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In this article distribution, diagnostics, methods of treatment and prevention of trichophytosis of cattle on the 

example of FSUE PZ "Ladoga" are studied. Conclusions about the prevention of the spread of the disease. 

 

Keywords: clinical signs, trichophytosis, cattle, distribution, diagnostics 

 

Ringworm (trichophytia and microsporia) are 

widespread in Russia, which causes significant eco-

nomic damage as a result of animal disease, reduced 

quality of raw leather and the cost of medical and pre-

ventive measures [4, p. 19; 9, p. 234]. Trichophytia and 

microsporia pose a serious biological danger to humans 

[3, p. 14; 14, p. 43]. 

For therapy and prophylaxis of ringworm devel-

oped different specific biological products, medical 

supplies, and antibiotics [16, p.5]. However, despite the 

fact that there are certain therapeutic drugs, effective 

vaccines, the lack of an integrated approach to the treat-

ment of animal patients with trichophytosis, as well as 

preventive immunization leads to outbreaks of this dis-

ease and a serious problem of treatment of dermatophy-

tosis [8, p. 234]. Therefore, the problem of treatment 

and prevention of trichophytosis is relevant [15, p. 6]. 

To do this, it is necessary to develop and improve 

the treatment regimens with high therapeutic effi-

ciency, the system of prevention of trichophytosis [2, p. 

54]. 

The aim of the work was to study the distribution, 

diagnosis, treatment and prevention of trichophytia of 

cattle. 

In the analysis of the epizootic situation in FGUP 

breeding factory "Ladoga", it was noted that the farm 

was recorded isolated cases of the incidence of derma-

tophytosis in calves [9, p.18]. This may be due to the 

lack of vaccination or the omission of revaccination af-

ter 10 to 14 days [5, p. 237]. 

In the study of clinical signs of the disease in cattle 

on a dairy farm, a superficial form of the disease was 

revealed in calves in the group up to 6 months of age 

[13, p. 37]. During the examination of sick animals, 

flaky areas of the skin in the neck and head were noted 

[6, p. 86]. In animals noted itching, anxiety, scratching 

the affected areas on the walls, enclosing structures and 

other objects [12, p. 172]. Upon inspection of the plots 

destruction like animal fur was dull and lacked lustre, 

in close proximity to affected areas of the hair were ob-

served obramlenie part, when removing the scales 

opened bezvolosy surface [3, p. 14]. 

Diagnosis for trichophytia is carried out compre-

hensively, taking into account the epizootic situation, 

clinical symptoms and is necessarily confirmed by la-

boratory studies [1, p. 26]. Based on the epizootic situ-

ation of clinical signs of the disease, a preliminary di-

agnosis of ringworm was made [7, p. 50]. 

For laboratory diagnostics, the material from the 

affected skin areas on the border with healthy was se-

lected and sent to the GBU "Kropotkin regional veteri-

nary laboratory", where the trichophytic pathogen type 

Tr Was isolated. verrucosum and thus put the final di-

agnosis on trichophytosis. 

In the veterinary laboratory for the isolation of the 

causative agent of trichophytosis, the affected hair is 

freed from crusts, crushed on a glass calcined over the 

flame of the burner or in a sterile Petri dish and a bac-

terial loop, crops are sown on the nutrient medium of 

agar Saburo with the addition of keratin hydrolysate. 

Then incubated in a thermostat at a temperature of 22 ï 

30 ÁC for 3-5 days and viewed the growth of colonies. 

The grown colonies will microscopist using a light mi-

croscope. This sterile bapatla remove pieces of myce-

lium colonies and placed on a sterile glass slide in a 

drop of 50% glycerin solution, then cover with a cover 

glass and microscope conduct. 

On the dense nutrient medium of the colony of the 

microorganism of the Tr Species. verrucosum grow on 

14-26 days. When viewed, they are white, gray, leath-

ery, elevated or flat, folded or bumpy, growing edge 

smooth, radiant, spider. Mycelium they branching, 

mikrokonidii (aleyrii) oval, pear-shaped, arthrospores 

rounded shape. Chlamydospores terminal or interca-

lary. Microconidia are elongated. 

In the differential diagnosis necessary to exclude 

microsporia, since the microscopic spores of the fungus 

of the genus Microsporum and less localized in a chain 

https://doi.org/10.24411/2520-6990-2019-10329
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or mosaic, it is also necessary to eliminate the scabies 

and eczema. In different types of scabies, the pattern of 

skin lesions is significantly different, and microscopy 

reveals scabies mites, and in eczema the affected areas 

are not limited and do not affect the hair [11, p. 24]. 

To carry out therapeutic and preventive measures, 

sick animals were divided into two groups: 10 calves 

one control (treatment with a vaccine against tri-

chophytosis and juglon), the second group of 10 calves 

experienced (vaccine against trichophytosis LTF-130, 

ointment "Yam-BK",5% p-R salicylic acid). The vac-

cine was administered intramuscularly in the area of ce-

reals at a dose of 3.0 ml per 1 animal, twice with an 

interval of 10 days. The experiment took calves aged 6 

months, live weight 160  200 kg. Therapy of the stud-

ied animals was carried out in a specially designated 

room in compliance with the sanitary requirements of 

maintenance and feeding. 

Therapy of sick animals was carried out for 20 

days with daily clinical examination. To prevent the 

spread of the disease among animals, immunization of 

disadvantaged livestock on the farm was carried out 

with the LTF-130 vaccine against trichophytosis ac-

cording to the instruction for use, starting with calves 

of 30 days of age, followed by revaccination in 10 days, 

in the amount of 80 heads. Then conducted an emer-

gency disinfection of the buildings which was suspi-

cious in infected animals to prevent the spread of tri-

chophytosis atomized spray datacredito, Desalin-F. 

As a result of treatment of patients with tri-

chophytic animals recovery was noted on the 19th day 

in the experimental group, but in the affected areas of 

hair grew poorly and alopecia remained on the skin. 

Full recovery was to 16 days. 

In the control group of animals, recovery pro-

cesses were observed on the 14th day after the start of 

therapy, and on the 20th day the crust completely dis-

appeared and there was no exudate. In the future, in ar-

eas of the former destruction was observed hair growth. 

Full recovery was observed by 25 days. Thus, the high 

therapeutic efficacy of the proposed method of treat-

ment of trichophytosis was confirmed. 

Summary: 

1. It was found that in 2018, escherichiosis 37%, 

streptococcosis 24%, pseudomoniasis 13%, enterococ-

cal infection 15%, staphylococcosis 10%, trichophyto-

sis 1% were registered at the farm in the FGUP breed-

ing plant "Ladoga". 

2. In FSUE breeding plant "Ladoga" observed the 

incidence of trichophytosis of calves aged 6 months to 

1 year in the autumn. 

3. The use of the vaccine LTF-130, 5% salicylic 

acid solution and ointment "Yam-BK" in the treatment 

of patients with animal trichophytosis provides recov-

ery for 16-19 days in the experimental group. 

4. The economic efficiency of treatment for tri-

chophytosis in cattle was 2 rubles per 1 ruble of costs. 

5. A plan of measures for the prevention of tri-

chophytosis of cattle in FSUE breeding plant "Ladoga" 

Ust-Labinsk district. 

Production proposals: 

1. For the treatment of patients with trichophytosis 

in animals recommend the use of the vaccine LTF-130, 

a 5% solution of salicylic acid ointment "Yam-BC". 

2. The developed plan of measures for the preven-

tion of trichophytosis of cattle in the FGUP breeding 

plant "Ladoga" is recommended to be used in other 

farms. 
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For the normal functioning of the digestive system 

of any living organism, the normal state of its microbi-

ocenosis plays an important role [3, p. 177]. Therefore, 

the purposeful formation of the predominance of bene-

ficial microflora with the help of probiotic preparations, 

both in modern animal husbandry and in beekeeping, is 

relevant [4, p. 44]. 

For example, microbiological preparation apinik, 

which is used immediately after wintering to displace 

the putrid microflora and restore normal Association of 

microorganisms in the intestinal tract of bees. In the re-

sult, the wives of the overwintered hives have high ac-

tivity and vitality, can grow to 30-35% more young 

bees than have not received the drug. With the help of 

apinik, you can quickly overcome the dysbacteriosis 

that occurs after the use of antibiotics and thymol, feed-

ing it three to four days after the end of treatment with 

these drugs. 

Probiotic additives Biogen-N and Trilac also act 

on the composition of the intestinal microflora and 

chemical processes in the body of honey bees. When 

using these additives as substitutes for pollen in bees 

increases life expectancy and increases dry weight and 

the level of crude fat compared to bees fed only pollen.  

Antibiotics penicillin and biomycin in small doses 

improve the overall physiological state of bees, which 

is manifested in increasing their life expectancy, in-

creasing the weight of larvae and bees and increasing 

their viability. These antibiotics also stimulate the ac-

tivity of bees, which is characterized by their longer and 

more intense flight activity, increased nectar load, en-

hanced oviposition of Queens. Improving the quality 

and activation of bees contribute to the accelerated 

growth, strengthening and increasing the productivity 

of healthy families who received antibiotics [7, p. 205]. 

It is also important that antibiotics-stimulants, strength-

ening the body of bees, at the same time have a preven-

tive effect on them [6, p. 96]. 

Ozone plays an important role in beekeeping in 

disinfection of beekeeping equipment, beehives, feed, 

stimulation of bee families, preventive measures in dis-

eases of bees, in particular, and intestinal etiology [5, p. 

4].  

To a greater extent, ozone has a bactericidal effect 

on representatives of gram-positive microorganisms ï 

Staphylococcus aureus and hay Bacillus [10, p. 45], and 

to a lesser extent ï intestinal and Pseudomonas aeru-

ginosa [9, p. 40; 11, p. 43]. The optimal bactericidal ef-

fect of ozone is achieved by using concentrations of 12-

25 mg/m3 for 30-60 minutes or 120 minutes or more at 

a concentration of 6 mg/m3. 

Thus, the literature review showed that honeybees 

represent an entire biological organism that should be 

studied together [1, p. 38]. Having a single metabolism, 

bees, like no other organism, are affected by various 

adverse factors [8, p. 142]. Taking into account this 

fact, it is necessary to know all the basic biological laws 

of the bee family life and timely use various tools to 

maintain balance in this complex organism [2, p. 50]. 

Due to the fact that the environmental situation is dete-

riorating every year, as well as due to omissions in the 

conditions of operation, maintenance and feeding, bees 

are exposed to various diseases, among which a special 

role is played by intestinal bacteriosis. This fact can be 

explained by the physiological characteristics of the 

structure and functioning of the digestive system of 

bees in combination with their unbalanced feeding. 

It is known that to eliminate this problem can help 

the use of various dressings, additives, stimulants, con-

taining in its composition all the necessary substances 

for the body of the bee. However, despite the rather 

large volume of publications devoted to this topic, it is 

clear that the search for promising and qualitative meth-

ods to increase productivity and stimulate the develop-

ment of bee colonies is relevant at the present time. 
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ɸʥʥʦʪʘʮʠʷ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʣʝʩʦʧʘʪʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʣʝʩʦʚ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʢʦʥʝʮ 

2018 ʛʦʜʘ ʠ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʠ ʦʯʘʛʦʚ ʩʪʚʦʣʦʚʳʭ ʚʨʝʜʠʪʝʣʝʡ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ. ɺ ʭʦʜʝ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʘ ʣʝʩʦʧʘʪʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʥʘ 2019 ʛʦʜ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʳ 

ʩʘʥʠʪʘʨʥʦ ï ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ. 

Abstract. 

This article analyzes the forest pathology state of the forests of the Arkhangelsk region at the end of 2018 and 

the dynamics of changes in the area of foci of stem pests over the past ten years. In the course of the study, the forest 

pathology situation for 2019 was predicted and sanitary measures were recommended. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʯʘʛʠ ʚʨʝʜʠʪʝʣʝʡ ʣʝʩʘ, ʢʦʨʦʝʜ-ʪʠʧʦʛʨʘʬ, ʩʘʥʠʪʘʨʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, 

ʧʦʣʠʛʨʘʬ ʧʫʰʠʩʪʳʡ. 

Keywords: outbreaks of forest pests, bark beetle, health and wellness activities, polygraph fluffy. 

 

ɺʚʝʜʝʥʠʝ: ʃʝʩʦʧʘʪʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʥʘʩʘʞʜʝʥʠʡ ï ʢʘʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦ ʢʦʤ-

ʧʣʝʢʩʫ ʧʨʠʟʥʘʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʦ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ 

(ʟʘʩʝʣʝʥʥʦʩʪʠ) ʥʘʩʘʞʜʝʥʠʡ ʚʨʝʜʠʪʝʣʷʤʠ, ʫʨʦʚʥʶ ʠʭ 

ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ [1]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʚʨʝʜʠʪʝʣʝʡ ʣʝʩʘ ʥʘ 

ʥʘʩʘʞʜʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚ ʧʨʘʢʪʠʢʝ ʟʘ-

ʱʠʪʳ ʣʝʩʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ, ʥʘʟʳʚʘʝ-

ʤʳʡ çʧʣʦʪʥʦʩʪʴʶ ʦʯʘʛʦʚè. ʇʦʢʘʟʘʪʝʣʴ ʧʣʦʪʥʦʩʪʠ 

ʦʯʘʛʦʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʯʘʩʪʥʦʝ ʦʪ ʜʝʣʝʥʠʷ ʚʩʝʡ 

ʧʣʦʱʘʜʠ ʦʯʘʛʦʚ ʚʨʝʜʠʪʝʣʝʡ ʣʝʩʘ ʚ ʛʝʢʪʘʨʘʭ ʥʘ 

ʟʝʤʣʠ ʣʝʩʥʠʯʝʩʪʚʘ, ʧʦʢʨʳʪʳʝ ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦ-

ʩʪʴʶ ʚ ʪʳʩʷʯʘʭ ʛʝʢʪʘʨʦʚ [2]. 

ʅʘ ʢʦʥʝʮ 2018 ʛʦʜʘ ʧʣʦʱʘʜʴ ʦʯʘʛʦʚ ʚʨʝʜʠʪʝ-

ʣʝʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʣʝʩʘʭ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ 

ʩʦʩʪʘʚʠʣʘ 186,1 ʛʘ [8].  

ʄʝʩʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʃʝʩʦʧʘʪʦʣʦʛʠʯʝʩʢʠʝ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʨʭʘʥ-

ʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʆʯʘʛʠ ʤʘʩʩʦʚʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʚʨʝʜʠʪʝʣʝʡ 

ʣʝʩʘ: ʇʨʠ ʫʯʸʪʝ ʦʯʘʛʦʚ ʤʘʩʩʦʚʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ 

ʜʝʥʜʨʦʬʠʣʴʥʳʭ ʥʘʩʝʢʦʤʳʭ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ 

ʛʨʫʧʧʳ ʚʨʝʜʠʪʝʣʝʡ ʣʝʩʘ: ʭʚʦʝʛʨʳʟʫʱʠʝ, ʣʠʩʪʦʛʨʳ-

ʟʫʱʠʝ ʠ ʠʥʳʝ ʛʨʫʧʧʳ, ʢʫʜʘ ʦʪʥʦʩʷʪʩʷ ʢʩʠʣʦʬʘʛʠ, 

ʭʨʫʱʠ, ʩʦʩʥʦʚʳʡ ʧʦʜʢʦʨʥʳʡ ʢʣʦʧ ʠ ʜʨʫʛʠʝ [3]. ʅʘ 

ʪʝʨʨʠʪʦʨʠʠ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ 

ʦʯʘʛʠ ʪʦʣʴʢʦ ʩʪʚʦʣʦʚʳʭ ʚʨʝʜʠʪʝʣʝʡ. ʉʪʚʦʣʦʚʳʝ 

ʚʨʝʜʠʪʝʣʠ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʚʪʦʨʠʯʥʳʭ ʚʨʝʜʠʪʝ-

ʣʝʡ, ʪʘʢ ʢʘʢ, ʯʘʱʝ ʚʩʝʛʦ ʥʘʧʘʜʘʶʪ ʥʘ ʜʝʨʝʚʴʷ, 

ʦʩʣʘʙʣʝʥʥʳʝ ʜʨʫʛʠʤʠ (ʧʝʨʚʠʯʥʳʤʠ) ʬʘʢʪʦʨʘʤʠ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʥʠ ʞʠʚʫʪ ʧʦʜ ʢʦʨʦʡ ʠʣʠ 

ʚ ʜʨʝʚʝʩʠʥʝ ʠ ʚʝʜʫʪ ʩʢʨʳʪʳʡ ʦʙʨʘʟ ʞʠʟʥʠ ʚʦ ʚʩʝʭ 

ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʟʨʦʩʣʦʡ ʬʦʨʤʳ 

[5]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʦʯʘʛʦʚ ʚʨʝʜʠʪʝʣʝʡ ʣʝʩʘ, ʜʝʡʩʪʚʫ-

ʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʝʩʥʦʛʦ ʬʦʥʜʘ ɸʨʭʘʥʛʝʣʴʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 01.01.2018 ʛʦʜʘ ï ʵʪʦ 

ʦʯʘʛʠ ʢʦʨʦʝʜʘ-ʪʠʧʦʛʨʘʬʘ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ 

(59%) ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʃʝʰʫʢʦʥʩʢʦʤ ʣʝʩʥʠʯʝʩʪʚʝ 

[8]. ɺ 2017 ʛʦʜʫ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙ-

ʣʘʩʪʠ ʚʳʷʚʣʝʥ ʦʯʘʛ ʧʦʣʠʛʨʘʬʘ ʧʫʰʠʩʪʦʛʦ ʥʘ ʧʣʦ-

ʱʘʜʠ 52,3 ʛʘ. ʆʯʘʛʦʚ ʭʚʦʝʛʨʳʟʫʱʠʭ ʠ ʣʠʩʪʦʛʨʳʟʫ-

ʱʠʭ ʚʨʝʜʠʪʝʣʝʡ ʣʝʩʘ ʚ ʣʝʩʥʦʤ ʬʦʥʜʝ ɸʨʭʘʥʛʝʣʴ-

ʩʢʦʡ ʦʙʣʘʩʪʠ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ. ʉʨʝʜʠ ʥʘʩʝʢʦʤʳʭ, 

ʟʘʥʝʩʸʥʥʳʭ ʚ ʂʨʘʩʥʫʶ ʂʥʠʛʫ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘ-

ʩʪʠ, ʚʨʝʜʠʪʝʣʝʡ ʣʝʩʘ ʥʝʪ [7]. 

ɼʠʥʘʤʠʢʘ ʧʣʦʱʘʜʝʡ ʦʯʘʛʦʚ ʚʨʝʜʠʪʝʣʝʡ ʣʝʩʘ ʟʘ 

2018 ʛʦʜ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1. 

ɼʠʥʘʤʠʢʘ ʧʣʦʱʘʜʝʡ ʦʯʘʛʦʚ ʚʨʝʜʠʪʝʣʝʡ ʣʝʩʘ ʟʘ 2018 ʛʦʜ 

ʃʝʩʥʠʯʝʩʪʚʦ 

ʇʣʦʱʘʜʴ ʦʯʘʛʦʚ, ʛʘ 
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ɸʨʭʘʥʛʝʣʴʩʢʦʝ 2,0 0,0 0,0 0,0 0,0 2,0 2,0 - 

ɹʝʨʝʟʥʠʢʦʚʩʢʦʝ 52,3 0,0 0,0 0,0 0,0 52,3 52,3 - 

ɺʳʡʩʢʦʝ 412,3 0,0 0,0 0,0 412,3 0,0 0,0 - 

ɽʤʝʮʢʦʝ 0,0 0,0 0,0 0,0 0,0 0,0 0,0 - 

ʃʝʰʫʢʦʥʩʢʦʝ 78,7 0,0 0,0 0,0 0,0 78,7 78,7 - 

ʇʠʥʝʞʩʢʦʝ 0,0 0,0 0,0 0,0 0,0 0,0 0,0 - 

ʉʠʡʩʢʠʡ ʣʝʩʦʧʘʨʢ 29,9 0,0 0,0 0,0 0,0 29,9 29,9 - 

ʉʫʨʩʢʦʝ 19,0 0,0 0,0 0,0 0,0 19,0 19,0 - 

ʋʩʪʴʷʥʩʢʦʝ 4,2 0,0 0,0 0,0 0,0 4,2 4,2 - 

ɺʩʝʛʦ 598,4 0,0 0,0 0,0 412,3 186,1 186,1 - 

 

ɿʘ 2018 ʛʦʜ ʧʣʦʱʘʜʴ ʦʯʘʛʦʚ ʚʨʝʜʠʪʝʣʝʡ ʣʝʩʘ ʚ 

ʣʝʩʥʠʯʝʩʪʚʘʭ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʫʤʝʥʴʰʠʣʘʩʴ 

ʥʘ 69%, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʦ ʩ ʧʨʠʟʥʘʥʠʝʤ 

ʯʘʩʪʠ ʦʯʘʛʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʘʯʘʣʦ ʛʦʜʘ, ʟʘʪʫʭ-

ʰʠʤʠ. ʇʨʠ ʵʪʦʤ ʥʦʚʳʭ ʦʯʘʛʦʚ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʝ 

ʙʳʣʦ [8]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʣʝʩʥʦʛʦ ʬʦʥʜʘ ɸʨʭʘʥʛʝʣʴʩʢʦʡ 

ʦʙʣʘʩʪʠ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚʩʝ ʚʳʷʚʣʷʝʤʳʝ 

ʦʯʘʛʠ ʙʳʣʠ ʦʯʘʛʘʤʠ ʩʪʚʦʣʦʚʳʭ ʚʨʝʜʠʪʝʣʝʡ, ʘ 

ʠʤʝʥʥʦ ʢʦʨʦʝʜʘ-ʪʠʧʦʛʨʘʬʘ (Ips typographus L.), ʧʦ-

ʣʠʛʨʘʬʘ ʧʫʰʠʩʪʦʛʦ (Polygraphus polygraphus L.) ʠ 

ʜʦʣʛʦʥʦʩʠʢʘ ʩʦʩʥʦʚʦʛʦ ʙʦʣʴʰʦʛʦ (Hylobius abietis 

L.) (ʪʘʙʣʠʮʘ 2).  

ʊʘʙʣʠʮʘ 2. 

ʇʣʦʱʘʜʠ ʦʯʘʛʦʚ ʩʪʚʦʣʦʚʳʭ ʚʨʝʜʠʪʝʣʝʡ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ 

ɺʠʜ ʚʨʝʜʠʪʝʣʷ 
ʇʣʦʱʘʜʴ ʦʯʘʛʦʚ, ʛʘ 

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

ʂʦʨʦʝʜ-ʪʠʧʦ-

ʛʨʘʬ 
1637736,6 1396501,7 28518,6 23637,8 4530,4 3610,7 1543,8 1112,8 546,1 133,8 

ʇʦʣʠʛʨʘʬ ʧʫ-

ʰʠʩʪʳʡ 
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 52,3 52,3 

ɼʦʣʛʦʥʦʩʠʢ 

ʩʦʩʥʦʚʳʡ ʙʦʣʴ-

ʰʦʡ 

67,0 67,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

ɺʩʝʛʦ 1622241,0 1634140,0 1637803,6 1396568,7 28518,6 23637,8 4530,4 3610,7 598,4 186,1 

 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʢʦʥʝʮ 2018 ʛʦʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʝʩʥʠʯʝʩʪʚ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʜʝʡʩʪʚʫʶʪ ʦʯʘʛʠ 

ʢʦʨʦʝʜʘ-ʪʠʧʦʛʨʘʬʘ (59% ʚ ʃʝʰʫʢʦʥʩʢʦʤ ʣʝʩʥʠʯʝʩʪʚʝ) ʠ ʧʦʣʠʛʨʘʬʘ ʧʫʰʠʩʪʦʛʦ (ɹʝʨʝʟʥʠʢʦʚʩʢʦʝ ʣʝʩʥʠʯʝ-

ʩʪʚʦ) [7].  

ʊʘʙʣʠʮʘ 3. 

ʇʣʦʱʘʜʠ ʦʯʘʛʦʚ ʩʪʚʦʣʦʚʳʭ ʚʨʝʜʠʪʝʣʝʡ ʧʦ ʠʭ ʚʠʜʘʤ ʥʘ ʢʦʥʝʮ 2018 ʛʦʜʘ 

ʃʝʩʥʠʯʝʩʪʚʦ 
ʇʣʦʱʘʜʠ ʦʯʘʛʦʚ, ʛʘ 

ʂʦʨʦʝʜ-ʪʠʧʦʛʨʘʬ ʇʦʣʠʛʨʘʬ ʧʫʰʠʩʪʳʡ 

ɸʨʭʘʥʛʝʣʴʩʢʦʝ 2,0 0,0 

ɹʝʨʝʟʥʠʢʦʚʩʢʦʝ 0,0 52,3 

ʃʝʰʫʢʦʥʩʢʦʝ 78,7 0,0 

ʉʠʡʩʢʠʡ ʣʝʩʦʧʘʨʢ 29,9 0,0 

ʉʫʨʩʢʦʝ 19,0 0,0 

ʋʩʪʴʷʥʩʢʦʝ 4,2 0,0 

ɺʩʝʛʦ 133,8 52,3 

 

ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʯʘʛʠ 

ʢʦʨʦʝʜʘ-ʪʠʧʦʛʨʘʬʘ. ʆʥʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ 4-ʭ ʣʝʩʥʠʯʝʩʪʚʘʭ ʦʙʣʘʩʪʠ ʠ ʉʠʡʩʢʦʤ ʣʝʩʦʧʘʨʢʝ [7]. 

ɼʠʥʘʤʠʢʘ ʧʣʦʱʘʜʝʡ ʦʯʘʛʦʚ ʩʪʚʦʣʦʚʳʭ ʚʨʝʜʠʪʝʣʝʡ ʧʦ ʣʝʩʥʠʯʝʩʪʚʘʤ ʟʘ 2018 ʛʦʜ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 

4. 
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ʊʘʙʣʠʮʘ 4. 

ɼʠʥʘʤʠʢʘ ʧʣʦʱʘʜʝʡ ʦʯʘʛʦʚ ʩʪʚʦʣʦʚʳʭ ʚʨʝʜʠʪʝʣʝʡ ʟʘ 2018 ʛʦʜ 

ʃʝʩʥʠʯʝʩʪʚʦ 

ʇʣʦʱʘʜʴ ʦʯʘʛʦʚ, ʛʘ 
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ɸʨʭʘʥʛʝʣʴʩʢʦʝ 2,0 0,0 0,0 0,0 0,0 2,0 2,0 - 

ɹʝʨʝʟʥʠʢʦʚʩʢʦʝ 52,3 0,0 0,0 0,0 0,0 52,3 52,3 - 

ɺʳʡʩʢʦʝ 412,3 0,0 0,0 0,0 412,3 0,0 0,0 - 

ɽʤʝʮʢʦʝ 0,0 0,0 0,0 0,0 0,0 0,0 0,0 - 

ʃʝʰʫʢʦʥʩʢʦʝ 78,7 0,0 0,0 0,0 0,0 78,7 78,7 - 

ʇʠʥʝʞʩʢʦʝ 0,0 0,0 0,0 0,0 0,0 0,0 0,0 - 

ʉʠʡʩʢʠʡ ʣʝʩʦʧʘʨʢ 29,9 0,0 0,0 0,0 0,0 29,9 29,9 - 

ʉʫʨʩʢʦʝ 19,0 0,0 0,0 0,0 0,0 19,0 19,0 - 

ʋʩʪʴʷʥʩʢʦʝ 4,2 0,0 0,0 0,0 0,0 4,2 4,2 - 

ɺʩʝʛʦ 598,4 0,0 0,0 0,0 412,3 186,1 186,1 - 

ɿʘ 2017 ʛʦʜ ʧʣʦʱʘʜʴ ʦʯʘʛʦʚ ʩʪʚʦʣʦʚʳʭ ʚʨʝʜʠ-

ʪʝʣʝʡ ʚ ʣʝʩʥʠʯʝʩʪʚʘʭ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ 

ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 69%, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʦ 

ʩ ʧʨʠʟʥʘʥʠʝʤ ʯʘʩʪʠ ʦʯʘʛʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʘʯʘʣʦ 

ʛʦʜʘ, ʟʘʪʫʭʰʠʤʠ. 

ɺ 2018 ʛʦʜʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʟʥʘʥʠʷ ʯʘʩʪʠ ʦʯʘ-

ʛʦʚ ʢʦʨʦʝʜʘ-ʪʠʧʦʛʨʘʬʘ ʟʘʪʫʭʰʠʤʠ, ʠʭ ʧʣʦʱʘʜʴ ʩʦ-

ʢʨʘʪʠʣʘʩʴ ʚ 4 ʨʘʟʘ [8]. 

ɺʳʚʦʜʳ: ʇʦ ʜʘʥʥʳʤ ʣʝʩʦʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʦʙ-

ʩʣʝʜʦʚʘʥʠʡ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʣʝʩʦʧʘʪʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʯʘʛʠ ʢʦʨʦʝʜʘ-ʪʠʧʦʛʨʘʬʘ, ʜʝʡ-

ʩʪʚʫʶʱʠʝ ʚ ʣʝʩʥʦʤ ʬʦʥʜʝ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʥʘʭʦʜʷʪʩʷ ʚ ʬʘʟʝ ʢʨʠʟʠʩʘ [7]. 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 01.01.2019 ʛʦʜʘ 83% ʥʘʩʘʞ-

ʜʝʥʠʡ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʜʝʡ-

ʩʪʚʫʶʪ ʦʯʘʛʠ ʢʦʨʦʝʜʘ-ʪʠʧʦʛʨʘʬʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʴʶ ʟʘʩʝʣʝʥʠʷ. ʉʠʣʴʥʘʷ ʩʪʝʧʝʥʴ ʟʘʩʝ-

ʣʝʥʠʷ ʢʦʨʦʝʜʦʤ-ʪʠʧʦʛʨʘʬʦʤ ʦʪʤʝʯʝʥʘ ʚ 14% 

ʥʘʩʘʞʜʝʥʠʡ ʦʙʣʘʩʪʠ, ʩʣʘʙʘʷ ï ʚ 3% [6]. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʧʦʣʥʝʥʦ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʣʝʩʦʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʦʙʩʣʝ-

ʜʦʚʘʥʠʡ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚ 

ʧʨʦʰʣʳʝ ʛʦʜʳ. ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚʩʝ ʦʯʘʛʠ 

ʢʦʨʦʝʜʘ-ʪʠʧʦʛʨʘʬʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʙʣʘʩʪʠ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʬʘʟʝ ʢʨʠʟʠʩʘ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ 

ʨʝʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʣʦʱʘʜʠ ʦʯʘʛʦʚ ʢʦʨʦʝʜʘ-

ʪʠʧʦʛʨʘʬʘ ʧʦ ʩʪʝʧʝʥʠ ʠʭ ʟʘʩʝʣʝʥʠʷ ʚ 2018 ʛʦʜʫ ʜʦʣʷ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʟʘʩʝʣʝʥʠʷ ʛʦʨʘʟʜʦ ʥʠʞʝ.  

ɺ 2017 ʛʦʜʫ ʚʧʝʨʚʳʝ ʟʘ ʜʝʩʷʪʠʣʝʪʠʝ ʥʘ ʪʝʨʨʠ-

ʪʦʨʠʠ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʚʳʷʚʣʝʥ ʦʯʘʛ ʧʦʣʠ-

ʛʨʘʬʘ ʧʫʰʠʩʪʦʛʦ ʥʘ ʧʣʦʱʘʜʠ 52,3 ʛʘ. ɿʘ 2018 ʛʦʜ 

ʠʟʤʝʥʝʥʠʡ ʚ ʝʛʦ ʧʣʦʱʘʜʠ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ. ʆʯʘʛ 

ʧʦʣʠʛʨʘʬʘ ʧʫʰʠʩʪʦʛʦ, ʜʝʡʩʪʚʫʶʱʠʡ ʚ ʣʝʩʥʦʤ 

ʬʦʥʜʝ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʘʭʦʜʠʪʩʷ ʚ ʬʘʟʝ 

ʚʩʧʳʰʢʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʘʙʦʡ ʩʪʝʧʝʥʴʶ ʟʘʩʝ-

ʣʝʥʠʷ ʥʘʩʘʞʜʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʧʳʰʝʢ ʤʘʩʩʦʚʦʛʦ ʨʘʟ-

ʤʥʦʞʝʥʠʷ ʩʪʚʦʣʦʚʳʭ ʚʨʝʜʠʪʝʣʝʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʥʝ ʚʳʷʚʣʝʥʦ. ʋʯʠʪʳʚʘʷ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʥʘ ʪʝʨʨʠ-

ʪʦʨʠʠ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʦʯʘʛʦʚ ʢʦʨʦʝʜʘ-ʪʠ-

ʧʦʛʨʘʬʘ ʥʘʭʦʜʷʪʩʷ ʚ ʬʘʟʝ ʢʨʠʟʠʩʘ, ʤʦʞʥʦ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʪʴ, ʯʪʦ ʚ 2019 ʛʦʜʫ ʦʥʠ ʥʝ ʫʭʫʜʰʘʪ ʣʝʩʦʧʘʪʦ-

ʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʚ ʦʙʣʘʩʪʠ.  

ʀʟ ʦʧʠʩʘʥʥʳʭ ʚʨʝʜʠʪʝʣʝʡ ʚʦʟʤʦʞʥʳʡ ʫʱʝʨʙ 

ʜʣʷ ʥʘʩʘʞʜʝʥʠʡ ʤʦʞʝʪ ʥʘʥʝʩʪʠ ʧʦʣʠʛʨʘʬ ʧʫʰʠ-

ʩʪʳʡ, ʦʯʘʛ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʩʦʙʩʪʚʝʥʥʦ 

ʚʩʧʳʰʢʠ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʱʝʨʙʘ ʪʨʝʙʫʝʪʩʷ 

ʧʨʦʚʝʜʝʥʠʝ ʩʘʥʠʪʘʨʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷ-

ʪʠʡ ï ʨʫʙʦʢ ʥʘ ʧʣʦʱʘʜʠ 52,3 ʛʘ. 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʠʪʴ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʠʭ ʩʦ-

ʩʪʦʷʥʠʝʤ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʠʤ ʥʘʩʘʞʜʝʥʠʡ, ʘ ʧʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʡ ʢʘʪʝʛʦ-

ʨʠʠ ʩʦʩʪʦʷʥʠʷ ʥʘʩʘʞʜʝʥʠʡ ï ʧʨʦʚʦʜʠʪʴ ʥʝʦʙʭʦʜʠ-

ʤʳʝ ʩʘʥʠʪʘʨʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ [4]. 
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ASSESSMENT OF PHOTOSYNTHETIC ACTIVITY OF THE VARIETIES OF THE OAT  

 
ɸʥʥʦʪʘʮʠʷ. 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʚ 2015 ʧʦ 2017 ʛ. ʥʘ ʧʦʣʷʭ ʌɻɹʅʋ ʉʠʙ-

ʅʀʀʉʍ (ʩ 2018 ʛ. ʆʤʩʢʠʡ ɸʅʎ) ʚ ʢʦʥʢʫʨʩʥʦʤ ʩʦʨʪʦʠʩʧʳʪʘʥʠʠ. ʉʦʨʪʘ ʦʚʩʘ ʩʝʣʝʢʮʠʠ: ʋʨʘʥ, ʀʨʪʳʰ 22 ʠ 
ʛʠʙʨʠʜ ʄʫʪʠʢʘ 1140 ʠʟʫʯʘʣʠʩʴ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʫʨʦʞʘʡʥʳʡ 
ʧʦ ʟʝʣʝʥʦʡ ʤʘʩʩʝ ʦʢʘʟʘʣʩʷ ʛʠʙʨʠʜ ʄʫʪʠʢʘ 1140 ï 49,8 ʠ 50,5 ʪ/ʛʘ ʚ ʪʝʯʝʥʠʝ 2 ʣʝʪ ʠʟ ʪʨʝʭ.  

Abstract. 
The article presents the results of experiments obtained in 2015 to 2017 in the fields of GNU Sibyah (2018 

Omsk ANC) in the competitive strain testing. Oat varieties: Uranium, Irtysh 22 and hybrid Mutika 1140 were 
studied in terms of photosynthetic activity. The most productive on green mass turned out to be a hybrid of Mutica 
1140 ï of 49.8 and 50.5 t/ha within 2 years of the three.  

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʚʝʩ, ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʩʫʭʘʷ ʙʠʦʤʘʩʩʘ, ʟʝʣʝʥʘʷ ʤʘʩʩʘ, ʫʨʦʞʘʡ-

ʥʦʩʪʴ.  
Key words: oats, photosynthetic parameters, dry biomass, green mass, yield. 
 
ʂ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʫʩʣʦʚʠʷʤ ʧʦʚʳʰʝʥʠʷ ʫʨʦ-

ʞʘʡʥʦʩʪʠ ʧʦʣʝʚʳʭ ʢʫʣʴʪʫʨ ʦʪʥʦʩʷʪʩʷ: 1) ʩʪʨʝʤʠ-
ʪʝʣʴʥʳʡ ʨʦʩʪ ʧʣʦʱʘʜʠ ʣʠʩʪʴʝʚ 2) ʨʦʩʪ ʵʬʬʝʢʪʠʚʥʦ-
ʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ; 3) ʩʦʭʨʘʥʝʥʠʝ ʣʠʩʪʴʝʚ ʚ ʘʢʪʠʚʥʦʤ 
ʩʦʩʪʦʷʥʠʠ ʥʘ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ; 4) ʥʘʢʦʧʣʝ-
ʥʠʝ ʚ ʨʘʩʪʝʥʠʷʭ ʙʦʣʝʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠ-
ʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥ-
ʪʝʟʘ.  
ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦ-

ʞʘʡʥʦʩʪʠ ʢʫʣʴʪʫʨʳ ʷʚʣʷʝʪʩʷ ʧʦʛʣʦʱʝʥʠʝ ʨʘʩʪʝʥʠ-
ʷʤʠ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠ-
ʘʮʠʠ ʠ ʧʨʝʚʨʘʱʝʥʠʝ ʝʝ ʚ ʦʨʛʘʥʠʢʫ [1, 2]. ɸʥʘʣʦ-
ʛʠʯʥʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʜʚʫʤʷ ʧʦʢʘʟʘʪʝʣʷʤʠ: ʧʣʦʱʘʜʴʶ ʘʩʩʠʤʠʣʠʨʫʶʱʝʡ 
ʧʦʚʝʨʭʥʦʩʪʴʶ ʣʠʩʪʴʝʚ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʬʦʪʦʩʠʥ-
ʪʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʝʜʠʥʠʮʝ ʠʭ ʧʣʦʱʘʜʠ [3]. 
ʊʝʤʧ ʨʦʩʪʘ ʙʠʦʤʘʩʩʳ ʢʫʣʴʪʫʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ 
ʛʝʥʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ [4].  
ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʩʦʨʪʘ ʦʚʩʘ 

ʧʦʩʝʚʥʦʛʦ: ʋʨʘʥ, ʀʨʪʳʰ 22 ʠ ʛʠʙʨʠʜ ʄʫʪʠʢʘ 1140. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʧʦʣʝʚʳʭ ʦʧʳʪʘʭ ʣʘ-
ʙʦʨʘʪʦʨʠʠ ʩʝʣʝʢʮʠʠ ʦʚʩʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʧʳʪ-
ʥʳʭ ʧʦʣʷʭ ʉʠʙʅʀʀʉʍ. ɼʘʥʥʳʝ ʚʟʷʪʳ ʟʘ 3 ʛʦʜʘ.  
ʆʪʙʦʨ ʧʨʦʙ ʨʘʩʪʝʥʠʡ ʜʣʷ ʘʥʘʣʠʟʦʚ ʧʦ ʧʦʢʘʟʘ-

ʪʝʣʷʤ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʩʫʱʝʩʪʚ-

ʣʷʣʩʷ ʧʦ 10 ʨʘʩʪʝʥʠʡ ʩ ʢʘʞʜʦʡ ʧʦʚʪʦʨʥʦʩʪʠ ʚ ʩʣʝ-
ʜʫʶʱʠʝ ʬʘʟʳ ʨʘʟʚʠʪʠʷ: 7 ʠ 14 ʩʫʪʦʢ ʧʦʩʣʝ ʚʳʤʝʪʳ-
ʚʘʥʠʷ, ʥʘʯʘʣʦ ʤʦʣʦʯʥʦʡ ʩʧʝʣʦʩʪʠ.  
ʈʘʩʯʝʪ ʧʣʦʱʘʜʠ ʣʠʩʪʴʝʚ ʚʳʧʦʣʥʷʣʠ ʧʦ ʬʦʨ-

ʤʫʣʝ ɺ.ɺ. ɸʥʠʢʝʝʚʘ ʠ ʌ.ʌ. ʂʫʪʫʟʦʚʘ [1]:  
S = L ʭ D ʭ 0, 67 (ʩʤ2), ʛʜʝ S ï ʧʣʦʱʘʜʴ ʣʠʩʪʘ, 

ʩʤ2; L ï ʜʣʠʥʘ ʣʠʩʪʘ, ʩʤ; D ï h ʠʨʠʥʘ ʣʠʩʪʘ, ʩʤ; 0,67 
ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʩʯʝʪʘ.  
ɸʥʘʣʠʟ ʥʘʢʦʧʣʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʠʦʤʘʩʩʳ 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʦʣʦʛʠʠ 
ʨʘʩʪʝʥʠʡ ʅʀʀʉʍ ʖʛʦ-ɺʦʩʪʦʢʘ [5]. ɼʘʥʥʳʝ ʧʦ ʙʠʦ-
ʭʠʤʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʢʫʣʴʪʫʨʳ ʦʚʝʩ ʙʨʘʣʠʩʴ ʟʘ 3 
ʛʦʜʘ: 2015, 106, 2017 ʛʦʜʳ. 2 ʩʦʨʪʘ, 1 ʛʠʙʨʠʜ. ʇʦʩʝʚ 
ʢʘʢ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ ʥʘʠʙʦʣʝʝ ʧʨʦʠʟ-
ʚʦʜʠʪʝʣʴʥʦ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʧʣʦ-
ʱʘʜʴ ʣʠʩʪʴʝʚ ʙʣʠʟʢʘ ʢ ʦʧʪʠʤʘʣʴʥʦʡ ï 30ï50 ʪʳʩ. 
ʤĮ/ʛʘ. ʇʨʠ ʧʣʦʱʘʜʠ ʣʠʩʪʴʝʚ 40 ʪʳʩ. ʤĮ/ʛʘ ʩʫʪʦʯʥʳʡ 
ʧʨʠʨʦʩʪ ʩʫʭʦʡ ʙʠʦʤʘʩʩʳ ʩʦʩʪʘʚʠʪ ï 200ï280 ʢʛ/ʛʘ. 
ɽʩʣʠ ʧʝʨʠʦʜ ʩ ʪʘʢʦʡ ʩʨʝʜʥʝʡ ʧʣʦʱʘʜʴʶ ʣʠʩʪʴʝʚ 
ʧʨʦʜʦʣʞʘʝʪʩʷ 30 ʜʥʝʡ, ʪʦ ʟʘ ʵʪʦ ʚʨʝʤʷ ʧʨʠʨʦʩʪ ʩʫ-
ʭʦʡ ʤʘʩʩʳ ʩʦʩʪʘʚʠʪ ï 6ï8 ʪ/ʛʘ. ʇʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ ʟʘ 
ʧʝʨʠʦʜ, ʢʦʛʜʘ ʧʦʩʝʚ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʥʦʨʤʘʣʴʥʦʤ 
ʨʝʞʠʤʝ, ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 70 % ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘ 
ʚʝʛʝʪʘʮʠʶ, ʭʦʪʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ ʧʝʨʠʦʜʘ 
ï ʚʩʝʛʦ 30 % ʦʙʱʝʡ ʚʝʛʝʪʘʮʠʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʌɸʈ ʚ ʵʪʦ ʚʨʝʤʷ ʚ 2ï3 ʨʘʟʘ ʙʦʣʴʰʝ, 
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ʯʝʤ ʚ ʧʝʨʚʳʡ ʤʝʩʷʮ ʧʦʩʣʝ ʚʩʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʚ ʢʦʥʮʝ 
ʚʝʛʝʪʘʮʠʠ.  

ʊʘʙʣʠʮʘ 1. 

ɹʠʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʩʦʨʪʦʚ ʦʚʩʘ, ʂʉʀ ʫʨʦʞʘʡ 2015 ʛ.  

ˉ ʧʦʚʪ.  ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʇʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ, ʩʤ2/ʨʘʩʪ  

ʉʫʭʘʷ ʙʠʦʤʘʩʩʘ ʨʘʩ-

ʪʝʥʠʷ, ʛ  

ʋʨʦʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ 

ʤʘʩʩʳ, ʪ/ʛʘ  

1  

ʋʨʘʥ. ʉʪ.  

229,0  2,26  

35,0  
2  252,5  2,04  

3  280,0  2,20  

ʉʨ.  253,8  2,17  

1  

ʀʨʪʳʰ 22, ʩʪ.  

278,0  2,47  

44,0  
2  323,0  2,08  

3  279,0  2,30  

ʉʨ.  293,3  2,29  

1  

ʄʫʪʠʢʘ 1140  

264,0  2,59  

49,8  
2  302,0  2,36  

3  306,0  2,32  

ʉʨ.  290,7  2,42  

CV %  15,79  17,86  15,3  

 

ʅʘʠʙʦʣʴʰʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʠ ʚʝʩ ʩʫʭʦʡ ʙʠʦʤʘʩʩʳ ʩʦʩʪʘʚʠʣʘ ʧʦ ʛʠʙʨʠʜʫ ʄʫʪʠʢʘ 1140 ï 

49,8 ʪ/ʛʘ ʠ 2,42 ʛ.  

ʊʘʙʣʠʮʘ 2. 

ɹʠʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʩʦʨʪʦʚ ʦʚʩʘ, ʂʉʀ ʫʨʦʞʘʡ 2016 ʛ.  

ˉ 

ʧʦʚʪ.  
ʅʘʠʤʝʥʦʚʘʥʠʝ  

ʇʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ, ʩʤ2/ʨʘʩʪ.  

ʉʫʭʘʷ ʙʠʦʤʘʩʩʘ ʨʘʩʪʝ-

ʥʠʷ, ʛ/ʨʘʩʪ.  

ʋʨʦʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ 

ʤʘʩʩʳ, ʪ/ʛʘ  

1  

ʋʨʘʥ, ʩʪ.  

175,36  3,78  

40,7   
2  156,24  3,50  

3  213,94  3,29  

ʉʨ.  181,85  3,52  

1  

ʀʨʪʳʰ 22, ʩʪʘ-

ʨʳʡ ʩʪ.  

184,96  2,30  

37,5   
2  167,64  3,00  

3  207,40  3,79  

ʉʨ.  186,67  3,03  

1  

ʄʫʪʠʢʘ 1140 

179,90  2,74  

50,5   
2  191,52  2,71  

3  193,76  2,69  

ʉʨ.  188,39  2,71  

 ʅʉʈ05  36,61  0,80  -  

 Sx  -  -  3,20  

 

ɸʥʘʣʦʛʠʯʥʦ ʩ ʧʨʝʜʳʜʫʱʠʤ ʛʦʜʦʤ ʧʦ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʤ ʦʢʘʟʘʣʩʷ 

ʛʠʙʨʠʜ ʄʫʪʠʢʘ 1140 ï 50,5 ʪ/ʛʘ. ʇʦ ʉʫʭʦʡ ʙʠʦʤʘʩʩʝ ʩʦʨʪ ʋʨʘʥ ï 3,52 ʛ.  

 

ʊʘʙʣʠʮʘ 3. 

ɹʠʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʩʦʨʪʦʚ ʦʚʩʘ ʂʉʀ, ʫʨʦʞʘʡ 2017 ʛ. 

ˉ 

ʧʦʚʪ.  
ʅʘʠʤʝʥʦʚʘʥʠʝ  

ʇʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ, ʩʤ2/ʨʘʩʪ.  

ʉʫʭʘʷ ʙʠʦʤʘʩʩʘ ʨʘʩʪʝ-

ʥʠʷ, ʛ/ʨʘʩʪ.  

ʋʨʦʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ 

ʤʘʩʩʳ, ʪ/ʛʘ  

1  

ʄʫʪʠʢʘ 1140  

73,56  4,00  

30,9  2  78,39  3,96  

ʉʨ.  76,00  3,98  

1  

ʋʨʘʥ, ʩʪ.  

68,48  3,56  

26,4  2  64,40  3,28  

ʉʨ.  66,44  3,42  

1  ʀʨʪʳʰ 22, ʩʪʘ-

ʨʳʡ ʩʪ. 

71,12  4,30  

28,6  2  83,10  4,18  

ʉʨ.  77,11  4,24  

 ʅʉʈ05  22,56  0,84  -  

 Sx  -  -  1,3  
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ɺ 2017 ʛʦʜʫ ʧʦ ʫʨʦʞʘʡʥʦʩʪʠ ʛʠʙʨʠʜ ʄʫʪʠʢʘ 

1140 ʚʥʦʚʴ ʦʙʦʛʥʘʣ 2 ʩʦʨʪʘ ʧʦʩʝʚʥʦʛʦ ʦʚʩʘ 30,9 ʪ/ʛʘ. 

ʇʦ ʩʫʭʦʡ ʙʠʦʤʘʩʩʝ ʩʦʨʪ ʀʨʪʳʰ 22 ï 4,24 ʛ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʩʠʥʪʝʟʘ ʢʫʣʴ-

ʪʫʨʳ ʟʘʚʠʩʠʪ ʦʪ ʩʦʨʪʘ. ʇʦʢʘʟʘʪʝʣʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝ-

ʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʣʠʟʢʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʫʨʦʞʘʡ-

ʥʦʩʪʴʶ ʦʚʩʘ. ʇʨʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʦʪʙʦʨʝ ʚ ʩʝʣʝʢ-

ʮʠʠ ʦʚʩʘ ʧʦʩʝʚʥʦʛʦ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ 

ʩʦʨʪʘʤ, ʠʤʝʶʱʠʤ ʨʘʟʚʠʪʳʝ, ʢʨʫʧʥʳʝ ʣʠʩʪʴʷ. ɼʣʷ 

ʦʪʙʦʨʘ ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʭ ʩʦʨʪʦʚ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʧʦʢʘʟʘʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʠʥʜʝʢʩ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ (ʀʃʇ), ʘ ʪʘʢ ʞʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥ-

ʮʠʘʣ ʧʦʩʝʚʘ (ʌʇʇ). ʇʦ ʜʘʥʥʳʤ ʉʠʙʅʀʀʉʭ ʫʨʦ-

ʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ ʤʘʩʩʳ, ʛʠʙʨʠʜ ʦʚʩʘ ʄʫʪʠʢʘ 1140 

ʟʘ 3 ʛʦʜʘ ʧʦʢʘʟʘʣ ʩʝʙʷ ʵʬʬʝʢʪʠʚʥʝʡ ʜʚʫʭ ʨʘʡʦʥʠʨʦ-

ʚʘʥʥʳʭ ʩʦʨʪʦʚ. ɺʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʚʷʟʠ 2 ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʩ ʫʨʦʞʘʡʥʦʩʪʴʶ ʩʨʝʜʥʷʷ Cv = 15,79% ʧʨʠ ʧʣʦ-

ʱʘʜʠ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, Cv = 17,86 % ʧʨʠ ʩʫ-

ʭʦʡ ʙʠʦʤʘʩʩʝ ʨʘʩʪʝʥʠʷ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʙʝʣʦʷʛʦʜʥʳʭ ʩʪʦʣʦʚʳʭ ʩʦʨʪʦʚ ʚʠʥʦʛʨʘʜʘ ʚ ʫʩʣʦ-

ʚʠʷʭ ʖʞʥʦ-ʇʨʝʜʛʦʨʥʦʡ ʟʦʥʳ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʙʠʦ-

ʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʩʪʘ ʠ ʧʣʦʜʦʥʦʰʝʥʠʷ ʜʘʥʥʳʭ ʩʦʨʪʦʚ ʚʠʥʦʛʨʘʜʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʚʧʦʣʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʣʦʚʠʷʤ ʖʞʥʦ-ʇʨʝʜʛʦʨʥʦʡ ʟʦʥʳ ʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʚ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

Abstract 

The paper presents studies on the study of white-friendly technical varieties and clone of grapes in the con-

ditions of the Anapo-Taman zone of the Krasnodar Territory. Analysis of the results of studies on the biological 

characteristics of the growth and fruiting of technical grape varieties shows that they fully comply with the condi-

tions of this zone and can be recommended for cultivation and their use for the production of red table and dessert 

wines 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʥʦʛʨʘʜ, ʪʝʭʥʠʯʝʩʢʠʝ ʩʦʨʪʘ ʠ ʢʣʦʥʳ, ʫʢʨʳʚʥʘʷ ʟʦʥʘ, ʬʝʥʦʬʘʟʳ, ʧʦʢʘʟʘʪʝʣʠ ʧʣʦ-

ʜʦʥʦʰʝʥʠʷ, ʫʨʦʞʘʡʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʫʨʦʞʘʷ 

Key words: grapes, technical varieties and clones, covering area, phenophases, fruiting indicators, yield, 

crop quality 

 

ʅʝʦʩʧʦʨʠʤʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʦʜʫʢ-

ʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʠʥʦʛʨʘʜʥʳʭ ʧʦʩʘʜʦʢ ʥʘʭʦʜʷʪʩʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 3-ʭ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ, ʘ ʵʪʦ ï 

ʩʦʨʪʠʤʝʥʪ, ʘʛʨʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʧʦʯʚʝʥʥʳʝ ʫʩʣʦ-

ʚʠʷ, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʚʳ-

ʨʘʱʠʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʳ [7, 

ʉ. 54-56; 9, ʉ. 223-228]. ɺ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʩʝ 

ʙʦʣʝʝ ʚʦʟʨʘʩʪʘʝʪ ʮʝʥʥʦʩʪʴ ʩʦʨʪʘ ʚ ʜʝʣʝ ʨʝʰʝʥʠʷ ʚʦ-

ʧʨʦʩʘ ʨʦʩʪʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʘʛʨʦʮʝ-

ʥʦʟʘ, ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʳʡ ʵʣʝʤʝʥʪ ʧʨʦʜʫʢʪʠʚʥʦ-

ʩʪʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʱʠʚʘʥʠʷ ʥʘʠʙʦ-

ʣʝʝ ʥʝʟʘʚʠʩʠʤ ʢʘʢ ʦʪ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʦʪ 
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ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣ ʙʳʩʪʨʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʝʡ 

ʧʦʜ ʜʘʥʥʦʡ ʢʫʣʴʪʫʨʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠ ʯʠʩʪʦʡ ʧʨʦʜʫʢʮʠʠ [1, ʉ. 831-842; 2, ʉ. 1-23; 3, 

ʉ. 15-16; 4, ʉ. 53-54; 5. ʉ.53-55; 6. ʉ. 26-28; 8. ʉ 149-

155; 10. ʉ. 368-380; 11. ʉ. 10-12; 12. ʉ. 19-22]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʠ-

ʣʦʩʴ ʘʤʧʝʣʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʙʝʣʦʷʛʦʜʥʳʭ ʩʪʦʣʦʚʳʭ ʩʦʨʪʦʚ ʚʠʥʦʛʨʘʜʘ ʥʘʨʦʜʥʦʡ 

ʩʝʣʝʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʖʞʥʦ-ʇʨʝʜʛʦʨʥʦʡ ʟʦʥʳ 

ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʨ-

ʪʠʤʝʥʪʘ. ʆʙʲʝʢʪʳ  ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʩʦʨʪʘ 

ʥʘʨʦʜʥʦʡ ʩʝʣʝʢʮʠʠ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ï ɺ.ʅ. 

ʂʨʘʡʥʦʚʘ (ʛ.ʅʦʚʦʯʝʨʢʘʩʩʢ): ɹʦʛʘʪʷʥʦʚʩʢʠʡ ʠ ɼʦʣ-

ʛʦʞʜʘʥʥʳʡ, ʘ ʪʘʢʞʝ ɽ.ɻ. ʇʘʚʣʦʚʩʢʦʛʦ (ʛ.ʅʦʚʦʰʘʭ-

ʪʠʥʩʢ): ʉʫʧʝʨ ʵʢʩʪʨʘ ʠ ʄʦʥʘʨʭ (ʍʨʠʟʦʣʠʪ). ɺ ʢʘʯʝ-

ʩʪʚʝ ʢʦʥʪʨʦʣʷ ʚʟʷʪ ʨʘʡʦʥʠʨʦʚʘʥʥʳʡ ʩʦʨʪ ɸʚʛʫʩʪʠʥ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʘʥʘʣʠʟ ʬʝʥʦʣʦʛʠʯʝʩʢʠʭ, ʘʛ-

ʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠʟʫʯʘʝʤʳʭ ʙʝʣʦʷʛʦʜʥʳʭ ʩʦʨʪʦʚ ʚʠʥʦ-

ʛʨʘʜʘ ʩʪʦʣʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʖʞʥʦ-ʇʨʝʜʛʦʨʥʘʷ ʟʦʥʳ ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ ʂʨʘʩʥʦ-

ʜʘʨʩʢʦʛʦ ʢʨʘʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʝʛʝʪʘʮʠʦʥ-

ʥʦʛʦ ʧʝʨʠʦʜʘ ʠʟʫʯʘʝʤʳʝ ʩʦʨʪʘ ʨʘʟʜʝʣʝʥʳ ʥʘ 

ʛʨʫʧʧʳ: ʦʯʝʥʴ ʨʘʥʥʠʝ (ʉʫʧʝʨ ʵʢʩʪʨʘ ʠ ɼʦʣʛʦʞʜʘʥ-

ʥʳʡ), ʨʘʥʥʠʝ (ʢʦʥʪʨʦʣʴʥʳʡ ʩʦʨʪ ɸʚʛʫʩʪʠʥ), 

ʩʨʝʜʥʝ-ʨʘʥʥʠʝ (ʄʦʥʘʨʭ ʠ ɹʦʛʘʪʷʥʦʚʩʢʠʡ).  

ʄʘʢʩʠʤʘʣʴʥʦʡ ʤʘʩʩʘ ʛʨʦʟʜʠ ʙʳʣʘ ʫ ʩʦʨʪʘ ɹʦ-

ʛʘʪʷʥʦʚʩʢʠʡ (912 ʛ) ʧʨʠ ʤʘʩʩʝ 100 ʷʛʦʜ 1650 ʛ. ʋ 

ʩʦʨʪʘ ʉʫʧʝʨ ʵʢʩʪʨʘ ʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʦʨʪʘ ɸʚʛʫʩʪʠʥ 

ʠʤʝʣʠʩʴ ʩʘʤʳʝ ʤʝʣʢʠʝ ʛʨʦʟʜʠ (430 ʠ 443 ʛ) ʠ ʤʘʩʩʘ 

100 ʷʛʦʜ (623 ʠ 503 ʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʉʘʤʳʤ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʢʘ ʠ ʩʘʤʳʤ ʚʳ-

ʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʞʠʮʳ ʩ ʧʣʦʪʥʳʤʠ ʯʘʩʪʷʤʠ 

ʷʛʦʜʳ, ʪʦ ʝʩʪʴ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝ-

ʥʠʝʤ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʩʦʨʪʘ ʉʫʧʝʨ ʵʢʩʪʨʘ ʠ ɸʚ-

ʛʫʩʪʠʥ (ʢʦʥʪʨʦʣʴ). 

ʀʟʫʯʘʝʤʳʝ ʩʦʨʪʘ ɼʦʣʛʦʞʜʘʥʥʳʡ, ʄʦʥʘʨʭ ʠ 

ɹʦʛʘʪʷʥʦʚʩʢʠʡ  ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʫʨʦʞʘʡʥʦʩʪʠ (12,82 ï 18,24 ʪ/ʛʘ), ʧʨʝʚʳ-

ʰʘʷ ʢʦʥʪʨʦʣʴʥʳʡ ʩʦʨʪ ʂʦʜʨʷʥʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʥʘ 27,7, 47,4 ʠ 81,7 % ʉʦʨʪ ʉʫʧʝʨ ʵʢʩʪʨʘ ʫʩʪʫʧʘʣ 

ʢʦʥʪʨʦʣʶ ʥʘ 8,7 %. 

ʋ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʩʦʨʪʦʚ ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʦʚ 

ʠ ʪʠʪʨʫʝʤʳʭ ʢʠʩʣʦʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʩʪʦʣʦʚʳʤ ʩʦʨʪʘʤ, ʧʨʝʜʥʘʟʥʘʯʝʥ-

ʥʳʤ ʜʣʷ ʫʧʦʪʨʝʙʣʝʥʠʷ ʚ ʩʚʝʞʝʤ ʚʠʜʝ (ɻʆʉʊ ʈ 

53023-2008). ʉʘʭʘʨʠʩʪʦʩʪʴ ʩʦʢʘ ʷʛʦʜ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʙʳʣʘ ʫ ʩʦʨʪʦʚ ɹʦʛʘʪʷʥʦʚʩʢʠʡ ʠ ʄʦʥʘʨʭ ï ʥʘ 8,6 ʠ 

16,2 %, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʰʝ ʢʦʥʪʨʦʣʴʥʳʭ ʧʦʢʘʟʘ-

ʪʝʣʝʡ, ʧʨʠ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʩʘ-

ʭʘʨʦʚ ʠ ʢʠʩʣʦʪ ʚ ʩʦʢʝ ʷʛʦʜ. ʉʦʨʪ ʉʫʧʝʨ ʵʢʩʪʨʘ ʙʳʣ 

ʥʘ ʫʨʦʚʥʝ ʢʦʥʪʨʦʣʷ, ʘ ʩʦʨʪ ɼʦʣʛʦʞʜʘʥʥʳʡ ʧʦ ʢʘʯʝ-

ʩʪʚʫ ʷʛʦʜ ʫʩʪʫʧʘʣ ɸʚʛʫʩʪʠʥʫ (ʢʦʥʪʨʦʣʶ). 

ʉʫʤʤʠʨʦʚʘʥʠʝ ʨʘʥʛʦʚ ʩʦʨʪʦʚ ʧʦ ʧʨʠʟʥʘʢʘʤ 

ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʠʭ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ 

ʮʝʥʥʦʩʪʠ (ʚ ʫʙʳʚʘʶʱʝʤ ʧʦʨʷʜʢʝ): ʄʦʥʘʨʭ, ɹʦʛʘʪʷ-

ʥʦʚʩʢʠʡ, ʉʫʧʝʨ ʵʢʩʪʨʘ, ɼʦʣʛʦʞʜʘʥʥʳʡ ʠ ɸʚʛʫʩʪʠʥ. 

ʊʦ ʝʩʪʴ ʚʩʝ ʩʦʨʪʘ ʥʘʨʦʜʥʦʡ ʩʝʣʝʢʮʠʠ ʧʦ ʢʦʤʧʣʝʢʩʫ 

ʙʠʦʣʦʛʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʨʝʚʦʩʭʦʜʷʪ 

ʢʦʥʪʨʦʣʴʥʳʡ ʠ ʧʦʪʦʤʫ ʠʭ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʢʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʚ ʖʞʥʦ-ʧʨʝʜ-

ʛʦʨʥʦʡ ʟʦʥʝ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ. 

ɺʦʟʜʝʣʳʚʘʥʠʝ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʩʦʨʪʦʚ ʷʚʣʷʝʪʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʝʥʪʘʙʝʣʴʥʦ. ʅʦ, ʪʦʣʴʢʦ ʫʨʦʚʝʥʴ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʩʦʨʪʦʚ ɼʦʣʛʦʞʜʘʥʥʳʡ, ʄʦʥʘʨʭ ʠ 

ɹʦʛʘʪʷʥʦʚʩʢʠʡ, ʚʳʰʝ, ʯʝʤ ʫ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʦʨʪʘ 

ɸʚʛʫʩʪʠʥ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ 26,0 %, 42,9 ʠ 64,5 %. 

ʊ.ʦ., ʚ ʮʝʣʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʝʞʝʛʦ ʩʪʦʣʦʚʦʛʦ 

ʚʠʥʦʛʨʘʜʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʨʘʱʠʚʘʥʠʝ ʩʦʨʪʦʚ ʣʶ-

ʙʠʪʝʣʴʩʢʦʡ ʩʝʣʝʢʮʠʠ ɼʦʣʛʦʞʜʘʥʥʳʡ, ʉʫʧʝʨ ʵʢʩʪʨʘ, 

ɹʦʛʘʪʷʥʦʚʩʢʠʡ ʠ ʄʦʥʘʨʭ ʚ ʫʩʣʦʚʠʷʭ ʖʞʥʦ-ʧʨʝʜ-

ʛʦʨʥʦʡ ʟʦʥʳ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ ʚ ʫʢʨʳʚʥʦʡ ʢʫʣʴ-

ʪʫʨʝ.. 
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ɸʥʥʦʪʘʮʠʷ. 

ʀʟʚʝʩʪʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ 

ʝʛʦ ʫʧʨʫʛʠʝ ʧʦʩʪʦʷʥʥʳʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʣʠʥʝʡʥʦʡ ʯʘʩʪʴʶ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʩʝʜʥʠʭ 

ʘʪʦʤʦʚ ʦʪ ʠʭ ʩʤʝʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʣʠʯʥʳ ʦʪ ʥʫʣʷ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʷʚʣʝʥʠʡ ʪʠʧʘ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ. ʀʟ ʧʨʦʩʪʳʭ ʩʦʦʙʨʘʞʝʥʠʡ ʧʦ-

ʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʦʜʥʦʚʘʣʝʥʪʥʦʤ ʠʦʥʥʦʤ ʢʨʠʩʪʘʣʣʝ ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʟʘʨʷʜʘ ʚ 0.6 ʵʣʝʢʪʨʦʥʘ/ʘʪʦʤ ʥʘʜ ʥʝʡʪʨʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ. ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʦʩʪʝʡʰʘʷ 

ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ ʫʨʘʚʥʝʥʠʡ ʃʦʥʜʦʥʦʚ. ʇʦʣʫʯʝʥʦ ʦʙʳʯ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʨʦʛʦʚʦʛʦ ʪʦʢʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʳʯʥʦʛʦ (ʙʦʨʦʚʩʢʦʛʦ) ʧʨʠʥʮʠʧʘ ʢʚʘʥʪʦʚʘ-

ʥʠʷ ʦʨʙʠʪ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʜʣʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʣʫʯʝʥʦ ʩʪʘʥʜʘʨʪʥʦʝ ʟʥʘʯʝʥʠʝ ʢʚʘʥʪʘ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ.  

Abstract. 

The theoretical position is known that for the existence of thermal processes in a solid, its elastic constants 

associated with the nonlinear part of the dependence of the interaction force of neighboring atoms on their dis-

placement relative to the equilibrium position must be different from zero. It is shown that this is sufficient to 

explain the phenomena of the superconductivity type. For simple reasons, it is shown that the destruction of su-

perconductivity in a monovalent ionic crystal requires the creation of a charge inhomogeneity of 0.6 electron/atom 

above the neutral value. The simplest classical model of superconductivity based on equations such as the London 

equations is considered. The usual value of the threshold current density is obtained. Using the usual (Bohr) 

principle of quantization of electron motion orbits for macroscopic motion, the standard quantum value of the 

magnetic flux is obtained. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʩʪʘʥʪʘ ɻʨʶʥʘʡʟʝʥʘ, ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ, ʢʚʘʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ. 

Key words: Gruneisen constant, superconductivity, quantum of magnetic flux. 

 

ʉʫʱʝʩʪʚʫʶʪ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʟʘʢʣʶʯʘʶ-

ʱʠʝʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧ-

ʣʦʦʪʚʦʜʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʪʝʧʣʦʚʦʤ ʢʦʥʪʘʢʪʝ ʩ 

ʥʝʢʠʤ ʦʙʨʘʟʮʦʤ (ʪʚʝʨʜʳʤ ʪʝʣʦʤ ʠʣʠ ʢʨʠʩʪʘʣʣʦʤ) 

ʧʨʠ ʥʝʢʦʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 
ʩʊ(ʥʘʟʦʚʝʤ ʝʝ ʪʝʤʧʝ-

ʨʘʪʫʨʦʡ ʧʝʨʝʭʦʜʘ) ʚ ʫʟʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨ-

ʚʘʣʝ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚʘ ʦʙʨʘʟʮʘ (ʝʩʪʝ-

ʩʪʚʝʥʥʦ, ʟʜʝʩʴ ʥʝ ʠʤʝʶʪʩʷ ʚʚʠʜʫ ʠʟʚʝʩʪʥʳʝ ʬʘʟʦ-

ʚʳʝ ʧʝʨʝʭʦʜʳ), ʥʘʧʨʠʤʝʨ, ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʚʧʣʦʪʴ ʜʦ ʥʫʣʷ) ʠʣʠ 

ʥʝʦʞʠʜʘʥʥʦʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʙʦʣʴʰʦʡ ʥʘʤʘʛʥʠʯʝʥ-

ʥʦʩʪʠ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʷʚʣʝʥʠʡ 

ʧʨʝʜʣʦʞʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠ ʚʝʩʴʤʘ ʠʟʦʱʨʝʥ-

ʥʳʝ ʪʝʦʨʠʠ ʠ ʤʦʜʝʣʠ [3, 4]. ʀʜʝʷ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʢʘʟʘʣʦʩʴ ʙʳ, ʦʯʝʚʠʜ-

ʥʦʛʦ, ʥʦ ʧʦʯʝʤʫïʪʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʨʠʚʣʝʢʘʚʰʝʛʦ ʢ 

ʩʝʙʝ ʚʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʷ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʝʛʦ 

ʫʧʨʫʛʠʝ ʧʦʩʪʦʷʥʥʳʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʣʠʥʝʡʥʦʡ ʯʘ-

ʩʪʴʶ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʩʝʜʥʠʭ 

ʘʪʦʤʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʦʪ ʠʭ ʩʤʝʱʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʜʦʣʞʥʳ ʙʳʪʴ 

ʦʪʣʠʯʥʳ ʦʪ ʥʫʣʷ [2]. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʪʝʧʣʦʚʦʤ ʢʦʥʪʘʢʪʝ ʩ ʪʝʧʣʦʦʪ-

ʚʦʜʦʤ, ʧʨʠ ʥʝʢʦʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʦʚʧʘʜʘʶʱʝʡ, 

ʧʦïʚʠʜʠʤʦʤʫ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʩ ʪʝʤʧʝʨʘ-

ʪʫʨʦʡ ʧʝʨʝʭʦʜʘ, ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʨʘʚʥʳʤʠ ʥʫʣʶ. ɺ 

ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ 2xxF Ö+Ö-= gb , ʛʜʝ F ï 

ʩʠʣʘ,xï ʩʤʝʱʝʥʠʝ, 
0R

Ggbg
Ö

= , ʛʜʝ Gg ï ʢʦʥ-

ʩʪʘʥʪʘ ɻʨʶʥʘʡʟʝʥʘ, 
0R ï ʨʘʚʥʦʚʝʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

[4]. 

ɺ ʦʙʳʯʥʦʡ ʤʦʜʝʣʠ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʢʘ-

ʞʝʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʦʪ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ ʥʝʣʠʥʝʡʥʘʷ ʢʦʥʩʪʘʥʪʘ 
g ʧʦʷʚʣʷʝʪʩʷ ʩʢʘʯʢʦʤ, ʪʘʢʞʝ, ʢʘʢ ʠ ʧʨʠ ʦʙʨʘʪʥʦʤ 

ʧʨʦʮʝʩʩʝ, ʦʥʘ ʪʘʢʞʝ ʩʢʘʯʢʦʤ ʠʩʯʝʟʘʝʪ. 

ɼʦʧʫʩʪʠʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʦʪʚʦʜʘ ʠ ʪʚʝʨ-

ʜʦʛʦ ʪʝʣʘ ʨʘʚʥʳ ʥʫʣʶ (T=0
0
K). ʇʨʠ ʵʪʦʤ ʚʦʟ-

ʤʦʞʥʳ ʤʘʣʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʤʘʪʝʨʠʘ-

ʣʦʚ ʪʝʧʣʦʦʪʚʦʜʘ ʠ ʦʙʨʘʟʮʘ. ɺ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ 

ʦʥʠ ʥʘʟʳʚʘʶʪʩʷ çʥʫʣʝʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠè. ʕʣʝʢ-

ʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʢʨʠʩʪʘʣʣʘ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʝʛʦ 
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ʯʘʩʪʠ, ʙʣʠʞʘʡʰʝʡ ʢ ʪʝʧʣʦʦʪʚʦʜʫ, ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʢʦ-

ʪʦʨʦʤ ʢʚʘʥʪʦʚʦʤ ʩʦʩʪʦʷʥʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʤ ʝʛʦ ʬʠ-

ʟʠʢʦïʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʩʨʝʜ-

ʥʠʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʷʜʨʘʤʠ ʘʪʦʤʦʚ (ʧʨʝʜʧʦ-

ʣʘʛʘʝʤ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʚʝʩʴʤʘ ʤʘʣʘ ʠ 

ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʦ). ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʦʪʚʦʜʘ ʥʝʤʥʦʛʦ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʩʨʝʜʥʷʷ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʝʛʦ ʘʪʦ-

ʤʦʚ. ʄʦʜʳ ʢʦʣʝʙʘʥʠʡ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʳʝ 

ʨʝʟʦʥʘʥʩʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʤʦʜʘʤʠ ʪʝʧʣʦʦʪ-

ʚʦʜʘ, ʪʘʢʞʝ ʥʝʤʥʦʛʦ ʫʚʝʣʠʯʠʚʘʶʪ ʘʤʧʣʠʪʫʜʫ ʩʚʦʠʭ 

ʢʦʣʝʙʘʥʠʡ (ʧʨʠ ʵʪʦʤ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʘ ʧʦïʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʥʫʣʝʚʦʡ). 

ʀʟ-ʟʘ ʙʦʣʴʰʦʡ ʤʘʩʩʳ ʘʪʦʤʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʠ ʠʭ ʤʘʣʳʭ ʘʤʧʣʠʪʫʜ (ʠʟ 

ʚʩʝʛʦ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʦʙʨʘʟʮʘ ʚʦʟʙʫʞʜʝʥʳ 

ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʨʝʟʦʥʘʥʩʥʳʝ ʩ ʪʝʧʣʦʦʪʚʦʜʦʤ ʤʦʜʳ 

ʨʝʰʝʪʢʠ), ʘ ʪʘʢʞʝ ʢʘʢʠʭïʪʦ ʜʨʫʛʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʤʘʪʝʨʠʘʣʘ ʢʨʠʩʪʘʣʣʘ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʩʦʭʨʘʥʷʝʪʩʷ, 

ʧʦïʚʠʜʠʤʦʤʫ ʜʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʪʝʧʣʦʦʪʚʦʜʘ. 

ʅʘʢʦʥʝʮ, ʧʨʠ ʥʝʢʦʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʧʣʦʦʪ-

ʚʦʜʘ, ʤʝʜʣʝʥʥʳʝ ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʘʣʳʤʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʜʚʠʞʝʥʠʷ ʵʣʝʢ-

ʪʨʦʥʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ) ʢʦ-

ʣʝʙʘʥʠʷ ʷʜʝʨ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʦʜʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʥʘ ʢʚʘʥʪʦʚʳʡ ʫʨʦʚʝʥʴ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʡ ʙʦʣʴʰʝʤʫ ʤʝʞʘʪʦʤʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ, 

ʢʦʛʜʘ ʢʦʣʝʙʘʥʠʷ ʷʜʝʨ ʩʪʘʥʦʚʷʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ 

ʦʢʦʣʦ ʥʦʚʳʭ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʥʛʘʨʤʦʥʠʟʤʘ ʢʦʣʝʙʘʥʠʡ ʠ ʪʝʧʣʦ-

ʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʪʝʨʠʘʣʝ. ʇʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʪʝʧʣʦʦʪʚʦʜʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʟʚʫʢʘ. ɽʩʣʠ ʞʝ ʜʚʠʛʘʪʴʩʷ ʩʦ ʩʪʦʨʦʥʳ ʚʳʩʦʢʠʭ ʪʝʤ-

ʧʝʨʘʪʫʨ, ʪʦ ʧʨʦʮʝʩʩ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʦʙʨʘʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
cTTº  ʧʦʩʪʦʷʥʥʘʷ 

g ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ. ɼʘʣʴʥʝʡʰʠʝ ʧʨʦʮʝʩʩʳ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩ 0=g  ʧʨʦʧʘ-

ʜʘʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʤʦʜʳ ʢʦʣʝʙʘʥʠʡ ʩʪʘʥʦʚʷʪʩʷ 

ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ. ʕʥʝʨʛʠʷ ʭʘʦʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ 

ʨʝʰʸʪʢʠ ʧʝʨʝʭʦʜʠʪ ʚ ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʜʩʠʩʪʝʤʫ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʛʘʟʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʦʚ ʩ ʪʚʸʨʜʳʤ ʪʝʣʦʤ 

ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʥʘʛʨʝʚʫ ʜʦ 
cT T ʠ 0ģ . ɼʘʣʝʝ 

ʢʨʠʩʪʘʣʣ ʦʭʣʘʞʜʘʝʪʩʷ ʜʦ cT  ʠ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ 

ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʥʝ 

ʩʪʘʥʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ, ʢʦʪʦʨʘʷ ʚ ʫʩʣʦʚʠʷʭ ʛʘʨʤʦ-

ʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʨʘʚʥʘ ʥʫʣʶ. ʉʚʷʟʴ ʩ ʪʝʧʣʦʦʪ-

ʚʦʜʦʤ ʦʩʫʱʝʩʪʚʣʷʶʪ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʦʜʳ, ʢʦ-

ʪʦʨrʝ ʨʝʟʦʥʘʥʩʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʤʦʜʘʤʠ ʪʝʧʣʦʦʪʚʦʜʘ. ʈʘʩʩʝʷʥʠʝ 

ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʠʭ ʜʚʠʞʝʥʠʠ ʩʪʘʥʦʚʠʪʩʷ ʫʧʨʫʛʠʤ, 

ʪʦ ʝʩʪʴ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ. ɺʦʦʙʱʝ ʛʦ-

ʚʦʨʷ, ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʤʦʛʫʪ ʠ ʩʫʱʝʩʪʚʦʚʘʪʴ, ʜʘ ʠ ʥʝ-

ʚʦʟʤʦʞʥʦ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʨʘʩʩʤʦʪ-

ʨʝʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʘʩʩʝʷʥʠʷ. ʅʦ ʵʪʦ ʠ 

ʥʝ ʪʨʝʙʫʝʪʩʷ, ʪʘʢ ʢʘʢ ʚ ʦʧʠʩʳʚʘʝʤʦʡ ʩʠʪʫʘʮʠʠ ʚʩʝ 

ʚʦʟʤʦʞʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʚʥʫʪ-

ʨʝʥʥʠʤʠ ʧʦʣʷʤʠ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʘ. ɼʚʠʞʝʥʠʝ ʩʪʘ-

ʥʦʚʠʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʜʚʠʞʝʥʠʶ ʚʘʣʝʥʪʥʳʭ (ʜʝʣʦ-

ʢʘʣʠʟʦʚʘʥʥʳʭ) ʵʣʝʢʪʨʦʥʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʭʠ-

ʤʠʯʝʩʢʠʝ ʩʚʷʟʠ (ʠʣʠ ʜʚʠʞʝʥʠʶ ʵʣʝʢʪʨʦʥʦʚ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʤʝʪʘʣʣʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʘʙʩʦ-

ʣʶʪʥʦʛʦ ʥʫʣʷ). ɻʠʧʦʪʝʟʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʟʘ-

ʢʣʶʯʘʝʪʩʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʊ<
ʩʊ  

ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʠ ʦʙʨʘʟʮʘ ʨʘʚʥʘ ʘʙʩʦʣʶʪʥʦʤʫ 

ʥʫʣʶ, ʧʨʠ ʊ>
ʩʊ  ʦʥʘ ʨʘʚʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʧʣʦʦʪ-

ʚʦʜʘ, ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʪʝʧʣʦʚʳʝ ʷʚʣʝʥʠʷ ʦʪʩʫʪ-

ʩʪʚʫʶʪ, ʘ ʚʦïʚʪʦʨʦʤ ʨʘʙʦʪʘʝʪ ʦʙʳʯʥʘʷ ʪʝʨʤʦʜʠʥʘ-

ʤʠʢʘ.  

ʆʜʥʠʤ ʠʟ ʢʦʩʚʝʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚ ʚ ʧʦʣʴʟʫ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ [3], ʚ 

ʢʦʪʦʨʦʡ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʘʥʦʤʘʣʠʷ ʣʠʥʝʡʥʦʛʦ ʪʝʧʣʦ-

ʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ɺʊʉʇ ʚ ʩʠʩʪʝʤʝ Bi
2
Sr x-2 La x

CuO6. ʀʩʩʣʝʜʦʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ll /D=a ( -l ʜʣʠʥʘ, -Dl ʫʜʣʠʥʝʥʠʝ ʥʘ 1ÜK) ʠ 

ʚʣʠʷʥʠʝ ʥʘ ʥʝʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʨʠʣʦʞʝʥʥʦʛʦ ʚ 

ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ. ʅʘʙʣʶʜʘʝʤʘʷ a ʩʪʘʥʦʚʠʣʘʩʴ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʚ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ T ²

cT . ʕʪʘ ʘʥʦʤʘʣʠʷ ʩʠʣʴʥʦ ʧʦʜʘʚʣʷʣʘʩʴ ʥʘʣʦʞʝʥʠʝʤ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʪ). ʅʦ ʠʟ-

ʚʝʩʪʥʦ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠʟʤʝʥʷʝʪ ʩʫʱʝʩʪʚʫʶ-

ʱʫʶ ʚ ʦʙʨʘʟʮʝ ʘʥʠʟʦʪʨʦʧʠʶ. 

ɼʣʷ ʦʮʝʥʢʠ ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʨʘʟʨʫ-

ʰʝʥʠʷ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʨʘʩʩʤʦʪʨʠʤ ʠʦʥʥʳʡ ʦʜ-

ʥʦʚʘʣʝʥʪʥʳʡ ʢʫʙʠʯʝʩʢʠʡ ʢʨʠʩʪʘʣʣ, ʣʝʛʠʨʦʚʘʥʥʳʡ 

ʜʦʥʦʨʥʦʡ ʧʨʠʤʝʩʴʶ (ʨʠʩ.1).  



24 PHYSICS AND MATHEMATICS / ζColloquium - journal Ȼ#12(36),2019 

 
ʈʠʩ.1. ʄʦʜʝʣʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ. 

 

0R ʨʘʚʥʦʚʝʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʨʠ ;0=g -x ʩʤʝʱʝʥʠʝ. ʉʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʟʘʨʷʜʘʤʠ 

2xxF Ö+Ö-= gb . 

ʇʨʠ 0̧g  ʨʘʚʥʦʚʝʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʙʫʜʝʪ gb/0+=RR . 

ʇʫʩʪʴ ʥʘ ʣʝʚʦʡ ʛʨʘʥʠʮʝ ʧʦʷʚʣʷʝʪʩʷ ʟʘʨʷʜ Q<0 ʚʙʣʠʟʠ ʢʘʞʜʦʛʦ ʘʪʦʤʘ ʨʝʰʝʪʢʠ. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʜʣʷ ʚʪʦʨʦʛʦ ʘʪʦʤʘ ʦʪ ʛʨʘʥʠʮʳ ʜʣʷ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʮʝʧʦʯʝʢ: 
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M gb@
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M ï ʤʘʩʩʘ ʠʦʥʘ (ʜʣʷ ʧʨʦʩʪʦʪʳ ʧʦʣʦʞʠʤ ʤʘʩʩʳ ʠʦʥʦʚ ʨʘʚʥʳʤʠ).  

 ʅʦʚʳʝ ʩʤʝʱʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʚʪʦʨʳʭ ʦʪ ʛʨʘʥʠʮʳ ʘʪʦʤʦʚ (ʫʞʝ ʚ ʣʠʥʝʡʥʦʤ ʧʦ x ʧʨʠʙʣʠʞʝ-

ʥʠʠ): 
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ʇʦʣʥʘʷ ʘʤʧʣʠʪʫʜʘ ʩʤʝʱʝʥʠʷ: 
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ɼʣʷ ʦʮʝʥʢʠ ʥʘʯʘʣʘ ʧʦʷʚʣʝʥʠʷ ʥʦʚʦʛʦ ʘʥʛʘʨʤʦʥʠʟʤʘ ʚ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʝ ʧʨʠʨʘʚʥʷʝʤ ʵʪʫ ʚʝʣʠʯʠʥʫ 

ʧʨʝʞʥʝʤʫ ʩʤʝʱʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ 
0R, ʩʚʷʟʘʥʥʦʤʫ ʩ ʠʩʭʦʜʥʳʤ ʘʥʛʘʨʤʦʥʠʟʤʦʤ  
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ʀʩʧʦʣʴʟʫʷ ʪʦ, ʯʪʦ ʜʣʷ ʦʜʥʦʚʘʣʝʥʪʥʦʛʦ ʠʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ  

 
4

0

2 /52 ReÖ=g , 3

0

2 /8 ReÖ=b      [4], 

ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ:  
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01626 22 =Ö-ÖÖ+ eeQQ , 0.6Q eº Ö. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʟʘʨʷʜʘ ʚ ʦʙʨʘʟʮʝ ʧʦʨʷʜʢʘ ʦʜʥʦʛʦ ʟʘʨʷʜʘ ʵʣʝʢʪʨʦʥʘ ʥʘ ʘʪʦʤ ʨʝʰʝʪʢʠ (ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʠʦʥʥʦʛʦ ʦʜʥʦ-

ʚʘʣʝʥʪʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʘʪʦʤʘʤʠ). 

ʕʪʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴʩʷ ʢʘʢ ʩʘʤʠʤ ʪʦʢʦʤ, ʪʘʢ ʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʥʘʣʦʞʝʥʥʳʤ ʤʘʛʥʠʪ-

ʥʳʤ ʧʦʣʝʤ (ʚ ʪʦʤ ʯʠʩʣʝ, ʧʦïʚʠʜʠʤʦʤʫ, ʠ ʩʦʙʩʪʚʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʪʦʢʘ) ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʦ ʩʢʦ-

ʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ (ʧʦʨʷʜʢʘ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ). ɸʥʘʣʦʛʠʯʥʳʝ ʦʮʝʥʢʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʜʣʷ ʙʦʣʝʝ 

ʨʝʘʣʴʥʦʡ ʤʦʜʝʣʠ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʨʘʟʨʫʰʝʥʠʝ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦ-

ʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʪʦʢʘ ʪʝʧʣʘ ʦʪ ʪʝʧʣʦʦʪʚʦʜʘ (ʠʣʠ ʦʪ ʢʘʢʦʛʦ ʜʨʫʛʦʛʦ ʥʘʛʨʝʪʦʛʦ 

ʤʝʩʪʘ).  

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʦ ʧʨʦʩʪʝʡʰʫʶ ʤʦʜʝʣʴ ʠ ʧʨʦʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʦʮʝʥʢʠ. 

ʅʘ ʨʠʩ.1 ʠʟʦʙʨʘʞʝʥ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʡ ʤʘʪʝʨʠʘʣ. ʇʨʠʣʦʞʝʥʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ E
C

 ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʦʤʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʥʦʨʤʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʀʟ ʢʦʥʪʘʢʪʘ ʚ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢ ʠʥʞʝʢʪʠʨʫ-

ʝʪʩʷ ʧʦʪʦʢ ʵʣʝʢʪʨʦʥʦʚ Vj
CC
Ö=r , ʛʜʝ rï ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ, V

C
ï ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ.  

ʀʩʭʦʜʥʳʝ ʫʨʘʚʥʝʥʠʷ (ʦʜʥʦʤʝʨʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ): 

m

Ee

dt

dV Ö
=   (1) 

 

rÖ=Vj       (2) 

 

( )0
4

rr
e

p
-Ö

Ö
=

µ

µ

x

E   (3)  

 ɿʜʝʩʴ m ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ, 
0r ʨʘʚʥʦʚʝʩʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʙʲʝʤʝ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ, e

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ.  

ɺ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʯʘʩʪʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʨʘʚʥʘ ʥʫʣʶ, ʠʟ ʫʨʘʚʥʝʥʠʡ 1 3 ʧʦʩʣʝ 

ʥʝʩʣʦʞʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ: 

 

Ör ( )0
4

2

2

2

2 4
3 rrr

e
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-ÖÖ

ÖÖ

ÖÖ
-=ö
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d

dx

d     (4) 

 

ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʣʝʚʦʡ ʛʨʘʥʠʮʝ ʩʯʠʪʘʝʤ ʟʘʜʘʥ-

ʥʳʤʠ. ʇʦʜʩʪʘʥʦʚʢʘʤʠ 
0,r r r¡= Ö

 0 0j V jr ¡= Ö Ö, 0x x l¡= Ö, ʛʜʝ 00 neÖ=r ,
0n ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʦʙʲʝʤʝ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ, 
0V ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʘ ʚ ʜʘʣʴʥʝʡʰʝʤ, 0

0

P

V
l
w
= , ʛʜʝ 

2
2 04

p

e n

m

p
w

e

Ö Ö Ö
=

Ö
, ʫʨʘʚʥʝʥʠʝ (4) ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʠʜʫ: 
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2 2

( 1)
3 0

d d

dx dx j

r r r r
r

¡ ¡ ¡ ¡Ö -õå
¡Ö - Ö + =æ ö
¡ ¡ ¡ç ÷

    (5) 

 

ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ: 
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ʈʠʩ.2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ ʧʨʠ ʨʘʚʥʦʚʝʩʠʠ 

 
3

2

d
E

dx j

r r¡ ¡
¡=- Ö

¡ ¡
, ʥʦʨʤʠʨʦʚʦʯʥʦʝ ʧʦʣʝ 

2

0
0

0

m V
E

e l

Ö
=
Ö

.  

ʅʘ ʨʠʩ.2 ʩʭʝʤʘʪʠʯʝʩʢʠ ʠʟʦʙʨʘʞʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ ʚ ʫʩʣʦʚʠʷʭ ʥʫʣʝʚʦʛʦ ʩʤʝʱʝʥʠʷ (ʧʨʠ ʨʘʚʥʦ-

ʚʝʩʠʠ). ʃʝʚʘʷ ʛʨʘʥʠʮʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʠ ʚʙʣʠʟʠ ʦʤʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ï ʦʙʣʘʩʪʴ 

ʦʙʲʸʤʥʦʛʦ ʟʘʨʷʜʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ n0, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʜʦʥʦʨʥʦʡ ʧʨʠʤʝʩʠ. 

ʇʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʥʘʭʦʜʷʪʩʷ ʦʙʣʘʩʪʠ ʩ ʧʦʜʚʠʞʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ (ʵʣʝʢʪʨʦʥʘʤʠ) ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ni0. ʂʘʢ ʙʫʜʝʪ ʚʠʜʥʦ ʠʟ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (5), ʚ ʫʩʣʦʚʠʷʭ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʣʘʩʪʠ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʘʤʠ ʧʦʚʪʦʨʷʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠ, ʧʦʵʪʦʤʫ, ʠʟ ʫʩʣʦʚʠʷ ʵʣʝʢʪʨʦʥʝʡ-

ʪʨʘʣʴʥʦʩʪʠ ʧʦʣʫʯʠʤ 
0 0 0i il n l nÖ = Ö ʛʜʝ il ʠ 0l ʪʦʣʱʠʥʳ ʧʨʦʚʦʜʷʱʝʡ ʦʙʣʘʩʪʠ ʠ ʦʙʣʘʩʪʠ ʦʙʲʸʤʥʦʛʦ ʟʘʨʷʜʘ. 

ɹʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ 
0 0in n>> . ɺʚʝʜʸʤ ʚʝʣʠʯʠʥʫ ʢʦʥʪʘʢʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʤʘʪʝʨʠʘʣʘ ʩʚʝʨʭʧʨʦʚʦʜ-

ʥʠʢʘ U0 ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ: 

 20
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2
0 | |

n
U l e

p

e

Ö Ö
= Ö Ö, ʦʪʢʫʜʘ ʙʫʜʝʤ ʦʧʨʝʜʝʣʷʪʴ 

0l . ʊʝʧʝʨʴ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨ 
0V : 

0
0

2 | e | U
V

m

Ö Ö
= . ʇʦʜʘʯʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʤʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ (ʩʤʝʱʝʥʠʝ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ) ʵʢʚʠʚʘ-

ʣʝʥʪʥʘ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʣʝʚʦʡ ʦʙʣʘʩʪʠ ʜʦ 
0i in na= Ö, ʛʜʝ1a>. ɺ ʫʩʣʦʚʠʷʭ ʩʚʝʨʭ-

ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠ ʨʘʚʥʦʚʝʩʠʠ, ʢʦʛʜʘ 1a=, ʧʦʪʦʢʠ ʵʣʝʢʪʨʦʥʦʚ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʦʙʣʘʩʪʴ 

ʨʘʚʥʳ. ʇʨʠ ʧʦʜʘʯʝ ʩʤʝʱʝʥʠʷ ʧʦʷʚʣʷʝʪʩʷ ʪʦʢ ʩ ʧʣʦʪʥʦʩʪʴʶ  

0

0

0 ( 1)in
j j

n
a= Ö Ö -, ʛʜʝ 

0 00j Vr= Ö. 

 ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʡ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (5) ʙʨʘʣʦʩʴ ʚ ʚʠʜʝ: 

0 0 0

0 0 0

(0) 1i i

i

d n n

dx l l n n

r r r
a

õå¡ ÖD
= = Ö Ö -öæ

¡ Ö ç ÷
 

ɺ ʇʨʠʣʦʞʝʥʠʠ ʥʘ ʨʠʩ. 3 7 ʧʨʠʚʝʜʸʥ ʧʨʠʤʝʨ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (5). ʇʘʨʘʤʝʪʨʳ: 

 
20

0 10in =  ʩʤ
-3 , 

19

0 10n =  ʩʤ
-3 , 10e= , 0 1U =ʚ, 1.05a= , 289.1... 10m -= Ö  ʛ, 

6

0 1.05... 10l -= Ö ʩʤ, 7

0 5.9... 10V = Ö  ʩʤ/ʩ, 135.6... 10pw = Ö  ʩ-1, 
0 6345.6...E =- , 

70 9.5... 10j =- Ö ɸ/ʩʤ2 , 67.4... 10j=- Ö ɸ/ʩʤ2. 

 

ʈʠʩ.3-4 ʧʦʚʝʜʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʨʠʩ.5 ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʨʠʩ.6 ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʝ ʧʦʣʝ, ʨʠʩ.7 ʧʦʚʝʜʝʥʠʝ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ. ɺ ʵʪʦʡ ʧʨʦʩʪʦʡ ʤʦʜʝʣʠ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʜʫʪ 



ζColloquium - journal Ȼ#12(36),2019 / PHYSICS AND MATHEMATICS 27 

ʩʝʙʷ ʧʝʨʠʦʜʠʯʝʩʢʠ. ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ ʧʝʨʠʦʜ ʧʦ ʢʦʦʨʜʠʥʘʪʝ Tx, ʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʤʝʝʪʩʷ 

ʟʘʚʠʩʠʤʦʩʪʴ 2xT

j
pº Ö. 

 

 
ʈʠʩ.3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ. 

 

 
ʈʠʩ.4. ʊʦ ʞʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ.3, ʥʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ. 

 

 
ʈʠʩ.5. ʇʨʦʠʟʚʦʜʥʘʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

 
ʈʠʩ.6. ʇʦʚʝʜʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʝ. 
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ʈʠʩ.7. ʇʦʚʝʜʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʝ 

 

ʀʟ ʜʘʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʠʩ.4, ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʰʠʨʠʥʘ ʧʝʨʚʦʛʦ ʧʠʢʘ ʥʘ ʫʨʦʚʥʝ 1.6, ʯʪʦ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʠʟʙʳʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.6 ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʘʪʦʤ ʚ ʩʣʫʯʘʝ ʠʦʥʥʦʛʦ ʦʜʥʦʚʘʣʝʥʪʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʪʦʢʘ. ʕʪʘ ʰʠʨʠʥʘ ʨʘʚʥʘ ʧʦʣʫʰʠʨʠʥʝ ʧʦʩʣʝʜʫʶʱʠʭ ʧʠʢʦʚ ʚ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʧʦʨʦʛʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ 

ʨʘʟʨʫʰʝʥʠʷ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʙʫʜʝʪ ʦʢʦʣʦ 
65 10Ö ɸ/ʩʤ2. 

ʊʘʙʣʠʮʘ ˉ 1 

ɿʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʧʝʨʚʦʛʦ ʧʠʢʘ dr(ʨʠʩ.4) ʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ j ʦʪ ʫʨʦʚʥʷ a  

ʧʨʝʚʳʰʝʥʠʷ ʥʘʜ ʨʘʚʥʦʚʝʩʥʳʤ ʩʦʩʪʦʷʥʠʝʤ. 

Ŭ ŭɟ, ʩʤ j, ɸ/ʩʤĮ 

1,03 1.588*10 -̂8 -4.47*10^6 

1,05 2.621*10 -̂8 -7.42*10^6 

1,1 5.183*10 -̂8 -14.67*10^6 

1,3 1.4442*10 -̂7 -42.12*10^6 

1,5 2.2675*10 -̂7 -67.53*10^6 

2 4.0515*10 -̂7 -124.47*10^6 

 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʧʨʦʩ ʦ ʢʚʘʥʪʦʚʘʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʫʩʣʦʚʠʷʭ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʜʣʠʥʥʦʤ ʩʦ-

ʣʝʥʦʠʜʝ (ʜʣʠʥʦʡ 2L ʠ ʚʥʫʪʨʝʥʥʠʤ ʨʘʜʠʫʩʦʤ 
0r ) ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʥʫʪʨʠ ʩʦʣʝʥʦʠʜʘ ʨʘʚʥʦ 

0H . ʇʨʝʜʧʦʣʦ-

ʞʠʤ, ʜʣʷ ʧʨʦʩʪʦʪʳ ʨʘʩʩʤʦʪʨʝʥʠʷ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʩʪʝʥʢʝ ʩʦʣʝʥʦʠʜʘ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʚʠʩʠ-

ʤʦʩʪʠ: 
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d  ʣʦʥʜʦʥʦʚʩʢʘʷ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʜʣʷ ʧʣʦʩʢʦʡ ʛʨʘ-

ʥʠʮʳ, ʧʨʠʯʝʤ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ d  ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ j
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pp 44 CC ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ 
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=  

ɼʘʣʝʝ ʠʩʧʦʣʴʟʫʝʤ ʧʦʩʪʫʣʘʪ ʄ. ɻʨʳʟʠʥʩʢʦʛʦ ʦ ʩʧʠʥʝ [5], ʢʦʪʦʨʳʡ ʬʦʨʤʘʣʴʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʠʥʮʠʧʦʤ 

ʅ.ɹʦʨʘ ʦ ʢʚʘʥʪʦʚʘʥʠʠ ʘʪʦʤʥʳʭ ʦʨʙʠʪ ʵʣʝʢʪʨʦʥʘ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʧʦʩʪʫʣʘʪʫ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮʳ ʩʦ ʩʧʠʥʦʤ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʝʮʝʩʩʠʝʡ ʩʧʠʥʦʚʦʡ ʦʩʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʨʝʮʝʩʩʠʠ w, ʧʨʠʯʝʤ >/2 êèíEÖ=w , ʛʜʝ 
ʢʠʥE  

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ, p2/h=> . ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʷ Vmh Ö= /l ( -V ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ) ʩʧʠʥʦʚʘʷ ʦʩʴ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʩʚʦʝʡ ʠʩʭʦʜʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. 

ʄ. ɻʨʳʟʠʥʩʢʠʡ ʠʩʧʦʣʴʟʦʚʘʣ ʩʚʦʡ ʧʦʩʪʫʣʘʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʩʣʦʚʠʡ ʢʚʘʥʪʦʚʘʥʠʷ ʚ ʘʪʦʤʘʭ ʠ 

ʜʣʷ ʧʨʠʜʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʚʦʣʥʦʚʦʤʫ ʧʦʣʶ ʜʝ ɹʨʦʡʣʷïɻ ʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʝʮʝʩʩʠʨʫʶ-

ʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʷ m
C
, ʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʦʤʧʦʥʝʥʪʘ  

ù
ú

ø
é
ê

è
Ö

Ö
-= r

dt

d

rc
Es

C
C

,
1

3

m , ʛʜʝ [ ]wm
m CC
C

,=
dt

d  

ʈʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʤ ʩʦʣʝʥʦʠʜʝ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ r. ʇʨʠʨʘʚʥʠ-

ʚʘʷ ʮʝʥʪʨʦʙʝʞʥʫʶ ʩʠʣʫ ʩʠʣʝ ʃʦʨʝʥʮʘ, ʧʦʣʫʯʠʤ ʫʩʣʦʚʠʝ ʥʘ ʩʢʦʨʦʩʪʴ (ʠ ʠʤʧʫʣʴʩ p) ʵʣʝʢʪʨʦʥʘ u : 

,
2

Hu
c

e

r

um
ÖÖ=

Ö
 d

0

0

2 rr

eHu
c

e

r

um
-

-

ÖÖÖ=
Ö

   (8) 



ζColloquium - journal Ȼ#12(36),2019 / PHYSICS AND MATHEMATICS 29 

d
0

0

rr

eHr
c

e
pum

-
-

ÖÖÖ==Ö  ʠ ʧʨʠ 
0rr =  

0
0 H

c

re
p Ö

Ö
=  

ɼʣʷ ʩʦʙʣʶʜʝʥʠʷ ʫʩʣʦʚʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʪʨʝʙʫʝʤ, 

ʯʪʦʙʳ ʥʘ ʜʣʠʥʝ ʪʨʘʝʢʪʦʨʠʠ 
02 rÖp  ʫʢʣʘʜʳʚʘʣʦʩʴ ʮʝʣʦʝ ʯʠʩʣʦ ñʚʦʣʥò c ʜʣʠʥʦʡ ph/ (ʥʘ ʩʘʤʦʤ ʜʝʣʝ, ʯʪʦʙʳ 

ʩʧʠʥʦʚʘʷ ʦʩʴ ʧʨʠʥʷʣʘ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ): 

 

0

00

2 r
Hre

chn
ÖÖ=

ÖÖ

ÖÖ
p , 

e

chn
Hr

Ö

ÖÖ
=ÖÖ

2
0

2

0p , 

ʛʜʝ n  ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ, ʠʣʠ  

e

chn
n

Ö

ÖÖ
=F

2

, ʛʜʝ 
0

2

0 Hrn ÖÖ=F
Ö

p  

(ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ), ʪʦ ʝʩʪʴ, ʧʦʣʫʯʘʝʤ ʦʙʳʯʥʦʝ ʟʥʘʯʝʥʠʝ ʢʚʘʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ 
e

ch

Ö

Ö

2

 

ʋʯʪʝʤ ʢʦʥʝʯʥʫʶ ʪʦʣʱʠʥʫ ʩʪʝʥʢʠ ʩʦʣʝʥʦʠʜʘ w. ʊʘʢ ʢʘʢ () d

dp

0

0
4

rr

eH
c

rj

-
-

ÖÖ
ÖÖ

=  ʠ  

()rnuej ÖÖ= , ʪʦ () ()rue
Hc

rn

rr

/
4

0

0 d

dp

-
-

Ö
ÖÖ

Ö
=  

ʆʧʨʝʜʝʣʠʤ ʩʨʝʜʥʠʡ ʠʤʧʫʣʴʩ ʧʦ ʪʦʣʱʠʥʝ ʩʦʣʝʥʦʠʜʘ: 

()() ,
0

0

drrfrpp

wr

r

ÖÖ=ñ
+

 

ʛʜʝ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ () ()rnArf Ö= , ʧʦʩʪʦʷʥʥʫʶ A  ʦʧʨʝʜʝʣʠʤ ʠʟ ʫʩʣʦʚʠʷ ʥʦʨʤʠʨʦʚʢʠ: 

()
wcm

re
Adrrf

wr

r
ÖÖ

ÖÖÖÖ
=­=Öñ

+

2

0

24
1

0

0

dp  

ɼʣʷ ʩʨʝʜʥʝʛʦ ʠʤʧʫʣʴʩʘ ʧʦʣʫʯʘʝʪʩʷ 

0 0 1 ,
w

e r H
p e

c w
d

d -å õÖ Ö Ö
= Ö -æ ö

Ö ç ÷ 

ʠ ʚ ʩʣʫʯʘʝ w<<d(ʦʯʝʥʴ ʪʦʥʢʠʝ ʧʣʝʥʢʠ): cHrep /00ÖÖº  ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʠʙʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʦʥʠʢʘʝʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ, ʯʝʤ ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ 

ʧʨʦʩʪʦʡ ʤʦʜʝʣʠ, ʣʠʙʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʫʞʜʘʶʪʩʷ ʚ ʢʦʨʨʝʢʪʠʨʦʚʢʝ. 

ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʝʦʜʦʣʝʥʠʷ ʚʦʟʥʠʢʰʝʡ ʧʨʦʙʣʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʩʠ-

ʣʦʡ ʃʦʨʝʥʮʘ ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʘʷ ʩʠʣʘ [6], ʩʚʷʟʘʥʥʘʷ ʩ ʪʝʤ, ʯʪʦ ʚ ʠʥʪʝ-
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ɺʳʯʠʩʣʠʤ, ʢʘʢ ʠ ʨʘʥʝʝ, ʚʝʣʠʯʠʥʫ ʩʨʝʜʥʝʛʦ ʠʤʧʫʣʴʩʘ ʧʦ ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ:  
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ʝʩʣʠ 1­e , ʪʦ ʧʦʣʫʯʘʝʪʩʷ ʦʙʳʯʥʦʝ ʢʚʘʥʪʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʧʦʟʚʦ-

ʣʷʝʪ, ʧʦïʚʠʜʠʤʦʤʫ, ʦʙʲʷʩʥʠʪʴ ʦʩʥʦʚʥʳʝ ʯʝʨʪʳ ʷʚ-

ʣʝʥʠʷ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ. ɺʦʟʤʦʞʥʦ, ʦʥ ʪʘʢʞʝ 

ʦʢʘʞʝʪʩʷ ʧʦʣʝʟʥʳʤ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʥʦʚʳʭ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʥʘʫʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʠʤʝʥʝʥʠʡ. 
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MATH MODELING DC -DC CONVERTER FOR CHARGING SUPERCAPACITORS  

 

 

ɸʥʥʦʪʘʮʠʷ. 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ DC-DC ʢʦʥʚʝʨʪʝʨʘ ʜʣʷ ʟʘʨʷʜʢʠ ʠʦʥʠʩʪʦ-

ʨʦʚ. ɺ ʨʘʙʦʪʝ ʦʙʫʩʣʦʚʣʝʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʵʪʦʡ ʪʝʤʳ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʭʝʤʘ ʧʦʥʠʞʘʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʷ, ʝʛʦ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʩʦʟʜʘʥʥʘʷ ʚ ʩʨʝʜʝ MATLAB Simulink. ɸ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ.  

Abstract. 
This article discusses the process of modeling a DC-DC converter for charging supercapacitors. The urgency 

of this article is determined in the work, there is the converterôs scheme, its equivalent circuit, the mathematical 

model created in the MATLAB Simulink environment. And also the advantages and possibilities of using the model 

are presented. 

2 x-2 x 6
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: DC-DC ʢʦʥʚʝʨʪʝʨ, ʠʦʥʠʩʪʦʨ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

Keywords: DC-DC converter, supercapacitor, modeling, MATLAB, Simulink. 

 

ɹʣʘʛʦʜʘʨʷ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶ-

ʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʟʝʣʝʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ, ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʟʚʫʯʘʪ ʚʘʞʥʳʝ ʚʦʧʨʦʩʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʵʬʬʝʢʪʠʚʥʳʤ ʭʨʘʥʝʥʠʝʤ ʵʥʝʨʛʠʠ. ɺ 

ʵʪʦʡ ʦʙʣʘʩʪʠ ʠʦʥʠʩʪʦʨʳ ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʴʰʝʝ ʠ 

ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ. ʕʪʠ ʢʦʥʜʝʥʩʘʪʦʨʳ ʦʙʣʘʜʘʶʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʝʤʢʦʩʪʴʶ ʠ ʪʝʥʜʝʥʮʠʝʡ ʫʩʧʝʰʥʦ 

ʟʘʤʝʥʠʪʴ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ 

ʙʘʪʘʨʝʠ. ɺ ʵʪʦʤ ʘʩʧʝʢʪʝ ʨʘʟʫʤʥʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʦʥʠʩʪʦʨʦʚ ʚʦ ʤʥʦʛʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʙʳʪʦʚʳʭ 

ʧʨʠʙʦʨʘʭ ʠ ʩʠʩʪʝʤʘʭ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʜʣʷ ʠʭ ʨʘ-

ʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʧʦʥʠʞʘʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʜʝʡʩʪʚʫʶʱʠʡ ʢʘʢ 

ʧʦʩʪʦʷʥʥʳʡ ʠʩʪʦʯʥʠʢ ʪʦʢʘ ʜʣʷ ʟʘʨʷʜʢʠ ʠʦʥʠʩʪʦʨʘ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʷ. 

 
ʈʠʩʫʥʦʢ 1. ʇʦʥʠʞʘʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʨʘʙʦʪʘʶʱʠʡ ʚ ʨʝʞʠʤʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ  

ʜʣʷ ʟʘʨʷʜʢʠ ʠʦʥʠʩʪʦʨʘ 

 

ʇʨʝʜʣʦʞʝʥʘ ʧʨʠʚʝʜʝʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ 

ʩʠʤʫʣʷʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʨʝʘʣʴʥʳʭ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʭ ʜʣʷ ʟʘʨʷʜʢʠ ʠʦʥʠʩʪʦʨ. ʕʢʚʠʚʘʣʝʥʪʥʘʷ 

ʩʭʝʤʘ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: UE ï 

ʵʢʚʠʚʘʣʝʥʪ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ, ʩ ʫʯʝʪʦʤ ʧʝʨʝʜʘʪʦʯ-

ʥʦʡ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ; L 

ʠ C ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ ʬʠʣʴʪʨ ʛʘʨʤʦʥʠʢ; SC - 

ʠʦʥʠʩʪʦʨ; LSC -ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʧʨʦ-

ʚʦʜʥʠʢʦʚ ʠ ʠʦʥʠʩʪʦʨʘ; RSC - ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʠʦʥʠʩʪʦʨʘ. 

 
ʈʠʩʫʥʦʢ 2. ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʧʦʥʠʞʘʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠ. 

 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʧʦʥʠʞʘʶʱʝʛʦ ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʝʣʷ: 

Ὗ ὈὟ                           ρ 

 

ɻʜʝ Uin ʠ Uout ʷʚʣʷʶʪʩʷ ʚʭʦʜʥʳʤ ʠ ʚʳʭʦʜʥʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦ-

ʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, D ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʠʤ ʮʠʢʣʦʤ. ʇʨʠ 

ʩʦʩʪʘʚʣʝʥʠʠ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʝ-

ʨʝʤʝʥʥʳʝ: 

iL - ʪʦʢ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L, 

iSC - ʪʦʢ ʠʦʥʠʩʪʦʨʘ SC, 

iC ï ʪʦʢ, ʪʝʢʫʱʠʡ ʯʝʨʝʟ ʢʦʥʜʝʥʩʘʪʦʨ C, 

iLSC ï ʪʦʢ, ʪʝʢʫʱʠʡ ʯʝʨʝʟ LSC, 

uSC - ʥʘʧʨʷʞʝʥʠʝ ʠʦʥʠʩʪʦʨʘ, 

uC - ʥʘʧʨʷʞʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʘ; 

ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩʧʨʘʚʝʜ-

ʣʠʚʘ ʩʣʝʜʫʶʱʘʷ ʩʠʩʪʝʤʘ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 
ὨὭ

Ὠὸ

ρ

ὒ
ὈὟ ό                             ς 
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ʕʪʘ ʩʠʩʪʝʤʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʚ ʩʠʩʪʝʤʝ ʚʠʟʫʘʣʴ-

ʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ 

MATLABÈ / SimulinkÈ, ʜʦʙʘʚʣʝʥʠʝʤ ʢ ʥʝʤʫ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʘʣʴʥʦʛʦ (PI) ʨʝʛʫʣʷʪʦʨʘ, ʢʦʪʦ-

ʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʳʙʨʘʥʥʦʝ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʪʦʢʘ ʜʣʷ ʟʘʨʷʜʢʠ ʠʦʥʠʩʪʦʨʘ (ʚ ʧʨʠʤʝʨʝ 5ɸ). ʉʪʨʫʢ-

ʪʫʨʘ ʤʦʜʝʣʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩʫʥʦʢ 3. ʄʦʜʝʣʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ MATLABÈ / SimulinkÈ. 

 

ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʮʝʥʢʠ ʤʦʜʝʣʠ ʧʦʥʠʞʘʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ: 

ɽʤʢʦʩʪʴ ʠʦʥʠʩʪʦʨʘ SC = 58 ʌ; 

ɺʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ Ud = 20 ɺ; 

ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʦʥʠʩʪʦʨʘ 

R = 25 ʤʆʤ; 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠʦʥʠʩʪʦʨʘ 

LSC = 10 ʥɻʥ; 

ɿʥʘʯʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚʳʭʦʜʥʦʛʦ ʬʠʣʴʪʨʘ C = 100 ʥʌ; 

ɿʥʘʯʝʥʠʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L = 100 ʤʢɻʥ. 
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ʈʠʩʫʥʦʢ 4. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ 

 

ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʘ ʧʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʩ ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʟʘʨʷʜʥʳʤ ʪʦʢʦʤ ʠʦʥʠʩʪʦʨʘ ʟʥʘʯʝʥʠʝʤ 5ɸ. 

 
ʈʠʩʫʥʦʢ 5. ɿʘʨʷʜʥʳʡ ʪʦʢ ʤʦʜʝʣʠ. 

 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʩʨʘʚʥʝʥʠʷ ʩ ʪʝʤʠ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʤʦʞʥʦ ʟʘʤʝ-

ʪʠʪʴ, ʯʪʦ ʤʦʜʝʣʴ ʨʘʙʦʪʘʝʪ ʧʨʘʚʠʣʴʥʦ, ʫʩʪʘʥʦʚʠʚ ʥʝʦʙʭʦʜʠʤʫʶ ʩʢʦʨʦʩʪʴ ʥʘʨʘʩʪʘʥʠʷ ʟʘʨʷʜʘ. 

ʀʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦʣʫʯʘʪʴ ʩ ʥʝʡ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʠʣʠ 

ʥʝʧʨʘʢʪʠʯʥʦ ʧʦʣʫʯʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʨʘʟʣʠʯʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʣʝʤʝʥʪʘʤʠ, 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. 

 

 
ʈʠʩʫʥʦʢ 6. ʀʟʤʝʥʝʥʠʝ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

 

ʉ ʤʦʜʝʣʴʶ ʧʨʦʚʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʩʩʳ-

ʣʦʯʥʦʛʦ ʪʦʢʘ ʟʘʨʷʜʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʨʫʰʝʥʠʷʭ ʥʘʛʨʫʟʢʠ ʠ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʙʦʪʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʠ ʧʘʜʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʭʦʜʝ ʦʪ 20 ɺ ʜʦ 15 ɺ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʠʤʝʪʴ ʤʝʩʪʦ ʧʨʠ t = 50ʩ ʠ ʩʥʦʚʘ ʚʝʨʥʝʪʩʷ ʢ ʥʘʯʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ 20 ɺ ʧʨʠ 75ʩ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 6. 
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ʈʠʩʫʥʦʢ 7. ʊʦʢ ʠʦʥʠʩʪʦʨʘ 

ʅʘ ʨʠʩʫʥʢʝ 7 ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʪʦʢ ʠʦʥʠʩʪʦʨʘ, ʢʦʪʦʨʳʡ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʟʥʘʯʝʥʠʶ 2ɸ ʟʘ 0,001 ʩʝ-

ʢʫʥʜʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʳ ʥʘʙʣʶʜʘʝʤ ʫʚʝʣʠʯʝʥʠʝ ʪʦʢʘ ʧʨʠ t = 25 ʩ ʦʪ 2 ɸ ʜʦ 5 ɸ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴ-

ʰʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ. 

ʇʦʜʨʦʙʥʳʝ ʛʨʘʬʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟʤʝʥʷʶʱʠʡʩʷ ʟʘʨʷʞʘʶʱʠʡ ʪʦʢ ʥʘ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʘʭ, ʪʘ-

ʢʠʤʠ ʢʘʢ ʥʝʟʘʤʝʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʦʢʘ ʟʘʨʷʜʢʠ ʥʘ 50 ʠ 75 ʩʝʢʫʥʜʘʭ ʥʘ ʛʨʘʬʠʢʘʭ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʘʭ 8 

ʠ 9. 

 
ʈʠʩʫʥʦʢ 8. ʊʦʢ ʠʦʥʠʩʪʦʨʘ ʧʨʠ ʨʝʟʢʦʤ ʧʘʜʝʥʠʠ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʨʠʩ.8 ʠ 9 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʝʛʫʣʷʪʦʨ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʭʦʨʦʰʠʡ ʢʨʫʪʦʡ 

ʩʧʘʜ ʠ ʫʚʝʣʠʯʠʚʘʶʱʠʝʩʷ ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʟʘ ʢʦʨʦʪʢʠʡ ʧʝʨʠʦʜ (ʤʝʥʝʝ 0,6 ʩʝʢʫʥʜʳ) ʚʦʩ-

ʩʪʘʥʘʚʣʠʚʘʝʪ ʪʝʢʫʱʠʡ ʪʦʢ. 
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ʈʠʩʫʥʦʢ 9. ʊʦʢ ʠʦʥʠʩʪʦʨʘ ʧʨʠ ʢʨʫʪʦʤ ʧʦʚʳʰʝʥʠʠ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟʤʝʥʝʥʠʝ ʟʘʨʷʜʥʦʛʦ ʪʦʢʘ 

ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʦʟʤʫʱʝʥʠʷ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 1%, ʩ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʘʶʪʩʷ 

ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʘʩʩʠʯʝ-

ʩʢʠʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʷ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ DC-DC ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʷ ʜʣʷ ʟʘʨʷʜʢʠ ʠʦʥʠʩʪʦʨʘ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʄʦʜʝʣʴ ʧʨʦʚʝʨʷ-

ʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ. ʈʝʘʣʠ-

ʟʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʳ ʜʣʷ ʚʠʟʫ-

ʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ MATLAB / Simulink. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥ ʠʩʧʦʣʴʟʫʝʪ ʩʚʦʝ ʛʣʘʚʥʦʝ ʧʨʝ-

ʠʤʫʱʝʩʪʚʦ ʚ ʪʦʤ, ʯʪʦ ʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʦʙʣʘʜʘʶʪ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʠʤʠ ʥʘʚʳʢʘʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝ-

ʥʠʷ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʏʠʩʣʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 

ʤʦʜʝʣʴʶ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʪʦʯʥʫʶ ʥʘʩʪʨʦʡʢʫ 

ʨʝʛʫʣʷʪʦʨʘ ʠ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʨʝʘʣʴ-

ʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪ ʧʘʨʘʤʝʪʨʳ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʨʝʘʣʠʟʘʮʠʷ SPICE ʤʦʜʝʣʠ, ʘ 

ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʩʪʝʥʜʘ, ʤʦʜʝʣʠ, ʨʝʘʣʠ-

ʟʦʚʘʥʥʦʡ ʚ ʩʨʝʜʝ MATLAB /Simulink ʠ SPICE ʤʦ-

ʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʚ ʩʨʝʜʝ MicroCap.  
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PHYSICAL CULTURE IN THE CONTEXT OF FORMATION OF TRAINING TO PROFESSIONAL 

ACTIVITY  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ, ʙʝʩʧʨʝʮʝʜʝʥʪʥʦʝ ʧʦʚʳʰʝʥʠʝ ʨʦʣʠ ʬʠʟʠʯʝ-

ʩʢʦʡ ʢʫʣʴʪʫʨʳ ʠ ʩʧʦʨʪʘ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠ ʫʢʨʝʧʣʝʥʠʷ ʟʜʦʨʦʚʴʷ ʩʪʫʜʝʥʪʘ ʩʚʷʟʘʥʦ ʩ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʧʦʜ-

ʛʦʪʦʚʢʦʡ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

Abstract. 

In modern conditions of development of the education system, an unprecedented increase in the role of phys-

ical culture and sports to preserve and strengthen the health of the student is associated with targeted training for 

professional activities. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʌʠʟʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ, ʫʧʨʘʞʥʝʥʠʷ, ʟʘʢʘʣʠʚʘʥʠʝ, ʩʠʩʪʝʤʳ 

Keyword:  Physical training, exercises, hardening, systems 

 

ʌʠʟʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ ʠ ʩʧʦʨʪ ï ʩʨʝʜʩʪʚʦ ʬʠʟʠ-

ʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʦʟʜʦʨʦʚʣʝʥʠʷ, ʘ ʪʘʢ 

ʞʝ ʚʦʩʧʠʪʘʥʠʷ ʩʦʮʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʙʫʯʘʶ-

ʱʠʭʩʷ. ʆʛʨʦʤʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʬʠʟʠʯʝʩʢʦʛʦ ʠ 

ʜʫʭʦʚʥʦʛʦ ʦʟʜʦʨʦʚʣʝʥʠʷ, ʧʨʠʦʙʱʝʥʠʷ ʢ ʟʜʦʨʦʚʦʤʫ 

ʦʙʨʘʟʫ ʞʠʟʥʠ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʫʣʴʪʫʨʳ ʟʜʦʨʦʚʴʷ 

ʩʪʫʜʝʥʪʦʚ ʟʘʢʣʶʯʝʥʳ ʚ ʬʠʟʢʫʣʴʪʫʨʥʦ-ʩʧʦʨʪʠʚʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʝ ʪʦʣʴʢʦ ʟʘʥʷʪʠʷ ʬʠʟʠʯʝʩʢʠʤʠ 

ʫʧʨʘʞʥʝʥʠʷʤʠ, ʥʦ ʪʘʢʞʝ ʩʧʦʨʪʠʚʥʳʝ ʩʦʨʝʚʥʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʚʦʟʜʝʡ-

ʩʪʚʦʚʘʪʴ ʥʘ ʟʜʦʨʦʚʴʝ, ʬʠʟʠʯʝʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ, ʪʝ-

ʣʦʩʣʦʞʝʥʠʝ, ʚʥʦʩʠʪʴ ʚ ʥʠʭ ʥʫʞʥʳʝ ʢʦʨʨʝʢʪʠʚʳ, ʠʩ-

ʧʨʘʚʣʷʪʴ ʜʝʬʝʢʪʳ, ʠ ʪ.ʜ. ʠ ʪʝʤ ʩʘʤʳʤ ʬʦʨʤʠʨʦʚʘʪʴ 

ʬʠʟʠʯʝʩʢʫʶ ʢʫʣʴʪʫʨʫ.  

ɹʦʣʝʝ ʜʚʫʭ ʪʨʝʪʝʡ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ ʥʝ ʟʘʥʠ-

ʤʘʝʪʩʷ ʬʠʟʢʫʣʴʪʫʨʥʦʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ. ʉʨʝʜʠ ʧʨʠ-

ʯʠʥ ï ʠ ʥʝʜʦʩʪʘʪʦʢ ʩʚʦʙʦʜʥʦʛʦ ʚʨʝʤʝʥʠ, ʠ ʦʪʜʘʣʝʥ-

ʥʦʩʪʴ ʩʧʦʨʪʠʚʥʳʭ ʙʘʟ ʦʪ ʤʝʩʪʘ ʞʠʪʝʣʴʩʪʚʘ, ʠ ʥʝʢʦ-

ʪʦʨʳʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ, ʪʘʢʠʝ, ʥʘʧʨʠʤʝʨ, 

ʢʘʢ ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʚʳʯʢʠ ʢ ʟʘʥʷʪʠʷʤ, ʯʫʚʩʪʚʦ ʩʪʝʩ-

ʥʠʪʝʣʴʥʦʩʪʠ, ʦʩʪʘʥʘʚʣʠʚʘʶʱʝʝ ʤʥʦʛʠʭ ʦʪ ʟʘʥʷʪʠʡ 

ʦʟʜʦʨʦʚʠʪʝʣʴʥʦʡ ʭʦʜʴʙʦʡ ʠ ʤʝʜʣʝʥʥʳʤ ʙʝʛʦʤ. ʀ 

ʥʘʢʦʥʝʮ, ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ, ʥʝ ʠʤʝʶʱʠʭ ʥʠ ʤʘʣʝʡ-

ʰʝʛʦ ʦʧʨʘʚʜʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʣʝʥʴ. ʅʦ, ʢʘʢ ʟʘʤʝʯʝʥʦ ʚ 

ʠʩʪʦʨʠʠ, ʥʠ ʦʜʠʥ ʣʝʥʪʷʡ ʥʝ ʜʦʩʪʠʛ ʛʣʫʙʦʢʦʡ ʩʪʘʨʦ-

ʩʪʠ.  

ʊʘʢ ʥʘʟʳʚʘʝʤʳʝ çʙʦʣʝʟʥʠ ʮʠʚʠʣʠʟʘʮʠʠè 

ʤʦʞʥʦ ʧʨʝʜʫʧʨʝʞʜʘʪʴ ʠ ʜʘʞʝ ʠʟʣʝʯʠʚʘʪʴ ʩ ʧʦʤʦ-

ʱʴʶ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʘʚʠʣʴʥʦʛʦ ʨʝ-

ʞʠʤʘ. ʅʝʜʦʩʪʘʪʦʢ ʜʚʠʞʝʥʠʷ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʨʠʚʦ-

ʜʠʪ ʢ ʩʙʦʷʤ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤ (ʤʳʰʝʯʥʦʡ, ʩʦʩʫʜʠ-

ʩʪʦʡ, ʩʝʨʜʝʯʥʦʡ, ʜʳʭʘʪʝʣʴʥʦʡ) ʠ ʦʨʛʘʥʠʟʤʘ ʚ 

ʮʝʣʦʤ, ʩʧʦʩʦʙʩʪʚʫʷ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʟʘ-

ʙʦʣʝʚʘʥʠʡ. ɻʦʚʦʨʷ ʦ ʧʨʦʬʠʣʘʢʪʠʢʝ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʘʢʘʜʝʤʠʢ ɽ.ʀ.ʏʘʟʦʚ ʧʠʰʝʪ: çʆʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠ-

ʤʘʝʪ ʟʘʢʘʣʠʚʘʥʠʝ ʬʠʟʠʯʝʩʢʦʝ. ʕʪʦ ʦʩʥʦʚʘ ʟʜʦʨʦʚʴʷ 

ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʣʶʙʦʛʦ ʚʦʟʨʘʩʪʘè. 

ʌʠʟʢʫʣʴʪʫʨʘ ʠ ʩʧʦʨʪ ʠʥʦʛʜʘ ʩʪʘʥʦʚʷʪʩʷ ʝʜʠʥʩʪʚʝʥ-

ʥʳʤʠ ʜʦʩʪʫʧʥʳʤʠ ʯʝʣʦʚʝʢʫ ʬʦʨʤʘʤʠ ʜʚʠʛʘʪʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʫʜʦʚʣʝʪʚʦʨʷʶʪʩʷ 

ʧʨʠʨʦʜʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʢ ʜʚʠʞʝʥʠʶ ʠ 

ʥʘʛʨʫʟʢʘʤ. ɼʦʩʪʘʪʦʯʥʦʝ ʠ ʧʨʘʚʠʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʥ-

ʥʳʡ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʬʠʟʠʯʝʩʢʦʤʫ ʚʦʩʧʠʪʘʥʠʶ 

ʩʪʘʥʦʚʠʪʩʷ ʜʝʡʩʪʚʝʥʥʳʤ ʩʨʝʜʩʪʚʘʤ ʩʦʭʨʘʥʝʥʠʷ ʠ 

ʫʢʨʝʧʣʝʥʠʷ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʪʫʜʝʥ-

ʪʦʚ ( ʨʠʩʫʥʦʢ 1 ). 



ζColloquium - journal Ȼ#12(36),2019 / PHYSICS AND MATHEMATICS 37 

 

 
ʌʠʟʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝ ʠ ʩʠʩʪʝʤʳ ʦʙʫʯʘʶʱʠʭʩʷ ʈʠʩʫʥʦʢ 1  

ʇʨʠʤʝʯʘʥʠʝ:  

1. ʋʢʨʝʧʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

2. ʋʣʫʯʰʘʝʪʩʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʘʷ ʩʠʩʪʝʤʘ 

3. ʋʣʫʯʰʘʝʪʩʷ ʨʘʙʦʪʘ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ. 

4. ʇʦʚʳʰʘʶʪʩʷ ʠʤʤʫʥʠʪʝʪ, ʠ ʫʣʫʯʰʘʝʪʩʷ ʩʦʩʪʘʚ ʢʨʦʚʠ. 

5. ʋʣʫʯʰʘʝʪʩʷ ʤʝʪʘʙʦʣʠʟʤ. 

6. ʄʝʥʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʢ ʞʠʟʥʠ. 

7. ʋʢʨʝʧʣʷʝʪʩʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ. 

 

ɿʘʥʷʪʠʷ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʦʡ ʧʨʠ ʟʘʙʦʣʝʚʘ-

ʥʠʷʭ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʥʘʨʫʰʝʥʥʳʭ ʬʫʥʢʮʠʡ ʛʦʣʦʚʥʦʛʦ ʠ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʠ ʷʚʣʷʶʪʩʷ ʣʝʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴ-

ʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ 

ʩʨʝʜʩʪʚ ʩʧʝʮʠʘʣʴʥʦʡ ʛʠʤʥʘʩʪʠʢʠ ʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ 

ʥʦʨʤʘʣʠʟʦʚʘʪʴ ʪʦʨʤʦʟʥʦ-ʚʦʟʙʫʜʠʪʝʣʴʥʦʝ ʦʪʥʦʰʝ-

ʥʠʝ ʢʦʨʢʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʜʠʥʘ-

ʤʠʯʝʩʢʦʝ ʠʭ ʨʘʚʥʦʚʝʩʠʷ. ʉʢʝʣʝʪʥʘʷ ʤʫʩʢʫʣʘʪʫʨʘ, 

ʷʚʣʷʷʩʴ ʤʦʱʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʚʝʛʝʪʘʪʠʚʥʳʭ ʬʫʥʢ-

ʮʠʡ, ʘʢʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʛʝʤʦʜʠʥʘʤʠʢʫ, ʧʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʝʞʝʜʥʝʚʥʦ ʚʳʧʦʣʥʷʪʴ ʢʦʤʧʣʝʢʩ 

ʫʧʨʘʞʥʝʥʠʡ ʜʣʷ ʩʪʦʣʴ ʚʘʞʥʦʡ ʩʠʩʪʝʤʳ ʥʘʰʝʛʦ ʦʨ-

ʛʘʥʠʟʤʘ (ʪʘʙʣ 1). 

ʂʦʤʧʣʝʢʩ ʩʧʝʮʠʘʣʴʥʳʭ ʫʧʨʘʞʥʝʥʠʡ 

 

ʊʘʙʣʠʮʘ 1 

ʋʧʨʘʞʥʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

1. ʍʦʜʴʙʘ ʧʦ ʢʨʫʛʫ ʥʘ ʥʦʩʢʘʭ, ʥʘ ʧʷʪʢʘʭ ʧʦʦʯʝʨʝʜʥʦ ʧʦ ʯʘʩʦʚʦʡ ʠ ʧʨʦʪʠʚ ʯʘʩʦ-
ʚʦʡ ʩʪʨʝʣʢʠ ʚ ʤʝʜʣʝʥʥʦʤ ʪʝʤʧʝ, ʟʘʪʝʤ ï ʩ ʫʩʢʦʨʝʥʠʝʤ. 

ɺʳʧʦʣʥʷʪʴ 1-2 ʤʠ-

ʥʫʪʳ. 

2. ʉʪʦʷ, ʨʫʢʠ ʚʜʦʣʴ ʪʫʣʦʚʠʱʘ 

ʈʘʩʩʣʘʙʠʪʴ ʚʩʝ ʤʳʰʮʳ. 

ɺʳʧʦʣʥʷʪʴ 3-5 ʤʠ-

ʥʫʪʳ. 

3. ʀʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʩʪʦʷ, ʧʦʧʝʨʝʤʝʥʥʦ ʧʦʜʥʠʤʘʪʴ ʨʫʢʠ ʚʚʝʨʭ (ʩʥʘʯʘʣʘ ʧʨʘ-
ʚʫʶ ʨʫʢʫ, ʟʘʪʝʤ ʣʝʚʫʶ) ʜʚʠʞʝʥʠʷ ʧʦʩʪʝʧʝʥʥʦ ʫʩʢʦʨʷʪʴ. 

ɺʳʧʦʣʥʠʪʴ ʦʪ 60 ʜʦ 

120 ʨʘʟ ʚ 1 ʤʠʥʫʪʫ. 

4. ʀʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʩʪʦʷ, ʥʦʛʠ ʥʘ ʰʠʨʠʥʝ ʧʣʝʯ, ʨʫʢʠ ʩʮʝʧʣʝʥʳ ʚ ʟʘʤʦʢ. 
ʇʦʜʥʷʪʴ ʨʫʢʠ ʥʘʜ ʛʦʣʦʚʦʡ ï ʚʜʦʭ, ʟʘʪʝʤ ʦʧʫʩʪʠʪʴ ʯʝʨʝʟ ʩʪʦʨʦʥʳ ʚʥʠʟ ï ʚʳʜʦʭ. 

ʇʦʚʪʦʨʠʪʴ 3-4 ʨʘʟʘ. 

5. ʀʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʩʪʦʷ, ʥʦʛʠ ʥʘ ʰʠʨʠʥʝ ʧʣʝʯ, ʨʫʢʠ ʚʳʪʷʥʫʪʳ ʧʝʨʝʜ ʛʨʫ-
ʜʴʶ. ʉʞʠʤʘʪʴ ʠ ʨʘʟʞʠʤʘʪʴ ʧʘʣʴʮʳ. 

ɺʳʧʦʣʥʷʪʴ 20-30 ʩʝ-

ʢʫʥʜ. 

6. ʀʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʩʪʦʷ, ʥʦʛʠ ʥʘ ʰʠʨʠʥʝ ʧʣʝʯ, ʨʫʢʠ ʩʮʝʧʣʝʥʳ ʚ ʟʘʤʦʢ. 
ʇʦʜʥʷʪʴ ʨʫʢʠ ʥʘʜ ʛʦʣʦʚʦʡ ï ʚʜʦʭ, ʟʘʪʝʤ ʨʫʢʠ ʨʝʟʢʦ ʦʧʫʩʪʠʪʴ ʚʥʠʟ ʤʝʞʜʫ ʥʦʛʘʤʠ 

ï ʚʳʜʦʭ. 

ʇʦʚʪʦʨʠʪʴ 3-4 ʨʘʟʘ. 

7. ʀʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʩʪʦʷ, ʥʦʛʠ ʚʤʝʩʪʝ, ʨʫʢʠ ʥʘ ʧʦʷʩʝ. ʉʜʝʣʘʪʴ ʧʨʠʩʝʜʘʥʠʝ 

ï ʚʳʜʦʭ, ʚʝʨʥʫʪʴʩʷ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ï ʚʜʦʭ. 

ʇʦʚʪʦʨʠʪʴ 4-5 ʨʘʟ. 

8. ʀʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʩʪʦʷ ʥʦʩʢʘʭ, ʦʧʫʩʪʠʪʴʩʷ ʥʘ ʧʷʪʢʠ ï ʚʳʜʦʭ, ʚʝʨʥʫʪʴʩʷ ʚ 

ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ï ʚʜʦʭ. 

ʇʦʚʪʦʨʠʪʴ 5-6 ʨʘʟ. 

 

ɺʳʧʦʣʥʷʪʴ ʧʦʜʦʙʨʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʫʧʨʘʞʥʝ-

ʥʠʡ ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʷʭ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʨʝʢʦʤʝʥʜʫ-

ʝʪʩʷ ʧʘʨʘʣʣʝʥʣʴʥʦ ʧʨʠ ʟʘʢʘʣʠʚʘʥʠʝ ʦʨʛʘʥʠʟʤʘ - ʢʘʢ 

ʩʧʝʮʠʘʣʴʥʦʡ ʪʨʝʥʠʨʦʚʢʠ ʪʝʨʤʦʨʝʛʫʣʷʨʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ: ʘʵʨʦʪʝʨʘʧʠʷ ï ʟʘʢʘʣʠʚʘʥʠʝ ʚʦʟʜʫʭʦʤ, ʛʝʣʠʦʪʝ-

ʨʘʧʠʷ ï ʟʘʢʘʣʠʚʘʥʠʝ ʩʦʣʥʮʝʤ, ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘ-

ʥʠʟʤ ʪʝʧʣʦʤ, ʭʦʞʜʝʥʠʝ ʙʦʩʠʢʦʤ, ʟʘʢʘʣʠʚʘʥʠʝ ʚʦ-

ʜʦʡ ï ʦʙʪʠʨʘʥʠʝ, ʦʙʣʠʚʘʥʠʝ, ʜʫʰ, ʣʝʯʝʙʥʦʝ ʢʫʧʘʥʠʝ 

ʠ ʤʦʨʞʝʚʘʥʠʝ. 
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ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ 

ʚʘʞʥʳʤ ʧʦʚʳʰʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʢʫʣʴʪʫʨʳ ʦʪʥʦ-

ʰʝʥʠʷ ʢ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʥʠʤʘʥʠʝ ʝʝ ʦʙ-

ʱʝʩʦʮʠʘʣʴʥʦʡ ʠ ʣʠʯʥʦʩʪʥʦʡ ʩʫʱʥʦʩʪʠ, ʦʚʣʘʜʝʥʠʝ 

ʟʥʘʥʠʷʤʠ ʦ ʟʘʢʦʥʘʭ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘ-

ʥʠʷ. ʆʩʦʙʝʥʥʦʩʪʴ ʥʳʥʝʰʥʝʛʦ ʧʝʨʠʦʜʘ ʨʘʟʚʠʪʠʷ ʬʠ-

ʟʠʯʝʩʢʦʡ ʠ ʩʧʦʨʪʠʚʥʦʡ ʢʫʣʴʪʫʨʳ, ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʩ-

ʧʠʪʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʝʩʩʠʚʥʳʭ, ʟʜʦʨʦ-

ʚʴʝ ʬʦʨʤʠʨʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʧʨʠʝʤ-

ʣʝʤʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘ-

ʥʠʷ ʩʪʫʜʝʥʪʦʚ.  

ʉʨʝʜʩʪʚʘ ʠ ʤʝʪʦʜʳ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʘ ʪʘʢ 

ʞʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʟʘʢʘʣʠʚʘʥʠʶ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʥʷʪʠʶ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ, ʥʝ ʧʦʟʚʦʣʷʶʱʝʤʫ ʦʙʫʯʘʶʱʝʤʫ çʫʡʪʠ ʚ ʙʦ-

ʣʝʟʥʴè, ʧʨʠ ʵʪʦʤ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʫ ʦʙʫʯʘʶʱʝʛʦʩʷ 

ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʩʚʦʠʭ ʩʠʣʘʭ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʠʩ-

ʭʦʜʝ ʟʘʙʦʣʝʚʘʥʠʷ.  
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Abstract 

This article discusses information security in Microsoft networks. Securing the Windows operating system, 

Microsoft offers using technology and the Active Directory policy group - a single directory. 
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ɺ ʥʘʰʝ ʚʨʝʤʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʩʝʪʷʭ ʧʨʠʦʙʨʝ-

ʪʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ. ʕʪʦ ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʩ ʫʯʘʩʪʠʚʰʠʤʠʩʷ ʩʣʫʯʘʷʤʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦ-

ʚʘʥʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʷʤ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ 

ʩʝʪʝʚʳʭ ʚʠʨʫʩʦʚ, ʠʟʤʝʥʝʥʠʝʤ ʠʣʠ ʚʦʨʦʚʩʪʚʦʤ ʠʥ-

ʬʦʨʤʘʮʠʠ [1]. 

ʆʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʙʠʙʣʠʦ-

ʪʝʢʝ ITIL, ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʨʦʮʝʩʩʳ ʀʊ-ʩʝʨʚʠʩʦʚ. 

ʂʦʛʜʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʙʦʡ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʩʣʝʜʩʪʚʠʷ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ ʀʊ-ʩʝʨʚʠʩʦʚ ʙʫʜʫʪ ʥʝʛʘʪʠʚʥʳʤʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʫʨʦʚʝʥʴ ʜʦʩʪʫʧʥʦʩʪʠ ʩʥʠʟʠʪʩʷ ʠʟ-ʟʘ ʧʣʦʭʦʛʦ 

ʠʣʠ ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ, ʩʣʫʞ-

ʙʘʤ, ʧʨʠʣʦʞʝʥʠʷʤ. ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʠʯʥʘʷ 

ʠʣʠ ʧʦʣʥʘʷ ʫʪʝʨʷ ʜʘʥʥʳʭ, ʠʟʤʝʥʝʥʠʝ ʜʘʥʥʳʭ, ʚʟʣʦʤ 

ʢʦʥʬʠʜʠʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʨʠʯʠʥʳ ʩʙʦʷ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ 

ʷʚʣʷʶʪʩʷ:  

- ʩʙʦʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʘʧʧʘʨʘʪ-

ʥʳʭ ʩʨʝʜʩʪʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ; 

- ʥʝʥʘʤʝʨʝʥʥʦʝ ʠʣʠ ʫʤʳʰʣʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʨʘʙʦʪʥʠʢʦʚ ʀʊ-ʩʣʫʞʙʳ; 

- ʧʝʨʝʙʦʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʠ ʘʧʧʘʨʘʪʥʦʤ ʦʙʝʩ-

ʧʝʯʝʥʠʠ ʀʉ; 

- ʚʟʣʦʤ ʠ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʪʦʨʦʥʥʠʭ 

ʣʠʮ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. 

 ʂʦʤʧʘʥʠʝʡ Microsoft ʨʘʟʨʘʙʦʪʘʥʘ ʧʦʣʠʪʠʢʘ 

Trustworthy Computing ʟʘʱʠʱʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʣʛʦ-

ʩʨʦʯʥʫʶ ʩʪʨʘʪʝʛʠʶ, ʥʘʮʝʣʝʥʥʫʶ ʥʘ ʧʨʝʜʦʩʪʘʚʣʝ-

ʥʠʝ ʙʝʟʦʧʘʩʥʦʡ, ʥʘʜʝʞʥʦʡ ʠ ʟʘʱʠʱʝʥʥʦʡ ʨʘʙʦʪʳ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʢʦʤʧʴʶʪʝʨʘʤʠ [2, 3].  
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ʉʠʩʪʝʤʘ ʟʘʱʠʱʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ 

ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʧʦʣʦʞʝʥʠʡ: 

- ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʨʛʘʥʠʟʫʶʱʘʷ ʚʳʩʦʢʦʟʘʱʠ-

ʱʝʥʥʳʝ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; 

- ʩʦʭʨʘʥʝʥʠʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʧʫʪʝʤ ʧʨʠ-

ʤʝʥʝʥʠʷ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥ-

ʮʠʘʣʴʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʥʘʜʝʞʥʦʩʪʴ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʀʊ; 

- ʝʜʠʥʩʪʚʦ ʜʝʣʦʚʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʜʦʚʝʨʠʪʝʣʴ-

ʥʳʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʢʣʠʝʥʪʘʤʠ, ʧʘʨʪʥʝʨʘʤʠ.  

ʕʪʠ ʧʦʣʦʞʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʧʨʦʜʫʢʪʘʭ 

Microsoft. ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʝʨʘʮʠʦʥ-

ʥʦʡ ʩʠʩʪʝʤʳ Windows, ʢʦʤʧʘʥʠʷ Microsoft, ʧʨʝʜʣʘ-

ʛʘʝʪ ʧʨʠ ʧʦʤʦʱʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʛʨʫʧʧʦʡ ʧʦʣʠʪʠʢʠ 

Active Directory - ʝʜʠʥʦʛʦ ʢʘʪʘʣʦʛʘ. ɼʘʥʥʘʷ ʛʨʫʧʧʦ-

ʚʘʷ ʧʦʣʠʪʠʢʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴʶ ʢʦʤʧʣʝʢʩʥʦ ʜʣʷ ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʠʣʠ ʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʠ ʩʝʨ-

ʚʝʨʦʚ.  

ʂʦʤʧʘʥʠʝʡ Microsoft, ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʨʷʜ ʪʝʭʥʦʣʦʛʡ: 

- Active Directory ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʣʦʩʪ-

ʥʳʡ ʢʘʪʘʣʦʛ, ʢʦʪʦʨʳʡ ʩʦʢʨʘʱʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʦ-

ʣʝʡ ʧʨʠ ʚʚʦʜʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ; 

- ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʚ ʜʚʘ ʵʪʘʧʘ ʥʘ ʧʨʠʥʮʠʧʝ ʦʪ-

ʢʨʳʪʳʭ ʠ ʟʘʢʨʳʪʳʭ ʢʣʶʯʝʡ ʠ ʩʤʘʨʪ-ʢʘʨʪ; 

- ʟʘʰʠʬʨʦʚʘʥʥʳʝ ʪʨʘʬʠʢʠ ʥʘ ʦʩʥʦʚʝ ʚʩʪʨʦʝʥ-

ʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ IPSec - ʵʪʦ 

ʢʦʤʧʣʝʢʩ ʧʨʦʪʦʢʦʣʦʚ ʰʠʬʨʦʚʘʥʠʷ, ʘʫʪʝʥʪʠʬʠʢʘ-

ʮʠʠ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʟʘʱʠʪʳ IP-ʧʘʢʝʪʦʚ ʧʨʠ ʜʦ-

ʩʪʘʚʢʝ ʧʦ ʩʝʪʠ; 

- ʩʦʟʜʘʥʠʝ ʙʝʟʦʧʘʩʥʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʥʘ 

ʙʘʟʝ IEEE 802.1x; 

- ʟʘʰʠʬʨʦʚʢʘ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʱʠʪʳ ʦʪ ʦʧʘʩʥʦʛʦ ʢʦʜʘ; 

- ʧʦʩʪʨʦʝʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʜʦʩʪʫʧʘ ʫʜʘʣʝʥʥʳʭ ʠ 

ʦʥʣʘʡʥ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

- ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʙʘʟʝ ʢʣʘʩʪʝʨʥʦʡ ʩʠ-

ʩʪʝʤʳ, ʢʦʧʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ; 

- ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʩ ʩʠʩʪʝʤʥʳʭ ʞʫʨʥʘʣʦʚ ʦ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʀʥʬʦʨʤʘʮʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʧʨʠʷʪʠʷ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʠʥʪʨʘʩʝʪʠ, ʵʢʩʪʨʘʩʝʪʠ, ʩʘʡʪʳ ʚ ʠʥ-

ʪʝʨʥʝʪʝ. ʕʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʥʝʟʘʱʠ-

ʱʝʥʥʳʤʠ ʜʣʷ ʚʟʣʦʤʘ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ [4]. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʦʪ-

ʢʨʳʪʳʭ ʢʣʶʯʝʡ Public key infrastructure (PKI) ï ʢʦʤ-

ʧʣʝʢʩ ʮʠʬʨʦʚʳʭ ʩʝʨʪʠʬʠʢʘʪʦʚ, ʮʝʥʪʨʦʚ ʩʝʨʪʠʬʠʢʘ-

ʮʠʠ, ʨʝʛʠʩʪʨʘʮʠʠ, ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʦ-

ʚʝʨʢʘ ʧʦʜʣʠʥʥʦʩʪʠ ʜʚʫʭ ʩʪʦʨʦʥ, ʢʦʪʦʨʳʝ 

ʫʯʘʩʪʚʫʶʪ ʚ ʪʨʘʥʟʘʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʬ-

ʨʦʚʢʠ ʦʪʢʨʳʪʦʛʦ ʢʣʶʯʘ.  

ɺ Windows ʚ ʮʝʥʪʨʝ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʨʠʤʝʥʷ-

ʶʪʩʷ ʵʣʝʢʪʨʦʥʥʳʝ ʮʠʬʨʦʚʳʝ ʧʦʜʧʠʩʠ. ɹʣʘʛʦʜʘʨʷ 

ʩʨʝʜʩʪʚʘʤ ʢʦʥʪʨʦʣʷ ʩʝʨʪʠʬʠʢʘʪʘʤʠ ʩʣʫʞʙʝ ʩʝʨʪʠ-

ʬʠʢʘʮʠʠ CertificationServices ʧʨʝʜʧʨʠʷʪʠʝ ʤʦʞʝʪ 

ʧʦʩʪʨʦʠʪʴ ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʦʪʢʨʳʪʳʭ 

ʢʣʶʯʝʡ. 

ɼʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʧʨʠʤʝʥʝʥʠʝ ʦʪʢʨʳʪʳʭ ʢʣʶʯʝʡ ʜʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʦ-

ʣʦʞʠʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ: 

- ʤʘʢʩʠʤʘʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʟʣʦʤʫ ʥʘ ʙʘʟʝ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʟʘʱʠʪʳ, ʧʨʠ-

ʤʝʥʝʥʠʝ ʧʨʦʪʦʢʦʣʘ IPSec ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʝʜʠʥʩʪʚʘ 

ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʦʪ ʚʟʣʦʤʘ ʠ ʠʟʤʝʥʝʥʠʷ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʧʦ ʦʙʱʝʩʪʚʝʥʥʳʤ ʩʝʪʷʤ, ʘ ʪʘʢʞʝ 

ʧʨʠʤʝʥʝʥʠʝ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʬʘʡʣʦʚ ʭʨʘʥʷʱʠʭʩʷ 

ʥʘ ʩʝʨʚʝʨʝ ʜʣʷ ʢʦʥʬʠʜʠʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ; 

- ʫʧʨʦʱʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʩʝʨ-

ʪʠʬʠʢʘʪʦʚ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʧʘʨʦʣʝʡ, ʫʚʝʣʠʯʠʪʴ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʦʪ-

ʥʦʰʝʥʠʷʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ; 

- ʙʝʟʦʧʘʩʥʫʶ ʧʝʨʝʜʘʯʫ ʬʘʡʣʦʚ ʠ ʜʘʥʥʳʭ 

ʤʝʞʜʫ ʨʘʙʦʪʥʠʢʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʦʙʱʝʜʦʩʪʫʧ-

ʥʳʤ ʩʝʪʷʤ, ʙʝʟʦʧʘʩʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʯʪʫ ʠ ʟʘʱʠ-

ʱʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦ Web; 

- ʧʨʠʤʝʥʝʥʠʝ ʩʝʨʪʠʬʠʢʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʩʦʙʦʡ ʮʠʬʨʦʚʦʡ ʜʦʢʫʤʝʥʪ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʡ ʮʝʥ-

ʪʨʦʤ ʩʝʨʪʠʬʠʢʘʮʠʠ ʠ ʫʜʦʩʪʦʚʝʨʷʶʱʠʡ ʧʦʣʴʟʦʚʘ-

ʪʝʣʷ ʵʪʦʛʦ ʩʝʨʪʠʬʠʢʘʪʘ. ʉʫʪʴ ʩʝʨʪʠʬʠʢʘʪʘ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʩʦʝʜʠʥʝʥʠʠ ʦʪʢʨʳʪʦʛʦ ʢʣʶʯʘ ʩ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʦʥʥʳʤ ʣʠʮʦʤ, ʩʣʫʞʙʳ ʠʣʠ ʢʦʤʧʴʶʪʝʨʘ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʧʦʜʭʦʜʷʱʠʡ ʟʘʢʨʳʪʳʡ ʢʣʶʯ; 

- ʩʣʫʞʙʳ ʩʝʨʪʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦ-

ʟʜʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʮʝʥʪʨʘʤʠ ʩʝʨʪʠʬʠʢʘʮʠʠ. ʊʘʢ, 

ʢʦʨʧʦʨʘʪʠʚʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ 

ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʮʝʥʪʨʦʚ ʩʝʨʪʠʬʠʢʘʮʠʠ, 

ʫʧʨʘʚʣʷʶʱʠʭʩʷ ʧʨʠ ʧʦʤʦʱʠ ʎʝʥʪʨʘ ʩʝʨʪʠʬʠʢʘʮʠʠ 

ʢʦʥʩʦʣʠ MMC; 

- ʩʝʨʪʠʬʠʢʘʪʳ ʠʤʝʶʪ ʰʘʙʣʦʥʳ, ʪ.ʝ ʧʨʘʚʠʣʘ ʠ 

ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢ ʟʘʧʨʦʩʘʤ, ʚʭʦ-

ʜʷʱʠʤ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʪʠʧ ʩʝʨʪʠʬʠʢʘʪʦʚ; 

- ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʧʦʣʥʝʥʠʝ ʟʘʧʨʦʩʘ ʟʘʷʚʦʢ 

ʥʘ ʩʝʨʪʠʬʠʢʘʪʳ, ʯʪʦ ʜʘʝʪ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʠʟʤʝʥʷʪʴ 

ʩʫʙʲʝʢʪʳ ʩʝʨʪʠʬʠʢʘʪʦʚ ʜʣʷ ʟʘʧʨʦʩʘ ʩʝʨʪʠʬʠʢʘʪʦʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʧʦʣʫʯʘʪʴ ʟʘʧʨʦʰʝʥʥʳʝ ʩʝʨʪʠʬʠ-

ʢʘʪʳ ʠ ʘʢʪʠʚʘʮʠʶ ʩʝʨʪʠʬʠʢʘʪʦʚ ʧʨʦʩʨʦʯʝʥʥʳʭ ʙʝʟ 

ʜʝʡʩʪʚʠʷ ʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ; 

- ʜʘʯʘ ʟʘʷʚʦʢ ʥʘ ʩʝʨʪʠʬʠʢʘʪʳ Web-ʩʪʨʘʥʠʮʳ 

ʧʦʜʘʯʠ ʟʘʷʚʦʢ ʥʘ ʩʝʨʪʠʬʠʢʘʪʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʧʦʜʘʚʘʪʴ ʟʘʷʚʢʠ ʥʘ ʩʝʨʪʠʬʠʢʘʪʳ ʯʝʨʝʟ Web-ʙʨʘʫ-

ʟʝʨ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʘʨʪ-ʢʘʨʪ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦ-

ʨʳʭ ʚʦʟʤʦʞʝʥ ʚʭʦʜ ʚ ʩʠʩʪʝʤʫ ʧʨʠ ʧʦʤʦʱʠ ʩʝʨʪʠ-

ʬʠʢʘʪʦʚ ʥʘ ʩʤʘʨʪ-ʢʘʨʪʘʭ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʥʦʩʪʴ ʥʘ 

ʥʠʭ ʟʘʢʨʳʪʳʭ ʢʣʶʯʝʡ. ʉʤʘʨʪ-ʢʘʨʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʙʝʟʦʧʘʩʥʫʶ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʚʭʦʜ ʚ 

ʜʦʤʝʥ ʧʦʜ ʢʦʥʪʨʦʣʝʤ Windows Server, ʧʨʦʧʠʩʘʥʠʝ 

ʮʠʬʨʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘ-

ʱʠʱʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʰʠʬʨʦʚʘʥʠʷ ʦʪʢʨʳʪʳʭ ʢʣʶʯʝʡ.  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʭʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤ-

ʧʘʥʠʷ Microsoft ʧʦʩʪʦʷʥʥʦ ʩʦʙʠʨʘʝʪ ʩʚʝʜʝʥʠʷ ʦ ʩʠ-

ʩʪʝʤʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠ-

ʷʪʠʷ ʠ ʜʘʝʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʝʸ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘ-

ʥʠʶ. 



40 PHYSICS AND MATHEMATICS / ζColloquium - journal Ȼ#12(36),2019 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ. ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʦʙʝʩ-
ʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ 

ʨʝʩʫʨʩʘʤ. - ʄʦʩʢʚʘ: ʅʘʫʢʘ, 2015. - 552 c. 

2. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʪʢʨʳʪʳʭ 

ʩʠʩʪʝʤ. ɺ 2 ʪʦʤʘʭ. ʊʦʤ 1. ʋʛʨʦʟʳ, ʫʷʟʚʠʤʦʩʪʠ, 

ʘʪʘʢʠ ʠ ʧʦʜʭʦʜʳ ʢ ʟʘʱʠʪʝ / ʉ.ɺ. ɿʘʧʝʯʥʠʢʦʚ ʠ ʜʨ. - 

ʄʦʩʢʚʘ: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 2016. - 536 c.  

3. ʄʝʣʴʥʠʢʦʚ, ɺ. ʇ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟ-
ʦʧʘʩʥʦʩʪʴ ʠ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ / ɺ.ʇ. ʄʝʣʴʥʠʢʦʚ, 

ʉ.ɸ. ʂʣʝʡʤʝʥʦʚ, ɸ.ʄ. ʇʝʪʨʘʢʦʚ. - ʄʦʩʢʚʘ: ʄʠʨ, 

2013. - 336 c.  

4. ʐʘʥʴʛʠʥ, ɺ. ʌ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩ-
ʥʦʩʪʴ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ ʠ ʩʝʪʝʡ / ɺ.ʌ. ʐʘʥʴ-

ʛʠʥ. - ʄ.: ʌʦʨʫʤ, ʀʥʬʨʘ-ʄ, 2017. - 416 c. 

 

ʋɼʂ 004.89 

ɺʘʩʠʣʴʝʚʘ ʂ.ʅ., 

ʍʫʩʘʠʥʦʚʘ ɻ.ʗ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

 

ʇʈʀʄɽʅɽʅʀɽ ʅɽʁʈʆʉɽʊɽɺʓʍ ɸʃɻʆʈʀʊʄʆɺ ɺ ʕʂʆʃʆɻʀʀ 

 

Vasileva K.N., 

Khusainova G.J. 

Baskir State University, Russia 
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ɸʥʥʦʪʘʮʠʷ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʵʢʦʣʦʛʠʠ. ʇʦʢʘʟʘʥʦ ʧʨʝʠʤʫ-

ʱʝʩʪʚʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ, ʧʨʘʚʠʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. 

Abstract. 

This article discusses neural networks and their application in ecology. The advantage of using neural net-

works for an operational, correct management decision is shown. 
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ɺ ʥʘʰʝ ʚʨʝʤʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʧʠʩʠ ʠ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʩʠʩʪʝʤʘʭ ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʣʷ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʚ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʤʘʩʩʠʚʘʭ ʜʣʷ ʧʦʠʩʢʘ ʚʟʘʠʤʦʩʚʷʟʝʡ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ [1-3]. 

ɺʥʝʜʨʝʥʠʝ ʚ ʧʨʦʛʨʘʤʤʥʫʶ ʩʠʩʪʝʤʫ ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʜʧʨʦʛʨʘʤʤ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦ-

ʩʪʦʷʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚʳʟʚʘʥʥʦʡ ʤʥʦʛʦʤʝʨ-

ʥʦʩʪʴʶ ʠ ʤʥʦʛʦʩʚʷʟʥʦʩʪʴʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ɿʘʯʘʩʪʫʶ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʢʣʘʩʩʠʬʠʮʠʨʫ-

ʶʪʩʷ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʦʧʝʨʘʪʦʨʘ ʢ ʟʘʪʨʫʜʥʝʥʠʶ ʦʮʝʥʢʠ ʠ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. ɼʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʦʧʝʨʘʪʠʚʥʦ, ʧʨʘʚʠʣʴʥʦ ʠ ʪʦʯʥʦ ʧʨʠʥʠʤʘʪʴ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʙʣʘʛʦ-

ʜʘʨʷ ʢʦʪʦʨʳʤ ʧʦʚʳʰʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʯʝʪʢʦʡ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ɺ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʦʜʥʠʤ ʠʟ 

ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʟʘʜʘʯʘʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. ʇʨʠ ʧʦ-

ʤʦʱʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʤʦʞʥʦ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʪʦʯʥʦʩʪʠ, ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ ʬʦʨʤʘʣʠʟʫʝʤʳʝ ʟʘʜʘʯʠ, 

ʚ ʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʥʝʧʦʣʥʳʝ, 

ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ, ʥʝʢʦʨʨʝʢʪʥʳʝ ʜʘʥʥʳʝ. ʇʨʠʥʮʠʧ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʠ ʧʦʤʦʱʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ [4]: 

- ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʚ ʧʨʠʛʦʜʥʦʡ ʬʦʨʤʝ ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ; 

-ʧʦʜʙʦʨ ʤʦʜʝʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ (ʀʅʉ); 

- ʧʦʜʛʦʪʦʚʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʀʅʉ; 

- ʦʙʫʯʝʥʠʝ ʀʅʉ; 

- ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʠ ʧʦ-

ʤʦʱʠ ʦʙʫʯʝʥʥʦʡ ʀʅʉ 

ʇʨʦʝʢʪʠʨʫʷ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʵʪʘʧʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠ ʦʙʫʯʝ-

ʥʠʷ, ʵʬʬʝʢʪʠʚʥʝʝ ʧʨʦʚʦʜʠʪʴ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦ-

ʛʨʘʤʤʘʭ ï ʥʝʡʨʦʠʤʠʪʘʪʦʨʘʭ. ʇʨʠ ʩʪʘʥʜʘʨʪʥʳʭ 

ʬʫʥʢʮʠʷʭ ʧʦʩʪʨʦʝʥʠʷ ʠ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, 

ʧʨʦʮʝʩʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʥʝʡʨʦʠʤʠʪʘʪʦʨʦʚ, ʨʝʘʣʠʟʘʮʠʷ ʘʨʭʠʪʝʢʪʫʨ ʠ ʤʝ-

ʪʦʜʦʚ ʦʙʫʯʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʠ-

ʢʣʘʜʥʳʭ ʟʘʜʘʯ ʣʫʯʰʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʷʚʣʷʝʶʪʩʷ - 

ʥʝʡʨʦʠʤʠʪʘʪʦʨʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʥʝ-

ʢʦʪʦʨʳʝ ʠʟ ʥʠʭ: NeuroShell, NeuroPro, 

NeuroSolution, Deductor, ʧʘʢʝʪ çneural network 

toolboxè. ʄʥʦʛʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʘʢʝʪʳ, ʢʨʦʤʝ 

ʩʨʝʜʩʪʚ ʧʦʩʪʨʦʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʚʢʣʶʯʘʶʪ 

ʤʝʪʦʜʳ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʜʘʶʪ 

ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʠʟ ʤʥʦʛʠʭ ʧʨʦʛʨʘʤʤ, 

ʥʘʢʘʧʣʠʚʘʶʱʠʭ ʠʥʬʦʨʤʘʮʠʶ. 
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ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʤʦʞʝʪ ʙʳʪʴ ʚʩʪʨʦʝʥʘ ʚ ʧʨʠ-

ʢʣʘʜʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʦʥʘ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥʘ ʠ ʦʙʫʯʝʥʘ. ʈʝʘʛʠʨʦʚʘʥʠʝ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʫʤʥʦʞʝʥʠʝ ʚʝʢʪʦʨʘ 

ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʤʘʪʨʠʮʫ ʚʝʩʦʚ ʩʚʷʟʝʡ ʚʭʦʜʦʚ 

ʩ ʚʳʭʦʜʘʤʠ, ʘ ʵʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʩʪʫʶ ʟʘʜʘʯʫ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ. 

ɼʦʧʦʣʥʷʶʱʠʤ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʤʠʥʠ-

ʤʠʟʘʮʠʷ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝ-

ʜʝʣʠʪʴ ʠʟʙʳʪʦʯʥʦʩʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥ-

ʥʦʛʦ ʢʦʤʧʣʝʢʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺʘʞʥʦʩʪʴ ʦʪʜʝʣʴ-

ʥʳʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʚʦʣʴʥʦ ʥʠʟʢʦʡ ʜʣʷ ʠʭ ʠʟʲʷʪʠʷ ʠʟ ʥʘʙʦʨʘ 

ʚʭʦʜʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠʤʝʝʪ ʟʥʘʯʠʤʦʩʪʴ 

ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷ-

ʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʩʦ-

ʛʣʘʩʥʦ ʠʭ ʟʥʘʯʠʤʦʩʪʠ, ʪʘʢʞʝ ʠ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʡʨʦʩʝʪʝʡ. ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩ ʙʦʣʴ-

ʰʠʤ ʯʠʩʣʦʤ ʚʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʢʣʶʯʘʝʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʉʥʠʞʝʥʠʝ ʢʦ-

ʣʠʯʝʩʪʚʘ ʚʭʦʜʦʚ ʩʝʪʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʩʣʦʞʥʦʩʪʠ ʩʝʪʠ [5]. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʟʘʯʘʩʪʫʶ ʜʣʷ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʢʦ-

ʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʦʞʥʳʝ ʠ 

ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʠʟʤʝʨʝʥʠʷ ʩ ʩʫʱʝʩʪʚʝʥʥʦʡ ʟʘʪʨʘʪʦʡ 

ʚʨʝʤʝʥʠ, ʘ ʵʪʦ ʤʦʞʝʪ ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʦʧʝʨʘʪʠʚʥʦʩʪʴ 

ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʢ ʪʦʤʫ ʞʝ ʪʨʝʙʫʶʪ 

ʚʨʝʤʝʥʠ, ʯʪʦ ʤʦʞʝʪ ʩʢʘʟʘʪʴʩʷ ʥʘ ʦʧʝʨʘʪʠʚʥʦʩʪʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʄʠʥʠʤʠʟʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʨʘʥʠʪʴ ʠʟʤʝʨʝʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʠʣʠ ʧʦʧʳʪʘʪʴʩʷ ʜʘʪʴ ʦʮʝʥʢʫ ʩʠʪʫʘʮʠʠ 

ʥʝ ʜʦʞʠʜʘʷʩʴ ʠʭ ʧʦʣʫʯʝʥʠʷ. 

ʅʦ, ʩʣʝʜʫʝʪ ʘʢʢʫʨʘʪʥʦ ʦʪʥʦʩʠʪʴʩʷ ʢ ʤʠʥʠʤʠʟʘ-

ʮʠʠ ʧʘʨʘʤʝʪʨʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʢʘʞʜʳʡ ʧʘ-

ʨʘʤʝʪʨ ʠʛʨʘʝʪ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʜʣʷ ʦʮʝʥʢʠ ʩʠ-

ʪʫʘʮʠʠ. ʊʘʢʞʝ ʥʝʢʦʪʦʨʘʷ ʠʟʙʳʪʦʯʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ 

ʟʥʘʯʠʤʘ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝ-

ʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʊʘʢ, ʝʩʣʠ ʩʝʪʴ ʦʙʫʯʝʥʘ ʧʨʠ ʤʠ-

ʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʝʡ ʧʦʧʘʜʘʝʪʩʷ 

ʧʨʠʤʝʨ, ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʜʦʫʯʠʚʘʥʠʠ, ʢʦʪʦʨʳʡ ʥʝ 

ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʧʨʝʜʳʜʫʱʠʡ ʦʧʳʪ, ʪʦ ʩʫʱʝʩʪʚʫʶ-

ʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʠʥʘʧʩʦʚ, ʚʦʟʤʦʞʥʦ, ʥʝ ʭʚʘʪʠʪ ʜʣʷ 

ʧʦʣʥʦʛʦ ʜʦʫʯʠʚʘʥʠʷ.  

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ ʜʣʷ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚ-

ʣʷʝʪʩʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦʩʪʘʪʦʢʘ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʯʠʩʣʘ ʜʘʥʥʳʭ, ʧʦʣʥʦʩʪʴʶ ʦʭʚʘʪʳʚʘʶʱʠʭ ʧʨʝʜʤʝʪ-

ʥʫʶ ʦʙʣʘʩʪʴ [4]. ɺ ʯʘʩʪʥʦʩʪʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʩʚʝʜʝ-

ʥʠʡ ʦʙ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʧʨʠ ʵʪʦʤ, ʝʩʣʠ ʩʪʝ-

ʧʝʥʴ ʫʛʨʦʟʳ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ ʚʳ-

ʩʦʢʘ. 

ʕʪʫ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʧʨʝʦʜʦʣʝʪʴ ʧʨʠ ʧʦʤʦʱʠ 

ʠʟʚʣʝʯʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʜʘʥʥʳʭ ʧʫʪʝʤ ʦʮʝʥʢʠ 

ʩʠʪʫʘʮʠʠ ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʡ ʩʧʝʮʠʘʣʠʩʪʘʤʠ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʳʪʝ ʠ ʠʥʪʫʠʮʠʠ ʚʳʩʦʢʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʵʢʩʧʝʨʪʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʶ-

ʱʠʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʦʟʤʦʞʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʦʯʝʥʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʟʘʜʘʯʘʭ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦ-

ʨʠʥʛʘ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʩʣʦʞʥʳʭ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʥʝʦʙʭʦ-

ʜʠʤʦʛʦ ʯʠʩʣʘ ʧʨʘʚʠʣ ʚʳʚʦʜʘ ʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʨʫ-

ʜʦʟʘʪʨʘʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ. ʆʩʥʦ-

ʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʘʚʠʣ 

ʥʝʡʨʦʥʥʳʤ ʩʝʪʷʤ ʥʝʦʙʭʦʜʠʤ ʣʠʰʴ ʥʘʙʦʨ ʵʤʧʠʨʠ-

ʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʦʢʘʟʳʚʘʶʱʠʡ ʟʘʚʠ-

ʩʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʥʘʡʪʠ. 

ʈʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʧʦʣʫʯʝʥʠʷ ʥʝʜʦʩʪʘʶʱʝʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʠ ʜʨʫʛʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʧʦʤʦʱʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʥʳʭ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʚʥʝ-

ʟʘʧʥʦ ʚʦʟʥʠʢʥʫʚʰʠʝ ʥʘ ʦʙʲʝʢʪʝ ʤʦʥʠʪʦʨʠʥʛʘ. ɺ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ ʠʟʚʝʩʪʝʥ 

ʚʦʟʤʦʞʥʳʡ ʫʨʦʚʝʥʴ ʚʳʙʨʦʩʦʚ, ʨʘʩʯʝʪ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚʳʚʦʜʠʪʩʷ 

ʥʘ ʦʩʥʦʚʝ [1]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝ-

ʪʝʡ ʩʯʠʪʘʝʪʩʷ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ 

ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦ-

ʨʠʥʛʘ, ʥʘ ʩʪʘʜʠʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʠ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʤʦʛʫʪ ʧʦʚʳʩʠʪʴ 

ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠ-

ʥʷʪʠʝ ʨʝʰʝʥʠʡ. 
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ɸʥʥʦʪʘʮʠʷ  
ʅʦʨʤʘʣʴʥʘʷ ʢʠʰʝʯʥʘʷ ʤʠʢʨʦʬʣʦʨʘ, ʦʩʥʦʚʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʙʠʬʠʜʦ- ʠ ʣʘʢ-

ʪʦʙʘʢʪʝʨʠʠ, ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʟʜʦʨʦʚʴʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ: ʚʳʜʝʣʷʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʢʠʩʣʦʪʳ ʠ ʘʥʪʠʙʠʦʪʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʨʘʟʤʥʦʞʝʥʠʶ ʧʘʪʦʛʝʥʥʳʭ ʠ ʛʥʠʣʦʩʪ-

ʥʳʭ ʙʘʢʪʝʨʠʡ; ʧʨʠʥʠʤʘʶʪ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʧʠʱʝʚʘʨʝʥʠʷ; ʘʢʪʠʚʠʟʠʨʫʶʪ ʢʠʰʝʯʥʫʶ ʧʝʨʠ-

ʩʪʘʣʴʪʠʢʫ; ʩʥʠʞʘʶʪ ʘʣʣʝʨʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʵʥʪʝʨʠʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʜʣʷ ʜʝʪʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ; ʚʩʣʝʜ-

ʩʪʚʠʝ ʪʦʨʤʦʞʝʥʠʷ ʧʨʦʮʝʩʩʘ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ, ʧʠʱʝʚʦʛʦ ʛʠʩʪʠʜʠʥʘ; ʩʠʥʪʝʟʠʨʫʶʪ ʚʠʪʘʤʠʥʳ ɺ1, ɺ2, 

ɺ6, ɺ12, ʈʈ, ʂ, ʉ, ʅ, ʬʦʣʠʝʚʫʶ ʢʠʩʣʦʪʫ [2, 3]. 

ʅʘʨʫʰʝʥʠʝ ʥʦʨʤʘʣʴʥʦʡ ʢʠʰʝʯʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ï ʜʠʩʙʘʢʪʝʨʠʦʟ ï ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʨʷʜʘ ʙʦʣʝʟʥʝʡ. ɺ 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʢʠʰʝʯʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʙʦʣʴʰʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʧʨʦʙʠʦʪʠʯʝʩʢʠʤ ʧʨʦʜʫʢʪʘʤ, ʩʦʜʝʨʞʘʱʠʤ 

ʤʠʢʨʦʙʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʨʦʜʘ Bifidobacterium ʠ Lactobacillus [2, 4]. ʇʨʦʙʠʦʪʠʯʝʩʢʠʝ ʧʨʦ-

ʜʫʢʪʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʩ ʮʝʣʴʶ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʠʥʬʝʢʮʠʦʥʥʳʭ ʥʘʨʫʰʝ-

ʥʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʜʠʩʙʘʢʪʝʨʠʦʟʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʨʠʤʝʥʝʥʠʠ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ [3]. 

Abstract 

Normal intestinal microflora, the main representatives of which are bifidobacteria and lactobacilli, plays an 

important role in maintaining the health of the human body: secrete organic acids and antibiotic substances that 

inhibit the reproduction of pathogenic and putrefactive bacteria; take an active part in the processes of digestion; 

activate intestinal peristalsis; reduce the allergic potential of the enteric nutrition for the child's body; due to 

inhibition of the process of decarboxylation, food histidine; synthesize vitamins B1, B2, B6, B12, PP, K, C, H, folic 

acid [2, 3]. 

Disruption of the normal intestinal microflora - dysbacteriosis - is the cause of a number of diseases. In the 

normalization of intestinal microflora, a large role is played by probiotic products containing microbial associa-

tions of microorganisms of the genus Bifidobacterium and Lactobacillus [2, 4]. Probiotic products should be used 

to prevent and treat functional and infectious disorders of the gastrointestinal tract, dysbacteriosis, as well as with 

long-term use of antibacterial drugs [3]. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʬʠʜʦʙʘʢʪʝʨʠʠ, ʘʮʠʜʦʬʠʣʴʥʳʡ ʥʘʧʠʪʦʢ ʢʝʬʠʨ, ʙʠʦʡʦʛʫʨʪ, ʩʝʧʘʨʠʨʦʚʘʥʠʝ. 

Key words: bifidobacteria, kefir acidophilus drink, bio-yogurt, separation. 

 

ʂʠʩʣʦʤʦʣʦʯʥʳʝ ʥʘʧʠʪʢʠ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦ-

ʛʠʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʚʠʜʦʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʩ ʧʨʦʙʠʦʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʚʚʝʜʝʥʠʝ ʚ ʥʠʭ ʧʦʣʝʟʥʳʭ 

ʠʥʛʨʝʜʠʝʥʪʦʚ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʩʣʦʞʥʦʩʪʠ.  

ɼʠʝʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʠʩʣʦʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢ-

ʪʦʚ ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʤ, ʯʪʦ ʦʥʠ ʫʣʫʯʰʘʶʪ ʦʙʤʝʥ ʚʝ-

ʱʝʩʪʚ, ʩʪʠʤʫʣʠʨʫʶʪ ʚʳʜʝʣʝʥʠʝ ʞʝʣʫʜʦʯʥʦʛʦ ʩʦʢʘ 

ʠ ʚʦʟʙʫʞʜʘʶʪ ʘʧʧʝʪʠʪ. ʅʘʣʠʯʠʝ ʚ ʠʭ ʩʦʩʪʘʚʝ ʤʠʢ-

ʨʦʦʨʛʘʥʠʟʤʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʨʠʞʠʚʘʪʴʩʷ ʚ ʢʠʰʝʯ-

ʥʠʢʝ ʠ ʧʦʜʘʚʣʷʪʴ ʛʥʠʣʦʩʪʥʫʶ ʤʠʢʨʦʬʣʦʨʫ, ʧʨʠʚʦ-

ʜʠʪ ʢ ʪʦʨʤʦʞʝʥʠʶ ʛʥʠʣʦʩʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʝʢʨʘ-

ʱʝʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʷʜʦʚʠʪʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ 

ʙʝʣʢʘ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʢʨʦʚʴ ʯʝʣʦʚʝʢʘ [3]. 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʠʩʣʦʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʥʘ ʦʩʥʦʚʝ ʤʦʣʦʢʘ, ʦʙʣʘʜʘʶʱʠʭ ʧʨʦʙʠʦʪʠʯʝʩʢʠʤʠ 
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ʵʬʬʝʢʪʘʤʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʰʪʘʤʤʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʨʦʜʘʤ Lactobacillus, 

Bifidobacterium ʠ Enterococcus, ʩ ʜʦʢʘʟʘʥʥʳʤʠ ʞʝ-

ʣʘʪʝʣʴʥʳʤʠ ʢʣʠʥʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ. ʕʪʠ ʧʨʦ-

ʙʠʦʪʠʯʝʩʢʠʝ ʢʫʣʴʪʫʨʳ ʦʪʜʝʣʴʥʦ ʠʣʠ ʚ ʢʦʤʧʣʝʢʩʝ 

ʚʚʦʜʷʪ ʚ ʡʦʛʫʨʪʳ, ʤʦʣʦʯʥʳʝ ʟʘʚʪʨʘʢʠ ʙʳʩʪʨʦʛʦ ʠʟ-

ʛʦʪʦʚʣʝʥʠʷ, ʨʘʟʣʠʯʥʳʝ ʥʘʧʠʪʢʠ, ʟʘʤʦʨʦʞʝʥʥʳʝ ʜʝ-

ʩʝʨʪʳ, ʩʳʨʳ ʠ ʥʝʬʝʨʤʝʥʪʠʨʦʚʘʥʥʦʝ ʧʦʜʩʣʘʱʸʥʥʦʝ 

ʤʦʣʦʢʦ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʤʠʨʘ, ʟʘ-

ʥʷʪʳʝ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʡʦʛʫʨʪʦʚ, ʫʩʠ-

ʣʝʥʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʩʧʦʩʦʙʳ ʠʭ ʦʙʦʛʘʱʝʥʠʷ ʙʠ-

ʬʠʜʦʙʘʢʪʝʨʠʷʤʠ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝʜʫʶʱʝʝ ʭʨʘ-

ʥʝʥʠʝ ʡʦʛʫʨʪʦʚ, ʦʙʦʛʘʱʸʥʥʳʭ ʙʠʬʠʜʦʙʘʢʪʝʨʠʷʤʠ, 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ 21 ʜʥʷ ʧʨʠ 5 Áʉ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ ʯʠʩʣʘ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʢʚʘʩʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʪʨʘ-

ʜʠʮʠʦʥʥʳʭ ʡʦʛʫʨʪʦʚ (Lb.delbrueckii ssp. bulgaricus 

ʠ Str.thermophilus), ʧʦʧʘʜʘʷ ʚ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʡ 

ʪʨʘʢʪ ʣʶʜʝʡ, ʟʘʤʝʪʥʦ ʩʪʠʤʫʣʠʨʫʶʪ ʨʦʩʪ ʙʠʬʠʜʦ-

ʙʘʢʪʝʨʠʡ. ʂ ʧʨʦʜʫʢʪʘʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʩ 

ʧʨʦʙʠʦʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝ 

ʪʦʣʴʢʦ ʡʦʛʫʨʪʳ, ʥʦ ʠ ʤʦʣʦʢʦ, ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʦʝ 

Str. thermophilus + Lb. bulgaricus ʠʣʠ Lb. casei, Lb. 

acidophilus ʠʣʠ Bifidobacterium. 

ɺ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʥʘʰʝʡ ʩʪʨʘʥʳ ʝʱʝ ʚ 80-

ʭ ʛʦʜʘʭ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚʳʧʫʩʢ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ (ʙʦ-

ʣʝʝ 30 ʥʘʠʤʝʥʦʚʘʥʠʡ) ʜʠʝʪʠʯʝʩʢʠʭ ʠ ʣʝʯʝʙʥʦ-ʧʨʦ-

ʬʠʣʘʢʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʠ ʥʘʧʠʪʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʟʘʢʚʘʩʦʢ ʯʠʩʪʳʭ ʢʫʣʴʪʫʨ ʠʣʠ ʢʦʤ-

ʧʣʝʢʩʦʚ ʤʦʣʦʯʥʦʢʠʩʣʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

(ʣʘʢʪʦʙʘʮʠʣʣʳ, ʩʪʨʝʧʪʦʢʦʢʢʠ, ʧʨʦʧʠʦʥʠʙʘʢʪʝʨʠʠ, 

ʜʨʦʞʞʠ ʠ ʙʠʬʠʜʦʙʘʢʪʝʨʠʠ) ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞ-

ʜʝʥʠʷ: çʄʦʣʦʜʦʩʪʴè, çɹʠʦʣʘʢʪè, çʂʦʣʦʤʝʥʩʢʠʡè, 

çʄʝʯʥʠʢʦʚʩʢʘʷ ʧʨʦʩʪʦʢʚʘʰʘè, çɸʮʠʜʦʬʠʣʠʥè, 

çʅʘʨʠʥʵè, çʂʫʨʫʥʛʘè ʠ ʜʨ. ɻʦʪʦʚʷʪ ʚʩʝ ʵʪʠ ʢʠʩʣʦ-

ʤʦʣʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʥʘ ʢʦʨʦʚʴʝʤ, ʢʦʟʴʝʤ, ʦʚʝʯʴʝʤ 

ʠʣʠ ʢʦʙʳʣʴʝʤ ʤʦʣʦʢʝ.  

ʆʜʥʠʤ ʠʟ ʨʦʜʦʥʘʯʘʣʴʥʠʢʦʚ ʛʨʫʧʧʳ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʭ ʢʠʩʣʦʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʨʠʛʦʪʦʚʣʝʥ-

ʥʳʭ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʢʚʘʩʢʝ ʙʠʬʠʜʦ- ʠ ʣʘʢʪʦʙʘ-

ʮʠʣʣ, ʷʚʣʷʝʪʩʷ ʚʳʧʫʱʝʥʥʳʡ ʚ ʩʝʨʝʜʠʥʝ 80-ʭ ʛʦʜʦʚ 

ʥʘ ʨʳʥʦʢ ʈʦʩʩʠʠ ʤʦʣʦʯʥʳʡ ʥʘʧʠʪʦʢ çɹʠʬʠʣʘʢʪè. 

ɽʛʦ ʛʦʪʦʚʷʪ ʥʘ ʢʦʨʦʚʴʝʤ ʤʦʣʦʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʤʝʩʠ ʬʘʨʤʘʢʦʧʝʡʥʳʭ ʰʪʘʤʤʦʚ B.bifidum 1 ʠʣʠ 

B.longum B379M ʩ Lb. plantarum 8PA-3, Lb. fermen-

tum 90 TC-4.  

ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʥʝʜʨʝʥʳ ʚ ʧʨʘʢʪʠʢʫ çɹʠ-

ʬʠʜʠʥè (ʞʠʜʢʠʡ ʢʠʩʣʦʤʦʣʦʯʥʳʡ ʧʨʦʜʫʢʪ ʥʘ ʦʩ-

ʥʦʚʝ ʩʤʝʰʘʥʥʦʡ ʟʘʢʚʘʩʢʠ B. adolescentis ʠ Lb. aci-

dophilus), ɹʠʬʘʮʠʜ (ʩʫʭʦʡ ʢʠʩʣʦʤʦʣʦʯʥʳʡ ʧʨʦʜʫʢʪ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʫʩʪʦʡʯʠʚʳʭ ʰʪʘʤʤʦʚ B. 

adolescentis ʠ Lb. acidophilus), ʥʘʧʠʪʢʠ çɺʠʪʘè, ʚʳ-

ʨʘʙʘʪʳʚʘʝʤʳʝ ʠʟ ʩʚʝʞʝʛʦ ʢʦʨʦʚʴʝʛʦ ʤʦʣʦʢʘ ʠʣʠ 

ʧʘʭʪʳ ʠʣʠ ʠʭ ʩʤʝʩʠ ʧʫʪʸʤ ʩʢʚʘʰʠʚʘʥʠʷ ʩʤʝʩʴʶ ʙʠ-

ʬʠʜʦʙʘʢʪʝʨʠʡ ʠ ʣʘʢʪʦʙʘʮʠʣʣ, çʋʛʣʠʯʝʩʢʠʡè ï ʩʤʝ-

ʩʴʶ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ ʠ ʤʦʣʦʯʥʦʢʠʩʣʳʭ ʩʪʨʝʧʪʦʢʦʢ-

ʢʦʚ, ʙʠʦʡʦʛʫʨʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʪʨʘʜʠʮʠ-

ʦʥʥʳʡ ʡʦʛʫʨʪ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʣʦʯʥʦʢʠʩʣʦʛʦ ʩʪʨʝʧʪʦʢʦʢʢʘ ʠ ʙʦʣʛʘʨʩʢʦʡ ʧʘ-

ʣʦʯʢʠ, ʦʙʦʛʘʱʸʥʥʦʡ ʙʠʬʠʜʦʙʘʢʪʝʨʠʷʤʠ. 

ɺ ʥʘʫʯʥʦ - ʠʥʥʦʚʘʮʠʦʥʥʦʤ ʮʝʥʪʨʝ ʆɸʆ çʈʫʩ-

ʩʢʠʡ ʡʦʛʫʨʪè ʚ 1996 ʛʦʜʫ ʙʳʣ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʠ 

ʧʨʦʰʸʣ ʰʠʨʦʢʦʝ ʢʣʠʥʠʯʝʩʢʦʝ ʠʩʧʳʪʘʥʠʝ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʡ ʢʠʩʣʦʤʦʣʦʯʥʳʡ ʧʨʦʜʫʢʪ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʛʦ ʧʠʪʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʰʪʘʤ-

ʤʦʚ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ ʠ ʣʘʢʪʦʙʘʮʠʣʣ (ʢʦʤʤʝʨʯʝʩʢʦʝ 

ʥʘʟʚʘʥʠʝ çɹʀɺʀʊè). ɼʣʷ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʟʘʢʚʘʩʢʘ ʠʟ ʩʤʝʩʠ ʰʪʘʤʤʦʚ B. 

bifidum ʠ/ʠʣʠ B. longum ʠ Lb. acidophilus, ʚʭʦʜʷʱʠʝ 

ʚ ʩʦʩʪʘʚ ʪʘʢʠʭ ʬʘʨʤʘʢʦʧʝʡʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʢʘʢ 

çɹʠʬʠʜʫʤʙʘʢʪʝʨʠʥ ʩʫʭʦʡè, çɹʠʬʠʣʦʥʛè ʠ 

çɸʮʠʣʘʢʪè. ʇʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ɹʀɺʀʊ ʥʘʧʦʤʠʥʘʝʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʡʦʛʫʨʪʳ.  

ɺ ʈʦʩʩʠʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘ-

ʙʘʭ ʨʝʘʣʠʟʫʝʪʩʷ ʢʝʬʠʨ, ʦʙʦʛʘʱʝʥʥʳʡ ʙʠʬʠʜʦʙʘʢʪʝ-

ʨʠʷʤʠ (çɹʠʦʢʝʬʠʨè, çɹʠʬʠʜʦʢʝʬʠʨè, çɹʠʬʠʜʦʢè ʠ 

ʜʨ.). ɹʠʬʠʜʦʢʝʬʠʨʳ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ 

ʧʫʪʝʤ ʚʥʝʩʝʥʠʷ ʚ ʛʦʪʦʚʳʡ ʢʝʬʠʨ ʣʠʦʬʠʣʴʥʦ ʚʳʩʫ-

ʰʝʥʥʳʭ ʙʘʢʪʝʨʠʡ [2, 3, 10]. 

ɹʠʬʠʜʦʙʘʢʪʝʨʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʨʠʛʦʪʦʚ-

ʣʝʥʠʷ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠ-

ʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʦʜʙʠʨʘʶʪ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʠʭ ʩʚʦʡʩʪʚ. ʇʨʦʬʠʣʘʢʪʠʯʝʩʢʘʷ ʠ ʣʝʯʝʙʥʘʷ ʮʝʥ-

ʥʦʩʪʴ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʣʫʯʝʥʥʦʡ ʟʘʢʚʘʩʦʯʥʦʡ ʤʠʢʨʦ-

ʬʣʦʨʳ, ʥʦ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʠʞʠʚʘʪʴʩʷ ʚ ʢʠʰʝʯ-

ʥʠʢʝ ʯʝʣʦʚʝʢʘ [1, 9]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʢʨʠʪʝʨʠʠ ʧʦʜʙʦʨʘ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ ʚ ʩʦʩʪʘʚ ʟʘʢʚʘ-

ʩʦʢ [8]: 

- ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʚʝʨʪʳʚʘʥʠʷ ʤʦʣʦʢʘ, ʯ; 

- ʧʨʠʨʦʩʪ ʪʠʪʨʫʝʤʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʟʘ 24 ʯ, Áʊ; 

- ʯʠʩʣʦ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʙʠʬʠʜʦʙʘʢʪʝ-

ʨʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʟʘʢʚʘʩʢʝ; 

- ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʢʠʰʝʯʥʦʡ ʧʘʣʦʯʢʝ; 

- ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʬʝʥʦʣʫ, ʨʅ; 

- ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʛʫʩʪʢʘ. 

ɺʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʘʩʩʦʨʪʠʤʝʥʪʘ ʚʳʨʘʙʘʪʳʚʘʝ-

ʤʦʡ ʧʨʦʜʫʢʮʠʠ ʢʠʩʣʦʤʦʣʦʯʥʳʭ ʥʘʧʠʪʢʦʚ ʩ ʙʠʬʠ-

ʜʦʙʘʢʪʝʨʠʷʤʠ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʘʱʠʪʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʦʨʛʘʥʠʟʤʘ. ʊʘʢ ʢʘʢ ʙʠʬʠʜʦʬʣʦʨʘ ʥʘʨʷʜʫ ʩ ʤʦʣʦʯ-

ʥʦʢʠʩʣʳʤʠ ʙʘʢʪʝʨʠʷʤʠ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ ʟʘʱʠʪ-

ʥʳʤ ʙʘʨʴʝʨʦʤ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʫʩʣʦʚʥʦ-ʧʘʪʦʛʝʥ-

ʥʳʭ ʠ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʟ ʢʠʰʝʯʥʠʢʘ 

ʚ ʢʨʦʚʴ ʠ ʚʥʫʪʨʝʥʥʠʝ ʦʨʛʘʥʳ.  

ʄʘʪʝʨʠʘʣʴʥʳʝ ʨʘʩʯʝʪʳ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʦʜʫʢʮʠʠ 

(ʢʝʬʠʨ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʞʠʨʘ 2,5%) 
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ʊʘʙʣʠʮʘ 1  

ʈʘʩʯʝʪ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʮʝʧʪʫʨʳ ʢʝʬʠʨʘ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʞʠʨʘ 2,5% 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ ʈʘʩʭʦʜ, ʢʛ 

ʥʘ 1000 ʢʛ ʥʘ 5000 ʢʛ 

ʄʦʣʦʢʦ ʮʝʣʴʥʦʝ ʩ ʤ.ʜ.ʞ. 3,2% 777,8 3889,0 

ʄʦʣʦʢʦ ʦʙʝʟʞʠʨʝʥʥʦʝ ʩ ʤ.ʜ.ʞ. 0,05% 172,2 861,0 

ɿʘʢʚʘʩʢʘ ʥʘ ʦʙʝʟʞʠʨʝʥʥʦʤ ʤʦʣʦʢʝ  50,0 250,0 

ʀʊʆɻʆ 1000,0 5000,0 

 

ʄʘʩʩʘ ʧʨʦʜʫʢʪʘ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʧʦ ʬʦʨʤʫʣʝ: 

ʄ ʧʨ. = ʄ ʧʬ. / (0,001 Ĭ ʈ1), (4.1) 

ʜʝ ʈ1 = 1012,6 ʢʛ/ʪ ï ʥʦʨʤʘ ʨʘʩʭʦʜʘ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʧʨʠ ʬʘʩʦʚʘʥʠʠ ʚ ʧʘʢʝʪʳ çʇʦʣʠ-ʇʘʢè ʝʤʢʦʩʪʴʶ 0,5 

ʜʤ3; 

ʄ ʧʨ.2 = 5000 / (0,001 Ĭ 1012,6) = 4937,78 ʢʛ. 

ʇʦʪʝʨʠ ʧʨʠ ʚʳʨʘʙʦʪʢʝ: 

ʇ ʚʳʨ. = ʄ ʧʬ. - ʄ ʧʨ.,  

ʇ ʚʳʨ. = 5000 ï 4937,78 = 62,22 ʢʛ. 

 

ɸʮʠʜʦʬʠʣʴʥʳʡ ʥʘʧʠʪʦʢ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʞʠʨʘ 2,5% 

ʄʘʩʩʘ ʧʨʦʜʫʢʪʘ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʧʦ ʬʦʨʤʫʣʝ  

ʄ ʧʨ.2 = 3000 / (0,001 Ĭ 1012,6) = 2962,67 ʢʛ. 

ʇʦʪʝʨʠ ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʧʦ ʬʦʨʤʫʣʝ (4.2): 

ʇ ʚʳʨ. = 3000 ï 2962,67 = 37,33 ʢʛ.  

ʊʘʙʣʠʮʘ 2  

ʈʘʩʯʝʪ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʮʝʧʪʫʨʳ ʘʮʠʜʦʬʠʣʴʥʦʛʦ ʥʘʧʠʪʢʘ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʞʠʨʘ 2,5% 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ ʈʘʩʭʦʜ, ʢʛ 

ʥʘ 1000 ʢʛ ʥʘ 3000 ʢʛ 

ʄʦʣʦʢʦ ʮʝʣʴʥʦʝ ʩ ʤ.ʜ.ʞ. 3,2% 777,8 2333,4 

ʄʦʣʦʢʦ ʦʙʝʟʞʠʨʝʥʥʦʝ ʩ ʤ.ʜ.ʞ. 0,05% 172,2 516,6 

ɿʘʢʚʘʩʢʘ ʥʘ ʦʙʝʟʞʠʨʝʥʥʦʤ ʤʦʣʦʢʝ  50,0 150,0 

ʀʊʆɻʆ 1000,0 3000,0 

 

ɹʠʦʡʦʛʫʨʪ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʞʠʨʘ 1,5%  
ʊʘʙʣʠʮʘ 3  

ʈʘʩʯʝʪ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʮʝʧʪʫʨʳ ʙʠʦʡʦʛʫʨʪʘ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʞʠʨʘ 1,5% 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ ʈʘʩʭʦʜ, ʢʛ 

ʥʘ 1000 ʢʛ ʥʘ 3000 ʢʛ 

ʄʦʣʦʢʦ ʮʝʣʴʥʦʝ ʩ ʤ.ʜ.ʞ. 3,2% 476,5 1429,5 

ʄʦʣʦʢʦ ʦʙʝʟʞʠʨʝʥʥʦʝ ʩ ʤ.ʜ.ʞ. 0,05% 436,9 1310,7 

ʄʦʣʦʢʦ ʩʫʭʦʝ ʦʙʝʟʞʠʨʝʥʥʦʝ 100%-ʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 36,6 109,8 

ɿʘʢʚʘʩʢʘ ʥʘ ʦʙʝʟʞʠʨʝʥʥʦʤ ʤʦʣʦʢʝ  50,0 150,0 

ʀʊʆɻʆ 1000,0 3000,0 

 

ʄʘʩʩʘ ʧʨʦʜʫʢʪʘ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʧʦ ʬʦʨʤʫʣʝ (4.1): 

ʄ ʧʨ.2 = 3000 / (0,001 Ĭ 1012,6) = 2962,67 ʢʛ. 

ʇʦʪʝʨʠ ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʧʦ ʬʦʨʤʫʣʝ (4.2): 

ʇ ʚʳʨ. = 3000 ï 2962,67 = 37,33 ʢʛ 

ʅʘʧʠʪʦʢ çʖʞʥʳʡè ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʞʠʨʘ 1,0 %  
ʄʘʩʩʘ ʧʨʦʜʫʢʪʘ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʧʦ ʬʦʨʤʫʣʝ (4.1): 

ʄ ʧʨ.2 = 5000 / (0,001 Ĭ 1012,6) = 4937,78 ʢʛ. 

ʇʦʪʝʨʠ ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʧʦ ʬʦʨʤʫʣʝ (4.2): 

ʇ ʚʳʨ. = 5000 ï 4937,78 = 62,22 ʢʛ. 

ʊʘʙʣʠʮʘ 4  

ʈʘʩʯʝʪ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʮʝʧʪʫʨʳ ʥʘʧʠʪʢʘ çʖʞʥʳʡè ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʞʠʨʘ 1,0 % 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ ʈʘʩʭʦʜ, ʢʛ 

ʥʘ 1000 ʢʛ ʥʘ 5000 ʢʛ 

ʄʦʣʦʢʦ ʮʝʣʴʥʦʝ ʩ ʤ.ʜ.ʞ. 3,2% 301,6 1508,0 

ʄʦʣʦʢʦ ʦʙʝʟʞʠʨʝʥʥʦʝ ʩ ʤ.ʜ.ʞ. 0,05% 648,4 3242,0 

ɿʘʢʚʘʩʢʘ ʥʘ ʦʙʝʟʞʠʨʝʥʥʦʤ ʤʦʣʦʢʝ  50,0 250,0 

ʀʊʆɻʆ 1000,0 5000,0 
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ɸʡʨʘʥ  

ʄʘʩʩʘ ʧʨʦʜʫʢʪʘ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʧʦ ʬʦʨʤʫʣʝ (4.1): 

ʄ ʧʨ.2 = 5010 / (0,001 Ĭ 1012,6) = 4947,66 ʢʛ. 

ʇʦʪʝʨʠ ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʧʦ ʬʦʨʤʫʣʝ (4.2): 

ʇ ʚʳʨ. = 5010 ï 4947,66 = 62,34 ʢʛ. 

ʊʘʙʣʠʮʘ 5  

ʈʘʩʯʝʪ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʮʝʧʪʫʨʳ ʘʡʨʘʥʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ ʈʘʩʭʦʜ, ʢʛ 

ʥʘ 1000 ʢʛ ʥʘ 5000 ʢʛ 

ʄʦʣʦʢʦ ʮʝʣʴʥʦʝ ʩ ʤ.ʜ.ʞ. 3,2% 462,0 2310,0 

ɺʦʜʘ ʧʠʪʴʝʚʘʷ 480,0 2400,0 

ɿʘʢʚʘʩʢʘ ʥʘ ʦʙʝʟʞʠʨʝʥʥʦʤ ʤʦʣʦʢʝ  50,0 250,0 

ʉʦʣʴ ʧʦʚʘʨʝʥʥʘʷ 10,0 50,0 

ʀʊʆɻʆ 1000,0 5010,0 

 

 ʉʝʧʘʨʠʨʦʚʘʥʠʝ 

ʄ ʦʙ.ʤʦʣ. = 6980,3 ʢʛ 

ʆʧʨʝʜʝʣʷʝʤ ʤʘʩʩʫ ʮʝʣʴʥʦʛʦ ʤʦʣʦʢʘ ʪʝʦʨʝʪʠʯʝʩʢʫʶ  

(4.3) 

ʄʮ.ʤ. ʪʝʦʨ. = 6980,3 Ā((20-0,05)/(20-3,2)) = 8289,11 ʢʛ 

ʈʘʩʩʯʠʪʘʝʤ ʤʘʩʩʫ ʮʝʣʴʥʦʛʦ ʤʦʣʦʢʘ ʥʦʨʤʘʪʠʚʥʫʶ  

 (4.4) 

ʄʮ.ʤ.ʥʦʨʤ. = 100Ā8289,11 / (100-0,23) = 8299,9 ʢʛ. 

ʆʧʨʝʜʝʣʷʝʤ ʧʦʪʝʨʠ ʧʨʠ ʩʝʧʘʨʠʨʦʚʘʥʠʠ 

ʇʩʝʧ. = 8299,9 -8289,11 = 10,79 ʢʛ. 

ʆʧʨʝʜʝʣʷʝʤ ʤʘʩʩʫ ʩʣʠʚʦʢ  

 
ʄʩʣ. = 8289,11 ï 6980,3 = 1308,8 ʢʛ 
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SYNTHESIS AND ANTIHOLINESTERASE ACTIVITY  

ɓ- ALKYLMERCAPTOETHYLXANTOGENE AIRS   

O, O - DIPROPILTIPHOSPHORIC  ACID  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʥʪʝʟ ʠ ʘʥʪʠʭʦʣʠʥʵʩʪʝʨʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ɓ-ʘʣʢʠʣʤʝʨʢʘʧʪʦʵʪʠʣʢʩʘʥ-

ʪʦʛʝʥʦʚʳʭ ʵʬʠʨʦʚ ʆ,ʆ- ʜʠʧʨʦʧʠʣʪʠʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ. ʇʨʠʚʝʜʝʥʳ ʬʦʨʤʫʣʳ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ.  

Abstract. 

The article discusses the synthesis and anticholinesterase activity of ɓ-alkyl mercaptoethylxanthogen O, O-

dipropylthiophosphoric acid esters. The formulas for this reaction are given. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʥʪʝʟ, ʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ, ɻ ʬʠʨʳ, ʨʝʘʢʮʠʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ 

Key words: synthesis, phosphoric acid, ethers, phosphorylation reaction 

 

ɺʚʝʜʝʥʠʝ 

ʍʠʤʠʷ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷ-

ʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʙʫʨʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʦʙʣʘ-

ʩʪʝʡ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ 

ʪʝʤ, ʯʪʦ ʦʥʘ ʜʘʚʥʦ ʫʞʝ ʚʳʰʣʘ ʟʘ ʧʨʝʜʝʣʳ ʭʠʤʠʠ 

ʬʦʩʬʦʨʘ ʠ ʪʝʩʥʦ ʩʚʷʟʘʣʘ ʨʷʜ ʚʘʞʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʩ ʧʨʦʙʣʝʤʘʤʠ ʙʠʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʳ, ʩʝʣʴ-

ʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʂʩʘʥʪʦʛʝʥʦʚʳʝ ʢʠʩʣʦʪʳ - ʢʠʩʣʳʝ ʵʬʠʨʳ 

ʜʠʪʠʦʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ ROC(S)SH, ʥʝʩʪʦʡʢʠʝ 

ʤʘʩʣʘ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʣʘʛʠ ʨʘʟʣʘʛʘʶʪʩʷ ʥʘ ʩʝʨʦ-

ʫʛʣʝʨʦʜ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʧʠʨʪ. ʉʦʣʠ ʢʩʘʥʪʦʛʝ-

ʥʦʚʳʭ ʢʠʩʣʦʪ ʚʧʦʣʥʝ ʫʩʪʦʡʯʠʚʳ. ʂʩʘʥʪʦʛʝʥʘʪʳ ʱʝ-

ʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʙʝʣʳʝ ʠʣʠ ʩʣʝʛʢʘ ʞʝʣʪʳʝ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʠʤʝʶʱʠʝ ʧʣʘʩʪʠʥʯʘʪʫʶ 

ʬʦʨʤʫ. ʆʥʠ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ ʠ ʘʮʠʪʦʥʝ. 

ʉʦʣʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳ (2). 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʢʩʘʥʪʦʛʝʥʘʪʣʦʚ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 200-2200 ʉ. ʅʘ ʜʘʥʥʳʡ ʤʦ-

ʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ɓ-ʘʣʢʠʣʤʝʨʢʘʧʪʦʵʪʠʣʢʩʘʥʪʦʛʝʥʦʚʳʭ 

ʵʬʠʨʦʚ ʆ,ʆ- ʜʠʧʨʦʧʠʣʪʠʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʬʦʩʬʦ-

ʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ  

ʉʘʤʳʤ ʩʪʘʨʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʧʦʣʫ-

ʯʝʥʠʷ ʬʦʩʬʦʨʥʳʭ ʵʬʠʨʦʚ ʧʨʷʤʳʤ ʜʝʡʩʪʚʠʝʤ ʭʣʦ-

ʨʦʢʠʩʠ ʬʦʩʬʦʨʘ ʥʘ ʫʛʣʝʚʦʜ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʛʠʜʨʦ-

ʣʠʟʦʤ ʧʦʣʫʯʘʶʱʝʛʦʩʷ ʭʣʦʨʘʥʛʠʜʨʠʜʘ ð ɻ ʬʠʨʘ. [1]. 
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ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʤʦʞʥʦ 

ʥʘʟʚʘʪʴ ʟʘʤʝʱʝʥʠʝ ʛʘʣʦʛʝʥʘ ʚ ʬʦʩʬʦʨʠʣʛʘʣʦʛʝʥʠ-

ʜʘʭ ʧʨʠ ʘʣʢʦʣʠʟʝ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʆ,ʆ- ʜʠʧʨʦʧʠʣʪʠʦʬʦʩʬʦʨʥʦʡ ʢʠʩ-

ʣʦʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷ-

ʝʪʩʷ ʨʝʘʢʮʠʝʡ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ. ʉʭʝʤʘʪʠʯʝʩʢʠ 

ʦʥʘ ʠʟʦʙʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

EH + (RO)2P(0)X = (RO)2P(0)E + XH, 

ʛʜʝ ɽʅ ï ʵʪʦ ʘʢʪʠʚʥʘʷ ʭʦʣʠʥʵʩʪʝʨʘʟʘ  

ʍʠʤʠʢ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʆʣʜʨʠʜʞ ʩʯʠʪʘʝʪ, ʯʪʦ 

ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʩʚʷʟʝʡ ʆ,ʆ ï ʜʠʧʨʦʧʠʣʪʠʦʬʦʩʬʦʨ-

ʥʦʡ ʢʠʩʣʦʪʳ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʦʞʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʧʨʦʩʪʳʭ ʙʠʦ-

ʤʦʣʝʢʫʣʷʨʥʳʭ ʨʝʘʢʮʠʡ, ʛʜʝ ʦʜʠʥ ʠʥʛʠʙʠʪʦʨ ʥʘʭʦ-

ʜʠʪʩʷ ʚ ʠʟʙʳʪʢʝ, ʦʧʠʩʳʚʘʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʠʤ ʫʨʘʚ-

ʥʝʥʠʝʤ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ.  

ʉʢʦʨʦʩʪʴ ʵʪʠʭ ʨʝʘʢʮʠʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷʤ ʠʥʛʠʙʠʪʦʨʘ. ʊʦ ʝʩʪʴ, ʯʝʤ ʜʦʣʴʰʝ ʠʥʛʠ-

ʙʠʪʦʨ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥ-

ʪʘʤʠ, ʪʝʤ ʚʳʰʝ ʪʦʨʤʦʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ.  

ʉʪʝʧʝʥʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥ-

ʪʦʚ ʦʧʨʝʜʝʣʝʥʘ ʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʚ 

ʠʥʛʠʙʠʪʦʨʝ ʚʳʟʳʚʘʝʪ ʪʦʨʤʦʞʝʥʠʝ ʬʝʨʤʝʥʪʦʚ ʥʘ 

55%, ʘ ʚʝʣʠʯʠʥʘ pl50 ʦʪʨʠʮʘʪʝʣʴʥʘ. 

ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʥʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ. ʂʘʢ ʨʘʟ ʪʦʪ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚʳʜʝʨʞʢʘ ʚʨʝ-

ʤʝʥʠ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʩʠʥʪʝʟʝ ʠ ʘʥʪʠʭʦʣʠ-

ʩʪʝʨʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ.  

ʇʨʠʚʝʜʸʥʥʦʝ ʚʳʰʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʩʚʦʶ ʩʠʣʫ 

ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʦʧʦʨʮʠʠ ʠʥʛʠʙʠʪʦʨʘ ʠ 

ʬʝʨʤʝʥʪʘ ʩʦʩʪʘʚʣʷʶʪ 25:1. ʇʨʠ ʥʝʩʦʙʣʶʜʝʥʠʠ 

ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʭʠʤʠʢʠ ʚʳʥʫʞʜʝʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʠ-

ʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʯʪʦʙʳ ʦʧʠ-

ʩʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʪʦʨʤʦʞʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʪʘ-ʘʣʢʠʣʤʝʨʢʘʧ-

ʪʦʵʪʠʣʢʩʘʥʪʦʛʝʥʦʚʳʭ ʵʬʠʨʦʚ ʩ ʆ,ʆ- ʜʠʧʨʦʧʠʣ-

ʪʠʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ï ʦʜʥʘ ʠʟ ʭʠʤʠʯʝʩʢʠʭ ʨʝ-

ʘʢʮʠʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʢʦʨʦʩʪʴ ʠʭ ʩʠʥʪʝʟʘ ʧʦʚʳʰʘ-

ʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɹʝʟʫʩʣʦʚʥʦ, ʚ ʭʠʤʠʠ ʝʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʤʝ-

ʨʦʚ, ʢʦʛʜʘ ʵʪʦʪ ʪʠʧ ʨʝʘʢʮʠʠ ʥʝʣʴʟʷ ʧʨʝʜʩʪʘʚʠʪʴ ʠ 

ʧʦʜʯʠʥʠʪʴ ʢʠʥʝʪʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ ʧʝʨʚʦʛʦ ʧʦ-

ʨʷʜʢʘ. ʇʨʠʯʠʥʦʡ ʪʦʤʫ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʢʘʢʠʭ-

ʣʠʙʦ ʧʨʠʤʝʩʝʡ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʘʥʪʠʭʦʣʠʥʵʩʪʝ-

ʨʘʟʥʳʤ ʜʝʡʩʪʚʠʝʤ.  

ʊʘʢʞʝ ʵʪʠ ʵʣʝʤʝʥʪʳ ʩʘʤʠ ʧʦ ʩʝʙʝ ʥʝ ʜʦʩʪʘ-

ʪʦʯʥʦ ʦʯʠʱʝʥʳ, ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʨʝʘʢʮʠʦʥʥʦ-ʩʧʦ-

ʩʦʙʥʳʝ ʬʝʨʤʝʥʪʳ, ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʚʩʪʫʧʘʷ ʚ ʨʝ-

ʘʢʮʠʶ ʩ ʆ,ʆ-ʜʠʧʨʦʧʠʣʪʠʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ 

ʢʦʥʢʫʨʠʨʫʶʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥ-

ʪʘʤʠ.  

ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʷʨʥʦʩʪʠ ʩʠʣʴʥʦʛʦ ʠʥʛʠʙʠ-

ʪʦʨʘ ʥʝʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢʞʝ, ʠʟʫʯʘʝʤʳʡ 

ʩʠʥʪʝʟ ʤʦʞʝʪ ʙʳʪʴ ʩʣʘʙʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ʭʠʤʠʯʝ-

ʩʢʠʭ ʵʣʝʤʝʥʪʦʚ.  

ʆ,ʆ-ʜʠʧʨʦʧʠʣʪʠʦʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ ʤʦʞʝʪ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʩʚʦʶ ʘʢʪʠʚʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʚʥʝʟʘʧ-

ʥʦʡ ʨʝʘʢʪʠʚʘʮʠʝʡ. 

ɺ ʫʩʣʦʚʠʷʭ in vitro ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ 

ʠʥʢʫʙʘʮʠʠ ʠʥʛʠʙʠʪʦʨʦʚ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥ-

ʪʘʤʠ ʩʪʝʧʝʥʴ ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʘʢʪʠʚʥʦʩʪʠ ʫʚʝʣʠʯʠ-

ʚʘʝʪʩʷ. ɺ ʧʝʨʚʳʝ 10-15 ʤʠʥʫʪ ʠʥʢʫʙʘʮʠʠ ʠʭ ʘʢʪʠʚ-

ʥʦʩʪʴ ʫʛʥʝʪʘʝʪʩʷ. ɽʩʣʠ ʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʆ,ʆ-

ʜʠʧʨʦʧʠʣʪʠʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʛʦʨʘʟʜʦ ʜʦʣʴʰʝ, 

ʪʦ ʩʪʝʧʝʥʴ ʫʛʥʝʪʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʚʳʨʘʞʘʝʪʩʷ ʜʦ-

ʚʦʣʴʥʦ ʤʝʜʣʝʥʥʦ. ʆʧʪʠʤʘʣʴʥʳʤ ʚʨʝʤʝʥʝʤ, ʧʨʠ ʢʦ-

ʪʦʨʦʤ ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʚʳʨʘʞʝʥʥʦʩʪʴ ʫʛʥʝʪʝʥʠʷ 

ʙʝʪʘ -ʘʣʢʠʣʤʝʨʢʘʧʪʦʵʪʠʣʢʩʘʥʪʦʛʝʥʦʚʳʭ ʵʬʠʨʦʚ, 

ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜ ʦʪ 30 ʜʦ 60 ʤʠʥʫʪ. 

 ʊʦʢʩʠʯʥʳʤʠ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʚʝʱʝʩʪʚ ʷʚʣʷʶʪʩʷ 

ʪʘʙʫʥ ʠ ʧʘʨʘʪʠʦʥ. ɺʤʝʩʪʝ ʩ ʟʘʨʠʥʦʤ, ʪʘʙʫʥ ʠ ʧʘʨʘ-

ʪʠʦʥ ʫʛʥʝʪʘʶʪʩʷ ʘʢʪʠʚʥʦʝ ʜʝʡʩʪʚʠʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʢʨʦʚʠ, ʤʳʰʮʘʭ, ʤʦʟʛʝ. 

ɼʘʥʥʳʡ ʚʠʜ ʩʠʥʪʝʟʘ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʦʝ ʘʥʪʠ-

ʭʦʣʠʥʵʩʪʝʨʘʟʥʦʝ ʜʝʡʩʪʚʠʝ ʪʘʢʞʝ ʚ ʫʩʣʦʚʠʷʭ in vivo.  

ɼʘʞʝ ʚ ʤʘʣʝʥʴʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʧʦʧʘʜʘʷ ʚ 

ʢʨʦʚʴ, ʫʛʥʝʪʘʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥ-

ʪʦʚ ʧʣʘʟʤʳ, ʵʨʠʪʨʦʮʠʪʦʚ, ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʦʩʪʨʘʷ 

ʠʥʪʦʢʩʠʢʘʮʠʷ. 

ʆʜʥʘʢʦ, ʤʝʞʜʫ ʘʥʪʠʭʦʣʠʥʵʩʪʝʨʘʟʥʳʤ ʜʝʡ-

ʩʪʚʠʝʤ ʆ,ʆ- ʜʠʧʨʦʧʠʣʪʠʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʥʝ 

ʚʩʝʛʜʘ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʢʘʢʫʶ-ʣʠʙʦ ʧʘʨʘʣʣʝʣʴ. ʂ 

ʧʨʠʤʝʨʫ, ʧʨʝʧʘʨʘʪ ʄ-74 ʧʦ ʩʚʦʠʤ ʷʜʦʚʠʪʳʤ ʩʚʦʡ-

ʩʪʚʘʤ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚ ʩ ʪʠʦʣʦʚʳʤ ʠʟʦʤʝʨʦʤ 

ʤʝʨʢʘʧʪʦʬʦʩʘ. ɸʥʪʠʭʦʣʠʥʵʩʪʝʨʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʧʨʝʧʘʨʘʪʘ ʄ-74, ʝʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʩ ʭʠʤʠʯʝʩʢʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʣʦʰʘʜʠʥʦʡ ʩʳʚʦʨʦʪʢʠ, ʥʠʞʝ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʚ 300 ʨʘʟ.  
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ʅʘʠʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʠʩʫʪ-

ʩʪʚʫʝʪ ʚ ʧʨʝʧʘʨʘʪʝ ʃ-11-6. ʆʜʥʘʢʦ, ʧʦ ʘʥʪʠʭʦ-

ʣʠʥʵʩʪʝʨʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʥ ʥʠʞʝ ʫʨʦʚʥʷ ʪʦʢʩʠʯ-

ʥʦʩʪʠ ʣʦʰʘʜʠʥʦʡ ʩʳʚʦʨʦʪʢʠ ʧʨʠʤʝʨʥʦ ʚ 40 ʨʘʟ.  

ʀʟʫʯʠʚ ʫʨʦʚʝʥʴ ʘʥʪʠʭʦʣʠʥʝʩʪʝʨʘʟʥʦʡ ʘʢʪʠʚ-

ʥʦʩʪʠ ʆ,ʆ- ʜʠʧʨʦʧʠʣʪʠʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʩʦ-

ʩʪʦʷʥʠʠ in vitro ʠ ʚ ʩʦʩʪʦʷʥʠʠ in vivo, ʤʦʞʥʦ ʫʚʠ-

ʜʝʪʴ, ʯʪʦ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʥʝ ʚʩʝʛʜʘ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ. 

ʉʠʥʪʝʟ ʆ,ʆ-ʜʠʧʨʦʧʠʣʭʣʦʨʬʦʩʬʦʥʘʪʘ. 

ʂ ʨʘʩʪʚʦʨʫ 153,5 ʛ (1 ʛ-ʤʦʣʷ) ʭʣʦʨʦʢʠʩʠ ʬʦʩ-

ʬʦʨʘ (V) ʚ 80 ʤʣ ʛʝʢʩʘʥʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ (-10Áʉ) ʠ 

ʩʠʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʣʠ ʚ ʪʝʯʝʥʠʝ 3,5 ʯʘ-

ʩʦʚ ʨʘʩʪʚʦʨ 137 ʛ (2,28 ʛ-ʤʦʣʷ) 99% ʧʨʦʧʘʥʦʣʘ ʚ 50 

ʤʣ ʛʝʢʩʘʥʘ. ʇʦʩʣʝ ʧʨʠʙʘʚʣʝʥʠʷ ʚʩʝʛʦ ʧʨʦʧʘʥʦʣʘ ʧʝ-

ʨʝʤʝʰʠʚʘʣʠ ʝʱʝ 1 ʯʘʩ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0Áʉ. 

ɻʝʢʩʘʥ ʠ ʭʣʦʨʠʩʪʳʡ ʚʦʜʦʨʦʜ ʫʜʘʣʷʣʠ ʚ ʚʘʢʫ-

ʫʤʝ ʚʦʜʦʩʪʨʫʡʥʦʛʦ ʥʘʩʦʩʘ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ, ʦʩʪʘ-

ʪʦʢ ʧʝʨʝʛʦʥʷʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 76Áʉ / 1,5 ʤʤ, ʧʦ-

ʣʫʯʠʣʠ 99,2 ʛ 0,0-ʜʠʧʨʦʧʠʣʭʣʦʨʬʦʩʬʦʥʘʪʘ (ʚʳʭʦʜ 

72%), nD
20= 1,4253. 

ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ: tʢʠʧ. = 76Áʉ /1,5 ʤʤ; 

nD
20 = 1,4236. 

ʉʠʥʪʝʟ ɓ -ʦʢʩʠʵʪʠʣʘʣʢʠʣʩʫʣʴʬʠʜʦʚ [66]. 

ʂ 0,5 ʛ-ʤʦʣʷ ʛʘʣʦʠʜʥʦʛʦ ʘʣʢʠʣʘ ʚ 200 ʤʣ 50% 

ʨʘʩʪʚʦʨʘ ʩʧʠʨʪʘ ʧʨʠʙʘʚʣʷʣʠ 0,6 ʛ-ʤʦʣʷ ʪʠʦʤʦʯʝ-

ʚʠʥʳ ʠ ʩʤʝʩʴ ʢʠʧʷʪʠʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʚ ʪʝʯʝʥʠʝ 3 

ʯʘʩʦʚ. ɿʘʪʝʤ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤ-

ʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ 75 ʛ ʝʜ-

ʢʦʛʦ ʢʘʣʠʷ ʚ 200 ʤʣ ʚʦʜʳ ʠ ʚʥʦʚʴ ʥʘʛʨʝʚʘʣʠ ʚ ʪʝʯʝ-

ʥʠʝ 2 ʯʘʩʦʚ. 

ɼʘʣʝʝ ʩʤʝʩʴ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʠ ʧʨʠʙʘʚʣʷʣʠ 0,5 ʛ- ʤʦʣʷ ʵʪʠʣʝʥʭʣʦʨʛʠʜʨʠʥʘ. 

ʉʤʝʩʴ ʢʠʧʷʪʠʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ, 

ɺʳʜʝʣʠʚʰʠʡʩʷ ʤʘʩʣʷʥʠʩʪʳʡ ʩʣʦʡ ʦʪʜʝʣʷʝʪʩʷ, ʚʦʜ-

ʥʳʡ - ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʵʬʠʨʦʤ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ 

ʩʫʰʠʣʠ ʥʘʜ ʙʝʟʚʦʜʥʳʤ ʩʫʣʴʬʘʪʦʤ ʥʘʪʨʠʷ. ʇʦʩʣʝ 

ʩʫʰʝʥʠʷ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʩʫʣʴʬʘʪ ʥʘʪʨʠʷ, ʦʪʛʦ-

ʥʷʣʠ ʵʬʠʨ, ʘ ʦʩʪʘʪʦʢ ʧʝʨʝʛʦʥʷʣʠ ʚ ʚʘʢʫʫʤʝ. 

ʊʘʢʠʤ ʧʫʪʝʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ: 

ɓ -ʦʢʩʠʵʪʠʣʵʪʠʣʩʫʣʴʬʠʜ - 42,5 ʛ (4,6%); tʢʠʧ. = 

90Áʉ/24 ʤʤ; nD
20 = 1,4830;  

d4
20 = 1,0098. 

ɓ -ʦʢʩʠʵʪʠʣʧʨʦʧʠʣʩʫʣʴʬʠʜ - 67,4 ʛ (75%); tʢʠʧ. 

= 63Áʉ/24 ʤʤ; nD
20 = 1,4824; d4

20 = 0,9951. 

ɓ -ʦʢʩʠʵʪʠʣʙʫʪʠʣʩʫʣʴʬʠʜ - 100 ʛ (4,6%); tʢʠʧ. = 

72Áʉ/ʤʤ; nD
20 = 1,4800; 

 d4
20 = 0,9706. 

ɓ -ʦʢʩʠʵʪʠʣʘʤʠʣʩʫʣʴʬʠʜ - 67 ʛ (90,5%); tʢʠʧ = 

95Áʉ/3 ʤʤ; nD
20 = 1,4778;  

d4
20 = 0,9565. 

ɓ -ʦʢʩʠʵʪʠʣʛʝʢʩʠʣʩʫʣʴʬʠʜ - 81,5 ʛ (62,8%); tʢʠʧ. 

= 98Áʉ/3 ʤʤ; nD
20 = 1,4774; d4

20 = 0,9426. 

ɼʣʷ ʩʠʥʪʝʟʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʙʨʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʛʘʣʦʠʜʥʳʝ ʘʣʢʠʣʳ: 

ɹʨʦʤʠʩʪʳʡ ʵʪʠʣ; ʙʨʦʤʠʩʪʳʡ ʧʨʦʧʠʣ; ʙʨʦʤʠ-

ʩʪʳʡ ʙʫʪʠʣ; ʙʨʦʤʠʩʪʳʡ ʘʤʠʣ; ʡʦʜʠʩʪʳʡ ʛʝʢʩʠʣ. 

ʂʦʥʩʪʘʥʪʳ ʠ ʚʳʭʦʜ ʧʦʣʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ-

ʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʉʠʥʪʝʟ ɓ- ʘʣʢʠʣʤʝʨʢʘʧʪʦʵʪʠʣʢʩʘʥʪʦʛʝʥʘʪʦʚ 

ʢʘʣʠʷ 

ʂ ʨʘʩʪʚʦʨʫ 0,156 ʛ-ʤʦʣʷ ɓ- ʦʢʩʠʵʪʠʣʘʣʢʠʣʩʫʣʴ-

ʬʠʜʘ ʚ 20 ʤʣ ʛʝʢʩʘʥʘ ʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 25-35 ʉ 

ʧʨʠʙʘʚʣʷʣʠ 7 ʛ (0,125 ʛ-ʤʦʣʷ) ʪʦʥʢʦ ʠʟʤʝʣʴʯʝʥʥʦʛʦ 

ʝʜʢʦʛʦ ʢʘʣʠʷ,ʧʝʨʝʤʝʰʠʚʘʣʠ ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝ-

ʥʠʷ ʱʝʣʦʯʠ. ʈʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʠ ʧʨʠ ʭʦʨʦʰʝʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʢʘʧʳ-

ʚʘʣʠ 10 ʛ (0,13 ʛ-ʤʦʣʷ) ʩʝʨʦʫʛʝʨʦʜʘ 

 ʆʙʨʘʟʦʚʘʚʰʫʶʩʷ ʩʫʩʧʝʥʟʠʶ ʦʩʪʘʚʣʷʣʠ ʥʘ 

ʥʦʯʴ. ʆʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʘʙʩʦʣʶʪʥʳʤ 

ʵʬʠʨʦʤ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ ʠʟ ʨʘʩʪʚʦʨʘ ʘʮʝ-

ʪʦʥʘ ʠ ʛʝʢʩʘʥʘ, ʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʝ ʚʦʜʦʩʪʨʫʡʥʦʛʦ 

ʥʘʩʦʩʘ. 

 ʊʘʢʠʤ ʧʫʪʝʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ɓïʘʣʢʠʣʤʝʨʢʘʧ-

ʪʦʵʪʠʣʢʩʘʥʪʦʛʝʥʘʪʳ ʢʘʣʠʷ: 

 

KSCP-CH
2
-CH

2
SR

S
 

ɻʜʝ R=ʉ1-ʉ9 

ʂʦʥʩʪʘʥʪʳ ʠ ʚʳʭʦʜʳ ʧʦʣʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 1. 

ɓ -ʆʢʩʠʵʪʠʣʘʣʢʠʣʩʫʣʴʬʠʜʳ HO-CH2-CH2S-R 

NN 

ʧ/ʧ 

R ɺʳʭʦʜ, % Tʢʠʧ.  ʉ  

(ʤʤ.ʨʪ.ʩʪ.) 

nD 20 d4
20 MRD 

ʅʘʡʜʝʥʦ ɺʳʯʠʩʣʝʥʦ 

1. ʩ2ʥ5 48,3 90 (24) 1,4830 1,0098 29,98 30,20 

2. ʉ3ʅ7 75 63(1) 1,4824 0,9951 34,41 34,82 

3. ʉ4ʅ9 93,2 72(1) 1,4800 0,9706 39,22 39,43 

4. ʉ5ʅ11 90,5 95 (3) 1,4778 0,9565 43,79 44,05 

5. ʉ6ʅ11 62,8 98 (3) 1,4774 0,9426 48,60 48,67 
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ʊʘʙʣʠʮʘ 2. 

ˉ R ɺʳʭʦʜ., % Tʧʣ, Áʉ ʌʦʨʤʫʣʘ ʅʘʡʜʝʥʦ, % ɺʳʯʠʩʣʝʥʦ, % 

ʉ ʅ S C H S 

1. CH3 71 178-178,5 C4H7OS2K       

2. C2H5 57,7 173-175 C5H9OS3K       

3. C3H7 68 168-169 C6H11OS3K 30,37 4,76 40,62 30,76 4,70 42,02 

4. C4H9 60,8 166 C7H13OS3K       

5. C5H11 52 167,5-168 C8H15OS3K       

6. C6H13 63,3 165,5-166 C8H15OS3K       

7. C7H15 50,4 164-165,5 C10H19OS3K       

8 C8H17 70,4 163-164 C11H21OS3K       

9 C9H19 32,9 162-164 C12H23OS3K       

 

ɺʳʚʦʜʳ: 

1.ʉʠʥʪʝʟʠʨʦʚʘʥ 0,0-ʜʠʧʨʦʧʠʣʭʣʦʨʬʦʩʬʦʥʘʪʘ. 

2. ʉʠʥʪʝʟʨʦʚʘʥ ɓ ïʦʢʩʠʵʪʠʣʘʣʢʠʣʩʫʣʴʬʠʜʦʚ. 

3.ʆʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʚʝ-

ʱʝʩʪʚ: ɹʨʦʤʠʩʪʳʡ ʵʪʠʣ; ʙʨʦʤʠʩʪʳʡ ʧʨʦʧʠʣ; ʙʨʦʤʠ-

ʩʪʳʡ ʙʫʪʠʣ; ʙʨʦʤʠʩʪʳʡ ʘʤʠʣ; ʡʦʜʠʩʪʳʡ ʛʝʢʩʠʣ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ. 
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ʣʝʝʚʩʢʠʡ ʩʲʫʟʜ,1965. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʆʈɻɸʅʀɿɸʎʀʆʅʅʆʁ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʂɸɼɸʉʊʈʆɺʆʁ 

ʆʈɻɸʅʀɿɸʎʀʀ 

Gorodilov A.I. 

The National Research Tomsk Polytechnic University 

 

MODELING THE ORGANIZATIONAL EFFICIENCY OF THE CADASTRAL ORGANIZATION  

 

ɸʥʥʦʪʘʮʠʷ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʯʨʝʞʜʝʥʠʷ, ʢʦʤʧʘʥʠʠ ï ʧʫʪʴ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʧʨʠ ʣʠʤʠʪʠʨʦ-

ʚʘʥʠʠ ʨʝʩʫʨʩʦʚ. ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʥʦʛʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʨʦʠʟʚʦʜʠʪʴ ʠʭ ʦʮʝʥʢʫ çʧʦ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘʤè, ʥʘʧʨʠʤʝʨ, ʧʨʠʙʳʣʠ ï ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺʳʧʦʣʥʝʥ ʚ ʩʪʘʪʴʝ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤʳ, ʫʢʘ-

ʟʘʥʳ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʢʦʤʧʘʥʠʠ (ʦʙʲʝʢʪʠʚʥʦʛʦ ʠ ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʭʘ-

ʨʘʢʪʝʨʘ). 

Abstract. 

Organizational effectiveness of the institution, the company - the way to achieve goals in the limitation of 

resources. It is characterized by many characteristics. It is not enough to make their assessment ñby characteris-

ticsò, for example, profits. The system analysis of the problem was made in the article; ways of improving the 

company's organizational performance (objective and subjective) were indicated. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʜʘʩʪʨʦʚʘʷ ʦʨʛʘʥʠʟʘʮʠʷ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

Keywords: cadastral organization, organizational efficiency, performance evaluation, modeling. 

 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ï ʫʤʝʥʠʝ 

ʫʯʨʝʞʜʝʥʠʷ, ʢʦʤʧʘʥʠʠ ʥʝ ʪʦʣʴʢʦ ʩʫʱʝʩʪʚʦʚʘʪʴ, ʥʦ 

ʠ ʜʦʩʪʠʛʘʪʴ ʢʘʢʠʭ-ʪʦ ʮʝʣʝʡ ʩ ʚʳʛʦʜʥʳʤ ʩʦʦʪʥʦʰʝ-

ʥʠʝʤ ʧʨʠʙʳʣʠ ʠ ʫʙʳʪʢʦʚ. ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʢʘʜʘʩʪʨʦʚʦʡ ʢʦʤʧʘʥʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʛʨʦʤʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [1]. ʉʪʨʫʢ-

ʪʫʨʘ ʦʨʛʘʥʠʟʘʮʠʠ ï ʨʘʟʚʝʪʚʣʝʥʥʘʷ (ʩʤ. ʨʠʩ.1). 

 

 
ʈʠʩʫʥʦʢ 1. ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʝʜʝʥʠʷ ɻɿʂ ʈʦʩʩʠʠ 
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ʇʨʦʠʟʚʦʜʠʪʴ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʛʣʘʩʥʦ 

ʧʦ ʦʜʥʦʤʫ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʢ ʧʨʠʤʝʨʫ, ʩʦʛʣʘʩʥʦ 

ʧʨʠʟʥʘʢʫ ʧʨʠʙʳʣʠ) ʥʠʢʘʢ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʏʘʱʝ ʦʨ-

ʛʘʥʠʟʘʮʠʦʥʥʘʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʢʦʤʧʘʥʠʠ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝ ʪʦʣʴʢʦ ʦʙʲʝʢʪʠʚ-

ʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʆʙʲʝʢʪʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ. ʆʙʲʝʢʪʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʝʶʪ ʬʠʥʘʥʩʦ-

ʚʳʡ ʚʠʜ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʘʢʮʝʥʪʠʨʫʝʪʩʷ ʥʘ ʨʝʟʫʣʴ-

ʪʘʪʠʚʥʦʩʪʴ, ʦʪʨʘʞʘʶʱʫʶ ʫʨʦʚʝʥʴ ʮʝʣʝʜʦʩʪʠʞʝʥʠʷ. 

ɺʘʞʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ (ʦʮʝʥʢʘ ʜʦʭʦʜʥʦʩʪʠ) ʠ ʢʘʯʝ-

ʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʫʩʣʫʛ. ʈʝʥʪʘʙʝʣʴʥʦʩʪʴ ʢʦʤʧʘʥʠʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ, 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʝ-

ʩʫʨʩʦʚ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʧʘʥʠʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʦʪ ʦʙʱʝʩʪʚʝʥʥʦ-ʵʤʦʮʠ-

ʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

1) ʪʨʫʜʦʚʦʡ, ʚʥʫʪʨʝʥʥʝʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʜʠʥʘ-

ʤʠʯʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ, ʯʪʦ ʦʪʦʙʨʘʞʘʝʪ ʩʪʝʧʝʥʴ ʧʩʠ-

ʭʦʬʠʟʠʯʝʩʢʦʡ ʠ ʦʙʱʝʩʪʚʝʥʥʦʡ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦ-

ʩʪʠ, ʤʦʪʠʚʘʮʠʡ ʢ ʩʘʤʦʨʘʟʚʠʪʠʶ, ʩʦʟʠʜʘʪʝʣʴʥʦʡ ʨʘ-

ʙʦʪʝ, ʪʝʤʧ ʠʩʧʦʣʥʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ; 

2) ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʦʚ, ʦʪʨʘʞʘʶ-

ʱʘʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʧʝʨʩʦʥʘʣʘ ʢ ʪʨʫʜʫ, 

ʧʝʨʩʦʥʘʣʫ; 

3) ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʘʥʠʠ; 

4) ʤʝʞʣʠʯʥʦʩʪʥʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ, ʦʪʦʙʨʘ-

ʞʘʶʱʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʚ ʢʦʤʧʘʥʠʠ, ʝʝ ʯʣʝʥʦʚ, ʦʨʛʘ-

ʥʠʟʦʚʘʥʥʦʩʪʴ. 

ʄʝʪʦʜʳ ʦʮʝʥʢʠ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɽʩʪʴ ʪʨʠ ʧʦʜʭʦʜʘ ʜʣʷ ʝʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ - ʩʠʩʪʝʤʥʳʡ, ʮʝʣʝʚʦʡ, ʚʳʙʦʨʦʯʥʳʡ. ʆʨ-

ʛʘʥʠʟʘʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʜʦʙʠʨʘʪʴʩʷ ʜʦ ʮʝʣʝʡ ʠ 

ʨʘʙʦʪʘʪʴ ʪʘʢ, ʯʪʦ ʟʘʪʨʘʪʳ ʙʳʣʠ ʤʝʥʴʰʝ ʜʦʭʦʜʘ. ʎʝ-

ʣʝʚʦʡ ʧʦʜʭʦʜ ʭʦʨʦʰ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʢʘʢʠʭ-ʪʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʞʝʣʘʥʠʡ ʦʪʜʝʣʴʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, 

ʥʦ ʧʨʠʤʝʥʷʪʴ ʝʛʦ ʥʝ ʩʪʦʠʪ, ʝʩʣʠ ʚʳ ʩʤʦʪʨʠʪʝ ʥʘ 

ʬʠʨʤʫ, ʢʘʢ ʥʘ ʮʝʣʦʩʪʥʳʡ ʦʨʛʘʥʠʟʤ, ʯʴʷ ʛʣʘʚʥʘʷ ʟʘ-

ʜʘʯʘ ʨʘʮʠʦʥʘʣʴʥʦ ʩʫʱʝʩʪʚʦʚʘʪʴ, ʧʦʪʦʤʫ ʯʪʦ ʧʦ-

ʪʨʝʙʥʦʩʪʴ ʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ ʤʦʞʝʪ ʧʘʛʫʙʥʦ ʚʣʠ-

ʷʪʴ ʥʘ ʩʦʩʪʘʚʣʝʥʠʝ ʜʘʣʴʥʝʡʰʝʛʦ ʧʣʘʥʘ ʦʨʛʘʥʠʟʘ-

ʮʠʠ. 

ʋ ʢʘʞʜʦʡ ʢʦʤʧʘʥʠʠ ʝʩʪʴ ʩʚʦʠ ʮʝʣʠ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʚʠʜʳ, ʦʮʝʥʠʚʘʷ ʠʭ ʧʦ ʤʘʩʰʪʘʙ-

ʥʦʩʪʠ: 

1) ʦʙʱʝʬʠʨʤʝʥʥʘʷ ï ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʵʚʦ-

ʣʶʮʠʶ ʩʦʚʤʝʩʪʥʳʭ ʟʘʜʘʯ ʠ ʧʦʢʘʟʘʪʝʣʝʡ (ʥʘʧʨʠʤʝʨ, 

ʫʨʦʚʝʥʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ); 

2) ʚʥʫʪʨʠʬʠʨʤʝʥʥʘʷ ð ʧʦʢʘʟʳʚʘʝʪ, 

ʥʘʩʢʦʣʴʢʦ ʤʝʥʷʶʪʩʷ ʮʝʣʠ ʚ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ; 

3) ʛʨʫʧʧʦʚʘʷ ï ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʣʥʦʪʫ ʮʝʣʝ-

ʜʦʩʪʠʞʝʥʠʷ ʛʨʫʧʧʳ ʨʘʙʦʪʥʠʢʦʚ ʬʠʨʤʳ.  

ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʟʘʚʠ-

ʩʝʪʴ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ: 

1) ʢʘʯʝʩʪʚʘ ʧʣʘʥʠʨʦʚʘʥʠʷ; 

2) ʤʦʪʠʚʘʮʠʦʥʥʦʡ ʩʠʣʳ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ; 

3) ʫʤʝʩʪʥʦʩʪʠ ʠ ʥʦʨʤʘʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʩʪʨʘʪʝʛʠʡ ʮʝʣʷʤ ʫʯʨʝʞʜʝʥʠʷ. 

ʇʝʨʚʳʝ ʬʘʢʪʦʨʳ ʧʦʢʘʟʳʚʘʶʪ ʠ ʦʧʨʝʜʝʣʷʶʪ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʘʩʧʝʢʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʩʣʝʜʥʠʡ - 

ʪʘʢʪʠʯʝʩʢʠʡ. 

ɺʳʙʦʨʦʯʥʳʡ ʧʦʜʭʦʜ. ʆʥ ʦʧʠʨʘʝʪʩʷ ʥʘ ʫʨʦʚʝʥʴ 

ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʧʦʪʨʝʙʥʦʩʪʝʡ, ʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʵʪʦʪ ʫʨʦʚʝʥʴ ʧʦ ʟʘʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʧʣʘʥʫ ʥʝ-

ʚʦʟʤʦʞʥʦ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʣʠʰʴ 

ʧʦʩʣʝ ʨʘʙʦʪʳ, ʝʩʣʠ ʜʦʩʪʠʯʴ ʥʠʟʰʝʛʦ ʫʨʦʚʥʷ ʫʜʦ-

ʚʣʝʪʚʦʨʝʥʥʦʩʪʠ. ɽʩʣʠ ʵʪʦʛʦ ʥʝ ʜʦʩʪʠʛʥʫʪʴ ʚ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʥʘʯʥʝʪʩʷ ʢʦʥʬʣʠʢʪ. 

ʉʣʦʞʥʦʩʪʴ ʚʳʙʦʨʦʯʥʦʛʦ ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʤ ʚ 

ʪʦʤ, ʯʪʦ ʥʫʞʥʦ ʯʝʪʢʦ ʦʧʨʝʜʝʣʠʪʴ ʵʣʝʤʝʥʪʳ ʧʣʘʥʘ, 

ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʨʘʙʦʪʘ ʦʨʛʘʥʠʟʘʮʠʠ, ʠ ʫʩʪʘʥʦ-

ʚʠʪʴ ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʘʤʦʡ ʬʠʨʤʳ. ʇʨʠ ʠʟʤʝʥʝ-

ʥʠʠ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʚʥʦʚʝʩʠʝ ʤʦʞʝʪ 

ʥʘʨʫʰʠʪʴʩʷ, ʧʦʵʪʦʤʫ ʣʠʙʦ ʥʫʞʥʦ ʵʪʦ ʯʝʪʢʦ ʢʦʥʪʨʦ-

ʣʠʨʦʚʘʪʴ, ʣʠʙʦ ʥʝ ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʵʪʦʤʫ ʧʨʦ-

ʠʟʦʡʪʠ. ʂ ʬʘʢʪʦʨʘʤ, ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʦʪʦʨʳʭ ʤʝ-

ʥʷʝʪ ʭʦʟʷʡʩʪʚʦʚʘʥʠʝ, ʦʪʥʦʩʷʪ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʝ 

ʬʘʢʪʦʨʳ, ʚʝʜʴ ʚ ʯʘʩʪʥʦʩʪʠ ʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʯʘʱʝ 

ʜʝʟʦʨʛʘʥʠʟʫʶʪ ʠ ʤʝʥʷʶʪ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝ-

ʩʠʝ. 

ɺʥʫʪʨʠʩʪʨʫʢʪʫʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʨʛʘʥʠʟʘʮʠʠ: 

1) ʨʘʙʦʪʥʠʢʠ, ʤʝʥʝʜʞʝʨʳ, ʥʘʯʘʣʴʥʠʢʠ; 

2) ʚʥʝʰʥʠʝ - ʦʨʛʘʥʳ ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʝ, 

ʤʝʩʪʥʳʝ, ʦʩʪʘʣʴʥʳʝ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ 

ʬʠʨʤʳ, ʠʥʩʪʠʪʫʪʳ. 

ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʠ-

ʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʝʸ ʫʤʝʥʠʝ ʘʜʘʧʪʠʨʦ-

ʚʘʪʴʩʷ [2]. ʊʘʢ ʞʝ ʵʪʦʪ ʧʦʜʭʦʜ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ 

ʫʜʝʣʷʝʪ ʠʤʝʥʥʦ ʨʘʙʦʪʥʠʢʘʤ, ʘ ʥʝ ʧʦʩʪʘʚʣʝʥʥʳʤ ʟʘ-

ʜʘʯʘʤ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʪʨʫʜʥʠʢʦʤ, ʠʝʨʘʨʭʠʯʝ-

ʩʢʘʷ ʧʠʨʘʤʠʜʘ ʠ ʧʦʯʪʠ ʚʩʝ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠ 

ʫʯʨʝʞʜʝʥʠʷ - ʧʝʨʚʠʯʥʦ, ʘ ʚʦʪ ʦʮʝʥʦʯʥʳʡ ʘʥʘʣʠʟ ʟʘ-

ʥʠʤʘʝʪ ʥʝ ʪʘʢʦʝ ʚʘʞʥʦʝ ʤʝʩʪʦ ʜʣʷ ʵʪʦʛʦ ʧʦʜʭʦʜʘ. 

ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʩʦ-

ʮʠʘʣʴʥʳʤʠ ʚʳʧʣʘʪʘʤʠ ʠ ʪʘʢ ʜʘʣʝʝ. ʉʘʤʳʡ ʛʣʘʚʥʳʡ 

ʤʠʥʫʩ ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʮʝʥʢʘ ʚʥʫʪ-

ʨʝʥʥʠʭ ʯʝʨʪ ʪʨʝʙʫʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʬʦʨʤʫʣʠ-

ʨʦʚʢʠ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʩʘʤ ʧʨʦʮʝʩʩ ʦʮʝʥʢʠ, ʘ ʵʪʦ ʥʠ-

ʢʘʢ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ. ɿʘʣʦʛ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʜʘʩʪʨʦʚʦʡ ʢʦʤʧʘ-

ʥʠʠ ʥʘ ʨʳʥʢʝ, ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʝ ï ʦʧʝʨʘʪʠʚʥʦʝ, 

ʨʝʣʝʚʘʥʪʥʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʫʩʣʦʚʠʷ ʩʨʝʜʳ. ʈʝʘʛʠ-

ʨʦʚʘʥʠʝ, ʚ ʦʩʥʦʚʥʦʤ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʜʫ-

ʨʘʤʠ, ʠʥʥʦʚʘʮʠʷʤʠ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʢʫʣʴʪʫʨʦʡ, 

ʨʘʮʠʦʥʘʣʴʥʳʤ ʨʝʩʫʨʩʦʦʙʝʩʧʝʯʝʥʠʝʤ ʠ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝʤ ʧʨʠʙʳʣʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʙʠʟʥʝʩ-ʢʦʤʧʘʥʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ, ʥʘʧʨʠʤʝʨ, ʪʠʧʘ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ, ʦʪʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʦ-

ʩʪʘ (ʠʟʤʝʥʝʥʠʷ):  

1) ʢʘʯʝʩʪʚʘ ʪʨʫʜʘ; 

2) ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ; 

3) ʬʠʥʘʥʩʦʚʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʠ ʜʨ. 

ʅʘʧʨʠʤʝʨ, ʢʦʛʥʠʪʠʚʥʘʷ [3] ʧʦʜʤʦʜʝʣʴ ʢʘʯʝ-

ʩʪʚʘ ʪʨʫʜʘ ʫʯʠʪʳʚʘʝʪ, ʥʘʧʨʠʤʝʨ, ʬʘʢʪʦʨʳ: 

1) ʬʦʥʜ ʧʨʝʤʠʘʣʴʥʳʡ, ʩʦʦʪʥʝʩʝʥʥʳʡ ʢ ʬʦʥʜʫ 

ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ; 



52 TECHNICAL SCIENCE / ζColloquium - journal Ȼ#12(36),2019 

2) ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʩʦʦʪʥʝʩʝʥʥʘʷ ʢ 
ʦʙʱʝʩʪʚʝʥʥʦ-ʥʦʨʤʘʣʴʥʦʤʫ ʫʨʦʚʥʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʠ ʪʨʫʜʘ (ʩʨʝʜʥʝʦʪʨʘʩʣʝʚʦʤʫ ʫʨʦʚʥʶ); 

3) ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ, ʩʦʦʪʥʝʩʝʥʥʘʷ ʢ ʦʙʱʝ-

ʩʪʚʝʥʥʦʡ ʥʦʨʤʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ; 

4) ʫʨʦʚʝʥʴ ʦʭʨʘʥʳ ʪʨʫʜʘ, ʩʦʦʪʥʝʩʝʥʥʳʡ ʢ ʦʪ-
ʨʘʩʣʝʚʳʤ (ʤʠʨʦʚʳʤ) ʥʦʨʤʘʪʠʚʘʤ ʠ ʜʨ.  

ɺʳʚʦʜʳ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ, ʯʪʦ 

ʧʦʣʥʘʷ ʦʮʝʥʢʘ ʨʘʙʦʪʳ ʢʦʤʧʘʥʠʠ, ʘʥʘʣʠʟ ʝʸ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʦʩʪʠʛʘʝʤʘ ʪʦʣʴʢʦ ʣʠʰʴ ʩ ʫʯʝʪʦʤ 

ʚʩʝʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʦʪʦʙʨʘʞʘʶʪ ʟʥʘʯʠ-

ʤʫʶ ʵʬʬʝʢʪʠʚʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʘʜʘʩʪʨʦʚʦʡ ʢʦʤ-

ʧʘʥʠʠ [4]. 
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ɻɽʆʈɽɸʂʊʆʈɽ 

Gorodilov A.I. 

The National Research Tomsk Polytechnic University 

 

NONLINEAR MATHEMATICAL MODEL OF THE POPULATION OF MICROORGANISMS IN THE 

GEOREACTOR 

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʧʫʣʷʮʠʠ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʦʚ ʚ ʨʝʘʢʪʦʨʘʭ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʦʮʝʩʩʦʚ ʥʘ ʩʚʘʣʢʘʭ, ʚ ʜʦʙʳʯʝ ʤʘʪʝʨʠʘ-

ʣʦʚ (çʭʚʦʩʪʦʦʙʨʘʟʦʚʘʥʠʠè ʨʫʜʥʠʢʦʚ) ʠ ʜʨʫʛʠʭ ʘʢʪʫʘʣʴʥʳʭ, ʧʨʦʙʣʝʤʥʳʭ ʚ ʵʢʦʣʦʛʠʠ ʧʨʦʮʝʩʩʦʚ. ʇʦʩʪʨʦʝʥ-

ʥʘʷ ʤʦʜʝʣʴ ʠʩʩʣʝʜʦʚʘʥʘ ʥʘ ʦʜʥʦʟʥʘʯʥʦʩʪʴ ʨʝʰʝʥʠʷ, ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʀʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʪʝʦʨʠʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʃʷʧʫʥʦʚʫ ʠ ʪʝʦʨʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

Abstract. 

The article deals with a mathematical model of dynamic processes of a population of microorganisms in 

reactors of geological origin. For example, processes at landfills, in the extraction of materials (ñtailingò of 

mines) and other relevant processes that are problematic in ecology. The constructed model is investigated for the 

uniqueness of the solution, its stability. The methods of the theory of stability according to Lyapunov and the theory 

of differential equations are used. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʣʠʥʝʡʥʘʷ, ʤʦʜʝʣʴ, ʧʦʧʫʣʷʮʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʛʝʦʨʝʘʢʪʦʨ, ʫʩʪʦʡʯʠʚʦʩʪʴ.  

Keywords: nonlinear, model, population of microorganisms, georeactor, resistance. 

 

ɿʘʜʘʯʘ ʨʘʟʚʠʪʠʷ ʙʠʦʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʨʝʟʝʨʚʫʘʨʝ (ʨʝʜʘʢʪʦʨʝ) ʠʩʩʣʝʜʦʚʘʥʘ ʨʷʜʦʤ 

ʫʯʝʥʳʭ, ʥʘʧʨʠʤʝʨ, ʚ [1], [2]. ɺʘʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʚʦʟʨʘʩʪʫ ʦʨʛʘʥʠʟʤʦʚ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚ ʩʨʝʜʝ (ʩʦ ʩʨʝʜʦʡ) ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ [3]. ʉʣʝʜʫʷ [4], ʧʨʝʜʩʪʘʚʠʤ ʧʨʠʨʦʜ-

ʥʳʡ ʩʦʩʫʜ ʩ ʭʠʤʠʯʝʩʢʠʤ ʨʝʘʢʪʠʚʦʤ (ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ ʧʦʧʫʣʷʮʠʡ) ʢʘʢ çʛʝʦʨʝʘʢʪʦʨè, ʦʧʠʰʝʤ ʧʨʦʮʝʩʩ 

ʧʦʧʫʣʷʮʠʦʥʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ (ʟʘʜʘʯʝʡ): 

 

” ” ‘ὥȟὴὸ”, 

ὄὸḳ”πȟὸ ᷿ ‍ὥȟὴὸ ”ὥȟὸὨὥ, 

ὴὸ ᷿ ”ὥȟὸὨὥ, 

 

ʛʜʝ ”ὥȟὸ  ʚʦʟʨʘʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ (ʯʠʩʣʝʥʥʦʩʪʴ) ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʦʩʦʙʝʡ ʚʦʟʨʘʩʪʘ a, B(t) ï ʫʨʦʚʝʥʴ 

ʨʦʞʜʘʝʤʦʩʪʠ, p(t) ï ʦʙʱʘʷ ʧʦʧʫʣʷʮʠʷ (ʦʙʱʘʷ ʧʣʦʪʥʦʩʪʴ, ʯʠʩʣʝʥʥʦʩʪʴ), ʈὥȟὴ- ʬʫʥʢʮʠʷ ʣʠʤʠʪʠʨʦʚʘʥʠʷ 

(ʩʤʝʨʪʥʦʩʪʠ), ‍ὥȟὴ - ʬʫʥʢʮʠʷ ʨʦʞʜʘʝʤʦʩʪʠ. 

ʋʧʨʦʩʪʠʤ, ʦʙʦʟʥʘʯʠʚ 

‘ὥȟὴ ‘ὥ, 
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‍ὥȟὴ ‍ὴὩ , 

Ὣὸ ὄὸȾ‍ὴ. 

 

ʊʦʛʜʘ ʠʩʭʦʜʥʫʶ ʟʘʜʘʯʫ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʠʩʪʝʤʦʡ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

 

ὖ ᴂὸ ‘ὴὴ ‍ὴὫ, 

Ὣᴂὸ ‘ὴ ‍ὴ ‌Ὣ, 

ʛʜʝ 

ὴπ ὴ, Ὣπ Ὣ. 

ʂʘʢ ʠ ʚ [4], ʧʨʝʜʧʦʣʦʞʠʤ:  

‍ὴ ρ ὶ ὶὴȟ  
 ‘ὴ ρ ὧ ‌ ςὧ ήὴ ὧ ήὴȟ 

 

ʛʜʝ q ï ʧʘʨʘʤʝʪʨ ʙʠʬʫʨʢʘʮʠʡ ʨʘʚʥʦʚʝʩʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʛʦ. 

ʌʫʥʢʮʠʷ ‍ὴ ρ ὶρ ὴ  ʨʝʘʣʠʩʪʠʯʥʘʷ, ʭʦʪʷ ‘ὴ ʢʘʞʝʪʩʷ ʥʝ ʪʘʢʦʡ. 

ʇʫʩʪʴ Õ, ɓ>0 ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʬʫʥʢʮʠʡ ʢʣʘʩʩʘ ὅ. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʙʠʬʫʨʢʘʮʠʡ ʧʨʠ ʥʝʢʦ-
ʪʦʨʦʤ ʧʘʨʘʤʝʪʨʝ ŭ ʬʫʥʢʮʠʡ Õ, ɓ, ʪʦ ʜʣʷ ʨʘʚʥʦʚʝʩʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʫʨʘʚʥʝʥʠʝ: 

 

ȟὴ‏‘ ȟὴ‏‍ ‌, 

ʠʤʝʣʦ ʨʝʰʝʥʠʝ ὴ πȢ 
ʇʨʝʜʧʦʣʦʞʠʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ. ʊʦʛʜʘ 

 

Ὃ ȟὴ‏‘ ȟὴ‏‍ ὴ. 

ʇʨʠʤʝʥʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 
ὼ ὴ ὴ
ώ Ὣ Ὣ. 

ʊʦʛʜʘ  

ὼᴂ ȟὼ‏‘ ὴ ὼ ὴ ȟὼ‏‍ ὴ ώ Ὣ ȟ 
ώᴂ ȟὼ‏‘ ὴ ȟὼ‏‍ ὴ ‌ ώ Ὣ  

 

ʃʠʥʝʘʨʠʟʫʝʤ ʵʪʠ ʩʦʦʪʥʦʰʝʥʠʷ: 

ὼᴂ ὃὼ ὃὼ

ώᴂ ὃὼȟ
 

ʛʜʝ 

ὃ ȟὴ‏‘ ‘ ᴂ‏ȟὴ ὴ ‍ ᴂ‏ȟὴ ȟὴ‏‘ ȟὴ‏‍  ὴ, 

ὃ ȟὴ‏‍ , 

ὃ ‘ ᴂ‏ȟὴ ‍ ᴂ‏ȟὴ ȟὴ‏‘ ȟὴ‏‍  ὴ. 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʩʣʝʜʥʝʡ ʩʠʩʪʝʤʳ: 

 

‗
ρ

ς
ὃ ὃ τὃὃ Ȣ 

 

ɼʣʷ ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ‏ ‏ˍ π ʧʦʣʫʯʘʝʤ  

 

‗ ὃὃ . 

 

ɽʩʣʠ ˍ πȟ̓  ̏ὃ π ʠ ʨʘʚʥʦʚʝʩʠʝ ʧʨʠ ὴȟὫ  ʙʫʜʝʪ ʠʤʝʪʴ ʙʠʬʫʨʢʘʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ ʩ ‏ ʠ ʧʝʨʠ-

ʦʜʦʤ 
ȿ ȿ
Ȣ ɽʩʣʠ ὃ πȟ ʠʟ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ˍʧʦʣʫʯʘʝʤ: 

ȟὴ‏‘ ȟὴ‏‍ ‘ ᴂ‏ȟὴ ȟὴ‏ ‍ ‍ᴂ‏ȟὴ ȟὴ‏‘ ὴ π, 
ʠʣʠ 

‘ ᴂ‏ȟὴ ‍ ᴂ‏ȟὴ . 

 

ʇʨʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʤ ʜʦʧʫʱʝʥʠʠ  

 

‍ᴂ‏ȟὴ π, ‘ᴂ‏ȟὴ π, 
 

ʧʦʣʫʯʘʝʤ, ʯʪʦ ʫʩʣʦʚʠʝ ʚʳʰʝ - ʚʳʧʦʣʥʝʥʦ.  

ʉʪʨʦʛʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʬʫʥʢʮʠʡ ʩʤʝʨʪʥʦʩʪʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʙʠʬʫʨʢʘʮʠʦʥʥʦʡ ʢʘʨʪʠʥʝ. 
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ʊʘʢʞʝ ‏‍ȟὴ πȢ ɽʩʣʠ ‘‏ȟὴ ï ʚʳʧʫʢʣʘʷ ʬʫʥʢʮʠʷ ʧʦ ʨ, ʪ.ʝ. ‘ ӹ π, ʪʦ ʙʠʬʫʨʢʘʮʠʷ ʠʤʝʝʪ ʤʝʩʪʦ 
ʣʠʙʦ ʥʘ ‘, ʣʠʙʦ ʥʘ ‍, ʛʜʝ  

ȟπ‏‘  ȟπ‏‘ ȟπ‏‍ ȟπ‏‍ Ȣ 
 

ʋʩʣʦʚʠʝ ʜʣʷ ˍ ʧʝʨʝʧʠʰʝʤ: 

‍Ⱦ‘ ‍Ⱦ‘ᴂὴ π, ‍Ⱦ‘ ᴂ πȢ 
 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʡ ʵʪʠʭ ʫʩʣʦʚʠʡ ʜʣʷ ὴ,‏ ʩʣʝʜʫʝʪ ʫʙʝʜʠʪʴʩʷ: 

 

1) ὃ πȟ‏  ;‏

2) ‗ πȟ‏  Ƞ‏
‏‗ (3 πȢ 

ʇʦʩʣʝʜʥʠʝ ʜʚʘ ʫʩʣʦʚʠʷ ï ʦʯʝʚʠʜʥʳ. 

ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ‏ȟὃ  ʫʩʣʦʚʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ὴȟ‏, ʪʦ ʩʣʝʜʫʝʪ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʧʨʠ 
ʚʩʝʭ ‏  :‏

ὃ πȟ‗ πȟ‗ πȢ 
ʇʦʩʣʝʜʥʝʝ ï ʦʯʝʚʠʜʥʦ. ʏʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʚʳʧʦʣʥʝʥ ʙʠʬʫʨʢʘʮʠʦʥʥʳʡ ʢʨʠʪʝʨʠʡ ʍʦʧʬʘ, ʷʚʣʷʶʪʩʷ 

ʣʠ ʢʨʠʚʳʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤʠ, ʠʩʧʦʣʴʟʫʝʤ ʘʣʛʦʨʠʪʤ [5, ʩʪʨ.132]. 

ɺʳʧʦʣʥʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ:  

ὢ ὼὃ ȟὣ ώ ὃ Ȣ 
 

ʉʠʩʪʝʤʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ:  

ὢ ȟὃ ὼ‏‘ ὴ ὼ ὴ + 

‍ ὃ ὼ ὴ ὣ Ὃ ḳὢ, 

ὣ ‘ ὃ ὼ ὴ ‍ ὃ ὼ ὴ ‌ ὣ Ὃ ḳὣ. 

 

ʉ ʫʯʝʪʦʤ ʦʙʦʟʥʘʯʝʥʠʡ ὢȟὣ ̐̑ ̉‏ ȟὢ‏ ὣ π ʧʦʣʫʯʘʝʤ: 

 

ὠ π  ȿ‗ȿ ȿ‗ȿὢ ὢ ὣ ὣ ï 

ὢ ὢ ὣ ὣ ὣ ὣ ὢ ὢ + 

ὢ ὢ ὢ ὢ . 

 

ʇʨʦʜʝʣʘʚ ʥʝʦʙʭʦʜʠʤʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʧʦʣʫʯʠʤ: 

 

ὠ π “ὴȿ‗ȿ ‘ ‘ ‍‘ ‍ , 

 

ʛʜʝ ὴ ‘‍ ‘‍ ‍‘ Ȣ 
ʅʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʭ ʨʝʰʝʥʠʡ: 

ὠ π π ʠʣʠ ‘ ‍‘ ‍ πȢ 

ʏʘʩʪʥʳʡ ʩʣʫʯʘʡ ʧʦʧʫʣʷʮʠʠ 

ʇʫʩʪʴ 

‍ὴ ὥὩ Ὠȟ‘ὴ ὦὩ ὧ ὫὩ ȟ 
ʛʜʝ 

ὥȟὦȟὧȟὫȟὨ πȟὫ
ὧ

τὦ
Ȣ 

 

ʆʩʥʦʚʥʳʝ ʫʩʣʦʚʠʷ (ʜʣʷ ʩʠʩʪʝʤʳ c P, G) ʧʨʠʤʝʪ ʚʠʜ: 

 

ὖ ὦὩ ὧ ὫὩ ὖ ὥὩ ὨὋȟ 
Ὃ ὦὩ ὥ ὫὩ ὧ ‌ ὨὋȢ 

 

ʋ ʵʪʦʡ ʩʠʩʪʝʤʳ - ʪʦʯʢʘ ʨʘʚʥʦʚʝʩʠʷ: 

 

ὖ Ὧ ÌÎ ‫ ‫ τὦὥ Ὣ ςὦ ȟ 

Ὃ ὦὩ ὧ ὫὩ ὥὩ Ὠ ὖȟ 
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ʛʜʝ ‫ ὧ ‌ ὨȢ 
ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ: 

Ὣ
‫

τὦ
ὥȟ‌ ‫ ςὦ 

 

ʚʳʧʦʣʥʝʥʳ, ʪʘʢ ʢʘʢ (ὖȟὋ) ʩʫʱʝʩʪʚʫʝʪ, ὖȟὋ πȢ 
ɺ ʥʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ὼ ὖ ὖȟώ Ὃ Ὃȟ 
ʩʠʩʪʝʤʘ ʧʨʠʤʝʪ ʚʠʜ: 

 

ὼ ὦὩ ὧ ὫὩ ὼ ὖ ὥὩ Ὠ ώ Ὃ ȟ 

ώ ὦὩ ὥ ὫὩ ‫ ώ Ὃ Ȣ 
 ʆʙʦʟʥʘʯʠʚ  

ὦ ὦὩȟὥ ὥὩ ȟὫ ὫὩ ȟ 
ʠ ʧʨʠʤʝʥʷʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ὼ ὃὼ ὃώ 
ώ ὃὼȟ 

ʛʜʝ 

ὃ ὦ Ὣ ὧ ὯὥὋ ὦ Ὣ Ὧὖȟ 
ὃ ὥ Ὠȟ 

ὃ ὦ ὥ Ὣ ὯὋȢ 
ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʯʠʩʣʘ  

‗
ρ

ς
ὃ ὃ τὃὃ Ȣ 

ɽʩʣʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ ὃ πȟ̓  ̏‗ Ὥ ὃὃ. ʊʘʢ ʢʘʢ ὃ π ʠ ὃ π (ʵʪʦ ʚʠʜʥʦ ʠʟ 

ὯὋ ‫ τὦὥ Ὣ π), ʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʠʬʫʨʢʘʮʠʠ ʩʫʱʝʩʪʚʫʝʪ. 

ʅʫʞʥʦ ʧʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

 

ὦ Ὣ ὧ ὯὥὋ ὦ Ὣ Ὧὖ πȢ 
 

ʋʯʠʪʳʚʘʷ ʚʳʨʘʞʝʥʠʝ ʜʣʷ Ὃȟὖȟ ʟʘʧʠʰʝʤ: 

 

ὦ Ὣ ὧ ὥ Ὠ Ὧὖςὥὦ ὥὧ ὦὨ ὫὨ π 
 

ʆʙʦʟʥʘʯʠʤ Ὓ ‫ τὦὥ ὫȢ̋ ́̒̒̍́̓̑̉̃́̆̍  

 

Ὓ ὦ Ὣ ὥ, ‫ ὥ ὦ ὫȢ 
 

ʇʝʨʝʧʠʰʝʤ ʧʨʝʜʳʜʫʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩ Ὃȟὖ ʚ ʚʠʜʝ: 

ὥ ‌ Ὠ ὥ Ὠ ὥ Ὓ ‌ ὨὛÌÎ
Ὓ ‫

ςὦ
πȢ 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʦʢʘʟʘʪʴ ʩʣʦʞʥʦ. ʅʦ ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʦʙʣʘʩʪʴ ʨʝ-

ʰʝʥʠʷ, ʧʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʮʠʢʣʦʚ. ʊʘʢ ʢʘʢ Ὣ ï ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʘʨʘʤʝʪʨ, 
ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʫʩʣʦʚʠʷ ʥʘ Ὣ ʜʠʢʪʫʶʪ, ʯʪʦʙʳ Ὃ π, ʚʪʦʨʦʡ ʵʣʝʤʝʥʪ ʧʨʝʜʳʜʫʱʝʛʦ ʫʩʣʦʚʠʷ ʜʦʣʞʝʥ 
ʙʳʪʴ ʧʦʣʦʞʠʪʝʣʝʥ.  

ʅʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʵʪʦʛʦ ʫʩʣʦʚʠʝ: 

 

Ὣ ὥ ὥὦὥ Ὠ ὥ‫ὥ Ὠ ȟ 
 

ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʙʳʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʧʦʣʥʝʥʦ ʜʣʷ ʚʩʝʭ ʪʘʢʠʭ Ὣ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦʝ 
ʫʩʣʦʚʠʝ ʜʣʷ ʵʪʦʛʦ - ʥʝʨʘʚʝʥʩʪʚʦ ‌ Ὓ , ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ  

Ὣ ὥ
‫ ‌

τὦ
Ȣ 

 ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʥʝʨʘʚʝʥʩʪʚ ʚʳʪʝʢʘʝʪ:  

ὧ

τὦ
ὥ
‫ ‌

τὦ
Ὣ ὥ

‫

τὦ
 

ʠʣʠ ὧ ‌ ‫ τὥὦ. 
ʇʫʩʪʴ Ὣ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ:  

ὥ
‫ ‌

τὦ
Ὣ ὥ

‫

τὦ

‌ ‫

ρφὦ
Ȣ 

ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ Ὣ ʙʫʜʝʪ ʧʦʣʦʞʠʪʝʣʴʥʘ ʚʝʣʠʯʠʥʘ  
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ςὥὦ

ὥ ‫
Ὠ ‌

ςὥὦ

ὥ ‫
Ὠ ‌ὨÌÎ

‌ ‫

ςὦ
ȟ 

ʉʨʝʜʠ ʨʝʰʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʡ ʩʪʨʦʛʦʡ ʩʠʩʪʝʤʦʡ ʥʝʨʘʚʝʥʩʪʚʘ ʝʩʪʴ ʙʠʬʫʨʢʘʮʠʦʥ-

ʥʦʝ Ὣᶻȡ 

‗ πȟ‗ πȟ‗ Ὥ ὃὃȟὃ πȟ 

ὃ
ὃὛὛ ‫

ὥ ‌ Ὓ ὨὛ
Ȣ 

 

ɿʘʢʣʶʯʝʥʠʝ. ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʨʠ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʛʝʦ-ʨʝʘʢʪʦʨʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʥʘ ʩʚʘʣ-

ʢʘʭ, ʚ ʜʦʙʳʯʝ ʤʘʪʝʨʠʘʣʦʚ (çʭʚʦʩʪʦʦʙʨʘʟʦʚʘʥʠʠè) ʠ 

ʜʨ. ʆʩʦʙʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳ ʪʘʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʧʨʦ-

ʙʣʝʤ ʫʩʪʦʡʯʠʚʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ, ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʠ ʜʨ.  
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IMPACT OF THERMAL POWER PLANTS ON NATURE AND MAN  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʚʣʠʷʥʠʷ ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʧʨʠʨʦʜʫ ʠ ʯʝʣʦʚʝʢʘ. ɺ ʨʘʙʦʪʝ ʘʚʪʦ-

ʨʦʤ ʨʘʩʩʤʦʪʨʝʥʳ ʚʠʜʳ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʧʦ ʪʠʧʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ, ʠʟʫʯʝʥʳ ʚʨʝʜʥʳʝ ʚʝ-

ʱʝʩʪʚʘ, ʚʳʜʝʣʷʝʤʳʝ ʪʝʧʣʦʚʳʤʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʪʦʧʣʠʚ ʜʣʷ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ ʬʣʦʨʳ ʠ ʬʘʫʥʳ. 

Abstract 

This article deals with the problem of energy impact on nature and man. In the work the author considers the 

types of thermal power plants by type of fuel use, studied the harmful substances released by thermal power plants 

using organic fuels for electricity production, as well as the impact of harmful substances on the world of flora 

and fauna. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʦʢʩʠʜʳ ʘʟʦʪʘ, ʦʢʩʠʜʳ ʩʝʨʳ, ʦʢʠʩʴ ʫʛʣʝʨʦʜʘ, ʙʝʥʟ[ʘ]ʧʠ-

ʨʝʥ, ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʟʦʣʳ. 

Keywords: thermal power plants, nitrogen oxides, sulfur oxides, carbon monoxide, Benz[a]pyrene, solid ash 

particles. 

 

ʆʩʥʦʚʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʚʠʣʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ 

ʠʩʢʦʧʘʝʤʳʝ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ʠ ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ 

ʠʟ ʥʠʭ ʵʥʝʨʛʠʷ, ʘ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ï ʵʪʦ ʦʩʥʦʚʘ 

ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ, ʙʝʟ ʵʥʝʨʛʝʪʠʢʠ ʫ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʝʪ 

ʙʫʜʫʱʝʛʦ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷ-

ʝʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ ʨʘʟʚʠʪʠʷ ʙʘʟʦʚʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʛʨʝʩʩ ʦʙʱʝʩʪʚʝʥ-

ʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʦ ʚʩʝʭ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠ-

ʪʳʭ ʩʪʨʘʥʘʭ ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ ʦʧʝʨʝʞʘʣʠ 

ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʵʥʝʨʛʝʪʠʢʘ ʦʢʘʟʳʚʘʝʪ ʤʦʱʥʦʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʫʭʫʜʰʘʷ ʫʩʣʦʚʠʷ 

ʞʠʟʥʠ ʣʶʜʝʡ.  

ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 

ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʛʘ-

ʥʠʯʝʩʢʠʭ ʪʦʧʣʠʚ ʩʚʷʟʘʥʘ ʩ ʧʨʝʚʨʘʱʝʥʠʝʤ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʚʩʝʭ ʟʘʪʨʘʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʵʥʝʨʛʠʠ ʪʦʧʣʠʚʘ ʚ ʦʪʭʦʜʳ, ʚʳʙʨʘʩʳ-

ʚʘʝʤʳʝ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɼʝʩʷʪʠʣʝʪʠʷ ʥʘʟʘʜ, 

ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʦ ʢʦʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʢʦʪʦʨʳʝ ʚ ʦʩʥʦʚʥʦʤ ʨʘ-

ʙʦʪʘʶʪ ʥʘ ʊʕʉ ʈʦʩʩʠʠ, ʦ ʚʣʠʷʥʠʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʟʘʜʫʤʳʚʘʣʠʩʴ ʤʘʣʦ, ʪʘʢ ʢʘʢ ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ 

ʟʘʜʘʯʝʡ ʙʳʣʦ ʦʙʝʩʧʝʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʞʠʛʘʥʠʷ 

ʪʦʧʣʠʚʘ, ʵʪʦ ï ʚʳʩʦʢʠʡ ʂʇɼ, ʥʠʟʢʠʝ ʧʦʪʝʨʠ ʠ ʜʦʣ-

ʛʦʩʨʦʯʥʘʷ ʙʝʟʘʚʘʨʠʡʥʘʷ ʨʘʙʦʪʘ [1].  
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ʉʝʛʦʜʥʷ ʧʨʦʙʣʝʤʘ ʚʣʠʷʥʠʷ ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʧʨʠ-

ʨʦʜʫ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʦʩʪʨʦʡ, ʪʘʢ ʢʘʢ ʟʘʛʨʷʟʥʝ-

ʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘʪʤʦʩʬʝʨʳ ʠ ʛʠʜʨʦʩʬʝʨʳ 

ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʩʸ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɽʩʣʠ ʫʯʝʩʪʴ, 

ʯʪʦ ʤʘʩʰʪʘʙʳ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʦʩʪʦʷʥʥʦ ʫʚʝ-

ʣʠʯʠʚʘʶʪʩʷ, ʪʦ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ-

ʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʧʨʠʨʦʜʫ. 

ɽʩʣʠ ʚ ʧʝʨʠʦʜ ʩʪʘʥʦʚʣʝʥʠʷ ʵʥʝʨʛʝʪʠʢʠ ʚ ʥʘʰʝʡ 

ʩʪʨʘʥʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʠʩʴ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦʩʪʴʶ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘ-

ʪʨʘʪ, ʪʦ ʩʝʛʦʜʥʷ ʚʩʸ ʯʘʱʝ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʠ ʵʢʩʧʣʫ-

ʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʜʚʠ-

ʛʘʶʪʩʷ ʚʦʧʨʦʩʳ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʵʢʦʣʦʛʠʶ. 

ɺʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ: ʦʢʩʠʜʳ ʘʟʦʪʘ, 

ʦʢʩʠʜʳ ʩʝʨʳ, ʩʝʨʥʳʡ ʘʥʛʠʜʨʠʜ, ʦʢʠʩʴ ʫʛʣʝʨʦʜʘ, 

ʙʝʥʟ[ʘ]ʧʠʨʝʥ ʠ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʟʦʣʳ, ʦʙʨʘʟʫʶʪʩʷ 

ʚ ʧʨʦʮʝʩʩʝ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ, ʦʥʠ ʧʦʧʘʜʘʶʪ ʩ ʟʦʣʦʡ 

ʚ ʧʦʯʚʫ ʠ ʩ ʜʳʤʦʤ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘ-

ʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʠʨʦʜʫ ʠ ʥʘ ʯʝʣʦʚʝʢʘ. ʈʘʩ-

ʩʤʦʪʨʠʤ ʵʪʠ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ʯʫʪʴ ʧʦʜʨʦʙ-

ʥʝʝ. 

ʆʜʠʥ ʠʟ ʯʨʝʟʚʳʯʘʡʥʦ ʦʧʘʩʥʳʭ ʛʘʟʦʚ - ʵʪʦ ʜʠ-

ʦʢʩʠʜ ʩʝʨʳ (ʩʝʨʥʠʩʪʳʡ ʘʥʛʠʜʨʠʜ) SO2. ɺʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʚʳʟʳʚʘʶʪ ʩʝʨʴʝʟʥʦʝ 

ʧʦʚʨʝʞʜʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟ-

ʜʝʡʩʪʚʠʠ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʫ ʨʘʩʪʝʥʠʡ ʧʦʷʚʣʷʶʪʩʷ ʙʝ-

ʣʝʩʳʝ ʧʷʪʥʘ ʠʣʠ ʦʙʝʩʮʚʝʯʝʥʥʳʝ ʥʝʢʨʦʪʠʯʝʩʢʠʝ ʧʦ-

ʣʦʩʳ ʥʘ ʣʠʩʪʴʷʭ ʠ ʭʚʦʝ. ʍʨʦʥʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʦ-

ʷʚʣʷʝʪʩʷ ʢʘʢ ʦʙʝʩʮʚʝʯʠʚʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʧʦʞʝʣʪʝʥʠʶ ʣʠʩʪʴʝʚ ʠ ʭʚʦʠ, ʧʦʷʚʣʝ-

ʥʠʶ ʢʨʘʩʥʦʡ ʠʣʠ ʙʫʨʦʡ ʦʢʨʘʩʢʠ, ʢʦʪʦʨʘʷ ʚ ʥʦʨ-

ʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʤʘʩʢʠʨʫʝʪʩʷ ʟʝʣʝʥʦʡ. ʅʝʟʘʚʠ-

ʩʠʤʦ ʦʪ ʬʦʨʤʳ ʧʨʦʷʚʣʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʟʘʤʝʜʣʝʥʠʝ ʨʦʩʪʘ [2]. 

ʇʨʠ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʨʠʟʥʘʢʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʫ ʯʝʣʦʚʝʢʘ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʧʝʨ-

ʰʝʥʠʷ ʚ ʛʦʨʣʝ, ʢʘʰʣʷ, ʘ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ï ʫʜʫʰʴʝ, 

ʨʘʟʜʨʘʞʝʥʠʝ ʛʦʣʦʩʦʚʳʭ ʩʚʷʟʦʢ. ʇʨʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʠ ʦʢʩʠʜʘ ʩʝʨʳ ʠ ʦʢʩʠʜʘ ʘʟʦʪʘ ʚ ʘʪʤʦʩʬʝʨʝ, ʦʙ-

ʨʘʟʫʶʪʩʷ çʢʠʩʣʦʪʥʳʝ ʜʦʞʜʠè, ʢʦʪʦʨʳʝ ʥʘʥʦʩʷʪ 

ʚʨʝʜ ʩʝʣʴʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫ, ʫʩʠʣʠʚʘʶʪ ʢʦʨʨʦʟʠʶ ʠ 

ʨʘʟʨʫʰʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʪʦʨʠʯʝ-

ʩʢʠʭ ʧʘʤʷʪʥʠʢʦʚ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʜʨʫʛʠʭ ʢʫʣʴʪʫʨ-

ʥʳʭ ʮʝʥʥʦʩʪʝʡ. 

ʉʝʨʥʳʡ ʘʥʛʠʜʨʠʜ (ʪʨʝʦʢʠʩʴ ʩʝʨʳ SO3) ï ʙʝʩ-

ʮʚʝʪʥʳʡ ʛʘʟ, ʦʙʨʘʟʫʶʱʠʡ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ, ʚʩʪʫʧʘʷ 

ʚ ʚʦʟʜʫʭʝ ʩ ʧʘʨʘʤʠ ʚʦʜʳ. ʊʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ 

ʦʢʠʩʣʠʪʝʣʝʤ, ʠ ʚ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʧʘʩʝʥ 

ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ [3]. 

ɺʪʦʨʦʝ ʤʝʩʪʦ ʧʦ ʚʢʣʘʜʫ ʚ ʫʚʝʣʠʯʝʥʠʝ ʢʠʩʣʦʪ-

ʥʦʩʪʠ ʦʩʘʜʢʦʚ ʧʦʩʣʝ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʟʘʥʠʤʘʶʪ ʦʢ-

ʩʠʜʳ ʘʟʦʪʘ NO2. ʇʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠ-

ʜʦʚ ʘʟʦʪʘ ʚ ʛʦʨʦʜʘʭ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʩʤʦʛʘ, ʩʥʠʞʝʥʠʶ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʘʪʤʦʩʬʝʨʳ. ʇʦʜʘʚʣʷʪʴ ʨʦʩʪ ʥʝʢʦʪʦʨʳʭ ʨʘʩʪʝʥʠʡ 

ʤʦʞʝʪ ʜʣʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 470-1880 ʤʢʛ/ʤ3. ʆʢʩʠʜʳ ʘʟʦʪʘ ʦʪʨʠ-

ʮʘʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ, ʥʘʧʨʠʤʝʨ, 

ʚʳʟʳʚʘʶʪ ʧʦʚʳʰʝʥʥʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢ ʨʝʩʧʠ-

ʨʘʪʦʨʥʳʤ ʠʥʬʝʢʮʠʷʤ, ʘ ʪʘʢ ʞʝ ʠʟʤʝʥʝʥʠʷ ʚ ʣʝʛʢʠʭ, 

ʧʨʠ ʵʪʦʤ ʧʠʢʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʡʩʪʚʫʶʪ ʩʠʣʴ-

ʥʝʡ, ʯʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʜʦʟʘ. ʋ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʣʶʜʝʡ, ʠʣʠ ʩʦ ʩʣʘʙʦʡ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʦʡ ʜʠʦʢʩʠʜʘ 

ʘʟʦʪʘ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʙʨʦʥʭʦʩʪʝʥʦʟʫ (ʩʫʞʝʥʠʝ ʧʨʦ-

ʩʚʝʪʘ ʙʨʦʥʭʦʚ), ʧʨʠ ʵʪʦʤ, ʨʠʩʢ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʣʝ-

ʛʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʫ ʙʦʣʝʶʱʠʭ ʘʩʪʤʦʡ ʣʶʜʝʡ 

ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʫ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ. 

ʂʘʢ ʠ ʚ ʜʨʫʛʠʭ ʚʳʩʦʢʦʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʚ ʈʦʩ-

ʩʠʠ ʧʨʠʥʷʪʳ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʚʳ-

ʙʨʦʩʘʤ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚ ʘʪʤʦʩʬʝʨʫ. ʄʘʢʩʠʤʘʣʴʥʦ 

ʧʨʝʜʝʣʴʥʘʷ ʜʦʧʫʩʪʠʤʘʷ ʨʘʟʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ NO2 

ð 0,2 ʤʛ/ʤ3, ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ ð 0,04 ʤʛ/ʤ3. ʕʪʦ ʪʨʝ-

ʪʠʡ ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ 

ʥʘʩʝʣʝʥʥʳʭ ʤʝʩʪ. 

ʆʢʩʠʜ ʫʛʣʝʨʦʜʘ ï ʩʠʣʴʥʳʡ ʦʪʨʘʚʣʷʶʱʠʡ 

(ʫʛʘʨʥʳʡ) ʛʘʟ, ʢʦʪʦʨʳʡ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘ-

ʙʦʪʳ ʢʨʦʚʠ ʧʝʨʝʥʦʩʠʪʴ ʢʠʩʣʦʨʦʜ ʧʦ ʦʨʛʘʥʠʟʤʫ ʢ 

ʪʢʘʥʷʤ. ʇʨʠ ʧʨʦʯʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

ʩ ʛʝʤʦʛʣʦʙʠʥʦʤ, ʦʙʨʘʟʫʝʪʩʷ ʢʘʨʙʦʢʩʠʛʝʤʦʛʣʦʙʠʥ. 

ʀʟʙʳʪʦʢ ʢʘʨʙʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ ʚ ʢʨʦʚʠ ʧʨʠʚʦʜʠʪ ʢ 

ʢʠʩʣʦʨʦʜʥʦʤʫ ʛʦʣʦʜʘʥʠʶ, ʫʩʫʛʫʙʣʝʥʠʶ ʩʠʤʧʪʦʤʦʚ 

ʩʝʨʜʝʯʥʦ ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʥʝʨʚʥʦʡ ʩʠ-

ʩʪʝʤʳ, ʛʦʣʦʚʦʢʨʫʞʝʥʠʶ, ʥʘʨʫʰʝʥʠʶ ʨʘʙʦʪʳ ʩʝʨ-

ʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʜʳʭʘʥʠʷ, ʪʦʰʥʦʪʝ, ʨʚʦʪʝ, 

ʢʦʤʝ ʠʣʠ ʜʘʞʝ ʩʤʝʨʪʠ, ʪʘʢ ʢʘʢ ʫʛʘʨʥʳʡ ʛʘʟ, ʩʚʷʟʘʥ-

ʥʳʡ ʩ ʛʝʤʦʛʣʦʙʠʥʦʤ, ʣʠʰʘʝʪ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠ-

ʩʦʝʜʠʥʷʪʴ ʢ ʩʝʙʝ ʢʠʩʣʦʨʦʜ [4]. ɹʦʣʴʰʝ 50 ʧʨʦʮʝʥ-

ʪʦʚ ʛʝʤʦʛʣʦʙʠʥʘ ʚ ʢʨʦʚʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʘʨʙʦʢʩʠ-

ʛʝʤʦʛʣʦʙʠʥ ʫʞʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 % ʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ ʚ ʚʦʟʜʫʭʝ, ʧʨʠ ʵʪʦʤ, ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʩʦ-

ʝʜʠʥʝʥʠʷ ʫʛʘʨʥʦʛʦ ʛʘʟʘ ʢ ʛʝʤʦʛʣʦʙʠʥʫ ʧʨʠʤʝʨʥʦ ʚ 

200 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʫ ʢʠʩʣʦʨʦʜʘ. ʂʘʨʙʦʢʩʠʛʝʤʦʛʣʦ-

ʙʠʥ ʥʝ ʩʧʦʩʦʙʝʥ ʧʝʨʝʥʦʩʠʪʴ ʢʠʩʣʦʨʦʜ ʢ ʪʢʘʥʷʤ ʦʨ-

ʛʘʥʠʟʤʘ, ʧʦʵʪʦʤʫ ʧʨʠ ʦʪʨʘʚʣʝʥʠʠ ʦʢʠʩʴʶ ʫʛʣʝʨʦʜʘ 

ʫ ʯʝʣʦʚʝʢʘ ʤʦʞʝʪ ʙʳʩʪʨʦ ʥʘʩʪʫʧʠʪʴ ʩʤʝʨʪʴ. ɺʤʝʩʪʝ 

ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʜʦʣʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʚ ʨʘʡʦʥʘʭ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʫʤʝʥʴʰʘ-

ʝʪʩʷ ʜʦʣʷ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ, ʠʟ-ʟʘ ʪʦʛʦ ʯʪʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ ʨʘʩʭʦʜʫʝʪʩʷ ʧʨʠ 

ʩʞʠʛʘʥʠʠ ʪʦʧʣʠʚʘ [5]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ, ʠʟ-

ʟʘ ʧʣʦʭʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʪʦʧʣʠʚʘ ʠ ʦʢʠʩʣʠʪʝʣʷ, ʦʙ-

ʨʘʟʫʝʪʩʷ ʪʦʢʩʠʯʥʦʝ ʚʝʱʝʩʪʚʦ ʙʝʥʟ[ʘ]ʧʠʨʝʥ. ɼʣʷ ʯʝ-

ʣʦʚʝʢʘ ʦʥ ʦʧʘʩʝʥ ʪʝʤ, ʯʪʦ ʤʦʞʝʪ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴʩʷ, 

ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʦʨʛʘʥʠʟʤʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳ-

ʚʘʶʪ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʙʝʥʟ[ʘ]ʧʠʨʝʥ ʚʳʟʳʚʘʝʪ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʧʫʭʦʣʠ 

ʜʳʭʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ. 

ʉʝʨʴʝʟʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʳ ʩ 

ʪʚʝʨʜʳʤʠ ʦʪʭʦʜʘʤʠ ʪʝʧʣʦʚʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ï ɻ ʪʦ 

ʟʦʣʦʡ ʠ ʰʣʘʢʘʤʠ. ɺ ʘʪʤʦʩʬʝʨʫ ʝʞʝʛʦʜʥʦ ʧʦʩʪʫʧʘʝʪ 

ʦʢʦʣʦ 250 ʤʣʥ. ʪʦʥʥ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʘʵʨʦʟʦʣʝʡ ʚ 

ʚʠʜʝ ʚʳʙʨʦʩʦʚ ʦʪ ʊʕʉ, ʧʨʠ ʵʪʦʤ, ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ 

ʟʦʣʘ ʫʣʘʚʣʠʚʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʬʠʣʴʪʨʘʤʠ. ɺ ʟʦʣʝ 

ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʳʰʴʷʢ, 

ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ ʠ ʦʢʩʠʜ ʢʘʣʴʮʠʷ. ɺʳʩʦʢʦʡ ʪʦʢʩʠʯ-

ʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʧʝʥʪʘʦʢʩʠʜ ʚʘʥʘʜʠʷ, ʦʥ ʚʳʟʳʚʘʝʪ 

ʫ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʩʠʣʴʥʦʝ ʨʘʟʜʨʘʞʝʥʠʝ ʣʝʛʢʠʭ, 

ʥʘʨʫʰʘʝʪ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʦʙʤʝʥ ʚʝʱʝʩʪʚ. 

ɺ ʚʳʙʨʦʩʘʭ ʊʕʉ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʫʛʦʣʴʥʦʤ 

ʪʦʧʣʠʚʝ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʢʠʩʣʳ ʢʨʝʤʥʠʷ ʠ ʘʣʶʤʠ-

ʥʠʷ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʠʣʠ ʞʠ-

ʚʦʪʥʳʭ ʵʪʠ ʚʝʱʝʩʪʚʘ ʩʧʦʩʦʙʥʳ ʨʘʟʨʫʰʠʪʴ ʪʢʘʥʴ 

ʣʝʛʢʠʭ, ʪʝʤ ʩʘʤʳʤ ʚʳʟʚʘʚ ʙʦʣʝʟʥʴ ʩʠʣʠʢʦʟ (ʙʦʣʝʟʥʴ 
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ʰʘʭʪʝʨʦʚ). ɽʱʝ ʦʜʥʘ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʫʛʦʣʴ-

ʥʳʤʠ ʊʕʉ ï ɻ ʪʦ ʟʦʣʦʦʪʚʘʣʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʧʦ-

ʚʳʰʝʥʥʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴʶ ʠ ʷʚʣʷʶʪʩʷ ʦʯʘʛʘʤʠ 

ʩʢʦʧʣʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʆʥʠ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʢʦʪʦʨʳʝ ʧʦʪʦʤ ʜʦʣʛʦʝ ʚʨʝʤʷ 

ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ. ɺʦʟʜʫʰʥʳʤ ʧʫʪʝʤ, ʠʣʠ ʩ ʛʨʫʥʪʦ-

ʚʦʡ ʚʦʜʦʡ ʨʘʜʠʘʮʠʷ ʠ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʧʦʧʘʜʘʶʪ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ.  

ʊʕʉ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʚʦʜʦʸʤʳ, ʚ ʢʦʪʦʨʳʝ 

ʧʨʦʠʩʭʦʜʠʪ ʩʙʨʦʩ ʪʝʧʣʦʡ ʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, 

ʚʦʜʦʝʤ ʟʘʨʘʩʪʘʝʪ ʚʦʜʦʨʦʩʣʷʤʠ ʠ ʚ ʥʝʤ ʥʘʨʫʰʘʝʪʩʷ 

ʢʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ, ʯʪʦ ʥʝʩʝʪ ʫʛʨʦʟʫ ʚʩʝʤ ʦʙʠʪʘ-

ʪʝʣʝʤ ʬʣʦʨʳ ʠ ʬʘʫʥʳ ʚʦʜʦʝʤʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʘ-

ʥʠʪʘʨʥʳʤʠ ʥʦʨʤʘʤʠ, ʩʙʨʦʩʳ ʪʝʧʣʦʡ ʚʦʜʳ ʩ ʪʝʧʣʦ-

ʚʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʝ ʜʦʣʞʥʳ ʧʦʚʳʰʘʪʴ ʪʝʤʧʝʨʘ-

ʪʫʨʫ ʚʦʜʦʝʤʘ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ 3 ʛʨʘʜʫʩʘ ʚ ʣʝʪʥʝʝ 

ʚʨʝʤʷ ʠ ʥʘ 5 ʛʨʘʜʫʩʦʚ ʟʠʤʦʡ, ʧʨʠ ʪʦʤ, ʯʪʦ ʊʕʉ ʩ 

ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʦʡ ʩʙʨʘʩʳʚʘʶʪ 4 - 7 ʢɼʞ ʪʝʧ-

ʣʦʪʳ, ʥʘ 1 ʢɺʪ/ʯ. ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

[5]. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʪʝʧʣʦʚʳʤ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤ ʟʝʤʣʠ ʧʦʩʪʦʷʥʥʦ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʧʦʪʦʧʣʝʥʠʶ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ, ʯʪʦ ʚʝʜʝʪ ʢ ʟʘʙʦʣʘʯʠʚʘʥʠʶ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦ-

ʨʠʡ. ʇʨʦʠʩʭʦʜʠʪ ʘʙʨʘʟʠʷ, ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʯʘʩʪʢʠ 

ʧʦʯʚʳ ʨʘʟʨʫʰʘʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʜʳ.  

ʅʫʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʚʣʠʷʥʠʝ ʪʝʧʣʦʚʳʭ ʵʣʝʢ-

ʪʨʦʩʪʘʥʮʠʡ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʝʝ ʦʙʠʪʘʪʝʣʝʡ 

ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʠ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴ-

ʟʫʝʤʦʛʦ ʪʦʧʣʠʚʘ. ʊʝʧʣʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʨʘʙʦ-

ʪʘʶʪ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʠʜʘʭ ʪʦʧʣʠʚʘ, ʷʚʣʷʶʱʠʤʩʷ 

ʥʝʚʦʩʧʦʣʥʠʤʳʤ ʧʨʠʨʦʜʥʳʤ ʨʝʩʫʨʩʦʤ. ʆʩʥʦʚʥʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʩʝʛʦʜʥʷ ï ʵʪʦ ʫʛʦʣʴ (40%), 

ʥʝʬʪʴ (27%), ʛʘʟ (21%), ʟʘʧʘʩʦʚ, ʢʦʪʦʨʳʭ ʭʚʘʪʠʪ ʧʦ 

ʥʝʢʦʪʦʨʳʤ ʦʮʝʥʢʘʤ ʥʘ 270, 50 ʠ 70 ʣʝʪ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʧʨʠ ʵʪʦʤ, ʝʩʣʠ ʪʝʤʧ ʧʦʪʨʝʙʣʝʥʠʷ ʦʩʪʘ-

ʥʝʪʩʷ ʧʨʝʞʥʠʤ. 

 ʇʨʠʨʦʜʥʳʡ ʛʘʟ ʢʘʢ ʪʦʧʣʠʚʦ ʜʣʷ ʪʝʧʣʦʚʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: ʧʨʠ ʝʛʦ 

ʩʞʠʛʘʥʠʠ ʚʨʝʜʥʳʝ ʚʳʙʨʦʩʳ ʩʦʩʪʦʷʪ ʠʟ ʦʢʩʠʜʦʚ 

ʘʟʦʪʘ, ʩ ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʙʦʨʦʪʴʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʡ ʛʨʘʤʦʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʠ 

ʣʝʛʢʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʦ ʛʘʟʦʧʨʦʚʦʜʘʤ. ʇʦ-

ʵʪʦʤʫ ʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʢʦʪʝʣʴʥʳʭ ʠ ʊʕʎ ʢʨʫʧ-

ʥʳʭ ʛʦʨʦʜʦʚ [6].  

ɺ ʧʝʨʠʦʜʳ ʥʝʜʦʩʪʘʪʢʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʥʘʧʨʠ-

ʤʝʨ, ʧʨʠ ʩʠʣʴʥʳʭ ʜʣʠʪʝʣʴʥʳʭ ʭʦʣʦʜʘʭ, ʚ ʪʦʧʢʘʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʪʣʦʚ ʩʞʠʛʘʶʪ ʤʘʟʫʪ. ʏʘʩʪʦ ʝʛʦ 

ʠʩʧʦʣʴʟʫʶʪ ʜʦʙʘʚʢʦʡ ʢ ʩʞʠʛʘʝʤʦʤʫ ʪʚʝʨʜʦʤʫ ʪʦʧ-

ʣʠʚʫ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʜʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʛʦʨʝʥʠʷ. ʄʘʟʫʪ ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʦʝ 

ʪʦʧʣʠʚʦ ʩʞʠʛʘʝʪʩʷ ʨʝʜʢʦ. 

ʄʥʦʞʝʩʪʚʦ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʨʘʙʦ-

ʪʘʝʪ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʛʣʷ. ʋʛʣʴ ʩʦʜʝʨʞʠʪ ʦʪ 

0,2 ʜʦ ʜʝʩʷʪʢʦʚ ʧʨʦʮʝʥʪʦʚ ʩʝʨʳ ʚ ʦʩʥʦʚʥʦʤ ʚ ʚʠʜʝ 

ʧʠʨʠʪʘ, ʩʫʣʴʬʘʪʘ, ʟʘʢʠʩʥʦʛʦ ʞʝʣʝʟʘ ʠ ʛʠʧʩʘ. ʅʘ 

ʊʕʉ ʧʨʦʙʣʝʤʘ ʦʛʨʘʥʠʯʝʥʠʷ ʜʠʦʢʩʠʜʦʚ ʩʝʨʳ ʠ ʚʳ-

ʙʨʦʩʦʚ ʣʝʪʫʯʝʡ ʟʦʣʳ ʤʦʞʝʪ ʨʝʰʘʪʴʩʷ ʧʫʪʝʤ 

ʦʯʠʩʪʢʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʧʨʠ ʵʪʦʤ ʠʤʝʶʱʠʝʩʷ ʩʧʦ-

ʩʦʙʳ ʫʣʘʚʣʠʚʘʥʠʷ ʩʝʨʳ ʧʨʠ ʩʞʠʛʘʥʠʠ ʪʦʧʣʠʚʘ ʜʘ-

ʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʠ ʜʦ-

ʨʦʛʦʚʠʟʥʳ [7]. 

ʋʯʠʪʳʚʘʷ ʚʩʶ ʦʧʘʩʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ, 

ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʪʝʧʣʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ, ʠʭ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚʝʜʸʪʩʷ ʩ ʤʘʢʩʠʤʘʣʴ-

ʥʳʤ ʩʦʙʣʶʜʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʮʝ-

ʣʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʝʜʦʧʫʱʝʥʠʝ ʚʳʙʨʦʩʦʚ 

ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʧʨʝʚʳʰʘʶʱʠʭ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫ-

ʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ [5]. ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ï ɻ ʪʦ ʪʘʢʠʝ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʦʢʘʟʳʚʘʶʪ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦ-

ʚʝʢʘ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʧʨʷʤʦʛʦ ʠʣʠ ʢʦʩʚʝʥ-

ʥʦʛʦ), ʧʨʠ ʵʪʦʤ ʥʝ ʚʣʠʷʶʪ ʥʘ ʝʛʦ ʩʘʤʦʯʫʚʩʪʚʠʝ ʠ ʥʝ 

ʩʥʠʞʘʶʪ ʝʛʦ ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʴ. ʇʦ ʚʣʠʷʥʠʶ ʟʘ-

ʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ʬʣʦʨʫ ʠ ʤʠʢʨʦʢʣʠʤʘʪ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʩʚʝʥʥʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ.  

ʈʘʟʚʠʪʠʝ ʵʥʝʨʛʝʪʠʢʠ ʠ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥ-

ʮʠʡ ʥʝʠʟʙʝʞʥʦ ʩʚʷʟʘʥʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʨʝʙʣʝʥʠʷ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʦʝ ʪʦʧ-

ʣʠʚʦ, ʧʦʯʚʘ, ʚʦʜʘ ʠ ʚʦʟʜʫʭ, ʘ ʟʥʘʯʠʪ, ʠ ʩ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʦʪʭʦʜʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [8]. 

ʉʦʛʣʘʩʥʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʟʘʢʦʥʘʤ, ʩʦʟʜʘʪʴ ʧʦʣʥʦ-

ʩʪʴʶ ʙʝʟʦʪʭʦʜʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧ-

ʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ, ʚʘʞʥʝʡʰʘʷ ʟʘʜʘʯʘ 

ʵʥʝʨʛʝʪʠʢʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ï ʵʪʦ ʚʦʟʚʨʘʱʘʪʴ, 

ʚʟʷʪʳʝ ʫ ʧʨʠʨʦʜʳ ʨʝʩʫʨʩʳ, ʚ ʚʠʜʝ çʙʝʟʦʧʘʩʥʳʭè ʦʪ-

ʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʞʠʟʥʠ ʚʩʝʛʦ ʞʠʚʦʛʦ ʥʘ 

ɿʝʤʣʝ. 
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CALCULATION OF AERODYNAMIC FORCE, ACT ING ON VALVE TARELE, BY FEMA FOR 

DIFFERENT RISE HEIGHTS AND DIAMETER DIAMETERS  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʪʘʨʝʣʴ ʢʣʘʧʘʥʘ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Ansys Fluent, ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʝʣʠʯʠʥʳ ʧʦʜʲʝʤʘ ʠ ʜʠʘʤʝʪʨʘ 

ʪʘʨʝʣʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ. 

Abstract. 

In this work, the aerodynamic force acting on the valve plate was calculated using the Ansys Fluent software, 

and the effect of the lift amount and the diameter of the plate on the lift characteristic was investigated. 
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Keywords: aerodynamic force, the diameter of the plate, the amount of lifting the plate, Ansys Fluent 

 

ʇʥʝʚʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʪʨʝʙʫʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʥʝʡ ʥʘ 

ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ. 

ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʤʝʥʝ-

ʥʠʷ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʘʛʨʝʛʘʪʦʚ: ʨʝʛʫʣʷʪʦʨʘ ʜʘʚʣʝʥʠʷ 

ʛʘʟʘ ʠ ʨʝʜʫʢʪʦʨʘ. 

ʈʝʛʫʣʷʪʦʨʳ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʘ ʦʩ-

ʥʦʚʥʘʷ ʟʘʜʘʯʘ ʢʦʪʦʨʳʭ, ʧʦʜʜʝʨʞʘʥʠʝ ʜʘʚʣʝʥʠʷ ʛʘʟʘ 

ʥʘ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ. 

ʈʝʜʫʢʪʦʨʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ 

ʜʘʚʣʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠ ʦʙʳʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘ-

ʶʪʩʷ ʜʦ ʧʦʪʨʝʙʠʪʝʣʝʡ ʜʘʚʣʝʥʠʷ. ʋʩʪʨʦʡʩʪʚʘ, ʠʤʝ-

ʥʫʝʤʳʝ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʤʠ ʢʣʘʧʘʥʘʤʠ, ʤʦʥʪʠʨʫ-

ʶʪʩʷ ʧʦʩʣʝ ʦʙʣʘʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ʇʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ ʢʣʘʧʘʥ (ʨʠʩʫʥʦʢ 1) ʩʦ-

ʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ 1, ʪʘʨʝʣʠ 2, ʧʨʫʞʠʥʳ 3, ʰʪʦʢʘ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʦʪʢʨʳʪʠʷ 4. ʐʪʦʢ ʧʨʠʥʫʜʠʪʝʣʴ-

ʥʦʛʦ ʦʪʢʨʳʪʠʷ ʨʘʙʦʪʘʝʪ ʦʪ ʚʥʝʰʥʝʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʜʘʚʣʝʥʠʷ. 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ ʝʤʢʦʩʪʠ Pʩ ʚʳʰʝ 

ʥʘʩʪʨʦʝʯʥʦʛʦ, ʚʦʟʥʠʢʘʝʪ ʩʠʣʘ, ʢʦʪʦʨʘʷ, ʜʝʡʩʪʚʫʷ ʥʘ 

ʪʘʨʝʣʴ, ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ ʩʠʣʳ ʩʞʘʪʠʷ ʧʨʫʞʠʥʳ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʪʘʨʝʣʴ ʧʨʠʭʦʜʠʪ ʚ ʜʚʠʞʝʥʠʝ ʫʚʝ-

ʣʠʯʠʚʘʷ ʧʣʦʱʘʜʴ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʜʣʷ ʛʘʟʘ. 

ɽʩʣʠ ʜʘʚʣʝʥʠʝ ʚ ʝʤʢʦʩʪʠ ʧʦʩʣʝ ʵʪʦʛʦ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʪʦ ʢʣʘʧʘʥ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʫʞʠʥʳ ʥʘʯʥʝʪ ʟʘʢʨʳ-

ʚʘʪʴʩʷ. 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ 

 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʛʫʣʷʪʦʨʦʚ 

ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʷʚʣʷʶʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʠ ʪʦʯ-

ʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʠ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʠ ʨʘʙʦʪʳ ʨʝʛʫʣʷʪʦʨʘ ʜʘʚʣʝʥʠʷ ï ʜʚʠʞʝ-

ʥʠʝ ʪʘʨʝʣʠ ʢʣʘʧʘʥʘ (1): 

(1) 

ʛʜʝ tac dPdPF Ö-Ö=S 1  ï ʜʝʡʩʪʚʠʝ ʧʦʪʦʢʘ 

ʚʦʟʜʫʭʘ ʥʘ ʪʘʨʝʣʴ; 

m ï ʤʘʩʩʘ ʪʘʨʝʣʠ; 

ɝ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ; 

P1 ï ʜʘʚʣʝʥʠʝ ʚ ʝʤʢʦʩʪʠ; 

ʈa ï ʜʘʚʣʝʥʠʝ ʟʘ ʢʣʘʧʘʥʦʤ; 

dc ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʧʦ ʩʝʜʣʫ ʢʣʘʧʘʥʘ; 

dt ï ʧʣʦʱʘʜʴ ʪʘʨʝʣʠ; 

F1 ï ʩʠʣʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʟʘʪʷʞʢʠ ʧʨʫʞʠʥʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʦʛʦ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʷ-

ʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦ ʧʣʦʱʘʜʠ ʪʘʨʝʣʠ, ʘ ʪʘʢʞʝ 

ʪʦʛʦ, ʜʘʚʣʝʥʠʝ ʧʦʜ ʪʘʨʝʣʴʶ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠ-

ʯʠʥʳ ʦʪʢʨʳʪʠʷ ʢʣʘʧʘʥʘ, ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʝʪʩʷ [1], 

ʥʘʭʦʞʜʝʥʠʝ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʘʨʝʣʴ ʟʘʪʨʫʜʥʠ-

ʪʝʣʴʥʦ. 

ɼʣʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʤʦʞʥʦ ʦʙʨʘʪʠʪʴʩʷ ʢ ʤʝʪʦʜʫ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʨʘʩʯʝʪ ʩʠʣ, ʜʝʡʩʪʚʫʶ-

ʱʠʭ ʥʘ ʪʘʨʝʣʴ ʧʨʠ ʨʘʟʥʳʭ ʚʳʩʦʪʘʭ ʝʝ ʧʦʜʲʝʤʘ, ʘ 

ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʠʘʤʝʪʨʘ 

ʥʘ ʪʘʨʝʣʠ ʥʘ ʚʝʣʠʯʠʥʫ ʜʝʡʩʪʚʫʶʱʝʛʦ ʫʩʠʣʠʷ ʥʘ 

ʥʝʝ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ 

Ansys Fluent [2]. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʳʣʘ 

ʧʦʦʩʪʨʝʥʘ ʜʚʫʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʢʣʘʧʘʥʘ ʚ ʦʩʝʩʠʤ-

ʤʝʪʨʠʯʥʦʡ ʧʦʩʪʘʥʦʚʢʝ (ʨʠʩʫʥʦʢ 2). 
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ʈʠʩʫʥʦʢ 2. ɼʚʫʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʢʣʘʧʘʥʘ 

 

ʅʘ ʚʭʦʜʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝ 162120 ʇʘ; ʥʘ ʚʳʭʦʜʝ ï 0 ʇʘ. ʉʠʣʘ ʠʟʤʝʨʷʣʘʩʴ ʧʨʠ ʧʦ-

ʤʦʱʠ ʚʩʪʨʦʝʥʥʳʭ ʚ ʇʆ Ansys Fluent ʩʨʝʜʩʪʚ ʧʦ ʢʦʥʪʫʨʫ ʪʘʨʝʣʠ. ɼʘʣʝʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Ansys Meshing 

ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩʝʪʢʘ (ʨʠʩʫʥʦʢ 3). 

 

 
ʈʠʩʫʥʦʢ 3. ʈʘʩʯʝʪʥʘʷ ʩʝʪʢʘ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ (ʨʠʩʫʥʦʢ 4) ʚ ʧʨʦʪʦʯʥʦʡ 

ʯʘʩʪʠ ʢʣʘʧʘʥʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʨʝʣʠ (ʨʠʩʫʥʦʢ 5). 
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ʈʠʩʫʥʦʢ 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʢʣʘʧʘʥʘ  

ʧʨʠ ʚʳʩʦʪʝ ʧʦʜʲʝʤʘ ʪʘʨʝʣʠ 0,5 ʤʤ 

 

 
ʈʠʩʫʥʦʢ 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʨʝʣʠ ʧʨʠ ʝʝ ʚʳʩʦʪʝ ʧʦʜʲʝʤʘ 0,5 ʤʤ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ 5 ʠ 6, ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʩʝʯʝʥʠʠ ʧʦʪʦʢ ʫʩʢʦʨʷʝʪʩʷ ʜʦ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, 

ʠʟ-ʟʘ ʯʝʛʦ ʜʘʚʣʝʥʠʝ ʨʝʟʢʦ ʧʘʜʘʝʪ. ɺʩʣʝʜ ʟʘ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʩʢʘʯʦʢ ʫʧʣʦʪʥʝʥʠʷ ʠ ʫ ʢʨʘʷ ʪʘʨʝʣʠ ʜʘʚʣʝʥʠʝ ʧʦʜ 

ʥʝʡ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʜʘʚʣʝʥʠʝʤ ʥʘʜ ʪʘʨʝʣʴʶ. 

ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʜʣʷ ʚʳʩʦʪ ʧʦʜʲʝʤʘ ʪʘʨʝʣʠ 0,5; 1; 2; 4; 6; 8; 10; 12; 14; 16 ʤʤ, ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 6. 
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ʈʠʩʫʥʦʢ 6. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʦʪ ʚʝʣʠʯʠʥʳ ʧʦʜʲʝʤʘ ʪʘʨʝʣʠ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 6, ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ʥʝʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʚʳʩʦʪʳ ʧʦʜʲʝʤʘ ʢʣʘʧʘʥʘ h=10 ʤʤ, 

ʘ ʟʘʪʝʤ ʫʙʳʚʘʝʪ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʧʦʜʲʝʤʘ 

ʪʘʨʝʣʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʣʘ ʥʝ ʤʦʞʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʦʜ ʪʘʨʝʣʴʶ ʠʟ-ʟʘ ʝʝ ʦʛʨʘʥʠ-

ʯʝʥʥʦʡ ʧʣʦʱʘʜʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʜʠʘʤʝʪʨʘ ʪʘʨʝʣʠ, ʝʝ ʨʘʜʠʫʩ ʫʚʝʣʠʯʠʣʠ ʥʘ 2,5 

ʤʤ (ʨʠʩ.7) ʠ 4 ʤʤ (ʨʠʩ.8). 

 

 
ʈʠʩʫʥʦʢ 7. ɻʝʦʤʝʪʨʠʷ ʢʣʘʧʘʥʘ ʩ ʨʘʜʠʫʩʦʤ ʪʘʨʝʣʠ, ʫʚʝʣʠʯʝʥʥʳʤ ʥʘ 2,5 ʤʤ 

 

 
ʈʠʩʫʥʦʢ 8. ɻʝʦʤʝʪʨʠʷ ʢʣʘʧʘʥʘ ʩ ʨʘʜʠʫʩʦʤ ʪʘʨʝʣʠ, ʫʚʝʣʠʯʝʥʥʳʤ ʥʘ 4 ʤʤ 
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ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.9. 

 

 
ʈʠʩʫʥʦʢ 9. ʇʦʜʲʝʤʥʘʷ ʩʠʣʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʠʘʤʝʪʨʘʭ ʪʘʨʝʣʠ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 9, ʫʚʝʣʠʯʝʥʠʝ ʜʠʘʤʝʪʨʘ 

ʪʘʨʝʣʠ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ʨʘʩʪʝʪ 

ʜʦ h=12 ʤʤ, ʠ, ʚ ʩʣʫʯʘʝ ʫʚʝʣʠʯʝʥʠʷ ʥʘ 4 ʤʤ, ʜʘʣʝʝ 

ʚʳʭʦʜʠʪ çʥʘ ʧʦʣʢʫè. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ ʜʠʤʝʪʨʘʭ ʪʘʨʝʣʠ ʠ ʚʳʩʦʪʘʭ 

ʧʦʜʲʝʤʘ, ʧʣʦʱʘʜʴ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʜ ʪʘʨʝʣʴʶ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ, ʯʝʤ ʧʣʦʱʘʜʴ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝ-

ʥʠʷ ʤʝʞʜʫ ʪʘʨʝʣʴʶ ʠ ʢʦʨʧʫʩʦʤ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʠ ʧʦʤʦʱʠ ʄʂʕ ʙʳʣʘ ʨʘʩʩʯʠ-

ʪʘʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʪʘ-

ʨʝʣʴ ʢʣʘʧʘʥʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʝʝ ʚʝʣʠʯʠʥʘ 

ʥʝʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ ʧʦʜʲʝʤʘ, ʘ ʪʘʢʞʝ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʝʡ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʜʠʘ-

ʤʝʪʨʘ ʪʘʨʝʣʠ ʥʘ ʚʝʣʠʯʠʥʫ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʜʠʘʤʝʪʨʘ ʪʘʨʝʣʠ, ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʜʲʝʤʥʫʶ ʩʠʣʫ. 
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ɸʥʥʦʪʘʮʠʷ 

ɼʘʥʥʘʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʦʠʩʢʫ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʯʝʪʘʥʠʡ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʘʟʦʧʨʦʚʦʜʦʚ ʚ ʢʨʠʦʣʠʪʦʟʦʥʝ. ɺ ʭʦʜʝ 

ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʢʘʯʢʠ ʛʘʟʘ, ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʘ-

ʟʦʧʨʦʚʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ. 

Abstract 

This research is devoted to finding the best combination of technical and technological solutions that ensure 

the safety of gas pipelines in the cryolithozone. In the course of the work, an algorithm is presented for selecting 

the optimum gas transfer temperature during the operation of a gas pipeline under the conditions of permafrost 

distribution. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʛʘʟʘ, ʛʘʟʦʧʨʦʚʦʜ, ʪʝʤʧʝʨʘʪʫʨʘ, ʦʧʪʠʤʠʟʘʮʠʷ, ʤʥʦʛʦʣʝʪʥʝʤʝʨʟ-

ʣʳʝ ʛʨʫʥʪʳ. 

Keywords: gas transportation, gas pipeline, temperature, optimization, permafrost soils. 

 

ʉʦʛʣʘʩʥʦ ʕʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʈʦʩʩʠʠ 

[1], ʠʟʤʝʥʝʥʠʝ ʛʝʦʛʨʘʬʠʠ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʜʦ 

2030 ʛʦʜʘ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʩʯʝʪ ʦʩʚʦʝʥʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ, ɼʘʣʴʥʝʛʦ ɺʦ-

ʩʪʦʢʘ, ʧʦʣʫʦʩʪʨʦʚʘ ʗʤʘʣ, ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ 

ʰʝʣʴʬʘ ʘʨʢʪʠʯʝʩʢʠʭ ʤʦʨʝʡ. ʈʝʘʣʠʟʘʮʠʷ ʩʪʨʘʪʝʛʠʠ 

ʪʨʝʙʫʝʪ ʨʘʟʚʠʪʠʷ ʩʝʪʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʠ ʧʨʦʤʳʩʣʦ-

ʚʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʚ ʨʘʡʦʥʘʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʛʘʟʦʧʨʦʚʦʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʦ-

ʣʠʪʦʟʦʥʳ ʦʩʣʦʞʥʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʧʘʩʥʳʭ ʛʝʦ-

ʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʟʠʨʫ-

ʶʪʩʷ ʧʨʠ ʨʘʩʪʝʧʣʝʥʠʠ ʛʨʫʥʪʘ ʚ ʦʩʥʦʚʘʥʠʠ ʪʨʫʙʦ-

ʧʨʦʚʦʜʘ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ [2], ʧʦʜʟʝʤʥʳʡ 

ʛʘʟʦʧʨʦʚʦʜ ʤʦʞʝʪ ʠʩʧʳʪʳʚʘʪʴ ʥʘʛʨʫʟʢʠ ʦʪ ʦʩʘʜʢʠ, 

ʚʩʧʣʳʪʠʷ ʠʣʠ ʧʫʯʝʥʠʷ, ʚʳʟʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʨʟʣʦʛʦ ʛʨʫʥʪʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʘʟʦʧʨʦʚʦʜʘ ʚ ʢʨʠʦʣʠʪʦ-

ʟʦʥʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʯʝʩʪʴ 

ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʨʫʥʪʦʚ ʠ ʧʨʝʜʫ-

ʩʤʦʪʨʝʪʴ ʤʝʨʳ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ. 

ɿʘʱʠʪʘ ʛʘʟʦʧʨʦʚʦʜʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʘʩʥʳʭ 

ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʂ ʪʝʭʥʠʯʝ-

ʩʢʠʤ ʨʝʰʝʥʠʷʤ ʦʪʥʦʩʠʪʩʷ ʪʝʧʣʦʚʘʷ ʠʟʦʣʷʮʠʷ ʪʨʫʙ, 

ʘʢʪʠʚʥʘʷ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʷ ʛʨʫʥʪʦʚ, ʟʘʤʝʥʘ ʣʴʜʠ-

ʩʪʦʛʦ ʛʨʫʥʪʘ ʚ ʦʩʥʦʚʘʥʠʠ ʪʨʘʥʰʝʠ ʠ ʜʨʫʛʠʝ ʤʝʨʳ 

ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ 

ʷʚʣʷʝʪʩʷ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʢʘʯʠʚʘʝʤʦʛʦ 

ʧʨʦʜʫʢʪʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʫʥʪʘ ʠʣʠ ʙʣʠʟʢʦʛʦ ʢ 

ʥʝʡ ʟʥʘʯʝʥʠʷ.  

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʦʚ ʜʦʣʞʥʳ 

ʩʣʫʞʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʛʘʟʦʧʨʦʚʦʜʘ, ʩʚʦʡʩʪʚʘ ʧʝʨʝʢʘʯʠʚʘʝʤʦʛʦ ʛʘʟʘ, 

ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ ʪʨʘʩʩʳ (ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ ʠ ʠʭ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦ ʜʣʠʥʝ ʪʨʘʩʩʳ). 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [3], ʢ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʟʘ-

ʪʨʘʪʘʤ ʧʨʠ ʪʨʘʥʩʧʦʨʪʝ ʛʘʟʘ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʪʝʤʧʝʨʘ-

ʪʫʨʳ, ʦʪʥʦʩʷʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʜʣʷ 

ʢʦʤʧʨʠʤʠʨʦʚʘʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ ʛʘʟʘ ʠ ʟʘʪʨʘʪʳ ʥʘ 

ʠʥʛʠʙʠʪʦʨʳ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ. ʈʘʩʯʝʪ ʜʘʥʥʳʭ 

ʟʘʪʨʘʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ 1-3. 

ὅ̋ ̏ ὸ̍ ὔὸϽ–̐ ̆Ͻ̑άϽ†Ͻx  ̞            (1) 

 

ʛʜʝ ʉʢʦʤ ï ʟʘʪʨʘʪʳ ʥʘ ʢʦʤʧʨʠʤʠʨʦʚʘʥʠʝ, ʨʫʙ.; 

N ï ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʢʦʤʧʨʝʩʩʦʨʦʤ, ʢɺʪ; 

ɖʧʝʨ ï ʂʇɼ ʧʝʨʝʜʘʯʠ; m ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪʘʶʱʠʭ 

ʢʦʤʧʨʝʩʩʦʨʦʚ; Ű ï ʚʨʝʤʷ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʯ; 

ʎɻ ï ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʨʫʙ./ʢɺʪʯ. 

ʄʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʢʦʤʧʨʝʩʩʦʨʦʤ, ʷʚʣʷ-

ʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ 

ʛʘʟʘ. ɽʸ ʨʘʩʯʝʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʠʚʝ-

ʜʝʥʥʦʡ ʚ ʥʦʨʤʘʪʠʚʥʦʤ ʜʦʢʫʤʝʥʪʝ [4]. 

˞̏ ̖ ὸ̌ ὔ Ͻ–̐ ̆Ͻ̑ά ὸϽ†Ͻx        (2) 

ʛʜʝ ʉʦʭʣ ï ʟʘʪʨʘʪʳ ʥʘ ʦʭʣʘʞʜʝʥʠʝ, ʨʫʙ.; Nɸɺʆ ï 

ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʘʧʧʘʨʘʪʦʤ ʚʦʟʜʫʰʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ, ʢɺʪ; ɖʧʝʨ ï ʂʇɼ ʧʝʨʝʜʘʯʠ; mɸɺʆ ï ʢʦʣʠ-

ʯʝʩʪʚʦ ʨʘʙʦʪʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘ-

ʞʜʝʥʠʷ; Ű ï ʚʨʝʤʷ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʦʚ ʚʦʟʜʫʰʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ, ʯ; ʎɻ ï ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʨʫʙ./ʢɺʪʯ. 

ʇʘʨʘʤʝʪʨʳ ʫʩʪʘʥʦʚʢʠ ʦʭʣʘʞʜʝʥʠʷ ʛʘʟʘ ʦʩʫ-

ʱʝʩʪʚʣʷʶʪʩʷ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʥʦʨʤʘ-

ʪʠʚʥʦʤ ʜʦʢʫʤʝʥʪʝ [4]. ʂʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪʘʶʱʠʭ ʘʧ-

ʧʘʨʘʪʦʚ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʢʦʪʦʨʘʷ 

ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʦ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ 

ʦʭʣʘʞʜʘʪʴ ʛʘʟ. 

˞̉ ̎ ὸ̄ †ϽήὸϽ Ͻx̉̎ ̄            (3) 

ʛʜʝ ʉʠʥʛ ï ʟʘʪʨʘʪʳ ʥʘ ʠʥʛʠʙʠʪʦʨ ʛʠʜʨʘʪʦʦʙʨʘʟʦ-

ʚʘʥʠʷ, ʨʫʙ.; q ï ʨʘʩʭʦʜ ʠʥʛʠʙʠʪʦʨʘ, ʢʛ/ʤ3; Q ï ʢʦʤ-

ʤʝʨʯʝʩʢʠʡ ʨʘʩʭʦʜ ʛʘʟʘ, ʤ3/ʩʫʪʢʠ; Ű ï ʚʨʝʤʷ ʨʘʙʦʪʳ 

ʛʘʟʦʧʨʦʚʦʜʘ, ʩʫʪʢʠ; ʎʠʥʛ ï ʩʪʦʠʤʦʩʪʴ ʠʥʛʠʙʠʪʦʨʘ, 

ʨʫʙ./ʢʛ. 

ʈʘʩʭʦʜ ʠʥʛʠʙʠʪʦʨʘ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʧʦʚʳʰʘʝʪʩʷ, ʪʘʢ ʢʘʢ 

ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʦʩʣʦʞʥʷʶ-

ʱʠʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ, ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ. ʈʘʩʯʝʪ ʨʘʩ-

ʭʦʜʘ ʠʥʛʠʙʠʪʦʨʘ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʥʦʨʤʘʪʠʚʥʦʤ ʜʦ-

ʢʫʤʝʥʪʝ [5]. 

ɺʳʙʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʧʨʦʢʣʘʜʢʝ ʠ 

ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʝ ʛʘʟʦʧʨʦʚʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʦ-

ʣʠʪʦʟʦʥʳ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʜʠʬʬʝʨʝʥʮʠʨʦ-

ʚʘʥʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟ-

ʣʳʭ ʛʨʫʥʪʦʚ ʪʨʘʩʩʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʭ ʨʘʩʪʝʧʣʝ-

ʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʠʧʦʚʳʝ ʤʝʨʳ ʠʥʞʝʥʝʨʥʦʡ 

ʟʘʱʠʪʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʧʨʦʢʣʘʜʢʝ ʛʘʟʦʧʨʦʚʦʜʦʚ 

ʚ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʨʫʥʪʘʭ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʦʛʦ 

ʛʨʫʥʪʘ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʨʘʩʯʝʪ ʨʘʩʪʝʧʣʝʥʠʷ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ. ɼʣʷ ʛʘʟʦʧʨʦʚʦʜʘ ʙʝʟ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ï 

ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʥʦʨʤʘʪʠʚʥʦʤ ʜʦʢʫ-

ʤʝʥʪʝ [6], ʠ ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 
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ʨʝʰʝʥʠʡ ʧʦ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʝ ï ʧʦ ʤʝʪʦʜʠʢʘʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʘʭ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʯʝʪʘʥʠʷ ʥʘʛʨʫʟʦʢ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʛʘʟʦʧʨʦʚʦʜ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ 

ʝʛʦ ʚʩʧʣʳʪʠʷ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʥʦʨ-

ʤʘʪʠʚʥʦʤ ʜʦʢʫʤʝʥʪʝ [2] ʠʣʠ ʦʩʘʜʢʠ, ʩʦʛʣʘʩʥʦ ʨʝʢʦ-

ʤʝʥʜʘʮʠʷʤ [6]. 

ʂʘʞʜʦʡ ʚʝʣʠʯʠʥʝ ʦʩʘʜʢʠ ʠ ʚʩʧʣʳʪʠʷ ʛʘʟʦʧʨʦ-

ʚʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʠʟʛʠʙʘ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʩʪʝʥʢʘʭ 

ʪʨʫʙʳ. ʕʪʠ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦ-

ʜʘʤʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ ʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʫʯʪʝʥʳ ʧʨʠ ʧʨʦʚʝʨʢʝ ʩʦʙʣʶʜʝʥʠʷ ʫʩʣʦʚʠʷ ʧʨʦʯʥʦ-

ʩʪʠ 4, ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦʢʫ-

ʤʝʥʪʘ [8]. 

„ ‪ ϽὙ              (4) 

ʛʜʝ ůʧʨN ï ʧʨʦʜʦʣʴʥʦʝ ʦʩʝʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʪ 

ʥʘʛʨʫʟʦʢ ʠ ʚʦʟʜʝʡʩʪʚʠʡ, ʄʇʘ; ɣ2 ï ʢʦʵʬʬʠʮʠʝʥʪ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʜʚʫʭʦʩʥʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ; 

R1 ï ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʘʣʠ, ʄʇʘ. 

ʇʘʨʘʤʝʪʨʳ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʫʩʣʦʚʠʝ 4 ʚʳʧʦʣʥʷʝʪʩʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ ʜʦʧʫʩʪʠ-

ʤʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʛʨʫʥʪʘ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʯʠʪʘʪʴ ʩʤʝʪʥʫʶ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʫʯʘʩʪʢʘ ʛʘʟʦʧʨʦʚʦʜʘ ʥʘ ʜʘʥʥʦʤ ʛʨʫʥʪʝ ʩʦ ʚʩʝʤʠ ʜʦ-

ʧʫʩʪʠʤʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ. ʆʧ-

ʪʠʤʘʣʴʥʳʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʘʨʠʘʥʪ, ʩʪʦʠʤʦʩʪʴ ʨʝʘ-

ʣʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ. 

ʇʨʠʤʝʥʷʷ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥ-

ʥʳʭ ʟʘʪʨʘʪ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝʦʙʭʦ-

ʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ, ʭʘʨʘʢʪʝʨ-

ʥʳʡ ʜʣʷ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʛʘʟʘ, ʠ ʧʦʣʫ-

ʯʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ tʦʧʪ1, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʩʫʤʤʘʨʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ 

ʤʠʥʠʤʘʣʴʥʳʝ ʠ ʠʤʝʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ 

ʉmin
1. ʕʪʠ ʟʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʳ ʙʝʟ ʫʯʝʪʘ ʛʝʦʢʨʠʦʣʦ-

ʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʨʫʥʪʦʚ ʪʨʘʩʩʳ. 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʜʠʘʧʘʟʦʥ ʪʝʤ-

ʧʝʨʘʪʫʨ ʦʪ tʦʧʪ1 ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʫʥʪʘ tʛʨ, ʧʦʜʩʪʘʚ-

ʣʷʷ ʟʥʘʯʝʥʠʷ ʠʟ ʜʠʘʧʘʟʦʥʘ ʚ ʨʘʩʯʝʪ ʨʘʩʪʝʧʣʝʥʠʷ 

ʛʨʫʥʪʘ. ʇʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʧʦʚʣʝʯʝʪ ʠʟ-

ʤʝʥʝʥʠʝ ʛʣʫʙʠʥʳ ʦʪʪʘʠʚʘʥʠʷ ʛʨʫʥʪʘ, ʚʝʣʠʯʠʥʳ 

ʦʩʘʜʢʠ (ʠʣʠ ʚʩʧʣʳʪʠʷ) ʠ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶ-

ʱʠʭ ʚ ʩʪʝʥʢʘʭ ʪʨʫʙʳ. ʕʪʦ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʠʟʤʝʥʝʥʠʝ 

ʧʝʨʝʯʥʷ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʠʥ-

ʞʝʥʝʨʥʦʡ ʟʘʱʠʪʝ ʛʘʟʦʧʨʦʚʦʜʘ ʥʘ ʛʨʫʥʪʘʭ ʪʨʘʩʩʳ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 

tʦʧʪ1 ʜʦ tʛʨ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʝʨʝʯʝʥʴ, ʛʜʝ ʜʣʷ 

ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʝʜʝʥʳ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʩʦʦʨʫʞʝʥʠʝ ʠ ʵʢʩʧʣʫ-

ʘʪʘʮʠʶ (ʯʘʩʪʴ ʟʘʪʨʘʪ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ) 

ʫʯʘʩʪʢʘ ʛʘʟʦʧʨʦʚʦʜʘ. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ 

ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʪʠ-

ʤʘʣʴʥʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 5. 

Ўὅὸ ὅ ὅ̞ ̋ὸ̒ ὅ ὸ ὅ ὸ       (5) 

 

ʛʜʝ ȹʉ ï ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʨʫʙ.; ʉmin
1 ï 

ʤʠʥʠʤʘʣʴʥʳʝ ʩʫʤʤʘʨʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘ-

ʪʨʘʪʳ, ʨʫʙ.; ʉʩʪʨ ï ʩʤʝʪʥʘʷ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʘ ʫʯʘʩʪʢʘ ʛʘʟʦʧʨʦʚʦʜʘ; ʉɻ ʢʩ ï ʩʫʤʤʘʨʥʳʝ ʵʢʩʧʣʫ-

ʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ, ʨʫʙ., ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʬʦʨ-

ʤʫʣʝ (6) 

ὅ̞ ̋ὸ̒ ὅ̋ ̏ ὸ̍ ὅ̏ ̖ ὸ̌ ὅ̉ ̎ ὸ̄        (6) 

ɿʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠʡ ʵʬʬʝʢʪ, ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʜʘʥʥʳʭ 

ʫʩʣʦʚʠʡ. 

ʇʦʣʫʯʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʢʦʥʦʤʠʷ ʩʨʝʜʩʪʚ ʧʨʠ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʘʟʦʧʨʦʚʦʜʘ ʚ ʫʩʣʦʚʠʷʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ. ʇʨʠ 

ʵʪʦʤ ʫʯʠʪʳʚʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʷ ʪʨʫ-

ʙʦʧʨʦʚʦʜʘ ʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʘʟʦʧʨʦʚʦʜʘ ʚ ʩʣʦʞʥʳʭ ʛʝʦ-

ʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 
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ʂʘʣʷʥʦʚ ʂʠʨʠʣʣ ʄʠʭʘʡʣʦʚʠʯ 
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ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè 

 

ɻɽʅɽʈɸʊʆʈ ʉʃʋʏɸʁʅʓʍ ʏʀʉɽʃ ʅɸ ʆʉʅʆɺɽ ʉʊɸʅɼɸʈʊʅʆɻʆ ʆʊʆɹʈɸɾɽʅʀʗ 

 

Abstract 

The standard map is one of the simple systems that are able to generate an infinite chaotic sequence of num-

bers. In this paper we describe and investigate a method of using the standard mapping in order to obtain the 

pseudo random numbers generator. Besides, we perform statistical tests on the various sequences of generated 

numbers from the standard map. We find out some properties, which are required for a high quality random 

number generator and provide us with an opportunity to construct a good quality generator. We discover the 

correlation problem between generated numbers and solve it using special procedure. 

ɸʥʥʦʪʘʮʠʷ 

ʉʪʘʥʜʨʘʪʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʛʝʥʝʨʠʨʦ-

ʚʘʪʴ ʙʝʩʢʦʥʝʯʥʳʝ ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʠʩʝʣ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʦʧʠʰʝʤ ʠ ʠʩʩʣʝʜʫʝʤ 

ʤʝʪʦʜ ʛʝʥʝʨʘʮʠʠ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ʜʣʷ ʛʝʥʝʨʠʨʫʝʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ɼʣʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʛʝʥʝʨʘʪʦʨʘ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʦʙ-

ʨʘʞʝʥʠʷ. ʊʘʢʞʝ ʤʳ ʦʙʥʘʨʫʞʠʤ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʛʝʥʝʨʠʨʫʝʤʳʤʠ ʯʠʩʣʘʤʠ ʠ ʨʝʰʠʤ ʝʝ ʩ ʧʦʤʦʱʴʶ ʩʧʝ-

ʮʠʘʣʴʥʦʡ ʧʨʦʮʝʜʫʨʳ. 

 

Keywords: Standard Map; pseudo random numbers generator; correlation problem; statistical tests; uniform 

distribution in numbers` generators; distribution`s properties; tests` problems. 
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ʪʝʩʪʦʚ. 

 

Introduction  

Random sequences of numbers are widely used in 

various scopes like cryptography, probability theory 

and mathematical statistics or simulation. Truly ran-

dom sequences of numbers are unpredictable and thus 

can not to be faithfully reproduced. These sequences 

can only be generated by a natural source of entropy 

like Johnson noise, free-running oscillator, source of 

radioactive decay and other physical and engineering 

processes. To all intents and purposes, it is very hard to 

create a fast and stable physical generator that can be 

reproducible. In this context, in order to have a wider 

field for investigation, pseudo random numbers have 

been invented. Pseudo random numbers are entities cal-

culated from a prescribed algorithm, which can repro-

duce all generated sequences of numbers. As is evident, 

these pseudo numbers are not absolutely random in the 

mathematical sense, but the sequences of them are in-

distinguishable from a sequence of truly random gener-

ator`s numbers. 

It is not easy to find or invent an efficient source 

of entropy. In most cases, all sequences of numbers 

from any pseudo random generator should be put to 

tests, which specially estimate the randomness of the 

numbers [1]. In spite of the passed tests, one can find 

that the generator may make errors when applied to 

some physical applications. For instance, A.M. Ferren-

berg in one of his works has illustrated that random 

number generators are applicable under certain condi-

tions [2]. Thus, a significant task is to test together the 

external algorithm with the random number generator 

even on the tests, which the generator has passed. 

In this paper we consider a pseudo random gener-

ator based on the standard mapping, which includes 

chaotic algorithm. This can be highly useful because 

this generator provides a radically different method of 

producing pseudo random numbers. Besides, the used 

algorithm is quite simple and hence fast. Here we in-

vestigate the statistical properties, which show us some 

singularity.  

Thereinafter we shall classify and describe the 

standard mapping and discuss the base and problems of 

our pseudo random generator in Section 2. In Section 3 

we shall describe which tests should be used. In Section 

4 and 5 we describe the theoretical and practical results 

of pseudo random generator `s … test and the Central 

Limit Theorem Test. Finally, in the last section we shall 

draw conclusions.  

The Standard Map 

Most of events in nature are non-linear [4]. The 

models of weather or turbulent flow are the most ac-

quainted examples of non-linear process. In spite of this 

property, we shall consider the ecological model. The 
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majority of biological populations consist of one gen-

eration, which does not cross over the previous one and 

the next one. As the evolution of generation is a discrete 

process, we shall describe this process using difference 

equation instead of differential analog. 

This method of generator construction has been 

used earlier in the chaotic regime to define the proper-

ties of one random process [3]. Our approach differs 

from earlier methods. We use transformations of our 

distribution in order to convert it to uniform distribu-

tion. Moreover, we take into account the effect of cor-

relation between sequences of generated numbers. 

The standard map formulation is: 

 

 ὼ τὶὼ ρ ὼ                (1) 

 

with limitation π  ὼ ρ. 
Using this mapping and defining the first value, ὼ 

we can generate a sequence of numbers ὼ.  

Because the function carries any point of interval 

into another point of the same interval, it defines a one-

dimensional mapping. The behaviour of our sequence 

depends on the parameter ὶ. Because of the investiga-

tion we can note these important properties for pseudo 

random generator based on the standard mapping [4]: 

¶ Our equation has two important points named 

stable under different conditions. The first is ὼᶻ π. 

The second is ὼᶻ ρ . If ὼ ὼᶻ, then ὼ ὼ 

and the sequence becomes isolated. 

¶ If π ὶ , then ὼᶻ π is a stable point.  

¶ If ὶ , then ὼᶻ ρ  is a stable 

point.  

¶ If ὶ ρȟ then ὼᶻ becomes unstable. This 

leads to bifurcation with double and other periods.  

¶ If ὶ ρ, then standard map is absolutely cha-

otic. 

The main interest for us in these properties is the 

last condition. Let us make some transformation in the 

equation where ὶ ρȢ If we assume that: ὼ ρ
ÃÏÓ ὰ Ⱦς and ὼ ρ ÃÏÓ ςὰ Ⱦς, then the 

standard map formulation transforms into: 

 

ὰ
ςὰȟὰ Ȣ

ς“ ςὰȟὰ Ȣ
             (2) 

 

Evidently, the length of ὰ interval varies from “ 

to ς“. Besides, if we set a rational fraction for ὰ, we 

get a periodic sequence of numbers and non-periodic in 

case when we set an irrational fraction ὰȢ Moreover, in 

case using irrational initial argument the sequence of ὰ 

has uniform distribution between zero and “. This 

property is a base to generate random sequence of num-

bers using the standard mapping. 

Using main points above, we consider the next 

equation: 

ώ                      (3) 

Where 

ὼ τὶὼ ρ ὼ . 

 

As far as the value of ὼ distributes randomly be-

tween π and “, the sequence of ώ distributes randomly 

0 and 1, except the values which provide us with peri-

odic sequences of numbers like ρȟȟȟȢ Thus, if we set 

a rational fraction for ὼ, we can generate a sequence of 

uniformly distributed numbers using the equation 

above. Another good property of standard mapping is 

the big dispersion of ὼ`s values which is produced by 

a small change of ὼ. This leads to different sequences 

of numbers, which are uncorrelated. This property is 

necessary for every high quality random number gen-

erator. 

However, the correlation problem can arise during 

the creation of pseudo random number generator. But 

one of the efficient solutions to eliminate this problem 

is to mix up the sequence of numbers from our genera-

tor, but the correlation can influence adversely over the 

distribution`s properties even after the reshuffle (ᾀ). 
One more fact from our calculations is that the bigger 

the number of generated sequences gets, the weaker be-

comes the effect of correlation. 

Pseudo Random Generated Sequence Tests 

It is not enough to construct the pseudo random 

generator. We should test its quality and behavior under 

different conditions. In this section, we describe the re-

sults of our generator testing and compare them with 

the results of random generator implemented in our 

computer (we suppose that this generator is true). Thus, 

we choose two of many tests for considering in this pa-

per: 

i. …-test.  

ii.  The Central Limit Theorem test. 

The main reason for such choice is that these tests 

include checking of many basic statistical properties 

and their results include the results of some less signif-

icant tests. 

Chi-squere Test 

The chi-square test is one of the most well-known 

statistical criteria, which is frequently used in combina-

tion with other criteria. For our case, …-test lets us de-

termine the similarity between our pseudo random gen-

erator and the reference generator, which is based on 

uniform distribution. 

In order to estimate the difference between our and 

reference generator we consider the squared difference 

between numbers obtained from out generator and true 

generator.  

Therefore, we divide the interval πȟρ into k 

equal parts and start the generator many times. Then 

define a quantity (ὔ) of random numbers captured by 

every interval ὲ and calculate the experimental value 

of ὢ :  

ὢexpr. = В
 ᶻ

ᶻ
, where ὴ   

Thus, 

ὢexpr. = В
ᶻ

ᶻ
 

 

The computation is made for ὔ  ρππππ and 

υπππ times. The number of shifts (z) is varied from 1 

to 15. Considering ᾀ  ρ we note that the experi-

mental value of chi-square differs tangibly from the 
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theoretical one. This means that we should discard a 

hypothesis about the similarity between our pseudo 

random generator and the reference generator. In cases 

when ᾀ  σ, ᾀ  υ and ᾀ  ψ the agreement be-

tween theoretical and experimental values improves 

significantly. These calculations show that the more we 

define z, the better generator we have. 

The Central Limit Theorem Test 

For this test we suppose that all arguments of our 

standard map (ὼ) make sequences of random and in-

dependent variables. Thus, the Central Limit Theorem 

asserts that the sum of a large number of weakly de-

pendent random variables, none of which dominates, 

has a distribution close to normal [5]. 

That means that we can use ώ  В ὼ as nor-

mally distributed variable. Thus, density function 

 Ὢώ  
Ѝ
Ὡ

 

, 

where Õ is a mathematical expectation and ů is a 

mean-square deviation. Then we have obtained the 

function of distribution for ὲ  σπ and various value 

of z-shifts. From this test we note again that for ᾀ  ρ, 
the obtained distribution from our generator is skewed. 

For ᾀ  ς the distribution correlates better, but not 

enough to be satisfactory. For ᾀ  σ the distribution 

agreed perfectly with the theoretical distribution. The 

results of this test mean that sequences of numbers con-

sisted of every third or fourth generated number have 

all properties of a sequence of random numbers. 

Conclusion 

In this paper we have considered the pseudo ran-

dom generator based on standard mapping. Besides, 

various sequences of random numbers tests have been 

presented. These tests let us find out certain specifici-

ties of our constructed generator. 

We note the following points: 

Á The ὢ -test has elicited that for ᾀ  ρ the ὢ  

distribution differs significantly from the theoretical 

one. The issue of bad agreement between theoretical 

and empirical distributions is solved by increasing z-

shifts. Therefore, in order to use a normal and accepta-

ble distribution one should use the generator defining 

z-shift as a large number (the smaller size of interval 

the bigger the number that needs to be settled). 

Á The Central Limit Theorem Test showed that 

the distribution without z-shifts or ᾀ  ρ does not sat-

isfy the theorem, because of the effect of correlation be-

tween numbers in sequences. On the other hand, for 

ᾀ  ς the coherence with the central limit theorem is 

perfect.  

In comparison with true random numbers genera-

tor our generator is significantly slower, but scopes 

where pseudo random generators are used, usually do 

not need much time for generating random numbers 

and hence the slowness is not a significant disadvantage 

of it. 
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ʂʘʨʘʜʦʙʨʠ ʂʩʝʥʠʷ ʄʠʭʘʡʣʦʚʥʘ  

ʤʘʛʠʩʪʨʘʥʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çɹʠʟʥʝʩ-ʠʥʬʦʨʤʘʪʠʢʘè,  

ʢʘʬʝʜʨʳ ʀʊʠʕʀ ʀʥʩʪʠʪʫʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  

ʌɻɹʆʋ ɺʆ çʏʝʣʷʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

ʇʦʣʪʦʨʘʢ ʉʝʨʛʝʡ ʅʠʢʦʣʘʝʚʠʯ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʀʊʠʕʀ ʀʥʩʪʠʪʫʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  

ʌɻɹʆʋ ɺʆ çʏʝʣʷʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè. 
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ɸʥʥʦʪʘʮʠʷ. 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʨʦʙʣʝʤʫ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʦʪʜʝʣʘ ʨʝʢʣʘʤʳ ʚ ʦʜʥʦʤ 

ʠʟ ʨʝʛʠʦʥʘʣʴʥʳʭ digital-ʘʛʝʥʪʩʪʚʘʭ. ɺ ʢʦʤʧʘʥʠʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʚʳʷʚʣʝʥʳ ʥʝʜʦ-

ʯʝʪʳ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʚʦʡ ʩʧʦʩʦʙ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʪʳ ʠʥʪʝʨʥʝʪ-ʤʘʨʢʝ-

ʪʦʣʦʛʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʊʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʧʨʦʩ ʩʨʝʜʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʠʥʪʝʨʥʝʪ-

ʨʝʢʣʘʤʝ ʚ ʜʨʫʛʠʭ ʘʛʝʥʪʩʪʚʘʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʠʥʪʝʨʥʝʪ-ʤʘʨʢʝʪʦʣʦʛʠ ʭʦʪʝʣʠ 

ʙʳ ʨʝʰʠʪʴ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ. ʊʘʢʦʡ ʦʧʨʦʩ ʧʦʟʚʦʣʠʣ ʦʪʚʝʪʠʪʴ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʟʘʧʨʦʩ ʩʧʝʮʠʘʣʠʩʪʦʚ ʦ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʫʜʦʙʥʦʡ ʠ ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʮʝʣʠ ʠ ʟʘ-

ʜʘʯʠ ʘʛʝʥʪʩʪʚʘ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʩʧʠʩʦʢ ʪʨʝʙʫʝʤʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʧʦʜʦʰʣʘ ʙʳ ʤʥʦʛʠʤ digital-ʘʛʝʥʪʩʪʚʘʤ ʠ ʤʦʛʣʘ ʙʳ ʙʳʪʴ 

ʫʩʧʝʰʥʦ ʚʥʝʜʨʝʥʘ ʚ ʣʶʙʦʝ ʠʟ ʥʠʭ. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʣʘʤʥʳʭ 

ʢʘʤʧʘʥʠʡ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ digital-ʘʛʝʥʪʩʪʚʝ, ʚ ʢʦʪʦʨʦʤ ʠʟʥʘʯʘʣʴʥʦ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʙʠʟʥʝʩ-ʧʨʦʮʝʩ-

ʩʦʚ ʦʪʜʝʣʘ ʨʝʢʣʘʤʳ. 

Abstract. 

This article deals with the problem of automating the business processes of the advertising department in one 

of the regional digital agencies. The company conducted an analysis of business processes and identified short-

comings. After the analysis, a method of automating the work of internet marketers based on the data obtained 

was proposed. A survey was also conducted among Internet advertising specialists in other agencies to determine 

the main tasks that Internet marketers would like to solve by automating processes in their work. This survey 

allowed us to respond to a specific request of specialists to create a system for automating the tracking of the 

effectiveness of advertising campaigns, which will be as convenient and adapted to the specific goals and objec-

tives of the agency. In the course of the analysis of the results obtained, a list was compiled of the required func-

tionality for creating a universal system that would suit many digital agencies and could be successfully imple-

mented in any of them. The automation system for tracking the effectiveness of advertising campaigns was imple-

mented in a digital agency, which initially carried out an analysis of business processes of the advertising 

department. 
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ɺʚʝʜʝʥʠʝ 

ʀʥʪʝʨʥʝʪ ʚ 21 ʚʝʢʝ - ʵʪʦ ʦʛʨʦʤʥʘʷ ʧʣʦʱʘʜʢʘ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ʣʶʙʦʛʦ ʙʠʟʥʝʩʘ. ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʢʦ-

ʣʠʯʝʩʪʚʦ ʢʣʠʝʥʪʦʚ, ʢʦʪʦʨʦʝ ʧʨʠʭʦʜʠʪ ʚ digital-

ʘʛʝʥʪʩʪʚʦ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʩʚʦʝʛʦ ʩʘʡʪʘ ʠʣʠ 

ʛʨʫʧʧʳ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʨʘʩʪʝʪ. ɺʩʝ ʢʦʤʧʘʥʠʠ 

ʭʦʪʷʪ ʧʨʦʨʝʢʣʘʤʠʨʦʚʘʪʴ ʩʚʦʠ ʪʦʚʘʨʳ ʠ ʫʩʣʫʛʠ ʠ 

ʪʝʤ ʩʘʤʳʤ ʧʨʠʚʣʝʯʴ ʥʦʚʳʭ ʢʣʠʝʥʪʦʚ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʘʛʝʥʪʩʪʚʘ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʦʙʨʘʙʦʪʢʦʡ ʙʦʣʴ-

ʦhʛʦ ʦʙʲʸʤʘ ʜʘʥʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʦʩʪʨʦ 

ʚʩʪʘʸʪ ʚʦʧʨʦʩ ʦʙ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʪʠʥʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʪʨʘʪʷʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʯʘʩʪʴ ʚʨʝʤʝʥʠ (ʥʘʧʨʠʤʝʨ: ʩʦʩʪʘʚʣʝʥʠʝ ʦʪʯʸʪʥʦʩʪʠ 

ʚʨʫʯʥʫʶ ʠ ʧʨʦʚʝʨʢʠ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʩʠʩʪʝʤʘʭ.). ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʦʜʥʦ ʠʟ ʨʝʛʠʦʥʘʣʴʥʳʭ digital-ʘʛʝʥʪʩʪʚ ʠ ʧʨʦʚʦʜʠʪʩʷ 

ʘʥʘʣʠʟ ʝʛʦ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ 

ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʨʝʰʝʥʠʝ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʪ-

ʩʣʝʞʠʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡ. 

ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʦʩʥʦ-

ʚʘʥʠʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʨʝʢʣʘʤ-

ʥʳʭ ʢʘʤʧʘʥʠʡ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʢʘʢ ʗʥʜʝʢʩ.ɼʠʨʝʢʪ 

ʠ Google Ads.  

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʙʨʘʥʦ ʦʜʥʦ ʠʟ 

ʨʝʛʠʦʥʘʣʴʥʳʭ digital-ʘʛʝʥʪʩʪʚ, ʢʦʪʦʨʦʝ ʟʘʥʠʤʘʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʦʡ ʩʘʡʪʦʚ, ʢʦʤʧʣʝʢʩʥʳʤ ʧʨʦʜʚʠʞʝʥʠʝʤ ʚ 

ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤʘʭ, ʢʦʥʪʝʢʩʪʥʦʡ ʠ ʪʘʨʛʝʪʠʨʦʚʘʥ-

ʥʦʡ ʨʝʢʣʘʤʦʡ.  

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʘʥʘʣʠʟʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʢʦʤ-

ʧʘʥʠʠ, ʙʳʣʘ ʠʟʫʯʝʥʘ ʝʛʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢ-

ʪʫʨʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʠʤ ʦʙʨʘʟʦʤ 

ʚʳʩʪʨʦʝʥʘ ʨʘʙʦʪʘ ʚʩʝʛʦ ʘʛʝʥʪʩʪʚʘ ʠ ʢʘʢ ʢʘʞʜʳʝ ʠʟ 

ʦʪʜʝʣʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʅʘ ʨʠ-

ʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

digital-ʘʛʝʥʪʩʪʚʘ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʣʠʥʝʡʥʦ-ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʡ ʪʠʧ. 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ digital-ʘʛʝʥʪʩʪʚʘ 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʦʪʜʝʣʳ, ʢʦʪʦʨʳʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʙʦʪʫ ʚʩʝʛʦ 

ʘʛʝʥʪʩʪʚʘ (ʦʪʜʝʣ ʨʘʟʨʘʙʦʪʢʠ, ʦʪʜʝʣ ʨʝʢʣʘʤʳ ʠ ʪ.ʜ.). 

ɼʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ ʨʝ-

ʰʝʥʠʷ, ʪʘʢ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʜʯʠʥʝʥʠʷ ʷʚ-

ʣʷʝʪʩʷ ʧʨʦʩʪʦʡ ʠ ʥʘʛʣʷʜʥʦʡ. ʊʘʢʞʝ ʜʘʥʥʘʷ ʩʪʨʫʢ-

ʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʳʡ 

ʢʦʥʪʨʦʣʴ ʟʘ ʨʘʙʦʪʦʡ ʩʦʪʨʫʜʥʠʢʦʚ. ʈʘʟʜʝʣʝʥʠʝ ʦʪʜʝ-

ʣʦʚ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʣʦʜʦʪʚʦʨʥʫʶ ʨʘʙʦʪʫ 

ʩʦʪʨʫʜʥʠʢʦʚ ʚʩʝʭ ʦʪʜʝʣʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʟʘ ʦʪʜʝʣʘʤʠ. ʈʫ-

ʢʦʚʦʜʩʪʚʦ ʢʦʤʧʘʥʠʠ ʙʣʘʛʦʜʘʨʷ ʣʠʥʝʡʥʦ-ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʤʫ ʪʠʧʫ ʩʦʩʨʝʜʦʪʘʯʠʚʘʝʪʩʷ ʥʘ ʩʪʨʘʪʝʛʠʠ ʦʨ-

ʛʘʥʠʟʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʨʘʤʦʪʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʣʠʝʥʪʘʤʠ. 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʙʠʟʥʝʩ-ʧʨʦ-

ʮʝʩʩʳ ʦʪʜʝʣʘ ʨʝʢʣʘʤʳ ʚ ʚʳʙʨʘʥʥʦʤ digital-

ʘʛʝʥʪʩʪʚʝ. ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʥʦʪʘʮʠʷ 

BPMN. BPMN ï ʵʪʦ ʥʦʪʘʮʠʷ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ. ɼʠʘ-

ʛʨʘʤʤʘ ʚ ʥʦʪʘʮʠʠ BPMN ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʣʛʦ-

ʨʠʪʤ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʤʦʛʫʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʦʙʳʪʠʷ, ʠʩʧʦʣʥʠʪʝʣʠ, ʤʘʪʝʨʠʘʣʴʥʳʝ 

ʠ ʜʦʢʫʤʝʥʪʘʣʴʥʳʝ ʧʦʪʦʢʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʚʳ-

ʧʦʣʥʝʥʠʝ ʧʨʦʮʝʩʩʘ. 

ʅʦʪʘʮʠʷ BPMN ʧʦʤʦʛʣʘ ʧʦʥʷʪʴ, ʢʘʢ ʨʘʙʦʪʘʶʪ 

ʧʨʦʮʝʩʩʳ ʢʦʤʧʘʥʠʠ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʧʨʝʜʝʣʠʪʴ ʢʘ-

ʢʠʝ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʨʘʙʦʪʝ ʦʪʜʝʣʘ ʨʝ-

ʢʣʘʤʳ ʠ ʚʳʷʚʠʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʦʩʪʘʚʣʝʥʠʷ ʦʪʯʝʪʥʦʩʪʠ ʠ ʦʪʩʣʝʞʠ-

ʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡ ʚ 

ʘʛʝʥʪʩʪʚʝ, ʢʦʪʦʨʦʝ ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʢʦʥ-

ʪʝʢʩʪʥʦʡ ʨʝʢʣʘʤʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ çʉʦʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʥʦ-

ʩʪʠè ʥʘ ʨʠʩʫʥʢʝ 2

 

 
ʈʠʩʫʥʦʢ 2. ɼʠʘʛʨʘʤʤʘ BPMN çʉʦʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʥʦʩʪʠè 
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ʂʘʢ ʤʳ ʚʠʜʠʤ ʠʟ ʨʠʩʫʥʢʘ 2, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʩʧʝʮʠʘʣʠʩʪʫ ʧʦ ʨʝʢʣʘʤʝ ʩʦʩʪʘʚʠʪʴ ʦʪʯʝʪ ʧʦ ʦʜʥʦʤʫ 

ʢʣʠʝʥʪʫ, ʝʤʫ ʥʫʞʥʦ ʟʘʡʪʠ ʚ ʢʘʞʜʫʶ ʩʠʩʪʝʤʫ ʦʪ-

ʜʝʣʴʥʦ, ʩʦʙʨʘʪʴ ʜʘʥʥʳʝ ʠ ʜʦʙʘʚʠʪʴ ʠʭ ʚ ʦʪʯʝʪ. ɺ 

ʘʛʝʥʪʩʪʚʝ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʙʳʣ ʧʨʦʚʝ-

ʜʝʥ ʪʘʢʞʝ ʧʦʜʩʯʝʪ, ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʪʨʘʪʠʪ ʦʜʠʥ 

ʩʧʝʮʠʘʣʠʩʪ ʥʘ ʚʩʝ ʦʪʯʝʪʳ ʧʦ ʩʚʦʠʤ ʢʣʠʝʥʪʘʤ ʚ ʤʝ-

ʩʷʮ, ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʝʩʣʠ ʚ ʩʨʝʜʥʝʤ, ʦʥ ʚʝ-

ʜʝʪ 25 ʢʣʠʝʥʪʦʚ, ʪʦ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʩʦʩʪʘʚʣʷʶʪ 

16 ʯʘʩʦʚ. ɺʩʝ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʙʳʣʠ ʧʦʜʩʯʠʪʘʥʳ 

ʩ ʧʦʤʦʱʴʶ ʟʘʜʘʯ ʚ ʩʠʩʪʝʤʝ ɹʠʪʨʠʢʩ 24. ʇʦʜʩʯʝʪ 

ʚʝʣʩʷ ʚ ʪʝʯʝʥʠʝ ʯʝʪʨʳʝʭ ʤʝʩʷʮʝʚ. ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝ-

ʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʮʝʩʩ 

çʉʦʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʦʚè ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʪʨʫʜʦʟʘ-

ʪʨʘʪʥʳʤ ʠ ʩʧʝʮʠʘʣʠʩʪ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʭʦʜʫʝʪ 

ʩʚʦʸ ʚʨʝʤʷ. ɺʤʝʩʪʦ ʩʦʩʪʘʚʣʝʥʠʷ ʦʪʯʝʪʦʚ ʚ ʨʫʯʥʫʶ, 

ʦʥ ʤʦʛ ʙʳ ʪʨʘʪʠʪʴ ʟʘʪʨʘʯʝʥʥʦʝ ʚʨʝʤʷ ʥʘ ʵʪʦʪ ʧʨʦ-

ʮʝʩʩ, ʥʘ ʜʨʫʛʠʭ ʢʣʠʝʥʪʦʚ ʠ ʜʨʫʛʠʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ 

ʧʨʠʥʦʩʠʣʠ ʙʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʜʦʭʦʜ digital-

ʘʛʝʥʪʩʪʚʫ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʨʘʩʩʤʦʪʨʠʤ ʪʘʢʦʡ ʧʨʦʮʝʩʩ, ʢʘʢ 

çʆʪʩʣʝʞʠʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘ-

ʥʠʡè 

 

 
ʈʠʩʫʥʦʢ 3. ɼʠʘʛʨʘʤʤʘ BPMN çʆʪʩʣʝʞʠʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡè 

 

ʀʩʭʦʜʷ ʠʟ ʜʠʘʛʨʘʤʤʳ çʆʪʩʣʝʞʠʚʘʥʠʝ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡè ʤʳ ʚʠʜʠʤ, ʯʪʦ ʧʨʦ-

ʚʝʨʢʘ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡ ʢʣʠʝʥʪʘ ʪʘʢʞʝ ʚʳʧʦʣ-

ʥʷʝʪʩʷ ʦʪʜʝʣʴʥʦ ʚ ʢʘʞʜʦʡ ʩʠʩʪʝʤʝ. ɼʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʧʦʜʩʯʝʪ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʦʜʠʥ ʩʧʝʮʠʘʣʠʩʪ ʪʨʘʪʠʪ ʥʘ ʦʜʥʦʛʦ ʢʣʠʝʥʪʘ ʧʨʠ-

ʤʝʨʥʦ 10 ʤʠʥʫʪ ʢʘʞʜʳʡ ʜʝʥʴ. ɺ ʤʝʩʷʮ ʥʘ ʧʨʦʮʝʩʩ 

çʆʪʩʣʝʞʠʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘ-

ʥʠʡè ʠʥʪʝʨʥʝʪ-ʤʘʨʢʝʪʦʣʦʛ ʪʨʘʪʠʪ ʚ ʩʨʝʜʥʝʤ 3,5 

ʯʘʩʘ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ ʢʘʢ çʉʦʩʪʘʚ-

ʣʝʥʠʝ ʦʪʯʝʪʥʦʩʪʠè ʠ çʆʪʩʣʝʞʠʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡè ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶ-

ʱʠʝ ʥʝʜʦʩʪʘʪʢʠ ʚ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʘʭ (ʊʘʙʣʠʮʘ 1): 

ʊʘʙʣʠʮʘ 1. 

ʅʝʜʦʩʪʘʪʢʠ ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ digital-ʘʛʝʥʪʩʪʚʘ 

ʇʨʦʙʣʝʤʳ ʇʦʩʣʝʜʩʪʚʠʷ 

ʈʝʢʣʘʤʥʳʝ ʢʘʤʧʘʥʠʠ ʢʣʠʝʥʪʦʚ ʦʪʩʣʝ-

ʞʠʚʘʶʪʩʷ ʦʪʜʝʣʴʥʦ ʚ ʢʘʞʜʦʡ ʩʠʩʪʝʤʝ 

ī ʈʝʢʣʘʤʥʳʝ ʢʘʤʧʘʥʠʠ ʥʝ ʦʪʩʣʝʞʠʚʘʶʪʩʷ ʚʦʚʨʝʤʷ; 

ʇʨʦʙʣʝʤʳ ʇʦʩʣʝʜʩʪʚʠʷ 

ʈʝʢʣʘʤʥʳʝ ʢʘʤʧʘʥʠʠ ʢʣʠʝʥʪʦʚ ʦʪʩʣʝ-

ʞʠʚʘʶʪʩʷ ʦʪʜʝʣʴʥʦ ʚ ʢʘʞʜʦʡ ʩʠʩʪʝʤʝ 

ī ʅʝʵʬʬʝʢʪʠʚʥʦʝ ʦʪʩʣʝʞʠʚʘʥʠʝ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡ; 

ī ʅʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ; 

ī ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʩʧʝʮʠʘʣʠʩʪʘ (ʥʘ 1 ʢʣʠʝʥʪʘ: 10 ʤʠʥʫʪ ʚ 
ʜʝʥʴ) 

ʄʝʩʷʮ ï 3,5 ʯʘʩʘ ʥʘ ʦʜʥʦʛʦ ʢʣʠʝʥʪʘ. 

ʅʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ ʦʪʯʝʪʳ ʧʦ ʨʝ-

ʢʣʘʤʝ. 

ʅʝʪ ʝʜʠʥʦʛʦ ʦʪʯʝʪʘ ʧʦ ʚʩʝʤ ʩʠʩʪʝʤʘʤ. 

ī ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʩʧʝʮʠʘʣʠʩʪʘ ʥʘ ʩʦʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʦʚ ʧʦ 

ʚʩʝʤ ʩʚʦʠʤ ʢʣʠʝʥʪʘʤ (ʧʨʠʤʝʨʥʦ 25 ʢʣʠʝʥʪʦʚ) = 16 ʯʘʩʦʚ ʚ ʤʝ-

ʩʷʮ. 

ʅʝʪ ʥʘʧʦʤʠʥʘʥʠʡ ʦʙ ʦʢʦʥʯʘʥʠʡ ʘʢ-

ʮʠʡ ʫ ʢʣʠʝʥʪʦʚ 

ī ʉʥʠʞʘʝʪʩʷ ʧʨʦʮʝʥʪ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡ ʚ 
ʩʨʦʢ; 

ī ʉʥʠʞʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ; 

ī ʅʠʟʢʘʷ ʣʦʷʣʴʥʦʩʪʴ ʢʣʠʝʥʪʘ. 
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ʆʧʨʝʜʝʣʠʚ ʦʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʪʘʢʠʭ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ ʢʘʢ çʉʦʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʥʦʩʪʠè ʠ çʆʪʩʣʝ-

ʞʠʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡè 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʧʝʮʠʘʣʠʩʪʳ ʧʦ ʨʝʢʣʘʤʝ 

ʪʨʘʪʷʪ ʩʚʦʝ ʨʘʙʦʯʝʝ ʚʨʝʤʷ ʥʘ ʨʫʪʠʥʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʠʟ-ʟʘ ʢʦʪʦʨʳʭ ʩʫʞʘʝʪʩʷ ʩʧʠʩʦʢ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʦʥʠ 

ʤʦʛʣʠ ʙʳ ʚʳʧʦʣʥʷʪʴ ʠ ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʘʛʝʥʪʩʪʚʦ 

ʪʝʨʷʝʪ ʧʨʠʙʳʣʴ ʠ ʠʤʝʝʪ ʥʠʟʢʫʶ ʣʦʷʣʴʥʦʩʪʴ ʢʣʠʝʥ-

ʪʦʚ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ʚʳʙʨʘʥʥʦʛʦ ʘʛʝʥʪʩʪʚʘ, ʙʳʣʦ ʨʝʰʝʥʦ ʚʳʷʩʥʠʪʴ, ʠʤʝ-

ʶʪʩʷ ʣʠ ʜʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʚ ʜʨʫʛʠʭ ʢʦʤʧʘʥʠʷʭ, ʢʦ-

ʪʦʨʳʝ ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʧʨʦʜʚʠʞʝʥʠʝ ʢʣʠʝʥʪʦʚ 

ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʨʥʝʪ-ʨʝʢʣʘʤʳ. ɺ ʦʧʨʦʩʝ ʫʯʘʩʪʚʦ-

ʚʘʣʘ 6 ʩʧʝʮʠʘʣʠʩʪʦʚ 5 ʨʝʛʠʦʥʘʣʴʥʳʭ ʘʛʝʥʪʩʪʚ (ʊʘʙ-

ʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2 

ɸʥʢʝʪʠʨʦʚʘʥʠʝ ʠʥʪʝʨʥʝʪ-ʤʘʨʢʝʪʦʣʦʛʦʚ ʨʝʛʠʦʥʘʣʴʥʳʭ ʘʛʝʥʪʩʪʚ 

ɺʦʧʨʦʩ ɸʛʝʥʪʩʪʚʦ 

ɸʛʝʥʪʩʪʚʦ 

ˉ1 

ɸʛʝʥʪʩʪʚʦ 

ˉ2 

ɸʛʝʥʪʩʪʚʦ 

ˉ3 

ɸʛʝʥʪʩʪʚʦ 

ˉ4 

ɸʛʝʥʪʩʪʚʦ 

ˉ5 

ɺʳ ʦʪʩʣʝʞʠʚʘʥʠʝ ʨʝʢʣʘʤʥʳʝ 

ʢʘʤʧʘʥʠʠ ʚ ʢʘʞʜʦʡ ʩʠʩʪʝʤʝ ʦʪ-

ʜʝʣʴʥʦ? 

+ + + + + 

ʅʘʟʦʚʠʪʝ ʯʠʩʣʦ ʨʝʢʣʘʤʥʳʭ ʩʠ-

ʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ɺʳ ʚʝʜʝʪʝ ʢʣʠ-

ʝʥʪʦʚ. 

5 6 5 5 5 

ʋ ɺʘʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ ʩʦʩʪʘʚ-

ʣʝʥʠʝ ʦʪʯʝʪʦʚ ʧʦ ʨʝʢʣʘʤʥʳʤ 

ʢʘʤʧʘʥʠʷʤ? 

+ + ï ï ï 

ɺʘʤ ʧʨʠʭʦʜʠʪ ʥʘʧʦʤʠʥʘʥʠʝ ʦʙ 

ʦʢʦʥʯʘʥʠʠ ʘʢʮʠʡ ʫ ʢʣʠʝʥʪʦʚ? 
+ ï + ï ï 

ɺʳ ʦʪʩʣʝʞʠʚʘʝʪʝ ʩʢʦʣʴʢʦ ʯʘʩʦʚ 

ʪʨʘʪʠʪʩʷ ʥʘ ʢʘʞʜʦʛʦ ʢʣʠʝʥʪʘ ʚ 

ʤʝʩʷʮ? 

ï ï + + + 

ʍʦʪʝʣʠ ʙʳ ɺʳ ʦʪʩʣʝʞʠʚʘʪʴ ʚʝʜʝ-

ʥʠʝ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡ ʢʣʠʝʥ-

ʪʦʚ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ? 

+ + + + + 

 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠ ʚ ʜʨʫʛʠʭ ʘʛʝʥʪʩʪʚʘʭ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʠ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʦʪʩʣʝʞʠʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʠ ʠ ʩʦʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʥʦ-

ʩʪʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʳʣʠ ʪʘʢʞʝ ʩʦʩʪʘʚʣʝʥʳ ʙʠʟʥʝʩ-

ʪʨʝʙʦʚʘʥʠʷ ʜʠʨʝʢʪʦʨʦʤ ʠ ʠʥʪʝʨʥʝʪ-ʤʘʨʢʝʪʦʣʦʛʦʤ digital-ʘʛʝʥʪʩʪʚʘ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʚʳʙʨʘʥʦ ʜʣʷ ʚʥʝʜʨʝʥʠʷ 

(ʈʠʩʫʥʦʢ 4). 

 

 
ʈʠʩʫʥʦʢ 4.ɹʠʟʥʝʩ-ʪʨʝʙʦʚʘʥʠʷ (Impact Mapping) 
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ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʙʠʟʥʝʩ-ʪʨʝʙʦʚʘʥʠʡ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʩʣʝʜʫʶʱʝʝ ʨʝʰʝʥʠʝ (ʈʠʩʫʥʦʢ 5). 

 

 
ʈʠʩʫʥʦʢ 5. ʈʝʰʝʥʠʝ (Lean Canvas) 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʩʦ-

ʩʪʘʚʣʝʥʦ ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʥʘ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ, 

ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʚʥʝʜʨʝʥʘ ʥʝ ʪʦʣʴʢʦ ʚ ʚʳʙʨʘʥʥʦʝ 

ʘʛʝʥʪʩʪʚʦ, ʥʦ ʠ ʦʪʚʝʯʘʣʘ ʙʳ ʪʨʝʙʦʚʘʥʠʷʤ ʙʦʣʴʰʠʥ-

ʩʪʚʘ ʘʛʝʥʪʩʪʚ, ʙʳʣʘ ʛʠʙʢʦʡ ʠ ʚʩʪʨʘʠʚʘʝʤʦʡ ʚ ʣʶʙʦʝ 

ʠʟ ʥʠʭ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʝʘʣʠʟʦʚʳʚʘʪʴ 

ʜʘʥʥʫʶ ʩʠʩʪʝʤʫ ʚ ʜʨʫʛʠʝ digital-ʘʛʝʥʪʩʪʚʘ. ʊʝʭʥʠ-

ʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʙʳʣʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʠ ʧʦʩʪʘʚʣʝʥʦ 

ʧʨʦʛʨʘʤʤʠʩʪʫ ʚ ʩʠʩʪʝʤʝ ɹʠʪʨʠʢʩ 24. ʉʠʩʪʝʤʘ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡ ʚ 

ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʢʘʢ ʗʥʜʝʢʩ.ɼʠʨʝʢʪ ʠ Google Ads. 

ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʪ-

ʩʣʝʞʠʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡ ʚ 

ʚʳʙʨʘʥʥʦʝ digital-ʘʛʝʥʪʩʪʚʦ, ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ çʉʦ-

ʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʦʚè ʠʟʤʝʥʠʣʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

(ʈʠʩʫʥʦʢ 6): 

 

 
ʈʠʩʫʥʦʢ 5.ɼʠʘʛʨʘʤʤʘ BPMN çʉʦʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʥʦʩʪʠè ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ 
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ʂʘʢ ʤʳ ʚʠʜʠʤ ʠʟ ʨʠʩʫʥʢʘ 5, ʧʨʦʮʝʩʩ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʫʧʨʦʩʪʠʣʩʷ, ʪʝʧʝʨʴ ʚ ʥʘʯʘʣʝ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ 

ʦʪʯʝʪʳ ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʦ ʧʨʝʜʳʜʫʱʝʤʫ ʤʝʩʷʮʫ ʠ ʦʪ-

ʧʨʘʚʣʷʶʪʩʷ ʢʣʠʝʥʪʘʤ ʥʘʧʨʷʤʫʶ ʠʟ ʩʠʩʪʝʤʳ. ʊʘʢʞʝ 

ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʦʪʯʝʪ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʘʪʳ, ʘ ʥʝ ʧʦʣʥʳʡ ʢʘʣʝʥʜʘʨ-

ʥʳʡ ʤʝʩʷʮ. 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʠʟʤʝʥʠʣʩʷ ʧʨʦʮʝʩʩ çʆʪʩʣʝ-

ʞʠʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡè 

(ʈʠʩʫʥʦʢ 6). 

 

 
ʈʠʩʫʥʦʢ 6.ɼʠʘʛʨʘʤʤʘ BPMN çʆʪʩʣʝʞʠʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡè  

ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ 

 
ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡ, ʩʧʝʮʠʘʣʠʩʪʫ 
ʥʝ ʥʫʞʥʦ ʪʝʧʝʨʴ ʩʣʝʜʠʪʴ ʟʘ ʭʦʜʦʤ ʨʝʢʣʘʤʥʳʭ ʢʘʤ-
ʧʘʥʠʡ ʠ ʦʩʪʘʪʢʘʤʠ ʥʘ ʘʢʢʘʫʥʪʘʭ ʚ ʨʘʟʥʳʭ ʩʠʩʪʝʤʘʭ. 
ʊʝʧʝʨʴ ʠʥʪʝʨʥʝʪ-ʤʘʨʢʝʪʦʣʦʛʫ ʜʦʩʪʘʪʦʯʥʦ ʟʘʡʪʠ ʚ 
ʦʜʥʫ ʩʠʩʪʝʤʫ ʠ ʧʨʦʚʝʨʠʪʴ ʜʘʥʥʳʝ ʩʨʘʟʫ ʧʦʩʣʝ ʥʝ-

ʩʢʦʣʴʢʠʭ ʧʣʦʱʘʜʦʢ. ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʡ ʩʠ-
ʩʪʝʤʳ ʤʳ ʧʦʣʫʯʠʣʠ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ 
ʥʘ ʦʪʩʣʝʞʠʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʝʜʝʥʠʷ ʨʝʢʣʘʤ-
ʥʳʭ ʢʘʤʧʘʥʠʡ, ʩʦʩʪʘʚʣʝʥʠʝ ʦʪʯʸʪʦʚ, ʘ ʪʘʢʞʝ ʙʳʣʦ 
ʜʦʙʘʚʣʝʥʦ ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʙ ʦʢʦʥ-
ʯʘʥʠʠ ʘʢʮʠʡ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʢʣʠʝʥʪʘ (ʊʘʙʣʠʮʘ 3). 

ʊʘʙʣʠʮʘ 3. 
ʇʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʊʨʘʪʠʣʦʩʴ ʚʨʝʤʝʥʠ 
ʜʦ ʚʥʝʜʨʝʥʠʷ, ʯʘʩʳ 

ʊʨʘʪʠʣʦʩʴ ʚʨʝʤʝʥʠ 
ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ, ʯʘʩʳ 

ʇʨʦ-
ʮʝʥʪ, % 

ʉʦʢʨʘʪʠʣʦʩʴ / 
ʈʝʟʫʣʴʪʘʪ 

ʆʪʩʣʝʞʠʚʘʥʠʝ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʠ ʚʝʜʝʥʠʷ ʈʂ 

87,5 4,17 95,23 18 228,44 

ʉʦʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʦʚ 16 0,25 98,44 3 445,31 

ʆʢʦʥʯʘʥʠʝ ʘʢʮʠʡ 
ʅʝ ʦʪʩʣʝʞʠʚʘʣʦʩʴ 0,1 - 

ʃʦʷʣʴʥʦʩʪʴ 
ʢʣʠʝʥʪʘ 

 
ʂʘʢ ʤʳ ʚʠʜʠʤ ʠʟ ʪʘʙʣʠʮʳ 3, ʧʦ ʧʦʜʩʯʝʪʘʤ ʨʘʥ-

ʥʝʝ ʩʧʝʮʠʘʣʠʩʪ, ʚ ʩʨʝʜʥʝʤ ʪʨʘʪʠʣ 87,5 ʯʘʩʦʚ ʚ ʤʝʩʷʮ 
ʥʘ ʦʪʩʣʝʞʠʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʝʜʝʥʠʷ ʨʝʢʣʘʤ-
ʥʳʭ ʢʘʤʧʘʥʠʡ. ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʵʪʦ ʯʠʩʣʦ 
ʩʦʢʨʘʪʠʣʦʩʴ ʜʦ 4,17 ʯʘʩʦʚ ʚ ʤʝʩʷʮ. ʅʘ ʩʦʩʪʘʚʣʝʥʠʝ 
ʦʪʯʝʪʦʚ ʩʧʝʮʠʘʣʠʩʪ ʪʨʘʪʠʣ ʚ ʩʨʝʜʥʝʤ 16 ʯʘʩʦʚ ʚ ʤʝ-
ʩʷʮ, ʧʦʩʣʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʳ ʚʨʝ-
ʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʩʦʢʨʘʪʠʣʠʩʴ ʜʦ 0,25 ʯʘʩʦʚ. ɺʩʝ ʜʘʥ-
ʥʳʝ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3 ʙʳʣʠ ʟʘ-
ʬʠʢʩʠʨʦʚʘʥʳ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ 
çɹʠʪʨʠʢʩ 24è ʜʦ ʥʘʯʘʣʘ ʚʥʝʜʨʝʥʠʷ ʠ ʧʦʩʣʝ. 
ɿʘʢʣʶʯʝʥʠʝ 
ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʦʡ ʥʘ ʜʘʥʥʳʡ ʤʦ-
ʤʝʥʪ ʥʝʪ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʠ ʝʸ ʚʥʝʜʨʝʥʠʠ ʚ ʦʜ-
ʥʦʤ ʠʟ ʨʝʢʣʘʤʥʳʭ ʘʛʝʥʪʩʪʚ. ɹʣʘʛʦʜʘʨʷ ʘʚʪʦʤʘʪʠʟʘ-
ʮʠʠ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʩʦʩʪʘʚʣʝʥʠʝ ʦʪʯʸʪʦʚ ʠ 
ʦʪʩʣʝʞʠʚʘʥʠʝ ʜʘʥʥʳʭ ʧʦ ʨʝʢʣʘʤʥʳʤ ʢʘʤʧʘʥʠʷʤ, 
ʥʘʤ ʫʜʘʣʦʩʴ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʩʧʝʮʠʘ-
ʣʠʩʪʦʚ. ɺʩʝ ʧʦʩʪʘʚʣʝʥʥʳʝ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʙʳʣʠ ʨʝʘ-
ʣʠʟʦʚʘʥʳ ʠ ʫʩʧʝʰʥʦ ʚʥʝʜʨʝʥʳ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠ-
ʤʝʨʝ. 
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SOURCES OF FUEL ECONOMY AND INCREASE SAFETY TRANSPORTATION OF CARGO 

TRUCKS 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʠʩʪʦʯʥʠʢʠ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ ʠ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ 

ʘʚʪʦʧʦʝʟʜʘʤʠ. ʋʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʧʨʠʯʠʥʥʦ- ʩʣʝʜʩʪʚʝʥʥʳʤ ʩʚʷʟʷʤ ʤʝʞʜʫ ʧʨʠʥʮʠʧʘʤʠ, ʢʦʪʦʨʳʤʠ ʨʫʢʦ-

ʚʦʜʩʪʚʫʶʪʩʷ ʚ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʦʜʠʪʝʣʠ, ʠ ʠʭ ʶʨʠʜʠʯʝʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ ʟʘ ʢʘʯʝʩʪʚʦ ʠ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ. ɺʳʷʚʣʝʥʳ ʧʨʦʙʣʝʤʳ ʧʦʪʨʝʙʣʝʥʠʷ ʩʚʝʨʭ ʥʦʨʤʠʨʦ ʚʘʥ ʥʦʛʦ ʢʦʣʠʯʝʩʪʚʦ ʪʦʧ-

ʣʠʚʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʠʟʫʯʘʝ ʤʦʤ ʨʳʥʢʝ ʫʩʣʫʛ. ʇʦʩʪʘʚʣʝʥʳ ʚʦʧʨʦʩʳ ʦ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʢʘʯʝʩʪʚʘ, ʙʝʟʦ ʧʘʩʥʦʩ ʪʠ ʠ ʩʪʦʠʤʦʩʪʠ ʦʢʘʟʳʚʘʝʤʳʭ ʫʩʣʫʛ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʦʪʩʫʪ ʩʪʚʠʶ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ ʥʘ ʘʚ-

ʪʦʧʦʝʟʜʘʭ ʩ ʫʯʝ ʪʦʤ ʜʦʩʪʠʞʝʥʠʡ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦ ʚʝ ʜʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ ʨʷʜ ʧʦʧʨʘʚʦʢ ʚ ʮʝ ʣʷʭ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ ʩʥʠʞʝʥʠʷ ʘʚʘ ʨʠʡ ʥʦʩ ʪʠ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ. 

Abstract 

The article discusses the sources of fuel economy and improving the safety of cargo transportation by road 

trains. Attention is paid to the cause - and-effect relationships between the principles that guide drivers in their 

activities, and their legal responsibility for the quality and safety of work performed. The problems of consumption 

in excess of the normalized amount of fuel and increase in material costs in the studied market of services are 

revealed. The questions about the quality, safety and cost of services are raised. Particular attention is paid to the 

lack of a systematic approach to the regulation of freight on road trains, considering the achievements of infor-

mation technology. Based on the conducted research the author proposes to introduce several amendments to 

streamline the system of regulation of fuel consumption and the reduction of accidents on motor vehicles. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʪʦʯʥʠʢʠ ʵʢʦʥʦʤʠʠ 

ʪʦʧʣʠʚʘ, ʥʘʡʜʝʥʥʳʝ ʚ ʭʦʜʝ ʥʦʨʤʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪ-

ʥʦʛʦ ʨʝʞʠʤʘ ʥʘ ʘʚʪʦʧʦʝʟʜʘʭ. 

ʕʢʦʥʦʤʠʷ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠ-

ʯʝʩʪʚʦ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʧʣʠʚʘ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘ-

ʪʨʘʪ [8]. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʧʦʠʩʢʝ 

ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ: 

- ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʧ-

ʣʠʚʘ; 

- ʩʥʠʟʠʪʴ ʘʚʘʨʠʡʥʦʩʪʴ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ; 

- ʫʤʝʥʴʰʠʪʴ ʬʠʟʠʯʝʩʢʠʡ ʠʟʥʦʩ ʘʚʪʦʪʨʘʥʩʧʦʨʪ-

ʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ʇʦʠʩʢ ʨʝʰʝʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʬʝʨʝ ʛʨʫʟʦʚʳʭ 

ʧʝʨʝʚʦʟʦʢ ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ (ʊʂʆ) ʚ 

ʄʦʩʢʚʝ ʠ ʄʦʩʢʦʚʩʢʦʤ ʨʝʛʠʦʥʝ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘ-

ʮʠʠ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʢʦʥ-

ʪʨʦʣʶ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ. 

ʇʝʨʝʚʦʟʢʘ ʊʂʆ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʘʚʪʦʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ (ɸʊʉ) ʚ ʩʦʩʪʘʚʝ ʪʷʛʘʯʘ ʄɸɿ 

6312ɺ9 ʠ ʧʨʠʮʝʧʘʭ ʤʦʜʝʣʴ 899030 ʦʩʥʘʱʸʥʥʳʭ ʩʠ-

ʩʪʝʤʦʡ çʤʫʣʴʪʠʣʠʬʪè ʦʙʱʝʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 

ʜʦ 44 ʪʦʥʥ. 
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ɺ ʭʦʜʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʦʨʦʩʪ-

ʥʳʭ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ɸʊʉ, ʚʳʷʚʣʝʥʘ ʚʟʘʠʤʦ-

ʩʚʷʟʴ ʦʛʨʘʥʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʩʦʧʨʦʚʦʞ-

ʜʘʶʱʝʛʦʩʷ ʫʤʝʥʴʰʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʜʚʠʛʘʪʝʣʴ, ʩʦ-

ʢʨʘʱʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ, ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ 

ʪʦʧʣʠʚʘ. 

ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʤʝʪʦʜʠʢʝ 

ʄʠʥʪʨʘʥʩʘ [1]: 

ὗ̎ πȟπρz ὌίὥὲzὛ Ὄύz ὡ ᶻρ πȢπρzὈ  

(ÓÁÎ(Ó (̅ 'z̐ ȟ̑̌Ⱦρππ ̋  ̍
ɺ ʥʝʟʘʛʨʫʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘ ʢʘʞʜʳʝ 100 ʢʤ 

ʧʫʪʠ ʛʨʫʟʦʚʠʢ ʧʦʪʨʝʙʣʷʝʪ ʧʦʨʷʜʢʘ 30 ʣ ʪʦʧʣʠʚʘ. ʉ 

ʟʘʛʨʫʟʢʦʡ ʜʦ ʥʦʤʠʥʘʣʴʥʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʧʦ-

ʪʨʝʙʣʷʝʪʩʷ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ 50 ʣ ʪʦʧʣʠʚʘ ʥʘ ʢʘʞʜʳʝ 

100 ʢʤ ʧʫʪʠ. ʂʘʞʜʘʷ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʘʷ ʪʦʥʥʘ ʛʨʫʟʘ 

ʜʦʙʘʚʣʷʝʪ ʦʢʦʣʦ ʯʝʪʳʨʝʭ ʣʠʪʨʦʚ ʢ ʜʘʥʥʦʤʫ ʧʦʢʘʟʘ-

ʪʝʣʶ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʦʞʜʝʥʠʝ, ʜʘʥʥʳʝ ʧʦ ʩʢʦ-

ʨʦʩʪʥʳʤ ʨʝʞʠʤʘʤ ʘʚʪʦʧʦʝʟʜʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ 

ʩʠʩʪʝʤʦʡ ʤʦʥʠʪʦʨʠʥʛʘ çʊʨʘʥʩʧʦʨʪʥʳʡ ʤʦʥʠʪʦ-

ʨʠʥʛè, ʜʝʩʷʪʠ ɸʊʉ ʦʜʥʦʡ ʤʦʜʝʣʠ ʟʘ ʪʨʠʜʮʘʪʠʜʥʝʚ-

ʥʳʡ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ [4], [5]. 

ɸʊʉ ʝʞʝʜʥʝʚʥʦ ʚʳʧʦʣʥʷʶʪ ʦʪ ʦʜʥʦʡ ʜʦ ʪʨʸʭ 

ʝʟʜʦʢ ʠʟ ʄʦʩʢʚʳ ʚ ɺʣʘʜʠʤʠʨʩʢʘʷ ʦʙʣʘʩʪʴ ʛ. ʇʝ-

ʪʫʰʢʠ, ʩʦʚʝʨʰʘʷ ʧʨʦʙʝʛ ʩ ʛʨʫʟʦʤ 170 ʢʤ, ʧʨʠ ʦʙ-

ʱʝʤ ʧʨʦʙʝʛʝ ʟʘ ʝʟʜʢʫ 355 ʢʤ. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʥʘʙʣʶʜʝʥʠʝ ʟʘ 

ʨʘʙʦʪʦʡ ʚʦʜʠʪʝʣʝʡ, ʧʝʨʝʜʚʠʞʝʥʠʝʤ ɸʊʉ, ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʧʨʝʩʝʢʘʪʴ ʥʝʮʝʣʝʚʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʥʩ-

ʧʦʨʪʘ, ʧʦʚʳʰʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʦʞʜʝʥʠʷ, ʢʦʥʪʨʦ-

ʣʠʨʦʚʘʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ [2]. 

ʉʠʩʪʝʤʦʡ çʊʨʘʥʩʧʦʨʪʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘè ʧʦ 

ʜʘʥʥʳʤ ʜʘʪʯʠʢʘ ʫʨʦʚʥʷ ʪʦʧʣʠʚʘ ʬʠʢʩʠʨʫʝʪʩʷ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʭʦʜʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʚ ʪʝʯʝʥʠʝ ʨʘʙʦ-

ʯʝʛʦ ʚʨʝʤʝʥʠ. ɼʘʪʯʠʢ ʫʨʦʚʥʷ ʪʦʧʣʠʚʘ ʬʠʢʩʠʨʫʝʪ 

ʪʦʯʥʦʩʪʴ ʧʦʢʘʟʘʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ 

ʥʘʜʸʞʥʳʡ ʢʦʥʪʨʦʣʴ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ [6]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʘʣʠʟʘ ʨʘʩʭʦʜʦʚʘʥʠʷ ʪʦʧʣʠʚʘ 

ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʠʯʠʥʳ 

ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ: 

- ʥʘʣʠʯʠʝ ʜʦʨʦʞʥʳʭ ʟʘʪʦʨʦʚ, ʫʯʘʩʪʢʦʚ ʩʦ 

ʩʣʦʞʥʳʤ ʧʨʦʜʦʣʴʥʳʤ ʠ ʧʦʧʝʨʝʯʥʳʤ ʧʨʦʬʠʣʝʤ ʜʦ-

ʨʦʛʠ; 

- ʘʛʨʝʩʩʠʚʥʳʡ ʤʝʪʦʜ ʚʦʞʜʝʥʠʷ; 

- ʧʨʝʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʘʚʪʦʧʦʝʟʜʘ ʙʦʣʝʝ 80-85 

ʢʤ/ʯ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʢʦʥʪʨʦʣʶ ʨʘʩʭʦ-

ʜʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʛʨʝʩʩʠʚ-

ʥʦʛʦ ʤʝʪʦʜʘ ʚʦʞʜʝʥʠʷ ʠ ʧʨʝʚʳʰʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥ-

ʥʦʛʦ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ. 

ʇʨʠʟʥʘʢʘʤʠ, ʠʟʤʝʨʠʪʝʣʷʤʠ ʘʛʨʝʩʩʠʚʥʦʛʦ ʤʝ-

ʪʦʜʘ ʚʦʞʜʝʥʠʷ ï ̫ ʚʣʷʶʪʩʷ ʨʝʟʢʦʝ ʫʩʢʦʨʝʥʠʝ, ʪʦʨʤʦ-

ʞʝʥʠʝ, ʙʳʩʪʨʳʝ ʠ ʯʘʩʪʳʝ ʧʝʨʝʩʪʨʦʝʥʠʷ, ʯʪʦ ʩʘʤʦ ʧʦ 

ʩʝʙʝ ʥʘʨʫʰʝʥʠʝʤ ʥʝ ʷʚʣʷʝʪʩʷ, ʥʦ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʘʚʪʦʧʦʝʟʜʘ ʧʨʠʚʦʜʠʪ ʢ ʩʚʝʨʭ-

ʥʦʨʤʘʪʠʚʥʦʤʫ ʨʘʩʭʦʜʦʚʘʥʠʶ ʪʦʧʣʠʚʘ [3]. 

ʈʘʩʩʤʦʪʨʠʤ ʜʘʥʥʳʝ ʧʦ ʩʨʝʜʥʝʡ ʤʛʥʦʚʝʥʥʦʡ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʧʦʝʟʜʘ ʥʘ ʤʘʨʰʨʫʪʝ 

ʄʦʩʢʚʘ ï ʇʝʪʫʰʢʠ. 

 

 
ʈʠʩ. 1. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʨʝʜʥʝʡ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʧʦʝʟʜʘ ʟʘ ʝʟʜʢʫ. 

y = 3E-11x6 - 2E-08x5 + 8E-06x4 - 0,0012x3 + 0,0673x2 - 0,3735x + 20,593

RĮ = 0,4123
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ʇʨʦʡʜʝʥʥʳʡ ʧʫʪʴ ʥʘ ʤʘʨʰʨʫʪʝʟʘ ʝʟʜʢʫ, ʢʤ
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ʈʠʩ. 2. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʨʝʜʥʝʡ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʧʦʝʟʜʘ ʩ ʛʨʫʟʦʤ ʠ ʙʝʟ ʛʨʫʟʘ. 

 

ʇʨʠʚʝʜʸʤ ʧʨʠʤʝʨ ʧʨʝʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʧʦʝʟʜʘ ʥʘ ʫʯʘʩʪʢʝ ʤʘʨʰʨʫʪʘ ʄʦʩʢʚʘ ï ʇʝ-

ʪʫʰʢʠ. 

 

 
ʈʠʩ. 3. ɼʠʥʘʤʠʢʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ɸʊʉ ʥʘ ʤʘʨʰʨʫʪʝ ʄʦʩʢʚʘ ï ʇʝʪʫʰʢʠ. 

 

ʌʨʘʛʤʝʥʪʳ ʤʘʨʰʨʫʪʘ, ʠʟʦʙʨʘʞʝʥʥʳʝ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʝʚʳʰʝʥʠʠ ʘʚʪʦʧʦʝʟʜʦʤ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 85 ʢʤ/ʯʘʩ. ʇʝʨʝʜʚʠʞʝʥʠʝ ʘʚʪʦʧʦʝʟʜʘ ʥʘ ʩʢʦʨʦʩʪʠ ʙʦʣʝʝ 85 ʢʤ/ʯʘʩ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩ-

ʭʦʜʫ ʪʦʧʣʠʚʘ. 

 

 
ʈʠʩ. 4. ʇʨʝʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ɸʊʉ ʥʘ ʫʯʘʩʪʢʝ ʤʘʨʰʨʫʪʘ ʄʦʩʢʚʘ ï ʇʝʪʫʰʢʠ. 

y = -3E-08x5 + 1E-05x4 - 0,0011x3 + 0,0381x2 + 0,6435x + 16,464
wч Ґ лΣсуос

y = 7E-08x5 - 8E-05x4 + 0,0384x3 - 8,7969x2 + 998,4x - 44800
wч Ґ лΣтнут
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ɼʠʘʧʘʟʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʟʤʘʭʦʤ ʦʪ 

ʥʘʠʤʝʥʴʰʝʛʦ ʟʥʘʯʝʥʠʷ ʯʝʪʳʨʝ ʢʤ/ʯʘʩ ʜʦ ʥʘʠʙʦʣʴʰʝʛʦ - 100 ʢʤ/ʯʘʩ. 

 

 
ʈʠʩ. 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʧʦʝʟʜʘ ʥʘ ʤʘʨʰʨʫʪʝ ʟʘ ʝʟʜʢʫ. 

 

ʂʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʝʥʠʡ ʩʨʝʜʥʝʡ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ 80 ʢʤ/ʯʘʩ ʩʦʩʪʘʚʣʷʶʪ 76% ʦʙʲʝʤʘ 

ʚʳʙʦʨʢʠ. ʆʙʣʘʩʪʴ ʛʠʩʪʦʛʨʘʤʤʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʚʠʞʝʥʠʶ ʘʚʪʦʧʦʝʟʜʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʙʦʣʝʝ 80 ʢʤ/ʯʘʩ, 

ʩʦʩʪʘʚʣʷʝʪ 27%. 

 

 
ʈʠʩ. 6. ʇʘʨʝʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʧʦʝʟʜʘ  

ʥʘ ʤʘʨʰʨʫʪʝ ʟʘ ʝʟʜʢʫ. 
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ɼʠʘʛʨʘʤʤʘ ʇʘʨʝʪʦ (ʨʠʩ. 6) ʚʳʜʝʣʷʝʪ ʥʘʙʣʶʜʝʥʠʷ ʩ ʥʘʠʙʦʣʴʰʝʡ ʯʘʩʪʦʪʦʡ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. ʏʠʩʣʦ 

ʥʘʙʣʶʜʝʥʠʡ ʧʨʝʚʳʰʝʥʠʷ ʩʨʝʜʥʝʡ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʧʦʝʟʜʘ 80 ʢʤ/ʯʘʩ ʩʦʩʪʘʚʣʷʝʪ 

49+50+36+60+84+44+86+1=410 ʠʟ 1513 ʟʥʘʯʝʥʠʡ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 27,0%. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʜʣʷ ʘʚʪʦʧʦʝʟʜʦʚ ʫʩʪʘʥʦʚʠʪʴ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʩʨʝʜʥʝʪʝʭʥʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʨʘʚʥʫʶ 80 ʢʤ/ʯʘʩ, ʥʘʣʘʜʠʪʴ ʫʯʝʪ ʨʘʩʭʦʜʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ. 

ɺʢʣʁʯʠʪʴ ʚ ʝʞʝʢʚʘʨʪʘʣʴʥʳʡ ʠʥʩʪʨʫʢʪʘʞ ʚʦʜʠʪʝʣʝʡ ʚʦʧʨʦʩʳ ʧʦ ʩʦʙʣʶʜʝʥʠʶ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷ-

ʪʠʝʤ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʫʩʪʠʤʳʭ ʤʝʪʦʜʦʚ ʚʦʞʜʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ 

ʧʦʦʱʨʝʥʠʷ ʠ ʥʘʢʘʟʘʥʠʷ. 

 

 
ʈʠʩ. 7. ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʡ ʩʨʝʜʥʝʡ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʧʦʝʟʜʘ ʥʘ ʤʘʨʰʨʫʪʝ ʟʘ ʝʟʜʢʫ. 

ʇʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ  

 

ʧʝʨʝʚʦʟʦʢ ʊʂʆ ʘʚʪʦʧʦʝʟʜʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʦ-

ʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʰʪʨʘʬʥʳʭ ʩʘʥʢʮʠʡ, ʩʥʠʞʝ-

ʥʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʠʟʥʦʩʘ ʰʠʥ, ʨʝʩʩʦʨ, ʜʚʠʛʘ-

ʪʝʣʷ ʘʚʪʦʤʦʙʠʣʷ-ʪʷʛʘʯʘ ʜʦʩʪʠʛʘʝʪʩʷ: 

- ʥʘʙʣʶʜʝʥʠʝʤ ʟʘ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝʤ ʛʨʫʟʘ ʚ ʙʫʥʢʝʨʘʭ ʘʚʪʦʧʦʝʟʜʘ; 

- ʢʦʥʪʨʦʣʝʤ ʟʘ ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʧʦ ʩʪʦʨʦʥʘʤ ʠ ʦʩʷʤ ʘʚʪʦʧʦʝʟʜʘ ʚ ʭʦʜʝ ʟʘ-

ʛʨʫʟʢʠ ʠ ʫʪʨʘʤʙʦʚʢʠ ʊʂʆ ʧʦʛʨʫʟʯʠʢʘʤʠ; 

- ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʚʦʜʠʪʝʣʷ ʟʘ 

ʨʘʟʤʝʱʝʥʠʝʤ ʛʨʫʟʘ. 

ʈʝʰʘʶʪʩʷ ʜʘʥʥʳʝ ʟʘʜʘʯʠ ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦ-

ʩʪʷʤ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʚʝʩʘ. ʋʥʠʚʝʨʩʘʣʴ-

ʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʝʩʦʚʳʭ ʜʘʪʯʠʢʦʚ ʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʠʭ ʥʘ ʘʚʪʦʤʦʙʠʣʠ ʩ ʨʘʟ-

ʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʧʦʜʚʝʩʦʢ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠ ʧʦʛʨʫʟʢʝ, ʧʝʨʝʚʦʟʢʠ ʛʨʫ-

ʟʦʚ. 

ʉʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʫʟʘ ʚ ʙʫʥ-

ʢʝʨʘʭ ʘʚʪʦʧʦʝʟʜʘ ʧʦʚʳʰʘʝʪ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ, 

ʫʤʝʥʴʰʘʝʪ ʫʨʦʚʝʥʴ ʘʚʘʨʠʡʥʦʩʪʠ, ʩʥʠʞʘʝʪ ʢʦʣʠʯʝ-

ʩʪʚʦ ʧʨʦʠʩʰʝʩʪʚʠʡ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʤʝʱʝʥʠʝʤ ʙʫʥ-

ʢʝʨʦʚ ʠ ʦʧʨʦʢʠʜʳʚʘʥʠʝʤ ɸʊʉ [7]. 

ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ 

ʧʝʨʝʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, ʵʢʦʥʦʤʠʶ ʪʦʧʣʠʚʘ ʧʨʠ ʧʨʠ-

ʤʝʥʝʥʠʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʪʝʩʪʦʚʦʤ ʨʝ-

ʞʠʤʝ ʥʘ ʧʨʠʤʝʨʝ ʜʝʩʷʪʠ ʊʉ. 

ɺʳʠʛʨʳʰ ʩʦʩʪʘʚʠʣ ʚ ʩʨʝʜʥʝʤ 220 ʣʠʪʨʦʚ ʥʘ 

ʦʜʠʥ ʘʚʪʦʧʦʝʟʜ ʚ ʤʝʩʷʮ, ʯʪʦ ʚ ʧʝʨʝʩʯʝʪʝ ʟʘ ʛʦʜ ʩʦ-

ʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1 082 400 ʨʫʙʣʝʡ c ʫʯʸʪʦʤ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʧʫʩʢʘ ʧʘʨʢʘ 

ʨʘʚʥʦʛʦ 0,75. 

ɺʳʚʦʜʳ 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʥʠʞʝ-

ʥʠʶ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʪʦʧʣʠʚʦ ʠ ʧʦʚʳʰʝʥʠʷ 
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ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʚʦʟʦʢ ʊʂʆ ʘʚʪʦʧʦʝʟʜʘʤʠ ʧʦʩʪʘʚ-

ʣʝʥʳ ʠ ʨʝʰʝʥʳ ʟʘʜʘʯʠ: 

- ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ; 

- ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʨʘʟʤʝʱʝʥʠʝʤ 

ʊʂʆ ʚ ʛʨʫʟʦʚʳʭ ʦʪʩʝʢʘʭ ʘʚʪʦʧʦʝʟʜʦʚ, ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝʤ ʥʘʛʨʫʟʢʠ ʧʦ ʦʩʷʤ; 

- ʚʥʝʜʨʝʥʠʷ ʢʦʥʪʨʦʣʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʨʝʜ-

ʧʨʠʷʪʠʝʤ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ. 

ʊʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦ-

ʩʦʙʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ: 

1. ʈʘʩʧʦʨʷʞʝʥʠʝ ʄʠʥʪʨʘʥʩʘ ʈʦʩʩʠʠ ʦʪ 

14.03.2008 N ɸʄ-23-ʨ (ʨʝʜ. ʦʪ 20.09.2018) çʆ ʚʚʝ-

ʜʝʥʠʠ ʚ ʜʝʡʩʪʚʠʝ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ 

"ʅʦʨʤʳ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝè URL: 

http://www.consultant.ru/cons/cgi/online.cgi?req=doc

&base=LAW&n=309812&fld=134&dst=1000000001,

0&rnd=0.7548810190263405#045701217432348806 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.04.2019) 

2. ʂʦʥʪʨʦʣʴ ʪʦʧʣʠʚʘ URL: https://www.omni-

comm.ru/faq/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.04.2019) 

3. ɸʥʘʣʠʟʠʨʫʝʤ ʚʦʞʜʝʥʠʝ ʠ ʩʦʩʪʦʷʥʠʝ ʘʚʪʦʤʦ-

ʙʠʣʷ ʩ ʧʦʤʦʱʴʶ eConomy URL: 

https://habr.com/ru/company/madrobots/blog/364479/ 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.04.2019) 

4. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʚʦʞʜʝʥʠʷ URL: https://city-

point.ru/resheniya/safeDrive/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

30.04.2019) 

5. ɺʩʝ, ʯʪʦ ʥʫʞʥʦ ʟʥʘʪʴ ʦ ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ ʚʦ-

ʞʜʝʥʠʷ URL: https://glonassgps.com/vse-chto-nu-

zhno-znat-o-kontrole-kachestva-vozhdeniya (ʜʘʪʘ ʦʙ-

ʨʘʱʝʥʠʷ: 30.04.2019) 

6. ɼʘʪʯʠʢ ʫʨʦʚʥʷ ʪʦʧʣʠʚʘTKLS 

URL: https://glonassgps.com/3-sposoba-kontrolya-

raskhoda-topliva (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.04.2019) 
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COMPARATIVE ANALYSIS OF PHOTODETECTOR MATRICES AND SELECTION OF SUITABLE 

FOR USE IN SPACE TECHNOLOGY 

 

ɸʥʥʦʪʘʮʠʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʠʜʦʚ ʬʦʪʦʧʨʠʝʤʥʳʭ ʤʘʪʨʠʮ ʠ ʚʳʙʦʨ ʧʦʜʭʦ-

ʜʷʱʠʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ. ɺ ʧʨʠʚʝʜʝʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʚʠʜʳ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴ-

ʥʳʭ ʬʦʪʦʧʨʠʝʤʥʳʭ ʤʘʪʨʠʮ ʠ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʭ ʨʘʟʚʠʪʠʷ. ɺ ʩʪʘʪʴʝ ʧʦ-

ʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʧʨʠʥʮʠʧʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮ. ʊʘʢʞʝ ʦʧʠʩʘʥʳ ʢʣʶʯʝ-

ʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʨʠʮ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʬʦʪʦʧʨʠʝʤʥʳʭ ʤʘʪʨʠʮ ʠʟʚʝʩʪʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʚʳʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʧʦʜ-

ʭʦʜʷʱʠʝ ʦʙʨʘʟʮʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ. 

Abstract. 

The purpose of this article is to analyze the existing types of photodetector matrices and select the appropriate 

ones for use in space technology. The article describes the types of photosensitive photodetector matrices and the 

choice of the most promising directions of their development. The article describes in detail and illustrates the 
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principles of functioning of CMOS matrices. The key characteristics of the matrices are also described. In conclu-

sion, a comparative analysis of the most common samples of photodetector matrices of well-known manufacturers 

is carried out, on the basis of which the most suitable samples for use in space technology are selected. 
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Keywords: Space technology, matrix, photodetector matrix, the principle of operation of the matrix pixel, 

light sensitivity of the matrix 

 

Comparative analysis of photo-receiving matrices 

and the choice of suitable for use in the composition 

of space technology 

More than sixty years have passed since the launch 

of the first artificial satellite of the Earth, and every day 

the need for knowledge about outer space has only in-

creased. Scientists constantly need all the new and new 

information, sensor readings, various pictures. Even or-

dinary people of our planet, who are far from great sci-

ence, are constantly interested. In addition, what is 

there outside our planet? In many ways, these questions 

help answer various optical devices for space purposes. 

This article will help us to understand the principle of 

operation of an optical device and its main component 

- the optical matrix. The purpose of this article is to de-

scribe the operation of the optical matrix, their various 

types, and to conduct a comparative analysis of the 

available matrices for the purpose of application in 

space technology. 

First, you need to understand what the photosensi-

tive photodetector matrix is, how it works and what 

types of them are used in technology. The photodetec-

tor array is a specialized integrated circuit consisting of 

photosensitive elements (photodiodes). In photodetec-

tor devices, two types of photo receiver arrays are 

mainly used: CCD (CCD, charge-coupled device) and 

CMOS (CMOS, metal oxide-semiconductor comple-

mentary structure). Consider them in more detail. 

CCD matrixes, which have high sensitivity and 

color rendition, as well as lower noise level, are practi-

cally not used at present. The principle of their opera-

tion is the sequential reading of the charge across the 

cells ï too slow to meet the requirements of modern 

high-resolution photodetectors. In addition, a big disad-

vantage of them is the high cost of production, which is 

very important in today's highly competitive environ-

ment. That is why the largest key manufacturers of pho-

todetectors focused on the production of CMOS-

matrices. We will dwell on this type in more detail. 

CMOS arrays provide for the placement of various 

transistors and capacitors directly in each pixel of the 

photodetector array. The device pixel and matrix of this 

type is shown in Figure 1. 

 

 
Figure 1. The principle of the device CMOS-matrix 

 

Of course, the presence of electronic components 

reduces the effective area of the element, reduces its 

sensitivity and increases the noise. But, in view of the 

fact that this construction principle allows the charge of 

the photosensitive element to be converted into an elec-

trical signal directly inside the matrix, the digital image 

signal is generated much faster, which is one of the key 

indicators of modern high-resolution matrices that re-

quire high frame rate. 



ζColloquium - journal Ȼ#12(36),2019 / TECHNICAL SCIENCE 83 

Now we will analyze the principle of image for-

mation on the CMOS-matrix. To obtain a color image, 

the matrix, using specialized light filters, decomposes 

the luminous flux into composite colors: red, green and 

blue. The placement and number of light-sensitive ele-

ments may vary depending on the manufacturer, but the 

principle does not change. Reflected light from various 

objects in space falls on the collecting lens, focuses and 

hits the matrix. We illustrate this principle of operation 

with an example of a mirror camera, which is schemat-

ically depicted in Figure 2. 

 

 
Figure 2. Optical principle of the optical device lens 

 

If you use a matrix without light filters, the image 

will be black and white, since the matrix is mono-

chrome. To obtain a color image, a special light filter 

(Bayer filter) is used, which divides the flow of light 

into its components: red, green, and blue. A light filter 

is installed on each pixel of the matrix and transmits 

light streams of a specific wavelength, depending on 

the required color. This principle is presented in Figure 

3. 

 

 
Figure 3. Color plotting matrix 

 

Further, the resulting multi-colored images are su-

perimposed on each other, and the missing elements are 

interpolated, based on the color of neighboring ele-

ments. Because of this feature, there may be a loss of 

clarity in the resulting image. Processing and interpola-

tion produces an analog-to-digital converter, which is 

part of the matrix. On the matrix, the placement and 

number of light-sensitive elements of different colors 

may vary, but the principle remains the same. 
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Next, we consider the main characteristics of the 

matrices and compare the proposals of various manu-

facturers of matrices. One of the main parameters of the 

matrix is the photosensitivity (measured in V / lux Ā s). 

Photosensitivity determines the ability of the matrix to 

work in conditions of low illumination of objects and 

terrain. The physical washout is that the less light en-

ergy is needed to obtain an image, the higher its photo-

sensitivity. Modern cameras are able to switch to the 

black-and-white image mode with increased photosen-

sitivity. There is also the possibility of automatic infra-

red illumination, with which the camera can perfectly 

ñseeò even in complete darkness. 

An important characteristic is the pixel size. It is 

usually measured in microns. The pixel size is inextri-

cably linked with the resolution and size of the matrix 

(measured in fractions of an inch and indicates the size 

of the active area of the matrix). For example, there are 

two matrices with the same number of pixels, that is, 

with the same resolution. But the pixel size is different. 

The best will be the one in which the pixel size is larger, 

respectively, and the matrix size is larger. This is due to 

the fact that a larger amount of luminous flux energy 

falls on a larger pixel. 

The resolution of the matrix is a characteristic 

showing the number of pixels vertically and horizon-

tally. Usually shows the total number in megapixels. 

The matrices are also compared according to the fol-

lowing characteristics: operating temperature range 

(range Üʉ), spectral range (nm), processing clock fre-

quency (MHz), supply voltage (V). 

We give for review the known available models of 

photodetector matrices. A comparative analysis is 

given in Table 1. The main characteristics of the matri-

ces are listed below. 

1 - Matrix size; 

2 - pixel size; 

3 - Resolution; 

4 - Spectral range; 

5 - Sensitivity; 

6 - Voltage; 

7 - Temperature range; 

 

Matrix model  1 2 3 4 5 6 7 

STAR-1000 
29,1Ĭ29,1 

mm 

15Ĭ15 

Õʤ 

1024Ĭ1024 

pixels 

400-1000 

ʥʤ 
ï 5 V 

ʦʪ 0 ʜʦ 

+60 Üʉ 

GSENSE400BSI 

(Gpixel) 

22,5Ĭ22,5 

mm 

11Ĭ11 

Õʤ 

2048Ĭ2048 

pixels 

280-400 

ʥʤ 

3.2x108e- 

/((ɺ/ʤ2)Ŀʩ) 
3,3 V 

ʦʪ -55 ʜʦ 

+80 Üʉ 

CMV20000ES-

1E5C1PA (Sensors 

Belgium) 

35 mm 
6,4Ĭ6,4 

Õʤ 

5120Ĭ3840 

pixels 
ï 8,3 ɺ/ʃʢĀʩ 3,3 V 

ʦʪ -30 ʜʦ 

+70 Üʉ 

MT9M001C12STM 

(Aptina) 

6,66Ĭ5,32 

mm 

5,2Ĭ5,2 

Õʤ 

1280Ĭ1024 

pixels 
ï 2,1 ɺ/ʃʢĀʩ 3,3 V 

ʦʪ 0 ʜʦ 

+70 Üʉ 

LINCE5M (Anafocus) 25,4 ʤʤ 5Ĭ5 Õʤ 
2560Ĭ2048 

pixels 
ï ï 3,3 V 

ʦʪ 40 ʜʦ 

+125 Üʉ 

 

Thus, we were acquainted with the most common 

types of photodetector arrays, figured out the principle 

of their functioning, and considered the main character-

istics and their significance. Let us now define what 

type of matrix, with which set of parameters it is possi-

ble to use for solving the tasks set on the spacecraft. 

Modern space technology uses photo receiver ar-

rays in optical devices for various purposes. These are 

mainly instruments for geodetic research, equipment 

necessary for the functioning of a spacecraft and for 

other various purposes. Requirements for this equip-

ment are constantly growing. Devices must have a 

good, clear image of high resolution, must consume a 

minimum of energy, have high speed, and have a high 

resistance to the effects of space. 

Based on the above description of the matrices, we 

can conclude that in a given period it is optimal to use 

a CMOS type matrix. The level of its development al-

lows obtaining a picture with decent quality with high 

processing speed. If we talk about important character-

istics, then they are the resolution of the matrix, pixel 

size, sensitivity, temperature range of work, resistance 

to the effects of the space environment. The required 

numerical values of these characteristics must be con-

sidered based on the task and the external environment 

in which the photo-receiving matrix will be used. 
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IMPROVING THE RELIABILITY OF HYDRAULIC PRODUCTS IN PRODUCTION AND 

OPERATION  
 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʥʘʜʝʞʥʦʩʪʠ ʛʠʜʨʦʧʨʠʚʦʜʦʚ ʠʟʜʝʣʠʡ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʥʠʞʘʶʱʠʝ ʠ ʧʦʚʳʰʘʶʱʠʝ ʬʘʢʪʦʨʳ ʥʘʜʝʞʥʦʩʪʠ. ʊʘʢʞʝ ʙʳʣʠ ʧʨʦ-

ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʛʠʜʨʦʧʨʠʚʦʜʘ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʧʨʦʚʝʜʝʥʳ ʠʭ 

ʩʨʘʚʥʝʥʠʷ. 

Abstract 

In this article the problem of reliability of hydraulic drives of products of machine-building production is 

considered. The decreasing and increasing factors of reliability are analyzed. Also, the methods of improving the 

reliability of hydraulic drive of different manufacturers were analyzed and compared. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʜʝʞʥʦʩʪʴ, ʬʘʢʪʦʨʳ ʥʘʜʝʞʥʦʩʪʠ, ʛʠʜʨʦʧʨʠʚʦʜ, ʢʦʥʩʪʨʫʢʮʠʷ, ʪʝʭʥʦʣʦʛʠʷ, ʢʫʣʴ-

ʪʫʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

Keywords: reliability, reliability factors, hydraulic drive, design, technology, production culture. 

 

ʈʝʤʦʥʪ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʨʦ-

ʤʳʰʣʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ. ʄʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ 

ʟʘʧʘʩʘʤʠ ʜʣʷ ʨʝʤʦʥʪʘ 

ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʜʝʞʥʦʩʪʠ 
ʇʦʷʚʣʝʥʠʝ ʪʝʭʥʠʢʠ ʠ ʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʩʜʝʣʘʣʦ ʘʢʪʫʘʣʴ-
ʥʳʤ ʚʦʧʨʦʩ ʦ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʰʠʥ ʩʚʷʟʘʥʘ ʩ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ 
ʥʝʧʨʝʨʳʚʥʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʚʳʧʦʣʥʷʪʴ ʚʦʟʣʦʞʝʥʥʳʝ 
ʥʘ ʥʠʭ ʬʫʥʢʮʠʠ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʧʦʣʦʤʦʢ ʠʣʠ ʥʝʠʩ-
ʧʨʘʚʥʦʩʪʝʡ ʩʥʠʞʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʤʘʰʠʥ, ʚʦʟ-
ʥʠʢʘʶʪ ʚʳʥʫʞʜʝʥʥʳʝ ʧʨʦʩʪʦʠ ʚ ʠʭ ʨʘʙʦʪʝ, ʚʦʟʥʠ-
ʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʝʤʦʥʪʝ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘ-
ʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʪʨʝʙʫʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʰʠʥ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴ-
ʩʪʚʘ ʧʨʠʚʝʣʠ ʢ ʧʦʷʚʣʝʥʠʶ ʧʦʥʷʪʠʷ ʥʘʜʝʞʥʦʩʪʠ ʤʘ-
ʰʠʥ ʠ ʜʨʫʛʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ʇʦʥʷʪʠʝ ʥʘʜʝʞ-
ʥʦʩʪʠ ʩʚʷʟʘʥʦ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜ-
ʩʪʚʘ ʚʳʧʦʣʥʷʪʴ ʚʦʟʣʦʞʝʥʥʳʝ ʥʘ ʥʝʛʦ ʬʫʥʢʮʠʠ ʚ 
ʪʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʚʨʝʤʝʥʠ ʠ ʩ ʪʨʝʙʫʝʤʳʤ ʢʘʯʝ-
ʩʪʚʦʤ. ʉ ʧʝʨʚʳʭ ʰʘʛʦʚ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ ʩʪʦʷʣʘ ʟʘ-
ʜʘʯʘ ʩʜʝʣʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʪʘʢʠʤ, ʯʪʦʙʳ 
ʦʥʦ ʨʘʙʦʪʘʣʦ ʥʘʜʝʞʥʦ. ʉ ʨʘʟʚʠʪʠʝʤ ʠ ʫʩʣʦʞʥʝʥʠʝʤ 
ʪʝʭʥʠʢʠ ʫʩʣʦʞʥʷʣʘʩʴ ʠ ʨʘʟʚʠʚʘʣʘʩʴ ʧʨʦʙʣʝʤʘ ʝʝ 
ʥʘʜʝʞʥʦʩʪʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʝʝ ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʨʘʟʨʘ-
ʙʦʪʢʘ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʥʦʚʦʛʦ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 
ï ʥʘʫʢʠ ʦ ʥʘʜʝʞʥʦʩʪʠ. 
ʇʦʜ ʥʘʜʝʞʥʦʩʪʴʶ (ʧʦ ɻʆʉʊ 27.002-89) ʧʦʥʠ-

ʤʘʶʪ ʩʚʦʡʩʪʚʦ ʦʙʲʝʢʪʘ ʩʦʭʨʘʥʷʪʴ ʚʦ ʚʨʝʤʝʥʠ ʚ 
ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʧʘʨʘʤʝʪ-
ʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʪʨʝ-
ʙʫʝʤʳʝ ʬʫʥʢʮʠʠ ʚ ʟʘʜʘʥʥʳʭ ʨʝʞʠʤʘʭ ʠ ʫʩʣʦʚʠʷʭ 
ʧʨʠʤʝʥʝʥʠʷ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʭʨʘʥʝ-
ʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ. ʅʘʜʸʞʥʦʩʪʴ ʚ çʰʠʨʦ-
ʢʦʤè ʩʤʳʩʣʝ - ʢʦʤʧʣʝʢʩʥʦʝ ʩʚʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʚ ʟʘ-
ʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʦʙʲʝʢʪʘ ʠ ʫʩʣʦʚʠʡ ʝʛʦ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʚʦʡʩʪʚʘ ʙʝʟ-
ʦʪʢʘʟʥʦʩʪʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʠ 

ʩʦʭʨʘʥʷʝʤʦʩʪʠ. ɺʳʧʦʣʥʝʥʠʝ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 
ʧʨʠʤʝʨʝ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʠʤ ʢʘ-
ʯʝʩʪʚʦʤ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʪʱʘ-
ʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦ ʩʪʦʨʦʥʳ ʚʦʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʠ-
ʪʝʣʴʩʪʚʘ ʥʘ ʧʨʝʜʤʝʪ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘ-
ʜʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʜʫʢʪʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʷ ʚ 
ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ. 
ʅʘʜʝʞʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴʶ ʪʝʭʥʠʢʠ. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʥʘʜʝʞʥʦʩʪʴ 
ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʠʤʝʝʪ ʩʣʝʜʩʪʚʠʝʤ:  
ï ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʟ-ʟʘ ʧʨʦ-

ʩʪʦʝʚ ʚʩʣʝʜʩʪʚʠʝ ʧʦʣʦʤʦʢ;  
ï ʩʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʠʟ-ʟʘ ʫʭʫʜʰʝʥʠʷ ʝʛʦ 
ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʩʣʝʜʩʪʚʠʝ ʥʝʠʩʧʨʘʚ-
ʥʦʩʪʝʡ;  
ï ʟʘʪʨʘʪʳ ʥʘ ʨʝʤʦʥʪʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ; 
ï ʧʦʪʝʨʷ ʨʝʛʫʣʷʨʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ 

(ʥʘʧʨʠʤʝʨ, ʩʥʠʞʝʥʠʝ ʨʝʛʫʣʷʨʥʦʩʪʠ ʧʝʨʝʚʦʟʦʢ ʜʣʷ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ);  
ï ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ. 
ʌʘʢʪʦʨʳ ʥʘʜʝʞʥʦʩʪʠ 

ʅʘʜʝʞʥʦʩʪʴ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʥʦ-
ʦʙʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ, ʨʘʟʜʝʣʴʥʦʝ ʠ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫ-
ʯʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ, ʧʦʩʢʦʣʴʢʫ ʙʝʟ ʨʘʩʢʨʳ-
ʪʠʷ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʦʪʢʘʟʦʚ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ 
ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪ 
ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʠ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʢʘʢ ʦʪ-
ʜʝʣʴʥʳʭ ʚʠʜʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ ʠ ʩʠʩʪʝʤ ʚ ʮʝʣʦʤ. 
ʇʨʦʨʘʙʦʪʢʘ ʚʦʧʨʦʩʦʚ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ 

ʥʝ ʚʦʟʤʦʞʥʘ ʙʝʟ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ ʠ ʩʪʘʪʠʩʪʠʢʠ ʦʪ-
ʢʘʟʦʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 
ʧʨʠʚʦʜʘ. ʈʘʩʩʤʦʪʨʠʤ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʬʘʢʪʦʨʦʚ 
ʥʘʜʝʞʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʚ ʚʠʜʝ ʩʭʝʤʳ. [1] (ʨʠ-
ʩʫʥʦʢ 1.1) 
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ʈʠʩʫʥʦʢ 1.1. ʌʘʢʪʦʨʳ ʥʘʜʝʞʥʦʩʪʠ 

 

ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʰʠ-

ʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʵʪʘʧʝ ʝʝ ʠʟʛʦʪʦʚʣʝ-

ʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʛʘʨʘʥʪʠʡʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʦʚʳʰʘʶʱʠʝ 

ʬʘʢʪʦʨʳ ʥʘʜʝʞʥʦʩʪʠ. ʆʩʦʙʫʶ ʨʦʣʴ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʠʟʜʝʣʠʷ, ʧʦʚʳʰʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʠ ʢʫʣʴʪʫʨʳ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ. 

ʊʘʢ ʥʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ɻʝʨʤʘʥʠʠ ʠ ʀʪʘʣʠʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʧʦʚʳʰʘʶ-

ʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʫʣʴ-

ʪʫʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʩʦʙʫʶ ʨʦʣʴ ʫʜʝʣʷʶʪ ʯʠʩʪʦʪʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʦʤʝʱʝʥʠʡ 

ʠ ʦʩʦʙʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʥʘ ʩʪʘʜʠʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʧʦʢʘʟʘ-

ʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʵʢʦʥʦʤʠʯʝʩʢʠʡ) 

ʧʨʦʜʫʢʮʠʠ ʪʘʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ. 

ʅʘʜʝʞʥʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠʟʜʝ-

ʣʠʡ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ 
ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘ ʥʝʚʦʟʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʙʝʟ ʧʨʠ-

ʤʝʥʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʠ ʤʘʰʠʥ. ʆʜʥʘʢʦ ʜʚʠʞʝʥʠʝ ʤʘ-

ʰʠʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʩʣʦʞʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʚ 

ʥʠʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʚʘ-

ʨʠʘʥʪʦʚ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʠʞʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʷʚ-

ʣʷʝʪʩʷ ʛʠʜʨʦʧʨʠʚʦʜ. 

ʇʦʜ ʛʠʜʨʦʧʨʠʚʦʜʦʤ ʧʦʥʠʤʘʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚ ʜʚʠ-

ʞʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʨʠʚʦʜʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʠ ʫʩʣʦʚʠʠ ʭʦʨʦʰʝʡ ʧʣʘʚʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʙʝʩʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ɺʘʞʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʛʠʜʨʦʧʨʠʚʦʜʦʚ - ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʙʦʪʳ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ, ʧʨʠʯʝʤ ʢʘʯʝʩʪʚʦ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʠ 

ʠʟʤʝʥʷʪʴʩʷ ʚ ʥʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɻʠʜʨʦʧʨʠʚʦʜ 

ʧʦʟʚʦʣʷʝʪ ʟʘʱʠʪʠʪʴ ʩʠʩʪʝʤʫ ʦʪ ʧʝʨʝʛʨʫʟʢʠ ʧʫʪʝʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ. ɻʠʜʨʦʮʠʣʠʥʜʨ ʚ ʛʠʜʨʦ-

ʧʨʠʚʦʜʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʜʚʠ-

ʞʝʥʠʝ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʡ.ʂ ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʛʠʜʨʦʧʨʠʚʦʜʦʚ 

ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʂʇɼ, ʧʦʚʳʰʝʥ-

ʥʫʶ ʞʝʩʪʢʦʩʪʴ, ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ ʤʦʜʫʣʶ ʫʧʨʫ-

ʛʦʩʪʠ ʨʘʙʦʯʠʭ ʞʠʜʢʦʩʪʝʡ, ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʲʝ-

ʤʘʤ ʠ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʨʘʙʦʯʠʭ ʢʘʤʝʨ ʛʠʜʨʦʜʚʠʛʘʪʝ-

ʣʝʡ, ʩʘʤʦʩʤʘʟʳʚʘʝʤʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ.  

ɻʠʜʨʦʧʨʠʚʦʜ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ (ʜʦʨʦʞʥʘʷ, 

ʩʝʣʴʩʢʦ-ʭʦʟʷʡʩʪʚʝʥʥʘʷ, ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʘʷ, ʩʪʨʦʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ, ʩʪʘʥʢʦʩʪʨʦʝʥʠʝ ʠ ʪ.ʜ) 

ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ (ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʠʭ ʫʩʠʣʠʡ), ʫʜʦʙʩʪʚʦʤ ʠ ʣʝʛʢʦ-

ʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ. ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʤʘʰʠʥ ʩ ʚʳʩʦ-

ʢʠʤ ʫʨʦʚʥʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʛʠʜʨʦʧʨʠʚʦʜʘ. 

ʅɸɼɽɾʅʆʉʊʔ ʌʘʢʪʦʨʳ, ʧʦ-

ʚʳʰʘʶʱʠʝ 

ʥʘʜʝʞʥʦʩʪʴ 

ʌʘʢʪʦʨʳ, ʧʦ-

ʥʠʞʘʶʱʠʝ 

ʥʘʜʝʞʥʦʩʪʴ 

ʇʦʚʳʰʝʥʠʝ 

ʙʝʟʦʪʢʘʟʥʦʩʪʠ 
ʇʦʚʳʰʝʥʠʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʩʪʠ 

ʆʙʲʝʢʪʠʚʥʳʝ ʉʫʙʲʝʢʪʠʚʥʳʝ 

-ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ 

-ɺʳʙʦʨ ʥʘʜʝʞʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ 

-ʆʙʣʝʛʯʝʥʠʝ ʨʝʞʠʤʦʚ 

-ʊʝʧʣʦʟʘʱʠʪʘ, ʛʝʨʤʝʪʠ-

ʟʘʮʠʷ. 

-ʆʧʪʠʤʠʟʘʮʠʷ ʩʭʝʤʳ 

ʢʦʥʩʪʨʫʢʮʠʠ 

-ʀʩʧʳʪʘʥʠʝ ʠ ʪʨʝʥʠʨʦʚʢʘ 

- ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʦʥ-

ʪʨʦʣʴ 

-ʇʨʦʬʠʣʘʢʪʠʢʘ, ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʝ 

-ɸʚʪʦʢʦʥʪʨʦʣʴ ʧʘʨʘ-

ʤʝʪʨʦʚ 

-ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ, ʫʥʠ-

ʬʠʢʘʮʠ ̫

-ʈʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ 

-ʇʦʜʛʦʪʦʚʢʘ ʢʘʜʨʦʚ 

-ʆʧʪʠʤʠʟʘʮʠʷ ʧʦʠʩʢʘ 

ʦʪʢʘʟʦʚ 

-ʉʠʩʪʝʤʘ ʩʥʘʙʞʝʥʠʷ 

ʟʘʧʘʩʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

- ʇʨʦʛʨʝʩʩʠʚʥʘʷ ʩʠ-

ʩʪʝʤʘ ʨʝʤʦʥʪʘ 

-ʇʨʦʬʠʣʘʢʪʠʢʘ, ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʝ 

-ʅʝʥʘʜʝʞʥʳʝ ʵʣʝ-

ʤʝʥʪʳ 

-ʅʝʥʦʨʤʘʣʴʥʳʝ ʨʝ-

ʞʠʤʳ 

-ʅʝʜʦʩʪʘʪʢʠ ʩʭʝʤ 

-ʅʝʜʦʩʪʘʪʢʠ ʢʦʥ-

ʩʪʨʫʢʮʠʡ 

-ʅʘʨʫʰʝʥʠʝ ʪʝʭʥʦ-

ʣʦʛʠʠ 

-ʅʠʟʢʘʷ ʢʫʣʴʪʫʨʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

-ʅʘʨʫʰʝʥʠʝ ʧʨʘ-

ʚʠʣ ʵʢʩʧʣʫʘʪʘʮʠʠ 

-ʅʠʟʢʦʝ ʢʘʯʝʩʪʚʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ 

-ʅʝʙʨʝʞʥʦʝ ʭʨʘʥʝ-

ʥʠʝ 

-ɺʦʟʜʝʡʩʪʚʠʝ 

ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ 

-ʆʩʦʙʝʥʥʦʩʪʠ 

ʨʝʞʠʤʦʚ 

-ɼʠʥʘʤʠʯʝʩʢʠʝ 

ʥʘʛʨʫʟʢʠ 

-ʀʥʝʨʮʠʦʥʥʳʝ 

ʥʘʛʨʫʟʢʠ 

-ɺʠʙʨʘʮʠʠ 

-ʊʝʤʧʝʨʘʪʫʨʘ 

ʨʘʙʦʯʝʡ ʞʠʜʢʦ-

ʩʪʠ 
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ʆʩʦʙʫʶ ʨʦʣʴ ʛʠʜʨʦʧʨʠʚʦʜ ʠʛʨʘʝʪ ʚ ʦʪʨʘʩʣʠ ʚʦ-

ʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʦʩʥʦʚʫ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚ-

ʣʷʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʦʙʠʣʴʥʦʡ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʟʝʥʠʪʥʦ-ʨʘʢʝʪʥʘʷ ʘʨʪʠʣʣʝʨʠʷ ʠ ʢʦʤ-

ʧʣʝʢʩʳ, ʪʘʥʢʠ, ʚʦʝʥʥʘʷ ʘʚʠʘʪʝʭʥʠʢʘ ʠ ʜʨ. ʉʦʚʨʝ-

ʤʝʥʥʘʷ ʛʠʜʨʦʬʠʮʠʨʦʚʘʥʥʘʷ ʚʦʝʥʥʘʷ ʪʝʭʥʠʢʘ, ʚʳ-

ʧʫʩʢʘʝʤʘʷ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʆʇʂ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʪʜʘʯʝʡ ʛʠʜʨʦʧʨʠʚʦʜʘ ʚ ʫʩʣʦʚʠʷʭ 

ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʦʩʥʦʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʢʘʢ ʥʘʜʝʞ-

ʥʦʩʪʴ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʩʭʝʤʫ ʫʩʪʨʦʡ-

ʩʪʚʘ ʛʠʜʨʦʧʨʠʚʦʜʘ (ʩʤ. ʨʠʩʫʥʦʢ 1.2) 

 

 
 ʈʠʩʫʥʦʢ 1.2 ʋʩʪʨʦʡʩʪʚʦ ʛʠʜʨʦʧʨʠʚʦʜʘ 

 

ʂʘʞʜʳʡ ʠʟ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʧʨʠʚʦʜʘ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʠʟ ʩʝʙʷ ʥʘʙʦʨ ʩʣʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʧʨʝʜʩʪʘʚ-

ʣʷʶʱʠʭ ʩʦʙʦʡ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ, ʧʦʵʪʦʤʫ ʦʩʦʙʫʶ 

ʨʦʣʴ ʚ ʨʘʙʦʪʝ ʛʠʜʨʦʧʨʠʚʦʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʥʘʜʝʞ-

ʥʦʩʪʴ ʥʘ ʵʪʘʧʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʦ ʪʘʢ, ʢʘʢ ʩʠʩʪʝʤʘ 

ʛʠʜʨʦʧʨʠʚʦʜʦʚ ʩʘʤʘ ʧʦ ʩʝʙʝ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ, 

ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʦʚ 

ʛʠʜʨʦʧʨʠʚʦʜʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʧʨʦʚʦʜʠʤʳʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ 

ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʵʢʩʧʣʫ-

ʘʪʘʮʠʠ ʚʦʝʥʥʳʭ ʠʟʜʝʣʠʡ ʟʘʯʘʩʪʫʶ ʧʨʦʠʩʭʦʜʷʪ ʦʪ-

ʢʘʟʳ. 70-80 % ʧʦʣʦʤʦʢ ʩʦʩʪʘʚʣʷʝʪ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ 

ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʧʨʠʚʦʜʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠ-

ʯʠʚʘʝʪ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʠ ʛʘ-

ʨʘʥʪʠʡʥʦʤ ʨʝʤʦʥʪʝ. ʇʦʵʪʦʤʫ ʩʝʡʯʘʩ ʧʝʨʝʜ ʩʧʝʮʠʘ-

ʣʠʩʪʘʤʠ ʧʨʝʜʧʨʠʷʪʠʡ ʦʩʪʨʦ ʩʪʘʥʦʚʠʪʩʷ ʚʦʧʨʦʩ ʘʥʘ-

ʣʠʟʘ ʬʘʢʪʦʨʦʚ, ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ ʠ 

ʧʦʠʩʢʘ ʤʝʪʦʜʦʚ ʫʩʪʨʘʥʝʥʠʷ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʛʠʜʨʦʧʨʠʚʦʜʘ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʩʨʦʢʘ 

ʩʣʫʞʙʳ. 

ɸʥʘʣʠʟ ʬʘʢʪʦʨʦʚ ʠ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞ-

ʥʦʩʪʠ ʛʠʜʨʦʧʨʠʚʦʜʦʚ 

ʉʦʛʣʘʩʥʦ ʠʤʝʶʱʝʡʩʷ ʩʪʘʪʠʩʪʠʢʝ, ʦʩʥʦʚʥʳʤʠ 

ʧʨʠʯʠʥʘʤʠ ʦʪʢʘʟʦʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʷʚ-

ʣʷʶʪʩʷ ʩʫʙʲʝʢʪʠʚʥʳʝ ʬʘʢʪʦʨʳ:  

- ʥʝʥʘʜʝʞʥʳʝ ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (ʤʘʥ-

ʞʝʪʳ, ʢʦʣʴʮʘ)  

- ʩʣʦʞʥʳʝ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʤʝʥʪʳ 

- ʥʘʨʫʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʥʠʟʢʘ 

ʢʫʣʴʪʫʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

- ʥʝʙʨʝʞʥʦʝ ʭʨʘʥʝʥʠʝ 

- ʟʘʩʦʨʝʥʠʝ ʯʘʩʪʝʡ ʛʠʜʨʦʧʨʠʚʦʜʘ 

ʀʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʙʦ-

ʨʦʯʥʳʝ ʦʧʝʨʘʮʠʠ, ʛʜʝ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʥʘʨʫʰʝʥʠʷ 

ʧʨʠ ʩʙʦʨʢʝ ʙʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʷʤ 

ʦʩʥʘʩʪʢʝ, ʘ ʪʘʢʞʝ ʥʘʨʫʰʝʥʠʷʭ ʪʨʝʙʦʚʘʥʠʡ ʩʦʙʣʶ-

ʜʝʥʠʷ ʯʠʩʪʦʪʳ (ʟʘʩʦʨʝʥʠʝ ʯʘʩʪʝʡ ʛʠʜʨʦʧʨʠʚʦʜʘ) ʠ 

ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʩʙʦʨʦʯʥʳʤ ʫʯʘʩʪʢʘʤ 

ʛʠʜʨʘʚʣʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʡ ʠʩʧʳʪʘʥʠʡ ʥʘ 

ʩʪʝʥʜʘʭ ʠ ʧʫʣʴʪʘʭ ʠ ʩʙʦʨʢʝ ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʥ-

ʩʪʨʫʤʝʥʪʘ (15 % ʦʪʢʘʟʦʚ). ʅʝʙʨʝʞʥʦʝ ʭʨʘʥʝʥʠʝ 

ʷʚʠʣʦʩʴ ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʥʘ ʦʩʦʙʦ ʪʦʯʥʳʭ ʩʦ-

ʧʨʷʛʘʝʤʳʭ ʜʝʪʘʣʷʭ ʢʦʨʨʦʟʠʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʪʢʘʟʫ. 

(7 % ʦʪʢʘʟʦʚ). ʆʜʥʘʢʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʦʪʢʘʟʦʚ 

ʛʠʜʨʦʧʨʠʚʦʜʦʚ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʥʝʥʘʜʝʞ-

ʥʳʝ ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝ-

ʥʠʝ ʧʨʠ ʩʙʦʨʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʙʦʯʠʭ ʞʠʜʢʦʩʪʝʡ 

(ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʤʘʩʣʘ), ʢʣʘʩʩ ʯʠʩʪʦʪʳ ʢʦʪʦʨʦʡ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʪʦʪʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘ-

ʣʝʡ ʧʨʠ ʩʙʦʨʢʝ ʠ ʠʭ ʠʩʧʳʪʘʥʠʡ. ʈʳʣʷʢʠʥ ɽ.ɻ ʚ 

ʩʚʦʝʡ ʨʘʙʦʪʝ ʦʪʤʝʯʘʝʪ, ʯʪʦ 70 % ʦʪʢʘʟʦʚ ʛʠʜʨʦʧʨʠ-

ʚʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʠʯʠʥʝ ʟʘʛʨʷʟʥʝʥʠʷ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʠ ʠ ʝʛʦ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ [2]. ʉʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʧʨʠʤʝʥʝʥʠʝ ʫʩʪʘʨʝʚʰʠʭ ʩʪʝʥʜʦʚ ʜʣʷ ʠʩʧʳ-

ʪʘʥʠʡ ʠ ʧʨʠʙʦʨʦʚ ʜʣʷ ʢʦʥʪʨʦʣʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ 

ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʛʠʜ-

ʨʦʧʨʠʚʦʜʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʧʦ-

ʠʩʢʘʭ ʝʛʦ ʧʨʠʯʠʥʳ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʳʰʝʠʟʣʦʞʝʥʥʳʝ ʜʘʥʥʳʝ 

ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʆʇʂ, 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝ-

ʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʧʨʠ-

ʚʦʜʘ. 

ɺʳʜʝʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞ-

ʥʦʩʪʠ ʛʠʜʨʦʧʨʠʚʦʜʘ [3]:  

- ʵʪʘʧ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʦʧʪʠʤʠʟʘʮʠʷ ʛʠʜʨʦ-

ʩʭʝʤʳ, ʤʠʥʠʤʠʟʘʮʠʷ ʛʠʜʨʦʢʦʤʧʦʥʝʥʪʦʚ, ʫʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ) 

- ʵʪʘʧ ʠʟʛʦʪʦʚʣʝʥʠʷ (ʧʨʠʤʝʥʝʥʠʝ ʢʘʯʝʩʪʚʝʥ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 

ʦʩʥʘʩʪʢʘ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ, ʫʞʝʩʪʦʯʝʥʠʝ ʢʦʥʪʨʦʣʷ ʥʘ ʵʪʘʧʘʭ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʧʨʦʜʫʢʮʠʠ) 

- ʵʪʘʧ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʯʠʩʪʦʪʳ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ) 
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ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʧʠʩʳʚʘʷ ʦʨʛʘʥʠʟʘʮʠʶ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʚ ʗʧʦʥʠʠ ʧʦʚʝʩʪʚʫʝʪ ʦʙ ʦʛʨʦʤʥʳʭ ʚʢʣʘʜʘʭ 

ʷʧʦʥʮʝʚ ʚ ʅʀʆʂʈ ʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʧʨʦʜʫʢʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (16-

17 ʪʨʣʥ ʠʝʥ ʚ ʛʦʜ), ʨʝʟʫʣʴʪʘʪʦʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʚʳʩʦ-

ʯʘʡʰʝʝ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦ-

ʚʘʥʠʷʤ ʟʘʢʘʟʯʠʢʘ. ʊʘʢʞʝ ʚ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʯʪʦ 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʮʠʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥ-

ʪʨʦʣʴ ʥʘʧʨʘʚʣʝʥ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʨʦʜʫʢʮʠʶ, ʥʦ ʠ ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ [4].ʂʠ-

ʪʘʡʩʢʠʡ ʧʨʝʟʠʜʝʥʪ ʣʘʙʦʨʘʪʦʨʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʛʠʜ-

ʨʦʩʠʩʪʝʤ ʉʶʡ ɹʠʥʴ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʢʠʪʘʡʩʢʠʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʛʠʜʨʘʚʣʠʢʠ Yuci Hydrauluics ʟʘ ʩʯʝʪ 

ʚʥʝʜʨʝʥʠʷ ʚ ʅʀʆʂʈ ʙʦʣʝʝ 150 ʤʣʥ ʜʦʣʣʘʨʦʚ ʟʘ ʧʦ-

ʩʣʝʜʥʠʝ ʧʷʪʴ ʣʝʪ ʩʜʝʣʘʣ ʦʛʨʦʤʥʳʡ ʧʨʦʨʳʚ ʚ ʠʟʛʦ-

ʪʦʚʣʝʥʠʠ ʤʦʙʠʣʴʥʦʡ ʛʠʜʨʘʚʣʠʢʝ, ʢʦʥʢʫʨʠʨʫʶʱʝʡ 

ʩ ʚʝʜʫʱʠʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʛʠʜʨʘʚʣʠʢʠ ɻʝʨʤʘ-

ʥʠʠ [5]. ʀʩʧʦʣʴʟʫʷ ʚʳʰʝʠʟʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʥʝʜʨʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ ʚ 

ʧʨʝʜʧʨʠʷʪʠʝ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʨʘʟʨʘʙʦʪʢʠ 80-90-ʭ) 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʦʙʝʩ-

ʧʝʯʝʥʠʡ ʠ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʘʜʘʧʪʘ-

ʮʠʠ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʛʣʫ-

ʙʦʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʛʠʜʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʤʠʤʦ 

ʠʟʣʦʞʝʥʥʳʭ ʚʳʰʝ ʨʝʰʝʥʠʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʆʇʂ, 

ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʘʢʮʝʥʪ ʥʘ ʚʥʝʜʨʝʥʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʧʨʠʚʦʜʘ ʩʦʚʨʝʤʝʥʥʳʭ ʫʧʣʦʪʥʠ-

ʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʋʧʣʦʪʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʪ ʢʦʪʦ-

ʨʦʛʦ ʟʘʚʠʩʠʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʫʟʣʦʚ ʠ ʤʝʭʘʥʠʟ-

ʤʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫʧʣʦʪʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤ 

ʩʣʘʙʳʤ ʟʚʝʥʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʠ ʚʳʭʦʜʝ 

ʠʟ ʩʪʨʦʷ ʢʦʪʦʨʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʘʛʨʝʛʘʪ ʩʪʘʥʦ-

ʚʠʪʩʷ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ. ʆʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʢʘʯʝʩʪʚʘ ʠ ʩʚʦʡʩʪʚ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʢʘʢ ʪʝʤʧʳ, ʪʘʢ ʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʘʟʚʠʪʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʤʘʰʠʥ 

ʠ ʤʝʭʘʥʠʟʤʦʚ. ʆʜʥʦ ʠʟ ʦʙʱʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲ-

ʷʚʣʷʝʤʳʭ ʢ ʫʧʣʦʪʥʝʥʠʷʤ, ï ʵʪʦ ʢʦʤʧʘʢʪʥʦʩʪʴ. 

ʂʦʣʴʮʝʚʳʝ ʫʧʣʦʪʥʝʥʠʷ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ, ʦʜʥʘʢʦ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʠʝʤʣʝʤʫʶ ʩʪʝʧʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘ-

ʣʳʤʠ ʧʦʪʝʨʷʤʠ ʥʘ ʪʨʝʥʠʝ. ʊʘʢʞʝ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦ-

ʪʘʭ ʦʧʠʩʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʤʝʥʳ ʨʝʟʠʥʦʚʳʭ 

ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʫʧʣʦʪʥʝʥʠʷ ʠʟ ʧʦʣʠ-

ʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʫʩʣʘʚʣʠʚʘʷ ʵʪʦ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ ʤʘʪʝʨʠʘʣʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʟʠʥʝ (çʤʦ-

ʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʚʳʰʝ, ʯʝʤ ʫ ʨʝʟʠʥʳ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʦ 

ʩʪʘʣʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʥʠʞʝè. ʊʘʢʠʝ ʫʧʣʦʪʥʝʥʠʷ 

ʧʨʦʠʟʚʦʜʷʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʝʜʫʱʠʝ ʟʘʨʫʙʝʞʥʳʝ 

ʢʦʤʧʘʥʠʠ ï Merkel, Simrit, Parker, Hansa Flex ʠ ʜʨ. 

ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʩʚʦʠʣʠ ʚʳʧʫʩʢ ʧʦʜʦʙʥʳʭ ʤʘʥʞʝʪ 

ʧʨʝʜʧʨʠʷʪʠʷ RGC ʠ çʕʣʢʦʥʪè [6]. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥ-

ʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦ-

ʧʨʠʚʦʜʘ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚ-

ʥʳʤ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʨʠʩʢʦʚ ʦʪʢʘʟʦʚ ʵʣʝʤʝʥʪʦʚ 

ʛʠʜʨʦʧʨʠʚʦʜʘ ʥʘ 25 % ʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʷʜʘ ʫʩʣʦ-

ʚʠʡè).  

ʅʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʥʘ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠ ʧʨʦʨʘʙʦʪʢʘ ʚʦʧʨʦʩʦʚ ʧʦ ʧʦʚʳʰʝ-

ʥʠʶ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʠ ʙʳʩʪʨʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʧʨʠʚʦʜʘ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʪʨʫ-

ʜʦʝʤʢʦʩʪʠ ʧʨʠ ʨʝʤʦʥʪʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʦʩʪʨʦʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʞʥʦ, 

ʨʘʩʧʦʣʘʛʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥ-

ʥʳʤʠ ʚ ʧʨʦʮʝʩʩʝ ʩʪʝʥʜʦʚʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʩ ʫʯʸʪʦʤ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʛʠʜʨʦʧʨʠʚʦʜʘ, 

ʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʠ ʛʨʘʤʦʪʥʦʛʦ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

ʛʠʜʨʦʧʨʠʚʦʜ ʜʦʣʞʝʥ ʙʳʪʴ ʦʩʥʘʱʸʥ ʜʦʩʪʘʪʦʯʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʰʪʫ-

ʮʝʨʦʚ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʧʝʨʘʪʠʚʥʦ ʧʨʠʩʦʝʜʠʥʷʪʴ 

ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʘʧʧʘʨʘʪʫʨʫ ï ʤʘʥʦʤʝʪʨʳ, ʜʘʪʯʠʢʠ 

ʜʘʚʣʝʥʠʷ [7]. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥ-

ʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʘʚʜʳʚʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʪʨʫʜʦʝʤ-

ʢʦʩʪʠ ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʨʝʤʦʥʪʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʅʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞ-

ʥʦʩʪʠ ʛʠʜʨʦʧʨʠʚʦʜʘ ʷʚʣʷʝʪʩʷ ʧʨʦʤʳʚʢʘ ʜʝʪʘʣʝʡ ʧʝ-

ʨʝʜ ʩʙʦʨʢʦʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʜʣʷ ʦʯʠʩʪʢʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʪʱʘʪʝʣʴʥʦʡ ʫʧʘʢʦʚʢʦʡ ʠ ʢʦʥʩʝʨʚʘʮʠʠ ʛʠʜʨʦʫʟʣʘ 

ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩʙʦʨʢʠ ʠ ʠʩʧʳʪʘʥʠʡ. 

ʃʫʯʰʠʤ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʯʠʩʪʦʪʳ ʨʘʙʦʯʠʭ 

ʞʠʜʢʦʩʪʝʡ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʜʨʦʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʠʭ ʧʨʦʤʳʚʢʘ ʠ ʫʜʘʣʝʥʠʝ ʚʨʝʜʥʳʭ 

ʧʨʠʤʝʩʝʡ. ʇʨʠ ʵʪʦʤ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ɻʝʨʤʘʥʠʠ ʠʩ-

ʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʤʘʩʣʷʥʳʝ ʩʪʘʥʮʠʠ- ɻ ʪʦ ʫʥʠ-

ʚʝʨʩʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʦʩʥʦʚʥʳʤ ʧʨʝʜʥʘʟʥʘʯʝ-

ʥʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʨʝʛʝʥʝʨʘʮʠʷ ʪʫʨʙʠʥʥʳʭ, 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʤʘʩʝʣ ʜʦ 

ʥʦʨʤʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʯʠʩʪʦʪʳ. ʋʩʪʘʥʦʚʢʠ ʪʘ-

ʢʦʛʦ ʪʠʧʘ ʫʩʪʘʥʦʚʦʢ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʙʩʦ-

ʣʶʪʥʦ ʥʘ ʣʶʙʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʨʘʙʦʪʘʪʴ ʦʜʠʥʘ-

ʢʦʚʦ ʵʬʬʝʢʪʠʚʥʦ. ʅʠʢʘʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʝʪ. ʆʩ-

ʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʢʦʤʧʘʢʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʣʠʰʥʠʭ ʧʨʦʙʣʝʤ ʜʦʩʪʘʚʣʷʪʴ ʜʘʥʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʣʶʙʫʶ ʩʪʨʘʥʫ ʤʠʨʘ. ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʜʣʷ ʦʪʝʯʝ-

ʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘ-

ʜʘʯ. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝ ʦʙʝʩʧʝ-

ʯʠʚʘʶʪ ʧʦʣʥʦʩʪʴʶ ʧʦʪʨʝʙʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʤʘʰʠʥ. ʄʥʦʛʠʝ ʟʘʚʦʜʳ, ʚʳʧʫʩʢʘʶʱʠʝ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʫʶ ʪʝʭʥʠʢʫ, ʚʳʥʫʞʜʝʥʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʟʛʦʪʘʚ-

ʣʠʚʘʪʴ ʜʣʷ ʥʝʝ ʛʠʜʨʦʮʠʣʠʥʜʨʳ. 

ʇʝʨʝʜʦʚʳʝ ʟʘʨʫʙʝʞʥʳʝ ʢʦʤʧʘʥʠʠ ʧʦʰʣʠ ʧʦ 

ʠʥʦʤʫ ʧʫʪʠ: ʦʥʠ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʫʶʪ ʧʦʢʫʧ-

ʥʳʝ ʢʦʤʧʣʝʢʪʫʶʱʠʝ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʩʧʝʮʠʘʣʠʟʠ-

ʨʦʚʘʥʥʳʤʠ ʬʠʨʤʘʤʠ, ʢʦʪʦʨʳʝ ʜʦʩʪʠʛʣʠ ʩʦʚʝʨʰʝʥ-

ʩʪʚʘ ʩʚʦʠʭ ʠʟʜʝʣʠʡ. ʆʜʥʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʭʦʥʠʥ-

ʛʫʶʪ ʠʣʠ ʨʘʩʢʘʪʳʚʘʶʪ ʪʨʫʙʳ, ʧʦʣʫʯʘʷ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʯʠʩʪʦʪʳ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʨʫʛʠʝ 

ʦʙʨʘʙʘʪʳʚʘʶʪ ʠ ʭʨʦʤʠʨʫʶʪ ʰʪʦʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʥʝʦʙʭʦʜʠʤʳʝ ʠʤ ʪʚʝʨʜʦʩʪʴ ʠ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ 

ʘʛʨʝʩʩʠʚʥʳʤ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʪʨʝʪʴʠ ʩ ʚʳ-

ʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʷʪ ʧʦʨʰʥʠ ʠ ʧʝʨʝʜʥʠʝ 

ʚʪʫʣʢʠ, ʯʝʪʚʝʨʪʳʝ ʧʨʝʜʣʘʛʘʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʧʨʦʫʰʠʥʳ ʠ ʪ. ʧ. 
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ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʦʜʙʦʨʫ ʩʠʩʪʝʤ 

ʫʧʣʦʪʥʝʥʠʡ ʠ ʦʧʦʨʥʦ-ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʣʝʮ, ʠʟʛʦ-

ʪʦʚʠʪʝʣʠ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʣʠ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʠʭ ʛʝʦʤʝʪʨʠʠ, ʤʘʪʝʨʠʘʣʘʤ, ʘ 

ʪʘʢʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʚ ʫʧʣʦʪ-

ʥʷʶʱʝʤ ʫʟʣʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʛʠʜʨʦ-

ʮʠʣʠʥʜʨʦʚ ʚʳʧʦʣʥʷʝʪ ʤʝʭʘʥʦʦʙʨʘʙʦʪʢʫ ʪʦʣʴʢʦ ʧʦ 

ʥʝʦʙʭʦʜʠʤʦʡ ʨʘʟʜʝʣʢʝ ʛʠʣʴʟ ʠ ʰʪʦʢʦʚ, ʧʨʦʠʟʚʦʜʠʪ 

ʩʚʘʨʢʫ ʜʝʪʘʣʝʡ ʠ ʧʦʣʥʫʶ ʩʙʦʨʢʫ. ʇʦʩʣʝ ʵʪʦʛʦ ʛʠʜ-

ʨʦʮʠʣʠʥʜʨʳ ʪʝʩʪʠʨʫʶʪ, ʫʧʘʢʦʚʳʚʘʶʪ ʠ ʥʘʧʨʘʚ-

ʣʷʶʪ ʧʦʪʨʝʙʠʪʝʣʶ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦ-

ʢʨʘʱʘʝʪ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʦ-

ʩʢʦʣʴʢʫ ʚʩʝ ʦʧʝʨʘʮʠʠ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʥʘ 

ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʦʥʠ ʥʝ ʪʨʝʙʫʶʪ ʜʦ-

ʨʦʛʦʩʪʦʷʱʠʭ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʘʥʢʦʚ, ʦʨʠʛʠʥʘʣʴʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʩʣʦʞʥʦʡ ʦʩʥʘʩʪʢʠ. ʀʩʢʣʶʯʘʶʪʩʷ 

ʪʘʢʞʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʚʨʝʜʥʳʝ ʫʯʘʩʪʢʠ ʠ ʧʦʩʪʦʷʥʥʘʷ 

ʟʘʙʦʪʘ ʦʙ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ 

ʭʨʦʤʠʨʦʚʘʥʠʠ ʰʪʦʢʦʚ. ʇʦʢʫʧʢʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥ-

ʥʳʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʘ. ʆʪ-

ʢʘʟ ʦʪ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʭ ʠ ʪʨʫʜʦʝʤʢʠʭ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʦʧʝʨʘʮʠʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʢʨʘʪʠʪʴ 

ʧʝʨʩʦʥʘʣ ʠʣʠ ʧʝʨʝʦʨʠʝʥʪʠʨʦʚʘʪʴ ʝʛʦ ʥʘ ʜʨʫʛʠʝ 

ʚʠʜʳ ʨʘʙʦʪ. ɸ ʛʣʘʚʥʦʝ ʪʦ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʛʠʜʨʦʮʠ-

ʣʠʥʜʨʦʚ, ʧʦʚʳʰʘʶʪ ʛʠʙʢʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʦ-

ʟʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ ʨʘʩʰʠʨʠʪʴ ʘʩʩʦʨʪʠʤʝʥʪ 

ʧʨʦʜʫʢʮʠʠ. ɽʩʣʠ ʟʘʢʘʟʯʠʢ ʨʘʩʧʦʣʘʛʘʝʪ ʢʘʢʠʤ-ʣʠʙʦ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ ʫʜʦʚʣʝ-

ʪʚʦʨʷʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦ-

ʛʠʠ, ʦʥ ʤʦʞʝʪ ʟʘʢʫʧʠʪʴ ʪʦʣʴʢʦ ʯʘʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʮʝʧʦʯʢʠ ʣʠʙʦ ʧʨʠʦʙʨʝʪʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʤ-

ʧʣʝʢʪʫʶʱʠʝ. ɺ ʀʪʘʣʠʠ ʩʝʛʦʜʥʷ ʙʦʣʝʝ 300 ʬʠʨʤ 

ʚʳʧʫʩʢʘʝʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʧʦ ʘʥʘ-

ʣʦʛʠʯʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. ʕʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʦʙʝʩʧʝ-

ʯʠʚʘʶʪ ʠ ʩʦʙʩʪʚʝʥʥʳʡ ʨʳʥʦʢ, ʠ ʨʳʥʦʢ ʟʘʨʫʙʝʞʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ. ɺ ʈʦʩʩʠʠ 

ʪʘʢʦʡ ʧʦʜʭʦʜ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ 

ʪʦʣʴʢʦ ʥʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ, ʧʦʵʪʦʤʫ ʧʨʝʜʧʨʠʷ-

ʪʠʷ, ʢʦʪʦʨʳʝ ʙʳʩʪʨʦ ʦʩʚʦʷʪ ʧʨʝʜʣʘʛʘʝʤʳʝ ʪʝʭʥʦʣʦ-

ʛʠʠ, ʩʪʘʥʫʪ ʣʠʜʝʨʘʤʠ ʚ ʵʪʦʤ ʩʝʢʪʦʨʝ ʨʳʥʢʘ ʤʘʰʠ-

ʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ. 
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PERFECTION OF ALGORITHMS AND METHODS OF CALCULATING THE HEAT LOADS OF 

THE CONSUMERS. 
 

ɸʥʥʦʪʘʮʠʷ. 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʳʭ 

ʥʘʛʨʫʟʦʢ, ʪʘʢ ʞʝ ʧʦʢʘʟʘʥʳ ʨʘʟʨʘʙʦʪʢʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʧʦ ʪʠʧʫ ʧʦʪʨʝʙʠʪʝʣʷ. 

Abstract. 
This article formulates the requirements, analyzes the methods for determining thermal loads, also shows 

developments in this area. The purpose of the study is to determine the most effective method for calculating the 
heat load by the type of consumer. 
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ɻʦʨʦʜ ɺʣʘʜʠʤʠʨ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʎʝʥʪʨʘʣʴ-

ʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ. ʕʪʦ ʨʝʛʠʦʥʘʣʴʥʳʡ 

ʮʝʥʪʨ. ʅʘʩʝʣʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 340 ʪʳʩʷʯ ʯʝʣʦʚʝʢ. 

ʂʣʠʤʘʪ ɺʣʘʜʠʤʠʨʘ ʙʣʠʟʦʢ ʢ ʤʦʩʢʦʚʩʢʦʤʫ. ʂʣʠʤʘʪ 

ʫʤʝʨʝʥʥʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ. ɿʠʤʘ ʫʤʝʨʝʥʥʦ ʭʦʣʦʜ-

ʥʘʷ, ʙʳʚʘʶʪ ʯʝʨʝʜʫʶʱʠʝʩʷ ʧʝʨʠʦʜʳ ʩʠʣʴʥʳʭ ʤʦ-

ʨʦʟʦʚ ʠ ʧʦʪʝʧʣʝʥʠʷ, ʠʥʦʛʜʘ ʜʦʩʪʠʛʘʶʱʠʝ ʦʪʪʝʧʝʣʠ. 

ɺʝʩʥʘ ʥʘʩʪʫʧʘʝʪ ʚ ʘʧʨʝʣʝ. ʃʝʪʦ ʪʝʧʣʦʝ, ʥʦ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʢʦʨʦʪʢʦʝ, ʩ ʨʝʜʢʠʤ ʧʝʨʠʦʜʦʤ ʣʝʪʥʝʡ ʞʘʨʳ.  

* ʊʝʤʧʝʨʘʪʫʨʘ ʩʘʤʘʷ ʭʦʣʦʜʥʘʷ ʧʷʪʴ ʜʥʝʡ ʚ ʥʝ-

ʜʝʣʶ, ʙʝʟʦʧʘʩʥʦʩʪʴ 0. 92: -28ÁC. 

* ɸʙʩʦʣʶʪʥʘʷ ʤʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟ-

ʜʫʭʘ: -48ÁC 

* ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʥʘʛʨʝʚʘ: 213 

ʜʥʝʡ 

* ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ,ÁC, ʧʝʨʠʦʜ ʩ 

ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ < 8: -3.5ÁC 

ʆʩʥʦʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙ-

ʞʝʥʠʷ ʨʘʡʦʥʘ ʷʚʣʷʶʪʩʷ ʞʠʣʠʱʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʙʶʜʞʝʪʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠ-

ʷʪʠʷ, ʦʙʩʣʫʞʠʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʩʚʷʟʠ ʩ ʧʦʜ-

ʢʣʶʯʝʥʠʝʤ ʥʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ ʩʠʩʪʝʤʘʤ ʦʪʦʧ-

ʣʝʥʠʷ, ʩʧʨʦʩ ʥʘ ʪʝʧʣʦ ʜʣʷ ʵʪʠʭ ʛʨʫʧʧ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʙʫʜʝʪ ʨʘʩʪʠ.  

ʊʝʤʘ ʩʪʘʪʴʠ - "ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ 

ʠ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʧʦʪʨʝʙʠ-

ʪʝʣʝʡ". ʉʦʛʣʘʩʥʦ ʬʝʜʝʨʘʣʴʥʦʤʫ ʟʘʢʦʥʫˉ190 "ʆ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʠ" ʪʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ - ʵʪʦ ʢʦʣʠʯʝ-

ʩʪʚʦ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʫʶ ʤʦʞʝʪ ʚʟʷʪʴ ʧʦʪʨʝ-

ʙʠʪʝʣʴ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ.  

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚʦ ɺʣʘʜʠʤʠʨʩʢʦʤ ʤʫʥʠʮʠ-

ʧʘʣʴʥʦʤ ʨʘʡʦʥʝ ʩʪʨʦʠʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʘ ʢʦʣʠʯʝ-

ʩʪʚʦ ʥʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʪʝʧʣʘ ʠʟ ʛʦʜʘ ʚ ʛʦʜ ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ, ʥʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʷʪʴ ʠ ʦʙʥʦʚʣʷʪʴ ʪʝʧʣʦ-

ʚʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʜʦʤʘ, ʢʦʪʦʨʳʝ ʚʚʦʜʷʪʩʷ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʙʦʣʝʝ 10 ʣʝʪ.  

ʉʭʝʤʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩ-

ʥʦʚʘʥʠʠ ʜʦʛʦʚʦʨʘ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʪʝʧʣʦʚʫʶ 

ʥʘʛʨʫʟʢʫ. ʅʘʛʨʫʟʢʘ ʧʦ ʢʦʥʪʨʘʢʪʫ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʝʢʪʥʳʭ ʜʘʥʥʳʭ. ʇʨʦʝʢʪʥʘʷ ʥʘʛʨʫʟʢʘ ʟʘ-

ʚʠʩʠʪ ʦʪ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʧʦ-

ʤʝʱʝʥʠʷ, ʨʘʩʯʝʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟ-

ʜʫʭʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ 

ʟʘʤʢʥʫʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ ʠʟʤʝʥʠʣʠʩʴ ʤʝʪʦʜʳ ʨʘʩ-

ʯʝʪʘ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʧʣʦʚʦʡ ʟʘ-

ʱʠʪʝ ʟʜʘʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʪʨʝʙʠʪʝʣʠ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ. 

ʅʘʧʨʠʤʝʨ, ʧʫʪʝʤ ʟʘʤʝʥʳ ʩʪʘʨʳʭ ʜʝʨʝʚʷʥʥʳʭ ʦʢʦʥ, 

ʥʦʚʳʭ, ʛʝʨʤʝʪʠʯʥʳʭ, ʧʣʘʩʪʠʢʦʚʳʭ ʦʢʦʥ, ʘ ʪʘʢʞʝ ʠʟ-

ʤʝʥʝʥʠʷ ʠʣʠ ʦʯʠʩʪʢʠ ʩʪʘʨʳʭ ʨʘʜʠʘʪʦʨʦʚ, ʫʪʝʧʣʝ-

ʥʠʷ ʙʘʣʢʦʥʦʚ, ʜʚʝʨʝʡ ʠ ʩʪʝʥ.  

ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʢʦʥʪʨʘʢʪʥʘʷ ʥʘʛʨʫʟʢʘ ʥʝ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʬʘʢʪʠʯʝʩʢʦʤʫ ʧʦʪʨʝʙʣʝʥʠʶ. 

ʆʜʥʘʢʦ, ʧʦʤʠʤʦ ʧʝʨʝʩʤʦʪʨʘ ʪʝʧʣʦʚʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʩʪʘʨʳʝ ʟʜʘʥʠʷ, ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ 

ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʥʦʚʳʝ ʟʜʘʥʠʷ. ʊʘʢ ʢʘʢ 

ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʤʥʦʛʦʩʣʦʡʥʳʝ, ʦʥʠ 

ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʪʝʧʣʦʚʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʪʝʧ-

ʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʩ ʫʯʝʪʦʤ ʫʥʠʢʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʟʘ-

ʤʢʥʫʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʢʘʞ-

ʜʦʛʦ ʧʦʤʝʱʝʥʠʷ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬ-

ʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʧʦ 

ʪʠʧʫ ʧʦʪʨʝʙʠʪʝʣʷ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʪʝʧʣʦʚʦʡ ʨʘʩʯʝʪ, ʨʘʩʯʝʪ, ʦʙʲ-

ʝʤʥʦʝ ʫʩʠʣʝʥʠʝ, ʨʘʩʯʝʪ, ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʠ ʨʘʩ-

ʯʝʪ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ. 

ʄʥʦʛʠʝ ʠʥʞʝʥʝʨʳ ʠʱʫʪ ʦʪʚʝʪ ʥʘ ʧʦʩʪʘʚʣʝʥ-

ʥʫʶ ʟʘʜʘʯʫ: ʩʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʪʝʧʣʦʚʦʡ 

ʥʘʛʨʫʟʢʠ ʧʦʪʨʝʙʠʪʝʣʝʡ. ɺʪʦʨʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʢʘʢ ʦʩ-

ʥʦʚʘ: ʨʘʩʯʝʪ ʪʝʧʣʦʪʝʭʥʠʢʠ ʠ ʠʥʜʠʢʘʮʠʷ ʧʨʠʙʦʨʦʚ 

ʫʯʝʪʘ. 

ɺ 2016 ʛʦʜʫ ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ɸʣʝʢ-

ʩʘʥʜʨ ʅʝʢʣʫʜʦʚ ʧʦʜʥʷʣ ʘʥʘʣʦʛʠʯʥʫʶ ʧʨʦʙʣʝʤʫ ʚ 

ʛʦʨʦʜʝ ʂʨʘʩʥʦʷʨʩʢʝ. ʆʥ ʧʦʩʪʘʚʠʣ ʧʝʨʝʜ ʩʦʙʦʡ ʟʘ-

ʜʘʯʫ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʪʝʧ-

ʣʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ 

ʠ ʦʪʦʧʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʪʝʧʣʦ-

ʚʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʥʘ ʢʦʨʧʫʩ ʟʜʘʥʠʷ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʤʝʱʝʥʠʷ. 

 ʆʥ ʨʘʟʨʘʙʦʪʘʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʥʘʢʣʦʥ ʙʦʢʦ-

ʚʦʛʦ ʦʢʥʘ ʥʘ ʧʨʠʤʝʨʝ ʣʠʥʝʡʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. 

ʕʪʦʪ ʤʝʪʦʜ ʩʨʘʚʥʠʚʘʶʪ ʩ ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʯʝʨʝʟ 

ʪʝʧʣʦʚʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʚʢʣʘʜ ʪʝʧʣʦʧʨʦʚʦʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ 

ʢʦʨʧʫʩ ʟʜʘʥʠʷ ʠ ʪʝʧʣʦʚʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʬʦʨʤʠʨʦ-

ʚʘʥʠʠ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥ ʩʧʦʩʦʙ ʧʦ-

ʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ. 

ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʧʦ ʘʣʛʦʨʠʪʤʘʤ ʠ 

ʤʝʪʦʜʘʤ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ ʜʣʷ ʩʠʩʪʝʤ 

ʦʪʦʧʣʝʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʮ, 

ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʨʘʟʨʘʙʦʪʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʝ ʟʜʘʥʠʡ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʨʝʟʫʣʴʪʘ-

ʪʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʥʘʢʦʧʣʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʨʘʩʯʝ-

ʪʘʤ ʫʜʝʣʴʥʳʭ ʩʠʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ ʦʪʦʧ-

ʣʝʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʟʜʘʥʠʡ, ʘ 

ʪʘʢʞʝ ʧʨʘʢʪʠʢʫ ʢʦʩʚʝʥʥʦʡ ʦʮʝʥʢʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝ-

ʥʠʷ ʟʜʘʥʠʡ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʨʝʜʝʣʴʥʳʤʠ ʢʨʠ-

ʪʝʨʠʷʤʠ ʨʘʟʚʠʪʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʘʪʨʠʯʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʰʠʨʝʥ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦ-

ʚʦʛʦ ʙʘʣʘʥʩʘ ʧʦʤʝʱʝʥʠʷ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ: ʜʣʷ 

ʨʘʩʯʝʪʘ ʤʦʱʥʦʩʪʠ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʧʦʤʝʱʝ-

ʥʠʷ, ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʨʘʩʯʝʪʘ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʨʝʚʠʟʠʡ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ ʠ, ʥʘʢʦʥʝʮ, ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʢʦʤʧʣʝʢʩʥʫʶ ʩʠʩʪʝʤʫ ʨʘʩʯʝʪʦʚ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ 

ʟʜʘʥʠʡ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ ʩ ʫʯʝʪʦʤ ʵʥʝʨ-

ʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ. 
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ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʯʠʩʣʝʥʥʳʝ ʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʠʤʧʫʣʴʩʦʚ 

ʧʦʜʚʦʜʘ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʛʦ ʚʝʥʪʠ-

ʣʷʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʠʭ ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪʳ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʪʝʧʣʦʚʳʭ ʠ 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʩʯʝʪʘ ʚʦʟʜʫ-

ʭʦʦʙʤʝʥʘ. 

ɺ 2002 ʛʦʜʫ ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʀʨʠʥʘ 

ʇʦʩʧʝʣʦʚʘ ʚ ʀʨʢʫʪʩʢʝ ʟʘʜʘʣʘ ʘʥʘʣʦʛʠʯʥʳʡ ʚʦʧʨʦʩ. 

ʆʥ ʧʦʩʪʘʚʠʣ ʧʝʨʝʜ ʩʦʙʦʡ ʟʘʜʘʯʫ ʫʣʫʯʰʠʪʴ ʤʝʪʦʜʳ 

ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʞʠʣʳʭ ʠ ʘʜʤʠʥʠʩʪʨʘ-

ʪʠʚʥʳʭ ʟʜʘʥʠʡ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

* ʋʪʦʯʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʪʝʧʣʦʧʦʪʝʨʴ ʚ ʢʦʤʙʠ-

ʥʠʨʦʚʘʥʥʳʭ ʟʦʥʘʭ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘ-

ʥʠʡ; 

* ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʫʛ-

ʣʘʭ ʬʘʩʘʜʦʚ ʟʜʘʥʠʡ; 

* ʋʪʦʯʥʝʥʠʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʥʠʮʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʩ ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʘʪʤʦ-

ʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ ʚʳʩʦʪʳ ʨʝʣʴʝʬʘ, ʘ ʪʘʢʞʝ ʧʦ-

ʪʝʨʴ ʪʝʧʣʘ, ʚʳʟʚʘʥʥʳʭ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʩʜʝ-

ʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʇʨʝʜʣʦʞʝʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʧʨʦ-

ʙʣʝʤʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʫʛʣʘʤ ʚʥʝʰ-

ʥʝʡ ʩʪʝʥʢʠ. 

2. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʪʝʧ-

ʣʦʚʳʭ ʧʦʪʝʨʴ ʚ ʫʛʣʦʚʳʭ ʟʦʥʘʭ ʟʜʘʥʠʡ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. 

3. ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʜʣʠʥʦʡ ʫʛ-

ʣʦʚʦʛʦ ʧʦʤʝʱʝʥʠʷ ʠ ʚʥʝʰʥʠʤʠ ʛʘʙʘʨʠʪʘʤʠ ʟʜʘʥʠʷ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʤʠʥʠʤʘʣʴʥʳʭ ʪʝʧʣʦʚʳʭ ʧʦ-

ʪʝʨʴ. 

4. ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʪʝʧʣʦʪʳ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʥʘʛʨʝʚʘ ʧʨʦʥʠʮʘʝʤʦʛʦ ʚʦʟʜʫʭʘ, ʫʯʠʪʳʚʘʝʪ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʚʳ-

ʩʦʪ ʨʝʛʠʦʥʘ. 

5. ʇʨʝʜʣʘʛʘʝʪʩʷ ʜʦʙʘʚʠʪʴ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ 

ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʟʘ ʩʯʝʪ ʟʘʤʢʥʫʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʟʜʘʥʠʡ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʥʦʨʤ. 

ɺ 2017 ʛʦʜʫ ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʖ. 

V.ʖʬʝʨʝʚ, ʀ.V.ɸʨʪʘʤʦʥʦʚ, ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ 

ɸ.S.ɼʦʢʪʦʨ ɻʦʨʰʢʦʚ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʟʘʜʘʣ ʘʥʘ-

ʣʦʛʠʯʥʳʡ ʚʦʧʨʦʩ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʮʝʣʴʶ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʯʝʪʘ 

ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʞʠʣʳʭ ʠ ʦʬʠʩʥʳʭ ʟʜʘʥʠʡ ʩ ʫʢʘ-

ʟʘʥʠʝʤ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ. 

ʇʨʠʤʝʥʝʥ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʬʘʢʪʠʯʝʩʢʦʡ ʪʝʧʣʦ-

ʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʪʝʧʣʦʚʳʭ ʝʜʠʥʠʮ 

ʠʟʤʝʨʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʦʙʲʝʢʪʘʭ ʪʝʧʣʦʧʦ-

ʪʨʝʙʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʚʚʦʜʠʤʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʤ ʧʦʨʷʜʢʝ ʚ ʢʦʤʤʝʨʯʝʩʢʦʤ ʫʯʝʪʝ). 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʪʨʝʙʫʝʪʩʷ ʢʦʨ-

ʨʝʢʪʥʦʝ ʫʯʝʪ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʘʩʭʦʜʘ ʦʙʲʝʢʪʘ 

ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʥʘʣʠʯʠʝ ʠʥʜʠʢʘ-

ʮʠʠ ʫʢʘʟʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʦ ʥʝ 

ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ.  

ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʙʦʣʝʝ ʪʦʯʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʬʘʢʪʠʯʝʩʢʦʛʦ ʨʘʩʭʦʜʘ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʟʦʥʝ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʧʫʪʝʤ 

ʘʥʘʣʠʟʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʪʝʧ-

ʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʥʠʡ 

ʝʜʠʥʠʮ ʫʯʝʪʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʚʳ-

ʧʦʣʥʝʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʢʘʟʦʤ ʄʠʥʠʩʪʝʨ-

ʩʪʚʘ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ ˉ 610, ʷʚʣʷ-

ʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʝʨʝʩʤʦʪʨʘ ʜʦʛʦʚʦʨʥʳʭ ʦʪʥʦʰʝ-

ʥʠʡ ʩ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʠ ʧʨʠʚʝʜʝʥʠʷ ʢʦʥʪʨʘʢʪʥʳʭ 

ʥʘʛʨʫʟʦʢ ʚ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʣʦʩʢʦʩʪʴ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʛʘʪʠʚ-

ʥʘʷ ʧʨʘʢʪʠʢʘ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʠʟʲʷʪʠʝ ʠʟ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʪʝʧʣʦʩʯʝʪʯʠʢʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝ ʦʪʯʝʪʦʚ ʦ ʧʦʪʨʝʙ-

ʣʝʥʠʠ ʢʘʣʦʨʠʡ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ ʨʘʩ-

ʯʝʪʥʦʛʦ ʮʠʢʣʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʦʙ ʦʙʱʝʤ 

ʧʝʨʠʦʜʝ ʥʘʛʨʝʚʘ ʚ ʮʝʣʦʤ. 

ʀʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʪʝʧʣʦʚʳʭ ʩʝʪʝʡ ʧʦʩʪʦʷʥʥʦ 

ʫʩʣʦʞʥʷʝʪʩʷ, ʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦʡ 

ʥʘʛʨʫʟʢʠ ʫʪʦʯʥʷʝʪʩʷ ʠ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʩʣʦʞʥʷ-

ʝʪʩʷ. ʄʥʦʛʠʝ ʠʥʞʝʥʝʨʳ ʩʪʘʨʘʶʪʩʷ ʚʥʝʩʪʠ ʩʚʦʡ 

ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʠ, ʚʦʟʤʦʞʥʦ, ʩ 

ʧʦʤʦʱʴʶ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʤʦʛʫʪ 

ʩʦʟʜʘʪʴ ʨʘʩʯʝʪ ʤʛʥʦʚʝʥʥʳʭ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʚ ʟʜʘ-

ʥʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʪʦʯʥʦ ʨʘʩʩʯʠʪʘʪʴ ʪʝʧʣʦ-

ʚʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʦʪʦʧʣʝʥʠʝ ʠ ʪʝʧʣʦʦʪʚʦʜ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆ ʪʝʧʣʦʩʥʘʙʞʝʥʠʠè ʦʪ 

27 ʠʶʣʷ 2010 ʛʦʜʘ ˉ190-ʌɿ (ʨʝʜ. ʦʪ 29.12.2014 

ˉ485-ʌɿ). 

2. ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 8 ʘʚʛʫ-

ʩʪʘ 2012 ʛ. N 808 "ʆʙ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ 

ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʦ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ 

ʥʝʢʦʪʦʨʳʝ ʘʢʪʳ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝ-

ʨʘʮʠʠ" (ʉ ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʜʦʧʦʣʥʝʥʠʷʤʠ ʦʪ 

4.02.2017). 

3. ʇʨʠʢʘʟ ʄʠʥʠʩʪʝʨʩʪʚʘ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠ-

ʪʠʷ ʈʌ ʦʪ 28 ʜʝʢʘʙʨʷ 2009 ʛ. ˉ610 "ʆʙ ʫʪʚʝʨʞʜʝ-

ʥʠʠ ʇʨʘʚʠʣ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ (ʧʝʨʝ-

ʩʤʦʪʨʘ) ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ" 

4. ʉʇ 50.13330.2012 "ʊʝʧʣʦʚʘʷ ʟʘʱʠʪʘ ʟʜʘ-

ʥʠʡ". ɸʢʪʫʘʣʠʟʠʨʦʚʘʥʥʘʷ ʨʝʜʘʢʮʠʷ ʉʅʠʇ 23-02-

2003. 

5. ʉʇ 124.13330.2012 "ʊʝʧʣʦʚʳʝ ʩʝʪʠ". ɸʢʪʫʘ-

ʣʠʟʠʨʦʚʘʥʥʘʷ ʨʝʜʘʢʮʠʷ ʉʅʠʇ 41-02-2003. 

6. ʄɼʉ 41-4.2000 "ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦ-

ʣʠʯʝʩʪʚ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʚʦʜʷ-

ʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ". 
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ʂʦʨʦʯʝʥʮʝʚ ɼʝʥʠʩ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, 

ʂʫʭʪʠʥʦʚ ɺʣʘʜʠʩʣʘʚ ʅʠʢʦʣʘʝʚʠʯ 

ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ  

  

ʇʈʆɻʈɸʄʄʅʆɽ ʉʈɽɼʉʊɺʆ ʇʆʉʊʈʆɽʅʀʗ ʏɸʉʊʅʆʁ ʄʆɼɽʃʀ ʋɻʈʆɿ ɹɽɿʆʇɸʉʅʆʉʊʀ 

ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ ʇɽʈʉʆʅɸʃʔʅʓʍ ɼɸʅʅʓʍ  
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SOFTWARE BUILDING PRIVATE MODEL OF THREATS TO THE SECURITY OF THE 

INFORMATION SYSTEMS OF PERSONAL DATA  

 

ɸʥʥʦʪʘʮʠʷ  
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʥʷʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʉ ʧʦʤʦʱʴʶ ʥʝʯʝʪ-

ʢʦʡ ʣʦʛʠʢʠ ʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʦʧʠʩʘʥ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʦʩʪʨʦʝʥʠʷ ʯʘʩʪʥʦʡ ʤʦ-

ʜʝʣʠ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ɹʘʟʦʚʦʡ ʤʦʜʝʣʠ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦ-

ʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʘʢʪʫʘʣʴʥʳʭ ʫʛʨʦʟ ʠ ʫʨʦʚʝʥʴ ʟʘʱʠʱʝʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʩʦʥʘʣʴ-

ʥʳʭ ʜʘʥʥʳʭ ʠ ʜʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʟʘʱʠʪʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ.  

Abstract  
The article deals with the concept of information system of personal data. With the help of fuzzy logic and 

neural networks, the algorithm of the software tool for constructing a private model of personal data security 

threats processed in the information system is described.  

The developed system based on the Basic model of threats to the security of personal data allows to determine 

the type of actual threats and the level of security of the information system of personal data and to give recom-

mendations for the protection of personal data for this model.  

  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʥʝʯʝʪʢʘʷ 

ʣʦʛʠʢʘ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʤʦʜʝʣʴ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ.  

Keywords: personal data, personal data information system, fuzzy logic, neural networks, personal data se-

curity threat model.  

 

ɺ ʣʶʙʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʩʦʚʨʝʤʝʥ-

ʥʦʡ ʢʦʤʧʘʥʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ, 

ʪʘʢʠʝ ʢʘʢ: ʥʦʤʝʨʘ ʪʝʣʝʬʦʥʦʚ, ʚʝʜʦʤʦʩʪʠ ʙʫʭʛʘʣʪʝʨ-

ʩʢʦʛʦ ʫʯʝʪʘ, ʧʘʩʧʦʨʪʥʳʝ ʜʘʥʥʳʝ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʪ.ʧ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʢʦʣʠʯʝʩʪʚʦ ʩʣʫʯʘʝʚ, ʢʘʢ ʧʨʝʜʥʘ-

ʤʝʨʝʥʥʳʭ, ʪʘʢ ʠ ʙʝʟ ʥʘʣʠʯʠʷ ʫʤʳʩʣʘ, ʢʦʤʧʨʦʤʝʪʘ-

ʮʠʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʦ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʷʥʚʘʨʝ 2019 ʛʦʜʘ ʚ ʃʠʧʝʮʢʦʡ ʦʙ-

ʣʘʩʪʠ ʙʳʣʠ ʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʥʳ ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥ-

ʥʳʝ ʧʘʮʠʝʥʪʦʚ ʛʦʨʦʜʩʢʠʭ ʧʦʣʠʢʣʠʥʠʢ. ʄʝʩʪʥʳʝ 

ʯʠʥʦʚʥʠʢʠ, ʟʘʛʨʫʞʘʷ ʥʘ ʧʦʨʪʘʣ ʜʘʥʥʳʝ ʦ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʭ ʟʘʢʫʧʢʘʭ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʣʦʞʠʣʠ ʣʠʯ-

ʥʳʝ ʜʘʥʥʳʝ ʧʘʮʠʝʥʪʦʚ. ʋʪʝʯʢʫ ʦʙʥʘʨʫʞʠʣʠ ʘʢʪʠ-

ʚʠʩʪʳ ʦʜʥʦʡ ʠʟ ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. ʉ ʫʯʝ-

ʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦ-

ʩʪʨʦʝʥʠʶ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʬʦʨʤʘʣʠʟʦʚʘʥʳ ʚ ʟʘʢʦ-

ʥʦʜʘʪʝʣʴʩʪʚʝ ʠ ʨʫʢʦʚʦʜʷʱʠʭ ʜʦʢʫʤʝʥʪʘʭ, ʧʨʦ-

ʙʣʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ.  

ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷ-

ʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʥʘʧʨʘʚ-

ʣʝʥʥʦʛʦ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʘʩʪʥʦʡ ʤʦʜʝʣʠ ʫʛʨʦʟ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʠʭ ʦʙʨʘ-

ʙʦʪʢʝ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʝʨʩʦʥʘʣʴʥʳʭ 

ʜʘʥʥʳʭ.  

ʇʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ (ʜʘʣʝʝ - ʇɼʥ) ï ʵʪʦ ʣʶ-

ʙʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʣʶʜʷʭ [1].  

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥ-

ʥʳʭ (ʜʘʣʝʝ - ʀʉʇɼʥ) ï ɻ ʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʛʨʘʤʤ-

ʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ (ʢʦʤʧʴʶʪʝʨʳ, ʧʨʠʥ-

ʪʝʨʳ, ʩʢʘʥʝʨʳ, ʢʦʤʤʫʪʘʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 

ʪ.ʜ.), ʥʘ ʢʦʪʦʨʳʭ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʧʝʨʩʦʥʘʣʴʥʳʝ 

ʜʘʥʥʳʝ [1].  

ʆʩʥʦʚʦʡ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ ʦʙʨʘ-

ʙʦʪʢʝ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʩʨʝʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ 

ʤʥʦʞʝʩʪʚ ʠ ʥʝʡʨʦ-ʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ.  

ʀʩʧʦʣʴʟʫʷ ʘʧʧʘʨʘʪ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʨʝʘʣʠʟʫ-

ʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʥʝʯʝʪʢʠʭ ʧʦ-

ʢʘʟʘʪʝʣʝʡ. ɺ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠ-

ʯʝʩʢʦʛʦ, ʚʤʝʩʪʦ ʚʝʣʠʯʠʥ ʠʩʪʠʥʘ ʠ ʣʦʞʴ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʚʝʣʠʯʠʥʘ çʩʪʝʧʝʥʴ ʠʩʪʠʥʥʦʩʪʠè, 

ʧʨʠʥʠʤʘʶʱʘʷ ʟʥʘʯʝʥʠʷ ʦʪ 0 ʜʦ 1 ʚʢʣʶʯʠʪʝʣʴʥʦ.  

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʨʝʘʣʠʟʫʝʪʩʷ ʘʜʘʧʪʠʚʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʩʪʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʟʳʚʘʝʤʳʭ ʥʝʡʨʦ-

ʥʘʤʠ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʠʪʠʨʫʝʪ ʧʦʚʝʜʝʥʠʝ ʦʪ-

ʜʝʣʴʥʦʡ ʢʣʝʪʢʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ. ʂʘʞʜʳʡ 

ʥʝʡʨʦʥ ʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʝ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʠ ʩʚʷ-

ʟʘʥ ʩ ʜʨʫʛʠʤʠ ʥʝʡʨʦʥʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʩʝʪʴ ʧʨʝʜʚʘʨʠ-
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ʪʝʣʴʥʦ ʦʙʫʯʘʝʪʩʷ ʩ çʫʯʠʪʝʣʝʤè. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʮʝ-

ʥʠʚʘʝʪ ʧʦʚʝʜʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ ʩʨʘʚʥʠʚʘʝʪ ʧʦ-

ʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʩ ʵʪʘʣʦʥʥʳʤʠ. ʆʙʫ-

ʯʘʶʱʠʡ ʘʣʛʦʨʠʪʤ ʤʦʜʠʬʠʮʠʨʫʝʪ ʦʪʜʝʣʴʥʳʝ 

ʥʝʡʨʦʥʳ ʩʝʪʠ ʠ ʚʝʩʘ ʝʝ ʩʚʷʟʝʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʧʦʚʝʜʝʥʠʝ ʩʝʪʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʵʪʘʣʦʥʥʦʤʫ [7].  

ɼʦʩʪʦʠʥʩʪʚʘ ʥʝʡʨʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ:  

 ʠʩʧʦʣʴʟʫʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʥʘ ʤʥʦ-
ʞʝʩʪʚʝ ʧʨʠʤʝʨʦʚ, ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩʧʦʩʦʙʥʘʷ ʨʝʰʘʪʴ 

ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʳʭ ʥʝʠʟʚʝʩʪʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟ-

ʚʠʪʠʷ ʩʠʪʫʘʮʠʠ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ ʠ 

ʚʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ;  

 ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 
ʠʟʤʝʥʝʥʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ;  

 ʦʙʣʘʜʘʶʪ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʩʚʝʨʭʚʳʩʦʢʠʤ 
ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʩʩʦʚʦʛʦ 

ʧʘʨʘʣʣʝʣʠʟʤʘ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ; 

   ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳ.  

ɿʘʱʠʪʘ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, 

ʧʨʘʚʦʚʳʭ ʠ ʠʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ 

ʣʶʙʳʭ ʧʨʦʪʠʚʦʟʘʢʦʥʥʳʭ ʜʝʡʩʪʚʠʡ ʩ ʮʝʣʴʶ ʥʝʩʘʥʢ-

ʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʝʨʩʦʥʘʣʴʥʳʤ ʜʘʥʥʳʤ, 

ʠʭ ʩʣʫʯʘʡʥʦʛʦ ʫʥʠʯʪʦʞʝʥʠʷ (ʙʣʦʢʠʨʦʚʘʥʠʷ, ʠʟʤʝ-

ʥʝʥʠʷ, ʢʦʧʠʨʦʚʘʥʠʷ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʣʠ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ).  

ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʠ ʚʳʯʠʩʣʝʥʠʷ ʦʮʝʥʦʢ 

ʯʘʩʪʥʦʡ ʤʦʜʝʣʠ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʩ-

ʥʦʚʘʥ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʥʦʨʤʘʪʠʚʥʦ ï ʧʨʘʚʦʚʳʭ 

ʜʦʢʫʤʝʥʪʘʭ. ʊʘʢ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɹʘʟʦʚʦʡ ʤʦʜʝʣʴʶ 

ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʠʭ 

ʦʙʨʘʙʦʪʢʝ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʝʨʩʦʥʘʣʴ-

ʥʳʭ ʜʘʥʥʳʭ, ʫʪʚʝʨʞʜʝʥʥʦʡ ʟʘʤʝʩʪʠʪʝʣʝʤ ʜʠʨʝʢ-

ʪʦʨʘ ʌʉʊʕʂ ʈʦʩʩʠʠ 15.02.2008 ʛ. [4] (ʜʘʣʝʝ ï ɹʘʟʦ-

ʚʘʷ ʤʦʜʝʣʴ), ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʠʩʦʢ ʚʦʟʤʦʞʥʳʭ ʥʘʨʫ-

ʰʠʪʝʣʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʀʉʇɼʥ.  

ʉ ʧʦʤʦʱʴʶ ʄʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʫʘʣʴ-

ʥʳʭ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠ 

ʠʭ ʦʙʨʘʙʦʪʢʝ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ [5] (ʜʘ-

ʣʝʝ ï ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ ʫʛʨʦʟ) ʧʦ 

ʪʝʭʥʠʯʝʩʢʠʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤ ʀʉʇɼʥ ʚʳʯʠʩʣʷʝʪʩʷ ʝʝ ʫʨʦʚʝʥʴ ʠʩʭʦʜʥʦʡ ʟʘ-

ʱʠʱʝʥʥʦʩʪʠ. ɿʘʪʝʤ ʜʣʷ ʢʘʞʜʦʡ ʫʛʨʦʟʳ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʯʘʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ. ʆʧʨʝʜʝʣʠʚ ʫʨʦʚʝʥʴ ʠʩʭʦʜ-

ʥʦʡ ʟʘʱʠʱʝʥʥʦʩʪʠ ʀʉʇɼʥ (ὣ1) ʠ ʯʘʩʪʦʪʫ ʨʝʘʣʠʟʘ-

ʮʠʠ ʢʘʞʜʦʡ ʫʛʨʦʟʳ (ὣ2), ʚʳʯʠʩʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʫʛʨʦʟʳ ʧʦ ʬʦʨʤʫʣʝ:  

ὣ =(ὣ1+ὣ2)/20,  

ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ 

ʫʛʨʦʟʳ. ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʙʦʨ ʠʟ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʛʦ ʧʝʨʝʯʥʷ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʝʭ, ʢʦʪʦʨʳʝ 

ʦʪʥʦʩʷʪʩʷ ʢ ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ ʜʘʥʥʦʡ ʀʉʇɼʥ, ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʄʝʪʦ-

ʜʠʢʝ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ ʫʛʨʦʟ [5].  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʇʦʩʪʘʥʦʚʣʝʥʠʷ ʇʨʘ-

ʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 1 ʥʦʷʙʨʷ 2012 

ʛ. ˉ 1119 "ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʟʘʱʠʪʝ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʠʭ ʦʙʨʘʙʦʪʢʝ ʚ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ" [3] (ʜʘ-

ʣʝʝ ï ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʠʧ ʘʢʪʫʘʣʴʥʦʡ ʫʛʨʦʟʳ, ʧʦʩʣʝ ʯʝʛʦ, ʠʤʝʷ ʜʘʥʥʳʝ ʦ 

ʪʠʧʝ ʀʉʇɼʥ ʠ ʘʢʪʫʘʣʴʥʳʭ ʫʛʨʦʟʘʭ, ʢʘʪʝʛʦʨʠʠ ʠ ʢʦ-

ʣʠʯʝʩʪʚʝ ʩʫʙʲʝʢʪʦʚ, ʬʦʨʤʠʨʫʝʪʩʷ ʫʨʦʚʝʥʴ ʟʘʱʠ-

ʱʝʥʥʦʩʪʠ ʇɼʥ, ʧʨʘʚʠʣʘ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʦʧʠ-

ʩʘʥʳ ʚ ʇʦʩʪʘʥʦʚʣʝʥʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ [3].  

ɼʣ̫ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ 

ʫʨʦʚʥʝʡ ʟʘʱʠʱʝʥʥʦʩʪʠ ʇɼʥ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʬʦʨ-

ʤʠʨʦʚʘʥʥʳʡ ʩʧʠʩʦʢ ʤʝʨ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʣʦʞʝ-

ʥʠʝʤ 1 ʧʨʠʢʘʟʘ ʌʉʊʕʂ ʈʦʩʩʠʠ ʦʪ 18.02.2013 ˉ21 

"ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʩʦʩʪʘʚʘ ʠ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʟʘ-

ʮʠʦʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʠʭ ʦʙʨʘʙʦʪʢʝ 

ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥ-

ʥʳʭ" [2].  

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʝʥ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʩʨʝʜʩʪʚʘ.  

ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʚʦʜʠʪ 

ʥʘʯʘʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ï ʚʭʦʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ï ʚʳʙʠ-

ʨʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʥʘʨʫʰʠʪʝʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʩʪʨʫʢʪʫʨʫ ʀʉʇɼʥ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʡ ʢ 

ʩʝʪʷʤ ʩʚʷʟʠ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ.  

ʇʨʠʤʝʨ ʚʳʙʦʨʦʢ ʠ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʨʝʘʣʠʟʫʶʱʠʡ ʫʢʘʟʘʥʥʫʶ 

ʬʫʥʢʮʠʶ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.  

 

  
ʈʠʩʫʥʦʢ 1. ɺʚʦʜ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʥʘʯʘʣʴʥʳʭ ʩʚʝʜʝʥʠʡ ï ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ  

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘ 

ʦʧʨʝʜʝʣʷʝʪ ʪʠʧʦʚʫʶ ʤʦʜʝʣʴ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʇɼʥ ʠ ʧʝʨʝʯʝʥʴ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʜʘʥʥʦʡ ʤʦ-

ʜʝʣʠ, ʠʩʧʦʣʴʟʫʷ ɹʘʟʦʚʫʶ ʤʦʜʝʣʴ.  

ɼʘʣʝʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʠʨʘʝʪ ʦʩʪʘʣʴʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʀʉʇɼʥ ï ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʦʢʘʟʘ-

ʪʝʣʠ ï ʢʘʪʝʛʦʨʠʷ ʠ ʦʙʲʝʤ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʧʝʨʩʦ-

ʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ ʧʝʨʩʦʥʘʣʴʥʳʭ 
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ʜʘʥʥʳʭ ʠ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʧʨʘʚ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʡ, ʫʩʣʦʚʠʷ ʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʀʉʇɼʥ ʠ ʪ.ʜ.  

ʇʦʩʣʝ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʚʭʦʜ ʜʘʥʥʳʭ, ʧʨʦʛʨʘʤʤʘ 

ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʘʢʪʫʘʣʴʥʳʭ ʫʛʨʦʟ, ʫʨʦʚʝʥʴ ʟʘʱʠ-

ʱʝʥʥʦʩʪʠ ʠ ʤʝʨʳ ʧʦ ʟʘʱʠʪʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʄʝʪʦʜʠʢʝ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ 

ʫʛʨʦʟ ʠ ʇʦʩʪʘʥʦʚʣʝʥʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ. ʇʨʠʤʝʨ ʨʝ-

ʟʫʣʴʪʘʪʘ ʚʳʯʠʩʣʝʥʠʡ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 2.  

 

  
ʈʠʩʫʥʦʢ 2. ʈʝʟʫʣʴʪʘʪ ʧʨʦʛʨʘʤʤʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʠʧʘ ʘʢʪʫʘʣʴʥʳʭ ʫʛʨʦʟ, ʫʨʦʚʝʥʴ ʟʘʱʠʱʝʥʥʦʩʪʠ  

 

ɿʘʢʣʶʯʝʥʠʝ. ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʙʳʣʦ ʨʘʟʨʘʙʦ-

ʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʯʘʩʪ-

ʥʦʡ ʤʦʜʝʣʠ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥ-

ʥʳʭ. ɺʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘ-

ʶʪʩʷ ʤʝʪʦʜʘʤʠ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. ɸʜʘʧʪʠʚʥʦʩʪʴ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʨʝʘʣʠʟʫʝʪʩʷ ʥʝʡʨʦʩʝʪʝ-

ʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ï ʤʝʪʦʜʦʤ ʦʙʫʯʝʥʠʷ ʩ çʫʯʠʪʝ-

ʣʝʤè.  

ʇʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ, ʟʘ-

ʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʘʢʪʫʘʣʴʥʳʭ ʫʛʨʦʟ 

ʠ ʫʨʦʚʥʷ ʟʘʱʠʱʝʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥ-

ʥʳʭ.  
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ʂʫʙʳʰʢʠʥʘ ɸʥʥʘ ɸʣʝʢʩʝʝʚʥʘ 

ʩʪʫʜʝʥʪ ʤʘʛʠʩʪʨʘʪʫʨʳ 

ʂʘʟʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 
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THE USE OF THE CONDENSING HEAT EXCHANGER FOR DEEP COOLING OF EXHAUST 

GASES ON THE EXAMPLE OF THE POWER BOILER PK -47 ZAINSKAYA GRES 

 

ɸʥʥʦʪʘʮʠʷ. 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʫʩʪʘʥʦʚʢʠ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʛʦ ʪʝʧʣʦʫʪʠʣʠʟʘʪʦʨʘ ʧʦʚʝʨʭʥʦʩʪ-

ʥʦʛʦ ʪʠʧʘ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ ʇʂ-47. ʊʘʢ ʞʝ ʧʨʠʚʝʜʝʥʳ 

ʩʭʝʤʘ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʛʦ ʪʝʧʣʦʫʪʠʣʠʟʘʪʦʨʘ ʪʠʧʘ ʂʉʢ ï 4 ʠ ʨʘʩʯʝʪʳ, ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ 

ʇʂ-47. 

Abstract. 

The article is devoted to the study of the influence of the condensation heat exchanger of the surface type on 

the cooling efficiency of the exhaust gases of the steam boiler PK-47. The scheme of the condensation heat ex-

changer type KSK ï 4 and calculations, taking into account the data of the steam boiler PK-47. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʫʪʠʣʠʟʘʪʦʨ, ʫʭʦʜʷʱʠʝ ʛʘʟʳ, ʧʘʨʦʚʦʡ ʢʦʪʝʣ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

Keywords: heat exchanger, exhaust gases, steam boiler, efficiency. 

 

ɼʣʷ ʛʣʫʙʦʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʛʘʟʦʚ ʥʘ ʧʨʘʢʪʠʢʝ 

ʠʩʧʦʣʴʟʫʶʪ ʪʝʧʣʦʦʙʤʝʥʥʳʝ ʘʧʧʘʨʘʪʳ ʢʦʥʪʘʢʪʥʦʛʦ 

ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪ ʢʦʥ-

ʜʝʥʩʘʮʠʦʥʥʳʤʠ ʪʝʧʣʦʫʪʠʣʠʟʘʪʦʨʘʤʠ (ʂʊ). ʂʊ ʧʦʟ-

ʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʦʭʣʘʞʜʝʥʠʝ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ 

ʥʠʞʫ ʪʦʯʢʠ ʨʦʩʳ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʢʨʳʪʫʶ ʪʝʧʣʦʪʫ ʢʦʥʜʝʥʩʘʮʠʠ ʯʘʩʪʠ ʩʦʜʝʨʞʘ-

ʱʠʭʩʷ ʚ ʛʘʟʘʭ ʚʦʜʷʥʳʭ ʧʘʨʦʚ. ʂʦʥʜʝʥʩʘʪ ʚʦʜʷʥʳʭ 

ʧʘʨʦʚ ʠʟ ʛʘʟʦʚ ʧʦʩʣʝ ʜʝʛʘʟʘʮʠʠ (ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦ-

ʨʝʥʥʳʭ ʚ ʥʝʤ CO2 ʠ O2), ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘ-

ʯʝʩʪʚʝ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ ʢʦʪʣʦʚ ʠ (ʠʣʠ) ʧʦʜʧʠʪʦʯ-

ʥʦʡ ʚʦʜʳ ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 

ʆʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʠʝ ʂʊ ʧʨʠ 

ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, 

ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʠʭ 

ʚʦʜʷʥʳʭ ʧʘʨʦʚ (ʙʦʣʝʝ 20% ʧʦ ʦʙʲʝʤʫ ʧʨʠ ʢʦʵʬʬʠ-

ʮʠʝʥʪʝ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ Ŭ=1,0) ʠ ʚʳʩʦʢʠʤ ʢʘʯʝ-

ʩʪʚʦʤ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʠʟ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʢʦʥ-

ʜʝʥʩʘʪʘ ʚʦʜʷʥʳʭ ʧʘʨʦʚ (ʦʙʝʩʩʦʣʝʥʥʦʡ ʚʦʜʳ), ʢʦʪʦ-

ʨʳʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʯʥʦʡ 

ʚʦʜʳ ʥʘ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʢʦʥʜʝʥʩʘʪʘ ʚʦ-

ʜʷʥʳʭ ʧʘʨʦʚ ʚ ʩʠʩʪʝʤʝ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʦʢʨʘʪʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʭʠʤ-

ʚʦʜʦʦʯʠʩʪʢʠ, ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʨʠ ʫʚʣʘʞʥʝ-

ʥʠʠ ʜʫʪʴʝʚʦʛʦ ʚʦʟʜʫʭʘ ʠ ʚʦʦʙʱʝ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʨʠ-

ʤʝʥʝʥʠʷ ʚʦʜʦʫʤʷʛʯʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. ɺʘʞʥʳʤ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʛʣʫʙʦʢʦʤ 

ʦʭʣʘʞʜʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʘ-

ʩʪʠʯʥʘʷ ʦʯʠʩʪʢʘ ʛʘʟʦʚ ʦʪ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʠ ʜʨʫʛʠʭ 

ʧʨʠʤʝʩʝʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʟʜʘʥʠʝ ʢʦʤ-

ʧʘʢʪʥʳʭ ʚʳʩʦʢʦʦʨʝʙʨʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ 

ʩʜʝʣʘʣʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʧʨʠʤʝʥʝʥʠʝ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʥʠʞʝ ʪʦʯʢʠ 

ʨʦʩʳ. 
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ʈʠʩ.1. ʉʭʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʛʦ  

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ: 

1 ï ʪʝʧʣʦʫʪʠʣʠʟʘʪʦʨ, 2 ï ʩʝʪʯʘʪʳʡ ʬʠʣʴʪʨ, 3 ï ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʢʣʘʧʘʥ, 

4 ï ʢʘʧʣʝʫʣʦʚʠʪʝʣʴ,5 ï ʛʠʜʨʦʧʥʝʚʤʘʪʠʯʝʩʢʦʝ ʦʙʜʫʚʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. 

 

ʅʘ ɿʘʠʥʩʢʦʡ ɻʈʕʉ ʫʩʪʘʥʦʚʣʝʥʦ ʜʚʝʥʘʜʮʘʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʜʚʫʭʢʦʨʧʫʩʥʳʭ ʢʦʪʣʦʚ ʪʠʧʘ ʇʂ-47, 

ʟʘ ʢʘʞʜʳʤ ʠʟ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ ʜʚʘ ʚʨʘʱʘʶ-

ʱʠʭʩʷ ʨʝʛʝʥʝʨʘʪʠʚʥʳʭ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʪʠʧʘ 

ʈɺʇ-1. ʂʦʪʣʳ ʇʂ-47 ʨʘʙʦʪʘʶʪ ʧʦʜ ʥʘʜʜʫʚʦʤ. ʆʩ-

ʥʦʚʥʳʤ ʪʦʧʣʠʚʦʤ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʡ ʛʘʟ. ʇʨʝʜʣʦ-

ʞʝʥʦ ʟʘ ʢʦʪʣʦʤ ʇʂ-47 ɿʘʠʥʩʢʦʡ ɻʈʕʉ ʫʩʪʘʥʦʚʠʪʴ 

ʂʊ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʠʧʘ ʜʣʷ ʥʘʛʨʝʚʘ ʠʩʭʦʜʥʦʡ 

ʚʦʜʳ ʧʝʨʝʜ ʧʦʜʘʯʝʡ ʝʝ ʥʘ ʭʠʤʚʦʜʦʦʯʠʩʪʢʫ ʠ ʧʦʣʫ-

ʯʝʥʠʷ ʢʦʥʜʝʥʩʘʪʘ ʚʦʜʷʥʳʭ ʧʘʨʦʚ ʠʟ ʫʭʦʜʷʱʠʭ ʛʘ-

ʟʦʚ. ʂʦʥʜʝʥʩʘʪ ʚʦʜʷʥʳʭ ʧʘʨʦʚ ʠʟ ʛʘʟʦʚ, ʧʦʣʫʯʝʥ-

ʥʳʡ ʚ ʂʊ, ʧʦʩʣʝ ʜʝʛʘʟʘʮʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʧʠʪʦʯʥʦʡ ʚʦʜʳ ʪʝʧʣʦʩʝʪʠ.  

ɼʘʣʝʝ ʧʨʠʚʦʜʠʪʩʷ ʪʝʧʣʦʚʦʡ ʨʘʩʯʝʪ ʢʦʥʜʝʥʩʘ-

ʮʠʦʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʟʘ ʢʦʪ-

ʣʦʤ ʇʂ-47. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʪʝʧʣʦ-

ʫʪʠʣʠʟʘʪʦʨʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʪʨʫʙʢʘ 

ʢʘʣʦʨʠʬʝʨʘ ʪʠʧʘ ʂʉʢ, ʚʥʫʪʨʝʥʥʠʡ ʩʣʦʡ ʢʦʪʦʨʦʡ 

ʩʪʘʣʴʥʦʡ, ʘ ʥʘʨʫʞʥʳʡ ï ʘʣʶʤʠʥʠʝʚʳʡ ʩ ʥʘʢʘʪʘʥ-

ʥʳʤ ʦʨʝʙʨʝʥʠʝʤ.  

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʯʝʪʘ ʂʊ ʟʘ ʢʦʪʣʦʤ ʇʂ-47 ɿʘʠʥʩʢʦʡ ɻʈʕʉ: ʩʦʩʪʘʚ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʪʦʧʣʠʚʘ ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ; ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ʢʦʪʝʣ B= ʤ3/ʩ; ʧʘʨʦʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ ʢʦʪʣʘ Dʧʝ=320 ʪ/ʯ; ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚ 

ʥʘ ʚʭʦʜʝ ʚ ʂʊ ὸ̖̔=135Áʉ, ʥʘ ʚʳʭʦʜʝ ʠʟ ʂʊ ὸ̔=̖40Áʉ; 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ ʚ ʫʭʦʜʷʱʠʭ ʛʘʟʘʭ ʟʘ 

ʈɺʇ (ʧʝʨʝʜ ʂʊ) Ŭʫʭ=1,3; ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘʝʤʦʡ 

ʚʦʜʳ ʥʘ ʚʭʦʜʝ ʚ ʂʊ ὸ̃=5Áʉ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʥʝʛʦ 
ὸ̃=35Áʉ, ʚʳʩʰʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ 

ὗ̃̒=35,19 ʄɼʞ/ʤ3; ʩʢʦʨʦʩʪʴ ʛʘʟʦʚ ʚ ʂʊ 5 ʤ/ʩ; ʩʢʦ-

ʨʦʩʪʴ ʚʦʜʳ ʚ ʨʘʙʦʯʠʭ ʪʨʫʙʢʘʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ 2,5 

ʤ/ʩ; ʜʦʣʷ ʧʝʨʝʧʫʩʢʘʝʤʳʭ ʧʦ ʙʘʡʧʘʩʫ ʛʘʟʦʚ ŭ=0,5. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ ʛʣʫʙʦʢʦʛʦ ʦʭʣʘʞʜʝ-

ʥʠʷ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʠʭ ʢʦ-

ʣʠʯʝʩʪʚʘ ʚʩʣʝʜʩʪʚʠʝ ʢʦʥʜʝʥʩʘʮʠʠ ʯʘʩʪʠ ʚʦʜʷʥʳʭ 

ʧʘʨʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʨʘʩʩʯʠʪʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ ʧʨʦʜʫʢʪʦʚ 

ʩʛʦʨʘʥʠʷ ʢʦʥʜʝʥʩʘʪʘ ʧʨʠ ʠʭ ʦʭʣʘʞʜʝʥʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʢʦʥʜʝʥʩʘʮʠʦʥ-

ʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʝʧʣʦʫʪʠʣʠʟʘʪʦʨʘ ʟʘ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʤ ʢʦʪʣʦʤ ʇʂ-4 ɿʘʠʥʩʢʦʡ ɻʈʕʉ ʙʳʣʠ ʦʧʨʝ-

ʜʝʣʝʥʳ ʦʙʲʝʤ ʚʣʘʞʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ Vɻ 

=13,372 ʤ3ʧʨ.ʩʛ./ ʤ3ʛʘʟʘ; ʨʘʩʭʦʜ ʛʘʟʦʚ ʯʝʨʝʟ ʂʊ Vʫʭ 

=216809 ʤ3/ʯ; ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʛʘʟʦʚ ʥʘ ʚʭʦʜʝ ʚ 

ʪʝʧʣʦʫʪʠʣʠʟʘʪʦʨ ὢ̔  ̖=0,115 ʢʛ/ʢʛ ʩ.ʛ. ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʥʝʛʦ ὢ̔  ̖=0,0465 ʢʛ/ʢʛ ʩ.ʛ.; ʪʦʯʢʘ ʨʦʩʳ ʛʘʟʦʚ ʥʘ 

ʚʭʦʜʝ ʚ ʂʊ ὸȢ̔  ̖=54,6Áʉ; ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʂʊ Qʂʊ =18,41 ʄɺʪ (15832463,4 ʢʢʘʣ/ʯ); ʨʘʩʭʦʜ ʧʦ-

ʜʦʛʨʝʚʘʝʤʦʡ ʚʦʜʳ Gʚ =517,193 ʪ/ʯ; ʪʝʤʧʝʨʘʪʫʨʘ, 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʠ ʪʦʯʢʘ ʨʦʩʳ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ, ʧʦ-

ʜʘʚʘʝʤʳʭ ʚ ʜʳʤʦʚʫʶ ʪʨʫʙʫ: tʫʭ =87,5Áʉ, Xʫʭ 

=0,08075 ʢʛ/ʢʛ ʩ.ʛ. ʠ tʨ.ʫʭ =48,9Áʉ; ʧʦʚʳʰʝʥʠʝ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʢʦʪʣʘ ȹɖʢ =8,12% 

ʟʘ ʩʯʝʪ ʫʩʪʘʥʦʚʢʠ ʂʊ; ʨʘʩʭʦʜ ʢʦʥʜʝʥʩʘʪʘ ʚʦʜʷʥʳʭ 

ʧʘʨʦʚ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʠʟ ʛʘʟʦʚ ʚ ʂʊ Gʢ =15,626 ʪ/ʯ; 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ kʂʊ =62 ɺʪ/(ʤ2Āʂ), ʧʨʠ 

ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʢ 

ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʛʦ ʪʝʧʣʦʦʙ-

ʤʝʥʥʠʢʘ Ŭʛ =70,458 ɺʪ/(ʤ2Āʂ), ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧ-

ʣʦʦʪʜʘʯʠ ʦʪ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʥʘʛʨʝʚʘʝ-

ʤʦʡ ʚʦʜʝ Ŭʚ =10455 ɺʪ/(ʤ2Āʂ); ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʧʣʦʦʙ-

ʤʝʥʘ Fʢʪ =3600 ʤ2.  

ʊʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʂʊ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ 

ʧʨʠʙʣʠʞʝʥʥʦʡ ʬʦʨʤʫʣʝ ʀ.ɿ. ɸʨʦʥʦʚʘ. ɺʝʣʠʯʠʥʳ 

ὢ̔  ̖ʠ ὢ̔  ̖ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʧʨʠʙʣʠʞʝʥʥʳʤ ʬʦʨʤʫ-

ʣʘʤ ʃ.ɻ. ʉʝʤʝʥʶʢʘ. 

ʆʩʥʦʚʦʡ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʷʚʣʷʶʪʩʷ ʨʝ-

ʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʡ ʵʥʝʨʛʦʢʦʪʣʦʚ ʇʂ-47 ɿʘʠʥ-

ʩʢʦʡ ɻʈʕʉ ʠ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʢʦʥʜʝʥʩʘʮʠʦʥ-

ʥʦʛʦ ʪʝʧʣʦʫʪʠʣʠʟʘʪʦʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʠʧʘ, ʚʳ-

ʧʦʣʥʝʥʥʦʛʦ ʥʘ ʙʘʟʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʣʦʨʠʬʝʨʘ 
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ʂʉʢ-4-11 ʠ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʟʘ ʢʦʪʣʦʤ ɼɽ-10-14 ɻʄ 

ʩʪ. ˉ 2 ʋʣʴʷʥʦʚʩʢʦʡ ʊʕʎ-3. ʇʨʦʠʟʚʝʜʝʥʘ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘ-

ʥʠʡ ʪʝʧʣʦʫʪʠʣʠʟʘʪʦʨʘ, ʧʦʣʫʯʝʥʦ ʢʨʠʪʝʨʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʜʝʥʩʘʮʠʠ 

ʚʦʜʷʥʳʭ ʧʘʨʦʚ ʠʟ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ. ʋʨʘʚʥʝʥʠʝ 

ʩʦʜʝʨʞʠʪ ʢʨʠʪʝʨʠʡ ʦʨʦʰʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘ-

ʥʘʚʣʠʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 

ʦʪ ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥ-

ʥʠʢʘ ʢʦʥʜʝʥʩʘʪʦʤ ʚʦʜʷʥʳʭ ʧʘʨʦʚ ʠʟ ʧʨʦʜʫʢʪʦʚ ʩʛʦ-

ʨʘʥʠʷ, ʩʚʷʟʘʥʥʦʡ ʩʦ ʩʪʝʧʝʥʴʶ ʦʭʣʘʞʜʝʥʠʷ ʛʘʟʦʚ ʚ 

ʂʊ. 

ɸʥʘʣʠʟ ʨʘʙʦʪʳ ʢʦʪʣʘ ɼɽ-10-14 ɻʄ ʋʣʴʷʥʦʚ-

ʩʢʦʡ ʊʕʎ-3 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʧʘ-

ʨʦʚʦʡ ʥʘʛʨʫʟʢʝ 10 ʪ/ʯ ʨʘʩʭʦʜ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʩʦ-

ʩʪʘʚʣʷʝʪ 725 ʤ3/ʯ. ɺʥʝʜʨʝʥʠʝ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʛʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʝʧʣʦʫʪʠʣʠʟʘʪʦʨʘ ʥʘ ʧʘʨʦʚʦʤ 

ʢʦʪʣʝ ʩʪ. ˉ 2 ʋʣʴʷʥʦʚʩʢʦʡ ʊʕʎ-3 ʧʦʟʚʦʣʠʣʦ ʧʦʚʳ-

ʩʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʢʦʪʣʘ ʚ 

ʩʨʝʜʥʝʤ ʥʘ 7 ï 8% ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʥʠʟʠʪʴ ʩʦʜʝʨ-

ʞʘʥʠʝ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚ ʫʭʦʜʷʱʠʭ ʛʘʟʘʭ ʥʘ 27 ï 29%. 

ɸʙʩʦʣʶʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʜʝʥʩʘʪʘ ʚʦʜʷʥʳʭ ʧʘʨʦʚ 

ʠʟ ʫʭʦʜʷʱʠʭ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʩʦʩʪʘʚʠʣʦ 0,462 

ʤ3/ʯ (ʧʨʠ ŭ=0,2). ʉʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʦʚ 

ʘʟʦʪʘ ʚ ʫʭʦʜʷʱʠʭ ʧʨʦʜʫʢʪʘʭ ʩʛʦʨʘʥʠʷ ʧʨʦʠʟʦʰʣʦ ʟʘ 

ʩʯʝʪ ʠʭ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʢʦʥʜʝʥʩʘʪʝ ʚʦʜʷʥʳʭ ʧʘʨʦʚ, 

ʚʳʜʝʣʠʚʰʝʤʩʷ ʠʟ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʧʨʠ ʠʭ ʦʭʣʘ-

ʞʜʝʥʠʠ ʥʠʞʝ ʪʦʯʢʠ ʨʦʩʳ, ʨʘʚʥʦʡ 55,3Áʉ ʧʨʠ 

Ŭʫʭ=1,25. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʡ ʪʝʧʣʦ-

ʫʪʠʣʠʟʘʪʦʨ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʤ, 

ʥʦ ʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʪʝʧʝʥʠ ʛʘʟʦʫʣʦʚʠʪʝʣʝʤ. ʇʨʠ 

ʵʪʦʤ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʦʪ ʦʢʩʠ-

ʜʦʚ ʘʟʦʪʘ ʧʦʚʳʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʥʜʝʥʩʘʪʘ ʚʦʜʷʥʳʭ ʧʘʨʦʚ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʠʟ ʫʭʦ-

ʜʷʱʠʭ ʛʘʟʦʚ. 

ʇʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʟʘ ʩʯʝʪ ʫʩʪʘʥʦʚʢʠ ʂʊ ʟʘ ʧʘʨʦʚʳʤ ʢʦʪʣʦʤ ʇʂ-

47 ɿʘʠʥʩʢʦʡ ɻʈʕʉ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʯʠʪʳʚʘʣʘʩʴ ʵʢʦʥʦʤʠʷ ʪʝʧʣʦ-

ʚʦʡ ʵʥʝʨʛʠʠ ʠ ʭʠʤʠʯʝʩʢʠ ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ (ʢʦʥʜʝʥ-

ʩʘʪʘ ʚʦʜʷʥʳʭ ʧʘʨʦʚ ʠʟ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ). 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥ-

ʜʝʥʩʘʪʘ ʚʦʜʷʥʳʭ ʧʘʨʦʚ ʠʟ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ ʩʠʩʪʝʤʝ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ɻʈʕʉ 

 

Qʂ =15262Ā(40-5)Ā4,187Ā0,278Ā10-6=0,637 ʄɺʪ. 

 

ʉʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʪʠʣʠʟʠʨʫʝʤʦʡ ʪʝʧ-

ʣʦʪʳ 

 

Qʉ = Qʂʊ + Qʂ =18,41+0,637=19,047 ʄɺʪ. 

 

ʉʪʦʠʤʦʩʪʴ ʩʵʢʦʥʦʤʣʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 

ʕʊ = Qʉ Āeʊ =19,047Ā521,7/1,163=8544,13 ʨʫʙ/ʯ, 

ʛʜʝ eʊ ï ʩʝʙʝʩʪʦʠʤʦʩʪʴ 1 ɻʢʘʣ ʪʝʧʣʦʪʳ. 

ʉʪʦʠʤʦʩʪʴ ʩʵʢʦʥʦʤʣʝʥʥʦʡ ʭʠʤʠʯʝʩʢʠ ʦʯʠ-

ʱʝʥʥʦʡ ʚʦʜʳ 

 

ʕʭ.ʚ.= GʢĀ eʭ.ʚ.=15,626Ā31,5=492,22 ʨʫʙ/ʯ, 

 

ʛʜʝ eʭ.ʚ ï ʩʝʙʝʩʪʦʠʤʦʩʪʴ 1 ʪ ʭʠʤʠʯʝʩʢʠ ʦʯʠʱʝʥ-

ʥʦʡ ʚʦʜʳ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ 

ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʛʦ ʪʝʧʣʦʫʪʠʣʠʟʘʪʦʨʘ ʧʨʠ ʯʠʩʣʝ ʯʘ-

ʩʦʚ ʨʘʙʦʪʳ ʢʦʪʣʘ ʇʂ-47 5000 ʯ/ʛʦʜ 

 

˪̋ ̓
̄̏̅
=(8544,13+492,22) Ā5000Ā10-6 =45,181 

ʤʣʥ.ʨʫʙ/ʛʦʜ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ï ʨʝʟʫʣʴʪʘʪ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʟʘʪʨʘʪʘʤʠ ʪʨʫʜʘ, 

ʨʝʩʫʨʩʘʤʠ, ʚʳʨʘʞʘʶʱʠʤʠ ʫʨʦʚʝʥʴ ʠ ʩʪʝʧʝʥʴ ʠʭ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ. 

ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʥʠʞʘʝʪʩʷ ʦʙʱʠʡ 

ʨʘʩʭʦʜ ʭʠʤʠʯʝʩʢʠ ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ, ʪʝʤ ʩʘʤʳʤ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. 
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RANDOM NUMBERS AS THE BASIS OF MODERN CRYPTOGRAPHY  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ ʩʣʫʯʘʡʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʯʠʩʝʣ ʠʤʝʝʪ ʦʩʦʙʫʶ ʨʦʣʴ. ʇʨʦʙʣʝʤʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʠʤʝʥʥʦ ʚ ʠʩʪʠʥʥʦʡ ʩʣʫʯʘʡʥʦʩʪʠ ʪʘʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʉʪʦʡʢʦʩʪʴ ʣʶʙʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʰʠʬʨʦʚʘʥʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʪʦʯʥʝʝ ʦʪ ʠʭ 

ʩʪʝʧʝʥʠ ʩʣʫʯʘʡʥʦʩʪʠ. ʅʘ ʪʝʢʫʱʝʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʩʦʟʜʘʪʴ ʧʦ-ʥʘʩʪʦʷʱʝʤʫ 

ʩʣʫʯʘʡʥʦʝ ʯʠʩʣʦ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ ʥʝʣʴʟʷ ʥʝʜʦʦʮʝʥʠʚʘʪʴ ʚʘʞʥʦʩʪʴ ʢʘʯʝʩʪʚʘ ʛʝʥʝʨʘʪʦʨʘ ʩʣʫʯʘʡʥʳʭ 

ʯʠʩʝʣ. 

Abstract. 

In modern cryptography, a random sequence of numbers has a special role. The problem is in the true ran-

domness of such a sequence. The strength of any encryption algorithm directly depends on the formation of random 

numbers and sequences, precisely on their degree of randomness. At the current stage of development of computing 

technology, itôs impossible to create a truly random number. Therefore, we should not underestimate the im-

portance of the quality of the random number generator. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʝʥʝʨʘʪʦʨ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʢʨʠʧʪʦʛʨʘʬʠʷ, ʩʣʫʯʘʡʥʦʝ ʯʠʩʣʦ, ʢʚʘʥʪʦʚʳʡ ʛʝʥʝʨʘʪʦʨ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʩʠʥʭʨʦʧʦʩʳʣʢʘ, ʰʠʬʨʦʚʘʥʠʝ. 

Keywords: Random number generator, cryptography, random number, quantum random number generator, 

sync, encryption. 

 

ʂʨʠʧʪʦʛʨʘʬʠʷ ï ʵʪʦ ʥʘʫʢʘ ʦʙ ʦʙʝʩʧʝʯʝʥʠʠ ʟʘ-

ʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ 

ʘʣʛʦʨʠʪʤʦʚ ʰʠʬʨʦʚʘʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʳʡ ʘʣ-

ʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ ʩʦʜʝʨʞʠʪ ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʠʥ 

ʧʘʨʘʤʝʪʨ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ çʩʣʫʯʘʡʥʦʝ ʯʠʩʣʦè. 

ɺʦʟʴʤʸʤ, ʥʘʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦ-ʮʠʬʨʦʚʳʭ ʧʦʜʧʠʩʝʡ. ʕʣʝʢʪʨʦʥʥʘʷ ʧʦʜ-

ʧʠʩʴ (ʕʇ) - ʮʠʬʨʦʚʦʡ ʘʥʘʣʦʛ ʨʫʯʥʦʡ ʧʦʜʧʠʩʠ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ ʠ 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʜʦʢʫʤʝʥʪʘ. ɺ ʥʝʡ ʠʩʧʦʣʴʟʫʶʪ ʩʣʫ-

ʯʘʡʥʳʝ ʯʠʩʣʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʶʯʝʡ. ʇʨʠʯʸʤ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʪʠʤ ʯʠʩʣʘʤ ʢʨʘʡʥʝ ʩʪʨʦʛʠʝ, ʚʝʜʴ ʦʪ 

ʠʭ ʚʳʧʦʣʥʝʥʠʷ ʟʘʚʠʩʠʪ ʢʨʠʧʪʦʩʪʦʡʢʦʩʪʴ ʚʩʝʡ ʩʠ-

ʩʪʝʤʳ ʰʠʬʨʦʚʘʥʠʷ. [1] 

ɽʩʣʠ ʤʳ ʥʝ ʙʫʜʝʤ ʤʝʥʷʪʴ ʥʠʯʝʛʦ ʚ ʘʣʛʦʨʠʪʤʝ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʪʦ ʰʠʬʨ ʙʫʜʝʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ. 

ʕʪʦ, ʢʦʥʝʯʥʦ, ʥʝ ʦʙʝʩʧʝʯʠʪ ʜʦʣʞʥʫʶ ʢʦʥʬʠʜʝʥʮʠ-

ʘʣʴʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʚʚʦʜʷʪʩʷ, ʥʘʧʨʠʤʝʨ, ʩʣʫʯʘʡʥʳʝ 

ʩʠʥʭʨʦʧʦʩʳʣʢʠ ʧʨʠ ʚʭʦʞʜʝʥʠʠ ʚ ʩʚʷʟʴ. ʀʟʚʝʩʪʝʥ 

ʩʧʦʩʦʙ, ʧʦʟʚʦʣʷʶʱʠʡ ʬʦʨʤʠʨʦʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ 

ʩʠʥʭʨʦʧʦʩʳʣʢʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ 

ʩʠʩʪʝʤʘʭ ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʜʦʩʪʫʧʦʤ ʥʘ ʦʩʥʦʚʝ 

ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ. ɺ ʵʪʦʤ ʩʧʦʩʦʙʝ ʫʥʠʢʘʣʴ-

ʥʳʝ ʩʠʥʭʨʦʧʦʩʳʣʢʠ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʣʫ-

ʯʘʡʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʨʘʩʩʳʣʘʝʤʦʛʦ ʮʝʥʪʨʘʣʴʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʠ ʘʜʨʝʩʘ ʘʙʦʥʝʥʪʘ, ʦʩʫ-

ʱʝʩʪʚʣʷʶʱʝʛʦ ʧʝʨʝʜʘʯʫ ʟʘʱʠʱʝʥʥʳʭ ʜʘʥʥʳʭ. ʂʘʢ 

ʥʝʜʦʩʪʘʪʦʢ ʫʢʘʟʘʥʥʦʛʦ ʩʧʦʩʦʙʘ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʚʷʟʳʚʘʥʠʷ ʨʘʥʝʝ ʧʨʝʜʘʥʥʳʭ ʜʘʥ-

ʥʳʭ ʧʫʪʝʤ ʥʘʚʷʟʳʚʘʥʠʷ ʘʙʦʥʝʥʪʘʤ ʩʠʩʪʝʤʳ ʨʘʩʩʳ-

ʣʘʝʤʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ 

ʙʫʜʝʪ ʥʘʨʫʰʝʥʦ ʪʨʝʙʦʚʘʥʠʝ ʫʥʠʢʘʣʴʥʦʩʪʠ ʠʩʧʦʣʴ-

ʟʫʝʤʳʭ ʩʠʥʭʨʦʧʦʩʳʣʦʢ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʣʛʦ-

ʨʠʪʤʘ. [2] 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʦʪʢʨʳʪʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶ-

ʯʝʡ, ʟʜʝʩʴ ʪʘʢʞʝ ʜʦʣʞʥʳ ʙʳʪʴ ʭʦʨʦʰʠʝ ʩʣʫʯʘʡʥʳʝ 

ʯʠʩʣʘ, ʢʦʪʦʨʳʝ ʧʨʦʪʠʚʥʠʢ ʥʠʢʘʢ ʥʝ ʩʤʦʞʝʪ ʧʨʝʜ-

ʩʢʘʟʘʪʴ. ɽʩʣʠ ʛʝʥʝʨʘʪʦʨ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʢʘʢʠʤ-ʪʦ 

ʦʙʨʘʟʦʤ ʩʪʘʥʝʪ ʠʟʚʝʩʪʝʥ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ, ʪʦ ʚʩʝ 

ʵʪʠ ʢʣʶʯʠ ʧʝʨʝʩʪʘʥʫʪ ʙʳʪʴ ʩʝʢʨʝʪʥʳʤʠ, ʪ.ʝ. ʦʥʠ 

ʧʦʪʝʨʷʶʪ ʩʤʳʩʣ. 

ʉʣʫʯʘʡʥʳʝ ʯʠʩʣʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʪʦʢʦʣʘʭ 

ʧʝʨʝʜʘʯʠ ʢʣʶʯʝʡ. ɺ ʪʦʤ ʯʠʩʣʝ ʚ ʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦ-

ʛʨʘʬʠʠ ʧʦ ʢʚʘʥʪʦʚʳʤ ʢʘʥʘʣʘʤ ʛʝʥʝʨʘʪʦʨ ʩʣʫʯʘʡ-

ʥʳʭ ʯʠʩʝʣ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʩʪʦʡʢʦʩʪʠ ʢʣʶʯʝʡ ʚ 

ʢʨʠʧʪʦʛʨʘʬʠʠ.  

ʄʦʞʥʦ ʥʘʡʪʠ ʝʱʸ ʧʨʠʤʝʥʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ ʩʣʫ-

ʯʘʡʥʳʭ ʯʠʩʝʣ. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʰʫʤʦ-

ʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʉʫʱʝʩʪʚʫʶʪ ʧʦʥʷʪʠʷ ʟʘ-

ʰʫʤʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʘʢʫʩʪʠʯʝʩʢʠʭ 
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ʢʘʥʘʣʦʚ, ʦʥʠ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʢʫʶ ʭʘʦʪʠʯʝ-

ʩʢʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʠ 

ʩʪʨʦʠʪʩʷ ʩʘʤʦ ʟʘʰʫʤʣʝʥʠʝ. ʕʪʠ ʛʝʥʝʨʘʪʦʨʳ ʦʙʷʟʘ-

ʪʝʣʴʥʦ ʜʦʣʞʥʳ ʠʤʝʪʴ ʚ ʦʩʥʦʚʝ ʩʣʫʯʘʡʥʦʩʪʴ.  

ɸʧʧʘʨʘʪ ʠʩʪʠʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ð ʵʪʦ 

ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʛʝʥʝʨʠʨʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʷ ʭʘʦʪʠ-

ʯʝʩʢʠ ʠʟʤʝʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʪʝʢʘʶʱʝʛʦ ʬʠ-

ʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʅʫʞʥʦ ʦʪʣʠʯʘʪʴ ʠʩʪʠʥʥʳʡ ʛʝʥʝʨʘʪʦʨ ʩʣʫʯʘʡ-

ʥʳʭ ʯʠʩʝʣ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. 

ɻʝʥʝʨʘʪʦʨ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ð ʵʪʦ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʴ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʯʠʩʝʣ. ʀʩʧʦʣʴʟʦ-

ʚʘʪʴ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʯʠʩʣʘ ʨʠʩʢʦʚʘʥʥʦ ʜʣʷ ʢʨʠʧ-

ʪʦʛʨʘʬʠʠ. 

ɺ ʦʩʥʦʚʝ ʛʝʥʝʨʘʪʦʨʘ ʠʩʪʠʥʥʦ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ 

ʣʝʞʘʪ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʙʳʚʘʶʪ 

ʨʘʟʥʳʝ. ʇʦʥʷʪʠʝ ʠʩʪʠʥʥʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʠʤʝʝʪ ʙʦʣʝʝ ʬʠʣʦʩʦʬʩʢʠʡ ʩʤʳʩʣ. ʉʫʱʝʩʪʚʫʶʪ 

ʙʣʠʟʢʠʝ ʢ ʩʣʫʯʘʡʥʦʩʪʠ ʧʨʦʮʝʩʩʳ, ʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʜʦʢʘʟʘʪʴ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ. ɼʘʞʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ 

ʩʚʷʟʘʥʳ ʩ ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʦʡ ʥʝ ʷʚʣʷʝʪʩʷ ʩʪʦʧʨʦ-

ʮʝʥʪʥʦ ʜʦʢʘʟʘʥʥʳʤʠ ʩʣʫʯʘʡʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʥʘʤ 

ʧʨʠʭʦʜʠʪʩʷ ʚʝʨʠʪʴ ʚ ʪʦ, ʯʪʦ ʚ ʢʚʘʥʪʦʚʳʭ ʷʚʣʝʥʠʷʭ 

ʩʣʫʯʘʡʥʦʩʪʴ ʟʘʣʦʞʝʥʘ ʚ ʩʘʤʦʡ ʧʨʠʨʦʜʝ.  

ɺʩʝ ʵʪʠ ʩʣʫʯʘʡʥʳʝ ʧʨʦʮʝʩʩʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ 2 ʢʘʪʝʛʦʨʠʠ. ʊʝ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʬʠʟʠʢʦʡ ʠ ʪʝ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʢʚʘʥʪʦʚʦʡ. ʂʣʘʩ-

ʩʠʯʝʩʢʘʷ ʬʠʟʠʢʘ ʦʧʠʩʳʚʘʝʪ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʠ-

ʩʪʝʤʳ. ɸ ʢʚʘʥʪʦʚʘʷ ï ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 

ɽʩʪʴ ʤʥʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʢʚʘʥʪʦʚʳʡ ʛʝʥʝʨʘʪʦʨ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʵʪʦ ʙʦʣʝʝ ʧʨʘʚʠʣʴʥʳʡ ʛʝʥʝʨʘʪʦʨ. 

ɺʝʨʦʷʪʥʦʩʪʥʘʷ ʧʨʠʨʦʜʘ ʢʚʘʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ 

ʧʨʦʩʪʳʝ ʠʩʪʦʯʥʠʢʠ ʩʣʫʯʘʡʥʦʩʪʠ. ʉʘʤʳʡ ʧʨʦʩʪʦʡ 

ʧʨʠʤʝʨ ï ʵʪʦ ʦʧʪʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ. ʊ.ʝ. ʫ ʥʘʩ ʝʩʪʴ 

ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪ ʢʚʘʥʪ ʩʚʝʪʘ. 

ʉʘʤ ʢʚʘʥʪ ʧʦʧʘʜʘʝʪ ʥʘ ʧʦʣʫʧʨʦʟʨʘʯʥʦʝ ʟʝʨʢʘʣʦ. ɺ 

ʠʜʝʘʣʝ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 1/2 ʢʚʘʥʪ ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ 

ʟʝʨʢʘʣʦ, ʣʠʙʦ ʦʪʨʘʞʘʝʪʩʷ ʩ ʪʘʢʦʡ ʞʝ ʚʝʨʦʷʪʥʦʩʪʴʶ. 

ɺʥʫʪʨʠ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʩʪʨʦʝʥ ʥʝʢʠʡ ʩʯʝʪʯʠʢ, ʢʦ-

ʪʦʨʳʡ ʜʘʝʪ 1, ʝʩʣʠ ʩʚʝʪ ʦʪʨʘʞʘʝʪʩʷ ʠ 0, ʝʩʣʠ ʥʘʦʙʦ-

ʨʦʪ. ɺ ʧʦʩʪʨʦʝʥʠʠ ʛʝʥʝʨʘʪʦʨʘ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ 

ʥʫʞʥʦ ʟʥʘʪʴ, ʯʪʦ ʚʩʝ ʧʨʦʮʝʩʩʳ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʟʘ-

ʚʠʩʠʤʳʝ. ʊʦ ʝʩʪʴ ʢʘʞʜʳʡ ʙʠʪ ʥʝ ʜʦʣʞʝʥ ʟʘʚʠʩʝʪʴ 

ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ. (ʨʠʩ 1.) 

 ʄʳ ʛʦʚʦʨʠʣʠ, ʯʪʦ ʢʚʘʥʪ ʜʦʣʞʝʥ ʧʨʦʭʦʜʠʪʴ 

ʩʢʚʦʟʴ ʟʝʨʢʘʣʦ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 1/2. ʅʦ ʵʪʘ ʩʠʪʫʘʮʠʷ 

ʩʣʠʰʢʦʤ ʠʜʝʘʣʴʥʘʷ, ʥʘ ʧʨʘʢʪʠʢʝ ʪʘʢʦʛʦ ʥʠʢʦʛʜʘ ʥʝ 

ʙʳʚʘʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʷʝʪʩʷ ʥʝʢʦʝ ʦʪʢʣʦʥʝ-

ʥʠʝ b.  

 
ʈʠʩʫʥʦʢ 1. ʆʧʪʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ 

 

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʩʣʝ ʛʝʥʝʨʘʮʠʠ ʙʠʪʦʚ ʤʳ ʤʦʞʝʤ 

ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, 

ʚ ʢʘʯʝʩʪʚʝ ʩʘʤʦʡ ʧʨʦʩʪʦʡ ʩʭʝʤʳ ʫʩʣʦʞʥʝʥʠʷ ð ɻ ʪʦ 

ʩʣʦʞʝʥʠʝ ʙʠʪʦʚ ʧʦ mod(2). ʉʭʝʤʘ ʫʩʣʦʞʥʝʥʠʝ ʧʦʟ-

ʚʦʣʷʝʪ ʚʳʨʘʚʥʠʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʙʣʠʞʝ ʢ ʨʘʚʥʦʚʝ-

ʨʦʷʪʥʳʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʬʠʟʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ ʯʠʩʝʣ ʥʘ 

ʦʩʥʦʚʝ ʭʘʦʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝ-

ʧʷʭ. ʊʘʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʧʦʩʪʨʦʝʥʳ ʥʘ ʤʦʥʠʪʦʨʠʥʛʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʰʫʤʦʚ. ɽʩʣʠ ʤʳ ʚ ʦʙʳʯʥʦʡ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʩʭʝʤʝ ʩʪʘʨʘʝʤʩʷ ʵʪʫ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ (ʰʫʤʳ) 

ʫʙʨʘʪʴ, ʪʦ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʵʪʘ 

ʥʝʧʦʩʪʦʷʥʥʦʩʪʴ, ʥʘʦʙʦʨʦʪ, ʧʦʣʝʟʥʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʰ ʚʝʢ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʠ ʦʛʨʦʤʥʦʛʦ ʧʦʪʦʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʢʨʠʧʪʦʛʨʘʬʠ-

ʯʝʩʢʘʷ ʟʘʱʠʪʘ - ʘʢʪʫʘʣʴʥʝʡʰʘʷ ʟʘʜʘʯʘ. ʊʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʚʣʝ-

ʯʝʥʠʝ çʩʣʫʯʘʡʥʦʩʪʠè, ʘ ʠʤʝʥʥʦ - ʛʝʥʝʨʘʮʠʶ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. ʇʨʠ ʵʪʦʤ ʦʪ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʧʦʣʫ-

ʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

Cʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1. ɼʦʣʛʦʚ ɺ. ʀ. ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʟʘʱʠʪʘ 

ʠʥʬʦʨʤʘʮʠʠ. ʚ ɸʉʋ ʉʅ ï 1998ʛ. 

2. ɼʨʦʟʜʦʚʘ ʀ. ʀ., ɾʠʣʠʥ ɺ. ɺ. ɻʝʥʝʨʘʪʦʨʳ 

ʩʣʫʯʘʡʥʳʭ ʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. ʉʪʘʪʴʷ. 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://moluch.ru/conf/tech/archive/286/13233/ (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 10.05.2019) 

3. "ʂʨʠʧʪʦʢʦʤ". ʉʪʘʪʴʷ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝ-
ʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.cryptocom.ru/articles/crypto.html (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 10.05.2019) 

4. ʇʘʪʝʥʪʥʳʡ ʧʦʠʩʢ, ʧʦʠʩʢ ʧʘʪʝʥʪʦʚ ʥʘ ʠʟʦʙ-
ʨʝʪʝʥʠʷ - FindPatent.RU. ʉʪʘʪʴʷ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝ-

ʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.findpatent.ru/patent/228/2287222.html 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 10.05.2019) 

 

https://moluch.ru/conf/tech/archive/286/13233/
http://www.cryptocom.ru/articles/crypto.html
http://www.findpatent.ru/patent/228/2287222.html


100 TECHNICAL SCIENCE / ζColloquium - journal Ȼ#12(36),2019 

ʋɼʂ 621.3.083.72 

ʂʫʯʝʨʝʥʢʦ ʈ.ɽ., 

ʂʫʯʝʨʝʥʢʦ ɼ.ɽ. 

ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ. ʊ. ʊʨʫʙʠʣʠʥʘ 

 

ʈɸɿɺʀʊʀɽ ʊɽʇʃʆɺʆʁ ʄʆɼɽʃʀ ʉʀʃʆɺʓʍ ʊʈɸʅʉʌʆʈʄɸʊʆʈʆɺ. 

 

Kucherenko R.E., 

Kucherenko D.E. 

ñKuban State Agrarian University named after I. T. Trubilin 

 

THE DEVELOPMENT OF THERMAL  MODELS OF POWER TRANSFORMERS. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʧʦʢʘʟʘʥʘ 

ʩʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʠʣʦʚʦʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ. 

Abstract. 

This article discusses the development of the thermal model of power transformers, shows a diagram of the 

temperature distribution in the power transformer. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʠʣʦʚʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʠʟʦʣʷʮʠʷ, ʦʙʤʦʪʢʘ, ʜʦʧʫʩʪʠ-

ʤʳʝ ʧʝʨʝʛʨʫʟʢʠ.  

Key words: Power transformers, rated power, insulation, winding, permissible overload. 

 

ʅʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, 

ʟʥʘʯʝʥʠʷ ʠʭ ʜʦʧʫʩʪʠʤʳʭ ʧʝʨʝʛʨʫʟʦʢ ʨʘʩʩʯʠʪʳʚʘ-

ʶʪʩʷ ʩ ʫʯʝʪʦʤ ʜʦʧʫʩʪʠʤʦʛʦ ʥʘʛʨʝʚʘ ʘʢʪʠʚʥʳʭ ʯʘ-

ʩʪʝʡ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʣʘʩʩʦʤ ʥʘʛʨʝʚʦʩʪʦʡʢʦʩʪʠ 

ʧʨʠʤʝʥʷʝʤʦʡ ʠʟʦʣʷʮʠʠ. ʇʦʵʪʦʤʫ ʚʦʧʨʦʩʘʤ ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨ ʪʦʢʦʚʝʜʫʱʠʭ ʯʘ-

ʩʪʝʡ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʩʘʤʦʛʦ ʤʦʤʝʥʪʘ 

ʠʭ ʧʦʷʚʣʝʥʠʷ ʫʜʝʣʷʣʦʩʴ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ. ɺ 1930 

ʛʦʜʫ ʄʦʥʪʟʠʥʛʝʨ [1, 3, 5] ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʩʪʘ-

ʨʝʥʠʷ ʠʟʦʣʷʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯ-

ʥʦʩʪʴ ʙʫʤʘʛʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʝʛʦ ʨʘ-

ʙʦʪ ʧʦʣʫʯʝʥʘ ʢʨʠʚʘʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʠʟʦʣʷʮʠʠ ʜʣʷ 

ʘʧʧʘʨʘʪʦʚ, ʟʘʧʦʣʥʝʥʥʳʭ ʤʘʩʣʦʤ [2,8]  

ɼʣʷ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʨʝʙʫʝʪʩʷ ʨʘʩ-

ʩʯʠʪʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʥʘʠʙʦʣʝʝ ʥʘʛʨʝʪʳʭ ʤʝʩʪʘʭ 

ʦʙʤʦʪʢʠ. ɺ 1953 ʛʦʜʫ ʚ ʉʉʉʈ ʚʳʰʣʘ ʢʥʠʛʘ ʃ. ʄ. 

ʐʥʠʮʝʨʘ "ʅʘʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʣʦʚʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ" [4, 6, 7], ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʣʘʛʘʣʘʩʴ 

ʙʘʟʦʚʘʷ ʪʝʧʣʦʚʘʷ ʤʦʜʝʣʴ ʩʠʣʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʠʙʦʣʝʝ ʥʘʛʨʝʪʳʭ ʤʝʩʪ 

ʦʙʤʦʪʢʠ. 

ʇʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1. ʩʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ ʫʧʨʦʱʝʥʠʝʤ ʙʦʣʝʝ ʩʣʦʞ-

ʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʚ ʩʠʣʦʚʦʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ. ɺ ʵʪʦʡ ʪʝʧʣʦʚʦʡ 

ʤʦʜʝʣʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʫʧʨʦʱʝʥʠʷ 

[9, 10, 11]: 

ʘ) ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʣʘ ʚʥʫʪʨʠ ʦʙʤʦʪʦʢ ʧʦʚʳ-

ʰʘʝʪʩʷ ʣʠʥʝʡʥʦ ʦʪ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢ ʚʝʨʭʥʝʡ ʥʝʟʘʚʠ-

ʩʠʤʦ ʦʪ ʚʠʜʘ ʦʭʣʘʞʜʝʥʠʷ; 

ʙ) ʧʨʝʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʥʠʢʘ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʣʠʥʝʡʥʦ ʧʦ ʚʳʩʦʪʝ ʦʙʤʦʪʢʠ ʠ ʧʘʨʘʣ-

ʣʝʣʴʥʦ ʧʨʝʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ ʩ ʧʦʩʪʦʷʥ-

ʥʦʡ ʨʘʟʥʦʩʪʴʶ g ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʷʤʳʤʠ ʣʠʥʠʷʤʠ (g 

- ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʧʨʝʚʳʰʝʥʠʝʤ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘ-

ʪʫʨʳ, ʠʟʤʝʨʝʥʥʦʡ ʤʝʪʦʜʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʠ ʧʨʝ-

ʚʳʰʝʥʠʝʤ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ, Áʉ); ʧʨʝʚʳ-

ʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʠʙʦʣʝʝ ʥʘʛʨʝʪʦʡ ʪʦʯʢʠ 

ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʰʝ ʧʨʝʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦ-

ʚʦʜʥʠʢʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʙʤʦʪʢʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 1, ʧʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʫʚʝʣʠʯʝ-

ʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ 

 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʠʣʦʚʦʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ. 
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ʇʨʠ ʫʯʝʪʝ ʵʪʠʭ ʥʝʣʠʥʝʡʥʦʩʪʝʡ ʜʣʷ ʦʙʦʟʥʘʯʝ-

ʥʠʷ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘʠʙʦʣʝʝ ʥʘʛʨʝ-

ʪʦʡ ʪʦʯʢʠ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʤʘʩʣʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʙ-

ʤʦʪʢʠ ʧʨʠʥʷʪʦ ʦʙʦʟʥʘʯʝʥʠʝ Hg, Áʉ. 

ɺ 1969 ʛʦʜʫ ʚʳʭʦʜʠʪ ɻʆʉʊ 14209-69 "ʊʨʘʥʩ-

ʬʦʨʤʘʪʦʨʳ ʩʠʣʦʚʳʝ ʤʘʩʣʷʥʳʝ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ɼʦʧʫʩʪʠʤʳʝ ʥʘʛʨʫʟʢʠ", ʢʦʪʦʨʳʡ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ 

ʜʦʧʫʩʪʠʤʳʝ ʧʝʨʝʛʨʫʟʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘ ʦʩʥʦ-

ʚʘʥʠʠ ʜʦʧʫʩʪʠʤʳʭ ʪʝʧʣʦʚʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠʟʦ-

ʣʷʮʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

ɺ 1983 ʛʦʜʫ ʚʳʭʦʜʠʪ ʢʥʠʛʘ ɹʦʜʥʘʨ ɺ. ɺ. 

"ʅʘʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʣʦʚʳʭ ʤʘʩʣʷʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ" [12], ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʚʥʝʩʪʠ ʮʝʣʳʡ ʨʷʜ ʫʪʦʯʥʝʥʠʡ ʚ ʪʝʧʣʦʚʫʶ ʤʦʜʝʣʴ ʩʠ-

ʣʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʧʝʨʝ-

ʩʤʦʪʨʫ ɻʆʉʊ 14209-69. 

ʧʨʠ ʙʦʣʴʰʠʭ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʧʝʨʝʛʨʫʟʢʘʭ 

[13, 14, 15] ʠ ʥʘʣʠʯʠʠ ʛʨʘʬʠʢʦʚ ʥʘʛʨʫʟʦʢ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʤʝʩʪʦ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʪʝʤʧʝʨʘ-

ʪʫʨ ʛʨʘʬʠʢʠ ʤʥʦʛʦʣʝʪʥʠʭ ʩʫʪʦʯʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨ ʦʭʣʘʞʜʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʨʘʩʯʝʪʥʦʛʦ ʧʝ-

ʨʠʦʜʘ.  

ɺ 2002 ʛʦʜʫ ʚʚʝʜʝʥ ʚ ʜʝʡʩʪʚʠʝ ɻʆʉʊ 14209-97 

[16], ʚ ʢʦʪʦʨʦʤ ʧʨʠʚʝʜʝʥʳ ʫʢʘʟʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝ-

ʥʠʶ ʪʝʭʥʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʞʠʤʦʚ ʥʘʛʨʫʟʢʠ 

ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʦʧʫʩʪʠ-

ʤʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ.  

ɺ ɻʆʉʊ 14209-97 ʪʝʧʣʦʚʘʷ ʤʦʜʝʣʴ ʩʠʣʦʚʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʄ ʠ ɼ ʥʝ ʠʟ-

ʤʝʥʠʣʘʩʴ. ɼʘʥʳ ʦʙʱʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʫʪʦʯʥʝʥʠʶ ʪʝʧ-

ʣʦʚʦʡ ʤʦʜʝʣʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʵʪʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʦʭʣʘʞʜʝʥʠʷ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦ-

ʚʘʥ ʥʘʫʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʚ ʢʦʪʦʨʦʤ ʙʳ ʠʩʩʣʝʜʦʚʘʣʘʩʴ 

ʪʝʧʣʦʚʘʷ ʤʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʥʝʩʪʘʮʠʦʥʘʨ-

ʥʳʭ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦ-

ʨʘʭ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʄ ʠ ɼ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʠʟʚʝʩʪ-

ʥʳʭ ʫʪʦʯʥʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʙʦʣʝʝ ʪʦʯʥʦ ʨʘʩʩʯʠ-

ʪʳʚʘʪʴ ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚʦ ʚʨʝʤʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʘʭ. 

ʅʝʜʦʩʪʘʪʦʯʥʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʘʥʘʣʠʟʫ ʚʣʠʷʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʪʝʤʧʝʨʘʪʫʨ ʵʣʝʤʝʥʪʦʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʠʟʥʦʩʘ ʝʛʦ ʠʟʦʣʷʮʠʠ ʥʘ ʜʦʧʫʩʪʠ-

ʤʳʝ ʧʝʨʝʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʷ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ[17, 18, 19] ʥʘ ʚʝʣʠʯʠʥʫ ʜʦʧʫʩʪʠ-

ʤʳʭ ʧʝʨʝʛʨʫʟʦʢ. ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ, ʧʨʠʚʝʜʝʥʥʳʡ ʚ 

ɻʆʉʊʝ 14209-97, ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʘʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ 

ʠʥʞʝʥʝʨʘʤ ʧʨʠʭʦʜʠʪʴʩʷ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʦʜʥʦʪʠʧ-

ʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʨʘʩʯʝʪʘ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʥʘʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦ-

ʨʦʚ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʪʜʝʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʧʣʦ-

ʚʦʡ ʤʦʜʝʣʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (ʪʝʤʧʝʨʘʪʫʨʦʡ ʤʘʩʣʘ ʚ 

ʚʝʨʭʥʠʭ ʩʣʦʷʭ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʙʤʦʪʢʠ ʠʣʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʳʤ ʠʟʥʦʩʦʤ ʠʟʦʣʷʮʠʠ), ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠ 

ʜʦʧʫʩʪʠʤʳʝ ʧʝʨʝʛʨʫʟʢʠ. 
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WEAR TRANSFORMER INSULATION  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʛʦʚʦʨʠʪʩʷ ʦ ʠʟʥʦʩʝ ʠʟʦʣʷʮʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʦ ʩʚʦʡʩʪʚʘʭ ʤʘʩʣʘ, ʧʨʠʚʝʜʝʥʳ ʨʘʩ-

ʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʠʟʥʦʩʘ ʠʟʦʣʷʮʠʠ, ʧʨʠʚʝʜʝʥʳ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʛʨʘʬʠʢʠ.  

Abstract. 

This article talks about the wear of the transformer insulation, about the properties of the oil, gives the cal-

culated formulas for calculating the wear of the insulation, shows the equivalent graphs. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʟʦʣʷʮʠʷ, ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʪʝʤʧʝʨʘʪʫʨʘ, ʩʪʘʨʝʥʠʝ ʠʟʦʣʷʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʘ. 

Key words: Insulation, transformer, temperature, insulation aging, temperature. 

 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʭʠ-

ʤʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʩʣʘ ʧʨʝ-

ʪʝʨʧʝʚʘʶʪ ʠʟʤʝʥʝʥʠʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ 

ʩʪʘʨʝʥʠʝʤ. 

ɺ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʩʪʘʨʝʥʠʝ ʤʘʩʣʘ ʧʨʦʠʩʭʦ-

ʜʠʪ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘ ʩʯʝʪ ʩʦʚʤʝʩʪ-

ʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚʦʟ-

ʜʫʭʘ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʠ ʢʘʪʘʣʠʟʠʨʫʶʱʝʤ 

ʜʝʡʩʪʚʠʠ ʤʘʪʝʨʠʘʣʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨ. ʇʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʚ ʤʘʩʣʝ ʢʠʩʣʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ ʛʣʫʙʦʢʦʛʦ ʦʢʠʩʣʝ-

ʥʠʷ - ʦʩʘʜʢʠ, ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʚ ʤʘʩʣʝ [1, 3, 4]. 

ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘ-

ʪʫʨʳ, ʚʣʘʛʠ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʤʘʩʣʝ ʢʠʩʣʦʨʦʜʘ, ʧʨʦ-

ʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʤʘʩʣʘ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʧʨʦʠʩ-

ʭʦʜʠʪ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʫʭʫʜʰʝʥʠʝ ʩʚʦʡʩʪʚ ʠʟʦʣʷ-

ʮʠʠ, ʥʘʟʳʚʘʝʤʦʝ ʩʪʘʨʝʥʠʝʤ ʠʟʦʣʷʮʠʠ. ʇʦʵʪʦʤʫ 

ʜʦʩʪʠʛʥʫʪʘʷ ʩʪʝʧʝʥʴ ʩʪʘʨʝʥʠʷ, ʠʣʠ ʠʟʥʦʩ, ʟʘʚʠʩʷʪ ʠ 

ʦʪ ʚʨʝʤʝʥʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [2, 5, 7]. 

ʉʪʘʨʝʥʠʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʠʩʭʦʜʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʜʠʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨ 80... 

140 Áʉ, ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʦʚ ʩ ʠʟʦʣʷʮʠʝʡ ʢʣʘʩʩʘ ɸ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 
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ʩʨʦʢʘ ʩʣʫʞʙʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨ-

ʤʫʣʘ ʄʦʥʪʟʠʥʛʝʨʘ [ʀɿ] 

Ὁ ὈϽὩ                    (1) 

ʛʜʝ D - ʧʦʩʪʦʷʥʥʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ, ᴈ ; 

ʨ - ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ; 

ʦʧ ʷʘʤʝʘʤʠʥʠʨʧ ,ʠʠʮʷʣʦʟʠ ʘʨʫʪʘʨʝʧʤʝʪ - ‮ 

ʥʘʠʙʦʣʝʝ ʥʘʛʨʝʪʦʡ ʪʦʯʢʝ ʦʙ- 

ʤʦʪʢʠ, Áʉ. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʝ ʤʥʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 

80 ʜʦ 140 Áʉ ʢʘʞʜʳʝ 6 ʠʣʠ 8 Áʉ ʧʨʠʨʦʩʪʘ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʚʳʟʳʚʘʶʪ ʩʦʢʨʘʱʝʥʠʝ ʚʜʚʦʝ ʩʨʦʢʘ 

ʩʣʫʞʙʳ ʠʟʦʣʷʮʠʠ, ʪ. ʝ. ʝʝ ʠʟʥʦʩ ʫʜʚʘʠʚʘʝʪʩʷ (ʰʝ-

ʩʪʠʛʨʘʜʫʩʥʦʝ (ʚʦʩʴʤʠʛʨʘʜʫʩʥʦʝ) ʧʨʘʚʠʣʦ ʩʪʘʨʝʥʠʷ 

ʠʟʦʣʷʮʠʠ) [6, 8, 9, 10]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʧʨʠʜʝʨ-

ʞʠʚʘʪʴʩʷ ʰʝʩʪʠʛʨʘʜʫʩʥʦʛʦ ʧʨʘʚʠʣʘ Ў‮ φᴈ. 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ ʄʦʥʪʟʠʥʛʝʨʘ (1), ʥʘʭʦʜʠʤ 

ʠʟʥʦʩ ʠʟʦʣʷʮʠʠ. 

Ὂ ὩȢ               (2) 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʥʘʙʣʶʜʝʥʠʡ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʘ-

ʶʱʝʛʦ ʚʦʟʜʫʭʘ ̨‮ ,˞ Áʉ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ 
ʇ (ʩʫʪʢʠ, ʛʦʜ) ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʚʳʨʘʞʘʝʪʩʷ 

ʬʫʥʢʮʠʝʡ  

ˏ‮  ˏ‮ ˞˝ Ўˍ̇Ȣˏ‮ ϽsÓÉÎ ˜
        (3) 

ʛʜʝ ˏ‮ ˞ ̋ - ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ ʠʣʠ ʩʨʝʜʥʝʛʦʜʦʚʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ; 

Ўˍ̇Ȣˏ‮  s- ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, Áʉ;  

ʇ - ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʩʫʪʢʠ 

ʠʣʠ ʛʦʜ. 

ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1 

 

 
ʈʠʩʫʥʦʢ 1. ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ  

 

ʇʦʣʘʛʘʷ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʘ-

ʶʱʝʡ ʩʨʝʜʳ ʚ ʪʝʯʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʤʝ-

ʞʫʪʢʘ ʚʨʝʤʝʥʠ ti ʪʘʢʦʚʦ, ʯʪʦ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʠʟʥʦʩ ʠʟʦʣʷʮʠʠ F ʨʘʚʝʥ ʝʜʠ-

ʥʠʮʝ, ʠʤʝʝʤ [ʇ]: 

 Ὂ ᷿ ς
˚˚˟ ˎ
Ў ϽὨὸ ρ        (4) 

ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʠʙʦʣʝʝ ʥʘʛʨʝʪʦʡ 

ʪʦʯʢʠ ʦʙʤʦʪʢʠ ◒ʦ.ʥʥʪ., Áʉ, ʦʪ ʠʟʤʝʥʷʶʱʝʡʩʷ ʚʦ ʚʨʝ-

ʤʝʥʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʥʦʤʠ-

ʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠʤʝʝʪ ʚʠʜ : 

 

̊‮ ˚ ὸ˟ ̏‮ ὸ̒ ˛̊˟Ȣ˚̊ȢˏȢ̨‮  ̇      (5) 

 

ʛʜʝ ̏‮ ὸ̒ - ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ, Áʉ;  ˛̊˟Ȣ˚̊ȢˏȢ̨‮  ̇- ʧʨʝʚʳ-

ʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʠʙʦʣʝʝ ʥʘʛʨʝʪʦʡ ʪʦʯʢʠ ʦʙ-

ʤʦʪʢʠ ʥʘʜ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ 

ʥʦʤʠʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ, Áʉ.  

ʅʝʠʟʤʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʠʙʦʣʝʝ ʥʘʛʨʝʪʦʡ 

ʪʦʯʢʠ ʦʙʤʦʪʢʠ —ˏ, Áʉ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʥʦʤʠ-
ʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʥʦʨʤʘʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʠʟʦʣʷ-

ʮʠʠ, 

 ˎ‮ ˏ‮ ˪ ˛̊˟Ȣ˚̊ȢˏȢ̨‮  ̇        (6) 

 

ʛʜʝ ˏ‮  ˪- ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʘ-

ʶʱʝʡ ʩʨʝʜʳ, Áʉ. 

ʇʦʜʩʪʘʚʠʚ (7) ʠ (8) ʚ (6), ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ: 

 

ς
ˏ˪
Ў Ͻ᷿ ς

˛˞
Ў ϽὨὸ         (7) 

ʦʪʢʫʜʘ,  

—ˏ ˪ σȟσςϽЎ᷿ộϽὫὰϽ‮ ς
˛˞
Ў ϽὨὸỚ   (8) 

 

ʏʪʦʙʳ ʧʦʣʴʟʦʚʘʪʴʩʷ ʛʨʘʬʠʢʘʤʠ ʧʝʨʝʛʨʫʟʦʯʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʥʥʳʡ ʩʫʪʦʯʥʳʡ ʛʨʘ-

ʬʠʢ ʥʘʛʨʫʟʢʠ (ʨʝʘʣʴʥʳʡ ʠʣʠ ʨʘʩʯʝʪʥʳʡ), ʠʤʝʶʱʠʡ 

ʦʙʳʯʥʦ ʩʣʦʞʥʫʶ ʬʦʨʤʫ, ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʵʢʚʠʚʘ-

ʣʝʥʪʥʳʡ ʧʦ ʠʟʥʦʩʫ ʠʟʦʣʷʮʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʚʫʭ-

ʩʪʫʧʝʥʯʘʪʳʡ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʛʨʘʬʠʢ ʥʘʛʨʫʟʢʠ [11, 

12, 13 14] ʧʦ ʨʠʩʫʥʢʫ 2 
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ʈʠʩʫʥʦʢ 2. ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʛʨʘʬʠʢ ʥʘʛʨʫʟʢʠ. 

 

ʉ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ ʤʝʪʦʜʠʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʠʟʚʦʜʷʪ ʨʘʟʜʝʣʴʥʦ ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 2 

ʫʯʘʩʪʢʦʚ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘʯʘʣʴ-

ʥʦʡ ʥʘʛʨʫʟʠ[15, 16, 17, 18, 19] K i ʠ ʧʨʝʚʳʰʝʥʠʝʤ 
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ANALYSIS OF THE IMPORTANCE OF THE INTRODUCTION OF INNOVATIVE TECHNOLOGIES 

IN THE OIL AND GAS INDUSTRY  

 

ɸʥʥʦʪʘʮʠʷ 
ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʚ ʪʨʦʡʢʝ ʩʪʨʘʥ, ʟʘʥʠ-

ʤʘʶʱʠʭ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʧʦ ʦʙʲʝʤʘʤ ʜʦʙʳʯʠ ʥʝʬʪʠ, ʫʚʝʨʝʥʥʦ ʟʘʥʠʤʘʷ ʧʝʨʚʦʝ ʤʝʩʪʦ. ʊʘʢ, ʪʦʣʴʢʦ ʚ 

ʧʝʨʠʦʜ ʩ 1 ʷʥʚʘʨʷ 2018 ʛ. ʧʦ 1 ʷʥʚʘʨʷ 2019 ʛʦʜʘ ʈʦʩʩʠʡʩʢʠʤʠ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʙʳʣʦ ʜʦ-

ʙʳʪʦ ʦʢʦʣʦ 555,84 ʤʣʥ. ʪʦʥʥ ʩʳʨʦʛʦ ʪʦʧʣʠʚʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʈʦʩʩʠʷ ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʚ ʤʠʨʝ ʧʦ 

ʜʦʙʳʯʝ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʧʦʩʣʝ ʉʐɸ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʘʢʦʛʦ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʜʦʙʳʯʠ ʩʳʨʴʷ ʥʝʦʙʭʦʜʠʤʦ 

ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʜʘʥʥʦʡ ʚʦʧʨʦʩ ʠ ʨʘʩʢʨʳʚʘʝʪʩʷ ʚ ʨʘʙʦʪʝ. 

Abstract 

Over the years, the Russian Federation continues to be among the top three countries in terms of oil produc-

tion, confidently taking the first place. So, only in the period from January 1, 2018 to January 1, 2019, Russian oil 

producing companies produced about 555,84 million tons of raw fuel. At the same time, Russia ranks second in 

the world in terms of natural gas production after the United States. To maintain such a high level of production 

of raw materials, it is necessary to introduce new technologies, this issue is revealed in the article. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʬʪʝʛʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʘʢ-

ʪʠʚʥʦʩʪʴ, ʠʥʚʝʩʪʠʮʠʠ. 

Keywords: oil and gas industry, innovative technologies, innovative activity, investments. 

 

ʄʥʦʛʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʫʪʚʝʨ-

ʞʜʘʶʪ, ʯʪʦ ʦʙʲʝʤʳ ʜʦʙʳʯʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʧʨʦʜʫʢ-

ʪʦʚ ʚ ʩʪʨʘʥʝ ʤʦʛʣʠ ʙʳʪʴ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʳʰʝ. ɼʝʣʦ 

ʚ ʪʦʤ, ʯʪʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʦʣʛʠʭ ʣʝʪ ʨʦʩʩʠʡʩʢʠʝ 

ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʠʝ ʢʦʤʧʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʫʩʪʘʨʝʚʰʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʪʦʨʳʭ ʯʘʩʪʴ ʪʦʧʣʠʚʘ ʦʩʪʘʚʘʣʘʩʴ ʚ ʥʝʜʨʘʭ ɿʝʤʣʠ 

ʠʣʠ ʞʝ ʚʳʣʠʚʘʣʘʩʴ ʚ ʚʦʜʳ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʟʘʛʨʷʟ-

ʥʷʷ ʝʛʦ ʠ ʥʘʥʦʩʷ ʥʝʧʦʧʨʘʚʠʤʳʡ ʫʱʝʨʙ ʬʣʦʨʝ ʠ ʬʘ-
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ʫʥʝ, ʦʙʠʪʘʶʱʠʭ ʥʘ ʧʦʜʚʦʜʥʳʭ ʧʨʦʩʪʦʨʘʭ, ʪʝʤ ʩʘ-

ʤʳʤ ʫʩʫʛʫʙʣʷʷ ʛʣʦʙʘʣʴʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʧʨʦ-

ʙʣʝʤʫ [1]. 

ʄʥʦʛʠʝ ʛʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʧʨʦʙʣʝʤʘ ʦʩʪʘ-

ʚʘʣʘʩʴ ʥʘʩʫʱʥʦʡ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʥʘʯʘ-

ʣʦʩʴ ʘʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʚʩʝʭ 

ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʠʤʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯ-

ʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʦʭʨʘʥʝʥʠʷ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʬʪʝ-

ʠ-ʛʘʟʦʧʨʦʜʫʢʪʦʚ ʥʘ ʝʸ ʩʦʩʪʦʷʥʠʝ, ʘ ʪʘʢʞʝ ʥʘ ʘʢʪʠʚ-

ʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʦʭʦʜʦʚ ʙʶʜʞʝʪʦʚ.  

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʥʝʬʪʝʛʘʟʦʚʦʤʫ ʩʝʢʪʦʨʫ ʫʨʦ-

ʚʝʥʴ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʮʠʦʥʘʣʴʥʳʭ 

ʢʦʤʧʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥ ʥʘ ʦʩʥʦʚʝ ʫʜʝʣʴʥʳʭ 

ʟʘʪʨʘʪ ʥʘ ʅʀʆʂʈ (ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ 

ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʨʘʙʦʪʳ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʦʙʲʝʤʫ ʧʨʦʜʫʢʮʠʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʢʘʢ 

ʥʘ ʚʥʫʪʨʝʥʥʝʤ, ʪʘʢ ʠ ʥʘ ʟʘʨʫʙʝʞʥʦʤ ʨʳʥʢʝ. ɺ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʫʨʦʚʝʥʴ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʞʝʪ 

ʙʳʪʴ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʥ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʫʜʝʣʴʥʳʭ ʟʘ-

ʪʨʘʪ ʥʘ ʅʀʆʂʈ ʠ ʦʙʲʝʤʘ ʜʦʙʳʪʦʛʦ ʩʳʨʴʷ [2]. 

ɺ ʧʨʘʢʪʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ ʫʨʦʚʝʥʴ ʠʥʥʦʚʘʮʠʦʥ-

ʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʨʦʩʩʠʡʩʢʠʤʠ ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʠʤʠ ʢʦʤʧʘ-

ʥʠʷʤʠ.  

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʝʜʦʚʳʭ ʠ 

ʩʣʦʞʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʜʦ-

ʙʳʯʠ ʥʝʬʪʝ-ʠ-ʛʘʟʦʧʨʦʜʫʢʪʦʚ ʚʳʩʪʫʧʘʝʪ ʪʝʭʥʦʣʦʛʠʷ 

ʪʝʨʤʦʛʘʟʦʚʦʛʦ ʤʝʪʦʜʘ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʫʞʝ ʤʥʦʛʠʭ 

ʣʝʪ ʪʘʢʦʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʟʘʨʫʙʝʞʥʳʭ ʛʦʩʫ-

ʜʘʨʩʪʚʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʉʐɸ. ʉ ʥʝʜʘʚʥʝʛʦ ʚʨʝ-

ʤʝʥʠ ʈʦʩʩʠʷ ʧʨʠʦʙʨʝʣʘ ʵʪʫ ʪʝʭʥʦʣʦʛʠʶ ʠ ʩʪʘʣʘ ʘʢ-

ʪʠʚʥʦ ʚʥʝʜʨʷʪʴ ʝʸ ʚ ʥʝʬʪʝʛʘʟʦʚʫʶ ʦʪʨʘʩʣʴ. ʈʘʩ-

ʩʤʘʪʨʠʚʘʝʤʳʡ ʤʝʪʦʜ ʦʪʣʠʯʘʝʪʩʷ ʢʨʘʡʥʝʡ 

ʩʣʦʞʥʦʩʪʴʶ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʟʘʢʘʯʢʠ 

ʚʦʟʜʫʭʘ ʚ ʧʣʘʩʪ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʠ ʝʛʦ ʧʦ-

ʩʣʝʜʫʶʱʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʚʳʪʝʩʥʷʶʱʠʝ ʧʦʪʦʢʠ 

ʟʘ ʩʯʝʪ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʥʫʪʨʠʧʣʘʩʪʦʚʳʭ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘ-

ʮʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʦʚʳʰʘ-

ʝʪʩʷ ʧʨʦʮʝʩʩ ʥʝʬʪʝʦʪʜʘʯʠ, ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ 

ʥʝʬʪʝ-ʠ-ʛʘʟʦʧʨʦʜʫʢʪʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ. 

ʆʜʥʘʢʦ, ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʥʝʬʪʝʦʪʜʘʯʠ ʧʦʟʚʦ-

ʣʷʶʪ ʜʦʩʪʠʯʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʢʣʦʥ-

ʥʦʛʦ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʙʫʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʘʢ-

ʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ. 

ɺʝʩʴ ʧʨʦʮʝʩʩ ʜʝʣʠʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ, ʥʘ ʦʜ-

ʥʦʡ ʠʟ ʢʦʪʦʨʦʡ ʙʫʨʷʪ ʦʙʳʢʥʦʚʝʥʥʘʷ ʩʢʚʘʞʠʥʘ, ʛʣʫ-

ʙʠʥʘ ʢʦʪʦʨʦʡ ʫʧʠʨʘʝʪʩʷ ʚ ʥʝʬʪʝʥʦʩʥʳʡ ʧʣʘʩʪ. ʅʘ 

ʚʪʦʨʦʡ ʞʝ ʩʪʘʜʠʠ ʩʢʚʘʞʠʥʘ ʤʝʥʷʝʪ ʩʚʦʸ ʥʘʧʨʘʚʣʝ-

ʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʨʘʪʴʩʷ ʜʦ ʪʝʭ ʧʣʘʩʪʦʚ, ʙʫʨʝ-

ʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʜ ʢʦʪʦʨʳʤʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪʩʷ ʚʦʟʤʦʞʥʳʤ.  

ʇʦʤʠʤʦ ʚʩʝʛʦ ʧʨʦʯʝʛʦ ʚ ʧʨʘʢʪʠʢʝ ʜʦʙʳʯʠ 

ʥʝʬʪʝ-ʠ-ʛʘʟʦʧʨʦʜʫʢʪʦʚ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭ-

ʥʦʣʦʛʠʷ ʤʥʦʛʦʩʪʚʦʣʴʥʦʛʦ ʙʫʨʝʥʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ 

ʦʜʥʘ ʨʘʟʚʝʪʚʣʷʶʱʘʷʩʷ ʩʢʚʘʞʠʥʘ ʟʘʤʝʥʷʝʪ ʩʨʘʟʫ ʥʝ-

ʩʢʦʣʴʢʦ ʪʨʘʜʠʮʠʦʥʥʳʭ. ʊʘʢʦʝ ʨʘʟʚʝʪʚʣʝʥʠʝ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʨʠʪʦʢʘ ʥʝʬʪʠ ʠʟ ʧʣʘʩʪʘ ʠ ʥʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳ-

ʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ (ʂʀʅ).  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʤʝʥʷ-

ʝʪʩʷ ʚ ʧʨʘʢʪʠʢʝ ʜʨʫʛʠʭ ʛʦʩʫʜʘʨʩʪʚ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ 

ʜʘʚʥʦ, ʦʥʘ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʢʨʘʡʥʝ ʵʬʬʝʢ-

ʪʠʚʥʦʡ ʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʦʡ, ʘ ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʜʣʷ 

ʥʘʰʝʡ ʩʪʨʘʥʳ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʩʸ ʝʱʝ ʩʯʠʪʘʝʪʩʷ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʚ ʈʌ 

ʩʪʘʣʘ ʧʨʠʤʝʥʷʪʴʩʷ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʚ ʤʠʨʝ 

ʪʝʭʥʦʣʦʛʠʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ, 

ʢʦʪʦʨʦʝ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ï ʤʝʪʦʜ ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘ-

ʩʪʘ (ɻʈʇ). ɺ ʭʦʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʚ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʡ ʧʣʘʩʪ ʙʦʣʴʰʠʤ ʥʘʧʦʨʦʤ ʚʢʘ-

ʯʠʚʘʝʪʩʷ ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ (ʧʨʦʧʧʘʥʪʦʥ), ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʯʝʛʦ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʧʫʪʝʤ ʦʙʨʘʟʫʝʪʩʷ ʪʨʝ-

ʱʠʥʘ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʧʨʦʠʩʭʦʜʠʪ ʚʳʢʘʯʠʚʘʥʠʝ ʩʳ-

ʨʴʷ.  

ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʩʥʫʣʠʩʴ ʥʝ 

ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ, 

ʥʦ ʠ ʩʘʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʜʦʙʳʯʠ. ʊʘʢ, ʦʪʝʯʝʩʪʚʝʥ-

ʥʘʷ ʢʦʤʧʘʥʠʷ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʘʷʩʷ ʥʘ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ çʀʥʥʢʦʨ-ʄʘʰè ʚʳʧʫʩʪʠʣʘ ʦʯʝʨʝʜʥʫʶ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʙʫʨʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ɻɹʋ-5ʄ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʦʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʘʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠ ʙʫʨʝ-

ʥʠʷ ʩʢʚʘʞʠʥ ʥʘ ʛʣʫʙʠʥʫ 500 ʤʝʪʨʦʚ ʠ ʙʦʣʝʝ. ɼʘʥʥʘʷ 

ʤʦʜʝʣʴ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʩʝʙʷ ʢʘʢ ʦʜʥʘ ʠʟ ʩʘʤʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥʘ ʷʚʣʷ-

ʝʪʩʷ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʩʣʫʞʠ-

ʚʘʥʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʚʦʜʷ ʠʪʦʛ ʢʦ ʚʩʝʤʫ ʚʳʰʝ-

ʩʢʘʟʘʥʥʦʤʫ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ, ʤʦʞʥʦ ʩ ʫʚʝ-

ʨʝʥʥʦʩʪʴʶ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʩʝ ʠʥʥʦʚʘʮʠ-

ʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʥʝʜʨʷʝʤʳʝ ʚ ʥʝʬʪʝʛʘʟʦʚʫʶ ʦʪ-

ʨʘʩʣʴ, ʚʦ ʤʥʦʛʦʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʦʙʲʝʤʦʚ, 

ʜʦʙʳʚʘʝʤʳʭ ʥʝʬʪʝ-ʠ-ʛʘʟʦʧʨʦʜʫʢʪʦʚ ʠ ʥʘʧʨʘʚʣʝʥʳ 

ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʮʠʦʥʘʣʴʥʳʭ 

ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʠʭ ʢʦʤʧʘʥʠʡ, ʘ ʪʘʢʞʝ ʥʘ ʩʦʢʨʘ-

ʱʝʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘ-

ʶʱʝʡ ʩʨʝʜʳ [3]. 
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STUDY OF ADSORPTION OF DIESEL FUEL ON MODIFIED FOAM  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʝʥʦʩʠʣʠʢʘʪʘ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʥʦʩʠ-

ʣʠʢʘʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ. ʋʜʘʣʝʥʠʝ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʘʜʩʦʨʙʮʠʝʡ ʧʝʥʦʩʠʣʠʢʘʪʘ. ʉʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʚʦʜʳ ʜʦʩʪʠʛʘʝʪ 77,4-91,2 %. 

Abstract. 

This article deal with adsorption properties foamed silicate and modified foamed silicate. Removal of oil and 

oil products from wastewater carried out by adsorption foamed silicate. The degree of water purification reaches 

77,4-91,2 %. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʜʩʦʨʙʮʠʷ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʝʥʦʩʠʣʠʢʘʪ, ʛʠʜʨʦʬʦʙʠʟʘʮʠʷ, ʠʟʦʪʝʨʤʘ ʘʜʩʦʨʙ-

ʮʠʠ. 

Keywords: adsorption, modified foam silicate, hydrophobization, adsorption isotherm. 

 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʵʢʦʣʦʛʠʠ ʦʩʪʘʝʪʩʷ ʦʯʠʩʪʢʘ ʚʦʜ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩ-

ʭʦʞʜʝʥʠʷ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪʩʷ ʩʦʨʙʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ.  

ɸʜʩʦʨʙʮʠʷ ʚʝʱʝʩʪʚ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʥʘʨʷʜʫ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʩʘʤʦʛʦ ʘʜʩʦʨʙʝʥʪʘ, ʟʘʚʠʩʠʪ 

ʦʪ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʛʣʦʱʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ 

ʠ ʝʛʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ. ʉʚʦʡʩʪʚʘ ʘʜʩʦʨʙʝʥʪʦʚ ʦʙʫ-

ʩʣʦʚʣʝʥʳ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ, ʧʦʨʦʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʛʨʘ-

ʥʫʣʳ ʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶ-

ʱʠʭ ʥʘ ʧʨʦʮʝʩʩ ʘʜʩʦʨʙʮʠʠ: ʪʝʤʧʝʨʘʪʫʨʳ, ʚʨʝʤʝʥʠ 

ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ, ʨʅ ʩʨʝʜʳ [1]. ʇʦʛʣʦʱʘʝʤʦʝ ʚʝ-

ʱʝʩʪʚʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʤʝʝʪ ʨʘʟʣʠʯʥʫʶ ʭʠʤʠʯʝ-

ʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʢ ʘʜʩʦʨʙʮʠʠ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʏʘʩʪʦ ʦʙʝ 

ʵʪʠ ʧʨʠʯʠʥʳ ʜʝʡʩʪʚʫʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʫʚʝʣʠʯʠʚʘʷ 

ʩʪʝʧʝʥʴ ʘʜʩʦʨʙʮʠʠ ʚʝʱʝʩʪʚʘ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ ʨʘʟʣʠʯʥʘ, ʠ ʯʝʤ ʦʥʘ 

ʥʠʞʝ, ʪʝʤ ʦʥʠ ʙʦʣʝʝ ʩʢʣʦʥʥʳ ʢ ʘʜʩʦʨʙʮʠʠ ʠʟ ʨʘʩ-

ʪʚʦʨʘ. 

ʅʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʘʜʩʦʨʙʮʠʠ ʧʨʠ 

ʚʩʝʭ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʠʛʨʘʝʪ ʚʨʝʤʷ ʢʦʥ-

ʪʘʢʪʘ ʘʜʩʦʨʙʝʥʪʘ ʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʆʧʪʠ-

ʤʘʣʴʥʦʝ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʧʦʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ 

ʧʨʦʷʚʠʪʴʩʷ ʧʦʛʣʦʱʘʶʱʠʤ ʩʚʦʡʩʪʚʘʤ ʘʜʩʦʨʙʝʥʪʘ 

[2]. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʨʦʜʳ 

ʛʠʜʨʦʩʣʶʜʠʩʪʳʭ ʩʣʘʥʮʝʚ ʀʨʘʥʘ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ 

ʩʣʘʥʮʝʚ ʧʨʠʤʝʥʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʚʩʧʝʥʝʥ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʣʘʚ-

ʣʝʥʠʷ ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʛʘʟʦʥʘʩʳ-

ʱʝʥʠʝ ʨʘʩʧʣʘʚʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʛʘʟʘʤʠ, ʠ ʦʙ-

ʨʘʟʦʚʘʥʠʝ ʢʘʨʙʠʜʦʚ, ʥʦ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʘ. ʅʘʣʠʯʠʝ ʢʘʨʙʠʜʦʚ 

ʚʦ ʚʩʧʝʥʝʥʥʦʤ ʨʘʩʧʣʘʚʝ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʝʥʳ ʚʩʧʝʥʝʥʥʦʡ ʚʘʥʥʳ ʠ 

ʥʘ ʧʦʩʣʝʜʫʶʱʝʝ ʚʩʧʝʥʠʚʘʥʠʝ ʨʘʩʧʣʘʚʘ ʚ ʨʝʞʠʤʝ 

ʪʝʨʤʦʫʜʘʨʘ. ɸʥʘʣʠʟʳ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʣʫ-

ʯʝʥʥʳʭ ʚʩʧʝʥʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚʳʧʦʣʥʝʥʳ ʚ ʮʝʥʪʨʝ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʥʘʫʯ-

ʥʦʛʦ ʮʝʥʪʨʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ. ʕʢʩʧʝʨʠ-

ʤʝʥʪʳ ʧʦ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʝʡ ʦʙʨʘʙʦʪʢʝ, ʠʟʫʯʝ-

ʥʠʶ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʠʩʴ 

ʚ ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ɼɺʆ ʈɸʅ ʠ ɼɺʌʋ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʧʝʥʦʩʠʣʠʢʘʪʘ [3] ʧʨʦʚʦʜʠʣʘʩʴ 

ʧʫʪʝʤ ʛʠʜʨʦʬʦʙʠʟʘʮʠʠ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘ-

ʥʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ (350-400 

Áʉ, 500-550 Áʉ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦ-

ʬʦʙʠʟʘʪʦʨʘ ʚʘʢʫʫʤʥʦʝ ʤʘʩʣʦ ʠ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ 

ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʯʠʩʪʢʠ ʚʦʜʳ 

ʦʪ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ 

(ʥʝʛʠʜʨʦʬʦʙʠʟʠʨʦʚʘʥʥʦʛʦ)ʧʝʥʦʩʠʣʠʢʘʪʘ. ɸʜʩʦʨʙ-

ʮʠʷ ʧʨʦʪʝʢʘʣʘ ʧʨʠ ʨʅ ʩʨʝʜʳ 6,72 ʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 
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Áʉ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʛʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʘʜʩʦʨʙʮʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʢʨʫʛʣʳʭ ʢʦʣʙʘʭ ʥʘ 

1 ʣ. ɺ ʢʘʞʜʫʶ ʢʦʣʙʫ ʧʦʤʝʱʘʣʠ ʥʘʚʝʩʢʫ ʠʩʭʦʜʥʦʛʦ 

ʧʝʥʦʩʠʣʠʢʘʪʘ, 0,1 ʤʣ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʜʠʩʪʠʣ-

ʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ. ɺ ʢʦʣʙʳ ʧʦʛʨʫʞʘʣʠ ʤʝʰʘʣʢʫ 

ʕʃ-1 ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 600 ʦʙ/ʤʠʥ. 

ʈʘʚʥʦʚʝʩʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʢʦʥʮʝʥ-

ʪʨʘʪʦʤʝʨʝ ʂʅ-3. 

ʊʘʙʣʠʮʘ 1 

ɺʨʝʤʷ ʢʦʥʪʘʢʪʘ, ʤʠʥ ɻ, ʛ/ʛ ʉʠʩʭ, ʤʛ/ʣ ʉʨʘʚ, ʤʛ/ʣ ʉʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ɖ, % 

20 0,1141 

90 

32,87 63,47 

40 0,1243 27,78 69,13 

70 0,1319 23,42 73,97 

100 0,1377 20,82 76,86 

160 0,1381 20,49 77,23 

1440 (24 ʯ) 0,1385 20,31 77,43 

 

 
ʈʠʩ. 1. ʂʠʥʝʪʠʢʘ ʘʜʩʦʨʙʮʠʠ ʅʇ ʥʘ ʠʩʭʦʜʥʦʤ ʦʙʨʘʟʮʝ 

 

ɸʥʘʣʦʛʠʯʥʦ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʘʜʩʦʨʙʮʠʷ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʧʝʥʦʩʠʣʠʢʘʪʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝ-

ʞʠʤʝ 350-400 Áʉ (ʪʘʙʣ. 2, ʨʠʩ. 2) ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʧʝʥʦʩʠʣʠʢʘʪʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ 500-550 

Áʉ (ʪʘʙʣ.3, ʨʠʩ. 3) 

ʊʘʙʣʠʮʘ 2 

ɺʨʝʤʷ ʢʦʥʪʘʢʪʘ, ʤʠʥ ɻ, ʛ/ʛ ʉʠʩʭ, ʤʛ/ʣ ʉʨʘʚ, ʤʛ/ʣ ʉʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ɖ, % 

20 0,1138 

90 

32,86 63,48 

40 0,1356 21,89 75,67 

70 0,1566 11,41 87,31 

100 0,1588 10,12 88,75 

160 0,1602 9,67 89,25 

1440 (24 ʯ) 0,1608 9,51 89,43 

 

 
ʈʠʩ. 2. ʂʠʥʝʪʠʢʘ ʘʜʩʦʨʙʮʠʠ ʥʘ ʇʉ-ʅʊ  

ʊʘʙʣʠʮʘ 3 

ɺʨʝʤʷ ʢʦʥʪʘʢʪʘ, ʤʠʥ ɻ, ʛ/ʛ ʉʠʩʭ, ʤʛ/ʣ ʉʨʘʚ, ʤʛ/ʣ ʉʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ɖ, % 

20 0,1338 

90 

22,91 74,55 

40 0,1465 16,27 81,91 

70 0,1572 10,64 88,17 

100 0,1613 9,30 89,66 

160 0,1636 8,01 91,10 

1440 (24 ʯ) 0,1640 7,88 91,24 
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ʈʠʩ. 3. ʂʠʥʝʪʠʢʘ ʘʜʩʦʨʙʮʠʠ ʥʘ ʇʉ-ɺʊ 

 

ʆʙʝ ʠʟʦʪʝʨʤʳ ʚʳʧʫʢʣʳʝ, ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, 

ʯʪʦ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʠʥʪʝʥʩʠʚʥʦ ʘʜʩʦʨʙʠʨʫʝʪʩʷ 

ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʥʦʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʨʙʝʥʪʘ, 

ʘ ʟʘʪʝʤ ʵʪʦʪ ʧʨʦʮʝʩʩ ʨʝʟʢʦ ʪʦʨʤʦʟʠʪʩʷ. ʄʘʢʩʠʤʘʣʴ-

ʥʘʷ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʚʦʜʳ, ʟʘʛʨʷʟʥʝʥʥʦʡ ʜʠʟʝʣʴʥʳʤ 

ʪʦʧʣʠʚʦʤ ʩʦʩʪʘʚʠʣʘ 91,24 % ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʦʨʙʝʥʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʥʘ ʚʳʩʦʢʦ-

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʦʙʨʘʙʦʪʘʥʥʳʤ ʧʝʥʦʩʠʣʠʢʘʪʝ. 
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Abstract 

The article is devoted to the actual problem of managing the life cycle of information systems. With the sup-

port of decision-making on the choice of trajectories of the life cycle at the design stage, it was proposed to use 

the quality estimates of the version of the information system. A decision rule was constructed on the basis of a 

weighted Manhattan metric distance in the space of evaluation factors, where weighting factors are calculated 
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The widespread use of modern digital technologies 

in various fields of activity determines the relevance of the 

problems of lifecycle management of automated infor-

mation systems. System life cycle management is regu-

lated by the international standard [ISO / IEC / IEEE 

15288: 2015, 2015], which applies to systems as a whole, 

including hardware and software. At the same time, the 

existing models of the life cycle of information systems 

(cascade model, incremental model, spiral model, compo-

nent-oriented model, as well as their various modifications 

and integrated models [3]) allow for the return and repeti-

tion of the previously completed development stage at a 

new methodological level. In practice, this means an in-

crease in the time and cost of implementing IT projects 

[7]. Thus, the actual problem is the construction of deci-

sion rules for the choice of a trajectory at the branch point 

of the life cycle of an automated information system 

(AIS). 

The decision on the life cycle trajectory of the AIS 

can be made due to various (technical, technological, or-

ganizational, economic, etc.) factors based on various 
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methods of evaluating the IT project [5,6], in which AIS 

is being developed. We confine ourselves to building a de-

cision rule based on the quality assessment of the next ver-

sion of AIS. 

In accordance with ISO / IEC 25010: 2011 (System 

and software quality models), the quality assessment of 

software is carried out at all phases of the life cycle and 

includes the choice of a nomenclature of indicators, their 

evaluation and comparison of the values of indicators ob-

tained as a result of comparison with baseline values. The 

first level of the hierarchy of indicators is made up of qual-

ity factors: software reliability (Rel), maintainability 

(Main), usability (Us), efficiency (Eff), universality (Un) 

and correctness (Cor), relative values, which can values in 

the range from 0 to 1. Thus, the range of possible indica-

tors of the next AIS version is a 6-dimensional unit cube, 

whose points (AIS quality assessment vectors) are deter-

mined by the components  

Est = < Rel, Main, Us, Eff, Un, Cor >. 

The problem arises of determining one quality as-

sessment based on the integration of particular quality fac-

tors, similar to the corresponding problem in the more gen-

eral case [8]. 

We introduce in the considered area the metric dis-

tance between the estimates as the weighted Manhattan 

distance: 

DM (Est1 , Est2) = aRel abs(Rel1- Rel2 ) + aMain abs (Main1-

Main2) + 

+ aUs abs(Us1-Us2) + aEff abs (Eff 1-Eff 2)+ aUn abs (Un1-

Un2)+ 

+ aCor abs (Cor1-Cor2) 

where weights are determined using expert technol-

ogies [2]. The choice of the Manhattan distance is due to 

the fact that it most strongly (in comparison with the Che-

byshev distance and the Euclidean distance) emphasizes 

the difference between the compared objects. 

Weights satisfy the condition of non-negativity  

aRel, aMain, aUs, aEff, aUn, aCor ² 0 

and the normalization condition 

aRel + aMain +aUs + aEff + aUn+ aCor = 1 

Weights reflect the relative importance of quality 

factors (corresponding to the estimated components Rel, 

Main, Us, Eff, Un, Cor) and are determined on the basis of 

expert judgments using special methods (for example, a 

ranking method or a method of pairwise comparisons). It 

should be noted that in solving practical problems of as-

sessment, possible (albeit minor) changes in expert judg-

ments should be taken into account. The most valuable are 

stable distances (and estimates based on them) that are 

weakly sensitive to such changes [4]. 

Consider the reference vector of estimates Est*, 

which most closely meets the requirements for AIS. Then 

the decision to return to the previous stages of develop-

ment is made when the following conditions are met: 

DM (Est , Est*) Ò d, 

where the critical distance d is also determined by ex-

perts. 

The proposed approach to the choice of trajectories 

of the life cycle of the AIS allows (through solving the 

problems of synthesis [1] and problems of selection [9]) 

to realize the possibility of multivariate planning when im-

plementation IT projects. 

The work was implemented as the part of a com-

prehensive project implementation to create high-tech 

production "The development of methodology and 

tools for applied application creation, the support of in-

formation technology provision and decision-making 

life cycle for an effective implementation of adminis-

trative and managerial processes within the framework 

of established powers", cipher "2017-218-09 -187"; 

Decree of RF Government ˉ218 issued on April 9, 

2010. 
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ɸʥʥʦʪʘʮʠʷ. 

ʉʠʩʪʝʤʦʡ ɻʆʉʊ ʈ ʀʉʆ/ʄʕʂ 250ʭʭ, ʢʦʪʦʨʘʷ ʚʚʝʜʝʥʘ ʚ ʜʝʡʩʪʚʠʝ ʚ 2015-2018 ʛʦʜʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʳ 

ʩʧʦʩʦʙʳ ʜʝʢʦʤʧʦʟʠʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ (ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ), ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʚʝʜʝʥʠʷ ʦʮʝʥʢʠ. ʆʜ-

ʥʘʢʦ ʧʨʠʤʝʥʷʝʤʦʩʪʴ ʤʝʪʦʜʦʚ ʠ ʧʨʦʮʝʜʫʨ ʦʮʝʥʢʠ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʥʝ ʦʧʨʝʜʝʣʝʥʦ, 

ʯʪʦ ʠ ʷʚʠʣʦʩʴ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

Abstract. 

The GOST R ISO/IEC 250xx System, which was introduced in 2015-2018, recommended methods for decom-

position of characteristics in accordance with the quality and quality models using automated systems (software), 

as well as the organization of the evaluation. However, the applicability of methods and procedures for evaluation 

of normative and technical documents is not defined, which was the subject of the study. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ, ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ, ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠ-

ʩʪʝʤʳ, ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ 

Keywords: quality, quality assessment, methods of quality assessment, automated systems, software 

 

ʆʮʝʥʢʘ ʧʨʦʛʨʘʤʤʥʦʡ ʧʨʦʜʫʢʮʠʠ ð ʵʪʦ, ʩʦ-

ʛʣʘʩʥʦ [2-6], ʪʝʭʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʦʮʝʥʢʠ ʦʜʥʦʡ ʠʣʠ ʙʦʣʝʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʧʨʦʛʨʘʤʤʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʦʛʣʘʩʥʦ ʫʢʘʟʘʥ-

ʥʦʡ ʧʨʦʮʝʜʫʨʝ. 

ɼʦʢʫʤʝʥʪʳ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ ʦʮʝʥʢʫ ʧʨʦ-

ʛʨʘʤʤʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʤʝʞʜʫ-

ʥʘʨʦʜʥʦʤ ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʘʢʪʠʚʥʦ ʩʦʚʝʨ-

ʰʝʥʩʪʚʫʶʪʩʷ, ʦʙʥʦʚʣʷʶʪʩʷ, ʧʨʠʥʠʤʘʶʪʩʷ (ʚʚʦ-

ʜʷʪʩʷ ʚ ʜʝʡʩʪʚʠʝ) ʥʦʚʳʝ ʩʝʨʠʠ. 

ʉʠʩʪʝʤʘ ɻʆʉʊ ʈ ʀʉʆ/ʄʕʂ 250ʭʭ [2-6] ʷʚʣʷ-

ʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʩʤʦʪʨʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥ-

ʜʘʨʪʦʚ ʀʉʆ/ʄʕʂ 9126 "ʇʨʦʛʨʘʤʤʥʘʷ ʠʥʞʝʥʝʨʠʷ - 

ʂʘʯʝʩʪʚʦ ʧʨʦʜʫʢʪʘ" ʠ ʀʉʆ/ʄʕʂ 14598 "ʇʨʦʛʨʘʤʤ-

ʥʘʷ ʠʥʞʝʥʝʨʠʷ - ʆʮʝʥʢʘ ʧʨʦʜʫʢʪʘ". 

ʇʦʜ ʦʮʝʥʢʦʡ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʧʦʥʠʤʘʝʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʝ-

ʧʝʥʠ, ʩ ʢʦʪʦʨʦʡ ʧʨʦʛʨʘʤʤʥʘʷ ʧʨʦʜʫʢʮʠʷ ʩʧʦʩʦʙʥʘ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʠ ʧʦʜʨʘʟʫʤʝʚʘʝʤʳʤ 

ʧʦʪʨʝʙʥʦʩʪʷʤ. ʊʘʢ ʢʘʢ ʢʘʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ð ɻ ʪʦ ʩʪʝʧʝʥʴ, ʩ ʢʦʪʦʨʦʡ ʧʨʦʛʨʘʤʤʥʘʷ 

ʧʨʦʜʫʢʮʠʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʟʘʷʚʣʝʥʥʳʤ ʠ ʧʦʜʨʘʟʫʤʝ-

ʚʘʝʤʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʟʘʜʘʥ-

ʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɼʝʡʩʪʚʫʶʱʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʥʘʧʨʠʤʝʨ [5], ʨʝ-

ʛʣʘʤʝʥʪʠʨʦʚʘʥʳ ʦʙʱʠʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʚʝʜʝʥʠʶ 

ʦʮʝʥʢʠ (ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ, ʨʝʩʫʨʩʳ ʦʮʝʥʢʠ, 

ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʦʮʝʥʢʠ), ʢʘʢ ʧʨʝʜʩʪʘʚ-

ʣʝʥʦ ʥʘ ʨʠʩ. 1. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦ-

ʜʫʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʨʘʟʨʘ-

ʙʦʪʯʠʢʘ, ʧʨʠʦʙʨʝʪʘʪʝʣʝʡ ʠʣʠ ʥʝʟʘʚʠʩʠʤʳʤ ʦʮʝʥ-

ʱʠʢʦʤ ʚ ʧʨʦʮʝʩʩʝ ʠʣʠ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ 

ʠʣʠ ʞʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʦʙʨʝʪʝʥʠʷ. 
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ʈʠʩ. 1. ʆʙʦʙʱʝʥʥʘʷ ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ 

(ʠʩʪʦʯʥʠʢ: [4])  

 

ʕʪʘʣʦʥʥʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʘʷ [5], 

ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ ʠ ʜʝʪʘʣʠʟʠʨʫʝʪ ʜʝʡʩʪʚʠʷ ʠ ʟʘ-

ʜʘʯʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʭ ʮʝʣʠ, ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʤʝʪʦʜʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʦʮʝʥʢʠ: 

ʘ) ʰʘʛ 1 "ʈʘʟʨʘʙʦʪʢʘ ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʮʝʥʢʝ":  

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʮʝʣʴ ʦʮʝʥʦʢ; 

ʧʦʣʫʯʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ; 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʯʘʩʪʠ ʧʨʦʜʫʢʪʘ, ʧʦʜʣʝʞʘ-

ʱʝʛʦ ʦʮʝʥʢʝ; 

ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʦʛʦʩʪʴ ʦʮʝʥʢʠ; 

ʙ) ʰʘʛ 2 "ʉʧʝʮʠʬʠʢʘʮʠʷ ʦʮʝʥʢʠ": 

ʚʳʙʨʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ (ʤʦʜʫʣʠ ʦʮʝʥʢʠ); 

ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʝʨʠʡ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʜʣʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ; 

ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʝʨʠʡ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʜʣʷ 

ʦʮʝʥʢʠ; 

ʚ) hʘʛ 3 "ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ ʦʮʝʥʢʠè: ʨʘʟʨʘ-

ʙʦʪʘʪʴ ʧʣʘʥ ʜʝʡʩʪʚʠʡ ʧʦ ʦʮʝʥʢʝ; 

ʛ) ʰʘʛ 4 "ɺʳʧʦʣʥʝʥʠʝ ʦʮʝʥʦʢ": 

ʧʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ; 

ʧʨʠʤʝʥʠʪʴ ʢʨʠʪʝʨʠʠ ʜʣʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ; 

ʧʨʠʤʝʥʠʪʴ ʢʨʠʪʝʨʠʡ ʜʣʷ ʦʮʝʥʢʠ; 

ʜ) ʰʘʛ 5 "ɿʘʢʣʶʯʝʥʠʝ ʦʙ ʦʮʝʥʢʝ": 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ; 

ʩʦʟʜʘʪʴ ʦʪʯʝʪ ʦʙ ʦʮʝʥʢʝ; 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʮʝʥʢʫ ʠ ʠʥʬʦʨʤʠʨʦʚʘʪʴ 

ʦʨʛʘʥʠʟʘʮʠʶ; 

ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ. 

ɺʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʮʝʥʦʢ ʦʧʨʝ-

ʜʝʣʷʶʪʩʷ ʜʝʡʩʪʚʠʷʤʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʝ ʚ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ.  

ʇʝʨʝʯʝʥʴ ʦʛʨʘʥʠʯʝʥʠʡ ʜʣʷ ʦʮʝʥʢʠ ʚʢʣʶʯʘʝʪ: 

ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ; ʨʝʩʫʨʩʳ; ʨʘʩʧʠʩʘʥʠʝ; 

ʩʪʦʠʤʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ; ʩʨʝʜʫ; ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʤʝ-

ʪʦʜʦʣʦʛʠʶ; ʥʝʦʙʭʦʜʠʤʫʶ ʦʪʯʝʪʥʦʩʪʴ. 

ɺ ʩʦʩʪʘʚ "ʨʝʩʫʨʩʦʚ ʦʮʝʥʢʠ" ʚʭʦʜʷʪ: ʧʨʠʤʝʥʠ-

ʤʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʤʝʪʦʜʦʣʦʛʠʶ, 

ʚʢʣʶʯʘʷ ʤʦʜʫʣʠ ʦʮʝʥʢʠ; ʜʦʢʫʤʝʥʪʳ ʩʝʨʠʠ 

SQuaRE; ʯʝʣʦʚʝʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ; 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʠ ʙʘʟʘ ʟʥʘʥʠʡ ʜʣʷ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ, ʥʘʫʯʥʘʷ ʦʙʣʘʩʪʴ, 

ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʦʡ ʢʘʯʝ-

ʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʥʘʟʚʘʥʘ "ʢʚʘʣʠʤʝʪʨʠʝʡ" (ʣʘʪ. 

qwolis ʢʘʢʦʡ, ʢʘʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʜʨʝʚʥʝʛʨʝʯʝʩʢʦʛʦ - 

ʤʝʨʠʪʴ, ʠʟʤʝʨʷʪʴ) - ʦʙʣʘʩʪʴ ʥʘʫʢʠ, ʧʨʝʜʤʝʪʦʤ ʢʦʪʦ-

ʨʦʡ ʷʚʣʷʶʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʢʘʯʝ-

ʩʪʚʘ ʧʨʦʜʫʢʮʠʠ [7, 8]. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ "ʧʨʠʢʣʘʜ-

ʥʦʡ ʢʚʘʣʠʤʝʪʨʠʠ" - ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ 

ʩʧʝʮʠʬʠʢʫ ʢʦʥʢʨʝʪʥʳʭ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ (ʦʙʲʝʢʪʦʚ 

ʪʝʭʥʠʢʠ).  

ʂ ʩʝʨʝʜʠʥʝ 60-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʚ 

ʥʘʰʝʡ ʩʪʨʘʥʝ ʥʘʢʦʧʠʣʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʧʳʪ ʧʨʠ-

ʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢ-

ʮʠʠ. ɺ 1968 ʛʦʜʫ ʛʨʫʧʧʦʡ ʫʯʝʥʳʭ (ɸʟʛʘʣʴʪʦʚ ɻ.ɻ., 

ɻʣʠʯʝʚ ɸ.ɺ. ʠ ʜʨ.) ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ ʞʫʨʥʘʣʝ "ʉʪʘʥ-

ʜʘʨʪʳ ʠ ʢʘʯʝʩʪʚʦ" ʩʪʘʪʴʷ "ʂʚʘʣʠʤʝʪʨʠʷ - ʥʘʫʢʘ ʦʙ 

ʠʟʤʝʨʝʥʠʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ", ʚ ʢʦʪʦʨʦʡ ʦʙʦʩʥʦ-

ʚʘʥʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʦʙʱʥʦʩʪʴ ʩʧʦʩʦʙʦʚ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʨʝʰʝ-

ʥʠʡ, ʧʨʠʥʠʤʘʝʤʳʭ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʢʘʯʝʩʪʚʦʤ ʧʨʦ-

ʜʫʢʮʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. ɺʧʝʨʚʳʝ ʧʨʦʙʣʝʤʳ 

ʢʚʘʣʠʤʝʪʨʠʠ ʦʩʫʞʜʘʣʠʩʴ ʦʜʥʦʡ ʠʟ ʩʧʝʮʠʘʣʴʥʳʭ 

ʩʝʩʩʠʡ ʚ ʄʦʩʢʚʝ ʚ 1971 ʛʦʜʫ ʥʘ XV ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ɽʚʨʦʧʝʡʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ ʢʦʥ-

ʪʨʦʣʶ ʢʘʯʝʩʪʚʘ.  

ɺ "ʢʚʘʣʠʤʝʪʨʠʠ" ʧʦʜ "ʦʮʝʥʢʦʡ ʢʘʯʝʩʪʚʘ" ʧʦʥʠ-

ʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʮʝʜʫʨ (ʦʧʝʨʘʮʠʡ) ʧʦ ʚʳ-

ʙʦʨʫ ʥʦʤʝʥʢʣʘʪʫʨʳ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʧʨʝʜʝʣʝʥʠʶ ʠʭ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʵʪʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʙʘʟʦʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʄʝʪʦʜʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʝ ʚ "ʧʨʠʢʣʘʜʥʦʡ ʢʚʘʣʠʤʝʪʨʠʠ", ʩʦʜʝʨ-

ʞʘʪ: ʠʟʤʝʨʠʪʝʣʴʥʳʡ (ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝ-

ʥʠʡ), ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʡ (ʥʘʙʣʶʜʝʥʠʷ ʠ ʧʦʜʩʯʝʪʘ 

ʯʠʩʣʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʙʳʪʠʡ, ʧʨʝʜʤʝʪʦʚ ʠʣʠ ʟʘ-

ʪʨʘʪ), ʨʘʩʯʝʪʥʳʡ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠ/ʠʣʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪ 

ʝʝ ʧʘʨʘʤʝʪʨʦʚ), ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʡ (ʥʘ ʦʩʥʦʚʝ ʘʥʘ-

ʣʠʟʘ ʚʦʩʧʨʠʷʪʠʡ ʦʨʛʘʥʦʚ ʯʫʚʩʪʚ); ʵʢʩʧʝʨʪʥʳʡ (ʥʘ 

ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ, ʧʨʠʥʠʤʘʝʤʦʛʦ ʵʢʩʧʝʨʪʘʤʠ) ʠ ʩʦ-

ʮʠʦʣʦʛʠʯʝʩʢʠʡ (ʥʘ ʦʩʥʦʚʝ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʤʥʝʥʠʡ 

ʬʘʢʪʠʯʝʩʢʠʭ ʠʣʠ ʚʦʟʤʦʞʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʨʦʜʫʢ-

ʮʠʠ). 
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ʂ ʦʩʥʦʚʥʳʤ ʧʨʦʮʝʜʫʨʘʤ (ʦʧʝʨʘʮʠʷʤ) ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʚ "ʧʨʠʢʣʘʜʥʦʡ ʢʚʘʣʠʤʝʪʨʠʠ" 

ʦʪʥʦʩʷʪ: 

ʚʳʙʦʨ ʥʦʤʝʥʢʣʘʪʫʨʳ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ 

ʠ ʠʭ ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʆʩʥʦʚʥʳʤʠ ʢʨʠ-

ʪʝʨʠʷʤʠ ʚʳʙʦʨʘ ʷʚʣʷʶʪʩʷ ʵʪʘʧ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʧʨʦʜʫʢʮʠʠ, ʧʦʪʨʝʙʥʦʩʪʠ, ʢʦʪʦʨʳʤ ʧʨʦʜʫʢʮʠʷ 

ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ, ʘ ʪʘʢʞʝ ʩʫʙʲʝʢʪʠʚʥʳʝ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʦʮʝʥʱʠʢʘ; 

ʦʧʨʝʜʝʣʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʢʘʯʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ (ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ 

ʧʦʢʘʟʘʪʝʣʷ) ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ (ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟ-

ʤʝʨʥʦʩʪʠ) ʠʟʤʝʨʝʥʠʡ; 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠʟ-

ʤʝʨʷʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʩ ʙʘʟʦʚʳʤ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʳʭ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʪʘʥʜʘʨʪʦʚ ʠʣʠ ʜʨʫʛʠʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʘ 

ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʥʳʝ ʦʙʨʘʟʮʳ ʠ ʵʪʘʣʦʥʳ. 

ʅʦʤʝʥʢʣʘʪʫʨʘ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʠʭ 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʝʨʘʨʭʠʯʝ-

ʩʢʦʤ ʜʝʨʝʚʝ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʳ 

ʩʠʩʪʝʤʦʡ ɻʆʉʊ ʈ ʀʉʆ/ʄʕʂ 250ʭʭ ʧʦʩʨʝʜʩʪʚʦʤ 

ʤʦʜʝʣʝʡ ʢʘʯʝʩʪʚʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ: ʤʦʜʝʣʴ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, 

ʤʦʜʝʣʴ ʢʘʯʝʩʪʚʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʤʦʜʝʣʴ ʢʘʯʝ-

ʩʪʚʘ ʜʘʥʥʳʭ. 

ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʢʘʯʝʩʪʚʘ 

ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ, ʯʪʦ ʫʯʪʝʥʳ ʚʩʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʢʘʯʝʩʪʚʘ. ʄʦʜʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʥʦʞʝʩʪʚʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʯʝʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥ 

ʰʠʨʦʢʠʡ ʢʨʫʛ ʣʠʮ, ʪʘʢʠʭ ʢʘʢ: ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʩʠʩʪʝʤʥʳʝ ʠʥʪʝʛʨʘʪʦʨʳ, 

ʧʨʠʦʙʨʝʪʘʪʝʣʠ, ʚʣʘʜʝʣʴʮʳ, ʩʧʝʮʠʘʣʠʩʪʳ ʧʦ ʦʙʩʣʫ-

ʞʠʚʘʥʠʶ, ʧʦʜʨʷʜʯʠʢʠ, ʤʝʥʝʜʞʝʨʳ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ 

ʠ ʫʧʨʘʚʣʝʥʠʶ ʢʘʯʝʩʪʚʦʤ, ʧʦʣʴʟʦʚʘʪʝʣʠ. 

ʎʝʣʴʶ ʤʦʜʝʣʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʠʪ ʮʝʣʝʚʦʡ 

ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʘ ʮʝʣʴ ʤʦʜʝʣʠ ʢʘʯʝʩʪʚʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ - ʵʪʦ ʩʦʚʦʢʫʧʥʘʷ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥ-

ʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠ ʮʝʣʝʚʫʶ 

ʢʦʤʧʴʶʪʝʨʥʫʶ ʩʠʩʪʝʤʫ, ʠ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʥʳʡ 

ʧʨʦʜʫʢʪ. 

ʄʦʜʝʣʴ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ ʩʚʦʜʠʪ ʩʚʦʡʩʪʚʘ ʢʘ-

ʯʝʩʪʚʘ ʩʠʩʪʝʤʳ/ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʢ ʚʦʩʴʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʢʦʪʦʨʳʤʠ ʷʚʣʷʶʪʩʷ: ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʘʷ ʧʨʠʛʦʜʥʦʩʪʴ; ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-

ʩʪʠ; ʩʦʚʤʝʩʪʠʤʦʩʪʴ; ʫʜʦʙʩʪʚʦ ʧʦʣʴʟʦʚʘʥʠʷ; ʥʘʜʝʞ-

ʥʦʩʪʴ; ʟʘʱʠʱʝʥʥʦʩʪʴ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʩʪʴ ʠ ʧʝʨʝʥʦ-

ʩʠʤʦʩʪʴ (ʤʦʙʠʣʴʥʦʩʪʴ). ʂʘʞʜʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʩʪʦʠʪ ʠʟ ʨʷʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʦʜʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʄʦʜʝʣʴ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ 

ʢʘʢ ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʪʘʢ ʠ ʜʣʷ ʢʦʤʧʴʶ-

ʪʝʨʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʠʪ ʧʨʦ-

ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ 

ʧʦʜʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʤʝʥʠʤʦ ʠ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ 

ʦʙʝʩʧʝʯʝʥʠʶ, ʠ ʢ ʩʠʩʪʝʤʘʤ. 

ʄʦʜʝʣʴ ʢʘʯʝʩʪʚʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʨʝʜʝ-

ʣʷʝʪ ʧʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʠʩʪʝʤʦʡ: ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ, ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ, ʩʚʦʙʦʜʫ ʦʪ 

ʨʠʩʢʘ ʠ ʧʦʢʨʳʪʠʝ ʢʦʥʪʝʢʩʪʘ, ʥʘʧʨʠʤʝʨ: 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ("ʵʬʬʝʢʪʠʚʥʦʩʪʴ") ï ʚ ʯʘʩʪʠ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʚʳʧʦʣ-

ʥʝʥʠʷ ʮʝʣʝʚʳʭ ʟʘʜʘʯ; 

"ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ" ï ʚ ʯʘʩʪʠ ʧʦʪʨʝʙʥʦʩʪʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʮʝ-

ʣʝʚʳʭ ʟʘʜʘʯ; 

"ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ" ï ʚ ʯʘʩʪʠ ʧʦʪʨʝʙʥʦʩʪʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʮʝʣʝ-

ʚʳʭ ʟʘʜʘʯ; 

"ʩʚʦʙʦʜʘ ʦʪ ʨʠʩʢʘ" ï ʚ ʯʘʩʪʠ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʣʴ-

ʟʦʚʘʪʝʣʷ ʚ ʩʚʦʙʦʜʝ ʦʪ ʨʠʩʢʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʮʝʣʝʚʳʭ 

ʟʘʜʘʯ; 

"ʧʦʢʨʳʪʠʝ ʢʦʥʪʝʢʩʪʘ", ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʜʦ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʵʬʬʝʢ-

ʪʠʚʥʦ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ, ʩʚʦʙʦʜʥʦ ʦʪ ʨʠʩʢʘ ʠ ʫʜʦ-

ʚʣʝʪʚʦʨʷʝʪ ʚʩʝ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʉʠʩʪʝʤʘ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʜʭʦʜʘʤʠ 

"ʧʨʠʢʣʘʜʥʦʡ ʢʚʘʣʠʤʝʪʨʠʠ" ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʨʝʛʣʘ-

ʤʝʥʪʠʨʦʚʘʥʘ ʚ [6] ʚ ʚʠʜʝ ʝʜʠʥʠʯʥʦʛʦ, ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ, ʦʜʥʘʢʦ ʜʣʷ 

ʮʝʣʝʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʠʩʪʝʤ (ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ) ʜʦʣʞʥʘ ʙʳʪʴ ʛʘʨʤʦʥʠʟʠʨʦʚʘʥʘ ʩ ʧʦʜʭʦ-

ʜʘʤʠ SQuaRE [2-6]. 

ʉʠʩʪʝʤʘ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʠ-

ʩʪʝʤ (ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝ-

ʢʦʤʧʦʟʠʮʠʝʡ ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʚʦʡʩʪʚ ʤʦʜʝʣʝʡ, ʨʝ-

ʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ SQuaRE, ʩʦʜʝʨʞʠʪ: 

ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʆʇʂ, ʢʦʪʦ-

ʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʚʦʡʩʪʚ ʩʛʨʫʧʧʠ-

ʨʦʚʘʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʤʦʜʝʣʠ ʢʘʯʝʩʪʚʘ ʠ ʤʦ-

ʜʝʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ (ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ) ʩ ʫʯʝʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʢʣʘʜʘ ʠʭ ʚ ʠʪʦ-

ʛʦʚʫʶ ʦʮʝʥʢʫ ʧʦʩʨʝʜʩʪʚʦʤ ʚʚʝʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʚ ‌ʚʘʞʥʦʩʪʠ ʛʨʫʧʧ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʱʝʩʪʚʝʥ-
ʥʳʭ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤ (ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ), ʢʘʢ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʳʨʘʞʝʥʠʝʤ (1): 

 

˛˜˗‌˕˜˗ ‌˕˜  ̠                 (1) 

 

ʛʜʝ: ‌  - ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʞʥʦʩʪʠ k-ʡ ʛʨʫʧʧʳ ʩʫ-

ʱʝʩʪʚʝʥʥʳʭ ʩʚʦʡʩʪʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʤʦʜʝʣʠ ʢʘʯʝ-

ʩʪʚʘ ʠ ʤʦʜʝʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ (ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ); 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʀʇʂ, ʢʦʪʦ-

ʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤ 

(ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ 

ʢʘʯʝʩʪʚʘ (ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʢʘʯʝʩʪʚʘ - ʀʇʂ1), ʢʘʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2 ʠ ʚʳ-

ʨʘʞʝʥʠʝʤ (2), ʠʣʠ ʤʦʜʝʣʴʶ ʢʘʯʝʩʪʚʘ ʧʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ (ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘ-

ʯʝʩʪʚʘ - ʀʇʂ2), ʢʘʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʳʨʘʞʝʥʠʝʤ (3): 

˕˜˗
В ♫ ░̠ ˜ ░̠░

В ♫ ░░
               (2) 
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˕˜˗
В ♫ ░̠ ˜ ░̠░

В ♫ ░░
               (3) 

ʜʝ: b1i - ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʞʥʦʩʪʠ i-ʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ ʢʘʯʝʩʪʚʘ ʩʠʩʪʝʤ 

(ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ); 

b2i - ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʞʥʦʩʪʠ i-ʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ ʢʘʯʝʩʪʚʘ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ (ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ); 

ʀʥʪʝʛʨʘʣɹ ʥr ʡ 

ʧʦʢʘʟʘʪʝʣɹ 

ʢʘʯʝʩʪʚʘ ɸʉ (ʇʆ)

ʀʇʂ1

ʂʇʂ11 ʂʇʂ12 ʂʇʂ13 ʂʇʂ14 ʂʇʂ15ʂʇʂ16 ʂʇʂ17 ʂʇʂ18

b11 b12 b13 b14 b15 b16 b17 b11

g1ij

ʇʂ1ij  
ʈʠʩ. 2. ʉʠʩʪʝʤʘ ʧʦʢʘʟʘʪʝʣʝʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʠʩʪʝʤ (ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ) 

 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʂʇʂ, ʢʦʪʦ-

ʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʜʥʦ ʠʟ ʝʝ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ 

(ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ 

ʢʘʯʝʩʪʚʘ (ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʢʘʯʝʩʪʚʘ - ʂʇʂ1i), ʢʘʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2 ʠ ʚʳ-

ʨʘʞʝʥʠʝʤ (4), ʠʣʠ ʤʦʜʝʣʴʶ ʢʘʯʝʩʪʚʘ ʧʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ (ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝ-

ʩʪʚʘ - ʂʇʂ2), ʢʘʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʳʨʘʞʝʥʠʝʤ (5): 

˗˜ ░̠

В ˜˗

В
               (4) 

˗˜ ░̠

В ˜˗

В
               (5) 

 

ʛʜʝ: g1ij  - ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʞʥʦʩʪʠ j-ʡ 

ʧʦʜʭʘʨʘʢʪʝʨʠʩʪʠʢʠ i-ʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ ʢʘʯʝʩʪʚʘ ʩʠʩʪʝʤ (ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ);  

g2ij - ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʞʥʦʩʪʠ j-ʡ 

ʧʦʜʭʘʨʘʢʪʝʨʠʩʪʠʢʠ i-ʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ ʢʘʯʝʩʪʚʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠ-

ʩʪʝʤ (ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ); 

ʇʂ1ij - ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ j-ʡ 

ʧʦʜʭʘʨʘʢʪʝʨʠʩʪʠʢʠ i-ʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ ʢʘʯʝʩʪʚʘ ʩʠʩʪʝʤ (ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ) (ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʘʜʜʠʪʠʚʥʘʷ ʚʟʚʝʰʝʥʥʘʷ 

ʩʚʝʨʪʢʘ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩʫʙʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ (ʤʝʪʨʠʢ), ʧʨʠ ʥʘʣʠʯʠʠ); 

ʇʂ2ij - ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ j-ʡ 

ʧʦʜʭʘʨʘʢʪʝʨʠʩʪʠʢʠ i-ʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ ʢʘʯʝʩʪʚʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠ-

ʩʪʝʤ (ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ) (ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʘʜ-

ʜʠʪʠʚʥʘʷ ʚʟʚʝʰʝʥʥʘʷ ʩʚʝʨʪʢʘ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʟʥʘ-

ʯʝʥʠʡ ʩʫʙʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʤʝʪʨʠʢ), ʧʨʠ ʥʘʣʠʯʠʠ). 

ʂʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʠʩʪʝʤ (ʧʨʦʛʨʘʤʤ-

ʥʳʭ ʩʨʝʜʩʪʚ) ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʜʣʷ ʆʇʂ, ʪʘʢ 

ʠ ʜʣʷ ʀʇʂ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ 

(ʦʮʝʥʢʠ) ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʧʨʠʤʝʥʝʥʠʡ [8-

9] ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ 

(ʥʘ ʧʨʠʤʝʨʝ ʀʇʂ2): 

0<˕˜˗ πȟχ - ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘ-

ʥʠʷʤ; 

πȟχ ˕˜˗ ρȟπ - ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘ-

ʥʠʷʤ. 

ʅʦʚʠʟʥʘ ʦʮʝʥʢʠ ʩʠʩʪʝʤ (ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ) ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʩʚʦʡʩʪʚ ʠ ʠʝʨʘʨʭʠʡ ʜʝʨʝʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʨʝʛʣʘ-

ʤʝʥʪʠʨʦʚʘʥʥʳʭ SQuaRE, ʧʦʟʚʦʣʷʝʪ ʛʘʨʤʦʥʠʟʠʨʦ-

ʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʠʨʦ-

ʚʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʘʧʧʘ-

ʨʘʪʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʠ 

ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ. 
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THE DEVELOPMENT  OF ARTIFICIAL  INTELLIGENCE   

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʨʘʟʨʘʙʦʪʢʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩ ʧʦʤʦʱʴʶ ʦʙʫʯʝʥʠʷ ʠʩ-

ʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʇʨʠʚʦʜʠʪʩʷ ʩʧʠʩʦʢ ʜʦʩʪʫʧʥʳʭ ʩʝʨʚʠʩʦʚ ʠ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦ-

ʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

Abstract. 

This article describes the approaches to the development of artificial  intelligence through the training of 

artificial  neural networks. The available services for development and programming languages that are used for 

the development of artificial  intelligence are specified in it. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʨʘʟʨʘʙʦʪʢʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʠʩʢʫʩʩʪʚʝʥ-

ʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ. 

Key words: artificial  intelligence, artificial  intelligence development, artificial  neural networks, program-

ming languages, machine learning. 

 

ʊʝʢʫʱʠʡ ʧʝʨʠʦʜ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ 

ʚʨʝʤʷ "ʟʘʨʦʞʜʘʶʱʠʭʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʨʳʚʦʚ 

ʚ ʩʘʤʦʤ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʦʙʣʘʩʪʝʡ", ʚʢʣʶʯʘʷ, ʠʩ-

ʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ), ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʥʝʡʨʦʢʦʤʧʴʶʪʝʨʦʚ, ʠʥ-

ʪʝʨʥʝʪ ʚʝʱʝʡ (ʀɺ), ʪʨʝʭʤʝʨʥʫʶ ʧʝʯʘʪʴ, ʨʦʙʦʪʠʟʘ-

ʮʠʶ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʢʚʘʥʪʦʚʳʝ ʚʳʯʠʩʣʝʥʠʷ, 

ʙʠʦʪʝʭʥʦʣʦʛʠʠ. ʄʥʦʛʠʝ ʠʥʥʦʚʘʮʠʠ ʧʨʠʙʣʠʞʘʶʪʩʷ 

ʦʪ ʟʘʨʦʞʜʝʥʠʷ ʢ ʥʦʚʦʤʫ ʵʪʘʧʫ ʨʘʟʚʠʪʠʷ, ʥʘ ʢʦʪʦʨʦʤ 

ʦʥʠ ʙʫʜʫʪ ʥʘʩʣʘʠʚʘʪʴʩʷ ʠ ʫʩʠʣʠʚʘʪʴ ʜʨʫʛ ʜʨʫʛʘ, 

"ʧʨʝʜʩʪʘʚʣʷʷ ʠʟ ʩʝʙʷ ʧʝʨʝʧʣʝʪʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʟ 

ʤʠʨʘ ʬʠʟʠʢʠ, ʙʠʦʣʦʛʠʠ ʠ ʮʠʬʨʦʚʳʭ ʨʝʘʣʠʡ" [1]. 

ʋʩʧʝʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ 

ʨʦʩʪʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ ʜʦʩʪʫʧʥʦ-

ʩʪʴʶ ʢʦʣʦʩʩʘʣʴʥʳʭ ʦʙʲʝʤʦʚ ʠʩʪʦʨʠʯʝʩʢʠ ʥʘʢʦʧ-

ʣʝʥʥʳʭ ʜʘʥʥʳʭ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʝʡʩʪʚʠʡ, ʠʜʝʥ-

ʪʠʯʥʳʭ ʪʝʤ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ ʯʝʣʦʚʝʯʝʩʢʠʤ 

ʤʦʟʛʦʤ, ʚʢʣʶʯʘʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝ-

ʥʠʡ. ʉʘʤ ʪʝʨʤʠʥ ʚ 1956 ʛʦʜʫ ʜʘʣ ʘʤʝʨʠʢʘʥʩʢʠʡ ʠʥ-

ʬʦʨʤʘʪʠʢ, ʠʟʦʙʨʝʪʘʪʝʣʴ ʷʟʳʢʘ LISP, ɼʞʦʥ ʄʘʢ-

ʢʘʨʪʠ. 

ʆʜʥʦ ʠʟ ʩʘʤʳʭ ʚʝʩʦʤʳʭ ʩʦʙʳʪʠʡ ʤʠʨʦʚʦʛʦ 

ʤʘʩʰʪʘʙʘ ʧʨʦʠʟʦʰʣʦ ʚ 1997 ʛʦʜʫ, ʢʦʛʜʘ ʢʦʤʧʴʶʪʝʨ 

"IBM Deep Blue" ʧʦʙʝʜʠʣ ʜʝʡʩʪʚʫʶʱʝʛʦ ʯʝʤʧʠʦʥʘ 

ʤʠʨʘ ʧʦ ʰʘʭʤʘʪʘʤ ɻʘʨʨʠ ʂʘʩʧʘʨʦʚʘ. ɼʣʷ ʟʘʜʘʯ ʧʦ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʠ ʠʛʨʦʚʦʤʫ ʪʝʩʪʠ-

ʨʦʚʘʥʠʶ ʢʦʨʧʦʨʘʮʠʝʡ IBM ʙʳʣ ʧʨʠʚʣʝʯʝʥʳ ʠʟʚʝʩʪ-

ʥʳʝ ʛʨʦʩʩʤʝʡʩʪʝʨʳ, ʪʘʢʠʝ ʢʘʢ ɼʞʦʵʣ ɹʝʥʜʞʘʤʠʥ ʠ 

ɼʞʦʥ ʌʝʜʦʨʦʚʠʯ. ʉʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʛʨʦʩʩʤʝʡʩʪʝ-

ʨʦʚ ʠ ʫʯʝʥʳʭ ʠʟ ʧʨʠʚʝʣʘ ʢ ʨʘʟʨʘʙʦʪʢʝ ʤʦʱʥʦʛʦ 

ʰʘʭʤʘʪʥʦʛʦ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʙʦʨʘ 

ʭʦʜʘ ʩʫʧʝʨʢʦʤʴʶʪʝʨ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʣ ʪʠʧʦ-

ʚʳʝ ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʧʦ ʰʘʭʤʘʪʥʦʤʫ ʜʝʨʝʚʫ: ʤʠʥʠ-

ʤʘʢʩʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʩ ʘʣʴʬʘ-ʙʝʪʘ-ʦʪʩʝʯʝʥʠ-

ʷʤʠ ʠ ʦʮʝʥʦʯʥʫʶ ʬʫʥʢʮʠʶ, ʜʘʚʘʚʰʫʶ ʦʮʝʥʢʫ ʢʦ-

ʥʝʯʥʳʤ ʧʦʟʠʮʠʷʤ. ʇʦʙʝʜʘ ʤʘʰʠʥʳ ʥʘʜ ʯʝʣʦʚʝʢʦʤ 

ʦʟʥʘʤʝʥʦʚʘʣʘ ʚʘʞʥʳʡ ʧʦʚʦʨʦʪʥʳʡ ʤʦʤʝʥʪ ʜʣʷ ʀʀ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ, ʯʪʦ ʢʦʤʧʴʶʪʝʨ 

ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʠʟʫʯʠʪʴ ʣʦʛʠʢʫ ʠʛʨʳ, ʥʦ ʠ ʜʦʩʪʠʯʴ 

ʫʨʦʚʥʷ ʤʘʩʪʝʨʩʪʚʘ, ʨʘʥʝʝ ʩʯʠʪʘʚʰʝʛʦʩʷ ʜʦʩʪʫʧʥʳʤ 

ʪʦʣʴʢʦ ʣʶʜʷʤ. ʉʨʝʜʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʤʝʨʦʚ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʙʘʟʝ ʀʀ, 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ "IBM Watson" - ʧʨʦʝʢʪ ʦʪ IBM, 
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ʩʧʦʩʦʙʥʳʡ ʦʪʚʝʯʘʪʴ ʥʘ ʚʦʧʨʦʩʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʫ-

ʪʝʤ ʧʦʠʩʢʘ ʚ ʩʦʙʩʪʚʝʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ. "IBM 

Watson" ʠʩʧʦʣʴʟʫʝʪ 80 ʩʝʨʚʝʨʦʚ ʠ ʦʢʦʣʦ 15 ʊɹ ʦʧʝ-

ʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʥʝ ʪʨʝʙʫʝʪ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʠʥʪʝʨ-

ʥʝʪʫ. ʉʠʩʪʝʤʘ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʬʝʨʝ ʟʜʨʘʚʦ-

ʦʭʨʘʥʝʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʥʝʩʢʦʣʴʢʠʭ 

ʣʝʪ. ʂ 2013 ʛʦʜʫ ʚ ʉʐɸ ʙʳʣʦ ʩʦʟʜʘʥʦ ʰʝʩʪʴ ʪʘʢʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʢʦʪʦʨʳʝ ʢ ʤʦʤʝʥʪʫ ʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 

ʟʘʧʫʩʢʘ ʫʞʝ ʤʦʛʣʠ ʨʘʙʦʪʘʪʴ ʩ ʙʦʣʝʝ ʯʝʤ 2 ʤʠʣʣʠʦ-

ʥʘʤʠ ʩʪʨʘʥʠʮ ʤʝʜʠʮʠʥʩʢʦʛʦ ʪʝʢʩʪʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣ-

ʣʝʢʪ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʩʫ-

ʱʝʩʪʚʣʝʥʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ, ʛʦʣʦʩʘ, 

ʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚ, ʚ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʩʝʨʚʠʩʦʚ 

ʢʘʢ ʛʦʣʦʩʦʚʳʝ ʧʦʤʦʱʥʠʢʠ, ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʜʣʷ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʙʝʩʧʠʣʦʪʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨ. 

ɼʣʷ ʩʦʟʜʘʥʠʡ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʩʧʝʮʠʘʣʠʟʠ-

ʨʦʚʘʥʥʳʭ ʧʣʘʪʬʦʨʤ. ʆʥʠ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʩʧʦ-

ʩʦʙʥʳ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʨʘʩʧʦʟʥʘʚʘʪʴ ʨʝʯʴ ʠ ʦʙʲ-

ʝʢʪʳ, ʘ ʪʘʢʞʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʛʝʥʝʨʠʨʦʚʘʪʴ ʜʝʡ-

ʩʪʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʘ ʇʆ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʨʘʙʦʪʘʶʪ ʧʦ ʧʨʠʥʮʠʧʘʤ ʤʘ-

ʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ʘʥʛʣ. machine learning) ʠ ʛʣʫʙʦ-

ʢʦʛʦ ʦʙʫʯʝʥʠʷ (ʘʥʛʣ. deep learning). ʇʦʩʣʝʜʥʠʡ ʠʩ-

ʧʦʣʴʟʫʝʪ ʙʦʣʴʰʠʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ ʠ ʪʨʝʙʫʝʪ 

ʚʳʩʦʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʱʥʦʩʪʠ. ʆʙʘ ʧʨʦʮʝʩʩʘ 

ʦʩʥʦʚʘʥʳ ʥʘ ʨʘʙʦʪʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝ-

ʪʝʡ, ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʪʨʦʷʪ ʛʨʘʬʳ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʠʝ ʧʨʦʛʨʘʤʤʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʘʣʛʦ-

ʨʠʪʤʦʚ ʟʘʧʦʤʠʥʘʥʠʷ. ʊʘʢʞʝ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʦʙʣʘ-

ʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʠʥʪʝʣʣʝʢʪ ʤʘʣʦʵʬʬʝʢʪʠʚʝʥ ʣʠʙʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʚʳ-

ʯʠʩʣʝʥʠʷ ʪʨʫʜʦʸʤʢʠ ʠʣʠ ʬʠʟʠʯʝʩʢʠ ʥʝʘʜʝʢʚʘʪʥʳ, 

ʪʘʢ ʢʘʢ ʥʝ ʦʪʨʘʞʘʶʪ ʠʣʠ ʧʣʦʭʦ ʦʪʨʘʞʘʶʪ ʨʝʘʣʴʥʳʝ 

ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʦʙʲʝʢʪʳ. ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʤʥʦʛʦʢʨʘʪʥʦ ʚʦʟʨʘʩ-

ʪʘʝʪ, ʢʦʛʜʘ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ 

ʧʣʦʭʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʟʘʜʘʯ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩ-

ʥʦʚʥʘʷ ʮʝʣʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʪʘʢʫʶ ʧʨʦʛʨʘʤʤʫ, ʢʦʪʦ-

ʨʘʷ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʥʘ ʦʙʫʯʘʪʴʩʷ, ʥʦ ʠ ʩʧʦʩʦʙʥʘ 

ʦʙʫʯʘʪʴ ʩʝʙʷ ʩʘʤʘ, ʪʦ ʝʩʪʴ ʷʚʣʷʪʴʩʷ ʩʘʤʦʦʙʫʯʘʶ-

ʱʝʡʩʷ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʠʩʦʢ ʠʟ ʧʷʪʠ ʥʘʠʙʦʣʝʝ 

ʧʨʦʜʚʠʥʫʪʳʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʀʀ: 

¶ Wit.ai.  Wit.ai ʠʤʝʝʪ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʭʘ-

ʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʫʶʪ ʛʦʣʦʩʦʚʳʝ ʟʘʧʨʦʩʳ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʪʝʢʩʪ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʣʘʪʬʦʨʤʘ ʪʱʘ-

ʪʝʣʴʥʦ ʘʥʘʣʠʟʠʨʫʝʪ ʧʦʣʫʯʝʥʥʳʡ ʟʘʧʨʦʩ ʠ ʦʪʚʝʯʘʝʪ 

ʥʘ ʥʝʛʦ, ʜʝʡʩʪʚʫʷ ʧʦ ʧʨʠʥʮʠʧʫ ʩʫʱʥʦʩʪʝʡ ʠ ʥʘʤʝ-

ʨʝʥʠʡ. ʉʫʱʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʲʝʢʪʳ, ʢʦ-

ʪʦʨʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʢʘʟʳʚʘʶʪʩʷ ʧʨʦʛʨʘʤʤʦʡ ʧʨʠ 

ʥʘʣʠʯʠʠ ʟʘʧʨʦʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʆʪʚʝʪ ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʟʥʘ-

ʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʵʪʘʧʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʥʠʢʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ñʠʩʪʦʨʠʷò (ʢʦʪʦ-

ʨʘʷ ʩʦʭʨʘʥʷʝʪ ʢʦʥʪʝʢʩʪʥʳʝ ʜʘʥʥʳʝ) ʧʦʟʚʦʣʷʝʪ ʩʦ-

ʟʜʘʚʘʪʴ ʧʨʦʜʚʠʥʫʪʳʝ ʯʘʪ ʙʦʪʳ ʥʘ ʦʩʥʦʚʝ ʧʣʘʪ-

ʬʦʨʤʳ ʚ ʦʯʝʥʴ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ ʯʝʤ 180 ʪʳʩ. ʨʘʟʨʘʙʦʪʯʠ-

ʢʦʚ 

¶ Dialogflow (ʨʘʥʝʝ ʥʘʟʳʚʘʚʰʠʡʩʷ Api.ai), 

ʩʦʟʜʘʥʥʳʡ ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ Google, ʦʩ-

ʥʦʚʘʥ ʥʘ ʢʦʥʪʝʢʩʪʥʦʤ ʟʘʧʦʤʠʥʘʥʠʠ ʧʨʝʜʳʜʫʱʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɽʛʦ ʧʨʠʥʮʠʧ ʨʘ-

ʙʦʪʳ ʘʥʘʣʦʛʠʯʥʦ Wit.ai ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʘ ʜʚʫʭ ʧʦʥʷ-

ʪʠʷʭ: ʩʫʱʥʦʩʪʠ ʠ ʥʘʤʝʨʝʥʠʷ. ʆʥ ʧʦʜʜʝʨʞʠʚʘʝʪ ʙʦ-

ʣʝʝ 14 ʷʟʳʢʦʚ, ʚʢʣʶʯʘʷ ʧʦʨʪʫʛʘʣʴʩʢʠʡ, ʨʫʩʩʢʠʡ ʠ 

ʠʩʧʘʥʩʢʠʡ. Dialogflow ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʤʦʱʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʀʀ, ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʝʛʦ ʩʦʚ-

ʤʝʩʪʠʤʦʩʪʠ ʩ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʦ-

ʙʠʣʴʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ: ʆʉ Android ʠ iOS, ʘ ʪʘʢʞʝ 

ʧʦʜʜʝʨʞʢʠ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʢʘʢ 

Xamarin, Python, C++ ʠ JavaScript. [2] 

¶ Clarifai. Clarifai ʷʚʣʷʝʪʩʷ ʧʣʘʪʬʦʨʤʦʡ, ʢʦ-

ʪʦʨʘʷ ʦʙʨʘʙʘʪʳʚʘʝʪ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦ-

ʱʴʶ ʢʘʤʝʨ, ʚʩʪʨʦʝʥʥʳʭ ʚ ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʡ. ɺ ʥʝʡ ʨʝʘʣʠʟʦʚʘʥʳ ʤʝʭʘʥʠʟʤʳ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ 

ʟʥʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝ-

ʥʠʷ. ʇʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ, ʩʦʟʜʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

Clarifai, ʩʧʦʩʦʙʥʳ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʠʜʝʥʪʠʬʠʮʠ-

ʨʦʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʚʥʝʰʥʠʭ ʠʩ-

ʪʦʯʥʠʢʦʚ. Clarifai ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʦ 

ʟʥʘʥʠʝʤ ʪʘʢʠʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʢʘʢ 

Python, Java ʠ Node.js [3]. 

¶ Melissa. ʇʣʘʪʬʦʨʤʘ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ 

ʢʦʜʦʤ Melissa ʠʩʧʦʣʴʟʫʝʪ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

Python ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʀʀ (ʘʥʘ-

ʣʦʛʠʯʥʦʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʧʦʤʦʱʥʠʢʫ ʀʀ, ʚʩʪʨʦʝʥ-

ʥʦʤʫ ʚ ʩʤʘʨʪʬʦʥ). ʇʣʘʪʬʦʨʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʚʩʝʤʠ ʧʦʧʫʣʷʨʥʳʤʠ ʥʘʩʪʦʣʴʥʳʤʠ ʦʧʝʨʘʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ. Melissa ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʛʦʣʦʩʘ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʝʛʦ ʠʜʝʘʣʴ-

ʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʛʦʣʦʩʦʚʳʭ ʧʦʤʦʱ-

ʥʠʢʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. 

¶ Tensorflow. Tensorflow - ʵʪʦ ʧʨʦʛʨʘʤʤʥʘʷ 

ʙʠʙʣʠʦʪʝʢʘ, ʩʦʟʜʘʥʥʘʷ Google ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜ-

ʥʳʤ ʢʦʜʦʤ. ʇʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʚʳʨʘ-

ʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʨʝʘʣʠʟʘ-

ʮʠʠ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʦʚ [4]. ɺʳʯʠʩʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ 

Tensorflow ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʠʟ-

ʤʝʥʝʥʠʡ ʥʘ ʩʘʤʳʭ ʨʘʟʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, 

ʥʘʯʠʥʘʷ ʦʪ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʩʤʘʨʪ-

ʬʦʥʳ ʠ ʧʣʘʥʰʝʪʳ, ʜʦ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʭ ʨʘʩʧʨʝ-

ʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʩʦʪʝʥ ʢʦʤʧʴʶʪʝʨʦʚ 

ʠʣʠ ʪʳʩʷʯ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ 

ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ. ʉʠʩʪʝʤʘ ʜʦʩʪʘʪʦʯʥʦ 

ʛʠʙʢʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʨʝʘʣʠʟʦʚʘʪʴ ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʘʣʛʦʨʠʪʤʦʚ, ʚʢʣʶʯʘʷ 

ʤʦʜʝʣʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʝʡ (ʘʥʛʣ. deep 

neural network models). Tensorflow ʧʨʠʤʝʥʷʣʘʩʴ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʠʩʪʝʤ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʘʢʠʭ ʦʙʣʘ-

ʩʪʷʭ, ʢʘʢ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝ-

ʥʠʝ, ʨʦʙʦʪʦʪʝʭʥʠʢʘ, ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʨʘʙʦʪʢʘ 

ʷʟʳʢʘ, ʠʟʚʣʝʯʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ [5]. 
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ɽʩʪʴ ʤʥʦʛʦ ʜʨʫʛʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʪʘʢ ʠʣʠ 

ʠʥʘʯʝ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʫʢʘʟʘʥʥʳʤʠ ʚʳʰʝ ʧʣʘʪʬʦʨ-

ʤʘʤʠ: Keras ,Theano, Lasagne, ʠʣʠ Blocks, ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʳʭ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥ-

ʥʳʭ ʩʝʪʝʡ [6]. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩ 

ʥʫʣʷ, ʥʝʦʙʭʦʜʠʤʳ ʟʥʘʥʠʷ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʷ [7]. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʷʟʳʢʠ (ʗʇ) 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʵʪʠʭ ʮʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ:  

¶ ʉ++. ʆʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʗʇ ʩ ʦʜ-

ʥʠʤ ʠʟ ʩʘʤʳʭ ʙʳʩʪʨʳʭ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʠʣʷʮʠʠ ʚ 

ʤʠʨʝ. ʉ ʧʦʤʦʱʴʶ ʗʇ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩʘʤʫʶ 

ʩʣʦʞʥʫʶ ʙʠʟʥʝʩ-ʣʦʛʠʢʫ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ.  

¶ Lisp. ʗʟʳʢ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ Lisp ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʩ 1958 ʛʦʜʘ, ʩ ʤʦʤʝʥʪʘ ʨʘʟʨʘʙʦʪʢʠ ʩʘʤʳʭ ʨʘʥ-

ʥʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʀʀ. Lisp ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ, 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʥʢʘʧʩʫʣʷʮʠʶ ʠ ʧʦʣʠʤʦʨʬʠʟʤ. 

¶  Java. ʊʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠ-

ʨʦʚʘʥʥʳʤ ʗʇ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʦʥʣʘʡʥ-ʩʦ-

ʦʙʱʝʩʪʚʦ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ. ʗʟʳʢ ʭʘʨʘʢʪʝ-

ʨʠʟʫʝʪʩʷ ʧʨʦʜʫʤʘʥʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʦʙʨʘʙʦʪʢʝ ʠʩ-

ʢʣʶʯʝʥʠʡ, ʥʘʣʠʯʠʝʤ ʩʨʝʜʩʪʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʧʦʜʜʝʨʞʢʦʡ ʤʘʩʩʠ-

ʚʦʚ, ʩʧʠʩʢʦʚ, ʩʪʨʫʢʪʫʨ. 

¶ Prolog. Prolog ʦʙʣʘʜʘʝʪ ʤʝʭʘʥʠʟʤʘʤʠ, ʢʦ-

ʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʀʀ, ʚ ʯʘʩʪʥʦʩʪʠ: ʜʨʝʚʦ-

ʚʠʜʥʳʝ ʤʝʭʘʥʠʟʤʳ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʩʦ-

ʧʦʩʪʘʚʣʝʥʠʷ ʰʘʙʣʦʥʦʚ. Prolog ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʀʀ ʩʦ 

ʩʣʦʞʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʷ ʨʷʜʘ ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

¶ Python. Python ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʪʘʨʝʡ-

ʰʠʭ ʗʇ. ʆʥ ʩʫʱʝʩʪʚʫʝʪ ʫʞʝ ʙʦʣʝʝ 20 ʣʝʪ, ʯʪʦ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʩʝʛʦʜʥʷ. ʗʟʳʢ 

ʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ ʠʟ-ʟʘ ʧʨʦʩʪʦʡ ʠʥʪʝ-

ʛʨʘʮʠʠ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʚ ʘʣʛʦʨʠʪʤʘʭ ʀʀ. ɸʣʛʦʨʠʪʤʳ ʨʘʟʨʘ-

ʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʀʀ ʫʥʠʢʘʣʴʥʳ ʠ 

ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʋʯʠʪʳʚʘʷ ʵʪʦʪ ʬʘʢʪ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʰʠʨʷʪʴ ʟʥʘʥʠʷ 

ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʙʠʙʣʠʦʪʝʢ ʠ ʠʥʩʪʨʫʤʝʥ-

ʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʬʫʥʢʮʠ-

ʦʥʘʣʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʨʘʙʦʪʳ ʠ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ʉʦʚʨʝʤʝʥ-

ʥʳʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʙʘʟʝ ʀʀ ʜʦ-

ʚʦʣʴʥʦ ʯʘʩʪʦ ʦʛʨʘʥʠʯʝʥʳ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʦʜ-

ʥʘʢʦ ʀʊ-ʩʬʝʨʘ ʙʳʩʪʨʦ ʧʨʠʦʙʨʝʪʘʝʪ ʥʦʚʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʠʜʝʠ ʜʣʷ ʥʘʨʘʱʠʚʘʥʠʷ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʩʪʠ. ʋʯʠʪʳʚʘʷ ʵʪʦʪ ʬʘʢʪ, ʝʩʪʴ ʦʩʥʦʚʘʥʠʷ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʩʤʦ-

ʞʝʪ ʧʨʠʩʪʫʧʠʪʴ ʢ ʚʳʧʦʣʥʝʥʠʶ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʣʦʞ-

ʥʳʭ ʟʘʜʘʯ ʚ ʩʘʤʦʤ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ. 
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ʈʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʠʥʬʦʨʤʘʪʠʟʘʮʠʷ ʦʙʱʝʩʪʚʘ ʪʨʝʙʫʝʪ ʠʟ-

ʤʝʥʝʥʠʡ ʚ ʧʦʜʭʦʜʝ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʩʧʝʭ ʢʦʤʧʘʥʠʠ 

ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ, ʩ ʢʦʪʦʨʦʡ ʦʥʘ ʤʦʞʝʪ ʨʘʩʪʠ ʠ 

ʚʳʚʦʜʠʪʴ ʧʨʦʜʫʢʪʳ ʥʘ ʨʳʥʦʢ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʤ-

ʧʘʥʠʷʤ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʇʆ, ʥʝʦʙʭʦ-

ʜʠʤʦ ʨʝʟʢʦ ʩʦʢʨʘʪʠʪʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʀʤʝʥʥʦ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʘʤʝʨʠʢʘʥʩʢʠʤ ʨʘʟʨʘ-

ʙʦʪʯʠʢʦʤ ʂʝʥʪʦʤ ɹʝʢʦʤ ʙʳʣʘ ʩʦʟʜʘʥʘ ʛʠʙʢʘʷ ʤʝʪʦ-

ʜʦʣʦʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʘʥʛʣ. extreme programming, 

XP), ʢʦʪʦʨʘʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʯʘʩʪʳʝ ʚʳʧʫʩʢʠ ʚ ʢʦ-

ʨʦʪʢʠʭ ʮʠʢʣʘʭ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪ-

ʯʠʢʘʤ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʤʝʥʷʶʱʠʝʩʷ ʪʨʝʙʦʚʘ-

ʥʠʷ ʢʣʠʝʥʪʦʚ [1]. ʕʢʩʪʨʝʤʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ c ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʥʳʭ 

ʠʟʜʝʨʞʝʢ. ʄʦʞʥʦ ʪʘʢʞʝ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʵʪʘ ʤʝʪʦ-

ʜʦʣʦʛʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʢʣʠʝʥʪʘ, ʪʘʢ ʢʘʢ ʧʦʣʴ-

ʟʦʚʘʪʝʣʴ ʇʆ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʯʝʣʦʚʝʢʦʤ, ʢʦʪʦ-

ʨʳʡ ʦʮʝʥʠʚʘʝʪ ʨʘʙʦʪʫ ʢʦʤʘʥʜʳ. ʎʝʣʴ ʤʝʪʦʜʠʢʠ 

ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ð ʩʧʨʘʚʠʪʴʩʷ ʩ 

ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʠʤʠʩʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦ-

ʛʨʘʤʤʥʦʤʫ ʧʨʦʜʫʢʪʫ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʨʘʟʨʘ-

ʙʦʪʢʠ. ʇʦʵʪʦʤʫ ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 

ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʣʦʞʥʳʭ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ 

ʧʨʦʝʢʪʦʚ [2].  

ɼʦʥ ʋʵʣʣʩ ʦʧʫʙʣʠʢʦʚʘʣ ʧʝʨʚʳʝ ʧʨʠʥʮʠʧʳ ʵʢʩ-

ʪʨʝʤʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ 1999 ʛʦʜʫ, ʯʪʦʙʳ 

ʦʧʨʦʚʝʨʛʥʫʪʴ ʫʪʚʝʨʞʜʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʵʢʩʪʨʝʤʘʣʴ-

ʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʝʡʩʪʚʠʷ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩ-

ʧʝʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ: ʧʣʘʥʠʨʦʚʘʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ [3]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ 12 ʧʨʠʥʮʠʧʦʚ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʤʝʪʦ-

ʜʦʣʦʛʠʷ ʩʯʠʪʘʝʪʩʷ ʛʠʙʢʦʡ: 

1. ʇʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ. ʈʝʰʝʥʠʝ ʦ ʨʘʟ-

ʨʘʙʦʪʢʝ ʙʣʦʢʦʚ ʩʠʩʪʝʤʳ ʧʨʠʥʠʤʘʝʪʩʷ ʢʦʣʣʝʢʪʠʚʥʦ 

ʢʦʤʘʥʜʦʡ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 

2. ʊʝʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʟʘʢʘʟʯʠʢʦʤ. 
ɼʦʣʷ ʫʯʘʩʪʠʷ ʢʣʠʝʥʪʦʚ ʚ ʧʨʦʝʢʪʘʭ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʙʳʯʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʜʨʫʛʠʭ 

ʛʠʙʢʠʭ ʤʝʪʦʜʦʣʦʛʠʷʭ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʪʘʢʞʝ, ʯʪʦ 

ʤʝʞʜʫ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʠ ʢʣʠʝʥʪʘʤʠ ʥʝʪ ʧʦʩʨʝʜʥʠ-

ʢʦʚ, ʢʣʠʝʥʪʳ ʩʧʦʩʦʙʥʳ ʧʨʠʥʠʤʘʪʴ ʘʢʪʠʚʥʦʝ ʫʯʘ-

ʩʪʠʝ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʝʢʪʘ. 

3. ʆʙʱʝʩʠʩʪʝʤʥʳʝ ʧʨʘʚʠʣʘ ʠʤʝʥʦʚʘʥʠʷ 

ʢʣʘʩʩʦʚ ʠ ʧʝʨʝʤʝʥʥʳʭ. 

4. ʇʨʦʩʪʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. ʃʶʙʦʝ ʩʚʦʡʩʪʚʦ 

ʩʠʩʪʝʤʳ ʜʦʣʞʥʦ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʦʩʪʦ, ʧʨʠʥʠʤʘʝʪʩʷ ʧʝʨʚʦʝ ʧʨʦʩʪʝʡʰʝʝ ʨʘʙʦʪʘʶ-

ʱʝʝ ʨʝʰʝʥʠʝ. 

5. ʈʝʬʘʢʪʦʨʠʥʛ. ʆʧʪʠʤʠʟʘʮʠʷ ʢʦʜʘ ʩ ʮʝʣʴʶ 

ʝʛʦ ʫʧʨʦʱʝʥʠʷ, ʢʦʪʦʨʘʷ ʚʝʜʝʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʦʰʠ-

ʙʦʢ. 

6. ʇʘʨʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. ʇʨʝʜʧʦʣʘʛʘ-

ʝʪʩʷ, ʯʪʦ ʧʨʦʛʨʘʤʤʠʩʪʳ ʨʘʙʦʪʘʶʪ ʚ ʧʘʨʘʭ. ʆʜʠʥ ʠʟ 

ʥʠʭ ʟʘʥʠʤʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʧʠʩʘʥʠʝʤ ʢʦʜʘ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʪʦʨʦʡ ʝʛʦ ʢʦʣʣʝʛʘ ʵʪʦʪ ʢʦʜ ʘʥʘʣʠʟʠ-

ʨʫʝʪ ʚʠʟʫʘʣʴʥʦ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜʦʣʦʛʠʷ 

ʫʜʝʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʦʬʠʩ-

ʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʪʤʝʯʘʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʝʸ ʚʣʠʷ-

ʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʠʩʪʦʚ. 

7. ʉʪʘʥʜʘʨʪʥʘʷ 40-ʯʘʩʦʚʘʷ ʥʝʜʝʣʷ. ɺ ʤʝʪʦ-

ʜʦʣʦʛʠʠ ʫʢʘʟʘʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʚʝʨʭʫʨʦʯʥʦʡ 

ʨʘʙʦʪʳ ï ʯʝʪʢʠʡ ʠʥʜʠʢʘʪʦʨ ʧʨʦʙʣʝʤʳ. 

8. ʂʦʣʣʝʢʪʠʚʥʦʝ ʚʣʘʜʝʥʠʝ ʢʦʜʦʤ. ɻʨʫʧʧʘ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠʤʝʝʪ ʜʦʩʪʫʧ ʢ ʢʦʜʫ ʣʶʙʦʡ ʯʘʩʪʠ 

ʧʨʦʛʨʘʤʤʳ ʠ ʠʤʝʶʪ ʧʨʘʚʦ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ 

ʢʦʜ.  

9. ɽʜʠʥʳʝ ʩʪʘʥʜʘʨʪʳ ʢʦʜʠʨʦʚʘʥʠʷ. ʉʶʜʘ 

ʚʭʦʜʷʪ ʩʪʘʥʜʘʨʪʳ ʠʤʝʥʦʚʘʥʠʷ ʢʣʘʩʩʦʚ, ʧʝʨʝʤʝʥ-

ʥʳʭ, ʢʦʥʩʪʘʥʪ, ʩʪʠʣʴ ʢʦʤʤʝʥʪʘʨʠʝʚ. 

10. ʅʝʙʦʣʴʰʠʝ ʯʘʩʪʳʝ ʨʝʣʠʟʳ. ʄʝʪʦʜʦʣʦʛʠʷ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʠʪʝʨʘʮʠʠ ʜʣʠʪʝʣʴ-

ʥʦʩʪʴʶ ʦʪ 1 ʜʥʷ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʦ ʤʝʩʷʮʘ. ʉʯʠʪʘ-

ʝʪʩʷ, ʯʪʦ ʯʝʤ ʯʘʱʝ ʚʳʧʫʩʢʘʶʪʩʷ ʨʝʣʠʟʳ, ʪʝʤ 

ʙʦʣʴʰʝ ʜʝʬʝʢʪʦʚ ʇʆ ʤʦʞʝʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʦ. 

11. ʅʝʧʨʝʨʳʚʥʘʷ ʠʥʪʝʛʨʘʮʠʷ. ʀʥʪʝʛʨʘʮʠʠ 

ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʙʝʟʦʰʠʙʦʯʥʦ ʨʘʙʦʪʘʶʱʠʝ ʯʘ-

ʩʪʠ ʩʠʩʪʝʤʳ, ʯʘʩʪʘʷ ʠʥʪʝʛʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫ-

ʯʠʪʴ ʙʳʩʪʨʝʝ ʥʦʚʳʡ ʨʝʣʠʟ, ʚʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʦʪ-

ʜʝʣʴʥʦ ʚʳʜʝʣʷʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʚʨʝʤʝʥʥʦʡ ʧʨʦ-

ʤʝʞʫʪʦʢ ʧʦʜ ʩʙʦʨʢʫ ʩʠʩʪʝʤʳ. 

12. ʊʝʩʪʠʨʦʚʘʥʠʝ. ʗʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡ-

ʰʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʷ. ʂʘʞʜʳʡ ʤʦʜʫʣʴ ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʶ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʦʰʠʙʦʢ ʠʩʧʨʘʚʣʷʝʪʩʷ ʥʘ ʩʪʘʜʠʠ ʢʦʜʠ-

ʨʦʚʘʥʠʷ. 

ʉʭʝʤʘʪʠʯʥʦ ʤʝʪʦʜʦʣʦʛʠʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ (ʨʠʩ.1) 
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ʈʠʩʫʥʦʢ 1. ʄʝʪʦʜʦʣʦʛʠʷ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

 

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʠʩʪʦʨʠʠ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠ-

ʢʦʤ ʪʨʝʙʦʚʘʥʠʡ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʨʦʪʢʠʝ ʥʝ-

ʬʦʨʤʘʣʴʥʳʝ ʦʧʠʩʘʥʠʷ ʧʨʝʮʝʜʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʇʆ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʩʧʝʮʠ-

ʬʠʢʘʮʠʠ ʇʆ. ʂʘʞʜʘʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʠʩʪʦʨʠʷ 

ʜʦʣʞʥʘ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʨʝʰʝʥʠʝ ʢʦʥʢʨʝʪ-

ʥʳʭ ʟʘʜʘʯ ʙʠʟʥʝʩʘ, ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʬʫʥʢʮʠʦ-

ʥʘʣʘ, ʦʧʠʩʘʥʥʳʡ ʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʠʩʪʦʨʠʠ, ʜʦʣ-

ʞʝʥ ʙʳʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥ, ʪʝʤ ʩʘ-

ʤʳʤ ʜʦʣʞʝʥ ʠʤʝʪʴ ʦʮʝʥʢʫ. ɿʘʢʘʟʯʠʢ ʚʳʙʠʨʘʝʪ 

ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʝ ʠʩʪʦʨʠʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ ʦʯʝ-

ʨʝʜʥʦʛʦ ʨʝʣʠʟʘ. ʎʝʣʴ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ï ʚʢʣʶʯʝ-

ʥʠʝ ʚ ʬʫʥʢʮʠʦʥʘʣ ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʘʮʠʶ ʥʝʩʢʦʣʴʢʠʭ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʩʪʦʨʠʡ. ʅʘ ʢʦʣʣʝʢʪʠʚʥʦʤ ʩʦ-

ʙʨʘʥʠʠ ʦʙʳʯʥʦ ʢʦʤʘʥʜʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʦʧʨʝʜʝʣʷʝʪ 

ʢʘʢʠʝ ʠʤʝʥʥʦ ʠʩʪʦʨʠʠ ʙʫʜʫʪ ʚʟʷʪʳ ʚ ʨʘʙʦʪʫ ʠ ʢʘʢʠʤ 

ʦʙʨʘʟʦʤ ʨʝʘʣʠʟʦʚʘʥʳ. 

ʅʘ ʵʪʘʧʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʟʘ-

ʷʚʣʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʝʩʪʳ 

ʧʠʰʫʪʩʷ ʟʘʨʘʥʝʝ, ʜʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʘʤʦʛʦ 

ʙʣʦʢʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ, ʦʧʠʩʘʥ-

ʥʦʝ ʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʠʩʪʦʨʠʠ. ʇʦʢʘ ʪʝʩʪ ʥʝ ʚʳ-

ʧʦʣʥʠʪʩʷ ʫʩʧʝʰʥʦ, ʧʨʦʠʩʭʦʜʠʪ ʠʩʧʨʘʚʣʝʥʠʝ ʜʝʬʝʢ-

ʪʦʚ ʢʦʜʘ. ʅʘʙʦʨʳ ʪʝʩʪʦʚ ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʧʦʚʪʦʨʷ-

ʶʪʩʷ ʧʨʠ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʠʟʤʝʥʝʥʠʷ ʢʦʜʘ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦ ʤʝ-

ʪʦʜʦʣʦʛʠʠ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʦʜ-

ʨʘʟʫʤʝʚʘʝʪ ʥʝʧʨʝʨʳʚʥʦʝ ʧʦʣʫʯʝʥʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

(ʨʠʩ.2). ʇʨʦʮʝʩʩ ʦʙʤʝʥʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʨʝʘʣʠʟʦ-

ʚʘʥ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʝʢʪʘ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚ-

ʥʷʭ. 

 

 
ʈʠʩʫʥʦʢ 2. ʇʦʚʩʝʜʥʝʚʥʘʷ ʞʠʟʥʴ ʢʦʤʘʥʜʳ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

 

ʅʘ ʫʨʦʚʥʝ ʧʘʨʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʨʘʟʨʘ-

ʙʦʪʯʠʢʠ ʧʦʣʫʯʘʶʪ ʥʝʧʨʝʨʳʚʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʚ 

ʧʨʦʮʝʩʩʝ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ ʦʪ ʢʦʣʣʝʛ. ʈʫʢʦʚʦʜʠʪʝʣʠ 

ʧʦʣʫʯʘʶʪ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʦ ʧʨʦʛʨʝʩʩʝ ʠ ʩʣʦʞʥʦʩʪʷʭ 

ʥʘ ʝʞʝʜʥʝʚʥʳʭ ʚʩʪʨʝʯʘʭ. ʂʣʠʝʥʪʳ ʧʦʣʫʯʘʶʪ ʦʙʨʘʪ-

ʥʫʶ ʩʚʷʟʴ ʦ ʧʨʦʛʨʝʩʩʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʠʝʤʦʯʥʳʭ 

ʠʩʧʳʪʘʥʠʡ. ɺʳʧʫʩʢ ʨʘʙʦʯʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʧʫʩʢʘʝʪ ʥʦʚʳʡ ʚʠʪʦʢ ʨʝ-

ʣʠʟʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʦʯʝʨʝʜʥʫʶ ʛʨʫʧʧʫ ʧʦʣʴʟʦʚʘ-

ʪʝʣʴʩʢʠʭ ʠʩʪʦʨʠʡ. 

ʇʨʠʤʝʨʦʤ ʢʦʤʧʘʥʠʠ-ʨʘʟʨʘʙʦʪʯʠʢʘ ʇʆ, ʨʘʙʦ-

ʪʘʶʱʝʛʦ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʤʝʨʠʢʘʥʩʢʘʷ ʢʦʤʧʘʥʠʷ Pivotal 

Labs [4]. ʀʟ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʛʠʙʢʠʭ ʤʝʪʦʜʦʣʦʛʠʡ 

ʢʦʤʧʘʥʠʷ ʚʳʙʨʘʣʘ ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʝ ʢʘʢ ʣʫʯʰʠʡ ʧʦʜʭʦʜ ʜʣʷ ʟʘʢʘʟʯʠʢʦʚ ʠ ʢʦʤʘʥʜ 
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ʧʨʦʛʨʘʤʤʠʩʪʦʚ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʰʪʘʪ ʢʦʤʧʘʥʠʠ 

ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 3000 ʯʝʣʦʚʝʢ, ʢʦʣʠʯʝʩʪʚʦ ʦʬʠʩʦʚ 

ʦʢʦʣʦ 30, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʉʐɸ, ʥʦ ʠ ɽʚʨʦʧʝ. ʂʦʤʧʘʥʠʝʡ ʚʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʧʘʨʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦ-

ʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʠʚʣʝʢʘʪʴ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʦ ʚʩʝʛʦ 

ʤʠʨʘ. ʉʧʝʮʠʘʣʴʥʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʨʘʟ-

ʨʘʙʦʪʢʠ ʇʆ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʢʦʡ ʤʝʪʦʜʦʣʦʛʠʠ 

ʢʦʤʧʘʥʠʷ ʨʘʟʨʘʙʦʪʘʣʘ Pivotal Tracker, ʦʥ ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʠʯʥʦ ʙʝʩʧʣʘʪʥʳʤ, ʦʙʣʘʜʘʝʪ ʦʪʢʨʳʪʳʤ API, ʢʦ-

ʪʦʨʳʡ ʫʞʝ ʠʥʪʝʛʨʠʨʦʚʘʥ ʩʦ ʤʥʦʛʠʤʠ ʧʦʧʫʣʷʨʥʳʤʠ 

ʩʪʦʨʦʥʥʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʴʰʫʶ ʧʦʣʴʟʫ ʧʦʜʭʦʜ 

ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʧʨʠʥʝ-

ʩʪʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʝʙʦʣʴʰʠʭ ʩʠʩʪʝʤ, ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʢʦʪʦʨʳʤ ʯʝʪʢʦ ʥʝ ʦʧʨʝʜʝʣʝʥʳ ʠ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʝʪʦʜʦʣʦʛʠʠ ʵʢʩʪʨʝ-

ʤʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ 

ʜʠʩʮʠʧʣʠʥʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʇʆ, ʧʨʠ ʵʪʦʤ 

ʠʩʢʣʶʯʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʬʦʨʤʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʟʘ 

ʩʯʝʪ ʯʝʛʦ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʙʳʩʪʨʳʝ ʠ ʛʠʙʢʠʝ ʧʦʜʭʦʜʳ ʢ ʨʘʟʨʘʙʦʪʢʝ. ɺʥʠʤʘʥʠʝ 

ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʇʆ (ʧʘʨʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, 40-ʯʘʩʦʚʘʷ ʨʘʙʦʯʘʷ ʥʝʜʝʣʷ) 

ʢʦʩʚʝʥʥʦ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ, ʧʦʟʚʦʣʷʷ ʩʦʭʨʘʥʠʪʴ 

ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʩʦ-

ʢʨʘʪʠʪʴ ʯʠʩʣʦ ʦʰʠʙʦʢ ʚ ʢʦʜʝ. 
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ANALYSIS OF THE MANAGEMENT SYSTEM OF THE BOILER GROZNENSKY CEMENT 

FACTORY  

 

ɸʥʥʦʪʘʮʠʷ. 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʪʝʣʴʥʦʡ ɻʨʦʟʥʝʥ-

ʩʢʦʛʦ ʟʘʚʦʜʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ, ʚʘʨʠʘʥʪʳ ʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʢʨʘʪʢʠʝ ʧʨʝʜʣʦʞʝʥʠʷ ʦ ʧʦʚʳʰʝʥʠʠ 

ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

Abstract. 
This article discusses the automated control systems of the boiler house of the Grozny reinforced concrete 

products plant, its development options and brief proposals for increasing the level of automation. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʠʟʜʝʣʠʷ, ʧʘʨʦʛʝʥʝʨʘʪʦʨ, ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʘʷ ʦʙ-

ʨʘʙʦʪʢʘ. 

Keywords: automation, concrete products, steam generator, heat and moisture treatment. 

 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ, ʩʥʠ-

ʞʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘ-

ʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʩʦʢʨʘʱʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʦʙʩʣʫ-

ʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ, ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʤʘʰʠʥ, ʵʢʦʥʦʤʠʠ ʤʘʪʝʨʠʘʣʦʚ, ʫʣʫʯ-

ʰʝʥʠʶ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ 

ʧʨʦʮʝʩʩʝ ʨʦʣʴ ʯʝʣʦʚʝʢʘ ʩʚʦʜʠʪʩʷ ʢ ʩʦʟʜʘʥʠʶ, 

ʥʘʩʪʨʦʡʢʝ, ʦʙʩʣʫʞʠʚʘʥʠʶ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ 

ʤʦʥʠʪʦʨʠʥʛʫ ʠʭ ʨʘʙʦʪʳ.  

ʇʨʦʙʣʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢ-

ʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʨʝʰʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 
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ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʥʝʜʨʝʥʠʝʤ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʪʝʭ-

ʥʠʢʠ ʠ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʨʝ-

ʰʝʥʠʷ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥ-

ʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʢʦʥʪʨʦʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʭʠʤʠʯʝʩʢʠʭ, ʬʠʟʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʚʝ-

ʣʠʯʠʥ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʦʤ. ʋʨʦʚʝʥʴ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʜʦʙʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʥʘʨʷʜʫ ʩʦ-

ʩʪʝʧʝʥʴʶ ʤʝʭʘʥʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʠ ʜʦʩʪʠʛʘʝʤʳʡ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ, ʘ ʦʙʳʯʥʦ, ʠ ʦʛʨʘʥʠʯʠ-

ʚʘʶʱʠʤ ʧʨʠ ʦʮʝʥʢʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʢʦʥʢʨʝʪʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ (ɾɹʀ).[1] 

ʅʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʞʝʣʝʟʦʙʝʪʦʥ-

ʥʳʭ ʠʟʜʝʣʠʡ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʳʝ ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ. 

ʇʦ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʠʟʜʝʣʠʡ ʙʝʪʦʥ ʜʦʣʞʝʥ ʩʭʚʘʪʠʪʴʩʷ, ʘ ʟʘʪʝʤ ʥʘʙʠʨʘʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʧʨʦʯʥʦʩʪʴ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʜʦʩʪʘʪʦʯʥʦ 

ʜʣʠʪʝʣʴʥʳʡ ʠ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʫ-

ʪʦʢ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ. ɺ ʧʦʪʦʯʥʦʤ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ ʙʝʪʦʥʦʚ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ ʵʪʦʪ ʩʨʦʢ 

ʩʦʙʣʶʩʪʠ ʥʝʚʦʟʤʦʞʥʦ. ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʦʪʚʝʨʜʝʥʠʷ ʠ ʥʘʙʠʨʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʦʯʥʦʩʪʠ 

ʧʨʠʤʝʥʷʶʪ ʧʨʦʛʨʝʚ ʠ ʧʨʦʧʘʨʠʚʘʥʠʝ ʞʝʣʝʟʦʙʝʪʦʥ-

ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɼʣʷ ʧʨʦʧʘʨʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʧʘʨʦʛʝʥʝʨʘ-

ʪʦʨʳ ʜʣʷ ɾɹʀ ʩ ʧʘʨʦʤ ʢʘʢ ʚʳʩʦʢʦʛʦ, ʪʘʢ ʠ ʥʠʟʢʦʛʦ 

ʜʘʚʣʝʥʠʷ. 

ʇʘʨʦʛʝʥʝʨʘʪʦʨʳ ʜʣʷ ɾɹʀ ʩ ʧʘʨʦʤ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʦʤʦʛʘʶʪ ʧʦʣʫʯʘʪʴ ʙʝʪʦʥ ʚʳʩʦʢʦʡ ʧʨʦʯ-

ʥʦʩʪʠ, ʥʦ ʦʥʠ ʜʦʨʦʛʦʩʪʦʷʱʠ. ʕʪʦ ʧʘʨʦʛʝʥʝʨʘʪʦʨʳ 

ʤʘʨʢʠ ɽ 1,0-0,9. 

ʇʘʨʦʛʝʥʝʨʘʪʦʨʳ ʜʣʷ ɾɹʀ ʩ ʧʘʨʦʤ ʥʠʟʢʦʛʦ ʜʘʚʣʝ-

ʥʠʷ ʂʇ 300-1000 ʨʘʙʦʪʘʶʪ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʪʦʧ-

ʣʠʚʘ. ʕʪʦ ʪʚʝʨʜʦʝ ʪʦʧʣʠʚʦ - ʫʛʦʣʴ ʠ ʜʨʦʚʘ, ʜʠʟʝʣʴ-

ʥʦʝ ʪʦʧʣʠʚʦ ʠ ʛʘʟʦʦʙʨʘʟʥʦʝ. ʈʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ - ʜʘʚʣʝʥʠʝ ʧʘʨʘ ʜʦ 0,07 ʄʇʘ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʘʨʘ ʜʦ 115 Áʉ. 

ʆʥʠ ʥʝʪʨʝʙʦʚʘʪʝʣʴʥʳ ʢ ʢʘʯʝʩʪʚʫ ʚʦʜʳ, ʧʨʦʩʪʳ 

ʠ ʥʘʜʝʞʥʳ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ. ʂ ʥʝʩʦʤʥʝʥʥʳʤ ʜʦʩʪʦ-

ʠʥʩʪʚʘʤ ʵʪʠʭ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ ʥʫʞʥʦ ʦʪʥʝʩʪʠ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʠʭ ʫʩʪʘʥʦʚʢʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʥʝ ʪʨʝʙʫʶʪ 

ʢʦʥʪʨʦʣʷ ʩʦ ʩʪʦʨʦʥʳ ɻʦʨʛʦʩʪʝʭʥʘʜʟʦʨʘ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʧʘʨʦʛʝʥʝʨʘʪʦʨ ʜʣʷ ɾɹʀ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʞʘʨʦʪʦʨʫʙʥʳʡ ʢʦʪʝʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʜʚʫʭ ʩʪʘʣʴʥʳʭ ʮʠʣʠʥʜʨʦʚ ʨʘʟʥʦʛʦ ʜʠʘʤʝʪʨʘ, ʨʘʟʤʝ-

ʱʝʥʥʳʭ ʦʜʠʥ ʚ ʜʨʫʛʦʤ ʠ ʩʢʨʝʧʣʝʥʥʳʭ ʬʣʘʥʮʘʤʠ ʠ 

ʧʘʨʦʩʙʦʨʥʠʢʦʤ. ʉʛʦʨʘʥʠʝ ʪʦʧʣʠʚʘ ʧʨʦʠʩʭʦʜʠʪ ʚʦ 

ʚʥʫʪʨʝʥʥʝʤ ʮʠʣʠʥʜʨʝ. ʉʥʘʨʫʞʠ ʦʥ ʦʢʨʫʞʝʥ ʚʦʜʷ-

ʥʦʡ ʨʫʙʘʰʢʦʡ. ɹʣʘʛʦʜʘʨʷ ʧʨʦʮʝʩʩʫ ʪʝʧʣʦʦʙʤʝʥʘ 

ʤʝʞʜʫ ʛʦʨʷʯʠʤʠ ʜʳʤʦʚʳʤʠ ʛʘʟʘʤʠ ʠ ʚʦʜʦʡ ʧʨʦʠʩ-

ʭʦʜʠʪ ʥʘʛʨʝʚʘʥʠʝ ʠ ʠʩʧʘʨʝʥʠʝ ʧʦʩʣʝʜʥʝʡ. ʇʘʨ ʩʦ-

ʙʠʨʘʝʪʩʷ ʚ ʧʘʨʦʩʙʦʨʥʠʢʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʪʣʘ ʠ 

ʧʦʜʘʝʪʩʷ ʧʦʪʨʝʙʠʪʝʣʶ.[3] 

ʇʨʦʮʝʩʩ ʪʚʝʨʜʝʥʠʷ ʙʝʪʦʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳ-

ʰʘʝʪ ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʧʦ 

ʠʟʛʦʪʦʚʣʝʥʠʶ ʙʝʪʦʥʥʳʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝ-

ʣʠʡ. ʊʝʧʣʦʚʘʷ ʠ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʧʦʟ-

ʚʦʣʷʶʱʘʷ ʚʦ ʤʥʦʛʦ ʨʘʟ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʪʚʝʨʜʝʥʠʷ 

ʙʝʪʦʥʘ, ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʦʮʝʩʩʦʤ ʟʘʚʦʜ-

ʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʪʦʥʥʳʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʠʟʜʝʣʠʡ. ɺʢʣʶʯʝʥʠʝ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʜʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʴ 

ʬʦʨʤ, ʧʦʚʳʩʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʝʡ ʮʝʭʘ ʠ ʩʦʢʨʘʪʠʪʴ ʜʣʠ-

ʪʝʣʴʥʦʩʪʴ ʦʙʱʝʛʦ ʮʠʢʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʟʘʚʦʜʩʢʦʡ 

ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʶʪ ʪʝʧʣʦʚʫʶ ʠʣʠ ʪʝʧʣʦʚʣʘʞʥʦʩʪ-

ʥʫʶ ʦʙʨʘʙʦʪʢʫ ʙʝʪʦʥʥʳʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝ-

ʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʩʣʝʜʫʶʱʠʭ ʚʠʜʦʚ: 

ʧʨʦʧʘʨʠʚʘʥʠʝ ʚ ʢʘʤʝʨʘʭ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʘʪ-

ʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʧʘʨʘ ʠʣʠ ʧʘʨʦʚʦʟʜʫʰʥʦʡ 

ʩʤʝʩʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʨʝʜʳ ʦʪ 60 ʜʦ 100Áʉ (ʪʝʧ-

ʣʦʚʣʘʞʥʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ); 

ʥʘʛʨʝʚ ʚ ʟʘʢʨʳʪʳʭ ʬʦʨʤʘʭ ʧʨʠ ʢʦʥʪʘʢʪʥʦʡ ʧʝ-

ʨʝʜʘʯʝ ʪʝʧʣʘ ʙʝʪʦʥʫ ʦʪ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʯʝ-

ʨʝʟ ʦʛʨʘʞʜʘʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʳ (ʚ ʧʘʨʦʚʳʭ 

ʨʫʙʘʰʢʘʭ); 

ʧʨʦʛʨʝʚ ʙʝʪʦʥʘ ʠʥʜʫʢʮʠʦʥʥʳʤʠ ʪʦʢʘʤʠ ʚ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (ʠʥʜʫʢʮʠʦʥʥʳʭ ʢʘʤʝʨʘʭ ʪʚʝʨ-

ʜʝʥʠʷ); 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʥʘʛʨʝʚ ʧʘʨʦʤ ʠʣʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʤ ʪʦʢʦʤ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ 

ʫʢʣʘʜʢʦʡ ʚ ʬʦʨʤʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʨʞʠʚʘʥʠʝʤ 

ʦʪʬʦʨʤʦʚʘʥʥʳʭ ʠʟʜʝʣʠʡ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘ-

ʩʦʚ ʚ ʪʝʨʤʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠʣʠ ʩ ʢʦʨʦʪʢʦʡ ʪʝʧʣʦ-

ʚʦʡ ʠʭ ʦʙʨʘʙʦʪʢʦʡ.[5] 

ʍʦʪʷ ʩʨʦʢʠ ʪʚʝʨʜʝʥʠʷ ʙʝʪʦʥʘ ʚ ʠʟʜʝʣʠʷʭ ʧʨʠ 

ʪʝʧʣʦʚʦʡ (ʪʝʧʣʦ- ʚʣʘʞʥʦʩʪʥʦʡ) ʦʙʨʘʙʦʪʢʝ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʶʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʚʝʨʜʝʥʠʝʤ ʚ 

ʦʙʳʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʥʠ ʚʩʝ ʝʱʝ 

ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʶʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʩʪʘʣʴʥʳʭ ʦʧʝ-

ʨʘʮʠʡ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʠʟʜʝʣʠʡ. ʏʪʦʙʳ ʠʥʪʝʥʩʠ-

ʬʠʮʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʩʣʝʜʫʝʪ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʦʢʨʘʱʘʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʝʧʣʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʩʦʯʝʪʘʷ ʝʝ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʫʩʢʦʨʝ-

ʥʠʷ ʪʚʝʨʜʝʥʠʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʳʩʪʨʦʪʚʝʨʜʝʶʱʠʭ ʚʳʩʦʢʦʤʘʨʦʯʥʳʭ ʮʝʤʝʥʪʦʚ, 

ʫʤʝʨʝʥʥʦ ʞʝʩʪʢʠʭ ʠ ʞʝʩʪʢʠʭ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ, ʘ 

ʪʘʢʞʝ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʠ ʫʩʢʦʨʠʪʝʣʝʡ 

ʪʚʝʨʜʝʥʠʷ ʙʝʪʦʥʘ. ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʵʪʠʭ 

ʩʨʝʜʩʪʚ ʩ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʪʝʧʣʦʚʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʝʝ ʜʦ 8...5 ʯ. [2] 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʢʦ-

ʪʝʣʴʥʦʡ ɻʨʦʟʥʝʥʩʢʦʛʦ ʟʘʚʦʜʘ ɾɹʀ (ɻɿɾɹʀ) ʜʘʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʵʪʘ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʪʠ-

ʧʦʚʦʡ ʩʭʝʤʦʡ ʩ ʨʫʯʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʦʡ ʱʠʪʘʤʠ ʩ ʢʥʦʧʦʯʥʳʤʠ ʧʘʥʝʣʷʤʠ. ʉʠʩʪʝʤʘ ʩʠʛ-

ʥʘʣʠʟʘʮʠʠ ʩʦʙʨʘʥʘ ʥʘ ʦʩʥʦʚʝ ʨʝʣʝʡʥʦʡ ʩʭʝʤʳ ʩʦ 

ʩʚʝʪʦʚʦʡ ʠ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣʠʟʘʮʠʝʡ. ʉʭʝʤʳ ʟʘʧʫʩ-

ʢʦʚ ʥʘʩʦʩʦʚ ʧʦʜʘʯʠ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʩʭʝʤʘ ʩʠʛʥʘʣʠʟʘ-

ʮʠʠ ʷʚʣʷʶʪʩʷ ʪʠʧʦʚʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦ-

ʢʦʥʪʘʢʪʥʳʭ ʤʘʥʦʤʝʪʨʦʚ. ʉʠʩʪʝʤʘ ʨʘʟʦʛʨʝʚʘ ʢʦʪʣʦʚ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚʨʫʯʥʫʶ ʦʧʝʨʘʪʦʨʦʤ ʩ ʧʫʣʴʪʘ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʧʨʠʙʦʨʦʚ ʢʦʥʪʨʦʣʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʧʘʨʦʚʦʟ-

ʜʫʰʥʦʡ ʩʤʝʩʠ ʦʛʨʘʥʠʯʝʥ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʢʨʠʪʝʨʠ-

ʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʢʦʨʨʝʢʪʥʦʝ ʠʟʛʦʪʦʚʣʝʥʠʝ 

ɾɹʀ. ʈʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ 
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ɻɿɾɹʀ ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʦʛʦ ʢʘʯʝʩʪʚʝʥ-

ʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦ-

ʧʨʦʮʝʩʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʩ ʟʘʜʘʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ 

ʫʧʨʘʚʣʝʥʠʷ ʩʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝ ʪʦʣʴʢʦ ʥʝʦʙʭʦ-

ʜʠʤʳʡ ʨʝʞʠʤ ʧʦʜʛʦʪʦʚʢʠ ʧʘʨʦʚʦʡ ʩʤʝʩʠ, ʥʦ ʠ ʥʝ-

ʦʙʭʦʜʠʤʳʡ ʨʝʞʠʤ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘ 

ʙʦʪʢʠ ʙʝʪʦʥʥʳʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ. ʇʨʠ 

ʥʘʣʠʯʠʠ ʛʠʙʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʧʝʨʝʭʦʜ ʚ ʨʘʟʣʠʯ-

ʥʳʝ ʨʝʞʠʤʳ ʦʙʦʛʨʝʚʘ ʙʝʪʦʥʘ ʠ ʧʦʣʥʦʩʪʴʶ ʦʙʝʩʧʝ-

ʯʠʪʴ ʪʨʝʙʫʝʤʳʡ ʨʝʞʠʤ ʛʠʜʨʘʪʘʮʠʠ. ʆʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʧʨʦʮʝʩʩʘ ʧʦʜʛʦʪʦʚʢʠ ʧʘʨʦʚʦʡ ʩʤʝʩʠ ʚ ʢʦʪʝʣʴ-

ʥʦʡ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʪʨʦʣʣʝʨʳ ʫʨʦʚʥʷ 

ʇʃʂ.[4] 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʪʝʣʴʥʦʡ ʧʦ-

ʜʦʡʜʫʪ ʩʨʝʜʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʢʠʥʘ ʙʘʟʝ 

ʢʦʥʪʨʦʣʣʝʨʦʚ Mitsubishi Eleʩtriʩ ʠʣʠ, ʥʘʧʨʠʤʝʨ, 

Siemens.ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ɻɿɾɹʀ ʩ ʦʭʚʘʪʦʤ ʚʩʝʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʫʶʩʠʩʪʝʤʫ ʩ ʪʨʸʭ-

ʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡʫʧʨʘʚʣʝʥʠʷ ï ʩʠʩʪʝʤʫ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ, ʧʦʩʪʨʦʝʥʥʫʶʥʘ ʙʘʟʝ ʩʪʘʥʜʘʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʢʠ. ʅʠʞʥʠʡ ʫʨʦ-

ʚʝʥʴ ï ʫʨʦʚʝʥʴ ʜʘʪʯʠʢʦʚ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʠ-

ʩʪʝʤ ʠ ʨʝʛʫʣʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. ʉʨʝʜʥʠʡ ʫʨʦʚʝʥʴ 

ï ʫʨʦʚʝʥʴ ʢʦʥʪʨʦʣʣʝʨʘ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢ-

ʮʠʠ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʚʳʨʘʙʦʪʢʠ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʤ ʦʙʲʝʢʪʦʤ. ʕʪʦʪ ʫʨʦʚʝʥʴ ʨʝʘʣʠʟʫʝʪ ʨʘʩʧʨʝʜʝ-

ʣʸʥʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʫʜʘʣʸʥʥʳʝ 

ʤʦʜʫʣʠ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʦʢʦʣʦ ʜʘʪʯʠʢʦʚ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘ-

ʥʠʟʤʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʤʦʥ-

ʪʘʞ ʠ ʢʘʙʝʣʴʥʫʶ ʧʨʦʜʫʢʮʠʶ. ɺʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ï

ʜʠʩʧʝʪʯʝʨʩʢʠʡ ʧʫʣʴʪ ʫʯʸʪʘ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʠʡ ʩʫʧʝʨʚʠʟʦʨʥʳʡ ʫʨʦʚʝʥʴ ʢʦʦʨʜʠʥʘʮʠʠ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʨʦʣʣʝʨʦʚ, ʘ 

ʪʘʢʞʝ ʚʩʝ ʦʧʝʨʘʮʠʠ ʩʘʨʭʠʚʠʨʦʚʘʥʠʝʤ ʜʘʥʥʳʭ. ʉʠ-

ʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʘʯʝʡ ʧʘʨʘ ʠʟ ʢʦʪʝʣʴʥʦʡ ʥʝʦʙ-

ʭʦʜʠʤʦ ʩʚʷʟʘʪʴ ʩ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ 

ʢʦʤʧʨʝʩʩʦʨʥʳʤ ʙʣʦʢʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦ-

ʜʠʤʦʛʦ ʜʘʚʣʝʥʠʷ, ʨʘʩʭʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʨʦʚʦʟ-

ʜʫʰʥʦʡ ʩʤʝʩʠ, ʪʦ ʝʩʪʴ ʵʪʦ ʙʫʜʝʪ ʝʜʠʥʘʷ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʢʦʪʝʣʴʥʦʡ ʠ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ɻɿɾɹʀ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʘʷ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʢʦʪʝʣʴʥʦʡ ɻɿɾɹʀ ʦʙʝʩʧʝʯʠʪ ʵʢʦʥʦ-

ʤʠʶ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʛʠʜʨʘ-

ʪʘʮʠʠ ʠ ʧʦʚʳʩʠʪ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʳʭ ʞʝʣʝʟʦʙʝ-

ʪʦʥʥʳʭ ʠʟʜʝʣʠʡ.  
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Abstract. 

The urgency of the problem of waste management is considered. The types of fuel obtained from solid waste 

are described. 
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ʉʦ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʨʦʩʪʦʤ ʧʦʪʨʝʙʣʝʥʠʷ ʚʩʝ ʙʦ-

ʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʘ ʦʙʨʘʱʝʥʠʷ ʩ 

ʥʘʢʘʧʣʠʚʘʶʱʠʤʠʩʷ ʦʪʭʦʜʘʤʠ. ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʢʦ-

ʣʠʯʝʩʪʚʦ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʥʝʫʢʣʦʥʥʦ ʨʘʩ-

ʪʝʪ. ɺ 2015 ʛʦʜʫ ʚ ʈʦʩʩʠʠ, ʧʦ ʜʘʥʥʳʤ ʘʥʘʣʠʪʠʯʝ-

ʩʢʦʡ ʢʦʤʧʘʥʠʠ Frost & Sullivan, ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ 

57 ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʪʚʸʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ, ʵʪʦ 

ʣʠʰʴ ʥʝʤʥʦʛʠʤ ʤʝʥʴʰʝ ʦʙʲʸʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ 

(71 ʤʠʣʣʠʦʥ ʪʦʥʥ) [3].  

ɺ ʈʦʩʩʠʠ 94 ʧʨʦʮʝʥʪʘ ʦʪʭʦʜʦʚ ʧʦʧʘʜʘʝʪ ʥʘ ʧʦ-

ʣʠʛʦʥʳ ʜʣʷ ʤʫʩʦʨʘ, ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ 4 ʧʨʦ-

ʮʝʥʪʘ, 2 ʧʨʦʮʝʥʪʘ ð ʩʞʠʛʘʝʪʩʷ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʚ 

ʩʪʨʘʥʘʭ ɽʉ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʜʦ 45 ʧʨʦʮʝʥʪʦʚ ʤʫ-

ʩʦʨʘ, ʧʦʧʘʜʘʝʪ ʥʘ ʩʚʘʣʢʠ 28 ʧʨʦʮʝʥʪʦʚ, ʘ ʩʞʠʛʘʝʪʩʷ 

- 27. 

ɺʩʝʛʦ ʚ ʈʦʩʩʠʠ ʥʘ 2015 ʛʦʜ ʙʳʣʦ 13,9 ʪʳʩʷʯʠ 

ʜʝʡʩʪʚʫʶʱʠʭ ʤʫʩʦʨʥʳʭ ʧʦʣʠʛʦʥʘ [3]. 

ʉʦʛʣʘʩʥʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʨʧʦʨʘʮʠʠ çʈʦ-

ʩʪʝʭʥʦʣʦʛʠʠè, ʷʚʣʷʶʱʝʡʩʷ ʢʨʫʧʥʝʡʰʠʤ ʫʯʘʩʪʥʠ-

ʢʦʤ ʨʳʥʢʘ ʤʫʩʦʨʦʧʝʨʝʨʘʙʦʪʢʠ ʚ ʩʪʨʘʥʝ, ʥʘ ʪʝʨʨʠ-

ʪʦʨʠʠ ʈʦʩʩʠʠ ʩʢʦʧʠʣʦʩʴ ʙʦʣʝʝ 31 ʤʠʣʣʠʘʨʜʦʚ ʪʦʥʥ 

ʥʝʫʪʠʣʠʟʠʨʦʚʘʥʥʳʭ ʦʪʭʦʜʦʚ [1]. ʀ ʠʭ ʢʦʣʠʯʝʩʪʚʦ 

ʝʞʝʛʦʜʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʈʦʩʩʠʠ 

ʙʳʣʦ ʧʦʜʩʯʠʪʘʥʦ, ʯʪʦ ʥʘ ʢʘʞʜʦʛʦ ʨʦʩʩʠʷʥʠʥʘ ʧʨʠ-

ʭʦʜʠʪʩʷ ʧʦ 400 ʢʠʣʦʛʨʘʤʤʦʚ ʦʪʭʦʜʦʚ ʚ ʛʦʜ. ʅʫ ʘ 

ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʨʦʩʩʠʡʩʢʘʷ ʩʝʤʴʷ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʯʝʪʳʨʝʭ ʯʝʣʦʚʝʢ, ʚʳʙʨʘʩʳʚʘʝʪ ʟʘ ʛʦʜ ʦʢʦʣʦ 150 

ʢʠʣʦʛʨʘʤʤ ʨʘʟʥʦʛʦ ʨʦʜʘ ʧʣʘʩʪʤʘʩʩ, ʧʨʠʤʝʨʥʦ 100 

ʢʠʣʦ ʤʘʢʫʣʘʪʫʨʳ, ʠ ʦʢʦʣʦ 1000 ʩʪʝʢʣʷʥʥʳʭ ʙʫʪʳ-

ʣʦʢ [1]. 

ɹʳʪʦʚʳʝ ʦʪʭʦʜʳ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʤʝʩʴ ʠʟ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʠ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʢʘʣʦʨʠʡʥʳʤ ʪʦʧʣʠʚʦʤ, ʢʦʪʦʨʦʝ 

ʥʝ ʫʩʪʫʧʘʝʪ ʧʦ ʵʥʝʨʛʝʪʠʢʝ ʙʫʨʦʤʫ ʫʛʣʶ. ɿʘ ʧʦʜʪʚʝʨ-

ʞʜʝʥʠʝʤ ʵʪʠʭ ʩʣʦʚ ʤʦʞʥʦ ʦʙʨʘʪʠʪʴʩʷ ʢ ʦʧʳʪʫ ʟʘ-

ʧʘʜʥʦʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ, ʛʜʝ ʧʨʦʙʣʝʤʘ ʫʪʠʣʠʟʘʮʠʠ 

ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʨʝʰʘʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʫʩʧʝʰʥʦ.  

ʆʜʥʠʤ ʠʟ ʤʠʨʦʚʳʭ ʣʠʜʝʨʦʚ ʚ ʩʬʝʨʝ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʤʫʩʦʨʘ ʷʚʣʷʝʪʩʷ ʐʚʝʮʠʷ. ʅʘʮʠʦʥʘʣʴʥʘʷ ʧʨʦ-

ʛʨʘʤʤʘ, ʚʥʝʜʨʝʥʥʘʷ ʚ ʵʪʦʡ ʩʪʨʘʥʝ, ʧʦʣʫʯʝʥʠʷ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠʟ ʦʪʭʦʜʦʚ ʦʢʘʟʘʣʘʩʴ ʥʝʚʝʨʦ-

ʷʪʥʦ ʫʩʧʝʰʥʦʡ. ɿʘ ʩʯʝʪ ʧʦʣʫʯʝʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʠʟ ʊɹʆ ʚ ʩʪʨʘʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʨʷʜʢʘ 250 ʪʳʩʷʯ 

ʜʦʤʦʚ. 

ʆʪʭʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʙʦʪʫ ʰʚʝʜʩʢʠʭ ʩʠ-

ʩʪʝʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʧʨʠʤʝʨʥʦ 

ʥʘ 20%, ʯʪʦ ʚ ʥʘʰʠʭ ʫʩʣʦʚʠʷʭ, ʢʘʞʝʪʩʷ ʯʝʤ-ʪʦ ʠʟ 

ʩʬʝʨʳ ʬʘʥʪʘʩʪʠʢʠ. ɺ ʐʚʝʮʠʠ ʥʘ ʩʚʘʣʢʫ ʧʦʧʘʜʘʝʪ 

ʚʩʝʛʦ 4% ʤʫʩʦʨʘ ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ. 

ʀʟʫʯʘʷ ʊɹʆ ʢʘʢ ʚʦʟʦʙʥʦʚʣʷʝʤʳʡ ʠʩʪʦʯʥʠʢ 

ʵʥʝʨʛʠʠ, ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʧʦʣʴʟʘ ʥʘʩʝʣʝʥʠʷ. ʋʯʠʪʳʚʘʷ ʧʦʩʪʦʷʥʥʳʡ ʨʦʩʪ ʪʘʨʠ-

ʬʦʚ ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ, ʙʳʪʦʚʳʝ ʦʪʭʦʜʳ ʢʘʢ ʨʘʟʥʦ-

ʚʠʜʥʦʩʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʦʧʣʠʚʘ ʩʪʘʥʦʚʷʪʩʷ, ʢʘʢ 

ʥʠʢʦʛʜʘ, ʘʢʪʫʘʣʴʥʳ. 

ʅʫ ʘ ʧʨʠʤʝʥʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʫʪʠʣʠʟʘʮʠʠ ʊɹʆ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʧʦʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʝ ʦʢʘʟʳʚʘʝʪ ʧʦʣʠʛʦʥ ʥʘ ʦʢʨʫ-

ʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʉʦʩʪʘʚ ʊɹʆ ʟʘʚʠʩʠʪ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ, 

ʩʝʟʦʥʘ ʠ ʪʠʧʘ ʧʦʩʝʣʝʥʠʷ. ʉʨʝʜʥʠʡ ʧʨʦʮʝʥʪʥʳʡ ʩʦ-

ʩʪʘʚ ʢʦʤʧʦʥʝʥʪʦʚ ʊɹʆ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʢʨʫʧʥʳʭ 

ʛʦʨʦʜʦʚ ʈʦʩʩʠʠ, ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1. ʇʨʦʮʝʥʪʥʳʡ ʫʩʨʝʜʥʝʥʥʳʡ ʩʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪʦʚ ʊɹʆ. 

 

ʆʪʭʦʜʳ ʊɹʆ ʧʦ ʩʦʩʪʘʚʫ ʦʪʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʧʦ ʛʦʜʘʤ, ʥʦ ʠ ʧʦ ʩʝʟʦʥʘʤ. ʊʘʢ, ʚʝʩʥʦʡ ʧʨʦʮʝʥʪ ʧʠ-

ʱʝʚʳʭ ʦʪʭʦʜʦʚ ʩʦʩʪʘʚʣʷʝʪ 20-26% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠ-

ʯʝʩʪʚʘ. ʆʩʝʥʴʶ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ 40-

55%. 

ʇʨʦʠʩʭʦʜʠʪ ʵʪʦ ʧʦ ʧʨʠʯʠʥʝ ʫʚʝʣʠʯʝʥʠʷ ʧʦ-

ʪʨʝʙʣʝʥʠʷ ʦʚʦʱʝʡ ʠ ʬʨʫʢʪʦʚ ʚ ʧʝʨʠʦʜ ʫʙʦʨʢʠ ʫʨʦ-

ʞʘʷ. ɺ ʶʞʥʳʭ ʨʝʛʠʦʥʘʭ ʵʪʦ ʩʣʫʯʘʝʪʩʷ ʥʘ ʤʝʩʷʮ-ʜʚʘ 

ʨʘʥʴʰʝ. 

ʆʩʝʥʴʶ ʠ ʟʠʤʦʡ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʫʣʠʯʥʦʛʦ ʤʫʩʦʨʘ ʩ 20 ʜʦ 1% ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʩʪʨʘʥʳ 

ʠ ʩ 11 ʜʦ 5% ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʨʝʛʠʦʥʘʭ. 

ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʊɹʆ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʣʦʪ-

ʥʦʩʪʴ ʦʪʭʦʜʦʚ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚ ʙʣʘʛʦʫʩʪʨʦʝʥʥʦʤ 

ʞʠʣʠʱʥʦʤ ʬʦʥʜʝ ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʚʝʩʥʦʡ ʠ ʣʝʪʦʤ ʩʦ-

ʩʪʘʚʣʷʝʪ 0,18-0,22 ʪ/ʤ3. 
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ʆʩʝʥʴʶ ʠ ʟʠʤʦʡ ʵʪʠ ʮʠʬʨʳ ʩʦʩʪʘʚʣʷʶʪ 0,20-

0,25 ʪ/ʤ3. ɺ ʨʘʟʥʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʩʨʝʜʥʝʛʦ-

ʜʦʚʦʝ ʟʥʘʯʝʥʠʝ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,19-0,23 ʪ/ʤ3 [2]. 

ʀʟ ʦʪʭʦʜʦʚ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʵʥʝʨ-

ʛʠʶ, ʥʦ ʠ ʪʦʧʣʠʚʦ.  

ʊʦʧʣʠʚʦ, ʧʦʣʫʯʘʝʤʦʝ ʠʟ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʤʫ-

ʩʦʨʘ, ʙʳʚʘʝʪ: 

- ɻʘʟʦʦʙʨʘʟʥʦʝ (ʙʠʦʛʘʟ, ʩʦʜʝʨʞʘʱʠʡ ʤʝʪʘʥ), 

- ʊʚʝʨʜʦʝ, 

- ɾʠʜʢʦʝ. 

ʀʪʘʢ, ʨʘʩʩʤʦʪʨʠʤ ʩʧʦʩʦʙʳ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦ-

ʨʳʤ ʧʦʣʫʯʘʶʪ ʵʪʠ ʚʠʜʳ ʪʦʧʣʠʚʘ ʠʟ ʊɹʆ ʧʦʧʦʜʨʦʙ-

ʥʝʝ. 

ɻʘʟʦʦʙʨʘʟʥʦʝ ʪʦʧʣʠʚʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʦʪ-

ʭʦʜʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺ ʨʘʟʚʠʪʳʭ 

ʩʪʨʘʥʘʭ, ʛʜʝ ʙʠʦʛʘʟʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʚʠʪʳ ʜʦʩʪʘ-

ʪʦʯʥʦ ʭʦʨʦʰʦ, ʧʨʠ ʧʦʤʦʱʠ ʛʘʟʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ 

ʧʠʱʝʚʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʪʭʦʜʦʚ, ʦʪʘʧʣʠʚʘʶʪʩʷ 

ʮʝʣʳʝ ʞʠʣʳʝ ʤʠʢʨʦʨʘʡʦʥʳ. 

ʆʜʥʘʢʦ ʩʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʛʘʟʦʦʙʨʘʟʥʦʝ ʪʦʧ-

ʣʠʚʦ ʧʣʦʭʦ ʧʦʜʜʘʝʪʩʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ, ʠ ʧʦʵʪʦʤʫ 

ʦʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʷʤʦ ʥʘ ʤʝʩʪʝ ʝʛʦ 

ʜʦʙʳʯʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʵʥʝʨʛʠʠ [4]. 

ɺ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʤʝʪʘʥ ʜʦʙʳʚʘʶʪ ʩʦ ʩʚʘʣʦʢ: 

ʙʦʣʴʰʦʡ ʧʦʣʠʛʦʥ ð ʵʪʦ ʢʘʢ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʠ-

ʨʦʜʥʦʛʦ ʛʘʟʘ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ. ɼʣʷ ʵʪʦʛʦ ʟʘʢʣʘʜʳ-

ʚʘʶʪʩʷ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʝ ʪʨʫʙʳ, ʛʘʟ ʩʦʙʠʨʘʝʪʩʷ ʠ 

ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʢʘʢʦʝ-ʪʦ ʨʷʜʦʤ ʩʪʦʷʱʝʝ ʧʨʦʠʟʚʦʜ-

ʩʪʚʦ, ʛʜʝ ʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʜʣʷ ʩʞʠʛʘʥʠʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʪʝʧʣʘ, ʜʣʷ ʦʙʞʠʛʘ ʢʠʨ-

ʧʠʯʘ ʠʣʠ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʝʩʣʠ ʵʪʦ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦ. 

ʄʫʩʦʨʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʟʘʚʦʜʳ ʠʩʧʦʣʴ-

ʟʫʶʪ ʛʘʟ ʩʦ ʩʚʘʣʦʢ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨ-

ʛʠʠ, ʢʦʪʦʨʘʷ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ. 

ʆʜʥʘʢʦ, ʧʦʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ, ʩʚʘ-

ʣʦʯʥʳʡ ʛʘʟ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʠ ʚ ʢʘ-

ʯʝʩʪʚʝ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦʣʫ-

ʯʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʛʘʟ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʚ 

ʢʘʯʝʩʪʚʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʪʦʧʣʠʚʘ ʜʣʷ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʛʘʟʦʪʫʨʙʠʥʥʳʝ ʠ ʛʘ-

ʟʦʧʦʨʰʥʝʚʳʝ ʫʩʪʘʥʦʚʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʘʣʦʯ-

ʥʳʡ ʛʘʟ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʮʝ-

ʣʷʭ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʜʦʙʳʯʫ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʦʡ. 

ɺ ʀʥʜʠʠ, ɺʴʝʪʥʘʤʝ, ʅʝʧʘʣʝ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ 

ʩʪʨʦʷʪ ʤʘʣʳʝ (ʦʜʥʦʩʝʤʝʡʥʳʝ) ʙʠʦʛʘʟʦʚʳʝ ʫʩʪʘ-

ʥʦʚʢʠ. ʇʦʣʫʯʘʝʤʳʡ ʚ ʥʠʭ ʛʘʟ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʠ-

ʛʦʪʦʚʣʝʥʠʷ ʧʠʱʠ. ɺ ʂʠʪʘʝ ʥʘ ʢʦʥʝʮ 1990 ʛ. ʙʳʣʦ 

ʧʨʦʠʟʚʝʜʝʥʦ ʦʢʦʣʦ 7 ʤʣʨʜ, ʤ3 ʙʠʦʛʘʟʘ ʚ ʛʦʜ. ɺ 2006 

ʛ. ʵʪʦʪ ʦʙʲʝʤ ʫʚʝʣʠʯʠʣʩʷ ʜʦ 15 ʤʣʨʜ. ʤ3. 

ʉʨʝʜʠ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʚʝʜʫʱʝʝ 

ʤʝʩʪʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʠʦʛʘʟʘ ʧʨʠ-

ʥʘʜʣʝʞʠʪ ɼʘʥʠʠ. ɺ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʝ ʥʝ ʤʝʥʝʝ ʧʦ-

ʣʦʚʠʥʳ ʚʩʝʭ ʧʪʠʮʝʬʝʨʤ ʦʪʘʧʣʠʚʘʶʪʩʷ ʙʠʦʛʘʟʦʤ. 

ʈʦʩʩʠʡʩʢʠʝ ʩʚʘʣʢʠ ʟʘ ʛʦʜ ʚʳʜʝʣʷʶʪ ʚ ʘʪʤʦ-

ʩʬʝʨʫ 1,5 ʤʠʣʣʠʦʥʘ ʪʦʥʥ ʤʝʪʘʥʘ ʠ 21,5 ʤʠʣʣʠʦʥʘ 

ʪʦʥʥ ʉʆ2. 

ʊʚʝʨʜʦʝ ʪʦʧʣʠʚʦ ʠʟ ʊɹʆ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʢʘ-

ʣʦʨʠʡʥʦʡ ʬʨʘʢʮʠʝʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʙʳʪʦʚʳʭ ʦʪʭʦ-

ʜʦʚ.  

ʆʥʦ ʪʘʢʞʝ ʠʤʝʝʪ ʤʘʨʢʠʨʦʚʢʫ RDF. ʇʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʪʚʝʨʜʳʝ ʬʨʘʢʮʠʠ ʠ ʫʞʝ ʤʥʦʛʦ ʣʝʪ 

ʫʩʧʝʰʥʦ ʟʘʤʝʥʷʝʪ ʛʦʨʶʯʠʝ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ. 

ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʥʦ ʚ ʨʘʟʳ ʜʝʰʝʚʣʝ. ɽʛʦ ʤʦʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʚʤʝʩʪʦ ʫʛʣʷ, ʜʨʝʚʝʩʠʥʳ ʠ ʥʝʬʪʝʧʨʦʜʫʢ-

ʪʦʚ. 

ʂ ʯʠʩʣʫ ʥʝʦʩʧʦʨʠʤʳʭ ʜʦʩʪʦʠʥʩʪʚ, ʪʚʝʨʜʦʛʦ 

ʪʦʧʣʠʚʘ ʠʟ ʊɹʆ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʝʛʦ ʧʦʩʪʦʷʥʥʫʶ 

ʪʝʧʣʦʪʚʦʨʥʦʩʪʴ ʠ ʩʪʘʥʜʘʨʪʥʫʶ ʬʦʨʤʫ. ɺʩʝ ʵʪʦ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʥʘʜ 

ʧʨʦʮʝʩʩʘʤʠ ʩʞʠʛʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʜʘʥʥʦʛʦ ʪʦʧʣʠʚʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʛʦʨʘʥʠʝ, ʢʦʪʦʨʦʝ ʢ ʪʦʤʫ ʞʝ ʷʚʣʷʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʦʪʭʦʜʥʳʤ. ʅʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ 

ʫʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ʧʫʪʝʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟ ʥʠʭ 

ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʝʛʦ ʩʞʠʛʘʥʠʝ 

(ʚʤʝʩʪʦ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʞʠʛʘʥʠʷ ʩʘʤʠʭ ʪʚʝʨʜʳʭ 

ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ) ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʤʫ-

ʩʦʨʘ [4]. 

ɾʠʜʢʦʝ ʪʦʧʣʠʚʦ ʠʟ ʊɹʆ ʥʘʫʯʠʣʠʩʴ ʧʦʣʫʯʘʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʦʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪ ʧʨʝʚʟʦʰʝʣ 

ʚʩʝ ʦʞʠʜʘʥʠʷ ʫʯʝʥʳʭ, ʚʝʜʴ ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʠʣʦʩʴ 

ʩʠʥʪʝʪʠʯʝʩʢʦʝ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʜʚʠʛʘʪʝʣʷʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ 

[4].  

ʂʣʘʩʩ ɻʉʄ, ʩʦʩʪʘʚ ʙʣʠʟʢʠʡ ʢ ʜʠʟʝʣʴʥʦʤʫ ʪʦʧ-

ʣʠʚʫ ʤʘʨʢʠ ɼʊʃ ʧʦ ʈʦʩʩʠʡʩʢʦʤʫ ʩʪʘʥʜʘʨʪʫ. ʀʟ 100 

ʛʨʘʤʤ ʩʫʭʦʛʦ ʊɹʆ, ʧʨʠ ʧʠʨʦʣʠʟʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʧʦ-

ʣʫʯʘʝʪʩʷ ʦʢʦʣʦ 65 ʛʨʘʤʤʦʚ ʧʠʨʦʪʦʧʣʠʚʘ. 

ʏʫʪʴ ʣʠ ʥʝ ʙʦʣʴʰʠʥʩʪʚʦ ʦʢʨʫʞʘʶʱʠʭ ʥʘʩ 

ʧʨʝʜʤʝʪʦʚ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʥʝʬʪʠ: 

- ʧʣʘʩʪʤʘʩʩʦʚʳʝ ʠʟʜʝʣʠʷ; 

- ʧʦʣʠʵʪʠʣʝʥ; 

- ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʪʢʘʥʠ; 

- ʨʘʟʣʠʯʥʳʝ ʢʦʩʤʝʪʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ; 

- ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʙʳʪʦʚʳʝ ʧʨʝʜʤʝʪʳ. 

ɸ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʩʝ ʵʪʠ ʚʝʱʠ, ʦʪʩʣʫʞʠʚ ʩʚʦʡ 

ʩʨʦʢ, ʤʦʛʫʪ ʩʥʦʚʘ ʩʪʘʪʴ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ. 

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʝ ʩʳʨʴʝ ʜʣʷ ʞʠʜʢʦʛʦ ʪʦʧ-

ʣʠʚʘ ð ʧʣʘʩʪʠʢ. ɽʛʦ ʤʦʞʥʦ ʧʦʜʚʝʨʛʥʫʪʴ ʧʝʨʝʛʦʥʢʝ 

ʠʣʠ, ʛʦʚʦʨʷ ʥʘʫʯʥʳʤ ʷʟʳʢʦʤ, ʧʠʨʦʣʠʟʫ, ʪʦ ʝʩʪʴ 

ʧʦʜʚʝʨʛʥʫʪʴ ʥʘʛʨʝʚʘʥʠʶ ʙʝʟ ʜʦʩʪʫʧʘ ʢʠʩʣʦʨʦʜʘ. ʀʟ 

ʦʜʥʦʛʦ ʢʠʣʦʛʨʘʤʤʘ ʙʫʪʳʣʦʯʥʦʛʦ ʧʣʘʩʪʠʢʘ ʧʦʣʫʯʘ-

ʝʪʩʷ ʦʢʦʣʦ ʦʜʥʦʛʦ ʣʠʪʨʘ ʪʦʧʣʠʚʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɺʣʘʜʠʤʠʨ ʂʫʟʥʝʮʦʚ çʇʨʦʩʪʦ ʚ ʭʣʘʤè 
ɾʫʨʥʘʣ çʅʝʬʪʝʭʠʤʠʷ ʈʌè. 

2. ɽʢʘʪʝʨʠʥʘ ɸʣʪʘʡʩʢʘʷ çʇʣʦʪʥʦʩʪʴ ʦʪʭʦʜʦʚ 
ʊɹʆ ʪ/ʤ3: ʉʧʨʘʚʦʯʥʠʢè çʉʪʨʘʞ ʏʠʩʪʦʪʳè. 

3. ʉʝʨʛʝʡ ʂʫʟʥʝʮʦʚ çʍʠʤʠʯʝʩʢʘʷ ʞʠʟʥʴ ʤʫ-
ʩʦʨʘ. ʏʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʪʭʦʜʘʤʠ ʥʘ ʩʚʘʣʢʝè. ʀʥ-

ʪʝʨʥʝʪ-ʠʟʜʘʥʠʝ çN+1è 

4.  çʇʝʨʝʨʘʙʦʪʢʘ ʤʫʩʦʨʘ (ʊɹʆ) ʚ ʪʦʧʣʠʚʦè 

ztbo.ru 
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IMPROVING THE EFFICIENCY OF THE PRODUCTION PROGRAM BY UPDATING THE 

MODERN EQUIPMENT OF LLC "GAZPROM PODZEMREMONTè 

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʦʧʨʝʜʝʣʝʥʥʳ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ, 

ʚʳʧʦʣʥʷʶʱʝʛʦ ʨʘʙʦʪʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʚ ʫʩʣʦʚʠʷʭ ʢʨʘʡʥʝʛʦ ʩʝʚʝʨʘ. 

Abstract. 

The article defines the ways to improve the efficiency of the production management program that performs 

work on the territory of Western Siberia in the far North. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʕʬʬʝʢʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ. 

Key words: Effective production, production program, Economic efficiency. 

 

ʈʦʩʪʫ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʧʦʣʠʪʠʯʝʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ 

ʚʥʫʪʨʝʥʥʝʤ ʠ ʚʥʝʰʥʝʤ ʨʳʥʢʝ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʝʨʦ-

ʷʪʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʬʘʢʪʦʨʦʚ 

ʥʘ ʦʧʘʩʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʦʙʲʝʢʪʝ. ɺʩʝ ʙʦʣʴ-

ʰʝʡ ʤʘʩʩʦʡ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʥʘ ʟʘʢʘʟʯʠʢʘ ʚ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ ʥʘʨʦʜʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʵʚʦʣʶʮʠʦʥʠ-

ʨʫʝʪ ʩʦ ʚʨʝʤʝʥʝʤ; ʪʝʥʜʝʥʮʠʷ ʠʟʤʝʥʝʥʠʷ ʦʯʝʥʴ ʟʥʘ-

ʯʠʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʙʝʨʫʱʠʭ ʦʩʥʦʚʫ 

ʥʘ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʦʪʝʯʝʩʪʚʘ; ʦʨʛʘʥʠʯʥʦʝ 

ʚʢʣʶʯʝʥʠʝ ʥʘʰʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʭʦʟʷʡʩʪʚʝʥʥʳʝ 

ʦʛʨʦʤʥʳʝ ʩʚʷʟʠ; ʧʨʦʛʨʝʩʩ ʪʝʭʥʠʢʠ, ʨʘʙʦʪʘʶʱʝʡ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʨʘʥ, ʦʩʥʦʚʦʡ ʵʢʦʥʦ-

ʤʠʢʠ ʚ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤ-

ʧʣʝʢʩ; ʫʯʠʪʳʚʘʷ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʬʘʢʪʦʨʳ, ʨʦʩʪ 

ʵʢʦʥʦʤʠʢʠ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝ ʟʘʩʪʘʚʠʪ ʩʝʙʷ ʜʦʣʛʦ 

ʞʜʘʪʴ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʬʦʨʤʠʨʫʝʪʩʷ ʮʠʚʠʣʠʟʦ-

ʚʘʥʥʦʝ, ʨʝʛʫʣʠʨʫʝʤʦʝ ʨʳʥʦʯʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʢʦʪʦʨʦʝ 

ʙʫʜʝʪ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʩʨʝʜʩʪʚʦʤ, ʩʧʦʩʦʙʩʪʚʫʶ-

ʱʠʤ ʫʚʝʣʠʯʝʥʠʶ ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ 

ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʈʦʩʩʠʠ, ʚ ʪʷʞʝʣʳʭ ʢʣʠʤʘʪʠʯʝ-

ʩʢʠʭ ʫʩʣʦʚʠʷʭ ʢʨʘʡʥʝʛʦ ʩʝʚʝʨʘ ʠ ʉʠʙʠʨʠ, ʨʦʩʪ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʛʦʜʦ-

ʚʦʡ ʧʨʦʛʨʘʤʤʳ, ʫʚʝʣʠʯʝʥʠʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʙʦʛʘʪ-

ʩʪʚʘ ʚ ʠʥʪʝʨʝʩʘʭ ʧʦʚʳʰʝʥʠʷ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ 

ʥʘʰʝʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʠ ʚʩʝʡ ʩʪʨʘʥʳ ʚ ʮʝʣʦʤ. ʆʜʥʠʤ 

ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʠ ʨʦ-

ʩʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʨʝʞʠʤ 

ʵʢʦʥʦʤʠʢʠ. ʈʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝ ʜʦʣʞʥʦ ʩʪʘʪʴ ʨʝʰʘ-

ʶʱʠʤ ʠʩʪʦʯʥʠʢʦʤ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʨʘʩʪʫʱʝʡ ʧʦ-

ʪʨʝʙʥʦʩʪʠ ʚ ʪʦʧʣʠʚʝ, ʵʥʝʨʛʠʠ, ʩʳʨʴʝ ʠ ʤʘʪʝʨʠʘʣʘʭ. 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʰʝʥʠʠ ʚʩʝʭ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʥʘ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝ, ʠʛʨʘʝʪ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ʀʩʧʦʣʴʟʫʷ ʩʦ-

ʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʦʙʥʦʚʣʷʷ ʘʨʩʝʥʘʣ ʢʘʢ 

ʪʝʭʥʠʯʝʩʢʠʡ, ʪʘʢ ʠ ʦʙʩʣʫʞʠʚʘʶʱʠʡ, ʫʧʨʘʚʣʝʥʠʝ 

ʜʦʙʠʚʘʝʪʩʷ ʩʚʦʠʭ ʟʘʜʘʯ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ ʠ ʚʳʧʦʣ-

ʥʷʷ ʧʦʩʪʘʚʣʝʥʥʳʝ ʮʝʣʠ ʥʘʤʥʦʛʦ ʢʘʯʝʩʪʚʝʥʥʝʝ. ɿʘ-

ʜʘʯʝʡ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʦʜʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠ ʦʩʚʦ-

ʝʥʠʝ ʛʘʟʦʜʦʙʳʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʚʦʜ ʝʛʦ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦ-

ʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʫʜʘ, ʨʘ-

ʙʦʪʘʶʱʝʝ ʠ ʠʩʧʦʣʴʟʦʚʘʚʰʝʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʠ 

ʜʨʫʛʠʝ ʤʘʪʝʨʠʘʣʳ, ʣʶʙʳʝ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʝ ʠ ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ, ʩʦʟʜʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʙʝʟʦʪʭʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚ-

ʥʳʭ ʤʘʣʦʦʪʭʦʜʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦ ʨʘʙʦʪʝ ʩʦ ʩʢʚʘʞʠʥ-

ʥʳʤʠ, ʧʣʘʩʪʘʤʠ ʥʘ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʦʙʲʝʢʪʘʭ. ɺʩʝ ʵʪʠ ʚʘʞʥʝʡʰʠʝ ʧʨʦʙʣʝʤʳ ʥʝ ʙʫʜʫʪ 

ʦʩʫʱʝʩʪʚʠʤʳ ʙʝʟ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ - ʦʩʥʦʚʥʦʝ ʫʩʣʦʚʠʝ ʫʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʦʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʨʝʢʦʥ-

ʩʪʨʫʢʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʨʩʝʥʘʣʘ. ʅʝʣʴʟʷ ʟʘʙʳʚʘʪʴ ʠ 

ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʪʦʨʠʯʥʳʭ ʨʝʩʫʨʩʦʚ, ʙʣʘʛʦʜʘʨʷ 

ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʩʦʢʨʘʪʠʪʴ ʬʦʥʜ ʨʘʩʭʦʜʦʚ ʠ ʫʚʝʣʠ-

ʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʥʦʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʩʣʝʜʥʠʝ ʧʦʢʘ-

ʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çɻʘʟ-

ʧʨʦʤ ʧʦʜʟʝʤʨʝʤʦʥʪ ʋʨʝʥʛʦʡè ʟʘ 3 ʢʚʘʨʪʘʣʘ 2018 

ʛʦʜʘ, ʜʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝ-

ʥʷʪʴ ʧʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜ-

ʧʨʠʷʪʠʷ.  

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʟʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʙʳʣʠ ʫʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʰʣʳʤ ʧʝʨʠʦʜʦʤ. ʕʪʦ 

ʚʩʝ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʙʣʘʛʦʜʘʨʷ ʟʘʢʫʧʢʝ ʥʦʚʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʚʳʧʦʣʥʝʥʠʶ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʚ ʙʦʣʝʝ ʢʨʘʪʢʠʝ ʩʨʦʢʠ. ʈʘʙʦʪʳ 

ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʢʘʯʝʩʪʚʝʥʥʝʝ. ʉʢʚʘʞʠʥʳ ʚ ʚʠʜʫ 

ʵʪʦ ʚʳʭʦʜʠʣʠ ʥʘ ʨʝʞʠʤ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʨʘʥʝʝ, 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ɿʘʯʘʩʪʫʶ ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʤʦ-

ʞʝʪ ʙʳʪʴ ʨʝʘʣʴʥʦ ʟʘ ʩʯʝʪ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʵʢʦ-

ʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʨʘʮʠʦʥʘʣʴʥʦʝ ʧʨʠʤʝ-

ʥʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʧʫʪʝʤ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʦʦʨʫ-

ʞʝʥʠʷ, ʫʚʝʣʠʯʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʦʙʩʣʫʞʠʚʘʶ-

ʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʘ. 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʆʆʆ çɻɸɿʇʈʆʄ ʧʦʜʟʝʤʨʝʤʦʥʪ ʋʨʝʥʛʦʡè ʚ ʙʦʣʴ-

ʰʝʡ ʩʪʝʧʝʥʠ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʛʨʘʤʦʪʥʦʡ ʧʦʣʠʪʠʢʠ 

ʙʫʜʫʱʝʛʦ ʨʘʟʚʠʪʠʷ ʩʘʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʪ 

ʚʳʙʨʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʆɸʆ çɻɸɿʇʈʆʄè, 

ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʛʦ ʨʘʙʦʪʘʝʪ ʥʘʰʝ ʫʧʨʘʚʣʝʥʠʝ ʢʘʢ 

ʝʜʠʥʘʷ ʢʦʤʘʥʜʘ. 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʆʆʆ çɻɸɿʇʈʆʄ ʧʦʜʟʝʤʨʝʤʦʥʪ ʋʨʝʥ-

ʛʦʡè ʩʣʝʜʫʶʱʠʝ: 

- ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʘʨʢʘ; 

- ʨʝʘʣʠʟʘʮʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʝʢʪʦʚ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʝʨʝ-

ʜʦʚʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʦʚʨʝʤʝʥʥʳʝ 

ʥʘʫʯʥʳʝ ʠʟʦʙʨʝʪʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʧʨʝʜʝʣʝʥ-

ʥʳʡ ʫʨʦʚʝʥʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʯʪʦ ʩʣʝʜʫʝʪ 

ʟʘ ʩʦʙʦʡ ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʚʦʟʚʨʘʪ ʩʨʝʜʩʪʚ ʠʥʚʝʩʪʦ-

ʨʘʤ ʟʘ ʩʯʝʪ ʛʨʘʤʦʪʥʦʛʦ ʚʣʦʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʚʦʚʨʝʤʷ 

ʦʢʫʧʠʣʦʩʴ. 

- ʚʟʘʠʤʦʧʦʥʠʤʘʥʠʝ ʚ ʦʙʣʘʩʪʠ ʨʝʤʦʥʪʘ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʚʘʞʠʥ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ 

ʥʘʫʯʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʩʪʦʠʪ ʥʝ ʟʘʙʳʚʘʪʴ ʦʙ 

ʠʥʦʩʪʨʘʥʥʳʭ ʢʦʤʧʘʥʠʷʭ, ʦʙʣʘʜʘʶʱʠʝ ʚʝʩʦʤʳʤ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʛʨʘʤʦʪʥʳʤʠ 

ʩʦʪʨʫʜʥʠʢʘʤʠ. 

- ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʠʟʚʦʜʠʤʳʭ ʧʨʦʛʨʘʤʤ ʠ ʜʦʚʝʜʝʥʠʝ ʠʭ ʜʦ ʫʨʦʚʥʷ 

ʟʘʨʘʥʝʝ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ; 

- ʦʩʚʦʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʳʭ ʚʠʜʦʚ ʪʝʭʥʠʢʠ 

ʠ ʪʝʭʥʦʣʦʛʠʡ. 
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ɸʥʥʦʪʘʮʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘ ʛʦʜ, ʦʧʨʝʜʝʣʝʥʥʳ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪ ʧʦ ʚʳʟʦʚʫ ʧʨʠʪʦʢʘ ʛʘʟʘ ʚ ʫʩʣʦʚʠʷʭ ʢʨʘʡʥʝʛʦ ʩʝʚʝʨʘ. ɺ ʩʪʘʪʴʝ ʫʢʘ-

ʟʘʥʦ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ. 

Abstract. 

In this paper, the calculation of economic indicators for the year, defined ways to improve the economic 

efficiency of work on the call of gas inflow in the far North. The article provides a brief description of the work 

performed. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʚʳʟʦʚ ʧʨʠʪʦʢʘ ʛʘʟʘ, ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʩʢʚʘ-

ʞʠʥ. 

Key words: Economic efficiency, gas inflow challenge, well workover. 

 

ʆʜʠʥ ʠʟ ʧʝʨʝʜʦʚʳʭ ʤʝʪʦʜʦʚ ʫʤʝʥʴʰʝʥʠʷ 

ʫʨʦʚʥʷ ʚ ʩʢʚʘʞʠʥʘʭ ʞʠʜʢʦʩʪʠ -ʧʨʠʤʝʥʝʥʠʝ ʛʘʟʦʦʙ-

ʨʘʟʥʦʛʦ ʘʟʦʪʘ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʦʩʚʦʝʥʠʷ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʧʨʦʩʪʦʡ ʠ ʥʘʜʝʞʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʧʨʦʠʩʭʦʜʷ-

ʱʠʤ ʥʘ ʆʇʆ ʠ ʜʦʚʦʣʴʥʦ ʥʝʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʷ ʫʩʪʴʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɻʘʟʦʦʙʨʘʟʥʳʡ 

ʘʟʦʪ ʧʨʠʤʝʥʷʝʤʳʡ ʧʨʠ ʵʪʦʤ ʤʝʪʦʜʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʝʜʣʝʥʥʦʝ ʠ ʧʣʘʚʥʦʝ ʠʣʠ ʙʳʩʪʨʦʝ ʠ ʨʝʟʢʦʝ ʠʟʤʝʥʝ-

ʥʠʝ ʜʘʚʣʝʥʠʷ, ʦʧʫʩʪʦʰʝʥʠʝ ʩʝʥʦʤʘʥʩʢʠʭ ʠ ʥʝʦʢʦʤ-

ʩʢʠʭ ʩʢʚʘʞʠʥ, ʜʨʝʥʠʨʦʚʘʥʠʝ ʇɿʇ ʧʣʘʩʪʘ ʩ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦʡ ʧʦʜʘʯʝʡ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ ʜʣʷ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʥʫʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 
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ʇʨʠ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪʘʭ ʠʣʠ 

ʧʨʠ ʨʘʙʦʪʘʭ ʧʦ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʠʪʦʢʘ ʛʘʟʘ, ʚʳ-

ʧʦʣʥʝʥʠʠ ʉʂʆ, ɻʂʆ ʇɿʇ, ʧʨʠ ʠʟʦʣʷʮʠʦʥʥʳʭ ʨʘʙʦ-

ʪʘʭ ʥʘ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥʘʭ ʧʨʠʤʝʥʷʣʠʩʴ ʜʦʣʛʦʝ 

ʚʨʝʤʷ ʢʦʤʧʨʝʩʩʦʨʘ ʥʘ ʚʳʭʦʜʝ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʦʡ 

ʧʨʦʜʫʢʪ ʙʳʣ ʚʦʟʜʫʭ. ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʙʳʣʠ ʧʦʣʫ-

ʯʝʥʳ ʤʥʦʛʠʝ ʘʚʘʨʠʠ, ʦʩʣʦʞʥʝʥʠʷ. ʅʝ ʙʳʣ ʜʦʩʪʠʛ-

ʥʫʪ ʢʦʥʝʯʥʳʡ ʠʪʦʛ ʜʘʥʥʳʭ ʦʧʝʨʘʮʠʡ. 

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʰʠʭ ʘʚʘʨʠʡ - ʥʘʨʫ-

ʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦ ʚʨʝʤʷ ʦʩʚʦʝ-

ʥʠʷ ʩʢʚʘʞʠʥ; 35 % ʘʚʘʨʠʡ ï ʧʨʦʠʟʦʰʣʠ ʚ ʩʣʝʜʩʪʚʠʠ 

ʚʳʭʦʜʘ ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʠʟ ʩʢʚʘʞʠʥʳ ʚ ʘʪʤʦ-

ʩʬʝʨʫ ʠʣʠ ʧʝʨʝʧʫʩʢʘ ʝʝ ʠʟ ʩʢʚʘʞʠʥʳ ʚ ʟʘʤʢʥʫʪʫʶ 

ʧʦʣʦʩʪʴ ʚ ʥʘʟʝʤʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʨʠ ʢʘʧʠʪʘʣʴ-

ʥʦʤ ʨʝʤʦʥʪʝ ʩʢʚʘʞʠʥʳ ʦʪ ʨʘʟʨʷʜʘ ʩʪʘʪʠʯʝʩʢʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩʞʘʪʠʷ. ɹʦʣʝʝ 50 % 

ʘʚʘʨʠʡ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʧʨʦʮʝʩʩʝ ʟʘʢʘʯʢʠ ʚʦʟʜʫʭʘ ʚ 

ʩʪʚʦʣ ʩʢʚʘʞʠʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʥʘʛʘ-

ʨʦʤʘʩʣʷʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʨʘʙʦʯʝʤ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʢʦʤʧʨʝʩʩʦʨʘ, ʘ ʪʘʢʞʝ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʨʘʙʦʯʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʚ ʫʩʪʴʝʚʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʩʢʚʘʞʠʥʳ. ʆʙʨʘʟʦʚʘʥʠʝ ʥʘʛʘʨʦʤʘʩ-

ʣʷʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʠʭ ʩʘʤʦʚʦʟʛʦʨʘʥʠʝ ʦʙʫʩʣʦʚʣʠ-

ʚʘʶʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨ-

ʥʦʛʦ ʤʘʩʣʘ, ʥʘʨʫʰʝʥʠʝʤ ʧʨʘʚʠʣ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʘ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʢʘʤʠ 

ʩʘʤʠʭ ʢʦʤʧʨʝʩʩʦʨʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʝ ʫʩʪʨʘʥʝʥʠʝ ʵʪʦʡ ʛʨʫʧʧʳ ʘʚʘʨʠʡ ʥʝ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɺ ʩʢʚʘʞʠʥʘʭ, ʚ ʢʦʪʦʨʳʭ 

ʚʩʣʝʜʩʪʚʠʝ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʢʦʨʨʦʟʠʠ ʦʙʨʘʟʫʶʪʩʷ 

ʧʠʨʦʬʦʨʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʦʧʘʩʥʦʩʪʴ ʚʟʨʳʚʘ ʧʨʠ ʦʙ-

ʨʘʙʦʪʢʝ ʢʦʤʧʨʝʩʩʦʨʦʤ ʝʱʝ ʙʦʣʝʝ ʫʩʫʛʫʙʣʷʝʪʩʷ. 

ɺʚʠʜʫ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ, ʦʩʚʦʝʥʠʝ ʛʘʟʦʚʳʭ 

ʩʢʚʘʞʠʥ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʨʝʩʩʦʨʦʚ (ʚʦʟʜʫʰʥʳʭ) 

ʥʝ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʆʊ (ʦʭʨʘʥʳ ʪʨʫʜʘ) ʠ 

ʦʭʨʘʥʳ ʵʢʦʣʦʛʠʠ. ɺʦʟʥʠʢʘʝʪ ʙʦʣʴʰʘʷ ʫʛʨʦʟʘ ʙʝʟ-

ʦʧʘʩʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʨʝ-

ʩʫʨʩʫ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʥʘʩʪʦʨʘʞʠʚʘʝʪ ʤʥʦʞʝʩʪʚʦ 

ʩʦʤʥʝʥʠʡ ʠ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʜʘʣʴʥʝʡʰʝʤ ʝʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ, ʥʘʚʦʜʠʪ ʥʘ ʤʳʩʣʴ ʦ ʧʝʨʝʭʦʜʝ ʢ ʙʝʟ-

ʦʧʘʩʥʳʤ ʤʝʪʦʜʘʤ ʚʳʟʦʚʘ ʧʨʠʪʦʢʘ ʛʘʟʘ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʘʛʝʥʪʘ ʛʘʟʦʦʙʨʘʟʥʦʛʦ 

ʘʟʦʪʘ. ɼʦ ʚʥʝʜʨʝʥʠʷ ʙʝʟʦʧʘʩʥʳʭ ʩʧʦʩʦʙʦʚ ʦʩʚʦʝʥʠʷ 

ʩʢʚʘʞʠʥ ʩ ʧʦʤʦʱʴʶ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ ʤʦʞʥʦ ʜʦʧʫ-

ʩʪʠʪʴ ʦʩʚʦʝʥʠʝ ʚʦʟʜʫʰʥʦʡ ʧʝʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʝʨʝʜʚʠʞʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝ-

ʥʠʷ ʧʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʇɸɺ, ʇʇʋ, ʎɸ, ʠ ʥʫʞʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʢʘ ʙʦʣʝʝ ʤʦʙʠʣʴʥʘʷ ʠ ʥʝ ʜʦ-

ʩʪʘʚʣʷʝʪ ʧʨʦʙʣʝʤ ʩ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʩ ʦʙʲʝʢʪʘ 

ʭʨʘʥʝʥʠʷ ʥʘ ʆʇʆ (ʦʧʘʩʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʦʙʲ-

ʝʢʪ). 

ʅʘ ʗʅɻʂʄ ʚʦʟʥʠʢʘʶʪ ʙʦʣʴʰʠʝ ʩʣʦʞʥʦʩʪʠ 

ʚʚʠʜʫ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʦʣʦʞʝʥʠʷ. ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʩʝʭ 

ʪʨʝʙʦʚʘʥʠʷʭ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʈʝʤʦʥʪʦʧʨʠʛʦʜʥʘ, 

ʧʨʦʩʪʘ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ. ɺʚʠʜʫ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʡ ʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ ʚ ʩʪʨʘʥʝ 

ʠʤʝʝʪ ʦʪʝʯʝʩʪʚʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʯʪʦ ʚʘʞʥʦ 

ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʟʘʧʯʘʩʪʝʡ, ʦʙʫʯʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʤʝʪʦʜʘʤ ʠʩʧʨʘʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ. 

ʇʦʩʣʝ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʩʢʚʘʞʠʥʳ ʚʦ 

ʚʨʝʤʷ ʦʩʚʦʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʢʦʣʪʶʙʠʥʛʦʚʫʶ ʫʩʪʘ-

ʥʦʚʢʫ, ʇʇʋɸ, ʮʝʤʝʥʪʠʨʦʚʦʯʥʳʡ ʘʛʨʝʛʘʪ ʠ ʘʟʦʪʥʫʶ 

ʫʩʪʘʥʦʚʢʫ (ʛʘʟʠʬʠʢʘʪʦʨ). ɻʣʘʚʥʦʝ ʟʘʜʘʯʝʡ ʘʟʦʪʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠ ʧʦʜʘʯʘ ʯʠʩʪʦʛʦ ʛʘʟʦ-

ʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ ʚ ʪʨʫʙʫ ʢʦʣʪʶʙʠʥʛʘ, ʪ ʢ ʝʩʣʠ ʚ ʛʘ-

ʟʦʦʙʨʘʟʥʦʤ ʘʟʦʪʝ ʙʫʜʫʪ ʧʨʠʤʝʩʠ ʢʠʩʣʦʨʦʜʘ ʠ ʜʨʫ-

ʛʠʭ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʙʫʜʝʪ ʚʳʭʦʜʠʪʴ 

ʠʟ ʩʪʨʦʷ ʛʦʨʘʟʜʦ ʨʘʥʴʰʝ ʟʘʧʣʘʥʠʨʫʝʤʦʛʦ ʩʨʦʢʘ. ʆʩ-

ʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʟʦʪʥʦʡ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʶʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʠ ʜʘʚʣʝʥʠʝ ʘʟʦʪʘ ʥʘ ʚʳʭʦʜʝ.  

 ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 2 ʦʩʥʦʚʥʳʝ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ, ʦʪʝ-

ʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʞʠʜʢʠʡ 

ʘʟʦʪ ʚ ʛʘʟʦʦʙʨʘʟʥʳʡ ʧʨʠ ʧʦʤʦʱʠ ʥʘʛʨʝʚʘ ʞʠʜʢʦʛʦ 

ʘʟʦʪʘ, ʠ ʫʩʪʘʥʦʚʢʠ ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʘ ʦʯʠʩʪʢʠ ʛʘʟʘ, 

ʙʣʘʛʦʜʘʨʷʢʦʪʦʨʦʡ ʧʦʣʫʯʘʶʪ ʛʘʟʦʦʙʨʘʟʥʳʡ ʘʟʦʪ ʠʟ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ʋʩʪʘʥʦʚʢʠ ʤʝʤʙʨʘʥʥʦʛʦ 

ʪʠʧʘ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳ ʚ ʢʫʧʝ ʩ ʨʘʙʦʪʦʡ ʩ ʢʦʣʪʶ-

ʙʠʥʛʦʤ, ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʥʠ ʥʝ ʦʯʠʱʘʶʪ ʘʟʦʪ ʜʦ 

ʥʝʦʙʭʠʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɸʟʦʪ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦ-

ʤʦʱʴʶ ʤʝʤʙʨʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʩʦʜʝʨʞʠʪ ʜʦ 2 % 

ʢʠʩʣʦʨʦʜʘ, ʘ ʪʦ ʠ ʙʦʣʴʰʝ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ 

ʥʘ ʧʦʣʫʯʝʥʥʘʷ ʚ ʫʩʣʦʚʠʷʭ ʢʨʘʡʥʝʛʦ ʩʝʚʝʨʘ. ɺ ʩʣʝʜ-

ʩʪʚʠʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚʢʫʧʝ ʩ ʢʦʣʪʶʙʠʥʛʦʚʦʡ ʫʩʪʘ-

ʥʦʚʢʦʡ ʆʈʊʂ-20 ʚʝʜʝʪ ʢ ʙʳʩʪʨʦʤʫ ʢʦʨʨʦʟʠʦʥʥʦʤʫ 

ʠʟʥʦʩʫ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ɻʅʂʊ. ʊʘʢ ʞʝ ʚ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʘʟʦʪʥʘʷ ʫʩʪʘʥʦʚʢʘ ɸ-50-100. ʉʘ-

ʤʦʭʦʜʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʨʘʙʦʪʘʶʱʘʷ ʥʘ ʜʠʟʝʣʴʥʦʤ 

ʪʦʧʣʠʚʝ ʩʧʦʩʦʙʥʘ ʚʳʨʘʙʘʪʳʚʘʪʴ ʯʠʩʪʳʡ ʛʘʟʦʦʙʨʘʟ-

ʥʳʡ ʘʟʦʪ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʛʨʝʚʘ ʞʠʜʢʦʛʦ ʘʟʦʪʘ. ʏʝʨʝʟ 

ʚʝʨʭʥʝʝ, ʩʣʦʞʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʧʨʦʭʦʜʠʪ ʚʝʩʴ ʧʨʦʮʝʩʩ ʦʪ ʥʘʛʨʝʚʘ ʜʦ ʚʳʭʦʜʘ ʛʘʟʦ-

ʦʙʨʘʟʥʦʛʦ ʯʠʩʪʦʛʦ ʘʟʦʪʘ, ʢʦʪʦʨʳʡ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦ-

ʢʘʟʘʣ ʦʪʣʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʯʠʩʪʦʪʳ ʛʘʟʦʦʙʨʘʟʥʦʛʦ 

ʘʟʦʪʘ, ʦʢʦʣʦ 99,99%. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʜʣʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ɻʅʂʊ ʆʈʊʂ ʄ-20. ʋʩʪʘ-

ʥʦʚʢʘ ʩʧʦʩʦʙʥʘ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʜʘʯʫ, ʨʘʙʦʯʝʝ 

ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʧʨʠ ʨʘʟʣʠʯ-

ʥʳʭ ʦʧʝʨʘʮʠʷʭ ʥʘ ʩʢʚʘʞʠʥʫ ʗʤʙʫʨʛʩʢʦʛʦ ʅɻʂʄ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʚ ʨʘʙʦʪʝ 

ʙʳʣʠ ʧʦʣʫʯʝʥʥʳʝ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ: 

1) ʕʢʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧ-

ʪʠʤʘʣʴʥʦʛʦ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʣʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʧʦʣʫʯʘʝʤʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʪʨʫʜʘ ʧʨʠ ʚʳʟʦʚʝ ʧʨʠʪʦʢʘ ʚʦʟʨʘʩʪʝʪ ʚ 4,5 

ʨʘʟʘ, ʥʦ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʪʩʷ 

ʚ 2,5 ʨʘʟʘ.  

2) ɸʟʦʪ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʤʝʤʙʨʘʥʥʦʡ 
ʫʩʪʘʥʦʚʢʠ, ʩʦʜʝʨʞʠʪ ʜʦ 1,9 % ʢʠʩʣʦʨʦʜʘ. ɺ ʠʪʦʛʝ 

ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚʢʫʧʝ ʩ ʢʦʣʪʶʙʠʥʛʦʤ ʚʝʜʝʪ ʢ ʙʳʩʪ-

ʨʦʤʫ ʢʦʨʨʦʟʠʦʥʥʦʤʫ ʠʟʥʦʩʫ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ɻʅʂʊ 

3) ɸʟʦʪʥʘʷ ʫʩʪʘʥʦʚʢʘ ɸ 100-50 ʙʦʣʝʝ ʩʦʚʨʝ-

ʤʝʥʥʘʷ, ʵʬʬʝʢʪʠʚʥʘʷ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʘʷ, ʜʣʷ ʆʆʆ 

çɻʘʟʧʨʦʤ ʧʦʜʟʝʤʨʝʤʦʥʪ ʋʨʝʥʛʦʡè ʙʦʣʝʝ ʚʳʛʦʜʥʘʷ. 

4) ɼʣʷ ʥʘʰʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʠʦʙʨʝʪʝʥʠʝ ʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ɸ-100 ʧʦʟ-

ʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ ʧʨʦʩʪʦʝʚ, ʥʦ ʪʘʢʞʝ ʥʝʣʴʟʷ ʦʪʢʘʟʳʚʘʪʴʩʷ ʦʪ 

ʉɼɸ-20/251 ʪ.ʢ ʧʨʠ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʘʟʦʪʘ ʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʫʜʝʪ ʚʳʛʦʜʥʦ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ. 
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5) ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʨʘʙʦʪʘʪʴ ʚʦʧʨʦʩ ʧʦ 
ʩʥʠʞʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʥʘ ʤʝʩʪʝ ʧʨʦ-

ʚʝʜʝʥʠʷ ʨʘʙʦ, ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʣʝʯʘ.  
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THE INTRODUCTION OF A NEW PROCESS DURING THE INTENSIFICATION OF INFLOW OF 

GAS, OOO "GAZPROM PODZEMREMONT URENGOY" ON THE YAMBURG OGCF  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʫʢʘʟʘʥʦ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʵʢʦʥʦ-

ʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘ ʛʦʜ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦ 

ʚʨʝʤʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʠʪʦʢʘ ʛʘʟʘ.  

Abstract. 

The article contains a brief description of the work performed. In this paper, the calculation of economic 

indicators for the year, the development of methods for improving the process during the intensification of gas 

inflow. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʚʳʟʦʚ ʧʨʠʪʦʢʘ ʛʘʟʘ, ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʩʢʚʘ-

ʞʠʥ. 

Key words: Economic efficiency, gas inflow challenge, well workover. 

 

ʂʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʳ-

ʟʦʚ ʧʨʠʪʦʢʘ ʛʘʟʘ ʠʣʠ ʥʝʬʪʠ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʥʠ-

ʮʘʝʤʦʩʪʠ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ (ʇɿʇ) ʧʣʘʩʪʘ, ʬʠʣʴ-

ʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʧ-

ʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥʳ ʥʘʟʳʚʘʝʪʩʷ 

ʦʩʚʦʝʥʠʝ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ. ɺʳʟʦʚ ʧʨʠ-

ʪʦʢʘ ʛʘʟʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝ ʙʫʨʝʥʠʷ (ʧʨʠ ʚʪʦ-

ʨʠʯʥʦʤ ʚʩʢʨʳʪʠʠ) ʠ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʩʢʚʘ-

ʞʠʥ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʪʚʦʣ ʩʢʚʘʞʠʥʳ ʠ ʇɿʇ 

ʟʘʧʦʣʥʝʥʳ ʘʛʨʝʩʩʠʚʥʦʡ ʞʠʜʢʦʩʪʴʶ (ʩʪʘʙʠʣʴʥʳʤ 

ʛʘʟʦʚʳʤ ʢʦʥʜʝʥʩʘʪʦʤ, ʨʘʩʪʚʦʨʦʤ, ʞʠʜʢʦʩʪʴʶ ʛʣʫ-

ʰʝʥʠʷ), ʧʨʠʤʝʥʷʚʰʠʤʠʩʷ ʧʨʠ ʙʫʨʝʥʠʠ ʠ ʢʘʧʠʪʘʣʴ-

ʥʦʤ ʨʝʤʦʥʪʝ ʩʢʚʘʞʠʥʳ ʠ ʥʘʝʜʘʶʱʠʤʠ ʧʣʘʩʪʦʚʦʤʫ 

ʬʣʶʠʜʫ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʜʚʠʛʘʪʴʩʷ ʢ ʫʩʪʴʶ ʩʢʚʘ-

ʞʠʥʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʇʦʩʣʝ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʩʢʚʘʞʠʥʳ ʚʦ 

ʚʨʝʤʷ ʦʩʚʦʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʢʦʣʪʶʙʠʥʛʦʚʫʶ ʫʩʪʘ-

ʥʦʚʢʫ, ʇʇʋɸ, ʮʝʤʝʥʪʠʨʦʚʦʯʥʳʡ ʘʛʨʝʛʘʪ ʠ ʘʟʦʪʥʫʶ 

ʫʩʪʘʥʦʚʢʫ (ʛʘʟʠʬʠʢʘʪʦʨ). ɻʣʘʚʥʦʝ ʟʘʜʘʯʝʡ ʘʟʦʪʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠ ʧʦʜʘʯʘ ʯʠʩʪʦʛʦ ʛʘʟʦ-

ʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ ʚ ʪʨʫʙʫ ʢʦʣʪʶʙʠʥʛʘ, ʪ ʢ ʝʩʣʠ ʚ ʛʘ-

ʟʦʦʙʨʘʟʥʦʤ ʘʟʦʪʝ ʙʫʜʫʪ ʧʨʠʤʝʩʠ ʢʠʩʣʦʨʦʜʘ ʠ ʜʨʫ-

ʛʠʭ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʙʫʜʝʪ ʚʳʭʦʜʠʪʴ 

ʠʟ ʩʪʨʦʷ ʛʦʨʘʟʜʦ ʨʘʥʴʰʝ ʟʘʧʣʘʥʠʨʫʝʤʦʛʦ ʩʨʦʢʘ. ʆʩ-

ʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʟʦʪʥʦʡ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʶʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʠ ʜʘʚʣʝʥʠʝ ʘʟʦʪʘ ʥʘ ʚʳʭʦʜʝ.  

ʈʘʙʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʚʳʟʦʚʘ ʧʨʠʪʦʢʘ ʛʘʟʘ ʜʘʣʠ ʧʦʣʦʞʠ-

ʪʝʣʴʥʫʶ ʪʝʥʜʝʥʮʠʶ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʥʘ ʚʩʝʭ ʩʢʚʘ-

ʞʠʥʘʭ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʦ-

ʙʣʝʤʳ ʩ ʅʋʇ, ʢʦʪʦʨʳʝ ʨʝʰʘʣʠʩʴ ʙʦʣʝʝ ʜʣʠʪʝʣʴ-

ʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʂʦʥʝʯʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʥʝ ʟʘʩʪʘʚʠʣ ʩʝʙʷ ʜʦʣʛʦ ʞʜʘʪʴ. ɺ ʩʣʝʜʫʶ-

ʱʝʤ ʛʦʜʫ ʙʫʜʝʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʜʘʥʥʫʶ ʪʝʭʥʦ-

ʣʦʛʠʶ, ʫʤʝʥʴʰʘʷ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 2 ʦʩʥʦʚʥʳʝ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ, ʦʪʝ-

ʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʞʠʜʢʠʡ 

ʘʟʦʪ ʚ ʛʘʟʦʦʙʨʘʟʥʳʡ ʧʨʠ ʧʦʤʦʱʠ ʥʘʛʨʝʚʘ ʞʠʜʢʦʛʦ 

ʘʟʦʪʘ, ʠ ʫʩʪʘʥʦʚʢʠ ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʘ ʦʯʠʩʪʢʠ ʛʘʟʘ, 

ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʧʦʣʫʯʘʶʪ ʛʘʟʦʦʙʨʘʟʥʳʡ ʘʟʦʪ ʠʟ 
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ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ʋʩʪʘʥʦʚʢʠ ʤʝʤʙʨʘʥʥʦʛʦ 

ʪʠʧʘ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳ ʚ ʢʫʧʝ ʩ ʨʘʙʦʪʦʡ ʩ ʢʦʣʪʶ-

ʙʠʥʛʦʤ, ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʥʠ ʥʝ ʦʯʠʱʘʶʪ ʘʟʦʪ ʜʦ 

ʥʝʦʙʭʠʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɸʟʦʪ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦ-

ʤʦʱʴʶ ʤʝʤʙʨʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʩʦʜʝʨʞʠʪ ʜʦ 1,9 % 

ʢʠʩʣʦʨʦʜʘ, ʘ ʪʦ ʠ ʙʦʣʴʰʝ ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ 

ʥʘ ʧʦʣʫʯʝʥʥʘʷ ʚ ʫʩʣʦʚʠʷʭ ʢʨʘʡʥʝʛʦ ʩʝʚʝʨʘ. ɺ ʩʣʝʜ-

ʩʪʚʠʠ, ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚʢʫʧʝ ʩ ʢʦʣʪʶʙʠʥʛʦʚʦʡ ʫʩʪʘ-

ʥʦʚʢʦʡ ʆʈʊʂ-20 (ʆʈʊʂ-10) ʚʝʜʝʪ ʢ ʙʳʩʪʨʦʤʫ ʢʦʨ-

ʨʦʟʠʦʥʥʦʤʫ ʠʟʥʦʩʫ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ɻʅʂʊ. ʊʘʢ ʞʝ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʘʟʦʪʥʘʷ ʫʩʪʘʥʦʚʢʘ ɸ-

50-100. ʉʘʤʦʭʦʜʥʘʷ ʫʩʪʘʥʦʚʢʘ ʨʘʙʦʪʘʶʱʘʷ ʥʘ ʜʠ-

ʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ ʩʧʦʩʦʙʥʘ ʚʳʨʘʙʘʪʳʚʘʪʴ ʯʠʩʪʳʡ 

ʛʘʟʦʦʙʨʘʟʥʳʡ ʘʟʦʪ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʛʨʝʚʘ ʞʠʜʢʦʛʦ 

ʘʟʦʪʘ. ʏʝʨʝʟ ʚʝʨʭʥʝʝ, ʩʣʦʞʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʘʥ-

ʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʦʭʦʜʠʪ ʚʝʩʴ ʧʨʦʮʝʩʩ ʦʪ ʥʘʛʨʝʚʘ ʜʦ 

ʚʳʭʦʜʘ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʯʠʩʪʦʛʦ ʘʟʦʪʘ, ʢʦʪʦʨʳʡ ʥʘ 

ʧʨʘʢʪʠʢʝ ʧʦʢʘʟʘʣ ʦʪʣʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʯʠʩʪʦʪʳ ʛʘ-

ʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ, ʦʢʦʣʦ 99,99%. ɼʘʥʥʳʡ ʧʦʢʘʟʘ-

ʪʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʣʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ɻʅʂʊ ʆʈʊʂ 

ʄ-20. ʋʩʪʘʥʦʚʢʘ ʩʧʦʩʦʙʥʘ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʜʘʯʫ, 

ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʮʠʷʭ ʥʘ ʩʢʚʘʞʠʥʘ ʗʤʙʫʨʛʩʢʦʛʦ 

ʅɻʂʄ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘ-

ʮʠʶ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʦʩ-

ʥʦʚʥʳʤ ʘʨʛʫʤʝʥʪʦʚ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝ-

ʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦ-

ʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʀʩʩʣʝʜʦʚʘʪʴ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʚʳʟʦʚʘ ʧʨʠ-
ʪʦʢʘ ʛʘʟʘ ʥʘ ʗʅɻʂʄ; 

2) ʈʘʟʨʘʙʦʪʘʪʴʩʷ ʚ ʥʶʘʥʩʘʭ, ʧʦʩʣʝʜʦʚʘʪʝʣʴ-
ʥʦʩʪʠ ʨʘʙʦʪ; 

3) ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʧʠʩʘʥʠʷ ʜʘʥʥʦʡ ʩʪʘʪʴʠ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʗʅɻʂʄ ʦʩʥʦʚʥʳʤ 
ʘʛʨʝʛʘʪʦʤ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚʳʟʦʚ ʧʨʠʪʦʢʘ ʛʘʟʘ, ʷʚʣʷʝʪʩʷ ʉɼɸ-20/251. ʈʘʩʯʝʪ 

ʧʦʢʘʟʘʣ ʯʪʦ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʛʘʟʘ ʚʳʛʦʜʥʝʝ ʥʘ ʜʦʥʥʦʤ 

ʘʛʨʝʛʘʪʝ ʘ ʧʨʠ ʧʦʜʩʯʝʪʝ ʩʫʤʤʘʨʥʳʭ ʟʘʪʨʘʪ ʠ ʧʦʣʫ-

ʯʠʚʰʝʛʦʩʷ ʧʨʠʨʘʙʦʪʢʘ ʚʳʛʦʜʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʫʩʪʘʥʦʚʢʫ ɸ-100-50 ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

2. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʘʷ ʦʧʝʨʘʮʠʷ ʧʦ ʚʳʟʦʚʳ ʧʨʠʪʦʢʘ ʛʘʟʘ. 

3. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʥʦʚʦʡ ʪʝʭʥʦ-
ʣʦʛʠʠ ʠ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʦʧʝʨʘʮʠʠ, ʪʨʫʜʦʟʘʪʨʘʪʳ, ʘ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʠʪʴ 

ʙʶʜʞʝʪ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʳ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʂʫʜʠʥʦʚ ɺ.ʀ. ʆʩʥʦʚʳ ʥʝʬʪʝʛʘʟʦʧʨʦʤʳʩʣʦ-

ʚʦʛʦ ʜʝʣʘ. ï ʄʦʩʢʚʘ-ʀʞʝʚʩʢ: ʀʥʩʪʠʪʫʪ ʢʦʤʧʴʶʪʝʨ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʅʀʎ çʈʝʛʫʣʷʨʥʘʷ ʠ ʭʘʦʪʠʯʝ-

ʩʢʘʷ ʜʠʥʘʤʠʢʘè; ʋʜʤʫʨʜʩʢʠʡ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪ, 

2008. ï 720 ʩ.; 

2. ʆʪʯʝʪ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʆʆʆ çɻʘʟʧʨʦʤ ʧʦʜʟʝʤʨʝʤʦʥʪ ʋʨʝʥ-

ʛʦʡè ʟʘ 2017. 

 

ʋɼʂ 004 

ʅʝʥʘʞʝʥʢʦ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, 
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ɸʥʥʦʪʘʮʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʩʝʨʚʠʩʘʭ ʨʘʟʣʠʯʥʦʡ ʪʝʤʘʪʠʢʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʝʥʜʝʥʮʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʥʣʘʡʥ-

ʩʝʨʚʠʩʦʚ, ʠ ʥʘʣʠʯʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʇʨʠʚʝʜʝʥʳ ʫʧʦʤʠʥʘʥʠʷ ʜʘʥʥʦʡ ʛʠʧʦʪʝʟʳ ʚ ʨʘʙʦʪʘʭ 

ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʦʙʦʟʥʘʯʝʥʳ ʥʝʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʳʝ ʩʮʝʥʘʨʠʠ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ. 

Abstract. 

A review of the possibility of using machine learning technologies in educational services of various subjects 

is presented. Analyzed the spread of educational online services, and the availability of data analysis. The refer-

ences to this hypothesis are given in the works of other researchers and some possible scenarios for the application 

of machine learning algorithms are indicated. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ; ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʩʝʨʚʠʩʳ; ʦʙʟʦʨ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. 

Keywords: machine learning; educational services; overview of applicability. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ 

ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ: 

¶ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ (ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʘ ʘʚʪʦ-
ʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʤ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʘʷ ʢʦʤʧʘʥʠʝʡ Tesla); 

¶ ʨʘʟʣʠʯʥʳʝ ʩʝʨʚʠʩʳ ʜʣʷ ʧʝʨʝʚʦʜʘ ʪʝʢʩʪʦʚ, 
ʠʩʧʦʣʴʟʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʘʥʘʣʠʟʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʷʟʳʢʘ; 

¶ ʘʥʘʣʠʟ ʢʨʝʜʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʟʘʝʤʱʠʢʘ ʚ 
ʙʘʥʢʘʭ ʠ ʢʨʝʜʠʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ; 

¶ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ 
ʬʦʪʦʛʨʘʬʠʡ ʩ ʬʫʥʢʮʠʝʡ ʦʙʥʘʨʫʞʝʥʠʷ ʣʠʮ ʥʘ ʠʟʦʙ-

ʨʘʞʝʥʠʠ ʠ ʜʨʫʛʠʝ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʘʤʳʝ ʧʦʧʫʣʷʨʥʳʝ 

ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝ-

ʥʠʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʙʲʝʤʝ ʠʥ-

ʚʝʩʪʠʮʠʡ. 

 
ʈʠʩʫʥʦʢ 1. 10 ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ  

ʧʦ ʜʘʥʥʳʤ Tractica 

 

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʟʨʝʣʦʩʪʴ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʤʥʦʞʝʩʪʚʦ ʢʨʫʧʥʳʭ ʢʦʨʧʦ-

ʨʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ Google, NVIDIA , Amazon, Intel ʠ 

ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ, ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʚʝʣʠʯʠʚʘʝʪ 

ʠʥʚʝʩʪʠʮʠʠ ʚ ʜʘʥʥʫʶ ʦʙʣʘʩʪʴ. ʉʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ 

ʢʘʢ ʘʣʛʦʨʠʪʤʳ, ʪʘʢ ʠ ʧʦʷʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʟʘʜʘʯ. ɸʥʘ-

ʣʠʪʠʯʝʩʢʘʷ ʢʦʤʧʘʥʠʷ Tractica, ʚ ʩʚʦʝʤ ʦʪʯʝʪʝ ʧʨʦ-

ʛʥʦʟʠʨʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʨʳʥʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʛʣʫ-

ʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʜʦ 72.6 ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ ʢ 

2025 ʛʦʜʫ [3]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʪʘ-

ʢʠʭ ʚʥʫʰʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ, ʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳ ʠ ʧʦʣʫʯʘʶʪ ʰʠʨʦ-

ʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚʦʟʨʦʩʰʘʷ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʥʣʘʡʥ-

ʩʝʨʚʠʩʦʚ. ɺʦ ʚʩʝʤʠʨʥʦʡ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʤʦʞʥʦ 

ʥʘʡʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʙʫʨʥʳʡ 

ʨʦʩʪ ʜʘʥʥʦʛʦ ʨʳʥʢʘ, ʥʘʧʨʠʤʝʨ, ʠʩʩʣʝʜʦʚʘʥʠʝ ɺʳʩ-

ʰʝʡ ʐʢʦʣʳ ʕʢʦʥʦʤʠʢʠ. 

ʆʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʧʣʘʪʬʦʨʤ ʜʣʷ 

ʦʥʣʘʡʥ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: 

¶ Coursera; 

¶ Stepik; 

¶ SkyEng; 

¶ LinguaLeo; 

¶ GeekBrains. 

ʅʘʧʨʠʤʝʨ, ʷʟʳʢʦʚʘʷ ʰʢʦʣʘ LinguaLeo ʥʘʩʯʠ-

ʪʳʚʘʝʪ ʫʞʝ ʙʦʣʝʝ 17.5 ʤʠʣʣʠʦʥʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ-

ʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠʟ ʥʠʭ 3 ʤʠʣʣʠʦʥʘ ʘʢʪʠʚʥʳʭ. ɺ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʣʘʪʬʦʨʤʘ Coursera ʦʩʥʦʚʘʥʥʘʷ ʚ 2011 

ʛʦʜʫ, ʟʘ 8 ʣʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʠʚʣʝʢʣʘ ʫʞʝ 36 ʤʠʣ-

ʣʠʦʥʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ [1].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦ-

ʜʦʙʥʳʝ ʩʝʨʚʠʩʳ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʙʦʣʴ-

ʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʦ ʩʚʦʠʭ ʧʦʣʴʟʦʚʘʪʝʣʷʭ ʠ 

ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʩʠʩʪʝʤʦʡ.  
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ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ 

ʜʘʥʥʳʭ ʩʝʨʚʠʩʘʭ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʜʘʥʥʦʡ ʦʙ-

ʣʘʩʪʠ ʙʳʣ ʧʨʦʬʝʩʩʦʨ ʤʘʪʝʤʘʪʠʢʠ ʉʦʪʠʨʠʩ ʂʦʪʩʠ-

ʘʥʪʠʩ ʩʦ ʩʚʦʝʡ ʨʘʙʦʪʦʡ çUse of machine learning 

techniques for educational proposes: a decision support 

system for forecasting studentsô gradesè, ʛʜʝ ʥʘ ʧʨʠ-

ʤʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʦʥ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʪ ʜʘʥʥʫʶ ʛʠʧʦʪʝʟʫ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠ ʩʨʝʜʠ ʤʦʣʦʜʳʭ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʝʡ, ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʫʞʝ ʚʳʟʳʚʘʣʘ ʠʥʪʝʨʝʩ. 

ʅʘ ʩʘʡʪʝ ɺʳʩʰʝʡ ʐʢʦʣʳ ʕʢʦʥʦʤʠʢʠ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʚʳʧʫʩʢʥʘʷ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʌʘʜʝʝʚʦʡ 

ɽʢʘʪʝʨʠʥʳ ɺʣʘʜʠʤʠʨʦʚʥʳ ï çʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭ-

ʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʨʘʢʪʠʢʘʭè. ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʘʚʪʦʨ ʪʘʢʞʝ ʧʦʜʥʠʤʘʝʪ 

ʚʦʧʨʦʩ ʦ ʧʨʠʤʝʥʝʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫ-

ʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʝʪ ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʷ ʫʩʧʝʰʥʦʩʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʩʪʫʜʝʥʪʦʤ ʚ ʢʦʥʮʝ 

ʧʝʨʚʦʛʦ ʢʫʨʩʘ ʜʠʩʮʠʧʣʠʥʳ çʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘ-

ʣʠʟè ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʝʛʦ ʰʢʦʣʴʥʳʭ ʫʩʧʝʭʘʭ ʠ 

ʦʮʝʥʢʘʭ ʟʘ ʧʝʨʚʳʡ ʩʝʤʝʩʪʨ ʦʙʫʯʝʥʠʷ ʚ ʫʥʠʚʝʨʩʠ-

ʪʝʪʝ [2]. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʳʝ ʩʮʝʥʘʨʠʠ ʧʨʠ-

ʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʜʘʥ-

ʥʳʭ ʩʝʨʚʠʩʘʭ: 

¶ ʩʦʟʜʘʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʩʧʨʘʚʦʯʥʠʢʦʚ, ʠʩ-
ʧʦʣʴʟʫʶʱʠʭ ʘʣʛʦʨʠʪʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ; 

¶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 
ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʝʨʚʠʩʦʚ ʥʘ ʦʩ-

ʥʦʚʝ ʜʝʡʩʪʚʠʡ, ʩʦʚʝʨʰʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, 

ʥʘʧʨʠʤʝʨ, ʧʦʜʙʦʨ ʚʦʧʨʦʩʦʚ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ; 

¶ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʛʨʫʧʧʳ 

ʜʣʷ ʦʙʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʪʝ-

ʨʠʟʘʮʠʠ; 

¶ ʨʝʘʣʠʟʘʮʠʷ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʠʥʪʝʨʝʩʥʳʭ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʢʫʨʩʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʥʝʝ ʧʨʦʡʜʝʥʥʳʭ. 

ɺ ʢʘʞʜʦʤ ʠʟ ʫʢʘʟʘʥʥʳʭ ʩʮʝʥʘʨʠʝʚ ʢʨʦʝʪʩʷ ʚʳ-

ʛʦʜʘ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫ-

ʯʘʝ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʜʣʷ ʢʫʨʩʦʚ, ʦʯʝ-

ʚʠʜʥʦ, ʯʪʦ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʜʣʷ ʯʝʣʦʚʝʢʘ, ʤʦʛʫʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʜʪʦʣʢʥʫʪʴ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʧʦʜʧʠʩʢʝ ʥʘ ʥʦʚʳʝ ʢʫʨʩʳ, ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʘʪ ʧʨʠʙʳʣʴ ʩʝʨʚʠʩʘ. ɺ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʩʧʨʘʚʦʯʥʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʤʦʛʫʪ ʧʨʠʚʣʝʯʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʩʚʦʠʤ ʫʜʦʙʩʪʚʦʤ ʠ ʥʦʚʠʟʥʦʡ. 

ʊʘʢ ʠʣʠ ʠʥʘʯʝ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, ʚʦ ʚʩʝʤʠʨ-

ʥʦʡ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʦʪʩʫʪʩʪʚʫʶʪ ʫʧʦʤʠʥʘʥʠʷ ʢʦʤ-

ʤʝʨʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʝʨʚʠʩʘʭ. ɺ ʩʚʷʟʠ ʩ ʧʦ-

ʷʚʣʝʥʠʝʤ ʠ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʤʥʦʞʝʩʪʚʘ 

ʙʠʙʣʠʦʪʝʢ ʠ ʌʨʝʡʤʚʦʨʢʦʚ (ʥʘʧʨʠʤʝʨ, Tensorflow, 

Theano, Torch ʠ ʜʨʫʛʠʝ), ʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝʩʫʪ 

ʚʩʝ ʤʝʥʴʰʝ ʥʘʢʣʘʜʥʳʭ ʨʘʩʭʦʜʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠ-

ʢʦʚ, ʠʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʚʳʚʦʜ, ʯʪʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ 

ʥʝʩʝʪ ʙʦʣʴʰʝ ʚʳʛʦʜʳ ʯʝʤ ʟʘʪʨʘʪ, ʘ ʩʬʝʨʘ ʦʥʣʘʡʥ-

ʦʙʨʘʟʦʚʘʥʠʷ ʠʤʝʝʪ ʦʪʣʠʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢ ʠʭ 

ʧʨʠʤʝʥʝʥʠʶ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳ-

ʚʦʜʳ: 

¶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫ-
ʯʝʥʠʷ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʦʟʨʘʩʪʘʝʪ, ʥʘʭʦʜʷʪʩʷ ʥʦʚʳʝ 

ʩʬʝʨʳ ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ; 

¶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʦʥʣʘʡʥ ʩʝʨʚʠʩʳ ʠʤʝʶʪ 
ʚʩʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʤʘ-

ʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʩʚʦʠ ʧʨʦʮʝʩʩʳ; 

¶ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʧʫʙʣʠʯʥʦʤ ʜʦʩʪʫʧʝ 
ʦʪʩʫʪʩʪʚʫʶʪ ʫʧʦʤʠʥʘʥʠʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝ-

ʥʠʷ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʝʨʚʠ-

ʩʘʭ, ʯʪʦ ʦʩʪʘʚʣʷʝʪ ʘʢʪʫʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴ-

ʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ. 
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RESEARCH OF THE STRENGTH CHARACTERISTICS OF REPAIR DESIGNS OF PIPELINES  

 

ɸʥʥʦʪʘʮʠʷ. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʧʦʣʠʪʠʢʘ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʮʝʣʝʥʘ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʜʝ-

ʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. ʇʨʠʦʨʠʪʝʪʥʳʤʠ ʟʘʜʘʯʘʤʠ ʧʨʝʜʧʨʠʷʪʠʡ 

ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦ-

ʩʣʝʜʩʪʚʠʷʤʠ, ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʨʝʤʦʥʪ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʪʦʨʦʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʨʝʤʦʥʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʚʨʝʤʝʥʥʦʛʦ ʨʝʤʦʥʪʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ɼʘʥʥʘʷ ʪʝʤʘ ʨʘʩʢʨʳʚʘ-

ʝʪʩʷ ʚ ʩʪʘʪʴʝ. 

Abstract. 

The Environmental policy of oil and gas enterprises is aimed at improving the activities in the field of envi-

ronmental management, environmental protection, environmental safety in accordance with modern standards. 

The priority tasks of the enterprises are to reduce the risk of accidents of trunk pipelines with environmental 

consequences, timely repair of pipelines, during which various repair structures are used for permanent and tem-

porary repair of pipelines. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʫʙʦʧʨʦʚʦʜʳ, ʘʚʘʨʠʠ, ʨʝʤʦʥʪ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʦʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʵʢʦʣʦ-

ʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

Keywords: Ecological policy, accidents of main pipelines, repair of pipelines, environmental protection, eco-

logical safety. 

 

ʇʨʦʚʝʨʢʘ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʤʦʥʪ-

ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʥʘʪʫʨʥʳʭ ʦʙʨʘʟʮʘʭ ʟʘʥʠʤʘʝʪ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʤʘ-

ʪʝʨʠʘʣʴʥʳʤ ʟʘʪʨʘʪʘʤ. ʎʝʣʝʩʦʦʙʨʘʟʥʝʝ ʨʘʩʯʝʪʳ ʥʘ 

ʧʨʦʯʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʯʠʩʣʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦ-

ʚʦʜʠʪʴ ʥʘ ʦʪʜʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʥʘ ʩʪʝʥʜʘʭ ʜʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ. 

ʉʭʝʤʘ ʪʨʫʙʦʧʨʦʚʦʜʘ (ʩ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʟʘʛʣʫʰ-

ʢʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʪʝʥʜʝ) ʩ ʫʩʪʘ-

ʥʦʚʣʝʥʥʦʡ ʨʝʤʦʥʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʜʣʷ ʧʦʩʪʦʷʥ-

ʥʦʛʦ ʨʝʤʦʥʪʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

1. 

 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʨʝʤʦʥʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ ʩʝʪʢʦʡ, 

ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʜʣʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʝʤʦʥʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʥʝʦʙʭʦʜʠʤ ʨʘʩʯʝʪ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʫʯʝʪʦʤ 

ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʥʫʪ-

ʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʠ ʚʥʝʰʥʠʭ ʠʟʛʠ-

ʙʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ: 

¶ ʨʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʨʫ-
ʙʦʧʨʦʚʦʜ ʩ ʜʝʬʝʢʪʦʤ ʠ ʨʝʤʦʥʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ;  

¶ ʢʦʤʧɹʁʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷ-

ʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʠ ʨʝʤʦʥʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʮʝʥʦʯʥʳʭ ʨʘʩʯʝʪʦʚ ʥʘʧʨʷ-

ʞʝʥʥʦ - ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘ ʠ ʨʝʤʦʥʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʤʦʜʝʣʴ ʩ ʫʧʨʦʱʝʥʥʦʡ ʛʝʦʤʝʪʨʠʝʡ 

(ʨʠʩʫʥʦʢ 1). ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʧʨʦ-

ʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ANSYS [2]. 
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ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʝʤʦʥʪʥʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʠ ʪʨʫʙʦʧʨʦʚʦʜʘ DN 1220 ʤʤ ʟʘʜʘʚʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

¶ ʊʦʣʱʠʥʘ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʩʪʝʥʢʠ ʨʝ-
ʤʦʥʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ - 14 ʤʤ; 

¶ ɼʣʠʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ï 6 ʤ; 

¶ ʆʙʱʘʷ ʜʣʠʥʘ ʨʝʤʦʥʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʧʦ-
ʣʫʢʦʣʴʮʘʤʠ 2340 ʤʤ;  

¶ ʈʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ - 4,9 

ʄʇʘ; 

¶ ɼʦʧʫʩʢʘʝʤʦʝ ʜʘʚʣʝʥʠʝ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ï 

5,3 ʄʧʘ; 

¶ ɼʝʬʝʢʪ ʩʪʝʥʢʠ ʪʨʫʙʳ: ʛʣʫʙʠʥʘ 9,8 ʤʤ, 
ʜʣʠʥʘ 600 ʤʤ, ʰʠʨʠʥʘ 1 ʤʤ; 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʦʜʲʝʤ ʜʘʚʣʝʥʠʷ ʧʨʦʚʦʜʠʣʩʷ 

ʜʦ ʫʨʦʚʥʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʶ ʚ ʩʪʝʥʢʝ 

ʪʨʫʙʳ 0,95 ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘ. 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦ-

ʷʥʠʷ ʨʝʤʦʥʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘ-

ʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʠ ʚʥʝʰʥʝʛʦ ʠʟʛʠ-

ʙʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ [3].  

ɺ ʤʦʜʝʣʷʭ ʫʯʪʝʥʳ ʜʝʬʝʢʪ ʠ ʩʚʘʨʥʳʝ ʰʚʳ, ʢʦ-

ʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʧʨʷ-

ʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʠ ʨʝʤʦʥʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥ-

ʥʳʤʠ ʦʢʘʟʳʚʘʶʪʩʷ ʦʙʣʘʩʪʠ ʦʢʦʣʦ ʜʝʬʝʢʪʘ ʠ ʩʚʘʨ-

ʥʳʝ ʰʚʳ, ʩʦʝʜʠʥʷʶʱʠʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʩ 

ʪʨʫʙʦʧʨʦʚʦʜʦʤ. ʇʦʵʪʦʤʫ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦ-

ʚʘʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʵʪʠʭ ʦʙʣʘʩʪʝʡ ʫʜʝʣʷʝʪʩʷ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʧʨʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʦʙʣʘʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʜʝʬʝʢʪʦʤ 

ʠ ʨʝʤʦʥʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʝ 2. 

ɺ ʨʘʩʯʝʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʯʝ-

ʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ [4,5]: 

ʊʨʫʙʦʧʨʦʚʦʜ - ʩʪʘʣʴ 17ɻ1ʉ: 

ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 2,1 Ā1011 H/ʤ; 

ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ 0,3;  

ï ʧʣʦʪʥʦʩʪʴ 7800 ʢʛ/ʤ3; 

ï ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ 325ʄʧʘ. 

ʈʝʤʦʥʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʣʴ 09ɻ2ʉ: 

ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 2,1 Ā1011 H/ʤ; 

ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ 0,3; 

ï ʧʣʦʪʥʦʩʪʴ 7800 ʢʛ/ʤ3; 

ï ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ 340 ʄʇʘ; 

 

 
ʈʠʩʫʥʦʢ 2. ɺʠʜ ʥʘ ʦʙʣʘʩʪʴ ʜʝʬʝʢʪʘ ʪʨʫʙʳ ʩ ʨʝʤʦʥʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ.  

ʎʚʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʰʢʘʣʦʡ ʧʦʣʫʯʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ï ʇʘ. 

 

1. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʧʨʦʯʥʦʩʪʴ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʨʝ-

ʤʦʥʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

2. ʇʨʠ ʨʘʙʦʯʝʤ ʜʘʚʣʝʥʠʠ ʚ ʦʙʣʘʩʪʠ ʜʝʬʝʢʪʘ ʚ 
ʪʨʫʙʦʧʨʦʚʦʜʝ ʙʝʟ ʨʝʤʦʥʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚʦʟʥʠ-

ʢʘʶʪ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʝʚʳʰʘʶʱʠʝ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ 

ʠ ʚʨʝʤʝʥʥʳʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ, ʩʪʘʣʠ 17ɻ1ʉ, ʘ ʟʥʘ-

ʯʠʪ, ʧʨʦʠʟʦʡʜʝʪ ʥʝʦʙʨʘʪʠʤʘʷ ʜʝʬʦʨʤʘʮʠʷ ʪʨʫʙʦ-

ʧʨʦʚʦʜʘ ʠ ʝʛʦ ʨʘʟʨʫʰʝʥʠʝ. ɼʘʥʥʫʶ ʩʠʪʫʘʮʠʶ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʘʚʘʨʠʡʥʫʶ. 

3. ɺ ʨʘʩʯʝʪʘʭ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʚ ʵʣʝʤʝʥʪʘʭ ʨʝ-
ʤʦʥʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʨʘʙʦʯʝʤ ʠ ʜʦʧʫʩʪʠʤʦʤ 

ʜʘʚʣʝʥʠʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʠ ʫʧʨʫʛʦʤ ʠʟʛʠʙʝ ʪʨʫʙʦ-

ʧʨʦʚʦʜʘ ʥʝ ʚʦʟʥʠʢʘʶʪ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʝʚʳʰʘʶʱʠʝ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʢʘʝʤʳʝ ʜʣʷ ʩʪʘʣʠ ʫʨʦʚʥʠ.  

4. ʈʝʤʦʥʪʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟ-
ʦʧʘʩʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

5. ʅʝʧʨʦʚʘʨʳ ʩʚʘʨʥʦʛʦ ʰʚʘ ʧʨʠ ʤʦʥʪʘʞʝ ʨʝ-
ʤʦʥʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪ ʧʨʦʯ-

ʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞ-

ʥʦʩʪʴ ʨʝʤʦʥʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 

ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʥʝʬʪʝʧʨʦʚʦʜʝ.  

6. ʇʨʠ ʤʦʥʪʘʞʝ ʨʝʤʦʥʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʝ-

ʦʙʭʦʜʠʤ ʪʱʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ 

ʰʚʦʚ ʥʝʩʢʦʣʴʢʠʤʠ ʤʝʪʦʜʘʤʠ. 
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IDENTIFICATION OF THE PLACE OF LOCALIZATION OF POLLUTION  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, ʧʨʦʤʳʰʣʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʚʝʩʴʤʘ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʩʨʝʜʫ (ʬʣʦʨʫ, ʬʘ-

ʫʥʫ). ɺʘʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʫʨʦʚʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʧʘʩʥʦʩʪʴ, ʥʦ ʠ ʤʝʩʪʦ, ʣʦʢʘʣʠʟʘʮʠʶ ʟʘ-

ʛʨʷʟʥʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʠʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʝʰʝʥʠʷ ʚʘʞʥʦʡ ʟʘʜʘʯʠ. ɼʘʣʝʝ 

ʤʦʞʥʦ ʧʣʘʥʠʨʦʚʘʪʴ, ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʦʮʝʩʩʳ ʦʯʠʩʪʢʠ. 

Abstract. 

In the oil and gas industry, industrial pollution has a very negative effect on the environment (flora, fauna). 

It is important to identify not only the level of exposure, danger, but also the place, localization of pollution. The 

paper considers the methodology and mathematical model for solving an important problem. Then you can plan, 

implement cleaning processes. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʦʣʦʛʠʷ, ʟʘʛʨʷʟʥʝʥʠʝ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʝʪʦʜ, ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʝ.  

Keywords: ecology, pollution, computational method, environmental and economic analysis, modeling. 

 

ɺ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʜʦʙʳʯʝ ʟʘ-

ʛʨʷʟʥʝʥʠʝ ʧʦʧʘʜʘʝʪ ʚ ʩʨʝʜʫ çʚʦʟʜʫʭ-ʚʦʜʘ-ʧʦʯʚʘè, 

ʚʦʟʜʝʡʩʪʚʫʷ ʥʝʛʘʪʠʚʥʦ ʥʘ ʬʣʦʨʫ, ʬʘʫʥʫ. ʋʨʦʚʝʥʴ 

ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚ, ʠʭ 

ʦʧʘʩʥʦʩʪʠ [1], ʥʦ ʠ ʤʘʣʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʩ ʵʬʬʝʢ-

ʪʦʤ ʩʫʤʤʘʮʠʠ) ʩʧʦʩʦʙʥʳ ʩʠʣʴʥʦ ʚʨʝʜʠʪʴ.  

ʆʩʥʦʚʥʳʝ ʟʘʛʨʷʟʥʠʪʝʣʠ ï ʦʪʭʦʜʳ ʥʝʬʪʝʭʠʤʠʠ, 

ʛʘʟʦʜʦʙʳʯʠ (ʬʝʥʦʣ, ʘʮʝʪʘʪ, ʩʪʠʨʦʣ ʠ ʜʨ.). ʈʠʩʢ-ʩʠ-

ʪʫʘʮʠʷ ʧʨʠ ʥʝʩʦʙʣʶʜʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʚʝʜʫʪ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ, ʵʢʦʩʠʩʪʝʤʳ, ʯʪʦ ʦʧʘʩʥʦ ʠʟ-ʟʘ ʤʥʦ-

ʛʦʬʘʢʪʦʨʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ [2], ʤʠʛʨʘʮʠʠ ʚ ʩʨʝʜʝ [3]. 

ʅʘʣʠʯʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʪʨʝʙʫʝʪ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʝʛʦ 

ʠʩʪʦʯʥʠʢʘ, ʤʦʤʝʥʪʘ ʟʘʛʨʷʟʥʝʥʠʷ, ʦʯʠʩʪʢʠ. 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ. ʆʩʦʙʦ ʦʧʘʩʥʦ ʟʘʛʨʷʟ-

ʥʝʥʠʝ ʧʦʯʚʳ, ʯʝʤ ʛʣʫʙʞʝ, ʪʝʤ ʙʦʣʴʰʝ ʛʣʦʙʘʣʴʥʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ ʛʦʨʠʟʦʥʪʦʚ. ɼʣʷ ʝʛʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʩʣʝʜʫʝʪ ʣʦʢʘʣʠʟʦʚʘʪʴ ʤʝʩʪʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʣʠʢʚʠʜʠ-

ʨʦʚʘʪʴ ʝʛʦ. ʅʝʦʙʭʦʜʠʤʘ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʘʷ ʤʝʪʦ-

ʜʠʢʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʣʦʢʘʣʠʟʘʮʠʠ, ʣʠʢʚʠʜʘʮʠʠ ʟʘ-

ʛʨʷʟʥʠʪʝʣʝʡ ʩʨʝʜʳ. 

ʄʝʪʦʜʠʢʘ ʜʦʣʞʥʘ ʧʦʟʚʦʣʷʪʴ ʚʳʙʠʨʘʪʴ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʠʣʠ ʠʥʦʡ ʩʬʝʨʝ ʪʝʭ-

ʥʦʣʦʛʠʡ, ʟʘʛʨʷʟʥʠʪʝʣʠ, ʠʭ ʢʣʘʩʩʳ ʦʧʘʩʥʦʩʪʠ, ʦʧʝʨʘ-

ʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʟʘ-

ʛʨʷʟʥʝʥʠʝ ʠ ʣʦʢʘʣʠʟʠʨʦʚʘʪʴ ʟʘʛʨʷʟʥʠʪʝʣʷ. 

ʅʝʦʙʭʦʜʠʤʘ ʝʝ ʥʦʨʤʘʪʠʚʥʦ-ʢʨʠʪʝʨʠʘʣʴʥʘʷ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ, ʤʦʜʝʣʴʥʦ-ʘʣʛʦ-

ʨʠʪʤʠʯʝʩʢʘʷ ʠ ʧʨʦʛʨʘʤʤʥʘʷ ʧʦʜʜʝʨʞʢʘ, ʫʯʠʪʳʚʘʶ-

ʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʦʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ, ʨʝʮʠʢ-

ʣʠʥʛ ʪʝʭʥʦʣʦʛʠʠ, ʤʦʥʠʪʦʨʠʥʛ, ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦʩʪʴ, ʤʦʱʥʦʩʪʴ, ʘʚʘʨʠʡʥʦʩʪʴ, ʫʱʝʨʙ, 

ʛʝʦʚʨʝʤʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʨʝʩʫʨʩʦʧʦʪʨʝʙʥʦʩʪʴ ʠ ʜʨ. 

ʕʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʦ ʩʭʝʤʝ: 

1) ʨʘʟʙʠʚʘʝʤ ʚʩʝ n ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ K ʢʣʘʩʪʝ-

ʨʦʚ ʧʦ ʙʣʠʟʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

2) ʚ ʢʣʘʩʪʝʨʝ ʚʳʜʝʣʷʝʤ ʧʨʝʜʩʪʘʚʠʪʝʣʷ, ʵʪʘ-
ʣʦʥ, ʧʦ ʢʦʪʦʨʦʤʫ ʟʘ ʧʝʨʠʦʜ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʧʦ-

ʢʘʟʘʪʝʣʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨ (ʧʦ ʦʙʲʝʤʫ ʚʳʙʨʦ-

ʩʦʚ, ʥʘʧʨʠʤʝʨ) ʩ ʫʯʝʪʦʤ ὕ ï ʢʘʪʝʛʦʨʠʠ ʦʧʘʩʥʦʩʪʠ 

i-ʛʦ ʚʝʱʝʩʪʚʘ; 

3) ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʥʦʤʫ ʫʱʝʨʙʫ 

ˠ̃  ̇ʧʨʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʥʦʤʝʨ i ʧʨʝʜ-

ʧʨʠʷʪʠʷ ʫʱʝʨʙ ˠ̃ :̇ 

ˠ̃ ˙  
ˠ̃  ̇ὑ ὕ

В ὑὕ
Ȣ 

4) ʥʘʭʦʜʠʤ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʧʨʝʜʦʪʚʨʘ-

ʱʝʥʥʳʡ ʫʱʝʨʙ ʧʦ ʟʘʛʨʷʟʥʠʪʝʣʶ: 

ˠ̔ Ȣ̅̒ Ȣ̑

ρ

ὑ
ˠ̔ Ȣ̅̒ Ȣ̑ ȟ 

ʛʜʝ  ɣ̔ Ȣ̅ ï ʧʨʝʜʦʪʚʨʘʱʝʥʥʳʡ ʫʱʝʨʙ (ʫʜʝʣʴ-

ʥʳʡ) ʧʦ ʟʘʛʨʷʟʥʠʪʝʣʶ; 

5) ʫʤʥʦʞʘʝʤ ˠ̔ Ȣ̅̒ Ȣ̑ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʫʣʘʚʣʠʚʘʝ-

ʤʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠ ʥʘʭʦʜʠʤ ʧʨʦʛʥʦʟʥʳʝ ʧʦʢʘʟʘ-

ʪʝʣʠ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʠʩʢʘ ʨʘʟʣʘʜʢʠ, ʤʝʩʪʘ ʣʦʢʘ-

ʣʠʟʘʮʠʠ ʟʘʛʨʷʟʥʠʪʝʣʷ. ɽʩʣʠ 

ὼȟὼȟȣȟὼ ȟὼȟὼ ȟȣ ï ʩʣʫʯʘʡʥʳʡ ʨʷʜ ʥʝʟʘʚʠʩʠ-
ʤʳʭ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʋ ʢʦʥʝʯʥʦʡ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ὼȟὼȟȣȟὼ  ï ʦʙʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, 
ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʜʘʝʪʩʷ ʬʫʥʢʮʠʝʡ Ὢὼ. ʋ 
ʙʝʩʢʦʥʝʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ὼȟὼ ȟȣ - ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ, ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʡ ʟʘʜʘʝʪʩʷ ʬʫʥʢʮʠʝʡ 

Ὢὼ. ɽʩʣʠ ὰ - ʤʦʤʝʥʪ ʨʘʟʣʘʜʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 
ʧʨʦʮʝʩʩʘ, ʪʦ ʧʨʠ ʛʠʧʦʪʝʟʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ: 

 

ὴὰ ὲ ή  ὴȟὲ ρȟή ρ ὴȟπ ὴ 1. 

 

ʕʢʩʧʝʨʪ, ʥʘʙʣʶʜʘʪʝʣʴ ʩʪʘʨʘʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʤʦʤʝʥʪ ʨʘʟʣʘʜʢʠ. ʏʪʦʙʳ ʥʘʡʪʠ 
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ʤʦʤʝʥʪ ʦʩʪʘʥʦʚʢʠ †ᶻ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 
ʦʙʥʘʨʫʞʝʥʠʷ ὴ† ὰ ʩʣʝʜʫʝʪ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʫʨʘʚ-

ʥʝʥʠʷ [4]: 

 

ὶᶻ ή᷿ ÍÁØ  

  
ȟὶᶻ  ὪὼὨὼ. 

 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ὶᶻ ʧʦʣʫʯʘʝʤʦ ʧʦ-
ʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʧʨʠʙʣʠʞʝʥʠʷʤʠ ʩʦʛʣʘʩʥʦ ʠʪʝʨʘ-

ʮʠʷʤ ʚʠʜʘ: 

 

ὶ ρȟὶ  ή άὥὼ
Ὢὼ

ήὪὼ
ȟὶ  Ὢ ὼὨὼȟὲ

ρȢ 
ʇʨʠ ʵʪʦʤ ʚ ʦʙʣʘʩʪʠ ʦʧʪʠʤʘʣʴʥʦʡ ʦʩʪʘʥʦʚʢʠ ʟʘ-

ʬʠʢʩʠʨʫʝʤ ʨʘʟʣʘʜʢʫ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ὼ, ʜʣʷ ʢʦʪʦ-
ʨʦʛʦ ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ: 

ήὶᶻ, 

ʛʜʝ ὶᶻ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʫʨʘʚʥʝ-
ʥʠʷ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ 

ὴὶᶻ ὰ ὴὶᶻ. 
ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʠʬʠʢʘʮʠʶ ʟʘʜʘʯʠ: ʝʩʣʠ ʥʘʩʪʫ-

ʧʘʝʪ ʨʘʟʣʘʜʢʘ, ʪʦ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ 

ὼȟὼ ȟȣ ʧʦʣʫʯʘʶʪ ʦʜʥʫ ʠʟ ʬʫʥʢʮʠʡ ʧʣʦʪʥʦʩʪʠ 

Ὢὼ Ὥ ρȟςȟȣȢȟὔ  ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʨʘʟʣʘʜʢʠ 

ὴὮȢ ʉʥʦʚʘ ʠʱʝʤ ὶᶻ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ὴὶ ὰ
 ʤʘʢʩʠʤʘʣʴʥʘ. 

ʆʧʪʠʤʘʣʴʥʦʝ ʧʨʘʚʠʣʦ ʦʧʨʝʜʝʣʷʝʪʩʷ [5] ʯʝʨʝʟ 

ʨʝʰʝʥʠʝ ὶᶻ ʫʨʘʚʥʝʥʠʷ:  

ὶᶻ ή άὥὼ
В ὴὮὪὼ

ήὪὼ
ȟὶᶻ ὪὼὨὼȟ 

ʘ ʠʤʝʥʥʦ, ʧʨʘʚʠʣʦʤ ï ʥʝʦʙʭʦʜʠʤʦ ʦʩʪʘʥʦ-

ʚʠʪʴʩʷ ʥʘ ʥʘʙʣʶʜʝʥʠʷʭ ὼ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦ-
ʚʠʶ: 

ὴὮ
Ὢὼ

Ὢὼ
ήὶᶻȢ 

ɿʜʝʩʴ ʨʦʣʴ Ὢὼ (ʠʟ ʧʨʝʜʳʜʫʱʝʡ ʧʦʩʪʘʥʦʚʢʠ 
ʟʘʜʘʯʠ) ʠʛʨʘʝʪ ʩʫʤʤʘ: 

ὴὮὪὼȢ 

ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʚʘʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʤʦʤʝʥʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠ ʧʝʨʝʥʘʩʪʨʦʠʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ɸʢʪʫʘʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠ-

ʨʦʚʘʪʴ ʪʘʢʞʝ ʤʦʤʝʥʪ ʨʘʟʣʘʜʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘ-

ʜʘʚʘʝʤʦʡ ʰʢʘʣʳ ὥȟὥȟȣȟὥȟ ʦʞʠʜʘʷ, ʢʦʛʜʘ ʥʘʩʪʫ-
ʧʠʪ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʝ ʚ ʤʦʤʝʥʪ ʨʘʟʣʘʜʢʠ ʟʥʘʯʝ-

ʥʠʝ ὥ  (ʠʣʠ ὥ ), ʪ.ʝ. ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʥʝʪ 

ʨʝʟʢʦʛʦ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʷ (ʟʘʛʨʷʟʥʝʥʠʷ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʧʠʩʘʥʥʦʡ ʟʘʜʘʯʝ ʠʩʧʦʣʴʟʦ-

ʚʘʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʧʨʦʮʝʜʫʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʩʨʘʚʥʠʪʴ ʩʠʪʫʘʮʠʠ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʟʘʛʨʷʟʥʠ-

ʪʝʣʷ. ʇʦ ʥʝʡ ʤʦʞʥʦ ʩʪʨʦʠʪʴ ʵʢʩʧʝʨʪʥʫʶ ʩʠʩʪʝʤʫ 

ʣʠʢʚʠʜʘʮʠʠ ʟʘʛʨʷʟʥʝʥʠʷ. ʄʝʪʦʜʠʢʘ ʠ ʤʦʜʝʣʴ ʧʦʟʚʦ-

ʣʠʪ ʜʝʣʘʪʴ ʵʪʦ ʨʝʣʝʚʘʥʪʥʦ ʧʨʦʙʣʝʤʝ ʤʠʥʠʤʠʟʘʮʠʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʫʱʝʨʙʘ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʘʚʘʨʠʷʭ. 
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EXPERT ESTIMATES IN GEOLOGY AND ALGORITHM FOR EVALUATION OF THEIR EXPORT  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʦʙʣʝʤʘ ʵʢʩʧʝʨʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʛʝʦʣʦʛʠʯʝʩʢʦʡ, ʤʝ-

ʪʦʜʠʢʘ ʝʛʦ ʦʨʛʘʥʠʟʘʮʠʠ. ɼʣʷ ʛʝʦʩʨʝʜʳ ʭʘʨʘʢʪʝʨʥʦ ʚʠʜʦʚʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ, ʧʦʵʪʦʤʫ ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʵʢʩ-

ʧʝʨʪʦʚ, ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ. ʇʨʝʜʣʦʞʝʥʘ ʧʨʦʮʝʜʫʨʘ ʠ ʘʣʛʦʨʠʪʤ 

ʨʝʘʣʠʟʘʮʠʠ ʵʢʩʧʝʨʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ, ʭʦʨʦʰʦ ʢʦʜʠʨʫʝʤʳʝ, ʪʝʩʪʠʨʫʝʤʳʝ. 

Abstract. 

The paper studies the problem of expert assessment of the system, in particular, the geological one, the meth-

odology of its organization. Species diversity is typical for the geomedia, so analysis with the help of experts and 
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expert systems is one of the main approaches. A procedure and algorithm for the implementation of expert assess-

ment, well-coded, tested.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʩʧʝʨʪʥʦʝ ʦʮʝʥʠʚʘʥʠʝ, ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʘʥʘʣʠʪʠʢʘ, ʘʣʛʦʨʠʪʤ ʦʮʝʥʢʠ, 

ʩʣʦʞʥʦʩʪʴ ʩʨʝʜʳ. 

Keywords: expert estimation, geological system, analytics, estimation algorithm, environment complexity. 

 
ʕʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ ʠ ʘʥʘʣʠʪʠʢʘ ʚ ʛʝʦʣʦʛʠʠ. 

ʕʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʚ ʛʝʦʣʦʛʠʠ ʘʢʪʫʘʣʴʥʘ ʧʦ ʤʥʦʛʠʤ 
ʦʮʝʥʦʯʥʳʤ ʮʝʣʷʤ: ʦʮʝʥʢʘ ʨʝʩʫʨʩʦʝʤʢʦʩʪʠ ʧʨʦʠʟ-
ʚʦʜʩʪʚʘ, ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ (ʥʝʛʘʪʠʚʥʦʛʦ ʠʣʠ ʩʘʤʦʚʦʩ-
ʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ) ʚʦʟʜʝʡʩʪʚʠʷ, ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʜʨ.  
ɼʣʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʭʘʨʘʢʪʝʨʥʘ ʯʘʩʪʦ 

ʩʣʘʙʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʨʘʡʦʥʘ, ʚʠʜʦʚʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʝ 
ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʧʦʵʪʦʤʫ ʝʝ ʘʥʘʣʠʟ 
ʧʨʠʚʣʝʢʘʝʪ ʵʢʩʧʝʨʪʥʦʝ ʦʮʝʥʠʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩ-
ʥʦʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʩʦʙʝʥʥʦ, 
ʧʨʝʜʧʨʦʝʢʪʥʳʭ [1], ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʜʝʪʘʣʴʥʳʡ ʘʥʘ-
ʣʠʟ, ʥʘʧʨʠʤʝʨ, ʜʠʥʘʤʠʯʝʩʢʠʭ ʛʝʦʭʘʨʘʢʪʝʨʠʩʪʠʢ 
(ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʷ ʥʝʬʪʠ ʧʦ ʨʘʟʨʝʟʘʤ ʧʣʘʩʪʦʚ, 
ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ), ʧʦʜʚʝʨʛʘʝʤʳʭ ʢʨʠʦʛʝʥʝʟʫ (ʪʝʨ-
ʤʦʢʘʨʩʪ, ʪʝʨʤʦʵʨʦʟʠʷ, ʧʫʯʝʥʠʝ, ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʠ 
ʜʨ.). 
ʄʝʪʦʜʦʣʦʛʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʦʮʝʥʦʢ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʠ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ ʪʘʢʞʝ ʩʣʦʞʥʳ, 
ʧʣʦʭʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ. ʕʢʩʧʝʨʪʥʳʤ ʦʮʝʥʢʘʤ ï 
ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ. ʆʥʠ ʫʯʠʪʳʚʘʶʪ ʵʚʨʠʩʪʠʢʠ 
(ʦʧʳʪ, ʟʥʘʥʠʷ, ʠʥʪʫʠʮʠʶ) ʩʧʝʮʠʘʣʠʩʪʦʚ. ɼʣʷ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʭʦʜʘ ʥʝʦʙʭʦʜʠʤʳ ʢʦʤʧʝʪʝʥʪʥʳʝ 
ʵʢʩʧʝʨʪʥʳʝ ʩʫʞʜʝʥʠʷ, ʪʨʝʥʠʥʛ ʧʝʨʩʦʥʘʣʘ, ʧʨʦʜʚʠ-
ʞʝʥʠʝ, ʘʫʜʠʪ ʨʘʙʦʪʳ. ʈʝʣʝʚʘʥʪʥʦ ʧʨʝʜʩʢʘʟʘʪʴ, ʦʮʝ-
ʥʠʪʴ ʩʤʦʞʝʪ ʣʠʰʴ ʵʬʬʝʢʪʠʚʥʘʷ, ʢʚʘʣʠʬʠʮʠʨʦʚʘʥ-
ʥʘʷ, ʩʦ ʟʥʘʥʠʝʤ ʥʶʘʥʩʦʚ ʩʠʩʪʝʤʳ ʵʢʩʧʝʨʪʥʘʷ 
ʛʨʫʧʧʘ [2]. 
ɸʥʘʣʠʪʠʢʘ ï ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʙʝʩʧʨʦʠʛʨʳʰ-

ʥʳʡ, ʘʥʘʣʠʟ ʩʠʪʫʘʮʠʠ, ʝʝ ʦʢʨʫʞʝʥʠʷ, ʚʳʜʝʣʝʥʠʷ 
ʬʘʢʪʦʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʨʝʜʳ, 
ʠʟʫʯʝʥʠʷ, ʤʦʥʠʪʦʨʠʥʛʘ ʠʭ ʩʚʷʟʝʡ, ʧʦʚʝʜʝʥʠʷ ʩ ʨʘʟ-
ʣʠʯʥʳʭ ʩʪʦʨʦʥ: ʵʢʦʣʦʛʠʯʝʩʢʦʡ, ʧʦʣʠʪʠʢʦ-ʧʨʘʚʦ-
ʚʦʡ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʜʨ. ʏʪʦʙʳ ʚʥʝʜ-
ʨʠʪʴʩʷ ʚ ʢʦʥʢʫʨʝʥʪʥʫʶ ʩʨʝʜʫ, ʩʣʝʜʫʝʪ ʧʦʥʷʪʴ, 
ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʘ ʘʥʘʣʠʪʠʢʘ, ʵʢʩʧʝʨʪʠʟʘ. 
ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʛʝʦʘʥʘʣʠʪʠʢ ʠʥʪʝʨʝʩʫʝʪʩʷ 

ʫʨʦʚʥʝʤ ʩʣʦʞʥʦʩʪʠ ʩʨʝʜʳ. ɺʥʝʜʨʝʥʠʝ ʚ ʛʝʦʣʦʛʠʯʝ-
ʩʢʫʶ ʩʨʝʜʫ ʚʦʟʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʧʨʠʥ-
ʮʠʧʘ ʘʢʪʫʘʣʴʥʦʩʪʠ ʟʘʜʘʯ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ-ʧʨʘʢʪʠʢʠ 
ʩʦʩʨʝʜʦʪʘʯʠʚʘʶʪ ʠʥʪʝʨʝʩʳ ʥʘ ʩʪʨʝʤʣʝʥʠʠ ʫʟʥʘʪʴ 
ʪʦʯʥʝʡʰʫʶ ʘʥʘʣʠʪʠʢʫ ʦ ʩʨʝʜʝ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ 
ʩʣʫʞʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʜʫʢʪʦʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʝ-
ʨʝʨʘʙʦʪʢʠ [3]. 
ɸʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʨʘʩʭʦʞʜʝʥʠʷ ʵʢʩʧʝʨʪʥʳʭ 

ʦʮʝʥʦʢ. ʏʪʦʙʳ ʨʝʘʣʠʟʦʚʘʪʴ ʵʢʩʧʝʨʪʥʦʝ ʦʮʝʥʠʚʘʥʠʝ 
ʢʦʤʧʘʥʠʡ ʨʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʫʶ ʝʛʦ ʬʦʨʤʘʣʴ-
ʥʫʶ ʧʦʩʪʘʥʦʚʢʫ. 
ʕʢʩʧʝʨʪʳ j ʫʢʘʟʳʚʘʶʪ ʦʮʝʥʢʫ ʢʦʤʧʘʥʠʡ ʧʦ 

ʢʨʠʪʝʨʠʶ (ʬʘʢʪʦʨʫ) i ʨʘʚʥʫʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ὥ  

(1ÒὥÒὃᶻ), ὃᶻ ï ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʦʮʝʥʢʘ. 

ʀʪʘʢ, ʦʧʨʝʜʝʣʝʥʘ ʤʘʪʨʠʮʘ ὃ ὥ , i=1, 2,é, n; 

j=1, 2,é, m. ʇʦ ʥʝʡ ʩʪʨʦʠʪʩʷ ʤʘʪʨʠʮʘ ὄ ὦ , p, 

q=1, 2,é, m ( ρ ὦ ρ), ʛʜʝ ὦ  ï ʩʪʝʧʝʥʴ ʩʦ-

ʛʣʘʩʦʚʘʥʥʦʩʪʠ, ʩʭʦʜʩʪʚʘ ʦʮʝʥʦʢ ʵʢʩʧʝʨʪʦʚ p ʠ q. 
ɽʩʣʠ ʧʨʠʚʝʩʪʠ ʢ ʰʢʘʣʝ ʩ k ʧʨʠʟʥʘʢʘʤʠ, ʪʦ ʵʢʩʧʝʨʪ 
ʥʦʤʝʨ p ʫʢʘʟʘʣ 1, ʘ ʵʢʩʧʝʨʪ q ï ʟʥʘʯʝʥʠʝ k.  
ʌʦʨʤʫʣʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʵʢʩʧʝʨʪʥʳʭ ʤʥʝʥʠʡ 

ʧʦ ʤʝʪʨʠʢʝ ʄʘʥʭʵʪʪʝʥʘ: 

ὦ ρ
ρ

ὲὯ ρ
ὥ  ὥ ȟπ ὦ ρȢ 

ɽʩʣʠ ʜʚʘ ʵʢʩʧʝʨʪʘ ʦʮʝʥʠʚʘʶʪ ʢʦʤʧʘʥʠʠ ʧʦ L 

ʬʘʢʪʦʨʘʤ, ὥ  ï ʦʮʝʥʢʘ pïʛʦ ʵʢʩʧʝʨʪʘ ʧʦ jïʤʫ ʬʘʢ-

ʪʦʨʫ iïʦʡ ʢʦʤʧʘʥʠʠ, Ὧ ï ʢʦʣʠʯʝʩʪʚʦ ʫʨʦʚʥʝʡ jïʛʦ 
ʬʘʢʪʦʨʘ, ʪʦ  

ὦ ρ
ρ

ὲ В Ὧ ρ
ὥ ὥ  Ȣ 

ʆʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʵʢʩʧʝʨ-
ʪʦʚ: 

ὦ
ς

άὲ ρ
ὦ  Ȣ  

ʀʟ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʬʦʨʤʫʣ ʩʣʝʜʫʝʪ: 
 ὦ ρ

 В В В В ὥ ὥ  Ȣ  

ɽʩʣʠ ʦʮʝʥʠʚʘʥʠʝ ʚʝʜʝʪʩʷ ʣʠʰʴ ʧʦ ʦʜʥʦʤʫ ʬʘʢ-
ʪʦʨʫ (L=1), ὑ Ὧ ̠̜̐̏̒̓̏̎̎̆ȟ ʪʦ 

ὦ ρ  В В В ὥ ὥ . 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʛʨʫʧʧ (ʪʘʢʩʦʥʦʚ) ʵʢʩʧʝʨʪʦʚ ʩʦ-
ʛʣʘʩʫʝʤʳʭ ʧʦ ʦʮʝʥʢʘʤ, ʧʦ ʚʟʘʠʤʥʦʡ ʩʪʝʧʝʥʠ ʩʦʛʣʘ-
ʩʦʚʘʥʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʥʝ ʤʝʥʝʝ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦ-
ʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ), ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤ: 

1. ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʄ ʪʘʢʩʦʥʦʚ, ʚ ʢʘʞʜʦʤ ʠʟ 
ʥʠʭ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʝʛʦ ʧʨʝʜʩʪʘʚʠ-
ʪʝʣʝʤ (ʮʝʥʪʨʦʤ). 

2. ɺʳʧʦʣʥʷʝʤ ʥʠʞʝʩʣʝʜʫʶʱʠʝ ʰʘʛʠ ʧʦ ʪʘʢ-
ʩʦʥʘʤ. 

2.1. ɼʣʷ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʪʘ (ʢʨʦʤʝ ʮʝʥʪʨʘ) ʠʟ 

ʤʘʪʨʠʮʳ ὄ ὦ ȟὭȟὮ ρȟςȟȣȟὓ ʧʦʧʘʨʥʦʡ ʩʦ-

ʛʣʘʩʦʚʘʥʥʦʩʪʠ ʵʢʩʧʝʨʪʦʚ ʚʳʙʠʨʘʝʤ ʟʥʘʯʝʥʠʝ ʨʘʩ-
ʩʤʘʪʨʠʚʘʝʤʦʛʦ (ʪʝʢʫʱʝʛʦ) ʵʣʝʤʝʥʪʘ ʩʦʛʣʘʩʦʚʘʥʥʦ-
ʩʪʠ ʠ çʮʝʥʪʨʘè. 

2.2. ɽʩʣʠ ʜʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʥʝ ʤʝʥʴʰʝ ʧʦʨʦʛʦ-
ʚʦʛʦ ʟʥʘʯʝʥʠʷ Q ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ (0 Q 1), ʪʦ ʧʨʠ 
ʥʘʣʠʯʠʠ ʚ ʪʘʢʩʦʥʝ ʪʦʣʴʢʦ çʮʝʥʪʨʘè, ʨʘʩʩʤʘʪʨʠʚʘʝ-
ʤʳʡ ʵʢʩʧʝʨʪ ʟʘʥʦʩʠʪʩʷ ʚ ʪʘʢʩʦʥ. 

2.3. ɽʩʣʠ ʚ ʪʘʢʩʦʥʝ ʢʨʦʤʝ çʮʝʥʪʨʘè ʝʩʪʴ ʠ ʜʨʫ-
ʛʠʝ ʵʢʩʧʝʨʪʳ, ʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʵʣʝʤʝʥʪ ʩʨʘʚʥʠ-
ʚʘʝʤ ʩ ʦʩʪʘʣʴʥʳʤʠ ʚ ʪʘʢʩʦʥʝ. 

2.4. ɽʩʣʠ ʦʮʝʥʢʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʵʢʩ-
ʧʝʨʪʘ ʪʘʢʩʦʥʘ ʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʥʝ ʤʝʥʴʰʝ Q, ʪʦ 
ʪʝʢʫʱʠʡ ʵʢʩʧʝʨʪ ʟʘʥʦʩʠʪʩʷ ʚ ʪʘʢʩʦʥ. 

3. ɺʳʙʠʨʘʝʤ ʪʘʢʩʦʥ, ʢʫʜʘ ʧʦʧʘʣʠ ʤʘʢʩʠʤʫʤ 
ʵʢʩʧʝʨʪʦʚ ʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʥ-
ʢʦʨʜʘʮʠʠ b. 

4. ʅʘ ʦʩʥʦʚʝ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ, ʧʦʧʘʚʰʠʭ ʚ 
ʪʘʢʩʦʥ (ʩʦʛʣʘʩʥʦ ʧ.3) ʥʘʭʦʜʠʤ ʦʙʱʫʶ ʦʮʝʥʢʫ ʢʘʯʝ-
ʩʪʚʘ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦ ʤʥʝʥʠʷʤ ʵʢʩʧʝʨʪʦʚ. 
ɺʘʞʥʳʡ ʚʦʧʨʦʩ ï ʢʘʯʝʩʪʚʦ ʚʦʧʨʦʩʦʚ (ʘʥʢʝʪʳ) 

ʜʣʷ ʵʢʩʧʝʨʪʦʚ. ʆʥʠ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦ-
ʚʘʥʠʷʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʢʩʧʝʨʪʠʟ (ʩʪʘʥʜʘʨʪʠʟʘ-
ʮʠʷ, ʧʦʣʥʦʪʘ, ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 
ʵʢʩʧʝʨʪʠʟʘ, ʨʝʣʝʚʘʥʪʥʦʩʪʴ, ʘʧʨʦʙʘʮʠʷ, ʚʘʣʠʜʥʦʩʪʴ 
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ʠ ʜʨ.). ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʵʢʩʧʝʨʪʠʟʘ ʚʢʣʶʯʘʝʪ ʩʠʥ-
ʪʘʢʩʠʯʝʩʢʠʡ, ʩʝʤʘʥʪʠʯʝʩʢʠʡ, ʠ ʧʨʘʛʤʘʪʠʯʝʩʢʠʡ 
ʘʥʘʣʠʟ, ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʬʠʢʘʮʠʷʤ, ʘ ʪʘʢʞʝ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʘʩʯʸʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʢʝʪʥʳʭ 
ʚʦʧʨʦʩʦʚ (ʢʦʣʠʯʝʩʪʚʦ, ʩʣʦʞʥʦʩʪʴ, ʚʨʝʤʷ, ʪʠʧ, 
ʬʦʨʤʘ ʠ ʜʨ.). 
ʈʝʟʶʤʠʨʫʷ, ʚ ʨʘʙʦʪʝ ʘʢʮʝʥʪʠʨʦʚʘʥʘ ʧʨʦʮʝʜʫʨʘ 

ʵʢʩʧʝʨʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʩʦ ʚʨʝʤʝʥʝʤ ʤʦ-
ʞʝʪ ʫʩʣʦʞʥʠʪʴʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-
ʥʳʭ ʵʢʩʧʝʨʪʥʳʭ ʛʝʦʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ, ʧʨʦʛʨʘʤʤ 
ʦʮʝʥʢʠ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʠʚʘʝʤʦʩʪʠ ʟʘʛʨʷʟʥʝʥʥʳʭ 
ʵʢʦʩʠʩʪʝʤ. ʇʨʦʮʝʜʫʨʘ ʭʦʨʦʰʦ ʘʣʛʦʨʠʪʤʠʟʠʨʫʝʤʘʷ 
(ʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ). 
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THE APPLICATION OF THE A LGORITHM OF REORGANIZATION OF STUDENT GROUPS IN 
THE EDUCATIONAL PROCESS  

 
ɸʥʥʦʪʘʮʠʷ. 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʧʦʣʥʠʪʴ ʨʝʦʨʛʘʥʠʟʘʮʠʶ ʩʪʫʜʝʥʯʝʩʢʦʡ 

ʛʨʫʧʧʳ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʪʝʛʠʷʭ. ɼʘʥʥʘʷ ʨʝʦʨʛʘʥʠʟʘʮʠʷ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʘʣʴʥʦ ʨʘʟʙʠʪʴ 
ʛʨʫʧʧʫ ʩʪʫʜʝʥʪʦʚ ʥʘ ʧʦʜʛʨʫʧʧʳ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʥʳʭ ʧʨʦʝʢʪʦʚ ʠʣʠ ʠʥʳʭ ʥʘʫʯʥʳʭ 
ʤʝʨʦʧʨʠʷʪʠʡ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ. 

Abstract. 
The article describes the algorithm that allows you to reorganize the student group, based on the different 

strategies, this reorganization will allow you to optimally break up a group of students into subgroups to complete 
team projects or other academic activities of an educational institution. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʞʣʠʯʥʦʩʪʥʳʝ ʦʪʥʦʰʝʥʠʷ, ʨʝʦʨʛʘʥʠʟʘʮʠʷ ʫʯʝʙʥʦʡ ʛʨʫʧʧʳ, ʢʣʘʩʪʝʨʠʟʘʮʠʷ, ʤʦʜʫ-

ʣʷʨʥʦʩʪʴ. 
Keywords: interpersonal relations, reorganization of the study group, clustering, modularity. 
 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʚʳʩʰʠʭ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʦʙʥʦʚʣʷʶʪ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʤʘ-
ʪʝʨʠʘʣʳ ʣʝʢʮʠʦʥʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʚ ʩʦ-
ʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʘʢʪʠ-
ʯʝʩʢʠʝ ʟʘʥʷʪʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʩʚʦʝʥʠʶ ʪʝʦʨʝʪʠʯʝ-
ʩʢʦʛʦ (ʣʝʢʮʠʦʥʥʦʛʦ) ʤʘʪʝʨʠʘʣʘ, ʚʳʨʘʙʦʪʢʠ ʫʤʝʥʠʡ 
ʠ ʥʘʚʳʢʦʚ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 
ʉʪʫʜʝʥʪʳ ʦʩʚʘʠʚʘʶʪ ʪʦʣʴʢʦ ʪʦʪ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ 
ʧʦʟʚʦʣʠʪ ʠʤ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʜʝʷ-
ʪʝʣʴʥʦʩʪʴ. ʂʘʯʝʩʪʚʦ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘ-
ʥʷʪʠʡ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʥʘʠʙʦʣʝʝ ʘʢʪʫ-
ʘʣʴʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʛʨʫʧʧʦ-
ʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. 
ʄʳ ʨʘʟʜʝʣʷʝʤ ʤʥʝʥʠʝ ʧʩʠʭʦʣʦʛʦʚ [1,2,3,4,5] ʦ 

ʪʦʤ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʨʫʧʧʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 
ʟʘʚʠʩʠʪ ʦʪ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ: 
ï ʩʚʷʟʠ ʛʨʫʧʧʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʩʦ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʨʫʧʧʳ 
ï ʩʠʩʪʝʤʳ ʢʨʠʪʝʨʠʝʚ ʠ ʧʨʠʟʥʘʢʦʚ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʛʨʫʧʧʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ï ʩʪʨʫʢʪʫʨʳ ʛʨʫʧʧʳ, ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʠ ʭʘ-
ʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʯʣʝʥʘʤʠ ʛʨʫʧʧʳ 
ï ʬʦʨʤ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʨʘʟʣʠʯʥʳʭ ʧʫʪʝʡ ʧʦʚʳ-

ʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 
ʩʪʫʜʝʥʪʦʚ. 
ɺ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʳʭ 
ʛʨʫʧʧ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʢʦʤʘʥʜʥʳʭ 
ʧʨʦʝʢʪʘʭ, ʥʘ ʩʝʤʠʥʘʨʩʢʠʭ, ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʘʢʪʠ-
ʯʝʩʢʠʭ ʟʘʥʷʪʠʷʭ, ʫʯʘʩʪʠʷ ʚ ʦʣʠʤʧʠʘʜʘʭ ʠʣʠ ʜʨʫʛʦʡ 
ʥʘʫʯʥʦʡ ʠ ʚʥʝʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʝʙʥʦʛʦ ʟʘʚʝ-
ʜʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʝʜʘʛʦ-
ʛʦʚ ʠ ʧʩʠʭʦʣʦʛʦʚ [1,2,3,4,5],ʧʨʘʚʠʣʴʥʘʷ ʨʝʦʨʛʘʥʠʟʘ-
ʮʠʠ ʩʪʫʜʝʥʯʝʩʢʠʭ ʛʨʫʧʧ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 
ʢʘʯʝʩʪʚʘ ʦʙʫʯʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. 
ɸʣʛʦʨʠʪʤ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʩʪʫʜʝʥʯʝʩʢʦʡ 

ʛʨʫʧʧʳ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʤʝʞʣʠʯʥʦʩʪʥʳʭ ʦʪʥʦʰʝ-
ʥʠʷʭ ʩʪʫʜʝʥʪʦʚ [1,2,3,4,5].ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦʧʫ-
ʣʷʨʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʞʣʠʯʥʦʩʪʥʳʭ ʦʪ-
ʥʦʰʝʥʠʡ ʚ ʛʨʫʧʧʝ ʷʚʣʷʝʪʩʷ ʩʦʮʠʦʤʝʪʨʠʷ, ʧʨʝʜʣʦ-
ʞʝʥʥʘʷ ʫʯʝʥʠʢʦʤ 3.ʌʨʝʡʜʘ ï ɼʞ. ʄʦʨʝʥʦ (1889-
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1974).ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ɼʞ. ʄʦʨʝʥʦ, ʚʩʝ ʥʘʧʨʷʞʝ-
ʥʠʷ, ʢʦʥʬʣʠʢʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʦʮʠʘʣʴʥʳʝ, ʦʙʫ-
ʩʣʦʚʣʝʥʳ ʥʝʩʦʚʧʘʜʝʥʠʝʤ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ 
ʛʨʫʧʧʳ. ʇʦ ʝʛʦ ʤʥʝʥʠʶ, ʵʪʦ ʥʝʩʦʚʧʘʜʝʥʠʝ ʦʟʥʘʯʘʝʪ, 
ʯʪʦ ʩʠʩʪʝʤʘ ʩʠʤʧʘʪʠʡ ʠ ʘʥʪʠʧʘʪʠʡ, ʢʦʪʦʨʘʷ ʧʦʢʘ-
ʟʳʚʘʝʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʦʪʥʦʰʝʥʠʝ ʠʥʜʠʚʠʜʘ ʢ ʣʶ-
ʜʷʤ, ʯʘʩʪʦ ʥʝ ʚʤʝʱʘʝʪʩʷ ʚ ʨʘʤʢʠ ʟʘʜʘʥʥʦʡ ʠʥʜʠ-
ʚʠʜʫ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ: ʩʘʤʳʤ ʙʣʠʟʢʠʤ ʤʦʞʝʪ ʦʢʘ-
ʟʘʪʴʩʷ ʦʢʨʫʞʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʥʝʧʨʠʝʤʣʝʤʳʭ ʚ 
ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʣʶʜʝʡ.  
ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʝʜʘʛʦʛʠʯʝ-

ʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʘʣʛʦʨʠʪʤ 
ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʩʪʫʜʝʥʯʝʩʢʦʡ ʛʨʫʧʧʳ ʜʣʷ ʙʦʣʝʝ ʢʘ-
ʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ. 
ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʟʚʦʣʠʪʴ 
ʘʢʮʝʥʪʠʨʦʚʘʪʴ ʨʦʣʴ ʢʘʢ ʫʩʧʝʚʘʶʱʠʭ, ʪʘʢ ʠ ʩʣʘʙʦ-
ʫʩʧʝʚʘʶʱʠʭ ʩʪʫʜʝʥʪʦʚ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʢʘ-
ʞʝʪ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʦʨʛʘʥʠʟʘʮʠʶ ʛʨʫʧʧʦ-
ʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. 
ʅʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʅʴʶʤʘʥʘ ʩʪʫʜʝʥʯʝʩʢʘʷ 

ʛʨʫʧʧʘ ʜʝʣʠʪʩʷ ʥʘ 3 ʢʣʘʩʪʝʨʘ (ʧʦʜ ʢʣʘʩʪʝʨʦʤ ʩʣʝ-
ʜʫʝʪ ʧʦʥʠʤʘʪʴ ʦʙʲʝʜʠʥʝʥʠʝ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ 
ʫʯʘʩʪʥʠʢʦʚ ʛʨʫʧʧʳ, ʩʧʦʩʦʙʥʳʭ ʠʛʨʘʪʴ ʢʣʶʯʝʚʫʶ 
ʨʦʣʴ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʜʛʨʫʧʧ).ʇʦ-
ʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʣʘʩʪʝʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚʳʙʦʨ ʩʪʨʘ-
ʪʝʛʠʠ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʛʨʫʧʧʳ ʥʘ ʧʦʜʛʨʫʧʧʳ ï 
ʦʙʳʯʥʦ ʚʳʙʠʨʘʝʪʩʷ ʩʪʨʘʪʝʛʠʷ çʩʣʘʙʦʛʦ ʟʚʝʥʘè ʠʣʠ 
çʧʣʘʚʠʣʴʥʦʛʦ ʢʦʪʣʘè. ʇʦʜ çʩʣʘʙʳʤ ʟʚʝʥʦʤè ʧʦʥʠ-
ʤʘʶʪʩʷ ʫʯʘʩʪʥʠʢʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʘʠʤʝʥʴʰʝʝ ʢʦ-
ʣʠʯʝʩʪʚʦ ʩʚʷʟʝʡ ʩ ʜʨʫʛʠʤʠ ʫʯʘʩʪʥʠʢʘʤ, ʠ ʧʨʝʜʩʪʘʚ-
ʣʷʶʪ ʩʦʙʦʡ ʥʘʠʤʝʥʝʝ ʩʚʷʟʘʥʥʳʝ ʢʣʘʩʪʝʨʳ. ʇʦʜ 

çʧʣʘʚʠʣʴʥʳʤ ʢʦʪʣʦʤè ʧʦʥʠʤʘʝʪʩʷ ʩʤʝʰʠʚʘʥʠʝ 
ʫʯʘʩʪʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʩʚʷʟʝʡ ʩ ʜʨʫʛʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ. 
ʆʩʥʦʚʥʘʷ ʢʦʥʮʝʧʮʠʷ ʩʪʨʘʪʝʛʠʠ çʩʣʘʙʦʛʦ 

ʟʚʝʥʘè ï ʨʝʘʣʠʟʦʚʘʪʴ ʚʳʙʦʨ ʥʘʠʤʝʥʝʝ ʮʝʣʦʩʪʥʦʡ 
ʧʦʜʛʨʫʧʧʳ, ʩʢʣʘʜʳʚʘʶʱʝʡʩʷ ʠʟ ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʭ 
ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʢʣʘʩʪʝʨʦʚ, ʨʘʟʙʠʪʴ ʝʸ ʠ ʨʘʩʰʠʨʠʪʴ 
ʥʘʟʥʘʯʝʥʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ ʛʨʫʧʧʳ. ʆʜʥʠʤ ʠʟ ʧʨʝ-
ʠʤʫʱʝʩʪʚ ʩʪʨʘʪʝʛʠʠ çʩʣʘʙʦʛʦ ʟʚʝʥʘè ʩʯʠʪʘʝʪʩʷ ʪʦ, 
ʯʪʦ ʝʝ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʩ ʮʝʣʴʶ ʨʝʦʨʛʘʥʠʟʘʮʠʠ 
ʛʨʫʧʧ ʧʨʦʚʝʜʝʥʠʷ ʟʘʥʷʪʠʡ, ʪʨʝʙʫʶʱʠʭ ʦʙʷʟʘʪʝʣʴ-
ʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʦʜʛʨʫʧʧʳ.  
ʉʪʨʘʪʝʛʠʷ çʧʣʘʚʠʣʴʥʦʛʦ ʢʦʪʣʘè ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʨʝʦʨʛʘʥʠʟʘʮʠʶ ʛʨʫʧʧʳ ʩʪʫʜʝʥʪʦʚ ʚ ʘʙʩʦʣʶʪʥʦ ʥʦ-
ʚʳʝ ʢʣʘʩʪʝʨʳ. ɼʣʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʛʨʫʧʧʘ ʧʨʝʜʩʪʘʚ-
ʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʝʪʠ ʠ ʜʣʷ ʥʝʝ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦʢʘʟʘ-
ʪʝʣʴ ʤʦʜʫʣʷʨʥʦʩʪʠ ï ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʧʘʨʘʤʝʪʨ, ʭʘ-
ʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʚʷʟʠ ʢʘʢ ʚʥʫʪʨʠ ʢʣʘʩʪʝʨʦʚ, ʤʘʢ ʠ 
ʤʝʞʜʫ ʢʣʘʩʪʝʨʘʤʠ. ɺ ʩʝʪʷʭ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʦʜʫ-
ʣʷʨʥʦʩʪʴʶ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʚʟʘʠʤʥʳʭ ʩʚʷʟʝʡ 
ʩʨʝʜʠ ʫʯʘʩʪʥʠʢʦʚ ʦʜʥʦʛʦ ʢʣʘʩʪʝʨʘ, ʯʝʤ ʤʝʞʜʫ 
ʫʯʘʩʪʥʠʢʘʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʨʘʟʥʳʤ ʢʣʘʩʪʝʨʘʤ, 
ʪ.ʝ. ʧʨʠʦʙʨʝʪʝʥʥʳʝ ʢʣʘʩʪʝʨʳ ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ 
ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʤʦʜʫʣʷʨʥʦʩʪʴ ʚ 
ʫʯʝʙʥʦʡ ʛʨʫʧʧʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʦʙʣʶʜʝʥʠʠ 
ʛʣʘʚʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ï ʤʘʢʩʠ-
ʤʘʣʴʥʦʤ ʫʨʦʚʥʝ ʩʧʣʦʯʝʥʥʦʩʪʠ ʚ ʧʦʣʫʯʝʥʥʳʭ ʢʣʘ-
ʩʪʝʨʘʭ. ʆʙʱʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʩʪʫ-
ʜʝʥʯʝʩʢʦʡ ʛʨʫʧʧʳ ʥʘ ʧʦʜʛʨʫʧʧʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 
ʨʠʩ.1 

 
ʈʠʩ.1.ɸʣʛʦʨʠʪʤ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʩʪʫʜʝʥʯʝʩʢʦʡ ʛʨʫʧʧʳ 
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ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ.1 ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʝ-

ʦʨʛʘʥʠʟʘʮʠʷ ʩʪʫʜʝʥʯʝʩʢʠʭ ʛʨʫʧʧ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠ-

ʤʝʥʠʤʘ ʚʦ ʚʪʦʨʦʤ ʩʝʤʝʩʪʨʝ ʦʙʫʯʝʥʠʷ, ʪ.ʢ. ʚ ʧʝʨʚʦʤ 

ʩʝʤʝʩʪʨʝ ʧʨʦʠʩʭʦʜʠʪ ʘʜʘʧʪʘʮʠʷ ʩʪʫʜʝʥʪʦʚ ʚ ʥʦʚʦʤ 

ʢʦʣʣʝʢʪʠʚʝ, ʠ ʩʣʦʞʥʦ ʩʨʘʟʫ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʟʥʘ-

ʯʠʤʳʭ ʫʯʘʩʪʥʠʢʦʚ, ʢʦʪʦʨʳʝ, ʚʧʦʩʣʝʜʩʪʚʠʠ, ʤʦʛʣʠ 

ʙʳ ʟʘʥʷʪʴ ʣʠʜʝʨʩʢʠʝ ʧʦʟʠʮʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʘʣʛʦʨʠʪʤ ʨʝʦʨʛʘʥʠʟʘʮʠʠ 

ʛʨʫʧʧʳ ʧʦʟʚʦʣʠʪ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦ ʚʳʜʝʣʠʪʴ 

ʩʦʦʙʱʝʩʪʚʘ ʚ ʩʪʫʜʝʥʯʝʩʢʦʡ ʛʨʫʧʧʝ, ʠʩʧʦʣʴʟʫʷ ʦʧʨʝ-

ʜʝʣʝʥʥʳʝ ʤʝʨʳ ʠʣʠ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʣʦʞʥʳʭ 

ʩʝʪʝʡ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʤʦʞʥʦ ʨʘʩ-

ʩʯʠʪʳʚʘʪʴ ʥʘ ʚʳʩʦʢʫʶ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʦʙʫʯʘʝʤʦ-

ʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʪʘʢʞʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʪʫʜʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʘʥʷʪʴ ʣʠʜʝʨʩʢʠʝ ʧʦʟʠʮʠʠ ʠ ʩʪʘʪʴ 

ʢʘʧʠʪʘʥʘʤʠ ʢʦʤʘʥʜ ʠʣʠ ʩʪʘʨʦʩʪʘʤʠ ʫʯʝʙʥʳʭ ʛʨʫʧʧ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
1.ɹʝʣʦʚʦʣ ʗ.ʆ., ʂʨʘʩʥʦʧʣʘʭʪʦʚʘ ʃ.ʀ. ʌʦʨʤʠ-

ʨʦʚʘʥʠʝ ʫʯʝʙʥʦʡ ʤʦʪʠʚʘʮʠʠ ʩʪʫʜʝʥʪʦʚ ʚ ʚʳʩʰʝʤ 

ʫʯʝʙʥʦʤ ʟʘʚʝʜʝʥʠʠ/ʗ.ʆ. ɹʝʣʦʚʦʣ, ʃ.ʀ. ʂʨʘʩʥʦʧʣʘʭ-

ʪʦʚʘ//ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ ʍIʍ ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʩʪʫ-

ʜʝʥʯʝʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠ-

ʪʝʪʘ,2017,ʩ.453-455  

2.ɼʘʜʘʰʝʚ ɸ.ɹ., ʂʨʘʩʥʦʧʣʘʭʪʦʚʘ ʃ.ʀ. ʀʟʫʯʝ-

ʥʠʝ ʚʨʝʜʥʳʭ ʧʨʠʚʳʯʝʢ ʫ ʩʪʫʜʝʥʪʦʚ ʚʳʩʰʠʭ ʫʯʝʙ-

ʥʳʭ ʟʘʚʝʜʝʥʠʡ/ɸ.ɹ. ɼʘʜʘʰʝʚ, ʃ.ʀ. ʂʨʘʩʥʦʧʣʘʭ-

ʪʦʚʘ//ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ 

ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʫʤʘʥʠʪʘʨʥʳʭ ʠ ʝʩʪʝ-
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ɸʥʥʦʪʘʮʠʷ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʩʤʘʨʪʬʦʥʘ, ʩʧʦʩʦʙ-

ʥʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʧʦʟʥʘʚʘʪʴ ʧʘʜʝʥʠʝ ʠ ʦʧʦʚʝʱʘʪʴ ʦ ʥʝʤ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʢʘʟʘʪʝʣʠ 

ʜʘʪʯʠʢʦʚ ʩʤʘʨʪʬʦʥʘ - ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʠ ʛʠʨʦʩʢʦʧʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʜʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʤʘ-

ʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ, ʜʝʨʝʚʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦ-

ʨʦʚ, ʩʣʫʯʘʡʥʳʡ ʣʝʩ, ʢ-ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ. 

Abstract. 

The paper deals with the task of developing software for a smartphone that can automatically recognize a 

fall and notify about it. The data are indicators of sensors smartphone - accelerometer and gyroscope. Machine 

learning methods such as logistic regression, decision tree, support vector machine, random forest, k-nearest 

neighbors used to determine the fall. 

 



140 TECHNICAL SCIENCE / ζColloquium - journal Ȼ#12(36),2019 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʦʙʥʘʨʫʞʝʥʠʝ ʧʘʜʝʥʠʡ. 

Keywords: Internet of Things, machine learning, crash detection. 

 

ɺʚʝʜʝʥʠʝ 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ ʠ ʪʝʭ-

ʥʦʣʦʛʠʡ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʋʤʥʳʝ ʚʝʱʠ ʫʞʝ ʜʘʚʥʦ 

ʥʘʫʯʠʣʠʩʴ ʧʨʠʥʦʩʠʪʴ ʧʦʣʴʟʫ ʯʝʣʦʚʝʯʝʩʪʚʫ, ʩʦʟʜʘ-

ʚʘʷ ʫʩʣʦʚʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠ ʚʳʧʦʣʥʷʷ ʨʘʟʣʠʯʥʳʝ ʨʫʪʠʥ-

ʥʳʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʚ ʥʝʜʘʚʥʝʤ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚ-

ʣʷʣʠ ʦʩʥʦʚʫ ʧʦʚʩʝʜʥʝʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ.  

ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ï ɻ ʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʴ, ʩʦ-

ʩʪʦʷʱʘʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (çʚʝ-

ʱʝʡè), ʩʧʦʩʦʙʥʳʭ ʦʙʤʝʥʠʚʘʪʴʩʷ ʜʘʥʥʳʤʠ ʤʝʞʜʫ 

ʩʦʙʦʡ ʠ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ. IoT ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʳ: IoT = ʉʝʥʩʦʨʳ (ʜʘʪ-

ʯʠʢʠ) + ɼʘʥʥʳʝ + ʉʝʪʠ + ʋʩʣʫʛʠ. ʎʝʣʴʶ Internet of 

Things (IoT) ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʦʡ ʨʘʟʫʤʥʦʡ ʩʨʝʜʳ ʜʣʷ ʫʧʨʦʱʝʥʥʦʛʦ ʠ ʙʝʟʦʧʘʩ-

ʥʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʪʦ ʢʘʩʘ-

ʝʪʩʷ ʦʙʣʘʩʪʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. 

ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ (IoT), ʠʣʠ, ʝʩʣʠ ʙʳʪʴ ʙʦʣʝʝ 

ʢʦʥʢʨʝʪʥʳʤ, ʀʥʪʝʨʥʝʪ ʤʝʜʠʮʠʥʩʢʠʭ ʚʝʱʝʡ (IoMT), 

ʨʝʚʦʣʶʮʠʦʥʠʟʠʨʫʝʪ ʦʪʨʘʩʣʴ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. 

ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʢʣʶʯʝʥʥʳʭ ʤʝʜʠ-

ʮʠʥʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʚʦʟʨʘʩʪʝʪ ʩ 10 ʜʦ 50 ʤʠʣʣʠʘʨʜʦʚ 

ʚ ʪʝʯʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ. ʇʦ ʦʮʝʥʢʘʤ 

Cisco, ʢ 2021 ʛʦʜʫ ʦʙʱʠʡ ʦʙʲʝʤ ʜʘʥʥʳʭ, ʩʦʟʜʘʥʥʳʭ 

ʣʶʙʳʤ ʫʩʪʨʦʡʩʪʚʦʤ IoT, ʜʦʩʪʠʛʥʝʪ 847 ʟʝʪʘʙʘʡʪ 

(ZB) ʚ ʛʦʜ. 

ʅʝʨʝʜʢʦ ʯʝʣʦʚʝʢ ʧʦʣʫʯʘʝʪ ʪʨʘʚʤʳ ʧʨʠ ʧʘʜʝ-

ʥʠʠ. ʉʪʘʪʠʩʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʝ-

ʨʴʝʟʥʳʭ ʦʩʣʦʞʥʝʥʠʡ ʥʝ ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤ ʩʣʝʜ-

ʩʪʚʠʝʤ ʧʘʜʝʥʠʷ, ʘ ʩʚʷʟʘʥʳ ʩ ʟʘʜʝʨʞʢʦʡ ʚ ʧʦʤʦʱʠ ʠ 

ʣʝʯʝʥʠʠ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʨʝʰʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʧʦʟʥʘʚʘʪʴ ʧʘʜʝʥʠʝ ʠ ʦʧʦʚʝʱʘʪʴ ʦ 

ʥʝʤ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʤʘʨʪʬʦʥ, ʦʩʥʘʱʝʥʥʳʡ ʪʘʢʠʤʠ ʜʘʪʯʠʢʘʤʠ, ʢʘʢ ʘʢ-

ʩʝʣʝʨʦʤʝʪʨ ʠ ʛʠʨʦʩʢʦʧ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ  

ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ 

ʩʤʘʨʪʬʦʥʘ, ʬʠʢʩʠʨʫʶʱʝʝ ʜʘʥʥʳʝ ʩ ʘʢʩʝʣʝʨʦʤʝʪʨʘ 

ʠ ʛʠʨʦʩʢʦʧʘ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʜʝʥʠʷ ʯʝʣʦʚʝʢʘ ʠ ʦʪʧʨʘʚʢʠ ʫʚʝ-

ʜʦʤʣʝʥʠʷ ʦ ʥʝʤ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʢʘʟʘʥʠʷ ʧʦ-

ʤʦʱʠ.  

ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ 

ɼʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦʙ ʦʙʥʘʨʫʞʝʥʠʠ ʧʘʜʝ-

ʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ 

ʩʤʘʨʪʬʦʥʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʤʘ-

ʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʢʦ-

ʪʦʨʦʛʦ ʩʦʙʳʪʠʷ ʧʦ ʟʥʘʯʝʥʠʷʤ ʤʥʦʞʝʩʪʚʘ ʧʨʠʟʥʘʢʦʚ 

ʧʫʪʸʤ ʧʦʜʛʦʥʢʠ ʜʘʥʥʳʭ ʢ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ, 

ʷʚʣʷʶʱʝʡʩʷ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʌʝʨʭʶʣʴʩʪʘ. 

ɸʥʘʣʠʟ ʜʝʨʝʚʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʜʝʨʝʚʦ ʧʨʠʥʷ-

ʪʠʷ ʨʝʰʝʥʠʡ) - ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʝʜʩʢʘʟʳʚʘʪʴ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʣʘʩʩʫ 

ʢʘʪʝʛʦʨʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʧʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʷʤ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʨʝ-

ʜʠʢʪʦʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʉʣʫʯʘʡʥʳʡ ʣʝʩ ï ʤʝʪʦʜ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʘʥʩʘʤʙʣʷ ʨʝʰʘʶʱʠʭ ʜʝʨʝʚʴʝʚ, ʢʘʞʜʦʝ 

ʠʟ ʢʦʪʦʨʳʭ ʜʘʸʪ ʥʝʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʠ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʥʦ ʨʝʟʫʣʴʪʘʪ ʫʣʫʯʰʘʝʪʩʷ ʟʘ 

ʩʯʸʪ ʠʭ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠ-

ʤʝʥʠʤ ʜʣʷ ʦʮʝʥʢʠ ʚʘʞʥʦʩʪʠ ʧʝʨʝʤʝʥʥʳʭ ʚ ʟʘʜʘʯʘʭ 

ʨʝʛʨʝʩʩʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ʄʝʪʦʜ k-ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʷʚʣʷʝʪʩʷ ʯʘʩʪ-

ʥʳʤ ʩʣʫʯʘʝʤ ʤʝʪʦʜʘ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʠ ʩʦʩʪʦʠʪ 

ʚ ʦʪʥʝʩʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʢ ʪʦʤʫ 

ʢʣʘʩʩʫ, ʢʦʪʦʨʦʤʫ ʧʨʠʥʘʜʣʝʞʠʪ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʝʛʦ 

ʩʦʩʝʜʝʡ ð  ʙʣʠʞʘʡʰʠʭ ʢ ʥʝʤʫ ʦʙʲʝʢʪʦʚ ʦʙʫʯʘ-

ʶʱʝʡ ʚʳʙʦʨʢʠ . ɺ ʟʘʜʘʯʘʭ ʩ ʜʚʫʤʷ ʢʣʘʩʩʘʤʠ 

ʯʠʩʣʦ ʩʦʩʝʜʝʡ ʙʝʨʫʪ ʥʝʯʸʪʥʳʤ ʚʦ ʠʟʙʝʞʘʥʠʝ ʩʠʪʫʘ-

ʮʠʡ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ, ʢʦʛʜʘ ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦ-

ʩʝʜʝʡ ʧʨʠʥʘʜʣʝʞʠʪ ʨʘʟʥʳʤ ʢʣʘʩʩʘʤ. 

ʄʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ, ʠʟʚʝʩʪʥʳʡ ʪʘʢʞʝ 

ʢʘʢ ʤʝʪʦʜ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʘʟʦ-

ʨʦʤ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʧʨʝ-

ʨʳʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʵʤʧʠʨʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʢʣʘʩʩʠ-

ʬʠʢʘʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʟʘʟʦʨʘ. ɼʚʝ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʛʠʧʝʨʧʣʦʩʢʦʩʪʠ ʩʪʨʦʷʪʩʷ ʧʦ ʦʙʝʠʤ ʩʪʦʨʦʥʘʤ ʛʠʧʝʨ-

ʧʣʦʩʢʦʩʪʠ, ʨʘʟʜʝʣʷʶʱʝʡ ʢʣʘʩʩʳ. ʈʘʟʜʝʣʷʶʱʝʡ ʛʠ-

ʧʝʨʧʣʦʩʢʦʩʪʴʶ ʙʫʜʝʪ ʛʠʧʝʨʧʣʦʩʢʦʩʪʴ, ʤʘʢʩʠʤʠʟʠ-

ʨʫʶʱʘʷ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʛʠʧʝʨ-

ʧʣʦʩʢʦʩʪʝʡ. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʘʝʪ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, 

ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʨʘʟʥʠʮʘ ʠʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʵʪʠʤʠ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʛʠʧʝʨʧʣʦʩʢʦʩʪʷʤʠ, ʪʝʤ 

ʤʝʥʴʰʝ ʙʫʜʝʪ ʩʨʝʜʥʷʷ ʦʰʠʙʢʘ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥ ʬʨʘʛʤʝʥʪ ʜʘʥʥʳʭ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʘʥʘʣʠʟʘ. ɺ ʩʪʦʣʙʮʘʭ Ax(m/s*s), 

Ay(m/s*s), Az(m/s*s), Gx(rad/s), Gy(rad/s), Gz(rad/s) 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʠ ʛʠʨʦʩʢʦʧʘ 

ʧʦ ʦʩʷʤ X,Y,Z, ʘ ʚ ʩʪʦʣʙʮʝ Time ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʚʨʝʤʷ ʬʠʢʩʘʮʠʠ. ʉʪʦʣʙʝʮ Activities ʭʨʘʥʠʪ ʚ ʩʝʙʝ 

ʣʦʛʠʯʝʩʢʫʶ ʧʝʨʝʤʝʥʥʫʶ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ç1è ʚ 

ʩʣʫʯʘʝ ʧʘʜʝʥʠʷ ʯʝʣʦʚʝʢʘ, ʠ ç0è ʚ ʦʩʪʘʣʴʥʳʭ ʩʦʩʪʦ-

ʷʥʠʷʭ. 
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ʈʠʩʫʥʦʢ 3. ɼʘʥʥʳʝ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʧʨʦʛʨʘʤʤʦʡ 

 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠʤʝʥʷʷ ʢʘʞʜʳʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʤʝʪʦʜʦʚ,  

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

ʄʝʪʦʜ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʊʦʯʥʦʩʪʴ 

ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ 0,85 

ɸʥʘʣʠʟ ʜʝʨʝʚʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʜʝʨʝʚʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ) 0,75 

ʉʣʫʯʘʡʥʳʡ ʣʝʩ (random forest) 0,84 

ʄʝʪʦʜ k-ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ (KNN) 0,84 

ʄʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ 0,89 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʩʤʘʨʪʬʦʥʘ, ʩʧʦʩʦʙʥʦʛʦ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʧʦʟʥʘʚʘʪʴ ʧʘʜʝʥʠʝ ʠ ʦʧʦʚʝʱʘʪʴ ʦ 

ʥʝʤ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʥʷ-

ʣʠʩʴ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦ-

ʨʦʚ ʧʦʢʘʟʘʣ ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʩ ʪʦʯʥʦʩʪʴʶ 0,89.  
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RATIONALITY OF ADMINISTRATION OF THE PRINCIPLES OF THE SUSTAINABLE 

DEVELOPMENT CONCEPT  ON THE EXAMPLE OF THE ORGANIZATION OF EM -CABLE LLC N 

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʧʨʠʥʮʠʧʦʚ ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʙʠʟʥʝʩ- ʩʪʨʘ-

ʪʝʛʠʶ ʦʨʛʘʥʠʟʘʮʠʠ ʢʨʦʤʝ ʪʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟ-

ʚʠʪʠʷ ʚ ʨʦʩʩʠʡʩʢʠʭ ʨʝʘʣʠʷʭ ʥʘ ʧʨʠʤʝʨʝ ʢʦʥʢʨʝʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. 

Abstract. 

The article discusses the integration of the principles of the concept of sustainable development into the busi-

ness strategy of an organization; moreover, it determines the rationality of using the concept of sustainable devel-

opment in Russian realities on the example of a particular organization. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʛʨʘʮʠʷ ʧʨʠʥʮʠʧʦʚ ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʢʦʥʮʝʧʮʠʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ, ʧʨʠʥʮʠʧʳ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ. 

Keywords: integration of the principles of the concept of sustainable development, the concept of sustainable 

development, principles of sustainable development, rationality 

 

ʋʩʣʦʚʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʣʶʙʦʛʦ ʞʠʚʦʛʦ 

ʩʫʱʝʩʪʚʘ, ʧʨʝʜʧʦʣʘʛʘʶʪ ʚ ʩʝʙʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝ-

ʩʫʨʩʦʚ, ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ. ʆʩʥʦʚ-

ʥʘʷ ʠʜʝʷ çʂʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷè ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʪʨʝʙʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʤʠʨʘ ʠ ʦʙʱʝʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʫʜʦʚʣʝʪʚʦʨʝʥʳ ʩ ʫʯʝ-

ʪʦʤ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʅʝʦʙʭʦʜʠʤʦ ʧʦ-

ʪʨʝʙʣʷʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʩʪʦʣʴʢʦ, ʩʢʦʣʴʢʦ ʥʝʦʙʭʦ-

ʜʠʤʦ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʧʦʩʢʦʣʴʢʫ 

ʨʝʩʫʨʩʳ ʠʩʯʝʨʧʘʝʤʳ, ʠ ʙʫʜʫʱʝʝ ʧʦʢʦʣʝʥʠʝ ʥʘʭʦ-

ʜʠʪʩʷ ʚ ʨʝʩʫʨʩʦ- ʜʝʬʠʮʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʩʫʜʷ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫ-

ʙʝʞʥʳʭ ʫʯʝʥʳʭ. 

ʇʨʠʥʮʠʧʳ ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʨʝʩʫʨʩʦʚ ʤʝʞʜʫ ʧʦʢʦʣʝʥʠʷʤʠ, ʠ ʙʦʨʴʙʦʡ ʩ ʤʠ-

ʨʦʚʳʤʠ ʧʨʦʙʣʝʤʘʤʠ. ʎʝʣʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʚ 

ʦʙʱʝʤ ʩʤʳʩʣʝ, ʵʪʦ ʧʝʨʝʯʝʥʴ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʟʘ-

ʪʨʘʛʠʚʘʶʪ ʚʝʩʴ ʤʠʨ ʠ ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ 

ʨʘʟʣʠʯʥʳʝ ʨʝʩʫʨʩʳ. ʇʨʠʥʮʠʧʳ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠ-

ʪʠʷ ʩʦʜʝʨʞʘʪ ʥʝ ʪʦʣʴʢʦ ʧʨʠʦʨʠʪʝʪʥʳʝ ʟʘʜʘʯʠ, ʥʦ 

ʤʝʪʦʜʳ ʠ ʩʧʦʩʦʙʳ ʠʭ ʨʝʰʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚ-

ʥʷʭ. 

ɻʣʦʙʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤ, ʦʙʲʝʜʠʥʷʝʪ ʚʝʩʴ ʤʠʨ, ʚ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠʭ ʨʝʰʝʥʠʷ, ʧʦʵʪʦʤʫ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʮʝʣʠ, ʚʘʞʝʥ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʫʯʘʩʪʥʠʢʘ, ʥʘ ʫʨʦʚʥʝ 

ʛʦʩʫʜʘʨʩʪʚ, ʨʝʛʠʦʥʦʚ, ʛʦʨʦʜʦʚ, ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʚ 

ʯʘʩʪʥʦʩʪʠ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʘʩʘʝʤʦ ʚʦʧʨʦʩʘ ʦ ʨʘʮʠʦʥʘʣʴʥʦ-

ʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʥʮʠʧʦʚ çʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠ-

ʚʦʛʦ ʨʘʟʚʠʪʠʷè, ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʳʤ. 

ʂʘʢ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʨʠʥʮʠʧʦʚ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʝʸ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʠ 

ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʠ ʣʦʛʠʯʥʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʚ ʦʨʛʘʥʠʟʘʮʠʠ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʂʦʥʬʝʨʝʥʮʠʠ ʆʆʅ ʧʦ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʝ ʠ ʨʘʟʚʠʪʠʶ (ʈʠʦ-ʜʝ-ɾʘʥʝʡʨʦ, 1992 ʛ.) 

ʩʬʦʨʤʠʨʦʚʘʣʘ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʥʮʝʧʮʠʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʝʸ ʧʨʠʥʮʠʧʳ. ɺ ʜʘʣʴʥʝʡ-

ʰʝʤ, ʚ ʇʦʚʝʩʪʢʝ ʜʥʷ 2030 ʛʦʜʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʧʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ. 

ɺ ʈʦʩʩʠʠ, ʢʦʥʮʝʧʮʠʷ ʋʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʙʳʣʘ ʦʬʠʮʠʘʣʴʥʦ ʧʨʠʥʷʪʘ ʚ 1996 ʛʦʜʫ, ʋʢʘʟʦʤ ʇʨʝ-

ʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ çʆ ʂʦʥʮʝʧʮʠʠ ʧʝ-

ʨʝʭʦʜʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟ-

ʚʠʪʠʶè ɹ. ɽʣʠʮʠʥʘ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʥʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ, ʚ ʢʦʪʦʨʦʡ ʙʳ ʦʧʠʩʳʚʘʣʘʩʴ ʢʦʥ-

ʢʨʝʪʥʘʷ ʤʝʪʦʜʠʢʘ ʜʝʡʩʪʚʠʡ, ʚ ʫʩʣʦʚʠʷʭ ʫʩʪʦʡʯʠ-

ʚʦʛʦ ʨʘʟʚʠʪʠʷ. 

ɼʣʷ ʦʮʝʥʢʠ ʟʨʝʣʦʩʪʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʦʨ-

ʛʘʥʠʟʘʮʠʠ ʆʆʆ çʕʄ- ʂʘʙʝʣʴè ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘ-

ʣʠʟʘ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʥʮʠʧʦʚ ʂʋʈ, 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʥʘʯʘʣʘ ʦʧʨʝʜʝʣʠʪʴ ʥʘʩʢʦʣʴʢʦ ʩʪʨʘ-

ʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʘʮʠʠ, ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʧʨʠʥʮʠʧʦʚ ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʮʠʦʥʘʣʴʥʦ-

ʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʥʮʠʧʦʚ, ʦʧʠʨʘʷʩʴ ʥʘ ʪʨʠ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ: ʵʢʦʣʦʛʠʯʝ-

ʩʢʫʶ, ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʠ ʩʦʮʠʘʣʴʥʫʶ. 

ʊʘʙʣʠʮʘ 1. 

ʆʮʝʥʢʘ ʫʨʦʚʥʷ ʟʨʝʣʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ɻʆʉʊ ʈ 54598.1-2011 ç ʄʝʥʝʜʞʤʝʥʪ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʘʮʠʠè 

ʇʦʢʘʟʘʪʝʣʴ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʨʛʘʥʠʟʘʮʠʠ ʆʆʆ çʕʄ- ʂʘʙʝʣʴè 

ɺʦʚʣʝʯʝʥ-

ʥʦʩʪʴ 

ɺ ʦʨʛʘʥʠʟʘʮʠʠ ʜʝʡʩʪʚʫʝʪ ʩʠʩʪʝʤʘ ʦʮʝʥʢʠ ʢʘʜʨʦʚ, ʢʘʢ ʩʫʙʲʝʢʪʘ ʠ ʢʦʣʣʝʢʪʠʚʘ ʚ ʮʝ-

ʣʦʤ, ʘʥʘʣʠʟ ʬʠʥʘʥʩʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʪʦ ʝʩʪʴ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʦʨʤʳ ʚʳʨʘʙʦʪʢʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ. 

ʉʦʙʣʶʜʝʥʠʝ 

ʵʪʠʯʝʩʢʠʭ 

ʥʦʨʤ 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʦʢʫʤʝʥʪʳ ʠʤʝʶʪʩʷ ʥʘ 

ʩʘʡʪʝ ʦʨʛʘʥʠʟʘʮʠʠ. ʇʨʦʬʩʦʶʟʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘʱʠʱʘʝʪ ʧʨʘʚʘ ʨʘʙʦʪʥʠ-

ʢʦʚ, ʘ ʪʘʢ ʞʝ ʜʘʝʪ ʦʮʝʥʢʫ ʠʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ. ɺ ʦʨʛʘʥʠʟʘʮʠʠ, ʥʝʪ ʛʝʥʜʝʨʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 

ʧʦʣʥʦʤʦʯʠʡ. 

ʆʪʚʝʪʩʪʚʝʥ-

ʥʦʩʪʴ ʨʫʢʦ-

ʚʦʜʩʪʚʘ 

ʆʨʛʘʥʠʟʘʮʠʷ ʦʪʚʝʯʘʝʪ ʧʦ ʚʩʝʤ ʘʩʧʝʢʪʘʤ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʦʪ ʤʦʤʝʥʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʟʘʢʨʳʪʠʷ. 

ʇʨʦʟʨʘʯ-

ʥʦʩʪʴ 

ʇʦʣʠʪʠʢʘ ʦʨʛʘʥʠʟʘʮʠʠ ʦʪʚʝʯʘʝʪ ʜʘʥʥʦʤʫ ʧʨʠʥʮʠʧʫ, ʚ ʦʙʣʘʩʪʠ ʵʢʦʥʦʤʠʢʠ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʈʌ, ʦʙʷʟʘʥʳ ʧʫʙʣʠʢʦʚʘʪʴ ʬʠʥʘʥʩʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʥʘ ʩʘʡʪʝ ʦʨʛʘʥʠʟʘʮʠʠ. 

 

ʆʮʝʥʢʘ ʫʨʦʚʥʷ ʟʨʝʣʦʩʪʠ ʪʘʢ ʞʝ ʧʨʦʚʦʜʠʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʤʘʪʨʠʮʳ ʟʨʝʣʦʩʪʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʈʘʥʝʝ ʛʦʚʦʨʠʣʦʩʴ, ʯʪʦ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝʪ ʩʪʨʘʪʝʛʠʠ 

ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠ-

ʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʦʜʥʘʢʦ, ʠʤʝʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʰʣʦ ʨʫʢʦ-

ʚʦʜʩʪʚʦ ʢʦʤʧʘʥʠʠ ʚ ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʙʠʟʥʝʩ- ʩʪʨʘʪʝ-

ʛʠʠ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʏʪʦʙʳ ʧʦʥʷʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ 

ʧʨʠʥʮʠʧʦʚ ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʙʠʟ-

ʥʝʩ-ʩʪʨʘʪʝʛʠʶ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʩʯʠʪʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʥʘʩʢʦʣʴʢʦ ʢʦʤʧʘ-

ʥʠʷ ʙʳʣʘ ʛʦʪʦʚʘ ʢ ʜʘʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ. 
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