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ɹʘʛʘʤʘʝʚ ɹʘʛʘʤ ʄʘʥʘʧʦʚʠʯ ï  
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ɹʘʞʝʥʦʚʘ ʆʣʴʛʘ ʇʨʦʢʦʧʴʝʚʥʘ ï  
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ʀʚʘʥʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʀʛʣʠʥ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʣʴʠʥ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʩʢʘʥʜʘʨʦʚʘ ɻʫʣʴʥʘʨʘ ʈʠʬʦʚʥʘ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʂʘʟʜʘʥʷʥ ʉʫʩʘʥʥʘ ʐʘʣʚʦʚʥʘ ï  
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ʂʦʨʥʝʚ ɺʷʯʝʩʣʘʚ ɺʷʯʝʩʣʘʚʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʨʝʤʥʝʚʘ ʊʘʪʴʷʥʘ ʃʝʦʥʠʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʨʳʣʦʚʘ ʄʘʨʠʷ ʅʠʢʦʣʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʫʥʮ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʫʨʣʝʥʷ ʄʠʭʘʠʣ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʄʘʣʢʦʯ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝʩʢʠʭ ʥʘʫʢ 

ʄʘʣʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʄʝʩʝʥʷʰʠʥʘ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï 

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʢʨʘʩʦʚ ʉʪʘʥʠʩʣʘʚ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʧʦʤʥʷʱʠʡ ʆʣʝʛ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʨʦʙʝʮ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï 

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʇʦʧʦʚʘ ʀʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʇʳʨʢʦʚ ɺʷʯʝʩʣʘʚ ɽʚʛʝʥʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʈʫʢʘʚʠʰʥʠʢʦʚ ɺʠʢʪʦʨ ʉʪʝʧʘʥʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʝʤʝʥʦʚʘ ʃʠʜʠʷ ʕʜʫʘʨʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʋʜʫʪ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌʠʦʥʦʚʘ ʃʶʜʤʠʣʘ ʈʠʤʦʚʥʘ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʏʠʩʪʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʐʚʝʮ ʀʨʠʥʘ ʄʠʭʘʡʣʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʖʨʦʚʘ ʂʩʝʥʠʷ ʀʛʦʨʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ 
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SYNTHESIS, CRYSTAL STRUCTURE, AND 
ANALYSIS OF THE HIRSHFELD SURFACE OF A 
COMPLEX COMPOUND SEMICARBAZIDE 

ǱǿȅȇȄȁǿ ǢǿȊȇȞ ǯȒȐȊǿȌȍȁȌǿ, 
ʙʘʟʦʚʳʡ ʜʦʢʪʦʨʘʥʪ, 

ǧȀȏǿȂȇȋȍȁ ǟȆȇȆ ǠǿȔȑȇȞȏȍȁȇȖ 
ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ɸʅ ʈʋʟ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ:  ʀʙʨʘʛʠʤʦʚʘ ʄʘʚʣʶʜʘ ʈʫʟʤʝʪʦʚʥʘ 
PhD ʧʦ ʭʠʤ. ʥʘʫʢʘʤ 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ɸʅ ʈʋʟ 
 

 
Among the variety of coordination compounds, polymeric materials containing chemically bound metal 

complexes stand out [1, p.176]. The use of metal-polymer complexes is extremely wide. Inorganic macromole-
cules in polymers provide the best theoretical and chemical stability of the resulting polymer-metal complexes. 
Interactions macromolecule - metal ion (complex, chelate) control not only the highly organized structure of 
polymer-metal complexes, but also their properties [2, p.3439]. It is known from research that the assembly of 
coordination networks is controlled not only by the geometry of metal ions, but is also determined by the na-
ture of ligands (building blocks). The synthesis of new polymers containing metal is becoming relevant. 

Metal-polymer complexes are macromolecules containing metal ions bound to the polymer chain by 
specific and nonspecific interactions [3, p. 1133]. When metals are included in the composition of polymers, 
the latter acquire a number of new properties, for example, biological activity, redox, adsorption, and other 

ɹʦʦʧʫʙʯʡʸ: ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʥʦʚʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ - ʤʝʜʠ 
[Cu(SO4)(CH5N3O)2]n ʥʘ ʦʩʥʦʚʝ ʩʝʤʠʢʘʨʙʘʟʠʜʘ ʠ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥʘ. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʠʟʫʯʝʥʦ ʤʝʪʦ-
ʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʦʣʫʯʝʥʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠʤʝʝʪ ʧʦʣʠʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʝʤʠʢʘʨʙʘʟʠʜ, ʢʦʤʧʣʝʢʩ ʤʝʜʠ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʘʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ 
ʍʠʨʰʬʝʣʴʜʫ, ʤʦʥʦʵʪʘʥʦʣʘʤʠʥ. 
 

ʊʁʆʋɾʀ, ʃʉʁʊʋɹʄʄʁʐɾʊʃɹʘ ʊʋʉʌʃʋʌʉɹ ʁ ɹʆɹʄʁʀ ʈʇɻɾʉʎʆʇʊʋʁ ʎʁʉʑʍɾʄʕɽɹ 
ʃʇʅʈʄɾʃʊʆʇɼʇ ʊʇɾɽʁʆɾʆʁʘ ʊɾʅʁʃɹʉɺɹʀʁɽɹ 

 
Tajieva Galiya Ruslanovna, 

Ibragimov Aziz Bakhtiyarovich 
 

 Scientific adviser: Ibragimova Mavlyuda Ruzmetovna  
 
Abstract: [Cu(SO4)(CH5N3O)2]n a new complex compound of the transition metal - copper based on semi-
carbazide and monoethanolamine was synthesized. The structure of the complex was studied by means of X-
ray diffraction analysis. The resulting complex compound has a polymeric structure. 
Key words: semicarbazide, copper complex, crystal structure, Hirshfeld surface analysis, monoethanoamine. 
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properties of great practical importance. Mixed-ligand metal-polymer complexes have an increased stability 
compared to the stability of their low-molecular analogs [4, p. 376]. 

Based on the foregoing, a targeted synthesis of a coordinating copper compound with low toxicity and 
high biological activity was carried out with monoethanolamine and semicarbazide. 

In this study, the interaction of copper sulfate with semicarbazide and monoethanoamine was studied. 
Based on the syntheses performed, a new polymer [Cu(SO4)(CH5N3O)2]n was obtained, where the Cu II atoms 
are chelated with two neutral semicarbazide molecules through the oxygen atom and the nitrogen atom of the 
amino group. The remaining two positions of the JahnïTeller-distorted octahedral coordination sphere are oc-
cupied by oxygen atoms of two sulfate anions in the axial positions. The coordination bonds of the latter asso-
ciate the polyhedra into polymeric chains running parallel to the caxis. There is a weak intramolecular hydro-
gen bond between the NðH group and an oxygen atom of the SO4

2ï anion. Coordination bonds involving the 
SO4

2ï ligands associate individual polyhedra into polymeric chains running parallel to the c axis. Hirshfeld sur-

face analysis revealed that 64.7% of the intermolecular interactions are from OỄH/HỄO contacts and 20.1% 

from HỄH contacts. Other interactions such as NỄH/HỄN or CỄH/HỄ C contribute less to the crystal pack-
ing. The expanded asymmetric unit of the title polymer is shown in Fig. 1. [5]. 

 

 
Fig. 1.The expanded asymmetric part of the title compound [Cu(SEC)2(SO4)]n with the atom-numbering 

scheme. The intramolecular hydrogen bond is indicated by a dashed line 
 
The synthesis was carried out at a pH of an aqueous solution of 4.4-5.6 and a temperature of 200C. The 

metal salt corresponding to an aqueous solution of semicarbazide was studied at ratios of semicarbazide, mo-
noethanolamine and metal complex compounds as 1:1:1. 

 
Table 1 

Results of elementary analysis of compound 1 [Cu(SEC)2(SO4)]n 

Complex Found, % Calculated, % 

Me C O H N Me C O H N 

1 20,49 7,74 31,01 3,24 27,10 20,52 7,76 30,99 3,25 27,12 

 
For hydrogen-bonding interactions, there are six proton acceptor and ten proton donor functionalities, 

forming a complex system of 13 intermolecular hydrogen bonds. Within this network, bifurcated hydrogen 
bonds involving hydrogen atoms H4A, H5 and H6A are noted. Each of the atoms O4 and O5 is an acceptor for 
four hydrogen bonds whereas atoms O1 and O6 are hydrogen-bonded to two hydrogen atoms, and O2 and 
O3 to one hydrogen atom each. 
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Fig. 2.The crystal structure of the title compound. Intermolecular hydrogen bonds are indicated by 

dashed lines 
 
The composition, individuality, structure and some properties of the selected complex have been estab-

lished. The synthesized compound with possible biological activity is of interest for further study by in vitro 
methods and field trials. 
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ʆʜʥʘʢʦ, ʫʩʪʘʨʝʚʰʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʪʘʢʦʝ ʢʘʢ ʤʘʩʣʷʥʳʝ ʚʳʢʣʶʯʘʪʝʣʠ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ 
ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʠ ʫʭʫʜʰʝʥʠʶ ʝʝ ʙʝʟʦʧʘʩʥʦʩʪʠ [1, ʩ. 318]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ 
ʤʦʜʝʨʥʠʟʘʮʠʶ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʟʘʤʝʥʫ ʤʘʩʣʷʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ ʥʘ ʙʦʣʝʝ ʩʦ-

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʟʘʤʝʥʳ ʚʳʢʣʶʯʘʪʝʣʝʡ, ʤʘʩʣʝʥʳʭ ʥʘ ʵʣʝʛʘʟʦʚʳʝ ʚ 
ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʝʤ 110 ʢɺ ʠ ʚʳʰʝ. ʆʧʠʩʳʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ 
ʵʣʝʛʘʟʦʚʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ, ʩʥʠʞʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʙʝʟ-
ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʝʨʝʜ ʫʩʪʘʨʝʚʰʠʤʠ ʤʘʩʣʷʥʳʤʠ, ʠ ʚʦʟʜʫʰʥʳʤʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 
ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʤʝʥʳ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʩʩʣʝʜʦ-
ʚʘʥʠʷ ʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ, ʯʪʦ ʧʝʨʝʭʦʜ ʥʘ ʵʣʝʛʘʟʦʚʦʝ ʢʦʤʤʫʪʘʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦ-
ʜʠʤʦʡ ʤʝʨʦʡ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʝʝ ʥʘʜʝʞʥʦʩʪʠ 
ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʩʣʷʥʳʭ, ʠ ʚʦʟʜʫʰʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʘʩʣʷʥʳʝ ʚʳʢʣʶʯʘʪʝʣʠ, ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʣʠʥʠʠ, ʵʣʝʛʘʟʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʤʦʜʝʨ-
ʥʠʟʘʮʠʷ, ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ. 
 
Abstract: the article discusses the importance of replacing oil circuit breakers with gas-insulated switchgear in 
power supply systems with a voltage of 110 kV and above. The advantages of modern gas-insulated switch-
gear, such as high reliability, reduced operating costs, and environmental safety, are described compared to 
outdated oil, air, and vacuum circuit breakers. The effectiveness of the replacement is evaluated in the context 
of modern power engineering. The research analysis is conducted, and it is concluded that the transition to 
gas-insulated switchgear is a necessary measure to modernize the power supply system, which contributes to 
increasing its reliability and safety, unlike the use of oil, vacuum, and air circuit breakers. 
Key words: oil circuit breakers, high voltage lines, gas-insulated equipment, modernization, power supply. 
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XI ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʥʘʧʨʠʤʝʨ, ʥʘ ʵʣʝʛʘʟʦʚʳʝ ʚʳʢʣʶʯʘʪʝʣʠ [2 ʩ. 160]. ʊʘʢʘʷ ʟʘʤʝʥʘ ʤʦʞʝʪ ʧʨʠ-
ʥʝʩʪʠ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʠ ʫʣʫʯʰʝʥʠʝ ʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦ-
ʢʘʟʘʪʝʣʝʡ. ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʤʝʥʳ ʫʩʪʘʨʝʚʰʠʭ ʚʳʢʣʶʯʘʪʝʣʝʡ ʥʘ ʵʣʝʛʘʟʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʷʚ-
ʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ. 

ɺ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʚʳʢʣʶʯʘʪʝʣʝʡ, ʪʘʢʠʝ ʢʘʢ ʤʘʩʣʷʥʳʝ, 
ʚʦʟʜʫʰʥʳʝ, ʚʘʢʫʫʤʥʳʝ ʠ ʵʣʝʛʘʟʦʚʳʝ [3 ʩ. 321]. ʄʘʩʣʷʥʳʝ ʚʳʢʣʶʯʘʪʝʣʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʧʨʦ-
ʰʣʦʤ, ʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʠ ʫʩʪʘʨʝʣʠ ʠ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʠʟ-ʟʘ ʩʚʦʝʡ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦ-
ʩʪʠ ʠ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [4 ʩ. 176]. ɺʦʟʜʫʰʥʳʝ ʚʳʢʣʶʯʘʪʝʣʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳ-
ʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ, ʥʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʠ ʚʝʩʘ [5]. ɺʘʢʫʫʤʥʳʝ 
ʚʳʢʣʶʯʘʪʝʣʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʠ ʥʝ ʪʨʝʙʫʶʪ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʥʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʦʛʨʘʥʠʯʝʥʦ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʝʤʢʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ [6 ʩ. 127]. 

ʅʝʜʘʚʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʵʣʝʛʘʟʦʚʳʡ ʚʳʢʣʶʯʘʪʝʣʴ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʨʫʛʠʭ ʪʠʧʦʚ 
ʚʳʢʣʶʯʘʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʚʘʢʫʫʤʥʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ ʠ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ 
ʚʳʢʣʶʯʘʪʝʣʷ [7 ʩ. 96]. ʕʪʦ ʜʝʣʘʝʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ 
ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ. 

ʕʣʝʛʘʟʦʚʳʝ ʚʳʢʣʶʯʘʪʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʚʨʝʤʝʥʥʳʡ ʪʠʧ ʚʳʢʣʶʯʘʪʝʣʝʡ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ 
ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ: ʚʦʟʜʫʰʥʳʤʠ, ʤʘʩʣʷʥʳʤʠ ʠ ʚʘʢʫʫʤʥʳʤʠ. ʆʥʠ ʠʤʝʶʪ ʥʠʟʢʠʡ 
ʫʨʦʚʝʥʴ ʰʫʤʘ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʘʭ. ʆʥʠ ʪʘʢʞʝ 
ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʯʝʤ ʤʘʩʣʷʥʳʝ ʠ ʚʦʟʜʫʰʥʳʝ ʚʳʢʣʶʯʘ-
ʪʝʣʠ. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʵʣʝʛʘʟʦʚʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ 
ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʆʥʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʪʦ ʜʝ-
ʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʝʤ ʚʳʰʝ 110 ʢɺ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʩʪʘʨʝʚʰʠʭ ʚʳʢʣʶʯʘʪʝʣʝʡ 
ʤʘʩʣʷʥʳʭ ʥʘ ʵʣʝʛʘʟʦʚʳʝ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 
ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʦʠʭ ʪʠʧʦʚ ʚʳʢʣʶʯʘʪʝʣʝʡ. ʆʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʤʝʥʳ - ʤʝʪʦʜʠ-
ʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʘʩʯʝʪʝ ʠʥʜʝʢʩʘ ʟʘʤʝʥʳ (IRI), ʢʦʪʦʨʳʝ ʩʦʛʣʘʩʥʦ [8 ʩ. 376] ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

IRI = (Ci - Ce) / Cm,  
ʛʜʝ Ci - ʩʪʦʠʤʦʩʪʴ ʤʘʩʣʷʥʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ, Ce - ʩʪʦʠʤʦʩʪʴ ʵʣʝʛʘʟʦʚʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ, Cm - ʩʪʦʠ-

ʤʦʩʪʴ ʤʦʥʪʘʞʘ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  
ʏʝʤ ʚʳʰʝ ʟʥʘʯʝʥʠʝ IRI, ʪʝʤ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʘ ʟʘʤʝʥʘ ʤʘʩʣʷʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ ʥʘ 

ʵʣʝʛʘʟʦʚʳʝ. 
ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʵʣʝʛʘʟʦʚʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ ʨʘʙʦʪʳ [9 ʩ. 28], ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʢʦʤʤʫʪʘʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʚ ʣʶʙʦʤ ʧʦʣʦʞʝʥʠʠ. ʕʪʦ 
ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤ, ʛʜʝ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʭʦʜʘ ʥʘ ʵʣʝʛʘʟʦʚʦʝ ʢʦʤʤʫʪʘ-
ʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʤʝʩʪʦ ʤʘʩʣʷʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ. ʅʘʧʨʠʤʝʨ, ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ʚ ʨʘʤ-
ʢʘʭ ʧʨʦʛʨʘʤʤʳ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʝʨʝʭʦʜ ʥʘ ʩʦʚʨʝʤʝʥʥʦʝ ʵʣʝʛʘʟʦʚʦʝ ʦʙʦ-
ʨʫʜʦʚʘʥʠʝ ʤʦʞʝʪ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʜʦ 20%, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʜʦ 
30% ʠ ʫʚʝʣʠʯʠʪʴ ʠʥʪʝʨʚʘʣʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦ 10 ʣʝʪ [10 ʩ. 13]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʤʝʥʘ ʫʩʪʘʨʝʚʰʝʛʦ ʤʘʩʣʷʥʦʛʦ ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʙʦʣʝʝ ʩʦʚʨʝ-
ʤʝʥʥʦʝ ʵʣʝʛʘʟʦʚʦʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠ ʦʙʝʩʧʝʯʠʚʝʪ ʧʦʚʳʰʝʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩ-
ʥʦʩʪʴ ʨʘʙʦʪʳ ʵʥʝʨʛʦʩʠʩʪʝʤ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʝʭʦʜ ʥʘ ʵʣʝʛʘʟʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʚʘʞ-
ʥʳʤ ʤʝʨʦʧʨʠʷʪʠʝʤ ʧʦ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠ-
ʝʤ 110 ʢɺ ʠ ʚʳʰʝ. ʕʣʝʛʘʟʦʚʳʝ ʚʳʢʣʶʯʘʪʝʣʠ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʵʢʦʥʦ-
ʤʠʯʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʩʣʷʥʳʤʠ ʚʳʢʣʶʯʘʪʝʣʷʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝ-
ʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʟʘʤʝʥʳ ʫʩʪʘʨʝʚʰʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʵʣʝʛʘʟʦʚʦʝ. 
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ǲǣǩ ..2 

ǯǟǦǯǟǠǭǱǩǟ ǫǤǱǭǣǭǡ ǦǟǸǧǱǺ 
ǧǬǳǭǯǫǟǵǧǧ ǧǬǳǭǯǫǟǵǧǧ ǡ ǰǧǰǱǤǫǟǴ 
ǮǤǯǤǣǟǶǧ ǣǟǬǬǺǴ 

ǬȍȐȍȁ ǡȊǿȃȇȋȇȏ ǟȌȃȏȄȄȁȇȖ 
ʩʪʫʜʝʥʪ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʫʤʘʥʠʪʘʨʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 
ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ 

 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʦʙʱʝʩʪʚʝ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʟʘ-

ʥʠʤʘʝʪ ʮʝʥʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ. ɹʳʩʪʨʳʡ ʧʨʦʛʨʝʩʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʚʩʝ ʙʦʣʴʰʘʷ ʟʘʚʠʩʠ-
ʤʦʩʪʴ ʦʪ ʮʠʬʨʦʚʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʧʨʠʚʝʣʠ ʢ ʪʦʤʫ, ʯʪʦ ʜʘʥʥʳʝ ʩʪʘʣʠ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʮʝʥʥʳʭ ʘʢʪʠʚʦʚ ʦʨ-
ʛʘʥʠʟʘʮʠʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʪʘʣʘ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʜʘʥʥʳʭ. ʋʛʨʦʟʳ ʠ 
ʫʷʟʚʠʤʦʩʪʠ, ʩ ʢʦʪʦʨʳʤʠ ʤʳ ʩʪʘʣʢʠʚʘʝʤʩʷ, ʦʙʦʩʪʨʷʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 
ʟʘʱʠʪʳ, ʩʧʦʩʦʙʥʳʭ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʩʦʚʨʝʤʝʥʥʳʤ ʫʛʨʦʟʘʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ[1]. 

ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʧʨʠʩʪʫʧʠʪʴ ʢ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʚʘʞʥʦ ʧʨʦʚʝʩʪʠ ʦʙʟʦʨ ʪʝ-
ʢʫʱʠʭ ʫʛʨʦʟ ʠ ʫʷʟʚʠʤʦʩʪʝʡ. ʉʦʚʨʝʤʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʨʝʜʘ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʦʙʱʝʩʪʚʝ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʠ 
ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 
ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. ɺʥʘʯʘʣʝ ʧʨʦʚʦʜʠʪʩʷ ʦʙʟʦʨ 
ʦʩʥʦʚʥʳʭ ʢʦʥʮʝʧʮʠʡ ʠ ʧʨʠʥʮʠʧʦʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʚʢʣʶʯʘʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʘʫʪʝʥʪʠ-
ʬʠʢʘʮʠʶ ʠ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ. ɿʘʪʝʤ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʫʛʨʦʟʳ ʠ ʫʷʟʚʠʤʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʩʠʩʪʝʤ ʧʝ-
ʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɺ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʩʪʘʪʴʠ ʦʧʠʩʳʚʘʶʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʠʥ-
ʬʦʨʤʘʮʠʠ, ʚʢʣʶʯʘʷ ʬʠʟʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʧʨʦʛʨʘʤʤʥʳʝ ʤʝʨʳ ʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ. ɺ 
ʟʘʢʣʶʯʝʥʠʠ ʧʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ, ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʫʛʨʦʟʳ, ʫʷʟʚʠʤʦʩʪʠ, ʢʨʠʧʪʦʛʨʘʬʠʷ, 
ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ, ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ, ʬʠʟʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 
 
DEVELOPMENT OF METHODS FOR PROTECTING INFORMATION IN DATA TRANSMISSION SYSTEMS 
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Abstract: In today's information society, information protection in data transmission systems is a critically im-
portant task. This article discusses the development of information protection methods using various ap-
proaches and technologies. It first reviews the basic concepts and principles of information protection, includ-
ing cryptographic methods, authentication, and access control. Threats and vulnerabilities specific to data 
transmission systems are then analyzed. The main part of the article describes the developed methods and 
means of information protection, including physical security, software measures and cryptographic algorithms. 
The conclusion contains the main conclusions of the research. 
Key words: information protection, data transmission systems, threats, vulnerabilities, cryptography, authenti-
cation, access control, physical security.  



ǬǭǡǺǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 17 

 

XI International scientific conference | www.naukaip.ru 

ʫʛʨʦʟ, ʥʘʯʠʥʘʷ ʦʪ ʢʠʙʝʨʘʪʘʢ ʠ ʚʨʝʜʦʥʦʩʥʳʭ ʧʨʦʛʨʘʤʤ ʜʦ ʩʦʮʠʘʣʴʥʦʡ ʠʥʞʝʥʝʨʠʠ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʜʦʩʪʫʧʘ 
ʢ ʩʠʩʪʝʤʘʤ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʥʝʦʙʭʦʜʠʤʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʫʛʨʦʟʳ, ʯʪʦʙʳ ʵʬʬʝʢ-
ʪʠʚʥʦ ʙʦʨʦʪʴʩʷ ʩ ʥʠʤʠ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʨʳ ʟʘʱʠʪʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ 
ʫʷʟʚʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤʠ ʜʣʷ ʥʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤ 
ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʀʟʫʯʝʥʠʝ ʫʷʟʚʠʤʳʭ ʤʝʩʪ ʧʦʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʦʨʠʪʝʪʳ ʚ ʨʘʟʨʘʙʦʪʢʝ ʟʘʱʠʪʥʳʭ 
ʤʝʨ ʠ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʥʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʠʥ-
ʬʦʨʤʘʮʠʦʥʥʦʤ ʦʙʱʝʩʪʚʝ. ʊʨʠ ʦʩʥʦʚʥʳʭ ʘʩʧʝʢʪʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ - ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ, ʮʝʣʦʩʪ-
ʥʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʜʘʥʥʳʭ - ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʠʥʬʦʨ-
ʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ʂʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʭʨʘʥʝʥʠʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠ ʥʝʨʘʩʢʨʳʪʠʝ ʠʥ-
ʬʦʨʤʘʮʠʠ ʥʝʘʚʪʦʨʠʟʦʚʘʥʥʳʤ ʣʠʮʘʤ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʟʘʱʠʪʳ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ, ʪʘʢʠʭ 
ʢʘʢ ʧʝʨʩʦʥʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʝʢʨʝʪʳ, ʙʘʥʢʦʚʩʢʠʝ ʜʘʥʥʳʝ ʠ ʜʨ. ʅʘʨʫʰʝʥʠʝ ʢʦʥʬʠ-
ʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʨʷʤ, ʫʪʨʘʪʝ ʜʦʚʝʨʠʷ ʩʦ ʩʪʦʨʦʥʳ ʢʣʠʝʥʪʦʚ 
ʠʣʠ ʧʘʨʪʥʝʨʦʚ, ʘ ʪʘʢʞʝ ʥʘʨʫʰʝʥʠʶ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʦ ʟʘʱʠʪʝ ʜʘʥʥʳʭ. 

ʎʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʜʘʥʥʳʝ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʠ ʥʝʧʦʚʨʝʞʜʝʥʥʳʤʠ ʚ 
ʧʨʦʮʝʩʩʝ ʠʭ ʧʝʨʝʜʘʯʠ ʠ ʭʨʘʥʝʥʠʷ. ʃʶʙʳʝ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʦʛʫʪ ʠʩʢʘʟʠʪʴ 
ʠʥʬʦʨʤʘʮʠʶ ʠ ʧʨʠʚʝʩʪʠ ʢ ʥʝʢʦʨʨʝʢʪʥʳʤ ʚʳʚʦʜʘʤ ʠʣʠ ʧʨʠʥʷʪʠʶ ʦʰʠʙʦʯʥʳʭ ʨʝʰʝʥʠʡ. ɿʘʱʠʪʘ ʮʝʣʦʩʪ-
ʥʦʩʪʠ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʢʦʥʪʨʦʣʷ ʮʝʣʦʩʪʥʦʩʪʠ, ʮʠʬʨʦʚʳʭ ʧʦʜʧʠʩʝʡ ʠ ʧʨʦ-
ʚʝʨʢʠ ʘʫʪʝʥʪʠʯʥʦʩʪʠ ʜʘʥʥʳʭ. 

ɼʦʩʪʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʫʧʥʘ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʥʫʞ-
ʥʦʝ ʚʨʝʤʷ ʠ ʤʝʩʪʦ. ʆʪʢʘʟ ʚ ʜʦʩʪʫʧʝ ʢ ʜʘʥʥʳʤ ʠʣʠ ʥʘʨʫʰʝʥʠʝ ʠʭ ʜʦʩʪʫʧʥʦʩʪʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʦ-
ʙʣʝʤʘʤ ʚ ʨʘʙʦʪʝ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʦʪʝʨʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʩʝʨʴʝʟʥʳʤ ʬʠʥʘʥʩʦʚʳʤ ʫʙʳʪʢʘʤ. ɿʘʱʠʪʘ ʜʦ-
ʩʪʫʧʥʦʩʪʠ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʨʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ, ʤʝʭʘʥʠʟʤʳ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʙʝʩʧʝʯʝʥʠʝ ʚʳ-
ʩʦʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʩʝʨʚʝʨʦʚ ʠ ʩʝʪʝʡ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʠ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʘʪʘʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ 
ʥʘ ʥʘʨʫʰʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ. 

ʋʛʨʦʟʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʩʦʙʳʪʠʷ ʠʣʠ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 
ʥʘʨʫʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. ʋʷʟʚʠʤʦʩʪʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʶʪʩʷ ʩʣʘʙʳʤʠ ʤʝʩʪʘʤʠ ʠʣʠ 
ʥʝʜʦʩʪʘʪʢʘʤʠ ʚ ʩʠʩʪʝʤʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤʠ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 
ʫʛʨʦʟ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʠ ʦʮʝʥʢʫ ʫʨʦʚ-
ʥʷ ʨʠʩʢʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʫʛʨʦʟʘʤʠ ʠ ʫʷʟʚʠʤʦʩʪʷʤʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʦʨʠʪʝʪʥʳʝ ʤʝʨʳ ʧʦ 
ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʚʳʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ. 

ɸʥʘʣʠʟ ʫʨʦʚʥʷ ʨʠʩʢʘ ʚʢʣʶʯʘʝʪ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʛʨʦʟ ʠ ʫʷʟʚʠʤʦʩʪʝʡ, ʦʮʝʥʢʫ ʚʝ-
ʨʦʷʪʥʦʩʪʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 
ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʮʝʣʦʤ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʣʘʥ ʟʘʱʠʪʳ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 
ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʳ [2]. 

ʋʛʨʦʟʳ ʠ ʫʷʟʚʠʤʦʩʪʠ ʚ ʩʬʝʨʝ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʠʟʤʝʥʷʶʪʩʷ. 
ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʘʜʘʧʪʘʮʠʶ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥ-
ʬʦʨʤʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʥʦʚʳʝ ʫʛʨʦʟʳ, ʚʥʝʜʨʷʪʴ ʘʢʪʫʘʣʴʥʳʝ ʧʨʘʢʪʠʢʠ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ ʠ ʦʙʥʦʚʣʷʪʴ ʟʘʱʠʪʥʳʝ ʤʝʭʘʥʠʟʤʳ. 

ʈʘʟʚʠʪʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʶʱʘʷʩʷ ʩʨʝʜʘ ʪʨʝʙʫʶʪ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʚʝʨʰʝʥ-
ʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩ-
ʧʝʯʝʥʠʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʜʘʥʥʳʭ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʫʪʝʯ-
ʢʠ ʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ, ʟʘʱʠʪʠʪʴ ʜʘʥʥʳʝ ʦʪ ʚʨʝʜʦʥʦʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʘʚʪʦʨʠʟʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝ ʢʨʠʧʪʦʛʨʘʬʠʠ ʠ ʘʣʛʦʨʠʪʤʦʚ ʰʠʬʨʦʚʘʥʠʷ. ʂʨʠʧʪʦʛʨʘʬʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʬʠʜʝʥʮʠʘʣʴ-
ʥʦʩʪʴ ʜʘʥʥʳʭ ʧʫʪʝʤ ʠʭ ʰʠʬʨʦʚʘʥʠʷ ʠ ʜʝʰʠʬʨʦʚʘʥʠʷ. ɸʣʛʦʨʠʪʤʳ ʰʠʬʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʝʞ-



18 ǬǭǡǺǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 

 

XI ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʟʘʱʠʪʫ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ. 
ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʠʭ ʢʨʠʧʪʦ-

ʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʕʪʦ 
ʚʢʣʶʯʘʝʪ ʘʣʛʦʨʠʪʤʳ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʠ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ, ʭʵʰʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ, ʘʫʪʝʥʪʠʬʠ-
ʢʘʮʠʶ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʮʠʬʨʦʚʳʝ ʧʦʜʧʠʩʠ. 

ʇʦʤʠʤʦ ʢʨʠʧʪʦʛʨʘʬʠʠ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚʢʣʶʯʘʝʪ ʪʘʢʞʝ ʤʝ-
ʪʦʜʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ. ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʨʠʪʴ ʧʦʜʣʠʥʥʦʩʪʴ ʠ ʠʜʝʥ-
ʪʠʬʠʢʘʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʝʨʝʜ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ. ʂʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʦʧʨʝʜʝ-
ʣʷʝʪ ʧʨʘʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʠʪʠʢʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. 

ɺʘʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʧʘʨʦʣʠ, ʙʠʦʤʝʪʨʠʯʝʩʢʘʷ 
ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʜʚʫʭʬʘʢʪʦʨʥʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʠ ʜʨʫʛʠʝ ʤʝʭʘʥʠʟʤʳ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ. ʂʦʥʪʨʦʣʴ 
ʜʦʩʪʫʧʘ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʛʨʘʥʫʣʷʨʥʳʝ ʧʨʘʚʘ ʜʦʩʪʫʧʘ, ʘʫʜʠʪ ʠ ʤʦʥʠʪʦʨʠʥʛ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝ-
ʣʝʡ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ. 

ɺ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭ-
ʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʦʣʦʛʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʙʦʣʴ-
ʰʠʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʧʨʦʮʝʩʩʳ ʦʙʥʘʨʫʞʝʥʠʷ ʫʛʨʦʟ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʪʘʢ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝ-
ʪʦʜʦʚ DevOps ʠ Continuous Integration/Continuous Deployment ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ 
ʨʘʟʨʘʙʦʪʢʫ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʊʘʢʞʝ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʦʨʤʘʪʠʚʥʳʤ ʘʢʪʘʤ ʠ ʩʪʘʥʜʘʨʪʘʤ ʙʝʟʦʧʘʩʥʦ-
ʩʪʠ ʜʘʥʥʳʭ, ʪʘʢʠʤ ʢʘʢ GDPR, HIPAA, PCI DSS ʠ ʜʨʫʛʠʤ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨ-
ʤʘʮʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ ʨʫʢʦʚʦʜʩʪʚʘʤʠ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ. 

ɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʦ-
ʚʨʝʤʝʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. ɹʳʩʪʨʳʡ ʧʨʦʛʨʝʩʩ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʧʝʨʝʜʘ-
ʚʘʝʤʳʭ ʜʘʥʥʳʭ ʩʦʟʜʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʥʦ ʪʘʢʞʝ ʠ ʧʦʚʳʰʘʶʪ ʫʨʦʚʝʥʴ ʫʛʨʦʟ ʠ ʨʠʩʢʦʚ ʙʝʟʦʧʘʩʥʦ-
ʩʪʠ. ʇʦʪʝʨʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟ-
ʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʚʢʣʶʯʘʷ ʬʠʥʘʥʩʦʚʳʝ ʧʦʪʝʨʠ, ʫʱʝʨʙ ʨʝʧʫʪʘʮʠʠ ʠ ʥʘʨʫʰʝʥʠʝ ʧʨʘʚ ʯʝʣʦʚʝʢʘ. 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʶʱʘʷʩʷ 
ʩʨʝʜʘ. ʅʦʚʳʝ ʚʠʜʳ ʘʪʘʢ ʠ ʫʷʟʚʠʤʦʩʪʠ ʧʦʷʚʣʷʶʪʩʷ ʩ ʢʘʞʜʳʤ ʜʥʝʤ, ʪʨʝʙʫʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʠ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ. ɺʘʞʥʦ ʦʩʦʟʥʘʚʘʪʴ, ʯʪʦ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ 
ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʪʨʝʙʫʶʱʠʤ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʘʥʘʣʠʟʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ 
ʨʝʰʝʥʠʡ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʠ ʢʦʥʪʨʦʣʴ 
ʜʦʩʪʫʧʘ. ʕʪʠ ʤʝʭʘʥʠʟʤʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʨʷʪʴ ʧʦʜʣʠʥʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʥʝʩʘʥʢʮʠ-
ʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʢ ʩʠʩʪʝʤʝ. ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ 
ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʩ ʫʯʝʪʦʤ ʨʦʩʪʘ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʫʩʪʨʦʡʩʪʚ, ʠʩ-
ʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʠ ʤʥʦʛʦʛʨʘʥ-
ʥʦʡ ʟʘʜʘʯʝʡ. ʅʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ, ʫʯʠʪʳʚʘʷ ʠʟʤʝʥʷ-
ʶʱʫʶʩʷ ʫʛʨʦʟʫ ʠ ʪʨʝʙʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʦʞʥʦ ʫʜʝʣʠʪʴ ʚʥʠʤʘʥʠʝ 
ʘʥʘʣʠʟʫ ʥʦʚʳʭ ʫʛʨʦʟ ʠ ʫʷʟʚʠʤʦʩʪʝʡ, ʨʘʟʨʘʙʦʪʢʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʠ ʩʦʟʜʘʥʠʶ ʢʦʤʧʣʝʢʩ-
ʥʳʭ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʜʝʞʥʦʩʪʴ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨ-
ʤʘʮʠʠ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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2. ʉʠʥʛʭ, ʉʘʡʤʦʥ. ʂʥʠʛʘ ʰʠʬʨʦʚ : ʊʘʡʥʘʷ ʠʩʪʦʨʠʷ ʰʠʬʨʦʚ ʠ ʠʭ ʨʘʩʰʠʬʨʦʚʢʠ. ð 2009. ð 448 ʩ.  



ǬǭǡǺǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 19 

 

XI International scientific conference | www.naukaip.ru 

ǲǣǩ 405,/20,0  

ǪǤǰǭǰǮǪǟǡ ǩǯǲǢǪǺǴ ǪǤǰǭǫǟǱǤǯǧǟǪǭǡ ǡ 
ǟǯǴǟǬǢǤǪǻǰǩǭǨ ǭǠǪǟǰǱǧ 

Ƿǿȗȉȍȁ ǣȋȇȑȏȇȈ ǟȊȄȉȐȄȄȁȇȖ 
ʩʪʫʜʝʥʪ ʘʩʧʠʨʘʥʪʫʨʳ 

ʌɻɸʆʋ ɺʆ ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 
ʈʦʩʩʠʷ, ʛ. ɸʨʭʘʥʛʝʣʴʩʢ 

 

 
ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʨʘʩʧʦʣʘʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʣʝʩʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʣʝʩʦʚ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 800 ʤʣʥ. ʛʘ ʩ ʟʘʧʘʩʘʤʠ ʜʨʝʚʝʩʠʥʳ ʚ ʩʧʝʣʦʤ ʠ ʧʝʨʝʩʧʝʣʦʤ ʚʦʟʨʘʩʪʘʭ 100 ʤʣʨʜ. ʤ3. 
ʉʨʝʜʥʠʡ ʛʦʜʦʚʦʡ ʧʨʠʨʦʩʪ ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 900 ʤʣʥ. ʤ3, ʘ ʨʘʩʯʝʪʥʘʷ ʣʝʩʦʩʝʢʘ ʩʦʩʪʘʚʣʷʝʪ 730 
ʤʣʥ. ʤ3 [1].  

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʣʝʩʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʈʌ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝ-
ʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʥʥʦʚʘʮʠʡ ʚ ʧʨʦʮʝʩʩ ʟʘʛʦʪʦʚʢʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʜʨʝʚʝʩʠʥʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝ-
ʤʝʥʥʦʛʦ ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʜʘʥʥʫʶ ʦʪʨʘʩʣʴ. ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʜʣʷ ʤʥʦʛʠʭ ʣʝʩʦʟʘ-
ʛʦʪʦʚʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʫʱʝʩʪʚʫʝʪ ʘʢʪʫʘʣʴʥʘʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʙʣʝʤʘ, ʘ ʠʤʝʥʥʦ ʦʪʩʫʪ-
ʩʪʚʠʝ ʨʘʟʚʠʪʦʡ ʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʪʘʢ ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʠʤʝʥʥʦ ʝʸ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʝʩʴ ʧʨʦʮʝʩʩ 
ʣʝʩʦʟʘʛʦʪʦʚʢʠ ʠ ʚʳʚʦʟʢʠ ʜʨʝʚʝʩʠʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʣʝʩʦʚʦʟʥʳʭ ʜʦʨʦʛ ʧʨʝʜʧʨʠʷʪʠʷ ʪʝ-
ʨʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʚʘʠʚʘʪʴ ʥʦʚʳʝ ʣʝʩʥʳʝ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʣʝʩʦʟʘʛʦʪʦʚʠʪʝʣʴʥʳʤ ʧʨʝʜ-
ʧʨʠʷʪʠʷʤ ʧʨʠʭʦʜʠʪʩʷ ʩʘʤʠʤ ʧʨʦʝʢʪʠʨʦʚʘʪʴ, ʩʪʨʦʠʪʴ ʠ ʩʦʜʝʨʞʘʪʴ ʣʝʩʦʚʦʟʥʳʝ ʜʦʨʦʛʠ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥ-
ʥʳʭ ʩʨʝʜʩʪʚ, ʘ ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʠ ʤʘʪʝʨʠʘʣʦʚ.  

ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʢʨʫʛʣʳʭ ʣʝʩʦʤʘʪʝʨʠʘʣʦʚ ʚ ʧʫʥʢʪʳ ʧʝʨʝʨʘʙʦʪʢʠ ʜʨʝʚʝʩʠʥʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦ-
ʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ (ʩʫʭʦʧʫʪʥʳʡ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ, ʚʦʜʥʳʡ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠ-
ʣʘʤʠ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ, ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʚʠʜʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʥʘ ʣʝʩʦʩʧʣʘʚʝ.  

ʉʫʭʦʧʫʪʥʳʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʨʪʠʤʝʥʪʦʚʦʟʦʚ, ʩʦʩʪʘʚʣʝʥʥʳʭ 
ʠʟ ʪʷʛʘʯʘ ʠ ʧʨʠʮʝʧʘ ʠʣʠ ʧʦʣʫʧʨʠʮʝʧʘ. ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʩʦʨʪʠʤʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʣʝʩʦʪʨʘʥʩ-
ʧʦʨʪʥʦʡ ʩʝʪʠ (ʣʝʩʥʳʝ ʜʦʨʦʛʠ ʠ ʧʨʦʝʟʜʳ) ʠ ʜʦʨʦʛʘʤ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʚʠʜ ʪʨʘʥʩ-
ʧʦʨʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʚʦʟʢʫ ʢʨʫʛʣʳʭ ʣʝʩʦʤʘʪʝʨʠʘʣʦʚ ʧʦ ʨʝʣʴʩʦʚʳʤ ʧʫʪʷʤ ʚ ʧʦʣʫʚʘʛʦʥʘʭ ʠ ʧʣʘʪ-
ʬʦʨʤʘʭ ʩ ʧʦʤʦʱʴʶ ʣʦʢʦʤʦʪʠʚʥʦʡ ʪʷʛʠ. ʇʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʣʝʩʦʤʘʪʝʨʠʘʣʦʚ ʩʚʳʰʝ 250 ʢʤ ʥʘʠʙʦʣʝʝ 
ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ʣʝʩʘ [2]. ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʝʛʦ ʚʠʜʦʚ ʘʢʪʠʚʥʦʝ 

ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʣʝʩʦʩʧʣʘʚʫ ʢʨʫʛʣʳʭ ʣʝʩʦʤʘʪʝʨʠʘʣʦʚ ʚʦʜʥʳʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʘ, ʢʦʪʦ-
ʨʳʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʧʦʩʦʙʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʜʨʝʚʝʩʥʦʛʦ ʩʳʨʴʷ.  ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚ-
ʥʳʝ ʚʠʜʳ ʣʝʩʦʩʧʣʘʚʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʣʦʪʦʯʥʳʭ ʝʜʠʥʠʮ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʨʫʛʣʳʝ ʣʝʩʦʤʘʪʝʨʠʘʣʳ, ʚʠʜ ʪʨʘʥʩʧʦʨʪʘ, ʣʝʩʦʩʧʣʘʚ, ʜʨʝʚʝʩʠʥʘ, ʦʙʲʝʤ.  
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Abstract: The article is devoted to the timber melting of round timber by water transport, which is one of the 
most important ways of transporting wood raw materials. The main types of wood-melting and the features of 
the formation of cohesive units are considered.  
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20 ǬǭǡǺǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 

 

XI ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʨʘʟʚʠʪʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʠʣ ʧʣʦʪʦʚʦʡ ʣʝʩʦʩʧʣʘʚ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʝʩʪʝʩʪʚʝʥʥʳʭ ʪʨʘʥʩ-
ʧʦʨʪʥʳʭ ʧʫʪʷʭ ï ʨʝʢʘʭ. 

ɺ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʣʝʩʦʩʧʣʘʚʥʳʝ ʨʘʙʦʪʳ ʚ ʩʪʨʘʥʝ ʠ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʦʩʪʘʶʪ-
ʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʣʝʩʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.  ɿʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʧʝʨʝʚʦʟʢʠ ʢʨʫʛʣʳʭ 
ʣʝʩʦʤʘʪʝʨʠʘʣʦʚ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʚʳʛʦʜʘ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʥʘʣʠʯʠʝ ʰʠʨʦʢʦ ʨʘʟʚʠʪʦʡ 
ʨʝʯʥʦʡ ʩʝʪʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʣʝʩʦʩʧʣʘʚʘ ʜʨʝʚʝʩʠʥʳ. ʇʦ  ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʣʝʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶ-
ʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʚʩʝʤʝʩʪʥʦ ʙʳʣʠ ʨʘʟʤʝʱʝʥʳ ʚ ʫʩʪʴʷʭ ʨʝʢ ʠ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʳ ʥʘ ʧʨʠʝʤ ʜʨʝʚʝʩʠʥʳ 
ʩ ʚʦʜʳ.  

ʉ ʦʪʤʝʥʦʡ ʤʦʣʝʚʦʛʦ ʣʝʩʦʩʧʣʘʚʘ ʜʨʝʚʝʩʠʥʳ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʫʪʸʤ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 
ʢʨʫʛʣʳʭ ʣʝʩʦʤʘʪʝʨʠʘʣʦʚ ʚ ʥʝʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦ ʪʝʯʝʥʠʶ ʨʝʢʠ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʦʞʥʦ ʚʳ-
ʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʣʝʩʦʩʧʣʘʚʘ ʚ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ: 

ï ʂʦʰʝʣʴʥʳʡ ï ʩʧʣʘʚ ʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʝʜʠʥʠʮʘʭ, ʥʘʟʳʚʘʝʤʳʭ ʢʦʰʝʣʷʤʠ, ʛʜʝ ʦʪʜʝʣʴʥʳʝ ʙʨʝʚʥʘ 
ʠʣʠ ʧʫʯʢʠ ʥʝ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʧʣʘʚʫʯʝʤ ʦʛʨʘʞʜʝʥʠʠ, ʩʦʩʪʦʷʱʠʤ ʠʟ 
ʣʝʩʦʤʘʪʝʨʠʘʣʦʚ, ʙʦʥʦʚ, ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʥʪʦʥʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʧʝʡ, 
ʩʢʦʙ, ʪʨʦʩʦʚ.   

ʂʦʰʝʣʴʥʳʡ ʣʝʩʦʩʧʣʘʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.  
 

 
ʉʡʪ. 1. ʃʧʱʞʤʵʦʴʢ ʤʞʪʧʪʨʤʙʛ 

 
ɼʘʥʥʳʡ ʚʠʜ ʩʧʣʘʚʘ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʫʯʘʩʪʢʘʭ ʨʝʢ ʩ ʪʠʭʠʤ ʪʝʯʝʥʠʝʤ, ʦʟʝʨʘʭ, ʧʨʠ ʩʙʦʨʝ ʘʚʘʨʠʡʥʦʡ 

ʜʨʝʚʝʩʠʥʳ ʚʦ ʚʨʝʤʷ ʧʦʣʦʚʦʜʴʷ ʠ ʪ.ʜ. [2].  ɹʫʢʩʠʨʦʚʢʘ ʢʦʰʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʫʢʩʠʨʦʚ-
ʱʠʢʦʚ. 

ï  ʇʣʦʪʦʚʦʡ ï ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʣʝʩʘ ʚ ʧʣʦʪʘʭ ʧʦ ʚʦʜʥʳʤ ʧʫʪʷʤ ʩʠʣʦʡ ʪʷʛʠ ʙʫʢʩʠʨʦʚʱʠʢʘ ʠʣʠ 
ʩʠʣʦʡ ʪʝʯʝʥʠʷ. ʇʨʠ ʩʧʣʘʚʝ ʧʣʦʪʦʚ ʧʦ ʨʝʢʘʤ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʠʩʧʦʣʴʟʫʶʪ ʩʠʣʫ ʪʝʯʝʥʠʷ ʨʝʢʠ ʠ ʩʠʣʫ ʪʷʛʠ 
ʙʫʢʩʠʨʦʚʱʠʢʘ,  ʘ ʚʚʝʨʭ ʧʦ ʪʝʯʝʥʠʶ (ʚʟʚʦʜʥʘʷ ʙʫʢʩʠʨʦʚʢʘ) ï ʪʦʣʴʢʦ ʩʠʣʫ ʪʷʛʠ ʙʫʢʩʠʨʦʚʱʠʢʘ.  

ʇʣʦʪʦʚʦʡ ʣʝʩʦʩʧʣʘʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.  
ʉʧʣʦʪʢʘ ʢʨʫʛʣʳʭ ʣʝʩʦʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʚʦʜʝ (ʥʘ ʘʢʚʘʪʦʨʠʷʭ ʩʧʣʘʚʥʳʭ ʨʝʡʜʦʚ) ʠʣʠ ʥʘ 

ʙʝʨʝʛʫ (ʥʘ ʧʣʦʪʙʠʱʘʭ) ʧʨʠ ʧʦʤʦʱʠ ʩʧʣʦʪʦʯʥʳʭ ʤʘʰʠʥ ʠ ʩʧʣʦʪʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʘʛʨʝʛʘʪʦʚ [3]. ʉʧʫʩʢ 
ʜʨʝʚʝʩʠʥʳ ʥʘ ʚʦʜʫ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʛʨʫʟʯʠʢʦʚ. ɼʣʷ ʧʨʦʚʦʜʢʠ ʣʝʩʘ ʯʝʨʝʟ ʧʣʦʪʠʥʳ ʠ 
ʜʨʫʛʠʝ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ ʧʣʦʪʦʚʦʤ ʩʧʣʘʚʝ ʠʩʧʦʣʴʟʫʶʪ ʣʝʩʦʧʨʦʧʫʩʢʥʳʝ ʩʦʦʨʫʞʝʥʠʷ [4]. 
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ǮǭǣǴǭǣǺ ǩ ǰǭǦǣǟǬǧǽ ǧǫǧǱǟǵǧǭǬǬǺǴ 
ǫǭǣǤǪǤǨ ǣǡǧǥǤǬǧǾ ǥǤǪǤǦǬǭǣǭǯǭǥǬǭǢǭ 
ǱǯǟǬǰǮǭǯǱǟ 

ǩȍȆȊȍȁ ǡȐȄȁȍȊȍȃ ǾȏȍȐȊǿȁȍȁȇȖ 
ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʌɻɹʆʋ ɺʆ çʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

 
ɿʘʜʘʯʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʙʝʩʧʝʨʝʙʦʡʥʦʡ, ʥʘʜʝʞʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʞʝʣʝʟʥʦʜʦ-

ʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʠ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʦʡ. 
ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʥʝʧʨʝʜʚʠʜʝʥʥʳʝ ʦʪʢʘʟʳ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʟʘʜʝʨʞʢʠ ʧʦʝʟ-
ʜʦʚ, ʘʚʘʨʠʠ ʥʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʝʟʜʥʦʤʫ ʜʠʩʧʝʪʯʝʨʫ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦ ʦʮʝʥʠʪʴ 
ʩʠʪʫʘʮʠʶ ʠ ʧʨʠʥʷʪʴ ʣʫʯʰʝʝ ʨʝʰʝʥʠʝ. ʂʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 
ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʝʤ ʧʦʝʟʜʦʚ ʬʘʢʪʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, 
ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʝʟʜʦʚ ʥʘ ʟʘʛʨʫʞʝʥʥʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʣʠʥʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬ-
ʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. ʈʘʙʦʪʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩʪʨʦʛʦ ʨʝ-
ʛʣʘʤʝʥʪʠʨʦʚʘʥʘ ʥʦʨʤʘʪʠʚʥʳʤʠ ʧʨʘʚʠʣʘʤʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ [1], ʧʘʨʘʤʝʪʨʳ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʪʝʭʥʠ-
ʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʝʜʲʷʚʣʷʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 
ʨʘʙʦʪʳ ʩʝʪʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʦʙʷʟʘʥʘ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʪʴ  ʜʚʠʞʝʥʠʝ ʧʦʝʟʜʦʚ 
ʧʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤʫ ʧʦʣʦʪʥʫ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʝʡ ʪʨʝʙʫʝʪʩʷ ʨʷʜ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ: 

¶ ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʠ ʪʝʭʥʠʯʝʩʢʘʷ ʦʩʥʘʱʝʥʥʦʩʪʴ ʫʯʘʩʪʢʦʚ; 

¶ ʇʣʘʥʳ ʧʝʨʝʚʦʟʦʢ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʝʟʜʦʚ; 

¶ ɺʨʝʤʷ ʧʨʦʩʪʦʷ ʥʘ ʩʪʘʥʮʠʷʭ ʧʦʜ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʧʝʨʘʮʠʷʤʠ; 

¶ ʇʨʦʧʫʩʢʥʫʶ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʣʠʥʠʠ; 

¶ ʇʝʨʝʛʦʥʥʦʝ ʚʨʝʤʷ ʭʦʜʘ; 

ɹʦʦʧʫʙʯʡʸ: ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʝʟʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʠ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨ-
ʪʘ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ, ʦʙʦʟʥʘʯʝʥʳ 
ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʤʦʜʝʣʠ ʪʨʝʙʦʚʘʥʠʷ, ʚʳʷʚʣʝʥʳ ʚʦʟʤʦʞʥʳʝ ʨʝʰʘʝʤʳʝ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ, ʘ ʪʘʢʞʝ 
ʧʨʠʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʚʦʟʤʦʞʥʳʭ ʧʦʭʦʜʦʚ ʢ ʧʦʩʪʨʦʝʥʠʶ ʤʦʜʝʣʝʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʛʨʘʬʠʢ ʜʚʠʞʝʥʠʷ 
ʧʦʝʟʜʦʚ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ. 
 

APPROACHES TO CREATING SIMULATION MODELS OF RAILWAY TRAFFIC 
 

Kozlov Vsevolod Yaroslavovich 
 
Abstract: Train simulation is a common practice for evaluating the efficiency and sustainability of various traf-
fic management options. The article considers models of issues of simulation modeling of train traffic, identifies 
requirements for requirements, identifies possible applied problems to be solved, and also identifies several 
cases of approaches to building models. 
Key words: train simulation, automation, train schedule, railway transport. 
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¶ ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪ.ʜ. 
ʋʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ ʧʦʝʟʜʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʩʣʦʞʥʦ ʧʦʜʜʘʶʪʩʷ ʘʥʘʣʠʟʫ ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝ-
ʩʢʠʭ ʤʝʪʦʜʦʚ. ʇʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʝʤ ʧʦʝʟʜʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʷʚʣʷʝʪʩʷ 
ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʧʦʟʚʦʣʷʝʪ ʪʝʩʪʠʨʦʚʘʪʴ ʠ ʦʮʝʥʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʪʨʘʪʝʛʠʠ, ʚʳʷʚʣʷʪʴ ʚʦʟʤʦʞʥʳʝ ʢʦʥ-
ʬʣʠʢʪʳ ʚ ʧʨʦʮʝʩʩʝ ʧʦʝʟʜʥʦʡ ʨʘʙʦʪʳ. ʇʦʜʭʦʜ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʟʘʜʘʯʘʤ, ʥʝ ʠʤʝ-
ʶʱʠʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦ-
ʜʝʣʝʡ ʜʣʷ ʩʠʥʪʝʟʘ, ʘʥʘʣʠʟʘ ʠ ʠʟʫʯʝʥʠʷ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʠʣʠ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʧʦʟʚʦʣʷʝʪ ʵʢʩʧʝʨʠʤʝʥ-
ʪʠʨʦʚʘʪʴ ʩʦ ʩʣʦʞʥʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ.  

ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʚ ʨʝʞʠʤʝ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠʤʠʪʘ-
ʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. ʇʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ ʚʩʝ ʤʦʜʝʣʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘ: ʜʠʩʢʨʝʪ-
ʥʳʝ ʠ ʥʝʧʨʝʨʳʚʥʳʝ. ɼʠʩʢʨʝʪʥʘʷ ʤʦʜʝʣʴ ʩʦʙʠʨʘʝʪ ʜʘʥʥʳʝ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʩ ʟʘʜʘʥ-
ʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʠʣʠ ʧʨʠ ʟʘʚʝʨʰʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʥʪʝʨ-
ʚʘʣ ʤʠʥʠʤʘʣʝʥ ʠ ʦʛʨʘʥʠʯʝʥ ʣʠʰʴ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʨʠʝʤʦʧʝʨʝʜʘʪʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɼʘʣʝʝ 
ʨʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʜʚʠʞʝʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ɼʠʩʢʨʝʪʥʦ-ʩʦʙʳʪʠʡʥʘʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ [2]. 
ʉʦʙʳʪʠʡʥʘʷ ʤʦʜʝʣʴ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʚʝʨʰʠʚʰʠʭʩʷ ʬʘʢʪʘʭ, ʦʪʨʘʞʘʝʪ ʧʨʦʠʟʦʰʝʜʰʠʝ ʩʦ-

ʙʳʪʠʷ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʠʩʪʝʤʝ. ʇʦʣʥʦʪʘ ʢʘʨʪʠʥʳ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʥʝʩʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠ-
ʩʪʝʤʳ, ʵʣʝʤʝʥʪʘʨʥʳʭ ʬʫʥʢʮʠʡ ʠ ʩʦʙʳʪʠʡ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʠ ʧʨʠʤʝʥʷʝʤʦʤ ʤʝʪʦʜʝ ʩʦʙʳʪʠʡʥʦ-
ʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʘʞʜʳʡ ʧʨʦʮʝʩʩ ʠʣʠ ʦʧʝʨʘʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʜʝʡʩʪʚʠʝʤ, ʘ ʝʛʦ ʥʘʯʘʣʦ ʠʣʠ ʟʘʚʝʨʰʝʥʠʝ ï 
ʩʦʙʳʪʠʝʤ. ʊʝʨʤʠʥ ʩʦʙʳʪʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ 
ʚʨʝʤʝʥʠ. ɺʩʝ ʚʨʝʤʝʥʥʳʝ ʰʘʛʠ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʥʝʩʝʥʳ ʚ ʪʘʙʣʠʮʫ ʩʦʙʳʪʠʡ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʦʙʥʦʚʣʝʥʠ-
ʝʤ ʜʣʷ ʦʪʨʘʞʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʙʳʪʠʡ. ʀʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʫʟʥʘʪʴ ʩʣʝʜʫʶʱʝʝ 
ʩʦʙʳʪʠʝ ʠʟ ʪʘʙʣʠʮʳ ʠ ʚʳʧʦʣʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʜʝʡʩʪʚʠʷ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 
ʧʨʦʠʩʭʦʜʠʪ ʦʙʥʦʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʮʠʢʣ ʜʝʡʩʪʚʠʡ ʧʦʚʪʦʨʷʝʪʩʷ. ʉʘʤʳʤʠ ʟʥʘʯʠʤʳʤʠ ʩʦʙʳʪʠʷʤʠ ʚ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʷʚʣʷʶʪʩʷ çʦʪʧʨʘʚʣʝʥʠʝè ʠ çʧʨʠʙʳʪʠʝè. 
ʇʦʝʟʜʘ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʥʝʢʦʪʦʨʳʭ ʚʨʝʤʝʥʥʳʭ ʦʙʣʘʩʪʷʭ ʠ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʧʦ-
ʣʫʯʝʥʠʶ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘ ʢʦʨʦʪʢʠʡ ʩʨʦʢ.  

ʉʝʪʝʚʘʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ [3].  
ʉʝʪʝʚʘʷ ʤʦʜʝʣʴ ʦʪʨʘʞʘʝʪ ʢʦʤʧʣʝʢʩ ʧʨʦʠʟʚʦʜʠʤʳʭ ʨʘʙʦʪ (ʦʧʝʨʘʮʠʡ, ʩʦʙʳʪʠʡ) ʚʦ ʚʨʝʤʷ ʨʝʘʣʠʟʘ-

ʮʠʠ ʧʨʦʝʢʪʘ ʚ ʣʦʛʠʯʝʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʩʚʷʟʠ. ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʛʨʘʬ ʠ ʟʘʜʘʯʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʭʦʞʜʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦ ʚʩʝʤ ʧʫʪʷʤ 
ʛʨʘʬʘ (ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʦʧʝʨʘʮʠʡ) ʧʫʪʝʤ ʜʚʠʞʝʥʠʷ ʧʦ ʩʘʤʦʤʫ ʜʣʠʥʥʦʤʫ ʧʫʪʠ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥ 
ʧʨʠʤʝʨ ʩʝʪʝʚʦʛʦ ʛʨʘʬʘ. 

 

 
ʉʡʪ. 1. ʈʩʡʥʞʩ ʪʞʫʞʛʧʜʧ ʜʩʙʭʙ 
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XI ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ɿʘʜʘʯʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚʦʟʤʦʞʥʦ ʨʝʰʠʪʴ ʦʩʥʦʚʳʚʘʷʩʴ 
ʥʘ ʪʦʧʦʣʦʛʠʯʝʩʢʦʤ ʫʧʦʨʷʜʦʯʠʚʘʥʠʠ. ɺʩʝ ʧʨʠʙʳʪʠʷ ʠ ʦʪʧʨʘʚʣʝʥʠʷ ʧʦʝʟʜʦʚ ʚʳʨʘʞʘʶʪʩʷ ʫʟʣʘʤʠ ʚ ʩʝʪʠ. 
ɼʫʛʠ, ʩʦʝʜʠʥʷʶʱʠʝ ʠʭ, ʦʪʨʘʞʘʶʪ ʚʨʝʤʝʥʥʳʝ ʠ ʨʝʩʫʨʩʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ʇʫʪʝʤ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʫʧʦʨʷ-
ʜʦʯʠʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʩʘʤʦʛʦ ʜʣʠʥʥʦʛʦ ʧʫʪʠ ʢ ʢʘʞʜʦʤʫ ʫʟʣʫ ʚ ʩʝʪʠ, ʚʩʝ ʧʨʘʚʠʣʘ ʨʘʩʯʝ-
ʪʦʚ ʟʘʜʘʶʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤʠ ʧʨʘʚʠʣʘʤʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝʛʦ 
ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʩʢʨʝʪʥʦ-ʩʦʙʳʪʠʡʥʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʴʶ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʧʨʘʚʠʣ [4]. 
ɺ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʙʦʨ ʧʨʘʚʠʣ, ʢʦʩʚʝʥʥʦ ʦʧʠʩʳʚʘʶʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. 

ɺʩʪʨʘʠʚʘʥʠʝ ʧʨʘʚʠʣ ʚ ʩʠʩʪʝʤʫ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʟʥʘʥʠʷʭ, ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ 
ʟʘʜʘʯʠ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʚ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʤʝʪʦʜʘʭ. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʘʚʠ-
ʣʘʭ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʪʦʣʴʢʦ ʢ ʢʦʥʢʨʝʪʥʳʤ ʟʘʜʘʯʘʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʦʥʢʨʝʪʥʳʭ ʮʝʣʷʭ, ʯʪʦ ʷʚ-
ʣʷʝʪʩʷ ʝʝ ʥʝʜʦʩʪʘʪʢʦʤ. ʆʩʥʦʚʦʡ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʦʧʦʨʘ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ ɽʉʃʀ ï ʊʆ. 
ʕʪʦ ʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʩʣʦʞʥʝʥʠʶ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ, ʥʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘ-
ʝʤʦʝ ʥʘ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ. ʊʘʢʞʝ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʢʣʶʯʝʥʠʝ ʠʭ ʚ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦ-
ʚʘʪʴʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ: 

¶ ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʙʦʝʚ ʚ ʜʚʠʞʝʥʠʠ ʧʦʝʟʜʦʚ ʠ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʚʦʟʥʠʢʰʝʡ ʧʨʦ-
ʙʣʝʤʳ; 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʣʠʥʠʝʡ ʧʦ ʚʳʙʨʘʥʥʳʤ ʧʦʢʘʟʘ-
ʪʝʣʷʤ ʢʘʯʝʩʪʚʘ; 

¶ ʇʨʦʚʝʨʢʘ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ; 

¶ ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ. 
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ʉʠʙɻʋ ʠʤ. ʘʢʘʜʝʤʠʢʘ ʄ.ʌ. ʈʝʰʝʪʥʝʚʘ 
 

 
ɺ ʠʥʩʪʠʪʫʪʝ ʙʠʦʬʠʟʠʢʠ ʉʆ ʈɸʅ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʚ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʫʜʦʙʨʝʥʠʷ ʜʣʷ ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ, ʠʩʧʦʣʴʟʫ-
ʝʤʳʭ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ [1]. ɼʘʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ. ʆʥʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʚʦʟʦʙʥʦʚʣʷʪʴ ʦʪʭʦʜʳ ʜʣʷ ʧʦʣʝʟʥʳʭ ʮʝʣʝʡ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʤʢʥʫʪʦʩʪʴ ʩʠʩʪʝʤʳ, ʯʪʦ ʫʜʝʰʝʚ-
ʣʷʝʪ ʠ ʫʧʨʦʱʘʝʪ ʜʣʠʪʝʣʴʥʦʝ ʧʨʝʙʳʚʘʥʠʝ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ [2]. 

ʏʘʩʪʴʶ ʜʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ. ɺ ʜʘʥʥʦʤ 
ʧʨʦʮʝʩʩʝ ʠʟ ʨʘʩʪʚʦʨʘ ʫʙʠʨʘʶʪʩʷ ʩʦʣʠ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʱʝʣʘʯʠʚʘʥʠʝ ʧʦʯʚʳ. 

ʇʨʦʮʝʩʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʱʝʣʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʚ 3 ʵʪʘʧʘ: 
ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʚʳʡ ʵʪʘʧ ï ʧʦʣʫʯʝʥʠʝ ʢʘʨʙʦʥʘʪʦʚ (Mg, Ca, Fe). ʇʦʩʪʫʧʠʚʰʠʡ ʱʝʣʦʯʥʦʡ 

ʨʘʩʪʚʦʨ, ʩ ʧʦʤʦʱʴʶ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘʩʦʩʦʤ ʜʦ 1,1 ʙʘʨ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʤʝʥʪʦʤ ʇʝʣʴʪʝ ʜʦ 50 
ÁC, ʙʘʨʙʦʪʠʨʫʝʪʩʷ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ ʠʣʠ ʚʦʟʜʫʭʦʤ ʚ ʪʝʯʝʥʠʠ ʯʘʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʦʩʘʜʦʢ ʚʳʧʘʜʘʝʪ 
MgCO3, CaCO3, FeCO3. ʇʨʦʮʝʩʩ ʫʜʘʣʝʥʠʷ ʦʩʘʜʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʝʨʘʪʦʨʦʤ ʚʨʫʯʥʫʶ. 

 

ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʮʝʩʩʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ (ʚʳʜʝʣʝʥʠʷ NaCl), ʵʢʩʧʝ-
ʨʠʤʝʥʪʘʣʴʥʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʙʠʦʣʦʛʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʘʚ-
ʪʦʤʘʪʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʥʠʚʝʣʠʨʫʝʪ ʥʝʜʦʩʪʘʪʢʠ ʨʫʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʩʠʩʪʝʤʳ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʷ, ʱʝʣʦʯʥʦʡ ʨʘʩʪʚʦʨ, ʭʠ-
ʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 
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Abstract: The article is devoted to the process of concentration of alkaline solutions (NaCl isolation), experi-
mentally used for biological and technical life support systems and the possibility of its automation, which elim-
inates the disadvantages of manual control. 
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ʉʡʪ. 1. ʈʞʩʛʴʢ ʶʫʙʨ 

 
ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥ ʚʪʦʨʦʡ ʵʪʘʧ ï ʫʧʘʨʠʚʘʥʠʝ. ʇʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 50 ÁC, ʠ ʪʘʢʞʝ ʨʘʩʪʚʦʨ ʙʘʨʙʦʪʠʨʫʝʪʩʷ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ ʠʣʠ ʚʦʟʜʫʭʦʤ. ʇʨʦʮʝʩʩ ʧʨʦʜʦʣ-
ʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʥʝ ʦʧʫʩʪʠʪʩʷ ʜʦ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʆʙʲʝʤ ʨʘʩʪʚʦʨʘ ʦʧʨʝʜʝ-
ʣʷʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʜʘʪʯʠʢʦʤ ʨʘʩʩʪʦʷʥʠʷ. ʆʥ ʧʦʜʚʝʰʝʥ ʥʘ ʚʝʨʭʥʝʡ ʩʪʝʥʢʝ ʢʦʥʮʝʥʪʨʘʪʦʨʘ, ʢʦʪʦʨʳʡ 
ʠʟʤʝʨʷʝʪ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʫʨʦʚʥʷ ʨʘʩʪʚʦʨʘ ʚʦ ʚʨʝʤʷ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝ-
ʥʠʷ (H), ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʨʦʮʝʩʩ ʫʧʘʨʠʚʘʥʠʷ. 

 

 
ʉʡʪ. 2. ɻʫʧʩʧʢ ʶʫʙʨ 

 
ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥ ʪʨʝʪʠʡ ʵʪʘʧ ï ʨʘʟʜʝʣʝʥʠʝ ʢʘʨʙʦʥʘʪʦʚ Na ʠ K. ʕʣʝʤʝʥʪʦʤ ʇʝʣʴʪʴʝ ʦʩʪʘʚ-

ʰʠʡʩʷ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 4 ÁC ʠ ʚ ʪʝʯʝʥʠʠ ʯʘʩʘ ʧʨʦʠʩʭʦʜʠʪ ʦʪʩʪʘʠʚʘʥʠʝ. ʈʘʩʪʚʦʨ 
ʨʘʟʜʝʣʷʝʪʩʷ, ʚ ʦʩʘʜʦʢ ʚʳʧʘʜʘʝʪ Na2CO3. ʇʨʦʮʝʩʩ ʫʜʘʣʝʥʠʷ ʦʩʘʜʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʝʨʘʪʦʨʦʤ ʚʨʫʯʥʫʶ. 

 

 
ʉʡʪ. 3. ʋʩʞʫʡʢ ʶʫʙʨ 
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ɺ ʧʦʣʫʯʝʥʥʦʤ ʨʘʩʪʚʦʨʝ Na2CO3 ʩ ʧʦʤʦʱʴʶ ʠʨʨʠʛʘʪʦʨʥʦʛʦ ʧʦʣʠʚʘ ʜʦʙʘʚʣʷʶʪ ʨʘʩʪʚʦʨ HCl. ɺ ʭʦʜʝ 
ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ NaCl, ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʧʦʣʠʚ ʨʘʩʪʝʥʠʡ ʩʦʣʝ-
ʨʦʩʘ. 

ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʦʟʚʦʣʷʝʪ ʦʯʠʩʪʠʪʴ ʧʠʪʘʪʝʣʴʥʳʡ ʨʘʩʪʚʦʨ ʦʪ ʩʦʣʝʡ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʠʪ 
ʫʚʝʣʠʯʠʪʴ ʟʘʤʢʥʫʪʦʩʪʴ ʩʠʩʪʝʤʳ ʜʣʷ ʚʦʚʣʝʯʝʥʠʷ ʚ ʤʘʩʩʦʦʙʤʝʥʥʳʡ ʢʨʫʛʦʚʦʨʦʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪ-
ʭʦʜʦʚ, ʘ ʛʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʪʦ, ʯʪʦ ʩʦʣʠ ʥʝ ʚʳʙʨʘʩʳʚʘʶʪʩʷ, ʘ ʠʜʫʪ ʥʘ ʧʦʣʠʚ ʨʘʩʪʝʥʠʡ ʩʦʣʝʨʦʩʘ, 
ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʜʫʪ ʥʘ ʩʧʝʮʠʠ ʜʣʷ ʵʢʠʧʘʞʘ. 

ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ð ʥʘ ʨʘʙʦʪʫ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʥʫʞʝʥ ʢʦʥʪʨʦʣʴ ʠ ʫʯʘʩʪʠʝ ʦʧʝʨʘʪʦʨʘ, 
ʜʣʷ ʯʝʛʦ ʠ ʥʫʞʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ.  

ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʇʆ ʧʦʟʚʦʣʠʪ: ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʚʳʚʦʜ ʧʘʨʘʤʝʪʨʦʚ ʚ ʥʘʛʣʷʜʥʦʤ ʚʠʜʝ, ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʠ ʚʳʭʦʜʝ ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʢʨʠ-
ʪʠʯʝʩʢʠʝ ʧʨʝʜʝʣʳ, ʚʳʚʦʜ ʩʦʚʝʪʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʣʘʪʬʦʨʤʘ Arduino, ʪ.ʢ. ʦʥʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʢ-
ʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʦʪ ʨʘʟʣʠʯʥʳʭ ʮʠʬʨʦʚʳʭ ʠ ʘʥʘʣʦʛʦʚʳʭ ʜʘʪʯʠʢʦʚ, 
ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʳ ʢ ʥʝʤʫ, ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ.  

ʇʨʠ ʩʦʟʜʘʥʠʠ ʫʜʦʙʥʦʛʦ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʛʦ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʠʥʪʝʨʬʝʡʩʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʧʨʘʚ-
ʣʝʥʠʷ ʚʩʝʤ ʧʨʦʮʝʩʩʦʤ, ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Visual Studio. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ Visual 
Studio ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ, ʠʩʧʦʣʴʟʫʷ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C++ ʠ 
C#, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʟʳʢʘʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ Arduinoïʧʨʠʣʦʞʝʥʠʡ. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ ʩʭʝʤʘ ʨʘʙʦʪʳ ʜʘʪʯʠʢʦʚ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʇʆ. 
 

 
ʉʡʪ. 4. ɺʤʧʣ ʪʮʞʥʙ 

 
ʏʝʨʝʟ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʚ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ Visual Studio, ʦʪʧʨʘʚʣʷʝʪʩʷ 

ʟʘʧʨʦʩ ʥʘ ʚʢʣʶʯʝʥʠʝ ʨʝʘʢʪʦʨʘ ʚ Arduino. Arduino ʦʙʨʘʙʘʪʳʚʘʝʪ ʟʘʧʨʦʩ ʠ ʧʦʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʩ ʧʦʤʦ-
ʱʴʶ ʨʝʣʝ ʠ ʩʝʨʚʦʧʨʠʚʦʜʘ ʨʝʘʢʪʦʨʫ ʠ ʜʘʪʯʠʢʘʤ. ɼʘʪʯʠʢʠ ʥʘʯʠʥʘʶʪ ʧʝʨʝʜʘʚʘʪʴ ʧʦʢʘʟʘʥʠʷ, Arduino ʦʙ-
ʨʘʙʘʪʳʚʘʝʪ ʵʪʠ ʜʘʥʥʳʝ ʠ ʦʪʧʨʘʚʣʷʝʪ ʚ ʇʆ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʚ ʇʆ ʥʘʯʠʥʘʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʛʨʘ-
ʬʠʢʦʚ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʚʳʚʦʜʷʪʩʷ ʚ ʪʝʢʩʪʦʚʦʤ ʚʠʜʝ. ɿʘʚʝʨʰʝʥʠʝ 1 ʵʪʘʧʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʜʦʩʪʠʞʝʥʠʶ 
ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ, ʢʦʪʦʨʦʝ ʟʘʜʘʝʪʩʷ ʚ ʥʘʩʪʨʦʡʢʘʭ ʇʆ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ. ʇʨʠ 
ʜʦʩʪʠʞʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʇʆ ʦʪʧʨʘʚʣʷʝʪ ʩʠʛʥʘʣ ʥʘ Arduino ʦ ʧʨʠʦʩʪʘʥʦʚʢʝ ʨʝʘʢʪʦʨʘ, ʪ.ʢ. ʥʝʦʙ-
ʭʦʜʠʤʦ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʦʧʝʨʘʪʦʨʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʩʘʜʢʦʚ. Arduino ʦʙʨʘʙʘʪʳʚʘʝʪ ʩʠʛʥʘʣ ʠ ʧʝʨʝʜʘʝʪ ʩʠʛ-
ʥʘʣ ʥʘ ʨʝʣʝ ʠ ʩʝʨʚʦʧʨʠʚʦʜ ʜʣʷ ʧʨʝʢʨʘʱʝʥʠʷ ʧʦʜʘʯʠ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦʙʳ ʧʨʠʦʩʪʘʥʦʚʠʪʴ ʧʨʦʮʝʩʩ. ʊʘʢʞʝ 
ʚ ʇʆ ʚʳʚʦʜʠʪʩʷ ʫʚʝʜʦʤʣʝʥʠʝ ʜʣʷ ʦʧʝʨʘʪʦʨʘ, ʯʪʦ ʧʝʨʚʳʡ ʵʪʘʧ ʟʘʚʝʨʰʝʥ.  
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ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ ʦʧʝʨʘʪʦʨʦʤ ʦʩʘʜʢʦʚ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʙ ʵʪʦʤ ʚ ʇʆ, ʚʦʟʦʙʥʦʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʨʝ-
ʘʢʪʦʨʘ ʠ ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʠʪ ʚʦ ʚʪʦʨʦʡ ʵʪʘʧ, ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʜʘʪʯʠʢʦʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʟʘʜʘʥ-
ʥʦʛʦ ʚ ʥʘʩʪʨʦʡʢʘʭ ʇʆ, ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʠʪ ʥʘ ʪʨʝʪʠʡ ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʪʘʧ. 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʇʆ ʧʦʜʘʝʪ ʩʠʛʥʘʣ ʦʙ ʦʪʢʣʶʯʝʥʠʠ ʥʘʩʦʩʘ ʠ ʥʘʛʨʝʚʘʪʝʣʷ. ʊʨʝʪʠʡ ʵʪʘʧ ʪʘʢʞʝ ʨʘ-
ʙʦʪʘʝʪ ʚ ʪʝʯʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ ʟʘʜʘʝʪʩʷ ʚ ʥʘʩʪʨʦʡʢʘʭ ʇʆ. ʇʦ ʟʘʚʝʨʰʝʥʠʶ ʪʨʝʪʴʝʛʦ 
ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ, ʟʘʚʝʨʰʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʧʨʦʮʝʩʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʱʝʣʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʆʧʝ-
ʨʘʪʦʨʫ ʪʘʢʞʝ ʚʳʚʦʜʠʪʩʷ ʦʢʥʦ, ʦ ʪʦʤ, ʯʪʦ ʥʫʞʥʦ ʩʣʠʪʴ ʦʩʘʜʢʠ ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ. ʇʦʩʣʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦ 
ʩʣʠʚʝ ʦʩʘʜʢʦʚ, ʦʧʝʨʘʪʦʨʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʚʝʨʪʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ ʚ ʬʦʨʤʘʪʝ exsel. ɺ ʬʦʨ-
ʤʘʪʝ txt ʜʘʥʥʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ. 

ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ʨʝʰʘʝʪ ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ ʢʘʢ: ʩʦ-
ʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʝʥʥʦʝ ʦʧʝʨʘʪʦʨʦʤ, ʤʠʥʠʤʠʟʘʮʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʚʝʜʝ-
ʥʠʝ ʜʝʪʘʣʴʥʦʛʦ ʘʨʭʠʚʘ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ.  
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʊʨʠʬʦʥʦʚ ʉʝʨʛʝʡ ɺʠʢʪʦʨʦʚʠʯ 

ʢ.ʙ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ɿʕʉ 
ʉʠʙɻʋ ʠʤ. ʘʢʘʜʝʤʠʢʘ ʄ.ʌ. ʈʝʰʝʪʥʝʚʘ 

 

 
ʉʠʩʪʝʤʘ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ (ʉɾʆ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʫʩʪʨʦʡʩʪʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩ 

ʮʝʣʴʶ ʦʙʝʩʧʝʯʠʪʴ ʵʢʠʧʘʞʫ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʞʠʟʥʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʦ-
ʣʝʪʘ. ʆʥʘ ʩʪʨʝʤʠʪʩʷ ʩʦʟʜʘʪʴ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʫʶ ʢ ʟʝʤʥʳʤ ʫʩʣʦʚʠʷʤ, ʫʯʠ-
ʪʳʚʘʷ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʢʠʡ ʦʨʛʘʥʠʟʤ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨʤʘʣʴʥʳʭ ʟʝʤ-
ʥʳʭ ʫʩʣʦʚʠʡ [1]. 

ʆʜʥʦʡ ʠʟ ʪʝʭʥʦʣʦʛʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ɹʀʆʉ-3 ʜʣʷ ʢʦʩʤʦ-
ʥʘʚʪʦʚ, ʷʚʣʷʝʪʩʷ ʫʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ. ʀʥʩʪʠʪʫʪ ʙʠʦʬʠʟʠʢʠ ʉʆ ʈɸʅ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʙʦʪʘʝʪ ʥʘʜ 
ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʚ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ 
ʫʜʦʙʨʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ [2]. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʨʘʙʦʪʢʫ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʚ ʤʠʥʝ-
ʨʘʣʠʟʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨ. ɼʘʥʥʳʡ ʨʘʩʪʚʦʨ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʨʨʠʛʘʮʠʦʥʥʦʛʦ 

ɹʦʦʧʫʙʯʡʸ: ɺ ʜʘʥʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʪ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʘʚʪʦʤʘʪʠ-
ʟʘʮʠʶ ʩʠʩʪʝʤʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʶʪʩʷ ʨʘʟʣʠʯ-
ʥʳʝ ʧʦʜʭʦʜʳ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʚʢʣʶʯʘʷ ʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʟʘʤʢʥʫʪʳʭ 
ʩʠʩʪʝʤʘʭ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʩʩʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠ 
ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʩʠʩʪʝʤʳ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ, ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ, ʵʣʝʢʪʨʦʭʠʤʠʯʝ-
ʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʙʣʦʢ. 
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Abstract: This research work considers a project aimed at automating the system of physical and chemical 
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tion, including its application in closed life support systems for space missions and its use in scientific research 
when modeling electrochemical processes. 
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ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ. ʂʦʤʧʣʝʢʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝ-
ʩʢʦʣʴʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ: ñʤʦʢʨʦʝò ʩʞʠʛʘʥʠʝ, ʚʳʜʝʣʝʥʠʝ Cl2, ʩʠʥʪʝʟ HCl, ʨʘʟʣʦʞʝʥʠʝ ʤʦ-
ʯʝʚʠʥʳ, ʚʳʜʝʣʝʥʠʝ ʱʝʣʦʯʠ, ʚʳʜʝʣʝʥʠʝ Na2CO3, ʩʠʥʪʝʟ NaCl [3, ʩ. 291]. 

ɼʘʣʝʝ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʙʣʦʢʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʞʠʟʥʝ-
ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. 

 

 
ʉʡʪ. 1. ʊʮʞʥʙ ʭʡʠʡʣʧ-ʮʡʥʡʰʞʪʣʧʜʧ ʚʤʧʣʙ 

 
ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʨʦʮʝʩʩʦʚ ʪʨʝʙʫʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘ-

ʙʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʕʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʠʪ ʦʩʫ-
ʱʝʩʪʚʣʷʪʴ ʤʦʥʠʪʦʨʠʥʛ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘʤʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʬʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 
ʫʩʣʦʚʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʦʮʝʩʩʘ. ʂʦʥʪʨʦʣʴ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʵʪʠʭ ʫʩʣʦʚʠʡ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤʠ 
ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʳ ʢʘʞʜʦʛʦ ʨʝʘʢʪʦʨʘ ʚ ʙʣʦʢʝ ʧʝʨʝʨʘ-
ʙʦʪʢʠ ʦʪʭʦʜʦʚ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʟʤʝʨʝʥʠʷ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʘʪ-
ʯʠʢʠ ʠ ʩʝʥʩʦʨʳ. ɺ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʘʢʪʫʘʪʦʨʳ 
ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ. 

ʆʞʠʜʘʝʤʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ: ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʦʪ ʜʘʪʯʠʢʦʚ ʚ ʨʝ-
ʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʦʥʷʪʥʦʤ ʠ ʥʘʛʣʷʜʥʦʤ ʚʠʜʝ, ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚ-
ʣʝʥʠʷ ʨʝʘʢʪʦʨʘʤʠ, ʞʫʨʥʘʣʠʨʦʚʘʥʠʝ ʠʩʪʦʨʠʠ ʟʘʧʫʩʢʦʚ ʨʝʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʦʨʪʘ ʧʦʣ-
ʥʳʭ ʜʘʥʥʳʭ ʦ ʪʝʢʫʱʠʭ ʧʨʦʮʝʩʩʘʭ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʘʢʪʦʨʘʤʠ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʢʨʠʪʠʯʝ-
ʩʢʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʫʩʣʦʚʠʡ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʦʧʝʨʘʪʦʨʫ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩ-
ʩʦʤ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʠ ʠʭ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʩʚʷʟʘʪʴ ʩ ʧʨʦʛʨʘʤʤ-
ʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 
ʦʪʭʦʜʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) ʧʨʠʤʝʥʷʶʪʩʷ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ 
ʢʘʢ ʉ# ʠ Arduino Wiring (C++ ʩ ʙʠʙʣʠʦʪʝʢʦʡ Wiring). ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 
Visual Studio (ʧʣʘʪʬʦʨʤʘ .Net) ʠ Arduino IDE. 

ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʠʟʤʝʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʜʘʪʯʠʢʠ. 
ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʢʣʶʯʘʶʪʩʷ 4 ʜʘʪʯʠʢʘ ʩʠʣʳ ʪʦʢʘ ACS712, 2 ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ MPX5050, 4 ʜʘʪʯʠʢʘ 
ʥʘʧʨʷʞʝʥʠʷ ZMPT101B, 5 ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʘʪʯʠʢʘ DS18B20, 2 ʜʘʪʯʠʢʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʜ-ʠʦʥʦʚ 
ENCHL-A018A, 4 ʜʘʪʯʠʢʘ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʛʘʟʘ AFS1000, ʪʝʨʤʦʧʘʨʘ Max6675 ʪʠʧʘ ʂ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 
ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 0-600ÁC, 2 ʜʘʪʯʠʢʘ Ph (DM Diy more PH-4502C) ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ pH, ʠ 3 
ʜʘʪʯʠʢʘ ʨʘʩʩʪʦʷʥʠʷ AJ-SRO4M. 
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ʋʙʚʤʡʯʙ 1 
ʈʙʩʙʥʞʫʩʴ 

ʅʘʟʚʘʥʠʝ  
ʧʨʦʮʝʩʩʘ 

I ʵʪʘʧ II ʵʪʘʧ III ʵʪʘʧ 

1) ʄʦʢʨʦʝ ʩʞʠʛʘʥʠʝ ʇʝʨʝʢʣʶʯʝʥʠʝ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ: 
P = 2 ʢʇʘ 
ʋʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ: 
T = 95 ï 98 ÁC 
I = ʟʘʚʠʩʠʪ ʦʪ U 
U = 100 ɺ 
t ~ 1 ʯ 

ʆʪʢʣʶʯʝʥʠʝ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ: 
P ï> 0 ʢʇʘ 
ʋʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ: 
T = 95 ï 98 ÁC 
I = ʟʘʚʠʩʠʪ ʦʪ U 
U = 50 ɺ 
t ~ 1 ʯ 

ï 

2) ʈʘʟʣʦʞʝʥʠʝ 
ʤʦʯʝʚʠʥʳ 

ʆʪʢʣʶʯʝʥʠʝ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ: 
VpH = 0,01 1/ʤʠʥ 
ʋʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ: 
pH = 6,8-7,2 
T = 37 ï 38 ÁC  
t ~ 4 ʯ 

ï ï 

3) ɺʳʜʝʣʝʥʠʝ Cl2 ʆʪʢʣʶʯʝʥʠʝ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ: 
ʉ(Cl) = ʟʘʜʘʝʪʩʷ ʚ ʇʆ 
ʋʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ: 
T = 35-37 ÁC 
I = ʟʘʚʠʩʠʪ ʦʪ U 
U = ʟʘʚʠʩʠʪ ʦʪ T 
t ~4ʯ 

ï ï 

4) ʉʠʥʪʝʟ HCl ʆʪʢʣʶʯʝʥʠʝ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ: 
C(Cl) = ʟʘʜʘʝʪʩʷ ʚ ʇʆ 
ʋʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ: 
T = 300 ï 350 ÁC  
I = ʟʘʚʠʩʠʪ ʦʪ U 
U = ʟʘʚʠʩʠʪ ʦʪ T 
V(ʛʘʟʘ) = 1 ʣ/ʤʠʥ 
t ~4 ʯ 

  

5) ɺʳʜʝʣʝʥʠʝ  
ʱʝʣʦʯʠ 

ʆʪʢʣʶʯʝʥʠʝ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ: 
m(Na) = ʟʘʜʘʝʪʩʷ ʚ ʇʆ 
ʋʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ: 
U = ʟʘʚʠʩʠʪ ʦʪ I 
I = 50 ʤɸ 
H = ʟʘʜʘʝʪʩʷ ʚ ʇʆ 
V(ʨʘʩʪʚʦʨʦʚ) = 50 ʤʣ/ʯ 
t ~ 4 ʯ 

ï ï 

6) ɺʳʜʝʣʝʥʠʝ 
Na2CO3 

ʇʝʨʝʢʣʶʯʝʥʠʝ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ: 
t=1 ʯ 
ʋʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ: 
P = 110 ʢʇʘ 
T = 50ÁC 
V(ʛʘʟʘ)= ʟʘʜʘʝʪʩʷ ʚ ʇʆ 

ʇʝʨʝʢʣʶʯʝʥʠʝ ʧʨʠ  
ʜʦʩʪʠʞʝʥʠʠ: 
H=ʟʘʜʘʝʪʩʷ ʚ ʇʆ 
ʋʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ: 
P = 101 ʢʇʘ 
T = 50ÁC 
V(ʛʘʟʘ)= 1 ʣ/ʤʠʥ 
t ~ 4 ʯ 

ʆʪʢʣʶʯʝʥʠʝ ʧʨʠ 
ʜʦʩʪʠʞʝʥʠʠ: 
t=1 ʯ 
ʋʩʣʦʚʠʷ  
ʧʨʦʮʝʩʩʘ: 
P = 101 ʢʇʘ 
T = 4 ÁC 
 

7) ʉʠʥʪʝʟ NaCl ʆʪʢʣʶʯʝʥʠʝ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ: 
pH = 7 
ʋʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ: 
T = 20-30 ÁC 
V(ʨʘʩʪʚʦʨʘ) = ʟʘʜʘʝʪʩʷ ʚ ʇʆ 
t ~1 ʯ  

ï ï 
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ɺ ʢʘʯʝʩʪʚʝ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʠʩʧʦʣʴʟʫʝʪʩʷ Arduino ATmega2560 ʠ ʢʦʤʧʴʶʪʝʨ x86. 
ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʚʢʣʶʯʘʶʪ ʨʘʟʣʠʯʥʳʝ ʢʦʥʥʝʢʪʦʨʳ, ʤʘʢʝʪʥʫʶ ʧʣʘʪʫ, 

ʨʝʣʝ, ʢʣʘʧʘʥʳ 5V, ʥʘʩʦʩʳ 5V ʠ ʨʝʟʠʩʪʦʨʳ. 
 

 
ʉʡʪ. 2. ʈʩʞʝʨʧʤʙʜʙʞʥʴʢ ʡʦʫʞʩʭʞʢʪ ʈʇ 

 
ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʩʠʩʪʝʤʫ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʥʦ ʵʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ, ʥʦ ʠ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-
ʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʟʚʦʣʠʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʛʨʝʩʩ ʧʨʦʮʝʩʩʦʚ, ʦʪʢʨʳʚʘʷ ʧʝʨʩʧʝʢ-
ʪʠʚʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ. 
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ǩǧǠǤǯǠǤǦǭǮǟǰǬǭǰǱǻ8 ǦǟǸǧǱǟ ǡ ǼǮǭǴǲ 
ǵǧǳǯǭǡǺǴ ǲǢǯǭǦ 

ǩȏȄȘȇȉ ǬȇȉȍȊǿȈ ǫȇȔǿȈȊȍȁȇȖ  
ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʘ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ,  

ʄɻɻʕʋ  
 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʮʠʬʨʦʚʦʤ ʤʠʨʝ, ʛʜʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʥʠʢʘʶʪ ʚʦ ʚʩʝ ʩʬʝʨʳ 

ʥʘʰʝʡ ʞʠʟʥʠ, ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʰʝʡ ʟʘʱʠʪʳ. ɺʩʝ ʙʦʣʴʰʝ 
ʠ ʙʦʣʴʰʝ ʣʶʜʝʡ, ʢʦʤʧʘʥʠʡ ʠ ʛʦʩʫʜʘʨʩʪʚ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʘʩʪʫʱʠʤʠ ʫʛʨʦʟʘʤʠ ʚ ʩʝʪʠ, ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʪʘʥʦʚʠʪʩʷ ʟʘʜʘʯʝʡ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʚʘʞʥʦʩʪʠ. 

ʎʠʬʨʦʚʳʝ ʫʛʨʦʟʳ, ʪʘʢʠʝ ʢʘʢ ʢʠʙʝʨʧʨʝʩʪʫʧʥʦʩʪʴ, ʭʘʢʝʨʩʢʠʝ ʘʪʘʢʠ, ʚʠʨʫʩʳ ʠ ʚʨʝʜʦʥʦʩʥʦʝ ʧʨʦ-
ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʨʦʥʠʢʘʶʪ ʚ ʥʘʰʠ ʢʦʤʧʴʶʪʝʨʳ, ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʝʪʠ, ʥʘʥʦʩʷ ʟʥʘʯʠ-
ʪʝʣʴʥʳʡ ʫʱʝʨʙ ʢʘʢ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ, ʪʘʢ ʠ ʥʘ ʢʦʣʣʝʢʪʠʚʥʦʤ ʫʨʦʚʥʝ. ʆʪ ʫʢʨʘʜʝʥʥʳʭ ʣʠʯʥʳʭ ʜʘʥʥʳʭ 
ʠ ʬʠʥʘʥʩʦʚʳʭ ʤʦʰʝʥʥʠʯʝʩʪʚ ʜʦ ʨʘʟʨʫʰʠʪʝʣʴʥʳʭ ʘʪʘʢ ʥʘ ʢʨʠʪʠʯʝʩʢʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʮʠʬʨʦʚʳʝ 
ʫʛʨʦʟʳ ʠʤʝʶʪ ʧʦʪʝʥʮʠʘʣ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ [1, ʩ.2-3]. 

ɺʘʞʥʦ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ, ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʚ ʵʧʦ-
ʭʫ ʮʠʬʨʦʚʳʭ ʫʛʨʦʟ. ʂʘʢ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʦʩʚʝʜʦʤʣʝʥʳ ʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʛʨʦʟʘʭ ʠ ʦʙʫ-
ʯʝʥʳ ʤʝʪʦʜʘʤ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ. ʂʦʤʧʘʥʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʣʞʥʳ ʧʨʠʥʷʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʨʳ, 
ʯʪʦʙʳ ʟʘʱʠʪʠʪʴ ʩʚʦʠ ʩʝʪʠ, ʜʘʥʥʳʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʦʪ ʚʦʟʤʦʞʥʳʭ ʘʪʘʢ. ʂʨʦʤʝ ʪʦʛʦ, ʛʦʩʫ-
ʜʘʨʩʪʚʘ ʜʦʣʞʥʳ ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʩʪʨʘʪʝʛʠʠ ʠ ʧʦʣʠʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʦʪʨʫʜʥʠʯʘʪʴ 
ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʎʠʬʨʦʚʳʝ ʫʛʨʦʟʳ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʥʳʝ ʮʝʣʠ. ʂʠʙʝʨʧʨʝ-
ʩʪʫʧʥʠʢʠ ʠ ʭʘʢʝʨʳ ʠʩʧʦʣʴʟʫʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʠʢ ʜʣʷ ʘʪʘʢ ʥʘ ʢʦʤʧʴʶʪʝʨʳ, ʩʝʪʠ ʠ ʠʥ-
ʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. ʕʪʠ ʫʛʨʦʟʳ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʚʨʝʜʦʥʦʩʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 
(ʚʠʨʫʩʳ, ʯʝʨʚʠ, ʪʨʦʷʥʩʢʠʝ ʧʨʦʛʨʘʤʤʳ), ʬʠʰʠʥʛʦʚʳʝ ʘʪʘʢʠ, ʩʝʪʝʚʳʝ ʘʪʘʢʠ (DDoS, ʤʝʞʩʝʪʝʚʳʝ ʵʢʩʧʣʦʡ-
ʪʳ), ʘʪʘʢʠ ʥʘ ʩʣʘʙʳʝ ʤʝʩʪʘ ʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʦʮʠʘʣʴʥʫʶ ʠʥʞʝʥʝʨʠʶ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 

ʎʠʬʨʦʚʳʝ ʫʛʨʦʟʳ ʧʦʩʪʦʷʥʥʦ ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ ʠ ʧʨʠʩʧʦʩʘʙʣʠʚʘʶʪʩʷ ʢ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʤʝ-
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ʠ ʤʝʪʦʜʳ ʟʘʱʠʪʳ, ʚʢʣʶʯʘʷ ʧʦʚʳʰʝʥʠʝ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 
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CYBER SECURITY: PROTECTION IN THE AGE OF DIGITAL THREATS 
 

Kreschik Nikolai Mikhailovich  
 
Abstract: The article "Cybersecurity: Protection in the Age of Digital Threats" explores the relevance and im-
portance of cybersecurity in today's digital world. The main principles and methods of protection are consid-
ered, including awareness-raising, the use of modern technologies, strategic planning and global cooperation.  
Key words: cybersecurity, digital threats, protection, awareness, modern technologies, strategic planning, 
cybercrime. 
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XI ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʪʦʜʘʤ ʟʘʱʠʪʳ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʳ ʩʪʘʣʠ ʩʚʠʜʝʪʝʣʷʤʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʦʩʪʘ ʠ ʩʣʦʞʥʦʩʪʠ ʘʪʘʢ. ʍʘʢʝ-
ʨʳ ʚʩʝ ʙʦʣʝʝ ʠʟʦʙʨʝʪʘʪʝʣʴʥʳ ʚ ʩʚʦʠʭ ʧʦʜʭʦʜʘʭ ʠ ʠʩʧʦʣʴʟʫʶʪ ʥʦʚʝʡʰʠʝ ʪʝʭʥʠʢʠ, ʯʪʦʙʳ ʦʙʦʡʪʠ ʟʘʱʠʪ-
ʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʪʝʨʷ ʜʦʚʝʨʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʬʠ-
ʥʘʥʩʦʚʳʝ ʧʦʪʝʨʠ ʠ ʥʘʨʫʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ð ʵʪʦ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʠʟ ʚʦʟʤʦʞ-
ʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʪʘʢʠʭ ʠʥʮʠʜʝʥʪʦʚ. 

ʏʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʭ ʟʚʝʥʴʝʚ ʚ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. ʈʝ-
ʛʫʣʷʨʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʪʨʝʥʠʥʛʦʚ ʠ ʦʙʫʯʘʶʱʠʭ ʧʨʦʛʨʘʤʤ ʧʦʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʧʦʣʴʟʦʚʘ-
ʪʝʣʝʡ ʠ ʩʥʠʟʠʪʴ ʨʠʩʢ ʧʦʧʘʜʘʥʠʷ ʚ ʣʦʚʫʰʢʠ ʢʠʙʝʨʧʨʝʩʪʫʧʥʠʢʦʚ [2. c. 9-12]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʟʘʱʠʪʝ ʦʪ ʮʠʬʨʦʚʳʭ ʫʛʨʦʟ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦ-
ʣʝʝ ʚʘʞʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʬʘʢʪʦʨʥʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʥʝ-
ʩʢʦʣʴʢʠʭ ʬʦʨʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʩʠʩʪʝʤʘʤ. ʐʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 
ʠʥʩʪʨʫʤʝʥʪʦʤ ʟʘʱʠʪʳ, ʧʦʟʚʦʣʷʶʱʠʤ ʦʙʝʟʦʧʘʩʠʪʴ ʧʝʨʝʜʘʚʘʝʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥ-
ʥʦʛʦ ʜʦʩʪʫʧʘ. ʄʦʥʠʪʦʨʠʥʛ ʩʝʪʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ ʧʦʤʦʛʫʪ 
ʦʙʥʘʨʫʞʠʪʴ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʪʘʢʠ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʠ ʘʧʧʘʨʘʪʥʳʝ ʨʝʰʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʪʘʢʠʝ ʢʘʢ: ʘʥʪʠʚʠʨʫʩʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʙʨʘʥʜʤʘʫʵʨʳ, ʩʠʩʪʝʤʳ ʢʦʥ-
ʪʨʦʣʷ ʜʦʩʪʫʧʘ ʠ ʜʨʫʛʠʝ. ʈʝʛʫʣʷʨʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʨʝʰʝʥʠʡ ʧʦʤʦʛʫʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 
ʤʥʦʞʝʩʪʚʦ ʫʛʨʦʟ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ʆʨʛʘʥʠʟʘʮʠʠ ʜʦʣʞʥʳ ʨʘʟʨʘʙʦʪʘʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʧʣʘʥ ʠ ʧʦʣʠʪʠʢʫ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʧʨʝ-
ʜʝʣʷʶʪ ʤʝʨʳ ʠ ʧʨʦʮʝʜʫʨʳ ʧʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʠʩʪʝʤ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʘ-
ʚʠʣ ʜʦʩʪʫʧʘ, ʨʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ, ʤʦʥʠʪʦʨʠʥʛ ʠ ʘʫʜʠʪ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘ-
ʥʠʨʦʚʘʥʠʝ ʧʦʤʦʞʝʪ ʦʨʛʘʥʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʫʛʨʦʟʳ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ. [3. c. 21-
24] 

ʂʠʙʝʨʘʪʘʢʠ ʥʝ ʟʥʘʶʪ ʛʨʘʥʠʮ, ʧʦʵʪʦʤʫ ʛʣʦʙʘʣʴʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠ ʢʦʦʨʜʠʥʘʮʠʷ ʷʚʣʷʶʪʩʷ 
ʥʝʦʪʲʝʤʣʝʤʳʤʠ ʯʘʩʪʷʤʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. ɻʦʩʫʜʘʨʩʪʚʘ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʣʞʥʳ ʦʙ-
ʤʝʥʠʚʘʪʴʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʫʛʨʦʟʘʭ, ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʩʚʦʠ ʜʝʡʩʪʚʠʷ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʦʙʱʠʝ ʩʪʘʥʜʘʨʪʳ 
ʠ ʤʝʨʳ ʧʦ ʟʘʱʠʪʝ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠʛʨʘʝʪ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʫʛʨʦʟ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʟʘʱʠʪʳ. ʆʜʥʘ-
ʢʦ, ʚʤʝʩʪʝ ʩ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʀʀ ʪʘʢʞʝ ʤʦʞʝʪ ʩʪʘʪʴ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʢʠʙʝʨʧʨʝʩʪʫʧʥʠʢʦʚ. ʅʝʦʙʭʦʜʠ-
ʤʦ ʨʘʟʚʠʚʘʪʴ ʠ ʧʨʠʤʝʥʷʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʢʠʙʝʨʘʪʘʢʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʈʘʩʰʠʨʝʥʠʝ ʘʪʘʢ ʥʘ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ (IoT): ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʧʦʜʢʣʶʯʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʨʘʤ-
ʢʘʭ ʢʦʥʮʝʧʮʠʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʚʦʟʥʠʢʘʝʪ ʥʦʚʘʷ ʫʛʨʦʟʘ ʜʣʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʝʙʝʟʦʧʘʩʥʦ ʩʢʦʥʬʠ-
ʛʫʨʠʨʦʚʘʥʥʳʝ ʠʣʠ ʫʷʟʚʠʤʳʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʩʪʘʪʴ ʪʦʯʢʘʤʠ ʚʭʦʜʘ ʜʣʷ ʭʘʢʝʨʦʚ ʠ ʢʠʙʝʨʧʨʝʩʪʫʧʥʠʢʦʚ. 
ɿʘʱʠʪʘ ʩʝʪʠ IoT ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʧʦʜʢʣʶʯʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʪʘʥʦʚʷʪʩʷ ʚʘʞ-
ʥʳʤʠ ʟʘʜʘʯʘʤʠ. 

ʆʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʛʠʙʢʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʦʜʥʘʢʦ ʦʥʠ ʪʘʢʞʝ ʚʥʦʩʷʪ 
ʥʦʚʳʝ ʨʠʩʢʠ ʚ ʦʙʣʘʩʪʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. ʋʷʟʚʠʤʦʩʪʠ ʚ ʦʙʣʘʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʘʷ 
ʟʘʱʠʪʘ ʜʘʥʥʳʭ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʫʪʝʯʢʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺʘʞʥʦ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʣʘʯʥʳʭ ʩʠʩʪʝʤ ʠ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʰʠʬʨʦʚʘʥʠʝ, ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʠ ʤʦʥʠ-
ʪʦʨʠʥʛ ʘʢʪʠʚʥʦʩʪʠ.  

ʉʦʮʠʘʣʴʥʘʷ ʠʥʞʝʥʝʨʠʷ ʠ ʬʠʰʠʥʛʦʚʳʝ ʘʪʘʢʠ: ʉʦʮʠʘʣʴʥʘʷ ʠʥʞʝʥʝʨʠʷ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 
ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʢʠʙʝʨʘʪʘʢ. ʂʠʙʝʨʧʨʝʩʪʫʧʥʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʤʘʥʠʧʫʣʷʮʠʶ ʠ ʦʙʤʘʥ, ʯʪʦʙʳ ʧʦʣʫ-
ʯʠʪʴ ʜʦʩʪʫʧ ʢ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ ʚʳʧʦʣʥʠʪʴ ʚʨʝʜʦʥʦʩʥʳʝ ʜʝʡʩʪʚʠʷ. ʆʙʫʯʝʥʠʝ ʧʦʣʴ-
ʟʦʚʘʪʝʣʝʡ, ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʦʛʠʭ ʧʦʣʠʪʠʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ 
ʦʙʥʘʨʫʞʝʥʠʷ ʬʠʰʠʥʛʦʚʳʭ ʘʪʘʢ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʤʝʨʘʤʠ ʜʣʷ ʙʦʨʴʙʳ ʩ ʵʪʠʤʠ ʫʛʨʦʟʘʤʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʟʘʱʠʪʘ ʦʪ ʢʚʘʥʪʦʚʳʭ ʘʪʘʢ: ʂʚʘʥʪʦʚʳʝ ʚʳʯʠʩʣʝʥʠʷ ʦʙʝʱʘʶʪ 
ʥʦʚʫʶ ʵʨʫ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʜʥʘʢʦ ʦʥʠ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʛʨʦʟʫ ʜʣʷ ʩʫʱʝ-
ʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʰʠʬʨʦʚʘʥʠʷ. ʂʚʘʥʪʦʚʳʝ ʢʦʤʧʴʶʪʝʨʳ ʤʦʛʫʪ ʙʳʪʴ ʩʧʦʩʦʙʥʳ ʚʟʣʘʤʳʚʘʪʴ ʩʫʱʝʩʪʚʫ-
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ʶʱʠʝ ʰʠʬʨʳ, ʯʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʢʚʘʥʪʦʚʳʤ 
ʘʪʘʢʘʤ. 

ɺ ʙʦʨʴʙʝ ʩ ʮʠʬʨʦʚʳʤʠ ʫʛʨʦʟʘʤʠ ʠ ʢʠʙʝʨʧʨʝʩʪʫʧʥʦʩʪʴʶ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʩʠʣʴʥʫʶ ʧʨʘʚʦʚʫʶ 
ʦʩʥʦʚʫ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ. ʄʥʦʛʠʝ ʩʪʨʘʥʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʠ ʫʩʠʣʠʚʘʶʪ ʩʚʦʝ ʟʘʢʦʥʦʜʘ-
ʪʝʣʴʩʪʚʦ, ʯʪʦʙʳ ʧʨʝʩʝʯʴ ʢʠʙʝʨʧʨʝʩʪʫʧʥʦʩʪʴ ʠ ʟʘʱʠʪʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʜʘʥʥʳʝ. ɿʘʢʦʥʳ, 
ʢʘʩʘʶʱʠʝʩʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʰʝʥʥʠʯʝʩʪʚʘ, ʭʘʢʝʨʩʪʚʘ, ʢʨʘʞʠ ʣʠʯʥʳʭ ʜʘʥʥʳʭ ʠ ʜʨʫʛʠʭ ʢʠʙʝʨʧʨʝʩʪʫʧ-
ʣʝʥʠʡ, ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʩʪʨʦʛʠʤʠ [4. c.10-15]. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʤʝʪʦʜʳ ʝʝ ʦʙʝʩʧʝʯʝ-
ʥʠʷ ʚ ʵʧʦʭʫ ʮʠʬʨʦʚʳʭ ʫʛʨʦʟ. ʊʘʢʞʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 
ʨʝʰʝʥʠʷ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʢʘʢ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʦʪ ʢʠʙʝʨʫʛʨʦʟ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ, ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʣʞʥʘ ʩʪʘʪʴ ʧʨʠʦʨʠʪʝʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʠʥʜʠʚʠʜʫʫʤʘ, ʦʨʛʘʥʠ-
ʟʘʮʠʠ ʠ ʛʦʩʫʜʘʨʩʪʚʘ. ʊʦʣʴʢʦ ʧʫʪʝʤ ʩʦʚʤʝʩʪʥʳʭ ʫʩʠʣʠʡ, ʚʢʣʶʯʘʷ ʦʙʫʯʝʥʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ, 
ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʤʝʨʳ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ, ʤʳ ʩʤʦʞʝʤ ʜʦʩʪʠʯʴ ʥʘʜʝʞʥʦʡ ʟʘʱʠʪʳ ʚ 
ʵʧʦʭʫ ʮʠʬʨʦʚʳʭ ʫʛʨʦʟ. 
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ʯʠʪʘʝʤʦʩʪʴ, ʦʙʣʝʛʯʘʶʱʝʡ ʧʦʜʜʝʨʞʢʫ, ʠ ʫʣʫʯʰʘʶʱʝʡ ʠʥʳʝ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʜʘ. 
  

ɹʦʦʧʫʙʯʡʸ: ʩʪʘʪʴʷ ʦʧʠʩʳʚʘʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʜʦʚʝʨʠʷ ʢ ʧʨʦʛʨʘʤʤʘʤ, ʦʩʫʱʝʩʪʚʣʷ-
ʶʱʠʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʬʘʢʪʦʨʠʥʛ ʢʦʜʘ, ʚʢʣʶʯʘʷ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʬʦʨʤʘʣʴʥʫʶ ʚʝʨʠʬʠʢʘʮʠʶ ʜʣʷ 
ʫʧʨʦʱʝʥʥʳʭ ʠ ʧʦʣʥʳʭ ʤʦʜʝʣʝʡ ʷʟʳʢʦʚ. ʆʧʠʩʳʚʘʶʪʩʷ ʢʦʤʧʨʦʤʠʩʩʳ ʤʝʞʜʫ ʟʘʪʨʘʯʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ 
ʩʠʣʦʡ ʧʦʣʫʯʝʥʥʳʭ ʛʘʨʘʥʪʠʡ. ʅʦʚʠʟʥʘ ʨʘʙʦʪʳ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʠʢ ʢ ʧʦʣ-
ʥʳʤ ʤʦʜʝʣʷʤ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʤʝʪʦʜ, ʢʦ-
ʪʦʨʳʡ ʜʘʝʪ ʩʠʣʴʥʳʝ ʛʘʨʘʥʪʠʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʜʣʷ ʣʶʙʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʦʜʘ, ʩʦʭʨʘʥʷʶ-
ʱʠʭ ʝʛʦ ʩʝʤʘʥʪʠʢʫ, ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʫʩʧʝʰʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʬʦʨʤʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ 
ʢʦʤʧʠʣʷʪʦʨʦʚ, ʠ ʧʦʟʚʦʣʷʝʪ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʬʘʢʪʦ-
ʨʠʥʛ ʢʦʜʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʚʝʨʠʬʠʢʘʮʠʷ, ʨʝʬʘʢʪʦʨʠʥʛ, ʩʪʘʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʜʘ, ʪʝʩʪʠʨʦʚʘʥʠʝ. 
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LANGUAGES 
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Abstract: The article describes current methods for increasing the confidence in programs that perform auto-
matic code refactoring, including testing, formal verification for simplified and full language models. Trade-offs 
between the resources spent and the strength of the guarantees obtained are described. The novelty of the 
work is in the comparative analysis of the applicability of techniques to full models of industrial programming 
languages. As a result, a method is identified that gives strong guarantees of correctness for any static code 
transformations preserving its semantics, is based on successful application of formal methods for verification 
of compilers, and allows to verify programs performing automatic code refactoring. 
Key words: verification, refactoring, static code transformations, testing. 
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ɽʩʣʠ ʨʝʬʘʢʪʦʨʠʥʛʠ ʧʨʦʠʩʭʦʜʷʪ ʯʘʩʪʦ, ʪʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʠʜʝʷ ʠʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, 
ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʛʨʘʤʤʠʩʪ ʤʦʞʝʪ ʜʘʪʴ ʢʦʤʘʥʜʫ ʧʨʦʚʝʩʪʠ ʨʝʬʘʢʪʦʨʠʥʛ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ-
ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʶ ʢʦʜʘ. ʊʘʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʩʫʱʝʩʪʚʫʶʪ ʜʣʷ ʤʥʦʛʠʭ  ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 
(ʥʘʧʨʠʤʝʨ, jSparrow ʜʣʷ Java ʠʣʠ clang-rename ʜʣʷ C ʠ ʉ++), ʯʘʩʪʦ ʚ ʩʦʩʪʘʚʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʨʝʜ 
ʨʘʟʨʘʙʦʪʢʠ (ʥʘʧʨʠʤʝʨ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʝʨʝʠʤʝʥʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʨʝʜʘʭ VS 
Code, Intellij Idea, Eclipse). 

ʆʧʠʩʘʥʠʝ ʩʝʤʘʥʪʠʢʠ ʤʥʦʛʠʭ ʧʦʧʫʣʷʨʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ 
C ʠʣʠ Java, ʟʘʥʠʤʘʝʪ ʩʦʪʥʠ ʩʪʨʘʥʠʮ ʷʟʳʢʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ. ʉʦʟʜʘʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʢʦʨʨʝʢʪʥʳʭ 
ʘʣʛʦʨʠʪʤʦʚ ʨʝʬʘʢʪʦʨʠʥʛʘ ʜʣʷ ʪʘʢʠʭ ʷʟʳʢʦʚ ʟʘʪʨʫʜʥʝʥʳ ʠʭ ʩʦʙʩʪʚʝʥʥʦʡ ʩʣʦʞʥʦʩʪʴʶ [1,2].  ɼʣʷ 
ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʜʦʚʝʨʠʷ ʢ ʘʣʛʦʨʠʪʤʫ ʨʝʬʘʢʪʦʨʠʥʛʘ, ʤʳ ʤʦʞʝʤ ʧʨʦʚʝʨʠʪʴ ʝʛʦ ʩ ʧʦʤʦʱʴʶ 
ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʣʠ ʧʨʠʤʝʥʠʪʴ ʬʦʨʤʘʣʴʥʳʝ ʤʝʪʦʜʳ. 

      
ʋʞʪʫʡʩʧʛʙʦʡʞ    
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʩʪʦʚ ʧʦʧʫʣʷʨʥʦ ʜʣʷ ʚʘʣʠʜʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʆʜʥʘʢʦ 

ʧʨʠʤʝʥʝʥʠʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʨʝʬʘʢʪʦʨʠʥʛʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʝ 
ʪʨʫʜʥʦʩʪʠ ʠʟ-ʟʘ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʭʦʜʥʳʭ ʧʨʦʛʨʘʤʤ. 

ʈʘʙʦʪʘ [1] ʧʦʣʘʛʘʝʪʩʷ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ 
ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠʥʚʘʨʠʘʥʪʦʚ ʧʦʩʣʝ ʨʝʬʘʢʪʦʨʠʥʛʘ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʩ ʧʦʤʦʱʴʶ 
ʠʥʩʪʨʫʤʝʥʪʘ Safira, ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʪʝʩʪʦʚ. 
ʇʨʦʛʨʘʤʤʠʩʪʫ ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʩʘʪʴ ʠʥʚʘʨʠʘʥʪʳ ʢʦʨʨʝʢʪʥʦʩʪʠ ʨʝʬʘʢʪʦʨʠʥʛʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʫʜʫʪ 
ʩʛʝʥʝʨʠʨʦʚʘʥʳ ʪʝʩʪʳ. ʊʝʩʪʳ ʚʳʟʳʚʘʶʪ ʬʫʥʢʮʠʠ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʧʨʦʚʝʨʷʶʪ, 
ʩʦʭʨʘʥʷʶʪʩʷ ʣʠ ʠʥʚʘʨʠʘʥʪʳ.    

ʈʘʙʦʪʘ [2] ʧʨʦʚʝʨʷʝʪ ʢʦʤʧʦʟʠʮʠʶ ʨʝʬʘʢʪʦʨʠʥʛʘ ʠ ʝʛʦ ʠʥʚʝʨʩʠʠ ʥʘ ʪʦʞʜʝʩʪʚʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 
ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʚʟʘʠʤʥʦ ʥʝʡʪʨʘʣʠʟʫʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʦʰʠʙʦʢ ʚ ʨʝʬʘʢʪʦʨʠʥʛʝ ʠ 
ʝʛʦ ʠʥʚʝʨʩʠʠ ʤʘʣʦʚʝʨʦʷʪʥʦ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʵʪʦʪ ʤʝʪʦʜ ʧʨʦʚʝʨʷʝʪ ʪʦʣʴʢʦ ʠʥʚʝʨʪʠʨʫʝʤʦʩʪʴ 
ʨʝʬʘʢʪʦʨʠʥʛʘ, ʥʦ ʥʝ ʝʛʦ ʢʦʨʨʝʢʪʥʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥ ʥʝ ʜʘʸʪ ʛʘʨʘʥʪʠʡ ʪʦʛʦ, ʯʪʦ ʵʬʬʝʢʪ 
ʨʝʬʘʢʪʦʨʠʥʛʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʞʠʜʘʥʠʷʤ ʧʨʦʛʨʘʤʤʠʩʪʘ. 

      
ʍʧʩʥʙʤʵʦʴʞ ʥʞʫʧʝʴ     
ʌʦʨʤʘʣʴʥʳʝ ʤʝʪʦʜʳ ï ʵʪʦ ʘʣʴʪʝʨʥʘʪʠʚʘ ʠ ʫʩʠʣʝʥʠʝ ʧʨʦʚʝʨʢʠ ʪʝʩʪʠʨʦʚʘʥʠʝʤ. ʌʦʨʤʘʣʴʥʳʝ 

ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʛʨʘʤʤʘʭ, ʛʜʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʚʳʰʝʥʳ, ʠʣʠ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 
ʩʣʦʞʥʦ ʩʦʟʜʘʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʥʘʙʦʨ ʪʝʩʪʦʚ. ɺʦʟʤʦʞʥʦ, ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʩʝʤʘʥʪʠʢʠ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ 
ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝ ʪʘʢ ʤʥʦʛʦ ʨʘʙʦʪ, ʧʨʠʤʝʥʷʶʱʠʭ ʬʦʨʤʘʣʴʥʳʝ ʤʝʪʦʜʳ ʜʣʷ 
ʧʨʦʚʝʨʢʠ ʨʝʬʘʢʪʦʨʠʥʛʘ ʷʟʳʢʦʚ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʆʥʠ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʪʝʧʝʥʠ ʧʨʠʙʣʠʞʝʥʠʷ ʢ 
ʮʝʣʝʚʦʤʫ ʷʟʳʢʫ (ʧʦʜʤʥʦʞʝʩʪʚʦ ʠʣʠ ʤʦʜʝʣʴ) ʠ ʧʦ ʧʨʦʚʝʨʝʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʘʣʛʦʨʠʪʤʘ ʨʝʬʘʢʪʦʨʠʥʛʘ.  

   
ʍʧʩʥʙʤʡʠʙʯʡʸ ʪʞʥʙʦʫʡʣʡ ʡʦʝʬʪʫʩʡʙʤʵʦʧʜʧ ʸʠʴʣʙ ʨʩʧʜʩʙʥʥʡʩʧʛʙʦʡʸ ɼʣʷ ʬʦʨʤʘʣʴʥʦʛʦ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʢʦʨʨʝʢʪʥʦʩʪʠ ʨʝʬʘʢʪʦʨʠʥʛʘ ʥʝʦʙʭʦʜʠʤʘ ʬʦʨʤʘʣʴʥʘʷ ʩʝʤʘʥʪʠʢʘ ʜʣʷ ʮʝʣʝʚʦʛʦ ʷʟʳʢʘ. 
ʊʨʫʜʥʦ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʜʘʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʷʟʳʢʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ, 
ʦʭʚʘʪʳʚʘʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʦʩʦʙʝʥʥʦʩʪʝʡ ʷʟʳʢʘ. ɺʝʨʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʦʤʧʠʣʷʪʦʨ CompCert 
ʦʧʨʝʜʝʣʷʝʪ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʝʤʘʥʪʠʢʫ ʤʘʣʦʛʦ ʰʘʛʘ ʜʣʷ ʷʟʳʢʘ C ʩ ʙʦʣʝʝ ʯʝʤ 60 ʧʨʘʚʠʣʘʤʠ ʨʝʜʫʢʮʠʠ 
ʜʣʷ ʚʳʨʘʞʝʥʠʡ ʠ ʫʪʚʝʨʞʜʝʥʠʡ. ʉʝʤʘʥʪʠʢʘ ʷʟʳʢʘ C ʦʧʨʝʜʝʣʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ  K Framework [3] ʪʨʝʙʫʝʪ 
77 ʧʨʘʚʠʣ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʫʪʚʝʨʞʜʝʥʠʡ ʠ ʝʱʝ 163 ʜʣʷ ʚʳʨʘʞʝʥʠʡ.      

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʴʥʦʛʦ ʷʟʳʢʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ 
ʦʩʦʙʝʥʥʦʩʪʠ ʮʝʣʝʚʦʛʦ ʷʟʳʢʘ. ʕʪʦʪ ʷʟʳʢ ʙʫʜʝʪ ʠʤʝʪʴ cʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʧʨʦʩʪʫʶ ʩʝʤʘʥʪʠʢʫ, ʯʪʦ 
ʧʦʟʚʦʣʠʪ ʥʘʤ ʠʟʫʯʘʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ ʠ ʜʦʢʘʟʳʚʘʪʴ ʠʭ ʬʦʨʤʘʣʴʥʦ ʩ ʤʝʥʴʰʠʤʠ ʫʩʠʣʠʷʤʠ. ʂʦʥʝʯʥʦ, 
ʮʝʣʝʚʦʡ ʷʟʳʢ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʩʚʦʡʩʪʚʘʤʠ, ʜʦʢʘʟʘʥʥʳʤʠ ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ ʷʟʳʢʘ. ʆʜʥʘʢʦ 
ʠʟʫʯʝʥʠʝ ʤʦʜʝʣʠ ʤʦʞʝʪ ʚʳʷʚʠʪʴ ʢʨʘʡʥʠʝ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʘʣʛʦʨʠʪʤ ʨʝʬʘʢʪʦʨʠʥʛʘ ʤʦʞʝʪ 
ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʝʦʞʠʜʘʥʥʦʝ ʧʦʚʝʜʝʥʠʝ.    



38 ǬǭǡǺǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 

 

XI ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ɺ ʨʘʙʦʪʝ [5] ʠʩʩʣʝʜʫʝʪʩʷ ʨʝʬʘʢʪʦʨʠʥʛ ʧʨʦʛʨʘʤʤ ʥʘ ʷʟʳʢʝ Haskell, ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʝʪ 
ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʘ ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ. ʘʧʧʨʦʢʩʠʤʠʨʫʶʪ Haskell ʧʨʦʩʪʳʤ ʣʷʤʙʜʘ-ʠʩʯʠʩʣʝʥʠʝʤ ʩ 
ʩʠʩʪʝʤʦʡ ʤʦʜʫʣʝʡ. ɿʘʪʝʤ ʦʥʠ ʜʦʢʘʟʳʚʘʶʪ ʥʝʢʦʪʦʨʳʝ ʠʥʚʘʨʠʘʥʪʳ, ʩʦʭʨʘʥʷʝʤʳʝ ʵʪʠʤ ʨʝʬʘʢʪʦʨʠʥʛʦʤ, 
ʥʦ ʥʝ ʧʦʣʥʦʝ ʩʦʭʨʘʥʝʥʠʝ ʩʝʤʘʥʪʠʢʠ. ʅʘʧʨʠʤʝʨ, ʦʥʠ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʩʣʝ ʨʝʬʘʢʪʦʨʠʥʛʘ ʚʩʝ 
ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ (ʥʦ ʢʘʞʜʦʝ ʠʟ ʥʠʭ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʤʝʱʝʥʦ ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ 
ʮʝʣʠʢʦʤ). ʀʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʚʳʧʦʣʥʝʥʦ ʥʘ ʙʫʤʘʛʝ ʠ ʥʝ ʧʦʜʚʝʨʛʘʣʦʩʴ ʤʘʰʠʥʥʦʡ ʧʨʦʚʝʨʢʝ.   

ɺ ʨʘʙʦʪʝ [12] ʠʩʩʣʝʜʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʬʦʨʤʘʣʴʥʳʭ ʨʝʬʘʢʪʦʨʠʥʛʦʚ ʪʠʧʠʟʠʨʦʚʘʥʥʦʛʦ ʠ 
ʥʝʪʠʧʠʟʠʨʦʚʘʥʥʦʛʦ ɚ-ʠʩʯʠʩʣʝʥʠʷ ʚ HOL/Isabelle, ʚʢʣʶʯʘʷ ʜʦʙʘʚʣʝʥʠʝ/ʫʜʘʣʝʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ 
ʦʧʨʝʜʝʣʝʥʠʷ.  

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʚʳʙʨʘʣʠ ʣʠ ʤʳ ʬʦʨʤʘʣʠʟʘʮʠʶ ʩʘʤʦʛʦ ʮʝʣʝʚʦʛʦ ʷʟʳʢʘ ʠʣʠ ʷʟʳʢʘ ʤʦʜʝʣʠ, 
ʥʝʦʙʭʦʜʠʤʦ ʥʘʧʠʩʘʪʴ ʩʧʝʮʠʬʠʢʘʮʠʶ ʘʣʛʦʨʠʪʤʘ ʨʝʬʘʢʪʦʨʠʥʛʘ ʠ ʜʦʢʘʟʘʪʴ ʢʦʨʨʝʢʪʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʧʦ 
ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʡ. ʉʧʝʮʠʬʠʢʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʡ ʠ ʦʧʠʩʳʚʘʪʴ ʧʦʣʥʦʝ ʩʦʭʨʘʥʝʥʠʝ ʩʝʤʘʥʪʠʢʠ, ʠʣʠ 
ʯʘʩʪʠʯʥʦʡ ʠ ʚʢʣʶʯʘʪʴ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳʝ, ʥʦ ʥʝ ʜʦʩʪʘʪʦʯʥʳʝ ʩʚʦʡʩʪʚʘ [5,6]. ʊʘʢʠʝ 
ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʥʘʧʨʠʤʝʨ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʯʘʩʪʠ ʧʨʦʛʨʘʤʤʳ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ, ʥʦ 
ʥʝ ʛʘʨʘʥʪʠʨʫʶʪ, ʯʪʦ ʥʦʚʳʝ ʯʘʩʪʠ ʥʝ ʙʫʜʫʪ ʠʟʤʝʥʝʥʳ.     

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʬʦʨʤʘʣʠʟʘʮʠʡ ʧʦʥʷʪʠʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʨʝʬʘʢʪʦʨʠʥʛʘ, ʠʣʠ ʩʦʭʨʘʥʝʥʠʷ 
ʧʦʚʝʜʝʥʠʷ ʧʨʦʛʨʘʤʤʳ: ʧʨʷʤʘʷ ʩʠʤʫʣʷʮʠʷ, ʦʙʨʘʪʥʘʷ ʩʠʤʫʣʷʮʠʷ, ʩʦʭʨʘʥʝʥʠʝ ʩʧʝʮʠʬʠʢʘʮʠʠ ʠ 
ʙʠʩʠʤʫʣʷʮʠʷ [3]. ɹʠʩʠʤʫʣʷʮʠʷ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʩʠʣʴʥʳʤ ʦʪʥʦʰʝʥʠʝʤ, ʠ ʝʩʣʠ ʦʪʥʦʰʝʥʠʝ ʙʠʩʠʤʫʣʷʮʠʠ 
ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʚʳʧʦʣʥʷʶʪʩʷ ʠ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷ. ɼʣʷ ʜʚʫʭ ʚʝʨʩʠʡ ʧʨʦʛʨʘʤʤʳ ï ʜʦ ʠ ʧʦʩʣʝ 
ʨʝʬʘʢʪʦʨʠʥʛʘ ï ʙʠʩʠʤʫʣʷʮʠʷ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʚʩʝ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʧʦʚʝʜʝʥʠʡ ʧʨʦʛʨʘʤʤʳ 
ʩʦʭʨʘʥʷʝʪʩʷ, ʘ ʪʘʢʞʝ ʯʪʦ ʥʝ ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʳʭ ʚʦʟʤʦʞʥʳʭ ʧʦʚʝʜʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʘʤʦʝ ʩʠʣʴʥʦʝ 
ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʢʦʨʨʝʢʪʥʦʩʪʠ ʨʝʬʘʢʪʦʨʠʥʛʘ ʵʪʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʚʦʡʩʪʚʘ ʙʠʩʠʤʫʣʷʮʠʠ ʜʣʷ ʣʶʙʦʡ 
ʢʦʨʨʝʢʪʥʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘ ʷʟʳʢʝ, ʠ ʝʸ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ. 

  
ʅʞʫʧʝʴ ʨʧʪʫʩʧʞʦʡʸ ʝʧʣʙʠʙʫʞʤʵʪʫʛ ʶʣʛʡʛʙʤʞʦʫʦʧʪʫʡ ʨʩʧʜʩʙʥʥ     
ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʥʦʡ ʩʝʤʘʥʪʠʢʠ ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʦʜʘ ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʜʚʫʭ ʩʧʦʩʦʙʦʚ:  

¶ ʗʚʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʙʠʩʠʤʫʣʷʮʠʠ [7] 

¶ ʇʝʨʝʧʠʩʳʚʘʥʠʝ ʩ ʜʚʦʡʥʳʤ ʚʳʪʝʩʥʝʥʠʝʤ ʩ ʟʘʠʤʩʪʚʦʚʘʥʥʳʤʠ ʢʦʥʪʝʢʩʪʘʤʠ; ʩʤ. [8, 9]. 
     
ʈʘʙʦʪʘ [10] ʩʦʜʝʨʞʠʪ ʩʨʘʚʥʝʥʠʝ ʵʪʠʭ ʪʝʭʥʠʢ.      
ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʦ, ʢʘʢ ʵʪʠ ʮʝʣʠ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʚ CompCert, ʝʜʠʥʩʪʚʝʥʥʦʤ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʦʤ ʢʦʤʧʠʣʷʪʦʨʝ ʷʟʳʢʘ C. 
ʉʥʘʯʘʣʘ ʚ CompCert ʧʨʦʠʩʭʦʜʠʪ ʜʝʪʝʨʤʠʥʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʳ ʥʘ ʷʟʳʢʝ C ʩ ʧʝʨʝʚʦʜʦʤ ʝʝ ʥʘ 

Clight ï ʫʧʨʦʱʝʥʥʳʡ, ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ, ʥʦ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʷʟʳʢʘ C. ʗʟʳʢ C 
ʦʙʣʘʜʘʝʪ ʥʝʜʝʪʝʨʤʠʥʠʟʤʦʤ ʚʨʝʤʝʥʠ ʢʦʤʧʠʣʷʮʠʠ, ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ 
ʤʥʦʞʝʩʪʚʦʤ ʢʦʨʨʝʢʪʥʳʭ ʧʦʚʝʜʝʥʠʡ, ʠ ʢʦʤʧʠʣʷʪʦʨ ʚʧʨʘʚʝ ʚʳʙʨʘʪʴ ʣʶʙʦʝ ʠʟ ʥʠʭ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʝʛʦ ʚ 
ʧʨʦʛʨʘʤʤʝ ʥʘ ʷʟʳʢʝ ʘʩʩʝʤʙʣʝʨʘ. ʇʨʠ ʧʝʨʝʚʦʜʝ C ʚ Clight ʧʨʦʠʩʭʦʜʠʪ ʚʳʙʦʨ ʦʜʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 
ʧʨʦʛʨʘʤʤʳ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ. ɿʘʪʝʤ ʚ CompCert ʠʩʧʦʣʴʟʫʝʪʩʷ ʷʚʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʦʪʥʦʰʝʥʠʷ 
ʙʠʩʠʤʫʣʷʮʠʠ ʜʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʛʦ, ʯʪʦ ʧʨʦʛʨʘʤʤʘ ʥʘ Clight ʠ ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʳʡ ʢʦʜ ʥʘ ʷʟʳʢʝ 
ʘʩʩʝʤʙʣʝʨʘ ʩʦʚʧʘʜʘʶʪ [3]; ʜʣʷ ʵʪʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʜʣʷ ʦʪʥʦʰʝʥʠʷ ʧʨʷʤʦʡ ʩʠʤʫʣʷʮʠʠ, ʘ 
ʟʘʪʝʤ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʧʨʷʤʦʡ ʩʠʤʫʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʠ ʦʪʥʦʰʝʥʠʝʤ ʙʠʩʠʤʫʣʷʮʠʠ ʪʦʞʝ. ʕʪʦ 
ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʜʝʪʝʨʤʠʥʠʟʤʫ Clight ʠ ʷʟʳʢʘ ʘʩʩʝʤʙʣʝʨʘ. (ʩʤ. ʣʝʤʤʫ 
forward_to_backward_simulation ʚ ʤʦʜʫʣʝ Smallstep ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʢʦʤʧʠʣʷʪʦʨʘ CompCert). CompCert 
ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪ ʧʦʩʪʨʦʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʠʤʫʣʷʮʠʠ ʜʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʛʦ, ʯʪʦ 
ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʠʤʝʝʪ ʧʦʚʝʜʝʥʠʝ, ʚʳʙʨʘʥʥʦʝ ʠʟ ʚʩʝʭ ʜʦʧʫʩʪʠʤʳʭ ʧʦʚʝʜʝʥʠʡ ʠʩʭʦʜʥʦʡ 
ʧʨʦʛʨʘʤʤʳ ʥʘ ʷʟʳʢʝ C.    

ʇʝʨʝʧʠʩʳʚʘʥʠʝ ʩ ʜʚʦʡʥʳʤ ʚʳʪʘʣʢʠʚʘʥʠʝʤ ʩ ʟʘʠʤʩʪʚʦʚʘʥʠʝʤ ʢʦʥʪʝʢʩʪʦʚ ï ʵʪʦ ʙʦʣʝʝ ʥʦʚʳʡ ʠ 
ʤʝʥʝʝ ʠʟʫʯʝʥʥʳʡ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʪʦʣʴʢʦ ʥʘ ʫʧʨʦʱʝʥʥʳʭ ʤʦʜʝʣʷʭ ʷʟʳʢʦʚ. 
ɸʜʘʧʪʠʨʫʷ ʵʪʦʪ ʧʦʜʭʦʜ, ʤʦʞʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʡʪʠ, ʢʘʢʠʝ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ ʚ 
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ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʨʝʬʘʢʪʦʨʠʥʛʦʤ ʧʨʦʛʨʘʤʤʝ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʝʨʝʭʦʜʘʤ ʚ ʠʩʭʦʜʥʦʡ 
ʧʨʦʛʨʘʤʤʝ, ʠʥʘʯʝ ʛʦʚʦʨʷ, ʯʘʩʪʠʯʥʦ ʧʦʩʪʨʦʠʪʴ ʦʪʥʦʰʝʥʠʝ ʙʠʩʠʤʫʣʷʮʠʠ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʧʦʜʭʦʜʝ 
ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʭʦʜʦʚ ʥʝʚʦʟʤʦʞʥʦ ʚʳʚʝʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ.  

ʇʦʵʪʦʤʫ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʢʦʨʨʝʢʪʥʦʩʪʠ 
ʨʝʬʘʢʪʦʨʠʥʛʦʚ ʷʚʣʷʝʪʩʷ ʙʠʩʠʤʫʣʷʮʠʷ, ʧʨʠʤʝʥʝʥʥʘʷ ʢ ʧʨʦʛʨʘʤʤʘʤ ʜʦ ʠ ʧʦʩʣʝ ʨʝʬʘʢʪʦʨʠʥʛʘ; 
ʧʦʩʪʨʦʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʙʠʩʠʤʫʣʷʮʠʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʢʦʨʨʝʢʪʥʳʭ ʧʨʦʛʨʘʤʤ ʥʘ 
ʚʭʦʜʥʦʤ ʷʟʳʢʝ ʠ ʠʭ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʦʙʨʘʟʘʤʠ, ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʘʣʴʥʦ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ 
ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʬʘʢʪʦʨʠʥʛʘ. 

    
ʀʙʣʤʷʰʞʦʡʞ 
ʇʨʦʚʝʨʢʘ ʢʦʨʨʝʢʪʥʦʩʪʠ ʨʝʬʘʢʪʦʨʠʥʛʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ 

ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʠʣʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʜʣʷ ʤʦʜʝʣʝʡ ʷʟʳʢʦʚ ʜʘʶʪ ʙʦʣʝʝ 
ʩʣʘʙʳʝ ʛʘʨʘʥʪʠʠ ʢʦʨʨʝʢʪʥʦʩʪʠ, ʘ ʬʦʨʤʘʣʴʥʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʝʥʥʳʝ ʢ ʧʦʣʥʦʤʫ ʦʧʠʩʘʥʠʶ ʩʝʤʘʥʪʠʢʠ 
ʷʟʳʢʘ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ cʠʣʴʥʳʝ ʛʘʨʘʥʪʠʠ, ʥʦ ʮʝʥʦʡ ʩʫʱʝʩʪʚʝʥʥʳʭ ʫʩʠʣʠʡ ʧʦ ʬʦʨʤʘʣʠʟʘʮʠʠ 
ʩʝʤʘʥʪʠʢʠ ʷʟʳʢʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ ʷʟʳʢʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ ʠʤʝʶʪ 
ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʫʶ, ʦʧʠʩʘʥʥʫʶ ʬʦʨʤʘʣʴʥʦ ʩʝʤʘʥʪʠʢʫ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʬʦʨʤʘʣʴʥʳʭ 
ʤʝʪʦʜʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤ ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʠʭ ʨʝʬʘʢʪʦʨʠʥʛʠ. 
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ǮȄȑȏȒȗȉȇȌ ǣȄȌȇȐ ǟȌȃȏȄȄȁȇȖ 
ʩʪʫʜʝʥʪ 

ɼʠʤʠʪʨʦʚʛʨʘʜʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ  
ʌɻɸʆʋ ɺʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 

 

 
ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʦʮʝ-
ʥʦʢ ʚ ʧʨʦʮʝʩʩʘʭ ʫʧʨʘʚʣʝʥʠʷ. ʄʝʥʴʰʘʷ ʯʘʩʪʴ ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʘʤ ʤʝʪʦʜʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʠ 
ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ [1-4]. ʆʙʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʦʜʭʦʜʦʚ [2-4] 
ʷʚʣʷʝʪʩʷ ʩʤʝʱʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʩʥʘʱʝʥʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʣʦ-
ʱʘʜʷʤʠ ʠ ʢʘʜʨʘʤʠ, ʧʦʪʨʝʙʥʳʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ, ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʜʝʷʪʝʣʴ-
ʥʦʩʪʴ ʧʦ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ. 

ɹʦʦʧʫʙʯʡʸ: ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʨʘʙʦʪʘ ʦʪʜʝʣʦʚ ʢʦʥʪʨʦʣʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʧʘʨʢ-ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝ-
ʢʘʥʠʷ ʠ ʧʨʝʜʣʦʞʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʩʣʫʞʙ ʥʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ  ʧʨʝʜʧʨʠʷʪʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʚʳʩʠʪʴ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪ ʧʦ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʤʝʪʦʜʳ ʦʮʝʥʢʠ, ʧʦʢʘʟʘʪʝʣʴ, ʧʦʚʝʨʢʘ, ʩʨʝʜʩʪʚʘ ʠʟ-
ʤʝʨʝʥʠʷ, ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ. 
 

ANALYSIS OF THE LEVEL OF CONTROL IN THE PRODUCTION OF SPARK PLASMA SINTERING 
 

Vlasov Stanislav Nikolaevich, 
Zentsov Alexander Petrovich, 

Averyanov Alexander Sergeevich, 
Petrushkin Denis Andreevich 

 
Abstract: The work examines the work of control departments in the production of spark plasma sintering and 
offers comprehensive indicators for assessing the level of metrological support and the activities of metrologi-
cal services at a machine-building enterprise, allowing to increase the efficiency of work on metrological sup-
port of production. 
Key words: metrological support, assessment methods, indicator, verification, measuring instruments, com-
plex indicator. 
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ʈʘʩʩʤʦʪʨʝʥʠʝ ʟʘʜʘʯ, ʚʦʟʣʘʛʘʝʤʳʭ ʥʘ ʦʮʝʥʢʫ ʫʨʦʚʥʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ 
ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʝʛʦ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʙʦʙʱʝʥʥʳʡ 
ʧʦʢʘʟʘʪʝʣʴ ʫʨʦʚʥʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʣʦʚʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ U ʜʦʣʞʝʥ ʘʜʜʠʪʠʚʥʦ ʚʢʣʶ-
ʯʘʪʴ ʜʚʘ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʢʘʟʘʪʝʣʷ: ʧʦʢʘʟʘʪʝʣʴ ʈ ʦʩʥʘʱʝʥʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʩʨʝʜʩʪʚʘʤʠ ʠʟʤʝʨʝʥʠʡ, 
ʠʩʧʳʪʘʥʠʡ ʠ ʢʦʥʪʨʦʣʷ ʉʀ, ʧʦʚʝʨʦʯʥʳʤ ʠ ʨʝʤʦʥʪʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʣʦʱʘʜʷʤʠ ʠ ʢʘʜʨʘʤʠ ʜʣʷ ʧʨʦ-
ʚʝʜʝʥʠʷ ʨʘʙʦʪ; ʧʦʢʘʟʘʪʝʣʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʂ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚ-
ʣʝʥʠʷʤ ʠ ʬʫʥʢʮʠʷʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʄʆ. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʬʦʨʤʦʡ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʈ ʠ ʂ 
ʧʦ ʚʳʩʢʘʟʘʥʥʳʤ ʩʦʦʙʨʘʞʝʥʠʷʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʘʜʜʠʪʠʚʥʘʷ ʬʦʨʤʘ, ʘ ʚʭʦʜʷʱʠʝ ʚ ʥʠʭ ʯʘʩʪʥʳʝ ʧʦʢʘʟʘ-
ʪʝʣʠ ʜʦʣʞʥʳ ʦʪʨʘʞʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʬʘʢʪʠʯʝʩʢʠʤ ʠ ʞʝʣʘʪʝʣʴʥʳʤ (ʥʦʨʤʘʪʠʚʥʳʤ) ʩʦʩʪʦʷʥʠʝʤ 
ʜʝʣʘ (ʦʩʥʘʱʝʥʥʦʩʪʠ). ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ U, ʈ ʠ ʂ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 
ʨʘʟʤʝʨʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʩʣʝʜʫʝʪ ʩʦʙʣʶʜʘʪʴ ʫʩʣʦʚʠʝ ʥʘʭʦʞʜʝʥʠʷ ʢʘʞʜʦʛʦ ʝʜʠʥʠʯʥʦʛʦ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 
ʧʦʢʘʟʘʪʝʣʷ ʦʪ 0 (ʭʫʜʰʠʡ ʩʣʫʯʘʡ) ʜʦ 1 (ʣʫʯʰʠʡ ʩʣʫʯʘʡ), ʘ ʪʘʢʞʝ ʨʘʚʝʥʩʪʚʘ ʝʜʠʥʠʮʝ ʩʫʤʤʳ ʚʝʩʦʚʳʭ ʢʦ-
ʵʬʬʠʮʠʝʥʪʦʚ ʚʥʫʪʨʠ ʣʶʙʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ. 

ʇʦʢʘʟʘʪʝʣʠ ʦʮʝʥʢʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʧʨʝʜʧʨʠʷʪʠʷ. ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘ-
ʪʝʣʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʣʫʞʙʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʜʣʷ ʙʘʟʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʚʠʜʝ: 

ʂ=ʘ1ʂ1+ʘ2ʂ2+ʘ3ʂʟ+ʘ4ʂɸ+ʘ5ʂ5+ʘ6ʂ6 

ʠ ʜʣʷ ʟʘʢʨʝʧʣʝʥʥʳʭ ʟʘ ʥʠʤʠ ʨʷʜʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʢʘʢ: 
ʂ=ʘ1ʂ1+ʘ2ʂ2+ʘ3ʂ3+ʘ4ʂ4+ʘ5ʂ5 

ɿʜʝʩʴ ʂ - ʧʦʢʘʟʘʪʝʣʴ ʫʨʦʚʥʷ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ; ʂ2 - ʧʦʢʘʟʘʪʝʣʴ ʫʨʦʚʥʷ ʤʝʪ-
ʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʉʀ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ; ʂ3 - ʧʦʢʘʟʘʪʝʣʴ ʫʨʦʚʥʷ ʚʥʝʜʨʝʥʠʷ ʠ 
ʩʦʙʣʶʜʝʥʠʷ ʅʊɼ ʧʦ ʚʦʧʨʦʩʘʤ ʄʆ; ʂ4 - ʧʦʢʘʟʘʪʝʣʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʚʥʝʜʨʝʥʠʶ ʥʦʚʳʭ 
ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ; ʂ5 - ʧʦʢʘʟʘʪʝʣʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʝ ʢʦʥʩʪʨʫʢ-
ʪʦʨʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ; ʂ6 - ʧʦʢʘʟʘʪʝʣʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʬʫʥʢʮʠʷʤ ʙʘʟʦʚʦʡ ʩʣʫʞʙʳ; 

В ὥ ρ - ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʝʩʦʤʦʩʪʠ. 
ʇʦʢʘʟʘʪʝʣʴ ʂ2 ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʂ2=ʘ21ʂ21+ ʘ22ʂ22+ ʘ23ʂ23 , ʛʜʝ ʂ21 - ʧʦʢʘʟʘʪʝʣʴ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʠʡ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʧʦʚʝʨʢʝ ʉʀ, ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʜʘʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ; ʂ22 - ʧʦʢʘʟʘʪʝʣʴ, 
ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʨʝʤʦʥʪʫ ʉʀ, ʂ23 - ʧʦʢʘʟʘʪʝʣʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ 
ʘʪʪʝʩʪʘʮʠʠ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ. 

ʇʦʢʘʟʘʪʝʣʴ ʫʨʦʚʥʷ ʚʥʝʜʨʝʥʠʷ ʠ ʩʦʙʣʶʜʝʥʠʷ ʅʊɼ ʦʮʝʥʠʚʘʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʩʫʪʩʪʚʠʷ ʠʣʠ 
ʥʘʣʠʯʠʷ ʟʘʤʝʯʘʥʠʡ ʚʳʰʝʩʪʦʷʱʠʭ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ ʚʥʝʜʨʝʥʠʠ ʩʦʙʣʶʜʝʥʠʶ ʩʪʘʥʜʘʨʪʦʚ ʥʘ ʜʘʥʥʦʤ ʧʨʝʜ-
ʧʨʠʷʪʠʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʩʣʝʜʥʝʡ ʧʨʦʚʝʨʢʠ. ʇʦʢʘʟʘʪʝʣʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʚʥʝʜʨʝʥʠʶ ʥʦ-
ʚʳʭ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ ʂ4 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʩʪʦʷʥʠʝ ʨʘʙʦʪ ʧʦ ʘʥʘʣʠʟʫ ʦʩʥʘʱʝʥʥʦʩʪʠ ʧʨʝʜ-
ʧʨʠʷʪʠʷ ʉʀ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ ʧʨʝʜʣʦʞʝʥʠʠ ʧʦ ʦʩʥʘʱʝʥʠʶ, ʧʦʢʘʟʘʪʝʣʴ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠ ʧʦ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʝ ʂ5 ʨʘʩʩʯʠʪʳʚʘʶʪ ʢʘʢ ʂ5=ʘ51ʂ51+ʘ52ʂ52 - ʧʦʢʘʟʘʪʝʣʠ ʜʝʷʪʝʣʴ-
ʥʦʩʪʠ ʧʦ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʨʘʟʨʘʙʘʪʳ-
ʚʘʝʤʳʝ ʠʟʜʝʣʠʷ ʠʣʠ ʵʢʩʧʝʨʪʠʟʝ ʧʝʨʝʩʤʘʪʨʠʚʘʝʤʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʚʳʧʫʩʢʘʝʤʳʝ ʠʟʜʝʣʠʷ ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ. 

ʇʦʢʘʟʘʪʝʣʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʬʫʥʢʮʠʷʤ ʙʘʟʦʚʦʡ ʩʣʫʞʙʳ: 
ʂ6=ʘ61ʂ61+ʘ62ʂ62+ʘ63ʂ63+ʘ64ʂ64 

ʛʜʝ ʂ61 - ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʦʷʥʠʷ ʢʦʥʪʨʦʣʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʘʢʨʝʧʣʝʥʥʳʭ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʩʣʫʞʙ 
ʧʨʝʜʧʨʠʷʪʠʷ; ʂ62 - ʧʦʢʘʟʘʪʝʣʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʧʦʚʝʨʢʝ ʠ ʨʝʤʦʥʪʫ ʉʀ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ ʜʦʣʷ ʚʳʧʦʣ-
ʥʷʝʤʳʭ ʟʘʷʚʦʢ ʟʘʢʨʝʧʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʧʦʚʝʨʢʫ ʠ ʨʝʤʦʥʪʫ ʠʭ ʉʀ; ʂ63 - ʧʦʢʘʟʘʪʝʣʴ ʫʨʦʚʥʷ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠ ʧʦ ʦʢʘʟʘʥʠʶ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʤʦʱʠ ʟʘʢʨʝʧʣʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ; ʂ64 - ʧʦʢʘʟʘʪʝʣʴ 
ʫʨʦʚʥʷ ʚʳʧʦʣʥʝʥʠʷ ʅʀʈ ʠ ʆʂʈ ʧʦ ʚʦʧʨʦʩʘʤ ʄʆ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ ʜʦʣʷ ʧʣʘʥʦʚʳʭ ʅʀʈ ʠ ʆʂʈ, ʟʘʢʦʥ-
ʯʝʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ ʠ ʚ ʧʣʘʥʦʚʳʝ ʩʨʦʢʠ, ʠ ʧʨʠʥʠʤʘʶʱʠʡ ʟʥʘʯʝʥʠʝ ʧʨʠ ʦʪ-
ʩʫʪʩʪʚʠʠ ʪʘʢʠʭ ʨʘʙʦʪ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʝʩʦʤʦʩʪʠ ʧʨʠ ʧʦʢʘʟʘʪʝʣʷʭ ʂ1-ʂ6, ʂ21-ʂ23 ʠ ʪ.ʜ. ʜʣʷ ʙʘʟʦʚʳʭ 
ʧʨʝʜʧʨʠʷʪʠʡ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʥʷʣʦ ʫʯʘʩʪʠʝ 50 ʢʦʤʧʝʪʝʥʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʝʜ-
ʧʨʠʷʪʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʧʘʨʢ-ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʯʝ-
ʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʢʦʵʬ-



42 ǬǭǡǺǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 

 

XI ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʬʠʮʠʝʥʪʳ ʚʝʩʦʤʦʩʪʠ ʜʣʷ ʙʘʟʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ: ʘ1 = 0,2; ʘ2 = 0,2; ʘ3 = 0,1; ʘ4=0,15: ʘ5 = 0,15; ʘ21= 0,3; 
ʘ22 = 0,2; ʘ23 = 0,5; ʘ211 = 0,55; ʘ212 = 0,45; ʘ231=0,5; ʘ232 = 0,5; ʘ51=0,7; ʘ52=0,3; ʘ61=0,3; ʘ62=0,1; ʘ63=0,2; 
ʘ64=0,4. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʝʩʦʤʦʩʪʠ ʘ21, ʘ22, ʘ23,  ʘ211 ʠ ʜʨʫʛʠʝ ʜʣʷ ʟʘʢʨʝʧʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 
ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʙʘʟʦʚʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʠʤʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 
ʬʫʥʢʮʠʠ ʜʣʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʜʘʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʇʦʢʘʟʘʪʝʣʴ ʦʩʥʘʱʝʥʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʨʘʙʦʯʠʤʠ ʉʀ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʈ1= b11P11+ b12P12 , 
ʛʜʝ ʈ11 - ʧʦʢʘʟʘʪʝʣʴ ʦʩʥʘʱʝʥʥʦʩʪʠ ʨʘʙʦʯʠʤʠ ʉʀ ʦʙʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ; ʈ12 - ʧʦʢʘʟʘʪʝʣʴ ʦʩʥʘʱʝʥʥʦʩʪʠ 
ʉʀ ʦʪʨʘʩʣʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ; b11 + b12=1 - ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʝʩʦʤʦʩʪʠ, ʨʘʚʥʳʝ ʦʪʥʦʰʝʥʠʷʤ ʩʪʦʠʤʦʩʪʝʡ 
ʧʘʨʢʦʚ ʉʀ ʦʙʱʝʛʦ ʠ ʦʪʨʘʩʣʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɸʥʘʣʦʛʠʯʥʦ ʈ2 = b21ʈ21+b22ʈ22, ʛʜʝ ʈ11 ʠ ʈ22 - ʧʦʢʘʟʘʪʝʣʠ ʦʩʥʘʱʝʥʥʦʩʪʠ ʩʨʝʜʩʪʚʘʤʠ ʧʦʚʝʨʢʠ ʠ ʨʝ-
ʤʦʥʪʘ. 

 
ʋʙʚʤʡʯʙ 1 

ʈʧʣʙʠʙʫʞʤʡ ʥʙʫʞʥʙʫʡʰʞʪʣʧʢ ʥʧʝʞʤʡ 

ʇʘʨʢ ʉʀ, ʰʪ. ʉ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʝʜʦʤʦʩʪʠ ɹʝʟ ʫʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʝʩʦʤʦʩʪʠ 

P K U P K U 

98520 0,845 0,810 0,827 0,822 0,810 0,819 

97743 0,906 0,802 0,854 0,905 0,763 0,834 

10198 0,937 0,914 0,925 0,928 0,913 0,921 

8975 0,813 0,984 0,898 0,810 0,984 0,987 

15000 0,857 0,784 0,821 0,848 0,783 0,815 

6068 0,879 0,827 0,853 0,876 0,827 0,851 

 
ʆʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʫʨʦʚʥʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ U ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ 

U = 0,5ʂ+0,5ʈ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʝʩʦʤʦʩʪʠ ʧʨʠ ʂ ʠ ʈ ʚʳʙʨʘʥʳ ʨʘʚʥʳʤʠ 0,5 ʢʘʞʜʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘ-
ʙʦʪʢʠ ʜʘʥʥʳʭ ʵʢʩʧʝʨʪʥʦʛʦ ʦʧʨʦʩʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʪʨʘʩʣʠ. 

ʇʨʘʚʠʣʴʥʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʵʪʠʭ ʜʘʥʥʳʭ ʜʦʣʞʥʳ ʧʨʦʚʝʨʷʪʴʩʷ ʚʥʫʪʨʠ ʧʨʝʜʧʨʠʷʪʠʡ ʚʳʙʦʨʦʯʥʦ ʚ ʭʦ-
ʜʝ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ɸʧʨʦʙʠʨʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ 
ʧʦʢʘʟʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʨʝʜʧʨʠʷ-
ʪʠʡ ʥʘ ʫʨʦʚʥʝ ʧʨʝʜʧʨʠʷʪʠʷ. ʀʥʪʝʨʝʩʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʚʳʷʚʣʝʥʥʳʤ ʚ ʭʦʜʝ ʘʧʨʦʙʠʨʦʚʘʥʠʷ, ʦʢʘʟʘʣʘʩʴ 
ʩʣʘʙʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʝ-
ʩʦʤʦʩʪʠ ʚʠʜʦʚ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʫʯʝʪʝ ʠʭ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʈ11, ʈ21, ʂ21, ʂ22 . ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚ ʦʙʦʠʭ 
ʚʘʨʠʘʥʪʘʭ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1.  

ɸʥʘʣʠʟ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʚʚʝʜʝʥʠʷ ʚ 
ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʫʨʦʚʥʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʝʩʦʤʦʩʪʠ ʚʠʜʦʚ 
ʠʟʤʝʨʝʥʠʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʶʱʠʭ ʪʨʫʜʦʝʤʢʦʩʪʴ ʪʘʢʠʭ ʨʘʩʯʝʪʦʚ. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʋʰʘʢʦʚ ʀʛʦʨʴ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï ʢ.ʪ.ʥ. ʜʦʮʝʥʪ 
ʉʇɹɻʋʊ ʠʤ. ʄ. ɸ. ɹʦʥʯ-ɹʨʫʝʚʠʯʘ 

 

 
ʉʝʪʝʚʘʷ ʩʪʝʛʘʥʦʛʨʘʬʠʷ - ʧʨʦʮʝʩʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠ-

ʪʝʣʝʡ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʢʨʳʪʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʤʦʛʦ ʥʝʦʩʚʝʜʦʤʣʝʥʥʦʡ ʩʪʦʨʦʥʦʡ, ʦʪ ʭʦʩʪʘ ʢ 
ʤʝʩʪʫ ʥʘʟʥʘʯʝʥʠʷ. ʅʦʩʠʪʝʣʠ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʮʠʬʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʘʫʜʠʦ- ʠʣʠ ʚʠʜʝʦʬʘʡʣʳ. ʏʘʩʪʴʶ 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʧʦ ʚʳʷʚʣʝʥʠʶ ʩʪʝʛʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ 
ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ. ʉʨʘʚʥʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʷ ʜʚʫʭ ʜʘʤʧʦʚ ʪʨʘʬʠʢʘ ʠ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪʩʷ 
ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʝʥʠʡ ʚ ʯʝʣʦʚʝʢʦʯʠʪʘʝʤʳʡ ʚʠʜ. ʊʘʢʞʝ ʚʳʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʘʪʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 
ʤʝʪʦʜʘ  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʉʪʝʛʘʥʦʛʨʘʬʠʷ, ʩʝʪʝʚʘʷ ʩʪʝʛʘʥʦʛʨʘʬʠʷ, ʩʦʢʨʳʪʠʝ ʜʘʥʥʳʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟ-
ʦʧʘʩʥʦʩʪʴ, ʩʢʨʳʪʳʝ ʢʘʥʘʣʳ ʩʚʷʟʠ. 
 
DEVELOPMENT OF METHODS FOR DETECTING STEGANOGRAPHIC CHANNELS WHEN EMBEDDED 

IN IPV4 HEADER FIELDS 
Demidov Pavel Sergeevich, 

Museteka Elijah, 
Saad Abdillahi Ali, 

Akonia John 
 

Scientific adviser: Ushakov Igor Alexandrovich 
 
Abstract: The article describes the development of a program to identify steganographic channels based on a 
statistical method. The values of two traffic dumps are compared and a large number of values are converted 
into human-readable form. The disadvantages of the statistical method are also revealed. 
Key words: Steganography, network steganography, data hiding, information security, hidden communication 
channels. 
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ʩʪʝʛʘʥʦʛʨʘʬʠʠ (ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ) ʷʚʣʷʶʪʩʷ ʮʠʬʨʦʚʳʝ ʚʦʜʷʥʳʝ ʟʥʘʢʠ. [1] 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʝʛʘʥʦʛʨʘʬʠʠ ʪʘʢʞʝ ʫʧʦʤʠʥʘʝʪʩʷ ʚ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʠ ʜʦʢʫʤʝʥʪʘʭ 

ʌʉʊʕʂ [2,3,4,5], ʢʘʢ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʧʝʨʝʜʘʯʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤʠ 
ʠʣʠ ʢʘʢ ʩʢʨʳʪʳʡ ʢʘʥʘʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʣʷ ʚʨʝʜʦʥʦʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʀʟʤʝʥʝʥʠʝ ʧʦʣʝʡ ʟʘʛʦʣʦʚʢʦʚ ʧʨʦʪʦʢʦʣʘ IPv4. ɼʣʷ ʩʢʨʳʪʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʦʣʷʭ ʟʘʛʦ-
ʣʦʚʢʘ IPv4 ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʪʝ ʧʦʣʷ, ʢʦʪʦʨʳʝ ʥʝ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʩʝʪʠ ʠʣʠ ʠʟʤʝʥʝʥʠʝ 
ʢʦʪʦʨʳʭ ʥʝ ʧʦʚʣʠʷʝʪ ʥʘ ʜʦʩʪʘʚʢʫ ʧʘʢʝʪʘ ʧʦ ʩʝʪʠ. ʊʘʢʠʤʠ ʧʦʣʷʤʠ ʜʣʷ IPv4 ̫ ʚʣʷʶʪʩʷ DSCP (Differentiat-
ed Services Code Point), ECN (Explicit Congestion Notification), Identification, Source Address (ʪʘʙʣ. 1). 

 
ʋʙʚʤʡʯʙ 1 

ʊʫʩʧʞʦʡʞ ʨʩʧʫʧʣʧʤʙ IPv4 

ʇʦʣʝ 
ʈʘʟʤʝʨ ʧʦʣʷ ʚ 
ʙʠʪʘʭ 

ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ 

Version 4 ʇʦʣʝ, ʚ ʢʦʪʦʨʦʤ ʫʢʘʟʳʚʘʝʪʩʷ ʚʝʨʩʠʷ ʧʨʦʪʦʢʦʣʘ. 

Internet Header Length 4 
ɿʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʣʷ ʦʪʦʙʨʘʞʘʝʪʩʷ ʨʘʟʤʝʨ ʟʘʛʦʣʦʚʢʘ  
ʧʘʢʝʪʘ ʚ 32-ʙʪʴʥʳʭ ʩʣʦʚʘʭ. 

Differentiated Services 
Code Point 

6 
ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʪʨʘʬʠʢʘ ʥʘ ʢʣʘʩʩʳ  
ʦʙʩʣʫʞʠʚʘʥʠʷ, ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʠʦʨʠʪʝʪ ʦʙʨʘʙʦʪʢʠ ʧʘʢʝʪʦʚ. 

Explicit Congestion 
Notification 

2 
ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʧʝʨʝʛʨʫʟʢʝ ʩʝʪʠ ʙʝʟ 
ʧʦʪʝʨʴ ʧʘʢʝʪʦʚ. 

Total Length 16 
ɿʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʦʣʷ ʦʪʦʙʨʘʞʘʝʪ ʧʦʣʥʳʡ ʨʘʟʤʝʨ ʧʘʢʝʪʘ ʚ 
ʙʘʡʪʘʭ. 

Identification 16 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʧʘʢʝʪʘ. ɺ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʜʝʥ-
ʪʠʬʠʢʘʮʠʠ ʬʨʘʛʤʝʥʪʦʚ ʧʘʢʝʪʘ, ʝʩʣʠ ʜʘʥʥʳʡ ʧʘʢʝʪ ʙʳʣ 
ʬʨʘʛʤʝʥʪʠʨʦʚʘʥ. 

Flags 3 ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʥʘʜ ʬʨʘʛʤʝʥʪʘʮʠʝʡ ʧʘʢʝʪʦʚ. 

Fragment Offset 13 
ʉʦʜʝʨʞʠʪ ʚʝʣʠʯʠʥʫ ʩʤʝʱʝʥʠʷ ʬʨʘʛʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʥʘʯʘʣʘ ʜʘʪʘʛʨʘʤʤʳ ʚ ʝʜʠʥʠʮʘʭ ʙʣʦʢʦʚ ʬʨʘʛʤʝʥʪʘʮʠʠ. 

Time To Live 8 
ʆʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʥʘ 
ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʧʘʢʝʪʦʚ. 

Protocol 8 
ʋʢʘʟʳʚʘʝʪ ʜʘʥʥʳʡ ʢʘʢʦʛʦ ʧʨʦʪʦʢʦʣʘ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ IP  
ʧʘʢʝʪ (ʥʘʧʨʠʤʝʨ: 6 - TCP, 17 - UDP, 1 - ICMP). 

Header Checksum 16 ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʟʘʛʦʣʦʚʢʘ. 

Source Address 32 ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʧʠʩʠ ʚ ʥʝʛʦ IP ʘʜʨʝʩʘ ʠʩʪʦʯʥʠʢʘ. 

Destination address 32 IP ʘʜʨʝʩ ʧʦʣʫʯʘʪʝʣʷ ʧʘʢʝʪʘ. 

Options 320 ʇʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʢʘʢʠʭ-ʣʠʙʦ ʦʧʮʠʡ. 

  
ʈʘʙʦʪʘ ʧʨʦʛʨʘʤʤʳ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʪʨʠʩʦʚʢʠ ʠʥʪʝʨʬʝʡʩʘ ʠ ʚʳʙʦʨʘ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢʞʝ 

ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʙʦʨ ʥʫʞʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʠ ʧʦʣʷ ʘʥʘʣʠʟ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʜʘ-
ʣʝʝ. 

ʇʦʩʣʝ ʧʨʦʠʩʭʦʜʠʪ ʩʯʠʪʳʚʘʥʠʝ ʥʫʞʥʳʭ ʧʦʣʝʡ ʧʨʦʪʦʢʦʣʦʚ ʠʟ ʜʘʤʧʘ ʪʨʘʬʠʢʘ ʠ ʧʝʨʝʚʦʜ ʜʘʥʥʳʭ ʚ 
ʜʝʩʷʪʠʯʥʫʶ ʩʠʩʪʝʤʫ ʩʯʠʩʣʝʥʠʷ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʟʥʘʯʝʥʠʡ ʯʝʣʦʚʝʢʦʤ. ɼʘʣʝʝ 
ʧʨʦʛʨʘʤʤ ʜʝʣʠʪ ʚʩʝ ʟʥʘʯʝʥʠʷ ʥʘ ʙʣʦʢʠ ʠ ʧʦʜʩʯʝʪ ʩʫʤʤʘʨʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʙʣʦʢʘ. ʇʨʠ ʦʪʨʠʩʦʚʢʝ ʛʨʘʬʠ-
ʢʘ ʢʨʘʩʥʳʤ ʧʦʣʫʢʨʫʛʦʤ ʧʦʤʝʯʘʶʪʩʷ ʙʣʦʢʠ, ʚ ʢʦʪʦʨʳʭ ʚʝʨʦʷʪʥʦʩʪʴ ʢʦʥʪʨʦʣʴʥʦʛʦ ʜʘʤʧʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 
ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʜʦʟʨʠʪʝʣʴʥʦʛʦ ʜʘʤʧʘ ʙʦʣʝʝ ʯʝʤ ʟʘʜʘʥʥʳʡ ʧʦʨʦʛ, ʯʝʨʥʳʤ ʧʦʣʫʢʨʫʛʦʤ ʦʪʤʝʯʘʶʪʩʷ ʪʝ 
ʙʣʦʢʠ, ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʝʥʠʡ ʠʟ ʢʦʪʦʨʳʭ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʜʘʤʧʝ ʚʩʪʨʝʯʘʣʦʩʴ ʥʦʣʴ ʨʘʟ.  ʊʘʢʞʝ ʚʦ ʚʨʝʤʷ 
ʦʪʨʠʩʦʚʢʠ ʧʨʦʠʩʭʦʜʠʪ ʚʳʚʦʜ ʚ ʦʢʥʦ ʨʘʥʝʝ ʧʦʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʘʢʠʭ ʢʘʢ: ʤʝʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʥ-
ʪʨʦʧʠʠ ʧʦ ʐʝʥʥʦʥʫ ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʠ ʧʦʜʦʟʨʠʪʝʣʴʥʦʛʦ ʜʘʤʧʘ, ʚʳʙʨʘʥʥʳʡ ʧʦʨʦʛ ʦʪʢʣʦʥʝʥʠʷ, ʢʦʣʠʯʝ-
ʩʪʚʦ ʧʦʜʦʟʨʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʙʣʦʢʦʚ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʜʘʤʧʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ ʚʩʪʨʝʯʘʣʦʩʴ 
ʥʦʣʴ ʨʘʟ, ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʝʥʠʡ ʚ ʙʣʦʢʝ ʜʘʥʥʳʭ. 

https://ru.wikipedia.org/wiki/Explicit_Congestion_Notification


46 ǬǭǡǺǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 

 

XI ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʪʝʩʪʦʚʘʷ ʩʝʪʴ, ʚ ʢʦʪʦʨʦʡ ʠʟʥʘ-
ʯʘʣʴʥʦ ʙʳʣ ʩʥʷʪ ʢʦʥʪʨʦʣʴʥʳʡ ʜʘʤʧ ʪʨʘʬʠʢʘ. ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʧʘʢʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʥʘʷ 
ʙʠʙʣʠʦʪʝʢʘ Scapy [6,7]. ʇʦʩʣʝ ʩʥʷʪʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʜʘʤʧʘ ʙʳʣʦ ʟʘʧʫʱʝʥʥʦ ʩʥʷʪʠʝ ʚʪʦʨʦʛʦ ʜʘʤʧʘ, ʫʞʝ 
ʩ ʥʘʣʠʯʠʝʤ ʩʪʝʛʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ. ɺ ʜʘʥʥʦʡ ʩʝʪʠ ʜʘʥʥʳʡ ʧʝʨʝʜʘʚʘʣʠʩʴ ʚ ʪʘʢʠʭ ʧʦʣʷʭ, ʢʘʢ 
Differentiated Services Code Point ʠ Protocol ʟʘʛʦʣʦʚʢʦʚ ʧʨʦʪʦʢʦʣʘ IPv4, ʘ ʪʘʢʞʝ ʚ ʧʦʣʝ Window Size ʟʘ-
ʛʦʣʦʚʢʦʚ ʧʨʦʪʦʢʦʣʘ TCP.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ ʜʘʤʧʘ ʜʣʷ ʧʦʣʷ Differentiated Services Code Point ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʠʝ 
ʨʝʟʫʣʴʪʘʪʳ (ʨʠʩ. 1.1).  

  

 
ʉʡʪ. 1.1 ʊʩʙʛʦʞʦʡʞ ʨʧʤʞʢ Differentiated Services Code Point ʛ ʝʙʥʨʙʮ ʣʧʦʫʩʧʤʵʦʧʜʧ  

ʡ ʨʧʝʧʠʩʡʫʞʤʵʦʧʜʧ ʫʩʙʭʡʣʙ 
 

 
ʉʡʪ. 1.2 ʊʩʙʛʦʞʦʡʞ ʨʧʤʞʢ Differentiated Services Code Point ʛ ʝʙʥʨʙʮ ʣʧʦʫʩʧʤʵʦʧʜʧ 

 ʡ ʨʧʝʧʠʩʡʫʞʤʵʦʧʜʧ ʫʩʙʭʡʣʙ 


















































































































































































































































































