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TRITICALE BREEDING IMPROVEMENT WITH  

THE USE OF REMOTE HYBRIDIZATION  
 

Winter triticale (Triticosecale Wittmack) is used as a feed, food and industrial crop. The 

sown areas of these crops in the world reach 4 million hectares [1]. Priorities for triticale 

breeding are yield enhancement, stability and improvement of grain quality indicators. 

Insufficient plasticity of cultivars and breeding forms of triticale related to the limited genetic 

diversity of initial material requires enlarging the gene pool and increasing breeding efficiency 

by different methods. It has been established that hybridization of ecologically and 

geographically distant forms is an effective method of breeding [2]. Distant taxa, wild and 

semi-wild species, etc. may serve as donors of valuable characteristics [3]. The extensive 

formation process provided by remote hybridization can significantly expand the genetic 

diversity of the initial material and obtain recombinant forms with improved quantitative and 

qualitative indicators.  

The purpose of our research was to expand genetic diversity and create new winter triticale 

materials of high grain quality by remote hybridization and to involve them in the breeding process 

of creating high-yielding crop cultivars. 

Winter triticale samples were created by remote hybridization methods using multiple 

individual selections. In the hybridization system as parent material we included released winter 

(óRozivska 6ô, óAlkidô, óRarytetô) and spring (óKhlibodar Kharkivskyiô) triticale cultivars; triticale 

samples of self-selection, selected from hybrid flocks and obtained from gradual crossings of 

triticale cultivars among themselves and with spelt wheat (Triticum spelta L.); winter spelt wheat 

óZoria Ukrainyô; wild ruttishness (Elymus arenarius). Hybridization was carried out by manual 

castration of female flowers and their following controlled pollination with male flowers.  

F2ï5 hybrid progeny were analyzed for morphobiological and economically valuable 

features. Starting with the fourth generation, the best samples of economically valuable indicators 

were selected for further testing conducted during 2015ï2019. Calculating, phenological 

observations and defining quality indicators were conducted according to State qualification 

methodology of plant cultivars expertise on definition of suitability for distribution in Ukraine [4]. 

https://orcid.org/0000-0002-8534-5838
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Winter triticale óRarytetô was chosen as the standard. In the experiments a systematic method of 

plot location with 10 m2 accounting area was used. The experiment was repeated five times. The 

reliability of researches and the significance of the differences between the productivity indicators 

in the experimental studies were evaluated by the methodology of E. R. Ermantraut and 

V. P. Gudz [5] using the MS Excel application. 

A number of interspecific crossings were conducted during the research. The obtained F1 

hybrids were self-pollinated or crossed with the parental forms. The genetic diversity used in 

hybridization has provided a wide-ranging process of formation across hybrid generations. The 

work collection includes forms characterized by early maturity, low stem, high winter and frost 

resistance and other valuable features. Certain forms exceed the range of variability of parent 

materials in yield, protein and gluten content, ear productivity, etc. 

In terms of plant height, the collection includes a wide variety of shapes. The range of 

variability on this feature was 65ï139 cm. According to the classification of V.G. Shchypak [6], 

the created samples were divided into medium-stemmed (over 100 cm), low-stemmed (80ï

99 cm), short-stemmed (60ï79 cm) and dwarf (᾽ 60 cm). The most numerous and productive are 

low- and medium-stemmed groups. Significant decrease in height was observed in samples 61 and 

68 (95 and 87 cm, respectively) obtained in crossbreeding combinations, where tall-growth spelt 

was the parent form.  

Creating triticale samples of well-grained ear is an important task for plant breeding, as grain 

productivity is closely related to grain weight per ear. For that purpose, wild ruttishness (Elymus 

arenarius) characterized by long ear and high grain productivity was involved in the hybridization 

system. The progenies obtained with the participation of this species (sample 8) have formed an 

elongated inflorescence by 8.2 cm and increase in grain number per ear by 14 pieces. However, 

this sample showed a decrease in grain size, which negatively affected the grain weight per ear 

(1.75 g) and grain yield (5.78 t/ha). 

The main purpose of the research was the increase of protein and gluten content in the grain, 

which would improve its baking and technological properties. As a result, eight samples of triticale 

were obtained, which in the grain protein and gluten content significantly exceeded the standard 

and two samples were at the level of the standard. Samples obtained by hybridization of three-

species triticale with spelt wheat (28, 68, 83) and hexaploid forms with octaploid (33, 56) were 

characterized by the highest protein and gluten content. 

The established collection samples are constantly being tested. The search for the new 

valuable forms is ongoing. As a result of the conducted research, Navarra and Strateg cultivars 

were created and listed in the State Register of Plant Cultivars suitable for distribution in Ukraine 

from 2018. Breeding Sample 68 was selected, which, after comprehensive study and reproduction, 

is planned to be submitted to the State scientific and technical expertise. 

Conclusions. By the method of remote hybridization, a collection of winter triticale samples 

was created, comprising more than 300 specimens. It consists of unique recombinant forms that 

differ in morphobiological and economically valuable indicators. Sample 68 was selected, which 

combines high yield (6.95 t/ha) and grain quality (protein content ð12.8 %, gluten ð 27.8 %, 

1000-grain weight ð50.5 g, grain unit ð 690 g/l). Cultivars of winter triticale óNavarraô and 

óStrategô listed in the State Register of Plant Cultivars Suitable for Distribution in Ukraine from 

2018 have been created. 
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ʊʠʭʝʥʢʦ ʈʫʩʣʘʥ ɺʽʢʪʦʨʦʚʠʯ 

ORCID ID: 0000-0001-8716-1883 

ʢʘʥʜ. ʝʢʦʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʫʧʨʘʚʣʽʥʥʷ ʟʝʤʝʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʋʢʨʘʾʥʘ 

 

 

ɼɽɻʈɸɼɸʎɯʗ ɿɽʄɽʃʔ: ʇʈʆɹʃɽʄʀ ʊɸ ʐʃʗʍʀ 

ɺʀʈɯʐɽʅʅʗ ʅɸ ʈɽɻɯʆʅɸʃʔʅʆʄʋ ʈɯɺʅɯ 
 

ɿʥʘʯʥʠʡ ʨʦʟʚʠʪʦʢ ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟʫʤʦʚʣʝʥʠʡ ʩʫʪʪʻʚʠʤ 

ʟʤʝʥʰʝʥʥʷʤ ʜʝʨʞʘʚʥʠʭ ʘʩʠʛʥʫʚʘʥʴ ʢʦʤʧʣʝʢʩʫ ʟʝʤʣʝʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʏʠʩʣʝʥʥʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʚʥʘʩʣʽʜʦʢ ʢʨʠʟʦʚʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʬʘʢʪʠʯʥʦ ʥʝʩʧʨʦʤʦʞʥʽ ʧʨʦʚʦʜʠʪʠ 

ʽʥʚʝʩʪʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʝʤʣʝʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʣʘʩʥʠʭ ʢʦʰʪʽʚ. ʏʝʨʝʟ ʪʝ, 

ʧʨʦʙʣʝʤʘ ʦʭʦʨʦʥʠ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʘʛʨʦʣʘʥʜʰʘʬʪʘʭ ʻ ʥʝ ʪʽʣʴʢʠ ʥʝ ʚʠʨʽʰʝʥʦʶ, ʘ ʡ 

ʜʝʱʦ ʟʘʛʦʩʪʨʠʣʘʩʷ [2, 5, 14]. 

ʇʨʦʙʣʝʤʘ ʦʭʦʨʦʥʠ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʤʘʻ ʷʢ ʤʽʥʽʤʫʤ ʜʚʽ ʩʢʣʘʜʦʚʽ: 

ð ʩʪʨʘʪʝʛʽʯʥʘ (ʢʦʥʮʝʧʪʫʘʣʴʥʘ) 

ð ʪʘʢʪʠʯʥʘ (ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʘ). 

ʉʪʨʘʪʝʛʽʯʥʘ (ʢʦʥʮʝʧʪʫʘʣʴʥʘ) ʚʠʨʽʰʝʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ ʢʽʣʴʢʽʩʥʫ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʫ 

ʦʮʽʥʢʫ ʨʦʟʚʠʪʢʫ ʦʩʥʦʚʥʠʭ ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʘ ʪʘʢʦʞ ʥʝʙʝʟʧʝʢʠ ʪʘ ʩʪʫʧʝʥʶ ʾʭ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʜʝʨʞʘʚʠ. ɺ ʥʘʡʙʣʠʞʯʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʮʝ ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ 

ʚʠʟʥʘʯʠʪʠʩʷ ʽʟ ʦʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ˇʨʫʥʪʦʦʭʦʨʦʥʥʠʭ ʨʦʙʽʪ ʧʦ ʨʝʛʽʦʥʘʤ, 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʫ ʽʥʚʝʩʪʠʮʽʡʥʫ ʧʦʣʽʪʠʢʫ. 

ʉʫʪʴ ʪʘʢʪʠʢʠ ˇʨʫʥʪʦʦʭʦʨʦʥʥʠʭ ʨʦʙʽʪ ʧʦʣʷʛʘʻ ʧʝʨʝʜʫʩʽʤ ʫ ʨʦʟʨʦʙʮʽ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ 

ʧʨʦʝʢʪʽʚ ˇʨʫʥʪʦʟʘʭʠʩʥʦ-ʤʝʣʽʦʨʘʪʠʚʥʦʛʦ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ. ʇʨʠ ʮʴʦʤʫ ʥʝ ʧʦʚʠʥʥʦ 

ʙʫʪʠ ʟʘʛʘʣʴʥʠʭ ʩʭʝʤ, ʪʦʤʫ ʱʦ ʧʨʘʢʪʠʯʥʦ ʚʝʩʴ ʩʧʝʢʪʨ ʨʦʙʽʪ ʚʠʢʦʥʫʻʪʴʩʷ ʽʥʞʝʥʝʨʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʥʘ ʢʽʣʴʢʽʩʥʽʡ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʩʥʦʚʽ ʽʟ ʦʙʦʚôʷʟʢʦʚʠʤ ʫʨʘʭʫʚʘʥʥʷʤ ʡʤʦʚʽʨʥʦʩʪʽ 

ʧʨʦʷʚʫ ʪʠʭ ʯʠ ʽʥʰʠʭ ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ [1]. 

ɿʚʽʩʥʦ, ʝʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʩʥʦʚʥʠʭ ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʢʨʘʾʥʠ, ʷʢʽ ʩʫʪʪʻʚʦ ʧʦʛʽʨʰʫʶʪʴ ʽʩʥʫʶʯʠʡ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʟʘʛʨʦʞʫʶʪʴ ʩʘʤʦʤʫ ʽʩʥʫʚʘʥʥʶ ˇʨʫʥʪʫ ʷʢ ʦʩʥʦʚʥʦʛʦ ʟʘʩʦʙʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʥʝʟʘʤʽʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʙʽʦʩʬʝʨʠ ʮʚʽʣʦʤʫ [8, 11, 14]. ʏʝʨʝʟ ʪʝ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʧʨʦʪʠʝʨʦʟʽʡʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʩʪʘʣʠʭ 

ʘʛʨʦʣʘʥʜʰʘʬʪʽʚ ʩʴʦʛʦʜʥʽ ʧʦʚʠʥʥʦ ʙʫʪʠ ʧʨʽʦʨʠʪʝʪʥʠʤ ʟʘʚʜʘʥʥʷʤ [5, 13]. 

ɿ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ ʨʦʟʚʠʪʢʦʤ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ 

ʩʪʨʘʪʝʛʽʯʥʦʤʫ ʨʽʚʥʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʝʨʞʘʚʠ (ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ ʨʘʡʦʥʽʚ) ʚʠʦʢʨʝʤʣʝʥʦ 

25 ʛʨʫʥʪʦʚʦ-ʝʨʦʟʽʡʥʠʭ ʨʝʛʽʦʥʽʚ. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʨʦʙʣʝʥʦ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʙʣʦʢʠ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ 

ʤʦʜʝʣʝʡ ʪʘʢʠʭ ʘʛʨʦʣʘʥʜʰʘʬʪʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘʢʦʾ ʰʢʘʣʠ ʫʢʨʘʾʥʩʴʢʝ ʇʦʣʽʩʩʷ ʟʘʛʘʣʦʤ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʣʘʙʢʦʶ ʝʨʦʟʽʡʥʦʶ ʥʝʙʝʟʧʝʢʦʶ, ʘ ʚ ʜʝʷʢʠʭ ʤʽʩʮʷʭ ï ʾʾ ʚʽʜʩʫʪʥʽʩʪʶ. 

ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʝʨʦʟʽʡʥʦʾ ʥʝʙʝʟʧʝʢʠ ʢʦʥʩʪʨʫʢʮʽʷ ʘʛʨʦʣʘʥʜʰʘʬʪʫ ʤʦʞʝ ʥʝ ʤʘʪʠ 

ʧʨʦʪʠʝʨʦʟʽʡʥʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ. ʇʨʠ ʩʣʘʙʢʠʭ ʧʨʦʷʚʘʭ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʩʧʨʦʱʝʥʠʡ ʚʘʨʽʘʥʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʪʠʝʨʦʟʽʡʥʠʭ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ [5, 10]. 

ʅʘʡʙʽʣʴʰʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʧʨʦʪʠʜʽʾ ʨʦʟʚʠʪʢʫ ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʤʦʞʣʠʚʦ 

ʜʦʩʷʛʥʫʪʠ ʥʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʙʦʨʦʪʴʙʠ ʽʟ ʢʦʞʥʠʤ ʦʢʨʝʤʦ ʚʟʷʪʠʤ ʥʝʛʘʪʠʚʥʠʤ ʷʚʠʱʝʤ, ʘ ʣʠʰʝ 

ʚʥʘʩʣʽʜʦʢ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʩʠʩʪʝʤʥʦʩʪʽ ʧʨʠ 

ʚʧʨʦʚʘʜʞʝʥʥʽ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʟʘʭʦʜʽʚ [2, 7]. 

ɺʧʨʦʚʘʜʞʝʥʥʷʤ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʩʪʚʦʨʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʩʪʽʡʢʠʭ ʘʛʨʦʝʢʦʩʠʩʪʝʤ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʦʧʪʠʤʽʟʘʮʽʾ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʫʛʽʜʴ ʫ ʘʛʨʦʣʘʥʜʰʘʬʪʽ ʪʘ ʧʨʠʰʚʠʜʯʝʥʥʷ ʢʦʣʦʦʙʽʛʫ 
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ʝʥʝʨʛʽʾ [6, 15]. ʎʝ ʙʫʜʝ ʜʦʩʷʛʥʫʪʦ ʚʥʘʩʣʽʜʦʢ ʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʧʣʦʱ ʟʝʤʝʣʴ ʫ 

ʽʥʪʝʥʩʠʚʥʦʤʫ ʦʙʨʦʙʽʪʢʫ (ʤʘʡʞʝ 1,4 ʤʣʥ. ʛʘ ʫ ʧʨʘʚʦʙʝʨʝʞʥʦʤʫ ʇʦʣʽʩʩʽ). ɸ ʪʘʢʦʞ 

ʧʦʣʽʧʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʱʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ; ʟʘʣʫʯʝʥʥʷ 

ʟʘʩʦʙʽʚ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʛʨʦʣʘʥʜʰʘʬʪʽʚ, ʟʦʢʨʝʤʘ ʤʽʩʮʝʚʠʭ 

ʨʝʩʫʨʩʽʚ ʜʦʙʨʠʚ ʽ ʤʝʣʽʦʨʘʥʪʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ [2, 3, 6, 9, 15, 17] ʚʠʷʚʣʝʥʦ, ʱʦ ʩʪʨʫʢʪʫʨʘ 

ʘʛʨʦʣʘʥʜʰʘʬʪʫ, ʧʦʧʨʠ ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʬʦʨʤʫʚʘʥʥʷ (ʽʥʞʝʥʝʨʥʠʤʠ ʤʝʪʦʜʘʤʠ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʝʨʠʬʽʢʦʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ) ʫ ʢʦʞʥʽʡ ˇʨʫʥʪʦʚʦ-

ʢʣʽʤʘʪʠʯʥʽʡ ʟʦʥʽ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʚʽʜʥʦʩʥʦ ʷʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʫʛʽʜʴ ʪʘʢ 

ʽ ʦʧʪʠʤʽʟʘʮʽʾ ˇʨʫʥʪʦʚʦ-ʝʢʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʚʠʨʦʱʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣʴʪʫʨ ʫ ʤʝʞʘʭ ˇʨʫʥʪʦʟʘʭʠʩʥʦ-ʤʝʣʽʦʨʘʪʠʚʥʦʛʦ ʢʘʨʢʘʩʫ. 

ʇʨʘʚʦʙʝʨʝʞʥʝ ʇʦʣʽʩʩʷ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʝʣʠʢʫ ʤʦʥʦʪʦʥʥʫ ʩʣʘʙʢʦ ʜʨʝʥʦʚʘʥʫ 

ʨʽʚʥʠʥʫ ʽʟ ʩʠʣʴʥʦ ʨʦʟʚʠʥʝʥʠʤ ʤʝʟʦʨʝʣʴʻʬʦʤ ʫ ʚʠʛʣʷʜʽ ʤʦʨʝʥʥʠʭ ʛʦʨʙʽʚ. ʊʘʢʘ ʦʩʦʙʣʠʚʽʩʪʴ 

ʟʦʥʠ ʇʦʣʽʩʩʷ ʟʫʤʦʚʣʶʻ ʯʘʩʪʫ ʨʘʧʪʦʚʫ ʟʤʽʥʫ ʦʩʥʦʚʥʠʭ ʯʠʥʥʠʢʽʚ ˇʨʫʥʪʦʫʪʚʦʨʝʥʥʷ, ʷʢʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʚʦʨʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦ ʩʢʣʘʜʥʦʾ, ʤʦʟʘʾʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ 

[1]. ʉʘʤʝ ʪʦʤʫ ʚ ʫʤʦʚʘʭ ʪʘʢʦʾ ʩʪʨʦʢʘʪʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʇʦʣʽʩʴʢʦʾ ʟʦʥʠ 

ʧʝʨʰʦʯʝʨʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʥʝ ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ (ʦʩʦʙʣʠʚʦ ʥʘ ʨʽʚʥʠʥʥʠʭ 

ʪʝʨʠʪʦʨʽʷʭ), ʘ ʘʛʨʦʝʢʦʣʦʛʽʯʥʝ ʛʨʫʧʫʚʘʥʥʷ ʦʨʥʠʭ ʟʝʤʝʣʴ ʽʟ ʦʙʦʚôʷʟʢʦʚʠʤ ʚʨʘʭʫʚʘʥʥʷʤ 

ʙʽʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʢʨʝʤʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ [15]. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʂʠʾʚʩʴʢʦʤʫ ʘʛʨʦʛʨʫʥʪʦʚʦʤʫ ʨʘʡʦʥʽ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʽ ˇʨʫʥʪʠ (ʩʪʘʥʦʚʣʷʪʴ ʤʘʡʞʝ ʧôʷʪʫ ʯʘʩʪʠʥʫ ʬʦʥʜʫ ʦʨʥʠʭ 

ʟʝʤʝʣʴ ʂʠʾʚʱʠʥʠ), ʻ ʜʫʞʝ ʚʨʘʟʣʠʚʽ ʜʦ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ɺʥʘʩʣʽʜʦʢ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʩʠʪʴ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʪʘʢʽ ʜʝʛʨʘʜʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʷʢ: 

ʜʝʢʘʣʴʮʠʥʘʮʽʷ ʪʘ ʘʛʨʦʬʽʟʠʯʥʘ ʜʝʛʨʘʜʘʮʽʷ, ʜʝʛʫʤʽʬʽʢʘʮʽʷ [1]. 

ɺ ʧʝʨʰʫ ʯʝʨʛʫ, ʧʦʩʠʣʶʶʪʴʩʷ ʧʨʦʮʝʩʠ ʦʧʽʜʟʦʣʶʚʘʥʥʷ. ʅʘ ʥʝʫʜʦʙʨʝʥʠʭ ʜʽʣʷʥʢʘʭ ʟʘ 

ʨʦʪʘʮʽʶ 7-ʧʽʣʴʥʦʾ ʩʽʚʦʟʤʽʥʠ: ʨʅkcl ʟʤʝʥʰʠʚʩʷ ʥʘ 0,1-0,2 ʦʜ., ʚʤʽʩʪ ʢʘʣʴʮʽʶ ʪʘ ʤʘʛʥʽʶ ï ʥʘ 

9-23%. ʇʽʜʚʠʱʝʥʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ˇʨʫʥʪʽʚ ʽ ʟʤʝʥʰʝʥʥʷ ʩʪʫʧʝʥʷ ʥʘʩʠʯʝʥʦʩʪʽ ʾʭ ʦʩʥʦʚʘʤʠ 

ʟʫʤʦʚʣʶʻ ʧʦʩʪʽʡʥʽ ʚʪʨʘʪʠ ʛʫʤʫʩʫ (11-37 ʚʽʜʥʦʩʥʠʭ ʚʽʜʩʦʪʢʽʚ ʟʘ 14 ʨʦʢʽʚ). ɺ ʩʚʦʶ ʯʝʨʛʫ, 

ʜʝʛʫʤʽʬʽʢʘʮʽʷ ˇʨʫʥʪʽʚ ʩʧʨʠʯʠʥʷʻ ʟʥʘʯʥʝ ʧʦʛʽʨʰʝʥʥʷ ʦʩʥʦʚʥʠʭ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʪʠʭ ʜʽʣʷʥʢʘʭ, ʜʝ ʥʝ ʙʫʣʦ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʨʽʚʥʦʚʘʞʥʘ ʱʽʣʴʥʽʩʪʴ 

ʜʝʨʥʦʚʦ-ʧ̔ ʜʟʦʣʠʩʪʠʭ ʟʚôʷʟʥʦ-ʧʽʱʘʥʠʭ ˇʨʫʥʪʽʚ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ 1,67 ʛ/ʩʤ3, ʩʫʧʽʱʘʥʠʭ ï  

1,56 ʛ/ʩʤ3. ɿʘʛʘʣʴʥʘ ʧʦʨʠʩʪʽʩʪʴ ʧʦʥʠʞʫʚʘʪʠʩʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 36 ʪʘ 41% ʧʨʠ ʦʧʪʠʤʫʤʽ  

50-55%. ʎʝ ʚʢʘʟʫʻ ʥʘ ʥʝʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ˇʨʫʥʪʦʚʦ-ʬʽʟʠʯʥʠʭ ʯʠʥʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʾʭ ʩʫʪʪʻʚʝ 

ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʦʩʥʦʚʥʠʭ ʚʠʤʦʛ ʚʠʨʦʱʫʚʘʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. 

ʊʘʢ ʷʢ ʚʢʘʟʘʥʽ ʥʝʛʘʪʠʚʥʽ ʷʚʠʱʘ ʚʟʘʻʤʦʦʙʫʤʦʚʣʝʥʽ, ʪʦʤʫ ʡ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ˇʨʫʥʪʽʚ ʝʣʶʚʽʘʣʴʥʦʛʦ ʨʷʜʫ ʚʠʤʘʛʘʻ ʬʘʢʪʠʯʥʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʨʠʚ 

ʪʘ ʭʽʤʽʯʥʠʭ ʤʝʣʽʦʨʘʥʪʽʚ ʽʟ ʤʝʪʦʶ ʦʜʥʦʯʘʩʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʥʘʜʤʽʨʥʦʾ ʢʠʩʣʦʪʥʦʩʪʽ, 

ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ, ʦʙʤʽʥʥʠʭ ʦʩʥʦʚ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ [12]. 

ʇʦʣʽʧʰʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ ʝʣʶʚʽʘʣʴʥʦʛʦ ʨʷʜʫ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʚʥʝʩʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʪʘ ʢʘʣʴʮʽʻʚʤʽʩʥʠʭ ʩʧʦʣʫʢ ʟʫʤʦʚʣʶʻ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʛʨʦʮʝʥʦʟʽʚ ʥʘ 19-25 ʮ/ʛʘ ʟʝʨʥʦʚʠʭ ʦʜʠʥʠʮʴ ʱʦʨʽʯʥʦ. ɸ ʮʝ ʻ ʚʠʱʝ, ʥʽʞ ʥʘ 

ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʦʤʫ ʬʦʥʽ ʥʘ 10-25%. 

ɺʠʩʥʦʚʢʠ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʦʭʦʨʦʥʠ ʟʝʤʝʣʴ ʫ ʩʫʯʘʩʥʠʭ ʘʛʨʦʣʘʥʜʰʘʬʪʘʭ 

ʧʨʘʚʦʙʝʨʝʞʥʦʛʦ ʇʦʣʽʩʩʷ ʥʝʦʙʭʽʜʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʽʟ ʦʙʦʚôʷʟʢʦʚʠʤ ʫʨʘʭʫʚʘʥʥʷʤ 

ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʚʠʨʦʙʥʠʮʪʚʘ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ  

[3, 9]. ʎʝ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʯʝʨʝʟ ʨʦʟʨʦʙʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʝʢʪʽʚ ʟʝʤʣʝʫʩʪʨʦʶ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦ ʚʠʟʥʘʯʠʪʠ ʢʦʤʧʣʝʢʩ ʟʙʘʣʘʥʩʦʚʘʥʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʡ ʦʭʦʨʦʥʠ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʧʝʚʥʦʾ ʪʝʨʠʪʦʨʽʾ [4, 16]. 
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ʇʨʦʝʢʪʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ˇʨʫʥʪʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʪʝʨʠʪʦʨʽʾ ʧʦʚʠʥʥʦ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʩʪʨʦʛʦ ʽʥʞʝʥʝʨʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘ ʣʘʥʜʰʘʬʪʥʽʡ ʦʩʥʦʚʽ ʽʟ ʥʝʦʙʭʽʜʥʠʤ ʨʽʚʥʝʤ 

ʥʘʜʽʡʥʦʩʪʽ. ʆʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘʢʠʭ ʟʘʭʦʜʽʚ ʧʦʚʠʥʥʦ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʾʭ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʽʟ ʦʙʦʚôʷʟʢʦʚʠʤ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɽʢʦʣʦʛʦ-ʙʝʟʧʝʯʥʝ ʪʘ ʝʢʦʥʦʤʽʯʥʦ-ʜʦʮʽʣʴʥʝ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʦʥʦʚʠʭ ˇʨʫʥʪʽʚ ʧʨʘʚʦʙʝʨʝʞʥʦʛʦ ʇʦʣʽʩʩʷ ʧʦʪʨʝʙʫʻ ʩʠʩʪʝʤʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ, ʟʙʽʣʴʰʝʥʥʷ ʧʦʩʽʚʽʚ ʙʘʛʘʪʦʨʽʯʥʠʭ ʙʦʙʦʚʠʭ ʪʨʘʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʙʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʜʦʙʨʠʚʘ, ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʣʽʦʨʘʥʪʽʚ. 
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ʂʦʥʩʪʠʪʫʮʽʷ ʋʢʨʘʾʥʠ ʚʠʟʥʘʻ ʟʝʤʣʶ ʦʩʥʦʚʥʠʤ ʥʘʮʽʦʥʘʣʴʥʠʤ ʙʘʛʘʪʩʪʚʦʤ ʪʘ ʥʝʟʤʽʥʥʠʤ 
ʧʨʠʨʦʜʥʠʤ ʨʝʩʫʨʩʦʤ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʽʜ ʦʩʦʙʣʠʚʦʶ ʦʭʦʨʦʥʦʶ ʜʝʨʞʘʚʠ. ɿʚʘʞʘʶʯʠ ʥʘ 
ʩʪʘʥ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʠʡ ʙʣʠʟʴʢʠʡ ʜʦ ʢʨʠʪʠʯʥʦʛʦ, ʘ ʪʘʢʦʞ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʨʦʙʣʝʤ ʫ 
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ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʧʦʪʝʥʮʽʘʣʫ, ʪʘʢʽ ʷʢ: ʟʘʧʫʩʢ ʚʽʜʢʨʠʪʦʛʦ ʨʠʥʢʫ ʟʝʤʣʽ, ʜʝ 
ʫʩʽ ʦʪʨʠʤʫʶʪʴ ʨʽʚʥʽ ʧʨʘʚʘ, ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʧʨʘʚʦʚʦʛʦ ʧʦʣʷ, ʨʦʟʚʠʪʦʢ 
ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʛʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʤʽʥʽʤʽʟʘʮʽʷ ʨʽʚʥʷ 
ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʟʝʤʣʽ, ʪʦʱʦ.[1] 

ɿʘʧʨʦʚʘʜʞʝʥʘ ʟʝʤʝʣʴʥʘ ʨʝʬʦʨʤʘ ʧʦʚʠʥʥʘ ʙ ʙʫʣʘ ʩʧʨʠʷʪʠ ʩʪʨʽʤʢʦʤʫ ʨʦʟʚʠʪʢʫ 
ʝʢʦʥʦʤʽʢʠ, ʪʦʨʛʽʚʣʽ ʪʘ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʚ ʋʢʨʘʾʥʽ, ʧʨʦʪʝ ʮʴʦʛʦ ʥʝ ʚʽʜʙʫʣʦʩʴ! ʋ ʣʠʧʥʽ 
2021 ʨʦʮʽ ʚʽʜʙʫʜʝʪʴʩʷ ʽʩʪʦʨʠʯʥʘ ʧʦʜʽʷ, ʷʢʘ ʧʦʚʠʥʥʘ ʟʘʧʫʩʪʠʪʠ ʨʠʥʦʢ ʟʝʤʣʽ ʧʦ ʥʦʚʦʤʫ, ʮʝ ð 
ʩʢʘʩʫʚʘʥʥʷ ʤʦʨʘʪʦʨʽʶ ʥʘ ʧʨʦʜʘʞ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ ʪʘ ʚʽʜʢʨʠʪʪʷ ʨʠʥʢʫ ʟʝʤʣʽ. 
ʊʘʢʦʞ ʥʝʱʦʜʘʚʥʦ ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʘʛʨʘʨʥʠʡ ʨʝʻʩʪʨ, ʱʦ ʜʦʟʚʦʣʠʚ ʧʦʢʨʘʱʠʪʠ ʜʦʩʪʫʧʥʽʩʪʴ 
ʪʘ  ʽʥʬʦʨʤʘʮʽʡʥʽʩʪʴ ʢʘʜʘʩʪʨʦʚʠʭ ʜʘʥʠʭ, ʟʘʧʫʩʪʠʣʠ ʅʘʮʽʦʥʘʣʴʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ 
ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʧʨʦʪʝ ʮʝ ʣʠʰʝ ʯʘʩʪʠʥʘ ʚʝʣʠʢʠʭ ʟʤʽʥ, ʽ ʾʭ ʥʝʜʦʩʪʘʪʥʴʦ.  ʊʦʤʫ 
ʧʝʨʰʦʯʝʨʛʦʚʽʩʪʴ ʜʘʥʠʭ ʨʽʰʝʥʴ ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʛʦ 
ʝʬʝʢʪʠʚʥʦʛʦ ʟʝʤʝʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ, ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʜʝʨʝʛʫʣʷʮʽʾ ʫ ʩʬʝʨʽ ʟʝʤʝʣʴʥʠʭ 
ʚʽʜʥʦʩʠʥ, ʧʝʨʝʜʘʯʫ ʧʦʚʥʦʚʘʞʝʥʴ ʪʝʨʠʪʦʨʽʘʣʴʥʠʤ ʛʨʦʤʘʜʘʤ ʧʨʘʚʦ ʨʦʟʧʦʨʷʜʞʘʪʠʩʷ 
ʚʣʘʩʥʠʤʠ ʟʝʤʝʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʚʚʝʜʝʥʥʷ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʠʭ ʘʫʢʮʽʦʥʽʚ ʪʘ ʟʝʤʝʣʴʥʦʛʦ 
ʤʦʥʽʪʦʨʠʥʛʫ.  

ʆʪʦʞ, ʱʦʙ ʟʘʟʥʘʯʝʥʽ ʟʤʽʥʠ, ʷʢʽ ʙʫʣʠ ʚʚʝʜʝʥʽ - ʩʪʘʣʠ ʤʦʞʣʠʚʠʤʠ, ʥʝʦʙʭʽʜʥʦ 
ʧʝʨʰʦʯʝʨʛʦʚʦ ʟʘʪʚʝʨʜʠʪʠ ʪʘ ʧʨʠʡʥʷʪʠ ʨʦʟʨʦʙʣʝʥʽ ʟʘʢʦʥʦʧʨʦʻʢʪʠ ˉ 2194 çʇʨʦ ʚʥʝʩʝʥʥʷ 
ʟʤʽʥ ʜʦ ɿʝʤʝʣʴʥʦʛʦ ʢʦʜʝʢʩʫ ʋʢʨʘʾʥʠ ʪʘ ʽʥʰʠʭ ʟʘʢʦʥʦʜʘʚʯʠʭ ʘʢʪʽʚ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 
ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʜʝʨʝʛʫʣʷʮʽʾ ʫ ʩʬʝʨʽ ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥè, ˉ 2195 çʇʨʦ ʚʥʝʩʝʥʥʷ 
ʟʤʽʥ ʜʦ ʜʝʷʢʠʭ ʟʘʢʦʥʦʜʘʚʯʠʭ ʘʢʪʽʚ ʱʦʜʦ ʧʨʦʜʘʞʫ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʜʝʨʞʘʚʥʦʾ ʪʘ 
ʢʦʤʫʥʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ʘʙʦ ʧʨʘʚ ʥʘ ʥʠʭ (ʦʨʝʥʜʠ, ʩʫʧʝʨʬʽʮʽʶ, ʝʤʬʽʪʝʚʟʠʩʫ) ʯʝʨʝʟ ʝʣʝʢʪʨʦʥʥʽ 
ʘʫʢʮʽʦʥʠè, ̄ 3205-2 çʇʨʦ ʌʦʥʜ ʯʘʩʪʢʦʚʦʛʦ ʛʘʨʘʥʪʫʚʘʥʥʷ ʢʨʝʜʠʪʽʚ ʫ ʩʽʣʴʩʴʢʦʤʫ 
ʛʦʩʧʦʜʘʨʩʪʚʽè ʪʘ ̄ 3012-2 çʇʨʦ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʜʝʷʢʠʭ ʟʘʢʦʥʦʜʘʚʯʠʭ ʘʢʪʽʚ ʱʦʜʦ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʚʘ ʧʨʘʮʽʚʥʠʢʽʚ ʜʝʨʞʘʚʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʫʩʪʘʥʦʚ, 
ʦʨʛʘʥʽʟʘʮʽʡ ʥʘ ʦʜʝʨʞʘʥʥʷ ʟʝʤʝʣʴʥʦʾ ʯʘʩʪʢʠ (ʧʘʶ)è ʪʘ ʥʠʟʢʫ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ, ʷʢʽ  
ʤʦʞʫʪʴ ʩʪʘʪʠ ʪʘʢ ʟʚʘʥʦʶ ʥʦʚʦʶ ʟʝʤʝʣʴʥʦʶ ʢʦʥʩʪʠʪʫʮʽʻʶ.[2] 

ʊʘʢʦʞ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʢʨʦʢʽʚ ʪʘʢ ʟʚʘʥʦʾ ʟʝʤʝʣʴʥʦʾ ʨʝʬʦʨʤʠ ʧʦʚʠʥʥʘ ʩʪʘʪʠ 
ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʷ ʧʦʚʥʦʚʘʞʝʥʴ, ʜʝ ʟʝʤʣʷ ʤʘʻ ʙʫʪʠ ʧʝʨʝʜʘʥʘ  ʪʝʨʠʪʦʨʽʘʣʴʥʠʤ ʛʨʦʤʘʜʘʤ ʪʘ 
ʥʘʜʽʣʝʥʘ ʧʦʚʥʦʚʘʞʝʥʥʷʤʠ ʱʦʜʦ ʾʭ ʫʧʨʘʚʣʽʥʥʷ, ʨʦʟʧʦʨʷʜʞʝʥʥʷ ʽ ʢʦʥʪʨʦʣʶ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
ʆʪʦʞ, ʛʨʦʤʘʜʠ ʙʫʜʫʪʴ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ  ʪʘ ʨʦʟʧʦʨʷʜʞʘʪʠʩʴ ʟʝʤʣʷʤʠ ʚ 
ʚʣʘʩʥʠʭ ʽʥʪʝʨʝʩʘʭ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʙʽʣʴʰʠʪʠ ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʤʽʩʮʝʚʠʭ ʙʶʜʞʝʪʽʚ ʚʽʜ 
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ʦʧʦʜʘʪʢʫʚʘʥʥʷ ʪʘ ʦʨʝʥʜʠ ʟʝʤʝʣʴ ʫʩʽʭ ʢʘʪʝʛʦʨʽʡ ʽ ʬʦʨʤ ʚʣʘʩʥʦʩʪʽ, ʘ ʢʦʰʪʠ ʚʠʪʨʘʯʘʪʠ ʥʘ 
ʚʠʨʽʰʝʥʥʷ ʥʘʛʘʣʴʥʠʭ ʧʦʪʨʝʙ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʚʧʨʦʚʘʜʞʝʥʥ ̫ʝʣʝʢʪʨʦʥʥʠʭ ʘʫʢʮʽʦʥʽʚ, ʜʝ ʫʩʽ ʧʨʦʮʝʜʫʨʠ ʤʘʶʪʴ 
ʩʪʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʟʦʨʠʤʠ, ʜʦʩʪʦʚʽʨʥʠʤʠ ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ, ʱʦ ʥʘʜʘʩʪʴ ʨʽʚʥʽ 
ʤʦʞʣʠʚʦʩʪʽ ʫʩʽʤ ʫʯʘʩʥʠʢʘʤ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʜʝʨʝʛʫʣʷʮʽʶ, ʪʦʙʪʦ ʚʽʜʤʽʥʠʪʠ 
ʟʘʡʚʽ ʪʘ ʜʫʙʣʶʶʯʽ ʙʶʨʦʢʨʘʪʠʯʥʽ ʧʨʦʮʝʜʫʨʠ ʟ ʧʦʛʦʜʞʝʥʥʷ ʜʦʢʫʤʝʥʪʘʮʽʾ ʽʟ ʟʝʤʣʝʫʩʪʨʦʶ, 
ʦʧʫʙʣʽʢʫʚʘʪʠ ʚʩʽ ʦʙʤʝʞʝʥʥʷ ʽ ʦʙʪʷʞʝʥʥʷ ʥʘ ʟʝʤʝʣʴʥʫ ʜʽʣʷʥʢʫ ʪʘ ʚʽʜʦʙʨʘʟʠʪʠ ʾʭ ʥʘ ʧʫʙʣʽʯʥʽʡ 
ʢʘʜʘʩʪʨʦʚʽʡ ʢʘʨʪʽ. ʑʝ ʦʜʥʠʤ ʽʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʢʨʦʢʽʚ ʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ɼʝʨʞʛʝʦʢʘʜʘʩʪʨʫ ʥʘ 
ʩʝʨʚʽʩʥʦ ʦʨʽʻʥʪʦʚʘʥʫ ʩʣʫʞʙʫ, ʜʝ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʯʠʤʘʣʦ ʧʦʩʣʫʛ ʦʥʣʘʡʥ, ʘ ʪʘʢʦʞ ʚʚʝʜʝʥʥʷ 
ʤʦʥʽʪʦʨʠʥʛʫ ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ ʽ ʟʘʧʫʩʪʠʪʠ ʧʫʙʣʽʯʥʫ ʢʘʜʘʩʪʨʦʚʫ ʢʘʨʪʫ, ʱʦ ʪʘʢʦʞ ʜʘʩʪʴ 
ʤʦʞʣʠʚʽʩʪʴ ʧʦʢʨʘʱʠʪʠ ʧʨʦʟʦʨʽʩʪʴ ʧʫʙʣʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʾʾ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʪʘ ʧʦʚʥʦʪʫ. ɺʩʝ ʮʝ 
ʚ ʩʫʢʫʧʥʦʩʪʽ ʜʦʟʚʦʣʠʪʴ ʣʽʢʚʽʜʫʚʘʪʠ ʜʞʝʨʝʣʘ ʢʦʨʫʧʮʽʾ ʚ ʟʝʤʝʣʴʥʽʡ ʩʬʝʨʽ. [3] 

ɿ ʚ̔ʜʢʨʠʪʪʷʤ ʟʝʤʝʣʴʥʦʛʦ ʨʠʥʢʫ ʧʝʨʰʦʯʝʨʛʦʚʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚʠʚʘʪʠ ʽʧʦʪʝʯʥʝ 
ʢʨʝʜʠʪʫʚʘʥʥʷ, ɦ ʦ ʨʦʟʰʠʨʠʪʴ ʤʦʞʣʠʚʦʩʪʽ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʯʘʤ ʜʦʩʪʫʧʫ ʜʦ ʬʽʥʘʥʩʫʚʘʥʥʷ, 
ʘʜʞʝ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʜʽʣʷʥʢʠ ʩʪʘʥʫʪʴ ʦʧʪʠʤʘʣʴʥʦʶ ʟʘʩʪʘʚʦʶ ʜʣʷ ʙʘʥʢʽʚ. ʇʨʦʪʝ 
ʬʽʥʘʥʩʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʽ ʜʝʨʞʘʚʥʠʤʠ ʬʽʥʘʥʩʦʚʠʤʠ ʛʘʨʘʥʪʽʷʤʠ ʟ 
ʯʽʪʢʠʤʠ ʫʤʦʚʘʤʠ, ʘ ʪʘʢʦʞ ʜʝʨʞʘʚʽ  ʥʝʦʙʭʽʜʥʦ ʩʫʙʩʠʜʽʶʚʘʪʠ ʝʬʝʢʪʠʚʥʫ ʩʪʘʚʢʫ 
ʢʨʝʜʠʪʫʚʘʥʥʷ. ʎʝ ʥʘʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʨʝʜʠʪʥʽ ʢʦʰʪʠ ʥʘ ʟʘʧʨʦʚʘʜʞʝʥʥʷ 
ʟʘʭʦʜʽʚ, ̫ʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʪʝʥʮʽʘʣʫ ʟʝʤʝʣʴ 
ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʠʪʠ ʾʭ ʝʢʦʥʦʤʽʯʥʫ ʮʽʥʥʽʩʪʴ. 

ʆʪʦʞ, ʧʽʜʩʫʤʦʚʫʶʯʠ ʚʩʝ ʚʠʱʝ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʧʨʽʦʨʠʪʝʪʥʽ ʟʘʭʦʜʠ ʟ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʘ 
ʨʦʟʚʠʪʢʫ ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ, ɦ ʦ ʜʦʟʚʦʣʷʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ  ʧʽʜʚʠʱʝʥʥʷ 
ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʋʢʨʘʾʥʽ: 

- ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʾ ʟʝʤʝʣʴʥʦʾ ʨʝʬʦʨʤʠ ʧʦʚʠʥʥʦ ʚʽʜʙʫʚʘʪʠʩʴ ʪʽʣʴʢʠ ʚ ʥʘʣʝʞʥʽʡ 
ʧʨʘʚʦʚʽʡ ʙʘʟʽ, ʜʝ ʟʘ ʨʘʭʫʥʦʢ ʧʣʽʜʥʦʾ ʟʘʢʦʥʦʜʘʚʯʦʾ ʨʦʙʦʪʠ ʪʘ ʙʘʛʘʪʦʩʪʦʨʦʥʥʽʭ ʦʙʛʦʚʦʨʝʥʴ, 
ʜʦʟʚʦʣʠʪʴ ʜʦʩʠʪʴ ʦʧʝʨʘʪʠʚʥʦ ʚʽʜʢʨʠʪʠ ʨʠʥʦʢ ʟʝʤʣʽ; 

- ʧʨʦʚʝʜʝʥʥʷ ʜʝʨʝʛʫʣʷʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʫ ʩʬʝʨʽ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, ʷʢʘ 
ʜʦʟʚʦʣʠʪʴ ʫʩʫʥʫʪʠ ʭʘʙʘʨʥʠʮʪʚʦ ʪʘ ʢʦʨʫʧʮʽ,ʁ ʧʽʜʚʠʱʠʪʠ ʚʽʜʢʨʠʪʽʩʪʴ ʽ ʧʨʦʟʦʨʽʩʪʴ 
ʽʥʬʦʨʤʘʮʽʾ, ʟʥʷʪʠ ʦʙʤʝʞʝʥʥʷ ʽ ʦʙʪʷʞʝʥʥʷ ʜʦʟʚʦʣʠʪʴ ʩʧʨʦʩʪʠʪʠ ʟʝʤʝʣʴʥʽ ʚʽʜʥʦʩʠʥʠ; 

- ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʩʪʠʤʫʣʶʶʯʠʭ ʽ ʝʬʝʢʪʠʚʥʠʭ ʚʘʞʝʣʽʚ, ʨʦʟʚʠʪʦʢ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, 
ʚʽʜʢʨʠʪʪʷ ʪʘ ʽʥʪʝʛʨʘʮʽʷ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʚʚʝʜʝʥʥʷ ʧʫʙʣʽʯʥʦʾ ʢʘʜʘʩʪʨʦʚʦʾ ʢʘʨʪʠ, ʚ 
ʩʫʢʫʧʥʦʩʪʽ ʧʦʢʨʘʱʘʪʴ ʢʦʥʢʫʨʝʥʪʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ̔  ʩʪʚʦʨʷʪʴ ʩʧʨʠʷʪʣʠʚʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ 
ʨʦʟʚʠʪʢʫ ʙʽʟʥʝʩʫ:  

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʫʙʣʽʯʥʦʩʪʽ ʪʘ ʧʨʦʟʦʨʦʩʪʽ ʘʫʢʮʽʦʥʽʚ ʟ ʧʨʦʜʘʞʫ ʪʘ ʧʝʨʝʜʘʯʽ ʚ 
ʢʦʨʠʩʪʫʚʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʫʩʽʤ ʦʭʦʯʠʤ ʥʘ ʨʽʚʥʠʭ ʧʨʘʚʘʭ; 

- ʧʨʦʜʦʚʞʝʥʥʷ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʧʦʚʥʦʚʘʞʝʥʴ ʪʝʨʠʪʦʨʽʘʣʴʥʠʤ ʛʨʦʤʘʜʘʤ ʥʘ 
ʨʦʟʧʦʨʷʜʞʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʚ ʤʝʞʘʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʣʘʥʫʚʘʥʥʷ 
ʾʭʥʽʭ ʪʝʨʠʪʦʨʽʡ; 

- ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʘʥʪʠʢʦʨʫʧʮʽʡʥʦʾ ʪʘ ʘʥʪʠʨʝʡʜʝʨʩʴʢʦ ʾʧʦʣʽʪʠʢʠ; 

- ʜʦʩʪʫʧ ʜʦ ʢʨʝʜʠʪʫʚʘʥʥʷ ʪʘ ʜʝʨʞʘʚʥʦ ʾʧʽʜʪʨʠʤʢʠ. 
ʎʝ ʜʘʩʪʴ ʟʤʦʛʫ ʟʘʢʣʘʩʪʠ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʤʘʡʙʫʪʥʴʦʛʦ ʨʦʟʚʠʪʢʫ ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ, 

ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʚʩʪʘʥʦʚʣʝʥʥʷ 
ʚʽʜʢʨʠʪʦʛʦ ʪʘ ʧʨʦʟʦʨʦʛʦ ʨʠʥʢʫ ʟʝʤʝʣʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 
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ʁʦʩʠʧʝʥʢʦ ʂ. 

ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʫ ʘʛʨʦʥʦʤʽʾ 

ʋʤʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʘʜʽʚʥʠʮʪʚʘ, ʋʢʨʘʾʥʘ 
 

ɸʙʨʘʤʦʚʠʯ ɯ. 

ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʫ ʘʛʨʦʥʦʤʽʾ 

ʋʤʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʘʜʽʚʥʠʮʪʚʘ, ʋʢʨʘʾʥʘ 
 

ɹʘʥʠʨʘ ɺ. 

ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʫ ʘʛʨʦʥʦʤʽʾ 

ʋʤʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʘʜʽʚʥʠʮʪʚʘ, ʋʢʨʘʾʥʘ 
 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʦʮʶʙʘ ʉ. ʇ. 

ʢʘʥʜʠʜʘʪ ʩ.-ʛ. ʥʘʢʫ, ʜʦʮʝʥʪ 

ʋʤʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʘʜʽʚʥʠʮʪʚʘ, ʋʢʨʘʾʥʘ 
 

 

 

ʆʉʆɹʃʀɺʆʉʊɯ ɺʀɺʏɽʅʅʗ ʉʊɯʁʂʆʉʊɯ ɼʆ 

ɺʀʃʗɻɸʅʅʗ ʊɸ ʃɸʄʂʆʉʊɯ ʉʊɽɹʃɸ ʂʋʂʋʈʋɼɿʀ 

ɺ ʃɯʉʆʉʊɽʇʋ ʋʂʈɸɰʅʀ 
 

ɼʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʛʦʜʥʽ ʫʤʦʚʠ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʩʪʚʦʨʶʶʪʴ 

ʧʨʦʙʣʝʤʠ ʪʘ ʥʝʙʝʟʧʝʢʠ. ɻʣʦʙʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʩʴʦʛʦʜʝʥʥʷ  ̒ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʘʙʦ ʷʢ 

ʥʘʟʠʚʘʶʪʴ ʡʦʛʦ ʥʘʫʢʦʚʮʽ ñʢʣʽʤʘʪʠʯʥʘ ʢʨʠʟʘò ʮʝ ʜʫʞʝ ʩʪʨʽʤʢʘ ʟʤʽʥʘ ʢʣʽʤʘʪʫ ʯʝʨʝʟ 

ʧʽʜʚʠʱʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʽʰʦʚ ʙʝʟʧʦʚʦʨʦʪʥʽʡ ʧʨʦʮʝʩ ʧʦʪʝʧʣʽʥʥʷ  ̔ʻʜʠʥʝ ʦɦ ʤʠ 

ʤʦʞʝʤʦ ʟʨʦʙʠʪʠ ʮʝ ʧʨʠʩʪʦʩʦʚʫʚʘʪʠʩʴ ʜʦ ʮʠʭ ʟʤʽʥ. ɺʠʚʝʜʝʥʥʷ ʛʽʙʨʠʜʽʚ ʢʫʢʫʨʫʜʟʠ, ʱʦ 

ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʦʶ ʩʪʽʡʢʽʩʪʶ ʜʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʚʠʣʷʛʘʥʥʷ, ʧʦʩʫʭʠ, ʭʦʣʦʜʫ  ̔

ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ, ʜʦʟʚʦʣʠʣʦ ʙ ʟʘʦʱʘʜʠʪʠ ʢʦʣʦʩʘʣʴʥʽ ʢʦʰʪʠ. ʉʪʽʡʢʽʩʪʴ ʮʝ ʟʜʘʪʥʽʩʪʴ 

ʨʦʩʣʠʥʠ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʩʧʘʜʢʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʟʘʣʠʰʘʪʠʩʷ ʚʽʜʥʦʩʥʦ 

ʥʝʫʰʢʦʜʞʝʥʠʤʠ ʧʨʠ ʥʘʜʟʚʠʯʘʡʥʦʤʫ ʚʧʣʠʚʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [1]. 

ʎʽʥʥʦʩʪʽ ʛʽʙʨʠʜʘʤ ʢʫʢʫʨʫʜʟʠ ʪʘʢʦʞ ʜʦʜʘʻ ʚʠʩʦʢʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʠʣʷʛʘʥʥʷ ʪʘ ʣʘʤʢʦʩʪʽ 

ʩʪʝʙʣʘ. ɺʽʜʩʫʪʥʽʩʪʴ ʩʪʽʡʢʦʩʪʽ ʜʦ ʚʠʣʷʛʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ, ʟʥʠʞʝʥʥʷ 

ʚʨʦʞʘʶ  ̔ʩʪʚʦʨʶʻ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ ʧʨʠ ʟʙʠʨʘʥʥʽ. ʉʪʽʡʢʽʩʪʴ ʜʦ ʚʠʣʷʛʘʥʥʷ ʫ ʛʽʙʨʠʜʽʚ 

ʚʠʢʣʠʢʘʶʪʴʩʷ ʚʽʜ ʪʘʢʠʭ ʯʠʥʥʠʢʽʚ: ʷʢ ʙʫʜʦʚʘ ʩʪʝʙʣʘ, ʤʽʮʥʽʩʪʴ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ, ʚʠʩʦʪʘ 

ʩʪʝʙʣʘ  ̔ʧʨʠʢʨʽʧʣʝʥʥʷ ʢʘʯʘʥʽʚ, ʨʦʜʶʯʽʩʪʴ ʛʨʫʥʪʫ  ̔ʛʫʩʪʦʪʘ ʩʪʦʷʥʥʷ ʨʦʩʣʠʥ. ʍʚʦʨʦʙʠ  ̔

ʢʦʤʘʭʠ, ʡʤʦʚʽʨʥʦ, ʯʘʩʪʽʰʝ ʟʘ ʚʩʝ ̒  ʧʨʠʯʠʥʦʶ ʣʘʤʢʦʩʪʽ ʩʪʝʙʝʣ ̔  ʚʠʣʷʛʘʥʥʷ ʢʦʨʝʥʽʚ, ʥʽʞ ʙʫʜʴ-

ʷʢʠʡ ʽʥʰʠʡ ʬʘʢʪʦʨ. 

ɺ ʫʤʦʚʘʭ ʟ ʩʠʣʴʥʠʤ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʥʷʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʠʩʦʪʘ ʨʦʩʣʠʥ  ̔ʟʤʝʥʰʫʻʪʴʩʷ 

ʜʽʘʤʝʪʨ ʩʪʝʙʣʘ, ɦ ʦ ʩʧʨʠʷʻ ʫʨʘʞʝʥʥʶ ʩʪʝʙʣʦʚʠʤʠ ʛʥʠʣʷʤʠ. ʇʨʦʥʠʢʘʥʥʷ ʧʘʨʘʟʠʪʘ ʚ ʨʦʩʣʠʥʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʧʝʨʽʦʜʫ ʚʝʛʝʪʘʮʽʾ, ʦʜʥʘʢ ̔ ʥʪʝʥʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ̔  ʤʘʢʩʠʤʘʣʴʥʘ 

ʰʢʽʜʣʠʚʽʩʪʴ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʧʝʨʽʦʜ ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ ʟʝʨʥʘ. ɺʨʘʭʦʚʫʶʯʠ ʙʽʦʣʦʛʽʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʝʙʣʦʚʠʭ ʛʥʠʣʝʡ, ʦʮʽʥʢʫ ʩʪʽʡʢʦʩʪʽ ʚ ʥʘʰʦʤʫ ʜʦʩʣʽʜʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʧʝʨʽʦʜ 

ʜʚʘʜʮʷʪʠʜʝʥʥʦʛʦ ʧʝʨʝʩʪʦʶ ʨʦʩʣʠʥ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʜʦʟʨʽʚʘʥʥʷ ʟʝʨʥʘ ʟʛʽʜʥʦ ʟ ʤʝʪʦʜʠʢʦʶ 
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ɼʝʨʞʘʚʥʦʛʦ ʩʦʨʪʦʚʠʧʨʦʙʫʚʘʥʥʷ [2, 3]. 

ʊʘʢ ʫ 2019ï2020 ʨʨ. ʩʪʽʡʢʽʩʪʴ ʜʦ ʣʘʤʢʦʩʪʽ ʩʪʝʙʣʘ, ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʘ ʚʠʧʨʦʙʦʚʫʚʘʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ, ʘ ʩʘʤʝ ʯʦʪʠʨʠ ʛʽʙʨʠʜʥʽ ʢʦʤʙʽʥʘʮʽʾ ʪʘ ʜʚʘ ʨʘʡʦʥʦʚʘʥʠʭ ʛʽʙʨʠʜʠ ʩʪʘʥʜʘʨʪʠ, 

ʟʥʘʭʦʜʠʣʘʩʴ ʚ ʤʝʞʘʭ 89,6ï100,0%, ʪʦʜʽ ̫ ʢ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʽʩʪʴ ʚ ʧʝʨʽʦʜ ʚʝʛʝʪʘʮʽʾ ʪʘ ʥʘʣʠʚʫ 

ʟʝʨʥʘ ʙʫʣʘ ʟʥʘʯʥʦ ʤʝʥʰʦʶ, ʥʽʞ ʩʝʨʝʜʥʴʦʙʘʛʘʪʦʨʽʯʥʠʡ ʧʦʢʘʟʥʠʢ, ʪʦʤʫ ʨʦʟʚʠʪʦʢ ʧʘʪʦʛʝʥʽʚ, 

ʷʢʽ ʧʨʦʚʦʢʫʶʪʴ ʣʘʤʢʽʩʪʴ ʩʪʝʙʣʘ, ʚʽʜʙʫʚʘʚʩʷ ʧʦʚʽʣʴʥʦ. ɼʦ ʛʨʫʧʠ ʜʫʞʝ ʩʪʽʡʢʠʭ ʚ ʥʘʰʦʤʫ 

ʜʦʩʣʽʜʽ ʤʠ ʚʽʜʥʝʩʣʠ ʛʽʙʨʠʜʥʫ ʢʦʤʙʽʥʘʮʽ ʁ 18Ĭ23 ʷʢʘ ʙʫʣʘ ʩʪʘʙʽʣʴʥʦʶ ʟʘ ʜʚʘ ʨʦʢʠ 

ʚʠʧʨʦʙʫʚʘʥʴ.  

ʍʘʨʘʢʪʝʨʠʟʫʶʯʠ ʛʽʙʨʠʜʠ ʢʫʢʫʨʫʜʟʠ ʟʘ ʨʦʢʘʤʠ, ʚʠʜʥʦ, ɦ ʦ ʣʘʤʢʽʩʪʴ ʩʪʝʙʣʘ ʫ 2020 ʨʦʮʽ 

ʙʫʣʘ ʜʝʱʦ ʤʝʥʰʦʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 2019 ʨʦʢʦʤ. ʋ 2020 ʨʦʮʽ ʥʘʡʛʽʨʰʠʡ ʧʦʢʘʟʥʠʢ ʤʘʚ ʩʪ. ɼʂʉ 

4515 ʟ ʧʦʢʘʟʥʠʢʦʤ 10,4 %, ʜʝʱʦ ʤʝʥʰʠʡ ʧʦʢʘʟʥʠʢ (6,2%) ʤʘʚ ʜʨʫʛʠʡ ʩʪʘʥʜʘʨʪ ʈ 8450. ɼʫʞʝ 

ʩʪʽʡʢʠʤ ʚ ʜʘʥʦʤʫ ʨʦʮ̔ ʙʫʣʠ ʢʦʤʙʽʥʘʮʽʾ 18Ĭ23 ʪʘ 42Ĭ10 ʟ ʧʦʢʘʟʥʠʢʦʤ ʜʦ ʧôʷʪʠ ʚʽʜʩʦʪʢʽʚ.  

ʉʪʽʡʢʽʩʪ ɹʨʦʩʣʠʥ ʧʨʦʪʠ ʚʠʣʷʛʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʧʽʜʨʘʭʫʥʢʦʤ ʧʦʣʝʛʣʠʭ  ̔ʥʝʧʦʣʝʛʣʠʭ 

ʨʦʩʣʠʥ ʫ ʚʽʜʩʦʪʢʘʭ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʛʨʫʧʫʚʘʪʠ ʾʭ ʟʘ ʩʪʫʧʝʥʝʤ ʩʪʽʡʢʦʩʪʽ [2, 3]. 

ɿ ʥʘʚʝʜʝʥʠʭ ʫ ʜʦʩʣʽʜʽ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʥʝʩʪʘʯʘ ʦʧʘʜʽʚ (56,6 % ʜʦ ʩʝʨʝʜʥʴʦʾ 

ʙʘʛʘʪʦʨʽʯʥʦʾ ʥʦʨʤʠ) ʫ ʩʝʨʧʥʽ ʤʽʩʷʮʽ 2019 ʨʦʢʫ ʧʨʠʟʚʝʣʘ ʜʦ ʚʠʣʷʛʘʥʥʷ ʜʝʷʢʠʭ ʨʦʩʣʠʥ ʥʘ ʨʽʚʥʽ 

8,7ï4,4% ʛʽʙʨʠʜʥʘ ʢʦʤʙʽʥʘʮʽʷ 42Ĭ10 ʪʘ ʩʪ. ɼʂʉ 3415. 

ɯʥʰʽ ʛʝʥʦʪʠʧʠ ʫ ʮʴʦʤʫ ʪʘ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʢʘʭ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʟʥʘʯʥʦʶ ʩʪʽʡʢʽʩʪʶ,  ̔

ʾʭ ʚʠʣʷʛʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʠʣʦ ʨʽʚʥʷ ʧôʷʪʠ ʚʽʜʩʦʪʢʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʯʠ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʛʝʪʝʨʦʟʠʩʥʽ ʛʽʙʨʠʜʠ ʧʨʠ ʟʤʽʥʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ, ʘ ʪʘʢʦʞ ʧʨʠ ʟʥʘʯʥʽʡ ʚʠʩʦʪʽ 

ʨʦʩʣʠʥ (200 ʩʤ.), ʤʘʣʠ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʚʠʣʷʛʘʥʥʷ. 
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ʅɸʋʂʆɺʆ-ɼʆʉʃɯɼʅɸ ɻʈʋʇɸ: 
 

ʇʦʣʷʥʝʮʴʢʘ ɯʨʠʥʘ ʆʣʝʛʽʚʥʘ 

ʢʘʥʜ. ʩ.-ʛ. ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʛʝʥʝʪʠʢʠ, ʩʝʣʝʢʮʽʾ ʨʦʩʣʠʥ ʪʘ ʙʽʦʪʝʭʥʦʣʦʛʽʾ 

ʋʤʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʘʜʽʚʥʠʮʪʚʘ, ʋʢʨʘʾʥʘ 
 

ʄʘʢʘʨʯʫʢ ʄʘʨʠʥʘ ʆʣʝʢʩʘʥʜʨʽʚʥʘ 

ʢʘʥʜ. ʩ.-ʛ. ʥʘʫʢ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ ʛʝʥʝʪʠʢʠ, ʩʝʣʝʢʮʽʾ ʨʦʩʣʠʥ ʪʘ ʙʽʦʪʝʭʥʦʣʦʛʽʾ 

ʋʤʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʘʜʽʚʥʠʮʪʚʘ, ʋʢʨʘʾʥʘ 
 

ʂʘʧʣʽʡ ɺʣʘʜʠʩʣʘʚ ʈʦʤʘʥʦʚʠʯ 

ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʫ ʘʛʨʦʥʦʤʽʾ 

ʋʤʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʘʜʽʚʥʠʮʪʚʘ, ʋʢʨʘʾʥʘ 
 

ɻʨʠʛʦʨʝʥʢʦ ʆʣʝʛ ɸʥʜʨʽʡʦʚʠʯ 

ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʫ ʘʛʨʦʥʦʤʽʾ 

ʋʤʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʘʜʽʚʥʠʮʪʚʘ, ʋʢʨʘʾʥʘ 
 

ʉʢʘʨʙʦʚʩʴʢʠʡ ʈʦʤʘʥ ʖʨʽʡʦʚʠʯ 

ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʫ ʘʛʨʦʥʦʤʽʾ 

ʋʤʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʘʜʽʚʥʠʮʪʚʘ, ʋʢʨʘʾʥʘ 

 

 

ʇʈʆɼʋʂʊʀɺʅɯʉʊʔ ʉʆʈʊʆɿʈɸɿʂɯɺ 

ʗʏʄɽʅʖ ʗʈʆɻʆ 
 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ï ̒  ʛʦʣʦʚʥʦʶ ʦʟʥʘʢʦʶ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʛʦʩʧʦʜʘʨʩʴʢʫ ʮʽʥʥʽʩʪʴ ʩʦʨʪʫ. 

ɺ ʋʢʨʘʾʥʽ ʷʨʠʤ ʷʯʤʝʥʝʤ ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʟʘʩʽʚʘʶʪʴ 4,3-4,6 ʤʣʥ. ʛʘ (ʥʘ ʧʦʯʘʪʢʫ 90-ʭ - 

ʙʣʠʟʴʢʦ 3 ʤʣʥ. ʛʘ), ʚʠʨʦʙʥʠʮʪʚʦ (ʟʘ ʫʤʦʚʠ ʙʽʣʴʰ-ʤʝʥʰ ʥʦʨʤʘʣʴʥʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ) 

ʩʪʘʥʦʚʠʪʴ 9-11 ʤʣʥ. ʪ, ʩʧʦʞʠʚʘʶʪʴ ʫ ʢʨʘʾʥʽ ʟ ʮʴʦʛʦ ʦʙʩʷʛʫ 5,5 6 ʤʣʥ. ʪ (ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʚʠʪʨʘʪ), ʥʘʜʣʠʰʢʠ ʝʢʩʧʦʨʪʫʶʪʴ [1, 2].  

ʅʘʡʙʽʣʴʰ ʚʘʛʦʤʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʩʣʠʥʠ ʻ ʾʾ ʫʨʦʞʘʡʥʽʩʪʴ. ʋ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʦʪʷʛʦʤ 2019ï2020 ʨʦʢʽʚ ʚʠʚʯʘʣʠ ʰʽʩʪʴ ʥʦʚʦʩʪʚʦʨʝʥʠʭ ʩʦʨʪʦʟʨʘʟʢʽʚ 

ʷʯʤʝʥʶ ʷʨʦʛʦ ʚ ʫʤʦʚʘʭ ʋʤʘʥʩʴʢʦʛʦ ʅʋʉ ʪʘ ʧʦʨʽʚʥʶʚʘʣʠ ʾʭ ʽʟ ʩʦʨʪʦʤ ɹʝʘʪʨʽʢʩ (ʩʪʘʥʜʘʨʪ). 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʩʦʨʪʦʟʨʘʟʢʠ ʚʠʩʽʚʘʣʠ ʫ ʯʦʪʠʨʴʦʭʢʨʘʪʥʽʡ ʧʦʚʪʦʨʥʦʩʪʽ, ʢʦʥʪʨʦʣʴʥʠʡ ʥʦʤʝʨ 

ʨʦʟʤʽʱʫʚʘʣʠ ʯʝʨʝʟ ʢʦʞʥʽ ʰʽʩʪʴ ʥʦʤʝʨʽʚ, ʨʦʟʤʽʱʝʥʥʷ ʜʽʣʷʥʦʢ ʧʦʩʣʽʜʦʚʥʝ. ʅʦʨʤʘ ʚʠʩʽʚʫ 

ʩʪʘʥʦʚʠʣʘ 5 ʤʣʥ./ʛʘ. ʆʙʣʽʢʦʚʘ ʧʣʦʱʘ ʜʽʣʷʥʢʠ ʚ ʜʦʩʣʽʜʽ ʩʪʘʥʦʚʠʣʘ 5 ʤĮ. 

ʋ ʩʝʨʝʜʥʴʦʤʫ ʟʘ ʨʦʢʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʥʠʢ ʫʨʦʞʘʡʥʦʩʪʽ ʫ ʩʦʨʪʫ ʩʪʘʥʜʘʨʪʫ ʷʯʤʝʥʶ 

ʷʨʦʛʦ ɹʝʘʪʨʽʢʩ ʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʦʟʨʘʟʢʽʚ ʩʪʘʥʦʚʠʚ ʚʽʜʧʦʚʽʜʥʦ 6,10 ʪʘ 5,30ï6,79 ʪ/ʛʘ. 

ʅʘʡʙʽʣʴʰʠʡ ʧʦʢʘʟʥʠʢ ʫʨʦʞʘʡʥʦʩʪʽ ʜʦʨʽʚʥʶʚʘʚ 6,79 ʪ/ʛʘ ( ʫ ʥʦʤʝʨʘ 47/20), ʱʦ ʙʫʣʦ ʤʝʥʰʝ 

ʟʘ ʟʥʘʯʝʥʥʷ ʩʪʘʥʜʘʨʪʫ ʥʘ 0,69 ʪ/ʛʘ.  

ʋ 2019 ʨʦʮʽ ʫʨʦʞʘʡʥʽʩʪʴ ʫ ʩʦʨʪʫ-ʩʪʘʥʜʘʨʪʫ ɹʝʘʪʨʽʢʩ ʽ ʟʨʘʟʢʽʚ ʷʯʤʝʥʶ ʷʨʦʛʦ 

ʚʜ̔ʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʚʘʣʘ 5,15 ʪʘ 4,65ï5,72 ʪ/ʛʘ. ʅʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʚʽʜʤʽʯʝʥʦ ʫ ʥʦʤʝʨʘ 

47/20, ʷʢʝ ʩʪʘʥʦʚʠʣʦ 5,72 ʪ/ʛʘ, ʱʦ ʽʩʪʦʪʥʦ ʧʝʨʝʚʠʱʠʣʦ ʩʪʘʥʜʘʨʪ ʥʘ 11,1 %. ʉʫʪʪʻʚʝ 

ʟʙʽʣʴʰʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʫ 56/20 ʥʦʤʝʨʘ ï 5,44 ʪ/ʛʘ. ʅʘʡʤʝʥʰʘ 

ʚʨʦʞʘʡʥʽʩʪʴ ʜʦʨʽʚʥʶʚʘʣʘ 4,65 ʪ/ʛʘ (ʫ ʥʦʤʝʨʘ 42/20). ʋ ʨʝʰʪʠ ʩʦʨʪʦʟʨʘʟʢʽʚ ʷʯʤʝʥʶ ʷʨʦʛʦ ï 

49/20, 52/20, 59/20 ï ʨʽʟʥʠʮʷ ʟʽ ʩʪʘʥʜʘʨʪʦʤ ʙʫʣʘ ʥʝ ʽʩʪʦʪʥʦʶ. ʅʘʩʪʫʧʥʠʡ ʨʽʢ ʧʦʨʽʚʥʷʥʦ ʟ 

2019 ʙʫʚ ʟʘʛʘʣʦʤ ʩʧʨʠʷʪʣʠʚʽʰʠʤ ʜʣʷ ʨʦʩʪʫ ʡ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʟʝʨʥʘ. ʊʘʢ, 

ʩʦʨʪ ʷʯʤʝʥʶ ʷʨʦʛʦ ɹʝʘʪʨʽʢʩ ʩʬʦʨʤʫʚʘʚ ʫʨʦʞʘʡʥʽʩʪʴ 7,05 ʪ/ʛʘ. ʅʘʡʤʝʥʰʠʡ ʧʦʢʘʟʥʠʢ ʙʫʚ ʫ 

ʥʦʤʝʨʘ 42/20 ï 5,95 ʪ/ʛʘ. ʅʘʡʙʽʣʴʰʠʡ ʫ ʩʦʨʪʦʟʨʘʟʢʘ 47/20 ï 7,85 ʪ/ʛʘ. ʑʝ ʜʚʘ ʥʦʤʝʨʘ ï 56/20 

ʽ 59/20 ï ʤʘʣʠ ʧʦʢʘʟʥʠʢ ʫʨʦʞʘʡʥʦʩʪʽ, ʱʦ ʽʩʪʦʪʥʦ ʧʝʨʝʚʠʱʠʚ ʟʥʘʯʝʥʥʷ ʩʦʨʪʫ ɹʝʘʪʨʽʢʩ 
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ʚʽʜʧʦʚʽʜʥʦ ʥʘ 0,40 ʽ 0,47 ʪ/ʛʘ. ɯʩʪʦʪʥʦ ʤʝʥʰʘ ʫʨʦʞʘʡʥʽʩʪʴ ʙʫʣʘ ʫ ʩʦʨʪʦʟʨʘʟʢʘ ʷʯʤʝʥʶ ʷʨʦʛʦ 

49/20 ʽ ʩʪʘʥʦʚʠʣʘ 6,42 ʪ/ʛʘ. ʋ ʥʦʤʝʨʘ 52/20 ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʦʢʘʟʥʠʢ ʙʫʚ ʤʝʥʰʠʤ, ʧʨʦʪʝ 

ʨʽʟʥʠʮʷ ʥʝʩʫʪʪʻʚʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʩʦʢʠʡ ʧʦʢʘʟʥʠʢ ʫʨʦʞʘʡʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʦ ʫ ʩʦʨʪʦʟʨʘʟʢʘ ʷʯʤʝʥʶ 

ʷʨʦʛʦ 47/20 ï 6,79 ʪ/ʛʘ, ʱʦ ʤʝʥʰʝ ʟʘ ʟʥʘʯʝʥʥʷ ʩʦʨʪʫ ɹʝʘʪʨʽʢʩ ʥʘ 0,69 ʪ/ʛʘ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
1. ʉʠʥʠʮʴʢʠʡ ʄ. ʇ. ɸʛʨʦʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ʩʦʨʪʽʚ ʷʨʦʛʦ 

ʷʯʤʝʥʶ ʚ ʧʽʚʥʽʯʥʽʡ ʧʽʜʟʦʥʽ ʉʪʝʧʫ ʋʢʨʘʾʥʠ: ʘʚʪʦʨʝʬ. ʜʠʩ. ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢ. ʢʘʥʜ. ʩ.-ʛ. ʥʘʫʢ ʩʧʝʮ. 

6.01.09.  ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, 2006. 26ʩ.  

2. ɻʣʷʥʮʝʚ ʆ. ʌ. ʐʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ ʚʨʦʞʘʾʚ ʟʝʨʥʦʚʠʭ ʚ ʣʽʚʦʙʝʨʝʞʥʦʤʫ ʃʽʩʦʩʪʝʧʫ ʋʢʨʘʾʥʠ. 

ɿʝʨʥʦʚʽ ʢʫʣʴʪʫʨʠ. ʂ.: ʋʨʦʞʘʡ, 1989. ʉ. 224-237. 
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ʐʢʫʨʢʦ ʊʘʪʴʷʥʘ ʇʝʪʨʦʚʥʘ 

ORCID ID: 0000-0001-5875-1809 

ʜʦʢʪʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɼʥʝʧʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʢʨʘʠʥʘ 

 

 

ʉʆʉʊɸɺ ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ʄʆʃʆʂɸ ʂʆʈʆɺ ʈɸɿʅʓʍ ɻɽʅʆʊʀʇʆɺ 
 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʩʪʘʚ ʤʦʣʦʢʘ ʥʝ ʧʦʩʪʦʷʥʝʥ ʠ ʠʟʤʝʥʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʷʜʘ ʬʘʢʪʦʨʦʚ: ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʞʠʚʦʪʥʦʛʦ, 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ, ʧʦʨʦʜʳ, ʣʘʢʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʚʦʟʨʘʩʪʘ, ʚʨʝʤʝʥʠ 

ʛʦʜʘ, ʩʝʟʦʥʘ ʦʪʝʣʘ, ʫʩʣʦʚʠʡ ʩʦʜʝʨʞʘʥʠʷ, ʢʦʨʤʣʝʥʠʷ, ʪʝʭʥʠʢʠ ʜʦʝʥʠʷ ʠ ʜʨ. [1,3,3].  ʇʨʠ ʪɻʦʤ 

ʨʷʜ ʫʯʝʥʥʳʭ ʠ ʧʨʘʢʪʠʢʦʚ ʩʯʠʪʘʶʪ, ʯʪʦ ʠʟ ʥʘʟʚʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʨʝʰʘʶʱʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʤʦʣʦʢʘ ʦʢʘʟʳʚʘʶʪ ʢʦʨʤʘ ʠ 

ʢʦʨʤʣʝʥʠʝ ʣʘʢʪʠʨʫʶʱʠʭ ʞʠʚʦʪʥʳʭ, ʘ ʪʘʢʞʝ ʩʦʙʣʶʜʝʥʠʝ ʧʦʨʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [4,5,6].  

ɻʨʘʥʠʮʳ ʢʦʣʝʙʘʥʠʷ ʯʠʩʣʝʥʥʳʭ ʚʝʣʠʯʠʥ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʤʦʣʦʢʘ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ. 

ʆʜʥʘʢʦ ʩʨʝʜʥʠʝ  ʛʦʜʦʚʳʝ ʠʭ  ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʧʦʨʦʜʳ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʦʥʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʳ ʠ ʢʦʣʝʙʣʶʪʩʷ ʚ ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʭ ʧʨʝʜʝʣʘʭ. 

ʇʦʵʪʦʤʫ ʧʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʤʦʣʦʢʘ ʩʚʷʟʘʥʘ ʥʝ ʪʦʣʴʢʦ ʩ ʟʘʜʘʯʘʤʠ ʩʦʭʨʘʥʝʥʠʷ 

ʝʛʦ ʥʘʪʠʚʥʳʭ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ, ʥʦ ʠ ʩ ʧʦʠʩʢʦʤ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʨʛʘʥʠʟʤ ʞʠʚʦʪʥʦʛʦ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʧʦʣʥʦʮʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʚʳʩʦʢʠʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʰʠʨʦʢʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʩʝʣʝʢʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʣʫʯʰʝʛʦ ʤʠʨʦʚʦʛʦ ʛʝʥʦʬʦʥʜʘ ʛʦʣʰʪʠʥʩʢʦʡ ʧʦʨʦʜʳ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʚʳʚʝʜʝʥʠʷ ʥʦʚʳʭ ʧʦʨʦʜ. 

ʎʝʣʴ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʠʟʫʯʠʪʴ ʩʦʩʪʘʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʣʦʢʘ ʢʦʨʦʚ 

ʨʘʟʥʳʭ ʛʝʥʦʪʠʧʦʚ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʩʦʜʝʨʞʘʥʠʷ ʠ ʢʦʨʤʣʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʟʠʤʥʝ-ʩʪʦʡʣʦʚʳʡ ʧʝʨʠʦʜ ʥʘ ʙʘʟʝ ʧʣʝʤʝʥʥʦʛʦ ʟʘʚʦʜʘ 

çʏʫʤʘʢʠè. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʛʨʫʧʧʳ ʢʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʛʝʥʦʪʠʧʦʚ: I ʛʨʫʧʧʘ 

ʢʦʨʦʚʳ ʛʦʣʰʪʠʥʩʢʦʡ ʧʦʨʦʜʳ; II ʛʨʫʧʧʘ ï ʫʢʨʘʠʥʩʢʦʡ   ʢʨʘʩʥʦʡ ʤʦʣʦʯʥʦʡ ʧʦʨʦʜʳ 

ʛʦʣʰʪʠʥʠʟʦʚʘʥʥʦʛʦ ʪʠʧʘ (ʢʨʘʩʥʘʷ ʩʪʝʧʥʘʷ ʭ ʛʦʣʰʪʠʥʩʢʘʷ); III ʛʨʫʧʧʘ ï ʫʢʨʘʠʥʩʢʦʡ ʢʨʘʩʥʦʡ 

ʤʦʣʦʯʥʦʡ ʧʦʨʦʜʳ ʞʠʨʥʦʤʦʣʦʯʥʦʛʦ ʪʠʧʘ (ʢʨʘʩʥʘʷ ʩʪʝʧʥʘʷ ʭ ʢʨʘʩʥʘʷ ʜʘʪʩʢʘʷ ʭ ʘʥʛʣʝʨʩʢʘʷ);  

IV ï ʘʥʛʣʝʨʩʢʦʡ ʧʦʨʦʜʳ.  

ɺ ʢʘʞʜʫʶ ʛʨʫʧʧʫ ʙʳʣʦ ʦʪʦʙʨʘʥʦ ʧʦ 25 ʢʦʨʦʚ ʘʥʘʣʦʛʦʚ ʧʦ ʚʦʟʨʘʩʪʫ (ʪʨʝʪʴʷ ʣʘʢʪʘʮʠʷ) 

ʠ ʤʝʩʷʮʫ ʦʪʝʣʘ. ɾʠʚʦʪʥʳʝ ʥʘʭʦʜʠʣʠʩʴ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʩʦʜʝʨʞʘʥʠʷ ʠ ʢʦʨʤʣʝʥʠʷ. ɺ 

ʭʦʟʷʡʩʪʚʝ ʧʨʠʥʷʪ ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʟʦʥʳ ʉʪʝʧʠ ʩʠʣʦʩʥʦ-ʩʝʥʥʦ-ʢʦʥʮʝʥʪʨʘʪʥʳʡ ʪʠʧ 

ʢʦʨʤʣʝʥʠʷ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʨʘʮʠʦʥʝ ʵʥʝʨʛʠʠ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʦʙʤʝʥʘ (ɼʆʕ) 11,57 

ʄɼʞ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ, ʵʥʝʨʛʦ- ʧʨʦʪʝʠʥʦʚʦʝ ʦʪʥʦʰʝʥʠʝ 11,59 ʛ ʉʇ/ʄɼʞ ɼʆɽ. 

ʄʦʣʦʯʥʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠʟʫʯʘʣʠ ʧʫʪʝʤ ʦʪʙʦʨʘ ʩʨʝʜʥʠʭ ʩʫʪʦʯʥʳʭ ʧʨʦʙ ʤʦʣʦʢʘ ʚʦ 

ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʜʦʝʥʠʡ ʪʨʠ ʨʘʟʘ ʚ ʤʝʩʷʮ. ɺ ʧʨʦʙʘʭ ʤʦʣʦʢʘ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ: ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʣʦʢʘ (ʮʚʝʪ, ʟʘʧʘʭ, ʚʢʫʩ, ʢʦʥʩʠʩʪʝʥʮʠʷ ʠ ʧʣʦʪʥʦʩʪʴ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ɻʆʉʊ 3625); ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʩʦʜʝʨʞʘʥʠʝ ʞʠʨʘ, ʦʙʱʝʛʦ ʙʝʣʢʘ, ʣʘʢʪʦʟʳ, 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʤʠʣʢʦʪʝʩʪʝʨʝ ʄʂï11, ʩʦʜʝʨʞʘʥʠʝ ʢʘʟʝʠʥʘ ï ʤʝʪʦʜʦʤ ʬʦʨʤʘʣʴʥʦʛʦ 

ʪʠʪʨʦʚʘʥʠʷ); ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʣʦʢʘ (ʪʝʨʤʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ɻʆʉʊ 

25228, ʩʳʯʫʞʥʦ ʙʨʦʜʠʣʴʥʫʶ ʧʨʦʙʫ ï ɻʆʉʊ 9225-84).  

ɼʘʥʥʳʝ ʦʙʨʘʙʦʪʘʥʳ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ Microsoft  Excel. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʦʣʦʢʦ, ʧʦʣʫʯʝʥʥʦʝ ʦʪ ʚʩʝʭ ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʢʦʨʦʚ, ʠʤʝʣʦ ʙʝʣʳʡ 

ʩʣʝʛʢʘ ʞʝʣʪʦʚʘʪʳʡ ʮʚʝʪ, ʥʝʤʥʦʛʦ ʩʣʘʜʢʦʚʘʪʦʝ ʥʘ ʚʢʫʩ ʙʝʟ ʧʦʩʪʦʨʦʥʥʝʛʦ ʟʘʧʘʭʘ. ʅʘʠʚʳʩʰʠʡ 
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ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʣʦʪʥʦʩʪʠ ʤʦʣʦʢʘ ʙʳʣ ʚ ʛʨʫʧʧʝ ʢʦʨʦʚ ʛʦʣʰʪʠʥʩʢʦʡ ʧʦʨʦʜʳ  28,90Ñ0,32 

Üɸ. ʄʦʣʦʢʦ, ʧʦʣʫʯʝʥʥʦʝ ʦʪ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ ʫʢʨʘʠʥʩʢʦʡ ʢʨʘʩʥʦʡ ʤʦʣʦʯʥʦʡ ʧʦʨʦʜʳ, ʠʤʝʣʦ 

ʦʜʠʥʘʢʦʚʫʶ ʧʣʦʪʥʦʩʪʴ 27,71Ñ0,33 ʠ 27,72Ñ0,32 Üɸ, ʚ ʛʨʫʧʧʝ ʢʦʨʦʚ ʘʥʛʣʝʨʩʢʦʡ ʧʦʨʦʜʳ ï 

27,50Ñ0,53 Üɸ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʣʦʢʘ 89,6 % ʧʨʦʙ ʧʦ ʢʘʯʝʩʪʚʫ ʩʛʫʩʪʢʘ 

ʙʳʣʦ ʦʪʥʝʩʝʥʦ ʢ ʧʝʨʚʦʤʫ ʢʣʘʩʩʫ ʠ 10,4 % ʧʨʦʙ ʢʦ ʚʪʦʨʦʤʫ ʢʣʘʩʩʫ. ʄʦʣʦʢʦ ʢʦʨʦʚ ʠʟʫʯʘʝʤʳʭ 

ʛʝʥʦʪʠʧʦʚ ʠʤʝʣʦ ʚʳʩʦʢʫʶ ʪʝʧʣʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʨʠʛʦʜʥʦ ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʤʦʣʦʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʦʣʦʢʘ ʢʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʛʝʥʦʪʠʧʦʚ 

ʇʦʢʘʟʘʪʝʣʠ 
ɻʨʫʧʧʳ ʢʦʨʦʚ 

I -ʛʦʣʰʪʠʥʩʢʘʷ II  ï ɻʂʄ III -ɾʂʄ IV ï ʘʥʛʣʝʨʩʢʘʷ 

ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ 

ʫʜʦʡ, ʢʛ 

MÑm 21,52Ñ1,24 21,36Ñ1,20 18,76Ñ1,69 20,24Ñ1,50 

Cv, % 28,9 28,0 45,0 34,0 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʤʦʣʦʢʝ, % 

ɾʠʨʘ MÑm 3,99Ñ0,19 4,16Ñ0,12 4,43Ñ0,15 4,52Ñ0,22 

Cv, % 23,3 14,9 16,9 21,8 

ʆʙʱʝʛʦ ʙʝʣʢʘ MÑm 3,19Ñ0,08 3,21Ñ0,09 3,18Ñ0,08 3,23Ñ0,13 

Cv, % 12,6 16,1 12,9 17,9 

ʂʘʟʝʠʥʘ MÑm 2,70Ñ0,06 2,73Ñ0,02 2,72Ñ0,07 2,71Ñ0,03 

Cv, % 9,7 6,9 9,3 7,2 

ʃʘʢʪʦʟʳ MÑm 4,73Ñ0,04 4,61Ñ0,05 4,67Ñ0,04 4,49Ñ0,09 

Cv, % 4,6 6,1 4,7 9,3 

ʉʫʭʦʛʦ ʚʝʱʝʩʪʚʘ MÑm 12,52Ñ0,25 12,58Ñ0,19 12,98Ñ0,19 13,14Ñ0,29 

Cv, % 9,7 7,5 7,5 10,1 

ʉʆʄʆ MÑm 8,53Ñ0,09 8,42Ñ0,09 8,55Ñ0,08 8,42Ñ0,09 

Cv, % 5,3 5,8 4,9 5,0 

ʛʜʝ  ɻʂʄ ï ʛʦʣʰʪʠʥʠʟʦʚʘʥʥʳʡ ʪʠʧ ʫʢʨʘʠʥʩʢʦʡ ʢʨʘʩʥʦʡ ʤʦʣʦʯʥʦʡ ʧʦʨʦʜʳ 

       ɾʂʄ ï ʞʠʨʥʦʤʦʣʦʯʥʳʡ ʪʠʧ ʫʢʨʘʠʥʩʢʦʡ ʢʨʘʩʥʦʡ ʤʦʣʦʯʥʦʡ ʧʦʨʦʜʳ 

 

ʉʨʝʜʠ ʛʨʫʧʧ ʢʦʨʦʚ ʩʨʘʚʥʠʚʘʝʤʳʭ ʛʝʥʦʪʠʧʦʚ, ʙʣʠʟʢʠʝ ʩʨʝʜʥʝʩʫʪʦʯʥʳʝ ʫʜʦʠ ʠʤʝʣʠ 

ʞʠʚʦʪʥʳʝ I ʠ ɯɯ ʛʨʫʧʧ, ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʦʥ ʙʳʣ ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʠʮ ʘʥʛʣʝʨʩʢʦʡ ʧʦʨʦʜʳ ʥʘ 

1,28 ʢʛ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʯʠʩʪʦʢʨʦʚʥʳʤʠ ʢʦʨʦʚʘʤʠ ʛʦʣʰʪʠʥʩʢʦʡ ʧʦʨʦʜʳ. ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ 

ʫʜʦʡ ʢʦʨʦʚ ʞʠʨʥʦʤʦʣʦʯʥʦʛʦ ʪʠʧʘ ʙʳʣ ʥʘ 2,60 ʢʛ ʥʠʞʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʦʣʰʪʠʥʠʟʦʚʘʥʥʳʤ 

ʪʠʧʦʤ ʫʢʨʘʠʥʩʢʦʡ ʢʨʘʩʥʦʡ ʤʦʣʦʯʥʦʡ ʧʦʨʦʜʳ ʠ ʥʘ 1,48 ʢʛ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʞʠʚʦʪʥʳʤʠ 

ʘʥʛʣʝʨʩʢʦʡ ʧʦʨʦʜʳ (p<0,95). ʄʦʣʦʢʦ ʢʦʨʦʚ ʚʩʝʭ ʧʦʜʦʧʳʪʥʳʭ ʛʨʫʧʧ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʠʨʘ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʞʠʨʥʦʤʦʣʦʯʥʦʩʪʴʶ ʦʪʣʠʯʘʣʠʩʴ ʞʠʚʦʪʥʳʝ  ʘʥʛʣʝʨʩʢʦʡ ʠ ʞʠʨʥʦʤʦʣʦʯʥʦʛʦ ʪʠʧʘ ʫʢʨʘʠʥʩʢʦʡ 

ʢʨʘʩʥʦʡ ʤʦʣʦʯʥʦʡ ʧʦʨʦʜ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʦʯʥʦʛʦ ʩʘʭʘʨʘ ʚ ʤʦʣʦʢʝ 

4,73Ñ0,04 % ʠʤʝʣʘ ʛʨʫʧʧʘ ʛʦʣʰʪʠʥʩʢʠʭ ʢʦʨʦʚ, ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 13,14Ñ0,29 % ï  ʘʥʛʣʝʨʩʢʠʭ 

ʢʦʨʦʚ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʙʝʣʢʘ ʚ ʤʦʣʦʢʝ ʞʠʚʦʪʥʳʭ ʠʟʫʯʘʝʤʳʭ ʧʦʨʦʜ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʳ 

ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ. ʅʝ ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʠ ʧʦ ʦʩʪʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. 

ʄʦʣʦʢʦ ʢʦʨʦʚ ʠʟʫʯʘʝʤʳʭ ʛʝʥʦʪʠʧʦʚ ʠʤʝʣʦ ʦʧʪʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʢʘʟʝʠʥʘ (ʥʝ ʤʝʥʝʝ 

2,7 %) ʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ (12,5 %), ʯʪʦ ʪʘʢ ʥʝʦʙʭʦʜʠʤʳʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʚʝʨʜʳʭ ʩʳʨʦʚ. 

ʉʨʝʜʠ ʠʟʫʯʘʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʝʩʴʤʘ ʚʳʩʦʢʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʨʝʜʥʝʩʫʪʦʯʥʳʝ ʫʜʦʠ ʢʦʨʦʚ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ ʫʜʦʝʚ ʤʦʣʦʢʘ ʫ ʞʠʚʦʪʥʳʭ 

ʛʦʣʰʪʠʥʩʢʦʡ ʠ ʛʦʣʰʪʠʥʠʟʦʚʘʥʥʦʛʦ ʪʠʧʘ ʫʢʨʘʠʥʩʢʦʡ ʢʨʘʩʥʦʡ ʤʦʣʦʯʥʦʡ ʧʦʨʦʜ  ʙʳʣʠ ʧʦʯʪʠ 

ʦʜʠʥʘʢʦʚʳʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 28,9 ʠ 27,9 %, ʥʦ ʫ ʢʦʨʦʚ III ʠ IV ʛʨʫʧʧ ʦʥʠ ʥʘʤʥʦʛʦ ʚʳʰʝ ï 
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34,0 ʠ 45,0 %.  ɼʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʤʦʣʦʢʦ ʚʩʝʭ ʛʨʫʧʧ ʢʦʨʦʚ  ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʞʠʨʘ  ʦʪ 14,9 ʜʦ 23,3 %  ʠ ʙʝʣʢʘ ʦʪ 12,6 ʜʦ 17,9 

%.  ɺʘʨʴʠʨʦʚʘʥʠʝ ʚ ʤʦʣʦʢʝ ʩʦʜʝʨʞʘʥʠʷ ʣʘʢʪʦʟʳ ʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʇʦ-

ʚʠʜʠʤʦʤʫ, ʜʘʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʤʦʣʦʢʘ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ɿ.ʍ. ɼʠʣʘʥʷʥʘ [6]. ʆʥ ʧʠʩʘʣ, ʯʪʦ ʠʤʝʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʝʞʜʫ ʩʪʝʧʝʥʴʶ ʜʠʩʧʝʨʩʠʠ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʤʦʣʦʢʘ ʠ ʘʤʧʣʠʪʫʜʦʡ ʠʭ ʢʦʣʝʙʘʥʠʷ. ʏʝʤ 

ʚʳʰʝ ʩʪʝʧʝʥʴ ʜʠʩʧʝʨʩʥʦʩʪʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʢʦʤʧʦʥʝʥʪʘ ʤʦʣʦʢʘ, ʪʝʤ ʤʝʥʴʰʠʤ ʢʦʣʝʙʘʥʠʷʤ ʦʥ 

ʧʦʜʚʝʨʞʸʥ. ɹʦʣʴʰʝ ʚʩʝʛʦ ʠʟʤʝʥʷʝʪʩʷ ʚ ʤʦʣʦʢʝ ʩʦʜʝʨʞʘʥʠʝ ʞʠʨʘ (ʛʨʫʙʘʷ ʜʠʩʧʝʨʩʠʷ 0,1 ï 10 

ʤʢʤ), ʤʝʥʴʰʝ ʧʨʦʮʝʥʪ ʩʦʣʝʡ ʠ ʦʪʯʘʩʪʠ ʩʘʭʘʨʘ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʠʦʥʦʜʠʩʧʝʨʩʥʦʤ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦʜʠʩʧʝʨʩʥʦʤ ʩʦʩʪʦʷʥʠʷʭ. 

ʆʜʥʠʤ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʫʩʧʝʰʥʦʝ ʟʘʢʨʝʧʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʢʘʯʝʩʪʚ ʤʦʣʦʢʘ, ʷʚʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʠ  ʞʠʨʘ. ʇʦʣʦʞʠʪʝʣʴʥʳʤ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʨʝʟʫʣʴʪʘʪ, ʝʩʣʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʳʰʝ ʠʣʠ ʨʘʚʝʥ ʪʘʢʦʚʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʠʩʭʦʜʥʳʭ 

ʧʦʨʦʜ. ɺ ʥʘʰʝʤ ʦʧʳʪʝ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʫ ʢʦʨʦʚ ʛʦʣʰʪʠʥʩʢʦʡ ʧʦʨʦʜʳ ʠ ʛʦʣʰʪʠʥʠʟʦʚʘʥʥʦʛʦ 

ʪʠʧʘ ʫʢʨʘʠʥʩʢʦʡ ʢʨʘʩʥʦʡ ʤʦʣʦʯʥʦʡ ʧʦʨʦʜʳ  ʙʳʣ ʠʜʝʥʪʠʯʥʳʤ  0,77, ʚ ʤʦʣʦʢʝ ʢʦʨʦʚ 

ʞʠʨʥʦʤʦʣʦʯʥʦʛʦ ʪʠʧʘ ʫʢʨʘʠʥʩʢʦʡ ʢʨʘʩʥʦʡ ʤʦʣʦʯʥʦʡ  ʠ ʘʥʛʣʝʨʩʢʦʡ ʧʦʨʦʜ ʦʥ ʙʳʣ 

ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,72 ʠ 0,71.  

ʄʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʞʠʨʘ ʠ ʙʝʣʢʘ ʚ ʤʦʣʦʢʝ ʢʦʨʦʚ ʧʦʜʦʧʳʪʥʳʭ ʛʨʫʧʧ ʫʩʪʘʥʦʚʣʝʥʘ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʚʷʟʴ (ʪʘʙʣ. 2). ʉʘʤʦʡ ʚʳʩʦʢʦʡ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʴʶ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʦʣʦʢʦ  ʞʠʚʦʪʥʳʝ 

ʘʥʛʣʝʨʩʢʦʡ ʧʦʨʦʜʳ +0,803, ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʦʥʘ ʙʳʣʘ ʫ ʛʦʣʰʪʠʥʩʢʠʭ ʢʦʨʦʚ +0,580. ʋ 

ʧʦʤʝʩʪʥʳʭ ʞʠʚʦʪʥʳʭ II  ʠ III  ʛʨʫʧʧ ʚʝʣʠʯʠʥʘ ʚʟʘʠʤʦʩʚʷʟʠ ʵʪʠʭ ʧʨʠʟʥʘʢʦʚ ʥʝ ʚʳʩʦʢʘʷ, ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʪʘʥʦʚʠʣʘ +0,395 ʠ +0,294.  

ʊʘʙʣʠʮʘ 2 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʫʜʦʝʤ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʦʩʪʘʚʘ ʤʦʣʦʢʘ ʢʦʨʦʚ 

ʨʘʟʣʠʯʥʳʭ ʛʝʥʦʪʠʧʦʚ 
ʇʦʢʘʟʘʪʝʣʠ ɻʨʫʧʧʳ ʢʦʨʦʚ 

I  II  III  IV  

ʋʜʦʡ ï ʩʦʜʝʨʞʘʥʠʝ ʞʠʨʘ -0,255 -0,196 +0,025 +0,244 

ʋʜʦʡ ï ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ -0,160 -0,347 -0,233 +0,191 

ʋʜʦʡ ï ʩʦʜʝʨʞʘʥʠʝ ʣʘʢʪʦʟʳ +0,139 -0,238 +0,185 +0,197 

ʋʜʦʡ - ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ -0,220 -0,347 -0,040 +0,338 

ʉʦʜʝʨʞʘʥʠʝ ʞʠʨʘ ï ʙʝʣʢʘ +0,580 +0,395 +0,294 +0,803 

ʉʦʜʝʨʞʘʥʠʝ ʞʠʨʘ ï ʣʘʢʪʦʟʳ -0,021 +0,256 +0,077 -0,531 

ʉʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ï ʣʘʢʪʦʟʳ +0,033 -0,023 -0,255 -0,690 

ʉʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ  

ʚʝʱʝʩʪʚʘ ï ʣʘʢʪʦʟʳ 

+0,175 +0,446 +0,180 -0,402 

ʉʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ  

ʚʝʱʝʩʪʚʘ ï ʞʠʨʘ 

+0,946 +0,892 +0,913 +0,965 

ʉʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ  

ʚʝʱʝʩʪʚʘ ï ʙʝʣʢʘ 

+0,768 +0,680 +0,598 +0,849 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʫʜʦʝʤ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʞʠʨʘ ʚ ʤʦʣʦʢʝ  ʚʘʨʴʠʨʫʶʪ  

ʦʪ  -0,255 ʫ ʛʦʣʰʪʠʥʩʢʠʭ ʢʦʨʦʚ ʜʦ +0,244 ʫ ʘʥʛʣʝʨʩʢʠʭ ʢʦʨʦʚ, ʤʝʞʜʫ ʫʜʦʝʤ ʠ ʩʦʜʝʨʞʘʥʠʝʤ 

ʙʝʣʢʘ ʦʪ -0,347 ʞʠʚʦʪʥʳʭ ʛʦʣʰʪʠʥʠʟʠʨʦʚʘʥʥʦʛʦ ʪʠʧʘ ʫʢʨʘʠʥʩʢʦʡ ʤʦʣʦʯʥʦʡ ʧʦʨʦʜʳ  

ʜʦ +0,191 ʫ ʘʥʛʣʝʨʩʢʠʭ ʢʦʨʦʚ. 

ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʫʜʦʝʤ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʤʦʣʦʢʝ 

ʫʩʪʘʥʦʚʣʝʥʘ ʫ ʞʠʚʦʪʥʳʭ ʘʥʛʣʝʨʩʢʦʡ ʧʦʨʦʜʳ. ɺ ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧʘʭ ʢʦʨʦʚ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʨʨʝʣʷʮʠʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʤʝʞʜʫ ʧʨʠʟʥʘʢʘʤʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʡ 

ʩʚʷʟʠ. 
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ʋ ʢʦʨʦʚ ʠʟʫʯʘʝʤʳʭ ʛʝʥʦʪʠʧʦʚ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʤʦʣʦʢʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ, ʙʝʣʢʘ 

ʠ ʞʠʨʘ  ʩʫʱʝʩʪʚʫʝʪ ʚʳʩʦʢʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʚʷʟʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʩʦʜʝʨʞʘʥʠʷ ʠ ʢʦʨʤʣʝʥʠʷ, ʚ ʤʦʣʦʢʝ ʞʠʚʦʪʥʳʭ ʨʘʟʣʠʯʥʳʭ 

ʛʝʥʦʪʠʧʦʚ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʝʛʦ ʩʦʩʪʘʚʘ. ʄʦʣʦʢʦ 

ʚʩʝʭ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʠʨʘ ʠ ʧʦ ʩʦʩʪʘʚʫ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ  ʦʪʚʝʯʘʣʦ ʪʨʝʙʦʚʘʥʠʷʤ ʢʘʢ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʥʦʚʥʳʭ 

ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ.  

ʂʦʵʬʬʠʮʠʝʥʪʳ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ ʞʠʨʘ ʠ ʙʝʣʢʘ ʚ ʤʦʣʦʢʝ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʝʣʝʢʮʠʠ ʤʦʣʦʯʥʦʛʦ ʩʢʦʪʘ ʧʦ ʵʪʠʤ ʧʨʠʟʥʘʢʘʤ ʠ ʚʳʙʦʨʘ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʶʱʠʭ ʧʘʨʘʪʠʧʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʭ ʧʨʦʷʚʣʝʥʠʷ. 
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ʅɸʋʂʆɺʆ-ɼʆʉʃɯɼʅɸ ɻʈʋʇɸ: 
 

ʅʘʛʦʨʥʠʡ ʉʝʨʛʽʡ ɸʥʘʪʦʣʽʡʦʚʠʯ 

ORCID ID: 0000-0001-7870-2342 

ʢʘʥʜ. ʩ.-ʛ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʽ ʪʝʭʥʦʣʦʛʽʡ ʪʚʘʨʠʥʥʠʮʪʚʘ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʽʤ. ʇʝʪʨʘ ɺʘʩʠʣʝʥʢʘ, ʋʢʨʘʾʥʘ 
 

ʏʘʣʘʷ ʆʣʴʛʘ ʉʝʨʛʽʾʚʥʘ 

ORCID ID: 0000-0003-0189-6657 

ʢʘʥʜ. ʩ.-ʛ. ʥʘʫʢ, ʜʦʮʝʥʪ,  

ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ ʪʘ ʝʢʦʣʦʛʽʾ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʽʤ. ʇʝʪʨʘ ɺʘʩʠʣʝʥʢʘ, ʋʢʨʘʾʥʘ 
 

ʇʝʪʨʫʰʢʦ ʄʠʢʦʣʘ ʇʝʪʨʦʚʠʯ 

ʢʘʥʜ. ʩ.-ʛ. ʥʘʫʢ, ʜʦʮʝʥʪ,  

ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ  ʪʝʭʥʦʣʦʛʽʾ ʪʚʘʨʠʥʥʠʮʪʚʘ ʪʘ ʧʪʘʭʽʚʥʠʮʪʚʘ 

ʍʘʨʢʽʚʩʴʢʘ ʜʝʨʞʘʚʥʘ ʟʦʦʚʝʪʝʨʠʥʘʨʥʘ ʘʢʘʜʝʤʽʷ, ʋʢʨʘʾʥʘ 
 

ʂʦʩʝʥʢʦ ʉʚʽʪʣʘʥʘ ʖʨʽʾʚʥʘ 

ORCID ID: 0000-0002-2946-6010 

ʢʘʥʜ. ʩ.-ʛ. ʥʘʫʢ, ʜʦʮʝʥʪ,  

ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʧʝʨʝʨʦʙʢʠ ʧʨʦʜʫʢʮʽʾ ʪʚʘʨʠʥʥʠʮʪʚʘ 

ʆʜʝʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

 

ʊɽʍʅʆʃʆɻɯʗ ɺʀɻʆʊʆɺʃɽʅʅʗ  

ʂʆɿɸʎʔʂʆɻʆ ʉɯɼʃɸ 
 

ɸʥʦʪʘʮʽʷ. ɺ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʟʘʮʴʢʦʛʦ ʩʽʜʣʘ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʩʫʯʘʩʥʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʽʚ, ʦʩʦʙʣʠʚʦʩʪʽ ʡʦʛʦ ʙʫʜʦʚʠ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʩʪʦʨʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʮʴʦʛʦ ʚʠʜʫ ʩʽʜʝʣ. 

 

 

ʉʽʜʣʦ ï ʜʫʞʝ ʚʘʞʣʠʚʠʡ ʽ ʜʘʚʥʽʡ ʚʠʥʘʭʽʜ, ʷʢʠʡ ʚʠʥʘʡʰʣʠ ʜʣʷ ʚʝʨʭʦʚʦʾ ʾʟʜʠ ʧʦʨʷʜ ʽʟ 

ʚʫʟʜʝʯʢʦʶ ʽ ʷʢʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʥʫʣʠ ʥʘ ʭʽʜ ʽʩʪʦʨʽʾ [1]. ʈʘʥʽʰʝ ʚʦʥʦ ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʶ 

ʧʨʦʩʪʫ ʥʘʢʠʜʢʫ ʟ ʨʝʤʽʥʮʷʤʠ, ʘ ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʾʭ ʥʘʣʽʯʫʻʪʴʩʷ ʜʦʩʠʪʴ ʯʠʩʝʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʨʽʟʥʦʚʠʜʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʙʫʜʦʚʦʶ, ʧʦʭʦʜʞʝʥʥʷʤ ʽ ʧʨʠʟʥʘʯʝʥʥʷʤ. ʂʦʞʝʥ 

ʨʽʟʥʦʚʠʜ ʩʽʜʝʣ ʤʘʻ ʩʚʦʾ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʾʭ ʚʠʛʦʪʦʚʣʷʶʪʴ ʽʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʤʘʶʪʴ ʨʽʟʥʫ ʚʘʛʫ ʪʘ ʬʦʨʤʫ. ʆʩʥʦʚʥʠʤʠ ʟ ʥʠʭ ʻ ʩʧʦʨʪʠʚʥʽ (ʢʦʥʢʫʨʥʽ, ʚʠʾʟʜʢʦʚʽ, 

ʪʨʠʙʦʨʥʽ, ʩʢʘʢʦʚʽ, ʚʦʣʴʪʠʞʫʚʘʣʴʥʽ), ʞʽʥʦʯʽ, ʢʦʚʙʦʡʩʴʢʽ, ʩʪʨʦʡʦʚʽ, ʢʦʟʘʮʴʢʽ, ʚôʶʯʥʽ. 

ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʟʥʘʡʰʣʠ ʩʧʦʨʪʠʚʥʽ, ʩʪʨʦʡʦʚʽ, ʢʦʟʘʮʴʢʽ ʪʘ ʟʥʝʱʦʜʘʚʥʘ 

ʢʦʚʙʦʡʩʴʢʽ ʩʽʜʣʘ.  

ʆʩʢʽʣʴʢʠ ʚʝʨʭʦʚʘ ʾʟʜʘ ʤʘʻ ʝʩʪʝʪʠʯʥʠʡ, ʜʫʭʦʚʥʠʡ, ʬʽʟʠʯʥʠʡ, ʢʫʣʴʪʫʨʥʠʡ, 

ʦʟʜʦʨʦʚʣʶʶʯʠʡ ʚʧʣʠʚ ʥʘ  ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʽ ʧʨʦʧʘʛʘʥʜʘ ʟʜʦʨʦʚʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ, ʚ 

ʟʥʘʯʥʽʡ ʤʽʨʽ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʥʫʣʠ ʥʘ ʨʦʟʚʠʪʦʢ ʢʽʥʥʦʛʦ ʪʫʨʠʟʤʫ, ʢʽʥʥʠʭ ʧʨʦʛʫʣʷʥʦʢ ʪʦʱʦ, 

ʭʦʯʘ ʟʘʛʘʣʴʥʘ ʯʠʩʝʣʴʥʽʩʪʴ ʧʦʛʦʣʽʚô̫  ʢʨʥʝʡ ʟʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʨʽʯʯʷ  ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ  ʩʫʪʪʻʚʦ 

ʟʤʝʥʰʠʣʘʩʴ. ʗʢʱʦ ʫ 2000 ʨʦʮʽ ʥʘ 1 ʢʦʥʷ ʧʨʠʭʦʜʠʣʦʩʷ 65 ʦʩʽʙ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ, ʪʦ ʫ 2010 

https://orcid.org/0000-0001-7870-2342
http://orcid.org/0000-0003-0189-6657
https://hdzva.edu.ua/kaf-ttpt/
https://orcid.org/0000-0002-2946-6010
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ʚʞʝ 110, ʘ ʚ 2019 ʧʦʥʘʜ 172 ʦʩʦʙʠ [2]. ʘʣʝ ʟʘ ʮʝʡ ʯʘʩ ʽ ʟʙʽʣʴʰʠʣʘʩʷ ʢʽʣʴʢʽʩʪʴ ʧʨʦʢʘʪʥʠʭ 

ʧʫʥʢʪʽʚ, ʢʽʥʥʦ ï ʩʧʦʨʪʠʚʥʠʭ ʰʢʽʣ, ʟʙʽʣʴʰʠʣʘʩʷ ʢʽʣʴʢʽʩʪʴ ʢʽʥʥʠʭ ʤʘʨʰʨʫʪʽʚ, ̫ ʢʽ ʧʦʪʨʝʙʫʶʪʴ 

ʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʢʽʥʩʴʢʦʛʦ ʩʧʦʨʷʜʞʝʥʥʷ.  

ʅʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤʠ ʩʽʜʣʘʤʠ ʜʣʷ ʪʨʠʚʘʣʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʚʝʨʭʠ ʥʘ ʢʦʥʽ ʻ 

ʩʪʨʦʡʦʚʽ, ʢʦʟʘʮʴʢʽ ʪʘ ʢʦʚʙʦʡʩʴʢʽ. ʆʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʻ ʢʦʟʘʮʴʢʝ ʩʽʜʣʦ, ʦʩʢʽʣʴʢʠ 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʚʙʦʡʩʴʢʦʛʦ ʪʘ ʩʪʨʦʡʦʚʦʛʦ ʚʦʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʷʢ ʢʦʥʩʪʨʫʢʪʠʚʥʦ, ʪʘʢ ʽ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʦʩʘʜʢʠ ʥʘʾʟʜʥʠʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʽʪʴ 

ʥʝʜʦʩʚʽʜʯʝʥʠʤ ʚʝʨʰʥʠʢʘʤ. 

ɼʝʪʘʣʽ ʢʘʨʢʘʩʫ (ʣʝʥʯʠʢʘ) ʢʦʟʘʮʴʢʦʛʦ ʩʽʜʣʘ (ʧʝʨʝʜʥʷ ʪʘ ʟʘʜʥʷ ʣʫʢʘ, ʧʨʘʚʘ ʪʘ ʣʽʚʘ 

ʧʦʣʠʮʷ)  ʤʦʞʫʪʴ ʚʠʛʦʪʦʚʣʷʪʠʩʷ ʽʟ ʩʫʮʽʣʴʥʦʾ ʜʝʨʝʚʠʥʠ, ʘʙʦ ʰʣʷʭʦʤ ʟʢʣʝʶʚʘʥʥʷ ʰʘʨʽʚ 

ʬʘʥʝʨʠ. ʉʫʯʘʩʥʽ ʚʠʨʦʙʥʠʢʠ ʩʽʜʝʣ, ʧʝʨʝʚʘʞʥʦ, ʧʝʨʝʜʥʶ ʪʘ ʟʘʜʥʶ ʣʫʢʠ ʚʠʛʦʪʦʚʣʷʶʪʴ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʘʣʝʚʠʭ ʪʨʫʙ. ɿʢʣʝʻʥʘ ʬʘʥʝʨʘ ʟʘ ʤʽʮʥʽʩʪʶ ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʽʥʰʠʤ 

ʤʘʪʝʨʽʘʣʘʤ ʽ ʥʘʚʽʪʴ, ʟʘ ʜʝʷʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʧʝʨʝʚʘʞʘʻ ʾʭ.  

ɯʟ ʬʘʥʝʨʠ, ʪʦʚʱʠʥʦʶ 10 ʤʤ, ʟʘ ʣʝʢʘʣʘʤʠ ʚʠʨʽʟʘʶʪʴʩʷ ʧʦ ʯʦʪʠʨʠ ʟʘʛʦʪʽʚʢʠ 

ʧʝʨʝʜʥʴʦʾ (ʨʠʩ 1) ʪʘ ʟʘʜʥʴʦʾ (ʨʠʩ 2) ʣʫʢʠ, ʧʽʩʣʷ ʯʦʛʦ ʟʢʣʝʶʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʧʝʨʝʜʥʷ ʽ 

ʟʘʜʥʷ ʣʫʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʽʩʪʢʦʚʦʛʦ ʢʣʝʶ, ʟʘʚʘʨʝʥʠʤ ʥʘ ʚʦʜʷʥʽʡ ʙʘʥʽ ʜʦ ʛʫʩʪʠʥʠ 

ʩʚʽʞʝʟʢʘʯʘʥʦʛʦ ʤʝʜʫ. ɿʘʛʦʪʽʚʢʠ ʧʝʨʝʜʥʴʦʾ ʣʫʢʠ ʥʘʢʣʘʜʘʶʪʴʩʷ, ʟʘʣʝʞʥʦ ʚʽʜ ʾʾ ʥʘʭʠʣʫ ʽ 

ʬʽʢʩʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʜʦʜʘʪʢʦʚʦ ʮʚʷʭʘʤʠ, ʘ ʟʘʜʥʴʦʾ ʣʫʢʠ ʟ ʙʽʣʴʰ ʟʥʘʯʥʠʤ ʥʘʭʠʣʦʤ, ʘ 

ʧʦʪʽʤ ʩʪʠʩʢʘʶʪʴʩʷ ʩʪʨʫʙʮʠʥʘʤʠ ʽ ʚʠʪʨʠʤʫʶʪʴʩʷ ʜʦ ʧʦʚʥʦʛʦ ʚʠʩʠʭʘʥʥʷ ʢʣʝʶ. ʈʽʛ ʟʘʜʥʴʦʾ 

ʣʫʢʠ ʜʦʢʣʝʶʻʪʴʩʷ, ʟʘʣʝʞʥʦ ʚʽʜ ʜʦʚʞʠʥʠ, ʧʨʦʰʘʨʢʘʤʠ 10 ʤʤ ʬʘʥʝʨʠ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʣʫʢʠ 

ʦʙʪʦʯʫʶʪʴʩʷ ʜʦ ʛʦʪʦʚʦʾ ʬʦʨʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʽʥʩʪʨʫʤʝʥʪʫ ʽʟ ʰʣʽʬʫʚʘʣʴʥʠʤʠ 

ʥʘʩʘʜʢʘʤʠ.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ɺʠʜ ʽ ʨʦʟʤʽʨʠ ʧʝʨʝʜʥʴʦʾ ʣʫʢʠ                 ʈʠʩ. 2. ɺʠʜ ʽ ʨʦʟʤʽʨʠ ʟʘʜʥʴʦʾ ʣʫʢʠ 

 

ʇʦ ʯʦʪʠʨʠ ʟʘʛʦʪʽʚʢʠ ʥʘ ʧʦʣʠʮʽ ʚʠʨʽʟʘʶʪʴʩʷ ʽʟ ʬʘʥʝʨʠ, ʪʦʚʱʠʥʦʶ 3 ʤʤ, ʘ 

ʟʢʣʝʶʚʘʪʠʩʴ ʧʦʯʠʥʘʶʪʴ ʧʦ ʦʜʥʽʡ ʧʘʨʘʣʝʣʴʥʦ ʟ ʣʽʚʦʛʦ ʽ ʧʨʘʚʦʛʦ ʙʦʢʫ, ʟôʻʜʥʫʶʯʠ, 

ʚʽʜʧʦʚʽʜʥʦ, ʧʝʨʝʜʥʶ ʪʘ ʟʘʜʥʶ ʣʫʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʩʪʘʥʽ ʤʽʞ ʥʠʤʠ 38 ʩʤ. 

ɼʦʪʨʠʤʫʶʯʠʩʴ ʯʽʪʢʦʾ ʩʠʤʝʪʨʠʯʥʦʩʪʽ ʟ ʣʽʚʦʛʦ ʽ ʧʨʘʚʦʛʦ ʙʦʢʫ ʣʫʢʠ ʟʥʠʟʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ  

ʢʽʩʪʢʦʚʦʛʦ ʢʣʝʶ ʽ ʮʚʷʭʽʚ,  ʧʦʯʝʨʛʦʚʦ ʟôʻʜʥʫʶʪʴʩʷ ʯʦʪʠʨʤʘ ʟʘʛʦʪʽʚʢʘʤʠ ʧʦʣʠʮʴ ʽʟ 3 ʤʤ 

ʬʘʥʝʨʠ. ɺʽʜʧʦʚʽʜʥʦ ʟʚʝʨʭʫ ʥʘʢʣʘʜʘʶʪʴʩʷ ʧʦ ʯʦʪʠʨʠ ʟʘʛʦʪʽʚʢʠ ʧʝʨʝʜ ʧʝʨʝʜʥʽʤʠ ʣʫʢʘʤʠ, 

ʤʽʞ ʥʠʤʠ ʪʘ ʧʦʟʘʜʫ ʥʠʭ (ʨʠʩ 3). ɺʩʽ ʦʧʝʨʘʮʽʾ ʟʽ ʟʢʣʝʶʚʘʥʥʷ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʰʽʣʴʥʠʤ 

ʩʪʠʩʢʘʥʥʷʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʫʙʮʠʥ.  
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1 ï ʚʩʪʘʚʢʠ ʧʝʨʝʜ ʧʝʨʝʜʥʴʦʾ ʣʫʢʦʶ; 2 ï ʧʝʨʝʜʥʷ ʣʫʢʘ; 3 ï ʩʝʨʝʜʥʽ ʚʩʪʘʚʢʠ ʤʽʞ ʣʫʢʘʤʠ;  

4 ï ʟʘʜʥʷ ʣʫʢʘ; 5 - ʚʩʪʘʚʢʠ ʧʽʩʣʷ ʟʘʜʥʴʦʾ ʣʫʢʠ; 6 ï ʩʫʮʽʣʴʥʘ ʯʘʩʪʠʥʘ ʧʦʣʠʮʽ (ʯʝʨʚʦʥʠʤ 

ʧʫʥʢʪʠʨʦʤ ʚʠʜʽʣʝʥʦ ʟʦʥʫ ʦʙʨʽʟʘʥʥʷ) 

ʈʠʩ. 3. ɺʠʜ ʣʽʚʦʾ ʧʦʣʠʮʽ ʟʥʠʟʫ  

 

ɿʢʣʝʷʥʠʡ ʣʝʥʯʠʢ ʪʘʢʦʞ ʦʙʪʦʯʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʽʥʩʪʨʫʤʝʥʪʫ ʽʟ 

ʰʣʽʬʫʚʘʣʴʥʠʤʠ ʥʘʩʘʜʢʘʤʠ ʟ ʦʙʦʚôʷʟʢʦʚʦʶ ʩʠʤʝʪʨʠʯʥʽʩʪʶ ʣʽʚʦʾ ʽ ʧʨʘʚʦʾ ʩʪʦʨʦʥʠ, ʧʽʩʣʷ ʯʦʛʦ 

ʤʽʩʮʷ ʢʨʽʧʣʝʥʥʷ ʣʫʢ ʟ ʧʦʣʠʮʷʤʠ ʧʽʣʩʠʣʶʶʪʴʩʷ ʩʘʤʦʨʽʟʘʤʠ. ʄʽʮʥʽʩʪʴ ʨʦʛʫ ʟʘʜʥʴʦʾ ʣʫʢʠ 

ʪʘʢʦʞ ʤʦʞʝ ʧʽʜʩʠʣʶʚʘʪʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʣʝʚʦʾ, ʤʽʜʥʦʾ ʘʙʦ ʣʘʪʫʥʥʦʾ ʧʣʘʩʪʠʥʠ, ʷʢʘ 

ʢʨʽʧʠʪʴʩʷ ʪʝʢʩʘʤʠ (ʪʨʴʦʭʛʨʘʥʥʠʤʠ ʮʚʷʭʘʤʠ). ʅʘ ʧʦʣʠʮʷʭ ʛʦʪʦʚʦʛʦ ʢʘʨʢʘʩʫ ʩʚʝʨʜʣʷʪʴʩʷ 

ʦʪʚʦʨʠ ʜʣʷ ʬʽʢʩʘʮʽʾ ʧʽʜʧʝʨʩʷ (ʥʘʛʨʫʜʥʠʢʘ), ʜʣʷ ʥʘʪʷʛʫʚʘʥʥʷ ʞʠʚʮʷ, ʜʣʷ ʧʫʪʣʠʮʴ ʽ ʜʣʷ 

ʬʽʢʩʘʮʽʾ ʧʨʠʩʪʨʫʛ (ʨʠʩ. 4), ʟ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʷʢʠʭ, ʚʽʜʧʦʚʽʜʥʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʟôʻʜʥʫʶʪʴʩʷ 

ʚʠʨʽʟʘʤʠ ʜʣʷ ʟʘʛʣʠʙʣʝʥʥʷ ʰʢʽʨʷʥʠʭ ʧʦʣʦʩ  ʧʨʠ ʬʽʢʩʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʩʽʜʣʘ.  

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

1 - ʧʝʨʝʜʥʷ ʣʫʢʘ; 2 - ʨʽʛ ʧʝʨʝʜʥʴʦʾ ʣʫʢʠ; 3 - ʟʘʜʥʷ ʣʫʢʘ; 4 - ï ʨʽʛ ʟʘʜʥʴʦʾ ʣʫʢʠ;  

5 - ʧʦʣʠʮʷ; 6 - ʦʪʚʦʨʠ ʜʣʷ ʧʫʪʣʠʮʴ; 7 -  ʦʪʚʦʨʠ ʜʣʷ ʬʽʢʩʘʮʽʾ ʧʨʠʩʪʨʫʛ;  

8 - ʦʪʚʦʨʠ ʜʣʷ ʬʽʢʩʘʮʽʾ ʧʽʜʧʝʨʩʷ; 9 - ʦʪʚʦʨʠ ʜʣʷ ʥʘʪʷʛʫʚʘʥʥʷ ʞʠʚʮʷ (ʯʝʨʚʦʥʠʤ  

ʧʫʥʢʪʠʨʦʤ ʚʠʜʽʣʝʥʦ ʟʦʥʫ ʦʙʨʽʟʘʥʥʷ ʧʝʨʝʜʥʴʦʾ ʽ ʟʘʜʥʴʦʾ ʣʫʢʠ) 

ʈʠʩ. 4. ɺʠʜ ʽ ʨʦʟʤʽʨʠ ʣʝʥʯʠʢʘ ʟʙʦʢʫ  

 

ʌʘʥʝʨʘ ʛʦʪʦʚʦʛʦ ʣʝʥʯʠʢʘ ʦʙʢʣʝʶʻʪʴʩʷ ʪʦʥʢʦʶ ʱʢʽʨʦʶ, ʧʽʩʣʷ ʯʦʛʦ ʧʝʨʝʜʥʷ ʽ ʟʘʜʥʷ 

ʣʫʢʘ ʟôʻʜʥʫʶʪʴʩʷ ʞʠʚʮʝʤ (ʰʠʨʦʢʠʤ ʨʝʤʝʥʝʤ ʽʟ ʩʠʨʦʤôʷʪʥʦʾ ʰʢʽʨʠ), ʷʢʠʡ ʥʘʪʷʛʫʻʪʴʩʷ 

ʰʣʷʭʦʤ ʧʝʨʝʧʣʝʪʝʥʥʷ ʚʰʠʚʘʣʴʥʠʢʽʚ (ʪʦʥʢʠʭ ʩʠʨʦʤôʷʪʥʠʭ ʨʝʤʽʥʮʽʚ) ʜʦ ʧʦʣʠʮʴ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʥʘʡʛʣʠʙʰʘ ʪʦʯʢʘ ʩʽʜʣʘ ʟʥʘʭʦʜʠʣʘʩʴ ʨʽʚʥʦ ʧʦ ʮʝʥʪʨʫ ʤʽʞ ʣʫʢʘʤʠ (ʨʠʩ 5). ʉʽʜʣʘ, 

ʟʨʘʟʢʘ 1911 ʨʦʢʫ, ʞʠʚʮʷ ʥʝ ʤʘʶʪʴ, ʘʣʝ ʜʝʨʝʚôʷʥʽ ʧʦʣʠʮʽ ʟʥʘʯʥʦ ʰʠʨʰʽ ʽ, ʤʘʡʞʝ ʟʤʠʢʘʶʪʴʩʷ 

ʤʽʞ ʩʦʙʦʙ ʧʦ ʩʝʨʝʜʠʥʽ ʩʽʜʣʘ, ʪʦʙʪʦ ʣʝʥʯʠʢ ʚʠʛʦʪʦʚʣʝʥʦ ʤʘʡʞʝ ʽʟ ʩʫʮʽʣʴʥʦʾʜʝʨʝʚʠʥʠ.  
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1 - ʧʝʨʝʜʥʷ ʣʫʢʘ; 2 ï ʨʽʛ ʧʝʨʝʜʥʴʦʾ ʣʫʢʠ; 3 ï ʧʨʘʚʘ ʧʦʣʠʮʷ; 4 - ʦʪʚʦʨʠ ʜʣʷ ʬʽʢʩʘʮʽʾ  

ʧʝʨʝʜʥʽʭ ʧʨʠʩʪʨʫʛ; 5 ï ʦʪʚʦʨʠ ʜʣʷ ʧʫʪʣʠʮʴ; 6 - ʦʪʚʦʨʠ ʜʣʷ ʬʽʢʩʘʮʽʾ ʟʘʜʥʽʭ ʧʨʠʩʪʨʫʛ;  

7 - ʟʘʜʥʷ ʣʫʢʘ; 8 - ʨʽʛ ʟʘʜʥʴʦʾ ʣʫʢʠ; 9 - ʞʠʚʝʮʴ; 10 - ʣʽʚʘ ʧʦʣʠʮʷ; 11 - ʦʙʧʣʝʪʝʥʥʷ,  

ʱʦ ʟôʻʜʥʫʻ ʞʠʚʝʮʴ ʟ ʧʦʣʠʮʷʤʠ 

ʈʠʩ. 5. ɺʠʜ ʣʝʥʯʠʢʘ ʟʚʝʨʭʫ  

 

ɼʣʷ ʦʙʪʷʛʫʚʘʥʥʷ ʧʝʨʝʜʥʴʦʾ ʽ ʟʘʜʥʴʦʾ ʣʫʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʦʨʥʦ ï ʩʽʜʝʣʴʥʘ ʰʢʽʨʘ, 

ʪʦʚʱʠʥʦʶ 2 ï 3 ʤʤ, ʷʢʫ ʧʦʧʝʨʝʜʥʴʦ ʬʦʨʤʫʶʪʴ, ʪʦʙʪʦ ʥʘʪʷʛʫʶʪʴ ʟʘʛʦʪʽʚʢʠ ʚʦʣʦʛʦʾ ʰʢʽʨʠ 

ʥʘ ʧʝʨʝʜʥʶ ʽ ʟʘʜʥʶ ʯʘʩʪʠʥʫ ʢʦʞʥʦʾ ʣʫʢʠ, ʬʽʢʩʫʶʪʴ ʮʚʷʭʘʤʠ ʽ ʚʠʪʨʠʤʫʶʪʴ ʜʦ ʧʦʚʥʦʛʦ 

ʚʠʩʫʰʫʚʘʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʚʠʨʽʚʥʶʶʪʴ ʟʦʚʥʽʰʥʽ ʢʨʘʾ ʰʢʽʨʠ ʫ ʤʽʩʮʷʭ ʤʘʡʙʫʪʥʴʦʛʦ ʟôʻʜʥʘʥʥʷ 

ʚ ʙʦʢʦʚʠʭ ʯʘʩʪʠʥʘʭ ʣʫʢ. ɿʘʛʦʪʽʚʢʠ ʥʘʢʣʝʶʶʪʴ ʥʘ ʧʝʨʝʜʥʶ ʽ ʟʘʜʥʶ ʯʘʩʪʠʥ ʣʫʢ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʫʥʽʚʝʨʩʘʣʴʥʽ ʢʣʝʾ ʪʠʧʫ çʅʘʽʨʽʪè, çʄʦʤʝʥʪè ʪʦʱʦ, ʟʘʣʠʰʘʶʯʠ ʤʽʩʮʷ 

ʟôʻʜʥʘʥʥʷ ʩʫʭʠʤʠ, ʧʽʩʣʷ ʯʦʛʦ ʟʰʠʚʘʶʪʴ, ʘʙʦ ʩʧʣʽʪʘʶʪʴ ʰʢʽʨʷʥʠʤʠ ʧʦʣʦʩʘʤʠ ʫ ʚʠʛʣʷʜʽ 

ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʥʷ.  

ʅʘ ʧʦʣʠʮʷʭ ʟ ʣʽʚʦʛʦ ʽ ʧʨʘʚʦʛʦ ʙʦʢʫ ʟʘʢʨʽʧʣʶʶʪʴʩʷ ʧʨʠʩʪʨʫʛʠ ʜʣʷ ʧʝʨʝʜʥʴʦʾ ʪʘ ʟʘʜʥʴʦʾ 

ʧʦʧʨʫʛ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʨʦʤôʷʪʥʠʭ ʚʰʠʚʘʣʴʥʠʢʽʚ, ʯʝʨʝʟ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʮʴʦʛʦ ʦʪʚʦʨʠ ʫ 

ʧʦʣʠʮʷʭ, ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʘʤʦʨʽʟʠ. ʇʨʠʩʪʨʫʛʠ ʚʠʛʦʪʦʚʣʷʶʪʴ ʽʟ ʜʚʦʭ ʧʨʦʰʘʨʢʽʚ ʰʢʽʨʠ, 

ʚʝʨʭʥʽʡ ʽʟ ʷʢʠʭ ʽʟ ʜʫʙʣʝʥʦʾ, ʘ ʥʠʞʥʽʡ ʽʟ ʩʠʨʦʤôʷʪʥʦʾ, ʰʠʨʠʥʦʶ, ʚʽʜʧʦʚʽʜʥʽʡ ʧʨʷʞʮʽ ʩʘʤʠʭ 

ʧʦʧʨʫʛ. 

ʇʽʜ ʥʠʞʥʴʦʶ ʯʘʩʪʠʥʦʶ ʧʦʣʠʮʴ ʦʙʣʘʜʥʫʶʪʴ ʧʽʜʢʣʘʜʢʠ ʽʟ ʧʦʚʩʪʽ, ʪʦʚʱʠʥʦʶ 1,5 ï 2 ʩʤ, 

ʷʢʽ ʧʨʠʢʨʽʧʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʢʽʨʷʥʠʭ ʨʝʤʝʥʽʚ, ʘʙʦ ʧʨʠʰʠʚʘʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʫʮʽʣʴʥʦʾ, ʚʽʜʧʦʚʽʜʥʦ ʢʦʥʪʫʨʽʚ ʧʦʣʠʮʴ ʧʝʨʝʜ ʧʝʨʝʜʥʴʦʶ ʽ ʧʦʟʘʜʫ ʟʘʜʥʴʦʾ ʣʫʢʠ. ɺ 

ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʚʦʥʠ ʙʫʜʫʪʴ ʥʝʟʡʦʤʥʠʤʠ. 

ɺ ʧʦʜʘʣʴʰʦʤʫ ʩʽʜʣʦ ʢʦʤʧʣʝʢʪʫʻʪʴʩʷ ʢʨʠʣʘʤʠ ʪʘ ʧʚʜʢʨʠʣʢʘʤʠ (ʪʽʙʝʥʴʢʘʤʠ), 

ʩʽʜʝʣʴʥʦʶ ʧʦʜʫʰʢʦʶ, ʯʝʨʝʟʩʽʜʝʣʴʥʠʤ ʪʨʦʢʦʤ, ʧʫʪʣʠʮʷʤʠ ʟʽ ʩʪʨʝʤʝʥʘʤʠ ʪʘ ʧʽʪʥʠʢʦʤ ʟ 

ʚʦʣʴʪʨʘʧʦʤ (ʨʠʩ. 6). 

ʋʩʽ ʝʣʝʤʝʥʪʠ ʩʽʜʣʘ ʚʠʢʦʥʫʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʽʟ ʰʢʽʨʠ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ, ʘ ʜʝʢʦʨʘʪʠʚʥʽ 

ʝʣʝʤʝʥʪʠ ʦʙʧʣʝʪʝʥʥʷ ʽ ʚʩʪʘʚʢʠ ʥʘ ʧʦʜʫʰʮʽ ʤʦʞʫʪʴ ʙʽʪʠ ʚʠʛʦʪʦʚʣʝʥʽ ʽʟ ʰʢʽʨʠ ʚʠʰʥʝʚʦʛʦ, 

ʤʘʣʠʥʦʚʦʛʦ, ʘʙʦ ʪʝʤʥʦ ï ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ. ʂʨʠʣʘ ʪʘ ʧʽʜʢʨʠʣʢʠ (ʪʽʙʝʥʴʢʠ) ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ 

ʽʟ ʰʦʨʥʦ ï ʩʽʜʝʣʴʥʦʾ ʰʢʽʨʠ, ʪʦʚʱʠʥʦʶ 3 ï 4 ʤʤ, ʤʦʞʫʪʴ ʧʨʠʢʨʘʰʘʪʠʩʷ ʚʠʪʠʩʥʝʥʠʤ 

ʦʨʥʘʤʝʥʪʦʤ ʽ ʢʨʽʧʣʷʪʴʩʷ ʜʦ ʧʦʣʠʮʴ ʩʽʜʣʘ ʰʢʽʨʷʥʠʤʠ ʫʰʠʚʘʣʴʥʠʢʘʤʠ, ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʢʩ, ʯʠ ʩʘʤʦʨʽʟʽʚ. ʉʫʯʘʩʥʽ ʚʠʨʦʙʥʠʢʠ ʢʦʟʘʮʴʢʠʭ ʩʽʜʝʣ ʯʘʩʪʦ ʪʽʙʝʥʴʢʠ ʟʘʤʽʥʶʶʪʴ ʰʠʨʦʢʠʤ 

ʢʨʠʣʦʤ ʟ ʥʘʰʠʪʠʤ ʢʦʣʽʥʥʠʤ ʫʧʦʨʦʤ.  

8 

7

8

1

8

2

8

3

8
4

8

5

8

6

8

9

8

10

80 11

80 



March 26, 2021 |  Chicago, USA  |  Collection of scientific papers «SCϣENTϣA» 
. 

29 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 - ʧʝʨʝʜʥʷ ʣʫʢʘ; 2 ï ʨʽʛ ʧʝʨʝʜʥʴʦʾ ʣʫʢʠ; 3 ï ʧʨʘʚʘ ʧʦʣʠʮʷ; 4 - ʧʽʜʢʨʠʣʦʢ; 5 ï ʢʨʠʣʦ;  

6 - ʧʽʪʥʠʢ; 7 ï ʧʫʪʣʠʮʽ: 8 ï ʩʪʨʝʤʝʥʘ: 9 ï ʯʝʨʝʟʩʽʜʝʣʴʥʠʡ ʪʨʦʢ: 10 ï ʧʦʟʜʦʚʞʥʽ 

(ʜʦʜʘʪʢʦʚʽ) ʨʝʤʝʥʽ ʜʣʷ ʬʽʢʩʘʮʽʾ ʧʦʜʫʰʢʠ: 11 - ʧʦʜʫʰʢʘ: 12 -ʟʘʜʥʷ ʣʫʢʘ; 13 - ʨʽʛ ʟʘʜʥʴʦʾ 

ʣʫʢʠ; 14 -ʧʦʚʩʪʷʥʽ ʧʽʜʢʣʘʜʢʠ ʧʽʜ ʧʦʣʠʮʽ.  

ʈʠʩ. 6. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʢʦʟʘʮʴʢʦʛʦ ʩʽʜʣʘ (ʚʠʜ ʟʚʝʨʭʫ)  

 

ʇʦʜʫʰʢʘ ʩʽʜʣʘ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʽʟ ʪʦʥʴʰʦʾ, ʘʣʝ ʤʽʮʥʦʾ ʛʣʷʥʮʝʚʦʾ, ʘʙʦ ʟʘʤʰʝʚʦʾ ʰʢʽʨʠ, 

ʪʦʚʱʠʥʦʶ 0,8 ï 1ʩʤ ʽ ʢʨʽʧʠʪʴʩʷ ʜʦ ʣʝʥʯʠʢʘ ʩʽʜʣʘ ʯʝʨʝʟʩʽʜʝʣʴʥʠʤ ʪʨʦʢʦʤ, ʘ ʽʥʢʦʣʠ ʜʣʷ ʙʽʣʴʰ 

ʩʪʽʡʢʦʾ ʬʽʢʩʘʮʽʾ ʽ ʧʦʟʜʦʚʞʥʽʤʠ ʨʝʤʝʥʷʤʠ, ʧʨʠʜʘʚʣʝʥʠʤʠ ʪʠʤ ʞʝ ʪʨʦʢʦʤ. ʅʘʙʠʚʘʶʪʴ 

ʧʦʜʫʰʢʫ ʱʽʣʴʥʠʤ, ʧʨʫʞʥʠʤ ʤʘʪʝʨʽʘʣʦʤ (ʢʽʥʩʴʢʝ ʚʦʣʦʩʩʷ, ʦʙʨʽʟʢʠ ʩʠʣʽʢʦʥʫ ʪʦʱʦ), ʘ ʚ 

ʜʘʚʥʠʥʫ ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʪʘʢʦʞ ʷʢ ʽ ʧʽʜʩʫʤʦʢ, ʢʫʜʠ ʚʢʣʘʜʘʣʠʩʷ ʦʩʦʙʠʩʪʽ ʪʢʘʥʠʥʥʽ 

ʨʝʯʽ. 

ʇʽʪʥʠʢ ʪʘʢʦʞ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʽʟ ʰʢʽʨʠ, ʷʢʘ ʧʽʜʰʠʚʘʻʪʴʩʷ ʧʦʚʩʪʶ, ʪʦʚʱʠʥʦʶ 1 ï 1,5 

ʩʤ, ʽ ʧʨʠʢʨʽʧʣʷʻʪʴʩʷ ʜʦ ʧʦʣʠʮʴ ʰʢʽʨʷʥʠʤʠ ʨʝʤʝʥʷʤʠ. ʅʘ ʧʽʪʥʠʢ ʜʦʜʘʪʢʦʚʦ ʥʘʰʠʚʘʶʪʴʩʷ 

ʧʝʪʣʽ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʯʝʨʝʟʩʽʜʝʣʴʥʠʭ ʩʫʤʦʢ ï ʚ ʧʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʧʦ ʦʜʥʽʡ ʟ ʢʦʞʥʦʛʦ ʙʦʢʫ, ʘ 

ʚ ʟʘʜʥʽʡ ï ʧʦ ʜʚʽ, ʦʩʢʽʣʴʢʠ ʟʘʜʥʽ ʪʦʨʙʠ ʰʠʨʰʽ (30x20x10 ʩʤ), ʘ ʧʝʨʝʜʥʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ 

(ʚʠʩʦʪʦʶ. 30 ʜʽʘʤʝʪʨʦʤ 13 ʩʤ) [3]. 

ɺʦʣʴʪʨʘʧ (ʧʽʜʢʣʘʜʢʘ ʧʽʜ ʧʽʪʥʠʢ) ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟʘ ʬʦʨʤʦʶ ʧʽʪʥʠʢʘ ʽʟ ʥʘʪʫʨʘʣʴʥʦʾ 

ʧʦʚʩʪʽ, ʪʦʚʱʠʥʦʾ 0,5 ï 08 ʩʤ, ʦʩʢʽʣʴʢʠ ʥʘʪʫʨʘʣʴʥʘ ʚʦʚʥʘ ʤʦʞʝ ʚʙʠʨʘʪʠ ʜʦ 30% ʚʦʣʦʛʠ ʽ ʟʦʚʥʽ 

ʟʘʣʠʰʘʪʠʩʴ ʩʫʭʦʶ, ʪʦʜʽ ʷʢ ʩʠʥʪʝʪʠʯʥʽ ʪʢʘʥʠʥʠ ʣʠʰʝ 2 ï 6%. ʇʨʠʢʨʽʧʣʶʻʪʴʩʷ ʜʦ ʨʦʛʫ 

ʧʝʨʝʜʥʴʦʾ ʣʫʢʠ ʣʠʰʝ ʰʢʽʨʷʥʦʶ ʧʝʪʣʝʶ, ʥʦʰʠʪʦʾ ʚ ʡʦʛʦ ʧʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ, ʣʝʛʢʦ ʟʥʽʤʘʻʪʴʩʷ 

ʜʣʷ ʧʨʘʩʫʚʘʥʥʷ, ʦʯʠʱʝʥʥʷ ʪʘ ʚʠʩʠʭʘʥʥʷ. 

ʆʢʨʽʤ ʚʩʴʦʛʦ ʩʽʜʣʦ ʢʦʤʧʣʝʢʪʫʻʪʴʩʷ ʧʽʜʧʝʨʩʷʤ (ʥʘʛʨʫʜʥʠʢʦʤ) ʪʘ ʧʘʭʚʘʤʠ 

(ʧʽʜʭʚʽʩʪʥʠʢʦʤ), ʷʢʽ ʧʦʧʝʨʝʜʞʘʶʪʴ ʩʧʦʚʟʘʥʥʷ ʩʽʜʣʘ ʚʧʝʨʝʜ ʪʘ ʥʘʟʘʜ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ 

ʝʣʝʤʝʥʪʽʚ ʜʞʠʛʽʪʦʚʢʠ (ʩʢʘʯʢʠ ʥʘ ʢʦʥʽ ʧʽʜ ʯʘʩ ʷʢʦʾ ʚʝʨʰʥʠʢ ʚʠʢʦʥʫʻ ʛʠʤʥʘʩʪʠʯʥʽ ʪʘ 

ʘʢʨʦʙʘʪʠʯʥʽ ʚʧʨʘʚʠ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʢʦʰʦʚʢʘ, ʪʦʙʪʦ ʨʝʤʝʥʽ, ʷʢʽ ʬʽʢʩʫʶʪʴ ʧʫʪʣʠʮʽ ʟʽ 

ʩʪʨʝʤʝʥʘʤʠ ʧʽʜ ʯʝʨʝʚʦʤ ʢʦʥʷ. 

ɺʠʩʥʦʚʢʠ. ʂʦʟʘʮʴʢʝ ʩʽʜʣʦ, ʟʘʚʜʷʢʠ ʦʩʦʙʣʠʚʦʩʪʝʡ ʙʫʜʦʚʠ, ʥʘʷʚʥʦʩʪʽ ʨʦʛʫ ʥʘ ʧʝʨʝʜʥʽʡ 

ʽ ʟʘʜʥʽʡ ʣʫʮʽ, ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʝ ʜʣʷ ʜʞʠʛʽʪʦʚʢʠ, ʚʠʩʪʫʧʘʤ ʫ ʮʠʨʢʦʚʠʭ ʥʦʤʝʨʘʭ ʽ ʧʨʦʩʪʦ 

ʜʣʷ ʪʨʠʚʘʣʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʚʝʨʰʥʠʢʘ ʥʘ ʢʦʥʽ. ʇʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʢʦʟʘʮʴʢʝ ʩʽʜʣʦ ʥʝ ʧʦʪʨʝʙʫʻ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʚʽʪʴ ʚ ʜʦʤʘʰʥʽʭ ʫʤʦʚʘʭ.  
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ʅɸʋʂʆɺʆ-ɼʆʉʃɯɼʅɸ ɻʈʋʇɸ: 
 

ʅʦʚʘʢ ɾʘʥʥʘ ʄʠʢʦʣʘʾʚʥʘ 

ʢʘʥʜʠʜʘʪ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʛʝʥʝʪʠʢʠ, ʩʝʣʝʢʮʽʾ ʨʦʩʣʠʥ ʪʘ ʙʽʦʪʝʭʥʦʣʦʛʽʾ 

ʋʤʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʘʜʽʚʥʠʮʪʚʘ, ʋʢʨʘʾʥʘ 
 

ɻʘʨʘʱʝʥʢʦ ʄʘʨʽʷ ʉʝʨʛʽʾʚʥʘ 

ʩʪʫʜʝʥʪʢʘ ʬʘʢʫʣʴʪʝʪʫ ʘʛʨʦʥʦʤʽʾ 

ʋʤʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʘʜʽʚʥʠʮʪʚʘ, ʋʢʨʘʾʥʘ 
 

ɻʦʨʙʫʣʝʚʠʯ ɸʥʜʨʽʡ ɺʘʩʠʣʴʦʚʠʯ 

ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʫ ʘʛʨʦʥʦʤʽʾ 

ʋʤʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʘʜʽʚʥʠʮʪʚʘ, ʋʢʨʘʾʥʘ 
 

ʂʘʧʫʩʪʠʥʩʴʢʠʡ ɸʥʘʪʦʣʽʡ ʆʣʝʢʩʘʥʜʨʦʚʠʯ 

ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʫ ʘʛʨʦʥʦʤʽʾ 

ʋʤʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʘʜʽʚʥʠʮʪʚʘ, ʋʢʨʘʾʥʘ 
 

ʂʫʣʠʢ ʇʝʪʨʦ ɺʽʪʘʣʽʡʦʚʠʯ 

ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʫ ʘʛʨʦʥʦʤʽʾ 

ʋʤʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʘʜʽʚʥʠʮʪʚʘ, ʋʢʨʘʾʥʘ 

 

 

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʂʆʃʆʉɸ ɻɯɹʈʀɼʅʀʍ 

ʇʆʇʋʃʗʎɯʁ F3 ʇʐɽʅʀʎɯ ʊɺɽʈɼʆɰ ʗʈʆɰ 
 

ʊʚʝʨʜʫ ʧʰʝʥʠʮʶ (Triticum durum desf.) ʟʜʘʚʥʘ ʚʠʨʦʱʫʶʪʴ ʫ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ, 

ʚʦʥʘ ʙʫʣʘ ʦʩʥʦʚʥʦʶ ʭʣʽʙʥʦʶ ʢʫʣʴʪʫʨʦʶ ʋʢʨʘʾʥʠ ʚʧʨʦʜʦʚʞ ʩʪʦʣʽʪʴ. ʅʘ ʾʾ ʯʘʩʪʢʫ ʧʨʠʧʘʜʘʻ 

ʙʣʠʟʴʢʦ 5% ʦʙʩʷʛʫ ʚʩʽʻʾ ʚʠʨʦʱʫʚʘʥʦʾ ʧʰʝʥʠʮʽ ʚ ʩʚʽʪʽ, ʘ ʚʘʣʦʚʠʡ ʦʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ 

ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 30-35 ʤʣʥ ʪ ʚ ʨʽʢ, ʟʦʢʨʝʤʘ ʚ ɭʚʨʦʩʦʶʟʽ ð ʙʣʠʟʴʢʦ 10 ʤʣʥ ʪ, ʇʽʚʥʽʯʥʽʡ 

ɸʬʨʠʮʽ ð 6 ʤʣʥ ʪ, ʂʘʥʘʜʽ ð 5 ʤʣʥ ʪ [1].  

ʇʰʝʥʠʮʷ ʪʚʝʨʜʘ ʻ ʥʝʧʝʨʝʚʝʨʰʝʥʦʶ ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʤʘʢʘʨʦʥʥʦʾ ʪʘ ʢʨʫʧ'ʷʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʥʘʪʫʨʘʣʴʥʘ ʜʦʙʘʚʢʘ ʜʦ ʤ'ʷʢʦʾ ʧʰʝʥʠʮʽ ʧʨʠ ʚʠʧʽʯʮʽ 

ʭʣʽʙʘ ʽ ʭʣʽʙʦʙʫʣʦʯʥʠʭ ʚʠʨʦʙʽʚ [2]. 

ɸʩʦʨʪʠʤʝʥʪ ʤʘʢʘʨʦʥʥʠʭ ʚʠʨʦʙʽʚ ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʠʡ ð ʜʦ 400 ʥʘʡʤʝʥʫʚʘʥʴ. ɺ ɯʪʘʣʽʾ, 

ʉʐɸ, ʏʝʭʽʾ ʪʘ ʨʷʜʽ ʽʥʰʠʭ ʢʨʘʾʥ ʽʩʥʫʶʪʴ ʟʘʢʦʥʠ, ʱʦ ʟʘʙʦʨʦʥʷʶʪʴ ʚʠʨʦʙʥʠʮʪʚʦ ʤʘʢʘʨʦʥʥʠʭ 

ʚʠʨʦʙʽʚ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʽʥʰʦʛʦ ʧʨʦʜʫʢʪʫ, ʢʨʽʤ ʧʰʝʥʠʮʽ ʪʚʝʨʜʦʾ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʩʘʥʪʦʬʽʣ, 

ʷʢʠʡ ʧʨʠʩʫʪʥʽʡ ʚ ʟʝʨʥʽ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʬʽʣʘʢʪʠʢʠ ʨʘʢʫ ʰʢʽʨʠ [3, 4]. 

ɻʽʙʨʠʜʥʽ ʧʦʧʫʣʷʮʽʾ F3 ʧʰʝʥʠʮʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʪʨʝʪʻ ʧʦʢʦʣʽʥʥʷ ʛʽʙʨʠʜʽʚ. ʆʩʢʽʣʴʢʠ 

ʧʰʝʥʠʮʷ ʻ ʩʘʤʦʟʘʧʠʣʴʥʦʶ ʢʫʣʴʪʫʨʦʶ, ʪʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʢʦʣʽʥʴ ʫ ʩʦʨʪʦʟʨʘʟʢʽʚ ʟʨʦʩʪʘʻ 

ʩʪʫʧʽʥʴ ʛʦʤʦʟʠʛʦʪʠʟʘʮʽʾ. ʊʘʢʽ ʛʽʙʨʠʜʥʽ ʧʦʧʫʣʷʮʽʾ ʱʝ ʙʫʜʫʪʴ ʨʦʟʱʝʧʣʶʚʘʪʠʩʷ ʧʨʦʪʷʛʦʤ 

ʜʚʦʭ- ʪʨʴʦʭ ʧʦʢʦʣʽʥʴ, ʧʨʦʪʝ ʚʞʝ ʩʝʨʝʜ ʥʠʭ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʩʝʣʝʢʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʪʽ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʚʨʦʞʘʡʥʽʩʪʶ, ʩʪʽʡʢʽʩʪʶ ʜʦ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʙʽʦʪʠʯʥʠʭ ʪʘ 

ʘʙʽʦʪʠʯʥʠʭ ʯʠʥʥʠʢʽʚ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʷʢʽʩʪʶ ʟʝʨʥʘ. 

ʋ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʘʥʘʣʽʟʫʚʘʣʠʩʴ 11 ʛʽʙʨʠʜʥʠʭ ʧʦʧʫʣʷʮʽʡ F3, ʱʦ ʩʪʚʦʨʝʥʽ ʥʘ 

ʢʘʬʝʜʨʠ ʛʝʥʝʪʠʢʠ, ʩʝʣʝʢʮʽʾ ʨʦʩʣʠʥ ʪʘ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʋʤʘʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʩʘʜʽʚʥʠʮʪʚʘ.  

ɼʦ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʦʣʦʩ ʧʰʝʥʠʮʽ, ʥʘʣʝʞʘʪʴ ʡʦʛʦ ʜʦʚʞʠʥʘ, 

ʢʽʣʴʢʽʩʪʴ ʢʦʣʦʩʢʽʚ ʫ ʢʦʣʦʩʽ ʪʘ ʱʽʣʴʥʽʩʪʴ. 

ʂʦʣʦʩ ʙʫʚʘʻ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ: ʢʦʨʦʪʢʠʡ ð ʜʦ 8 ʩʤ, ʩʝʨʝʜʥʽʡ ð 8ð10, ʜʦʚʛʠʡ ð ʧʦʥʘʜ 

10 ʩʤ; ʟʘ ʬʦʨʤʦʶ ð ʮʠʣʽʥʜʨʠʯʥʠʡ (ʧʨʠʟʤʘʪʠʯʥʠʡ) ʟ ʦʜʥʘʢʦʚʦʶ ʰʠʨʠʥʦʶ ʫʟʜʦʚʞ ʢʦʣʦʩʘ; 
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ʚʝʨʝʪʝʥʦʧʦʜʽʙʥʠʡ, ʷʢʠʡ ʟʚʫʞʫʻʪʴʩʷ ʜʦ ʚʝʨʭʽʚʢʠ ʽ ʚ ʤʝʥʰʽʡ ʤʽʨʽ ʜʦ ʦʩʥʦʚʠ, ʪʘ 

ʙʫʣʘʚʦʧʦʜʽʙʥʠʡ (ʩʢʚʝʨʭʝʜʥʠʡ), ʷʢʠʡ ʜʦ ʚʝʨʭʽʚʢʠ ʧʦʪʦʚʱʫʻʪʴʩʷ. ʋ ʢʦʣʦʩʽ ʫʪʚʦʨʶʻʪʴʩʷ  

15ð25 ʢʦʣʦʩʢʽʚ ð ʟʜʝʙʽʣʴʰʦʛʦ 5 ʢʚʽʪʢʦʚʠʭ, ʟ ʷʢʠʭ ʟʚʠʯʘʡʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʽ ʫʪʚʦʨʶʶʪʴ 

ʟʝʨʥʦ 2-3 ʥʠʞʥʽ ʢʚʽʪʢʠ [5]. 

  ɼʦʚʞʠʥʘ ʢʦʣʦʩʘ ʤʘʻ ʜʫʞʝ ʤʘʣʫ ʢʦʨʝʣʷʮʽʶ ʟ ʫʨʦʞʘʡʥʽʩʪʶ, ʦʩʢʽʣʴʢʠ ʜʦʚʛʠʡ ʨʠʭʣʠʡ 

ʢʦʣʦʩ (ʷʢ ʫ ʩʧʝʣʴʪʠ) ʤʦʞʝ ʤʘʪʠ ʤʘʣʫ ʢʽʣʴʢʽʩʪʴ ʢʦʣʦʩʢʽʚ ʽ ʥʘʚʧʘʢʠ. ʅʘʪʦʤʽʩʪʴ, ʢʽʣʴʢʽʩʪʴ 

ʢʦʣʦʩʢʽʚ ʫ ʢʦʣʦʩʫ ʧʦʟʠʪʠʚʥʦ ʢʦʨʝʣʶʻ ʚ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʨʦʩʣʠʥʠ ʪʘ ʫʨʦʞʘʡʥʽʩʪʶ ʧʦʩʽʚʫ. 

ʑʽʣʴʥʽʩʪʴ ʢʦʣʦʩʘ, ʷʢ ʽ ʡʦʛʦ ʜʦʚʞʠʥʘ, ʻ  ʛʝʥʦʪʠʧʦʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʙʽʦʪʠʧ.  

ʑʽʣʴʥʽʩʪʴ ʢʦʣʦʩʘ ʚʠʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʢʽʣʴʢʽʩʪʶ ʢʦʣʦʩʢʽʚ ʫ ʢʦʣʦʩʽ ʥʘ 10ʩʤ ʢʦʣʦʩʦʚʦʛʦ 

ʩʪʨʠʞʥʷ. ʇʨʠ ʮʴʦʤʫ ʧʘʨʘʤʝʪʨʠ ʚʠʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʢʦʣʦʩʘ ʨʽʟʥʽ ʜʣʷ ʤ'ʷʢʦʾ ʽ ʪʚʝʨʜʦʾ 

ʧʰʝʥʠʮʽ. ʊʘʢ, ʢʦʣʦʩ ʚʚʘʞʘʻʪʴʩʷ ʥʝʱʽʣʴʥʠʤ ʫ ʧʰʝʥʠʮʽ ʤ'ʷʢʦʾ, ʷʢʱʦ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ 10 ʩʤ 

ʩʪʨʠʞʥʷ ʨʦʟʤʽʱʫʻʪʴʩʷ ʤʝʥʰʝ 16 ʢʦʣʦʩʢʽʚ, ʘ ʫ ʪʚʝʨʜʦʾ ð  ʤʝʥʰʝ 24; ʩʝʨʝʜʥʴʦʱʽʣʴʥʠʡ ʢʦʣʦʩ 

ʫ  ʤ'ʷʢʦʾ ʧʰʝʥʠʮʽ ʤʘʻ 17-22, ʘ ʫ ʪʚʝʨʜʦʾ 25-29 ʢʦʣʦʩʢʽʚ, ʱʽʣʴʥʠʡ ʢʦʣʦʩ ʤôʷʢʦʾ ʧʰʝʥʠʮʽ 23-

28ʰʪ, ʪʚʝʨʜʦʾ ï ʧʦʥʘʜ 29 ʢʦʣʦʩʢʽʚ [5]. ɼʫʞʝ ʱʽʣʴʥʠʡ ʢʦʣʦʩ ʜʣʷ ʧʰʝʥʠʮʽ ʪʚʝʨʜʦʾ ʥʝ 

ʚʠʟʥʘʯʘʻʪʴʩʷ, ʪʦʜʽ ʷʢ ʫ ʤôʷʢʦʾ ð ʮʝ ʧʦʥʘʜ 28 ʢʦʣʦʩʢʽʚ. 

ʄʠ ʚʠʟʥʘʯʘʣʠ ʜʦʚʞʠʥʫ ʢʦʣʦʩʘ, ʢʽʣʴʢʽʩʪʴ ʢʦʣʦʩʢʽʚ ʫ ʥʴʦʤʫ ʪʘ ʡʦʛʦ ʱʽʣʴʥʽʩʪʴ 

ʘʥʘʣʽʟʦʚʘʥʠʭ ʛʽʙʨʠʜʥʠʭ ʧʦʧʫʣʷʮʽʡ ʪʘ ʩʪʘʥʜʘʨʪʫ ʫ ʩʝʨʝʜʥʴʦʤʫ ʟʘ 2019ï2020 ʨʦʢʠ (ʪʘʙʣ.1). 

 

ʊʘʙʣʠʮʷ 1 

ʇʘʨʘʤʝʪʨʠ ʢʦʣʦʩʘ ʛʽʙʨʠʜʥʠʭ ʧʦʧʫʣʷʮʽʡ F3 (ʩʝʨʝʜʥʻ ʟʘ 2019ï2020 ʨʨ.) 

ɻʽʙʨʠʜʥʘ ʧʦʧʫʣʷʮʽʷ 
ɼʦʚʞʠʥʘ ʢʦʣʦʩʘ 

ʂʽʣʴʢʽʩʪʴ ʢʦʣʦʩʢʽʚ ʫ 

ʢʦʣʦʩʽ 
ʑʽʣʴʥʽʩʪʴ 

ʩʤ %* ʰʪ. %* ʰʪ./10 ʩʤ Ñ 

ɼʠʥʘʩʪʽʷ 7,5 ï 18,0 ï 24,0 ï 

159/20 6,6 88 14,4 80 21,8 -2,2 

160/20 7,5 100 13,9 77 18,5 -5,5 

161/20 6,4 85 15,2 84 23,8 -0,3 

162/20 5,8 77 15,7 87 27,1 3,1 

163/20 6,7 89 13,8 77 20,6 -3,4 

165/20 6,6 88 12,5 69 18,9 -5,1 

166/20 4,9 65 15,3 85 31,2 7,2 

167/20 5,7 76 15,8 88 27,7 3,7 

168/20 5,8 77 15,9 88 27,4 3,4 

169/20 5,9 79 15,5 86 26,3 2,3 

170/20 5,9 79 16,2 90 27,5 3,5 

[ʘʚʪʦʨʩʴʢʘ ʨʦʙʦʪʘ] 

 

ɼʦʚʞʠʥʘ ʢʦʣʦʩʘ ʩʦʨʪʫ ʧʰʝʥʠʮʽ ʪʚʝʨʜʦʾ ʷʨʦʾ ɼʠʥʘʩʪʽʷ ʩʪʘʥʦʚʠʣʘ 7,5 ʩʤ, ʪʘʢʦʶ ʞ ʚʦʥʘ 

ʙʫʣʘ ʽ ʫ ʙʽʦʪʠʧʫ 160/20. ʋʩʽ ʽʥʰʽ ʛʽʙʨʠʜʥʽ ʧʦʧʫʣʷʮʽʾ ʧʦʩʪʫʧʘʣʠʩʴ ʩʪʘʥʜʘʨʪʫ ʥʘ 35ï11%. 

ʂʦʣʦʩ ʟʘʚʜʦʚʞʢʠ 4,9 ʩʤ ʙʫʚ ʫ ʩʝʣʝʢʮʽʡʥʦʛʦ ʟʨʘʟʢʘ 166/20, ʚʽʜ 5,7 ʜʦ 5,9 ʩʤ ð ʫ ʧʦʧʫʣʷʮʽʡ 

162/20, 167/20, 168/20, 169/720 ʽ 170/20. ʂʦʣʦʩʠ ʛʽʙʨʠʜʥʠʭ ʧʦʧʫʣʷʮʽʡ 159/20, 161/20, 163/20 

ʽ 165/20 ʤʘʣʠ ʜʦʚʞʠʥʫ 6,4-6,7 ʩʤ. 

ʂʽʣʴʢʽʩʪʴ ʢʦʣʦʩʢʽʚ ʫ ʢʦʣʦʩʽ ʥʘʡʙʽʣʴʰʘ ʙʫʣʘ ʫ ʩʦʨʪʫ ʧʰʝʥʠʮʽ ʪʚʝʨʜʦʾ ʷʨʦʾ ɼʠʥʘʩʪʽʷ ð 

18 ʰʪ. ʅʘ  10% ʤʝʥʰʦʶ ʚʦʥʘ ʙʫʣʘ ʫ ʛʽʙʨʠʜʥʦʾ ʧʦʧʫʣʷʮʽʾ 170/20, ʥʘ 11-20 % ð ʫ ʩʝʣʝʢʮʽʡʥʠʭ 

ʥʦʤʝʨʽʚ 159/20, 161/20, 162/20, 166/20, 167/20, 168/20 ʽ 169/20. ʋ ʢʦʣʦʩʽ ʧʦʧʫʣʷʮʽʡ 160/20  ʽ 

163/20 ʥʘʣʽʯʫʚʘʣʦʩʴ ʚʽʜʧʦʚʽʜʥʦ 13,9 ʪʘ 13,8 ʢʦʣʦʩʢʽʚ, ʱʦ ʧʦʩʪʫʧʘʣʦʩʴ ʩʪʘʥʜʘʨʪʫ ʥʘ 23%. 

ʅʘʡʤʝʥʰʠʤ ʧʦʢʘʟʥʠʢʦʤ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʙʽʦʪʠʧ 165/20 ð ʣʠʰʝ 12,5 ʰʪ. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʯʽʪʢʦʾ ʟʘʣʝʞʥʦʩʪʽ ʜʦʚʞʠʥʠ ʢʦʣʦʩʘ ʽ ʢʽʣʴʢʦʩʪʽ ʫ 

ʥʴʦʤʫ ʢʦʣʦʩʢʽʚ. ʊʘʢ, ʩʝʨʝʜ ʛʽʙʨʠʜʥʠʭ ʧʦʧʫʣʷʮʽʡ ʥʘʡʙʽʣʴʰ ʜʦʚʛʠʡ ʢʦʣʦʩ ʙʫʚ ʫ ʥʦʤʝʨʘ 
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160/20, ʘ ʟ ʥʘʡʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʢʦʣʦʩʢʽʚ ð 170/20.  

ʊʦʤʫ ʤʠ ʚʠʟʥʘʯʘʣʠ ʪʘʢʦʞ ʽ ʱʽʣʴʥʽʩʪʴ ʢʦʣʦʩʽʚ. ʋ ʩʦʨʪʫ ʧʰʝʥʠʮʽ ʪʚʝʨʜʦʾ ʷʨʦʾ ɼʠʥʘʩʪʽʷ 

ʚʦʥʘ ʩʪʘʥʦʚʠʣʘ 24,0 ʢʦʣʦʩʢʽʚ/ 10 ʩʤ ʢʦʣʦʩʦʚʦʛʦ ʩʪʨʠʞʥʷ. ɼʦʩʣʽʜʞʫʚʘʥʽ ʛʽʙʨʠʜʥʽ ʧʦʧʫʣʷʮʽʾ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʜʦʩʠʪʴ ʩʠʣʴʥʠʤ ʧʦʣʽʤʦʨʬʽʟʤʦʤ ʜʘʥʦʾ ʦʟʥʘʢʠ. ʊʘʢ, ʙʽʦʪʠʧʠ 159/20, 

160/20, 161/20, 163/20 ʽ 165/20 ʤʘʣʠ ʤʝʥʰʝ 23 ʢʦʣʦʩʢʽʚ/ 10ʩʤ. ɻʽʙʨʠʜʥʽ ʧʦʧʫʣʷʮʽʾ 162/20, 

167/20, 168/20, 169/20 ʽ 170/20 ð 26,3ï27,7. ʋ ʦʜʥʦʛʦ ʩʝʣʝʢʮʽʡʥʦʛʦ ʥʦʤʝʨʘ ʙʫʣʦ 31,2 

ʢʦʣʦʩʢʘ ʥʘ 10 ʩʤ ʩʪʨʠʞʥʷ.  

ɺʠʩʥʦʚʢʠ. ʂʦʣʦʩʠ ʛʽʙʨʠʜʥʠʭ ʧʦʧʫʣʷʮʽʡ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘ ʜʦʚʞʠʥʦʶ (ʚʽʜ 4,9 ʜʦ 7,5 ʩʤ), 

ʢʽʣʴʢʽʩʪʶ ʢʦʣʦʩʢʽʚ ʫ ʢʦʣʦʩʽ (ʚʽʜ 12,5 ʜʦ 16,2) ʪʘ ʟʘ ʱʽʣʴʥʽʩʪʶ ʢʦʣʦʩʘ. ʉʝʨʝʜ ʘʥʘʣʽʟʦʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧôʷʪʴ ʙʽʦʪʠʧʽʚ ʤʘʣʠ ʥʝʱʽʣʴʥʠʡ ʢʦʣʦʩ, ʪʘʢʘ ʞ ʢʽʣʴʢʽʩʪʴ ð ʩʝʨʝʜʥʴʦʱʽʣʴʥʠʡ ʽ ʦʜʠʥ 

ʟʨʘʟʦʢ ʙʫʚ ʟʽ ʱʽʣʴʥʠʤ ʢʦʣʦʩʦʤ. 
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CAUSES OF ACUTE RENAL FAILURE  

IN DOGS AND CATS 
 

The kidneys are one of the most important organs in the body of an animal, and disturbances 

in their work lead to problems throughout the body. 

The kidneys play a critical role in maintaining the body's homeostasis. They are involved in 

the following functions: 

Å regulation of water-salt balance; 

Å excretion of metabolic products and foreign substances from the body; 

Å maintaining acid-base balance; 

Å regulation of blood pressure; 

Å synthesis of biologically active substances; 

Å metabolism of proteins and carbohydrates [1]. 

Acute renal failure is a potentially reversible, sudden-onset, severe kidney failure or even 

cessation of kidney function. Characterized by a violation of all renal functions (secretory, 

excretory and filtration), pronounced changes in the water-electrolyte balance, rapidly increasing 

azotemia. 

Acute renal failure (ARF) is one of the most severe forms of kidney pathology, manifested 

in the form of profound impairment of the functional activity of this organ, azotemia, with an 

increase in the blood plasma of low molecular weight substances (urea, creatinine, etc.) and often 

anuria [2]. 

The main functions of the kidneys are to maintain the required volume of fluid in the body, 

as well as to remove nitrate metabolic products from it. The kidneys maintain fluid homeostasis 

through a complex system of mechanisms by which large volumes of fluid are nonselectively 

filtered through the glomeruli. This process depends on hemodynamic factors and the 

characteristics of the filter membrane. The processes of selective reabsorption and secretion alter 

the volume and composition of the filtrate, leaving the final excreted products in the urine. Plasma 

and intercellular fluid are often products of the renal tubules [3]. 

Renal failure can provoke problems with the cardiovascular, nervous and hormonal systems, 

digestion, and even reduce immunity. 

ARF problems are determined by its high frequency, severity of the course, mortality and 

unfavorable outcomes [4]. 

Acute renal failure can turn into chronic and become incurable. 

To date, the general patterns of the onset, development and outcome of acute renal failure 

remain insufficiently studied. Objective difficulties primarily include the presence of multiple 

organ failure, including hepato-renal syndrome, which often leads to delayed diagnosis and 

treatment, as well as high mortality [5]. 
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Causes - acute glomerulonephritis, immunoallergic kidney damage, poisoning with copper, 

mercury, cadmium, hydrocyanic acid, aflatoxins, poisonous plants; observed for toxic dyspepsia 

in calves. These reasons primarily cause damage to the glomerular apparatus of the kidneys and 

the development of azotemia [6]. 

The causes of acute renal failure are incompatible blood transfusion, severe burns, shock, 

loss of significant amounts of water and electrolytes, prolonged, uncontrolled use of diuretics, 

acute glamerulonephritis, and immunoallergic kidney damage [7]. Depending on the mechanism 

of development, three types of ARF are distinguished: 

Å Prerenal (hemodynamic), due to acute impairment of renal circulation 

Å renal (parenchymal) caused by damage to the renal parenchyma 

Å postrenal (obstructive), developing as a result of an acute violation of the outflow of urine 

from the kidneys 

For the diagnosis of acute renal failure in dogs, biochemical blood tests and its clinical 

analysis, a study of the hemostasis system and urinalysis are used. 

According to a clinical blood test, we can see a severe dysfunction of the immune system - 

the phagocytic function and chemotaxis of leukocytes are inhibited, antibody synthesis is 

suppressed, and cellular immunity (lymphopenia) is impaired. Therefore, acute infections - 

bacterial and fungal develop in 30-70% of patients with acute renal failure and often determine 

the patient's prognosis. 

At the oliguric stage of acute renal failure, signs of hypochromic anemia, leukocytosis, 

neutrophilia with a shift of the neutrophilic nucleus to the left, thrombocytopenia are noted. At the 

stage of recovery and recovery of diuresis, hematological parameters gradually return to normal. 

Blood chemistry. In clinical practice, for the diagnosis of renal failure in mammals, the 

content of residual nitrogen in the blood serum is determined - urea, creatinine and electrolytes - 

potassium, sodium, calcium, phosphorus, magnesium. 

Urea is the end product of nitrogen metabolism in mammals. It is synthesized in the liver 

from ammonia and excreted in the urine. Urea is the most sensitive indicator of the state of the 

functional activity of the kidneys. With renal failure, its content in the blood rises earlier than the 

concentration of other nitrogenous products. However, an increase in urea is not always associated 

with renal disease. Urea can increase with protein overfeeding. 

In the terminal period of renal failure, a decrease in the concentration of urea in the blood 

serum is possible due to its interstitial enzymatic decomposition. 

Creatinine is formed as a result of catabolic processes occurring in muscle and brain tissue, 

liver, spleen. The content of creatinine in blood serum does not depend on the composition of the 

diet and the volume of fluid entering the body. 

In renal failure, it rises later than the urea content. From the body, creatinine is excreted only 

by the kidneys, so an increase in its concentration is the most specific indicator of renal failure. 

Hypercreatininemia correlates with an increase in residual nitrogen. 

CONCLUSION 

Renal failure is a disruption in the normal function of the kidneys, as a result of which they 

stop performing one or more of their functions. Renal failure in cats and dogs can be caused by 

dozens of different causes. It occurs in animals of different ages and different breeds and is divided 

into two types - acute and chronic. 

The main problem with kidney failure is difficult diagnosis. Serious changes in animal 

behavior become noticeable when more than 75% of the kidney tissue is already affected. 

Acute renal failure is most commonly diagnosed in German Shepherds, Rottweilers, 

Dobermans at the age of 4-6 years, and is accompanied by high mortality. 

In the clinic of acute renal failure in dogs, there are disorders in the gastrointestinal tract 

(anorexia, vomiting, diarrhea, unpleasant odor from the oral cavity), cardiovascular system 

(tachycardia, muffled heartbeats, superficial pulse, swelling of the extremities), hypo- and 
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adynamia , neurological and respiratory disorders. There are hemorrhages on the skin (petychiae 

and extensive bruising), bleeding from intravenous and intramuscular injection sites, nosebleeds, 

hematuria, thrombosis of needles and venous catheters. 

A significant increase in the activity of the enzymes ALT and ACT, total bilirubin, and a 

decrease in total protein in acute renal failure in dogs, found in a biochemical blood test, indicate 

the development of hepatorenal syndrome with impaired urea and detoxification functions of the 

liver. 

Acute renal failure in dogs is accompanied by a number of disorders in the hemostatic 

system, reflecting the degree and severity of disorders in the kidneys, which can be considered as 

laboratory criteria: anemia with a twofold decrease in hemoglobin level, the number of 

erythrocytes and hematocrit, and a multiple increase in ESR. The severity of anemia correlates 

with an increase in the level of creatinine in the blood. 

The impairment of hemostasis in acute renal failure in dogs is mainly due to disseminated 

intravascular coagulation. There is a violation of the platelet hemostasis (thrombocytopenia) with 

a significant increase in bleeding time. 

The pathogenetic mechanisms of acute renal failure in dogs are generally shared. The main 

criteria for situational diagnostics, contributing to early recognition and timely treatment of acute 

renal failure in dogs, are knowledge of the causes and the most important diagnostic signs (in 

particular, damage to erythrocytes, the development of anemic and hemorrhagic syndromes, 

thrombocytopenia). 

Any pathology in dogs with impaired renal circulation, damage to the tubules, glomeruli of 

renal vessels, and as a result of obstruction of the outflow of urine can be complicated by acute 

renal failure. The main causes of its occurrence in dogs are trauma, surgical interventions, 

complications of the postoperative period, urological diseases. 
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THE  BOAR SEMEN MICROB MA  AS TARGET  FOR 

PSEUDORABIES MEASURES UPGRATE  

(CLINICAL  EVIDENCE)  
 

Today in the epizootology of Pseudorabies, pigs were defined as a mainly asymptomatic 

carrier of the pathogen [1, etc.]. In Ukraine this happened, in our firm opinion, after the 

unsuccessful nationwide introduction of deletion mutant live vaccines without strict culling of 

virus carriers according to the requirements of DIVA-technology [2]. The fact is that these 

vaccines do not interfere to the engraftment of the field virus in the pig's body: vice versa, they 

that engraftment promote even lifelong ï unlike the traditional killed AD vaccine [3]. During the 

scientific support of measures to eliminate the outbreak of Aujeszky disease (AD) at one of the 

industrial pig farms (with a full cycle of pig breeding) with using mentioned mutant vaccine, we 

encountered a little-studied phenomenon of the interaction of AD-agent with the boar sperm 

microbiome. 

Clinical case description AD-outbreak appeared in AD-free porcine herd (by serology, 

immunofluorescence and PCR) at winter 2020-2021 among piglets of 34-days age (n=170) after 

cold- and feed-stress (off the warm- and water in pig-pen nets during 2 days). One week apart 

onset of AD appeared among piglets of 74-days age (n=140) in the same building, which the same 

personals serviced. Morbidity with classical signs of neuroinfection and liver damage was 73%, 

lethality ï 9% (because there was implicated of our remediation protocol). Neighboring pigsties 

with piglets of the same ages, but without stress-factors exposition, in this holding hadnôt any 

signs of AD outbreak. In spring - summer 2020 for artificial insemination of sows  

(AD-seronegative, none vaccinated) used the semen from new boars (n=4) bayed at another 

certificated breeding holding. Mentioned boars were vaccinated with mutant live AD-vaccine 

(abroad source) and they had a satisfactory status by DIVA-trial (relative to gpI-Ab). 

Laboratory investigations of pigletôs brain (n=3 from 7) and spleen (n=6 from 7) samples, 

as well as samples of semen from two mentioned boars were strong AD-positive in bioassay 

(ñrabbit testò, primary cell culture of piglet testis), immunofluorescence and PCR with use of OIE 

reference materials. All samples of sow blood (n=92) and nasal swabs (n=37), as well as analogous 

samples and semen from remain boars (n=11) were AD-negative in serology and virology. 

Bacteriological set of investigation allow to revealed P. multocida and Neisseria spp. in samples 

of pigletôs spleen (n=7 from 7) and lung (n=5 from 5), as well as in semen samples from all new 

boars (n=4). Pigletôs lung samples additionally contained Str. suis (Ŭ-haemolitycal), as well as 

semen samples ï the biofilms-forming agents Candida albicans and Bacillus spp. In first but not 

in next two consecutive passages of microbial consortia (P. multocida and Neisseria spp. in 

biofilms of Candida albicans and Bacillus spp.) of the semen samples (n=2) in maintenance 

mediums, we revealed the AD virus ï by bioassay (in prime cell cultures + immunofluorescence) 

and traditional PCR. 
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The ejaculate batches (n=3) of mentioned above virus carrier boars (n=2) processing with 

mixture of tittered antibiotics unexpected resulted with cleaning of them from AD-virus. 

Discussion Obtained results can be evidences of little-studied phenomenon of the AD-virus 

persistence as part of biofilms of the boar semen microbiome. It can be assumed that the field 

virus in the body of a vaccinated pig persists not so much in its tissues as in the microbiome ï in 

particular, the sperm microbiome. Modern literature sites approve the clue significance and rise 

actuality of artificial insemination in spread of AD in industrial piggery [4, 5, 6]. But there are we 

find no explanation why this not stopped the modern mutant vaccines with support by DIVA-

technologies. Obtained above clinical data can show possible new mechanism of virus carriage is 

not so much a macroorganism of a biological host or vector as its microbiome. It is possible that 

this mechanism allow field AD-virus to overcome immunity from deletion AD-vaccines as well 

as barriers of DIVA-technologies. In addition, such a mechanism of engraftment in unfriendly 

ecological niches can be used by new variants of the pathogen that cause the AD emergence [7]. 
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ɹʨʠʞʝʥʢʦ ʉʝʨʛʽʡ ʇʝʪʨʦʚʠʯ 

ʟʜʦʙʫʚʘʯ ʚʠʱʦʾ ʦʩʚʽʪʠ ʬʘʢʫʣʴʪʝʪʫ ʚʝʪʝʨʠʥʘʨʥʦʾ ʤʝʜʠʮʠʥʠ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʋʢʨʘʾʥʘ 
 

ɻʨʠʱʝʥʢʦ ɺʽʢʪʦʨʽʷ ɸʥʘʪʦʣʽʾʚʥʘ 

ORCID ID: 0000-0001-6601-1392 

ʜ-ʨ. ʚʝʪ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, 

ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʙʽʦʭʽʤʽʾ ʪʘ ʬʽʟʽʦʣʦʛʽʾ ʪʚʘʨʠʥ ʽʤ. ʘʢʘʜ. ʄ.ʌ. ɻʫʣʦʛʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʋʢʨʘʾʥʘ 

 

 

ʃɯʇɯɼʅʀʁ ʉʂʃɸɼ ʇʃɸɿʄʀ ʂʈʆɺɯ ɿɸ 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɰ ɻɽʇɸʊʆʇɸʊʆʃʆɻɯɰ 

ʑʋʈɯɺ ʊɸ ʁʆɻʆ ʂʆʈʀɻʋɺɸʅʅʗ 
 

ɺʩʪʫʧ. ʆʙʤʽʥ ʣʽʧʽʜʽʚ ʚ ʦʨʛʘʥʽʟʤʽ ʩʩʘʚʮʽʚ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʠʡ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʩʪʘʥʦʤ 

ʧʝʯʽʥʢʠ, ʷʢʘ ʨʝʛʫʣʶʻ ʩʠʥʪʝʟ ʪʘ ʫʪʠʣʽʟʘʮʽʶ ʷʢ ʧʨʦʩʪʠʭ, ʪʘʢ ʽ ʩʢʣʘʜʥʠʭ ʣʽʧʽʜʽʚ, ʜʝʷʢʠʭ 

ʣʽʧʦʣʽʪʠʯʥʠʭ ʬʝʨʤʝʥʪʽʚ, ʢʘʪʘʙʦʣʽʟʤ ʩʪʝʨʦʾʜʥʠʭ ʛʦʨʤʦʥʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʫʪʚʦʨʝʥʥʷ 

ʧʨʦʤʽʞʥʠʭ ʧʨʦʜʫʢʪʽʚ ʤʝʪʘʙʦʣʽʟʤʫ ï ʢʝʪʦʥʦʚʠʭ ʪʽʣ. ɿʘ ʨʦʟʚʠʪʢʫ ʛʝʧʘʪʦʧʘʪʦʣʦʛʽʾ ʨʽʟʢʦ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʽʧʦʧʝʨʦʢʩʠʜʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ ʢʣʽʪʠʥʥʠʭ 

ʤʝʤʙʨʘʥ, ʧʨʦʛʨʝʩʫʚʘʥʥʶ ʜʠʩʪʨʦʬʽʾ ʽ, ʥʘʚʽʪʴ, ʥʝʢʨʦʟʫ ʢʣʽʪʠʥ [1, 2].  

ʆʩʥʦʚʥʠʤʠ ʣʽʧʽʜʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʣʽʪʠʥʥʠʭ ʤʝʤʙʨʘʥ ʻ ʬʦʩʬʦʣʽʧʽʜʠ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴ ʩʪʽʡʢʽ ʧʦʜʚʽʡʥʽ ʤʝʤʙʨʘʥʥʽ ʩʪʨʫʢʪʫʨʠ. ʊʦʤʫ, ʫ ʧʨʠʢʣʘʜʥʽʡ ʛʝʧʘʪʦʣʦʛʽʾ ʥʘʙʫʚʘʶʪʴ 

ʚʩʝ ʙʽʣʴʰʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʣʽʥʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʦʩʬʦʣʽʧʽʜʦʚʤʽʩʥʠʭ 

ʧʨʝʧʘʨʘʪʽʚ, ʦʩʦʙʣʠʚʦ ʾʭ ʧʨʦʪʝʢʪʠʚʥʦʾ ʪʘ ʨʝʧʘʨʘʪʠʚʥʘ ʜʽʾ  [3ï6]. ʄʝʪʦʶ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʫʣʦ ʜʦʩʣʽʜʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʢʽʣʴʢʽʩʥʠʭ ʟʤʽʥ ʣʽʧʽʜʽʚ ʫ ʧʣʘʟʤʽ ʢʨʦʚʽ ʱʫʨʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʪʦʢʩʠʯʥʦʛʦ ʛʝʧʘʪʠʪʫ ʪʘ ʧʦʨʽʚʥʷʪʠ ʢʦʨʝʛʫʚʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʝʧʘʨʘʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʬʦʩʬʦʣʽʧʽʜʽʚ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ: ʽʟ ʩʦʾ (ʝʩʩʝʥʮʽʘʣʝ-ʬʦʨʪʝ) ʪʘ ʤʦʣʦʢʘ (ʙʽʦʜʦʙʘʚʢʘ  

çFLP-MDè). 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɺ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʱʫʨʽʚ (ʩʘʤʮʽʚ) ʣʽʥʽʾ Wistar ʟ 

ʤʘʩʦʶ ʪʽʣʘ 200ï220 ʛ, ʟ ʷʢʠʭ ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʯʦʪʠʨʠ ʜʦʩʣʽʜʥʽ ʛʨʫʧʠ ʧʦ ʰʽʩʪʴ ʛʦʣʽʚ ʫ 

ʢʦʞʥʽʡ. ʋ ʱʫʨʽʚ ʤʦʜʝʣʶʚʘʣʠ ʪʦʢʩʠʯʥʠʡ ʛʝʧʘʪʠʪ ʟʘ ʘʚʪʦʨʩʴʢʦʶ  ʨʦʟʨʦʙʢʦʶ [6ï8]. ʇʽʩʣʷ 

ʯʦʛʦ ʪʚʘʨʠʥʘʤ ɯɯ ʛʨʫʧʠ ʚʚʦʜʠʣʠ ʧʨʝʧʘʨʘʪ ʝʩʩʝʥʮʽʘʣʝ-ʬʦʨʪʝ ʚ ʜʦʟʽ 500 ʤʛ/ʢʛ ʤʘʩʠ ʪʽʣʘ, ʘ 

ʱʫʨʘʤ ɯɯɯ ʛʨʫʧʠ ï ʨʦʟʨʦʙʣʝʥʫ ʥʘʤʠ ʙʽʦʜʦʙʘʚʢʫ çFLP-MDè [9] ʚ ʜʦʟʽ 13,5 ʤʛ/ʢʛ ʤʘʩʠ ʪʽʣʘ 

ʚʧʨʦʜʦʚʞ 50 ʜʽʙ, ʫ ɯ ʛʨʫʧʽ ʟʥʘʭʦʜʠʣʠʩʴ ʪʚʘʨʠʥʠ, ʷʢʠʭ ʧʽʜʜʘʚʘʣʠ ʩʘʤʦʨʝʘʙʽʣʽʪʘʮʽʾ (ʙʝʟ 

ʣʽʢʫʚʘʥʥʷ). ʂʦʥʪʨʦʣʴʥʫ ʛʨʫʧʫ ʬʦʨʤʫʚʘʣʠ ʟ ʽʥʪʘʢʪʥʠʭ ʪʚʘʨʠʥ. ɺʠʟʥʘʯʝʥʥʷ ʫ ʧʣʘʟʤʽ ʢʨʦʚʽ 

ʚʤʽʩʪʫ ʣʽʧʽʜʽʚ: ʪʨʠʘʮʠʣʛʣʽʮʝʨʦʣʽʚ, ʭʦʣʝʩʪʝʨʦʣʫ ʪʘ ʬʦʩʬʦʣʽʧʽʜʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ 

ʙʽʦʭʽʤʽʯʥʦʤʫ ʘʥʘʣʽʟʘʪʦʨʽ ĂStat Faxò ʬʽʨʤʠ ĂAwareness Tehnology INCò (ʉʐɸ) ʟʘ 

ʩʪʘʥʜʘʨʪʥʠʤʠ ʥʘʙʦʨʘʤʠ ʨʝʘʢʪʠʚʽʚ ʬʽʨʤʠ ĂIntero, LTDò. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʚ ʧʣʘʟʤʽ ʢʨʦʚʽ ʱʫʨʽʚ I 

ʛʨʫʧʠ (ʩʘʤʦʨʝʘʙʽʣʽʪʘʮʽʷ) ʚʽʜʤʽʯʘʻʪʴʩʷ ʚʽʨʦʛʽʜʥʝ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʭʦʣʝʩʪʝʨʦʣʫ (ʥʘ 16%) 

ʧʦʨʷʜ ʽʟ ʟʥʠʞʝʥʥʷʤ ʨʽʚʥʷ ʬʦʩʬʦʣʽʧʽʜʽʚ (ʥʘ 12%) ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʟʫʤʦʚʣʝʥʦ ʨʦʟʣʘʜʘʤʠ ʧʝʨʝʪʨʘʚʣʝʥʥʷ ʪʘ ʟʘʩʚʦʻʥʥʷ ʝʢʟʦʛʝʥʥʠʭ ʣʽʧʽʜʽʚ ʢʦʨʤʫ ʪʘ ʝʥʜʦʛʝʥʥʦʛʦ 

ʾʭ ʩʠʥʪʝʟʫ ʧʨʠ ʪʦʢʩʠʯʥʦʤʫ ʫʨʘʞʝʥʥʽ ʧʝʯʽʥʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʝʧʘʨʘʪʫ ʝʩʩʝʥʮʽʘʣʝ-ʬʦʨʪʝ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʦʨʤʘʣʽʟʘʮʽʻʶ ʫ ʧʣʘʟʤʽ ʢʨʦʚʽ ʨʽʚʥʷ ʬʦʩʬʦʣʽʧʽʜʽʚ ʽ ʪʨʠʘʮʠʣʛʣʽʮʝʨʦʣʽʚ, ʱʦ, 

ʡʤʦʚʽʨʥʦ, ʻ ʥʘʩʣʽʜʢʦʤ ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʧʨʦʮʝʩʽʚ. ɿʘ ʚʚʝʜʝʥʥʷ ʪʚʘʨʠʥʘʤ 

ʙʽʦʜʦʙʘʚʢʠ çFLPïMDè ʚʠʷʚʣʷʻʪʴʩʷ ʚʽʨʦʛʽʜʥʝ ʧʽʜʚʠʱʝʥʥʷ ʫ ʧʣʘʟʤʽ ʢʨʦʚʽ ʚʤʽʩʪʫ 

ʬʦʩʬʦʣʽʧʽʜʽʚ (ʥʘ 11,1%), ʷʢʠʡ ʥʘʚʽʪʴ ʚʠʱʝ, ʥʽʞ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʨʝʧʘʨʘʪʫ ʝʩʩʝʥʮʽʘʣʝ-

ʬʦʨʪʝ, ʥʦʨʤʘʣʽʟʘʮʽʷ ʨʽʚʥʷ ʪʨʠʘʮʠʣʛʣʽʮʝʨʦʣʽʚ. ɿʘʟʥʘʯʝʥʝ ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʢʨʘʱʝ 

https://orcid.org/0000-0001-6601-1392
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ʚʠʨʘʞʝʥʠʡ ʩʪʠʤʫʣʶʚʘʣʴʥʠʡ ʝʬʝʢʪ ʙʽʦʜʦʙʘʚʢʠ ʱʦʜʦ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ ʬʫʥʢʮʽʾ ʧʝʯʽʥʢʠ. 

ʇʨʦʪʝ, ʚʤʽʩʪ ʭʦʣʝʩʪʝʨʦʣʫ ʚ ʧʣʘʟʤʽ ʢʨʦʚʽ ʧʽʜʜʦʩʣʽʜʥʠʭ ʱʫʨʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤ ʷʢ ʟʘ 

ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʜʦʙʘʚʢʠ çFLPïMDè, ʪʘʢ ʽ ʧʨʝʧʘʨʘʪʫ ʝʩʩʝʥʮʽʘʣʝ-ʬʦʨʪʝ, ʱʦ, ʤʦʞʣʠʚʦ, 

ʻ ʥʘʩʣʽʜʢʦʤ ʡʦʛʦ ʤʦʙʽʣʽʟʘʮʽʾ ʜʣʷ ʜʦʩʪʘʚʢʠ ʚ ʽʥʰʽ ʧʦʰʢʦʜʞʝʥʽ ʢʣʽʪʠʥʠ-ʤʽʰʝʥʽ ʦʨʛʘʥʽʟʤʫ. 

ɺʠʩʥʦʚʢʠ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʦʢʩʠʯʥʦʛʦ ʛʝʧʘʪʠʪʫ ʚ ʱʫʨʽʚ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʽʩʪʦʪʥʠʤʠ 

ʨʦʟʣʘʜʘʤʠ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʽʧʽʜʥʦʛʦ ʩʢʣʘʜʫ ʧʣʘʟʤʠ ʢʨʦʚʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʭʚʦʨʠʤ 

ʪʚʘʨʠʥʘʤ ʚ ʷʢʦʩʪʽ ʟʘʩʦʙʽʚ ʢʦʨʝʛʫʚʘʣʴʥʦʾ ʪʝʨʘʧʽʾ ʧʨʝʧʘʨʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʬʦʩʬʦʣʽʧʽʜʽʚ 

ʨʦʩʣʠʥʥʦʛʦ ʪʘ ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʜʘʻ ʨʽʟʥʠʡ ʪʝʨʘʧʝʚʪʠʯʥʠʡ ʝʬʝʢʪ, ʢʨʘʱʝ ʚʠʨʘʞʝʥʠʡ 

ʧʨʠ ʚʚʝʜʝʥʥʽ ʚ ʦʨʛʘʥʽʟʤ ʙʽʦʜʦʙʘʚʢʠ çFLP-MDè ʥʘ ʦʩʥʦʚʽ ʬʦʩʬʦʣʽʧʽʜʽʚ ʤʦʣʦʢʘ. ɿʦʢʨʝʤʘ, ʚ 

ʦʩʪʘʥʥʽʭ ʚʽʜʤʽʯʘʻʪʴʩʷ ʚʽʨʦʛʽʜʥʝ ʧʽʜʚʠʱʝʥʥʷ ʚ ʧʣʘʟʤʽ ʢʨʦʚʽ ʚʤʽʩʪʫ ʬʦʩʬʦʣʽʧʽʜʽʚ ʧʦʨʷʜ ʟ 

ʚʽʜʥʦʚʣʝʥʥʷʤ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʡ ʽʥʰʠʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 
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OBTAINING SCHIFF BASES OF GLUCOSAMINE  

WITH BETULON ALDEHYDE  
 

Glucosamine is a nitrogen-containing monosaccharide found in various tissues of the human 

body. Unlike other carbohydrates, glucosamine is not an energy source, but a structural component 

of tissues. It is found in glycoproteins of connective tissue and the mucosal membranes of the 

gastrointestinal tract [1]. This monosaccharide is involved in the formation of nails, ligament, 

knuckle, eyes, bones and heart valves. It is also involved in the biosynthesis of glycosaminoglycan 

and proteoglycans in connective tissue [2]. Glucosamine is one of the most important raw 

materials for use in many fields due to its low side effects and low cost. However, the synthesis 

of glucosamine in the body decreases with age and osteoarthritis occurs [3]. Therefore, 

glucosamine is important in the treatment and prevention of osteoarthritis. The role of glucosamine 

in reducing the symptoms of osteoarthritis has been investigated in several clinical trials [4]. The 

main source of glucosamine is chitin. It is also found in hyaluronic acid, which gives the synovial 

fluid its lubricating and shock-protective properties. Glucosamine is synthesized from glucose and 

glutamine in chondrocytes in the body. An amino monosaccharide formed from an amino group 

attached to a glucose ring is an amino-2-deoxy-alpha-D-glucose [5]. The aim of this review is to 

obtain a Schiff base with glucosamine hydrochloride [6] (that is obtained by hydrolysis of chitosan 

from Apis mellifera) with betulon aldehyde (which exhibits very strong biological activity against 

various cancers). It also involves the analysis of the structure of the obtained substance through 

IR spectroscopy. Our research consists of the following stages: 

 
Scheme 1. The process of obtaining Shiff base from Apis mellifera 
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Fig. 1. Schiff base reaction equation for betulon aldehyde and glucosamine 

 

 

 

 
Fig. 2. IR spectrum of glucosamine  Fig. 3. IR spectrum of betulon aldehyde 

 

 
Fig. 4. IR spectrum of Schiff base of glucosamine with betulon aldehyde 

 

It can be seen from the above spectra that, based on the obtained Schiff, the signal intensity 

in the 1702.3 cm-1 area decreased due to the azomethin bond, which formed a new absorption 

signal in the 1687.4 cm-1 area. Also, the loss of the signal in the area of 3200 cm-1 due to the free 

amino group in glucosamine and intensive signals in the area of 3308 cm-1 due to the obtained 

Schiff -OH groups, significant changes in the fingerprint area allows us to conclude that a new 

substance has been formed. 
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ʈʘʩʩʦʭʘ ʆʣʝʢʩʽʡ ʄʠʢʦʣʘʡʦʚʠʯ 

ORCID ID: 0000-0001-7944-7187 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʩʪʤʘʩ ʪʘ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʧʦʣʽʤʝʨʽʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ", ʋʢʨʘʾʥʘ 

 

 

ʆʎɯʅʂɸ ʇʈʀʈʆɼʀ ʊɸ ʍɸʈɸʂʊɽʈʋ 

ʄɯɾʄʆʃɽʂʋʃʗʈʅʆɰ ɺɿɸɭʄʆɼɯɰ ʂʆʄʇʆʅɽʅʊɯɺ 

ʇʆʃɯʄɽʈʅʀʍ ɸʊʀʂʆʈʆɿɯʁʅʀʍ ʂʆʄʇʆɿʀʊɯɺ 
 

ʇʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʬʫʨʘʥʦʚʠʭ, ʝʧʦʢʩʠʜʥʠʭ, ʬʫʨʘʥʦ-

ʝʧʦʢʩʠʜʥʠʭ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʟʘʭʠʩʥʠʭ 

ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʟʘʭʠʩʪʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʦʚʥʽʰʥʴʦʾ 

ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʝʚʠʭ ʛʘʟʦ- ʪʘ ʥʘʬʪʦʧʨʦʚʦʜʽʚ  ʚʽʜ ʥʝʛʘʪʠʚʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʦʣʽʤʝʨʥʦʶ ʤʘʪʨʠʮʝʶ ʜʣʷ ʟʘʭʠʩʥʠʭ ʩʠʩʪʝʤ ʩʣʫʛʫʚʘʣʠ ʤʘʪʝʨʽʘʣʠ ʥʘ 

ʦʩʥʦʚʽ ʬʫʨʬʫʨʦʣʘʮʝʪʦʥʦʚʠʭ (ʤʦʥʦʬʫʨʬʫʨʽʣʽʜʝʥʘʮʝʪʦʥ - ʄʌɸ, ʜʽʬʫʨʬʫʨʽʣʽʜʝʥʘʮʝʪʦʥ - 

ɼɯʌɸ, ʤʦʥʦʤʝʨ ʌɸʄ - ʩʫʤʽʰ ʄʌɸ ʪʘ ɼɯʌɸ ʟ ʚʤʽʩʪʦʤ ʚʢʘʟʘʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ 30 ʤʘʩ. % ʽ 70 

ʤʘʩ. % ʚʽʜʧʦʚʽʜʥʦ), ʝʧʦʢʩʠʜʥʠʭ  (ʝʧʦʢʩʠʜʽʘʥʦʚʠʡ ʦʣʽʛʦʤʝʨ ɽʆ ʟ ʩʝʨʝʜʥʴʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ 

ʤʘʩʦʶ 483 ʘ. ʦ. ʤ.) ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʭ ʤʦʥʦʤʝʨʽʚ ʪʘ ʦʣʽʛʦʤʝʨʽʚ. ʄʘʩʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

"ʬʫʨʘʥʦʚʠʡ ʢʦʤʧʦʥʝʥʪ (ʄʌɸ, ɼɯʌɸ, ʌɸʄ) : ʝʧʦʢʩʠʜʥʠʡ ʢʦʤʧʦʥʝʥʪ" ʩʢʣʘʜʘʻ 1 : 1. 

ɺ ʷʢʦʩʪʽ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʘ ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʫʤʽʩʥʽ ʪʘ ʥʝʩʫʤʽʩʥʽ ʩ ʤʘʪʨʠʮʝʶ ʤʘʪʝʨʽʘʣʠ, ʘ ʩʘʤʝ: ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʡ 

ʧʦʣʽʽʟʦʙʫʪʠʣʝʥ (ʇɯɹ), ʧʦʣʽʝʪʠʣʝʥʦʢʩʠʜ (ʇɽʆ). ɺʤʽʩʪ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʘ 

ʚ ʧʦʣʽʤʝʨʥʽʡ ʢʦʤʧʦʟʠʮʽʾ ʟʥʘʭʦʜʠʚʩʷ ʚ ʽʥʪʝʨʚʘʣʽ 5 - 10 ʤʘʩ. %. 

ɼʦ ʩʢʣʘʜʫ ʨʦʟʨʦʙʣʝʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʟʘʭʠʩʥʠʭ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʜʦʜʘʚʘʣʠʩʷ 

ʜʠʩʧʝʨʩʥʽ (ʥʫʣʴʤʽʨʥʽ) ʥʘʧʦʚʥʶʚʘʯʽ: ʩʫʩʧʝʥʟʽʡʥʠʡ ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜ (ʇɺʍ), 

ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ (ʇʄʄɸ), ʧʝʥʪʘʧʣʘʩʪ (ʇʇʃ) ʚ ʨʽʟʥʠʭ ʤʘʩʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ ʜʦʩʣʽʜʞʝʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʩʠʩʪʝʤ (ʤʘʩʦʚʠʡ ʚʤʽʩʪ ʚ 

ʤʘʪʝʨʽʘʣʽ - ʤʝʥʰ 5 ʤʘʩ. %.) ʙʫʣʠ ʦʙʨʘʥʽ ʥʘʩʪʫʧʥʽ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽʽ ʩʧʦʣʫʢʠ ʟ ʨʷʜʫ 

ʧʦʣʽʘʮʝʪʘʣʝʡ: ʧʦʣʚʽʥʽʣʙʫʪʠʨʘʣʴʬʫʨʬʫʨʘʣʴ (ʇɺɹʌ), ʧʦʣʽʚʽʥʽʣʬʦʨʤʘʣʴ (ʇɺʌ), 

ʧʦʣʽʚʽʥʽʣʙʫʪʠʨʘʣʴ (ʇɺɹ). ʆʙʨʘʥʽ ʤʦʜʠʬʽʢʘʪʦʨʠ ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭ, ʷʢ ʧʨʘʚʠʣʦ, ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʶʪʴ ʜʝʬʦʨʤʘʮʽʡʥʦ-ʤʽʮʥʦʩʪʥʽ ʪʘ ʘʜʛʝʟʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. 

ɿ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ ʧʦʣʽʤʝʨʥʠʭ ʟʘʭʠʩʥʠʭ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʤʽʥʽʤʘʣʴʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʜʝʬʝʢʪʽʚ ʥʘ ʨʽʟʥʠʭ  ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʷʭ ʩʪʨʫʢʪʫʨʠ (ʚʽʜ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦ 

ʤʽʢʨʦʨʽʚʥʷ) ʚʠʥʠʢʘʻ ʥʘʛʘʣʴʥʘ ʧʦʪʨʝʙʘ ʚ ʦʮʽʥʮʽ ʧʨʠʨʦʜʠ ʪʘ ʭʘʨʘʢʪʝʨʫ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʽʥʛʨʝʜʽʻʥʪʽʚ ʢʦʤʧʦʟʠʪʫ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤʫ, ʘʙʦ ʥʘʥʦʜʽʘʧʘʟʦʥʦʤʫ ʨʽʚʥʽ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʨʦʚʦʜʠʣʘʩʴ ʦʮʽʥʢʘ ʧʦʪʝʥʮʽʘʣʽʚ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʽʥʛʨʝʜʽʻʥʪʽʚ ʜʦʩʣʽʜʞʝʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʘ ʩʘʤʝ: ʧʦʪʝʥʮʽʘʣ ʜʠʧʦʣʴ-

ʜʠʧʦʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ddV-
,  ʧʦʪʝʥʮʽʘʣ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤʠ ʜʠʧʦʣʴ - ʽʥʜʫʢʦʚʘʥʠʡ ʜʠʧʦʣʴ  diV-

, ʧʦʪʝʥʮʽʘʣ  ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤʠ ʽʥʜʫʢʦʚʘʥʠʡ ʜʠʧʦʣʴ - ʽʥʜʫʢʦʚʘʥʠʡ ʜʠʧʦʣʴ iiV-
, ʟʘʛʘʣʴʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ V- , ʘ ʪʘʢʦʞ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ  

ʧʦʪʝʥʮʽʘʣʽʚ 
: :dd di iiV V V- - -

 ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʽʚʥʽ (ʚʽʜʩʪʘʥʴ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʽʥʛʨʝʜʽʻʥʪʽʚ 

ʩʪʘʥʦʚʠʣʦ ʚʽʜʧʦʚʽʜʥʦ 0,3 ʥʤ ʪʘ 0,5 ʥʤ). 

ʆʮʽʥʢʘ ʟʥʘʯʝʥʴ ʧʦʪʝʥʮʽʘʣʽʚ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽʥʛʨʝʜʽʻʥʪʽʚ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ 

ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʜʝʨʞʘʥʠʭ ʜʘʥʠʭ (ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ, ʧʦʣʷʨʠʟʦʚʥʽʩʪʴ ʤʦʣʝʢʫʣ, 
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ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ, ʛʫʩʪʠʥʘ ʪʦʱʦ), ʘ ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʪʝʦʨʝʪʠʯʥʠʤ ʤʝʪʦʜʦʤ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʘʜʠʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʽʥʢʨʝʤʝʥʪʽʚ ɺʘʥ ʂʨʝʚʝʣʝʥʘ. 

ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʧʝʨʰʠʡ ʝʪʘʧ ʦʮʽʥʢʠ ʩʪʨʫʢʪʫʨʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʟʨʦʙʣʝʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʤʝʪʦʶ ʦʜʝʨʞʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʩʠʩʪʝʤ ʩ ʢʦʤʧʣʝʢʩʦʤ ʚʠʩʦʢʠʭ 

ʜʝʬʦʨʤʘʮʽʡʥʦ-ʤʽʮʥʦʩʪʥʠʭ, ʘʜʛʝʟʽʡʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʄʦʣʝʢʫʣʷʨʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʡʦʛʦ ʩʢʣʘʜʦʚʽ ʧʘʨʥʦʾ ʚʟʘʻʤʦʜʽʾ  ʜʣʷ ʜʦʩʣʽʜʞʝʥʠʭ 

ʢʦʤʧʦʟʠʪʥʠʭ ʩʠʩʪʝʤ (ʤʦʜʠʬʽʢʦʚʘʥʠʭ, ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ, ʥʘʧʦʚʥʝʥʠʭ 

ʜʠʩʧʝʨʩʥʠʤʠ ʧʦʣʽʤʝʨʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ) ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 1 - 3. 

ʊʘʙʣʠʮʷ 1 

ʄʦʣʝʢʫʣʷʨʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʡʦʛʦ ʩʢʣʘʜʦʚʽ ʧʘʨʥʦʾ ʚʟʘʻʤʦʜʽʾ  ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʧʦʣʽʤʝʨʥʠʭ ʬʫʨʘʥʦʚʠʭ, ʬʫʨʘʥʦ-ʝʧʦʢʩʠʜʥʠʭ ʪʘ ʝʧʦʢʩʠʜʥʠʭ ʩʠʩʪʝʤ, ʢɼʞ/ʤʦʣʴ 
ʉʠʩʪʝʤʘ 

ddV-
 diV-

 iiV-
 

V-  : :dd di iiV V V- - -
 

ʄʌɸ + ɽʆ 0,794 

0,037 

2,029 

0,095 

2,400 

0,113 

5,223 

0,245 

 1,000:2,555:3,023 

 1,000:2,567:6,662 

ɼɯʌɸ + ɽʆ 0,794 

0,037 

3,044 

0,143 

3,539 

0,169 

7,377 

0,349 

 1,000:3,833:9,921 

 1,000:3,865:9,432 

ʌɸʄ + ɽʆ 0,794 

0,037 

2,739 

0,129 

3,234 

0,152 

6,769 

0,318 

- 

ʄʌɸ + ʇɯɹ 0 

0 

0,188 

0,009 

0,417 

0,019 

0,417 

0,019 

- 

ɼɯʌɸ + ʇɯɹ 0 

0 

0,188 

0,009 

0,617 

0,029 

0,617 

0,029 

- 

ʌɸʄ + ʇɯɹ 0 

0 

0,188 

0,009 

0,556 

0,026 

0,556 

0,026 

- 

ɽʆ + ʇɯɹ 0 

0 

0,188 

0,009 

1,378 

0,065 

1,378 

0,065 

- 

ʄʌɸ + ʇɽʆ 0,491 

0,023 

1,257 

0,059 

0,244 

0,077 

1,992 

0,159 

1,000:4,275:0,496 

1,000:2,565:3,348 

ɼɯʌɸ + ʇɽʆ 0,491 

0,023 

1,885 

0,088 

0,367 

0,081 

2,743 

0,192 

1,000:3,389:0,747 

1,000:3,826: 3,522 

ʌɸʄ + ʇɽʆ 0,491 

0,023 

1,697 

0,080 

0,330 

0,085 

2,518 

0,188 

1,000:3,456:0,672 

1,000:3,478:3,693 

ɽʆ + ʇɽʆ 3,050 

0,142 

0,693 

0,033 

0,817 

0,039 

4,560 

0,214 

1,000:0,227:0,268 

1,000:0,232:0,275 

ʇʨʠʤʽʪʢʘ: ʤʦʣʝʢʫʣʷʨʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʽʥʛʨʝʜʽʻʥʪʘʤʠ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻ - ʯʠʩʝʣʴʥʠʢ 0,3 ʥʤ; 

ʟʥʘʤʝʥʥʠʢ  0,5 ʥʤ. 

 

ʊʘʙʣʠʮʷ 2 

ʄʦʣʝʢʫʣʷʨʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʡʦʛʦ ʩʢʣʘʜʦʚʽ ʧʘʨʥʦʾ ʚʟʘʻʤʦʜʽʾ   ʧʦʣʽʤʝʨʥʠʭ ʬʫʨʘʥʦʚʠʭ, 

ʬʫʨʘʥʦ-ʝʧʦʢʩʠʜʥʠʭ ʪʘ ʝʧʦʢʩʠʜʥʠʭ ʩʠʩʪʝʤ ʟ ʧʦʣʽʤʝʨʥʠʤʠ ʥʫʣʴʤʽʨʥʠʤʠ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ, ʢɼʞ/ʤʦʣʴ 
ʉʠʩʪʝʤʘ 

ddV-
 diV-

 iiV-
 

V-  : :dd di iiV V V- - -
 

ʄʌɸ + ʇɺʍ 1,168 

0,054 

2,986 

0,140 

0,314 

0,015 

4,468 

0,209 

1,000:2,556:0,269 

1,000:2,592:0,278 

ɼɯʌɸ + ʇɺʍ 1,168 

0,054 

4,478 

0,210 

0,471 

0,022 

6,117 

0,286 

1,000:3,834:0,403 

1,000:3,889:0,407 

ʌɸʄ + ʇɺʍ 1,168 

0,054 

4,007 

0,188 

0,424 

0,020 

5,559 

0,209 

1,000:3,431:0,363 

1,000:3,481:0,370 

ɽʆ + ʇɺʍ 7,245 

0,338 

9,992 

0,470 

1,050 

0,049 

18,287 

0, 057 

1,000:1,379:0,145 

1,000:1,390:0,145 

ʄʌɸ + ʇʄʄɸ 0,754 

0,035 

1, 928 

0,091 

0,558 

0,025 

3,220 

0,151 

1,000:2,557:0,740 

1,000:2,600:0,714 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 2 
ʉʠʩʪʝʤʘ 

     
ɼɯʌɸ + ʇʄʄɸ 0,754 

0,035 

2,892 

0,136 

0,814 

0,038 

4,460 

0,209 

1,000:3,835:1,079 

1,000:3,886:1,086 

ʌɸʄ + ʇʄʄɸ 0,754 

0,035 

2,603 

0,122 

0,732 

0,032 

4,089 

0,192 

1,000:3,452:0,971 

1,000:3,486:0,914 

ɽʆ + ʇʄʄɸ 4,678 

0,218 

1,538 

0,723 

1,816 

0,085 

8,032 

1,026 

1,000:0,329:0,388 

1,000:3,316:0,390 

ʄʌɸ + ʇʇʃ 0,292 

0,014 

0,746 

0,035 

0,738 

0,035 

1,776 

0,084 

1,000:2,555:2,527 

1,000:2,500:2,500 

ɼɯʌɸ + ʇʇʃ 0,292 

0,014 

1,120 

0,122 

1,107 

0,052 

3,220 

0,188 

1,000:3,836:3,791 

1,000:8,714:3,714 

ʌɸʄ + ʇʇʃ 0,292 

0,014 

1,008 

0,047 

0,997 

0,042 

2,407 

0,113 

1,000:3,452:3,414 

1,000:3,357:3,143 

ɽʆ + ʇʇʃ 1,811 

0,084 

2,907 

0,098 

2,795 

0,131 

6,703 

0,315 

1,000:1,605:1,543 

1,000:1,167:1,559 

ʇʨʠʤʽʪʢʘ: ʤʦʣʝʢʫʣʷʨʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʽʥʛʨʝʜʽʻʥʪʘʤʠ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻ - ʯʠʩʝʣʴʥʠʢ 0,3 ʥʤ; 

ʟʥʘʤʝʥʥʠʢ  0,5 ʥʤ. 

 

ʊʘʙʣʠʮʷ 3 

ʄʦʣʝʢʫʣʷʨʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʡʦʛʦ ʩʢʣʘʜʦʚʽ ʧʘʨʥʦʾ ʚʟʘʻʤʦʜʽʾ   ʧʦʣʽʤʝʨʥʠʭ ʬʫʨʘʥʦʚʠʭ, 

ʬʫʨʘʥʦ-ʝʧʦʢʩʠʜʥʠʭ ʪʘ ʝʧʦʢʩʠʜʥʠʭ ʩʠʩʪʝʤ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ ʟ 

ʨʷʜʫ ʧʦʣʽʘʮʝʪʘʣʝʡ, ʢɼʞ/ʤʦʣʴ 

ʉʠʩʪʝʤʘ 
ddV-

 diV-
 iiV-

 
V-  : :dd di iiV V V- - -

 
ʄʌɸ + ʇɺɹʌ 0,397 

0,018 

1,626 

0,076 

0,835 

0,039 

2,858 

0,133 

1,000:4,096:2,103 

1,000:4,222:2,167 

ɼɯʌɸ + ʇɺɹʌ 0,397 

0,018 

2,440 

0,115 

1,252 

0,059 

4,089 

0,192 

1,000:6,146:3,154 

1,000:6,389:3,278 

ʌɸʄ + ʇɺɹʌ 0,397 

0,018 

2,196 

0,103 

1,127 

0,053 

3,720 

0,174 

1,000:5,531:2,889 

1,000:5,722:3,278 

ɭʆ + ʇɺɹʌ 2,467 

0,188 

2,877 

0,135 

2,795 

0,129 

8,137 

0,832 

1,000:1,166:1,133 

1,000:0,718:0,686 

ʄʌɸ + ʇɺʌ 0,397 

0,018 

1,006 

0,047 

0,531 

0,025 

1,914 

0,091 

1,000:2,534:1,137 

1,000:2,611:1,389 

ɼɯʌɸ + ʇɺʌ 0,397 

0,018 

1,524 

0,072 

0,797 

0,037 

2,736 

0,127 

1,000:3,839:2,007 

1,000:4,000:2,055 

ʌɸʄ + ʇɺʌ 0,397 

0,018 

1,371 

0,064 

0,718 

0,034 

2,486 

0,116 

1,000:3,453:1,809 

1,000:3,555:1,889 

ɽʆ + ʇɺʌ 2,465 

0,185 

1,500 

0,070 

1,778 

0,083 

5, 543 

0,268 

1,000:0,608:0,721 

1,000:0,378:0,449 

ʄʌɸ +  ʇɺɹ 0,636 

0,030 

1,016 

0,048 

1,015 

0,048 

2,667 

0,126 

1,000:1,592:1,596 

1,000:1,600:1,600 

ɼɯʌɸ + ʇɺɹ 0,636 

0,030 

1,524 

0,072 

1,523 

0,072 

3,683 

0,174 

1,000:2,396:2,395 

1,000:2,400:2,400 

ʌɸʄ+ʇɺɹ 0,636 

0,030 

1,371 

0,064 

1,372 

0,064 

3,379 

0,158 

1,000:2,156:2,157 

1,000:2,133:2,133 

ɽʆ + ʇɺɹ 3,947 

0,184 

2,362 

0,111 

3,398 

0,160 

9,712 

0,455 

1,000:0,598:0,861 

1,000:0,603:0,869 

ʇʨʠʤʽʪʢʘ: ʤʦʣʝʢʫʣʷʨʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʽʥʛʨʝʜʽʻʥʪʘʤʠ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻ - ʯʠʩʝʣʴʥʠʢ 0,3 ʥʤ; 

ʟʥʘʤʝʥʥʠʢ  0,5 ʥʤ. 

ddV- diV- iiV- V- : :dd di iiV V V- - -
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ɸʥʘʣʽʟ ʜʘʥʠʭ, ʱʦ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 1 - 3, ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʢʣʘʜʥʠʡ ʽ ʚ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʥʝʤʦʥʦʪʦʥʥʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʨʽʚʥʷ ʧʦʪʝʥʮʽʘʣʽʚ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʪʘ ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ. 

ɿʙʽʣʴʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʜʦʩʣʽʜʞʝʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʩʠʩʪʝʤ ʥʘ 0,2 ʥʤ 

ʩʫʪʪʻʚʦ ʟʤʽʥʶʻ ʷʢ ʟʘʛʘʣʴʥʠʡ ʧʦʪʝʥʮʽʘʣ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʪʘʢ ʽ ʡʦʛʦ ʩʢʣʘʜʦʚʽ 

ʯʘʩʪʠʥʠ (ʜʠʚʠʩʴ ʪʘʙʣʠʮʽ 1 -3). 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʧʦʪʝʥʮʽʘʣʫ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʚ ʢʦʤʧʦʟʠʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʩʪʨʫʢʪʫʨʫʶʯʦʛʦ ʘʛʝʥʪʫ (ʪʫʞʘʚʣʶʚʘʯʘ), ʘ 

ʩʘʤʝ: ʘʤʽʥʥʠʭ, ʘʤʽʥʦʬʝʥʦʣʴʥʠʭ ʪʘ ʽʥʰʠʭ ʩʧʦʣʫʢ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʧʝʨʝʭʦʜʫ, ʷʢ ʧʨʘʚʠʣʦ, 

ʨʽʜʢʦʛʦ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʦʛʦ ʤʦʥʦʤʝʨʫ ʪʘ ʦʣʽʛʦʤʝʨʫ ʜʦ ʪʚʝʨʜʦʛʦ (ʘʤʦʨʬʥʦʛʦ) ʧʦʣʽʤʝʨʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. 

ɸʣʝ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʦʮʽʥʢʠ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʦʣʝʢʫʣ ʩʠʩʪʝʤʠ, ʱʦ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʚʥʝʩʦʢ ʚ ʟʘʛʘʣʴʥʠʡ ʧʦʪʝʥʮʽʘʣ ʪʽʣʴʢʠ ʨʦʟʛʣʷʥʫʪʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ ʧʦʣʽʤʝʨʥʦʛʦ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʫʪʪʻʚʠʡ ʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʢʦʨʝʛʫʚʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʽʥʛʨʝʜʽʻʥʪʽʚ ʮʽʣʢʦʤ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʜʦʩʪʘʪʥʽʡ. 

ʅʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 1 - 3 ʜʘʥʽ ʧʦʪʝʥʮʽʘʣʽʚ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ 

ʜʦʩʣʽʜʞʝʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʟʘʭʠʩʥʠʭ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʜʦʟʚʦʣʷʶʪʴ ʚ ʧʦʜʘʣʴʰʽʡ 

ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʫ ʨʦʟʨʦʙʣʝʥʠʭ ʩʠʩʪʝʤ ʩʠʩʪʝʤʥʦ ʧʽʜʭʦʜʠʪʠ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʨʽʟʥʠʭ ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʷʭ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ. 

ɺ ʨʦʙʦʪʽ ʥʘ ʧʽʜʩʪʘʚʽ ʦʜʝʨʞʘʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʚʟʘʻʤʦʜʽʾ,  ʦʮʽʥʢʠ ʧʨʠʨʦʜʠ ʪʘʽ ʭʘʨʘʢʪʝʨʫ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʦʩʥʦʚʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ ʨʦʟʨʦʙʣʝʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʟʘʭʠʩʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʪʠʧʽʚ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʩʠʩʪʝʤ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʠʜʫ ʭʽʤʽʯʥʦʛʦ ʘʙʦ ʬʽʟʠʯʥʦʛʦ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ) ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʪʠʧʽʚ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʪʘ ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ. 
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SECTION 14. 
FOOD PRODUCTION AND TECHNOLOGY 
 

 
ɻʘʚʨʠʣʝʥʢʦ ʆʣʝʥʘ ʉʝʨʛʽʾʚʥʘ 

ʢʘʥʜʠʜʘʪ ʚʝʪʝʨʠʥʘʨʥʠʭ ʥʘʫʢ  

ʟʘʚʽʜʫʚʘʯʢʘ ʣʘʙʦʨʘʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʭʽʤʽʢʦ-ʙʽʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ 

ʋʢʨ ʅɼɯ çʈʝʩʫʨʩè ɼʝʨʞʘʚʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʨʝʟʝʨʚʫ ʋʢʨʘʾʥʠ 
 

ɺʝʣʽʢʘʥʦʚ ʆʣʝʢʩʘʥʜʨ ʆʣʝʢʩʘʥʜʨʦʚʠʯ 
 

ʉʪʘʥʽʩʣʘʚʽʚ ʉʚʽʪʣʘʥʘ ɯʣʘʨʽʾʚʥʘ 

ʟʚʽʜʫʚʘʯʢʘ ʩʝʢʪʦʨʦʤ ʣʘʙʦʨʘʪʦʨʽʾ 

ʋʢʨ ʅɼɯ çʈʝʩʫʨʩè ɼʝʨʞʘʚʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʨʝʟʝʨʚʫ ʋʢʨʘʾʥʠ 

 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʆɹʆʇʆɼɻʆʊʆɺʂʀ  

ʇʈʀ ʆʇʈɽɼɽʃɽʅʀʀ ʅɸʅʆʂʆʃʀʏɽʉʊɺ  

ʍʈʆʄɸ ɺ ɻʈʀɹɸʍ ʐʀʀʊɸʂɽ 
 

ɻʨʠʙʳ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʠʪʘʥʠʷ. ʆʥʠ ʩʦʜʝʨʞʘʪ ʫʥʠʢʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 

ʘʤʠʥʦʢʠʩʣʦʪ, ʚʠʪʘʤʠʥʦʚ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʫʩʚʦʝʥʠʷ ʦʨʛʘʥʠʟʤʦʤ ʯʝʣʦʚʝʢʘ 

ʬʦʨʤʝ.  

ʅʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʩ ʧʠʱʝʚʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʜʠʢʦʨʘʩʪʫʱʠʝ ʛʨʠʙʳ. 

ʅʦ ʠʭ ʩʙʦʨ ʥʝ ʧʦʜʜʘʝʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʠ ʦʥʠ ʥʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʪʘʙʠʣʴʥʳʡ 

ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ. ʀʩʢʫʩʩʪʚʝʥʥʦ ʚʳʨʘʱʝʥʥʳʝ ʥʘ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʫʙʩʪʨʘʪʝ ʛʨʠʙʳ 

(ʰʘʤʧʠʥʴʦʥʳ, ʚʝʰʝʥʢʠ) ʠʤʝʶʪ ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʫʨʦʞʘʡ, ʥʦ ʥʝ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʮʝʥʥʳʭ ʥʫʪʨʠʝʥʪʦʚ ʠ ʯʘʩʪʦ ʤʦʛʫʪ ʧʨʦʚʦʮʠʨʦʚʘʪʴ ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. 

ɻʨʠʙʳ, ʠʩʢʫʩʩʪʚʝʥʥʦ ʚʳʨʘʱʠʚʘʝʤʳʝ ʥʘ ʜʨʝʚʝʩʥʦʤ ʩʫʙʩʪʨʘʪʝ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʰʠʠʪʘʢʝ), 

ʤʦʛʫʪ ʜʘʚʘʪʴ ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʫʨʦʞʘʡ ʠ ʧʦ ʩʚʦʝʡ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ 

ʜʠʢʦʨʘʩʪʫʱʠʤ ʛʨʠʙʘʤ.  

ɺ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʛʨʠʙʳ ʰʠʠʪʘʢʝ ʘʢʢʫʤʫʣʠʨʫʶʪ ʠʟ ʜʨʝʚʝʩʥʦʛʦ ʩʫʙʩʪʨʘʪʘ 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʠ ʧʝʨʝʚʦʜʷʪ ʠʭ ʚ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʫʩʚʦʝʥʠʷ 

ʯʝʣʦʚʝʢʦʤ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʣʠʰʴ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʧʨʝʜʝʣʷʝʪ, ʙʫʜʝʪ 

ʣʠ ʵʪʦʪ ʵʣʝʤʝʥʪ ʧʦʣʝʟʥʳʤ ʠʣʠ ʥʘʦʙʦʨʦʪ ʪʦʢʩʠʯʥʳʤ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʜʠʝʪʠʯʝʩʢʦʤ ʧʠʪʘʥʠʠ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʧʨʦʜʫʢʪʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʫʩʚʦʝʥʠʷ ʪʨʝʭʟʘʨʷʜʥʳʡ ʭʨʦʤ. ʆʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʜʠʘʙʝʪʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʧʦʚʳʰʝʥʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʭʨʦʤʘ ʚ ʛʨʠʙʘʭ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ.  

ʇʨʦʛʥʦʟʠʨʫʝʤʦʝ (ʜʦ ʧʨʝʜʝʣʦʚ ʇɼʂ) ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʨʦʤʘ ʚ ʜʨʝʚʝʩʥʦʤ 

ʩʫʙʩʪʨʘʪʝ ʚ ʧʨʦʮʝʩʩʝ ʚʳʨʘʱʠʚʘʥʠʷ ʰʠʠʪʘʢʝ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʝʛʦ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʚ ʧʣʦʜʦʚʦʤ ʪʝʣʝ ʛʨʠʙʘ.  

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝ ʪʨʝʭʟʘʨʷʜʥʦʛʦ ʭʨʦʤʘ ʚ ʰʘʤʧʠʥʴʦʥʘʭ 

ʩʦʩʪʘʚʣʷʝʪ 13 ʤʢʛ ʥʘ 100 ʛ. ʉʚʝʜʝʥʠʷ ʦ ʩʦʜʝʨʞʘʥʠʠ ʭʨʦʤʘ ʚ ʛʨʠʙʘʭ ʰʠʠʪʘʢʝ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʅʘ ʫʩʚʦʝʥʠʝ  ʭʨʦʤʘ ʠʟ ʩʫʙʩʪʨʘʪʘ ʟʥʘʯʝʥʠʝ ʦʢʘʟʳʚʘʶʪ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʬʦʨʤʘ ʩʦʝʜʠʥʝʥʠʷ, 

ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʦʥ ʚʭʦʜʠʪ, ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʳ ʩʠʥʝʨʛʠʩʪʳ ʠ ʘʥʪʘʛʦʥʠʩʪʳ ï ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʢʘʣʴʮʠʡ ʠ ʞʝʣʝʟʦ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʨʝʢʦʤʝʥʜʦʚʘʥ ʤʝʪʦʜ ʘʪʦʤʥʦ-
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ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʊʘʢʞʝ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɽʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʙ, ʢʦʪʦʨʳʝ ʥʝ 

ʩʦʜʝʨʞʘʪ ʫʛʣʝʨʦʜ ʠ ʥʝ ʪʝʨʷʶʪ ʩʚʦʠʭ ʩʚʦʡʩʪʚ ʚ ʚʘʢʫʫʤʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʨʠʙʳ ʥʝʦʙʭʦʜʠʤʦ 

ʦʟʦʣʠʪʴ, ʘ ʟʦʣʫ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʫ ʠ 

ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʢʦʣʠʯʝʩʪʚ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʥʘ ʬʦʥʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙ·ʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʅʠʞʥʠʡ ʧʨʝʜʝʣ ʫʩʪʦʡʯʠʚʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʭʨʦʤʘ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʘʜʩʦʨʙʮʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʦʩʪʘʚʣʷʝʪ 0,1 ʤʛ/ʣ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦʢʦʣʠʯʝʩʪʚ ʭʨʦʤʘ ʚ 

ʛʨʠʙʘʭ ʰʠʠʪʘʢʝ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ ʧʨʦʙʳ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʦʪʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʫʩʪʦʡʯʠʚʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʥʘʥʦʢʦʣʠʯʝʩʪʚʘ ʭʨʦʤʘ ʚ ʛʨʠʙʘʭ ʰʠʠʪʘʢʝ ʤʝʪʦʜʦʤ 

ʘʪʦʤʥʦ-ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʵʪʠʭ 

ʛʨʠʙʦʚ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʝʩʳ Metler Toledo XS 204DR, ʘʪʦʤʥʦ-ʘʜʩʦʨʙʮʠʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ Perkin 

Elmer A Analist 400, ʩʫʰʠʣʴʥʳʡ ʰʢʘʬ ʠ ʤʫʬʝʣʴʥʘʷ ʧʝʯʴ çSNOLè, ʣʘʙʦʨʘʪʦʨʥʘʷ ʧʦʩʫʜʘ ʠ 

ʨʝʘʢʪʠʚʳ ʢʚʘʣʠʬʠʢʘʮʠʠ ʥʝ ʥʠʞʝ çʯ.ʜ.ʘ.è.  

ɻʨʠʙʳ ʰʠʠʪʘʢʝ, ʚʳʨʘʱʝʥʥʳʝ ʥʘ ʦʙʝʟʟʘʨʘʞʝʥʥʦʤ ʩʤʝʰʘʥʥʦʤ ʜʨʝʚʝʩʠʥʥʦʤ ʩʫʙʩʪʨʘʪʝ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʷʭ ʊʆɺ çʕʉʄɸʐè, ʙʳʣʠ ʪʱʘʪʝʣʴʥʦ ʧʨʦʤʳʪʳ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʚʳʩʫʰʝʥʳ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40 0ʉ. ɿʘʪʝʤ 

ʦʥʠ ʙʳʣʠ ʠʟʤʝʣʴʯʝʥʳ, ʚʟʚʝʰʝʥʳ ʠ ʚʳʩʫʰʝʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 105 0ʉ ʜʦ ʧʦʩʪʦʷʥʥʦʡ 

ʤʘʩʩʳ. ʇʦʪʝʨʷ ʚʣʘʛʠ ʩʦʩʪʘʚʣʷʣʘ ʧʨʠʤʝʨʥʦ 90%. ʏʘʩʪʴ ʩʫʭʠʭ ʛʨʠʙʦʚ ʙʳʣʘ ʠʟʤʝʣʴʯʝʥʘ, 

ʚʟʚʝʰʝʥʘ ʠ ʦʟʦʣʝʥʘ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʩʥʘʯʘʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450 0ʉ ʧʨʠ ʜʦʩʪʫʧʝ 

ʢʠʩʣʦʨʦʜʘ, ʘ ʟʘʪʝʤ 900 ʠ 1100 0ʉ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ.  

ʆʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʣʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʚʝʞʠʤ 

ʛʨʠʙʘʤ ʩʦʩʪʘʚʠʣ 127,8. 

1,5 ʛ ʟʦʣʳ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʩʫʭʠʭ ʛʨʠʙʦʚ ʙʳʣʠ ʨʘʩʪʚʦʨʝʥʳ ʚ 10 ʤʣ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʧʝʯʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʩʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʚʦʨʝ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʘʜʩʦʨʙʮʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʥʘ 100 ʛ ʛʨʠʙʦʚ ʩʦʩʪʘʚʣʷʝʪ 0,666. 

ɸʪʦʤʥʦ-ʘʜʩʦʨʙʮʠʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ ʙʳʣ ʦʪʢʘʣʠʙʨʦʚʘʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʨʘʟʚʝʜʝʥʠʡ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʤʝʥʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 0,2 ʜʦ 2 ʤʛ/ʣ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ Zn, Cu, 

Fe, Mn, Mg, Ca ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʠʟ ʧʨʦʙ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʚʳʩʫʰʝʥʥʳʭ ʛʨʠʙʦʚ. 

ʆʧʨʝʜʝʣʝʥʠʝ Co, Pb, Cd ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʠʟ ʧʨʦʙ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʟʦʣʳ.  

ʋʩʨʝʜʥʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Cr ʚ ʨʘʩʪʚʦʨʝ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʠʟ ʟʦʣʳ, ʩʦʩʪʘʚʣʷʝʪ 1,66 

ʤʛ/ʣ. ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʫʩʪʦʡʯʠʚʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʠʤʝʥʝʥʥʦʡ 

ʢʘʣʠʙʨʦʚʢʠ. ʉ ʫʯʝʪʦʤ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʜʝʨʞʘʥʠʝ Cr ʚ 100 ʛ ʛʨʠʙʦʚ 

ʰʠʠʪʘʢʝ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʜʨʝʚʝʩʥʦʤ ʩʫʙʩʪʨʘʪʝ, ʩʦʩʪʘʚʣʷʝʪ: 

ρȟφφπȟφφφρςχȟψ ψȟχ ̍ ̋Ȣ̄ 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʘʪʦʤʥʦ-ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʥʘʥʦʢʦʣʠʯʝʩʪʚ ʭʨʦʤʘ ʚ ʛʨʠʙʘʭ ʰʠʠʪʘʢʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʟʦʣʝʥʥʳʭ ʛʨʠʙʦʚ. ʆʧʨʝʜʝʣʝʥʠʝ ʜʨʫʛʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚʦʟʤʦʞʥʦ ʠʟ 

ʧʨʦʙ ʢʘʢ ʦʟʦʣʝʥʥʳʭ, ʪʘʢ ʠ ʩʫʭʠʭ ʛʨʠʙʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʢʦʣʠʯʝʩʪʚʘ. ʆʧʨʝʜʝʣʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ 8,7 ʤʢʛ ʥʘ 100 ʛ ʛʨʠʙʦʚ ʰʠʠʪʘʢʝ ʜʝʣʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ 

ʚʳʨʘʱʠʚʘʥʠʷ ʚ ʦʙʦʛʘʱʸʥʥʦʤ ʭʨʦʤʦʤ ʜʨʝʚʝʩʥʦʤ ʩʫʙʩʪʨʘʪʝ ʩ ʜʘʣʴʥʝʡʰʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʜʠʝʪʠʯʝʩʢʦʡ ʧʠʱʝʚʦʡ ʜʦʙʘʚʢʠ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʜʠʘʙʝʪʘ. 
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PROCESSING OF LAYOUT TAILS OF   

GOLD-EXTRACTING FACTORIES  
 
Abstract: In this article, we have studied stale tailings of gold recovery factories.  Which contains the 
minerals gold, silver and iron oxide.  After studying, we can decide in what ways to recycle these tails.  The 
results of the study of the possibility of utilizing the sands of the tailing dump formed as a result of the 
production activities of the gravitational, flotation and magnetic gold recovery factories are presented. 
This article focuses on the extraction of precious metals from the gold-mining factories.  This is mainly due 
to the use of gravitation techniques at the Chadaksʦ gold-smelting plant, where the experiments were 
conducted in a research laboratory and collected. 

 
 
Due to the fact that when concentrating the old tailings of the factory, the output of 

concentrates and the content of precious metals from them are small, for their enrichment the 
cheapest methods of gold concentration and the corresponding apparatuses were chosen[1-6]. 

One of the first machines for enriching the tailings of the factory was chosen hydrocyclone.  The 
enrichment results of the original tailings without any additional processing are shown in Table 1.  The 
enrichment was carried out at various relations of T:Z and the size of the holes in the Peskovoy nozzle.  
The best results were obtained at T: W = 1: 4 and the size of the hole in the pesto nozzle 4 mm. 

Table 1 
Results enrichment tail in laboratory hydrocyclone GL 

Name 

 products 

Output,, 

% 

Content, g/t Extract, %  

gold  silver gold  silver 

Sands 84,7 0,37 16,60 89,54 87,88 

 Drain 15,3 0,24 12,67 10,46 12,12 

 Sample 1 100,0 0,35 16,0 100,0 100,0 

 Sands 71,6 0,33 17,1 81,48 74,20 

 Drain 28,4 0,19 15,0 18,52 25,80 

 Sample 2 100,0 0,29 16,5 100,0 100,0 
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As it isseen in Table 1., there is some concentration of gold, but with significant losses in 

the fine-grained fraction. 

In tab. 2. shows the results of double enrichment of tailings on a laboratory hydrocyclone; 

Hydroclone 1 was re-treated in the same hydrocyclone. 

Table 2 

The results of double hydro-cloning tails 

Name 

 products 

Output,, 

% 

Content, g/t Extract, %  

gold  silver gold  silver 

Sands 84,65 0,39 16,6 91,23 88,92 

 Drain 15,35 0,20 11,4 8,77 11,08 

 Sample 1 100,0 0,36 15,8 100,0 100,0 

 Sands 78,43 0,34 17,05 89,21 82,56 

 Clay 21,57 0,15 13,1 10,79 17,44 

 Sample 2 100,0 0,30 16,2 100,0 100,0 

 

As it can be seen from the table.  1.2, after hydro-cycloning of tails and repeated hydro-

cycloning of the discharge of hydrocyclone 1, one can distinguish the pesto fraction containing 

0.34-0.39 g/ton of gold and 16.6- 17.05 g/ton of silver when extracting 89.21-91 into it,  23% gold 

and 32.56-88.92% silver. 

In industrial conditions with the help of modernized short-cone hydrocyclones, it is possible 

to get, apparently, higher results[7-11]. 

The sands of the hydrocyclone were enriched on a laboratory screw separator with a helix 

diameter of 150 mm, and the discharge of the hydrocyclone was enriched on a 1200 x 200 

laboratory sluice with a felt covering.  'The experiments were carried out according to the scheme 

shown in Fig. 1, the results are shown in Table 3. 

Table 3 

The results of tailings enrichment on a hydrocyclone, screw separator and gateway 

Enrichment Products Output,, 

% 

Content, gr/t Extract, %  

gold  silver gold gold  

(Concentrate Sun 18,71 0,89 27,60 46,26 32,68 

 Konstantin  gateway 6,09 0,46 22,16 7,78 8,54 

 Combined  end 24,8 0,78 20,53 54,04 41,22 

 Tails sun 55,2 0,25 12,57 38,33 44,54 

 Gateway tails 20,0 0,14 11,25 7,63 14,24 

 united  tails 75,2 0,22 12,35 45,96 58,78 

 Sample 1 100,0 0,36 15,8 100,0 100,0 

 Concentrate Sun 21,8 0,62 23,3 45,08 31,4 

 Konstantin  gateway 7.1 0,31 18,7 7,34 8,2 

 united  end 28,9 0,48 21,4 52,42 39,6 

 Tails sun 52,2 0,23 14,20 40,02 45,76 

 Gateway tails 18,9 0,12 12,55 7,56 14,64 

 united  tails 71,1 0,20 13,76 47,58 60,4 

 Sample 2 100,0 0,30 16,2 100,0 100,0 
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Fig. 1. Scheme of gravitational enrichment of tails of the factory on a hydrocyclone, a 

screw separator and a gate 

 

For comparison, experiments were carried out on tailings enrichment on a concentration 

table according to the scheme shown in Fig. 2.  The operation mode on the concentration table: 

the swing frequency is 110 strokes per minute, the swing amplitude is 11 mm, the transverse tilt 

of the deck is 10 mm/m, the flow rate of flush water is 4.8 cubic meters/min. The results of the 

experiments are given in table 4. 

Table 4 

Results enrichment tails on the concentration table 
Enrichment Products Output,, 

% 

Content,gr/t Extract :%  

gold silver gold silver 

Sample N1 

Concentrate1 2,1 4,2 180,8 25,94 23,58 

Concentrate12 9,4 0,58 28,3 16,10 16,52 

Promtproduct 8,0 0,35 19,2 8,24 9,54 

Tails 80,5 0,21 10,07 49,72 50,36 

SampleN1 100,0 0,34 16,1 100,0 100,0 

Sample N2 

Concentrate1 1,8 3,62 157,1 22,47 17,24 

Concentrate2 9,8 0,43 31,7 14,53 18,94 

Promtproduct 7,5 0,31 17,8 8,02 8,14 

Tails 80,9 0,20 11,29 54,98 55,68 

Sample N2 100,0 0,29 16,4 100,0 100,0 

 

As it follows from table 4. the enrichment of tails on the table, you can highlight 

graviconcentrate containing 3,62-4.2 g/t gold and was 157.1-180,8 g/t silver for extraction of 
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metals of 22.47-25,94 and 17,24-23,58 %, respectively. The total recovery of gold and silver in a 

rough concentrate is 45,02-50,28 and 44,32-49,64%, respectively. However, the metal content in 

it will be: gold - 0,68-0,88 g/t, silver - 38,05-40,98 g/t. 

When cleaning out rough concentrate a significant amount of precious metals goes into 

intermediate products[12-16]. 

To reduce the output of industrial products and povyshenie concentration of noble metals in 

concentrate tailings initial factory passed the sieve casings, 0.25 and 0.15 mm, and the coarse 

fraction was milled for 5 min in a ball mill[17-22]. The resulting material, to crushed to a particle 

size of 0.25 and 0.15 mm were subjected to enrichment on the table in the same terms as the 

original tails. The results of the experiments are given in table.5. 

 

 
Fig. 2. Flowsheet tailings by shaking table 

 

Table 5 

The results of enrichment on the concentration table regrind factory tails 
Enrichment products Output  % 

 

Content, gr/t Extract , % 

gold silver gold silver 

Sample N1, 0,25-0 mm 

Concentrate 1 1,8 6,93 277 35,64 31,36 

Concentrate 2 4,9 1,91 40,71 26,70 12,53 

Promtproduct 6,2 0,30 13,8 5,31 5,38 

Combined concentrate 12,9 1,84 60,73 67,65 49,27 

Tails 87,1 0,13 9,26 32,35 50,73 

Sample N1      

|(0,25-0ʤʤ) 100,0 0,35 15,9 100,0 100,0 

Sample N1, 0,15-0 mm 

Concentrate1 1,7 6,81 265 32,16 28,51 

Concentrate2 4,5 3,06 46,4 38,30 13,21 

Promtproduct 5,6 0,32 14,0 4,98 4,96 

Combined concentrate 11,8 2,34 63,58 75,44 46,68 

Tails 88,4 0,10 9,53 24,56 53,32 

Sample N1      

(0,15-0 ʤʤ) 100,0 0,36 15,8 100,0 100,0 
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Table continuation 5 
Enrichment products Output  % 

 

Content, gr/t Extract , % 

gold silver gold silver 

Sample N2, 0,25-0 mm 

Concentrate1 1,7 5,63 220 30,87 22,94 

Concentrate12 5,2 1,86 94,2 31,14 30,05 

Promtproduct 6,1 0,36 16,7 7,08 6,25 

Combined concentrate 13,0 1,65 61,74 69,09 49,24 

Tails 87,0 0,11 9,50 30,91 50,76 

Sample N2      

(0,25-0 mm) 100,0 0,31 16,3 100,0 100,0 

Sample N2, 0,15-0 mm 

Concentrate1 1,6 5,34 204 28,48 20,15 

Concentrate2 4,8 2,22 73,2 35,48 21,70 

Promtproduct 5,8 0,35 17,1 6,77 6,12 

Combined concentrate 12,2 1,74 63,70 70,73 47,97 

Tails 87,8 0,10 9,60 29,27 52,03 

Sample N2      

(0,15-0 mm) 100,0 0,30 16,2 100,0 100,0 

 
As can be seen from table 5, after regrinding the coarse fractions of tailings to 0.25 or 0.15 

mm, it is possible to reduce the gold content in the tailings to 0.1 and 0.13 g/t, silver to 9.26-9.6 
g/t gold Content in the concentrate increases to 5.34-of 6.93 g/t, and the total recovery it is in the 
United graviconcentrate to C7,65-75,44 %. These data indicate the potential to raise the levels of 
enrichment tailings gravity methods[23-26]. After classification sand to crushed to 0.15-0.25 mm. 

According to the scheme with the inclusion of the operation of tailings regrinding to a 
particle size of 0.15 mm (Fig. 3) experiments were conducted according to the scheme, including 
the double hydrocyclone acting of the original tails, the double helical separation of the granular 
part and the fine fractions of sluicing and tailings spiral separation followed by enrichment on a 
concentration table of all heavy fractions and concentrates.  
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ANALYSIS OF THE PRODUCTION PROCESS OF 

FORMALIN ON  THE EXAMPLE OF JSC 

çNAVOIAZOT è 
 

At present, formalin is gaining more and more practical importance as a very valuable 

intermediate product on the way of obtaining various organic compounds and polymeric materials 

with a wide variety of properties. The global consumption of formalin is growing all the 

time. Today, there is a significant deficit of formalin, both in the domestic market and in the 

markets of foreign countries. In this regard, there is a need to create new production facilities, as 

well as reconstruction (expansion) and modernization of existing production facilities. Most of the 

formalin produced is industrially produced by the oxidative dehydrogenation of methanol on 

catalysts ("silver", "copper", "chromium-iron-molybdenum") at elevated temperatures and 

pressures close to atmospheric[1-4]. 

The main goal of this project is to determine the possibility of expanding production using 

the example of a formalin synthesis unit. The key point is to establish the possibility of providing 

new, increased productivity with existing equipment. There is also a need to consider some issues 

related to technological control, labor protection and ecology in the changed operating 

conditions[5-9]. 
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Formalin is one of the large-tonnage products of the chemical industry. Formaldehyde, 

which is part of formalin, has a high reactivity, availability and low cost, so formalin has become 

one of the most important intermediates in the chemical industry. Its importance for modern 

industrial organic synthesis can hardly be overestimated. Formalin is used for the production of 

synthetic resins, plastics, plasticizers, organic dyes, various adhesives, varnishes, pharmaceuticals 

and other products. Formalin is also used in agriculture for seed dressing, in the leather industry 

for tanning leather, in medicine and animal husbandry as an antiseptic, etc. The world production 

of formalin is estimated at 14-45 million tons per year[10-15]. Since formalin is an intermediate 

product, the need for it is determined by the level of development of formalin-consuming 

industries. Table 1. shows the structure of formalin consumption. 

Table 1 

Structure of formalin consumption 

Product name 
Indicator value 

in thous. in % 

Urea resins 117/0 62 

Phenolic-formaldehyde resins 294 16 

Pentaerythritol 108 6 

Aminoplasts 27 2 

Other products 260 14 

Total 1859 one hundred 

  

Currently, there is a significant deficit of formalin both in the domestic market and in the 

markets of foreign countries [1, p. ten]. In this regard, there is a need to create new production 

facilities, as well as reconstruction (expansion) and modernization of existing production 

facilities. The purpose of this project is to determine the possibility of expanding the existing 

formalin production in the Republic of Uzbekistan, Navoi-5, JSC " NAVOIYAZOT  ". 

The fact that this particular plant was chosen as the object is explained by the following 

considerations: 

- the proximity of natural gas sources and the existing large reserves of production capacity 

for methanol;   

- availability of the possibility of consumption of a significant part of formalin on site 

(at " NAVOIYAZOT  " there is a production of urea-formaldehyde resins);   

- availability of local sources of electricity.     

The main raw material for the production of formalin is currently methanol, although in 

industry (abroad) for the same purposes, the oxidation of natural gas and lower paraffins is 

sometimes used. 

There are and are implemented two methods for obtaining formalin : 

- catalytic oxidation of methanol on silver catalysts (70% of the produced formaldehyde);    

- catalytic oxidation of methanol on oxide catalysts (30% of the produced formaldehyde).    

In both methods, the process takes place in a vapor-gas system at elevated temperatures and 

pressures close to atmospheric. 

The above methods are distinguished from each other by physical - chemical parameters of 

the process, the amount of products obtained (the degree of methanol conversion and catalyst 

productivity), byproducts, economical and instrumental parameters. 

According to the data given , capital costs per 1 ton of formalin and its cost, in the case of 

using a silver catalyst, are on average 1.2-1.4 times lower than for formalin obtained on oxide 

catalysts[16-19]. However, for formalin obtained from ñsilverò, the costs of catalyst and process 

water are higher. 

As a result, it can be seen that for large-scale formalin production, the most preferable 

method is the oxidation of methanol on silver catalysts. 
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SECTION 17. 
ENERGY AND POWER ENGINEERING 

 

 
ʇʘʥʪʻʣʻʻʚʘ ɯʨʠʥʘ ɺʽʢʪʦʨʽʚʥʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʬʽʟʠʢʠ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʽ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ 

ʋʢʨʘʾʥʩʴʢʘ ʽʥʞʝʥʝʨʥʦ-ʧʝʜʘʛʦʛʽʯʥʘ ʘʢʘʜʝʤʽʷ (ʤ. ʍʘʨʢʽʚ), ʋʢʨʘʾʥʘ 

 

 

ɺʀɿʅɸʏɽʅʅʗ ʄɯʉʎʔ ʇʆʐʂʆɼɾɽʅʅʗ 

ʇʆɺɯʊʈʗʅʀʍ ʃɯʅɯʁ ɽʃɽʂʊʈʆʇɽʈɽɼɸʏɯ 
 

ʄʽʞʬʘʟʥʽ ʟʘʤʠʢʘʥʥʷ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʚʠʥʠʢʥʝʥʥʷʤ ʩʪʨʫʤʫ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ 

(ʢ.ʟ.), ʷʢʠʡ ʚʽʜʤʠʢʘʻʪʴʩʷ ʨʝʣʝʡʥʠʤ ʟʘʭʠʩʪʦʤ. ɿʘʟʚʠʯʘʡ ʧʦʚʽʪʨʷʥʽ ʣʽʥʽʾ (ʇʃ) ʨʦʟʧʦʜʽʣʴʯʠʭ 

ʤʝʨʝʞ ʦʙʣʘʜʥʘʥʽ ʜʚʦʢʨʘʪʥʠʤ ʘʚʪʦʤʘʪʠʯʥʠʤ ʧʦʚʪʦʨʥʠʤ ʚʢʣʶʯʝʥʥʷʤ (ɸʇɺ). ʋ ʧʝʨʰʦʛʦ 

ɸʇɺ ʚʠʪʨʠʤʢʘ ʯʘʩʫ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 1 ʩ, ʘ ʫ ʜʨʫʛʦʛʦ 15 ʩ [3,4]. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʯʘʩʪʠʥʘ ʧʦʰʢʦʜʞʝʥʴ ʇʃ ʚʠʟʠʚʘʶʪʴʩʷ ʧʨʝʜʤʝʪʘʤʠ, ʷʢʽ ʚʧʘʣʠ ʥʘ ʧʨʦʚʦʜʠ, ʘ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʚʦʥʠ ʟʥʠʢʣʠ ʟ ʧʨʦʚʦʜʽʚ ï ʧʦʪʨʽʙʝʥ ʯʘʩ. ɿ ʜʦʩʚʽʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʜʦʤʦ, ʱʦ ʧʝʨʰʝ ɸʇɺ 

ʧʨʦʭʦʜʠʪʴ ʫʩʧʽʰʥʦ ʫ 70 % ʚʽʜ ʫʩʽʭ ʚʠʧʘʜʢʽʚ,   ʘ ʜʨʫʛʝ  ɸʇɺ ï ʚ 10 %. ʉʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 5 % 

ʫʩʧʽʰʥʠʭ ʚʤʠʢʘʥʴ ʇʃ ʚʨʫʯʥʫ ʯʝʨʝʟ ʜʝʢʽʣʴʢʘ ʭʚʠʣʠʥ. ʇʨʠ ʩʪʽʡʢʦʤʫ ʧʦʰʢʦʜʞʝʥʥʽ ʇʃ 

ʚʽʜʢʣʶʯʘʶʪʴʩʷ, ʪʘ ʜʦ ʡʦʛʦ ʫʩʫʥʝʥʥʷ ʧʨʠʧʠʥʷʻʪʴʩʷ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ. 

ʇʨʠ ʧʦʰʫʢʫ ʧʦʰʢʦʜʞʝʥʴ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʤʝʪʦʜ ʧʨʦʙʥʠʭ ʚʤʠʢʘʥʴ. ɼʦ 

ʮʴʦʛʦ ʤʝʪʦʜʫ ʜʦʚʦʜʠʪʴʩʷ ʚʜʘʚʘʪʠʩʷ ʥʘ ʧʝʨʰʠʭ ʩʪʘʜʽʷʭ, ʢʦʣʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʝʭʥʽʯʥʽ 

ʟʘʩʦʙʠ [2,5]. 

ɼʦ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʧʦʰʫʢʫ ʤʽʞʬʘʟʥʠʭ ʧʦʰʢʦʜʞʝʥʴ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʚʽʜʥʦʩʷʪʴʩʷ 

ʧʨʠʣʘʜʠ, ʷʢʽ ʬʽʢʩʫʶʪʴ ʧʘʨʘʤʝʪʨʠ ʢ.ʟ. (ʩʪʨʫʤʠ, ʥʘʧʨʫʛʘ, ʦʧʦʨʠ ʫ ʤʦʤʝʥʪ ʢ.ʟ.). ɿʘʟʚʠʯʘʡ ʧʨʠ 

ʬʽʢʩʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʩʪʨʫʤʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʪʻʚʦʩʪʽ ʦʨʽʻʥʪʫʶʪʴʩʷ ʥʘ ʩʢʣʘʜʦʚʽ, ʷʢʽ 

ʚʽʜʩʫʪʥʽ ʫ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ. ʋ ʤʝʨʝʞʘʭ ʟ ʽʟʦʣʴʦʚʘʥʦʶ ʥʝʡʪʨʘʣʣʶ ʮʽʻʶ ʩʢʣʘʜʦʚʦʶ ʻ 

ʟʚʦʨʦʪʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ. ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʤʽʞʬʘʟʥʠʤ ʟʘʤʠʢʘʥʥʷʤ ʧʝʨʝʜʫʶʪʴ 

ʥʝʩʠʤʝʪʨʠʯʥʽ ʟʘʤʠʢʘʥʥʷ, ʾʭ ʟʘʚʞʜʠ ʚʜʘʻʪʴʩʷ ʟʘʬʽʢʩʫʚʘʪʠ. ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʬʽʢʩʫʶʯʠʭ ʧʨʠʣʘʜʽʚ ʾʭ ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʝ ʥʘ ʇʃ, ʘ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʧʽʜʩʪʘʥʮʽʾ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʤʘʪʠ ʦʜʠʥ ʬʽʢʩʫʶʯʠʡ ʧʨʠʣʘʜ ʥʘ ʜʝʢʽʣʴʢʘ ʇʃ, ʱʦ ʚʽʜʭʦʜʷʪʴ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʽʢʩʫʶʯʠʭ ʧʨʠʣʘʜʽʚ ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʟʦʥʠ, ʚ ʦʙʣʘʩʪʽ ʷʢʠʭ ʚʠʥʠʢʣʦ 

ʧʦʰʢʦʜʞʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʥʘ ʢʘʨʪʠ-ʩʭʝʤʠ ʇʃ ʥʘʥʦʩʷʪʴ ʣʽʥʽʾ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʢʘʟʘʥʥʷʤ 

ʧʨʠʣʘʜʽʚ, ʥʘʧʨʠʢʣʘʜ, ʝʢʚʽʩʪʨʫʤʦʚʽ ʣʽʥʽʾ [1,2]. ʍʦʯʘ ʟʦʥʘ ʤʽʞ ʮʠʤʠ ʣʽʥʽʷʤʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ 

ʪʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʰʢʦʜʞʝʥʥʷ ʟʙʝʨʽʛʘʻʪʴʩʷ, ʦʧʝʨʘʪʠʚʥʠʡ ʧʝʨʩʦʥʘʣ 

ʤʦʞʝ ʥʝ ʟʚʝʨʪʘʪʠ ʫʚʘʛʫ ʥʘ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʩʭʝʤʠ ʤʝʨʝʞʽ ʽ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʥʘʡʙʽʣʴʰ 

ʽʤʦʚʽʨʥʽʡ ʦʙʣʘʩʪʽ ʧʦʰʢʦʜʞʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ, ʷʢʠʡ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʰʫʢ 

ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʥʽ ʚʠʪʨʘʪʠ [2]. 

ʅʘ ʪʦʯʥʽʩʪʴ ʧʦʢʘʟʘʥʴ ʧʨʠʣʘʜʽʚ, ʷʢʽ ʬʽʢʩʫʶʪʴ ʩʪʨʫʤʠ ʟʚʦʨʦʪʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʚʧʣʠʚʘʻ 

ʧʝʨʝʭʽʜʥʠʡ ʦʧʽʨ ʫ ʤʽʩʮʽ ʢ.ʟ. ʽʟ-ʟʘ ʷʢʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʜʝʢʽʣʴʢʘ ʜʘʣʽ. ʊʦʤʫ 

ʽʤʦʚʽʨʥʽʩʪʴ ʥʝ ʜʦʾʭʘʪʠ ʜʦ ʥʴʦʛʦ ʙʽʣʴʰʝ, ʥʽʞ ʧʨʦʾʭʘʪʠ ʧʦʟʚ.  

ʅʘ ʪʦʯʥʽʩʪʴ ʧʦʢʘʟʘʥʴ ʬʽʢʩʫʶʯʠʭ ʧʨʠʣʘʜʽʚ ʚʧʣʠʚʘʻ ʪʘʢʦʞ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʋ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ ʩʭʝʤʦʶ ʟʘʤʽʱʝʥʥʷ ʤʝʨʝʞʽ, ʱʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1, ʯʘʩʪʠʥʘ ʩʪʨʫʤʫ 

ʟʚʦʨʦʪʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʽʜʛʘʣʫʞʫʻʪʴʩʷ ʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʧʨʠʣʘʜ, 

ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽ, ʬʽʢʩʫʻ ʤʝʥʰʠʡ ʩʪʨʫʤ, ʥʽʞ ʪʦʡ, ʱʦ ʧʨʦʪʽʢʘʻ ʚ ʤʽʩʮʽ 
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ʢ.ʟ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʧʨʘʚʞʥʻ ʤʽʩʮʝ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʰʢʦʜʞʝʥʥʷ ʜʝʢʽʣʴʢʘ ʙʣʠʞʯʝ, ʥʽʞ ʧʦ 

ʧʦʢʘʟʘʥʥʷʤ ʧʨʠʣʘʜʫ. 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʩʪʨʫʤʫ ʟʚʦʨʦʪʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

 

ɺʧʣʠʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʥʘ ʧʨʠʙʣʠʟʥʦ ʚʨʘʭʫʚʘʪʠ ʪʘ ʚʥʝʩʪʠ ʢʦʨʝʢʪʠʚʠ ʫ ʧʦʢʘʟʘʥʥʷ 

ʧʨʠʣʘʜʫ (ʨʠʩ. 1): 
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ʤʦʞʥʘ ʧʽʜʩʪʘʚʠʪʠ ʮʽ ʚʝʣʠʯʠʥʠ ʫ (1): 
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ɿʘʟʚʠʯʘʡ ʛʨʘʬʽʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʩʪʘʥʮʽʾ ʧʨʠʙʣʠʟʥʦ ʚʽʜʦʤʽ. ʗʢʱʦ ʚʽʜʦʤʠʡ ʯʘʩ 

ʚʠʥʠʢʥʝʥʥʷ ʩʪʽʡʢʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʯʘʩʪʢʫ ʧʦʪʫʞʥʦʩʪʽ 

ʜʚʠʛʫʥʽʚ ʫ ʥʽʡ. 

ɼʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʨʫʭʫ ʘʚʘʨʽʡʥʦʾ ʙʨʠʛʘʜʠ ʫ ʪʦʯʢʘʭ ʨʦʟʛʘʣʫʞʝʥʥʷ ʤʝʨʝʞʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘʧʨʷʤ ʧʦʰʢʦʜʞʝʥʴ. ʊʦʜʽ ʦʧʝʨʘʪʠʚʥʘ ʙʨʠʛʘʜʘ, 

ʷʢʘ ʧʦʚʠʥʥʘ ʧʨʠʙʫʪʠ ʫ ʟʦʥʫ ʧʦʰʢʦʜʞʝʥʥʷ, ʧʽʜôʾʞʜʞʘʶʯʠ ʜʦ ʚʽʜʛʘʣʫʞʝʥʥʷ ʇʃ, ʧʦ 

ʧʦʢʘʟʘʥʥʷʤ ʧʦʢʘʞʯʠʢʽʚ ʧʨʦʜʦʚʞʫʻ ʨʫʭ ʫ ʚʽʨʥʦʤʫ ʥʘʧʨʷʤʽ. 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ ʪʘʢʦʞ, ʱʦ ʧʨʦʙʦʾ ʪʘ ʧʝʨʝʢʨʠʪʪʷ ʽʟʦʣʷʪʦʨʽʚ, ʧʘʜʽʥʥʷ ʜʝʨʝʚ ʧʨʠ ʾʭ ʜʦʪʠʢʫ 

ʦʜʥʽʻʾ ʬʘʟʠ, ʦʙʨʠʚʠ ʧʨʦʚʦʜʽʚ ʧʨʠ ʧʘʜʽʥʥʽ ʦʙʽʨʚʘʥʠʭ ʢʽʥʮʽʚ ʥʘ ʟʝʤʣʶ ʚʠʢʣʠʢʘʻ ʱʝ ʡ ʽ 

ʦʜʥʦʬʘʟʥʽ ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʝʤʣʶ. ʋ ʤʽʩʮʽ ʟʘʤʠʢʘʥʥʷ ʧʨʦʪʽʢʘʻ ʩʪʨʫʤ, ʦʙʫʤʦʚʣʝʥʠʡ ʻʤʥʽʩʪʶ 

ʤʝʨʝʞʽ ʪʘ ʥʝʚʝʣʠʢʦʶ ʩʢʣʘʜʦʚʦʶ ʘʢʪʠʚʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. 
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ʇʨʠ ʢʦʤʧʝʥʩʘʮʽʾ ʻʤʥʽʩʥʦʛʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʤʽʩʮʝ ʧʦʰʢʦʜʞʝʥʥʷ ʪʝʯʝ ʩʪʨʫʤ ʘʢʪʠʚʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʟʘʣʠʰʢʦʚʘ ʯʘʩʪʠʥʘ ʨʝʘʢʪʠʚʥʦʛʦ ʩʪʨʫʤʫ, ʘ ʪʘʢʦʞ ʩʪʨʫʤʠ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ, ʷʢʽ 

ʥʝ ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʜʫʛʦʛʘʩʥʦʶ ʢʦʪʫʰʢʦʶ [6,7]. 

ʇʨʦʪʽʢʘʥʥʷ ʩʪʨʫʤʫ ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʝʤʣʶ ʧʨʠ ʧʨʦʙʦʾ ʽʟʦʣʷʪʦʨʽʚ ʥʘ ʜʝʨʝʚôʷʥʠʭ ʦʧʦʨʘʭ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʛʦʨʘʥʥʷ ʢʨʶʢʽʚ ʽ ʽʥʰʦʾ ʘʨʤʘʪʫʨʠ, ʘ ʯʘʩʪʦ ï ʜʦ ʟʘʛʦʨʷʥʥʷ ʦʧʦʨ. ʅʘ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʦʧʦʨʘʭ ʧʨʠ ʟʘʤʠʢʘʥʥʽ ʥʘ ʟʝʤʣʶ ʽ ʧʨʦʪʽʢʘʥʥʽ ʟʥʘʯʥʠʭ ʩʪʨʫʤʽʚ ʚʠʥʠʢʘʻ 

ʧʦʰʢʦʜʞʝʥʥʷ ʙʝʪʦʥʫ. ʇʨʠ ʮʴʦʤʫ ʫ ʥʘʡʙʽʣʴʰ ʥʘʛʨʽʪʠʭ ʤʽʩʮʷʭ ʧʣʘʚʠʪʴʩʷ ʪʘʢʦʞ ʽ ʢʨʽʧʣʝʥʥʷ 

ʘʨʤʘʪʫʨʠ. ɿʘʤʠʢʘʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʘʛʨʽʚʘʥʥʷʤ ʦʧʦʨʠ ʽ ˇʨʫʥʪʫ, ʷʢʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʤʫ 

ʽ ʦʧʦʨʫ ʟʘʟʝʤʣʝʥʥʷ, ʱʦ ʧʦʩʪʫʧʦʚʦ ʟʥʠʞʫʻʪʴʩʷ. 

ʗʢʱʦ ʚ ʫʤʦʚʘʭ ʚʦʣʦʛʦʛʦ ˇʨʫʥʪʫ ʜʦʩʷʛʥʫʪʠʡ ʥʦʨʤʘʣʴʥʠʡ ʦʧʽʨ ʟʘʟʝʤʣʝʥʥʷ, ʪʦ 

ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʝʤʣʶ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ ʚʠʧʘʨʶʚʘʥʥʷʤ ʚʦʣʦʛʠ, ʱʦ ʚʠʢʣʠʢʘʻ 

ʟʨʦʩʪʘʥʥʷ ʦʧʦʨʫ ʟʘʟʝʤʣʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʦʧʦʨʘ ʚʠʷʚʣʷʻʪʴʩʷ ʧʽʜ ʥʘʧʨʫʛʦʶ. ɼʫʛʦʚʽ ʟʘʤʠʢʘʥʥʷ 

ʨʫʡʥʫʶʪʴ ʟʘʣʽʟʦʙʝʪʦʥʥʫ ʦʧʦʨʫ, ʧʣʘʚʠʪʴʩʷ ˇʨʫʥʪ, ʜʝ ʟʘʢʨʽʧʣʝʥʽ ʦʧʦʨʠ. 

ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʥʘ ʰʣʷʭʫ ʧʨʦʪʽʢʘʥʥʷ ʩʪʨʫʤʽʚ ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʝʤʣʶ ʩʪʚʦʨʶʶʪʴʩʷ 

ʤʦʥʦʣʽʪʥʽ ˇʨʫʥʪʦʚʽ ʙʨʠʣʠ ʘʙʦ ʧʨʦʤʝʥʽ. 
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SECTION 18. 
COMPUTER AND SOFTWARE ENGINEERING 
 

 
ɯʣʴʯʝʥʢʦ ɸʣʽʥʘ ɺʷʯʝʩʣʘʚʽʚʥʘ 

ʤʘʛʽʩʪʨ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ, ʋʢʨʘʾʥʘ 
 

ʅʘʟʘʨʦʚ ʆ. ʉ. 

ʜʦʮʝʥʪ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ, ʋʢʨʘʾʥʘ 

 

 

ʇEʈɽɺɸɻʀ ʊɸ ʅɽɼʆʃɯʂʀ ɺʇʈʆɺɸɼɾɽʅʅʗ 

ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ʊɽʉʊʋɺɸʅʅʗ ʇʈʀ 

ʈʆɿʈʆɹʎɯ ɺɽɹ-ɼʆɼɸʊʂɯɺ 
 

ʋ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʙʫʜʴ-ʷʢʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʻ ʪʘʢʠʡ ʝʪʘʧ ʷʢ ʪʝʩʪʫʚʘʥʥʷ. ʎʝʡ 

ʝʪʘʧ ʜʦʧʦʤʘʛʘʻ ʢʦʤʘʥʜʽ ʟʨʦʟʫʤʽʪʠ ʚ ʷʢʦʤʫ ʩʪʘʥʽ ʟʘʨʘʟ ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʦʝʢʪ, ʥʘ ʱʦ ʪʨʝʙʘ 

ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʽ ʷʢ ʧʣʘʥʫʚʘʪʠ ʧʦʜʘʣʴʰʫ ʨʦʟʨʦʙʢʫ. ʅʘʨʘʟʽ ʟʘ ʨʦʟʨʦʙʢʫ ʙʽʣʴʰʦʩʪʽ ʚʝʙ-

ʟʘʩʪʦʩʫʚʘʥʴ ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʽʣʽ ʢʦʤʘʥʜʠ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ. 

ʂʦʞʝʥ ʨʦʟʨʦʙʥʠʢ ʧʨʘʛʥʝ ʧʦʣʽʧʰʠʪʠ ʩʚʽʡ ʜʦʜʘʪʦʢ ʽ ʟʨʦʙʠʪʠ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʟʨʫʯʥʠʤ ʽ ʩʪʘʙʽʣʴʥʠʤ. ɹʫʜʴ-ʷʢʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʢʦʜʫ ʚʠʤʘʛʘʻ ʧʦʚʥʦʾ ʧʝʨʝʚʽʨʢʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʧʨʦʛʨʘʤʠ, ʩʫʤʽʩʥʦʩʪʽ ʚʥʝʩʝʥʠʭ ʟʤʽʥ ʟ ʽʥʰʠʤʠ ʯʘʩʪʠʥʘʤʠ ʧʨʦʛʨʘʤʠ, ʜʦʮʽʣʴʥʦʩʪʽ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʇʝʨʝʚʽʨʷʪʠ ʬʫʥʢʮʽʦʥʘʣ ʜʦʜʘʪʢʘ ʚʨʫʯʥʫ ʜʦʚʛʦ ʽ 

ʚʠʩʥʘʞʣʠʚʦ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʝ ʽʩʪʦʪʥʦ ʟʘʦʱʘʜʠʪʠ ʯʘʩ ʽ ʩʠʣʠ ʨʦʟʨʦʙʥʠʢʘ, 

ʘ ʪʘʢʦʞ ʚʠʪʨʘʪʠ ʥʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʧʽʩʣʷ ʧʦʥʦʚʣʝʥʥʷ [1]. 

ɿʘʨʘʟ ʙʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʩʢʣʘʜʥʠʭ ʚʝʙ-ʟʘʩʪʦʩʫʚʘʥʴ ʨʦʟʨʦʙʣʶʶʪʴ ʚʝʣʠʢʽ ʢʦʤʝʨʮʽʡʥʽ 

ʢʦʤʧʘʥʽʾ. ʇʨʠʙʫʪʢʠ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʧʨʘʚʥʦʾ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ. 

ʉʘʤʝ ʪʦʤʫ ʧʨʠ ʾʭ ʨʦʟʨʦʙʮʽ ʚʘʞʣʠʚʠʤʠ ʩʪʘʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ ʜʦ ʧʨʦʜʫʢʪʫ. ʊʦʤʫ ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʥʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ, 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʤʝʪʦʜʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʩʧʨʦʩʪʠʪʠ ʪʘ ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩʠ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʪʫ. 

ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʩʘʤ ʧʽʜʭʽʜ ʜʦ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ ʤʘʻ ʙʫʪʠ ʛʥʫʯʢʠʤ, ʜʘʶʯʠ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʠ ʟʤʽʥʽ ʚʠʤʦʛ ʟʘʤʦʚʥʠʢʦʤ, ʰʚʠʜʢʦ ʧʽʜʣʘʰʪʦʚʫʚʘʪʠʩʷ ʧʽʜ ʥʠʭ ʫ ʨʘʟʽ ʧʦʪʨʝʙʠ. 

ʈʦʟʨʦʙʣʶʚʘʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʟʘʤʦʚʥʠʢʘ, ʚʠʤʦʛʘʤ ʜʦ 

ʷʢʦʩʪʽ ʜʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʪʘ ʧʨʘʮʶʚʘʪʠ ʙʝʟ ʧʦʤʠʣʦʢ. ɼʣʷ ʮʴʦʛʦ ʟʨʫʯʥʦ, ʱʦʙ ʱʝ 

ʚ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ,  ʨʦʟʨʦʙʥʠʢʠ ʤʘʣʠ ʧʨʦʤʽʞʥʽ ʚʝʨʩʽʾ ʧʨʦʜʫʢʪʫ, ʷʢʠʡ ʙʠ ʚʞʝ ʚʽʜʧʦʚʽʜʘʚ 

ʩʪʘʥʜʘʨʪʘʤ ʷʢʦʩʪʽ ʪʘ ʧʨʘʮʶʚʘʚ ʢʦʨʝʢʪʥʦ. 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʪʝʩʪʫʚʘʥʥʷ ʮʝ ʧʨʦʮʝʩ ʥʘ ʝʪʘʧʽ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʞʠʪʪʻʚʦʛʦ  ʮʠʢʣʫ 

ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʾ ʨʦʟʨʦʙʢʠ. ɼʣʷ ʨʦʟʨʦʙʢʠ ʘʚʪʦʤʘʪʠʯʥʠʭ ʪʝʩʪʽʚ, ʾʭ ʟʘʧʫʩʢʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʷʢʽ ʜʦʧʦʤʦʛʘʶʪʴ ʩʢʦʨʦʪʠʪʠ 

ʯʘʩ ʪʝʩʪʫʚʘʥʥʷ ʽ ʩʧʨʦʩʪʠʪʠ ʡʦʛʦ ʧʨʦʮʝʩ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʚʠʜʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ. 

ʊʝʩʪʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʉʢʣʘʜʥʦ ʩʦʙʽ ʫʷʚʠʪʠ ʚʠʢʦʥʘʥʥʷ ʮʴʦʛʦ ʚʠʜʫ ʪʝʩʪʫʚʘʥʥʷ 

ʚʨʫʯʥʫ. ʊʫʪ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʛʨʘʤʠ ʧʨʠ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʡʦʛʦ 

ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ. ʅʘʧʨʠʢʣʘʜ, ʽʤʽʪʫʻʪʴʩʷ ʟʥʘʭʦʜʞʝʥʥʷ ʥʘ ʩʘʡʪʽ ʪʠʩʷʯʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ 
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ʧʨʠʙʣʠʟʥʦ ʚ ʦʜʠʥ ʯʘʩ ʚʠʢʦʥʫʶʪʴ ʚʽʜʧʨʘʚʢʫ ʽ ʧʨʠʡʦʤ ʧʦʚʽʜʦʤʣʝʥʴ, ʘʙʦ ʱʝ ʢʫʧʘ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʮʝʥʘʨʽʾʚ. 

ʈʝʛʨʝʩʽʡʥʝ ʪʝʩʪʫʚʘʥʥʷ. ʇʨʘʮʝʟʜʘʪʥʽʩʪʴ ʧʨʦʛʨʘʤʠ - ʮʝ, ʟʚʠʯʘʡʥʦ, ʯʫʜʦʚʦ, ʘʣʝ ʭʪʦ 

ʩʢʘʟʘʚ, ʱʦ ʥʘ ʜʘʥʽʡ ʚʝʨʩʽʾ ʨʦʟʨʦʙʢʘ ʟʫʧʠʥʷʻʪʴʩʷ? ʂʦʞʝʥ ʜʦʜʘʪʦʢ ʙʫʜʝ ʨʦʩʪʠ ʽ ʨʦʟʚʠʚʘʪʠʩʷ, 

ʥʘʩʠʯʫʚʘʪʠʩʷ ʜʦʧʦʚʥʝʥʥʷʤʠ, ʧʽʜʣʘʰʪʦʚʫʚʘʪʠʩʷ ʧʽʜ ʥʦʚʽ ʩʠʩʪʝʤʠ, ʘʣʝ ʧʦʤʠʣʢʠ ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ ʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʧʦʣʽʧʰʝʥʥʷ ʩʪʘʨʠʭ ʥʝʤʠʥʫʯʽ. ɼʣʷ ʮʴʦʛʦ ʽ ʽʩʥʫʻ ʨʝʛʨʝʩʽʡʥʝ 

ʪʝʩʪʫʚʘʥʥʷ. ʎʝ ʧʝʨʝʚʽʨʢʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʦʥʦʚʣʝʥʦʛʦ ʜʦʜʘʪʢʘ, ʡʦʛʦ ʮʽʣʽʩʥʦʩʪʽ ʽ 

ʥʝʧʦʨʫʰʥʦʩʪʽ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʝ ʪʝʩʪʫʚʘʥʥʷ. ʊʫʪ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʟʜʘʪʥʽʩʪʴ ʜʦʜʘʪʢʘ ʚʠʢʦʥʫʚʘʪʠ ʧʝʚʥʽ 

ʟʘʚʜʘʥʥʷ, ʧʦʪʨʽʙʥʽ ʢʦʨʠʩʪʫʚʘʯʝʚʽ, ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ. ʅʘʧʨʠʢʣʘʜ, ʻ ʜʦʜʘʪʦʢ, ʫ ʷʢʦʛʦ ʜʝʩʷʪʴ 

ʨʽʟʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʽ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʚʠʢʦʥʫʚʘʪʠ 10 ʨʽʟʥʠʭ ʜʽʡ. ʈʝʟʫʣʴʪʘʪ 

ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʦʨʫ ʥʘʣʘʰʪʫʚʘʥʴ ʽ ʟʘʚʞʜʠ ʨʽʟʥʠʡ. ʊʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʧʝʨʝʚʽʨʠʪʠ ʯʠ ʧʨʘʚʠʣʴʥʦ ʧʨʘʮʶʻ ʜʦʜʘʪʦʢ, ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ 1023 ʪʝʩʪʘ, ʨʫʯʥʝ ʪʝʩʪʫʚʘʥʥʷ 

ʟʘʡʤʝ ʙʘʛʘʪʦ ʯʘʩʫ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʚʧʦʨʘʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʰʚʠʜʰʝ [2]. 

ɺʨʘʭʦʚʫʶʯʠ ʧʫʥʢʪʠ, ʥʘʚʝʜʝʥʽ ʚʠʱʝ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʢʽʣʴʢʘ ʥʝʟʘʧʝʨʝʯʥʠʭ ʧʣʶʩʽʚ ʽ 

ʧʝʨʝʚʘʛ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʩʪʫʚʘʥʥʷ: 

Å ʐʚʠʜʢʽʩʪʴ. ʂʦʤʧ'ʶʪʝʨ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʚʧʦʨʘʻʪʴʩʷ ʰʚʠʜʰʝ ʟ ʜʝʩʷʪʴʤʘ 

ʪʠʩʷʯʘʤʠ ʪʝʩʪʽʚ, ʥʽʞ ʥʘʚʽʪʴ ʮʽʣʘ ʢʦʤʘʥʜʘ ʜʦʙʨʝ ʪʝʭʥʽʯʥʦ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʣʶʜʝʡ. 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʪʝʩʪʫʚʘʥʥʷ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʯʘʩ ʨʦʟʨʦʙʢʠ ʇɿ, ʪʘʢ ʷʢ ʟʘʤʽʥʶʻ ʧʨʦʮʝʩ 

ʨʫʯʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʘʚʪʦʪʝʩʪʠ ʟʜʘʪʥʽ ʧʨʘʮʶʚʘʪʠ ʜʣʷ ʨʽʟʥʠʭ ʬʦʨʤ ʽ ʜʦʜʘʪʢʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʠʥ ʨʘʟ ʥʘʧʠʩʘʥʠʡ ʪʝʩʪ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʰʫʢʫ ʧʦʤʠʣʦʢ 

ʙʘʛʘʪʦʨʘʟʦʚʦ. 

ʇʨʠ ʙʫʜʴ-ʷʢʽʡ ʟʤʽʥʽ, ʚʥʝʩʝʥʽʡ ʨʦʟʨʦʙʥʠʢʦʤ ʚ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ, ʟʘʧʫʩʢʘʻʪʴʩʷ ʪʝʩʪʦʚʠʡ 

ʩʮʝʥʘʨʽʡ, ʷʢʠʡ ʧʝʨʝʚʽʨʷʻ ʢʦʨʝʢʪʥʫ ʨʦʙʦʪʫ ʢʦʣʠʰʥʴʦʾ ʽ ʥʦʚʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʨʦʟʨʦʙʥʠʢ ʟʘʚʞʜʠ ʚʧʝʚʥʝʥʠʡ ʫ ʪʦʤʫ, ʱʦ ʡʦʛʦ ʜʽʾ ʥʝ ʩʧʨʠʯʠʥʠʣʠ ʧʦʤʠʣʦʢ ʨʦʙʦʪʠ 

ʧʨʦʛʨʘʤʠ. ɸ ʷʢʱʦ ʧʦʤʠʣʢʘ ʚʠʥʠʢʣʘ, ʪʦ ʟʚʽʪ ʧʨʦ ʧʨʦʭʦʜʞʝʥʥʷ ʪʝʩʪʽʚ ʜʦʟʚʦʣʠʪʴ ʪʦʯʥʦ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʤʽʩʮʝ ʽ ʧʨʠʯʠʥʫ ʟʙʦʶ. 

Å ʃʶʜʩʴʢʠʡ ʬʘʢʪʦʨ. ʊʝʩʪʫʚʘʣʴʥʠʢʠ ʪʝʞ ʣʶʜʠ, ʾʤ ʧʨʠʪʘʤʘʥʥʘ ʚʪʦʤʘ, ʥʝʫʚʘʞʥʽʩʪʴ, 

ʟʘʙʫʜʴʢʫʚʘʪʽʩʪʴ ʽ ʱʝ ʙʘʛʘʪʦ ʽʥʰʠʭ ʷʢʦʩʪʝʡ, ʯʝʨʝʟ ʷʢʽ ʤʦʞʝ ʟʘʣʠʰʠʪʠʩʷ ʥʝʧʝʨʝʚʽʨʝʥʠʤ ʷʢʠʡ-

ʥʝʙʫʜʴ ʚʘʞʣʠʚʠʡ ʬʫʥʢʮʽʦʥʘʣ ʜʦʜʘʪʢʘ. ɺʜʘʶʯʠʩʴ ʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʚʠʧʘʜʢʦʚʠʡ ʧʽʜʭʽʜ 

ʛʝʥʝʨʘʮʽʾ ʜʘʥʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʝʩʪʘʭ, ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʥʝʧʝʨʝʜʙʘʯʝʥʽ ʧʦʤʠʣʢʠ. 

ʊʘʢ ʷʢ ʜʫʞʝ ʯʘʩʪʦ ʤʘʰʠʥʘ ʟʜʘʪʥʘ ʟʛʝʥʝʨʫʚʘʪʠ ʪʝʩʪʦʚʠʡ ʧʨʠʢʣʘʜ, ʷʢʠʡ ʨʫʯʥʠʡ ʪʝʩʪʫʚʘʣʴʥʠʢ 

ʤʽʛ ʥʘʚʽʪʴ ʽ ʥʝ ʧʝʨʝʜʙʘʯʠʪʠ. 

Å ɿʚʽʪʥʽʩʪʴ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʭʦʜʞʝʥʥʷ ʪʝʩʪʽʚ ʘʚʪʦʤʘʪʠʯʥʦ ʛʝʥʝʨʫʶʪʴʩʷ ʚ ʟʚʽʪʠ, 

ʟʙʝʨʽʛʘʶʪʩʷ ʪʘ ʥʘʜʩʠʣʘʶʪʴʩʷ  ʥʘ ʘʥʘʣʽʟ. ɯʩʪʦʨʽʷ ʧʨʦʭʦʜʞʝʥʥʷ ʪʝʩʪʽʚ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ 

ʨʦʟʨʦʙʢʠ ʜʘʻ ʮʽʥʥʫ ʩʪʘʪʠʩʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ: ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʧʨʠ ʨʦʟʨʦʙʮʽ ʦʜʥʽʻʾ 

ʬʦʨʤʠ, ʧʨʦʭʦʜʞʝʥʥʷ ʦʜʥʦʛʦ ʩʧʨʠʥʪʫ (ʷʢʱʦ ʤʦʚʘ ʡʜʝ ʧʨʦ ʢʦʤʧʘʥʽʾ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ ʛʥʫʯʢʽ 

ʤʝʪʦʜʦʣʦʛʽʾ ʨʦʟʨʦʙʢʠ), ʟʘ ʚʝʩʴ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʫ; ʯʘʩ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʚʠʧʨʘʚʣʝʥʥʷ 

ʧʦʤʠʣʦʢ; ʪʠʧʠ ʧʦʤʠʣʦʢ, ʾʭ ʚʽʜʩʦʪʢʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. ʊʘʢʦʛʦ ʨʦʜʫ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʤʦʚʥʠʢʫ, ʘ ʪʘʢʦʞ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʧʦʜʘʣʴʰʽʡ ʨʦʟʨʦʙʮʽ, ʱʦʙ 

ʥʘ ʾʾ ʧʽʜʩʪʘʚʽ ʧʦʣʽʧʰʠʪʠ ʧʨʦʮʝʩ, ʫʩʫʚʘʶʯʠ ʥʝʜʦʣʽʢʠ ʧʦʧʝʨʝʜʥʽʭ ʨʝʣʽʟʽʚ. ʂʨʽʤ ʪʦʛʦ, 

ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʧʝʨʝʚʽʨʦʢ ʢʦʤʧʘʥʽʾ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʩʚʽʪʦʚʦʛʦ ʩʪʘʥʜʘʨʪʫ. 

Å ɽʢʦʥʦʤʽʷ ʯʘʩʫ. ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʽʚ ʪʝʩʪʫʚʘʣʴʥʠʢ ʤʦʞʝ ʟʘʡʤʘʪʠʩʷ ʽʥʰʠʤʠ 

ʢʦʨʠʩʥʠʤʠ ʩʧʨʘʚʘʤʠ, ʘʙʦ ʪʝʩʪʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʚ ʥʝʨʦʙʦʯʠʡ ʯʘʩ (ʮʝʡ ʤʝʪʦʜ ʢʨʘʱʝ, 

ʪʦʤʫ ʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʣʦʢʘʣʴʥʫ ʤʝʨʝʞʫ ʟʥʠʞʝʥʝ). ʎʝ ʜʦʧʦʤʦʞʝ ʫʥʠʢʥʫʪʠ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ 

ʥʘ ʪʝʩʪʫʚʘʥʥʷ ʚʠʪʨʘʯʘʻʪʴʩʷ ʙʽʣʴʰʝ ʯʘʩʫ, ʥʽʞ ʥʘ ʨʦʟʨʦʙʢʫ. 

Å ɽʢʦʥʦʤʽʷ ʢʦʰʪʽʚ. ʅʘʧʠʩʘʥʽ ʪʝʩʪʠ ʟ ʣʝʛʢʽʩʪʶ ʟʘʤʽʥʷʪʴ ʧʨʘʮʶ ʢʽʣʴʢʦʭ ʣʶʜʝʡ. ʊʘʢʦʞ 

ʢʦʣʠ ʘʚʪʦʪʝʩʪʠ ʚʞʝ ʥʘʧʠʩʘʥʽ, ʥʘ ʧʽʜʪʨʠʤʢʫ ʽ ʘʥʘʣʽʟ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʪʨʽʙʥʦ, 

ʤʝʥʰʝ ʯʘʩʫ ʥʽʞ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʪʦʛʦ ʞ ʦʙ'ʻʤʫ ʪʝʩʪʫʚʘʥʥʷ ʚʨʫʯʥʫ. 
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ʂʦʤʧʘʥʽʷʤ, ʯʠʷ ʜʽʷʣʴʥʽʩʪʴ ʥʝ ʧʦʚ'ʷʟʘʥʘ ʟ ʨʦʟʨʦʙʢʦʶ ʽ ʧʽʜʪʨʠʤʢʦʶ ʜʦʜʘʪʢʽʚ ʟʨʫʯʥʽʰʝ 

ʟʘʤʦʚʠʪʠ ʛʦʪʦʚʠʡ ʧʨʦʜʫʢʪ ʽ ʪʝʩʪʠ ʜʦ ʥʴʦʛʦ, ʥʽʞ ʥʘʡʤʘʪʠ ʦʢʨʝʤʠʡ ʰʪʘʪ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʜʣʷ 

ʚʝʜʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʘʢʽ ʚʘʛʦʤʽ ʧʦʟʠʪʠʚʥʽ ʷʢʦʩʪʽ, 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʪʝʩʪʫʚʘʥʥʷ ʪʘʢʦʞ ʤʘʻ ʽ ʥʝʜʦʣʽʢʠ: 

Å ʃʶʜʩʴʢʠʡ ʬʘʢʪʦʨ. ʊʝʩʪʠ ʩʣʽʜʫʶʪʴ ʧʝʚʥʠʤ ʘʣʛʦʨʠʪʤʘʤ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʣʶʜʠʥʘ, 

ʚʠʢʦʥʫʶʯʠ ʪʝʩʪ ʚʨʫʯʥʫ, ʤʦʞʝ ʧʦʤʽʪʠʪʠ ʚʘʞʣʠʚʽ ʜʝʪʘʣʽ, ʷʢʽ ʥʝ ʧʝʨʝʜʙʘʯʝʥʽ ʚ ʪʝʩʪʽ, ʘʣʝ 

ʚʧʣʠʚʘʶʪʴ ʥʝ ʨʝʟʫʣʴʪʘʪ. 

Å ʇʽʜʪʨʠʤʢʘ. ɿ ʨʦʟʚʠʪʢʦʤ ʜʦʜʘʪʢʫ, ʚʠʭʦʜʦʤ ʥʦʚʠʭ ʚʝʨʩʽʡ ʽ ʜʦʜʘʚʘʥʥʷʤ ʬʫʥʢʮʽʡ, 

ʜʦʚʝʜʝʪʴʩʷ ʟʤʽʥʶʚʘʪʠ, ʜʦʧʦʚʥʶʚʘʪʠ ʪʘ ʦʥʦʚʣʶʚʘʪʠ ʪʝʩʪʦʚʽ ʩʮʝʥʘʨʽʾ, ʧʽʜʣʘʰʪʦʚʫʚʘʪʠ ʾʭ ʧʽʜ 

ʥʦʚʽ ʚʠʤʦʛʠ. 

Å ɯʥʰʠʡ ʜʦʜʘʪʦʢ. ʉʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʩʪʽʚ - ʮʝ ʧʨʘʢʪʠʯʥʦ ʥʘʧʠʩʘʥʥʷ ʽʥʰʦʛʦ 

ʜʦʜʘʪʢʫ, ʷʢʠʡ ʪʝʩʪʫʚʘʪʠʤʝ ʜʦʜʘʪʦʢ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

Å ʉʢʣʘʜʥʽʩʪʴ. ɼʣʷ ʧʽʜʪʨʠʤʢʠ ʽ ʪʝʩʪʫʚʘʥʥʷ ʧʦʪʨʽʙʥʽ ʣʶʜʠ, ʷʢʽ ʟʥʘʶʪʴ ʤʦʚʠ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʤʘʶʪʴ ʜʦʩʚʽʜ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʨʦʟʨʦʙʢʠ ʪʝʩʪʽʚ. 

ʆʪʞʝ, ʨʦʟʛʣʷʥʫʚʰʠ ʧʣʶʩʠ ʽ ʤʽʥʫʩʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʪʝʩʪʫʚʘʥʥʷ, ʟʚʠʯʘʡʥʦ, ʜʦʙʨʝ, ʘʣʝ ʙʝʟ ʨʫʯʥʦʛʦ ʧʨʦʩʪʦ ʥʝ ʤʦʞʥʘ 

ʦʙʽʡʪʠʩʷ. ʘʜʞʝ ʪʽʣʴʢʠ ʣʶʜʠʥʘ ʤʦʞʝ ʦʮʽʥʠʪʠ ʢʨʘʩʫ ʽʥʪʝʨʬʝʡʩʫ, ʟʨʫʯʥʽʩʪʴ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʢʥʦʧʦʢ, ʚʠʧʘʜʢʦʚʦ ʪʢʥʫʪʠ ʥʝ ʪʫʜʠ ʽ ʚʠʷʚʠʪʠ ʙʘʛ. 

ɻʦʣʦʚʥʝ ʟʘʚʜʘʥʥʷ ʪʝʩʪʫʚʘʣʴʥʠʢʘ ʥʘ ʧʨʦʝʢʪʽ ï ʮʝ ʟʥʘʡʪʠ ʙʘʣʘʥʩ ʤʽʞ ʨʫʯʥʠʤ ʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʪʝʩʪʫʚʘʥʥʷʤ, ʩʘʤʝ ʪʦʜʽ ʙʫʜʝ ʜʦʩʷʛʥʫʪʘ ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʢʦʤʘʥʜʠ ʨʦʟʨʦʙʥʠʢʽʚ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ:  
2. ɹʫʣʘʪ ɸ. ʇʨʦ ʪʝʩʪʠʥʛ. ʈʫʯʥʦʝ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ, ʥʘʛʨʫʟʦʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʇʆ. 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://alexeybulat.blogspot.ru/ 

3. ʉʘʚʠʥ ʈ. ʊʝʩʪʠʨʦʚʘʥʠʝ ɼʦʪ ʂʦʤ, ʠʣʠ ʇʦʩʦʙʠʝ ʧʦ ʞʝʩʪʦʢʦʤʫ ʦʙʨʘʱʝʥʠʶ ʩ ʙʘʛʘʤʠ ʚ 
ʠʥʪʝʨʥʝʪʩʪʘʨʪʘʧʘʭ. ʄ.: ɼʝʣʦ, 2007. 312 ʩ. 
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ʄʘʨʯʝʥʢʦ ʂʘʪʝʨʠʥʘ ʖʨʽʾʚʥʘ 

ʤʘʛʽʩʪʨ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ, ʋʢʨʘʾʥʘ 
 

ʉʤʝʣʷʢʦʚ ʂ. ʉ. 

ʧʨʦʬʝʩʦʨ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ, ʋʢʨʘʾʥʘ 

 

 

ʇɽʈɽɺɸɻʀ ʊɸ ʅɽɼʆʃɯʂʀ ʈɽɸʃɯɿɸʎɯɰ 

ʄɽʊʆɼʆʃʆɻɯɰ çCONTINUOUS 

INTEGRATION /CONTINUOUS DELIVERY è ɺ 

ʈʆɿʈʆɹʎɯ ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ 
 

ʋ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʚʠʜʢʘ ʽ ʷʢʽʩʥʘ ʟʙʽʨʢʘ ʧʨʦʜʫʢʪʫ ï  ʛʦʣʦʚʥʘ 

ʢʦʥʢʫʨʝʥʪʥʘ ʧʝʨʝʚʘʛʘ. ʗʢʱʦ ʥʘʜ ʧʨʦʝʢʪʦʤ ʧʨʘʮʶʻ ʢʦʤʘʥʜʘ ʧʨʦʛʨʘʤʽʩʪʽʚ, ʪʝʩʪʫʚʘʣʴʥʠʢʽʚ ʽ 

ʤʝʥʝʜʞʝʨʽʚ, ʘ ʟʤʽʥʠ ʚ ʢʦʜ ʧʦʪʨʽʙʥʦ ʚʥʦʩʠʪʠ ʧʦ ʢʽʣʴʢʘ ʨʘʟʽʚ ʥʘ ʜʝʥʴ, ʢʘʩʢʘʜʥʘ ʤʦʜʝʣʴ ʟʙʽʨʢʠ 

(waterfall model), ʚʠʥʘʡʜʝʥʘ ʱʝ ʚ 1970-ʭ, ï ʦʯʝʚʠʜʥʠʡ ʘʥʘʭʨʦʥʽʟʤ. ɺʝʙ-ʨʦʟʨʦʙʢʘ, ʤʦʙʽʣʴʥʽ 

ʜʦʜʘʪʢʠ, ʽʛʨʠ, e-commerce ï ʛʘʣʫʟʽ, ʜʝ ʧʦʩʣʽʜʦʚʥʝ ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʘʜʽʡ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʧʦʙʫʜʦʚʠ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʧʦʚʠʥʥʦ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʰʚʠʜʢʠʤ. 

ɹʝʟʧʝʨʝʨʚʥʘ ʽʥʪʝʛʨʘʮʽʷ (Continuous Integration, CI) ï ʮʝ ʧʨʘʢʪʠʢʘ ʨʦʟʨʦʙʢʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ DevOps, ʧʨʠ ʷʢʽʡ ʨʦʟʨʦʙʥʠʢʠ ʨʝʛʫʣʷʨʥʦ ʦʙ'ʻʜʥʫʶʪʴ ʟʤʽʥʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʚ ʮʝʥʪʨʘʣʴʥʦʤʫ ʨʝʧʦʟʠʪʦʨʽʾ, ʧʽʩʣʷ ʯʦʛʦ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʢʦʥʫʻʪʴʩʷ ʟʙʽʨʢʘ, 

ʪʝʩʪʫʚʘʥʥʷ ʽ ʟʘʧʫʩʢ [1]. ɻʦʣʦʚʥʝ ʟʘʚʜʘʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ï ʰʚʠʜʰʝ ʟʥʘʭʦʜʠʪʠ ʽ 

ʚʠʧʨʘʚʣʷʪʠ ʧʦʤʠʣʢʠ, ʧʦʢʨʘʱʫʚʘʪʠ ʷʢʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʩʢʦʨʦʯʫʚʘʪʠ 

ʪʠʤʯʘʩʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʚʽʨʢʫ ʽ ʚʠʧʫʩʢ ʥʦʚʠʭ ʦʥʦʚʣʝʥʴ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʦʩʪʘʚʢʠ (Continuous Delivery, CD) ʟʤʽʥʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʜʫ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʦʭʦʜʷʪʴ ʟʙʽʨʢʫ, ʪʝʩʪʫʶʪʴʩʷ ʽ ʛʦʪʫʶʪʴʩʷ ʜʦ ʟʘʧʫʩʢʫ ʚ ʨʦʙʦʯʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ɹʝʟʧʝʨʝʨʚʥʘ ʜʦʩʪʘʚʢʘ ʨʦʟʰʠʨʶʻ ʧʨʘʢʪʠʢʫ ʙʝʟʧʝʨʝʨʚʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ 

ʪʦʛʦ, ʱʦ ʚʩʽ ʟʤʽʥʠ ʢʦʜʫ ʧʽʩʣʷ ʩʪʘʜʽʾ ʟʙʽʨʢʠ ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʚ ʪʝʩʪʦʚʦʤʫ ʽ/ʘʙʦ ʨʦʙʦʯʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ [2]. 

ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ ʢʽʣʴʢʘ ʥʝʟʘʧʝʨʝʯʥʠʭ ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʥʥʷ CI/CD: 

Å ʉʝʛʨʝʛʘʮʽʷ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ CI/CD ʻ ʩʚʦʻʯʘʩʥʘ ʫʯʘʩʪʴ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʚ ʧʨʦʝʢʪʽ. 

ʈʦʟʨʦʙʥʠʢʠ ʪʘ ʜʠʟʘʡʥʝʨʠ ʩʪʚʦʨʶʶʪʴ ʜʦʩʚʽʜ ʽ ʣʦʛʽʢʫ ʧʨʦʜʫʢʪʫ. ɯʥʞʝʥʝʨʠ ʟ ʷʢʦʩʪʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʽʜʪʨʠʤʘʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʫ. ɹʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʠ ʽ ʚʣʘʩʥʠʢʠ ʥʝʩʫʪʴ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʧʨʠʡʥʷʪʥʽʩʪʴ (ʥʘʧʨʠʢʣʘʜ, ʚʘʨʪʽʩʪʴ ʙʽʟʥʝʩʫ), ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʚʟʘʻʤʦʜʽʻʶ ʟ ʬʘʢʪʠʯʥʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. ʆʧʝʨʘʪʠʚʥʠʡ ʚʽʜʜʽʣ (Ops), DevOps-ʽʥʞʝʥʝʨʠ 

ʥʝʩʫʪʴ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʜʦʩʪʫʧʥʽʩʪʴ ʧʨʦʜʫʢʪʫ ʢʦʨʠʩʪʫʚʘʯʘʤ. ʇʨʘʮʶʶʯʠ ʚ ʦʙʣʘʩʪʽ CI/CD, 

ʚʦʥʠ ʤʘʩʰʪʘʙʫʶʪʴ ʢʦʥʮʝʧʮʽʾ ʧʦ ʤʽʨʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʽ ʨʦʟʨʦʙʣʷʶʪʴ ʣʦʛʽʩʪʠʢʫ ʢʦʜʫ, ʱʦʙ ʢʦʜ 

ʚʽʜ ʨʦʟʨʦʙʥʠʢʽʚ ʤʽʛ ʧʝʨʝʡʪʠ ʚ ʚʠʨʦʙʥʠʯʫ ʩʝʨʝʜʫ ʽ ʢʦʨʠʩʪʫʚʘʯʽ ʦʪʨʠʤʘʣʠ ʜʦʩʪʫʧ.  

ʂʦʞʝʥ ʝʪʘʧ ʢʦʥʚʝʻʨʥʦʾ ʦʙʨʦʙʢʠ CI/CD ʩʪʚʦʨʶʻ ʩʝʨʝʜʦʚʠʱʝ, ʥʘʣʘʰʪʦʚʘʥʝ ʥʘ ʪʝ, ʱʦʙ 

ʛʨʫʧʠ ʙʨʘʣʠ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʚʽʜʧʦʚʽʜʥʫ ʩʪʘʜʽʶ ʪʝʩʪʫʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʮʽʣʽʩʥʽʩʪʴ 

ʧʨʦʮʝʩʫ. 

Å ɿʥʠʞʝʥʥʷ ʨʠʟʠʢʫ 

ʂʦʞʝʥ ʝʪʘʧ ʢʦʥʚʝʻʨʥʦʾ ʦʙʨʦʙʢʠ CI/CD ʩʪʚʦʨʶʻʪʴʩʷ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʚ ʧʝʚʥʦʤʫ 

ʘʩʧʝʢʪʽ ʪʘ ʩʣʫʞʠʪʴ ʰʣʶʟʦʤ ʜʣʷ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ, ʷʢʠʡ ʟʘʧʦʙʽʛʘʻ ʧʨʦʭʦʜʞʝʥʥʶ 

ʧʦʰʢʦʜʞʝʥʠʭ ʘʙʦ ʥʝʙʘʞʘʥʠʭ ʬʫʥʢʮʽʡ. 
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Å ʂʦʨʦʪʢʠʡ ʮʠʢʣ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ 

ʇʨʠʯʠʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʥʚʝʻʨʥʦʾ ʦʙʨʦʙʢʠ CI/CD ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʰʠʥ ʜʣʷ ʨʦʙʦʪʠ 

ʟ ʣʶʜʴʤʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʩʢʦʨʦʯʫʻʪʴʩʷ ʯʘʩ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʪʝʩʪʫʚʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʨʦʟʛʦʨʪʘʥʥʷ. ʎʽ ʧʨʦʮʝʜʫʨʠ 

ʟʘʡʤʫʪʴ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʯʘʩʫ, ʷʢʱʦ ʙʫʜʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʣʶʜʠʥʦʶ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʘʛʦʤʽ ʧʦʟʠʪʠʚʥʽ ʷʢʦʩʪʽ, ʤʝʪʦʜʦʣʦʛʽʷ ʪʘʢʦʞ ʤʘʻ ʽ ʥʝʜʦʣʽʢʠ: 

Å ʉʧʦʢʫʩʘ ʧʝʨʝʚʝʩʪʠ ʥʘ Agile, DevOps ʽ CI/CD ʚʽʜʨʘʟʫ ʚʩʝ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ 

ʢʦʨʧʦʨʘʪʠʚʥʠʤʠ ɯʊ-ʩʠʩʪʝʤʘʤʠ, ʙʝʟ ʧʨʠʜʙʘʥʥʷ ʧʝʨʚʠʥʥʦʛʦ ʜʦʩʚʽʜʫ. ʎʝ ʤʦʞʝ ʩʝʨʡʦʟʥʦ 

ʧʦʨʫʰʠʪʠ ʨʦʙʦʪʫ ʢʦʤʧʘʥʽʾ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʧʦʛʘʥʽʡ ʦʨʛʘʥʽʟʘʮʽʾ ʧʝʨʝʭʦʜʫ ʥʘ ʥʦʚʫ 

ʤʝʪʦʜʦʣʦʛʽʶ.  

Å ʇʽʜʪʨʠʤʢʘ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʢʦʦʨʜʠʥʘʮʽʾ ʤʽʞ CI ʽ CD. ʐʚʠʜʢʽ ʪʘ ʷʢʽʩʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʽʜ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʤʦʞʣʠʚʽ ʪʽʣʴʢʠ ʧʽʩʣʷ ʪʨʠʚʘʣʦʛʦ ʽ ʨʝʪʝʣʴʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʦʤʘʥʜʘʤʠ DevOps, ʽʥʞʝʥʝʨʘʤʠ, scrum-ʝʢʩʧʝʨʪʘʤʠ ʽ ʢʝʨʽʚʥʠʮʪʚʦʤ ʢʦʤʧʘʥʽʾ. 

ʅʘʡʩʢʣʘʜʥʽʰʝ ʚ CI/CD ï ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ, ʥʘʣʘʛʦʜʞʝʥʥʷ ʟʜʦʨʦʚʦʾ ʢʦʤʘʥʜʥʦʾ ʨʦʙʦʪʠ, ʷʢʫ 

ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʽ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʥʝʤʦʞʣʠʚʦ.  

ʆʪʞʝ, ʨʦʟʛʣʷʥʫʚʰʠ ʧʣʶʩʠ ʽ ʤʽʥʫʩʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʦʣʦʛʽʾ çContinuous Integration/Continuous Deliveryè  ʜʦʟʚʦʣʠʪʴ ʢʦʤʧʘʥʽʷʤ 

ʟʦʩʝʨʝʜʠʪʠʩʴ ʥʘ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤʘʭ ʙʽʟʥʝʩʫ ʟʘʤʽʩʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʨʫʯʥʦʛʦ 

ʪʝʩʪʫʚʘʥʥʷ. ʆʜʥʘʢ ʩʣʽʜ ʙʫʪʠ ʦʙʘʯʥʠʤʠ, ʪʦʤʫ ʱʦ ʧʨʘʢʪʠʢʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ï 

ʟʘʚʜʘʥʥʷ ʥʝʪʨʠʚʽʘʣʴʥʝ ʪʘ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʧʨʦʬʝʩʽʦʥʘʣʽʟʤʫ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʧʨʦʮʝʩʫ, 

ʚʠʩʦʢʦʾ ʣʦʷʣʴʥʦʩʪʽ ʽ ʩʧʨʘʮʴʦʚʘʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʟ ʤʝʪʦʶ ʛʣʠʙʦʢʦʾ ʽʥʪʝʛʨʘʮʽʾ ʚ 

ʙʽʟʥʝʩ ʢʣʽʻʥʪʘ. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʮʠʭ ʦʙʦʚ'ʷʟʢʦʚʠʭ ʫʤʦʚ ʨʦʙʦʪʘ ʪʘʢʦʛʦ ʬʦʨʤʘʪʫ ʤʦʞʝ 

ʧʝʨʝʪʚʦʨʠʪʠʩʷ ʚ ʭʘʦʩ. 
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A MESHLESS APPROACH FOR SOLVING HEAT 

CONDUCTION PROBLEMS IN ANISOTROPIC SOLIDS 

USING RADIAL BASIS FUNCTIONS  
 

The study of applied problems, in particular, important heat transfer problems in complex 
three-dimensional domains, requires the development of the new approaches to computational 
methods for an approximate solution. One of the most promising approaches is meshless approach 
for solving boundary-value problems based on the use of radial basis functions. Reviews on 
meshless methods are presented in [1, 2]. 

One of the advantages of meshless methods is the simplification of modeling procedures 
and the numerical solution of complex problems, in which it is necessary to take into account the 
features of the geometry of the region and the heterogeneity of the materials. As it is known, the 
thermophysical characteristics of many solids are characterized by anisotropy, which means the 
dependence of their properties on the chosen direction. In this situation, the thermal conductivity 
should be considered in the form of a symmetric tensor of the second rank: 

Ὧ

Ὧ Ὧ Ὧ

Ὧ Ὧ Ὧ

Ὧ Ὧ Ὧ
 

where: 

Ὧ Ὧ , Ὧ Ὧ , Ὧ Ὧ . 

 

The differential equation of non-stationary heat conduction in a closed region  ɱṒὙ  
limited Ћɱ has the following form: 

ʍÃ
ЋÕ

ЋÔ
divË grad Õ Ç (1) 

where: 
” ”ὼȟώȟᾀ ï density, ὧ ὧ ὼȟώȟᾀ ï specific heat at constant pressure,              ό

όὼȟώȟᾀȟὸ ï temperature, Ὣ Ὣὼȟώȟᾀȟὸ ï internal heat source. 
 

Let ɱ В ɱ and ɱ᷊ɱ  ɲ for Ὥ Ὦ. The boundary conditions for such a 

problem can be described using any combination of the following type: 

όὼȟώȟᾀȟὸ όὼȟώȟᾀȟὸȟ   ὼȟώȟᾀᶰɱ                                         

όὼȟώȟᾀȟὸ

’
ήὼȟώȟᾀȟὸȟ   ὼȟώȟᾀᶰɱ                                       

όὼȟώȟᾀȟὸ

’
Ὤόὼȟώȟᾀȟὸ ό ὼȟώȟᾀȟὸȟ   ὼȟώȟᾀᶰɱ
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where: 
ό

’
Ὧ
ό

ὼ
Ὧ
ό

ώ
Ὧ
ό

ᾀ
ÃÏÓὲȟὼ                                         

                 Ὧ
ό

ὼ
Ὧ
ό

ώ
Ὧ
ό

ᾀ
ÃÏÓὲȟώ       

                                                             Ὧ
ό

ὼ
Ὧ
ό

ώ
Ὧ
ό

ᾀ
ÃÏÓὲȟᾀ, 

ὲ ï external normal vector, Ὤ ï heat transfer coefficient, ό ὼȟώȟᾀȟὸ ï ambient temperature. 

 

Initial conditions are specified as: 

όὼȟώȟᾀȟπ ό ὼȟώȟᾀȟ   ὼȟώȟᾀᶰɱ 

The differential heat conduction equation (1) can be reduced to a sequence of 

inhomogeneous modified Helmholtz equations for an anisotropic homogeneous medium. Using 

the ɗ -scheme of the finite difference method for time discretization, we obtain: 

,ËÖ ʇÖ
ʍÃ

ʃɝÔ
Õ

ρ ʃ

ʃ
Ç Ç (2) 

where: 

ὺ ό ό , π — ρ ï weight coefficient, ὒὯ ‗ ï the modified Helmholtz 

operator for an anisotropic medium, ɝὸ ï time step, ό όὼȟώȟᾀȟὲɝὸ, Ὣ Ὣὼȟώȟᾀȟὲɝὸ, 

‗ . 

 

At each time step the equation (2), using a combination of the dual reciprocity method [3] 

with anisotropic radial basis functions and the method of fundamental solution [4] will be solved. 

The method of fundamental solution is used to obtain a homogeneous solution, and the dual 

reciprocity method with anisotropic radial basis functions is used to obtain a particular solution. 

Numerical realization of the proposed meshless approach allows to obtain the solutions of 

the three-dimensional non-stationary heat conduction problems in anisotropic solids with high 

accuracy even on a small quantity of nodes. 
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COMPUTER SIMULATION SYSTEM FOR THE 

NUMERICAL SOLUTION OF THE KORTEWEG -DE 

VRIES-BURGERSô EQUATION BY MESHLESS 

APPROACH USING RADIAL BASIS FUNCTIONS  
 

The Korteweg-de Vries-Burgersô (KdVB) equation was originally formulated by Su and 

Gardner [1]. The KdVB equation is a nonlinear partial differential equation. This model arises in 

many physical applications, such as wave propagation in shallow water [2], wave propagation in 

an elastic tube filled with a viscous fluid [3], and in weakly nonlinear waves in plasma with certain 

dissipative effects [4]. 

In the last decade, meshless methods based on the use of radial basis functions are widely 

used [5-7]. These methods are alternative to popular finite element method. Meshless methods 

avoid the construction of an interpolation grid inside the domain of the boundary-value problem, 

which makes them computationally efficient, since grid generation, as before, is the most time-

consuming part of any numerical simulation based on the use of grid-based approach. 

Authors have developed and software implemented the computer simulation system (CSS) 

for the numerical solution of the inhomogeneous KdVB equation by meshless approach using 

radial basis functions. 

Consider the nonlinear one-dimensional nonstationary inhomogeneous KdVB equation: 

      ʈ
ЋÕØȟÔ

ЋÔ
ʀÕØȟÔ

ЋÕØȟÔ

ЋØ
ʂ
ЋÕØȟÔ

ЋØ
ʉ
ЋÕØȟÔ

ЋØ
ÆØȟÔ (1) 

where: 

‘, ‐, – ï known coefficients, ʉ ρȾὙ ï kinematic viscosity, Ὑ ï Reynolds number,    ὼɴ ὥȟὦ, 

ὸɴ πȟὝ, Ὢὼȟὸ ï source function. 

 

The initial condition is 

      ÕØȟπ Õ Øȟ  Øɴ ÁȟÂ (2) 

The Dirichlet boundary conditions are 

     
όὥȟὸ Ὣ ὸ

όὦȟὸ Ὣ ὸ
ȟ  ὸɴ πȟὝ  

Using the —-scheme for time discretization, we obtain 

ό
†

‘
–ɳ ό ’Ўό ‐ό όɳ ό όɳ                 

                                                                                  ό
†

‘
‐ό όɳ Ὢ  

(3) 
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where: 

ό όὼȟὸ , Ὢ Ὢὼȟὸ , ὸ ὲ†, ὲ ï iteration number, † ï the time step size, ɝ , ɳ

. 

Equation (3) is a recursive formula. Therefore, this differential equation we can solve step 

by step starting with initial condition (2).  

Approximate solution of equation (1) can be constructed using radial basis functions •ὶ : 

      ό ὼ  •ὶ  (4) 

where: 

ὔ ï number of collocation points, ὶ ὼ ὼ  ï Euclidean distance between points,   ï 

unknown coefficients to be determined. 

 

Substituting (4) into (3), we obtain the system of linear algebraic equations, which can be 

solved for unknown coefficients   by Gaussian elimination method. By substituting the values 

of   in (4), approximate solution of the problem (1) at ὲ-th step can be obtained. 

The described iterative method used as a basis of the developed CSS. 

Interface of the CSS for numerical solution of the KdVB equation is presented in Fig. 1. 

 

 
Fig. 1. Interface of the CSS 

 

At the top of the program are tabs Language and Choice RBF. The Language tab allows 

select the language of interface in the CSS. The Choice RBF tab allows select the type of radial 
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basis function. The CSS uses the following radial basis functions: Gaussian, multiquadric, inverse 

quadratic, inverse multiquadric, Wuôs compactly supported radial function. 

Below is the toolbar shown in Fig. 2.  

 

 
 

Fig. 2. Toolbar 

 

On the toolbar are buttons that allow change the scale of coordinate axes and rotate them, 

display the numerical value of solution at the selected point, save solution as raster or vector 

image, show and hide grid on three-dimensional surface and export solution in a binary file. 

To solve partial differential equations, it is necessary to set value of initial and boundary 

conditions. The CSS allows setting boundary conditions in numerical form or as a function that 

depends on coordinates and time. The CSS allows setting initial condition in numerical form or as 

a function that depends on coordinates. In the CSS the source function can be defined as a function 

that depends on coordinates and time. 

The system allows setting such parameters as size of domain, number of interpolation nodes, 

time interval, time step size, shape parameter in radial basis function, and coefficients in the KdVB 

equation. The solution of the KdVB equation in CSS is visualized as three-dimensional surface 

(Fig. 1). 

It should be noted that the radial basis functions used in the CSS for approximation contain 

a shape parameter that affects both accuracy of the obtained solution and the conditionality of the 

linear algebraic equations system. Selecting the optimum shape parameters of radial basis 

functions is still an unresolved issue. 
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ʌʨʦʣʦʚʘ ʃʽʣʽʷ ɺʽʢʪʦʨʽʚʥʘ 

ORCID ID: 0000-0001-7090-5647 

ʘʩʧʽʨʘʥʪʢʘ ʢʘʬʝʜʨʠ ʣʠʚʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʋʢʨʘʾʥʘ 

 

 

ʆʎɯʅʂɸ ʄʆɾʃʀɺʆʉʊɽʁ ʆʊʈʀʄɸʅʅʗ  

ʄɯʎʅʆʉʊɯ AL-SI ʂʆʄɹɯʅɸʎɯɰ ɺ ʏɸɺʋʅɯ ɺ 

ʇʈʆʄʀʉʃʆɺʀʍ ʇʃɸɺʂɸʍ 
 

ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʚʠʙʠʨʘʣʠʩʷ ʨʝʪʨʦʩʧʝʢʪʠʚʥʽ ʜʘʥʽ ʩʝʨʽʾ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʣʘʚʦʢ [1]. ʗʢ ʦʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʤʦʜʝʣʴ ʤʝʞʽ ʤʽʮʥʦʩʪʽ, 

ʦʧʠʩʘʥʘ ʚ [1, 2]: 

 

    y=17+13.7x1ï4.5x2ï4x1
2ï1.6x2

2ïx1x2   (1) 

ʜʝ: 

x1 ï ʚʤʽʩʪ ʫ ʩʧʣʘʚʽ Al, x2 ï ʚʤʽʩʪ ʫ ʩʧʣʘʚʽ Si, y ï ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛ ůʚ, ʢʛ/ʤʤ2. 

 

ʄʦʜʝʣʴ (1) ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧʨʦʩʪʦʨʽ ʥʦʨʤʦʚʘʥʠʭ ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ xi ʚ ʙʝʟʨʦʟʤʽʨʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ [-1; +1]. ɼʽʘʧʘʟʦʥʠ ʚʘʨʽʶʚʘʥʥʷ ʩʪʘʥʦʚʠʣʠ: Al=1...2 %, Si=0.5...1.5 %. 

ɼʣʷ ʘʥʘʣʽʟʫ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ, ʦʧʠʩʫʚʘʥʦʾ ʤʦʜʝʣʣʶ (1), ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʨʽʜʞ-ʘʥʘʣʽʟ 

ʧʦ ʍʴʦʨʣʶ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʧʘʨʘʤʝʪʨʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʦʜʝʣʽ (1) ʟʘ 

ʧʨʦʮʝʜʫʨʦʶ, ʦʧʠʩʘʥʦʶ ʚ [3, 4]. 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʚʤʽʩʪʫ Al ʽ Si ʪʘ ʚʝʣʠʯʠʥʠ ůʚ ʦʧʪʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʦʮʽʥʶʚʘʣʦʩʷ ʧʝʨʝʚʽʨʢʦʶ ʩʪʘʪʠʩʪʠʯʥʠʭ ʛʽʧʦʪʝʟ: 

 

    H: M(Al)=Al opt, M(Si)=Siopt, M(ůʚ)=ůʚopt.     (2) 

 

ɻʽʧʦʪʝʟʘ ʚʚʘʞʘʣʘʩʷ ʚʽʜʢʠʥʫʪʦʾ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ: 

 

     ὸ
Ѝ

ὸ      (3) 

ʜʝ: 

M(Al), M(Si), M(ůʚ) ï ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʟʤʽʩʪʫ Al ʽ Si ʪʘ ʚʝʣʠʯʠʥʠ ůʚ, ʚʽʜʧʦʚʽʜʥʦ,  

x ï ʚʝʣʠʯʠʥʠ Al, Si, ůʚ ʚ ʥʘʪʫʨʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ, xopt ï ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ Al, Si, ůʚ ʚ 

ʥʘʪʫʨʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ, s(x) ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʝʣʠʯʠʥʠ Al, Si, ůʚ ʚ 

ʥʘʪʫʨʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ, tcv ï ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʉʪʴʶʜʝʥʪʘ, n ï ʦʙʩʷʛ ʚʠʙʽʨʢʠ. 

 

ɿʘ ʜʘʥʠʤʠ ʩʝʨʽʡʥʠʭ ʧʣʘʚʦʢ (ůʚ_experiment) ʽ ʨʦʟʨʘʭʫʥʢʦʤ ʟʘ (1) (ůʚ_calculation) ʥʘ ʨʠʩ. 1 

ʥʘʚʝʜʝʥʽ ʛʽʩʪʦʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʚʝʣʠʯʠʥʠ ůʚ [5]. 

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʧʦʙʫʜʦʚʠ ʛʽʩʪʦʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ůʚ (ʨʠʩ. 1) ʚʩʪʘʥʦʚʣʝʥʦ 

ʩʝʨʝʜʥʽʡ ʩʢʣʘʜ ʩʧʣʘʚʫ ʧʦ Al ʽ Si ʚ ʩʝʨʽʡʥʠʭ ʧʣʘʚʢʘʭ ʽ ʡʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʱʦʜʦ ʦʧʪʠʤʘʣʴʥʦʾ 

ʢʨʠʚʦʾ Si=f(Al). ɼʘʥʘ ʤʽʨʘ ʙʣʠʟʴʢʦʩʪʽ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ, ʷʢʦʶ ʤʽʨʦʶ ʨʝʘʣʴʥʠʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʱʦʜʦ ʚʠʪʨʠʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʢʣʘʜʫ ʩʧʣʘʚʫ. ɹʫʣʠ ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʢʠ ʛʽʧʦʪʝʟʠ (2) ʧʨʠ ʜʦʚʽʨʯʽʡ ʡʤʦʚʽʨʥʦʩʪʽ 

P=0.95, ʷʢʱʦ ʚ ʷʢʦʩʪʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʙʨʘʥʦ ʩʢʣʘʜ Al=2.21 %, Si=0.65 %. 
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ʈʠʩ. 1. ɻʽʩʪʦʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʚʝʣʠʯʠʥʠ ůʚ, ʟʘ ʜʘʥʠʤʠ ʩʝʨʽʡʥʠʭ ʧʣʘʚʦʢ 

ʽ ʨʦʟʨʘʭʫʥʢʦʤ ʟʘ (1) [5] 

 

ɺʠʩʥʦʚʦʢ. ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʠ ʦʙʨʘʥʦʤʫ ʨʽʚʥʽ ʟʥʘʯʫʱʦʩʪʽ Ŭ=0.05 ʤʦʞʥʘ 

ʛʦʚʦʨʠʪʠ ʧʨʦ ʪʝ, ʱʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ, ʫ ʚʩʷʢʦʤʫ 

ʨʘʟʽ, ʟʘ ʟʤʽʩʪʦʤ Si. ʗʢʱʦ ʞ ʟʘʜʘʪʠʩʷ ʨʽʚʥʝʤ ʟʥʘʯʫʱʦʩʪʽ Ŭ=0.1, ʪʦ ʚʠʜʥʦ, ʱʦ ʟʘ ʟʤʽʩʪʦʤ Al 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ, ʪʘʢ ʷʢ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

t=1.97>tcv=1.69. 
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ANALYSIS OF EXISTING STUDIES OF THREAT 

MODELING FOR IT PURPOSES 
 

Given the current trends in the development of information technology there is an urgent 

need to ensure the security of information, which is now becoming increasingly acute in this area 

[1, 4]. 

Ensuring the protection of information technology, as well as maintaining the appropriate 

level of security for information technology systems at the level of regulatory security 

requirements [2, 4] is achieved by implementing standard methods of protection in various aspects 

of life. 

The concept of threats to the information system is based on the understanding that in the 

process of life there are probable violations of the security of information systems, attempts to 

implement violations or threats which are conventionally called an attack on the information 

system [3]. The level of data security of the information and telecommunication system in general 

depends on the provision of appropriate equipment and facilities, the characteristics of the 

operating system, the physical environment, as well as the professionalism of service personnel. 

Simulation of security breach processes must be performed on the basis of a logical chain  

"threat - source of threat - method of implementation - vulnerability - consequences". 

Modeling security policy is a very important area of information security, but it is clear that there 

are many other aspects of information security, which, although not related to security policy, but are 

of great importance for its provision and for the study of which any formal methods. This, in particular, 

the issues of modeling protection processes, protection functions, detection of violations, evaluation 

of the cost of protection, application of optimization methods, game theory, etc. 

Thus, the direction of security modeling can be represented (Fig. 1):  

 

 
Fig. 1. Directions of security modeling 

 

Using existing sources of literature, it can be argued that most methods of analysis and 

evaluation of the implementation of dangerous threats are based on the identification of possible 

sources of threats through their classification [3-5]. 

Security modeling 
Security policy 

modeling 

Modeling of other aspects 

of information security 

https://orcid.org/0000-0002-6543-0701


March 26, 2021 |  Chicago, USA  |  Collection of scientific papers «SCϣENTϣA» 
. 

75 

 

Given the above, the existence of different approaches to the classification of information 

security threats makes it possible to predict the ineffectiveness of the use of such methods. 

Thus, the solution to the problem of analyzing and assessing the level of information security 

of data is to build a model of threats, which is relevant today. 
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USING THE KERAS FRAMEWORK AS A VERSATILE 

TOOL FOR BUILDING NEURAL NETWORKS  
 

Introduction  

Over the past few years, the topic of artificial intelligence (AI) has generated a lot of media 

hype.  Machine learning, deep learning, and AI have been featured in countless articles, many of 

which have nothing to do with technology.  We were promised the appearance of virtual 

interlocutors, cars with autopilot and virtual assistants.  Sometimes the future was painted in dark 

colors, and sometimes it was portrayed as utopian: freeing people from routine labor and 

performing the main work by robots endowed with artificial intelligence.  It is important for the 

future or present specialist in the field of machine learning to be able to isolate a useful signal 

from the noise, to see in bloated press releases changes that can really affect the world. 

Even though our near-term expectations may be unrealistic, the long-term picture looks very 

bright.  We are just starting to apply deep learning to many important tasks, from medical 

diagnoses to digital assistants.  AI research has progressed remarkably rapidly over the past five 

years, thanks in large part to high levels of funding never seen before in the short history of AI, 

but too little to translate into the products and processes that shape our world.  Most of the research 

results in deep learning have not yet found practical application, at least applied to solving the full 

range of problems where this technology could find application.  Your doctor and your accountant 

are not using AI yet[1].  You yourself probably don't use AI technologies in your daily life either.  

Of course, you can ask simple questions to your smartphone and get reasonable answers, you can 

get very useful recommendations when choosing products on Amazon.com and by the phrase 

"birthday" you can quickly find in Google Photos photos of your daughter's birthday, which was 

in the past  month.  This is undoubtedly a big step forward.  But such tools only complement our 

life.  AI has not yet taken center stage in our lives, work and thoughts [2]. 

Keras is a Python-compatible deep learning framework for quickly experimenting with 

neural networks. 

Possesses the following properties: 

1. Supports convolutional and recurrent networks, as well as the ability to combine them. 

2. Supports arbitrary network architectures: models with multiple inputs or outputs, sharing 

layers, sharing models. 

This means the ability to create and train a wide range of deep learning models on this 

framework. 

Main part  

During the studyof capabilities of the framework, its capabilities studied in the following 

areas: 

1. Generation of text. 

2. Object recognition. 

3. Generation of images. 

The first problem was solved with the help of a recurrent-generative model, trained on the 

books of the ñWar and Peaceò series.  Model generated text is shown below 
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ñʅʫ-ʢʘ, ʢʘʢ ʚʳ ʠ ʩʪʘʨʘʷ ʩʪʦʨʦʥ ʥʘ ʥʝʛʦ ʥʝ ʙʳʣʦ ʥʘ ʩʚʦʝʡ ʩʪʦʨʦʥ ʚ ʢʦʪʦʨʦʤ ʦʥ ʩʪʦʷʣ ʧʦʜ 

ʥʝʛʦ ʧʦʜʥʷʪʴ ʚ ʧʦʣʦʞʝʥʠʝʤ ʠ ʧʦʩʣʝʜʥʠʢʦʚ ʠ ʩʦʥʝʡ ʠ ʧʦʜʨʦʙʥʦʩʪʠ ʠ ʚʦʣʦʩʘ ʠ ʦʪʚʝʯʘʣ ʚ 

ʩʦʥʝʡ ʠ ʩʪʦʣʴ ʧʦʜ ʧʦʣʦʞʝʥʠʝʤ ʩʦʥʝʡ ʩʪʦʣʴ ʧʦʣʢʦʚʦʜʠʪʝʣʴʥʦ ʧʦʥʠʤʘʶ ʚ ʩʚʦʝʡ 

ʧʦʣʢʦʚʥʠʢʦʤò 

 

The second problem solved using a convolutional model trained on the ImageNet dataset.  

The results of checking the operation of the model on images that were not included in the set 

presented in Table. 1. 

 

  

 

Tabby 54% C. B. retriever 94% Jeep 70% 

Egyptian cat 16% Vizsla 2% Mountain tent 9% 

Tiger cat 9% G. retriever 1% Minivan 6% 

 

Third problem was solvedby using a generative adversarial model trained on frog images.  

The results of the model shown in Fig. 1. 

 
Fig. 1. Generated images 

 

Conclusion 

The KERAS framework is suitable for the rapid conduct of experiments with neural 

networks and fully contains the necessary functionality for this, which makes it universal  
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