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PREFACE 
 
The collection of the articles of the second International scientific and practical 

conference "Science, Technology and Higher Education" is the scientific and practical 

edition devoted to a wide range of problems from various areas of scientific knowledge, 
and is equitable to actual interests of the academic and business communities. 

The second international research and practice conference çScience, 
Technology and Higher Educationè which were held in April, 2013, was consecutive 
continuation of the work of  Strategic Studies Institute for support and development of 
innovative research activity. 

Scientific articles of students, graduate students, doctoral candidates, scientists 
included in the collection of "Science, Technology and Higher Education" conference, are 
differed by novelty and detailed study of the problems of modern science development. 
The sections organized within the limits of the conference have been united by the 
necessity of scientific knowledge integration. 

The publicationôs purpose is expansion of outlook of researchers, their 
acquaintance with actual problems of modern science, inspiration on further scientific 
searches. The science becomes the strategic area providing national safety. 

Competitive ability of the country is measured according to the educational level of 
the rising generation. The distinctive feature of science development in th e world is 
increased attention of the governments of many countries to quality and efficiency of 
scientific research problems.  

The collection of the articles is intended for teachers, graduate students and 
students of various disciplines for the purpose of use in scientific work and 
educational activity. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



 
 
 

 

 
Science, Technology and Higher Education  April 17th, 2013.  Vol. II 

 

16 

 

 
 
 
 
 

CHEMICAL SCIENCES   
 
 
 
 

ONE-STEP SYNTHESIS OF COMPLEX STABILIZERS ON BASIS  
OF HIGHER ISOMERIC MONCARBONIC ACIDS 

 

Aminova G.K.1, Daminev R.R.2, Nafikova R.F.3, Maskova A.R.4, Mazitova A.K.5Ò 

 
1, 4, 5 SEI HPE çUfa State Petroleum Technological Universityè 

2, 3 Sterlitamak brunch of Ufa State Petroleum Technological University, Sterlitamak 
 

Russia 
 

Abstract 

We offered production process complex stabilizers of PVC, by synthesis of glycerinôsô monoesters and salts 
of Me2+ on basis of higher isomeric carboxylic acids (HICA) in çone reaction volumeè. Was determined 
when acid number ranged between 5-10 mg KOH/g desired products were indiscrete mass, further acid 

number decreasing led to precipitation. For the purpose to increase efficiency of complex stabilizers 
containing calcium-zink, magnesium-zink double salts of higher isomeric acids were synthesized. 
Experimental dates showed that optimal quantity of loaded metal oxide for joint production of glycerinôsô 
monoester and salts of HICA is 4% (from higher isomeric acids mass). For increasing efficient of complex 
stabilizers additive agents which improve its stabilizing activity were selected. Results showed, that 
combination glycerinôsô monoester + magnesium-zink salts of HICA, glycerinôsô monoester + calcium-zink 
salts of HICA with epoxy stabilizers (ED-20 or ESM), trinonilphenyl phosphate (phosphite NF) and 
diphenylpropane (DFP) lead to increasing of PVCôs thermostability and colour stability of polymeric films.  
 
Keywords: complex stabilizers of PVC, heat stability of PVC, colour stability of  PVCïfilms, monoester of 
glycerin, salts of Me2+. 

 

Commercial processes of production of traditional stabilizers, in particular Me2+ carboxylates,  
glycerinôsô monoesters on the basis of organic monocarbonic acids include stages of neutralization, 
washing, desiccation, brightening which are accompanied by drain watersô formation in large quantities 
[1]. For this reason development of low-waste technologies of polyvinyl chlorides complex stabilizers 
production based on products of petroleum chemistry, which provides saving of energy, efficient use of 
resource and environmental safety are practically signify and actual problem. 

We offered production process complex stabilizers of PVC, by synthesis of glycerinôsô 
monoesters and salts of Me2+ on basis of higher isomeric carboxylic acids (HICA) in çone reaction 
volumeè. At first oxides of Me2+  were interacted with HICA formed salts, then  we batched up glycerin 
and carried out esterification of HICA by glycerin [2]. 

Salts of bivalent metals, which obtained on the first stage effectively catalyze  the second stage 
of esterification of HICA by glycerin and allow to exclude the stage of isolation and purification of 
glycerinôsô monoesters for reason of the both reactionôs products and are effective stabilizers of PVC. 
Interaction of HICA with MeO proceeded easily. Oxides completely moved on solution with formation 
corresponding salts of HICA during 20 minutes at a temperature 70-1000C. Then glycerin was loaded in 
reacting mass, in the following ratio HICA : glycerin = 1mole:1mole. The reactions were realized under 
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the conditions, which provided a maximum possible elimination of produced water from reactor feed: 
stirring and nitrogen barbotage. Elimination of water began when temperature achieved 1500C. Time, 
which corresponded that temperature, took on zero, thereafter raised temperature for 150C per hour until 
2000C. Esterificationôs depth was controlled by quantity of eliminated water and by acid numberôs 
decreasing [2,3]. 

The series of experimental work were carried out and was determined when acid number 
ranged between 5-10 mg KOH/g desired products were indiscrete mass, further acid number decreasing 
led to precipitation. For the purpose to increase efficiency of complex stabilizers containing calcium-zink, 
magnesium-zink double salts of higher isomeric acids were synthesized [2]. 

Formation of cooperated production of mixes of important PVCôs stabilizers are required to 
determine optimal proportion between glycerinôsô monoester and Me2+ salts of HICA for getting products 
with high stabilize efficiency on the one hand, and for getting producible form (in the moved liquid form) 
on the other hand. For this reason we studied dependence of desired products relative viscosity from 
quantity of loaded metal oxide. Experimental dates showed that optimal quantity of loaded metal oxide for 
joint production of glycerinôsô monoester and salts of HICA is 4% (from higher isomeric acids mass). In 
this case esterification of HICA by glycerin proceed easily with water formation in quantitative yield 
irrespective of kind of metal. In the process of synthesis of complex stabilizers containing calcium-

magnesium, magnesium-zink HICA salts, metal oxides loaded in proportion 1:1. In the presence of zink 
salt of HICA process proceeded faster, calcium salt of HICA exhibited lesser activity. In case of synthesis 
of complex stabilizers containing calcium-magnesium or magnesium-zink HICA salts process carried 
without difficulty, products were obtained with yield more than 98,5% [2,4,5]. According to catalytic 
activity they hold intermediate position between corresponding individual salts of HICA  (Figure 1).  

 

 
 

Figure 1 ï Influence of Me2+ oxides on reaction massôs acid number changing: 1 ï without Me2+ oxide;  
2 ï CaO; 3 ï CaO+ZnO; 4 ï MgO; 5 ï MgO+ ZnO; 6 ï ZnO. Molecular ratio glycerin: HICA = 1:1,  

Me2+ oxideôs containing 4% (from HICA weight); speed of temperature increasing 150C per hour  

(counting from 150C) 
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Further increasing of quantity loaded metal oxides led to noticeable decreasing of reaction rate 
and to formation viscous mass, which hardly unloaded from reactor. In the case of optimal content of 
HICA salts relative viscosity is ranged within 346-374 sec [2]. Complex stabilizers characteristics are 
showed in Table 1. 

IR spectrums of obtained products showed absorption band C=O at 1745 cm-1. Assignment this 
absorption band to ester group are confirmed by observing absorption band at 1200 cm-1, which belong 
to stretch vibration of C-C(=O)-O. 

 
Table 1  

Physical and chemical characteristic of complex stabilizers 
 

Characteristic Complex stabilizer 

MEG*+ 
Zn 

HICA 

MEG+ 
ʉʘ 

HICA 

MEG+ 
Mg 

HICA 

MEG+ 
Mg- Zn 
HICA 

MEG+ 
ʉʘ-Zn 
HICA 

Acid number,  mg KOH/g 7,2 8,3 7,7 7,1 6,5 

Saponification ratio, mg KOH/g 130 117 124 134 127 

Weight percent of volatile matter, % 2,3 2,0 1,9 1,7 2,5 

Weight percent of  ʄʝ2+, % 2,6 2,4 2,1 Mg ï 
0,9 

Zn ï 2,8 

Ca - 1,2 
Zn - 1,3 

Relative viscosity, sec 346 360 374 363 352 

Flash temperature, Áʉ 195 200 188 193 191 

Heat stability of PVC  ʉ 7059ʄ**, min at 
160Üʉ  

37 44 39 56 62 

Colour stability of  PVCïfilms at 180 Üʉ, 

min 
10 15 10 20 25 

 

Notice: * MEG ï monoester of glycerin, ** Complex stabilizer containing ï 2 weight parts into 
100 weight parts of PVC. 

 
Stretch and deformation vibrations of OH group are observed respectively at 3200-3600 cm-1 

and at 1420 cm-1. At 2800-3000 cm-1 - stretch vibrations of CH2 and CH3 groups and at 1400 cm-1 - 
absorption band specific for organic acids salts that point to presence metals salts at the composition [2].  

For increasing efficient of complex stabilizers additive agents which improve its stabilizing 
activity were selected. Results showed, that combination glycerinôsô monoester + magnesium-zink salts of 

HICA, glycerinsô monoester + calcium-zink salts of HICA with epoxy stabilizers (ED-20 or ESM), 
trinonilphenyl phosphate (phosphite NF) and diphenylpropane (DFP) lead to increasing of PVCôs 
thermostability and colour stability of polymeric films [2,6]. Optimal composition and characteristics of 
eight variants of complex stabilizers are showed at Table 2. 

 

Table 2  
Composition and characteristics of complex stabilizers (CS) 

 

 

Composition,  % 

Variants of CS, short title 

CSK-1 CSK-2 CSK-3 CSK-4 CSʄ-
1 

CSʄ-
2 

CSʄ-
3 

CSʄ-
4 

MEG of HICA+ ʉʘ-Zn salts of HICA  93,85 94,85 93,85 94,85 - - - - 

MEG of HICA+ Mg-Zn salts of HICA - - - - 93,85 94,85 93,85 94,85 

ED-20 5 5 - - 5 5 - - 

ESM - - 5 5 - - 5 5 

Phosphite NF 1 - 1 - 1 - 1 - 

DFP 0,15 0,15 0,15 0,15 0,15 0,15 0,15 0,15 

Quality characteristics 

Weight percent of volatile matter, % 1,9 2,1 2,0 2,3 1,1 1,3 1,2 1,4 

Relative viscosity, sec 253 252 245 243 265 263 256 252 

Flash temperature, Üʉ 199 195 197 194 200 197 194 192 
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Composition,  % 

Variants of CS, short title 

CSK-1 CSK-2 CSK-3 CSK-4 CSʄ-
1 

CSʄ-
2 

CSʄ-
3 

CSʄ-
4 

Density, g/cm3 0,956 0,954 0,955 0,955 0,952 0,953 0,952 0,954 

Acid number, mg KOH/g 5,6 7,1 6,5 8,2 7,3 6,9 7,4 6,9 

Heat stability of PVC , min (160Üʉ) 97 92 95 90 89 85 86 83 

Colour stability, min 45 35 40 35 35 30 30 25 

 

High thermo- and colour stability of PVC and PVCôs film at the presence of complex stabilizers 
ought to connect with stabilizers containing at its composition, which act at different mechanisms, zink 
salt of higher isomeric acids able to substituted label chlorine atoms in macromolecules of PVC, DFP 
inhibit thermal oxidative polymer decomposition, calcium and magnesium higher isomeric acids salts bind 
chlorine hydride, trinonilphenyl phosphate is inhibitor of PVC dehydrochlorination [6].  

Suggested one-step synthesis of PVCôs complex stabilizers meet modern requirements such as 
efficient use of resources and environmental safety of production. 
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Abstract 
Results of research of physical and chemical and physical and mechanical properties of oxyalkylated 
alcohol phthalates and results of their tests of plasticizing properties in composition of multilayered 
linoleum are presented. It is shown, that the received samples of PVC of materials on the basic 
parameters meet requirements operating standards: multilayered linoleum - GOST 7251-77. 
 
Keywords: plasticizers of PVC, oxyalkylated alcohol phthalates. 
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At the present time about 70% of demand in the polyvinylchlorideôs world market belongs to the 
construction sector. Although recently the structure of PVC consuming changed towards production of 
hard manufactures because of wide spreading of tubes, windows and door blocks from PVC however 
plasticized materials on the basis of PVC remain widely applied in the different fields [1].  

Plasticized polyvinylchloride is used in the production of various applications materials with wide 
diapason of mechanical and performance properties such as constructional materials (linoleum, 
wallpaper, tape adhesive), materials for cable, insulation, seals, decorative buckram etc [1,2]. 

The increasing of the capacity of construction, remedial and finishing works gives a substantial 
potential for development of floor covering market. Estimated volume of Russian floor covering 
production amounts approximately 260-300 millions m2, 35-45% of these are linoleum [3]. 

Achievements in the chemical and technological fields allow to produce floor covering from 
artificial materials which possess with main properties of natural materials. 

Binding plasticizers, dilutant, bulking and colouring agents are used in the process of production 
PVC linoleum. PVC which characterized by thermoplasticticity and linear structure is used in the quality of 
binder. PVC are usually plasticized for infusion elasticity to manufactures and for facilitating of PVC 
processing at present content of plasticizer amounts up 40% [4]. 

More than 300 kinds of plasticizers are known today about 50 of them are used in the industry. 

About 90% of plasticizers belong to the esters, but the most widespread among others industrial 
plasticizers dioctylphtalate (DOP) is comparatively expensive and deficient while the more accessible 
dibutylphtalate (DBP) is high volatile, that impede to DDPôs wide using [5]. 

In this respect synthesis and investigation of the new esters and developing on their base low-
volatile plasticizers are actual and practically significant task. 

For realization of this assignment oxyalkylated butanol and 2-ethylhexanol were synthesized 
which were used for obtaining symmetrical and unsymmetrical phtalates of oxyalkylated alcohols. 
Physico-chemical properties of phtalates of oxyalkylated alcohols are presented in the works [5-7]. 
According to the conducted investigations obtained phtalates of oxyalkylated butanol are less volatile 
than series-produced plasticizer DBP, obtained phtalates of 2-ethylhexanol correspond to DOF by degree 
of volatility. Received plasticizers correspond to another characteristic to DOP level. The nomenclatures 
of plasticizers are presented in the table 1. 

 

Table 1 
The nomenclatures of plasticizers 

 

ˉ sample The nomenclature 

I Symmetrical phtalates of oxyethylated  2-ethylhexanol  

II Symmetrical phtalates of oxypropylated  2-ethylhexanol  

III Unsymmetrical phtalates of oxyethylated  2-ethylhexanol  

IV Unsymmetrical phtalates of oxypropylated  2-ethylhexanol  

V Symmetrical phtalates of oxypropylated  butanol  

VI Unsymmetrical phtalates of oxypropylated  butanol  

 
The main parameter, which determines technological effectiveness of PVC-compositions, 

is a melt flow index (MFI) of composition. We used model PVC-compositions which contain heat 
stabilizer (CaSt2 ï 2 weight parts of PVC/ 100 weight parts of PVC) and plasticizers ï the test 
samples of symmetrical and unsymmetrical phtalates of oxyalkylated alcohols. Series -produced 
analogue of DOF was used in the quality of control sample. From the experimental results (Picture 
1) it follows that MFI of PVC-composition rises with the increasing of temperature and quantity of 
added plasticizer. 

It is necessary to have a point of reference for comparison of different properties of plasticizers. 
The quantity of plasticizer is selected in such manner as to achieve a defined elasticity. For this reason in 
practice plasticizers are compared in case of their equal quantity or by the degree of elasticity of 
plasticized polymer. That quantity is usually determined by the concentration of plasticizer which required 
for infusion determined hardness or determined modulus of elasticity in case of 100% elongation. Thatôs 
why for the substitution of DOP by the other compounds transition coefficients were found. 

On the picture 2, the depression of hardness (Shore A number) from concentration of 
suggested plasticizers, in comparison with DOP, are shown. 
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Picture 1 ï Influence of plasticizerôs content on MFI of PVCôs compositions.  
1,3,5 - phtalates of oxyalkylated alcohols; 2,4,6 ï the test samples. The content of plasticizers,  

mass weight PVC: 1,2 ï 80; 3,4 ï 60: 5,6-40 

 

 
 

Picture 2 ï The dependence of Shore A number from the concentration of plasticizers 

 
On the basis of graphical data the quantity factor of substitution (FS) was obtained. For the 

Shore A number A=80 in comparison with DOP with 52,9 parts: I ï 56,6 parts, FS ï 1,07; V ï 56,1 parts, 
FS=1,067; III ï 55,6 parts, FS=1,05; VI ï 55,0 parts, FS=1,04; IV ï 54,5 parts, FS=1,03; II ï 53,9 parts, 
FS=1,02 are required. It means that for these hardness indexes phtalates of oxyalkylated alcohols are 
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required over 2-7% than DOP. The test samples II and IV are very similar to DOP by their plasticizing 
efficiency. The brittleness temperature depends on concentration and kind of plasticizer. It is graphically 
shown in picture 3. It is obvious that from the obtained results that the suggested plasticizers equal to 
DOP by that characteristic. Carried investigations allow to conclude that the compositions containing 
phtalates of oxyalkylated alcohols possess the better temperature brittleness than the composition 
plasticized by DOP. 

 
 

Picture 3 - The dependence the brittleness temperature from the concentration of plasticizers 

 
Considering results of determination of physico-chemical and mechanical and physical 

properties, the examinations of test samples of obtained phtalates in quality of polyvinylchloride 
plasticizers in the formulation of upper, middle and lower layer of linoleum were carried. The test samples 

of plasticizers were added instead of series-produced plasticizer DOP. 
The results of examination of obtained phtalates in polyvinylchlorideôs films of upper, middle and 

lower layer of linoleum are presented in the tables 2-4, in the multilayer linoleum ï in the table 5. 
The films of upper, middle and lower layer of linoleum obtained with the replacement of series-

produced plasticizer DOP to the test samples correspond to performance specifications. According to the 
index of thermo stability the films of upper layer of linoleum obtained by substitution of DOF to test 
samples of plasticizers II and VI, the films of middle layer of linoleum obtained by substitution of DOF to 
test samples of plasticizers II and IV and the films of lower layer of linoleum obtained with the substitution 
of DOF to the test samples of plasticizers II and V correspond to DOPôs level. It should be noted that in 
case of using synthesized compounds polymeric compositions possess higher index of melt flow. 

For the production of unsupported multilayer linoleum obtained polyvinylchloride films: upper, 
middle and lower clear layers were doubled in the installation for duplication, which consists of a heated 
drum, rubber-coated pressure beam and conveyer of cooler. 

Multilayer linoleum fabricated from the test samples of polymeric films correspond to 
requirements of GOST 7251-77 (table 5). In the quality of filler in the process of multilayer linoleum 
production all fillers according to GOST 7251-77 were used (talc, antistatic agents, insulators, corundum 
and colourants). Our synthesized plasticizers were added in the formulations of PVC-compositions 
instead of commercial plasticizer DOP. 

Symmetrical phtalates of oxyethylated 2-ethylgaxanol (sample I) are economically reasonable to 
use due to being obtained into two steps on the basis of available petrochemical raw materials (ethylene 
oxide, phthalic anhydride and 2-ethylgaxanol). 
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Thus, while using symmetrical and unsymmetrical phtalates of oxyalkylated alcohols in the 
formulations of PVC-films, the performance characteristics of multilayer linoleum are improved; to be 
exact wearability, linear changes, absolute residual deformation are decreased. 

Table 2 
The results of examination of developed plasticizers in industrial formulation of upper layer  

of linoleum (Plasticate ï clear plasticized PVC with and without embossed surface) 
 

Plasticizer Longitudinal 

strength, ʢʛʩ/ʩʤ2 

Breaking 

elongation , % 

Linear 

change, 
% 

Technological parameters 

Thermostability 
at1800ʉ, min 

MFI, g/10 min 
ʊ=1700ʉ, 
ʈ=16,6 ʢʛʩ 

longwise crosswise longwise crosswise 

Norms of STP 
00203312-100-
2006 

Minimum 
175 

Minimum 
175 

Minimum 
100 

Minimum 
100 

Maximum 
3,0 

Control. with 
DOP 

1h. 45 min. 

7,1 

I 279 241 297 253 2,0 1h. 35 min. 7,5 

II 294 221 318 301 1,3 1h. 48 min. 8,3 

III 285 254 249 266 1,7 1h. 40 min. 9,1 

IV 290 227 263 253 1,8 1h. 37 min. 8,9 

V 284 258 249 258 1,2 1h. 51 min. 9,3 

VI 287 232 275 269 1,4 1h.43 min. 8,6 
 

Table 3 
The results of examination of developed plasticizers in industrial formulation of middle layer  

of linoleum (Plasticate ï   filled plasticized PVC with natural color) 
 

Plasticizer 
 

Longitudinal 
strength, ʢʛʩ/ʩʤ2 

Breaking 
elongation, % 

Linear 
change, 

% 

Technological parameters 

Thermostability 
at1800ʉ, min 

MFI, g/10 min 
ʊ=1700ʉ, 
ʈ=16,6 ʢʛʩ longwise crosswise longwise crosswise 

Norms of STP 
00203312-100-
2006 

Minimum 
100 

Minimum 
100 

Minimum 
100 

Minimum 
100 

Maximum 
3,0 

Maximum 
37 min. 

8,1 

I 138 105 190 178 1,5 30 min. 8,4 

II 143 120 200 204 1,0 35 min. 8,9 

III 142 124 209 240 1,4 33 min. 9,2 

IV 163 140 223 217 1,3 39 min. 10,4 

V 152 136 198 232 1,3 32 min. 9,7 

VI 162 114 243 192 1,2 34 ʤʠʥ. 9,9 
 

Table 4  
The results of examination of developed plasticizers in industrial formulation of middle layer  

of linoleum (Plasticate ï   plasticized PVC with natural color) 
 

Plasticizer Longitudinal 
strength, ʢʛʩ/ʩʤ2 

Breaking 
elongation, % 

Linear 
change, 

% 

Technological parameters 

Thermostability 

at1800ʉ, min 

MFI, g/10 min 

ʊ=1700ʉ, 
ʈ=16,6 ʢʛʩ longwise crosswise longwise crosswise 

Norms of STP 
00203312-100-
2006 

Minimum 
75 

Minimum 
75 

Minimum 
100 

Minimum 
100 

Maximum 
3,0 

Maximum 
28 min. 

4,3 

I 117 85 208 157 1,5 18 min. 4,0 
II 133 103 231 219 1,0 27 min. 4,5 

III 131 100 256 245 1,4 22 min. 5,1 

IV 129 99 245 252 1,3 21 min. 4,8 

V 127 91 233 208 1,3 28 min. 5,4 

VI 136 118 223 163 1,2 25 min. 4,6 
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Table 5  
The results of examination of multilayer linoleum 

 

Parameters Plasticizers which used in the production of polymeric films 

GOSTôs 
standards 
7251-77 

DBP I II III IV V VI 

Linear change, % 

maximim 
0,80 0,71 0,65 0,55 0,45 0,50 0,47 0,42 

Surface resistivity, 
Om, maximum 

5,0Ŀ1015 17,4Ŀ101

2 
3,2Ŀ1012 4,1Ŀ1012 3,6Ŀ1012 3,8Ŀ1012 4,2Ŀ1012 4,1Ŀ1012 

Permanent residual 
deformation, mm, 
maximum 

0,45 0,42 0,39 0,30 0,29 0,27 0,26 0,32 

Wearability, mcm, 
maximim 

90 86 82 52 47 54 44 51 
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Abstract 
Reveal Ecological problems, appearing when mining, conversion and use ore gild on Kamchatka on 
example Ozernovskoe ore field in Karaginsky municipal region. The contributory offers on rational use of 

the nature, including reconstruction natural landscape on territory ore field, use resource-saving 
technology and closed cycle production, constant ecological monitoring with essential participation of the 
representatives to public of the district. 
 
Keywords: ore field, gold, landscape, breach of the lands, quarry, relief, atmospheric air, water objects, 
contamination surrounding ambiences, waste production and consumptions, construction, usage. 
 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʢʨʳʪʳ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʜʦʙʳʯʝ, ʧʝʨʝʨʘʙʦʪʢʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʫʜʥʦʛʦ 
ʟʦʣʦʪʘ ʥʘ ʂʘʤʯʘʪʢʝ ʥʘ ʧʨʠʤʝʨʝ ʆʟʝʨʥʦʚʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʂʘʨʘʛʠʥʩʢʦʤ 
ʤʫʥʠʮʠʧʘʣʴʥʦʤ ʨʘʡʦʥʝ. ɺʥʝʩʝʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʶ, ʚʢʣʶʯʘʶʱʠʝ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʩʪʦʷʥʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ 
ʤʦʥʠʪʦʨʠʥʛ ʩ ʥʝʧʨʝʤʝʥʥʳʤ ʫʯʘʩʪʠʝʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʨʘʡʦʥʘ. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʫʜʥʦʝ ʧʦʣʝ, ʟʦʣʦʪʦ, ʣʘʥʜʰʘʬʪ, ʥʘʨʫʰʝʥʠʝ ʟʝʤʝʣʴ, ʢʘʨʴʝʨ, ʨʝʣʴʝʬ, 
ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 
ʧʦʪʨʝʙʣʝʥʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʵʢʩʧʣʫʘʪʘʮʠʷ. 

 
10 ʩʝʥʪʷʙʨʷ 2012 ʛʦʜʘ ʚ ʧʦʩ. ʆʩʩʦʨʘ ʂʘʨʘʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʩʦʩʪʦʷʣʠʩʴ ʧʫʙʣʠʯʥʳʝ 

ʩʣʫʰʘʥʠʷ ʧʦ ʧʣʘʥʠʨʫʝʤʳʤ ʨʘʙʦʪʘʤ ʆʪʢʨʳʪʦʛʦ ɸʢʮʠʦʥʝʨʥʦʛʦ ʆʙʱʝʩʪʚʘ çʉʠʙʠʨʩʢʠʡ ʛʦʨʥʦ-
ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʘʣʴʷʥʩè (ʜʘʣʝʝ ʆɸʆ çʉʠɻʄɸè) ʥʘ ʆʟʝʨʥʦʚʩʢʦʤ ʨʫʜʥʦʤ ʧʦʣʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 
ʂʘʨʘʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ. 

ʉʬʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ, ʨʘʟʚʝʜʢʘ ʠ ʜʦʙʳʯʘ 
ʟʦʣʦʪʘ ʠ ʧʦʧʫʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʣʠʮʝʥʟʠʦʥʥʦʡ ʧʣʦʱʘʜʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 
ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʧʳʪʥʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ ʜʦʙʳʯʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʡ 
ʨʫʜʳ ʩ ʛʦʜʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 250 ʪʳʩ. ʪ/ʛʦʜ. 

                                                             
Ò Chuvilin A.G., 2013 
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ʅʘʤʝʯʘʝʤʳʝ ʩʨʦʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʘ 2013-2014 ʛ.ʛ. ʉʨʦʢʠ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʥʦ-
ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʘʙʦʪ 5 ʣʝʪ. 

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʠ ʦʜʥʦ ʠʟ ʜʦʩʪʦʚʝʨʥʦ ʠʟʚʝʩʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 
ʠʩʢʦʧʘʝʤʳʭ ʂʘʤʯʘʪʢʠ, ʧʦ ʢʦʪʦʨʳʤ ʟʘʧʘʩʳ ʟʘʱʠʱʝʥʳ ʚ ɻʂɿ ʠʣʠ ʢʦʪʦʨʳʝ ʨʘʟʚʝʜʘʥʳ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ 
ʝʩʪʴ ʦʩʥʦʚʘʥʠʷ ʫʪʚʝʨʞʜʘʪʴ ʦʙ ʠʭ ʙʘʣʘʥʩʦʚʳʭ ʟʘʧʘʩʘʭ ʠʣʠ ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʘʭ, ð ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ 
ʫʥʠʢʘʣʴʥʳʤ, ʚʳʜʘʶʱʠʤʩʷ, ʙʦʣʴʰʠʤ, ʟʘʤʝʪʥʳʤ ʚ ʦʮʝʥʢʘʭ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 
ʈʦʩʩʠʠ ʠ ʤʠʨʘ. ʅʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʤʯʘʪʢʠ ʚʳʟʳʚʘʶʪ ʯʘʩʪʥʳʡ, ʚʨʝʤʝʥʥʳʡ, 
ʢʦʥʲʶʥʢʪʫʨʥʳʡ ʠʥʪʝʨʝʩ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫ ʤʝʣʢʠʭ ʫʯʘʩʪʥʠʢʦʚ ʵʪʦʛʦ ʨʳʥʢʘ. ʅʘ ʤʠʨʦʚʦʡ ʢʘʨʪʝ 
ʛʝʦʛʨʘʬʠʠ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʂʘʤʯʘʪʢʘ ʤʘʣʦʟʘʤʝʪʥʘ [1]. 

ʄʥʦʛʦʚʝʢʦʚʦʡ ʧʨʘʢʪʠʢʦʡ ʯʝʣʦʚʝʯʝʩʪʚʘ ʚʳʷʚʣʝʥʦ ʦʙʲʝʢʪʠʚʥʦʝ, ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʨʘʟʚʠʪʠʝʤ ʦʪʨʘʩʣʝʡ ʭʦʟʷʡʩʪʚʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 
ʥʘ ʦʩʚʦʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʜʥʳʭ 
ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ.  

ʆʧʠʩʘʥʥʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʚ ʥʘʯʘʣʝ XXI ʚʝʢʘ ʚ ʦʩʪʨʳʭ ʬʦʨʤʘʭ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʘʟʚʠʪʠʠ 
ʧʨʠʨʦʜʥʦ-ʦʙʱʝʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʂʘʤʯʘʪʢʠ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʤʦʨʝʡ. ɺ ʵʪʦʤ ʨʝʛʠʦʥʝ ʩʪʨʘʥʳ ʪʘʢʦʝ 
ʧʨʦʪʠʚʦʨʝʯʠʝ ʟʘʪʨʘʛʠʚʘʝʪ ʠʥʪʝʨʝʩʳ ʥʝ ʪʦʣʴʢʦ ʜʚʫʭ ʦʪʨʘʩʣʝʡ: ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ 
ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʦʡ. ʕʪʦ ʧʨʦʪʠʚʦʨʝʯʠʝ ʟʘʪʨʘʛʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʠʥʪʝʨʝʩʳ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʥʦ 

ʜʦʣʛʦʩʨʦʯʥʳʝ, ʠʩʪʦʨʠʯʝʩʢʠʝ ʠʥʪʝʨʝʩʳ ʩʪʨʘʥʳ ʚ ʮʝʣʦʤ, ʚ ʩʬʝʨʘʭ, ʥʘʧʨʠʤʝʨ, ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ, 
ʦʙʦʨʦʥʥʦʡ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ, ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ, ʜʨʫʛʠʭ ʚʠʜʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 
ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʦʚʤʝʩʪʠʪʴ ʵʪʠ ʠʥʪʝʨʝʩʳ ʥʝʚʦʟʤʦʞʥʦ ʥʘ ʩʣʫʯʘʡʥʦʡ ʦʩʥʦʚʝ, ʨʝʛʫʣʠʨʫʝʤʦʡ 
ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʯʘʩʪʥʳʤʠ ʚʝʜʦʤʩʪʚʝʥʥʳʤʠ, ʥʝʠʟʙʝʞʥʦ ʢʦʥʲʶʥʢʪʫʨʥʳʤʠ ʠʥʪʝʨʝʩʘʤʠ.  

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʦʪʜʝʣʴʥʳʭ ʦʪʨʘʩʣʝʡ ʠʣʠ ʧʨʝʜʧʨʠʷʪʠʡ ʚ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʣʦʩʪʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʦʞʠʚʰʠʝʩʷ ʠ ʚʦʟʤʦʞʥʳʝ ʚ 
ʧʝʨʩʧʝʢʪʠʚʝ ʢʦʤʧʣʝʢʩʳ ʦʙʱʝʩʪʚʝʥʥʳʭ ʠʥʪʝʨʝʩʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʵʢʦʣʦʛʦ-
ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʚʩʝʭ ʧʨʝʜʣʘʛʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʝʛʠʦʥʝ.  

ʊʝʦʨʝʪʠʯʝʩʢʠ ʪʘʢʠʝ ʦʮʝʥʢʠ ʧʦʟʚʦʣʷʪ ʩʦʧʦʩʪʘʚʠʪʴ ʚ ʦʙʦʟʨʠʤʦʡ ʜʠʥʘʤʠʢʝ ʧʦʣʥʫʶ 
ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʯʘʩʪʥʳʭ ʜʦʭʦʜʦʚ ʠ ʧʨʝʠʤʫʱʝʩʪʚ ʦʪ ʚʦʟʤʦʞʥʳʭ 
ʩʦʯʝʪʘʥʠʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʚʠʜʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩ ʧʦʣʥʦʡ 
ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʯʘʩʪʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʳʭ ʠ 
ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʢʘʢ ʧʦʩʣʝʜʩʪʚʠʡ ʵʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɸʥʘʣʠʟ ʦʮʝʥʦʢ ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ 
ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʚʠʜʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʝʛʠʦʥʝ, ʩ ʧʨʠʦʨʠʪʝʪʘʤʠ 
ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʠʟ ʥʠʭ ʠ ʩ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʩʪʘʣʴʥʳʭ.  

ʇʨʘʢʪʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʦʚ ʢʦʥʢʨʝʪʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʭ ʚ ʵʢʩʧʝʨʪʥʳʭ 
ʧʨʦʮʝʜʫʨʘʭ ʚ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʢʘ ʥʝ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ.  

ʆʮʝʥʠʚʘʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʨʦʜʥʦʡ ʠ 

ʦʙʱʝʩʪʚʝʥʥʦʡ ʩʨʝʜʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʚʦʟʜʝʡʩʪʚʠʡ. ʀ, 
ʢʘʢ ʧʨʘʚʠʣʦ, ʦʮʝʥʠʚʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʷʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
(ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ, ʩʙʨʦʩʳ ʠ ʚʳʙʨʦʩʳ, ʪʚʝʨʜʳʝ ʦʪʭʦʜʳ, ʛʨʘʥʠʮʳ ʰʫʤʦʚʦʛʦ, ʪʝʧʣʦʚʦʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʪ. ʧ.), ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʥʠ ʢʦʤʧʣʝʢʩʥʳʝ, ʥʠ ʦʪʜʘʣʝʥʥʳʝ ʚʦ ʚʨʝʤʝʥʠ ʠ 
ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʩʚʝʥʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʵʪʠʭ ʚʦʟʜʝʡʩʪʚʠʡ.  

ʊʘʢ, ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʟʜʘʥʠʝʤ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʠʭ 
ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʉʨʝʜʠʥʥʦʤ ʂʘʤʯʘʪʩʢʦʤ ʭʨʝʙʪʝ (ʫʩʣʦʚʥʦ ʤʝʞʜʫ ʧʝʨʝʚʘʣʦʤ 
ʨʝʢ ʂʠʨʛʘʥʠʢ ð ʀʯʘ ʠ ʫʨʦʯʠʱʝʤ ʂʝʢʢʫʢ) ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʨʘʟʜʝʣʴʥʦ ʧʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ. ʆʪʜʝʣʴʥʦ ʠ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʚʳʧʦʣʥʷʣʠʩʴ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ 

ɸʛʠʥʩʢʦʤʫ, ɹʘʨʘʥʴʝʚʩʢʦʤʫ, ɹʘʣʭʘʯ, ɿʦʣʦʪʦʤʫ. ɺ ʵʪʦʡ ʞʝ ʟʦʥʝ ʠʟʚʝʩʪʥʳ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 
ʦʮʝʥʠʚʘʣʠʩʴ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʆʛʘʥʯʠʥʩʢʦʝ, 
ʉʫʭʘʨʠʢʦʚʩʢʠʝ ɻʨʝʙʥʠ, ʉʝʨʛʝʝʚʩʢʦʝ [2].  

ɸʥʘʣʦʛʠʯʥʘ ʩʠʪʫʘʮʠʷ ʚ ʨʘʡʦʥʝ, ʧʨʠʣʝʛʘʶʱʝʤ ʢ ʩʫʱʝʩʪʚʫʶʱʝʡ ʄʫʪʥʦʚʩʢʦʡ ɻʝʦʕʉ, ʛʜʝ 
ʦʙʥʘʨʫʞʝʥʳ ʈʦʜʥʠʢʦʚʦʝ, ɸʩʘʯʠʥʩʢʦʝ, ʄʫʪʥʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ. 
ʇʨʠʥʠʤʘʶʪʩʷ ʨʝʰʝʥʠʷ ʦʙ ʠʭ ʨʘʟʨʘʙʦʪʢʝ, ʨʘʟʨʦʟʥʝʥʥʦʡ ʧʦ ʟʘʢʘʟʯʠʢʘʤ, ʚʨʝʤʝʥʠ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, 
ʚʦʟʤʦʞʥʦʩʪʷʤ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʠ ʪ.ʜ. ʠ ʪ.ʧ. ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʢʦʥʲʶʥʢʪʫʨʳ, ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʜʣʷ ʤʝʣʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʟʦʣʦʪʘ, ʟʜʝʩʴ, ʢʘʢ ʠ ʚ ʥʘʟʚʘʥʥʦʤ ʚʳʰʝ ʨʘʡʦʥʝ 
ʉʨʝʜʠʥʥʦʛʦ ʭʨʝʙʪʘ ʎʝʥʪʨʘʣʴʥʦʡ ʂʘʤʯʘʪʢʠ, ʤʦʞʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʤʦʥʦʧʨʦʬʠʣʴʥʳʡ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʳʡ ʫʟʝʣ.  

ʇʨʠ ʫʭʫʜʰʝʥʠʠ ʢʦʥʲʶʥʢʪʫʨʳ ʤʥʦʛʠʝ, ʝʩʣʠ ʥʝ ʚʩʝ, ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚ 
ʵʪʠʭ ʫʟʣʘʭ ʙʫʜʫʪ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʳ, ʣʠʢʚʠʜʠʨʦʚʘʥʳ, ʟʘʢʨʳʪʳ. ɼʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʥʠ ʜʣʷ 
ʦʜʥʦʛʦ ʠʟ ʵʢʦʥʦʤʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ ʂʘʤʯʘʪʢʠ, ʛʜʝ ʩʧʦʥʪʘʥʥʦ ʬʦʨʤʠʨʫʶʪʩʷ 
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ʤʦʥʦʧʨʦʬʠʣʴʥʳʝ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʳʝ ʫʟʣʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʦʙʳʯʝ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ, ʥʝʪ 
ʨʘʟʨʘʙʦʪʦʢ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʵʪʠʭ ʫʟʣʦʚ.  

ɸ ʤʝʞʜʫ ʪʝʤ ʶʛʦ-ʚʦʩʪʦʯʥʳʝ ʨʘʡʦʥʳ ʂʘʤʯʘʪʢʠ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘʟʚʘʥʥʳʝ ʚʳʰʝ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ, ʩʦʜʝʨʞʘʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʧʨʝʩʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩ ʚʳʩʦʢʠʤʠ 
ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤʠ ʢʘʯʝʩʪʚʘʤʠ ʠ ʚʳʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʜʦʙʳʯʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʤʠʨʦʚʦʤ 
ʨʳʥʢʝ [3]. ʇʨʝʩʥʘʷ ʧʠʪʴʝʚʘʷ ʚʦʜʘ ʦʪʥʦʩʠʪʩʷ ʢ ʦʩʪʨʝʡʰʝ ʜʝʬʠʮʠʪʥʳʤ ʧʨʠʨʦʜʥʳʤ ʨʝʩʫʨʩʘʤ ʚ ʤʠʨʝ, 
ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʨʝʩʫʨʩʳ ʥʘ ʂʘʤʯʘʪʢʝ ʤʦʛʫʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʠʩʪʦʨʠʯʝʩʢʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 
ʦʪʨʘʩʣʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ. ʅʦ ʨʘʟʤʝʱʝʥʠʝ ʥʘ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʠʭ 
ʧʨʝʜʧʨʠʷʪʠʷʭ ʮʠʘʥʠʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʠ ʟʘʭʦʨʦʥʝʥʠʝʤ ʮʠʘʥʩʦʜʝʨʞʘʱʠʭ 
ʦʪʭʦʜʦʚ ʚ ʟʦʥʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʦʢʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʤʦʞʝʪ ʠʩʢʣʶʯʠʪʴ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʵʪʦʛʦ 
ʨʝʛʠʦʥʘ ʠʟ ʚʦʟʤʦʞʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ.  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʠ ʦʜʥʦ ʠʟ ʠʟʚʝʩʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʂʘʤʯʘʪʢʠ ʥʝ 
ʦʪʥʦʩʷʪ ʢ ʨʘʟʨʷʜʫ ʢʨʫʧʥʳʭ ʠ ʩʨʝʜʥʠʭ, ʘ ʪʘʢʞʝ ʯʪʦ ʩʨʦʢʠ ʨʘʟʨʘʙʦʪʢʠ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʦʛʫʪ 
ʩʦʩʪʘʚʣʷʪʴ ʜʦ 5ï7 ʣʝʪ, ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʵʪʠʭ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʳʭ ʫʟʣʦʚ ʥʝ ʤʦʞʝʪ ʥʝ ʙʳʪʴ 
ʠʩʪʦʨʠʯʝʩʢʠ ʥʝʜʦʣʛʦʚʨʝʤʝʥʥʳʤ, ʘ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʘʷ, ʩʦʮʠʘʣʴʥʘʷ, ʧʣʘʥʠʨʦʚʦʯʥʘʷ ʠ ʪ.ʧ. ʩʪʨʫʢʪʫʨʘ 
ð ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʶʱʝʡʩʷ. ʉʧʦʥʪʘʥʥʦʩʪʴ ʪʘʢʠʭ ʧʝʨʝʤʝʥ, ʚʳʟʚʘʥʥʳʭ ʦʙʝʩʧʝʯʝʥʠʝʤ ʯʘʩʪʥʳʭ 
ʠʥʪʝʨʝʩʦʚ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ) ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ ʠʟʤʝʥʝʥʠʠ 

ʢʦʥʲʶʥʢʪʫʨʳ (ʥʝʨʝʜʢʦ ʚʳʟʚʘʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʩʘʤʠʭ ʵʪʠʭ ʧʨʝʜʧʨʠʷʪʠʡ), ʥʝʠʟʙʝʞʥʦ ʚʝʜʝʪ ʢ 
ʥʝʨʘʮʠʦʥʘʣʴʥʳʤ ʧʦʪʝʨʷʤ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʫʜʘ, ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʠ ʩʦʮʠʘʣʴʥʦʤʫ ʫʱʝʨʙʫ, 
ʫʭʫʜʰʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʚ ʨʝʛʠʦʥʝ. ʆʪʩʫʪʩʪʚʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ 
ʨʘʟʨʘʙʦʪʦʢ ʜʝʣʘʝʪ ʵʪʠ ʧʦʪʝʨʠ ʥʝʦʞʠʜʘʥʥʳʤʠ, ʦʩʪʨʳʤʠ ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ.  

ʇʦʜʨʦʙʥʝʝ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤʘʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ʥʘ ʆʟʝʨʥʦʚʩʢʦʤ ʨʫʜʥʦʤ ʧʦʣʝ. 

ʆʟʝʨʥʦʚʩʢʦʝ ʟʦʣʦʪʦʨʫʜʥʦʝ ʤʝʪʦʨʦʞʜʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʂʘʨʘʛʠʥʩʢʦʤ ʨʘʡʦʥʝ ʂʘʤʯʘʪʩʢʦʛʦ 
ʢʨʘʷ, ʚ 5 ʢʤ ʦʪ ʛʨʘʥʠʮʳ ʩ ʋʩʪʴ-ʂʘʤʯʘʪʩʢʠʤ ʨʘʡʦʥʦʤ ʠ ʚ 60 ʢʤ ʦʪ ʧʦʙʝʨʝʞʴʷ ɹʝʨʠʥʛʦʚʘ ʤʦʨʷ. 
ɹʣʠʞʘʡʰʠʡ ʥʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ ï ʛ. ʂʣʶʯʠ ʨʘʩʧʦʣʦʞʝʥ ʚ 150 ʢʤ ʢ ʶʛʫ, ʨʘʡʦʥʥʳʡ ʮʝʥʪʨ ï ʧʦʩ. 
ʆʩʩʦʨʘ ʥʘʭʦʜʠʪʩʷ ʚ 240 ʢʤ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ, ʘ ʦʢʨʫʞʥʦʡ ʮʝʥʪʨ ï ʧʛʪ. ʇʘʣʘʥʘ ï ʚ 170 ʢʤ ʢ ʩʝʚʝʨʫ. 

ʇʣʦʱʘʜʴ ʆʟʝʨʥʦʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʩʦʩʪʘʚʣʷʝʪ 55 ʢʤ2 [4]. 
ɺ ʦʨʦʛʨʘʬʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʨʫʜʥʦʝ ʧʦʣʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ɺʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ 

ʉʨʝʜʠʥʥʦʛʦ ʂʘʤʯʘʪʩʢʦʛʦ ʭʨʝʙʪʘ ʚ ʤʝʞʜʫʨʝʯʴʝ ʨʝʢ ʃʝʚʘʷ ʆʟʝʨʥʘʷ ʠ ʇʝʨʝʚʘʣʴʥʘʷ. ɺʦʜʦʨʘʟʜʝʣ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʧʦʣʦʞʝʥʥʦʡ ʚʝʨʰʠʥʦʡ, ʧʦʣʦʛʦ ʥʘʢʣʦʥʝʥʥʦʡ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ. ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʝ 
ʩʢʣʦʥʳ ʚʦʜʦʨʘʟʜʝʣʘ ʧʦʣʦʛʠʝ ï 10é200, ʶʛʦ-ʟʘʧʘʜʥʳʝ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʪʳʝ (ʜʦ 25-400). ʇʣʘʪʦ 
ʦʛʨʘʥʠʯʝʥʦ ʦʙʨʳʚʘʤʠ ʚʳʩʦʪʦʡ 40-60 ʤ. 

ʈʝʣʴʝʬ ʨʘʡʦʥʘ ʩʨʝʜʥʝʛʦʨʥʳʡ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʦʪʤʝʪʢʘʤʠ ʦʪ 236 ʜʦ 890 ʤ (ʥʘ ʩʘʤʦʤ 
ʧʣʘʪʦ ʜʦ 1000 ʤ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʧʨʝʚʳʰʝʥʠʷʤʠ ʦʪ 50 ʜʦ 600 ʤ [4]. 

ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʧʨʠʪʦʢʠ ʨ. ʃʝʚʦʡ ʆʟʝʨʥʦʡ ï ʨʫʯʴʠ ʍʦʤʫʪ ʠ ʂʦʥʛʣʦʤʝʨʘʪʦʚʳʡ 
ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʜʦ 6 ʢʤ. 

ʋʯʘʩʪʦʢ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʝʦʩʚʦʝʥʥʦʡ ʚ ʭʦʟʷʡʩʪʚʝʥʥʦʤ 
ʦʪʥʦʰʝʥʠʠ ʪʝʨʨʠʪʦʨʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʳʤʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, 
ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʘʣʠʯʠʝʤ ʚ ʩʢʘʣʴʥʦʤ ʤʘʩʩʠʚʝ ʵʣʶʚʠʘʣʴʥʦʡ ʛʣʠʥʠʩʪʦʡ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʘ ʚ 
ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʣʝʜʥʠʢʦʚʳʭ ʠ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʟʥʘʯʠʪʝʣʴʥʳʭ (ʙʦʣʝʝ 50 %) 
ʩʦʜʝʨʞʘʥʠʡ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʩʫʧʝʩʯʘʥʦʛʦ ʠ ʩʫʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʣʠʮʝʥʟʠʦʥʥʦʡ ʧʣʦʱʘʜʠ 
ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ, ʧʦʩʪʦʷʥʥʘʷ ʜʦʨʦʞʥʘʷ ʩʝʪʴ, ʣʠʥʠʠ 
ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ. ɿʘʝʟʜ ʦʪ ʩʫʱʝʩʪʚʫʶʱʝʡ ʛʨʫʥʪʦʚʦʡ ʘʚʪʦʜʦʨʦʛʠ ʂʣʶʯʠ -ʧʝʨʝʚʘʣʦʯʥʘʷ ʙʘʟʘ ʃʳʟʳʢ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʟʠʤʥʠʢʫ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 62 ʢʠʣʦʤʝʪʨʘ, ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ʧʨʦʝʟʜ ʚʦʟʤʦʞʝʥ 
ʪʦʣʴʢʦ ʛʫʩʝʥʠʯʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ. 

ɽʩʪʝʩʪʚʝʥʥʳʤʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 
ʧʦʯʚʳ, ʨʳʭʣʳʭ ʛʨʫʥʪʦʚ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʷʚʣʷʶʪʩʷ ʨʫʜʥʳʝ ʪʝʣʘ, ʚ ʢʦʪʦʨʳʭ 
ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʪʝʣʣʫʨʘ (ʊʝ) ʠ ʩʝʣʝʥʘ (Se) ʠ ʜʨʫʛʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. 

ɿʘ ʧʝʨʠʦʜ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ (ʩ 70-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ), ʧʨʠ 
ʧʨʦʣʦʞʝʥʠʠ ʧʦʜʲʝʟʜʥʳʭ ʘʚʪʦʪʨʘʢʪʦʨʥʳʭ ʜʦʨʦʛ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʣʦʱʘʜʦʢ ʧʦʜ ʙʫʨʦʚʳʝ ʠ ʧʨʦʭʦʜʢʝ 
ʢʘʥʘʚ ʠ ʪʨʘʥʰʝʡ ʧʦ ʫʯʘʩʪʢʘʤ ʨʫʜʥʳʭ ʟʦʥ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʥʘʨʫʰʝʥʳ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ 
ʤʠʢʨʦʨʝʣʴʝʬ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ.  

ʂ ʧʝʨʠʦʜʫ ʢʦʥʩʝʨʚʘʮʠʠ ʨʘʙʦʪ ʚ 1997 ʛʦʜʫ ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ 

ʩʦʩʪʘʚʣʷʣʘ ʧʦʨʷʜʢʘ 280-300 ʛʘ. ʅʘʨʫʰʝʥʥʳʤʠ ʥʘʟʳʚʘʶʪ ʟʝʤʣʠ, ʢʦʪʦʨʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʫʪʨʘʪʠʣʠ ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʮʝʥʥʦʩʪʴ, ʩʪʘʣʠ ʠʩʪʦʯʥʠʢʦʤ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʦʯʚʝʥʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, 
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ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʩʦʟʜʘʥʠʝʤ ʪʝʭʥʦʛʝʥʥʦʛʦ ʨʝʣʴʝʬʘ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 
ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ, ʚʦʜʳ, ʚʦʟʜʫʭʘ, ʫʩʣʦʞʥʷʶʪ ʫʩʣʦʚʠʷ ʧʨʦʞʠʚʘʥʠʷ ʯʝʣʦʚʝʢʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʪʝʭʥʦʛʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʫʯʘʩʪʢʠ ʜʝʪʘʣʴʥʳʭ 
ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʆɸʆ "ʉʠɻʄɸ" ʵʪʦ - "ɹɸʄ" ʠ "ʍʦʤʫʪ". ʅʘʠʤʝʥʝʝ - ʫʯʘʩʪʢʠ 
"ʂʦʥʛʣʦʤʝʨʘʪʦʚʳʡ" ʠ "ʇʨʦʤʝʪʝʡ", ʛʜʝ ʨʘʙʦʪʳ ʧʨʝʢʨʘʱʝʥʳ ʚ 90-ʭ ʛʦʜʘʭ ʩ ʣʠʢʚʠʜʘʮʠʝʡ ʎʝʥʪʨʘʣʴʥʦ-
ʂʘʤʯʘʪʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ ɻʐ "ʂʘʤʯʘʪʛʝʦʣʦʛʠʷ" ʠ ʛʜʝ ʟʘ ʧʨʦʰʝʜʰʠʡ ʧʝʨʠʦʜ ʧʨʦʠʟʦʰʣʦ ʯʘʩʪʠʯʥʦʝ 
ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʧʫʪʝʤ "ʦʧʣʳʚʘʥʠʷ" ʙʦʨʪʦʚ ʢʘʥʘʚ ʠ ʪʨʘʥʰʝʡ, 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʣʠ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʚʠʜʦʚ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʦ ʩʧʣʘʥʠʨʦʚʘʥʥʳʤ 
ʨʘʥʝʝ ʧʣʦʱʘʜʢʘʤ, ʧʦʷʚʣʝʥʠʝ ʛʫʩʪʦʛʦ ʧʦʜʨʦʩʪʘ ʦʣʴʭʦʚʦʛʦ ʩʪʣʘʥʠʢʘ, ʦʣʴʭʠ ʠ ʙʝʨʝʟʳ ʧʦ ʢʦʣʝʷʤ 
ʘʚʪʦʪʨʘʢʪʦʨʥʳʭ ʧʨʦʝʟʜʦʚ ʧʨʦʰʣʳʭ ʣʝʪ.  

ʇʦ ʠʤʝʶʱʠʤʩʷ ʬʦʥʜʦʚʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ ʥʘʪʫʨʘʣʴʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ ʧʦ ʧʣʦʱʘʜʢʘʤ 
ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʂʘʤʯʘʪʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʧʨʦʮʝʩʩ ʥʘʯʘʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʣʠ 
ʧʦʷʚʣʝʥʠʷ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʟʘʥʠʤʘʝʪ 2-3 ʛʦʜʘ, ʜʨʝʚʝʩʥʦʡ ʜʦ 4-5 ʣʝʪ. 

ʀʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʣʦʱʘʜʠ ʥʘʨʫʰʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ - ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʱʘʜʴ (150 
ʛʘ) ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʣʴʭʦʚʳʝ, ʨʝʞʝ ʢʝʜʨʦʚʳʝ ʩʪʣʘʥʠʢʠ ʠ ʣʫʛʦʚʫʶ ʪʨʘʚʷʥʠʩʪʫʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 
ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʠ ʩʢʣʦʥʦʚʳʭ ʫʯʘʩʪʢʦʚ. ʄʠʥʠʤʘʣʴʥʳʝ ʧʣʦʱʘʜʠ ʥʘʨʫʰʝʥʠʡ ʦʪʤʝʯʝʥʳ ʜʣʷ ʨʝʯʥʳʭ 
ʜʦʣʠʥ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ (1 ʛʘ) ʠ ʛʦʨʥʳʭ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʠ ʩʢʣʦʥʦʚʳʭ ʢʫʩʪʘʨʥʠʯʥʠʢʦʚʦ-ʪʨʘʚʷʥʠʩʪʳʭ 

ʪʫʥʜʨ (15 ʛʘ). ʇʣʦʱʘʜʴ ʥʘʨʫʰʝʥʠʡ ʧʦ ʧʘʨʢʦʚʳʤ ʢʘʤʝʥʥʦ- ʙʝʨʝʟʦʚʳʤ ʣʝʩʘʤ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 40 
ʛʘ. ʅʘʨʫʰʝʥʠʡ ʧʦ ʧʦʡʤʝʥʥʳʤ ʪʦʧʦʣʝʚʦ-ʦʣʴʭʦʚʳʤ ʣʝʩʘʤ ʜʦʣʠʥ ʨʝʢ ʆʟʝʨʥʘʷ ʠ ʨʫʯʴʷ ʍʦʤʫʪ ʥʝ 
ʧʨʦʩʣʝʞʝʥʦ. ɺ ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʦʚ ʟʝʤʝʣʴ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʥʘʨʫʰʝʥʠʡ ʣʦʢʘʣʴʥʦ ʧʨʦʷʚʣʷʶʪʩʷ 
ʧʨʦʮʝʩʩʳ ʛʣʫʙʠʥʥʦʡ ʠ ʙʦʢʦʚʦʡ ʵʨʦʟʠʠ ʧʦ ʧʦʧʝʨʝʯʥʳʤ ʩʢʣʦʥʘʤ ʣʦʞʙʠʥʘʤ ʠ ʚʨʝʟʘʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʨʷʜʝ ʫʯʘʩʪʢʦʚ 
ʆʟʝʨʥʦʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʩʬʦʨʤʠʨʦʚʘʥ ʪʝʭʥʦʛʝʥʥʳʡ ʨʝʣʴʝʬ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʛʨʫʧʧ 
ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʬʦʨʤ: 

- ʩʦʙʩʪʚʝʥʥʦ ʪʝʭʥʦʛʝʥʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ; 
- ʪʝʭʥʦʛʝʥʥʦ ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ. 
ʉʦʙʩʪʚʝʥʥʦ ʪʝʭʥʦʛʝʥʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʚʢʣʶʯʘʶʪ ʚʨʝʤʝʥʥʳʝ ʛʨʫʥʪʦʚʳʝ ʧʨʦʝʟʜʳ, 

ʪʨʘʥʰʝʠ, ʢʘʥʘʚʳ, ʰʫʨʬʳ, ʙʫʨʦʚʳʝ ʠ ʧʨʠʰʪʦʣʴʥʝʚʫʶ ʧʣʦʱʘʜʢʠ ʠ ʦʪʚʘʣʳ ʛʦʨʥʳʭ ʧʦʨʦʜ. 
ɺʨʝʤʝʥʥʳʝ ʛʨʫʥʪʦʚʳʝ ʧʨʦʝʟʜʳ ʠʤʝʶʪ ʰʠʨʠʥʫ ʧʦʣʦʪʥʘ 3 - 5 ʤ ʠ ʦʙʱʫʶ ʩʫʤʤʘʨʥʫʶ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʦʢʦʣʦ 20 ʢʤ. ɹʦʣʴʰʘʷ ʠʭ ʯʘʩʪʴ ʦʜʥʦʢʦʣʝʡʥʘʷ ʩʫʭʘʷ ʠ ʧʨʦʭʦʜʠʪ ʧʦ ʥʝ ʢʨʫʪʳʤ (ʜʦ 
15Á) ʩʢʣʦʥʘʤ. ʅʘ ʙʦʣʝʝ ʢʨʫʪʳʭ ʩʢʣʦʥʘʭ ʜʣʷ ʧʨʦʢʣʘʜʢʠ ʜʦʨʦʛ ʙʳʣʠ ʩʜʝʣʘʥʳ ʧʦʣʫʚʳʝʤʢʠ ʠʣʠ 
ʚʳʝʤʢʠ ʛʣʫʙʠʥʦʡ ʜʦ 5 ʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʢʨʫʪʳʝ ʦʪʢʦʩʳ ʧʦʣʫʚʳʝʤʦʢ ʠ ʚʳʝʤʦʢ 
ʤʝʩʪʘʤʠ ʦʩʳʧʘʶʪʩʷ, ʦʙʚʘʣʠʚʘʶʪʩʷ ʠ ʦʧʣʳʚʘʶʪ.  

ʊʨʘʥʰʝʠ ʠ ʢʘʥʘʚʳ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʫʯʘʩʪʢʘʭ ɹɸʄ, ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʠ ʍʦʤʫʪ. 
ʅʘ ʧʣʦʱʘʜʷʭ ʠʭ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʢʦʧʣʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʪʠʧʠʯʥʳʡ ʪʝʭʥʦʛʝʥʥʳʡ ʨʝʣʴʝʬ, 

ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʪʝʨʨʠʪʦʨʠʡ, ʠʩʧʳʪʘʚʰʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʜʝʪʘʣʴʥʳʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. 
ɻʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ ʠʤʝʶʪ ʪʨʘʧʝʮʠʝʚʠʜʥʦʝ ʩʝʯʝʥʠʝ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʠʥʝʡʥʳʝ 
ʜʝʥʫʜʘʮʠʦʥʥʳʝ ʬʦʨʤʳ ʪʝʭʥʦʛʝʥʥʦʛʦ ʨʝʣʴʝʬʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʛʣʫʙʠʥʦʡ ʜʦ 4-6 ʤ ʠ ʰʠʨʠʥʦʡ ʧʦ 
ʚʝʨʭʫ ʜʦ 10-30 ʤ. ɺʜʦʣʴ ʪʨʘʥʰʝʡ ʠ ʢʘʥʘʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ, ʧʨʦʪʷʛʠʚʘʶʪʩʷ 
ʜʦʚʦʣʴʥʦ ʫʟʢʠʝ (ʜʦ 2-5 ʧʦ ʦʩʥʦʚʘʥʠʶ) ʛʨʷʜʳ ʦʪʚʘʣʦʚ ʠʟ ʱʝʙʥʠʩʪʦ-ʩʫʧʝʩʯʘʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʳʩʦʪʦʡ 
ʜʦ 2 ʤ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʢʘʥʘʚ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠ ʜʦʩʪʠʛʘʝʪ 1 ʢʤ, ʪʨʘʥʰʝʡ -100-200 ʤ. 
ʄʝʩʪʘʤʠ, ʚ ʥʘʠʙʦʣʝʝ ʧʦʥʠʞʝʥʥʳʭ ʯʘʩʪʷʭ ʢʘʥʘʚ ʦʪʤʝʯʝʥʳ ʚʨʝʤʝʥʥʳʝ ʦʟʝʨʢʠ-ʧʨʫʜʳ. 

ʅʘʠʤʝʥʴʰʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʜʣʷ ʢʘʥʘʚ 1978-1986 ʛ.ʛ., ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʦʷʩʝ 
ʩʪʣʘʥʠʢʦʚ ʠ ʦʩʦʙʝʥʥʦ ʢʘʤʝʥʥʦʙʝʨʝʟʦʚʳʭ ʣʝʩʦʚ. ɻʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ ʧʦʣʥʦʩʪʴʶ çʟʘʧʣʳʣʠè, 

ʟʘʨʦʩʣʠ ʪʨʘʚʦʡ ʠ ʦʣʴʭʦʚʳʤ ʩʪʣʘʥʠʢʦʤ, ʯʘʩʪʦ ʩ ʪʨʫʜʦʤ ʚʳʜʝʣʷʶʪʩʷ ʥʘ ʤʝʩʪʥʦʩʪʠ. 
ʊʝʭʥʦʛʝʥʥʦ ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʣʦʱʘʜʥʦʝ ʨʘʟʚʠʪʠʝ ʠ 

ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ. ʆʥʠ ʬʦʨʤʠʨʫʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʝʜʝʣʘʭ ʩʫʱʝʩʪʚʫʶʱʠʭ 
ʪʝʭʥʦʛʝʥʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ ʠ ʪʦʣʴʢʦ ʠʤʠ ʚʳʟʚʘʥʳ. ʂ ʪʘʢʠʤ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʤ ʬʦʨʤʘʤ ʦʪʥʦʩʷʪʩʷ 
ʩʧʣʳʚʳ, ʵʨʦʟʠʦʥʥʳʝ ʙʦʨʦʟʜʳ ʠ ʨʳʪʚʠʥʳ, ʚʳʚʘʣʳ, ʦʩʳʧʠ. 

ɼʦ ʥʘʯʘʣʘ ʦʩʚʦʝʥʠʷ ʆʟʝʨʥʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʨʦʜʥʦʡ 
ʩʨʝʜʳ ʚ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʷʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʤʝʨʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʭʥʦʛʝʥʝʟʘ ʥʘ 
ʣʝʩʦʪʫʥʜʨʦʚʳʝ ʠ ʪʫʥʜʨʦʚʳʝ ʣʘʥʜʰʘʬʪʳ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʷʭ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘʨʫʰʝʥʥʳʭ ʜʦʣʠʥʥʳʭ 
ʣʘʥʜʰʘʬʪʦʚ, ʧʦʩʣʝʜʥʠʝ ʥʝ ʜʦʩʪʠʛʘʶʪ ʟʦʥʘʣʴʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʠ ʟʥʘʯʠʤʦʩʪʠ. ʄʝʞʜʫ ʪʝʤ, ʤʥʦʛʠʝ ʜʦʣʠʥʥʳʝ ʣʘʥʜʰʘʬʪʳ 
ʪʫʥʜʨʦʚʦʡ ʟʦʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʠʙʦʣʴʰʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ 
ʠʤʝʥʥʦ ʜʦʣʠʥʳ ʨʝʢ ʷʚʣʷʶʪʩʷ ʤʝʩʪʦʦʙʠʪʘʥʠʝʤ ʤʥʦʛʠʭ ʨʝʜʢʠʭ ʦʨʛʘʥʠʟʤʦʚ, ʠʤʝʥʥʦ ʪʘʤ ʥʘʭʦʜʷʪ 
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ʦʪʜʳʭ ʧʝʨʝʣʝʪʥʳʝ ʧʪʠʮʳ ʠ ʧʠʱʫ ʢʦʧʳʪʥʳʝ ʚʦ ʚʨʝʤʷ ʟʠʤʥʝʡ ʙʝʩʢʦʨʤʠʮʳ ʧʨʠ ʛʦʣʦʣʝʜʥʳʭ 
ʷʚʣʝʥʠʷʭ ʚ ʪʫʥʜʨʝ.  

ʇʨʠ ʚʝʜʝʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʚʠʜʳ 
ʚʦʟʜʝʡʩʪʚʠʷ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ: 

- ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʚʠʜʝ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʠ ʥʝʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ 
ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ; 

- ʩʙʨʦʩʦʚ ʩʪʦʯʥʳʭ ʚʦʜ (ʧʨʦʤʳʰʣʝʥʥʳʭ, ʢʘʨʴʝʨʥʳʭ, ʜʦʞʜʝʚʳʭ ʠ ʢʦʤʤʫʥʘʣʴʥʳʭ); 
- ʩʢʣʘʜʠʨʫʝʤʳʭ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ; 
- ʰʫʤʘ ʠ ʚʠʙʨʘʮʠʠ ʦʪ ʪʨʘʥʩʧʦʨʪʘ, ʦʙʲʝʢʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ; 
- ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ ʦʪ ʵʣʝʢʪʨʦʩʝʪʝʡ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ; 
-ʥʦʚʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ. 
ʀʟ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʙʫʜʫʪ ʠʟʳʤʘʪʴʩʷ: 
- ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ; 
- ʟʝʤʝʣʴʥʳʝ ʨʝʩʫʨʩʳ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʚ ʛʨʘʥʠʮʘʭ ʟʝʤʝʣʴʥʦʛʦ ʦʪʚʦʜʘ).  
ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʦ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʨʠʨʦʜʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜʦʙʥʳʝ ʪʠʧʳ 

ʣʘʥʜʰʘʬʪʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʦʩʦʙʦ ʥʝʫʩʪʦʡʯʠʚʳʭ. 
ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʠʚʝʜʫʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ, ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʆɸʆ 
çʉʠɻʄɸè ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʨʦʧʨʠʷʪʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʤʠʥʠʤʠʟʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʷ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ- ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ (ʆʉ). 

ʂ ʠʩʪʦʯʥʠʢʘʤ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʫʜʫʪ ʦʪʥʦʩʠʪʴʩʷ: 

- ʵʣʝʤʝʥʪʳ ʦʩʥʦʚʥʦʡ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʦʙʳʯʝʡ, 
ʧʝʨʝʤʝʱʝʥʠʝʤ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʠ ʧʦʛʨʫʟʢʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ; 

- ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʴʥʳʝ ʦʙʲʝʢʪʳ (ʟʜʘʥʠʷ, ʩʦʦʨʫʞʝʥʠʷ ʠ ʪ.ʜ.), ʨʘʟʤʝʱʘʝʤʳʝ ʚ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʝ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʦ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʢʘʨʴʝʨʘ; 

- ʦʪʭʦʜʳ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ - ʦʪʚʘʣʳ, ʦʪʩʪʦʡʥʠʢʠ, ʩʚʘʣʢʠ; 
- ʦʪʙʦʨ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʩ ʮʝʣʴʶ ʦʩʫʰʝʥʠʷ ʢʘʨʴʝʨʘ; 
- ʚʠʟʫʘʣʴʥʳʝ ʜʦʤʠʥʘʥʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʭʘʨʘʢʪʝʨʥʳʡ ʦʙʣʠʢ ʣʘʥʜʰʘʬʪʘ. 
ɺ ʧʝʨʠʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʆʟʝʨʥʦʚʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ: ʢʘʨʴʝʨ (ʧʨʦʮʝʩʩʳ 
ʧʝʨʝʩʳʧʢʠ ʧʦʨʦʜʳ ʠ ʨʫʜʳ ï ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʳʣʝʚʳʜʝʣʝʥʠʝʤ); ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ; ʦʪʚʘʣʳ ʧʫʩʪʳʭ 
ʧʦʨʦʜ; ʘʚʪʦʪʨʘʢʪʦʨʥʳʡ ʠ ʛʨʫʟʦʚʦʡ ʪʨʘʥʩʧʦʨʪ (ɼɺʉ, ʧʳʣʝʥʠʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 
ʜʦʨʦʛʘʤ);  ʦʩʥʦʚʥʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʪʜʝʣʝʥʠʷ ʜʨʦʙʣʝʥʠʷ ɿʀʌ; ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʫʯʘʩʪʢʘʭ ʧʦ ʨʝʤʦʥʪʫ ʠ ʦʙʩʣʫʞʠʚʘʥʠʶ ʪʝʭʥʠʢʠ, ɻʉʄ ʠ ɸɿʉ, 
ʜʠʟʝʣʴʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ʧʝʨʝʜʚʠʞʥʳʝ ʠ ʩʪʘʮʠʦʥʘʨʥʳʝ), ʨʝʟʝʨʚʫʘʨʥʳʡ ʧʘʨʢ ɼʕʉ, ʧʦʞʘʨʥʦʝ ʜʝʧʦ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝʛʦ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʚʩʝʭ ʧʣʦʱʘʜʢʘʭ ʦʧʳʪʥʦ-
ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʫʜʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʜʦ 18 ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ 
ʚʝʱʝʩʪʚ, ʠʟ ʥʠʭ 14 ʥʝʦʨʛʘʥʠʟʦʚʘʥʥʳʭ. 

ʆʪ ʠʩʪʦʯʥʠʢʦʚ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʙʫʜʫʪ ʚʳʙʨʘʩʳʚʘʪʴʩʷ 
ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 1, 2, 3 ʠ 4 ʢʣʘʩʩʘʤ ʦʧʘʩʥʦʩʪʠ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʝʨʝʯʥʷ 
ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʚ ʘʪʤʦʩʬʝʨʫ, ʠ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦ ʚʘʣʦʚʳʤ 
ʚʳʙʨʦʩʘʤ ʧʨʠ ʚʝʜʝʥʠʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ: 

- ʵʬʬʝʢʪʦʤ ʥʝʧʦʣʥʦʡ ʩʫʤʤʘʮʠʠ ʚʨʝʜʥʦʛʦ ʜʝʡʩʪʚʠʷ ʦʙʣʘʜʘʶʪ: ʜʠʦʢʩʠʜ ʩʝʨʳ ʠ ʜʠʦʢʩʠʜ 
ʘʟʦʪʘ, ʩʝʨʳ ʜʠʦʢʩʠʜ ʠ ʬʪʦʨʠʩʪʳʡ ʚʦʜʦʨʦʜ; 

- ʵʬʬʝʢʪʦʤ ʩʫʤʤʘʮʠʠ ʚʨʝʜʥʦʛʦ ʜʝʡʩʪʚʠʷ ʦʙʣʘʜʘʶʪ: ʩʚʠʥʮʘ ʦʢʩʠʜ ʠ ʩʝʨʳ ʜʠʦʢʩʠʜ, 
ʩʝʨʦʚʦʜʦʨʦʜ ʠ ʬʦʨʤʘʣʴʜʝʛʠʜ, ʩʝʨʳ ʜʠʦʢʩʠʜ ʠ ʢʠʩʣʦʪʘ ʩʝʨʥʘʷ. 

ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʚ ʨʘʟʜʝʣʝ ʧʨʦʝʢʪʘ çʆʮʝʥʢʘ 
ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫè ʆɸʆ çʉʠɻʄɸè ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ: 

- ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʦʨʦʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʚʘʣʦʚ ʚ ʩʫʭʦʝ ʚʨʝʤʷ ʛʦʜʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʧʳʣʝʧʦʜʘʚʣʝʥʠʷ - 80 %; 

- ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʦʨʦʰʝʥʠʝ ʵʢʩʢʘʚʘʪʦʨʥʦʛʦ ʟʘʙʦʷ, ʚ ʩʫʭʦʝ ʚʨʝʤʷ ʛʦʜʘ, ʧʨʠ ʧʦʛʨʫʟʢʝ 
ʧʦʨʦʜʳ ʚ ʘʚʪʦʩʘʤʦʩʚʘʣʳ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʧʦʜʘʚʣʝʥʠʷ - 80 %; 

- ʧʨʠ ʨʘʙʦʪʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ - ʛʠʜʨʦʦʙʝʩʧʳʣʠʚʘʥʠʝ ʘʚʪʦʜʦʨʦʛ, ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ 
ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ - ʧʨʠʤʝʥʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ, ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʦʪ 45 ʜʦ 80%; 
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- ʢʦʥʪʨʦʣʴ ʟʘ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʜʳʤʥʦʩʪʴʶ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ ʩʧʝʮʪʝʭʥʠʢʠ; 
- ʜʠʩʧʝʪʯʝʨʩʢʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʨʘʙʦʪʘʤʠ; 
- ʧʨʠ ʨʘʙʦʪʝ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʘʟʦʦʯʠʩʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ (ʬʠʣʴʪʨ 

ʉʦʚʇʣʠʤ), ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ 99,0 %. 
ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʘʟʜʝʣʘ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʨʘʩʩʝʠʚʘʥʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʦʪ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʙʝʟ ʫʯʝʪʘ ʬʦʥʦʚʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʜʣʷ ʫʩʣʦʚʠʡ 
ʦʪʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʟʦʣʦʪʘ ʦʪʢʨʳʪʳʤʠ ʛʦʨʥʳʤʠ ʨʘʙʦʪʘʤʠ. 

ɸʥʘʣʠʟ ʨʘʩʯʝʪʦʚ ʧʨʠʟʝʤʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʦʤ 
ʚʦʟʜʫʭʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʨʠʟʝʤʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʛʨʘʥʠʮʝ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʦʡ 
ʟʦʥʳ ʙʝʟ ʫʯʝʪʘ ʬʦʥʘ ʥʝ ʧʨʝʚʳʰʘʶʪ ʇɼʂ ʠ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 0,00 ʜʦ 0,78 ʇɼʂ [5]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʭʦʜʝ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ 
ʨʘʙʦʪ ʥʘ ʆʟʝʨʥʦʚʩʢʦʤ ʟʦʣʦʪʦʨʫʜʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʚʩʝʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 
ʫʤʝʥʴʰʝʥʠʶ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʙʫʜʝʪ ʚ 
ʧʨʝʜʝʣʘʭ ʩʘʥʠʪʘʨʥʳʭ ʥʦʨʤ. 

ɺʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʨʝʜʫ, ʨʝʣʴʝʬ ʠ 
ʣʘʥʜʰʘʬʪʳ ʤʦʛʫʪ ʧʨʦʷʚʠʪʴʩʷ ʚ: 

- ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ; 

- ʟʘʛʨʷʟʥʝʥʠʠ ʥʝʜʨ ʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; 
- ʠʟʤʝʥʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʜʨ ʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʛʝʦʢʨʠʦʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ). 
ʉ ʟʘʚʝʨʰʝʥʠʝʤ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠ ʚʚʦʜʦʤ ʦʙʲʝʢʪʦʚ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʨʘʩʰʠʨʝʥʠʝ ʤʘʩʰʪʘʙʦʚ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʥʝʝ ʠʤʝʚʰʠʭ ʤʝʩʪʦ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ 
ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʨʝʜʫ, ʨʝʣʴʝʬ ʠ ʣʘʥʜʰʘʬʪʳ ʧʨʝʢʨʘʪʠʪʩʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʣʦʱʘʜʦʢ ʢʘʨʴʝʨʦʚ ʠ 
ʦʪʚʘʣʦʚ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ. 

ɹʝʟ ʤʝʨʦʧʨʠʷʪʠʡ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʩʦʭʨʘʥʠʪʩʷ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ 
ʥʘʨʫʰʝʥʠʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ.  

ʆʜʥʘʢʦ ʨʘʟʜʝʣʦʤ ʧʨʦʝʢʪʘ çʆʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫè ʆɸʆ çʉʠɻʄɸè ʥʝ 
ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʨʝʢʫʣʴʪʠʚʘʮʠʦʥʥʳʝ ʨʘʙʦʪʳ ʥʘ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʧʦ ʟʘʚʝʨʰʝʥʠʶ ʠʭ 
ʵʢʩʧʣʫʘʪʘʮʠʠ, ʭʦʪʷ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʪʝʨʨʠʪʦʨʠʠ ʧʦʩʣʝ ʦʙʫʩʪʨʦʡʩʪʚʘ 
ʧʣʦʱʘʜʦʢ ʠ ʧʨʦʢʣʘʜʢʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʦʙʫʩʣʦʚʷʪ ʩʥʠʞʝʥʠʝ ʤʘʩʰʪʘʙʦʚ ʥʘʨʫʰʝʥʠʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 
ʩʨʝʜʳ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʚʦʡʩʪʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ 
ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʊʘʢʞʝ ʚʘʞʥʳʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʮʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠʟ 
ʜʦʙʳʪʦʛʦ ʩʳʨʴʷ. ʇʨʠʤʝʥʷʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʠʟʚʣʝʯʝʥʠʝ ʚʩʝʭ ʮʝʥʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʨʫʜʳ ʧʨʠ ʫʩʣʦʚʠʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʵʪʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʠʣʠ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ 

ʠʟʚʣʝʯʝʥʠʷ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʙʫʜʫʱʝʤ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 
ʕʢʩʧʣʫʘʪʘʮʠʷ ʦʙʲʝʢʪʦʚ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʘʙʦʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʟʘ ʩʯʝʪ: 
- ʥʘʨʫʰʝʥʠʷ ʧʣʦʱʘʜʝʡ ʚʦʜʦʩʙʦʨʘ ʢʘʨʴʝʨʥʳʤʠ ʚʳʨʘʙʦʪʢʘʤʠ, ʦʪʚʘʣʘʤʠ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ; 
- ʥʘʨʫʰʝʥʠʷ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚʦʜ; 
- ʠʟʲʷʪʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʥʫʞʜʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠ ʙʳʪʦʚʦʛʦ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ. 
ʂ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ ʥʘ ʛʦʨʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ 

ʦʪʥʦʩʷʪʩʷ: 

- ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʧʨʠʨʦʜʥʳʝ ʚʦʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʙʨʦʩʘ ʩʪʦʯʥʳʭ 
ʚʦʜ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ; 

- ʩʤʳʚ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʩ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʧʨʠʷʪʠʷ; 
- ʬʠʣʴʪʨʘʮʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʠʟ ʦʙʲʝʢʪʦʚ-ʥʘʢʦʧʠʪʝʣʝʡ ʚ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ. 
ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʪʨʘʙʦʪʢʠ ʢʘʨʴʝʨʦʚ ʥʘ ʫʯʘʩʪʢʘʭ ɹɸʄ ʠ ʍʦʤʫʪ ʆʟʝʨʥʦʚʩʢʦʛʦ 

ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʨʦʩʪʳʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʦʡ ʦʪʨʘʙʦʪʢʠ ʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʥʘ 
ʥʘʛʦʨʥʦʡ ʯʘʩʪʠ ʨʝʣʴʝʬʘ. 

ʊʦʣʴʢʦ ʫʩʣʦʚʠʷ ʦʪʨʘʙʦʪʢʠ ʟʘʧʘʜʥʦʛʦ ʢʘʨʴʝʨʘ ʫʯʘʩʪʢʘ ʍʦʤʫʪ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ: 
ʝʛʦ ʚʦʜʦʩʙʦʨʥʘʷ ʧʣʦʱʘʜʴ ʟʘʭʚʘʪʳʚʘʝʪ ʩʪʦʢʠ ʩʦ ʩʢʣʦʥʦʚ ʥʘʛʦʨʥʦʡ ʯʘʩʪʠ, ʘ ʚ ʢʦʥʪʫʨ ʢʘʨʴʝʨʘ 
ʧʦʧʘʜʘʝʪ ʯʘʩʪʴ ʨʫʩʣʘ ʨʫʯ. ʍʦʤʫʪ. 

ʇʦ ʧʨʦʠʟʚʝʜʝʥʥʳʤ ʧʨʦʝʢʪʥʳʤ ʨʘʩʯʝʪʘʤ, ʚʝʣʠʯʠʥʳ ʦʞʠʜʘʝʤʳʭ ʚʦʜʦʧʨʠʪʦʢʦʚ ʥʝʙʦʣʴʰʠʝ, 
ʠ ʦʩʫʰʝʥʠʝ ʢʘʨʴʝʨʦʚ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʨʝʜʩʪʚ ʢʘʨʴʝʨʥʦʛʦ ʚʦʜʦʦʪʣʠʚʘ ʩʦ ʜʥʘ 
ʢʘʨʴʝʨʘ. 
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ʋʯʘʩʪʦʢ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹɸʄ ʙʫʜʝʪ ʦʪʨʘʙʘʪʳʚʘʪʴʩʷ ʩ ʥʘʛʦʨʥʦʡ ʯʘʩʪʠ ʩ ʘʙʩ.ʦʪʤ. 585 - 570 
ʤ ʜʦ ʘʙʩ. ʦʪʤ. 530 - 490 ʤ, ʘ ʚʳʭʦʜʳ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʨʘʡʦʥʝ ʨʫʯʴʷ ʬʠʢʩʠʨʫʶʪʩʷ ʥʘ ʘʙʩ.ʦʪʤ. 465 - 
470 ʤ. ʆʙʚʦʜʥʝʥʠʝ ʢʘʨʴʝʨʘ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. 

ʋʯʘʩʪʦʢ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍʦʤʫʪ ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʥʘʛʦʨʥʦʡ ʯʘʩʪʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʦʪʤʝʪʦʢ 
710- 510 ʤ ʜʦ ʘʙʩ. ʦʪʤ. 475 - 665 ʤ ʠ ʪʘʢʞʝ ʚʳʰʝ ʦʪʤʝʪʦʢ ʚʳʭʦʜʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʧʦʵʪʦʤʫ 
ʦʙʚʦʜʥʝʥʠʝ ʢʘʨʴʝʨʦʚ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʸʪ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. ʕʪʦʪ 
ʫʯʘʩʪʦʢ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʫʯʘʩʪʢʘ ɹɸʄ ʪʝʤ, ʯʪʦ ʝʛʦ ʚʦʜʦʩʙʦʨʥʘʷ ʧʣʦʱʘʜʴ ʟʘʭʚʘʪʳʚʘʝʪ ʩʪʦʢʠ ʩʦ 
ʩʢʣʦʥʦʚ ʥʘʛʦʨʥʦʡ ʯʘʩʪʠ, ʘ ʚ ʢʦʥʪʫʨ ʟʘʧʘʜʥʦʛʦ ʢʘʨʴʝʨʘ ʧʦʧʘʜʘʝʪ ʪʘʢʞʝ ʨʫʩʣʦ ʨʫʯ. ʍʦʤʫʪ [5]. 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʦʧʘʜʘʥʠʷ ʚ ʢʘʨʴʝʨ ʚʦʜ ʨʫʯʴʷ ʆɸʆ çʉʠɻʄɸè ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʠʭ ʧʝʨʝʭʚʘʪ 
ʚ ʥʘʛʦʨʥʦʡ ʯʘʩʪʠ ʩ ʧʦʤʦʱʴʶ ʥʝʙʦʣʴʰʦʡ ʜʘʤʙʳ ʠ ʦʪʚʦʜ ʧʦ ʢʘʥʘʣʫ. 

ʇʨʦʝʢʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚʦʜʦʦʪʚʦʜʥʦʛʦ ʢʘʥʘʣʘ ʚʳʙʨʘʥʦ ʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʨʦʛʦʡ, ʯʪʦʙʳ 
ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʚʘʪʠʪʴ ʚʦʜʳ ʩʥʝʛʦʪʘʷʥʠʷ ʠ ʣʠʚʥʝʚʳʭ ʜʦʞʜʝʡ, ʩʪʝʢʘʶʱʠʭ ʩ ʥʘʛʦʨʥʦʡ 
ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʝʣʴʝʬʘ ʠ ʧʨʦʠʟʚʝʩʪʠ ʠʭ ʩʙʨʦʩ ʧʦʜʘʣʴʰʝ ʦʪ ʢʘʨʴʝʨʘ.  

ʉ ʚʦʩʪʦʯʥʦʡ ʥʘʛʦʨʥʦʡ ʯʘʩʪʠ ʨʝʣʴʝʬʘ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʩʦʦʨʫʞʝʥʠʝ ʥʘʛʦʨʥʳʭ ʢʘʥʘʚ ʜʣʷ 
ʧʝʨʝʭʚʘʪʘ ʯʠʩʪʳʭ ʚʦʜ, ʩʪʝʢʘʶʱʠʭ ʩʦ ʩʢʣʦʥʦʚ, ʩʦ ʩʙʨʦʩʦʤ ʚʦʜ ʚ ʨʫʯ. ʍʦʤʫʪ, 

ʅʘ ʫʯʘʩʪʢʘʭ ʍʦʤʫʪ ʠ ɹɸʄ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʩʦʦʨʫʞʝʥʠʝ ʦʪʩʪʦʡʥʠʢʦʚ ʢʘʨʴʝʨʥʳʭ ʠ ʦʪʚʘʣʴʥʳʭ 
ʚʦʜ ʩʦ ʩʧʫʩʢʘʤʠ ʧʦʩʣʝ ʦʪʩʪʦʷ ʚ ʨʫʯʝʡ ʍʦʤʫʪ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʯʘʩʪʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɹɸʄè ʠ çʍʆʄʋʊè ʦʩʫʰʝʥʠʝ ʢʘʨʴʝʨʦʚ 
ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʩʨʝʜʩʪʚʘʤʠ ʢʘʨʴʝʨʥʦʛʦ ʚʦʜʦʦʪʣʠʚʘ. ʇʦʩʪʫʧʘʶʱʠʝ ʚ ʢʘʨʴʝʨ ʚʦʜʳ 
ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʪʢʘʯʠʚʘʪʴ ʧʦʛʨʫʞʥʳʤʠ ʥʘʩʦʩʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ ʧʦ ʥʘʧʦʨʥʳʤ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʥʘ 
ʙʦʨʪ ʢʘʨʴʝʨʦʚ ʠ ʜʘʣʝʝ ʧʦ ʩʘʤʦʪʝʯʥʳʤ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʠ ʢʘʥʘʚʘʤ ʩʦʚʤʝʩʪʥʦ ʩ ʚʦʜʘʤʠ, 
ʩʪʝʢʘʶʱʠʤʠ ʩ ʦʪʚʘʣʦʚ, ʩʙʨʘʩʳʚʘʪʴ ʥʘ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ. 

ʆʯʠʩʪʢʘ ʢʘʨʴʝʨʥʳʭ ʠ ʦʪʚʘʣʴʥʳʭ ʚʦʜ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʦʪʩʪʦʡʥʠʢʘʭ. 
ʋʯʠʪʳʚʘʷ ʦʙʱʠʡ ʥʝʙʦʣʴʰʦʡ ʦʙʲʝʤ ʩʙʨʦʩʘ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜ ʦʪʩʪʦʡʥʠʢʠ ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʪʩʪʦʷ ʚʦʜʳ ʥʝ ʤʝʥʝʝ 8 ʯʘʩʦʚ.  
ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʢʦʤʙʠʥʘʪʘ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʨʘʟʚʠʪʠʝʤ ʚʦʜʥʦʡ ʵʨʦʟʠʠ ʠ ʟʘʛʨʷʟʥʝʥʠʷ 
ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʦʯʚ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʝʦʨʛʘʥʠʟʦʚʘʥʥʳʤ ʟʘʛʨʷʟʥʝʥʥʳʤ ʩʪʦʢʦʤ ʩ ʪʝʨʨʠʪʦʨʠʡ 
ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʦʢ. 

ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 
ʥʝʦʙʭʦʜʠʤʦ: 

- ʩʦʙʣʶʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʨʝʛʣʘʤʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʦʥʢʨʝʪʥʳʭ 
ʦʙʲʝʢʪʦʚ; 

- ʩʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 
ʦʙʲʝʢʪʦʚ; 

- ʨʘʟʤʝʱʝʥʠʝ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ ʠ 
ʟʦʥ ʩʘʥʠʪʘʨʥʦʡ ʦʭʨʘʥʳ ʧʦʜʟʝʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʦʩʥʘʙʞʝʥʠʷ; 

ɺ ʨʘʟʜʝʣʝ ʧʨʦʝʢʪʘ çʆʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫè ʆɸʆ çʉʠɻʄɸè 
ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠ ʦʭʨʘʥʝ 
ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ: 

- ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚʦʜʦʦʪʚʦʜʥʳʭ ʢʘʥʘʚ ʜʣʷ ʦʪʚʦʜʘ ʢʘʨʴʝʨʥʳʭ ʠ ʛʨʷʟʥʳʭ ʚʦʜ, ʩʪʝʢʘʶʱʠʭ ʩ 
ʦʪʚʘʣʦʚ; 

- ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʢʘʨʴʝʨʥʳʭ ʠ ʦʪʚʘʣʴʥʳʭ ʚʦʜ; 
- ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʦʤʧʣʝʢʩʥʳʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʜʣʷ ʦʯʠʩʪʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʜʦ ʧʦʢʘʟʘʪʝʣʝʡ ʩʙʨʦʩʘ ʠʭ ʚ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ 
ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʢʘʪʝʛʦʨʠʠ; 

- ʦʨʛʘʥʠʟʘʮʠʷ ʩʪʦʷʥʦʢ ʪʝʭʥʠʢʠ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʦʪʚʝʜʸʥʥʳʭ ʧʣʦʱʘʜʢʘʭ ʩ ʟʘʱʠʪʥʳʤ 
ʧʦʢʨʳʪʠʝʤ: 

- ʩʦʙʣʶʜʝʥʠʝ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ ʚʩʝʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʪʦʢʦʚ. 
ʄʝʞʜʫ ʪʝʤ, ʧʝʨʝʨʘʙʦʪʢʘ ʨʫʜʳ ʥʘ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʟʦʣʦʪʦʠʟʚʣʝʢʘʪʝʣʴʥʦʡ ʬʘʙʨʠʢʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʧʝʨʘʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ. 
ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʦʧʝʨʘʮʠʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ï ʵʪʦ ʚʳʜʝʣʝʥʠʝ 

ʩʚʦʙʦʜʥʦʛʦ ʟʦʣʦʪʘ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʝʛʦ ʚ ʦʪʜʝʣʴʥʦʤ ʮʠʢʣʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ.  
ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʦʙʝʩʰʣʘʤʣʠʚʘʥʠʝ, 

ʩʪʨʘʪʠʬʠʢʘʮʠʶ, ʩʤʝʰʠʚʘʥʠʝ ʩ ʨʘʩʪʚʦʨʘʤʠ ʨʝʘʛʝʥʪʦʚ ʠ ʮʠʘʥʠʨʦʚʘʥʠʝ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʡ 
ʜʝʢʘʥʪʘʮʠʠ ʨʘʩʪʚʦʨʦʚ (ʧʝʨʢʦʣʷʮʠʦʥʥʳʡ ʨʝʞʠʤ). ʇʦ ʟʘʚʝʨʰʝʥʠʶ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʥʘʩʳʱʝʥʥʳʝ 
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ʨʘʩʪʚʦʨʳ ʧʦʜʚʝʨʛʘʶʪ ʵʣʝʢʪʨʦʣʠʟʫ, ʘ ʪʚʝʨʜʳʡ ʦʩʪʘʪʦʢ (ʢʝʢ) ʧʨʦʤʳʚʘʶʪ ʦʪ ʨʘʩʪʚʦʨʘ ʮʠʘʥʠʜʘ. 
ʂʘʪʦʜʥʳʡ ʦʩʘʜʦʢ ʵʣʝʢʪʨʦʣʠʟʘ ʧʦʜʚʝʨʛʘʶʪ ʧʣʘʚʢʝ. 

ʂʦʥʝʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʪʘʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ ʟʦʣʦʪʦ ʚ ʚʠʜʝ ʩʧʣʘʚʘ (ʟʦʣʦʪʦ 
ʣʠʛʘʪʫʨʥʦʝ), ʦʪʤʳʪʳʡ ʢʝʢ, ʰʣʘʤʳ ʠ ʦʙʦʨʦʪʥʳʝ ʨʘʩʪʚʦʨʳ. ʎʠʘʥʠʜʩʦʜʝʨʞʘʱʠʝ ʨʘʩʪʚʦʨʳ ʧʦʩʣʝ 
ʠʥʪʝʥʩʠʚʥʦʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ ʯʘʩʪʠʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʧʦʚʪʦʨʥʦ, ʠʟʣʠʰʝʢ ʨʘʩʪʚʦʨʦʚ ʠ ʰʣʘʤʳ 
ʥʘʧʨʘʚʣʷʶʪ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ ʚ ʮʠʢʣ ʩʦʨʙʮʠʦʥʥʦʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ. ʂʝʢ ʠʥʪʝʥʩʠʚʥʦʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ 
ʧʦʩʣʝ ʜʦʠʟʤʝʣʴʯʝʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʠʩʭʦʜʥʦʡ ʨʫʜʦʡ ʪʘʢʞʝ ʥʘʧʨʘʚʣʷʶʪ ʥʘ ʩʦʨʙʮʠʦʥʥʦʝ 
ʮʠʘʥʠʨʦʚʘʥʠʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʤʘʨʢʠ Norit RO 3515. 

ʂʦʥʝʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʝʨʝʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ ʩʧʣʘʚ (ʣʠʛʘʪʫʨʥʦʝ ʟʦʣʦʪʦ), ʭʚʦʩʪʦʚʘʷ 
ʧʫʣʴʧʘ ʠ ʥʝʢʦʥʜʠʮʠʦʥʥʳʡ ʩʦʨʙʝʥʪ. ʍʚʦʩʪʦʚʫʶ ʧʫʣʴʧʫ ʧʦʜʚʝʨʛʘʶʪ ʦʙʝʟʚʨʝʞʠʚʘʥʠʶ ʦʪ ʮʠʘʥʠʜʦʚ ʠ 
ʥʘʧʨʘʚʣʷʶʪ ʚ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ (ʪʚʝʨʜʫʶ ʬʘʟʫ ʥʘ ʧʦʣʠʛʦʥ ʢʝʢʘ, ʞʠʜʢʫʶ ʬʘʟʫ ʚ ʝʤʢʦʩʪʴ 
ʦʙʝʟʚʨʝʞʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ). 

ʇʦ ʧʨʦʝʢʪʫ ʆɸʆ çʉʠɻʄɸè ʙʳʪʦʚʳʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ʦʪ ʦʙʲʝʢʪʦʚ 
ʧʨʝʜʧʨʠʷʪʠʷ (ʟʦʣʦʪʦʠʟʚʣʝʢʘʪʝʣʴʥʘʷ ʬʘʙʨʠʢʘ, ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ ʠ ʪ.ʜ.) ʧʦ ʩʠʩʪʝʤʝ ʩʘʤʦʪʝʯʥʳʭ 
ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʦʜʘʶʪʩʷ ʥʘ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ (ʂʆʉ), ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ 150 
ʤʝʪʨʘʭ ʢ ʶʛʫ ʦʪ ʚʘʭʪʦʚʦʛʦ ʧʦʩʝʣʢʘ. ʇʦ ʧʨʦʝʢʪʫ ʦʯʠʱʝʥʥʳʝ ʚʦʜʳ ʩʙʨʘʩʳʚʘʶʪʩʷ ʚ ʨ. ʃʝʚ. ʆʟʝʨʥʘʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʚʚʝʩʪʠ ʞʝʩʪʢʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʟʘ ʩʦʩʪʦʷʥʠʝʤ 
ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʨʫʯ. ʃʝʚ. ʆʟʝʨʥʘʷ, ʫʩʪʘʥʦʚʠʪʴ ʥʝʩʢʦʣʴʢʦ ʢʦʥʪʨʦʣʴʥʳʭ ʩʪʚʦʨʦʚ ʠ ʨʝʛʫʣʷʨʥʦ 
ʧʨʦʚʦʜʠʪʴ ʥʘʙʣʶʜʝʥʠʷ, ʩ ʮʝʣʴʶ ʥʝʜʦʧʫʱʝʥʠʷ ʧʦʧʘʜʘʥʠʷ ʮʠʘʥʠʜʦʚ ʚ ʙʘʩʩʝʡʥ ʨʝʢʠ ʆʟʝʨʥʘʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʆʟʝʨʥʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 
ʧʦʪʨʝʙʣʝʥʠʷ. 

ʉʘʤʦʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ - ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ, ʙʫʜʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ 
ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʚʠʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ - ʚʝʜʝʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʇʦʨʦʜʳ ʚʩʢʨʳʰʠ, ʚ ʢʦʣʠʯʝʩʪʚʝ 1 242 500 ʪ/ʛʦʜ, ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʦʪʚʘʣʳ, ʢʦʪʦʨʳʝ 
ʨʘʩʧʦʣʦʞʝʥʳ ʚʥʫʪʨʠ ʟʝʤʝʣʴʥʦʛʦ ʦʪʚʦʜʘ. 

ɺ ʮʝʣʷʭ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʪʭʦʜʦʚ ʥʘ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ 
ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʆɸʆ çʉʠɻʄɸè ʧʨʝʜʫʩʤʦʪʨʝʥʦ: 

- ʪʚʝʨʜʳʝ ʦʪʭʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʣʘʤʧʳ ʥʘʨʫʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʭʨʘʥʠʪʴ ʚ ʟʘʢʨʳʪʦʤ 
ʧʦʤʝʱʝʥʠʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʢʦʥʪʝʡʥʝʨʝ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʦʪʚʝʜʝʥʥʳʭ ʧʣʦʱʘʜʢʘʭ, ʚ ʦʞʠʜʘʥʠʠ 
ʚʳʚʦʟʘ. ɼʨʫʛʠʝ ʪʚʝʨʜʳʝ ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʧʦʢʨʳʰʢʠ ʦʪ ʘʚʪʦʤʘʰʠʥ, ʦʪʨʘʙʦʪʘʥʥʳʝ 
ʘʢʢʫʤʫʣʷʪʦʨʳ ʠ ʜʨ.) ʭʨʘʥʠʪʴ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʦʪʚʝʜʝʥʥʳʭ ʧʣʦʱʘʜʢʘʭ, ʚ ʦʞʠʜʘʥʠʠ ʚʳʚʦʟʘ; 

- ʚʩʢʨʳʰʥʳʝ ʧʦʨʦʜʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ ʚʳʚʦʟʷʪʩʷ ʜʣʷ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʚ ʦʪʚʘʣ; 
- ʣʦʤ ʯʝʨʥʳʭ ʤʝʪʘʣʣʦʚ (ʤʝʪʘʣʣʦʦʪʭʦʜʳ) ʩʦʙʠʨʘʝʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʦʪʚʝʜʝʥʥʫʶ ʧʣʦʱʘʜʢʫ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʤʝʪʘʣʣʦʦʪʭʦʜʳ ʧʝʨʝʜʘʶʪʩʷ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʦʛʦʚʦʨʘ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ; 

- ʚʝʪʦʰʴ ʧʨʦʤʘʩʣʝʥʥʫʶ (ʩʦʜʝʨʞʘʥʠʝ ʤʘʩʝʣ ʤʝʥʝʝ 15 %) ʭʨʘʥʠʪʴ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 
ʷʱʠʢʘʭ, ʠ ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʚʳʚʦʟʠʪʴ ʥʘ ʧʦʣʠʛʦʥ ʊɹʆ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʡ ʫʪʠʣʠʟʘʮʠʠ, ʣʠʙʦ 
ʩʜʘʚʘʪʴ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ ʧʨʝʜʧʨʠʷʪʠʶ ʧʦ ʜʦʛʦʚʦʨʫ; 

- ʚʩʝ ʞʠʜʢʠʝ ʦʪʭʦʜʳ (ʦʪʨʘʙʦʪʘʥʥʳʝ ʤʦʪʦʨʥʳʝ, ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʝ ʤʘʩʣʘ, ʦʪʨʘʙʦʪʘʥʥʳʡ 
ʵʣʝʢʪʨʦʣʠʪ) ʭʨʘʥʠʪʴ ʚ ʟʘʢʨʳʪʳʭ, ʛʝʨʤʝʪʠʯʝʩʢʠʭ ʝʤʢʦʩʪʷʭ; 

- ʤʫʩʦʨ ʦʪ ʙʳʪʦʚʳʭ ʧʦʤʝʱʝʥʠʡ ʦʨʛʘʥʠʟʘʮʠʡ ʥʝʩʦʨʪʠʨʦʚʘʥʥʳʡ ʩʦʙʠʨʘʝʪʩʷ ʚ 
ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʥʪʝʡʥʝʨʳ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʘ ʟʘʙʝʪʦʥʠʨʦʚʘʥʥʦʡ (ʟʘʘʩʬʘʣʴʪʠʨʦʚʘʥʥʦʡ) 
ʧʣʦʱʘʜʢʝ ʠ ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʚʳʚʦʟʠʪʩʷ ʥʘ ʧʦʣʠʛʦʥ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ (ʧʦʣʠʛʦʥ ʊɹʆ). 
ɺʳʚʦʟ ʊɹʆ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝ ʨʝʞʝ 2-ʭ ʨʘʟ ʚ ʥʝʜʝʣʶ; 

ʆʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʥʘʢʦʧʣʝʥʠʷ ʦʪʭʦʜʦʚ, ʷʚʣʷʶʪʩʷ: 
- ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʪʭʦʜʦʚ ʠ ʩʪʝʧʝʥʴ ʠʭ ʪʦʢʩʠʯʥʦʩʪʠ; 
- ʫʩʣʦʚʠʷ ʠ ʩʦʩʪʦʷʥʠʝ ʤʝʩʪʘ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʠ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʦʪʭʦʜʦʚ; 
- ʦʪʩʫʪʩʪʚʠʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʨʛʘʥʠʟʘʮʠʠ, ʟʘʥʠʤʘʶʱʝʡʩʷ ʫʪʠʣʠʟʘʮʠʝʡ 

ʥʝʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʪʭʦʜʘ. 
ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʚʳʚʦʟʘ ʥʘʢʦʧʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʩ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʧʨʠʷʪʠʷ 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʣʠʤʠʪʘʤʠ ʥʘʢʦʧʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʝ 
ʦʧʨʝʜʝʣʝʥʳ ʚ ʩʦʩʪʘʚʝ ʧʨʦʝʢʪʘ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʠʣʠ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ 
ʧʨʦʝʢʪʝ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ. 

ʅʝʤʝʜʣʝʥʥʦʤʫ ʚʳʚʦʟʫ ʩ ʪʝʨʨʠʪʦʨʠʠ ʧʦʜʣʝʞʘʪ ʦʪʭʦʜʳ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʝʜʠʥʦʚʨʝʤʝʥʥʳʭ 

ʣʠʤʠʪʦʚ ʥʘʢʦʧʣʝʥʠʷ ʠʣʠ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʥʦʨʤʘʪʠʚʦʚ ʢʘʯʝʩʪʚʘ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ 
ʯʝʣʦʚʝʢʘ (ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʧʦʯʚʘ, ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ). 
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ʇʝʨʝʤʝʱʝʥʠʝ ʦʪʭʦʜʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʜʦʣʞʥʦ 
ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʪʝʨʨʠʪʦʨʠʷʤ ʠ 
ʧʦʤʝʱʝʥʠʷʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʦʪʭʦʜʦʚ ʚ ʟʘʢʨʳʪʳʭ ʧʦʤʝʱʝʥʠʷʭ 
ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʠʜʨʦ- ʠ ʧʥʝʚʤʦʩʠʩʪʝʤʳ, ʘʚʪʦʢʘʨʳ. 

ʇʝʨʝʚʦʟʢʠ ʦʪʭʦʜʦʚ ʦʪ ʦʩʥʦʚʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʘʤ ʠ ʥʘ 
ʧʦʣʠʛʦʥʳ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʦʩʥʦʚʥʦʛʦ 
ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠʣʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʬʠʨʤ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʠ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʜʦʣʞʥʳ ʠʩʢʣʶʯʘʪʴ 
ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʧʦʪʝʨʴ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʠ 
ʧʨʠ ʧʝʨʝʚʘʣʢʝ ʦʪʭʦʜʦʚ ʩ ʦʜʥʦʛʦ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʜʨʫʛʦʡ. ɺʩʝ ʚʠʜʳ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʝ ʩ 
ʟʘʛʨʫʟʢʦʡ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʠ ʨʘʟʛʨʫʟʢʦʡ ʦʪʭʦʜʦʚ ʥʘ ʦʩʥʦʚʥʦʤ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, 
ʜʦʣʞʥʳ ʙʳʪʴ ʤʝʭʘʥʠʟʠʨʦʚʘʥʳ ʠ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʛʝʨʤʝʪʠʟʠʨʦʚʘʥʳ. 

ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ ʭʨʘʥʝʥʠʠ, ʩʚʦʝʚʨʝʤʝʥʥʦʤ ʚʳʚʦʟʝ ʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ, ʚʦʟʜʝʡʩʪʚʠʝ ʠʭ 
ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʙʫʜʝʪ ʩʚʝʜʝʥʦ ʢ ʤʠʥʠʤʫʤʫ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʨʘʩʰʠʨʝʥʠʝ ʧʣʦʱʘʜʝʡ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ 
ʥʘ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʙʫʜʝʪ ʩʚʷʟʘʥʦ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʪʚʘʣʦʚ 
ʧʫʩʪʳʭ ʧʦʨʦʜ ʠ ʟʘʙʘʣʘʥʩʦʚʳʭ ʨʫʜ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ 

ʥʘ ʛʨʫʥʪʳ ʦʩʥʦʚʘʥʠʡ ʦʪ ʚʝʩʘ ʨʘʟʣʠʯʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʠʟʤʝʥʝʥʠʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʠ ʫʩʣʦʚʠʡ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ, ʚʦʟʤʦʞʥʦʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʧʘʩʥʳʭ 
ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪ.ʧ.  

ʆʩʥʦʚʥʳʤʠ ʚʠʜʘʤʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʤʦʛʫʪ ʙʳʪʴ:  
- ʟʘʛʨʷʟʥʝʥʠʝ ʟʝʤʝʣʴ ʦʪʭʦʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ; 
- ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʟʘ ʩʯʝʪ: ʟʘʧʳʣʝʥʠʷ ʟʘʛʨʷʟʥʝʥʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ;  
- ʫʤʝʥʴʰʝʥʠʷ ʛʫʤʫʩʘ, ʫʛʥʝʪʝʥʠʷ ʠ ʫʥʠʯʪʦʞʝʥʠʷ ʙʠʦʪʳ ʧʦʯʚʝʥʥʦʛʦ ʩʣʦʷ;  
- ʥʘʨʫʰʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚʝʥʥʦʛʦ ʩʣʦʷ; ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʧʦʯʚʳ. 
ʆʨʠʝʥʪʠʨʦʚʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ ʦʧʳʪʥʦ-

ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʘʙʦʪ ʆʟʝʨʥʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩʦʩʪʘʚʠʪ 5596632 ʪ/ʛʦʜ. ʀʟ ʦʙʱʝʛʦ ʦʙʲʝʤʘ 
ʦʪʭʦʜʦʚ 99,98% ʠʣʠ 5596000 ʪ/ʛʦʜ ʩʦʩʪʘʚʣʷʶʪ ʦʪʭʦʜʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 5 ʢʣʘʩʩʫ ʦʧʘʩʥʦʩʪʠ ʧʦ ʌʂʂʆ,  
ʭʚʦʩʪʳ ʟʦʣʦʪʦʠʟʚʣʝʢʘʶʱʝʡ ʬʘʙʨʠʢʠ - 250000 ʪ/ʛʦʜ ʠ ʦʪʚʘʣʳ ʚʩʢʨʳʰʠ ʢʘʨʴʝʨʦʚ 5 346000 ʪ/ʛʦʜ [5].  

ɿʘ ʧʨʝʜʝʣʘʤʠ ʢʘʨʴʝʨʘ, ʦʪʚʘʣʦʚ ʧʦʨʦʜ, ʧʣʦʱʘʜʝʡ ʟʘʩʪʨʦʡʢʠ, ʜʝʡʩʪʚʫʶʱʠʭ ʧʦʜʲʝʟʜʥʳʭ ʠ 
ʤʝʞʧʣʦʱʘʜʦʯʥʳʭ ʜʦʨʦʛ ʠ ʪʝʨʨʠʪʦʨʠʡ ʠʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʦʙʲʝʢʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʞʥʦ ʦʞʠʜʘʪʴ 
ʧʦʩʪʝʧʝʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʦʜʘ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʨʘʥʝʝ 
ʥʘʨʫʰʝʥʥʳʭ ʫʯʘʩʪʢʘʭ (ʚʨʝʤʝʥʥʳʝ ʜʦʨʦʛʠ, ʢʦʨʠʜʦʨʳ ʧʦʜʟʝʤʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ). 

ɺ ʮʝʣʦʤ ʚ ʰʪʘʪʥʦʤ ʠ ʙʝʟʘʚʘʨʠʡʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʠ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʨʝʛʣʘʤʝʥʪʘ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ ʆʇʈ, ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʭʠʤʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ 
ʦʞʠʜʘʝʪʩʷ ʢʘʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠ ʣʦʢʘʣʴʥʦʝ. 

ɺ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ ʥʘ ʬʘʫʥʫ ʪʝʨʨʠʪʦʨʠʠ ʙʫʜʝʪ ʦʢʘʟʘʥʦ 
ʧʨʷʤʦʝ ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. 

ʇʨʷʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʤʦʞʥʦʡ ʛʠʙʝʣʴʶ ʞʠʚʦʪʥʳʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 
ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. 

ʂʦʩʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʚʦʪʥʳʭ ʟʘ 
ʩʯʝʪ ʠʟʲʷʪʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʤʝʩʪʦʦʙʠʪʘʥʠʡ, ʩʦʢʨʘʱʝʥʠʷ ʧʣʦʱʘʜʝʡ ʢʦʨʤʦʚʳʭ ʫʛʦʜʠʡ, ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʫʩʠʣʝʥʠʷ ʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʘ ʙʝʩʧʦʢʦʡʩʪʚʘ, ʦʢʘʟʳʚʘʶʱʝʛʦ ʩʠʣʴʥʦʝ 
ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʥʦʛʠʝ ʚʠʜʳ ʠ ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʫʩʠʣʝʥʠʷʤ ʢʦʯʝʚʦʢ ʚ ʨʘʜʠʫʩʝ ʥʝʩʢʦʣʴʢʠʭ 
ʢʠʣʦʤʝʪʨʦʚ ʦʪ ʤʝʩʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʠ ʪ.ʧ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʞʠʚʦʪʥʳʡ ʤʠʨ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʦ, ʚ 
ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘʨʫʰʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʠʟʤʝʥʝʥʠʝʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ 
ʨʝʞʠʤʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʟʘʛʨʷʟʥʝʥʠʝʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʩʦʟʜʘʥʠʝʤ ʠ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʨʷʜʘ ʦʙʲʝʢʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʫʜʥʠʢʘ ʚʝʨʦʷʪʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ 
ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʞʠʚʦʪʥʦʝ ʥʘʩʝʣʝʥʠʝ ʤʣʝʢʦʧʠʪʘʶʱʠʭ: 

- ʥʘʨʫʰʝʥʠʝ ʤʝʩʪʦʦʙʠʪʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʫʥʠʯʪʦʞʝʥʠʝ ʧʦʩʪʦʷʥʥʳʭ: ʠ 

ʚʨʝʤʝʥʥʳʭ ʫʙʝʞʠʱ; 
- ʬʘʢʪʦʨ ʙʝʩʧʦʢʦʡʩʪʚʘ (ʰʫʤʦʚʦʝ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʚʠʙʨʘʮʠʷ, ʧʦʩʪʦʷʥʥʦʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʣʶʜʝʡ); 
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- ʧʨʷʤʦʝ ʠʩʪʨʝʙʣʝʥʠʝ ʟʚʝʨʝʡ - ʥʝʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʘʷ ʦʭʦʪʘ, ʛʠʙʝʣʴ ʞʠʚʦʪʥʳʭ ʧʨʠ 
ʧʦʧʘʜʘʥʠʠ ʚ ʪʨʘʥʰʝʠ ʠ ʪ.ʧ. 

ɺʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʭʪʠʦʬʘʫʥʫ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʚ ʨʫʩʣʝ ʚʦʜʦʪʦʢʦʚ ʠ ʥʘ 
ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʠʤ ʧʣʦʱʘʜʷʭ ʤʦʛʫʪ ʧʨʦʷʚʠʪʴʩʷ: 

- ʚ ʠʟʤʝʥʝʥʠʠ ʧʣʦʱʘʜʝʡ ʥʘʛʫʣʘ, ʟʠʤʦʚʢʠ, ʥʝʨʝʩʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠʷ ʧʦʡʤʳ ʠ 
ʨʫʩʣʘ ʨʳʙʦʧʨʦʜʫʢʪʠʚʥʳʭ ʚʦʜʦʪʦʢʦʚ, ʥʘʨʫʰʝʥʠʠ ʥʝʨʝʩʪʦʚʳʭ ʤʠʛʨʘʮʠʡ.  

- ʚ ʫʛʥʝʪʝʥʠʠ ʨʘʟʚʠʪʠʷ ʠʢʨʳ, ʤʦʣʦʜʠ, ʢʦʨʤʦʚʳʭ ʛʠʜʨʦʙʠʦʥʪʦʚ ʚ ʩʦʟʜʘʚʘʝʤʳʭ ʟʦʥʘʭ 
ʧʦʚʳʰʝʥʥʦʡ ʤʫʪʥʦʩʪʠ. 

ɼʣʷ ʥʝʨʝʩʪʘ ʙʦʣʴʰʠʥʩʪʚʘ ʪʠʭʦʦʢʝʘʥʩʢʠʭ ʣʦʩʦʩʝʡ (ʥʝʨʢʘ, ʢʠʞʫʯ, ʦʩʝʥʥʷʷ ʢʝʪʘ) 
ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʘʢʞʝ ʠʤʝʶʪ ʫʯʘʩʪʢʠ ʚʳʭʦʜʘ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚ ʨʫʩʣʘʭ ʨʝʢ ʠ ʨʫʯʴʝʚ. 
ʊʝʭʥʦʛʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʣʘʥʜʰʘʬʪʦʚ ʚ ʙʫʜʫʱʝʤ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʫʯʘʩʪʢʦʚ 
ʚʳʭʦʜʘ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʟʘ ʩʯʝʪ ʠʭ ʬʠʣʴʪʨʘʮʠʠ ʚ ʰʫʨʬʳ, ʪʨʘʥʰʝʠ ʠ ʩʢʚʘʞʠʥʳ ʥʘ ʩʢʣʦʥʘʭ ʚʦʜʦʩʙʦʨʦʚ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʦʪʦʢʠ 
ʚ ʯʘʩʪʠ ʠʭ ʟʘʛʨʷʟʥʝʥʠʷ ʚʟʚʝʰʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʝʨʠʦʜʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ 
ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʟʘʱʠʪʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʚ ʧʨʦʝʢʪʝ, ʦʙʝʩʧʝʯʘʪ ʤʠʥʠʤʘʣʴʥʦʝ 
ʚʦʟʜʝʡʩʪʚʠʝ  ʥʘ ʚʦʜʦʪʦʢʠ ʚ ʧʝʨʠʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʇʦ ʠʪʦʛʘʤ ʩʦʩʪʦʷʚʰʠʭʩʷ ʧʫʙʣʠʯʥʳʭ ʩʣʫʰʘʥʠʡ ʧʦ ʧʣʘʥʠʨʫʝʤʳʤ ʨʘʙʦʪʘʤ ʆɸʆ çʉʠɻʄɸè 

ʥʘ ʆʟʝʨʥʦʚʩʢʦʤ ʨʫʜʥʦʤ ʧʦʣʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʨʘʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ ʙʳʣ ʧʨʠʥʷʪ 
ʧʨʦʪʦʢʦʣ, ʢʦʪʦʨʳʡ ʦʙʷʟʳʚʘʝʪ ʜʘʥʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ: 

- ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʟʝʤʝʣʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ 
ʧʨʝʜʧʨʠʷʪʠʷ, ʥʘʧʨʠʤʝʨ ʩʨʘʟʫ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʢʘʢʦʤ-ʣʠʙʦ ʠʟ ʢʘʨʴʝʨʦʚ (ʥʘ 
ʫʯʘʩʪʢʘʭ çʍʦʤʫʪè ʠ çɹɸʄè ʆʟʝʨʥʦʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 5 ʢʘʨʴʝʨʦʚ); 

- ʧʦʩʪʦʷʥʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʚʩʝʭ ʚʠʜʦʚ ʨʘʙʦʪ ʦʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ɸʜʤʠʥʠʩʪʨʘʮʠʠ ʠ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʂʘʨʘʛʠʥʩʢʦʛʦ 
ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʨʘʡʦʥʘ; 

- ʧʦʣʫʯʝʥʠʝ ʆɸʆ çʉʠɻʄɸè ʣʠʮʝʥʟʠʠ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ ʩ ʮʝʣʴʶ ʠʭ 
ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʚʦʟʘ ʩ ʪʝʨʨʠʪʦʨʠʠ ʂʘʨʘʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʣʠʙʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʘ 
ʦʙʲʝʢʪʝ ʧʦʣʠʛʦʥʘ ʟʘʭʦʨʦʥʝʥʠʷ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ; 

- ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʆɸʆ çʉʠɻʄɸè ʚ ʤʝʨʦʧʨʠʷʪʠʷʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 
ʨʘʟʚʠʪʠʷ ʂʘʨʘʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ, ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʝ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʦʪʨʘʩʣʠ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʘʢ ʬʘʢʪʦʨʳ ʥʘʨʫʰʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʧʨʠʭʦʜʠʪʩʷ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ 
ʢʘʢ ʧʨʷʤʦʝ, ʪʘʢ ʠ ʢʦʩʚʝʥʥʦʝ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʠ ʚʩʝ ʝʝ ʢʦʤʧʦʥʝʥʪʳ. 

ʇʨʷʤʦʝ ʠʭ ʚʣʠʷʥʠʝ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʫʰʝʥʠʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʣʘʥʜʰʘʬʪʦʚ ʧʨʦʮʝʩʩʘʤʠ 
ʪʝʭʥʦʛʝʥʥʦʡ ʜʝʥʫʜʘʮʠʠ ʠ ʘʢʢʫʤʫʣʷʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʨʘʙʦʪʝ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʠ ʦʧʦʩʨʝʜʦʚʘʥʦ, ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʛʦʨʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʇʦʩʣʝʜʥʷʷ ʦʙʳʯʥʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 
ʢʦʤʧʣʝʢʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʩʝʪʝʡ ʪʨʘʥʩʧʦʨʪʘ ʠ ʩʚʷʟʠ, ʦʙʲʝʢʪʦʚ 
ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ, ʚʢʣʶʯʘʷ ʩʦʦʨʫʞʝʥʠʷ ʚʦʜʦʦʯʠʩʪʢʠ, ʨʘʙʦʯʠʝ ʧʦʩʝʣʢʠ, ʥʝʨʝʜʢʦ 
ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʢʦʤʧʣʝʢʩʳ, ʠʥʳʝ ʦʙʲʝʢʪʳ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʪʦʨʳʭ ʜʠʢʪʫʝʪʩʷ 
ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʝʭʥʦʣʦʛʠʠ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʝʨʚʠʯʥʦʛʦ ʧʝʨʝʜʝʣʘ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪ.ʧ. 

ʂʦʩʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʦʩʪʦʠʪ ʚ ʟʘʛʨʷʟʥʝʥʠʠ ʧʨʠʨʦʜʥʳʭ 
ʦʙʲʝʢʪʦʚ ʪʦʢʩʠʯʥʳʤʠ ʚʳʙʨʦʩʘʤʠ ʠ ʚʳʧʫʩʢʘʤʠ, ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ, ʨʘʩʩʝʠʚʘʶʱʠʤʠʩʷ ʧʨʠ ʜʝʬʣʷʮʠʠ 
ʦʪʚʘʣʦʚ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʧʨʝʜʧʨʠʷʪʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʠʣʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʧʝʨʝʜʝʣʘ ʜʦʙʳʚʘʝʤʦʛʦ ʩʳʨʴʷ.  
ɼʣʠʪʝʣʴʥʦʝ ʠʣʠ ʠʥʪʝʥʩʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʠʨʦʜʥʳʝ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʣʘʥʜʰʘʬʪʘ ʚʳʟʳʚʘʝʪ ʠʭ ʧʦʣʥʫʶ ʜʝʩʪʨʫʢʮʠʶ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʘʢʪʠʚʠʟʘʮʠʶ ʧʨʠʨʦʜʥʳʭ 
ʵʢʟʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʦʜʥʦʡ ʠʣʠ ʚʝʪʨʦʚʦʡ ʵʨʦʟʠʠ, ʧʨʠʚʦʜʷʱʠʭ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʢ ʥʘʨʫʰʝʥʠʶ 
ʟʝʤʝʣʴ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʥʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʨʘʥʝʝ ʣʘʥʜʰʘʬʪʦʚ ʠ ʧʦʪʝʨʝ 
ʠʤʠ ʙʳʣʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ ʥʘʯʘʣʦ ʥʘʨʫʰʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 
ʧʨʦʠʩʭʦʜʠʪ ʬʘʢʪʠʯʝʩʢʠ ʜʦ ʦʨʛʘʥʠʟʘʮʠʠ ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʫʞʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ.  

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ ʠʤʝʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʩʚʷʟʘʥʥʳʡ ʩ 
ʨʘʟʤʝʱʝʥʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʠʣ ʥʘ ʥʝʦʙʲʷʪʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ 

ʦʩʚʦʝʥʥʦʩʪʠ. ʅʘʛʨʫʟʢʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʥʦʩʠʪ ʥʝ ʩʧʣʦʰʥʦʡ, ʘ ʦʯʘʛʦʚʳʡ ʭʘʨʘʢʪʝʨ, ʢʦʪʦʨʳʡ  
ʚʝʜʸʪ ʢ ʩʝʨʴʸʟʥʳʤ ʣʦʢʘʣʴʥʳʤ ʥʘʨʫʰʝʥʠʷʤ, ʧʨʠ ʵʪʦʤ ʥʫʞʥʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 
ʨʘʡʦʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ. 
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ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʦʙʳʯʠ ʟʦʣʦʪʘ, ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚʦ 
ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ, ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʸʤʦʚ ʠ ʩʦʜʝʨʞʘʥʠʝʤ  
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘ. 
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Problems of placing of production wastes and consumption of settlements of the Northeast part of the 
Kamchatka peninsula on an example of the spent inventory in Karaginsky municipal area are shown.  
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Now, development of the world industry has reached such scales that if to questions of 

protection of environment from technogenic influence not to pay the most steadfast attention, the world 

can appear on the verge of ecological accident. For example, only in the Kamchatka land, the biosphere 
annually gets littered with tons of the dangerous waste, causing an essential loss to ecological system.  

In territory of Karaginsky municipal area there are 6 objects of placing of a waste. On one of 
them necessary ecological and sanitary requirements are not observed. At its best, it is the sanction 
dumps (settlement Ossora, Karaga), and more often, (in the remote, small settlements) it is the illegal, 
spontaneously formed mass congestions round settlements not only domestics, but also the industrial 
wastes which quantity does not decrease. From the formed waste only 10 % are neutralised at the 
enterprises; third remain in territory of the enterprises for the decision of a question on recycling, and 
more than half it is dissolved in environment. 

                                                             
Ò Chuvilin A.G., 2013 
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The federal law of the Russian Federation ˉ 89-FZ çAbout production wastes and 
consumptionè join into force on June, 24th, 1998. Administration of Karaginsky municipal area to demand 
twelve years to pay attention to its contente. 

Article of law 8 89-FZ çAbout production wastes and consumptionè differentiates the list of powers of 
local governments in sphere of the reference with a waste depending on a kind of the municipal union, 
established 52-FZ çAbout the general principles of local governments in the Russian Federationè: 

- settlement, 
- municipal area, 
- city district. 
To authority of settlements is carried the organisation of gathering and export of a domestics 

waste and garbage. 
To authority of municipal areas is carried the organisation of recycling and treatment domestics 

and industrial wastes. 
To authority of city districts is carried the organisation of gathering and export, recycling 

treatment domestics and industrial wastes. 
According from article of law 11 89-FZ çAbout production wastes and consumptionè, individual 

businessmen and the juridical person, which field of activity it is connected with the reference and placing 

of a waste, are obliged to spend inventory of a waste and objects of their placing [1]. 
Article of law 13 89-FZ çAbout production wastes and consumptionè makes following demands 

to the reference with a waste in territories of municipal unions: 
- territories of municipal areas be subject to regular clearing of a waste according to ecological, 

sanitary and other requirements; 
- the organisation of activity in the field of the reference with a waste in territories of municipal 

areas is carried out by local governments according to the legislation of the Russian Federation;  
- the order of gathering of a waste in territories of the municipal areas, providing their division 

into kinds (a food waste, textiles, a paper and others), is defined by local governments and should 
correspond to ecological, sanitary and other requirements in the field of preservation of the environment 
and health of the people [1]. 

In 2010 Administration of Karaginsky municipal district there is begun work on creation of 
ground of domestic wastes in Karaginsky municipal district as a result of which appear necessity 
realization of inventory domestics and industrial wastes of settlements of district. 

The purpose of the given work was finding-out of a question of formation of the list and volumes of 
production wastes and consumption 1 - 5 classes of danger to environment as now, and in immediate 
prospects juridical and physical persons, the population, being sources of formation of a waste, in territories 
of rural settlement of the item of Karaga, rural settlement "Kostroma", settlement of city type "Ossora". 

For object in view achievement at performance of the given work the following is executed: 
a) Is defined çthe List juridical and physical persons - sources of formation of production wastes 

and consumption in territories of rural settlement of "Karaga", rural settlement "Kostroma", settlement of 
city type of "Ossora"; 

b) Gathering of initial data from juridical and physical persons of rural settlement "Karaga", rural 
settlement "Kostroma", settlement of city type "Ossora" by training at them production wastes and 
consumption 1 - 5 classes of danger to environment Is carried out; 

c) The analysis of the presented initial materials on quantitative and qualitative structure of production 
wastes and consumption separately on each juridical and physical persons of rural settlement "Karaga", rural 

settlement "Kostroma", settlement of city type "Ossora" according to its kind of activity and structure is carried out; 
d) Is defined validity presented juridical and physical persons of rural settlement "Karaga", rural 

settlement "Kostroma", settlement of city type "Ossora" of initial materials about revealing of distortions or hidden 
by them from the account of production wastes and consumption 1 - 5 classes of danger to environment; 

e) For juridical and physical persons in territories of rural settlement "Karaga", rural settlement 
"Kostroma", settlement of the city type "Ossora", not presented materials according to a kind of activity and 
structure, on analogues lists and quantities of formed production wastes and consumption are defined; 

f) To compound çSummary lists of production wastes and consumption 1 - 5 classes of danger 
to environment, their estimated annual quantities formed now with instructions of their dangerous 
properties and a modular condition in territories of settlements of districtè. 

During the spent work the following has been revealed: 
1. From 67 enterprises, establishments and the organisations which are in territory of 

investigated settlements of district only at 18 are available necessary documents on work with a waste 
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(passports on a dangerous waste, initial data on a waste, developed Projects PNOOLR and the received 
limits) that makes only 27 %. 

From the enterprises and the organisations fulfilling requirements 89-FZ çAbout production 
wastes and consumptionè - 75 % - local municipal budgetary establishments. 

The big bewilderment has caused ignoring of the given work from supervising bodies of 
Karaginsky municipal district - Offices of Public Prosecutor of district, Department of Judicial department, 
Investigatory committee, Department of police, Department of Service of court enforcement officers, 
divisions Rospotrebnadzora, FGU "Sevvostrybvod" in Karaginsky municipal district. 

It turns out that supervising public authorities are the manufacture without waste which are not 
getting under jurisdiction of the Federal legislation. 

However and in these structures - office premises are shined with lamps of day illumination (a 
withdrawal of 1 class of danger çMercury lamps, luminescent tubes fulfilled and marriageè, a code on 
FKKO 353 301 00 13 01 1), in office premises is working office equipment (a withdrawal 4 classes of 
danger çWaste of a mix of the hardened diverse plasticè, a code on FKKO 571 099 00 01 00 4), on 
balance of the given establishments are motor transport, service and which maintenance involves the 
whole list of a waste from 2 to 5 classes of danger. 

2. In territory of Karaginsky municipal district two enterprises of public health services - MUZ 

çKaraginsky central regional hospitalè and GUZ çthe Karaginsky antitubercular clinicè which carry out 
the activity connected with formation of a medical waste are located.  

On the basis Sanitary-and-epidemiologic rules and specifications SanPiN 2.1.7.2790-10 
"Sanitary-and-epidemiologic requirements to the reference with a medical waste" (the decision of the 
Main state health officer of the Russian Federation from December, 9th, 2010 N 163):  

çA medical waste depending on degree of their epidemiological, toxicological and radiating 
danger, and also negative influence on inhabitancy is subdivided into five classes of danger: 

Class A ï epidemiologic the safe waste approached on structure to a solid waste. 
Class B - a dangerous epidemiologic waste. 
Class V - it is extreme a dangerous epidemiologic waste. 
Class G - a toxicological dangerous waste of 1-4 classes of danger. 
Class D - a radioactive waste [2]. 
That is the activity connected with gathering, transportation, neutralisation, recycling and placing 

of the given waste bears direct threat of life and to health of the people and should be regulated by the 
present rules accurately. 

In the exercise of researches it has been revealed that at the given enterprises of public health 
services only partial work on certification of a waste of a class is spent A, concerning a medical waste 
(from a class B to a class D) anything is not present. A medical waste of all classes not only is not 

disinfected and not neutralised, and is simple is taken out and take place on to a settlement Ossora dump 
at what their authentic influence on ecology of settlements is not known till now. 

One reminder on a waste from the Karaginsky antitubercular clinic should guard, but a waste from 
the given enterprise is taken out to settlement Ossora together with a waste from the population on a dump. 

3. In addition revealed that the enterprises and the organisations of settlements can disappear from 
the account, roughly, to 16 names wastes of production and consumption. These are a waste which is absent 
in FKKO (a waste of the fulfilled office equipment, home appliances waste, a gypsum cardboard waste, a 
linoleum waste), or presented in FKKO zero codes (a waste (fallout) from cesspools and utility fluids - a code 
on FKKO 951 000 00 00 00 0; a waste of paint-and-lacquer materials - a code on FKKO 555 000 00 00 00 0). 

The part wastes of production and consumption is in a firm kind, the part of production wastes 
and consumption is in a liquid state. 

The part of the revealed wastes of production and consumption will possess dangerous 
properties: toxicity, high reactionary ability. 

Concealment of the given group by a waste by the organisations and establishments occurs 
because of the big financial difficulties on reception of passports of a waste - it is required to conduct 
special laboratory researches on componental structure, on dangerous properties of a waste that is 
possible only in the presence of the special accredited laboratory. A neighboring such laboratory for 
Karaginsky municipal district - laboratory TSLATI in Petropavlovsk-Kamchatskij. 

4. On the basis of Sanitary rules 2.1.7.1038-01 confirmed by the Decision of the Main state health officer 

of the Russian Federation from May, 30th, 2011 for ˉ of 16, Sanitary-and-epidemiologic rules and specifications 
SanPiN 2.1.7.1322-03, the Russian Federations confirmed by the Main state health officer from April, 30th, 2003 
on objects of placing of a waste are forbidden: recycling and a burial of a biological waste. 
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However the fishing enterprises of settlements of district continue absolutely with impunity to 
carry out illegal placement of a biological (fish) waste (fig. 1, fig. 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
Placing of a waste of Karaginsky municipal district is carried out in a unique natural complex 

with difficult hydro-geological conditions, mountain and tundra landscapes with fragile from influence of 
the human by a northern nature. 

Waste can create serious problems if they are not processed properly. The spectrum of 
problems is formed, since aesthetically unattractive environment, a smell and etc., before pollution of 
sewage, transformations of the free earths into dumps, change of cost of property, and also a waste 
creates threats to human health. 

Not cleaned waste creates various problems to environment and health, it is and toxic 
evaporations, insanitary conditions and etc.  

Toxic substances (for example, the heavy metals, steady organic sources of pollution, dioxines) 
can cause serious threats to health (also with a lethal outcome) if they are in contact with the people, and 
also at inhalation. They can create also dangerous pollution of water, air and soil.  

Fires on illegal dumps of a waste, and also open burning, create air pollution in which structure 
is dioxines which are very harmful to environment and the human. 

The most essential activators of negative influence on environment and the health of the people 
connected with a cycle by movement of a waste from manufacture to object of placing:  

a) At gathering of a waste and their transportation - transport essentially influences environment 
and health, these are exhausts monoxides (CO) and dioxides (CO2) carbon, nitrogen oxides (NOx), a 
dust, exhausts of lead and flying organic connections (LOS). 

b) At a burial place of a waste on objects of placing - occupy the valuable earth, cause pollution of 
soil, water and air, create emissions of dioxide of carbon (CO2) and methane (CH4), and also pollution of 

chemical compounds of other kind in soil and in ground waters. If a waste is buried in the closed kind, 
without a conclusion of gases, gases from dumps in certain concentration can be explosive. Many old and 
inadequately arranged dumps create emissions of toxic substances which harmfully influence environment 
and human health (e.g., causing a cancer) [3]. The buried chemical waste creates evaporations and liquids 
which do serious harm to health of people and even to their life, and also ecosystems. 

c) At combustion of a waste - the given process creates emissions of harmful substances, is 
dioxines, sour gases (nitrogen oxides (NOx), dioxides sulfurs (SO2) and chloride hydrogen (HCl)) which 
are harmful as to human health, and environment. Besides, these emissions can contain in different 
quantities every possible polluting substances, as, for example, very toxic cadmium, mercury, lead, 
particles or evaporations of other heavy metals, such flying organic connections, as benzene, the toluene 

polychlorinated bifenils, and also alkalis, acids, and other chemical compounds. These emissions can 
cause sharp diseases, and also do other harm, for example, hereditary defects, an asthma, illnesses of 
breath and a cancer [3]. 

  
Fig. 1 Not Cut cod who on the sizes does not 
resemble for processing - a dump near with. 

Karaga, August 2011 

 

Fig. 2 Decaying fish and a waste from  
fish processing ï a dump near with. Karaga,  

August 2011 
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d) The Dangerous waste getting on object of placing. It can be the broken glasses, edges, 
needles from syringes, public health services waste, potentially explosive containers, banks after 
aerosols and a chemical waste which are in a waste. They can create risk of wound and a poisoning, 
especially for people who sort and collect a waste on dumps. 

As a result of researches of the European countries spent in territory, in particular in Sweden 
and Great Britain, the assumption that garbage dumps are the largest source of highly toxic carcinogens, 
dioxines - basically at the expense of an air dispersion and as a result their ignitions has been come out. 
In a number of epidemiological researches at the population living in the neighbourhood with garbage 
dumps, the raised indicators of disease by different forms of a cancer, the congenital defects, the lowered 
weight at newborns and the slowed down development of children have been revealed. 

Research by which 9565 dumps in Great Britain have been captured, has shown that the risk of 
congenital defects for 2 km living in limits from them increases by 1 % (and on 7 % for those who lives nearby 
from ranges for a burial place of a dangerous waste). On defects of nervous fibres (for example, the split 
backbone) the increase reaches 5 %, on defects of genitals - 7, on defects of bodies of a belly cavity - 8 % [4]. 

According to the Concept of long-term social and economic development of the Russian 
Federation for the period till 2020, confirmed by the order of the Government of the Russian Federation 
from 11/17/2008 of year ˉ 1662-r, creation of safe and comfortable conditions in the places of residence 

of the population, its work and rest, is one of directions of maintenance of ecological safety of economic 
development and improvement of the ecological environment of human life [5]. Among tools with which 
help realisation named above measures - liquidation of the saved up pollution is provided, restoration 
eroded, the cluttered up territories, maintenance of effective sanitary, management of a domestic waste. 

Local governments do not cope with the powers assigned to them. Thus, questions of the organisation 
of neutralisation and a burial of waste regarding definition of a level of authority remained not settled. 

Liability of infringement of requirements of the nature protection legislation in sphere of the reference 
with a waste on their territory namely leaderships of local governments bear administrative and other responsibility. 
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Abstract 
The results of radionuclide composition of medicinal vegetable raw materials of Taraxacum officinale 

Web. and related embryozems collected from the waste rock dump of the coal cut çKedrovskyè are 
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presented. It is established, that the content of artificial radionuclides (Sr-90 and Cs-137) in the vegetable 
raw material is within the norm according to SanPiN 2.3.2.1078-01, their contribution to the activity does 
not exceed 8 %. A natural radionuclide - K-40 gives the main contribution to the total radioactivity of roots 
and grass of Taraxacum officinale Web. (more than 90% of the total radioactivity). The content of natural 
radionuclides (K-40, Th-232, Ra-226) in the conjugated embryozems is in the range of background 
values, the content of artificial radionuclides  does not exceed the average regional level of accumulation. 
 
Keywords: recultivated lands, dumps, medicinal vegetative raw material, roots, grass, radionuclides, 
dandelion, Taraxacum officinale Web. 

 

Kuzbass is the industrial region of Russia. There are more than 5 thousand industrial 
enterprises, including more than 50 mines and coal cuts in Kuzbass.  As a result of coal-mining the area 
of broken lands in the Kuzbass region exceeds 100 thousand hectares. In recent years about 20 
thousand ha are recultivated, other man-made land is the subject to a natural overgrowing with, due to 
the importation of seeds to the surrounding areas [1-3]. 

The analysis of literary sources and our studies have shown that a great number of medicinal 
plants, used in practical medicine grow on the waste rock heaps of coal cuts of Kuzbass [3-5]. 

 However, the wastes of coal-mining - dumps and waste heaps may be sources of the raised 
radiating background [6,7] In connection with this the research on the resource potential of medicinal 
plants growing on the rock heaps of coal cuts of Kuzbass and the assessment of their safety are actual. 
The research in this direction will allow to evaluate the basic possibility of an introduction and industrial 
harvesting of medicinal vegetative raw materials (MVRM) on the heaps of coal cuts of Kuzbass for its use 
in medical practice, to expand the nomenclature of the harvestable (MPRM) in the region on the one 
hand and on the other - to introduce into economic turnover the broken lands as a result of coal mining. 

The aim of this work is the estimation of radionuclide pollution of the MVRM Taraxacum 

officinale Web., growing on the rock dump of the coal cut çKedrovskyè and related embryozems on the 
content of natural (K-40, Th-232, Ra-226) and artificial (Sr-90 and Cs-137) radionuclides.  

The studies were carried out on the rock dumping ñUzhnyò of the coal cut ç Kedrovskyè. The 
total area of the dump ñUzhnyò is 599.3 ha and a height of 58 m., with the plain-sloping terrain. The 
dumps are mostly presented by sandstones, with a great share of siltstone and shale (aleurolites and 
argellites) [8]. Embryozems are predominantly heavy loams (humus of 3.5 %), with alkaline reaction of 
soil solution (pH water extract of 7.1 of 7.7). Local population often visits the dumps for collecting 
mushrooms, berries, medicinal herbs, etc.  

Roots and grass of a dandelion medicinal (Taraxacum officinale Web.) and related embryozems 
collected in the period of 2010-2012 were the objects of the research. 

A dandelion medicinal (Taraxacum officinale Web) ï a perennial herbaceous plant of the family 
Asteraceae, one of the first plants settled on the waste rock dumps. In practical medicine a dandelion 
root, containing in its composition polysaccharides (inulin), triterpene compounds, sterols (taracserol, 
taracsol, stigmasterin), flavonoids, fatty oil, etc. is used. In folk medicine the whole plant - flowers, leaves, 
grass roots - is used [9,10].  

The preparation of raw materials was carried out to a dry sunny weather, according to the 
generally accepted rules. Raw materials were collected without any visible signs of damage. Vegetable 
samples were selected from platforms of 0.25 ï 1 sq.m. in size. The average sample was prepared with a 
quartation method in accordance with GOST 24.027.0-80 [11]. Permissible deviations in the mass of the 

average sample has not exceeded 10 per cent, according to State Pharmacopoeia of the USSR XI [12]. 
Paired with plants embryozems were selected from the root layer of (A 0-10 cm) on a standard technique.  

The research of the radionuclide composition of embryozems and vegetable raw materials was 
carried out in the accredited test center of agrochemical service ñKemerovsky". The radioactivity in the 
investigated samples was determined by the "Methodology for the measurement of radioactivity in the 
enumeration of the samples with the use of the software "Progress" approved by All-Russian Research 
Institute of Physics and Technology and Radio Engineering Measurements 22.12.03, on the spectrometry 
complex "Progress" for measuring the concentration of alpha-, beta - and gamma - emitting nuclides [13].  

The accumulation coefficient (AC) - the ratio of concentration of an element in a plant to the 
content of an element in the soil was counted for an assessment of the movement of Sr-90 and Cs-137 in 

the system of soil ï MRM. The analyses were performed in the three-time replication, data were 
processed using standard statistical methods. The analysis of the obtained results shows that the content 
of natural and artificial PH in embryozems  higher than in medicinal raw material. And in the general 
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radioactivity of embryozems  the main share is the share of natural PH, especially K-40 ï its contribution 
to the general radioactivity makes 91%. The share of artificial PH in embryozems is about 1 % (table. 1).  

 
Table 1 

The content of the PH value of a dandelion Taraxacum officinale Web. and related embryozems 
 

The sample Specific activity, Bq/kg 

Sr-90 Cs-137 K-40 Th-232 Ra-226 

embryozems 
 (zone layer) 

 
1.06Ñ0.11 

 
2.64Ñ0.24 

 
487.83Ñ8.38 

 
23.47Ñ0.71 

 
21.83Ñ0.70 

roots 0.587Ñ0.04 1.054Ñ0.05 17.70Ñ0.72 1.577Ñ0.07 1.344Ñ0.06 

grass 0.723Ñ0.03 0.990Ñ0.03 50.34Ñ2.60 1.495Ñ0.11 2.00Ñ0.70 

MAXIMUM 
CONCENTRATI
ON LIMIT: 
- BUD plant-
based 
- MRM (grass, 
bark, rhizome, 
fruit) 

 
 
 

200 
 

400 

 
 
 

100 
 

200 

 
 
 

- 
 
- 

 
 
 
- 
 
- 

 
 
 
- 
 
- 

The average 
regional level* 

20-25 20.1 - - - 

The background 
values of 
radioactive 
elements** 

 
- 

 
- 

 
40-1000 

 
40 

 
40 

____________ 

* - [14] 
** - The data of Center Federal Ministry of Interior. Annual Report on Environmental 

Radioactivity. - Bonn. - 1983 [15]. 
 
The obtained results show the absence of pollution of embryozems of dumps by the artificial 

PH ï the content of Sr-90 and Cs-137 significantly below the regional average accumulation in soils of 
the South of the Tomsk region - adjacent to the Kemerovo region [14], the level of the natural PH is in the 
range of background values of radioactive elements in the earth's crust [15]. 

A comparative analysis of the accumulation of PH in medicinal raw material revealed uneven 
distribution in different parts of a plant. So the content of Sr-90 and K-40, Ra-226 in the grass of a 
dandelion higher, than in roots (table. 1).  

It is established, that the MRM of a dandelion medicinal (Taraxacum officinale Web.) is 
characterized by relatively high values of average weighted (by mass) specific activity of K-40. K-40 
share from the general radioactivity makes: for roots of-79%, for the grass ï 90% (Fig. 1 A, B).  
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Fig. 1. The comprehensive assessment of the content of artificial and natural radionuclides 

in medicinal vegetable raw materials Taraxacum officinale Web 

 
 
This confirms the fact that K-40, as well as its stable isotopes are needed for the plant normal 

development. The absolute values of the specific activity of other natural PH (Th-232, Ra-226) are less 
than the K-40 has. It is known that Th-232, Ra-226 in contrast to the radioactive isotopes of potassium 
are not essential elements for plants (Fig.1 A.,B.) [16, 17].  

It is revealed, that the man-made PH are absorbed by a dandelion to a lesser degree, than 
natural (table. 1). A comparative analysis of the specific activity of Sr-90 and Cs-137 in the grass and 
roots of the dandelion did not show the exceeding hygienic standards [18] (table. 1). For Sr-90 and Cs-
137 is about 8% in the roots and 3 % in the grass.  

The coefficients of accumulation of Sr-90 and Cs-137 in the MRM of the dandelion medicinal 
are less than unit: the roots - Sr-90 ï 0.56; Cs-137 ï 0.34; the grass-Sr-90 ï 0.69; Cs-137 ï 0.38. This 
shows the lack of accumulation of data PH in the plant.  

Thus, the research has shown that the content of artificial PH (Sr-90 and Cs-137) in the roots 
and grass of a dandelion (Taraxacum officinale Web.) growing on the rock dumping site çUzhnyè of the 
coal cut çKedrovskyè, does not exceed the permissible levels according to SanPiN2.3.2.1078-01 and 
presents no hazard to the health of consumers. 
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Abstract 

The article deals with the health status of the newborns in Zabaikalye. The lower morbidity rate was 
noted in Agynsky Buryat district in comparison with other districts. Asphyxia and intrauterine hypoxia was 
observed as the most common abnormality among Russian population. 
 
Keywords: abnormality, asphyxia, circulatory disturbances, mental impairments, oxygen deficiency.  

 
Integral indicator of the environmental and socio-economic well-being is the state the 

newbornsô health. 
Pathological condition in pregnancy resulted in the birth of children with various diseases (Fig. 1). 
Pediatric health service of the district noted the increase in the number of children born with 

abnormalities, so it was 35% in 1997 while it became 46% in 2001. Some children combined a number of 
different diseases. For example, a child born with asphyxia might have mental disorders or children with 
heart disease often had circulatory disturbances, impairments in the digestive system. Oxygen deficiency 
during pregnancy caused diseases of the cardiovascular system in children. 

The dynamics of registered cases per 1,000 live births in maternity hospitals showed lower rates for 
Aginsky Buryat district compared with the average indices both in Zabaikalsky krai and in Russia (Fig. 2). 

The morbidity rate of infants per 1,000 live births in 2009 averaged 507.0 in Zabaikalsky krai, it 

accounted 328.5 in Aginsky Buryat district and it was 361.3 in the Russian Federation [Basic indicators of 
the health of mothers and children, 2011]. 

As it was above mentioned the number of pathology in pregnancy and newborns was increased 
in Zabaikalsky krai. These indicators tended to rise. Pathology at the onset of pregnancy was elevated 
from 72.2% in 1997 to 76.6% in 2001. Congenital malformations were ranged from 15.5% to 17%, 
chromosomal disease - from 5.8% to 9.3% respectively. Malformations of the musculoskeletal system, 
congenital heart defects, neural tube defects and central nervous system were marked in the structure of 
congenital abnormalities. Chromosomal abnormalities were as Downôs syndrome. Chromosomal 
abnormality was detected in the study of abortion material in 55% of cases [E.I. Dyunova et al. 2004].  

                                                             
Ò Gomboeva N.G., Bashkueva T.D., 2013 
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Fig. 1 The newbornsô pathology in Kalgansky district in 2003, per 100 children * 

 
 

 
 

Figure 2. The dynamics of infantsô diseases in maternity hospitals 

(per 1,000 live births) 

 
The main criteria for determining the health of children at birth were their height and weight 

which depended on the physical ability of parents. These indicators were the signs of full-term and 
preterm infants. Weight index according to ethnic groups was given in Table 1. Data of this table 
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demonstrated a higher birth rate of children with a weight more than 3 kg in the Buryat population. 
Perhaps it was another confirmation of the greater adaptability of the native populationôs newborns to the 
region of residence.  

 

Table 1 
Birth weight by ethnic group and area of residence 

 

areas russians buryats 

n Weight less 
than 3kg.(%) 

Weight more 
than 3 kg. (%) 

n Weight less 
than 3 kg. (%) 

Weight more 
than 3 kg. (%) 

Duldurginsky 76 32,9 67,1 116 17,2 82,8 

Kyrinsky 161 54 46 - - - 

Nerchinsky * 405 37 63 - - - 

Kalgansky 107 32 68 - - - 
 

* Data for 1998, 1999, 2000, for other districts in 2000 
 
Infants with low birth weight were born more often in areas with air pollution by sulfur dioxide, 

oxides of carbon as well as the emissions of heavy metals [A.A. Dierman, 1980].  

Therefore intrauterine hypoxia and asphyxia at birth was the predominant pathology of 
newborns. The low morbidity rate of babies in Aginsky Buryat district showed not only a high-quality work 
of pediatric services but also, perhaps, a higher degree of infantsô adaptation of native nationality. 
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Abstract 

This paper presents the dynamics of the physical development of rural students of the Nizhny Novgorod 
region for 66-year period, and comparative statistical parameters of modern rural and urban students of the 
Nizhny Novgorod region. The results indicate that despite the conservation of the basic characteristics of the 
growth processes in children and adolescents occurred opposite changes Rural children showed significant 
epochal changes of morphological and functional indicators: increase in length and weight, circumference of 
chest and lung capacity, which is a welcome sign of status physical development, and identify reduction in 
some age groups in muscle strength of the hands, the tendency to arterial dystonia, tachycardia. Among 
rural students, compared to urban, there are more children with harmonious development. In rural school in 
the past 40 years revealed the acceleration of sexual development for 1-2 years, an actual convergence of 

values points puberty in rural students to urban peers. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ 
ʦʙʣʘʩʪʠ ʟʘ 66-ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʦʚʨʝʤʝʥʥʳʭ 
ʩʝʣʴʩʢʠʭ ʠ ʛʦʨʦʜʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʥʘ ʬʦʥʝ ʩʦʭʨʘʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʫ ʜʝʪʝʡ ʠ 
ʧʦʜʨʦʩʪʢʦʚ ʧʨʦʠʟʦʰʣʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʋ ʩʝʣʴʩʢʠʭ ʜʝʪʝʡ ʚʳʷʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ 
ʵʧʦʭʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ: ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʠ ʤʘʩʩʳ ʪʝʣʘ, 
ʦʢʨʫʞʥʦʩʪʠ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ ʠ ʞʠʟʥʝʥʥʦʡ ʝʤʢʦʩʪʠ ʣʝʛʢʠʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʨʠʟʥʘʢʦʤ 
ʩʪʘʪʫʩʘ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʦ  ʩʥʠʞʝʥʠʝ ʚ ʥʝʢʦʪʦʨʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ 
ʤʳʰʝʯʥʦʡ ʩʠʣʳ ʢʠʩʪʝʡ ʨʫʢ, ʩʢʣʦʥʥʦʩʪʴ ʢ ʘʨʪʝʨʠʘʣʴʥʦʡ ʜʠʩʪʦʥʠʠ, ʪʘʭʠʢʘʨʜʠʠ. ʉʨʝʜʠ ʩʝʣʴʩʢʠʭ 
ʰʢʦʣʴʥʠʢʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʦʨʦʜʩʢʠʤʠ, ʙʦʣʴʰʝ ʜʝʪʝʡ ʩ ʛʘʨʤʦʥʠʯʥʳʤ ʨʘʟʚʠʪʠʝʤ. ʋ ʩʝʣʴʩʢʠʭ 
ʰʢʦʣʴʥʠʢʦʚ ʟʘ ʧʦʩʣʝʜʥʠʝ 40 ʣʝʪ ʚʳʷʚʣʝʥʦ  ʫʩʢʦʨʝʥʠʝ  ʧʦʣʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘ 1-2 ʛʦʜʘ, ʧʨʦʠʟʦʰʣʦ 
ʬʘʢʪʠʯʝʩʢʦʝ ʩʙʣʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ ʙʘʣʣʘ ʧʦʣʦʚʦʛʦ ʩʦʟʨʝʚʘʥʠʷ ʫ ʩʝʣʴʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ  ʩ 
ʛʦʨʦʜʩʢʠʤʠ ʩʚʝʨʩʪʥʠʢʘʤʠ.             
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʌʠʟʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ,  ʛʦʨʦʜʩʢʠʝ ʰʢʦʣʴʥʠʢʠ, ʩʝʣʴʩʢʠʝ ʰʢʦʣʴʥʠʢʠ, ʛʝʥʜʝʨʥʳʝ 
ʨʘʟʣʠʯʠʷ, ʛʨʫʧʧʘ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʮʝʥʪʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʟʫʙʥʦʡ ʚʦʟʨʘʩʪ, 
ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ. 

 
ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ  ʌʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ çʉʦʮʠʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʩʝʣʘ 

ʜʦ 2013 ʛʦʜʘè, ʫʪʚʝʨʞʜʝʥʥʦʡ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 3.12.2002 ˉ 858, ʷʚʣʷʝʪʩʷ 
ʫʣʫʯʰʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʩʝʣʴʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʨʦʙʣʝʤʘ  ʫʭʫʜʰʝʥʠʷ  ʟʜʦʨʦʚʴʷ  ʠ  
ʬʠʟʠʯʝʩʢʦʛʦ  ʨʘʟʚʠʪʠʷ  ʜʝʪʝʡ  ʠ  ʧʦʜʨʦʩʪʢʦʚ  ʚ  ʧʦʩʣʝʜʥʠʝ  ʛʦʜʳ  ʩʪʘʣʘ  ʢʘʢ  ʥʠʢʦʛʜʘ  ʘʢʪʫʘʣʴʥʘ  
(ʗʤʧʦʣʴʩʢʘʷ ʖ., ɻʦʜʠʥʘ ɽ.ɿ., 2005; ʆʥʠʱʝʥʢʦ ɻ.ɻ., 2008; ɹʘʨʘʥʦʚ ɸ.ɸ., 2009, ʇʫʪʠʥ ɺ.ɺ., 2012). ɺ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʱʝʧʨʠʟʥʘʥʥʳʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ  ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ  ʢʘʢ  ʦʜʥʦʛʦ ʠʟ 
ʚʝʜʫʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, ʪ.ʝ. ʢʦʤʧʣʝʢʩʘ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ  
ʦʨʛʘʥʠʟʤʘ,  ʢʦʪʦʨʳʡ  ʚ  ʢʦʥʝʯʥʦʤ  ʠʪʦʛʝ  ʦʧʨʝʜʝʣʷʝʪ  ʟʘʧʘʩ  ʝʛʦ  ʬʠʟʠʯʝʩʢʠʭ  ʩʠʣ (ɹʫʥʘʢ ɺ.ɺ. 1940,  
ɹʘʰʢʠʨʦʚ ʇ.ʅ.  1962) ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʦʟʨʘʩʪʥʦʡ ʫʨʦʚʝʥʴ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʙʝʥʢʘ 
(ɺʣʘʩʪʦʚʩʢʠʡ ɺ.ɻ.,1976. ʄʘʣʦʯʠʩʣʝʥʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʦ ʬʠʟʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ ʩʝʣʴʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ 
ʠ ʥʝʜʦʩʪʘʪʦʯʥʳʝ ʜʘʥʥʳʝ ʦ ʢʦʤʧʣʝʢʩʥʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʠʭ, ʦʪʩʫʪʩʪʚʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʥʦʨʤʘʪʠʚʦʚ 
ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʰʢʦʣʴʥʠʢʦʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ 
ʧʨʦʚʝʜʝʥʠʷ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [1,2,3]. 

ʎʝʣʴ  ʠʩʩʣʝʜʦʚʘʥʠʷ:  ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʫʯʘʱʠʭʩʷ ʩʝʣʴʩʢʠʭ ʰʢʦʣ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 
ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʭ  ʦʙʩʣʝʜʦʚʘʥʠʡ  ʩ 
ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʦʡ ʟʜʦʨʦʚʴʷ [ʇʨʠʢʘʟ ʄɿ ʈʌ ˉ 621 ʦʪ 30.12.2003 ʛ. çʆ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʝ 
ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʜʝʪʝʡè] ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʅʠʞɻʄɸ, ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ çʄʦʥʠʪʦʨʠʥʛ 
ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʫʯʘʱʠʭʩʷ ʚʩʝʭ ʩʪʫʧʝʥʝʡ ʦʙʨʘʟʦʚʘʥʠʷè ɸʨʟʘʤʘʩʩʢʦʛʦ ʬʠʣʠʘʣʘ ʅʅɻʋ 
ʠʤ.ʅ.ʀ.ʃʦʙʘʯʝʚʩʢʦʛʦ, ʘ ʪʘʢʞʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 
ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʩʝʣʴʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʙʘʟʝ ʎʝʥʪʨʘ 

ʟʜʦʨʦʚʴʷ ʜʣʷ ʜʝʪʝʡ ʛ.ɸʨʟʘʤʘʩʘ. ʉ ʧʨʠʚʣʝʯʝʥʠʝʤ ʚʨʘʯʝʡ-ʩʧʝʮʠʘʣʠʩʪʦʚ ʙʳʣʦ ʦʙʩʣʝʜʦʚʘʥʦ 5144 
ʩʝʣʴʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ, ʠʟ ʥʠʭ 2396 ʤʘʣʴʯʠʢʦʚ ʠ 2748 ʜʝʚʦʯʝʢ. ʂʨʠʪʝʨʠʠ ʚʢʣʶʯʝʥʠʷ: ʫʯʘʱʠʝʩʷ 1-11 
ʢʣʘʩʩʦʚ ʩʝʣʴʩʢʠʭ ʰʢʦʣ. ʂʨʠʪʝʨʠʠ ʠʩʢʣʶʯʝʥʠʷ: 1) ʜʝʪʠ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʦʨʘʞʝʥʠʷʤʠ, 2) ʧʝʨʠʦʜ 
ʦʙʦʩʪʨʝʥʠʷ ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʚʦʟʨʘʩʪ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ 
ʧʦʩʪʦʷʥʥʳʭ ʟʫʙʦʚ ʠ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʚʪʦʨʠʯʥʳʭ ʧʦʣʦʚʳʭ ʧʨʠʟʥʘʢʦʚ ʩ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʚʦʡ 
ʬʦʨʤʫʣʳ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʣʘ ʫ ʤʘʣʴʯʠʢʦʚ ï ʦʚʦʣʦʩʝʥʠʝ ʥʘ ʣʦʙʢʝ (ʈ), ʚ ʧʦʜʤʳʰʝʯʥʳʭ ʚʧʘʜʠʥʘʭ 
(ɸʭ), ʥʘ ʣʠʮʝ (F), ʨʦʩʪ ʱʠʪʦʚʠʜʥʦʛʦ ʭʨʷʱʘ (L), ʠʟʤʝʥʝʥʠʝ ʪʝʤʙʨʘ ʛʦʣʦʩʘ (V); ʫ ʜʝʚʦʯʝʢ ï ʨʘʟʚʠʪʠʝ 
ʤʦʣʦʯʥʳʭ ʞʝʣʝʟ (ʄʘ), ʦʚʦʣʦʩʝʥʠʝ ʣʦʙʢʘ (ʈ), ʧʦʜʤʳʰʝʯʥʳʭ ʚʧʘʜʠʥ (ɸʭ), ʩʪʘʥʦʚʣʝʥʠʝ 
ʤʝʥʩʪʨʫʘʣʴʥʦʡ ʬʫʥʢʮʠʠ (ʄʝ). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ.  

ʂ ʥʘʯʘʣʫ ʍXI ʩʪʦʣʝʪʠʷ ʜʣʠʥʘ ʪʝʣʘ (ɼʊ) ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʣʘʩʴ ʢʘʢ ʫ ʤʘʣʴʯʠʢʦʚ, ʪʘʢ ʠ ʫ 
ʜʝʚʦʯʝʢ ʚʩʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ (ʨʠʩ.1). ʉʦʚʨʝʤʝʥʥʳʝ 8-ʣʝʪʥʠʝ ʤʘʣʴʯʠʢʠ ʩʪʘʣʠ ʚʳʰʝ ʩʚʦʠʭ 
ʩʚʝʨʩʪʥʠʢʦʚ ʩʝʨʝʜʠʥʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʥʘ 11,1 ʩʤ, ʜʝʚʦʯʢʠ ï ʥʘ 10,8 ʩʤ, ʘ 15-ʣʝʪʥʠʝ ʧʦʜʨʦʩʪʢʠ 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 22,3 ʠ 13,2 ʩʤ. ʇʦ ʤʘʩʩʝ ʪʝʣʘ (ʄʊ) ʚʳʷʚʣʝʥʘ ʘʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ (ʨʠʩ.2). ɿʘ 
ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʧʨʦʠʟʦʰʝʣ ʦʧʝʨʝʞʘʶʱʠʡ ʩʜʚʠʛ ʚ ʨʘʟʚʠʪʠʠ ʜʝʪʝʡ ʥʘ 2-3 ʛʦʜʘ: 15-
ʣʝʪʥʠʝ ʧʦʜʨʦʩʪʢʠ 1946 ʛ. ʠʤʝʶʪ ʪʘʢʫʶ ʞʝ ʜʣʠʥʫ ʠ ʤʘʩʩʫ ʪʝʣʘ, ʢʘʢ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʘʣʴʯʠʢʠ 12-
ʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ (148,6 ʩʤ, 41,0 ʢʛ ʠ 150,5 ʩʤ, 41,5 ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɸʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ 
ʦʪʤʝʯʘʝʪʩʷ ʚ ʵʧʦʭʘʣʴʥʦʤ ʨʦʩʪʝ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʜʝʚʦʯʝʢ.  ʋʚʝʣʠʯʝʥʠʝ 
ʦʢʨʫʞʥʦʩʪʠ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ (ʆɻʂ)  ʚʦ ʚʩʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ ʤʘʣʴʯʠʢʦʚ ʠ ʜʝʚʦʯʝʢ, ʧʦ ʩʨʘʚʥʝʥʠʶ 
ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʣʠʥʳ ʠ ʤʘʩʩʳ ʪʝʣʘ, ʧʨʦʠʟʦʰʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ.  ɼʚʦʡʥʦʡ ʧʝʨʝʢʨʝʩʪ ʨʦʩʪʦʚʳʭ 
ʢʨʠʚʳʭ ʧʦ ɼʊ, ʄʊ ʠ ʆɻʂ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʘʟʥʳʤʠ ʩʨʦʢʘʤʠ ʚʩʪʫʧʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʳ ʧʦʣʦʚʦʛʦ 
ʩʦʟʨʝʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʣʴʯʠʢʦʚ ʠ ʜʝʚʦʯʝʢ, ʢ ʩʤʝʩʪʠʣʩʷ ʢ  ʙʦʣʝʝ ʨʘʥʥʝʤʫ ʚʦʟʨʘʩʪʫ.     

 

 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʥʘʤʦʤʝʪʨʠʠ ʚʳʷʚʣʝʥʳ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ 

ʤʳʰʝʯʥʦʡ ʩʠʣʳ ʨʫʢ ʩʝʣʴʩʢʠʭ ʜʝʪʝʡ ʩ ʥʘʠʙʦʣʴʰʠʤʠ ʧʨʠʨʦʩʪʘʤʠ ʚ ʧʝʨʠʦʜʝ ʧʦʣʦʚʦʛʦ ʩʦʟʨʝʚʘʥʠʷ ʫ 
ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʨʦʩʪʢʦʚ. 

ɺʦ ʚʩʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ ʫ ʤʘʣʴʯʠʢʦʚ ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʞʠʟʥʝʥʥʦʡ ʝʤʢʦʩʪʠ ʣʝʛʢʠʭ 
(ɾɽʃ) ʚʳʰʝ, ʯʝʤ ʫ ʜʝʚʦʯʝʢ (ʨ<0,05). ʆʪʤʝʯʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ɾɽʃ ʟʘ 
ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʤʘʣʴʯʠʢʦʚ ʠ ʜʝʚʦʯʝʢ. ɿʘ 40-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚʳʷʚʠʣʠ 
ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʩʠʩʪʦʣʠʯʝʩʢʦʛʦ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʉɸɼ) ʠ 

ʜʠʘʩʪʦʣʠʯʝʩʢʦʛʦ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ (ɼɸɼ) (ʨ<0,05), ʧʨʠʯʝʤ ɼɸɼ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 
ʧʦʢʘʟʘʪʝʣʠ ʧʨʠʨʦʩʪʘ. 

ɼʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʏʉʉ) ʠʤʝʝʪ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʫʶ 
ʪʝʥʜʝʥʮʠʶ ï ʫ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʣʴʯʠʢʦʚ 14-15 ʣʝʪ ʠ ʫ ʜʝʚʦʯʝʢ 10,15 ʠ 17 ʣʝʪ ʦʪʤʝʯʝʥʦ 
ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʏʉʉ (ʨ<0,05), ʚ ʦʩʪʘʣʴʥʳʭ ʚʦʟʨʘʩʪʥʦ-ʧʦʣʦʚʳʭ ʛʨʫʧʧʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 
ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦ ʜʘʥʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʥʝ ʚʳʷʚʣʝʥʦ.  

ʉʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʜʝʪʝʡ ʛ.ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʠ 
ʠʟ ʩʝʣʴʩʢʠʭ ʥʘʩʝʣʝʥʥʳ ʧʫʥʢʪʦʚ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʝʣʴʩʢʠʝ ʤʘʣʴʯʠʢʠ ʜʦʩʪʦʚʝʨʥʦ ʥʠʞʝ ʩʚʦʠʭ 
ʛʦʨʦʜʩʢʠʭ ʩʚʝʨʩʪʥʠʢʦʚ  ʧʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ɼʊ ʠ ʄʊ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ. 

ʆʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʬʘʢʪ ʦʪʩʫʪʩʪʚʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ɼʊ ʫ ʜʝʚʦʯʝʢ ʩʝʣʘ ʠ 
ʛʦʨʦʜʘ, ʢʨʦʤʝ 10 ʠ 14 ʣʝʪ. ʇʦ ʄʊ ʥʝʪ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʚʦ ʚʩʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ. ʇʦ ʆɻʂ ʫ 
ʩʝʣʴʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ ʚʳʷʚʣʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ, ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʪʝʥʜʝʥʮʠʠ. 

ɸʥʘʣʠʟ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʷʚʠʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦʝ ʫʨʝʞʝʥʠʝ ʏʉʉ ʫ 
ʩʝʣʴʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʦʨʦʜʘ, ʚʦ ʚʩʝʭ ʚʦʟʨʘʩʪʥʦ-ʧʦʣʦʚʳʭ ʛʨʫʧʧʘʭ, ʢʨʦʤʝ 7-ʣʝʪʥʠʭ ʜʝʪʝʡ. 
ɸʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ ʫ ʩʝʣʴʩʢʠʭ ʜʝʪʝʡ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʉɸɼ. ʅʝʙʣʘʛʦʧʨʠʷʪʥʳʤ 
ʧʨʠʟʥʘʢʦʤ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʜʝʪʝʡ ʠʟ ʩʝʣʴʩʢʠʭ ʰʢʦʣ ʦʢʘʟʘʣʩʷ ʚʳʩʦʢʠʡ ʩʪʘʪʫʩ ɼɸɼ: ʚʦ 
ʚʩʝʭ ʚʦʟʨʘʩʪʥʦ-ʧʦʣʦʚʳʭ ʛʨʫʧʧʘʭ ʦʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʛʦʨʦʜʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ 
ʟʥʘʯʝʥʠʡ ʧʫʣʴʩʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʢʘʟʘʣʦ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʥʦʨʤʳ ʫ 

ʩʝʣʴʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ (32,2-49,3 ʤʤ.ʨʪ.ʩʪ) ʠ ʧʨʝʚʳʰʝʥʠʝ ʝʛʦ ʫ ʜʝʪʝʡ ʠʟ ʅ.ʅʦʚʛʦʨʦʜʘ (41,6-58,8 ʤʤ.ʨʪ.ʩʪ). 
ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʮʝʥʪʠʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʣʘ ʧʦʢʘʟʘʣʠ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʜʝʪʝʡ, ʢʘʢ ʚ ʛʦʨʦʜʝ ʪʘʢ ʠ ʥʘ ʩʝʣʝ, ʩ ʚʳʩʦʢʦʡ ʜʣʠʥʦʡ ʪʝʣʘ ʠ ʥʠʞʝ ʵʪʘʣʦʥʥʦʛʦ 
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ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʴ ʰʢʦʣʴʥʠʢʦʚ ʩ ʥʠʟʢʠʤ ʨʦʩʪʦʤ. ɹʦʣʝʝ ʚʳʨʘʞʝʥʥʘʷ ʪʝʥʜʝʥʮʠʷ 
ʧʨʘʚʦʩʪʦʨʦʥʥʝʛʦ ʩʤʝʱʝʥʠʷ ʚʳʷʚʣʝʥʘ ʧʦ ʄʊ ʠ ʀʄʊ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʮʝʥʪʠʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ɾɽʃ ʷʚʣʷʝʪʩʷ ʨʘʩʩʣʦʝʥʠʝ ʚ ʩʪʦʨʦʥʫ ʢʨʘʡʥʠʭ ʚʘʨʠʘʥʪʦʚ (ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʠ ʦʯʝʥʴ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ) 
ʫ ʛʦʨʦʜʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ, ʩʨʝʜʠ ʩʝʣʴʩʢʠʭ ʜʝʪʝʡ ʚʳʷʚʣʝʥʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 
ʧʦʢʘʟʘʪʝʣʝʡ ɾɽʃ. ɹʦʣʝʝ ʯʝʤ ʫ 70% ʛʦʨʦʜʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ ʜʠʥʘʤʦʤʝʪʨʠʷ ʧʨʘʚʦʡ ʢʠʩʪʠ 
ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʧʦʚʳʰʝʥʥʘʷ, ʚʳʩʦʢʘʷ ʠ ʦʯʝʥʴ ʚʳʩʦʢʘʷ, ʫ ʩʝʣʴʩʢʠʭ ʜʝʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʦʣʝʝ 
ʙʣʠʟʢʦʝ ʢ ʵʪʘʣʦʥʥʦʤʫ, ʥʦ ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʶʪ ʟʘʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʛʨʫʧʧʦʚʦʡ ʦʮʝʥʢʠ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ (ʨʠʩ.3,4) ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʥʠʟʢʫʶ, ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʘʣʦʥʦʤ, ʜʦʣʶ ʰʢʦʣʴʥʠʢʦʚ ʩ ʥʦʨʤʘʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʨʝʜʠ ʛʦʨʦʜʩʢʠʭ 
ʜʝʪʝʡ. ɼʦʣʷ ʜʝʪʝʡ ʩ ʦʪʢʣʦʥʝʥʠʷʤʠ ʚ ʬʠʟʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ ʧʨʝʚʳʩʠʣʘ ʵʪʘʣʦʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ 
ʛʨʫʧʧʝ ʩ ʠʟʙʳʪʦʯʥʦʡ ʤʘʩʩʦʡ ʪʝʣʘ ʠ ʚʳʩʦʢʦʡ ʜʣʠʥʦʡ ʪʝʣʘ. ɼʘʥʥʳʡ ʬʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 
ʜʠʩʛʘʨʤʦʥʠʯʥʦʩʪʠ ʨʘʟʚʠʪʠʷ  ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʨʦʜʩʢʠʭ ʠ ʩʝʣʴʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ, ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ 
ʟʥʘʯʝʥʠʷʤʠ ʫ ʜʝʪʝʡ ʅ.ʅʦʚʛʦʨʦʜʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʩʨʝʜʠ ʩʝʣʴʩʢʠʭ 
ʰʢʦʣʴʥʠʢʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʦʨʦʜʩʢʠʤʠ, ʙʦʣʴʰʝ ʜʝʪʝʡ ʩ ʛʘʨʤʦʥʠʯʥʳʤ ʨʘʟʚʠʪʠʝʤ. ʇʨʘʢʪʠʯʝʩʢʠ 
ʦʪʩʫʪʩʪʚʫʶʪ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʤʳʰʝʯʥʦʡ ʩʠʣʳ ʨʫʢ ʫ ʤʘʣʴʯʠʢʦʚ ʠ ʜʝʚʦʯʝʢ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʰʢʦʣʴʥʠʢʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʠ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʠʥʘʤʦʤʝʪʨʠʠ. 
ʈʘʩʧʨʝʜʝʣʝʥʠʝ ɾɽʃ ʩʨʝʜʠ ʩʝʣʴʩʢʠʭ ʜʝʪʝʡ ʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʦ ʢ ʵʪʘʣʦʥʥʦʤʫ, ʯʝʤ ʚ ʛʦʨʦʜʝ, ʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʣʫʯʰʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 
ʚʦʟʤʦʞʥʦʩʪʷʭ ʩʝʨʜʝʯʥʦʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʩʝʣʴʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ. 

 

 
 

ʀʟʫʯʝʥʠʝ ʚʦʟʨʘʩʪʥʦ-ʧʦʣʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʯʠʩʣʦ ʧʦʩʪʦʷʥʥʳʭ ʟʫʙʦʚ (ʏʇɿ) ʫ ʜʝʪʝʡ 
ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʨʠʟʥʘʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʚʩʝʤ 
ʧʨʦʪʷʞʝʥʠʠ ʠʟʫʯʘʝʤʦʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʨʷʜʘ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʪʝʤʧ ʧʨʦʨʝʟʳʚʘʥʠʷ ʦʪʤʝʯʘʝʪʩʷ ʢʘʢ ʫ 
ʤʘʣʴʯʠʢʦʚ, ʪʘʢ ʠ ʫ ʜʝʚʦʯʝʢ ʚ ʚʦʟʨʘʩʪʝ 7-8 ʠ 11-12 ʣʝʪ. ʇʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʚʘʨʠʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʘ 
ʚʳʨʘʞʝʥʥʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʯʠʩʣʘ ʧʦʩʪʦʷʥʥʳʭ ʟʫʙʦʚ ʫ ʤʘʣʴʯʠʢʦʚ ʠ ʜʝʚʦʯʝʢ, ʦʩʦʙʝʥʥʦ ʚ ʚʦʟʨʘʩʪʝ 
10-12 ʣʝʪ. ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʧʦʩʪʦʷʥʥʳʭ ʟʫʙʦʚ ʫ ʜʝʚʦʯʝʢ ʚʳʰʝ, ʯʝʤ ʫ ʤʘʣʴʯʠʢʦʚ, ʯʪʦ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʨʘʥʥʝʤ ʩʨʦʢʝ ʧʨʦʨʝʟʳʚʘʥʠʠ ʧʦʩʪʦʷʥʥʳʭ ʟʫʙʦʚ ʫ ʜʝʚʦʯʝʢ.  

ʀʩʭʦʜʷ ʠʟ ʧʨʘʢʪʠʢʠ ʧʨʠʥʷʪʠʷ  ʟʘ ʚʦʟʨʘʩʪʥʫʶ ʥʦʨʤʫ ʏʇɿ ʚ ʜʠʘʧʘʟʦʥʝ çʩʨʝʜʥʷʷÑʉʆ (ů)è, 

ʧʨʝʜʩʪʘʚʠʣʠ  ʩʪʘʥʜʘʨʪ ʦʧʨʝʜʝʣʝʥʠʷ ɹɺ ʫ ʩʝʣʴʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ ʵʪʦʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʜʦ 
ʧʦʷʚʣʝʥʠʷ ʫ ʥʠʭ ʚʪʦʨʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʦʣʦʚʦʛʦ ʩʦʟʨʝʚʘʥʠʷ (ʪʘʙʣ.1). ʆʪʤʝʪʠʣʠ ʩʭʦʞʜʝʥʠʝ 
ʧʦʢʘʟʘʪʝʣʝʡ ʩʦ ʰʢʦʣʴʥʠʢʘʤʠ ʅ.ʅʦʚʛʦʨʦʜʘ (ɽ.ʉ.ɹʦʛʦʤʦʣʦʚʘ, 2011) ʧʦ ʦʙʝʠʤ ʛʨʫʧʧʘʤ, ʢʘʢ ʫ 
ʤʘʣʴʯʠʢʦʚ, ʪʘʢ ʠ ʜʝʚʦʯʝʢ, ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʩʭʦʞʜʝʥʠʡ. 

ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʚʠʪʠʷ ʚʪʦʨʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʦʣʦʚʦʛʦ ʨʘʟʚʠʪʠʷ  ʫ 
ʩʝʣʴʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ ʟʘ ʧʦʩʣʝʜʥʠʝ 40 ʣʝʪ (ʩ 1971 ʛ.  ʧʦ 2012 ʛ.) ʚʳʷʚʠʣ  ʫʩʢʦʨʝʥʠʝ ʚʳʨʘʞʝʥʥʦʩʪʠ 
ʠʭ ʧʨʦʷʚʣʝʥʠʷ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʙʦʟʥʘʯʝʥʥʦʝ ʫ ʤʘʣʴʯʠʢʦʚ. ʇʦʷʚʣʝʥʠʝ ʫ ʤʘʣʴʯʠʢʦʚ ʚʪʦʨʠʯʥʳʭ 
ʧʦʣʦʚʳʭ ʧʨʠʟʥʘʢʦʚ (ɺʇʇ) ʩʤʝʩʪʠʣʦʩʴ ʥʘ 1 ʛʦʜ ʨʘʥʝʝ (12 ʣʝʪ), ʘ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʙʘʣʣʘ ʧʦʣʦʚʦʛʦ 
ʩʦʟʨʝʚʘʥʠʷ ʚ 14 ʣʝʪ ʩʪʘʣʘ ʥʠʞʥʝʡ.  
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ʊʘʙʣʠʮʘ 1 
ʏʠʩʣʦ ʧʦʩʪʦʷʥʥʳʭ ʟʫʙʦʚ ʫ ʩʝʣʴʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ ʩ ʚʘʨʠʘʥʪʘʤʠ  ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʨʘʩʪʘ 

 

ɺʦʟʨʘʩʪ, 
ʛʦʜʳ 

ʄʘʣʴʯʠʢʠ ɼʝʚʦʯʢʠ 

ʟʘʤʝʜʣʝʥʥʦʝ 
ʨʘʟʚʠʪʠʝ 

ʅʦʨʤʘʣʴʥʦʝ 
ʨʘʟʚʠʪʠʝ 

ʦʧʝʨʝʞʘʶʱʝʝ 
ʨʘʟʚʠʪʠʝ 

ʟʘʤʝʜʣʝʥʥʦʝ 
ʨʘʟʚʠʪʠʝ 

ʥʦʨʤʘʣʴʥʦʝ 
ʨʘʟʚʠʪʠʝ 

ʦʧʝʨʝʞʘʶʱʝʝ 
ʨʘʟʚʠʪʠʝ 

6,5 0 ï 1 2 ï 8 (2 ï 8) Ó9 0 ï 1 2 ï 10 (2 ï 10) Ó11 

7 Ò4 5 ï 11 (6 ï 11) Ó12 Ò5 6 ï 12 (8 ï 12) Ó13 

8 Ò7 8 ï 14 (8 ï 13) Ó15 Ò8 9 ï 15 (10 ï 14) Ó16 

9 Ò9 10 ï 16 (10 ï 15) Ó17 Ò12 13 ï 19 (12 ï 16) Ó20 

10 Ò12 13 ï 19 (12 ï 20) Ó20 Ò13 
14 ï 23 

(12 ʠ ʙʦʣʝʝ) 
Ó24 

11 Ò13 14 ï 22 (15 ï 24) Ó23 Ò14 Ó15 (12) 

12 Ò16 Ó17 (21) - 
 

ʇʝʨʚʳʝ ʧʨʦʷʚʣʝʥʠʷ ɺʇʇ ʫ ʦʪʜʝʣʴʥʳʭ ʤʘʣʴʯʠʢʦʚ ʦʪʤʝʪʠʣʠ ʚ 11 ʣʝʪ 5 ʤʝʩʷʮʝʚ ʚ ʚʠʜʝ 
ʦʚʦʣʦʩʝʥʠʷ ʥʘ ʣʦʙʢʝ ʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʙʨʘ ʛʦʣʦʩʘ. ʋ ʜʝʚʦʯʝʢ ʥʝʪ ʩʤʝʱʝʥʠʷ ʚʦʟʨʘʩʪʘ ʧʦʷʚʣʝʥʠʷ ɺʇʇ, 
ʥʦ ʜʠʘʧʘʟʦʥ ʙʘʣʣʘ ʧʦʣʦʚʦʛʦ ʩʦʟʨʝʚʘʥʠʷ ʩʪʘʣ ʰʠʨʝ ʟʘ ʩʯʝʪ ʩʤʝʱʝʥʠʷ ʝʛʦ ʛʨʘʥʠʮ ʚʧʨʘʚʦ. ʇʝʨʚʳʝ 

ʧʫʙʝʨʪʘʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫ ʜʝʚʦʯʝʢ ï ʨʘʟʚʠʪʠʝ ʤʦʣʦʯʥʳʭ ʞʝʣʝʟ ʦʪʤʝʪʠʣʠ ʚ 9 ʣʝʪ 11 ʤʝʩʷʮʝʚ. 
ʉʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʧʦʷʚʣʝʥʠʷ ʤʝʥʘʨʭʝ (ʄʝ) ʫ ʩʝʣʴʩʢʠʭ ʜʝʚʫʰʝʢ ʚ 2012 ʛ. ʩʦʩʪʘʚʠʣ 13,4Ñ0,85 ʣʝʪ, 
ʥʘʠʙʦʣʝʝ ʨʘʥʥʝʝ ʥʘʩʪʫʧʣʝʥʠʝ ʄʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ 11 ʣʝʪ 2 ʤʝʩʷʮʘ, ʧʦʟʜʥʝʝ ï ʚ 15 ʣʝʪ 4 ʤʝʩʷʮʘ. ɺ 
ʧʝʨʠʦʜ ʞʝ 1971 ʛ. ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʄʝ ʧʨʠʭʦʜʠʣʩʷ ʥʘ ʧʝʨʠʦʜ 14-15 ʣʝʪ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʠʣʠ ʩʪʘʥʜʘʨʪʳ ʧʦʣʦʚʦʛʦ ʩʦʟʨʝʚʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʩʝʣʴʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ (ʪʘʙʣ.2,3). ʆʪʤʝʪʠʣʠ ʬʘʢʪʠʯʝʩʢʦʝ ʩʙʣʠʞʝʥʠʝ 
ʟʥʘʯʝʥʠʡ ɹʇʉ ʫ ʩʝʣʴʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ ʩ ʛʦʨʦʜʩʢʠʤʠ ʩʚʝʨʩʪʥʠʢʘʤʠ (ʦʙʦʟʥʘʯʝʥʦ ʚ ʪʘʙʣʠʮʘʭ ʚ ʩʢʦʙʢʘʭ).      

ʊʘʙʣʠʮʘ 2 
ʉʪʘʥʜʘʨʪʳ ʧʦʣʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʠʭ ʤʘʣʴʯʠʢʦʚ 

 

ɺʦʟʨʘʩʪ ʇʌ ʥʦʨʤʘʣʴʥʦʛʦ 
ʨʘʟʚʠʪʠʷ 

ɿʘʤʝʜʣʝʥʥʦʝ 
ʨʘʟʚʠʪʠʝ 

ɹʇʉ 
ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʆʧʝʨʝʞʘʶʱʝʝ 
ʨʘʟʚʠʪʠʝ 

11 ʣʝʪ 
ʦʪ V0P0L0Ax0F0 

ʜʦ V1P1L0Ax0F0 
0 - 1,8 >1,8 

12 ʣʝʪ 
ʦʪ V0P0L0Ax0F0 

ʜʦ V1P1L0Ax1F0 

0 - 2,8 

(0 ï 1,8) 
>2,8 

13 ʣʝʪ 
ʦʪ V1P0L0Ax0F0 
ʜʦ V2P2L1Ax2F0 

<0,7 
0,7 - 6,2 

(0,7 ï 6,3) 
>6,2 

14 ʣʝʪ 
ʦʪ V1P1L0Ax0F0 
ʜʦ V2P3L2Ax2F1 

<1,8 
1,8 - 9,5 

(2,9 ï 9,5) 
>9,5 

15 ʣʝʪ 
ʦʪ V1P3L1Ax1F0 
ʜʦ V2P5L2Ax3F2 

<5,6 
5,6 - 14,3 

(5,7 ï 14,3) 
>14,3 

16, 

17 ʣʝʪ 

ʦʪ V2P4L2Ax2F1 

ʜʦ V2P5L2Ax4F3 
<10,0 Ó10,0 (10,6) 

 

ʊʘʙʣʠʮʘ 3 
ʉʪʘʥʜʘʨʪʳ ʧʦʣʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʠʭ ʜʝʚʦʯʝʢ 

ɺʦʟʨʘʩʪ ʇʌ ʥʦʨʤʘʣʴʥʦʛʦ 
ʨʘʟʚʠʪʠʷ 

ɿʘʤʝʜʣʝʥʥʦʝ 
ʨʘʟʚʠʪʠʝ 

ɹʇʉ ʥʦʨʤʘʣʴʥʦʛʦ 
ʨʘʟʚʠʪʠʷ 

ʆʧʝʨʝʞʘʶʱʝʝ 
ʨʘʟʚʠʪʠʝ 

10 ʣʝʪ 
ʦʪ ʄ0ʈ0ɸʭ0ʄʝ0 

ʜʦ ʄʘ1ʈ1ɸʭ0ʄʝ0 

0 -1,5 

(0 ï 2,7) 
>1,5 

11 ʣʝʪ 
ʦʪ ʄ1ʈ0ɸʭ0ʄʝ0 
ʜʦ ʄʘ2ʈ1ɸʭ0ʄʝ0 

<1,2 
1,2 - 2,7 

(1,2 ï 2,7) 
>2,7 

12 ʣʝʪ 
ʦʪ ʄ1ʈ0ɸʭ0ʄʝ0 
ʜʦ ʄʘ2ʈ2ɸʭ2ʄʝ1 

<1,2 
1,2 - 5,9 

(1,5 ï 7,0) 
>5,9 

13 ʣʝʪ 
ʦʪ ʄ2ʈ1ɸʭ0ʄʝ0 
ʜʦ ʄʘ3ʈ2ɸʭ2ʄʝ1 

<2,7 
2,7 - 7,1 

(3,0 ï 11,6) 
>7,1 

14 ʣʝʪ 
ʦʪ ʄ2ʈ2ɸʭ2ʄʝ0 

ʜʦ ʄʘ3ʈ3ɸʭ3ʄʝ2 
<3,8 Ó3,8 (5,0) 

15 ʣʝʪ 
ʦʪ ʄ2ʈ2ɸʭ2ʄʝ1 
ʜʦ ʄʘ3ʈ3ɸʭ3ʄʝ3 

<5,9 Ó5,9 (11,6) 
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ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʩʦʭʨʘʥʝʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ 
ʚʪʦʨʠʯʥʳʭ ʧʦʣʦʚʳʭ ʧʨʠʟʥʘʢʦʚ ʫ ʜʝʚʦʯʝʢ. ʋ ʤʘʣʴʯʠʢʦʚ ʚʳʷʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
ʧʦʷʚʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʧʦʟʜʥʝʛʦ ʨʘʟʚʠʪʠʷ ʱʠʪʦʚʠʜʥʦʛʦ ʭʨʷʱʘ ʛʦʨʪʘʥʠ, ʢʦʪʦʨʳʡ 
ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʩʣʝ ʣʦʙʢʦʚʦʛʦ ʦʚʦʣʦʩʝʥʠʷ.           

ɺʓɺʆɼʓ: 
1. ʋ ʩʝʣʴʩʢʠʭ ʜʝʪʝʡ ʚʳʷʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʵʧʦʭʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ: ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʠ ʤʘʩʩʳ ʪʝʣʘ, ʦʢʨʫʞʥʦʩʪʠ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ ʠ ʞʠʟʥʝʥʥʦʡ ʝʤʢʦʩʪʠ ʣʝʛʢʠʭ, 
ʯʪʦ ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʨʠʟʥʘʢʦʤ ʩʪʘʪʫʩʘ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʦ  ʩʥʠʞʝʥʠʝ 
ʚ ʥʝʢʦʪʦʨʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ ʤʳʰʝʯʥʦʡ ʩʠʣʳ ʢʠʩʪʝʡ ʨʫʢ, ʩʢʣʦʥʥʦʩʪʴ ʢ ʘʨʪʝʨʠʘʣʴʥʦʡ ʜʠʩʪʦʥʠʠ, 
ʪʘʭʠʢʘʨʜʠʠ. 

2. ʇʦ ʫʨʦʚʥʶ ʠ ʩʪʨʫʢʪʫʨʝ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʠʝ ʰʢʦʣʴʥʠʢʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 
ʛʦʨʦʜʩʢʠʭ. ʉʨʝʜʠ ʩʝʣʴʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʦʨʦʜʩʢʠʤʠ, ʙʦʣʴʰʝ ʜʝʪʝʡ ʩ ʛʘʨʤʦʥʠʯʥʳʤ 
ʨʘʟʚʠʪʠʝʤ. ʇʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʤʳʰʝʯʥʦʡ ʩʠʣʳ ʨʫʢ ʫ ʤʘʣʴʯʠʢʦʚ ʠ ʜʝʚʦʯʝʢ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʰʢʦʣʴʥʠʢʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʠ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 
ʜʠʥʘʤʦʤʝʪʨʠʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ɾɽʃ ʩʨʝʜʠ ʩʝʣʴʩʢʠʭ ʜʝʪʝʡ ʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʦ ʢ ʵʪʘʣʦʥʥʦʤʫ, ʯʝʤ ʚ 
ʛʦʨʦʜʝ, ʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʣʫʯʰʠʭ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʩʝʨʜʝʯʥʦʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʩʝʣʴʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ. 

3. ʋ ʩʝʣʴʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ ʟʘ ʧʦʩʣʝʜʥʠʝ 40 ʣʝʪ ʚʳʷʚʣʝʥʦ  ʫʩʢʦʨʝʥʠʝ  ʧʦʣʦʚʦʛʦ ʨʘʟʚʠʪʠʷ 
ʥʘ 1-2 ʛʦʜʘ. ʋ ʤʘʣʴʯʠʢʦʚ ʠʟʤʝʥʠʣʘʩʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʧʦʣʦʚʳʭ 
ʧʨʠʟʥʘʢʦʚ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʧʦʟʜʥʝʛʦ ʨʘʟʚʠʪʠʷ ʱʠʪʦʚʠʜʥʦʛʦ ʭʨʷʱʘ ʛʦʨʪʘʥʠ, ʢʦʪʦʨʳʡ ʨʘʟʚʠʚʘʝʪʩʷ 
ʧʦʩʣʝ ʣʦʙʢʦʚʦʛʦ ʦʚʦʣʦʩʝʥʠʷ. ʇʨʦʠʟʦʰʣʦ ʬʘʢʪʠʯʝʩʢʦʝ ʩʙʣʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ ʙʘʣʣʘ ʧʦʣʦʚʦʛʦ 
ʩʦʟʨʝʚʘʥʠʷ ʫ ʩʝʣʴʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ  ʩ ʛʦʨʦʜʩʢʠʤʠ ʩʚʝʨʩʪʥʠʢʘʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʷʚʠʚ ʵʧʦʭʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʠʭ 
ʰʢʦʣʴʥʠʢʦʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩ 
ʪʝʥʜʝʥʮʠʷʤʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 
ʠʟʤʝʨʝʥʠʡ.  ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʠʭ ʠ ʛʦʨʦʜʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ 
ʦʪʤʝʯʘʝʪ ʙʦʣʴʰʫʶ ʜʦʣʶ ʛʘʨʤʦʥʠʯʥʦ ʨʘʟʚʠʪʳʭ ʜʝʪʝʡ ʠʟ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ.         
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Abstract 
The article contains the rezults of the study of mutagenic activity of pesticide Facet KS ( FRG) -25% of 
herbicide 3,7- dichloramine -8- carboxylic acids, which is used in the agriculture, in single as in multiple 
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influence in somatic cells of ratsô marrow. Facet KS in single influence of high dose may have influence 
on genetic apparatus of somatic cells of rats, in multiple influence of herbicide Facet KS, appears its 
cytogenetic effect in cells of marrow.  
 

Keywords: pesticide, mutagenic activity, chromosome  aberration, somatic cells, marrow, cytogenetic 
effect LD50 for rats. 

 
ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦ ʚʣʠʷʥʠʠ ʧʝʩʪʠʮʠʜʘ ʌʘʮʝʪ ʂʉ (2,5% ʛʝʨʙʠʮʠʜ), ʧʨʠʤʝʥʷʝʤʳʡ ʚ 
ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʥʘ ʤʫʪʘʛʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʣʝʪʦʢ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʢʨʳʩ, ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʠ 
ʤʥʦʛʦʢʨʘʪʥʦʤ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʠ. ʌʘʮʝʪ ʂʉ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʰʝʡ ʜʦʟʳ ʤʦʞʝʪ 
ʚʣʠʷʪʴ ʥʘ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʩʦʤʘʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʢʨʳʩ, ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 
ʛʝʨʙʠʮʠʜʘ ʌʘʮʝʪ ʂʉ, ʧʨʦʷʚʣʷʝʪʩʷ ʝʛʦ ʮʠʪʦʛʝʥʝʪʠʯʝʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʢʣʝʪʢʘʭ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ. 
   
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʩʪʠʮʠʜ, ʤʫʪʘʛʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʘʙʝʨʨʘʮʠʷ ʭʨʦʤʦʩʦʤ, ʩʦʤʘʪʠʯʝʩʢʘʷ ʢʣʝʪʢʘ,  
ʢʦʩʪʥʳʡ ʤʦʟʛ, ʽʽʠʪʦʛʝʥʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʜʦʟʘ ʃɼ50. 

  

The actuality of the problem. The pollution of the environment by xenobiotic substances is one 

of the essential problems of the time. Their number and the concentration are going up in leaps and 
bounds, most of them have mutagenic action. Consequently, mutagenic pressure increases on the 
population of microrganisms, plants, animals, and mainly on humane. Increasing of the number of 
newgrowths, spontaneous abortions, agenesia, genetic diseases and congenital malformation ï there is 
result of uncontrolled use of xenobiotic compounds. 

Pesticides belong to xenobiotic substances and their quantity reaches 50000. Annually about 
1000000 tons of xenobiotic substances get in the environment that causes vigorous eco-catastrophe (5). 
Apart from other industrial soil pesticides get into bioshere, they circulate in it and are cumulated in 
various objects of natural environment. Cultivation of lands of agricultural using suppresses, changes and 
kills microorganisms of the elementary, arthropods, worms, i.e. organisms which make the soil by soil 

In the agriculture of Uzbekistan more than 60 kinds of pesticides are used. 
The scientific researches, devoted to studying of their mutagenic activity, are spent basically on 

microorganisms and plants (6,7, 8, 9, 10, 11), there is little work on animals, especially on mammals. 

In connection with this it is impossible to draw certain conclusions, and also develop specific 
proposals on decreasing genetic hazard of pesticides for animals and humane in and around their 
intensive use. For assessment of mutagenic activity of pesticides it is necessary to study the appearing of 
mutation in somatic cells. 

The aim of the researches.  Conduct of cytological researches for mutagenic activity of pesticide 

Facet KS, (çBASFè), which is used in agriculture.  
ʊʘble 1 

ˉ Name of pesticide Purpose Class of chemical LD50 for rats 

   compound ʄg/ʢg 

1. Facet ʂS Herbicide Derivatives of > 2000 I.S. 

   chlorinated (influencing substances) 

   aliphatic > 2600 prepa- 

   acids rative form 

 

The task of the research.  Study of mutagenic activity of pesticide Facet KS (çBASFè, FRG) -
25% of herbicide 3,7-  dichloramine -8- carboxylic acids, which is used in the agriculture, in single as in 
multiple influence in somatic cells of ratsô marrow. 

          ʊʘble 2 

Research object Series, experi-
ments 

Number of 
objects 

System studied Tests used 

Outbred experimental I acute 208 marrow chromosome 

rats 150-170 gr. II chronic 104  aberration 

I ï single influence:         II- chronic exposure 
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ʄʘterials and methods of the research. In order to solve the assigned tasks experiments were 
conducted on white outbred rats weighing 150 -170 grams. In the experiments eugamic animals were 
used. Various concentrations of herbicide Facet were injected into the animals by means of endogastric 
needle with dull point. In all the experiments for cytogenetic analysis of marrow cells the animals were 
slaughtered in 24 hours after the injection of pesticide. Pesticide was injected once and repeatedly. In 
single injection the influence of pesticide was studied in doses from 1/20 LD50, close to LD50 and to 
LD50.  In multiple injection ï the influence of pesticide was studied in dose of 1/100 LD50 for two months. 
Pathogenetic effect of the preparation was studied in somatic cells of marrow by tests: for recording the 
aberration of metaphase chromosome the preparations were prepared from marrow of rat by standard 
method (12, 13, 14). Into the rats we made intraperitoneal introduction of 0,04% solution of alkaloid of 0, 
01 mg.  After an hour we slaughtered the animals. As hypotonic solution we used 0,56% of potassium 
chloride solution. Cellular suspension of ratsô marrow was incubated in hypotonic environment for 5 
minutes under the temperature of 37Áʉ. Then the suspension was centrifuged for 5 minutes in 800 -1000. 
Pouring off supernatant fluid, we fixed mixture of methyl alcohol with ice acetic acid accordingly. We 
changed this fixing fluid for 3 -4 times. After that we shook the content in the test tube (approximately 0,5 
ml of fixing fluid) and got homogeneous suspension of cells in the fixing fluid. The duration of the fixation 
is 1-2 hours. Onto the clear microscope slide we applied 2-3 drops of cellular suspension in the fixing 

fluid. We burnt the fixing fluid and painted the preparations with paint made of composition of oxalate 
ammonium and crystal violet. We analised the chromosome preparations  through the microscope ʄɹʀ-
ɿ and Biol with immersion lens - 90 x, eyeglass -10 x. For the analysis we chose metaphase plates, in 
which all the chromosomes took places seperately from each other. We analysed potential types: 
rearrangement of chromosomes that appeared in metaphase. We defined the frequency of chromosomes 
in the marrow according to the number of cells with rearranging the chromosome. In the record of the 
rearrangements we used not less than five animals in each variant and analysed 300 -500 metaphases.  

The contents and results of work accomplished. The cytogenetic researches of Facet KS 
pesticide activity are for somatic cells of experimental rats. 

1. Cytogenetic effect Facet within a single influence of various concentartions of the preparation. 
In the time of mutagenicity test of pesticides the necessary stage is defining dependence of effect on 

dose. In our work cytogenetic effect of pesticide in different doses was studied in cells ratsô marrow. 
The frequency of aberration of chromosome in cells of ratsô marrow in the influence of different 

doses of Facet KS 
ʊʘble ɿ 

Dose Number of studied Methods with rearrangement Variants of 

mg/kg animals metaphase ʏʠʩʣʦ % doses 

0 11 1010 7 0.79 + 0.25 Control 

100 7 680 4 0.73 Ñ 0.22 1/20 LD50 

200 5 500 4 0.80 Ñ 0.30 1/10 LD 50 

400 9 340 5 1.30 + 0.39 1/5 LD 50 

1000 9 351 15 4.54 Ñ1.08 1/2 LD 50 

2000 7 316 17 4.90 Ñ1.19 LD 5ʦ close 

 

In table 3 there is information about The frequency of aberration of chromosome in cells of ratsô 
marrow in the influence of different doses of Facet. 

Cytogenetic activity of Facet was investigated in doses 100, 200, 400, 1000 and 2000 mg/kg 
(accordingly 1/20, 1/10, 1/5, 1/2 and close to LD50). 

In the influence with small doses Facet KS does not have influence on genetical apparatus of 
cells of ratsô marrow, the frequency of aberration chromosomes remained in control degree after injection 
1/20 LD50 (100, 200, 400 ʤʛ/ʢʛ) (accordingly 0.78, 0.80, 1.30%). Reliable increase of the number of 
chromosome rearrangements was marked after injecting higher doses of the preparation. So, in the 
influence 1/2 and close to LD50 it increased almost as 4 times as big in comparison with the control and 
made ~ 5%, however in further exceeding of the doses of Facet the growth of number chromosomes 
rearrangements was not observed. Much higher dose LD5ʦ (2600 mg/kg) caused approximately as many 
chromosomes rearrangements as close to LD50 (2000, 2600 mg/kg), i.ʝ. 5%. 
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The frequency of aberration of chromosome in single influence of different doses of Facet KS 
 

 
         
Hence, Facet KS in single influence of high dose may have influence on genetic apparatus of 

somatic cells of rats. 
Mutagenic effect was mainly studied on microorganisms and plants, its mutagenic effect is 

marked on the indicated  test objects. However researches on mutagenic activities of Facet on animals 
are single instances, and the data of researche people are contradictory.  

For the first time we studied mutagenic activity of Facet in somatic cells of ratsô marrow. 

2. Pitogenetic effect of Facet in single (chronic) influence. 
We studied the frequency of aberration of chromosome in cells of ratsô marrow (2 months) in 

multiple influence of different doses of Facet (1/100 LD50). The frequency of aberrations of chromosomes 
in cells of ratsô marrow in multiple use (chronic, 2-months) of injection of Facet (1/100 LD50) 

The frequency of aberrations of chromosomes in cells of ratsô marrow in multiple use (chronic, 
2- months) of injection of Facet (1/100 LD50)                                       

ʊʘble 4 

Variants Number of studied Metaphases with rearrangement 

animals  metaphases number  % 

Control 7  854 12  0.89 + 0.40 

Experiments 9  820 11  2.50 + 0.56 

 
According to the data in the table 4, in cells of marrow of the experimental animals which 

received Facet for 2 months, we marked triple increase of chromosome aberration (2.50%) in comparison 
with control (0.89%). 

Hence, in multiple influence of herbicide Facet KS, appears its cytogenetic effect in cells of 

marrow. It is necessary to point out that in single influence of high doses 1/2 and close to LD50, also we 
marked the influence of the preparation on genetic apparatus of somatic cells. ʉonsequently, the 
increase of degree of mutation chromosomes in cells of marrow depends on duration of entering 
pesticide into organism of animals. 

Conclusion. Our data indicate that the functioning protective barrier mechanisms cannot resist 
the influence of the preparation Facet KS. Thus the data of our researces indicate potential genetic 
danger of small doses of Facet KS in their multiple entering into organism of animals and humane, that 
are in area of their intensive use. 

Results of cytogenetic researches in pesticide activity on somatic cells may become base for 
analytical assessment of real danger of the preparation that has mutagenic action, will forward prevention 
of genetic consequences on humane, useful flora and fauna. 
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Abstract 

Among climatic factors the important place in life of plants is taken by light and heat connected with 
radiant energy of the sun, water.  Not the unimportant factor defining conditions of growth of a plant is 
extent of anthropogenous influence. 
 
Keywords: climatic factors, ascorbic acid, photosynthesizing pigments, phenolcarbonic acids.  
 

ɸʥʥʦʪʘʮʠʷ 

ʉʨʝʜʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʞʠʟʥʠ ʨʘʩʪʝʥʠʡ ʟʘʥʠʤʘʶʪ ʩʚʝʪ ʠ ʪʝʧʣʦ, ʩʚʷʟʘʥʥʳʝ 
ʩ ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʝʡ ʩʦʣʥʮʘ, ʚʦʜʳ. ʅʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʫʩʣʦʚʠʷ 
ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʨʘʩʪʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.  
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʝ ʧʠʛʤʝʥʪʳ, 
ʬʝʥʦʣʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ. 
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ɾʠʟʥʴ ʨʘʩʪʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʦʞʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ; 
ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʡ ʠʟ ʥʠʭ, ʦʙʤʝʥ ʚʝʱʝʩʪʚ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ [1]. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʠ 
ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʨʘʩʪʝʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ [2]. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʪʝʥʠʡ 
(ʧʠʞʤʳ ʦʙʳʢʥʦʚʝʥʥʦʡ (Tanacetum  vulgare L.), ʣʠʩʪʚʝʥʥʠʮʳ ʉʫʢʘʯʝʚʘ (Larix sukaczewii Djil),) ʧʦʜ 
ʚʣʠʷʥʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ [3;4]. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ  ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʤʦʜʝʣʴʥʳʝ ʧʣʦʱʘʜʢʠ ʚ ʨʘʡʦʥʘʭ ʩ ʨʘʟʣʠʯʥʦʡ 
ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ: ʚʙʣʠʟʠ ʘʚʪʦʩʪʨʘʜ; ʚ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʳʭ ʟʦʥʘʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 
ʧʨʝʜʧʨʠʷʪʠʡ; ʚ ʩʝʣʠʪʝʙʥʳʭ ʟʦʥʘʭ; ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʨʘʡʦʥ (ʢʦʥʪʨʦʣʴ). 

ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʣʠʤʘʪʘ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʝʝ ʫʜʘʣʝʥʥʦʩʪʴ ʦʪ 
ʦʢʝʘʥʘ. ʅʘʭʦʜʷʩʴ ʚ ʛʣʫʙʠʥʝ ʤʘʪʝʨʠʢʘ ɽʚʨʘʟʠʷ, ʦʥʘ ʣʠʰʝʥʘ ʩʤʷʛʯʘʶʱʝʛʦ ʚʣʠʷʥʠʷ ʤʦʨʩʢʠʭ 
ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, ʧʦʵʪʦʤʫ ʟʜʝʩʴ ʷʨʢʦ ʚʳʨʘʞʝʥ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʢʣʠʤʘʪ. ʊʝʧʣʦʝ ʣʝʪʦ ʠ ʭʦʣʦʜʥʘʷ 
ʟʠʤʘ ʩ ʫʩʪʦʡʯʠʚʳʤ ʩʥʝʞʥʳʤ ʧʦʢʨʦʚʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ, ʘ ʪʘʢʞʝ 
ʚʳʩʦʢʠʤʠ ʛʦʜʦʚʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʥʘ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʚʦʜʠʣʦʩʴ  ʚ ʚʝʩʝʥʥʠʡ ʠ ʦʩʝʥʥʠʡ 
ʧʝʨʠʦʜ 2010-2012ʛʛ.  ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚʦ ʚʨʝʤʷ ʦʪʙʦʨʘ ʧʨʦʙ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʙʦʣʴʰʠʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ʊʘʢ 2010 ʛʦʜ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ 
ʧʦʚʳʰʝʥʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʧʦʢʘʟʘʥʠʷʤʠ ʟʘ ʚʝʩʴ ʦʪʤʝʯʝʥʥʳʡ ʧʝʨʠʦʜ (ʩ ʤʘʷ ʧʦ ʩʝʥʪʷʙʨʴ). ɺ 2011 
ʛʦʜʫ ʚ ʤʘʝ, ʠʶʥʝ ʠ ʘʚʛʫʩʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʧʘʜ ʪʝʤʧʝʨʘʪʫʨ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʷ, ʠʶʥʷ 
ʠ ʘʚʛʫʩʪʘ 2012 ʛʦʜʘ ʚʳʰʝ, ʯʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʩʷʮʘʭ 2011, ʥʦ ʥʠʞʝ, ʯʝʤ ʚ 2010 ʛʦʜʫ.  

 

 
 

ʈʠʩ. 1 ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ Ǔʉ 

 
ɸʥʘʣʠʟʠʨʫʷ ʩʨʝʜʥʝʩʫʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ - 2010 ʛʦʜ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ, ʢʘʢ 

ʟʘʩʫʰʣʠʚʳʡ (ʨʠʩ. 1,2). ʄʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʩʘʜʢʦʚ ʟʘ ʪʨʠ ʛʦʜʘ ʙʳʣʦ ʚ 2010 ʛʦʜʫ. 
ʄʘʢʩʠʤʘʣʴʥʦʝ ï ʚ 2011 ʛʦʜʫ (ʩʝʥʪʷʙʨʴ) (ʨʠʩ.1;2). 

ɺ 2012 ʛʦʜʫ ʟʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʝʨʠʦʜ ʤʘʢʩʠʤʫʤ ʦʩʘʜʢʦʚ ʧʨʠʰʝʣʩʷ ʥʘ ʠʶʥʴ ʤʝʩʷʮ, ʯʪʦ 
ʥʝʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʶʥʷ 2011 ʛʦʜʘ. 

ʆʙʦʙʱʘʷ ʜʘʥʥʳʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ 2010 ʛʦʜʫ ʥʘʠʙʦʣʝʝ ʞʝʩʪʢʠʝ ʫʩʣʦʚʠʷ ʧʦʚʝʰʝʥʥʘʷ 
ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʠʝ ʦʩʘʜʢʦʚ, ʘ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʷʚʣʷʝʪʩʷ 2011 ʛʦʜ 

(ʨʠʩ. 1; 2). 
ɸʥʘʣʠʟ ʭʚʦʠ ʣʠʩʪʚʝʥʥʠʮʳ ʉʫʢʘʯʝʚʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʨʦʚʝʥʴ ɸʂ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʛʦʨʦʜʘ 

ʥʝʦʜʠʥʘʢʦʚ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ɸʂ ʚ 2010 - 2012ʛʛ. ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʦʪʤʝʯʘʝʪʩʷ ʚ ʥʘʠʙʦʣʝʝ 
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ʟʘʛʨʷʟʥʝʥʥʦʤ - ʇʨʦʤʳʰʣʝʥʥʦʤ ʨʘʡʦʥʝ (481,47; 511,32; 516,62 ʤʢʛ/ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʄʘʢʩʠʤʘʣʴʥʳʡ 
ʫʨʦʚʝʥʴ ɸʂ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2010 -2012ʛʛ ʦʪʤʝʯʘʝʪʩʷ ʪʘʢʞʝ ʚ ʇʨʦʤʳʰʣʝʥʥʦʤ ʨʘʡʦʥʝ. ʄʠʥʠʤʘʣʴʥʳʡ 
ʫʨʦʚʝʥʴ ɸʂ ʚ ʣʝʪʥʠʡ ʠ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜʳ 2010 ï 2012ʛʛ. ʦʪʤʝʯʘʝʪʩʷ ʚ ʧ. ʈʦʩʪʦʰʠ (ʢʦʥʪʨʦʣʴ).  

 

 
 

ʈʠʩ. 2 ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʤʤ 

 

 
 

ʈʠʩ. 3 ɼʠʥʘʤʠʢʘ ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʤʢʛ/ʛ)  ʚ ʟʘʚʠʩʠʤʦʩʪʠ  
ʦʪ ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 
ɺ ʭʚʦʝ ʣʠʩʪʚʝʥʥʠʮʳ ʉʫʢʘʯʝʚʘ ʚ 2010 ʛʦʜʫ (ʣʝʪʦ) ʢʦʥʮʝʥʪʨʘʮʠʷ ɸʂ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʥʘʨʘʩʪʘʥʠʝʤ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʨʘʡʦʥʘ ʚ ʩʨʝʜʥʝʤ ʥʘ 5.5%. ʊʘʢ ʚ ʩ ʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʝʤ  
ʫʨʦʚʝʥʴ ɸʂ ʚ ɼʟʝʨʞʠʥʩʢʦʤ ʨʘʡʦʥʝ (ʩʧʘʣʴʥʳʡ ʨʘʡʦʥ ʛʦʨʦʜʘ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 4,7% ʠ ʩʦʩʪʘʚʣʷʝʪ 
474, 63 ʤʢʛ/ʛ, ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʨʘʡʦʥʝ (ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʫʧʥʳʤʠ ʫʣʠʮʘʤʠ ʩ ʠʥʪʝʥʩʠʚʥʳʤ 

ʘʚʪʦʜʚʠʞʝʥʠʝʤ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 5,3% (474,63 ʤʢʛ/ʛ), ʚ ʃʝʥʠʥʩʢʦʤ ʨʘʡʦʥʝ (ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʩʧʝʢʪ 
ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʘʚʪʦʜʚʠʞʝʥʠʝʤ, ʚʜʦʣʴ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥʳ ʢʨʫʧʥʳʝ ʧʘʨʢʠ ʠ ʩʢʚʝʨʳ)  ʥʘ 5,8% 
(479,61 ʤʢʛ/ʛ), ʚ ʇʨʦʤʳʰʣʝʥʥʦʤ ʨʘʡʦʥʝ 6,21% (481,47 ʤʢʛ/ʛ).  
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ɺ 2010 ʛʦʜʫ (ʦʩʝʥʴ) ʢʦʥʮʝʥʪʨʘʮʠʷ ɸʂ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ, ʥʦ ʩ ʥʘʨʘʩʪʘʥʠʝʤ ʩʪʝʧʝʥʠ 
ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ ʫʨʦʚʥʷ ɸʂ ʚ ʩʨʝʜʥʝʤ ʥʘ 4,75%. ʆʪʥʦʩʠʪʝʣʴʥʦ 
ʢʦʥʪʨʦʣʷ ʫʨʦʚʝʥʴ ɸʂ ʚ ɼʟʝʨʞʠʥʩʢʦʤ ʨʘʡʦʥʝ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 3,5% (432,75 ʤʢʛ/ʛ), ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʨʘʡʦʥʝ 
ʫʚʝʣʠʯʠʣʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 4,6% ʠ ʩʦʩʪʘʚʠʣ 437,35 ʤʢʛ/ʛ. ɺ ʃʝʥʠʥʩʢʦʤ ʨʘʡʦʥʝ ʧʨʦʮʝʥʪ ʨʦʩʪʘ ʫʨʦʚʥʷ ɸʂ 
ʩʦʩʪʘʚʠʣ 4,9% (438,6 1ʤʛʢ/ʛ), ʘ ʚ ʇʨʦʤʳʰʣʝʥʥʦʤ ʨʘʡʦʥʝ 6% ʠ ʩʦʩʪʘʚʠʣ 443,21 ʤʢʛ/ʛ (ʨʠʩ. 3).  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ʚ ʭʚʦʝ ʣʠʩʪʚʝʥʥʠʮʳ 
ʉʫʢʘʯʝʚʘ ʤʝʥʷʝʪʩʷ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʛʤʝʥʪʦʚ ʦʪʤʝʯʘʝʪʩʷ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. ʉʨʝʜʥʝʝ 
ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ (ʘ) (ʜʘʣʝʝ ʭ(ʘ)) ʚ ʣʝʪʥʠʭ ʧʨʦʙʘʭ ʩʦʩʪʘʚʠʣʦ 2, 57 ʤʛ/ʛ, ʘ ʚ ʦʩʝʥʥʠʭ 1, 83 ʤʛ/ʛ. 
ʆʪʤʝʯʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʫʚʝʣʠʯʝʥʠʷ ʧʠʛʤʝʥʪʘ ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʢ ʇʨʦʤʳʰʣʝʥʥʦʤʫ ʨʘʡʦʥʫ, ʧʨʠ 
ʵʪʦʤ ʚ ʇʨʦʤʳʰʣʝʥʥʦʤ ʨʘʡʦʥʝ ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭ (ʘ) ʚ ʚʝʩʝʥʥʠʭ ʦʩʝʥʥʠʭ ʧʨʦʙʘʭ ʩʫʱʝʩʪʚʝʥʥʦ 
ʥʝ ʤʝʥʷʝʪʩʷ.  ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ (ʚ) (ʜʘʣʝʝ ʭ(ʚ)) ʚ ʣʝʪʥʠʭ ʠ ʦʩʝʥʥʠʭ ʧʨʦʙʘʭ 
ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 1,41 ʠ 1,44 ʤʛ/ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 
ʩʦʜʝʨʞʘʥʠʝ ʭ(ʚ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʯʢʠ ʦʪʙʦʨʘ ʧʨʦʙ ʨʘʟʣʠʯʥʦ. ɺ ʣʝʪʥʠʭ ʧʨʦʙʘʭ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ 
ʫʯʘʩʪʢʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭ(ʚ) ʩʦʩʪʘʚʠʣʦ 1,17 ʤʛ/ʛ, ʘ ʚ ʦʩʝʥʥʠʭ ʧʨʦʙʘʭ 1,43 ʤʛ/ʛ. ʉʭʦʞʘʷ ʜʠʥʘʤʠʢʘ 
ʚʳʷʚʣʝʥʘ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʠ ʃʝʥʠʥʩʢʦʤ ʨʘʡʦʥʘʭ. ɺ ɼʟʝʨʞʠʥʩʢʦʤ  ʨʘʡʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭ(ʚ) ʚ 
ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ ʤʝʥʴʰʝ ʯʝʤ ʚ ʦʩʝʥʥʠʡ ʠ ʩʦʩʪʘʚʣʷʝʪ 1,18 ʠ 1,21 ʤʛ/ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ 
ʇʨʦʤʳʰʣʝʥʥʦʤ ʨʘʡʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭ(ʚ) ʚ ʚʝʩʝʥʥʠʡ ʠ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʦʜʠʥʘʢʦʚʘ ï 2,15 ʤʛ/ʛ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ ʧʨʦʭʦʜʠʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ, ʘ 
ʚ ʦʩʝʥʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ. ʈʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ ʥʘʢʦʧʣʝʥʠʠ ʩʫʤʤʳ ʟʝʣʝʥʳʭ 
ʧʠʛʤʝʥʪʦʚ ʠʤʝʣ ʭ(ʘ), ʢʦʪʦʨʦʛʦ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʠ ʙʳʣʦ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭ(ʚ) ʚ 
ʩʨʝʜʥʝʤ ʚ 1,5 ʨʘʟʘ. ɺ ʫʩʣʦʚʠʷʭ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʦʪʤʝʯʝʥʘ ʪʝʥʜʝʥʮʠʷ ʩʥʠʞʝʥʠʷ 
ʧʦʢʘʟʘʪʝʣʷ ʭ(ʘ)/ʭ(ʚ) ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ ʩ 1,84 ʜʦ 1,27 ʚ ʧ. ʈʦʩʪʦʰʠ, ʩ 2,12 ʜʦ 1,22 ʚ ʃʝʥʠʥʩʢʦʤ 
ʨʘʡʦʥʝ, ʩ 1,78 ʜʦ 1,19 ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʨʘʡʦʥʝ, ʩ 1,95 ʜʦ 1,23 ʚ ɼʟʝʨʞʠʥʩʢʦʤ ʨʘʡʦʥʝ, ʚ 
ʇʨʦʤʳʰʣʝʥʥʦʤ ʨʘʡʦʥʝ ʩʦʦʪʥʦʰʝʥʠʝ  ʭ(ʘ)/ʭ(ʚ) ʚ ʦʩʝʥʥʠʡ ʠ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʦʩʪʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1,44. 
ʆʪʥʦʰʝʥʠʝ ʩʫʤʤʳ ʟʝʣʝʥʳʭ ʧʠʛʤʝʥʪʦʚ ʢ ʢʘʨʦʪʠʥʦʠʜʘʤ ʟʘ ʚʝʛʝʪʘʮʠʶ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʣʦ 4,09-6,47. 

 

 
 

ʈʠʩ. 4 ʈʝʟʫʣʴʪʘʪʳ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʮʚʝʪʢʦʚ ʧʠʞʤʳ ʦʙʳʢʥʦʚʝʥʥʦʡ ʟʘ 2011ʛ. 
 
ɸʥʘʣʠʟ ʮʚʝʪʢʦʚ ʧʠʞʤʳ ʦʙʳʢʥʦʚʝʥʥʦʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʨʘʟʮʳ, ʩʦʙʨʘʥʥʳʝ ʚ ʩʝʣʠʪʝʙʥʦʡ 

ʟʦʥʝ ʚ 2011 ʛʦʜʫ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʤʤʳ ʬʣʘʚʦʥʦʠʜʦʚ ʠ ʬʝʥʦʣʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 
(ʜʘʣʝʝ ʌʣ ʠ ʌʢ) (2,94%), ʯʝʤ ʚ 2012 ʛʦʜʫ (2,51%). ʅʝʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʧʦ ʧʦʢʘʟʘʪʝʣʶ çʟʦʣʘè, ʝʸ 
ʟʥʘʯʝʥʠʝ ʪʘʢʞʝ ʙʳʣʦ ʚʳʰʝ ʚ 2011 ʛʦʜʫ. ʉʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʦʙʨʘʟʮʦʚ ʪʦʛʦ ʞʝ ʫʯʘʩʪʢʘ ʚ 2012 
ʛʦʜʫ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʨʝʜʳʜʫʱʝʤ ʚʩʝʛʦ ʥʘ 0,003 ʤʛ/ʢʛ ʠ ʩʦʩʪʘʚʣʷʝʪ 0,483 ʤʛ/ʢʛ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ 
ʩʚʠʥʮʘ ʨʝʟʫʣʴʪʘʪʳ 2012 ʛʦʜʘ ʚʳʰʝ 2011 ʥʘ 0,012 ʤʛ/ʢʛ (ʨʠʩ.4;5).  
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ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚʙʣʠʟʠ ʘʚʪʦʩʪʨʘʜʳ  ʠʤʝʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʣʠʯʠʷ 
ʦʪ ʜʨʫʛʠʭ ʨʘʡʦʥʦʚ.  ʊʘʢ ʧʦʢʘʟʘʪʝʣʴ çʟʦʣʘè ʚ 2011 ʛʦʜʫ ʙʦʣʴʰʝ, ʯʝʤ ʚ 2012 ʥʘ 0,49%. ʂʦʣʠʯʝʩʪʚʦ 
ʌʣ ʠ ʌʢ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʣʶʪʝʦʣʠʥ ʚ 2012 ʛʦʜʫ ʫʚʝʣʠʯʝʥ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʜʝʣʘʭ (ʥʘ 0,09%). 
ʂʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʫʶ ʨʘʟʥʠʮʫ ʧʦ çʟʦʣʝè ʚ 2011 ʛʦʜʫ ʟʦʣʴʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 
6,94%, ʘ ʚ 2012 ʛʦʜʫ ï 4,9% (ʨʠʩ. 4;5). 

 

 
 

ʈʠʩ. 5 ʈʝʟʫʣʴʪʘʪʳ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʮʚʝʪʢʦʚ ʧʠʞʤʳ ʦʙʳʢʥʦʚʝʥʥʦʡ 2012ʛ. 

 
ɿʘʢʣʶʯʝʥʠʝ. ʋʨʦʚʝʥʴ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʭʚʦʝ ʣʠʩʪʚʝʥʥʠʮʳ ʉʫʢʘʯʝʚʘ ʨʘʟʣʠʯʝʥ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʝʟʦʥʘ ʛʦʜʘ. ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 
ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ 2010ʛ. ʥʘ ʫʨʦʚʥʝ 473, 27 ʤʢʛ/ʛ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʚ 2012ʛ. ɸʥʘʣʦʛʠʯʥʘʷ 
ʜʠʥʘʤʠʢʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʜʣʷ ʦʩʝʥʥʝʛʦ ʧʝʨʠʦʜʘ. ʅʘʢʦʧʣʝʥʠʝ ʧʠʛʤʝʥʪʦʚ ʠʤʝʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʩ 
ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʵʢʦʣʦʛʠʝʡ ʨʘʡʦʥʘ ʦʪʙʦʨʘ ʧʨʦʙ, ʪʘʢ ʚ ʟʘʩʫʰʣʠʚʳʡ ʧʝʨʠʦʜ ʚ ʫʩʣʦʚʠʷʭ 
ʥʘʠʙʦʣʴʰʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʣʠʯʝʩʪʚʦ ʧʠʛʤʝʥʪʦʚ ʩʥʠʞʘʝʪʩʷ, ʦʜʥʘʢʦ ʟʘʩʫʭʘ ʚ 
ʩʦʯʝʪʘʥʠʠ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʧʦʚʳʰʘʶʪ 
ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʧʠʛʤʝʥʪʦʚ. ɺ ʦʙʨʘʟʮʘʭ ʧʠʞʤʳ ʩʦʙʨʘʥʥʦʡ ʚ ʥʘʠʙʦʣʝʝ 
ʟʘʩʫʰʣʠʚʳʡ ʧʝʨʠʦʜ ʧʦʚʳʰʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ, ʘ ʧʦʢʘʟʘʪʝʣʠ ʩʫʤʤʳ ʌʣ ʠ ʌʢ ʧʦʥʠʞʝʥʳ. ɺ 
ʧʝʨʠʦʜ ʩ ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ ʚʳʷʚʣʝʥʦ ʧʦʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ ʠ ʤʘʨʛʘʥʮʘ. 

ɺʳʚʦʜ. 1.ʋʨʦʚʝʥʴ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʥʘʢʦʧʣʝʥʠʝ ʧʠʛʤʝʥʪʦʚ ʨʘʟʣʠʯʝʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 
ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʝʟʦʥʘ ʛʦʜʘ, ʵʢʦʣʦʛʠʠ ʨʘʡʦʥʘ ʦʪʙʦʨʘ ʧʨʦʙ. 

2.ʂʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʚʣʠʷʝʪ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ ʠ ʤʘʨʛʘʥʮʘ. 
3.ɸʙʠʦʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʣʠʤʘʪ, ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʥʘʢʦʧʣʝʥʠʷ ʨʘʩʪʝʥʠʷʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʧʠʛʤʝʥʪʦʚ ʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. 
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Abstract 

From wintering caterpillars of Aporia crataegi L. the multicomponent cryotyre-tread fraction containing 
glycerin, carotinoids, amines and carbohydrates is allocated. Research of its cryoprotective properties 
was the main objective when studying the allocated connection. Experiments on freezing of lymphocytes 
of blood of the person are made. 
 
Keywords: adaptation to the low temperatures, wintering insects, natural cryoprotectors, glycerin, 

carotinoids, lymphocytes. 
 

ɸʥʥʦʪʘʮʠʷ 

ʀʟ ʟʠʤʫʶʱʠʭ ʛʫʩʝʥʠʮ ɸʨoria crataegi L. ʚʳʜʝʣʝʥʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ ʢʨʠʦʧʨʦʪʝʢʪʦʨʥʘʷ ʬʨʘʢʮʠʷ, 
ʩʦʜʝʨʞʘʱʘʷ ʛʣʠʮʝʨʠʥ, ʢʘʨʦʪʠʥʦʠʜʳ, ʘʤʠʥʳ ʠ ʫʛʣʝʚʦʜʳ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʠʟʫʯʝʥʠʠ 
ʚʳʜʝʣʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʛʦ ʢʨʠʦʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʳ 
ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʟʘʤʦʨʘʞʠʚʘʥʠʶ ʣʠʤʬʦʮʠʪʦʚ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ.   
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʜʘʧʪʘʮʠʷ ʢ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ, ʟʠʤʫʶʱʠʝ ʥʘʩʝʢʦʤʳʝ, ʧʨʠʨʦʜʥʳʝ 
ʢʨʠʦʧʨʦʪʝʢʪʦʨʳ, ʛʣʠʮʝʨʠʥ, ʢʘʨʦʪʠʥʦʠʜʳ, ʣʠʤʬʦʮʠʪʳ. 

 
ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʫ ʧʦʡʢʠʣʦʪʝʨʤʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚʳʨʘʙʦʪʢʘ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʠʨʦʜʥʳʭ ʘʥʪʠʬʨʠʟʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʤ ʚʳʜʝʨʞʠʚʘʪʴ ʜʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ 
ʭʦʣʦʜʦʚ [8, 223]. ʊʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ ʫ ʧʦʜʦʙʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʗʢʫʪʠʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʩʥʠʞʝʥʠʝ 
ʪʝʤʧʝʨʘʪʫʨʳ ʚʧʣʦʪʴ ʜʦ - 60Ü ʉ, ʦʜʥʘʢʦ ʤʥʦʛʠʝ ʦʨʛʘʥʠʟʤʳ ʧʨʝʢʨʘʩʥʦ ʧʨʠʩʧʦʩʦʙʠʣʠʩʴ ʢ ʚʳʞʠʚʘʥʠʶ ʚ 
ʪʘʢʠʭ ʩʫʨʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʘʜʘʧʪʘʮʠʠ 
ʟʠʤʫʶʱʠʭ ʥʘʩʝʢʦʤʳʭ ʙʳʣʠ ʠʟʫʯʝʥʳ ʛʫʩʝʥʠʮʳ ʙʘʙʦʯʢʠ ʙʦʷʨʳʰʥʠʮʳ ɸʨoria crataegi L. ɺ ʟʠʤʥʠʡ 
ʧʝʨʠʦʜ ʛʫʩʝʥʠʮʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʠʜʘ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʨʷʤʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʥʠʟʢʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʳʜʝʨʞʠʚʘʶʪ ʩʥʠʞʝʥʠʝ ʚʧʣʦʪʴ ʜʦ - 50Ü ʉ ʠ ʥʠʞʝ. ʆʥʠ ʟʠʤʫʶʪ  ʩʢʦʧʣʝʥʠʷʤʠ ʚ ʣʠʩʪʦʚʳʭ 
ʛʥʝʟʜʘʭ, ʧʦʜʚʝʰʝʥʥʳʭ ʢ ʚʝʪʢʘʤ ʙʦʷʨʳʰʥʠʢʘ ʚʳʰʝ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ. ɻʥʝʟʜʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʟʘʩʦʭʰʠʝ, ʩʚʝʨʥʫʪʳʝ ʣʠʩʪʴʷ, ʩʢʣʝʝʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʧʘʫʪʠʥʠʩʪʳʤʠ ʚʦʣʦʢʥʘʤʠ, ʚʳʨʘʙʘʪʳʚʘʝʤʳʤʠ 
ʩʘʤʠʤʠ ʛʫʩʝʥʠʮʘʤʠ. ʂʘʞʜʘʷ ʛʫʩʝʥʠʮʘ ʚ ʛʥʝʟʜʝ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʤʢʥʫʪʦʤ ʧʘʫʪʠʥʠʩʪʦʤ ʤʝʰʦʯʢʝ.  

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟ ʛʫʩʝʥʠʮ ɸʨoria crataegi L. ʙʳʣʦ ʵʢʩʪʨʘʛʠʨʦʚʘʥʦ 
ʚʝʱʝʩʪʚʦ, ʦʙʣʘʜʘʶʱʝʝ ʢʨʠʦʧʨʦʪʝʢʪʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʀʟʫʯʝʥʠʝ ʝʛʦ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ 
ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʍʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 
ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʷʚʠʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʛʣʠʮʝʨʠʥʘ, ʢʘʨʦʪʠʥʦʠʜʦʚ ʠ ʪʨʝʪʴʝʡ 
ʬʨʘʢʮʠʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʦʝʜʠʥʝʥʠʡ ʘʤʠʥʥʦʡ ʧʨʠʨʦʜʳ [2, 68]. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 
ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1  
ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʦʧʨʦʪʝʢʪʦʨʘ 

 

ʂʦʣʠʯʝʩʪʚʦ 
ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 
ʢʨʠʦʧʨʦʪʝʢʪʦʨʘ, ʤʛ 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

         ʛʣʠʮʝʨʠʥ        ʢʘʨʦʪʠʥʦʠʜʳ        III ʬʨʘʢʮʠʷ 

     ʤʛ      %      ʤʛ       %      ʤʛ      % 

108,72 + 0,2 45,5+0,46 42 2,4+0,31 2,2 39,6+0,24 36,4 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʡ ʧʨʠʤʝʨʥʦ ʧʦʣʦʚʠʥʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʣʠʮʝʨʠʥ, ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʡ ʩʚʦʠʤʠ ʟʘʱʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʳʜʝʣʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʛʦ 
ʢʨʠʦʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴʥʘʷ ʩʠʩʪʝʤʘ - ʣʠʤʬʦʮʠʪʳ ʢʨʦʚʠ 
ʯʝʣʦʚʝʢʘ. ʃʠʤʬʦʮʠʪʳ ʟʘʤʦʨʘʞʠʚʘʣʠʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʛʫʩʝʥʠʮ ʧʨʠʨʦʜʥʦʛʦ 
ʘʥʪʠʬʨʠʟʘ ʠ ʛʣʠʮʝʨʠʥʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʘ. ɿʘʤʦʨʘʞʠʚʘʥʠʝ ʣʠʤʬʦʮʠʪʦʚ 
ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʢʨʠʦʧʨʦʪʝʢʪʦʨʦʚ: 1%, 5%, 16%. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ 
ʣʠʤʬʦʮʠʪʳ ʟʘʤʦʨʘʞʠʚʘʣʠʩʴ ʚ ʦʪʩʫʪʩʪʚʠʠ ʢʨʠʦʧʨʦʪʝʢʪʦʨʘ  (0% ʢʦʥʮʝʥʪʨʘʮʠʷ). ɿʘʤʦʨʘʞʠʚʘʥʠʝ 
ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 27Ü ʉ, ʚ ʪʨʠ ʵʪʘʧʘ, ʪ.ʝ. ʪʨʝʭʢʨʘʪʥʦ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʪʜʝʣʴʥʦʛʦ ʵʪʘʧʘ 
ʩʦʩʪʘʚʣʷʣʘ ʩʫʪʢʠ. ʋʩʣʦʚʠʷ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳʤʠ.  

ɺʳʜʝʣʝʥʠʝ ʣʠʤʬʦʮʠʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ (ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʩ 
ʬʠʢʦʣʦʤ) ʠʟ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ [3, 158]. ɺʳʜʝʣʝʥʥʳʝ ʣʠʤʬʦʮʠʪʳ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜʚʝʨʛʘʣʠʩʴ ʟʘʤʦʨʘʞʠʚʘʥʠʶ ʩ ʢʨʠʦʧʨʦʪʝʢʪʦʨʦʤ. ʇʦ ʠʩʪʝʯʝʥʠʠ ʩʫʪʦʢ 
ʣʠʤʬʦʮʠʪʳ ʨʘʟʤʦʨʘʞʠʚʘʣʠʩʴ ʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʧʦʜʩʯʝʪʫ ʚ ʢʘʤʝʨʝ ɻʦʨʷʝʚʘ. ʇʦʜʩʯʝʪ ʧʦʛʠʙʰʠʭ ʠ 
ʦʩʪʘʚʰʠʭʩʷ ʚ ʞʠʚʳʭ ʢʣʝʪʦʢ ʦʩʥʦʚʳʚʘʣʩʷ ʥʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʢʨʘʰʠʚʘʪʴʩʷ ʠʣʠ ʥʝ 
ʦʢʨʘʰʠʚʘʪʴʩʷ ʢʨʘʩʠʪʝʣʝʤ ʪʨʠʧʘʥʦʤ ʛʦʣʫʙʳʤ. ʂʨʘʩʠʪʝʣʴ ʧʨʦʥʠʢʘʝʪ ʚ ʮʠʪʦʧʣʘʟʤʫ ʧʦʛʠʙʰʠʭ ʢʣʝʪʦʢ 
ʯʝʨʝʟ ʨʘʟʨʫʰʝʥʥʫʶ ʤʝʤʙʨʘʥʫ ʠ ʦʢʨʘʰʠʚʘʝʪ ʠʭ ʚ ʛʦʣʫʙʦʡ ʮʚʝʪ. ɾʠʚʳʝ ʢʣʝʪʢʠ ʧʨʠ ʵʪʦʤ ʦʩʪʘʶʪʩʷ 

ʥʝʦʢʨʘʰʝʥʥʳʤʠ. ʇʦʜʩʯʝʪ ʣʠʤʬʦʮʠʪʦʚ ʧʨʦʚʦʜʠʣʩʷ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ. 
ʈʝʟʫʣʴʪʘʪʳ ʟʘʤʦʨʦʟʦʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 
ɺʣʠʷʥʠʝ ʢʨʠʦʧʨʦʪʝʢʪʦʨʦʚ ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʣʠʤʬʦʮʠʪʦʚ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ  

ʧʨʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ 
 

ʕʪʘʧʳ 
ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

ʀʩʧʦʣʴʟʫʝʤʳʡ 
ʢʨʠʦʧʨʦʪʝʢʪʦʨ 

ʂʦʣʠʯʝʩʪʚʦ ʚʳʞʠʚʰʠʭ ʣʠʤʬʦʮʠʪʦʚ ʧʨʠ ʨʘʟʥʳʭ 
ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʢʨʠʦʧʨʦʪʝʢʪʦʨʦʚ, (%) 

0 % 1 % 5 % 16 % 

I ʵʪʘʧ ʢʦʥʪʨʦʣʴ 7,3    

ʛʣʠʮʝʨʠʥ  32 56 67 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ 
ʢʨʠʦʧʨʦʪʝʢʪʦʨ 

 22 60 
 

71 

II ʵʪʘʧ ʢʦʥʪʨʦʣʴ -    

ʛʣʠʮʝʨʠʥ  16 28 42 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ 
ʢʨʠʦʧʨʦʪʝʢʪʦʨ 

 8 
 

36 
 

55 

III ʵʪʘʧ 
 

ʛʣʠʮʝʨʠʥ  - 16 29 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ 
ʢʨʠʦʧʨʦʪʝʢʪʦʨ 

 - 22 
 

33 

 
ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʚ ʢʦʥʪʨʦʣʝ, ʛʜʝ ʣʠʤʬʦʮʠʪʳ ʟʘʤʦʨʘʞʠʚʘʣʠʩʴ 

ʙʝʟ ʢʨʠʦʧʨʦʪʝʢʪʦʨʘ, ʯʠʩʣʝʥʥʦʩʪʴ ʠʭ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ ʣʠʰʴ 7,3 %, ʘ 
ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʥʘʙʣʶʜʘʝʪʩʷ 100 % ʛʠʙʝʣʴ ʚʩʝʭ ʢʣʝʪʦʢ. ʇʨʠ 1 % ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʠʦʧʨʦʪʝʢʪʦʨʦʚ 
ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʛʣʠʮʝʨʠʥʘ (ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʘ 10 %, ʥʘ ʚʪʦʨʦʤ ʥʘ 8 %). ʆʜʥʘʢʦ ʧʨʠ 
ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʚʳʞʠʚʰʠʭ ʢʣʝʪʦʢ ʥʝʚʝʣʠʢʦ ʠ ʥʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʚʩʝ ʢʣʝʪʢʠ ʧʦʛʠʙʘʶʪ. ʇʨʠ 
ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʠʦʧʨʦʪʝʢʪʦʨʦʚ ʯʠʩʣʦ ʚʳʞʠʚʰʠʭ ʢʣʝʪʦʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʝʥʠʶ ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʦʢʘʟʘʣʠʩʴ 
16 %-ʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʠʦʧʨʦʪʝʢʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʦʧʨʦʪʝʢʪʦʨʘ 
ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʣʠʮʝʨʠʥʦʤ ʟʘʤʝʪʥʦ ʚʳʰʝ. ʊʘʢ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʞʠʚʰʠʭ ʣʠʤʬʦʮʠʪʦʚ 
ʟʘʤʦʨʦʞʝʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 16 %-ʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʦʧʨʦʪʝʢʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 71 %, ʘ 16 %-ʛʦ 
ʛʣʠʮʝʨʠʥʘ - 60 %. ʊʦ ʞʝ ʩʘʤʦʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 5 %-ʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʢʨʠʦʧʨʦʪʝʢʪʦʨʦʚ. ʂʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ 
ʢʣʝʪʦʢ ʧʘʜʘʝʪ ï ʯʠʩʣʦ ʚʳʞʠʚʰʠʭ ʣʠʤʬʦʮʠʪʦʚ ʫʤʝʥʴʰʘʝʪʩʷ, ʥʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ 
ʟʘʤʝʪʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʪʠʬʨʠʟʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ  ʛʣʠʮʝʨʠʥ ʚ ʩʦʩʪʘʚʝ 
ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʦʧʨʦʪʝʢʪʦʨʘ ʦʙʨʘʟʫʝʪ ʦʢʦʣʦ 45 %. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʯʪʠ ʚ 

ʜʚʘ ʨʘʟʘ ʥʠʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʛʣʠʮʝʨʠʥʘ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ 
ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʦʧʨʦʪʝʢʪʦʨʘ  ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʠ ʜʨʫʛʠʤʠ 
ʝʛʦ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɺʦʟʤʦʞʥʦ, ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʵʪʦʤ ʠʛʨʘʶʪ ʢʘʨʦʪʠʥʦʠʜʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ 
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ʩʦʩʪʘʚʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʦʧʨʦʪʝʢʪʦʨʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʦʪʪʘʠʚʘʥʠʠ ʚ ʢʣʝʪʢʘʭ ʧʨʦʠʩʭʦʜʠʪ 
ʧʝʨʝʢʠʩʥʦʝ ʦʢʠʩʣʝʥʠʝ ʣʠʧʠʜʦʚ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʨʘʟʨʫʰʝʥʠʶ ʮʝʣʦʩʪʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ. 
ɺ ʧʨʠʨʦʜʝ ʢʘʨʦʪʠʥʦʠʜʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʤʦʛʫʪ ʟʘʱʠʪʠʪʴ ʢʣʝʪʢʠ 
ʦʪ ʨʘʟʨʫʰʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ [5, 17; 6, 1465]. ɺʦʟʤʦʞʥʦ, ʵʪʠʤ 
ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʧʨʦʪʝʢʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʪʠʬʨʠʟʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 
ʛʣʠʮʝʨʠʥʦʤ. ɹʳʣʦ ʦʪʤʝʯʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʧʨʠ 1 %-ʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʠʦʧʨʦʪʝʢʪʦʨʦʚ ʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʛʣʠʮʝʨʠʥ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚ 1 %-ʡ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʠʮʝʨʠʥ ʩʧʦʩʦʙʝʥ ʟʘʱʠʪʠʪʴ ʢʣʝʪʢʠ ʦʪ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ.  

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʤʦʛʣʠ ʚʳʷʚʠʪʴ, ʯʪʦ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 
ʢʨʠʦʧʨʦʪʝʢʪʦʨʘ ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʩʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ, ʫʜʘʣʝʥʠʝ, ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʠʟ 
ʥʠʭ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʢʦʥʩʠʩʪʝʥʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʦʧʨʦʪʝʢʪʦʨʘ ʠ ʨʝʟʢʦʤʫ 
ʩʥʠʞʝʥʠʶ ʝʛʦ ʢʨʠʦʧʨʦʪʝʢʪʦʨʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.      
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Abstract 

The work covers the investigations of the nature of superconducting properties of ceramics theoretical 
assumptions of the authors 
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,

s 
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The goal-oriented effort: theoretical framework for the study of some problems concerning the 

Nature of superconductivity self-organizing yttrium-Barium ceramics, when the superconductor is divided 
into supercondacting domains and a normal phase with the dimension of about  10 ï5 (see), i.e. when we 
have the dielectric with thin metal jumpers and point contacts. [1,2,3] The results of the research. To 
explain the processes the author has applied the Guinsburg - Landau, the Kuznetsov theory, the 
Riemannianing geometry and the theory of quantum entanglement. Thus according to the Bardeen- -
Cooper- Schrieffer theory, in such a superconductor [4] superconducting electrons, at T=0K, with 

opposite spins and the impulses join in pairs, and form a condensate. And now a little bit of history of 
physics for better understanding. As early us in 1919   the scientist B.B.ʂʘrzhinsky used the method of 
comparative analogy. In particular, he investigated existence in CNS of a human  being nodes or 
çapparatus, which by their structure and purpose are similar to such well known electrical devices as 
generator, condenser, amplifier etc. He admitted that the process of human thinking is accompanied by 
the phenomena of electromagnetic nature-radiation of electromagnetic waves of biological origin that can 
be transmitted at a distance. The author also draws an analogy. Firstly, the book by V.M. Behterev. çThe 
brain and its activitiesèM, 1928 (Ramon-and-Cahalu) presents the wais of promotion of  nerve impulses 
coming from the spinal cord in the medulla oblongata, and then in the hemisphere of the brain. The main 
source of energy of the nerve current , according to Behterev  is grainy part of the protoplasm of soma 
gangliform cell. In  this any excitation leads to waste of Nissle granules in the soma of a cell. The supply 
of nerve organules occurs through the help of cerebrospinal fluid (not Blood), and the flow of impulses, 
from the spinal cord  passes through sensitive (cerebripetal )  Canal to the medulla oblongata. Then to 
the brain hemispheres and through motorial canal to the kin and muscles. This is a little simplified 
scheme. Secondly, in material sciences the interference holography of recognition has obtained 
circulation. At helps a man  to recognize a familiar face in the crowd. May be, an astronomer looking at 
an ordinary Apple. May Imagine it as a symbol of the birth of a new life pondering if there is a key to the 
birth misteries of planets Galaxies or the Universe in this apple.  If we cut the Apple across and take a 

look at  how many  grains, similar to the holographic images of radioactive contamination, these after the 

                                                             
Ò Gnatyuk-Danilchuk L.P., Kuznetsov V.V., Filyukov A.I., Bistrov D.A., 2013 
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explosion of a  nuclear power planets it contains? Looking at this apple, you may be thinking at energy of 
formation of our planet, or the Galaxy, or the universe, Is the number of grains egual to the number of 
above zones, or may be itôs egual to the number of spaces in the apple separated from each other. You 
may have smiled, but the nature itself suggests makes you think that the holographic model defines 
human memory, eyesight, harmony between the external world and electrical activity of the brain that 
keeps so  much information in such a small volume at the expense of the holographic principle, existing 
in the wave basis interaction of nerve cells. Thatôs why a man has associative  memory,  ability to forget 
and remember, and to familiar objects, finally!. As a result, of the above-said, oddly enough, but we 
received image ways of movement of pair of electrons with opposite spins in solving the problem of 
Riemannian geometry, fig. 1 (a; b;), where similar (to simplify) pathways of human thinking, the motor and 
sensitive, that indicates the correctness of the obtained results. The conclusion of the Einstein the author 
dares to remind, because  of a deep  analogy between Riemannian geometry and the principle of 
equivalence in the presence of a gravitational field, has Riemannian geometry, as in a small volume of 
space - time it, allows you to choose such a coordinate system in which space - time is flat (not twisted) 
and the laws of motion are the same as in empty space. That is, we know that  Riemannian geometry 
follows the principle of equivalence, actually this is a mathematical formulation of this principle. And 
Einstein's equations are the ones linking the curvature of space - time to the energy-momentum tensor in 

the Riemannian geometry. Actually thisôs a mathematical formulation of this principle and Einsteinôs  
eguations are the ones linking the curvature of çspace-timeè to the energy-momentum tenzor in the 
Riemannian geometry.  Later this the result of this treatment (some forced repeat of the previous  material 
[2] will be necessary to explain the process.:) his, the rest of the electrons ( T>0 ) "evaporate", forming 
the "gas" normal electrons. Pairing changes the distribution of electrons at energies, there appears   a 
crack, if (T=0), its width [2] 

 

ʋ(0)=1,76ĀʍĀʊʩ                                                                     (1) 
 

With the increase of temperature, this crack is getting smaller and in the Curie, point, turns to 

zero. The author dared to expand  the frames of the  Ginsburg-Landau theory, and believes that the 
formula of the widch looks like that: 

 

æ(ʊ)=1,76ĀʍĀ(ʊʩ-ʊ)                                                                 (2) 
 

If æ(T)=W, then Z=
n W                                                           (3) 

 

Then the Riemann surface is defined as 
 

n
c TTXZ )(76,1 -ÖÖ=                                                           (4) 

where n is the numerical order of the branches of the function Z (W) and the point at Z=0, the point of 
branching (n-1) of the order.Further, knowing that the size of "a pair of electrons", participating in the 
superconducting effect 

Lpå10Ȥ
5

(cm)                                                                   (5) 

According to the Ginsburg-Landau theory, there were about å 10
6

 pairs of electrons. That was 
considered  paradoxical. Hence follows the conclusion, that in the Riemannian surface n-branches of the 

function Zn (W) in the nå10
6

, seem to be uniting. Then for this  the Riemannian surface its value may be 
determined by the formula: 

n
nn TTXZ )(76,1 -ÖÖ=                                                         (6) 

For the case when (W=0, W=Ð), 

n=(1,2,3,4,...,10
6
)=10

6
 (7) 

Thus, e-pair bypasses10
6

 times in the same direction around these points and returns to the 

original branch and every such surface has one pair of electrons, but as the number of branches is10
6
, 

the general size of a pair of electrons with opposite spins, as well as on the of the Ginsburg-Landau 

theory is about å10Ȥ
5

 (see). Let us take a look at  Fig. 1 (a,, b, b*,b**), which presented a schematic 
depiction of the Riemann surface (estimated by the author)  
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Fig.1a 

 

   

Fig 1.b 

                                                                                
Fig 1a .This is an approximate - schematic depiction of the Riemann one -layer, n-level surface 

with an explanation of the trajectory of motion of the electron pairs with opposite spins, where:  
 *K ïdefines the serial number of the planes connected among themselves in a certain way, 

forming a Riemann surface. 
 * --- >the"trajectory of motion of the electron pair with opposite spins. 

 *a 1 ... a n  - the ways-pair on the planes of the energy of the electron pair reaches the level of 

the planes. 
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K 1éKn  - the transition from one plane to another is in a spiral, in case of insuffinency the 

electron pair doesn
,

t reach the level of K n  plane and goes over from the way a 1-n  to a 1 .  

Fig.1b.--- Simplified schematic image of the movement pairs of electrons with opposite spins, 

which have reached the K n - a plane of  the second variant of the way. As the axonometric image is hard 

to  perceive, we  replace it by the image in the projections, then the view en face will show us  this two 

different assumed ways of motion of the electron pair on the fig .1b*); 1b**), having conditional increased 
the size of the energy gap, identifying the size and location as the sign of  m .                                                              

     

       
 
                     Fig 1b*                                                                     Fig 1b** 
                                  

Thus, the author repeats, one working e-pair with different spins, passing all the  branch their 

the number of n=10
6

, of the Riemann surface,  forms the "total electron pair" on mass, participating in 
the  superconducting effect. The  size of this pair, as well as according to the Ginsburg-Landau theory is  

10
-5

 (cm). Yes, because an electron is both an electromagnetic wave, and negatively charged partic le. 
We remind that an electron shot in the screen with two small holes passes through them at  the same 

time, but as a wave, forming an interference pattern at the collision we are going to prove the justice of 
the received conclusion. So, two electrons  with opposite spins, and two impulse waves are moving:  

 

        Ý  ʝ1 ,  0ʝ2  

  Ý      ʝ1 , ʝ2 + 0ʝ1 , 0ʝ2     {Ý  0ʝ1 ,   0ʝ2   }   ¹  ʝ1  , ʝ2                                             (8) 
                                                                   

       Ý 0 ʝ1 ,  ʝ2  

 

e 1  and e 2 - are electrons; 0 e 1  and 0 e 2 -are impulse waves. But the amount of impulses at 

any time thereafter is equal to zero, and the wave functions , will join and only the original pair of 
electrons will remain. So the author imagines an explanation for the scheme. That Einstein left for the 
future generations. The author  also assumes that the spectacular example of this is the path of internal 
motion of electronic pairs with opposite spins is  the trajectory separatrisse of  seddlefocus (fig.2), when 
the particles coming from the center start to move both like waves and particles, spinning spiral trajectory 
with the increase in the number of particles and waves and, having reached a certain point of the " 

collapse", with the return of particles in the beginning of the coordinates. 
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Fig. 2 
     

 
 

Fig. 3 

 
Consider the fig.1b*, where the spiral movement of a pair of electrons with opposite spins 

involves the stability according to Poisson for the  ways on planes (K 1éKn ), with a return according 

Poincare, when any of the steady state oscillation of nonlinear dissipative systems (trajectories) 

osculation has a property to return to an arbitrarily small nighborhood of each of its points infinite number 
of times [5]. 
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According to the well-known scientist Nick Herbert, the true nature of quantum reality is 
inaccessible for a man, as  everything he touches turns into matter ( substance), that the whole world 
consists of sub-atomic phenomena, from quanta, that they became particles, and only when a person 
looks at them. Thus, the particles do not disappear, they are offset back in the deep procedure, where 
they came frome. This fact explains the constant dynamic exchange between the particles (let us recall, 
for example, as the electrons in the atom positronium are transformed from one type into another, when 
there is the folding of the electron back into the implicative order and forking of  a photon at the site of the 
electron.) Now this explains the phenomenon of the manifestation either as a particle or as a wave. This 
statement was supported by many famous scientists as  well as by  a Nobel prize-winner of the 1973 in 
physics Brian Josephson. [3,5,6,7] (Commentsof the author: in turn, directed internal momentum  of an 

electron multiples of Planck's constant value to K= (
2

1
,
2

3
,
2

5
é), therefore, it would be correct to call this 

internal momentum not a spin, but a spin momentum. And the total value of Plank
,

s constant should be 

taken into consideration too, sice its value is closer to zero than to one. Plank
,

s constant is for some 
reason considered one (but not zero)  

                     ɴ = h/(2 )́ = 1,05457Ŀ10
27-

                                                    (9) 
 
And only like that. Therefore, the system without spins having the original guantum entangled 

state after appearance of spins passed in an entangled mixed state with the manifestation of 
decoherence as a result of exchange of quantum information contained in a physical system with the 
environment, then there is a process of interaction with the environment resulting in a Mixture equivalent 
to the distribution of quantum objects according to their probabilistic states.L.D. Landau[5] notes that "if 
other particles along with an electron take part in the polalization of vacuum, the particles with bigger  
spins give square divergent expressions. " Professor of Vienna University of Anton Zailenger proves that 

quantum teleportation has nothing to do with moving some material objects, but alternation of instant 
transformations of their States takes place, though, the main requirement of the correct entanglement is 
the super pure quantum environment, otherwise teleportation loses its meaning. Hence, the fact is that 

our quantum object is very complex and can
,

t help contacting with the environment, as it claimed both 
L.Landau and ɸ.Zeilenger, as we can see. 

At the same time, the system is stable according to Lyapunov, when two points located close to 
each other remain close always. This is a characteristic for quasi-periodic trajectories according to the 
teorem from the reverse: if non-recurrent trajectories are stable according to  Lyapunov and Poisson! 

They are guasi-periodic.It means, that our system of  trajectories is stable according to both Poisson and 
Lyapunov with the return of  Poincare for the first variant of the way. For the second variant of the way 
(fig.1b**), where we have a dynamic chaos, the stability is assumed according  to Lyapunov and it is 
possible only under the conditions corresponding the ergodic theorem by  V.I. Oselendez, according to 

which the sum of Lyapunov
,

s  indices, should be negative. In addition, the attractor which is  different 
from a fixed point, must have at  least one zero rate at N-1-the state of equilibrium, signature" -", forN=2,a 
limit cycle, the signature- "-,-", "0, -". But for our second variant of the way the main condition is NÓ3.This 
topic requires amore detailed  explanation. What is impossible in the framework of the of this report. 
Becourse the  author one working give for your the  table number 1, with the system of stability according  

the state of dynamic system. One can't but mention the fact, at least briefly, that, at the same time, the 
electrons presumably make rotary motion within some limits Ů in the plane Q perpendicular to the motion 
on the way a. Then it is  possible to use the Shylnykov theorem for making calculations the movement on 
this trajectory will be determined by the relations: 

 
                                               x= r exp (pt) cos (ɤt + ɗ)                           
                                               {     y=rexp(pt)sin(ɤt+ ɗ)                                                            (10) 

                                                               z= ɝ exp (ɚt)         

x=r(
h

x
)

l/p-
{cos [ɗɚ

1-
log(ɝ/h)]+Bsin[ɗ-ɚ

1-
log(ɝ/h)]}                              (11) 
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ɗ= r(ɝ/h)
l/p-

 {C cos[ɗ-ɚ
1-

 log(ɝ/h)]+Dsin[ɗ-ɚ
1-

 log(ɝ/h)]}                               (12) 
                                                                                                                      

t k ŸÐʩʫʱʝʩʪʚʫʝʪlimx(t k )=y                                                     (13) 

kŸ Ð 

limx(t k )=z                                                                     (14) 

kŸ Ð 

 ȗ=ʨʭ-ɤʫ+ʈ(ʭ,ʫ,z), Ȣ=ʨʫ+ɤʭ+Q(x,y,z) ,  Ŧ= ɚz+ R(x, y, z)                              (15) 
 
with the return of particles in the beginning of the coordinates. 
 
And now let us turn to the studies of wave processes in open irregular and periodic structures 

scientists V.A. Doroshenko and V.F. Kravchenko[7], They have  trust worthy information about basic laws 
peculiarities and physical nature of effects manifesting during the diffraction of electromagnetic waves on 
complex non-closed semi-conical surfaces. According to the theory of holographic recognition of images 
some of the data are 

reminiscent of the electronic pairs movement picture that we have imagined.Let us take a look 
at page150 Figʩ.3.14 where is shown the distribution of the normed  

ƅɽ ʨʘʩƅ in the wave zone (Kr " 1) for a cone ɔ2  = 22,5
0

, ᴆ= 60
0

 if the value of slot width 

d 2  = 60
0

. on p.154 consider Fig.3.19, where the effect of the internal screen on the field 

distribution in the wave zone for ɔ1  = 60
0

, ɔ 2 =22,5
0

, ᴆ = 60
0

. And p.156, fig..3.21, where determined 

by the diffraction of a plane H - polarized wave on a cone with a longitudinal slot and internal solid 

screen, for the field ƅɽ ʨʘʩƅin the wave zone for a single cone ɔ2  =22,5
0

, ᴆ = 60
0

, with d 2  =10
0

, 

(where ᴆ-the angle between the axes Z, Y, ɔ - the angle between the Z axis and the side of the cone, d 2

is a longitudinal slit). 
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Fig.3ʘ)  
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Fig.1 
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periodic 
 
 
 
 
 
 
 
______ 
Dynamic 
oxaos 
 ƅɚƅ/ʨ >1 
 

ȗ=ʨʭ-ɤʫ+ʈ(ʭ,ʫ,z) 
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______________     
ȗ= -ʫ- z;  
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 Ŧ= b+ (x- r) z.                                                                                        
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The end of Table 1 

ˉ The 
wave 

The state of 
dynamic 
sistem 

The system of equitions of 
the state of  dynamic 

systems 

Stability 
according 

to: 

The generator creating the 
similar same dynamic 

2. Fig3ʙ) 
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Fig2 

Quasi-
periodic 
 

 
 
 
 
 
________ 
Dynamic 
Oxaos  
ƅɚƅ/ʨ >1   
 
 
 
 
 

Dynamic 
Oxaos  
 ƅɚƅ/ʨ >1   
 

ȗ=ʨʭ-ɤʫ+ʈ(ʭ,ʫ,z) 
Ȣ=ʨʫ+ɤʭ+Q(x,y,z)    
 Ŧ= ɚz+ R(x, y, z)    

 
 
 
 
 
_______________ 
 1.) ȗ= mx + y ï xz 
      Ȣ =-x,    

      Ŧ =-gz+ 1(x)x
2

  
where  1(ʭ)-Heaviside step 
function 1(ʭ)=0 , ʭÒ0 ʠ 
1(ʭ)=1  ʭ>0                                                                        
 

2) .ʊ ȗ+ʭ=ʄz exp(-z
2

) 
       Ȣ=ʭ-z 

       Ŧ=y-
Q

z
 

 Q=const=10 
M-gives boosting ratio 
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Lyapunov  
 
 
 
 
____ 
To 
Lyapunov  
 NÓ3 
 
 
 
 

 
To 
Lyapunov  
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1.The ring resonator with  
non-linear environment 
depiction according to Ikeda 

2The A. Dmitriev and V. 
ʂislov  generator for the 
same point. 
3. The Chua scheme for 
the same point. 
________________ 
1.The generator with non-
linear inertia  of 
V..ɸnischenko and  
ɸstʘʭʦv group. 
 
 
 

 
2. The ring generator  to 
ɸ. ɼmitriev and  of V. 
ʂislov.  
 
 

 

Further on, well, we can see  it in the studies by V. A.Doroshenko and  V.F.  Kravchenko, but 
where is this cone at the pictures of our cardiods (Fig 1a,b,c and 2) .Yet us draw the cone for the second 
variant of the path of a pair of electrons Fig 3, 4. Figures 3, 4 presents the image of the virtual cone, but 
inverted unlike the one proposed by scientists. We can assume, that the internal screen for our cone wil l 
serve as a digital screen that appears due to internal movement of electronic pair, which path is the 
trajectory of the separatrisse of saddlefocus . This question will be considered the author of the following 
work and this is not included. The issue the author will consider in the following work. 

 

 
 

Fig. 4 
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The researches accomplished by V.A Doroshenko and V.F.Kravchenko are of great 
schientific significance. They have proposed the mathematical method of solution to electrodynamic, 
non-stationary problems for structures with conical geometry. They have carried out investigations 
of diffraction of electromagnetic waves on this complex non-closed surface. They have obtained 
averaged boundary conditions for the field at the surface of the given configuration with internal 
solid screen.  

They have discovered and investigated a physical effect of the peculiarities of the field at the top 
of the non-closed cone in case of excitation by magnetic field when with the value decrease of the gap 
width the value of the  magnetic field increases and the solid screen decreases this peculiarity. They 
have established the regularities of distribution of the field in space depending on the type of power 
source, on the presence of angular sizes and insertions and much more. The results of these studies are 
already actively used in modeling of absorbing coatings and superconducting electrostatic structures. 
Hence we have the most important conclusion that the assumptions of the author have a solid ground as 
they apparently have practical and theoretical confirmation by the unique results of V.A. Doroshenko and 
ɺ. V.F.ʂravchenko. Hence the theory of these scientists really applies  our further research. A closer 
examination of this topic requires time, necessary conditions and opportunities. Let us summarize the 
above. To explain the processes the author has applied the Ginsburg-Landau theory, the Kuznetsov 

theory, the  relativity theory, geometry of Riemann and the  theory of quantum entanglement. The author 
has extended the frames of the Ginsburg-Landau theory, explained: the legitimacy of the solution with the 
help of elliptic geometry, given the solution itself, determined  the hypothetic movement of a pair of 

electrons with  different spin
,

s Fig.1a,b,b*,b**explaince the paradox of electronic mass with the 
application of the theory  of quantum entanglement and explained the position of the theory of relativity by 
Einstein confirming the correctness of the results obtained. The author has also determined the stability 
of the obtained system and the possibility of calculation, presumably determined the practical and 
theoretical confirmation of the hypothesis of the author of the results of the works of famous Russian 
scientists V.A. Doroshenko and V.F. ʂravchenko.    
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Abstract 
The state covers issues related to restructuring of the physics teaching in high schools, occurred in the 
second half of the nineteenth century in some European countries and the United States. At this time, 
first at the universities, and then in technical colleges are physical laboratory. The importance of such a 
restructuring for development engineering is stressed. There is a trend of underestimating the role of 
physics in our time. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʩʚʝʱʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʩʪʨʦʡʢʦʡ ʧʨʝʧʦʜʘʚʘʥʠʷ ʬʠʟʠʢʠ ʚ ʚʫʟʘʭ, 
ʧʨʦʠʟʦʰʝʜʰʝʡ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʜʝʚʷʪʥʘʜʮʘʪʦʛʦ ʩʪʦʣʝʪʠʷ ʚ ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ ʠ ʉʐɸ. ɺ 
ʵʪʦ ʚʨʝʤʷ ʚʥʘʯʘʣʝ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ, ʘ ʟʘʪʝʤ ʠ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʘʭ ʩʦʟʜʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ 
ʣʘʙʦʨʘʪʦʨʠʠ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʪʘʢʦʡ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠʥʞʝʥʝʨʠʠ. ʆʪʤʝʯʘʝʪʩʷ 
ʪʝʥʜʝʥʮʠʷ ʢ ʥʝʜʦʦʮʝʥʢʝ ʨʦʣʠ ʬʠʟʠʢʠ ʚ ʥʝʢʦʪʦʨʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʘʭ ʈʦʩʩʠʠ ʚ ʥʘʰʝ ʚʨʝʤʷ. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʧʦʜʘʚʘʥʠʝ ʬʠʟʠʢʠ, ʬʠʟʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ, ʠʥʞʝʥʝʨʠʷ,  ʚʫʟ, ʧʨʘʢʪʠʢʫʤ, 

ʪʝʭʥʠʢʘ,  ʰʢʦʣʘ ʬʠʟʠʢʠ. 
 
ʊʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ ʨʦʣʴ ʬʠʟʠʢʠ ʜʣʷ ʠʥʞʝʥʝʨʠʠ. ʌʠʟʠʢʘ ʜʘʝʪ ʠʜʝʠ ʜʣʷ ʨʝʰʝʥʠʷ ʤʥʦʛʠʭ 

ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ ʠ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʊʘʢ, ʚʳʜʘʶʱʠʡʩʷ ʬʠʟʠʢ ʋʠʣʴʷʤ ʊʦʤʩʦʥ 
ʫʩʧʝʰʥʦ ʨʝʰʠʣ ʚ 1866 ʛʦʜʫ ʩʣʦʞʥʝʡʰʫʶ ʠʥʞʝʥʝʨʥʫʶ ʟʘʜʘʯʫ ï ʧʨʦʢʣʘʜʢʫ ʪʨʘʥʩʘʪʣʘʥʪʠʯʝʩʢʦʛʦ 
ʢʘʙʝʣʷ, ʩʚʷʟʳʚʘʶʱʝʛʦ ɽʚʨʦʧʫ ʩ ɸʤʝʨʠʢʦʡ. ʌʨʘʥʮʫʟʩʢʠʡ ʫʯʝʥʳʡ ʉʘʜʠ ʂʘʨʥʦ, ʨʝʰʘʷ ʢʦʥʢʨʝʪʥʫʶ 
ʪʝʭʥʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ï ʫʣʫʯʰʝʥʠʝ  ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʡ ʤʘʰʠʥʳ, ʧʨʠʭʦʜʠʪ ʢ ʬʦʨʤʫʣʠʨʦʚʢʝ 
ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ï ʤʝʪʦʜʘ ʮʠʢʣʦʚ, ʷʚʠʚʰʝʛʦʩʷ ʥʘʯʘʣʦʤ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʌʘʨʘʜʝʷ, ʄʘʢʩʚʝʣʣʘ, ɻʝʨʮʘ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʧʨʠʚʝʣʠ ʢ ʨʦʞʜʝʥʠʶ ʨʘʜʠʦ, 

ʪʝʣʝʚʠʜʝʥʠʷ, ʢʦʤʧʴʶʪʝʨʦʚ, ʩʦʪʦʚʳʭ ʪʝʣʝʬʦʥʦʚ. ʆʪʢʨʳʪʠʝ ʄʘʢʩʦʤ ʇʣʘʥʢʦʤ ʢʚʘʥʪʘ ʧʨʠʚʝʣʦ ʢ 
ʨʦʞʜʝʥʠʶ ʢʚʘʥʪʦʚʦʡ ʠʥʞʝʥʝʨʠʠ, ʩʦʟʜʘʥʠʶ ʣʘʟʝʨʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʥʞʝʥʝʨʳ ʜʘʶʪ ʬʠʟʠʢʘʤ 
ʥʦʚʳʝ ʩʨʝʜʩʪʚʘ ʧʦʟʥʘʥʠʷ ʧʨʠʨʦʜʳ. ʊʘʢ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʚʦʟʜʫʰʥʳʭ ʥʘʩʦʩʦʚ ʧʦʟʚʦʣʠʣʦ ɼʞ. 
ɼʞ. ʊʦʤʩʦʥʫ ʧʦʣʫʯʠʪʴ ʪʘʢʦʡ ʚʘʢʫʫʤ, ʯʪʦ ʦʥ ʩʤʦʛ ʦʪʢʣʦʥʠʪʴ ʢʘʪʦʜʥʳʝ ʣʫʯʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʠ 
ʚ ʠʪʦʛʝ ʧʨʠʡʪʠ ʢ ʦʪʢʨʳʪʠʶ ʵʣʝʢʪʨʦʥʘ. ʈʘʟʚʠʪʠʝ ʬʠʟʠʯʝʩʢʦʡ ʥʘʫʢʠ ʧʦʪʨʝʙʦʚʘʣʦ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 
ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʫʩʠʣʠʷ ʚʩʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʞʝʥʝʨʦʚ ʠ ʬʠʟʠʢʦʚ. 
ʇʨʦʜʚʠʞʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʩʦʚʝʨʰʝʥʥʳʤ 
ʫʩʢʦʨʠʪʝʣʷʤ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. ɺ ʥʘʰʠ ʜʥʠ ʫʩʠʣʠʷʤʠ ʩʦʪʝʥ ʛʦʩʫʜʘʨʩʪʚ ʧʦʩʪʨʦʝʥ ʥʦʚʳʡ 
ʫʩʢʦʨʠʪʝʣʴ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ï ʙʦʣʴʰʦʡ ʘʜʨʦʥʥʳʡ ʢʦʣʣʘʡʜʝʨ (ɹɸʂ), ʠʤʝʶʱʠʡ ʜʠʘʤʝʪʨ ʢʦʣʴʮʘ 

ʦʢʦʣʦ 27 ʢʠʣʦʤʝʪʨʦʚ, ʨʘʟʤʝʱʝʥʥʳʡ ʧʦʜ ʟʝʤʣʝʡ ʥʘ ʛʣʫʙʠʥʝ ʩʦʪʝʥ ʤʝʪʨʦʚ. ɺʩʪʨʝʯʥʳʝ ʧʫʯʢʠ 
ʧʨʦʪʦʥʦʚ ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʘʟʛʦʥʷʪʴ ʜʦ ʵʥʝʨʛʠʠ 14 ʊʵʚ. ʅʘ ʫʩʪʘʥʦʚʢʝ ʨʘʙʦʪʘʶʪ ʧʦʨʷʜʢʘ ʜʝʩʷʪʠ 
ʪʳʩʷʯ ʫʯʝʥʳʭ ʠ ʠʥʞʝʥʝʨʦʚ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ. ɻʨʘʥʜʠʦʟʥʦʝ ʠʥʞʝʥʝʨʥʦʝ ʩʦʦʨʫʞʝʥʠʝ! ɻʣʘʚʥʦʡ 
ʟʘʜʘʯʝʡ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʧʨʦʜʚʠʞʝʥʠʝ ʚ ʛʣʫʙʠʥʳ ʤʘʪʝʨʠʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʧʦʣʦʞʝʥʠʡ ʉʪʘʥʜʘʨʪʥʦʡ ʄʦʜʝʣʠ ʠ ʧʦʠʩʢʠ ʙʦʟʦʥʘ ʍʠʛʛʩʘ. 

ɺ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ, ʫʩʣʦʞʥʝʥʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʬʠʟʠʢʠ, ʧʨʦʛʨʝʩʩʘ ʪʝʭʥʠʢʠ ʠ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʙʱʝʩʪʚʦ ʦʩʦʟʥʘʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʢʘʜʨʦʚ ï 
ʬʠʟʠʢʦʚ ʠ ʠʥʞʝʥʝʨʦʚ,  ʠ ʚʚʝʜʝʥʠʷ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʘʭ, ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʠ ʧʦʣʠʪʝʭʥʠʢʫʤʘʭ 
ʩʝʨʴʝʟʥʦʛʦ ʢʫʨʩʘ ʬʠʟʠʢʠ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ. ʅʦ ʵʪʦ ʦʩʦʟʥʘʥʠʝ ʧʨʦʠʟʦʰʣʦ 
ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʦʢʦʣʦ 150 ʣʝʪ ʥʘʟʘʜ. ɼʦ ʵʪʦʛʦ ʬʠʟʠʯʝʩʢʘʷ ʥʘʫʢʘ ʩʦʟʜʘʚʘʣʘʩʴ ʫʩʠʣʠʷʤʠ 
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ʛʝʥʠʘʣʴʥʳʭ ʫʯʝʥʳʭ ʦʜʠʥʦʯʝʢ. ʃʘʙʦʨʘʪʦʨʠʝʡ ɻʘʣʠʣʝʶ ʩʣʫʞʠʣʘ ʥʘʢʣʦʥʥʘʷ ʙʘʰʥʷ ʚ ʇʠʟʝ. 
ʆʧʪʠʯʝʩʢʠʝ ʦʧʳʪʳ ʅʴʶʪʦʥ ʧʨʦʜʝʣʳʚʘʣ ʚ ʩʚʦʝʡ ʢʚʘʨʪʠʨʝ ʚ ʂʝʤʙʨʠʜʞʝ. ʃʠʥʟʳ ʜʣʷ ʵʪʠʭ ʦʧʳʪʦʚ ʦʥ 
ʩʘʤ ʪʱʘʪʝʣʴʥʦ ʰʣʠʬʦʚʘʣ, ʘ ʧʨʠʟʤʫ ʢʫʧʠʣ ʥʘ ʨʳʥʢʝ. ʌʘʨʘʜʝʡ ʚ ʩʚʦʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʙʭʦʜʠʣʩʷ 
ʤʦʪʢʘʤʠ ʧʨʦʚʦʣʦʢ, ʢʫʩʢʘʤʠ ʞʝʣʝʟʘ, ʤʘʛʥʠʪʥʳʤʠ ʩʪʨʝʣʢʘʤʠ. ʇʦʜʨʦʙʥʝʝ ʩʤ. [1, 201-211]. ɺ  
ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʠʟ ʬʠʟʠʢʠ ʯʠʪʘʣʠʩʴ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʨʘʟʜʝʣʳ. ʊʘʢ, ʚ ʩʪʘʨʝʡʰʝʤ ʂʝʤʙʨʠʜʞʩʢʦʤ 
ʫʥʠʚʝʨʩʠʪʝʪʝ ʜʦ 70- ʭ ʛʦʜʦʚ ʠʟ ʬʠʟʠʢʠ ʯʠʪʘʣʠʩʴ ʪʦʣʴʢʦ ʦʧʪʠʢʘ, ʛʠʜʨʦʩʪʘʪʠʢʘ, ʤʝʭʘʥʠʢʘ, ʘ 
ʚʳʧʫʩʢʥʦʡ ʵʢʟʘʤʝʥ, Mathematical Tripos,  ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʪʦʣʴʢʦ ʤʘʪʝʤʘʪʠʢʫ ï ʯʠʩʪʫʶ ʠ 
ʧʨʠʢʣʘʜʥʫʶ. ʊʦʣʴʢʦ ʚ 1868 ʛʦʜʫ ʉʝʥʘʪ ʫʥʠʚʝʨʩʠʪʝʪʘ ʦʜʦʙʨʠʣ ʚʢʣʶʯʝʥʠʝ ʚ Tripos ʪʘʢʠʭ ʧʨʝʜʤʝʪʦʚ,  
ʢʘʢ ʪʝʧʣʦʪʘ, ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʠ ʤʘʛʥʝʪʠʟʤ [2, 3-4]. 

ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʍIX ʚʝʢʘ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʜʛʦʪʦʚʢʠ ʬʠʟʠʢʦʚ ʠ ʠʥʞʝʥʝʨʦʚ ʧʨʦʠʩʭʦʜʷʪ 
ʚʘʞʥʳʝ ʧʝʨʝʤʝʥʳ. ɺ ʵʪʦ ʚʨʝʤʷ ʚʥʘʯʘʣʝ ʚ ɽʚʨʦʧʝ, ʘ ʟʘʪʝʤ ʚ ɸʤʝʨʠʢʝ ʩʦʟʜʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ 
ʣʘʙʦʨʘʪʦʨʠʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʟʘʨʦʞʜʘʶʪʩʷ ʥʘʫʯʥʳʝ ʰʢʦʣʳ. ʊʘʢ, ʚ ɻʝʨʤʘʥʠʠ, ʚ ɻʝʪʪʠʥʛʝʥʩʢʦʤ 
ʫʥʠʚʝʨʩʠʪʝʪʝ, ɺ. ɺʝʙʝʨ, ʚ 30-ʭ ʛʦʜʘʭ ʩʦʟʜʘʝʪ ʦʜʥʫ ʠʟ ʧʝʨʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ, ʚ ʢʦʪʦʨʦʡ 
ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ. ɺʩʢʦʨʝ ʤʘʣʝʥʴʢʘʷ 
ʣʘʙʦʨʘʪʦʨʠʷ ɺʝʙʝʨʘ ʙʳʣʘ ʨʘʩʰʠʨʝʥʘ ʠ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʬʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ. ɿʜʝʩʴ ʧʦʷʚʠʣʩʷ 
ʧʝʨʚʳʡ ʫʯʝʙʥʠʢ ʧʦ ʧʨʘʢʪʠʯʝʩʢʦʡ ʬʠʟʠʢʝ ʌ. ʂʦʣʴʨʘʫʰʘ, ʩ ʚʳʭʦʜʦʤ ʢʦʪʦʨʦʛʦ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ 
ʧʦ ʬʠʟʠʢʝ ʥʘʯʘʣʠ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʧʦ ʫʥʠʚʝʨʩʠʪʝʪʘʤ ʠ ʧʦʣʠʪʝʭʥʠʢʫʤʘʤ ʤʠʨʘ. ɺ ɹʝʨʣʠʥʝ ʚ 40-ʭ 

ʛʦʜʘʭ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʧʨʦʬʝʩʩʦʨ ɻ. ʄʘʛʥʫʩ ʦʙʦʨʫʜʦʚʘʣ ʥʝʩʢʦʣʴʢʦ ʢʦʤʥʘʪ ʚ ʩʚʦʝʤ ʜʦʤʝ ʧʦʜ 
ʬʠʟʠʯʝʩʢʫʶ ʣʘʙʦʨʘʪʦʨʠʶ. ʋʥʠʚʝʨʩʠʪʝʪ ʦʧʣʘʯʠʚʘʣ ʨʘʩʭʦʜʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʣʘʙʦʨʘʪʦʨʠʠ. ɺ 1863 
ʛʦʜʫ ʣʘʙʦʨʘʪʦʨʠʶ ʄʘʛʥʫʩʘ ʧʝʨʝʥʦʩʷʪ ʚ ʟʜʘʥʠʝ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʆʥʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʯʘʩʪʥʦʡ, ʘ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ, ʜʦʩʪʠʛʥʫʚ ʩʚʦʝʛʦ ʨʘʩʮʚʝʪʘ ʧʨʠ ʟʥʘʤʝʥʠʪʦʤ ʧʨʝʝʤʥʠʢʝ ʄʘʛʥʫʩʘ ï 
ɻ. ɻʝʣʴʤʛʦʣʴʮʝ. ɻʝʣʴʤʛʦʣʴʮʫ ʩʦʟʜʘʣ ʟʜʝʩʴ ʧʝʨʚʫʶ ʰʢʦʣʫ ʬʠʟʠʢʠ. ɺ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʦʜʥʘ ʠʟ 
ʧʝʨʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ ʙʳʣʘ ʩʦʟʜʘʥʘ  ɺʠʣʴʷʤʦʤ ʊʦʤʩʦʥʦʤ ʚ ʢʦʥʮʝ 40-ʭ ʛʦʜʦʚ ʚ 
ʫʥʠʚʝʨʩʠʪʝʪʝ ɻʣʘʟʛʦ. ʆʥ ʧʨʠʰʝʣ ʥʘ ʢʘʬʝʜʨʫ ʥʘʪʫʨʬʠʣʦʩʦʬʠʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ 1846 ʛʦʜʫ. 
ʇʦʣʦʞʝʥʠʝ ʜʝʣ ʩ ʧʨʝʧʦʜʘʚʘʥʠʝʤ ʬʠʟʠʢʠ ʥʘ ʢʘʬʝʜʨʝ ʦʥ ʥʘʭʦʜʠʪ ʩʦʚʝʨʰʝʥʥʦ 
ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ. çéɿʜʝʩʴ ʘʙʩʦʣʶʪʥʦ ʥʝ ʙʳʣʦ ʦʙʝʩʧʝʯʝʥʦ ʢʘʢʦʛʦ-ʣʠʙʦ ʨʦʜʘ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʦʚʩʝʤ ʥʝ ʙʳʣʦ ʠʜʝʡ ʜʘʞʝ ʜʣʷ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʩʪʫʜʝʥʯʝʩʢʦʡ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳèσȟ̑Ȣȟτψχ. ʊʦʤʩʦʥ ʠʩʧʨʘʚʣʷʝʪ ʧʦʣʦʞʝʥʠʝ ʜʝʣ. ʆʥ ʦʨʛʘʥʠʟʫʝʪ ʬʠʟʠʯʝʩʢʫʶ 
ʣʘʙʦʨʘʪʦʨʠʶ, ʢʦʪʦʨʘʷ ʩʥʘʯʘʣʘ ʨʘʟʤʝʱʘʣʘʩʴ ʚ ʩʪʘʨʳʭ ʣʝʢʮʠʦʥʥʳʭ ʢʦʤʥʘʪʘʭ ʠ ʧʨʝʧʘʨʘʪʦʨʩʢʠʭ, 
ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʥʠʤ, ʘ ʪʘʢʞʝ ʚ ʟʘʙʨʦʰʝʥʥʦʤ ʚʠʥʥʦʤ ʧʦʜʚʘʣʝ. ʇʷʪʴ ʜʥʝʡ ʚ ʥʝʜʝʣʶ ʦʥ ʯʠʪʘʣ ʧʦ ʜʚʝ 
ʣʝʢʮʠʠ, ʦʜʥʫ ʧʦ ʬʠʟʠʢʝ, ʘ ʜʨʫʛʫʶ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʝ ʧʣʶʩ ʝʞʝʜʥʝʚʥʘʷ ʨʘʙʦʪʘ ʚ 
ʣʘʙʦʨʘʪʦʨʠʠ. ʇʦʨʘʟʠʪʝʣʴʥʦ! ʉʝʡʯʘʩ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʛʨʫʧʧ ʠʥʞʝʥʝʨʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʥʘʤ 
ʧʨʠʭʦʜʠʪʩʷ ʯʠʪʘʪʴ ʦʜʥʫ ʣʝʢʮʠʶ ʟʘ ʜʚʝ ʥʝʜʝʣʠ ʧʦ ʢʫʨʩʫ ʦʙʱʝʡ ʬʠʟʠʢʝ ʠ ʧʨʦʚʦʜʠʪʴ ʦʜʥʦ ʟʘʥʷʪʠʝ ʚ 
ʜʚʝ ʥʝʜʝʣʠ ʚ ʬʠʟʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʘ ʊʦʤʩʦʥ ʯʠʪʘʣ ʜʣʷ ʙʫʜʫʱʠʭ ʶʨʠʩʪʦʚ, ʤʝʜʠʢʦʚ, ʪʝʦʣʦʛʦʚ. 
ʕʢʟʘʤʝʥ ʧʦ ʬʠʟʠʢʝ ʙʳʣ ʠʤ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʝʧʝʥʠ, ʥʦ ʵʪʦ ʙʳʣ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʵʢʟʘʤʝʥ 

ʠ ʥʝ ʪʨʝʙʦʚʘʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ, ʘ ʩʪʫʜʝʥʪʳ ʩ ʫʜʦʚʦʣʴʩʪʚʠʝʤ ʨʘʙʦʪʘʣʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ. 
ʀ ʵʪʦ ʠʤ ʧʦʤʦʛʘʣʦ. çʆʥʠ ʦʧʨʝʜʝʣʝʥʥʦ ʫʯʠʣʠʩʴ ʪʝʨʧʝʥʠʶ ʠ ʥʘʩʪʦʡʯʠʚʦʩʪʠ, ʝʩʣʠ ʥʝ ʙʦʣʴʰʦʡ 
ʥʘʫʢʝè, ʧʠʩʘʣ ʊʦʤʩʦʥ [3, 488]. ʊʘʢ, ʝʛʦ ʫʯʝʥʠʢ ʠ ʜʨʫʛ, ɼʞʦʥ ʂʝʨʨ, ʩʪʘʚ ʩʚʷʱʝʥʥʠʢʦʤ ʦʜʥʦʡ ʠʟ 
ʮʝʨʢʚʝʡ ʐʦʪʣʘʥʜʠʠ, ʥʝ ʧʦʪʝʨʷʣ ʠʥʪʝʨʝʩʘ ʢ ʬʠʟʠʢʝ ʠ ʦʪʢʨʳʣ ʚ 1875 ʛʦʜʫ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʡ 
ʵʬʬʝʢʪ, ʥʘʟʚʘʥʥʳʡ ʝʛʦ ʠʤʝʥʝʤ. ɺ 1870 ʛʦʜʫ ʫʥʠʚʝʨʩʠʪʝʪ ʧʝʨʝʝʭʘʣ ʚ ʥʦʚʦʝ ʚʝʣʠʢʦʣʝʧʥʦʝ ʟʜʘʥʠʝ, 
ʚ ʢʦʪʦʨʦʤ ʙʳʣʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʧʨʦʩʪʦʨʥʳʝ ʧʦʤʝʱʝʥʠʷ ʜʣʷ ʣʘʙʦʨʘʪʦʨʠʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʠʙʦʨʦʚ 
ʜʣʷ ʣʘʙʦʨʘʪʦʨʠʠ ʢʦʥʩʪʨʫʠʨʦʚʘʣ ʩʘʤ ʊʦʤʩʦʥ, ʘ ʠʟʛʦʪʘʚʣʠʚʘʣ ɼʞ. ʋʘʡʪ ï ʤʘʩʪʝʨ ʚʩʝʭ ʬʠʟʠʯʝʩʢʠʭ 
ʧʨʠʙʦʨʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʊʦʤʩʦʥʦʤ. ʇʦʟʞʝ ʤʘʩʪʝʨʩʢʘʷ ʩʠʣʴʥʦ ʨʘʟʨʦʩʣʘʩʴ, ʩʪʘʚ ʬʠʣʠʘʣʦʤ 
ʣʘʙʦʨʘʪʦʨʠʠ ʊʦʤʩʦʥʘ. ɺ ʂʝʤʙʨʠʜʞʝ ʚ 1874 ʛʦʜʫ ʦʪʢʨʳʣʘʩʴ ʟʥʘʤʝʥʠʪʘʷ ʂʘʚʝʥʜʠʰʩʢʘʷ 
ʣʘʙʦʨʘʪʦʨʠʠ, ʩʪʘʚʰʘʷ ʦʙʨʘʟʮʦʤ ʜʣʷ ʤʥʦʛʠʭ ʧʦʩʣʝʜʫʶʱʠʭ ʣʘʙʦʨʘʪʦʨʠʡ. ɼʦʩʪʘʪʦʯʥʦ ʚʩʧʦʤʥʠʪʴ 
ʠʤʝʥʘ ʝʝ ʧʝʨʚʳʭ ʨʫʢʦʚʦʜʠʪʝʣʝʡ: ɼʞ. ʂʣ. ʄʘʢʩʚʝʣʣ, ʣʦʨʜ ʈʵʣʝʡ, ɼʞ. ɼʞ. ʊʦʤʩʦʥ, ʕ. ʈʝʟʝʨʬʦʨʜ. 
ʆʩʝʥʴʶ 1895 ʛʦʜʫ ʪʨʝʪʠʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʣʘʙʦʨʘʪʦʨʠʠ ɼʞ.ɼʞ. ʊʦʤʩʦʥ ʥʘʯʠʥʘʝʪ ʠʟʫʯʝʥʠʝ 
ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʛʘʟʦʚ, ʧʦʜʚʝʨʛʘʝʤʳʭ ʜʝʡʩʪʚʠʶ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ. ʕʪʠ ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 
çʫʜʘʯʥʦ ʩʦʚʧʘʣʠè ʩ ʚʘʞʥʳʤ ʩʦʙʳʪʠʝʤ ʜʣʷ ʂʝʤʙʨʠʜʞʘ, ʢʦʛʜʘ ʧʦ  ʠʥʠʮʠʘʪʠʚʝ ʛʣʘʚʳ ʂʘʚʝʥʜʠʰʩʢʦʡ 
ʣʘʙʦʨʘʪʦʨʠʠ, ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʯʘʣ  ʧʨʠʚʣʝʢʘʪʴ ʚ ʣʘʙʦʨʘʪʦʨʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ 
[4, 325]. ɺ ʩʪʝʥʘʭ ʣʘʙʦʨʘʪʦʨʠʠ ɼʞ. ʊʦʤʩʦʥ ʩʦʟʜʘʣ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʰʢʦʣʫ ʬʠʟʠʢʠ ʚ ʦʙʣʘʩʪʠ 
ʬʠʟʠʢʠ ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ ʠ ʬʠʟʠʢʠ ʘʪʦʤʘ. ʋʯʝʥʠʢʠ ʊʦʤʩʦʥʘ, ʧʨʦʜʦʣʞʘʷ ʪʨʘʜʠʮʠʠ ʣʘʙʦʨʘʪʦʨʠʠ 
ʩʪʘʣʠ ʢʨʫʧʥʳʤʠ ʫʯʝʥʳʤʠ. ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʙʳʣʠ ʫʜʦʩʪʦʝʥʳ ʀ. ɹʘʨʢʣʘ, ɺ. ɹʨʵʛʛ, ʆ. ʈʠʯʘʨʜʩʦʥ, 
ʏ.ʊ.ʈ. ɺʠʣʴʩʦʥ, ʕ. ʈʝʟʝʨʬʦʨʜ. ɽʛʦ ʫʯʝʥʠʢ ɸʩʪʦʥ, ʨʘʟʚʠʚʘʷ ʤʝʪʦʜ ʧʘʨʘʙʦʣ ʊʦʤʩʦʥʘ, ʧʨʠʭʦʜʠʪ ʢ 

ʩʦʟʜʘʥʠʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ. ɼʨʫʛʦʡ ʫʯʝʥʠʢ ʊʦʤʩʦʥʘ ʏ.ʊ.ʈ. ɺʠʣʴʩʦʥ ʩʢʦʥʩʪʨʫʠʨʦʚʘʣ ʢʘʤʝʨʫ, 
ʥʘʟʚʘʥʥʫʶ ʝʛʦ ʠʤʝʥʝʤ, ʢʦʪʦʨʘʷ ʠ ʩʝʡʯʘʩ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʠʟʫʯʝʥʠʠ ʤʠʨʘ ʘʪʦʤʦʚ. 
ʀʟʦʙʨʝʪʝʥʠʷ ɸʩʪʦʥʘ ʠ ɺʠʣʴʩʦʥʘ - ʵʪʦ ʝʱʝ ʦʜʠʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʠʤʝʨ ʚʣʠʷʥʠʷ ʬʠʟʠʢʠ ʥʘ 
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ʠʥʞʝʥʝʨʥʳʝ ʠʟʦʙʨʝʪʝʥʠʷ. ɺʦ ʌʨʘʥʮʠʠ, ʚ College de France, A.ɺ. ʈʝʥʴʦ ʦʪʢʨʳʚʘʝʪ ʣʘʙʦʨʘʪʦʨʠʶ 
ʜʣʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  ɽʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʦʨʦʰʦ ʩʫʙʩʠʜʠʨʦʚʘʣʠʩʴ 
ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ, ʪʘʢ ʢʘʢ ʦʥʠ ʙʳʣʠ ʢʨʘʡʥʝ ʚʘʞʥʳ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʘʨʦʚʳʭ ʤʘʰʠʥ.  ɺ 
ʦʪʣʠʯʠʝ ʦʪ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʣʘ ʧʝʨʝʩʪʨʦʡʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚʥʘʯʘʣʝ ʚ 
ʫʥʠʚʝʨʩʠʪʝʪʘʭ, ʚ ʉʐɸ ʧʝʨʚʘʷ ʬʠʟʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʙʳʣʘ ʩʦʟʜʘʥʘ  ʧʨʦʬʝʩʩʦʨʦʤ ʕ.ʉ. 
ʇʠʢʝʨʠʥʛʦʤ ʚ ʄʘʩʩʘʯʫʩʝʪʩʢʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʚ 1869 ʛʦʜʫ. ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ 
ʣʘʙʦʨʘʪʦʨʥʳʭ ʟʘʥʷʪʠʡ ʛʣʘʚʥʦʡ ʪʨʫʜʥʦʩʪʴʶ, ʩ ʢʦʪʦʨʦʡ ʩʪʦʣʢʥʫʣʩʷ ʇʠʢʝʨʠʥʛ, ʙʳʣʦ çʜʘʪʴ 
ʚʦʟʤʦʞʥʦʩʪʠ ʜʚʘʜʮʘʪʠ ʠʣʠ ʪʨʠʜʮʘʪʠ ʩʪʫʜʝʥʪʘʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʝʟ 
ʜʫʙʣʠʨʦʚʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʧʘʩʥʦʩʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʪʦʥʢʦʡ ʘʧʧʘʨʘʪʫʨʳè [1, 207]. 
ʅʦʚʳʝ ʚʝʷʥʠʷ ʚ ʜʝʣʝ ʧʨʝʧʦʜʘʚʘʥʠʷ ʬʠʟʠʢʠ ʢʦʩʥʫʣʠʩʴ ʠ ʈʦʩʩʠʠ. ʇʝʨʚʘʷ ʬʠʟʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ 
ʙʳʣʘ ʩʦʟʜʘʥʘ ʚ ʇʝʪʝʨʙʫʨʛʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʫʯʝʥʠʢʦʤ ʕ.ʍ. ʃʝʥʮʘ ʌ.ʌ. ʇʝʪʨʫʰʝʚʩʢʠʤ. ɺ 1965 
ʛʦʜʫ ʦʥ ʜʦʙʠʣʩʷ ʜʣʷ ʬʠʟʠʯʝʩʢʦʛʦ ʢʘʙʠʥʝʪʘ ʙʦʣʝʝ ʧʨʦʩʪʦʨʥʦʛʦ ʧʦʤʝʱʝʥʠʷ ʠ ʦʙʦʨʫʜʦʚʘʣ ʟʜʝʩʴ 
ʣʘʙʦʨʘʪʦʨʠʶ. çʃʘʙʦʨʘʪʦʨʥʳʝ ʩʨʝʜʩʪʚʘ ʙʳʣʠ ʝʱʝ ʦʯʝʥʴ ʩʣʘʙʳ, ʠ, ʚ ʧʝʨʚʳʝ ʧʷʪʴ ʣʝʪ ʯʠʩʣʦ 
ʨʘʙʦʪʘʶʱʠʭ ʥʝ ʧʨʝʚʳʰʘʣʦ ʜʝʩʷʪʠ ʯʝʣʦʚʝʢ ʚ ʛʦʜ; ʚ 1870 ʛʦʜʫ ʠʭ ʙʳʣʦ 18, ʘ ʚ 1875 ï ʫʞʝ 76, ʘ ʚ 
1878 ï 115 [5, 425]. ʃʘʙʦʨʘʪʦʨʠʷ ʧʦʧʦʣʥʷʣʘʩʴ ʧʨʠʙʦʨʘʤʠ, ʧʦʢʫʧʘʝʤʳʤʠ ʟʘ ʛʨʘʥʠʮʝʡ ʠ 
ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʤʠ ʚ ʤʘʩʪʝʨʩʢʦʡ ʫʥʠʚʝʨʩʠʪʝʪʘ ʤʝʭʘʥʠʢʦʤ ɻ.ʂ. ɹʨʘʫʵʨʦʤ. ʃʘʙʦʨʘʪʦʨʠʷ 
ʨʘʟʚʠʚʘʣʘʩʴ, ʠ ʚ 1901 ʛʦʜʫ ʦʥʘ ʨʘʟʤʝʩʪʠʣʘʩʴ ʚ ʥʦʚʦʤ ʚʝʣʠʢʦʣʝʧʥʦʤ ʟʜʘʥʠʠ, ʥʘ ʢʦʪʦʨʦʤ ʢʨʘʩʫʝʪʩʷ 

ʥʘʜʧʠʩʴ çʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè. ɺ 70-ʭ ʛʦʜʘʭ ʚ ʄʦʩʢʦʚʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ɸ.ɻ ʉʪʦʣʝʪʦʚʳʤ 
ʩʦʟʜʘʝʪʩʷ ʬʠʟʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ, ʢʦʪʦʨʘʷ ʨʘʟʨʦʩʣʘʩʴ ʠ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ 1903 ʛʦʜʫ ʚ ʬʠʟʠʯʝʩʢʠʡ 
ʠʥʩʪʠʪʫʪ. ɺ ʩʪʝʥʘʭ ʵʪʦʛʦ ʠʥʩʪʠʪʫʪʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʰʢʦʣʘ ʬʠʟʠʢʠ ʇ.ʅ. ʃʝʙʝʜʝʚʳʤ.  

ʀʪʘʢ, ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ XIX ʚʝʢʘ ʧʨʦʠʟʦʰʣʠ ʚʘʞʥʳʝ ʧʝʨʝʤʝʥʳ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 
ʧʦʜʛʦʪʦʚʢʠ ʬʠʟʠʢʠ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʘʭ, ʚ ʥʠʭ ʩʦʟʜʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ 
ʣʘʙʦʨʘʪʦʨʠʠ. ʆʙʱʝʩʪʚʦ ʚʠʜʠʪ ʚʘʞʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʝ, 
ʢʘʢ ʜʣʷ ʬʠʟʠʢʦʚ, ʪʘʢ ʠ ʜʣʷ ʠʥʞʝʥʝʨʦʚ. ʉ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʬʠʟʠʯʝʩʢʠʡ ʧʨʘʢʪʠʢʫʤ ʩʪʘʣ ʦʙʷʟʘʪʝʣʴʥʦʡ 
ʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦʛʨʘʤʤ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 
ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʚʦ ʚʩʝʭ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ. ʕʪʠ ʨʝʚʦʣʶʮʠʦʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ 
ʧʨʝʧʦʜʘʚʘʥʠʠ ʬʠʟʠʢʠ ʧʨʠʚʝʣʠ ʢ ʥʝʙʳʚʘʣʦʤʫ ʨʘʟʚʠʪʠʶ ʢʘʢ ʩʘʤʦʡ ʬʠʟʠʢʠ, ʪʘʢ ʠ ʪʝʭʥʠʢʠ. 
ʈʘʟʚʠʚʘʣʘʩʴ ʪʝʨʤʦʜʠʥʘʤʠʢʘ, ʩʪʘʚ ʧʦ ʩʫʱʝʩʪʚʫ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʨʘʟʜʝʣʦʤ ʬʠʟʠʢʠ, 
ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘ, ʪʝʦʨʠʷ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠʟ ʢʦʪʦʨʦʡ ʨʦʜʠʣʩʷ çʢʚʘʥʪ ʜʝʡʩʪʚʠʷè. ɺʦʟʥʠʢʘʝʪ 
ʘʪʦʤʥʘʷ ʠ ʷʜʝʨʥʘʷ ʬʠʟʠʢʘ, ʧʦʷʚʠʣʘʩʴ  ʉʊʆ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʋʜʠʚʠʪʝʣʴʥʳʝ ʦʪʢʨʳʪʠʷ ʧʨʦʠʩʭʦʜʷʪ 
ʠ ʚ ʪʝʭʥʠʢʝ. ʈʘʟʚʠʚʘʝʪʩʷ ʪʝʧʣʦʪʝʭʥʠʢʘ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʘ, ʧʦʷʚʠʣʘʩʴ ʨʘʜʠʦʪʝʭʥʠʢʘ, 
ʨʝʥʪʛʝʥʦʪʝʭʥʠʢʘ. ʂʩʪʘʪʠ, ʦʪʢʨʳʪʠʷ ʚ ʪʝʭʥʠʢʝ ʦʙʦʛʘʱʘʣʠ ʠ ʬʠʟʠʢʫ. ʊʘʢ, ʨʦʞʜʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ 
ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʠʟʦʙʨʝʪʝʥʠʶ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʡʢʝʣʴʩʦʥʘ, 
ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʣ ʫʣʘʚʣʠʚʘʪʴ ʵʬʬʝʢʪʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

ɸ ʢʘʢ ʞʝ ʦʙʩʪʦʷʪ ʜʝʣʘ ʩ ʧʨʝʧʦʜʘʚʘʥʠʝʤ ʬʠʟʠʢʠ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʘʭ ʚ ʥʘʰʝ ʚʨʝʤʷ? ʆʪʚʝʪ 

ʥʝʦʜʥʦʟʥʘʯʝʥ. ɺ ʪʘʢʠʭ ʚʝʜʫʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʘʭ, ʢʘʢ ʄʘʩʩʘʯʫʩʝʪʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, 
ʄʦʩʢʦʚʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩ ʬʠʟʠʢʦʡ ʦʙʩʪʦʠʪ ʚʩʝ ʙʣʘʛʦʧʦʣʫʯʥʦ. ɿʜʝʩʴ ʯʠʪʘʶʪ ʠ 
ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʠ ʦʙʱʫʶ ʬʠʟʠʢʫ. ɿʘʥʠʤʘʶʪʩʷ ʚ ʧʨʝʢʨʘʩʥʦ ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 
ʣʘʙʦʨʘʪʦʨʠʷʭ. ʉʪʫʜʝʥʪʳ ʫʯʘʪʩʷ ʚ ʤʘʛʠʩʪʨʘʪʫʨʝ ʠ ʘʩʧʠʨʘʥʪʫʨʝ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ, 
ʧʦʣʫʯʘʶʪ ʫʯʝʥʳʝ ʩʪʝʧʝʥʠ. ʅʦ ʚ ʈʦʩʩʠʠ ʪʘʢʠʭ ʚʫʟʦʚ, ʢʘʢ ʄʌʊʀ, ʝʜʠʥʠʮʳ. ɺ ʦʩʪʘʣʴʥʳʭ, ʦʩʦʙʝʥʥʦ 
ʧʨʦʚʠʥʮʠʘʣʴʥʳʭ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʥʝʜʦʦʮʝʥʢʠ ʨʦʣʠ ʬʠʟʠʢʠ ʚ ʜʝʣʝ 
ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʦʚ. ʉʦʢʨʘʱʘʝʪʩʷ ʯʠʩʣʦ  ʣʝʢʮʠʦʥʥʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʯʘʩʦʚ. ʊʘʢ, ʜʣʷ 
ʥʝʢʦʪʦʨʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʙʘʢʘʣʘʚʨʦʚ ʥʘ ʣʝʢʮʠʠ ʧʦ ʦʙʱʝʡ ʬʠʟʠʢʝ ʦʪʚʦʜʠʪʩʷ ʦʜʠʥ ʯʘʩ ʚ ʥʝʜʝʣʶ, 
ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʪʘʢʞʝ ʦʜʠʥ ʯʘʩ. ɿʘʥʠʤʘʶʪʩʷ ʜʚʘ ʩʝʤʝʩʪʨʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʦʢʦʣʦ 150 ʣʝʪ 

ʥʘʟʘʜ ʚ ʧʦʣʠʪʝʭʥʠʢʫʤʘʭ ɻʝʨʤʘʥʠʠ ʬʠʟʠʢʫ ʠʟʫʯʘʣʠ 3-4 ʩʝʤʝʩʪʨʘ ʠ ʪʦʣʴʢʦ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ 
ʦʪʚʦʜʠʣʦʩʴ ʧʦ 3-4 ʯʘʩʘ ʚ ʥʝʜʝʣʶ. ʉʦʢʨʘʱʘʝʪʩʷ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ 
ʧʦʩʪʘʥʦʚʢʫ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʨʘʙʦʪ ʧʨʘʢʪʠʢʫʤʘ. ɿʘʤʝʥʘ ʠʭ ʚʠʨʪʫʘʣʴʥʳʤʠ ʨʘʙʦʪʘʤʠ ʥʝ 
ʠʤʝʝʪ ʪʘʢʦʛʦ ʦʙʫʯʘʶʱʝʛʦ ʵʬʬʝʢʪʘ, ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʨʘʙʦʪʘ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʚ ʣʘʙʦʨʘʪʦʨʠʠ. 
ʅʝ ʭʚʘʪʘʝʪ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʜʣʷ ʟʘʢʫʧʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʤʘʛʠʩʪʨʦʚ, 
ʘʩʧʠʨʘʥʪʦʚ, ʧʨʦʬʝʩʩʦʨʦʚ ʢʘʬʝʜʨʳ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘ ʚʦʦʙʱʝ ʥʝ ʯʠʪʘʝʪʩʷ. ʊʦʛʜʘ 
ʩʧʨʘʰʠʚʘʝʪʩʷ, ʢʘʢ ʞʝ ʩʤʦʞʝʪ ʩʦʚʨʝʤʝʥʥʳʡ ʠʥʞʝʥʝʨ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʩʣʦʞʥʝʡʰʠʭ ʧʨʦʮʝʩʩʘʭ 
ʷʜʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʨʘʙʦʪʫ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʨʘʟʚʠʚʘʪʴ 
ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ. ʢʦʩʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʘʭ ʨʘʙʦʪʳ ʪʦʤʦʛʨʘʬʦʚ, ʣʘʟʝʨʦʚ ʠ 
ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʚʝʱʘʭ. ʈʘʙʦʪʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʪʨʝʙʫʝʪ ʟʥʘʥʠʡ 

ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʠ, ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ, ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʪʝʦʨʠʠ 
ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʠ ʪ. ʜ. ʄʳ ʫʯʠʤ ʥʝ ʩʦʟʜʘʪʝʣʝʡ ʥʦʚʳʭ ʫʤʥʳʭ ʤʘʰʠʥ, ʘ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 
ʥʘʞʠʤʘʪʴ çʥʘ ʢʥʦʧʢʠ ʠ ʨʳʯʘʛʠè. ɹʝʟʫʩʣʦʚʥʦ, ʥʝʜʦʦʮʝʥʢʘ ʨʦʣʠ ʬʠʟʠʢʠ ʚ ʠʥʞʝʥʝʨʠʠ ʩʢʘʞʝʪʩʷ ʠ ʚ 
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ʙʫʜʫʱʝʤ ʦʪʩʪʘʚʘʥʠʠ ʚ ʨʘʟʚʠʪʠʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʥʘʤ ʭʦʯʝʪʩʷ ʥʘʜʝʷʪʴʩʷ, ʯʪʦ ʬʠʟʠʢʘ 
ʟʘʡʤʝʪ ʜʦʩʪʦʡʥʦʝ ʤʝʩʪʦ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʚʫʟʝ. 
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Abstract 
The special theory of relativity (STR) created at the beginning of the XX century was based on a 

postulate on constancy of velocity of light in the "based" inertial system (BIS). But what velocity of light is 
equal in moving BIS, earlier anybody didn't raise a question. Meanwhile, if the fourth component of 4 
speeds of particle in that BIS in which the particle is based, is equal to velocity of light in vacuum of 
based BIS, then the fourth component of 4 speeds of particle in that BIS concerning which the particle 
moves, appears equal velocity of light in moving BIS. And then it appears that moving hours go at the 
same speed, as motionless hours and any delay of time in moving BIS is not present.  
 

Keywords: special theory of relativity, inertial system, based inertial system, moving inertial system, 
velocity of light in based inertial system, velocity of light in moving inertial system, four-dimensional 
velocity, Galiev speed, Lorentsev speed, own time, time unit of measure. 

 
ɸʥʥʦʪʘʮʠʷ 

ʉʦʟʜʘʥʥʘʷ ʚ ʥʘʯʘʣʝ ʍʍ ʚʝʢʘ ʩʧʝʮʠʘʣʴʥʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʉʊʆ) ʦʩʥʦʚʳʚʘʣʘʩʴ ʥʘ 
ʧʦʩʪʫʣʘʪʝ ʦ ʧʦʩʪʦʷʥʩʪʚʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ çʧʦʢʦʷʱʝʡʩʷè ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ (ʀʉʆ). ʅʦ 
ʦ ʪʦʤ, ʯʝʤʫ ʨʘʚʥʘ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ, ʨʘʥʴʰʝ ʥʠʢʪʦ ʚʦʧʨʦʩʘ ʥʝ ʩʪʘʚʠʣ. ʄʝʞʜʫ 
ʪʝʤ, ʝʩʣʠ ʯʝʪʚʝʨʪʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 4-ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ ʚ ʪʦʡ ʀʉʆ, ʚ ʢʦʪʦʨʦʡ ʯʘʩʪʠʮʘ ʧʦʢʦʠʪʩʷ, 
ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ, ʪʦʛʜʘ ʯʝʪʚʝʨʪʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 4-ʩʢʦʨʦʩʪʠ 
ʯʘʩʪʠʮʳ ʚ ʪʦʡ ʀʉʆ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʯʘʩʪʠʮʘ ʜʚʠʞʝʪʩʷ, ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʦʡ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ 
ʚ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ. ʀ ʪʦʛʜʘ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʜʚʠʞʫʱʠʝʩʷ ʯʘʩʳ ʠʜʫʪ ʚ ʪʦʤ ʞʝ ʪʝʤʧʝ, ʯʪʦ ʠ 

ʥʝʧʦʜʚʠʞʥʳʝ ʯʘʩʳ ʠ ʥʠʢʘʢʦʛʦ ʟʘʤʝʜʣʝʥʠʷ ʚʨʝʤʝʥʠ ʚ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ ʥʝʪ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʧʝʮʠʘʣʴʥʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ, 
ʧʦʢʦʷʱʘʷʩʷ ʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ, ʜʚʠʞʫʱʘʷʩʷ ʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ, ʩʢʦʨʦʩʪʴ 
ʩʚʝʪʘ ʚ ʧʦʢʦʷʱʝʡʩʷ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʜʚʠʞʫʱʝʡʩʷ ʠʥʝʨʮʠʘʣʴʥʦʡ 
ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʯʝʪʳʨʝʭʤʝʨʥʘʷ ʩʢʦʨʦʩʪʴ, ʛʘʣʠʣʝʝʚʩʢʘʷ ʩʢʦʨʦʩʪʴ, ʣʦʨʝʥʮʝʚʩʢʘʷ ʩʢʦʨʦʩʪʴ, 
ʩʦʙʩʪʚʝʥʥʦʝ ʚʨʝʤʷ, ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ. 

 
ɸʣʴʙʝʨʪʫ ʕʡʥʰʪʝʡʥʫ, ʦʜʥʦʤʫ ʠʟ ʩʦʟʜʘʪʝʣʝʡ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʉʊʆ) 

[1], ʧʨʠʧʠʩʳʚʘʶʪ ʩʣʦʚʘ [2]: çʉʤʦʞʝʪʝ ʣʠ ʚʳ ʥʘʙʣʶʜʘʪʴ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ, ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢʦʡ 
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ʪʝʦʨʠʝʡ ʚʳ ʧʦʣʴʟʫʝʪʝʩʴ. ʊʝʦʨʠʷ ʦʧʨʝʜʝʣʷʝʪ, ʯʪʦ ʠʤʝʥʥʦ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴè. ɸ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ 
ʠʩʪʦʨʠʷ, ʚʩʝ ʪʝʦʨʠʠ ʠ ʥʘʫʢʠ ʨʘʟʚʠʚʘʶʪʩʷ ʪʘʢ, ʯʪʦ ʠʩʪʠʥʳ, ʚʠʜʠʤʳʝ ʛʣʘʟʫ (ʦʯʝʚʠʜʥʳʝ ʠʩʪʠʥʳ), 
ʧʦʩʪʝʧʝʥʥʦ ʟʘʤʝʥʷʶʪʩʷ ʥʘ ʠʩʪʠʥʳ, ʚʦʩʧʨʠʥʠʤʘʝʤʳʝ ʫʤʦʤ. ʅʘʧʨʠʤʝʨ, ʜʚʠʞʝʥʠʝ ʉʦʣʥʮʘ ʠ 
ʜʘʣʝʢʠʭ ʟʚʝʟʜ ʠ ʥʝʧʦʜʚʠʞʥʦʩʪʴ ɿʝʤʣʠ, ʚʠʜʠʤʳʝ ʛʣʘʟʘʤ ʇʪʦʣʝʤʝʷ, ʙʳʣʠ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ 
ʟʘʤʝʥʝʥʳ ʜʚʠʞʝʥʠʝʤ ɿʝʤʣʠ ʚʦʢʨʫʛ ʉʦʣʥʮʘ, ʚʠʜʠʤʳʤ ʨʘʟʫʤʫ ʂʦʧʝʨʥʠʢʘ. 

ʀʟ ʧʩʠʭʦʣʦʛʠʠ ʪʚʦʨʯʝʩʪʚʘ ʪʘʢʞʝ ʠʟʚʝʩʪʥʦ [2], ʯʪʦ ʧʨʝʞʜʝ ʯʝʤ ʦʙʥʘʨʫʞʠʪʴ ʯʪʦ-ʥʠʙʫʜʴ 
ʥʦʚʦʝ, ʥʝ ʟʘʤʝʯʘʝʤʦʝ ʜʨʫʛʠʤʠ ʥʘʙʣʶʜʘʪʝʣʷʤʠ, ʯʘʱʝ ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʥʘʯʘʣʘ ʩʬʦʨʤʠʨʦʚʘʪʴ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʦʚʦʝ ʧʦʥʷʪʠʝ ʠ ʜʘʪʴ ʵʪʦʤʫ ʥʦʚʦʤʫ ʧʦʥʷʪʠʶ ʦʧʨʝʜʝʣʝʥʠʝ. 

ʇʦʵʪʦʤʫ ʩʬʦʨʤʠʨʫʝʤ ʩʥʘʯʘʣʘ ʥʦʚʦʝ ʧʦʥʷʪʠʝ çʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ 
ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ (ʀʉʆ)è. 

ʕʪʦ ʧʦʥʷʪʠʝ ʚʨʷʜ ʣʠ ʩʯʠʪʘʣʦʩʴ ʠʤʝʚʰʠʤ ʢʘʢʦʡ-ʣʠʙʦ ʩʤʳʩʣ ʚʧʣʦʪʴ ʜʦ ʥʝʜʘʚʥʝʛʦ 
ʚʨʝʤʝʥʠ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ ʧʦʥʷʪʠʶ ʧʦʥʷʪʠʝ çʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʧʦʢʦʷʱʝʡʩʷ 
ʀʉʆè ʙʳʣʦ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʚʭʦʜʠʣʦ ʚʦ ʚʪʦʨʦʡ ʧʦʩʪʫʣʘʪ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ 
ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ [1]: 

çʂʘʞʜʳʡ ʣʫʯ ʩʚʝʪʘ ʜʚʠʞʝʪʩʷ ʚ çʧʦʢʦʷʱʝʡʩʷè ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ V 
(ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʘ ʢʦʥʩʪʘʥʪʘ ʦʙʦʟʥʘʯʘʝʪʩʷ ʙʫʢʚʦʡ ʩ ʠ ʩʯʠʪʘʝʪʩʷ ʨʘʚʥʦʡ 299 792 458 ʤ/c, ɸ.ʄ.) 
ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʠʩʧʫʩʢʘʝʪʩʷ ʣʠ ʵʪʦʪ ʣʫʯ ʩʚʝʪʘ ʧʦʢʦʷʱʠʤʩʷ ʠʣʠ ʜʚʠʞʫʱʠʤʩʷ ʪʝʣʦʤè. 

ʉʦʜʝʨʞʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʢʘʢ ʯʝʪʳʨʝʭʤʝʨʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 
ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ ʚʧʝʨʚʳʝ ʦʪʯʝʪʣʠʚʦ ʙʳʣʦ ʚʩʢʨʳʪʦ ɻʝʨʤʘʥʦʤ ʄʠʥʢʦʚʩʢʠʤ [3, 12]. 

ɿʘʪʝʤ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ çC ʪʦʯʢʠ ʟʨʝʥʠʷ ʯʝʪʳʨʝʭʤʝʨʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ 
ʠʩʪʠʥʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʤʦʛʫʪ ʠʤʝʪʴ ʣʠʰʴ ʯʝʪʳʨʝʭʤʝʨʥʦ-ʢʦʚʘʨʠʘʥʪʥʳʝ ʚʝʣʠʯʠʥʳ. ɺ 
ʤʝʭʘʥʠʢʝ ʪʦʯʢʠ ʪʘʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʷʚʣʷʶʪʩʷ ʯʝʪʳʨʝʭʤʝʨʥʳʡ ʩʢʘʣʷʨ - ʩʦʙʩʪʚʝʥʥʘʷ ʤʘʩʩʘ ʄ ʠ 
ʯʝʪʳʨʝʭʤʝʨʥʳʝ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ Uk, ʫʩʢʦʨʝʥʠʷ d(Uk)/d(t), ʠʤʧʫʣʴʩʘ Pk" [4, 53]. 

ʅʘʩ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʝʡʯʘʩ ʠʥʪʝʨʝʩʫʝʪ ʯʝʪʳʨʝʭʤʝʨʥʳʡ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ Uk. ʆʥ ʚʚʦʜʠʪʩʷ ʪʘʢ [5]. 
ʇʦʩʪʨʦʝʥʠʝ ʯʝʪʳʨʝʭʤʝʨʥʦʛʦ ʚʝʢʪʦʨʘ (4-ʚʝʢʪʦʨʘ) ʩʢʦʨʦʩʪʠ ʤʳ ʙʫʜʝʤ ʚʝʩʪʠ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʪʨʝʭʤʝʨʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʛʜʝ ʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠʮʳ ʟʘʜʘʝʪʩʷ ʪʨʝʭʤʝʨʥʳʤ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ r
C
, ʘ 

ʪʨʝʭʤʝʨʥʳʡ ʚʝʢʪʦʨ (3-ʚʝʢʪʦʨ) ʩʢʦʨʦʩʪʠ  v
C
ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʦʜʥʘʷ ʪʨʝʭʤʝʨʥʦʛʦ ʨʘʜʠʫʩ-

ʚʝʢʪʦʨʘ ʧʦ ʚʨʝʤʝʥʠ /dtrd v
CC

= . 

ʆʧʨʝʜʝʣʠʪʴ 4-ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʢʘʢ ʧʨʦʠʟʚʦʜʥʫʶ ʯʝʪʳʨʝʭʤʝʨʥʦʛʦ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ R
C

 ʧʦ 

ʚʨʝʤʝʥʠ ʥʝʣʴʟʷ. ʅʘʤ ʥʫʞʝʥ 4-ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ, ʘ ʜʣʷ ʵʪʦʛʦ 4-ʚʝʢʪʦʨ ʧʨʠʨʘʱʝʥʠʷ R
C
, ʪ.ʝ. Rd

C
, 

ʤʦʞʥʦ ʜʝʣʠʪʴ ʪʦʣʴʢʦ ʥʘ ʩʢʘʣʷʨ (ʠʥʚʘʨʠʘʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ). ʅʦ ʥʠ ʩʘʤʦ ʚʨʝʤʷ, ʥʠ ʝʛʦ 
ʜʠʬʬʝʨʝʥʮʠʘʣ ʠʥʚʘʨʠʘʥʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ (ʩʢʘʣʷʨʦʤ) ʥʝ ʷʚʣʷʶʪʩʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʥʚʘʨʠʘʥʪʥʦʡ ʚʝʣʠʯʠʥʳ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʨʝʤʝʥʠ, ʤʦʞʥʦ ʚʟʷʪʴ ʠʣʠ ʠʥʪʝʨʚʘʣ, ʠʣʠ ʩʦʙʩʪʚʝʥʥʦʝ 
ʚʨʝʤʷ ʯʘʩʪʠʮʳ. 

ʇʫʩʪʴ ʚ ʀʉʆ ʂ ʢʦʦʨʜʠʥʘʪʳ ʯʘʩʪʠʮʳ ʟʘ ʚʨʝʤʷ dt ʠʟʤʝʥʠʣʠʩʴ ʥʘ dx, dy, dz, ʘ ʩʤʝʱʝʥʠʝ 

ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ 
222 dzdydx dl ++= .  

ʈʘʩʩʤʦʪʨʠʤ ʤʛʥʦʚʝʥʥʦ-ʩʦʧʫʪʩʪʚʫʶʱʫʶ ʯʘʩʪʠʮʝ ʀʉʆ ʂ' (ʤʛʥʦʚʝʥʥʦ-ʩʦʧʫʪʩʪʚʫʶʱʝʡ 
ʯʘʩʪʠʮʝ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʦʪʩʯʝʪʘ ʥʘʟʳʚʘʝʪʩʷ ʩʠʩʪʝʤʘ, ʧʦʩʪʦʷʥʥʘʷ ʩʢʦʨʦʩʪʴ V ʢʦʪʦʨʦʡ 
ʨʘʚʥʘ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ). ɺ ʀʉʆ K' ʟʘ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ dt' 
ʢʦʦʨʜʠʥʘʪʳ ʯʘʩʪʠʮʳ ʥʝ ʤʝʥʷʶʪʩʷ: dx' = dy' = dz' =0. ʀʤʝʷ ʚ ʚʠʜʫ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʠʥʪʝʨʚʘʣʘ 

ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ, ʟʘʧʠʰʝʤ 
22

0

22222

0

2 'dtcdzdydxdtcds =---= ,                                   (1) 

ʛʜʝ 
0c = 299 792 458 ʤ/c - ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ. 

ɺ ʀʉʆ ʂ' ʧʨʦʤʝʞʫʪʦʢ dt' - ʵʪʦ ʧʨʦʤʝʞʫʪʦʢ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʝʤʝʥʠ. ɼʘʚʘʡʪʝ ʙʫʜʝʤ 

ʦʙʦʟʥʘʯʘʪʴ ʧʨʦʤʝʞʫʪʦʢ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʝʤʝʥʠ dt' ʯʝʨʝʟ dt. ʊʦʛʜʘ ʠʟ ʨʘʚʝʥʩʪʚʘ (1) ʠʤʝʝʤ  
 

g
===t

dt
(v/c-1dt

c

ds
d 0

0

2)                                                  (2) 



 

 
 

 

 
Science, Technology and Higher Education  April 17th, 2013.  Vol. II 

 

76 

 

ʛʜʝ 
2)

1

0(v/c- 1
=g  - ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʤʥʦʞʠʪʝʣʴ; v ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ. 

ʀʪʘʢ, ʚʚʝʜʝʤ 4-ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ 

t
=

d

Rd
U

C
C

.                                                                   (3) 

ɺ ʢʦʦʨʜʠʥʘʪʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʵʪʦʪ 4-ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ U
C

 ʟʘʧʠʰʝʪʩʷ ʪʘʢ 

t
=

d

dR
u i

i ,                                                                (4) 

ʛʜʝ i = 1, 2, 3, 4. 

ʇʦʩʢʦʣʴʢʫ dt ʝʩʪʴ ʠʥʚʘʨʠʘʥʪ, ʘ R
C
ʝʩʪʴ 4-ʚʝʢʪʦʨ, ʪʦ 4-ʚʝʢʪʦʨʥʳʡ ʭʘʨʘʢʪʝʨ U

C
 ʩʦʤʥʝʥʠʡ 

ʥʝ ʚʳʟʳʚʘʝʪ. 

ʈʘʩʢʨʦʝʤ ʩʤʳʩʣ ʧʝʨʚʳʭ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ 4-ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ U
C

 ʠʟ ʚʳʨʘʞʝʥʠʷ (4). 

a
aa

a g=g=
t

= v
dt

dx

d

dx
u , (ʧʨʠʯʝʤ a = 1, 2, 3),                            (5) 

ʛʜʝ 
2)0(v/c- 1

1
=g , av - ʢʦʤʧʦʥʝʥʪʳ ʦʙʳʯʥʦʡ 3-ʩʢʦʨʦʩʪʠ, ʠʟʤʝʥʷʶʱʝʡʩʷ ʦʪ ʥʫʣʷ ʜʦ ʩʢʦʨʦʩʪʠ 

ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ 
0c , ʧʨʠʯʝʤ dx1 = dx, dx2 = dy, dx3 = dz. 

ʊʦʛʜʘ ʚʝʣʠʯʠʥʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʨʘʚʝʥʩʪʚʘʤʠ (5), ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʦʤʧʦʥʝʥʪʳ 
ʦʙʳʯʥʦʡ 3-ʩʢʦʨʦʩʪʠ, ʠʟʤʝʥʷʶʱʝʡʩʷ ʦʪ ʥʫʣʷ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ (ʩʢʦʨʦʩʪʴ, ʠʟʤʝʥʷʶʱʫʶʩʷ ʦʪ ʥʫʣʷ 
ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʟʜʝʩʴ ʛʘʣʠʣʝʝʚʩʢʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʦʙʦʟʥʘʯʘʪʴ ʙʫʢʚʦʡ u, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʣʦʨʝʥʮʝʚʩʢʦʡ ʩʢʦʨʦʩʪʠ, ʠʟʤʝʥʷʶʱʝʡʩʷ ʦʪ ʥʫʣʷ ʜʦ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ 
0c , ʢʦʪʦʨʫʶ ʤʳ 

ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʟʜʝʩʴ ʙʫʢʚʦʡ v). ʇʨʠ ʵʪʦʤ ʩʚʷʟʴ ʤʝʞʜʫ ʣʦʨʝʥʮʝʚʩʢʦʡ ʠ ʛʘʣʠʣʝʝʚʩʢʦʡ 
ʩʢʦʨʦʩʪʷʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʘʤʠ [6] 

2)(1 0v/c

v
u

-
= ,  

2)(1 0u/c

u
v

+
= .                                         (6) 

ʋʯʠʪʳʚʘʷ, ʯʪʦ tcx 04 = , ʘ ʪʘʢʞʝ ʨʘʚʝʥʩʪʚʦ (2), ʥʘʡʜʝʤ ʯʝʪʚʝʨʪʫʶ ʢʦʤʧʦʥʝʥʪʫ 4-

ʩʢʦʨʦʩʪʠ: 

0
04

4 c
dt

t)d(c

d

dx
u g=g=

t
= .                                                     (7) 

ʇʦʩʢʦʣʴʢʫ ʠʟ (2) ʠ (6) ʚʳʪʝʢʘʝʪ, ʯʪʦ 

2

2
)(1

)

1
0

0

u/c
(v/c-1

+==g ,                                                 (8) 

ʪʦ ʚ ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ (ʧʨʠ v = 0 ʠ g = 1) ʠʟ (7) ʧʦʣʫʯʠʤ 04 cu = , ʘ ʚ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ (ʧʨʠ v Í 0, 

g Í 1) 
04 cu g= . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʣʠʯʠʥʫ  
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ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʯʝʪʚʝʨʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 4-ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ, 
ʦʧʨʝʜʝʣʷʝʤ ʢʘʢ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ. 

ʌʠʟʠʯʝʩʢʠ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ cu ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʨʘʚʥʘ 
0c  

ʧʦʪʦʤʫ, ʯʪʦ ʚʩʣʝʜʩʪʚʠʝ ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ (ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ) ʨʘʟʤʝʨʦʚ 
ʜʚʠʞʫʱʠʭʩʷ ʚʘʢʫʫʤʥʳʭ ʦʙʲʝʤʦʚ ʠʟʤʝʥʷʶʪʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 
ʜʚʠʞʫʱʠʭʩʷ ʚʘʢʫʫʤʥʳʭ ʦʙʲʝʤʦʚ.  

ʊʝʧʝʨʴ (ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ 4-ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ) 

ʙʝʨʝʤ ʩʚʝʪʦʚʳʝ ʯʘʩʳ (ʜʚʘ ʧʘʨʘʣʣʝʣʴʥʳʝ ʟʝʨʢʘʣʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ L0 (ʚ ʪʦʡ ʀʉʆ, ʛʜʝ ʯʘʩʳ ʧʦʢʦʷʪʩʷ) 
ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ, ʧʦʧʝʨʝʤʝʥʥʦ ʦʪʨʘʞʘʷʩʴ, ʮʠʨʢʫʣʠʨʫʝʪ ʩʚʝʪʦʚʦʡ ʠʤʧʫʣʴʩ), ʥʘ 
ʦʜʥʦʤ ʠʟ ʟʝʨʢʘʣ ʨʘʩʧʦʣʦʞʝʥʳ ʠʤʧʫʣʴʩʥʳʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, ʬʦʪʦʜʠʦʜ ʠ ʩʯʝʪʯʠʢ ʠʤʧʫʣʴʩʦʚ).  

ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʵʪʠʭ ʩʚʝʪʦʚʳʭ ʯʘʩʦʚ, ʧʦʢʦʷʱʠʭʩʷ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʀʉʆ, 
ʙʫʜʝʪ ʨʘʚʥʘ  

0

0

2L
E

c
= .                                                                 (10) 

ʇʫʩʪʴ ʵʪʠ ʩʚʝʪʦʚʳʝ ʯʘʩʳ ʜʚʠʞʫʪʩʷ ʪʘʢ, ʯʪʦ ʧʣʦʩʢʦʩʪʠ ʦʙʦʠʭ ʟʝʨʢʘʣ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ 
ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʯʘʩʦʚ. 

ʂʘʢ ʤʳ ʫʩʪʘʥʦʚʠʣʠ ʚʳʰʝ, ʩʤ. ʨʘʚʝʥʩʪʚʦ (9), ʩʚʝʪ ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ 
ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ  

0u cc g= ,                                                             (11) 

ʛʜʝ 
0c  ʝʩʪʴ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ; g ʝʩʪʴ ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʤʥʦʞʠʪʝʣʴ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʚʳʨʘʞʝʥʠʷʤʠ (8).  
ʊʦʛʜʘ ʧʦʩʣʝ ʠʩʧʫʩʢʘʥʠʷ ʩʚʝʪʘ ʠʩʪʦʯʥʠʢʦʤ, ʨʘʩʧʦʣʘʛʘʶʱʠʤʩʷ ʥʘ ʟʘʜʥʝʤ ʟʝʨʢʘʣʝ 

ʩʚʝʪʦʚʳʭ ʯʘʩʦʚ, ʩʢʦʨʦʩʪʴ ʩʙʣʠʞʝʥʠʷ ʩʚʝʪʘ ʩ ʧʝʨʝʜʥʠʤ ʟʝʨʢʘʣʦʤ ʩʚʝʪʦʚʳʭ ʯʘʩʦʚ ʙʫʜʝʪ ʨʘʚʥʘ 

)u(cu - , ʘ ʩʢʦʨʦʩʪʴ ʩʙʣʠʞʝʥʠʷ ʩʚʝʪʘ ʩ ʟʘʜʥʠʤ ʟʝʨʢʘʣʦʤ ʩʚʝʪʦʚʳʭ ʯʘʩʦʚ, ʧʦʩʣʝ ʦʪʨʘʞʝʥʠʷ ʩʚʝʪʘ 

ʦʪ ʧʝʨʝʜʥʝʛʦ ʟʝʨʢʘʣʘ, ʙʫʜʝʪ ʨʘʚʥʘ )u(cu + , ʛʜʝ uc  ʝʩʪʴ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ 

ʀʉʆ, u ʝʩʪʴ ʛʘʣʠʣʝʝʚʩʢʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʚʝʪʦʚʳʭ ʯʘʩʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʝʜʠʥʠʮʘ 
ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

u)(c

L
 

u(c

L
   E

uu +
+

-
=

)
,                                                       (12) 

ʛʜʝ 

g
= 0L

L  ʝʩʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʝʨʢʘʣʘʤʠ ʜʚʠʞʫʱʠʭʩʷ ʩʚʝʪʦʚʳʭ ʯʘʩʦʚ, ʠʟʤʝʨʝʥʥʦʝ ʠʟ ʪʦʡ 

ʀʉʆ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʵʪʠ ʩʚʝʪʦʚʳʝ ʯʘʩʳ ʜʚʠʞʫʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ u.  

ʇʦʜʩʪʘʚʠʚ ʚ ʬʦʨʤʫʣʫ (12) ʟʥʘʯʝʥʠʷ 

g
= 0L

L , 0u cc g=  ʠ 
2)(1 0u/c+=g , ʧʦʣʫʯʠʤ, ʯʪʦ  

0

0

2L
E

c
= ,                                                                      (13) 

ʪʦ ʝʩʪʴ, ʯʪʦ ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʦʚ ʨʘʚʥʘ ʝʜʠʥʠʮʝ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ 
ʧʦʢʦʷʱʠʭʩʷ ʯʘʩʦʚ (ʬʦʨʤʫʣʘ (13) ʩʦʚʧʘʜʘʝʪ ʩ ʬʦʨʤʫʣʦʡ (10)). 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʩʚʝʪʦʚʳʝ ʯʘʩʳ ʨʘʩʧʦʣʦʞʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 
ʥʘʧʨʘʚʣʝʥʠʶ ʠʭ ʜʚʠʞʝʥʠʷ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 1 (ʧʣʦʩʢʦʩʪʠ ʟʝʨʢʘʣ ʩʚʝʪʦʚʳʭ ʯʘʩʦʚ ʧʘʨʘʣʣʝʣʴʥʳ 
ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ, ʩʦʚʧʘʜʘʶʱʝʤʫ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʝʡ x ʠ xô). 

ʇʫʩʪʴ B0 ʝʩʪʴ ʥʘʯʘʣʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʧʦʢʦʷʱʝʡʩʷ ʠʥʝʨʮʠʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʂ ¡, A0 ʝʩʪʴ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʜʚʠʞʫʱʝʡʩʷ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ K. 
ʇʫʩʪʴ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, ʧʦʢʦʷʱʠʡʩʷ ʚ ʪʦʯʢʝ B0, ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t' = 0 ʧʦʩʳʣʘʝʪ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʚ 
ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ y', ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ K 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʂ ¡. ʇʫʩʪʴ ʥʘ ʦʩʠ y' ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʂ ¡ ʥʘ 
ʨʘʩʩʪʦʷʥʠʠ L0 = y0' = y0 ʦʪ ʪʦʯʢʠ B0 ʫʩʪʘʥʦʚʣʝʥʦ ʟʝʨʢʘʣʦ B1, ʦʪ ʢʦʪʦʨʦʛʦ ʵʪʦʪ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ  
ʦʪʨʘʞʘʝʪʩʷ ʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʪʦʯʢʫ B0. ʊʦʛʜʘ (ʧʦʩʢʦʣʴʢʫ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʠ ʟʝʨʢʘʣʦ ʧʦʢʦʷʪʩʷ ʚ 
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ʧʦʢʦʷʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʂ ¡) ʵʪʦʪ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʧʦʢʦʷʱʝʡʩʷ ʩʠʩʪʝʤʝ 

ʦʪʩʯʝʪʘ ʂ ¡ ʩʦ ʩʢʦʨʦʩʪʴʶ c0 ʢʘʢ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʠʟ ʪʦʯʢʠ B0 ʢ ʟʝʨʢʘʣʫ B1, ʪʘʢ ʠ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ 
ʦʪ ʟʝʨʢʘʣʘ B1 ʢ ʪʦʯʢʝ B0, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1 b). ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʚʝʨʥʝʪʩʷ ʚ 
ʪʦʯʢʫ B0 ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʨʘʚʥʳʡ ʚʝʣʠʯʠʥʝ  

0

0

c

L2
t'

Ö
=D ,                                                               (14) 

ʧʦʩʣʝ ʠʟʣʫʯʝʥʠʷ ʵʪʦʛʦ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠʟ ʪʦʯʢʠ B0.  

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʪʦʛʦ ʞʝ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʜʚʠʞʫʱʝʡʩʷ 
ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ K ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʙʣʶʜʘʪʝʣʷ, ʧʦʢʦʷʱʝʛʦʩʷ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʀʉʆ 

ʂ ¡. ʇʨʠ ʵʪʦʤ ʀʉʆ K ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʀʉʆ ʂ ¡ ʚʣʝʚʦ ʩ ʛʘʣʠʣʝʝʚʩʢʦʡ ʩʢʦʨʦʩʪʴʶ u, ʯʪʦ 
ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1 ʘ). 

 
ʈʠʩ. 1. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʚʝʪʘ ʚ ʜʚʠʞʫʱʠʭʩʷ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʀʉʆ: 

 

ʘ) ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʚʝʪʘ ʚ çʜʚʠʞʫʱʝʡʩʷè ʀʉʆ K ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʙʣʶʜʘʪʝʣʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

çʧʦʢʦʷʱʝʡʩʷè ʀʉʆ K ¡, 

b) ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʚʝʪʘ ʚ çʧʦʢʦʷʱʝʡʩʷè ʀʉʆ K ¡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʙʣʶʜʘʪʝʣʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ  

çʧʦʢʦʷʱʝʡʩʷè ʀʉʆ K ¡. 
 
ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  t' = 0 ʪʦʯʢʠ B0 ʠ A0 ʩʦʚʧʘʜʘʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʇʦʵʪʦʤʫ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ K ʠʟʣʫʯʝʥʠʝ ʵʪʦʛʦ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʪʦʯʢʠ A0. ɿʘ ʪʦ ʚʨʝʤʷ, ʧʦʢʘ 

ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʜʚʠʞʝʪʩʷ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʂ ¡ ʠʟ ʪʦʯʢʠ B0 ʢ ʟʝʨʢʘʣʫ B1, ʩʘʤʘ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ ʂ , 

ʜʚʠʛʘʷʩʴ ʩ ʛʘʣʠʣʝʝʚʩʢʦʡ ʩʢʦʨʦʩʪʴʶ u ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʂ ¡, ʧʝʨʝʤʝʩʪʠʪʩʷ ʥʘ 
ʦʧʨʝʜʝʣʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ. ʇʦʵʪʦʤʫ ʦʪʨʘʞʝʥʠʝ ʩʚʝʪʘ ʦʪ ʟʝʨʢʘʣʘ B1 ʚ  ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 
ʦʪʩʯʝʪʘ K ʧʨʦʠʟʦʡʜʝʪ ʚ ʪʦʯʢʝ N ʥʘ ʨʠʩ. 1 ʘ). ɸ ʟʘ ʪʦ ʚʨʝʤʷ, ʧʦʢʘ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʜʚʠʞʝʪʩʷ ʚ 

ʧʦʢʦʷʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʂ ¡ ʦʪ ʟʝʨʢʘʣʘ B1 ʚ ʪʦʯʢʫ B0, ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ K ʪʦʞʝ ʧʝʨʝʤʝʩʪʠʪʩʷ ʥʘ 
ʦʧʨʝʜʝʣʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʠ ʚ ʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʧʨʠʜʝʪ ʚ ʩʠʩʪʝʤʝ 

ʦʪʩʯʝʪʘ ʂ ¡ ʚ ʪʦʯʢʫ B0, ʪʦʯʢʘ B0 ʧʦʢʦʷʱʝʡʩʷ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʂ ¡ ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʪʦʯʢʦʡ ʄ 
ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ K. 

ɺʧʦʣʥʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ A0N = NM. ʆʯʝʚʠʜʥʦ ʪʘʢʞʝ ʠ ʪʦ, ʯʪʦ ʧʫʪʴ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ 
ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ K (ʨʘʚʥʳʡ ʩʫʤʤʝ ʜʣʠʥ ʧʨʷʤʳʭ ʣʠʥʠʡ A0N ʠ NM) ʙʫʜʝʪ ʙʦʣʴʰʠʤ, 

ʯʝʤ ʧʫʪʴ ʵʪʦʛʦ ʞʝ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʧʦʢʦʷʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʂ ¡ (ʨʘʚʥʳʡ ʫʜʚʦʝʥʥʦʡ 
ʜʣʠʥʝ ʣʠʥʠʠ B0B1 = L0). 
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ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ ʯʝʨʝʟ Dt ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʤʦʤʝʥʪʦʤ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʦʚʦʛʦ 
ʩʠʛʥʘʣʘ ʠʟ ʪʦʯʢʠ A0 ʠ ʤʦʤʝʥʪʦʤ ʧʨʠʝʤʘ ʵʪʦʛʦ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʪʦʯʢʝ ʄ ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʳ 
ʦʪʩʯʝʪʘ K, ʪʦ ʧʫʪʴ, ʧʨʦʭʦʜʠʤʳʡ ʩʚʝʪʦʚʳʤ ʩʠʛʥʘʣʦʤ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ K ʦʪ ʪʦʯʢʠ A0 ʜʦ ʪʦʯʢʠ ʄ, 
ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʪʝʦʨʝʤʝ ʇʠʬʘʛʦʨʘ 
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.                                                      (15) 

ʅʦ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ K ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʚ ʪʦʯʢʝ ɺ0, ʠ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʨʢʘʣʘ ɺ1 ʩʦ ʩʢʦʨʦʩʪʴʶ u (ʛʘʣʠʣʝʝʚʩʢʦʡ). ʇʦʵʪʦʤʫ ʤʳ ʜʦʣʞʥʳ ʩʯʠʪʘʪʴ, ʯʪʦ 
ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʜʚʠʞʫʱʝʡʩʷ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ 

K ʚʜʦʣʴ ʧʨʷʤʳʭ ʣʠʥʠʡ A0N ʠ NM ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 
0u cc g= (ʪʦ ʝʩʪʴ ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ 

ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ). ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ Dt ʤʝʞʜʫ ʤʦʤʝʥʪʦʤ 
ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʪʦʯʢʝ A0 ʠ ʤʦʤʝʥʪʦʤ ʧʨʠʝʤʘ ʩʠʛʥʘʣʘ ʚ ʪʦʯʢʝ ʄ ʚ ʜʚʠʞʫʱʝʡʩʷ 
ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ K ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ, ʨʘʟʜʝʣʠʚ ʩʚʝʪʦʚʦʡ ʧʫʪʴ S, ʦʧʨʝʜʝʣʷʝʤʳʡ 
ʫʨʘʚʥʝʥʠʝʤ (15), ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ K, 

ʦʧʨʝʜʝʣʷʝʤʫʶ ʚʳʨʘʞʝʥʠʝʤ 0u cc g= . ʇʦʣʫʯʠʤ  
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ʆʧʨʝʜʝʣʷʷ ʚʝʣʠʯʠʥʫ tD  ʠʟ ʫʨʘʚʥʝʥʠʷ (16), ʧʦʣʫʯʠʤ 
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ʉ ʫʯʝʪʦʤ ʨʘʚʝʥʩʪʚʘ (8) ʚʳʨʘʞʝʥʠʝ (17) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
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ʌʦʨʤʫʣʘ ʞʝ (18) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʚʫʤʷ ʢʘʢʠʤʠ-ʣʠʙʦ 
ʩʦʙʳʪʠʷʤʠ ʚ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ K ʨʘʚʝʥ ʧʨʦʤʝʞʫʪʢʫ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʵʪʠʤʠ ʞʝ ʩʦʙʳʪʠʷʤʠ ʚ 

ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ ʂ ¡ ʪʘʢʞʝ ʠ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʩʚʝʪʦʚʳʝ ʯʘʩʳ ʨʘʩʧʦʣʦʞʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 
ʥʘʧʨʘʚʣʝʥʠʶ  ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ (ʧʦʩʢʦʣʴʢʫ ʧʨʘʚʘʷ ʯʘʩʪʴ ʬʦʨʤʫʣʳ (18) ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʘʚʦʡ 

ʯʘʩʪʴʶ ʬʦʨʤʫʣʳ (14)). ɺ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ, ʧʨʠʥʷʪʦʛʦ ʟʘ ʝʜʠʥʠʮʫ 
ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʚʝʜʝʥʠʝ ʧʦʥʷʪʠʷ "ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ" 
ʠʩʢʣʶʯʘʝʪ ʠʟ ʉʊʆ ʪʘʢʦʡ ʵʬʬʝʢʪ ʢʘʢ ʟʘʤʝʜʣʝʥʠʝ ʚʨʝʤʝʥʠ ʚ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ ʠ ʧʨʝʚʨʘʱʘʝʪ 
ʚ ʥʝʥʘʫʯʥʫʶ ʬʘʥʪʘʩʪʠʢʫ ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʫʪʝʰʝʩʪʚʠʷ ʚ ʙʫʜʫʱʝʝ ɿʝʤʣʠ ʟʘ ʩʯʝʪ 
ʜʣʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʢʦʩʤʦʩʝ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ (ʙʣʠʟʢʦʡ ʢ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ). 
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Abstract 

The formation of the stimulated photon echo (SPE) in a three-level system in the presence of external 
inhomogeneous electric fields studied. The possibility of controlling of the stimulated photon echo 
appearance in nano-time range discussed. 
 
Keywords: stimulated photon echo, the inhomogeneous broadening of the resonance line, the external 
spatially inhomogeneous electric field. 

 
ɸʥʥʦʪʘʮʠʷ 

ʀʩʩʣʝʜʦʚʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʬʦʪʦʥʥʦʛʦ ʵʭʦ (ʉʌʕ) ʚ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʝ 
ʧʨʠ ʥʘʣʠʯʠʠ ʚʥʝʰʥʠʭ ʥʝʦʜʥʦʨʦʜʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʇʦʢʘʟʘʥʘ  ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ 
ʚʨʝʤʝʥʝʤ ʧʦʷʚʣʝʥʠʷ ʦʪʢʣʠʢʘ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʬʦʪʦʥʥʦʛʦ ʵʭʘ ʚ ʥʘʥʦʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʬʦʪʦʥʥʦʝ ʵʭʦ, ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʰʠʨʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʡ ʣʠʥʠʠ, 
ʚʥʝʰʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. 
 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʠʚʣʝʢʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʥʳʭ 
ʧʨʦʮʝʩʩʦʚ ʪʠʧʘ ʬʦʪʦʥʥʦʛʦ ʵʭʘ ʚ  ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤʘʭ [1,2] . ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ 
ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʦʪʦʥʥʦʛʦ ʵʭʘ, ʧʦʜʚʝʨʛʘʷ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʩʠʩʪʝʤʫ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʚʥʝʰʥʠʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ. ʕʪʦ 
ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʵʬʬʝʢʪʫ ʟʘʧʠʨʘʥʠʷ ʩʠʛʥʘʣʦʚ ʬʦʪʦʥʥʦʛʦ ʵʭʘ ʠ ʢ ʠʟʤʝʥʝʥʠʶ ʚʨʝʤʝʥʠ ʧʦʷʚʣʝʥʠʷ 
ʦʪʢʣʠʢʘ ʵʭʘ [3].  

ɻʘʤʠʣʴʪʦʥʠʘʥ ʪʨʸʭʫʨʦʚʥʝʚʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ ʧʨʠ 
ʥʘʣʠʯʠʠ ʚʥʝʰʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ 

 

 

 

                                                             
Ò Nefediev L.A., Nizamova E.I., Garnaeva G.I., Hakimzyanova E.I., Sakhbieva A.R., Ahmedshina E.N., 2013 
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ʇʨʠ ʦʧʠʩʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʚʘʥʪʦʚʦʡ ʩʠʩʪʝʤʳ ʩ ʠʟʣʫʯʝʥʠʝʤ ʦʛʨʘʥʠʯʠʤʩʷ ʩʣʫʯʘʝʤ 

ʢʦʨʦʪʢʠʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ ȹt ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʚʨʝʤʸʥ ʥʝʦʙʨʘʪʠʤʳʭ 
ʨʝʣʘʢʩʘʮʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ɖ - ʛʦ ʠʤʧʫʣʴʩʘ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ 
ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

 

 

  

 
 
ʈʘʩʩʤʦʪʨʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʬʦʪʦʥʥʦʛʦ ʵʭʦ ʚ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʩʨʝʜʝ ʧʨʠ 

ʥʘʣʠʯʠʠ ʚʥʝʰʥʠʭ ʥʝʦʜʥʦʨʦʜʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ  ʨʠʩʫʥʦʢ 1. 
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ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʙʫʞʜʝʥʠʝ 

ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʠ ʥʝʦʜʥʦʨʦʜʥʦ ʫʰʠʨʝʥʥʦʡ ʣʠʥʠʠ ků ʨʝʟʦʥʘʥʩʥʳʤ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʛʜʝ 
ů - ʰʠʨʠʥʘ ʥʝʦʜʥʦʨʦʜʥʦ ʫʰʠʨʝʥʥʦʡ ʣʠʥʠʠ  (kÒ1). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʥʝʰʥʝʝ ʥʝʦʜʥʦʨʦʜʥʦʝ 
ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʦʟʜʘʸʪ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʰʠʨʝʥʠʝ ʩʨʘʚʥʠʤʦʝ ʩ  ků, ʢʦʪʦʨʳʤ 
ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ. ʌʘʟʦʚʘʷ ʯʘʩʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪʢʣʠʢʘ ʠʤʝʝʪ ʚʠʜ 
ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʣʫʯʝʥʥʦʤʫ ʚ  [5]: 
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ɸʥʘʣʠʟ ʚʨʝʤʝʥʠ ʧʦʷʚʣʝʥʠʷ ʦʪʢʣʠʢʘ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʬʦʪʦʥʥʦʛʦ ʵʭʦ ʧʨʠ k<<1  
ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʠʤ ʚ ʥʘʥʦʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ 
ʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 4, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʧʫʪʸʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʚʳʨʘʞʝʥʠʷ (5). ʆʪʤʝʪʠʤ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʣʠʢʘ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʬʦʪʦʥʥʦʛʦ 
ʵʭʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʟʥʘʯʝʥʠʡ ʛʨʘʜʠʝʥʪʦʚ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 
ʧʦʣʝʡ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 3 ʠ 5.  

 

ɺʳʚʦʜʳ  

ɺʨʝʤʷ ʧʦʷʚʣʝʥʠʷ ʦʪʢʣʠʢʘ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʬʦʪʦʥʥʦʛʦ ʵʭʘ ʚ ʪʨʸʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʝ 

ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥ ʛʨʘʜʠʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ 
ʦʪ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦ ʫʰʠʨʝʥʥʦʡ ʣʠʥʠʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʝʨʝʭʦʜʘ. 
ɺʘʨʴʠʨʫʷ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʛʨʘʜʠʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʦʛʦ 
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʚʨʝʤʝʥʝʤ ʧʦʷʚʣʝʥʠʷ ʦʪʢʣʠʢʘ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʬʦʪʦʥʥʦʛʦ 
ʵʭʘ ʚ ʪʫ ʠʣʠ ʠʥʫʶ ʩʪʦʨʦʥʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʨʝʤʝʥʠ ʧʦʷʚʣʝʥʠʷ ʦʪʢʣʠʢʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʠʭ ʧʦʣʝʡ. 
ʆʜʥʘʢʦ ʧʨʠ ʩʜʚʠʛʝ ʚʨʝʤʝʥʠ ʧʦʷʚʣʝʥʠʷ ʦʪʢʣʠʢʘ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʬʦʪʦʥʥʦʛʦ ʵʭʘ ʧʨʦʠʩʭʦʜʠʪ 
ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ  ʧʦʣʷ ʦʪʢʣʠʢʘ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʷ ʛʨʘʜʠʝʥʪʦʚ ʚʥʝʰʥʠʭ 
ʧʦʣʝʡ ʠʤʝʶʪ ʥʝʦʜʠʥʘʢʦʚʦʝ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. 
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Abstract 

In paper was developed fuzzy regression model based on interval type-2 fuzzy sets which allows to 
operate correctly with values of quality characteristics of complex technical systems and obtain stable 
and valid predicted values. 
 

Keywords: fuzzy regression analysis, interval type-2 fuzzy sets. 
 
Often enough expert evaluations are the only means of evaluation of qualitative characteristics 

of complex technical systems because of absence of reliable mathematical models, accurate statistical 
information and a number of other causes. Possibility of usage of numerical evaluations by experts is 
criticized for a long time, because final results donôt always possess stability, and evaluations are too 
rough and cannot reproduce the features of individual evaluation process. [1-3]. The same problems 
arise when using classical regression analysis to predict the values of non-numerical characteristics and 
to study the relationship between them. An alternative approach to solving these problems has become 

                                                             
Ò Poleschuk O.M., Komarov E.G., Malolepshaya N.E., 2013 
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fuzzy regression analysis [4-6], and the hybrid fuzzy least-squares regression analysis [7-11], combining 
the advantages of classical and fuzzy analysis.  

The modeling approach based on the fuzzy set theory has allowed excluding the shortcomings of 
traditional fuzzy information formalization. Successful development of the fuzzy set theory has ensured its 
recognition, however it has revealed points that need solving. A most criticized section of the fuzzy set theory is 
a phase of data formalization or creation of corresponding membership functions. As a rule, formalization 
model requirements are defined within each specific problem framework, and quality of built-up models often 
depends on experience and skills of the contributors. Apparently, a reason for such dependence is that 
formalization methods are limited by both a type of information and a way the experts provide it. 

The original task while processing the expert evaluation of qualitative characteristics of complex 
technical systems is the task of formalizing the obtained information. The solution of this problem lies in 
creating expert evaluation models in a uniform universal set. In the context of the instruments of the fuzzy sets 
theory semantic the space with a wide sphere of practical applications (expert systems, decision-making 
support intellect systems, data analysis and complex process management) may serve as these models [10].  

As it is well known semantic space is a linguistic variable with a fixed term-set [10]. 
A linguistic variable is a set of five 

(){ }S,V,U,XT,X , 

where X - is a name of a variable; 

(){ }m,i,XXT
i

1== -  a term-set of variable X , i.e. a set of terms or names of linguistic meanings 

of variable X (each of these meanings is a fuzzy variable with a value from a universal set U ); 

V  - is a syntactical rule that gives names of the meanings of a linguistic variable X ; 

S  - is a semantic rule that gives to every fuzzy variable with a name from ()XT  a corresponding 

fuzzy subset of a universal set U . 

The methods of construction of expert evaluation  models were developed in [10]. In [12] 
presents a method of construction of an expert group evaluation  model based on interval type-2 fuzzy 
sets. The method allows to take into account the variation of expert opinions and get not only some 
average opinion 

We allow to use a  linear regression model based on interval type-2 fuzzy sets for predicting 
qualitative characteristics of complex technical systems. 

The linear hybrid regression model as follows:  
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and input IT2 FSs are triangular fuzzy numbers. 
The method of regressionôs creation is based on the transformation of the LMFs and UMFs of 

input and output IT2 FSs into weighted intervals. 

Let us determine the weighed intervals [ ]L
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We can always determine model output data with the help of  a-cuts.  

For example if ( )rl bbba ,,~¹  is a negative fuzzy number ( )0<+ rbb , 

( )rl aaaA ,,
~
=   is a nonnegative number ( )0²- laa  then according to multiplication operation for 

fuzzy numbers, the a-cut of  Aa
~~

  looks like [ ]21 , aa CC  , where 
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Let us consider a functional 
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which characterizes an affinity measure between initial and model output data. 
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The optimization problem is set as follows: 
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piecewise differentiable function, and solutions of an optimization problem are found by means of known 
methods [13]. 

The weighted intervals  for LMF and  UMF of model iYĔ, ni ,1=   are designated by  

[ ]iLiL CC 21 , , [ ] niCC iLiL ,1,, 21 =  accordingly. The weighted intervals for LMF and UMF of initial data 

pkYk ,1,
~~
=  are designated by [ ]iLiL DD 21 , , [ ] pkDD iLiL ,1,, 21 =  accordingly.  
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Evaluation of qualitative characteristics of complex technical systems always has been non-

trivial task, since in most cases it is caused by involvement experts. It is necessary not only to obtain 
information from them, but also to process it keeping unique individual experience and knowledge 
maximally. Methods of the theory of expert evaluation have begun to fail, since procedures of evaluation 
complicated considerably, increased the cost of failure and accordingly responsibility of expert for 
evaluation individually as well as in cooperative decision making. Therefore in paper was developed 
fuzzy regression model based on interval type-2 fuzzy sets which allows to operate correctly with values 
of quality characteristics of complex technical systems and obtain stable and valid predicted values. 
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Abstract 

The article adduces the data of comparative water filtration experiments using filters with the ordinary 
filling (quartz sand) and with the lidit-filling (lidit aggregate). It has been found experimentally that our 
assumption that the surface of lidit with the impurities of nanoparticles of silver possesses strong 
bactericidal properties is true. The lidit aggregate can be efficiently used as filling of multipurpose filters, 
such as filter for industrial and hospital sewage treatment, purification of rainwater, water preparation and 
sterilization of potable and foul water. 
 

Keywords: lidit, carbonaceous material, filters, nanoparticles of silver. 
 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʩ ʧʦʤʦʱʴʶ 
ʬʠʣʴʪʨʦʚ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʥʘʧʦʣʥʝʥʠʝʤ (ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ) ʠ ʣʠʜʠʪʦʚʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ (ʣʠʜʠʪʦʚʘʷ 
ʢʨʦʰʢʘ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʩʠʣʴʥʦʤ ʙʘʢʪʝʨʠʮʠʜʥʦʤ ʩʚʦʡʩʪʚʝ 
ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʜʠʪʘ ʩ ʚʢʣʶʯʝʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ. ʃʠʜʠʪʦʚʘʷ ʢʨʦʰʢʘ ʤʦʞʝʪ ʙʳʪʴ 
ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʬʠʣʴʪʨʘʭ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ: ʜʣʷ 
ʦʯʠʩʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ; ʦʯʠʩʪʢʠ ʜʦʞʜʝʚʳʭ ʚʦʜ; ʜʣʷ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ; ʦʯʠʩʪʢʠ ʩʪʦʢʦʚ 
ʙʦʣʴʥʠʮ; ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʧʠʪʴʝʚʳʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʜʠʪ, ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʝ ʤʘʪʝʨʠʘʣʳ, ʬʠʣʴʪʨʳ, ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ. 

                                                             
Ò Vinogradov N.V., Vinogradov V.V., Dzhuraev A.M., Tuzov L.V., Tuzova O.L., 2013 
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ɿʘʤʝʥʘ ʵʥʝʨʛʦʝʤʢʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʟʘʥʠʤʘʝʪ ʦʜʥʦ ʠʟ 
ʚʝʜʫʱʠʭ ʤʝʩʪ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʝ. ʆʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 
ʟʘʥʠʤʘʝʪ ʪʘʢʞʝ ʩʚʝʜʝʥʠʝ ʢ ʤʠʥʠʤʫʤʫ ʚʨʝʜʘ, ʥʘʥʦʩʠʤʦʛʦ ʵʢʦʣʦʛʠʠ. ɸʚʪʦʨʳ ʟʘʥʠʤʘʶʪʩʷ ʠʟʫʯʝʥʠʝʤ 
ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʤʠʥʝʨʘʣʘ ʣʠʜʠʪʘ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʧʦ ʚʩʝʤʫ ʤʠʨʫ 
(ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʂʳʨʛʳʟʩʪʘʥʝ) ʚ ʢʘʯʝʩʪʚʝ ʦʛʥʝʫʧʦʨʥʦʛʦ, ʭʠʤʠʯʝʩʢʠ ʩʪʦʡʢʦʛʦ ʠ ʬʠʣʴʪʨʫʶʱʝʛʦ 
ʤʘʪʝʨʠʘʣʘ. ʇʨʦʤʳʰʣʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʜʠʪʘ ʩʚʦʜʠʪ ʢ ʤʠʥʠʤʫʤʫ ʚʨʝʜ, ʥʘʥʦʩʠʤʳʡ ʧʨʠʨʦʜʝ, 
ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʠ ʷʚʣʷʝʪʩʷ ʙʝʟʦʪʭʦʜʥʳʤ. 

 

 
 

ʈʠʩ.1. ʆʙʨʘʟʮʳ ʣʠʜʠʪʘ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 
 
ʃʠʜʠʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʜʠʩʧʝʨʩʥʦ-ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʛʣʝʨʦʜʘ (ʜʦ 4%) ʚ ʜʠʦʢʩʠʜʝ ʢʨʝʤʥʠʷ. ɹʦʛʘʪʳʝ ʫʛʣʝʨʦʜʦʤ ʣʠʜʜʠʪʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʣʘʪʦʢʫʟʥʝʮʘʤʠ ʠ ʶʚʝʣʠʨʘʤʠ ʚ ɼʨʝʚʥʝʡ ʃʠʜʠʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʙʠʨʥʦʛʦ ʢʘʤʥʷ. ɺ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʠʜʠʪ ʥʝʟʘʩʣʫʞʝʥʥʦ ʟʘʙʳʪ ʠ ʥʝ ʥʘʭʦʜʠʪ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɸʚʪʦʨʘʤʠ 
ʧʨʦʚʦʜʷʪʩʷ ʚʩʝʩʪʦʨʦʥʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʥʝʨʘʣʘ. ɼʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʜʠʪʘ ʚ ʢʘʯʝʩʪʚʝ ʦʛʥʝʫʧʦʨʘ, ʧʦ ʩʚʦʡʩʪʚʘʤ ʥʝ ʫʩʪʫʧʘʶʱʝʛʦ ʢʣʘʩʩʠʯʝʩʢʠʤ 
ʦʛʥʝʫʧʦʨʘʤ ʜʠʥʘʩʦʚʦʛʦ ʪʠʧʘ [1] ʠ ʚ ʢʘʯʝʩʪʚʝ ʭʠʤʠʯʝʩʢʠ ʩʪʦʡʢʦʛʦ ʤʘʪʝʨʠʘʣʘ [2]. ʇʨʦʠʟʚʦʜʩʪʚʦ 
ʠʟʜʝʣʠʡ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʣʠʜʠʪʘ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʝʟʦʪʭʦʜʥʳʤ ʩʧʦʩʦʙʦʤ. ʃʠʜʠʪʦʚʫʶ ʢʨʦʰʢʫ, 
ʧʦʣʫʯʘʝʤʫʶ ʧʨʠ ʨʘʩʧʠʣʦʚʢʝ ʠʟʜʝʣʠʡ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʥʫʞʜ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʠ ʚ ʢʘʯʝʩʪʚʝ ʬʠʣʴʪʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʚ ʬʠʣʴʪʨʘʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʩ ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʦʚ 

ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʥʘʧʦʣʥʠʪʝʣʝʤ (ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ) ʠ ʣʠʜʠʪʦʚʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ (ʣʠʜʠʪʦʚʘʷ 
ʢʨʦʰʢʘ). ɼʣʷ ʬʠʣʴʪʨʦʚʘʥʠʷ ʚʦʜʳ ʧʦ ʨʘʟʥʳʤ ʜʘʥʥʳʤ ʧʨʠʤʝʥʷʶʪʩʷ ʬʠʣʴʪʨʳ ʠʟ ʢʚʘʨʮʝʚʦʛʦ 
ʧʝʩʢʘ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʬʠʣʴʪʨʫʶʱʝʛʦ ʩʣʦʷ 70 ʩʤ ʠ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʸʨʝʥ 0,7-0,8 
ʤʤ. ʀʥʦʛʜʘ ʧʨʠʤʝʥʷʶʪʩʷ ʬʠʣʴʪʨʳ ʩ ʟʝʨʥʦʤ ʦʪ 0,3 ʜʦ 0,5 ʤʤ. ɺʟʚʝʰʝʥʥʳʝ ʯʘʩʪʠʮʳ 
ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ ʚʦʜʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʧʨʠʣʠʧʘʥʠʷ ʢ ʟʝʨʥʘʤ ʬʠʣʴʪʨʫʶʱʝʡ 
ʟʘʛʨʫʟʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʣ (ʩʠʣʳ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ).  ʀʥʪʝʥʩʠʚʥʦʩʪʴ 
ʧʨʠʣʠʧʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʘʛʨʝʛʘʪʠʚʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʯʘʩʪʠʮ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʤʝʥʷʪʴ ʩ 
ʧʦʤʦʱʴʶ ʜʦʙʘʚʣʝʥʠʷ ʢʦʘʛʫʣʷʥʪʘ. 

ɼʣʷ ʨʘʙʦʪʳ ʤʳ ʚʳʙʨʘʣʠ ʬʠʣʴʪʨʘʮʠʶ ʯʝʨʝʟ ʬʨʘʢʮʠʠ 0,5-0,8 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ ʪʨʫʙʳ  3,5 
ʩʤ. ʉʢʦʨʦʩʪʴ ʧʨʦʪʦʢʘ ï 25 ʩʤ3 ʚ ʤʠʥʫʪʫ. ɺ ʦʪʣʠʯʠʠ ʦʪ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʘʛʫʣʷʥʪʦʚ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 
ʦʩʘʞʜʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʨʠʰʣʦʩʴ ʧʨʠʤʝʥʠʪʴ ʦʙʨʘʪʥʳʡ ʤʝʪʦʜ 
ʚʦʟʜʝʡʩʪʚʠʷ ï ʦʨʛʘʥʠʯʝʩʢʘʷ ʧʨʠʤʝʩʴ ʷʚʣʷʝʪʩʷ ʢʦʘʛʫʣʷʥʪʦʤ ʜʣʷ ʤʥʦʛʦʚʘʣʝʥʪʥʳʭ ʠʦʥʦʚ. 

ʌʠʣʴʪʨʦʚʘʥʠʝ ʚʦʜʳ ʥʘ ʧʝʩʯʘʥʳʭ (ʢʚʘʨʮʝʚʳʭ) ʬʠʣʴʪʨʘʭ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʚʦʜʦʦʯʠʩʪʥʳʭ ʩʪʘʥʮʠʷʭ. ʇʦʵʪʦʤʫ ʯʘʩʪʴ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʩʚʷʱʝʥʘ 
ʦʧʨʝʜʝʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʬʠʣʴʪʨʦʚʘʥʠʷ ʧʦ ʫʜʘʣʝʥʠʶ ʚʨʝʜʥʳʭ ʠʦʥʦʚ ʠ ʜʨʫʛʠʭ 
ʚʝʱʝʩʪʚ ʯʝʨʝʟ ʧʝʩʦʢ ʠ ʣʠʜʠʪʦʚʫʶ ʢʨʦʰʢʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʙʳʯʥʦʝ 
ʬʠʣʴʪʨʦʚʘʥʠʝ ʯʝʨʝʟ ʧʝʩʯʘʥʳʝ ʬʠʣʴʪʨʳ ʥʝ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʫʜʘʣʝʥʠʷ 
ʨʘʩʪʚʦʨʝʥʥʳʭ ʠʦʥʦʚ ʚʨʝʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɺ ʦʩʥʦʚʥʦʤ ʜʝʡʩʪʚʠʝ ʢʚʘʨʮʝʚʳʭ ʬʠʣʴʪʨʦʚ ʩʦʩʪʦʠʪ ʚ 
ʫʜʘʣʝʥʠʠ ʠʦʥʦʚ, ʟʘʭʚʘʯʝʥʥʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʭʣʦʧʴʷʤʠ ʢʦʘʛʫʣʷʥʪʘ ʛʨʷʟʝʚʳʭ ʚʢʣʶʯʝʥʠʡ. 

ɸʚʪʦʨʘʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʪʣʠʯʠʡ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʩ 
ʨʘʩʪʚʦʨʸʥʥʳʤʠ ʚ ʥʝʡ ʠʦʥʘʤʠ ʚʨʝʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʯʝʨʝʟ ʦʙʳʯʥʳʡ ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ ʠ ʯʝʨʝʟ 
ʣʠʜʠʪʦʚʫʶ ʢʨʦʰʢʫ. 
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ʈʠʩ. 2. ʃʘʙʦʨʘʪʦʨʥʳʡ ʬʠʣʴʪʨ: 1) ʧʝʩʯʘʥʦ-ʢʚʘʨʮʝʚʘʷ ʥʘʙʠʚʢʘ; 2) ʣʠʜʠʪʦʚʘʷ ʥʘʙʠʚʢʘ 
 

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʜʥʦʩʣʦʡʥʳʭ ʬʠʣʴʪʨʘʭ ʠʟ ʧʝʩʢʘ ʠ ʢʨʦʰʢʠ ʣʠʜʠʪʘ ʩ 
ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 0,5-0,8 ʤʤ ʠ ʪʦʣʱʠʥʦʡ ʩʣʦʷ ʦʪ 30 ʜʦ 70-ʪʠ ʩʘʥʪʠʤʝʪʨʦʚ ʧʦʢʘʟʘʣʠ ʣʫʯʰʫʶ 
ʩʦʨʙʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʨʦʰʢʠ ʣʠʜʠʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʙʳʣʠ ʚʟʷʪʳ ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ 
ʩʪʨʦʥʮʠʷ, ʚʦʣʴʬʨʘʤʘ, ʙʘʨʠʷ, ʢʘʜʤʠʷ, ʢʦʙʘʣʴʪʘ ʠ ʨʪʫʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ ʩʣʦʡ 
ʣʠʜʠʪʦʚʦʡ ʢʨʦʰʢʠ ʧʦʢʘʟʘʣʠ  ʧʦʛʣʦʱʝʥʠʝ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 
ʚʦʜʝ ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʢʦʘʛʫʣʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 
ʈʝʟʫʣʴʪʘʪʳ ʬʠʣʴʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʯʝʨʝʟ ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ ʠ ʣʠʜʠʪʦʚʫʶ ʢʨʦʰʢʫ 

 

ʇʦʛʣʦʱʘʝʤʳʡ 
ʠʦʥ 

ʈʅ 
ʬʠʣʴʪʨʘʪʘ 

ʋʜʘʣʝʥʠʝ ʚ % (ʢʚʘʨʮʝʚʳʡ 
ʬʠʣʴʪʨ) 

ʋʜʘʣʝʥʠʝ ʚ % (ʣʠʜʠʪʦʚʳʡ 
ʬʠʣʴʪʨ) 

  ʯʠʩʪʳʡ 
ʨʘʩʪʚʦʨ 

ʨʘʩʪʚʦʨ ʩ 
ʢʦʘʛʫʣʷʥʪʦʤ 

ʯʠʩʪʳʡ 
ʨʘʩʪʚʦʨ 

ʨʘʩʪʚʦʨ ʩ 
ʢʦʘʛʫʣʷʥʪʦʤ 

Sr2+ 8,3 1 4 12 63 

Wʆ4
2- 7,1 3 18 3 38 

ɺʘ2+ 8,3 1 6 12 92 

Cd2+ 8,1 7 56 17 95 

Co2+ 7,6 2 48 17 94 

Hg2+ 7,0 3 36 22 96 
 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʘʛʫʣʷʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ 
ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʩʦʩʪʘʚʣʷʣʠ 0,01 ʤʦʣʴ/ʣʠʪʨ. ɼʝʮʠʤʦʣʷʨʥʳʝ ʨʘʩʪʚʦʨʳ ʧʦʛʣʦʱʘʣʠʩʴ ʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʦ, ʥʦ ʸʤʢʦʩʪʴ ʬʠʣʴʪʨʦʚ ʙʳʩʪʨʦ ʧʘʜʘʣʘ. ɼʣʷ ʭʦʨʦʰʝʛʦ ʧʦʛʣʦʱʝʥʠʷ ʪʨʝʙʦʚʘʣʘʩʴ 
ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʜʦʙʘʚʢʘ ʢʦʘʛʫʣʷʥʪʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʬʠʣʴʪʨʫʶʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, 
ʦʙʣʘʜʘʶʱʠʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 
ʜʨʝʚʝʩʥʳʡ ʫʛʦʣʴ ʧʦʛʣʦʱʘʣ 86% ʨʪʫʪʠ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ ï 92%, ʛʣʘʫʢʦʥʠʪ ï 83%. 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʣʠʜʠʪʦʚʳʝ ʬʠʣʴʪʨʳ ʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʳ, ʯʝʤ ʦʙʳʯʥʳʝ ʢʚʘʨʮʝʚʳʝ. ʆʥʠ ʠʤʝʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʪʴ 
ʠʦʥʳ ʚʨʝʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʜʘʞʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʘʛʫʣʷʥʪʦʚ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʠʯʠʝʤ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʜʠʪʦʚʦʡ ʢʨʦʰʢʠ ʚʢʣʶʯʝʥʠʡ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʝʪ ʧʦʚʝʨʭʥʦʩʪʥʦ-
ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʩʦʨʙʮʠʠ ʠʦʥʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʯʠʩʪʳʭ ʨʘʩʪʚʦʨʦʚ ʙʝʟ 
ʢʦʘʛʫʣʷʥʪʦʚ ʧʦʢʘʟʘʣʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʧʦʛʣʦʱʝʥʠʷ, ʯʝʤ ʫ ʯʠʩʪʦʛʦ ʢʚʘʨʮʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 
ʥʘʣʠʯʠʝ ʠʦʥʦʦʙʤʝʥʥʳʭ ʮʝʥʪʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʜʠʪʘ. ʅʘʣʠʯʠʝ ʵʪʠʭ ʮʝʥʪʨʦʚ ʪʘʢʞʝ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ çʩʣʠʧʘʝʤʦʩʪʴè ʩʢʦʘʛʫʣʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʣʠʜʠʪʦʚʦʡ 
ʢʨʦʰʢʠ ʠ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʲʷʩʥʷʝʪ ʚʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʪ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʠ (ʤʝʥʴʰʝ 0,1 ʤʤ), ʜʦʙʘʚʣʝʥʥʦʡ ʚ ʦʯʠʱʘʝʤʳʡ 

ʨʘʩʪʚʦʨ ʚ ʚʠʜʝ ʚʟʚʝʩʠ ʠ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʘʥʥʦʡ ʧʦʢʘʟʘʣʦ ʩʦʨʙʠʨʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 
ʧʨʠʙʣʠʞʘʶʱʫʶʩʷ ʢ 100 %. ʇʦʜʘʯʘ ʵʪʦʡ ʚʟʚʝʩʠ ʥʘ ʩʪʘʥʜʘʨʪʥʳʝ ʢʚʘʨʮʝʚʳʝ ʠʣʠ ʣʠʜʠʪʦʚʳʝ ʬʠʣʴʪʨʳ 
ʪʦʥʢʦʜʠʩʧʝʨʩʥʘʷ ʬʨʘʢʮʠʷ ʧʦʣʥʦʩʪʴʶ ʫʣʘʚʣʠʚʘʣʘʩʴ ʩ ʥʝʙʦʣʴʰʦʡ ʜʦʙʘʚʢʦʡ ʢʦʘʛʫʣʷʥʪʘ, ʘ ʚ 
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ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠ ʙʝʟ ʥʠʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʰʝʥʘ ʧʨʦʙʣʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʳʣʝʦʙʨʘʟʥʳʭ 
ʦʪʭʦʜʦʚ ʨʘʩʧʠʣʦʚʢʠ ʣʠʜʠʪʦʚ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʨʙʝʥʪʘ 
ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʪ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ. ʊʘʢʦʝ ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʠʦʥʦʚ ʧʦʣʠʚʘʣʝʥʪʥʳʭ 
ʤʝʪʘʣʣʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʝʥʠʝʤ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʰʢʘ, ʥʦ ʠ, ʚ 
ʦʩʥʦʚʥʦʤ, ʚʩʢʨʳʪʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʢʪʠʚʥʳʭ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʮʝʥʪʨʦʚ ʩʪʨʫʢʪʫʨʳ ʣʠʜʠʪʘ. 

ɼʘʣʴʥʝʡʰʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʣʠʜʠʪʦʚʳʭ ʬʠʣʴʪʨʦʚ ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ 
ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʮʝʥʪʨʦʚ ʦʙʤʝʥʠʚʘʪʴʩʷ ʥʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ (ʥʘʥʦʜʠʩʧʝʨʩʥʳʝ)  ʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ 
ʧʦʩʨʝʜʩʪʚʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ. ʊʘʢʦʝ ʩʝʨʝʙʨʦ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʦ ʩʮʝʧʣʝʥʦ ʩ 
ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʣʦʝʤ ʦʢʩʠʜ-ʢʨʝʤʥʠʝʚʦʡ ʤʘʪʨʠʮʳ ʣʠʜʠʪʘ, ʥʦ ʚʚʠʜʫ ʩʚʦʝʡ ʥʘʥʦʨʘʟʤʝʨʥʦʩʪʠ ʤʦʞʝʪ 
ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤʠ ʙʘʢʪʝʨʠʮʠʜʥʳʤʠ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʠʯʪʦʞʥʦ ʤʘʣʘʷ ʜʦʙʘʚʢʘ ʩʝʨʝʙʨʘ 
(ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 0,01% ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ) ʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʦʝ ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ 
ʬʠʣʴʪʨʫʝʤʫʶ ʚʦʜʫ, ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʝʙʨʘ ʚ ʚʦʜʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,01 ʇɼʂ (ʧʨʝʜʝʣʴʥʦ 
ʜʦʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ). ʆʯʠʩʪʢʘ ʚʦʜʳ ʩ ʧʦʜʘʯʝʡ ʭʣʦʨʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʝʨʴʸʟʥʦʡ 
ʢʨʠʪʠʢʝ, ʥʦ ʪʝʤ ʥʝ ʤʝʥʝʝ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʦʯʠʩʪʢʠ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. ʅʘʣʠʯʠʝ ʩʝʨʝʙʨʘ 
ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʜʦʙʘʚʢʫ ʭʣʦʨʘ ʚ ʜʚʘ-ʧʷʪʴ ʨʘʟ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʭʣʦʨ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ 
ʜʝʡʩʪʚʫʝʪ ʥʘ ʙʘʢʪʝʨʠʠ ʧʨʠ ʥʘʣʠʯʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʝʨʝʙʨʷʥʳʭ ʮʝʥʪʨʦʚ. ɹʘʢʪʝʨʠʠ, ʚʨʝʤʝʥʥʦ 
ʠʤʤʦʙʠʣʠʟʫʷʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʯʘʩʪʢʘʭ ʬʠʣʴʪʨʘ,  ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʩʝʨʝʙʨʷʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʠ 

ʧʦʜʦʰʝʜʰʠʝ ʚ ʪʦʞʝ ʤʝʩʪʦ ʤʦʣʝʢʫʣʳ ʭʣʦʨʘ, ʘʢʪʠʚʥʦ ʨʘʟʣʘʛʘʶʪʩʷ, ʩʦʟʜʘʚʘʷ ʤʝʩʪʥʫʶ ʧʦʚʳʰʝʥʥʫʶ 
ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʢʪʠʚʥʦʛʦ ʭʣʦʨʘ, ʛʫʙʠʪʝʣʴʥʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʙʘʢʪʝʨʠʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʟʷʪʳ ʧʨʦʙʳ ʚʦʜʳ ʠʟ ʙʝʨʝʛʦʚʦʡ ʟʦʥʳ ʅʠʞʥʝ-ʘʣʘʘʨʯʠʥʩʢʦʛʦ 
ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ɿʘʪʝʤ ʦʙʨʘʟʮʳ ʚʦʜʳ, ʨʘʟʚʝʜʸʥʥʳʝ ʚ ʬʠʟʨʘʩʪʚʦʨʝ ʚ ʦʪʥʦʰʝʥʠʠ 1 ʢ 10, 
ʧʦʤʝʱʘʣʠʩʴ ʥʘ ʧʣʦʪʥʫʶ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʕʥʜʦ, ʢʦʪʦʨʘʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʙʘʢʪʝʨʠʡ ʢʠʰʝʯʥʳʭ ʧʘʣʦʯʝʢ. ʏʝʨʝʟ 5 ʤʠʥʫʪ ʚʦʜʘ ʩʣʠʚʘʣʘʩʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. 
ʆʙʨʘʟʮʳ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠʩʴ ʚ ʪʝʨʤʦʩʪʘʪʝ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ-ʪʨʸʭ ʩʫʪʦʢ. ɺ ʯʘʰʢʘʭ ʇʝʪʨʠ ʦʧʨʝʜʝʣʷʣʩʷ 
ʦʙʠʣʴʥʳʡ ʨʦʩʪ ʢʦʣʦʥʠʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʬʦʪʦʛʨʘʬʠʷ 1 ï ʨʠʩ.3).  
 

                                                                                             

ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʟʘʩʝʣʸʥʥʦʩʪʠ ʚʦʜʳ ʤʠʢʨʦʬʣʦʨʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʦʙʨʘʙʦʪʢʠ 

(1 ï ʠʩʭʦʜʥʘʷ ʚʦʜʘ (ʤʥʦʞʝʩʪʚʦ ʢʦʣʦʥʠʡ);  ï ʚʦʜʘ,  ʧʨʦʧʫʱʝʥʥʘʷ ʯʝʨʝʟ ʣʠʜʠʪʦʚʫʶ ʢʨʦʰʢʫ (ʚʠʜʥʦ 
ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʦʣʦʥʠʡ); 3 ï ʚʦʜʘ, ʧʨʦʧʫʱʝʥʥʘʷ ʯʝʨʝʟ ʣʠʜʠʪʦʚʫʶ ʢʨʦʰʢʫ, 

ʦʙʨʘʙʦʪʘʥʥʫʶ ʩʝʨʝʙʨʦʤ (ʝʜʠʥʠʯʥʳʝ ʢʦʣʦʥʠʠ). 

 
ʆʙʨʘʟʮʳ ʚʦʜʳ, ʧʨʦʧʫʱʝʥʥʳʝ ʯʝʨʝʟ ʦʙʳʯʥʳʡ ʣʠʜʠʪʦʚʳʡ ʬʠʣʴʪʨ ʫʤʝʥʴʰʘʣʠ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʣʦʥʠʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʬʦʪʦʛʨʘʬʠʷ 2 ï ʨʠʩ3). ɺʦʜʘ, ʧʨʦʧʫʱʝʥʥʘʷ ʯʝʨʝʟ ʣʠʜʠʪʦʚʳʝ ʬʠʣʴʪʨʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʩʝʨʝʙʨʦ, ʧʦʢʘʟʳʚʘʣʘ ʣʠʰʴ ʝʜʠʥʠʯʥʳʝ ʢʦʣʦʥʠʠ (ʬʦʪʦʛʨʘʬʠʷ 3 ï ʨʠʩ.3). ʕʪʦ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʳʚʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʩʠʣʴʥʦʤ ʙʘʢʪʝʨʠʮʠʜʥʦʤ ʩʚʦʡʩʪʚʝ ʧʦʚʝʨʭʥʦʩʪʠ 
ʣʠʜʠʪʘ ʩ ʚʢʣʶʯʝʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ. 

ʃʠʜʠʪʦʚʘʷ ʢʨʦʰʢʘ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʚ 
ʬʠʣʴʪʨʘʭ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ: ʜʣʷ ʦʯʠʩʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ; ʦʯʠʩʪʢʠ ʜʦʞʜʝʚʳʭ 
ʚʦʜ; ʜʣʷ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ; ʦʯʠʩʪʢʠ ʩʪʦʢʦʚ ʙʦʣʴʥʠʮ; ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʧʠʪʴʝʚʳʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
[1] ɺʠʥʦʛʨʘʜʦʚ ɺ.ɺ. ʠ ʜʨ. ʇʘʪʝʥʪ ˉ1167 ʦʪ 30.06.2009. ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ çʇʨʠʤʝʥʝʥʠʝ ʣʠʜʠʪʘ ʚ ʢʘʯʝʩʪʚʝ 
ʦʛʥʝʫʧʦʨʦʚè. 
[2] ɺʠʥʦʛʨʘʜʦʚ ʅ.ɺ. ʠ ʜʨ. ʇʘʪʝʥʪ ˉ1410 ʦʪ 30.11.2011 ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ çʇʨʠʤʝʥʝʥʠʝ ʣʠʜʠʪʘ ʚ ʢʘʯʝʩʪʚʝ 
ʭʠʤʠʯʝʩʢʠ ʩʪʦʡʢʦʛʦ ʤʘʪʝʨʠʘʣʘè. 
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Abstract 

The analysis of the system of admission of inward cargo of railway border reloading station Zabaikalsk is 
carried out, options of its modernization are developed, the method of calculation of expected commercial 
effect on the basis of imitating model is offered. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ ʧʨʦʧʫʩʢʘ ʠʤʧʦʨʪʥʦʛʦ ʛʨʫʟʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʧʦʛʨʘʥʠʯʥʦʡ 
ʧʝʨʝʛʨʫʟʦʯʥʦʡ ʩʪʘʥʮʠʠ ɿʘʙʘʡʢʘʣʴʩʢ, ʨʘʟʨʘʙʦʪʘʥʳ ʚʘʨʠʘʥʪʳ ʝʝ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʧʨʝʜʣʦʞʝʥʘ 
ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʦʞʠʜʘʝʤʦʛʦ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʨʥʠʟʘʮʠʷ, ʠʤʧʦʨʪʥʳʡ ʢʦʥʪʝʡʥʝʨʥʳʡ ʧʦʪʦʢ, ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʨʦʝʢʪ, 
ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʦʤʤʝʨʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ. 

 
ɼʠʥʘʤʠʯʥʳʡ ʨʦʩʪ ʪʦʨʛʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʈʌ ʠ ʂʅʈ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʚʥʝʰʥʝʪʦʨʛʦʚʦʛʦ ʛʨʫʟʦʧʦʪʦʢʘ. ɹʦʣʝʝ 60% ʵʢʩʧʦʨʪʥʦ-ʠʤʧʦʨʪʥʦʛʦ ʦʙʦʨʦʪʘ 
ʤʝʞʜʫ ʥʘʰʠʤʠ ʩʪʨʘʥʘʤʠ ʩʦʚʝʨʰʘʝʪʩʷ ʥʘ ʢʨʫʧʥʝʡʰʝʤ ʠʟ  ʧʦʛʨʘʥʠʯʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʧʦʨʪʦʚ 
ʈʦʩʩʠʠ, ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʛʨʫʟʦʧʦʪʦʢ ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ ʂʠʪʘʝʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʧʨʦʧʫʩʢʥʦʤ 
ʧʫʥʢʪʝ (ɾɼʇʇ) ɿʘʙʘʡʢʘʣʴʩʢ ï ʄʘʥʴʯʞʫʨʠʷ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʫʨʦʚʝʥʴ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ ʵʢʩʧʦʨʪʥʳʭ 

ʠ ʠʤʧʦʨʪʥʳʭ ʛʨʫʟʦʚ. ʆʙʨʘʙʦʪʢʘ ʧʦʪʦʢʘ ʢʦʥʪʝʡʥʝʨʦʚ ʩ ʠʤʧʦʨʪʥʳʤ ʠ ʪʨʘʥʟʠʪʥʳʤ ʛʨʫʟʦʤ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʢʦʥʪʝʡʥʝʨʥʳʭ ʪʝʨʤʠʥʘʣʘʭ ʆɸʆ çʊʨʘʥʩʂʦʥʪʝʡʥʝʨè (ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʘʷ 
ʩʧʦʩʦʙʥʦʩʪʴ 600 ʢʦʥʪʝʡʥʝʨʦʚ ʚ ʩʫʪʢʠ), ʆʆʆ çɼɺʊɻè (70 ʢʦʥʪʝʡʥʝʨʦʚ ʚ ʩʫʪʢʠ) ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ 
ʧʦʛʨʘʥʠʯʥʦʡ ʧʝʨʝʛʨʫʟʦʯʥʦʡ ʩʪʘʥʮʠʠ ɿʘʙʘʡʢʘʣʴʩʢ ɿʘʙʘʡʢʘʣʴʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ. ɺ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʥʘ ʪʝʨʤʠʥʘʣʝ ʆɸʆ çʊʨʘʥʩʂʦʥʪʝʡʥʝʨè ʚʦʟʤʦʞʝʥ ʧʨʦʧʫʩʢ ʪʨʝʭ ʧʦʝʟʜʦʚ ʚ ʩʫʪʢʠ, ʧʨʠ 
ʧʨʦʝʢʪʥʦʡ ʤʦʱʥʦʩʪʠ 10-12 ʧʦʝʟʜʦʚ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʯʠʥ ʥʝʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʩʣʝʜʦʚʘʥʠʷ 
ʠʤʧʦʨʪʥʦʛʦ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʧʦʝʟʜʘ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ ʧʨʦʧʫʩʢʘ ɾɼʇʇ ɿʘʙʘʡʢʘʣʴʩʢ ï 
ʄʘʥʴʯʞʫʨʠʷ. ɺʳʜʝʣʝʥʳ ʤʘʪʝʨʠʘʣʴʥʳʡ (ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʥʪʝʡʥʝʨ ʠ ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʥʝʤ ʛʨʫʟ), 
ʜʦʢʫʤʝʥʪʘʣʴʥʳʡ (ʧʝʨʝʚʦʟʦʯʥʳʝ ʠ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʝ ʜʦʢʫʤʝʥʪʳ), ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ (ʩʚʝʜʝʥʠʷ ʦ 
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ʛʨʫʟʝ, ʧʝʨʝʚʦʟʯʠʢʝ, ʠʥʳʭ ʫʯʘʩʪʥʠʢʘʭ ʚʥʝʰʥʝʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ɺʕɼ)) ʧʦʪʦʢʠ. ʉʠʩʪʝʤʘ 
ʧʨʦʧʫʩʢʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʧʦʜʩʠʩʪʝʤʳ ʧʨʠʝʤʘ (ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʧʦ ʧʨʠʝʤʫ ʠ ʢʦʥʪʨʦʣʶ 
ʧʨʠʙʳʚʘʶʱʝʛʦ ʧʦʝʟʜʘ, ʜʦʢʫʤʝʥʪʦʚ), ʧʝʨʝʛʨʫʟʘ ʢʦʥʪʝʡʥʝʨʦʚ ʠʟ ʚʘʛʦʥʦʚ ʢʦʣʝʠ 1435 ʤʤ ʥʘ ʚʘʛʦʥʳ 
ʢʦʣʝʠ 1520 ʤʤ ʠ ʚʳʧʫʩʢʘ (ʧʦʜʛʦʪʦʚʢʘ ʧʘʢʝʪʘ ʧʝʨʝʚʦʟʦʯʥʳʭ ʠ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʦʪʧʨʘʚʣʝʥʠʝ ʧʦʝʟʜʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʚʳʭ ʛʨʘʬʠʢʦʚ [1] ʠ ʨʘʩʯʝʪʘ 
ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʧʝʡ [2] ʚʨʝʤʝʥʠ ʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʛʦ, ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 
ʧʦʪʦʢʦʚ ʧʦ ʧʦʜʩʠʩʪʝʤʘʤ ʩ ʫʯʝʪʦʤ ʟʘʜʝʨʞʝʢ ʧʦ ʚʝʨʪʠʢʘʣʴʥʳʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʩʚʷʟʷʤ 
ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʩʦʩʪʘʚʣʷʝʪ ʩʣʝʜʦʚʘʥʠʝ 
ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ ʧʦʪʦʢʘ - 842 ʤʠʥʫʪ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʞʠʜʘʥʠʝ ʩʤʝʞʥʳʭ ʧʦʪʦʢʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 
ʤʘʪʝʨʠʘʣʴʥʳʡ ʧʦʪʦʢ ï 587 ʤʠʥʫʪ [3]. 

 

ʊʘʙʣʠʮʘ 1 
ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʧʦʪʦʢʦʚ ʚ ʩʠʩʪʝʤʝ ʧʨʦʧʫʩʢʘ ʠʤʧʦʨʪʥʦʛʦ ʛʨʫʟʘ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʪʦʢʦʚ ɺʨʝʤʷ, ʤʠʥ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʷ ʩʤʝʞʥʳʭ ʧʦʪʦʢʦʚ 

ʄʘʪʝʨʠʘʣʴʥʳʡ 743,9 5870 

ɼʦʢʫʤʝʥʪʘʣʴʥʳʡ 842,0 350,9 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ 144,0 15,0 

 
ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʧʦʪʦʢʦʚ ʧʨʠ ʧʨʦʧʫʩʢʝ ʠʤʧʦʨʪʥʦʛʦ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʧʦʝʟʜʘ 

ʦʙʫʩʣʦʚʣʝʥʦ: 
1. ʅʝʦʜʥʦʢʨʘʪʥʳʤ ʚʚʦʜʦʤ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʧʝʨʝʚʦʟʦʯʥʳʭ ʠ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʙʘʟʳ ʢʘʞʜʦʛʦ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ɺʕɼ, ʧʨʠʯʘʩʪʥʳʭ ʢ 
ʦʬʦʨʤʣʝʥʠʶ; 

2. ɺr ʷʚʣʝʥʠʝʤ ʥʘʨʫʰʝʥʠʡ ʧʨʘʚʠʣ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ, ʪʨʝʙʫʶʱʠʭ ʠʩʧʨʘʚʣʝʥʠʷ ʥʘ 
ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʠʣʠ ʚʦʟʚʨʘʪʘ ʚ ʩʦʧʨʝʜʝʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʦ; 

3. ɼʦʩʪʘʚʢʦʡ ʧʘʢʝʪʘ ʧʝʨʝʚʦʟʦʯʥʳʭ ʠ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʤʝʞʜʫ 
ʧʦʜʩʠʩʪʝʤʘʤʠ ʥʘ ʘʚʪʦʤʦʙʠʣʝ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʨʘʚʥʦʤʝʨʥʳʡ ʧʦʪʦʢ ʠʭ ʦʙʨʘʙʦʪʢʠ.  

ʉʦʢʨʘʱʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʦʬʦʨʤʣʝʥʠʝ ʜʦʢʫʤʝʥʪʦʚ, ʪʘʤʦʞʝʥʥʳʝ 
ʦʧʝʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʠʟʘʮʠʷ ʥʘʨʫʰʝʥʠʡ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ  ʚʦʟʤʦʞʥʳ ʩ ʧʦʤʦʱʴʶ ʦʨʛʘʥʠʟʘʮʠʠ 
ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʝʜʝʨʘʣʴʥʳʭ ʦʨʛʘʥʦʚ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ ʧʫʪʝʤ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʧʨʦʮʝʩʩʝ ʧʦʛʨʘʥʠʯʥʦʛʦ, ʪʘʤʦʞʝʥʥʦʛʦ ʠ ʠʥʳʭ ʚʠʜʦʚ ʢʦʥʪʨʦʣʷ, 
ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʚ ʧʫʥʢʪʘʭ ʧʨʦʧʫʩʢʘ ʚ ʨʘʤʢʘʭ ʌʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ çɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 
ʛʨʘʥʠʮʘ ʈʌ 2012-2017ʛʛè. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ɽʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 
ʧʨʦʩʪʨʘʥʩʪʚʘ (ɽʀʇ) ï ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʦʣʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʫʯʘʩʪʥʠʢʦʚ ɺʕɼ 

(ʛʨʫʟʦʚʣʘʜʝʣʴʮʝʚ, ʧʝʨʝʚʦʟʯʠʢʦʚ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʢʦʥʪʨʦʣʷ ʠ ʥʘʜʟʦʨʘ ʠ ʜʨ.) ʧʦ ʜʦʩʪʘʚʢʝ 
ʚʥʝʰʥʝʪʦʨʛʦʚʳʭ ʛʨʫʟʦʚ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʜʣʷ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʜʦʩʪʫʧʘ ʩʝʢʪʦʨʘʤʠ [4].  

ʈʘʙʦʪʘ ʚ ɽʀʇ ʩʪʨʦʠʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʧʦʣʥʦʛʦ ʫʯʝʪʘ ʛʨʫʟʦʚ, ʧʝʨʝʩʝʢʘʶʱʠʭ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʛʨʘʥʠʮʫ, ʦʧʝʨʘʪʠʚʥʦʡ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʭ ʩʦʩʪʦʷʥʠʠ ʚ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ. 
ʅʘ ɾɼʇʇ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚ ɽʀʇ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʜʥʦʢʨʘʪʥʳʡ ʚʚʦʜ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 
ʛʨʫʟʝ ʠʟ ʧʝʨʝʚʦʟʦʯʥʳʭ ʠ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʧʝʨʝʜʘʝʪʩʷ ʜʣʷ 
ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʯʘʩʪʥʳʤ ʧʨʠ ʦʬʦʨʤʣʝʥʠʠ ʩʪʨʫʢʪʫʨʘʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɽʀʇ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʯʘʩʪʥʠʢʦʚ ɺʕɼ ʧʨʠ ʧʝʨʝʚʦʟʢʝ 
ʚʥʝʰʥʝʪʦʨʛʦʚʳʭ ʛʨʫʟʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ: 

- ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ (ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʜʦʣʠ ʚʘʛʦʥʦʚ, 
ʦʬʦʨʤʣʷʝʤʳʭ ʥʘ ʚʦʟʚʨʘʪ ʧʦ ʧʨʠʯʠʥʝ ʥʝʪʦʯʥʦʩʪʠ ʚʥʝʩʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʝʨʝʚʦʟʦʯʥʳʝ ʠ 
ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʝ ʜʦʢʫʤʝʥʪʳ); 

- ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʧʦʜʚʦʜ ʧʦʨʦʞʥʝʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜ ʧʝʨʝʛʨʫʟ; 
- ʫʩʢʦʨʝʥʠʝ ʠ ʫʧʨʦʱʝʥʠʝ ʧʨʦʮʝʜʫʨ ʦʬʦʨʤʣʝʥʠʷ ʛʨʫʟʦʚ ʚ ʪʘʤʦʞʝʥʥʳʭ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʘʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʧʦʛʨʘʥʠʯʥʳʭ ʩʪʘʥʮʠʷʭ ʠ ʚ ʤʝʩʪʘʭ ʦʬʦʨʤʣʝʥʠʷ ʛʨʫʟʦʚ (ʟʘ ʩʯʝʪ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʝʨʝʚʦʟʢʠ ʤʝʞʜʫ ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʝʤ ʠ ʧʝʨʝʚʦʟʯʠʢʦʤ, ʘ ʪʘʢʞʝ ʠʭ 
ʨʘʙʦʪʳ ʧʦ ʧʨʠʥʮʠʧʫ ʈʘʤʦʯʥʳʭ ʩʪʘʥʜʘʨʪʦʚ); 

- ʟʘʩʣʦʥ ʥʘ ʧʫʪʠ ʢʦʥʪʨʘʙʘʥʜʥʳʭ ʧʦʩʪʘʚʦʢ; 
- ʩʦʢʨʘʱʝʥʠʝ ʧʦʪʝʨʴ ʛʨʫʟʦʚ ʚ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʠ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʜʦʩʪʘʚʢʫ; 
- ʧʦʧʦʣʥʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʘ (ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʜʝʢʣʘʨʠʨʦʚʘʥʠʷ ʛʨʫʟʦʚ). 
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ɻʨʫʟʦʦʪʧʨʘʚʠʪʝʣɹ ɿʘ̫ʚʢʘ

ʇʨʝʜʩʪʘʚʠʪʝʣɹʩʪʚʦ ʢʦʤʧʘʥʠʠ-ʦʧʝʨʘʪʦʨʘ 

ʚ ʂʅʈ
ɺʚʦʜ ʜʘʥʥrʭ ʚ ɽʀʇ

ʜʘ

ʜʘ

ʜʘ

ɻʨʫʟʦʦʪ

ʧʨʘʚʠʪ

ʝʣɹ 

ʀʩʧʨʘʚʣʝʥʠʝ ʟʘʤʝʯʘʥʠʡ, 

ʧʦʚʪʦʨʥʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ

ɻʨʫʟʦʦʪʧʨʘʚ

ʠʪʝʣɹ 

ʆʢʦʥʯʘʪʝʣɹʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʘʢʝʪʘ ʧʝʨʝʚʦʟʦʯʥrʭ ʠ 

ʩʦʧʨʦʚʦʜʠʪʝʣɹʥrʭ ʜʦʢʫʤʝʥʪʦʚ

ʜʘ

ʜʘ

ʂʦʤʧʘʥʠ̫-ʦʧʝʨʘʪʦʨ

ʇʨʦʚʝʨʢʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥrʭ 

ʜʦʢʫʤʝʥʪʦʚ

ʈʦʩʪʝʭʥʘʜʟʦʨ
ʇʨʦʚʝʨʢʘ ʥʘʠʤʝʥʦʚʘʥʠ̫ 

ʛʨʫʟʘ ʥʘ ʚʦʟʤʦʞʥʦʩʪɹ 

ʚʚʦʟʘ ʥʘ ʪʝʨʨʠʪʦʨʠʁ  ʈʌ

ʊʘʤʦʞʝʥʥr ʡ ʙʨʦʢʝʨ (ʊɹʎ) ʇʨʦʚʝʨʢʘ ʩʧʝʮ. ʠʥʚʦʡʩʘ

ʌʝʜʝʨʘʣɹʥʘ̫ ʪʘʤʦʞʝʥʥʘ̫ ʩʣʫʞʙʘ
ʇʨʝʜʚʘʨʠʪʝʣɹʥʘ̫ 

ʧʨʦʚʝʨʢʘ ʜʝʢʣʘʨʘʮʠʠ

ʉ
ʆ
ɻ
ʃ
ɸ
ʉ
ʆ
ɺ
ɸ
ʅ
ʆ

ʅ
ɽ
 ʉ
ʆ
ɻ
ʃ
ɸ
ʉ
ʆ
ɺ
ɸ
ʅ
ʆ

ʜʘ

ʜʘ

ʜʘ

ʜʘ

ʥʝʪ 

ʥʝʪ 

ʥʝʪ 

ʥʝʪ 

ʇʝʨʝʚʦʜ ʩ ʠʥʦʩʪʨʘʥʥʦʛʦ ̫ʟrʢʘ
ʜʘ

ʆʪʧʨʘʚʣʝʥʠʝ ʛʨʫʟʘ ʚ ʈʌ

 
ʈʠʩʫʥʦʢ 1 - ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʧʝʨʝʚʦʟʢʠ ʚʥʝʰʥʝʪʦʨʛʦʚʳʭ ʛʨʫʟʦʚ  

ʚ ɽʜʠʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
 
ʇʨʠ ʨʘʙʦʪʝ ʚ ɽʀʇ ʧʨʦʧʫʩʢ ʠʤʧʦʨʪʥʦʛʦ ʢʦʥʪʝʡʥʝʨʦʧʦʪʦʢʘ ʥʘ ɾɼʇʇ ɿʘʙʘʡʢʘʣʴʩʢ ï 

ʄʘʥʴʯʞʫʨʠʷ ʚʦʟʨʘʩʪʘʝʪ ʚ 2,5 ʨʘʟʘ, ʩ 3 ʜʦ 7,5 ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʦʝʟʜʦʚ ʚ ʩʫʪʢʠ (ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ 
ʨʝʟʝʨʚ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʪʴʩʷ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʤʠ 
ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʪ. ɿʘʙʘʡʢʘʣʴʩʢ). ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʬʦʨʤʠʨʦʚʘʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ɽʀʇ ʩʤʦʛʫʪ ʥʝ ʚʩʝ 
ʫʯʘʩʪʥʠʢʠ ɺʕɼ (ʥʘʧʨʠʤʝʨ, ʠʩʢʣʶʯʘʷ ʌʝʜʝʨʘʣʴʥʫʶ ʪʘʤʦʞʝʥʥʫʶ ʩʣʫʞʙʫ, ʢʦʪʦʨʦʡ ʚ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʧʨʝʜʧʠʩʘʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʜʦʩʪʫʧʘ ʢ 
ʦʪʜʝʣʴʥʳʤ ʝʝ ʵʣʝʤʝʥʪʘʤ ʠʥʳʭ ʩʪʨʫʢʪʫʨ), ʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʘʨʠʘʥʪ ʧʨʦʝʢʪʘ ɽʀʇ ʩ ʥʝʧʦʣʥʳʤ 
ʩʦʩʪʘʚʦʤ ʫʯʘʩʪʥʠʢʦʚ ɺʕɼ, ʧʨʠʯʘʩʪʥʳʭ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʢʠ.  

ʋʩʢʦʨʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ɺʕɼ ʤʦʞʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʰʪʨʠʭʦʚʦʛʦ ʢʦʜʘ - ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʥʦʩʠʤʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ 
(ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʥʪʝʡʥʝʨʘ) ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʯʠʪʳʚʘʥʠʷ ʝʝ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ. ɺ ʥʝʡ 
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ʩʦʜʝʨʞʘʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʝʜʝʥʠʷ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʘʤʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, 
ʧʝʨʝʚʦʟʠʤʦʤ ʛʨʫʟʝ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʰʪʨʠʭ-ʢʦʜʘ ʧʨʦʧʫʩʢ ʠʤʧʦʨʪʥʦʛʦ 
ʢʦʥʪʝʡʥʝʨʦʧʦʪʦʢʘ ʚʦʟʨʘʩʪʝʪ ʜʦ 3,7 ʧʦʝʟʜʦʚ ʚ ʩʫʪʢʠ. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʚ ɽʀʇ ʠ ʧʨʠʤʝʥʝʥʠʠ ʰʪʨʠʭ-ʢʦʜʘ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʦʚ 
ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʜʦʣʞʥʳ ʙʳʪʴ: 

- ʧʦʜʧʠʩʘʥʳ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʦʛʣʘʰʝʥʠʷ ʤʝʞʜʫ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚ ʧʦ ʧʦʨʷʜʢʫ ʦʬʦʨʤʣʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘ ʛʨʫʟʦʚ;  

- ʟʘʢʣʶʯʝʥʳ ʜʦʛʦʚʦʨʳ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʦʙʤʝʥʫ ʜʘʥʥʳʤʠ, ʛʜʝ ʙʳ ʦʛʦʚʘʨʠʚʘʣʠʩʴ 
ʧʝʨʝʯʝʥʴ, ʬʦʨʤʘʪ ʠ ʨʝʛʣʘʤʝʥʪ ʠʭ ʧʝʨʝʜʘʯʠ, ʦʙʷʟʘʥʥʦʩʪʠ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʩʪʦʨʦʥ; 

- ʧʨʦʚʝʜʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ. 
ʇʨʠ ʥʘʣʠʯʠʠ ʨʘʟʨʝʰʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʪʘʤʦʞʝʥʥʳʭ 

ʦʨʛʘʥʦʚ, ʧʦʛʨʘʥʠʯʥʠʢʦʚ, ʠʥʩʧʝʢʮʠʡ ʈʦʩʪʝʭʥʘʜʟʦʨʘ ʠ ʜʨ. ʩʨʦʢ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʧʦ ʨʘʙʦʪʝ ʚ 
ɽʀʇ, ʧʨʠʤʝʥʝʥʠʷ ʰʪʨʠʭ-ʢʦʜʘ ʦʪ ʩʦʛʣʘʩʦʚʘʥʠʷ ʜʦ ʚʥʝʜʨʝʥʠʷ ʩʦʩʪʘʚʠʪ ʦʜʠʥ ʛʦʜ.  

ʇʦʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʧʦ ʧʦʜʩʠʩʪʝʤʘʤ ʚʦʟʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩ 
ʧʨʠʤʝʥʝʥʠʝʤ ʧʥʝʚʤʦʧʦʯʪʳ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʞʘʪʦʛʦ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʨʘʟʨʝʞʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚ 
ʜʦʢʫʤʝʥʪʳ ʟʘʢʨʳʪʳʭ ʧʘʩʩʠʚʥʳʭ ʢʘʧʩʫʣʘʭ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦ ʩʠʩʪʝʤʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ɺ ʯʠʩʣʝ ʝʝ 
ʜʦʩʪʦʠʥʩʪʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʦʧʝʨʘʪʠʚʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʚʳʩʦʢʫʶ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʝʨʝʩʳʣʢʠ, ʤʠʥʠʤʘʣʴʥʫʶ 
ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. ʉʪʦʠʤʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʧʥʝʚʤʦʧʦʯʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʧʨʠʝʤʢʠ-ʚʳʝʤʢʠ, ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʠ 
ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʪʨʘʩʩʳ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝʤ ʦʙʲʝʢʪʘ ʠ ʩʪʝʧʝʥʴʶ 
ʩʣʦʞʥʦʩʪʠ ʤʦʥʪʘʞʘ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʜʦ 5 
ʧʦʝʟʜʦʚ ʚ ʩʫʪʢʠ. ʉʨʦʢ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ï ʜʚʘ ʛʦʜʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ 
ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ: ʯʠʩʪʳʡ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ ʜʦʭʦʜ (ʏɼɼ), ʠʥʜʝʢʩ 
ʜʦʭʦʜʥʦʩʪʠ (ʀɼ), ʚʥʫʪʨʝʥʥʷʷ ʥʦʨʤʘ ʜʦʭʦʜʥʦʩʪʠ (ɺʅɼ), ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ, ʘ ʪʘʢʞʝ 
ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʪʨʘʞʘʶʱʠʭ ʠʥʪʝʨʝʩʳ ʫʯʘʩʪʥʠʢʦʚ ʠʣʠ ʩʧʝʮʠʬʠʢʫ 
ʧʨʦʝʢʪʘ [5]. ʉʠʩʪʝʤʘ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʢʦʤʤʝʨʯʝʩʢʦʡ, ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ, ʠ ʚʳʙʨʘʪʴ ʣʫʯʰʠʡ ʠʟ ʯʠʩʣʘ 
ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦ ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʦʭʦʜʥʦʩʪʠ (ʠʣʠ ʤʠʥʠʤʘʣʴʥʦʡ ʫʙʳʪʦʯʥʦʩʪʠ). ʇʨʠʥʮʠʧ 
ʧʦʣʦʞʠʪʝʣʴʥʦʩʪʠ ʠ ʤʘʢʩʠʤʫʤʘ ʵʬʬʝʢʪʘ ʜʣʷ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʲʝʢʪʘ 
ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ: ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʘ ï ʚ ʩʦʟʜʘʥʠʠ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʨʦʩʪʝ ʨʝʘʣʴʥʳʭ 
ʜʦʭʦʜʦʚ ʥʘʩʝʣʝʥʠʷ, ʩʥʠʞʝʥʠʠ ʩʦʮʠʘʣʴʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ 
ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʤʝʱʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʚʝʜʝʥʠʷ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 
ʠ ʧʨʦʯʝʝ - ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʵʬʬʝʢʪ, ʜʣʷ ʦʩʪʘʣʴʥʳʭ ï ʢʦʤʤʝʨʯʝʩʢʠʡ ʵʬʬʝʢʪ. 

ʂʦʛʜʘ ʠʤʝʝʪʩʷ ʜʝʪʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʟʥʘʯʝʥʠʷʭ ʦʩʥʦʚʥʳʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 
ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʧʨʦʝʢʪʫ, ʚʝʨʦʷʪʥʦʩʪʴ ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪ 
ʦʞʠʜʘʝʤʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʦʝʢʪʘ ʩ ʫʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʦ ʬʦʨʤʫʣʝ [6]: 

      ʕˑˑ̨˓ Ὧz ˤˑˑ ρ Ὧᶻʕ ˑˑ  (1) 

 

ʛʜʝ ˤˑˑ̨˓ , ˤˑˑ , ˤˑˑ  ï ʦʞʠʜʘʝʤʳʡ, ʥʘʠʤʝʥʴʰʠʡ, ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʵʬʬʝʢʪ ʧʦ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʚʘʨʠʘʥʪʘʤ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ; 

                                           Ὧ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʫʯʝʪʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʵʬʬʝʢʪʘ, ʦʪʨʘʞʘʶʱʠʡ 
ʩʠʩʪʝʤʫ ʧʨʝʜʧʦʯʪʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʭʦʟʷʡʩʪʚʫʶʱʝʛʦ ʩʫʙʲʝʢʪʘ 
ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ (ʧʦʢʘʟʘʪʝʣʴ ʦʧʪʠʤʠʟʤʘ).  

 

ʂʦʵʬʬʠʮʠʝʥʪ Ὧ π Ὧ ρ ʦʧʨʝʜʝʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʚʝʩʪʠʮʠʡ ʚ ʤʦʜʝʨʥʠʟʘʮʠʶ 
ʦʙʲʝʢʪʘ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʠʤʝʝʪ ʮʝʣʴʶ ʚʳʷʩʥʠʪʴ ʥʘʩʢʦʣʴʢʦ ʦʪʚʝʯʘʝʪ ʠʥʪʝʨʝʩʘʤ ʫʯʘʩʪʥʠʢʦʚ 
ʧʨʦʝʢʪʘ ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʞʠʜʘʝʤʦʛʦ 
ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʵʬʬʝʢʪʘ ʝʛʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʥʘ ʫʨʦʚʥʝ 0,3. ɺ 

ʦʪʥʦʰʝʥʠʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʠʥʚʝʩʪʦʨʘ ʫʢʘʟʘʥʠʡ ʧʦ ʚʝʣʠʯʠʥʝ ʢʦʵʬʬʠʮʠʝʥʪʘ Ὧ 
ʥʝʪ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ Ὧ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 
(ʚʥʫʪʨʠʪʨʘʥʩʧʦʨʪʥʦʛʦ) ʵʬʬʝʢʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʠʪʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ. ʆʥʘ ʩʣʫʞʠʪ  
ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʠʨʦʜʳ ʧʨʦʮʝʩʩʘ ʨʝʘʣʠʟʘʮʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʧʨʠ ʚʣʠʷʥʠʠ ʨʘʟʣʠʯʥʳʭ 
ʩʣʫʯʘʡʥʳʭ ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʝʛʦ ʚʘʨʠʘʥʪʘ ʠ ʩʪʨʘʪʝʛʠʠ 
ʫʯʘʩʪʠʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ.  
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ʄʦʜʝʣʴ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ Ὧ ʫʯʝʪʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʦʞʠʜʘʝʤʦʛʦ 
ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʲʝʢʪʘ ʧʦʩʪʨʦʝʥʘ ʥʘ 
ʧʨʠʥʮʠʧʝ ʘʥʘʣʦʛʠʠ ʩ ʪʦʥʢʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʣʠʥʟʦʡ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ (ʨʠʩʫʥʦʢ 2) 

ʟʘʜʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʝʥʠʷ: ʪʦʥʢʘʷ ʩʬʝʨʠʯʝʩʢʘʷ ʣʠʥʟʘ (ὓὔ) ï ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘ 
ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ (ʬʝʜʝʨʘʣʴʥʦʛʦ, ʨʝʛʠʦʥʘʣʴʥʦʛʦ, ʤʝʩʪʥʦʛʦ); ʧʨʝʜʤʝʪ (ὃ ὃ) ïʤʦʱʥʦʩʪʴ 
ʦʙʲʝʢʪʘ (ʚ ʦʙʱʝʤ ʚʠʜʝ, ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ ʚ ʧʨʦʧʫʩʢʥʦʡ, ʧʨʦʚʦʟʥʦʡ, 
ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ) ʜʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ï ʩʦʩʪʦʷʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ. ʄʦʱʥʦʩʪʴ 
ʦʙʲʝʢʪʘ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʘʩʩʘ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ά, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʧʫʱʝʥʘ ʧʦ ʝʛʦ 
ʵʣʝʤʝʥʪʘʤ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʡ ʨʘʩʯʝʪʘ ʦʥʘ ʤʦʞʝʪ ʠʟʤʝʨʷʪʴʩʷ ʚ 

ʢʦʣʠʯʝʩʪʚʝ ʪʦʥʥ ʛʨʫʟʘ, ʢʦʥʪʝʡʥʝʨʦʚ, ʚʘʛʦʥʦʚ, ʧʦʝʟʜʦʚ. ʈʘʩʩʪʦʷʥʠʝ (Ä) ʦʪ ʧʨʝʜʤʝʪʘ ὃ ὃ ʜʦ ʣʠʥʟʳ 

ὓὔ ï ʨʘʟʤʝʨ ʠʥʚʝʩʪʠʮʠʡ ʚ ʧʨʦʝʢʪ ʩʦʛʣʘʩʥʦ ʛʨʘʬʠʢʘ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. ʀʟʦʙʨʘʞʝʥʠʝ ʧʨʝʜʤʝʪʘ (ὄ
ὄ) ï ʤʦʱʥʦʩʪʴ ʦʙʲʝʢʪʘ ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʣʠʥʟʳ ὓὔ ʜʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʨʝʜʤʝʪʘ ὄ ὄ (Ὢ) ï ʨʘʟʤʝʨ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʢʦʤʤʝʨʯʝʩʢʦʛʦ (ʚʥʫʪʨʠʪʨʘʥʩʧʦʨʪʥʦʛʦ) ʵʬʬʝʢʪʘ. 

ʌʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ (Ὂ) ï ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʝʘʣʠʟʫʝʤʦʩʪʴ ʧʨʦʝʢʪʘ ʜʘʥʥʦʡ 
ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʦʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. ʄʦʜʝʣʴ, ʠʩʧʦʣʴʟʫʶʱʘʷ 
ʩʦʙʠʨʘʶʱʫʶ ʣʠʥʟʫ ʦʧʠʩʳʚʘʝʪ ʧʨʦʝʢʪʳ, ʠʤʝʶʱʠʝ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʝʘʣʠʟʫʝʤʦʩʪʴ, ʠ, ʥʘʦʙʦʨʦʪ, ï 
ʠʩʧʦʣʴʟʫʶʱʘʷ ʨʘʩʩʝʠʚʘʶʱʫʶ ï ʥʝʨʝʘʣʠʟʫʝʤʳʝ. ɿʜʝʩʴ ʨʝʘʣʠʟʫʝʤʦʩʪʴ ʧʨʦʝʢʪʘ ï ʩʚʠʜʝʪʝʣʴʩʪʚʦ 
ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʝʛʦ ʦʩʫʱʝʩʪʚʠʤʦʩʪʠ. ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʚʨʝʤʝʥʥʘʷ. ɺʝʣʠʯʠʥʳ 
ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠ ʠʥʞʝʥʝʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚ ʪʝʭʥʠʯʝʩʢʦʡ 
ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʦʝʢʪʘ. 
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ʈʠʩʫʥʦʢ 2 - ɻʨʘʬʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʞʠʜʘʝʤʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʠ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ Ὧ 
 
ʇʦʨʷʜʦʢ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ: 
1. ɺr ʙʦʨ ʚʠʜʘ ʣʠʥʟʳ ὓὔ (ʚʳʧʫʢʣʳʡ ʣʠʙʦ ʚʦʛʥʫʪʳʡ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʮʝʥʢʠ ʠʥʚʝʩʪʦʨʘʤʠ ʩʦʩʪʦʷʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʛʜʝ ʨʘʟʤʝʱʘʝʪʩʷ ʦʙʲʝʢʪ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ; 

2. ʇʘʨʘʤʝʪʨ ʬʦʢʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ Ὂ, ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʝʝ ʪʦʯʥʦ ʠ ʧʦʣʥʦ ʫʯʪʝʥʘ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ; 

3. ʄʦʱʥʦʩʪʴ ʦʙʲʝʢʪʘ ʜʦ ʤʦʜʝʨʥʠʟʘʮʠʠ (ʧʨʝʜʤʝʪ ὃ ὃ) ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʤʦʱʥʦʩʪʠ ʩʘʤʦʡ 
ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ὓὔ. ʉʪʨʦʠʪʩʷ ʩ ʫʯʝʪʦʤ ʨʘʩʩʪʦʷʥʠʷ Ä ʦʪ ʧʨʝʜʤʝʪʘ ὃ ὃ ʜʦ ʣʠʥʟʳ ὓὔ. ʏʝʤ 
ʙʦʣʝʝ ʩʦʛʣʘʩʦʚʘʥʳ ʜʝʡʩʪʚʠʷ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ ʧʦ ʠʥʚʝʩʪʠʨʦʚʘʥʠʶ, ʪʝʤ ʙʣʠʞʝ ʧʨʝʜʤʝʪ ὃ ὃ ʜʦ 

ʣʠʥʟʳ ὓὔ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï ʜʘʣʴʰʝ; 
4. ʇʦ ʧʨʘʚʠʣʘʤ ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʟʳ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʤʝʪʘ ὄ

ὄ - ʤʦʱʥʦʩʪʴ ʦʙʲʝʢʪʘ ʧʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ; 
5. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʤʝʨʘ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ Ὢ, ʘ ʪʘʢʞʝ 

ʤʦʱʥʦʩʪʠ ʦʙʲʝʢʪʘ ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ὄ ὄ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ Ὠ ̉ Ὂ. ʏʝʤ ʙʣʠʞʝ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʪʝʤ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ ʤʦʱʥʦʩʪʠ 
ʦʙʲʝʢʪʘ ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʨʘʟʤʝʨ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. 

ɼʦʩʪʠʞʝʥʠʷ ʣʫʯʰʝʛʦ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ 
ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʯʝʪʦʤ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ ʧʦ ʝʛʦ 

ʨʝʘʣʠʟʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ ʩ ʨʘʙʦʪʦʡ ʜʚʫʭ ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʟ ʚʦʟʤʦʞʥʦ ʜʣʷ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʵʬʬʝʢʪʘ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ. 
ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ [7]. 
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ʆʙʱʘʷ ʩʭʝʤʘ ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʘ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʝʜʫʶʱʫʶ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ:  

1. ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚʘʨʠʘʥʪʦʚ ʧʨʦʝʢʪʘ; 
2. ʈʘʩʯʸʪ ʜʣʷ ʥʠʭ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʚʣʦʞʝʥʠʷ; 
3. ʆʧʨʝʜʝʣʝʥʠʝ ʩʠʩʪʝʤʳ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʧʨʦʝʢʪʘ: ɺʅɼ, ʀɼ, ʩʨʦʢ 

ʦʢʫʧʘʝʤʦʩʪʠ; 

4. ɺr ʯʠʩʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ Ὧ ʫʯʝʪʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʦʞʠʜʘʝʤʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 
ʵʬʬʝʢʪʘ ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ; 

5. ʈʘʩʯʝʪ ʦʞʠʜʘʝʤʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ˤˑˑ̨˓ ; 
6. ɺr ʙʦʨ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʦʝʢʪʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʚʳʛʦʜʳ, ʦʙʱʝʩʪʚʝʥʥʦʡ ʧʦʣʝʟʥʦʩʪʠ.  

 ʇʦ ʩʚʦʝʡ ʩʫʪʠ ʢʦʵʬʬʠʮʠʝʥʪ Ὧ ʫʯʝʪʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʩʭʦʞ ʩ 
ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʩʨʝʜʥʝʛʦʜʦʚʦʡ 
ʧʨʠʙʳʣʠ ʥʘ ʩʨʝʜʥʶʶ ʚʝʣʠʯʠʥʫ ʠʥʚʝʩʪʠʮʠʡ. ʇʨʠ ʝʛʦ ʨʘʩʯʝʪʝ ʤʘʢʩʠʤʘʣʴʥʦ ʦʞʠʜʘʝʤʘʷ ʧʦʣʝʟʥʦʩʪʴ 
ʜʣʷ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ ʬʦʨʤʫʣʠʨʫʝʪʩʷ: ʯʝʤ ʧʦʣʝʟʥʝʝ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʘʣʴʪʝʨʥʘʪʠʚʘ ï ʪʝʤ 
ʚʳʰʝ ʯʠʩʣʝʥʥʘʷ ʦʮʝʥʢʘ ï çʯʝʤ ʙʦʣʴʰʝ, ʪʝʤ ʣʫʯʰʝè.  

ʆʧʨʝʜʝʣʝʥʥʳʝ ʧʨʠʥʮʠʧʳ ʥʘ ʙʘʟʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ 

ʯʠʩʣʝʥʥʫʶ ʦʮʝʥʢʫ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ï ʢʦʵʬʬʠʮʠʝʥʪ Ὧ ʫʯʝʪʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 
ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʧʦ ʬʦʨʤʫʣʝ (2): 

Ὧ

ρ
Ὕ
В Ὢ ‌Ὢ

ρ
˟
В Ὢ ‌Ὢ

ρ
˟
В Ὀ̅ ̆̐

•z ‎zz
ρ ‘

ς
 (2) 

 
                     ʛʜʝ  ˟ï ʛʦʨʠʟʦʥʪ ʨʘʩʯʝʪʘ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʚʳʨʘʞʝʥʥʳʡ ʚ 

ʢʦʣʠʯʝʩʪʚʝ ʦʪʯʝʪʥʳʭ ʧʝʨʠʦʜʦʚ ʚʨʝʤʝʥʠ; 

                                Ὢ  ï ʢʦʤʤʝʨʯʝʩʢʠʡ (ʚʥʫʪʨʠʪʨʘʥʩʧʦʨʪʥʳʡ) ʵʬʬʝʢʪ, ʨʝʘʣʠʟʫʝʤʳʡ ʟʘ ʩʯʝʪ ʨʦʩʪʘ 
ʤʦʱʥʦʩʪʠ ʦʙʲʝʢʪʘ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʧʣʘʥʠʨʫʝʤʦʛʦ ʧʨʠʨʦʩʪʘ ʪʨʘʥʩʧʦʨʪʥʦʡ 
ʨʘʙʦʪʳ ʚ ʜʝʥʝʞʥʦʤ ʵʢʚʠʚʘʣʝʥʪʝ, ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ (ʥʘʧʨʠʤʝʨ, ʚ ʛʦʜ); 

                                Ὢ ï ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʳʡ (ʚʥʝʪʨʘʥʩʧʦʨʪʥʳʡ) ʵʬʬʝʢʪ, ʨʝʘʣʠʟʫʝʤʳʡ ʟʘ ʩʯʝʪ 
ʨʦʩʪʘ ʤʦʱʥʦʩʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʪʝʨʨʠʪʦʨʠʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʨʘʙʦʪʳ 
ʥʘ ʜʨʫʛʠʭ ʦʙʲʝʢʪʘʭ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʚ ʜʝʥʝʞʥʦʤ ʵʢʚʠʚʘʣʝʥʪʝ 
(ʥʘʧʨʠʤʝʨ, ʥʘʣʦʛʦʚʳʝ ʧʦʩʪʫʧʣʝʥʠʷ), ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ 
ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʦʣʦʛʠʯʥʦʩʪʠ, ʦʙʦʨʦʥʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʨ.; 

                            ‌ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʝʧʝʥʠ ʚʘʞʥʦʩʪʠ ʚʥʝʪʨʘʥʩʧʦʨʪʥʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʨʝʘʣʠʟʘʮʠʠ 
ʧʨʦʝʢʪʘ, π ‌ ρ; 

˟
В Ὢ ‌Ὢ  ï ʦʙʱʘʷ ʩʫʤʤʘʨʥʘʷ ʚʳʛʦʜʘ ʦʪ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʘ. ʉʫʤʤʠʨʦʚʘʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʯʠʩʣʫ ʦʪʯʝʪʥʳʭ ʧʝʨʠʦʜʦʚ; 
                              Ὀ̅ ̆ï̐ ʚʦʟʤʦʞʥʳʡ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʡ ʜʦʭʦʜ ʦʪ ʨʘʟʤʝʱʝʥʠʷ ʩʨʝʜʩʪʚ ʥʘ ʙʘʥʢʦʚʩʢʦʤ 

ʜʝʧʦʟʠʪʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʠʭ ʚʣʦʞʝʥʠʶ ʚ ʧʨʦʝʢʪ; 

                                • ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʛʦʜʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʝʝ 
ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʮʝʥʢʠ 
ʠʥʚʝʩʪʦʨʦʚ. ɺʳʨʘʞʘʝʪʩʷ ʚʠʜʦʤ ʣʠʥʟʳ, ʚʝʣʠʯʠʥʦʡ ʬʦʢʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, • π, • ρ;  
                          ‎ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ ʧʦ ʨʝʘʣʠʟʘʮʠʠ 

ʠʥʚʝʩʪʠʮʠʡ ʚ ʤʦʜʝʨʥʠʟʘʮʠʶ ʦʙʲʝʢʪʘ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ. ʇʦʢʘʟʳʚʘʝʪ 
ʚʝʨʦʷʪʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʝʢʪʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʤʝʞʫʪʦʢ 
ʚʨʝʤʝʥʠ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩʦʦʪʥʦʰʝʥʠʝʤ ʚʝʣʠʯʠʥʳ 
ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʧʦ ʛʨʘʬʠʢʫ ʧʨʦʝʢʪʘ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ 

ʨʝʘʣʠʟʦʚʘʪʴ ʠʥʚʝʩʪʠʮʠʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʟʤʝʨʝ (Ὠ ̉ ὊȟὨ ̉ Ὂ . 
ʉʦʦʪʥʦʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʦʩʠʪ ʚʨʝʤʝʥʥʦʡ ʭʘʨʘʢʪʝʨ; 

                           ʈ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʝʧʝʥʠ ʫʯʘʩʪʠʷ ʚ ʧʨʦʝʢʪʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ, 
ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ (ʬʝʜʝʨʘʣʴʥʦʤ, ʨʝʛʠʦʥʘʣʴʥʦʤ, 
ʤʝʩʪʥʦʤ)  ʧʫʪʝʤ ʜʦʪʘʮʠʡ, ʢʦʤʧʝʥʩʘʮʠʡ, ʠʥʚʝʩʪʠʮʠʡ, ʥʘʣʦʛʦʚʳʭ ʠ ʮʝʥʦʚʳʭ 
ʣʴʛʦʪ, ʪʘʨʠʬʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʧʨʦʯʝʝ. ʆʥ ʚʳʨʘʞʘʝʪ ʧʦʷʚʣʝʥʠʝ 
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ʚʥʝʪʨʘʥʩʧʦʨʪʥʦʛʦ ʵʬʬʝʢʪʘ (Ὢ ) ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʝ ʥʘʜ ʧʨʦʝʢʪʦʤ. 
ʆʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ Ὠ ̉ ὊȟὨ ̉ Ὂ., ʥʦʩʷʱʠʤ ʩʦʙʳʪʠʡʥʳʡ ʭʘʨʘʢʪʝʨ; 

                      ï ï ʢʦʥʩʪʨʫʢʮʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʝʧʝʥʠ ʫʯʘʩʪʠʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ 

ʩʪʨʫʢʪʫʨ ʚ ʧʨʦʝʢʪʝ - ʈ. ʇʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʈ=0 ʨʘʚʥʘ , ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʈ=1 

ʨʘʚʥʘ ρ. ʋʢʘʟʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ 
ʚʘʨʠʘʥʪʦʚ ʧʦʜʦʙʥʳʭ ʚʳʨʘʞʝʥʠʡ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʠʤʦʩʪʴʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 
ʦʙʲʝʢʪʘ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 
ʪʝʨʨʠʪʦʨʠʠ  (ʥʘʧʨʠʤʝʨ, ʚ ʯʘʩʪʠ ʥʘʣʦʛʦʚʳʭ ʧʦʩʪʫʧʣʝʥʠʡ).  

 

ȳɆɝɆɑɔ

ɊɆ

ɓɋɘ

ȶɆɗɝɋɘ ɒɔɟɓɔɗɘɎ  ɔɇɠɋɐɘɆ ɎɓɈɋɗɘɎɖɔɈɆɓɎɥ Ɋɔ ɒɔɊɋɖɓɎɍɆɜɎɎ (Ȧ-

Ȧ
I
)

ȶɆɍɖɆɇɔɘɐɆ ɉɖɆɚɎɐɆ ɓɋɔɇɛɔɊɎɒɔɉɔ ɎɓɈɋɗɘɎɖɔɈɆɓɎɥ (d) 

ȶɆɗɝɋɘ ɕɖɋɊɕɔɑɆɉɆɋɒɔɉɔ ɐɔɒɒɋɖɝɋɗɐɔɉɔ ɣɚɚɋɐɘɆ (f1)

ȶɆɗɝɋɘ ɒɔɟɓɔɗɘɎ ɔɇɠɋɐɘɆ ɕɔɗɑɋ ɒɔɊɋɖɓɎɍɆɜɎɎ (ɗ əɝɋɘɔɒ ɖɎɗɐɆ 

ɋɉɔ ɕɔɑəɝɋɓɎɥ) (Ȩ-Ȩ
I
) 

ȵ
ɔ
Ɋ
ɉɔ
ɘɔ
Ɉɐ
Ɇ
 ɕ
ɖ
ɔ
ɋ
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ɓ
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ɔ
ɋ
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, 
ɘɋ
ɛɓ
Ɏ
ɝɋ
ɗɐ
ɔ
ɋ
 (
Ɏ
ɓ
Ɍ
ɋ
ɓ
ɋ
ɖ
ɓ
ɔ
ɋ

) 

ɕ
ɖ
ɔ
ɋ
ɐɘ
Ɏ
ɖ
ɔ
ɈɆ
ɓ
Ɏ
ɋ

ȴɕɖɋɊɋɑɋɓɎɋ ɖɋɆɑɎɍəɋɒɔɗɘɎ ɕɖɔɋɐɘɆ  ɊɆɓɓɔɏ ɘɖɆɓɗɕɔɖɘɓɔɏ ɗɎɗɘɋɒɡ 

(F1) 

ȸɋɛɓɎɝɋɗɐɆɥ, ɘɋɛɓɔɑɔɉɎɝɋɗɐɆɥ, ɣɐɔɑɔɉɎɝɋɗɐɆɥ Ɏ ɕɖ. ɖɋɆɑɎɍəɋɒɔɗɘɢ  

ɕɖɎ ɎɓɌɋɓɋɖɓɔɏ ɖɆɍɖɆɇɔɘɐɋ ɕɖɔɋɐɘɆ

ȴɖɉɆɓɎɍɆɜɎɔɓɓɔ-ɣɐɔɓɔɒɎɝɋɗɐɆɥ ɖɋɆɑɎɍəɋɒɔɗɘɢ ɕɖɔɋɐɘɆ

ȴɕɖɋɊɋɑɋɓɎɋ ɗɔɉɑɆɗɔɈɆɓɓɔɗɘɎ ɊɋɏɗɘɈɎɏ əɝɆɗɘɓɎɐɔɈ ɕɖɔɋɐɘɆ ɕɔ  

ɎɓɈɋɗɘɎɖɔɈɆɓɎɤ ɕɖɔɋɐɘɆ (ɗɔɔɘɓɔɞɋɓɎɋ d Ɏ F1) 

ɊɆ

ɓɋɘ

ȨɡɖɆɇɔɘɐɆ ɒɆɐɗɎɒɆɑɢɓɔ ɈɔɍɒɔɌɓɔɉɔ ɖɆɍɒɋɖɆ (Ȩ-Ȩ
I
) Ɋɑɥ ɊɆɓɓɔɉɔ 

ɕɖɔɋɐɘɆ ɕəɘɋɒ ɐɔɖɖɋɐɘɎɖɔɈɐɎ ɗɔɉɑɆɗɔɈɆɓɓɔɗɘɎ ɊɋɏɗɘɈɎɏ ɕɔ  

ɎɓɈɋɗɘɎɖɔɈɆɓɎɤ ɕɖɔɋɐɘɆ (d/F1)

Ȱɔɓɋɜ
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ɔ
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)

ȵɖɎɉɔɊɓɆ ɑɎ Ɋɑɥ ɒɔɊɋɖɓɎɍɆɜɎɎ ɊɆɓɓɆɥ ɘɖɆɓɗɕɔɖɘɓɆɥ ɗɎɗɘɋɒɆ ?

dÓF1

ȨɡɖɆɇɔɘɐɆ ɗɔɉɑɆɗɔɈɆɓɓɡɛ ɊɋɏɗɘɈɎɏ əɝɆɗɘɓɎɐɔɈ ɘɖɆɓɗɕɔɖɘɓɔɉɔ 

ɇɎɍɓɋɗɆ Ɏ ɆɊɒɎɓɎɗɘɖɆɘɎɈɓɡɛ ɗɘɖəɐɘəɖ Ɋɑɥ ɊɔɗɘɎɌɋɓɎɥ ɑəɝɞɋɉɔ 

ɐɔɒɒɋɖɝɋɗɐɔɉɔ Ɏ ɔɇɟɋɗɘɈɋɓɓɔɉɔ ɣɚɚɋɐɘɆ  

 

ʈʠʩʫʥʦʢ 2 ï ɸʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʘ ʧʨʦʝʢʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 
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ʕʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʘʨʘʤʝʪʨʘʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʢʦʵʬʬʠʮʠʝʥʪ Ὧ, 
ʧʨʝʜʩʪʘʚʣʝʥʳ [7]. 

ʈʘʩʯʝʪ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ɺʅɼ, ʀɼ, ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ) ʧʦ ʚʩʝʤ ʚʘʨʠʘʥʪʘʤ 
ʧʨʦʝʢʪʘ (1 ï ɽʀʇ, 2 ï ɽʀʇ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʫʯʘʩʪʥʠʢʦʚ ɺʕɼ, 3 ï ʰʪʨʠʭ-ʢʦʜ, 4 ï 
ʧʥʝʚʤʦʧʦʯʪʘ ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʠ) ʧʦʢʘʟʘʣ ʧʨʠʝʤʣʝʤʳʝ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʠʝ 
ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʨʦʠʟʚʝʜʝʥʦ ʜʣʷ ʟʥʘʯʝʥʠʡ 

ʥʦʨʤʳ ʜʠʩʢʦʥʪʘ  ˒ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 8 ʠ 10% (ʪʘʙʣʠʮʘ 2).  
 

ʊʘʙʣʠʮʘ 2 
ʇʦʢʘʟʘʪʝʣʠ ʚʘʨʠʘʥʪʦʚ ʧʨʦʝʢʪʘ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʧʨʦʧʫʩʢʘ ʠʤʧʦʨʪʥʦʛʦ ʛʨʫʟʘ  

ʥʘ ɾɼʇʇ 
 

ʅʘʠ-
ʤʝʥʦ-
ʚʘʥʠʝ 
ʚʘʨʠ-
ʘʥʪʦʚ 
ʧʨʦ-
ʝʢʪʘ 

ʇʨʦʧʫʩʢʥʘʷ 
ʩʧʦʩʦʙʥʦʩʪʴ, 
ʧʦʝʟʜ/cʫʪ 

ɿʘʪʨʘ-
ʪʳ, ʪʳʩ. 
ʨʫʙ 

ʕʬʬʝʢʪ, ʪʳʩ. ʨʫʙ ʂʦʵʬ-
ʬʠʮʠ-
ʝʥʪ Ὧ 

ʀʥʪʝʛʨʘʣʴʥʳʡ ʵʬʬʝʢʪ, ʪʳʩ. ʨʫʙ 

ʜʦ ʤʦ-
ʜʝʨ-
ʥʠʟʘ-

ʮʠʠ 

ʧʦʩʣʝ 
ʤʦ-
ʜʝʨʥʠ-

ʟʘʮʠʠ 

ʂʦʤʤʝʨ-
ʯʝʩʢʠʡ 

(ʚʥʫʪʨʠʪʨʘʥ-

ʩʧʦʨʪʥʳʡ) 

ʥʘʨʦʜʥʦ-
ʭʦʟʷʡʩʪ-
ʚʝʥʥʳʡ 

(ʚʥʝʪʨʘʥʩ-
ʧʦʨʪʥʳʡ) 

ˤˑˑ  ˤˑˑ  ˤˑˑ̏̇ 

1 3 6,0 4300 3176810,0 485159,20 0,499 244039,23 352501,11 298265,08 

2 3 4,0 4100 2117873,10 323439,50 0,399 162597,93 234863,68 191500,35 

3 3 3,7 1700 1959032,60 299181,50 0,525 150564,05 217481,40 185693,54 

4 3 5,0 19800 3070915,90 468987,20 0,499 36107,88 75336,19 55713,26 

1+3 3 7,5 5500 3971012,0 606449,0 0,499 305039,38 440612,44 372819,39 

2+3 3 4,3 5300 2276713,50 347697,40 0,612 174724,12 252379,28 222280,22 

1+4 3 8,3 24100 4394586,60 671136,90 0,599 51721,73 107913,25 85423,82 

2+4 3 5,9 23900 3123862,80 477073,20 0,449 36685,95 76542,29 54611,78 

3+4 3 5,0 21500 2647341,30 404299,30 0,612 31075,04 64835,58 51741,73 

1+3+4 3 9,0 25300 4765214,40 727738,80 0,599 56093,66 117034,92 92644,95 

2+3+4 3 6,0 25100 3176809,60 485159,2 0,612 37298,34 77819,99 62104,25 

 
ɺʩʝ ʧʨʦʝʢʪʳ ʧʦʣʫʯʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʯʠʩʣʝʥʥʫʶ ʦʮʝʥʢʫ ʦʞʠʜʘʝʤʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ˤˑˑ̏̇, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʭ 
ʦʩʫʱʝʩʪʚʣʝʥʠʷ. ʇʝʨʚʝʥʩʪʚʦ ʩʦʩʪʘʚʣʷʶʪ ʧʨʦʝʢʪʳ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʚ ɽʀʇ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʰʪʨʠʭ-ʢʦʜʘ, ʜʘʣʝʝ ï ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʨʘʤʢʘʭ ɽʀʇ, ɽʀʇ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʫʯʘʩʪʥʠʢʦʚ ɺʕɼ 
ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʰʪʨʠʭ-ʢʦʜʘ. 

ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʨʦʝʢʪʦʚ  ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʦʨʛʘʥʦʚ ʢʦʥʪʨʦʣʷ ʠ ʥʘʜʟʦʨʘ ʧʨʠ 
ʧʨʦʧʫʩʢʝ ʚʥʝʰʥʝʪʦʨʛʦʚʦʛʦ ʛʨʫʟʘ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʨʘʤʢʘʭ ʜʝʣʦʚʳʭ ʚʩʪʨʝʯ ʥʘ ʚʳʩʰʝʤ ʫʨʦʚʥʝ 
ʛʦʚʦʨʠʪʩʷ ʦ ʥʘʣʘʞʠʚʘʥʠʠ ʛʘʨʤʦʥʠʯʥʦʡ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʦʩʥʦʚʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʨʘʩʰʠʨʠʪʴ 
ʪʦʨʛʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʨʘʞʜʘʥ ʠ 
ʦʙʦʨʦʥʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʘʥʳ. ʇʨʠʥʠʤʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʚʦ ʚʥʠʤʘʥʠʝ, ʨʘʟʤʝʨ ʢʦʵʬʬʠʮʠʝʥʪʘ ‎ ʜʣʷ 
ʵʪʠʭ ʧʨʦʝʢʪʦʚ ʧʨʠʥʷʪ ʥʘ ʫʨʦʚʥʝ 0,5-0,8. ɺ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʚʝʢʪʦʨʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʧʦ 

ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʚʥʝʰʥʝʪʦʨʛʦʚʦʛʦ ʛʨʫʟʦʧʦʪʦʢʘ, ʟʥʘʯʝʥʠʝ ‎ ʨʝʟʢʦ ʧʘʜʘʝʪ, ʯʪʦ 
ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʢʘʟʳʚʘʝʪ ʨʝʰʘʶʱʝʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʧʘʨʘʤʝʪʨʘ ʦʞʠʜʘʝʤʦʛʦ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ˤˑˑ̏̇.. 
ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʦʝʢʪʳ ʩ ʤʝʥʴʰʝʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʧʦʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʠʤ (ʧʦʨʷʜʢʘ ʝʜʠʥʠʮʳ) ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ  ‎. ʀʭ ʨʝʘʣʠʟʘʮʠʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 
ʟʘʚʠʩʠʪ ʦʪ ʛʦʪʦʚʥʦʩʪʠ ʠʥʚʝʩʪʦʨʦʚ ʚʢʣʘʜʳʚʘʪʴ ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ ʚ ʧʨʦʝʢʪ. ʆʜʥʘʢʦ ʙʦʣʴʰʘʷ 
ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʧʥʝʚʤʦʧʦʯʪʳ ʥʝ ʧʦʟʚʦʣʷʝʪ ʟʘʥʷʪʴ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʚ ʨʝʡʪʠʥʛʝ 
ʚʘʨʠʘʥʪʦʚ ʧʨʦʝʢʪʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʝʢʪʳ ʩ ʤʘʣʳʤʠ ʜʝʥʝʞʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʜʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʦʞʠʜʘʝʤʳʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʦʤʤʝʨʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠ ʦʙʷʟʘʪʝʣʴʥʦʤ ʫʩʣʦʚʠʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʝʡʩʪʚʠʡ 
ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ (ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʯʘʩʪʥʳʭ ʠʥʚʝʩʪʦʨʦʚ).ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʝʢʪʳ, ʠʤʝʶʱʠʝ 

ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ˤˑˑ̏̇, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʩʫʱʝʩʪʚʣʝʥʠʷ. 
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ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚʚʠʜʫ, ʯʪʦ ʨʝʟʝʨʚʳ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ 
ʧʨʠ ʨʘʙʦʪʝ ʚ ɽʀʇ ʠ ʧʨʠʤʝʥʝʥʠʠ ʰʪʨʠʭ-ʢʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʧʥʝʚʤʦʧʦʯʪʳ. ʆʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʙʫʜʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʧʦʜʜʝʨʞʢʘ ʧʨʦʝʢʪʦʚ ʩʦ ʩʪʦʨʦʥʳ 
ʛʦʩʫʜʘʨʩʪʚʘ (ʟʘʢʦʥʦʜʘʪʝʣʴʥʘʷ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ) ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʚʳʥʫʞʜʝʥʘ ʧʦʡʪʠ 
ʥʘ ʙʦʣʴʰʠʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ, ʤʝʥʴʰʠʡ ʦʞʠʜʘʝʤʳʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʦʤʤʝʨʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ 
ʙʦʣʝʝ ʥʠʟʢʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʧʥʝʚʤʦʧʦʯʪʳ.  

ɺ ʠʪʦʛʝ, ʨʝʘʣʠʟʘʮʠʷ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʦʝʢʪʘ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ 
ʧʨʦʧʫʩʢʘ ʠʤʧʦʨʪʥʦʛʦ ʛʨʫʟʘ ʚʦʟʤʦʞʥʘ ʧʨʠ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʜʝʡʩʪʚʠʷʭ ʫʯʘʩʪʥʠʢʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 
ʙʠʟʥʝʩʘ ʠ ʛʦʩʫʜʘʨʩʪʚʘ. ɼʣʷ  ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʝʢʪʘ ʠ ʠʩʢʣʶʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ 
ʚʦʟʥʠʢʥʦʚʝʥʠʷ çʫʟʢʦʛʦ ʤʝʩʪʘè ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʩʘʤʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʧʦʛʨʘʥʠʯʥʦʡ 
ʧʝʨʝʛʨʫʟʦʯʥʦʡ ʩʪʘʥʮʠʠ ʜʦʣʞʥʘ ʧʨʦʚʦʜʠʪʴʩʷ ʠʭ ʩʦʛʣʘʩʦʚʘʥʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ.  
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Abstract 

This article presents the study of flowability of fine dry materials and mixtures, determined the effect of 
mechanical and physical-mechanical properties of materials on the value of flowability. A mathematical 

model, which allows to assess functional dependence of flowability of the physical and mechanical 
characteristics of the material by means of multiple regression analysis. Resulting polynomial equations 
describing the effect of the expiration of the area, physical and mechanical properties on the flowability of 
materials and mixtures. 
 
Keywords: bulk material, the area of the end, flowability, while rash, expiration time.  

 
Highly dispersed systems with a particle size of 1 to 100 microns, are used in various industries: 

food (flour, powdered sugar, cocoa powder, vitamins and minerals, dietary supplements, etc.), 
pharmaceutical and construction industries (cement, lime, gypsum, etc.), but also in the production of 
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ceramics, metal products, fillers for plastics, rubber, various fertilizers, fire extinguishing equipment, etc. 
One of the most important technological properties of these materials - flowability [18,19], which is to 
present poorly understood, or one-sided. The numerical values of the different flow properties of 
materials difficult to find reference material due to their absence. Therefore, studies on a given physical 
quantities are relevant to virtually all industries that use bulk materials. 

To determine the flow properties of food materials was made installation, no particles are 
compacted granular materials. It consists of a hopper with a conical base, the bottom of which, according 
to the guide moves valve to regulate the area of expiration S granular materials are poured into the 
receiving tank. 

During the experiments, the area of the end was adopted: S1 = 16 Ĭ 16 mm2 (0.000256 m2); 
S2 = 32 Ĭ 32 mm2 (0.001024 m2); S3 = 48 Ĭ 48 mm2 (0.002304 m2); S4 = 64 Ĭ 64 mm2 (0.004096 m 2). 
For the movement of particles in the conical part of the bunker is necessary to provide the following 
condition: Ŭ <ű. Where Ŭ - the angle formed by the intersection of the tangent line of the conical part of 
the hopper with a horizontal plane was set at 30 degrees; ű - angle of friction of the particles are in the 
range from 34 to 37 degrees. 

Experiments were conducted as follows. In the bunker filled various materials mass of 1 kg, 
then set the desired area controlled valve, the flow time measured material passing through it. The 

results are shown in Table 1. 
 

Table 1 
The results of passing the time value of bulk materials through a different area of the expiry 

 

Table 1 shows that an increase in the area of the expiration time of eruption of material from the 
hopper is reduced and a sudden change of time than is observed in the transition from S1 to S2. Fastest 
expiration materials have salt, sugar and wheat their time is: 0.42 seconds; 0.52, 0.59 s. The table also 
shows that the milk powder and the flour is poured out of the hole with an area of S1 due to the presence 
of cohesive forces between particles. By increasing the area of the end to S2 particles of powdered milk 

are slowly pour in turn flour begins its movement only at the maximum open damper. To prevent bridging 
particles with adhesive properties, in the conical part of the hopper was installed impeller rotating at a 
frequency of 0.5 rev / sec. 

Studies have repeatedly conducted on all materials in the whole range of areas in order to 
determine the expiry of milk powder and flour, as well as to determine the effect of paddle during 
eruptions other materials. 

The results are shown in Table 2. 
 

Table 2 
The results of passing the time value of bulk materials through a different area of the end exposed paddle 

 

 
Expiration time ʐ, s 

1 2 3 4 5 

Materials S1 , m
2 S2 , m

2 S3 , m
2 S4 , m

2 

1 2 3 4 5 

Munk 17,63 4,71 1,75 0,88 

Sugar 15,61 3,78 1,49 0,56 

Millet 15,65 3,41 1,46 0,64 

Flour 33,9 16,52 10,77 7,45 

Salt 12,55 2,56 1,12 0,44 

Powdered milk 24,39 6,26 2,84 2,15 

 

 
Expiration time ʐ, s 

Materials S1 , m
2 S2 , m

2 S3 , m
2 S4 , m

2 

Munk 20,14 4,87 1,84 0,92 

Sugar 15,94 3,74 1,52 0,52 

Millet 15,89 3,55 1,42 0,59 

Flour 0 0 0 8,39 

Salt 12,62 2,69 1,13 0,42 

Powdered milk 0 15,37 5,96 3,01 



 

 
 

 

 
Science, Technology and Higher Education  April 17th, 2013.  Vol. II 

 

103 

 

From Table 2 it can be concluded that exposure to paddle particles of powdered milk and 
flour poured with any change in the area of expiration. Still have the best expiration particles of salt, 
sugar and wheat. However, when comparing Tables 1 and 2 that the expiry time of the materials 
increases slightly. Consequently, paddle some materials gives rise to a flow, and some do not 
provide much resistance. 

Further identified flowability test materials, using the formula: 
 

1 ̍
,                                                                  (1) 

 
where: Q - free-flowing materials, g / (cm2 Ĭ s), GM - the amount of material, I wake up at a certain time after 
a certain gap, g; S - cross-sectional area of the gap between the rolls, cm2; Ű - time rashes material, s. 

 
The results, to better accommodate data, present them in the form of graphic curves in Figure 2. 
 

 
 

Fig. 2 ʉurves change flowability of materials from the area of discharge (without paddle) 

 
As seen in Figure 2, the bulk materials with adhesive properties when S = 0,000225 m2 not 

rained without outside influence. With the increase in the area of the end of these materials flowability 
increases monotonically. 

Materials: salt, sugar, wheat, semolina, at about the same level. Therefore, their physical 
and mechanical properties do not affect the free-flowing, which increases significantly with an 
increase in the area of expiration. Therefore, these materials can be classified as - well loose, 
and the other bad loose. 

Resulting polynomial equations describing the effect of the expiration of the square on the 
flowability of different materials. 

 

                         Salt:  Q=35.92ĬS
2
-95.97ĬS+380; R

2
=0.948.                                         (2) 

Sugar: Q=41.97ĬS
2
-140ĬS+350; R

2
=0.96.                                          (3) 

Millet: Q=19.77ĬS
2
-45.16ĬS+275; R

2
=0.98.                                         (4) 

Munk: Q=5.72ĬS
2
-3.68ĬS+190; R

2
=0.98.                                          (5) 

Powder milk:  Q=-13.8ĬS
2
+94.32ĬS-77,85; R

2
=0.96.                                 (6) 

Flour: Q=7.27ĬS
2
-27.64ĬS+21,82; R

2
=0.948.                                      (7) 

 
Furthermore, a study to determine the flow characteristics for the three mixtures. The first 

consists of materials (salt and millet) has a quick expiration, the second (flour and milk powder) having a 
minimum expiration, the third mixture contains materials: sugar and flour have different expiration time. 

The results are presented as graphs in Fig. 3. 
 

0

100

200

300

400

500

600

0,000225 0,001024 0,002304 0,004096

ʉ
ʳ
ʧ
ʫ
ʯ
ʝ
ʩ
ʪ
ʴ
 
ʤ
ʘ
ʪ
ʝ
ʨ
ʠ
ʘ
ʣ
ʦ
ʚ
 

Q
, 

ʢ
ʛ
/
(
ʤ

2
Ĭ
ʩ
)

ʇʣʦʱʘʜʴʠʩʪʝʯʝʥʠʷ S, ʤ2

ʄʘʥʢʘ ʉʘʭʘʨ ʇʰʝʥʦ ʄʫʢʘ ʉʦʣʴ ʉ. ʄʦʣʦʢʦ



 

 
 

 

 
Science, Technology and Higher Education  April 17th, 2013.  Vol. II 

 

104 

 

 
 

Fig. 3. Variation curves of mixtures of free-flowing area expiration 

 
From Fig. 3, the free-flowing in the first mixture increases monotonically with the expiration of the 

square, with those numerical values of Q for S = 0,000225 m2 three times less than the materials in walking 
in its composition. At S = 0,004096 m2 this ratio increases to flowability still 2.5 times. This is explained by the 
fact that at the expiration of salt and wheat affects the difference in their size distribution and density, as well 
as an increase in friction and adhesion between particles. At confluence by S1 and S2 observed the effect of 
segregation by gravity, basically woke salt particles, and wheat remained on the surface of the mixture. 

Flowability of the second mixture begins to appear at S3, but slightly reduces its value in S4, by 
bridging particles in the conical part of the bunker because of the strong interaction of cohesive forces 
between particles. The numerical values of Q with a mixture of approximately equal values of the 
materials included in its structure, in the whole range of areas of expiration. 

The third mixture starts its movement at S = 0,001024 m2 and in fact does not change the value 
of free-flowing throughout the area change. This is so that the flour, which has adhesive properties, 
hinders mutual displacement of particles of the mixture, slowing its flowability. The numerical value of 

free-flowing mixture of flour exceeds Q, but much inferior (8 times) particles of sugar. 
As noted above, the free-flowing material has a significant effect of particle size and density, so 

further experiments devoted to the study of these particular parameters for S = 0,004096 m2.  
 Flowability of materials increases with increasing density, and decreases with increasing 

particle diameter. In other words, have good flowability particles having a small diameter and high 
density. The best free-flowing particles possess material, diameter and density of which are in the range 
0,04 õ 0,09 mm and 1350 õ 1600 kg / m3, respectively. With these parameters, there is minimal friction 
and adhesion between particles, complicating their mutual displacement. 

Do flour and milk powder was observed bridging the conical part of the hopper, so their flowability 
regardless of diameter and density of the particles is in a small range of 30 õ 190 kg / (m 2 Ĭ s). 

Ranges of values obtained bulk materials, depending on ɟ and d are shown in Table 5. 
 

Table 5 
Physical and mechanical properties of bulk materials 
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ʩʦʣʴ-ʧʰʝʥʦ ʤʫʢʘ-ʩ.ʤʦʣʦʢʦ ʩʘʭʘʨ-ʤʫʢʘ

Materials Diameters d, mm Density ɟ, kg/m3 Flowability Q, kg / (m2 Ĭ s) 

Munk 0,3õ0,5 1390õ1490 240õ380 

Sugar 0,04õ0,08 1530õ1630 250õ470 

Millet 0,06õ0,09 1290õ1390 250õ420 

Flour 0,2õ0,35 1360õ1460 30õ100 

Salt 0,08õ0,12 1570õ1670 310õ580 

Powder milk 0,09õ0,14 1400õ1500 80õ190 



 

 
 

 

 
Science, Technology and Higher Education  April 17th, 2013.  Vol. II 

 

105 

 

Next, using the package çStatistica 6.0è, evaluated the functional relationship between the 
independent functional variables - d, ɟ, and the response of Q, used the method of multiple regression 
analysis [statistics text]. 

To do this, examine the regression coefficients standardized and non-standardized in Beta, 
presented in Table 6. 

 

Table 6 
The results of multiple regression 

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
As the table shows the results of 7, the most significant variable is the density, its weight 

coefficients have great value in relation to the diameter of the particles. What has some value in d 
Beta negative, showing a tendency to reduce the flowability of the particles with an increase of their 
diameters. 

The processing of the experimental data obtained by an empirical formula for the calculation of 
free-flowing materials: 

 

Q=16022-21621d-20,66ɟ+5520d
2
+13,35dɟ+0,007ɟ2.                                    (8) 

 

According to this equation and graphically describes the effect of surface flow properties of 
materials on the diameter and density of the particles (Fig. 4). 

Analysis of the graphical interpretation shows that the minimum Q are particles with d = 0,5 mm 
and ɟ = 1300 kg/m3, with their increase to d = 0,04 mm and ɟ = 1670 kg/m3 maximizes the flowability of 
materials. 

It should be noted that the resulting dependence has a low coefficient of determination R2 is 
equal to 0.44, limiting its use in engineering calculations that require high precision. In this regard, I have 
proposed the use of two regression equations that explain over 95% of the spread of values of variables 

about the mean. 
 

Munk 

 Beta Std. Er ɺ 
ʉʪʜ. 
ʦ  h

t(23) p-level 

1 2 3 4 5 6 7 

Const.term   -2320 4555 -0,509 0,700112 

d 0,2527 1,955 177,6 1374, 0,1292 0,918182 

ɟ  1,2496 1,955 1,78 2,781 0,6389 0,638049 

Sugar 

Const.term   -2943 2654 -1,108 0,467233 

d -0,07 0,679 -390 3784 -0,103 0,934722 

ɟ  0,9296 0,679 2,1 1,536 1,3682 0,401786 

Millet 

Const.term   1167,2 1451 0,8040 0,568885 

d -1,15 0,536 -6486 3020 -2,14 0,277318 

ɟ  -0,153 0,536 -0,26 0,914 -0,285 0,823034 

Salt 

Const. term   -2861 290 -9,862 0,064327 

d -0,229 0,056 -1482 365,9 -4,05 0,154083 

ɟ  0,772 0,056 2,13 0,156 13,607 0,046701 

Flour 

Const. term   1091,7 1180, 0,9247 0,524884 

d -1,738 0,983 -865,9 489,8 -1,767 0,327726 

ɟ  -0,739 0,983 -0,558 0,742 -0,752 0,589507 

Powder milk 

Const. term   -358,2 732,8 -0,488 0,710583 

d -0,580 0,417 -1237 890,7 -1,389 0,397092 

ɟ  0,419 0,417 0,44 0,435 1,0057 0,498180 
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Fig. 4. The dependence of flow properties of materials on the diameter and density of the particles. 
 

For a well-bulk materials: 
 

Q=20199,5-70073,2d-23,53ɟ+19042,5d
2
+42,5dɟ+0,007ɟ2; 

           R
2
=0,962.                                                                    (9) 

  

For those new bulk materials: 
 

Q=4910+2214d+6ɟ+816d
2
-2dɟ-0,0017ɟ2; 

   R
2
=0,957.                                                                 (10) 

 

The studies determined the flowability of various food materials and composite compositions. 
Klasif offered to mothers on good flowability at (Q = 200õ600 kg / (m2 Ĭ s)) and poorly flowing (Q = 
30õ200 kg / (m2 Ĭ s)). Determined that the flowability increases significantly with the increase in the area 
of expiration. Found that the flowability of fine dry materials and mixtures affects their physical and 

mechanical properties (density and particle diameter) and mechanical impact. Obtain an equation for 
determining the flowability of the material, depending on the particle diameter and density of the material. 
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Abstract 
Coding data on plane method, which allow to increase efficiency of compressing algorithm, is examined. 
The necessity of finding optimal coding function is substantiated and results of examine some function for 

this purpose are shown. It is also shown that most optimal results are provided by sinusoidal function. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʦʩʦʙ ʢʦʜʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʘʣʛʦʨʠʪʤʦʚ ʩʞʘʪʠʷ. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʜʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʠ 
ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʵʪʦʡ ʮʝʣʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 
ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʫʥʢʮʠʠ. 
 

ʂʣʯʁʝʚʳʝ ʩʣʦʚʘ: ʩʞʘʪʠʝ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ, ʧʦʢʘʟʘʪʝʣʴʥʘʷ 
ʬʫʥʢʮʠʷ, ʩʠʥʫʩʦʠʜʘʣʴʥʘʷ ʬʫʥʢʮʠʷ, ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ. 

 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʤʦʯʴ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʜʫʨ ʩʞʘʪʠʷ [1,2]. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʥʘ ʧʣʦʩʢʦʩʪʠ [3,4]. 

ʃʠʥʝʡʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʥʘ ʧʣʦʩʢʦʩʪʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʢʦʜʠʨʦʚʘʥʠʷ 
ʥʘ ʧʣʦʩʢʦʩʪʠ, ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʢʦʜʠʨʦʚʘʥʠʷ ʚ ʢʦʪʦʨʦʤ ʚʳʩʪʫʧʘʝʪ ʧʨʷʤʘʷ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʘʣʛʦʨʠʪʤ 
ʢʦʜʠʨʦʚʘʥʠʷ ʥʘ ʧʣʦʩʢʦʩʪʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɼʝʢʘʨʪʦʚʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 
ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʨʘʚʥʳʝ ʫʯʘʩʪʢʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʟʘʜʘʥʥʦʡ ʰʠʨʠʥʳ (l) ʠ ʚʳʩʦʪʳ (h). ʂʘʞʜʳʡ 

ʫʯʘʩʪʦʢ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʟʦʥʳ. ʆʜʥʘ ʠʟ ʟʦʥ ʥʫʣʝʚʘʷ, ʜʨʫʛʘʷ - ʝʜʠʥʠʯʥʘʷ. ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ʜʣʷ 
ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ çʜʝʪʝʢʪʠʨʫʶʱʘʷè ʬʫʥʢʮʠʷ. ʂʦʜʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 
çʢʦʜʠʨʫʶʱʝʡè ʬʫʥʢʮʠʠ. ʇʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʢʘʞʜʦʡ çʜʝʪʝʢʪʠʨʫʶʱʝʡè ʬʫʥʢʮʠʠ ʠ 
çʢʦʜʠʨʫʶʱʝʡè ʬʫʥʢʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʠ ʢʦʜʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪ ʥʫʣʝʚʦʡ ʠʣʠ ʝʜʠʥʠʯʥʳʡ ʨʘʟʨʷʜ (ʨʠʩ. 1).  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʦʩʦʙʘ ʢʦʜʠʨʦʚʘʥʠʷ ʥʘ ʧʣʦʩʢʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʚʳʩʪʫʧʘʝʪ 
ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ çʢʦʜʠʨʫʶʱʝʡè ʬʫʥʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʟʘʜʘʥʥʫʶ ʙʠʥʘʨʥʫʶ ʢʦʤʙʠʥʘʮʠʶ. 
ɼʣ̫ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʞʘʪʠʷ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʘʢʦʡ ʧʦʢʘʟʘʪʝʣʴ, ʢʘʢ ʩʨʝʜʥʝʝ ʯʠʩʣʦ 
ʨʘʟʨʷʜʦʚ, ʢʦʜʠʨʫʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ. ʏʝʤ ʚʳʰʝ ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, 
ʪʝʤ ʵʬʬʝʢʪʠʚʥʝʡ ʙʫʜʝʪ ʧʦʩʣʝʜʫʶʱʝʝ ʩʞʘʪʠʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʢʦʜʠʨʦʚʘʥʠʷ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʞʘʪʠʷ. ɺ 
ʢʘʯʝʩʪʚʝ ʚʘʨʠʘʥʪʦʚ ʫʚʝʣʠʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʢʦʜʠʨʫʝʤʳʭ ʨʘʟʨʷʜʦʚ, ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʦʪʣʠʯʥʦʡ ʦʪ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠʣʠ ʬʫʥʢʮʠʠ ʢʦʜʠʨʦʚʘʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʚʘʨʠʘʥʪ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʣʠʯʥʦʡ ʦʪ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʦʣʝʝ ʨʝʩʫʨʩʦʝʤʢʠʡ, ʯʝʤ ʚʘʨʠʘʥʪ 
ʩ ʬʫʥʢʮʠʝʡ ʢʦʜʠʨʦʚʘʥʠʷ, ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʡ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʦʜʭʦʜʷʱʝʡ ʬʫʥʢʮʠʠ ʢʦʜʠʨʦʚʘʥʠʷ ʫʜʦʙʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 
ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʢʨʳʪʠʷ ʚʦʟʤʦʞʥʳʭ ʙʠʥʘʨʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʟʘʜʘʥʥʦʡ ʜʣʠʥʳ (Kp), ʢʦʪʦʨʳʡ ʧʨʷʤʦ 
ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʧʦʢʘʟʘʪʝʣʶ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʢʦʜʠʨʫʝʤʳʭ ʨʘʟʨʷʜʦʚ. 

 

|Kp| = n/m, 
ʛʜʝ n = 2l  ï ʢʦʣʠʯʝʩʪʚʦ ʙʠʥʘʨʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʜʣʠʥʳ l,  
            m ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʠ ʥʘʡʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʢʦʜʠʨʫʶʱʝʡ 

ʬʫʥʢʮʠʠ. 
 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʭʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠʟ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ çʢʦʜʠʨʫʶʱʝʡè 
ʬʫʥʢʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʅʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʫʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ 
ʧʘʨʘʤʝʪʨʦʚ. ɺ ʧʦʣʫʯʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʛʝʥʝʨʠʨʫʝʪʩʷ ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ ʩʣʫʯʘʡʥʳʭ 
ʚʝʣʠʯʠʥ. ɼʣʷ ʢʘʞʜʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʙʠʥʘʨʥʦʡ ʢʦʤʙʠʥʘʮʠʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʩʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʟʦʥʳ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʜʥʫ ʠʟ ʙʠʥʘʨʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʟʘʜʘʥʥʦʡ ʜʣʠʥʳ. 

ʇʦʤʠʤʦ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠ ʚʳʙʦʨʝ ʬʫʥʢʮʠʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 
ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʟʙʠʝʥʠʷ ʥʘ ʟʦʥʳ. ɼʣʷ ʵʪʦʛʦ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʪʦʯʝʢ ʚʭʦʜʷʱʠʭ ʚ ʢʘʞʜʫʶ 
ʟʦʥʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʩʧʝʨʩʠʷ. ʏʝʤ ʥʠʞʝ ʟʥʘʯʝʥʠʝ ʜʠʩʧʝʨʩʠʠ, ʪʝʤ ʨʘʚʥʦʤʝʨʥʝʡ ʨʘʟʙʠʝʥʠʝ ʥʘ ʟʦʥʳ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʣʦʩʢʦʩʪʴ ʢʦʜʠʨʦʚʘʥʠʷ ʩʦ ʩʣʝʜʫʶʱʠʤʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʰʠʨʠʥʘ ʠ ʚʳʩʦʪʘ ʫʯʘʩʪʢʘ l=1, h=1; ʰʠʨʠʥʘ ʥʫʣʝʚʦʡ ʟʦʥʳ h0=0,5; ʨʘʩʩʪʦʷʥʠʝ ʦʪ 
ʥʘʯʘʣʘ ʫʯʘʩʪʢʘ ʜʦ ʬʫʥʢʮʠʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ lk=0,5. ʆʙʲʝʤ ʚʳʙʦʨʢʠ ʜʣʷ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʙʨʘʣʩʷ 

ʨʘʚʥʳʤ 100000. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʙʠʥʘʮʠʡ ʚʳʙʠʨʘʣʘʩʴ ʪʘʢ, ʯʪʦʙʳ ʚʦʟʤʦʞʥʦʝ 
ʯʠʩʣʦ ʢʦʤʙʠʥʘʮʠʡ ʥʝ ʧʨʝʚʳʰʘʣʦ ʦʙʲʝʤ ʚʳʙʦʨʢʠ ʠ ʙʨʘʣʘʩʴ ʨʘʚʥʦʡ 16. ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʡ 
ʢʦʜʠʨʦʚʘʥʠʷ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ax+b; ʧʦʢʘʟʘʪʝʣʴʥʳʝ 
ʬʫʥʢʮʠʠ axn+bx, ʛʜʝ n=2é6; ʬʫʥʢʮʠʷ ʩʠʥʫʩʘ bsin(ax); ʬʫʥʢʮʠʷ ʣʦʛʘʨʠʬʤʘ alg(bx).  
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ʈʠʩ. 1. ʇʨʠʤʝʨ ʩʭʝʤʳ ʢʦʜʠʨʦʚʘʥʠʷ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʢʦʜʠʨʦʚʘʥʠʷ  

ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ 
 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʦʜʥʦʤʝʨʥʦʝ, ʪʘʢ ʠ ʜʚʫʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 
ʧʘʨʘʤʝʪʨʦʚ. ɺ ʩʣʫʯʘʝ ʦʜʥʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʧʘʨʘʤʝʪʨ b ʧʨʠʥʠʤʘʣ ʬʠʢʩʠʨʦʚʘʥʥʦʝ 
ʟʥʘʯʝʥʠʝ. ɺʳʙʦʨ ʧʨʝʜʝʣʴʥʳʭ ʚʝʣʠʯʠʥ ʜʣʷ ʥʘʙʦʨʦʚ ʧʘʨʘʤʝʪʨʦʚ ʢʘʞʜʦʡ ʠʩʩʣʝʜʫʝʤʦʡ ʬʫʥʢʮʠʠ 
ʧʨʦʠʟʚʦʜʠʣʩʷ ʪʘʢ, ʯʪʦʙʳ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʣʠʥ ʙʠʥʘʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʢʨʳʪʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ a ʠ b ʚ ʩʣʫʯʘʝ ʦʜʥʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ: ʜʣʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ a (ɴ0;2], b=0; ʜʣʷ 
ʧʦʢʘʟʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ a (ɴ0;2n], b=0; ʜʣʷ ʬʫʥʢʮʠʠ ʩʠʥʫʩʘ a (ɴ0;3,14], b=10000; ʜʣʷ ʬʫʥʢʮʠʠ 

ʣʦʛʘʨʠʬʤʘ a (ɴ0;10000], b=10-3. ɺ ʩʣʫʯʘʝ ʜʚʫʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ: ʜʣʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ a (ɴ0;1], b (ɴ0;0,5]; ʜʣʷ ʧʦʢʘʟʘʪʝʣʴʥʳʭ 

ʬʫʥʢʮʠʡ a (ɴ0;2n-1], b (ɴ0;1]; ʜʣʷ ʬʫʥʢʮʠʠ ʩʠʥʫʩʘ a (ɴ0;3,14], b (ɴ9999;10000]; ʜʣʷ ʬʫʥʢʮʠʠ ʣʦʛʘʨʠʬʤʘ 
a (ɴ0;10000], b (ɴ0;1]. ɺʳʙʦʨ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ b ʚ ʩʣʫʯʘʝ ʩʠʥʫʩʘ ʠ a ʚ ʩʣʫʯʘʝ ʣʦʛʘʨʠʬʤʘ 
ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʝʜʝʣʴʥʳʤʠ ʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʥʥʳʭ 
ʟʥʘʯʝʥʠʡ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʢʨʳʪʠʷ ʜʣʷ ʜʘʥʥʳʭ ʬʫʥʢʮʠʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ (ʨʠʩ. 2).  

 

 
 

ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʢʨʳʪʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʘ b ʜʣʷ ʬʫʥʢʮʠʠ bsin(ax)  

ʠ a ʜʣʷ ʬʫʥʢʮʠʠ alg(bx) ʜʣʷ ʙʠʥʘʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʠʥʳ 14 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʠ ʜʚʫʤʝʨʥʦʛʦ 
ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ ʥʘʙʣʶʜʘʝʪʩʷ 
ʧʦʚʳʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʢʨʳʪʠʷ ʠ ʩʥʠʞʝʥʠʝ ʜʠʩʧʝʨʩʠʠ. ɼʘʥʥʳʡ ʨʦʩʪ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ 
ʧʨʝʜʝʣʘ ʧʨʠ ʟʥʘʯʝʥʠʠ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ ʨʘʚʥʦʤ 5. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ 
ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʝ ʦʢʘʟʳʚʘʝʪ (ʨʠʩ. 3,4). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 
ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʚ ʩʣʫʯʘʝ ʦʜʥʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʝʪʩʷ 
ʬʫʥʢʮʠʷ ax5, ʚ ʩʣʫʯʘʝʪ ʜʚʫʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ï ax5+bx. 

 

 
 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʢʨʳʪʠʷ ʦʪ ʜʣʠʥʳ ʙʠʥʘʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ  
ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʧʦʢʘʟʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ 

 

 
 

ʈʠʩ. 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʨʘʟʙʠʝʥʠʷ ʥʘ ʟʦʥʳ ʦʪ ʜʣʠʥʳ ʙʠʥʘʨʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʧʦʢʘʟʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ 

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʦʙʲʝʤʝ ʚʳʙʦʨʢʠ 100000 ʟʥʘʯʝʥʠʡ ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʢʨʳʪʠʷ Kp=1 ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʠʥʳ 13. 
ʉʨʘʚʥʝʥʠʝ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ, ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʬʫʥʢʮʠʡ ʠ ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ ax5+bx 

ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʠ ʦʜʥʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʢʨʳʪʠʷ ʜʣʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʦʢʘʟʳʚʘʶʪʩʷ ʭʫʞʝ ʧʦʢʘʟʘʪʝʣʝʡ 
ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʠ ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʤʝʨʥʦ 
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ʦʜʠʥʘʢʦʚʳʡ ʨʝʟʫʣʴʪʘʪ (ʨʠʩ. 5). ʆʜʥʘʢʦ ʜʠʩʧʝʨʩʠʷ ʚ ʩʣʫʯʘʝ ʩ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʜʣʷ 
ʦʜʥʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ ʘʥʘʣʦʛʠʯʥʦʡ ʜʣʷ ʧʦʢʘʟʘʪʝʣʴʥʦʡ 
ʬʫʥʢʮʠʠ (ʨʠʩ. 6). 

 

 
 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʢʨʳʪʠʷ ʦʪ ʜʣʠʥʳ ʙʠʥʘʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ  

ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ, ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ,  

ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʡ 
 

 
 

ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʨʘʟʙʠʝʥʠʷ ʥʘ ʟʦʥʳ ʦʪ ʜʣʠʥʳ ʙʠʥʘʨʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ, 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ, ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʡ 
 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʨʝʜʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʬʫʥʢʮʠʡ ʢʦʜʠʨʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ 

ʚʳʛʣʷʜʠʪ ʩʠʥʫʩʦʠʜʘʣʴʥʘʷ ʬʫʥʢʮʠʷ. ʇʨʠ ʵʪʦʤ ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʧʦʣʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʜʠʩʧʝʨʩʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʢ 
ʜʚʫʤʝʨʥʦʤʫ, ʫʣʫʯʰʝʥʠʷ ʜʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʚ ʧʦʣʴʟʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʦʜʥʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ ʜʣʠʥʘ ʙʠʥʘʨʥʳʭ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʢʨʳʪʠʷ Kp=1 ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 
ʧʘʨʘʤʝʪʨʦʚ ʚʳʨʦʩʣʘ ʙʦʣʝʝ ʯʝʤ ʚ ʯʝʪʳʨʝ ʨʘʟʘ. 

ʇʝʨʝʭʦʜ ʦʪ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ ʢʦʜʠʨʦʚʘʥʠʷ ʢ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʠ ʧʝʨʝʭʦʜ ʦʪ ʜʚʫʤʝʨʥʦʛʦ 
ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʚʰʝʝʩʷ ʧʨʠ ʣʠʥʝʡʥʦʤ ʢʦʜʠʨʦʚʘʥʠʠ ʥʘ ʧʣʦʩʢʦʩʪʠ [3,4], ʢ 
ʦʜʥʦʤʝʨʥʦʤʫ ʧʦʟʚʦʣʠʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʩʞʘʪʠʝ ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.  
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Abstract 
Results of research normal and tangential making cutting forces when processing by elastic abrasive 
circles are given in the report. Researches are conducted on the Deckel Maho DMC 635V machine with 
use of dynamometer of Kistler firm (Switzerland) of model 9257B. Dependences of forces on the size of 
radial deformation of circle, cutting and giving speed are established. It is proved that the normal 
component of force well corresponds to an achievable roughness of processed surface received at the 
same modes of processing on which forces are measured. 
 
Keywords: Elastic circles, dynamometer, cutting forces, cutting modes, roughness. 

 
ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ  
ʩʠʣʳ ʨʝʟʘʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʵʣʘʩʪʠʯʥʳʤʠ ʘʙʨʘʟʠʚʥʳʤʠ ʢʨʫʛʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ 
ʩʪʘʥʢʝ  Deckel Maho DMC 635V  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʥʘʤʦʤʝʪʨʘ ʬʠʨʤʳ Kistler (ʐʚʝʡʮʘʨʠʷ) 

ʤʦʜʝʣʠ 9257B. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣ ʦʪ ʚʝʣʠʯʠʥʳ ʨʘʜʠʘʣʴʥʦʡ  ʜʝʬʦʨʤʘʮʠʠ ʢʨʫʛʘ, 
ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʠ ʧʦʜʘʯʠ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʨʤʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʣʳ ʭʦʨʦʰʦ 
ʢʦʨʨʝʩʧʦʥʜʠʨʫʝʪ ʩ ʜʦʩʪʠʞʠʤʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʪʝʭ 
ʞʝ ʨʝʞʠʤʘʭ ʦʙʨʘʙʦʪʢʠ, ʥʘ ʢʦʪʦʨʳʭ ʠʟʤʝʨʝʥʳ ʩʠʣʳ. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʕʣʘʩʪʠʯʥʳʝ ʢʨʫʛʠ, ʜʠʥʘʤʦʤʝʪʨ, ʩʠʣʳ ʨʝʟʘʥʠʷ, ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ. 

 
ʕʣʘʩʪʠʯʥʳʝ ʘʙʨʘʟʠʚʥʳʝ ʢʨʫʛʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ: ʬʠʥʠʰʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʮʝʣʴʶ ʧʨʠʜʘʥʠʷ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʙʫʝʤʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʧʦʜʛʦʪʦʚʢʠ ʝʝ ʧʦʜ ʣʘʢʦʢʨʘʩʦʯʥʳʝ 
ʧʦʢʨʳʪʠʷ, ʫʜʘʣʝʥʠʷ ʟʘʫʩʝʥʮʝʚ, ʩʢʨʫʛʣʝʥʠʷ ʦʩʪʨʳʭ ʢʨʦʤʦʢ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʝʨʝʜ 
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ʧʦʣʠʨʦʚʘʥʠʝʤ ʠ ʛʣʷʥʮʝʚʘʥʠʝʤ ʠ ʪ. ʧ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʤʦʛʫʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʘʣʣʳ ʠ ʠʭ 
ʩʧʣʘʚʳ, ʧʣʘʩʪʤʘʩʩʘ, ʜʝʨʝʚʦ, ʩʪʝʢʣʦ, ʢʝʨʘʤʠʢʘ ʠ ʢʘʤʥʠ. 

ɺ ʤʠʨʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʵʣʘʩʪʠʯʥʳʭ ʘʙʨʘʟʠʚʥʳʭ ʠ ʥʝʘʙʨʘʟʠʚʥʳʭ 
ʢʨʫʛʦʚ ʜʣʷ ʬʠʥʠʰʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ, ʘʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [1]. 

ɺʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ ʩʠʣʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ, 
ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʠʩʧʳʪʘʥʠʠ ʩʪʘʥʢʘ, ʪʘʢ ʠ ʧʨʠ 
ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʦʨʤʘʣʴʥʦʡ ʠ 
ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ ʨʝʟʘʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʵʣʘʩʪʠʯʥʳʤʠ ʘʙʨʘʟʠʚʥʳʤʠ ʢʨʫʛʘʤʠ 
ʢʦʤʧʘʥʠʠ 3M (Minnesota Mining and Manufacturing Company), ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ ʘʙʨʘʟʠʚʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ Scotch-BriteÊ. ʕʪʦʪ ʤʘʪʝʨʠʘʣ  ʩʦʩʪʦʠʪ ʠʟ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ, ʦʙʨʘʟʫʶʱʠʭ ʪʨʝʭʤʝʨʥʦʝ 
ʥʝʪʢʘʥʦʝ ʧʦʣʦʪʥʦ, ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʢʦʪʦʨʦʛʦ  ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʘʙʨʘʟʠʚʥʳʝ ʟʝʨʥʘ.  

ʂʨʫʛʠ FS-WL 8A MED,  FS-WL 6S FIN,  FS-WL 2S CRS, DB-WL 8S MED (ʨʠʩ. 1 ʠ ʨʠʩ. 2) ï 
ʧʨʝʩʩʦʚʘʥʥʳʝ, ʚ ʦʙʦʟʥʘʯʝʥʠʠ ʢʦʪʦʨʳʭ ʮʠʬʨʘʤʠ (8, 6, 2) ʦʙʦʟʥʘʯʝʥʘ ʩʪʨʫʢʪʫʨʘ, ɸ ï ʘʙʨʘʟʠʚʥʳʡ 
ʤʘʪʝʨʠʘʣ  Al2O3, S ï ʘʙʨʘʟʠʚʥʳʡ ʤʘʪʝʨʠʘʣ SiC, ʟʝʨʥʠʩʪʦʩʪʴ:  FINE ( ʪʦʥʢʦʝ ʟʝʨʥʦ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 45-50 ʤʢʤ), MEDIUM (ʩʨʝʜʥʝʝ ʟʝʨʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 50-60 ʤʢʤ), COARSE 

(ʛʨʫʙʦʝ ʟʝʨʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ~200 ʤʢʤ). 

 
ʂʨʫʛ CF-FB 0,5A FIN (ʨʠʩ. 3) - ʦʯʝʥʴ ʵʣʘʩʪʠʯʥʘʷ ʱʝʪʢʘ ʠʟ ʣʝʧʝʩʪʢʦʚ ʤʘʪʝʨʠʘʣʘ ʪʠʧʘ Clean 

& Finish ʜʣʷ ʯʠʩʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʘʙʨʘʟʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ Al2O3 ʟʝʨʥʠʩʪʦʩʪʴʶ FINE (ʪʦʥʢʦʝ 
ʟʝʨʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 45-50 ʤʢʤ). 

ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʝʣʠʯʠʥ ʥʦʨʤʘʣʴʥʦʡ ʠ 
ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣʳ ʨʝʟʘʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʧʣʘʚʘ ɺ95ʧʯʊ 2.  

 

ʆʙʨʘʟʝʮ ʨʘʟʤʝʨʘʤʠ 100202 ³³ ʤʤ ʙʳʣ ʟʘʢʨʝʧʣʝʥ ʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʠ ʠ ʦʙʨʘʙʘʪʳʚʘʣʩʷ 

ʥʘ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʙʨʘʙʘʪʳʚʘʶʱʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦ-ʬʨʝʟʝʨʥʦʤ ʩʪʘʥʢʝ ʤʘʨʢʠ Deckel Maho DMC 635V. 
ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʜʠʥʘʤʦʤʝʪʨ 

ʬʠʨʤʳ Kistler (ʐʚʝʡʮʘʨʠʷ), ʤʦʜʝʣʴ 9257B, ʚʥʝʰʥʠʡ ʚʠʜ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 4. 

 
ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʜʠʥʘʤʦʤʝʪʨʘ ʫʩʣʦʚʥʦ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 5. 
 

ʈʠʩ. 4. ɺʥʝʰʥʠʡ ʚʠʜ ʜʠʥʘʤʦʤʝʪʨʘ 
ʤʦʜʝʣʠ 9257ɺ 
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ʈʠʩ. 5. ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʜʠʥʘʤʦʤʝʪʨʘ 

 

 
ʈʠʩ. 6. ʉʪʨʫʢʪʫʨʘ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʜʘʪʯʠʢʘ ʩʠʣʳ ʠ ʜʠʥʘʤʦʤʝʪʨʘ 

ɺ ʜʠʥʘʤʦʤʝʪʨʝ ʠʩʧʦʣʴʟʦʚʘʥ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ. ʉʪʨʫʢʪʫʨʘ 
ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʜʘʪʯʠʢʘ ʘʥʘʣʦʛʠʯʥʘ ʩʪʨʫʢʪʫʨʝ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʜʘʪʯʠʢʘ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ 
ʨʠʩ. 6. ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʧʘʨʘ ʢʚʘʨʮʝʚʳʭ ʢʦʣʝʮ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ Y ʠ ʜʚʝ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ. ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʜʘʪʯʠʢʠ ʩʠʣʳ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʪʜʝʣʴʥʦ, ʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 3 ʜʦ 4 ʰʪʫʢ, 
ʦʙʨʘʟʫʷ ʜʠʥʘʤʦʤʝʪʨ. 

ɼʣʷ ʫʩʠʣʝʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 8-ʢʘʥʘʣʴʥʳʡ ʫʩʠʣʠʪʝʣʴ-
ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʪʠʧʘ 5070A01110, ʬʠʨʤʳ Kistler (ʐʚʝʡʮʘʨʠʷ). 

ɼʣʷ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ DynoWare 
ʬʠʨʤʳ Kistler (ʐʚʝʡʮʘʨʠʷ), ʚʝʨʩʠʷ 2.4.1.6. 

ʆʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʨʝʞʠʤʘʭ: 

¶ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʨʫʛʘ n  = 500, 1000, 1250, 1600 ʦʙ/ʤʠʥ; 

¶ ʧʦʜʘʯʘ (ʧʦʧʫʪʥʘʷ)  S = 42, 130, 255, 395 ʤʤ/ʤʠʥ;  

¶ ʨʘʜʠʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʨʫʛʘ Dy = 0,5; 1,0; 1,5; 2,0; 2,5; 3,0; 3,5; 4,0; 4,5 ʤʤ.  
 
ʅʘ ʨʠʩ. 7 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʥʦʨʤʘʣʴʥʦʡ (ʘ) ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ (ʙ) ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʩʠʣʳ ʨʝʟʘʥʠʷ ʦʪ ʜʝʬʦʨʤʘʮʠʠ ʢʨʫʛʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʦʨʤʘʣʴʥʘʷ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ 
ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʣʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʪʝʪ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 
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ʜʝʬʦʨʤʘʮʠʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʫʧʨʫʛʘʷ ʠ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ Fy. ʇʦ ʵʪʦʡ ʞʝ ʧʨʠʯʠʥʝ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ  ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ  ʩʠʣʘ ʨʝʟʘʥʠʷ Fz. 

 

 
ʈʠʩ. 8. ɿʘʚʠʩʠʤʦʩʪʴ ʥʦʨʤʘʣʴʥʦʡ Fy (ʘ) ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ Fz (ʙ) ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ ʨʝʟʘʥʠʷ  

ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʤʤ ʰʠʨʠʥʳ ʢʨʫʛʘ ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ V ʜʣʷ ʢʨʫʛʦʚ ʧʨʠ S=130 ʤʤ/ʤʠʥ: 
 

1 ï FS-WL 8A MED;  2 -  FS-WL 6S FIN;  3 - FS-WL 2S CRS;  4 - DB-WL 8S MED ʧʨʠ ʨʘʜʠʘʣʴʥʦʡ 
ʜʝʬʦʨʤʘʮʠʠ ȹy =1,5 ʤʤ; 5 - CF-FB 0,5A FIN ʧʨʠ ʨʘʜʠʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ȹy =4,5 ʤʤ. 

 
ʅʘ ʨʠʩ. 8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʥʦʨʤʘʣʴʥʦʡ (ʘ) ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ (ʙ) ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʩʠʣʳ ʨʝʟʘʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ, ʠʟ ʢʦʪʦʨʳʭ ʚʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʟʥʘʯʝʥʠʷ 
ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣʳ ʨʝʟʘʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʢʨʫʛʦʚ ʠʟʤʝʥʷʶʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 
ʩʣʠʰʢʦʤ ʨʘʟʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʞʝʩʪʢʦʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʨʫʛʦʚ. 

ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʥʦʨʤʘʣʴʥʦʡ Fy (ʘ) ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ Fz (ʙ) ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ 

ʨʝʟʘʥʠʷ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʤʤ ʰʠʨʠʥʳ ʢʨʫʛʘ ʦʪ ʜʝʬʦʨʤʘʮʠʠ ȹy ʜʣʷ ʢʨʫʛʦʚ ʧʨʠ S=130 ʤʤ/ʤʠʥ:  
 

1ï FS-WL 8A MED ( V=441,4 ʤ/ʤʠʥ);  2 - FS-WL 6S FIN (V=406,8 ʤ/ʤʠʥ); 

3 - FS-WL 2S CRS (V=462,4 ʤ/ʤʠʥ);  4 - DB-WL 8S MED (V=464,3 ʤ/ʤʠʥ); 
5 - CF-FB 0,5A FIN (V=606,3 ʤ/ʤʠʥ) 
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ʈʠʩ. 9. ɿʘʚʠʩʠʤʦʩʪʴ ʥʦʨʤʘʣʴʥʦʡ Fy (ʘ) ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ Fz (ʙ) ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ ʨʝʟʘʥʠʷ  

ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʤʤ ʰʠʨʠʥʳ ʢʨʫʛʘ ʦʪ ʧʨʦʜʦʣʴʥʦʡ ʧʦʜʘʯʠ S ʜʣʷ ʢʨʫʛʦʚ: 
 

1 ï FS-WL 8A MED ʧʨʠ V=441,4 ʤ/ʤʠʥ, ȹy=1,5 ʤʤ;  2 -  FS-WL 6S FIN ʧʨʠ V=406,8 ʤ/ʤʠʥ,  
ȹy=1,5 ʤʤ; 3 - FS-WL 2S CRS ʧʨʠ V=462,4 ʤ/ʤʠʥ, ȹy=1,5 ʤʤ;  4 - DB-WL 8S MED ʧʨʠ V=464,3 

ʤ/ʤʠʥ, ȹy=1,5 ʤʤ;  5 - CF-FB 0,5A FIN ʧʨʠ V=606,3 ʤ/ʤʠʥ, ȹy=4,5 ʤʤ. 
 

ʅʘ ʨʠʩ. 9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʥʦʨʤʘʣʴʥʦʡ (ʘ) ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ (ʙ) ʩʦʩʪʘʚʣʷʶʱʝʡ 
ʩʠʣʳ ʨʝʟʘʥʠʷ ʦʪ ʧʨʦʜʦʣʴʥʦʡ ʧʦʜʘʯʠ, ʠʟ ʢʦʪʦʨʳʭ ʚʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʧʨʦʜʦʣʴʥʦʡ ʧʦʜʘʯʠ ʟʥʘʯʝʥʠʷ 
ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣʳ ʨʝʟʘʥʠʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʵʣʘʩʪʠʯʥʦʩʪʴʶ ʢʨʫʛʦʚ ʠ ʩʣʠʰʢʦʤ 
ʤʘʣʦʡ ʪʦʣʱʠʥʦʡ ʩʥʠʤʘʝʤʦʛʦ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ. 

ʀʟʤʝʥʝʥʠʝ ʥʦʨʤʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ Fy ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 
ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʜʦʩʪʠʞʠʤʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ Ra ʦʪ 
ʥʦʨʤʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ ʈʫ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʪʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʠʚʝʜʝʥʘ ʥʘ  ʨʠʩ. 10 
ʜʣʷ ʢʨʫʛʘ CF-FB 0,5A FIN. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʩʪʠʞʠʤʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦ ʧʘʨʘʤʝʪʨʫ  Ra  ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʜʝʬʦʨʤʘʮʠʠ ʢʨʫʛʘ, ʩʢʦʨʦʩʪʠ ʠ ʧʦʜʘʯʠ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [2].  
ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʘ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 
 

 
ʈʠʩ. 10. ɿʘʚʠʩʠʤʦʩʪʴ ʜʦʩʪʠʞʠʤʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ Ra ʦʪ ʥʦʨʤʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ ʈʫ 

ʜʣʷ ʢʨʫʛʘ CF-FB 0,5A FIN 
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ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ  Ra ʦʪ ʩʠʣʳ ʈʫ ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ  
 

Ra = aÖʈʫ + b, 
ʛʜʝ a ï ʢʦʵʬʬʠʮʠʝʥʪ ʠ b ï ʩʚʦʙʦʜʥʳʡ ʯʣʝʥ ʜʣʷ ʨʘʟʥʳʭ ʢʨʫʛʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 

ʊʘʙʣʠʮʘ 
 

ʄʘʨʢʘ ʢʨʫʛʘ FS-WL 8A 
MED 

FS-WL 6S 
FIN 

FS-WL 2S 
CRS 

DB-WL 8S 
MED 

CF-FB 0,5A 
FIN 

ʂʦʵʬʬʠʮʠʝʥʪ a 0,0695 0,021 0,0792 0,0016 0,0683 

ʉʚʦʙʦʜʥʳʡ ʯʣʝʥ b 1,2067 0,5447 1,7764 1,484 1,2972 
 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʦ ʠʟʚʝʩʪʥʦʡ ʚʝʣʠʯʠʥʝ 
ʥʦʨʤʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ ʨʝʟʘʥʠʷ ʈʫ ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʬʠʥʠʰʥʦʡ ʦʙʨʘʙʦʪʢʠ 
ʧʦ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

 

ʃʠʪʝʨʘʪʫʨʘ 
[1] ɼʠʤʦʚ ʖ.ɺ. ʆʙʨʘʙʦʪʢʘ ʜʝʪʘʣʝʡ ʵʣʘʩʪʠʯʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. ï ʀʨʢʫʪʩʢ: ʀʟʜ-ʚʦ ʀʨɻʊʋ, 2007. ï 352 ʩ. 
[2] ɼʠʤʦʚ ʖ.ɺ., ʇʦʜʘʰʝʚ ɼ.ɹ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʵʣʘʩʪʠʯʥʳʤʠ 
ʘʙʨʘʟʠʚʥʳʤʠ ʢʨʫʛʘʤʠ // ʄʝʪʘʣʣʦʦʙʨʘʙʦʪʢʘ. ï ʉ. 7-11 
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Abstract 

The article describes the development stages of fuzzy model for diagnostics of high-voltage switching 
equipment at electrical substations. There is the dependence of the fuzzy model derived from the input fuzzy 
variables in the article. A model of fuzzy system in mathematical modeling package Simulink is presented. 
 
Keywords: high-voltage breaker, diagnostics, fuzzy logic, modeling. 
 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʜʠʘʛʥʦʩʪʠʢʠ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ 
ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʜʩʪʘʥʮʠʷʤʠ. ʇʨʠʚʦʜʷʪʩʷ 
ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ (ʠʩʧʨʘʚʥʦʩʪʴ/ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʚʳʢʣʶʯʘʪʝʣʷ) ʦʪ ʧʦʣʫʯʝʥʥʳʭ 
ʚʭʦʜʥʳʭ ʥʝʯʝʪʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. ɼʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʤʦʜʝʣʴ ʥʝʯʝʪʢʦʡ ʩʠʩʪʝʤʳ ʚ ʧʘʢʝʪʝ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Simulink. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʚʳʢʣʶʯʘʪʝʣʴ, ʜʠʘʛʥʦʩʪʠʢʘ, ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 
ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʟʜʘʥʥʳʭ ʯʝʣʦʚʝʢʦʤ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʢʦʤʧʣʝʢʩʦʚ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ 
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ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʂ ʯʠʩʣʫ ʚʘʞʥʝʡʰʠʭ  ʦʪʥʦʩʠʪʩʷ ʧʨʦʙʣʝʤʘ 
ʜʠʘʛʥʦʩʪʠʢʠ ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʜʩʪʘʥʮʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʪ 
ʢʘʯʝʩʪʚʘ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʥʘʜʝʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [1]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʟʘʜʘʯʘʭ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ 
ʘʧʧʘʨʘʪ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʠ ʥʝʡʨʦʥʥʳʝ ʩʝʪʝʠ. ʇʨʝʠʤʫʱʝʩʪʚʘ 
ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʤʦʱʥʦʤ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʤ ʘʧʧʘʨʘʪʝ ʚ ʫʩʣʦʚʠʷʭ 
ʦʪʩʫʪʩʪʚʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʪʘʢʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʢʘʢ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʘʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʜʚʫʭʵʪʘʧʥʳʡ ʩʧʦʩʦʙ ʜʠʘʛʥʦʩʪʠʢʠ 
ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [2] (ʩʤ. ʨʠʩ. 1) ʦʜʥʠʤ ʠʟ ʵʪʘʧʦʚ ʚʢʣʶʯʘʝʪ 
ʥʘʯʘʣʴʥʫʶ ʥʝʯʝʪʢʫʶ ʜʠʘʛʥʦʩʪʠʢʫ. 

 

ʅʘʯʘʣɹʥʘ̫ ʥʝʯʝʪʢʘ̫ 

ʜʠʘʛʥʦʩʪʠʢʘ

ʅʝʡʨʦʥʥʘ̫ ʩʝʪɹ 

(ʧʦʚʪʦʨʥʘ̫ ʜʠʘʛʥʦʩʪʠʢʘ ʠ 

ʣʦʢʘʣʠʟʘʮʠ̫ ʥʝʠʩʧʨʘʚʥʦʩʪʠ) 

ɺr ʢʣʁ ʯʘʪʝʣɹ 

ʠʩʧʨʘʚʝʥ?

ʅʝʪ

ʇʦʣʫʯʝʥʠʝ ʩʠʛʥʘʣʘ

ʂʦʨʨʝʢʮʠ̫ ʥʝʯʝʪʢʠʭ 

ʧʨʘʚʠʣ

ɼʘ

ʃʦʢʘʣʠʟʘʮʠ̫ ʥʝʠʩʧʨʘʚʥʦʩʪʠ

ʆʙʨʘʙʦʪʢʘ ʩʢʦʨʦʩʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ

ʅɸʏɸʃʆ

ɼʘ
ɺr ʢʣʁ ʯʘʪʝʣɹ 

ʠʩʧʨʘʚʝʥ?

ʉʠʛʥʘʣʠʟʘʮʠ̫ ʦ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ

ʅʝʪ

 
ʈʠʩ. 1. ɼʚʫʭʵʪʘʧʥʳʡ ʘʣʛʦʨʠʪʤ ʜʠʘʛʥʦʩʪʠʢʠ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ 
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ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ 
ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʙʳʣ ʚʳʙʨʘʥ ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʚʳʢʣʶʯʘʪʝʣʴ ɺʇʄ-10-20/630 ʋ3 ʩʦ 
ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [3]: 

ʅʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʢɺ: 10; 
ʅʘʠʙʦʣʴʰʝʝ ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ, ʢɺ: 12; 
ʅʦʤʠʥʘʣʴʥʳʡ ʪʦʢ, ɸ: 1000; 
ʅʦʤʠʥʘʣʴʥʳʡ ʪʦʢ ʦʪʢʣʶʯʝʥʠʷ, ʢɸ: 20; 
ʅʦʤʠʥʘʣʴʥʳʡ ʪʦʢ ʚʢʣʶʯʝʥʠʷ (ʢɸ): 52; 
ʉʦʙʩʪʚʝʥʥʦʝ ʚʨʝʤʷ ʦʪʢʣʶʯʝʥʠʷ, ʤʩ: 120; 
ʇʦʣʥʦʝ ʚʨʝʤʷ ʦʪʢʣʶʯʝʥʠʷ, ʤʩ: 140; 
ʉʦʙʩʪʚʝʥʥʦʝ ʚʨʝʤʷ ʚʢʣʶʯʝʥʠʷ, ʤʩ: 300. 
ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ. 1, ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʠʘʛʥʦʩʪʠʢʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʚʝʩʴ ʧʨʦʮʝʩʩ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʜʚʘ ʵʪʘʧʘ: ʥʘʯʘʣʴʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʠ 
ʦʩʥʦʚʥʦʡ ʵʪʘʧ ʜʠʘʛʥʦʩʪʠʢʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ. ʇʨʠʯʝʤ ʧʝʨʝʭʦʜ ʢʦ ʦʩʥʦʚʥʦʤʫ ʵʪʘʧʫ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ, ʥʘ ʥʘʯʘʣʴʥʦʤʫ ʵʪʘʧʝ ʦʧʨʝʜʝʣʠʪʩʷ ʚʦʟʤʦʞʥʘʷ ʥʝʠʩʧʨʘʚʥʦʩʪʴ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʦʙʩʪʚʝʥʥʦʝ 
ʚʨʝʤʷ ʦʪʢʣʶʯʝʥʠʷ, ʧʦʣʥʦʝ ʚʨʝʤʷ ʦʪʢʣʶʯʝʥʠʷ ʠ ʩʦʙʩʪʚʝʥʥʦʝ ʚʨʝʤʷ ʚʢʣʶʯʝʥʠʷ. ʋʯʠʪʳʚʘʷ 

ʥʦʤʠʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʟʘʜʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʳʝ 
ʜʠʘʧʘʟʦʥʳ ʠʭ ʠʟʤʝʥʝʥʠʷ: 

ʉʦʙʩʪʚʝʥʥʦʝ ʚʨʝʤʷ ʦʪʢʣʶʯʝʥʠʷ (t.own.off), ʤʩ: 110-130; 
ʇʦʣʥʦʝ ʚʨʝʤʷ ʦʪʢʣʶʯʝʥʠʷ (t.complete.off), ʤʩ: 130-150; 
ʉʦʙʩʪʚʝʥʥʦʝ ʚʨʝʤʷ ʚʢʣʶʯʝʥʠʷ (t.own.on), ʤʩ: 290-310. 
ʊʘʢʞʝ ʢ ʵʪʠʤ ʪʨʝʤ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʝʱʝ ʰʝʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʨʘʟʥʦʩʪʴ ʚʦ ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʬʘʟ 1-2 (t.1-2.off), 2-3 (t.2-3.off), 3-1 
(t.3-1.off) ʦʪʢʣʶʯʝʥʠʷ ʠ 1-2 (t.1-2.on), 2-3 (t.2-3.on), 3-1 (t.3-1.on) ʚʢʣʶʯʝʥʠʷ. ɼʣʷ ʵʪʠʭ ʰʝʩʪʠ 
ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʥʷʪ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ 0-20 ʤʩ  . 

ɼʣʷ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʝʫʛʦʣʴʥʳʝ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, 
ʦʧʝʨʘʪʦʨ ʧʝʨʝʩʝʯʝʥʠʷ ï MIN, ʦʧʝʨʘʪʦʨ ʦʙʲʝʜʠʥʝʥʠʷ ï MAX [4]. ʇʨʠʤʝʨ ʦʜʥʦʡ ʠʟ ʧʝʨʝʤʝʥʥʳʭ ʩ ʝʝ 
ʬʫʥʢʮʠʷʤʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2. 

 

 
 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʥʝʯʝʪʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʜʣʷ ʧʘʨʘʤʝʪʨʘ ʩʦʙʩʪʚʝʥʥʦʝ ʚʨʝʤʷ ʦʪʢʣʶʯʝʥʠʷ (t.own.off) 
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ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ.2, ʥʝʯʝʪʢʘʷ ʤʦʜʝʣʴ ʧʦʣʫʯʠʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ, ʭʦʪʴ ʠ ʚʢʣʶʯʘʝʪ 9 
ʧʝʨʝʤʝʥʥʳʭ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʧʦʩʢʦʣʴʢʫ, ʯʝʤ ʧʨʦʱʝ ʤʦʜʝʣʴ, ʪʝʤ ʤʝʥʴʰʝ 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʦʥʘ ʪʨʝʙʫʝʪ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʠʩʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 
ʥʝʯʝʪʢʠʝ ʧʨʘʚʠʣʘ: 

1. ɽʩʣʠ t.own.off=120 ʀ t.complete.off=140 ʀ t.own.on=300 ʀ t.1-2.off=0 ʀ t.2-3.off=0 ʀ t.3-
1.off=0 ʀ t.1-2.on=0 ʀ t.2-3.on=0 ʀ t.3-1.on=0 ʊʆ ʚʳʢʣʶʯʘʪʝʣʴ ʠʩʧʨʘʚʝʥ. 

2. ɽʩʣʠ t.own.off=110 ʀʃʀ t.complete.off=130 ʀʃʀ t.own.on=290 ʀʃʀ t.1-2.off=20 ʀʃʀ t.2-
3.off=20 ʀʃʀ t.3-1.off=20 ʀʃʀ t.1-2.on=20 ʀʃʀ t.2-3.on=20 ʀʃʀ t.3-1.on=20 ʊʆ ʚʳʢʣʶʯʘʪʝʣʴ 
ʥʝʠʩʧʨʘʚʝʥ. 

3. ɽʩʣʠ t.own.off=130 ʀʃʀ t.complete.off=150 ʀʃʀ t.own.on=310 ʀʃʀ t.1-2.off=20 ʀʃʀ t.2-
3.off=20 ʀʃʀ t.3-1.off=20 ʀʃʀ t.1-2.on=20 ʀʃʀ t.2-3.on=20 ʀʃʀ t.3-1.on=20 ʊʆ ʚʳʢʣʶʯʘʪʝʣʴ 
ʥʝʠʩʧʨʘʚʝʥ.  

ʇʦʣʫʯʝʥʥʘʷ ʥʝʯʝʪʢʘʷ ʤʦʜʝʣʴ ʄʘʤʜʘʥʠ [4] ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3. 
ʇʨʠʤʝʨʳ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ (ʠʩʧʨʘʚʥʦʩʪʴ/ʥʝʠʩʧʨʘʚʥʦʩʪʴ 

ʚʳʢʣʶʯʘʪʝʣʷ) ʦʪ ʚʭʦʜʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4 - 6. 
 

 
 

ʈʠʩ. 3. ʅʝʯʝʪʢʘʷ ʤʦʜʝʣʴ ʄʘʤʜʘʥʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ 
 
ʈʘʙʦʪʘ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʥʘ ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʷʟʳʢʝ 

Simulink [5] (ʩʤ. ʨʠʩ. 7). ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʜʩʪʘʥʮʠʡ. 
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ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ (ʠʩʧʨʘʚʥʦʩʪʴ/ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʚʳʢʣʶʯʘʪʝʣʷ)  

ʦʪ ʟʥʘʯʝʥʠʡ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʣʶʯʝʥʠʷ ʚʳʢʣʶʯʘʪʝʣʷ 

 
 

 
 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ (ʠʩʧʨʘʚʥʦʩʪʴ/ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʚʳʢʣʶʯʘʪʝʣʷ)  
ʦʪ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʚʳʢʣʶʯʝʥʠʷ ʠ ʨʘʟʥʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʬʘʟ 1-2 
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ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ (ʠʩʧʨʘʚʥʦʩʪʴ/ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʚʳʢʣʶʯʘʪʝʣʷ)  

ʦʪ ʨʘʟʥʦʩʪʠ ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʬʘʟ 1-2 ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʠ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ 
 
 çʀʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʷè ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʥʘ ʦʩʥʦʚʝ ʵʤʧʠʨʠʯʝʩʢʦʛʦ 

ʦʧʳʪʘ ʩ ʣʝʛʢʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʤʝʥʝʥʠʝ 
ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʫʤʝʥʴʰʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʩʚʦʜʷ ʚ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʧʨʠʙʣʠʞʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 

 

 
ʈʠʩ. 7. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Simulink 

 



 

 
 

 

 
Science, Technology and Higher Education  April 17th, 2013.  Vol. II 

 

122 

 

ɺʳʚʦʜʳ 
1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʧʨʦʩʪʳʭ ʬʫʥʢʮʠʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʢʘʢ ʪʨʝʫʛʦʣʴʥʳʝ ʬʫʥʢʮʠʠ ʠ ʦʧʝʨʘʪʦʨʦʚ ʧʝʨʝʩʝʯʝʥʠʷ MIN ʠ MAX ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 
ʢʦʨʨʝʢʪʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʝʤ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʣʦʞʥʝʥʠʷ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ. 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʚʨʝʤʝʥʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ ʦʢʘʟʘʣʦʩʴ ʚʝʨʥʳʤ ʨʝʰʝʥʠʝʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʣʦʞʝʥʥʘʷ 
ʤʦʜʝʣʴ ʯʝʪʢʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʦʧʝʨʘʪʦʨʘ. 

 

* ʉʪʘʪʴʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ  
ˉ ʉʇ-1967.2013.1, ʨʝʘʣʠʟʫʝʤʦʛʦ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ çʉʪʠʧʝʥʜʠʠ ʇʨʝʟʠʜʝʥʪʘ  ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʤʦʣʦʜʳʤ ʫʯʝʥʳʤ ʠ ʘʩʧʠʨʘʥʪʘʤ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʤʦʜʝʨʥʠʟʘʮʠʠ  
ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠè 
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ENVIRONMENTAL PROBLEMS IN THE MODERN ENERGY 
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Abstract 

Nuclear energy is clean and most harmless of prospective large-scale energy sources - coal, solar, 
intranuclear, but even with the most intensive development of nuclear energy can not provide clean air, 
water and ground, if no measures will be developed to clean up the waste gases and other waste other 
sectors of the economy. The main task of technology specialists - to create flow charts and processes 
that may well fit into circulation substances established in the biosphere. 
Four laws of ecology Barry Commoner: 

1. Everything is connected to everything else. 
2. Everything must go somewhere. 
3. Nature knows best. 
4. All you have to pay. 
 
Keywords: nuclear power, energy, pollution, air, water, earth, the biosphere. 
                                                                                               

ɸʥʥʦʪʘʮʠʷ 
ɸʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʥʘʠʙʦʣʝʝ ʯʠʩʪʘʷ ʠ ʙʝʟʚʨʝʜʥʘʷ ʩʨʝʜʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʩʰʪʘʙʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ð ʫʛʦʣʴʥʳʭ, ʩʦʣʥʝʯʥʳʭ, ʚʥʫʪʨʠʷʜʝʨʥʳʭ; ʥʦ ʜʘʞʝ ʧʨʠ ʩʘʤʦʤ ʠʥʪʝʥʩʠʚʥʦʤ ʨʘʟʚʠʪʠʠ 

                                                             
Ò Filipas S.I., Filipas V.I., 2013 



 

 
 

 

 
Science, Technology and Higher Education  April 17th, 2013.  Vol. II 

 

123 

 

ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʝʣʴʟʷ ʦʙʝʩʧʝʯʠʪʴ ʯʠʩʪʦʪʫ ʘʪʤʦʩʬʝʨʳ, ʚʦʜ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʝʩʣʠ ʥʝ 
ʙʫʜʫʪ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʨʳ ʧʦ ʦʯʠʩʪʢʝ ʩʙʨʦʩʥʳʭ ʛʘʟʦʚ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʦʪʭʦʜʦʚ ʚ ʦʩʪʘʣʴʥʳʭ ʦʪʨʘʩʣʷʭ 
ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʩʧʝʮʠʘʣʠʩʪʦʚ-ʪʝʭʥʦʣʦʛʦʚ ð ʩʦʟʜʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ 
ʠ ʧʨʦʮʝʩʩʳ, ʩʧʦʩʦʙʥʳʝ ʭʦʨʦʰʦ ʚʧʠʩʳʚʘʪʴʩʷ ʚ ʢʨʫʛʦʦʙʦʨʦʪ ʚʝʱʝʩʪʚ, ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʚ ʙʠʦʩʬʝʨʝ. 
ʏʝʪʳʨʝ ʟʘʢʦʥʘ ʵʢʦʣʦʛʠʠ ɹʘʨʨʠ ʂʦʤʤʦʥʝʨʘ: 
1. ɺʩʝ ʩʚʷʟʘʥʦ ʩʦ ʚʩʝʤ. 
2. ɺʩʝ ʜʦʣʞʥʦ ʢʫʜʘ-ʪʦ ʜʝʚʘʪʴʩʷ. 
3. ʇʨʠʨʦʜʘ ʣʫʯʰʝ ʟʥʘʝʪ. 
4. ɿʘ ʚʩʝ ʥʘʜʦ ʧʣʘʪʠʪʴ. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʟʘʛʨʷʟʥʝʥʠʝ, ʘʪʤʦʩʬʝʨʘ, ʚʦʜʘ, ɿʝʤʣʷ,  
ʙʠʦʩʬʝʨʘ. 
 

ɻʣʘʚʥʳʤ ʚʦʧʨʦʩʦʤ ʥʘʯʘʣʘ XXI ʚʝʢʘ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
ɺ 2013 ʛʦʜʫ ʦʥ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʝʥ, ʪʘʢ ʢʘʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ 
ʌʝʜʝʨʘʮʠʠ ɺʣʘʜʠʤʠʨʘ ʇʫʪʠʥʘ ˉ 1157, ʥʘʩʪʫʧʠʚʰʠʡ ʛʦʜ ʦʙʲʷʚʣʝʥ ɻʦʜʦʤ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ. çɺ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʘʚʘ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ ʥʘ ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʧʦʩʪʘʥʦʚʣʷʶ: ʧʨʦʚʝʩʪʠ ʚ 2013 ʛʦʜʫ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ɻʦʜ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè, ï 
ʩʢʘʟʘʥʦ ʚ ʜʦʢʫʤʝʥʪʝ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʈʦʩʩʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʧʨʘʚʘ ʢʘʞʜʦʛʦ ʛʨʘʞʜʘʥʠʥʘ ʥʘ ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʙʳʣʘ ʫʪʚʝʨʞʜʝʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʇʨʦʛʨʘʤʤʘ 
çʆʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʧʝʨʠʦʜ ʜʦ 2020 ʛʦʜʘè, ʚ ʢʦʪʦʨʦʡ ʟʘʣʦʞʝʥʳ ʙʘʟʦʚʳʝ ʦʨʠʝʥʪʠʨʳ ʠ 
ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʨʘʙʦʪ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʵʢʦʣʦʛʠʠ, ʣʠʢʚʠʜʘʮʠʠ ʫʱʝʨʙʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʧʨʠʥʷʪ ʧʣʘʥ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ɻʦʜʘ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʉ ʵʪʠʤ ʚʦʧʨʦʩʦʤ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʨʘʟʚʠʪʠʝ ʵʥʝʨʛʝʪʠʢʠ, ʚʝʜʴ ʚʦʟʜʝʡʩʪʚʠʝ ʠʤʝʥʥʦ ʵʪʦʡ 
ʦʪʨʘʩʣʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʦʢʘʟʳʚʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʚʠʜʦʚ ʵʥʝʨʛʠʠ, ʠ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʯʝʣʦʚʝʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ 
ʨʘʟʚʠʚʘʣʦʩʴ, ʨʘʟʚʠʚʘʣʠʩʴ ʠ ʩʧʦʩʦʙʳ ʝʝ ʧʦʣʫʯʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʉʝʡʯʘʩ ʥʘʰʘ ʦʩʥʦʚʥʘʷ ʙʝʜʘ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʪʦʧʣʠʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʥʘʤ 
ʵʥʝʨʛʠʠ, ʩʦʜʝʨʞʘʪ ʫʛʣʝʨʦʜ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʘʢʦʡ-ʣʠʙʦ ʨʘʙʦʪʳ ʜʨʝʚʥʠʝ ʣʶʜʠ ʤʦʛʣʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʥʘ ʩʚʦʠ 
ʤʫʩʢʫʣʳ. ʇʝʨʚʦʡ ʧʦʧʳʪʢʦʡ ʟʘʤʝʥʠʪʴ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʤʫʩʢʫʣʳ ʙʳʣʦ ʧʨʠʨʫʯʝʥʠʝ ʞʠʚʦʪʥʳʭ, ʚ 
ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʣʦʰʘʜʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʪʘʩʢʘʪʴ ʧʦʚʦʟʢʠ. ʊʘʢ ʤʳ ʥʘʯʘʣʠ ʠʟʤʝʨʷʪʴ ʵʥʝʨʛʠʶ ʚ 
ʣʦʰʘʜʠʥʳʭ ʩʠʧʘʭ ð ʧʦ ʯʠʩʣʫ ʣʦʰʘʜʝʡ, ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʚʧʨʷʯʴ ʜʣʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ. 

ʊʦʤʘʩ ʅʴʶʢʦʤʝʥ ʦʜʥʠʤ ʪ ʧʝʨʚʳʭ ʧʦʩʪʘʨʘʣʩʷ ʟʘʤʝʥʠʪʴ ʣʦʰʘʜʴ ʠ ʧʦʚʦʟʢʫ ʯʝʤ-ʪʦ ʙʦʣʝʝ 

ʩʦʚʝʨʰʝʥʥʳʤ ʠ ʛʜʝ-ʪʦ ʦʢʦʣʦ 1712 ʛ. ʠʟʦʙʨʝʣ ʧʝʨʚʳʡ ʧʨʠʤʝʥʠʤʳʡ ʥʘ ʧʨʘʢʪʠʢʝ ʧʘʨʦʚʦʡ ʜʚʠʛʘʪʝʣʴ. 
ʕʪʦ ʙʳʣʦ ʦʜʥʦʧʦʨʰʥʝʚʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʣʦʩʴ ʚ ʜʚʠʞʝʥʠʝ ʧʘʨʦʤ ʠʟ ʢʦʪʣʘ, 
ʥʘʛʨʝʚʘʝʤʦʛʦ ʛʦʨʷʱʠʤ ʫʛʣʝʤ. ɼʚʠʛʘʪʝʣʴ ʙʳʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʪʢʘʯʠʚʘʥʠʷ ʚʦʜʳ ʠʟ ʰʘʭʪ. ʕʪʦ 
ʠʟʦʙʨʝʪʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʥʝ ʪʦʣʴʢʦ ʧʦʣʝʟʥʳʤ ʜʣʷ ʰʘʭʪʝʨʦʚ, ʥʦ ʠ ʧʨʝʜʚʦʩʭʠʪʠʣʦ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ 
ʧʘʨʦʚʳʝ ʜʚʠʛʘʪʝʣʠ. 

ʅʦ ʤʠʩʪʝʨ ʅʴʶʢʦʤʝʥ ʥʝ ʤʦʛ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ, ʯʪʦ ʝʛʦ ʙʣʝʩʪʷʱʝʝ ʠʟʦʙʨʝʪʝʥʠʝ, ʪʘʢ ʞʝ, 
ʢʘʢ ʠ ʚʩʝ ʧʦʩʣʝʜʦʚʘʚʰʠʝ ʟʘ ʥʠʤ, ʙʫʜʝʪ ʚʳʙʨʘʩʳʚʘʪʴ ʚ ʚʦʟʜʫʭ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ (ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ). 
ʏʝʨʝʟ ʛʦʜʳ, ʧʦ ʤʝʨʝ ʪʦʛʦ ʢʘʢ ʫʛʦʣʴ ʠ ʜʨʦʚʘ, ʘ ʧʦʟʜʥʝʝ ʥʝʬʪʴ ʠ ʛʘʟ, ʩʞʠʛʘʣʠʩʴ, ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠ 
ʜʨʫʛʠʝ ʭʠʤʠʢʘʪʳ ʧʦʥʝʤʥʦʛʫ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʠ ʘʪʤʦʩʬʝʨʝ ʠ ʩʪʘʣʠ ʟʘʜʝʨʞʠʚʘʪʴ ʪʝʧʣʦ. ʊʘʢʦʝ 

ʷʚʣʝʥʠʝ ʪʝʧʝʨʴ ʠʟʚʝʩʪʥʦ ʞʠʪʝʣʷʤ ʧʣʘʥʝʪʳ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ. 
ɺ ʧʘʨʦʚʦʤ ʜʚʠʛʘʪʝʣʝ ʅʴʶʢʦʤʝʥʘ ʦʛʦʥʴ ʧʦʣʳʭʘʣ ʩʥʘʨʫʞʠ ʢʦʪʣʘ, ʧʣʘʤʷ ʣʠʟʘʣʦ ʝʛʦ 

ʦʙʦʣʦʯʢʫ, ʥʘʛʨʝʚʘʷ ʠ ʠʩʧʘʨʷʷ ʚʦʜʫ ʚʥʫʪʨʠ. ʕʪʦ ʙʳʣʦ ʯʝʨʝʩʯʫʨ ʨʘʩʪʦʯʠʪʝʣʴʥʦ, ʧʦʪʦʤʫ ʯʪʦ 
ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʝʧʣʘ ʫʭʦʜʠʣʘ ʚ ʚʦʟʜʫʭ, ʘ ʢʦʥʩʪʨʫʢʮʠʷ ʜʚʠʛʘʪʝʣʷ ʙʳʣʘ ʛʨʦʤʦʟʜʢʘ. ʉʧʫʩʪʷ 
ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʦʷʚʠʣʩʷ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʡ ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʪʦʪ ʩʘʤʳʡ, ʢʦʪʦʨʳʡ 
ʨʘʙʦʪʘʝʪ ʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ. 

ʅʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʦʢʘʟʘʣʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʪʦʤʫ ʯʪʦ ʪʝʧʣʦ, ʜʦʣʞʥʦ ʙʳʣʦ 
ʧʦʣʫʯʘʪʴʩʷ ʚ ʩʝʨʠʠ ʦʯʝʥʴ ʙʳʩʪʨʳʭ ʚʩʧʳʰʝʢ ð ʦʜʥʘ ʚʩʧʳʰʢʘ ʥʘ ʦʜʠʥ ʭʦʜ ʧʦʨʰʥʷ. ʇʘʨ ʫʞʝ ʥʝ 
ʛʦʜʠʣʩʷ, ʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʩʧʝʭʘ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʩʦʝʜʠʥʠʪʴ ʚ ʮʠʣʠʥʜʨʝ ʜʚʘ ʛʘʟʘ, ʦʙʨʘʟʦʚʘʚ 
ʚʟʨʳʚʘʶʱʫʶʩʷ ʩʤʝʩʴ, ʢʦʪʦʨʘʷ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʜʚʠʛʘʣʘ ʧʦʨʰʝʥʴ ʠ ʚʨʘʱʘʣʘ ʢʦʣʝʩʘ. ʇʦʚʪʦʨʷʷ 

ʪʘʢʠʝ ʚʟʨʳʚʳ ʩ ʯʘʩʪʦʪʦʡ ʧʨʠʤʝʨʥʦ 50 ʨʘʟ ʚ ʩʝʢʫʥʜʫ, ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʚ ʜʚʠʞʝʥʠʝ ʘʚʪʦʤʦʙʠʣʴ. 
ɺ ʜʚʠʛʘʪʝʣʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʧʨʠʤʝʥʷʶʪ ʩʤʝʩʴ ʧʘ-ʨʦʚ ʙʝʥʟʠʥʘ ʠ ʢʠʩʣʦʨʦʜʘ ʠʟ 

ʚʦʟʜʫʭʘ. ʀʩʢʨʘ ʟʘʩʪʘʚʣʷʝʪ ʠʭ ʚʟʨʳʚʘʪʴʩʷ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʘʟʳ (ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ), ʟʥʘʯʠʪʝʣʴʥʦ 
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ʙʦʣʝʝ ʛʦʨʷʯʠʝ, ʯʝʤ ʭʦʣʦʜʥʳʝ ʥʘʨʳ ʙʝʥʟʠʥʘ ʠ ʢʠʩʣʦ-ʨʦʜ, ʩʪʨʝʤʷʪʩʷ ʟʘʥʷʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʠʡ 
ʦʙʲʝʤ (ʧʦʪʦʤʫ ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʛʘʟʳ ʨʘʩʰʠʨʷʶʪʩʷ). ʀ ʦʧʷʪʴ ʞʝ, ʜʚʠʛʘʪʴ ʧʦʨʰʝʥʴ ð 
ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʧʦʩʦʙ ʩʜʝʣʘʪʴ ʵʪʦ. ʇʦʨʰʝʥʴ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʨʘʱʘʝʪ ʢʦʣʝʥʯʘʪʳʡ ʥʘʣ, ʢʦʪʦʨʳʡ 
ʧʝʨʝʜʘʝʪ ʜʚʠʞʝʥʠʝ ʢʦʣʝʩʘʤ. 

ɼʨʫʛʠʤ ʚʠʜʦʤ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʏʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʡ ʠʟʦʙʨʝʣ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 
ʤʦʪʦʨ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ð ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʥʳʥʝʰʥʠʭ ʤʦʪʦʨʦʚ ð ʟʚʘʣʠ ʅʠʢʦʣʘ ʊʝʩʣʘ. ʉʝʛʦʜʥʷ, 
ʢʘʢ ʠ ʚ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʘʭ XIX ʩʪʦʣʝʪʠʷ, ʧʦʣʫʯʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʩʥʦʚʘʥʦ ʥʘ 
ʫʛʣʝ. ɺ 1866 ʛ. ʁʦʭʘʥ ʬʦʥ ʉʠʤʝʥʩ ʠʟʦʙʨʝʣ ʜʠʥʘʤʦ-ʤʘʰʠʥʫ, ʩʧʦʩʦʙʥʫʶ ʧʨʝʚʨʘʱʘʪʴ ʪʝʧʣʦʚʫʶ 
ʵʥʝʨʛʠʶ ʛʦʨʷʱʝʛʦ ʫʛʣʷ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʉʛʦʨʘʷ, ʫʛʦʣʴ ʥʘʛʨʝʚʘʣ ʚʦʟʜʫʭ, ʢʦʪʦʨʳʡ ʨʘʩʰʠʨʷʷʩʴ, ʩ 
ʩʠʣʦʡ ʪʦʣʢʘʣ ʧʦʨʰʝʥʴ, ʟʘʩʪʘʚʣʷʷ ʝʛʦ ʚʨʘʱʘʪʴ ʨʦʪʦʨ, ʥʘ ʢʦʪʦʨʦʤ ʙʳʣʠ ʥʘʚʠʪʳ ʧʨʦʚʦʜʘ. ʇʨʠ 
ʚʨʘʱʝʥʠʠ ʚʠʪʢʘ ʧʨʦʚʦʜʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚ ʥʝʤ ʧʦʷʚʠʣʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʇʨʠʥʮʠʧ ʜʠʥʘʤʦ-
ʤʘʰʠʥʳ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, 
ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʘʤʠ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚ ʜʚʠʞʝʥʠʝ ʤʦʪʦʨʦʚ, ʦʪ ʢʦʪʦʨʳʭ ʤʳ ʪʘʢ ʟʘʚʠʩʠʤ, ʥʝ ʛʦʚʦʨʷ 
ʫʞʝ ʦʙ ʫʩʪʨʦʡʩʪʚʘʭ ʚʨʦʜʝ ʣʘʤʧʦʯʝʢ ʠ ʪʝʣʝʚʠʟʦʨʦʚ, ʛʜʝ ʤʦʪʦʨʦʚ ʥʝʪ. 

ʕʣʝʢʪʨʠʯʝʩʪʚʦ ð ʟʘʤʝʯʘʪʝʣʴʥʳʡ ʠ ʛʠʙʢʠʡ ʥʦʩʠʪʝʣʴ ʵʥʝʨʛʠʠ, ʥʦ ʚʩʝ ʞʝ ʥʝ ʩʪʦʠʪ ʛʫʙʠʪʴ 
ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʨʘʜʠ ʥʘʰʠʭ ʩʪʠʨʘʣʴʥʳʭ ʤʘʰʠʥ ʠʣʠ ʦʬʠʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʤʳ 
ʜʦʣʞʥʳ ʥʘʡʪʠ ʩʧʦʩʦʙ ʧʨʦʠʟʚʦʜʠʪʴ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʥʝ ʧʨʦʠʟʚʦʜʷ ʟʘʛʨʷʟʥʝʥʠʝ. 

ʕʥʝʨʛʠʷ ʘʪʦʤʥʦʛʦ ʷʜʨʘ, ʢʦʪʦʨʫʶ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʜʝʰʝʚʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ 
ʙʝʟ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ, ʚ ʥʘʰʝ ʚʨʝʤʷ ʚʠʜʠʪʩʷ ʩʦʚʩʝʤ ʥʝ ʪʘʢʦʡ, ʢʘʢ ʚ ʢʦʥʮʝ 40-ʭ ʠ ʥʘʯʘʣʝ 50-ʭ ʛʛ. 
XX ʚʝʢʘ. ʉʝʛʦʜʥʷ ʤʳ ʚʠʜʠʤ, ʯʪʦ ʦʥʘ ʩʪʘʣʘ ʦʯʝʥʴ ʜʦʨʦʛʦʡ ʠʟ-ʟʘ ʨʘʩʭʦʜʦʚ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, 
ʫʧʨʘʚʣʝʥʠʝ ʠ ʩʦʜʝʨʞʘʥʠʝ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʣʶʜʠ ʥʘʫʯʠʣʠʩʴ ʠʟʚʣʝʢʘʪʴ ʵʥʝʨʛʠʶ, ʟʘʢʣʶʯʝʥʥʫʶ ʚ ʷʜʨʝ ʘʪʦʤʘ, ʠ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʥʝ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʦʨʫʞʠʷ, ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʷʜʝʨʥʳʝ ʨʝʘʢʪʦʨʳ. ʆʥʠ ʦʩʥʦʚʘʥʳ ʥʘ 
ʪʦʤ ʞʝ ʩʘʤʦʤ ʧʨʠʥʮʠʧʝ, ʯʪʦ ʠ ʧʘʨʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʠ ʜʚʠʛʘʪʝʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ð ʵʥʝʨʛʠʷ ʘʪʦʤʘ 
ʥʘʛʨʝʚʘʝʪ ʞʠʜʢʦʩʪʴ (ʦʙʳʯʥʦ ʚʦʜʝ), ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʘʨ ʧʦʩʪʫʧʘʝʪ ʚ ʪʫʨʙʠʥʳ, ʚʨʘʱʘʶʱʠʝ ʨʦʪʦʨʳ 
ʛʝʥʝʨʘʪʦʨʦʚ, ʧʨʦʠʟʚʦʜʷʱʠʭ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 
ʚ ʷʜʝʨʥʦʤ ʪʦʧʣʠʚʝ (ʫʨʘʥʝ) ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʝ çʟʘʧʘʩʝʥʥʦʡè ʵʥʝʨʛʠʠ, ʯʝʤ ʚ ʫʛʣʝ ʠʣʠ ʥʝʬʪʠ, ʠ 
ʧʦʵʪʦʤʫ ʥʫʞʥʳ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʳʝ ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ. ʅʦ ʫ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʝʩʪʴ ʩʚʦʷ ʛʨʦʤʘʜʥʘʷ 
ʧʨʦʙʣʝʤʘ ð ʨʘʜʠʘʮʠʷ, ʢʦʪʦʨʘʷ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʚʳʟʳʚʘʝʪ ʨʘʢ ʠ ʯʨʝʟʚʳʯʘʡʥʦ ʦʧʘʩʥʘ. 

ɺʳʰʝ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ. ʇʦ ʵʪʦʤʫ ʧʦʚʦʜʫ ʝʩʪʴ  ʜʚʝ ʭʦʨʦʰʠʭ 
ʥʦʚʦʩʪʠ: ʵʥʝʨʛʠʷ ʧʦʣʫʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʝʰʝʚʦʡ, ʠ ʫ ʥʘʩ ʝʩʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʩʠʩʪʝʤʳ ʠ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʯʪʦʙʳ ʧʨʦʜʦʣʞʘʪʴ ʠ ʜʘʣʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʬʪʴ, ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʠ ʫʛʦʣʴ. 

ʇʣʦʭʦʡ ʞʝ ʥʦʚʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʭʦʪʷ ʵʥʝʨʛʠʷ ʠ ʜʝʰʝʚʘ, ʥʦ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʪʥʶʜʴ 
ʥʝ ʙʝʟʦʪʭʦʜʥʦ, ʠ ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʦʧʘʝʤʳʭ ʪʦʧʣʠʚ ʦʢʘʟʳʚʘʝʪ ʨʘʟʨʫʰʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ 
ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʥʘʰʝ ʟʜʦʨʦʚʴʝ. 

ʀʩʢʦʧʘʝʤʳʝ ʪʦʧʣʠʚʘ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʠʟ ʛʥʠʶʱʠʭ ʜʝʨʝʚʴʝʚ ʠ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ 
ʦʯʝʨʝʜʴ ʫʩʚʘʠʚʘʣʠ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʠʶ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ. ʇʦʩʢʦʣʴʢʫ ʵʪʘ ʵʥʝʨʛʠʷ ʫʞʝ ʩʦʙʨʘʥʘ 
ʠ ʫʧʘʢʦʚʘʥʘ ʩʘʤʦʡ ʧʨʠʨʦʜʦʡ, ʥʘ ʯʪʦ ʫʰʣʠ ʤʠʣʣʠʦʥʳ ʣʝʪ, ʧʦʪʦʤʫ-ʪʦ ʦʥʘ ʠ ʜʝʰʝʚʘ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, 
ʯʪʦ ʧʨʠʨʦʜʘ ʧʨʝʧʦʜʥʝʩʣʘ ʥʘʤ ʧʦʜʘʨʦʢ ð ʥʝʯʪʦ ʚʨʦʜʝ ʥʘʯʘʣʴʥʦʛʦ ʢʘʧʠʪʘʣʘ ð ʥʘ ʦʩʥʦʚʘʥʠʝ ʠ 
ʨʘʟʚʠʪʠʝ ʮʠʚʠʣʠʟʘʮʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠʰʣʦ ʚʨʝʤʷ ʧʝʨʝʩʪʘʪʴ ʨʘʩʪʨʘʯʠʚʘʪʴ ʥʘʰʝ ʩʦʩʪʦʷʥʠʝ, ʥʝ 
ʟʘʜʫʤʳʚʘʷʩʴ ʦ ʙʫʜʫʱʝʤ. ɿʘʧʘʩʦʚ ʠʩʢʦʧʘʝʤʳʭ ʪʦʧʣʠʚ ʦʩʪʘʣʦʩʴ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ 
ʣʝʪ, ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʦʜʦʣʞʘʷ ʩʞʠʛʘʪʴ ʠʭ, ʤʳ ʟʘʛʫʙʠʤ ʥʘʰʫ ʧʣʘʥʝʪʫ ʠ ʥʘʰʝ ʟʜʦʨʦʚʴʝ.  

ʄʳ ʜʦʣʞʥʳ ʧʦʥʷʪʴ, ʯʪʦ ʥʘʤ ʥʘʜʦ ʧʝʨʝʩʪʘʪʴ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʵʪʠ ʟʘʧʘʩʳ ʪʦʧʣʠʚʘ ʚ 
ʙʫʜʫʱʝʤ. ʅʘʜʦ ʚʢʣʘʜʳʚʘʪʴ ʩʨʝʜʩʪʚʘ ʚ ʨʘʟʚʠʪʠʝ ʥʦʚʦʡ, ʯʠʩʪʦʡ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɽʩʣʠ 

ʥʘʰʠ ʫʩʠʣʠʷ ʫʚʝʥʯʘʶʪʩʷ ʫʩʧʝʭʦʤ, ʥʘʰʝ ʙʫʜʫʱʝʝ ʙʫʜʝʪ ʩʧʘʩʝʥʦ. ʄʳ ʩʦʭʨʘʥʠʤ ʥʘʰʠ ʧʨʠʨʦʜʥʳʝ 
ʙʦʛʘʪʩʪʚʘ ð ʠʩʢʦʧʘʝʤʳʝ ʪʦʧʣʠʚʘ ð ʨʘʜʠ ʪʦʛʦ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ 
ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʠʭ ʥʫʞʥʳʭ ʚʝʱʝʡ, ʢʘʢ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʪʢʘʥʠ, ʯʝʨʥʠʣʘ, ʘʩʧʠʨʠʥ ʠ ʤʥʦʛʠʭ 
ʜʨʫʛʠʭ, ʢʦʪʦʨʳʝ ʤʳ ʥʝ ʩʤʦʞʝʤ ʧʨʦʠʟʚʦʜʠʪʴ, ʝʩʣʠ ʟʘʧʘʩʳ ʠʩʢʦʧʘʝʤʳʭ ʠʩʪʦʱʘʪʩʷ. 

ɺʩʝ ʦʩʥʦʚʥʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʦʧʣʠʚʘ ʩʦʜʝʨʞʘʪ ʫʛʣʝʨʦʜ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 
ʚʦʩʧʣʘʤʝʥʷʷʩʴ ʠ ʩʛʦʨʘʷ, ʦʥʠ ʚʳʜʝʣʷʶʪ ʉʆ2 ð ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʚʳʟʳʚʘʶʱʠʡ ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ. 

ɼʦʣʛʠʝ ʛʦʜʳ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʘʢ ʙʝʟʦʙʠʜʥʳʡ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʥʝ ʷʜʦʚʠʪ ʠ ʥʝ 
ʚʳʟʳʚʘʝʪ ʨʘʢ. ʂ ʪʦʤʫ ʞʝ, ʜʘʞʝ ʢʦʛʜʘ CO2 ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʚ ʛʨʦʤʘʜʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ 
(ʥʘʧʨʠʤʝʨ, ʚʦ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʦʚ), ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʦʜʦʙʥʳʝ ʬʦʪʦʩʠʥʪʝʟʫ, ʚʦ 
ʚʨʝʤʷ ʢʦʪʦʨʦʛʦ ʨʘʩʪʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʳʚʘʶʪ ʫʛʣʝʢʠʩʣʦʪʫ ʚ ʩʘʭʘʨʘ, ʧʦʜʜʝʨʞʠʚʘʶʪ ʩʦʜʝʨʞʘʥʠʝ CO2 

ʚ ʚʦʟʜʫʭʝ ʥʘ ʧʨʠʝʤʣʝʤʦʤ ʫʨʦʚʥʝ. ɹʦʣʝʝ ʪʦʛʦ, ʨʘʩʪʝʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʩʝ ʞʠʚʦʝ, ʥʝ ʩʤʦʛʫʪ 
ʩʫʱʝʩʪʚʦʚʘʪʴ ʙʝʟ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʊʘʢ ʯʪʦ ʞʝ ʧʣʦʭʦʛʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʘʚʪʦʤʦʙʠʣʷ ʚ 
ʘʪʤʦʩʬʝʨʝ ʜʦʙʘʚʠʪʩʷ ʥʝʤʥʦʛʦ ʉʆ2? 
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ʆʜʥʘʢʦ ʢ 70-ʤ ʛʛ. ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʫʯʝʥʳʝ ʩʪʘʠ ʠ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʛʨʦʤʘʜʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʉʆ2, 
ʚʳʙʨʘʩʳʚʘʝʤʦʝ ʚ ʘʪʤʦʩʬʝʨʫ ʘʚʪʦʤʦʙʠʣʷʤʠ ʠ ʬʘʙʨʠʢʘʤʠ, ʧʨʠʯʠʥʷʝʪ ʚʨʝʜ ʧʣʘʥʝʪʝ, ʥʘ ʢʦʪʦʨʦʡ ʤʳ 
ʞʠʚʝʤ, ʚʨʝʜ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʠ ʩ ʛʦʜʘʤʠ ʚʩʝ ʙʦʣʝʝ ʫʚʝʣʠʯʠʚʘʶʱʠʡʩʷ. ʇʦʟʜʥʝʝ ʤʥʦʛʠʝ ʣʶʜʠ 
ʦʩʦʟʥʘʣʠ ʵʪʫ ʦʧʘʩʥʦʩʪʴ. ʅʦ ʢ ʥʝʩʯʘʩʪʴʶ ʥʘʰʘ ʪʦʧʣʠʚʥʘʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʳ ʦʢʘʟʘʣʠʩʴ 
ʭʦʨʦʰʦ ʨʘʟʚʠʪʳ, ʠ ʥʠʢʪʦ ʥʝ ʭʦʪʝʣ ʠʟʤʝʥʷʪʴ ʠʭ. 

ɽʩʪʴ ʠ ʝʱʝ ʦʜʥʘ ʩʝʨʴʝʟʥʘʷ ʥʘʧʘʩʪʴ. 
ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ ʜʣʷ ʥʘʰʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʨʘʟʚʠʪʦʛʦ ʦʙʱʝʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʪʝʧʣʘ ʚ ʧʨʦʮʝʩʩʝ ʩʛʦʨʘʥʠʷ. ʄʳ ʧʦʣʫʯʘʝʤ ʵʪʦ ʪʝʧʣʦ, ʜʦʙʳʚʘʷ 
ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʝ ʪʦʧʣʠʚʘ ʠ ʩʞʠʛʘʷ ʠʭ ʚ ʚʦʟʜʫʭʝ ð ʩʤʝʩʠ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ. ʆʩʥʦʚʥʳʤʠ 
ʧʨʦʜʫʢʪʘʤʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ (ʉʆ2) ʠ ʚʦʜʷʥʦʡ ʧʘʨ (ʅ2ʆ). ʅʦ ʦʜʥʦʚʨʝʤʝʥʥʦ 
ʧʨʦʠʩʭʦʜʷʪ ʠ ʜʨʫʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʦ ʢʦʪʦʨʳʭ ʤʳ ʟʘʯʘʩʪʫʶ ʥʝ ʚʩʧʦʤʠʥʘʝʤ. ɸʟʦʪ ʚʦʟʜʫʭʘ 
ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʦʙʨʘʟʫʷ ʛʘʟ Nʆ2.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʉʆ2, NO2 ʘʪʘʢʫʝʪ ʥʘʩ ʥʘʧʨʷʤʫʶ. ɺ ʣʝʛʢʠʭ, ʢʦʛʜʘ ʤʳ ʚʜʳʭʘʝʤ ʟʘʛʨʷʟʥʝʥʥʳʡ 
ʚʦʟʜʫʭ, ʦʥ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʠʩʣʦʪʫ. ʆʩʥʦʚʥʦʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʫʱʝʨʙ Nʆ2 ʧʨʠʯʠʥʷʝʪ, ʧʦʥʝʤʥʦʛʫ 
ʧʦʞʠʨʘʷ ʛʫʙʯʘʪʫʶ ʪʢʘʥʴ ʣʝʛʢʠʭ, ʫʤʝʥʴʰʘʷ ʪʝʤ ʩʘʤʳʤ ʠʭ ʦʙʲʝʤ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʤʝʥʴʰʝ ʠ 
ʤʝʥʴʰʝ ʢʠʩʣʦʨʦʜʘ ʧʦʧʘʜʘʝʪ ʚ ʥʘʰʫ ʢʨʦʚʴ. ɺ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʤʝʨʪʠ, ʥʦ 
ʩʥʘʯʘʣʘ ʯʝʣʦʚʝʢ ʥʘʯʠʥʘʝʪ ʠʩʧʳʪʳʚʘʪʴ ʥʝʜʦʩʪʘʪʦʢ ʢʠʩʣʦʨʦʜʘ ʠ ʩʪʨʘʜʘʪʴ ʦʪ ʭʨʦʥʠʯʝʩʢʠʭ ʣʝʛʦʯʥʳʭ 

ʠ ʙʨʦʥʭʠʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʵʤʬʠʟʝʤʘ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʞʠʛʘʥʠʝ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʪʦʧʣʠʚ ʚʳʟʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘʛʨʝʚ ʘʪʤʦʩʬʝʨʳ 

ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʧʝʨʝʛʨʝʚ ʧʣʘʥʝʪʳ; ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʚʨʝʜʦʥʦʩʥʳʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʛʫʙʠʪʝʣʴʥʳ 
ʜʣʷ ʥʘʰʝʛʦ ʟʜʦʨʦʚʴʷ: ʦʥʠ ʟʘʙʠʚʘʶʪ ʙʨʦʥʭʠʘʣʴʥʳʝ ʪʨʫʙʢʠ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʣʝʛʦʯʥʳʭ 
ʟʘʙʦʣʝʚʘʥʠʡ. ʋʚʝʣʠʯʠʚʘʶʱʝʝʩʷ ʢʦʣʠʯʝʩʪʚʦ Nʆ2 ʚ ʘʪʤʦʩʬʝʨʝ ʧʣʘʥʝʪʳ ʛʫʙʠʪ ʥʝ ʪʦʣʴʢʦ ʥʘʩ, ʧʦ ʠ 
ʜʝʨʝʚʴʷ, ʢʦʪʦʨʳʝ ʧʦʩʪʝʧʝʥʥʦ ʪʝʨʷʶʪ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʙʦʣʝʟʥʷʤ ʠ ʤʝʜʣʝʥʥʦ ʫʤʠʨʘʶʪ. 

ʇʦʤʠʤʦ ʚʩʝʛʦ ʧʨʦʯʝʛʦ, ʫʛʦʣʴ ʠ ʥʝʬʪʴ ʩʦʜʝʨʞʘʪ ʩʝʨʫ. ɺ ʥʝʬʪʠ ʝʝ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʫʛʣʝ, ʥʦ 
ʦʥʘ ʚʩʝ ʞʝ ʝʩʪʴ, ʠ ʧʨʠ ʠʭ ʩʞʠʛʘʥʠʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʟʘʦʜʥʦ 
ʚʳʜʝʣʷʝʪʩʷ ʠ ʩʝʨʘ. 

ʆʥʘ ʚʳʜʝʣʷʝʪʩʷ ʚ ʬʦʨʤʝ ʩʝʨʥʠʩʪʦʛʦ ʘʥʛʠʜʨʠʜʘ SO, ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ ʧʘ ʯʝʣʦʚʝʯʝʩʢʦʝ 
ʟʜʦʨʦʚʴʝ, ʦʩʦʙʝʥʥʦ ʥʘ ʨʝʩʧʠʨʘʪʦʨʥʳʝ ʦʨʛʘʥʳ, ʧʦʜʦʙʥʦ Nʆ2. ɸ ʢʦʛʜʘ ʘʥʛʠʜʨʠʜ ʧʦʧʘʜʘʝʪ ʚ 
ʘʪʤʦʩʬʝʨʫ, ʦʥ ʧʨʦʜʦʣʞʘʝʪ ʦʢʠʩʣʷʪʴʩʷ ʜʦ ʪʨʠʦʢʩʠʜʘ ʩʝʨʳ (Sʆ3) ʠ, ʩʦʝʜʠʥʷʷʩʴ ʩ ʜʦʞʜʝʚʦʡ ʚʦʜʦʡ, 
ʦʙʨʘʟʫʝʪ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ, ʢʦʪʦʨʘʷ ʚʤʝʩʪʝ ʩ ʜʦʞʜʝʤ ʧʨʦʣʠʚʘʝʪʩʷ ʥʘ ʟʝʤʣʶ. 

ɻʦʚʦʨʷ ʦ ʥʝʬʪʠ ʠ ʛʘʟʝ, ʤʳ ʟʘʙʳʣʠ ʝʱʝ ʦʙ ʦʜʥʦʤ ʚʠʜʝ ʪʦʧʣʠʚʘ. ɽʩʣʠ ʜʦʙʳʯʘ ʥʝʬʪʠ 
ʥʘʯʥʝʪ ʩʥʠʞʘʪʴʩʷ, ʪʦ ʫ ʥʘʩ ʚʩʝ ʞʝ ʦʩʪʘʥʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʢʘʧʳʚʘʪʴ ʠʟ-ʧʦʜ ʟʝʤʣʠ ʫʛʦʣʴ. ʅʦ ʚʝʜʴ 
ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʫʛʣʷ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʦʧʘʩʥʦʡ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʯʝʤ 
ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʥʝʬʪʠ. ɿʘʤʝʥʘ ʙʝʥʟʠʥʘ ʥʘ ʫʛʦʣʴ ʤʥʦʛʦʢʨʘʪʥʦ ʫʚʝʣʠʯʠʪ ʧʨʦʙʣʝʤʳ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ ʚʳʙʨʦʩʦʤ ʩʝʨʳ, ʦʙʨʘʟʫʶʱʝʡ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ, ʠ ʣʝʪʫʯʝʡ ʟʦʣʳ, ʢʦʪʦʨʘʷ ʥʘʧʦʣʥʷʝʪ 

ʘʪʤʦʩʬʝʨʫ ʤʝʣʢʠʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʚʳʟʳʚʘʝʪ ʩʤʦʛ. 
ʀ ʜʘʞʝ ʝʩʣʠ ʫ ʥʘʩ ʝʩʪʴ ʙʦʣʴʰʠʝ ʟʘʧʘʩʳ ʫʛʣʷ, ʢʦʪʦʨʳʭ ʭʚʘʪʠʪ ʙʦʣʝʝ ʯʝʤ ʥʘ 100 ʣʝʪ 

(ʤʥʦʛʠʝ ʵʢʩʧʝʨʪʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʠ ʥʘ ʚʩʝ 500 ʣʝʪ) ð ʚʩʝ ʨʘʚʥʦ ʥʝ ʩʪʦʠʪ ʠʭ ʩʞʠʛʘʪʴ ʠʟ-ʟʘ ʪʦʛʦ 
ʫʞʘʩʘʶʱʝʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʥʠ ʤʦʛʫʪ ʧʨʠʯʠʥʠʪʴ. 

ɽʩʪʴ ʝʱʝ ʦʜʥʘ ʛʨʫʧʧʘ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʧʦʷʚʣʷʶʱʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʛʦʨʘʥʠʷ ʙʝʥʟʠʥʘ, 
ʥʘʟʳʚʘʝʤʘʷ ʥʠʪʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʕʪʦ ʚʝʩʴʤʘ ʦʪʚʨʘʪʠʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ð ʦʪ ʥʠʭ 
ʦʧʫʭʘʶʪ ʛʦʣʦʩʦʚʳʝ ʩʚʷʟʢʠ ʠ ʨʘʟʜʨʘʞʘʶʪʩʷ ʛʣʘʟʘ. ɽʩʣʠ ʚʜʳʭʘʪʴ ʠʭ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ, ʪʦ ʧʦʷʚʠʪʩʷ 
ʞʞʝʥʠʝ ʚ ʛʨʫʜʠ ʠ ʟʘʪʨʫʜʥʝʥʥʦʝ ʜʳʭʘʥʠʝ. 

ʉʣʝʜʫʶʱʝʝ ʚʝʱʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʭʦʪʝʣʦʩʴ ʙʳ ʫʧʦʤʷʥʫʪʴ ð ʵʪʦ ʙʝʥʟʘʧʠʨʝʥ, ʠ, ʝʩʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʣʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ, ʦʥ ʦʢʘʞʝʪʩʷ ʥʘʠʭʫʜʰʠʤ ʠʟ ʚʩʝʭ ʫʧʦʤʷʥʫʪʳʭ. 
ʊʘʢʫʶ ʨʝʧʫʪʘʮʠʶ ʦʥ ʧʦʣʫʯʠʣ ʧʦʪʦʤʫ, ʯʪʦ ʠʤʝʥʥʦ ʠʟ-ʟʘ ʥʝʛʦ ʢʫʨʝʥʠʝ ʚʳʟʳʚʘʝʪ ʨʘʢ ʣʝʛʢʠʭ. ʉʣʝʜʫʝʪ 
ʜʦʙʘʚʠʪʴ, ʯʪʦ ʧʦʢʘ ʥʝʠʟʚʝʩʪʥʦ, ʤʦʞʝʪ ʣʠ ʦʥ ʚʳʟʳʚʘʪʴ ʨʘʢ, ʝʩʣʠ ʚʜʳʭʘʪʴ ʚʳʭʣʦʧʳ ʜʠʟʝʣʴʥʳʭ 
ʜʚʠʛʘʪʝʣʝʡ, ʥʦ ʪʦʯʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʝʥʟʘʧʠʨʝʥ ʪʘʤ ʧʨʠʩʫʪʩʪʚʫʝʪ. 

ʉʞʠʛʘʷ ʙʝʥʟʠʥ, ʜʠʟʝʣʴʥʦʝ ʠʣʠ ʜʨʫʛʦʝ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʝʝ ʪʦʧʣʠʚʦ, ʤʳ ʚʩʪʨʝʯʘʝʤʩʷ ʩ 
ʝʱʝ ʦʜʥʦʡ ʧʨʦʙʣʝʤʦʡ ð ʫʛʘʨʥʳʤ ʛʘʟʦʤ (ʉʆ) ʠʣʠ ʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ. ʆʪ ʜʠʦʢʩʠʜʘ ʦʥ ʦʪʣʠʯʘʝʪʩʷ 
ʦʯʝʥʴ ʩʠʣʴʥʦ. ʋʛʘʨʥʳʡ ʛʘʟ ʷʜʦʚʠʪ, ʘ ʫʛʣʝʢʠʩʣʳʡ ð ʥʝʪ. ʀʤʝʥʥʦ ʠʤ ʦʪʨʘʚʣʷʶʪʩʷ ʣʶʜʠ, 
ʚʳʥʫʞʜʝʥʥʳʝ ʚʜʳʭʘʪʴ ʚʳʭʣʦʧʥʳʝ ʛʘʟʳ, ʢʦʛʜʘ ʥʝʪ ʜʦʩʪʘʪʦʯʥʦʡ ʚʝʥʪʠʣʷʮʠʠ; ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʥ ʠ ʚ 
ʩʤʦʛʝ. ʇʨʠ ʜʳʭʘʥʠʠ ʫʛʘʨʥʳʡ ʛʘʟ ʚʳʟʳʚʘʝʪ ʛʦʣʦʚʥʫʶ ʙʦʣʴ, ʛʦʣʦʚʦʢʨʫʞʝʥʠʝ ʠ ʧʦʤʨʘʯʝʥʠʝ ʩʦʟʥʘʥʠʷ. 
ɽʛʦ ʤʦʣʝʢʫʣʳ ʦʙʤʘʥʳʚʘʶʪ ʢʨʘʩʥʳʝ ʢʨʦʚʷʥʳʝ ʪʝʣʴʮʘ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ ʝʛʦ ʟʘ ʢʠʩʣʦʨʦʜ, ʠ ʥʝʩʫʪ 

ʷʜ ʦʪ ʣʝʛʢʠʭ ʢ ʤʦʟʛʫ ʠ ʩʝʨʜʮʫ, ʦʰʠʙʦʯʥʦ ʧʠʪʘʷ ʵʪʠ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʝ ʦʨʛʘʥʳ ʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ. 
ʇʦʩʣʝʜʥʠʤ ʫʧʦʤʷʥʝʤ ʝʱʝ ʦʜʠʥ ʟʘʛʨʷʟʥʠʪʝʣʴ ʘʪʤʦʩʬʝʨʳ ð ʩʤʦʛ. ʉʤʦʛ ð ʵʪʦ ʛʨʷʟʥʳʡ 

ʪʫʤʘʥ, ʷʚʣʷʶʱʠʡʩʷ ʠʩʪʦʯʥʠʢʦʤ ʮʝʣʦʛʦ ʙʫʢʝʪʘ ʥʝʧʨʠʷʪʥʦʩʪʝʡ.  ʇʦʩʢʦʣʴʢʫ ʩʤʦʛ ʩʦʜʝʨʞʠʪ ʚʩʝ 
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ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʚʝʱʝʩʪʚʘ, ʠ ʥʝʪ ʪʘʢʦʛʦ ʙʦʣʴʰʦʛʦ ʛʦʨʦʜʘ, ʛʜʝ ʙʳ ʝʛʦ ʥʝ ʙʳʣʦ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 
ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʜʘʝʪ ʦʪ ʥʝʟʜʦʨʦʚʦʛʦ ʚʦʟʜʫʭʘ.  

ɺʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ ʚ ʚʦʟʜʫʭʝ ʤʦʛʫʪ ʫʙʠʚʘʪʴ ʜʝʨʝʚʴʷ, ʫʥʠʯʪʦʞʘʷ ʮʝʣʳʝ ʣʝʩʘ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ 
ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʥʠ ʟʘʢʨʳʚʘʶʪ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʧʦʨʳ ʥʘ ʣʠʩʪʴʷʭ, ʤʝʰʘʷ ʜʝʨʝʚʴʷʤ ʦʩʫʱʝʩʪʚʣʷʪʴ 
ʬʦʪʦʩʠʥʪʝʟ ʠ ʧʨʦʩʪʦ ʜʳʰʘʪʴ. ɽʱʝ ʦʜʠʥ ʧʨʦʜʫʢʪ ʥʘʰʝʡ ʟʘʛʨʷʟʥʝʥʥʦʡ ʘʪʤʦʩʬʝʨʳ ð ʢʠʩʣʦʪʥʳʝ ʜʦʞʜʠ. 
ʂʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʛʘʟʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʛʦʨʘʥʠʷ ʥʝʬʪʠ ʠʣʠ ʫʛʣʷ ʠ ʩʦʜʝʨʞʘʱʠʝ ʩʝʨʫ, 
ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʜʦʞʜʝʚʦʡ ʚʦʜʦʡ, ʧʨʦʠʟʚʦʜʷ ʨʘʟʙʘʚʣʝʥʥʫʶ ʢʠʩʣʦʪʫ, ʢʦʪʦʨʘʷ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʜʝʨʝʚʴʷ ʠ 
ʜʨʫʛʠʝ ʨʘʩʪʝʥʠʷ, ʦʙʞʠʛʘʷ ʣʠʩʪʴʷ ʠ ʨʘʩʪʚʦʨʷʷ ʤʠʥʝʨʘʣʳ ʚ ʧʦʯʚʝ. ʈʘʩʪʝʥʠʷ ʥʝ ʩʧʦʩʦʙʥʳ 
ʦʪʬʠʣʴʪʨʦʚʳʚʘʪʴ ʪʘʢʠʝ ʤʠʥʝʨʘʣʳ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʚʨʝʜʥʳ ʜʣʷ ʥʠʭ. ʇʦʯʚʘ ʩʘʤʘ ʧʦ ʩʝʙʝ ʩʪʘʥʦʚʠʪʩʷ 
ʧʝʨʝʢʠʩʣʝʥʥʦʡ ʠ ʥʝ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʥʫʞʥʳʝ ʥʘʤ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʟʣʘʢʠ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. 
ʕʪʠ ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʤʳ ʤʦʞʝʤ ʫʚʠʜʝʪʴ ʧʨʷʤʦ ʩʝʡʯʘʩ.  

ɺ ʦʩʥʦʚʥʦʤ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʞʠʛʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʦʧʣʠʚ ð ʫʛʣʷ, 
ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʥʝʬʪʠ ʠ ʧʨʦʜʫʢʪʦʚ ʝʝ ʧʝʨʝʨʘʙʦʪʢʠ. ʕʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʝʩʣʠ ʦʥʠ ʥʝ ʘʪʦʤʥʳʝ, 
ʠʩʧʦʣʴʟʫʶʪ ʫʛʦʣʴ, ʥʝʬʪʴ ʠ ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʜʥʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʊʦ, ʯʪʦ 
ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʚʦʟʜʫʭ, ʟʘʯʘʩʪʫʶ ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʨʳ, ʚʳʟʳʚʘʶʱʝʡ ʚ 
ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʢʠʩʣʦʪʥʳʝ ʜʦʞʜʠ. 

ɽʱʝ ʦʜʠʥ ʠʩʪʦʯʥʠʢ ʟʘʛʨʷʟʥʝʥʠʷ ð ʫʥʠʯʪʦʞʝʥʠʝ ʦʪʭʦʜʦʚ ʥʘ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʭ ʟʘʚʦʜʘʭ. 

ɽʩʣʠ ʤʫʩʦʨ ʩʞʠʛʘʶʪ, ʥʝ ʧʳʪʘʷʩʴ ʫʣʦʚʠʪʴ ʧʳʣʴ ʠ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʟʦʣʳ, ʦʥʠ ʧʦʜʥʠʤʘʶʪʩʷ ʚʚʝʨʭ ʠ 
ʦʩʪʘʶʪʩʷ ʚ ʚʦʟʜʫʭʝ, ʩʪʘʥʦʚʷʩʴ ʯʘʩʪʴʶ ʪʦʡ ʛʨʷʟʠ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪ ʩʤʦʛ, ʠ ʚʳʧʘʜʘʶʪ ʥʘ ʫʣʠʮʳ 
ʛʦʨʦʜʦʚ ʚʤʝʩʪʝ ʩ ʦʩʘʜʢʘʤʠ. ʃʝʛʢʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʛʦʨʦʜʘʭ ʩʢʘʧʣʠʚʘʝʪʩʷ ʢʫʜʘ ʙʦʣʴʰʝ ʛʨʷʟʠ, ʯʝʤ ʚ 
ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ. ʅʝʦʙʭʦʜʠʤʦ ʩʣʝʜʠʪʴ ʟʘ ʪʝʤ, ʢʘʢʠʝ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ 
ʩʞʠʛʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʣʘʩʪʠʢʦʚ, ʫʧʘʢʦʚʦʢ ʠ ʠʥʳʭ ʥʝʥʫʞʥʳʭ ʚʝʱʝʡ ʚ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʷʭ, ʚʝʜʴ ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ ʧʦʧʘʜʘʶʪ ʚ ʘʪʤʦʩʬʝʨʫ ʚʤʝʩʪʝ ʩ ʚʳʙʨʦʩʘʤʠ ʬʘʙʨʠʢ. 

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦʙ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʦ ʚ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʙʳʯʥʦ ʚʳʜʝʣʷʶʪ ʪʨʠ ʩʪʘʜʠʠ: 
Å ʜʦʙʳʯʘ ʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ; 
Å ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʭ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ; 
Å ʧʝʨʝʜʘʯʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʪʨʝʙʠʪʝʣʶ ʧʦ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʝʪʝʡ ʠ ʦʙʲʝʢʪʦʚ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 
ɼʣʷ ʢʘʞʜʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʭʘʨʘʢʪʝʨʝʥ ʩʚʦʡ ʥʘʙʦʨ ʦʩʥʦʚʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʚʠʜʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ. ʊʘʢ, ʜʣʷ 
ʪʝʧʣʦʚʳʭ ʩʪʘʥʮʠʡ ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʶʪʩʷ ʚʳʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʥʘʢʦʧʣʝʥʠʝ 
ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ. ʀʤʝʥʥʦ ʩʞʠʛʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ 
ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ, ʦʙʦʛʘʱʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜʘ ʠ ʨʘʟʨʫʰʝʥʠʷ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ. 
ʊʝʧʣʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʚʤʝʩʪʝ ʩ ʪʨʘʥʩʧʦʨʪʦʤ, ʧʦʩʪʘʚʣʷʶʪ ʚ ʘʪʤʦʩʬʝʨʫ ʦʩʥʦʚʥʫʶ ʜʦʣʶ 
ʪʝʭʥʦʛʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ (ʚ ʦʩʥʦʚʥʦʤ ʚ ʚʠʜʝ ʉʆ), ʦʢʦʣʦ 50% ʜʚʫʦʢʠʩʠ ʩʝʨʳ, 35% ʦʢʠʩʣʦʚ ʘʟʦʪʘ ʠ 

ʦʢʦʣʦ 35% ʧʳʣʠ. 
ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʬʘʢʪʦʨʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʢʨʫʧʥʳʭ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʙʦʣʴʰʠʭ ʚʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʚʦʜʦʭʨʘʥʠʣʠʱè ʠ ʟʘʪʦʧʣʝʥʠʝ ʟʝʤʝʣʴ. 
ʅʘʧʨʠʤʝʨ, ʚ ʈʦʩʩʠʠ, ʛʜʝ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʜʨʦʨʝʩʫʨʩʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʥʝʝ 20 % ʵʣʝʢʪʨʠʯʝʩʢʦʡ 
ʵʥʝʨʛʠʠ, ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ɻʕʉ ʟʘʪʦʧʣʝʥʦ ʥʝ ʤʝʥʝʝ ʰʝʩʪʠ ʤʠʣʣʠʦʥʦʚ ʛʘ ʟʝʤʝʣʴ. 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʟʝʤʝʣʴ ʚʙʣʠʟʠ ʚʦʜʦʭʨʘʥʠʣʠʱ ʩʪʨʘʜʘʶʪ ʦʪ ʧʦʜʪʦʧʣʝʥʠʷ ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʥʠ ʧʝʨʝʭʦʜʷʪ ʚ ʢʘʪʝʛʦʨʠʶ 
ʟʘʙʦʣʦʯʝʥʥʳʭ. ɺ ʨʘʚʥʠʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʜʪʦʧʣʝʥʥʳʝ ʟʝʤʣʠ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʜʝʩʷʪʴ ʠ ʙʦʣʝʝ 
ʧʨʦʮʝʥʪʦʚ ʦʪ ʧʣʦʱʘʜʠ ʟʘʪʦʧʣʝʥʥʳʭ. ʋʥʠʯʪʦʞʝʥʠʝ ʟʝʤʝʣʴ ʠ ʩʚʦʡʩʪʚʝʥʥʳʭ ʠʤ ʵʢʦʩʠʩʪʝʤ 

ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʨʘʟʨʫʰʝʥʠʷ ʚʦʜʦʡ (ʘʙʨʘʟʠʠ) ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʝʨʝʛʦʚʦʡ 
ʣʠʥʠʠ. ɸʙʨʘʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʦʙʳʯʥʦ ʧʨʦʜʦʣʞʘʶʪʩʷ ʜʝʩʷʪʠʣʝʪʠʷʤʠ ʠ ʠʤʝʶʪ ʩʣʝʜʩʪʚʠʝʤ 
ʧʝʨʝʨʘʙʦʪʢʫ ʙʦʣʴʰʠʭ ʤʘʩʩ ʧʦʯʚʳ, ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜ, ʟʘʠʣʝʥʠʝ ʚʦʜʦʭʨʘʥʠʣʠʱ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱ ʩʚʷʟʘʥʦ ʨʝʟʚʦʝ ʥʘʨʫʰʝʥʠʝ 
ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʨʝʢ, ʠʟʤʝʥʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ, 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʙʠʦʮʝʥʦʟʦʚ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. 

ɺʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʮʝʣʦʤ ʷʚʣʷʝʪʩʷ 
ʧʨʦʙʣʝʤʘ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʘʷ ʪʘʢ ʠ ʦʩʪʘʝʪʩʷ ʥʝʨʝʰʝʥʥʦʡ. ʇʨʠʯʝʤ ʦʥʘ ʢʘʩʘʝʪʩʷ ʚʩʝʭ 
ʵʪʘʧʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ: ʦʪʭʦʜʳ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʫʨʘʥʦʚʳʭ ʨʫʜ ʩ ʧʦʚʳʰʝʥʥʳʤʠ 
ʩʦʜʝʨʞʘʥʠʷʤʠ ʧʨʠʨʦʜʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ; ʦʪʭʦʜʳ ʨʘʜʠʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ; ʦʪʭʦʜʳ ʨʘʙʦʪʳ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ʦʪʨʘʙʦʪʘʚʰʠʝ ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʟʘʤʝʜʣʠʪʝʣʠ, 
ʦʭʣʘʜʠʪʝʣʠ ʠ ʪ. ʜ.). ɽ ʵʪʦʤʫ ʜʦʙʘʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʚʳʚʦʜʘ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʨʘʙʦʪʘʚʰʠʭ ʩʚʦʡ ʨʝʩʫʨʩ 
ʨʝʘʢʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʥʘ ʵʪʘʧʘʭ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜʳ ʥʘʙʦʨ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ 
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ʥʝʚʝʣʠʢ (U 235 ʠ U 238, Th 230, Po 210, Pb 210), ʪʦ ʚ ʦʪʭʦʜʘʭ ɸʕʉ ʧʨʝʜʩʪʘʚʣʝʥ ʫʞʝ ʚʝʩʴ ʩʧʝʢʪʨ 
ʪʝʭʥʦʛʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʚʢʣʶʯʘʷ ʪʨʘʥʩʫʨʘʥʦʚʳʝ. 

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʨʦʠʟʚʦʜʠʤʦʡ ʚ ʤʠʨʝ ʵʥʝʨʛʠʠ ʧʨʠʭʦʜʠʪ ʥʘ ʪʝʧʣʦʚʳʝ 
ʩʪʘʥʮʠʠ (ʚ ʈʦʩʩʠʠ ʚ 2011 ʛʦʜʫ ʥʘ ʥʠʭ ʙʳʣʦ ʚʳʨʘʙʦʪʘʥʦ 67% ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ɻʕʉ 
ʠ ɸʕʉ ʧʨʠʭʦʜʠʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 16% ʠ 17%), ʤʳ ʦʩʪʘʥʦʚʠʤʩʷ ʪʦʣʴʢʦ ʥʘ ʦʜʥʦʡ ʧʨʦʙʣʝʤʝ ʊʕʉ ï 
ʧʨʦʙʣʝʤʝ ʟʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ.  

ʉʨʝʜʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 
ʦʙʩʪʘʥʦʚʢʫ, ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʟʦʣʦʰʣʘʢʦʚʳʝ ʦʪʭʦʜʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ 
ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʫʛʣʷ ʠ ʛʦʨʶʯʠʭ ʩʣʘʥʮʝʚ). ɺʦ-ʧʝʨʚʳʭ, ʧʦʪʦʤʫ ʯʪʦ ʵʪʦ 
ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʧʦʪʦʤʫ ʯʪʦ ʦʪʚʘʣʳ ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 
ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. 

ʋʛʣʠ ʠ ʛʦʨʶʯʠʝ ʩʣʘʥʮʳ ʠʟʥʘʯʘʣʴʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʤʥʦʛʠʭ 
ʤʝʪʘʣʣʦʚ ʠ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʨʘʜʠʦʥʫʢʣʠʜʳ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʩʞʠʛʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʦʙʦʛʘʱʝʥʠʝ ʟʦʣʴʥʦʡ ʯʘʩʪʠ ʪʫʛʦʧʣʘʚʥʠʤʠ ʠ 
ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ. ʆʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʥʦ ʦʙʦʛʘʱʝʥʠʝ ʜʣʷ ʩʚʠʥʮʘ, 
ʢʘʜʤʠʷ, ʚʦʣʴʬʨʘʤʘ, ʨʪʫʪʠ, ʤʳʰʴʷʢʘ, ʩʪʨʦʥʮʠʷ, ʛʝʨʤʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʚʳʭ ʜʚʫʭ 
ʢʣʘʩʩʦʚ ʦʧʘʩʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʟʦʣʦʰʣʘʢʦʦʪʚʘʣʳ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʶ (ʟʦʣʘ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʠʪ ʠʟ ʯʘʩʪʠʮ 0,01-0,1 ʤʤ). ʇʨʠʯʝʤ ʵʪʘ ʧʳʣʴ ʩʦʜʝʨʞʠʪ ʜʦ 
50-60% ʦʢʠʩʠ ʢʨʝʤʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʦʣʦʰʣʘʢʦʦʪʚʘʣʳ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʧʦʚʳʰʝʥʥʫʶ ʦʧʘʩʥʦʩʪʴ ʧʦ 
ʩʣʝʜʫʶʱʠʤ ʬʘʢʪʦʨʘʤ:  

Å ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʧʳʣʴʶ ʩ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʦʢʠʩʠ ʢʨʝʤʥʠʷ (ʦʧʘʩʥʦʩʪʴ 
ʩʠʣʠʢʦʟʘ) ʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ; 

Å ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ, ʛʨʫʥʪʦʚʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ; 
Å ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ, ʛʨʫʥʪʦʚʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ; 
Å ʟʘʛʨʷʟʥʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʪʦʢʩʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. 
ʆʜʥʘʢʦ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʨʠʩʢʠ ʠ ʬʘʢʪʠʯʝʩʢʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ. 
ʅʘʠʙʦʣʝʝ ʨʝʘʣʴʥʳʤ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʷʚʣʷʣʦʩʴ ʙʳ ʚʪʦʨʠʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʟʦʣʦʰʣʘʢʦʦʪʚʘʣʦʚʳʭ ʦʪʭʦʜʦʚ: 
1. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
1.1 ɺ ʢʘʯʝʩʪʚʝ ʚʷʞʫʱʝʡ ʜʦʙʘʚʢʠ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʟʦʣʝ 

ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʫʛʣʝʡ ʢʘʣʴʮʠʷ ʚ ʬʦʨʤʝ ʥʝʛʘʰʝʥʦʡ ʠʟʚʝʩʪʠ, ʘ ʪʘʢʞʝ ʛʠʧʩʘ ʠ ʢʘʨʙʦʥʘʪʦʚ. 
1.2 ɺ ʢʘʯʝʩʪʚʝ ʠʥʝʨʪʥʦʡ ʜʦʙʘʚʢʠ. ɿʦʣʘ ʟʜʝʩʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʛʨʘʚʠʝʤ ʠ ʧʝʩʢʦʤ 

ʚ ʢʘʯʝʩʪʚʝ ʠʥʝʨʪʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʙʝʪʦʥʘ (ʟʦʣʦʙʝʪʦʥ, 

ʟʦʣʦʘʩʬʘʣʴʪʦʙʝʪʦʥ). 
1.3  ɺ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʚ ʢʘʤʝʥʥʦʝ ʣʠʪʴʝ. 
2. ɺ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 
2.1. ɼʣʷ ʠʟʚʝʩʪʢʦʚʘʥʠʷ ʢʠʩʣʳʭ ʧʦʯʚ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʦʣʘ ʧʨʠ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʚ 

ʥʝʡ ʉʘ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʜʣʷ ʨʘʩʢʠʩʣʝʥʠʷ ʧʦʯʚ. 
2.2. ɺ ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ, ʧʦʤʠʤʦ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ 

ʨʘʩʪʝʥʠʷʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (K, Mg, S, P), ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʝʢʦʪʦʨʳʭ 
ʚʠʜʘʭ ʟʦʣʳ Cu, Zn, Co, B, Mo. 

3. ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʛʦʜʥʦ ʝʩʣʠ 

ʦʙʲʝʤʳ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ ʙʦʣʴʰʠʝ ʠ ʢ ʥʠʭ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʘʢʠʭ 
ʤʝʪʘʣʣʦʚ, ʢʘʢ Fe ʠ Al. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʥʘʢʦʧʣʝʥʠʝ ʚ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʪʘʢʠʭ ʨʝʜʢʠʭ ʠ 
ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ Re, Ge, Be ʠ ʜʨʫʛʠʭ. 

ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʥʝʪʳ ʰʘʧʢʠ ʧʦʣʷʨʥʳʭ ʣʴʜʦʚ ʥʘ ʩʝʚʝʨʥʦʤ ʠ ʶʞʥʦʤ 
ʧʦʣʶʩʘʭ ʥʘʯʘʣʠ ʪʘʷʪʴ. ɺʜʦʙʘʚʦʢ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʩʪʘʚʣʷʝʪ ʦʪʩʪʫʧʘʪʴ ʣʝʜʥʠʢʠ ʠ ʣʠʥʠʶ 
ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ. ɺʩʝ ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʦʢʝʘʥʦʚ. 

ʀʟʤʝʨʝʥʠʷ, ʧʨʦʚʦʜʠʚʰʠʝʩʷ ʚ 243 ʪʦʯʢʘʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʯʝʤ 30 ʣʝʪ, ʧʦʢʘʟʘʣʠ, 
ʯʪʦ ʫʨʦʚʝʥʴ ʦʢʝʘʥʦʚ ʧʦʜʥʷʣʩʷ ʥʘ 15 ʩʤ. ʇʦ ʦʮʝʥʢʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʢʝʘʥʳ ʥʘʩʪʫʧʘʶʪ ʩʦ ʩʢʦʨʦʩʪʴʶ 1 
ʩʤ/ʛʦʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢ ʢʦʥʮʫ XXI ʚ. ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʚʦʜʳ ʥʘ 1.8ð2,4 ʤ.  

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʥʦʟʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʦʢʝʘʥʦʚ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʪʘʷʥʠʷ, ʥʦ ʜʘʞʝ ʩʦʛʣʘʩʥʦ ʩʘʤʳʤ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ ʠʟ ʥʠʭ ʚʦʜʘ ʧʦʜʥʠʤʝʪʩʷ ʥʘ 6ð7 ʤ 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʛʦʜʥʷʰʥʠʤ ʫʨʦʚʥʝʤ. ʊʘʢʦʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʧʨʠʚʝʜʝʪ ʢ ʟʘʪʦʧʣʝʥʠʶ 
ʧʨʠʙʨʝʞʥʳʭ ʛʦʨʦʜʦʚ, ʛʜʝ ʧʨʦʞʠʚʘʝʪ ʥʝʤʘʣʘʷ ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ. ʈʘʚʥʠʥʳ ʥʘ ʧʦʙʝʨʝʞʴʷʭ, ʵʪʠ 
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ʥʘʠʙʦʣʝʝ ʧʣʦʜʦʨʦʜʥʳʝ ʟʝʤʣʠ, ʪʦʞʝ ʩʢʨʦʶʪʩʷ ʧʦʜ ʚʦʜʦʡ. ɸ ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʥʘʩʝʣʝʥʠʝ ʧʣʘʥʝʪʳ 
ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʫʜʚʘʠʚʘʝʪʩʷ ʢʘʞʜʳʝ 35 ʣʝʪ, ʩʪʘʥʝʪ ʷʩʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʦʢʝʘʥʦʚ 
ʧʨʠʚʝʜʝʪ ʢ ʨʝʟʢʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʦʙʠʪʘʝʤʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ. 

ʅʘʠʙʦʣʝʝ ʞʝ ʢʘʪʘʩʪʨʦʬʠʯʥʘʷ ʚʝʨʩʠʷ ʩʦʙʳʪʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʥʮʝʧʮʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 
ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ɻʨʦʤʘʜʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʉʆ2 ʨʘʩʪʚʦʨʝʥʦ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ. ɽʩʣʠ ʙʣʘʛʦʜʘʨʷ ʠʟʙʳʪʢʫ 
ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʝ ʪʝʤʧʝʨʘʪʫʨʘ ɿʝʤʣʠ ʧʦʚʳʩʠʪʩʷ, ʪʦ ʠ ʚʝʨʭʥʠʝ 70 ʤ ʤʠʨʦʚʦʛʦ ʦʢʝʘʥʘ 
ʪʦʞʝ ʥʘʛʨʝʶʪʩʷ. ʕʪʦ ʚʳʩʚʦʙʦʜʠʪ ʯʘʩʪʴ ʨʘʩʪʚʦʨʝʥʥʦʡ ʫʛʣʝʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ ʫʩʠʣʠʪ ʧʘʨʥʠʢʦʚʳʡ 
ʵʬʬʝʢʪ, ʯʪʦ ʧʦʚʳʩʠʪ ʪʝʤʧʝʨʘʪʫʨʫ ʤʦʨʝʡ ʝʱʝ ʩʠʣʴʥʝʝ, ʦʩʚʦʙʦʜʠʚ ʝʱʝ ʙʦʣʴʰʝ ʉʆ2 ʠ ʪʘʢ ʜʘʣʝʝ. 
ʕʪʦ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʧʘʨʥʠʢʦʚʳʤ ʵʬʬʝʢʪʦʤ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝ ʪʘʢ ʤʥʦʛʦ ʦʮʝʥʦʢ ʪʦʛʦ, ʚʦ ʩʢʦʣʴʢʦ ʦʙʦʡʜʝʪʩʷ ʧʦʪʝʨʷ ʛʦʨʦʜʦʚ ʠ ʟʝʤʝʣʴ. 
ʆʜʥʦ ʷʩʥʦ ð ʵʪʦ ʤʦʞʝʪ ʩʪʦʠʪʴ ʤʠʣʣʠʦʥʳ ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ. ʇʨʝʜʣʘʛʘʣʦʩʴ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 
ʟʘʱʠʪʳ ʢʦʥʪʠʥʝʥʪʦʚ ʦʪ ʧʦʜʥʠʤʘʶʱʠʭʩʷ ʤʦʨʝʡ, ʩʦʦʨʫʜʠʪʴ ʚʦʢʨʫʛ ʥʠʭ ʚʳʩʦʢʫʶ ʜʘʤʙʫ ʧʦʜʦʙʥʫʶ 
ʧʣʦʪʠʥʝ ʚ ʅʠʜʝʨʣʘʥʜʘʭ. ʅʦ ʵʪʘ ʜʘʤʙʘ ʜʦʣʞʥʘ ʙʳʪʴ 10 ʤ ʚʳʩʦʪʦʡ; ʢʨʦʤʝ ʪʦʛʦ, ʜʦʣʞʥʳ ʙʳʪʴ 
ʧʦʩʪʨʦʝʥʳ ʦʛʨʦʤʥʳʝ ʥʘʩʦʩʥʳʝ ʩʪʘʥʮʠʠ, ʯʪʦʙʳ ʧʝʨʝʢʘʯʠʚʘʪʴ ʯʝʨʝʟ ʥʝʝ ʚ ʦʢʝʘʥʳ ʚʦʜʫ ʚʩʝʭ ʨʝʢ. 
ʉʘʤʳʝ ʩʢʨʦʤʥʳʝ ʦʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘ ʚʦʟʚʝʜʝʥʠʝ ʜʘʤʙʳ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʪʨʘʯʝʥʦ ʦʢʦʣʦ 70 
ʪʨʣʥ. ʜʦʣʣ. ɽʩʣʠ ʢ ʵʪʦʤʫ ʜʦʙʘʚʠʪʴ ʩʪʦʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʡ ʧʝʨʝʢʘʯʢʠ ʨʝʯʥʦʡ ʚʦʜʳ ʯʝʨʝʟ ʧʣʦʪʠʥʫ, 
ʤʳ ʫʚʠʜʠʤ, ʯʪʦ ʮʝʥʘ ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʵʥʝʨʛʠʠ ʙʫʜʝʪ ʥʝʧʦʤʝʨʥʦ ʚʳʩʦʢʘ. ʉʪʠʭʠʡʥʦʝ ʙʝʜʩʪʚʠʝ ʚʨʦʜʝ 

ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠʣʠ ʫʨʘʛʘʥʘ ʚʧʦʣʥʝ ʤʦʞʝʪ ʠʣʠ ʨʘʟʨʫʰʠʪʴ ʝʝ, ʠʣʠ ʚʳʟʚʘʪʴ ʧʦʪʝʨʶ 
ʤʦʱʥʦʩʪʠ ʫ ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ, ʟʘʪʦʧʠʚ ʦʙʰʠʨʥʳʝ ʟʝʤʣʠ. 

ʅʦ ʠ ʵʪʦ ʝʱʝ ʥʝ ʚʩʝ. ʇʦ ʦʮʝʥʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 
ʤʦʨʝʡ ʥʘ ʦʜʠʥ ʛʨʘʜʫʩ ʫʤʝʥʴʰʠʪ ʤʠʥʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʮʝʥʪʨʝ ʫʨʘʛʘʥʦʚ ʥʘ ʚʝʣʠʯʠʥʫ ʜʦ 20 
ʤʠʣʣʠʙʘʨ (1 ʤʠʣʣʠʙʘʨ = 0,001 ʘʪʤ.). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʪʝʧʣʝʥʠʝ ʚʩʝʛʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʘʜʫʩʦʚ 
ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʢʘʢ ʯʠʩʣʦ, ʪʘʢ ʠ ʩʠʣʫ ʫʨʘʛʘʥʦʚ. ʀ ʭʦʪʷ ʢʘʞʜʳʡ ʫʨʘʛʘʥ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 
ʟʘʧʠʩʘʥ ʥʘ ʩʯʝʪ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʠʭ ʯʘʩʪʦʪʘ ʠ ʩʚʠʨʝʧʦʩʪʴ (ʪʘʢʞʝ ʢʘʢ 
ʪʘʡʬʫʥʦʚ ʠ ʪʦʨʥʘʜʦ) ʫʚʝʣʠʯʘʪʩʷ. 

ʇʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ ʚʳʟʦʚʝʪ ʠ ʜʨʫʛʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. ʉ ʧʦʚʳʰʝʥʠʝʤ 
ʪʝʤʧʝʨʘʪʫʨʳ ɿʝʤʣʠ, ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʦʚ, ʨʝʢ, ʦʟʝʨ ʠ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ 
ʪʦʞʝ ʚʦʟʨʘʩʪʝʪ. ɺʩʣʝʜʩʪʚʠʝ ʧʨʠʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʙʦʣʴʰʝʝ ʠʩʧʘʨʝʥʠʝ ʧʨʠʚʝʜʝʪ ʢ ʙʦʣʴʰʝʤʫ ʯʠʩʣʫ 
ʦʙʣʘʢʦʚ ʠ ʣʠʚʥʝʡ. ʅʝʜʘʚʥʦ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʨʦʟʳ ʚʝʪʨʦʚ ʤʝʥʷʶʪʩʷ, ʠʟʤʝʥʷʷ ʛʝʦʛʨʘʬʠʶ 
ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʦʚ. ʉʪʘʣʠ ʚʦʟʤʦʞʥʳ ʟʘʩʫʭʠ ʚ ʪʝʭ ʤʝʩʪʘʭ, ʛʜʝ ʜʦʞʜʠ ʚʩʝʛʜʘ ʙʳʣʠ ʚ ʜʦʩʪʘʪʢʝ. 
ɿʘʩʫʭʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫʪ ʧʦʜʦʨʚʘʪʴ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʧʦʜʚʝʨʛʥʫʪʴ ʦʧʘʩʥʦʩʪʠ ʜʠʢʫʶ ʬʣʦʨʫ 
ʠ ʬʘʫʥʫ ʠ ʫʭʫʜʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʢʦʣʠʯʝʩʪʚʦ ʠʨʨʠʛʘʮʠʦʥʥʦʡ ʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ.  

ʂ ʥʝʩʯʘʩʪʴʶ, ʢʦʛʜʘ ʚ ʦʜʥʦʡ ʯʘʩʪʠ ɿʝʤʣʠ ʩʚʠʨʝʧʩʪʚʫʝʪ ʟʘʩʫʭʘ, ʪʦ, ʠʟ-ʟʘ ʙʘʣʘʥʩʘ ʚʦʜʳ ʚ 
ʧʨʠʨʦʜʝ, ʚ ʜʨʫʛʦʡ ʧʨʦʠʩʭʦʜʠʪ ʥʘʚʦʜʥʝʥʠʝ, ʯʪʦ ʥʘʙʣʶʜʘʣʦʩʴ, ʥʘʧʨʠʤʝʨ, ʚ 1988 ʛ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 
ʉʦʝʜʠʥʝʥʥʳʭ ʐʪʘʪʘʭ, ʎʝʥʪʨʘʣʴʥʦʡ ʠ ɿʘʧʘʜʥʦʡ ɸʬʨʠʢʝ ʙʳʣʦ ʩʫʭʦ, ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʥʘʚʦʜʥʝʥʠʷ 

ʧʨʦʠʟʦʰʣʠ ʚ ʜʨʫʛʠʭ ʤʝʩʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ɹʘʥʛʣʘʜʝʰ. ʊʨʠ ʯʝʪʚʝʨʪʠ ʦʙʠʪʘʝʤʳʭ ʟʝʤʝʣʴ ʵʪʦʡ 
ʩʪʨʘʥʳ ʙʳʣʠ ʧʦʢʨʳʪʳ ʧʦʜʥʷʚʰʝʡʩʷ ʚʦʜʦʡ, ʢʦʪʦʨʘʷ ʥʝ ʩʧʘʜʘʣʘ ʥʝʩʢʦʣʴʢʦ ʥʝʜʝʣʴ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ 
ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʧʦʛʠʙʣʘ, ʤʥʦʞʝʩʪʚʦ ʜʦʤʦʚ ʙʳʣʦ ʨʘʟʨʫʰʝʥʦ ʠʣʠ ʩʪʘʣʦ ʥʝʧʨʠʛʦʜʥʳʤ 
ʜʣʷ ʞʠʣʴʷ, ʙʝʩʩʯʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʩʪʦʚ ʠ ʫʯʘʩʪʢʦʚ ʜʦʨʦʛ ʙʳʣʦ ʩʤʳʪʦ. ʀ ʩʢʦʣʴʢʦ ʝʱʝ ʣʝʪ 
ʥʠʱʝʪʳ ʧʨʝʜʩʪʦʠʪ ʠʩʧʳʪʘʪʴ ʵʪʦʡ ʩʪʨʘʥʝ, ʠ ʩʢʦʣʴʢʦ ʠʥʚʝʩʪʠʮʠʡ ʝʱʝ ʥʝʦʙʭʦʜʠʤʦ ʚʣʦʞʠʪʴ, ʯʪʦʙʳ 
ʦʧʨʘʚʠʪʴʩʷ ʦʪ ʵʪʦʛʦ ʙʝʜʩʪʚʠʷ. 

ɿʘʩʫʭʠ ʠ ʥʘʚʦʜʥʝʥʠʷ 1988 ʛ. ð ʧʨʠʤʝʨʳ ʚʣʠʷʥʠʷ ʤʘʣʦʛʦ ʧʦʚʳʰʝʥʠʷ ʩʨʝʜʥʝʤʠʨʦʚʦʡ 
ʪʝʤʧʝʨʘʪʫʨʳ. ɽʩʣʠ ʤʳ ʟʘʛʣʷʥʝʤ ʚ ʙʫʜʫʱʝʝ, ʢʦʛʜʘ ʧʦʪʝʧʣʝʥʠʝ ʙʫʜʝʪ ʠʟʤʝʨʷʪʴʩʷ ʫʞʝ ʥʝʩʢʦʣʴʢʠʤʠ 
ʛʨʘʜʫʩʘʤʠ, ʤʘʩʰʪʘʙʳ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʪʘʥʫʪ ʦʯʝʚʠʜʥʳ ʚʩʝʤ. 

ʅʝʦʙʭʦʜʠʤʦ ʫʧʦʤʷʥʫʪʴ ʠ ʦʙ ʫʱʝʨʙʝ, ʧʨʠʯʠʥʷʝʤʦʤ ʟʜʦʨʦʚʴʶ ʣʶʜʝʡ. ʂʦʛʜʘ ʥʘ ʫʣʠʮʝ 
ʥʝʦʙʳʯʘʡʥʦ ʞʘʨʢʦ, ʘ ʣʶʜʷʤ ʥʝʦʙʭʦʜʠʤʦ ʟʘʥʠʤʘʪʴʩʷ ʩʚʦʠʤʠ ʦʙʳʯʥʳʤʠ ʜʝʣʘʤʠ, ʦʥʠ ʯʘʩʪʦ 
ʟʘʙʳʚʘʶʪ ʦʙ ʦʩʪʦʨʦʞʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʧʦʚʳʰʘʝʪʩʷ ʨʠʩʢ ʧʨʦʷʚʣʝʥʠʷ ʩʝʨʜʝʯʥʦʩʦʩʫʜʠʩʪʦʡ 
ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ, ʧʨʠʯʝʤ, ʧʦʛʠʙʥʫʪʴ ʤʦʛʫʪ ʜʘʞʝ ʚʧʦʣʥʝ ʟʜʦʨʦʚʳʝ ʣʶʜʠ. ʇʦʩʢʦʣʴʢʫ ʙʣʘʛʦʜʘʨʷ 
ʧʘʨʥʠʢʦʚʦʤʫ ʵʬʬʝʢʪʫ ʯʠʩʣʦ ʨʝʢʦʨʜʥʦ ʞʘʨʢʠʭ ʜʥʝʡ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠ 
ʩʚʷʟʘʥʥʘʷ ʩ ʵʪʠʤ ʩʤʝʨʪʥʦʩʪʴ. 

ʉʝʛʦʜʥʷ ʚ ʮʝʣʦʤ ʧʦ ʤʠʨʫ ʧʦʨʦʛʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʚʳʰʘʝʪʩʷ, ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ, ʚ ʧʷʪʠ ʩ 
ʧʦʣʦʚʠʥʦʡ ʧʨʦʮʝʥʪʘʭ ʚʩʝʭ ʣʝʪʥʠʭ ʜʥʝʡ, ʥʦ ʝʩʣʠ ʜʦʙʘʚʠʪʴ ʚʩʝʛʦ ʯʝʪʳʨʝ ʛʨʘʜʫʩʘ (ʜʘʞʝ ʥʝ ʧʷʪʴ, ʢʘʢ 
ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʢ ʢʦʥʮʫ XXI ʚʝʢʘ) ʙʦʣʝʝ ʪʨʝʪʠ ʚʩʝʭ ʜʥʝʡ ʧʨʝʦʜʦʣʝʝʪ ʵʪʦʪ ʧʦʨʦʛ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ 
ʚʩʝʤʫ ʤʠʨʫ ʢʘʞʜʦʝ ʣʝʪʦ ʦʪ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʫʜʝʪ ʧʦʛʠʙʘʪʴ ʜʦ 680 ʪʳʩ. ʯʝʣʦʚʝʢ. 

ɿʘʜʫʤʳʚʘʪʴʩʷ ʪʦʣʴʢʦ ʦ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ð ʚʦʪ ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʙʝʜ ʥʘʰʝʛʦ 
ʦʙʱʝʩʪʚʘ. ʇʦʨʘ ʙʳ ʥʘʤ ʟʘʜʫʤʘʪʴʩʷ ʦ ʪʦʤ, ʯʪʦ ʙʫʜʝʪ ʥʝ ʪʦʣʴʢʦ ʩ ʥʘʤʠ, ʥʦ ʠ ʩʦ ʚʩʝʤ ʯʝʣʦʚʝʯʝʩʪʚʦʤ 
ʯʝʨʝʟ 20, 30, 50 ʣʝʪ. 
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ʉ ʢʘʞʜʳʤ ʧʦʪʝʨʷʥʥʳʤ ʥʘʤʠ ʛʦʜʦʤ ɿʝʤʣʷ ʩʪʘʥʦʚʠʪʩʷ ʥʘ ʜʦʣʶ ʛʨʘʜʫʩʘ ʪʝʧʣʝʝ, ʠ ʯʪʦ ʙʫʜʝʪ 
ʩ ʪʝʤʠ, ʢʪʦ ʩʝʛʦʜʥʷ ʪʦʣʴʢʦ ʨʦʜʠʣʩʷ? ɽʩʣʠ ʤʳ ʟʘʜʫʤʘʝʤʩʷ ʥʘʜ ʵʪʠʤʠ ʚʦʧʨʦʩʘʤʠ, ʪʦ ʧʦʡʤʝʤ, ʯʪʦ 
ʦʩʪʘʥʦʚʠʪʴ ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ ʥʫʞʥʦ ʚʦʚʨʝʤʷ. ʄʳ ʜʦʣʞʥʳ ʧʦʜʫʤʘʪʴ ʦ ʙʫʜʫʱʝʤ, ʨʝʰʠʪʴ, ʯʝʤ ʤʳ 
ʟʘʤʝʥʠʤ ʥʘʰʠ ʩʝʛʦʜʥʷʰʥʠʝ ʪʦʧʣʠʚʘ, ʚʠʥʦʚʥʳʝ ʚ ʪʦʤ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʧʦʩʪʝʧʝʥʥʦ ʩʪʘʥʦʚʠʪʩʷ 
ʙʝʟʚʳʭʦʜʥʳʤ ʠ ʦʧʘʩʥʳʤ. 

ʄʥʦʛʠʝ ʛʦʚʦʨʷʪ, ʯʪʦ ʝʩʣʠ ʤʳ ʦʪʢʘʞʝʤʩʷ ʦʪ ʥʘʰʝʡ ʧʨʠʚʳʯʢʠ ʤʳʩʣʠʪʴ ʪʦʣʴʢʦ ʢʦʨʦʪʢʠʤʠ 
ʧʨʦʤʝʞʫʪʢʘʤʠ ʚʨʝʤʝʥʠ, ʧʦʜʯʠʥʠʤ ʩʝʙʷ ʙʫʜʫʱʝʤʫ, ʤʳ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦ ʧʦʣʫʯʠʤ ʦʛʨʘʥʠʯʝʥʠʝ 
ʥʘʰʝʡ ʩʚʦʙʦʜʳ ʚʳʙʦʨʘ, ʯʪʦ ʥʘʨʫʰʘʝʪ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʜʝʤʦʢʨʘʪʠʠ. ʆʜʥʘʢʦ ʝʩʣʠ ʙʝʟ ʚʩʷʢʠʭ 
ʤʳʩʣʝʡ ʦ ʙʫʜʫʱʝʤ ʤʳ ʧʨʠʥʠʤʘʝʤ ʨʝʰʝʥʠʷ, ʨʘʟʨʫʰʘʶʱʠʝ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʪʦ ʧʦʜ ʫʛʨʦʟʦʡ 
ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʝʤʦʢʨʘʪʠʷ, ʥʦ ʠ ʩʘʤʘ ʞʠʟʥʴ. ʂʦʛʜʘ ʥʘʩ ʟʘʭʣʝʩʪʥʫʪ ʧʦʩʣʝʜʩʪʚʠʷ 
ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ, ʪʦʛʜʘ ʫʞʝ ʥʝ ʦʩʪʘʥʝʪʩʷ ʥʠʢʘʢʦʡ ʩʚʦʙʦʜʳ. 

ɺ ʥʘʯʘʣʝ 70-ʭ ʛʦʜʦʚ ʩʪʨʘʥʠʮʳ ʛʘʟʝʪ ʟʘʧʝʩʪʨʝʣʠ ʟʘʛʦʣʦʚʢʘʤʠ: çʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʨʠʟʠʩ!è, 
çʅʘʜʦʣʛʦ ʣʠ ʭʚʘʪʠʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ?è, çʂʦʥʝʮ ʥʝʬʪʷʥʦʛʦ ʚʝʢʘ!è, çʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʭʘʦʩè. 
ʕʪʦʡ ʪʝʤʝ ʜʦ ʩʠʭ ʧʦʨ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʶʪ ʚʩʝ ʩʨʝʜʩʪʚʘ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ð ʧʝʯʘʪʴ, 
ʨʘʜʠʦ, ʪʝʣʝʚʠʜʝʥʠʝ. ʊʘʢ ʯʪʦ ʞʝ, ʢʨʠʟʠʩ? ɼʘ. ʅʦ ʪʦʣʴʢʦ ʥʝ ʚʩʝʦʙʱʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ, ʘ ʥʝʬʪʷʥʦʡ ʠ 
ʛʘʟʦʚʳʡ. ʆʜʥʘʢʦ ʪʫʪ ʥʫʞʥʦ ʙʳʪʴ ʦʩʤʦʪʨʠʪʝʣʴʥʳʤ. ʇʦʜʦʙʥʳʝ ʦʮʝʥʢʠ ʧʦ ʥʝʬʪʠ, ʩʜʝʣʘʥʥʳʝ ʚ 1952 
ʛʦʜʫ, ʧʦʢʘʟʳʚʘʣʠ, ʯʪʦ ʟʘʧʘʩʦʚ çʯʝʨʥʦʛʦ ʟʦʣʦʪʘè ʭʚʘʪʠʪ ʚʩʝʛʦ ʧʘ 25 ʣʝʪ. ʅʦ ʫʞʝ ʚ 1966 ʛʦʜʫ 

ʨʘʟʚʝʜʘʥʥʳʝ ʟʘʧʘʩʳ ʚʦʟʨʦʩʣʠ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʩʨʦʢ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʥʝʬʪʴʶ ʚʦʟʨʦʩ ʜʦ 33 ʣʝʪ. 
ʉʝʡʯʘʩ ʤʳ ʛʦʚʦʨʠʤ ʫʞʝ ʦ 40ð 60 ʛʦʜʘʭ. 

ʂʘʢ ʙʳ ʪʦ ʥʠ ʙʳʣʦ, ʥʦ ʩʝʡʯʘʩ ʤʳ ʜʦʣʞʥʳ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʚʳʷʚʣʝʥʥʳʝ ʬʘʢʪʠʯʝʩʢʠʝ 
ʨʝʩʫʨʩʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ, ʪʘʢ ʢʘʢ ʩʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʙʝʩʧʨʦʠʛʨʳʰʥʦʡ. 
ɼʘ ʠ ʥʝ ʪʦʣʴʢʦ ʵʥʝʨʛʝʪʠʢʠ. ʅʝʬʪʴ ʠ ʛʘʟ ð ʮʝʥʥʝʡʰʝʝ ʭʠʤʠʯʝʩʢʦʝ ʩʳʨʴʝ. ʀʟ ʥʝʬʪʠ ʥʘʫʯʠʣʠʩʴ ʜʝʣʘʪʴ 
ʢʦʨʤʦʚʳʝ ʙʝʣʢʠ ʜʣʷ ʞʠʚʦʪʥʳʭ. ɻʘʟ ʥʫʞʝʥ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘʜʦ ʙʝʨʝʯʴ ʵʪʠ ʜʘʨʳ 
ʧʨʠʨʦʜʳ, ʥʝʣʴʟʷ ʠʩʪʨʘʪʠʪʴ ʚʩʝ ʠʭ ʟʘʧʘʩʳ ʪʦʣʴʢʦ ʥʘ ʵʥʝʨʛʝʪʠʢʫ. 

ɸ ʯʪʦ ʞʝ ʫʛʦʣʴ? ɺʝʜʴ ʝʛʦ ʦʜʥʦʛʦ ʭʚʘʪʠʣʦ ʙʳ ʥʘ 100ð150 ʣʝʪ! ʉ ʫʛʣʝʤ ʩʚʦʠ ʧʨʦʙʣʝʤʳ. ɺʦ-
ʧʝʨʚʳʭ, ʝʛʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ð ʜʝʣʦ ʚʝʩʴʤʘ ʪʨʫʜʦʝʤʢʦʝ. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʩʥʦʚʥʳʝ ʟʘʧʘʩʳ ʫʛʣʷ 
ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʚʦʩʪʦʢʝ, ʘ ʦʩʥʦʚʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ð ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ. ɺʦ-ʚʪʦʨʳʭ, ʰʠʨʦʢʦʝ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʛʣʷ ʩʚʷʟʘʥʦ ʩ ʩʝʨʴʝʟʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ ʘʪʤʦʩʬʝʨʳ, ʟʘʩʦʨʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ 
ʟʝʤʣʠ ʠ ʫʭʫʜʰʝʥʠʝʤ ʧʦʯʚʳ. 

ʅʦ ʜʘʞʝ, ʝʩʣʠ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʝʥʝʙʨʝʯʴ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʩʞʠʛʘʥʠʷ 
ʫʛʣʷ, ʢ ʩʦʞʘʣʝʥʠʶ, ʝʛʦ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʥʘʨʦʜʥʦʛʦ 
ʭʦʟʷʡʩʪʚʘ. ʏʪʦʙʳ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʝʛʦ ʚ 
ʛʘʟʦʦʙʨʘʟʥʦʝ ʠ ʞʠʜʢʦʝ ʪʦʧʣʠʚʦ. ʆʜʥʘʢʦ ʝʱʝ ʥʝʪ ʵʢʦʥʦʤʠʯʥʳʭ ʜʣʷ ʵʪʦʛʦ ʩʧʦʩʦʙʦʚ. 

ɺ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʚʳʛʣʷʜʷʪ ʨʘʟʣʠʯʥʦ, ʥʦ ʨʝʰʝʥʠʝ ʠʭ ʧʦʯʪʠ 
ʚʝʟʜʝ ʦʜʥʦ ð ʚʩʝʤʝʨʥʦʝ ʚʥʝʜʨʝʥʠʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʂʘʢʠʤʠ ʞʝ ʟʘʧʘʩʘʤʠ ʪʦʧʣʠʚʘ ʦʥʘ 

ʦʙʣʘʜʘʝʪ? 
ɺ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʠʭ ʚʝʣʠʯʠʥʘ ʚ ʙʦʣʴʰʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʈʝʘʢʪʦʨʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʠʧʦʚ ʧʦʪʨʝʙʣʷʶʪ ʦʢʦʣʦ 1,5 ʧʨʦʮʝʥʪʘ ʧʨʠʨʦʜʥʦʛʦ ʫʨʘʥʘ. 
ɽʩʣʠ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʥʘ ʪʘʢʠʝ ʫʩʪʘʥʦʚʢʠ, ʪʦ ʤʠʨʦʚʳʝ ʟʘʧʘʩʳ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ 
ʵʢʚʠʚʘʣʝʥʪʥʳ ʚʩʝʛʦ 2ð3Q. ʅʘ ʫʨʦʚʥʝ ʧʦʪʨʝʙʣʝʥʠʷ 2000 ʛʦʜʘ ʝʛʦ ʭʚʘʪʠʪ ʣʠʰʴ ʥʘ 50ð70 ʣʝʪ, ʘ 
2020 ʛʦʜʘ ʠ ʪʦʛʦ ʤʝʥʴʰʝ ð ʣʝʪ ʥʘ 8ð10. 

ɽʩʣʠ ʧʨʠʤʝʥʷʪʴ ʪʝʧʣʦʚʳʝ ʨʝʘʢʪʦʨʳ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʪʠʧʘ, ʪʦ ʵʥʝʨʛʦʝʤʢʦʩʪʴ 
ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʘʧʘʩʦʚ ʪʦʧʣʠʚʘ ʚʦʟʨʘʩʪʝʪ ʜʦ 8ð12Q. ɼʣʷ ʨʝʘʢʪʦʨʦʚ-ʨʘʟʤʥʦʞʠʪʝʣʝʡ ʥʘ ʙʳʩʪʨʳʭ 
ʥʝʡʪʨʦʥʘʭ ʚʠʜʠʪʩʷ ʫʞʝ 50ð100Q. ɺ ʩʣʫʯʘʝ ʠʭ ʨʘʟʚʠʪʠʷ ʧʦʣʦʞʝʥʠʝ ʠʟʤʝʥʠʪʩʷ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ, 

ʠʙʦ ʚ ʪʘʢʠʭ ʨʝʘʢʪʦʨʘʭ-ʨʘʟʤʥʦʞʠʪʝʣʷʭ ʷʜʝʨʥʦʝ ʪʦʧʣʠʚʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 25ð35 ʨʘʟ ʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʦ, ʯʝʤ ʚ ʨʝʘʢʪʦʨʘʭ ʠ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ. ʊʦʛʜʘ ʤʦʞʥʦ ʧʦʡʪʠ ʠ ʥʘ ʜʦʙʳʯʫ ʫʨʘʥʘ ʠʟ 
ʤʦʨʩʢʦʡ ʚʦʜʳ, ʛʜʝ ʟʘʧʘʩʳ ʫʨʘʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʛʨʘʥʠʯʥʳ (50ð100 ʪʳʩʷʯ Q). 

ʊʘʢʠʤʠ ʞʝ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʦʙʣʘʜʘʝʪ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʪʝʨʤʦʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. ʊʘʢ 
ʧʦʯʝʤʫ ʞʝ ʣʶʜʠ ʟʘʛʦʚʦʨʠʣʠ ʦʙ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʢʨʠʟʠʩʝ, ʝʩʣʠ ʟʘʧʘʩʦʚ ʪʦʣʴʢʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 
ʪʦʧʣʠʚʘ ʭʚʘʪʠʪ ʥʘ ʩʦʪʥʠ ʣʝʪ? ɸ ʚ ʨʝʟʝʨʚʝ ʝʱʝ ʷʜʝʨʥʦʝ! ɿʘʧʘʩʦʚ ʪʦʧʣʠʚʘ ʥʘ ʧʣʘʥʝʪʝ ʝʱʝ ʚʧʦʣʥʝ 
ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʞʠʟʥʠ ʤʥʦʛʠʭ ʧʦʢʦʣʝʥʠʡ. ɺʝʩʴ ʚʦʧʨʦʩ ʚ ʪʦʤ, ʩʢʦʣʴʢʦ ʦʥʦ ʩʪʦʠʪ. ʀ ʠʤʝʥʥʦ ʩ ʵʪʦʡ 
ʩʪʦʨʦʥʳ ʥʫʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʝʡʯʘʩ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ. ʅʝʬʪʠ, ʛʘʟʘ ʚ ʥʝʜʨʘʭ ʟʝʤʣʠ ʝʱʝ 
ʤʥʦʛʦ, ʥʦ ʠʭ ʜʦʙʳʯʘ ʩʪʦʠʪ ʚʩʝ ʜʦʨʦʞʝ ʠ ʜʦʨʦʞʝ, ʪʘʢ ʢʘʢ ʵʪʫ ʵʥʝʨʛʠʶ ʧʨʠʭʦʜʠʪʩʷ ʜʦʙʳʚʘʪʴ ʠʟ 
ʙʦʣʝʝ ʙʝʜʥʳʭ ʠ ʛʣʫʙʦʢʦ ʟʘʣʝʛʘʶʱʠʭ ʧʣʘʩʪʦʚ, ʠʟ ʥʝʙʦʛʘʪʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʪʢʨʳʪʳʭ ʚ 

ʥʝʦʙʞʠʪʳʭ, ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʘʭ. ɻʦʨʘʟʜʦ ʙʦʣʴʰʝ ʧʨʠʭʦʜʠʪʩʷ ʠ ʧʨʠʜʝʪʩʷ ʚʢʣʘʜʳʚʘʪʴ ʩʨʝʜʩʪʚ 
ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 
ʪʦʧʣʠʚʘ. ʊʘʢ ʯʪʦ ʩʫʪʴ ʧʨʦʙʣʝʤʳ ʚʦ ʚʩʝ ʫʚʝʣʠʯʠʚʘʶʱʠʭʩʷ ʟʘʪʨʘʪʘʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʝʨʛʠʠ. 
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ɸʪʦʤʥʘʷ ʵʥʝʨʛʠʷ ʚʥʝʜʨʷʝʪʩʷ ʩʝʡʯʘʩ ʥʝ ʧʦʪʦʤʫ, ʯʪʦ ʦʥʘ ʦʙʝʩʧʝʯʝʥʘ ʪʦʧʣʠʚʦʤ ʥʘ ʩʪʦʣʝʪʠʷ 
ʠ ʪʳʩʷʯʝʣʝʪʠʷ, ʘ ʠʟ-ʟʘ ʝʝ ʜʝʰʝʚʠʟʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʥʝʨʛʝʪʠʢʦʡ ʥʘ ʦʨʛʘʥʠʯʝʩʢʦʤ ʪʦʧʣʠʚʝ. 
ɸʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʜʦʣʞʥʘ ʨʘʩʰʠʨʷʪʴʩʷ ʜʣʷ ʵʢʦʥʦʤʠʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʥʘ ʙʫʜʫʱʝʝ ʥʝʬʪʠ ʠ ʛʘʟʘ. 

ɺ ʫʩʣʦʚʠʷʭ ʫʜʦʨʦʞʘʥʠʷ ʪʦʧʣʠʚʘ ʦʩʦʙʫʶ ʦʩʪʨʦʪʫ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʅʳʥʝ ʚ ʩʨʝʜʥʝʤ ʵʪʦ ʪʦʣʴʢʦ 10ð15 ʧʨʦʮʝʥʪʦʚ. ʉʢʘʞʝʤ, 
ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʚ ʣʝʛʢʦʚʦʤ ʘʚʪʦʤʦʙʠʣʝ ʚʩʝʛʦ 10 ʧʨʦʮʝʥʪʦʚ, ʘ ʧʨʠ 
ʦʙʦʛʨʝʚʝ ʧʦʤʝʱʝʥʠʡ ʠ ʪʦʛʦ ʤʝʥʴʰʝ ð ʥʝ ʧʨʝʚʳʰʘʝʪ 6ð8 ʧʨʦʮʝʥʪʦʚ. ʈʝʟʝʨʚʳ ʟʜʝʩʴ ʛʨʦʤʘʜʥʳʝ, ʠ 
ʫʩʧʝʭʠ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʥʝʤʘʣʳʝ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ, 
ʝʝ ʵʢʦʥʦʤʠʠ ʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠ ʟʘ ʨʫʙʝʞʦʤ ʫʜʝʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ. 

ʉʵʢʦʥʦʤʠʪʴ ʚ ʙʦʣʴʰʦʤ ʠ ʤʘʣʦʤ ð ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʜʘʯʘ ʥʝ ʤʝʥʝʝ ʚʘʞʥʘʷ, ʥʝʞʝʣʠ 
ʦʪʢʨʳʪʴ ʥʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʠʣʠ ʜʦʙʳʪʴ ʣʠʰʥʶʶ ʪʦʥʥʫ ʪʦʧʣʠʚʘ. ɺ ʧʦʠʩʢʘʭ ʙʦʣʝʝ ʜʝʰʝʚʦʡ 
ʵʥʝʨʛʠʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʧʝʮʠʘʣʠʩʪʳ ʚʩʝ ʯʘʱʝ ʦʙʨʘʱʘʶʪ ʩʚʦʡ ʚʟʛʣʷʜ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ 
ʠʩʪʦʯʥʠʢʠ: ʉʦʣʥʮʝ, ʪʝʧʣʦ ɿʝʤʣʠ, ʵʥʝʨʛʠʶ ʧʨʠʣʠʚʦʚ ʦʢʝʘʥʘ. 

ʄʥʦʛʠʝ ʩʯʠʪʘʶʪ, ʯʪʦ ʙʫʜʫʱʝʝ ʧʨʠʥʘʜʣʝʞʠʪ ʜʘʨʘʤ ʉʦʣʥʮʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʞʝʛʦʜʥʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʧʘʜʘʶʱʝʡ ʥʘ ʚʝʨʭʥʠʝ ʩʣʦʠ ʘʪʤʦʩʬʝʨʳ, ʵʢʚʠʚʘʣʝʥʪʥʦ 10 000Q. ʕʪʦʛʦ 
ʛʨʦʤʘʜʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ, ʥʝʩʦʤʥʝʥʥʦ, ʭʚʘʪʠʣʦ ʙʳ ʥʘ ʪʳʩʷʯʠ ʣʝʪ. ɺʘʞʥʦ ʪʦʣʴʢʦ ʫʤʝʪʴ ʧʦʣʴʟʦʚʘʪʴʩʷ 
ʵʪʦʡ ʵʥʝʨʛʠʝʡ. ʍʦʪʷ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʜʦʭʦʜʠʪ ʝʝ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ð 1500Q, ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʫʞʜ ʥʘʩʝʣʝʥʠʷ. ʆʩʥʦʚʥʦʝ ʧʨʝʧʷʪʩʪʚʠʝ ʢ ʵʢʦʥʦʤʠʯʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʣʥʝʯʥʦʡ 
ʵʥʝʨʛʠʠ ð ʝʝ ʤʘʣʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ð ʚʩʝʛʦ 150ð200 ʚʘʪʪ ʥʘ ʢʚʘʜʨʘʪʥʳʡ ʤʝʪʨ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʢʘʞʝʤ 
ʜʣʷ ʩʨʘʚʥʝʥʠʷ: ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʜʦʤʘʰʥʠʡ ʯʘʡʥʠʢ, ʢʦʛʜʘ ʦʥ ʩʪʦʠʪ ʥʘ ʛʘʟʦʚʦʡ 
ʧʣʠʪʝ, ʙʦʣʴʰʝ ʚ ʪʳʩʷʯʫ ʨʘʟ. ʇʦʵʪʦʤʫ ʛʣʘʚʥʳʝ ʫʩʠʣʠʷ ʚ ʦʩʚʦʝʥʠʠ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʥʘʧʨʘʚʣʷʶʪʩʷ 
ʥʘ ʤʝʪʦʜʳ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɼʨʫʛʦʡ ʧʫʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ð ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʝʝ ʚ 
ʦʜʠʥ ʠʟ ʚʠʜʦʚ, ʙʦʣʝʝ ʫʜʦʙʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʆʢʦʣʦ ʜʚʫʭ ʧʨʦʮʝʥʪʦʚ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʠʪ ʚ ʵʥʝʨʛʠʶ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ. 
ʕʪʦ ʚ ʛʦʜ ʦʢʦʣʦ 30Q. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʥʝʚʝʣʠʢʘ. 
ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʠ ʥʝʧʦʩʪʦʷʥʩʪʚʦ ʝʛʦ ʩʠʣʳ. ɼʘʞʝ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʚʝʪʨʘ, 
ʨʘʚʥʦʡ 500 ʢʠʣʦʚʘʪʪʘʤ ʥʘ ʢʚʘʜʨʘʪʥʳʡ ʢʠʣʦʤʝʪʨ, ʚʝʪʨʷʥʳʝ ʫʩʪʘʥʦʚʢʠ ʦʯʝʥʴ ʛʨʦʤʦʟʜʢʠ. ɼʠʘʤʝʪʨ ʨʦʪʦʨʘ 
ʚʝʪʨʷʥʦʛʦ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʤʦʱʥʦʩʪʴʶ ʚʩʝʛʦ 1000 ʢʠʣʦʚʘʪʪ ʜʦʣʞʝʥ ʙʳʪʴ ʦʢʦʣʦ 50ð60 ʤʝʪʨʦʚ. 

ʅʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʟʳʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 
ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʝʛʦ ʩʢʦʨʦʩʪʠ ʚʩʝʛʦ ʥʘ 20 ʧʨʦʮʝʥʪʦʚ 
ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʜʚʠʛʘʪʝʣʝʡ ʧʘʜʘʝʪ ʩʨʘʟʫ ʥʘ 70 ʧʨʦʮʝʥʪʦʚ. ʇʦʵʪʦʤʫ, ʭʦʪʷ 
ʯʝʣʦʚʝʢ ʥʘʯʘʣ ʦʩʚʘʠʚʘʪʴ ʵʥʝʨʛʠʶ ʚʝʪʨʘ ʪʳʩʷʯʠ ʣʝʪ ʥʘʟʘʜ ʠ ʠʤʝʝʪ ʚ ʵʪʦʤ ʜʝʣʝ ʛʨʦʤʘʜʥʳʡ ʦʧʳʪ, 
ʪʨʫʜʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʵʪʠʤ ʠʩʪʦʯʥʠʢʦʤ ʙʫʜʝʪ ʚʥʝʩʝʥ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʝ ʯʝʣʦʚʝʢʘ. 

ʄʦʞʥʦ ʧʨʠʚʝʩʪʠ ʝʱʝ ʦʯʝʥʴ ʤʥʦʛʦ ʧʨʦʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 
ɿʜʝʩʴ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʘ ʦʢʝʘʥʘ, ʠ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ, ʠ ʚʦʜʦʨʦʜ, ʧʦʣʫʯʘʝʤʳʡ ʧʨʠ 

ʟʘʢʘʯʢʝ ʚʦʜʳ ʚ ʤʘʛʤʫ, ʠ ʧʨʠʣʠʚʳ ʦʢʝʘʥʦʚ, ʠ ʦʢʝʘʥʩʢʠʝ ʪʝʯʝʥʠʷ. 
ʊʦʯʢʠ ʟʨʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʦʯʝʥʴ ʨʘʟʣʠʯʘʶʪʩʷ. ʂʦʤʠʪʝʪ ʧʦ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ ʚ ɸʥʛʣʠʠ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʝʨʩʧʝʢʪʠʚʳ 
ʦʩʚʦʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʙʘʟʝ 
ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʢʘʞʝʪʩʷ ʚ ʜʚʘ ï ʯʝʪʳʨʝ ʨʘʟʘ ʜʦʨʦʞʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɸʕʉ. ɼʨʫʛʠʝ 
ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʥʦʟʘʭ ʵʪʠʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ ʫʞʝ ʚ 2000 ʛʦʜʫ ʦʪʚʦʜʷʪ 
ʟʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ: ʦʪ 5 ʜʦ 10 ʧʨʦʮʝʥʪʦʚ. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʠʩʪʦʯʥʠʢʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʙʫʜʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʦʪʜʝʣʴʥʳʭ 
ʨʘʡʦʥʘʭ ʤʠʨʘ, ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʵʢʦʥʦʤʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʥʦ ʚ ʢʨʘʡʥʝ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʆʩʥʦʚʥʫʶ ʜʦʣʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʯʝʣʦʚʝʯʝʩʪʚʘ ʜʦʣʞʥʳ 
ʦʙʝʩʧʝʯʠʪʴ ʫʛʦʣʴ ʠ ʘʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. ʇʨʘʚʜʘ, ʧʦʢʘ ʥʝʪ ʥʘʩʪʦʣʴʢʦ ʜʝʰʝʚʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʢʦʪʦʨʳʡ 
ʧʦʟʚʦʣʠʣ ʙʳ ʨʘʟʚʠʚʘʪʴ ʵʥʝʨʛʝʪʠʢʫ ʪʘʢʠʤʠ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ, ʢʘʢ ʙʳ ʵʪʦʛʦ ʭʦʪʝʣʦʩʴ. 

ʉʝʡʯʘʩ ʠ ʥʘ ʧʨʝʜʩʪʦʷʱʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʠʙʦʣʝʝ ʜʝʰʝʚʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ 
ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʷʜʝʨʥʳʝ, ʘ ʟʘʪʝʤ, ʚʦʟʤʦʞʥʦ, ʠ ʪʝʨʤʦʷʜʝʨʥʳʝ ʨʝʘʢʪʦʨʳ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʯʝʣʦʚʝʢ ʠ 
ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʩʪʫʧʝʥʷʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. ɹʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʦʪʢʨʦʝʪ ʠ 
ʥʝ ʦʩʚʦʠʪ ʢʘʢʦʡ ʣʠʙʦ ʜʨʫʛʦʡ, ʙʦʣʝʝ ʜʝʰʝʚʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ. 

ʀʪʘʢ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʚʩʝʤ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʜʚʘ ʚʳʚʦʜʘ. ɺʦ-ʧʝʨʚʳʭ, 
ʘʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʥʘʠʙʦʣʝʝ ʯʠʩʪʘʷ ʠ ʙʝʟʚʨʝʜʥʘʷ ʩʨʝʜʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʩʰʪʘʙʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
ʵʥʝʨʛʠʠ ð ʫʛʦʣʴʥʳʭ, ʩʦʣʥʝʯʥʳʭ, ʚʥʫʪʨʠʷʜʝʨʥʳʭ; ʚʦ-ʚʪʦʨʳʭ, ʜʘʞʝ ʧʨʠ ʩʘʤʦʤ ʠʥʪʝʥʩʠʚʥʦʤ 

ʨʘʟʚʠʪʠʠ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʝʣʴʟʷ ʦʙʝʩʧʝʯʠʪʴ ʯʠʩʪʦʪʫ ʘʪʤʦʩʬʝʨʳ, ʚʦʜ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, 
ʝʩʣʠ ʥʝ ʙʫʜʫʪ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʨʳ ʧʦ ʦʯʠʩʪʢʝ ʩʙʨʦʩʥʳʭ ʛʘʟʦʚ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʦʪʭʦʜʦʚ ʚ ʦʩʪʘʣʴʥʳʭ 
ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʀʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʥʘ ʚʩʝʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ɺʝʜʴ ʥʳʥʝ, 
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ʫʯʠʪʳʚʘʷ ʚʩʝ ʜʦʩʪʠʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʩʨʝʜʥʝʤ 95ð98 ʧʨʦʮʝʥʪʦʚ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʫʭʦʜʠʪ ʚ 
ʦʪʭʦʜʳ, ʢʦʪʦʨʳʝ ʟʘʩʦʨʷʶʪ, ʟʘʭʣʘʤʣʷʶʪ ʤʝʩʪʥʦʩʪʴ, ʦʢʨʫʞʘʶʱʫʶ ʧʨʝʜʧʨʠʷʪʠʷ. ʅʝʦʙʭʦʜʠʤʦ 
ʚʥʝʜʨʠʪʴ ʪʘʢʦʡ ʧʦʨʷʜʦʢ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʚʩʝ ʦʪʭʦʜʳ ʦʜʥʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʪʘʣʠ ʙʳ ʧʦʣʥʦʮʝʥʥʳʤ 
ʩʳʨʴʝʤ ʜʣʷ ʜʨʫʛʠʭ. ʊʦʣʴʢʦ ʪʘʢʠʤ ʧʫʪʝʤ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥ ʥʦʨʤʘʣʴʥʳʡ ʢʨʫʛʦʦʙʦʨʦʪ 
ʚʝʱʝʩʪʚ. ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʩʧʝʮʠʘʣʠʩʪʦʚ-ʪʝʭʥʦʣʦʛʦʚ ð ʩʦʟʜʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʠ ʧʨʦʮʝʩʩʳ, 
ʩʧʦʩʦʙʥʳʝ ʭʦʨʦʰʦ ʚʧʠʩʳʚʘʪʴʩʷ ʚ ʢʨʫʛʦʦʙʦʨʦʪ ʚʝʱʝʩʪʚ, ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʚ ʙʠʦʩʬʝʨʝ. 

ʀ ʚ ʟʘʢʣʶʯʝʥʠʠ, ʭʦʪʝʣʦʩʴ ʙʳ ʥʘʧʦʤʥʠʪʴ, ʯʪʦ 22 ʘʧʨʝʣʷ ʚ ʈʦʩʩʠʠ ï ʵʪʦ ʜʝʥʴ ʟʘʱʠʪʳ ʦʪ 
ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʦʧʘʩʥʦʩʪʠ. 
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Abstract 

Centrifugal formation of products from metals and various plastic is widely applied in mechanical 
engineering for rotation details production. Producing details thin-walled plug form from antifrictional 
polymeric multicomponent compounds demands carrying out in-depth studies of the phenomena 
proceeding in the materialôs polymerization process. That is why studying influences of formation 
thermodynamic conditions on physic, mechanical and other product properties requires creation of the 
corresponding equipment. 
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ɸʥʥʦʪʘʮʠʷ 

ʎʝʥʪʨʦʙʝʞʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʡ ʠʟ ʤʝʪʘʣʣʦʚ ʠ  ʨʘʟʣʠʯʥʳʭ ʧʣʘʩʪʤʘʩʩ ʰʠʨʦʢʦ 
ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʪʘʣʝʡ ʚʨʘʱʝʥʠʷ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ ʚ 
ʚʠʜʝ ʚʪʫʣʦʢ ʠʟ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʢʦʤʧʘʫʥʜʦʚ ʪʨʝʙʫʝʪ 
ʧʨʦʚʝʜʝʥʠʷ ʛʣʫʙʦʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʝʥʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 
ʢʦʤʧʦʟʠʮʠʡ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʬʠʟʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟʜʝʣʠʡ ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʮʝʥʪʨʦʙʝʞʥʦʝ ʣʠʪʴʝ, ʧʦʜʰʠʧʥʠʢʠ 
ʩʢʦʣʴʞʝʥʠʷ, ʵʧʦʢʩʠʜʥʳʝ ʩʤʦʣʳ. 

                                                             
Ò Goncharov S.V., Yakuba D.D., Yakimenko N.A., Yudenko G.V., 2013 
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ɺʚʝʜʝʥʠʝ 
ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʇʂʄ) ʚ ʤʘʰʠʥʘʭ ʠ ʤʝʭʘʥʠʟʤʘʭ [1]. ʀʟ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʩʬʝʨ 
ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘʠʙʦʣʝʝ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʠʤ ʧʨʝʜʲʷʚʣʷʶʪ ʫʟʣʳ ʪʨʝʥʠʷ. ʅʠʟʢʠʡ 
ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʚʳʩʦʢʘʷ ʥʘʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ 
ʩʢʦʣʴʞʝʥʠʷ, ʫʜʘʨʦ- ʠ ʚʠʙʨʦʩʪʦʡʢʦʩʪʴ, ʩʘʤʦʩʤʘʟʳʚʘʝʤʦʩʪʴ, ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ ï ʵʪʠʤ ʚʩʝʤ 
ʪʨʝʙʦʚʘʥʠʷʤ ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʩʠʩʪʝʤ. ɺ ʩʚʷʟʠ ʩ 
ʪʝʤ, ʯʪʦ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʪ ʥʘʛʨʫʟʢʠ ʥʘ ʫʟʣʳ ʪʨʝʥʠʷ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ, 
ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʥʝ ʚʩʝʛʜʘ ʩʧʦʩʦʙʥʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʠʝ ʧʦʪʨʝʙʥʦʩʪʠ 
ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 
ʧʦʚʳʰʝʥʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʥʫʞʜ 
ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ [2]. 

ɺ ʧʨʘʢʪʠʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʠʟ ʇʂʄ ʧʨʠʤʝʥʷʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ 
ʬʦʨʤʦʚʘʥʠʷ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʧʦʩʦʙʦʤ ʫʢʣʘʜʢʠ ʘʨʤʠʨʫʶʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ, ʩʧʦʩʦʙʦʤ 
ʧʨʠʣʦʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʝʨʝʨʘʙʦʪʢʠ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ,  
ʷʚʣʷʝʪʩʷ ʨʦʪʘʮʠʦʥʥʦʝ ʠʣʠ ʮʝʥʪʨʦʙʝʞʥʦʝ ʬʦʨʤʦʚʘʥʠʝ (rotomolding), ʢʦʪʦʨʦʝ ʙʳʣʦ ʠʟʦʙʨʝʪʝʥʦ 
ʙʦʣʝʝ 50 ʣʝʪ ʥʘʟʘʜ, ʦʜʥʘʢʦ ʩʚʦʝ ʚʪʦʨʦʝ ʨʦʞʜʝʥʠʝ ʧʝʨʝʞʠʚʘʝʪ ʚ ʥʘʰʝ ʚʨʝʤʷ. ʇʨʠʥʮʠʧ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʬʦʨʤʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʦʟʠʨʦʚʘʥʥʫʶ ʧʦʨʮʠʶ ʤʘʪʝʨʠʘʣʘ 
(ʢʦʤʧʦʟʠʮʠʶ) ʟʘʛʨʫʞʘʶʪ ʚ ʧʦʣʫʶ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʠʟʛʦʪʦʚʣʝʥʥʫʶ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟ 
ʣʠʩʪʦʚʦʛʦ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʘʷ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʝʪʩʷ ʠ ʩ ʧʦʤʦʱʴʶ ʧʨʠʚʦʜʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 
ʧʨʠʚʦʜʠʪʩʷ ʚʦ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʜʚʫʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ [3].  

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʪʦʪ ʤʝʪʦʜ ʥʘʭʦʜʠʪ ʚ ʧʦʣʫʯʝʥʠʠ ʪʦʣʩʪʦʩʪʝʥʥʳʭ ʪʨʫʙ ʙʦʣʴʰʦʛʦ 
ʜʠʘʤʝʪʨʘ ʠʟ ʧʦʣʠʘʤʠʜʦʚ, ʧʦʣʠʵʬʠʨʦʚ ʠ ʜʨʫʛʠʭ ʪʝʨʤʦʧʣʘʩʪʦʚ ʩ ʥʠʟʢʦʡ ʚʷʟʢʦʩʪʴʶ ʨʘʩʧʣʘʚʘ.  

ʄʝʪʦʜʦʤ ʨʦʪʘʮʠʦʥʥʦʛʦ ʬʦʨʤʦʚʘʥʠʝ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʤʥʦʛʦʩʣʦʡʥʳʝ ʠʟʜʝʣʠʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 
ʧʦʣʠʤʝʨʦʚ. ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʨʘʙʦʪʢʠ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 
ʦʙʲʝʤʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʩʩʣʦʝʥʠʶ ʠʟʜʝʣʠʷ [4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʥʪʨʦʙʝʞʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʧʦʣʫʯʘʪʴ 
ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʜʥʦʪʠʧʥʳʝ ʠʟʜʝʣʠʷ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ. ɿʘʪʨʘʪʳ ʥʘ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʥʝʚʝʣʠʢʠ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʧʝʨʝʨʘʙʦʪʢʠ. ʉ ʧʦʤʦʱʴʶ ʥʝʛʦ ʚʦʟʤʦʞʥʘ ʚʪʦʨʠʯʥʘʷ ʠ 
ʧʦʩʣʝʜʫʶʱʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʪʝʨʤʦʧʣʘʩʪʦʚ. ʇʦʵʪʦʤʫ, ʥʘ ʤʦʡ ʚʟʛʣʷʜ, ʧʨʦʮʝʩʩ ʮʝʥʪʨʦʙʝʞʥʦʛʦ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʇʂʄ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʘʥʘʣʦʛʠ 

ɺ [5] ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʧʦʩʦʙ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʬʦʨʤʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʙʠʦʢʦʤʧʦʟʠʪʦʚ, 
ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʩʤʝʩʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʝʨʤʦʧʣʘʩʪʘ, ʥʘʧʦʣʥʝʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʳʤ 
ʤʘʪʝʨʠʘʣʦʤ. ʉʧʦʩʦʙ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ: ʧʦʜʘʯʘ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʚ ʣʠʪʴʝʚʫʶ 

ʬʦʨʤʫ; ʚʨʘʱʝʥʠʝ ʬʦʨʤʳ ʚ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʧʝʯʠ; ʦʭʣʘʞʜʝʥʠʝ ʬʦʨʤʳ ʠ ʠʟʚʣʝʯʝʥʠʝ ʠʟ ʬʦʨʤʳ 
ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ. ʆʩʦʙʝʥʥʦʩʪʴ ʩʧʦʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟʜʝʣʠʷ ʩ 
ʫʣʫʯʰʝʥʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪʘʭ.  

ɺ [6] ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʬʦʨʤʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʧʣʘʩʪʤʘʩʩ, ʚ 
ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʚʨʘʱʝʥʠʷ ʬʦʨʤʳ ʠ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʦʜʘʯʠ ʛʦʨʷʯʝʡ ʠʣʠ 
ʭʦʣʦʜʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʥʘʛʨʝʚʘ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ ʬʦʨʤʳ. ʇʨʝʠʤʫʱʝʩʪʚʦ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʘʥʘʣʳ ʜʣʷ ʧʦʜʘʯʠ ʞʠʜʢʦʩʪʠ ʚʜʝʣʘʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʪʝʥʢʠ ʬʦʨʤʳ. 
ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʚ ʥʠʭ ʞʠʜʢʦʩʪʠ ʙʳʩʪʨʦ ʥʘʛʨʝʚʘʪʴ ʠʣʠ ʦʭʣʘʞʜʘʪʴ ʬʦʨʤʫ, ʯʪʦ 
ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ.  

ɺ [7] ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʧʦʩʦʙ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʬʦʨʤʦʚʘʥʠʷ ʠʟ ʣʠʥʝʡʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ 
ʢʦʨʧʫʩʦʚ ʠʣʠ ʝʤʢʦʩʪʝʡ ʜʣʷ ʬʠʣʴʪʨʦʚ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʬʠʣʴʪʨʫʶʱʠʭ ʩʠʩʪʝʤ, 
ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʧʣʘʚʘʪʝʣʴʥʳʭ ʙʘʩʩʝʡʥʘʭ. ʉʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʣʠʪʴʝʤ ʧʦʜ 
ʜʘʚʣʝʥʠʝʤ, ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʥ ʠ ʵʢʦʣʦʛʠʯʝʥ. 

ʃʘʙʦʨʘʪʦʨʠʝʡ çʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳè ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 
ʫʥʠʚʝʨʩʠʪʝʪʘ ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʥʢʦʩʣʦʡʥʳʭ 
ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ, ʧʦʣʫʯʠʚʰʠʭ ʦʙʱʝʝ ʥʘʟʚʘʥʠʝ ʄɸʉ-4 (ʤʘʪʝʨʠʘʣ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʡ 
ʩʘʤʦʩʤʘʟʳʚʘʶʱʠʡʩʷ), ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʧʨʦʧʠʪʢʠ ʚ ʬʦʨʤʝ ʩʚʝʨʥʫʪʦʡ ʚ ʨʫʣʦʥ ʪʢʘʥʝʚʦʡ 
ʣʝʥʪʦʡ ʵʧʦʢʩʠʜʥʳʤ ʩʚʷʟʫʶʱʠʤ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʥʝʩʝʥʠʝʤ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʩʣʦʷ. ɺ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʣʫʯʘʶʪ ʥʘ ʩʪʘʥʢʝ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʉʎʌ-

4, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʩʪʘʥʢʘ ʠ ʧʨʠʥʮʠʧ ʝʛʦ ʨʘʙʦʪʳ ʧʨʠʚʝʜʝʥ 
ʚ [8, 9].  
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ʈʠʩ. 1. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ [3]: 
 

ʘ ï ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ, ʙ ï ʦʙʱʠʡ ʚʠʜ; 1- ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 2 ï ʢʣʠʥʦʨʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ;  
3 ïh ʧʠʥʜʝʣʴʥʳʡ ʫʟʝʣ; 4 ï ʧʣʘʥʰʘʡʙʘ; 5 ï ʟʘʜʥʷʷ ʙʘʙʢʘ; 6 ï ʢʨʳʰʢʘ ʬʦʨʤʳ; 7 ï ʬʦʨʤʘ;  

8 ï ʢʦʤʧʦʟʠʪ; 9 ï ʩʪʘʥʠʥʘ; 10 ï ʢʦʞʫʭ ʟʘʱʠʪʥʳʡ; 11 ï ʊʕʅ; 12 ï ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʊʕʅʦʤ; 13 ï ʏʈʇ; 

14, 15 ï ʘʥʘʣʦʛʦʚʳʝ ʤʦʜʫʣʠ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ; 16 ï ʘʥʘʣʦʛʦʚʳʡ ʤʦʜʫʣʴ ɸʄ2;  
17 ï ʮʠʬʨʦʚʦʡ ʤʦʜʫʣʴ DM8; 18 ï ʧʨʦʮʝʩʩʦʨʥʳʡ ʤʦʜʫʣʴ; 19 ï ʙʣʦʢ ʧʠʪʘʥʠʷ; 20 ï ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ; 

21 - ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ Pt 100 
 
ʆʜʥʘʢʦ, ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫ ʥʝʛʦ ʚʳʷʚʠʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ: 

¶ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʜʠʘʤʝʪʨʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʧʦʣʫʯʘʝʤʳʭ ʠʟʜʝʣʠʡ (ʜʦ 120 ʤʤ); 

¶ ʪʝʧʣʦʚʳʝ ʧʝʨʝʛʨʫʟʢʠ ʜʚʠʛʘʪʝʣʷ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʥʘ ʤʘʣʳʭ 
ʦʙʦʨʦʪʘʭ ʠʟ-ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʘʥʢʘ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ; 

¶ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʨʦʛʨʝʚʘ ʜʣʠʥʥʳʭ ʜʝʪʘʣʝʡ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ 
ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʫʟʣʘ; 

ʆʧʠʩʘʥʠʝ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ 
ʉ ʮʝʣʴʶ ʫʩʪʨʘʥʝʥʠʷ ʚʳʷʚʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʠʤʝʶʱʝʛʦʩʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʳʣ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʩʪʘʥʦʢ ʜʣʷ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʉʎʌ ï 5, ʢʦʪʦʨʳʡ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 2. 
ʅʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

¶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʪʘʥʢʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʜʥʦʪʠʧʥʳʭ ʜʝʪʘʣʝʡ, ʩ ʚʥʝʰʥʠʤ 
ʜʠʘʤʝʪʨʦʤ ʜʦ 300 ʤʤ ʫʚʝʣʠʯʝʥʘ ʚ 3 ʨʘʟʘ;  

¶ ʣʠʥʝʡʢʘ ʜʠʘʤʝʪʨʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʬʦʨʤʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʫʚʝʣʠʯʝʥʘ ʜʦ 500 ʤʤ; 

¶ ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʘ ʜʘʥʥʦʤ ʩʪʘʥʢʝ ʚʦʟʤʦʞʥʦ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʣʦʩʢʠʭ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʞʝ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ;  

¶ ʙʳʩʪʨʳʡ ʠ ʨʘʚʥʦʤʝʨʥʳʡ ʥʘʛʨʝʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʩʪʴ 
ʩʚʦʡʩʪʚ ʧʦ ʩʝʯʝʥʠʶ ʬʦʨʤʫʝʤʳʭ ʠʟʜʝʣʠʡ; 

ʆʧʠʩʘʥʠʝ ʠ ʨʘʙʦʪʘ ʩʪʘʥʢʘ. 

ʉʪʘʥʦʢ ʉʎʌ-5 ʩʦʜʝʨʞʠʪ ʩʪʘʥʠʥʫ 1 ʩʦ ʰʧʠʥʜʝʣʴʥʳʤ ʫʟʣʦʤ 2, ʧʨʠʚʦʜʥʦʡ ʰʢʠʚ 
ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 3, ʦʧʦʨʥʫʶ ʰʘʡʙʫ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 4, ʯʝʪʳʨʝ ʧʣʘʥʰʘʡʙʳ ʜʣʷ 
ʢʨʝʧʣʝʥʠʷ ʬʦʨʤ ʤʘʣʳʭ ʜʠʘʤʝʪʨʦʚ 5, ʢʦʞʫʭ ʟʘʱʠʪʳ ʨʘʙʦʯʝʡ ʟʦʥʳ ʩʪʘʥʢʘ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʚʠʜʝ 
ʨʦʣʴʩʪʘʚʥʝʡ 6, ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʙʣʦʢ 7 ʩ ʦʢʥʘʤʠ 8 ʠ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ 9. ɺʨʘʱʝʥʠʝ 
ʥʘ ʧʨʠʚʦʜʥʦʡ ʰʢʠʚ 3 ʧʝʨʝʜʘʝʪʩʷ ʦʪ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 10 ʯʝʨʝʟ ʢʣʠʥʦʨʝʤʝʥʥʫʶ ʧʝʨʝʜʘʯʫ 
11. ʉ ʧʨʠʚʦʜʥʦʛʦ ʰʢʠʚʘ 3 ʚʨʘʱʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʧʣʘʥʰʘʡʙʳ 5 ʩ ʬʦʨʤʘʤʠ 
12. ʆʧʦʨʥʘʷ ʰʘʡʙʘ 4 ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʧʦʜʰʠʧʥʠʢʝ ʠ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʨʘʱʝʥʠʷ ʟʘ ʩʯʝʪ 
ʧʝʨʝʜʘʯʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʢʣʠʥʦʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʝʡ 13. ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 
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ʬʠʢʩʠʨʦʚʘʥʠʷ ʦʧʦʨʥʦʡ ʰʘʡʙʳ ʙʦʣʪʦʤ 14 ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʪʠʧʥʳʭ ʜʝʪʘʣʝʡ, ʩ ʚʥʝʰʥʠʤ 
ʜʠʘʤʝʪʨʦʤ ʜʦ 300 ʤʤ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʘ ʞʝʩʪʢʘʷ ʩʚʷʟʴ ʩ ʧʨʠʚʦʜʥʳʤ ʰʢʠʚʦʤ 3 ʧʦʩʨʝʜʩʪʚʦʤ 
ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 15 ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʦʩʢʠʭ ʜʝʪʘʣʝʡ. ʌʦʨʤʘ ʜʣʷ ʠʟʜʝʣʠʷ, ʩ ʚʥʝʰʥʠʤ 
ʜʠʘʤʝʪʨʦʤ ʜʦ 500 ʤʤ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʨʠʚʦʜʥʦʡ ʰʢʠʚ 3. ʏʘʩʪʦʪʘ 
ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʝʡ ʨʝʛʫʣʠʨʫʝʪʩʷ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʤ ʧʨʠʚʦʜʦʤ. ʅʘʛʨʝʚ ʨʘʙʦʯʝʡ ʟʦʥʳ 
ʩʪʘʥʢʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʥʘʛʨʝʚʘʪʝʣʷ 7, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʢʘʥʘʣʴʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ 16, 
ʚʦʟʜʫʭʦʚʦʜʦʚ ʩ ʊʕʅʘʤʠ 17 ʠ ʦʢʥʘʤʠ 8 ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʛʦ ʚʦʟʜʫʭʘ ʧʦ ʨʘʙʦʯʝʡ ʟʦʥʝ. 

 

      
                                          ʘ                                                                                  ʙ 

 

ʈʠʩ. 2. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʉʎʌ-5: 
 

ʘ ï ʛʣʘʚʥʳʡ ʚʠʜ, ʙ ï ʚʠʜ ʩʙʦʢʫ; 1 ï ʩʪʘʥʠʥʘ, 2 - ʰʧʠʥʜʝʣʴʥʳʡ ʫʟʝʣ, 3 - ʧʨʠʚʦʜʥʦʡ ʰʢʠʚ ʧʣʘʥʝʪʘʨʥʦʛʦ 
ʤʝʭʘʥʠʟʤʘ, 4 - ʦʧʦʨʥʘʷ ʰʘʡʙʘ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, 5 - ʧʣʘʥʰʘʡʙʘ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʬʦʨʤ ʤʘʣʳʭ 
ʜʠʘʤʝʪʨʦʚ, 6 - ʢʦʞʫʭ ʟʘʱʠʪʳ ʨʘʙʦʯʝʡ ʟʦʥʳ ʩʪʘʥʢʘ, 7 - ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʙʣʦʢ, 8 ï ʦʢʥʘ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ 
ʙʣʦʢʘ, 9 - ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ, 10 - ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, 11, 13 - ʢʣʠʥʦʨʝʤʝʥʥʘʷ 

ʧʝʨʝʜʘʯʘ, 12 - ʬʦʨʤʘ ʜʣʷ ʠʟʜʝʣʠʡ, 14 ï ʙʦʣʪ, 15 - ʨʝʟʴʙʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, 16 - ʢʘʥʘʣʴʥʳʡ ʚʝʥʪʠʣʷʪʦʨ, 
17 - ʚʦʟʜʫʭʦʚʦʜ ʩ ʊʕʅʦʤ 

 
ʉʪʘʥʦʢ ʉʎʌ-5 ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʪʨʝʭ ʨʝʞʠʤʘʭ: 

¶ ʨʝʞʠʤ 1 ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʝʪʘʣʝʡ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ (ʜʦ 500 ʤʤ). ʆʧʦʨʥʫʶ ʰʘʡʙʫ 

ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 4 ʬʠʢʩʠʨʫʶʪ ʙʦʣʪʦʤ 14 ʢ ʩʪʘʥʠʥʝ ʩʪʘʥʢʘ 1 , ʧʨʝʜʦʪʚʨʘʱʘʷ ʝʝ ʚʨʘʱʝʥʠʝ. 
ʌʦʨʤʫ ʢʨʝʧʷʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʧʨʠʚʦʜʥʦʤʫ ʰʢʠʚʫ 3 ʠ ʧʨʠʚʦʜʷʪ ʚʦ ʚʨʘʱʝʥʠʝ ʜʚʠʛʘʪʝʣʝʤ 10 ʯʝʨʝʟ 
ʨʝʤʝʥʥʫʶ ʧʝʨʝʜʘʯʫ 11. ʄʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʬʦʨʤʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʝʪ 2500 ʤʠʥ-1.  

¶ ʨʝʞʠʤ 2 ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʝʪʘʣʝʡ ʤʘʣʳʭ ʜʠʘʤʝʪʨʦʚ (ʜʦ 300 ʤʤ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʦʨʥʫʶ 
ʰʘʡʙʫ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 4 ʪʘʢʞʝ ʬʠʢʩʠʨʫʶʪ ʙʦʣʪʦʤ 14 ʢ ʩʪʘʥʠʥʝ ʩʪʘʥʢʘ 1. ʌʦʨʤʳ 12 ʜʣʷ 
ʜʝʪʘʣʝʡ ʢʨʝʧʷʪ ʥʘ ʧʣʘʥʰʘʡʙʳ 5. ɺʨʘʱʝʥʠʝ ʥʘ ʥʠʭ ʧʝʨʝʜʘʝʪʩʷ ʩ ʧʨʠʚʦʜʥʦʛʦ ʰʢʠʚʘ 3 ʧʦʩʨʝʜʩʪʚʦʤ 
ʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ 13. ʄʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʬʦʨʤʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʝʪ 4500 ʤʠʥ-1.  

¶ ʨʝʞʠʤ 3 ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʦʩʢʠʭ ʜʝʪʘʣʝʡ. ʇʨʠʚʦʜʥʦʡ ʰʢʠʚ 3 ʞʝʩʪʢʦ ʩʚʷʟʳʚʘʶʪ ʩ 
ʦʧʦʨʥʦʡ ʰʘʡʙʦʡ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 4 ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 15. ʌʦʨʤʳ ʜʣʷ 

ʧʣʦʩʢʠʭ ʜʝʪʘʣʝʡ ʢʨʝʧʷʪ ʢ ʧʣʘʥʰʘʡʙʘʤ 5. ʈʝʤʝʥʥʳʝ ʧʝʨʝʜʘʯʠ 13 ʫʙʠʨʘʶʪ, ʧʦʵʪʦʤʫ ʬʦʨʤʳ ʠʤʝʶʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʙʦʜʥʦʛʦ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʦʧʦʨʥʦʡ ʰʘʡʙʳ ʧʣʘʥʝʪʘʨʥʦʛʦ 
ʤʝʭʘʥʠʟʤʘ 4 ʬʦʨʤʳ ʜʣʷ ʧʣʦʩʢʠʭ ʜʝʪʘʣʝʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʦʨʠʝʥʪʠʨʫʶʪʩʷ 
ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʣʠʥʠʠ ʝʝ ʜʝʡʩʪʚʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʷʟʫʶʱʝʛʦ ʚ 
ʬʦʨʤʝ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʦʣʱʠʥʳ ʠʟʜʝʣʠʷ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʬʦʨʤʫʶʪ ʧʣʦʩʢʠʝ ʜʝʪʘʣʠ.Ŀ 

ʈʘʩʯʝʪʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʦʜʥʦʩʤʝʥʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʩʪʘʥʢʘ ʉʎʌ-5 
ʩʦʩʪʘʚʣʷʝʪ: ʚ ʨʝʞʠʤʝ 1 ï 1380 ʰʪ./ʛʦʜ, ʚ ʨʝʞʠʤʝ 2 ï 4416 ʰʪ./ʛʦʜ ʠ ʚ ʨʝʞʠʤʝ 3 ï 5032 ʰʪ./ʛʦʜ. 
ʆʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʩʪʘʥʢʘ ʩʦʩʪʘʚʣʷʝʪ 175 ʪʳʩ. ʨʫʙʣʝʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʦ ʥʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ, 
ʧʦʟʚʦʣʷʶʱʝʝ ʧʨʦʠʟʚʦʜʠʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʧʦʜʰʠʧʥʠʢʠ ʩʢʦʣʴʞʝʥʠʷ ʩ ʜʠʘʤʝʪʨʘʣʴʥʳʤʠ 
ʨʘʟʤʝʨʘʤʠ ʜʦ 500 ʤʤ, ʘ ʪʘʢʞʝ ʧʣʦʩʢʠʝ ʜʝʪʘʣʠ. ʇʣʘʥʠʨʫʶʪʩʷ ʜʘʣʴʥʝʡʰʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʮʝʥʪʨʦʙʝʞʥʦʛʦ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʘʝʤʳʭ ʠʟʜʝʣʠʡ. 

 

* ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʩʦʛʣʘʰʝʥʠʝ 14.B37.21.1547. 
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Abstract 

The influence of the impregnation parameters on the process of infiltration of carbon-graphite 
skeletons with metal melts, in particular, copper alloys, is analyzed in the article. The optimal 
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parameters of pressure, temperature and impregnation time in obtaining composite materials of 
such kind are found. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʧʠʪʢʠ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ ʠʥʬʠʣʴʪʨʘʮʠʠ ʚ 
ʧʦʨʘʭ ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ ʢʘʨʢʘʩʦʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʜʥʳʤʠ ʩʧʣʘʚʘʤʠ. 
ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʧʨʦʧʠʪʢʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 
ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ, ʚʨʝʤʷ, ʧʨʦʧʠʪʢʘ, ʩʤʘʯʠʚʘʥʠʝ, ʛʨʘʬʠʪ, ʤʝʜʴ, 
ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

  
ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʜʘʣʝʝ ï ʂʄ) ʷʚʣʷʝʪʩʷ 

ʧʨʦʧʠʪʢʘ ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ ʢʘʨʢʘʩʦʚ ʨʘʩʧʣʘʚʘʤʠ ʤʝʪʘʣʣʦʚ. ʋʩʣʦʚʠʷ,  ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 
ʠʥʬʠʣʴʪʨʘʮʠʷ, ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʚʤʝʩʪʠʤʳ ʩ ʤʘʪʨʠʯʥʳʤ ʤʝʪʘʣʣʦʤ ʠ ʢʘʨʢʘʩʦʤ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʧʦʩʣʝʜʥʝʛʦ ʠ ʦʪʩʫʪʩʪʚʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩ ʨʘʩʧʣʘʚʦʤ. ʄʘʪʝʨʠʘʣ 
ʤʘʪʨʠʮʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʭʠʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʢʦʤʧʦʟʠʪʘ, ʝʛʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʜʦʣʞʝʥ ʧʦʟʚʦʣʷʪʴ ʢʦʤʧʦʟʠʪʫ ʚʦʩʧʨʠʥʠʤʘʪʴ ʚʥʝʰʥʠʝ ʥʘʛʨʫʟʢʠ. ɺ ʧʦʣʫʯʘʝʤʳʭ 
ʤʘʪʝʨʠʘʣʘʭ ʤʘʪʨʠʯʥʳʡ ʩʧʣʘʚ ʤʝʭʘʥʠʯʝʩʢʠ ʧʨʦʥʠʢʘʝʪ ʚ ʢʘʨʢʘʩ, ʦʙʨʘʟʫʷ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ 
çʩʢʝʣʝʪ ʚ ʩʢʝʣʝʪʝè. ʇʨʦʧʠʪʢʘ ʧʦʟʚʦʣʷʝʪ ʩʦʯʝʪʘʪʴ ʚ ʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ ʚʝʱʝʩʪʚʘ ʩ ʨʘʟʣʠʯʥʳʤʠ 
ʩʚʦʡʩʪʚʘʤʠ, ʟʘʠʤʩʪʚʫʷ ʚ ʥʝʤ ʢʘʢ ʠʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʣʝʛʨʘʬʠʪʘ (ʚʳʩʦʢʠʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ 
ʩʚʦʡʩʪʚʘ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ ʠ ʪ.ʜ.), ʪʘʢ ʠ ʩʚʦʡʩʪʚʘ 
ʤʝʪʘʣʣʦʚ (ʚʳʩʦʢʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ, ʵʣʝʢʪʨʦ- ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ) [1]. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʘʠʙʦʣʝʝ 
ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʘʣʣʦʤ ʜʣʷ ʧʨʦʧʠʪʢʠ ʩʣʫʞʠʪ ʤʝʜʴ. ʅʦ ʤʝʜʴ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 
ʦʙʣʘʜʘʝʪ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [2].  

ɹʦʣʝʝ ʪʦʛʦ, ʩʤʘʯʠʚʘʥʠʝ ʫʛʣʝʛʨʘʬʠʪʘ ʠʥʝʨʪʥʳʤʠ ʢ ʫʛʣʝʨʦʜʫ ʤʝʪʘʣʣʘʤʠ ʦʙʳʯʥʦ 
ʦʪʩʫʪʩʪʚʫʝʪ [3]. ʊʘʢʠʝ ʤʝʪʘʣʣʳ ʢʘʢ ʤʝʜʴ, ʩʝʨʝʙʨʦ, ʦʣʦʚʦ, ʩʚʠʥʝʮ, ʩʫʨʴʤʘ ʦʙʨʘʟʫʶʪ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʣʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʛʨʘʬʠʪʘ ʢʨʘʝʚʳʝ ʫʛʣʳ 120-1400ʉ. ʂʨʘʝʚʦʡ ʫʛʦʣ 
ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʩʤʘʯʠʚʘʥʠʷ, ʘ ʝʛʦ ʚʝʣʠʯʠʥʘ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʥʝʨʛʠʡ ʠ 
ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʧʦʨʳ ʢʘʨʢʘʩʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʠʝ ʤʘʪʨʠʯʥʳʭ ʩʧʣʘʚʦʚ ʚʝʣʦʩʴ ʧʦ 
ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʦʜʥʦ ʩʚʷʟʘʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʤʘʪʨʠʯʥʦʛʦ ʩʧʣʘʚʘ ʜʣʷ ʧʨʦʧʠʪʢʠ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ 
ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ, ʚʪʦʨʦʝ ï ʥʘ ʦʩʥʦʚʝ ʬʦʩʬʦʨʠʩʪʦʡ ʤʝʜʠ, ʦʙʣʘʜʘʶʱʝʡ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʧʠʪʢʠ ʧʘʨʘʤʝʪʨʦʚ. ʄʝʜʴ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤʠ 
ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴʶ. ʈʘʙʦʪʘ [4] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʯʥʦʛʦ 
ʩʧʣʘʚʘ ʬʦʩʬʦʨʠʩʪʦʡ ʤʝʜʠ ʚ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʫʣʫʯʰʘʝʪ ʪʨʝʙʫʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ 
ʯʘʩʪʥʦʩʪʠ ʫʤʝʥʴʰʘʶʪʩʷ ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, ʧʦʚʳʰʘʶʪʩʷ 
ʣʠʪʝʡʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʘ [5-7].  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʠʧʘ 
ʫʛʣʝʛʨʘʬʠʪ - ʤʝʜʴ, ʧʨʦʧʠʪʘʥʥʳʭ ʥʦʚʳʤʠ ʤʘʪʨʠʯʥʳʤʠ ʩʧʣʘʚʘʤʠ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 
ʧʨʦʧʠʪʢʠ ʢʘʢ ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʨʝʤʷ. 

ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʩʧʣʘʚʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ ʨʘʩʧʣʘʚ ʤʝʜʥʦ-
ʬʦʩʬʦʨʠʩʪʦʡ ʣʠʛʘʪʫʨʳ  ʤʘʨʢʠ ʄʌ9 ɻʆʉʊ 4515-93 (ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ 90,5-91,5 ʤʘʩ.%, 
ʬʦʩʬʦʨʘ ï 8,5-9,5 ʤʘʩ.%) ʚ ʢʦʣʠʯʝʩʪʚʝ 97,0 ʤʘʩ.% ʠ ʣʘʪʫʥʠ ʤʘʨʢʠ ʃ63 ɻʆʉʊ 15527-2004 (ʩ 
ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ 62,0-65,0 ʤʘʩ.%, ʮʠʥʢʘ ï 34,5-37,5 ʤʘʩ.%, ʞʝʣʝʟʘ ï 0,2 ʤʘʩ.%) ʚ ʢʦʣʠʯʝʩʪʚʝ 2,0 
ʤʘʩ.% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 950ÁC ʜʦʙʘʚʣʷʝʤ ʧʦʨʦʰʦʢ ʞʝʣʝʟʘ ʤʘʨʢʠ ʇɾɺ2.160.24 (ʩ ʩʦʜʝʨʞʘʥʠʝʤ 
ʞʝʣʝʟʘ 99,5 ʤʘʩ.%) ʚ ʢʦʣʠʯʝʩʪʚʝ 1,0 ʤʘʩ.%. ʇʣʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʠ 
Indutherm VC-400. ʂʦʥʩʪʨʫʢʮʠʷ ʧʝʯʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʧʨʝʨʳʚʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ 
ʠʥʛʨʝʜʠʝʥʪʦʚ ʩʧʣʘʚʘ ʚ ʚʘʢʫʫʤʝ ʠ ʨʘʟʣʠʚʢʫ ʧʦʜ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʘʨʛʦʥʘ. 

ʀʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʫʶ ʩʭʝʤʫ ʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʣʠʪʴʷ [2,8], ʚ ʥʘʛʨʝʪʫʶ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 600-
650 0ʉ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʝʤʢʦʩʪʴ ʧʦʤʝʱʘʝʪʩʷ ʫʛʣʝʛʨʘʬʠʪʦʚʳʡ ʢʘʨʢʘʩ ʠ ʟʘʣʠʚʘʝʪʩʷ ʤʘʪʨʠʯʥʳʤ 

ʨʘʩʧʣʘʚʦʤ ʤʝʜʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʠʣʦʞʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʦʧʠʪʢʠ ʯʝʨʝʟ ʧʫʘʥʩʦʥ. 
ɿʘʪʝʤ, ʧʨʦʠʟʚʦʜʷʪ ʢʦʨʦʪʢʫʶ ʚʳʜʝʨʞʢʫ - 10 ʩʝʢ. ʠ ʠʟʚʣʝʢʘʶʪ ʧʨʦʧʠʪʘʥʥʳʡ  ʢʘʨʢʘʩ.  
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʂʄ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ ʧʨʦʭʦʜʠʪ, 
ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʧʠʪʳʚʘʥʠʷ ʤʘʪʨʠʯʥʳʤ ʩʧʣʘʚʦʤ ʢʘʧʠʣʣʷʨʥʦ-ʧʦʨʠʩʪʦʛʦ ʢʘʨʢʘʩʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʤʦʥʦʣʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʩ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʚʨʝʤʝʥʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺʨʝʤʷ 
ʚʳʜʝʨʞʢʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʦʧʨʝʜʝʣʷʣʦʩʴ ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʠ ʩʦʩʪʘʚʣʷʣʦ 5-10 ʩ. 

ɼʘʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʣʠ ʩ ʫʯʝʪʦʤ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʧʠʪʳʚʘʶʱʝʛʦ ʩʧʣʘʚʘ ʩ ʥʘʯʘʣʴʥʳʤ ʦʙʲʝʤʦʤ 
(V0 + Vn), ʛʜʝ V0 - ʠʩʭʦʜʥʳʡ ʦʙʲʝʤ ʧʨʦʧʠʪʳʚʘʶʱʝʛʦ ʩʧʣʘʚʘ ʚ ʝʤʢʦʩʪʠ ʜʣʷ ʧʨʦʧʠʪʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
ʥʘʯʘʣʘ ʧʨʦʧʠʪʢʠ, ʤ3; Vn - ʦʙʲʝʤ ʦʪʢʨʳʪʳʭ ʧʦʨ ʚ ʧʨʦʧʠʪʳʚʘʶʱʝʤ ʫʛʣʝʛʨʘʬʠʪʦʚʦʤ ʢʘʨʢʘʩʝ, ʤ3. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʫʝʤʦʝ ʧʨʠ ʧʨʦʧʠʪʢʝ ʜʘʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

d

bb
r

)(1 ct -D
=                                                              (1) 

ʛʜʝ  
cbb- ï ʨʘʟʥʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʲʝʤʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʧʠʪʳʚʘʶʱʝʛʦ 

ʩʧʣʘʚʘ ʠ ʤʘʪʝʨʠʘʣʘ ʝʤʢʦʩʪʠ ʜʣʷ ʧʨʦʧʠʪʢʠ, ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʧʠʪʢʠ, ʛʨʘʜ-1;  
                   ŭ ï ʩʞʠʤʘʝʤʦʩʪʴ ʧʨʦʧʠʪʳʚʘʶʱʝʛʦ ʩʧʣʘʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʧʠʪʢʠ, ʇʘ-1.  

 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʝʨʝʛʨʝʚʘ 
ʧʨʦʧʠʪʳʚʘʶʱʝʛʦ ʩʧʣʘʚʘ. ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʥʘ ʙʳʣʘ ʠʩʢʫʩʩʪʚʝʥʥʦ ʨʘʩʯʣʝʥʝʥʘ ʥʘ ʜʚʝ 
ʩʦʩʪʘʚʣʷʶʱʠʝ, ʪ. ʝ. ȹt0 ï ʨʘʩʰʠʨʝʥʠʝ ʞʠʜʢʦʛʦ ʧʨʦʧʠʪʳʚʘʶʱʝʛʦ ʩʧʣʘʚʘ ʩ ʥʘʯʘʣʴʥʳʤ ʦʙʲʝʤʦʤ V0 ʜʦ 
ʦʙʲʝʤʘ (V0 + Vn) ʠ ȹt1 - ʨʘʩʰʠʨʝʥʠʝ ʩʧʣʘʚʘ ʩ ʥʘʯʘʣʴʥʳʤ ʦʙʲʝʤʦʤ (V0 + Vn) ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʘʚʣʝʥʠʷ (ʈ).  

ʆʜʥʘʢʦ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʧʦʩʣʝʜʥʝʛʦ ʥʘʨʷʜʫ ʩ ʧʦʚʳʰʝʥʠʝʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʠ ʩʥʠʞʝʥʠʝʤ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 
ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʧʦʨ, ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʫʛʣʝʛʨʘʬʠʪʦʚʦʛʦ ʢʘʨʢʘʩʘ ʠ 
ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʝʪʘʣʣʘ ʚ ʦʙʲʝʤʝ ʂʄ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʢ ʥʘʠʙʦʣʝʝ ʪʝʭʥʠʯʝʩʢʠ ʧʨʦʩʪʦʛʦ ʠ 
ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʫʣʫʯʰʝʥʠʷ ʠ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʦʧʠʪʢʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʞʠʜʢʦʩʪʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʥʷʶʪ ʩʚʦʶ ʧʣʦʪʥʦʩʪʴ ɟ ʠ ʚʷʟʢʦʩʪʴ ɛ ʧʦ ʩʣʝʜʫʶʱʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ [3]: 

            
T*+

=
b

r
r

1

0
                                                              (2) 

ʛʜʝ ɟ0 ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʧʨʠ ʊ = 20 Áʉ; 
         ɓ ī ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ; 
         ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ. 

                                           
Tegmm *= 0 ,                                                                (3) 

ʛʜʝ ɛ0 ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ ʧʨʠ ʊ = 20 Áʉ; 
         ɔ ī ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ. 

 
ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʩʩʣʝʜʫʝʤ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʷʟʢʠʭ 

ʞʠʜʢʦʩʪʝʡ ï ʥʘ ʧʣʦʪʥʦʩʪʴ ɟ ʠ ʚʷʟʢʦʩʪʴ ɛ.  

 
ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʧʣʦʪʥʦʩʪʠ ʤʝʜʠ 
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ɺʷʟʢʦʩʪʴ, ʤʇʘ*ʩ 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʚʳʟʢʦʩʪʠ ʞʠʜʢʦʡ ʤʝʜʠ 

  

ʀʟ ʨʠʩ. 1-2 ʚʠʜʥʦ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ (re) ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1327 Áʉ ʫ ʞʠʜʢʦʡ ʤʝʜʠ,  ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ (º 9 %). ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʚʷʟʢʦʩʪʠ (me) ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʯʝʥʴ ʚʝʣʠʢʦ (ʩ 3,33 ʜʦ 1,96 ʤʇʘ*ʩ). ʏʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʠ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩʳ ʧʨʦʧʠʪʢʠ ʧʨʠ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʟʘʚʠʩʷʱʠʭ ʦʪ ʚʝʣʠʯʠʥʳ ʪʝʤʧʝʨʘʪʫʨʳ [9-10].  

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʧʦʨ ʟʘʚʠʩʠʪ ʦʪ ʦʧʪʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʧʠʪʢʠ,  
ʘ ʪʘʢʞʝ ʦʪ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʛʣʝʛʨʘʬʠʪʦʚʦʛʦ ʢʘʨʢʘʩʘ ʩ ʤʝʪʘʣʣʦʤ.  ʇʨʦʥʠʢʘʶʱʘʷ 
ʩʧʦʩʦʙʥʦʩʪʴ ʩʧʣʘʚʘ ʤʝʜʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʛʣʝʛʨʘʬʠʪʦʚʦʤʫ ʢʘʨʢʘʩʫ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʨʥʶ 
ʢʚʘʜʨʘʪʥʦʤʫ ʠʟ ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʦʨʠʛʠʥʘʣʴʥʦʡ ʤʝʪʦʜʠʢʝ, ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʠʟʤʝʨʝʥʠʠ 
ʛʣʫʙʠʥʳ ʟʘʪʝʢʘʥʠʷ ʩʧʣʘʚʘ ʚ ʦʪʚʝʨʩʪʠʷ ʜʠʘʤʝʪʨʦʤ 0,5 ʠ 1,0 ʤʤ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʜʥʝ ʫʛʣʝʛʨʘʬʠʪʦʚʦʛʦ 
ʩʪʘʢʘʥʘ [11],  ʧʦʵʪʦʤʫ ʚʨʝʤʝʥʥʦʡ ʧʦʢʘʟʘʪʝʣʴ ʦʧʨʝʜʝʣʷʣʩʷ ʢʦʩʚʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʩʦʩʪʘʚʣʷʣ 10ï15 ʤʠʥʫʪ. ɺ ʢʘʯʝʩʪʚʝ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ ʧʨʦʧʠʪʢʠ 
ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʨʳ ʥʘ ʤʠʢʨʦʰʣʠʬʝ, ʟʘʥʷʪʦʡ ʤʝʪʘʣʣʦʤ, ʢ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦʨʳ 
[6]. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʘʨʢʠ ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʳʷʚʣʝʥʳ ʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʧʨʦʧʠʪʢʠ ʤʝʜʥʳʤʠ ʩʧʣʘʚʘʤʠ [2].  ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ (ʥʘ 85ï100 %) 
ʟʘʧʦʣʥʠʣʠʩʴ ʧʦʨʳ ʨʘʟʤʝʨʦʤ ʜʦ 30 ʤʢʤ. ʂʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʧʦʨ ʚ ʤʘʪʝʨʠʘʣʝ çʉʠʛʨʠè ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

30 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʨ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʧʦʨ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʠʭ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 
85 ʜʦ 30 %. ʄʠʢʨʦʘʥʘʣʠʟ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʫʛʣʝʛʨʘʬʠʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʢʨʫʧʥʳʝ 
ʧʦʨʳ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩʝʪʴʶ ʙʦʣʝʝ ʤʝʣʢʠʭ.  

ʈʘʩʯʝʪ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ 
ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʘʣʛʦʨʠʪʤ ʢʦʪʦʨʦʡ ʙʘʟʠʨʦʚʘʣʩʷ ʥʘ ʤʝʪʦʜʝ ɼʘʨʩʠ, 
ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʣʘ ʧʦ ʢʦʥʪʫʨʫ ʢʘʧʣʠ ʦʧʨʝʜʝʣʠʪʴ ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ 
ʥʘʪʷʞʝʥʠʝ ʠ ʨʘʙʦʪʫ ʘʜʛʝʟʠʠ. ʀʥʬʠʣʴʪʨʘʮʠʷ ʧʦʨ ʫʛʣʝʛʨʘʬʠʪʦʚʦʛʦ ʢʘʨʢʘʩʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ 
ʤʛʥʦʚʝʥʥʦ, ʥʦ ʩʣʝʜʫʝʪ ʜʝʣʘʪʴ ʥʝʙʦʣʴʰʫʶ ʚʳʜʝʨʞʢʫ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʂʄ. 
ɻʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʨʦʧʠʪʳʚʘʶʱʝʛʦ ʤʝʪʘʣʣʘ ʚ ʢʘʨʢʘʩ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʨʥʶ 
ʢʚʘʜʨʘʪʥʦʤʫ ʠʟ ʚʨʝʤʝʥʠ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʘ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʦʙʣʘʩʪʠ ʥʝʚʳʩʦʢʦʛʦ 
ʜʘʚʣʝʥʠʷ 0ï5 ʄʇʘ, ʧʦʵʪʦʤʫ ʚʨʝʤʝʥʥʦʡ ʧʦʢʘʟʘʪʝʣʴ ʦʧʨʝʜʝʣʷʣʩʷ ʢʦʩʚʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʩʦʩʪʘʚʣʷʣ 5ï10 ʩ. [5]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʂʄ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 
ʨʘʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ ʠ ʬʦʩʬʦʨʘ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʩ 
ʢʘʨʢʘʩʦʤ ʠʟ ʫʛʣʝʛʨʘʬʠʪʘ ʚ ʫʩʪʨʦʡʩʪʚʝ ʜʣʷ ʧʨʦʧʠʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ  
ʥʠʪʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʵʪʦʤ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ 
ʩʢʚʦʟʥʳʭ ʧʨʦʞʠʣʦʢ ʠʟ ʤʝʜʠ ʯʠʩʪʦʪʦʡ 98,0-99,0 ʤʘʩ.% ʩʦʩʪʘʚʣʷʝʪ 8 ʤʢʤ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʦʚʝʜʝʥʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʦʚʘʣʠ ʪʦʥʢʫʶ ʩʪʨʫʢʪʫʨʫ 

ʰʣʠʬʦʚ ʂʄ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʛʨʘʬʠʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʜʥʳʤʠ ʩʧʣʘʚʘʤʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʘʩʪʨʦʚʦʤ 
ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ SMA-Quanta 3D FEG, ʩʥʘʙʞʝʥʥʦʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ. 
ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʦʧʦʣʥʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ ʠ ʧʦʜʪʚʝʨʞʜʝʥʳ 
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ʜʘʣʴʥʝʡʰʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʣʠʪʦʡ ʤʝʜʠ ʚ ʧʦʨʘʭ ʫʛʣʝʛʨʘʬʠʪʦʚʦʛʦ ʢʘʨʢʘʩʘ. 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʣʠʪʘʷ ʤʝʜʴ ʠʤʝʝʪ ʥʝʦʜʥʦʨʦʜʥʦʝ ʩʪʨʦʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʚʝʨʜʦʩʪʠ.  ɺʳʷʚʣʝʥʦ ʥʘʣʠʯʠʝ ʩʪʨʦʯʝʯʥʳʭ ʩʢʦʧʣʝʥʠʡ ʵʚʪʝʢʪʠʢʠ ʉuïʉu2ʆ, ʘ 
ʪʘʢʞʝ ʧʦʨ ʨʘʟʤʝʨʦʤ 2-35 ʤʢʤ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ. ʇʨʠ ʙʦʣʴʰʠʭ ʫʚʝʣʠʯʝʥʠʷʭ (ʭ2000, ʭ5000, ʭ10000) 
ʥʘʙʣʶʜʘʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ ʷʯʝʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ 
ʰʣʠʬʘ ʜʝʥʜʨʠʪʘʤʠ (ʨʠʩ.3). ɻʘʟʦʚʳʝ ʧʦʨʳ ʠʤʝʶʪ ʯʝʪʢʦ ʦʯʝʨʯʝʥʥʳʝ ʛʨʘʥʠʮʳ ʩ ʯʠʩʪʳʤ ʜʥʦʤ, ʚ 
ʢʦʪʦʨʦʤ ʚʠʜʥʳ ʦʯʝʨʪʘʥʠʷ ʛʨʘʥʠʮ ʟʝʨʝʥ. ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʥʘʣʠʯʠʷ ʤʠʢʨʦʩʝʛʨʝʛʘʮʠʠ ʧʨʠʤʝʩʝʡ 
ʥʘ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʤ ʨʝʥʪʛʝʥʦʬʣʶʦʨʝʩʮʝʥʪʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ (EDS) ʙʳʣʠ ʧʦʣʫʯʝʥʳ 
ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʝ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʤʝʜʠ ʠ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʘʭ 
ʤʝʪʦʜʦʤ ʧʦʵʣʝʤʝʥʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ. 

 

 
 

ʈʠʩ. 3. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ çʫʛʣʝʛʨʘʬʠʪ ï ʩʧʣʘʚ ʤʝʜʠ 

 

ɺʳʜʝʣʷʷ ʫʯʘʩʪʢʠ ʚ ʨʘʟʣʠʯʥʳʝ ʤʝʩʪʘʭ ʂʄ (ʨʠʩ.4), ʩ ʧʦʤʦʱʴʶ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 
ʩʧʝʢʪʨʦʤʝʪʨʘ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʝʛʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦ ʰʝʩʪʠ ʵʣʝʤʝʥʪʘʤ (ʨʠʩ. 5): ʧʦ ʫʛʣʝʨʦʜʫ 
ʧʦʢʘʟʘʪʝʣʠ ʢʦʣʝʙʣʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 5,17 ʜʦ 6,53 ʤʘʩ.%, (ʥʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʚ ʜʚʫʭ ʪʦʯʢʘʭ 
ʨʝʟʫʣʴʪʘʪʳ ʚʳʙʠʚʘʶʪʩʷ ʠʟ ʠʥʪʝʨʚʘʣʘ ï 11,11 ʠ 13,71 ʤʘʩ.% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʧʦ ʢʠʩʣʦʨʦʜʫ 
ʧʦʢʘʟʘʪʝʣʠ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 26,68 ʜʦ 34,71 ʤʘʩ.%,  ʧʦ ʬʦʩʬʦʨʫ ʦʪ 22,15 ʜʦ 26,12 
ʤʘʩ.%, ʧʦ ʞʝʣʝʟʫ ʦʪ 1,25 ʜʦ 5,19 ʤʘʩ.% (ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘ ʛʨʘʥʠʮʝ ʨʘʩʧʣʘʚʘ ʚ ʪʦʯʢʝ ˉ10 
ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʩʦʩʪʘʚʣʷʣʦ 10,24  ʤʘʩ.%, ʯʪʦ ʚ 2 ʨʘʟʘ ʧʨʝʚʳʰʘʣʦ ʟʥʘʯʝʥʠʝ ʚ ʜʨʫʛʠʭ ʪʦʯʢʘʭ), 
ʧʦ ʤʝʜʠ ʦʪ 22,37 ʜʦ 31,28 ʤʘʩ.% (ʚ ʪʦʯʢʝ ˉ9 ï 98,75 ʤʘʩ.%), ʧʦ ʮʠʥʢʫ ʦʪ 1,29 ʜʦ 3,35 ʤʘʩ.% (ʚ ʜʚʫʭ 
ʪʦʯʢʘʭ ʨʝʟʫʣʴʪʘʪ ʚʳʙʠʚʘʝʪʩʷ ʠʟ ʠʥʪʝʨʚʘʣʘ ï 12,11 ʠ 12,77 ʤʘʩ.% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʟʘʚʠʩʠʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʪ ʧʘʨʘʤʝʪʨʦʚ 
ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʥʬʠʣʴʪʨʘʮʠʠ ʠ ʦʪ ʣʦʢʘʣʠʟʘʮʠʠ ʟʦʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʂʄ. 
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ʈʠʩ. 4.  ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚ ʚ ʢʦʤʧʦʟʠʪʝ 

ʈʠʩ. 5. ʉʧʝʢʪʨʦʛʨʘʤʤʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ç ʫʛʣʝʛʨʘʬʠʪ - ʩʧʣʘʚ ʤʝʜʠè ʩ ʧʦʤʦʱʴʶ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ (EDS) 
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ɺʳʚʦʜʳ 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʨʠʯʥʳʭ ʩʧʣʘʚʦʚ ʧʦʟʚʦʣʠʣʘ 

ʧʦʣʫʯʠʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʭʦʨʦʰʝʡ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʫʩʘʜʢʦʡ, ʙʣʠʟʢʦʡ ʢ ʥʫʣʶ, ʚʳʩʦʢʠʤʠ 
ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠ ʪʘʢʞʝ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʝ 
ʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ, ʧʨʠ ʵʪʦʤ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʢ ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ  
ʚʨʝʤʷ ʠʥʬʠʣʴʪʨʘʮʠʠ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʧʨʦʧʠʪʢʠ. 
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Abstract 

The question of cyclic injection effectiveness in winter session is presented. Data statistic processing was 
used with that purpose. For what the following parameters as a selective average, a standard deviation 

and authors the new indicator of variability Ratio is recommended are defined.  Advice on the intervals of 
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R values is given by the results of experiences. Some diagrams for block ˉ5, deposit ˉ1, the 
Kuakbashevskaja area, the Leninogorsk site, the Romashkinskoe field, which is developed by NGDU 
"Leninogorskneft" are shown. The recommendations for non-stationary waterflood system are resulted in 
the end of the article. 
 
Keywords: cyclic injection, standard deviation, normalizing, correlation, recommendations. 

 
In recent decades, oil and gas industry as waterproofing materials used powdered materials: 

shredded rubber crumb, rubber crumb, modified silica dispersion, water-swellable powder, acrylic-based 
polymers [1,2]. In this regard with it , the particular interest is the application of swellable elastomers. To 
assess the priority for waterproof properties itôs studied swellable properties following elastomers: 

- Crumb rubber derived from waste tires; 
- Swellable rubber crumb Moscow company LLC "REAM-RTI"; 
- Urethane crumbs of swellable (SPC "STREAM", Moscow); 
- Powder from the acrylamide polymer with a special degree of cross-linking. 
In developing the aforementioned waterproof systems, we have difficulty in pumping them into 

the formation. Despite the impressive results of water absorption in the conditions when the dispersed 

medium is fresh water, the degree of swelling in high mineralized medium is not so significant (Figure 1).  
 

II fraction ï ß =5-9 mm; III fraction - ß =1-2 mm; IV fraction - ß ᾽1 mm; 
 

Figure 1 The degree of swelling elastomers when exposed them in fresh and highly mineralized medium 
for 24 h under normal conditions 

 
Besides, for injection into formation of crumb rubber (SC) obtained by recycling of automobile tires 

with a diameter more than or equal to Dʧʦʨ , itôs important to raise the pressure pumping to the value that 
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ensures fracturing of formation or crack opening. . Under the conditions of water cut damage from fracturing of 
formation or crack opening may exceed waterproof effect from the subsequent injection of RK and the water 
cut of wells will increase. RK is not removed from the reservoir just because it exceeds the diameter of the pore 
formation diameter, but in the process of the field development may occur differences of reservoir pressure, 
increasing the crack opening, that leading to move RK to the well and stop the effect of the application process. 

Using the most types of water-swellable polymer (GDP) is not effective, because GDP infinitely 
swells in water (here and hereafter by the çunlimited swellingè should be understood that the bridging material 
particles, which we inject into formation , swell in brine water with time goes into the solution, not having 
tamponong properties, and under the "limited swelling" should be understood that the bridging material 
particles, which we  inject into formation , swell in brine water with time not passing into solution and keeping 
plugging properties). These shortcomings lead to a reduction  the duration of effect of using method. Besides, 
the currently used brand GNP almost donôt swell in highly mineralized brine water. Thus, in particular, used now 
in OAO "Tatneft" swellable polymers Series AK-639 V415 and V615 marks almost donôt swell in mineralized 
reservoir fluids, which limits their sphere of application and complicates the technological process. Elastomers 
of the basis of swellable rubber and urethane crumbs is also bad swell in the formation water, in fact, this 
product has a very high cost. The use of such crumb is impractical because the degree of swelling is less than, 
which is why it will require 2-3 times more for well operation than crumbs from the acrylic polymer. 

 In this regard, swellable polymer has developed with containing mole fraction of sodium acrylate Ŭ = 
0,3 and degree of crosslinking within the limits m = 0,01-0,05 mole percent. Used in the experiments: a 
powdered water-swellable polymer prepared in the laboratory by the copolymerization of acrylamide and 
sodium acrylate in concentrated aqueous solutions (with mass concentration of more than 20%) in the 
presence of a crosslinking agent (N, N'-methylene-bis-acrylamide) and redox initiator system (ammonium 
persulfate and sodium metabisulfite). Then the obtained rubber-aqueous solutions of copolymers were milled in 
an extruder, gel polymer particles were dried by blasting hot air at 70 Ü C, dry polymer particle were crushed. 
Plansifter powder WFP did on sieves with a mesh size of 0,1 õ 2,5 mm. Selected fractions of the polymer 
particles used for research. Depending on the results of swelling polymers in time are shown in Figure 2, which 
shows that the swelling in fresh water up to 2000%, and produced water - up to 1500% in 24 hours, which is 
quite acceptable for the preparation waterproof compositions. Thus, laboratory tests indicate the need to 
develop compositions and technology for their applications based on swellable acrylic polymer with the above 
parameters on the content of sodium acrylate and the degree of crosslinking. This reagent has put into 
production in accordance with TU ˉ 2216-016-55373366-2007. 

 
 

 

Figure 2 - Kinetic curves of swelling swellable acrylic polymer with Ŭ = 0,3 and m = 0,05 
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For the improvement of technology application solutions to limit water seepage containing 
gelchastitsy GNP, and evaluation of the proposed method waterproof ability, model tests were conducted 
on a cylindrical reservoir model length of 30 cm and an internal diameter 2.7 cm, filled with marble crumb. 
The model was saturated with formation water Serpukhov horizon with density ɟ = 1120 kg/m3, and the 
water solution of polyacrylamide brand DP9-8177 containing gel particles acrylamide copolymer B50-E 
was pumped. The results of the model study are given in Table 1. 

 

Table 1 
The results of model tests of technological solutions by the proposed method 

 

ˉ 
Model 

Content of components in technological solution, wt.% Insulation factor 
% 

Polyacrylamide DP9-8177 Copolymer of 
acrylamide V50-Je 

24 h 6 months 12 
months 

1 0,1 0,5 95 93 90 

2 0,3 0,8 96 94 91 

3 0,5 1 98 96 95 

4 0,5 1,5 100 98 96 

5 0,5 2,0 100 99 98 

 
On the basis of the tabular data recommended working solutions for field tests should be 

prepared by 0.3-0.5% polyacrylamide solution with the content of 1-2% acrylamide copolymer B50-E TU 
ˉ 2216-016-55373366-2007. 

Carrying out of experimental-field operations recommend to the wells with injection capacity not 
less than 2 m3 / (h MPa). During execution phase ODA technology is implemented in 4 facilities of OAO 
"Tatneft": wells. ˉ 4703 NGDU Nurlatneft, wells. Number 1516A NGDU Nurlatneft, wells. ˉ 38370 
NGDU Leninogorskneft and wells. ˉ 35784 NGDU Leninogorskneft. Wells , which was considered ,  

exploit carbonate reservoirs, characterized by non-uniform structure formation. The technology of 
carrying out the work provided for injection into the isolated interval powder suspension acrylamide 
copolymer B50-E in an aqueous solution of polyacrylamide DP9-8177. Polyacrylamide solution DP9-8177 
0.3% concentration by (self catch) from a tanker or pump cementing unit served in chunk and there also 
with constant stirring in small portions, added the powder acrylamide copolymer B50-E, and the resulting 
slurry by pump of cementing unit was supplied by the compressors tubes (CNT) in the well. Upon 
completion of this operation, the plugging composition was fixed with cement mortar, shut in fresh water 
at a water-cement ratio 0.5 in the standard technology used in OJSC "Tatneft". [3] Successful completion 
of confirmed not only reduce water cut in production wells and obtained as a result incremental oil 
production (Table 2). 

 

Table 2 
The results of technology tests to reduce water in carbonate reservoirs using swellable elastomers 

 

ˉ 
p/p 

ˉ well. 
oil and gas 
production 
department 

Date 
of 

reapir 

Description of the works Changing the operating parameters after 
repair 

Result 

Production 
rate, t / d 

Water 
content,% 

incremental 
oil 

production, 

t 
(on 

01.02.13) 

be-

fore 

after 

(on 
01.02.13) 

be-

fore 

after 

(on 
01.02.13) 

1 4703 
Nurlatneft' 

11.08.
12 

In the isolated interval was 
pumped 125 kg elastomer 
powder ,which swell B50-E 
20 m3 0.3% aqueous 
solution of polyacrylamide 
DP9-8177with subsequent 

fixation with cement mortar 
of 7 tons of cement. 

1,4 5,0 94 60 941 positive 
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The end of Table 2 

ˉ 
p/p 

ˉ well. 
oil and gas 
production 
department 

Date 
of 

reapir 

Description of the works Changing the operating parameters after 
repair 

Result 

Production 
rate, t / d 

Water 
content,% 

increment
al oil 

production, 
t 

(on 
01.02.13) 

be-
fore 

after 
(on 

01.02.13) 

be-
fore 

after 
(on 

01.02.13) 

2 1516ʘ 
Nurlatneft' 
 

15.08.
12 

In the isolated interval was 
pumped 300 kg elastomer 
powder ,which swell B50-E 
30 m3 0.3% aqueous 
solution of polyacrylamide 
DP9-8177with subsequent 
fixation with cement mortar 

of 5 tons of cement. 

0,4 2,8 98 41 485 positive 

3 38370 
Leninogorsk-
neft' 

 
18.09.
12 

In the isolated interval was 
pumped 210 kg elastomer 
powder ,which swell B50-E 
21 m3 0.3% aqueous 
solution of polyacrylamide 
DP9-8177with subsequent 
fixation with cement mortar 
of 3 tons of cement. 

0,5 1,5 98 34 131 positive 

4 35784 
Leninogorsk-
neft' 

28-
29.11.
12 

In the isolated interval was 
pumped 240 kg elastomer 
powder ,which swell B50-E 
24 m3 0.3% aqueous 
solution of polyacrylamide 
DP9-8177with subsequent 
fixation with cement mortar 
of 4 tons of cement. 

0 1,0 100 86 79 positive 

 

 
Thus, the use of technology, allowing to keep plugging capability for a long time, based on a 

copolymer of acrylamide powder suspension B50-E in an aqueous solution of polyacrylamide DP9-8177, 
the most perspective in fractured porous and cavernous fractured carbonate reservoirs. 
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Abstract 

This paper presents the problem of recognition of moving ground targets. Current methods for 
determining the objects are described. The problem of recognition with the functioning of the system is 
formulated. A method to solve this problem and used operations are presented. 
 
Keywords: object recognition, morphological image processing, dilation and handle. 
 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ ʧʨʦʙʣʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʥʘʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ. ʆʧʠʩʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ 
ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʢʪʦʚ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʟʘʜʘʯʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. ʆʧʠʩʘʥ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʦʧʝʨʘʮʠʠ. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʲʝʢʪʦʚ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʜʠʣʘʪʘʮʠʷ, 
ʜʝʩʢʨʠʧʪʦʨ. 

 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʠʥʪʝʨʝʩʘ. ʅʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 
ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣʠ ʙʳ ʧʦʣʫʯʘʪʴ ʨʝʟʫʣʴʪʘʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʘʯʝʩʪʚʘ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 
ʚʨʝʤʝʥʥʳʭ ʠ ʨʝʩʫʨʩʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ. ɼʣʷ ʩʠʩʪʝʤ, ʨʘʙʦʪʘʶʱʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʙʦʨʪʫ ɹʃɸ, 
ʦʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʠʩʧʦʣʴʟʫʝʤʳʤ ʘʣʛʦʨʠʪʤʘʤ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʥʘʜʝʞʥʦʩʪʴ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʜʚʠʞʥʳʭ ʥʘʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʘʥʘʣʠʟʫ ʚʠʜʝʦʧʦʪʦʢʘ, 
ʧʦʩʪʫʧʘʶʱʝʛʦ ʩ ʙʦʨʪʦʚʦʡ ʢʘʤʝʨʳ, ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʵʪʘʧʘ [1]: ʥʘʭʦʞʜʝʥʠʝ 
ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʝ. 

ʅʘʭʦʞʜʝʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʦʩʥʦʚʘʥʦ ʥʘ ʢʦʤʧʝʥʩʘʮʠʠ ʜʚʠʞʝʥʠʷ 
ʩʘʤʦʛʦ ʚʠʜʝʦʜʘʪʯʠʢʘ, ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʪʦʯʝʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʦʙʨʘʞʝʥʠʡ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ 
ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʠʩʢʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ: ʛʨʫʧʧʦʚʳʝ ʧʦʤʝʭʠ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʘ, ʧʦʚʦʨʦʪ ʠʣʠ ʩʜʚʠʛ, ʥʝʣʠʥʝʡʥʦʝ ʠʟʤʝʥʝʥʠʝ ʷʨʢʦʩʪʠ, ʠʟʤʝʥʝʥʠʝ ʨʘʟʨʝʰʝʥʠʷ ʠʣʠ 
ʠʟʤʝʥʝʥʠʝ ʤʘʩʰʪʘʙʘ, ʢʘʜʨʠʨʦʚʘʥʠʝ ʠʣʠ ʜʝʢʘʜʨʠʨʦʚʘʥʠʝ, ʟʝʨʢʘʣʴʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʜʝʡʩʪʚʠʷ: 
ï ʦʙʨʘʙʦʪʢʘ ʧʝʨʚʠʯʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʚʳʩʠʪʴ ʚʠʟʫʘʣʴʥʦʝ ʢʘʯʝʩʪʚʦ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ; 
ï ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʫʯʝʪ ʤʝʞʢʘʜʨʦʚʦʛʦ ʩʜʚʠʛʘ ʠʟʦʙʨʘʞʝʥʠʡ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʯʠʩʣʝʥʠʝ ʪʦʯʝʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʦʙʨʘʞʝʥʠʷ ʘʣʛʦʨʠʪʤʦʤ ASIFT. ɺʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ 
ʩʜʚʠʛʘ ʠ ʧʨʦʚʦʜʠʪʩʷ ʩʦʚʤʝʱʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʩʦʩʝʜʥʠʭ ʢʘʜʨʘʭ; 

ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʷ ʨʘʟʥʦʩʪʠ ʩʠʛʥʘʣʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʩʢʠ ʜʚʠʞʝʥʠʷ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʜʝʡʩʪʚʠʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʚʳʜʝʣʷʶʪʩʷ ʦʙʲʝʢʪ, ʘ ʪʦʯʥʝʝ ʦʙʣʘʩʪʴ ʚ ʢʦʪʦʨʦʡ 

ʥʘʭʦʜʠʪʩʷ ʧʦʜʚʠʞʥʳʡ ʥʘʟʝʤʥʳʡ ʦʙʲʝʢʪ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʟʥʘʪʴ ʥʘʡʜʝʥʥʳʡ ʦʙʲʝʢʪ. 
ʇʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʩʨʘʚʥʝʥʠʷ ʩ ʵʪʘʣʦʥʘʤʠ, ʭʨʘʥʷʱʠʤʠʩʷ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ. ʇʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʵʪʘʣʦʥʦʚ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ 
ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʠʤʝʥʠʪʴ ʪʘʢʦʡ ʧʦʜʭʦʜ ʚ ʩʠʩʪʝʤʝ, 
ʨʘʙʦʪʘʶʱʝʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʧʨʦʮʝʩʩʘ 
ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʘʤʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʢ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʠʭ ʥʝʢʦʪʦʨʳʭ ʦʧʠʩʘʥʠʡ (ʜʝʩʢʨʠʧʪʦʨʦʚ). 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʟʜʘʚʘʪʴ ʜʝʩʢʨʠʧʪʦʨʳ 
ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʲʝʢʪʦʚ, ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ. ʉʪʦʠʪ ʪʘʢ ʞʝ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʜʦʣʞʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʪʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ 
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ʧʦʣʫʯʝʥʳ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ï ʥʘ ʵʪʘʧʝ ʥʘʭʦʞʜʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʥʘʟʝʤʥʦʛʦ 
ʦʙʲʝʢʪʘ, ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʝʩʫʨʩʦʝʤʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʘʜʨʦʚ 
ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʪ.ʝ. ʜʦʣʞʝʥ ʩʦʟʜʘʚʘʪʴ ʜʝʩʢʨʠʧʪʦʨ ʧʦ ʘʥʘʣʠʟʫ ʤʘʩʢʠ ʜʚʠʞʝʥʠʷ [1]. 

ʊʦʛʜʘ ʟʘʜʘʯʫ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʝʦʙʭʦʜʠʤʦ 
ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʩʧʦʟʥʘʚʘʪʴ ʧʦʜʚʠʞʥʳʡ ʥʘʟʝʤʥʳʡ ʦʙʲʝʢʪ ʧʦ ʘʥʘʣʠʟʫ ʤʘʩʢʠ 
ʜʚʠʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʵʪʘʧʝ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʦʛʦ ʦʙʲʝʢʪʘ, ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʘʜʨʦʚ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ [3]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʥʷʪʦ ʚʳʜʝʣʷʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ [4]: ʩʪʨʫʢʪʫʨʥʳʝ, 
ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ, ʢʦʥʪʫʨʥʳʡ ʘʥʘʣʠʟ. ʐʠʨʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ 
ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʲʝʢʪʠʚʥʦ ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʵʪʠ 
ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ. ʀʟʦʙʨʘʞʝʥʠʷ ʚ ʨʘʟʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʢʘʢ ʧʦ 
ʩʚʦʝʤʫ ʩʦʜʝʨʞʘʥʠʶ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʪʦ ʠʣʠ ʠʥʦʝ 
ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ, ʪʘʢ ʠ ʧʦ ʩʪʝʧʝʥʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ (ʪʠʧʠʯʥʳʤʠ ʧʨʠʯʠʥʘʤʠ 
ʠʟʤʝʥʯʠʚʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ ʷʚʣʷʶʪʩʷ ʩʤʝʥʘ ʨʘʢʫʨʩʘ ʩʲʝʤʢʠ, ʦʩʚʝʱʝʥʠʷ, ʪʠʧʘ ʢʘʤʝʨʳ, ʘ ʪʘʢʞʝ 
ʩʦʙʩʪʚʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʦʙʲʝʢʪʦʚ). ɺʩʝ ʵʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʠʝ 
ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʨʝʰʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʜʘʯ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʳʣ ʚʳʙʨʘʥ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ. ɽʛʦ ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ ʩ ʧʦʣʫʯʝʥʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ʤʘʩʢʠ ʜʚʠʞʝʥʠʷ 
ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʜʨʫʛʦʤ ʚʠʜʝ (ʬʫʥʢʮʠʠ, ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ 
ʠ ʪ.ʜ.). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʝʨʘʮʠʡ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʜʣʷ 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ. 

ʈʝʰʝʥʠʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ 
ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ: ʜʠʣʘʪʘʮʠʷ, ʟʘʤʳʢʘʥʠʝ, ʟʘʧʦʣʥʝʥʠʝ ʦʙʣʘʩʪʠ ʠ ʚʳʜʝʣʝʥʠʝ ʩʚʷʟʥʦʡ 
ʢʦʤʧʦʥʝʥʪʳ [5]. 

ʇʫʩʪʴ ɸ, ɺ ï ʤʥʦʞʝʩʪʚʘ ʚ ʜʚʫʤʝʨʥʦʤ ʮʝʣʦʯʠʩʣʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʦʛʜʘ ʦʧʝʨʘʮʠʷ 
ʜʠʣʘʪʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

(){ }ɃABĔzBA z ¸=Ä 1 , 

ʛʜʝ ()zBĔz  ï ʦʧʝʨʘʮʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ, 

ʩʜʚʠʥʫʪʦʝ ʚ ʪʦʯʢʫ z. ɼʠʣʘʪʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʦʜ çʨʘʩʰʠʨʝʥʠʷè ʛʨʘʥʠʮʳ ʤʥʦʞʝʩʪʚʘ ɸ, 
ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʩʪʨʘʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʨʳʚʳ ʣʠʥʠʡ ʧʫʪʝʤ ʠʭ ʧʝʨʝʢʨʳʪʠʷ. 

 
ʆʧʝʨʘʮʠʷ ʟʘʤʳʢʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ: 

( )BBABA QÄ=¶ , 

ʛʜʝ Q ï ʵʨʦʟʠʷ (ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʪʘʢʠʭ ʪʦʯʝʢ z, ʧʨʠ ʩʜʚʠʛʝ ʚ ʢʦʪʦʨʳʝ ʤʥʦʞʝʩʪʚʦ ɺ ʮʝʣʠʢʦʤ 

ʩʦʜʝʨʞʠʪʩʷ ʚ ɸ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʦʧʝʨʘʮʠʠ ʩʛʣʘʞʠʚʘʶʪʩʷ ʢʦʥʪʫʨʳ, ʟʘʧʦʣʥʷʶʪʩʷ ʫʟʢʠʝ ʨʘʟʨʳʚʳ, 
ʫʛʣʫʙʣʝʥʠʷ ʠ ʥʝʙʦʣʴʰʠʝ ʦʪʚʝʨʩʪʠʷ. 

 
ɿʘʧʦʣʥʝʥʠʝ ʦʙʣʘʩʪʠ ʠ ʚʳʜʝʣʝʥʠʝ ʩʚʷʟʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʭʦʞʠʤʠ 

ʚʳʨʘʞʝʥʠʷʤʠ: 

( )
( )

2

1

1

3,2,1,kʠp0X

(2)AB1kXkX

)1(ʩAB1kXkX

==

Ä-=

Ä-=

 

ʛʜʝ ɸʩ ï ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ɸ. ɿʘʧʦʣʥʝʥʠʝ ʦʙʣʘʩʪʠ ʤʥʦʞʝʩʪʚʘ ɸ, ʥʘʯʠʥʘʷ ʩ 
ʟʘʜʘʥʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʪʦʯʢʠ p ʵʪʦʡ ʦʙʣʘʩʪʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (1). ʅʘʭʦʞʜʝʥʠʝ ʩʚʷʟʥʦʡ 
ʢʦʤʧʦʥʝʥʪʳ ʚ ʤʥʦʞʝʩʪʚʝ ɸ, ʥʘʯʠʥʘʷ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ p ʚʥʫʪʨʠ  ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ (2). ɼʘʥʥʳʝ ʦʧʝʨʘʮʠʠ ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ k-ʦʤ ʰʘʛʝ ʠʪʝʨʘʮʠʠ, ʢʦʛʜʘ 1kXkX -= . 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʧʦʣʫʯʘʝʪʩʷ ʩʚʷʟʥʘʷ ʛʨʫʧʧʘ ʧʠʢʩʝʣʝʡ, ʢʦʪʦʨʳʝ 
ʧʨʠʥʘʜʣʝʞʘʪ ʥʘʡʜʝʥʥʦʤʫ ʧʦʜʚʠʞʥʦʤʫ ʦʙʲʝʢʪʫ. ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʧʦʩʪʘʚʠʪʴ ʧʦʣʫʯʝʥʥʳʡ 
ʦʙʲʝʢʪ ʩ ʝʛʦ ʠʩʭʦʜʥʳʤ ʠʟʦʙʨʘʞʝʥʥʳʤ. ʉʦʚʤʝʱʘʶʪʩʷ ʮʝʥʪʨʳ ʤʘʩʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʠ 
ʚʳʜʝʣʷʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʩʘʤʦʛʦ ʦʙʲʝʢʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʘʝʪʩʷ ʦʯʝʥʴ ʪʦʯʥʦ çʚʳʜʝʣʠʪʴè 
ʧʦʜʚʠʞʥʳʡ ʦʙʲʝʢʪ ʠ ʧʨʦʠʟʚʝʩʪʠ ʝʛʦ ʘʥʘʣʠʟ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ 



 
 
 

 

 
Science, Technology and Higher Education  April 17th, 2013.  Vol. II 

 

148 

 

ʵʪʘʣʦʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʧʨʠʟʥʘʢʦʚʳʡ ʤʝʪʦʜ [4] ï ʢʣʘʩʩʠʬʠʢʘʪʦʨ 
ʧʦ ʤʠʥʠʤʫʤʫ ʨʘʩʩʪʦʷʥʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʩʪʘʶʪʩʷ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʥʝ 
ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʧʦʜʚʠʞʥʳʝ ʦʙʲʝʢʪʳ ʟʘʤʘʩʢʠʨʦʚʘʥʳ ʠ ʩʣʠʚʘʶʪʩʷ ʩ 
ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʣʠ ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ ʦʜʥʦʦʙʨʘʟʝʥ ʠ ʥʝ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʭ 
ʠʟʤʝʥʝʥʠʡ (ʟʘʩʥʝʞʝʥʥʳʝ ʧʦʣʷ, ʧʫʩʪʳʥʷ, ʨʘʚʥʠʥʥʳʝ ʤʝʩʪʥʦʩʪʠ ʠ ʪ.ʜ.) ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝ 
ʫʜʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʦʙʣʘʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʥʘʟʝʤʥʦʛʦ ʦʙʲʝʢʪʘ ʠʣʠ ʞʝ ʚʦʦʙʱʝ ʚʳʯʠʩʣʠʪʴ 
ʚʝʢʪʦʨ ʤʝʞʢʘʜʨʦʚʦʛʦ ʩʜʚʠʛʘ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʣʝʢʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ 
ʦʙʥʘʨʫʞʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʜʨʫʛʠʭ ʜʠʘʧʘʟʦʥʘʭ ʚʦʣʥ.   
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In the article mathematical bases of check of criterion of estimation of technical solutions on objective 

choice of components are opened: using the device of the theory of information, the amount of 
information in each of components of criterion of estimation is defined; movement of information streams 
between components and groups of components, interrelations and their information exchange. 
Application of information method when forming criterion for estimation of risks of the enterprises of the 
sphere of information service is shown. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʢʨʳʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʦʚʝʨʢʠ ʢʨʠʪʝʨʠʷ ʦʮʝʥʠʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 
ʥʘ ʦʙʲʝʢʪʠʚʥʳʡ ʚʳʙʦʨ ʢʦʤʧʦʥʝʥʪ: ʠʩʧʦʣʴʟʫʷ ʘʧʧʘʨʘʪ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʤʧʦʥʝʥʪ ʢʨʠʪʝʨʠʷ ʦʮʝʥʠʚʘʥʠʷ; ʜʚʠʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʧʦʪʦʢʦʚ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʛʨʫʧʧʘʤʠ ʢʦʤʧʦʥʝʥʪ, ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʇʦʢʘʟʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʨʠʪʝʨʠʷ 
ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʨʠʩʢʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʩʬʝʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪ ʢʨʠʪʝʨʠʷ, 
ʟʥʘʯʠʤʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʳʙʦʨ ʢʦʤʧʦʥʝʥʪ ʢʨʠʪʝʨʠʷ ʦʮʝʥʠʚʘʥʠʷ. 

 
ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʨʠʪʝʨʠʷ ʦʮʝʥʠʚʘʥʠʷ ʨʝʰʝʥʠʡ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ, ʪʘʢ ʢʘʢ ʩʫʙʲʝʢʪʠʚʥʳʡ ʚʳʙʦʨ 
ʵʢʩʧʝʨʪʘʤʠ ʢʦʤʧʦʥʝʥʪ ʢʨʠʪʝʨʠʷ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʣʫʯʘʡʥʦʤʫ, ʜʘʣʝʢʦ ʥʝ 
ʣʫʯʰʝʤʫ ʚʳʙʦʨʫ ʨʝʰʝʥʠʷ. ʀʩʢʣʶʯʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʦʨʘ ʩʣʫʯʘʡʥʳʭ ʨʝʰʝʥʠʡ ʠ ʜʘʣʴʥʝʡʰʝʡ 
ʧʨʦʨʘʙʦʪʢʠ ʥʝ ʣʫʯʰʠʭ ʚʘʨʠʘʥʪʦʚ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʢʨʠʪʝʨʠʡ ʦʮʝʥʠʚʘʥʠʷ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʦʪʚʝʯʘʝʪ ʦʙʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: ʦʙʲʝʢʪʠʚʥʦʛʦ 
ʚʳʙʦʨʘ, ʤʠʥʠʤʘʣʴʥʦʩʪʠ, ʧʦʣʥʦʪʳ ʠ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪ. ʇʦʩʢʦʣʴʢʫ ʧʨʠʨʦʜʘ ʩʠʩʪʝʤ 
ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ, ʘ ʧʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ï ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʡ [1], ʪʦ 
ʤʝʪʦʜ ʧʨʦʚʝʨʢʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʜʦʣʞʝʥ ʙʳʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤ, ʥʝ 
ʟʘʚʠʩʷʱʠʤ ʦʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. 

ʇʫʩʪʴ ʬʦʨʤʠʨʫʝʪʩʷ ʢʨʠʪʝʨʠʡ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʨʝʰʝʥʠʡ, ʚ ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 
ʚʢʣʶʯʠʪʴ n ʢʦʤʧʦʥʝʥʪ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʧʨʦʚʝʨʢʠ ʢʨʠʪʝʨʠʷ ʥʘ ʦʙʲʝʢʪʠʚʥʳʡ 
ʚʳʙʦʨ ʢʦʤʧʦʥʝʥʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʦʙʱʝʡ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʪʝʨʠʷ ʥʘ 
ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʦʙʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʢʨʠʪʝʨʠʷʤ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ )( U­CI i
 [2] ʧʝʨʝʜʘʥʥʦʡ ʢʘʞʜʦʡ ʢʦʤʧʦʥʝʥʪʦʡ 

ni ,1=
C  

ʢʨʠʪʝʨʠʷ )X( if  ʚʳʭʦʜʥʦʤʫ ʧʘʨʘʤʝʪʨʫ Y (
22

:
k

d=U ) ʟʘʜʘʯʠ ʧʨʝʜʤʝʪʥʳʭ ʢʘʪʝʛʦʨʠʡ (
21

:ʇʂ
k

d= ) [3] 

ʤʦʜʝʣʠ 
j

iW  [4]. 

ɺʳʯʠʩʣʠʤ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ: 

- )( iCH , )(UH , ʟʘʢʣʶʯʝʥʥʦʛʦ ʚ ʢʘʞʜʦʡ ʢʦʤʧʦʥʝʥʪʝ 
iC  ʠ ʧʘʨʘʤʝʪʨʝ Y, ʩʦʛʣʘʩʥʦ: 

i

n

i

i pp ln)(
1

ä
=

-=CH

                                                            (1) 

- )( U­CI i
, ʧʝʨʝʜʘʚʘʝʤʦʝ ʚʳʭʦʜʥʦʤʫ ʧʘʨʘʤʝʪʨʫ Y ʢʘʞʜʦʡ ʢʦʤʧʦʥʝʥʪʦʡ, ʠʩʧʦʣʴʟʫʷ 

ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (2): 

î
î

í

î
î

ì

ë

+U=U­

C+U-=U­

C=U­

)H(X)X|H(-)H(X)X(XI

)H()X|H()H(X)X (XI

)|H(Y-)H(X) (XI

n1,n1,n1-n1,n 

1,21,2212

111

2
,                         (2) 

ʛʜʝ ä
=

=UCH
N

i i

ij

iji
p

p
p

1

2log)( , ( Mj ,1= ). 

- )(R U­CI i
 - ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʚʷʟʠ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (3): 

î
î

í

î
î

ì

ë

U­=­

U­=­

­=­

H(Y))XI(XY)(XR

H(Y))X I(XY) (XR

H(Y)Y) I(XY) (XR

1-n1,nnI

122I

11I

222
,                                   (3) 

ʆʧʨʝʜʝʣʠʤ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʚʷʟʠ RI: 

)(22RR)(22R 2

,

2

, UH+¢¢UH- III nmnm mm aa cc                               (4) 

ʛʜʝ )1)(1( 21 --= kkm ï ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ; k1, k2 ï ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʚʘʣʦʚ ʨʘʟʙʠʝʥʠʷ 

ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ac ,
2Ĕ2 mn ²I  ï ʢʚʘʥʪʠʣʴ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 
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ɺʳʧʦʣʥʠʤ ʦʪʙʦʨ ʢʦʤʧʦʥʝʥʪ ʢʨʠʪʝʨʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʪʚʝʨʞʜʝʥʠʷ 1. 

ʋʪʚʝʨʞʜʝʥʠʝ 1. ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʢʨʠʪʝʨʠʡ ʦʮʝʥʠʚʘʥʠʷ )X( if  ʢʘʞʜʘʷ ʢʦʤʧʦʥʝʥʪʘ 
ni ,1=

C , 

ʢʦʪʦʨʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʝʜʘʸʪ ʦʧʨʝʜʝʣʸʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ )( U­CI i
 

ʚʳʭʦʜʥʦʤʫ ʧʘʨʘʤʝʪʨʫ Y. ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʚʷʟʠ )(R U­CI i
, ʢʘʢ ʩʪʝʧʝʥʴ 

ʚʣʠʷʥʠʷ ʥʘ ʚʳʭʦʜʥʦʡ ʧʘʨʘʤʝʪʨ Y ʢʘʞʜʦʡ ʢʦʤʧʦʥʝʥʪʦʡ, ʧʨʠʥʘʜʣʝʞʠʪ ʜʦʚʝʨʠʪʝʣʴʥʦʤʫ ʠʥʪʝʨʚʘʣʫ 

[ ]Ð+Ð
¡¡
I-I R;R , ʪʦ ʠʥʬʦʨʤʘʮʠʷ ʩʯʠʪʘʝʪʩʷ ʟʥʘʯʠʤʦʡ ʠ ʚ ʬʦʨʤʠʨʫʝʤʳʡ ʢʨʠʪʝʨʠʡ ʜʦʣʞʥʳ ʚʢʣʶʯʘʪʴʩʷ n 

ʢʦʤʧʦʥʝʥʪ; ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʢʦʪʦʨʳʭ [ ]Ð+Ð
¡¡Î I-II R;RR , ʜʘʣʝʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. 

ʇʫʩʪʴ )( U­CI i
 ï ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʘʥʥʦʝ ʢʦʤʧʦʥʝʥʪʦʡ 

ni ,1=
C  ʢʨʠʪʝʨʠʷ 

ʦʮʝʥʠʚʘʥʠʷ )X( if  ʚʳʭʦʜʥʦʤʫ ʧʘʨʘʤʝʪʨʫ Y. ʇʦʩʢʦʣʴʢʫ, ʦʮʝʥʢʘ ʠʥʬʦʨʤʘʮʠʠ I ʝʩʪʴ ʦʮʝʥʢʘ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʤʧʠʨʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʟʥʘʯʝʥʠʡ 

ʚʝʣʠʯʠʥʳ X, ʪʦ )( U­CI i
 ʠʤʝʝʪ 

2cïʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʥʦʞʠʪʝʣʷ: 

2Ĕ2 mn c=I . 

ʀʥʬʦʨʤʘʮʠʷ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʦʪ ʦʜʥʦʛʦ ʢʨʠʪʝʨʠʷ ʢ ʜʨʫʛʦʤʫ, ʩʯʠʪʘʝʪʩʷ ʟʥʘʯʠʤʦʡ, ʝʩʣʠ 
ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ: 

2

,
Ĕ2 acmn ²I

                                                                      (5) 

ʛʜʝ 2
,acm

 ï ʢʚʘʥʪʠʣʴ 2c  ï ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ a ï ʫʨʦʚʥʝʤ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ. 

 
ɿʘʤʝʥʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʇʠʨʩʦʥʘ (ʧʨʠ ¤­m ) ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ɻʘʫʩʩʘ [5] ʩ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ mM I =  ʠ ʜʠʩʧʝʨʩʠʝʡ mI 22=s , ʧʦʣʫʯʠʤ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 

ʜʣʷ ʠʥʬʦʨʤʘʮʠʠ: 

n

mt

n

mt

2

2Ĕ
2

2Ĕ aa +I¢I¢-I ,                                                     (6) 

ʛʜʝ ʚʝʣʠʯʠʥʘ ta  - ʢʚʘʥʪʠʣʴ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 
 
ʇʦ ʘʥʘʣʦʛʠʠ ʩ (6) ʠ ʩ ʫʯʝʪʦʤ ʬʦʨʤʫʣʳ (4) ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʚʷʟʠ 
IR  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʥʝʨʘʚʝʥʩʪʚʘ: 

)(2

2ĔR
)(2

2
RĔ

UH
+¢¢

UH
- II

n

mt
R

n

mt
I

aa

                                               (7) 

ʆʙʦʟʥʘʯʠʚ: 

)(2

2
RĔR -I

UH
-=¡ IÐ

n

mta , 

)(2

2
RĔRI

UH
+=¡ IÐ+

n

mta , 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ: 

Ð+Ð
¡¢¢¡ II-I RRR

.                                                              (8) 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʥʘʯʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦʢʨʳʚʘʝʪʩʷ ʜʦʚʝʨʠʪʝʣʴʥʳʤ ʠʥʪʝʨʚʘʣʦʤ: 

[ ]Ð+Ð
¡¡
I-I R;R  ʩ ʫʨʦʚʥʝʤ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ a. 

ʯ.ʪ.ʜ. 
ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʚʝʨʢʠ ʢʨʠʪʝʨʠʷ ʥʘ ʦʙʲʝʢʪʠʚʥʳʡ 

ʚʳʙʦʨ, ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ. ʂʨʠʪʝʨʠʡ ʬʦʨʤʠʨʫʝʪʩʷ ʜʣʷ 
ʦʮʝʥʠʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʫʩʪʦʡʯʠʚʦʤ ʠ ʢʨʠʟʠʩʥʦʤ ʬʠʥʘʥʩʦʚʦʤ ʩʦʩʪʦʷʥʠʠ [6]. 
ʈʝʟʫʣʴʪʘʪʦʤ ʘʥʘʣʠʟʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʪʘʢʞʝ ʬʠʥʘʥʩʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩʪʘʣʦ ʚʳʷʚʣʝʥʠʝ 
ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʨʠʩʢʦʚ ʩʬʝʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʛʨʫʧʧʘʤ ʠ ʚʠʜʘʤ ʨʠʩʢʦʚ. 
 
 



 
 
 

 

 
Science, Technology and Higher Education  April 17th, 2013.  Vol. II 

 

151 

 

ʊʘʙʣʠʮʘ 1 
ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʠʩʢʦʚ ʩʬʝʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ˉ ɻʨʫʧʧʳ ʨʠʩʢʦʚ ɺʠʜʳ ʨʠʩʢʦʚ 

1 ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 
ʨʠʩʢʠ 

1) ʪʝʭʥʠʯʝʩʢʠʝ ʨʠʩʢʠ, 
2) ʨʠʩʢ ʩʦʩʪʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ 

2 ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ 
ʨʠʩʢʠ  

1) ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 
2) ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 
3) ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, 

4) ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ 
ʠʥʬʦʨʤʘʮʠʠ, 
5) ʨʠʩʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʀʉ, 
6) ʨʠʩʢ ʧʦʪʝʨʠ ʜʘʥʥʳʭ ʠʟ-ʟʘ ʩʙʦʷ 

3 ʇʨʦʝʢʪʥʳʝ ʨʠʩʢʠ 1) ʨʠʩʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʀʉ, 
2) ʨʠʩʢ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʀʉ, 
3) ʨʠʩʢʠ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ɸʀʉ, 
4) ʨʠʩʢʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɸʀʉ, 
5) ʨʠʩʢ ʥʝʠʩʧʦʣʥʝʥʠʷ ʩʨʦʢʦʚ ʧʨʦʝʢʪʘ 

4 ʂʦʤʤʝʨʯʝʩʢʠʝ 
ʨʠʩʢʠ 

1) ʨʠʩʢ ʥʝʠʩʧʦʣʥʝʥʠʷ (ʥʝʥʘʜʣʝʞʘʱʝʛʦ ʠʩʧʦʣʥʝʥʠʷ) ʧʘʨʪʥʝʨʘʤʠ ʜʦʛʦʚʦʨʦʚ, 
2) ʨʠʩʢ ʫʩʠʣʝʥʠʷ ʢʦʥʢʫʨʝʥʮʠʠ, 
3) ʨʠʩʢ, ʩʚʷʟʘʥʥʳʡ ʩʦ ʩʙʳʪʦʤ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, 
4) ʨʠʩʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʩʥʘʙʞʝʥʠʷ ʢʦʤʧʘʥʠʠ ʩʳʨʴʝʤ ʠ ʤʘʪʝʨʠʘʣʘʤʠ, 
5) ʨʠʩʢ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʢʫʨʩʦʚ ʚʘʣʶʪ, 
6) ʨʠʩʢ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʢʦʤʤʝʨʯʝʩʢʠʭ ʠʟʜʝʨʞʝʢ 

5 ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ 
ʨʠʩʢʠ 

1) ʨʠʩʢ ʤʝʥʝʜʞʤʝʥʪʘ ʢʦʤʧʘʥʠʠ, ʝʝ ʩʦʪʨʫʜʥʠʢʦʚ, 
2) ʨʠʩʢ ʧʨʦʙʣʝʤ ʩʠʩʪʝʤʳ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ, 
3) ʨʠʩʢ ʧʣʦʭʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʘʚʠʣ ʨʘʙʦʪ ʠ ʧʨ., 

4) ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʥʫʪʨʝʥʥʝʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʨʘʙʦʪʳ ʢʦʤʧʘʥʠʠ 

6 ʌʠʥʘʥʩʦʚʳʝ ʨʠʩʢʠ 1) ʨʠʩʢ ʫʭʫʜʰʝʥʠʷ ʬʠʥʘʥʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, 
2) ʨʠʩʢ ʩʥʠʞʝʥʠʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ, 
3) ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʫʙʳʪʢʦʚ, 
4) ʨʠʩʢ ʥʝʠʩʧʦʣʥʝʥʠʷ ʙʶʜʞʝʪʘ ʧʨʦʝʢʪʘ 

7 ʉʦʮʠʘʣʴʥʳʝ ʨʠʩʢʠ 1) ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ, 
2) ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ; 
3) ʪʨʫʜʥʦʩʪʠ ʚ ʧʦʜʙʦʨʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, 
4) ʦʪʥʦʰʝʥʠʝ ʤʝʩʪʥʳʭ ʚʣʘʩʪʝʡ 

8 ʈʳʥʦʯʥʳʝ ʨʠʩʢʠ 1) ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʢʦʥʲʶʥʢʪʫʨʳ, 
2) ʨʠʩʢ ʬʠʥʘʥʩʦʚʳʭ ʧʦʪʝʨʴ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʮʝʥʳ ʪʦʚʘʨʘ, 
3) ʨʠʩʢ ʩʥʠʞʝʥʠʷ ʩʧʨʦʩʘ ʥʘ ʧʨʦʜʫʢʮʠʶ, 
4) ʪʨʘʥʩʣʷʮʠʦʥʥʳʡ ʚʘʣʶʪʥʳʡ ʨʠʩʢ, 
5) ʨʠʩʢ ʧʦʪʝʨʠ ʣʠʢʚʠʜʥʦʩʪʠ 

9 ʇʨʘʚʦʚʳʝ ʨʠʩʢʠ 1) ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, 
2) ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʫʜʝʙʥʳʭ ʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʦʛʦʚʦʨʦʤ, 
3) ʨʠʩʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʪʠʚʦʧʨʘʚʥʳʭ ʜʝʡʩʪʚʠʡ ʩʦ ʩʪʦʨʦʥʳ ʪʨʝʪʴʠʭ ʣʠʮ 

10 ɺʥʝʰʥʠʝ ʨʠʩʢʠ 1) ʨʠʩʢ ʫʭʫʜʰʝʥʠʷ ʠʤʠʜʞʘ ʠ ʜʝʣʦʚʦʡ ʨʝʧʫʪʘʮʠʠ ʬʠʨʤʳ, 
2) ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ 

11 ɺʥʫʪʨʝʥʥʠʝ ʨʠʩʢʠ 1) ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, 
2) ʨʠʩʢ ʥʘʣʠʯʠʷ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ, 
3) ʨʠʩʢ ʩʦʦʪʚʝʪʩʪʚʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ, 
4) ʨʠʩʢ ʧʦʪʝʨʴ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ 

12 ʊʨʘʥʩʧʦʨʪʥʳʝ 
ʨʠʩʢʠ 

1) ʨʠʩʢ, ʩʚʷʟʘʥʥʳʡ ʩʦ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʜʦʩʪʘʚʢʦʡ ʛʨʫʟʦʚ (ʩʳʨʴʷ, ʛʦʪʦʚʦʡ 
ʧʨʦʜʫʢʮʠʠ), 
2) ʨʠʩʢ ʧʦʨʯʠ ʠ ʧʦʪʝʨʠ ʛʨʫʟʦʚ ʚʦ ʚʨʝʤʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

13 ʈʠʩʢʠ ʧʦʪʝʨʠ 
ʠʤʫʱʝʩʪʚʘ 

1) ʨʠʩʢ ʧʦʪʝʨʠ ʠʤʫʱʝʩʪʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʡ, 
2) ʨʠʩʢ ʧʦʪʝʨʠ ʠʤʫʱʝʩʪʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʨʘʞ ʠ ʭʠʱʝʥʠʡ, 
3) ʨʠʩʢ ʧʦʪʝʨʠ ʠʤʫʱʝʩʪʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ 
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ʆʙʦʟʥʘʯʠʤ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: çʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʨʠʩʢʠè (
1C); çʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʨʠʩʢʠè (
2C); çʧʨʦʝʢʪʥʳʝ ʨʠʩʢʠè (

3C); çʢʦʤʤʝʨʯʝʩʢʠʝ ʨʠʩʢʠè (
4C); çʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʨʠʩʢʠè (

5C); çʬʠʥʘʥʩʦʚʳʝ ʨʠʩʢʠè (
6C); çʩʦʮʠʘʣʴʥʳʝ ʨʠʩʢʠè (

7C); çʨʳʥʦʯʥʳʝ ʨʠʩʢʠè (
8C ); çʧʨʘʚʦʚʳʝ 

ʨʠʩʢʠè (
9C); çʚʥʝʰʥʠʝ ʨʠʩʢʠè (

10C ); çʚʥʫʪʨʝʥʥʠʝ ʨʠʩʢʠè (
11C ); çʪʨʘʥʩʧʦʨʪʥʳʝ ʨʠʩʢʠè (

12C ); 

çʨʠʩʢʠ ʧʦʪʝʨʠ ʠʤʫʱʝʩʪʚʘè (
13C ). 

ʀʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʳ 
13,1=

C
i

 

ʬʦʨʤʠʨʫʝʤʦʤʫ ʢʨʠʪʝʨʠʶ )X( if  ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ (ʚʳʭʦʜʥʦʡ ʧʘʨʘʤʝʪʨ Y), ʩʦʛʣʘʩʥʦ 

(1), ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ (ʨʠʩ. 1). 
 

 
 

ʈʠʩ. 1. ɿʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʢʦʤʧʦʥʝʥʪ ʢʨʠʪʝʨʠʷ 

 
 
ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʜʩʪʘʚʣʷʶʪʩʷ ʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (2) ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʚʳʯʠʩʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ )( U­CI n
 (ʨʠʩ. 2). 

 

 
 

ʈʠʩ. 2. ʂʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʧʝʨʝʜʘʚʘʝʤʦʡ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʨʠʪʝʨʠʷ 

 
 

ʇʦʜʩʪʘʥʦʚʢʦʡ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ )( U­CI n
 ʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (3) ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʚʷʟʠ )(R U­CI i
 (ʨʠʩ. 3). 

 

 
 

ʈʠʩ. 3. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʚʷʟʠ 
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ʆʧʨʝʜʝʣʠʤ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ [ ]Ð+Ð
¡¡
I-I R;R . ʊʘʢ ʢʘʢ 845,282

025,0;16 =c ; 

908,62

075,0;16 =c  ʪʦʛʜʘ, ʩʦʛʣʘʩʥʦ (4), ʚʝʣʠʯʠʥʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ [0,4677; 

0,6317]. ɼʝʣʘʝʤ ʚʳʚʦʜ ʦʙ ʦʪʙʦʨʝ ʢʦʤʧʦʥʝʥʪ ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʪʚʝʨʞʜʝʥʠʷ: ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʚʷʟʠ )(RI U­Ci
 ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʢʘʞʜʦʡ 

ʢʦʤʧʦʥʝʥʪʳ 
13,1=

C
i

 ʢʨʠʪʝʨʠʷ )X( if  ʚʳʭʦʜʥʦʤʫ ʧʘʨʘʤʝʪʨʫ Y ʧʨʠʥʘʜʣʝʞʘʪ ʜʦʚʝʨʠʪʝʣʴʥʦʤʫ 

ʠʥʪʝʨʚʘʣʫ [ ]Ð+Ð
¡¡
I-I R;R , ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʬʦʨʤʠʨʫʝʤʳʡ ʢʨʠʪʝʨʠʡ ʚʢʣʶʯʘʶʪʩʷ ʚʩʝ 

ʢʦʤʧʦʥʝʥʪʳ 
13,1=

C
i

. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʪʝʨʠʷ ʥʘ ʤʠʥʠʤʘʣʴʥʦʩʪʴ ʠ ʧʦʣʥʦʪʫ ʧʦʤʦʛʫʪ ʫʤʝʥʴʰʠʪʴ 
ʦʙʲʸʤ ʢʨʠʪʝʨʠʷ, ʠʩʢʣʶʯʠʚ ʧʨʠ ʵʪʦʤ ʯʘʩʪʴ ʢʦʤʧʦʥʝʥʪ [7]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʪʝʨʠʷ ʥʘ 
ʟʘʚʠʩʠʤʦʩʪʴ/ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʝʛʦ ʢʦʤʧʦʥʝʥʪ ʧʨʝʜʦʧʨʝʜʝʣʠʪ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʚʳʚʦʜʘ ʧʨʝʜʧʨʠʷʪʠʷ ʠʟ 
ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʠ ʢʨʠʟʠʩʥʦʛʦ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

[1] ʐʠʢʫʣʴʩʢʘʷ ʆ.ʄ. ʂʦʥʮʝʧʪʫʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ 
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Abstract 

The article focuses on the causes of cracking in the walls of reinforced concrete silos for storing of fine-
grained materials. In this research the steel corrosion's influence on the strength characteristics of 
concrete silo walls has been explored. Also a connection between environment, mechanical stresses and 

concrete of reinforced concrete constructions of engineering volumetric structures during the 
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maintenance under the real conditions considering the corrosion processes and variable prolonged loads 
has been stated. The dependence of cracks width on the horizontal stresses in the vertical walls of 
reinforced concrete cylindrical silos has been demonstrated. The solution of silo's implementation in order 
to ensure durability and resistance to cracking has been offered. 
 
Keywords: reinforced concrete silos, horizontal stresses, vertical cracks, stresses.  
 

ɸʥʥʦʪʘʮʠʷ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʠʯʠʥʘʤ, ʚʳʟʳʚʘʶʱʠʤ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ ʚ  ʩʪʝʥʢʘʭ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ 
ʩʠʣʦʩʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ 
ʢʦʨʨʦʟʠʠ ʘʨʤʘʪʫʨʳ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʥ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʩʠʣʦʩʘ. ʊʘʢʞʝ 
ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʩ ʙʝʪʦʥʦʤ 
ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʥʞʝʥʝʨʥʳʭ ʝʤʢʦʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʨʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 
ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʫʯʝʪʦʤ  ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʝʨʝʤʝʥʥʳʭ ʜʣʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ.  
ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 
ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʝʥʢʘʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʩʠʣʦʩʦʚ. ʇʨʝʜʣʦʞʝʥʦ ʨʝʰʝʥʠʝ 
ʚʳʧʦʣʥʝʥʠʷ ʩʠʣʦʩʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʶ. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʪʦʥʥʳʝ ʩʠʣʦʩʳ; ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ; ʚʝʨʪʠʢʘʣʴʥʳʝ ʪʨʝʱʠʥʳ; 
ʥʘʧʨʷʞʝʥʠʷ. 

 
ʇʨʦʠʟʚʦʜʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʦʦʨʫʞʝʥʠʡ ʠʟ ʤʦʥʦʣʠʪʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝʤ.  ʊʨʝʱʠʥʳ,  ʜʝʬʦʨʤʘʮʠʠ ʠʣʠ ʨʘʟʨʫʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʫʜʘʨʥʳʤʠ,  
ʚʠʙʨʘʮʠʦʥʥʳʤʠ,  ʜʨʫʛʠʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ;  ʫʧʫʱʝʥʠʷʤʠ ʚ ʨʘʩʯʝʪʘʭ ʠ ʘʨʤʠʨʦʚʘʥʠʠ;  
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʢʘʯʝʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ;   ʨʝʞʠʤʦʚ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 
ʤʦʥʪʘʞʘ; ʨʘʟʥʦʨʦʜʥʦʩʪʴʶ ʧʨʦʯʥʦʩʪʠ, ʫʧʨʫʛʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ;  ʧʦʪʝʨʝʡ 
ʧʨʦʯʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʨʘʟʥʳʭ 
ʵʪʘʧʘʭ ʪʚʝʨʜʝʥʠʷ ʙʝʪʦʥʘ, ʠ ʧʦʵʪʦʤʫ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 
ʥʝʦʜʠʥʘʢʦʚʦ. ʅʘʠʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʜʝʬʦʨʤʘʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʟʘʪʚʝʨʜʝʚʰʝʤ ʙʝʪʦʥʝ, 
ʧʨʠʯʝʤ ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʝ ʠʟ ʥʠʭ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʨʘʩʪʷʛʠʚʘʶʱʠʤʠ ʠʣʠ 
ʠʟʛʠʙʘʶʱʠʤʠ ʥʘʛʨʫʟʢʘʤʠ, ʚʥʫʪʨʝʥʥʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʠ 
ʦʪʪʘʠʚʘʥʠʠ, ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʢʦʨʨʦʟʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʈʘʟʚʠʪʠʝ ʜʝʬʝʢʪʦʚ ʩ 
ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 
ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʨʦʛʥʦʟʘ ʩʦʩʪʦʷʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 
ʩʣʫʞʘʪ ʧʘʨʘʤʝʪʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʠ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʤ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʫ 
ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʪʦʥʘ ( ʤʠʢʨʦʢʣʠʤʘʪʘ ), ʜʨʫʛʠʝ ʜʘʥʥʳʝ ʦʙ ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʡ 
ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʠ ʥʝʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʚʦ ʚʨʝʤʝʥʠ [2]. 

ɺ ʭʦʜʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʩ ʙʝʪʦʥʦʤ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʥʞʝʥʝʨʥʳʭ ʝʤʢʦʩʪʥʳʭ 
ʩʦʦʨʫʞʝʥʠʡ ʧʨʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʫʯʝʪʦʤ  ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 
ʧʝʨʝʤʝʥʥʳʭ ʜʣʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ (ʩʤ. ʨʠʩ. 1). 

ʂʦʨʨʦʟʠʷ ʘʨʤʘʪʫʨʳ ʚʦʟʥʠʢʘʝʪ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʪʨʝʱʠʥ ʚ ʙʝʪʦʥʝ, ʢʦʪʦʨʳʝ 

ʦʙʣʝʛʯʘʶʪ ʜʦʩʪʫʧ ʩʨʝʜʳ ʢ ʝʸ ʧʦʚʝʨʭʥʦʩʪʠ. ʋʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩʦ 
ʩʢʦʨʦʩʪʴʶ ʢʦʨʨʦʟʠʠ ʘʨʤʘʪʫʨʳ, ʯʪʦ ʦʪʨʘʞʝʥʦ ʚ ʪʘʙʣʠʮʝ 1.  

ʅʘʧʨʘʚʣʝʥʠʝ ʪʨʝʱʠʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʨʤʘʪʫʨʳ (ʩʤ. ʨʠʩ. 2) ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʞʥʦ ʩ ʪʦʯʢʠ 
ʟʨʝʥʠʷ ʝʝ ʢʦʨʨʦʟʠʠ (ʥʦʨʤʘʣʴʥʳʝ ʪʨʝʱʠʥʳ), ʘ ʪʘʢ ʞʝ ʦʩʣʘʙʣʝʥʠʷ ʩʚʷʟʠ ʠ ʩʥʠʞʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ 
ʥʘʧʨʷʞʝʥʠʡ ʤʝʞʜʫ ʙʝʪʦʥʦʤ ʠ ʘʨʤʘʪʫʨʦʡ (ʧʨʦʜʦʣʴʥʳʝ ʪʨʝʱʠʥʳ). 
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ʈʠʩ.1. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʩ ʙʝʪʦʥʦʤ ʢʦʥʩʪʨʫʢʮʠʡ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʫʯʝʪʦʤ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʝʨʝʤʝʥʥʳʭ ʜʣʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ 
 

ʊʘʙʣʠʮʘ 1 
ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʢʦʨʨʦʟʠʠ ʘʨʤʘʪʫʨʳ 

 

ʋʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ 

ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʠʝ Vc, ʤʤ / ʛʦʜ 

ɺʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ ʆʪʩʫʪʩʪʚʠʝ ʩʣʝʜʦʚ ʢʦʨʨʦʟʠʠ ʧʨʠ RH<60% - 

ʆʪʢʨʳʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 
ʚʥʝ ʧʦʤʝʱʝʥʠʷ 

ʅʝʟʥʘʯʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʚ 

ʩʪʘʥʜʘʨʪʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ 
0.04 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʨʝʜʳ 
0.10 

ʀʥʪʝʥʩʠʚʥʳʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʨʝʜʳ 

ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʚ ʫʩʣʦʚʠʷʭ 
ʧʨʠʩʫʪʩʪʚʠʷ ʩʦʣʝʡ 

0.20-0.30 

ʆʯʝʥʴ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʨʠ ʩʣʦʞʥʳʭ ʠ 
ʠʥʪʝʥʩʠʚʥʳʭ ʘʛʨʝʩʩʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ 

0.60-1.80 

 

 
ʈʠʩ.2. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʝ 
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ʅʘ ʩʪʦʠʤʦʩʪʴ ʠʟʜʝʣʠʡ ʚʣʠʷʝʪ ʨʘʩʭʦʜ ʘʨʤʘʪʫʨʳ, ʧʨʠʥʠʤʘʝʤʳʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʠʨʠʥʳ 
ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ ʚ ʨʘʩʯʸʪʝ. ʈʦʣʴ ʤʠʢʨʦʪʨʝʱʠʥ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʳʭ ʫʩʢʦʨʷʝʪ ʢʦʨʨʦʟʠʦʥʥʳʝ 
ʧʨʦʷʚʣʝʥʠʷ,  ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ 
ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ.  ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʨʘʪʠʪʴʩʷ ʢ ʧʨʠʯʠʥʘʤ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʢʨʦʪʨʝʱʠʥ 
ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ ʚʘʞʥʦʡ ʨʦʣʴʶ ʚ ʜʝʛʨʘʜʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚ ʙʝʪʦʥʝ.  

ʈʝʟʢʠʡ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ ʩʠʣʦʩʘ, ʘ ʪʘʢʞʝ ʜʘʚʣʝʥʠʝ 
ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʜʝʡʩʪʚʠʠ ʚʳʟʳʚʘʶʪ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ 
ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʶ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʩʠʣʦʩʦʚ, ʨʦʚʥʦ ʢʘʢ ʠ ʫʯʠʪʳʚʘʪʴ ʪʦ, 
ʯʪʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʪʝʥʢʘʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʩʠʣʦʩʦʚ ʧʨʠ ʚʳʛʨʫʟʢʝ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦ ʤʥʦʛʦ 
ʨʘʟ ʧʨʝʚʳʰʘʶʪ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʭʨʘʥʠʤʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʳʪʦʚ ʊʘʭʪʦʤʳʰʝʚʘ ʉ.ɻ. ʚ 1938-1939 ʛ.ʛ., ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ 
ʟʘʜʚʠʞʢʠ ʩʳʧʫʯʠʡ ʤʘʪʝʨʠʘʣ ʚʳʩʳʧʘʝʪʩʷ ʚʩʝʤ ʩʪʦʣʙʦʤ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʠʙʦʨʳ ʧʦʢʘʟʳʚʘʶʪ 
ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʩʪʝʥʢʠ ʩʠʣʦʩʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ, ʘ 
ʝʩʣʠ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʦʧʫʩʢʘʥʠʷ ʩʳʧʫʯʝʛʦ 
ʤʘʪʝʨʠʘʣʘ ʚʩʝʤ ʩʪʦʣʙʦʤ, ʘ ʠʤʝʥʥʦ, ʫʩʪʘʥʦʚʢʠ ʚ ʩʠʣʦʩʘʭ ʜʳʨʯʘʪʳʭ ʪʨʫʙ, ʜʘʚʣʝʥʠʝ ʥʘ ʩʪʝʥʢʠ ʥʝ 
ʫʚʝʣʠʯʠʪʩʷ. ʕʪʠ ʤʝʨʳ ʧʦʟʚʦʣʷʪ ʠʟʙʝʞʘʪʴ ʪʨʝʱʠʥ ʠ ʜʝʬʦʨʤʘʮʠʡ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʧʣʦʩʢʦʩʪʷʤ. 

ʌʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʪʦʥʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʝʬʝʢʪʳ ʚ ʚʠʜʝ ʫʩʘʜʦʯʥʳʭ 

ʤʠʢʨʦʪʨʝʱʠʥ ʚ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ ʤʝʞʜʫ ʟʘʧʦʣʥʠʪʝʣʝʤ ʠ ʮʝʤʝʥʪʥʳʤ ʢʘʤʥʝʤ ʠ ʚ ʤʘʪʨʠʮʝ ʫʞʝ 
ʠʤʝʶʪʩʷ ʜʦ ʧʨʠʣʦʞʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʚ ʙʝʪʦʥʝ. ʋʩʘʜʦʯʥʳʝ ʤʠʢʨʦʪʨʝʱʠʥʳ ʧʨʠ 
ʥʘʛʨʫʞʝʥʠʠ ʙʝʪʦʥʘ ʨʘʩʰʠʨʷʶʪʩʷ ʠ ʫʜʣʠʥʷʶʪʩʷ, ʧʦʜʛʦʪʘʚʣʠʚʘʷ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʙʝʪʦʥʘ. ʇʨʠ 
ʫʩʣʦʚʠʠ, ʯʪʦ ŭb,cÓ0,15Rb, , ʧʨʠʭʦʜʷʪ ʚ ʜʚʠʞʝʥʠʝ ʚʝʨʰʠʥʳ ʤʠʢʨʦʪʨʝʱʠʥ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʮʝʤʝʥʪʥʦʤ 
ʢʘʤʥʝ, ʠ ʪʨʝʱʠʥʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ɺ.ɻ. ʆʨʝʭʦʚʘ ʠ ʄ.ɻ.ɿʝʨʮʘʣʦʚʘ ʧʦ ʧʨʦʙʣʝʤʝ ʤʝʭʘʥʠʢʠ ʨʘʟʨʫʰʝʥʠʡ ʠʥʞʝʥʝʨʥʳʭ 
ʩʦʦʨʫʞʝʥʠʡ ʠ ʛʦʨʥʳʭ ʤʘʩʩʠʚʦʚ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʳ ɿʘʡʮʝʚʘ ʖ.ʅ., ɹʦʥʜʘʨʝʥʢʦ ɺ.ʄ., ɻʫʟʝʝʚʘ ɽ.ɸ., ʇʠʨʘʜʦʚʘ 
ʂ.ɸ. ʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʦʙʦʩʥʦʚʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʬʦʨʤʝ ʤʠʢʨʦʪʨʝʱʠʥ ʚ ʙʝʪʦʥʝ ʧʨʠ ʩʞʘʪʠʠ ʢʘʢ ʦʯʝʥʴ 
ʪʦʥʢʠʭ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʦʯʝʨʪʘʥʠʷ ʩ ʦʪʥʦʰʝʥʠʝʤ ʰʠʨʠʥʳ   ʨʘʩʢʨʳʪʠʷ   ʢ ʜʣʠʥʝ < 0,0001. ɺ ʧʨʠʣʦʞʝʥʠʠ 
ʤʝʪʦʜʦʚ ʤʝʭʘʥʠʢʠ ʨʘʟʨʫʰʝʥʠʡ ʢ ʟʘʜʘʯʘʤ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʙʝʪʦʥʘ ʧʦʨʳ ʠ ʧʫʩʪʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 
ʪʨʝʱʠʥʦʧʦʜʦʙʥʳʝ ʜʝʬʝʢʪʳ ʩʪʨʫʢʪʫʨʳ, ʠʤʝʶʱʠʝ ʜʣʠʥʫ ʦʪ 10 ʘʥʛʩʪʨʝʤ ʜʦ 10 ʤʤ [2]. 

ʆʙʲʝʜʠʥʝʥʠʝ ʤʠʢʨʦʪʨʝʱʠʥ ʢʦʥʪʘʢʪʥʳʭ ʟʦʥ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʫʩʣʦʚʠʠ ŭb,c Ó0,45Rb. ʇʨʠ 
ʜʘʣʴʥʝʡʰʝʤ ʨʦʩʪʝ ʥʘʧʨʷʞʝʥʠʡ ʩʞʘʪʠʷ ʚʦʟʨʘʩʪʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 
ʮʝʤʝʥʪʥʦʤ ʢʘʤʥʝ ʠ ʧʨʠ ŭb,c ~ 0,75Rb ʥʘʯʠʥʘʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʪʨʝʱʠʥ. ʂ ʧʦʣʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʙʝ-
ʪʦʥʘ ʚʝʜʸʪ ʣʘʚʠʥʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥ ʚ ʦʙʲʝʤʘʭ ʤʘʪʝʨʠʘʣʘ. 

 

 
 

ʈʠʩ. 3. ɾʝʣʝʟʦʙʝʪʦʥʥʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʠʣʦʩ (ʙʘʥʢʘ) 
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ʆʙʲʝʜʠʥʝʥʠʝ ʤʠʢʨʦʪʨʝʱʠʥ ʢʦʥʪʘʢʪʥʳʭ ʟʦʥ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʫʩʣʦʚʠʠ ŭb,c Ó0,45Rb. ʇʨʠ 
ʜʘʣʴʥʝʡʰʝʤ ʨʦʩʪʝ ʥʘʧʨʷʞʝʥʠʡ ʩʞʘʪʠʷ ʚʦʟʨʘʩʪʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 
ʮʝʤʝʥʪʥʦʤ ʢʘʤʥʝ ʠ ʧʨʠ ŭb,c ~ 0,75Rb ʥʘʯʠʥʘʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʪʨʝʱʠʥ. ʂ ʧʦʣʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʙʝ-
ʪʦʥʘ ʚʝʜʸʪ ʣʘʚʠʥʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥ ʚ ʦʙʲʝʤʘʭ ʤʘʪʝʨʠʘʣʘ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ ʧʨʦʠʩʭʦʜʠʪ, ʝʩʣʠ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʙʝʪʦʥʝ ʧʨʝʚʳʰʘʶʪ 
ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʘʩʪʷʞʝʥʠʶ; ʧʦʩʣʝʜʥʷʷ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ ʠ ʦʪ ʩʢʦʨʦʩʪʠ 
ʠʟʤʝʥʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʠʣʠ ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʡ.  ɼʣʷ ʙʝʪʦʥʘ ʧʨʦʯʥʦʩʪʠ 20 - 100 ʄʇʘ ʥʠʞʥʷʷ ʠ 
ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʳ ʤʠʢʨʦʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʢʘʢ: 

 

Ὑ πȟρυ πȟτυὙȠ  Ὑ πȟτ πȟχ Ὑ                                                ρ 
 

ɹʝʟ ʫʯʸʪʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʟʘʛʨʫʞʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ R0
crc ʠ R

v
crc 

ʚʳʨʘʞʘʶʪʩʷ (ʚ ʢʛ/ʩʤ2) ʢʘʢ: 
Ὑ

Ὑ
πȟσυρÌÏÇὙ πȟυπȠ  

Ὑ

Ὑ
πȟσυρÌÏÇὙ πȟρχυ                               ς 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ 
ʩʪʝʥʢʘʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʩʠʣʦʩʦʚ  ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. ɼʣʷ ʦʮʝʥʢʠ 
ʰʠʨʠʥʳ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʦʚ ʩʦʛʣʘʩʥʦ 
ʝʚʨʦʧʝʡʩʢʦʤʫ ʢʦʜʝʢʩʫ Eurocode 26.  ʇʨʠ ʚʳʯʠʩʣʝʥʠʷʭ ʤʠʥʠʤʘʣʴʥʳʡ ʟʘʱʠʪʥʳʡ ʩʣʦʡ ʙʝʪʦʥʘ ʙʳʣ 
ʧʨʠʥʷʪ ʨʘʚʥʳʤ 25 ʤʤ [3]. 

ɺʨʝʤʷ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʯʠʥ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ (ʩʤ. ʪʘʙʣ. 2).  
ʉʫʱʝʩʪʚʫʝʪ 3 ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʘ ʛʝʥʝʨʘʮʠʠ ʜʝʬʦʨʤʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝʤ 
ʙʝʪʦʥʘ:  

ʘ) ʧʝʨʝʤʝʱʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʙʝʪʦʥʝ: ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʩʘʜʢʠ, 
ʩʚʷʟʘʥʥʘʷ ʩ ʚʳʩʳʭʘʥʠʝʤ; ʨʘʩʰʠʨʝʥʠʝ ʠʣʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, 
ʧʣʘʩʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʩʘʜʢʠ; ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʫʩʘʜʢʘ ʙʝʪʦʥʘ ʚ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʦʛʨʘʥʠʯʝʥʘ ʘʨʤʘʪʫʨʦʡ, ʠʣʠ ʝʩʣʠ ʫʩʘʜʢʘ ʵʣʝʤʝʥʪʘ ʩʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʜʨʫʛʠʭ 
ʵʣʝʤʝʥʪʦʚ, ʩ ʢʦʪʦʨʳʤʠ ʦʥ ʩʚʷʟʘʥ; 

ʙ) ʨʘʩʰʠʨʝʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʦʢʨʫʞʝʥʥʦʛʦ ʙʝʪʦʥʦʤ ʜʘʚʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ ʘʨʤʘʪʫʨʳ 
ʥʘ ʩʪʝʥʢʠ ʙʝʪʦʥʥʦʛʦ ʮʠʣʠʥʜʨʘ 

ʚ) ʫʩʣʦʚʠʷ, ʚʳʟʚʘʥʥʳʝ ʚʥʝʰʥʠʤʠ ʧʨʠʯʠʥʘʤʠ: ʥʘʛʨʫʟʢʘ ʠʣʠ ʜʝʬʦʨʤʘʮʠʠ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʳʭ 
ʧʝʨʝʤʝʱʝʥʠʡ ʯʘʩʪʝʡ ʩʦʦʨʫʞʝʥʠʷ ʠʣʠ ʦʩʘʜʦʢ ʬʫʥʜʘʤʝʥʪʦʚ [2]. 

ʍʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʱʝʣʦʯʝʡ ʩ ʢʨʝʤʥʝʟʝʤʦʤ ʟʘʧʦʣʥʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 
ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʙʝʪʦʥʘ ʚʩʣʝʜʩʪʚʠʝ ʩʫʣʴʬʘʪʥʦʡ ʢʦʨʨʦʟʠʠ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʜʘʚʣʝʥʠʡ ʚ ʧʦʨʘʭ ʠ 
ʢʘʧʠʣʣʷʨʘʭ.    

ʍʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʫʩʪʘʥʦʚʠʪʴ ʦʙʣʘʩʪʴ ʥʘʛʨʫʞʝʥʠʡ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʮʝʩʩ 
ʫʧʨʦʯʥʝʥʠʷ ʧʨʝʚʦʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʨʘʟʫʧʣʦʪʥʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʦʪʥʦʰʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʙʝʪʦʥʝ ʚ 
ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ Ű ʢ ʧʨʠʟʤʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʚ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʠ ʩʚʷʟʴ ʝʛʦ ʩ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ 
ʛʨʘʥʠʮʘʤʠ ʤʠʢʨʦʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʆʩʦʙʝʥʥʦʩʪʠ ʤʠʢʨʦʨʘʟʨʫʰʝʥʠʡ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʩʞʘʪʠʠ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʡ ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʪʦʯʢʘʤʠ [4]. 

 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 
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ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʜʝʡʩʪʚʠʠ ʩʞʠʤʘʶʱʝʡ ʥʘʛʨʫʟʢʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ʫʩʠʣʠʡ ʩ 
ʤʠʢʨʦʙʝʪʦʥʘ ʦʙʣʘʜʘʶʱʝʛʦ ʧʦʣʟʫʯʝʩʪʴʶ, ʥʘ ʢʨʫʧʥʳʡ ʟʘʧʦʣʥʠʪʝʣʴ. ʇʦʩʣʝ ʩʥʷʪʠʷ ʜʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʚ 
ʟʸʨʥʘʭ ʢʨʫʧʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʦʩʪʘʶʪʩʷ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʚ ñ ʤʠʢʨʦʙʝʪʦʥʝ ñ- ʨʘʩʪʷʛʠʚʘʶʱʠʝ. 
ʇʦʣʟʫʯʝʩʪʴ ñ ʤʠʢʨʦʙʝʪʦʥʘ ñ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʝʫʯʪʸʥʥʳʭ ʫʩʠʣʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ 
ʜʝʬʦʨʤʘʮʠʡ ʧʦʩʣʝʜʥʝʛʦ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʳʚʘʶʪ ʧʨʦʮʝʩʩ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʙʝʪʦʥʘ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʩ 
ʢʦʣʠʯʝʩʪʚʦʤ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʠ ʢʘʧʠʣʣʷʨʥʦʡ ʚʣʘʛʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʦʙʲʝʤʝ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ. ʉ ʪʝʯʝʥʠʝʤ 
ʚʨʝʤʝʥʠ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʜʦʣʞʘʶʱʝʡʩʷ ʛʠʜʨʘʪʘʮʠʠ ʯʘʩʪʠʮ ʮʝʤʝʥʪʘ ʦʙʱʘʷ ʠ ʢʘʧʠʣʣʷʨʥʘʷ ʧʦʨʠʩʪʦʩʪʴ 
ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʦʜʫʢʪʳ ʛʠʜʨʘʪʘʮʠʠ ʟʘʥʠʤʘʶʪ ʯʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʨʘʥʝʝ ʟʘʥʷʪʦʛʦ ʚʦʜʦʡ ʟʘʪʚʦʨʝʥʠʷ. 
ɺ ʧʨʦʮʝʩʩʝ ʪʚʝʨʜʝʥʠʷ ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʧʨʠ ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʮʝʩʩʘ 
ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʪʨʝʤʠʪʩʷ ʢ ʥʝʢʦʪʦʨʦʤʫ ʧʨʝʜʝʣʫ. ʇʨʠ ʮʠʢʣʠʯʝʩʢʦʡ 
ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʝ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪ ʨʘʟʦʛʨʝʚʘ ʞʠʜʢʦʡ ʬʘʟʳ, 
ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʩʠʣʘʤʠ ʚʷʟʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ. 
 

ʊʘʙʣʠʮʘ 2 
ɺʨʝʤʷ ʧʦʷʚʣʝʥʠʷ ʪʨʝʱʠʥ ʦʪ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʫʢʣʘʜʢʠ ʙʝʪʦʥʘ 

 
ʅʘ ʫʧʨʫʛʦʝ ʧʦʩʣʝʜʝʡʩʪʚʠʝ ʙʝʪʦʥʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʤʠʢʨʦʪʨʝʱʠʥʳ ʠ 

ʤʠʢʨʦʜʝʬʝʢʪʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʜʝʡʩʪʚʠʠ ʧʦʩʪʦʷʥʥʦʡ ʠʣʠ ʧʝʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʦʢ, ʘ ʚ 
ʞʝʣʝʟʦʙʝʪʦʥʝ - ʪʘʢʞʝ ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʙʝʪʦʥʦʤ ʠ ʘʨʤʘʪʫʨʦʡ ʠ ʩʪʝʩʥʸʥʥʦʩʪʠ 
ʧʦʧʝʨʝʯʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. ʇʨʠ ʨʘʟʛʨʫʟʢʝ ʤʝʭʘʥʠʟʤ ʥʘʢʦʧʣʝʥʠʷ ʫʩʣʦʞʥʷʝʪʩʷ 
ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʫʩʠʣʠʡ ʥʝ ʪʦʣʴʢʦ ʤʝʞʜʫ ʟʸʨʥʘʤʠ ʤʝʣʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ, 
ʥʦ ʠ ʚʥʫʪʨʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ - ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʨʦʩʪʢʦʤ ʠ ʛʝʣʝʤ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʦʟʨʘʩʪʘ ʙʝʪʦʥʘ ʚ ʤʦʤʝʥʪ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʨʘʩʪʝʪ ʯʠʩʣʦ 
ʤʠʢʨʦʜʝʬʝʢʪʦʚ ʚ ʮʝʤʝʥʪʥʦʤ ʢʘʤʥʝ, ʩʥʠʞʘʶʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʝʪʦʥʘ ʢ ʩʘʤʦʟʘʣʝʯʠʚʘʥʠʶ ʠ ʝʛʦ 
ʧʨʦʯʥʦʩʪʴ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ñʩʪʘʨʝʶʱʠʡò ʙʝʪʦʥ ʭʫʞʝ ʩʦʧʨʦʪʠʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʳʤ ʥʘʛʨʫʟʢʘʤ. 

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʧʨʠ ʫʩʪʘʣʦʩʪʥʦʤ ʥʘʛʨʫʞʝʥʠʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 
ʧʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʢʘʢ ʚʨʝʤʷ ʜʦ ʨʘʟʨʫʰʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʧʝʨʠʦʜʘʤʠ: 1) ʧʝʨʠʦʜʦʤ 
ʠʥʠʮʠʠʨʦʚʘʥʠʷ (ʟʘʨʦʞʜʝʥʠʷ) ʪʨʝʱʠʥ, ʢʦʪʦʨʳʡ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʝʨʚʳʭ ʮʠʢʣʦʚ ʟʘʛʨʫʞʝʥʠʷ ʠ 
ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚ ʤʦʤʝʥʪ ʦʙʥʘʨʫʞʝʥʠʷ ʪʨʝʱʠʥʳ; 2) ʧʝʨʠʦʜʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥ, ʢʦʪʦʨʳʡ 
ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʰʠʨʠʥʘ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥʳ ʧʨʝʚʳʩʠʣʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ 
ʠʣʠ ʜʦʩʪʠʛʥʫʪʳ ʜʨʫʛʠʝ ʧʨʝʜʝʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ. 

ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʧʦ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠʟ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʝʥʴʰʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ, ʚʟʷʪʳʭ ʚ 
ʦʪʜʝʣʴʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʠʩʪʝʤʳ ʙʳʩʪʨʦ ʧʘʜʘʝʪ. 
ɺ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʶ ʩʠʣʦʩʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 
ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʠʭ ʠʟ ʤʦʥʦʣʠʪʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʘ ʠʣʠ 
ʤʘʢʩʠʤʘʣʴʥʦ ʫʢʨʫʧʥʝʥʥʳʭ ʦʙʲʝʤʥʳʭ ʙʣʦʢʦʚ.  

 

ʃʠʪʝʨʘʪʫʨʘ 
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2004. - 424 ʩʪʨ. ʩ ʠʣʣ.  

ˉ ʇʨʠʯʠʥʳ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʆʨʠʝʥʪʠʨʦʚʦʯʥʦʝ ʚʨʝʤʷ ʧʦʷʚʣʝʥʠʷ ʪʨʝʱʠʥ 

1 ʇʣʘʩʪʠʯʝʩʢʘʷ ʦʩʘʜʢʘ 10 ʤʠʥ. ï 3 ʯʘʩʘ 

2 ʇʣʘʩʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʩʘʜʢʠ 30 ʤʠʥ. ï 6 ʯʘʩʦʚ 

3 ʈʘʥʥʝʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 1 ʩʫʪʢʠ ï 2-3 ʥʝʜʝʣʠ 

4 ɼʦʣʛʦʚʨʝʤʝʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʩʘʜʢʠ, 
ʩʚʷʟʘʥʥʘʷ ʩ ʚʳʩʳʭʘʥʠʝʤ 

ʅʝʩʢʦʣʴʢʦ ʥʝʜʝʣʴ ï ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ 

5 ɺʦʣʦʩʷʥʳʝ ʪʨʝʱʠʥʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ 
ʩʤʝɦʝʥʠʷʭ ʦʣʘʣʫʙʢʠ ʠʣʠ ʧʨʠ ʚʩʧʣʳʪʠʠ 
ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ 

1-7 ʜʥʝʡ ʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʟʞʝ 

6 ʂʦʨʨʦʟʠʷ ʘʨʤʘʪʫʨʳ ɹʦʣʝʝ 2-ʭ ʣʝʪ 

7 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʱʝʣʦʯʝʡ ʩ ʢʨʝʤʥʝʟʝʤʦʤ 
ʟʘʧʦʣʥʠʪʝʣʷ; ʩʫʣʴʬʘʪʥʘʷ ʢʦʨʨʦʟʠʷ 

ɹʦʣʝʝ 5-ʪʠ ʣʝʪ 
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THE DESCRIPTION OF A TECHNOLOGY WITH USING ITERATIVE NETWORKS 
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Abstract 

Formation of iterative networks allows to increase management efficiency and decision-making in the 
conditions of difficult industrial, technological and other complexes. 
 
Keywords: iterative networks, the forecast of an expense of resources on production.  

 
Difficult industrial systems are  long multistage processes. Semi-finished products stacked or 

transferred to the subsequent aggregates after receiving it from each operations.  
The cost of semi-finished product makes 

3
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                                                                (1) 

Where   
inpS ï  is the sum in rubles of the suitable semi-finished product processed by the i-

aggregate;  

            
3H iS  ï  is the sum in rubles of incomplete productions for the beginning of the period of the i-

aggregate;  

              
inpV  ï  is the volume of suitable semi-finished product after i-aggregate;  

3
H

H iV , 
3

K
H iV ï  is the volume of incomplete productions after i-unit (for the beginning and the end of 

month);  

          
iʨʝʘʣV ï  is the volume of semi-finished processed at i-aggregate (for the researched calendar 

period). 
 

For the accounting of incomplete productions from the unit to aggregate for a long time at the 

expense of a temporary variable existence is possible to use the iterative networks consisting of cells 
(automatic machine) with memory. One-dimensional unidirectional iterative networks represent a positive 
infinite chain of cells with memory. Such networks are described by the equations of states and outputs: 
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Ò Korneev A.M., Ziyautdinov V.S., Zolotareva T.A., Smetannikova T.A., 2013 
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These equations are solved under entry conditions 
0 0(0, ) ( ),s s s Zx x= Í  and edge conditions

 

0 0( ,0) ( ),x t x t t Z= Í . Thus, the one-dimensional unidirectional network evolves rather space(expansive) 

and temporary arguments. The state vector of a network is made from ( , )t sx  and ( , )x t s  ï vectors of 

states of both evolutions. The state of each cell of a network at the time of  t  depends not only on its state at 
the time of t-1, but also on state of an adjacent cell at the same moment of t. 

The considered equations describe the linear iterative networks. They is a special case of the 
equation for non-linear networks.  

Thus coefficients at members describing joint influence of states and outputs, are accepted equal to zero. 
If the network is described by means of the binary alphabet, it is possible to use Zhegalkin's 

polynoms, for representation of non-linear one-dimensional unidirectional iterative networks  
For example, the state of a cell s in a timepoint  t is determined by a formula: 
 

0 10 1 2

12 11 12

3

[ , ] [ 1, ] [ , 1] [ , ]

[ , 1] [ , ] [ 1, ] [ , 1]

[ 1, ] [ , 1] [ 1, ] [ , 1] [ , ].

x t s ʌ ʌ xt s y xt s y u t s

y x t s u t s ʌ xt s xt s ʌ

x t s u t s y x t s x t s u t s

= Ä Ã - Ä Ã - Ä Ã Ä

Ã - Ã Ä Ã - Ã - Ä Ã

- Ã - Ä Ã - Ã - Ã

                   (3) 

 

In cases if alphabets of inputs, states and outputs aren't binary, process of receiving the 
equations of states and outputs for a nonlinear iterative network becomes more labor-consuming. One of 
versions of the description of functioning such networks are representation of function of transition and 
outputs in a tabular form (tab. 1). It is possible to describe completely work of an one-dimensional 
unidirectional nonlinear iterative network if entered the table with full combination of possible events. 

Generally the one-dimensional unidirectional network has some internal and external inputs, 
states, external and internal outputs. 

The vector made by scalar external inputs: 

1[ , ] ( [ , ],...., [ , ])mu t s u t s u t s=  where m ï is a number of external inputs of a cell s+1;  

1[ , ] ( [ , ],..., [ , ])nx t s x t s x t s= where n ï  is a number of internal inputs of a cell s+1; 

1[ , ] ( [ , ],....., [ , ])lt s t s t sx x x= where l ï is a number of  internal states of a cell s; 

1[ , ] ( [ , ],....., [ , ])ky t s y t s y t s= where k ï is a number of external outputs of a cell s. 
 

Table 1 
The transitions and outputs of one-dimensional unidirectional nonlinear iterative network  

for cell s in timepoint t 
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The alphabets of inputs, states and outputs may have different valency. 

ija ï are the components of alphabets of external inputs; 

1,..., ,i i ij J J= ï is the valency of alphabet of  i-external input; 

1,...,i m=
 
ï are the input numbers;  

rrjb ï are the components of alphabets of internal inputs and outputs; 

1,..., ,r r rj J J=
 
ï is the valency of alphabet of  r-internal input or output; 

1,...,r n=
 
ï are the internal inputs and outputs numbers ; 

ppjc ï are the components of alphabets of states; 

1,..., ,  p p pj J J= ï is the valency of alphabet of ʨ-state; 

1,...,lp=
 
ï are the states numbers;  

qqid ï components of alphabets of external outputs; 

 1,..., ,  q q qj J J=
 
ï is the valency of alphabet of q-external input; 

1,...,q k=
 
ï are the external outputs numbers. 

In this case alphabets are represented by direct products of simpler alphabets. Thus:  

1 211 1 21 2 1

1

{ ,..., } { ,..., } ... { ,..., } { , 1,..., ; },
m

m

J J m mJ i

i

U a a a a a a A A Jas a
=

= ³ ³ ³ = = =Ô

as  
ï is the option of a combination of alphabets of external inputs u[t,s] of cell s; 

1 211 1 21 2 n1

1

{ ,..., } { ,..., } ... { ,..., } { , 1,...., ; },
n

n

J J nJ r

r

X b b b b b b B B Jbc b
=

= ³ ³ ³ = = =Ô
 

xb ï is the option of a combination of alphabets of internal inputs x[t,s] of cell s; 

1 2 111 1 21 2 1

1

{ ,..., } { ,..., } ... { ,..., } { , 1,...., ; },
l

J J l lJ p

p

c c c c c c N N Juy u
=

X= ³ ³ ³ = = =Ô

uy ï is the option of a combination of alphabets of x[t,s] of cell s; 

1 211 1 21 2 k1

1

{ ,..., } { ,..., } ... { ,..., } { , 1,...., ; },
k

k

J J kJ q

q

Y d d d d d d ɻ ɻ Jgt g
=

= ³ ³ ³ = = =Ô  

gt- is the option of a combination of alphabets of external outputs y[t,s] of cell s. 

The work of one-dimensional unidirectional network consists in the following. In each timepoint 
of  t=0,1,2é.  discrete time each cell s of a network is in a certain state ɝ [t, s] and  it is capable to 
perceive on the external input channel a signal u[t, s], and on the internal input channel signal x[t, s-1]. 
Cells react to these signals by transition during step[t+1] to new state ɝ[t+1,s] and generate some 
external output signal y[t+1,s] and internal output signal x[t+1,s] which is internal input for cell s+1. 

This values are described in terms of one-dimensional bidirectional networks. 

Additional indexes are entered for each state: i ï is the number of the aggregate; j ï is the 
number of an element of a assortment (j =1,é, m); t ï is the calendar period. As a result it is possible to 
describe the main variables by means of internal states and internal inputs and outputs: 
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                                                      (4) 

The one-dimensional bidirectional iterative network of technological process, taking into account 
semi-finished product cost, is provided on pic.1. 

 

 
 

Pic.1. The one-dimensional bidirectional iterative network of technological process 
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Management of this network can be presented as: 
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Using of modern methods of the forecast of an expense of resources on production in the 
conditions of difficult multistage productions and formation of iterative networks allows to operate 
expenses and to investigate economic indicators of the efficiency management and making decision, 
based on uniform information base. 
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Abstract 

This article deals with the problem of the mathematical description of filtration processes in porous media 
fluid with strong nonlinear effects at ultra low and high speeds. 
 
Keywords: nonlinear filtering, hydrodynamic modeling, hydraulic resistance.  
 
 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʬʠʣʴʪʨʘʮʠʠ ʚ 
ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ ʩ ʚʳʨʘʞʝʥʥʳʤʠ ʥʝʣʠʥʝʡʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʚ ʦʙʣʘʩʪʠ 

ʩʚʝʨʭʥʠʟʢʠʭ ʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʣʠʥʝʡʥʘʷ ʬʠʣʴʪʨʘʮʠʷ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

 
 
ʊʠʧʠʯʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ 

ʧʝʨʝʧʘʜʘ ʠʣʠ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʪʝʢʫʯʠʭ ʩʨʝʜ (ʊʉ) ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ ʚ 
ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʲʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʷʯʝʡʢʦʡ ï ʵʣʝʤʝʥʪʦʤ ʤʦʜʝʣʠ ʩ ʧʣʦʩʢʠʤʠ ʛʨʘʥʷʤʠ [1]. 
ʄʦʜʝʣʴ ʵʣʝʤʝʥʪʘ ʧʣʘʩʪʘ ï ʷʯʝʡʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ (ʠʣʠ ʙʦʣʝʝ ʩʣʦʞʥʦʡ 
ʬʦʨʤʳ, ʥʦ ʧʣʦʩʢʠʤʠ ʛʨʘʥʷʤʠ), ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʠ ʧʣʘʩʪʘ 
(ʩʤ. ʨʠʩ. 1). 

                                                             
Ò Korolev M.S., Strekalov A.V., 2013 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʵʣʝʤʝʥʪʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (ɻɼʄ) 

 
ɼʣʷ ʫʜʦʙʩʪʚʘ ʜʘʣʴʥʝʡʰʝʛʦ ʦʧʠʩʘʥʠʷ ʠ ʚʩʣʝʜʩʪʚʠʝ ʷʚʥʦʛʦ ʧʦʜʦʙʠʷ ʟʘʢʦʥʘ ɼʘʨʩʠ ʟʘʢʦʥʫ 

ʆʤʘ ʚ ʩʣʫʯʘʝ ʩʦʙʣʶʜʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʟʘʢʦʥʘ ʬʠʣʴʪʨʘʮʠʠ, ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʧʦʜ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʷʯʝʡʢʠ i ʧʣʘʩʪʘ ʤʝʞʜʫ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʘʨʦʡ ʛʨʘʥʝʡ, ʦʪʥʦʰʝʥʠʝ 
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   ʛʜʝ                       S ï ʦʩʴ, ʚʜʦʣʴ ʢʦʪʦʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʯʝʥʠʝ ʚ ʵʣʝʤʝʥʪʝ; 

grancS ppp -=D  ïï ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʷʯʝʡʢʠ ʠ ʦʜʥʦʡ ʠʟ ʛʨʘʥʝʡ; 

                            gq  ï ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʬʣʶʠʜʘ ʯʝʨʝʟ ʛʨʘʥʴ g. 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʤʳʢʘʶʱʝʝ ʦʪʥʦʰʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ ʪʝʯʝʥʠʷ 

ɼʘʨʩʠ ʚʜʦʣʴ ʦʩʠ S ʚ ʷʯʝʡʢʝ ʙʫʜʝʪ 
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ʛʜʝ  S ï ʦʩʴ ï ʥʘʧʨʘʚʣʝʥʠʝ ʦʪ ʮʝʥʪʨʘ ʷʯʝʡʢʠ ʢ ʝʝ ʛʨʘʥʠ gran, 0=X,1=Y,2=Z; 

  SL  ï ʜʣʠʥʘ ʷʯʝʡʢʠ ʚʜʦʣʴ ʦʩʠ S, ʤ; 

 granF ï ʧʣʦʱʘʜʴ ʛʨʘʥʠ (ʩʨʝʜʥʷʷ ʧʣʦʱʘʜʴ ʬʠʣʴʪʨʘʮʠʠ), ʤ2; 

 
ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦʛʣʘʩʥʦ (1)  ʠ (2) 
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ʛʜʝ  
)(Sk  ï ʘʙʩʦʣʶʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʨʦʜʳ ʷʯʝʡʢʠ ʚʜʦʣʴ ʦʩʠ S, ʤ2. 
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ʅʘʧʨʘʚʣʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ ʊʉ ʙʫʜʝʤ ʫʩʣʦʚʥʦ ʧʦʣʛʘʪʴ ʪʦʣʴʢʦ ʚʜʦʣʴ ʦʩʝʡ X, Y ʠ Z. 
ʅʘʣʠʯʠʝ ʤʥʦʞʝʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʢʫʯʠʭ ʩʨʝʜ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʫʯʠʪʳʚʘʝʪʩʷ ʩʦʛʣʘʩʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʧʨʦʥʠʮʘʝʤʦʩʪʷʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʠʣʴʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʘ ʌ ʚʜʦʣʴ 
ʦʩʠ S ʷʯʝʡʢʠ ʙʫʜʝʪ (ʨʠʩ.1) 
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ʛʜʝ ( )jj sg  ï ʬʫʥʢʮʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʬʘʟʦʚʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʆʌʇ) ʢʦʤʧʦʥʝʥʪʘ j ʦʪ ʝʛʦ 

ʦʙʲʝʤʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ ï js , ʜ.ʝ.; 

               jmï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʢʦʤʧʦʥʝʥʪʘ j., ʇʘ ¶ʩ; 

      ()iji sl  ï ʬʫʥʢʮʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʆʌʇ ʢʦʤʧʦʥʝʥʪʘ j ʦʪ ʥʘʩʳʱʝʥʥʦʩʪʠ 

ʢʦʤʧʦʥʝʥʪʘ i, ʜ.ʝ.; 
                   N ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʰʪ. 

 

ʇʦ-ʩʫʪʠ ʬʫʥʢʮʠʷ )( gg qf  ʦʪʨʘʞʘʝʪ ʟʘʢʦʥ ʬʠʣʴʪʨʘʮʠʠ, ʠʥʘʯʝ ʛʦʚʦʨʷ, ʟʘʢʦʥ ʚʷʟʢʦʩʪʥʦʛʦ 

ʚʥʫʪʨʠʧʦʨʦʚʦʛʦ ʪʨʝʥʠʷ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʯʝʨʝʟ ʬʫʥʢʮʠʶ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʦʪ 
ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ 
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F

q
=w  ï ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ ʛʨʘʥʴ gran, ʤ/ʩ; 

                   qg ï ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʩʨʝʜʳ, ʤ3/ʩ; 

                   nï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, ʤ2/ʩ; 

                  kʬ ï ʬʘʟʦʚʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʤ2; 

                 r ï ʧʣʦʪʥʦʩʪʴ ʬʣʶʠʜʘ, ʢʛ/ʤ3; 

        )(0 ws  ï ʬʫʥʢʮʠʷ ʣʠʥʝʡʥʦʛʦ ʟʘʢʦʥʘ ʚʥʫʪʨʠʧʦʨʦʚʦʛʦ ʪʨʝʥʠʷ; 

                 s ï ʦʙʲʝʤʥʘʷ ʥʘʩʳʱʝʥʥʦʩʪʴ, ʜ.ʝ.; 

                   m ï ʪʝʢʫʱʘʷ ʧʦʨʠʩʪʦʩʪʴ, ʜ.ʝ. 

 
ʆʧʠʩʘʥʥʳʝ ʦʪʥʦʰʝʥʠʷ (1ï6) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ ʬʠʣʴʪʨʘʮʠʠ.  
ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ, ʬʠʣʴʪʨʘʮʠʠ ʚ ʪʨʝʱʠʥʘʭ 

ʠ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʭ ʢʘʥʘʣʘʭ ʚʦʟʥʠʢʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʣʠ ʩʚʝʨʭʥʠʟʢʠʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʬʣʶʠʜʦʚ ʩ 
ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʘʨʫʰʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʟʘʢʦʥʘ.  

ʊʘʢ ʢʘʢ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʦʧʨʦʩ ʥʘʨʫʰʝʥʠʷ ʟʘʢʦʥʘ ʬʠʣʴʪʨʘʮʠʠ ɼʘʨʩʠ ʥʝ ʠʩʯʝʨʧʘʥ, 
ʟʜʝʩʴ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʝʡ ï ʟʘʢʦʥʦʚ 
ʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʫʯʝʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʘ ʧʨʠ ʠʭ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʚ 
ʦʙʱʫʶ ɻɼʄ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

1. ʆʙʱʠʡ ʩʣʫʯʘʡ ï ʥʝʣʠʥʝʡʥʳʝ ʧʨʦʠʟʚʦʣʴʥʳʝ ʟʘʢʦʥʳ ʬʠʣʴʪʨʘʮʠʠ. ʅʝʣʠʥʝʡʥʳʡ 
ʟʘʢʦʥ ʬʠʣʴʪʨʘʮʠʠ (I ʧʨʠʦʨʠʪʝʪ) ʧʦ ʬʫʥʢʮʠʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʦʪ ʯʠʩʣʘ 

ʈʝʡʥʦʣʴʜʩʘ ï )(wsI
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ʛʜʝ Rd(Re) ï ʬʫʥʢʮʠʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʧʦʨʠʩʪʳʭ ʩʨʝʜ ʠ ʧʦʢʘʟʳʚʘʶʱʘʷ 
ʫʚʝʣʠʯʝʥʠʝ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ Re. ʌʫʥʢʮʠʷ Rd(Re) 
ʨʘʚʥʘ 1  ʜ.ʝ., ʝʩʣʠ ʣʠʥʝʡʥʳʡ ʟʘʢʦʥ ʬʠʣʴʪʨʘʮʠʠ ʩʦʙʣʶʜʘʝʪʩʷ. 

 

ɼʘʥʥʘʷ ʬʫʥʢʮʠʷ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʚ ʠʩʭʦʜʥʳʭ ï ʥʘʩʪʨʦʝʯʥʳʭ ʜʘʥʥʳʭ ʬʦʨʤʫʣʦʡ ʠʣʠ 
ʪʘʙʫʣʠʨʦʚʘʥʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʨʧʦʣʷʮʠʝʡ.  
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ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ, ʤ/ʩ. 
2. ʆʙʱʠʡ ʩʣʫʯʘʡ ï ʥʝʣʠʥʝʡʥʳʝ ʧʨʦʠʟʚʦʣʴʥʳʝ ʟʘʢʦʥʳ ʬʠʣʴʪʨʘʮʠʠ. ʅʝʣʠʥʝʡʥʳʡ 
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ʫʤʝʥʴʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʠʩʪw . ʌʫʥʢʮʠʷ ʨʘʚʥʘ 1 ʜ.ʝ., ʝʩʣʠ 

ʟʘʢʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʢʦʥʫ ɼʘʨʩʠ. 
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ʛʜʝ l ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʚʥʳʡ 1 ʇʘ/ʤ; A ʠ B ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʪʳʩʢʠʚʘʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʩʪʨʦʡʢʠ )(wsIII ; 

     j ï ʧʦʢʘʟʘʪʝʣʴ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʜ.ʝ., ʢʦʪʦʨʳʡ ʟʘʜʘʝʪʩʷ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

 
ʇʝʨʝʭʦʜ ʦʪ ʣʠʥʝʡʥʦʛʦ ʢ ʥʝʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ ʬʠʣʴʪʨʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ 

ʈʝʡʥʦʣʴʜʩʘ ʧʦ ʑʝʣʢʘʯʝʚʫ  



 
 
 

 

 
Science, Technology and Higher Education  April 17th, 2013.  Vol. II 

 

167 

 

n
w

3.2
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m
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=  .                                                         (12) 

ʂʨʠʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʡ ʢʨʠʪʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ 
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ʛʜʝ  Reʢʨ ï ʢʨʠʪʠʯʝʩʢʦʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ (ʟʘʜʘʝʪʩʷ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ), ʜ.ʝ. 
ʂʦʵʬʬʠʮʠʝʥʪʳ A ʠ B ʥʘʭʦʜʷʪʩʷ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 
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ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʩʦʩʪʘʚʥʦʛʦ ʟʘʢʦʥʘ ʬʠʣʴʪʨʘʮʠʠ. 
ɻʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ ʧʨʠ ʠʟʚʝʩʪʥʦʡ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʜʘʥʥʦʛʦ (ʩʦʩʪʘʚʥʦʛʦ ʟʘʢʦʥʘ 

ʬʠʣʴʪʨʘʮʠʠ) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ 
j

l
w

ö
÷

õ
æ
ç

å
Ö=

-

dl

dp

B
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                                                        (16) 
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ʆʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʜʝʩʴ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ )( gg qf  ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʚʦʟʤʦʞʥʦʩʪʠ ʛʠʙʢʦʡ ʥʘʩʪʨʦʡʢʠ ɻɼʄ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʟʘʢʦʥʦʚ ʬʠʣʴʪʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 
ʚʳʷʚʣʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʦʧʫʩʢʘʥʠʷ ʊʉ ʯʝʨʝʟ ʢʝʨʥ ʚ 
ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʩʭʦʜʦʚ. 

ʌʘʟʘ ʨʘʩʯʝʪʘ ʧʝʨʝʪʦʢʦʚ ʤʝʞʜʫ ʷʯʝʡʢʘʤʠ ʚ ɻɼʄ ʜʣʷ ʣʶʙʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʚ ʩʣʫʯʘʝ 

ʟʘʜʘʥʥʦʛʦ ʟʘʢʦʥʘ ʬʠʣʴʪʨʘʮʠʠ ʣʶʙʳʤ ʠʟ ʧʨʝʜʣʘʛʘʝʤʳʭ ʩʧʦʩʦʙʦʚ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ (ʚ 
ʦʙʱʝʤ ʩʣʫʯʘʝ) ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʦʡ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʧʝʨʝʧʘʜʝ 
ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʜʘʚʣʝʥʠʝʤ ʚ ʮʝʥʪʨʝ ʷʯʝʡʢʠ ʠ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʢʘʞʜʦʡ ʝʝ ʛʨʘʥʠ (ʨʠʩ. 3). 

 

˾͙ͫΦ нΦ ˿͍͚ͦͫͭ͊ͤͦ ͊ͦͤ͘͟ ͺ͙͡Έͭͪ͊ͼ͙͙ ͒͡Ύ ͙ͪ͊͘͡;ͤ·ͻ ͦ͟Ήͺͺ͙ͼ͙͔͍ͤͭͦ j ͙ͨͪ a=1 
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ʈʠʩ. 3 ï ʉʭʝʤʘ ʨʘʩʯʝʪʘ ʧʝʨʝʪʦʢʘ ʤʝʞʜʫ ʷʯʝʡʢʘʤʠ 

 

ʅʝʠʟʚʝʩʪʥʳʡ ʨʘʩʭʦʜ ʬʣʶʠʜʘ  ï gq  ʯʝʨʝʟ ʛʨʘʥʴ ï g ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʨʝʰʠʚ ʫʨʘʚʥʝʥʠʝ ʚʠʜʘ 
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qfppp
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gran

IIIIIIgrangrangrancgran ö
ö
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õ

æ
æ

ç

å
==-=D ,,,0)( s               (18) 

ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʧʝʨʝʧʘʜʝ ʜʘʚʣʝʥʠʷ gpD . 

ʋʯʠʪʳʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ʟʘʢʦʥʘ ʬʠʣʴʪʨʘʮʠʠ ʠʟ )(0 ws , )(wsI , 

)(wsII  ʠ )(wsIII  ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ ʟʘʢʦʥ ʚʷʟʢʦʩʪʥʦʛʦ ʚʥʪʫʨʠʧʦʨʦʚʦʛʦ ʪʨʝʥʠʷ 

ʟʘʜʘʥʥʳʤ ʜʣʷ ʢʘʞʜʦʡ ʷʯʝʡʢʠ ʚ ʚʠʜʝ ʬʫʥʢʮʠʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ 

ʬʠʣʴʪʨʘʮʠʠ )(wsi , ʛʜʝ i ï ʛʣʦʙʘʣʴʥʳʡ ʠʣʠ ʣʦʢʘʣʴʥʳʡ ʠʥʜʝʢʩ ʷʯʝʡʢʠ. ɽʩʣʠ ʜʘʣʝʝ ʠʥʜʝʢʩ ʥʝ 

ʫʢʘʟʘʥ, ʪʦ ʟʥʘʯʠʪ, ʠʤʝʝʪʩʷ ʚʚʠʜʫ ʦʙʱʠʡ ʩʣʫʯʘʡ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ (ʨʠʩ. 4) 

0

ö
÷

õ
æ
ç

å

dl

dp
ï ʢʨʠʪʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪ ʥʘʯʘʣʘ ʬʠʣʴʪʨʘʮʠʠ, 

ʢʦʪʦʨʳʡ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʛʨʘʜʠʝʥʪʘ ʥʘʯʘʣʘ ʪʝʯʝʥʠʷ ʜʣʷ ʬʣʶʠʜʘ (ʟʘʜʘʝʪʩʷ ʚ çPVTè ʩʚʦʡʩʪʚʘʭ 
ʬʣʶʠʜʘ[2]) ʠ ʠʟ ʛʨʘʜʠʝʥʪʘ ʥʘʯʘʣʘ ʬʠʣʴʪʨʘʮʠʠ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʣʘʩʪʘ, ʢʦʪʦʨʳʡ ʟʘʜʘʝʪʩʷ ʚ 
ʩʚʦʡʩʪʚʘʭ ʢʘʞʜʦʛʦ ʧʣʘʩʪʘ. 

 

 
ʈʠʩ. 4. ʆʙʱʠʡ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʢʦʥʘ ʬʠʣʴʪʨʘʮʠʠ 

pc 
(1) pc

(2) Pg 



 
 
 

 

 
Science, Technology and Higher Education  April 17th, 2013.  Vol. II 

 

169 

 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʦʪ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ, 
ʩʦʟʜʘʚʘʝʤʦʛʦ ʚʥʝʰʥʠʤʠ ʩʠʣʘʤʠ ʧʨʠ ʥʝ ʫʯʝʪʝ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ 
ʦʙʨʘʟʦʤ. ʀʟ ʩʣʦʞʠʚʰʝʛʦʩʷ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʚʳʯʠʪʘʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ, ʘ 
ʟʘʪʝʤ ʬʫʥʢʮʠʷ ʟʘʢʦʥʘ ʬʠʣʴʪʨʘʮʠʠ ʧʨʠʥʠʤʘʝʪʩʷ ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ. ʊ.ʝ. 
ʨʝʰʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ 
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ws=ö
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õ
æ
ç

å
-

dl

dp

dl

dp
,                                                    (19) 

ʛʜʝ )(ws  ï ʟʘʢʦʥ ʬʠʣʴʪʨʘʮʠʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʠʤ ʠʟ ʯʝʪʳʨʝʭ (ʣʠʥʝʡʥʳʡ ʠ ʥʝʣʠʥʝʡʥʳʝ 

I, II, ʠ III ʧʨʠʦʨʠʪʝʪʳ. 

 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ (ʌɽʉ) ʜʠʥʘʤʠʯʥʳ ʠ 

ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʫʪʨʠʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. 
ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʨʠʩʪʦʩʪʠ, ʚʳʟʚʘʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʚʥʫʪʨʠʧʦʨʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʠʟʤʝʥʷʝʪʩʷ ʠ ʘʙʩʦʣʶʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʪʴ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʚʩʝ ʬʘʟʦʚʳʝ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʨʠʩ. 5). ɺ ʦʙʱʝʤ ʚʠʜʝ )( mm db  ï ʵʪʦ ʬʫʥʢʮʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʠʨʘʱʝʥʠʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʠʨʘʱʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ. 

ɿʜʝʩʴ ʚʝʣʠʯʠʥʘ 

0
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m

mm
m

-
=d  ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʨʠʨʘʱʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ, ʜ.ʝ.; kd  ï 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʧʨʠʨʘʱʝʥʠʠ ʧʦʨʠʩʪʦʩʪʠ, ʜ.ʝ. 
 

 
 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ (ʤʥʦʞʠʪʝʣʷ) ʧʨʦʥʠʮʘʝʤʦʩʪʠ  

ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʠʨʘʱʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ 

 
ʊ.ʝ. ʠʪʦʛʦʚʦʡ ʘʙʩʦʣʶʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʚ ʣʶʙʦʤ ʠʟ ʟʘʢʦʥʦʚ ʬʠʣʴʪʨʘʮʠʠ ʙʫʜʝʪ 
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ç

å -
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m
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kkkk mbd                                                   (20) 

ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʘʙʩʦʣʶʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ 

ʚʥʫʪʨʠʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘʧʨʷʤʫʶ ʯʝʨʝʟ ʬʫʥʢʮʠʶ )( pp db  (ʨʠʩ. 6). 

kdΣ ͒Φ͔Φ 

md Σ ͒Φ͔Φ 
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ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ (ʤʥʦʞʠʪʝʣʷ) ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʠʨʘʱʝʥʠʷ ʜʘʚʣʝʥʠʷ 

ɿʜʝʩʴ ʧʦʜʦʙʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʧʨʠʤʝʨʫ 

0

0

p

pp
p

-
=d  ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʨʠʨʘʱʝʥʠʝ 

ʜʘʚʣʝʥʠʷ, ʜ.ʝ.; p0 ï ʥʘʯʘʣʴʥʦʝ ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʴʥʘʷ 

ʘʙʩʦʣʶʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ï k0; kl  ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʧʨʠʨʘʱʝʥʠʠ ʜʘʚʣʝʥʠʷ, ʜ.ʝ. 
ɼʘʥʥʘʷ ʬʫʥʢʮʠʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʫʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʩʠʣʳ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʧʨʠʩʪʝʥʦʯʥʫʶ ʦʙʣʘʩʪʴ ï ʪʘʤ, ʛʜʝ ʊʉ ʢʦʥʪʘʢʪʠʨʫʝʪ ʚ ʩʪʝʥʢʘʤʠ ʧʦʨʦʚʳʭ ʢʘʥʘʣʦʚ. 
ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʪʦʛʦʚʦʡ ʘʙʩʦʣʶʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʙʫʜʝʪ 
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ʇʦʣʫʯʝʥʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʟʘʢʦʥʘ ʬʠʣʴʪʨʘʮʠʠ 
ʧʦʜʩʪʘʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ (7ï9). 

ʈʘʩʩʤʦʪʨʝʥʥʦʝ ʟʜʝʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʟʘʢʦʥʦʚ ʬʠʣʴʪʨʘʮʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʦ ʚ 
ɻɼʄ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʩʯʝʪʥʦʤ ʢʦʤʧʣʝʢʩʝ Hydra'Sym[2]. 

ʈʝʟʫʣʴʪʘʪʳ ʨʷʜʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʦʚ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʠ ʜʨʫʛʠʭ ʫʯʝʥʳʭ 
[3,4] ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ɻɼʄ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʟʘʢʦʥʦʚ 

ʬʠʣʴʪʨʘʮʠʠ, ʫʯʠʪʳʚʘʶʱʠʭ ʫʥʠʢʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʬʠʟʠʯʝʩʢʠʤʠ 
ʩʚʦʡʩʪʚʘʤʠ ʊʉ. 

ɺ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʣʫʯʘʝʚ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚ ʩʪʘʪʴʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ 
ʜʣʷ ʘʜʘʧʪʘʮʠʠ ɻɼʄ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʷʤʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʢʦʥʘ ʬʠʣʴʪʨʘʮʠʠ ʠʟ ʣʘʙʦʨʘʪʦʨʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʘ ʚ ʤʦʜʝʣʴ ʯʝʨʝʟ (7) ʠ (8). ʊʘʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʮʝʣʦʤ ʩʭʦʜʥʳ ʩ ʚʠʜʦʤ 
ʬʫʥʢʮʠʠ ʥʘ ʨʠʩ.4 ʠ ʦʪʨʘʞʘʶʪ: ʢʨʠʪʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ ʥʘʯʘʣʘ ʪʝʯʝʥʠʷ, ʧʦʚʳʰʝʥʥʳʝ 
ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʥʠʟʢʠʭ ʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʪʝʯʝʥʠʷ, ʣʠʥʝʡʥʳʡ ʟʘʢʦʥ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʥʝʢʦʪʦʨʳʭ 
ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʷʭ ʪʝʯʝʥʠʷ. 
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Abstract 

Usage of permanent formwork for bridge deck slabs in bridge building in Ukraine is considered. The data 
of experimental research of constructions with permanent formwork was studied. Ad-vantages of using 
the permanent formwork are specified. Conclusion on suitability of usage of form-work in bridge 
construction is made. 
 
Keywords: permanent formwork, concrete deck slab, corrugated steel decking, particle board.  

  
Introduction 

For a long time up to 90% of bridges in Ukraine were built of typical precast concrete structures. 
The study of existing span structures showed that prefabricated and precast-monolithic concrete deck slabs 
do not fulfill their tasks due to the large number of seams that break down during intensive operation. This 

led to a new requirement in Ukrainian standards for the design of bridges [1] ï the construction of deck slabs 
is supposed to be only mono-lithic. Thus there is need for considerable work on the installation of formwork 
and scaffolding, which greatly increases the overall cost of operations and increases erection duration of 
span structures. Particularly acute problem for the placement of shuttering plates acquired as a result of the 
abandonment of imperfect typical projects and the transition to individual design with the use of different 
types of main beams, which requires the creation of individual formwork. 

At manufacturing and erection of concrete structures much attention has always been paid to 
problems of application of formwork. Historically, disposable wooden formwork has long been used in our 
country. In order to obtain a proper surface of concrete structure that would not require additional 
finishing for placement of form-work one must use costly planed boards or take additional action for 
smoothing concrete surface - boards are sheathed with plywood or sheet metal [2]. 

In recent years in the construction of monolithic concrete structures, particularly in high-rise 
buildings and bridges, inventory formwork that can be used many times has been applied. It is certainly 
much more progressive than usage of wooden formwork. However, inventory formwork is expensive, and 
its removal constrained by time needed for obtaining the required concrete strength.  

In addition to the formwork in the construction of mono-lithic reinforced concrete structures, 
appropriate supporting structures (scaffolding) are required. This includes steel inventory racks of various 
designs, (for example telescopic), whose height can vary depending on the needs [2]. Supporting 

constructions is costly and its reusabitity is not always possible for various reasons. In some cases the 
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use of scaffolding is very difficult for bridges. For example, at high altitude of towers on bridges, across 
large rivers, at overpasses, at bridges over the railroads or existing roads and streets. 

A perspective direction in the monolithic bridge building is the use of permanent formwork, 
which remains in the body of concrete after concreting. The usage of permanent formwork has the 
following advantages: it does not re-quire supporting structures (scaffolding) and the performance of 
rather complicated works of dismantling of form-work; it reduces the construction time of the bridge; it 
gives quicker access to the structures to perform further operations: it reduces the need for skilled 
workers to work with formwork [3]. 

In Ukraine the issues of application of permanent form-work in bridge construction is at the 
stage of theoretical as well as practical study. 

Permanent formwork of particle board 

The usage of permanent formwork of particle board on cement binder BETONYP 40 mm thick, 
produced by FALCO Forgacslapgyarto Zrt. (Hungary), for bridges with 3Bet-90 and 3Bet-120 beam types has 
been examined in the State Road Research Institute (Kyiv, Ukraine) [4]. This construction is used as a 
permanent formwork when constructing bridge deck slabs in Europe. After a set of concrete strength and 
including of a monolithic deck slab to work with beams, the particle boards are not included in further 
calculations. 

Particle board of this type has been tested under the single-span beam scheme for the effect of 
static load (fig. 1). The testing load corresponded to the weight of monolithic concrete mixture with the 
corresponding dynamic coefficient in accordance with normative documents. The analysis of experimental 
data shows that the requirements for formwork deflections under load are fulfilled (according to the 
normative documents, the deflection of form-work elements under load should not exceed 1/400 span). 

 

 
 

Fig. 1. Testing of permanent formwork of particle board on cement binder BETONYP 

 
The comparison of calculated and experimental data for the first and second group of limit 

states for particle boards demonstrates their good convergence. Basing on the evidence we can claim itôs 
suitability of the use as permanent formwork for constructing the deck slab for bridges built with beams 
type 3Bet-90 (length 12 - 24 m) and type 3Bet-120 (length 24 - 33 m) 

The analysis found that the particle board on cement binder BETONYP, in the conditions 
described above, complies with the state standards [1] requirements and can be used in the construction, 

repair and reconstruction of transport constructions on the roads of Ukraine. 
Permanent formwork of corrugated steel decking 

The efficiency of usage of corrugated steel decking as permanent formwork for bridge concrete 
deck slab was examined during the construction of several bridges in Ukraine.  
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Fig. 2. Cross-section of bridge on the road Lviv ï Sambir ï Uzhhorod 

 
Bridge on the road Lviv ï Sambir ï Uzhhorod, km 57+206 (Lviv region), was designed and built 

by a branch of the State Road Research Institute - Lviv Regional Scientific and Technical Center 
(LRSTC). Single-span bridge with carriageway dimensions of 11,5 m + 2 Ĭ 0,75 m (fig. 2) consists of 
eight precast concrete prestressed beams type 3Bet-90 with the length of 16 m and a height of 0,9 m, 
calculated for the A-15 and NK-100 load. Beams produced at the "3 Betony" factory in Kalush city, Ivano-
Frankivsk region. 

Deck slab is arranged on the beams, spaced at a distance of 1,8 m in the axes of the beams. It 
is reinforced by two grids, each containing transverse A400S reinforcement rods, 16 mm in diameter and 
125 mm in increment, and longitudinal A400S reinforcement rods, 10 mm in diameter and 185 mm in 
increment (fig. 3). Deck slab was de-signed with permanent formwork of corrugated steel decking, which 
is based on the top shelf of the beams, the corrugations are oriented across the axis of the bridge. 
Corrugated steel decking was cut to size 1,35 m and placed on the shelves of adjacent beams (fig. 3, 4).  

 
 

Fig. 3. Sections of deck slab of bridge on the road Lviv ï Sambir ï Uzhhorod 
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During the examination of the bridge structures no defects that may affect the carrying capacity 
or durability of structures were revealed. The determination the strength of concrete deck slab was 
performed by two methods: ultra-sonic pulse method using UK-14P device and the method of elastic 
rebound. It was determined that the concrete of deck slab has an average strength that corresponds to a 
B30 class according to project requirements. 

During the static tests of bridge as testing load dump trucks MAZ and KrAZ were used (with 
weight in 210 kN each). The following equipment was used during the tests: sensors for measuring of 
local deformations of reinforcing ropes at the STC "HBM"; sensor for recording acoustic emission (AE) 
signals based on STC "AKEM"; tensometers for the measurement of local deformations of con-crete; 
deflectometers PAO-6 . 

Dynamic load was created by passing of KrAZ dump trucks at different speeds on the bridge 
roadway. 

AE signals of bridge elements were recorded during static and dynamic tests by software-
technical complex "AKEM" for processing of AE signals on a personal computer using technology 
"PClabCard". 

 

 
 

Fig. 4. The bottom view of bridge on the road Lviv ï Sambir ï Uzhhorod 

 
The survey and the testing of the bridge has revealed that the bridge has no defects and its 

carrying capacity corresponds to the project. Deck slab reliably unites main beams. During the location of 
wheels of the vehicle in unfavorable place (the middle of the deck span between the axes of the beams), 
the level of stresses in the corrugated steel decking, measured during the tests, was very low. Acoustic 
emission signals were not recorded during the testing, which indicates the joint operation of the concrete 
deck slab and corrugated steel decking and the lack of cracks developing in deck slab [5].  

Corrugated steel decking has been used as permanent formwork in the construction of two 

parallel bridges across the railroad on the road Kyiv ï Kovel ï Yagodin, km 446+354 (Volyn region). 
Composite bridges (fig. 5, 6) consist of metal three-span beams with geometric scheme 8.00 m + 42.00 
m + 8.00 m and concrete deck slab with carriageway dimensions of 11,5 m + 1.65 m (fig. 7). 
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Fig. 5. General view of the bridges on the road Kyiv ï Kovel ï Yagodin 

 
Deck slabs were designed from monolithic concrete 0,22 m thick and with permanent formwork 

from corrugated steel decking (corrugations were located along the axis of the bridge). 
 

 
 

Fig. 6. The bottom view of bridge on the road Kyiv ï Kovel ï Yagodin 



 
 
 

 

 
Science, Technology and Higher Education  April 17th, 2013.  Vol. II 

 

176 

 

Visual inspection of the structures of the bridges and the research of its materials with non-
destructive methods revealed no external defects (cracks, bends, dents, rust attacks, divergence in sheet 
junction) in corrugated steel decking. Tapping of decking by hammer showed no voids between the 
decking and the concrete slab. 

 

 
 

Fig. 7. Cross-section of bridge on the road Kyiv ï Kovel ï Yagodin 

 
At the ends of the slabs and at the bottom of the pavement console the determination of 

concrete strength class was conducted by sclerometer (Schmidt hammer). It has been discovered that 
the concrete of deck slab has an average strength that corresponds to a B30 class. 

During the static tests of bridge as testing load dump trucks MAZ and KrAZ were used (with the 
total weight amounted 1300 kN). The following equipment was used during the tests: sensor for recording 
AE signals based on STC "AKEM"; deflectometers PAO-6 . 

The survey and the testing of the bridge has revealed that the bridge has no defects and its 
carrying capacity corresponds to the project. Deck slab reliably unites main beams. Acoustic emission 
signals were not recorded during the testing, which indicates the joint operation of the concrete deck slab 
and corrugated steel decking and the lack of cracks developing in deck slab. 

Concrete permanent formwork 

Road junction on Poshtova Ploscha in Kyiv is being re-constructed. Itôs one element is the 
bridge (fig. 8) that is being built according to the project of "Mist-Proekt" company. 

 

 
 

Fig. 8. The bottom view of span structure of the bridge on the Poshtova ploscha, Kyiv 
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The building consists of three segments, separated by deck joints. The span structure consists of 
eight double-tee prestressed beams produced by çOBERBETONè company and a monolithic deck slab. 

 

 
 

Fig. 9. Cross-section of bridge on the Poshtova ploscha, Kyiv 

 
In this structure as a permanent formwork flat concrete plates 45 mm thick and with variable 

length are used (be-cause of fan-like placing of the beams). Plates reinforced with mesh reinforcement (a 
cell with sides 0,1 m Ĭ 0,1 m  and 5 mm diameter of reinforcing rod), withstood mounting pressure and 
the weight of the concrete slab, leaving the bridge clearance free. 

Conclusions 

During the construction of bridge concrete deck slabs it is expedient to use permanent 
formwork, which relies on prefabricated beams. It is experimentally proven that the usage of permanent 
formwork for concrete deck slabs provides strength, rigidity and good compatible spatial work of all 
elements of the surveyed bridges. 
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Abstract 

Currently, fuel economy, particularly relevant, as its prices are constantly rising. Skidders have to 
overcome strong moist locations portage, which is accompanied by an increase in the energy lost to 
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slippage mover and increasing fuel consumption. In the present work was to determine the costs of fuel 
tractor with depth gauge, had to offer methods to reduce rutting and thus save fuel, which in turn will 
reduce the cost of wood. 
 
Keywords: fuel consumption, rutting. 
 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʵʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ, ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ, ʪʘʢ ʢʘʢ ʮʝʥʳ ʥʘ ʥʝʛʦ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʪ. 
ʊʨʝʣʸʚʦʯʥʳʝ ʪʨʘʢʪʦʨʳ ʚʳʥʫʞʜʝʥʳ ʧʨʝʦʜʦʣʝʚʘʪʴ ʩʠʣʴʥʦ ʧʝʨʝʫʚʣʘʞʥʸʥʥʳʝ ʫʯʘʩʪʢʠ ʚʦʣʦʢʘ, ʯʪʦ 
ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝʤ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʥʘ ʙʫʢʩʦʚʘʥʠʝ ʜʚʠʞʠʪʝʣʷ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʭʦʜʘ 
ʪʦʧʣʠʚʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʪʨʘʢʪʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʢʦʣʝʠ, 
ʙʳʣʠ ʧʨʝʜʣʦʞʠʪʴ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʤʝʥʴʰʠʪʴ ʢʦʣʝʝʦʙʨʘʟʦʚʘʥʠʝ, ʠ ʪʝʤ ʩʘʤʳʤ, ʩʵʢʦʥʦʤʠʪʴ 
ʪʦʧʣʠʚʦ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʩʪʦʠʤʦʩʪʴ ʜʨʝʚʝʩʠʥʳ. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʢʦʣʝʝʦʙʨʘʟʦʚʘʥʠʝ. 

 
ʊʦʧʣʠʚʥʘʷ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ï ʵʪʦ ʩʚʦʡʩʪʚʦ, ʧʨʦʷʚʣʷʝʤʦʝ ʣʝʩʥʦʡ ʤʘʰʠʥʦʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʙʦʪʳ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʤʘʰʠʥʦʡ ʧʨʠ ʜʚʠʞʝʥʠʠ. ʄʦʪʦʨʥʦʝ 
ʪʦʧʣʠʚʦ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʣʝʩʥʳʭ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, 
ʩʪʦʠʤʦʩʪʴ ʢʦʪʦʨʦʛʦ, ʜʘʞʝ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʮʝʥʘʭ ʥʘ ʪʦʧʣʠʚʦ, ʩʦʩʪʘʚʣʷʝʪ 10é25 % 
ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʷʝʤʦʡ ʣʝʩʥʦʡ ʤʘʰʠʥʦʡ. ʇʦʵʪʦʤʫ ʵʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ 
ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʣʝʩʦʟʘʛʦʪʦʚʠʪʝʣʝʡ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʢʦʣʝʝʦʙʨʘʟʦʚʘʥʠʝ ʚʣʠʷʝʪ ʥʘ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ 
ʪʨʝʣʸʚʦʯʥʦʛʦ ʪʨʘʢʪʦʨʘ, ʠ ʧʨʝʜʣʦʞʠʪʴ ʤʝʪʦʜʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʫʙʲʝʢʪʦʚ ʉɿʌʆ ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʯʚʦʛʨʫʥʪʳ ʪʨʝʪʴʝʡ ʠ ʯʝʪʚʸʨʪʦʡ 
ʢʘʪʝʛʦʨʠʠ, ʟʘʛʦʪʦʚʢʘ ʜʨʝʚʝʩʠʥʳ ʥʘ ʢʦʪʦʨʳʭ, ʚ ʪʸʧʣʳʡ ʧʝʨʠʦʜ, ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʘ ʠʣʠ 
ʥʝʚʦʟʤʦʞʥʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ, ʪʝ ʠʣʠ ʠʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʚʳʥʫʞʜʘʶʪ 
ʣʝʩʦʟʘʛʦʪʦʚʠʪʝʣʴʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠʜʪʠ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʣʝʩʦʩʝʢ ʥʘ ʪʘʢʠʭ ʧʦʯʚʦʛʨʫʥʪʘʭ ʚ ʪʸʧʣʳʡ 
ʧʝʨʠʦʜ ʛʦʜʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʠ ʟʠʤʘ ʥʝ ʷʚʣʷʝʪʩʷ ʛʘʨʘʥʪʠʝʡ ʫʩʧʝʭʘ 
ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ ʣʝʩʦʩʝʢ. ɺʦ-ʧʝʨʚʳʭ, ʨʷʜ ʟʠʤ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ (2007-2010 ʛʛ.) ʚʳʜʘʣʠʩʴ 
ʜʦʩʪʘʪʦʯʥʦ ʪʸʧʣʳʤʠ. ɺʦ-ʚʪʦʨʳʭ, ʜʘʞʝ ʧʨʠ ʩʥʝʞʥʦʡ ʠ ʤʦʨʦʟʥʦʡ ʟʠʤʝ, ʚʦʟʤʦʞʥʦ, ʯʪʦ ʩʥʘʯʘʣʘ 
ʚʳʧʘʜʘʝʪ ʛʣʫʙʦʢʠʡ ʩʥʝʛ, ʠ ʪʦʣʴʢʦ ʟʘʪʝʤ ʧʨʠʭʦʜʠʪ ʤʦʨʦʟ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʯʚʦʛʨʫʥʪʳ ʥʝ 
ʧʨʦʤʝʨʟʘʶʪ, ʠ, ʢʘʢ ʪʦʣʴʢʦ ʪʨʘʢʪʦʨ ʩʥʠʤʘʝʪ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ, ʦʥ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ ʥʘ 
ʥʝʧʨʦʤʸʨʟʰʝʤ ʧʝʨʝʫʚʣʘʞʥʸʥʥʦʤ ʧʦʯʚʦʛʨʫʥʪʝ. 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʤʘʰʠʥ ʣʝʩʦʟʘʛʦʪʦʚʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʪʷʞʸʣʳʭ 

ʣʝʩʦʧʨʦʤʳʰʣʝʥʥʳʭ ʪʨʘʢʪʦʨʘʭ ʠ ʤʘʰʠʥʘʭ ʥʘ ʠʭ ʙʘʟʝ, ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʩʚʦʝʥʠʷ 
ʪʘʢʠʭ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʣʝʩʦʩʝʢ, ʯʪʦ, ʥʘʨʷʜʫ ʩʦ ʩʣʘʙʦʨʘʟʚʠʪʦʡ ʜʦʨʦʞʥʦʡ ʩʝʪʴʶ, ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʯʸʪʥʦʡ ʣʝʩʦʩʝʢʠ ʟʘ 2009 ʛʦʜ ʧʦ ʉɿʌʆ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 40,56%. ʇʨʠʯʸʤ, 
ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʦʙʣʘʩʪʠ, ʠʤʝʶʱʠʝ ʥʘʠʙʦʣʴʰʠʡ ʧʨʦʮʝʥʪ ʟʘʙʦʣʦʯʝʥʥʳʭ ʠ 
ʧʝʨʝʫʚʣʘʞʥʸʥʥʳʭ ʫʯʘʩʪʢʦʚ ï ʵʪʦ ʈʝʩʧʫʙʣʠʢʘ ʂʦʤʠ ï 27,2%, ʄʫʨʤʘʥʩʢʘʷ ʦʙʣʘʩʪʴ ï 12,5%, ʇʩʢʦʚʩʢʘʷ 
ʦʙʣʘʩʪʴ ï 31,7%. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʜʦʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʯʸʪʥʦʡ ʣʝʩʦʩʝʢʠ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ 
ʧʝʨʝʩʪʦʡʥʳʭ ʜʨʝʚʦʩʪʦʝʚ, ʷʚʣʷʶʱʠʭʩʷ ʧʦʚʳʰʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʦʧʘʩʥʦʩʪʠ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ, ʘ ʪʘʢʞʝ 
ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʯʘʛʦʚ ʧʦʨʘʞʝʥʠʷ ʚʨʝʜʠʪʝʣʷʤʠ ʠ ʙʦʣʝʟʥʷʤʠ [1]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʘʣʝʢʦ ʥʝ ʢʘʞʜʦʝ ʣʝʩʦʟʘʛʦʪʦʚʠʪʝʣʴʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʤʦʞʝʪ ʧʨʠʦʙʨʝʩʪʠ 

ʩʠʩʪʝʤʫ ʤʘʰʠʥ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʟʘʙʦʣʦʯʝʥʥʳʭ ʠ ʧʝʨʝʫʚʣʘʞʥʸʥʥʳʭ ʣʝʩʦʩʝʢ, ʙʘʟʠʨʫʶʱʫʶʩʷ, 
ʥʘʧʨʠʤʝʨ, ʥʘ ʤʦʙʠʣʴʥʦʡ ʢʘʥʘʪʥʦʡ ʪʨʝʣʸʚʦʯʥʦʡ ʫʩʪʘʥʦʚʢʝ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʤʦʜʠʬʠʢʘʮʠʠ ʤʘʰʠʥ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʣʝʩʦʩʝʯʥʳʭ ʨʘʙʦʪ ʜʣʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ. 

ʄʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʫʪʠ ʪʘʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ: ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʫʪʝʡ 
ʧʝʨʚʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʣʝʩʘ (ʪʨʝʣʸʚʦʯʥʳʭ ʚʦʣʦʢʦʚ) ʠ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʩʦʚʤʝʩʪʠʤʦʩʪʠ 
ʣʝʩʦʟʘʛʦʪʦʚʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʩ ʧʦʯʚʦʛʨʫʥʪʘʤʠ ʣʝʩʦʩʝʢ. 

ʌʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʛʣʫʙʠʥʫ ʢʦʣʝʠ. 
ʇʨʠ ʜʚʠʞʝʥʠʠ ʛʫʩʝʥʠʯʥʦʛʦ ʪʨʝʣʝʚʦʯʥʦʛʦ ʪʨʘʢʪʦʨʘ ʚʦʟʥʠʢʘʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʚʥʫʪʨʝʥʥʠʭ (ʩʦʟʜʘʚʘʝʤʳʭ ʛʫʩʝʥʠʯʥʳʤ ʜʚʠʞʠʪʝʣʝʤ) ʠ ʚʥʝʰʥʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ɿʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʵʪʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʝ-
ʣʝʚʦʯʥʦʛʦ ʪʨʘʢʪʦʨʘ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚʦ-ʛʨʫʥʪʘ, ʩ ʢʦʪʦʨʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 
ʜʚʠʞʠʪʝʣʴ. ɺ ʧʨʦʮʝʩʩʝ ʪʨʝʣʝʚʢʠ ʜʨʝʚʝʩʠʥʳ ʥʘ ʪʨʘʢʪʦʨ, ʢʨʦʤʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʩʘʤʦʛʦ ʪʨʘʢʪʦʨʘ ʠ 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʜʲʝʤʫ, ʢʘʯʝʥʠʶ, ʤʦʤʝʥʪʳ 
ʢʘʩʘʪʝʣʴʥʳʭ ʩʠʣ ʠʥʝʨʮʠʠ ʪʨʘʢʪʦʨʘ ʠ ʘʛʨʝʛʘʪʘ ʚ ʮʝʣʦʤ, ʨʝʘʢʮʠʠ ʛʨʫʥʪʘ ʥʘ ʜʚʠʞʠʪʝʣʴ, ʩʠʣʳ 
ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ, ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʛʨʝʛʘʪʠʨʫʝʤʦʡ ʤʘʰʠʥʳ ʠʣʠ ʠʥʳʝ ʩʠʣʳ, 
ʧʨʠʣʦʞʝʥʥʳʝ ʢ ʪʷʛʦʚʦ-ʩʮʝʧʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʵʪʠʭ ʩʠʣ ʧʨʦʠʩʭʦʜʠʪ ʜʝʬʦʨʤʘʮʠʷ 
ʦʧʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ʛʨʫʥʪʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʣʝʠ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʣʝʠ ʦʪ ʧʨʦʭʦʜʘ ʪʨʝʣʝʚʦʯʥʦʡ ʪʝʭʥʠʢʠ ʧʦ ʚʦʣʦʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 
ʥʝʛʘʪʠʚʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʠ ʢʘʢ ʬʘʢʪʦʨ, ʣʠʤʠʪʠʨʫʶʱʠʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚʦʣʦʢʘ. ʇʦʜ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʚʦʣʦʢʘ ʧʦʥʠʤʘʝʪʩʷ ʦʙʱʠʡ ʦʙʲʝʤ ʧʝʨʝʚʝʟʝʥʥʦʛʦ ʣʝʩʘ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʦʥ ʫʞʝ 
ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʦʨʤʘʣʴʥʫʶ ʨʘʙʦʪʫ (ʧʨʦʝʟʜ) ʣʝʩʦʟʘʛʦʪʦʚʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 
ʪʝʤ, ʯʪʦ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʛʣʫʙʠʥʳ ʢʦʣʝʠ ʥʘ ʚʦʣʦʢʝ ʢʣʠʨʝʥʩʘ ʣʝʩʦʟʘʛʦʪʦʚʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʦʥʘ 
ʫʞʝ ʥʝ ʤʦʞʝʪ ʧʦ ʥʝʤʫ ʧʝʨʝʜʚʠʛʘʪʴʩʷ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʣʝʷ, ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʥʘ 
ʤʘʛʠʩʪʨʘʣʴʥʦʤ ʚʦʣʦʢʝ ʧʦʩʣʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʦʝʟʜʘ ʬʦʨʚʘʨʜʝʨʘ. 

 

 
 

ʈʠʩ. 1. ʂʦʣʝʷ, ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʦʤ ʚʦʣʦʢʝ ʧʦʩʣʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʦʝʟʜʘ ʬʦʨʚʘʨʜʝʨʘ 

 
ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʣʝʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʥʦʨʤʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ 

ʪʷʞʝʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʫʧʣʦʪʥʝʥʠʝ ʛʨʫʥʪʘ, ʘ ʪʘʢʞʝ 
ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʧʝʨʝʜʠ ʛʫʩʝʥʠʮ ʚʘʣʠʢʦʚ ʛʨʫʥʪʘ, ʢʦʪʦʨʳʝ ʚ ʚʠʜʝ ʚʦʣʥʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚʧʝʨʝʜ ʩʦ 
ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʪʨʝʣʝʚʦʯʥʦʡ ʤʘʰʠʥʳ [2]. ʉʣʝʜʩʪʚʠʝʤ ʨʘʟʣʠʯʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʛʨʫʥʪʘ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʝʛʦ ʩʪʨʦʝʥʠʷ, ʢʦʣʝʷ ʠʤʝʝʪ ʥʝ ʦʜʠʥʘʢʦʚʫʶ ʛʣʫʙʠʥʫ. ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ 
ʛʣʫʙʠʥʫ ʢʦʣʝʠ ʦʢʘʟʳʚʘʶʪ ʢʦʨʥʝʚʳʝ ʩʠʩʪʝʤʳ ʜʝʨʝʚʴʝʚ, ʘʨʤʠʨʫʶʱʠʝ ʛʨʫʥʪ. ʇʦʵʪʦʤʫ ʥʘ 
ʪʨʝʣʝʚʦʯʥʳʭ ʚʦʣʦʢʘʭ ʢʦʣʝʷ ʠʤʝʝʪ ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʧʨʦʬʠʣʴ, ʜʣʠʥʘ ʚʦʣʥʳ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʧʥʷʤʠ ʧʦʚʘʣʝʥʥʳʭ ʜʝʨʝʚʴʝʚ. 

ʇʨʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʧʨʦʭʦʜʘʭ ʛʫʩʝʥʠʯʥʳʭ ʪʨʘʢʪʦʨʦʚ ʧʦ ʪʨʝʣʝʚʦʯʥʳʤ ʚʦʣʦʢʘʤ 
ʥʘʙʣʶʜʘʶʪʩʷ ʧʷʪʴ ʭʘʨʘʢʪʝʨʥʳʭ ʩʣʫʯʘʷ ʠʟʤʝʥʝʥʠʷ ʛʣʫʙʠʥʳ ʢʦʣʝʠ (ʨʠʩ. 2) [3]: 

1. ɺʦ ʚʨʝʤʷ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʭʦʜʦʚ ʛʣʫʙʠʥʘ ʢʦʣʝʠ ʨʘʩʪʝʪ, ʘ ʟʘʪʝʤ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 
ʥʝʠʟʤʝʥʥʦʡ. 

2. ʊʝʤʧ ʨʦʩʪʘ ʛʣʫʙʠʥʳ ʢʦʣʝʠ ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʧʨʦʭʦʜʦʚ. 
3. ɻʣʫʙʠʥʘ ʢʦʣʝʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʯʠʩʣʫ ʧʨʦʭʦʜʦʚ. 
4. ʊʝʤʧ ʨʦʩʪʘ ʛʣʫʙʠʥʳ ʢʦʣʝʠ ʧʨʦʛʨʝʩʩʠʚʥʦ ʨʘʩʪʝʪ. 

5. ɺ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʧʨʦʛʨʝʩʩʠʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ ʢʦʣʝʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʭʦʨʦʰʦ 
ʥʘʢʘʪʘʥʥʳʭ ʚʦʣʦʢʘʭ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʚʠʜʠʤʳʭ ʧʨʠʯʠʥ ʩʥʠʞʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʨʫʥʪʘ: 
ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʦʚ ʠ ʪ.ʧ. 
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ʈʠʩ. 2. ʍʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʝʡ ʛʣʫʙʠʥʳ ʢʦʣʝʠ 
ʦʪ ʯʠʩʣʘ ʧʨʦʭʦʜʦʚ ʛʫʩʝʥʠʯʥʦʛʦ ʪʨʝʣʝʚʦʯʥʦʛʦ ʪʨʘʢʪʦʨ 

 
ɺʦʣʦʯʘʱʘʷʩʷ ʯʘʩʪʴ ʧʘʯʢʠ ʜʝʨʝʚʴʝʚ ʯʘʩʪʠʯʥʦ ʩʨʝʟʘʝʪ ʤʠʢʨʦʧʦʚʳʰʝʥʠʷ ʛʨʫʥʪʘ, 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʦ ʙʦʢʘʤ ʢʦʣʝʠ ʠ ʯʘʩʪʴ ʛʨʫʥʪʘ ʧʦʜ ʜʥʠʱʝʤ ʪʨʘʢʪʦʨʘ. ʕʪʦʪ ʛʨʫʥʪ ʠ ʛʨʫʥʪ ʦʩʳʧʘʶʱʠʡʩʷ 
ʩʦ ʩʪʝʥʦʢ ʢʦʣʝʠ ʧʦʧʘʜʘʝʪ ʥʘ ʝʝ ʜʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʛʣʫʙʠʥʳ. ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ 
ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʣʝʠ ʠʛʨʘʶʪ ʧʦʨʫʙʦʯʥʳʝ ʦʩʪʘʪʢʠ, ʢʦʪʦʨʳʝ ʚʜʘʚʣʠʚʘʶʪʩʷ ʛʫʩʝʥʠʮʘʤʠ ʚ ʛʨʫʥʪ 
ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʶʪ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʦʨʥʦʛʦ ʤʘʩʩʠʚʘ. 

ʅʘʧʨʘʚʣʝʥʥʳʝ ʧʨʦʪʠʚ ʜʚʠʞʝʥʠʷ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʳʟʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ ʛʨʫʥʪʘ, ʷʚʣʷʶʱʠʝʩʷ ʧʨʠʯʠʥʦʡ ʫʤʝʥʴʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʨʝʣʝʚʢʠ - ʙʫʢʩʦʚʘʥʠʷ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʥʝʰʥʠʭ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ (ʥʘʛʨʫʟʢʠ ʥʘ ʢʨʶʢʝ) ʜʝʬʦʨʤʘʮʠʠ 

ʩʜʚʠʛʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʠ ʥʘʩʪʫʧʘʝʪ ʤʦʤʝʥʪ ʩʨʝʟʘ ʧʦʯʚʝʥʥʳʭ "ʢʠʨʧʠʯʝʡ", ʟʘʞʘʪʳʭ ʤʝʞʜʫ 
ʧʦʯʚʦʟʘʮʝʧʘʤʠ ʟʚʝʥʘ ʛʫʩʝʥʠʮʳ. ʈʘʟʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʛʨʫʥʪʘ ʟʘʮʝʧʘʤʠ ʛʫʩʝʥʠʯʥʦʛʦ ʜʚʠʞʠʪʝʣʷ 
ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʛʣʫʙʠʥʫ ʢʦʣʝʠ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʣʝʠ ʪʨʘʢʪʦʨʘʤʠ ʃʊ-154; ʊɹ-1; ʊʊ-4; ʊɼʊ-
55, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʨʝʜʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʯʚʫ 53 ʢʇʘ; 51 ʢʇʘ; 46 ʢʇʘ; ʠ 45 ʢʇʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [4]. 

 
 

ʈʠʩ. 3. ɻʨʘʬʠʢ ʢʦʣʝʝʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʣʝʚʦʯʥʳʭ ʪʨʘʢʪʦʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʭʦʜʦʚ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʮʝʥʢʝ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʣʝʠ, ʤʦʞʥʦ 
ʩʯʠʪʘʪʴ, ʯʪʦ: 

Å ʢʦʣʝʷ ʦʙʨʘʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʥʦʨʤʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 
ʚʥʝʰʥʠʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʨʧʫʩ ʤʘʰʠʥʳ. 

Å ʛʣʫʙʠʥʘ ʢʦʣʝʠ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʠ ʩʦʩʪʦʷʥʠʷ ʛʨʫʥʪʘ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 
ʦʧʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʭʦʜʦʚ ʪʨʘʢʪʦʨʦʚ ʧʦ ʩʚʦʝʤʫ ʩʣʝʜʫ. 

Å ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʚʥʝʰʥʠʭ ʩʠʣʘʭ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʨʘʢʪʦʨ, ʛʣʫʙʠʥʘ ʢʦʣʝʠ ʟʘʚʠʩʠʪ ʦʪ 
ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʵʪʠʭ ʩʠʣ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʚʠʞʠʪʝʣʷ. 

Å ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʫʚʝʣʠʯʝʥʠʝ ʚʥʝʰʥʠʭ ʩʠʣ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʛʣʫʙʠʥʳ ʢʦʣʝʠ. 
Å ʛʣʫʙʠʥʘ ʢʦʣʝʠ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʟʘʭʣʘʤʣʝʥʥʦʩʪʠ ʣʝʩʦʩʝʢʠ ʧʦʨʫʙʦʯʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. 
Å ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʫʢʩʦʚʘʥʠʷ ʛʣʫʙʠʥʘ ʢʦʣʝʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʢʦʣʝʠ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ [5] ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʢʦʣʝʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʦʢʪʷʙʨʝ 2011 ʛʦʜʘ ʥʘ ʣʝʩʦʩʝʢʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʢʚʘʨʪʘʣʝ ˉ 95 ʄʦʨʦʟʦʚʩʢʦʛʦ 
ʚʦʝʥʥʦʛʦ ʣʝʩʥʠʯʝʩʪʚʘ ʚʦ ɺʩʝʚʦʣʦʞʩʢʦʤ ʨʘʡʦʥʝ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɼʣʷ ʤʥʦʛʦʢʨʘʪʥʳʭ ʧʨʦʭʦʜʦʚ ʛʫʩʝʥʠʯʥʦʛʦ ʪʨʘʢʪʦʨʘ ɼʊ-75 ʙʳʣ ʚʳʙʨʘʥ ʧʨʷʤʦʣʠʥʝʡʥʳʡ 
ʫʯʘʩʪʦʢ ʜʣʠʥʥʦʡ 100 ʤʝʪʨʦʚ. ʊʨʘʩʩʘ ʙʳʣʘ ʨʘʟʙʠʪʘ ʥʘ ʧʠʢʝʪʳ ʯʝʨʝʟ 25 ʤʝʪʨʦʚ, ʚ ʢʦʪʦʨʳʭ 
ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʛʣʫʙʠʥʳ ʢʦʣʝʠ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 
ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʨʥʳʡ ʮʠʣʠʥʜʨ. ʅʘ ʢʦʨʧʫʩʝ ʮʠʣʠʥʜʨʘ ʥʘʥʝʩʝʥʘ ʰʢʘʣʘ ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 50 
ʤʠʣʣʠʣʠʪʨʦʚ, ʚ ʢʨʳʰʢʝ ʮʠʣʠʥʜʨʘ ʩʜʝʣʘʥʦ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʪʦʧʣʠʚʥʦʛʦ ʰʣʘʥʛʘ. ʄʝʨʥʳʡ ʮʠʣʠʥʜʨ 
ʩʣʫʞʠʣ ʚʤʝʩʪʦ ʪʦʧʣʠʚʥʦʛʦ ʙʘʢʘ, ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚ ʢʘʙʠʥʝ ʪʨʘʢʪʦʨʘ. ɻʣʫʙʠʥʘ ʢʦʣʝʠ ʠʟʤʝʨʷʣʘʩʴ 
ʣʠʥʝʡʢʦʡ, ʩʢʦʨʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʩʝʢʫʥʜʦʤʝʨʘ. ʊʨʘʢʪʦʨ ʜʚʠʛʘʣʩʷ ʥʘ ʧʝʨʚʦʡ ʧʝʨʝʜʘʯʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ 
ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʢʦʨʦʩʪʴ ʪʨʘʢʪʦʨʘ ʩʦʩʪʘʚʠʣʘ 3 ʢʤ/ʯ (0,83 ʤ/ʩ). 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʇʦ ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ 
ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʦʪ ʯʠʩʣʘ ʧʨʦʭʦʜʦʚ ʪʨʘʢʪʦʨʘ (ʨʠʩ. 4), ʛʨʘʬʠʢ 
ʟʘʚʠʩʠʤʦʩʪʠ ʛʣʫʙʠʥʳ ʢʦʣʝʠ ʦʪ ʯʠʩʣʘ ʧʨʦʭʦʜʦʚ ʪʨʘʢʪʦʨʘ (ʨʠʩ. 5) ʠ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʘ 
ʪʦʧʣʠʚʘ ʦʪ ʛʣʫʙʠʥʳ ʢʦʣʝʠ (ʨʠʩ. 6). ʊʘʢʞʝ ʙʳʣ ʚʟʷʪ ʦʙʨʘʟʝʮ ʧʦʯʚʳ. 

ʊʘʙʣʠʮʘ 1 
ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

ˉ 

ʧʨʦʭʦʜʘ 

ɻʣʫʙʠʥʘ ʢʦʣʝʠ ʚ 

ʠʟʤʝʨʷʝʤʦʡ ʪʦʯʢʝ, ʤʤ 

ɺʨʝʤʷ 

ʧʨʦʭʦʜʘ, 
ʩʝʢ 

 

ʂʦʣʠʯʝʩʪʚʦ 

ʪʦʧʣʠʚʘ ʚ 
ʥʘʯʘʣʴʥʦʡ 
ʪʦʯʢʝ, ʤʣ 

ʂʦʣʠʯʝʩʪʚʦ 

ʪʦʧʣʠʚʘ ʚ 
ʢʦʥʝʯʥʦʡ 
ʪʦʯʢʝ, ʤʣ 

ʂʦʣʠʯʝʩʪʚʦ 

ʟʘʪʨʘʯʝʥʥʦʛʦ    
ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʟʘ 
ʦʜʠʥ ʧʨʦʭʦʜ, ʤʣ 

1 2 3 4 5 

1 29 30 32 35 30 130 950 600 350 

2 32 35 39 39 35 128 600 240 360 

3 42 50 54 49 49 125 900 525 375 

4 58 65 66 62 54 116 525 143 382 

5 62 72 69 75 64 109 900 515 385 

6 67 79 80 82 69 118 515 125 390 

7 72 82 85 87 75 119 950 550 400 

8 80 89 90 90 79 117 550 140 410 
 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʘ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʦʪ ʯʠʩʣʘ ʧʨʦʭʦʜʦʚ ʛʫʩʝʥʠʯʥʦʛʦ ʪʨʘʢʪʦʨʘ  

ʧʦ ʦʜʥʦʤʫ ʚʦʣʦʢʫ 



 
 
 

 

 
Science, Technology and Higher Education  April 17th, 2013.  Vol. II 

 

182 

 

 
 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʢʦʣʝʠ ʦʪ ʯʠʩʣʘ ʧʨʦʭʦʜʦʚ ʛʫʩʝʥʠʯʥʦʛʦ ʪʨʘʢʪʦʨʘ ʧʦ ʦʜʥʦʤʫ ʚʦʣʦʢʫ:  
 

1 ï ʧʝʨʚʳʡ ʧʠʢʝʪ; 2 ï ʚʪʦʨʦʡ ʧʠʢʝʪ; 3 ï ʪʨʝʪʠʡ ʧʠʢʝʪ; 
4 ï ʯʝʪʚʸʨʪʳʡ ʧʠʢʝʪ; 5 ï ʧʷʪʳʡ ʧʠʢʝʪ 

 
ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʘ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʦʪ ʛʣʫʙʠʥʳ ʢʦʣʝʠ: 

 

1 ï ʧʝʨʚʳʡ ʧʠʢʝʪ; 2 ï ʚʪʦʨʦʡ ʧʠʢʝʪ; 3 ï ʪʨʝʪʠʡ ʧʠʢʝʪ; 4 ï ʯʝʪʚʸʨʪʳʡ ʧʠʢʝʪ; 5 ï ʧʷʪʳʡ ʧʠʢʝʪ 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
1.  ɻʣʫʙʠʥʘ ʢʦʣʝʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʢʘʞʜʳʤ ʧʨʦʭʦʜʦʤ ʪʨʘʢʪʦʨʘ. 
2. ʅʘ ʩʫʛʣʠʥʠʩʪʦʡ ʧʦʯʚʝ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʣʝʠ ʧʨʦʭʦʜʠʣ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: 
ʘ) ʩʜʠʨʘʥʠʝ ʜʚʠʞʠʪʝʣʝʤ ʤʘʣʦʧʨʦʯʥʦʡ ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ 

ʚʳʜʘʚʣʠʚʘʥʠʝʤ ʩʦʜʨʘʥʥʦʡ ʧʦʜʩʪʠʣʢʠ ʚʚʝʨʭ ʠ ʚ ʩʪʦʨʦʥʳ ʦʪ ʜʚʠʞʠʪʝʣʷ ʤʘʰʠʥʳ. 
ʙ)  ʚʳʨʘʚʥʠʚʘʥʠʝ ʠ ʧʨʠʢʘʪʳʚʘʥʠʝ ʜʚʠʞʠʪʝʣʝʤ ʤʠʢʨʦʧʦʚʳʰʝʥʠʡ ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʩʣʦʷ 

ʧʦʯʚʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʨʳʭʣʝʥʠʝʤ ʝʛʦ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʛʨʫʥʪʦʟʘʮʝʧʘʤʠ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩ 
ʦʩʪʘʪʢʘʤʠ ʩʦʜʨʘʥʥʦʡ ʧʦʜʩʪʠʣʢʠ. 

ʚ) ʋʧʣʦʪʥʝʥʠʝ ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʩʣʦʷ ʧʦʯʚʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ 
ʧʨʦʭʦʜʘʭ ʤʘʰʠʥʳ. ʇʨʠ ʵʪʦʤ ʛʨʫʥʪʦʟʘʮʝʧʳ ʨʘʟʨʳʭʣʷʶʪ ʚʝʨʭʥʠʡ ʩʣʦʡ ʠ ʫʧʣʦʪʥʷʶʪ ʥʠʞʝʣʝʞʘʱʠʝ ʩʣʦʠ. 

3. ʈʘʩʭʦʜ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʢʦʣʝʠ ʚ ʩʨʝʜʥʝʤ ʥʘ 
9 ʤʠʣʣʠʣʠʪʨʦʚ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʪʨʘʢʪʦʨʘ. 

4. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʛʣʫʙʠʥʳ ʢʦʣʝʠ ʚ ʩʨʝʜʥʝʤ ʥʘ 60%, ʨʘʩʭʦʜ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 15 %. 
ʄʝʪʦʜʳ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʝʝʦʙʨʘʟʦʚʘʥʠʷ 
ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʢʦʣʝʠ ʚʦʟʨʘʩʪʘʝʪ ʨʘʩʭʦʜ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
ʝʩʣʠ ʧʨʝʜʣʦʞʠʪʴ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʤʝʥʴʰʠʪʴ ʢʦʣʝʝʦʙʨʘʟʦʚʘʥʠʝ, ʪʦ ʵʪʦ ʧʦʟʚʦʣʠʪ 

ʩʵʢʦʥʦʤʠʪʴ ʪʦʧʣʠʚʦ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʩʪʦʠʤʦʩʪʴ ʜʨʝʚʝʩʠʥʳ. 
ɻʣʫʙʦʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʬʠʣʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʠ ʚʦʣʦʢʘ ʧʦʩʣʝ ʣʝʩʦʩʝʯʥʳʭ ʤʘʰʠʥ 

ʧʨʦʚʝʜʝʥʳ ʎʅʀʀʄʕ [6-13]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʧʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʠʟʫʯʝʥʠʷ 540 ʧʨʦʬʠʣʝʡ ʢʦʣʝʠ ʠ 
ʨʝʟʫʣʴʪʘʪʳ 17 ʪʳʩ. ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʦʙʤʝʨʝʥʦ 
2200 ʤ. ʪʨʝʣʝʚʦʯʥʳʭ ʚʦʣʦʢʦʚ (ʧʘʩʝʯʥʳʭ ʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʩʦʪʳ 
ʤʠʢʨʦʧʨʦʬʠʣʝʡ ʢʦʣʝʠ ʧʦʜʯʠʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɼʘʥʥʳʝ ʦʪʥʦʩʷʪʩʷ ʢ 
ʩʫʭʠʤ ʪʨʝʣʝʚʦʯʥʳʤ ʚʦʣʦʢʘʤ, ʠʤʝʶʱʠʤ ʜʦʩʪʘʪʦʯʥʦ ʪʚʝʨʜʫʶ ʦʧʦʨʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʋʩʪʘʥʦʚʣʝʥʳ 
ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʷ ʥʘ ʧʦʯʚʫ ʦʪ ʤʘʩʩʳ ʤʘʰʠʥʳ ʠ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʚʠʞʠʪʝʣʷ. 

ɺ ʨʘʙʦʪʘʭ [11-12] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʩʣʘʙʳʭ ʛʨʫʥʪʘʭ ʠ ʛʣʫʙʦʢʦʤ ʩʥʝʛʝ 
ʤʘʰʠʥʳ, ʧʝʨʝʛʨʫʞʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʦʙʨʘʟʫʶʪ ʛʣʫʙʦʢʫʶ ʢʦʣʝʶ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʘʝʪʩʷ ʧʨʦʭʦʜʠʤʦʩʪʴ ʤʘʰʠʥ, ʘ ʯʨʝʟʤʝʨʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʧʦʯʚʳ ʥʘ ʪʨʝʣʝʚʦʯʥʳʭ 
ʚʦʣʦʢʘʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʝʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 
ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʠ ʪʝʤʧʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʣʝʠ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʝ ʢʦʣʝʠ. ʆʪʤʝʯʘʝʪʩʷ 
ʪʘʢʞʝ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʪʨʝʣʝʚʦʯʥʦʛʦ ʪʨʘʢʪʦʨʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʰʠʨʠʥʳ 
ʛʫʩʝʥʠʮʳ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʝʤʧʘ ʢʦʣʝʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʩ ʧʦʚʳʰʝʥʠʝʤ ʰʠʨʠʥʳ 
ʛʫʩʝʥʠʮʳ ʩʥʠʞʘʝʪʩʷ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʤʘʰʠʥʳ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʪʨʝʣʝʚʦʯʥʳʭ ʪʨʘʢʪʦʨʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʙʠʨʘʪʴ ʣʝʩʦʩʝʯʥʳʡ ʬʦʥʜ ʧʦ ʫʩʣʦʚʠʷʤ ʧʨʦʭʦʜʠʤʦʩʪʠ. 

ʍʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʥʘ ʢʦʣʝʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʨʪʠʤʝʥʪʦʚʦʟʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʘʭ [14-15]. ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʬʦʨʤʫʣʳ ʠ ʛʨʘʬʠʢʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʦʣʦʢʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʟʘ ʩʯʝʪ ʫʢʨʝʧʣʝʥʠʷ ʧʦʨʫʙʦʯʥʳʤʠ 
ʦʩʪʘʪʢʘʤʠ. ʇʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʛʣʫʙʠʥʳ ʢʦʣʝʠ ʦʪ ʯʠʩʣʘ ʧʨʦʭʦʜʦʚ ʩʦʨʪʠʤʝʥʪʦʚʦʟʘ ʥʘ 
ʫʢʨʝʧʣʝʥʥʦʤ ʠ ʥʝ ʫʢʨʝʧʣʝʥʥʦʤ ʚʦʣʦʢʘʭ. 

ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʪʦʣʱʠʥʘ ʩʣʦʷ ʩʫʯʴʝʚ (6-7 ʩʤ) ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘ 25-30%. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʚʪʦʨʳ ʨʝʢʦʤʝʥʜʫʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 
ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʨʫʙʦʢ ʫʭʦʜʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ [13] ʩʣʦʷ ʧʦʨʫʙʦʯʥʳʭ ʦʩʪʘʪʢʦʚ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, 
ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʱʠʥʫ ʩʣʦʷ ʧʦʨʫʙʦʯʥʳʭ ʦʩʪʘʪʢʦʚ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʫʜʝʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʥʘ ʛʨʫʥʪ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʣʱʠʥʳ ʩʣʦʷ ʫʢʨʝʧʣʝʥʠʷ ʚʦʣʦʢʘ 
ʧʦʨʫʙʦʯʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʣʝʩʦʟʘʛʦʪʦʚʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʥʘ ʨʘʟʥʳʭ ʪʠʧʘʭ ʛʨʫʥʪʘ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [8] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʧʦʭʦʜʘʭ ʟʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ 
ʢʦʣʝʠ ʦʪ ʯʠʩʣʘ ʧʨʦʭʦʜʦʚ ʠ ʝʝ ʧʨʠʨʦʩʪ ʟʘ ʦʜʠʥ ʠʭ ʥʠʭ ʫ ʛʫʩʝʥʠʯʥʳʭ ʠ ʢʦʣʝʩʥʳʭ ʣʝʩʦʧʨʦʤʳʰʣʝʥʥʳʭ 
ʪʨʘʢʪʦʨʦʚ (ʩ ʣʝʩʥʳʤʠ ʰʠʥʘʤʠ) ʙʣʠʟʢʠ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ ʫ ʧʝʨʚʳʭ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʘ ʫ ʚʪʦʨʳʭ ʚ 2,5-3,0 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʵʪʦʪ 
ʫʨʦʚʝʥʴ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʜʚʠʞʠʪʝʣʷ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚʳ, ʢʘʩʘʪʝʣʴʥʦʡ ʩʠʣʳ ʪʷʛʠ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʨʘʢʪʦʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʷʥʠʷ ʪʨʝʣʝʚʦʯʥʳʭ ʚʦʣʦʢʦʚ ʧʦʩʣʝ ʧʨʦʭʦʜʘ ʢʦʣʝʩʥʳʭ 
ʪʨʘʢʪʦʨʦʚ, ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [7]. ʇʦʣʫʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʠʢʨʦʧʨʦʬʠʣʝʡ 

ʩʫʭʠʭ ʪʨʝʣʝʚʦʯʥʳʭ ʚʦʣʦʢʦʚ, ʠʤʝʶʱʠʭ ʜʦʩʪʘʪʦʯʥʦ ʪʚʝʨʜʫʶ ʦʧʦʨʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʪʨʝʣʝʚʢʠ ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʠʝ ʧʨʦʭʦʜʠʤʦʩʪʠ ʧʫʪʝʤ ʫʢʨʝʧʣʝʥʠʷ ʝʟʜʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʘ ʠ 
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ʧʨʠʤʝʥʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʨʘʟʨʘʙʦʪʢʠ ʣʝʩʦʩʝʢ. ɸʚʪʦʨʳ [16] ʜʘʶʪ ʦʧʨʝʜʝʣʝʥʠʝ 
ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʨʫʥʪʘ ï ʧʨʝʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʘʷ ʨʘʟʨʫʰʝʥʠʝ ʠ ʚʳʧʠʨʘʥʠʝ ʛʨʫʥʪʘ. 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʣʝʩʥʳʝ ʤʘʰʠʥʳ ʩ ʢʦʣʸʩʥʦ-ʛʫʩʝʥʠʯʥʳʤ ʜʚʠʞʠʪʝʣʝʤ. 
ʌʦʨʚʘʨʜʝʨ, ʢʦʣʝʩʘ ʪʘʥʜʝʤʥʦʡ ʪʝʣʝʞʢʠ ʢʦʪʦʨʦʛʦ ʦʩʥʘʱʝʥʳ ʛʫʩʝʥʠʮʘʤʠ, ʦʢʘʟʳʚʘʝʪ ʚ ʩʨʝʜʥʝʤ 
ʤʝʥʴʰʝʝ ʜʘʚʣʝʥʠʝ ʥʘ ʧʦʯʚʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ ʢʦʣʝʩʥʳʤ ʚʘʨʠʘʥʪʦʤ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ, ʥʘ 
ʩʣʘʙʳʭ ʛʨʫʥʪʘʭ ʜʦʩʪʠʛʘʝʪʩʷ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ, ʯʪʦ 
ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʤʘʰʠʥʳ. ʆʜʥʦʚʨʝʤʝʥʥʦ, ʯʝʨʝʟ ʫʤʝʥʴʰʝʥʠʝ 
ʢʦʣʝʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ, ʩʥʠʞʘʝʪʩʷ ʦʙʱʠʡ ʚʨʝʜ ʥʘʥʦʩʠʤʳʡ ʣʝʩʥʦʡ ʵʢʦʩʨʝʜʝ. 

ʆʙʦʩʥʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʉʝʚʝʨʦ-ɿʘʧʘʜʝ ʈʌ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʣʝʩʦʩʝʯʥʳʭ ʨʘʙʦʪ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ 
ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʣʠʛʦʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʈʝʩʧʫʙʣʠʢʘ ʂʘʨʝʣʠʷ, ʧʦʩʢʦʣʴʢʫ 
ʪʝʨʨʠʪʦʨʠʷ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʨʘʙʦʪʫ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʣʝʩʦʟʘʛʦʪʦʚʠʪʝʣʴʥʦʡ 
ʪʝʭʥʠʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʣʝʩʦʩʝʯʥʳʭ ʨʘʙʦʪ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ 
ʫʩʣʦʚʠʷʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʉʝʚʝʨʦ-ɿʘʧʘʜʘ ʈʦʩʩʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [17] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʪʨʝʣʸʚʦʯʥʳʭ ʤʘʰʠʥ 
ʩʨʝʜʥʠʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʧʨʠʥʠʤʘʝʪʩʷ 12 ʣʠʪʨʦʚ ʟʘ ʦʜʠʥ ʯʘʩ ʨʘʙʦʪʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʨʚʘʨʜʝʨʘ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 
ʌʘʢʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʨʚʘʨʜʝʨʘ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʨʝʣʠʷ 
 

ˉ ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ɼʚʫʭ- 
ʩʤʝʥʥʳʡ 
ʨʝʞʠʤ 

ʊʨʸʭ- 
ʩʤʝʥʥʳʡ 
ʨʝʞʠʤ 

1 ʏʠʩʣʦ ʨʘʙʦʯʠʭ ʤʘʰʠʥʦ-ʜʥʝʡ ʧʨʝʙʳʚʘʥʠʷ ʤʘʰʠʥʳ ʚ ʭʦʟʷʡʩʪʚʝ ʟʘ ʛʦʜ 
(ʧʦ ʬʘʢʪʫ) 

250 250 

2 ʏʠʩʣʦ ʤʘʰʠʥʦ-ʜʥʝʡ ʧʨʝʙʳʚʘʥʠʷ ʤʘʰʠʥʳ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʠʩʧʨʘʚʥʦʤ 
ʩʦʩʪʦʷʥʠʠ ʟʘ ʛʦʜ (ʧʦ ʬʘʢʪʫ) 

200 200 

3 ʏʠʩʣʦ ʤʘʰʠʥʦ-ʜʥʝʡ ʚ ʨʘʙʦʪʝ ʟʘ ʛʦʜ ʚ 1 ʩʤʝʥʫ 150 150 

4 ʏʠʩʣʦ ʤʘʰʠʥʦ-ʩʤʝʥ ʚ ʨʘʙʦʪʝ ʚʩʝʛʦ (ʧʦ ʬʘʢʪʫ) 300 450 

5 ʏʠʩʣʦ ʤʘʰʠʥʦ-ʩʤʝʥ ʥʘ ʦʩʥʦʚʥʳʭ ʨʘʙʦʪʘʭ (ʧʦ ʬʘʢʪʫ) 270 405 

6 ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʭʥʠʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ 0,8 0,8 

7 ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʧʨʘʚʥʳʭ ʤʘʰʠʥ 0,75 0,75 

8 ʂʦʵʬʬʠʮʠʝʥʪ ʩʤʝʥʥʦʩʪʠ 2 3 

9 ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʰʠʥʳ ʥʘ ʦʩʥʦʚʥʳʭ ʨʘʙʦʪʘʭ 0,9 0,9 

10 ɹʘʣʘʥʩ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʰʠʥʳ ʚ ʛʦʜ ʚ ʯʘʩʘʭ (ʧʦ ʬʘʢʪʫ) 2160 3240 
 

ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 1 ʠ ʪʘʙʣʠʮʳ 2 ʨʘʩʩʯʠʪʳʚʘʝʤ ʩʫʤʤʫ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʩʵʢʦʥʦʤʠʪʴ 
ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʝʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ 60%. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ 3 
ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ 

 

ʇʦʢʘʟʘʪʝʣʠ ɺʝʣʠʯʠʥʘ 

ɹʘʣʘʥʩ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʰʠʥʳ ʚ ʛʦʜ ʚ 

ʯʘʩʘʭ (ʧʦ ʬʘʢʪʫ), ʯʘʩʳ/ʛʦʜ 

2-ʭ ʩʤʝʥʥʳʡ ʨʝʞʠʤ 2160 

3-ʭ ʩʤʝʥʥʳʡ ʨʝʞʠʤ 3240 

                          ʉʨʝʜʥʠʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʣ/ʯ 12 

ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ ʟʘ ʛʦʜ, ʣ/ʛʦʜ 2-ʭ ʩʤʝʥʥʳʡ ʨʝʞʠʤ 25920 

3-ʭ ʩʤʝʥʥʳʡ ʨʝʞʠʤ 38880 

                  ʎʝʥʘ ʟʘ 1 ʣʠʪʨ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʨʫʙ 31 

ʉʪʦʠʤʦʩʪʴ ʪʦʧʣʠʚʘ, ʨʫʙ/ʛʦʜ 2-ʭ ʩʤʝʥʥʳʡ ʨʝʞʠʤ 803520 

3-ʭ ʩʤʝʥʥʳʡ ʨʝʞʠʤ 1205280 

ʕʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ (-15%), ʣ/ʛʦʜ 2-ʭ ʩʤʝʥʥʳʡ ʨʝʞʠʤ 3888 

3-ʭ ʩʤʝʥʥʳʡ ʨʝʞʠʤ 5832 

ʕʢʦʥʦʤʠʷ ʜʝʥʝʛ (-15%), ʨʫʙ/ʛʦʜ 2-ʭ ʩʤʝʥʥʳʡ ʨʝʞʠʤ 120528 

3-ʭ ʩʤʝʥʥʳʡ ʨʝʞʠʤ 180792 
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ɿʘʢʣʶʯʝʥʠʝ 
ɼʚʠʞʝʥʠʝ ʣʝʩʥʳʭ ʤʘʰʠʥ ʧʦ ʚʦʣʦʢʘʤ ʣʝʩʦʩʝʢʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʥʘʢʦʧʣʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʨʘʩʪʸʪ ʛʣʫʙʠʥʘ ʢʦʣʝʠ, ʢʦʪʦʨʘʷ ʚʣʠʷʝʪ ʥʘ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ. ʇʨʦʮʝʩʩ 
ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʣʝʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ ʠ ʤʥʦʛʦʩʚʷʟʥʳʤ ʧʨʦʮʝʩʩʦʤ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 
ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʦʪ ʛʣʫʙʠʥʳ ʢʦʣʝʠ. 

ʄʝʪʦʜʳ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʝʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ 
ʪʦʧʣʠʚʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʝʥʴʰʠʪʴ ʩʪʦʠʤʦʩʪʴ ʜʨʝʚʝʩʠʥʳ. 
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Abstract 

Concretes and mortars represent artificial materials, derived from a mixture consisting of binding materials 
(cement, lime) and aggregates (crushed stone, gravel and sand). The main physical and mechanical 
properties of concrete, in particular its strength properties, to a large extent depend on the homogeneity of 
the structure. Therefore, while preparing the concrete mix, the aim should be to achieve the maximum 

possible its homogeneity, which depends both on the homogeneity properties of the components of the 
mixture, and because of the uniformity of their distribution. One of the most effective methods that would 
improve the quality of concrete is a vibratory processing. The descriptions provided in this article of 
experimental vibratory mixer device, as well as the analysis of the study of the process of mixing of the 
concrete mixture on the results of time comparison of the strength of concrete, cooked in a mixer with the 
use of vibration and without it, give a clear idea about the effectiveness of the implementation of vibration in 
the process of mixing. Vibro-activation allows you to reduce the time of hardening of the finished concrete 
product, which gives the opportunity after 7-14 days, when there is a set of 90% of its maximum strength, to 
recommend it for use for the purpose. Comparative basic mode, with only on the process, as the results 
show, receive 90% of its strength only 20 per day. This advantage will allow reducing time of reception of the 
finished product, to reduce potential downtime in the technological process, in addition, a reduction in 
energy intensity will reduce the time of preparing the mixture and to increase the productivity. 
 

Keywords: concrete mixture, vibration, vibration treatment, activation, cement dough, vibration exciter, 
bellows, strength, the time of mixing. 
 

ɸʥʥʦʪʘʮʠʷ 

ɹʝʪʦʥʳ ʠ ʩʪʨʦʠʪʝʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʘʝʤʳʝ ʠʟ 
ʩʤʝʩʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʚʷʞʫʱʠʭ ʚʝʱʝʩʪʚ (ʮʝʤʝʥʪʘ, ʠʟʚʝʩʪʠ) ʠ ʟʘʧʦʣʥʠʪʝʣʝʡ (ʱʝʙʥʷ, ʛʨʘʚʠʷ ʠ ʧʝʩʢʘ). 

ʆʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʝʛʦ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʚ 
ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ. ʇʦʵʪʦʤʫ, ʧʨʠʛʦʪʘʚʣʠʚʘʷ ʙʝʪʦʥʥʫʶ ʩʤʝʩʴ, 
ʩʣʝʜʫʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʜʦʩʪʠʞʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʝʸ ʦʜʥʦʨʦʜʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ 
ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʚʦʡʩʪʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʤʝʩʠ, ʪʘʢ ʠ ʦʪ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʆʜʥʠʤ ʠʟ 
ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʚʳʰʘʶʱʠʭ ʢʘʯʝʩʪʚʦ ʙʝʪʦʥʘ, ʷʚʣʷʝʪʩʷ ʚʠʙʨʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ. 
ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʤʝʩʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, 
ʘ ʪʘʢ ʞʝ  ʘʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʨʝʤʝʥʠ 
ʩʨʘʚʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʚ ʵʪʦʤ ʩʤʝʩʠʪʝʣʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʠʙʨʘʮʠʠ ʠ ʙʝʟ ʥʝʝ, 
ʜʘʶʪ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʚʠʙʨʘʮʠʠ ʚ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 

ɺʠʙʨʦʘʢʪʠʚʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʨʝʤʷ ʦʪʚʝʨʜʝʚʘʥʠʷ ʛʦʪʦʚʦʛʦ ʙʝʪʦʥʥʦʛʦ ʠʟʜʝʣʠʷ, ʯʪʦ ʜʘʝʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ ʠʩʪʝʯʝʥʠʠ 7-14 ʩʫʪʦʢ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘʙʦʨ 90% ʦʪ  ʩʚʦʝʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ, 
ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʝʝ ʢ ʧʨʠʤʝʥʝʥʠʶ ʧʦ ʥʘʟʥʘʯʝʥʠʶ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʙʘʟʦʚʳʡ ʨʝʞʠʤ, ʠʤʝʶʱʠʡ ʪʦʣʴʢʦ 
ʧʝʨʝʤʝʰʠʚʘʶʱʠʡ ʧʨʦʮʝʩʩ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʘʶʪ 90% ʩʚʦʝʡ ʧʨʦʯʥʦʩʪʠ ʪʦʣʴʢʦ ʥʘ 20 
ʩʫʪʢʠ. ɼʘʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ  ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ, ʩʦʢʨʘʪʠʪʴ 
ʚʦʟʤʦʞʥʳʝ ʧʨʦʩʪʦʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, ʢʨʦʤʝ ʪʦʛʦ, ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʦʟʚʦʣʠʪ 
ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʠ ʠ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʪʦʥʥʘʷ ʩʤʝʩʴ, ʚʠʙʨʘʮʠʷ, ʚʠʙʨʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʘʢʪʠʚʘʮʠʷ, ʮʝʤʝʥʪʥʦʝ 

ʪʝʩʪʦ, ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʴ, ʩʠʣʴʬʦʥ, ʧʨʦʯʥʦʩʪʴ, ʚʨʝʤʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 

                                                             
Ò Lobanov D.V., Efremov I.M., Likhanov A.A., 2013 
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ɹʝʪʦʥʳ ʠ ʩʪʨʦʠʪʝʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, 
ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʩʤʝʩʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʚʷʞʫʱʠʭ ʚʝʱʝʩʪʚ (ʮʝʤʝʥʪʘ, ʠʟʚʝʩʪʠ) ʠ ʟʘʧʦʣʥʠʪʝʣʝʡ (ʱʝʙʥʷ, 
ʛʨʘʚʠʷ ʠ ʧʝʩʢʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʚʷʞʫʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʚʦʜʦʡ 
ʦʙʨʘʟʫʝʪʩʷ ʮʝʤʝʥʪʥʳʡ (ʠʟʚʝʩʪʢʦʚʳʡ) ʢʘʤʝʥʴ, ʟʘʧʦʣʥʷʶʱʠʡ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʱʝʙʥʝʤ ʠ 
ʧʝʩʢʦʤ. ɼʣʷ ʵʢʦʥʦʤʠʠ ʮʝʤʝʥʪʘ ʠ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʧʨʦʯʥʦʛʦ ʙʝʪʦʥʘ ʩʣʝʜʫʝʪ ʪʘʢ ʧʦʜʙʠʨʘʪʴ ʢʦʤʧʦ-
ʥʝʥʪʳ ʩʤʝʩʠ, ʯʪʦʙʳ ʤʝʞʜʫ ʥʠʤʠ ʙʳʣʦ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʩʪʦʪ. ɺ ʢʘʯʝʩʪʚʝ ʟʘʧʦʣʥʠʪʝʣʝʡ 
ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʣʝʛʢʠʝ ʤʘʪʝʨʠʘʣʳ: ʰʣʘʢ, ʧʝʤʟʘ, ʢʝʨʘʤʟʠʪ. 

ʆʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʝʛʦ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ, 
ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ. ʇʦʵʪʦʤʫ, ʧʨʠʛʦʪʘʚʣʠʚʘʷ ʙʝʪʦʥʥʫʶ 
ʩʤʝʩʴ, ʩʣʝʜʫʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʜʦʩʪʠʞʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʝʸ ʦʜʥʦʨʦʜʥʦʩʪʠ, ʢʦʪʦʨʘʷ 
ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʚʦʡʩʪʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʤʝʩʠ, ʪʘʢ ʠ ʦʪ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʠʭ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ [1, 2]. 

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʤʝʩʠʪʝʣʝʡ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʨʦʪʦʨʥʦʛʦ ʪʠʧʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ 
ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʙʦʨʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʘ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ 
ʦʪʜʝʣʴʥʳʭ ʩʤʝʩʝʡ ʚʳʩʦʢʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʚʳʰʘʶʱʠʭ ʢʘʯʝʩʪʚʦ ʙʝʪʦʥʘ, ʷʚʣʷʝʪʩʷ 
ʚʠʙʨʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ [3, 4, 5, 6, 7, 8, 9]. 

ɺʦʟʜʝʡʩʪʚʠʝ ʚʠʙʨʘʮʠʠ ʥʘ ʮʝʤʝʥʪʦʙʝʪʦʥʥʫʶ ʩʤʝʩʴ ʧʨʠʚʦʜʠʪ ʝʝ ʚ ʩʦʩʪʦʷʥʠʝ 
ʪʠʢʩʦʪʨʦʧʥʦʛʦ ʨʘʟʞʠʞʝʥʠʷ [10], ʯʘʩʪʠʮʳ ʩʤʝʩʠ ʤʥʦʛʦʢʨʘʪʥʦ ʩʦʫʜʘʨʷʷʩʴ ʤʝʞʜʫ ʩʦʙʦʡ, ʠʤʝʶʪ 
ʧʦʚʳʰʝʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʜʠʬʬʫʥʜʠʨʦʚʘʥʠʶ (ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʶ), ʥʝʞʝʣʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 
ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʛʜʘ ʩʤʝʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʟʞʠʞʘʝʪʩʷ, ʘ ʩʦʫʜʘʨʝʥʠʝ ʛʨʫʧʧ ʯʘʩʪʠʮ 
ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʨʝʞʝ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʚʠʙʨʠʨʦʚʘʥʠʠ ʩʤʝʩʠ, ʚ ʧʨʦʮʝʩʩʝ 
ʝʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʠʟʚʝʩʪʥʘʷ ʘʢʪʠʚʘʮʠʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ, ʢʦʪʦʨʘʷ ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ 
ʪʚʝʨʜʝʥʠʷ ʙʝʪʦʥʥʦʡ ʤʘʩʩʳ ʠ ʧʨʦʯʥʦʩʪʴ ʠʟʜʝʣʠʷ, ʘ ʪʘʢ ʞʝ ʫʣʫʯʰʘʝʪ ʩʪʨʫʢʪʫʨʫ ʙʝʪʦʥʘ [4, 11, 12]. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʠʙʨʦʧʝʨʝʤʝʰʠʚʘʥʠʝ ʫʩʪʨʘʥʷʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʷʚʣʝʥʠʷ, ʧʦʥʠʞʘʷ ʚʷʟʢʦʩʪʴ 
ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʧʨʦʮʝʩʩʝ ʚʠʙʨʦʧʝʨʝʤʝʰʠʚʘʥʠʷ ʞʝʩʪʢʠʝ ʙʝʪʦʥʥʳʝ ʩʤʝʩʠ 
ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʧʣʘʩʪʠʯʥʳʝ, ʮʝʤʝʥʪʥʦʝ ʪʝʩʪʦ ʧʨʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʚʥʦʚʴ ʩʪʘʥʦʚʠʪʩʷ 
ʢʣʝʡʢʠʤ, ʯʪʦ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʝ ʜʣʷ ʦʙʚʦʣʘʢʠʚʘʥʠʷ ʟʝʨʝʥ ʟʘʧʦʣʥʠʪʝʣʷ. ʂ ʪʦʤʫ ʞʝ ʫʩʪʨʘʥʷʝʪʩʷ 
ʚʨʝʜʥʦʝ ʜʝʡʩʪʚʠʝ ʛʣʠʥʠʩʪʳʭ ʧʨʠʤʝʩʝʡ ʚ ʧʝʩʢʝ, ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʩʮʝʧʣʝʥʠʶ ʮʝʤʝʥʪʥʦʛʦ 
ʢʘʤʥʷ ʩ ʟʘʧʦʣʥʠʪʝʣʝʤ, ʧʦʥʠʞʘʷ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʘ [4, 11]. 

ʆʪʜʝʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʛʣʠʥʳ, ʧʦʧʘʚ ʚ ʮʝʤʝʥʪʥʳʡ ʢʘʤʝʥʴ, ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʫʚʣʘʞʥʝʥʠʠ ʠ 
ʚʳʩʳʭʘʥʠʠ ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ 
ʨʘʟʨʫʰʝʥʠʶ ʙʝʪʦʥʘ, ʧʦʥʠʞʘʷ ʝʛʦ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʇʨʠ ʠʥʪʝʥʩʠʚʥʦʤ  ʚʠʙʨʦʧʝʨʝʤʝʰʠʚʘʥʠʠ 
ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʛʣʠʥʠʩʪʳʝ ʧʣʝʥʢʠ ʤʝʭʘʥʠʯʝʩʢʠ ʩʯʠʱʘʶʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʝʥ ʟʘʧʦʣʥʠʪʝʣʷ, 
ʚʢʣʶʯʝʥʠʷ ʛʣʠʥʳ ʨʘʟʨʫʰʘʶʪʩʷ, ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʜʠʩʧʝʨʛʠʨʫʷʩʴ ʚ ʚʦʜʝ ʜʦ ʢʦʣʣʦʠʜʥʳʭ ʨʘʟʤʝʨʦʚ, 

ʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʮʝʤʝʥʪʦʤ ʪʝʩʪʝ, ʧʣʘʩʪʠʬʠʮʠʨʫʷ ʝʛʦ. ʊʘʢ ʞʝ ʚʝʜʫʪ ʩʝʙʷ ʠ 
ʧʳʣʝʚʘʪʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʱʝʙʥʷ ʠ ʧʝʩʢʘ [4]. 

ɺʠʙʨʦʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʚ ʦʙʲʝʤʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 
ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, ʜʝʣʘʷ ʝʝ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʡ ʧʦ ʩʦʩʪʘʚʫ (ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ), ʯʝʤ ʧʨʠ ʦʙʳʯʥʦʤ 
ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʨʘʟʨʫʰʠʪʴ ʢʦʘʛʫʣʷʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʦʣʣʦʠʜʥʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʢʣʝʷ, ʨʘʚʥʦʤʝʨʥʦ 
ʨʘʩʧʨʝʜʝʣʠʪʴ ʚʦʜʫ ʤʝʞʜʫ ʟʝʨʥʘʤʠ ʮʝʤʝʥʪʘ ʠ ʮʝʤʝʥʪʥʦʝ ʪʝʩʪʦ ʤʝʞʜʫ ʟʝʨʥʘʤʠ ʟʘʧʦʣʥʠʪʝʣʷ, ʯʪʦ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʭʦʨʦʰʝʡ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʠ ʞʝʩʪʢʠʭ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ, ʚʩʣʝʜʩʪʚʠʝ ʠʭ 
ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʠʷ, ʠ ʧʦʣʫʯʝʥʠʶ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʩ ʪʦʥʢʦʢʘʧʠʣʣʷʨʥʦʡ ʧʦʨʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ [4]. 

ʕʪʠ ʬʘʢʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʘʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʠʙʨʘʮʠʠ ʫʞʝ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ [3, 4, 5]. 
ɺʠʙʨʘʮʠʷ ʨʘʟʨʫʰʘʝʪ ʢʦʘʛʫʣʷʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʥʠʞʘʷ ʚʷʟʢʦʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʮʝʤʝʥʪʥʦʝ ʤʦʣʦʢʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ. ʇʨʦʠʩʭʦʜʷʱʝʝ 
ʧʨʠ ʵʪʦʤ ʫʩʠʣʝʥʥʦʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʮʝʤʝʥʪʥʳʭ ʯʘʩʪʠʮ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʧʦʣʥʦʡ ʠ ʙʳʩʪʨʦʡ 
ʛʠʜʨʘʪʘʮʠʠ ʮʝʤʝʥʪʘ [5]. 

ɸʢʪʠʚʘʮʠʷ ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ ʚ ʧʨʦʮʝʩʩʝ ʚʠʙʨʦʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ 
ʪʚʝʨʜʝʥʠʷ ʙʝʪʦʥʥʦʡ ʤʘʩʩʳ ʠ ʧʨʦʯʥʦʩʪʴ ʠʟʜʝʣʠʷ, ʘ ʪʘʢ ʞʝ ʫʣʫʯʰʘʝʪ ʩʪʨʫʢʪʫʨʫ ʙʝʪʦʥʘ [10]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʤʝʩʠʪʝʣʝʡ, 
ʢʦʪʦʨʳʝ ʧʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʠ ʩʧʦʩʦʙʘʤ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ 
ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ [6, 7, 8, 9]: 

1. ɺʠʙʨʘʮʠʦʥʥʳʝ ʩʤʝʩʠʪʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩ ʩʤʝʰʠʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ 
ʩʘʤʦʮʠʨʢʫʣʷʮʠʠ ʩʤʝʩʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʝʙʘʥʠʡ ʢʦʨʧʫʩʘ ʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 
(ʢʘʨʢʘʩʦʚ). 
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2. ɺʠʙʨʘʮʠʦʥʥʳʝ ʩʤʝʩʠʪʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʥʫʜʠʪʝʣʴʥʦʝ ʩʤʝʰʠʚʘʥʠʝ ʩʦʯʝʪʘʝʪʩʷ ʩ 
ʚʠʙʨʘʮʠʦʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʩʤʝʩʴ ʯʝʨʝʟ ʢʦʨʧʫʩ, ʣʦʧʘʩʪʥʦʡ ʚʘʣ ʣʠʙʦ ʚʩʪʨʦʝʥʥʳʡ ʵʣʝʤʝʥʪ 
ʢʦʥʩʪʨʫʢʮʠʠ. 

3. ɺʠʙʨʘʮʠʦʥʥʳʝ ʩʤʝʩʠʪʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʩʚʦʙʦʜʥʦʝ ʩʤʝʰʠʚʘʥʠʝ ʩʤʝʩʠ ʩ 
ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʠʙʨʘʮʠʦʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʯʝʨʝʟ ʢʦʨʧʫʩ ʣʠʙʦ ʚʩʪʨʦʝʥʥʳʡ ʵʣʝʤʝʥʪ 
ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺʠʙʨʘʮʠʦʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʟʳʚʘʶʪ ʪʠʢʩʦʪʨʦʧʥʦʝ ʨʘʟʞʠʞʝʥʠʝ ʧʨʠʛʦʪʘʚʣʠʚʘʝʤʦʡ 
ʩʤʝʩʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʥʠʞʘʝʪʩʷ ʠʭ ʫʩʣʦʚʥʳʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚʷʟʢʦʩʪʴ (ʚ 100 
ʠ ʙʦʣʝʝ ʨʘʟ), ʦʪʯʝʛʦ ʩʤʝʩʴ ʧʨʠʦʙʨʝʪʘʝʪ ʩʚʦʡʩʪʚʘ ʞʠʜʢʦʩʪʠ. 

ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʙʦʣʴʰʠʭ ʢʦʣʝʙʣʶʱʠʭʩʷ ʤʘʩʩ, ʥʠʟʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʤʝʥʪʘ ʧʨʠʚʦʜʘ 
ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʙʦʣʴʰʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʤʝʰʠʚʘʥʠʷ, ʤʘʣʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 
ʷʚʣʷʶʪʩʷ ʪʝʤ, ʯʪʦ ʚʠʙʨʘʮʠʦʥʥʳʝ ʩʤʝʩʠʪʝʣʠ ʥʝ ʥʘʰʣʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʚ ɹʨʘʪʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʥʘ ʢʘʬʝʜʨʝ 
ʇʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ, ʩʪʨʦʠʪʝʣʴʥʳʭ, ʜʦʨʦʞʥʳʭ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʉɼʄ) ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʨʦʪʦʨʥʦ-ʚʠʙʨʘʮʠʦʥʥʳʡ ʩʤʝʩʠʪʝʣʴ (ʨʠʩ. 1). ʈʦʪʦʨʥʦ-ʚʠʙʨʘʮʠʦʥʥʳʡ ʩʤʝʩʠʪʝʣʴ 
ʩʦʜʝʨʞʠʪ ʢʘʤʝʨʫ ʩʤʝʰʠʚʘʥʠʷ ʠ ʨʦʪʦʨ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʥʝʤ ʣʦʧʘʩʪʷʤʠ. ɺ ʮʝʥʪʨʝ ʢʘʤʝʨʳ 
ʩʤʝʰʠʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥ ʚʠʙʨʘʪʦʨ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʢʦʣʝʙʘʥʠʡ ʦʪ ʢʨʠʚʦʰʠʧʥʦ-

ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ɺʠʙʨʘʪʦʨ (ʨʠʩ. 2) ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʩʠʣʴʬʦʥʘ ʠ ʨʘʩʧʦʣʦʞʝʥ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 
ʢʘʤʝʨʳ ʩʤʝʰʠʚʘʥʠʷ. ɺ ʩʤʝʩʠʪʝʣʝ ʠʤʝʶʪʩʷ ʪʘʢ ʞʝ ʦʢʥʘ ʟʘʛʨʫʟʢʠ ʠ ʚʳʛʨʫʟʢʠ ʤʘʪʝʨʠʘʣʦʚ. 

 

 
 
ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʨʦʪʦʨʥʦ-ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʩʤʝʩʠʪʝʣʷ: 

 

1 ï ʢʘʤʝʨʘ ʩʤʝʰʠʚʘʥʠʷ; 2 ï ʨʦʪʦʨ; 3 ï ʣʦʧʘʩʪʠ; 4 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʧʨʠʚʦʜʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʩ 

ʣʦʧʘʩʪʷʤʠ; 5 ï ʨʝʜʫʢʪʦʨ ʧʨʠʚʦʜʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʩ ʣʦʧʘʩʪʷʤʠ; 6 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʧʨʠʚʦʜʘ 
ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ; 7 ï ʚʘʣ ʧʨʠʚʦʜʘ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ; 8 ï ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʳʡ ʤʝʭʘʥʠʟʤ;  

9 ï ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʴ (ʩʠʣʴʬʦʥ). 
 
ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʣʴʬʦʥʘ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʧʝʨʝʜʘʯʫ ʚʠʙʨʘʮʠʠ ʥʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʩʤʝʩʴ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʚʠʙʨʦʟʘʱʠʪʳ ʦʙʲʝʢʪʘ, ʢʘʢ ʥʘ 
ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʪʘʢ ʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʮʝʣʦʤ. 

ɻʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʟʘʜʘʯʫ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʙʝʪʦʥʥʦʡ ʚʭʦʜʠʣʦ 
ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʚʠʙʨʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʨʦʪʦʨʥʦ-ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʩʤʝʩʠʪʝʣʷ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ. 
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʠʙʨʦʧʝʨʝʤʝʰʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʨʘʚʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ 

ʙʝʪʦʥʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʚ ʨʦʪʦʨʥʦ-ʚʠʙʨʘʮʠʦʥʥʦʤ ʩʤʝʩʠʪʝʣʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʠʙʨʘʮʠʠ ʠ ʙʝʟ ʥʝʝ. 
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ʈʠʩ. 2. ɺʠʙʨʘʪʦʨ:  
 

1 ï ʩʠʣʴʬʦʥ; 2 ï ʢʨʳʰʢʘ ʩʠʣʴʬʦʥʘ; 3 ï ʘhʪʫʥ 
 
ɺ ʢʘʯʝʩʪʚʝ ʚʷʞʫʱʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ɸʥʛʘʨʩʢʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ ʤʘʨʢʠ 

ʄ400 ɼ20. ʄʝʣʢʠʤ ʟʘʧʦʣʥʠʪʝʣʝʤ ʷʚʣʷʣʩʷ ʟʫʝʚʩʢʠʡ ʩʦʨʪʠʨʦʚʘʥʥʳʡ ʧʝʩʦʢ, ʜʦʙʳʚʘʝʤʦʛʦ ʢʘʨʴʝʨʦʤ ˉ1 
ʙʨʘʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʫʧʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʱʝʙʝʥʴ ʜʠʘʙʘʟʦʚʳʡ ʬʨʘʢʮʠʠ 10ï20 ʤʤ. 

ʉʦʩʪʘʚ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʙʳʣ ʚʳʙʨʘʥ ʩ ɺ/ʎ=0,5 ʠ ʧʦʜʙʠʨʘʣʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 
27006-86 ʚ ʩʣʝʜʫʶʱʠʭ ʧʨʦʧʦʨʮʠʷʭ ʎ:ʇ:ʑ=1:2:3. ʌʦʨʤʦʚʘʥʠʝ ʠ ʠʩʧʳʪʘʥʠʝ ʦʙʨʘʟʮʦʚ  ʨʘʟʤʝʨʦʤ 
100ʭ100ʭ100 ʤʤ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 10105-86 ʠ ɻʆʉʊ 10181-2000. 

ʉʦʩʪʘʚʣʷʶʱʠʝ ʩʤʝʩʠ ʟʘʛʨʫʞʘʣʠʩʴ ʚ ʩʤʝʩʠʪʝʣʴ ʧʦʩʣʦʡʥʦ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 
ʥʘ ʜʥʦ ʩʤʝʩʠʪʝʣʷ ʫʢʣʘʜʳʚʘʣʩʷ ʧʝʩʦʢ, ʟʘʪʝʤ ʮʝʤʝʥʪ, ʧʦʩʣʝ ʯʝʛʦ ʱʝʙʝʥʴ, ʚ ʧʦʩʣʝʜʥʶʶ ʦʯʝʨʝʜʴ 
ʨʘʚʥʦʤʝʨʥʦ ʥʘ ʚʩʶ ʟʘʛʨʫʟʢʫ ʧʦʜʘʚʘʣʦʩʴ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɺ/ʎ=0,5. 
ɺʢʣʶʯʘʣʩʷ ʚʠʙʨʘʪʦʨ, ʠ ʩʨʘʟʫ ʚʳʚʦʜʠʣʘʩʴ ʟʘʜʘʥʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʣʦʧʘʩʪʥʦʛʦ ʚʘʣʘ. ʇʦ ʠʩʪʝʯʝʥʠʠ 
ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʚʳʢʣʶʯʘʣʩʷ ʧʨʠʚʦʜ ʣʦʧʘʩʪʥʦʛʦ ʚʘʣʘ. ɿʘʪʝʤ ʚʳʢʣʶʯʘʣʩʷ ʚʠʙʨʘʪʦʨ, ʠ ʚʩʷ ʩʤʝʩʴ ʠʟ 
ʩʤʝʩʠʪʝʣʷ ʚʳʛʨʫʞʘʣʘʩʴ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ 100ʭ100ʭ100 ʤʤ. ɺ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 10105-86 ʠ ɻʆʉʊ 10181-2000 ʦʙʨʘʟʮʳ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ ʫʧʣʦʪʥʷʣʠʩʴ ʥʘ 
ʩʧʝʮʠʘʣʴʥʦʡ ʚʠʙʨʘʮʠʦʥʥʦʡ ʧʣʦʱʘʜʢʝ ʩ ʯʘʩʪʦʪʦʡ 3000 ʤʠʥ-1 ʠ ʘʤʧʣʠʪʫʜʦʡ 0,35 ʤʤ. 

ʇʦʣʴʟʫʷʩʴ ʵʪʦʡ ʞʝ ʤʝʪʦʜʠʢʦʡ, ʬʦʨʤʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʠʟ ʩʤʝʩʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʪʦʤ ʞʝ 
ʩʤʝʩʠʪʝʣʝ, ʥʦ ʫʞʝ ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʤ ʚʠʙʨʘʪʦʨʝ. 

ɸʤʧʣʠʪʫʜʘ ʠ ʯʘʩʪʦʪʘ ʚʠʙʨʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ: ɸ=1; 2; 3 ʤʤ, ɤ=95,82; 146,82; 284,21 ʩï1.  
ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3, 4 ʠ 5. 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʥʘ ʩʞʘʪʠʝ ʦʪ ʚʨʝʤʝʥʠ ʪʚʝʨʜʝʥʠʷ  

(ʚʨʝʤʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 30 ʩʝʢʫʥʜ, ʘʤʧʣʠʪʫʜʘ ʚʠʙʨʠʨʦʚʘʥʠʷ 1 ʤʤ). 
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ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʥʘ ʩʞʘʪʠʝ ʦʪ ʚʨʝʤʝʥʠ ʪʚʝʨʜʝʥʠʷ 

 (ʚʨʝʤʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 30 ʩʝʢʫʥʜ, ʘʤʧʣʠʪʫʜʘ ʚʠʙʨʠʨʦʚʘʥʠʷ 2 ʤʤ). 
 

 
 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʥʘ ʩʞʘʪʠʝ ʦʪ ʚʨʝʤʝʥʠ ʪʚʝʨʜʝʥʠʷ  

(ʚʨʝʤʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 30 ʩʝʢʫʥʜ, ʘʤʧʣʠʪʫʜʘ ʚʠʙʨʠʨʦʚʘʥʠʷ 3 ʤʤ). 
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ɺ ʦʙʱʝʤ ʚʠʜʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʚʠʙʨʘʮʠʠ ʚ 
ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʪʚʝʨʜʝʚʘʥʠʷ ʛʦʪʦʚʦʛʦ 
ʙʝʪʦʥʥʦʛʦ ʠʟʜʝʣʠʷ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ ʠʩʪʝʯʝʥʠʠ 7-14 ʩʫʪʦʢ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘʙʦʨ 90% ʦʪ  
ʩʚʦʝʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʢ ʧʨʠʤʝʥʝʥʠʶ ʧʦ ʥʘʟʥʘʯʝʥʠʶ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʙʘʟʦʚʳʡ 
ʨʝʞʠʤ, ʠʤʝʶʱʠʡ ʪʦʣʴʢʦ ʧʝʨʝʤʝʰʠʚʘʶʱʠʡ ʧʨʦʮʝʩʩ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʘʶʪ 90% ʩʚʦʝʡ 
ʧʨʦʯʥʦʩʪʠ ʪʦʣʴʢʦ ʥʘ 20 ʩʫʪʢʠ. ɼʘʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ  ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʦʛʦ 
ʠʟʜʝʣʠʷ, ʩʦʢʨʘʪʠʪʴ ʚʦʟʤʦʞʥʳʝ ʧʨʦʩʪʦʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, ʢʨʦʤʝ ʪʦʛʦ, ʩʥʠʞʝʥʠʝ 
ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʠ ʠ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 
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Abstract 

This article examines the phenomenon of electric charges while rubbing each other particles (tribo ï electricity) 
when the flow of convection drying of skim milk. Shows the experimental installation to study this phenomenon. 
The results of tribo ï charging particles of dry skim milk depending from the length of the path. Felt the need to 
study this phenomenon to develop ways to eliminate its negative impact on the process of convection drying. 
 

Keywords: Tribo ï electricity, electrical charges, the cylinder of Faraday, the electric double layer, the 
measuring contour, convection drying, skim milk, a bio ï object, the dissipation of electric charges, the level of 
surface energy.  

 

Triboïelectricity is phenomenon of electrical charges due friction particles each other two 
materials. Acquisition their electrical charges are equal to the absolute value and opposite in sign.  

This phenomenon occurs during the process  of convection drying of skim milk. This 
significantly may reduce the effectiveness of the equipment due to adhesion particle product in the drying 
plant walls. For developing of the measures to eliminate this negative process is necessary to investigate 
the mechanism of its occurrence. 

Known some a number of methods and devices for measuring electric charge as the mass, so 
and individual particles. [1, 2, 3] The most common is a method of measuring of the potential with using 
of the cylinder of Faraday (English physicist 1791 ï 1867). This method was used in our experiments. 

The essence of this method is to charge potential of the specified capacity (C) and then 
measuring the potential of its. The cylinder of Faraday consists from of receiver particles (metal capacity) 
in the shielding earthed casing. Receiver particles are isolated from earthed casing through dielectric 
material with a large resistance, for example: ï fluorine plastic. It is necessary to increase the time of the 
dissipation of electric charges from the measuring contour. In addition, the receiver particles (metal 
capacity) connects screened conductor with recording devices, for example ï electrostatic voltmeter and 
electric capacitance meter (electrometer). 

For the measuring tribo ï electricity of the electrical charges particles a bio ï object was 
developed experimental installation, which presented in Figure 1. 

 

 
 

Fig. 1. Experimental installation for measurement of electrical charges: 
 

1.ï the cylinder of Faraday; 2. ï the inclined surface; 3. ï receiver particles; 4. ï electrostatic voltmeter;  
5. ï electric capacitance meter (electrometer) 
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In process the convective drying occurs the emergence of the electric charge due friction 
particles of dry skim milk each other. Or with a surface of a different material, for example ï air channels 
and drying plant walls. 

Electric charges particles were determined on the inclined surface made of metal and dielectrics 
(polyethylene, nylon). Identify potential particles of dry skim milk conducted at temperature T = 18Á ʉ and 
relative air humidity 75 ï 80%.  

Specific electric charge of particles (Coulomb/kg), was determined according to the formula:  
 
                                                                          CU 

q sp =      -------- 
                                                                            m 

ʉ ï capacitance measurement circuit, (Farad);  
U ï voltage, Volt;  
m ï the mass of particles of dry skim milk, kg. 

 
Found with increasing length of the traversed path, as shown in Figure 2 of particles of dry skim 

milk greatly increased contact specific area of particles with the surface of the metal inclined surface.  

 
This contributed to the ascending values of specific electrical charges. All the particles of dry 

skim milk are gaining positive polarity charges because the free electrons are generated easily passed 
metal the inclined surface ï conductor. Tribo ï electricity effect is the result of an exchange between the 
contacting surfaces of particles and, according to some authors [4, 5, 6], is associated with the formation 
of a common contact of electric double layer that serves as the direct source of static charges.  

Energy state surfaces before its contact is characterized by a certain equilibrium condition. 
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On contact surfaces of energy state is being violated, because them in contact consists of a 
surface with different level of surface energy [7]. Newly formed electric double layer, equal to more than 
one micrometric, is characterized by new energy state.  

When you break a contact on each particle are uncompensated electric charges of opposite 
sign, the value of which is determined by the kinetics of processes taking place in the formation and 
rupture of electric double layer in place of contact of particles. 

Kinetics for each individual case reports of electric charges depends on a number of factors 
associated with electrical ï physical characteristic of the contacting of phases and the specific conditions 
under which the process of tribo ï electrization [8, 9].  

When replacing the metal inclined surface on the dielectric (polyethylene and nylon) in tribo ï 
electrization were accumulated charges of opposite polarity, both the metal inclined surface and the 
particles of dry skim milk. This increased the difference of the potential between the surface of the metal 
inclined surface and particles, which gravitation to metal inclined surface. 

Study on the tribo ï electricity of particles of dry skimmed milk necessary for understanding and 
managing the phenomena occurring during the course of production processes of drying of various 
materials, including dried skimmed milk.  

When spraying condensed skim milk in a spray dryer, with the subsequent subsidence of dry 

powder on the wall of the drying plant, the transportation of powder in the air canal, etc., is an undesirable 
build-up of static charges that ground circuit drying plant or take other protection methods.  

This should be taken into account when designing the drying plants in order to reduce the 
negative effects of ignition of dry milk in the drying process [10]. 
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According to SP 63.13330.2012 mid-span deflection of flexural prestressed concrete simply 
supported beams can be calculated by the Eq. (1): 

max

2 1
ö
÷

õ
æ
ç

å
=

r
slf

,                                                          (1) 
where  s ï factor, depending on the design model element and the type of load; 
      (1 / r) ï total curvature in cross-section with a maximum flexural moment of the load. 

The curvature 1 / r  of flexural prestressed concrete elements from the respective load is given by: 

D

eNM

r

opp Ö-
=

1
                                                        (2) 

where ʄ - bending moment of the external load; 
         Np ï pre-compression force; 
        ʝʦʨ ï eccentricity of the center of gravity of the reduced cross section of the element;  
          D ï flexural stiffness of the reduced cross section of the element. 

 
Stiffness of reinforced concrete elements in the area with no cracks in the tension zone is 

calculated by Eq. (3): 

,1 redb IED=
                                                           (3) 

where Eb1 - modulus of elasticity of compressed concrete,  
          Ired - moment of inertia of the reduced cross-sectional area relative to its center of gravity, as 
qualified by the presence or absence of cracks  

The moment of inertia Ired   of the reduced cross section of the element is given by Eq. (4): 

aa ssred IIII ¡++=
,                                                        (4) 

( )20 cxs yhAI -=
,                                                          (5) 

( )2ayAI css
¡-¡=¡

,                                                           (6) 

1b

s

E

E
=a

,                                                                    (7) 
Is, Is` - moments of inertia of the cross section area, respectively, tensioned and compressed 
reinforcement relative to the center of gravity of the reduced cross section element;  
           Ŭ - reduction coefficient for concrete reinforcement,  
         ys - the distance from the most compressed fiber concrete to the center of gravity given cross 
section of the element . 

Modulus of deformation of concrete takes by: 

bb EE 85.01 =  - in short action of the load, 

crb

b
b

E
E

,

1
1 j+
=

   - in case of prolonged action of loading, 
Stiffness of reinforced concrete elements in the area with cracks in the tension zone is defined 

by Eq. (8):  

( )msreds xhzAED -= 0,
,                                                        (8) 

,
3

1
0 mxhz -=

                                                                (9) 
where z ï distance from the center of gravity of the tension reinforcement to the point of application of 

the resultant efforts in the compressed zone. 
The moment of inertia of the reduced cross section of the element Ired its center of gravity is 

given Eq. (10):  
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where Ŭs1 ʠ  Ŭs2  ï reduction coefficient for concrete reinforcement for compression and tensile 
reinforcement, respectively. 

      Eb,red ʠ Es,red ï  reduced modulus of deformation of the compressed concrete and reinforcement, 
respectively. 

The curvature of flexural  prestressed elements may be determined by Eq. (13): 
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where zp ï the distance from the point of application of force to the point of pre-reduction efforts in the 
application of the resultant compressed zone; 

           z ï distance from the center of gravity of the tension reinforcement to the point of application 
resultant efforts in the compressed zone; 

         xN ï height of the compressed zone with the influence of pre-compression. 
 

According to Eurocode 2 for prestressed flexural elements for the maximum deflection of simply 
supported beams can be calculated by Eq. (14): 
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where  P ï pre-tensioning force; 
          e0 ï  distance from the neutral axis to the line of the trace output prestressing rod; 
         e`0 ï the amplitude of the trace trace prestressing rod adjustment element ; 

           a ï  factor depending on the application of the load circuit; 

          ɓ  ï  factor depending on the trace prestressing rod (a = 1/8 ð for rods with a straight axle track; a 
= 5/48 ð  to turn down a parabola); 

          EI ï  flexural stiffness of the prestressed element. 
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for agentsô functionality and possible variants of agentsô operability are described. We give disadvantages 
of existent rule-based security systems and emphasize the perspective of multi-agent security system 
and capability to use it for building adaptive security system in accordance with network structure, 
required safety level and available compute resources. 
 
Keywords: Information security, Security system, Adaptive security, Multi-agent systems 
 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 
ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʠʩʪʝʤʘ ʘʜʘʧʪʠʚʥʦʡ ʟʘʱʠʪʳ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʝ. ʇʨʝʜʩʪʘʚʣʝʥʳ 
ʜʦʩʪʦʠʥʩʪʚʘ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʦʧʠʩʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʨʝʰʝʥʠʷ. ʆʧʠʩʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʘʛʝʥʪʦʚ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 
ʇʨʠʚʦʜʷʪʩʷ ʥʝʜʦʩʪʘʪʢʠ ʠʤʝʶʱʠʭʩʷ ʩʠʩʪʝʤ ʟʘʱʠʪʳ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʘʚʠʣ. 
ʆʪʤʝʯʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ 
ʧʦʩʪʨʦʝʥʠʷ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʩʝʪʠ, ʪʨʝʙʫʝʤʳʤ ʫʨʦʚʥʝʤ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʠʤʝʶʱʠʤʠʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʉʠʩʪʝʤʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ɸʜʘʧʪʠʚʥʘʷ 
ʟʘʱʠʪʘ, ʄʥʦʛʦʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ. 

 
ʅʝʦʙʭʦʜʠʤʳʤ ʟʘʱʠʪʥʳʤ ʨʫʙʝʞʦʤ ʚ ʣʶʙʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ (ʀʉ) ʷʚʣʷʝʪʩʷ 

ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ (ʉɿʀ). ʂʦʛʜʘ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʧʳʪʘʝʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ 
ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʢ ʩʠʩʪʝʤʝ, ʦʥ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʪʘʢʠʤʠ ʉɿʀ ʠ ʧʨʦʙʫʝʪ ʦʙʦʡʪʠ ʠʭ, 
ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʘʪʘʢ. ʅʝʣʴʟʷ ʟʘʨʘʥʝʝ ʧʨʝʜʫʛʘʜʘʪʴ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʙʫʜʝʪ ʜʝʡʩʪʚʦʚʘʪʴ 
ʥʘʨʫʰʠʪʝʣʴ, ʢʘʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʥ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴ, ʢʘʢʠʝ ʚʳʷʚʠʪ ʫʷʟʚʠʤʦʩʪʠ (ʠ ʚʳʷʚʠʪ ʣʠ) ʠ ʢʘʢ 
ʠʭ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ. ʕʪʠ ʜʝʪʘʣʠ ʦʧʠʩʳʚʘʝʪ ʤʦʜʝʣʴ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 
ʘʙʩʪʨʘʢʪʥʳʤ (ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʠʣʠ ʥʝʬʦʨʤʘʣʠʟʦʚʘʥʥʳʤ) ʦʧʠʩʘʥʠʝʤ ʥʘʨʫʰʠʪʝʣʷ ʧʨʘʚʠʣ 
ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʣʦʞʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʵʪʫ ʤʦʜʝʣʴ, ʪʘʢ ʢʘʢ ʩʧʦʩʦʙʳ 
ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʦʩʪʦʷʥʥʦ ʤʦʜʠʬʠʮʠʨʫʶʪʩʷ ʠ ʫʣʫʯʰʘʶʪʩʷ. ʊʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʩ 
ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʝʩʣʠ ʩʝʡʯʘʩ ʜʘʥʥʳʤʠ ʀʉ ʠʥʪʝʨʝʩʫʝʪʩʷ ʪʦʣʴʢʦ 
ʥʘʨʫʰʠʪʝʣʠ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʚ ʚʦʟʤʦʞʥʦʩʪʷʭ, ʪʦ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʵʪʠʤʠ ʞʝ 
ʜʘʥʥʳʤʠ ʥʝ ʟʘʠʥʪʝʨʝʩʫʶʪʩʷ ʭʦʨʦʰʦ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʥʘʨʫʰʠʪʝʣʠ ʩ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 
ʦʙʦʨʫʜʦʚʘʥʠʝʤ (ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʡ - 4 ʫʨʦʚʝʥʴ). ɺʩʸ ʵʪʦ ʚʝʜʸʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʟʘʱʠʱʸʥʥʦʩʪʠ, ʉɿʀ ʜʦʣʞʥʘ ʙʳʪʴ ʘʜʘʧʪʠʚʥʦʡ, ʪʦ ʝʩʪʴ ʫʤʝʪʴ ʠʟʤʝʥʷʪʴ ʘʣʛʦʨʠʪʤʳ 
ʩʚʦʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ ʚʦʟʤʦʞʥʦ, ʠ ʩʪʨʫʢʪʫʨʫ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʪʘʢʫʶ ʉɿʀ, ʥʘʜʦ 

ʧʦʥʷʪʴ ʠʟ ʯʝʛʦ ʩʦʩʪʦʠʪ ʠ ʢʘʢ ʨʘʙʦʪʘʝʪ ʪʠʧʠʯʥʘʷ ʀʉ. 
ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʚ ʫʟʢʦʤ ʩʤʳʩʣʝ - ʵʪʦ  ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʘʷ ʩʠʩʪʝʤʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠ 
ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʣʦʞʝʥʥʦʡ ʚ ʥʝʝ ʣʦʛʠʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ, 
ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʀʉ ʚ ʫʟʢʦʤ ʩʤʳʩʣʝ - 
ʢʘʢ ʧʨʦʛʨʘʤʤʥʫʶ ʩʠʩʪʝʤʫ (ʇʉ), ʜʣʷ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʇʨʦʛʨʘʤʤʥʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʤʦʜʫʣʠ ʠʣʠ ʢʦʤʧʦʥʝʥʪʳ. ʊʘʢʠʝ ʢʦʤʧʦʥʝʥʪʳ 
ʢʘʢ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʉʋɹɼ) (ʥʘʧʨʠʤʝʨ, Microsoft SQL Server, MySQL), ʚʝʙ-
ʩʝʨʚʝʨ (Microsoft IIS, Apache) ʠ ʨʘʟʣʠʯʥʳʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʠʢʣʘʜʥʳʝ ʧʨʦʛʨʘʤʤʳ 

(ʧʣʘʪʬʦʨʤʘ Microsoft Dynamics CRM, ʬʨʝʡʤʚʦʨʢ Yii) ʧʨʠʩʫʱʠ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʇʉ. ɼʣʷ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʀʉ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʳ, ʥʘʩʪʨʦʝʥʳ ʤʝʭʘʥʠʟʤʳ 
ʘʚʪʦʨʠʟʘʮʠʠ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʚ ɹɼ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʩʧʨʘʚʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʟʘʜʘʥʳ 
ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘʧʫʩʢʘ ʩʣʫʞʙ ʠ ʪ.ʜ. ʕʪʠ ʥʘʯʘʣʴʥʳʝ ʥʘʩʪʨʦʡʢʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʵʪʘʣʦʥʥʳʤ, 
ʚʩʝ ʦʥʠ ʤʦʛʫʪ (ʠ ʙʫʜʫʪ) ʠʟʤʝʥʷʪʴʩʷ ʚ ʭʦʜʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. ʂʘʞʜʳʡ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ 
ʩʠʩʪʝʤʳ ʦʪʚʝʯʘʝʪ ʟʘ ʦʧʨʝʜʝʣʸʥʥʳʡ ʥʘʙʦʨ ʟʘʜʘʯ ʠ ʚʳʧʦʣʥʷʝʪ ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʥʘʙʦʨʦʤ 
ʜʝʡʩʪʚʠʷ, ʥʘʧʨʠʤʝʨ, ʉʋɹɼ ï ʟʘ ʜʦʩʪʫʧ ʢ ʙʘʟʝ ʜʘʥʥʳʭ, ʟʘ ʤʝʭʘʥʠʟʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʜʨ., ʚʝʙ-
ʩʝʨʚʝʨ ï ʟʘ ʦʙʨʘʙʦʪʢʫ ʚʝʙ-ʟʘʧʨʦʩʦʚ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʠʢʣʘʜʥʳʝ ʧʨʦʛʨʘʤʤʳ ʩʦʟʜʘʥʳ ʜʣʷ 
ʨʝʰʝʥʠʷ ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʥʳʭ ʟʘʜʘʯ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʀʟʤʝʥʝʥʠʝ ʥʘʩʪʨʦʝʢ ʠ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ 
ʤʦʞʥʦ ʧʨʦʪʦʢʦʣʠʨʦʚʘʪʴ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ (ʅʉɼ) ʠ ʝʛʦ ʧʨʠʯʠʥ. ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ, ʦʩʫʱʝʩʪʚʠʚ ʅʉɼ, 
ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʬʘʡʣʘʤ ʘʫʜʠʪʘ ʠ ʫʜʘʣʠʪʴ ʟʘʧʠʩʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʝʛʦ 
ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʩʠʩʪʝʤʝ. 
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ʆʧʠʨʘʷʩʴ ʥʘ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʪʝʟʠʩʳ: 
1. ʀʉ ʩʦʩʪʦʠʪ ʠʟ ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʘʯʘʣʴʥʳʝ ʥʘʩʪʨʦʡʢʠ ʠ ʚʳʧʦʣʥʷʶʪ 

ʦʧʨʝʜʝʣʸʥʥʳʡ (ʢʦʥʝʯʥʳʡ) ʥʘʙʦʨ ʜʝʡʩʪʚʠʡ; 
2. ɺ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʀʉ ʥʘʩʪʨʦʡʢʠ ʢʦʤʧʦʥʝʥʪ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ, ʘ ʩʘʤʠ 

ʢʦʤʧʦʥʝʥʪʳ ʚʳʧʦʣʥʷʶʪ ʦʧʝʨʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʠʭ ʟʘʜʘʯ; 
3. ʀʟʤʝʥʝʥʠʷ ʥʘʩʪʨʦʝʢ ʠ ʚʳʧʦʣʥʝʥʠʝ ʜʝʡʩʪʚʠʡ ʤʦʞʥʦ ʦʪʩʣʝʞʠʚʘʪʴ; 
ʊʠʧʠʯʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʷʚʣʷʶʪʩʷ: [3] 
- ʦʰʠʙʢʠ ʢʦʥʬʠʛʫʨʘʮʠʠ (ʧʨʘʚ ʜʦʩʪʫʧʘ, ʬʘʝʨʚʦʣʦʚ, ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʤʘʩʩʦʚʦʩʪʴ ʟʘʧʨʦʩʦʚ ʢ 

ʙʘʟʘʤ ʜʘʥʥʳʭ); 
- ʩʣʘʙʘʷ ʟʘʱʠʱʸʥʥʦʩʪʴ ʩʨʝʜʩʪʚ ʘʚʪʦʨʠʟʘʮʠʠ (ʭʠʱʝʥʠʝ ʧʘʨʦʣʝʡ, ʩʤʘʨʪ ʢʘʨʪ, 

ʬʠʟʠʯʝʩʢʠʡ ʜʦʩʪʫʧ ʢ ʧʣʦʭʦ ʦʭʨʘʥʷʝʤʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʜʦʩʪʫʧ ʢ ʥʝʟʘʙʣʦʢʠʨʦʚʘʥʥʳʤ ʨʘʙʦʯʠʤ 
ʤʝʩʪʘʤ ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʦʪʨʫʜʥʠʢʦʚ); 

- ʦʰʠʙʢʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ; 
- ʟʣʦʫʧʦʪʨʝʙʣʝʥʠʝ ʩʣʫʞʝʙʥʳʤʠ ʧʦʣʥʦʤʦʯʠʷʤʠ (ʚʦʨʦʚʩʪʚʦ ʨʝʟʝʨʚʥʳʭ ʢʦʧʠʡ, ʢʦʧʠʨʦʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʚʥʝʰʥʠʝ ʥʦʩʠʪʝʣʠ ʧʨʠ ʧʨʘʚʝ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ); 
- ʧʨʦʩʣʫʰʠʚʘʥʠʝ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʟʘʱʠʱʸʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʥʫʪʨʠ 

ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʚʠʘʪʫʨʥʳʭ ʰʧʠʦʥʦʚ, ʚʠʨʫʩʦʚ ʠ ʪʨʦʷʥʦʚ ʥʘ 

ʢʦʤʧʴʶʪʝʨʘʭ ʩʦʪʨʫʜʥʠʢʦʚ ʜʣʷ ʠʤʧʝʨʩʦʥʘʣʠʟʘʮʠʠ; 
ʇʨʠʯʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʝʤ ʚʠʜʝ ʠ ʤʦʛʫʪ ʙʳʪʴ ʜʦʧʦʣʥʝʥʳ ʠ ʦʧʠʩʘʥʳ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ, ʦʜʥʘʢʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʠʭ ʚʩʝ ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʵʪʦ ʧʦʪʨʝʙʫʝʪ ʛʠʛʘʥʪʩʢʠʭ 
ʫʩʠʣʠʡ ʩʦ ʩʪʦʨʦʥʳ ʵʢʩʧʝʨʪʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʛʨʦʤʥʳʭ 
ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. ʇʦʵʪʦʤʫ, ʩʪʦʠʪ ʦʪʪʘʣʢʠʚʘʪʴʩʷ ʦʪ ʪʦʛʦ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʯʠʥʳ ʅʉɼ, 
ʩʘʤ ʜʦʩʪʫʧ (ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ) ï ʧʝʨʝʢʦʥʬʠʛʫʨʘʮʠʷ ʤʦʜʫʣʝʡ ʠ ʚʳʧʦʣʥʝʥʠʝ ʩ ʠʭ 
ʧʦʤʦʱʴʶ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʦʧʝʨʘʮʠʡ. ɺʩʸ ʵʪʦ ʩʦʟʜʘʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ, ʦʪʣʠʯʘʶʱʫʶʩʷ 
ʦʪ ʦʙʳʯʥʦʡ, ʥʘʛʨʫʟʢʫ ʥʘ ʩʠʩʪʝʤʫ. ʆʧʨʝʜʝʣʝʥʠʝ ʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʵʪʦʡ ʥʘʛʨʫʟʢʝ ʠ ʝʩʪʴ 
ʟʘʜʘʯʘ ʘʜʘʧʪʠʚʥʦʡ ʉɿʀ. 

ʅʘʧʨʠʤʝʨ, ʟʣʦʫʤʳʰʣʝʥʥʠʢ, ʠʩʧʦʣʴʟʫʷ ʥʝʠʟʚʝʩʪʥʫʶ ʫʷʟʚʠʤʦʩʪʴ, ʧʦʣʫʯʠʣ ʜʦʩʪʫʧ ʢ ɹɼ ʠ 
ʩʯʠʪʳʚʘʝʪ ʧʦʣʥʦʩʪʴʶ ʪʘʙʣʠʮʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʘʨʦʣʝʡ. ʇʨʠ ʵʪʦʤ ʦʥ ʩʦʟʜʘʸʪ ʥʝʧʨʠʚʳʯʥʫʶ 
ʥʘʛʨʫʟʢʫ ʥʘ ʉʋɹɼ, ʪʘʢ ʢʘʢ ʚ ʭʦʜʝ ʝʞʝʜʥʝʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʀʉ ʠʟ ʜʘʥʥʦʡ ʪʘʙʣʠʯʢʠ 
ʚʳʙʠʨʘʝʪʩʷ ʣʠʰʴ 1 ʧʦʣʴʟʦʚʘʪʝʣʴ ʚ 1 ʟʘʧʨʦʩʝ. ʀʣʠ ʚ ʩʣʫʯʘʝ ʘʪʘʢʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʦʪʢʘʟ ʚ 
ʦʙʩʣʫʞʠʚʘʥʠʠ (Distributed Denial of Service, DDoS), ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʥʘʛʨʫʟʢʘ ʥʘ ʚʝʙ-
ʩʝʨʚʝʨ, ʢʦʪʦʨʘʷ ʠ ʚʝʜʸʪ ʢ ʝʛʦ ʦʪʢʘʟʫ. ʀ ʚ ʧʝʨʚʦʤ ʠ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʚʳʧʦʣʥʷʝʪ 
ʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʘʜʘʧʪʠʚʥʦʡ ʉɿʀ ʪʨʝʙʫʝʪ ʚʳʩʦʢʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ, 
ʪʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ ʦʪʩʣʝʞʠʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʀʉ ʠ ʦʮʝʥʠʚʘʪʴ ʝʸ. ɼʣʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʟʘʪʨʘʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʦʡ ʧʦʜʭʦʜ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʢʘʢ 
ʤʥʦʛʦʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ (ʄɸʉ). ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʡ ʤʝʪʦʜ, ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʢʘʞʜʳʤ ʤʦʜʫʣʝʤ ʀʉ 
ʘʛʝʥʪʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʪʚʝʯʘʪʴ ʪʦʣʴʢʦ ʟʘ ʥʝʛʦ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʠʩʪʝʤʝ ʟʘʱʠʪʳ ʣʝʛʢʦ 
ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʝʪʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʘʛʝʥʪʦʚ ʦʙʝʩʧʝʯʠʪ ʛʠʙʢʦʩʪʴ 
ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. ʂʦʤʧʦʥʝʥʪʳ ʪʠʧʦʚʦʡ ʀʉ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʫʟʣʘʤ, ʧʦʵʪʦʤʫ 
ʘʛʝʥʪʳ ʄɸʉ ʙʫʜʫʪ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʥʘ ʨʘʟʥʳʭ ʫʟʣʘʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʵʢʦʥʦʤʠʶ 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʊʘʢʞʝ ʟʘ ʩʯʸʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʠ ʧʦʚʳʰʝʥʥʘʷ 
ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ. ʊʘʢ ʢʘʢ ʘʛʝʥʪʳ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʠ ʦʥʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʘ 
ʚʩʝʭ ʫʟʣʘʭ ʩʝʪʠ, ʪʦ ʪʘʢʫʶ ʩʠʩʪʝʤʫ ʘʪʘʢʦʚʘʪʴ ʩʣʦʞʥʝʝ, ʥʝʞʝʣʠ ʩ ʝʜʠʥʳʤ ʩʝʨʚʝʨʦʤ ʟʘʱʠʪʳ. 

ʈʘʩʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʩʝʪʠ ʠʥʬʦʨʤʘʮʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʟʘʱʠʪʘ ʪʨʝʙʫʶʪ ʦʪ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ 
ʧʨʦʚʦʜʠʪʴ ʘʪʘʢʫ ʤʥʦʛʠʭ ʫʟʣʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʜʝʣʴʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ 
ʘʛʝʥʪʦʚ, ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʡ ʉɿʀ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʵʪʠ 
ʧʨʝʠʤʫʱʝʩʪʚʘ ʄɸʉ ʤʦʞʥʦ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʚ ʉɿʀ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [4] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʄɸʉ 
ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʱʠʪʳ ʇʉ ʦʪ ʘʪʘʢ DDoS. 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʉɿʀ ʥʘ ʙʘʟʝ ʄɸʉ ʢʘʞʜʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʩʠʩʪʝʤʳ 
ʥʝʦʙʭʦʜʠʤʦ ʩʦʧʦʩʪʘʚʠʪʴ ʘʛʝʥʪʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʣʝʜʠʪʴ ʟʘ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴʶ (ʈʠʩ. 1). ɾʝʣʘʪʝʣʴʥʦ 
ʨʘʩʧʦʣʘʛʘʪʴ ʘʛʝʥʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʪʦʤ ʫʟʣʝ, ʥʘ ʢʦʪʦʨʦʤ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ñʧʦʜʦʧʝʯʥʳʡò 
ʢʦʤʧʦʥʝʥʪ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʪʴ. 
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ʈʠʩ. 1. ɼʦʙʘʚʣʝʥʠʝ ʉɿʀ ʥʘ ʙʘʟʝ ʄɸʉ ʢ ʩʫʱʝʩʪʚʫʶʱʝʡ ʀʉ 

 
ñʉʣʝʜʠʪʴò ʘʛʝʥʪ ʤʦʞʝʪ ʦʜʥʠʤ ʠʟ ʜʚʫʭ ʩʧʦʩʦʙʦʚ. ʇʝʨʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ - ʵʪʦ ʧʘʩʩʠʚʥʦʝ 

ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʙʦʨʘ ʟʥʘʯʝʥʠʡ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʬʘʡʣʦʚ, ʠʭ ʩʨʘʚʥʝʥʠʷ ʠ 
ʚʳʷʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʡ, ʠ ʘʥʘʣʠʟ ʬʘʡʣʦʚ ʘʫʜʠʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʳʧʦʣʥʝʥʥʳʭ 
ʦʧʝʨʘʮʠʷʭ. ʇʣʶʩ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʚ ʪʦʤ, ʯʪʦ ʘʛʝʥʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʀʉ, ʪʘʢ ʢʘʢ ʥʝ ʙʫʜʫʪ ʚʤʝʰʠʚʘʪʴʩʷ ʚ ʝʸ ʨʘʙʦʪʫ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ 
ʢʦʤʧʦʥʝʥʪʦʚ. ʆʜʥʘʢʦ ʥʘʜʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʘʛʝʥʪʳ ʙʫʜʫʪ ʩʣʝʛʢʘ ñʟʘʧʘʟʜʳʚʘʪʴò ʟʘ 
ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʀʉ. ʈʘʟʤʝʨ ñʟʘʜʝʨʞʢʠò ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʦʡ ʦʧʨʦʩʘ ʥʝʦʙʭʦʜʠʤʳʭ ʬʘʡʣʦʚ. 
ʊʝʭʥʠʯʝʩʢʠ ʪʘʢʠʝ ʘʛʝʥʪʳ ʨʝʘʣʠʟʫʶʪʩʷ ʢʘʢ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʨʘʙʦʪʘʶʱʝʝ ʚ ʬʦʥʦʚʦʤ 
ʨʝʞʠʤʝ. ʅʘʧʨʠʤʝʨ, ʩʣʫʞʙʳ Windows ʠʣʠ ʜʝʤʦʥʳ ʚ Unix ʩʠʩʪʝʤʘʭ. 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ - ʵʪʦ ʘʢʪʠʚʥʳʡ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ, ʪʦ ʝʩʪʴ ʧʨʷʤʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʨʘʙʦʪʫ 
ʀʉ ʩ ʮʝʣʴʶ ʧʨʦʪʦʢʦʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʤʳʭ  ʦʧʝʨʘʮʠʡ.  ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʚ ʥʝʢʦʪʦʨʦʤ 
ʨʦʜʝ ʧʨʦʪʠʚʦʧʦʣʦʞʝʥʥʳʤ ʧʨʝʜʳʜʫʱʝʤʫ, ʪʘʢ ʢʘʢ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʜʝʨʞʢʘʤ ʚ ʨʘʙʦʪʝ ʩʘʤʦʡ ʀʉ, 
ʦʜʥʘʢʦ ʘʛʝʥʪ ʙʫʜʝʪ ʚʩʝʛʜʘ ʦʙʣʘʜʘʪʴ ʩʘʤʦʡ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʩʤʦʞʝʪ ʦʛʨʘʥʠʯʠʪʴ 
ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʠ, ʢʦʪʦʨʘʷ, ʧʦ ʝʛʦ ʤʥʝʥʠʶ, ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʘ. ʊʝʭʥʠʯʝʩʢʠ ʜʘʥʥʳʡ ʧʦʜʭʦʜ 
ʨʝʘʣʠʟʫʶʪʩʷ ʢʘʢ ʦʙʨʘʙʦʪʯʠʢʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʩʦʙʳʪʠʡ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʆʉ MS Windows - ʵʪʦ ʭʫʢʠ, ʘ 
ʚ MS SQL Server - ʵʪʦ ʪʨʠʛʛʝʨʳ. ʄʦʞʥʦ ʩʦʚʤʝʱʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʠʭ ʩʧʦʩʦʙʦʚ, ʥʘʧʨʠʤʝʨ, ʥʘ 
ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʘʭ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʪʦʨʦʡ ʧʦʜʭʦʜ, ʘ ʜʣʷ 
ʤʦʜʫʣʝʡ, ʪʨʝʙʦʚʘʪʝʣʴʥʳʭ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʚʳʡ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦʙʨʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʩʦʩʪʘʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʠʩʝʡ ʚ ʧʨʦʪʦʢʦʣʝ) ʘʛʝʥʪ 
ʦʮʝʥʠʚʘʝʪ "ʜʠʥʘʤʠʢʫ" ʤʦʜʫʣʷ, ʪʦ ʝʩʪʴ ʪʦ, ʢʘʢ ʦʥ ʠʟʤʝʥʷʝʪʩʷ  ʚ ʭʦʜʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. 
ʀʟʤʝʥʝʥʠʷ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʦ, ʪʘʢ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ. ʇʨʠʤʝʨʦʤ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 
ʠʟʤʝʥʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʪʢʣʶʯʝʥʠʝ ʬʘʝʨʚʦʣʘ ʠʣʠ ʚʢʣʶʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʩʪʨʦʝʥʥʦʡ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʚ SQL Server (ʧʦʤʠʤʦ Windows ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ). ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ - 
ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʭʦʜʷʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʨʦʩʪ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ 
ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤʠ ʧʦʣʥʦʤʦʯʠʷʤʠ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʥʘʩʢʦʣʴʢʦ ʪʝʢʫʱʘʷ ʦʧʝʨʘʮʠʷ ʠ ʘʢʪʠʚʥʦʩʪʴ ʚ ʀʉ ʚ ʮʝʣʦʤ 
ñʥʝʦʙʳʯʥʘò,  ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʡ ʩ ʵʪʘʣʦʥʥʳʤʠ. ʃʶʙʦʡ ʦʧʝʨʘʮʠʠ ʚ ʀʉ ʤʦʞʥʦ 
ʩʦʧʦʩʪʘʚʠʪʴ ʥʝʢʦʪʦʨʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʦʪʨʘʞʘʪʴ ñʚʢʣʘʜò ʦʧʝʨʘʮʠʠ ʚ ʦʙʱʫʶ ʜʠʥʘʤʠʢʫ 
ʩʠʩʪʝʤʳ, ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʦʧʝʨʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʠʧʠʯʥʦʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʠʣʠ ʥʘʩʢʦʣʴʢʦ  
ʩʠʣʴʥʦ ʚʳʭʦʜʠʪ ʟʘ ʝʛʦ ʨʘʤʢʠ. ʅʘʟʦʚʸʤ ʵʪʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ñʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʢʠ ʦʧʝʨʘʮʠʠò ʠʣʠ 
ʂɼʆ. ʉʢʣʘʜʳʚʘʷ ʂɼʆ ʦʧʝʨʘʮʠʡ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʠʥʘʤʠʢʫ ʦʪʜʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʠ ʀʉ ʚ ʮʝʣʦʤ. 
ʇʦʣʫʯʠʪʴ ʵʪʘʣʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂɼʆ ʤʦʞʥʦ ʢʘʢ ʵʢʩʧʝʨʪʥʳʤ ʧʫʪʸʤ, ʪʦ ʝʩʪʴ ʩ ʧʦʤʦʱʴʶ ʨʫʯʥʦʛʦ 
ʚʚʦʜʘ ʵʢʩʧʝʨʪʘʤʠ, ʪʘʢ ʠ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ï ʩ ʧʦʤʦʱʴʶ ʵʪʘʧʘ ʦʙʫʯʝʥʠʷ ʜʣʷ ʉɿʀ. ʅʘ ʵʪʘʧʝ 
ʦʙʫʯʝʥʠʷ ʘʛʝʥʪʳ ʙʫʜʫʪ ʩʦʙʠʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʳʧʦʣʥʝʥʠʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʜʝʡʩʪʚʠʡ ʠ ʥʘʢʘʧʣʠʚʘʪʴ 



 
 
 

 

 
Science, Technology and Higher Education  April 17th, 2013.  Vol. II 

 

200 

 

ʩʪʘʪʠʩʪʠʢʫ. ɺ ñʙʦʝʚʦʤ ʨʝʞʠʤʝò (ʥʘ ʵʪʘʧʝ ʟʘʱʠʪʳ) ʵʪʘʣʦʥʥʳʝ ʟʥʘʯʝʥʠʷ ʂɼʆ ʙʫʜʫʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ 
ʢʘʢ ʩʨʝʜʥʝʝ. ʇʨʠ ʵʪʦʤ ʵʢʩʧʝʨʪ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʞʝʪ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʧʦʩʤʦʪʨʝʪʴ 
ʠ ʧʦʧʨʘʚʠʪʴ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʩ ʫʯʸʪʦʤ ʩʚʦʝʛʦ ʦʧʳʪʘ ʠʣʠ ʠʩʭʦʜʷ ʠʟ ʧʣʘʥʠʨʫʝʤʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʀʉ. 
ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʙʦʨ ʩʪʘʪʠʩʪʠʢʠ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʠ ʥʘ ʵʪʘʧʝ ʟʘʱʠʪʳ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ 
ʵʪʘʣʦʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʂɼʆ ʠ ʪʝʢʫʱʠʤ ʦʧʨʝʜʝʣʷʝʪ ñʥʝʪʠʧʠʯʥʦʩʪʴò ʦʧʝʨʘʮʠʠ.  

ʉʠʛʥʘʣʦʤ ʦʧʘʩʥʦʩʪʠ ʙʫʜʝʪ ʩʣʫʞʠʪʴ ʧʨʝʚʳʰʝʥʠʝ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ 
ʵʪʘʣʦʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʠʥʘʤʠʢʠ ʠ ʪʝʢʫʱʠʤʠ. ʇʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʢʘʢ ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʤʦʜʫʣʷ, 
ʪʘʢ ʠ ʜʣʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʘ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ ʠʣʠ ʟʘʜʘʥʳ ʚʨʫʯʥʫʶ. ʕʪʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʟʥʘʯʘʶʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʢ ʦʪʢʣʦʥʝʥʠʷʤ ʚ ʧʦʚʝʜʝʥʠʠ ʀʉ ʠ 
ʧʦʟʚʦʣʷʶʪ (ʧʫʩʪʴ ʠ ʢʦʩʚʝʥʥʦ) ʦʧʨʝʜʝʣʷʪʴ ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʟʘʱʠʱʸʥʥʦʩʪʠ. ɼʣʷ ʙʦʣʝʝ 
ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʨʘʙʦʪʘʪʴ ʥʝ ʩ ʩʫʤʤʦʡ ʂɼʆ ʦʧʝʨʘʮʠʡ ʚʩʝʛʦ ʤʦʜʫʣʷ, ʘ ʩ ʠʭ 
ʧʦʜʤʥʦʞʝʩʪʚʘʤʠ ʠʣʠ ʜʘʞʝ ʩ ʦʪʜʝʣʴʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ. ʇʨʠ ʚʳʷʚʣʝʥʠʠ ʦʧʘʩʥʦʩʪʠ ʘʛʝʥʪ ʜʦʣʞʝʥ 
ʦʧʦʚʝʱʘʪʴ ʦʙ ʵʪʦʤ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʠ, ʚʦʟʤʦʞʥʦ, ʙʣʦʢʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʤʦʜʫʣʷ ʠʣʠ ʩʠʩʪʝʤʳ. 

 ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʉɿʀ ʚʳʜʝʣʝʥ ʩʝʨʚʝʨ (ʈʠʩ. 1), ʢʦʪʦʨʳʡ 
ʧʦʣʫʯʘʝʪ ʩʦʦʙʱʝʥʠʷ ʦʪ ʚʩʝʭ ʘʛʝʥʪʦʚ ʠ ʩʣʝʜʠʪ ʟʘ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ. ʉʘʤʠ ʘʛʝʥʪʳ 
ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʢʘʢ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʘʢ ʠ ʩ ʫʧʨʘʚʣʷʶʱʠʤ ʩʝʨʚʝʨʦʤ, ʜʝʣʷʩʴ ʩʦʙʨʘʥʥʦʡ 
ʠʥʬʦʨʤʘʮʠʝʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦʮʝʥʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʥʝ ʪʦʣʴʢʦ 

ñʧʦʜʦʧʝʯʥʦʛʦò, ʥʦ ʠ ʜʨʫʛʠʭ ʩʚʷʟʘʥʥʳʭ ʤʦʜʫʣʝʡ. ʋʧʨʘʚʣʷʶʱʠʡ ʩʝʨʚʝʨ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʨʘʟʤʝʱʘʪʴ ʥʦʚʳʭ ʘʛʝʥʪʦʚ ʥʘ ʋɺʉ ʠ ʚʢʣʶʯʘʪʴ ʠʭ ʚ ʉɿʀ, ʘ ʪʘʢʞʝ ʦʪʦʙʨʘʞʘʝʪ ʦʙʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 
ʀʉ. ɸʜʘʧʪʘʮʠʷ ʉɿʀ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʘʢʪʫʘʣʠʟʘʮʠʠ ʟʥʘʯʝʥʠʡ ʂɼʆ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ 
ʚʳʷʚʣʝʥʠʠ ʫʛʨʦʟ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʥʦʚʳʝ, ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ ʘʪʘʢʠ. 
ɿʘ ʩʯʸʪ ʪʦʛʦ, ʯʪʦ ʘʛʝʥʪ ʷʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʝʜʠʥʠʮʝʡ ʠ ʜʦʣʞʝʥ ʠʤʝʪʴ ʣʠʰʴ 
ʦʧʨʝʜʝʣʸʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʦʙʱʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʘʛʝʥʪʘʤʠ ʠ ʫʧʨʘʚʣʷʶʱʠʤ ʤʦʜʫʣʝʤ, ʦʧʠʩʘʥʥʳʡ 
ʧʦʜʭʦʜ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʣʘʪʬʦʨʤʳ ʠ ʩʧʦʩʦʙʘ ʨʝʘʣʠʟʘʮʠʠ ʟʘʱʠʱʘʝʤʦʡ ʩʠʩʪʝʤʳ ʠ 
ʧʦʟʚʦʣʷʝʪ ʥʘʩʪʨʦʠʪʴ ʟʘʱʠʪʫ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʡ ʩʘʤʦʡ ʀʉ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʘʜʘʧʪʠʚʥʦʡ ʟʘʱʠʪʳ ʥʘ ʙʘʟʝ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ 
(ʕʉ) ʠʩʧʦʣʴʟʫʶʪ ʧʨʘʚʠʣʘ, ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʠʝ ʠʟʚʝʩʪʥʳʝ ʘʪʘʢʠ [5]. ʕʪʠ ʧʨʘʚʠʣʘ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ 
ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʶʪʩʷ ʩʠʩʪʝʤʦʡ ʠʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʘ ʚʘʨʠʘʥʪʘ. ʇʨʘʚʠʣʘ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʦʡ ʜʣʷ ʚʳʥʝʩʝʥʠʷ ʟʘʢʣʶʯʝʥʠʷ  ʦ ʩʦʩʪʦʷʥʠʠ ʟʘʱʠʪʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, 
ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ. ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʯʘʩʪʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ, ʠʥʘʯʝ ʦʩʣʘʙʣʷʶʪʩʷ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ, ʘ 
ʧʦʣʴʟʦʚʘʪʝʣʠ ʚʚʦʜʷʪʩʷ ʚ ʟʘʙʣʫʞʜʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʱʠʱʸʥʥʦʩʪʠ ʩʝʪʠ [2]. ɽʱʸ ʦʜʠʥ ʥʝʜʦʩʪʘʪʦʢ - ʵʪʦ 
ʧʣʦʭʘʷ ʘʜʘʧʪʘʮʠʷ, ʪʘʢ ʢʘʢ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʜʝʪʘʣʝʡ ʘʪʘʢʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʝʸ ʧʨʦʧʫʩʢʫ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʳʭ 
ʩʝʪʝʡ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʙʫʯʘʝʪʩʷ ʧʫʪʸʤ ʧʨʘʚʠʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʈʝʘʢʮʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ, ʠ ʩʠʩʪʝʤʘ 
ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʘ ʵʪʘʧʝ 
ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʮʝʥʢʠ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʘʧʘ ʦʙʫʯʝʥʠʷ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʨʝʰʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʪʘʢ ʢʘʢ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʙʥʦʚʣʷʶʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʧʦ ʤʝʨʝ 
ʪʦʛʦ ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. ʉʫʱʝʩʪʚʫʶʪ ʧʨʠʤʝʨʳ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʜʣʷ 
ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ [2]. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʦʙʫʯʠʪʴ ʩʠʩʪʝʤʫ, ʪʘʢ ʢʘʢ ʜʣʷ ʵʪʦʛʦ 
ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʘʢ. ʆʜʥʘʢʦ ʚ ʮʝʣʦʤ ʧʦʜʭʦʜ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʠ ʝʛʦ 
ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ ʘʨʭʠʪʝʢʪʫʨʝ ʘʜʘʧʪʠʚʥʦʡ ʉɿʀ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʧʦʜʦʟʨʠʪʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ ʘʛʝʥʪ ʙʫʜʝʪ ʥʘʩʪʨʘʠʚʘʪʴʩʷ ʥʘ ʨʘʩʧʦʟʥʘʚʘʥʠʝ 
ʢʣʘʩʩʘ ñʪʠʧʠʯʥʳʭò ʜʣʷ ʤʦʜʫʣʷ ʩʦʩʪʦʷʥʠʡ. ɿʘ ʩʯʸʪ ʯʝʛʦ ʥʘ ʵʪʘʧʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ 
ʘʛʝʥʪ ʩʤʦʞʝʪ ʚʳʷʚʣʷʪʴ ʘʥʦʤʘʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʤʦʜʫʣʷ - ʪʝ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʧʘʣʠ ʚ ʢʣʘʩʩ ñʪʠʧʠʯʥʳʭò. 
ɺʳʷʚʣʝʥʥʳʝ ʩʦʙʳʪʠʷ ʙʫʜʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʦʚʳʡ ʢʣʘʩʩ ʩʦʩʪʦʷʥʠʡ, ʦ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ 
ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ ʧʝʨʩʦʥʘʣʫ ʦʪʚʝʪʩʪʚʝʥʥʦʤʫ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ ʟʘʱʠʪʳ  ʧʦʟʚʦʣʷʝʪ ʟʘʜʝʡʩʪʚʦʚʘʪʴ 
ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʪʘʢʠʝ ʢʘʢ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʵʢʦʥʦʤʠʯʥʦʩʪʴ, 
ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʜʨ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʜʠʥʘʤʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʤʳʭ 
ʂɼʆ ʧʨʠʜʘʸʪ ʩʠʩʪʝʤʝ ʚʦʟʤʦʞʥʦʩʪʴ ʣʸʛʢʦʡ ʘʜʘʧʪʘʮʠʠ ʢ ʥʦʚʳʤ ʚʠʜʘʤ ʘʪʘʢ. ɿʘ ʩʯʸʪ ʯʝʛʦ ʨʝʰʘʝʪʩʷ 
ʨʷʜ ʧʨʦʙʣʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʙʘʟʝ ʕʉ, ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʯʘʩʪʦʛʦ ʦʙʥʦʚʣʝʥʠʷ 

ʙʘʟ ʩʠʛʥʘʪʫʨ ʠ ʩʣʘʙʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʘʧʪʘʮʠʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʟʷʪʴ ʟʘ 
ʦʩʥʦʚʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʛʠʙʢʦʡ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 
ʩʪʨʫʢʪʫʨʦʡ ʩʝʪʠ, ʪʨʝʙʫʝʤʳʤ ʫʨʦʚʥʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʠʤʝʶʱʠʤʠʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 
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Abstract 

Application of Griffithôs theory to process of overcoming of durability of adhesion and destruction of plant 
tissue from positions of formation of a new surface is proved. Models of process of overcoming of 
durability of adhesion at interaction of elastic and elastoplastic materials are analyzed. The expressions, 
allowing simplifying theoretical problem of determination of specific superficial energy at adhesive 
interaction of condensed bodies are made. 
 
Keywords: destruction, Griffithôs theory, adhesion, durability. 

 
ɸʥʥʦʪʘʮʠʷ 

ʆʙʦʩʥʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ ɻʨʠʬʬʠʪʩʘ ʢ ʧʨʦʮʝʩʩʫ ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʠ ʠ 

ʨʘʟʨʫʰʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʡ ʪʢʘʥʠ ʩ ʧʦʟʠʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 
ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʫʧʨʫʛʠʭ ʠ ʫʧʨʫʛʦʛʦ ʠ 
ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚ. ʉʦʩʪʘʚʣʝʥʳ ʚʳʨʘʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʧʨʦʩʪʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʫʶ 
ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʘʜʛʝʟʠʦʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 
ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʪʝʣ. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʟʨʫʰʝʥʠʝ, ʪʝʦʨʠʷ ɻʨʠʬʬʠʪʩʘ, ʘʜʛʝʟʠʷ, ʧʨʦʯʥʦʩʪʴ. 

 
ɼʝʟʠʥʪʝʛʨʘʮʠʷ ʪʚʝʨʜʳʭ ʪʝʣ (ʜʨʦʙʣʝʥʠʝ ʠ ʠʟʤʝʣʴʯʝʥʠʝ) ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʫʶ 

ʧʨʦʙʣʝʤʫ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ, 
ʧʦʜʣʝʞʘʱʠʭ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ, 
ʢʘʢ ʤʠʥʠʤʫʤ ï ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʩʫʱʝʩʪʚʫʝʪ ʘʜʛʝʟʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 
ʇʨʝʦʜʦʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʠ ʝʩʪʴ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʯʝʤ, ʚʩʝʛʜʘ 
ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʪʨʝʱʠʥʳ, ʟʘʨʦʞʜʝʥʠʝ ʢʦʪʦʨʦʡ ʤʦʞʝʪ 
ʧʨʦʠʟʦʡʪʠ ʚ ʣʶʙʦʤ ʫʯʘʩʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ, ʛʜʝ ʩʫʤʤʘʨʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʜʦʩʪʠʛʣʠ 
ʢʨʠʪʠʯʝʩʢʠʭ. ʇʨʦʮʝʩʩ ʧʨʝʦʜʦʣʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦ ʩʚʦʝʡ ʬʠʟʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ 
ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʛʨʘʥʠʮʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʜʚʫʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʪʝʣ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʘʜʛʝʟʠʦʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ ʥʘʭʦʜʷʪʩʷ 

ʚ ʫʧʨʫʛʦ-ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʥʘ ʛʨʘʥʠʮʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʟʥʠʢʘʝʪ ʩʛʫʱʝʥʠʝ ʵʥʝʨʛʠʠ. ʕʪʦ 
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ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʝʱʝʩʪʚ ʠ 
ʨʘʟʣʠʯʥʳʤʠ ʵʥʝʨʛʠʷʤʠ ʠʭ ʩʚʷʟʝʡ [1, 2]. 

ɺʧʝʨʚʳʝ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʧʨʦʮʝʩʩ ʦʧʠʩʘʣ ɻʨʠʬʬʠʪʩ (Alan 
Arnold Griffiths, 1893 ï 1963) [3]. ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ɻʨʠʬʬʠʪʩʘ, ʚʳʩʚʦʙʦʞʜʘʶʱʘʷʩʷ ʵʥʝʨʛʠʷ 
ʫʧʨʫʛʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʨʘʩʪʫʱʝʡ ʪʨʝʱʠʥʳ. 
ɺ ʦʩʥʦʚʫ ʧʨʦʩʪʝʡʰʝʡ ʤʦʜʝʣʠ ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʦʞʝʥʦ ʜʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷ: ʣʠʙʦ 
ʵʣʝʤʝʥʪ ʩʨʝʜʳ ʩʧʣʦʰʥʦʡ, ʣʠʙʦ ʦʥ ʨʘʟʨʫʰʝʥ ʥʘ ʯʘʩʪʠ, ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʢʨʘʷʤ ʪʨʝʱʠʥʳ. ʊʝʣʦ ʩ 
ʪʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ï ʠʜʝʘʣʴʥʦ ʭʨʫʧʢʦʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʜʝʣʴ ʨʘʟʨʫʰʝʥʠʷ ʤʦʞʥʦ ʟʘʜʘʪʴ 
ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʨʝʜʳ ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʜʝʘʣʴʥʦ ʭʨʫʧʢʦʝ ʪʝʣʦ ʩʦ ʚʩʝʤʠ 
ʦʩʥʦʚʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ï ʫʧʨʫʛʦʩʪʴʶ, ʚʷʟʢʦʩʪʴʶ, ʧʣʘʩʪʠʯʥʦʩʪʴʶ. ʂʨʠʪʝʨʠʠ ʦʮʝʥʢʠ 
ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʝʱʠʥ ʦʩʥʦʚʘʥʳ ʥʘ ʤʦʜʝʣʠ ʠʜʝʘʣʴʥʦ ʭʨʫʧʢʦʛʦ ʪʝʣʘ. ʄʝʩʪʥʦʝ 
ʨʘʟʨʫʰʝʥʠʝ ʚ ʚʝʨʰʠʥʝ ʪʨʝʱʠʥʳ ʤʦʞʝʪ ʧʝʨʝʡʪʠ ʚ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 
ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʩʣʦʚʠʷ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʛʦ ɻʨʠʬʬʠʪʩʦʤ. ʉʦʛʣʘʩʥʦ ʫʩʣʦʚʠʶ ɻʨʠʬʬʠʪʩʘ 
ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤ ʫʜʣʠʥʝʥʠʠ ʪʨʝʱʠʥʳ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʝ 
ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ, ʯʝʤ ʵʪʦ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ 
ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʴʰʝ ʚʳʩʚʦʙʦʞʜʘʶʱʝʡʩʷ ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʧʦ ʜʦʩʪʠʞʝʥʠʠ 
ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ ʪʨʝʱʠʥʳ. ʋʩʣʦʚʠʝ ʨʘʟʨʫʰʝʥʠʷ ɻʨʠʬʬʠʪʩʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʥʝʨʘʚʝʥʩʪʚʘ: 

da

dW

da

dW
SE ² ,  ʠʣʠ  

S

ʧʨ

E

a
g

ps
4

2

²                                           (1) 

ʛʜʝ 
E

W ï ʵʥʝʨʛʠʷ ʫʧʨʫʛʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ;  

      
S

W ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʪʨʝʱʠʥʳ;  

      
ʧʨ
s ï ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʪʝʣʝ;  

        Eï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ;  

        a  ï ʜʣʠʥʘ ʪʨʝʱʠʥʳ;  

      
S
g  ï ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ.  

 

 
 
ʈʠʩ. 1 - ʉʭʝʤʳ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʱʠʥʳ ʜʣʷ ʟʘʜʘʯ ɻʨʠʬʬʠʪʩʘ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ: 

 

I ï ʥʦʨʤʘʣʴʥʳʡ ʦʪʨʳʚ; II ï ʧʦʧʝʨʝʯʥʳʡ ʩʜʚʠʛ; III ï ʧʨʦʜʦʣʴʥʳʡ ʩʜʚʠʛ 
 

ɻʨʠʬʬʠʪʩ ʨʘʩʩʤʘʪʨʠʚʘʣ ʟʘʜʘʯʠ ʪʨʝʭ ʪʠʧʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1. ʏʠʩʪʳʡ 
ʨʘʟʨʳʚ (ʨʠʩ. 1ïI) ʧʨʠʩʫʱ ʩʣʫʯʘʶ ʜʝʬʦʨʤʘʮʠʠ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʢʦʤʧʦʥʝʥʪʦʚ. 
ʀʩʩʣʝʜʫʝʤ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʜʚʫʭ ʫʧʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩʫʥʦʢ 
2), ʧʨʠʯʝʤ (ʢʘʢ ʯʘʩʪʦ ʙʳʚʘʝʪ ʥʘ ʧʨʘʢʪʠʢʝ) ʦʜʥʦ ʠʟ ʥʠʭ ʦʙʣʘʜʘʝʪ ʫʧʨʫʛʦʩʪʴʶ, ʤʥʦʛʦʢʨʘʪʥʦ 
ʧʨʝʚʳʰʘʶʱʝʡ ʫʧʨʫʛʦʩʪʴ ʜʨʫʛʦʛʦ. çʇʨʠʣʠʧʰʠʡè ʤʘʪʝʨʠʘʣ (ʢʘʢʦʡ-ʣʠʙʦ ʧʨʦʜʫʢʪ ʧʝʨʝʨʘʙʦʪʢʠ, 
ʧʦʣʫʬʘʙʨʠʢʘʪ) ʦʪʨʳʚʘʶʪ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʩʪʝʥʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʸʤʢʦʩʪʠ ʠ ʪ.ʧ. ɺ 
ʩʪʨʫʢʪʫʨʘʭ ʨʘʩʪʝʥʠʡ ʧʨʦʯʥʦʩʪʴ ʦʙʦʣʦʯʝʢ ʩʝʤʷʥ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʪ ʧʨʦʯʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ 

ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ. ʇʨʦʮʝʩʩ ʦʪʨʳʚʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʨʘʟʫ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ. 
ʅʝʠʟʙʝʞʥʦ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʵʥʝʨʛʠʷ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʠʟʙʳʪʦʢ ʢʦʪʦʨʦʡ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʨʝʱʠʥʳ, ʢʦʪʦʨʘʷ ʥʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʥʦʚʳʭ 
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ʧʦʚʝʨʭʥʦʩʪʝʡ. ʉ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʛʠʧʦʪʝʟʘ ɻʨʠʬʬʠʪʩʘ ʦ ʧʨʠʯʠʥʝ 
ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʩʧʨʘʚʝʜʣʠʚʘ ʠ ʚ ʩʣʫʯʘʝ ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ 
ʘʜʛʝʟʠʠ. ʅʘʧʨʷʞʝʥʠʷ ʚ ʚʝʨʰʠʥʝ ʪʨʝʱʠʥʳ ʜʦʩʪʠʛʘʶʪ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 
ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ɻʨʠʬʬʠʪʩʫ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʵʥʝʨʛʠʶ ʧʨʠʨʘʩʪʘʶʱʝʡ 
ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʧʨʠ ʨʦʩʪʝ ʪʨʝʱʠʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʨʳʚʘ ʤʘʪʝʨʠʘʣʘ ʦʪ 
ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʝʦʙʨʘʟʫʝʤ ʚʳʨʘʞʝʥʠʝ (1) ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ ɻʠʙʙʩʘ-
ɻʝʣʴʤʛʦʣʴʮʘ:  

1

2

4E

aW
U A

S

p
= ,                                                                  (2) 

ʛʜʝ US ï ʫʚʝʣʠʯʝʥʠʝ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʠ ʦʙʨʘʪʠʤʦʤ ʧʨʦʮʝʩʩʝ 
ʧʨʠʨʘʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʠʟ ʫʨʘʚʥʝʥʠʷ ɻʠʙʙʩʘ ï ɻʝʣʴʤʛʦʣʴʮʘ;  

      Wɸ ï ʘʜʛʝʟʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʦʪʨʳʚʝ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʫʩʠʣʠʷ 
ʦʪʨʳʚʘ ʥʘ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʪʝʣ);  

       ɽ1 ï ʫʩʣʦʚʥʦ ï ʤʛʥʦʚʝʥʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʦʙʨʘʟʮʘ; 

        ʘ ï ʜʣʠʥʘ ʪʨʝʱʠʥʳ. 

ʉʦʧʦʩʪʘʚʣʷʷ (1) ʠ (2) ʚʳʨʘʟʠʤ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʵʥʝʨʛʠʶ 2,1g ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʜʚʫʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʨʘʟʥʦʨʦʜʥʳʭ ʪʝʣ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʥʫʪʨʝʥʥʠʝ ʩʚʦʡʩʪʚʘ (ʫʧʨʫʛʦʩʪʴ) 
ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ï çʦʪʨʳʚʘʝʤʦʛʦè:

 

1

2

2,1
8SE

ʘW
ɸ
p

g =                                                                   (3) 

ɽʩʣʠ ʦʪʨʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʪʦ ʤʦʜʝʣʴ ʨʘʟʨʫʰʝʥʠʷ 
ʧʦʚʝʨʭʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʠʩʫʥʢʫ 3. ʇʨʠ ʥʘʣʠʯʠʠ ʧʣʘʩʪʠʯʝʩʢʦʡ 
ʜʝʬʦʨʤʘʮʠʠ ʚ ʟʦʥʝ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥʳ ʧʨʠ ʨʘʩʢʨʳʪʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʤʦʞʥʦ ʚʥʝʩʪʠ 
çʧʣʘʩʪʠʯʝʩʢʫʶè ʧʦʧʨʘʚʢʫ ʚ ʫʩʣʦʚʠʝ ɻʨʠʬʬʠʪʩʘ ʠʩʧʦʣʴʟʫʷ ʤʦʜʝʣʴ ɼʘʛʜʝʡʣʘ-ɹʘʨʨʝʥʙʣʘʪʪʘ [4]: 

S

ɸ

SE

ʘW
ʇɸ -=

1

2

2,1
8

p
g ,                                                         (4) 

ʛʜʝ ɸʇ  ï ʨʘʙʦʪʘ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʟʦʥʝ ʪʨʝʱʠʥʳ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 

qsinsFʌFɸ ʦʪʨʦʪʨʇ == ;  

        S ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʟʦʥʳ ʧʣʘʩʪʠʯʝʩʢʠ ʜʝʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ; s ï 
ʰʠʨʠʥʘ ʟʦʥʳ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ;  

        ɗ ï ʫʛʦʣ ʧʨʠ ʚʝʨʰʠʥʝ ʪʨʝʱʠʥʳ. 
 
ʂʦʥʝʯʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʦʛʦ ʠ ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʣʘ: 
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                                                     (5) 

ʄʦʜʝʣʠ (3) ʠ (5) ʪʨʝʙʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʚʝʣʠʯʠʥ, 
ʥʝʟʘʪʨʫʜʥʠʪʝʣʴʥʦʛʦ ʚ ʧʨʘʢʪʠʢʝ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ: ʤʛʥʦʚʝʥʥʦʛʦ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ, 
ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʤʦʜʝʣʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 
ʨʘʩʯʝʪʦʚ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʝʦʜʦʣʝʥʠʝʤ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʠ. 

ɺʝʨʥʝʤʩʷ ʢ ʧʨʠʨʦʜʝ ʘʜʛʝʟʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʨʘʟʥʦʨʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɺ 
ʙʠʦʣʦʛʠʠ ʢʣʝʪʦʯʥʘʷ ʘʜʛʝʟʠʷ ð ʥʝ ʧʨʦʩʪʦ ʩʦʝʜʠʥʝʥʠʝ ʢʣʝʪʦʢ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʪʘʢʦʝ ʠʭ ʩʦʝʜʠʥʝʥʠʝ, 
ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʨʘʚʠʣʴʥʳʭ ʪʠʧʦʚ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, 
ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʜʘʥʥʳʭ ʪʠʧʦʚ ʢʣʝʪʦʢ [1, 2]. ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ ʙʝʣʢʦʚ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʙʝʣʢʠ ʤʦʟʘʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 
ʤʝʤʙʨʘʥʘʭ ʢʣʝʪʦʢ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʣʠʙʦ ʩ ʤʝʞʢʣʝʪʦʯʥʳʤ ʚʝʱʝʩʪʚʦʤ, ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ 
ʙʝʣʢʘʤʠ ʩʦʩʝʜʥʝʡ ʢʣʝʪʢʠ. ʅʝʩʦʤʥʝʥʥʘ ʤʦʣʝʢʫʣʷʨʥʘʷ (ʤʝʭʘʥʠʯʝʩʢʘʷ) ʧʨʠʨʦʜʘ ʘʜʛʝʟʠʦʥʥʦʛʦ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʩʥʦʚʫ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʶʪ ɺʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʝ ʩʠʣʳ. 
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ʇʨʦʚʝʜʝʤ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʵʥʝʨʛʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 
ʵʣʝʤʝʥʪʘʤʠ ʨʘʩʪʠʪʝʣʴʥʦʡ ʪʢʘʥʠ ʥʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ. ʇʦʣʥʘʷ ʵʥʝʨʛʠʷ ʪʝʣʘ, ʨʘʟʜʝʣʷʝʤʦʛʦ ʥʘ 
ʯʘʩʪʠ [5, 6]:  

1221 UUUU -+= ,                                                        (6) 

ʛʜʝ U1, U2 ï ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ 1 ʠ 2 ʯʘʩʪʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ;  
           U12 ï ʵʥʝʨʛʠʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ ʯʘʩʪʷʤʠ 1 ʠ 2.  

ʈʠʩ. 3 - ʄʦʜʝʣʴ ʨʘʟʨʫʰʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʥʦʛʦ  
ʠ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʦʚ 

 

ʕʥʝʨʛʠʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʛʨʘʥʠʮʝ ʘʜʛʝʟʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
(ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ, ɼʞ/ʤ2) ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʯʝʨʝʟ ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠ 
ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʢʦʦʨʜʠʥʘʪʥʦʝ ʯʠʩʣʦ ʧʦʚʝʨʭʥʦʩʪʥʦ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ (ʙʠʦʧʦʣʠʤʝʨʦʚ ʨʘʩʪʠʪʝʣʴʥʦʡ 
ʪʢʘʥʠ) ʥʘ ʛʨʘʥʠʮʝ ʢʦʥʪʘʢʪʘ: 

2

2

2

1

12

2

122

2

111

2

2
12

2

rkr
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=g                                                (7) 

ʛʜʝ r1 ʠ r2 ï ʭʘʨʘʢʪʝʨʥʳʝ ʩʨʝʜʥʠʝ ʨʘʟʤʝʨʳ ʤʦʣʝʢʫʣ ʘʢʪʠʚʥʳʭ ʙʠʦʧʦʣʠʤʝʨʦʚ, ʤ;  
     n1 ʠ n2 ï ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ (ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ) ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ;  

    V1 ʠ V2 ï ʩʨʝʜʥʠʝ ʵʥʝʨʛʠʠ ʧʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʚʝʱʝʩʪʚʘ 1 ʠ 2 ʜʨʫʛ ʩ ʜʨʫʛʦʤ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɼʞ;  

          U12 ï ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ɼʞ; ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʦʣʝʢʫʣ ʚʝʱʝʩʪʚʘ 2 ʩ 
ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʣʦʝʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ N=(r2/r1)2 ʤʦʣʝʢʫʣʘʤʠ ʚʝʱʝʩʪʚʘ 1;  

             k ï ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʙʠʦʧʦʣʠʤʝʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 
 
ʈʘʙʦʪʫ ʘʜʛʝʟʠʠ w12 ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʝ ʪʝʣʦ ï ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʝ 

ʪʝʣʦè ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʩʨʝʜʥʶʶ ʵʥʝʨʛʠʶ U12 ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʦʣʝʢʫʣ 
ʚʝʱʝʩʪʚ 1 ʠ 2: 
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ʉ ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʶʱʠʭ ʦʙʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʘ, ʦʥ ʦʪʨʘʞʘʝʪ 
ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʝʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɽʱʝ ʦʜʥʦʡ ʚʘʞʥʦʡ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 
ʨʘʟʜʝʣʘ ʚʝʱʝʩʪʚ ʝʜʠʥʠʯʥʦʡ ʧʣʦʱʘʜʠ ʥʘ ʜʚʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʪʠʧʘ ñʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʝ 

ʚʝʱʝʩʪʚʦïʛʘʟò, ʪʦ ʝʩʪʴ ʨʘʙʦʪʘ ʘʜʛʝʟʠʠ (ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʚ ʩʠʩʪʝʤʝ) w12: 

122112 sss -+=w .                                                       (9) 
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ʈʘʩʯʝʪ ʵʥʝʨʛʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʥʪʨʘʣʴʥʫʶ 
ʧʨʦʙʣʝʤʫ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʜʛʝʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ. ʕʥʝʨʛʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ U12 
ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʵʥʝʨʛʠʡ ʦʪʪʘʣʢʠʚʘʥʠʷ ʠ ʧʨʠʪʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠ ʘʜʛʝʟʠʦʥʥʦʤ ʢʦʥʪʘʢʪʝ ʧʦ 
ʚʝʣʠʯʠʥʝ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʪʦʣʴʢʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ z0 (ʨʠʩʫʥʦʢ 4). ʀʤʝʥʥʦ ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ. 

 

 
ʈʠʩ. 4 - ɻʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʵʥʝʨʛʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠ ʨʘʩʩʪʦʷʥʠʷ  

ʤʝʞʜʫ ʘʜʛʝʟʠʦʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʪʝʣʘʤʠ 

 
ʇʦʣʫʯʝʥʥʳʝ ʚʳʰʝ ʬʦʨʤʫʣʳ ʧʦʟʚʦʣʷʶʪ ʫʧʨʦʩʪʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʘʜʛʝʟʠʦʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʪʝʣ 
(ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ) ʠ ʨʘʙʦʪʳ ʘʜʛʝʟʠʠ, ʘ ʪʘʢʞʝ ʚʳʯʠʩʣʠʪʴ ʵʪʠ ʚʝʣʠʯʠʥʳ ʧʦ 
ʠʟʚʝʩʪʥʳʤ ʵʥʝʨʛʠʷʤ ʧʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɺʳʰʝʠʟʣʦʞʝʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 
ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʪʝʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʧʨʦʮʝʩʩʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 
(ʧʨʝʦʜʦʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ), ʪʘʢ ʠ ʧʦ ʛʨʘʥʠʮʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʬʘʟ 
(ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʠ). 
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ASSESSMENT OF TOXIC CONSEQUENCES FIRES, AT IGNITION  
OF THE NONMETALLIC SHIP-BUILDING MATERIALS 
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Abstract 
The analysis of fire danger of various materials is presented in article, as major factor limiting introduction 
of polymeric materials in shipbuilding. 
 

Keywords: fire danger, shipbuilding, dangerous chemicals. 
 

Since ancient times of court were under construction only of a tree and were set in motion by 
oars or sails. In parallel to development of the machine drive there was a transition from a wooden vessel 

to the steel. The major task at a choice of a form of constructive elements of the case of a vessel, put 
ensuring sufficient durability with a small weight. Steel, steel molding, tree was applied to production of 
details of the case and recently - easy alloys and plastic. 

Plastic thanks to the qualities partially forced out other materials (steel, easy alloys and a tree). 
From fiberglass-reinforced polyester pitch which on durability doesn't concede to aluminum, small vessels 
(fishing and sports, lifeboats) are made. 

Creating comfortable conditions for activity of people during the swimming and transportation of 
goods on vessels. Much attention is paid to works on rigging of ship rooms, isolation installation, 
installation of doors and glasses of windows, obreshetnik and frameworks, sewing and finishing, drawing 
deck coverings. When rigging ship rooms the various materials, differing are applied by a chemical 
composition, physicomechanical and heatphysical properties, ways of receiving and appointment. 

Materials applied at rigging, without being in usual service conditions toxic, at ignition allocate 
harmful substances (phosgene, the chloride and cyanic hydrogen, the chlorinated and aromatic 
hydrocarbons, etc.), including AXOB [1] relating to substances of mainly suffocating, all-poisonous and 
neurotropny action with concentration life-threatening not only crew of a vessel, but also passengers. 

In an emergency (fire, a fire) polymeric ship-building materials are sources of allocation of highly 
toxic products of their thermooxidizing destruction which structure depends on element structure and 
features ʪʝʨʤʦʣʠʟʘ polymeric composition [2]. 

Besides, danger of toxic influence is constituted by fire-extinguishing gases and the aerosols 

applied to volume fire extinguishing [3]. They are used for fire-prevention protection of modern vessels of 
air and sea transport, military equipment and other objects. Toxic danger of these gases and aerosols in 
the conditions of fire extinguishing depends on physical and chemical properties and biological activity, 
their quantity, time of contact with a flame or heated surfaces, duration of impact on the person.  

Therefore one of the major factors, introduction of polymeric materials in shipbuilding, their fire 
danger has to be limiting. Fire danger of nonmetallic materials and products from them is defined by the 
following characteristics: 

- combustibility (ability of a material to light up, support and extend burning process); 
- smoke emission when burning and flame influence; 
- toxicity of products of burning and pyrolysis; 
- fire resistance of a design (ability to keep physicomechanical and functional properties of a 

product at flame influence) [4]. 
At the organization of works on elimination of a fire and its consequences it is necessary to 

estimate possibility of formation of chemically dangerous substances and on this basis to take necessary 
measures for protection of crew, passengers of a vessel and the employees of fire protection who are 
taking part in elimination of consequences of a fire. 

The problem of an assessment of toxic consequences of fires on the vessels containing 
nonmetallic materials at which ignition dangerous chemicals are formed, is difficult in view of several 

main reasons: 
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- heterogeneity of design features; 
- the high variability of emergencies caused by a variety of materials at which ignition dangerous 

chemicals both their physical and chemical and toxicological characteristics are formed;  
- variability of weather conditions in time and after accident. 
In this regard the problem on allocation and classification of such materials at which ignition the 

dangerous chemicals, constituting danger not only to crew, but also passengers, and also development 
of a technique of forecasting of consequences of such accidents both with program realization on the 
COMPUTER, and with use of the simplified express technique [5] are formed is actual.  

On the basis of a created technique of identification of consequences of toxic infection of air at 
fires on vessels containing nonmetallic materials at which ignition formation of dangerous chemicals is 
possible, there will be an opportunity to estimate risks of toxic defeat and to make the corresponding 
recommendations about prevention of fires and decrease in risks of chemical danger to crew and 
passengers of a vessel. The technique can be used by Federal Service for the Oversight of Consumer 
Protection and Welfare, the Russian sea register of navigation at a choice of the polymeric ship-building 
materials which are meeting the requirements of safety, and also for planning of actions on prevention or 
elimination of consequences of accidents on vessels containing nonmetallic materials at which ignition 
dangerous chemicals are formed. 
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Abstract 

It is presented the theoretical basis for the creation of functionally gradient materials based on polymer 
binders. An algorithm and software package for modeling constrained sedimentation of polydisperse 
suspension in the process of curing of polymer systems, depending on the size and density of the filler 
particles, the degree of filling and binder viscosity were developed. 
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ɸʥʥʦʪʘʮʠʷ 
ʀʟʣʦʞʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ  ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʛʨʘʜʠʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 
ʧʦʣʠʤʝʨʥʳʭ ʩʚʷʟʫʶʱʠʭ. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʠ ʩʦʟʜʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʝʩʥʝʥʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ ʩʫʩʧʝʥʟʠʠ ʚ ʧʨʦʮʝʩʩʝ ʪʚʝʨʜʝʥʠʷ 
ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʠ ʧʣʦʪʥʦʩʪʠ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ, ʩʪʝʧʝʥʠ 
ʥʘʧʦʣʥʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʚʷʟʢʦʩʪʠ ʩʚʷʟʫʶʱʝʛʦ.  
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʛʨʘʜʠʝʥʪʥʳʝ ʧʦʢʨʳʪʠʷ, ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʤʝʭʘʥʠʢʘ 
ʤʥʦʛʦʩʢʦʨʦʩʪʥʳʭ ʢʦʥʪʠʥʫʫʤʦʚ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʪʝʩʥʝʥʥʘʷ ʩʝʜʠʤʝʥʪʘʮʠʷ, ʥʘʧʦʣʥʠʪʝʣʴ. 

 

ʈʘʟʨʘʙʦʪʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʩʪʘʨʝʥʠʷ ʠ ʢʦʨʨʦʟʠʠ 
ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʩʦʟʜʘʥʠʷ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʦʩʦʙʳʤ ʥʘʙʦʨʦʤ ʩʚʦʡʩʪʚ. ʆʧʳʪ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʧʦʣʠʤʝʨʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 
ʥʘʛʨʫʟʢʘ ʥʘ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʠ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʥʝʦʜʠʥʘʢʦʚʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘʨʫʞʥʳʝ  ʩʣʦʠ ʧʦʢʨʳʪʠʷ 
ʜʦʣʞʥʳ ʟʘʱʠʱʘʪʴ ʤʘʪʝʨʠʘʣ ʦʪ ʘʛʨʝʩʩʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʦʢʨʫʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʘ ʚʥʫʪʨʝʥʥʠʝ ʩʣʦʠ 
ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʪʘ ʠ ʝʛʦ ʭʦʨʦʰʫʶ ʘʜʛʝʟʠʶ ʢ ʙʝʪʦʥʫ. ʂ ʪʘʢʦʤʫ ʢʣʘʩʩʫ 
ʤʘʪʝʨʠʘʣʦʚ ʦʪʥʦʩʷʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʛʨʘʜʠʝʥʪʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʪʦʨʳʭ ʧʦ ʚʳʩʦʪʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʟʘʢʦʥʫ [1, 2].   

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʦʣʠʤʝʨʥʳʭ ʌɻʄ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʠʥʪʝʥʩʠʚʥʦʤʫ ʜʝʡʩʪʚʠʶ 
ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʪʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʦʡʩʪʚ ʧʦ ʩʝʯʝʥʠʶ 
ʦʙʨʘʟʮʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʨʫʞʥʳʡ ʩʣʦʡ ʙʫʜʝʪ ʟʘʱʠʱʘʪʴ ʧʦʣʠʤʝʨ ʦʪ ʩʪʘʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 
ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʚʥʫʪʨʝʥʥʠʝ ï ʦʙʣʘʜʘʪʴ ʧʦʚʳʰʝʥʥʳʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʠ ʘʜʛʝʟʠʦʥʥʳʤʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɼʣʷ ʟʘʱʠʪʳ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʩʪʘʨʝʥʠʷ ʚ ʠʭ ʩʦʩʪʘʚ ʥʘ ʩʪʘʜʠʠ 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʚʦʜʷʪ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʳ, ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʨʝʜʠ 
ʢʦʪʦʨʳʭ ʧʦʣʫʯʠʣʠ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʢʣʘʩʩʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʝʥʥʳʭ 
ʘʤʠʥʦʚ, ʬʝʥʦʣʦʚ, ʬʦʩʬʠʪʦʚ ʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ [3]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʳʭ ʩʚʷʟʫʶʱʠʭ ʧʨʝʪʝʨʧʝʚʘʶʪ 
ʚʪʦʨʦʝ ʨʦʞʜʝʥʠʝ. ɿʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʩʷ ʘʩʩʦʨʪʠʤʝʥʪ ʚʳʧʫʩʢʘʝʤʳʭ ʧʦʢʨʳʪʠʡ; ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʤ 
ʩʦʩʪʘʚʘʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ 
ʩʦʚʨʝʤʝʥʥʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʩʪʘʨʝʥʠʷ ʠ ʢʦʨʨʦʟʠʠ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ 
ʩʦʟʜʘʥʠʷ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʦʩʦʙʳʤ ʥʘʙʦʨʦʤ ʩʚʦʡʩʪʚ. ɿʘʜʘʯʘ ʩʦʟʜʘʥʠʷ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʛʨʘʜʠʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʌɻʄ), ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʤʝʥʷʶʪʩʷ ʧʦ ʦʙʲʝʤʫ ʠʣʠ ʚʳʩʦʪʝ 
ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʥʝʩʦʤʥʝʥʥʦ, ʷʚʣʷʝʪʩʷ 
ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʊʝʭʥʦʣʦʛʠʷ ʌɻʄ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 
ʤʘʪʝʨʠʘʣʳ ʩ ʟʘʜʘʥʥʳʤʠ, ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʦʙʲʝʤʫ ʩʚʦʡʩʪʚʘʤʠ ʙʝʟ ʧʝʨʝʨʘʩʭʦʜʘ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 
ʤʘʪʝʨʠʘʣʦʚ. ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʤʝʪʦʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʛʨʘʜʠʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘʠʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʨʦʩʪʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʌɻʄ ʧʫʪʝʤ ʚʘʨʴʠʨʦʚʘʥʠʷ 
ʚʷʟʢʦʩʪʠ ʧʦʣʠʤʝʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ, ʘ ʪʘʢʞʝ ʧʣʦʪʥʦʩʪʠ ʠ ʢʨʫʧʥʦʩʪʠ ʥʘʧʦʣʥʠʪʝʣʝʡ [2]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʦʪʚʝʨʞʜʝʥʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʫʩʧʝʥʟʠʠ ʯʘʩʪʠʮ 
ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʩʚʷʟʫʶʱʝʤ. ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʧʨʠʥʷʪʦ ʦʧʠʩʳʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʪʝʦʨʠʶ ʩʝʜʠʤʝʥʪʘʮʠʠ, 
ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʬʦʨʤʫʣʝ ʉʪʦʢʩʘ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʣʠʰʴ ʜʣʷ 
ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʤʘʣʦʥʘʧʦʣʥʝʥʥʳʭ ʩʠʩʪʝʤ. ʇʨʠ ʵʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʥʘʧʦʣʥʝʥʥʳʝ ʢʦʤʧʦʟʠʮʠʠ 
ʧʦʣʠʜʠʩʧʝʨʩʥʳ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʠʭ ʬʨʘʢʮʠʠ. 
ʈʝʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʩʷ ʦʪ ʩʪʦʢʩʦʚʩʢʦʡ ʩʢʦʨʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʜʣʷ 
ʚʳʩʦʢʦʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ ʩʫʩʧʝʥʟʠʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʯʘʩʪʠʮʳ, ʜʚʠʞʫʱʠʝʩʷ ʩ 
ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʠ ʥʘ ʥʝʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ. 
ʇʦʵʪʦʤʫ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʩʦʢʦʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʮʝʩʩʳ ʩʪʝʩʥʝʥʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʪʝʩʥʝʥʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʷʚʣʷʝʪʩʷ, ʥʝʩʦʤʥʝʥʥʦ, ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. 
ɿʥʘʥʠʝ ʫʩʣʦʚʠʡ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʝʡ  ʜʣʷ ʚʳʩʦʢʦʥʘʧʦʣʥʝʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 
ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʤʥʦʛʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʘʢʪʠʯʝʩʢʠ 
ʦʪʩʫʪʩʪʚʫʶʪ ʥʘʜʝʞʥʳʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʢʠʥʝʪʠʢʠ ʩʪʝʩʥʝʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʞʠʜʢʠʭ 
ʩʨʝʜʘʭ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʤʦʜʝʣʠ [4, 5] ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʣʠʰʴ ʜʣʷ ʤʘʣʦʥʘʧʦʣʥʝʥʥʳʭ 

ʩʠʩʪʝʤ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʫʩʣʦʚʠʷ: 15.01 ¢- cV , ʛʜʝ cV   ï ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʞʠʜʢʦʡ ʬʘʟʳ.  

ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʚʦʧʨʦʩʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʝʩʥʝʥʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ 
ʩʫʩʧʝʥʟʠʠ ʥʘ ʧʨʠʤʝʨʝ ʥʘʧʦʣʥʝʥʥʦʛʦ  ʵʧʦʢʩʠʜʥʦʛʦ ʢʣʝʷ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʝ [6]. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ 
ʩʣʫʯʘʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʦʩʘʞʜʝʥʠʝ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ, ʪ.ʝ. ʚ 
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ʥʝʦʪʚʝʨʞʜʝʥʥʦʡ ʩʠʩʪʝʤʝ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʚʷʟʢʦʩʪʴʶ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ. ɺ ʭʦʜʝ ʦʪʚʝʨʞʜʝʥʠʷ 
ʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʧʨʦʮʝʩʩʳ ʩʪʝʩʥʝʥʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʝʱʝ ʙʦʣʝʝ ʫʩʣʦʞʥʷʶʪʩʷ. 

ʅʘʠʙʦʣʝʝ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʩʝʜʠʤʝʥʪʘʮʠʠ ʚ ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ 
ʩʫʩʧʝʥʟʠʠ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʢʘ ʤʥʦʛʦʩʢʦʨʦʩʪʥʳʭ ʢʦʥʪʠʥʫʫʤʦʚ. ʄʥʦʛʦʩʢʦʨʦʩʪʥʦʡ ʢʦʥʪʠʥʫʫʤ  
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ n  ʢʦʥʪʠʥʫʫʤʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ʢ ʩʚʦʝʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʤʝʩʠ ʠ ʟʘʧʦʣʥʷʝʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʦʙʲʝʤ, ʟʘʥʷʪʳʡ ʩʤʝʩʴʶ [7]. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʥʪʠʥʫʫʤʦʚ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʣʦʪʥʦʩʪʴ ir, ʩʢʦʨʦʩʪʴ iu, ʠ ʜʨʫʛʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʩʚʦʝʤʫ ʢʦʥʪʠʥʫʫʤʫ ʠ ʩʚʦʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʤʝʩʠ.  
ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʮʝʩʩʘ ʩʝʜʠʤʝʥʪʘʮʠʠ ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʝʡ 

ʥʝʙʨʦʫʥʦʚʩʢʠʝ ʯʘʩʪʠʮʳ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: 
ï ʯʘʩʪʠʮʳ ʢʘʞʜʦʡ ʬʨʘʢʮʠʠ ʜʚʠʞʫʪʩʷ ʩ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʚ ʜʘʥʥʦʤ ʩʣʦʝ ʩʢʦʨʦʩʪʴʶ (ʩʠʣʳ 

ʠʥʝʨʮʠʠ ʨʘʚʥʳ ʥʫʣʶ); 
ï ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʯʘʩʪʠʮʳ ʚʩʝʭ ʬʨʘʢʮʠʡ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ 

ʚʳʩʦʪʝ (ʨʠʩ. 1, ʘ); 
ï ʧʨʷʤʳʤʠ ʩʪʦʣʢʥʦʚʝʥʠʷʤʠ ʯʘʩʪʠʮ ʧʨʝʥʝʙʨʝʛʘʶʪ, ʠ ʫʯʠʪʳʚʘʶʪ ʣʠʰʴ ʤʝʞʬʘʟʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ ʚʩʝʭ ʬʨʘʢʮʠʡ ʩʦ ʩʧʣʦʰʥʦʡ ʩʨʝʜʦʡ. 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ ʧʦ ʚʳʩʦʪʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ  ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʣʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʡ, 
ʫʯʠʪʳʚʘʷ ʠʟʤʝʥʝʥʠʝ ʚʷʟʢʦʩʪʠ ʩʚʷʟʫʶʱʝʛʦ ʚ ʧʨʦʮʝʩʩʝ ʦʪʚʝʨʞʜʝʥʠʷ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ ʚ 
ʥʝʦʪʚʝʨʞʜʝʥʥʦʡ ʩʠʩʪʝʤʝ. ʇʨʠ ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʷʭ ʩʝʜʠʤʝʥʪʘʮʠʷ ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ ʩʫʩʧʝʥʟʠʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʜʣʷ ʩʠʩʪʝʤʳ ʩ 1-n  ʬʨʘʢʮʠʷʤʠ [6]: 

0)(
)(

=ÖÖ
µ

µ
+

µ

Öµ
iii

ii V
zt

V
ur

r
,         ,,...,1 ni=                                            (1) 

ʛʜʝ ir  ï ʠʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ i -ʡ ʬʨʘʢʮʠʠ, 
3/ʤʢʛ ;  

       iV  ï ʦʙʲʝʤʥʘʷ ʜʦʣʷ i -ʡ ʬʨʘʢʮʠʠ;  

       iu  ï ʘʙʩʦʣʶʪʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ i -ʡ ʬʨʘʢʮʠʠ, ʩʤ/ .  

ʉʚʷʟʫʶʱʝʝ ʚ ʫʨʘʚʥʝʥʠʠ (1) ʦʧʠʩʳʚʘʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʩ ʠʥʜʝʢʩʦʤ  1=i ;  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ 

ʧʨʠ 2²i  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʘʩʪʠʮʘʤ ʥʘʧʦʣʥʠʪʝʣʷ, ʧʨʠʯʝʤ ʤʝʥʴʰʠʝ ʥʦʤʝʨʘ ʬʨʘʢʮʠʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠʩʚʘʠʚʘʶʪʩʷ  ʙʦʣʝʝ ʢʨʫʧʥʳʤ ʯʘʩʪʠʮʘʤ. 
 

 ʘ)                                                            ʙ)                                                             ʚ) 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʩʝʜʠʤʝʥʪʘʮʠʠ ʤʦʥʦ- (ʙ)  ʠ  ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ (ʘ, ʚ) ʩʫʩʧʝʥʟʠʠ 

( rH  ï ʚʳʩʦʪʘ ʩʣʦʷ ʦʩʘʜʢʘ (3);  lH  ï ʚʳʩʦʪʘ  ʩʣʦʷ  ʦʩʚʝʪʣʝʥʥʦʡ  ʞʠʜʢʦʩʪʠ (1); H  ï ʦʙʱʘʷ ʚʳʩʦʪʘ 

ʩʫʩʧʝʥʟʠʠ; ji,u  ï ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ i -ʭ ʯʘʩʪʠʮ ʚ j -ʡ ʩʫʩʧʝʥʟʠʠ; 

2 ï ʩʣʦʡ ʙʠʜʠʩʧʝʨʩʥʦʡ ʩʫʩʧʝʥʟʠʠ; 4 ï ʩʣʦʡ ʤʦʥʦʜʠʩʧʝʨʩʥʦʡ ʩʫʩʧʝʥʟʠʠ) [6] 
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ɺ ʢʘʞʜʦʤ j -ʦʤ ʩʣʦʝ ʢʦʤʧʦʟʠʪʘ  ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʙʘʣʘʥʩʦʚʦʝ ʫʩʣʦʚʠʝ  

ä
=

=
n

ji
jjri EV , ,   nj ,...,2= ,                                                     (2) 

ʛʜʝ jriV ,  ï ʦʙʲʝʤʥʘʷ ʜʦʣʷ i -ʡ ʬʨʘʢʮʠʠ ʯʘʩʪʠʮ ʚ j -ʦʤ ʩʣʦʝ ʩʠʩʪʝʤʳ; 

         jE  ï ʦʙʱʘʷ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʪʚʝʨʜʦʡ ʬʘʟʳ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʬʨʘʢʮʠʡ ʠ ʠʭ ʩʨʝʜʥʠʭ 

ʨʘʟʤʝʨʦʚ. 
 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʣʶʙʦʤ j -ʦʤ  ʩʣʦʝ ʩʫʩʧʝʥʟʠʠ, ʚ ʢʦʪʦʨʦʤ ʩʘʤʳʤʠ ʢʨʫʧʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʯʘʩʪʠʮʳ ʩ j -ʤ ʨʘʟʤʝʨʦʤ, ʩʧʨʘʚʝʜʣʠʚʦ  ʩʦʦʪʥʦʰʝʥʠʝ: 

ä
=

=+
n

ji
jij VV 1,,1 ,    nj ,...,2= ,                                             (3) 

ʛʜʝ jV ,1  ï ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʩʚʷʟʫʶʱʝʛʦ ʚ j -ʦʤ ʩʣʦʝ. 

ʀʟʚʝʩʪʥʦ [6], ʯʪʦ ʧʨʦʮʝʩʩ ʩʝʜʠʤʝʥʪʘʮʠʠ ʤʦʥʦʜʠʩʧʝʨʩʥʦʡ ʢʦʤʧʦʟʠʮʠʠ (ʨʠʩ. 1, ʙ) 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʬʨʦʥʪʘ ʦʩʚʝʪʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠ ʩʢʦʨʦʩʪʴʶ ʬʨʦʥʪʘ ʥʘʢʦʧʣʝʥʠʷ ʦʩʘʜʢʘ 

ru, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ, ʚʳʪʝʢʘʶʱʝʤʫ ʠʟ ʫʨʘʚʥʝʥʠʷ ʙʘʣʘʥʩʘ ʯʘʩʪʠʮ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʦʩʘʜʦʢ, ʠ ʧʨʠʨʘʱʝʥʠʷ ʚʳʩʦʪʳ ʦʩʘʜʢʘ: 

22

22

VV

V

r
r

-

Ö
=
u

u .                                                                  (4) 

ʇʨʦʮʝʩʩ ʩʝʜʠʤʝʥʪʘʮʠʠ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʥʝʦʪʚʝʨʞʜʝʥʥʦʡ ʩʠʩʪʝʤʝ ʟʘʢʦʥʯʠʪʩʷ, 

ʢʦʛʜʘ ʵʪʠ ʜʚʘ ʬʨʦʥʪʘ ʚʩʪʨʝʪʷʪʩʷ, ʪ.ʝ. ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʫʩʣʦʚʠʷʤ (ʨʠʩ.1, ʙ): 

î
í

î
ì

ë

-=

Ö=

Ö=

lr

l

rr

HHH

tH

tH

2u

u

     . 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʧʦʚʝʜʝʥʠʝ ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʧʨʠʤʝʨʝ ʙʠʜʠʩʧʝʨʩʥʦʡ. ɺ 
ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʩʝ ʯʘʩʪʠʮʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʚʳʩʦʪʝ ʩʦʩʫʜʘ (ʨʠʩ. 1, ʘ). 

ɻʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ ʚ ʩʫʩʧʝʥʟʠʠ 2: 

)( 2,332,222,11
2

VVVg
z

p
Ö+Ö+ÖÖ-=

µ

µ
rrr , 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʩʢʦʨʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʢʨʫʧʥʳʭ 2,2uD  ʠ ʤʝʣʢʠʭ  2,3uD  

ʯʘʩʪʠʮ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʦʩʘʜʦʢ ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʢʘʢ ʠʟ ʢʨʫʧʥʳʭ, ʪʘʢ ʠ 
ʠʟ ʤʝʣʢʠʭ ʯʘʩʪʠʮ (ʨʠʩ. 1, ʚ). ʉʢʦʨʦʩʪʴ ʬʨʦʥʪʘ ʦʩʚʝʪʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʦʪ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʨʘʚʥʘ 

ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʵʪʠʭ ʯʘʩʪʠʮ 2,2u . ʇʝʨʚʳʡ ʩʣʦʡ ʦʩʘʜʢʘ ʩʬʦʨʤʠʨʫʝʪʩʷ, ʢʦʛʜʘ 

ʧʦʩʣʝʜʥʠʝ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ ʚʩʪʨʝʪʷʪʩʷ ʩ ʜʚʠʞʫʱʠʤʩʷ ʥʘʚʩʪʨʝʯʫ ʩʦ ʩʢʦʨʦʩʪʴʶ 2ru  ʩʣʦʝʤ ʦʩʘʜʢʘ.  

ʇʦ ʤʝʨʝ ʦʩʘʞʜʝʥʠʷ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʙʫʜʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʩʣʦʡ ʤʦʥʦʜʠʩʧʝʨʩʥʦʡ 

ʩʫʩʧʝʥʟʠʠ ʩ 3=j  (ʩʣʦʡ 4 ʥʘ ʨʠʩ. 1, ʚ). ɻʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ ʚ ʵʪʦʤ ʩʣʦʝ ʨʘʚʝʥ: 

)( 3,333,11
3

VVg
z

p
Ö+ÖÖ-=

µ

µ
rr . 

ʆʥ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʩʢʦʨʦʩʪʴ 3,3u  ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʤʝʣʢʠʭ 

ʯʘʩʪʠʮ. 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ  ʫʨʘʚʥʝʥʠʝʤ (4) ʩʢʦʨʦʩʪʴ ʬʨʦʥʪʘ ʥʘʢʦʧʣʝʥʠʷ j -ʛʦ ʦʩʘʜʢʘ: 
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ä
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,u

u ,                                                          (5) 

ʠʣʠ ʠʥʘʯʝ:  

                                 

ijri

jii
r

VV

V

j -

Ö
=

,

,u
u ,                                                             (6) 

ʛʜʝ  ji,u  ï ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ i -ʭ ʯʘʩʪʠʮ ʚ j -ʡ ʩʫʩʧʝʥʟʠʠ. 

ʉ ʫʯʝʪʦʤ ʧʦʩʪʦʷʥʩʪʚʘ ʧʣʦʪʥʦʩʪʝʡ ʬʘʟ ʠʥʪʝʛʨʘʣ ʫʨʘʚʥʝʥʠʡ (1) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ:  

ä
=

=Ö
n

i
iiV

1

0u , 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ ʜʣʷ ʢʘʞʜʦʛʦ j -ʛʦ ʩʣʦʷ ʦʩʘʞʜʘʶʱʝʡʩʷ ʩʫʩʧʝʥʟʠʠ: 

ä
=

=Ö+Ö
n

ji
iijj VV 0,1,1 uu .                                                     (7) 

ɸʙʩʦʣʶʪʥʘʷ ʩʢʦʨʦʩʪʴ ji,u  i -ʭ ʯʘʩʪʠʮ ʚ j -ʡ ʩʫʩʧʝʥʟʠʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʯʝʨʝʟ ʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ji,uD :  

jjiji ,1,, uuu +D= .                                                          (8) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (7) ʚʳʪʝʢʘʝʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʘ: 

ä
=

ÖÖ-=
n

ji
jii

j
j V

V
,

,1
,1

1
uu ,                                                     (9) 

ʯʪʦ ʦʟʥʘʯʘʝʪ ʚʳʪʝʩʥʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚʚʝʨʭ ʧʨʠ ʜʚʠʞʝʥʠʠ ʯʘʩʪʠʮ ʚʥʠʟ (ʦʩʘʞʜʝʥʠʠ). ʉ ʜʨʫʛʦʡ 
ʩʪʦʨʦʥʳ, ʠʟ ʫʨʘʚʥʝʥʠʷ (8) ʩʣʝʜʫʝʪ, ʯʪʦ ʞʠʜʢʦʩʪʴ, ʚʳʪʝʩʥʷʷʩʴ ʚʚʝʨʭ, ʪʦʨʤʦʟʠʪ ʦʩʘʞʜʝʥʠʝ 
(ʘʙʩʦʣʶʪʥʦʝ ʜʚʠʞʝʥʠʝ) ʯʘʩʪʠʮ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʩʩʣʦʝʥʠʶ 

ʦʩʘʜʢʘ ʧʦ ʬʨʘʢʮʠʷʤ. 
ʇʦʜʩʪʘʚʣʷʷ ʟʘʚʠʩʠʤʦʩʪʴ (8) ʚ ʫʨʘʚʥʝʥʠʝ (7) ʠ ʫʯʠʪʳʚʘʷ ʩʦʦʪʥʦʰʝʥʠʝ (3), ʧʦʣʫʯʘʝʤ: 

ä
=

DÖ-=
n

ji
jiij V ,,1 uu .                                                       (10) 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ 
ʧʦʬʨʘʢʮʠʦʥʥʘʷ ʩʝʧʘʨʘʮʠʷ [6], ʢʦʛʜʘ ʢʘʞʜʳʡ ʩʣʦʡ ʦʩʘʜʢʘ ʩʦʩʪʦʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʣʴʢʦ ʠʟ ʯʘʩʪʠʮ ʦʜʥʦʡ 
ʬʨʘʢʮʠʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʦʡʩʪʚ ʧʦ ʚʳʩʦʪʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 
ʂʨʫʧʥʳʝ ʯʘʩʪʠʮʳ, ʦʩʘʞʜʘʷʩʴ ʩ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ, ʠʥʪʝʥʩʠʚʥʦ ʚʳʪʝʩʥʷʶʪ ʞʠʜʢʦʩʪʴ ʚʚʝʨʭ, 

ʢʦʪʦʨʘʷ ʫʚʣʝʢʘʝʪ ʟʘ ʩʦʙʦʡ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʠ ʧʨʠʚʦʜʠʪ ʢ  ʵʬʬʝʢʪʫ ʠʭ ʚʩʧʣʳʚʘʥʠʷ [7].  
ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʧʨʦʮʝʩʩʝ ʦʪʚʝʨʞʜʝʥʠʷ ʚʷʟʢʦʩʪʴ ʩʠʩʪʝʤʳ ʧʦʚʳʰʘʝʪʩʷ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʝʜʠʤʝʥʪʘʮʠʶ ʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ. ʂʠʥʝʪʠʢʫ ʥʘʨʘʩʪʘʥʠʷ 
ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʦʪʚʝʨʞʜʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʟʘʜʘʚʘʪʴ ʩ ʧʦʤʦʱʴʶ  ʫʨʘʚʥʝʥʠʷ, 
ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ: 

 )exp(
3

10
T

TT
ATv k-Ö+Ö+=hh ,                                               (11) 

     ʛʜʝ  oh  ï ʥʘʯʘʣʴʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ;  
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             1v  ï ʩʢʦʨʦʩʪʴ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʪʚʝʨʞʜʝʥʠʷ;  

               T ï ʪʝʢʫʱʝʝ ʚʨʝʤʷ ʦʪʚʝʨʞʜʝʥʠʷ;  

A , kT , 3T  ï ʧʘʨʘʤʝʪʨʳ ʫʨʘʚʥʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʢʦʨʦʩʪʴ ʥʘʙʦʨʘ ʚʷʟʢʦʩʪʠ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ 

ʦʪʚʝʨʞʜʝʥʠʷ.  
 
ɼʣʷ ʥʘʛʣʷʜʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʝʩʥʝʥʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʯʘʩʪʠʮ 

ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʦʪʚʝʨʞʜʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʠ ʩʦʟʜʘʥ 

ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʠʥʪʝʨʬʝʡʩ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 2. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 
ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Borland Delphi 7, ʚʦʟʤʦʞʥʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ  
ʩʠʩʪʝʤʳ ï Windows 98/Me/2000/XP/7.  

 

 
 

ʈʠʩ. 2. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʝʩʥʝʥʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ 
ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʦʪʚʝʨʞʜʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʩʠʩʪʝʤʳ 

 
ɺ ʧʨʦʛʨʘʤʤʝ ʨʝʘʣʠʟʦʚʘʥʦ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʬʫʥʢʮʠʡ: 

¶ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʝʩʥʝʥʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ  ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ 
ʦʪʚʝʨʞʜʝʥʠʷ ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ;  

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʠ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʩʝʜʠʤʝʥʪʘʮʠʠ ʧʫʪʝʤ ʟʘʜʘʥʠʷ 
ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ;   

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʛʨʫʟʢʦʡ 
ʥʝʦʙʭʦʜʠʤʦʡ;  

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʪʘʡʤʝʨʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ 
ʩʝʜʠʤʝʥʪʘʮʠʠ ʯʝʨʝʟ ʟʘʜʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ; 

¶ ʨʘʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʚ ʨʘʟʣʠʯʥʳʭ ʩʫʩʧʝʥʟʠʷʭ ʣʠʙʦ ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʪʘʡʤʝʨʘ 
(ʘʚʪʦʤʘʪʠʯʝʩʢʠ), ʣʠʙʦ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʩʧʝʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ; 

¶ ʦʪʦʙʨʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʚ ʚʠʜʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 
ʩʦʭʨʘʥʝʥʠʷ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʬʦʨʤʘʪʝ .bmp; 

¶ ʩʦʭʨʘʥʝʥʠʝ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮ ʚ ʨʘʟʣʠʯʥʳʭ ʩʫʩʧʝʥʟʠʷʭ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ 
ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʚ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ ʬʦʨʤʘʪʘ .txt; 

¶ ʩʦʭʨʘʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʯʘʩʪʠʮ ʚ ʩʫʩʧʝʥʟʠʷʭ ʚ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ 
ʩ ʫʢʘʟʘʥʠʝʤ ʢʦʦʨʜʠʥʘʪ ʠ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ. 

ʉʪʦʣʢʥʦʚʝʥʠʝ ʪʝʣ ʙʳʣʦ ʩʤʦʜʝʣʠʨʦʚʘʥʦ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʠʤʧʫʣʴʩʘ. 


