨʠʪʠʯʥʦʤʫ 

ʩʧʨʠʡʥʷʪʪʽ ʣʶʜʠʥʦʶ ʦʪʨʠʤʫʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ); 

5) ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʽʜʩʪʝʞʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʧʨʦʙʣʝʤʠ 

ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ, ʦʩʢʽʣʴʢʠ ʟʘʚʞʜʠ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥ ʫ ʩʬʝʨʽ 

ʤʝʜʠʮʠʥʠ ʘʙʦ ʥʘʩʣʽʜʢʽʚ, ʷʢʽ ʙʫʣʠ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʥʘ ʤʦʤʝʥʪ ʧʽʜʛʦʪʦʚʢʠ 

ʧʫʙʣʽʢʘʮʽʾ. ʅʘ ʤʦʶ ʜʫʤʢʫ, ʮʝ ʱʝ ʨʘʟ ʜʦʚʦʜʠʪʴ ʪʦʡ ʬʘʢʪ, ʱʦ ʩʧʝʮʽʘʣʽʟʘʮʽʷ ʚ 

ʞʫʨʥʘʣʽʩʪʠʮʽ ʻ ʦʙʦʚ'ʷʟʢʦʚʦʶ; 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʝʨʝʣʽʢ ʤʦʞʥʘ ʜʦʧʦʚʥʠʪʠ ʪʘʢʦʞ ʱʝ ʦʜʥʠʤ ʧʫʥʢʪʦʤ: 

ʜʦʪʨʠʤʘʥʥʷ ʝʪʠʯʥʠʭ ʢʦʜʝʢʩʽʚ ʣʽʢʘʨʷ (ʘʜʞʝ ʧʨʦ ʤʝʜʠʮʠʥʫ ʯʘʩʪʦ ʧʠʰʫʪʴ ʣʽʢʘʨʽ, 

ʷʢʽ ʧʨʠʡʰʣʠ ʚ ʞʫʨʥʘʣʽʩʪʠʢʫ). ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʦ ʥʘʛʦʣʦʩʠʪʠ ʥʘ ʪʦʤʫ, ʱʦ ʚ 

ʧʫʙʣʽʢʘʮʽʷʭ ʟ ʤʝʜʠʯʥʦʾ ʪʝʤʘʪʠʢʠ ʚʘʞʣʠʚʦ ʫʪʨʠʤʫʚʘʪʠʩʴ ʚʽʜ ʧʨʘʛʥʝʥʥʷ ʜʦ 

ʩʝʥʩʘʮʽʡʥʦʩʪʽ, ʘ ʚʽʜʪʘʢ, ʧʦʚʝʨʭʦʚʦʛʦ ʩʪʘʚʣʝʥʥʷ ʜʦ ʧʨʦʙʣʝʤʠ ʽ ʟʨʝʰʪʦʶ 

ʥʝʧʨʦʬʝʩʽʦʥʘʣʽʟʤʫ. ɸʜʞʝ ʥʘʤʘʛʘʶʯʠʩʴ ʧʨʠʚʘʙʠʪʠ ʯʠʪʘʯʘ, ʞʫʨʥʘʣʽʩʪ ʤʦʞʝ 

ʧʦʜʘʪʠ çʩʝʥʩʘʮʽʡʥʫ ʽʥʬʦʨʤʘʮʽʶè, ʘ ʚ ʪʝʢʩʪʽ ʩʪʘʪʪʽ ʘʙʦ ʟʦʚʩʽʤ ʥʝ ʟʥʘʡʪʠ ʮʴʦʤʫ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ, ʘʙʦ ʚʦʥʦ ʙʫʜʝ ʥʝ ʧʦʚʥʠʤ, ʡ ʯʠʪʘʯ ʚʽʜʯʫʻ ʩʝʙʝ ʦʙʤʘʥʫʪʠʤ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʚʠʱʝʩʢʘʟʘʥʝ, ʤʦʞʥʘ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ, ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʤʝʜʠʯʥʦʾ ʞʫʨʥʘʣʽʩʪʠʢʠ ʻ ʪʘʢʽ: ʪʨʫʜʥʦʱʽ ʱʦ ʚʠʩʚʽʪʣʝʥʥʷ ʤʝʜʠʯʥʠʭ ʪʝʤ ʯʝʨʝʟ ʾʭ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ; ʩʢʣʘʜʥʽʩʪʴ ʪʘ ʙʘʛʘʪʦʛʨʘʥʥʽʩʪʴ ʤʝʜʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʱʦ ʜʦʚʦʜʠʪʴ ʣʦʛʽʯʥʽʩʪʴ 

ʚʠʜʽʣʝʥʥʷ ʤʝʜʠʯʥʦʾ ʞʫʨʥʘʣʽʩʪʠʢʠ ʷʢ ʦʜʥʦʛʦ ʟ ʚʠʜʽʚ ʥʘʫʢʦʚʦʾ; ʦʙʝʨʝʞʥʽʩʪʴ ʫ 

ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʽʚ; ʜʦʪʨʠʤʘʥʥʷ ɽʪʠʯʥʠʭ ʢʦʜʝʢʩʽʚ ʣʽʢʘʨʷ ʽ ʞʫʨʥʘʣʽʩʪʘ; 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʽʜʩʪʝʞʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʧʨʦʙʣʝʤʠ ʧʨʦʪʷʛʦʤ 

ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ; ʘʢʪʠʚʥʘ ʩʦʮʽʘʣʴʥʘ ʧʦʟʠʮʽʷ ʫ ʩʫʩʧʽʣʴʩʪʚʽ. 

ʉʝʨʝʜ ʪʨʫʜʥʦʱʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʨʦʙʦʪʽ ʞʫʨʥʘʣʽʩʪʘ, ʱʦ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ 

ʥʘ ʤʝʜʠʯʥʽʡ ʪʝʤʘʪʠʮʽ, ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʫʥʠʢʥʝʥʥʷ ʩʝʥʩʘʮʽʡʥʦʩʪʽ ʚ ʧʦʜʘʯʽ 

ʤʘʪʝʨʽʘʣʽʚ, ʧʦʚʝʨʭʦʚʦʛʦ ʩʪʘʚʣʝʥʥʷ ʜʦ ʧʨʦʙʣʝʤʠ. ɿʘʚʝʨʰʫʶʯʠ, ʤʝʜʠʯʥʘ 
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ʞʫʨʥʘʣʽʩʪʠʢʘ ʚ ʋʢʨʘʾʥʽ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʽʜʚʠʱʝʥʥʽ ʤʝʜʠʯʥʦʾ 

ʛʨʘʤʦʪʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʪʘ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʩʠʪʫʘʮʽʾ ʟ ʦʭʦʨʦʥʦʶ ʟʜʦʨʦʚ'ʷ ʚ 

ʮʽʣʦʤʫ. ʎʝ ʚʘʞʣʠʚʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʩʧʨʠʷʻ ʟʜʦʨʦʚ'ʶ ʪʘ ʜʦʙʨʦʙʫʪʫ ʥʘʮʽʾ, 

ʧʽʜʙʠʚʘʻ ʧʽʜʩʫʤʢʫ ʥʘʰʦʛʦ ʩʧʝʮʢʫʨʩʫ "ʇʨʦʬʝʩʽʡʥʦ ʦʨʽʻʥʪʦʚʘʥʘ ʤʝʜʽʘʦʩʚʽʪʘ", 

ʧʨʦʯʠʪʘʥʦʛʦ ʥʘ ɯɯɯ ʢʫʨʩʫ ʚ ʂʠʾʚʩʢʴʦʤʫ ʤʝʜʠʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ. ɼʝʷʢʽ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʩʪʫʜʝʥʪʽʚ, ʚʠʢʦʥʘʥʠʭ ʫ ʨʘʤʢʘʭ ʩʧʝʮʢʫʨʩʫ, ʦʧʫʙʣʽʢʦʚʘʥʦ 

[12. 13, 14].  

ɺ ʋʢʨʘʾʥʽ 2013 ʨʦʢʫ ʚʧʝʨʰʝ ʚʽʜʙʫʣʠʩʴ ʥʘʚʯʘʥʥʷ ʫ ʐʢʦʣʽ ʤʝʜʠʯʥʦʾ 

ʞʫʨʥʘʣʽʩʪʠʢʠ ʟʘʚʜʷʢʠ ʩʧʽʚʧʨʘʮʽ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʪʘ ʅʘʮʽʦʥʘʣʴʥʦʾ 

ʩʧʽʣʢʠ ʞʫʨʥʘʣʽʩʪʽʚ. ʇʝʨʰʽ ʥʘʚʯʘʣʴʥʽ ʩʝʩʽʾ ʙʫʣʦ ʧʨʠʩʚʷʯʝʥʦ ʧʠʪʘʥʥʷʤ ʦʥʢʦʣʦʛʽʾ. 

ʊʘʢ ʫ ʨʘʤʢʘʭ ʐʢʦʣʠ ʚʜʘʣʦʩʴ ʦʨʛʘʥʽʟʫʚʘʪʠ ʧʨʝʩ-ʢʦʥʬʝʨʝʥʮʽʶ "ʇʦʜʦʣʘʥʥʷ 

ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ: ʧʨʦʬʽʣʘʢʪʠʢʘ ʪʘ ʣʽʢʫʚʘʥʥʷ" ʟʘ ʫʯʘʩʪʶ ʧʨʦʚʽʜʥʠʭ 

ʣʽʢʘʨʽʚ ʪʘ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʄʆɿ. ʊʘʢʦʞ ʙʫʣʦ ʧʨʝʟʝʥʪʦʚʘʥʦ ʧʦʩʽʙʥʠʢ ʜʣʷ 

ʞʫʨʥʘʣʽʩʪʽʚ "ʄʝʜʠʯʥʘ ʞʫʨʥʘʣʽʩʪʠʢʘ. ʗʢ ʧʠʩʘʪʠ ʧʨʦ ʦʥʢʦʣʦʛʽʶ". ʄʽʥʽʩʪʝʨʩʪʚʦ 

ʧʽʜʪʨʠʤʘʣʦ ʽʜʝʶ ʧʨʦʚʝʜʝʥʥʷ ʮʴʦʛʦ ʟʘʭʦʜʫ, ʪʦʤʫ ʱʦ, ʥʘ ʞʘʣʴ, ʯʘʩʪʦ ʚ ʧʨʝʩʽ ʤʠ 

ʙʘʯʠʤʦ ʢʨʘʩʠʚʫ ʬʦʨʤʫ, ʘʣʝ ʚʽʜʯʫʚʘʻʤʦ ʙʨʘʢ ʟʤʽʩʪʫ. ɺʞʝ ʪʦʜʽ ʥʘʛʦʣʦʰʫʚʘʣʦʩʷ 

ʥʘ ʪʦʤʫ, ʱʦ ʧʠʪʘʥʥʷʤ ʧʨʦʬʝʩʽʡʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʤʝʜʠʯʥʫ ʪʝʤʘʪʠʢʫ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʫʚʘʛʠ ɿʘ ʡʦʛʦ ʩʣʦʚʘʤʠ, ʥʝ ʣʠʰʝ ʤʘʡʩʪʝʨʥʽʩʪʴ ʩʣʦʚʘ, 

ʘʣʝ ʡ ʚʤʽʥʥʷ ʜʦʥʝʩʪʠ ʩʫʪʴ ʧʨʦʙʣʝʤʠ ʜʦ ʘʫʜʠʪʦʨʽʾ ʪʘ ʯʠʪʘʯʘ ʻ ʥʘ ʩʴʦʛʦʜʥʽ 

ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ. ʂʨʽʤ ʪʦʛʦ, ʙʽʣʴʰʽʩʪʴ ʧʦʜʽʙʥʠʭ ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʝʢʪʽʚ 

ʪʨʘʜʠʮʽʡʥʦ ʧʨʠʩʚʷʯʫʶʪʴʩʷ ʧʦʣʽʪʠʮʽ, ʧʨʠ ʮʴʦʤʫ ʩʦʮʽʘʣʴʥʘ ʪʝʤʘʪʠʢʘ ʥʘ ʞʘʣʴ 

ʯʘʩʪʦ ʣʠʰʘʻʪʴʩʷ ʧʦʟʘ ʫʚʘʛʦʶ, -[http://medicallaworg.ua/spisok-

novin/novina/article/v-ukr ajini-uspishno-vtileno-proekt-shkola-medichnoji-zhurna/ 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ 24.02.2024.].  

ʅʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʽ ʚʠʜʘʥʥʷ ʷʢ ʘʢʪʫʘʣʴʥʽ ʥʘʚʯʘʣʴʥʽ ʧʦʩʽʙʥʠʢʠ, ʊʚʦʨʝʥʥʷ 

çʩʘʤʦʜʽʣʴʥʠʭè ɿʄɯ ʷʢ ʦʜʠʥ ʽʟ ʥʘʧʨʷʤʢʽʚ ʤʝʜʽʘʦʩʚʽʪʠ ʨʦʟʛʜʷʜʷʣʘ ʩʪʫʜʝʥʪʢʘ ɸʣʣʘ 

ʄʦʣʦʜʠʯʝʥʢʦ. 

Å ʋ ʩʫʯʘʩʥʦʤʫ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʽ ʚʠʜʘʥʥʷ ʚʽʜʽʛʨʘʶʪʴ 

ʚʘʞʣʠʚʫ ʨʦʣʴ. ʎʝ ʥʘʫʢʦʚʽ ʧʫʙʣʽʢʘʮʽʾ, ʷʢʽ ʤʽʩʪʷʪʴ ʤʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʪʘ 

ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʚʯʠʪʝʣʽʚ ʪʘ ʚʠʢʣʘʜʘʯʽʚ. ɺʦʥʠ ʦʭʦʧʣʶʶʪʴ ʨʽʟʥʽ ʧʨʝʜʤʝʪʠ ʪʘ 
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ʘʩʧʝʢʪʠ ʥʘʚʯʘʥʥʷ ʽ ʜʦʧʦʤʘʛʘʶʪʴ ʚʯʠʪʝʣʷʤ ʧʣʘʥʫʚʘʪʠ ʪʘ ʧʨʦʚʦʜʠʪʠ ʟʘʥʷʪʪʷ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ. ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʽ ʚʠʜʘʥʥʷ ʧʦʩʪʽʡʥʦ 

ʦʥʦʚʣʶʶʪʴʩʷ, ʚʨʘʭʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʫ ʧʝʜʘʛʦʛʽʮʽ ʪʘ ʥʘʫʮʽ. 

Å ʇʝʜʘʛʦʛʽʯʥʘ ʡ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʘ ʧʝʨʽʦʜʠʢʘ ʩʫʯʘʩʥʦʾ ʋʢʨʘʾʥʠ: 

Å ʋʢʨʘʾʥʘ ʤʘʻ ʙʘʛʘʪʠʡ ʣʘʥʮʶʞʦʢ ʧʝʜʘʛʦʛʽʯʥʠʭ ʪʘ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʠʭ 

ʞʫʨʥʘʣʽʚ ʽ ʚʠʜʘʥʴ. ʎʽ ʚʠʜʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʧʝʜʘʛʦʛʘʤ ʪʘ ʥʘʫʢʦʚʮʷʤ ʩʣʽʜʢʫʚʘʪʠ 

ʟʘ ʦʩʪʘʥʥʽʤʠ ʜʦʩʷʛʥʝʥʥʷʤʠ ʫ ʛʘʣʫʟʽ ʧʝʜʘʛʦʛʽʢʠ, ʧʩʠʭʦʣʦʛʽʾ, ʤʝʪʦʜʠʢʠ ʥʘʚʯʘʥʥʷ 

ʪʘ ʽʥʰʠʭ ʧʝʜʘʛʦʛʽʯʥʠʭ ʥʘʫʢ. ɺʦʥʠ ʻ ʚʘʞʣʠʚʠʤ ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʚʯʠʪʝʣʽʚ ʪʘ ʜʦʩʣʽʜʥʠʢʽʚ, ʷʢʽ ʧʨʘʛʥʫʪʴ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʦʩʚʽʪʠ ʚ ʋʢʨʘʾʥʽ. 

Å ʊʚʦʨʝʥʥʷ çʩʘʤʦʜʽʣʴʥʠʭè ɿʄɯ ʷʢ ʦʜʠʥ ʽʟ ʥʘʧʨʷʤʢʽʚ ʤʝʜʽʘʦʩʚʽʪʠ: 

Å ʄʝʜʽʘʦʩʚʽʪʘ ʥʘʙʫʣʘ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ. 

ʉʪʚʦʨʝʥʥʷ "ʩʘʤʦʜʽʣʴʥʠʭ" ɿʄɯ (ʟʘʩʦʙʽʚ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ), ʪʘʢʠʭ ʷʢ ʰʢʽʣʴʥʽ 

ʛʘʟʝʪʠ, ʚʣʘʩʥʽ ʚʝʙ-ʩʘʡʪʠ ʘʙʦ ʙʣʦˇʠ, ʤʦʞʝ ʩʪʘʪʠ ʮʽʢʘʚʠʤ ʽ ʢʦʨʠʩʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʪʘ ʫʯʥʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʥʘʚʯʠʪʠ ʾʭ ʘʥʘʣʽʟʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ, ʩʪʚʦʨʶʚʘʪʠ ʚʣʘʩʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʚʠʨʘʞʘʪʠ ʩʚʦʾ ʜʫʤʢʠ. ʇʨʠ ʮʴʦʤʫ, 

ʚʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ, ʧʦʚ'ʷʟʘʥʫ ʟ ʧʫʙʣʽʢʘʮʽʻʶ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʛʨʦʤʘʜʩʴʢʦʤʫ ʧʨʦʩʪʦʨʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʽ ʚʠʜʘʥʥʷ ʪʘ ʧʝʜʘʛʦʛʽʯʥʘ ʧʝʨʽʦʜʠʢʘ ʻ 

ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʩʫʯʘʩʥʦʾ ʦʩʚʽʪʠ ʚ ʋʢʨʘʾʥʽ, ʜʦʧʦʤʘʛʘʶʯʠ ʚʯʠʪʝʣʷʤ ʪʘ 

ʚʠʢʣʘʜʘʯʘʤ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ. ɸ ʩʪʚʦʨʝʥʥʷ 

"ʩʘʤʦʜʽʣʴʥʠʭ" ɿʄɯ ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʤʝʜʽʘʦʩʚʽʪʠ, ʜʦʧʦʤʘʛʘʶʯʠ 

ʩʪʫʜʝʥʪʘʤ ʽ ʫʯʥʷʤ ʨʦʟʚʠʚʘʪʠ ʥʘʚʠʯʢʠ ʘʥʘʣʽʟʫ ʽ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʥʪʝʨʥʝʪʽ 

ʪʘ ʤʝʜʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɸʣʣʘ ʄʦʣʦʜʠʯʝʥʢʦ ʟʘʧʨʦʧʦʥʫʚʘʣʘ ʢʦʥʮʝʧʮʽʶ 

ʚʣʘʩʥʦʛʦ ʧʝʨʽʦʜʠʯʥʦʛʦ ʚʠʜʘʥʥʷ ʤʝʜʠʯʥʦʾ/ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʩʧʨʷʤʣʽʚʥʦʩʪʽ: 

çMediInfo: ɼʞʝʨʝʣʦ ɿʜʦʨʦʚ'ʷè. ʉʧʨʷʤʫʚʘʥʥʷ: ʄʝʜʠʯʥʘ ʪʘ ʬʘʨʤʘʮʝʚʪʠʯʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʜʣʷ ʧʘʮʽʻʥʪʽʚ, ʬʘʭʽʚʮʽʚ ʪʘ ʚʩʽʭ, ʭʪʦ ʮʽʢʘʚʠʪʴʩʷ ʟʜʦʨʦʚ'ʷʤ. ʄʽʩʽʷ 

ʚʠʜʘʥʥʷ: ɿʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʫ, ʦʥʦʚʣʝʥʫ ʪʘ ʦʙ'ʻʢʪʠʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʤʝʜʠʮʠʥʫ ʪʘ ʬʘʨʤʘʮʽʶ, ʧʽʜʚʠʱʠʪʠ ʤʝʜʠʯʥʫ ʛʨʘʤʦʪʥʽʩʪʴ, ʩʧʨʠʷʪʠ ʩʚʽʜʦʤʦʤʫ 

ʚʠʙʦʨʫ ʣʽʢʫʚʘʥʥʷ ʪʘ ʟʜʦʨʦʚʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ. 

ʊʝʤʘʪʠʢʘ: Å ʄʝʜʠʯʥʽ ʥʦʚʠʥʠ: ʆʛʣʷʜʠ ʘʢʪʫʘʣʴʥʠʭ ʧʦʜʽʡ ʫ ʩʚʽʪʽ ʤʝʜʠʮʠʥʠ, 
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ʥʦʚʽʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʽʥʥʦʚʘʮʽʾ. Å ʃʽʢʫʚʘʥʥʷ ʪʘ ʧʨʦʬʽʣʘʢʪʠʢʘ: ʉʪʘʪʪʽ ʧʨʦ 

ʤʝʪʦʜʠ ʣʽʢʫʚʘʥʥʷ ʨʽʟʥʠʭ ʭʚʦʨʦʙ, ʧʨʦʬʽʣʘʢʪʠʢʫ ʪʘ ʧʦʨʘʜʠ ʱʦʜʦ ʟʙʝʨʝʞʝʥʥʷ 

ʟʜʦʨʦʚ'ʷ. Å ʌʘʨʤʘʮʽʷ: ʆʛʣʷʜʠ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ, ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʪʘ 

ʨʝʮʝʧʪʫʨ, ʧʦʨʘʜʠ ʱʦʜʦ ʙʝʟʧʝʢʠ ʪʘ ʧʨʘʚʠʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. Å ɾʽʥʦʯʝ ʪʘ 

ʯʦʣʦʚʽʯʝ ʟʜʦʨʦʚ'ʷ: ʄʝʜʠʯʥʽ ʧʠʪʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʞʽʥʦʯʠʤ ʽ ʯʦʣʦʚʽʯʠʤ ʟʜʦʨʦʚ'ʷʤ, 

ʚʘʛʽʪʥʽʩʪʶ ʪʘ ʧʣʘʥʫʚʘʥʥʷʤ ʩʽʤ'ʾ. Å ʇʩʠʭʽʯʥʝ ʟʜʦʨʦʚ'ʷ: ʉʪʘʪʪʽ ʧʨʦ ʧʩʠʭʽʯʥʝ 

ʟʜʦʨʦʚ'ʷ, ʜʝʧʨʝʩʽʶ, ʩʪʨʝʩ, ʤʝʪʦʜʠ ʨʝʣʘʢʩʘʮʽʾ ʪʘ ʧʩʠʭʦʣʦʛʽʯʥʫ ʧʽʜʪʨʠʤʢʫ. 

Å ɿʜʦʨʦʚʠʡ ʩʧʦʩʽʙ ʞʠʪʪʷ: ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʜʦʨʦʚʦʛʦ ʭʘʨʯʫʚʘʥʥʷ, ʬʽʟʠʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ, ʚʽʜʤʦʚʠ ʚʽʜ ʰʢʽʜʣʠʚʠʭ ʟʚʠʯʦʢ, ʽʥ. ʘʩʧʝʢʪʠ ʟʜʦʨʦʚʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ. 

ʌʦʨʤʘʪʠ ʢʦʥʪʝʥʪʫ: Å ʉʪʘʪʪʽ: ɻʣʠʙʦʢʽ ʤʘʪʝʨʽʘʣʠ ʟ ʤʝʜʠʯʥʠʭ ʪʝʤ, ʱʦ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʘʫʢʠ ʪʘ ʜʦʢʘʟʽʚ. Å ɯʥʪʝʨʚ'ʶ: ɹʝʩʽʜʠ ʟ ʣʽʢʘʨʷʤʠ, 

ʬʘʨʤʘʮʝʚʪʘʤʠ ʪʘ ʧʘʮʽʻʥʪʘʤʠ, ʷʢʽ ʜʽʣʷʪʴʩʷ ʩʚʦʾʤʠ ʜʦʩʚʽʜʘʤʠ ʪʘ ʝʢʩʧʝʨʪʥʦʶ 

ʜʫʤʢʦʶ. Å ɺʽʜʝʦ-ʢʦʥʪʝʥʪ: ɺʽʜʝʦʦʛʣʷʜʠ ʤʝʜʠʯʥʠʭ ʧʨʦʮʝʜʫʨ, ʽʥʪʝʨʚ'ʶ, 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʚʽʜʝʦʨʦʣʠʢʠ. Å ʇʦʜʢʘʩʪʠ: ɸʫʜʽʦʽʥʪʝʨʚ'ʶ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ ʤʝʜʠʯʥʠʭ 

ʪʝʤ ʟ ʝʢʩʧʝʨʪʘʤʠ. Å ɻʨʘʬʽʢʘ ʪʘ ʽʥʬʦʛʨʘʬʽʢʘ: ɯʣʶʩʪʨʘʮʽʾ, ʩʭʝʤʠ ʪʘ ʽʥʬʦʛʨʘʬʽʯʥʠʡ 

ʤʘʪʝʨʽʘʣ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʠʭ ʧʦʥʷʪʴ. ʄʦʥʝʪʠʟʘʮʽʷ: 

ʗʢ ʙʘʯʠʤʦ. ʊʝʤʘʪʠʢʘ ʨʦʟʜʽʣʫ çʇʨʝʩʦʜʠʜʘʢʪʠʢʘè ʜʦʩʠʪʴ ʥʘʩʠʯʝʥʘ ʡ 

ʨ̔ ʟʥʦʤʘʥʽʪʥʘ. ɿʚʝʨʥʽʤʦ ʫʚʘʛʫ, ʱʦ ʚ ʫ ʚʠʜʘʚʥʠʯʠʭ ʩʪʨʫʢʪʫʨʘʭ ʛʘʣʫʟʽ çʆʭʦʨʦʥʘ 

ʟʜʦʨʦʚô̫è ʥʘʨʘʟʽ ʧʨʘʮʶʻ ʙʘʛʘʪʦ ʚʠʧʫʩʢʥʠʢʽʚ ʤʝʜʠʯʥʠʭ ʚʠʰʽʚ. ɿʚʠʯʘʡʥʦ. ɰʤ 

ʧʨʠʩʣʫʞʠʣʠʩʴ ʙʠ ʟʥʘʥʥʷ. ɿʜʦʙʫʪʽ ʥʘ ʩʪʫʜʝʥʪʩʴʢʽʡ ʣʘʚʽ. ʊʦʤʫ ʤʠ ʧʨʦʧʦʥʫʻʤʦ 

ʪʘʢʠʤ ʩʪʫʜʝʥʪʘʤ ʧʫʙʣʽʢʘʮʽʾ ʟ ʨʝʜʘʛʫʚʘʥʥʷ ʤʝʜʠʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ, ʟʦʢʨʝʤʘ. ʧʨʘʮʽ 

ɻ.ɻ.ʇʦʙʝʨʝʟʩʴʢʦʾ, ʜʝ ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʜʘʛʫʚʘʥʥʷ ʤʝʜʠʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ; 

ʚʠʷʚʣʝʥʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʦʰʠʨʝʥʽ ʣʽʥʛʚʽʩʪʠʯʥʦ-ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʤʠʣʢʠ, ʱʦ 

ʪʨʘʧʣʷʶʪʴʩʷ ʚ ʤʝʜʠʯʥʽʡ ʧʝʨʽʦʜʠʮʽ, ʦʧʠʩʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʟ ʬʘʢʪʠʯʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ, ʚʠʟʥʘʯʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʨʝʜʘʛʫʚʘʥʥʷ ʤʝʜʠʯʥʦʛʦ 

ʬʘʭʦʚʦʛʦ ʞʫʨʥʘʣʫðʘʥʘʣʽʟ ʪʝʤʠ ʘʚʪʦʨʩʴʢʦʛʦ ʦʨʠʛʽʥʘʣʫ [15], ʘ ʪʘʢʦʞ ʥʘʚʝʜʝʥʦ 

ʧʨʠʢʣʘʜʠ, ʚʢʘʟʘʥʦ ʪʠʧʦʚʽ ʧʦʤʠʣʢʠ, ʷʢʠʭ ʧʨʠʧʫʩʢʘʶʪʴʩʷ ʨʝʜʘʢʪʦʨʠ. 

ɸʢʮʝʥʪʦʚʘʥʦ ʘʩʧʝʢʪ ʚʠʩʦʢʦʛʦ ʧʨʦʬʝʩʽʦʥʘʣʽʟʤʫ ʨʝʜʘʢʪʦʨʘ ʤʝʜʠʯʥʦʛʦ ʞʫʨʥʘʣʫ, 

ʷʢʠʡ ʬʦʨʤʫʻʪʴʩʷ, ʟʦʢʨʝʤʘ, ʟ: ʛʣʠʙʦʢʦʾ ʦʙʽʟʥʘʥʦʩʪʽ ʚ ʪʽʡ ʛʘʣʫʟʽ ʤʝʜʠʮʠʥʠ, ʜʦ ʷʢʦʾ 

ʥʘʣʝʞʠʪʴ ʡʦʛʦ ʚʠʜʘʥʥʷ; ʧʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ ʟ ʜʞʝʨʝʣʘʤʠ ʧʨʦʬʝʩʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 
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ɿʘʟʥʘʯʝʥʦ ʩʘʡʪʠ ʜʣʷ ʧʨʦʬʝʩʽʡʥʦʾ ʩʘʤʦʦʩʚʽʪʠ ʨʝʜʘʢʪʦʨʘ ʤʝʜʠʯʥʦʛʦ ʞʫʨʥʘʣʫ. 

ʈʝʜʘʢʪʦʨ ʤʝʜʠʯʥʦʛʦ ʚʠʜʘʥʥʷ ʤʘʻ ʤʘʪʠ ʬʘʭʦʚʫ ʦʩʚʽʪʫ. ʉʧʝʮʢʫʨʩ çʄʝʜʠʯʥʘ 

ʞʫʨʥʘʣʽʩʪʠʢʘè ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʩʪʦʨʽ ʋʢʨʘʾʥʠ. ʄʦʞʥʘ 

ʧʦʨʝʢʦʤʝʥʜʫʚʘʪʠ ʪʘʢʽ ʩʧʝʮʢʫʨʩʠ ʽ ʚ ʤʝʜʠʯʥʠʭ ʚʠʰʘʭ. 

ɺʠʩʥʦʚʢʠ. ɺʠʜʘʚʥʠʯʘ ʜʽʷʣʴʥʽʩʪʴ ʤʝʜʠʯʥʦʾ ʛʘʣʫʟʽ, ʚʠʦʢʨʝʤʣʝʥʥʷ 

ʤʝʜʠʯʥʦʾ ʞʫʨʥʘʣʽʩʪʠʢʠ ʷʢ ʦʩʦʙʣʠʚʦʛʦ ʚʠʜʫ ʬʘʭʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʯʝʨʝʟ ʩʧʝʮʢʫʨʩ 

çʇʨʦʬʝʩʽʡʥʦ ʦʨʽʻʥʪʦʚʘʥʘ ʤʝʜʽʘʦʩʚʽʪʘè ʩʧʨʠʷʪʠʤʝ ʨʦʟʚʠʪʢʦʚʽ ʬʘʭʦʚʦʾ 

ʤʝʜʽʘʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʤʝʜʠʯʥʦʛʦ ʧʨʘʮʽʚʥʠʢʘ. [16]. 
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ɺɯɼʆɹʈɸɾɽʅʅʗ ʋʂʈɸɰʅʉʔʂʆɻʆ ʉʊʀʃʖ ʇʈʀ ʈʆɿʈʆɹʎɯ 

ɯʅʊɽʈôɭʈʋ ɻʆʊɽʃʔʅʆ-ʈɽʉʊʆʈɸʅʅʆɻʆ ɻʆʉʇʆɼɸʈʉʊɺɸ 

 

ʉʝʜʣʝʮʴʢʘ ʆʣʝʥʘ ɺʦʣʦʜʠʤʠʨʽʚʥʘ, 

ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ 

ʪʫʨʠʩʪʠʯʥʦʛʦ ʪʘ ʛʦʪʝʣʴʥʦ - ʨʝʩʪʦʨʘʥʥʦʛʦ ʙʽʟʥʝʩʫ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʛʫʤʘʥʽʪʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʠʥʘ 

 

ɸʥʦʪʘʮʽʠʷ: ɿʘʩʪʦʩʫʚʘʥʥʷ ʫʢʨʘʾʥʩʴʢʦʛʦ ʩʪʠʣʶ ʚ ʽʥʪʝʨôʻʨʘʭ ʛʦʪʝʣʶ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʦʤ ʚ ʜʠʟʘʡʥʽ, ʘʜʞʝ ʜʦʟʚʦʣʷʻ ʛʦʩʪʷʤ ʢʨʘʾʥʠ ʚʞʝ ʥʘ ʝʪʘʧʽ 

ʚʠʙʦʨʫ ʤʽʩʮʷ ʪʠʤʯʘʩʦʚʦʛʦ ʧʨʦʞʠʚʘʥʥʷ ʚʽʜʯʫʪʠ çʜʫʭ ʤʽʩʮʷè, ʦʩʦʙʣʠʚʦʩʪʽ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʘʪʤʦʩʬʝʨʫ ʘʚʪʝʥʪʠʯʥʦʩʪʽ, ʱʦ ʧʽʜʚʠʱʫʻ ʧʦʧʫʣʷʨʥʽʩʪʴ 

ʟʘʢʣʘʜʫ, ʘʜʞʝ ʚʩʝ ʙʽʣʴʰʝ ʣʶʜʝʡ ʫ ʩʚʽʪʽ ʚʚʘʞʘʶʪʴ ʋʢʨʘʾʥʫ ʥʝʧʦʚʪʦʨʥʦʶ ʪʘ 

ʻʜʠʥʦʶ ʫ ʩʚʦʻʤʫ ʨʦʜʽ, ʷʢʘ ʤʘʻ ʮʽʢʘʚʠʡ ʢʦʣʦʨʠʪ. ɽʪʥʦʩʪʠʣʴ ʚ 

ʽʥʪʝʨôʻʨʽ - ʧʦʻʜʥʘʥʥʷ ʪʨʘʜʠʮʽʡ, ʧʘʪʨʽʦʪʠʟʤʫ ʪʘ ʻʜʥʦʩʪʽ. ʎʝ ʚʩʝ ʪʨʝʙʘ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʩʪʫʜʝʥʪʘʤʠ ʽʥʪʝʨôʻʨʽʚ ʷʢ ʤʘʡʙʫʪʥʽʭ ʬʘʭʽʚʮʽʚ ʮʽʻʾ 

ʩʧʨʘʚʠ. 

ʂʣʶʯʝʚʽ ʩʣʦʚʘ: ʛʦʪʝʣʽ, ʨʝʩʪʦʨʘʥ,ʝʪʥʠʯʥʠʡ ʜʠʟʘʡʥ, ʽʥʪʝʨô̒ ʨ, ʩʪʫʜʝʥʪʠ. 

 

ʇʦʥʷʪʪʷ ʝʪʥʦʩʪʠʣʶ ʚʠʥʠʢʣʦ ʜʘʚʥʦ, ʮʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʩʪʦʨʽʾ ʪʘ ʢʫʣʴʪʫʨʠ 

ʷʢʦʛʦʩʴ ʥʘʨʦʜʫ, ʡʦʛʦ ʪʨʘʜʠʮʽʡ ʪʘ ʜʫʭʦʚʥʠʭ ʮʽʥʥʦʩʪʝʡ, ʚʪʽʣʝʥʠʭ ʫ ʢʦʥʢʨʝʪʥʠʭ 

ʦʙ'ʻʢʪʘʭ ʽ ʟʘʩʦʙʘʭ ʦʙʣʘʰʪʫʚʘʥʥʷ ʽʥʪʝʨ'ʻʨʫ. ɽʪʥʦʩʪʠʣʴ ʫ ʛʦʪʝʣʴʥʦ-ʨʝʩʪʦʨʘʥʥʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʘʪʤʦʩʬʝʨʫ ʥʘʮʽʦʥʘʣʴʥʦʩʪʽ, ʷʢʘ ʧʨʠʪʘʤʘʥʥʘ ʧʝʚʥʦʤʫ 

ʥʘʨʦʜʦʚʽ. ɺʽʥ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʧʨʝʜʤʝʪʥʦ-ʧʨʦʩʪʦʨʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʢʦʣʦʨʠʪʫ ʪʨʘʜʠʮʽʡ ʧʝʚʥʦʛʦ ʥʘʨʦʜʫ ʪʘ ʢʫʣʴʪʫʨʠ 

[ʩ. 47, 1].  

ʈ. ɼ. ʄʠʭʘʡʣʦʚʘ ʪʘ ʖ. ʆ. ʇʣʠʩʶʢ ʫ ʩʚʦʻʤʫ ʜʦʩʣʽʜʞʝʥʥʽ [ʩ. 61, 2] 

ʟʘʟʥʘʯʘʶʪʴ, ʱʦ ʝʪʥʽʯʥʽ ʝʣʝʤʝʥʪʠ ʚ ʜʠʟʘʡʥʽ ʛʦʪʝʣʽʚ ʚʠʢʦʥʫʶʪʴ ʚʘʞʣʠʚʽ 

ʜʝʢʦʨʘʪʦʨʩʴʢʽ ʪʘ ʢʦʤʫʥʽʢʘʪʠʚʥʽ ʬʫʥʢʮʽʾ  ʟʤʽʩʪʦʚʥʦ-ʽʥʬʦʨʤʘʪʠʚʥʫ, 
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ʝʩʪʝʪʠʯʥʦ-ʜʝʢʦʨʘʪʠʚʥʫ, ʽʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʫ, ʦʟʥʘʡʦʤʯʦ-ʧʨʦʩʚʽʪʥʠʮʴʢʫ. ʗʢ 

ʧʨʘʚʠʣʦ, ʚ ʽʥʪʝʨôʻʨʘʭ ʝʪʥʽʯʥʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʜʝʢʦʨʫ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʢʫʣʴʪʫʨʫ ʪʘ ʽʩʪʦʨʽʶ ʚʝʣʠʢʦʾ ʝʪʥʽʯʥʦʾ ʛʨʫʧʠ, ʟ 

ʧʦʻʜʥʘʥʥʷʤ ʬʦʣʴʢʣʦʨʥʠʭ ʤʦʪʠʚʽʚ, ʷʢʽ ʟʚʝʨʪʘʶʪʴʩʷ ʜʦ ʪʨʘʜʠʮʽʡ ʥʘʨʦʜʫ. 

ʂʦʣʴʦʨʦʚʘ ʛʘʤʘ ʮʴʦʛʦ ʩʪʠʣʶ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʚʽʜʪʽʥʢʘʭ ʪʘ ʨʽʟʥʠʭ ʢʦʣʴʦʨʘʭ, 

ʫʩʝ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʚʠʙʨʘʥʦʾ ʥʘʮʽʦʥʘʣʴʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʩʪʽʥ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʰʪʫʢʘʪʫʨʢʫ, ʬʘʨʙʫʚʘʥʥʷ, ʢʘʤʽʥʴ, ʜʣʷ ʧʽʜʣʦʛʠ ð ʢʝʨʘʤʽʯʥʫ 

ʧʣʠʪʢʫ, ʜʝʨʝʚʦ, ʘ ʜʝʢʦʨʫʶʪʴ ʨʦʛʽʞʢʘʤʠ ʯʠ ʢʠʣʠʤʘʤʠ. ʋ ʜʝ ʷʢʠʭ ʛʦʩʧʦʜʘʨʩʪʚʘʭ 

ʧʦ-ʙʽʣʴʰʦʩʪʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʮʽʦʥʘʨʥʽ ʧʝʨʝʛʦʨʦʜʢʠ, ʾʭ ʟʘʤʽʥʶʶʪʴ ʥʘ 

ʧʝʨʝʩʫʚʥʽ ʯʠ ʥʘ ʰʠʨʤʠ, ʘ ʟʦʥʫʚʘʥʥʷ ʚʝʣʠʢʠʭ ʧʨʠʤʽʱʝʥʴ ʧʽʜʢʨʝʩʣʶʶʪʴ 

ʧʝʨʝʧʘʜʘʤʠ ʨʽʚʥʽʚ ʧʽʜʣʦʛʠ ʪʘ ʩʪʝʣʽ, ʤʝʙʣʷʤʠ, ʢʦʣʴʦʨʦʤ ʪʦʱʦ. ʅʘʡʙʽʣʴʰ ʮʽʢʘʚʠʤ 

ʝʪʥʽʯʥʠʤ ʩʪʠʣʝʤ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʫʢʨʘʾʥʩʴʢʠʡ ʩʪʠʣʴ. ʁʦʛʦ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʙʫʣʦʩʷ 

ʟʘʚʜʷʢʠ ʘʨʭʝʦʣʦʛʽʯʥʠʤ ʢʫʣʴʪʫʨʘʤ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʛʝʥʝʟʠʩʫ ʥʘʰʦʛʦ ʥʘʨʦʜʫ, 

ʷʢʽ ʟʘʣʠʰʝʥʽ ʥʘʱʘʜʢʘʤ ʥʘʜʙʘʥʥʷ ʤʠʩʪʝʮʪʚʘ ʪʘ ʢʫʣʴʪʫʨʠ. ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ 

ʈ. ɼ. ʄʠʭʘʡʣʦʚʦʾ ʪʘ ʖ. ʆ. ʇʣʠʩʶʢ ʜʠʟʘʡʥ ʽʥʪʝʨôʻʨʫ ʚ ʫʢʨʘʾʥʩʴʢʦʤʫ ʩʪʠʣʽ ʻ 

çʩʪʚʦʨʝʥʥʷ ʧʨʝʜʤʝʪʥʦʛʦ ʩʚʽʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙôʻʢʪʽʚ ʫʢʨʘʾʥʩʴʢʦʾ ʝʪʥʽʯʥʦʾ 

ʢʫʣʴʪʫʨʠè [ʩ. 61, 2]. ɿʘʚʜʘʥʥʷʤ ʜʠʟʘʡʥʝʨʘ ʻ ʛʘʨʤʦʥʽʡʥʝ ʧʦʻʜʥʘʥʥʷ ʪʘʢʠʭ 

ʦʙôʻʢʪʽʚ ʚ ʽʥʪʝʨôʻʨʽ ʥʘ ʦʩʥʦʚʽ ʧʝʚʥʦʾ ʚʠʙʽʨʢʦʚʦʩʪʽ, ʚʠʟʥʘʯʝʥʦʾ ʪʝʤʠ, ʪʘʢ, ʱʦʙ 

ʨʝʟʫʣʴʪʘʪʦʤ ʙʫʣʘ ʮʽʢʘʚʘ ʜʣʷ ʚʽʜʚʽʜʫʚʘʯʘ ʽʩʪʦʨʽʷ, ʮʽʣʽʩʥʠʡ ʦʙʨʘʟ, ʱʦ 

ʟʘʧʘʤôʷʪʦʚʫʻʪʴʩʷ. ʇʨʠʯʦʤʫ ʩʘʤ ʦʙʨʘʟ, ʩʪʚʦʨʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʧʨʘʜʘʚʥʽʭ ʬʦʨʤ, 

ʤʦʞʝ ʙʫʪʠ ʩʫʯʘʩʥʠʤ, ʝʤʦʮʽʡʥʦ-ʟʥʘʯʫʱʠʤ, ʢʨʝʘʪʠʚʥʠʤ. ʊʝʤʫ ʝʪʥʽʯʥʦʛʦ ʜʠʟʘʡʥʫ 

ʜʣʷ ʽʥʪʝʨôʻʨʫ ʛʦʪʝʣʶ ʤʦʞʥʘ ʟʥʘʡʪʠ, ʚʠʚʯʘʶʯʠ ʨʽʟʥʽ ʧʨʦʷʚʠ ʧʦʥʷʪʪʷ ʝʪʥʽʯʥʦʛʦ, 

ʪʦʯʥʽʰʝ, ʜʝʷʢʽ ʟʘʛʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʫʷʚʣʝʥʥʷ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʽʣʴʥʠʤʠ 

ʜʣʷ ʝʪʥʦʩʫ [ʩ. 64, 2]: ʥʘʷʚʥʽʩʪʴ ʩʧʽʣʴʥʦʛʦ ʤʽʬʫ ʧʨʦ ʧʦʭʦʜʞʝʥʥʷ ʥʘʨʦʜʫ, 

ʩʧʽʣʴʥʠʭ ʨʠʩ ʤʘʪʝʨʽʘʣʴʥʦʾ ʪʘ ʜʫʭʦʚʥʦʾ ʩʧʘʜʱʠʥʠ, ʤʦʚʠ, ʢʫʣʴʪʫʨʠ, ʧʦʯʫʪʪʷ 

ʽʜʝʥʪʠʯʥʦʩʪʽ.  

ʉʬʦʨʤʫʚʘʪʠ ʝʪʥʽʯʥʠʡ ʩʪʠʣʴ ʚ ʽʥʪʝʨôʻʨʽ ʦʟʥʘʯʘʻ ʟʥʘʡʪʠ ʩʫʢʫʧʥʽʩʪʴ 

ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʭ ʨʠʩ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʭʫʜʦʞʥʽʭ ʬʦʨʤ ʧʝʚʥʦʛʦ ʥʘʨʦʜʫ, 

ʨʝʛʽʦʥʫ, ʢʨʘʾʥʠ, ʽʩʪʦʨʠʯʥʦʛʦ ʧʝʨʽʦʜʫ, ʱʦ ʻ ʦʩʦʙʣʠʚʠʤʠ, ʪʘʢʠʤʠ, ʱʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʭʫʜʦʞʥʽʭ ʬʦʨʤ, ʧʨʠʪʘʤʘʥʥʠʭ ʽʥʰʠʤ ʥʘʨʦʜʘʤ, ʘʙʦ ʽʩʪʦʨʠʯʥʠʤ 
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ʧʝʨʽʦʜʘʤ ʨʦʟʚʠʪʢʫ ʤʠʩʪʝʮʪʚʘ ʪʦʛʦ ʩʘʤʦʛʦ ʥʘʨʦʜʫ.  

ʂʫʣʴʪʫʨʥʘ ʩʧʘʜʱʠʥʘ ʋʢʨʘʾʥʠ, ʾʾ ʽʩʪʦʨʠʯʥʽ, ʭʫʜʦʞʥʽ, ʧʦʙʫʪʦʚʽ ʪʨʘʜʠʮʽʾ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʙʘʛʘʪʠʤʠ. ɼʞʝʨʝʣʦʤ ʥʘʪʭʥʝʥʥʷ ʜʣʷ ʜʠʟʘʡʥʝʨʘ ʤʦʞʝ ʙʫʪʠ 

ʟʚʝʨʥʝʥʥʷ ʜʦ ʽʩʪʦʨʠʯʥʠʭ ʥʘʮʽʦʥʘʣʴʥʠʭ ʽʥʪʝʨôʻʨʽʚ, ʪʚʦʨʽʚ 

ʜʝʢʦʨʘʪʠʚʥʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʤʠʩʪʝʮʪʚʘ, ʟʙʝʨʝʞʝʥʠʭ ʚ ʤʫʟʝʷʭ, ʭʘʨʘʢʪʝʨʥʠʭ 

ʧʨʝʜʤʝʪʽʚ ʧʦʙʫʪʫ, ʰʝʜʝʚʨʽʚ ʨʝʤʽʩʥʠʢʽʚ, ʜʝʢʦʨʘʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ 

ʧʨʠʢʨʘʰʘʣʠ ʪʨʘʜʠʮʽʡʥʝ ʫʢʨʘʾʥʩʴʢʝ ʞʠʪʣʦ, ʥʘʨʦʜʥʦʾ ʩʠʤʚʦʣʽʢʠ.  

ɺʠʚʯʘʶʯʠ ʘʥʘʣʦʛʠ ï ʽʥʪʝʨôʻʨʠ ʩʫʯʘʩʥʠʭ ʜʠʟʘʡʥʝʨʽʚ, ʤʦʞʥʘ ʟôʷʩʫʚʘʪʠ, ʱʦ 

ʥʘ ʧʦʯʘʪʢʫ ʘʢʪʠʚʥʦʛʦ ʟʚʝʨʥʝʥʥʷ ʜʠʟʘʡʥʝʨʽʚ ʜʦ ʫʢʨʘʾʥʩʴʢʦʛʦ ʩʪʠʣʶ, ʧʽʜʭʽʜ 

ʧʦʚʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʟʨʘʟʢʽʚ ʙʫʚ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ. ɿ ʯʘʩʦʤ 

ʜʠʟʘʡʥʝʨʠ ʩʪʘʣʠ ʚʩʝ ʙʽʣʴʰʝ ʟʚʝʨʪʘʪʠʩʷ ʜʦ ʭʫʜʦʞʥʴʦʛʦ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ 

ʽʩʪʦʨʠʯʥʦʾ ʩʧʘʜʱʠʥʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʽʪʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [ʩ. 151, 3].  

ʅʘʩʪʫʧʘʻ ʥʦʚʠʡ ʝʪʘʧ ʩʪʠʣʽʩʪʠʯʥʠʭ ʧʦʰʫʢʽʚ, ʘ ʩʘʤʝ ʟʚʝʨʥʝʥʥʷ ʜʦ 

ʘʩʦʮʽʘʪʠʚʥʠʭ ʪʘ ʝʤʦʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʪʘ ʫʷʚʣʝʥʴ ʧʨʦ ʜʫʞʝ ʜʘʚʥʶ ʽʩʪʦʨʽʶ ʘʙʦ 

ʢʘʟʢʠ. 

ɼʠʟʘʡʥʝʨʠ ʥʘʤʘʛʘʶʪʴʩʷ ʫ ʩʚʦʾʭ ʧʨʦʝʢʪʘʭ ʟʥʘʡʪʠ ʷʢʽʩʴ ʛʣʠʙʠʥʥʽ ʟʘʛʘʣʴʥʽ 

ʦʙʨʘʟʠ, ʬʦʨʤʠ ʪʘ ʚʠʦʢʨʝʤʠʪʠ ʜʝʷʢʽ ʧʨʠʡʦʤʠ ʩʪʚʦʨʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʢʦʣʦʨʠʪʫ 

ʚ ʩʫʯʘʩʥʦʤʫ ʽʥʪʝʨôʻʨʽ.  

ʄʽʥʽʤʘʣʽʩʪʩʴʢʘ ʦʩʥʦʚʘ ʽʥʪʝʨôʻʨʫ, ʙʽʣʝ ʪʨʘʜʠʮʽʡʥʝ ʪʣʦ, ʛʝʦʤʝʪʨʠʯʥʽ ʬʦʨʤʠ, 

ʱʦ ʜʦʧʦʚʥʶʻʪʴʩʷ ʚʠʪʦʥʯʝʥʠʤ ʜʝʢʦʨʦʤ ʫ ʭʘʨʘʢʪʝʨʥʽʡ ʢʦʣʴʦʨʦʚʽʡ ʛʘʤʽ, ʤʝʙʣʷʤʠ 

ʟ ʤʘʩʠʚʫ ʜʝʨʝʚʠʥʠ, ʚʠʨʦʙʘʤʠ ʪʨʘʜʠʮʽʡʥʠʭ ʫʢʨʘʾʥʩʴʢʠʭ ʨʝʤʝʩʝʣ, ʝʣʝʤʝʥʪʘʤʠ ʽʟ 

ʪʨʘʜʠʮʽʡʥʦʶ ʚʠʰʠʚʢʦʶ ʪʘ ʚʽʟʝʨʫʥʢʘʤʠ.  

ʇʨʠʡʦʤ ʢʦʥʪʨʘʩʪʫ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʬʦʨʤ ʪʘ ʤʘʪʝʨʽʘʣʽʚ (ʩʢʣʦ, 

ʧʦʣʽʨʦʚʘʥʠʡ ʤʝʪʘʣ, ʙʝʪʦʥ ʪʦʱʦ) ʧʦʨʷʜ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ, ʪʚʦʨʽʚ ʩʫʯʘʩʥʦʛʦ 

ʤʠʩʪʝʮʪʚʘ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʪʚʦʨʽʚ ʩʫʯʘʩʥʦʛʦ ʧʨʝʜʤʝʪʥʦʛʦ ʜʠʟʘʡʥʫ) ʜʣʷ ʧʽʜʩʠʣʝʥʥʷ 

ʟʥʘʯʫʱʦʩʪʽ ʘʚʪʝʥʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ.  

ʈʦʟʚʠʪʦʢ ʩʮʝʥʘʨʽʶ ʽʥʪʝʨôʻʨʫ ʚʽʜ ʮʝʥʪʨʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʷʢʦʤʫ ʥʘʜʘʻʪʴʩʷ 

ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ, ʷʢ ʪʨʘʜʠʮʽʡʥʠʡ ʽʥʪʝʨôʻʨ ʦʨʛʘʥʽʟʦʚʘʥʠʡ ʥʘʚʢʦʣʦ ʧʝʯʽ (ʨʠʩ.1).  
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ʈʠʩ. 1 ʇʨʠʢʣʘʜ ʽʥʪʝʨôʻʨʫ ʢʘʬʝ çʄʨʽʷ ʂʦʟʘʢʘè 

ʤ. ʂʘʤôʷʥʝʮʴ ï ʇʦʜʽʣʴʩʴʢʠʡ. 

 

ɽʪʥʦʩʪʠʣʴ ʥʘʜʘʻ ʽʥʪʝʨôʻʨʫ ʫʥʽʢʘʣʴʥʦʩʪʽ ʪʘ ʥʝʟʘʙʫʪʥʦʩʪʽ. ʉʫʯʘʩʥʠʡ 

ʫʢʨʘʾʥʩʴʢʠʡ ʩʪʠʣʴ ʧʦʻʜʥʫʻ ʧʨʝʜʤʝʪʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʢʫʣʴʪʫʨʥʽ ʪʘ 

ʽʩʪʦʨʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʥʘʮʽʦʥʘʣʴʥʽ ʪʨʘʜʠʮʽʾ ʟ ʘʢʪʫʘʣʴʥʦʶ ʤʽʥʽʤʘʣʽʩʪʩʴʢʦʶ 

ʦʩʥʦʚʦʶ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʻ ʜʠʟʘʡʥʠ ʽʥʪʝʨôʻʨʽʚ ɺʽʢʪʦʨʽʾ ʗʢʫʰʽ [4]. ʋʢʨʘʾʥʩʴʢʘ 

ʘʨʭʽʪʝʢʪʦʨʢʘ ʽ ʜʠʟʘʡʥʝʨʢʘ ɺʽʢʪʦʨʽʷ ʗʢʫʰʘ, ʢʝʨʽʚʥʠʮʷ ʜʠʟʘʡʥ ʩʪʫʜʽʾ Yakusha 

Design, ʘʚʪʦʨʢʘ ʢʦʣʝʢʮʽʾ ʧʨʝʜʤʝʪʥʦʛʦ ʜʠʟʘʡʥʫ FAINA ʟʘʚʞʜʠ ʥʘʜʠʭʘʣʘʩʷ ʫ 

ʩʚʦʾʡ ʪʚʦʨʯʦʩʪʽ ʫʢʨʘʾʥʩʴʢʦʶ ʢʫʣʴʪʫʨʦʶ, ʪʨʘʜʠʮʽʷʤʠ ʨʝʤʽʩʥʠʮʪʚʘ ʪʘ ʧʨʠʨʦʜʦʶ, 

ʧʝʨʝʦʩʤʠʩʣʶʶʯʠ ʾʭ ʫ ʩʚʽʡ ʚʣʘʩʥʠʡ ʩʧʦʩʽʙ. ɼʣʷ ʾʾ ʽʥʪʝʨôʻʨʽʚ ʭʘʨʘʢʪʝʨʥʽ 

ʣʘʢʦʥʽʯʥʽʩʪʴ, ʥʘʪʫʨʘʣʴʥʽʩʪʴ ʪʘ ʟʥʘʢʦʚʽʩʪʴ, ʪʦʥʢʠʡ ʧʨʠʩʤʘʢ ʘʨʭʘʾʢʠ, ʷʢ ʩʧʦʛʘʜʠ 

ʧʨʦ ʩʚʽʪʦʩʧʨʠʡʥʷʪʪʷ ʧʨʝʜʢʽʚ (ʨʠʩ. 2).  

 

ʈʠʩ. 2 ʇʨʠʢʣʘʜ ʽʥʪʝʨôʻʨʫ ɺʽʢʪʦʨʽʾ ʗʢʫʰʽ. 
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ɺʩʝ ʯʘʩʪʽʰʝ ʜʠʟʘʡʥʝʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫʢʨʘʾʥʩʴʢʽ ʝʣʝʤʝʥʪʠ ʚ ʩʚʦʾʭ ʨʦʙʦʪʘʭ, 

ʙʦ ʚʚʘʞʘʶʪʴ ʋʢʨʘʾʥʫ ʥʝʧʦʚʪʦʨʥʦʶ ʪʘ ʻʜʠʥʦʶ ʫ ʩʚʦʻʤʫ ʨʦʜʽ, ʷʢʘ ʤʘʻ ʮʽʢʘʚʠʡ 

ʢʦʣʦʨʠʪ (ʨʠʩ. 3).  

 

ʈʠʩ.3 ʇʨʠʢʣʘʜ ʽʥʪʝʨô̒ ʨʽʚ ʜʠʟʘʡʥʝʨʘ ʂ.ʊʫʨʯʠʥʦʾ. 

ʅʘʚʢʦʣʠʰʥʽʡ ʩʚʽʪ ʜʠʢʪʫʻ ʩʚʦʾ ʪʝʥʜʝʥʮʽʾ. ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʧʦʟʠʪʠʚʥʠʭ ʻ 

ʪʫʨʙʦʪʘ ʧʨʦ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʉʴʦʛʦʜʥʽ ʫ ʩʚʽʪʽ ʽʩʥʫʻ ʙʝʟʣʽʯ ʟʘʢʣʘʜʽʚ 

ʨʝʩʪʦʨʘʥʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʷʢʽ ʟ ʯʘʩʦʤ ʩʪʚʦʨʠʣʠ ʧʦʪʫʞʥʫ ʽʥʜʫʩʪʨʽʶ 

ʛʦʩʪʠʥʥʦʩʪʽ, ʫ ʷʢʽʡ ʧʨʘʮʶʶʪʴ ʤʽʣʴʡʦʥʠ ʧʨʦʬʝʩʽʦʥʘʣʽʚ, ʩʪʚʦʨʶʶʯʠ ʫʩʝ 

ʥʘʡʢʨʘʱʝ ʩʧʦʞʠʚʘʯʘʤ ʧʦʩʣʫʛ. ʆʜʠʥ ʟʘʢʣʘʜ ʨʝʩʪʦʨʘʥʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʥʰʦʛʦ ʘʩʦʨʪʠʤʝʥʪʦʤ ʧʦʩʣʫʛ, ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʰʠʨʦʢʠʤ ʤʝʥʶ, ʢʦʥʮʝʧʪʫʘʣʴʥʠʤ ʧʽʜʭʦʜʦʤ ʪʘ ʦʨʛʘʥʽʟʘʮʽʻʶ ʜʦʟʚʽʣʣʷ, ʧʨʦʪʝ ʚʩʽ 

ʚʦʥʠ ʦʙôʻʜʥʘʥʽ ʩʧʽʣʴʥʦʶ ʤʝʪʦʶ ï ʮʝ ʥʘʡʙʽʣʴʰ ʧʦʚʥʝ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ 

ʩʧʦʞʠʚʘʯʽʚ ʫ ʧʨʦʜʫʢʮʽʾ ʪʘ ʙʘʞʘʥʠʭ ʧʦʩʣʫʛʘʭ. ʆʜʥʽʻʶ ʽʟ ʧʦʧʫʣʷʨʥʠʭ ʪʝʥʜʝʥʮʽʡ 

ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʽʥʪʝʨôʻʨʽʚ ʨʝʩʪʦʨʘʥʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʚ ʋʢʨʘʾʥʽ ʻ ʫʢʨʘʾʥʩʴʢʠʡ 

ʩʪʠʣʴ, ʘ ʪʘʢʦʞ ʦʨʽʻʥʪʘʮʽʷ ʥʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ. ʉʴʦʛʦʜʥʽ ʚʩʝ 

ʙʽʣʴʰʝ ʣʶʜʝʡ ʪʫʨʙʫʻʪʴʩʷ ʧʨʦ ʩʪʘʥ ʚʣʘʩʥʦʛʦ ʟʜʦʨʦʚôʷ ʽ ʥʘʙʫʚʘʻ ʧʦʧʫʣʷʨʥʦʩʪʽ 

ʨʫʭ ʧʨʘʚʠʣʴʥʦʛʦ ʭʘʨʯʫʚʘʥʥʷ.  

ʂʘʤôʷʥʝʮʴ-ʇʦʜʽʣʴʩʴʢʘ ʬʦʨʪʝʮʷ ð ʦʜʥʘ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʧʨʠʥʘʜ 

ʇʦʜʽʣʣʷ. ʂʘʤôʷʥʝʮʴ-ʇʦʜʽʣʴʩʴʢʠʡ ʟʘʤʦʢ ʧʝʨʝʪʚʦʨʠʚʩʷ ʟʽ ʟʚʠʯʥʦʛʦ ʤʫʟʝʡʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʥʘ ʞʠʚʠʡ ʦʨʛʘʥʽʟʤ, ʜʝ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʘʡʩʪʨʠ ʟʘʡʤʘʶʪʴʩʷ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʨʝʤʝʩʣʘʤʠ: ʛʦʥʯʘʨʩʪʚʦʤ, ʨʽʟʴʙʷʨʩʪʚʦʤ ʽ ʚʠʧʽʢʘʥʥʷʤ ʭʣʽʙʘ ʟʘ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʨʝʮʝʧʪʘʤʠ. ɯʩʪʦʨʠʯʥʘ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʜʘʣʘ ʮʽʡ ʩʧʦʨʫʜʽ ʥʦʚʠʡ 

ʧʦʜʠʭ, ʘ ʚʽʜʚʽʜʫʚʘʯʘʤ ð ʤʦʞʣʠʚʽʩʪʴ ʥʝ ʣʠʰʝ ʧʦʙʘʯʠʪʠ ʽʩʪʦʨʽʶ, ʘʣʝ ʡ ʥʝʥʘʜʦʚʛʦ 

ʟʘʥʫʨʠʪʠʩʴ ʫ ʥʝʾ, ʪʘʢ ʷʢ ʩʘʤʝ ʂʘʤôʷʥʝʮʴ-ʇʦʜʽʣʴʩʴʢʘ ʬʦʨʪʝʮʷ ʥʘʣʝʞʠʪʴ ʜʦ çʩʝʤʠ 

ʯʫʜʝʩ ʋʢʨʘʾʥʠè.  


