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Abstract. This study analyzed absorption of peloids from three lakes in the Western region of 

Mongolia ( Khag lake in Zavkhan, Shaazgai lake in Uvs and Ikhes lake in Gobi ï Altai ) and determined 

the classification. In investigated peloids, which are dark grey color, 1.55-1.93 g/cm
3
 density, 21.22-30.5 

%moisture, pH = 7.17 - 8.09, 0.2-0.4113 % content of sulphur, meet requirement of balneology and 

belongs to silt sulphide muddy type, according to an international classification. In studied peloids, 

absorption of them does not depend so much ontime, mass, pH and concentration of adsorbent. 

Key words : Peloid, Silt sulphide muddy, General characteristic, Absorption 

1. Introduction  

Maturated mud or muddy suspension with healing and/or cosmetic properties, 

composed of a complex mixture of fine-grained materials, mineral water or sea 

water and common organic compounds from biological metabolic activity. Peloid 

has a therapeutic effect thanks to its biologically active substances, organo ï 

minerals, iron, copper, aluminum, amino acids, carbohydrates, nitrogen, antibiotic, 

substances similar to vitamin, hormones, etc [1, 2 ].  

In 1931, Guimaraes, F and Guimaraes, L mentioned the term ñpeloidò for the 

first time in Executive Council of ISMH (International Society of Medical 

Hydrology). Later in 1933 Judd Lewis presented one important report in which the 

general name peloid was proposed with same meaning. In 1937 Malahov, A.M and 

Ivanov were determined international classification of peloid and showed in Table 1. 

Table 1 ï International classification of peloid 

Class 
 

Peat 

Rate of peloids 
 

Knoll  Sapropelic Silt sulphide 

Colour Brown, dark 

brown, black 

Grey, greenish, 

dark brown 

 

Black, grey 

 

Grey 

Moisture, % 60-80 80-95 40-60 20-50 

Specific weight, g / 

cm
3
 

1.01-1.50 1.005-1.150 1.10-1.60 - 

Organic substance 

,% 

 

20-98 

 

15-90 

 

1-15 

 

to 0.5  

ʅ2S,%  

- 

 

0.01-0.05 

 

0.05-0.50 

 

0.02 

ʨʅ- test of the mud 2.8 6.6-7.5 7.0-9.7 5.0< 

Our country is rich in springs an peloids. This information these were using a 

revealed that therapeutic. In XVIII century,Clergies and Doctorsleft instructions on 
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how to use peloids to treat some illnesses and ailments in written form.[1] It has 

proven that these springs and peloids were being used for these purposes of therapy 

in XII -XIV centuries. In Mongolia, G. Dolmaa [1,5], J. Oyun [6], Sh. Tserenpil [7] 

and B. Tserenkhand [8,9] did research about these peloidsin their country. 

Since 2010, the Research team with Leader B. Tserenkhand is conducting 

doing research on the components peloids lakes of Western provinces of Mongolia 

andidentification of formation of organic substances, determination of classification 

and absorption. Since 2015, this research team has begun research to extract 

research peloids using other minerals and interaction mechanism between artificial 

sweat and peloids 

2. Materials 

Sampling area 

Ikhes lake is located in the Darvi soum of Gobi ï Altai province 

approvmately 182 km north-west of Altai city. Geographic coordinates of Ikhes 

lake are 50Á32ᾳ11.65ᾴN, 92Á32ᾳ11.57ᾴE it is one of the largest in the provinceôs 

therapeutic mud and salty minerals lake 

Khag lake is situated in the Yaruu soum of Zavkhan province and background 

of ñKhagôs ereenò mountain. This has7.1km
2 
area, 2038m high, 7.4km long, 1.5km 

broad, 2.8m deep water and 8.8 million m
3
 volume.The water transparency 0.2-

0.3ʤ, there is a silt sulphide muddy underside and has been used in the country [3]. 

Shaazgai lake is situated in soum of Khovd, Uvs province and salt-water lake 

with 4.7 km
2
between Buraat, Buural mountains [4].  

Methods 

The peloid samples were oven dried at 110É, ground and sieved. The 

<0.074Õm fraction was separated and kept in a dry atmosphere for later 

analysis.General and balneology characteristics of the peloids were determined by 

standard ofMNS 5849:2008 and MNS 5848:2008[1,10,11]. 

Chemical composition of the peloids was determined by rentgen fluorescence 

wavesdisperse AXIOSmAX toolwith 50kw intensity ʂŬ ʙʘ ʂɔ lines. 

The mineralogical analyses of the samples were performed by X-Ray 

diffractometer MAXimax(Rigaku), with a scanning speed of 2
0
 2ɗ/min and Cu-KŬ 

radiationfrom 5
0
 to 60

0
 2ɗ (40 kv, 30mA) at the Institute of Physics and 

Technology, Mongolian Academy of Science ( MAC ). The morphological analysis 

of the samples were determined by Scanning Electron Microscopy at 

Nanotechnology laboratoty of University of Applied and Science, National 

University of Mongolia. 

Ion exchange capacity of each peloid were mixed with 0.25 ʅ CuSO4. 

Amount of emanated iodine was identified by iodometry titration method[12]. 

Collation curve was built by a standard solution of 470 nm using 

photoelectrocolorymetry methodwith MAPADA V11000D tool, and using method 

of measuring solution optical density by distinguishing solution, which was composed 

of peloid and methylene blue solution and was stirred for 30 minutes. Leached 

concentration of methylene blue determined following formula [13]. 
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a , 

a - Absorptivity ,mg / g 

C0- initial concentration of methylene blue ,mg /  

C1-concentration of equilibrium, mg /  

V- Volume of methylene blue , 

mïweight of peloid, g 

 

The artificial sweat was prepared following the European norm 

EN1811:1998+ɸ1:2008. The solution contained 0.5 wt.% sodium chloride, 0,1 

wt.% lactic acid, 0.1 wt.% urea and a 1 vol.% ammonia solution. The ʨH was 6.5Ñ1. 

5g of Khaglake peloid were mixed with 50 ml of the sweat solution. Later the slurry 

was centrifuged at 4000 rpm for 20 min to separate the reacted solution. 

Composition of initial and leached sweat was determined by means of ICP-MS.[14].  

3. Results and discussion 

General characteristics of peloid 

Table 2 shows the general characteristic and the table 3 shows balneology 

characteristicof peloids, which are determined by standard methods. Moreover, 

table 1 shows international classification of peloid. 

Table 2 ï General characteristics of peloids from Western Mongolia 

General 

characteristics 

Lake 

Khag Darvi  Shaazgai AvargaToson[5] 

Colour black, 

grey 

black, 

grey 

black Black 

Moisture, % 24.30 21.20 30.50 37.80 

Specific 

weight,g/sm
3
 

1.93 1.55 1.76 1.55 

pH- test of the mud 8.09 7.17 7.46 8.00 

Total S, % 0.35 0.20 0.41 7.30 

Corg, % 1.33 1.21 1.45 2.8 

Total N,mg/g 5.09 5.18 4.57 - 

In investigated peloids, which are dark grey color, 1.55-1.93 g/cm
3
 density, 

21.22-30.5 % moisture,pH = 7.17 - 8.09, 0.2-0.4113 % content of sulphur, meet 

requirement of balneology and belongs to silt sulphide muddy type, according to an 

international classification. 

From the table 3, peloid of Shaazgai lake is not suitable fordirect use, 

causingcomposed of much mechanical mixture. So that,it need to polish from 

mechanic components. But Khag and Darvipeloidsis suitable for direct use. 

Mineralogical and chemical characterization of the peloids 

Determining chemical composition of peloid plays a vitalrole in to 

dertimining whether the peloids is used for therapy or not.Table 4 and 5 show result 

of 32 micro and 11 macro elements from 43 elements, which was analyzed by X-ray 

fluorescence. 
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Table 3 ï Balneology properties peloid from Western Mongolia 

Balneology properties 

Lake 

Khag Darvi Shaazgai 
AvargaToson 

[5] 

Shearing resistance, 

dyn/cm
2
 

31.73 159.88 27.30 - 

Adhesiveness 18.10 85.00 34.70 - 

<0.25ʤʤ % 0.43 0.75 30.90 4.70 

Thermal capacity, 10
-4 

sec 4.44 3.60 5.55 - 

Heat-retaining ability , sec 2290 2782 1827 - 

 

Table 4 ï Macro element composition of the peloids, %  
ˉ Macro 

element 

% 

Lake Klark [16]  

Khag Darvi Shaazgai KC-6 
a
[15] 

1 SiO2 70.38 31.01 63.93 41.62 59.710 

2 TiO2 0.441 0.438 8.96 12.82 0.600 

3 Al 2O3 12.57 8.96 12.52 5.13 15.410 

4 Fe2O3 1.76 4.55 4.34 13.93 2.630 

5 CaO 3.44 12.36 3.19 1.92 4.900 

6 MgO 1.51 8.53 1.63 0.84 4.360 

7 Na2O 3.00 2.88 2.58 2.93 3.550 

8 K2O 2.74 0.97 2.95 0.44 2.800 

9 MnO 0.059 0.111 0.095 0.06 0.130 

10 P2O5 0.048 0.198 0.159 0.19 0.220 

11 F <0.05 <0.05 <0.05 <0.05 0.072 

12 LOI 3.51 24.08 7.29 19.3 - 

 Na2O/CaO 0.87 0.23 0.8 0.06  
a
KC6-Turkey spa mud [Muazzez¢elikKarakaya., et al, 2010] 

From table 4, the SiO content of macro elements was 31.01-70.38 % high and 

content of CaO, MgO and Al2O3 3.44-12.36 %, 1.51-8.53 %, 8.96-12.57 %, 

respectively and these peloids are first sediments. A highNa2O/CaO ratio indicates 

the presence of swelling 2:1 clay minerals (1<Na2O/CaO>3), while a low ratio 

(Na2O/CaO<1) is typical for nonswelling 2:1 clay minerals [Ravaglioli, A., et al., 

2000]. 

The Na2O/CaO ratio of the mud waslower than 1.0, representing non-swelling 

clay minerals. And Na2O/CaO ratios in this samples were found to be above than 

those of peloid of some spas in Turkey (KC-6 and KC-9). [Muazzez¢elikKarakaya 

et al., 2010]. 

The micro element content of peloid is directly related to Corg. Recently, 

researchers conclude that the peloid magic ability to cure illness relates to micro 

elements. 

As seen inTable 5, micro element contents are much higher in the studied 

peloids and revealed significant biogen element of importance. Ge establishes lot of 
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metal-organic compounds, which are traditional form of tetragalonit and GeH2. Mo 

performs enabled action in growth of micro organism [22].  

Table 5 ï Micro element composition of the peloids, Õg/kg 

ˉ Micro 

elementÕg/kg 

Lake Clark of elements 

Khag Darvi Shaazgai KC-6 

[15] 

In the 

continental 

crust 

[16] 

In the 

deep-

water 

clay[17] 

1 As <5 <5 13 62.6 1.70 2300 

2 Ba 543 331 362 1153 650 - 

3 Bi <5 <5 <5 0.4 0.009 - 

4 Ce 32 - 93 = 70 350 

5 Co <5 19 7 15.2 18 74 

6 Cr 27 88 55 73.3 89 90 

7 Cs <30 <15 <30 14.8 3.7 6.00 

8 Cu 13 65 26 30.3 47 250 

9 Ga 12 13 19 17.1 19 - 

10 Ge <3 <3 <3 = 14 - 

11 Hf <15 <15 <15 7.2 1.00 - 

12 La <30 - 66 = 49 120 

13 Mo <5 <5 <5 0.7 1.1 27 

14 Nb 9 <3 22 25.8 20 14 

15 Nd <50 - <50 = 37 140 

16 Ni 12 46 23 40 58 224 

17 Pb 11 9 29 32.3 16 - 

18 Pr <30 <30 <30 = 9.00 33 

19 Rh 81 - 141 146 15 110 

20 Sb <40 - <40 0.4 50 1 

21 Sc <10 12 <10 10 10 19 

22 Sm <30 <30 <30 = 8 38 

23 Sn <20 <20 <20 = 25 1.5 

24 Sr 397 1777 202 1540.4 340 180 

25 Ta <10 <10 <10 1.4 25 - 

26 Th 6 13 21 28.0 13 7 

27 U <5 <5 24 5.5 2.5 80 

28 V 29 83 60 95 90 120 

29 W <8 <8 25 3.6 1.3 - 

30 Y 20 17 76 24.2 29 90 

31 Zn 28 63 124 50 83 - 

32 Zr 189 71 367 274.5 170 150 

Sr is a relatively large cation that contribute to the stabilization of the calcium 

phosphate structure in the bone, similarly to the stabilization of calcium carbonate 

by Sr [22]. 
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Table 6 ï Mineralogical composition of the peloids  

Mineral 

class 
Mineral name Group Mineral formula 

Lake 

1 2 3 4 

Silicates 

Tecto 

silicates 

Albite 
Feldspars 

Na2AlSi4O8 20 9.8 43.3  

Microcline (Na,K)(Si3Al)O8 15.8 
 

4.4  

Quartz Quartz SiO2 58.9 11.9 42.1 + 

Phyllo-

silicates 

Muscovite Mica 
KAl 2 

(Si3Al)O10(OH)2  
18.7 

 
 

Kaolinite 
Clay 

minerals 
Al 2Si2O5(OH)2  

1.2 
 

+ 

Carbonates 

Calcite Calcite CaCO3 1.3 7.6 10.2 ++ 

ʂʫʪʥʦʭʦʨʠʪ 

Dolomite 

Ca(Mn,Mg)(CO3)2    
+ 

Ankerite 
CaMg0.32Fe0.68 

(CO3)2  
5.4 

 
 

Sulfates Gypsum Sulfate CaSO4*H2O 
 

22.4 
 

 

Chloride Halite Chlorite NaCl 
 

23.1 
 

 

Vanadite Milanovanadite Vanadite CaV4O10(H2O)5 4.1    

   × 100 100 100  

1-Khag lake, 2-Darvi lake, 3-Shaazgai lake , 4- KC6 Turkey spa mud 

[Muazzez¢elikKarakaya et al, 2010] 

From the table 6,we can see that these peloids are initial minerals with 
sediments and compound content of mineral, which is predominately silicate and 
carbonate type[19]. 

There is a difference between the lakeôs mud relating to physic ï chemical 
maturated condition and features of chemical elements transformation. Moreover, 
we can see that mineralogical content of some lakes were originated in various 
geological condition.  

The Figure 1 shows morphological analysis result of peloids.  
As above figures, we show that characteristics of peloids morphology are not 

the same, but generally porous. 

Ion exchange and absorptivity of peloids 
0.25N CuSO4 solution is run throughout the peloids which has certain weight 

in colonca with constant speed and ion exchange capacity of dynamic condition of 
studied peloids was determined by iodometry titration method of solution which 
generates after complete ion exchange. The results show Figure 2.  

 

 
Fig. 1. SEM images and X-Ray microanalysis 

Khag  Shaazgai Darvi 
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Fig 2. Ion exchange capacity of peloid 

High Ion exchange capacity of Darvi and Shaazgai peloid related to 

predominant tecto silicates contents, such as albite(9.8-43.3%), anortoclaza (4.4). 

There are lot ofresearch papers, which studied zeolite adsorption on natural 

clay using methylene blue [20-21]. We studied adsorption of the peloids comparing 

to zeolite and bentonite, depending on temperature, time, pH, mass of adsorbent and 

adsorbat. The results shown that Figure 3a to 3e. 

Figure 3a indicates that absorption of peloids depends a little on 

concentration of adsorbent. But in From 3b to 3e it does not depend on mass of 

adsorbent, time, temperature, pH. 

Mobility of elements in interaction between artificial sweat and 

Khagpeloid 

Using therapy, ion and other compounds pass from the peloid through and 

even some elements pass from human body through peloid. Conversely, ions and 

other substances may pass from the skin to the peloid. In other words, sweat plays 

an important role in the transmission of elements between peloid and skin. There 

studying for the mechanism of interaction between sweat and peloid plays an 

essential role in the determination of running mechanism and control and 

adjustment of them. Research of this type was determined by researchers of Madrid, 

Sevilla university of Spain [14]. 

When we determine the composition of initial elements of artificial sweat and 

leached elements of artificial sweat by ICP-MS, 34 elements were registered. The 

results of analysis show that in Table 7. 

In heavy metals Mg (22040 Õg/l), Li (59.63 Õg/l), B (376 Õg/l), Al (500 Õg/l), 

Ca (32040 Õg/l) and micro elements, such as V (6.16 Õg/l), Mn (15.22 Õg/l), Fe 

(248 Õg/l), Ba (232.8 Õg/l) pass from the peloid to sweat. In controversy,macro 

element Na (2500 Õg/l) and micro elements, such as Cu (3.34 Õg/l), Pb (1.34 Õg/l), 

Zn (28.85 Õg/l), Cr (54.85 Õg/l) pass from the sweat solution to peloids. from this, it 

is shown that micro and macro elements in the chemical composition enter the 

human body through sweat.  
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Figure 3ʘ. Effect of concentration of 

adsorbent 

Figure 3b. Effect of mass of adsorbent 

 
Figure 3c. Effect of pH Figure 3d. Effect of temperature 

 
 Figure 3e. Effect of contact time 
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Table 7 ï Composition of artificial and leached sweat solution 
Element Composition of 

artificial sweat 

solution, 

Õg/I  

Composition of 

leached artificial 

sweat, 

Õg/l 

 

Concentration of element leached 

between peloid and sweat 

Concentration of 

element leached 

in sweat, Õg/l 

Concentration of 

element leached 

in peloid, Õg/l 

Li  2.59 62.22 59.63 -0.59 

Be 0.06 0.09 0.03 -0.00 

B 18.27 394.60 376.33 -3.76 

Na 399500 397000 -2500.00 25.00 

Mg 160.00 22200.00 22040.00 -220.40 

Al  54.30 554.30 500.00 -5.00 

Ca 1240.00 33280.00 32040.00 -320.40 

V 8.06 14.22 6.16 -0.06 

Cr 59.45 4.60 -54.85 0.05 

Mn 4.67 19.89 15.22 -0.15 

Fe 157.10 405.10 248.00 -2.48 

Co 0.07 0.33 0.26 -0.03 

Ni 4.36 4.09 -0.27 0.03 

Cu 10.73 7.39 -3.34 0.33 

Zn 33.35 4.50 -28.85 0.29 

Ga 0.05 0.14 0.09 0.00 

Ge 0.05 0.07 0.02 0.00 

As 1.00 1.00 0.00 0.00 

Se 1.00 1.00 0.00 0.00 

Rb 1.08 7.69 6.61 -0.06 

Sr 28.66 1477.00 1448.34 -14.48 

Mo 0.18 103.20 103.02 -1.03 

Ag 1.09 0.67 -0.42 0.004 

Cd 0.05 0.19 0.14 0.00 

In  0.05 0.05 0.00 0.00 

Sb 0.63 1.75 1.12 -0.01 

The 0.08 0.22 0.14 -0.001 

Cs 0.13 0.20 0.07 0.00 

Ba 5.80 238.60 232.80 -2.32 

Tl 0.05 0.05 0.00 0.00 

Pb 1.46 0.12 -1.34 0.01 

Bi 0.45 0.47 0.02 0.00 

Th 0.58 0.66 0.08 0.00 

U 0.05 1.06 1.01 -0.01 

Hg - - - - 

K - - - - 

Si - - - - 

 

Conclusions 

- In investigated peloids, which are dark grey color, 1.55-1.93 g/cm
3
 density, 

21.22-30.5 % moisture, 21.22-30.5 % pH = 7.17 - 8.09, 0.2-0.4113 % content 

of sulphur, meet requirement of balneology and belongs to silt sulphide 

muddy type, according to an international classification 
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- The mineralogical analysis results, we can see that these peloids are first 

sediments and compound content of mineral, which is predominated silicate 

and carbonate type. 

- When we define ion exchange capacity of dynamic conditions of peloids 

which are covered in survey using odometric method, the ion exchange 

capacity of therapeutic mud in Ikheslake was the highest. This relates to its 

porosity and its component which has high ion exchange capacity cracasan 

and silicate content.  

- To study the muds absorptivity depends on the peloid mass, pH, experiment 

temperature, time and concentration of methylene blue dye, it has shown that 

absorptivity of these peloids does not relate from these factors. 

- In heavy metals Mg (22040 Õg/l), Li  (59.63 Õg/l), B (376 Õg/l), Al (500 Õg/l), 

Ca (32040 Õg/l) and micro elements, such as Sr (1448.341448.34) V (6.16 

Õg/l), Mn (15.22 Õg/l), Fe (248 Õg/l), Ba (232.8 Õg/l) pass from the peloid. In 

controversy, macro element Na (2500 Õg/l) and micro elements, such as Cu 

(3.34 Õg/l), Pb (1.34 Õg/l), Zn (28.85 Õg/l), Cr (54.85 Õg/l) pass from the 

sweat solution. To see from this, it is shown that micro and macro elements in 

the chemical composition enter the human body through sweatTo see the 

result of research which studied interaction with artificial sweat of mud in 

Khag lake for the purpose of determination how the transaction is being 

made, macro elements of mud composition such as Na, Mg, Al, Ca, Fe, Mn 

transacted into the sweat. To see from this, it is shown that micro and macro 

elements in the chemical composition enter the human body through sweat.  
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Abstract:  Among western region springs, the high-mountain low-mineralized cold springs 

are dominant. These springs are unique as they are hydro carbonate sodium and calcium type with 

low alkalinity.  

Key words: hydro-chemistry, composition of mineral waters, physic-chemical qualities, 

balneology 

Introduction  

Studying natural waters, especially springs and identifying their current status 

is significant for improving peopleôs health, as well as it provides valuable 

information for keeping the ecological balance of the fields. Mongolia having 

limited water resources and highly developing industries and mining at this open-

market economy, in connection with future social and economical development and 

needs, researching the spring water resources is becoming one of the biggest issues 

being both scientifically and practically important.  

Springs in the western region were studied by the researchers in the past, 

Namnandorj (1966) and Myagmarjav (1989). They have studied chemical 

compositions of Tsagaan Gol, Chikhertei, Gants Mod, Otgontenger, Indert and 

Aksu Indert. However these studies were conducted only in summer time and there 

are not enough findings on gases and minerals diluted in the spring waters. The 

researchers have registered about 40 springs in the western region with medical 

importance.  

In 2013, 436 springs were registered in Mongolia by surface and underground 

water census and 149 of them were in the western part of the country. These include, 

49 in Khovd, 24 in Uvs, 36 in Zavkhan, 2 in Gobi-Altai, and 38 in Bayan-Ulgii. 11 

hot springs were registered in the western region.  

 
Fig. 1. Map of Mongolian Springs 
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The Springs in Uvs aimag: 

Khar Termes Spring in Uvs aimag is located in 4
th
 brigade are of Khyargas 

soum on the north shore of Khyargas lake at the 49̄ 22¡ of south latitude and 

93̄ 12¡30± of east longitude 1070m above the sea level. It is 137kms from 

Ulaangom city of Uvs aimag at south-east and 46kms from Naranbulag soum. The 

spring is on north shore of lake Khyargas in 500m from the lake and takes its 

headstreams from a very high rocky cliff.  

 

Fig. 2. Khar Termes Spring 

General mineralization of Khar Termes spring is 734-1796 mg/dm
3
, general 

solidity is 6.6-16.33 mg-eq/dm
3
 or its hard water (10.86 mg-eq/dm

3
), its ʨʅ is 

between 7.4-9.3 and 8.1 at the mean which shows it has low alkalinity. According 

to its chemical compositions, the spring refers to hydro carbonate calcium and 

sodium type cold spring (8.4
0
ʉ). Khar Termes spring contains following 

microelements such as Fe 0.057 mg/dm3,AI-0.305mg/dm3, Cu-0.01mg/dm3, Mn-

0.01mg/dm3, Co-0.015 mg/dm3, Rb-0.045 mg/dm3, Mo-0.027 mg/dm3, Zn-0.01 

mg/dm3 and Ni 0.025 mg/dm3. As well as it contains bioactive elements which are 

ammonium azote 0.305-0.31 mg/dm
3
, nitrate azote 0.233-0.237 mg/dm

3 
and nitrite 

azote 0.0027 mg/dm
3
. Chemical composition of Khar Termes spring is shown in the 

formula of Kurlov: 

? 1.84.8

38.2184.378.40

16.22

3

6.64
293.1

2

078.0 =
+

¯pHT
MgKNaCa

CIHCO
MCO  

Givant spring: There is one big valley called Khunkh, covered with lime tree 

and branched from Khankhukhii mountain range in Zuunkhangai soum. Givant 

spring takes headstreams from the nearby of the river which takes offsprings from 

the end of this valley and flows to the river again. The spring is located 2000m 

above the sea level and surrounded by trees and mountains, it also doesnôt freeze in the 

winter. Givant spring is one of the four in the world and only one in Asia of its type. 

Givant spring is classified as a cold spring of sodium-calcium type of hydro 

carbonate class with alkalinity as its general mineralization was 664.42-

780.62mg/dm
3
, general solidity was 7.29-7.89mg-eq/dm

3
 or it can be seen as lime 

water (7.59mg-eq/dm
3
) and its ʨʅ was 8.1-8.5 or 8.3 at the mean. Among 

biologically active elements, iron is highly contained in Givant spring (0.12-

0.23mg/dm
3
). 
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Picture 3. Khunkhiin Jalga and Givant Springs in Uvs aimag 

Thus the spring can be used for curing anemia and for the lack of iron. Each 

microelement content in natural waters is not higher than 1mg/dm
3
. Givant spring 

content is AI-0.02mg/dm
3
, Cu-0.01mg/dm

3
, Mn-0.01 mg/dm

3
, Cr-0.02mg/dm

3
, Rb-

0.01mg/dm
3
, Mo-0.03mg/dm

3
 and Zn-0.01mg/dm

3
. Chemical composition of 

Givant spring is shown in the formula of Kurlov:  

3.84

18.2296.418.35

2.38

3

01.52

724.0

2

064..0 =
+

¯pHT
MgCaKNa

ÑIÍÑÎ
ÌÑÎ  

Hot Springs in Bayan ï Ulgii aimag 

Gants Mod Spring. Gants Modnii spring is located in 47kms from Deluun 

soum center at south-west between high mountains Gants Mod, Burgastai and Shar 

Khavirga which are 3415m. Gants Mod spring comes out from underneath the 

rooted granite in 5 different springs. There are no trees around the spring, but only 

one old larch grows there and it was named after that tree. Gants Mod means one 

tree.  

Bumantsetseg and Tsend-Ayush had studied physic-chemical qualities of the 

spring in 2008 and identified that the spring belongs to hydro carbonate, sulphate, 

calcium and magnesium type. The researchers had determined the microelements of 

the spring:  

In accord with the study conducted in 2014 by Bolormaa and Bakhytgul the 

spring was identified as hydro carbonate sodium type hot spring with low alkalinity 

and mineralization. The spring contains biologically active elements such as orto 

silicic acid 113.152mg/l, fluoride 19.41mg/l, boron 1.45mg/l and iron 1.44mg/l. 

Among microelements Mo, Be, AI, Cr, Mn, Co, Ni, Cu, Zn, Se, Ag, Cd, Ba, Th, 

and U are contained with the content of 0.001-0.005mg/l. Chemical composition of 

the spring is shown in the formula of Kurlov:  

 
Chikhertei Spring in Deluun soum belongs to the east region of Mongola 

Altai mountain range. The spring is located in the headstream of Burgastai river at 

47Á48ô of south latitude and 90Á28ô of east longitude 2480m above the sea level. It 

is 24-25kms from Gants Mod spring directly to Chikhertei spring. According to the 
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studies conducted in 2006, 2007 and 2008 by the researchers Bumantsetseg, 

Bolormaa and Tsend-Ayush on chemical compositions of Chikhertei spring, the 

spring was classified as hydro carbonate and sodium kali type warm spring with low 

alkalinity sphere and medium mineralization. The spring contains several 

microelements such as copper, silicon, manganate, and chromium which are good at 

metabolism and support hormone biocatalyst process.  

Chikhertei spring contains biologically active elements such as fluoride 

21.45mg/l, boron 1.37mg/l and iron 0.02mr/l. Among the microelements the 

elements Mo, Be, AI, Cr, Mn, Co, Ni, Cu, Zn, Se, Ag, Cd, Ba, Th, and U were there 

with the content of 0.004-0.124mg/l.  

Indert Hot Spring in Bulgan soum of Khovd aimag. Indert hot spring is located 

in 56kms from Bulgan soum center in the infall of Bulgan and Indert rivers, at 

46Á36ô of south latitude and 91Á23ô of east altitude 1670m above the sea level. 

Indert spring was first studied and registered in 1960s by the researchers 

Namnandorj, O., Tsegmid, Sh., and Murzaev, E. Currently the spring is used locally.  

Chemical compositions of Indert spring water were studied 

and determined by the researchers Bolormaa, Ch and 

Khurelchimeg, Sh in April, 2013 and May, 2014. Indert hot 

spring is classified as sulphate sodium type spring as sulphate 

ions being dominant among anions (205.7-320.89mg/dm3) and 

kali ions being dominant among cations (134.62-150.77mg/dm3). 

As the conductivity of the spring is approximately 80.26mg/dm3 

and ortho silicic acid content is 99.35mg/l, it meets the norms of 

balneology with its silicic acid composition (65< H4SiO4). Chemical composition of 

the spring is shown in the formula of Kurlov: 

 

Nevt Spring: Nevt Spring of Duut soum, Khovd aimag is located at the 

beginning of Tsagaan Burgastai river, at 47Á32ô of south latitude and 91Á42ô of east 

altitude 2170m above the sea level. It is 63kms from Khovd aimag at south-east and 

15kms from Duut soum center at north-east. It has beautiful nature and also located 

between two mountains, Jantsatkhairkhan in the south and Khongorkhairkhan in the 

north. There are about 10 different types of springs in Nevt Spring. There are a 

camp and a health resort next to the spring.  

  
Fig.3. Nevt Spring, Camping site 

Samples of Nevt Spring were taken from 5 different points /gall, head, 

intestines, kidney, liver/ and general chemical tests were done. In Nevt Spring 
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waters, hydro carbonate ions were dominant among anions (245.25-335.5mg/dm
3
) 

and kali ions among cations (31.74-96.64mg/dm
3
), their general mineralization was 

475.93-646.53mg/dm
3, 

general solidity was 4.25-5.25mg/dm
3
, solute carbonic acid 

content was 30-42 mg/dm
3
 and ʨʅ was between 7.83-7.89. Thus Nevt Spring was 

identified as a cold spring of sodium kali group, hydro carbonate class with 

medium mineralization, soft, rich with carbon oxide and with low alkalinity sphere. 

Bioactive elements contained in Nevt Spring were nitrate azote 0.026-0.039mg/dm
3 

and nitrite azote 17.49-20.64mg/dm
3
.  

Khunkher Zuslan Spring in Gobi ï Altai aimag: It is located in the land of 3
rd
 

bag in Jargalant soum of Gobi-Altai aimag, at the left hillside. Khunkher Spring is 

located at 46
0
 47

ô
30ôô of south latitude and 95

0 
59
ôô
 of east longitude, 2350m above 

the sea level.  

Khunkher Zuslan is located in 65kms from Esun-Bulag city at north-west and 

27kms from Jargalant soum center at south-east. This place is distinctively beautiful 

with its nature and the mineral waters leak from the cave in between cliffs next to 

high-mountain pure-water Khunkher stream. 

  
Fig 4. Khunkher Zuslan Spring, Camping site 

For hydrochemical study of Khunkher Zuslan spring, the samples were taken 

in July and August, 2014 and chemical tests were done according to 18 indicators. 

Khunkher Zuslan was classified as the cold spring with medium mineralization of 

hydro carbonate, sulphate and calcium type. Though the waters containing 

50mg/dm
3 

or higher silicone are considered as silicic mineral waters, Khunkher 

Zuslan spring containing 14.5mg/dm
3
 silicic acid is very special and it distinguishes 

from ordinary drinking waters. When mineral waters rich with silicic oxide are 

drunk, intestine fermentation reduces. Therefore it is useful to drink Khunkher 

Spring mineral waters. Chemical compositions of Khunkher spring shown in the 

formula of Kurlov would be as follows: 

 

Microelement compositions of Khunkher spring in Gobi-Altai were 

determined at the central geological laboratory. Microelement compositions of 

Khunkher spring are Si 2.27mg/dm
3
, Fe 0.054 mg/dm

3
, Cu 0.018 mg/dm

3
, AI 

0.012mg/dm
3
, B 0.011mg/dm

3
, Zn 0.003mg/dm

3
, Ag 0.001mg/dm

3
, Se 

0.002mg/dm
3
, Sb 0.001mg/dm

3
, and Cd 0.001mg/dm

3
. The findings show that 

Khunkher spring waters contain some microelements and minerals which have high 

medical effects for human body. 

http://3.bp.blogspot.com/-WoL9vtftBdo/UHyvCZ6nXxI/AAAAAAAAQZo/Af0sFCwIQ8c/s1600/IMG_1822.jpg
http://1.bp.blogspot.com/-nbFeaOFaHt8/UF-qaUTpWII/AAAAAAAAPH8/ftwfb2SLEQY/s1600/IMG_1760.jpg
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Conclusions 

1. Springs in western part of the country are mostly hot springs with nitric gas. 

These hot springs contain high bioactive elements such as silicon, boron, iron 

and fluoride. Chihertei, Gants Mod and Indert hot springs meet the norms of 

balneology.  

2. Majority of western-region springs are high-mountain low-mineralized cold 

springs. These springs belong to special-content hydro carbonate sodium and 

calcium type mineral waters with low alkalinity.  

3. Based on the chemical compositions of these mineral waters which contain 

special features of western region, the study on their salubrity has high 

importance for the treatment of common people.  

4. Studies on hot and cold springs in Zavkhan aimag area are comparatively few. 

Therefore further studies need to be conducted in this area.  
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MACRO ELEMENTS AND MINERAL RESEARCH OF LACUSTRINE CLAY 

FROM SOME MINERAL LAKES IN WESTERN MONGOLIA  

N. Jargalsuren, Z. Burmaa 

Khovd, Mongolia
 

Weather in Mongolia can be characterized as dry all over the country but 

there are thousands of lakes and ponds with permanent and temporary water 

resources. About 3500 of these lakes have area of more than 0.1 square km, 27 have 

more than 50 square km area and 15 have more than 100 square km area, where 

they all together make 15600 square km area which is again only 1% of the land of 

the country. 

The spread of the lakes is not regular, big lakes mainly scattering at the west 

and north of the country in hollows between mountain ranges, such as basin of great 

lakes[1, 2]. According to natural geographical zones, 13.3% of all lakes belong to 

Altai mountain great zone, 20.8% belong to Khangai and Khentii mountains, 29.4% 

to Dornod great zone and 36.5% belong to Gobi desert [1]. 

The aim: To describe the macro elements and mineral contents in the 

lacustrine clay of Uureg and Tonkhil lakes .  

Research object 

Hydrosphere absolute altitude of the lake Uuregis 1425mwhich is 10m lower 

than the lake Achit. As the basin of the lake is desert-like, there is high evaporation 

from the lake water. Water basin of lake Uureg is 3360 square km and 1 square km 

water of the lake inundates from 14 square km land[1,2].  

Point of co-ordination: the lacustrine clay samples were taken from the 

eastern bank of Uureg lake on the 92
0
 eastern longitude and 50

0
10

I 
northern latitude. 

Tonkhil lake is situated 3 kilometres away in the northern-west from Tonkhil 

soum centre of Gobi-Altai province.  

The co-ordination point: Tonkhil lake locates on the 48
0
54

/
38.4

//
north latitude 

and on the 89
0
06

/
06.0

// 
co-ordinate of the eastern longitude and at the altitude of 

1896m [10]. 

Methodology  

The lacustrine clay samples were taken from the eastern bank of Uureg lake 

on the 92
0
 eastern longitude and 50

0
10

I 
northern latitude and the lacustrine clay 

samples were taken from Tonkhil lake on the 48
0
54

/
38.4

// 
northern latitude of 

Tonkhil lake,  

General characteristics of mud were determined by MNS 5849:2008 [5,7], 

The mineralogical analyses of the samples were performed an X-Ray diffractometer 

MAXimax(Rigaku), with a scanning speed of 2
0
 2  /min and Cu-KŬ radiationfrom 

5
0
 to 60

0
 2 (40 kV, 30 mA) in an Institute of Physics & Technology Mongolian 

Academy of Sciences. Major and minor chemical elements were assessed by X-Ray 

fluorescence using a wavelength dispersive spectrometry XRF-

PanalyticalAXIOSmAX in a Central Geological Laboratory of Mongolia. 
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Results and discussion 

Composition of mud elements and minerals in Uureg lake:  

After drying and pulverizing chemical composition, we have stated definitely 

according to the quantitive analysis of X-ray phlorestsents with 0.0001 and showed 

the results in the table 1, table 2 and fig 1.  

Uureg and Tonkhil lakes have predominant macro elements of Si, Al, Fe, Ca 

in their mud. The lacustrine deposits confirm that they are primary mud [8, 9]. 

Table 1 ï General indicators of mud 

Sample name  Color 
Specific 

weight, g/cm
3
  

Dampness % Scent
 

The mud from 

Uureg lake  
Dark gray  1.45 42.62 

It has hydrogen sulphide 

scent  

The mud from 

Tonkhil lake  
Dark gray 1.43 47.42 

It has hydrogen sulphide 

scent 

 

Table 2 ï Macro element contents of mud from Uureg and Tonkhil lake (%) 
Lake Oxygen SiO2 TiO2 AI2O3 Fe2O3 CaO MgO Na2O K2O MnO2 P2O5 

Uureg Percentage (%) 55.08 0.909 13.61 6.91 4.76 3.44 1.94 2.13 0.139 0.250 

Tonhil Percentage (%) 54.08 0.919 14.42 6.57 6.06 3.29 2.32 1.90 0.119 0.235 

 

 
Fig 1. Makro elements of Uureg and Tonkhil lake mud (%) 

Mineral composition of mud from lake Uureg and Tonhil 

We determined total content of minerals in mud of Uureg and Tonkhil lakes 

with X-Ray diffraction analysis (table 3).  

The research results showed in the table described 5 types of minerals in 

Uureg and Tonkhil lakesô mud. There are kaolinite, muscovite minerals in Uureg 

lake and clinochlore, illite  minerals in Tonkhil lake. In addition to it, Uureg and 

Tonkhil lakes both contain other minerals such as ʘlibite, quartz, calcite. 

Concluding from the facts, the mud above contains a varity of mineral contents with 

tecosilicates and phyllosilicates. 
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Table 3 ï Mineral compositions of mud from Uureg and Tonhil lake 

Group Mineral name 
Uureg lake Tonhil lake 

Mineral formnla Mineral formnla 

Silicate Techo 

silicates 

alibite Na2 AlSi4O8 Na2 AlSi4O8 

guartz SiO2 SiO2 

 illite  K4AI2[(Si3AI)O10][OH]2 4H20 

Phyllo-

silicates 

kaolinite AI2(Si2O4)(OH)4  

muscovite KAI 2(Si3AI)O10(OH)2  

  Clinochlor

e 

 (Fe
+2

,Mg,Fe
+3

)5AI(Si3AI)O10(OH,O

)8 

Carbonate Calcite CaCO3 CaCO3 

Conclusions  

- Mud of Uuregand Tonkhil lake is sticky and dark-gray colored with slight 

hydrosulfuric acid smell, its humidity is 42.62%, 47,42 and density is 

1.45g/cm
3
, 1.43g/cm

3
. Thus it belongs to sulfide slit. 

- Mud of lake Uureg is high in SiO2 55.08%, AI2O3 13.61%, Fe2O3 6.91%, ʉʘʆ 

4.76% and MgO 3.44% and main minerals in its compositionare are quartz, 

albite, halite, kaolinite and muscovite. According to the mineralized 

compositions, Uureg lake mud belongs to the polymineral clay type. And it 

mostly contain estecosilicates and pyllosilicates.  

- Mud of lake Tonkil is high in SiO2 54.08%, AI2O3 14.42%, Fe2O3 6.57%, ʉʘʆ 

6.06% and MgO 3.29% and main minerals in its compositionare quartz, albite, 

illite , clinochlore and calcite. According to mineralization compositions, Tonhil 

lake mud belongs to the polymineral clay type. And it mostly contain 

estecosilicates and pyllosilicates. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʕɺʊʈʆʌʅʓʍ ʆɿɽʈ ʈɽʉʇʋɹʃʀʂʀ ɸʃʊɸʁ ɺ 

ʈɽʂʈɽɸʎʀʆʅʅʓʍ ʎɽʃʗʍ: ʇʈʆɹʃɽʄʓ, ʇɽʈʉʇɽʂʊʀɺʓ  

ʉ.ɺ. ɸʭʤʘʪʦʚ 

ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʥʦʮʝʥʥʦʛʦ ʦʪʜʳʭʘ ʢʘʯʝʩʪʚʦ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ 

ʠʛʨʘʝʪ ʚʝʜʫʱʫʶ ʨʦʣʴ. ʇʦʩʢʦʣʴʢʫ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʥʳʭ ʚʠʜʦʚ 

ʦʪʜʳʭʘ ʩʚʷʟʘʥʦ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʢʦʥʪʘʢʪʦʤ ʩ ʚʦʜʥʦʡ ʩʨʝʜʦʡ, ʩʘʥʠʪʘʨʥʦ-

ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʨʠʦʙʨʝʪʘʶʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʜʣʷ ʪʘʢʠʭ ʚʠʜʦʚ ʪʫʨʠʟʤʘ, ʢʘʢ 

ʢʫʧʘʥʠʝ, ʣʶʙʠʪʝʣʴʩʢʦʝ ʨʳʙʦʣʦʚʩʪʚʦ, ʧʦʜʚʦʜʥʦʝ ʧʣʘʚʘʥʠʝ, ʢʘʪʘʥʠʝ ʥʘ ʚʦʜʥʳʭ 

ʣʳʞʘʭ ʠ ʤʦʪʦʮʠʢʣʘʭ (ʩʢʫʪʝʨʘʭ). ɼʨʫʛʠʝ ʚʠʜʳ ʨʝʢʨʝʘʮʠʠ ʤʝʥʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳ 

ʢ ʢʘʯʝʩʪʚʫ ʚʦʜʳ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʨʝʢʨʝʘʮʠʦʥʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʢʚʘʪʦʨʠʡ, ʷʚʣʷʝʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʳ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʦʯʠʱʝʥʥʳʤʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʤʠ ʩʪʦʢʘʤʠ. 

ɿʘʛʨʷʟʥʝʥʥʳʝ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʬʝʢʘʣʴʥʳʤʠ ʩʪʦʢʘʤʠ ʠ ʜʨʫʛʠʤʠ ʪʦʢʩʠʯʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʧʨʠʚʦʜʷʪ ʢ ʨʷʜʫ ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʦʪʜʳʭʘʶʱʠʭ. 

ʋʨʦʚʝʥʴ ʤʠʢʨʦʙʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʬʘʢʪʦʨ ʨʠʩʢʘ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ 

ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴʩʷ ʦʪ ʯʨʝʟʤʝʨʥʦʡ ʥʘʛʨʫʟʢʠ ʧʣʷʞʝʡ ʪʫʨʠʩʪʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʚʦʜʦʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʢʨʳʪʳ. ʉʦʛʣʘʩʥʦ çʛʠʛʠʝʥʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤéè, ʧʣʦʱʘʜʴ ʪʝʨʨʠʪʦʨʠʠ ʧʣʷʞʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʨʘʩʯʝʪʘ ʥʝ ʤʝʥʝʝ 

8 ʤ
2
 ʥʘ ʯʝʣʦʚʝʢʘ [1].  

ʇʨʠ ʦʮʝʥʢʝ ʧʦʙʝʨʝʞʴʷ ʠ ʘʢʚʘʪʦʨʠʠ ʜʣʷ ʮʝʣʝʡ ʦʪʜʳʭʘ ʦʙʳʯʥʦ 

ʫʯʠʪʳʚʘʶʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʳ: ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʟʘʧʘʭ, ʮʚʝʪʥʦʩʪʴ, ʧʨʦʟʨʘʯʥʦʩʪʴ, ʧʣʘʚʘʶʱʠʝ ʧʨʠʤʝʩʠ), 

ʢʠʩʣʦʨʦʜʥʳʡ ʨʝʞʠʤ (ʨʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ, ʙʠʦʭʠʤʠʯʝʩʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ 

ʢʠʩʣʦʨʦʜʘ), ʟʥʘʯʝʥʠʷ ʨʅ, ʩʦʜʝʨʞʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʘʥʠʪʘʨʥʦ-ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ.  

ʅʝʧʨʠʷʪʥʳʡ ʟʘʧʘʭ, ʧʦʚʳʰʝʥʥʘʷ ʤʫʪʥʦʩʪʴ, ʦʢʨʘʩʢʘ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʚʦʜʦʨʦʩʣʝʡ, ʙʦʣʴʰʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚʦʜʳ ʚ ʢʠʩʣʦʨʦʜʝ - ʫʭʫʜʰʘʶʪ ʵʩʪʝʪʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʩʥʠʞʘʶʪ ʮʝʥʥʦʩʪʴ ʚʦʜʦʝʤʘ ʜʣʷ ʨʝʢʨʝʘʮʠʠ. ʇʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ - ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʚʦʜʥʳʭ 

ʨʘʩʪʝʥʠʡ ʠ ʮʚʝʪʝʥʠʶ ʚʦʜʦʝʤʘ, ʯʪʦ ʩʦʟʜʘʝʪ ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ ʢʫʧʘʥʠʷ, 

ʣʶʙʠʪʝʣʴʩʢʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. ʌʝʥʦʣʳ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʨʪʫʪʴ, ʧʝʩʪʠʮʠʜʳ ʠ ʨʷʜ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ 

ʩʦʟʜʘʶʪ ʨʠʩʢ ʜʣʷ ʟʜʦʨʦʚʴʷ ʦʪʜʳʭʘʶʱʠʭ, ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʟʚʠʪʠʝ ʨʳʙʦʣʦʚʩʪʚʘ. ʇʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʢʫʧʘʥʠʷ, 

ʢʨʠʪʝʨʠʷʤʠ ʵʧʠʜʝʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʚʥʷ 

ʬʝʢʘʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʤʠʢʨʦʬʣʦʨʳ, ʚʳʟʳʚʘʶʱʝʡ ʟʘʙʦʣʝʚʘʥʠʷ ʛʣʘʟ, ʢʦʞʠ, 

ʚʝʨʭʥʠʭ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ. 

ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʘ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʝ 

ʠ ʧʦʯʚʳ ʧʣʷʞʝʡ. ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʠʛʨʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʚ 
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ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʨʷʜʘ ʟʘʙʦʣʝʚʘʥʠʡ. ʆʮʝʥʢʘ ʩʘʥʠʪʘʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʩʘʥʠʪʘʨʥʦ-ʭʠʤʠʯʝʩʢʠʤ ʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʇʨʠ ʢʦʥʪʨʦʣʝ ʩʘʥʠʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ 

ʢʫʨʦʨʪʦʚ ʠ ʟʦʥ ʦʪʜʳʭʘ ʫʩʪʘʥʦʚʣʝʥʘ ʦʙʷʟʘʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʚʢʣʶʯʘʶʱʠʭ ʘʤʤʦʥʠʡʥʳʡ ʠ ʥʠʪʨʘʪʥʳʡ ʘʟʦʪ, ʭʣʦʨʠʜʳ, ʨʅ, 

ʧʝʩʪʠʮʠʜʳ, ʜʝʪʝʨʛʝʥʪʳ, ʢʘʥʮʝʨʦʛʝʥʥʳʝ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ 

ʣʘʢʪʦʟʦʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʠʰʝʯʥʳʝ ʧʘʣʦʯʢʠ, ʵʥʪʝʨʦʢʦʢʢʠ, ʧʘʪʦʛʝʥʥʳʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʷʡʮʘ ʠ ʣʠʯʠʥʢʠ ʛʝʣʴʤʠʥʪʦʚ. ʇʨʠ ʥʘʣʠʯʠʠ ʠʩʪʦʯʥʠʢʦʚ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʥʝʬʪʴ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʬʝʥʦʣʳ, ʩʝʨʥʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʤʳʰʴʷʢ ʠ ʪ.ʜ.  

ʆʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʠʥʜʠʢʘʪʦʨʦʚ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʨʳʙʳ ʚʦ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʦʝʤʘʭ. ʈʝʢʠ ʠ ʚʦʜʦʝʤʳ, ʧʦʜʚʝʨʞʝʥʥʳʝ ʭʠʤʠʯʝʩʢʦʤʫ 

ʟʘʛʨʷʟʥʝʥʠʶ, ʦʩʦʙʝʥʥʦ ʨʪʫʪʴʶ ʠ ɼɼʊ, ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʣʶʙʠʪʝʣʴʩʢʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ. ʇʦʡʤʘʥʥʫʶ ʚ ʟʘʛʨʷʟʥʝʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʨʳʙʫ ʥʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʧʦʪʨʝʙʣʷʪʴ ʚ ʧʠʱʫ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟ ʉʐɸ ʩʬʦʨʤʫʣʠʨʦʚʘʣʠ 

ʨʷʜ ʧʨʠʟʥʘʢʦʚ, ʧʦ ʢʦʪʦʨʳʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʘʢʚʘʪʦʨʠʷ 

ʥʝʧʨʠʛʦʜʥʘ ʜʣʷ ʨʘʟʚʠʪʠʷ ʣʶʙʠʪʝʣʴʩʢʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ (ʚʦʜʦʝʤ ʥʝ ʧʨʠʛʦʜʝʥ, 

ʝʩʣʠ ʨʅ ʙʦʣʴʰʝ 10 ʠʣʠ ʤʝʥʴʰʝ 5, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʤʝʥʴʰʝ 2,0 ʤʛ/ʣ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚʳʰʝ 34 
ʦ
ʉ ʠʣʠ ʝʩʣʠ ʨʘʩʭʦʜ ʚʦʜʳ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 

ʩʥʠʞʘʝʪʩʷ ʜʦ ʥʫʣʷ) [4]. 

ɼʣʷ ʦʪʜʳʭʘ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ 

ʠʟʙʳʪʦʯʥʦʝ ʮʚʝʪʝʥʠʝ ʚʦʜʦʝʤʘ. ɺ ʤʝʩʪʘʭ ʮʚʝʪʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ 

ʨʘʩʧʘʜʘ ʚʦʜʦʨʦʩʣʝʡ (ʘʤʤʠʘʢ, ʬʝʥʦʣ ʠ ʜʨ.), ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

ʚ 20-40 ʨʘʟ ʙʦʣʴʰʝ ʥʦʨʤʳ ʜʣʷ ʫʛʣʝʨʦʜʘ, ʚ 30-150 ʨʘʟ ʜʣʷ ʘʟʦʪʘ ʠ ʚ 25-100 ʨʘʟ 

ʜʣʷ ʬʦʩʬʦʨʘ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʦʙʱʝʝ ʯʠʩʣʦ ʙʘʢʪʝʨʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 100-

200 ʨʘʟ ʠ ʩʦʟʜʘʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʘʪʦʛʝʥʥʦʡ 

ʤʠʢʨʦʬʣʦʨʳ. ɺ ʟʦʥʘʭ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʠʥʝ-ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ 

ʥʝʜʦʩʪʘʪʦʢ ʢʠʩʣʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʨʳʙʥʳʭ ʢʦʨʤʦʚʳʭ ʙʘʟ ʠ ʢ 

ʛʠʙʝʣʠ ʨʳʙʳ. ɺʳʙʨʦʰʝʥʥʳʝ ʥʘ ʙʝʨʝʛ ʠ ʨʘʟʣʘʛʘʶʱʠʝʩʷ ʚʦʜʦʨʦʩʣʠ ʩʦʢʨʘʱʘʶʪ 

ʨʝʢʨʝʘʮʠʦʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʜʣʷ ʦʪʜʳʭʘ ʠ ʩʧʦʨʪʘ ʧʦ ʙʝʨʝʛʘʤ ʘʢʚʘʪʦʨʠʡ. 

ʆʩʦʙʝʥʥʦ ʙʦʣʴʰʠʝ ʩʢʦʧʣʝʥʠʷ ʚʦʜʦʨʦʩʣʝʡ ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʨʠʙʨʝʞʥʳʭ ʟʦʥʘʭ, 

ʙʫʭʪʘʭ ʠ ʟʘʣʠʚʘʭ. ʇʦʩʣʝ ʢʫʧʘʥʠʷ ʚ ʪʘʢʠʭ ʚʦʜʦʝʤʘʭ ʫ ʣʶʜʝʡ ʥʘʙʣʶʜʘʣʦʩʴ 

ʚʦʩʧʘʣʝʥʠʝ ʢʦʞʠ, ʛʣʘʟ, ʢʠʰʝʯʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʜʨ. [2,3]. ɺ ʧʝʨʠʦʜ ʩʚʦʝʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʠʥʝ-ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʪʦʢʩʠʯʥʦʩʪʠ ʨʳʙʳ, ʯʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʡ ʢʠʰʝʯʥʦ-ʞʝʣʫʜʦʯʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʣʶʜʝʡ (ʧʨʠ ʫʧʦʪʨʝʙʣʝʥʠʠ ʚ ʧʠʱʫ ʥʝʢʦʪʦʨʳʭ ʭʠʱʥʳʭ ʧʦʨʦʜ ʨʳʙ 

ï ʱʫʢʠ, ʩʫʜʘʢʘ ʠ ʜʨ.) [4]. 

ɿʘʤʝʜʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʵʚʪʨʦʬʠʢʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʚʩʝ ʠʭ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʠʥʞʝʥʝʨʥʳʝ, 

ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ. ʍʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩʚʷʟʘʥʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʚ 

ʦʟʝʨʦ ʚʝʱʝʩʪʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʦʩʘʞʜʝʥʠʶ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʠʭ ʚ ʤʝʥʝʝ ʜʦʩʪʫʧʥʫʶ ʜʣʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʬʦʨʤʫ. ʕʪʠ 

ʤʝʪʦʜʳ ʜʦʚʦʣʴʥʦ ʥʝʦʜʥʦʟʥʘʯʥʳ, ʝʩʪʴ ʤʥʦʛʦ ʧʨʠʤʝʨʦʚ, ʢʦʛʜʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
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ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʥʝ ʪʦʣʴʢʦ ʥʝ ʧʨʠʚʦʜʠʣʠ ʢ ʞʝʣʘʝʤʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʥʦ ʠ 

ʩʦʟʜʘʚʘʣʠ ʫʛʨʦʟʫ ʵʢʦʩʠʩʪʝʤʝ ʚʦʜʦʝʤʘ. [5 ʩʪʨ. 99]. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʩʙʦʨʝ ʠ ʠʟʲʷʪʠʠ ʠʟ ʦʟʝʨʘ 

ʤʘʢʨʦʬʠʪʦʚ, ʚʦʜʦʨʦʩʣʝʡ ʠ ʨʳʙʳ, ʠʣʠ ʞʝ, ʥʘʦʙʦʨʦʪ, ʚʥʝʜʨʝʥʠʠ 

ʨʘʩʪʠʪʝʣʴʥʦʷʜʥʳʭ ʚʠʜʦʚ ʨʳʙ ï ʢʘʨʧʘ, ʪʦʣʩʪʦʣʦʙʠʢʘ ʠ ʪ.ʜ. ɺʳʢʘʰʠʚʘʥʠʝ 

ʚʦʜʦʨʦʩʣʝʡ ʠ ʧʦʜʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ï ʜʦʚʦʣʴʥʦ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʠ 

ʪʨʫʜʦʝʤʢʠʡ ʤʝʪʦʜ, ʘ ʟʘʧʫʩʢ ʠʭʪʠʦʬʘʫʥʳ ʟʘʚʠʩʠʪ ʦʪ ʪʨʦʬʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ 

ʵʢʦʩʠʩʪʝʤʝ ʚʦʜʦʝʤʘ. 

ʀʥʞʝʥʝʨʥʳʝ ʤʝʪʦʜʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʚʪʨʦʬʠʢʘʮʠʠ ʚʦʜʦʝʤʦʚ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ ï ʦʪ ʨʘʜʠʢʘʣʴʥʳʭ ʜʦ ʜʦʚʦʣʴʥʦ 

çʤʷʛʢʠʭè. ʇʨʠʤʝʨʦʤ ʨʘʜʠʢʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʩʧʫʩʢ ʚʦʜʳ 

ʠʟ ʟʘʨʦʩʰʝʛʦ ʚʦʜʦʝʤʘ ʠ ʦʯʠʱʝʥʠʝ ʢʦʪʣʦʚʠʥʳ ʦʪ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʩʝʣʴʭʦʟʪʝʭʥʠʢʠ (ʪʨʘʢʪʦʨʦʚ, ʛʨʝʡʜʝʨʦʚ). ɼʘʣʝʝ 

ʧʨʫʜ ʠʣʠ ʦʟʝʨʦ ʚʥʦʚʴ ʥʘʧʦʣʥʷʝʪʩʷ ʚʦʜʦʡ, ʟʘʩʝʣʷʝʪʩʷ çʧʠʦʥʝʨʥʳʤʠè 

ʨʘʩʪʝʥʠʷʤʠ ʠ ʠʥʪʨʦʜʫʮʠʨʫʝʪʩʷ ʠʭʪʠʦʬʘʫʥʦʡ. ʇʦʜʦʙʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʥʘ ʜʚʫʭ ʩʪʘʨʠʯʥʳʭ ʦʟʝʨʘʭ ʚ ʨʘʡʦʥʝ ʄʦʩʢʦʚʩʢʦʛʦ ʪʨʘʢʪʘ ʛʦʨʦʜʘ 

ʊʦʤʩʢʘ. ʏʘʱʝ ʚʩʝʛʦ, ʵʪʦʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʝʭ ʚʦʜʦʝʤʦʚ, ʛʜʝ 

ʧʦʩʪʫʧʣʝʥʠʝ ʠ ʨʘʩʭʦʜ ʚʦʜʳ ʤʠʥʠʤʘʣʴʥʳʡ, ʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʪʦʢʘ ʛʨʫʥʪʦʚʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠ ʠʩʧʘʨʝʥʠʷ 

ʩ ʚʦʜʥʦʛʦ ʟʝʨʢʘʣʘ.  

ʄʝʥʝʝ ʨʘʜʠʢʘʣʴʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʦʩʪʘʥʦʚʠʪʴ ʵʚʪʨʦʬʠʢʘʮʠʶ ʤʦʞʥʦ 

ʘʵʨʘʮʠʝʡ ʠ ʨʘʟʨʫʰʝʥʠʝʤ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚʦʜʦʝʤʘ. ʇʨʠ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʦʟʝʨʘ 

ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʳ: ʚ ʛʠʧʦʣʠʤʥʠʦʥʝ ʩʥʠʞʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ, ʧʦʚʳʰʘʝʪʩʷ ʦʙʲʝʤ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ 

ʥʠʞʝ, ʯʝʤ ʚ ʵʧʠʣʠʤʥʠʦʥʝ. ɺ ʛʠʧʦʣʠʤʥʠʦʥʝ ʦʙʨʘʟʫʝʪʩʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ 

ʩʨʝʜʘ, ʧʨʝʢʨʘʱʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʠ ʚʳʜʝʣʷʝʪʩʷ 

ʩʝʨʦʚʦʜʦʨʦʜ ʠ ʤʝʪʘʥ. ʇʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʝʥʥʳʡ 

ʢʠʩʣʦʨʦʜ ʠ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʚʦʚʣʝʯʝʥʳ ʚ ʢʨʫʛʦʦʙʦʨʦʪ, ʘ ʦʟʝʨʦ ʦʩʪʘʝʪʩʷ 

ʠʟʦʪʝʨʤʘʣʴʥʳʤ. ʆʟʜʦʨʦʚʣʝʥʠʝ ʚʦʜʦʝʤʘ ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ 

ʧʨʦʠʩʭʦʜʠʪ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ [6]. 

ɼʝʩʪʨʘʪʠʬʠʢʘʮʠʶ ʚʦʜʦʝʤʘ ʧʨʦʚʦʜʷʪ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ 

ïʘʵʨʘʮʠʷ ʧʨʠ ʧʦʤʦʱʠ ʥʘʩʦʩʦʚ, ʧʦʩʪʘʚʣʷʶʱʠʭ ʚʦʟʜʫʭ, ʠ, ʩʦʙʩʪʚʝʥʥʦ, ʢʠʩʣʦʨʦʜ 

ʚ ʧʨʠʜʦʥʥʳʝ ʩʣʦʠ ʦʟʝʨʘ (ʢʘʢ ʚ ʜʦʤʘʰʥʠʭ ʘʢʚʘʨʠʫʤʘʭ) ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ, ʪʦ 

ʝʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʚʦʜʳ ʚʠʥʪʘʤʠ ʠʣʠ ʧʝʨʝʢʘʯʢʦʡ ʚʦʜ ʛʠʧʦʣʠʤʥʠʦʥʘ ʚ 

ʵʧʠʣʠʤʥʠʦʥ ʥʘʩʦʩʘʤʠ. ʅʝ ʚʜʘʚʘʷʩʴ ʚ ʧʦʜʨʦʙʥʦʩʪʠ, ʩʢʘʞʝʤ, ʯʪʦ ʩʘʤʳʡ 

ʱʘʜʷʱʠʡ ʩʧʦʩʦʙ ï ʘʵʨʘʮʠʷ ʩ ʧʨʷʤʦʡ ʧʦʜʘʯʝʡ ʚʦʟʜʫʭʘ ʚ ʛʠʧʦʣʠʤʥʠʦʥ, ʙʝʟ 

ʥʘʨʫʰʝʥʠʷ ʪʝʨʤʦʢʣʠʥʘ ʠ ʚʟʤʫʯʠʚʘʥʠʷ ʧʨʠʜʦʥʥʳʭ ʩʣʦʝʚ.  

ɼʨʫʛʦʡ ʜʦʩʪʘʪʦʯʥʦ ʨʘʜʠʢʘʣʴʥʳʡ ʩʧʦʩʦʙ ʦʯʠʩʪʢʠ ʧʨʠʤʝʥʠʤ ʜʣʷ 

ʚʦʜʦʝʤʦʚ, ʨʫʩʣʘ ʧʨʠʪʦʢʦʚ ʠ ʩʪʦʢʦʚ ʢʦʪʦʨʳʭ (ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ) ʧʦʪʝʨʷʣʠ 

ʩʚʦʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʇʨʠʯʠʥʘʤʠ ʤʦʛʫʪ ʙʳʪʴ: ʟʘʠʣʠʚʘʥʠʝ ʨʫʩʣʘ, 

ʟʘʙʦʣʘʯʠʚʘʥʠʝ ʫʩʪʴʷ ʧʨʠʪʦʢʘ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʟʘʨʘʩʪʘʥʠʝ ʤʭʘʤʠ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʦʯʢʘʨʥʠʢʘ ʠ ʪ. ʜ. ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʚʦʜʦʝʤʦʚ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʦʟʝʨʘ 

ʂʨʘʩʥʦʛʦʨʩʢʦʝ ʠ ɼʞʘʥʛʳʟʢʦʣʴ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ, ʢʦʪʦʨʳʝ ʜʦ 



 

˸͔͗͒ͯͤ͊ͪͦ͒ͤ·͚ ͙͙ͫͣͨͦͯͣ͘ 

28 

ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʫʨʠʩʪʘʤʠ ʠ ʤʝʩʪʥʳʤʠ ʞʠʪʝʣʷʤʠ ʜʣʷ 

ʧʠʢʥʠʢʦʚ ʠ ʧʣʷʞʥʦ-ʢʫʧʘʣʴʥʦʛʦ ʦʪʜʳʭʘ. ɿʘ ʧʦʩʣʝʜʥʠʝ 15-20 ʣʝʪ ʦʟʝʨʘ 

ʧʦʩʪʝʧʝʥʥʦ ʵʚʪʨʦʬʠʨʫʶʪʩʷ, ʪʝʨʷʶʪ ʵʩʪʝʪʠʯʝʩʢʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʠ, ʧʦ 

ʥʘʰʠʤ ʧʨʦʛʥʦʟʘʤ, ʣʝʪ ʯʝʨʝʟ 10-15 ʦʢʦʥʯʘʪʝʣʴʥʦ ʟʘʨʘʩʪʫʪ. ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ 

ʠʭ ʙʳʩʪʨʦʡ ʜʝʛʨʘʜʘʮʠʠ: ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʠʪʦʢʦʚ ʠ 

ʩʪʦʢʦʚ, ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʚʦʜʥʦʛʦ ʟʝʨʢʘʣʘ ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ ʚʦʜʦʝʤʦʚ ʠ 

ʧʦʩʪʫʧʣʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʚʳʧʘʩʘʝʤʳʭ ʚʙʣʠʟʠ ʞʠʚʦʪʥʳʭ.  

ʆʟʝʨʦ ɼʞʘʥʛʳʟʢʦʣʴ ʚʠʜʠʤʳʭ ʧʨʠʪʦʢʦʚ ʥʝ ʠʤʝʝʪ, ʧʦʜʧʠʪʳʚʘʝʪʩʷ ʯʝʨʝʟ 

ʦʙʰʠʨʥʳʡ ʟʘʙʦʣʦʯʝʥʥʳʡ ʫʯʘʩʪʦʢ ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ. ʉʨʝʜʥʷʷ 

ʤʦʱʥʦʩʪʴ ʠʣʘ-ʩʘʧʨʦʧʝʣʷ, ʥʘʢʦʧʣʝʥʥʦʛʦ ʥʘ ʜʥʝ ʦʟʝʨʘ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 50 ʩʤ. 

ʧʨʠ ʩʨʝʜʥʝʡ ʛʣʫʙʠʥʝ ʦʟʝʨʘ 230 ʩʤ. ɺʦʟʤʦʞʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʫʣʫʯʰʝʥʠʶ 

ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ï ʨʘʩʯʠʩʪʢʘ ʜʥʘ ʦʪ ʠʣʘ ʠ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, 

ʟʘʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʟʝʨʘ ʨʝʢʦʡ ʂʦʨʫʤʜʫ, ʩʦʦʨʫʞʝʥʠʝ ʧʠʨʩʦʚ ʜʣʷ ʨʳʙʦʣʦʚʩʪʚʘ 

ʥʘ ʶʞʥʦʤ ʠ ʩʝʚʝʨʥʦʤ ʙʝʨʝʛʫ ʠ ʩʦʟʜʘʥʠʝ ʧʣʷʞʥʦʡ ʧʦʣʦʩʳ. ʈʘʩʯʠʩʪʢʘ ʨʫʩʣʘ 

ʧʨʠʪʦʢʘ ʠ ʩʪʦʢʘ ʪʨʝʙʫʝʪ ʪʦʯʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ 

ʦʟʝʨʦʤ, ʪʘʢ ʢʘʢ ʣʶʙʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʵʢʦʩʠʩʪʝʤʫ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʛʠʙʝʣʠ 

ʚʦʜʦʝʤʘ. 

ʅʝʩʢʦʣʴʢʦ ʜʨʫʛʘʷ ʩʠʪʫʘʮʠʷ ʩ ʦʟʝʨʦʤ ʂʨʘʩʥʦʛʦʨʩʢʠʤ. ʆʟʝʨʦ 

ʂʨʘʩʥʦʛʦʨʩʢʦʝ ʨʘʩʧʣʦʞʝʥʦ ʚ 5 ʢʤ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʧʦʩ. ʏʘʛʘʥ-ʋʟʫʥ 

(ʢʦʦʨʜʠʥʘʪʳ N50
0
03.447 E88

0
25.142) ʚ ʛʦʨʥʦ-ʩʪʝʧʥʦʡ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʝ 

ʥʘ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʝ 1734 ʤ. ʇʣʦʱʘʜʴ ʦʟʝʨʘ 0,12 ʢʤ
2
, ʜʣʠʥʘ 545 ʤ., ʰʠʨʠʥʘ 

340 ʤ. ʩʦ ʩʨʝʜʥʝʡ ʛʣʫʙʠʥʦʡ 2 ʤ. ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɹ. ɹ. ɹʦʛʦʩʣʦʚʩʢʦʛʦ 

ʦʪʥʦʩʠʪʩʷ ʢ ʠʩʧʘʨʷʶʱʝʤʫ ʪʠʧʫ, ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʅʘʫʤʘʥʘ-ʊʠʥʝʤʘʥʥʘ ï ʢ 

ʵʚʪʨʦʬʥʳʤ, ʙʦʛʘʪʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʧʠʪʘʥʠʝʤ ʠ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʂʦʪʣʦʚʠʥʘ ʦʟʝʨʘ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ, ʙʝʨʝʛʘ ʧʦʣʦʛʠʝ. ɹʝʨʝʛʦʚʘʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʩʦʢʦʡ, ʢʦʚʳʣʝʤ, ʪʠʧʯʘʢʦʤ, ʢʘʨʘʛʘʥʦʡ, 

ʧʦʣʳʥʴʶ. ʅʘ ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʝ ʚʦʜʦʝʤʘ ʠʤʝʝʪʩʷ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʳʡ ʧʣʷʞ, 

ʜʣʠʥʦʡ 50 ʤ. ʠ ʰʠʨʠʥʦʡ 3-5 ʤ., ʟʘʧʘʜʥʳʡ ʙʝʨʝʛ ʟʘʙʦʣʦʯʝʥ, ʥʘ ʧʨʠʙʨʝʞʥʦʤ 

ʫʯʘʩʪʢʝ ʠ ʚ ʣʠʪʦʨʘʣʠ ʧʨʦʠʟʨʘʩʪʘʝʪ ʦʩʦʢʘ. ɼʥʦ ʦʟʝʨʥʦʡ ʢʦʪʣʦʚʠʥʳ ʧʣʦʩʢʦʝ ʩ 

ʧʦʣʦʛʠʤʠ ʫʢʣʦʥʘʤʠ, ʥʘ 40% ʟʘʨʦʩʰʝʝ ʤʘʢʨʦʬʠʪʘʤʠ: ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʢʦʪʣʦʚʠʥʳ ʧʨʦʠʟʨʘʩʪʘʝʪ ʨʦʛʦʣʠʩʪʥʠʢ, ʚ ʣʠʪʦʨʘʣʠ ï ʨʜʝʩʪ ʧʣʘʚʘʶʱʠʡ, ʵʣʦʜʝʷ 

ʢʘʥʘʜʩʢʘʷ, ʥʠʪʝʣʣʘ, ʨʝʜʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʭʚʦʱ. ɼʦʥʥʳʝ ʦʩʘʜʢʠ ʚ ʣʠʪʦʨʘʣʴʥʦʡ 

ʟʦʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʨʛʘʥʠʯʝʩʢʠʤ ʛʣʠʥʠʩʪʳʤ ʠʣʦʤ ʩʝʨʦʛʦ ʮʚʝʪʘ ʤʦʱʥʦʩʪʴʶ 

ʙʦʣʝʝ 30 ʩʤ., ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ ʦʩʘʜʢʠ ʪʝʤʥʝʝ, ʚʢʣʶʯʘʶʪ ʙʦʣʴʰʝ 

ʦʨʛʘʥʠʢʠ, ʥʘʭʦʜʷʪʩʷ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʛʣʫʙʠʥʳ (ʜʦ 

2,6 ʤ.) ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ. ɺʦʜʘ ʧʨʝʩʥʘʷ, ʙʝʟ ʟʘʧʘʭʘ, 

ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʦ ʜʠʩʢʫ ʉʝʢʢʠ 2 ʤ., ʮʚʝʪ ʧʦ ʰʢʘʣʝ ʋʣʝ-ʐʦʢʘʣʴʩʢʦʛʦ 

ʟʝʣʝʥʦʚʘʪʳʡ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚʦʜʳ ʥʘ 28 ʠʶʣʷ ʩʦʩʪʘʚʠʣʘ 
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ʦ
ʉ, ʨʅ ï 6,5. ɺ ʦʟʝʨʝ ʚʦʜʠʪʩʷ ʭʘʨʠʫʩ ʠ 

ʦʩʤʘʥ, ʦʨʥʠʪʦʬʘʫʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʪʢʘʤʠ, ʠʟʨʝʜʢʘ ʟʘʣʝʪʘʶʪ ʨʝʯʥʳʝ ʯʘʡʢʠ. ʂ 

ʚʦʜʦʝʤʫ ʤʦʞʥʦ ʧʨʦʝʭʘʪʴ ʥʘ ʣʝʛʢʦʚʦʤ ʘʚʪʦʤʦʙʠʣʝ, ʥʘ ʙʝʨʝʛʫ ʝʩʪʴ ʜʚʘ ʤʝʩʪʘ 

ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʣʷʞʥʦ-ʢʫʧʘʣʴʥʦʛʦ ʦʪʜʳʭʘ. 

ʇʠʪʘʥʠʝ ʚʦʜʦʝʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʪʦʢʦʡ, ʩʦʝʜʠʥʷʶʱʝʡ ʦʟʝʨʦ ʩ ʨʝʢʦʡ 

ʏʫʷ. ʉʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʦʟʝʨʘ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʫʨʦʚʥʝʤ ʏʫʠ - ʢʦʛʜʘ 
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ʧʦʜʥʠʤʘʝʪʩʷ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʨʝʢʝ (ʚ ʚʝʩʝʥʥʝʝ ʧʦʣʦʚʦʜʴʝ) - ʚ ʦʟʝʨʦ ʧʦʩʪʫʧʘʝʪ 

ʚʦʜʘ. ɺ ʤʝʞʝʥʥʳʡ ʧʝʨʠʦʜ ʦʟʝʨʦ ʧʠʪʘʝʪʩʷ ʪʦʣʴʢʦ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʠ 

ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ. ɼʝʙʝʪ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʠʩʧʘʨʝʥʠʷ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʩʪʦʢʘ ʚ ʏʫʶ. ʉʪʦʢ ʠ ʧʨʠʪʦʢ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʦʜʥʦʤʫ ʨʫʩʣʫ, ʧʝʨʝʤʝʥʘ 

ʩʪʦʢʘ ʠ ʧʨʠʪʦʢʘ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʛʜʝ ʚʳʰʝ ʫʨʦʚʝʥʴ ʚʦʜʳ ï ʚ ʨʝʢʝ ʠʣʠ ʦʟʝʨʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʝʞʘʷ ʚʦʜʘ ʚ ʦʟʝʨʦ ʧʦʩʪʫʧʘʣʘ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚ ʛʦʜ, ʘ ʟʘ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʏʫʷ ʚʨʝʟʘʣʘʩʴ ʚ ʨʫʩʣʦ ʥʘ ʧʦʣʤʝʪʨʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ 

ʚʦʜʳ ʚ ʦʟʝʨʝ ʩʥʠʟʠʣʘʩʴ ʜʦ ʤʠʥʠʤʫʤʘ. ʇʦ ʩʣʦʚʘʤ ʤʝʩʪʥʦʛʦ ʧʘʩʪʫʭʘ ɺʘʩʠʣʠʷ 

ʗʜʘʝʚʘ ʚ 2014 ʛʦʜʫ ʚ ʥʘʯʘʣʝ ʤʘʨʪʘ ʚʦʜʘ ʚ ʨʝʢʝ ʧʦʜʥʷʣʘʩʴ ʥʘ 1 ʤʝʪʨ, ʫʚʝʣʠʯʠʚ 

ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʦʟʝʨʝ ʥʘ 55 ʩʤ. ɹʦʣʴʰʝ ʪʘʢʠʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʦʩʪʫʧʣʝʥʠʡ 

ʚʦʜʳ ʠʟ ʨʝʢʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ɿʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ (ʩʝʨʝʜʠʥʘ ï ʢʦʥʝʮ ʠʶʣʷ 

2010, 2011, 2012, 2014 ʛʛ.) ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʦʟʝʨʝ ʂʨʘʩʥʦʛʦʨʩʢʦʝ ʥʝ ʤʝʥʷʣʩʷ. 

ɿʘ ʪʨʠ ʛʦʜʘ ʥʘʙʣʶʜʝʥʠʡ (ʩ 2011 ʧʦ 2014 ʛʛ.) ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʚʦʜʦʝʤʘ ʚ 

ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʧʨʦʠʟʦʰʣʦ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʥʘʜʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʠ ʨʘʩʪʝʥʠʡ ʩ ʧʣʘʚʘʶʱʠʤʠ ʣʠʩʪʴʷʤʠ (ʨʜʝʩʪ, ʵʣʦʜʝʷ), ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʝ 

ʥʠʪʯʘʪʳʭ ʚʦʜʦʨʦʩʣʝʡ ʚ ʧʨʝʜʝʣʘʭ ʣʠʪʦʨʘʣʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʭʫʜʰʝʥʠʠ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ. [5 ʩʪʨ. 60]. 

ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʜʝʛʨʘʜʘʮʠʷ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʦʪ 

ʚʳʧʘʩʘʝʤʳʭ ʚ ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ ʞʠʚʦʪʥʳʭ. ʋʧʣʦʪʥʝʥʠʝ ʠ ʧʝʨʝʪʠʨʘʥʠʝ ʧʦʯʚʳ 

ʢʦʧʳʪʘʤʠ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʬʦʨʤʠʨʫʝʪ ʫʩʣʦʚʠʷ ʧʣʦʭʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʝʥʥʦʛʦ ʩʤʳʚʘ ʚ ʚʦʜʦʝʤ ʧʦ 

ʣʦʞʙʠʥʘʤ ʩʪʦʢʘ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦʯʚʳ ʚʤʝʩʪʝ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʩʪʘʪʢʘʤʠ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʞʠʚʦʪʥʳʭ. ʂʘʯʝʩʪʚʦ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʪʘʢʞʝ ʤʝʥʷʝʪʩʷ ï ʚ 

ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʙʝʨʝʛʦʚʦʡ ʟʦʥʳ ʛʨʫʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʩʯʘʥʦ-

ʛʘʣʝʯʥʠʢʦʚʳʡ ʩʫʙʩʪʨʘʪ, ʘ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʩʪʝʢʘʶʪ ʧʦ ʣʠʥʟʘʤ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ, ʪʘʢʞʝ ʜʦʙʘʚʣʷʷ ʚ ʦʟʝʨʦ ʨʘʩʪʚʦʨʝʥʥʫʶ 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʦʨʛʘʥʠʢʫ ʞʠʚʦʪʥʳʭ.  

ʄʝʞʜʫ ʪʝʤ, ʚʦʜʦʝʤ ʠʤʝʣ ʥʝʧʣʦʭʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʨʝʛʫʣʠʨʫʝʤʦʡ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʟʦʥʳ ʜʣʷ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʠ ʧʨʦʝʟʞʘʶʱʠʭ 

ʪʫʨʠʩʪʦʚ. ɺ ʦʢʨʝʩʪʥʦʩʪʷʭ ʧ. ʏʘʛʘʥ-ʋʟʫʥ ʦʟʝʨʦ ʂʨʘʩʥʦʛʦʨʩʢʦʝ ï ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʚʦʜʦʝʤ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ 

ʧʣʷʞʥʦ-ʢʫʧʘʣʴʥʦʛʦ ʦʪʜʳʭʘ. ʂʦʪʣʦʚʠʥʘ ʦʟʝʨʘ ʠʤʝʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʩʚʘʣ 

ʛʣʫʙʠʥ, ʥʘ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʙʝʨʝʛʫ ʥʘʭʦʜʠʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʝʩʯʘʥʦ-

ʛʘʣʝʯʥʠʢʦʚʳʡ ʧʣʷʞ ʰʠʨʠʥʦʡ 5-7ʤ., ʣʠʪʦʨʘʣʴ ʜʦ ʛʣʫʙʠʥʳ 1 ʤ. ʧʦʢʨʳʪʘ 

ʛʘʣʝʯʥʠʢʦʤ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʠʣʦʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ (20
ʦ
ʉ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ) 

ʠ ʦʪʩʫʪʩʪʚʠʝ ʩʠʣʴʥʳʭ ʠ ʭʦʣʦʜʥʳʭ ʪʝʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ 

ʟʘʥʷʪʠʷ ʚʦʜʥʳʤʠ ʧʨʦʮʝʜʫʨʘʤʠ ʚʟʨʦʩʣʳʭ ʣʶʜʝʡ ʠ ʜʝʪʝʡ ʦʪ 10 ʣʝʪ. ʅʝʩʢʦʣʴʢʦ 

ʫʤʝʥʴʰʘʝʪ ʜʦʩʪʦʠʥʩʪʚʘ ʚʦʜʦʝʤʘ ʠʣʠʩʪʳʡ ʭʘʨʘʢʪʝʨ ʜʥʘ, ʟʘʨʘʩʪʘʥʠʝ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʘʢʨʦʬʠʪʘʤʠ ʠ ʧʦʩʪʝʧʝʥʥʘʷ ʵʚʪʨʦʬʠʢʘʮʠʷ ʦʟʝʨʘ, ʥʦ ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʵʪʠ ʥʝʜʦʩʪʘʪʢʠ 

ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ.  

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʚʪʨʦʬʠʢʘʮʠʠ ʦʟʝʨʘ ʂʨʘʩʥʦʛʦʨʩʢʦʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʛʨʘʥʠʯʠʪʴ ʚʳʧʘʩ ʞʠʚʦʪʥʳʭ ʚ ʟʦʥʝ ʚʦʜʦʩʙʦʨʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʚʦʜʦʦʙʤʝʥʥʦʩʪʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʟʘʨʝʛʫʣʠʨʦʚʘʪʴ ʚʦʜʦʝʤ ʧʫʪʝʤ ʨʘʩʯʠʩʪʢʠ ʠ 
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ʫʛʣʫʙʣʝʥʠʷ ʨʫʩʣʘ ʧʨʠʪʦʢʘ ʠʟ ʨʝʢʠ ʏʫʷ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ 

çʚʳʟʜʦʨʦʚʣʝʥʠʷè ʚʦʜʦʝʤʘ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʯʘʩʪʴ ʦʨʛʘʥʠʯʝʩʢʠʭ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʠ ʤʘʢʨʦʬʠʪʦʚ, ʢʘʢ ʚ ʟʦʥʝ ʣʠʪʦʨʘʣʠ, ʪʘʢ ʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʢʦʪʣʦʚʠʥʳ. ʀʟʲʷʪʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʯʘʩʪʠʯʥʦ, ʩ ʩʦʭʨʘʥʝʥʠʝʤ çʦʩʪʨʦʚʢʦʚè ʘʚʪʦʭʪʦʥʥʦʡ ʵʢʦʩʠʩʪʝʤʳ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʧʫʣʷʨʥʦʛʦ ʫ ʞʠʪʝʣʝʡ ʂʦʰ-ɸʛʘʯʘ ʦʟʝʨʘ ʂʘʤʝʥʠʩʪʦʛʦ, 

ʛʜʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʠʶʥʝ-ʠʶʣʝ ʧʦʩʣʝ ʦʙʝʜʘ ʧʦʜʥʠʤʘʝʪʩʷ ʩʠʣʴʥʳʡ ʚʝʪʝʨ, ʠ 

ʧʨʦʚʦʜʠʪʴ ʧʣʷʞʥʦ-ʢʫʧʘʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʩʪʘʥʦʚʠʪʴʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, 

ʦʟʝʨʦ ʂʨʘʩʥʦʛʦʨʩʢʦʝ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʢʦʤʬʦʨʪʥʳʤʠ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ. ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʥʦʮʝʥʥʦʛʦ ʦʪʜʳʭʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʣʘʛʦʨʦʜʠʪʴ 

ʧʣʷʞ ʥʘ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʠ ʩʝʚʝʨʥʦʤ ʙʝʨʝʛʫ: ʦʯʠʩʪʠʪʴ ʣʠʪʦʨʘʣʴ ʦʪ ʠʣʘ ʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʧʦʩʪʘʚʠʪʴ ʙʝʩʝʜʢʠ ʠ ʤʫʩʦʨʥʳʝ ʙʘʯʢʠ, ʧʦʩʪʨʦʠʪʴ ʠʛʨʦʚʫʶ 

ʧʣʦʱʘʜʢʫ.  

ʃʠʪʝʨʘʪʫʨʘ 
1. ɻʠʛʠʝʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʦʥʘʤ ʨʝʢʨʝʘʮʠʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ɻʆʉʊ 17.1.5.02-80. ʄ.: 

ʀʟʜ-ʚʦ ʩʪʘʥʜʘʨʪʦʚ. 1981. ð 6 ʩ. 

2. ɺʦʜʦʭʨʘʥʠʣʠʱʘ ʤʠʨʘ / ʆʪʚ. ʨʝʜ. ɻ. ɺ. ɺʦʨʦʧʘʝʚ, ʉ. ʃ. ɺʝʥʜʨʦʚ.ðʄ.: ʅʘʫʢʘ, 1979, ð 

288 ʩ.  

3. ʈʫʤʷʥʮʝʚ ɸ. ʄ. ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʩʦʮʠʘʣʠʩʪʠʯʝʩʢʠʭ 

ʩʪʨʘʥʘʭ. ð ʄ.: ʕʥʝʨʛʠʷ, 1975. ð 207 ʩ. 

4. ɺʘʩʠʣʴʝʚ ʖ. ʉ., ʂʫʢʫʰʢʠʥ ɺ. ɸ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʦʝʤʦʚ ʠ ʨʝʢ ʚ ʮʝʣʷʭ ʨʝʢʨʝʘʮʠʠ. ʃ.: 

ɻʠʜʨʦʤʝʪʝʦʠʟʜʘʪ, 1988. ï230 ʩ.  

5. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʵʢʦʩʠʩʪʝʤ ʤʘʣʳʭ ʦʟʝʨ. ʉʇʙ.: ʅʘʫʢʘ, 1994. ð144ʩ. 

6. ʍʝʥʜʝʨʩʦʥ-ʉʝʣʣʝʨʩ ɹ. ʀʥʞʝʥʝʨʥʘʷ ʣʠʤʥʦʣʦʛʠʷ. ʃ.: ɻʠʜʨʦʤʝʪʝʦʠʟʜʘʪ, 1987. ï335 ʩ. 



 

ˤͦ͒ͤ·͔ ͔ͪͫͯͪͫ· ͙ ͔ͨͪͦ͋ͣ͡· ͍ͦ͒ͦͨͦ͡Έ͍ͦ͘ ͙͊ͤΎ 

31 

ʕʌʌɽʂʊʀɺʅʆʉʊʔ ɽʉʊɽʉʊɺɽʅʅʆɻʆ ɺʆʉʇʈʆʀɿɺʆɼʉʊɺɸ 

ʇʆʃʋʇʈʆʍʆɼʅʓʍ ɺʀɼʆɺ ʈʓɹ ɺ ʈ. ɾɸʁʓʂ (ʋʈɸʃ)  

ɽ.ɹ. ɹʦʢʦʚʘ, ɸ.ʄ. ʄʫʭʩʘʥʦʚ, ɻ.ɻ. ɼʞʫʥʫʩʦʚʘ 

ɸʪʳʨʘʫ, ʂʘʟʘʭʩʪʘʥ 

bokova08@mail.ru 

ʆʙʲʝʢʪʦʤ ʧʨʦʤʳʩʣʘ ʚ ʨ. ɾʘʡʳʢ ʷʚʣʷʶʪʩʷ ʧʦʣʫʧʨʦʭʦʜʥʳʝ ʚʠʜʳ ʨʳʙ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʢʣʘʜʥʦʡ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʥʘʫʢʠ. ɽʞʝʛʦʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʠ ʤʠʛʨʘʮʠʠ ʨʳʙ, 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʦʧʫʣʷʮʠʡ, ʤʝʩʪʘ ʨʘʟʤʥʦʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʨʳʙ ʠ 

ʫʨʦʞʘʡʥʦʩʪʴ ʤʦʣʦʜʠ ʦʪ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʥʝʨʝʩʪʘ. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʠʭʪʠʦʬʘʫʥʳ ʚ 

ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʘʭ ɾʘʡʳʢ ï ʂʘʩʧʠʡʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʥʘʩʯʠʪʳʚʘʝʪ 27 

ʚʠʜʦʚ ʨʳʙ ʠʟ ʥʠʭ 16 ʚʠʜʦʚ ʷʚʣʷʶʪʩʷ ʧʨʦʤʳʩʣʦʚʳʤʠ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʧʷʪʠ 

ʩʝʤʝʡʩʪʚʘʤ: ʢʘʨʧʦʚʳʝ ï Cyprinidae; ʩʦʤʦʚʳʝ ï Siluridae; ʦʢʫʥʝʚʳʝ ï Percidae ʠ 

ʱʫʢʦʚʳʝ ï Esocidae.  

ʄʥʦʛʠʝ ʚʠʜʳ ʨʳʙ: ʂʘʩʧʠʡʩʢʠʡ ʣʦʩʦʩʴ ï (Salmo trutta cʘspius, Kessler), 

ɹʝʣʦʨʳʙʠʮʘ ï (Stenodus leucichthys, G.). ʂʘʩʧʠʡʩʢʘʷ ʤʠʥʦʛʘ - (Caspiomyzon 

wagneri, Kessler), ʂʫʪʫʤ ï (Rutilus frizii kutum), ɺʦʣʞʩʢʘʷ ʤʥʦʛʦʪʳʯʠʥʢʦʚʘʷ 

ʩʝʣʴʜʴ ï (Alosa kessleri volgensis Berg) ʧʦʪʝʨʷʣʠ ʩʚʦʝ ʧʨʦʤʳʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ ʠ 

ʟʘʥʝʩʝʥʳ ʚ ʂʨʘʩʥʫʶ ʢʥʠʛʫ ʈʂ [1]. 

ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʪʠʧʠʯʥʳʭ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʨʳʙ ʩʚʷʟʘʥ ʩ ʨʝʢʦʡ ʩ 

ʧʨʠʣʝʛʘʶʱʠʤʠ ʢʘʥʘʣʘʤʠ ʠ ʝʨʠʢʘʤʠ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʨʘʟʤʥʦʞʝʥʠʝ, ʠ 

ʦʧʨʝʩʥʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʤʦʨʷ ï ʨʘʡʦʥʘʤʠ ʥʘʛʫʣʘ ʤʦʣʦʜʠ ʠ ʚʟʨʦʩʣʳʭ ʨʳʙ. 

ʇʦʣʫʧʨʦʭʦʜʥʳʝ ʠ ʦʩʝʪʨʦʚʳʝ ʨʳʙʳ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʦʣʦʚʦʟʨʝʣʦʩʪʠ 

ʩʦʚʝʨʰʘʶʪ ʤʘʩʩʦʚʳʝ ʥʝʨʝʩʪʦʚʳʝ ʤʠʛʨʘʮʠʠ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ ʢ ʤʝʩʪʘʤ 

ʥʝʨʝʩʪʠʣʠʱ, ʧʦʩʣʝ ʥʝʨʝʩʪʘ ʦʩʝʪʨʦʚʳʝ ʨʳʙʳ ʤʠʛʨʠʨʫʶʪ ʦʙʨʘʪʥʦ ʚ ʤʦʨʝ, ʘ 

ʧʦʣʫʧʨʦʭʦʜʥʳʝ ʧʦʢʠʜʘʶʪ ʨʝʢʫ ʠ ʥʘʛʫʣʠʚʘʶʪʩʷ ʚ ʧʨʝʜʫʩʪʴʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʨ.ɾʘʡʳʢ [2].  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʚʝʣʘ ʢ 

ʪʦʤʫ, ʯʪʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʦʜʦʝʤʦʚ ʩʥʠʟʠʣʦʩʴ. ʉʦʢʨʘʪʠʣʘʩʴ 

ʥʝʨʝʩʪʦʚʘʷ ʯʘʩʪʴ ʧʦʧʫʣʷʮʠʠ ʧʨʦʭʦʜʥʳʭ ʨʳʙ (ʦʩʝʪʨʦʚʳʝ), ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʧʦʣʥʦʤʫ ʟʘʧʨʝʪʫ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʣʦʚʘ (ʩ 2010 ʛ) [3,4]. ɿʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʠʩʴ 

ʟʘʧʘʩʳ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʚʠʜʦʚ ʨʳʙ. ɽʩʣʠ ʚ 2004 ʛ ʫʣʦʚʳ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʚʠʜʦʚ 

ʨʳʙ ʩʦʩʪʘʚʣʷʣʠ 11090 ʪ, ʪʦ ʚ 2014 ʛ. ʫʣʦʚʳ ʩʥʠʟʠʣʠʩʴ ʜʦ 3158,7 ʪ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʦʤʳʰʣʝʥʥʳʡ ʣʦʚ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʚʠʜʦʚ ʨʳʙ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʨʘʤʢʘʭ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʣʠʤʠʪʘ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘʫʢʦʡ 

ʢʚʦʪʘ ʥʝ ʦʩʚʘʠʚʘʝʪʩʷ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʪʝʣʷʤʠ (ʨʠʩ. 1). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʤʥʦʞʝʥʠʝ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʚʠʜʦʚ ʨʳʙ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨ.ɾʘʡʳʢ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 100-150 ʢʤ ʦʪ ʤʦʨʷ ʠ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ [5]. 

ʅʝʨʝʩʪʠʣʠʱʘ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʟʘʪʦʧʣʷʝʤʳʭ ʫʯʘʩʪʢʘʭ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ 

ʨʝʢʠ, ʟʘʪʦʥʘʭ, ʩʪʘʨʠʮʘʭ, ʪ.ʝ. ʥʘ ʤʝʣʢʦʚʦʜʴʷʭ, ʛʜʝ ʨʘʟʚʠʪʘ ʧʦʜʚʦʜʥʘʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. 
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ʈʠʩ. 1. ʆʩʚʦʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʢʚʦʪʳ ʧʦʣʫʧʨʦʭʦʜʥʳʭ 

 ʚʠʜʦʚ ʨʳʙ ʚ ʨ. ɾʘʡʳʢ, % 

ʇʦʩʣʝ ʥʝʨʝʩʪʘ ʚʝʩʥʦʡ ʣʠʯʠʥʢʠ ʠ ʤʦʣʦʜʴ ʚʩʝʭ ʚʠʜʦʚ ʨʳʙ ʩʢʘʪʳʚʘʶʪʩʷ ʩ 

ʥʝʨʝʩʪʠʣʠʱ ʚ ʨʫʩʣʦ ʨʝʢʠ ɾʘʡʳʢ ʠ ʜʘʣʝʝ ʧʦ ʪʝʯʝʥʠʶ ʚ ʧʨʝʜʫʩʪʴʝʚʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ. ʇʦʢʘʪʥʘʷ ʤʠʛʨʘʮʠʷ ʤʦʣʦʜʠ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʨʳʙ ʨʘʩʪʷʥʫʪʘ ʠ 

ʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʜʦ ʘʚʛʫʩʪʘ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ, ʤʦʣʦʜʴ ʩʢʘʪʳʚʘʝʪʩʷ ʧʦ 

ʪʝʯʝʥʠʶ ʚ ʧʨʝʜʫʩʪʴʝʚʫʶ ʟʦʥʫ ʥʘʛʫʣʘ ʠ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʧʨʝʩʥʝʥʥʦʡ ʟʦʥʝ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝʨʝʩʪʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʠʯʠʥʦʢ ʠ ʤʦʣʦʜʠ, ʠʭ 

ʚʳʞʠʚʘʝʤʦʩʪʴ ʚ ʜʝʣʴʪʝ ʨʝʢʠ ʚʩʝʛʜʘ ʟʘʚʠʩʠʪ ʦʪ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʚʣʠʷʶʱʠʭ ʥʘ ʫʩʣʦʚʠʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɸʥʘʣʠʟ ʤʥʦʛʦʣʝʪʥʝʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʜʘʥʥʳʤ ʤʠʛʨʘʮʠʠ ʤʦʣʦʜʠ ʨʳʙ, 

ʧʦʢʘʟʘʣ, ʯʪʦ ʯʠʩʣʝʥʥʦʩʪʴ ʤʦʣʦʜʠ ʧʨʦʤʳʩʣʦʚʳʭ ʨʳʙ ʚ ʧʝʨʠʦʜ ʩʢʘʪʘ 

ʢʦʣʝʙʘʣʘʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʜʥʦʩʪʠ ʨʝʢʠ ɾʘʡʳʢ. ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ 

ʩʢʘʪʳʚʘʶʱʝʡʩʷ ʤʦʣʦʜʠ, ʚ ʦʩʥʦʚʥʦʤ, ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʣʶʙʦʡ ʧʦ ʚʦʜʥʦʩʪʠ ʛʦʜ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʤʦʣʦʜʴ ʱʫʢʠ, ʢʘʨʘʩʷ, ʙʝʨʰʘ, 

ʦʢʫʥʷ ʠ ʩʦʤʘ. ʕʪʠ ʚʠʜʳ ʨʳʙ ʧʨʷʯʫʪʩʷ ʚ ʟʘʨʦʩʣʷʭ ʠ ʚʩʝʛʜʘ ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ 

ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʨʝʢʠ ʠ ʧʣʦʭʦ ʜʦʩʪʫʧʥʳ ʚʦ ʚʨʝʤʷ ʪʨʘʣʝʥʠʷ. 

ɼʨʫʛʠʝ ʚʠʜʳ ʤʦʣʦʜʠ ʨʳʙ, ʪʘʢʠʭ ʢʘʢ ʙʝʣʦʛʣʘʟʢʘ, ʣʝʱ, ʚʦʙʣʘ, ʩʫʜʘʢ, ʞʝʨʝʭ 

ʚ ʪʨʘʣʦʚʳʭ ʫʣʦʚʘʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳ ʠ ʩʢʘʪʳʚʘʶʪʩʷ ʧʦ ʚʩʝʤʫ ʧʦʧʝʨʝʯʥʦʤʫ ʠ 

ʧʨʦʜʦʣʴʥʦʤʫ ʩʝʯʝʥʠʶ ʨʝʢʠ ɾʘʡʳʢ.  

ʋʨʦʞʘʡʥʦʩʪʴ ʧʦʢʦʣʝʥʠʡ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʨʳʙ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʥʳʭ 

ʬʘʢʪʦʨʦʚ (ʫʨʦʚʝʥʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʞʠʤʘ ʧʦʣʦʚʦʜʴʷ ʚ ʧʝʨʠʦʜ ʥʝʨʝʩʪʘ ʨʳʙ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʠʢʨʳ ʠ ʣʠʯʠʥʦʢ, ʩʦʩʪʦʷʥʠʝ ʢʦʨʤʦʚʦʡ 

ʙʘʟʳ). ɽʩʪʴ ʜʦʩʪʘʪʦʯʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʠʭ ʫʣʦʚʦʚ 

ʤʦʣʦʜʠ ʥʘ ʦʜʠʥ ʙʠʤʪʨʘʣ ʠ ʥʝʢʦʪʦʨʳʤʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʢʠ 

(ʦʙʲʝʤ ʩʪʦʢʘ ʚ ʤʘʝ-ʠʶʥʝ, ʚʳʩʦʪʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʣʦʚʦʜʴʷ) ʛʜʝ 

ʩʫʱʝʩʪʚʫʶʪ ʪʝʩʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʧʨʠ ʫʨʦʚʥʝ ʚʝʨʦʷʪʥʦʩʪʠ ʈ = 0,95. 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ (r) ʤʝʞʜʫ ʫʣʦʚʦʤ ʤʦʣʦʜʠ ʠ ʦʙʲʝʤʦʤ ʩʪʦʢʘ ʟʘ ʤʘʡ ï 

ʠʶʥʴ ʩʦʩʪʘʚʠʣ 0,999 +_0,0005. ʊʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʩ 
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ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʧʦʣʦʚʦʜʴʷ r = 0,988 +_0,006 ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 

ʧʦʣʦʚʦʜʴʷ r = 0,998+_0,001 [6]. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʧʦʧʦʣʥʝʥʠʝ ʟʘʧʘʩʦʚ ʨʳʙ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʝʨʠʦʜ ʚʳʩʦʢʠʭ 

ʫʨʦʚʥʝʡ ʚʦʜʳ ʚ ʨʝʢʝ. ɺ ʵʪʦ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʨʦʩʪ ʠʭʪʠʦʤʘʩʩʳ ʦʪ 

ʫʨʦʞʘʡʥʳʭ ʧʦʢʦʣʝʥʠʡ. ɺ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ ʨ. ɾʘʡʳʢ ʫʨʦʞʘʡʥʦʩʪʴ ʤʦʣʦʜʠ 

ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʚʠʜʦʚ ʨʳʙ ʩʥʠʞʘʣʘʩʴ. ʉʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʤʦʣʦʜʠ 

ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʚʠʜʦʚ ʨʳʙ ʟʘʤʝʪʥʦ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʧʦʩʣʝʜʥʠʝ ʤʘʣʦʚʦʜʥʳʝ 

ʛʦʜʳ [7]. 

ɸʥʘʣʠʟ ʤʥʦʛʦʣʝʪʥʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʛʦʜʦʚʦʡ ʚʦʜʥʳʡ ʩʪʦʢ 

ʤʝʥʷʣʩʷ ʯʝʨʝʜʦʚʘʥʠʝʤ ʤʥʦʛʦʚʦʜʥʦʛʦ ʛʦʜʘ ʤʘʣʦʚʦʜʥʳʤ, ʧʨʠʯʝʤ ʜʘʪʳ ʥʘʯʘʣʘ 

ʧʘʚʦʜʢʘ ʚ ʤʥʦʛʦʚʦʜʥʳʝ ʛʦʜʳ ʙʦʣʝʝ ʨʘʥʥʠʝ, ʘ ʜʘʪʘ ʥʘʩʪʫʧʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʪʘʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʥʝ ʧʨʦʷʚʣʷʝʪ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʦʜʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ 

ʨʝʞʠʤ, ʤʝʥʷʝʪ ʫʩʣʦʚʠʷ ʨʘʟʤʥʦʞʝʥʠʷ ʠ ʚʝʣʠʯʠʥʫ ʥʝʨʝʩʪʦʚʦʡ ʧʣʦʱʘʜʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚʦʜʥʦʩʪʴ ʨʝʢʠ ɾʘʡʳʢ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʜʠʥʘʤʠʢʠ ʩʢʘʪʘ 

ʤʦʣʦʜʠ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʦʩʪʦʷʥʠʝ ʚʦʜʦʝʤʦʚ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ 

ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʦʡ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʚʝʩʥʦʡ ʚʦ ʚʨʝʤʷ ʥʝʨʝʩʪʘ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʩʧʘʜʘ ʦʙʲʝʤʘ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ. 

ʉ 8,5 ʢʤ
3
/ʛʦʜ ʚ 2007 ʛ. ʦʙʲʝʤ ʩʪʦʢʘ ʩʧʘʣ ʜʦ 6,0 ʢʤ

3
/ʛʦʜ ʚ 2009, ʠ ʜʝʨʞʘʣʩʷ ʥʘ 

ʵʪʦʤ ʫʨʦʚʥʝ 3 ʛʦʜʘ, ʘ ʚ 2012 ʛ. ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʟʠʣʩʷ ʜʦ 5,1 ʢʤ
3
/ʛʦʜ. ɺ 2013 

ʛʦʜʫ ʛʦʜʦʚʦʡ ʩʪʦʢ ʧʦʜʥʷʣʩʷ ʜʦ 6,6 ʢʤ
3
/ʛʦʜ, ʥʦ ʩʥʦʚʘ ʩʥʠʟʠʣʩʷ ʚ 2014 ʛ. ʜʦ 6,0 

ʢʤ/ʛʦʜ (ʨʠʩ. 2). 

 
ʈʠʩ. 2. ʄʥʦʛʦʣʝʪʥʠʝ ʠʟʤʝʥʝʥʠʷ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʚ ʥʠʟʦʚʴʷʭ ʨ. ɾʘʡʳʢ. 

ʉ ʧʘʜʝʥʠʝʤ ʫʨʦʚʥʝʡ ʚʦʜʳ ʚ ʨʝʢʝ, ʫʩʣʦʚʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʚʠʜʦʚ ʨʳʙ ʩʥʠʞʘʣʘʩʴ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʜʠʥʘʤʠʢʘ ʫʨʦʞʘʡʥʦʩʪʠ ʤʦʣʦʜʠ ʧʦʢʘʟʘʣʘ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʚ 

ʯʠʩʣʝʥʥʦʩʪʠ (ʪʘʙʣ. 1). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʛʦʣʝʪʥʠʡ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʫʨʦʞʘʡʥʦʩʪʠ ʤʦʣʦʜʠ 

ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʚʠʜʦʚ ʨʳʙ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʩʣʦʚʠʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʨʳʙ 

ʩʥʠʞʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʝʙʘʥʠʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʨʝʢʠ 

ɾʘʡʳʢ.  
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ʊʘʙʣ. 1 ï ɼʠʥʘʤʠʢʘ ʫʨʦʞʘʡʥʦʩʪʠ ʤʦʣʦʜʠ ʨʳʙ ʚ ʨ. ɾʘʡʳʢ ʟʘ 2004 - 2014 ʛʛ., ʵʢʟ./ʤ
3 

ɻʦʜʳ ɺʠʜʳ ʨʳʙ 

ʙʝʣʦʛʣʘʟʢʘ ʣʝʱ ʚʦʙʣʘ ʩʫʜʘʢ ʞʝʨʝʭ ʯʝʭʦʥʴ ʙʝʨʰ ʦʢʫʥʴ ʩʦʤ ʩʘʟʘʥ 

2004 0,008 0,040 0,120 0,025 0,015 - - - 0,0001 0,0001 

2005 0,001 0,045 0,089 0,005 0,008 0,028 - - 0,007 0,0004 

2006 0,002 0,085 0,160 0,008 0,013 0,056 - - 0,012 0,0011 

2007 0,007 0,056 0,136 0,035 0,022 0,012 - - 0,004 0,0011 

2008 0,001 0,071 0,278 0,08 0,018 0,005 - - 0,003 0,002 

2009 - - 0,0003 0,003 0,230 0,005 - - 0,0003 - 

2010 ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʧʨʦʚʦʜʠʣʠ 

2011 0,034 0,070 0,130 0,035 0,228 0,002 - - 0,0002 - 

2012 0,281 0,051 0,042 0,037 0,0003 0,0002 0,0002 0,0002 0,0002 - 

2013 0,203 0,105 0,090 0,050 0,0002 0,0001 - - - - 

2014 0,006 0,075 0,115 0,017 0,0001 0,003 - - 0,0001 0,0004 
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ʆʉʅʆɺʅʓɽ ʏɽʈʊʓ ʃʀʄʅʆɻɽʅɽɿɸ ɹʆʃʔʐʆɻʆ ɸʃʊɸʗ 

ɺ ʅɽʆʇʃɽʁʉʊʆʎɽʅɽ  

ʇ.ʉ. ɹʦʨʦʜʘʚʢʦ 

ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʆʣʝʜʝʥʝʥʠʝ ʧʦʟʜʥʝʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ ʩʳʛʨʘʣʦ ʚʝʜʫʱʫʶ ʨʦʣʴ ʚ 

ʩʪʘʥʦʚʣʝʥʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʝʣʴʝʬʘ ɸʣʪʘʡʩʢʦʡ ʛʦʨʥʦʡ ʩʪʨʘʥʳ. ʗʚʣʷʷʩʴ ʦʜʥʠʤ 

ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʘʚʰʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʣʠʤʥʦʛʝʥʝʟʘ ʚ ʛʦʨʘʭ, 

ʦʣʝʜʝʥʝʥʠʝ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʦʪʨʘʟʠʣʦʩʴ ʥʘ ʨʘʟʚʠʪʠʠ ʦʟʝʨʥʳʭ ʩʠʩʪʝʤ 

ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ.  

ʇʦ ʩʪʝʧʝʥʠ ʟʘʦʟʝʨʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʷ ʈʫʩʩʢʦʛʦ ɸʣʪʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʜʝʣʝʥʘ ʥʘ ʜʚʝ ʦʙʣʘʩʪʠ ï ʶʛʦ-ʚʦʩʪʦʯʥʫʶ, ʛʜʝ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ ʦʢʦʣʦ 76% 

ʚʩʝʭ ʦʟʝʨ, ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʫʶ (24%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʟʝʨ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʚʠʪʠʝʤ ʛʦʨʥʦʛʦ 

ʦʣʝʜʝʥʝʥʠʷ ʚ ʥʝʦʧʣʝʡʩʪʦʮʝʥʝ ʚ ʙʘʩʩʝʡʥʘʭ ʛʣʘʚʥʳʭ ʨʝʢ, ʚ ʤʝʞʛʦʨʥʳʭ 

ʢʦʪʣʦʚʠʥʘʭ ʠ ʥʘ ʚʳʩʦʢʦʧʦʜʥʷʪʳʭ ʧʣʘʪʦ. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʨʫʧʥʳʭ 

ʨʘʡʦʥʦʚ ʧʦ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʦʟʝʨʥʳʤʠ ʚʦʜʘʤʠ ʥʘʤʠ ʙʳʣ ʧʨʠʤʝʥʝʥ 

ʢʘʨʪʦʛʨʘʬʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʟʘʦʟʝʨʝʥʥʦʩʪʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʝʨʨʠʪʦʨʠʠ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʦʟʝʨʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʨʘʡʦʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨʪʳ, ʜʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʫ, ʠ ʩʚʝʜʝʥʥʳʝ ʚ ʝʜʠʥʳʡ ʙʣʦʢ ʤʘʪʨʠʮʳ 

SRTM-3. ɼʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʫʣʷʭ ɻʠʩ-ʧʘʢʝʪʘ 

MICRODEM/Terra Base-II  (V 16). ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʦʟʝʨʥʳʭ ʨʘʡʦʥʦʚ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʣʦʱʘʜʴ, ʘ ʪʘʢʞʝ ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʦʟʝʨ, ʚʢʣʶʯʝʥʥʳʭ ʚ 

ʪʝʨʨʠʪʦʨʠʶ ʨʘʡʦʥʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʧʣʦʱʘʜʝʡ ʦʟʝʨ ʠ ʨʘʡʦʥʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʟʘʦʟʝʨʝʥʥʦʩʪʠ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʨʘʡʦʥʳ ʧʦʚʳʰʝʥʥʦʡ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʦʙʚʦʜʥʝʥʥʦʩʪʠ. 

ɻʨʫʧʧʠʨʦʚʢʘ ʢʚʘʜʨʘʪʦʚ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʨʘʡʦʥʝ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʧʨʠʥʮʠʧʫ 

ʦʙʱʥʦʩʪʠ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʚʦʜʥʦʩʪʠ, ʚʳʨʘʞʝʥʥʦʡ ʚ ʧʨʦʮʝʥʪʘʭ, ʝʩʣʠ ʦʥʠ 

ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʙʦʣʝʝ-ʤʝʥʝʝ ʢʦʤʧʘʢʪʥʦ, ʛʜʝ ʷʩʥʦ ʧʨʦʩʣʝʞʠʚʘʣʘʩʴ ʢʘʢʘʷ-ʣʠʙʦ 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʠ. ʂ ʨʘʡʦʥʘʤ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʚʦʜʥʦʩʪʴʶ ʦʪʥʦʩʠʣʠʩʴ ʪʘʢʠʝ, ʛʜʝ ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʟʘʦʟʝʨʝʥʥʦʩʪʠ ʩʦʩʪʘʚʠʣʘ 

1,5 % ʠ ʙʦʣʝʝ. ʂ ʨʘʡʦʥʘʤ ʩ ʧʦʥʠʞʝʥʥʦʡ ʦʙʚʦʜʥʝʥʥʦʩʪʴʶ ʧʨʠʯʠʩʣʷʣʠʩʴ 

ʫʯʘʩʪʢʠ, ʚʢʣʶʯʘʶʱʠʝ ʢʚʘʜʨʘʪʳ, ʛʜʝ ʟʘʦʟʝʨʝʥʥʦʩʪʴ ʤʝʥʝʝ 0,5 %. ʇʦʩʣʝ 

ʚʳʷʚʣʝʥʠʷ ʨʘʡʦʥʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʠ ʥʠʟʢʦʡ ʚʦʜʥʦʩʪʴʶ ʜʣʷ ʦʩʪʘʚʰʝʡʩʷ 

ʪʝʨʨʠʪʦʨʠʠ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʩʨʝʜʥʷʷ ʠ ʬʦʥʦʚʘʷ ʟʘʦʟʝʨʝʥʥʦʩʪʴ: ʩʨʝʜʥʷʷ ï 

ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʚʩʝʭ ʦʟʝʨ ʢ ʦʙʱʝʡ 

ʪʝʨʨʠʪʦʨʠʠ, ʚʢʣʶʯʘʷ ʦʟʝʨʘ ʨʘʡʦʥʦʚ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʈʫʩʩʢʦʛʦ ɸʣʪʘʷ, ʘ 

ʬʦʥʦʚʘʷ ï ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ ʦʟʝʨ ʠ ʪʝʨʨʠʪʦʨʠʡ, ʥʝ ʚʭʦʜʷʱʠʭ ʚ ʨʘʡʦʥ.  

ɺʩʝ ʦʟʝʨʘ ɸʣʪʘʡʩʢʦʡ ʛʦʨʥʦʡ ʩʪʨʘʥʳ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ 

ʦʩʥʦʚʥʳʭ ʛʨʫʧʧʳ: ʧʨʠʣʝʜʥʠʢʦʚʦʡ ʠ ʣʝʜʥʠʢʦʚʦʡ (1) ʠ ʚʥʝʣʝʜʥʠʢʦʚʦʡ (2). 

ʆʟʝʨʘ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʚʦʟʥʠʢʘʣʠ ʚ ʧʨʝʜʝʣʘʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 
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ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʣʝʜʝʥʝʥʠʷ. ʂ ʥʠʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʪʥʦʩʷʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʦʨʝʥʦ-ʧʦʜʧʨʫʜʥʳʝ, ʢʘʨʦʚʳʝ ʠ ʪʝʨʤʦʢʘʨʩʪʦʚʳʝ ʚʦʜʦʝʤʳ, 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚ ʜʦʣʠʥʘʭ ʠ ʥʝʙʦʣʴʰʠʭ ʚʥʫʪʨʠʛʦʨʥʳʭ ʚʧʘʜʠʥʘʭ. ʕʪʠ ʦʟʝʨʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʛʣʫʙʦʢʠ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʠʭ ʩʪʨʦʛʦ ʧʦʜʯʠʥʝʥʘ ʨʝʣʴʝʬʫ 

ʣʝʜʥʠʢʦʚʦʛʦ ʣʦʞʘ.  

ʄʦʨʝʥʦ-ʧʦʜʧʨʫʜʥʳʝ ʦʟʝʨʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠ ʜʝʛʨʘʜʘʮʠʠ ʛʦʨʥʦ-

ʜʦʣʠʥʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʧʝʨʝʜ ʢʦʥʝʯʥʳʤʠ ʠʣʠ ʩʪʘʜʠʘʣʴʥʳʤʠ ʤʦʨʝʥʘʤʠ, ʛʜʝ ʠʭ 

ʫʨʦʚʥʠ ʚʚʝʨʭ ʧʦ ʜʦʣʠʥʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʢʘʭ. ʂ ʧʨʠʤʝʨʫ, ʚ ʚʝʨʭʦʚʴʷʭ ʨ.ʨ. ʖʩʪʳʜ, ɹʫʡʣʶʛʝʤ 

ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʜʦ 6 ʩʪʘʜʠʘʣʴʥʳʭ ʚʘʣʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʤ ʢʦʣʠʯʝʩʪʚʦ 

ʤʦʨʝʥʦ-ʧʦʜʧʨʫʜʥʳʭ ʦʟʝʨ. 

ɺʪʦʨʳʤ ʪʠʧʦʤ ʦʟʝʨ ʦʧʠʩʳʚʘʝʤʦʡ ʛʨʫʧʧʳ ʷʚʣʷʶʪʩʷ ʣʝʜʥʠʢʦʚʦ-

ʧʦʜʧʨʫʜʥʳʝ ʦʟʝʨʘ. ʆʥʠ ʩʚʷʟʘʥʳ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʧʦʜʧʨʫʞʠʚʘʥʠʝʤ - 

ʧʝʨʝʛʦʨʘʞʠʚʘʥʠʝʤ ʣʝʜʥʠʢʘʤʠ ʨʝʯʥʳʭ ʜʦʣʠʥ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʳʰʝ ʧʦ 

ʜʦʣʠʥʘʤ ʚʦʟʥʠʢʘʣʠ ʧʦʜʧʨʫʜʥʳʝ ʚʦʜʦʝʤʳ (ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʝ, ʋʣʘʛʘʥʩʢʦʝ). 

ʅʘʯʘʣʦ ʪʨʘʥʩʛʨʝʩʩʠʠ ʦʟʝʨ ʚ ʏʫʡʩʢʦʡ ʠ ʂʫʨʘʡʩʢʦʡ ʚʧʘʜʠʥʘʭ ʩʦʚʝʨʰʝʥʥʦ 

ʦʧʨʝʜʝʣʝʥʥʦ ʦʪʦʞʜʝʩʪʚʣʷʝʪʩʷ ʩ ʥʘʯʘʣʦʤ ʨʝʛʨʝʩʩʠʠ ʣʝʜʥʠʢʦʚ ʧʝʨʚʦʛʦ 

ʤʝʛʘʩʪʘʜʠʘʣʘ. ɺ ʤʘʢʩʠʤʫʤ ʪʨʘʥʩʛʨʝʩʩʠʠ ʧʝʨʚʦʛʦ ʣʠʤʥʦʩʪʘʜʠʘʣʘ ʫʨʦʚʝʥʴ 

ʧʘʣʝʦʦʟʝʨʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ ʣʝʜʥʠʢʦʚʦʡ ʧʦʜʧʨʫʜʦʡ, ʥʘʭʦʜʠʚʰʝʡʩʷ ʥʠʞʝ 

ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʠ ʜʦʩʪʠʛʘʣ ʚʳʩʦʪʥʦʡ ʦʪʤʝʪʢʠ 2100 ʤ, ʝʛʦ ʘʢʚʘʪʦʨʠʷ 

ʩʦʩʪʘʚʣʷʣʘ 2650 ʢʤ2, ʦʙʲʝʤ ʥʝ ʧʨʝʚʳʰʘʣ 600 ʢʤ3. ʉ ʧʝʨʠʦʜʦʤ ʧʝʨʚʦʛʦ 

ʧʦʩʪʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʩʪʫʧʘʥʠʷ ʣʝʜʥʠʢʦʚ (ʦʪ 37 ʜʦ 36 ʪʳʩ. ʣʝʪ ʪ. ʥ., ʩʦʛʣʘʩʥʦ 

ʩʭʝʤʝ ʧʦʩʪʤʘʢʩʠʤʘʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʣʝʜʥʠʢʦʚ ɸʣʪʘʷ), ʤʳ ʩʚʷʟʳʚʘʝʤ 

ʟʘʚʝʨʰʝʥʠʝ ʧʨʦʮʝʩʩʘ ʥʘʢʦʧʣʝʥʠʷ ʧʝʨʚʦʡ ʪʦʣʱʠ ʦʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʳʭ ʦʩʘʜʢʦʚ ʚ 

ʜʦʣʠʥʝ ʏʘʛʘʥ-ʋʟʫʥʘ ʠ ʜʝʛʨʘʜʘʮʠʶ ʣʠʤʥʦʩʠʩʪʝʤʳ, ʚʳʟʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʦʩʥʦʚʥʦʡ ʣʝʜʥʠʢʦʚʦʡ ʧʣʦʪʠʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʚʠʞʝʢ 

ʩʦʩʪʘʚʣʷʚʰʠʭ ʝʝ ʣʝʜʥʠʢʦʚ.  

ʆ ʥʘʯʘʣʝ ʪʨʘʥʩʛʨʝʩʩʠʠ ʚʪʦʨʦʛʦ ʣʠʤʥʦʩʪʘʜʠʘʣʘ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ 

ʜʘʪʠʨʦʚʢʝ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʧʨʠʙʨʝʞʥʦ-ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʂʫʨʘʡʩʢʦʡ 

ʢʦʪʣʦʚʠʥʝ (32190 +/-260 BP (Beta 137035 UM993)). ʍʘʨʘʢʪʝʨ ʪʨʘʥʩʛʨʝʩʩʠʠ 

ʚʪʦʨʦʛʦ ʣʠʤʥʦʩʪʘʜʠʘʣʘ ʤʘʣʦ ʯʝʤ ʦʪʣʠʯʘʣʩʷ ʦʪ ʧʝʨʚʦʛʦ, ʫʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ 

ʣʠʤʥʦʩʠʩʪʝʤʳ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʩʪʝʧʝʥʥʦ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʣʘʚʥʦʝ 

ʟʘʪʫʭʘʥʠʝ ʟʥʘʢʦʚ ʨʷʙʠ ʪʝʯʝʥʠʷ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʚʪʦʨʦʡ (ʚʣʦʞʝʥʥʦʡ ʚ 

ʵʨʦʟʠʦʥʥʳʡ ʚʨʝʟ) ʦʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʦʡ ʪʦʣʱʠ ʏʘʛʘʥ-ʋʟʫʥʘ. ʂʨʦʚʣʷ ʵʪʦʡ ʧʘʯʢʠ 

ʧʨʠʫʨʦʯʝʥʘ ʢ ʚʳʩʦʪʝ 1920 ʤ, ʟʥʘʯʠʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʣʠʤʥʦʩʠʩʪʝʤʳ ʥʝ 

ʤʦʛ ʙʳʪʴ ʥʠʞʝ ʵʪʦʡ ʦʪʤʝʪʢʠ.  

ʈʘʟʛʨʫʟʢʘ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʡ ʣʠʤʥʦʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʯʝʨʝʟ 

ʧʦʜʣʝʜʥʠʢʦʚʳʝ ʠ ʚʥʫʪʨʠʣʝʜʥʠʢʦʚʳʝ ʜʨʝʥʘʞʥʳʝ ʢʘʥʘʣʳ ʧʣʦʪʠʥʳ. ʈʝʘʣʴʥʦʩʪʴ 

ʧʦʜʣʝʜʥʦʛʦ ʩʪʦʢʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʛʣʫʙʦʢʠʤ (ʜʦ 50 ʤ) ʵʨʦʟʠʦʥʥʳʤ ʚʨʝʟʦʤ ʚ 

ʢʦʨʝʥʥʳʝ ʧʦʨʦʜʳ ʥʘ ʫʯʘʩʪʢʝ ʩʦʚʨʝʤʝʥʥʦʡ ʜʦʣʠʥʳ ʏʫʠ ʚ ʧʨʝʜʝʣʘʭ ʤʘʩʩʠʚʘ 

ɹʝʣʴʢʝʥʝʢ, ʦʪ ʫʩʪʴʷ ʨ. ʄʘʘʰʝʡ ʜʦ ʏʠʙʠʪʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʜʦʣʠʥʳ. 

ɿʘʢʣʶʯʠʪʝʣʴʥʫʶ ʩʪʘʜʠʶ ʨʝʛʨʝʩʩʠʠ ʚʪʦʨʦʛʦ ʣʠʤʥʦʩʪʘʜʠʘʣʘ ʤʳ ʩʚʷʟʳʚʘʝʤ ʩ 

ʦʢʦʥʯʘʥʠʝʤ ʥʘʢʦʧʣʝʥʠʷ ʚʪʦʨʦʡ ʪʦʣʱʠ ʦʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʳʭ ʦʩʘʜʢʦʚ. 

ʂʘʣʴʢʫʣʷʮʠʷ ʩʫʤʤʳ ʛʦʜʠʯʥʳʭ ʣʝʥʪ (ʦʢʦʣʦ 5000), ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 



 

ˤͦ͒ͤ·͔ ͔ͪͫͯͪͫ· ͙ ͔ͨͪͦ͋ͣ͡· ͍ͦ͒ͦͨͦ͡Έ͍ͦ͘ ͙͊ͤΎ 

37 

(ʜʘʪʠʨʦʚʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʧʨʠʧʦʜʦʰʚʝʥʥʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ - 25300 Ñ 600 ʄɻʋ-

ʀʆɸʅ-65) ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʚʨʝʤʷ ʠʩʯʝʟʥʦʚʝʥʠʷ ʚʦʜʦʝʤʘ ʚ ʏʫʡʩʢʦʡ 

ʢʦʪʣʦʚʠʥʝ ï ʦʪ 20 ʜʦ 19 ʪʳʩ. ʣʝʪ ʪ.ʥ., ʚ ʂʫʨʘʡʩʢʦʡ - ʦʢʦʣʦ 18-17 ʪʳʩ. ʣʝʪ ʪ.ʥ.  

ɼʠʥʘʤʠʢʘ ʧʘʣʝʦʦʟʝʨʘ ʥʘ ʵʪʘʧʝ ʪʨʝʪʴʝʛʦ ʣʠʤʥʦʩʪʘʜʠʘʣʘ ʙʳʣʘ 

ʦʙʫʩʣʦʚʣʝʥʘ ʘʢʪʠʚʠʟʘʮʠʝʡ ʣʝʜʥʠʢʦʚ ʚ ʤʘʢʩʠʤʫʤ ʚʪʦʨʦʛʦ ʤʝʛʘʩʪʘʜʠʘʣʘ 

ʦʣʝʜʝʥʝʥʠʷ ʧʦʟʜʥʝʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ, ʢʦʪʦʨʳʡ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚʦ ʚʨʝʤʝʥʥʳʝ 

ʨʫʙʝʞʠ ʦʪ 14 ʜʦ 13 ʪʳʩ. ʣʝʪ ʪ.ʥ. ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʪʨʝʪʴʝʛʦ ʣʠʤʥʦʩʪʘʜʠʘʣʘ 

ʷʚʣʷʣʦʩʴ ʦʙʦʩʦʙʣʝʥʥʦʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʟʝʨ 

ʚ ʧʨʝʜʝʣʘʭ ʏʫʡʩʢʦʡ ʠ ʂʫʨʘʡʩʢʦʡ ʚʧʘʜʠʥ. ʆ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʧʦʜʧʨʫʞʠʚʘʥʠʠ 

ʏʫʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʣʝʜʥʠʢʘʤʠ, ʚʳʜʚʠʛʘʚʰʠʤʠʩʷ ʠʟ ʜʦʣʠʥʳ ʂʫʵʭʪʘʥʘʨʘ, 

ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʪʦʣʱʝ ʭʦʨʦʰʦ ʧʨʦʤʳʪʳʭ, ʩʣʦʠʩʪʳʭ ʧʝʩʢʦʚ, ʥʘʣʝʛʘʶʱʠʭ ʥʘ 

ʤʦʨʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʚʪʦʨʦʛʦ ʤʝʛʘʩʪʘʜʠʘʣʘ ʚ ʫʩʪʴʝʚʦʡ ʯʘʩʪʠ 

ʜʦʣʠʥʳ ʂʫʵʭʪʘʥʘʨʘ. ʇʝʩʢʠ ʜʘʪʠʨʦʚʘʥʳ ʚʦʟʨʘʩʪʦʤ 14 Ñ 2 ʠ 12 Ñ 2 ʪʳʩ. ʣʝʪ. ɺ 

ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʦʟʝʨʦ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʧʨʫʞʠʚʘʥʠʷ ʧʨʘ-

ʏʫʠ ʄʘʘʰʝʡʩʢʠʤ ʣʝʜʥʠʢʦʤ. ʆʟʝʨʦ ʪʘʢʞʝ ʷʚʣʷʣʦʩʴ ʧʨʦʪʦʯʥʳʤ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʪʦʣʱʠ ʧʝʩʯʘʥʳʭ ʠ ʤʝʣʢʦ-ʛʨʘʚʠʡʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʜʦʣʠʥʝ 

ʏʫʠ ʥʘ ʚʩʝʤ ʝʝ ʧʨʦʪʷʞʝʥʠʠ ʦʪ ʟʘʧʘʜʥʦʛʦ ʢʨʘʷ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʜʦ 

ʢʨʫʪʦʛʦ ʧʦʚʦʨʦʪʘ ʏʫʠ ʢ ʫʩʪʴʶ ʄʘʘʰʝʷ. ɺ ʧʨʠʧʣʦʪʠʥʥʦʡ ʯʘʩʪʠ ʛʣʫʙʠʥʘ ʦʟʝʨʘ 

ʥʝ ʧʨʝʚʳʰʘʣʘ 20-30 ʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʩʦʪʥʦʡ ʦʪʤʝʪʢʝ ʜʥʘ ʥʝʛʣʫʙʦʢʦʛʦ 

ʵʨʦʟʠʦʥʥʦʛʦ ʚʨʝʟʘ ʚ ʦʪʣʦʞʝʥʠʷʭ ʧʝʨʝʭʦʜʥʦʛʦ ʢʦʥʫʩʘ ʚ ʩʪʘʨʦʡ ʜʦʣʠʥʝ ʏʫʠ 

ʙʣʠʟ ʧʦʩ. ʄʝʥʳ. ʉʪʦʢ ʚʦʜ ʧʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʳʣ, ʧʦ 

ʚʠʜʠʤʦʤʫ, ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʧʦ ʚʨʝʤʝʥʠ ʠ ʦʛʨʘʥʠʯʝʥʥʳʤ ʧʦ ʨʘʩʭʦʜʘʤ. 

ʆʩʥʦʚʥʦʡ ʩʪʦʢ ʚʦʜʦʝʤʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ ʩʦʚʨʝʤʝʥʥʦʡ ʜʦʣʠʥʝ ʏʫʠ. ɺʨʝʤʷ 

ʠʩʯʝʟʥʦʚʝʥʠʝ ʦʟʝʨ ʚʦ ʚʧʘʜʠʥʘʭ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʥʘʯʘʣʦʤ ʨʝʛʨʝʩʩʠʠ ʣʝʜʥʠʢʦʚ 

ʚʪʦʨʦʛʦ ʤʝʛʘʩʪʘʜʠʘʣʘ.  

ɹʝʟ ʫʯʝʪʘ ʦʙʲʝʤʦʚ ʩʪʦʢʘ ʚ ʧʝʨʠʦʜʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʨʦʚʥʷ ʣʠʤʥʦʩʠʩʪʝʤʳ, 

ʧʦʚʳʰʝʥʥʳʝ ʨʘʩʭʦʜʳ ʩʦʩʪʘʚʣʷʣʠ ʦʪ 3 ʜʦ 5,5 ʢʫʙ. ʢʤ ʚ ʛʦʜ, ʪ.ʝ. ʙʳʣʠ ʚ 2,5 - 4 

ʨʘʟʘ ʙʦʣʴʰʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʏʫʠ ʥʘ ʩʪʚʦʨʝ ɹʝʣʳʡ ʙʦʤ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʦʟʝʨʘ ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ ʦʪ 2000 ʜʦ 1720 ʤ 

ʛʦʜʦʚʳʝ ʨʘʩʭʦʜʳ ʧʨʝʚʳʰʘʣʠ ʩʦʚʨʝʤʝʥʥʳʝ ʚ 4 - 5 ʨʘʟ. 

ʌʘʢʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʨʦʰʝʡ ʩʦʭʨʘʥʥʦʩʪʠ ʩʣʝʜʦʚ ʚʦʣʥʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʘʣʝʦʚʦʜʦʝʤʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʝʯʥʳʭ ʤʦʨʝʥ ʤʘʢʩʠʤʫʤʘ 

ʧʦʟʜʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʝʨʠʦʜ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʨʝʥ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʣʠʪʠʬʠʢʘʮʠʠ ʣʝʜʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, 

ʦʟʝʨ ʚ ʢʦʪʣʦʚʠʥʘʭ ʥʝ ʙʳʣʦ ʠʣʠ, ʝʩʣʠ ʦʥʠ ʫʞʝ ʚʦʟʥʠʢʣʠ, ʠʭ ʫʨʦʚʝʥʴ ʥʝ 

ʜʦʩʪʠʛʘʣ ʦʪʤʝʪʦʢ 1900 ʤ ʚ ʏʫʡʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʠ 1650 ʤ ʚ - ʂʫʨʘʡʩʢʦʡ. ɺ 

ʠʩʪʦʨʠʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʧʘʣʝʦʦʟʝʨʘ ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ 

ʥʘʣʠʯʠʝ ʪʨʝʭ ʩʦʙʳʪʠʡʥʦ-ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʵʪʘʧʦʚ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʥʘʤʠ ʢʘʢ 

ʣʠʤʥʦʩʪʘʜʠʘʣʳ. ɺ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʚʳʜʝʣʷʝʪʩʷ ʜʚʝ ʬʘʟʳ ï ʪʨʘʥʩʛʨʝʩʩʠʠ ʠ 

ʨʝʛʨʝʩʩʠʠ.  

ʆʟʝʨʘ ʚʥʝʣʝʜʥʠʢʦʚʦʡ ʟʦʥʳ ʟʘʥʠʤʘʣʠ ʢʘʢ ʢʨʫʧʥʳʝ ʤʝʞʛʦʨʥʳʝ 

ʜʝʧʨʝʩʩʠʠ, ʪʘʢ ʠ ʥʝʙʦʣʴʰʠʝ ʧʦʥʠʞʝʥʠʷ ʨʝʣʴʝʬʘ. ʇʨʦʙʣʝʤʘ ʩʠʥʭʨʦʥʥʦʩʪʠ 

ʪʨʘʥʩʛʨʝʩʩʠʚʥʳʭ ʦʟʝʨʥʳʭ ʩʪʘʜʠʡ ʠʣʠ ʧʣʶʚʠʘʣʦʚ ʩ ʧʝʨʠʦʜʘʤʠ ʣʝʜʥʠʢʦʚʳʭ 

ʵʢʩʧʘʥʩʠʡ, ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʜʥʠʤʘʣʘʩʴ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʉʝʚʝʨʘ 
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ɸʤʝʨʠʢʘʥʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ, ɹʣʠʞʥʝʛʦ ʠ ʉʨʝʜʥʝʛʦ ɺʦʩʪʦʢʘ, ɺʥʫʪʨʝʥʥʝʡ ɸʟʠʠ 

[5,6,8,9,10,11,12,13,14]. ʗʚʣʷʷʩʴ ʯʫʪʢʠʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ, ʦʟʝʨʘ ʙʝʩʩʪʦʯʥʳʭ ʚʧʘʜʠʥ ʚʦʪ ʫʞʝ ʙʦʣʝʝ ʩʪʘ ʣʝʪ ʧʨʠʚʣʝʢʘʶʪ 

ʚʥʠʤʘʥʠʝ ʫʯʝʥʳʭ ʨʘʟʣʠʯʥʳʭ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. 

ʇʘʣʝʦʛʝʦʛʨʘʬʠʷ ʧʣʶʚʠʘʣʴʥʳʭ ʦʟʝʨ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ ʦʩʚʝʱʘʣʘʩʴ ʚ ʧʝʯʘʪʠ 

ʕ.ʄ. ʄʫʨʟʘʝʚʳʤ, ɽ.ɺ. ɼʝʚʷʪʢʠʥʳʤ, ɺ.ʕ. ʄʫʨʟʘʝʚʦʡ [2,3,4].  

ʂʦʪʣʦʚʠʥʘ ɹʦʣʴʰʠʭ ʆʟʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʫʶ 

ʤʝʞʛʦʨʥʫʶ ʜʝʧʨʝʩʩʠʶ. ʆʨʦʛʨʘʬʠʯʝʩʢʠ ʚ ʢʦʪʣʦʚʠʥʝ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʢʨʫʧʥʳʝ, 

ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠ ʨʘʟʦʙʱʝʥʥʳʝ ʚʧʘʜʠʥʳ, ʠʤʝʶʱʠʝ ʧʘʜʝʥʠʝ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ [1]. 

ʅʘʠʙʦʣʝʝ ʧʦʥʠʞʝʥʥʳʝ ʯʘʩʪʠ ʚʧʘʜʠʥ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʥʷʪʳ ʢʦʤʧʣʝʢʩʦʤ 

ʦʟʝʨ ʨʘʟʣʠʯʥʦʛʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠ ʩʦʣʦʥʯʘʢʘʤʠ. ʂʦʪʣʦʚʠʥʘ 

ʜʨʝʥʠʨʫʝʪʩʷ ʩʠʩʪʝʤʦʡ ʨʝʢ (ʂʦʙʜʦ, ɼʟʘʙʭʘʥ, ɹʫʷʥʪ, ʊʵʩ, ʍʫʥʛʫʡ, ʍʘʨʭʠʨʘ ʠ 

ʜʨ.) ʩ ʠʩʪʦʢʘʤʠ ʚ ʚʳʩʦʢʦʛʦʨʥʳʭ ʭʨʝʙʪʘʭ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʠ ʍʘʥʛʘʷ, 

ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʦʣʝʜʝʥʝʥʠʶ ʚ ʢʚʘʨʪʝʨʝ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ 

ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ [2,7,8] ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʦʪ ʜʚʫʭ ʜʦ ʯʝʪʳʨʝʭ (ʚʢʣʶʯʘʷ 

ʩʦʚʨʝʤʝʥʥʦʝ) ʦʣʝʜʝʥʝʥʠʡ. ʇʦ ʤʥʝʥʠʶ ʦʜʥʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʦʣʝʜʝʥʝʥʠʝ 

ʦʭʚʘʪʳʚʘʣʦ ʚʝʩʴ ʥʝʦʧʣʝʡʩʪʦʮʝʥ, ʧʦ ʤʥʝʥʠʶ ʜʨʫʛʠʭ - ʥʝ ʚʳʭʦʜʠʣʦ ʟʘ 

ʚʨʝʤʝʥʥʳʝ ʨʫʙʝʞʠ ʝʛʦ ʩʨʝʜʥʝʛʦ ʠ ʧʦʟʜʥʝʛʦ ʦʪʜʝʣʦʚ [2]. ʆʣʝʜʝʥʝʥʠʝ ʧʦʟʜʥʝʛʦ 

ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ, ʧʦ ʜʘʥʥʳʤ ɺ.ʀ. ʉʝʣʠʚʘʥʦʚʘ [7], ʥʦʩʠʣʦ ʦʯʘʛʦʚʳʡ ʭʘʨʘʢʪʝʨ ʠ 

ʦʭʚʘʪʳʚʘʣʦ ʧʣʦʱʘʜʴ ʦʢʦʣʦ 12000 ʢʚ.ʢʤ, ʩ ʦʩʥʦʚʥʳʤʠ ʮʝʥʪʨʘʤʠ ʚ ʛʦʨʥʳʭ 

ʭʨʝʙʪʘʭ ʊʘʙʳʥ-ɹʦʛʜʦ, ʎʵʥʛʵʣ-ʍʘʡʨʭʘʥ, ʄʫʥʭ-ʍʘʡʨʭʘʥ, ɼʫʰʠʥ, ʎʘʛʘʥ-

ʐʠʙʝʪʫ, ʎʘʤʙʘʛʘʨʘʚ, ʉʫʪʘʡ, ʍʘʨʭʠʨʘ ʠ ʜʨ. ʩ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʩʦʢʨʘʱʝʥʠʷ 

ʤʘʩʰʪʘʙʦʚ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ.  

ʈʘʟʚʠʪʠʝ ʦʣʝʜʝʥʝʥʠʷ ʚ ʛʦʨʥʦʤ ʦʙʨʘʤʣʝʥʠʠ ʂʦʪʣʦʚʠʥʳ ɹʦʣʴʰʠʭ ʆʟʝʨ 

ʚʳʟʳʚʘʣʦʩʴ ʦʙʱʠʤ ʧʦʭʦʣʦʜʘʥʠʝʤ ʢʣʠʤʘʪʘ. ʂʘʢ ʞʝ ʦʪʨʘʟʠʣʦʩʴ ʵʪʦ 

ʧʦʭʦʣʦʜʘʥʠʝ ʥʘ ʝʝ ʚʦʜʥʦʤ ʙʘʣʘʥʩʝ? ʇʦʩʢʦʣʴʢʫ ʚʧʘʜʠʥʘ ʷʚʣʷʝʪʩʷ ʙʝʩʩʪʦʯʥʦʡ, 

ʪʦ ʦʩʥʦʚʥʦʡ ʧʨʦʮʝʥʪ ʨʘʩʭʦʜʥʦʡ ʯʘʩʪʠ ʙʘʣʘʥʩʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʟʘʤʢʥʫʪʦʡ 

ʩʠʩʪʝʤʳ çʦʣʝʜʝʥʝʥʠʝ ï ʨʝʯʥʦʡ ʩʪʦʢ ï ʦʟʝʨʥʳʡ ʙʘʩʩʝʡʥè ʜʦʣʞʝʥ ʧʘʜʘʪʴ ʥʘ 

ʠʩʧʘʨʝʥʠʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʠʩʧʘʨʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʫʤʤʳ 

ʩʨʝʜʥʝʛʦʜʦʚʳʭ, ʠ ʦʩʦʙʝʥʥʦ ʣʝʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʋʩʪʦʡʯʠʚʦʝ ʧʦʭʦʣʦʜʘʥʠʝ 

ʢʣʠʤʘʪʘ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʥʝʠʟʙʝʞʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʠʩʧʘʨʝʥʠʷ, ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʫʚʣʘʞʥʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ. ʇʦʩʣʝʜʥʝʝ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ ʧʦʜʲʝʤʝ ʫʨʦʚʥʝʡ ʙʝʩʩʪʦʯʥʳʭ ʚʦʜʦʝʤʦʚ. ɺ 

ʍʷʨʛʘʩ-ʅʫʨʩʢʦʤ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʨʘʡʦʥʝ ʂʦʪʣʦʚʠʥʳ ɹʦʣʴʰʠʭ ʆʟʝʨ 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʯʝʪʢʠʭ ʚʳʩʦʪʥʳʭ ʫʨʦʚʥʷ ʦʟʝʨʥʦʡ ʘʙʨʘʟʠʦʥʥʦ-

ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [1,2], ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʟʝʨʥʳʤ ʵʧʦʭʘʤ 

ʩʨʝʜʥʝʛʦ ʠ ʧʦʟʜʥʝʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ.  

ɺ ʩʨʝʜʥʝʤ ʥʝʦʧʣʝʡʩʪʦʮʝʥʝ ʩʦʚʨʝʤʝʥʥʳʝ ʦʟʝʨʘ ʍʘʨʘ-ʋʩ-ʅʫʨ, ʍʘʨʘ-ʅʫʨ, 

ɼʦʨʛʦʥ-ʅʫʨ, ɸʡʨʠʛ-ʅʫʨ ʠ ʍʷʨʛʘʩ-ʅʫʨ ʦʙʲʝʜʠʥʷʣʠʩʴ ʚ ʝʜʠʥʳʡ ʚʦʜʦʝʤ 

(ʈʠʩʫʥʦʢ 4), ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʪʤʝʪʢʦʡ ʫʨʦʚʥʷ 1260 - 1265 ʤ. ʉʣʝʜʳ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʘʢʦʛʦ ʦʙʰʠʨʥʦʛʦ ʚʦʜʦʝʤʘ, ʧʣʦʱʘʜʴ ʘʢʚʘʪʦʨʠʠ ʢʦʪʦʨʦʛʦ 

ʜʦʩʪʠʛʘʣʘ 23158 ʢʚ. ʢʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʩʯʘʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ ʤʦʱʥʦʩʪʴʶ ʦʪ 30 ʜʦ 60-70 ʤ, ʩʤʝʥʷʶʱʠʝʩʷ ʥʘ ʩʢʣʦʥʘʭ ʧʝʩʯʘʥʦ-

ʛʨʘʚʠʡʥʳʤʠ ʠ ʛʘʣʝʯʥʦ-ʱʝʙʥʠʩʪʳʤʠ ʥʘʢʦʧʣʝʥʠʷʤʠ. ʉ ʧʦʚʝʨʭʥʦʩʪʠ ʦʟʝʨʥʳʝ 
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ʦʪʣʦʞʝʥʠʷ ʩʨʝʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ ʥʝ ʩʦʭʨʘʥʠʣʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʣʝʜʦʚ 

ʦʟʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʮʝʣʦʤ, ʦʥʠ ʦʙʨʘʟʫʶʪ ʨʦʚʥʳʝ, ʧʦʣʦʛʦʥʘʢʣʦʥʥʳʝ ʢ 

ʮʝʥʪʨʫ ʚʧʘʜʠʥʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʢʨʳʪʳʝ ʧʨʦʣʶʚʠʝʤ ʠ ʩʣʘʙʦ ʧʝʨʝʚʝʷʥʥʳʤ 

ʧʝʩʢʦʤ. ʅʘʣʠʯʠʝ ʚ ʨʘʟʨʝʟʘʭ ʦʟʝʨʥʳʭ ʦʩʘʜʢʦʚ ʦʪʜʝʣʴʥʳʭ ʚʳʜʝʨʞʘʥʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ ʤʘʪʝʨʠʘʣʘ ʩʢʣʦʥʦʚʦʛʦ ʪʠʧʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʯʝʨʝʜʦʚʘʥʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʪʨʘʥʩʛʨʝʩʩʠʡ ʠ ʨʝʛʨʝʩʩʠʡ.  

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʨʘʥʩʛʨʝʩʩʠʷ ʧʦʟʜʥʝʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ (ʈʠʩʫʥʦʢ 1) 

ʧʨʠʚʝʣʘ ʢ ʧʦʜʲʝʤʫ ʫʨʦʚʥʷ ʚʦʜʦʝʤʘ ʜʦ ʦʪʤʝʪʦʢ 1170 ï 1180 ʤ, ʧʨʠ ʵʪʦʤ 

ʧʣʦʱʘʜʴ ʘʢʚʘʪʦʨʠʠ ʩʦʩʪʘʚʣʷʣʘ 14362 ʢʚ.ʢʤ. ʇʦʟʜʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʳʝ 

ʦʟʝʨʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʩʢʨʳʚʘʶʪʩʷ ʚ ʨʷʜʝ ʨʘʟʨʝʟʦʚ ʧʦ ʨ. ɼʟʘʙʭʘʥ ʠ ʧʦ ʙʝʨʝʛʘʤ 

ʦʟ. ʍʷʨʛʘʩ-ʅʫʨ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʠʪʤʠʯʥʦ-ʩʣʦʠʩʪʳʤʠ, ʧʦʯʪʠ ʣʝʥʪʦʯʥʳʤʠ, 

ʧʝʩʢʘʤʠ, ʩʫʛʣʠʥʢʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʛʘʣʝʯʥʠʢʦʚ ʠ ʛʨʘʚʠʡʥʠʢʦʚ. ɺ ʦʩʥʦʚʘʥʠʠ ʠ 

ʢʨʦʚʣʝ ʵʪʠʭ ʦʩʘʜʢʦʚ ʦʪʤʝʯʝʥʳ ʢʨʠʦʛʝʥʥʳʝ ʪʝʢʩʪʫʨʳ. ʄʦʱʥʦʩʪʴ 

ʧʦʟʜʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʦʟʝʨʥʳʭ ʪʦʣʱ ʩʦʩʪʘʚʣʷʝʪ 15-30 ʤ.  

 
ʈʠʩʫʥʦʢ 1. ɺʦʜʦʝʤʳ ʂʦʪʣʦʚʠʥʳ ɹʦʣʴʰʠʭ ʆʟʝʨ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʛʨʘʥʠʮʘʭ ʠ ʚ 

ʤʘʢʩʠʤʫʤ ʪʨʘʥʩʛʨʝʩʩʠʠ ʩʨʝʜʥʝʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ 

ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʟʜʥʝʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ ʦʪ 

ʩʨʝʜʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʷʚʣʷʝʪʩʷ ʠʭ ʩʦʭʨʘʥʠʚʰʠʡʩʷ ʦʯʝʥʴ ʷʨʢʠʡ 

ʘʙʨʘʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ ʦʟʝʨʥʳʡ ʨʝʣʴʝʬ: ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʝ 

ʘʙʨʘʟʠʦʥʥʳʝ ʢʣʠʬʳ ʚ ʚʳʩʪʫʧʘʭ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ, ʛʘʣʝʯʥʠʢʦʚʳʝ ʧʣʷʞʠ, 

ʙʝʨʝʛʦʚʳʝ ʚʘʣʳ, ʙʘʨʳ, ʦʬʩʝʪʳ ʠ ʢʦʩʳ (ʈʠʩʫʥʦʢ 5). ɼʨʝʚʥʠʝ ʙʝʨʝʛʦʚʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʨʘʟʫʶʪ ʪʨʠ ʨʘʟʥʦʚʳʩʦʪʥʳʭ ʢʦʤʧʣʝʢʩʘ, ʩʦʭʨʘʥʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʙʦʣʝʝ ʥʠʟʢʠʭ ʢ ʙʦʣʝʝ ʚʳʩʦʢʠʤ. ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʦʟʸʨʥʳʭ 

ʙʝʨʝʛʦʚʳʭ ʬʦʨʤ ʠ ʠʭ ʩʦʭʨʘʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦ ʧʨʠʩʫʪʩʪʚʠʶ ʚ ʨʘʟʨʝʟʘʭ 

ʦʟʝʨʥʳʭ ʦʩʘʜʢʦʚ ʛʦʨʠʟʦʥʪʦʚ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʭ (ʨʝʛʨʝʩʩʠʚʥʳʭ) ʬʘʮʠʡ ʫʜʘʣʦʩʴ 

ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʫʨʦʚʥʝʡ ʧʦʟʜʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʦʟʝʨʥʳʭ ʪʨʘʥʩʛʨʝʩʩʠʡ 



 

˸͔͗͒ͯͤ͊ͪͦ͒ͤ·͚ ͙͙ͫͣͨͦͯͣ͘ 

40 

[9]. ʆʟʝʨʥʳʝ ʪʝʨʨʘʩʳ ʦʙʨʘʟʫʶʪ ʪʨʠ ʫʨʦʚʥʷ ʥʘ ʚʳʩʦʪʘʭ 1140-1180 ʤ (IV 

ʪʝʨʨʘʩʘ-110-150ʤ), 1120 ʤ (III ʪʝʨʨʘʩʘ -90 ʤ) ʠ 1090ʤ (II ʪʝʨʨʘʩʘ ð 60ʤ). ɺ 

ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʛʦʣʦʮʝʥʘ ʠʤʝʣʘ ʤʝʩʪʦ ʥʝʙʦʣʴʰʘʷ ʨʝʛʨʝʩʩʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʙ 

ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʟʘʪʦʧʣʝʥʠʝ ʜʶʥʥʦʛʦ ʨʝʣʴʝʬʘ ʥʘ ʩʝʚʝʨʝ ʦʟ. ʍʘʨʘ-ʋʩ-ʅʫʨ. 
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ʍʀʄʀʏɽʉʂʀʁ ʉʆʉʊɸɺ ʀ ʉɺʆʀʉʊɺɸ ɺʆɼ ʆɿɪʈ 

ʄʆʅɻʆʃʔʉʂʆɻʆ ɸʃʊɸʗ  

ɿ. ɹʫʨʤʘʘ, ʅ. ɾʘʨʛʘʣʩʫʨʝʥ 

ʍʦʚʜ, ʄʦʥʛʦʣʠʷ 

ʉ ʢʦʥʮʘ XIX  ʚʝʢʘ ʤʥʦʛʠʝ ʟʘʨʫʙʝʞʥʳʝ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʚʦʜʥʦʤʫ ʟʘʧʘʩʫ ʠ ʨʝʞʠʤʫ ʦʟʸʨ ʄʦʥʛʦʣʠʠ. ɺ 

ʢʘʪʘʣʦʛʝ çʆʟʸʨʘ ʄʦʥʛʦʣʠʠè, ʦʧʫʙʣʠʢʦʚʘʥʥʦʤ ʚ 2000 ʛʦʜʫ ʠ ʩʦʩʪʘʚʣʝʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ɾ. ʎʵʨʵʥʩʦʜʥʦʤʦʤ, ʦʟʸʨʘ ʧʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʚʳʜʝʣʝʥʳ ʥʘ 9 

ʪʠʧʦʚ. ɺ ʜʘʥʥʳʡ ʢʘʪʘʣʦʛ ʚʢʣʶʯʝʥʳ ʩʚʝʜʝʥʠʷ ʦ 1142 ʦʟʝʨʘʭ, ʢʦʪʦʨʳʝ 

ʩʦʩʪʘʚʣʷʶʪ 37,3% ʚʩʝʭ ʦʟʸʨ ʩʪʨʘʥʳ. ɼʘʥʥʳʝ ʦʟʸʨʘ ʦʙʲʝʜʠʥʠʣʠ ʧʦ 15 

ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʢ ʧʣʦʱʘʜʴ, ʦʙʲʸʤ, ʛʣʫʙʠʥʘ ʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʩʪʴ ʠ ʜʨ. ɺ 

ʢʘʪʘʣʦʛʝ ʠʟʣʦʞʝʥʦ, ʯʪʦ ʩʨʝʜʠ ʦʟʸʨ ʜʦʤʠʥʠʨʫʶʪ ʤʘʣʳʝ ʦʟʸʨʘ [1].  

ɺ ʄʦʥʛʦʣʠʠ ʢʘʞʜʳʝ 4 ʛʦʜʘ ʧʨʦʚʦʜʠʪʩʷ ʧʝʨʝʧʠʩʴ ʚʦʜʦʸʤʦʚ ʩʪʨʘʥʳ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʥʥʳʭ ʧʦ ʧʝʨʝʧʠʩʠ 2003, 2007 ʠ 2011 ʛʛ. 

(ʪʘʙʣ. 1) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʝʢ ʠ ʨʝʯʝʢ, 

ʧʨʠʯʠʥʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʦʩʘʜʢʦʚ, ʚʳʧʘʜʘʶʱʠʭ ʚ 

ʜʘʥʥʦʤ ʛʦʜʫ, ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ [1, 2]. 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʧʝʨʝʧʠʩʠ ʚʦʜʦʸʤʦʚ ʄʦʥʛʦʣʠʠ 
 ̄ ʊʠʧ ʚʦʜʳ ɻʦʜʳ 

2003 2007 2011 

1 ʈʝʢʠ, ʨʝʯʢʠ 5565 5121 6646 

ʜʝʡʩʪʚʫʶʱʠʝ 4882 4234 6095 

ʩʦʭʥʫʚʰʠʝ 683 887 551 

2 ʀʩʪʦʯʥʠʢʠ, ʢʣʶʯʠ 9600 9340 9320 

ʜʝʡʩʪʚʫʶʱʠʝ 8116 7244 7441 

ʩʦʭʥʫʚʰʠʝ 1484 2096 1879 

3 ʆʟʸʨʘ 4193 3732 3613 

ʜʝʡʩʪʚʫʶʱʠʝ 3433 2569 3110 

ʩʦʭʥʫʚʰʠʝ 760 1166 483 

ʇʦ ʪʘʙʣʠʮʝ 1 ʚʠʜʥʦ, ʯʪʦ ʚ 2003 ʛʦʜʫ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʙʠʡʩʢʦʡ 

(ʧʦʣʫʧʫʩʪʳʥʥʦʡ) ʠ ʩʪʝʧʥʦʡ ʟʦʥʳ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʘʣʳʭ ʦʟʸʨ, ʧʨʠʯʠʥʦʡ ʠʭ ʧʦʷʚʣʝʥʠʷ ʩʯʠʪʘʝʪʩʷ ʦʙʠʣʠʝ ʦʩʘʜʢʦʚ. ʈʦʩʪ 

ʢʦʣʠʯʝʩʪʚʘ ʤʘʣʳʭ ʦʟʸʨ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʚ 2003 ʛʦʜʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʩʣʝʜʥʠʤʠ ʛʦʜʘʤʠ, ʚ ʪʦʤ ʛʦʜʫ ʚʳʧʘʣʦ ʙʦʣʴʰʝ ʦʩʘʜʢʦʚ ʠ ʧʝʨʝʧʠʩʴ ʚʦʜʦʸʤʦʚ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚʦ ʚʨʝʤʷ ʭʦʨʦʰʝʛʦ ʧʠʪʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʤʘʣʳʭ ʦʟʸʨ ʠʩʯʝʟʘʶʪʩʷ ʦʪ ʪʦʛʦ, ʯʪʦ ʠʭ ʩʦʩʪʦʷʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʦʩʘʜʢʦʚ 

ʪʦʛʦ ʛʦʜʘ ʠ ʥʝ ʠʤʝʶʪ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ [2]. 

ʆʟʸʨʘ ʄʦʥʛʦʣʠʠ ʚʳʜʝʣʷʶʪ ʥʘ 2 ʦʩʥʦʚʥʳʝ ʟʦʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʳʩʦʪʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ: ʚʳʩʦʢʦʛʦʨʥʳʝ ʠ ʩʪʝʧʥʳʝ [ɾ. ʎʵʨʵʥʩʦʜʥʦʤ 1969]. ɺ 

ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʚʳʩʦʢʦʛʦʨʥʳʝ ʦʟʸʨʘ, 

ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ ʧʨʝʜʝʣʘʭ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ. ʂ ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʢʘʢ 

ʍʦʪʦʥ, ʍʦʨʛʦʥ, ɼʘʷʥ, ʍʘʨ, ʊʦʣʙʦ, ɼʫʨʫʫ, ɸʯʠʪ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʤʘʣʳʝ ʦʟʝʨʘ. 

ʃʠʰʥʠʝ ʚʦʜʳ ʵʪʠʭ ʦʟʸʨ ʚʳʪʝʢʘʶʪ ʚ ʨʝʢʫ ʍʦʚʜ. ʈʝʢʘ ʍʦʚʜ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʵʪʠ 
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ʦʟʸʨʘ, ʩʦʝʜʠʥʷʝʪ ʤʥʦʛʠʝ ʨʝʯʢʠ, ʦʟʸʨʘ. ʀʩʪʦʯʥʠʢʠ ʦʟʸʨ ʚʧʘʜʘʶʪ ʚ ʦʟ. ʍʘʨ ʫʩ. 

ʈʝʢʘ ʍʦʚʜ ʩʦʟʜʘʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʦʜʥʦʛʦ ʪʝʯʝʥʠʷ ʜʘʥʥʦʛʦ ʦʟʝʨʘ [3, 4]. 

ʆʟʝʨʘ ʩ ʧʣʦʱʘʜʴʶ ʩʚʳʰʝ 50 ʢʤ
2 
ʟʘʥʠʤʘʶʪ ʧʨʠʤʝʨʥʦ 40% ʦʟʸʨ ʚ ʛʦʨʘʭ 

ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ. ʂ ʢʨʫʧʥʳʤ ʦʟʸʨʘʤ ʩ ʧʣʦʱʘʜʴʶ ʚʳʰʝ 100 ʢʤ
2 
ʦʪʥʦʩʷʪʩʷ 

ʦʟ. ɸʯʠʪ ʠ ʋʫʨʵʛ [3, 5, 6]. 

ʊʘʙʣʠʮʘ 2 ï ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʟʸʨ ɸʣʪʘʷ 
ʆʟʸʨʘ ʉʨʝʜʥʷʷ 

ʘʙʩʦʣʶʪʥʘʷ 

ʚʳʩʦʪʘ (ʤ) 

ʇʣʦʱʘʜʴ 

ʚʦʜʦʩʙʦʨʘ / 

ʟʝʨʢʘʣʘ 

ʚʦʜr (ʢʤ
2
) 

ʆʙʲʸʤ 

ʚʦʜʳ 

(ʢʤ
3
) 

ɼʣʠʥʘ 

(ʢʤ) 

ʐʠʨʠʥʘ 

ʩʨʝʜʥʷʷ/ 

max 

(ʢʤ) 

ɻʣʫʙʠʥʘ 

ʩʨʝʜʥʷʷ/ 

max (ʤ) 

ɼʣʠʥʘ 

ʙʝʨʝʛʦʚʦʡ 

ʣʠʥʠʠ 

(ʢʤ) 

ʍʦʪʦʥ  2084.0 2670.0 

/60.0 

1.341 21.5 2.3 / 4 26.6 / 58 48.8 

ʍʦʨʛʦʥ 2073.0 3450.0 

/71.5 

0.537 22 3.1 / 6 7.6 / 28 71.2 

ɼʘʷʥ  2232.4 870 /68.1 0.157 18 3.7 / 9 3.7 / 4.5 64.2 

ʊʘʣ  2575.0 420 / 32 31.9 15.3 4.6 8.9 ï 

ʊʦʣʙʦ  2080.0 1980 / 83.5 0.571 21.2 3.8 / 6.7 7 / 12.7 62.4 

ɸʯʠʪ  1464.0 10500 / 

296.8 

0.665 30 12.3 / 18 2.3 / 5 93.0 

ʋʫʨʵʛ  1426.0 3360.0 / 

238.0 

6.419 19.5 12 / 18 27 / 42 65.6 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʦʚ, ʛʜʝ ʚʟʷʣʠ ʧʨʦʙʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʠʶʣʝ 2012-

2014ʛʛ., ʦʧʨʝʜʝʣʠʣʠ ʩ ʧʦʤʦʱʴʶ GPS, ʨʘʟʚʝʨʥʫʪʳʡ ʘʥʘʣʠʟ (ʪʘʙʣ. 3) ʨʘʟʨʘʙʦʪʘʥ 

ʚ ʩʦʦʪʚʝʩʪʚʠʝ ʩ ʤʝʪʦʜʠʢʦʡ ʆ.ɸ. ɸʣʝʢʠʥʘ ʠ ʜʨ. [1973], ʃʫʨʴʝ [1971, 1974], ʃʝʪʝ 

[1975], ʉʦʢʦʣʦʚʦʡ [1989], ʃ.ɸ. ʈʝʟʥʠʢʦʚʘ ʠ ʜʨ. [1970], ɼ. ɼʘʨʠʡʤʘʘ [1985], 

ɸ. ʄʦʥʛʦʥʮʵʮʵʛ [2003], ɼ. ɹʫʣʛʘʥ [2008]. ɻ. ʊʫʚʘʘʥʞʘʚ, ʎ. ʄʦʥʭʟʫʣ [7, 8, 9].  

ɺ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʩʪʠ ʦʟʸʨʥʳʭ ʚʦʜ ʄʦʥʛʦʣʠʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʥʘʙʣʶʜʘʪʁʩʷ ʠʟʤʝʥʝʥʠ ̫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʘʥʜʰʘʬʪʘ ʙʘʩʩʝʡʥʘ, ʬʠʟʠʢʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʩʪʥʦʩʪʠ, ʦʪ ʩʧʝʮʠʬʠʢʠ ʨʝʣʴʝʬʘ, 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʩʪʦʢʘ ʚʧʘʜʘʶʱʠʭ ʚ ʥʠʭ ʨʝʢ. ʀʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʟʸʨ 

ʦʟ.ʋʫʨʵʛ ʥʝʠʩʪʦʯʥʦʝ, ʦʩʪʘʣʴʥʳʝ ï ʠʩʪʦʯʥʳʝ [3]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ʆʙʱʘʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʩʪʴ ʚʦʜ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʟʸʨʘʭ ʢʘʢ ʍʦʪʦʥ, 
ʍʦʨʛʦʥ, ɼʘʷʥ, ʍʘʨ, ʊʘʣ, ɸʯʠʪ ʩʦʩʪʘʚʣʷʝʪ 165,79-275,48 ʤʛ/ʜʤ

3
, ʚ ʥʠʭ 

ʜʦʤʠʥʠʨʫʶʪ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʠʦʥʳ ʠ ʦʥʠ ʧʨʝʩʥʦʚʦʜʥʳʝ. ɼʘʥʥʳʝ ʦʟʸʨʘ 

ʧʠʪʘʶʪʩʷ ʚʦʜʘʤʠ ʣʝʜʥʠʢʦʚ ʠ ʦʩʘʜʢʘʤʠ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʟʦʥʝ ʚʳʩʦʢʦʛʦʨʴʷ 

ʠ ʧʦʵʪʦʤʫ ʚʦʜʘ ʚ ʥʠʭ ʠʤʝʝʪ ʥʠʟʢʫ  ʁ ʪʝʤʧʝʨʘʪʫʨʫ, ʚ ʥʝʡ ʧʣʦʭʦ 

ʨʘʩʪʚʦʨʷʶʪʩʷ ʤʠʥʝʨʘʣʳ. ʃʝʜʥʠʢʠ ʦʩʣʘʙʣʷʶʪ ʧʨʦʩʚʝʯʠʚʘʥʠʝ ʤʝʞʜʫ 

ʧʦʜʟʝʤʥʳʤʠ ʠ ʨʝʯʥʳʤʠ ʚʦʜʘʤʠ. ʅʘʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʯʪʦ ʚ 

ʦʪʥʦʰʝʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʟʸʨ ʙʦʣʝʝ ʯʠʩʪʳʝ, 

ʯʝʤ ʚʦʜ ʚ ʩʪʝʧʥʳʭ ʦʟʸʨʘʭ. 

2. ɺ ʚʦʜʝ ʦʟ. ʊʦʣʙʦ ʠʟ ʘʥʠʦʥʦʚ ʜʦʤʠʥʠʨʫʶʪ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʠʦʥʳ, ʠʟ 

ʢʘʪʠʦʥʦʚ- ʥʘʪʨʠʝʚʳʝ, ʚʦʜʘ ʤʝʥʝʝ ʞʸʩʪʯʝ (6.58ʤʛ-ʵʢʚ/ʜʤ
3
), ʩʦʛʣʘʩʥʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʩʪʠ ʧʦ ʂʫʨʥʘʢʦʚʫ-ɺʘʣʷʰʢʦ ʜʘʥʥʦʝ ʦʟʝʨʦ 

ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʝʩʥʦʚʦʜʥʳʤ ʦʟʝʨʘʤ (ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʩʪʴ ʜʦ 1000ʤʛ/ʜʤ
3
 ). 
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3. ɺ ʚʦʜʝ ʦʟ. ʋʫʨʵʛ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʘʪʠʦʥʦʚ ʠ 

ʘʥʠʦʥʦʚ: CI
-
>SO4

2-
>HCO3

- 
ʠ Mg

2+
>Na

+
>Ca

2+
, ʚʦʜʘ ʦʯʝʥʴ ʞʝʩʪʢʘʷ, ʪʠʧʘ 

ʭʣʦʨʠʜʘ-ʩʫʣʴʬʘʪʘ, ʦʪʥʦʩʠʪʩʷ ʢ ʦʟʝʨʘʤ ʤʘʛʥʠʝʚʳʭ ʛʨʫʧʧ. 

ʊʘʙʣʠʮʘ 3 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʨʫʧʧ ʦʟʸʨ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ 
ʆʟʸʨʘ ɺʨʝʤʷ 

ʦʪʙʦʨʘ 

ʧʨʦʙʳ 

ʂʦʦʨʜʠʥʘʪ r

ʪʦʯʝʢ ʧʨʦʙʳ 

ʉʨʝʜʘ 

ʚʦʜʳ 

ʨʅ  

ʆʙʱʘʷ 

ʞʝʩʪʢʦʩʪʴ 

(ʤʛ-

ʵʢʚ/ʜʤ
3
) 

äu 

(ʤʛ/ʜʤ
3
) 

ʇʨʦʠʩʭʦʞʜʝʥʠʝ 

ʦʟʸʨ 

ʆʟ. ʍʦʪʦʥ 2014.08.24 

H 2080ʤ 

N 48Ü41ᾳ52.8ᾴ 

ɽ 88Ü14ᾳ20.8ᾴ 

7,32 1.720 188,06 
ʀʩʪʦʯʥʦʝ 

ʣʝʜʥʠʢʦʚʦʝ 

ʆʟ.ʍʦʨʛʦʥ 2014.08.24 

H 2074ʤ 

N 48Ü34ᾳ04.3ᾴ 

ɽ 88Ü40ᾳ13.2ᾴ 

7.55 1.900 168.72 

ʀʩʪʦʯʥʦʝ 

ʤʦʨʝʥʥʦ-

ʧʦʜʧʨʫʜʥʦʝ 

ʆʟ.ɼʘʷʥ 2012.07.26 
H 2234ʤ 

N 48Ü17ᾳ36.1ᾴ 

E 88Ü53ᾳ38.8ᾴ 

7,03 1,680 176.69 
ʀʩʪʦʯʥʦʝ 

ʣʝʜʥʠʢʦʚʦʝ 

ʆʟ.ʍʘʨ 

(ɼʘʷʥ) 
2012.07.24 

H 2354ʤ 

N 48Ü17ᾳ34.4ᾴ 

E 88Ü46ᾳ52.2ᾴ 

7,98 1,508 165,79 
ʀʩʪʦʯʥʦʝ 

ʣʝʜʥʠʢʦʚʦʝ 

ʆʟ.ʊʘʣ 2011.09.16 

2575ʤ 

N 48Ü03ᾳ 

ɽ 90Ü10ᾳ 

7.09 2,480 261.10 
ʀʩʪʦʯʥʦʝ 

ʣʝʜʥʠʢʦʚʦʝ 

ʆʟ.ʊʦʣʙʦ 2011.09.15 

H 2081ʤ 

N 48Ü31ᾳ5.0ᾴ 

ɽ 90Ü09ᾳ55.6ᾴ 

7,79 6,580 992,40 
ʀʩʪʦʯʥʦʝ 

ʣʝʜʥʠʢʦʚʦʝ 

ʆʟ.ɸʯʠʪ 

(ʋʩʘʥ 

ʭʦʦʣʦʡ) 

2014.07.04 

H 1435ʤ 

N 49Ü25ᾳ33.1ᾴ 

ɽ 90Ü39ᾳ54.7ᾴ 

8,00 2.600 275,48 ʊʝʢʪʦʥʠʯʝʩʢʦʝ 

ʆʟ.ʋʫʨʵʛ 

(ʶʞʥʳʡ 

ʙʝʨʝʛ) 

2014.06.30 

H 1430ʤ 

N 50Ü05ᾳ44ᾴ 

ɽ 91Ü07ᾳ28ᾴ 

7.88 40,00 2458,70 ʊʝʢʪʦʥʠʯʝʩʢʦʝ 
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ɺʃʀʗʅʀɽ ɼʋʈɻʋʅʉʂʆʁ ɻʕʉ ʅɸ ʇʈʀʈʆɼʅʋʖ ʉʈɽɼʋ  

ɿ. ɹʫʨʤʘʘ, ʅ. ɾʘʨʛʘʣʩʫʨʝʥ 

ʍʦʚʜ, ʄʦʥʛʦʣʠʷ 

ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʣʶʙʦʡ ʩʪʨʘʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʦʪ ʝʛʦ ʧʨʦʠʚʦʜʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠʤʝʶʪʩʷ 

ʠʩʪʦʯʥʠʢʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʦʣʴʰʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʠʟʚʝʩʪʠ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʧʦʩʪʨʦʠʚ ɻʕʉ. ɿʘʧʘʜʥʳʡ ʨʝʛʠʦʥ ʄʦʥʛʦʣʠʠ 

ʦʪʥʦʩʠʪʩʷ ʢ ɹʘʩʩʝʡʥʫ ʂʦʪʣʦʚʠʥʳ ɹʦʣʴʰʠʭ ʦʟʸʨ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʦʙʨʝʩʪʠ 

ʙʦʣʴʰʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʧʦʣʴʟʫ ʜʣʷ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʧʫʪʝʤ ʧʦʩʪʨʦʡʢʠ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʦʧʠʨʘʷʩʴ ʥʘ ʙʦʣʴʰʦʡ ʚʦʜʥʳʡ ʨʝʟʝʨʚ. ʕʪʦ ʫʪʚʝʨʞʜʘʣʦʩʴ 

ʚʭʦʜʦʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ɼʫʨʛʫʥ. ɼʘʥʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʨʦʠʟʚʦʜʠʪ ʙʦʣʝʝ ʯʠʩʪʫʶ ʵʥʝʨʛʠʶ ʙʝʟ ʟʘʛʨʷʟʥʝʥʠʷ 

ʚʦʟʜʫʭʘ, ʧʦʯʚʳ ʠ ʚʦʜʳ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ɸʥʘʣʠʟ ʚʦʟʜʝʡʩʪʚʠʷ ɼʫʨʛʫʥʩʢʦʡ ɻʕʉ, 

ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʩʪʦʝʥʘ ʩ ʮʝʣʴʶ ʩʥʘʙʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ ʛʨʘʞʜʘʥ ɿʘʧʘʜʥʦʛʦ 

ʨʝʛʠʦʥʘ ʥʘ ʨ. ʏʦʥʦʭʘʨʘʡʭ ʚ ʧʨʝʜʝʣʘʭ ɼʫʨʛʫʥʩʢʦʛʦ ʩʦʤʦʥʘ ʘʡʤʘʢʘ ʍʦʚʜ, ʠ 

ʜʝʡʩʪʚʫʶʱʘʷʷ ʩ 2009ʛ.  

ʅʳʥʝʰʥʝʝ ʩʦʩʪʦʷʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʄʦʥʛʦʣʠʠ 

ʍʦʪʷ ʄʦʥʛʦʣʠʷ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʳʡ ʛʠʜʨʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, 

ʦʜʥʘʢʦ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʉ 1950ʛ. ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʧʨʦʙʣʝʤʘ ʦʙ ʥʘʫʯʥʦ ʦʙʦʙʩʥʦʚʘʥʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʠʜʨʦʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʚ 1960ʛ. ʚʧʝʨʚʳʝ ʧʨʦʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ 

ʛʠʜʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʱʘʷ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʪʚʘ 

ʄʦʥʛʦʣʠʠ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ï 3800ʄɺʪ. ʇʝʨʚʘʷ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʩ 

ʤʦʱʥʦʩʪʴʶ 528ʢɺʪ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʚ 1959ʛ. ʚ ʍʘʨʭʦʨʠʥʝ ʋʙʫʨʭʘʥʛʘʡʩʢʦʛʦ 

ʘʡʤʘʢʘ ʧʨʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʝ ʂʅʈ, ʧʨʠ ʧʦʩʪʨʦʡʢʝ ʢʦʪʦʨʦʡ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʦʨʦʩʠʪʝʣʴʥʳʡ ʢʘʥʘʣ, ʠʩʪʦʯʥʠʢʦʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʨ.ʆʨʭʦʥ [6].  

ʊʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʨʦʝʢʪʘ ʙʦʣʴʰʠʥʩʪʚʘ ɻʕʉ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʧʣʦʪʠʥʘʭ, ʧʦʜʥʠʤʘʶʱʠʭ ʫʨʦʚʝʥʴ ʚʦʜʳ, ʧʨʠʣʠʚʥʦʤʫ ʙʘʩʩʝʡʥʫ, ʣʠʥʠʠ ʦʪʣʠʚʘ, 

ʩʦʦʨʫʞʝʥʠʷʭ ʩʪʘʥʮʠʠ, ʚʦʜʦʚʳʜʝʣʷʶʱʠʭ ʢʘʥʘʣʘʭ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʤʘʣʦʤʦʱʥʳʝ ʛʠʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʧʦʣʫʯʘʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʜʝʨʠʚʘʮʠʦʥʥʳʝ 

ʠʟʜʝʨʞʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʨʝʢ, ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʶʪʩʷ 

ʠʟʜʝʨʞʢʠ [7]. 

ʂʨʘʪʢʘʷ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʡʦʥʘ ɼʫʨʛʫʥʩʢʦʡ 

ɻʕʉ. 

ʉʦʤʦʥ ɼʫʨʛʫʥ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ɻʕʉ, ʛʨʘʥʠʯʠʪ ʩ ʩʦʤʦʥʦʤ ɼʫʨʚʫʣʞʠʥ 

ɿʘʚʭʘʥʩʢʦʛʦ ʘʡʤʘʢʘ, ʄʷʥʛʘʜ, ʏʘʥʜʤʘʥʴ ʍʦʚʜʩʢʦʛʦ, ʋʣʛʠʡ, ɿʘʚʭʘʥ- 

ʋʚʩʫʥʫʨʩʢʦʛʦ ʘʡʤʘʢʘ. ʊʝʨʨʠʪʦʨʠʷ ʩʦʤʦʥʘ ʟʘʥʠʤʘʝʪ 376.5 ʪʳʩ. ʢʚ. ʢʤ. ɿʜʝʩʴ 

ʩʦʯʝʪʘʪʁʩʷ ʛʦʨʳ, ʩʪʝʧʴ ʠ ʧʫʩʪʳʥʷ. ɼʘʥʥʳʡ ʩʦʤʦʥ ʧʨʠʥʘʜʣʝʞʠʪ ʟʦʥʝ 

ʂʦʪʣʦʚʠʥʳ ɹʦʣʴʰʠʭ ʦʟʝʨ, ʢʣʠʤʘʪ ï ʪʝʧʣʳʡ ʛʦʙʠʡʩʢʦ-ʧʫʩʪʳʥʥʳʡ, ʩʫʭʦʡ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʪʘʢʦʛʦ ʨʦʜʘ ʢʣʠʤʘʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʝʬʠʮʠʪʦʤ ʧʦʯʚʝʥʥʦ-

ʚʦʟʜʫʰʥʦʡ ʚʣʘʛʠ [6].  
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ʉʦʤʦʥ ɼʫʨʛʫʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʂʦʪʣʦʚʠʥʳ 

ɹʦʣʴʰʠʭ ʦʟʸʨ, ʦʢʨʫʞʝʥʥʦʡ ʛʦʨʘʤʠ, ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ ʩʨʝʜʘ ʧʦʯʚʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʚ ʦʙʱʝʤ, ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʢ ʱʝʣʦʯʥʦʡ, ʚ ʦʪʥʦʰʝʥʠʠ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʙʝʨʝʛʘʤ ʨʝʢʠ ʠ ʦʟʝʨʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʝʩʯʘʥʥʦ-ʤʘʣʦʛʣʠʥʠʩʪʘʷ, ʩʨʝʜʥʝʛʣʠʥʠʩʪʘʷ ʧʦʯʚʘ, ʚ ʩʪʝʧʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥ r

ʧʝʩʯʘʥʥʳʝ ʧʦʯʚ.r ʇʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚ ʩʠʣʴʥʦ ʧʦʜʚʝʨʛʥʫʪʘ ʚʝʪʨʘʤ, ʪʦʣʱʠʥʘ 

ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ, ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʩʫʭʦʡ, ʩ 

ʧʣʦʭʠʤ ʩʦʩʪʘʚʦʤ, ʩʦʜʝʨʞʠʪ ʤʘʣʦ ʛʫʤʫʩʘ [7]. 

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ɼʫʨʛʫʥʩʢʦʡ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

ɹʘʩʩʝʡʥ ɼʫʨʛʫʥʩʢʦʡ ɻʕʉ ʧʦʩʪʨʦʝʥ ʠʟ ʧʣʦʪʠʥ, ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 

250ʤ, ʰʠʨʠʥʘ ï 17,5ʤ. ʂʦʛʜʘ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚʳʰʝ ʥʘ 1159,5ʤ ʥʘʜ ʫʨʦʚʝʥʝʤ 

ʤʦʨʷ, ʧʣʦʱʘʜʴ ʚʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ ʜʦʩʪʠʛʘʝʪ 364,6 ʢʤ
2
. ʉʦʛʣʘʩʥʦ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʦʙʦʩʥʦʚʘʥʠʶ ʚ ʧʝʨʚʦʤ ʧʨʦʝʢʪʝ ʙʳʣʦ ʦʪʨʘʞʝʥʦ, ʯʪʦ ʚ 

ʩʨʝʜʥʝʤ ɻʕʉ ɼʫʨʛʫʥ ʤʦʞʝʪ ʧʨʦʠʟʚʝʩʪʠ 38 ʤʣʥ ʢɺʪʯ ʤʦʱʥʦʩʪʠ ʟʘ ʛʦʜ, ʦʜʥʘʢʦ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ 

ʧʨʦʠʟʚʦʜʠʪ ʤʦʱʥʦʩʪʴ ʨʘʟʥʦʡ ʚʝʣʠʯʠʥʳ [7].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ɼʫʨʛʫʥ, 

ʩ ʪʝʭ ʧʦʨ ʢʘʢ ʚʦʰʣʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʜʦ ʥʘʰʠʭ ʜʥʝʡ ʧʨʦʠʟʚʦʜʠʣʘ 120 

ʤʣʥ.ʢɺʪ/ʯʘʩ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʋʨʦʚʝʥʴ ʚʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1159.00 

ʜʦ 1159.50, ʢ ʢʦʥʮʫ 2010 ʢ ʥʘʯʘʣʫ 2011ʛ. ʫʨʦʚʝʥʴ ʚʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ ʜʦʩʪʠʛ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ï 1159.70. ʇʦ ʩʦʩʪʦʷʥʠʶ 2013ʛ. ʫʨʦʚʝʥʴ ʚʦʜ ʤʦʞʝʪ 

ʜʦʩʪʠʯʴ ʫʨʦʚʥʷ 2010ʛ., ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʣʫʯʝʥʠʶ 38 ʤʣʥ.ʢɺʪ/ʯʘʩ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ [7]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ɼʫʨʛʫʥʩʢʦʡ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 

ʥʘ ʚʦʜʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʉʦʚʤʝʩʪʥʦ ʩ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ ʈʦʩʩʠʠ 

ʧʨʦʚʝʣʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜ ʦʟ. ʍʘʨ, ʍʘʨ ʫʩ, ʨ. 

ʏʦʥʦʭʘʨʘʡʭ, ʙʘʩʩʝʡʥʘ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ɼʫʨʛʫʥ, ʪʘʢʞʝ 10-19 ʘʚʛʫʩʪʘ 

2013ʛ. ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʜ ʨʳʙʘʤʠ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʵʢʦʩʠʩʪʝʤʝ ʨʝʢʠ ʠ ʦʟʝʨ, ʩ ʪʝʭ ʧʦʨ 

ʢʘʢ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ɻʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷ. (ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ ɸ. ɼʫʣʤʘ, ʢʘʥʜ. 

ʙʠʦʣ. ʥʘʫʢ ɹ. ʄʝʥʜʩʘʡʭʘʥ, ʫʯʸʥʝr ʚʥʫʪʨʝʥʥʝʛʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʛ. 

ɹʦʨʦʢ ʈʦʩʩʠʠ, ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ ɸ.ɺ. ʂʨʳʣʦʚ, ɸ.ɸ ɻʨʦʢʠʥ ʠ ʜʨ.) [9].  

ʇʣʘʥʢʪʦʥʳ ʦʟ. ʍʘʨ-ʋʩ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚ ʧʣʘʚʘʶʱʠʭ ʚ 

ʧʣʦʪʠʥʘʭ ʞʠʚʦʪʥʳʭ, ʪʘʢ ʠ ʚ ʩʚʷʟʠ ʩ ʧʦʩʪʨʦʡʢʦʡ ʧʣʦʪʠʥ ʫʤʝʥʴʰʠʣʩʷ ʩʪʦʢ ʚʦʜ, 

ʘ ʩ ʧʝʨʝʚʦʜʦʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʦʪ ʦʟʝʨʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ 

ʙʠʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʚ ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʙʠʦʤʘʩʩ 

ʧʣʘʥʢʪʦʥʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʠʦʤʘʩʩʦʡ ʚ ʦʟʝʨʝ. 

ʅʘ ʜʥʝ ʚʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ ʩʬʦʨʤʠʨʦʚʘʥʦ ʫʩʣʦʚʠʝ ʞʠʟʥʠ ʜʣʷ ʥʘʩʝʢʦʤʳʭ. 

ɿʜʝʩʴ, ʚ ʦʩʥʦʚʥʦʤ, ʜʦʤʠʥʠʨʫʶʪ ʥʘʩʝʢʦʤʳʝ ʩʝʤʴʠ chironomidae [11]. ɺ ʪʦʡ 

ʯʘʩʪʠ, ʛʜʝ ʨʘʩʪʫʪ ʨʘʩʪʝʥʠʷ, ʦʙʦʛʘʰʘʝʪʩʷ ʩʦʩʪʘʚ ʥʘʩʝʢʦʤʳʭ. ʉʦʩʪʘʚ ʞʠʚʦʪʥʳʭ 

ʜʥʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʥʘʯʠʥʘʷ ʩ 2013ʛ. ʥʘʯʠʥʘʝʪ 

ʩʦʟʜʘʚʘʪʴʩʷ ʩʨʝʜʘ ʦʙʠʪʘʥʠʷ ʜʣʷ ʞʠʚʦʪʥʳʭ ʥʘ ʜʥʝ.  
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʳʙ ʦʟʸʨ ʙʘʩʩʝʡʥʘ ʨ. ʏʦʥʦʭʘʨʘʡʭ 

ʉ 1975 ʧʦ ʩʝʨʝʜʠʥʝ 1980ʛ. ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ ʠ 

ʩʦʩʪʘʚʘ ʨʳʙ, ʚʦʜʥʳʭ ʞʠʚʦʪʥʳʭ ʦʟʝʨ ʍʘʨ-ʋʩ, ʍʘʨ, ɼʫʨʛʫʥ, ʷʚʣʷʶʱʠʭʩʷ 

ʨʳʙʦʣʦʚʥʳʤ ʨʝʟʝʨʚʦʤ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʩʣʝʜʥʠʭ 20 ʣʝʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʩʦʚʤʝʩʪʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʜʠʮʠʝʡ 

ʈʦʩʩʠʠ ʠ ʄʦʥʛʦʣʠʠ, ʚ ʦʟʝʨʘʭ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɹʝʩʩʪʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʨʳʙʘ ɸʣʪʘʡʩʢʠʡ ʦʩʤʘʥ ʇʦʪʘʥʠʥʘ O. 

potanini [9]. ʉ ʧʦʩʪʨʦʡʢʦʡ ʧʣʦʪʠʥ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ɼʫʨʛʫʥ ʦʙʦʛʘʰʘʣʘʩʴ 

ʙʠʦʤʘʩʩʘ ʧʣʘʥʢʪʦʥʦʚ ʠ ʚ 2013ʛ. ʙʳʣ ʧʦʡʤʘʥ ʦʜʠʥ ʢʣʶʚʳʡ ʦʩʤʘʥ, ʢʦʪʦʨʳʡ ʥʝ 

ʦʪʤʝʯʘʣʩʷ ʧʦʩʣʝ 2010ʛ. ɺ ʩʣʝʜʩʪʚʠʠ ʩʦʟʜʘʥʠʷ ʧʣʦʪʠʥ ʦʙʦʛʘʰʘʣʩʷ 

ʨʘʩʪʠʪʝʣʴʥʳʡ ʩʦʩʪʘʚ, ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʛʝʥʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʦʟʜʘʚʘʣʦʩʴ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʦʙʠʪʘʥʠʷ 

ʘʣʪʘʡʩʢʦʛʦ ʦʩʤʘʥʘ (ʨʳʙʳ ʩ ʜʣʠʥʦʡ 200-280 ʩʤ ʟʘʥʠʤʘʝʪ 91%).  

ʇʨʦʚʝʣʠ ʢʨʘʪʢʦ- ʠ ʜʦʣʛʦʩʨʦʯʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʥʘʜ ʵʢʦʣʦʛʠʯʝʩʢʠʤ 

ʩʦʩʪʦʷʥʠʝʤ ʠ ʧʦʛʦʣʦʚʴʝʤ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʧʨʝʩʤʳʢʘʶʱʠʭʩʷ, ʙʦʣʦʪʥʳʭ ʠ 

ʚʦʜʥʳʭ ʧʪʠʮ. ʅʘʙʣʶʜʘʣʦʩʴ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʙʣʠʟ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 

ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʯʠʩʣʦ ʧʨʝʩʤʳʢʘʶʱʠʭʩʷ ʢʘʢ ʟʤʝʠ ʠ ʷʱʝʨʠʮ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

2012 ʛ. 

Xʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚʦʜ ʨ. ʏʦʥʦʭʘʨʘʡʭ, ʥʘ 

ʢʦʪʦʨʦʡ ʧʦʩʪʨʦʝʥʘ ɻʕʉ çɼʫʨʛʫʥè 

ʈ. ʏʦʥʦʭʘʨʘʡʭ ʙʝʨʝʪ ʥʘʯʘʣʦ ʥʘ ʩʝʚʝʨʦʚʦʩʪʦʢʝ ʦʟ. ʍʘʨ ʫʩ ʠ ʧʨʦʪʝʢʘʷ 

ʧʨʠʤʝʨʥʦ 40 ʢʤ. ʚʧʘʜʘʝʪ ʚ ʦʟ. ʍʘʨ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʚʝʩʪʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʜ ʨ.ʏʦʥʦʭʘʨʘʡʭ, ʨʘʟʨʘʙʦʪʘʣʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ 2004-2012ʛʛ. ʩʦʛʣʘʩʥʦ ʤʝʩʷʯʥʦʤʫ ʨʝʞʠʤʫ [1, 3, 5, 10]. 

ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʠʪʴ ʫʨʦʚʝʥʴ ʦʯʠʱʝʥʠʷ ʚʦʜ ʨ. ʏʦʥʦʭʘʨʘʡʭ 8 ʘʧʨʝʣʷ 

2010ʛ. ʚʜʦʣʴ ʪʝʯʝʥʠʷ ʨʝʢʠ ʚʳʙʨʘʣʠ 5 ʪʦʯʝʢ ʠ ʦʧʨʝʜʝʣʠʣʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ 

ʛʣʘʚʥʳʭ ʠʦʥʦʚ ʢʦʣʝʙʣʝʪʩʷ ʤʝʞʜʫ 369.08-457.52ʤʛ/ʜʤ
3
 ʠ ʩʥʠʞʘʝʪʩʷ ʚʜʦʣʴ 

ʪʝʯʝʥʠʷ, ʩʨʝʜʥʷʷ ʩʦʜʝʨʞʠʤʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 411.26 ʤʛ/ʜʤ
3
. 

ʇʨʠ ʤʘʪʝʤʘʪʠʢʦ-ʩʪʘʪʠʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʢʝ ʥʘʜ ʤʘʪʝʨʠʘʣʘʤʠ ʤʥʦʛʦʣʝʪʥʠʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (2007-2011) ʚʦʜ ʨ.ʏʦʥʦʭʘʨʘʡʭ ʩʪʘʪʠʯʝʩʢʠʝ 

ʦʰʠʙʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʞʜʦʛʦ ʠʦʥʘ ʚʦʜ ʨ.ʏʦʥʦʭʘʨʘʡʭ ʜʘʝʪ ʩʣʝʜʫʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ: ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʠʦʥʳ 0.66%, ʩʫʣʴʬʘʪʥʳʝ ʠʦʥʳ- 2.13%, ʠʦʥʳ 

ʭʣʦʨʠʜʘ- 2.3%, ʢʘʣʴʮʠʝʚʳʝ- 1.38%, ʤʘʛʥʠʝʚʳʝ-3.04%, ʤʠʥʝʨʘʣʠʟʘʮʠʷ- 0.42% 

[4, 12]. ɺ ʠʦʥʦʚʦʡ ʩʫʤʤʝ ʚʦʜ ʨ. ʏʦʥʦʭʘʨʘʡʭ ʩʫʤʤʘ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʭ ʠʦʥʦʚ 

(r=0.96) ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʫʤʤʝ ʥʘʪʨʠʝʚʳʭ, ʢʘʣʠʝʚʳʭ (r=0.93). ʀʟ 

ʫʨʦʚʥʝʥʠʷ ʢʦʨʨʝʣʷʮʠʠ ʚʠʜʥʦ, ʯʪʦ ʚ ʚʦʜʘʭ ʨ.ʏʦʥʦʭʘʨʘʡʭ ʠʟ ʘʥʠʦʥʦʚ 

ʜʦʤʠʥʠʨʫʶʪ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʠʦʥʳ, ʠʟ ʢʘʪʠʦʥʦʚ- ʥʘʪʨʠʝʚʳʝ [5].  

ʈʝʟʫʣʴʪʘʪʳ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʜ ʨ. 

ʏʦʥʦʭʘʨʘʡʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ 2004-2007ʛʛ. ʝʝ ʚʦʜʘ ʧʨʠʥʘʜʣʝʞʘʣʘ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʤʫ ʢʣʘʩʩʫ ʢʘʣʴʮʠʝʚʦʡ ʛʨʫʧʧ, ʦʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ 

ʩʦʩʪʘʚʣʷʣʘ 247.76-278.58ʤʛ/ʜʤ
3 

[5]. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ 

2008-2011ʛ. ʜʘʶʪ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: ʦʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 

234.04 ʜʦ 488.97ʤʛ/ʜʤ
3
, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʠ ʚʦʜʘ ʧʝʨʝʰʣʘ ʚ 
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ʥʘʪʨʠʝʚʫʶ ʛʨʫʧʧʫ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʛʦ ʢʣʘʩʩʘ [10]. ɻʨʫʧʧʘ ʚʦʜ ʠʟʤʝʥʠʣʘʩʴ, 

ʫʨʦʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʚʳʨʘʞʘʝʪʩʷ ʥʘʪʨʠʝʚʳʤ ʠʦʥʦʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʧʨʦʠʩʭʦʜʠʚʰʝʤ ʠʟʤʝʥʝʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠʯʠʥʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʥʘ ʨ. ʏʦʥʦʭʘʨʘʡʭ ʩʦʟʜʘʚʘʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʟʝʨʦ ʠ ʚʦʜʥʳʡ 

ʙʘʩʩʝʡʥ, ʚ ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʨʝʯʥʘʷ ʵʢʦʩʠʩʪʝʤʘ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʦʟʝʨʥʫʶ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʩʪʘʨʘʣʠʩʴ ʫʩʪʘʥʦʚʠʪʴ ʫʨʦʚʝʥʴ ʢʦʣʝʙʘʥʠʷ 

ʢʘʯʝʩʪʚʘ ʚʦʜ ʠ ʠʟʤʝʥʝʥʠʷ ʚʦʜʥʦʡ ʛʨʫʧʧʳ, ʧʨʦʚʝʜʷ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʚʦʜ. ɼʣʷ ʵʪʦʛʦ ʚ 2012ʛ. ʚ ʜʚʫʭ ʪʦʯʢʘʭ: I ï ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʧʣʦʪʠʥʳ ɻʕʉ, II  ï ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʣʦʪʠʥʳ ɻʕʉ, ʧʦ ʤʝʩʷʯʥʦʤʫ ʨʝʞʠʤʫ 

ʙʨʘʣʠ ʧʨʦʙʳ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ 2012ʛ. ʩʦʛʣʘʩʥʦ 

ʤʝʩʷʯʥʦʤʫ ʨʝʞʠʤʫ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʚʦʜʘʭ ʨ.ʏʦʥʦʭʘʨʘʡʭ ʠʟ ʢʘʪʠʦʥʦʚ 

ʜʦʤʠʥʠʨʫʶʪ ʢʘʣʴʮʠʝʚʳʝ, ʠʟ ʘʥʠʦʥʦʚ ï ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʠʦʥʳ, ʚʦʜʘ 

ʧʨʠʥʘʜʣʝʞʠʪ I ʪʠʧʫ ʢʘʣʴʮʠʝʚʦʡ ʛʨʫʧʧʳ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʛʦ ʢʣʘʩʩʘ. ɺʠʜʥʦ, ʯʪʦ 

ʩʦʩʪʘʚ ʚʦʜ ʩʪʘʣ ʘʥʘʣʦʛʠʯʥʳʤ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʘʩʩʘ, ʛʨʫʧʧʳ ʠ ʪʠʧʘ ʢʘʢ ʚ 

ʜʦʩʪʨʦʠʪʝʣʴʩʪʚʝʥʥʳʝ ʛʦʜʳ ɻʕʉ.  

ʉʦʩʪʦʷʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʢʫʱʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚ 

ʜʚʫʭ ʘʩʧʝʢʪʘʭ: ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʩʦ ʩʪʦʨʦʥʳ 

ʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ. ʕʢʦʣʦʛʠʯʝʩʢʠ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʫʩʣʦʚʠʝ ʚʦʜ ʨʘʟʣʠʯʘʶʪ 

ʥʘ 6 ʢʣʘʩʩʦʚ: I ʢʣʘʩʩ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʝʩʥʘʷ ʚʦʜʘ, II ï ʧʨʝʩʥʘʷ, III  ï

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʟʘʛʨʷʟʥʝʥʥʘʷ ʚʦʜʘ, IY ï ʟʘʛʨʷʟʥʝʥʥʘʷ ʚʦʜʘ, Y ï- 

ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷ ʚʦʜʘ, YI ï ʩʠʣʴʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷ ʚʦʜʘ [8]. ʉʦʛʣʘʩʥʦ 

ʦʮʝʥʢʝ ʚʦʜʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʢʫʱʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʫʩʣʦʚʠʷ ʚʦʜʘ ʨ. ʏʦʥʦʭʘʨʘʡʭ ʦʪʥʦʩʠʪʩʷ ʢ I 

ʛʨʫʧʧʝ, ʪ.ʝ. ʢ ʢʣʘʩʩʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʝʩʥʦʡ ʚʦʜʳ. ɺʦʜʫ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ 

ʜʦʧʫʩʪʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦ ʚʩʝ ʚʠʜʘʭ ʚʦʜʦʫʧʦʪʨʝʙʣʝʥʠʷ, ʚ ʩʣʫʯʘʝ ʧʨʠʥʷʪʠʷ 

ʤʝʨʳ ʧʦ ʛʠʛʠʝʥʠʯʝʩʢʦʡ ʟʘʱʠʪʳ, ʘ ʧʨʠ ʫʧʦʪʨʝʙʣʝʥʠʠ ʚ ʩʠʩʪʝʤʝ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʠ ʥʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʨʠʥʷʪʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʧʦʪʨʝʙʣʝʥʠʝ ʠʣʠ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʜʝʟʠʥʬʠʮʠʨʦʚʘʥʥʥʦʩʪʠ. 

ʈʘʙʦʪʳ, ʧʨʠʥʷʪʳʝ ʚ ʨʘʤʢʘʭ ʧʨʠʨʦʜʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ. 

ʉ ʷʥʚʘʨʷ 2009ʛ. ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ɼʫʨʛʫʥ ʩʪʘʣʘ ʧʦʩʪʘʚʣʷʪʴ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʕʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ. ʉ ʪʝʭ ʧʦʨ ʜʦ 

ʥʘʰʠʭ ʜʥʝʡ ʩ ʧʨʠʨʦʜʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʦʡ ʮʝʣʴʶ ʙʳʣʘ ʩʦʟʜʘʥʘ 

ʣʝʩʥʘʷ ʧʦʣʦʩʘ, ʦʨʛʘʥʠʟʫʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʨʝʘʙʠʣʠʪʘʮʠʠ. ɺ 2009-2013ʛʛ. ʚ ʟʦʥʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʧʦʩʘʜʠʣʠ ʧʨʠʤʝʨʥʦ 1800 

ʦʙʣʝʧʠʭ, 1400 ʠʚ, 820 ʠʣʴʤʦʚ ʧʨʠʟʝʤʠʩʪʳʭ, 1000 ʪʦʧʦʣʝʡ. ɺ ʜʘʥʥʦʡ ʟʦʥʝ 

ʧʦʩʘʞʝʥʦ ʦʢʦʣʦ 5300 ʜʝʨʝʚʴʝʚ ʠ ʢʫʩʪʘʨʥʠʢʦʚ 5 ʚʠʜʦʚ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 400 ʤ
2 

ʟʝʤʣʠ ʦʟʝʣʝʥʝʣʠ, ʧʦ ʙʝʨʝʛʘʤ ʨʝʢʠ ʩʦʟʜʘʥʘ ʨʫʯʥʘʷ ʦʨʦʩʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, 

ʧʨʦʩʪʠʨʘʶʱʘʷ ʙʦʣʝʝ 700ʤ [7]. 

ɺr ʚʦʜʳ 

1. ʈʝʟʫʣʴʪʘʪ rʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ɼʫʨʛʫʥʩʢʘʷ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, 

ʩ ʪʝʭ ʧʦʨ ʢʘʢ ʚʦʰʣʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʜʦ ʥʘʰʠʭ ʜʥʝʡ ʧʨʦʠʟʚʦʜʠʣʘ 120 

ʤʣʥ.ʢɺʪ/ʯʘʩ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʋʨʦʚʝʥʴ ʚʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 

1159.00 ʜʦ 1159.50 ʤ, ʢ ʢʦʥʮʫ 2010 ʢ ʥʘʯʘʣʫ 2011ʛ. ʫʨʦʚʝʥʴ ʚʦʜʥʦʛʦ 

ʙʘʩʩʝʡʥʘ ʜʦʩʪʠʛ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ï 1159.70. ʇʦ ʩʦʩʪʦʷʥʠʶ 2013ʛ. 
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ʫʨʦʚʝʥʴ ʚʦʜ ʤʦʞʝʪ ʜʦʩʪʠʯʴ ʫʨʦʚʥʷ 2010ʛ., ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʳʨʘʙʦʪʢʫ 38 

ʤʣʥ.ʢɺʪ/ʯʘʩ ʵʣʝʢʪʨʠʯʝʩʪʚʘ.  

2. ɺ ʩʚʷʟʠ ʩ ʧʦʩʪʨʦʡʢʦʡ ʧʣʦʪʠʥ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʦʩʴ 

ʪʝʯʝʥʠʝ ʚʦʜ, ʩʦʟʜʘʥʦ ʫʩʣʦʚʠʝ ʦʙʦʛʘʰʘʪʴʩʷ ʨʘʩʪʠʪʝʣʴʥʳʡ ʩʦʩʪʘʚ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʠ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʛʝʥʥʳʭ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʧʝʨʝʥʦʩʠʤʳʭ ʦʪ ʦʟʝʨʘ. ɺ ʙʘʩʩʝʡʥʝ ɻʕʉ ɼʫʨʛʫʥ 

ʩʦʟʜʘʚʘʣʩʷ ʩʚʦʝʦʙʨʘʟʥʳʡ ʟʦʦʧʣʘʥʢʪʦʥ. ʊʘʢʞʝ ʧʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʧʣʦʪʠʥ 

ʦʙʦʛʘʰʘʣʘʩʴ ʙʠʦʤʘʩʩʘ ʟʦʦʧʣʘʥʢʪʦʥʦʚ ʠ ʚ 2013ʛ. ʙʳʣ ʧʦʡʤʘʥ ʦʜʠʥ ʢʣʶʚʳʡ 

ʦʩʤʘʥ, ʢʦʪʦʨʳʡ ʥʝ ʦʪʤʝʯʘʣʩʷ ʧʦʩʣʝ 2010ʛ. ɺ ʩʣʝʜʩʪʚʠʠ ʩʦʟʜʘʥʠʷ ʧʣʦʪʠʥ 

ʦʙʦʛʘʱʘʣʩʷ ʨʘʩʪʠʪʝʣʴʥʳʡ ʩʦʩʪʘʚ, ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʙʠʦʛʝʥʥʳʝ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʦʟʜʘʚʘʣʦʩʴ ʙʣʘʛʦʧʨʠʷʪʥʦʝ 

ʫʩʣʦʚʠʝ ʜʣʷ ʦʙʠʪʘʥʠʷ ʘʣʪʘʡʩʢʦʛʦ ʦʩʤʘʥʘ (ʨʳʙʳ ʩ ʜʣʠʥʦʡ 200-280 ʩʤ 

ʟʘʥʠʤʘʝʪ 91%). ʅʘ ʜʥʝ ʚʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ ʩʦʟʜʘʥʦ ʫʩʣʦʚʠʝ ʜʣʷ ʞʠʟʥʠ 

ʥʘʩʝʢʦʤʳʭ. ɿʜʝʩʴ, ʚ ʦʩʥʦʚʥʦʤ, ʜʦʤʠʥʠʨʫʶʪ ʥʘʩʝʢʦʤʳʝ ʩʝʤʴʠ 

chironomidae. ɺ ʪʦʡ ʯʘʩʪʠ, ʛʜʝ ʨʘʩʪʫʪ ʨʘʩʪʝʥʠʷ, ʦʙʦʛʘʰʘʝʪʩʷ ʩʦʩʪʘʚ 

ʥʘʩʝʢʦʤʳʭ. ʉʦʩʪʘʚ ʞʠʚʦʪʥʳʭ ʜʥʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ 

ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʩ 2013ʛ. ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩʨʝʜʘ ʦʙʠʪʘʥʠʷ 

ʞʠʚʦʪʥʳʭ ʥʘ ʜʥʝ.  

3. ɺ ʚʦʜʘʭ ʨ. ʏʦʥʦʭʘʨʘʡʭ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʦʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 
ʚ ʟʠʤʥʠʡ ʩʝʟʦʥ, ʢʦʛʜʘ ʦʥʘ ʧʠʪʘʝʪʩʷ ʛʣʫʙʠʥʥʳʤʠ ʚʦʜʘʤʠ. ɺʦʜʳ ʦʢʘʟʘʣʠʩʴ 

ʩʦ ʩʨʝʜʥʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʦʪʥʦʩʷʪʩʷ ʢ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʤʫ ʢʣʘʩʩʫ, 

ʢʘʣʴʮʠʝʚʦʡ ʛʨʫʧʧʳ, I ʪʠʧʘ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʢʣʘʩʩ, 

ʛʨʫʧʧʘ ʠ ʪʠʧ.  

4. ʉʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ ʢʠʩʣʦʨʦʜʘ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 6.68 ʜʦ 
9.34ʤʛ/ʜʤ

3
, ʚʦʜʥʘʷ ʩʨʝʜʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʦʨʤʘʣʴʥʦʤʫ ʞʠʟʥʝʥʥʦʤʫ 

ʩʦʩʪʦʷʥʠʶ ʜʣʷ ʚʦʜʥʳʭ ʞʠʚʦʪʥʳʭ, ʨʳʙ (> 5ʤʛ\ʜʤ
3
). ɺʝʣʠʯʠʥʘ 

ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʧʦʪʨʝʙʣʷʝʤʦʩʪʠ ʢʠʩʣʦʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 2.19ʤʛ\ʜʤ
3
, ʇʀʏ ï 

2.75 ʤʛʆ3\ʜʤ
3
, ʚʦʜʥʘʷ ʩʨʝʜʘ ï 7.05, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʚʦʜʥʘʷ ʩʨʝʜʘ ʥʝ ʠʤʝʝʪ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʦʙʠʪʘʥʠʷ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʠ 

ʞʠʚʦʪʥʳʭ.  

5. ʇʨʠ ʦʮʝʥʢʝ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʢʫʱʠʭ ʚʦʜ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʫʩʣʦʚʠʷ ʚʦʜʘ ʨ. ʏʦʥʦʭʘʨʘʡʭ ʦʪʥʦʩʠʪʩʷ ʢ I 

ʢʣʘʩʩʫ ï ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʠʩʪʦʡ ʚʦʜʝ. ʈʝʟʫʣʴʪʘʪ r ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʦʢʘʟʳʚʘʪʁ, ʯʪʦ ʜʝʷʪʝʣʴʥʦʩʪʴ ɼʫʨʛʫʥʩʢʦʡ ɻʕʉ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʚʣʠʷʥʠʡ ʥʘ ʚʦʜʥʦʝ ʢʘʯʝʩʪʚʦ ʦʟʝʨ ʢʘʢ ʍʘʨ, ʅʦʛʦʦʥ, ɼʫʨʛʫʥ 

ʠ ʧʨʦʣʠʚʘ ʍʦʤ, ̫ ʚʣʷʶʱʠʭʩʷ ʢʦʥʮʘʤʠ ʂʦʪʣʦʚʠʥʳ ɹʦʣʴʰʠʭ ʦʟʝʨ.  

6. ɺ ʟʦʥʝ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʙʳʣʦ ʧʦʩʘʞʝʥʦ ʦʢʦʣʦ 5300 ʜʝʨʝʚʴʝʚ ʠ 
ʢʫʩʪʘʨʥʠʢʦʚ 5 ʚʠʜʦʚ, ʦʟʝʣʝʥʝʣʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 400 ʤ

2 
ʟʝʤʣʠ, ʧʦ ʙʝʨʝʛʘʤ 

ʨʝʢʠ ʩʦʟʜʘʥʘ ʨʫʯʥʘʷ ʦʨʦʩʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʦʩʪʠʨʘʶʱʘʷ ʙʦʣʝʝ 700ʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʝʥʠʶ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʝʩʢʘ, ʨʝʘʙʠʣʠʪʘʮʠʠ ʧʦʯʚ, ʪʘʢʞʝ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʣʷ ʦʙʠʪʘʥʠʷ ʞʠʚʦʪʥʳʭ. 
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ʍʀʄʀʏɽʉʂʀʁ ʉʆʉʊɸɺ ʇʆʏɺ ɹʃʀɿʎɽʅʊʈɸʃʔʅʆʁ ʊɽʈʈʀʊʆʈʀʀ 

ʉʆʄʆʅɸ ʄʋʅʍʍɸʁʈʍɸʅ  

ɿ. ɹʫʨʤʘʘ, ʏ. ʆʥʦʨʞʘʨʛʘʣ 

ʍʦʚʜ, ʄʦʥʛʦʣʠʷ 

ʇʦʯʚʘ ï ʵʪʦ ʦʩʦʙʦʝ ʝʩʪʝʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʧʦʜʚʝʨʛʘʶʱʝʝʩʷ 

ʪʝʭʥʦʛʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦʣʝʤ ʜʣʷ 

ʟʘʥʷʪʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ʆʥʘ ʚʳʧʦʣʥʷʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʩʳʨʴʸʤ ï ʧʨʝʜʧʨʠʷʪʠʡ, ʧʠʱʝʡ ïʯʝʣʦʚʝʢʘ, ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ 

[1]. ɺ ʄʦʥʛʦʣʠʠ, ʛʜʝ ʜʦʤʠʥʠʨʫʝʪ ʛʦʨʥʳʡ ʨʝʣʴʝʬ, ʨʝʣʴʝʬʥʳʝ ʬʘʢʪʦʨʳ 

ʦʢʘʟʳʚʘʶʪ ʛʣʘʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʧʦʯʚ [2]. ʇʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʟʜʝʩʴ ʨʘʟʣʠʯʘʶʪ ʯʝʨʥʦʟʝʤʳ, ʙʫʨʳʝ, ʧʫʩʪʳʥʥʦ-ʩʪʝʧʥʳʝ 

ʙʫʨʳʝ, ʩʦʣʦʥʯʘʪʳʝ, ʣʫʛʦʚʳʝ, ʣʫʛʦʚʦʙʦʣʦʪʥʳʝ ʘʣʣʶʚʠʘʣʥɹʳʝ. ɺ ʩʦʩʪʘʚ ʧʦʯʚ 

ʚʭʦʜʷʪ ʧʦʯʪʠ ʚʩʝ ʵʣʝʤʝʥʪʳ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʄʝʥʜʝʣʝʝʚʘ. ʀʟ ʥʠʭ ʙʦʣʝʝ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ O, Si, ʘ ʪʘʢʞʝ AI, Fe, Ca, Mg, K [3].  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ ʥʘ ʦʩʥʦʚʝ ʦʪʦʙʨʘʥʥʳʭ ʥʘʤʠ ʧʨʦʙ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʪʦʯʢʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʦʤʦʥʘ ʄʫʥʭʭʘʡʨʭʘʥ ʍʦʚʜʩʢʦʛʦ ʘʡʤʘʢʘ. 

ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʣʦʱʘʜʴ ʪʝʨʨʠʪʦʨʠʠ 

ʩʦʤʦʥʘ ʄʫʥʭʭʘʡʨʭʘʥ ʍʦʚʜʩʢʦʛʦ ʘʡʤʘʢʘ ʩʦʩʪʘʚʣʷʝʪ 256900 ʢʚ.ʢʤ, ʠʟ ʢʦʪʦʨʳʭ 

95.0 ʛʘ (37%), ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ʦʩʦʙʦʦʭʨʘʥʷʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʩʦʩʦʥʝ 

ʧʨʦʞʠʚʘʝʪ 2529 ʯʝʣʦʚʝʢ ʚ 559 ʩʝʤʴʷʭ. ɹʦʣʴʰʠʥʩʪʚʦ ʞʠʪʝʣʝʡ ʟʘʥʠʤʘʝʪʩʷ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʢʦʪʦʚʦʜʩʪʚʦʤ, ʚ ʦʙʱʝʤ, ʩʫʤʤʘ ʛʦʣʦʚ ʩʢʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 82000.  

ʂʣʠʤʘʪ. ɺ ʛʦʨʘʭ ʄʫʥʭʭʘʡʨʭʘʥ ʠ ʥʘ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʷʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʚ ʪʝʤʧʝʨʘʪʫʨʝ ʟʠʤʥʝʛʦ ʠ ʣʝʪʥʝʛʦ 

ʩʝʟʦʥʦʚ, ʥʦʯʠ ʠ ʜʥʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ, 

ʧʨʦʭʣʘʜʥʳʡ, ʩʳʨʦʡ ʢʣʠʤʘʪ. 

ɻʠʜʨʦʣʦʛʠʷ. ɺ ʨʘʡʦʥʝ ʛ. ʄʫʥʭʭʘʡʨʭʘʥ ʨʘʟʚʠʪʘʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʘʷ ʩʝʪʴ. 

ʆʩʥʦʚʫ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤr  ʛ. ʄʫʥʭʭʘʡʨʭʘʥ ʩʦʩʪʘʚʣʷʶʪ ʨʝʢʠ ɹʫʣʛʘʥ, 

ʋʝʥʯ, ɹʦʜʦʥʯ, ʉʵʥʭʵʨ, ʦʟʝʨʘ ʍʦʭ, ʐʫʫʨʭʘʡ, ɹʦʨʪ, ʉʫʥʭʫʣ. ʅʘ ʠʩʩʣʝʜʫʝʤʦʡ 

ʧʣʦʱʘʜʠ ʙʦʣʝʝ 100 ʤʘʣʳʭ ʧʦ ʨʘʟʤʝʨʫ ʧʨʝʩʥʦʚʦʜʥʳʭ ʦʟʸʨ ʣʝʜʥʠʢʦʚʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺ ʧʠʪʘʥʠʠ ʨʝʢ ʠ ʦʟʸʨ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʚʦʜʳ ʣʝʜʥʠʢʦʚ, 

ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʠ ʚ ʤʝʥʴʰʝʡ ʤʝʨʝ ʦʩʘʜʢʠ [4]. 

ʌʘʫʥʘ. ɺ ʛʦʨʘʭ ʄʫʥʭʭʘʡʨʭʘʥ ʠ ʚ ʙʣʠʟʥʘʭʦʜʷʱʠʭʩʷ ʨʘʡʦʥʘʭ ʦʙʠʪʘʶʪ 

ʛʦʨʥʳʡ ʢʦʟʝʣ, ʦʣʝʥʴ, ʠʨʙʠʩ, ʚʦʣʢ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʞʠʚʦʪʥʳʝ. ʅʘʨʷʜʫ ʩ ʥʠʤʠ 

ʟʜʝʩʴ ʦʙʠʪʘʶʪ ʠ ʤʥʦʛʠʝ ʚʠʜʳ ʧʨʝʩʤʳʢʘʶʱʠʭʩʷ, ʚʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʜʘʥʥʳʡ 

ʨʘʡʦʥ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ 4 ʙʦʣʴʰʠʭ ʨʘʡʦʥʦʚ, ʛʜʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʫʱʝʩʪʚʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʧʨʝʩʤʳʢʘʶʱʠʭʩʷ ʠ ʟʝʤʥʦʚʦʜʥʳʭ. ʇʨʫʜʦʚʘʷ ʷʱʝʨʠʮʘ, 

ʚʢʣʶʯʝʥʥʘʷ ʚ ʂʨʘʩʥʫʶ ʢʥʠʛʫ ʄʦʥʛʦʣʠʠ, ʦʙʠʪʘʝʪ ʣʠʰʴ ʚ ʧʦʜʟʦʥʝ 

ʛ.ʄʫʥʭʭʘʡʨʭʘʥ. ɺ ʨʝʢʝ ɹʫʣʛʘʥ ʚʦʜʠʪʩʷ ʟʝʣʝʥʘʷ ʞʘʙʘ, ʨʳʙʘ-ʜʞʫʥʛʘʨ, 

ʩʯʠʪʘʶʱʠʝʩʷ ʨʝʜʢʠʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ 

ʦʙʠʪʘʶʪ 41 ʚʠʜʘ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, 85 ʚʠʜʦʚ ʧʪʠʮ, 1 ʚʠʜ ʟʝʤʥʦʚʦʜʥʳʭ, 4 ʚʠʜʘ 

ʧʨʝʩʤʳʢʘʶʱʠʭʩʷ. 
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ʌʣʦʨʘ. ɺ ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʡʦʥʝ ʨʘʩʯʠʪʳʚʘʝʪʩʷ 690 ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ 241 ʪʠʧʘʤ ʠ 61 ʩʝʤʝʡʩʪʚʘʤ, ʠʟ ʥʠʭ 98 ʚʠʜʦʚ ʢʫʩʪʘʨʥʠʢʦʚ, 592 

ʚʠʜʘ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ.  

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʇʨʦʙʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʟʷʪʳ 23 ʤʘʨʪʘ 

2013ʛ. ʠ 15 ʥʦʷʙʨʷ ʪʦʛʦ ʞʝ ʛʦʜʘ ʚ 3 ʪʦʯʢʘʭ ʤʝʪʦʜʦʤ ʧʦʯʚʝʥʥʦʛʦ ʨʘʟʨʝʟʘ. ɺ 

ʧʨʦʙʘʭ ʧʦʯʚʫ ʦʧʨʝʜʝʣʠʣʠ ʤʝʪʦʜʦʤ ʨʘʟʨʝʟʘ ʧʦ ʚʥʝʰʥʠʤ ʢʘʯʝʩʪʚʘʤ ʠ ʟʘʧʠʩʠ. 

ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʦʙʲʸʤʥʦʛʦ ʠ 

ʧʨʠʙʦʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚ ʙʣʠʟʮʝʥʪʨʘʣʴʥʦʡ 

ʪʝʨʠʪʦʨʠʠ ʩʦʤʦʥʘ ʄʫʥʭʭʘʡʨʭʘʥ (ʪʘʙʣ. 1). 

ʇʦʯʚʘ ʤʝʩʪʥʦʩʪʠ çɼʘʭʳʥ ʘʤè, ʧʨʦʩʪʠʨʘʶʱʝʡ ʚ 1 ʢʤ ʦʪ ʮʝʥʪʨʘ ʩʦʤʦʥʘ, 

ʢʘʢ ʫʪʚʝʨʞʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʥʘʜʣʝʞʠʪ ʪʠʧʫ ʛʦʨʥʳʭ ʩʪʝʧʥʳʭ 

ʪʝʤʥʦ-ʙʫʨʳʭ ʧʦʯʚ. ʇʦʯʚʳ ʮʝʥʪʨʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʩʦʤʦʥʘ ʄʫʥʭʭʘʡʨʭʘʥ ʠ 

ʤʝʩʪʥʦʩʪʠ ʍʦʭ ʵʨʵʛ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʟʘʧʘʜʝ ʚ 2 ʢʤ ʦʪ ʮʝʥʪʨʘ ʩʦʤʦʥʘ, 

ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʫ ʚʳʩʦʢʦʛʦʨʥʳʭ ʙʫʨʳʭ ʧʦʯʚ. 

ɺ ʧʨʦʙʘʭ ʧʦʯʚ ʤʝʩʪʥʦʩʪʠ ʍʦʭ ʵʨʵʛ ʚʝʣʠʯʠʥʘ ʨʅ ʩʦʩʪʘʚʣʷʣʘ 7.8, 

ʚʣʘʞʥʦʩʪʴ ï 23.3%, ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ï 3.5%, ʱʝʣʦʯʥʦʩʪʴ ï 3.90 ʤʛ/ʣ, ʦʙʱʘʷ 

ʞʝʩʪʢʦʩʪʴ 28.5 ʤ-ʵʢʚ. ɺ ʥʠʭ ʩʦʜʝʨʞʘʪʩʷ ʠʦʥʳ ʭʣʦʨʘ 0.9 ʤʛ/ʣ, ʢʘʣʴʮʠʷ ï 0.49%, 

ʤʘʛʥʠʷ ï 0.048%. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʯʚʝʥʥʘʷ 

ʩʨʝʜʘ ʚ ʥʝʢʦʪʦʨʳʭ ʪʦʯʢʘʭ ʥʝʡʪʨʘʣʴʥʘʷ ï ʨʅ=7.1ï7.8.  

ɺ ʧʨʦʙʘʭ ʧʦʯʚʤʝʩʪʥʦʩʪʠ ɼʘʭʳʥ ʘʤ ʚʝʣʠʯʠʥʘ ʨʅ ʩʦʩʪʘʚʣʷʣʘ 7.1, 

ʚʣʘʞʥʦʩʪʴ ï 15.0%, ʛʫʤʫʩ ï 3.06%, ɦ ʝʣʦʯʥʦʩʪʴ ï 1.6 ʤʛ/ʣ, ʦʙʱʘʷ ʞʝʩʪʢʦʩʪʴ 

31.0 ʤ-ʵʢʚ. ɿʜʝʩʴ ʩʦʜʝʨʞʘʪʩʷ ʠʦʥʳ ʭʣʦʨʘ 0.7 ʤʛ/ʣ, ʢʘʣʴʮʠʷ ï 0.56%, ʤʘʛʥʠʷ ï 

0.036%. 

ɺ ʧʨʦʙʘʭ ʧʦʯʚ ʤʝʩʪʥʦʩʪʠ ʎʝʥʪʨʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʚʝʣʠʯʠʥʘ ʨʅ ʩʦʩʪʘʚʣʷʝʪ 

7.3, ʚʣʘʞʥʦʩʪʴ ï 19.7%, ʛʫʤʫʩ ï 3.5%, ɦ ʝʣʦʯʥʦʩʪʴ ï 2.0 ʤʛ/ʣ, ʦʙʱʘʷ ʞʝʩʪʢʦʩʪʴ 

30.0 ʤ-ʵʢʚ, ʚ ʥʠʭ ʩʦʜʝʨʞʘʪʩʷ ʠʦʥʳ ʭʣʦʨʘ 0.7 ʤʛ/ʣ, ʠʦʥʳ ʢʘʣʴʮʠ ̫ï 0.53%, ʠʦʥʳ 

ʤʘʛʥʠʷ ï 0.042%. 

ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚ ʚ ʥʝʢʦʪʦʨʳʭ ʪʦʯʢʘʭ ʩʦʤʦʥʘ 

ʄʫʥʭʭʘʡʨʭʘʥ 

 ̄
ʊʦʯʢʠ, ʛʜʝ 

ʚʟʷʪʳ ʧʨʦʙʳ 
ʨʅ 

ɺʣʘʞ-

ʥʦʩʪʴ, 

% 

ɻʫʤʫʩ 

% 
ʉʘ

2+ 
Mg

2+
 ʉI

-
 

ʆʙʱʘʷ 

ʱʝʣʦʯ-

ʥʦʩʪʴ 
ɾʝʩʪ-

ʢʦʩʪʴ 

% ʤʛ/ʣ 

1 ʍʦʭ ʵʨʵʛ 7.8 23.3 3.5 0.49 0.048 0.9 3.9 28.5 

2 ɼʘʭʳʥ ʘʤ 7.1 15.0 3.06 0.56 0.036 0.7 1.6 31.0 

3 
ʎʝʥʪʨʘʣʴʥʘ

ʷ ʧʣʦʱʘʜʴ 
7.3 19.7 3.5 0.53 0.042 0.7 2.0 30.0 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʦʯʚ ʚ 

ʥʝʢʦʪʦʨʳʭ ʪʦʯʢʘʭ ʩʦʤʦʥʘ ʄʫʥʭʭʘʡʨʭʘʥ ʫʩʪʥʦʚʣʝʥʦ: pH ʩʦʩʪʘʚʣʷʝʪ 8.45-8.58, 

ɽʩ 143-378 ʤʛ/ʢʛ, ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ï 0.98-1.59%, NH4
+
21.3-39.7 ʤʛ/ʢʛ, SO4

2-

19.0-60.1 ʤʛ/ʢʛ, NO3
-
 20.9-63.9 ʤʛ/ʢʛ, P2O5 56.9-90.4 ʤʛ/ʢʛ (ʪʘʙʣ. 2).  
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ʊʘʙʣʠʮʘ 2 ï ʉʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʦʯʚ ʚ ʪʦʯʢʘʭ ʥʘʙʣʶʜʝʥʠʷ ʩʦʤʦʥʘ 

ʄʫʥʭʭʘʡʨʭʘʥ 

ʊʦʯʢʠ 

ʦʪʙʦʨʘ ʧʨʦʙ 
ʨʅ 

Ec, 

ʤʛ/ʢʛ 

ɻʫʤʫʩ, 

% 

NH4
1+ 

SO4
2- 

NO3
- 

P2O5 

ʤʛ/ʢʛ 

ʍoʭ ʵʨʵʛ 8.45 378 0.98 39.7 36.1 21.6 90.4 

ɼʘʭʳʥ ʘʤ 8.58 143 1.59 27.2 60.1 20.9 75.2 

ʎʝʥʪʨʘʣʴʥʘʷ 

ʧʣʦʱʘʜʴ 
8.50 229 1.06 21.3 19.0 63.9 56.9 

ɺʳʚʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʥʘʩʪʦʷʱʝʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʤʳ 

ʧʨʠʰʣʠ ʢ ʩʣʝʜʫʶʱʠʤ ʚʳʚʦʜʘʤ. 

1. ɺ ʧʦʯʚʘʭ ʙʣʠʟʮʝʥʪʨʘʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʦʤʦʥʘ ʄʫʥʭʭʘʡʨʭʘʥ ʜʦʤʠʥʠʨʫʝʪ 

ʛʦʨʥʳʝ ʩʫʭʦʩʪʝʧʥʳʝ ʙʫʨʳʝ ʠ ʪʝʤʥʦʙʫʨʳʝ ʧʦʯʚʳ.  

2. ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʙʣʠʟʮʝʥʪʨʘʣʴʥʳʭ ʧʦʯʚʘʭ ʩʦʤʦʥʘ ʄʫʥʭʭʘʡʨʭʘʥ 
ʩʣʘʙʦʱʝʣʦʯʥʘʷ ʧʦʯʚʝʥʥʘʷ ʩʨʝʜʘ ï 7.1-7.8, ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʦʨʤʝ 

ʛʦʩʩʪʘʥʜʘʨʪʘ ʄNS 3263-90, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʦʨʤʘ 

ʩʦʩʪʘʚʣʷʝʪ ʨʅ=6.5-7.8, ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʩʦʩʪʘʚʣʷʝʪ 3.06-3.5%, ʯʪʦ 

ʩʦʦʪʚʝʩʪʚʫʝʪ ʧʨʠʥʷʪʦʡ ʥʦʨʤʳ ʧʦ ʛʦʩʩʪʘʥʜʘʨʪʫ ʄNS 3263-90 (2%<) .  

3. ʀʟ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦ 

ʩʨʝʜʥʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ ʄʦʥʛʦʣʠʠ ʩʪʘʣʦ 

ʠʟʚʝʩʪʥʦ,ʯʪʦ ʚ ʧʦʯʚʘʭ ʩʦʤʦʥʘ ʄʫʥʭʭʘʡʨʭʘʥ ʤʝʥʴʰʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʠ 

ʤʘʛʥʠʷ. ʉʦʛʣʘʩʥʦ ʩʨʝʜʥʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʚ ʙʫʨʳʭ ʧʦʯʚʘʭ ʩʦʜʝʨʞʘʥʠʝ ʉʘ
2+

 

ʩʦʩʪʘʚʣʷʝʪ 2.78ʤʛ/ʣ, Mg
2+

 1.57ʤʛ/ʣ, ʚ ʪʝʤʥʦʙʫʨʳʭ ï ʉʘ
2+

 2.74ʤʛ/ʣ, Mg
2+

 

1.65ʤʛ/ʣ, ʦʜʥʘʢʦ ʚ ʧʦʯʚʘʭ ʩʦʤʦʥʘ ʄʫʥʭʭʘʡʨʭʘʥ ʉʘ
2+ 
ï 0.6-0.7ʤʛ/ʣ, Mg

2+
 ï 

0.4-1.07ʤʛ/ʣ. 
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ʍʀʄʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʆɺɽʈʍʅʆʉʊʅʓʍ ɺʆɼ ɿɸʇɸɼʅʆɻʆ 

ʈɽɻʀʆʅɸ ʄʆʅɻʆʃʀʀ ʀ ʆʎɽʅʂɸ ʀʍ ʂɸʏɽʉʊɺɸ  

ɿ. ɹʫʨʤʘʘ 

ʍʦʚʜ, ʄʦʥʛʦʣʠʷ 

ʈʝʩʫʨʩʳ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ 

ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ, ʠ ʧʦʵʪʦʤʫ ʪʨʫʜʥʦ ʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʫʨʦʚʝʥʴ 

ʟʘʚʠʩʠʤʦʩʪʠ. ʀʥʘʯʝ ʛʦʚʦʨʷ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʦʜʥʦ ʚʨʝʤʷ, ʚ ʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʝʟʫʣʴʪʘʪ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʧʦʜʚʝʨʛʘʝʪʩʷ ʠʟʤʝʥʝʥʠʶ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ 

ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʘʭ ʄʦʥʛʦʣʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʬʠʮʠʪ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʧʨʠʯʠʥʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʠ ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʯʝʣʦʚʝʢʘ. 

ʇʦ ʜʘʥʥʳʤ 2011 ʛ. ʚ ʄʦʥʛʦʣʠʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 6646 ʨʝʢ, 551 ʠʟ 

ʢʦʪʦʨʳʭ ʫʞʝ ʷʚʣʷʶʪʩʷ ʠʩʯʝʟʥʫʚʰʠʤʠ, 9320 ʠʩʪʦʯʥʠʢʦʚ ï 1871 ʠʟ ʥʠʭ ʠʩʯʝʟʣʠ, 

3613 ʦʟʝʨ ï 483 ʠʟ ʥʠʭ ʠʩʯʝʟʣʠ. ɺ ʟʘʧʘʜʥʳʭ ʘʡʤʘʢʘʭ ʥʘʭʦʜʠʪʩʷ 29% ʚʩʝʭ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʄʦʥʛʦʣʠʠ.  

ʆʙʟʦʨ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʧʝʨʚʳʝ ʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʟʸʨ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʥʘʰʝʡ ʩʪʨʘʥʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ 1926 ʛ., ʯʪʦ ʷʚʠʣʦʩʴ ʥʘʯʘʣʦʤ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʚʦʜ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ. ʕʢʩʧʝʜʠʮʠʷ ʚʦ ʛʣʘʚʝ ʩ 

ɺ.ɸ. ʉʤʠʨʥʦʚʳʤ ʧʨʦʚʝʣʘ ʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʟʸʨ ʍʷʨʛʘʩ, ɸʡʨʘʛ, 

ɿʵʵʨʵʥ, ʍʘʨ ʫʩ, ɼʫʨʦʦ, ʋʫʨʵʛ, ʠ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʧʦʣʦʞʠʣʘ, ʯʪʦ ʥʳʥʝ ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʥʘ ʩʝʚʝʨʝ ɿʘʧʘʜʥʦʡ 

ʄʦʥʛʦʣʠʠ ʦʟʸʨʘ ʷʚʣʷʶʪʩʷ ʦʩʪʘʪʢʘʤʠ ʧʨʝʩʥʦʚʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʟʘʥʠʤʘʶʱʝʛʦ 

50000 ʢʚ. ʢʤ. ɺ ʨʷʜʝ ʪʨʫʜʦʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʪʨʘʞʝʥʦ ʙʳʪʦʚʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ ʨʝʢ ʍʦʚʜ, ɹʫʷʥʪ ʠ ʠʭ 

ʜʦʣʠʥ [9]. 

ɺ.ɸ. ʆʙʨʫʯʝʚ (1931), ʕ.ʄ. ʄʫʨʟʘʝʚ (1952) ʩʦʙʨʘʣʠ ʠ ʦʧʫʙʣʠʢʦʚʘʣʠ 

ʩʚʝʜʝʥʠ ̫ʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ɿʘʧʘʜʥʦʛʦ ʨʝʛʠʦʥʘ ʠ ʦ ʝʛʦ ʧʨʠʨʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʚʦʜʥʦʡ ʩʝʪʠ, ʦʣʝʜʝʥʝʥʠʠ. ʇʨʠ ʥʝʦʜʥʦʢʨʘʪʥʦʤ ʧʫʪʝʰʝʩʪʚʠʠ ʧʦ 

ʄʦʥʛʦʣʠʠ ɻ.ʅ. ʇʦʪʘʥʠʥ (1876-1899) ʦʪʢʨʳʣ ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʣʝʜʥʠʢ, 

ʨʘʩʧʦʣʘʛʘʶʱʠʡʩʷ ʚ ʛʦʨʥʦʤ ʤʘʩʩʠʚʝ ɸʣʪʘʡ ʊʘʚʘʥ ʙʦʛʜ, ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ 

ʩʦʩʪʘʚʣʷʣʘ 20 ʢʤ, ʧʣʦʱʘʜʴ 50 ʢʚ. ʢʤ. ʊʘʢʞʝ ʦʥ ʜʘʣ ʦʙʱʝʝ ʦʧʠʩʘʥʠʝ ʨʝʢ, 

ʙʝʨʫʱʠʭ ʥʘʯʘʣʦ ʠʟ ʥʝʛʦ. ʈʘʙʦʪʳ ʇʦʪʘʥʠʥʘ ʧʦʣʦʞʠʣʠ ʥʘʯʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʨʝʢ, ʦʟʸʨ ʠ ʦʣʝʜʝʥʝʥʠʷ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ. ɺ.ɺ. ʉʘʧʦʞʥʠʢʦʚ ʧʨʦʚʝʣ ʙʦʣʝʝ 

ʪʱʘʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ʍʦʚʜ ʠ ɹʫʷʥʪ. ɺ 1905-1906, 1908-

1909ʛʛ. ʦʥ ʧʨʦʚʝʣ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʍʦʚʜ ʠ ʕʨʯʠʩ ʚ 

ʄʦʥʛʦʣʴʩʢʦʤ ɸʣʪʘʝ ʠ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʚ ʄʦʥʛʦʣʴʩʢʦʤ ɸʣʪʘʝ ʩʫʱʝʩʪʚʦʚʘʣʦ 

ʢʨʫʧʥʦʝ ʦʣʝʜʥʝʥʠʝ ʚ ʯʝʪʚʝʨʪʦʤ ʧʝʨʠʦʜʝ. ʀʤ ʙʳʣʠ ʦʪʢʨʳʪʳ ʥʝʢʦʪʦʨʳʝ 

ʣʝʜʥʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʣʝʜʥʠʢ, ʢʦʪʦʨʳʡ ʦʥ ʥʘʟʚʘʣ ʠʤʝʥʝʤ 

ʚʳʜʘʶʱʝʛʦʩʷ ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʘ ʇʦʪʘʥʠʥʘ.  

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʐ. ʎʵʛʤʠʜ (1969), ɹ. ʄʷʛʤʘʨʞʘʚ, ɺ.ɸ. ʉʝʤʝʥʦʚ (1975), 

ɹ. ɹʘʪ, ʅ. ɼʘʰʜʵʣʵʛ ʧʨʦʚʝʣʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ 

ʨʝʢ ʍʦʚʜ, ɹʫʷʥʪ, ɹʫʣʛʘʥ. ɺ.ɸ. ʉʤʠʨʥʦʚ (1932), ʅ.ɼ. ɹʝʩʧʘʣʦʚ (1951), 
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ʐ. ʃʫʚʩʘʥʜʦʨʞ (1959,1968), ɼ. ɼʘʚʘʘʩװʨʵʥ (1961), ʅ. ʎʵʥʜ, ʐ. 

ʉʦʜʥʦʤʙʘʣʞʠʨ (1954), ɼ. ɼʘʚʘʘʩʫʨʵʥ (1961), ɾ. ʎʵʨʵʥʩʦʜʥʦʤ (1971), 

ɹ. ʎʵʥʜʵʵ (1979,1993), ɹ. ɸʨʲʷʘʜʘʛʚʘ (1985) ʩʜʝʣʘʣʠ ʘʥʘʣʠʟ ʨʝʯʥʳʭ ʚʦʜ.  

ɼʘʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʙʳʣʠ ʦʭʚʘʯʝʥʳ ʛʦʨʥʳʝ ʪʝʨʨʠʪʦʨʠʠ 

ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʩʦʙʨʘʥʳ ʦʙʱʠʝ ʩʚʝʜʝʥʠʷ, ʥʦ ʥʝ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʧʦʣʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʨʦʙʣʝʤʳ ʙʳʪʦʚʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʫʶ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʘʡʤʘʢʦʚ ʍʦʚʜ, ɹʘʷʥ-

ʋʣʛʠʡ ʩʦʩʪʘʚʣʷʶʪ ʨʝʢʠ ʠ ʦʟʸʨʘ ʙʘʩʩʝʡʥʦʚ ʨʝʢ ʍʦʚʜ, ɹʫʷʥʪ. ʉ 1994 ʛ. 

ʠʥʪʝʥʩʠʚʥʦ ʥʘʯʘʣʠ ʧʨʦʚʦʜʠʪʩʷ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜʳ ʦʟʝʨʘ 

ʍʘʨ ʫʩ ʠ ʝʛʦ ʦʩʥʦʚʥʳʭ ʧʨʠʪʦʢʦʚ. ɺ ʪʨʫʜʘʭ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʯʸʥʳʭ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ, ʰʠʨʦʢʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʤ ʙʳʪʦʚʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜ ʨ. ʍʦʚʜ, ɹʫʷʥʪ ʠ ʠʭ ʧʨʠʪʦʢʦʚ 

[6]. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɹʘʩʩʝʡʥ ʨ. ʍʦʚʜ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʝʜʝʣʘʭ ʜʚʫʭ 

ʧʨʦʚʠʥʮʠʡ: ʛʦʨʘʭ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʠ ʂʦʪʣʦʚʠʥʝ ɹʦʣʴʰʠʭ ʦʟʸʨ (ʨʠʩ. 1). 

ɻʦʨʳ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʥʘ 800 ʢʤ ʦʪ ʛ. ʊʘʚʘʥ ɹʦʛʜ ʜʦ 

ʦʟ. ɸʣʘʛ. ʈʝʢʘ ʍʦʚʜ ʙʝʨʝʪ ʥʘʯʘʣʦ ʦʪ ʚʝʯʥʳʭ ʩʥʝʛʦʚ ʠ ʣʝʜʥʠʢʘ ʇʦʪʘʥʠʥʘ, 

ʧʦʢʨʳʚʘʶʱʝʛʦ ʚʝʨʰʠʥʳ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ɸʣʪʘʡ ʊʘʚʘʥ ɹʦʛʜ. ʍʦʚʜ ʷʚʣʷʝʪʩʷ 

ʩʘʤʦʡ ʢʨʫʧʥʦʡ ʨʝʢʦʡ, ʚʧʘʜʘʶʱʝʡ ʚ ʦʟʝʨʦ ʍʘʨ ʫʩ. ɺʦʜʦʩʙʦʨʥʘʷ ʧʣʦʱʘʜʴ ʝʸ 

ʜʦʩʪʠʛʘʝʪ 49670 ʢʚ.ʢʤ, ʘ ʜʣʠʥʘ 516 ʢʤ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ ʨ. 

ʍʦʚʜ ʥʘʭʦʜʠʪʩʷ ʚ ʚʳʩʦʢʦʛʦʨʴʝ, ʣʠʰʴ 90 ʢʤ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʝʯʝʪ ʧʦ ʨʘʚʥʠʥʳʤ 

ʨʘʡʦʥʘʤ ʂʦʪʣʦʚʠʥʳ ɹʦʣʴʰʠʭ ʦʟʸʨ [9].  

 
ʈʠʩ. 1. ɹʘʩʩʝʡʥ ʨ. ʍʦʚʜ 
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ʂʦʪʣʦʚʠʥʘ ɹʦʣʴʰʠʭ ʆʟʝʨ (ʂɹʆ) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʨʦʜʥʳʭ ʟʦʥ 

ʄʦʥʛʦʣʠʠ ʩ ʥʝʧʦʚʪʦʨʠʤʦʡ ʩʧʝʮʠʬʠʢʦʡ, ʩʚʦʝʦʙʨʘʟʥʦʡ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʦʙʩʪʘʥʦʚʢʦʡ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴʶ (ʨʠʩ. 2). 

ɻʠʜʨʦʛʝʦʛʨʘʬʠʯʝʩʢʠ ʚʩʷ ʪʝʨʨʠʪʦʨʠʷ ʂɹʆ ʦʪʥʦʩʠʪʩʷ ʢ ʙʝʩʩʪʦʯʥʦʤʫ ʙʘʩʩʝʡʥʫ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʂɹʆ ʩʦʩʪʦʠʪ ʠʟ 4-ʭ ʧʦʜʢʦʪʣʦʚʠʥ. ʆʜʥʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ 

ʂʦʪʣʦʚʠʥʘ ʦʟʝʨʘ ʍʘʨ ʫʩ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʂɹʆ ʠ 

ʟʘʥʠʤʘʝʪ ʝʝ ʥʘʠʚʳʩʰʫʶ ʪʦʯʢʫ ʏʦʥʦʭʘʨʘʡʭ [6]. 

 
ʈʠʩ. 2. ʆʟʸʨʘ ʠ ʨʝʢʠ ʂʦʪʣʦʚʠʥʳ ɹʦʣʴʰʠʭ ʆʟʸʨ 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨ. ʍʦʚʜ. 

ɺʦʜʘ ʨ. ʍʦʚʜ ʚ ʣʶʙʦʡ ʩʝʟʦʥ ʛʦʜʘ ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʆ.ɸ. ɸʣʝʢʠʥʘ 

ʦʪʥʦʩʠʪʩʷ ʢ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʤʫ ʢʣʘʩʩʫ ʢʘʣʴʮʠʝʚʦʡ ʛʨʫʧʧʳ. ɺʦʜʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʩʨʝʜʦʡ I ʪʠʧʘ (pʅ=8.1), ʩʨʝʜʥʝʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (148.05ʤʛ/ʜʤ
3
) [5]. 

ʈʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʚʦʜʝ ʨ.ʍʦʚʜ 

ʠʟ ʢʘʪʠʦʥʦʚ ʜʦʤʠʥʠʨʫʝʪ ʢʘʣʴʮʠʡ /Ca
2+
/, ʠʟ ʘʥʠʦʥʦʚ ʛʠʜʨʦʢʘʨʙʦʥʘʪ /HCO3

-
/, 

ʦʪʥʦʰʝʥʠʝ ʢʘʪʠʥʦʚ: ʉʘ
2+

>Na
+
+K

+
>Mg

2+
, ʦʪʥʦʰʝʥʠʝ ʘʥʠʦʥʦʚ: HCO3

-
>SO4

2-
>Cl

- 

(ʨʠʩ. 3). ʕʪʦ ʦʪʥʦʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʥʦʰʝʥʠʷʤ ʛʣʘʚʥʳʭ ʠʦʥʦʚ ʚʦʜʳ ʨ. 

ɹʝʨʨʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʧʨʝʩʥʦʚʦʜʥʦʡ ʨʝʢʦʡ ʚ ʤʠʨʝ. ɺ ʫʩʪʴʝ ʨʝʢʠ ʍʦʚʜ 

ʦʢʦʣʦ ʩʦʤʦʥʘ ʄʷʥʛʘʜ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʳ ʢʦʣʝʙʣʝʪʩʷ ʤʝʞʜʫ 140,0 ʠ 200 

ʤʛ/ʜʤ
3
, ʤʥʦʛʦʣʝʪʥʷʷ ʩʨʝʜʥʷʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʩʦʩʪʘʚʣʷʝʪ 142 ʤʛ/ʜʤ

3
. ɺ ʫʩʪʴʝ 

ʨʝʢʠ, ʚ ʤʝʩʪʘʭ, ʛʜʝ ʚʟʷʣʠ ʧʨʦʙʳ ʚ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʚʦʜʘ ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨʚʦʤʫ 

ʨʘʟʨʷʜʫ ï çʦʯʝʥʴ ʯʠʩʪʘʷè. ʆʜʥʘʢʦ ʚ ʮʝʥʪʨʝ ʘʡʤʘʢʘ ɹʘʷʥ-ʋʣʛʠʡ ʢʘʯʝʩʪʚʦ ʚʦʜʳ 

ʠʟʤʝʥʠʣʦʩʴ ʠ ʩʝʡʯʘʩ ʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʪʝʤʫ ʨʘʟʨʷʜʫ (çʟʘʛʨʷʟʥʝʥʥʘʷè). 

ʆʢʦʣʦ ʩʦʤʦʥʘ ʄʷʥʛʘʜ ʍʦʚʜʩʢʦʛʦ ʘʡʤʘʢʘ ʢʘʯʝʩʪʚʦ ʚʪʦʨʦʛʦ ʨʘʟʨʷʜʘ ï çʯʠʩʪʘʷ 

ʚʦʜʘè.  
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ʈʠʩ 3. ʄʥʦʛʦʣʝʪʥʝʝ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʛʣʘʚʥʳʭ ʠʦʥʦʚ ʚʦʜʳ ʨ.ʍʦʚʜ 

ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʚʦʜ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʝʢ ʠ ʦʟʸʨ 

ʩʨʘʚʥʠʚʘʣʠ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ (MNS0900: 2005). ʈʝʢʠ, 

ʚʳʪʝʢʘʶʱʠʝ ʠʟ ʣʝʜʥʠʢʘ ʇʦʪʘʥʠʥʘ (ʎʘʛʘʘʥ, ʀʭ ʆʡʛʘʨ, ʉʦʛʦʦ, ʀʭ ʊʫʨʛʵʥ, 

ʍʦʚʜ), ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʚʢʫʩʫ, ʮʚʝʪʫ, ʟʘʧʘʭʫ, ʩʪʝʧʝʥʠ 

ʤʫʪʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ɻʦʩʩʪʘʥʜʘʨʪʫ ʧʠʪʴʝʚʳʭ ʚʦʜ MNS0900:2005. ɺʦʜʳ 

ʵʪʠʭ ʨʝʢ ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɸ.ʆ. ɸʣʝʢʠʥʘ ʦʪʥʦʩʷʪʩʷ ʢ ʤʷʛʢʠʤ ʩ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʛʦ ʢʣʘʩʩʘ. ɼʘʥʥʳʝ ʨʝʢʠ ʥʘʭʦʜʷʪʩʷ ʚ 

ʚʳʩʦʢʦʛʦʨʥʦʤ ʨʘʡʦʥʝ, ʧʠʪʘʶʪʩʷ ʚʝʯʥʳʤʠ ʣʴʜʘʤʠ, ʦʩʘʜʢʘʤʠ, ʚʦʜʘʤʠ ʣʝʜʥʠʢʦʚ 

ʠ ʧʦʵʪʦʤʫ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʚ ʥʠʭ ʧʣʦʭʦ ʨʘʩʪʚʦʨʷʶʪʩʷ 

ʤʠʥʝʨʘʣʳ. ɺʝʯʥʘʷ ʤʝʨʟʣʦʪʘ ʫʤʝʥʴʰʘʝʪ ʧʦʜʚʦʜʥʫʶ ʩʚʷʟʴ ʨʝʢ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʚʦʜʘ, ʙʦʣʝʝ ʯʠʩʪʘʷ ʯʝʤ ʥʘ ʨʘʚʥʠʥʘʭ [6]. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜʳ ʦʟʝʨʘ ʍʘʨ ʫʩ. 

ʆʧʨʦʙʦʚʘʥʠʝ ʚʦʜ rʠʟ ʦʟ. ʍʘʨ ʫʩ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ ʜʚʫʭ ʪʦʯʢʘʭ. ɺ ʧʨʦʙʘʭ, 

ʚʟʷʪʳʭ ʠʟ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʦʟʝʨʘ ʚ ʤʝʩʪʥʦʩʪʠ çʋʟʫʫʨè, ʠʟ 

ʘʥʠʦʥʦʚ ʜʦʤʠʥʠʨʦʚʘʣʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʠʦʥʳ (180,86ʤʛ/ʜʤ
3
), ʩʦʜʝʨʞʘʥʠʝ 

ʩʫʣʴʬʘʪʥʳʭ ʠʦʥʦʚ ʩʦʩʪʘʚʠʣʦ 7,63ʤʛ/ʜʤ
3
, ʠʦʥʦʚ ʭʣʦʨʠʜʘ 63,81ʤʛ/ʜʤ

3
. ɺ 

ʩʦʩʪʘʚʝ ʢʘʪʠʦʥʦʚ ʜʦʤʠʥʠʨʫʶʪ ʥʘʪʨʠʝʚʳʝ ʠʦʥʳ (47,84ʤʛ/ʜʤ
3
), ʘ ʪʘʢʞʝ ʟʜʝʩʴ 

ʩʦʜʝʨʞʘʪʩʷ ʢʘʣʴʮʠʡ (42,68ʤʛ/ʜʤ
3
) ʠ ʤʘʛʥʠʡ (9,36ʤʛ/ʜʤ

3
).  

ɺ ʧʨʦʙʘʭ, ʚʟʷʪʳʭ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʦʟ. ʍʘʨ ʫʩ ʚ ʤʝʩʪʥʦʩʪʠ çʍʦʸʨ ʙʘʡʰʠʥʪè, 

ʠʟ ʘʥʠʦʥʦʚ ʜʦʤʠʥʠʨʫʶʪ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʠʦʥʳ (191,13ʤʛ/ʜʤ
3
). ɿʜʝʩʴ ʪʘʢʞʝ 

ʩʦʜʝʨʞʘʪʩʷ ʠʦʥʳ ʩʫʣʴʬʘʪʘ (10,59ʤʛ/ʜʤ
3
) ʠ ʭʣʦʨʠʜʘ (65,58ʤʛ/ʜʤ

3
). ʉʦʛʣʘʩʥʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜ ʚʳʰʝʠʩʩʣʝʜʦʚʘʥʥʳʝ ʧʨʦʙʳ ʦʪʥʦʩʷʪʩʷ ʢ 

ʚʦʜʘʤ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʛʦ ʢʣʘʩʩʘ ʥʘʪʨʠʝʚʦʡ ʛʨʫʧʧʳ.  

ʀʟ ʘʥʠʦʥʦʚ ʚʦʜ ʦʟ. ʍʘʨ ʫʩ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʜʦʤʠʥʠʨʫʝʪ ʛʠʜʨʦʢʘʨʙʦʥʘʪ, 

ʩʦʦʪʥʦʰʝʥʠʝ ʘʥʠʦʥʦʚ: HCO
-
3>SO

2-
4>Cl

-
. ɼʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʣʶʙʦʡ ʩʝʟʦʥ 

ʛʦʜʘ ʩʦʭʨʘʥʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʝʞʠʤʘ ʫʨʦʚʥʷ ʚʦʜʳ ʦʟʝʨʘ. ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʢʘʪʠʦʥʦʚ, ʩʦʦʪʥʦʰʝʥʠʝ ʠʦʥʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʩʪʘʙʠʣʴʥʦ ʣʝʪʦʤ ʠ ʟʠʤʦʡ. ʀʟ 

ʢʘʪʠʦʥʦʚ ʜʦʤʠʥʠʨʫʶʪ ʢʘʣʴʮʠʝʚʳʝ ʠʦʥʳ, ʚʝʩʥʦʡ ʠ ʦʩʝʥʴʶ-ʥʘʪʨʠʝʚʳʝ. ʇʨʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʳʜʫʱʠʭ ʠ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʦ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʚʦʜʝ ʦʟ. ʍʘʨ ʫʩ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʚʝʱʝʩʪʚ ʠ ʚʦʜʘ ʟʘʛʨʷʟʥʷʝʪʩʷ. ʅʘʠʙʦʣʴʰʝʝ ʟʘʛʨʷʟʥʝʥʠʝ ʥʘʙʣʶʜʘʣʘʩʴ ʦʢʦʣʦ 
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ʟʠʤʦʚʴʷ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ. ʌʠʟʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʦʟ. ʍʘʨ ʫʩ: ʙʝʟ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʢʫʩʘ ʠ ʟʘʧʘʭʘ, ʮʚʝʪ ʠ ʤʫʪʥʦʩʪʴ ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʝʟʦʥʥʳʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʘʚʥʳʭ ʠʦʥʦʚ ʚʦʜʳ ʚ ʦʟʝʨʘʭ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ 

ʧʨʝʩʥʳʝ (1,0-1000 ʤʛ/ʜʤ
3
), ʩʦʣʝʥʦʚʘʪʳʝ (1000-2500ʤʛ/ʜʤ

3
), ʩʦʣʝʥʳʝ (ʩʚʳʰʝ 

2500ʤʛ/ʜʤ
3
). ʉʫʤʤʘ ʛʣʘʚʥʳʭ ʠʦʥʦʚ ʚʦʜ ʦʟ. ʍʘʨ ʫʩ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 352,18 ʜʦ 

372,12 ʤʛ/ʜʤ
3
, ʠ ʧʦ ʦʙʱʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʥʦ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʧʨʝʩʥʦʚʦʜʥʳʤ 

ʦʟʝʨʘʤ.  

ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ MNS 900:2005, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʚ ʚʦʜʘʭ 

ʧʠʪʴʝʚʦʛʦ ʠ ʙʳʪʦʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʴ ʧʝʨʤʘʥʛʘʥʘʪʥʦʡ ʦʢʠʩʣʷʝʤʦʩʪʠ 

(ʇʆ) ʥʠʞʝ 10ʤʛʆ2/ʜʤ
3
, ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʬʦʩʬʘʪʘ ï (PO4

3-
)<3,5ʤʛ/ʜʤ

3
, ʠʦʥʦʚ 

ʥʠʪʨʠʪʘ ï (NO2
-
)<1ʤʛ/ʜʤ

3
, ʠʦʥʦʚ ʥʠʪʨʘʪʘ (NO3

-
)<50ʤʛ/ʜʤ

3
, ʠʦʥʦʚ ʘʤʤʦʥʠʷ 

(Nʅ4
+
)<1,5ʤʛ/ʜʤ

3
. ʇʦ ʚʝʣʠʯʠʥʝ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʵʪʘʧ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜ [2].  

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ 1 ʚ ʧʨʦʙʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʇʆ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʜʨʫʛʠʭ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʫʢʘʟʘʥʥʦʛʦ ʧʨʝʜʝʣʘ. ɺ ʪʦʯʢʘʭ ʦʟ. ʍʘʨ ʫʩ, ʪ.ʝ. ʚ ʧʨʠʙʝʨʝʞʥʳʭ ʯʘʩʪʷʭ ʦʟ. ʍʘʨ ʫʩ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩ ʥʦʨʤʘʤʠ 

ɻʦʩʩʪʘʥʜʘʨʪʘ ʫʚʝʣʠʯʠʣʘʩʴ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠ ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʟʘʙʦʣʘʯʠʚʘʥʠʷ ʠ ʧʣʦʭʦʛʦ ʚʦʜʦʦʙʤʝʥʘ ʚ ʜʘʥʥʳʭ ʯʘʩʪʷʭ.  

ʊʘʙʣʠʮʘ 1 ï ʉʦʜʝʨʞʘʥʠʝ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦʜ ʦʟ. ʍʘʨ ʫʩ  

ʉʪʘʥʮʠʷ ʨʅ ɾʝʩʪʢʦʩʪʴ 

ʤʛ-ʵʢʚ/ʜʤ
3 

ʇʆ 

ʤʛʆ/ʜʤ
3
 

PO4
3- 

ʤʛ/ʜʤ
3
 

Nʆ2
-
 

ʤʛ/ʜʤ
3 

NO3
-
 

ʤʛ/ʜʤ
3 

NH4
+
 

ʤʛ/ʜʤ
3 

ʆʟ. ʍʘʨ ʫʩ 

(ʋʟʫʫʨ) 

7,94 2.910 10.88 0.176 - - 0,35 

ʆʟ. ʍʘʨ ʫʩ (ʍʦʸʨ 

ʙʘʡʰʠʥʪ) 

7,62 2.675 11.84 0.057 - - 0,63 

ɺ ʩʚʷʟʠ ʩ ʘʥʪʨʦʧʦʣʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠ 

ʦʭʨʘʥʦʡ ʚʦʜʳ ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʨʝʢ ʘʡʤʘʢʦʚ ʍʦʚʜ ʠ ɹʘʷʥ-ʋʣʛʠʡ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʧʨʠʨʦʜʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ:  

1. ɺ ʚʦʜʘʭ ʨ. ʍʦʚʜ ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʟʠʤʥʠʡ 
ʩʝʟʦʥ, ʢʦʛʜʘ ʦʥʘ ʧʠʪʘʝʪʩʷ ʛʣʫʙʠʥʥʳʤʠ ʚʦʜʘʤʠ. ɺʦʜʳ ʩʦ ʩʨʝʜʥʝʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʦʪʥʦʩʷʪʩʷ ʢ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʤʫ ʢʣʘʩʩʫ ʢʘʣʴʮʠʝʚʦʡ 

ʛʨʫʧʧʳ, I ʪʠʧʘ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʢʣʘʩʩ, ʛʨʫʧʧʘ ʠ ʪʠʧ ʩʪʘʙʠʣʴʥʳ. 

2. ʇʨʠ ʦʮʝʥʢʝ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʢʫʱʠʭ ʚʦʜ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 
ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʚʦʜʘ ʨ. ʍʦʚʜ ʠ ʝʛʦ ʧʨʠʪʦʢʦʚ 

ʦʪʥʦʩʠʪʩʷ ʢ II  ʢʣʘʩʩʫ ï çʯʠʩʪʘʷ ʚʦʜʘè (ʪʘʙʣ. 2). ɺʦʜʫ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ 

ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦ ʚʩʝʭ ʚʠʜʘʭ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʣʠʰʴ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ ʛʠʛʠʝʥʠʯʝʩʢʦʡ ʟʘʱʠʪʝ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʠ ʥʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʘʭ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʝʸ 
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ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʣʠ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ 

ʜʝʟʠʥʬʠʮʠʨʦʚʘʥʥʦʡ.  

3. ɺʦʜʘ ʠʩʪʦʢʘ ʨ. ʏʦʥʦʭʘʨʘʡʭ ï ʦʟ. ʍʘʨ ʫʩ ï ʧʨʠʥʘʜʣʝʞʠʪ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʤʫ 

ʢʣʘʩʩʫ ʥʘʪʨʠʝʚʦʡ ʛʨʫʧʧʳ, I ʪʠʧʘ. ʈʝʟʫʣʴʪʘʪ rʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʘʟʳʚʘʪʁ, 

ʯʪʦ ʜʝʷʪʝʣʴʥʦʩʪʴ ɻʕʉ çɼʫʨʛʫʥè ʥʝ ʦʢʘʟʳʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʚʣʠʷʥʠʡ ʥʘ 

ʚʦʜʥʦʝ ʢʘʯʝʩʪʚʦ ʦʟʝʨ ʢʘʢ ʍʘʨ, ʅʦʛʦʦʥ, ɼʫʨʛʫʥ ʠ ʧʨʦʣʠʚʘ ʍʦʤ, 

ʷʚʣʷʶʱʠʭʩʷ ʦʢʦʥʝʯʥʦʩʪʴʶ ʮʘʤʠ ʧʦʜʢʦʪʣʦʚʠʥʳ ʍʘʨ ʫʩ ʂɹO. 

4. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʥʦ-

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʦʜ ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʨʝʢ ʘʡʤʘʢʦʚ ʍʦʚʜ ʠ ɹʘʷʥ-

ʋʣʛʠʡ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʘʥʪʨʦʧʦʣʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʝ, ʘ ʪʘʢʞʝ 

ʧʨʦʜʦʣʞʠʪʴ ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʣʫʰʠʪʴ ʨʘʙʦʪʫ ʧʦ ʥʘʜʟʦʨʫ 

ʥʘʜ ʟʘʛʨʷʟʥʝʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜ ʨʝʢ ʍʦʚʜ, ɹʫʷʥʪ ʚ ʮʝʥʪʨʝ ʘʡʤʘʢʦʚ 

ʍʦʚʜ, ɹʘʷʥ-ʋʣʛʠʡ, ʨʝʘʣʠʟʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʢʦʥʳ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 

ʚʦʜʥʳʡ ʤʦʥʠʪʦʨʠʥʛ, ʜʘʪʴ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʚʦʜ, ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ. 

ʊʘʙʣʠʮʘ 2 ï ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʚʦʜ ɿʘʧʘʜʥʦʛʦ ʨʝʛʠʦʥʘ ʄʦʥʛʦʣʠʠ 
 ̄ ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʨʝʢʠ ʠ ʦʟʝʨʘ ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʚʦʜ 

ɿʘʧʘʜʥʦʛʦ ʨʝʛʠʦʥʘ 

 

1 ʃʝʜʥʠʢʠ ʇʦʪʘʥʠʥʘ, ʠʩʪʦʢ ʨ. ʍʦʚʜ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ I ʨʘʟʨʷʜ 

çʦʯʝʥʴ ʯʠʩʪʘʷè 

2 ʨ. ʍʦʚʜ /ʩʦʤʦʥ ʄʷʥʛʘʜ ʍʦʚʜʩʢʦʛʦ ʘʡʤʘʢʘ:  

ï ʫʩʪʴʝ ʨ. ɹʫʷʥʪ 

ï ʨʝʢʠ ʄʦʛʦʡʪ, ʉʦʛʦʦʛ, ʀʭ ʆʡʛʘʨ, ʦʟ. ʍʦʪʦʥ, ʦʟ. ʍʫʨʛʘʥ: 

ï ʨ. ʏʦʥʦʭʘʨʘʡʭ ʠ ʧʨʦʣʠʚ ʍʦʤ, ʊʘʪʭʘʥ ʊʵʵʣ, ʦʟʝʨʦ ʍʘʨ  

II  ʨʘʟʨʷʜ 

çʯʠʩʪʘʷè 

3 ʖʞʥʘʷ ʯʘʩʪʴ ʦʟ. ʍʘʨ ʫʩ, 

ʨ. ʍʦʚʜ (ʮʝʥʪʨ ɹʘʷʥ-ʋʣʛʠʡ) 

III  ʨʘʟʨʷʜ 

çʟʘʛʨʷʟʥʝʥʥʘʷè 
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1. ɸʣʝʢʠʥ ʆ.ɸ. ʆʩʥʦʚʳ ʛʠʜʨʦʭʠʤʠʠ. ï ʃ.: ɻʠʜʨʦʤʝʪʝʦʠʟʜʘʪ, 1970. ï ʉ. 53-164, 280-318.  
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ʉʊʈɸʊɽɻʀʏɽʉʂʆɽ ʋʇʈɸɺʃɽʅʀɽ ɺʆɼʅʓʄʀ ʈɽʉʋʈʉɸʄʀ 

ʊʈɸʅʉɻʈɸʅʀʏʅʓʍ ʈɽʂ ɸɿʀɸʊʉʂʆʁ ʈʆʉʉʀʀ  

ʖ.ʀ. ɺʠʥʦʢʫʨʦʚ, ɹ.ɸ. ʂʨʘʩʥʦʷʨʦʚʘ 

ʀɺʕʇ ʉʆ ʈɸʅ, ʛ. ɹʘʨʥʘʫʣ, ʈʦʩʩʠʷ 

bella@iwep.ru 

ʄʝʪʦʜʦʣʦʛʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʘʢʪʠʚʥʦ ʚʦʰʣʘ ʚ ʨʦʩʩʠʡʩʢʫʶ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʰʠʨʦʢʦ ʠʟʫʯʘʝʪʩʷ ʫʯʝʥʳʤʠ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ. 

ʍʦʪʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʝʢʦʪʦʨʫʶ ʨʦʩʩʠʡʩʢʫʶ ʤʝʥʪʘʣʴʥʦʩʪʴ ʝʝ ʧʨʠʤʝʥʝʥʠʷ, 

ʦʩʦʙʝʥʥʦ ʚ ʩʬʝʨʝ ʵʢʦʣʦʛʦ-ʨʝʩʫʨʩʥʳʭ ʦʪʨʘʩʣʝʡ, ʢ ʢʦʪʦʨʳʤ ʧʦ ʧʨʘʚʫ ʦʪʥʦʩʠʪʩʷ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝ ʩ ʝʛʦ ʤʫʣʴʪʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ.  

ʆʩʦʙʝʥʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʚ ʈʦʩʩʠʠ ʩʚʷʟʘʥʘ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʩ ʩʦʮʠʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ ʣʶʙʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʩʦ ʩʣʦʞʠʚʰʠʤʩʷ ʦʪʥʦʰʝʥʠʝʤ ʢ ʥʠʤ ʢʘʢ 

ʦʙʱʝʥʘʨʦʜʥʦʡ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʝʩʧʣʘʪʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʩ ʜʨʫʛʦʡ, ʠ, ʚ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʪʩʫʪʩʪʚʠʝʤ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʳ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ [1].  

ʆʪʩʶʜʘ, ʚ ʣʶʙʳʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʘʭ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʚ ʦʙʣʘʩʪʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʤʠʩʩʠʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʘʩʝʣʝʥʠʷ ʠ ʵʢʦʥʦʤʠʢʠ ʨʝʛʠʦʥʘ ʚʦʜʦʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ, ʘ ʥʝ ʩʦʭʨʘʥʝʥʠʝ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, 

ʠʤʝʶʱʝʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʘʞʥʦʝ ʵʢʦʩʠʩʪʝʤʥʦʝ ʟʥʘʯʝʥʠʝ. ʊʦʛʜʘ ʠ ʟʘʜʘʯʠ, 

ʨʝʰʘʝʤʳʝ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʠ ʠʥʜʠʢʘʪʦʨʳ ʠʭ 

ʚʳʧʦʣʥʝʥʠʷ ʠʤʝʶʪ ʚ ʦʩʥʦʚʥʦʤ ʪʘʢʪʠʯʝʩʢʦʝ, ʘ ʥʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

ʊʝʤ ʩʘʤʳʤ ʘʣʛʦʨʠʪʤ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ ʤʝʥʝʜʞʤʝʥʪʘ ʚ ʦʙʣʘʩʪʠ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʦʩʪʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʜʝʢʣʘʨʘʮʠʡ, ʘ ʥʝ ʨʝʘʣʠʟʘʮʠʡ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʠ ʘʢʪʫʘʣʴʥʦ ʚ ʙʘʩʩʝʡʥʘʭ ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʨʝʢ, ʘ ʢ ʪʘʢʦʚʳʤ ʚ 

ɸʟʠʘʪʩʢʦʡ ʈʦʩʩʠʠ ʦʪʥʦʩʷʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʢʨʫʧʥʳʭ ʨʝʢ ï ʋʨʘʣ, ʢʦʪʦʨʳʡ 

ʥʘʯʠʥʘʝʪʩʷ ʚ ɸʟʠʘʪʩʢʦʡ ʈʦʩʩʠʠ ʠ ʧʝʨʝʩʝʢʘʷ ʪʝʨʨʠʪʦʨʠʶ ɿʘʧʘʜʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ 

ʚʧʘʜʘʝʪ ʚ ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ, ʢʨʫʧʥʝʡʰʠʡ ʧʨʠʪʦʢ ʆʙʠ ï ʨ. ʀʨʪʳʰ, ʠʩʪʦʢʠ 

ɽʥʠʩʝʷ ʠ ʉʝʣʝʥʛʠ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʄʦʥʛʦʣʠʠ, ɸʤʫʨʘ ï ʚ ʄʦʥʛʦʣʠʠ, ʈʦʩʩʠʠ ʠ 

ʂʠʪʘʝ. ɺʥʝʜʨʝʥʠʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ ʚ ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʙʘʩʩʝʡʥʘʭ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ ʩʬʦʨʤʠʨʦʚʘʪʴ ʝʜʠʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʧʦʣʠʪʠʢʝ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʦʟʜʘʪʴ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʫʶ ʩʨʝʜʫ ʝʝ 

ʨʝʘʣʠʟʘʮʠʠ ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʥʳʭ ʠʥʪʝʨʝʩʦʚ ʠ ʩʦʭʨʘʥʝʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ 

ʦʪʜʝʣʴʥʳʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʝʛʤʝʥʪʘʭ. 

ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚʥʝʜʨʝʥʠʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ ʚ 

ʙʘʩʩʝʡʥʝ ʨ. ʀʨʪʳʰ, ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʪʨʝʙʥʦʩʪʠ 

ʪʝʨʨʠʪʦʨʠʡ ʪʨʝʭ ʩʪʨʘʥ ï ʂʘʟʘʭʩʪʘʥʘ, ʂʠʪʘʷ ʠ ʈʦʩʩʠʠ, ʥʦ ʥʝʪ ʝʜʠʥʦʡ ʩʪʨʘʪʝʛʠʠ 

ʠʭ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ.  

ʆʪʜʘʚʘʷ ʦʪʯʝʪ, ʯʪʦ ʥʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʤʝʥʝʜʞʤʝʥʪ [2] ʢʘʢ ʩʠʥʦʥʠʤʳ, ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʦʥʠ 

ʨʘʟʣʠʯʘʶʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʫʧʨʘʚʣʝʥʠʷ. ʄʝʥʝʜʞʤʝʥʪ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʙʦʣʴʰʫʶ ʩʚʦʙʦʜʫ ʜʣʷ ʣʠʮ, ʧʨʠʥʠʤʘʶʱʠʭ ʨʝʰʝʥʠʷ, ʚ ʚʳʙʦʨʝ 
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ʧʨʠʥʠʤʘʝʤʳʭ ʩʮʝʥʘʨʠʝʚ - ʵʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʠ ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ 

ʠ ʧʨʦʛʨʘʤʤ ʠʭ ʜʦʩʪʠʞʝʥʠʷ, ʚʦ-ʚʪʦʨʳʭ; ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ-ʪʨʝʪʴʠʭ. ʉ ʧʦʟʠʮʠʡ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 

ʚ ʮʝʣʦʤ ʨʝʯʴ ʤʦʞʝʪ ʠʜʪʠ ʣʠʰʴ ʦ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ ʫʧʨʘʚʣʝʥʠʠ ʩ ʦʪʜʝʣʴʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʤʝʥʝʜʞʤʝʥʪʘ ʥʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʳʭ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. 

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʦʭʦʞʜʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʪʘʧʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʘ ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʜʣʷ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ [3]. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʝʛʠʦʥʝ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʮʝʥʢʫ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʥʠʭ, ʘ ʟʘʪʝʤ ï ʚʳʷʚʣʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ, ʜʣʷ ʜʘʥʥʦʡ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ, ʩʠʣʴʥʳʭ ʠ ʩʣʘʙʳʭ ʩʪʦʨʦʥ ʝʝ ʨʘʟʚʠʪʠʷ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʙʦ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʠ/ʠʣʠ ʫʛʨʦʟ, ʪ.ʝ. ʧʨʦʚʝʜʝʥʠʝ STEP ʠ SWOT ʘʥʘʣʠʟʘ.  

ʇʨʠ ʵʪʦʤ, ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʣʶʙʘʷ ʩʪʦʨʦʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʢʘʢ ʧʦʟʠʪʠʚʥʳʝ, ʪʘʢ ʠ ʥʝʛʘʪʠʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ, ʫʯʠʪʳʚʘʷ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ, ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʨʝʘʣʠʟʘʮʠʠ. ɺ ʫʩʣʦʚʠʷʭ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚʘʞʥʦ ʦʮʝʥʠʪʴ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʠ ʢʘʞʜʦʛʦ ʝʝ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ. ɹʝʟ ʪʘʢʦʛʦ ʚʟʘʠʤʦʫʚʷʟʘʥʥʦʛʦ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʥʬʣʠʢʪʦʚ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʩʪʳʢʝ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠʣʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ. ɼʣʷ 

ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʨ. ʀʨʪʳʰ ʪʘʢʠʭ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 

ʧʷʪʴ ï ʚ ʤʝʩʪʘʭ ʧʝʨʝʭʦʜʘ ʨʫʩʝʣ ʩʦʙʩʪʚʝʥʥʦ ʀʨʪʳʰʘ ʠ ʝʛʦ ʢʨʫʧʥʳʭ ʣʝʚʳʭ 

ʧʨʠʪʦʢʦʚ ʨʝʢ ʀʰʠʤ ʠ ʊʦʙʦʣ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʨʘʥʠʮ ʂʘʟʘʭʩʪʘʥ ï ʂʠʪʘʡ ʠ 

ʂʘʟʘʭʩʪʘʥ ï ʈʦʩʩʠʷ, ʧʨʠʯʝʤ ʨ. ʊʦʙʦʣ ʵʪʦ ʜʝʣʘʝʪ ʜʚʘʞʜʳ.  

ɺ ʙʘʩʩʝʡʥʝ ʨ. ʀʨʪʳʰ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʩʚʷʟʘʥʳ ʩ 

ʥʝʨʝʰʝʥʠʝʤ ʚʦʧʨʦʩʦʚ ʚʦʜʦʜʝʣʝʥʠʷ ʤʝʞʜʫ ʩʪʨʘʥʘʤʠ-ʫʯʘʩʪʥʠʮʘʤʠ ʠ 

ʥʝʫʨʝʛʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʲʷʪʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʦʩʦʙʝʥʥʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦ 

ʟʘʛʨʫʞʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʚ ʙʘʩʩʝʡʥʘʭ ʤʘʣʳʭ ʨʝʢ ï ʧʨʘʚʳʭ ʧʨʠʪʦʢʦʚ ʀʨʪʳʰʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʫʩʩʢʦʛʦ ɸʣʪʘʷ (ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʛʛ. ɿʳʨʷʥʦʚʩʢ, ʈʠʜʝʨ) ʚ ʙʘʩʩʝʡʥʝ ʨ.ʊʦʙʦʣ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʏʝʣʷʙʠʥʩʢʦʡ 

ʠ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʈʦʩʩʠʠ, ʚ ʙʘʩʩʝʡʥʝ ʨ. ʀʰʠʤ ʟʘ ʩʯʝʪ ʠʟʲʷʪʠʷ ʜʣʷ ʮʝʣʝʡ 

ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ ʛ.ɸʩʪʘʥʘ; ʬʦʨʤʠʨʫʝʪʩʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʫʟʝʣ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʦʛʦ ʩʪʨʝʩʩʘ ʚ ʙʘʩʩʝʡʥʝ ʏʝʨʥʦʛʦ ʀʨʪʳʰʘ (ʂʠʪʘʡ) ʟʘ ʩʯʝʪ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʚʦʜ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʝʛʦ ʠʟʲʷʪʠʷ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʰʠʨʝʥʠʷ ʦʙʲʝʤʦʚ ʥʝʬʪʝʜʦʙʳʯʠ ʠ ʠʨʨʠʛʘʮʠʠ. ɺʦʜʥʳʝ 

ʦʙʲʝʢʪʳ ʙʘʩʩʝʡʥʘ ʨ. ʀʨʪʳʰ (ʂʘʟʘʭʩʪʘʥ) ʚʝʩʴʤʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ ʧʦ 

ʫʨʦʚʥʶ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪ 7 ʢʣʘʩʩʘ ʟʘʛʨʷʟʥʝʥʠʷ - çʯʨʝʟʚʳʯʘʡʥʦ ʛʨʷʟʥʳʝè - 

ʨ.ʂʨʘʩʥʦʷʨʢʘ ʜʦ 2 ï çʯʠʩʪʳʝè ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʘʷ 

ʯʘʩʪʴ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʙʘʩʩʝʡʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʘʤ çʫʤʝʨʝʥʥʦ 
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ʟʘʛʨʷʟʥʝʥʥʘʷè ʠ çʟʘʛʨʷʟʥʝʥʥʘʷè, ʭʦʪʷ ʠ ʦʪʤʝʯʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʝʚʳʰʝʥʠʷ 

ʇɼʂ (ʚ 10 ʠ ʙʦʣʝʝ ʨʘʟ) ʧʦ ʮʠʥʢʫ ʚ ʨʝʢʘʭ ʊʠʭʘʷ, ʋʣʴʙʘ, ɻʣʫʙʦʯʘʥʢʘ, 

ʂʨʘʩʥʦʷʨʢʘ; ʧʦ ʤʝʜʠ ï ʚ ɺʝʨʭʥʝʪʦʙʦʣʴʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ; ʧʦ ʤʘʨʛʘʥʮʫ ï ʚ 

ʢʘʥʘʣʝ ʅʫʨʘ ï ʀʰʠʤ ʠ ʨʝʢʘʭ ɸʢ-ɹʫʣʘʢ (ʛ.ɸʩʪʘʥʘ) ʠ ʂʨʘʩʥʦʷʨʢʘ. ʕʪʦ ʚ 

ʦʩʥʦʚʥʦʤ ʚ ʨʘʡʦʥʘʭ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʡ ʜʦʙʳʯʠ ʠ ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʠʤʝʪʘʣʣʦʚ 

(ɺʦʩʪʦʯʥʳʡ ʂʘʟʘʭʩʪʘʥ); ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʯʝʨʥʦʡ ʠ 

ʮʚʝʪʥʦʡ), ʭʠʤʠʠ ʠ ʥʝʬʪʝʭʠʤʠʠ, ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ (ʇʘʚʣʦʜʘʨʩʢʘʷ ʦʙʣʘʩʪʴ) [4].  
ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʉʪʨʘʪʝʛʠʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʩ 

ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ʉʣʝʜʫʝʪ 
ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʳʝ ʦʙʲʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ 
ʨʘʤʢʘʭ ʩʣʦʞʠʚʰʠʭʩʷ ʪʨʝʥʜʦʚ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʩʦʮʠʘʣʴʥʫʶ 
ʟʥʘʯʠʤʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʥʦ ʠ ʧʦʪʝʥʮʠʘʣ ʚʥʝʜʨʝʥʠʷ 
ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʣʠ ʥʘʠʣʫʯʰʠʭ ʠʟ ʜʦʩʪʠʛʥʫʪʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʤʦʞʝʪ ʧʨʠ 
ʨʦʩʪʝ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 
ʧʨʠʚʝʩʪʠ ʢ ʩʦʢʨʘʱʝʥʠʶ ʦʙʲʝʤʦʚ ʠʟʲʷʪʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ 
ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʀʨʪʳʰʘ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʠʟʲʷʪʠʷ ʩʪʦʢʘ ʚ 
ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ, ʚ ʙʘʩʩʝʡʥʘʭ ʤʘʣʳʭ ʨʝʢ, ʢʦʪʦʨʳʝ ʠ ʦʧʨʝʜʝʣʷʶʪ 
ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʝ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʝ çʟʜʦʨʦʚʴʝè ʛʣʘʚʥʦʡ ʨʝʢʠ. ɼʣʷ ʈʌ ʚ 
ʙʘʩʩʝʡʥʝ ʨ.ʀʨʪʳʰ ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʤʘ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʧʦʣʠʪʠʢʘ ʥʘ 
ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ, ʧʦʪʦʤʫ ʯʪʦ ʠʤʝʥʥʦ ʟʜʝʩʴ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 
ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʦʙʣʝʤʳ ʨʦʩʩʠʡʩʢʠʭ ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʂʠʪʘʡ 
ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ çʨʝʛʫʣʠʨʫʝʪè ʚʦʜʥʳʡ ʩʪʦʢ ʚ ʚʝʨʭʦʚʴʷʭ ʀʨʪʳʰʘ.  

ʇʨʠ ʵʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʤʝʶʱʠʝʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʦʝʢʪʳ, 
ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʠʞʝʥʠʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ 
ʦʧʪʠʤʠʟʘʮʠʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʪʜʝʣʴʥʳʭ ʦʪʨʘʩʣʷʭ ʠ ʚʠʜʘʭ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʯʠʪʳʚʘʪʴ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʧʨʦʛʨʘʤʤʥʦ-ʮʝʣʝʚʦʤʫ ʧʣʘʥʠʨʦʚʘʥʠʶ 
ʜʦʩʪʠʞʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ, ʥʘ ʢʦʪʦʨʦʤ ʩʣʝʜʫʝʪ ʫʚʷʟʘʪʴ ʦʩʥʦʚʥʳʝ 
ʧʘʨʘʤʝʪʨʳ ʮʝʣʝʚʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʛʨʘʤʤ ʨʘʟʚʠʪʠʷ ʦʪʜʝʣʴʥʳʭ 
ʤʘʢʨʦʧʦʜʩʠʩʪʝʤ ʨʝʛʠʦʥʘ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʚ 
ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 
ʧʨʦʛʨʘʤʤ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʞʝʩʪʢʘʷ ʫʚʷʟʢʘ ʠʭ ʧʦ ʦʙʲʝʤʘʤ 
ʠʟʲʷʪʠʷ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʚʩʝʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʤʝʞʨʝʛʠʦʥʘʣʴʥʳʭ ʩʝʛʤʝʥʪʘʭ 
ʙʘʩʩʝʡʥʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʦʩʩʠʡʩʢʦʡ ʧʨʘʢʪʠʢʝ ʫʧʨʘʚʣʝʥʠʷ 
ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝʤ, ʥʘʧʨʠʤʝʨ, ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʚ ʵʪʦʡ ʩʬʝʨʝ ʦʪʨʘʞʝʥʦ ʢʘʢ ʚ 
ʦʪʨʘʩʣʝʚʳʭ (ʨʘʟʚʠʪʠʝ ʦʪʜʝʣʴʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ɸʇʂ ʠ ʪ.ʜ.), ʪʘʢ ʠ 
ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ-ʦʪʨʘʩʣʝʚʳʭ ʧʨʦʛʨʘʤʤʘʭ (ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʧʠʪʴʝʚʦʡ 
ʚʦʜʦʡ, ʨʘʟʚʠʪʠʝ ʦʪʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʮʝʥʪʨʦʚ, ʧʦʜʜʝʨʞʢʘ 
ʤʦʣʦʜʳʭ ʩʝʤʝʡ ʠʣʠ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʠ ʜʨ.), ʥʝ ʫʚʷʟʘʥʥʳʭ ʤʝʞʜʫ 
ʩʦʙʦʡ ʥʠ ʧʦ ʨʝʩʫʨʩʘʤ, ʥʠ ʧʦ çʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠè ʧʦʣʫʯʘʪʝʣʝʡ ʙʦʥʫʩʦʚ ʦʪ ʠʭ 
ʨʝʘʣʠʟʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪʜʝʣʴʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʨʝʛʠʦʥʘ, ʷʚʣʷʷʩʴ 
ʫʯʘʩʪʥʠʢʘʤʠ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʛʨʘʤʤ, ʧʦʣʫʯʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ 
ʠʥʚʝʩʪʠʮʠʡ ʥʘ ʨʝʰʝʥʠʝ ʩʚʦʠʭ, ʚ ʪ.ʯ. ʠ ʚʦʜʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʟʘʜʘʯ, ʯʝʤ 
ʧʨʦʯʠʝ ʪʝʨʨʠʪʦʨʠʠ ʩ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʩʠʪʫʘʮʠʝʡ, ʥʦ ʤʝʥʝʝ ʠʥʠʮʠʘʪʠʚʥʳʤ 
ʨʫʢʦʚʦʜʩʪʚʦʤ. 
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ʀ, ʥʘʢʦʥʝʮ, ʧʦʩʣʝʜʥʷʷ ʠʪʝʨʘʮʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʣʘʥʳ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʥʷʪʳʭ ʧʨʦʛʨʘʤʤ, ʩʚʦʝʦʙʨʘʟʥʳʝ 

ʜʦʨʦʞʥʳʝ ʢʘʨʪʳ, ʠ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ 

ʧʨʠʥʮʠʧʦʚ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʥʳʭ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʣʘʥʦʚ ʥʘʟʳʚʘʶʪ 

ʫʯʝʪ ʚʭʦʞʜʝʥʠʷ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʦʩʩʠʶ ʚ ʤʠʨʦʚʫʶ ʩʠʩʪʝʤʫ [5] ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʝʛʦ ʨʘʟʚʠʪʠʷ ʚ ʧʨʝʜʝʣʘʭ ʙʘʩʩʝʡʥʦʚ ʠ 

ʪʝʨʨʠʪʦʨʠʡ [6]. ɺ ʫʩʣʦʚʠʷʭ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʩʦʟʜʘʥʠʝ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʡ ʩʨʝʜʳ ʫʧʨʘʚʣʝʥʠʷ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ ʚʥʝʜʨʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʬʠʥʘʥʩʦʚʦʛʦ, 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ, ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ, ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ, ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ, ʢʘʜʨʦʚʦʛʦ, ʘʥʪʠʢʨʠʟʠʩʥʳʡ, 

ʩʦʮʠʘʣʴʥʳʡ, ʙʘʥʢʦʚʩʢʠʡ, ʥʘʣʦʛʦʚʳʡ, ʵʢʦʣʦʛʠʯʝʩʢʠʡ, ʪʘʡʤ- ʠ ʨʠʩʢ-

ʤʝʥʝʜʞʤʝʥʪʘ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʥʦ ʣʠʰʴ ʠʭ 

ʢʦʤʧʣʝʢʩʥʦʝ ʚʥʝʜʨʝʥʠʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʙʘʩʩʝʡʥʘʭ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʠ 

ʛʦʩʫʜʘʨʩʪʚ ʩ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʠʣʠ ʥʝʫʩʪʦʡʯʠʚʦʡ ʵʢʦʥʦʤʠʢʦʡ ʠ 

ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʥʦʚʦʡ ʩʠʩʪʝʤʦʡ ʮʝʥʥʦʩʪʝʡ, ʚ ʪ.ʯ. ʚ ʚʦʜʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʩʬʝʨʝ, ʢ ʢʘʢʦʚʳʤ ʦʪʥʦʩʷʪʩʷ ʩʪʨʘʥʳ ʙʘʩʩʝʡʥʘ ʨ. ʀʨʪʳʰ ï ʂʘʟʘʭʩʪʘʥ, ʂʠʪʘʡ, 

ʈʦʩʩʠʷ.  
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ʈʠʩ. 1. ʕʪʘʧʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʛʠʦʥʦʤ [3] 

ʕʪʘʧʳ 

ʩʪʨʘʪʝʛʠʯʝʩʢ

ʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ 

ɼʠʘʛʥʦʩʪʠ-

ʯʝʩʢʠʡ 

ʘʥʘʣʠʟ 

ʩʦʩʪʦʷʥʠʷ 

ʨʝʛʠʦʥʘ 

ɸʥʘʣʠʟ 

ʧʨʦʙʣʝʤ ʠ 

ʩʨʝʜʳ 

ʨʝʛʠʦʥʘ 

ʆʮʝʥʢʘ 

ʢʦʥʢʫʨʝʥʪʦʩ

ʧʦʩʦʙʥʦʩ-ʪʠ 

ʠ ʚʳʙʦʨ 

ʩʮʝʥʘʨʠʝʚ 

ʨʘʟʚʠʪʠʷ 

ʇʨʦʛʥʦʟ 

ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢ

ʦʛʦ ʨʘʟʚʠʪʠʷ 

ʈʘʟʨʘʙʦʪʢʘ 

ʩʪʨʘʪʝʛʠʯʝʩʢ

ʦʛʦ ʧʣʘʥʘ ʧʦ 

ʧʦʜʩʠʩʪʝ-

ʤʘʤ 

ʎʝʣʝʚʳʝ 

ʢʦʤʧʣʝʢʩʥʳʝ 

ʧʨʦʛʨʘʤʤʳ 

ʄʝʨʦʧʨʠʷʪʠʷ ʧʦ 

ʨʝʘʣʠʟʘʮʠʠ 

ʩʪʨʘʪʝʛʠʠ 

ʋʧʨʘʚʣʝʥʠʝ 

ʠʟʤʝʥʝʥʠʷʤʠ 
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ʇʀʊɸʅʀɽ ʀ ʇʀʑɽɺʓɽ ɺɿɸʀʄʆʆʊʅʆʐɽʅʀʗ ʈʓɹ ʈɽʂʀ ɸɻʋʎɸ 

(ɿɸɹɸʁʂɸʃʔʉʂʀʁ ʂʈɸʁ)  

ɽ.ʇ. ɻʦʨʣʘʯʝʚʘ 

ʏʠʪʘ, ʈʦʩʩʠʷ 

ʈʝʢʘ ɸʛʫʮʘ ʷʚʣʷʝʪʩʷ ʣʝʚʳʤ ʧʨʠʪʦʢʦʤ ʨ. ʆʥʦʥ. ɹʝʨʝʪ ʥʘʯʘʣʦ ʤʝʞʜʫ 

ʛʦʨʘʤʠ ʉʦʭʦʥʜʦ ʠ ɹʳʨʢʳʢʪʳʥ-ʗʥʛ ʥʘ ʚʳʩʦʪʝ ʦʢʦʣʦ 1800 ʤ. ɺʝʨʭʦʚʴʝ ʨʝʢʠ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʦʭʦʥʜʠʥʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ. ʅʠʞʥʝʝ ʪʝʯʝʥʠʝ (45 

ʢʤ) ʥʘʭʦʜʠʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʥʛʦʣʠʠ. ɼʣʠʥʘ ʨʝʢʠ 120 ʢʤ. ʇʣʦʱʘʜʴ 

ʚʦʜʦʩʙʦʨʘ ʨʝʢʠ ʩʦʩʪʘʚʣʷʝʪ 2230 ʢʤ
2 
, ʠʟ ʢʦʪʦʨʳʭ 1680 ʢʤ

2 
ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ɿʘʙʘʡʢʘʣʴʩʢʠʡ ʢʨʘʡ. ʈʝʢʘ ɸʛʫʮʘ ʚʧʘʜʘʝʪ ʚ ʨ. ʆʥʦʥ ʚ 615 ʢʤ ʦʪ ʫʩʪʴʷ (ʨʠʩ. 1). ɺ 

ʄʦʥʛʦʣʠʠ ʨʝʢʘ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ɸʛʘʮʳʥ-ɻʦʣ. ʀʤʝʝʪ 48 ʧʨʠʪʦʢʦʚ. 

 
ʈʠʩ. 1. ʂʘʨʪʘ-ʩʭʝʤʘ ʨʝʢʠ ɸʛʫʮʘ 

ɺʦʜʦʪʦʢʠ ʚʝʨʭʥʠʭ ʫʯʘʩʪʢʦʚ ʨʝʢ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʜʥʦʡ 

ʢʦʨʤʦʚʦʡ ʙʘʟʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʧʨʷʞʝʥʥʳʤ ʪʨʦʬʠʯʝʩʢʠʤ ʦʪʥʦʰʝʥʠʷʤ. ɺ 

ʩʚʷʟʠ ʩ ʯʝʤ, ʨʳʙʳ ʥʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʚʠʜ ʢʦʨʤʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʵʚʨʠʬʘʛʠʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʳʙʳ ʧʠʪʘʶʪʩʷ ʚʩʝʤʠ ʜʦʩʪʫʧʥʳʤʠ ʢʦʨʤʦʚʳʤʠ 

ʦʙʲʝʢʪʘʤʠ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʙʠʦʪʦʧʘʭ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʧʨʠʪʦʢʦʚ ʚʝʨʭʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ʆʥʦʥ ʚʦʟʨʦʩ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʤʥʦʛʠʝ ʤʘʣʳʝ ʨʝʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷʤʠ 

ʟʦʣʦʪʦʜʦʙʳʯʠ, ʪʘʢʞʝ ʟʜʝʩʴ ʦʙʠʪʘʶʪ ʮʝʥʥʳʝ ʠ ʨʝʜʢʠʝ ʚʠʜʳ ʨʳʙ. ʀʭʪʠʦʬʘʫʥʘ 

ʜʘʥʥʦʡ ʨʝʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʝʦʬʠʣʴʥʳʭ ʚʠʜʦʚ ʨʳʙ, 

ʪʨʝʙʦʚʘʪʝʣʴʥʳʭ ʢ ʢʘʯʝʩʪʚʫ ʚʦʜʳ (ʪʘʙʣ.1). 
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ʊʘʙʣʠʮʘ 1 ï ʊʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʨʳʙ ʨʝʢʠ ɸʛʫʮʘ 
ʊʘʢʩʦʥʳ ɺʩʪʨʝʯʘʝʤʦʩʪʴ 

ʃʝʥʦʢ Brachymystax lenok (Pallas, 1773) + 

ɸʤʫʨʩʢʠʡ ʭʘʨʠʫʩ Thymallus arcticus grubei Dybowski, 1869 + 

ʉʠʛ-ʭʘʜʘʨʳ Coregonus chadary Dybowski, 1862 + 

ɻʦʣʴʷʥ ʃʘʛʦʚʩʢʦʛʦ Phoxinus lagowskii Dybowski, 1869 +++ 

ɻʦʣʴʷʥ ʏʝʢʘʥʦʚʩʢʦʛʦ Phoxinus czekanowskii Dybowskii, 1869 ++ 

ʆʙʳʢʥʦʚʝʥʥʳʡ ʛʦʣʴʷʥ Phoxinus phoxinus (Linnaeus, 1758) + 

ʇʝʩʢʘʨʴ ʉʦʣʜʘʪʦʚʘ Gobio soldatovi Berg, 1914 + 

ʉʠʙʠʨʩʢʠʡ ʧʝʩʢʘʨʴ Gobio gobio cynocephalus Dybowski, 1869 + 

ɸʤʫʨʩʢʠʡ ʛʦʨʯʘʢ Rhodeus sericeus sericeus (Pallas, 1776) + 

ʇʝʩʪʨʦʥʦʛʠʡ ʧʦʜʢʘʤʝʥʱʠʢ Cottus czanaga Dybowski, 1869 +++ 

ʉʠʙʠʨʩʢʠʡ ʛʦʣʝʮ Barbatula toni (Dybowski, 1869) + 

ʑʠʧʦʚʢʘ Cobitis melanoleuca Nichols, 1925 +++ 

ʇʨʠʤʝʯʘʥʠʝ: + - ʤʘʣʦʯʠʩʣʝʥʥʳʡ ʚʠʜ; ++ - ʦʙʳʯʥʳʡ ʚʠʜ; +++ - ʤʥʦʛʦʯʠʩʣʝʥʥʳʡ ʚʠʜ. 

ʆʜʥʘʢʦ, ʪʘʢʠʝ ʚʠʜʳ ʢʘʢ ʣʝʥʦʢ, ʘʤʫʨʩʢʠʡ ʭʘʨʠʫʩ ʠ ʩʠʛ-ʭʘʜʘʨʳ ʥʘ ʤʦʤʝʥʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʣʠ ʥʝʚʳʩʦʢʫʶ ʯʠʩʣʝʥʥʦʩʪʴ. ʆʩʥʦʚʫ ʫʣʦʚʦʚ ʩʦʩʪʘʚʣʷʣ ʛʦʣʴʷʥ 

ʃʘʛʦʚʩʢʦʛʦ, ʛʦʣʴʷʥ ʏʝʢʘʥʦʚʩʢʦʛʦ, ʱʠʧʦʚʢʘ ʠ ʧʝʩʪʨʦʥʦʛʠʡ ʧʦʜʢʘʤʝʥʱʠʢ (ʨʠʩ. 2). 
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ɻʦʣʴʷʥ ʃʘʛʦʚʩʢʦʛʦɻʦʣʴʷʥ ʏʝʢʘʥʦʚʩʢʦʛʦʑʠʧʦʚʢʘ

ʇʝʩʪʨʦʥʦʛʠʡ ʧʦʜʢʘʤʝʥʱʠʢʉʠʛ-ʭʘʜʘʨʳ ʇʝʩʢʘʨʠ

ʃʝʥʦʢ ʍʘʨʠʫʩ ʇʨʦʯʠʝ

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʠʭʪʠʦʮʝʥʦʟʘ ʨ. ɸʛʫʮʘ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʨʠʪʦʢʘʤʠ ʚʝʨʭʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ʆʥʦʥ 

(ɿʘʙʘʡʢʘʣʴʩʢʠʡ ʢʨʘʡ) ʠʭʪʠʦʬʘʫʥʘ ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ, 

ʪʘʢʞʝ ʟʜʝʩʴ ʩʦʭʨʘʥʠʣʘʩʴ ʤʘʣʦʯʠʩʣʝʥʥʘʷ ʧʦʧʫʣʷʮʠʷ ʩʠʛʘ-ʭʘʜʘʨʳ [1, 2]. 

ʈʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʧʠʪʘʥʠʷ ʨʳʙ ʨʝʢʠ ɸʛʫʮʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚʧʝʨʚʳʝ. 

ʆʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ [3]. ʉʙʦʨ 

ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʠʣʠ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2004 ʛʦʜʘ. ʇʨʠ ʘʥʘʣʠʟʝ ʧʠʪʘʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʦʙʨʘʙʦʪʢʠ ʧʨʦʙ ʢʦʣʠʯʝʩʪʚʝʥʥʦ-ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ [4]. 
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ɺ ʩʝʨʝʜʠʥʝ ʠʶʣʷ ʦʩʥʦʚʦʡ ʧʠʪʘʥʠʷ ʩʠʙʠʨʩʢʦʛʦ ʧʝʩʢʘʨʷ ʷʚʣʷʣʠʩʴ 

ʣʠʯʠʥʢʠ ʧʦʜʝʥʦʢ ʠ ʚʝʩʥʷʥʦʢ 47,7 ʠ 37,2 % ʧʦ ʤʘʩʩʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ 

ʵʪʦʛʦ ʚ ʧʠʱʝʚʦʤ ʢʦʤʢʝ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ ʧʝʩʢʘʨʷ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ 

ʣʠʯʠʥʢʠ ʨʫʯʝʡʥʠʢʦʚ ʠ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. ʇʨʠ 

ʵʪʦʤ ʦʪʤʝʯʘʣʘʩʴ ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʪʘʥʠʷ ʨʳʙ (ʨʠʩ. 3). 

47%

14%

37%

2%

ʃʠʯʠʥʢʠ ʧʦʜʝʥʦʢʃʠʯʠʥʢʠ ʨʫʯʝʡʥʠʢʦʚ

ʃʠʯʠʥʢʠ ʚʝʩʥʷʥʦʢʈʘʩʪʠʪʝʣʴʥʦʩʪʴ

 
ʈʠʩ. 3. ʉʦʩʪʘʚ ʧʠʱʠ ʩʠʙʠʨʩʢʦʛʦ ʧʝʩʢʘʨʷ ʚ % ʧʦ ʤʘʩʩʝ ʨ. ɸʛʫʮʘ 

ɺ ʧʠʪʘʥʠʠ ʧʝʩʢʘʨʷ ʉʦʣʜʘʪʦʚʘ ʪʘʢʞʝ ʜʦʤʠʥʠʨʦʚʘʣʠ ʣʠʯʠʥʢʠ ʚʝʩʥʷʥʦʢ 

41,6% ʧʦ ʤʘʩʩʝ, ʨʫʯʝʡʥʠʢʦʚ ï 31,95 ʧʦ ʤʘʩʩʝ ʠ ʧʦʜʝʥʢʠ 10,4% ʧʦ ʤʘʩʩʝ. 

ʉʧʝʢʪʨ ʧʠʪʘʥʠʷ ʛʦʣʴʷʥʘ ʃʘʛʦʚʩʢʦʛʦ ʙʳʣ ʛʦʨʘʟʜʦ ʰʠʨʝ ʠ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ 

ʢʘʢ ʦʨʛʘʥʠʟʤʳ ʙʝʥʪʦʩʘ, ʪʘʢ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. ʅʘʨʷʜʫ ʩ ʧʦʜʝʥʢʘʤʠ ʠ 

ʚʝʩʥʷʥʢʘʤʠ, ʚ ʧʠʱʝʚʦʤ ʢʦʤʢʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʣʠʯʠʥʢʠ ʞʫʢʦʚ, ʤʫʨʘʚʴʝʚ, 

ʢʣʦʧʳ, ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʣʠʩʴ ʣʠʯʠʥʢʠ ʭʠʨʦʥʦʤʠʜ, ʥʦ ʠʭ ʤʘʩʩʘ ʦʯʝʥʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ. ʆʯʝʥʴ ʯʘʩʪʦ ʚ ʧʠʱʝʚʦʤ ʢʦʤʢʝ ʛʦʣʴʷʥʘ ʃʘʛʦʚʩʢʦʛʦ ʚʩʪʨʝʯʘʣʩʷ 

ʜʝʪʨʠʪ, ʦʩʪʘʪʢʠ ʥʠʪʯʘʪʳʭ ʚʦʜʦʨʦʩʣʝʡ ʠ ʬʠʪʦʧʣʘʥʢʪʦʥ. ʋ ʦʪʜʝʣʴʥʳʭ ʦʩʦʙʝʡ 

ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ ʩʦʩʪʘʚʝ ʧʠʱʠ ʤʦʣʣʶʩʢʠ (ʨʠʩ. 4).. ʇʨʠ ʵʪʦʤ ʥʘʢʦʨʤʣʝʥʥʦʩʪʴ 

ʨʳʙ ʙʳʣʘ ʥʝ ʚʳʩʦʢʦʡ.  
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ʄʫʨʘʚʴʠ ʅʠʪʯʘʪʳʝ ʃʠʯʠʥʢʠ ʧʦʜʝʥʦʢ

ʃʠʯʠʥʢʠ ʚʝʩʥʷʥʦʢʃʠʯʠʥʢʠ ʨʫʯʝʡʥʠʢʦʚʈʘʩʪʠʪʝʣʴʥʦʩʪʴ

ʌʠʪʦʧʣʘʥʢʪʦʥʇʨʦʯʠʝ

 
ʈʠʩ. 4. ʉʦʩʪʘʚ ʧʠʱʠ ʛʦʣʴʷʥʘ ʃʘʛʦʚʩʢʦʛʦ ʨ. ɸʛʫʮʘ 
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ʑʠʧʦʚʢʘ ʧʨʝʜʧʦʯʠʪʘʝʪ ʠʣʠʩʪʦ-ʧʝʩʯʘʥʳʝ ʧʨʠʙʨʝʞʴʷ ʨʝʯʝʢ. ʇʠʪʘʣʩʷ 

ʜʘʥʥʳʡ ʚʠʜ ʚ ʨʝʢʝ ɸʛʫʮʘ ʟʦʦʧʣʘʥʢʪʦʥʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʤʝʣʢʠʤʠ 

ʭʠʜʦʨʠʜʘʤʠ, ʦʩʪʨʘʢʦʜʘʤʠ, ʘʣʦʥʘʤʠ, ʘ ʪʘʢʞʝ ʣʠʯʠʥʢʘʤʠ ʠ ʢʫʢʦʣʢʘʤʠ 

ʭʠʨʦʥʦʤʠʜ. ɻʨʫʥʪ ʩʦʩʪʘʚʣʷʣ ʫ ʥʝʢʦʪʦʨʳʭ ʦʩʦʙʝʡ ʜʦ 5-15 % ʧʦ ʤʘʩʩʝ (ʨʠʩ. 5) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʱʠʧʦʚʢʘ ʥʝ ʚʩʪʫʧʘʝʪ ʚ ʢʦʥʢʫʨʝʥʪʥʳʝ ʦʪʥʦʰʝʥʠʷ ʩ ʜʨʫʛʠʤʠ 

ʚʠʜʘʤʠ ʨʳʙ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʤʦʣʦʜʠ. 
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ʍʠʜʦʨʠʜʃrʠʯʠʥʢʠ ʭʠʨʦʥʦʤʠʜɻʨʫʥʪ

 
ʈʠʩ. 5. ʉʦʩʪʘʚ ʧʠʱʠ ʱʠʧʦʚʢʠ (% ʧʦ ʤʘʩʩʝ) ʨ. ɸʛʫʮʘ 

ɸʤʫʨʩʢʠʡ ʭʘʨʠʫʩ ʧʠʪʘʣʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʘʜʘʶʱʠʤʠ ʚ ʚʦʜʫ ʤʫʨʘʚʴʷʤʠ ʜʦ 

98% ʧʦ ʤʘʩʩʝ, ʠ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʦʜʝʥʢʘʤʠ (ʨʠʩ.6).  

98%

2%

ʄʫʨʘʚʴʠʃʠʯʠʥʢʠ ʧʦʜʝʥʦʢ

 
ʈʠʩ. 6. ʉʦʩʪʘʚ ʧʠʱʠ ʘʤʫʨʩʢʦʛʦ ʭʘʨʠʫʩʘ 

ʆʩʥʦʚʫ ʧʠʪʘʥʠʷ ʣʝʥʢʘ ʨ. ɸʛʫʮʘ ʩʦʩʪʘʚʣʷʣʘ ʨʳʙʘ ʜʦ 64,9 % ʧʦ ʤʘʩʩʝ. ɸ 

ʪʘʢʞʝ ʤʫʨʘʚʴʠ, ʠ ʧʘʜʘʶʱʠʝ ʚ ʚʦʜʫ ʥʘʩʝʢʦʤʳʝ. ɺ ʧʠʱʝʚʦʤ ʢʦʤʢʝ ʣʝʥʢʘ ʯʘʩʪʦ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʛʨʫʥʪ. 
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ʉʧʝʢʪʨ ʧʠʪʘʥʠʷ ʧʝʩʪʨʦʥʦʛʦʛʦ ʧʦʜʢʘʤʝʥʱʠʢʘ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ 

ʦʩʪʘʪʢʘʤʠ ʥʘʩʝʢʦʤʳʭ. ʂʨʦʤʝ ʵʪʦʛʦ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʣʠʩʴ ʣʠʯʠʥʢʠ 

ʚʝʩʥʷʥʦʢ, ʭʠʨʦʥʦʤʠʜ ʠ ʧʦʜʝʥʦʢ. 

ʈʘʮʠʦʥ ʩʠʙʠʨʩʢʦʛʦ ʛʦʣʴʮʘ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʝʥʢʘʤʠ ʜʦ 100% ʧʦ 

ʤʘʩʩʝ. 

ɸʤʫʨʩʢʠʡ ʛʦʨʯʘʢ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʪʤʝʯʝʥ ʝʜʠʥʠʯʥʳʤʠ ʵʢʟʝʤʧʣʷʨʘʤʠ, ʥʝ 

ʚʩʪʫʧʘʝʪ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʨʳʙ ʚ ʢʦʥʢʫʨʝʥʪʥʳʝ ʦʪʥʦʰʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʩʥʦʚʫ 

ʝʛʦ ʧʠʱʝʚʦʛʦ ʢʦʤʢʘ ʩʦʩʪʘʚʣʷʣʠ ʚ ʦʩʥʦʚʥʦʤ ʦʨʛʘʥʠʟʤʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, 

ʦʙʨʘʩʪʘʥʠʷ ʠ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʥʠʪʯʘʪʳʝ ʚʦʜʦʨʦʩʣʠ. 

ɻʦʣʴʷʥ ʏʝʢʘʥʦʚʩʢʦʛʦ ʧʨʝʜʧʦʯʠʪʘʝʪ ʧʠʪʘʪʴʩʷ ʣʠʯʠʢʘʤʠ ʧʦʜʝʥʦʢ, 

ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʣʠ ʦʪ 60 ʜʦ100% ʧʦ ʤʘʩʩʝ. ʆʩʥʦʚʫ ʧʠʪʘʥʠʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 

ʛʦʣʴʷʥʘ ʪʘʢʞʝ ʩʦʩʪʘʚʣʷʣʠ ʣʠʯʠʥʢʠ ʧʦʜʝʥʦʢ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʧʨʷʞʝʥʥʳʝ 

ʧʠʱʝʚʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʨʳʙ. 

ʅʘ ʤʦʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʡ ʪʨʘʢʪ ʩʠʛʘ-ʭʘʜʘʨʳ ʙʳʣ 

ʧʫʩʪʳʤ. ʅʦ ʩʫʜʷ ʧʦ ʩʦʩʪʘʚʫ ʧʠʱʠ ʠʟ ʜʨʫʛʠʭ ʚʦʜʦʪʦʢʦʚ ʚʝʨʭʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. 

ʆʥʦʥ ʦʥ ʤʦʞʝʪ ʧʠʪʘʪʴʩʷ ʢʘʢ ʨʳʙʦʡ, ʪʘʢ ʠ ʦʨʛʘʥʠʟʤʘʤʠ ʙʝʥʪʦʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʠʪʘʶʱʠʝ ʚ ʨ. ɸʛʫʮʘ ʨʳʙʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʢ 

ʪʠʧʠʯʥʳʝ ʙʝʥʪʦʬʘʛʠ. ʇʨʠ ʵʪʦʤ ʧʠʱʝʚʦʡ ʩʧʝʢʪʨ ʨʳʙ ʜʦʚʦʣʴʥʦ ʫʟʦʢ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ ʣʠʯʠʥʢʘʤʠ ʧʦʜʝʥʦʢ, ʚʝʩʥʷʥʦʢ, ʨʫʯʝʡʥʠʢʦʚ ʠ 

ʭʠʨʦʥʦʤʠʜ. ʅʝʢʦʪʦʨʘʷ ʨʘʟʥʦʨʦʜʥʦʩʪʴ ʚ ʭʘʨʘʢʪʝʨʝ ʧʠʪʘʥʠʷ ʨʳʙ ʯʘʱʝ ʚʩʝʛʦ 

ʩʚʷʟʘʥʘ ʩ ʠʭ ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʢʘʞʜʦʛʦ ʚʠʜʘ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʨʦʣʴ ʚ ʧʠʪʘʥʠʠ ʨʳʙ ʨ. ɸʛʫʮʘ ʧʨʠʥʘʜʣʝʞʠʪ 

ʧʘʜʘʶʱʠʤ ʚʦʟʜʫʰʥʳʤ ʥʘʩʝʢʦʤʳʤ. ʉʭʦʜʩʪʚʦ ʩʦʩʪʘʚʘ ʧʠʱʠ ʨʳʙ ʤʦʞʝʪ ʚ 

ʦʪʜʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ʧʨʠʚʦʜʠʪʴ ʢ ʢʦʥʢʫʨʝʥʪʥʳʤ ʦʪʥʦʰʝʥʠʷʤ. 
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ʅʆɺʓɽ ɼɸʅʅʓɽ ʇʆ ʄʀʅɽʈɸʃʆɻʀʀ ʀ ɻɽʆʍʀʄʀʀ ʈʋɼ 

ʈɽɼʂʆɿɽʄɽʃʔʅʆ-ɺʆʃʔʌʈɸʄʆɺʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʋʃɸɸʅ-ʋʋʃ 

(ʉɽɺɽʈʆ-ɿɸʇɸɼʅɸʗ ʄʆʅɻʆʃʀʗ)  

ɸ.ʀ. ɻʫʩʝʚ
1
, ɽ.ʄ. ʊʘʙʘʢʘʝʚʘ

1
, ɼ. ʆʪʛʦʥʙʘʷʨ

2
 

1
ɹʠʡʩʢ, ʈʦʩʩʠʷ, 

2
ʍʦʚʜ, ʄʦʥʛʦʣʠʷ 

ɺʚʝʜʝʥʠʝ 
ʀʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʤʠʥʝʨʘʣʘʭ ʨʫʜ ʠ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ, ʧʨʠʢʣʘʜʥʦʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 
[1-4, 8, 14]. ʀʭ ʠʟʫʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʬʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʬʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʩ ʢʠʩʣʳʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ 
ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʢ ʢʦʪʦʨʳʤ ʠ ʦʪʥʦʩʠʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʜʢʦʟʝʤʝʣʴʥʦ-
ʚʦʣʴʬʨʘʤʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʋʣʘʘʥ-ʋʫʣ ʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ. 
ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʫʜ ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʤʠ 
ʛʨʘʥʠʪʦʠʜʘʤʠ ʂʳʟʳʣ-ʊʘʫʩʩʢʦʛʦ ʤʘʩʩʠʚʘ [9]. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɻʦʨʥʦʛʦ ɸʣʪʘʷ, ʦʙʨʘʟʫʶʱʠʭ ʝʜʠʥʫʶ 
ʧʨʦʚʠʥʮʠʶ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʎʝʥʪʨʘʣʴʥʦ-
ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 
ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʤʠʥʝʨʘʣʘʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʋʣʘʘʥ-ʋʫʣ ʚʳʧʦʣʥʝʥʳ ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ 
ʧʣʘʟʤʦʡ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ çʆʈTIMA-4300è ʤʝʪʦʜʘʤʠ ICP-MS ʠ ICP-AES.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʈʫʜʥʳʝ ʟʦʥʳ ʢʚʘʨʮʝʚʦ-ʛʨʝʡʟʝʥʦʚʦʛʦ ʪʠʧʘ ʟʘʣʝʛʘʶʪ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ʵʥʜʦʢʦʥʪʘʢʪʦʚʦʡ ʟʦʥʳ ʂʳʟʳʣ-ʊʘʫʩʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʤʫʩʢʦʚʠʪʦʚʳʤʠ, ʤʫʩʢʦʚʠʪ-ʬʣʶʦʨʠʪʦʚʳʤʠ, ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪʦʚʳʤʠ ʛʨʝʡʟʝʥʘʤʠ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʣʘʘʥ-ʋʫʣ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ ʜʦ 100 ʤ ʠ ʤʦʱʥʦʩʪʴʶ ʦʪ 30 ʜʦ 
95 ʩʤ. ʂ ʮʝʥʪʨʘʣʴʥʳʤ ʯʘʩʪʷʤ ʪʘʢʠʭ ʟʦʥ ʧʨʠʫʨʦʯʝʥʳ ʤʘʩʩʠʚʥʳʝ ʩʢʦʧʣʝʥʠʷ 
ʚʦʣʴʬʨʘʤʠʪʘ. ʏʘʱʝ ʞʝ ʚʩʝʛʦ ʛʣʘʚʥʳʡ ʨʫʜʥʳʡ ʤʠʥʝʨʘʣ ʦʙʨʘʟʫʝʪ 
ʚʢʨʘʧʣʝʥʥʦʩʪʴ, ʛʥʸʟʜʘ, ʧʨʦʞʠʣʢʠ, ʨʦʟʝʪʢʦʚʠʜʥʳʝ ʘʛʨʝʛʘʪʳ. ʄʠʥʝʨʘʣʴʥʳʡ 
ʩʦʩʪʘʚ ʨʫʜʥʳʭ ʟʦʥ ʪʠʧʠʯʝʥ ʠ ʧʨʝʜʩʪʘʚʣʝʥ: ʢʚʘʨʮ (ʦʪ ʤʘʩʩʠʚʥʦʛʦ ʜʦ 
ʜʨʫʟʦʚʦʛʦ), ʚʦʣʴʬʨʘʤʠʪ, ʤʫʩʢʦʚʠʪ, ʬʣʶʦʨʠʪ, ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ, 
ʤʦʣʠʙʜʝʥʠʪ, ʙʝʨʠʣʣ, ʨʝʜʢʦ ï ʩʫʣʴʬʠʜʳ (ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ). ʇʨʠ 
ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʠʟʫʯʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦʣʴʬʨʘʤʠʪ ʥʝʨʝʜʢʦ ʦʙʨʘʟʫʝʪ 
ʩʨʦʩʪʢʠ ʩ ʚʠʩʤʫʪʠʥʦʤ, ʨʦʩʩʝʣʠʪʦʤ, ʩʘʤʦʨʦʜʥʳʤ ʚʠʩʤʫʪʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʤʠ 
ʚ ʜʳʤʯʘʪʦʤ ʢʚʘʨʮʝ ʚʧʝʨʚʳʝ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʙʥʘʨʫʞʝʥ ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ 
ʤʠʥʝʨʘʣ - ʢʩʝʥʦʪʠʤ ʚ ʚʠʜʝ ʪʦʥʢʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʠ (ʥʝ ʙʦʣʝʝ 1ʤʤ). ʌʦʨʤʘ 
ʚʳʜʝʣʝʥʠʡ ï ʧʨʠʟʤʘʪʠʯʝʩʢʘʷ. ʂʩʝʥʦʪʠʤ ʠʤʝʝʪ ʞʝʣʪʦʚʘʪʦ-ʙʫʨʳʡ ʮʚʝʪ. 
ʇʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ: Ne=1,817; No = 1,720. ʀʤʝʝʪ ʩʣʘʙʳʡ ʧʣʝʦʭʨʦʠʟʤ ʦʪ 
ʨʦʟʦʚʘʪʦ-ʙʫʨʦʛʦ ʧʦ No ʠ ʜʦ ʟʝʣʝʥʦʚʘʪʦʛʦ ʧʦ Ne. ɺ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ 
ʥʘʮʝʣʦ ʟʘʤʝʱʘʝʪʩʷ ʚʦʜʥʳʤ ʬʦʩʬʘʪʦʤ ï ʯʸʨʯʠʪʦʤ ï Y[PO4]Ț2H2O.  

ʌʣʶʦʨʠʪ ʦʪʤʝʯʝʥ ʚ ʜʚʫʭ ʛʝʥʝʨʘʮʠʷʭ: ʨʘʥʥʠʡ ï ʟʝʣʸʥʦʡ ʦʢʨʘʩʢʠ ʠ 
ʧʦʟʜʥʠʡ ï ʬʠʦʣʝʪʦʚʦʛʦ ʮʚʝʪʘ. ɺʦʣʴʬʨʘʤʠʪ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥ 
ʬʝʨʙʝʨʠʪʦʤ (ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʘʣʘ MnWO4 ʥʝ ʧʨʝʚʳʰʘʝʪ 40 %). ʕʣʝʤʝʥʪʳ-
ʧʨʠʤʝʩʠ ʚ ʤʠʥʝʨʘʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʘ 1 ï ʕʣʝʤʝʥʪʳ-ʧʨʠʤʝʩʠ ʚ ʤʠʥʝʨʘʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʣʘʘʥ-ʋʫʣ (ʛ/ʪ) 
ʕʣʝʤʝʥʪʳ 1 2 3 4 5 6 7 8 9 10 

V 5,65 5,48 5,5 3,73 4,1 3,9 2,9 2,8 21 5,5 

Cr 4,4 4,36 4.41 5,41 6,2 3,2 2,2 2,0 4,2 2,2 

Co 13,6 0,5 7,5 0,5 0,5 0,8 0,5 0,6 0,6 0,8 

Ni 9,36 1,0 8,9 33,2 34,1 5,5 2,5 2,9 1,2 1,1 

Cu 5,45 1,74 5,5 7,59 7,8 3,7 4,7 4,4 2,5 3,8 

Zn 14,6 8,88 15,1 14,6 15,2 14,6 10,6 10,9 3,6 6,8 

Rb 2 6,12 2,1 2 3,1 5,8 8,8 8,2 22,9 20,5 

Sr 45,9 52,5 53,1 501 487 45,6 53,6 50,6 1200 10,2 

Nb 7586 3850 8100 4,86 5,1 6,5 3,5 2,5 48,9 210,6 

Cs 1,58 0,4 0,35 21,1 22,3 2,7 3,7 3,3 33,7 12,9 

Sc 930 76 925 13 12 4 3 5 16 4 

Ba 27,9 21,4 20,7 15,7 16,2 17,8 18,8 18,5 21,5 30,4 

Pb 1,0 1,0 1,1 3,1 4,2 3,7 6,7 6,5 125 9,6 

Th 0,86 1,09 1,1 43,1 41,5 2,9 1,9 1,7 65,3 15,8 

La 3,21 10,1 10,5 28,0 29,2 282,48 33,98 34.95 112 612 

Ce 11,3 25,9 26,1 103 105 338,55 51,32 53,22 11,8 736 

Pr 2,1 4,56 4,6 21,5 23,1 27,8 12,51 13,65 43,1 102,2 

Nd 11,4 24,7 25,1 116 119 409,8 81,96 80,67 7,6 388,1 

Sm 4,66 9,1 9,7 88,9 89,2 266,4 229,7 225,6 1,62 126,3 

Eu 1,0 1,45 1,5 6,09 5,6 11,76 13,44 13,05 8,6 106,6 

Gd 4,94 9,12 10,1 84,4 85,9 404,6 101,15 99,87 1,1 192,7 

Tb 1,11 2,17 2,6 27,6 28,3 70,2 21,6 20,7 6,6 23,8 

Dy 7,55 13,1 14,1 201 206 166,37 151,08 150,1 1,4 248,2 

Ho 1,22 2,21 2,4 31,9 33,1 98,6 35,86 35,9 3,6 19,23 

Er 3,08 5,16 5,3 95,2 96,2 340,1 134,12 134,3 0,6 56,3 

Tm 0,61 1,02 1,2 23,1 24.2 59,2 22,35 22,38 3,1 13,2 

Yb 45 17 51 181 189 43,2 15,36 15,42 20,5 83,1 

Lu 0,59 0,85 0,88 23,8 25,2 65,59 22,11 22,2 41,5 10,6 

Y 230 67 28,9 306 323 437 187 185 51,8 85625 

Ga 1,04 1,32 1,42 1,63 1,6 6,8 10,3 9,5 14,6 8,9 

Zr 4,22 6,08 6,2 7,75 7,9 10,7 12,6 11,8 20,5 15,6 

Sc 67 45,1 43,6 1,36 1,5 1,9 1,8 1,5 0,29 112 

Hf 0,44 0,53 0,55 3,24 3,5 1,89 1,5 1,3 0,4 3,4 

Ta 200,1 100,6 210,12 1,22 1,3 1,1 0,9 0,7 25,3 122,7 

Mo 0,6 0,6 0,7 88,2 85,4 4,8 5,6 5,3 0,7 14,7 

Sb 9,34 0,34 0,4 1,2 1,4 1,8 1,9 2,2 0,4 3,7 

Sn 1620 184 155 2,45 2,7 3,5 4,2 4,0 13,8 12,3 

Be 64,1 7,28 7,3 1,0 1,1 2,8 3,0 3,1 2,2 12,9 

W - - - 501 487 1,7 2,2 2,1 65,2 34,2 

U 2,01 0,96 0,98 0,89 0,9 1,2 1,5 1,55 275 3,8 

Li  7,34 7,12 7,1 1,0 1,5 4,5 4,2 5,1 0,7 45 

Ge 0,22 0,4 0,5 2,09 2,4 0,9 0,8 1,2 0,12 4,8 

Ag 0,02 0,01 0,01 0,31 0,4 0,04 0,06 0,07 0,2 0,6 

Bi 1031 234 1160 26,0 30,6 5,8 3,2 3,3 1,2 12,6 

ɆTR 108,32 144,11 151,08 1337,5 1382 3021,6 1113,5 1107,1 313,9 88343 

(La/Yb)N 0,46 0,93 0,86 0,102 0,102 4,32 1,46 1,49 3,6 4,86 

ʇʨʠʤʝʯʘʥʠʝ. ɸʥʘʣʠʟʳ ʚʳʧʦʣʥʝʥʳ ʤʝʪʦʜʘʤʠ ICP-MS ʠ ICP-AES ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʀʄɻʈʕ 

(ʛ. ʄʦʩʢʚʘ). ʅʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʧʨʠʥʷʪʦ ʧʦ [11]. ʄʠʥʝʨʘʣʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʣʘʘʥ-ʋʫʣ: 1-3 ʚʦʣʴʬʨʘʤʠʪ, 4-5 ï ʢʚʘʨʮ, 6- ʬʣʶʦʨʠʪ ʟʝʣ., 7-8 ïʬʣʶʦʨʠʪ 

ʬʠʦʣʝʪʦʚ., 9- ʤʫʩʢʦʚʠʪ; 10- ʢʩʝʥʦʪʠʤ. 
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ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʦʪʥʦʰʝʥʠʷ (La/Yb)N ʚ ʤʠʥʝʨʘʣʘʭ ʚʝʩʴʤʘ ʨʘʟʣʠʯʥʳ ʠ 

ʚʘʨʴʠʨʫʶʪ ʦʪ 0,102 ʜʦ 4,86, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʥʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠ ʩʨʝʜʥʠʡ 

ʫʨʦʚʝʥʴ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʈɿʕ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʣʴʬʨʘʤʠʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʣʠʯʘʝʪʩʷ ʦʯʝʥʴ 

ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʥʠʦʙʠʷ (ʦʪ 3850 ʜʦ 8100 ʛ/ʪ), ʪʘʥʪʘʣʘ (ʦʪ 100 ʜʦ 

210 ʛ/ʪ), ʩʢʘʥʜʠʷ (ʦʪ 43 ʜʦ 67 ʛ/ʪ), ʠʪʪʨʠʷ (ʦʪ 28 ʜʦ 230 ʛ/ʪ), ʠʪʪʝʨʙʠʷ (ʦʪ 17 ʜʦ 

51 ʛ/ʪ), ʦʣʦʚʘ (ʦʪ 155 ʜʦ 1620 ʛ/ʪ), ʚʠʩʤʫʪʘ (ʦʪ 234 ʜʦ 1160 ʛ/ʪ).  

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʫʤʤʦʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʣʘʜʘʶʪ ʢʚʘʨʮ, 

ʬʣʶʦʨʠʪ ʦʙʦʠʭ ʛʝʥʝʨʘʮʠʡ ʠ ʢʩʝʥʦʪʠʤ. ʇʨʠ ʵʪʦʤ ʬʣʶʦʨʠʪ ʨʘʥʥʝʡ ʛʝʥʝʨʘʮʠʠ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʧʦʟʜʥʝʡ ʠʤʝʝʪ ʩʫʤʤʫ ʈɿʕ ʧʦʯʪʠ ʚ 3 ʨʘʟʘ ʚʳʰʝ (ʪʘʙʣ. 1). ɺ ʩʚʷʟʠ ʩ 

ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʨʝʜʢʠʭ ʟʝʤʝʣʴ ʚ ʤʠʥʝʨʘʣʘʭ ʠ ʥʘʣʠʯʠʝʤ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʩʦʙʩʪʚʝʥʥʦ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʤʠʥʝʨʘʣʘ (ʢʩʝʥʦʪʠʤʘ) ʝʛʦ 

ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʢ ʢʦʤʧʣʝʢʩʥʦʤʫ ʪʠʧʫ ʨʝʜʢʦʟʝʤʝʣʴʥʦ-ʚʦʣʴʬʨʘʤʦʚʦʤʫ. 

ɺ ʤʠʥʝʨʘʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʦʷʚʣʝʥʳ ʜʚʘ ʪʠʧʘ ʪʝʪʨʘʜʥʦʛʦ ʵʬʬʝʢʪʘ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ (ʊʕʌ) ʈɿʕ: ʄ- ʪʠʧ ʠ W- ʪʠʧ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ 

ʪʝʪʨʘʜʥʦʛʦ ʵʬʬʝʢʪʘ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʈɿʕ ʠ ʦʪʥʦʰʝʥʠʷ ʥʝʢʦʪʦʨʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʦʪʥʦʰʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʠ ʚ ʭʦʥʜʨʠʪʘʭ. 

ʊʘʙʣʠʮʘ 2 ï ʆʪʥʦʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠ ʟʥʘʯʝʥʠʷ ʪʝʪʨʘʜʥʦʛʦ ʵʬʬʝʢʪʘ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ (ʊʕʌ) ʈɿʕ ʚ ʤʠʥʝʨʘʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʣʘʘʥ-ʋʫʣ 
ʆʪʥʦʰʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ 

ʠ ʟʥʘʯʝʥʠʷ 

ʊʕʌ 

1 2 3 4 5 6 7 8 9 10 ʆʪʥʦʰʝʥʠʷ ʚ 

ʭʦʥʜʨʠʪʘʭ 

Y/Ho 188 30,3 12,0 9,6 9,7 4,4 5,2 5,1 14,4 4452 29,0 

Zr/Hf 9,6 11,5 11,3 2,4 2,3 5,7 8,4 9,1 51,2 4,6 36,0 

La/Nb 0,55 10,2 10,5 5,8 5,7 43,4 9,7 14,0 2,2 2,9 30,75 

La/Ta 32,1 101 87,5 22,9 22,5 256 37,8 50,0 4,4 5,0 17,57 

Sr/Eu 45,9 36,2 35,4 82,3 86,9 3,8 4,0 3,9 140,7 0,09 100,5 

Eu/Eu* 0,64 0,49 0,46 0,21 0,19 0,11 0,24 0,23 18,8 2,11 1,0 

Sr/Y 0,2 0,78 1,8 1,6 1,5 0,1 0,29 0,27 23,3 0,004 4,62 

TE1,3 1,21 1,2 1,36 1,37 1,37 0,5 0,86 0,87 0,81 1,08 - 

ʇʨʠʤʝʯʘʥʠʝ. ʊɽ1.3 ï ʪʝʪʨʘʜʥʳʡ ʵʬʬʝʢʪ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʈɿʕ (ʩʨʝʜʥʝʝ ʤʝʞʜʫ ʧʝʨʚʦʡ ʠ 

ʪʨʝʪʴʝʡ ʪʝʪʨʘʜʘʤʠ) ʧʦ ɺ. ʀʨʙʝʨ [13]; Eu*= (SmN+GdN)/2. ɿʥʘʯʝʥʠʷ ʚ ʭʦʥʜʨʠʪʘʭ ʧʨʠʥʷʪʳ 

ʧʦ [11]. ʄʠʥʝʨʘʣʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʣʘʘʥ-ʋʫʣ: 1-3 ʚʦʣʴʬʨʘʤʠʪ, 4-5 ï ʢʚʘʨʮ, 6- ʬʣʶʦʨʠʪ 

ʟʝʣʸʥʳʡ, 7-8 ïʬʣʶʦʨʠʪ ʬʠʦʣʝʪʦʚʳʡ, 9- ʤʫʩʢʦʚʠʪ; 10- ʢʩʝʥʦʪʠʤ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʦʪʥʦʰʝʥʠʡ Zr/Hf ʠ TE1,3 ʧʦʢʘʟʳʚʘʝʪ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ 

ʪʨʝʥʜʳ: 1- ʫʚʝʣʠʯʝʥʠʝ ʊʕʌ ʈɿʕ ʄ- ʪʠʧʘ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʦʪʥʦʰʝʥʠʡ Zr/Hf ʠ 2 

ï ʫʤʝʥʴʰʝʥʠʝ ʊʕʌ ʈɿʕ W- ʪʠʧʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʪʥʦʰʝʥʠʡ Zr/Hf (ʨʠʩ. 1). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʮʠʨʢʦʥʠʷ ʢ ʛʘʬʥʠʶ ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳ 

ʠʥʜʠʢʘʪʦʨʦʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʨʘʥʠʪʦʠʜʦʚ, ʠ ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʰʝʥʠʡ 

Zr/Hf ʧʨʦʠʩʭʦʜʠʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʨʝʤʥʝʢʠʩʣʦʪʥʦʩʪʠ ʧʦʨʦʜ, ʘ ʫʤʝʥʴʰʝʥʠʝ 

ʦʪʥʦʰʝʥʠʡ Zr/Hf ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʦʣʝʝ ʱʝʣʦʯʥʳʭ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ 

ʛʨʘʥʠʪʦʠʜʦʚ [7]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʨʚʳʡ ʪʨʝʥʜ ʦʪʨʘʞʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʦʪʥʦʰʝʥʠʡ Zr/Hf ʠ ʊɽ1,3 ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʱʸʣʦʯʥʦʩʪʠ ʩʨʝʜʳ, ʘ 

ʚʪʦʨʦʤʫ ʪʨʝʥʜʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ. 
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ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʩʦʦʪʥʦʰʝʥʠʡ Zr/Hf ʠ TE1,3 ʜʣʷ ʤʠʥʝʨʘʣʦʚ ʨʫʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʣʘʘʥ-ʋʫʣ. 1- ɺʦʣʴʬʨʘʤʠʪʳ, 2- ʢʚʘʨʮ, 3- ʬʣʶʦʨʠʪ ʟʝʣʸʥʳʡ, 4 ï 

ʬʣʶʦʨʠʪ ʬʠʦʣʝʪʦʚʳʡ, 5- ʤʫʩʢʦʚʠʪ, 6- ʢʩʝʥʦʪʠʤ. 

ʕʪʦ ʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʥʘ ʜʠʘʛʨʘʤʤʝ Eu/Eu* ï TE1,3, ʛʜʝ ʦʪʯʸʪʣʠʚʦ 

ʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʤʠʥʝʨʘʣʳ ʦʙʨʘʟʫʶʪ ʜʚʝ ʛʨʫʧʧʳ ʧʦ ʪʠʧʘʤ ʊʕʌ ʈɿʕ ʩ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʪʨʝʥʜʘʤʠ: 1- ʛʨʫʧʧʘ ʢʚʘʨʮʘ ʠ ʚʦʣʴʬʨʘʤʠʪʘ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʊʕʌ ʈɿʕ ʄ- ʪʠʧʘ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʦʪʥʦʰʝʥʠʡ Eu/Eu* 

ʠ 2 ï ʛʨʫʧʧʘ ʤʫʩʢʦʚʠʪʘ ʠ ʬʣʶʦʨʠʪʦʚ, ʫ ʢʦʪʦʨʳʭ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʊʕʌ ʈɿʕ W ï 

ʪʠʧʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚʝʣʠʯʠʥʳ ʦʪʥʦʰʝʥʠʡ Eu/Eu* (ʨʠʩ. 2). ʂʩʝʥʦʪʠʤ ʙʦʣʝʝ 

ʪʷʛʦʪʝʝʪ ʢ ʛʨʫʧʧʝ ʢʚʘʨʮʘ ʠ ʚʦʣʴʬʨʘʤʠʪʘ. 
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ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ Eu/Eu* ï TE1,3 ʜʣʷ ʤʠʥʝʨʘʣʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʣʘʘʥ-ʋʫʣ. 
1- ɺʦʣʴʬʨʘʤʠʪʳ, 2- ʢʚʘʨʮ, 3- ʬʣʶʦʨʠʪ ʟʝʣʸʥʳʡ, 4 ï ʬʣʶʦʨʠʪ ʬʠʦʣʝʪʦʚʳʡ, 5- ʤʫʩʢʦʚʠʪ, 

6- ʢʩʝʥʦʪʠʤ. 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʩʦʦʪʥʦʰʝʥʠʡ Y/Ho ï Zr/Hf ʚʩʝ ʩʦʩʪʘʚʳ ʤʠʥʝʨʘʣʦʚ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʦʣʷ çʟʘʨʷʜ ʠ ʨʘʜʠʫʩ-ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 

ʧʦʚʝʜʝʥʠʷè, ʪʦ ʝʩʪʴ ʧʨʦʷʚʣʷʶʪ ñNon-CHARACò (çʥʝ ʟʘʨʷʜ-ʨʘʜʠʫʩ-

ʢʦʥʪʨʦʣʠʨʫʝʤʦʝè) ʧʦʚʝʜʝʥʠʝ ʧʦ [12]. 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʳ 

ɺʩʝ ʤʠʥʝʨʘʣʳ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʣʘʘʥ-ʋʫʣ ʧʦʢʘʟʳʚʘʶʪ ʚ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ. ɺʦʣʴʬʨʘʤʠʪ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʥʠʦʙʠʷ, 

ʪʘʥʪʘʣʘ, ʩʢʘʥʜʠʷ, ʠʪʪʨʠʷ, ʠʪʪʝʨʙʠʷ, ʦʣʦʚʘ, ʚʠʩʤʫʪʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʠʥʝʨʘʣʦʚ 

ʨʷʜʦʤ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʣʛʫʪʳ ʚ ɻʦʨʥʦʤ ɸʣʪʘʝ [1]. ʅʘ 
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ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʝ ʛʝʥʝʨʘʮʠʠ ʬʣʶʦʨʠʪʘ: 1 ï ʨʘʥʥʷʷ ʚʳʩʦʢʦ 

ʨʝʜʢʦʟʝʤʝʣʴʥʘʷ ʠ 2 ï ʧʦʟʜʥʷʷ ï ʥʠʟʢʦ ʨʝʜʢʦʟʝʤʝʣʴʥʘʷ. ɺ ʤʠʥʝʨʘʣʘʭ 

ʧʨʦʷʚʣʝʥʳ ʜʚʘ ʪʠʧʘ ʊʕʌ ʈɿʕ ʄ ï ʠ W, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʨʘʟʣʠʯʥʫʶ ʩʪʝʧʝʥʴ 

ʥʘʩʳʱʝʥʥʦʩʪʠ ʠ ʤʝʥʷʶʱʠʡʩʷ ʬʣʶʠʜʥʳʡ ʨʝʞʠʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
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ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʘ Y/Ho ï Zr/Hf ʧʦ [11] ʜʣʷ ʤʠʥʝʨʘʣʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʣʘʘʥ-

ʋʫʣ. ʉʝʨʳʤ ʬʦʥʦʤ ʥʘ ʨʠʩʫʥʢʘʭ a ʠ ʙ ʧʦʢʘʟʘʥʦ ʧʦʣʝ HARAC (CHArge-and-Radius-

Controlled) ʧʦ [12]. ʆʩʪʘʣʴʥʳʝ ʫʩʣʦʚʥʳʝ ʥʘ ʨʠʩ. 1. 

ʉʦʜʝʨʞʘʥʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʤʠʥʝʨʘʣʘʭ ʨʫʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʣʘʘʥ-ʋʫʣ ʦʪʣʠʯʘʶʪʩʷ. ʈʘʟʥʳʝ ʧʦʣʦʞʝʥʠʷ ʪʨʝʥʜʦʚ 

ʩʦʦʪʥʦʰʝʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʊʕʌ ʥʘ ʧʨʠʚʝʜʝʥʥʳʭ ʜʠʘʛʨʘʤʤʘʭ 

ʟʘʚʠʩʷʪ ʦʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʉʨʘʚʥʝʥʠʝ ʚʝʣʠʯʠʥ ʦʪʥʦʰʝʥʠʡ Eu/Eu* ʜʣʷ ʦʙʦʠʭ ʛʨʫʧʧ ʤʠʥʝʨʘʣʦʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʯʝʤ ʚʳʰʝ ʫʢʘʟʘʥʥʦʝ ʦʪʥʦʰʝʥʠʝ, ʪʝʤ ʚʳʰʝ ʦʩʥʦʚʥʦʩʪʴ ʠʣʠ 

ʱʸʣʦʯʥʦʩʪʴ ʩʨʝʜʳ, ʩʦʛʣʘʩʥʦ ʨʷʜʘʤ ʢʠʩʣʦʪʥʦʩʪʠ-ʱʸʣʦʯʥʦʩʪʠ ɸ.ɸ. 

ʄʘʨʘʢʫʰʝʚʘ [10] ʜʣʷ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ Sm, Gd, Eu ʚ ʚʦʜʥʦ-ʩʝʨʦʚʦʜʦʨʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʝʥʜ ʠʟʤʝʥʝʥʠʷ 

ʩʦʦʪʥʦʰʝʥʠʡ Eu/Eu* ʠ ʊɽ1,3 ʜʣʷ ʤʠʥʝʨʘʣʦʚ ʨʫʜ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʦʙʲʷʩʥʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʦʩʥʦʚʥʦʩʪʠ ʩʨʝʜʳ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʜʣʷ ʤʠʥʝʨʘʣʦʚ ʨʫʜ 

ʧʝʨʚʦʡ ʛʨʫʧʧʳ ï ʫʚʝʣʠʯʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʇʦʚʳʰʝʥʠʝ 

ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʦʪʣʦʞʝʥʠʠ ʚʦʣʴʬʨʘʤʠʪʘ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢʞʝ ʠ ʪʝʤ, ʯʪʦ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʥʠʤ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʠ 

ʢʚʘʨʮ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʫʩʣʦʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʠʦʥʠʟʘʮʠʠ ʠʟ ʚʩʝʭ ʤʠʥʝʨʘʣʦʚ ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ - ʩʘʤʳʤ ʢʠʩʣʦʪʥʳʤ ʤʠʥʝʨʘʣʦʤ 

ʧʦ [6]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʣʦʞʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʚʦʣʴʬʨʘʤʘ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ, ʘ ʤʠʥʝʨʘʣʦʚ ʤʫʩʢʦʚʠʪʘ ʠ ʬʣʶʦʨʠʪʘ ï ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʠʷ ʱʸʣʦʯʥʦʩʪʠ ʩʨʝʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺʩʝ ʤʠʥʝʨʘʣʳ ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʷʤ Y/Ho ʠ Zr/Hf ʧʦʢʘʟʳʚʘʶʪ ʥʝ ʟʘʨʷʜ ʨʘʜʠʫʩ-ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ 

ñNon-CHARACò ʧʦʚʝʜʝʥʠʝ ʧʦ [12]. ʇʨʦʷʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʪʝʪʨʘʜʥʦʛʦ 

ʵʬʬʝʢʪʘ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʈɿʕ ʚ ʤʠʥʝʨʘʣʘʭ, çʥʝ ʟʘʨʷʜ ʨʘʜʠʫʩ-

ʢʦʥʪʨʦʣʠʨʫʝʤʦʝè ʧʦʚʝʜʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʫʶ ʧʨʠʨʦʜʫ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʋʣʘʘʥ-ʋʫʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʋʣʘʘʥ-ʋʫʣ ʦʪʥʦʩʠʪʩʷ ʢ ʥʝʦʙʳʯʥʦʤʫ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʪʠʧʫ ʚʦʣʴʬʨʘʤ-ʨʝʜʢʦʟʝʤʝʣʴʥʦʤʫ, ʬʦʨʤʠʨʦʚʘʚʰʝʤʫʩʷ ʚ 
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ʤʝʥʷʶʱʠʭʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʧʘʨʘʛʝʥʝʟʠʩʦʚ (ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʱʸʣʦʯʥʦʩʪʠ ʩʨʝʜʳ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ). 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚʦʣʴʬʨʘʤʠʪʘ ʠ ʦʩʘʞʜʝʥʠʝ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʨʝʜʢʠʭ ʟʝʤʝʣʴ 

ʧʨʦʠʩʭʦʜʠʣʠ ʧʨʠ ʚʳʩʦʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ɺʧʝʨʚʳʝ 

ʦʙʥʘʨʫʞʝʥʥʳʡ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʤʠʥʝʨʘʣ ï ʢʩʝʥʦʪʠʤ, ʪʘʢʞʝ 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ʀʤʝʥʥʦ ʢʠʩʣʦʪʥʘʷ ʩʨʝʜʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʣʘ 

ʮʝʥʥʦʩʪʴ ʚʩʝʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʱʝʣʦʯʥʘʷ ʦʙʩʪʘʥʦʚʢʘ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʣʶʦʨʠʪʘ ʠ ʤʫʩʢʦʚʠʪʘ. 
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ʇʈʆɹʃɽʄʓ ɺʆɼʆʇʆʃʔɿʆɺɸʅʀʗ ɺ ʇɽʈʄʉʂʆʄ ʂʈɸɽ  

ʉ.ɸ. ɼʚʠʥʩʢʠʭ, ɸ.ɹ. ʂʠʪʘʝʚ, ɻ.ɺ. ʄʦʨʦʟʦʚʘ, ʆ.ɺ. ʃʘʨʯʝʥʢʦ  

ɺʦʜʥʳʝ ʨʝʩʫʨʩʳ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʳ. ʆʜʥʘʢʦ ʚʦʜʥʘʷ 

ʩʨʝʜʘ ʟʘʛʨʷʟʥʷʝʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʠ ʩʙʨʦʩʦʤ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʤʤʘʨʥʦʝ 

ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 200 ʤʣʥ ʤ
3
/ʛʦʜ, ʧʨʠʯʝʤ ʥʘ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʝ ʥʫʞʜʳ ʪʨʘʪʠʪʩʷ ʙʦʣʝʝ 120 ʤʣʥ ʤ
3
, ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ï ʦʢʦʣʦ 70 ʤʣʥ ʤ
3
. ʅʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʯʸʪʝ ʩʦʩʪʦʷʪ ʙʦʣʝʝ 

700 ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʉʘʤʳʤʠ ʢʨʫʧʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʚʦʜʳ ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ, ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ï ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʟʘʪʝʤ ï ʧʨʝʜʧʨʠʷʪʠʷ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʡ 

ʠ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ ʦʪʨʘʩʣʝʡ. ʀʟ ʦʙʱʝʛʦ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠʤʝʨʥʦ 

10% ʩʦʩʪʘʚʣʷʝʪ ʙʝʟʚʦʟʚʨʘʪʥʦʝ, ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʚʦʜʳ ʚʦʟʚʨʘʱʘʝʪʩʷ ʦʙʨʘʪʥʦ, 

ʥʦ ʚ ʜʨʫʛʦʤ ʤʝʩʪʝ ʠ ʜʨʫʛʦʛʦ ʢʘʯʝʩʪʚʘ. ʆʙʲʸʤ ʩʙʨʦʩʘ ʚ ʨʝʢʠ ʟʘʛʨʷʟʥʸʥʥʳʭ 

ʩʪʦʢʦʚ ʜʦʩʪʠʛʘʝʪ 500-600 ʤʣʥ ʤ
3
/ʛʦʜ. ʆʩʥʦʚʥʦʡ ʩʙʨʦʩ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ ʜʚʫʭ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʟʣʘʭ: ʉʦʣʠʢʘʤʩʢ ï ɹʝʨʝʟʥʠʢʠ ʠ 

ʇʝʨʤʴ ï ʂʨʘʩʥʦʢʘʤʩʢ. ʆʥʠ ʩʙʨʘʩʳʚʘʶʪ ʚ ʩʨʝʜʥʝʤ 90% ʚʩʝʭ ʩʦʣʝʡ, 75% 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 86% ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ, 68% ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, 88% 

ʬʝʥʦʣʦʚ, 100% ʘʥʠʣʠʥʘ, ʥʠʪʨʦʙʝʥʟʦʣʘ, ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʟ ʦʙʱʝʛʦ 

ʦʙʲʸʤʘ ʟʘʛʨʷʟʥʸʥʥʳʭ ʩʙʨʦʩʦʚ 25% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʣʝʩʥʫʶ, 

ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʫʶ ʠ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʫʶ ʦʪʨʘʩʣʠ, 20% ʥʘ ʞʠʣʠʱʥʦ-

ʢʦʤʤʫʥʘʣʴʥʫʶ, 20% ʥʘ ʭʠʤʠʯʝʩʢʫʶ ʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʫʶ, 8% ʥʘ ʮʚʝʪʥʫʶ 

ʤʝʪʘʣʣʫʨʛʠʶ (ʚ ʪʦʤ ʯʠʩʣʝ ʜʦʙʳʯʘ ʘʣʤʘʟʦʚ ʠ ʟʦʣʦʪʘ) [1]. 

ʆʩʥʦʚʥʳʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʚʦʜ ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ, 

ʪʦʢʩʠʯʥʳʝ ʜʣʷ ʦʙʠʪʘʪʝʣʝʡ ʚʦʜʥʦʡ ʩʨʝʜʳ: ʩʦʝʜʠʥʝʥʠʷ ʤʳʰʴʷʢʘ, ʩʚʠʥʮʘ, 

ʢʘʜʤʠʷ, ʨʪʫʪʠ ʭʨʦʤʘ, ʤʝʜʠ, ʬʪʦʨʘ. ɺ ʂʘʤʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʚ ʨʘʡʦʥʝ 

ʉʦʣʠʢʘʤʩʢʦ-ɹʝʨʝʟʥʠʢʦʚʩʢʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʫʟʣʘ, ʩʨʝʜʥʝʛʦʜʦʚʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʝʚʳʰʘʶʪ ʇɼʂ ʧʦ ʤʝʜʠ ʠ ʬʝʥʦʣʘʤ ʚ ʜʚʘ ʨʘʟʘ, ʧʦ ʤʘʨʛʘʥʮʫ ʚ 

ʜʝʚʷʪʴ ʨʘʟ, ʧʦ ʞʝʣʝʟʫ ʚ ʚʦʩʝʤʴ ʨʘʟ. ɺ ɺʦʪʢʠʥʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʚ ʨʘʡʦʥʝ 

ʇʝʨʤʩʢʦ-ʂʨʘʩʥʦʢʘʤʩʢʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʫʟʣʘ, ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʨʝʚʳʰʘʶʪ ʇɼʂ ʧʦ ʤʝʜʠ ʚ ʪʨʠ ʨʘʟʘ, ʧʦ ʤʘʨʛʘʥʮʫ ʚ ʜʝʩʷʪʴ ʨʘʟ, ʧʦ ʞʝʣʝʟʫ ʚ 

ʯʝʪʳʨʝ ʨʘʟʘ. ʂ ʠʩʪʦʯʥʠʢʘʤ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʤʫʥʘʣʴʥʳʝ ʫʩʣʫʛʠ. ʀʭ ʩʙʨʦʩ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 50% ʦʪ 

ʦʙʱʝʡ ʤʘʩʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʉʨʝʜʠ ʥʠʭ ʙʦʣʴʰʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ 

ʆʆʆ òʇʝʨʤʚʦʜʦʢʘʥʘʣò ï ʙʦʣʝʝ 300 ʪʳʩ. ʪ. ʉʨʘʚʥʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜʦʝʤʦʚ (ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ) ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʠ ʈʌ ʧʦ ʧʨʦʮʝʥʪʥʦʤʫ 

ʩʦʜʝʨʞʘʥʠʶ ʚ ʥʠʭ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʙ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1 ʠ 2. ʆʥʦ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦ ʠʪʦʛʘʤ 2009 ʛ. ʧʨʦʮʝʥʪ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʙ ʧʦ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʦʩ ʠ ʩʦʩʪʘʚʠʣ 23%, ʘ ʧʦ 

ʩʘʥʠʪʘʨʥʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʩʥʠʟʠʣʩʷ ʠ ʩʦʩʪʘʚʠʣ 24,5% ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʚʦʜʦʝʤʘʤʠ ʈʌ. ɺ ʜʠʥʘʤʠʢʝ ʩ 2005 ʧʦ 2009 ʛʛ. ʦʪʤʝʯʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʙ ʧʦ ʩʘʥʠʪʘʨʥʦ-

ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ (ʨʠʩ.2). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʚʝʜʝʥʠʝʤ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ 
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ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʧʦ ʟʘʱʠʪʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ: ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʛʦʨʦʜʘʭ 

ʂʨʘʩʥʦʚʠʰʝʨʩʢʝ, ʏʘʡʢʦʚʩʢʦʤ, ʂʫʥʛʫʨʝ, ʂʘʨʘʛʘʡʩʢʦʤ ʠ ɹʘʨʜʳʤʩʢʦʤ ʨʘʡʦʥʘʭ. 

 
ʈʠʩ.1.ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʚʦʜʦʝʤʦʚ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ ʧʦ ʩʘʥʠʪʘʨʥʦ-ʭʠʤʠʯʝʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʟʘ 2000-2009 ʛʛ. (% ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʙ) 
 

 
ʈʠʩ. 2. ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʚʦʜʦʝʤʦʚ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ ʧʦ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʟʘ 2000-2009 ʛʛ. (% ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʙ) 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʝʤʦʚ (ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ) 

ʢʨʘʷ ʠ ʛʦʨʦʜʘ ʇʝʨʤʠ ʧʦ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʠ ʩʘʥʠʪʘʨʥʦ-ʭʠʤʠʯʝʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫʜʝʣʴʥʳʡ ʚʝʩ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʙ ʚʦʜʳ ʧʦ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʭʦʪʷ ʠ ʩʥʠʟʠʣʩʷ ʚ 1,4 ʨʘʟʘ, ʥʦ ʦʪʤʝʯʘʝʪʩʷ 

ʩʪʦʡʢʦʝ ʧʨʝʚʳʰʝʥʠʝ ʩʨʝʜʥʝʢʨʘʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʉʘʥʠʪʘʨʥʦ-ʭʠʤʠʯʝʩʢʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʳ ʛʦʨʦʜʩʢʠʭ ʚʦʜʦʝʤʦʚ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ (ʚ ʩʨʝʜʥʝʤ ʚ 2 

ʨʘʟʘ) ʩʨʝʜʥʝʢʨʘʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺʳʩʦʢʠʡ ʫʜʝʣʴʥʳʡ ʚʝʩ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʙ 

ʚʦʜʳ ʧʦ ʩʘʥʠʪʘʨʥʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʚʦʜʦʝʤʦʚ ʦʙʫʩʣʦʚʣʝʥ 

ʞʝʩʪʢʦʩʪʴʶ ʚʦʜʳ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʝʡ ʞʝʣʝʟʘ. ɺ ʚʦʜʝ 

ʦʪʢʨʳʪʳʭ ʚʦʜʦʝʤʦʚ ʝʞʝʛʦʜʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦʟʙʫʜʠʪʝʣʠ ʧʘʨʘʟʠʪʘʨʥʦʡ 

ʧʨʠʨʦʜʳ, ʦʧʘʩʥʳʝ ʜʣʷ ʯʝʣʦʚʝʢʘ.  

ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʠʩʪʦʯʥʠʢʘʭ ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʛ. ʇʝʨʤʠ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 2 ʛʨʫʧʧ ʬʘʢʪʦʨʦʚ: ʧʨʠʨʦʜʥʳʭ ʠ 

ʪʝʭʥʦʛʝʥʥʳʭ. ʇʨʠʨʦʜʥʳʝ ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪ ʛʝʥʝʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜʳ, ʘ 

ʪʝʭʥʦʛʝʥʥʳʝ ʤʦʛʫʪ ʝʛʦ ʠʟʤʝʥʠʪʴ ʣʠʙʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ (ʠʟʤʝʥʷʝʪʩʷ 
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ʢʦʥʮʝʥʪʨʘʮʠʷ), ʣʠʙʦ ʢʘʯʝʩʪʚʝʥʥʦ (ʠʟʤʝʥʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ). 

ʆʩʥʦʚʥʳʤʠ ʧʦʩʪʘʚʱʠʢʘʤʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʜʣʷ ʞʠʪʝʣʝʡ ʛ.ʇʝʨʤʠ ʷʚʣʷʶʪʩʷ 

ʏʫʩʦʚʩʢʦʡ ʠ ɹʦʣʴʰʝʢʘʤʩʢʠʡ ʚʦʜʦʟʘʙʦʨʳ. ʉʨʘʚʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʧʠʪʴʝʚʦʡ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʨʘʟʚʦʜʷʱʫʶ ʩʝʪʴ, ʧʦʟʚʦʣʠʣʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʚʦʜʘ ʨ. ʂʘʤʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʦʡ ʞʝʩʪʢʦʩʪʴʶ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, 

ʦʜʥʘʢʦ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ (ʉʇɸɺ, ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ) ʚ ʥʝʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʚʦʜʘʭ ʨ. ʏʫʩʦʚʦʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʤʘʨʛʘʥʮʘ ʠ ʞʝʣʝʟʘ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʚʦʜʝ ʏʫʩʦʚʩʢʦʛʦ 

ʚʦʜʦʟʘʙʦʨʘ. ʉʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʩʝʟʦʥʘʤ ʛʦʜʘ. ɺ ʤʘʨʪʝ ï 

ʘʧʨʝʣʝ ʦʥʦ ʤʘʢʩʠʤʘʣʴʥʦ, ʘ ʚ ʩʝʥʪʷʙʨʝ ï ʤʠʥʠʤʘʣʴʥʦ. ʈʘʩʪʚʦʨʝʥʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʙʦʣʴʰʝ ʚ ʚʦʜʘʭ ʨ. ʏʫʩʦʚʦʡ, ʘ ʦʢʠʩʣʷʝʤʦʩʪʴ ʚʳʰʝ ʫ ʚʦʜʳ ʠʟ ʨ. 

ʂʘʤʳ; ɹʇʂ5 ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ. 

ɺʦʜʘ ʏʫʩʦʚʩʢʦʛʦ ʚʦʜʦʟʘʙʦʨʘ ʚ ʩʠʩʪʝʤʝ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʙʦʣʴʰʠʤʠ ʫʨʦʚʥʷʤʠ ʦʩʪʘʪʦʯʥʦʛʦ ʠ ʩʚʦʙʦʜʥʦʛʦ ʭʣʦʨʘ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʫʜʘʣʝʥʥʦʩʪʴʶ ʚʦʜʦʟʘʙʦʨʘ ʦʪ ʦʩʥʦʚʥʳʭ ʞʠʣʳʭ ʢʚʘʨʪʘʣʦʚ ʛʦʨʦʜʘ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʧʠʪʴʝʚʳʭ ʚʦʜ. ɺ 

ʪʘʙʣʠʮʘʭ 1 ʠ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ 

ʢʘʯʝʩʪʚʦʤ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʠ ʚʦʜʦʧʨʦʚʦʜʥʦʡ 

(ʢʦʤʤʫʥʘʣʴʥʦʡ) ʠ ʚʝʜʦʤʩʪʚʝʥʥʦʡ ʩʝʪʷʭ. ʆʮʝʥʢʘ ʧʨʦʚʝʜʝʥʘ ʧʦ ʧʨʦʮʝʥʪʥʦʤʫ 

ʩʦʜʝʨʞʘʥʠʶ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʙ.  

ʊʘʙʣʠʮʘ 1 ï ʂʘʯʝʩʪʚʦ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʧʦ ʧʨʦʮʝʥʪʫ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʙ 

ʄʝʩʪʦ ʦʪʙʦʨʘ ʧʨʦʙ 
ʉʘʥʠʪʘʨʥʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʛʦʜʘʤ 

1996 1997 1998 1999 2000 2001 2002 2003 2004 

ʀʩʪʦʯʥʠʢʠ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛ

ʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

14,8 25,5 21,1 21,2 35 32,6 31,3 - - 

ɺʦʜʦʧʨʦʚʦʜʥʘʷ 

ʩʝʪʴ 
32,2 42,4 33,8 27,7 25,4 26,4 35,2 28 11,6 

ʄʝʩʪʦ ʦʪʙʦʨʘ ʧʨʦʙ 
ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʛʦʜʘʤ 

1996 1997 1998 1999 2000 2001 2002 2003 2004 

ʀʩʪʦʯʥʠʢʠ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛ

ʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

23,5 11,0 19,0 9,4 18,4 17,3 14,2 - - 

ɺʦʜʦʧʨʦʚʦʜʥʘʷ 

ʩʝʪʴ 
3,0 4,2 3,2 4,3 3,5 3,2 2,3 2,0 1,3 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʮʝʥʪ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʙ ʧʦ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʚ 2ï7 ʨʘʟ 

ʚʳʰʝ, ʯʝʤ ʚ ʚʦʜʦʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʙ 

ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʚ ʚʦʜʝ ʧʦʣʠʬʘʛʦʚ, ʨʦʪʘʚʠʨʫʩʦʚ, ʘʥʪʠʛʝʥʦʚ ʛʝʧʘʪʠʪʘ çɸè, 

ʷʡʮʘ ʘʩʢʘʨʠʜ, ʪʦʢʩʦʢʘʨʳ, ʣʠʯʠʥʢʠ ʢʠʰʝʯʥʦʡ ʫʛʨʠʮʳ, ʮʠʩʪʳ ʣʷʙʣʠʠ, ʘʤʝʙʳ 

ʜʠʟʝʥʪʝʨʠʡʥʦʡ ʠ ʢʨʠʧʪʦʩʧʦʨʠʜʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʭʣʦʨʠʨʦʚʘʥʠʝ ʚʦʜʳ ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʝ ʛʝʣʴʤʠʥʪʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʦ ʩʘʥʠʪʘʨʥʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʦʮʝʥʪ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʙ ʚ 

ʚʦʜʦʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʪʦʯʥʠʢʘʤʠ 

ʮʝʥʪʨʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʚ 1,3-2 ʨʘʟʘ, ʧʨʠ ʵʪʦʡ ʧʨʷʤʦʡ 
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ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʧʦ ʠʩʪʦʯʥʠʢʘʤ ʚʟʷʪʠʷ ʧʨʦʙ ʥʝ ʦʪʤʝʯʝʥʦ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʮʝʥʪʘ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʙ ʚ ʩʝʪʷʭ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʨʘʟʚʦʜʷʱʠʭ ʩʝʪʝʡ ʚ ʚʠʜʫ 

ʠʭ ʠʟʥʦʰʝʥʥʦʩʪʠ, ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʡ ʣʠʢʚʠʜʘʮʠʝʡ ʘʚʘʨʠʡ ʥʘ ʚʦʜʦʧʨʦʚʦʜʘʭ, 

ʥʠʟʢʠʝ ʯʘʩʪʦʪʘ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʥʘ ʩʠʩʪʝʤʘʭ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʪʦʨʠʯʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʧʠʪʴʝʚʦʡ ʚʦʜʳ, 

ʧʦʜʘʚʘʝʤʦʡ ʥʘʩʝʣʝʥʠʶ. ɺ ʢʘʯʝʩʪʚʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʚ ʧʦʣʴʟʫ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ 

ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʜʘʥʥʳʝ ʧʦ 2004 ʛ. ɺ ʵʪʦʤ ʛʦʜʫ ʚ 30% ʛʦʨʦʜʩʢʠʭ ʩʠʩʪʝʤ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʧʦ ʟʘʤʝʥʝ 

ʩʪʘʨʳʭ ʪʨʫʙ ʥʘ ʥʦʚʳʝ ʧʣʘʩʪʠʢʦʚʳʝ ʪʨʫʙʳ ʧʦʜʘʯʠ ʚʦʜʳ ʧʦʪʨʝʙʠʪʝʣʶ, ʧʦʵʪʦʤʫ 

ʨʝʟʢʦ ʩʥʠʟʠʣʠʩʴ ʧʦʢʘʟʘʪʝʣʠ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʙ. 

ɸʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ɹʦʣʴʰʝʢʘʤʩʢʦʛʦ ʠ ʏʫʩʦʚʩʢʦʛʦ 

ʚʦʜʦʟʘʙʦʨʦʚ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʙʦʣʝʝ 50 ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʄʥʦʛʠʝ 

ʠʥʛʨʝʜʠʝʥʪʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʠʞʝ ʜʦʧʫʩʪʠʤʳʭ ʥʦʨʤ, ʦʜʥʘʢʦ 

ʠʭ ʢʦʤʧʣʝʢʩʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʟʳʚʘʝʪ ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʙʘʭ ʚʳʷʚʣʷʶʪʩʷ ʦʩʪʘʪʦʯʥʳʡ ʘʣʶʤʠʥʠʡ, ʞʝʣʝʟʦ, ʤʘʨʛʘʥʝʮ, 

ʦʙʱʘʷ ʞʝʩʪʢʦʩʪʴ, ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʳʰʝ ʇɼʂ. 

ʊʘʙʣʠʮʘ 2 ï ʂʘʯʝʩʪʚʦ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ ʧʦ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʤ ʠ 

ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ (ʧʨʦʮʝʥʪ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʙ) 

ɻʦʜ 
ʂʦʤʤʫʥʘʣʴʥʳʝ ʚʦʜʦʧʨʦʚʦʜʳ  ɺʝʜʦʤʩʪʚʝʥʥʳʝ ʚʦʜʦʧʨʦʚʦʜʳ 

ɹʘʢʪʝʨʠʘʣʴʥʳʡ  ʍʠʤʠʯʝʩʢʠʡ  ɹʘʢʪʝʨʠʘʣʴʥʳʡ  ʍʠʤʠʯʝʩʢʠʡ  

1992 2,1 15,5 3,9 18,3 

1993 3,1 24,0 5,2 22,0 

1994 4,5 25,0 4,3 20,1 

1995 4,8 21,7 6,7 43,7 

1996 3,2 32,2 5,3 46,0 

1997 3,8 43,0 5,2 20,1 

1998 3,1 36,1 3,8 14,9 

1999 4,2 26,7 5,0 36 

2000 2,7 27,4 8,9 24,1 

2001 3,1 26,6 4,1 37,5 

2002 2,1 33,6 2,9 26,8 

 

ʃʠʪʝʨʘʪʫʨʘ 
1. ɼʚʠʥʩʢʠʭ ʉ.ɸ., ʂʠʪʘʝʚ ɸ.ɹ. ʅʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚ ʇʝʨʤʩʢʦʤ ʢʨʘʝ / 

ɻʝʦʛʨʘʬʠʯʝʩʢʠʡ ʚʝʩʪʥʠʢ. ʇʝʨʤʴ: ʇʝʨʤ.ʥʘʮ.ʠʩʩʣ.ʫʥ-ʪ, 2014. ˉ3(30). ʉ.54-59.  
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ɻʀɼʈʆʍʀʄʀʏɽʉʂʆɽ ʀ ɻʀɼʈʆɹʀʆʃʆɻʀʏɽʉʂʆɽ ʉʆʉʊʆʗʅʀɽ 

ʋʏɸʉʊʂʆɺ ɺ ʈʈ. ɾɸʁʓʂ ʀ ʂʀɻɸʐ ɺ ʈɸʁʆʅɸʍ ɺʆɿʄʆɾʅʆɻʆ 

ɿɸɻʈʗɿʅɽʅʀʗ ʊʗɾɽʃʓʄʀ ʄɽʊɸʃʃɸʄʀ  

ɻ.ʊ. ɼʝʤʝʩʠʥʦʚʘ, ɾ. ɸʙʣʘʢʠʤ 

ɸʪʳʨʘʫʩʢʠʡ ʬʠʣʠʘʣ ʂʘʟʘʭʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ (ɸʪʌ ʂʘʟʅʀʀʈʍ), ʂʘʟʘʭʩʪʘʥ 

azeka65@mail.ru 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʩʥʠʞʝʥʠʝ ʚʨʝʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ 

ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʠ ʪʝʤʧʦʚ ʜʝʛʨʘʜʘʮʠʠ ʚʦʜʦʝʤʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɺ ʕʢʦʣʦʛʠʯʝʩʢʦʤ ʂʦʜʝʢʩʝ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʮʝʣʳʡ ʨʘʟʜʝʣ 

ʧʦʩʚʷʱʝʥ ʤʦʥʠʪʦʨʠʥʛʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚʢʣʶʯʘʷ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʩʪʨʘʥʳ. 

ʊʘʢʦʡ ʠʥʪʝʨʝʩ ʢ ʤʦʥʠʪʦʨʠʥʛʫ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝ ʩʣʫʯʘʝʥ, ʪ. ʢ. ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʧʨʦʙʣʝʤʳ ʯʠʩʪʦʡ ʚʦʜʳ ʠ ʦʭʨʘʥʳ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ 

ʙʦʣʝʝ ʦʩʪʨʳʤʠ ʠ ʛʣʦʙʘʣʴʥʳʤʠ. ɺ ʨʝʩʧʫʙʣʠʢʝ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʚʩʝʤʝʩʪʥʳʝ 

ʪʨʫʜʥʦʩʪʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʚʩʣʝʜʩʪʚʠʝ 

ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʩʪʦʱʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʩ ʟʘʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʭʦʜʘ ʨʝʯʥʦʛʦ ʩʪʦʢʘ, ʙʝʟʚʦʟʚʨʘʪʥʳʤ 

ʟʘʙʦʨʦʤ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʚʦʜʳ ʠ ʟʘʛʨʷʟʥʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʩʪʨʘʥʳ. 

ʉʘʤʳʝ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʜʣʷ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʫʞʜ ʧʦ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʤ 

ʢʨʠʪʝʨʠʷʤ, ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʛʠʜʨʦʙʠʦʥʪʦʚ, ʙʝʥʪʦʩʥʳʭ 

ʩʦʦʙʱʝʩʪʚ ʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ [1,2]. 

ɹʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʟʦʥʳ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʟʘʛʨʷʟʥʝʥʠʡ 

ʚʦʟʥʠʢʘʶʪ ʚ ʤʝʩʪʘʭ ʘʢʪʠʚʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ɸʥʪʨʦʧʦʛʝʥʥʳʝ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʚʠʜʦʚ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʦʩʪʴʶ 

ʠʩʪʦʯʥʠʢʦʚ [3]. 

ʉʨʝʜʠ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʦʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ 

ʟʘʥʠʤʘʶʪ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʞʠʚʳʝ 

ʦʨʛʘʥʠʟʤʳ ʠ ʧʘʛʫʙʥʦ ʚʣʠʷʶʱʠʝ 

ɺ 2015 ʛʦʜʫ ɸʪʳʨʘʫʩʢʠʡ ʬʠʣʠʘʣ ʊʆʆ "ʂʘʟʅʀʀʈʍ" ʧʦʜʛʦʪʦʚʠʣ ʪʨʝʭ 

ʣʝʪʥʠʡ ʧʨʦʝʢʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʘʢʦʧʣʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʪʢʘʥʷʭ ʨʳʙ ʠ 

ʢʦʨʤʦʚʳʭ ʦʙʲʝʢʪʦʚ. ʈʘʙʦʪʳ ʥʘʯʘʣʠʩʴ ʩ ʤʦʥʠʪʦʨʠʥʛʘ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠ 

ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʨ. ɾʘʡʳʢ ʠ ʂʠʛʘʰ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʪʝʨʠʘʣ ʧʦ ʛʠʜʨʦʭʠʤʠʠ, ʟʦʦʧʣʘʥʢʪʦʥʫ ʠ ʟʦʦʙʝʥʪʦʩʫ ʩʦʙʨʘʥʥʳʡ 

ʚʝʩʥʦʡ 2015 ʛ. ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ. ɺ ʨʝʢʝ ɾʘʡʳʢ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʪʘʥʮʠʷʭ: ɹʫʛʦʨʢʠ, 7 ʧʦʩʪ ʠ ʅʠʞʥʷʷ-ɼʘʤʙʘ, ʚ ʨʝʢʝ ʂʠʛʘʰ - ʥʘ 

ʩʪʘʥʮʠʷʭ ʇʝʩʦʢ ʠ ʂʘʤʳʰʠʥʢʘ [4]. 

ɺ ʭʦʜʝ ʧʦʣʝʚʳʭ ʚʳʝʟʜʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ: ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʛʣʫʙʠʥʘ. ʆʪʙʠʨʘʣʠʩʴ 

ʧʨʦʙʳ ʚʦʜʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʢʩʠʢʘʥʪʦʚ (ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ). 
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ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʚʢʣʶʯʘʣʠ ʚʩʝʛʦ 8 ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ: 

ʙʠʦʛʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʘʟʦʪ ʘʤʤʦʥʠʡʥʳʡ, ʥʠʪʨʘʪʳ, ʥʠʪʨʠʪʳ), ʦʙʱʘʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʧʝʨʤʘʥʛʘʥʘʪʥʘʷ ʦʢʠʩʣʷʝʤʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ, 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʨʅ ʚʦʜʳ (ʪʘʙʣʠʮʘ 1).  

ʊʘʙʣʠʮʘ 1 ï ʉʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʚʦʜʝ ʨ. ɾʘʡʳʢ 

ʚʝʩʥʦʡ 2015 ʛ.  
ɼʘʪʘ ʉʪʘʥʮʠʠ 

ʠʩʩʣʝʜʦʚ

ʘʥʠʡ 

ʨʅ ʈʘʩʪʚʦʨʝ

ʥʥʳʡ 

ʢʠʩʣʦʨʦʜ

, ɹʇʂ5, 

ʤʛ/ʜʤ
3
 

 

 

ʉʆ2, 

ʤʛ/ʜʤ
3
 

ɹʠʦʛʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʤʛ/ʜʤ
3
 

ʇʝʨʤʘʥʛʘ

ʥʘʪʥʘʷ 

ʦʢʠʩʣʷʝ 

ʤʦʩʪʴ 

ʤʛʆ/ʜʤ
3
 

ʆʙʱʘʷ 

ʤʠʥʝʨʘʣʠ

ʟʘʮʠʷ, 

ʤʛ/ʜʤ
3
 

NH4 NO2 NO3 

31.03 ɹʫʛʦʨʢʠ 7,0 7,8 

2,0 

0,5 0,91 0,004 0,044 4,18 480,0 

01.04 ʅʠʞʥʷʷ 

ɼʘʤʙʘ 

7,0 11,6 

4,3 

0,4 0,24 0,07 0,088 4,0 420,0 

01.04 7 ʧʦʩʪ 6,8 9,9 

2,4 

0,5 0,33 0,078 0,066 4,1 400,0 

ʉʨʝʜʥʝʝ 7,0 9,7 

2,9 

0,5 0,49 0,05 0,066 4,1 433,0 

ɺ ʨ. ɾʘʡʳʢ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ ʢʠʩʣʦʨʦʜʘ ʙʳʣʦ 

ʜʦʩʪʘʪʦʯʥʦ. ɽʛʦ ʧʦʢʘʟʘʪʝʣʠ ʚʘʨʴʠʨʦʚʘʣʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 7,8 ʤʛ/ʜʤ3 ʜʦ 11,6 

ʤʛ/ʜʤ3. ʅʘ ʩʪʘʥʮʠʠ "ɹʫʛʦʨʢʠ" ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʝʚʳʰʝʥʠʝ ʘʤʤʦʥʠʡʥʦʛʦ ʘʟʦʪʘ 

ʧʦʯʪʠ ʚ 2 ʨʘʟʘ. ʇʦ ʦʩʪʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ ʥʝ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ. ɺ ʨ.ʂʠʛʘʰ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʪʘʢʞʝ ʙʳʣʦ ʚ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʝʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ (ʪʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2 ï ʉʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʚʦʜʝ ʨ.ʂʠʛʘʰ ʟʘ 

ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ 2015 ʛ.  
ɼʘʪʘ ʉʪʘʥʮʠʠ 

ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ 

ʨʅ ʈʘʩʪʚʦʨʝʥʥʳʡ 

ʢʠʩʣʦʨʦʜ, 

ɹʇʂ5, 

ʤʛ/ʜʤ
3
 

ʉʆ2, 

ʤʛ/ʜʤ
3
 

ɹʠʦʛʝʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, 

ʤʛ/ʜʤ
3
 

ʇʝʨʤʘʥʛʘʥʘʪ-

ʥʘʷ ʦʢʠʩʣʷʝ 

ʤʦʩʪʴ 

ʤʛʆ/ʜʤ
3
 

ʆʙʱʘʷ 

ʤʠʥʝʨʘʣʠʟʘ-

ʮʠʷ, 

ʤʛ/ʜʤ
3
 NH4 NO2 NO3 

07.05 ʇʝʩʦʢ 6,8 9,3 

2,5 

0,45 0,16 0,042 5,3 8,9 420,0 

07.05 ʂʘʤʳʰʠʥʢʘ 6,8 7,3 

2,0 

0,5 0,15 0,03 4,43 8,7 400,0 

ʉʨʝʜʥʝʝ 6,8 8,3 

2,25 

0,47 0,155 0,036 4,86 8,8 410,0 

ɿʦʦʧʣʘʥʢʪʦʥ ʨ. ɾʘʡʳʢ ʚ 2015 ʛ. ʬʦʨʤʠʨʫʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, 3 ʛʨʫʧʧʘʤʠ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ. ɺ ʢʘʯʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ ʟʦʦʧʣʘʥʢʪʦʥʘ ʟʘ ʚʝʩʝʥʥʠʡ 

ʧʝʨʠʦʜ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʪʘʥʮʠʷʭ ʥʘʩʯʠʪʳʚʘʣʦʩʴ ʚʩʝʛʦ 15 ʪʘʢʩʦʥʦʚ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ. ɺ ʩʦʩʪʘʚ ʠʩʪʠʥʥʳʭ ʧʣʘʥʢʪʸʨʦʚ ʚʭʦʜʠʣʠ ʩʣʝʜʫʶʱʠʝ: 

ʢʦʣʦʚʨʘʪʢʠ ï 8 ʪʘʢʩʦʥʦʚ, ʚʝʪʚʠʩʪʦʫʩʳʝ ʨʘʯʢʠ ï 3, ʚʝʩʣʦʥʦʛʠʝ- 4. ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʜʳ ʚ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ ʚ ʩʨʝʜʥʝʤ ʙʳʣʘ ʨʘʚʥʘ 14,7
ʦ
ʉ. ʇʨʦʟʨʘʯʥʦʩʪʴ ʚʦʜʳ 

ʠʟ-ʟʘ ʥʘʯʘʚʰʝʛʦʩʷ ʧʘʚʦʜʢʘ ʙʳʣʘ ʥʠʟʢʦʡ ʠ ʥʝ ʧʨʝʚʳʰʘʣʘ 0,2ʤ, ʛʣʫʙʠʥʳ 

ʜʦʭʦʜʠʣʠ ʜʦ 5,2 ʤ. 
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ʈʦʪʠʬʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ ʩʣʝʜʫʶʱʠʤʠ 

ʚʠʜʘʤʠ: Asplanchna priodonta, Brachionus calyciflorus, Notolca acuminata. 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʤʝʣʠ ʢʦʣʦʚʨʘʪʢʠ Brachionus quadridentatus. ɺ 

ʦʩʥʦʚʝ ʢʣʘʜʦʮʝʨ ʙʳʣʠ Bosmina longirostris, Moina brachiata. ɺ ʦʩʥʦʚʝ 

ʢʦʧʝʧʦʜʠʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʤʠʥʠʨʦʚʘʣʠ Cyclops kolensis. 

ʉʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ ʟʦʦʧʣʘʥʢʪʦʥʘ ʟʘ ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʧʝʨʠʦʜ ʚ 

ʨ. ɾʘʡʳʢ ʩʦʩʪʘʚʣʷʣʘ 10,97 ʪʳʩ. ʵʢʟ./ʤ
3
, ʘ ʩʨʝʜʥʷʷ ʙʠʦʤʘʩʩʘ 134,1 ʤʛ/ʤ

3
. ʇʦ 

ʯʠʩʣʝʥʥʦʩʪʠ ʜʦʤʠʥʠʨʦʚʘʣʠ ʢʦʣʦʚʨʘʪʢʠ - 6,82 ʪʳʩ. ʵʢʟ./ʤ
3
. ʇʦ ʙʠʦʤʘʩʩʝ 

ʜʦʤʠʥʘʥʪʘʤʠ ʙʳʣʠ ʚʝʪʚʠʩʪʦʫʩʳʝ ʨʘʯʢʠ ʟʘ ʩʯʝʪ ʢʨʫʧʥʳʭ ʬʦʨʤ ʙʦʩʤʠʥ. 

ɹʠʦʤʘʩʩʘ ʚʝʪʚʠʩʪʦʫʩʳʭ ʩʦʩʪʘʚʠʣʘ 49,88 ʤʛ/ʤ
3
. ʉʫʙʜʦʤʠʥʘʥʪʘʤʠ ʧʦ ʙʠʦʤʘʩʩʝ 

ʷʚʣʷʣʠʩʴ ʢʦʣʦʚʨʘʪʢʠ - 46,36 ʤʛ/ʤ
3
. ʀʭ ʤʘʩʩʘ ʜʦʩʪʠʛʘʣʘʩʴ ʟʘ ʩʯʝʪ ʢʨʫʧʥʦʡ 

ʢʦʣʦʚʨʘʪʢʠ ʘʩʧʣʘʥʭʥʳ (ʪʘʙʣʠʮʘ 3). 

ʊʘʙʣʠʮʘ 3 - ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʛʨʫʧʧ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚ ʥʠʟʦʚʴʷʭ 

ʨ ɾʘʡʳʢ ʧʦ ʩʪʘʥʮʠʷʤ ʚʝʩʥʦʡ 2015 ʛ. 
ʉʪʘʥʮʠʠ ʦʪʙʦʨʘ ʂʦʣʦʚʨʘʪʢʠ ɺʝʪʚʠʩʪʦʫʩʳʝ ɺʝʩʣʦʥʦʛʠʝ ɺʩʝʛʦ 

ʏ ɹ ʏ ɹ ʏ ɹ ʏ ɹ 

ɹʫʛʦʨʢʠ 9,18 46,43 1,02 14,28 1,53 24,53 11,73 85,24 

ʅʠʞʥʷʷ ɼʘʤʙʘ 4,64 22,55 2,0 45,12 2,6 35,84 9,24 103,5 

7 ʧʦʩʪ 6,63 70,12 2,65 90,24 2,65 53,1 11,93 213,5 

ʉʨʝʜʥʝʝ: 6,82 46,36 1,89 49,88 2,26 37,82 10,97 134,1 

ʇʨʠʤʝʯʘʥʠʷ: ʯʠʩʣʝʥʥʦʩʪʴ ï ʏ., ʪʳʩ. ʵʢʟ./ʤ
3
; ʙʠʦʤʘʩʩʘ ï ɹ., ʤʛ/ʤ

3
 

ʉʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ ʟʦʦʧʣʘʥʢʪʦʥʘ ʟʘ ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʧʝʨʠʦʜ ʚ ʨ. ʂʠʛʘʰ 

ʩʦʩʪʘʚʣʷʣʘ 16,82 ʪʳʩ. ʵʢʟ./ʤ
3
, ʘ ʩʨʝʜʥʷʷ ʙʠʦʤʘʩʩʘ 285,9 ʤʛ/ʤ

3
. ʇʦ ʯʠʩʣʝʥʥʦʩʪʠ 

ʠ ʙʠʦʤʘʩʩʝ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʛʨʫʧʧʦʡ ʙʳʣʠ ʚʝʩʣʦʥʦʛʠʝ. ɺ ʧʨʦʙʘʭ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʢʘʨʪʠʠ ʩ ʚʳʩʦʢʠʤ ʚʝʩʦʤ. ʀʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʙʳʣʠ ʨʘʚʥʳ 6,23 ʪʳʩ. ʵʢʟ./ʤ
3
 ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʠ 

139,38 ʤʛ/ʤ
3
 ʧʦ ʙʠʦʤʘʩʩʝ. ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʦ ʨʘʟʚʠʪʠʶ ʢʦʣʠʯʝʩʪʚʘ ʵʢʟʝʤʧʣʷʨ 

ʙʳʣʠ ʢʦʣʦʚʨʘʪʢʠ (5,96 ʪʳʩ. ʵʢʟ./ʤ
3
), ʘ ʧʦ ʙʠʦʤʘʩʩʝ - ʚʝʪʚʠʩʪʦʫʩʳʝ ʨʘʯʢʠ 

(113,39 ʤʛ/ʤ
3
) (ʪʘʙʣʠʮʘ 4) . 

ʊʘʙʣʠʮʘ 4 - ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʛʨʫʧʧ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚ ʥʠʟʦʚʴʷʭ 

ʨ. ʂʠʛʘʰ ʧʦ ʩʪʘʥʮʠʷʤ ʚʝʩʥʦʡ 2015 ʛ. 
ʉʪʘʥʮʠʠ 

ʦʪʙʦʨʘ 

ʂʦʣʦʚʨʘʪʢʠ ɺʝʪʚʠʩʪʦʫʩʳʝ ɺʝʩʣʦʥʦʛʠʝ ɺʩʝʛʦ 

ʏ ɹ ʏ ɹ ʏ ɹ ʏ ɹ 

ʇʝʩʦʢ 5,9 20,05 4,42 159,23 8,85 206,4 19,17 385,7 

ʂʘʤʳʰʠʥʢʘ 6,03 46,19 4,82 67,55 3,62 72,36 14,47 186,1 

ʉʨʝʜʥʝʝ: 5,96 33,12 4,62 113,39 6,23 139,38 16,82 285,9 

ʇʨʠʤʝʯʘʥʠʷ: ʯʠʩʣʝʥʥʦʩʪʴ ï ʏ., ʪʳʩ. ʵʢʟ./ʤ
3
; ʙʠʦʤʘʩʩʘ ï ɹ., ʤʛ/ʤ

3
 

ɺ ʢʘʯʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ ʟʦʦʙʝʥʪʦʩʘ ʥʠʟʦʚʴʝʚ ʠ ʜʝʣʴʪʳ ʨʝʢʠ ʋʨʘʣ 

ʥʘʩʯʠʪʳʚʘʣʦʩʴ 9 ʪʘʢʩʦʥʦʚ ʜʦʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʪʠʧʫ 

Annelida (ʢʣ. Oligochaeta, Polychaeta) ï 3 ʪʘʢʩʦʥʘ, ʢʣʘʩʩʫ Insecta (ʩʝʤ. 

Chironomidae) ï 1 ʪʘʢʩʦʥʘ, ʢʣʘʩʩʫ Crustacea (ʩʝʤ. Corophiidae, Gammaridae, 

Cumacea) ï 4 ʪʘʢʩʦʥʘ, ʪʠʧʫ Mollusca (ʢʣ. Bivalvia) ï 1 ʪʘʢʩʦʥʘ. ʂʦʣʴʯʘʪʳʝ 

ʯʝʨʚʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤʠ ʚʠʜʘʤʠ: Oligochaeta gen.sp., Hediste 

diversicolor, Hypaniola kowalewskii. ʀʟ ʥʘʩʝʢʦʤʳʭ ʚʩʪʨʝʯʘʣʠʩʴ ʪʦʣʴʢʦ 
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Chironomidae larvae sp.; ʠʟ ʨʘʢʦʦʙʨʘʟʥʳʭ ʚʩʪʨʝʯʘʣʠʩʴ ï Corophium robustum, 

Corophium curvispinum; Dikerogammarus haemobaphes, Pterocuma pectinata; ʠʟ 

ʤʦʣʣʶʩʢʦʚ ï U. Pictorum. 

ʏʠʩʣʝʥʥʦʩʪʴ ʜʦʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʥʘ ʩʪʘʥʮʠʠ ɹʫʛʦʨʢʠ ʩʦʩʪʘʚʣʷʣʘ 

2200 ʵʢʟ./ʤ
2
; ʅʠʞʥʷʷ-ɼʘʤʙʘ 2400 ʵʢʟ./ʤ

2
, ʙʝʟ ʫʯʝʪʘ ʥʝ ʢʦʨʤʦʚʳʭ ʤʦʣʣʶʩʢʦʚ 

2360 ʵʢʟ./ʤ
2
; 7 ʧʦʩʪ 2280 ʵʢʟ./ʤ

2
, ʙʝʟ ʫʯʝʪʘ ʥʝ ʢʦʨʤʦʚʳʭ ʤʦʣʣʶʩʢʦʚ 2240 

ʵʢʟ./ʤ
2
. 

ʇʦʢʘʟʘʪʝʣʠ ʙʠʦʤʘʩʩʳ ʧʦ ʨʘʡʦʥʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʪ. çɹʫʛʦʨʢʠè 

ʩʦʩʪʘʚʣʷʣʘ 21,2 ʛ/ʤ
2
; ʥʘ ʩʪ. çʅʠʞʥʷʷ-ɼʘʤʙʘè 320,4 ʛ/ʤ

2
, ʙʝʟ ʫʯʸʪʘ ʢʨʫʧʥʳʭ ʥʝ 

ʢʦʨʤʦʚʳʭ ʤʦʣʣʶʩʢʦʚ 67,6 ʛ/ʤ
2
; ʥʘ ʩʪç7 ʧʦʩʪè 82,4 ʛ/ʤ

2
, ʙʝʟ ʫʯʸʪʘ ʢʨʫʧʥʳʭ ʥʝ 

ʢʦʨʤʦʚʳʭ ʤʦʣʣʶʩʢʦʚ 72,0 ʛ/ʤ
2
. (ʪʘʙʣʠʮʘ 5). 

ʊʘʙʣʠʮʘ 5 - ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʛʨʫʧʧ ʟʦʦʙʝʥʪʦʩʘ ʚ ʨ. ʋʨʘʣ ʧʦ 

ʩʪʘʥʮʠʷʤ ʚʝʩʥʦʡ 2015 ʛ. 
ʉʪʘʥʮʠʠ ʦʪʙʦʨʘ Vermes Crustacea Insecta Mollusca ɺʩʝʛʦ 

ʏ ɹ ʏ ɹ ʏ ɹ ʏ ɹ ʏ ɹ 

ɹʫʛʦʨʢʠ 1640 12,8 320 3,6 240 4,8 - - 2200 21,2 

ʅʠʞʥʷʷ ɼʘʤʙʘ 480 7,2 1000 12,4 880 48,0 40 252,8 2400/ 

2360 

320,4/ 

67,6 

7 ʇʦʩʪ 1760 66,0 - - 480 6,0 40 10,4 2280/ 

2240 

82,4/ 

72,0 

ʉʨʝʜʥʝʝ: 1293,3 28,6 440 5,33 533,3 58,8 26,6 87,7 2293,3/ 

2266,6 

141,3/ 

53,6 

ʇʨʠʤʝʯʘʥʠʷ: ʯʠʩʣʝʥʥʦʩʪʴ ï ʏ., ʪʳʩ. ʵʢʟ./ʤ
2
; ʙʠʦʤʘʩʩʘ ï ɹ., ʛ/ʤ

2
. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʜʝʣʴʪʳ 

ɺʦʣʛʠ (ʂʫʨʤʘʥʛʘʟʠʥʩʢʠʡ ʨʘʡʦʥ) ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ 2015 ʛʦʜʘ ʥʘʩʯʠʪʳʚʘʣʦʩʴ 

7 ʪʘʢʩʦʥʘ ʜʦʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʯʝʨʚʷʤ (1 ʛʨʫʧʧʘ ʦʣʠʛʦʭʝʪ, 

1 ʛʨʫʧʧʳ ʧʦʣʠʭʝʪ, ʣʠʯʠʥʢʘʤ ʥʘʩʝʢʦʤʳʭ (1 ʛʨʫʧʧʘ ʣʠʯʠʥʦʢ ʭʠʨʦʥʦʤʠʜ ʠ 1 

ʛʨʫʧʧʳ ʨʫʯʝʡʥʠʢʦʚ), ʨʘʢʦʦʙʨʘʟʥʳʤ (1 ʚʠʜ) ʠ ʤʦʣʣʶʩʢʘʤ (2 ʚʠʜʘ) (ʪʘʙʣʠʮʘ 5).  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʨʛʘʥʠʟʤʦʚ ʟʦʦʙʝʥʪʦʩʘ ʙʳʣʦ ʥʝʦʜʥʦʨʦʜʥʳʤ ʠ 

ʢʦʣʝʙʘʣʦʩʴ ʧʦ ʩʪʘʥʮʠʷʤ ʥʘʙʣʶʜʝʥʠʷ: ʩʪ. ʂʘʤʳʰʠʥʢʘ, 1680 ʵʢʟ./ʤ
2
 ʩʪ, ʙʝʟ 

ʫʯʝʪʘ ʥʝ ʢʦʨʤʦʚʳʭ ʤʦʣʣʶʩʢʦʚ 1640 ʵʢʟ./ʤ
2
; ʩʪ.ʇʝʩʦʢ 1640 ʵʢʟ./ʤ

2
, ʙʝʟ ʫʯʝʪʘ ʥʝ 

ʢʦʨʤʦʚʳʭ ʤʦʣʣʶʩʢʦʚ 1560 ʵʢʟ./ʤ
2
 . ʇʦʢʘʟʘʪʝʣʠ ʙʠʦʤʘʩʩʳ ʧʦ ʨʘʡʦʥʫ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʠ ʥʘ ʩʪ çʂʘʤʳʰʠʥʢʘè 48,0 ʛ/ʤ
2
, ʙʝʟ ʫʯʸʪʘ ʢʨʫʧʥʳʭ ʥʝ 

ʢʦʨʤʦʚʳʭ ʤʦʣʣʶʩʢʦʚ 24,0 ʛ/ʤ
2
; ʥʘ ʩʪ. çʇʝʩʦʢè 85,2 ʛ/ʤ

2
, ʙʝʟ ʫʯʸʪʘ ʢʨʫʧʥʳʭ ʥʝ 

ʢʦʨʤʦʚʳʭ ʤʦʣʣʶʩʢʦʚ 62,0 ʛ/ʤ
2
 (ʪʘʙʣʠʮʘ 6). 

ʊʘʙʣʠʮʘ 6 ï ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʛʨʫʧʧ ʟʦʦʙʝʥʪʦʩʘ ʚ ʨ. ʂʠʛʘʰ ʧʦ 

ʩʪʘʥʮʠʷʤ ʚʝʩʥʦʡ 2015 ʛ. 
ʉʪʘʥʮʠʠ 

ʦʪʙʦʨʘ 

Vermes Crustacea Insecta Mollusca ɺʩʝʛʦ 

ʏ ɹ ʏ ɹ ʏ ɹ ʏ ɹ ʏ ɹ 

ʇʝʩʦʢ 480 24,0 760 32,0 320 6,0 80,0 23,2 1640/ 

1560 

85,2/ 

62,0 

ʂʘʤʳʰʠʥʢʘ 800 8,0 - - 840 160 40,0 24,0 1680/ 

1640 

48,0/ 

24,0 

ʉʨʝʜʥʝʝ: 640 16,0 760 32,0 580 83,0 60,0 23,6 1660/ 

1600 

66,6/ 

43,0 

ʇʨʠʤʝʯʘʥʠʷ: ʯʠʩʣʝʥʥʦʩʪʴ ï ʏ., ʪʳʩ. ʵʢʟ./ʤ
2
; ʙʠʦʤʘʩʩʘ ï ɹ., ʛ/ʤ

2
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʧʨʦʩʤʦʪʨʝʥ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʤʘʪʝʨʠʘʣ ʧʦ 

ʛʠʜʨʦʭʠʤʠʠ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʠ ʟʘ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ. ɺ ʚʦʜʝ ʨ. ɾʘʡʳʢ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʧʨʝʚʳʰʝʥʠʝ ʘʤʤʦʥʠʡʥʦʛʦ ʘʟʦʪʘ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʭ ʥʦʨʤ ʚ 2 

ʨʘʟʘ. ʇʨʠʩʫʪʩʪʚʠʝ ʘʤʤʦʥʠʡʥʦʛʦ ʘʟʦʪʘ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʟʘʛʨʷʟʥʝʥʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʩʪʦʢʘʤʠ. ʆʩʥʦʚʫ ʙʠʦʤʘʩʩʳ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚ ʨ. ɾʘʡʳʢ 

ʩʦʟʜʘʚʘʣʠ ʚʝʪʚʠʩʪʦʫʩʳʝ ʨʘʯʢʠ. ʇʦ ʯʠʩʣʝʥʥʦʩʪʠ ʜʦʤʠʥʠʨʦʚʘʣʠ ʢʦʣʦʚʨʘʪʢʠ.  

ɺ ʨ. ʂʠʛʘʰ ʘʙʩʦʣʶʪʥʳʤʠ ʜʦʤʠʥʘʥʪʘʤʠ ʙʳʣʠ ʚʝʪʚʠʩʪʦʫʩʳʝ ʨʘʯʢʠ. 

ʆʩʥʦʚʫ ʢʦʨʤʦʚʦʡ ʙʘʟʳ ʙʝʥʪʦʩʦʷʜʥʳʭ ʨʳʙ ʥʠʟʦʚʴʝʚ ʠ ʜʝʣʴʪʳ ʨʝʢʠ ɾʘʡʳʢ, 

ʂʠʛʘʰ ʩʦʟʜʘʚʘʣʠ ʚʝʩʥʦʡ 2015 ʛ. ʦʣʠʛʦʭʝʪʳ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʣʠʯʠʥʢʠ 

ʭʠʨʦʥʦʤʠʜ, ʷʚʣʷʶʱʠʝʩʷ ʦʩʥʦʚʥʳʤʠ ʢʦʨʤʦʚʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʧʠʪʘʥʠʷ 

ʙʝʥʪʦʩʦʷʜʥʳʭ ʨʳʙ ʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʤʦʣʦʜʠ ʠ ʚʟʨʦʩʣʳʭ ʦʩʝʪʨʦʚʳʭ.  

ɺ ʮʝʣʦʤ, ʨʘʟʚʠʪʠʝ ʢʦʨʤʦʚʦʡ ʙʘʟʳ ʚ ʨʘʡʦʥʝ ʚʦʟʤʦʞʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʙʳʣʦ ʥʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʫʨʦʚʥʝ. 
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ɺʆʇʈʆʉʓ ʃʀʄʅʆʃʆɻʀʀ ɿɸʇɸɼʅʆʁ ʄʆʅɻʆʃʀʀ  

ɸ.ʅ. ɽʛʦʨʦʚ, ʀ.ɺ. ʂʦʩʤʘʢʦʚ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 

ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ ʥʘʭʦʜʠʪʩʷ ʧʷʪʴ 

ʘʡʤʘʢʦʚ ð ɹʘʷʥ-ʋʣʛʠʡ, ʍʦʚʜ, ʋʚʩ, ɿʘʚʭʘʥ, ɻʦʚʴ-ɸʣʪʘʡ (ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ 

ʥʘʟʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʚ ʨʫʩʩʢʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ). ʎʝʥʪʨʦʤ 

ʨʝʛʠʦʥʘ ʷʚʣʷʝʪʩʷ ʛ. ʍʦʚʜ. ɿʘʧʘʜʥʳʝ ʤʦʥʛʦʣʳ ʠʣʠ ʦʡʨʘʪ-ʤʦʥʛʦʣʳ ʦʙʠʪʘʶʪ 

ʚ ɹʘʷʥ-ʋʣʛʠʡ, ʍʦʚʜ ʠ ʋʚʩ. ɿʘʧʘʜʥʘʷ ʄʦʥʛʦʣʠʷ - ʩʘʤʳʡ ʧʦʣʠʵʪʥʠʯʝʩʢʠʡ 

ʨʝʛʠʦʥ ʩʪʨʘʥʳ. ʂʘʟʘʭʠ ʩʦʩʪʘʚʣʷʶʪ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʥʘʩʝʣʝʥʠʷ 

ɹʘʷʥ-ʋʣʛʠʷ. ʂʨʫʧʥʝʡʰʠʝ ʛʦʨʦʜʘ: ʋʣʛʠʡ (29392 ʯʝʣ.), ʍʦʚʜ (29012 

ʯʝʣ.), ʋʣʘʘʥʛʦʤ (27152 ʯʝʣ.), ʋʣʠʘʩʪʘʡ (17468 ʯʝʣ.), ɸʣʪʘʡ (15492 ʯʝʣ.). 30 % 

ʥʘʩʝʣʝʥʠʷ ʨʝʛʠʦʥʘ ʛʦʨʦʞʘʥʝ, ʩʝʣʴʩʢʦʝ ʥʘʩʝʣʝʥʠʝ - 70 %, ʦʙʱʘʷ ʯʠʩʣʝʥʥʦʩʪʴ 

ʥʘʩʝʣʝʥʠʷ 400 ʪʳʩʷʯ ʯʝʣʦʚʝʢ ʠ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʩʦʢʨʘʱʝʥʠʶ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʤʠʛʨʘʮʠʝʡ ʟʘ ʧʨʝʜʝʣʳ ʨʝʛʠʦʥʘ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʋʣʘʥ-ɹʘʪʦʨ), ʘ ʪʘʢʞʝ ʠ ʟʘ 

ʛʨʘʥʠʮʫ (ʨʝʧʘʪʨʠʘʮʠʷ ʢʘʟʘʭʦʚ ʚ ʂʘʟʘʭʩʪʘʥ). ʇʣʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʨʝʛʠʦʥʘ 

ʦʢʦʣʦ 0,85 ʯʝʣʦʚʝʢʘ ʥʘ ʢʤĮ, ʧʨʠ ʵʪʦʤ ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ (1,9 ʯʝʣʦʚʝʢʘ 

ʥʘ ʢʤĮ) ʚ ɹʘʷʥ-ʋʣʛʠʝ, ʘ ʩʘʤʘʷ ʥʠʟʢʘʷ (ʤʝʥʝʝ 0,4 ʯʝʣʦʚʝʢʘ ʥʘ ʢʤĮ) ʚ ɻʦʚʴ-ɸʣʪʘʝ. 

ʅʘ ʩʝʚʝʨʝ ʨʝʛʠʦʥ ʛʨʘʥʠʯʠʪ ʩ ʈʦʩʩʠʝʡ (ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ ʠ ʈʝʩʧʫʙʣʠʢʘ ʊʳʚʘ), 

ʥʘ ʶʛʝ ð ʩ ʂʠʪʘʝʤ (ʉʠʥʴʮʟʷʥ-ʋʡʛʫʨʩʢʠʡ ɸʚʪʦʥʦʤʥʳʡ ʈʘʡʦʥ). ʆʙʱʘʷ 

ʪʝʨʨʠʪʦʨʠʷ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ ʩʦʩʪʘʚʣʷʝʪ 415 300 ʢʤĮ. ʈʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ 

ʩʨʝʜʠ ʛʦʨ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ. ʆʜʠʥ ʧʨʦʮʝʥʪ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʟʘʥʠʤʘʶʪ ʣʝʩʘ 

[1ʘ, ʙ, 2]. 

ʀʩʪʦʨʠʷ ʠʟʫʯʝʥʠʷ ʧʨʠʨʦʜʳ ʠ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʄʦʥʛʦʣʠʠ ʚʦʦʙʱʝ ʠ 

ʟʘʧʘʜʥʦʡ ʝʝ ʯʘʩʪʠ ʚ ʯʘʩʪʥʦʩʪʠ ʥʘʯʠʥʘʣʘʩʴ ʩ ʢʦʥʮʘ XIX  ʚʝʢʘ. ʇʝʨʚʳʝ ʩʚʝʜʝʥʠʷ 

ʦʙ ʦʟʝʨʘʭ ʄʦʥʛʦʣʠʠ ʧʦʷʚʠʣʠʩʴ ʚ ʪʨʫʜʘʭ ʨʫʩʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʦʩʝʪʠʚʰʠʭ 

ʵʪʫ ʩʪʨʘʥʫ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ: ʅ.ʄ.ʇʨʞʝʚʘʣʴʩʢʦʛʦ (1876), ɻ.ʅ.ʇʦʪʘʥʠʥʘ (1883), 

ʄ.ɺ.ʇʝʚʮʦʚʘ (1883), ɼ.ɸ.ʂʣʝʤʝʥʮʘ (1895), ʉ.ʇ.ʇʝʨʝʪʦʣʯʠʥʘ (1903), 

ɺ.ʉ.ɽʣʧʘʪʴʝʚʩʢʦʛʦ (1904), ɺ.ɺ.ʉʘʧʦʞʥʠʢʦʚʘ (1911) ʠ ʜʨʫʛʠʭ. ʆʥʠ 

ʦʧʫʙʣʠʢʦʚʘʣʠ ʩʚʝʜʝʥʠʷ ʦ ʛʝʦʛʨʘʬʠʠ ʨʝʢ ʠ ʦʟʝʨ, ʠʭ ʤʦʨʬʦʤʝʪʨʠʠ ʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʦʩʦʙʝʥʥʦʩʪʷʭ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʦʚ ʦʟʝʨ [3.ʩ12-15]. ʀʩʩʣʝʜʦʚʘʥʠʷʤ ʄʦʥʛʦʣʠʠ ʠ 

ʩʦʧʨʝʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʇ.ʇ.ʉʝʤʝʥʦʚʘ ʊʷʥʴ-

ʐʘʥʴʩʢʦʛʦ (1856-1857), ɺ.ʀ. ʈʦʙʦʨʦʚʩʢʦʛʦ (1856-1910), ɻ.ɽ. ɻʨʫʤʤ-

ɻʨʞʠʤʘʡʣʘ (1933), ɺ.ɸ.ʆʙʨʫʯʝʚʘ (1892-1906), ʇ.ʂ.ʂʦʟʣʦʚʘ (1923), 

ɸ.ɼ.ʉʠʤʫʢʦʚʘ (1933,1937), ɺ.ʄ.ʉʠʥʠʮʠʥʘ (1959,1962) ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ 

ʨʫʩʩʢʠʭ ʫʯʝʥʳʭ [4.ʩ 11, 5.ʩ 7, ʩ 109]. ʀʟʚʝʩʪʥʳ ʪʨʫʜʳ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ: 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʤʝʮʢʦʡ ʵʢʩʧʝʜʠʮʠʠ ɻ. ʄʝʨʮʙʘʭʝʨʘ (1902-1908), 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʂ.ʃʝʫʢʩʘ ʚ 1912 ʛ., ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʛʝʦʣʦʛʘ ʠ 

ʧʘʣʝʦʥʪʦʣʦʛʘ ʈ.ʕʥʜʨʶʩʘ (1918, 1924), ʊ.ʜʝ ʐʘʨʜʝʥʘ ʚ 1929 ʛ., ʰʚʝʜʩʢʦʛʦ 

ʛʝʦʣʦʛʘ ʕʨʠʢʘ ʅʦʨʠʥʘ (1894-1982), ʠ ʜʨʫʛʠʭ [4.ʩ 11-15]. ʆʜʥʘʢʦ, ʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʩʠʣʠ ʦʪʨʳʚʦʯʥʳʡ, ʤʘʨʰʨʫʪʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʥʝʩʤʦʪʨʷ ʥʘ 

ʙʦʣʴʰʦʝ ʫʯʘʩʪʠʝ ʨʫʩʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ ʠ ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʦʚ ʚ 

ʠʟʫʯʝʥʠʠ ʧʨʠʨʦʜʳ ʄʦʥʛʦʣʠʠ, ʚʩʝ ʞʝ ʜʦ ʥʘʯʘʣʘ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ 

https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D1%8F%D0%BD-%D0%A3%D0%BB%D0%B3%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%A5%D0%BE%D0%B2%D0%B4_(%D0%B0%D0%B9%D0%BC%D0%B0%D0%BA)
https://ru.wikipedia.org/wiki/%D0%A3%D0%B2%D1%81
https://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%B2%D1%85%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%93%D0%BE%D0%B2%D1%8C-%D0%90%D0%BB%D1%82%D0%B0%D0%B9
https://ru.wikipedia.org/wiki/%D0%A5%D0%BE%D0%B2%D0%B4
https://ru.wikipedia.org/wiki/%D0%9E%D0%B9%D1%80%D0%B0%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D1%8F%D0%BD-%D0%A3%D0%BB%D0%B3%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%A5%D0%BE%D0%B2%D0%B4_(%D0%B0%D0%B9%D0%BC%D0%B0%D0%BA)
https://ru.wikipedia.org/wiki/%D0%A3%D0%B2%D1%81
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%B7%D0%B0%D1%85%D0%B8
https://ru.wikipedia.org/wiki/%D0%A3%D0%BB%D0%B3%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%A3%D0%BB%D0%B0%D0%B0%D0%BD%D0%B3%D0%BE%D0%BC
https://ru.wikipedia.org/wiki/%D0%A3%D0%BB%D0%B8%D0%B0%D1%81%D1%82%D0%B0%D0%B9
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D1%82%D0%B0%D0%B9_(%D0%B3%D0%BE%D1%80%D0%BE%D0%B4,_%D0%93%D0%BE%D0%B2%D1%8C-%D0%90%D0%BB%D1%82%D0%B0%D0%B9)
https://ru.wikipedia.org/wiki/%D0%A3%D0%BB%D0%B0%D0%BD-%D0%91%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%B7%D0%B0%D1%85%D1%81%D1%82%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D1%81%D1%81%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D1%81%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0_%D0%90%D0%BB%D1%82%D0%B0%D0%B9
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D1%81%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0_%D0%A2%D1%8B%D0%B2%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%82%D0%B0%D0%B9
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BD%D1%8C%D1%86%D0%B7%D1%8F%D0%BD-%D0%A3%D0%B9%D0%B3%D1%83%D1%80%D1%81%D0%BA%D0%B8%D0%B9_%D0%90%D0%B2%D1%82%D0%BE%D0%BD%D0%BE%D0%BC%D0%BD%D1%8B%D0%B9_%D0%A0%D0%B0%D0%B9%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BD%D0%B3%D0%BE%D0%BB%D1%8C%D1%81%D0%BA%D0%B8%D0%B9_%D0%90%D0%BB%D1%82%D0%B0%D0%B9
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ʪʝʨʨʠʪʦʨʠʷ ʄʦʥʛʦʣʠʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚ ʣʠʤʥʦʣʦʛʠʯʝʩʢʦʤ 

ʦʪʥʦʰʝʥʠʠ. ɺ ʠʩʪʦʨʠʠ ʠʟʫʯʝʥʠʷ ʦʟʝʨ ʄʦʥʛʦʣʠʠ ʚʳʜʝʣʷʝʪʩʷ ʪʨʠ ʧʝʨʠʦʜʘ [3. ʩ 

12-15]: ʧʝʨʚʳʡ - ʢʦʥʝʮ XIXïʛʦ ʥʘʯʘʣʦ ʍʍ- ʚʝʢʦʚ (ʜʦ ʤʦʥʛʦʣʴʩʢʦʡ ʥʘʨʦʜʥʦʡ 

ʨʝʚʦʣʶʮʠʠ ʚ 1921 ʛ.), ʚʪʦʨʦʡ ï ʩ 1920-ʭ ʜʦ ʩʝʨʝʜʠʥʳ 1960 ʛʦʜʦʚ, ʢʦʛʜʘ ʥʘ 

ʦʟʝʨʘʭ ʄʦʥʛʦʣʠʠ ʙʳʣʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʧʝʨʚʳʝ ʩʪʘʥʮʠʠ ɻʄʉ ʠ ʚ ʵʪʦ ʞʝ ʚʨʝʤʷ 

ʥʘʯʘʣʦʩʴ ʪʝʩʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʤʦʥʛʦʣʴʩʢʠʭ ʠ ʩʦʚʝʪʩʢʠʭ ʫʯʝʥʳʭ ʚ ʜʝʣʝ 

ʠʟʫʯʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʵʪʦʡ ʥʝ ʤʘʣʝʥʴʢʦʡ ʧʦ ʧʣʦʱʘʜʠ ʩʪʨʘʥʳ (ʙʦʣʝʝ 

1500 000 ʢʤĮ). ʊʨʝʪʠʡ ʧʝʨʠʦʜ ʠʟʫʯʝʥʠʷ ʦʟʝʨ ʄʦʥʛʦʣʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʯʘʣʫ 60-

ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʯʝʥʳʭ ʩʪʘʣʦ ʫʜʝʣʷʪʴʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤ (ʚ 1962 ʛ. ʙʳʣʠ ʦʪʢʨʳʪʳ ʩʪʘʮʠʦʥʘʨʥʳʝ 

ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʩʪʳ ʥʘ ʦʟʝʨʘʭ ʍʫʙʩʫʛʫʣ, ʋʚʩ, ʘ ʚ 1967 ʛ. ʥʘ ʦʟ. ɹʫʡʨ) ʠ 

ʧʦʣʝʚʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. ʆʩʦʙʦ ʟʥʘʯʠʤʳʤʠ ʜʣʷ ʣʠʤʥʦʣʦʛʠʠ ʄʦʥʛʦʣʠʠ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ɾ.ʎʝʨʝʥʩʦʜʥʦʤʘ [6,7,8,9]. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʥʘʯʘʣʠ 

ʧʨʦʚʦʜʠʪʴʩʷ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʚʩʝʩʪʦʨʦʥʥʠʝ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʟʝʨ, ʢʦʛʜʘ ʙʳʣ ʦʙʨʘʟʦʚʘʥ ʀʥʩʪʠʪʫʪ ʙʠʦʣʦʛʠʠ ɸʅ ʄʅʈ. ɺ 

ʢʦʥʮʝ XXïʛʦ ʚʝʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʥʛʦʣʴʩʢʠʭ ʦʟʝʨ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʤʢʘʭ 

ʉʦʚʝʪʩʢʦ-ʄʦʥʛʦʣʴʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ ʀʨʢʫʪʩʢʦʛʦ ʠ ʄʦʥʛʦʣʴʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʉʦʚʝʪʩʢʦ-ʄʦʥʛʦʣʴʩʢʦʡ ʢʦʤʧʣʝʢʩʥʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ ʠ ʉʦʚʝʪʩʢʦ-ʄʦʥʛʦʣʴʩʢʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʵʢʩʧʝʜʠʮʠʠ ɸʅ ʉʉʉʈ ʠ ɸʅ ʄʅʈ [10]. ɺ ʥʘʯʘʣʝ ʍʍI-ʚʝʢʘ ʫʯʘʩʪʥʠʢʘʤʠ 

ʉʦʚʤʝʩʪʥʦʡ ï ʈʦʩʩʠʡʩʢʦ - ʄʦʥʛʦʣʴʩʢʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʵʢʩʧʝʜʠʮʠʠ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʄʦʥʛʦʣʠʠ 

(ʉʈʄʂɹʕ) ʚʦʟʦʙʥʦʚʠʣʠʩʴ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʦʩʥʦʚʥʦʤ, 

ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʦʟʝʨ ʄʦʥʛʦʣʠʠ [3. ʩ 8-15].  

ɺʩʝʛʦ ʟʘ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʢʦʥʮʘ XIX  ʚʝʢʘ ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʝʝ 400 ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʧʦ ʛʝʦʛʨʘʬʠʠ, ʧʘʣʝʦʛʝʦʛʨʘʬʠʠ, 

ʛʝʦʣʦʛʠʠ, ʛʠʜʨʦʭʠʤʠʠ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʠ ʄʦʥʛʦʣʠʠ. ɿʥʘʯʠʤʳʤʠ ʜʣʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʨʦʜʳ ʄʦʥʛʦʣʠʠ, ʦʙʦʙʱʘʶʱʠʤʠ ʚʩʝ 

ʠʤʝʶʱʠʝʩʷ ʥʘ ʩʝʛʦʜʥʷ ʥʘʫʯʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʤʦʥʦʛʨʘʬʠʠ ñʃʠʤʥʦʣʦʛʠʷ ʠ 

ʧʘʣʝʦʣʠʤʥʦʣʦʛʠʷ ʄʦʥʛʦʣʠʠñ, ʠʟʜʘʥʥʦʡ ʚ ʛ.ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʚ 1994 ʛ.[8] ʠ ʝʝ 

ʚʪʦʨʦʝ, ʜʦʧʦʣʥʝʥʥʦʝ ʠʟʜʘʥʠʝ, ʚʳʰʝʜʰʝʝ ʚ ʛ.ʄʦʩʢʚʘ ʚ 2015 ʛ. [3]. 

ʂʣʠʤʘʪ ï ʚʘʞʥʝʡʰʠʡ ʦʟʝʨʦʦʙʨʘʟʫʶʱʠʡ ʬʘʢʪʦʨ. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʢʣʠʤʘʪʘ ʄʦʥʛʦʣʠʠ ʷʚʣʷʝʪʩʷ ʝʛʦ ʨʝʟʢʘʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʴ. ʉʫʪʦʯʥʘʷ 

ʘʤʧʣʠʪʫʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʜʦʩʪʠʛʘʝʪ 30Üʉ, ʘ ʛʦʜʦʚʘʷ ʜʦ 90Üʉ. ɿʠʤʘ 

ʜʣʠʪʝʣʴʥʘʷ, ʭʦʣʦʜʥʘʷ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʷʩʥʦʡ ʧʦʛʦʜʳ. ʉʥʝʛʘ ʤʘʣʦ. ʃʝʪʦ 

ʜʦʞʜʣʠʚʦʝ, ʢʦʨʦʪʢʦʝ ʠ ʪʝʧʣʦʝ. ʇʝʨʝʭʦʜʥʳʝ ʧʝʨʠʦʜʳ ï ʚʝʩʥʘ ʠ ʦʩʝʥʴ ʝʱʝ 

ʙʦʣʝʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳ. ɻʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 100-120 ʤʤ 

ʚ ɻʦʙʠʡʩʢʠʭ ʨʘʡʦʥʘʭ ʜʦ 500-550 ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ. ɺ ʠʶʣʝ-ʘʚʛʫʩʪʝ ʚʳʧʘʜʘʝʪ 

50-80 % ʛʦʜʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ [3. ʩ 31]. ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ, 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤʳ ʦʟʝʨ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʙʫʩʣʦʚʣʝʥʳ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʉʝʟʦʥʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʛʦʨʥʳʭ ʦʟʝʨ ʩʦʩʪʘʚʣʷʶʪ 1-2 ʤ ʠ ʟʘʚʠʩʷʪ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʦʩʘʜʢʦʚ ʠ ʚʝʣʠʯʠʠ ʧʨʠʪʦʢʘ ʠ ʩʪʦʢʘ ʚʦʜʳ ʚ ʥʠʭ. ɺ ʟʘʩʫʰʣʠʚʳʭ 

ʨʘʡʦʥʘʭ ɻʦʙʠʡʩʢʦʡ ʠ ɺʦʩʪʦʯʥʦ-ʄʦʥʛʦʣʴʩʢʦʡ ʩʪʝʧʥʳʭ ʦʙʣʘʩʪʷʭ ʦʟʝʨʘ 
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ʙʝʩʩʪʦʯʥʳʝ ʠ ʩʠʣʴʥʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʳ. ɺ ʪʝʯʝʥʠʠ 1980-1990 ʛ.ʛ. ʚ ɻʦʙʠʡʩʢʠʭ 

ʨʘʡʦʥʘʭ ʦʪʤʝʯʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ, ʯʪʦ 

ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʩʪʦʢʘ ʨʝʢ ɼʟʘʚʭʘʥ, ʍʦʚʜ, ɹʘʡʜʨʘʛ, ʊʫʡʥ, ʊʘʮʳʥ, ʆʥʛʠʡʥ 

ʠ ʜʨ. ʇʝʨʝʩʦʭʣʠ ʦʟʝʨʘ ʋʣʘʥ, ʊʘʮʳʥ-ʎʘʛʘʥ, ʆʨʦʛ. ʉʥʠʟʠʣʠʩʴ ʫʨʦʚʥʠ ʦʟʝʨ ʋʙʩʫ, 

ʍʠʨʛʠʩ, ɹʦʥ-ʎʘʛʘʥ [3. ʩ 29-37].  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʛʨʫʧʧʳ ʦʟʝʨ ï 

ʛʦʨʥʳʝ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʳʰʝ ʩʨʝʜʥʝʡ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʳ ʪʝʨʨʠʪʦʨʠʠ (ʘʡʤʘʢ 

ɹʘʷʥ-ʋʣʛʠʡ, ʍʦʚʜ, ɿʘʚʭʘʥ, ɻʦʚʴ-ɸʣʪʘʡ) ʠ ʨʘʚʥʠʥʥʳʝ, ʣʝʞʘʱʠʝ ʥʠʞʝ ʵʪʦʡ 

ʛʨʘʥʠʮʳ (ʘʡʤʘʢ ʋʚʩ ʠ ɻʦʚʴ-ɸʣʪʘʡ) [3. ʩ 46]. ʆʩʥʦʚʥʳʝ ʟʘʧʘʩʳ ʦʟʝʨʥʳʭ 

ʧʨʝʩʥʳʭ ʚʦʜ ʄʦʥʛʦʣʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʘʡʤʘʢʘʭ ʍʦʚʜ ʠ ʍʫʙʩʫʛʫʣ. ʅʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʤʠ ʠ ʪʠʧʠʯʥʳʤʠ ʜʣʷ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ ʷʚʣʷʶʪʩʷ ʦʟʝʨʘ ʋʙʩʫ (ʘʡʤʘʢ 

ʋʚʩ), ɸʡʨʘʛ, ʍʘʨ, ʍʘʨʘ-ʫʩ, ʍʠʨʛʠʩ, ɼʫʨʛʝʥ (ʂʦʪʣʦʚʠʥʘ ɹʦʣʴʰʠʭ ʦʟʝʨ), ʍʦʪʦʥ, 

ʍʦʨʛʦʥ, ɼʘʷʥ, ɸʯʠʪ, ʊʦʣʙʦ, ʋʨʵʛ, ɼʫʨʦ (ʘʡʤʘʢ ɹʘʷʥ-ʋʣʛʠʡ). ʀʟ ʥʠʭ ʪʦʣʴʢʦ 

ʜʚʘ ʦʟʝʨʘ: ʋʨʵʛ ʠ ɼʫʨʦ ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʳʝ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠʭ ʚʦʜʳ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 5,2 ʛ/ʣ. ʆʩʪʘʣʴʥʳʝ ʦʟʝʨʘ ʧʨʝʩʥʳʝ ʠ ʫʣʴʪʨʘʧʨʝʩʥʳʝ [3. ʩ 61]. 

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʟʝʨ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʦʤ 

ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʵʪʦʡ ʩʧʝʮʠʬʠʢʦʡ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʟʝʨʥʳʭ ʢʦʪʣʦʚʠʥ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʝʢʦʪʦʨʳʭ ʦʟʝʨ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ 1: 

ʊʘʙʣʠʮʘ 1 ï ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʦʟʝʨ ɿʘʧʘʜʥʦʡ 

ʄʦʥʛʦʣʠʠ  
 

ʆʟʝʨʦ 

ʥ.ʫ.ʤ., 

ʤ 

ʇʣʦ-

ʱʘʜʴ 

ʦʟʝʨʘ, 

ʢʤĮ 

ɼʣʠʥʘ

, ʢʤ 

ʐʠʨʠʥʘ, 

ʢʤ 

ɻʣʫʙʠʥʘ, ʤ ʆʙʲʝʤ 

ʚʦʜʳ, 

ʢʤį 

ɼʣʠʥʘ 

ʙʝʨʝʛʦ-

ʚʦʡ 

ʣʠʥʠʠ, 

ʢʤ 

ʇʣʦ-

ʱʘʜʴ 

ʚʦʜʦ-

ʩʙʦʨʘ, 

ʢʤĮ 

ʄʠʥʝ-

ʨʘʣʣʠ-

ʟʘʮʠʷ, 

ʛ/ʣ 
ʉʨʝʜ-

ʥʷʷ 

max ʩʨʝʜ-

ʥʷʷ 

max 

ʋʙʩʫ 759 3350 84 40.5 79 11.9 20 39.6 425.0 71100 18.5 

ʍʠʨ-

ʛʠʩ 

1209 1407 75 19.0 31 47.0 92 66.1 253.2 18500

0 

7.4 

ɹʦʥ-

ʎʘʛʘʥ 

1312 252 24 11.0 19 10.0 16 2.4 81.0 33500 3.9 

ɸʯʠʪ 1435 297 34 12.0 18 2.0 5 0.7 93.0 10500 0.2 

ʊʦʣʙʦ 2079 84 21 4.0 7 7.0 12 0.6 62.0 1980 0.7 

ɼʘʷʥ 2232 67 18 4.0 9 2.0 4 0.2 64.0 870 3.0 

ɼʫʨʦ 2395 14,6 6.1 2.4 3 5.2 14.5 0.1 26.2 165 2.3 

ʊʘʙʣʠʮʘ 1 ʩʦʩʪʘʚʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʭ ʢʘʨʪ ʀʥʩʪʠʪʫʪʘ 

ʛʝʦʛʨʘʬʠʠ ʠ ʤʝʨʟʣʦʪʦʚʝʜʝʥʠʷ ɸʅ ʄʅʈ. ʆʩʥʦʚʥʳʝ ʟʘʧʘʩʳ ʦʟʝʨʥʳʭ ʧʨʝʩʥʳʭ 

ʚʦʜ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʘʡʤʘʢʘʭ ʍʦʚʜ (2.7%) ʠ ʍʫʙʩʫʛʫʣʴʩʢʠʡ (6,1%), 

ʥʘʠʙʦʣʴʰʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʟʝʨʥʦʩʪʠ ʠʤʝʶʪ ʘʡʤʘʢʠ ʍʦʚʜ, ɹʘʷʥ-ʋʣʴʛʠʡ ʠ 

ɼʦʨʥʦʜʩʢʠʡ [3. ʩ 49]. 

ʊʝʨʤʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʟʝʨ ʄʦʥʛʦʣʠʠ ʧʨʦʚʝʜʝʥʘ ʧʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɸ.ʀ.ʊʠʭʦʤʠʨʦʚʘ [3. ʩ 52]. ɺʦʜʥʳʡ ʙʘʣʘʥʩ ʢʨʫʧʥʝʡʰʠʭ ʦʟʝʨ 

ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ ʧʨʠʚʝʜʝʥ ʚ ʊʘʙʣʠʮʝ 2: 

 

https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D1%8F%D0%BD-%D0%A3%D0%BB%D0%B3%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%A5%D0%BE%D0%B2%D0%B4_(%D0%B0%D0%B9%D0%BC%D0%B0%D0%BA)
https://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%B2%D1%85%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%93%D0%BE%D0%B2%D1%8C-%D0%90%D0%BB%D1%82%D0%B0%D0%B9
https://ru.wikipedia.org/wiki/%D0%93%D0%BE%D0%B2%D1%8C-%D0%90%D0%BB%D1%82%D0%B0%D0%B9
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D1%8F%D0%BD-%D0%A3%D0%BB%D0%B3%D0%B8%D0%B9
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ʊʘʙʣʠʮʘ 2 ï ɺʦʜʥʳʡ ʙʘʣʘʥʩ ʢʨʫʧʥʝʡʰʠʭ ʦʟʝʨ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ 
 

 

ʆʟʝʨʦ 

 

 

ʇʨʠʭʦʜʥʘʷ ʯʘʩʪʴ ʈʘʩʭʦʜʥʘʷ ʯʘʩʪʴ  

 

ʅʝʚʷ-

ʟʢʘ 

 

  

 

ʆʩʘʜʢʠ, X 

ʇʦʚʝʨʭʥʦʩ

ʪʥʳʡ 

ʩʪʦʢ,Y 

 

ʇʦʜʟʝʤʥʳ

ʡ 

ʩʪʦʢ, Yĭ 

ʉʫʤʤʘʨ-

ʥʳʡ 

ʧʨʠʪʦʢ, 

Qʧʨ 

 

ʀʩʧʘʨʝ-

ʥʠʝ, Z 

 

ʉʪʦʢ 

ʠʟ 

ʦʟʝʨʘ, 

Q 

ʇʝʨʠʦʜ 

ʦʩʨʝʜʥʝ-

ʥʠʷ, ʛʦʜʳ 

ʉʪʝʧʝʥʴ 

ʧʨʦʪʦʯ- 

ʥʦʩʪʠ 

 

 ʤʤ ʢʤį ʤʤ ʢʤį ʤʤ ʢʤį ʤʤ ʢʤį ʤʤ ʢʤį ʢʤį 

ʋʙʩʫ 140 0.47 490 1.64       
 

270 0.91 760 2.55 913 3.06 - -94 1963- 

1985 

ɹʝʩ- 

ʩʪʦʯʥʦʝ 

ʍʠʨ-

ʛʠʩ 

120 0.18 - - - - 730 1.15 900 1.33 - -13 1949-

1951 

ɹʝʩ- 

ʩʪʦʯʥʦʝ 

ɹʦʥ-

ʎʘʛʘʥ 

100 0.03 - - -- - 830 0.21 930 0.24 - - -  

ʋʨʵʛ 150 .04 - - - - 700 0.16 850 0.20  - -  

ʍʘʨ-ʫʩ - 0.18  - - - - 2.91 - 1.50 1.59 - 1951-

1966 

ʩʪʦʯʥʦʝ 

ʍʘʨ - -  - - - - - - - - - - - 

ɼʫʨʛʵʥ - 0.12  - - - - 1.59 - 1.03 0.68 - 1951- 

1966 

ʩʪʦʯʥʦʝ 

 

ʃʘʥʜʰʘʬʪ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʛʦʨʥʳʤʠ ʮʝʧʷʤʠ 

ʄʦʥʛʦʣʴʩʢʦʛʦ ʠ ɻʦʙʠʡʩʢʦʛʦ ɸʣʪʘʷ , ʢʦʪʦʨʳʝ ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ 

ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʥʘ 1800 ʢʤ. ʆʩʥʦʚʥʳʝ ʭʨʝʙʪʳ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʠʤʝʶʪ 

ʚʳʩʦʪʫ 3200-3500 ʠ ʙʦʣʝʝ ʤʝʪʨʦʚ. ʉʘʤʘʷ ʚʳʩʦʢʘʷ ʚʝʨʰʠʥʘ ʄʦʥʛʦʣʴʩʢʦʛʦ 

ɸʣʪʘʷ ʛʦʨʘ ʍʫʡʪʵʥ ʚ ʭʨʝʙʪʝ ʊʘʚʘʥ-ɹʦʛʜ (4374 ʤ.), ʛʜʝ ʨʘʩʧʦʣʦʞʝʥ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʘʨʢ ɸʣʪʘʡ-ʊʘʚʘʥ-ɹʦʛʜ. ʅʘ ʧʣʦʩʢʠʭ ʚʦʜʦʨʘʟʜʝʣʘʭ ʤʝʞʜʫ 

ʨʝʯʥʳʤʠ ʜʦʣʠʥʘʤʠ ʥʘ ʚʳʩʦʪʝ 3000-3500 ʤ. ʚ ʭʨʝʙʪʘʭ ʉʘʛʦʩʪʳʥ, ʎʘʛʘʥ-

ʐʠʙʝʪʫ ʠ ʎʵʥʛʝʣ ʚʩʪʨʝʯʘʶʪʩʷ ʟʘʙʦʣʦʯʝʥʥʳʝ ʫʯʘʩʪʢʠ ʩ ʥʝʙʦʣʴʰʠʤʠ ʦʟʝʨʘʤʠ. 

ɺ ʪʨʦʛʦʚʳʭ ʜʦʣʠʥʘʭ ʩʨʝʜʠ ʤʦʨʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʘʩʧʦʣʦʞʝʥʦ ʤʥʦʞʝʩʪʚʦ 

ʧʨʝʩʥʦʚʦʜʥʳʭ ʦʟʝʨ ʣʝʜʥʢʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ: ʍʦʪʦʥ, ʍʦʨʛʦʥ, ɼʘʷʥ, ʍʘʨ-ʫʩ, 

ʊʘʣ, ʊʦʣʙʦ. ʆʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʍʦʚʜ. ɺ ʄʦʥʛʦʣʴʩʢʦʤ ɸʣʪʘʝ ʢ 

ʦʟʝʨʘʤ, ʣʝʞʘʱʠʤ ʚ ʢʦʪʣʦʚʠʥʘʭ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʛʝʥʝʟʠʩʘ ʦʪʥʦʩʷʪʩʷ ʦʟʝʨʘ 

ɸʯʠʪ, ʋʨʵʛ, ʊʦʣʙʦ [3. ʩ 61].  

ɼʘʥʥʳʝ ʧʦ ʛʠʜʨʦʭʠʤʠʠ ʦʟʝʨʥʳʭ ʚʦʜ ʚ ʨʘʟʣʠʯʥʳʝ ʛʦʜʳ ʛʦʚʦʨʷʪ ʦ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʟʝʨ ʄʦʥʛʦʣʠʠ. 

ʂʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʢʣʠʤʘʪ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʤʝʞʛʦʜʦʚʳʝ ʢʦʣʝʙʘʥʠʷ 

ʫʚʣʘʞʥʝʥʥʦʩʪʠ ʢʣʠʤʘʪʘ ʠ ʩʪʦʢʘ ʨʝʢ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʠʟʤʝʥʝʥʠʝ ʧʨʦʪʦʯʥʦʩʪʠ 

ʦʟʝʨ ʠ ʧʝʨʝʭʦʜ ʠʭ ʠʟ ʦʜʥʦʛʦ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ ʚ ʜʨʫʛʦʡ [3.ʩ75, 76]. ʕʪʘ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʦʟʝʨʘʤ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ. 

 ʆʟʝʨʘ ʍʦʪʦʥ ʠ ʍʦʨʛʦʥ ʨʘʩʧʦʣʦʞʝʥʳ ʩʨʝʜʠ ʤʦʨʝʥʥʦʛʦ ʨʝʣʴʝʬʘ ʚ 

ʜʨʝʚʥʝʡ ʣʝʜʥʠʢʦʚʦʡ ʢʦʪʣʦʚʠʥʳ ʨ. ʍʦʚʜ. ʆʩʥʦʚʥʦʝ ʧʠʪʘʥʠʝ ʦʟ. ʍʦʪʦʥ 

ʧʦʣʫʯʘʝʪ ʦʪ ʨʝʢ ʂʘʨʘʪʳʨ ʠ ɸʢʩʫ. ɺʳʩʦʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʦʟʝʨʘ, ʥʠʟʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ, ʚʳʩʦʢʘʷ ʚʦʜʦʦʙʤʝʥʥʦʩʪʴ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʠʟʢʫʶ 

ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʦʟʝʨʥʳʭ ʚʦʜ, ʢʦʪʦʨʘʷ ʚ 1990 ʛ. ʩʦʩʪʘʚʣʷʣʘ ʚʩʝʛʦ 37 ʤʛ/ʣ. 

ʆʟʝʨʦ ɼʘʷʥ ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ʍʦʚʜ. ʆʟʝʨʦ ʠʤʝʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʣʝʜʥʠʢʦʚʦʝ ʧʠʪʘʥʠʝ ʠ ʝʛʦ ʚʦʜʘ ʤʠʥʝʨʘʣʠʟʦʚʘʥʘ ʜʦ 53 ʤʛ/ʣ. 

ʇʨʦʪʦʯʥʦʝ, ʧʨʝʩʥʦʚʦʜʥʦʝ ʦʟ. ɸʯʠʪ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʰʠʨʥʦʡ ʤʝʞʛʦʨʥʦʡ 

ʢʦʪʣʦʚʠʥʝ ʠ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʢʨʫʧʥʳʤ ʦʟʝʨʦʤ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ. 

https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D1%82%D0%B0%D0%B9-%D0%A2%D0%B0%D0%B2%D0%B0%D0%BD-%D0%91%D0%BE%D0%B3%D0%B4_(%D0%BD%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BF%D0%B0%D1%80%D0%BA)
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ʈʘʩʧʦʣʦʞʝʥʦ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʍʦʚʜ. ɺʦʜʘ ʦʟʝʨʘ ʦʪʥʦʩʠʪʩʷ ʢ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-

ʤʘʛʥʠʝʚʦʡ ʛʨʫʧʧʝ. ʉ 1968 ʧʦ 1986 ʛ.ʛ. ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʳ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 180 

ʜʦ 214 ʤʛ/ʣ. 

ʆʟʝʨʦ ʊʦʣʙʦ ʪʘʢʞʝ ʦʜʥʦ ʠʟ ʢʨʫʧʥʳʭ ʦʟʝʨ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʠ 

ʦʪʥʦʩʠʪʩʷ ʢ ʙʘʩʩʝʡʥʫ ʨ. ʍʦʚʜ. ɺ 1968 ʛ. ʦʟʝʨʦ ʙʳʣʦ ʧʨʦʪʦʯʥʳʤ ʩ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʚʦʜʳ 660 ʤʛ/ʣ., ʘ ʚ 1987 ʛ. ʦʟʝʨʦ ʥʝ ʠʤʝʣʦ ʩʪʦʢʘ ʠ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʝʛʦ ʚʦʜ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 800 ʤʛ/ʣ. 

ʂ ʙʘʩʩʝʡʥʫ ʨ. ʍʦʚʜ ʦʪʥʦʩʠʪʩʷ ʠ ʦʟ. ʍʘʨ-ʫʩ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʚʝʨʭʦʚʴʷʭ 

ʨ. ʍʦʚʜ ʚ ʥʝʙʦʣʴʰʦʡ ʟʘʤʢʥʫʪʦʡ ʢʦʪʣʦʚʠʥʝ ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 14 ʢʤĮ. ɺʠʜʠʤʳʡ 

ʩʪʦʢ ʠʟ ʦʟʝʨʘ ʦʪʩʫʪʩʪʚʫʝʪ, ʥʦ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʝʛʦ ʚʦʜ ʥʝʚʳʩʦʢʘʷ ï 244 ʤʛ/ʣ. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʩʫʱʝʩʪʚʫʝʪ ʧʦʜʟʝʤʥʳʡ ʩʪʦʢ ʠʟ ʦʟʝʨʘ ʚ ʧʨʠʪʦʢ ʨ. ʍʦʚʜ. 

ʆʟʝʨʦ ɼʫʨʦ ï ʙʝʩʩʪʦʯʥʳʡ ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʳʡ ʚʦʜʦʝʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ 

ʛʣʫʙʦʢʦʡ ʤʝʞʛʦʨʥʦʡ ʢʦʪʣʦʚʠʥʝ. ʆʩʥʦʚʥʦʝ ʧʠʪʘʥʠʝ ʦʟʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ 

ʩʯʝʪ ʟʠʤʥʠʭ ʩʥʝʛʦʟʘʧʘʩʦʚ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʣʝʪʦʤ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ 

ʚʦʜʳ ʦʟʝʨʘ ʚ 1987 ʛ. ʙʳʣʘ 2.6 ʛ/ʣ, ʜʦʩʪʠʛʘʷ 17.4 ʛ/ʣ ʚ ʣʘʛʫʥʝ, ʦʪʜʝʣʝʥʥʦʡ ʢʦʩʦʡ 

ʦʪ ʦʟʝʨʘ. 

ʋʨʵʛ ï ʢʨʫʧʥʝʡʰʝʝ ʙʝʩʩʪʦʯʥʦʝ ʦʟʝʨʦ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ. ʈʘʩʧʦʣʦʞʝʥʦ 

ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ ʚ ʛʣʫʙʦʢʦʡ ʤʝʞʛʦʨʥʦʡ ʢʦʪʣʦʚʠʥʝ. 

ʆʩʥʦʚʥʦʝ ʧʠʪʘʥʠʝ ʦʟʝʨʦ ʧʦʣʫʯʘʝʪ ʦʪ ʨ. ʍʘʨʠʛ. ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʩʦʣʝʚʦʤ 

ʙʘʣʘʥʩʝ ʦʟʝʨʘ ʠʛʨʘʝʪ ʧʦʜʟʝʤʥʳʡ ʧʨʠʪʦʢ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʳ ʦʟʝʨʘ ʚ 1987 ʛ. 

ʩʦʩʪʘʚʠʣʘ 5.14 ʛ/ʣ. ɺ 1990 ʛ. ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʳ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʥʘ 

ʫʨʦʚʥʝ 7.5 ʛ/ʣ. ɺʦʜʘ ʦʟʝʨʘ ʦʪʥʦʩʠʪʩʷ ʢ ʩʫʣʴʬʘʪʥʦ-ʤʘʛʥʠʝʚʦʡ ʛʨʫʧʧʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʪʦʯʥʳʝ ʛʦʨʥʳʝ ʦʟʝʨʘ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʠʤʝʶʪ 

ʩʘʤʫʶ ʥʠʟʢʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʫʶ ʧʨʝʩʥʫʶ ʚʦʜʫ. ɺ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʦʟʝʨ 

ʍʦʪʦʥ, ʍʦʨʛʦʥ, ɼʘʷʥ ʠ ɸʯʠʪ ʧʨʝʦʙʣʘʜʘʶʪ ʘʥʠʦʥʳ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ ʠ ʢʘʪʠʦʥʳ 

ʥʘʪʨʠʷ ʠ ʤʘʛʥʠʷ. ɺ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʪʦʯʥʳʭ ʦʟʝʨʘʭ ʊʦʣʙʦ ʠ ʍʘʨ-ʋʩ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʥʠʦʥʦʚ ʭʣʦʨʘ ʠ ʢʘʪʠʦʥʦʚ ʤʘʛʥʠʷ. 

ɺʦʜʳ ʙʝʩʩʪʦʯʥʳʭ ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʳʭ ʦʟʝʨ ʦʪʣʠʯʘʶʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ 

ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʠʦʥʦʚ ʭʣʦʨʘ ʠ ʩʫʣʴʬʘʪʦʚ ʥʘʪʨʠʷ ʠ ʤʘʛʥʠʷ [3. ʩ 78]. 

ɺʪʦʨʦʝ ʠʟʜʘʥʠʝ ʤʦʥʦʛʨʘʬʠʠ ñʃʠʤʥʦʣʦʛʠʷ ʠ ʧʘʣʝʦʣʠʤʥʦʣʦʛʠʷ 

ʄʦʥʛʦʣʠʠñ, ʚʳʰʝʜʰʝʝ ʚ 2015 ʛ. (ʚ ʄʦʩʢʚʝ) ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʧʝʨʚʦʛʦ ʠʟʜʘʥʠʷ 

1994 ʛ. ʙʦʣʝʝ ʨʘʩʰʠʨʝʥʥʦʡ ʠ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʛʠʜʨʦʙʠʦʣʦʛʠʠ ʦʟʝʨ 

ʄʦʥʛʦʣʠʠ ʠ ʚʢʣʶʯʝʥʠʝʤ ʚ ʝʝ ʩʪʨʫʢʪʫʨʫ ʨʘʟʜʝʣʘ III  ñʇʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ 

ʦʟʝʨʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʦʩʚʦʝʥʠʷ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʄʦʥʛʦʣʠʠñ [3. ʩ 349]. ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

ʨʘʟʚʠʪʠʝ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʨʷʜʫ ʩ ʨʦʩʪʦʤ 

ʥʘʩʝʣʝʥʠʷ, ʠʟʤʝʥʝʥʠʝʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʩʪʨʘʥʝ ʚ 

90-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʝʨʤʘʥʝʥʪʥʳʤ ʨʦʩʪʦʤ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʜʥʳʭ, ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʠ 

ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʩʪʨʘʥʳ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʧʨʦʙʣʝʤ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʤʠʛʨʘʮʠʠ 

ʥʘʩʝʣʝʥʠʷ, ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʜʥʳʭ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ, 

ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʭ, ʧʨʦʤʳʩʣʦʚʳʭ, ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ 

ʨʝʩʫʨʩʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ ʚ ʨʘʟʜʝʣʝ III  ʦʪʤʝʯʘʝʪʩʷ ʥʝʣʝʛʘʣʴʥʳʡ, ʥʝʫʯʪʝʥʥʳʡ ʠ 
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ʥʝʨʝʛʫʣʠʨʫʝʤʳʡ ʨʳʙʥʳʡ ʧʨʦʤʳʩʝʣ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʄʦʥʛʦʣʠʠ, ʠʟʣʠʰʥʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʟʝʨʥʳʭ ʪʨʦʩʪʥʠʢʦʚʳʭ ʟʘʨʦʩʣʝʡ ʠ ʨʘʟʙʦʨ ʚʦʜʳ ʥʘ ʦʨʦʰʝʥʠʝ, 

ʩʪʠʭʠʡʥʦʩʪʴ ʠ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʩʪʴ ʚʩʝ ʫʚʝʣʠʯʠʚʘʶʱʝʛʦʩʷ 

ʧʦʪʦʢʘ ʠʥʦʩʪʨʘʥʥʳʭ ʪʫʨʠʩʪʦʚ. ʊʘʢ, ʧʦ ʜʘʥʥʳʤ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʟʘ ʨʫʙʝʞʘʤʠ 

ʄʦʥʛʦʣʠʠ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʯʘʩʪʥʳʭ ʢʦʤʧʘʥʠʡ, ʨʝʢʣʘʤʠʨʫʶʱʠʭ ʠ 

ʧʨʦʧʘʛʘʥʜʠʨʫʶʱʠʭ ʪʫʨʠʩʪʠʯʝʩʢʠʝ ʧʦʝʟʜʢʠ ʚ ʄʦʥʛʦʣʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʭʦʜʠʤʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʢʚʘʜʨʘʮʠʢʣʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʩʧʣʘʚʘ ʧʦ 

ʨʝʢʘʤ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʝ ʨʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʧʨʠʨʦʜʳ ʥʝ ʪʦʣʴʢʦ ʄʦʥʛʦʣʠʠ, ʥʦ ʠ 

ʩʦʧʨʝʜʝʣʴʥʳʭ ʩʪʨʘʥ ʥʘ ʬʦʥʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʤ ʬʘʢʪʦʤ ʚ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʇʘʨʣʘʤʝʥʪʘ 

ʄʦʥʛʦʣʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʪʚʝʨʞʜʝʥʦ 30 ʟʘʢʦʥʦʚ ʦʙ 

ʦʭʨʘʥʝ ʧʨʠʨʦʜʳ. ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʩʪʨʘʥʳ ʦʩʫʱʝʩʪʚʣʷʝʪ ʙʦʣʝʝ 20 ʧʨʦʛʨʘʤʤ ʧʦ 

ʦʭʨʘʥʝ ʧʨʠʨʦʜʳ ʠ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʶ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ: 

ʅʘʮʠʦʥʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦ ʦʭʨʘʥʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ, 

ʅʘʮʠʦʥʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʨʘʟʚʠʪʠʷ ʆʆʇʊ, ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʧʦʣʠʪʠʢʘ, ʇʨʦʛʨʘʤʤʘ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʜʨ. ʉ 1993 ʧʦ 2010 ʛ.ʛ. 

ʄʦʥʛʦʣʠʷ ʫʩʧʝʰʥʦ ʩʦʪʨʫʜʥʠʯʘʣʘ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ 

ʩʝʛʦʜʥʷ ʚ ʄʦʥʛʦʣʠʠ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʢʦʥʢʨʝʪʥʳʝ ʤʝʨʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʭʨʘʥʳ ʧʨʠʨʦʜʳ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʨʘʟʚʠʪʠʷ ʨʝʢʨʝʘʮʠʠ ʠ ʪʫʨʠʟʤʘ ʚ ʩʪʨʘʥʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʪʨʘʥʝ ʩʦʟʜʘʥʦ 

71 ʆʆʇʊ (15% ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ), ʘ ʢ 2030 ʛ. ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʟʜʘʪʴ ʆʆʇʊ ʥʘ 

30% ʪʝʨʨʠʪʦʨʠʠ ʄʦʥʛʦʣʠʠ [3. ʩ 354]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʛʣʦʙʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠʨʦʜʥʳʝ ʚʦʜʥʳʝ ʩʠʩʪʝʤʳ ʩʪʨʘʥʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʘʚʪʦʨʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʯʠʪʘʶʪ, 

ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʄʦʥʛʦʣʠʷ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ 

ʩʪʨʘʥʦʡ ʄʠʨʘ). ʆʜʥʘʢʦ, ʥʘ ʦʪʜʝʣʴʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʥʘʯʠʥʘʶʪ ʧʨʦʷʚʣʷʪʴʩʷ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ 

ʵʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ɻʦʙʠʡʩʢʦʡ ʠ ɺʦʩʪʦʯʥʦ-ʉʪʝʧʥʦʡ ʦʙʣʘʩʪʷʭ [3. ʩ 356].  

ʂ ʚʳʚʦʜʘʤ, ʠʟʣʦʞʝʥʥʳʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʰʣʘ ʠ ʛʨʫʧʧʘ ʣʠʤʥʦʣʦʛʦʚ 

ʠʟ ɹʘʨʩʝʣʦʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʀʩʧʘʥʠʷ, ɼʝʧʘʨʪʘʤʝʥʪ ʵʢʦʣʦʛʠʠ) ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʄʠʛʝʣʷ ɸʣʦʥʩʦ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʦʚʦʜʠʣʠ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ 

ʥʘ ʦʟʝʨʘʭ ʄʦʥʛʦʣʠʠ, ʩʲʝʤʢʠ ʦʟʝʨ ʚ ʪʝʯʝʥʠʠ ʧʦʩʣʝʜʥʠʭ 10 ʣʝʪ ʥʘ ʦʩʥʦʚʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʥʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʟʝʨ ʚ ʩʪʨʘʥʝ ʩ ʥʝʪʨʦʥʫʪʦʡ ʧʨʠʨʦʜʦʡ ʩʦʭʨʘʥʠʣʦ ʚ ʩʚʦʠʭ ʚʦʜʘʭ 

ʤʘʣʦ ʠʟʚʝʩʪʥʳʝ ʬʦʨʤʳ ʬʣʦʨʳ ʠ ʬʘʫʥʳ. ʉ 2005 ï ʧʦ 2015 ʛ.ʛ. ʛʨʫʧʧʘ 

ʩʦʪʨʫʜʥʠʢʦʚ ɹʘʨʩʝʣʦʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʦʧʨʝʜʝʣʠʣʘ, ʯʪʦ ʦʟʝʨʘ ʄʦʥʛʦʣʠʠ 

ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʩʭʦʜʩʪʚʦ ʩ ʦʟʝʨʘʤʠ ʟʘʩʫʰʣʠʚʳʭ ʪʝʨʨʠʪʦʨʠʡ ʀʙʝʨʠʠ, ʢʦʪʦʨʳʝ 

ʣʠʙʦ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʣʠ ʠʣʠ ʩʝʨʴʝʟʥʦ ʧʦʚʨʝʞʜʝʥʳ ʩʝʛʦʜʥʷ. ʅʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʄʦʥʛʦʣʠʠ, ʘʢʪʠʚʥʦ 

ʫʯʘʩʪʚʫʝʪ ʚ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ. ʕʪʦʪ ʮʝʥʪʨ ʧʦʟʚʦʣʷʝʪ ʫʯʝʥʳʤ ʨʘʟʥʳʭ ʜʠʩʮʠʧʣʠʥ 

ʠʟ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʨʘʙʦʪʘʪʴ ʚʤʝʩʪʝ, ʧʦʤʦʛʘʷ 
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ʧʨʘʚʠʪʝʣʴʩʪʚʫ ʠ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʫʧʨʘʚʣʷʪʴ, ʟʘʱʠʱʘʪʴ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ 

ʚʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʧʦʩʨʝʜʩʪʚʦʤ ʮʝʣʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. 

ʎʝʣɹʁ ʇʨʦʝʢʪʘ ʠʟʫʯʝʥʠʷ ʤʦʥʛʦʣʴʩʢʠʭ ʦʟʝʨ ʷʚʣʷʝʪʩʷ: 

- ʉʦʟʜʘʥʠʝ ʢʘʪʘʣʦʛʘ ʦʟʝʨʘ ʄʦʥʛʦʣʠʠ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ. 

- ʇʦʧʳʪʘʪʴʩʷ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʟʥʘʥʠʶ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ entomostracans 
ʧʫʪʝʤ ʨʘʩʰʠʨʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʦʥʛʦʣʴʩʢʦʡ ʬʘʫʥʝ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʘʢʩʦʥʦʤʠʠ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʵʪʦʡ ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʘʫʥʘʭ 

ʇʠʨʝʥʝʡʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ, ʢʘʢ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʧʨʦʜʦʣʴʥʦʡ ʢʨʘʡʥʦʩʪʠ 

ʇʘʣʝʘʨʢʪʠʢʠ. 

- ʋʩʪʘʥʦʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ ʙʠʦʪʳ ʤʦʥʛʦʣʴʩʢʠʭ ʠ 

ʠʙʝʨʠʡʩʢʠʭ ʦʟʝʨ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʦʙʱʠʭ ʚʠʜʦʚ ʠ (ʠʣʠ) isocies ʠʣʠ 

ʚʠʢʘʨʠʘʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʥʠʶ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ 

ʪʠʧʦʚ ʦʟʝʨ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ɽʚʨʦʧʝ (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ 

ʩʧʨʘʚʦʯʥʳʝ ʩʘʡʪʳ). 

ɺ ʥʘʩʪʦʷʱʝʝ (2015 ʛʦʜ) ʧʨʷʤʘʷ ʣʠʤʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʛʨʫʧʧʝ 

957 ʦʟʝʨ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʘʤʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʜʦʩʪʫʧʥʦ ʚ ʀʥʪʝʨʥʝʪʝ. 

ɺ ʨʘʤʢʘʭ ʇʨʦʝʢʪʘ ʜʚʝʥʘʜʮʘʪʴ ʵʢʩʧʝʜʠʮʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦ ʚʩʝʡ 

ʄʦʥʛʦʣʠʠ ʚ ʝʝ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʟʦʥ: 

- ʩʝʥʪʷʙʨ ɹ 2005 ʛʦʜʘ: 87 ʦʟʝʨ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʚʩʝʡ ʧʫʩʪʳʥʝ ɻʦʙʠ, 

ʟʘʧʘʜʥʳʝ ʛʦʨʥʳʝ ʭʨʝʙʪʳ ɸʣʪʘʷ ʠ ʜʝʧʨʝʩʩʠʠ ɺʝʣʠʢʠʭ ʦʟʝʨ (ʢʦʪʦʨʳʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʘʡʤʘʢʘʭ ʍʦʚʜ ʠ ʋʚʩ). 

- ʩʝʥʪʷʙʨ ɹ 2006 ʛʦʜʘ: 66 ʦʟʝʨ ʚ ʚʦʩʪʦʯʥʦʡ ʩʪʝʧʠ ʠ ʪʘʡʛʝ ʉʫʭʵ-ɹʘʪʦʨʘ, 

ɼʦʨʥʦʜ ʠʍʵʥʪʵʡ. 

- ʷʥʚʘʨ ɹ2007 ʛʦʜʘ: ʋʛʠʡ ʠ Tʝʨʭʠʡʥ- ʎʘʛʘʥ ʦʟʝʨʘ, ʧʦʩʝʪʠʣʠ ʦʟʝʨʘ ʥʘʙʣʶʜʘʪʴ 

ʠʭ ʩʦʩʪʦʷʥʠʝ ʚ ʟʠʤʥʠʭ ʫʩʣʦʚʠʷʭ. 

- ʩʝʥʪʷʙʨ ɹ2007 ʛʦʜʘ: 102 ʦʟʝʨʘ ʚ ʩʝʚʝʨʥʦʡ ʪʘʡʛʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʍʫʙʩʫʛʫʣ 

ʦʟʝʨʘ, ʦʟʝʨʘ ʩʪʝʧʝʡ ʎʝʥʪʨʘʣʴʥʦʡ ʄʦʥʛʦʣʠʠ ʚ ʧʨʦʚʠʥʮʠʷʭ ʍʫʙʩʫʛʫʣ, 

ɿʘʚʭʘʥ ʠ Aʨ-ʍʘʥʛʘʡ. 

- ʠʶʥɹ 2008 ʛʦʜʘ: ʚʦʩʝʤʴ ʦʟʝʨ ʚ ʧʨʦʚʠʥʮʠʠ ʋʚʩ-ʍʘʥʛʘʡ ʠ ʥʝʙʦʣʴʰʠʭ 

ʩʪʝʧʥʳʭ ʦʟʝʨ. 

- ʩʝʥʪʷʙʨ ɹ2008 ʛ : 84 ʦʟʝʨʘ ʚ ʧʫʩʪʳʥʝ ɻʦʙʠ ʠ ʚ ʟʘʧʘʜʥʳʭ ʧʨʦʚʠʥʮʠʷʭ (ʍʦʚʜ, 

ɹʘʷʥ-ʋʣʛʠʡ ʠ ʘʡʤʘʢ ʋʚʩ), ʚʢʣʶʯʘʷ ʚʩʝ ʦʟʝʨʘ ʚ ʨʘʡʦʥʝ ʂɹʆ. 

- ʩʝʥʪʷʙʨɹ 2009 ʛ.: 95 ʦʟʝʨ ʚ ʍʵʥʪʵʡ, ʂɹʆ, ɻʦʙʠʡʩʢʠʡ ʨʘʡʦʥ, ɿʘʚʭʘʥ, ʍʦʚʜ ʠ 
ɹʘʷʥ- ʋʣʛʠʡ.  

- ʩʝʥʪʷʙʨ ɹ2010 ʛ.: 74 ʦʟʝʨʘ ʋʚʩ-ʭʘʥʛʘʡ, ɸʨ-ʍʘʥʛʘʡ, ʍʫʙʩʫʛʫʣ, ɿʘʚʭʘʥ, ɻʦʙʠ-

ɸʣʪʘʡ, ɹʘʷʥʭʦʥʛʦʨ, ʖʞʥʦ-ɻʦʙʠʡʩʢʠʡ ʠ ʍʵʥʪʵʡʩʢʠʡ ʘʡʤʘʢʠ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʣʝʜʥʠʢʦʚʳʭ ʦʟʝʨ ʚ ʛʦʨʘʭ ʍʘʥʛʘʷ.  

- ʩʝʥʪʷʙʨ ɹ2011 ʛ.: 84 ʦʟʝʨʘ ʚ ʚʦʩʪʦʯʥʳʭ ʩʪʝʧʷʭ ʠ ʧʫʩʪʳʥʷʭ.  

- ʘʚʛʫʩʪ, ʩʝʥʪʷʙʨʴ 2012 ʛ.: ʣʠʤʥʦʣʦʛʠʯʝʩʢʠʡ ʦʧʨʦʩ ʧʦ ʦʟʝʨʘʤ ʥʝ 

ʧʦʩʝʱʘʝʤʳʭ ʨʘʥʝʝ ʙʳʣʦ ʦʧʨʦʰʝʥʦ ʦ 127 ʦʟʝʨʘʭ. 

- ʘʚʛʫʩʪ, ʩʝʥʪʷʙʨʴ 2013 ʛ.: ʣʠʤʥʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 149 ʦʟʝʨ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʫʩʪʳʥʝ ɻʦʙʠ. 
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- ʩʝʥʪʷʙʨʴ 2014 ʛ.: ʦʧʨʦʩ ʦ 78 ʦʟʝʨ ʚ ʪʘʡʛʝ ʧʨʦʚʠʥʮʠʠ ʍʫʙʩʫʛʫʣ ʠ ɸʨ-

ʍʘʥʛʘʡ. 

ʆʧʨʦʩ ʩʦʩʪʦʷʣ ʠʟ ʩʙʦʨʘ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʠʧ ʦʟʝʨʘ, 

ʧʦʜʣʦʞʢʠ, ʦʮʝʥʢʠ ʧʦʩʪʦʷʥʩʪʚʘ ʥʘʣʠʯʠʷ ʚʦʜʳ, ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʳ 

(ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʩʦʣʝʥʦʩʪʴ ʠ ʨʅ), ʤʫʪʥʦʩʪʴ, ʪʨʦʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʦʜʳ, ʘʥʘʣʠʟ ʤʘʢʨʦʬʠʪʦʚ ʠ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ. ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʧʦʜʜʝʨʞʢʘ ʙʳʣʘ 

ʦʢʘʟʘʥʘ ʤʦʥʛʦʣʘʤʠ (www.mongolian-ways.com), ʤʦʥʛʦʣʴʩʢʦʡ ʢʦʤʧʘʥʠʝʡ, ʯʝʡ 

ʚʢʣʘʜ ʚ ʇʨʦʝʢʪ ʙʳʣ ʚʝʣʠʢ, ʫʯʠʪʳʚʘʷ ʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ ʪʝʭ ʤʝʩʪ, ʦʟʝʨ ʠ 

ʪʨʫʜʥʦʩʪʠ ʧʫʪʝʰʝʩʪʚʠʷ ʚ ʧʨʝʜʝʣʘʭ ʩʪʨʘʥʳ. 

ʂʦʛʜʘ ʟʥʘʢʦʤʠʰʴʩʷ ʩ ʵʪʠ ʦʪʯʝʪʦʤ ʦ ʨʘʙʦʪʝ ʄʦʥʛʦʣʴʩʢʦ-ʀʩʧʘʥʩʢʦʤ 

ʜʝʩʷʪʠʣʝʪʥʝʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʪʦ ʥʝʚʦʣʴʥʦ ʧʨʦʥʠʢʘʝʰʴʩʷ ʫʚʘʞʝʥʠʝʤ ʢ ʥʝʤʫ. 

ʅʦ ʚʦʟʥʠʢʘʝʪ ʠ ʚʦʧʨʦʩ: ʝʩʣʠ ʟʘ ʛʦʜʳ ʨʘʙʦʪʳ (ʩ 1986 ʛ. ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ) 

ʉʦʚʝʪʩʢʦ (ʈʦʩʩʠʡʩʢʦ) - ʄʦʥʛʦʣʴʩʢʠʭ ʵʢʩʧʝʜʠʮʠʡ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʵʪʦʡ 

ʩʪʨʘʥʳ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʦ ʙʦʣʝʝ 3000 ʦʟʝʨ, ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʜʥʦʛʦ ʦʟʝʨʘ 

(ʨʘʟʫʤʝʝʪʩʷ ʧʨʠ ʪʦʛʜʘʰʥʠʭ ʪʝʭʥʦʣʦʛʠʷʭ ʥʝ ʤʝʥʝʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ 

ʩʦʚʨʝʤʝʥʥʳʭ) ʫʭʦʜʠʣʦ ʦʢʦʣʦ 2-ʭ ʠ ʙʦʣʝʝ ʩʫʪʦʢ (ʦʪʙʦʨ ʧʨʦʙ, ʩʙʦʨʢʘ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʥʘʨʷʞʝʥʠʷ ʠ ʧʨʠʙʦʨʦʚ) ʪʦ ʩʢʦʣʴʢʦ ʞʝ ʚʨʝʤʷ ʠ ʩʠʣ ʥʘʜʦ ʥʘ 

ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 956 ʦʟʝʨ ʩʝʛʦʜʥʷ? ʀ ʥʘʩʢʦʣʴʢʦ ʜʦʩʪʦʚʝʨʥʳ, ʚ ʪʘʢʦʤ 

ʩʣʫʯʘʝ, ʦʧʨʦʩʳ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜ-ʨʘ ʄʠʛʝʣʴ ɸʣʦʥʩʦ? ʈʘʟʫʤʝʝʪʩʷ, ʵʪʦ ʥʝ 

ʩʥʠʤʘʝʪ ʟʥʘʯʠʤʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʝʛʦ ʛʨʫʧʧʳ. 
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ɹɸʁɻɸʃʀʁʅ ʋʉʓɻ ʏɸʅɸʈ, ʅɸʁʈʃɸɻɸɸʈ ʅʔ ɸʅɻʀʃɸʅʒ 

  ʅʕʃʕʍ ɸʉʋʋɼɸʃɼת

ʏ.ɾʘʚʟʘʥ 

ʄʦʥʛʦʣ ʫʣʩ 

ɹʘʡʛʘʣʠʡʥ ʫʩʳʛ ɻʘʨʘʣ ϮϮʩʣʵʵʨ ʥʴ /ʭʫʨ ʪʫʥʘʜʘʩʥʳ, ʛʦʣʳʥ, ʜʘʣʘʡʥ, ʛʘʟʨʳʥ 

ʜʦʦʨʭ, ʘʨʪʝʟʠʡʥ/, ʅʘʡʨʣʘʛʘ ʜʘʭʴ ʭʦʣʴʮʳʥ ʭʵʤʞʵʵ, ʯʘʥʘʨʘʘʨ ʥʴ /ʥʵʨʤʵʣ ʫʩ, 

ʟᴇᴇʣᴇʥ, ʭʘʪʫʫ, ʮʵʥʛʵʛ, ʰʦʨʚʦʛ ʛʵʭ ʤʵʪ/, ʍʵʨʵʛʮʵʵʥʠʡ ʟʦʨʠʫʣʘʣʪʘʘʨ ʥʴ /ʫʥʜʥʳ, 

ʘʭʫʡʥ, װʡʣʜʚʵʨʠʡʥ, ʪʝʭʥʠʢʠʡʥ, ʤʘʣʳʥ ʫʩʘʣʛʘʘ, ʫʩʘʣʛʘʘʪʘʡ ʛʘʟʘʨ ʪʘʨʠʘʣʘʥʛʠʡʥ 

ʛʵʭ ʤʵʪ/ ʘʥʛʠʣʩʘʥ ʙʘʡʜʘʛ. 

ʋʩʳʛ ʥʘʡʨʣʘʛʘʘʨ ʥʴ ʘʥʛʠʣʘʭ 

ʋʩʘʥʜ ʫʫʩʩʘʥ ʥʠʡʪ ʜʘʚʩʥʳ 90-95%-ʠʡʛ Cl
-
, SO4

--
, HCO3

-
, Na

+
, Mg

++
, Ca

++
, 

K
+ 
ʟʵʨʵʛ ʵʣʝʤʝʥʪװװʜ ʵʟʵʣʜʵʛ. ʕʜʛʵʵʨʠʡʛ װʥʜʩʵʥ ʵʣʝʤʝʥʪװװʜ ʙʫʶʫ 

ʤʘʢʨʦʵʣʝʤʝʥʪװװʜ ʛʵʜʵʛ. ɻʦʣ ʙʫʶʫ װʥʜʩʵʥ ʵʣʝʤʝʥʪװװʜ ʥʴ ʫʩʥʳ ʭʠʤʠʡʥ 

ʥʘʡʨʣʘʛʳʛ ʪʦʜʦʨʭʦʡʣʜʦʛ ʙʘ ʪʵʜʛʵʵʨ ʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʛʘʘʩ ʫʩʥʳ ʵʨʜʵʩʞʠʣʪ 

ʭʘʤʘʘʨʜʘʛ. ɹʘʡʛʘʣʠʡʥ ʫʩʥʳ ʭʠʤʠʡʥ ʥʘʡʨʣʘʛʳʛ ʘʥʠʦʥʳ ʟʦʥʭʠʣʦʭ ʙʘʡʜʣʘʘʨ ʥʴ 1 

ʙʘ 2-ʨ ʟʦʥʭʠʣʦʛʯ ʠʦʥʳʛ ʭʦʦʨʦʥʜ ʥʴ ʷʣʛʘʞ 50 ʵʢʚ/%-ʘʘʩ ʜʵʵʰʭʠʡʛ ʥʵʛʜװʛʵʵʨ, 

ʭʘʨʠʥ ʥʵʛʜװʛʵʵʨʵʵʩ 10 ʵʢʚ/%-ʘʘʩ ʙʘʛʘʛװʡ ʭʵʤʞʵʵʛʵʵʨ ʥʘʡʨʣʘʛʘʥʜ ʥʴ ʦʨʦʣʮʩʦʥ 

ʠʦʥʫʫʜʳʛ ʜʘʨʘʘʯʠʡʥ ʟʦʥʭʠʣʦʛʯʠʜ ʪʦʦʮʦʞ: HCO3 /ʛʠʜʨʦʢʘʨʙʦʥʘʪʳʥ/, SO4 

/ʩʫʣʴʬʘʪʳʥ/, Cl /ʭʣʦʨʳʥ/ ʘʥʛʠʡʥ ʛʵʞ ʷʣʛʘʭʘʘʩ ʛʘʜʥʘ ʵʜʛʵʵʨ ʠʦʥʫʫʜʳʥ 

ʭʦʦʨʦʥʜʳʥ ʭʘʨʴʮʘʘ ʤʘʰ ʦʡʨʭʦʥ /10ʵʢʚ/%-ʘʘʩ ʙʘʛʘ/ ʙʘʡʚʘʣ ʭʦʣʠʤʦʛ ʘʥʛʠʜ 

ʪʦʦʮʜʦʛ. ʍʘʨʠʥ ʢʘʪʠʦʥʦʦʨ ʥʴ ʢʘʣʴʮʠʡʥ, ʤʘʛʥʠʡʥ, ʥʘʪʨʠʡʥ, ʭʦʣʠʤʦʛ ʛʵʩʵʥ 4 

ʙװʣʵʛ /ʛʨʫʧʧ/-ʪ ʭʫʚʘʘʜʘʛ ʙᴇʛᴇᴇʜ ʘʥʠʦʥ, ʢʘʪʠʦʥʳ ʭʘʨʛʘʣʟʘʭ ʙʘʡʜʣʘʘʨ ʥʴ 4 ʪᴇʨᴇʣ 

/ʪʠʧ/-ʜ ʭʫʚʘʘʜʘʛ. ɹʘʡʛʘʣʠʡʥ ʫʩʥʳ ʭʠʤʠʡʥ ʥʘʡʨʣʘʛʳʛ ʘʥʠʦʥ ʢʘʪʠʦʥʳ 

ʭʘʨʴʮʘʘʛʘʘʨ ʥʴ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʘʥʛʠʣʜʘʛ. װתʥʜ: ʘʥʠʦʥʦʦʨ ʥʴ  

- HCO3 /ʛʠʜʨʦʢʘʨʙʦʥʘʪʳʥ ʘʥʛʠʡʥ ʫʩʘʥʜ ʠʭʵʚʯʣʵʥ ʵʨʜʵʩʞʠʣʪ ʙʘʛʘʪʘʡ, ʛʦʣ, 

ʤᴇʨᴇʥ, ʥʫʫʨ, ʛʘʟʨʳʥ ʜʦʦʨʭ ʮʵʥʛʵʛ ʫʩ ʦʨʥʦ /  

- SO4 /ʩʫʣʴʬʘʪʳʥ ʘʥʛʠʜ ʛʠʜʨʦʢʘʨʙʦʥʘʪ ʙʘ ʭʣʦʨʳʥ ʘʥʛʠʡʥ ʟʘʚʩʨʳʥ ʰʠʥʞ 

ʯʘʥʘʨʳʛ ʭʘʜʛʘʣʩʘʥ ʙװʭ ʪᴇʨʣʠʡʥ ʫʩ ʦʨʥʦ/  

- Cl /ʭʣʦʨʳʥ ʘʥʛʠʡʥ ʫʩʘʥʜ ʪʵʥʛʠʩ ʜʘʣʘʡʥ ʙʦʣʦʥ ʵʨʜʵʩʞʠʣʪ ʠʭʪʵʡ ʛʘʟʨʳʥ 

ʜʦʦʨʭ ʫʩ ʠʭʵʚʯʣʵʥ ʦʨʜʦʛ/ 

- ʕʜʛʵʵʨ ʠʦʥʫʫʜʳʥ ʭʦʦʨʦʥʜʳʥ ʭʘʨʴʮʘʘ ʤʘ hʦʡʨʭʦʥ /10 ʤʛ-ʵʢʚ/%-ʘʘʩ 

ʙʘʛʘ/ ʙʘʡʚʘʣ ʭʦʣʠʤʦʛ ʘʥʛʠʜ ʪʦʦʮʜʦʛ.  

ʍʘʨʠʥ ʢʘʪʠʦʥʦʦʨ ʥ ɹʢʘʣʴʮʠʡʥ, ʤʘʛʥʠʡʥ, ʥʘʪʨʠʡʥ, ʭʦʣʠʤʦʛ ʛʵʩʵʥ 4 ʙװʣʵʛ 

/ʛʨʫʧʧ/-ʪ ʭʫʚʘʘʜʘʛ ʙᴇʛᴇᴇʜ ʘʥʠʦʥ, ʢʘʪʠʦʥʳ ʭʘʨʛʘʣʟʘʭ ʙʘʡʜʣʘʘʨ ʥ ɹʜʘʨʘʘʭ ʪᴇʨᴇʣ 

/ʪʠʧ/-ʜ ʭʫʚʘʘʜʘʛ. 

-  HCO3
-
 > Ca

2+
 + Mg

2+
 ʤʛ-ʵʢʚ/ʜʤ

3
 ʙʘʡʚʘʣ 1-ʨ ʪᴇʨᴇʣ  

- HCO3
-
 < Ca

2+
 + Mg

2+
 < HCO3

-
 + SO4

2-
 ʤʛ-ʵʢʚ/ʜʤ

3
 ʙʘʡʚʘʣ 2-ʨ ʪᴇʨᴇʣ 

- HCO3
-
 + SO4

2-
 < Ca

2+
 + Mg

2+
 ʤʛ-ʵʢʚ/ʜʤ

3
 ʙʘʡʚʘʣ 3-ʨ ʪᴇʨᴇʣ  

- HCO3 = 0 ʙʦʣ 4-ʨ ʪϺʨʣʠʡʥ ʫʩʘʥʜ ʪʫʩ ʪʫʩ ʭʘʤʘʘʨʜʘʛ.  

1-ʨ ʪᴇʨʣʠʡʥ ʫʩ ʥ ɹʮʵʥʛʵʛ, ʟᴇᴇʣᴇʥ ʙʘʡʜʘʛ ʙʦʣ 3-ʨ ʪᴇʨʣʠʡʥ ʫʩ ʥ ɹʭʘʪʫʫ 

ʙʘʡʥʘ. ʍʘʨʠʥ 4-ʨ ʪᴇʨʣʠʡʥ ʫʩ ʭʦʚʦʨ ʙᴇʛᴇᴇʜ ʟʘʨʠʤ ʥʵʛ ʭװʜʨʠʡʥ ʦʨʜ ʛʘʟʨʫʫʜʘʜ 

ʭʘʘʷʘ ʪʘʘʨʘʣʜʘʥʘ.  
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ʋʩʳʛ ʥʘʡʨʣʘʛʘʘʨ ʥʴ ʥʵʨʣʵʭʜʵʵ ʥʵʛʜװʛʵʵʨ ʟʦʥʭʠʣʦʛʯ ʘʥʠʦʥʦʦʨ ʙʫʩʜʳʛ 

ʜʘʨʘʘʣʫʫʣʘʥ ʢʘʪʠʦʥʦʦʨ ʜʫʫʩʛʘʥʘ. ʊʫʭʘʡʣʙʘʣ: ʍʘʥʛʘʡʥ ʙװʩʠʡʥ ʠʭʵʥʭ ʫʩ ʥʴ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʳʥ ʘʥʛʠʡʥ, ʢʘʣʴʮʠʡʥ ʙװʣʛʠʡʥ, 1-ʨ ʪᴇʨʣʠʡʥ /ɸʣʝʢʠʥʳ ʠʥʜʝʢʩʵʵʨ 

ʙʠʯʚʵʣ: C
Ca

I/ ʙʘʡʜʘʛ ʙʦʣ ɻʦʚʠʡʥ ʙװʩʵʜ ʠʭʵʚʯʣʵʥ ʭʣʦʨʳʥ ʘʥʛʠʡʥ ʥʘʪʨʠʡʥ 

ʙװʣʛʠʡʥ, 2-3-ʨ ʪᴇʨʣʠʡʥ / Cl
Na

II -III / ʫʩʪ ʮʵʛװװʜ ʟʦʥʭʠʣʜʦʛ ʙʘʡʥʘ. 

ʋʩʥʳ ʵʨʜʵʩʞʠʣʪʠʡʥ ʘʥʛʠʣʘʣ 

ɹʘʡʛʘʣʠʡʥ ʫʩʥʳ ʵʨʜʵʩʞʠʣʪʠʡʥ ʭʵʤʞʵʵ ʥʴ ʪװװʥʜ ʫʫʩʩʘʥ ʙװʭ ʵʨʜʵʩ ʙʦʜʠʩ, 

ᴇᴇʨᴇᴇʨ ʭʵʣʙʵʣ ʛʦʣ ʠʦʥʫʫʜ ʙʦʣʦʭ Na ,K ; Ca ; Mg; Cl; SO4; CO3; HCO3 ʟʵʨʵʛ 

ʘʥʠʦʥ ʢʘʪʠʦʥʳ ʥʠʡʣʙʵʨʵʵʨ ʠʣʵʨʭʠʡʣʵʛʜʵʭʠʡʥ ʟʵʨʵʛʮʵʵ ʛʘʨʘʣ װװʩʣʠʡʛ ʥʴ ʥʵʛʵʥ 

ʭʵʤʞʵʵʛʵʵʨ ʪʫʩʛʘʥ ʭʘʨʫʫʣʘʭ ʫʯʨʘʘʩ ʘʣʠʚʘʘ ʫʩʳʛ ʯʘʥʘʨ, ʥʘʡʨʣʘʛʘʘʨ ʥʴ װʥʵʣʵʞ 

ʘʥʛʠʣʘʭʘʜ ʯʫʭʘʣ װʟװװʣʵʣʪ ʙʦʣʜʦʛ. ɹʘʡʛʘʣʠʡʥ ʫʩʥʳ ʵʨʜʵʩʞʠʣʪ ʭʵʜʵʥ ʘʨʚʘʥ 

ʤʠʣʣʠʛʨʘʤʤʘʘʩ ʭʵʜʵʥ ʟʫʫʥ ʛʨʘʤʤ ʭװʨʪʵʣ ʭʵʣʙʵʣʟʵʥ ᴇᴇʨʯʣᴇʛʜʜᴇʛ. ʋʩʳʛ 

ʵʨʜʵʩʞʠʣʪʵʵʨ ʥʴ ʘʥʛʠʣʩʘʥ ʦʣʦʥ ʘʥʛʠʣʘʣ ʙʘʡʜʛʘʘʩ ʆʨʦʩʳʥ ʵʨʜʵʤʪʵʥ 

ɸ.ʄ.ʆʚʯʠʥʥʠʢʦʚʳʥ ʘʥʛʠʣʣʳʛ װʥʜʵʩʣʵʥ, ʫʥʜʥʳ ʫʩʥʳ ʩʪʘʥʜʘʨʪ ʙʦʣʦʥ ʧʨʘʢʪʠʢ 

ʘʤʴʜʨʘʣ ʜʵʵʨ ʛʘʨʜʘʛ ʟʦʭʠʤʞʠʪ ʭʵʤʞʵʵʛ ʭʘʨʛʘʣʟʘʥ ʵʨʜʵʩʞʠʣʪʠʡʛ ʙʠʜ ʜʘʨʘʘʭ 

ʙʘʡʜʣʘʘʨ ʘʥʛʠʣʜʘʛ. װתʥʠʡʛ ʭװʩʥʵʛʪʵʵʨ װʟװװʣʙʵʣ: 

ʍϮʩʥʵʛʪ 1 ï ɹʘʡʛʘʣʠʡʥ ʫʩʥʳ ʵʨʜʵʩʞʠʣʪʠʡʥ ʘʥʛʠʣʘʣ 

ʜ/ʜ ʕʨʜʵʩʞʠʣʪʠʡʥ ʟʵʨʵʛ ʕʨʜʵʩʞʠʣʪ, ʛ/ʜʤ
3 

1 ʅʵʥ ʮʵʥʛʵʛ ʙʫʶʫ ʷʣʠʤʛװʡ ʵʨʜʵʩʞʠʣʪʪʵʡ < 0.20 

2 ʎʵʥʛʵʛ ʙʫʶʫ ʜʫʥʜ ʟʵʨʛʠʡʥ ʵʨʜʵʩʞʠʣʪʪʵʡ 0.21-0.50 

3 ʎʵʥʛʵʛʜװװ ʙʫʶʫ ʭʘʨʴʮʘʥʛʫʡ ʠʭʵʚʪʵʨ ʵʨʜʵʩʞʠʣʪʪʵʡ 0.51-1.00 

4 ɼʘʚʩʘʨʭʘʛ ʙʫʶʫ ʠʭ ʵʨʜʵʩʞʠʣʪʪʵʡ 1.01-3.00 

5 ɼʘʚʩʪʘʡ ʙʫʶʫ ʰʦʨʚʦʛʜʫʫ 3.01-7.00 

6 ʀʭ ʜʘʚʩʪʘʡ ʙʫʶʫ ʰʦʨʚʦʛ >7.01 

ʋʩʥʳ ʭʘʪʫʫʣʘʛ 

ʋʥʜʥʳ ʫʩʥʳ ʯʘʥʘʨʳʥ ʙʘʩ ʥʵʛ ʯʫʭʘʣ ʰʘʣʛʫʫʨ ʥʴ ʫʩʥʳ ʭʘʪʫʫʣʘʛ ʶʤ. ʕʥʵ 

ʥʴ ʫʩʘʥ ʜʘʭʴ ʢʘʣʴʮ, ʤʘʛʥʠʡʥ ʘʛʫʫʣʘʛʜʩʘʥ ʭʵʤʞʵʵʛʵʵʨ ʠʣʵʨʭʠʡʣʵʛʜʵʥʵ. ʋʥʜʥʳ 

ʫʩʥʳ ʥʘʡʨʣʘʛʘ ʜʘʭʴ ʢʘʣʴʮ 25.0 ʤʛ/ʣ-ʵʵʩ ʙʘʛʘʛװʡ, 100.0ʤʛ/ʣ-ʵʵʩ ʠʭʛװʡ, ʤʘʛʥʠ 

10.0 ʤʛ/ʣ-ʵʵʩ ʙʘʛʘʛװʡ, 30.0 ʤʛ/ʣ-ʵʵʩ ʠʭʛװʡ ʙʘʡʚʘʣ ʟʦʭʠʤʞʪʦʡ ʙᴇʛᴇᴇʜ 

ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ ʭʵʤʞʵʵʛ ʫʥʜʥʳ ʫʩʥʳ ʩʪʘʥʜʘʨʪ MNS 900:2005 ʩʪʘʥʜʘʨʪʘʜ 

ʟʘʘʩʘʥ ʙʘʡʜʘʛ. ʋʛ ʩʪʘʥʜʘʨʪʘʜ ʫʥʜʥʳ ʫʩʥʳ ʭʘʪʫʫʣʛʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ 

ʭʵʤʞʵʵ 7.0 ʤʛ-ʵʢʚ/ʣ-ʵʵʩ ʭʵʪʨʵʭʛװʡ ʙʘʡʭʘʘʨ ʟʘʘʩʘʥ ʙʘʡʜʘʛ ʙᴇʛᴇᴇʜ ʟʦʭʠʤʞʪʦʡ 

ʜʵʵʜ ʭʵʤʞʵʵ 5.0 ʭװʨʪʵʣ ʤʛ-ʵʢʚ/ʣ ʙʘʡʜʘʛ ʙʘʡʥʘ. ʋʥʜʥʳ ʫʩʘʥ ʜʘʭʴ ʢʘʣʴʮ ʤʘʛʥʠ 

3:1 ʭʘʨʴʮʘʘʪʘʡ ʙʘʡʚʘʣ ʠʣװװ ʟʦʭʠʤʞʪʦʡ ʛʵʞ װʟʜʵʛ. ʆʨʦʩʳʥ ʵʨʜʵʤʪʵʥ, 

ʛʠʜʨʦʭʠʤʠʯ ʆ.ɸ.ɸʣʝʢʠʥʳ ʘʥʛʠʣʣʳʛ װʥʜʵʩʣʵʥ, ʧʨʘʢʪʠʢ ʘʤʴʜʨʘʣ ʜʵʵʨ 

ʪʫʣʛʫʫʨʣʘʥ, ʟʦʭʠʤʞʪʦʡ ʭʵʤʞʵʵʛ ʭʘʨʛʘʣʟʘʥ ʫʥʜʥʳ ʫʩʥʳ ʭʘʪʫʫʣʛʠʡʛ ʜʘʨʘʘʭ 

ʙʘʡʜʣʘʘʨ ʘʥʛʠʣʘʥ װʟʜʵʛ. 

ʍϮʩʥʵʛʪ 2 ï ʋʩʥʳ ʭʘʪʫʫʣʛʠʡʥ ʘʥʛʠʣʘʣ 
ʜ/ʜ ʍʘʪʫʫʣʛʠʡʥ ʟʵʨʵʛ ʍʘʪʫʫʣʘʛ, ʤʛ- ʵʢʚ/ʜʤ

3 

1 ʤʘʰ ʟᴇᴇʣᴇʥ  <1.50 

2 ʟᴇᴇʣᴇʥ  1.51-3.00 

3 ʟᴇᴇʣᴇʚʪᴇʨ  3.01-5.00 

4 ʭʘʪʫʫʚʪʘʨ 5.01-7.00 

5 ʭʘʪʫʫ  7.01-9.00 

6 ʤʘʰ ʭʘʪʫʫ  >9.01 
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ɹʠʜʥʠʡ ʭʵʨʵʛʣʵʞ ʭʵʚʰʩʵʥ ʵʜʛʵʵʨ ʘʥʛʠʣʣʘʘʨ ʫʩʥʳ ʵʨʜʵʩʞʠʣʪ, ʭʘʪʫʫʣʠʡʛ 

ʘʥʛʠʣʘʥ ʫʩʥʳ ʯʘʥʘʨʳʛ װʥʵʣʵʭ ʥʴ ʭʘʤʛʠʡʥ ʪʦʭʠʨʦʤʞʪʦʡ ʙʘʡʜʘʛ. 

ʋʩʥʳ ʯʘʥʘʨʳʛ ʩʘʡʞʨʫʫʣʞ ʙʦʣʦʭ ʪʘʣʘʘʩ ʥʴ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʘʥʛʠʣʞ 

ʙʦʣʥʦ. 

ʍϮʩʥʵʛʪ 3 ï ʋʩʥʳ ʯʘʥʘʨʳʛ ʩʘʡʞʨʫʫʣʞ ʘʰʠʛʣʘʭ ʙʦʣʦʤʞ 

ʜ/ʜ ʏʘʥʘʨʳʥ ʰʘʘʨʜʣʘʛʘ ʕʨʜʵʩʞʠʣʪ, 

ʛ/ʜʤ
3
 

ʍʘʪʫʫʣʘʛ, 

ʤʛ- ʢɻʚ/ʜʤ
3
 

1 ʏʘʥʘʨʳʥ ʭʫʚʴʜ ʩʘʡʥ ʫʩ. /ʋʥʜʘʥʜ ʰʫʫʜ 

ʭʵʨʵʛʣʵʞ ʙʦʣʦʭ, ʩʪʘʥʜʘʨʪʳʥ ʰʘʘʨʜʣʘʛʘ 

ʭʘʥʛʘʩʘʥ ʫʩ/ 

<1.00 <7.0 

 2 ɼʫʥʜ ʟʵʨʛʠʡʥ ʯʘʥʘʨʪʘʡ ʫʩ 

/ʋʩʥʳ ʯʘʥʘʨʳʛ ʥʴ ʩʘʡʞʨʫʫʣʘʭ ʙʦʣʦʤʞʪʦʡ/ 

1.01-3.00 7.1-15.0 

3 ʏʘʥʘʨ ʤʫʫʪʘʡ ʫʩ /ʅʠʣʵʵʜ ʠʭ ʭᴇʨᴇʥʛᴇ ʭװʯ 

ʰʘʘʨʜʘʞ ʙʘʡʞ ʩʘʡʞʨʫʫʣʘʭ / 

3.01-7.00 15.1-25.0 

4 ɸʣʴ ʯ ʭʵʨʵʛʮʵʵʥʜ ʪʦʭʠʨʦʤʞʛװʡ ʫʩ >7.01 >25.1 

ɹʘʡʛʘʣʠʡʥ ʫʩʳʛ ʠʡʭʨװװ ʘʥʛʠʘʭʳʥ ʟʵʨʵʛʮʵʵ ʫʩʥʳ ʯʘʥʘʨʪ װʥʵʣʛʵʵ ᴇʛᴇʭᴇʜ 

ʟʘʡʣʰʛװʡ ʰʘʘʨʜʣʘʛʘʪʘʡ ʭʘʨʴʮʫʫʣʘʭ ʩʪʘʥʜʘʨʪ ʤʘʥʘʡ ʦʨʥʳ ʭʫʚʴʜ ʫʯʠʨ 

ʜʫʪʘʛʜʘʣʪʘʡ ʙʘʡʜʘʛ ʙʠʣʵʵ. ʊʫʭʘʡʣʙʘʣ, ʫʩʘʥ ʜʘʭʴ ʙʠʯʠʣ ʵʣʝʤʝʥʪװװʜʠʡʛ 

ʭʦʣʙʦʛʜʦʭ ʩʪʘʥʜʘʨʪʫʫʜʘʜ ʷʥʟ ʙװʨʵʵʨ ʟʘʘʞ ᴇʛʩʥᴇᴇʩ ʪʫʭʘʡʥ ʫʩʳʛ ʯʘʥʘʨʘʘʨ ʥʴ 

 .ʥʜʨʵʣ ʙʵʨʭʰʵʵʣ ʫʯʠʨʯ ʙʘʡʥʘװʛʥʵʭʵʜ ʭװʥʵʣʵʞ ʜװ

 ʩʵʥװװʥʵʵʩ ʛʘʜʥʘ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʫʩ, ʛʦʣʳʥ ʸʨʦʦʣʳʥ ʭʘʛʰʘʘʩ, ʰʠʣʤװת

ʜʵʵʨ ʪʦʛʪʩʦʥ ᴇʥʛᴇʨ ʙʦʣʦʥ ʟʘʛʘʩʥʳ ʵʜ ʵʨʭʪʵʥʜ ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʙʠʯʠʣ 

ʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʘʤʞʠʡʛ ʰʠʥʞʣʵʥ ʪʦʜʦʨʭʦʡʣʜʦʛ ʙʦʣʦʚʯ ʵʜʛʵʵʨʠʡʛ 

ʭʘʨʴʮʫʫʣʘʭ ʩʪʘʥʜʘʨʪ ʙʘʡʭʛװʡʛʵʵʩ ʙʘʡʛʘʣʴ ʦʨʯʥʳ ʙʦʭʠʨʜʣʳʛ ʥʵʛʜʤʵʣʵʵʨ 

  .ʟʵʞ ʙʦʣʦʭʦʦʨ ʙʘʡʥʘװ ʡ ʛʵʞװʨʜʵʵʛװʥʵʣʵʭ ʙʦʣʦʤʞ ʙװ

ʉʘʥʘʣ ʜϮʛʥʵʣʪ 

ʄʘʥʘʡ ʦʨʦʥʜ ʤᴇʨʜᴇʛʜᴇʞ ʙʘʡʛʘʘ ʫʩʘʥ ʦʨʯʥʳ ʩʪʘʥʜʘʨʪ, ʥʦʨʤʫʫʜ ʥʴ ʫʩʥʳ 

ʯʘʥʘʨʳʛ ʠʞ ʙװʨʥʵʵʨ ʥʴ װʥʵʣʵʭʵʜ ʫʯʠʨ ʜʫʪʘʛʜʘʣʪʘʡ ʙʘʡʥʘ. ʀʡʤʜ ʦʜʦʦ 

ʤᴇʨʜᴇʛʜᴇʞ ʙʘʡʛʘʘ ʩʪʘʥʜʘʨʪ, ʥʦʨʤʫʫʜʳʛ ʰʠʥʵʯʣʵʥ ʩʘʡʞʨʫʫʣʘʭ, ʰʠʥʵʵʨ 

ʙʦʣʦʚʩʨʫʫʣʘʭ ʘʞʠʣ ʙʠʜʥʠʡ ʭʦʡʰʣʫʫʣʘʰʛװʡ ʟʦʨʠʣʪ ʙʦʣʞ ʙʘʡʥʘ.  

ʆʜʦʦʛʠʡʥ ʙʘʡʜʣʘʘʨ ʛʦʣʳʥ ʸʨʦʦʣʳʥ ʭʘʛʰʘʘʩʘʥ ʜʘʭʴ ʙʦʭʠʨʜʦʣ, ʭװʥʜ, 

ʭʦʨʪʦʡ ʵʣʝʤʝʥʪװװʜʠʡʛ ʭʘʨʴʮʫʫʣʘʭ װʥʜʵʩʥʠʡ ʩʪʘʥʜʘʨʪ ʙʘʡʜʜʘʛʛװʡʥ ʛʘʜʥʘ ʫʩʥʳ 

ʘʤʴʪʜʳʥ ʵʜ ʵʨʭʪʵʥ, ʵʤʛʵʛ ʵʜʵʜ ʭʫʨʠʤʪʣʘʛʜʘʭ ʭʦʨʫʫ ʯʘʥʘʨʪʘʡ ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʘʛʫʫʣʘʤʞʠʡʛ ʭʘʨʴʮʫʫʣʘʭ ʩʪʘʥʜʘʨʪ ʤᴇʥ ʙʘʡʭʛװʡ ʙʘʡʛʘʘ ʥʴ ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʛ 

ʙʦʣʦʚʩʨʫʫʣʘʭʘʜ ʭװʥʜʨʵʣ ʫʯʠʨʯ ʙʘʡʥʘ. ʀʡʤʵʵʩ ñʫʩʘʥ ʦʨʯʥʳ ʯʘʥʘʨʳʛ װʥʵʣʵʭò, 

ʛʦʣʳʥ ʸʨʦʦʣʳʥ ʭʘʰʘʘʩʘʥʜ ʘʛʫʫʣʘʛʜʘʭ ʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʘʤʞʠʡʥ ʪʦʦʥ 

ʫʪʛʳʛ ʯʘʥʘʨʘʘʨ ʟʵʨʵʛʣʵʞ ʙʦʭʠʨʜʣʳʛ װʥʵʣʵʭ ʘʨʛʘ, װʥʜʵʩʥʠʡ ʩʪʘʥʜʘʨʪʫʫʜʳʛ 

ʦʡʨʳʥ ʭʫʛʘʮʘʘʥʜ ʙʦʣʦʚʩʨʫʫʣʘʭ ʰʘʘʨʜʣʘʛʘ ʟװʡ ʸʩʦʦʨ ʪʫʣʛʘʨʯ ʙʘʡʥʘ. 

ʊװװʥʯʣʵʥ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʫʩʘʘʨ ʘʛʘʘʨʳʥ ʙʦʭʠʨʜʣʳʛ װʥʵʣʵʭʜʵʵ ᴇᴇʨ ᴇᴇʨ 

ʛʘʟʨʫʫʜʳʥ ʜװʥʛ ʭʦʦʨʦʥʜ ʥʴ ʭʘʨʴʮʫʫʣʘʭ ʟʘʤʘʘʨ ʦʜʦʦʛʠʡʥ ʙʘʡʜʣʘʘʨ ʙʦʭʠʨʜʣʳʛ 

 ,ʥʵʣʞ ʙʘʡʥʘ. ʀʡʤʜ ʙʫʩʘʜ ʦʨʦʥʜ ʵʥʵ ʯʠʛʣʵʣʠʡʥ ʘʞʣʳʛ ʭʵʨʭʵʥ ʷʚʫʫʣʜʘʛװ

ʷʣʘʥʛʫʷʘ ʤʘʥʘʡ ʭᴇʨʰ ʟʵʨʛʵʣʜʵʵ ʫʣʩʫʫʜ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʯʘʥʘʨʳʛ ʭʵʨʭʵʥ װʥʵʣʜʵʛ 

ʪʘʣʘʘʨ ʤʵʜʵʵʣʵʣ ʩʦʣʠʣʮʦʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʘʡʥʘ. 
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ʍϮʩʥʵʛʪ 4 - ʋʩʥʳ ʙʠʯʠʣ ʵʣʝʤʝʥʪϮϮʜʠʡʥ ʘʛʫʫʣʘʤʞ 

 ʜװװʣʵʣʪװװʟת

(ʤʛ/ʜʤ
3
) 

ʉʪʘʥʜʘʨʪʫʫʜ 

ʋʩʘʥ ʦʨʯʥʳ 

ʯʘʥʘʨʳʥ װʟװװʣʵʣʪ 

MNS 4586:1998 

ʋʥʜʥʳ ʫʩ 

MNS 

900:2005 

ɻɼʋ ʙʦʭʠʨʜʫʫʣʘʛʯ 

ʙʦʜʠʩ ʵʣʝʤʝʥʪװװʜ 

MNS 6148:2010 

ʎʵʚʵʨʰװװʣʩʵʥ 

ʙʦʭʠʨ ʫʩ 

MNS 4943:2011 

ɸʥʟʘʥ (Mo) 0.25 0.07 0.04 0.50 

ɹʘʨʠ (Ba) - 0.70 2.00 1.50 

ɹʠʥʜʵʨ (Be) - 0.0002 0.001 0.001 

ɹʦʨ (B) - 0.50 1.00 0.30 

ɹʨʦʤ (Br) - 0.01 0.01  

ɺʘʥʘʜʠʡ (V) - - 0.06 0.10 

ɿᴇᴇʣᴇʥʮʘʛʘʘʥ (Cd) 0.005 0.003 0.003 0.03 

ɿʵʩ (Cu) 0.01 1.00 1.00 0.30 

ʁʦʜ (I) - 1.00 - - 

ʂʦʙʘʣʴʪ (Co) 0.01 - - 0.02 

ʄʘʥʛʘʥ (Mn) 0.1 0.10 0.10 0.50 

ʄᴇʥʛᴇʥ ʫʩ (Hg) - 0.0005 0.002 0.001 

ʄᴇʥʛᴇ (Ag) - 0.10 0.10 - 

ʅʠʢʝʣʴ (Ni) 0.01 0.02 0.10 0.20 

ʉʝʣʝʥ (Se) - 0.01 0.04 0.02 

ʉʪʨʦʥʮʠ (Sr) - 2.00 - 2.00 

ʊᴇʤᴇʨ /ʥʠʡʪ/ (Fe) - 0.30 0.30 1.00 

ʋʨʘʥ (U) - 0.015 0.02 0.05 

ʌʪʦʨ (F)  1.5 0.7-1.5 - - 

ʍʘʨʪʫʛʘʣʛʘ (Pb) 0.01 0.01 0.05 0.10 

ʍᴇʥʛᴇʥʮʘʛʘʘʥ (Al)  - 0.50 0.50 0.50 

ʍʨʦʤ /ʥʠʡʪ/ (Cr) 0.05 0.05 0.07 0.30 

ʍװʥʮʵʣ (As) ʥʠʡʪ  0.01 0.01 0.01 0.01 

ʍʵʚʨʵʛʮʘʛʘʘʥ (Sb) - 0.02 0.006 0.05 

ʎʘʡʨ (Zr) 0.01 5.00 5.00 1.00 

ʎʠʘʥʠʜ (CN) ʥʠʡʪ  - 0.01   0.05 

ɻʦʣʳʥ ʫʩ, ʭʫʨʜʘʩʘʥʜ ʘʛʫʫʣʘʛʜʘʭ ʙʫʶʫ ʛʘʜʥʘʘʩ ʦʨʦʭ ʭװʥʜ ʤʝʪʘʣʣʳʥ 

ʭʵʤʞʵʵ ʠʭʵʩʚʵʣ ʭװʥʩʥʠʡ ʟʦʨʠʫʣʘʣʪʪʘʡ ʟʘʛʘʩʘʥ ʙװʪʵʵʛʜʵʭװװʥʠʡʛ ʭʵʨʵʛʣʵʭ ʥʴ 

ʟʦʭʠʤʞʛװʡ ʙʦʣʥʦ. ʀʡʤʵʵʩ ʭװʥʠʡ ʵʨװװʣ ʤʵʥʜ ʙʦʣʦʥ ʙʘʡʛʘʣʴ ʦʨʯʥʳʛ ʭʘʤʛʘʘʣʘʭ 

 ʜʥʵʵʩ ʫʜʘʘʥ ʭʫʛʘʮʘʘʥʳ ʩʫʜʘʣʛʘʘʛ ʷʚʫʫʣʘʭ, ʟʘʛʘʩʥʳ ʵʤʛʵʛ ʵʜ ʙʦʣʦʥ ᴇʚʯʥʠʡʛװװ

ʦʥʦʰʣʦʭ, ʵʤʯʣʵʭ ʤʵʨʛʵʞʠʣʪʵʥ ʯʘʜʚʘʨʞʫʫʣʘʭ, ʟʘʛʘʩʘʥ ʙװʪʵʵʛʜʵʭװװʥʜ 

ʘʛʫʫʣʘʛʜʘʭ ʘʣʠʚʘʘ ʭʠʤʠʡʥ ʭʦʨʪʦʡ ʵʣʝʤʝʥʪװװʜʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵ 

ʭʷʟʛʘʘʨʳʛ ʟʘʘʩʘʥ, ʩʪʘʥʜʘʨʪ, װװʥʪʵʡ ʭʦʣʙʦʦʪʦʡ ʛʦʣ ʥʫʫʨʘʘʩ ʙʘʨʠʭ ʙʦʣʦʥ 

ʦʣʙʦʨʣʦʭ ʟʘʛʘʩʘʥ ʙװʪʵʵʛʜʵʭװװʥʜ ʪʘʚʠʛʜʘʭ ʰʘʘʨʜʣʘʛʘ, ʫʨʪ ʫʜʘʘʥ ʭʫʛʘʮʘʘʥʳ 

ʩʫʜʘʣʛʘʘʥ ʜʵʵʨ װʥʜʵʩʣʵʥ ʟᴇʚʣᴇʤʞ ʛʘʨʛʘʭ ʭʵʨʵʛʪʵʡ. 
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ɺʆʉʉʊɸʅʆɺʃɽʅʀɽ ɼɽɹʀʊʆɺ ɺʆɼʆɿɸɹʆʈʆɺ ʇʆɼɿɽʄʅʓʍ ɺʆɼ  

ɺ.ʀ. ɿʘʥʦʩʦʚʘ, ʆ.ʉ. ɹʦʨʟʠʣʦʚ 

ɹʘʨʥʘʫʣ, ʈʦʩʩʠʷ 

ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʜʚʫʤ ʪʠʧʘʤ ʛʝʦʣʦʛʦ-

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ: ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʤʫ ʘʨʪʝʟʠʘʥʩʢʦʤʫ ʙʘʩʩʝʡʥʫ ʠ 

ʉʘʷʥʦ-ɸʣʪʘʡʩʢʦ-ɽʥʠʩʝʡʩʢʦʡ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ [1]. 

ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʘʷ ʧʣʘʪʬʦʨʤʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ 

ʘʨʪʝʟʠʘʥʩʢʠʭ ʙʘʩʩʝʡʥʦʚ ʤʠʨʘ, ʚ ʢʦʪʦʨʦʤ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʦʛʨʦʤʥʳʝ ʨʝʩʫʨʩʳ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɺ ʧʨʝʜʝʣʘʭ ʨʘʚʥʠʥʥʦʡ ʯʘʩʪʠ ʢʨʘʷ ʚʳʜʝʣʷʶʪʩʷ ʘʨʪʝʟʠʘʥʩʢʠʝ 

ʙʘʩʩʝʡʥʳ 2-ʛʦ ʧʦʨʷʜʢʘ ï ɺʝʨʭʥʝ-ʆʙʩʢʠʡ ʠ ʂʫʣʫʥʜʠʥʩʢʦ-ɹʘʨʥʘʫʣʴʩʢʠʡ. 

ʖʞʥʘʷ, ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʠ ʚʦʩʪʦʯʥʘʷ ʪʝʨʨʠʪʦʨʠʠ ʢʨʘʷ ʩʦʚʧʘʜʘʶʪ ʩ 

ʛʦʨʥʳʤ ʦʙʨʘʤʣʝʥʠʝʤ ʨʘʚʥʠʥ ʶʛʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʠ ʧʦ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʤʫ 

ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʦʪʥʦʩʷʪʩʷ ʢ ʢʨʘʝʚʳʤ ʯʘʩʪʷʤ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʛʦ 

ʘʨʪʝʟʠʘʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʪʝʨʨʠʪʦʨʠʠ ʤʥʦʛʠʭ ʨʘʡʦʥʦʚ ʣʝʞʘʪ ʥʘ ʩʪʳʢʝ ʙʘʩʩʝʡʥʘ 

ʧʦʨʦʚʦ-ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʩ ʪʨʝʱʠʥʥʳʤʠ ʧʦʜʟʝʤʥʳʤʠ ʚʦʜʘʤʠ ʛʦʨʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ɸʣʪʘʷ ʠ ʉʘʣʘʠʨʘ. 

ɻʦʨʦʜʘ ʠ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ 60 ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʨʘʡʦʥʦʚ ʢʨʘʷ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʣʷʶʪ 

ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʨʘʟʣʠʯʥʳʤ ʚʦʜʦʥʦʩʥʳʤ ʛʦʨʠʟʦʥʪʘʤ ʠ 

ʢʦʤʧʣʝʢʩʘʤ, ʠʤʝʶʱʠʤ ʨʘʟʣʠʯʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ.  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʦʜʦʟʘʙʦʨʥʳʤ ʩʦʦʨʫʞʝʥʠʝʤ ʜʣʷ ʜʦʙʳʯʠ 

ʧʦʜʟʝʤʥʦʡ ʚʦʜʳ ʷʚʣʷʶʪʩʷ ʙʫʨʦʚʳʝ ʩʢʚʘʞʠʥʳ. ʇʦ ʜʘʥʥʳʤ ʆɸʆ çɸʣʪʘʡʩʢʘʷ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʘʷ ʵʢʩʧʝʜʠʮʠʷè ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ 1985 

ʚʦʜʦʟʘʙʦʨʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʫʯʪʝʥʥʳʭ ʧʦ ʬʦʨʤʝ 2ïʊʇ (ʚʦʜʭʦʟ) ʠ 4-ʃʉ 

(ʪʘʙʣ. 1) [2,3]. 

ʊʘʙʣʠʮʘ 1 - ɼʘʥʥʳʝ ʦ ʢʦʣʠʯʝʩʪʚʝ ʚʦʜʦʟʘʙʦʨʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ  
ˉ ʧ/ʧ ʇʦʢʘʟʘʪʝʣʠ ʂʦʣʠʯʝʩʪʚʦ 

1 

ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʦʟʘʙʦʨʦʚ,  1985 

ʦʜʠʥʦʯʥʳʭ 1036 

ʛʨʫʧʧʦʚʳʭ 949 

2 

ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʦʟʘʙʦʨʦʚ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʨʘʟʚʝʜʘʥʥʳʤʠ ʟʘʧʘʩʘʤʠ: 433 

ʥʘ ʧʠʪʴʝʚʳʝ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ 351 

ʥʘ ʪʝʭʥʠʯʝʩʢʠʝ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ 82 

3 
ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʦʟʘʙʦʨʦʚ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʥʝʨʘʟʚʝʜʘʥʥʳʤʠ 

ʟʘʧʘʩʘʤʠ: 
1552 

4 
ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠʤʝʶʱʠʭ ʣʠʮʝʥʟʠʶ ʥʘ ʧʨʘʚʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʥʝʜʨʘʤʠ 
1359 

ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʦʜʦʟʘʙʦʨʥʳʭ ʩʢʚʘʞʠʥ ʬʫʥʢʮʠʦʥʠʨʫʝʪ 

ʥʝʵʬʬʝʢʪʠʚʥʦ ʩʦ ʩʥʠʞʝʥʥʳʤʠ ʜʝʙʠʪʘʤʠ ʠ ʚʳʩʦʢʠʤʠ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ ʥʘ 

ʧʦʜʲʝʤ ʚʦʜʳ. ʉʠʪʫʘʮʠʷ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʠ ʚʥʦʚʴ 

ʩʦʦʨʫʞʘʝʤʳʝ ʩʢʚʘʞʠʥʳ ʠʤʝʶʪ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʦʜʠʪʴ ʠʭ ʢʘʯʝʩʪʚʝʥʥʳʡ ʨʝʤʦʥʪ. ʇʦʵʪʦʤʫ ʬʘʢʪʠʯʝʩʢʠʡ ʩʨʦʢ ʩʣʫʞʙʳ 

ʙʦʣʴʰʠʥʩʪʚʘ ʩʢʚʘʞʠʥ ʥʝ ʧʨʝʚʳʰʘʝʪ 15ï20 ʣʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʠʭ 



 

˸͔͗͒ͯͤ͊ͪͦ͒ͤ·͚ ͙͙ͫͣͨͦͯͣ͘ 

96 

ʨʘʩʯʝʪʥʦʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʢʚʘʞʠʥʳ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʟʠʚʰʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʪʘʤʧʦʥʠʨʫʶʪ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʧʨʠʚʣʝʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʝʝ 2000 

ʩʢʚʘʞʠʥ ʚ ʢʨʘʝ ʷʚʣʷʶʪʩʷ ʙʨʦʰʝʥʥʳʤʠ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʜʝʙʠʪʘ ʠ ʚʳʭʦʜʘ ʠʟ 

ʩʪʨʦʷ ʚʦʜʦʧʦʜʲʝʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ 

ʩʪʘʥʦʚʷʪʩʷ ʟʘʜʘʯʠ ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥʥʳʭ 

ʚʦʜʦʟʘʙʦʨʦʚ, ʫʜʣʠʥʝʥʠʷ ʩʨʦʢʘ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʧʦʜʘʚʘʝʤʦʡ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʷ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ. ʅʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ ʙʳʣʠ ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɹʣʘʛʦʚʝʱʝʥʩʢʦʛʦ, ʊʘʙʫʥʩʢʦʛʦ, ʂʣʶʯʝʚʩʢʦʛʦ, ʂʫʣʫʥʜʠʥʩʢʦʛʦ ʠ ʏʘʨʳʰʩʢʦʛʦ 

ʨʘʡʦʥʦʚ.  

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʷʣʠʩʴ ʢʦʤʧʣʝʢʩʥʳʝ ʤʝʪʦʜʠʢʠ, 

ʚʢʣʶʯʘʶʱʠʝ ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʩʢʚʘʞʠʥ, ʠʟʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʣʷ ʦʮʝʥʢʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʘʥʘʣʠʟ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ 

ʧʦ ʦʧʳʪʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʦʜʦʟʘʙʦʨʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ.  

ʇʨʠʯʠʥʳ ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʢʚʘʞʠʥ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

- ʥʝʟʘʚʠʩʷʱʠʝ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥʳ ʠ ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʟʘʚʠʩʷʱʠʝ ʦʪ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʜʦʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʩʢʚʘʞʠʥʳ; 

- ʟʘʚʠʩʷʱʠʝ ʦʪ ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʉʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʧʨʠʯʠʥʘʤ ʥʝʟʘʚʠʩʷʱʠʤ ʦʪ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥʳ ʠ ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʯʘʩʪʫʶ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʦʜʦʟʘʙʦʨʦʚ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ɹʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʝ ʩʢʚʘʞʠʥʳ, ʧʨʦʙʫʨʝʥʥʳʝ ʥʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 

ʛʦʨʠʟʦʥʪ, ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ʉʪʝʧʝʥʴ ʵʪʦʛʦ ʚʣʠʷʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʢʚʘʞʠʥʘʤʠ, ʦʪ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʥʘʧʨʘʚʣʝʥʠʶ ʪʦʢʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʪʙʠʨʘʝʤʦʡ ʚʦʜʳ. ʈʘʜʠʫʩ 

ʚʣʠʷʥʠʷ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʚʦʜʳ ʦʪʙʠʨʘʝʪʩʷ ʠʟ ʩʢʚʘʞʠʥʳ. ʇʨʠ ʦʪʢʘʯʢʝ ʠʟ 

ʫʜʘʣʝʥʥʦʡ ʥʘ ʥʝʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʩʢʚʘʞʠʥʳ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʜʝʙʠʪʦʤ ʚʦ 

ʚʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜʳ. ɽʩʣʠ ʧʦʙʣʠʟʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʦ 

ʙʦʣʴʰʝ ʦʜʥʦʡ ʩʢʚʘʞʠʥʳ, ʵʪʦ ʚʣʠʷʥʠʝ ʫʩʠʣʠʚʘʝʪʩʷ. 

ʂ ʜʨʫʛʠʤ ʧʨʠʯʠʥʘʤ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʠʟʤʝʥʝʥʠʝ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ (ʧʦʷʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʣʘʩʪʝʡ 

ʨʘʟʛʨʫʟʢʠ). 

ʇʨʠʯʠʥʳ ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʢʚʘʞʠʥʳ, ʩʚʷʟʘʥʳ ʩ ʦʙʫʩʪʨʦʡʩʪʚʦʤ ʚʦʜʦʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʩʢʚʘʞʠʥʳ. ɺ ʧʝʩʢʘʭ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʩʝʪʯʘʪʦʛʦ ʬʠʣʴʪʨʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʘʨʢʘʩ (ʪʨʫʙʘ ʩ ʧʝʨʬʦʨʘʮʠʝʡ), ʦʙʤʦʪʘʥʥʳʡ ʧʨʦʚʦʣʦʢʦʡ ʠ ʦʙʪʷʥʫʪʳʡ ʩʝʪʢʦʡ 
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ʛʘʣʫʥʥʦʛʦ ʧʣʝʪʝʥʠʷ. ʈʘʟʤʝʨʳ ʷʯʝʝʢ ʩʝʪʢʠ ʜʦʣʞʥʳ ʧʦʜʙʠʨʘʪʴʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʚ ʩʢʚʘʞʠʥʫ ʥʝ ʧʦʩʪʫʧʘʣ ʧʝʩʦʢ, ʠ ʩʝʪʢʘ ʥʝ ʟʘʙʠʚʘʣʘʩʴ ʧʝʩʯʠʥʢʘʤʠ. 

ʅʝʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʪʠʧʘ ʩʝʪʢʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʧʝʩʢʦʚ ʩ ʬʠʣʴʪʨʦʤ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʯʝʥʴ 

ʤʘʣʳʭ ʨʘʟʤʝʨʘʭ ʷʯʝʝʢ ʩʝʪʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʢʨʳʪʠʷ ʠʭ ʧʝʩʯʘʥʳʤʠ 

ʯʘʩʪʠʮʘʤʠ. ʀʣʠ, ʧʨʠ ʙʦʣʴʰʠʭ, ʯʝʤ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʧʨʦʭʦʜʥʳʭ ʦʪʚʝʨʩʪʠʷʭ, 

ʚʦʟʤʦʞʥʦ çʧʝʩʢʦʚʘʥʠʝè ʩʢʚʘʞʠʥʳ. ɺʦʜʦʧʨʠʝʤʥʘʷ ʯʘʩʪʴ ʩʢʚʘʞʠʥʳ ʙʫʜʝʪ 

ʙʳʩʪʨʦ ʟʘʧʦʣʥʷʪʴʩʷ ʧʝʩʢʦʤ, ʠ ʧʦʩʪʝʧʝʥʥʦ ʜʝʙʠʪ ʩʢʚʘʞʠʥʳ ʙʫʜʝʪ ʩʥʠʞʘʪʴʩʷ. 

ʇʦʩʪʫʧʣʝʥʠʝ ʧʝʩʢʘ ʚ ʩʢʚʘʞʠʥʘʭ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʥʘʨʫʰʝʥʠʝʤ 

ʮʝʣʦʩʪʥʦʩʪʠ ʩʝʪʢʠ. ʈʘʟʨʳʚ ʦʙʨʘʟʦʚʳʚʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʨʨʦʟʠʠ, 

ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ ʧʨʦʚʦʣʦʢ ʧʨʦʥʠʢʘʶʱʠʤʠ ʯʘʩʪʠʮʘʤʠ, ʘ ʪʘʢʞʝ 

ʥʝʘʢʢʫʨʘʪʥʦʛʦ ʩʧʫʩʢʘ ʬʠʣʴʪʨʦʚʦʡ ʢʦʣʦʥʥʳ. ʉʢʚʘʞʠʥʳ ʩ ʪʘʢʠʤʠ ʜʝʬʝʢʪʘʤʠ 

ʩʯʠʪʘʶʪʩʷ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʨʝʤʦʥʪʘ. 

ɺ ʦʙʚʦʜʥʝʥʥʳʭ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜʘʭ ʫʩʪʦʡʯʠʚʳʝ ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ ʥʝ 

ʟʘʢʨʝʧʣʷʶʪ ʬʠʣʴʪʨʦʤ, ʩʪʚʦʣ ʦʩʪʘʚʣʷʶʪ ʦʪʢʨʳʪʳʤ. ɺ ʩʠʣʴʥʦʪʨʝʱʠʥʦʚʘʪʳʭ 

ʥʝʫʩʪʦʡʯʠʚʳʭ ʧʦʨʦʜʘʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢ ʫʩʪʘʥʦʚʢʝ ʪʨʫʙʯʘʪʳʡ ʬʠʣʴʪʨ (ʪʨʫʙʘ ʩ 

ʢʨʫʛʣʦʡ ʠʣʠ ʱʝʣʝʚʦʡ ʧʝʨʬʦʨʘʮʠʝʡ). 

ɺ ʦʪʢʨʳʪʦʤ ʩʪʚʦʣʝ ʠʤʝʝʪʩʷ ʨʠʩʢ ʦʙʨʫʰʝʥʠʷ ʩʪʝʥʦʢ ʩʢʚʘʞʠʥʳ, 

ʚʳʧʘʜʝʥʠʷ ʦʙʣʦʤʢʦʚ ʧʦʨʦʜʳ ʠʟ ʩʪʝʥʦʢ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʙʦʢ ʠ ʫʤʝʥʴʰʝʥʠʝʤ 

ʦʙʲʝʤʘ ʚʦʜʦʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʩʢʚʘʞʠʥʳ. ɼʝʙʠʪ ʩʢʚʘʞʠʥʳ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʟʤʝʨʦʚ ʧʦʣʦʩʪʠ, ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ ʚʦʜʦʥʦʩʥʳʤ ʛʦʨʠʟʦʥʪʦʤ, ʝʝ 

ʫʤʝʥʴʰʝʥʠʝ ʩʥʠʞʘʝʪ ʚʦʟʤʦʞʥʦʝ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʢʚʘʞʠʥʥʦʛʦ ʬʠʣʴʪʨʘ, ʢʘʨʢʘʩ ʢʦʪʦʨʦʛʦ 

ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʩʪʘʣʴʥʳʭ ʪʨʫʙ, ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ 

ʦʩʘʜʢʦʚ, ʥʘʨʦʩʪʦʚ (ʢʦʣʴʤʘʪʘʥʪʦʚ) ʥʘ ʩʝʪʢʝ, ʩʪʝʥʢʘʭ ʢʘʨʢʘʩʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʨʨʦʟʠʠ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʠ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʠʣʴʪʨʘ. ʅʘʢʦʧʣʝʥʠʝ 

ʢʦʣʴʤʘʪʘʥʪʦʚ ʥʘ ʦʪʚʝʨʩʪʠʷʭ ʩʝʪʢʠ ʠ ʢʘʨʢʘʩʘ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʦʩʪʫʧʘʶʱʝʡ ʚʦʜʝ, ʚʦʟʤʦʞʥʦ ʜʘʞʝ ʧʦʣʥʦʝ ʟʘʨʘʩʪʘʥʠʝ ʬʠʣʴʪʨʘ, ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʪʦʨʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. 

ʉʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʢʚʘʞʠʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʩʦʩʦʚ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, 

ʧʨʝʚʳʰʘʶʱʝʡ ʨʝʢʦʤʝʥʜʦʚʘʥʥʫʶ. ʇʨʠʤʝʥʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʥʘʩʦʩʘ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʝʙʠʪʫ ʩʢʚʘʞʠʥʳ, 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʜʘʥʥʳʤ ʦʧʳʪʥʳʭ ʦʪʢʘʯʝʢ ʧʦʩʣʝ ʩʦʦʨʫʞʝʥʠʷ 

ʩʢʚʘʞʠʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʦʜʦʟʘʙʦʨʦʚ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚʦʜʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ, 

ʠʩʪʦʱʝʥʠʝʤ ʟʘʧʘʩʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʢʦʣʴʤʘʪʘʞʝʤ ʚʦʜʦʧʨʠʝʤʥʳʭ ʯʘʩʪʝʡ 

ʚʦʜʦʟʘʙʦʨʥʳʭ ʩʢʚʘʞʠʥ. ʋʤʝʥʴʰʝʥʠʝ ʜʝʙʠʪʘ ʚʦʜʦʟʘʙʦʨʥʳʭ ʩʢʚʘʞʠʥ, 

ʠʟʤʝʥʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʦʪʙʠʨʘʝʤʳʭ ʨʘʩʭʦʜʦʚ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʩʢʚʘʞʠʥʘʭ ʠ ʢʦʣʦʜʮʘʭ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʧʨʦʝʢʪʥʳʭ ʜʘʥʥʳʭ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʩʣʝʜʩʪʚʠʝ 
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ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʩʦʩʦʚ, ʟʘʣʦʞʝʥʥʳʭ ʚ ʧʨʦʝʢʪʝ, ʠʟʤʝʥʠʚʰʠʤʩʷ 

ʜʝʙʠʪʘʤ ʠ ʧʦʥʠʞʝʥʠʷʤ ʫʨʦʚʥʷ ʚ ʩʢʚʘʞʠʥʘʭ [4]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʚʦʜʦʟʘʙʦʨʦʚ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʩʣʝʜʫʶʱʝʝ: 

- ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥʘʭ ʯʘʩʪʦ ʦʪʩʫʪʩʪʚʫʝʪ ʢʦʥʪʨʦʣʴʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ, ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʟʘʤʝʨʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ ʚʦʜʳ ʠ ʦʙʲʝʤʘ ʚʦʜʦʦʪʙʦʨʘ; 

- ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʥʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʠʭ ʝʤʢʦʩʪʝʡ ʩ ʜʦʩʪʘʪʦʯʥʳʤ 

ʟʘʧʘʩʥʳʤ ʦʙʲʝʤʦʤ ʠ ʧʝʨʝʙʦʷʤʠ ʚ ʩʥʘʙʞʝʥʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʥʝʠʟʙʝʞʥʳ 

ʦʩʪʘʥʦʚʢʠ ʚ ʨʘʙʦʪʝ ʚʦʜʦʟʘʙʦʨʥʳʭ ʩʢʚʘʞʠʥ. 

- ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʚʦʜʦʟʘʙʦʨʦʚ ʥʝʪ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʩʝʪʠ ʜʣʷ ʠʟʫʯʝʥʠʷ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʧʨʝʩʩʠʦʥʥʦʡ ʚʦʨʦʥʢʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ʆʪʤʝʯʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʟʘʪʨʫʜʥʷʶʪ ʚʳʙʦʨ ʠ ʢʦʥʪʨʦʣʴ ʧʨʘʚʠʣʴʥʦʛʦ 

ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʟʘʙʦʨʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʯʠʥ ʩʥʠʞʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʢʚʘʞʠʥ ʠ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʚʳʭʦʜʘ ʠʭ ʠʟ ʩʪʨʦʷ, ʘ 

ʪʘʢʞʝ ʩʜʝʨʞʠʚʘʶʪ ʥʘʢʦʧʣʝʥʠʝ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʟʘʙʦʨʦʚ ʥʘ ʙʘʟʝ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ʆʜʥʘʢʦ ʤʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʟʘʙʦʨʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʩʥʠʞʝʥʠʷ ʜʝʙʠʪʘ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʝ 

ʚʠʜʳ ʢʦʣʴʤʘʪʘʞʘ ʬʠʣʴʪʨʦʚ ʠ ʧʨʠʬʠʣʴʪʨʦʚʳʭ ʟʦʥ ʩʢʚʘʞʠʥ. ʈʘʟʣʠʯʘʶʪ ʪʨʠ 

ʚʠʜʘ ʢʦʣʴʤʘʪʘʮʠʠ: ʤʝʭʘʥʠʯʝʩʢʫʶ, ʭʠʤʠʯʝʩʢʫʶ, ʙʠʦʣʦʛʠʯʝʩʢʫʶ [5].  

ʄʝʭʘʥʠʯʝʩʢʘʷ ʢʦʣʴʤʘʪʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʝʪʯʘʪʳʭ, ʧʨʦʚʦʣʦʯʥʳʭ ʠ 

ʱʝʣʝʚʳʭ ʬʠʣʴʪʨʘʭ ʚʩʣʝʜʩʪʚʠʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʭʦʜʥʳʭ ʦʪʚʝʨʩʪʠʡ ʬʠʣʴʪʨʦʚ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʦʜʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦʣʴʤʘʪʘʮʠʠ ʚʦʜʦʧʨʠʝʤʥʳʝ ʦʪʚʝʨʩʪʠʷ ʬʠʣʴʪʨʦʚ ʟʘʢʣʠʥʠʚʘʶʪʩʷ 

ʠʣʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʧʝʩʢʦʤ, ʛʣʠʥʦʡ, ʛʨʘʚʠʝʤ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʫʜʝʣʴʥʳʡ ʜʝʙʠʪ 

ʩʢʚʘʞʠʥ ʩʥʠʞʘʝʪʩʷ ʥʘ 20ï30%.  

ʂ ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦʣʴʤʘʪʘʮʠʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʛʣʠʥʠʟʘʮʠʶ ʬʠʣʴʪʨʘ ʠ 

ʧʨʠʬʠʣʴʪʨʦʚʦʡ ʟʦʥʳ ʧʨʠ ʨʦʪʦʨʥʦʤ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʩ ʧʨʦʤʳʚʢʦʡ ʛʣʠʥʠʩʪʳʤ 

ʨʘʩʪʚʦʨʦʤ, ʢʦʛʜʘ ʥʘ ʩʪʝʥʢʝ ʩʢʚʘʞʠʥʳ ʦʙʨʘʟʫʝʪʩʷ ʧʣʦʪʥʘʷ ʛʣʠʥʠʩʪʘʷ ʢʦʨʢʘ 

ʪʦʣʱʠʥʦʡ 3-6 ʤʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʘʷ ʧʦʩʪʫʧʣʝʥʠʝ ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʰʣʘʤʘ ʚ ʧʣʘʩʪ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʛʣʠʥʠʩʪʘʷ ʢʦʨʢʘ ʫʧʣʦʪʥʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʫʩʠʣʝʥʠʷ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʛʣʠʥʠʩʪʳʤʠ 

ʯʘʩʪʠʮʘʤʠ, ʠ ʝʝ ʫʜʘʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʝʤʠʪʴʩʷ ʢ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʛʣʠʥʠʩʪʦʛʦ ʨʘʩʪʚʦʨʘ 

ʩ ʚʦʜʦʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ, ʪ. ʝ. ʢ ʦʧʝʨʘʪʠʚʥʦʤʫ ʚʳʧʦʣʥʝʥʠʶ ʨʘʙʦʪ ʧʦ 

ʚʩʢʨʳʪʠʶ ʧʣʘʩʪʘ, ʧʦʣʥʦʤʫ ʫʜʘʣʝʥʠʶ ʙʫʨʦʚʦʛʦ ʰʣʘʤʘ ʠ ʛʣʠʥʠʩʪʦʛʦ ʨʘʩʪʚʦʨʘ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʶ ʩʢʚʘʞʠʥʳ ʬʠʣʴʪʨʦʤ.  

ɸʥʘʣʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʟʘʙʦʨʥʳʭ ʩʢʚʘʞʠʥ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʜʨʝʥʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʚʩʣʝʜʩʪʚʠʝ ʟʘʨʘʩʪʘʥʠʷ ʬʠʣʴʪʨʦʚ ʠ ʧʨʠʬʠʣʴʪʨʦʚʳʭ ʟʦʥ 

ʩʢʚʘʞʠʥ ʨʘʟʣʠʯʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʧʣʘʩʪʝ, ʩʚʷʟʘʥʥʦʛʦ ʩ 
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ʜʝʡʩʪʚʠʝʤ ʚ ʥʝʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ. ʅʘʨʫʰʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʩʤʝʱʝʥʠʝʤ ʥʘʠʙʦʣʝʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʛʘʟʦʚʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ, ʚʳʨʘʞʘʶʱʝʛʦʩʷ ʚ ʛʠʜʨʦʣʠʟʝ ʙʠʢʘʨʙʦʥʘʪʘ ʞʝʣʝʟʘ, ʦʢʠʩʣʝʥʠʠ 

ʟʘʢʠʩʥʦʛʦ ʞʝʣʝʟʘ ʜʦ ʪʨʝʭʚʘʣʝʥʪʥʦʡ ʬʦʨʤʳ ʠ ʠʟʙʳʪʦʯʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ 

ʢʘʨʙʦʥʘʪ ï ʠʦʥʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʨʅ ʧʨʠ ʫʜʘʣʝʥʠʠ ʩʚʦʙʦʜʥʦʡ 

ʫʛʣʝʢʠʩʣʦʪʳ [5]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʧʨʠʬʠʣʴʪʨʦʚʦʡ ʟʦʥʝ 

ʟʘ ʩʯʝʪ ʧʦʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʜʝʩʦʨʙʮʠʷ ʩʚʦʙʦʜʥʦʡ ʫʛʣʝʢʠʩʣʦʪʳ 

ʠʟ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʇʨʠ ʵʪʦʤ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪʩʷ ʛʠʜʨʦʣʠʟ ʙʠʢʘʨʙʦʥʘʪʘ ʞʝʣʝʟʘ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ Fe
2+

 ʦʢʠʩʣʷʝʪʩʷ ʜʦ Fe
3+

 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʦʢʩʠʜʘ 

ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ Fe(ʆʅ)3, ʦʩʥʦʚʥʦʛʦ ʢʦʣʴʤʘʪʠʨʫʶʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ʇʨʦʮʝʩʩʳ ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʣʴʤʘʪʘʞʘ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʨʠʬʠʣʴʪʨʦʚʳʭ 

ʟʦʥʘʭ ʩʢʚʘʞʠʥ, ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʢʦʣʴʤʘʪʘʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴʶ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʙʘʢʪʝʨʠʠ ʨʘʟʤʥʦʞʘʶʪʩʷ ʫ ʬʠʣʴʪʨʦʚ, ʛʜʝ 

ʚ ʦʩʥʦʚʥʦʤ ʩʢʘʧʣʠʚʘʶʪʩʷ ʦʩʘʜʢʠ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʭʠʤʠʯʝʩʢʠʭ 

ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʞʝʣʝʟʦʙʘʢʪʝʨʠʡ ʚʳʜʝʣʷʝʪʩʷ ʛʠʜʨʘʪ ʦʢʠʩʠ ʞʝʣʝʟʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʚʦʜʫ 

ʟʘʢʠʩʠ ʞʝʣʝʟʘ ʚ ʥʝʨʘʩʪʚʦʨʠʤʫʶ ʦʢʠʩʴ, ʦʩʘʞʜʘʶʱʫʶʩʷ ʥʘ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʴʪʨʦʚ, ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥʢʘʭ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥ ʠ ʥʘʩʦʩʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ. ʇʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʤʘʨʛʘʥʮʝʚʳʝ ʙʘʢʪʝʨʠʠ 

ʠʩʧʦʣʴʟʫʶʪ ʵʥʝʨʛʠʶ ʦʢʠʩʣʝʥʠʷ ʟʘʢʠʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʝʨʝʚʦʜʷʪ ʠʭ ʚ 

ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʝ ʦʢʠʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʀʥʪʝʥʩʠʚʥʘʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʢʦʣʴʤʘʪʘʮʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ 5 

ʤʛ/ʜʤ
3
 ʠ ʙʦʣʝʝ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʝʨʚʳʭ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʚʦʜʦʥʦʩʥʳʭ 

ʛʦʨʠʟʦʥʪʘʭ. 

ʄʝʪʦʜʳ ʜʝʢʦʣʴʤʘʪʘʮʠʠ ʩʢʚʘʞʠʥʥʳʭ ʬʠʣʴʪʨʦʚ ʨʘʟʣʠʯʘʶʪ ʧʦ ʭʘʨʘʢʪʝʨʫ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʣʴʤʘʪʠʨʫʶʱʠʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʆʯʠʩʪʢʘ ʬʠʣʴʪʨʦʚ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʨʘʩʪʚʦʨʝʥʠʝʤ ʢʦʣʴʤʘʪʘʥʪʘ ʨʘʟʣʠʯʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ 

ʚʝʱʝʩʪʚʘʤʠ (ʨʝʘʛʝʥʪʥʳʡ ʤʝʪʦʜ) ʣʠʙʦ ʝʛʦ ʨʘʟʨʫʰʝʥʠʝʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ (ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʠʤʧʫʣʴʩʥʳʝ ʤʝʪʦʜʳ). ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʵʬʬʝʢʪʘ ʥʘʟʚʘʥʥʳʝ ʤʝʪʦʜʳ ʢʦʤʙʠʥʠʨʫʶʪʩʷ. 

ʈʝʘʛʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʨʝʛʝʥʝʨʘʮʠʠ ʩʢʚʘʞʠʥʥʳʭ ʬʠʣʴʪʨʦʚ, 

ʨʘʟʣʠʯʘʶʪʩʷ ʢʘʢ ʧʦ ʩʚʦʝʤʫ ʘʛʨʝʛʘʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ (ʞʠʜʢʠʝ, 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʝ ʠ ʛʘʟʦʦʙʨʘʟʥʳʝ), ʪʘʢ ʠ ʧʦ ʭʘʨʘʢʪʝʨʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʚʝʱʝʩʪʚʘʤʠ ʢʦʣʴʤʘʪʘʥʪʘ (ʥʝʡʪʨʘʣʠʟʘʪʦʨʳ, ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ ʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʠ). ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʨʝʘʛʝʥʪʳ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʳ. ʄʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʘʢʠʭ 

ʭʠʤʠʢʘʪʦʚ ʩ ʢʦʣʴʤʘʪʘʥʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʡ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

ʩ ʧʝʨʝʚʦʜʦʤ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʛʠʜʨʦʢʩʠʜʦʚ ʠ ʢʘʨʙʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ ʚ 

ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʘʛʝʥʪʦʤ ʜʘʥʥʦʡ ʛʨʫʧʧʳ 

ʷʚʣʷʝʪʩʷ ʩʦʣʷʥʘʷ ʢʠʩʣʦʪʘ. ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʩʢʚʘʞʠʥʳ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʩʚʷʟʘʥʘ ʩ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ ʭʣʦʨʠʜʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʠʩʣʦʪʳ ʩ ʚʝʱʝʩʪʚʘʤʠ 
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ʢʦʣʴʤʘʪʘʥʪʘ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʝʡ ʩʢʚʘʞʠʥʳ 

ʚ ʭʦʜʝ ʢʠʩʣʦʪʥʳʭ ʦʙʨʘʙʦʪʦʢ ʚ ʢʠʩʣʦʪʫ ʚʚʦʜʷʪ ʠʥʛʠʙʠʪʦʨʳ ʢʘʪʘʧʠʥ ï ɸ, 

ʢʘʪʘʧʠʥ ï ɹ, ʫʥʠʢʦʣ ʠ ʜʨʫʛʠʝ [5, 6]. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʟʘʢʦʣʴʤʘʪʠʨʦʚʘʥʥʳʭ ʬʠʣʴʪʨʦʚ ʨʝʘʛʝʥʪʘʤʠ ï 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ ʧʨʦʠʩʭʦʜʷʪ ʨʝʘʢʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʝʱʝʩʪʚ 

ʢʦʣɹʤʘʪʘʥʪʘ ʩ ʧʝʨʝʚʦʜʦʤ ʠʭ ʚ ʨʘʩʪʚʦʨʠʤʦʝ ʩʦʩʪʦʷʥʠʝ. ʅʘʧʨʠʤʝʨ, ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦʝʜʠʥʝʥʠʡ ʪʨʸʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʩ ʜʠʪʠʦʥʠʪʦʤ ʥʘʪʨʠʷ 

(Na2S2O4) ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʞʝʣʝʟʘ ʜʦ ʨʘʩʪʚʦʨʠʤʳʭ ʜʚʫʭʚʘʣʝʥʪʥʳʭ 

ʬʦʨʤ. 

ʇʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ ʢʦʣʴʤʘʪʠʨʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʨʝʘʛʝʥʪʘʤʠ ï ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ ʠ ʢʘʣʴʮʠʷ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ 

ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ-ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʧʨʠʤʝʥʷʶʪʩʷ ʪʨʠʧʦʣʠʬʦʩʬʘʪ ʥʘʪʨʠʷ (Na5ʈ3O10), ʛʝʢʩʘʤʝʪʘʬʦʩʬʘʪ ʥʘʪʨʠʷ 

(Na6ʈ6O18) ʠ ʜʨʫʛʠʝ. 

ʈʝʘʛʝʥʪ ʚʳʙʠʨʘʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʢʦʣʴʤʘʪʘʥʪʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʢʚʘʞʠʥ ʧʨʦʪʠʚ ʘʛʨʝʩʩʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʨʝʘʛʝʥʪʘ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 2 - ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʝʘʛʝʥʪʦʚ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʩʢʚʘʞʠʥ  ʈʝʘʛʝʥʪʳ ʠ ʠʭ  

ʢʦʤʧʦʥʝʥʪʳ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, 

ʧʨʠʤʝʥʷʝʤʳʭ 

ʨʝʘʛʝʥʪʦʚ, % 

ʌʠʣʴʪʨ ʩʢʚʘʞʠʥʳ ʠ ʧʨʠʬʠʣʴʪʨʦʚʘʷ ʦʙʩʳʧʢʘ 

ʢʠʩʣʦʪʦʫʩʪʦʡʯʠʚʳ. ʂʦʣʴʤʘʪʠʨʫʶʱʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ Fe(OH)3; FeS; 

FeCO3; CaCO3 

HCl + Na5P3O10 

N2H4 + 2HCl + 

Na5P3O10 

NH3O3H + Na5P3O10 

Na2S2O4 + Na5P3O10 

NH2SO3H 

20-25 + 0,5-0,8 

8-10 + 0,1 

5-7 + 0,1 

6-8 + 1,0 

7-10 

ʌʠʣʴʪʨ ʩʢʚʘʞʠʥʳ ʠ ʧʨʠʬʠʣʴʪʨʦʚʘʷ ʦʙʩʳʧʢʘ 

ʫʩʪʦʡʯʠʚʳ ʢ ʨʘʟʙʘʚʣʝʥʥʦʡ ʢʠʩʣʦʪʝ. 

ʂʦʣʴʤʘʪʠʨʫʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

Fe(OH)3; FeS; FeCO3; CaCO3 

HCl + Na5P3O10 5-10 + 2,5 

ʌʠʣʴʪʨ ʠ ʧʨʠʬʠʣʴʪʨʦʚʘʷ ʦʙʩʳʧʢʘ 

ʥʝʫʩʪʦʡʯʠʚʳ ʢ ʢʠʩʣʦʪʝ. ʂʦʣʴʤʘʪʠʨʫʶʱʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ Fe(OH)3. 

Na2S2O4 

Na5P3O10 

5-10 

1,0 

ʆʙʨʘʙʦʪʢʘ ʚʦʜʦʟʘʙʦʨʥʳʭ ʩʢʚʘʞʠʥ ʨʝʘʛʝʥʪʘʤʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʩʚʦʙʦʜʥʳʤ ʥʘʣʠʚʦʤ ʨʘʩʪʚʦʨʦʚ ʨʝʘʛʝʥʪʦʚ ʚ ʩʢʚʘʞʠʥʫ (ʤʝʪʦʜ ʨʝʘʛʝʥʪʥʦʡ 

ʚʘʥʥʳ) ʠʣʠ ʮʠʢʣʠʯʝʩʢʠʤ ʟʘʜʘʚʣʠʚʘʥʠʝʤ ʨʝʘʛʝʥʪʘ ʚ ʩʢʚʘʞʠʥʝ ʩʞʘʪʳʤ 

ʚʦʟʜʫʭʦʤ. ʈʝʛʝʥʝʨʘʮʠʷ ʬʠʣʴʪʨʦʚ ʚʦʜʦʟʘʙʦʨʥʳʭ ʩʢʚʘʞʠʥ ʩʧʦʩʦʙʦʤ ʨʝʘʛʝʥʪʥʦʡ 

ʚʘʥʥʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʫʨʦʚʥʝ ʟʘʣʝʛʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʙʦʣʝʝ 30 ʤ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨ ʨʝʘʛʝʥʪʘ ʧʦʜʘʸʪʩʷ ʚ ʧʦʣʦʩʪʴ ʬʠʣʴʪʨʘ ʠ ʚʳʜʝʨʞʠʚʘʝʪʩʷ 

ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ (10-12 ʯʘʩʦʚ).  

ʈʝʘʛʝʥʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʢʚʘʞʠʥʳ ʩ ʮʠʢʣʠʯʝʩʢʠʤ ʟʘʜʘʚʣʠʚʘʥʠʝʤ ʨʝʘʛʝʥʪʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʠ ʩʥʷʪʠʷ ʜʘʚʣʝʥʠʷ ʠʣʠ 

ʚʘʢʫʫʤʠʨʦʚʘʥʠʝʤ ʩʢʚʘʞʠʥ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʝʡ [7]. 
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ʉʨʝʜʠ ʠʤʧʫʣʴʩʥʳʭ ʤʝʪʦʜʦʚ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 

ʚʟʨʳʚʥʘʷ, ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʠ ʧʥʝʚʤʦʠʤʧʫʣʴʩʥʘʷ ʦʙʨʘʙʦʪʢʠ [8]. 

ʀʤʧʫʣʴʩʥʳʝ ʤʝʪʦʜʳ ʨʘʟʛʣʠʥʠʟʘʮʠʠ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʥʝʨʛʠʠ, 

ʚʳʜʝʣʷʶʱʝʡʩʷ ʚ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʚʨʝʤʝʥʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʚʝʱʝʩʪʚʘ (ʚʟʨʳʚʘ ʪʚʝʨʜʳʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ɺɺ), ʧʨʠ ʚʳʭʣʦʧʝ 

ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʞʠʜʢʦʩʪʴ (ʧʥʝʚʤʦʚʟʨʳʚʝ), ʧʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʨʘʟʨʷʜʝ ʚ 

ʞʠʜʢʦʩʪʠ (ʵʣʝʢʪʨʦʚʟʨʳʚʝ), ʧʨʠ ʨʝʟʢʦʤ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʞʠʜʢʦʩʪʠ (ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʫʜʘʨʝ). ʄʝʭʘʥʠʟʤ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʥʳʭ 

ʥʘʛʨʫʟʦʢ ʥʘ ʬʠʣʴʪʨ ʠ ʧʨʠʬʠʣʴʪʨʦʚʫʶ ʟʦʥʫ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʠʩʪʦʯʥʠʢʦʚ ʠʭ ʩʦʟʜʘʥʠʷ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʫʜʘʨʥʳʭ ʚʦʣʥ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʚʟʨʳʚʘʭ ʚʩʝʭ ʚʠʜʦʚ, ʨʘʟʨʫʰʘʝʪʩʷ ʛʣʠʥʠʩʪʘʷ ʢʦʨʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʴʪʨʘ ʠ 

ʥʘ ʩʪʝʥʢʘʭ ʩʢʚʘʞʠʥʳ, ʬʦʨʤʠʨʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʱʠʥʳ ʠ ʜʨʝʥʘʞʥʳʝ 

ʢʘʥʘʣʳ ʚ ʚʦʜʦʥʦʩʥʦʡ ʧʦʨʦʜʝ, ʯʘʩʪʠʯʥʦ ʨʘʟʨʫʰʘʶʱʝʡʩʷ ʫ ʩʪʝʥʦʢ ʩʢʚʘʞʠʥʳ, 

ʥʘʨʫʰʘʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʛʣʠʥʳ, ʧʦʨʦʜʦʡ ʠ ʬʠʣʴʪʨʦʤ. 

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʚʟʨʳʚʘʭ 

ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʩʢʚʘʞʠʥʳ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʜʘʣʝʥʠʶ 

ʨʘʟʨʫʰʝʥʥʦʛʦ ʦʩʘʜʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʴʪʨʘ, ʠʟ ʧʦʨ ʠ ʪʨʝʱʠʥ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʚʦʜʦʧʨʠʪʦʢʘ.  

ɺ ʩʢʚʘʞʠʥʘʭ ʩ ʧʣʘʩʪʤʘʩʩʦʚʳʤʠ ʬʠʣʴʪʨʘʤʠ ʠʟ ʇɺʍ ʠ ʧʦʣʠʵʪʠʣʝʥʘ, ʘ 

ʪʘʢʞʝ ʚ ʩʢʚʘʞʠʥʘʭ ʩ ʬʠʣʴʪʨʘʤʠ ʙʣʦʯʥʦʛʦ ʪʠʧʘ ʠʤʧʫʣʴʩʥʳʝ ʤʝʪʦʜʳ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ. 

ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʨʘʟʛʣʠʥʠʟʘʮʠʠ ʩʢʚʘʞʠʥ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʨʠʩʪʦʩʪʠ ʚʦʜʦʥʦʩʥʦʡ ʧʦʨʦʜʳ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʩʢʚʘʞʠʥ, ʩʦʯʝʪʘʶʱʠʭ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ, 

ʠʤʧʫʣʴʩʥʦʝ ʠʣʠ ʚʠʙʨʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʣʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʘʛʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʦʡ. ʊʝʭʥʦʣʦʛʠʷ ʵʪʠʭ ʤʝʪʦʜʦʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʢʚʘʞʠʥ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʨʘʟʨʘʙʦʪʘʥʘ 

ʠ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʨʫʢʦʚʦʜʩʪʚʘʤʠ ʠ ʠʥʩʪʨʫʢʮʠʷʤʠ [4,6,8]. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠʭ ʧʨʦʚʝʜʝʥʠʷ ʥʘ ʚʦʜʦʟʘʙʦʨʥʳʭ ʩʢʚʘʞʠʥʘʭ ʥʝʦʙʭʦʜʠʤʦ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʧʦʣʥʠʪʴ ʦʧʨʦʙʦʚʘʥʠʝ ʩʢʚʘʞʠʥ ʜʣʷ ʦʮʝʥʢʠ ʨʦʩʪʘ ʠʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʣʴʤʘʪʘʮʠʠ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʪʝʢʫʱʠʭ ʚʝʣʠʯʠʥ ʩ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʦʜʦʟʘʙʦʨʦʚ. 

ɺʳʚʦʜʳ 

1. ʂ ʬʘʢʪʦʨʘʤ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ, ʩʧʦʩʦʙ ʙʫʨʝʥʠʷ, ʢʦʥʩʪʨʫʢʮʠʶ ʩʢʚʘʞʠʥʳ, ʢʦʥʩʪʨʫʢʮʠʶ ʬʠʣʴʪʨʘ, 

ʩʧʦʩʦʙ ʫʩʪʘʥʦʚʢʠ ʬʠʣʴʪʨʘ, ʩʧʦʩʦʙʳ ʠ ʩʨʦʢʠ ʦʩʚʦʝʥʠʷ ʩʢʚʘʞʠʥ, ʨʝʞʠʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

2. ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʬʠʣʴʪʨʘ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʝʤʠʪʴʩʷ ʢ ʫʤʝʥʴʰʝʥʠʶ ʝʛʦ 

ʛʣʠʥʠʟʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʧʫʩʢʘʪʴ ʬʠʣʴʪʨ ʩ ʥʠʞʥʠʤ 

ʦʪʢʨʳʪʳʤ ʢʦʥʮʦʤ ʠʣʠ ʩ ʧʨʦʤʳʚʦʯʥʳʤʠ ʦʢʥʘʤʠ, ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚʳʰʝ 

ʬʠʣʴʪʨʘ ʮʝʤʝʥʪʥʳʡ ʤʦʩʪ, ʨʘʟʙʫʨʠʚʘʝʤʳʡ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʬʠʣʴʪʨʘ, 
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ʧʦʢʨʳʚʘʪʴ ʬʠʣʴʪʨ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʦʩʪʘʚʘʤʠ, ʨʘʩʪʚʦʨʷʝʤʳʤʠ ʧʦʩʣʝ ʩʧʫʩʢʘ 

ʝʛʦ ʚ ʩʢʚʘʞʠʥʫ. 

3. ʇʨʝʜʦʪʚʨʘʪʠʪʴ ʭʠʤʠʯʝʩʢʫʶ ʢʦʣʴʤʘʪʘʮʠʶ ʩʢʚʘʞʠʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʜ 

ʩ ʥʝʫʩʪʦʡʯʠʚʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʝʝ 

ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʝʞʠʤʘ ʚʦʜʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʣʴʤʘʪʘʮʠʠ ʩʣʝʜʫʝʪ ʥʝ ʜʦʧʫʩʢʘʪʴ 

ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ, ʠʟ-ʟʘ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʘʵʨʘʮʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʨʣʠʬʪʥʳʝ 

ʧʦʜʲʝʤʥʠʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʷʪʴ ʨʘʙʦʪʫ ʦʙʨʘʪʥʳʭ ʢʣʘʧʘʥʦʚ 

ʧʦʛʨʫʞʝʥʥʳʭ ʥʘʩʦʩʦʚ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʩʪʫʧʣʝʥʠʝ ʘʵʨʠʨʦʚʘʥʥʳʭ 

ʚʦʜ ʚ ʟʦʥʫ ʬʠʣʴʪʨʘ. ɺʳʩʦʪʘ ʩʪʦʣʙʘ ʚʦʜʳ ʦʪ ʚʝʨʭʥʝʡ ʩʝʢʮʠʠ ʥʘʩʦʩʘ ʜʦ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʩʢʚʘʞʠʥʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʘʢʪʠʚʥʦʛʦ ʘʵʨʠʨʦʚʘʥʠʷ ʚʦʜʳ ʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ, ʥʝ 

ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 6ï 7 ʤ. 

4. ʅʘʜʝʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʟʝʤʥʦʛʦ ʚʦʜʦʟʘʙʦʨʘ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 
ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʧʦʣʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʚʩʝʛʦ 

ʢʦʤʧʣʝʢʩʘ ʨʘʙʦʪ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʛʦ ʧʨʦʝʢʪʦʤ. ʆʙʝʩʧʝʯʝʥʠʶ ʵʪʦʛʦ 

ʫʩʣʦʚʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʝʭʥʠʯʝʩʢʠʡ ʥʘʜʟʦʨ ʩʦ ʩʪʦʨʦʥʳ ʟʘʢʘʟʯʠʢʘ, 

ʧʨʦʚʝʜʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʧʝʨʠʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʷʟʘʪʝʣʴʥʦ. 
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ʇʆʉʃɽɼʅʀɽ ɼɸʅʅʓɽ ʄʆʅʀʊʆʈʀʅɻɸ ʇʆɺɽʈʍʅʆʉʊʅʓʍ 

ɺʆɼʆʊʆʂʆɺ ɺ ʇʈɽɼɽʃɸʍ ɸʂ-ʉʋɻʉʂʆɻʆ ʄɽɼʅʆ-ʄʆʃʀɹɼɽʅʆɺʆɻʆ 

ʄɽʉʊʆʈʆɾɼɽʅʀʗ, ʉɽɺɽʈʆ-ɺʆʉʊʆʏʅɸʗ ʊʋɺɸ  

ʆ.ʀ. ʂʘʣʴʥʘʷ, ʆ.ɼ. ɸʶʥʦʚʘ, ʉ.ɻ. ʇʨʫʜʥʠʢʦʚ, ʊ.ʇ. ɸʨʯʠʤʘʝʚʘ 

ʂʳʟʳʣ, ʈʦʩʩʠʷ 

ɸʢ-ʉʫʛʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʭ ʨʫʜ ʨʘʩʧʦʣʦʞʝʥʦ ʚ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʫʚʳ, ʥʘ ʶʞʥʦʤ ʤʘʢʨʦʩʢʣʦʥʝ ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ ʚ 

ʚʝʨʭʦʚʴʷʭ ʦʜʥʦʠʤʝʥʥʦʡ ʨʝʢʠ. ɺ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ ʦʪʥʦʰʝʥʠʠ ʧʣʦʱʘʜʴ ʨʘʙʦʪ 

ʦʪʥʦʩʠʪʩʷ ʢ ʊʦʜʞʠʥʩʢʦʤʫ ʨʘʡʦʥʫ ʩ ʮʝʥʪʨʦʤ ʚ ʧ. ʊʦʦʨʘ-ʍʝʤ, ʢʦʪʦʨʳʡ 

ʥʘʭʦʜʠʪʩʷ ʚ 100 ʢʤ ʢ ʶʛʫ ʦʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ʅʘʯʠʥʘʷ ʩ 2009 ʛʦʜʘ ʚ ʧʨʝʜʝʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʠʣʘʤʠ ʊʫʚʀʂʆʇʈ ʉʆ 

ʈɸʅ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ çʇʨʦʛʨʘʤʤʦʡéè [1] ʧʨʦʚʦʜʠʪʩʷ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʡ 

ʤʦʥʠʪʦʨʠʥʛ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʩʝʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʠ ʧʦʜʟʝʤʥʳʤʠ ʚʦʜʘʤʠ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʜʟʝʤʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ 

ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʤʝʩʪʥʦʩʪʠ, ʪʘʢ ʢʘʢ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, 

ʦʩʥʦʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʜ ʩ 

ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ [2]. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʨʫʜʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʩʧʦʩʦʙʥʳ ʩʦʟʜʘʚʘʪʴ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʦʨʝʦʣʳ ʨʘʩʩʝʷʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʨʫʜ. ɸʢ-ʉʫʛʩʢʦʝ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʪʦʤʫ ʷʨʢʠʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ.  

ʈʫʜʥʳʡ ʫʟʝʣ ʧʨʠʫʨʦʯʝʥ ʢ ʚʦʜʦʨʘʟʜʝʣʴʥʦʡ ʥʠʟʢʦʛʦʨʥʦʡ ʯʘʩʪʠ 

ʉʦʨʫʛʩʢʦʛʦ ʭʨʝʙʪʘ ʚ ʤʝʞʜʫʨʝʯʴʝ ɸʢ-ʉʫʛ ï ɼʘʰʪʳʛ-ʆʡ, ʚʳʪʷʥʫʪ ʚ ʰʠʨʦʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʜʦʣʴ ʟʦʥʳ ʂʘʥʜʘʪʩʢʦʛʦ ʛʣʫʙʠʥʥʦʛʦ ʨʘʟʣʦʤʘ, ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʘʙʩʦʣʶʪʥʳʤʠ ʦʪʤʝʪʢʘʤʠ 1360-1600ʤ. ɽʛʦ ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʝʪ 1288 ʢʤ
2
. 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʨʘʡʦʥʘ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚʫʣʢʘʥʦʛʝʥʥʦ-

ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʭʘʤʩʘʨʠʥʩʢʦʡ ʩʚʠʪʳ ʥʠʞʥʝʛʦ ʢʝʤʙʨʠʷ (ɭ1hm), 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʘʥʥʫʦʣʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ɔ3 ɟɔ-qŭ2 ŭɜ1 ɭ2-3t), 

ʛʨʘʥʠʪʦʠʜʳ ɸʢ-ʉʫʛʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ɔ-ŭɼ), ʩʨʝʜʥʝʜʝʚʦʥʩʢʠʝ ʚʫʣʢʘʥʦʛʝʥʥʦ-

ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʪʦʣʪʘʢʦʚʩʢʦʡ ʩʚʠʪʳ (ɼ2tl?). ʂʦʨʝʥʥʳʝ ʧʦʨʦʜʳ ʤʝʩʪʘʤʠ 

ʧʝʨʝʢʨʳʪʳ ʩʦʚʨʝʤʝʥʥʳʤʠ-ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʳʤʠ ʛʣʷʮʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ (gdQIII -H) ʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ 

(ʘQH). ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʩʚʦʜʦʚʦʡ ʯʘʩʪʠ ʢʨʫʧʥʦʡ ʘʥʪʠʢʣʠʥʘʣʴʥʦʡ 

ʩʢʣʘʜʢʠ, ʩʣʦʞʝʥʥʦʡ ʵʬʬʫʟʠʚʘʤʠ ʠ ʩʣʘʥʮʘʤʠ ʭʘʤʩʘʨʠʥʩʢʦʡ ʩʚʠʪʳ ʥʠʞʥʝʛʦ 

ʢʝʤʙʨʠʷ, ʧʨʦʨʚʘʥʥʦʡ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʛʨʘʥʠʪʦʠʜʥʦʡ ʠʥʪʨʫʟʠʝʡ 

ɸʢ-ʉʫʛʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʈʠʩʫʥʦʢ.1). ʉʪʨʫʢʪʫʨʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʪʨʦʝʥʠʝʤ ʨʫʜʦʚʤʝʱʘʶʱʝʛʦ ɸʢ-ʉʫʛʩʢʦʛʦ ʠʥʪʨʫʟʠʚʥʦʛʦ ʤʘʩʩʠʚʘ 

ʩʫʙʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʧʣʦʱʘʜʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʩʦʧʫʪʩʪʚʫʶʱʠʭ 

ʠʤ ʦʢʦʣʦʨʫʜʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ɸʢ-ʉʫʛʩʢʘʷ 

ʨʫʜʦʚʤʝʱʘʶʱʘʷ ʠʥʪʨʫʟʠʷ ʠʤʝʝʪ ʢʫʧʦʣʦʚʠʜʥʫʶ ʘʩʠʤʤʝʪʨʠʯʥʫʶ ʬʦʨʤʫ, 

ʢʨʫʪʦʝ ʧʘʜʝʥʠʝ (70-80Ü) ʢʦʥʪʘʢʪʦʚ ʚ ʩʪʦʨʦʥʫ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʦʥʘʣʴʥʳʤ ʩʪʨʦʝʥʠʝʤ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
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ʨʘʟʚʠʪʳ ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪʦʚʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʦʥʘʣʠʪʦʚ, ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ ʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 

ʩʠʝʥʠʪ-ʧʦʨʬʠʨʦʚ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʳʨʘʞʝʥʳ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʰʪʦʢʚʝʨʢʘ ʢʚʘʨʮʝʚʳʭ ʧʨʦʞʠʣʢʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʙʳʣʦ 

ʩʬʦʨʤʠʨʦʚʘʥʦ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ''ʢʚʘʨʮʝʚʦʝ ʷʜʨʦ'', ʚ ʢʚʘʨʮʝʚʳʭ ʧʨʦʞʠʣʢʘʭ 

ʢʦʪʦʨʦʛʦ ʧʨʠʟʥʘʢʠ ʤʦʣʠʙʜʝʥʦʚʦ-ʤʝʜʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʂʦʥʪʘʢʪ ʢʚʘʨʮʝʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʩ ʢʚʘʨʮ-

ʩʝʨʠʮʠʪʦʚʳʤʠ ʷʚʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʝʡ ʤʦʣʠʙʜʝʥʦʚʦ-ʤʝʜʥʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʚʠʜʝ ʢʦʣʴʮʝʦʙʨʘʟʥʦʡ ʟʘʣʝʞʠ ʚʦʢʨʫʛ 

''ʢʚʘʨʮʝʚʦʛʦ ʷʜʨʘ''. ʈʫʜʥʳʡ ʰʪʦʢʚʝʨʢ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʦʨʫʜʝʥʝʥʠʝʤ ʫʩʣʦʚʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʦ ʠʟʦʣʠʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ 0,3% ʠ ʦʙʨʘʟʫʝʪ ʢʦʣʴʮʝʦʙʨʘʟʥʫʶ ʟʘʣʝʞʴ ʧʣʦʱʘʜʴʶ 1,3Ĭ1,1 

ʢʤ ʩ ʟʘʫʞʝʥʥʳʤ ʟʘʧʘʜʥʳʤ ʠ ʨʘʩʰʠʨʝʥʥʳʤʠ ʶʞʥʳʤ ʠ ʚʦʩʪʦʯʥʳʤ ʬʣʘʥʛʘʤʠ. 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʆʩʥʦʚʥʳʤʠ ʚʦʜʦʪʦʢʘʤʠ ʚ ʨʘʡʦʥʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʨʝʢʠ ɸʢ-ʉʫʛ, 

ɼʘʰʪʳʛ-ʆʡ, ʏʠʥʛʝ-ʍʝʤ, ʀʥʛʠʰ, ʠʤʝʶʱʠʝ ʦʙʰʠʨʥʫʶ ʩʝʪʴ ʙʦʣʝʝ ʤʝʣʢʠʭ 

ʧʨʠʪʦʢʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʙʘʩʩʝʡʥʫ ʨʝʢʠ ʂʘʟʘʩ, ʘ ʚ ʮʝʣʦʤ, ʙʘʩʩʝʡʥʫ ʨʝʢʠ 

ɹʦʣʴʰʦʡ ɽʥʠʩʝʡ. ʄʦʥʠʪʦʨʠʥʛʦʚʳʝ ʨʘʙʦʪʳ, ʚʢʣʶʯʘʶʱʠʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʠʟʫʯʝʥʠʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜ, ʚʝʜʫʪʩʷ ʥʘ ʨʝʢʘʭ 

ɸʢ-ʉʫʛ ʠ ɼʘʰʪʳʛ-ʆʡ. 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʝʢ ɸʢ-ʉʫʛ ʠ ɼʘʰʪʳʛ-ʆʡ 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʝʢ ɸʢ-ʉʫʛ ʠ ɼʘʰʪʳʛ-ʆʡ ʠʟʫʯʘʝʪʩʷ ʥʘ ʜʚʫʭ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʢʘʭ.  

ʈʝʢʘ ɸʢ-ʉʫʛ ʧʨʦʪʝʢʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ. ʋʢʣʦʥ 

ʨʫʩʣʘ ʩʦʩʪʘʚʣʷʝʪ 0,025. ʈʝʞʠʤ ʥʝʫʩʪʦʡʯʠʚʳʡ, ʨʘʩʭʦʜ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,4 ʤ
3
/ʩ ʚ 

ʤʝʞʝʥʴ (ʤʘʨʪ-ʘʧʨʝʣʴ) ʜʦ 5,4 ʤ
3
/ʩ ʚ ʧʝʨʠʦʜ ʣʝʪʥʝʛʦ ʧʘʚʦʜʢʘ (ʠʶʥʴ). ʐʠʨʠʥʘ 

ʨʫʩʣʘ ʨʝʢʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 4-5 ʤ ʜʦ 10-13 ʤ, ʛʣʫʙʠʥʘ ʨʝʢʠ ï ʦʪ 0,2-0,3 ʤ ʜʦ 0,7-

0,8 ʤ, ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,3 ʤ/ʩ ʜʦ 0,8-1,5 ʤ/ʩ. ɺ 

ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʥʘʙʣʶʜʘʣʠʩʴ ʩʠʣʴʥʳʝ ʧʘʚʦʜʢʠ (1984 ʛ.) ʩ ʨʘʩʭʦʜʦʤ ʜʦ 27,7 

ʤ
3
/ʩ ʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʪʝʯʝʥʠʷ 3,1-3,9 ʤ/ʩ [3]. 
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ɿʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʧʠʪʘʥʠʷ ʨʝʢʘ ʧʦʣʫʯʘʝʪ ʟʘ ʩʯʝʪ ʚʝʩʝʥʥʝ-ʣʝʪʥʝʛʦ 

ʪʘʷʥʠʷ ʩʥʝʛʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʘʚʦʜʢʘ ʩʦʩʪʘʚʣʷʝʪ 10-15 ʜʥʝʡ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʨʝʢʘ ʧʦʣʫʯʘʝʪ ʜʦʞʜʝʚʦʝ ʧʠʪʘʥʠʝ, ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʘʥʳ 

ʥʝʙʦʣʴʰʠʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ. ʈʘʩʭʦʜ ʨʝʢʠ ʚ ʤʝʞʝʥʴ (0,4 

ʤ
3
/ʩ) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʝʣʠʯʠʥʫ ʨʘʟʛʨʫʟʢʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʨʠʣʝʛʘʶʱʠʭ 

ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʧʦʩʪ ˉ ɻʇ-1ʄ ʥʘʭʦʜʠʪʩʷ ʚ ʚʝʨʭʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢʠ ɸʢ-

ʉʫʛ. ʐʠʨʠʥʘ ʧʦʡʤʳ ʚ ʧʨʝʜʝʣʘʭ ʛʠʜʨʦʧʦʩʪʘ ʩʦʩʪʘʚʣʷʝʪ 60-70 ʤ. ʇʦ ʧʨʘʚʦʤʫ 

ʙʦʨʪʫ ʨʝʢʠ ʦʪʤʝʯʘʝʪʩʷ ʧʝʨʚʘʷ ʥʘʜʧʦʡʤʝʥʥʘʷ ʪʝʨʨʘʩʘ ʚʳʩʦʪʦʡ 3-5 ʤ, ʥʘ 

ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʧʦʩʝʣʦʢ. ʇʦʡʤʘ ʠ ʨʫʩʣʦ ʨʝʢʠ ʩʣʦʞʝʥʳ 

ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʝʩʯʘʥʦʛʦ 

ʟʘʧʦʣʥʠʪʝʣʷ. ʐʠʨʠʥʘ ʨʫʩʣʘ ʨʝʢʠ ʚ ʨʘʡʦʥʝ ʛʠʜʨʦʧʦʩʪʘ ʚ ʧʘʚʦʜʦʢ ʜʦʩʪʠʛʘʝʪ 

13,0 ʤ. ʅʦʣʴ ʧʦʩʪʘ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʝʨʠʣ ʧʝʰʝʭʦʜʥʦʛʦ ʤʦʩʪʘ 

ʯʝʨʝʟ ʨʝʢʫ ɸʢ-ʉʫʛ, ʝʛʦ ʘʙʩʦʣʶʪʥʘʷ ʦʪʤʝʪʢʘ ʩʦʩʪʘʚʣʷʝʪ 1425,55 ʤ. ʂʦʣʝʙʘʥʠʷ 

ʨʘʩʭʦʜʦʚ ʨʝʢʠ ɸʢ-ʉʫʛ ʦʪʦʙʨʘʞʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 2.  

ʈʝʢʘ ɼʘʰʪʳʛ-ʆʡ ʧʨʦʪʝʢʘʝʪ ʥʘ ʶʞʥʦʤ ʬʣʘʥʛʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦ 

ʰʠʨʦʢʦʡ ʟʘʣʝʩʝʥʥʦʡ ʧʦʡʤʝ, ʧʦʨʦʩʰʝʡ ʢʝʜʨʦʤ, ʝʣʴʶ, ʣʠʩʪʚʝʥʥʠʮʝʡ ʩ ʛʫʩʪʳʤ 

ʧʦʜʣʝʩʢʦʤ ʠ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʳʤ ʣʝʚʳʤ ʧʨʠʪʦʢʦʤ ʨʝʢʠ ɸʢ-ʉʫʛ. ʈʫʩʣʦ ʠ ʙʝʨʝʛʘ 

ʨʝʢʠ ʩʣʦʞʝʥʳ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʝʩʢʘ. ɺ ʧʝʨʠʦʜ ʧʘʚʦʜʢʦʚ ʰʠʨʠʥʘ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 12-13 ʤ. 

ʋʢʣʦʥ ʨʫʩʣʘ ʨʝʢʠ ʨʘʚʝʥ 0,05. ʈʝʞʠʤ ʨʝʢʠ ʘʥʘʣʦʛʠʯʝʥ ʨ. ɸʢ-ʉʫʛ, ʥʦ ʩʨʝʜʥʠʝ 

ʨʘʩʭʦʜʳ ʤʝʥʴʰʝ ʠ ʩʦʩʪʘʚʣʷʶʪ ʚ ʧʘʚʦʜʦʢ ï 1,9 ʤ
3
/ʩ, ʚ ʤʝʞʝʥʴ ï 0,1 ʤ

3
/ʩ. 

ʐʠʨʠʥʘ ʨʝʢʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,0 ʜʦ 5,0 ʤ, ʛʣʫʙʠʥʘ ï ʦʪ 0,2 ʜʦ 0,6 ʤ, ʩʢʦʨʦʩʪʴ 

ʪʝʯʝʥʠʷ ï ʦʪ 0,4-0,5 ʜʦ 1,5 ʤ/ʩ. ʅʘ ʨʝʢʝ ɼʘʰʪʳʛ-ʆʡ ʨʘʩʧʦʣʦʞʝʥ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʧʦʩʪ ˉ ɻʇ-2ɺ. ɸʙʩʦʣʶʪʥʘʷ ʦʪʤʝʪʢʘ ʥʫʣʷ ʧʦʩʪʘ ʩʦʩʪʘʚʣʷʝʪ 

1396,44 ʤ. ʂʦʣʝʙʘʥʠʷ ʨʘʩʭʦʜʦʚ ʨʝʢʠ ɼʘʰʪʳʛ-ʆʡ ʦʪʦʙʨʘʞʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 3.  

 
ʈʠʩʫʥʦʢ 2. ʂʦʣʝʙʘʥʠʷ ʨʘʩʭʦʜʦʚ ʨʝʢʠ ɸʢ-ʉʫʛ ʚ ʧʨʝʜʝʣʘʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʦʩʪʘ ˉ ɻʇ-1ʄ 
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ʈʠʩʫʥʦʢ 3. ʂʦʣʝʙʘʥʠʷ ʨʘʩʭʦʜʦʚ ʨʝʢʠ ɼʘʰʪʳʛ-ʆʡ ʚ ʧʨʝʜʝʣʘʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʦʩʪʘ ˉ ɻʇ-2ɺ 

ɿʘ ʨʝʜʢʠʤ ʠʩʢʣʶʯʝʥʠʝʤ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʩʭʦʜʳ ʚ ʨʝʢʘʭ ʧʨʠʭʦʜʷʪʩʷ ʥʘ 

ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʠʶʥʴ, ʢʦʛʜʘ ʚʝʩʝʥʥʝʝ ʩʥʝʛʦʪʘʷʥʠʝ 

ʩʦʚʧʘʜʘʝʪ ʩ ʦʪʪʘʠʚʘʥʠʝʤ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ, çʢʦʨʝʥʥʘʷè ʚʦʜʘ). 

ɺ 2011 ʛʦʜʫ ʦʪʤʝʯʝʥʦ 2 ʧʠʢʘ ʧʦʚʳʰʝʥʠʷ ʨʘʩʭʦʜʘ ʚ ʨʝʢʝ ɸʢ-ʉʫʛ ï ʚ ʠʶʥʝ ʠ ʚ 

ʩʝʥʪʷʙʨʝ. ɺʪʦʨʦʡ ʧʠʢ ʧʦʚʳʰʝʥʠʷ ʨʘʩʭʦʜʦʚ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥ ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʚʳʧʘʚʰʠʭ ʚ ʵʪʦʪ ʧʝʨʠʦʜ. ɺ 2012 ʛ. 

ʦʪʤʝʯʘʣʩʷ ʩʜʚʠʛ ʧʘʚʦʜʢʦʚʦʛʦ ʧʝʨʠʦʜʘ ʚ ʨʝʢʘʭ ʥʘ ʤʘʡ ʤʝʩʷʮ (ʈʠʩ. 2, 3). 

ʇʦʩʣʝʜʥʠʝ ʜʘʥʥʳʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʪʦʢʦʚ 

ʉʦʛʣʘʩʥʦ [2] ʚ ʧʨʝʜʝʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʨʝʢʘʭ ɸʢ-ʉʫʛ ʠ ɼʘʰʪʳʛ-ʆʡ 

ʫʩʪʘʥʦʚʣʝʥʦ 5 ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʩʪʦʚ (ʈʠʩʫʥʦʢ 4), ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ 

ʝʞʝʛʦʜʥʦ ʦʧʨʦʙʫʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ. ʌʦʥʦʚʳʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʩʪʳ 

ʌɻ-1 ʠ ʌɻ-2 ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʨʝʢʘʤ ɸʢ-ʉʫʛ ʠ ɼʘʰʪʳʛ-ʆʡ ʚʳʰʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʦʥʪʨʦʣʴʥʳʝ ʂɻ-1, ʂɻ-2 ï ʥʠʞʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦ ʧʦʪʦʢʫ 

ʨʝʢ ʠ ʢʦʥʪʨʦʣʴʥʳʡ ʛʠʜʨʦʧʦʩʪ ʂɻ-3 ʨʘʩʧʦʣʦʞʝʥ ʥʠʞʝ ʩʣʠʷʥʠʷ ʨʝʢ ɸʢ-ʉʫʛ ʠ 

ɼʘʰʪʳʛ-ʆʡ. 

ɺ 2014 ʛʦʜʫ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʪʨʠʞʜʳ ʚ ʪʝʯʝʥʠʝ 

ʛʦʜʘ: ʚ ʬʝʚʨʘʣʝ, ʤʘʝ ʠ ʚ ʘʚʛʫʩʪʝ ʤʝʩʷʮʘʭ. ɺ ʮʝʣʦʤ, ʧʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʚʦʜʳ ʨʝʢ ɸʢ-ʉʫʛ ʠ ɼʘʰʪʳʛ-ʆʡ ʧʨʦʟʨʘʯʥʳʝ, ʙʝʟ ʮʚʝʪʘ, ʙʝʟ ʚʢʫʩʘ, 

ʙʝʟ ʟʘʧʘʭʘ, ʙʝʟ ʦʩʘʜʢʘ, ʫʣʴʪʨʘʧʨʝʩʥʳʝ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 0,10-0,19 ʛ/ʣ, ʩʨʝʜʘ 

ʥʝʡʪʨʘʣʴʥʘʷ ʠʣʠ ʩʣʘʙʦʱʝʣʦʯʥʘʷ (ʨʅ=7,18-7,74). ʆʙʱʘʷ ʞʝʩʪʢʦʩʪʴ ʢʦʣʝʙʣʝʪʩʷ 

ʚ ʧʨʝʜʝʣʘʭ 1,1-1,9 ʤʛ-ʵʢʚ/ʣ - ʚʦʜʳ ʦʯʝʥʴ ʤʷʛʢʠʝ ʠ ʤʷʛʢʠʝ [4]. ʇʦ ʚʝʣʠʯʠʥʝ 

ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ɹʇʂ5 (0,32-1,28 ʤʛʆ2/ʣ) ʧʨʠ 

ʪʨʝʙʦʚʘʥʠʷʭ çʥʝ ʙʦʣʝʝ 2 ʤʛʆ2/ʣè [5] ʚʦʜʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʦʯʝʥʴ 

ʯʠʩʪʳʝ ʠ ʯʠʩʪʳʝ [4]. ʉʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʦʨʤʝ ï 6,08-11,60 ʤʛ/ʣ ʧʨʠ ʇɼʂ çʥʝ ʤʝʥʝʝ 6 ʤʛ/ʣè [5].  
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ʈʠʩʫʥʦʢ 4. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʦʥʦʚʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ 

ʧʦʩʪʦʚ ʚ ʨʘʡʦʥʝ ɸʢ-ʉʫʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʪʦʯʢʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙ ʠ ʠʭ ʥʦʤʝʨʘ; 2 ï ʢʦʥʪʫʨʳ ʨʫʜʥʳʭ 

ʟʘʣʝʞʝʡ; 3 ï ʢʦʥʪʫʨ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ; 4 ï ʬʦʥʦʚʳʝ ʛʠʜʨʦʧʦʩʪʳ ʠ ʠʭ ʥʦʤʝʨʘ; 5 

ï ʢʦʥʪʨʦʣʴʥʳʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʩʪʳ ʠ ʠʭ ʥʦʤʝʨʘ. 

ʇʦ ʜʘʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʩʪʘʭ ʌɻ-1, ʂɻ-1, ʂɻ-3 

ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʦʜʳ ʨʝʢʠ ɸʢ-ʉʫʛ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʤʘʛʥʠʝʚʦ-

ʢʘʣʴʮʠʝʚʳʝ. ʆʙʦʙʱʝʥʥʘʷ ʬʦʨʤʫʣʘ ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ ʠʤʝʝʪ ʚʠʜ: 

ʄ0,11-0,15 
)151)(()3821()7161(
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KNaʄgʉʘ

NOʉlSOʅʉʆ  

ɺʦ ʚʩʝ ʧʝʨʠʦʜʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʚ ʚʦʜʝ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʤʝʜʠ ʠ ʤʦʣʠʙʜʝʥʘ ï ʦʩʥʦʚʥʳʭ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʤʝʪʘʣʣʦʚ, 

ʯʪʦ ʦʪʨʘʞʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 5 ʠ ʚ ʊʘʙʣʠʮʝ 1. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ ʤʝʜʠ ʦʪʤʝʯʘʝʪʩʷ ʥʠʞʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʤʘʝ 

ʤʝʩʷʮʝ (ʧʘʚʦʜʢʦʚʳʡ ʧʝʨʠʦʜ) ʥʘ ʢʦʥʪʨʦʣʴʥʳʭ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʩʪʘʭ ʂɻ-1 ʠ 

ʂɻ-3. 

ɺʦʜʳ ʨ. ɼʘʰʪʳʛ-ʆʡ ʧʦ ʘʥʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ. 

ʂʘʪʠʦʥʥʳʡ ʩʦʩʪʘʚ ʠʟʤʝʥʷʝʪʩʷ ʩ ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʦʛʦ (ʚʳʰʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʌɻ-2) ʥʘ ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ (ʥʠʞʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʂɻ-2). ʆʙʦʙʱʝʥʥʘʷ 

ʬʦʨʤʫʣʘ ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʚ ʧʨʝʜʝʣʘʭ ʬʦʥʦʚʦʛʦ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʩʪʘ 

ʌɻ-2 (ʚʳʰʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ) ʟʘ ʧʝʨʠʦʜ ʦʙʩʣʝʜʦʚʘʥʠʷ 2014 ʛʦʜʘ ʠʤʝʝʪ ʚʠʜ: 

ʄ0,01-0,14
)177)(()3118()6558(

)10()127(12)7875( 343

-+¶-¶-

-¶-¶¶-

KNaMgʉʘ

NOSOʉlʅʉʆ  

ʅʠʞʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʪʨʦʣʴʥʦʛʦ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʧʦʩʪʘ ʌɻ-2, ʦʙʦʙʱʝʥʥʘʷ ʬʦʨʤʫʣʘ ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʟʘ ʧʝʨʠʦʜ 

ʦʙʩʣʝʜʦʚʘʥʠʷ 2014 ʛʦʜʘ ʠʤʝʝʪ ʚʠʜ: 
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ʄ0,11-0,19
)1715()5219)(()6558(

)10()125()127()8776( 343

-¶-+¶-

-¶-¶-¶-

MgKNaʉʘ

NOSOʉlʅʉʆ  

ɺ ʨʝʢʝ ɼʘʰʪʳʛ-ʆʡ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʨ. ɸʢ-ʉʫʛ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʤʝʜʠ ʠ ʤʦʣʠʙʜʝʥʘ (ʈʠʩʫʥʦʢ 6, ʊʘʙʣʠʮʘ 2). 

 
 

 

 

 

 

ʈʠʩʫʥʦʢ 5. ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʠʦʥʦʚ ʤʝʜʠ ʠ ʤʦʣʠʙʜʝʥʘ ʚ ʨ. ɸʢ-ʉʫʛ ʥʘ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʩʪʘʭ ʌɻ-1, ʂɻ-1, 

ʂɻ-3 ʚ ʪʝʯʝʥʠʝ 2014 ʛ. 
  

ʊʘʙʣʠʮʘ 1 ï ʉʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʘʭ ʨʝʢʠ ɸʢ-ʍʝʤ ʧʦ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʧʦʩʪʘʤ ʚ ʨʘʡʦʥʝ ɸʢ-ʉʫʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 2014 ʛ. 
ɻʇ  

ʠ ʝʛʦ ʥʦʤʝʨ 

ʍʠʤʠʯʝʩʢʠʡ  

ʵʣʝʤʝʥʪ 

ʇʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʪʦʢʦʚ 

ʌʝʚʨʘʣʴ  ʄʘʡ  ʘʚʛʫʩʪ 

ʉʦʜʝʨʞʘʥʠʝ ʭʠʤ. ʵʣʝʤʝʥʪʘ ʚ ʝʜʠʥʠʮʘʭ ʇɼʂ 

ʌɻ-1 ʄʝʜʴ, Cu Ó ʇɼʂ 1,4 1,1 

ʄʦʣʠʙʜʝʥ, Mo 2,25 2,23 2,42 

ʂɻ-1 ʄʝʜʴ, Cu 1,8 5,8 1,3 

ʄʦʣʠʙʜʝʥ, Mo 2,42 2,42 2,50 

ʂɻ-3 ʄʝʜʴ, Cu 2,50 5,90 1,10 

ʄʦʣʠʙʜʝʥ, Mo 2,50 2,50 2,58 

 

  
ʈʠʩʫʥʦʢ 6. ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ ʤʝʜʠ ʠ ʤʦʣʠʙʜʝʥʘ ʚ ʨ. ɼʘʰʪʳʛ-ʆʡ ʥʘ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʩʪʘʭ ʌɻ-2 ʠ ʂɻ-2 ʚ ʪʝʯʝʥʠʝ 2014 ʛ. 
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ʊʘʙʣʠʮʘ 2 ï ʉʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʘʭ ʨʝʢʠ ɼʘʰʪʳʛ-ʆʡ ʧʦ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʧʦʩʪʘʤ ʚ ʨʘʡʦʥʝ ɸʢ-ʉʫʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 2014 ʛ. 
ɻʇ  

ʠ ʝʛʦ ʥʦʤʝʨ 

ʍʠʤʠʯʝʩʢʠʡ  

ʵʣʝʤʝʥʪ 

ʇʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʪʦʢʦʚ 

ʌʝʚʨʘʣʴ  ʄʘʡ  ʘʚʛʫʩʪ 

ʉʦʜʝʨʞʘʥʠʝ ʭʠʤ. ʵʣʝʤʝʥʪʘ ʚ ʝʜʠʥʠʮʘʭ ʇɼʂ 

ʌɻ-2 ʄʝʜʴ, Cu 1,4 2,4 Ó ʇɼʂ 

ʄʦʣʠʙʜʝʥ, Mo 2,33 2,25 2,25 

ʂɻ-2 ʄʝʜɹ, Cu 1,2 1,5 Ó ʇɼʂ 

ʄʦʣʠʙʜʝʥ, Mo 2,33 2,33 2,42 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʥʠʪʦʨʠʥʛ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʚ ʧʨʝʜʝʣʘʭ ɸʢ-ʉʫʛʩʢʦʛʦ 

ʩʫʣʴʬʠʜʥʦʛʦ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʳʷʚʠʣ ʩʪʦʡʢʦʝ 

ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʤʝʜʠ ʠ ʤʦʣʠʙʜʝʥʘ ʚ ʨʝʢʘʭ ɸʢ-ʉʫʛ ʠ ɼʘʰʪʳʛ-

ʆʡ. ʇʨʝʜʳʜʫʱʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [3, 6] ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʜʟʝʤʥʳʝ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʠʤʝʶʪ ʪʝʩʥʫʶ ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʩʚʷʟʴ. 

ʆʩʥʦʚʥʘʷ ʨʘʟʛʨʫʟʢʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʨʫʜʦʚʤʝʱʘʶʱʝʡ ʟʦʥʳ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ 

ʛʨʘʥʠʪʦʠʜʦʚ ɸʢ-ʉʫʛʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʙʦʛʘʱʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʝʤ ʠʦʥʦʚ ʤʝʜʠ 

ʠ ʤʦʣʠʙʜʝʥʘ ʟʘ ʩʯʝʪ ʢʦʥʪʘʢʪʘ ʩ ʨʫʜʥʦʡ ʟʘʣʝʞʴʶ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʘʣʣʶʚʠʘʣʴʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʨʝʢ ɸʢ-ʉʫʛ ʠ ɼʘʰʪʳʛ-ʆʡ, ʘ ʪʘʢʞʝ ʚ ʠʭ ʨʫʩʣʘ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ 

ʧʦʚʳʰʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʤʝʜʠ ʠ ʤʦʣʠʙʜʝʥʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ, ʧʦʯʪʠ 

ʧʦʚʩʝʤʝʩʪʥʦ ʧʨʝʚʳʰʘʶʱʠʭ ʇɼʂ ʜʣʷ ʚʦʜ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ. 

ʃʠʪʝʨʘʪʫʨʘ 
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5. ʇʨʘʚʠʣʘ ʦʭʨʘʥʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ (ʊʠʧʦʚʳʝ ʧʦʣʦʞʝʥʠʷ) ï ʫʪʚ. ɻʦʩʢʦʤʧʨʠʨʦʜʳ 

ʉʉʉʈ 21.02.1991. ï ʄ., 1991. 
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ʧʨʦʚʝʜʝʥʠʠ ʛʝʦʣʦʛʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʳʟʳʣ, ʊʀʂʆʇʈ, 2009. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʈʓɹʅʆɻʆ ʇʈʆʄʓʉʃɸ ɺ ʈ. ɾɸʁʓʂ (ʋʈɸʃ)  

ʖ.ɸ. ʂʠʤ, ɸ.ʄ. ʄʫʭʩʘʥʦʚ, ʉ.ɺ. ʂʫʟʴʤʝʥʢʦ, ɽ.ɹ. ɹʦʢʦʚʘ 

ɸʪʳʨʘʫ, ʂʘʟʘʭʩʪʘʥ 

ɾʘʡʳʢ-ʂʘʩʧʠʡʩʢʠʡ ʙʘʩʩʝʡʥ ï ʚʘʞʥʝʡʰʠʡ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʚʦʜʦʝʤ 

ʂʘʟʘʭʩʪʘʥʘ, ʠʤʝʶʱʠʡ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʭʦʜʥʳʭ, 

ʧʦʣʫʧʨʦʭʦʜʥʳʭ, ʤʦʨʩʢʠʭ ʨʳʙ ʠ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʠʤ ʧʦ ʜʦʙʳʯʝ ʮʝʥʥʳʭ 

ʧʨʦʤʳʩʣʦʚʳʭ ʚʠʜʦʚ ʨʳʙ. ʈʳʙʥʦʝ ʭʦʟʷʡʩʪʚʦ ʙʘʩʩʝʡʥʘ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʩʣʦʞʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʅʝʟʘʨʝʛʫʣʠʨʦʚʘʥʥʦʩʪʴ ʨ. ɾʘʡʳʢ ʚ ʩʚʦʠʭ ʥʠʞʥʝʤ ʠ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʷʭ, 

ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʥʝʨʝʩʪʦʚʳʭ ʫʛʦʜʠʡ ʩʦʟʜʘʶʪ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʨʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʨʝʢʠ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʟʘʭʦʜʘ ʠ ʥʝʨʝʩʪʘ ʨʳʙ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʤʝʶʪʩʷ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʢʘʢ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʘʡʦʥʘ, ʪʘʢ ʠ 

ʩʚʦʝʦʙʨʘʟʥʳʤ ʚʝʜʝʥʠʝʤ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʨ. ɾʘʡʳʢ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʤʝʷ 

ʩʦʙʩʪʚʝʥʥʳʝ ʥʝʙʦʣʴʰʠʝ ʟʘʧʘʩʳ ʞʠʣʳʭ (ʞʠʚʫʱʠʭ ʚʩʝ ʚʨʝʤʷ ʚ ʨʝʢʝ) ʨʳʙ, 

ʧʨʦʤʳʩʝʣ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʦʩʚʦʝʥʠʝ ʣʠʤʠʪʦʚ ʨʳʙ, ʩʦʚʝʨʰʘʶʱʠʭ 

ʧʨʝʜʥʝʨʝʩʪʦʚʳʝ ʤʠʛʨʘʮʠʠ ʠʟ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʠ ʧʨʝʜʫʩʪʴʝʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʥʘ ʥʝʨʝʩʪʠʣʠʱʘ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ ʠ ʥʘ ʟʠʤʦʚʢʫ ʛʣʫʙʦʢʦʡ ʦʩʝʥʴʶ [1]. 

ʈʳʙʥʳʡ ʧʨʦʤʳʩʝʣ ʚ ʨ. ɾʘʡʳʢ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʘ ʧʝʨʠʦʜʘ: ʚʝʩʝʥʥʶʶ ʠ 

ʦʩʝʥʥʶʶ ʧʫʪʠʥʳ. ɺʝʩʝʥʥʷʷ ʧʫʪʠʥʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʝʨʠʦʜʘ ʨʘʩʧʘʣʝʥʠʷ ʣʴʜʘ ʠ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ 25 ʘʧʨʝʣʷ. 

ɸʥʘʣʠʟ ʧʨʦʤʳʩʣʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʥʘʯʘʣʦ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʫʪʠʥʳ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʦʪ ʩʨʦʢʦʚ ʨʘʩʧʘʣʝʥʠʷ ʣʴʜʘ. ɺ ʩʚʷʟʠ ʩ ʩʦʢʨʘʱʝʥʠʝʤ ʩʨʦʢʦʚ ʚʝʩʝʥʥʝʡ 

ʧʫʪʠʥʳ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʤʳʩʣʦʚʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 20 ï 25 

ʜʥʝʡ, ʚ ʩʚʷʟʠ, ʩ ʯʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʟʢʠʡ ʧʨʦʮʝʥʪ ʦʩʚʦʝʥʠʷ (ʨʠʩ. 1). 

 
    - ɺʳʣʦʚ, ʪ.    - ʃʠʤʠʪ, ʪ 

ʈʠʩ. 1. ʆʩʚʦʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʢʚʦʪʳ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʚʠʜʦʚ 

ʨʳʙ ʚ ʨ. ɾʘʡʳʢ, % 
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ʇʦʣʫʧʨʦʭʦʜʥʳʝ ʠ ʨʝʯʥʳʝ ʨʳʙʳ ï ʪʨʘʜʠʮʠʦʥʥʳʝ ʠ ʚʘʞʥʳʝ ʦʙʲʝʢʪʳ 

ʧʨʦʤʳʩʣʘ ʚ ɾʘʡʳʢ-ʂʘʩʧʠʡʩʢʦʤ ʙʘʩʩʝʡʥʝ. ʉʦʦʪʥʦʰʝʥʠʝ ʧʨʦʤʳʩʣʦʚʳʭ ʨʳʙ ʚ 

ʫʣʦʚʘʭ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʠʟʤʝʥʷʣʦʩʴ ʠ ʟʘʧʘʩʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʮʝʣʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ʬʘʢʪʦʨʦʚ ʢʘʢ ʧʨʠʨʦʜʥʦʛʦ, ʪʘʢ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʘ ʧʨʦʤʳʩʣʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʘʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʧʦʣʥʦʤʦʯʝʥʥʦʤʫ ʦʨʛʘʥʫ (ʠʣʠ ʝʛʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤʫ ʧʦʜʨʘʟʜʝʣʝʥʠʶ) ʧʦ 

ʩʦʛʣʘʩʦʚʘʥʠʶ ʩ ʥʘʫʯʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʦ ʧʝʨʝʥʦʩʝ ʥʘʯʘʣʘ 

ʨʳʙʦʣʦʚʩʪʚʘ ʥʘ ʙʦʣʝʝ ʨʘʥʥʠʡ ʠʣʠ ʧʦʟʜʥʠʡ ʩʨʦʢ, ʥʦ ʥʝ ʩʚʳʰʝ 15 ʢʘʣʝʥʜʘʨʥʳʭ 

ʜʥʝʡ ʚ ʧʨʝʜʝʣʘʭ ʦʙʱʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʨʦʢʘ ʨʳʙʦʣʦʚʩʪʚʘ. 

ʋʩʣʦʚʥʦ ɾʘʡʳʢ-ʂʘʩʧʠʡʩʢʠʡ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʡ ʨʘʡʦʥ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʙʦʩʦʙʣʝʥʥʳʭ ʨʘʡʦʥʦʚ: ʤʦʨʩʢʦʡ ï ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ 

ʂʘʩʧʠʷ (ʚ ʧʨʝʜʝʣʘʭ ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʯʘʩʪʠ ʤʦʨʷ), ʥʠʟʦʚʴʷ ʨʝʢʠ ɾʘʡʳʢ ʩ 

ʧʨʝʜʫʩʪʴʝʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʠ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʜʝʣʴʪʳ ɺʦʣʛʠ ï ʨ. ʂʠʛʘʯ ʩ 

ʧʨʝʜʫʩʪʴʝʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ (ʂʫʨʤʘʥʛʘʟʠʥʩʢʠʡ ʨʘʡʦʥ). 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʤʳʩʣʘ, ʥʘʨʫʰʝʥʠʷ 

ʫʩʣʦʚʠʡ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʘʩʰʠʨʝʥʠʷ ʤʘʩʰʪʘʙʦʚ ʙʨʘʢʦʥʴʝʨʩʪʚʘ, ʦʩʝʪʨʦʚʳʝ 

ʧʦʪʝʨʷʣʠ ʩʚʦʝ ʧʨʦʤʳʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʥʘʭʦʜʷʪʩʷ ʚ ʫʛʥʝʪʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʩʝʪʨʦʚʳʭ, 

ʟʘʭʦʜʷʱʠʭ ʥʘ ʥʝʨʝʩʪ ʚ ʨ. ɾʘʡʳʢ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʙʘʩʩʝʡʥʝ 

ʧʨʠʨʦʜʥʳʝ ʠʟʤʝʥʝʥʠʷ (ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʤʦʨʷ, ʫʤʝʥʴʰʝʥʠʝ ʚʦʜʥʦʩʪʠ ʩʪʦʢʦʚ 

ʨʝʢ ɾʘʡʳʢ ʠ ɺʦʣʛʘ), ʩʫʨʦʚʳʝ ʟʠʤʳ ʧʨʠʚʝʣʠ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʟʘʧʘʩʦʚ 

ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʨʳʙ ʚ ʚʦʜʦʝʤʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʪʢʨʳʪʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʤʦʨʩʢʦʛʦ ʧʨʦʤʳʩʣʘè ʧʨʠʚʝʣʦ ʢ 

ʪʦʤʫ, ʯʪʦ ʚʝʩʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʤʦʨʩʢʦʡ ʣʠʤʠʪ ʚʳʣʦʚʘ ʨʳʙʳ ʨʝʘʣʠʟʫʝʪʩʷ ʚ 

ʧʨʝʜʫʩʪʴʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨ. ɾʘʡʳʢ. 

ʉʘʤʦ ʧʦ ʩʝʙʝ ʦʪʢʨʳʪʠʝ ʤʦʨʩʢʦʛʦ ʧʨʦʤʳʩʣʘ ʧʨʝʜʧʦʣʘʛʘʣʦ ʨʘʩʰʠʨʝʥʠʝ 

ʟʦʥʳ ʧʨʦʤʳʩʣʘ ʟʘ ʩʯʝʪ ʦʪʢʨʳʪʦʛʦ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʦʨʷ ʥʘ 

ʤʦʨʩʢʠʭ ʨʳʙʦʜʦʙʳʚʘʶʱʠʭ ʩʫʜʘʭ ʜʣʷ ʦʩʚʦʝʥʠʷ ʤʦʨʩʢʠʭ ʠ ʧʦʣʫʧʨʦʭʦʜʥʳʭ 

ʚʠʜʦʚ ʨʳʙ, ʥʘʛʫʣʠʚʘʶʱʠʭʩʷ ʚ ʪʝʭ ʨʘʡʦʥʘʭ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ 

ʦʙʲʝʤʦʚ ʠʟʲʷʪʠʷ ʨʳʙʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʤʦʨʩʢʦʛʦ ʣʦʚʘ ʠʜʝʪ ʧʝʨʝʩʯʝʪ ʥʘ ʚʩʶ 

ʧʣʦʱʘʜʴ ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʯʘʩʪʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ. 

ʆʜʥʘʢʦ, ʬʘʢʪʠʯʝʩʢʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʲʷʪʠʝ ʪʦʡ ʨʳʙʳ, ʢʦʪʦʨʘʷ 

ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʧʨʝʜʫʩʪʴʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʝʢʠ ʠ ʧʨʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʣʦʚʘ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʫ ʨʳʙʳ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʭʦʜʠʪʴ ʚ ʨʝʢʠ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʪʝʣʠ ʣʦʚ ʨʳʙʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʤʦʨʷ, 

ʧʦʣʫʯʠʚ ʨʘʟʨʝʰʝʥʠʝ ʥʘ ʣʦʚ ʨʳʙʳ ʚ ʦʪʢʨʳʪʦʤ ʤʦʨʝ, ʪʦ ʝʩʪʴ ʬʘʢʪʠʯʝʩʢʠ 

ʦʙʨʘʟʦʚʘʣʩʷ ʥʝ ʤʦʨʩʢʦʡ ʣʦʚ, ʘ ʣʦʚ ʨʳʙʳ ʚ ʧʨʝʜʫʩʪʴʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʝʢʠ ʥʘ 

ʤʘʣʳʭ ʧʣʘʚʩʨʝʜʩʪʚʘʭ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʤʳʩʣʘ ʚ ʧʨʝʜʫʩʪʴʝʚʦʤ ʧʨʦʩʪʘʨʘʥʩʪʚʝ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʝʪ 

ʤʦʨʩʢʦʡ ʨʳʙʦʜʦʙʳʚʘʶʱʠʡ ʬʣʦʪ ʠ ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʳʝ ʩʘʤʳʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʦʙʲʝʢʪʳ ʤʦʨʩʢʠʭ ʨʳʙ (ʢʠʣʴʢʠ, ʢʝʬʘʣʠ, ʩʝʣʴʜʝʚʳʝ) ʥʝ ʠʟʳʤʘʶʪʩʷ ʧʨʦʤʳʩʣʦʤ. 

ɺʝʩʴ ʧʨʝʩʩ ʨʳʙʦʣʦʚʩʪʚʘ ʦʩʥʦʚʘʥ ʥʘ ʠʟʲʷʪʠʠ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʚʠʜʦʚ ʨʳʙ ʚ 

ʧʝʨʠʦʜ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʭ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʜʣʷ ʟʘʭʦʜʘ ʚ ʨʝʢʫ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦ ʧʦʧʳʪʢʘ ʠʟʲʷʪʠʷ ʜʚʦʡʥʦʛʦ ʣʠʤʠʪʘ, ʧʨʠʯʝʤ 

ʥʝʨʝʩʪʦʚʦʡ ʯʘʩʪʠ ʧʦʧʫʣʷʮʠʠ ʚ ʦʜʥʦʤ ʧʨʦʤʳʩʣʦʚʦʤ ʨʘʡʦʥʝ, ʦʯʝʥʴ 

ʦʛʨʘʥʠʯʝʥʥʦʤ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʫʩʪʴʷ ʦʢʦʣʦ 111,5 ʪʳʩ. ʛʘ 

ʟʘʧʨʝʪʥʘʷ ʜʣʷ ʨʳʙʦʣʦʚʩʪʚʘ ʟʦʥʘ ʆʆʇʊ çɸʢ-ɾʘʡʳʢè. ʆʮʝʥʢʘ ʞʝ ʟʘʧʘʩʦʚ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʚʩʶ ʧʣʦʱʘʜʴ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʩʝʢʪʦʨʘ ʤʦʨʷ, ʪʦ 

ʝʩʪʴ ʥʘʛʫʣʴʥʦʡ ʯʘʩʪʠ ʧʦʧʫʣʷʮʠʠ ʨʳʙ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʧʨʝʜʫʩʪʴʝʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʨʝʢ ʦʪʯʝʪʣʠʚʦ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʛʦ ʫʩʠʣʠʷ (ʢʦʣ-ʚʦ ʨʳʙʘʢʦʚ 

ʠ ʦʨʫʜʠʡ ʣʦʚʘ) ʥʘ ʚʦʜʦʝʤʝ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʤʳʩʣʘ ʚ ʧʨʠʙʨʝʞʥʦʡ ʯʘʩʪʠ 

ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʤʳʩʣʘ ʚ ʧʨʠʙʨʝʞʥʦʡ ʯʘʩʪʠ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ 
ɻʦʜʳ ʂʦʣʠʯʝʩʪʚʦ ʣʦʜʦʢ ʂʦʣʠʯʝʩʪʚʦ ʩʝʪʝʡ ʂʦʣʠʯʝʩʪʚʦ ʚʝʥʪʝʨʝʡ 
2003 140 1800 500 
2004 181 2129 864 
2005 178 3402 642 
2006 168 2380 525 
2007 203 3070 700 
2008 152 2764 1270 
2009 149 2755 1268 
2011 390 4016 2479 
2012 136 4775 2919 
2013  551 27 926 18 784 
2014 552 28 124 18 895 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʣʦʱʘʜʴ, ʥʘ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʘ ʧʦʩʪʘʥʦʚʢʘ ʚʝʥʪʝʨʝʡ ʠ 

ʩʪʘʚʥʳʭ ʩʝʪʝʡ, ʩʦʛʣʘʩʥʦ ʦʬʠʮʠʘʣʴʥʳʭ ʨʘʟʨʝʰʝʥʠʡ ʣʦʚʘ ʚ ʤʦʨʝ, ʩʦʩʪʘʚʣʷʝʪ ʚ 

ʧʨʠʙʨʝʞʥʦʡ ʯʘʩʪʠ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ - 9 139 ʢʤ
2
. ɽʩʣʠ ʧʦʩʪʘʥʦʚʢʘ ʦʨʫʜʠʡ 

ʣʦʚʘ (ʩʪʘʚʥʳʭ ʩʝʪʝʡ ʠ ʚʝʥʪʝʨʝʡ) ʚʝʜʝʪʩʷ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʩʪʘʚʣʝʥʥʳʤʠ 

ʚʝʥʪʝʨʷʤʠ ʥʝ ʤʝʥʝʝ 1 ʢʤ [2] ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʨʠʙʨʝʞʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʘʥʷʪʘ ʪʨʦʩʪʥʠʢʘʤʠ, ʪʦ ʥʘ ʪʘʢʦʡ ʧʣʦʱʘʜʠ ʚʦʟʤʦʞʥʘ ʧʦʩʪʘʥʦʚʢʘ 

ʚʝʥʪʝʨʝʡ ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʝ ʙʦʣʝʝ 6 ʪʳʩ. ʰʪ., ʧʨʠʯʝʤ ʙʝʟ ʫʯʝʪʘ ʧʦʩʪʘʥʦʚʢʠ ʩʝʪʝʡ. 

ʆʙʱʝʠʟʚʝʩʪʝʥ ʬʘʢʪ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʨʠʙʨʝʞʥʦʡ ʯʘʩʪʠ ʉʝʚʝʨʥʦʛʦ 

ʂʘʩʧʠʷ ʟʘʥʷʪʘ ʥʝʧʨʦʭʦʜʠʤʳʤʠ ʟʘʨʦʩʣʷʤʠ ʪʨʦʩʪʥʠʢʘ ʠ ʯʪʦ ʚʝʥʪʝʨʥʳʡ ʠ ʩʝʪʥʦʡ 

ʣʦʚ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʚ ʤʝʣʢʦʚʦʜʥʳʭ ʟʦʥʘʭ ʩ ʛʣʫʙʠʥʘʤʠ ʥʝ ʙʦʣʝʝ 3 ʤ, ʯʪʦ ʝʱʝ 

ʙʦʣʝʝ ʩʦʢʨʘʱʘʝʪ ʧʣʦʱʘʜʴ ʧʨʦʤʳʩʣʘ. 

ɼʚʦʡʥʦʡ ʧʨʝʩʩ ʨʳʙʦʣʦʚʩʪʚʘ ʥʘ ʥʝʨʝʩʪʦʚʫʶ ʯʘʩʪʴ ʧʦʧʫʣʷʮʠʡ 

ʧʨʦʤʳʩʣʦʚʳʭ ʚʠʜʦʚ ʨʳʙ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʤʘʩʰʪʘʙʘʭ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʨ. ɾʘʡʳʢ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʧʦʧʦʣʥʝʥʠʷ ʟʘʧʘʩʦʚ. ɺʩʝ ʙʦʣʴʰʝ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʤʘʣʦʮʝʥʥʳʭ ʚʠʜʦʚ 

ʨʳʙ, ʪʘʢʠʭ ʢʘʢ ʙʝʣʦʛʣʘʟʢʘ, ʯʝʭʦʥʴ; ʫʚʝʨʝʥʥʦ ʚʳʪʝʩʥʷʶʪʩʷ ʮʝʥʥʳʝ ʚʠʜʳ ʨʳʙ, 

ʪʘʢʠʝ ʢʘʢ ʩʫʜʘʢ, ʩʘʟʘʥ. ʊʘʢʞʝ ʫʚʝʣʠʯʠʣʘʩʴ ʯʠʩʣʝʥʥʦʩʪʴ ʩʦʨʥʳʭ ʨʳʙ ʪʘʢʠʭ ʢʘʢ: 

ʧʝʩʢʘʨʴ, ʫʢʣʝʷ, ʙʳʯʢʠ 3-ʭ ʚʠʜʦʚ, ʱʠʧʦʚʢʘ.  
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ʈʠʩ. 2. ɺʠʜʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʣʦʜʠ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʨʳʙ ʚ ʧʝʨʠʦʜ ʧʦʢʘʪʥʦʡ 

ʤʠʛʨʘʮʠʠ ʚ ʨ.ɾʘʡʳʢ ʚ 2014 ʛ. ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. 
1 ï ʚʦʙʣʘ, 2 ï ʣʝʱ, 3 ï ʙʝʣʦʛʣʘʟʢʘ, 4 ï ʯʝʭʦʥʴ. 5 ï ʩʫʜʘʢ, 6 ʩʦʤ. 7 ï ʩʘʟʘʥ, 8 ï ʞʝʨʝʭ 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʧʦʢʘʪʥʦʡ ʤʠʛʨʘʮʠʠ ʚ 2014 ʛ. ʚ ʪʨʘʣʦʚʳʭ 

ʫʣʦʚʘʭ ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ʤʦʣʦʜʴ: ʚʦʙʣʳ ï 39,0 %; ʣʝʱʘ ï 25,4 %; ʙʝʣʦʛʣʘʟʢʠ ï 

19,6 %; ʯʝʭʦʥʠ ï 9,34 %; ʩʫʜʘʢʘ ï 5,9 %; ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʩʦʤʘ ï 0,5 %, 

ʩʘʟʘʥʘ ï 0,2 % ʠ ʞʝʨʝʭʘ ï 0,06 % [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʞʝʥʠʝ ʫʣʦʚʦʚ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʚʠʜʦʚ ʨʳʙ ʚ ʨ.ɾʘʡʳʢ 

ʚʳʟʚʘʥʦ ʚʩʣʝʜʩʪʚʠʝ ʤʦʨʩʢʦʛʦ ʣʦʚʘ ʚ ʧʨʝʜʫʩʪʴʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɸʚʪʦʨʘʤʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʨʝʤʝʥʥʦ ʧʨʝʢʨʘʪʠʪʴ ʣʦʚ ʚ ʤʦʨʩʢʦʡ ʯʘʩʪʠ ʠ ʚʦʟʦʙʥʦʚʠʪʴ ʝʛʦ 

ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʨʠʦʙʨʝʪʝʥʠʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʤʦʨʩʢʦʛʦ ʬʣʦʪʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʦʨʫʜʠʡ ʣʦʚʘ.  
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ɺʆɼʆʍʆɿʗʁʉʊɺɽʅʅɸʗ ʉʀʉʊɽʄɸ ʊʈɸʅʉɻʈɸʅʀʏʅʆɻʆ  

ɹɸʉʉɽʁʅɸ ʈ. ʀʈʊʓʐ  

ɹ.ɸ. ʂʨʘʩʥʦʷʨʦʚʘ, ʅ.ɺ. ʉʪʦʷʱʝʚʘ, ʉ.ʅ. ʐʘʨʘʙʘʨʠʥʘ 

ɹʘʨʥʘʫʣ, ʈʦʩʩʠʷ 

ʊʨʘʥʩʛʨʘʥʠʯʥʳʡ ʙʘʩʩʝʡʥ ʨ. ʀʨʪʳʰ ʦʭʚʘʪʳʚʘʝʪ ʪʝʨʨʠʪʦʨʠʠ ʯʝʪʳʨʝʭ 

ʛʦʩʫʜʘʨʩʪʚ: ʂʘʟʘʭʩʪʘʥʘ, ʂʠʪʘʷ, ʄʦʥʛʦʣʠʠ ʠ ʈʦʩʩʠʠ. ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʙʘʩʩʝʡʥʘ 

ʩʦʩʪʘʚʣʷʝʪ 1,6 ʤʣʥ ʢʤ
2
, ʚ ʪ.ʯ. ʚ ʧʨʝʜʝʣʘʭ ʈʦʩʩʠʠ ï 0,7 ʤʣʥ ʢʤ

2
 ʠʣʠ 69 %. 

ʀʩʪʦʢʠ ʨʝʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʄʦʥʛʦʣʠʠ, ʥʦ ʧʣʦʱʘʜʴ ʙʘʩʩʝʡʥʘ ʟʜʝʩʴ ʥʠʯʪʦʞʥʦ 

ʤʘʣʘ ʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʩʝʣʝʥʥʫʶ ʤʝʩʪʥʦʩʪʴ, 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʵʢʦʥʦʤʠʢʠ ʠ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ ʥʝ ʠʤʝʝʪ. ʅʘ 

ʪʝʨʨʠʪʦʨʠʠ ʂʠʪʘʷ ʬʦʨʤʠʨʫʝʪʩʷ 11 % ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʛʦ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʨʝʢ 

ʙʘʩʩʝʡʥʘ, ʚ ʂʘʟʘʭʩʪʘʥʝ ï 24 %, ʈʦʩʩʠʠ ï 65 %. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʙʦʨʘ ʚʦʜʳ ʠʟ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 50,8 % ʦʪ 

ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʂʘʟʘʭʩʪʘʥ (14,2 % ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʟʜʝʩʴ 

ʩʪʦʢʘ), 25,5 % ï ʥʘ ʂʠʪʘʡ (15,6 %) ʠ 23,7 % ï ʥʘ ʨʝʛʠʦʥʳ ʈʦʩʩʠʠ (2,5 % ʩʪʦʢʘ). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɺʦʜʥʳʤ ʂʦʜʝʢʩʦʤ ʈʌ [1], çʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡè. ʇʨʘʢʪʠʯʝʩʢʠ ʘʥʘʣʦʛʠʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʨʠʚʝʜʝʥʦ ʠ ʚ ɺʦʜʥʦʤ ʢʦʜʝʢʩʝ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʦʪ 9 ʠʶʣʷ 2003 ʛ. 

 ̄481-II (ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʜʦʧʦʣʥʝʥʠʷʤʠ) [2]: çʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ï 

ʵʪʦ ʢʦʤʧʣʝʢʩ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʦʦʨʫʞʝʥʠʡè.  

ɺ ʪʨʘʥʩʛʨʘʥʠʯʥʦʤ ʙʘʩʩʝʡʥʝ ʨ. ʀʨʪʳʰ ʩʚʷʟʫʶʱʫʶ ʦʩʥʦʚʫ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚʳʧʦʣʥʷʝʪ ʨ. ʀʨʪʳʰ ʩʦ ʩʚʦʠʤʠ ʢʨʫʧʥʳʤʠ 

ʧʨʠʪʦʢʘʤʠ ï ʨʨ. ʀʰʠʤ ʠ ʊʦʙʦʣ, ʨʝʞʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʜʘʥʥʳʭ ʨʝʢ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʫʶ ʦʙʩʪʘʥʦʚʢʫ 

ʥʘ ʚʩʝʤ ʚʦʜʦʩʙʦʨʝ. ʊʨʘʥʩʛʨʘʥʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʨʝʢ ʥʘʢʣʘʜʳʚʘʝʪ ʪʘʢʞʝ ʩʚʦʶ 

ʩʧʝʮʠʬʠʢʫ ʥʘ ʨʝʞʠʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʚ ʢʘʞʜʦʤ 

ʥʘʮʠʦʥʘʣʴʥʦʤ ʩʝʛʤʝʥʪʝ. ʅʘʨʷʜʫ ʩ ʥʘʟʚʘʥʥʳʤʠ ʚʦʜʦʪʦʢʘʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʙʘʩʩʝʡʥʘ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʦʟʝʨ, ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʧʨʫʜʦʚ ʠ ʚʦʜʦʭʨʘʥʠʣʠʱ, ʘ 

ʪʘʢʞʝ ʢʘʥʘʣʦʚ ʧʦ ʚʥʫʪʨʠ- ʠ ʤʝʞʙʘʩʩʝʡʥʦʚʦʡ ʧʝʨʝʙʨʦʩʢʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɺ ʛʨʘʥʠʮʘʭ ʂʅʈ ʨʘʩʧʦʣʦʞʝʥʳ ʠʩʪʦʢʠ ʨ. ʀʨʪʳʰ ï ʨ. ʂʘʨʘ-ʀʨʪʳʰ 

(ʏʝʨʥʳʡ ʀʨʪʳʰ), ʚ ʙʘʩʩʝʡʥʝ ʢʦʪʦʨʦʛʦ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠʥʜʫʩʪʨʠʘʣʴʥʦ-

ʘʛʨʘʨʥʳʡ ʢʦʤʧʣʝʢʩ. ʆʩʥʦʚʥrʝ ʝʛʦ ʫʯʘʩʪʥʠʢʠ: ʥʘʩʝʣʝʥʠʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 

ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ (ʚ ʪʦʤ ʯʠʩʣʝ ʦʨʦʰʝʥʠʝ ʟʝʤʝʣʴ), ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ, 

ʨʝʢʨʝʘʮʠʷ.  

ɺʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʙʘʩʩʝʡʥʘ ʨ. ʀʨʪʳʰ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʠʪʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʦʙʩʪʚʝʥʥʦ ʨ. ʏʝʨʥʳʡ ʀʨʪʳʰ ʩ ʧʨʠʪʦʢʘʤʠ ʠ 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤʠ ʥʘ ʥʠʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ. ʆʩʥʦʚʥʳʤʠ 

ɻʊʉ ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ ʢʘʥʘʣʳ ʏʝʨʥʳʡ ʀʨʪʳʰ - ʂʘʨʘʤʘʡ, ʏʝʨʥʳʡ ʀʨʪʳʰ ï 

ʋʨʫʤʯʠ, ʘ ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʨ. ɹʫʨʯʫʥ (ʧʨʘʚʦʤ ʧʨʠʪʦʢʝ ʀʨʪʳʰʘ) 

ɹʫʨʯʫʥ-ʏʫʥʢʫʨʩʢʘʷ ɻʕʉ ʠ ɹʫʨʯʫʥ-ʐʘʥʴʢʦʫ ɻʕʉ. 
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ɿʘʙʦʨ ʚʦʜʳ ʠʟ ʏʝʨʥʦʛʦ ʀʨʪʳʰʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʢʘʥʘʣʘʤ ʏʝʨʥʳʡ 

ʀʨʪʳʰ - ʂʘʨʘʤʘʡ ʠ ʏʝʨʥʳʡ ʀʨʪʳʰ - ʋʨʫʤʯʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʦʪʦʨʳʭ ʚʝʣʦʩʴ 

ʚ 1994-2005 ʛʛ. ʇʦ ʧʝʨʚʦʤʫ ʠʟ ʥʠʭ ʯʘʩʪʴ ʩʪʦʢʘ ʏʝʨʥʦʛʦ ʀʨʪʳʰʘ 

ʧʝʨʝʙʨʘʩʳʚʘʝʪʩʷ ʚ ʦʟ. ʋʣʶʥʛʫʨ. ɺʪʦʨʦʡ ʥʘʧʨʘʚʣʝʥ ʥʘ ʚʦʜʦʩʥʘʙʞʝʥʠʝ 

ʊʘʨʠʤʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʛʜʝ ʪʦʣʴʢʦ ʥʘ ʥʝʬʪʝʧʨʦʤʳʩʣʘʭ ʂʘʨʘʤʘʷ ʝʞʝʛʦʜʥʦ 

ʜʦʙʳʚʘʝʪʩʷ 253 ʤʣʥ ʪ ʥʝʬʪʠ ʠ 34,7 ʤʣʨʜ ʤ
3
 ʛʘʟʘ [3].  

ʂʘʥʘʣ ʏʸʨʥʳʡ ʀʨʪʳʰ - ʋʨʫʤʯʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʜʣʷ ʦʨʦʰʝʥʠʷ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʭʩʷ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ. ʇʣʦʱʘʜʴ ʦʨʦʰʝʥʠʷ ʚ 

ʉʋɸʈ ʧʣʘʥʠʨʫʝʪʩʷ ʫʚʝʣʠʯʠʪʴ ʩ 600 ʪʳʩ. ʛʘ ʜʦ 2 ʤʣʥ ʛʘ [4]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʝʨʝʟ ʢʘʥʘʣ ʏʝʨʥʳʡ ʀʨʪʳʰ - ʂʘʨʘʤʘʡ ʦʪʙʠʨʘʝʪʩʷ ʜʦ 

1,0-1,5 ʢʤ
3
 ʚʦʜʳ ʚ ʛʦʜ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʠʟʲʷʪʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʧʦ ʜʚʫʤ ʢʘʥʘʣʘʤ ʚ ʦʙʲʝʤʝ (ʧʦ ʨʘʟʥʳʤ ʩʚʝʜʝʥʠʷʤ) ʦʪ 4,0-5,0 ʢʤ
3
/ʛʦʜ [5] ʜʦ 

ʙʦʣʝʝ 6,0 ʢʤ
3
/ʛʦʜ ʚ ʛʦʜ [6]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʨʘʟʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʦʙʲʝʤʦʚ ʠʟʲʷʪʠʷ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʨ. ʀʨʪʳʰ ʢʠʪʘʡʩʢʦʡ ʩʪʦʨʦʥʦʡ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʦʚʪʦʨʷʝʪʩʷ 

4,6 ʢʤ
3
, ʯʪʦ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 48 % ʠʭ ʦʙʱʝʛʦ ʦʙʲʝʤʘ, ʪʦ ʝʩʪʴ ʩʦʩʪʦʷʥʠʝ ʏʝʨʥʦʛʦ 

ʀʨʪʳʰʘ ʫʞʝ ʯʝʨʝʟ 10-15 ʣʝʪ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ 

ʥʝʭʚʘʪʢʠ ʚʦʜʳ ʠʣʠ ʚʦʜʥʦʤʫ ʩʪʨʝʩʩʫ, ʘ ʧʨʦʪʦʯʥʦʝ ʦʟ. ɿʘʡʩʘʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʂʘʟʘʭʩʪʘʥʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʂʘʨʘ-ʀʨʪʳʰ ï ʛʣʘʚʥʳʡ ʠʩʪʦʯʥʠʢ ʚʦʜʳ, ʤʦʞʝʪ 

ʧʝʨʝʩʦʭʥʫʪʴ. 

ʈʘʩʪʫʱʝʝ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʂʘʨʘ-ʀʨʪʳʰ ʷʚʣʷʝʪʩʷ 

ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʩʠʩʪʝʤʳ ʚʩʝʛʦ ʀʨʪʳʰʘ, ʯʪʦ ʫʞʝ ʩʝʛʦʜʥʷ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʝʞʠʤʝ ʨʘʙʦʪʳ 

ʢʨʫʧʥʳʭ ɻʊʉ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʚʝʜʝʪ ʢ ʜʝʬʠʮʠʪʫ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʚ ʨʦʩʩʠʡʩʢʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʚ ʨʘʡʦʥʝ ʛ. ʆʤʩʢʘ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʧʦ ʢʘʯʝʩʪʚʫ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʨ. ʂʘʨʘ-ʀʨʪʳʰ ʥʘ 

ʛʨʘʥʠʮʝ ʩ ʂʘʟʘʭʩʪʘʥʦʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ çʯʠʩʪʳʡè 

ʚʦʜʥʳʡ ʦʙʲʝʢʪ [7]. 

ɼʣʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʨ. ʀʨʪʳʰ (ʩ ʧʨʠʪʦʢʘʤʠ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʝʛʦ ʥʘʩʝʣʝʥʠʷ 

ʠ ʵʢʦʥʦʤʠʢʠ. ʆʩʥʦʚʫ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʝʪ ʩʦʙʩʪʚʝʥʥʦ 

ʨ. ʀʨʪʳʰ ʠ ʝʛʦ ʣʝʚʳʝ ʧʨʠʪʦʢʠ ï ʀʰʠʤ ʠ ʊʦʙʦʣ, ʩʪʦʢ ʢʦʪʦʨʳʭ ʟʘʨʝʛʫʣʠʨʦʚʘʥ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘʤʠ ʤʥʦʛʦʣʝʪʥʝʛʦ ʠ ʩʝʟʦʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨ. 

ʀʨʪʳʰ. ɿʜʝʩʴ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʧʦʩʪʨʦʝʥ ʢʘʩʢʘʜ ʠʟ ʪʨʝʭ ʢʨʫʧʥʳʭ 

ʚʦʜʦʭʨʘʥʠʣʠʱ: ɹʫʭʪʘʨʤʠʥʩʢʦʝ (ʧʨʦʝʢʪʥʳʡ ʦʙʲʝʤ 49,6 ʢʤ
3
), ʋʩʪʴ-

ʂʘʤʝʥʦʛʦʨʩʢʦʝ (0,7 ʢʤ
3
) ʠ ʐʫʣʴʙʠʥʩʢʦʝ (2,4 ʢʤ

3
). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨ. 

ʀʨʪʳʰ ʦʪ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ ɹʫʭʪʘʨʤʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʜʦ ʥʠʞʥʝʛʦ ʙʴʝʬʘ 

ʐʫʣʴʙʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʬʘʢʪʠʯʝʩʢʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʨʝʞʠʤʝ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ. 

ʀʨʪʳʰʩʢʠʡ ʢʘʩʢʘʜ ɻʕʉ ʝʞʝʛʦʜʥʦ ʚʳʨʘʙʘʪʳʚʘʝʪ ʙʦʣʝʝ 80 % ʚʩʝʡ 

ʛʠʜʨʦʵʥʝʨʛʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʘ ʠʤʝʶʱʠʝʩʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʚʳʧʦʣʥʷʶʪ ʚʘʞʥʫʶ ʚʦʜʦʨʝʛʫʣʠʨʫʶʱʫʶ ʬʫʥʢʮʠʶ, ʩʥʠʤʘʷ ʚʩʝ ʦʩʪʨʳʝ ʧʠʢʠ 

ʣʠʚʥʝʚʳʭ ʧʘʚʦʜʢʦʚ ʠ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ, ʧʦʟʚʦʣʷʷ ʫʚʝʣʠʯʠʪʴ ʩʪʦʢ ʚʦʜʳ 
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ʟʠʤʦʡ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʙʦʣʝʝ ʜʦʨʦʛʦʡ ʠ ʜʝʬʠʮʠʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. 

ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʩʪʘʝʪʩʷ ʥʝʟʘʪʦʧʣʝʥʥʦʡ ʧʦʡʤʘ ʨʝʢʠ ʚ ʇʘʚʣʦʜʘʨʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʢʦʛʜʘ-ʪʦ ʙʦʛʘʪʝʡʰʠʝ ʩʝʥʦʢʦʩʥʳʝ ʫʛʦʜʴʷ, ʩʪʨʘʜʘʝʪ 

ʨʳʙʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʩʫʜʦʭʦʜʥʳʝ ʛʣʫʙʠʥʳ ʠ ʪ.ʧ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʠ ʤʦʨʘʣʴʥʦʛʦ ʠʟʥʦʩʘ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʀʨʪʳʰʩʢʦʛʦ ʢʘʩʢʘʜʘ ɻʕʉ. ʇʦʣʦʞʝʥʠʝ 

ʫʩʫʛʫʙʣʷʝʪʩʷ ʨʝʞʠʤʦʤ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʤʝʥʦʡ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʠ 

ʧʝʨʝʜʘʯʝʡ ʯʘʩʪʠ ɻʊʉ ʚ ʩʨʦʯʥʫʶ ʢʦʥʮʝʩʩʠʶ.  

ʇʦʩʣʝ ʐʫʣʴʙʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʨ. ʀʨʪʳʰ ʪʝʯʝʪ ʚ ʩʚʦʙʦʜʥʦʤ 

ʨʝʞʠʤʝ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʛ. ʇʘʚʣʦʜʘʨ (ʦʢʦʣʦ 40 ʢʤ ʚʳʰʝ ʛʦʨʦʜʘ), ʛʜʝ ʧʦ 

ʦʪʚʦʜʥʦʤʫ ʢʘʥʘʣʫ ʀʨʪʳʰ - ʂʘʨʘʛʘʥʜʘ ʯʘʩʪʴ ʩʪʦʢʘ ʫʚʦʜʠʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʫʶ 

ʯʘʩʪʴ ʂʘʟʘʭʩʪʘʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʩʪʫʱʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʩʪʦʣʠʮʳ 

ʨʝʩʧʫʙʣʠʢʠ ʛ. ɸʩʪʘʥʳ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ɺ ʮʝʣʦʤ ʜʣʷ ʙʘʩʩʝʡʥʘ ʨ. ʀʨʪʳʰ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ ʭʘʨʘʢʪʝʨʝʥ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠʟʲʷʪʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʮʝʣʝʡ ʧʠʪʴʝʚʦʛʦ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ. ɿʜʝʩʴ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʧʨʝʜʧʨʠʷʪʠʷ 

ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘ ʥʘ ʶʛʝ ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ 

ʦʙʣʘʩʪʠ ʥʘʯʘʣʘʩʴ ʜʦʙʳʯʘ ʥʝʬʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʤʝʯʘʶʪʩʷ 

ʤʥʦʛʦʢʨʘʪʥʳʝ ʧʨʝʚʳʰʝʥʠʷ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʙʘʩʩʝʡʥʘ ʩʦʜʝʨʞʘʥʠʷ ʮʠʥʢʘ ʠ 

ʤʝʜʠ [7]. 

ɺʦʜʥʳʝ ʨʝʩʫʨʩʳ ʨ. ʀʰʠʤ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʨʝʜʝʣʘʭ 

ʂʘʟʘʭʩʪʘʥʘ, ʠ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʙʦʣʝʝ 65 % ʝʛʦ ʩʪʦʢʘ ʫʭʦʜʠʣʦ ʥʘ 

ʨʦʩʩʠʡʩʢʫʶ ʪʝʨʨʠʪʦʨʠʶ ï ʶʛ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʪʨʫʢʪʫʨʘ ʚʦʜʦʜʝʣʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʠʣʘʩʴ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʨʘʩʪʫʱʠʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʛ. ɸʩʪʘʥʳ, ʫʚʝʣʠʯʠʣʠʩʴ ʦʙʲʝʤʳ ʚʦʜʦʟʘʙʦʨʘ ʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʙʘʩʩʝʡʥʘ. ʆʩʥʦʚʥʳʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʀʰʠʤ 

ʷʚʣʷʶʪʩʷ ʤʘʨʛʘʥʝʮ ʠ ʤʝʜʴ [7]. 

ʉʪʦʢ ʨ. ʀʰʠʤ ʟʘʨʝʛʫʣʠʨʦʚʘʥ ʩʝʪʴʶ ʠʟ 50-ʪʠ ʚʦʜʦʭʨʘʥʠʣʠʱ, 11 ʠʟ 

ʢʦʪʦʨʳʭ ʦʙʲʝʤʦʤ ʙʦʣʝʝ 10 ʤʣʥ ʤ
3
. ʉʘʤʳʝ ʢʨʫʧʥʳʝ ʠʟ ʥʠʭ ï ɸʩʪʘʥʠʥʩʢʦʝ 

(ɺʷʯʝʩʣʘʚʩʢʦʝ), ʉʝʨʛʝʝʚʩʢʦʝ ʠ ʇʝʪʨʦʧʘʚʣʦʚʩʢʦʝ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʨ. ʀʰʠʤ ʠ ʝʛʦ 

ʧʨʠʪʦʢʘʭ ʧʦʩʪʨʦʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʣʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱ ʝʤʢʦʩʪʴʶ ʦʪ 1 

ʜʦ 12 ʤʣʥ ʤ
3
, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʜʣʷ ʮʝʣʝʡ ʦʨʦʰʝʥʠʷ 

ʧʨʠʣʝʛʘʶʱʠʭ ʟʝʤʝʣʴ ʠ ʦʙʚʦʜʥʝʥʠʷ ʧʘʩʪʙʠʱ ʧʫʪʝʤ ʥʘʢʦʧʣʝʥʠʷ ʚʝʩʝʥʥʝʛʦ 

ʩʪʦʢʘ.  

ɸʩʪʘʥʠʥʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ï ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

ʛ. ɸʩʪʘʥʳ ï ʩʪʦʣʠʮʳ ʂʘʟʘʭʩʪʘʥʘ, ʥʦ ʝʛʦ ʦʙʲʝʤ ʥʝ ʧʦʢʨʳʚʘʝʪ ʨʘʩʪʫʱʠʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʛʦʨʦʜʘ, ʠ ʚ 2001 ʛ. ʚ ʮʝʣʷʭ ʧʦʧʦʣʥʝʥʠʷ ɸʩʪʘʥʠʥʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʦʦʨʫʞʝʥʠʷ ʧʦ ʧʝʨʝʙʨʦʩʢʝ 

ʚʦʜʳ ʠʟ ʢʘʥʘʣʘ ʠʤ. ʂ.ʀ. ʉʘʪʧʘʝʚʘ (ʀʨʪʳʰ - ʂʘʨʘʛʘʥʜʘ) ʚ ʚʝʨʭʦʚʴʷ ʨ. ʀʰʠʤ 

ʤʦʱʥʦʩʪʴʶ 288 ʪʳʩ. ʤ
3
 ʚ ʩʫʪʢʠ [8]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, 

ʯʪʦ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʨ. ʀʰʠʤ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʦʨʠʝʥʪʠʨʦʚʘʥʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ 

ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʩʪʦʣʠʮʳ ʨʝʩʧʫʙʣʠʢʠ ʛ. ɸʩʪʘʥʳ, ʇʝʪʨʦʧʘʚʣʦʚʩʢʘ ʠ ʜʨʫʛʠʭ 



 

ˤͦ͒ͤ·͔ ͔ͪͫͯͪͫ· ͙ ͔ͨͪͦ͋ͣ͡· ͍ͦ͒ͦͨͦ͡Έ͍ͦ͘ ͙͊ͤΎ 

117 

ʛʦʨʦʜʦʚ ʉʝʚʝʨʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ, ʘ ʪʘʢʞʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ 

ʝʛʦ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ. 

ɺʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʨ. ʊʦʙʦʣ ʚ ʧʨʝʜʝʣʘʭ ʂʘʟʘʭʩʪʘʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʩrʦʢʦʡ ʟʘʨʝʛʫʣʠʨʦʚʘʥʥʦʩʪʴʶ ʩʪʦʢʘ ʧʨʠ ʚʳʩʦʢʦʤ 

ʞʝ ʫʨʦʚʥʝ ʠʟʥʦʩʘ ʠʤʝʶʱʠʭʩʷ ɻʊʉ, ʧʦʩʪʨʦʝʥʥʳʭ ʝʱʝ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 

ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʨ. ʊʦʙʦʣ ʠ ʚʦʜʦʭʨʘʥʠʣʠʱ ʚ ʝʛʦ ʙʘʩʩʝʡʥʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʠʤʫɦ ʝʩʪʚʝʥʥʦ ʢʘʢ ʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʦʝ, 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʨʝʚʳʰʝʥʠʝ ʇɼʂ ʧʦ ʤʝʜʠ, ʘʟʦʪʫ ʥʠʪʨʠʪʥʦʤʫ [7]. 

ʊʦʙʦʣ ʷʚʣʷʝʪʩʷ ʜʚʘʞʜʳ ʪʨʘʥʩʛʨʘʥʠʯʥʦʡ ʨʝʢʦʡ, ʝʝ ʩʪʦʢ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ 

ʨʦʩʩʠʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʧʦʩʪʫʧʘʝʪ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʂʘʟʘʭʩʪʘʥʘ, ʘ ʟʘʪʝʤ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʈʦʩʩʠʶ, ʧʨʠʥʷʚ ʦʢʦʣʦ 0,8 ʢʤ
3
/ʛʦʜ ʩ ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ɺ ʧʨʝʜʝʣʘʭ ʂʘʟʘʭʩʪʘʥʘ ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʚʦʜʝ ʛʦʨʥʦ-

ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʢʦʤʙʠʥʘʪʦʚ, ʛʦʨʦʜʦʚ ʠ ʧʦʩʝʣʢʦʚ ʥʘ ʨ. ʊʦʙʦʣ ʩʪʦʢ 

ʟʘʨʝʛʫʣʠʨʦʚʘʥ ʩʝʤʴʶ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤʠ ʩʫʤʤʘʨʥʳʤ ʦʙʲʝʤʦʤ ʧʦʯʪʠ 1,5 ʢʤ
3
 

(ɺʝʨʭʥʝ-ʐʦʨʪʘʥʜʠʥʩʢʦʝ, ɾʝʣʢʫʘʨʩʢʦʝ, ɺʝʨʭʥʝ-ʊʦʙʦʣʴʩʢʦʝ, ʂʳʟʳʣ-ɾʘʨʩʢʦʝ, 

ʂʘʨʘʪʦʤʘʨʩʢʦʝ, ʉʝʨʛʝʝʚʩʢʦʝ, ɸʤʘʥʛʝʣʴʜʠʥʩʢʦʝ), ʠʟ ʢʦʪʦʨʳʭ 

ɺʝʨʭʥʝʪʦʙʦʣʴʩʢʦʝ (816,6 ʤʣʥ ʤ
3
) ʠ ʂʘʨʘʪʦʤʘʨʩʢʦʝ (586,0 ʤʣʥ ʤ

3
) ʷʚʣʷʶʪʩʷ 

ʤʥʦʛʦʣʝʪʥʠʤʠ, ʘ ʦʩʪʘʣʴʥʳʝ ï ʩʝʟʦʥʥʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʩʪʦʢʘ [9].  

ʅʘ ʨʦʩʩʠʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʨ. ʀʨʪʳʰ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʪʨʠ ʢʨʫʧʥʳʭ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʦʜʩʠʩʪʝʤʳ ï ʩʦʙʩʪʚʝʥʥʦ ʨ. 

ʀʨʪʳʰ ʦʪ ʛʨʘʥʠʮʳ ʩ ʂʘʟʘʭʩʪʘʥʦʤ ʠ ʜʦ ʚʧʘʜʝʥʠʷ ʝʛʦ ʚ ʨ. ʆʙʴ ʚ ʨʘʡʦʥʝ ʛ. 

ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʘ; ʨ. ʊʦʙʦʣ ʠ ʨ. ʀʰʠʤ. ʂʘʞʜʫʶ ʠʟ ʥʘʟʚʘʥʥʳʭ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʦʜʩʠʩʪʝʤ ʦʪʣʠʯʘʝʪ ʩʦʙʩʪʚʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʠ ʥʘʙʦʨ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʨʝʰʝʥʠʷ, ʢʘʢ ʩ ʧʦʟʠʮʠʡ 

ʩʦʭʨʘʥʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ ʘʢʪʫʘʣʴʥʦʛʦ ʠ ʙʫʜʫʱʝʛʦ ʚʨʝʤʝʥʠ.  

ɺʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʀʨʪʳʰʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʘʤʠʤ 

ʚʦʜʦʪʦʢʦʤ ʩ ʝʛʦ ʚ ʦʩʥʦʚʥʦʤ ʧʨʘʚʳʤʠ ʧʨʠʪʦʢʘʤʠ ï ʆʤʴ, ʊʘʨʘ ʠ ʜʨ., 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʆʤʩʢʦʡ ʠ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʷʭ. 

ʀʤʝʝʪʩʷ ʪʘʢʞʝ ʨʷʜ ʛʠʜʨʦʫʟʣʦʚ, ʧʣʦʪʠʥ, ʜʘʤʙ, ʚ ʪ.ʯ. ʩʝʤʴ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʦʦʨʫʞʝʥʠʡ ʝʤʢʦʩʪʴʶ ʥʘʢʦʧʠʪʝʣʝʡ ʙʦʣʝʝ 1,0 ʤʣʥ ʤ
3
, ʜʚʘ - ʦʢʦʣʦ 1,0 ʤʣʥ ʤ

3
, 

ʝʱʝ ʜʚʘ ï 0,7 ʤʣʥ ʤ
3
. ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʠʤʝʶʱʠʭʩʷ ʚʦʜʦʭʨʘʥʠʣʠʱ ï 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʪʦʢʘ ʜʣʷ ʮʝʣʝʡ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʦʨʦʰʝʥʠʷ. ʆʜʥʘʢʦ 

ʠʤʝʶʱʠʭʩʷ ʦʙʲʝʤʦʚ ʚʦʜʦʭʨʘʥʠʣʠʱ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʛ. ʆʤʩʢʘ, ʧʦʚʳʰʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʫʨʦʚʥʷ 

ʚʦʜʳ ʠ ʫʣʫʯʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʩʘʥʠʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨ. ʀʨʪʳʰ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʀʨʪʳʰʝ ʚʝʜʝʪʩʷ ʩʦʦʨʫʞʝʥʠʝ ʂʨʘʩʥʦʛʦʨʩʢʦʛʦ 

ʚʦʜʦʧʦʜʲʝʤʥʦʛʦ ʛʠʜʨʦʫʟʣʘ ʩ ʩʦʟʜʘʥʠʝʤ ʨʫʩʣʦʚʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʢʦʪʦʨʦʝ 

ʜʦʣʞʥʦ ʨʝʰʠʪʴ ʚʦʧʨʦʩʳ ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʠ ʵʢʦʥʦʤʠʢʠ ʛ. ʆʤʩʢʘ ʠ 

ʩʥʷʪʴ ʧʠʢʠ ʚʦʜʦʜʝʬʠʮʠʪʘ ʚ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ ʠ ʧʝʨʠʦʜʳ. ʉʪʦʠʪ ʚʦʧʨʦʩ ʦ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʩʰʠʨʝʥʠʠ ʠʤʝʶʱʠʭʩʷ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘ ʶʛʝ 

ʆʤʩʢʦʡ ʠ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʝʡ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʙʣʝʤʥʦʡ ʚ ʙʘʩʩʝʡʥʝ ʀʨʪʳʰʘ ʷʚʣʷʝʪʩʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʧʦʜʩʠʩʪʝʤʘ ʨ. ʊʦʙʦʣ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʧʨʠʪʦʢʦʚ ï ʨ. ʀʩʝʪʴ ʠ ʨ. ʄʠʘʩʩ, ʥʘ 
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ʙʝʨʝʛʘʭ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʢʨʫʧʥʳʝ ʠʥʜʫʩʪʨʠʘʣʴʥʳʝ ʮʝʥʪʨʳ ʋʨʘʣʘ: ʛʛ. 

ɽʢʘʪʝʨʠʥʙʫʨʛ, ʏʝʣʷʙʠʥʩʢ, ʅʠʞʥʠʡ ʊʘʛʠʣ ʠ ʜʨ. ʅʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ 

ʙʘʩʩʝʡʥʘ ï ʨʨ. ʊʘʛʠʣ, ʄʠʘʩʩ ï ʚʦʜʥʳʡ ʩʪʨʝʩʩ ʜʦʩʪʠʛʘʝʪ 50-70 % ʠ ʙʦʣʝʝ, ʚ 

ʚʝʨʭʦʚʴʷʭ ʨ. ʄʠʘʩʩ ʟʘʙʦʨ ʚʦʜʳ ʨʘʚʝʥ ʨʘʩʭʦʜʫ ʨʝʢʠ [10].  

ɺʩʝʛʦ ʚ ʙʘʩʩʝʡʥʝ ʩʦʟʜʘʥʦ 624 ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʨʘʟʥʦʡ ʝʤʢʦʩʪʠ, ʮʝʣʴʶ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʪʦʢʘ ʤʘʣʦʚʦʜʥʳʭ ʠʩʪʦʢʦʚ ʨʝʢ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʢʘʩʢʘʜʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʚʦʜʦʭʨʘʥʠʣʠʱ ʠ ʠʭ ʤʥʦʛʦʣʝʪʥʷʷ ʵʢʩʧʣʫʘʪʘʮʠʷ. ʉʘʤʳʝ ʢʨʫʧʥʳʝ ʚʦʜʥʳʝ 

ʨʝʟʝʨʚʫʘʨʳ - ɸʨʛʘʟʠʥʩʢʦʝ ʠ ʐʝʨʰʥʝʚʩʢʦʝ ï ʧʦʩʪʨʦʝʥʳ ʥʘ ʨ. ʄʠʘʩʩ ʩ ʧʦʣʥʦʡ 

ʝʤʢʦʩʪʴʶ 654,0 ʠ 176,0 ʤʣʥ ʤ
3
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʙʘʩʩʝʡʥʝ ʠʤʝʶʪʩʷ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʧʦʩʪʨʦʝʥʥʳʝ ʝʱʝ ʚ ʍVIIïʍIʍ ʚʚ., ʩʘʤʳʝ ʩʪʘʨʳʝ ʠʟ ʥʠʭ - 

ʅʝʚʴʷʥʩʢʦʝ ʠ ɸʣʘʧʘʝʚʩʢʦʝ - ʩʦʦʨʫʞʝʥʳ ʚ 1696-1700 ʛʛ. 

ʄʥʦʛʠʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳ, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʧʠʪʴʝʚʦʛʦ, ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚ 

ʮʝʣʷʭ ʨʝʢʨʝʘʮʠʠ. ɺ ʯʠʩʣʝ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʬʫʥʢʮʠʦʥʠʨʫʶʪ 

ʚʦʜʦʦʭʣʘʜʠʪʝʣʠ ʠ ʚʦʜʦʥʘʢʦʧʠʪʝʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ï ɻʈʕʉ ʠ 

ʤʘʣʳʭ ɻʕʉ, ʚʳʨʘʙʘʪʳʚʘʶʱʠʭ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʥʘʩʝʣʝʥʠʷ. ʇʣʘʥʠʨʫʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ 14 ʤʘʣʳʭ ɻʕʉ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʣʦʪʠʥʘʭ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʟʣʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚʥʫʪʨʠʙʘʩʩʝʡʥʦʚʳʝ ʠ ʤʝʞʙʘʩʩʝʡʥʦʚʳʝ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ. 

ʄʝʞʙʘʩʩʝʡʥʦʚʘʷ ʧʝʨʝʙʨʦʩʢʘ ʩʪʦʢʘ ʚʢʣʶʯʘʝʪ ʅʷʟʝʧʝʪʨʦʚʩʢʦʝ (ʨ. ʋʬʘ), 

ɺʝʨʭʥʝ-ʄʘʢʘʨʦʚʩʢʦʝ ʠ ɺʦʣʯʠʭʠʥʩʢʦʝ (ʏʫʩʦʚʘʷ), ɺʝʨʭ-ʀʩʝʪʩʢʦʝ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʪʨʘʢʪʘʤʠ ʢʘʥʘʣʦʚ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʨʫʩʣʘʤʠ 

ʨʨ. ɿʘʧʘʜʥʘʷ ʏʫʩʦʚʘʷ ʠ ʈʝʰʝʪʢʘ. ɼʨʫʛʘʷ ʜʝʡʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ ʦʙʲʝʜʠʥʷʝʪ 

ɸʷʪʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʥʘ ʨ. ɸʷʪʴ ʠ ɺʝʨʭ-ʅʝʡʚʠʥʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʥʘ ʨ. 

ʅʝʡʚʘ [11]. 

ɺʥʫʪʨʠʙʘʩʩʝʡʥʦʚʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʦʢʘ ʨʝʢ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʊʦʙʦʣ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʛ. ʅʦʚʦʫʨʘʣʴʩʢʘ ʧʫʪʝʤ 

ʧʝʨʝʙʨʦʩʢʠ ʩʪʦʢʘ ʠʟ ɸʷʪʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʘ ʨ. ɸʷʪʴ (ʧʨʠʪʦʢ ʨ. ʈʝʞ) ʚ 

ɺʝʨʭʥʝ-ʅʝʡʚʠʥʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʥʘ ʨ. ʅʝʡʚʘ (ʧʨʠʪʦʢ ʨ. ʅʠʮʘ), ʠ ʫʞʝ ʚ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʮʝʣʷʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʙʨʦʩʢʘ ʯʘʩʪʠ ʩʪʦʢʘ ʨ. ʅʝʡʚʘ ʚ 

ʦʟ. ʐʠʛʠʨʩʢʦʝ. 

ɹʘʩʩʝʡʥ ʨ. ʀʰʠʤ ʥʘ ʨʦʩʩʠʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ï ʵʪʦ ʥʘʠʤʝʥʝʝ ʥʘʛʨʫʞʝʥʥʘʷ 

ʯʘʩʪʴ ʀʨʪʳʰʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ɽʛʦ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʦʙʩʪʚʝʥʥʦ ʨ. ʀʰʠʤ, ʷʚʣʷʶʱʝʡʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʠ 

ʵʢʦʥʦʤʠʢʠ ʛ. ʀʰʠʤʘ ʠ ʋʩʪʴ-ʀʰʠʤʩʢʦʛʦ ʨʘʡʦʥʘ, ʘ ʪʘʢʞʝ ʰʝʩʪʴʶ ʥʝʙʦʣʴʰʠʤʠ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘʤʠ, ʧʷʪʴ ʠʟ ʥʠʭ ʧʦʣʥʳʤ ʦʙʲʝʤʦʤ ʤʝʥʝʝ 1,0 ʤʣʥ ʤ
3
. ʆʩʥʦʚʥʦʝ 

ʥʘʟʥʘʯʝʥʠʝ ʜʘʥʥʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱ ï ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʪʦʢʘ ʠ ʥʘʢʦʧʣʝʥʠʝ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʮʝʣʝʡ ʦʨʦʰʝʥʠʷ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʨʨ. ʀʰʠʤ ʠ ʂʫʚʰʠʥʢʘ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʧʦʜʪʦʧʣʝʥʠʷ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ ʧʦʩʪʨʦʝʥʳ ʜʚʝ ʜʘʤʙʳ.  
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ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʀʰʠʤ ʩʚʷʟʘʥʳ ʩ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʩʨʝʜʥʝʡ ʤʥʦʛʦʣʝʪʥʝʡ ʨʘʟʥʦʩʪʠ ʫʨʦʚʥʷ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʢʦʣʝʙʣʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 4-8 ʤ [12], ʘ ʪʘʢʞʝ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʠʟʲʷʪʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ 

ʂʘʟʘʭʩʪʘʥʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩʰʝʡ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʩʚʷʟʠ ʩ ʧʝʨʝʥʦʩʦʤ 

ʩʪʦʣʠʮʳ ʩʪʨʘʥʳ ʚ ʛ. ɸʩʪʘʥʘ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʠʟʢʠʤ ʠʭ ʢʘʯʝʩʪʚʦʤ, ʪʘʢ ʢʘʢ 

ʩʘʤʦʦʯʠʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʢʠ ʫʞʝ ʥʝ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʩʧʨʘʚʠʪʴʩʷ ʩ 

ʥʘʛʨʫʟʢʦʡ ʥʘ ʥʝʝ ʚ ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ, ʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʠʪʦʢʠ 

ʥʘ ʨʦʩʩʠʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʨʝʞʠʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʩʠʩʪʝʤ ʚ ʨʦʩʩʠʡʩʢʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ 

ʧʨʦʙʣʝʤʥʳʝ ʫʯʘʩʪʢʠ ʠ ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʨʝʰʝʥʠʷ ʠʣʠ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ 

ʩʠʩʪʝʤʥʳʭ ʧʨʦʙʣʝʤ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

ɹʘʩʩʝʡʥ ʨ. ʀʨʪʳʰ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʦʙʲʝʢʪʦʤ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʂʘʟʘʭʩʪʘʥʘ ʠ ʂʠʪʘʷ, ʟʜʝʩʴ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʠʥʪʝʨʝʩʳ 

ʵʢʦʥʦʤʠʢʠ ʜʘʥʥʳʭ ʩʪʨʘʥ ʠ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ. ɺ 

ʨʦʩʩʠʡʩʢʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʧʨʦʞʠʚʘʝʪ ʙʦʣʝʝ 10 ʤʣʥ ʯʝʣ., ʨʘʩʧʦʣʦʞʝʥʳ 

ʢʨʫʧʥʳʝ ʠʥʜʫʩʪʨʠʘʣʴʥʳʝ ʮʝʥʪʨʳ ʉʚʝʨʜʣʦʚʩʢʦʡ, ʏʝʣʷʙʠʥʩʢʦʡ, ʂʫʨʛʘʥʩʢʦʡ, 

ʊʶʤʝʥʩʢʦʡ ʠ ʆʤʩʢʦʡ ʦʙʣʘʩʪʝʡ. ɺ ʙʘʩʩʝʡʥʝ ʨ. ʀʨʪʳʰ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʣʦʚʠʥʘ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʂʘʟʘʭʩʪʘʥʘ, ʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʢʨʫʧʥʳʝ ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʩʦʦʨʫʞʝʥʠʷ ʨʝʩʧʫʙʣʠʢʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜ ʨ. ʂʘʨʘ-ʀʨʪʳʰ ʩʚʷʟʘʥʳ 

ʤʥʦʛʠʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʧʨʦʝʢʪʳ ʨʘʟʚʠʪʠʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʂʠʪʘʷ ï ʉʠʥʴʮʟʷʥ-

ʋʡʛʫʨʩʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʨʘʡʦʥʘ.  

ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʥʘʯʘʪ ʪʨʝʭʩʪʦʨʦʥʥʠʡ ʜʠʘʣʦʛ ʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʚ 

ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ, ʠ ʜʝʡʩʪʚʠʝ ʜʚʫʩʪʦʨʦʥʥʠʭ ʩʦʛʣʘʰʝʥʠʡ ʧʦʢʘ ʝʱʝ ʥʝ ʧʨʠʥʦʩʠʪ 

ʦʱʫʪʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʂʠʪʘʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʚʦʶ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʫʶ 

ʧʦʣʠʪʠʢʫ ʚʥʝ ʠʥʪʝʨʝʩʦʚ ʥʠʞʝ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʪʨʘʥ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʨʘʩʪʫʱʠʡ ʟʘʙʦʨ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠʟ ʂʘʨʘ-ʀʨʪʳʰʘ, ʢʦʪʦʨʳʡ ʢ 2020 ʛ. ʧʦ 

ʨʘʟʥʳʤ ʩʮʝʥʘʨʠʷʤ ʨʘʟʚʠʪʠʷ ʤʦʞʝʪ ʜʦʩʪʠʯʴ 3,0-4,5 ʢʤ
3
. ɺʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʝ 

ʩʠʩʪʝʤʳ ʚ ʂʘʟʘʭʩʪʘʥʝ ʪʘʢʞʝ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʜʘʣʝʢʦ ʥʝ ʚ ʦʧʪʠʤʘʣʴʥʦʤ 

ʨʝʞʠʤʝ. ʈʘʩʪʝʪ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʀʰʠʤ, ʩʪʦʢ 

ʢʦʪʦʨʦʛʦ ʚʦʚʣʝʯʝʥ ʚ ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʩʪʦʣʠʮʳ ʨʝʩʧʫʙʣʠʢʠ ʛ. 

ɸʩʪʘʥʘ. ʄʥʦʛʠʝ ɻʊʉ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʚ ʙʘʩʩʝʡʥʝ, ʪʨʝʙʫʶʪ ʤʦʨʘʣʴʥʦʛʦ 

ʦʙʥʦʚʣʝʥʠʷ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʪʘʢʠʝ ʢʨʫʧʥʳʝ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ 

ʩʦʦʨʫʞʝʥʠʷ, ʢʘʢ ɹʫʭʪʘʨʤʠʥʩʢʘʷ, ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢʘʷ ʠ ʐʫʣʴʙʠʥʩʢʘʷ ɻʕʉ, 

ʢʘʥʘʣ ʀʨʪʳʰ - ʂʘʨʘʛʘʥʜʘ ʠʤ. ʉʘʪʧʘʝʚʘ ʠ ʜʨ.  

ʈʦʩʩʠʷ ʷʚʣʷʝʪʩʷ çʢʦʥʝʯʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤè ʚ ʙʘʩʩʝʡʥʝ ʨ. ʀʨʪʳʰ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠʩʧʳʪʳʚʘʝʪ ʜʝʬʠʮʠʪ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʛʦʨʦʜ-ʤʠʣʣʠʦʥʝʨ 

ʆʤʩʢ, ʥʝ ʭʚʘʪʘʝʪ ʚʦʜʳ ʠ ʜʣʷ ʩʝʣʴʩʢʠʭ ʨʘʡʦʥʦʚ ʶʛʘ ʆʤʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɺʦʜʦʜʝʬʠʮʠʪʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʠ ʙʘʩʩʝʡʥ ʨ. ʀʰʠʤ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʪʫʱʝʛʦ 

ʠʟʲʷʪʠʷ ʝʛʦ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʂʘʟʘʭʩʪʘʥʝ. ʅʦ ʦʩʦʙʝʥʥʦ ʩʣʦʞʥʘʷ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʩʣʦʞʠʣʘʩʴ ʚ ʨʦʩʩʠʡʩʢʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʨ. 

ʊʦʙʦʣ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥʳ ʛʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʏʝʣʷʙʠʥʩʢ, 

ʅʠʞʥʠʡ ʊʘʛʠʣ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʠʟʲʷʪʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 
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ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʨ. ʊʦʙʦʣ ʠ ʝʛʦ ʤʘʣʦʚʦʜʥʳʭ ʧʨʠʪʦʢʦʚ. ʀ ʝʩʣʠ ʚ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʙʘʩʩʝʡʥʦʚ ʨ. ʀʨʪʳʰ ʠ ʨ. ʀʰʠʤ ʚʦʧʨʦʩʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʪʨʝʙʫʶʪ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʨʝʰʝʥʠʷ ï ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʚʦʧʨʦʩʦʚ ʚʦʜʦʜʝʣʝʥʠʷ ʠ ʨʝʞʠʤʘ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʪʦ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʊʦʙʦʣ ʥʘʭʦʜʠʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʶʨʠʩʜʠʢʮʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʝʝ ʨʝʛʠʦʥʦʚ ʠ ʪʨʝʙʫʶʪʩʷ ʚʥʫʪʨʠ- ʠ ʤʝʞʙʘʩʩʝʡʥʦʚʳʝ 

ʧʝʨʝʙʨʦʩʢʠ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʘʭ ʠʭ ʨʘʟʚʠʪʠʷ. 

ʉʪʘʪʴʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩ. ʢʦʥʪʨʘʢʪʘ 

 ̄52-ʅʀʆʂʈ/4-13-2012 ɹʘʟʦʚʦʛʦ ʧʨʦʝʢʪʘ 12-ʬʮʧ-ʋ12-02 çʅʘʫʯʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʦʩʥʦʚʥʳʭ 

ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè, ʘ ʪʘʢʞʝ 

ʧʘʨʪʥʝʨʩʢʦʛʦ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 23 ʉʆ ʈɸʅ çʊʨʘʥʩʛʨʘʥʠʯʥʳʝ 

ʨʝʯʥʳʝ ʙʘʩʩʝʡʥʳ ɸʟʠʘʪʩʢʦʡ ʈʦʩʩʠʠ: ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ 

ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʩʨʝʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʤʝʞʨʝʛʠʦʥʘʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡè. 
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ɺʆɼʅʆɹʀʆʃʆɻʀʏɽʉʂʀɽ ʈɽʉʋʈʉʓ ʆɿ. ʉɸʈʓʉʋ ʀ ʀʍ 

ʊʈɸʅʉʌʆʈʄɸʎʀʗ ɸʅʊʈʆʇʆɻɽʅʅʓʄ ɺʆɿɼɽʁʉʊɺʀɽʄ  

ɺ.ɸ. ʄʘʤʝʜʦʚ
1
, ʉ.ʀ. ɸʣʠʝʚ

2
 

1
ʀʥʩʪʠʪʫʪ ɻʝʦʣʦʛʠʠ ʠ ɻʝʦʬʠʟʠʢʠ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥ, 

2
ʀʥʩʪʠʪʫʪ ɿʦʦʣʦʛʠʠ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥ 

ɺʚʝʜʝʥʠʝ. ʉʘʨʳʩʫ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʢʨʫʧʥʳʤ ʦʟʝʨʦʤ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʠ, ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨ. ʂʫʨʘ, ʙʣʠʞʝ ʢ ʥʠʟʦʚʴʷʤ ʨ. ɸʨʘʟ, 

ʥʘ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʝ ʦʢʦʣʦ ï 14ʤ (ʨʠʩ.1). 

 
ʈʠʩʫʥʦʢ 1. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʟ. ʉʘʨʳʩʫ 

ʂʣʠʤʘʪ ʚ ʨʘʡʦʥʝ ʦʟʝʨʘ (ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʄʠʣʴʩʢʦʡ ʩʪʝʧʠ) ʘʨʠʜʥʳʡ, 

ʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʘʨʷʝʤʦʩʪʠ ʚ 3-4 ʨʘʟʘ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʘʪʤʦʩʬʝʨʥʳʤʠ 

ʦʩʘʜʢʘʤʠ.  

ʆʟʝʨʥʘʷ ʢʦʪʣʦʚʠʥʘ ʠʤʝʝʪ ʱʠʨʦʪʥʦ-ʧʨʦʜʦʣʛʦʚʘʪʳʡ ʚʠʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʪʨʝʭ (ʅʘʭʘʣʳʛʯʘʣʘ, ʍʘʣʠʬʘ, ʂʨʠʚʦʡ ) ʧʣʸʩʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʥʝ ʙʦʣʝʝ 6 

ʪʳʩʷʯʘ ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ ʥʘ ʦʜʥʦʡ ʠʟ ʧʘʣʝʦʩʪʘʨʠʮ ʨ. ʂʫʨʘ. 

ɺ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʦʟʝʨʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʠʪʘʣʦʩʴ ʧʘʚʦʜʢʦʚʳʤʠ 

ʚʦʜʘʤʠ ʨ. ʂʫʨʘ ʠ ʚʨʝʤʝʥʘʤʠ ʨ. ɸʨʘʟ. ʇʨʠ ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʚʦʜʳ ʠʟ ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ʦʟʝʨʘ ʧʨʦʠʩʭʦʜʠʣ ʩʪʦʢ ʚ ʩʪʦʨʦʥʫ ʨ. ʂʫʨʘ (ʨʠʩ.2).  

  

ʈʠʩʫʥʦʢ 2. ʉʪʦʢ ʠʟ ʦʟ. ʉʘʨʳʩʫ ʚ ʨ. ʂʫʨʘ, ʚʠʜ ʰʣʶʟʘ ʩ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ. 
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ʇʣʦʱʘʜʴ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʟʝʨʘ ʩʦʩʪʘʚʣʷʣ 65.7 ʢʤ
2
, ʦʙʲʝʤ ʚʦʜʳ 59.1 

ʤʣʥ ʤ
3
 ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ~ 4ʤ. ʊʘʢ ʢʘʢ ʦʟʝʨʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʝʪ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʦʜʦʩʙʦʨʘ ʝʛʦ ʵʢʦʩʠʩʪʝʤʘ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʦʙʲʝʤʘ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʩʪʫʧʘʶʱʠʭ ʨʝʯʥʳʭ ʚʦʜ[1,c.51-54]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʄʦʥʠʪʦʨʠʥʛʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʟʘ ʢʦʣʝʙʘʥʠʝʤ ʫʨʦʚʥʝʡ, ʪʝʤʧʝʨʘʪʫʨʦʡ 

(ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ) ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʚʦʜʳ (ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ) ʟʘ 

1942-1955 ʛʛ. ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʜʘʥʥʳʭ ɻʦʩʢʦʤʛʠʜʨʦʤʝʪʘ. ʇʨʦʧʫʩʢʠ ʚ 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʧʦ ʢʦʨʨʝʣʷʪʠʚʥʳʤ 

ʟʘʚʠʩʠʤʦʩʪʷʤ. 

ʇʨʦʙʳ ʚʦʜ (12ʧʨʦʙ) ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ (5ʧʨʦʙ) ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʄʠʥʠʩʪʝʨʩʪʚʘ ʕʢʦʣʦʛʠʠ ʠ ʇʨʠʨʦʜʥʳʭ 

ʈʝʩʫʨʩʦʚ ʠ ʀʥʩʪʠʪʫʪʘ ɻʝʦʣʦʛʠʠ ʠ ɻʝʦʬʠʟʠʢʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ 

ɸʟʝʨʙʘʡʜʞʘʥʘ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ Li, Rb, Cu, Zn, Sr, Ba, Ga, 

Sn, Pb, V, Cr, Mo, F, Mn, Co, Ni, Ag ʦʧʨʝʜʝʣʝʥʠʠ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʠ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʤʝʪʦʜʘʤʠ, ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ï ʥʘ ʛʘʤʤʘ ï ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʝ ʉɸʈʀ-2, ʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ (ʩʦʨʛ) ï ʧʦ ʤʝʪʦʜʠʢʝ ʂʥʦʧʘ. ɺ 

ʧʨʦʙʘʭ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʠ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚʳ, ʢʘʨʙʦʥʘʪʥʦʩʪʴ, ʢʦʣʠʯʝʩʪʚʦ ʛʫʤʫʩʘ ʠ ʜʨ. 

ʆʙʨʘʙʦʪʢʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʝʜʝʥʳ 

ʤʝʪʦʜʦʤ ʆ.ɸ. ɸʣʝʢʠʥʘ [2,ʩ.120-122]. 

ʉ 1985 ʧʦ 2008 ʛʛ. (ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʚ ʛʦʜʘʭ) ʧʦʣʝʚʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚʳʧʦʣʥʝʥʦ ʙʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʩʴʝʤʢʘ ʦʟʝʨʘ, ʠʟʫʯʝʥʳ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʵʣʝʤʝʥʪʳ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʠ ʜʨ. ʄʘʢʨʦʙʝʥʪʦʩ ʠʩʩʣʝʜʦʚʘʥʳ ʧʦ 

ʤʝʪʦʜʫ ɾʘʜʠʥʘ [3,ʩ.226-288 ], ʟʦʦʧʣʘʥʢʪʦʥ ï ʧʦ ʂʠʩʝʣʝʚʫ[4,ʩ. 110-114]. 

ɺʨʝʤʷ, ʤʝʩʪʦ ʠ ʦʙʲʝʤʳ ʧʨʦʚʦʜʠʤʳʭ ʨʘʙʦʪ ʜʘʥʳ ʥʠʞʝ. 

ʅʘʤʠ, ʩ 2010 ʧʦ 2015 ʛʛ. ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʦʩʥʦʚʝ ʠʟʫʯʘʣʠʩʴ 

ʛʠʜʨʦʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʚ ʮʝʣʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʟʝʨʘ 

ʉʘʨʳʩʫ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʛʨʘʬʦ ï ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ 

(ʘʥʘʣʦʛʠʷ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠ ʙʘʣʘʥʩʦʚʳʝ ʨʘʩʯʝʪʳ, ʢʦʨʨʝʣʷʮʠʷ ʠ ʪʨʝʥʜʦʚʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ) , ʘ ʪʘʢʞʝ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʟʝʨʘ ʚʦ ʚʨʝʤʝʥʠ ʠ ʝʛʦ ʪʨʦʬʠʯʝʩʢʠʡ ʩʪʘʪʫʩ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʩʣʝ ʩʦʟʜʘʥʠʷ ʄʠʥʛʝʯʘʫʨʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʘ ʨ. ʂʫʨʘ ʚ 1953 ʛʦʜʫ ʚʦʜʥʳʡ ʨʝʞʠʤ ʨʝʢʠ ʠ ʧʨʠʜʘʪʦʯʥʳʭ ʝʛʦ 

ʚʦʜʦʝʤʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʟ. ʉʘʨʳʩʫ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʣʩʷ. ʋʚʝʣʠʯʝʥʠʝ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʨʘʟʥʦʚʠʜʥʳʭ ʭʦʟʷʡʩʪʚ ʫʩʠʣʠʣ ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʧʨʝʩʩʠʥʛ 

ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʣʠʤʥʦʛʝʥʝʟʘ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʟ. 

ʉʘʨʳʩʫ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʧʝʨʠʦʜʘ: ʝʩʪʝʩʪʚʝʥʥʳʡ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦ - ʥʘʨʫʰʝʥʥʳʡ. ɺ ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʝʨʠʦʜ ʧʣʦʱʘʜʴ ʚʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʟʝʨʘ ʟʘʚʠʩʠʤʦ ʦʪ ʦʙʲʝʤʘ ʧʦʣʦʚʦʜʴʷ ʩʦʩʪʘʚʣʷʣ ʧʦʨʷʜʢʘ 60-90 ʢʤ
2
 

, ʥʘʠʙʦʣʴʰʠʝ ʛʣʫʙʠʥʳ ʩʦʩʪʘʚʣʷʣʠ 4-5ʤ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʥʦʡ ʤʘʩʩʳ 0,6-4,0 
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ʤʛ/ʣ. ɺ ʦʟʝʨʝ ʙʳʣʦ ʤʥʦʛʦ ʨʳʙʳ ʠ ʥʫʪʨʠʡ, ʝʞʝʛʦʜʥʦ ʛʦʩʫʜʘʨʩʪʚʫ ʩʜʘʚʘʣʠ ʦʢʦʣʦ 

1.0 ʪʳʩ. ʥʫʪʨʠʝʚʦʡ ʰʢʫʨʳ.  

ʅʘʯʠʥʘʷ ʩ 1953 ʛʦʜʘ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʨ. ʂʫʨʘ 

ʄʠʥʛʝʯʘʫʨʩʢʠʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝʤ (ʦʙʲʝʤ 16 ʢʤ
3
), 2000ʛ ɽʥʠʢʝʥʜʩʢʠʤ 

ʚʦʜʦʭʨʘʥʠʣʠʱʝʤ (ʦʙʲʝʤ 0.16ʢʤ
3
) ʚ 1982 ʛ. ʐʘʤʢʠʨʩʢʠʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝʤ 

(ʦʙʲʝʤ 2,7 ʢʤ
3
) ʠ ʜʨʫʛʠʤʠ ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʧʨʠʪʦʢʘʭ ʨʝʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʫʤʝʥʴʰʝʥʠʷ ʧʠʢʘ ʧʦʣʦʚʦʜʴʷ ʨʝʯʥʘʷ ʚʦʜʘ ʜʦ ʦʟ. ʉʘʨʳʩʫ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʜʦʭʦʜʠʪ. ɿʘʪʦ ʫʩʠʣʠʣʦʩʴ ʧʦʩʪʫʧʣʝʥʠʝ ʢʦʣʣʝʢʪʦʨʥʳʭ ʠ ʦʩʪʘʪʦʯʥʳʭ ʧʦʩʣʝ 

ʧʦʣʠʚʘ ʩʝʣʴʭʦʟʫʛʦʜʠʡ ʚʦʜ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʝʤʘ ʚʦʜʳ ʦʟʝʨʘ ʜʦ 40-45 ʤʣʥ. 

ʤ
3
 ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʝʨʠʦʜʦʤ 

ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 1,5-3,5
0
ʉ, ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʦʜʥʦʡ ʤʘʩʩʳ ʫʤʝʥʴʰʠʣʘʩʴ ʜʦ 0,4-0,6 

ʤ. ʉ ʣʠʰʝʥʠʝʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʨʝʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʟʝʨʥʦʡ ʚʦʜʳ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʣʘʩʴ (ʜʦ 6,5-12,7 ʤʛ/ʣ) ʠ ʠʭ ʪʠʧ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʩʷ ʠʟ ʩʫʣʴʬʘʪʥʦʛʦ ʢʣʘʩʩʘ ʚ ʭʣʦʨʠʜʥʳʡ( S
Na

II, Cl
Na

II, Cl
Mg

III ). 

ɾʝʩʪʢʦʩʪʴ ʚʦʜʳ ʫʚʝʣʠʯʠʣʦʩʴ ʜʦ 75.4 ʤʛ-ʝʢʚ/ʣ, ʧʦʢʘʟʘʪʝʣʴ pH=7.6-8.8, 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʜʳ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 590-6900 ʤʢS/sm. 

ʂʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʚ 1.5-2.0 ʨʘʟʘ 

ʫʤʝʥʴʰʠʣʦʩʴ, ʘ ʚ ʧʨʠʜʦʥʥʳʭ ʩʣʦʷʭ ʧʨʠ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʩʬʦʨʤʠʨʦʚʘʣʩʷ 

ʩʝʨʦʚʦʜʦʨʦʜ (H2S). ʂʦʥʮʝʥʪʨʘʮʠʷ Cd, V ʠ Zn ʚ 1.5-2.0 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʇɼʂ. 

ʂʦʣʠʯʝʩʪʚʦ ʜʨʫʛʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʦʢʦʣʦ ʥʦʨʤʳ. 

ɼʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʦʟʝʨʘ ʩʦʩʪʦʷʪ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟ ʘʣʝʚʨʠʪʦʚʳʭ ʛʣʠʥ 

ʪʝʤʥʦ-ʩʝʨʦʛʦ ʠ ʯʝʨʥʦʛʦ ʮʚʝʪʘ, ʩ ʚʷʟʢʦʡ ʢʦʥʩʠʩʪʝʥʮʠʝʡ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʥʘʢʦʧʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʜʦʣʠ ʤʤ ʟʘ ʛʦʜ. ɺ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤ ʠʭ ʩʦʩʪʘʚʝ 

ʦʢʦʣʦ 73.9% ʧʨʠʥʘʜʣʝʞʠʪ ʬʨʘʢʮʠʷʤ ʨʘʟʤʝʨʘ < 0.01ʤʤ, 14.8% 0.1-0.01ʤʤ ʠ 

11.3% ʧʝʩʢʘʤ ʩʨʝʜʥʠʭ ʠ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ. ɼʦʣʷ ʦʨʛʘʥʠʢʠ ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 20-25% (ʘʚʪʦʭʪʦʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ), ʛʫʤʫʩ 

3.44ʤʛ/100ʛ, ʢʦʣʠʯʝʩʪʚʦ ʉʦʨʛ ʥʝ ʙʦʣʴʰʦʝ, ʚ ʉɺ ʯʘʩʪʠ ʦʟʝʨʘ ʥʘ ʛʣʫʙʠʥʝ 0.3ʤ 

ʩʦʩʪʘʚʣʷʝʪ 0.72%, ʘ ʚ ʖ3 ʯʘʩʪʠ 0.58% [ 5,ʩ. 44 ] 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʛʘʤʤʘ ʠʟʫʯʝʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ 2-3 ʨʘʟʘ ʤʝʥʴʰʝ 

ʜʦʧʫʩʪʠʤʦʡ ʥʦʨʤʳ. 

ʀʭʪʠʦʬʘʫʥʘ ʦʟʝʨʘ ʉʘʨʳʩʫ ʥʘʩʯʠʪʳʚʘʝʪ 34 ʚʠʜʘ ʨʳʙ: ʱʫʢʘ, ʚʦʙʣʘ, ʩʦʤ, 

ʛʠʙʨʠʜ ʚʦʙʣʳ ʠ ʣʝʱʘ, ʛʦʣʘʚʣʴ, ʛʠʙʨʠʜ ʚʦʙʣʳ ʠ ʧʦʜʫʩʪ, ʢʫʨʠʥʩʢʠʡ ʧʦʜʫʩʪ, 

ʢʨʘʩʥʦʧʝʨʢʘ, ʢʨʘʩʥʦʛʫʙʳʡ ʞʝʨʝʭ, ʢʫʨʠʥʩʢʠʡ ʧʝʩʢʘʨʴ, ʢʫʨʠʥʩʢʘʷ ʭʨʘʤʫʣʷ, 

ʫʩʘʯ-ʯʘʥʘʨʠ, ʤʫʨʮʘ, ʢʫʨʠʥʩʢʘʷ ʰʝʤʘʷ, ʙʝʣʳʡ ʘʤʫʨ, ʫʢʣʝʡʢʘ ʢʫʨʠʥʩʢʘʷ, 

ʫʢʣʝʡʢʘ ʟʘʢʘʚʢʘʟʩʢʘʷ, ʯʝʨʥʦʙʨʦʚʢʘ, ʙʳʩʪʨʷʥʢʘ, ʟʘʢʘʚʢʘʟʩʢʘʷ ʛʫʩʪʝʨʘ, ʣʝʰ, 

ʙʝʣʦʛʣʘʟʢʘ ʶʞʥʦʢʘʩʧʠʡʩʢʘʷ, ʯʝʭʦʥʴ, ʛʦʨʯʘʛ, ʩʘʟʘʥ, ʢʫʨʠʥʩʢʠʡ ʛʦʣʝʮ, ʱʠʧʦʚʢʘ 

ʟʦʣʦʪʠʩʪʘʷ, ʱʠʧʦʚʢʘ ʟʘʢʘʚʢʘʟʩʢʘʷ, ʛʘʤʙʫʟʠʷ ʚʦʩʪʦʯʥʘʷ, ʢʫʨʠʥʩʢʠʡ ʙʳʯʦʢ, 

ʢʘʩʧʠʡʩʢʘʷ ʤʠʥʦʛʘ, ʩʫʜʘʢ, ʣʠʥʴ [ 6,ʩ.159]. ɺ ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʝʨʠʦʜ (1938-1942 

ʛʛ.) ʧʨʦʤʳʩʣʦʚʳʡ ʣʦʚ ʨʳʙʳ ʝʞʝʛʦʜʥʦ ʩʦʩʪʘʚʣʷʣ ʚ ʩʨʝʜʥʝʤ 6000 ʮʝʥʪʥʝʨʦʚ, ʚ 

ʧʝʨʠʦʜ ʥʘʨʫʰʝʥʥʦʛʦ ʨʝʞʠʤʘ (1967-1972 ʛʛ.) ʫʤʝʥʴʰʠʣʩʷ ʜʦ 902 ʮ.; ʚ 1981-

1985 ʛʛ. ʜʦ 811 ʮ.; ʚ 1991-1995 ʛʛ. ʜʦ 250 ʮ.; ʚ 1996-1999 ʛʛ. ʜʦ 132 ʮ., ʘ ʚ 2000-

ʳʭ ʛʛ. ʩʪʘʣ <50 ʮ. 

ɺʳʩʰʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʦʟ. ʉʘʨʳʩʫ ʧʨʝʜʩʪʘʚʣʝʥʘ 13 ʚʠʜʘʤʠ. ʇʦ 

ʧʣʦʱʘʜʠ ʠ ʙʠʦʤʘʩʩʝ ʩʨʝʜʠ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʜʦʤʠʥʠʨʫʶʪ ʩʝʤʝʡʩʪʚʘ 
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ʥʘʷʜʦʚʳʭ, ʨʦʛʦʟʦʚʳʭ ʠ ʧʫʟʳʨʯʘʪʳʭ, ʭʦʪʷ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝʛʦ 1-2 ʚʠʜʘʤʠ. 

ʅʠʞʝ ʜʘʝʪʩʷ ʩʧʠʩʦʢ ʥʘʡʜʝʥʥʳʭ ʚʠʜʦʚ: Phragmites communis, Typha 

angustifolia, Schoenoplectus litoralis, Sch. lacustris, Hydrocharis morsus-ranae, 

Utricularia vulgaris, Potamogeton pectinatus, P. crispus, Myriophillum spicatum, 

M. verticillatum, Batrachium divaricatum, Ceratophyllum demersum, Nayas 

marina. ʇʦ ʙʠʦʤʘʩʩʝ ʛʦʩʧʦʜʩʪʚʫʶʪ ʪʨʦʩʪʥʠʢ ʠ ʨʦʛʦʟ. ʅʘʠʙʦʣʴʰʫʶ ʚʝʛʝʪʘʮʠʶ 

ʜʘʝʪ ʨʦʛʦʟ ʫʟʢʦʣʠʩʪʥʳʡ, ʩʦʩʪʘʚʣʷʶʱʠʡ 25ʪ ʥʘ 1ʛʘ. ʂʦʣʠʯʝʩʪʚʦ ʪʨʦʩʪʥʠʢʘ 

ʨʘʚʥʦ 23ʪ ʥʘ 1ʛʘ. ʈʦʛʦʟ ʫʟʢʦʣʠʩʪʥʳʡ ʩʣʫʞʠʪ ʢʦʨʤʦʤ ʜʣʷ ʥʫʪʨʠʡ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʢʦʣʦ 60% ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʟʝʨʘ 

ʧʦʢʨʳʪʦ ʤʘʢʨʦʬʠʪʘʤʠï ʥʘʢʦʧʠʪʝʣʷʤʠ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʚʦ ʚʨʝʤʷ 

ʦʪʤʠʨʘʥʠʷ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʦʛʘʱʝʥʠʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʙʠʦʛʝʥʘʤʠ ʠ ʚʦ 

ʚʪʦʨʠʯʥʦʤ ʠʭ ʟʘʛʨʷʟʥʝʥʠʠ. ʉ ʫʭʫʜʰʝʥʠʝʤ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʜʥʦʡ 

ʩʨʝʜʳ ʨʷʜ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʛʠʜʨʦʬʣʦʨʳ: Nelumbium, caspocum, Trapa hycrana, 

Nymphaca alba L, ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʘʜʠʠ ʠʩʯʝʟʥʦʚʘʥʠʷ [ 7,ʩ.6]. 

ɺ ʟʦʦʧʣʘʥʢʪʦʥʝ ʦʟʝʨʘ ʚʳʷʚʣʝʥʦ 38 ʚʠʜʦʚ ʦʨʛʘʥʠʟʤʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʪʨʝʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ (Rotatoria ï 16, Cladocera ï 14, Copepoda ï 8). 

ʆʙʱʝʝ ʯʠʩʣʦ ʚʠʜʦʚ ʦʪ ʟʠʤʳ ʢ ʚʝʩʥʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ , ʘ ʢ ʣʝʪʫ ʧʦʩʪʝʧʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ (ʪʘʙ.1). 

ʊʘʙʣʠʮʘ 1 ï ɿʦʦʧʣʘʥʢʪʦʥ ʦʟʝʨʘ ʉʘʨʳʩʫ ʚ 2015 ʛ. 
ɻʨʫʧʧʳ ʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ 

ʚʠʜʦʚ 

ʉʝʟʦʥʳ ʛʦʜʘ 

ʟʠʤʘ ʚʝʩʥʘ ʣʝʪʦ 

Rotatoria 16 5 16 10 

Cladocera 14 3 10 8 

Copepoda 8 4 8 6 

ʀʪʦʛʦ 38 12 34 24 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʢʦʥʯʘʥʠʝʤ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʥʝʢʦʪʦʨʳʭ ʧʣʘʥʢʪʦʥʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ. ʇʦ ʙʠʦʤʘʩʩʝ ʟʦʦʧʣʘʥʢʪʦʥ ʚʝʩʥʦʡ ʙʦʣʴʰʝ, ʯʝʤ ʣʝʪʦʤ, ʧʨʠʯʝʤ ʚ 

ʶʞʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʝʚʝʨʥʦʡ. ɿʠʤʦʡ ʩʨʝʜʠ 

ʢʦʣʦʚʨʘʪʦʢ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʜʦʤʠʥʠʨʦʚʘʣʠ K. quadrata, ʘ ʧʦ ʙʠʦʤʘʩʩʝ ï A. 

priodonta, ʠʟ ʢʣʘʜʦʮʝʨ ï C. reticulata, ʘ ʫ ʢʦʧʝʧʦʜ ï ʠʭ ʤʦʣʦʜʴ. ɺʝʩʥʦʡ K. 

quadrata ʩʦʭʨʘʥʠʣʘ ʩʚʦʶ ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ, ʫ ʢʣʘʜʦʮʝʨ ʚ ʵʪʦ ʚʨʝʤʷ 

ʧʨʝʦʙʣʘʜʘʣʠ Ch, sphaericus ʠ S. vetulus, ʘ ʫ ʢʦʧʝʧʦʜ ï C. strenuus. 

ʇʦ ʛʨʫʧʧʘʤ ʚ ʧʣʘʥʢʪʦʥʝ ʦʟʝʨʘ ʧʦ ʙʠʦʤʘʩʩʝ ʜʦʤʠʥʠʨʦʚʘʣʠ ʢʣʘʜʦʮʝʨʳ, ʟʘ 

ʥʠʤʠ ʢʦʧʝʧʦʜʳ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʟʦʦʧʣʘʥʢʪʦʥʘ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 

ʚʝʩʥʦʡ, ʥʘʠʤʝʥʴʰʝ ï ʟʠʤʦʡ.  

ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʟʦʦʧʣʘʥʢʪʦʥʘ ʠʟʤʝʥʷʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 8120-

29286 ʵʢʟ/ʤ
3
 ʧʨʠ ʙʠʦʤʘʩʩʝ 2,80-3,65 ʛ/ʤ

3
. ʆʙʱʘʷ ʙʠʦʤʘʩʩʘ ʠʟʤʝʥʷʣʘʩʴ ʚ 

ʧʨʝʜʝʣʘʭ 2,41-16,62 ʛ/ʤ
3 
ʧʨʠ ʯʠʩʣʝʥʥʦʩʪʠ 9720-79820 ʵʢʟ/ʤ

3
 (ʪʘʙ. 2). 

ɺ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʝ ʦʟ. ʉʘʨʳʩʫ ʥʘʤʠ ʥʘʡʜʝʥʦ 90 ʚʠʜʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 12 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ (ʪʘʙʣ. 3). 

ʆʩʥʦʚʫ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʦʟʝʨʘ ʩʦʩʪʘʚʣʷʶʪ 

ʣʠʯʠʥʢʠ ʭʠʨʦʥʦʤʠʜ, ʥʘ ʜʦʣʶ ʢʦʪʦʨʳʭ ʧʨʠʭʦʜʠʪʩʷ 18% ʚʩʝʡ ʬʘʫʥʳ, ʚʪʦʨʦʝ 

ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʩʪʨʝʢʦʟʳ (14,4%), ʠ ʟʘ ʥʠʤʠ ï ʩʣʝʜʫʶʪ ʞʫʢʠ (11.1%). 
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ʊʘʙʣʠʮʘ 2 ï ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚ ʦʟ. ʉʘʨʳʩʫ ʚ 2015 ʛ.,  

ɻʨʫʧʧʳ ʉʝʟʦʥʳ ʛʦʜʘ 

ʟʠʤʘ ʚʝʩʥʘ ʣʝʪʦ ʩʨʝʜʥʝʝ 

Rotatoria 1920/0,92 13980/4,24 8460/3,24 8120/2,80 

Cladocera 3600/0,84 21400/5,10 15200/4,26 13013/3,40 

Copepoda 4200/0,65 44600/7,28 39000/3,02 29286/3,65 

ʀʪʦʛʦ 9720/2,41 79820/16,62 61660/10,52 50400/9,85 

ʊʘʙʣʠʮʘ 3 ï ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʦʟʝʨʘ ʉʘʨʳʩʫ ʚ 2015 ʛ. 

 ̄ ɻʨʫʧʧʳ 
ʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ 

ʉʝʟʦʥʳ ʛʦʜʘ 

ʟʠʤʘ ʚʝʩʥʘ ʣʝʪʦ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Oligochaʝta 

Hirudinea 

Mollusca 

Amphipoda 

Hidrocarina 

Odonata 

Ephermeroptera 

Coleoptera 

Hemiptera 

Trichoptera 

Chironomidae 

Diptera 

11 

4 

6 

5 

2 

13 

8 

10 

5 

4 

16 

6 

4 

- 

2 

- 

- 

- 

- 

5 

- 

- 

6 

2 

10 

4 

6 

5 

2 

13 

8 

10 

5 

11 

14 

4 

11 

4 

6 

5 

2 

13 

8 

10 

5 

4 

16 

4 

 ʚʩʝʛʦ 90 19 85 90 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝ ʚʩʝ ʚʠʜʳ ʦʙʥʘʨʫʞʝʥʳ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʤʝʩʪʝ ʠʣʠ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʝʟʦʥʘʭ ʛʦʜʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʚʠʜʦʚ 

(90 ʚʠʜʦʚ) ʦʪʤʝʯʝʥʦ ʣʝʪʦʤ, ʤʠʥʠʤʘʣʴʥʦʝ (19 ʚʠʜʦʚ) ʟʠʤʦʡ. 

ʆʩʥʦʚʫ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʩʦʩʪʘʚʣʷʶʪ ʚʦʜʥʳʝ ʥʘʩʝʢʦʤʳʝ (60 ʚʠʜʦʚ). ʀʟ 

ʥʠʭ ʥʘ ʜʦʣʶ ʠ ʜʨ. ʭʠʨʦʥʦʤʠʜ ʧʨʠʭʦʜʠʪʩʷ 16 ʚʠʜʦʚ, ʣʠʯʠʥʢʠ ʩʪʨʝʢʦʟʳ ï 13 

ʚʠʜʦʚ ʤʘʣʦʱʝʪʠʥʢʦʚʳʝ ʯʝʨʚʠ-11 ʚʠʜʦʚ, ʞʫʢʠ ï 10 ʚʠʜʦʚ, ʠ ʜʨ.  

ʇʦ ʯʘʩʪʦʪʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʝ ʧʨʝʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʝ 

ʚʠʜʳ: Nais communis, Branchiura sowerbyi, Lymnaea stagnltis, L.auricularia, 

Costatella acuta, Lestes sponsa, Ceonagrion scitulum, Sympetrum doanae, Cloen 

dipterum, Noterus crassicornis, Corixa punctate, Chironomus plumosus, Ch. 

dorsalis, Ch. thummi, Polypedilum nubeculosum, Cryptochironomus defectus ʠ ʜʨ. 

(ʨʠʩ. 3). 

 
ʈʠʩʫʥʦʢ 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ 

ʦʟ. ʉʘʨʳʩʫ ʧʦ ʛʨʫʧʧʘʤ (%) 
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ɺʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʥʝ ʫʩʪʦʡʯʠʚʦ ʠ ʤʝʥʷʝʪʩʷ ʧʦ 

ʩʝʟʦʥʘʤ ʛʦʜʘ. ʊʘʢ, ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʚ ʦʟʝʨʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʜʚʦʝ ʠ ʙʦʣʝʝ. 

ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ ʪʘʢʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʯʪʦ ʦʨʛʘʥʠʟʤʳ, ʦʙʠʪʘʶʱʠʝ ʚ 

ʫʩʣʦʚʠʷʭ ʦʟʝʨʘ ʉʘʨʳʩʫ, ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʱʝʛʦ ʯʠʩʣʘ ʚʠʜʦʚ 

ʦʪ ʟʠʤʳ ʢ ʣʝʪʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʢʨʘʱʝʥʠʝʤ ʠʭ ʢ ʦʩʝʥʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʦʢʦʥʯʘʥʠʝʤ ʮʠʢʣʘ ʨʘʟʚʠʪʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ. 

ʆʙʱʘʷ ʙʠʦʤʘʩʩʘ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʠʟʤʝʥʷʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 0.21-3.20 ʛ/ʤ
2
  

ʧʨʠ ʯʠʩʣʝʥʥʦʩʪʠ 104-1020 ʵʢʟ/ʤ
2
. ʇʦ ʙʠʦʤʘʩʩʝ ʧʝʨʚʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ 

ʣʠʯʠʥʢʠ ʭʠʨʦʥʦʤʠʜ, ʟʘ ʥʠʤ ʩʣʝʜʫʝʪ ʤʦʣʶʩʢʠ. 

ɺʝʩʥʦʡ ʦʙʱʘʷ ʙʠʦʤʘʩʩʘ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 0.06 ʜʦ 0.40 ʛ/ʤ
2
 , ʧʨʠ ʯʠʩʣʝʥʥʦʩʪʠ 

24-136 ʵʢʟ/ʤ
2 
(ʪʘʙʣ.4). 

ʊʘʙʣʠʮʘ 4 ï ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʚ ʦʟ. ʉʘʨʳʩʫ ʚ 2015 ʛ. 

 ̄ ɻʨʫʧʧʳ 
ʉʝʟʦʥʳ ʛʦʜʘ 

ʟʠʤʘ ʚʝʩʥʘ ʣʝʪʦ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Oligochaʝta 

Hirudinea 

Mollusca 

Amphipoda 

Hidrocarina 

Odonata 

Ephermeroptera 

Coleoptera 

Hemiptera 

Trichoptera 

Chironomidae 

 Diptera 

30/0.04 

- 

- 

- 

- 

- 

- 

26/0.05 

- 

- 

48/0.12 

- 

96/0.20 

29/0.07 

110/0.36 

44/0.16 

32/0.06 

122/0.34 

54/0.14 

76/0.26 

68/0.14 

34/0.10 

136/0.40 

84/0.20 

110/0.24 

30/0.12 

126/0.40 

60/0.20 

42/0.10 

130/0.46 

78/0.20 

92/0.38 

75/0.18 

43/0.18 

142/0.48 

92/0.26 

 ɺʩʝʛʦ 104/0.21 880/2.53 1020/3.20 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪ, ʯʪʦ ʯʠʩʣʦ ʚʠʜʦʚ ʭʠʨʦʥʦʤʠʜ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ 

ʚʳʣʝʪʦʤ ʠʤʘʛʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʚ ʵʪʦ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʘʶʪ 

ʞʫʢʠ, ʢʣʦʧʳ, ʨʫʯʝʡʥʠʢʠ ʠ ʩʪʨʝʢʦʟʳ. ʂ ʦʩʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ 

ʚʳʧʘʜʝʥʠʝ ʪʝʧʣʦʣʶʙʠʚʳʭ ʬʦʨʤ. 

ɺ ʮʝʣʦʤ, ʩ ʫʩʠʣʝʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʫʭʫʜʰʠʣʠʩʴ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʣʠʤʥʦʛʝʥʝʟʘ, ʫʤʝʥʴʰʠʣʘʩʴ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʠ 

ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʟʝʨʘ. 

ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ 

- ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʩʪʦʢʘ ʨ. ʂʫʨʘ ʠ ʝʛʦ ʦʩʥʦʚʥʳʭ ʧʨʠʪʦʢʦʚ ʩ ʩʝʨʝʜʠʥʳ ʍʍ ʚʝʢʘ 
ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʬʘʢʪʦʨ ʚ ʨʝʞʠʤʝ ʦʟ. ʉʘʨʳʩʫ ʩʪʘʣ 

ʚʝʜʫʱʠʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʨʦʜʥʳʤ. 

- ʆʩʣʘʙʣʝʥʠʝ ʚʦʜʦʦʙʤʝʥʘ, ʠʥʪʝʥʩʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ 
ʦʩʪʘʪʢʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʝʨʝʭʦʜʫ ʦʟʝʨʘ ʢ 

ʥʦʚʦʡ, ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ-ʵʚʪʨʦʬʠʢʘʮʠʠ. 

- ɺ ʮʝʣʷʭ ʚʳʭʦʜʘ ʦʟʝʨʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʠʟ ʢʨʠʟʠʩʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 
ʩʦʩʪʦʷʥʠʷ ʪʨʝʙʫʝʪʩʷ ʧʨʝʚʨʘʱʝʥʠʷ ʝʸ ʚ ʧʨʝʩʥʦʚʦʜʥʳʡ ï ʧʨʦʪʦʯʥʳʡ ʚʦʜʦʝʤ. 
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ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʌʦʥʜʘ ʈʘʟʚʠʪʠʷ 

ʅʘʫʢʠ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ï ɻʨʘʥʪ ˉ EĶF ï 2013 ï 

9(15) ï 46/25/2. 
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ʛ.ɸʣʤʘʪʳ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, e-mail: mamilov@gmail.com  

ʇʨʦʙʣʝʤʘ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʦʩʪʨʳʭ ʜʣʷ ʤʥʦʛʠʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ. ɺ ʫʩʣʦʚʠʷʭ 

ʩʢʣʘʜʳʚʘʶʱʝʛʦʩʷ ʜʝʬʠʮʠʪʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʙʦʣʴʰʦʡ 

ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʠʟʫʯʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʩʦʦʙʱʝʩʪʚ ʠ ʩʦʩʪʦʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʤʳʩʣʦʚʳʭ ʨʳʙ 

ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʠ ʜʦʩʪʠʛʘʶʪ ʢʨʫʧʥʳʭ 

ʨʘʟʤʝʨʦʚ. ʉʦʩʪʦʷʥʠʝ ʠʭ ʧʦʧʫʣʷʮʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʚʦʜʦʝʤʦʚ ʥʘʭʦʜʠʪʩʷ ʧʦʜ 

ʥʘʙʣʶʜʝʥʠʝʤ ʭʦʟʷʡʩʪʚʫʶʱʠʭ ʩʫʙʲʝʢʪʦʚ ʠ/ʠʣʠ ʫʯʝʥʳʭ. ʄʝʣʢʠʤ ʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʢʦʨʦʪʢʦʮʠʢʣʠʯʥʳʤ, ʥʝ ʠʤʝʶʱʠʤ ʧʨʦʤʳʩʣʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʚʠʜʘʤ 

ʫʜʝʣʷʝʪʩʷ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʚʥʠʤʘʥʠʷ. ʆʜʥʘʢʦ ʢʦʨʦʪʢʦʮʠʢʣʠʯʥʳʝ ʚʠʜʳ ʨʳʙ 

ʠʤʝʶʪ ʥʝ ʤʝʥʴʰʫʶ ʮʝʥʥʦʩʪʴ ʢʘʢ ʥʝʦʙʭʦʜʠʤʳʝ ʵʣʝʤʝʥʪʳ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ, ʚʳʧʦʣʥʷʶʱʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʵʢʦʩʠʩʪʝʤʥʳʝ ʫʩʣʫʛʠ (ʧʠʪʘʥʠʝ ʜʣʷ 

ʧʨʦʤʳʩʣʦʚʳʭ ʚʠʜʦʚ, ʣʘʨʚʠʬʘʛʠ, ʨʝʛʫʣʷʮʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʠ ʜʨ.). 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʜʣʷ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʙʨʘʥʦ ʦʟʝʨʦ 

ɹʠʡʣʠʢʦʣʴ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʥʘ ʶʛʝ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (ʎʝʥʪʨʘʣʴʥʘʷ ɸʟʠʷ) 

ʫ ʧʦʜʥʦʞʠʷ ʛʦʨ ʂʘʨʘʪʘʫ. ʇʦ ʬʦʨʤʝ ʦʟʝʨʦ ʥʘʧʦʤʠʥʘʝʪ ʮʠʬʨʫ 8, 

ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ. ɻʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ 

ʦʟʝʨʘ ʷʚʣʷʝʪʩʷ ʨ.ʊʝʨʩ, ʧʝʨʝʭʦʜʷʱʘʷ ʚ ʨ.ɸʩʘ. ɺ ʛʦʜʳ ʥʘʠʙʦʣʴʰʝʛʦ ʥʘʧʦʣʥʝʥʠʷ 

ʧʣʦʱʘʜʴ ʦʟʝʨʘ ʜʦʩʪʠʛʘʝʪ 90 ʢʤ
2
. ʂʦʪʣʦʚʠʥʘ ʦʟʝʨʘ ʥʝʛʣʫʙʦʢʘʷ, ʜʥʦ ʨʦʚʥʦʝ, 

ʯʠʩʪʦʝ, ʫ ʙʝʨʝʛʦʚ ʟʘʠʣʝʥʥʦʝ. ʆʟʝʨʦ ɹʠʡʣʠʢʦʣʴ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʠʥʪʝʥʩʠʚʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʘʛʨʘʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʪʦʢʘ ʨ.ʊʝʨʩ-ɸʩʘ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʦʨʦʰʝʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ. 

ɿʘʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʪʦʢʘ ʨʝʢʠ ʊʝʨʩ-ɸʱʠʙʫʣʘʢʩʢʠʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝʤ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʘʣʦʩʴ ʥʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʦʟ. ɹʠʡʣʠʢʦʣʴ. ɺ 

ʤʘʣʦʚʦʜʥʳʝ 1974-1976 ʛʛ. ʠ 1982-1984 ʛʛ. ʧʣʦʱʘʜʴ ʦʟʝʨʘ ʩʦʢʨʘʱʘʣʘʩʴ ʙʦʣʝʝ 

ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ. ɺ 1972 ʠ 1982 ʛʛ. ʧʨʦʠʩʭʦʜʠʣʠ ʘʚʘʨʠʡʥʳʝ ʩʙʨʦʩʳ 

ʥʝʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ɾʘʤʙʳʣʩʢʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ 

çʍʠʤʧʨʦʤè, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʨʳʙʳ ʚ ʦʟʝʨʝ ʧʦʛʠʙʣʘ. 

ɹʣʘʛʦʜʘʨʷ ʧʦʧʫʩʢʘʤ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʢ 1988 ʛ. ʦʟʝʨʦ ʜʦʩʪʠʛʣʦ 

ʩʚʦʝʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ.  

ʇʝʨʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʩʦʩʪʘʚʝ ʠʭʪʠʦʬʘʫʥʳ ʦʟʝʨʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ɼ.ʅ.ʂʘʰʢʘʨʦʚʳʤ [1]. ʉʚʝʜʝʥʠʷ ʦ ʚʠʜʦʚʦʤ ʩʦʩʪʘʚʝ ʨʳʙʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚʦ 

ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʍʍ ʚʝʢʘ ʦʙʦʙʱʝʥʳ ʚ ʨʘʙʦʪʘʭ ʌ.ɸ.ʊʫʨʜʘʢʦʚʘ [2] ʠ 

ʀ.ɸ.ʇʠʚʥʝʚʘ [3]. ʎʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʢʦʨʦʪʢʦʮʠʢʣʠʯʥʳʭ ʚʠʜʦʚ ʨʳʙ ʦʟʝʨʘ ɹʠʡʣʠʢʦʣʴ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʠ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʝʪʘ 2015 ʛ., 

ʧʨʦʚʝʜʝʥʥʳʭ ʢʘʢ ʥʘ ʩʘʤʦʤ ʦʟʝʨʝ, ʪʘʢ ʠ ʧʠʪʘʶʱʝʡ ʝʛʦ ʨʝʢʝ. ʆʪʙʦʨ ʧʨʦʙ 
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ʧʨʦʚʦʜʠʣʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʧʫʥʢʪʘʭ: ʨ.ʊʝʨʩ ʠ ʜʚʫʭ ʝʝ ʧʨʠʪʦʢʘʭ ʚʳʰʝ ʊʝʨʩ-

ɸʱʠʙʫʣʘʢʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʤʝʣʢʦʚʦʜʴʷʭ ʊʝʨʩ-ɸʱʠʙʫʣʘʢʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʨ.ɸʩʘ (ʚʳʧʫʩʢ ʚʦʜʳ ʠʟ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ ʦʩʥʦʚʥʦʤ ʠʜʝʪ ʧʦ 

ʢʘʥʘʣʘʤ ʠ ʵʪʦʡ ʨʝʢʝ), ʤʝʣʢʦʚʦʜʴʷʭ ʦʟ.ɹʠʡʣʠʢʦʣʴ.  

ʉʨʘʟʫ ʧʦʩʣʝ ʦʪʣʦʚʘ ʨʳʙʳ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʚ 4% ʨʘʩʪʚʦʨʝ ʬʦʨʤʘʣʴʜʝʛʠʜʘ. 

ɼʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ 

ʠʭʪʠʦʣʦʛʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʝ [4]. ɼʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʠʟʫʯʘʚʰʠʭʩʷ ʧʨʠʟʥʘʢʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʩʠʤʚʦʣʳ: L - ʦʙʱʘʷ ʜʣʠʥʘ ʨʳʙʳ, ʤʤ; l ï ʜʣʠʥʘ 

ʨʳʙʳ ʙʝʟ ʭʚʦʩʪʦʚʦʛʦ ʧʣʘʚʥʠʢʘ (ʩʪʘʥʜʘʨʪʥʘʷ ʜʣʠʥʘ), ʤʤ; Q ï ʤʘʩʩʘ ʨʳʙʳ, ʛ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʦʡ ʜʣʠʥʳ ʠ ʤʘʩʩʳ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦʢʘʟʘʪʝʣʴ 

ʫʧʠʪʘʥʥʦʩʪʠ ʧʦ ʌʫʣʴʪʦʥʫ (Fult). ʂʦʨʦʪʢʦʮʠʢʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʩʯʠʪʘʣʠ ʨʳʙ, 

ʩʧʦʩʦʙʥʳʭ ʦʩʪʘʚʣʷʪʴ ʧʦʪʦʤʩʪʚʦ ʚ ʚʦʟʨʘʩʪʝ ʜʦ ʜʚʫʭ ʣʝʪ. 

 

 
ʈʠʩʫʥʦʢ 1 - ʂʘʨʪʘ-ʩʭʝʤʘ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ: 1 ï ʨ.ʊʝʨʩ, 2 ï ʧʨʠʪʦʢʠ 

ʨ. ʊʝʨʩ, 3 ï ʊʝʨʩ-ɸʱʠʙʫʣʘʢʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ, 4 ï ʨ.ɸʩʘ, 5 ï ʦʟ.ɹʠʡʣʠʢʦʣʴ. 

ɼʣʷ ʦʮʝʥʢʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʦʦʙʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ 

ʧʦʢʘʟʘʪʝʣʠ: S ï ʦʙʱʝʝ ʯʠʩʣʦ ʚʠʜʦʚ ʚ ʩʦʦʙʱʝʩʪʚʝ (ʚʠʜʦʚʦʝ ʙʦʛʘʪʩʪʚʦ), D - 

ʠʥʜʝʢʩ ʨʘʟʥʦʦʙʨʘʟʠʷ ʉʠʤʧʩʦʥʘ, E ï ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, H ï ʠʥʜʝʢʩ 

ʐʝʥʥʦʥʘ, e ï ʠʥʜʝʢʩ ʚʳʨʦʚʥʝʥʥʦʩʪʠ ʇʠʝʣʫ (ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ 

ʐʝʥʥʦʥʫ) [5; 6]. ʋʯʠʪʳʚʘʣʠ ʯʠʩʣʝʥʥʦʩʪʴ ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʫʣʦʚʘʭ ʚʠʜʦʚ 

ʨʳʙ. ʇʨʠ ʨʘʩʯʝʪʘʭ ʧʦʢʘʟʘʪʝʣʷ ʐʝʥʥʦʥʘ ʠ ʇʠʝʣʫ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʦʠʯʥʳʡ 

ʣʦʛʘʨʠʬʤ. 
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ʊʘʙʣʠʮʘ 1 ï ʈʘʟʥʦʦʙʨʘʟʠʝ ʨʳʙ ʚ ʙʘʩʩʝʡʥʝ ʨ.ʊʝʨʩ-ɸʩʘ 
 ̄ ʅʘʟʘʚʘʥʠʷ ʨʳʙ ɼʘʥʥʳʝ ʍʍ 

ʚ. [1-3] 

ʅʘʰʠ ʜʘʥʥʳʝ 

ʃʘʪʠʥʩʢʦʝ ʥʘʟʚʘʥʠʝ ʊʨʠʚʠʘʣʴʥʦʝ ʆʟ.ɹʠʡʣʠʢʦʣʴ ʊʝʨʩ-ɸʩʘ 

ɸʙʦʨʠʛʝʥʥʳʝ 

1 Leuciscus lindbergi  ʊʘʣʘʩʩʢʠʡ ʝʣʝʮ R, L + + 

2 Leuciscus leuciscus  ʉʠʙʠʨʩʢʠʡ 

ʝʣʝʮ 

0 0 + 

3 Gobio gobio 

lepidolaemus  

ʊʫʨʢʝʩʪʘʥʩʢʠʡ 

ʧʝʩʢʘʨʴ 

R, L 0 + 

4 Schizothorax 

intermedius  

ʆʙʳʢʥʦʚʝʥʥʘʷ 

ʤʘʨʠʥʢʘ 

R, L 0 + 

5 Schizothorax saltans  ɸʱʠʢʫʣʴʩʢʘʷ 

ʤʘʨʠʥʢʘ 

L 0 0 

6 Dzihunia sp. ɼʞʠʭʫʥʠʷ Uk 0 0 

7 Triplophysa coniptera  ʊʝʨʩʢʠʡ ʛʦʣʝʮ R 0 + 

8 Triplophysa stoliczkai  ʊʠʙʝʪʩʢʠʡ 

ʛʦʣʝʮ 

R 0 + 

9 Triplophysa dorsalis  ʉʝʨʳʡ ʛʦʣʝʮ R 0 0 

10 Cottus spinulosus  ʊʫʨʢʝʩʪʘʥʩʢʠʡ 

ʧʦʜʢʘʤʝʥʱʠʢ 

Uk 0 + 

ʏʫʞʝʨʦʜʥʳʝ 

11 Cyprinus carpio  ʉʘʟʘʥ, ʢʘʨʧ L + + 

12 Rutilus rutilus  ʇʣʦʪʚʘ L + + 

13 Abramis brama 

orientalis  

ɺʦʩʪʦʯʥʳʡ 

ʣʝʱ 

L + + 

14 Tinca tinca  ʃʠʥʴ L 0 0 

15 Abbottina rivularis  ɸʙʙʦʪʪʠʥʘ 0 0 + 

16 Pseudorasbora parva  ɸʤʫʨʩʢʠʡ 

ʯʝʙʘʯʦʢ 

R, L + + 

17 Carassius gibelio  ʉʝʨʝʙʨʷʥʳʡ 

ʢʘʨʘʩ ɹ

L + + 

18 Hemiculter leucisculus  ʂʦʨʝʡʩʢʘʷ 

ʚʦʩʪʨʦʙʨʶʰʢʘ 

L 0 + 

19 Ctenopharyngodon 

idella  

ɹʝʣʳʡ ʘʤʫʨ L 0 0 

20 Hypophtalmichthys 

molitrix  

ɹʝʣʳʡ 

ʪʦʣʩʪʦʣʦʙʠʢ 

L + 0 

21 Silurus glanis  ʉʦʤ R, L +? 0 

22 Gambusia holbrooki  ɻʘʤʙʫʟʠʷ 0 + 0 

23 Sander lucioperca  ʆʙʳʢʥʦʚʝʥʥʳʡ 

ʩʫʜʘʢ 

L, R + + 

24 Micropercops cinctus ʕʣʝʦʪʨʠʩ 0 + 0 

25 Rhinogobius sp. ɸʤʫʨʩʢʠʡ 

ʨʝʯʥʦʡ ʙʳʯʦʢ 

0 + + 

26 Channa argus  ɸʤʫʨʩʢʠʡ 

ʟʤʝʝʛʦʣʦʚ 

0 + ? 0 

L ï ʚʩʪʨʝʯʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʦʟʝʨʘʭ, ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ ʠ ʧʨʫʜʘʭ, R - ʚʩʪʨʝʯʘʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʝʢʘʭ, Uk ï ʥʝ ʙʳʣ ʠʟʚʝʩʪʝʥ, + -ʚʠʜ ʦʙʥʘʨʫʞʝʥ, +? ï ʧʦ ʦʧʨʦʩʥʳʤ 

ʩʚʝʜʝʥʠʷʤ, 0 - ʚʠʜ ʥʝ ʦʙʥʘʨʫʞʝʥ 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʚʠʜʦʚʦʤ ʩʦʩʪʘʚʝ ʠʭʪʠʦʬʘʫʥʳ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʦʝʤʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʦʰʣʦʛʦ 

ʩʪʦʣʝʪʠʷ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʟʝʨʝ ʠ ʧʠʪʘʶʱʝʡ ʝʛʦ ʨʝʢʝ 

ʙʳʣʦ ʚʩʪʨʝʯʝʥʦ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʚʠʜʦʚ ʨʳʙ, ʯʝʤ ʫʢʘʟʳʚʘʣʦʩʴ ʚ ʧʨʦʰʣʦʤ 

ʩʪʦʣʝʪʠʠ. ʅʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʘʙʦʨʠʛʝʥʥʳʝ ʘʱʠʢʫʣʴʩʢʘʷ ʤʘʨʠʥʢʘ, ʛʦʣʝʮ 

ʨʦʜʘ ʜʞʠʭʫʥʠʷ, ʩʝʨʳʡ ʛʦʣʝʮ, ʠ ʯʫʞʝʨʦʜʥʳʝ - ʣʠʥʴ, ʙʝʣʳʡ ʘʤʫʨ. 

ɼʝʥʜʨʦʛʨʘʤʤʘ ʩʭʦʜʩʪʚʘ ʩʦʩʪʘʚʘ ʩʦʦʙʱʝʩʪʚ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 2.  

ʀʭʪʠʦʬʘʫʥʘ ʨʝʢ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʙʦʨʠʛʝʥʥʳʤʠ ʚʠʜʘʤʠ, ʠʭʪʠʦʬʘʫʥʘ 

ʦʟ.ɹʠʡʣʠʢʦʣʴ ʠ ʊʝʨʩ-ɸʱʠʙʫʣʘʢʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ï ʥʘʧʨʦʪʠʚ, ʩʦʩʪʦʠʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʘʙʦʨʠʛʝʥʥʳʤ ʚʠʜʦʤ 

ʨʳʙ, ʥʘʩʝʣʷʶʱʠʤ ʦʟ.ɹʠʡʣʠʢʦʣʴ, ʷʚʣʷʝʪʩʷ ʪʘʣʘʩʩʢʠʡ ʝʣʝʮ. ʈʘʥʝʝ ʵʪʦʪ ʚʠʜ 

ʩʦʩʪʘʚʣʷʣ ʟʜʝʩʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʧʨʦʤʳʩʣʘ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʯʠʩʣʝʥʥʦʩʪʴ ʝʛʦ ʩʠʣʴʥʦ ʩʦʢʨʘʪʠʣʘʩʴ.  

Coefficient

0.00 22.25 44.50 66.75 89.00

          

 Ters 

 Inflows 

 Assa 

 Biyilikol 

 T-AWR 

 
ʈʠʩʫʥʦʢ 2 ï ɼʝʥʜʨʦʛʨʘʤʤʘ ʩʭʦʜʩʪʚʘ ʠʭʪʠʦʬʘʫʥʳ ʨʘʟʣʠʯʥʳʭ ʚʦʜʦʝʤʦʚ, 

ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉʦʨʝʥʩʝʥʘ (ʦʜʥʦʩʚʷʟʥʳʡ ʤʝʪʦʜ). 

ʆʙʦʟʥʘʯʝʥʠʷ: Ters ï ʨ.ʊʝʨʩ, Inflows ï ʧʨʠʪʦʢʠ ʨ.ʊʝʨʩ, Assa ï ʨ.ɸʩʘ, Biyilikol ï 

ʦʟ.ɹʠʡʣʠʢʦʣʴ, T-AWR ï ʊʝʨʩ-ɸʱʠʙʫʣʘʢʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ 

ʇʦʢʘʟʘʪʝʣʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʦʦʙʱʝʩʪʚ ʨʳʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. ɼʣʷ 

ʦʟ.ɹʠʡʣʠʢʦʣʴ ʠ ʊʝʨʩ-ɸʱʠʙʫʣʘʢʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ 

ʪʦʣʴʢʦ ʜʣʷ ʤʝʣʢʦʚʦʜʥʦʡ ʟʦʥʳ (ʜʦ ʛʣʫʙʠʥʳ ʥʝ ʙʦʣʝʝ 1 ʤ). ʅʘʠʙʦʣʴʰʝʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʨʦʪʢʦʮʠʢʣʠʯʥʳʭ ʚʠʜʦʚ ʦʪʤʝʯʝʥʦ ʜʣʷ ʦʟ.ɹʠʡʣʠʢʦʣʴ. ʀʟ 5 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʟʜʝʩʴ ʢʦʨʦʪʢʦʮʠʢʣʠʯʥʳʭ ʚʠʜʦʚ ʪʦʣʴʢʦ ʪʘʣʘʩʩʢʠʡ ʝʣʝʮ ʷʚʣʷʝʪʩʷ 

ʘʙʦʨʠʛʝʥʥʳʤ, ʘ ʘʤʫʨʩʢʠʡ ʯʝʙʘʯʦʢ, ʛʘʤʙʫʟʠʷ, ʵʣʝʦʪʨʠʩ ʠ ʙʳʯʦʢ ʷʚʣʷʶʪʩʷ 

ʯʫʞʝʨʦʜʥʳʤʠ ʠ ʩʦʩʪʘʚʣʷʶʪ 75,5% ʯʠʩʣʝʥʥʦʩʪʠ. ɺ ʦʩʪʘʣʴʥʳʭ ʚʦʜʦʝʤʘʭ ʜʦʣʷ 

ʢʦʨʦʪʢʦʮʠʢʣʠʯʥʳʭ ʚʠʜʦʚ ʤʝʥʴʰʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʦʙʣʘʜʘʥʠʝ 
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ʢʦʨʦʪʢʦʮʠʢʣʠʯʥʳʭ ʚʠʜʦʚ (r ï ʩʪʨʘʪʝʛʦʚ) ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʵʢʦʩʠʩʪʝʤ ʩ ʙʳʩʪʨʦ ʠ 

ʥʝʧʨʝʜʩʢʘʟʫʝʤʦ ʤʝʥʷʶʱʠʤʠʩʷ ʫʩʣʦʚʠʷʤʠ ʦʙʠʪʘʥʠʷ [5; 6]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʵʢʦʩʠʩʪʝʤʘ ʦʟʝʨʘ 

ɹʠʡʣʠʢʦʣʴ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʥʝʩʪʘʙʠʣʴʥʦʡ. ʆʙ ʵʪʦʤ ʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʨʬʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʨʦʪʢʦʮʠʢʣʠʯʥʳʭ ʯʫʞʝʨʦʜʥʳʭ 

ʚʠʜʦʚ ʨʳʙ (ʪʘʙʣʠʮʘ 3).  

ʊʘʙʣʠʮʘ 2 ï ʇʦʢʘʟʘʪʝʣʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʦʦʙʱʝʩʪʚ ʨʳʙ 
ʇʦʢʘʟʘʪʝʣʠ 

ʨʘʟʥʦʦʙʨʘʟʠʷ 

ɺʦʜʦʝʤʳ 

ʊʝʨʩ ʇʨʠʪʦʢ ɺʦʜʦʭʨʘʥʠʣʠʱʝ ɸʩʘ ʆʟ.ɹʠʡʣʠʢʦʣʴ 

D 2.15 1.17 1.80 2.95 4.58 

E 0.43 0.29 0.45 0.74 0.51 

H 1.50 0.51 1.26 1.66 2.41 

e 0.64 0.26 0.63 0.83 0.76 

S 5 4 4 4 9 

ʂʦʨʦʪʢʦʮʠʢʣʠʯʥʳʭ 

ʚʠʜʦʚ 2 2 1 2 5 

ʦʙʲʝʤ ʚʳʙʦʨʢʠ, ʵʢʟ. 88 104 55 46 94 

ʊʘʙʣʠʮʘ 3 ï ʄʦʨʬʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʨʦʪʢʦʮʠʢʣʠʯʥʳʭ ʚʠʜʦʚ ʨʳʙ ʚ 

ʦʟ.ɹʠʡʣʠʢʦʣʴ, ʠʶʥʴ 2015 ʛ. 

ʇʦʢʘʟʘʪʝʣʠ 

ɸʤʫʨʩʢʠʡ ʯʝʙʘʯʦʢ, n=5 ʵʢʟ. ɻʘʤʙʫʟʠʷ, n=28 ʵʢʟ. 

min max M Ñs min max M Ñs 

L, ʤʤ 22 36 30.2 5.84 20 31 24.4 3.18 

l, ʤʤ 18 28 23.4 3.70 15.5 24 19.6 2.46 

Q, ʛ 0.129 0.560 0.334 0.1617 0.099 0.414 0.216 0.0812 

Fult. 2.21 2.61 2.41 0.174 2.34 3.17 2.76 0.195 

 

ʇʦʢʘʟʘʪʝʣʠ 

ʕʣʝʦʪʨʠʩ, n=23 ʵʢʟ. ɹʳʯʦʢ, n=15 ʵʢʟ. 

min max M Ñs min max M Ñs 

L, ʤʤ 13 46 23.1 7.13 34 40.5 38.3 1.94 

l, ʤʤ 11 38 19.0 5.97 27 33.5 31.0 1.83 

Q, ʛ 0.048 1.35 0.231 0.308 0.04 0.93 0.708 0.2129 

Fult. 2.06 3.61 2.62 0.324 0.14 2.82 2.35 0.627 

min ï ʤʠʥʠʤʘʣʴʥʦʝ, max ï ʤʘʢʩʠʤʘʣʴʥʦʝ, M ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ, Ñs ï 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3 ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʠʥʳ ʠ ʤʘʩʩʳ 

ʢʘʞʜʦʛʦ ʠʟ ʚʠʜʦʚ ʦʢʘʟʘʣʠʩʴ ʤʝʥʴʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʚʝʩʪʥʳʭ ʜʣʷ ʚʩʝʛʦ 

ʘʨʝʘʣʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ [7]. ʕʪʦ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʨʝʜʳ ʥʘ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʨʳʙ. ʀʤʝʶʱʠʝʩʷ 

ʜʘʥʥʳʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʪʚʝʪʠʪʴ, ʩʚʷʟʘʥʦ ʣʠ ʵʪʦ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʭʠʱʥʠʢʦʚ ʠʣʠ 

ʦʙʱʠʤ ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʜʦʝʤʘ? 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʜʚʘ ʚʳʚʦʜʘ: 

1. ʅʘʠʙʦʣʴʰʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʨʦʪʢʦʮʠʢʣʠʯʥʳʭ ʚʠʜʦʚ ʨʳʙ ʠ ʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʚ ʦʟ.ɹʠʡʣʠʢʦʣʴ ʦʙʫʩʣʦʚʣʝʥʳ ʙʳʩʪʨʦ ʠ 

ʥʝʧʨʝʜʩʢʘʟʫʝʤʦ ʤʝʥʷʶʱʠʤʠʩʷ ʫʩʣʦʚʠʷʤʠ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ. 
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2. ʉʫʱʝʩʪʚʫʶʱʠʝ ʫʩʣʦʚʠʷ ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʨʦʪʢʦʮʠʢʣʠʯʥʳʭ ʚʠʜʦʚ, ʥʦ ʥʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʜʦʩʪʠʞʝʥʠʶ ʠʤʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʦ ʛʨʘʥʪʫ ˉ 2678/ ɻʌ4 ʂʦʤʠʪʝʪʘ ʥʘʫʢʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ.  

ʃʠʪʝʨʘʪʫʨʘ 
1. ʂʘʰʢʘʨʦʚ ɼ.ʅ. ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʦʯʝʨʢ ʨʘʡʦʥʘ ʦʟʝʨ: ɹʠʡʣʶ-ʂʫʣʴ, ɸʢ-ʂʫʣʴ ʠ ɸʱʠ-ʂʫʣʴ 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʳʙʦʣʦʚʩʪʚʘ ʧʦ ʨʘʡʦʥʘʤ 

ʧʨʦʤʳʩʣʘ, ʨʘʩʩʤʦʪʨʝʥʘ ʜʠʥʘʤʠʢʘ ʫʣʦʚʦʚ, ʟʘʧʘʩʦʚ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʚʠʜʦʚ ʨʳʙ ʟʘ ʤʥʦʛʦʣʝʪʥʠʡ 

ʧʝʨʠʦʜ. ʇʦʢʘʟʘʥʳ ʚʦʜʥʦʩʪʴ ʨʝʢ ɾʘʡʳʢ ʠ ʂʠʛʘʰ ʠ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʤʳʩʣʦʚʳʡ ʟʘʧʘʩ ʧʦʣʫʧʨʦʭʦʜʥʳʭ 

ʚʠʜʦʚ ʨʳʙ ʚ ʨʝʢʘʭ ɾʘʡʳʢ ʠ ʂʠʛʘʰ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʈʝʢʠ ɾʘʡʳʢ ʠ ʂʠʛʘʰ, ʙʠʦʨʝʩʫʨʩʳ, ʫʣʦʚʳ, ʚʦʜʥʳʡ ʩʪʦʢ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʚʭʦʜʷʪ ʚ ʝʜʠʥʫʶ ʵʢʦʩʠʩʪʝʤʫ 

ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʤʧʣʝʢʩʘ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ: ʧʨʝʩʥʦʚʦʜʥʦʛʦ ʩʪʦʢʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʤʦʨʝ, ʛʠʜʨʦʣʦʛʦ-

ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠ ʢʦʨʤʦʚʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʤʦʨʷ, ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʠ ʧʨʦʤʳʩʣʘ ʚ 

ʨʝʛʠʦʥʝ [1,2]. 

ɾʘʡʳʢ-ʂʘʩʧʠʡʩʢʠʡ ʙʘʩʩʝʡʥ ï ʚʘʞʥʝʡʰʠʡ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʚʦʜʦʝʤ 

ʂʘʟʘʭʩʪʘʥʘ, ʠʤʝʶʱʠʡ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʭʦʜʥʳʭ, 

ʧʦʣʫʧʨʦʭʦʜʥʳʭ, ʤʦʨʩʢʠʭ ʨʳʙ ʠ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʠʤ ʧʦ ʜʦʙʳʯʝ ʮʝʥʥʳʭ 

ʧʨʦʤʳʩʣʦʚʳʭ ʚʠʜʦʚ ʨʳʙ. ʈʳʙʥʦʝ ʭʦʟʷʡʩʪʚʦ ʙʘʩʩʝʡʥʘ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʩʣʦʞʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʤʳʩʣʘ, ʥʘʨʫʰʝʥʠʷ ʫʩʣʦʚʠʡ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʘʩʰʠʨʝʥʠʷ ʤʘʩʰʪʘʙʦʚ ʙʨʘʢʦʥʴʝʨʩʪʚʘ, ʦʩʝʪʨʦʚʳʝ ʧʦʪʝʨʷʣʠ 

ʩʚʦʝ ʧʨʦʤʳʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʥʘʭʦʜʷʪʩʷ ʚ ʫʛʥʝʪʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʩʝʪʨʦʚʳʭ, ʟʘʭʦʜʷʱʠʭ ʥʘ 

ʥʝʨʝʩʪ ʚ ʨ. ɾʘʡʳʢ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʙʘʩʩʝʡʥʝ ʧʨʠʨʦʜʥʳʝ 

ʠʟʤʝʥʝʥʠʷ (ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʤʦʨʷ, ʫʤʝʥʴʰʝʥʠʝ ʚʦʜʥʦʩʪʠ ʩʪʦʢʦʚ ʨʝʢ ɾʘʡʳʢ ʠ 

ɺʦʣʛʘ), ʩʫʨʦʚʳʝ ʟʠʤʳ ʧʨʠʚʝʣʠ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʟʘʧʘʩʦʚ ʧʦʣʫʧʨʦʭʦʜʥʳʭ 

ʨʳʙ ʚ ʚʦʜʦʝʤʘʭ. 

ʇʨʦʤʳʩʣʦʚʳʡ ʟʘʧʘʩ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʚʠʜʦʚ ʨʳʙ ʚ ʮʝʣʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʩʪʦʷʥʠʷ ʥʝʨʝʩʪʠʣʠʱ ʠ ʫʩʣʦʚʠʡ ʨʘʟʤʥʦʞʝʥʠʷ ʨʳʙ ʚ ʨʝʢʘʭ ɾʘʡʳʢ ʠ ʂʠʛʘʰ [3]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʨʳʙ, ʩʚʷʟʘʥ ʩ ʥʠʟʦʚʴʷʤʠ 

ʨʝʢʠ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʨʘʟʤʥʦʞʝʥʠʝ, ʠ ʦʧʨʝʩʥʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʤʦʨʷ ï 

ʨʘʡʦʥʘʤʠ ʥʘʛʫʣʘ ʤʦʣʦʜʠ ʠ ʚʟʨʦʩʣʳʭ ʨʳʙ. ʇʦʣʫʧʨʦʭʦʜʥʳʝ ʨʳʙʳ ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʧʦʣʦʚʦʟʨʝʣʦʩʪʠ ʩʦʚʝʨʰʘʶʪ ʤʘʩʩʦʚʳʝ ʤʠʛʨʘʮʠʠ ʚ ʚʝʩʝʥʥʠʡ 

ʧʝʨʠʦʜ ʚ ʨʝʢʠ ʥʘ ʥʝʨʝʩʪʠʣʠʱʘ. ʇʝʨʝʜ ʟʘʭʦʜʦʤ ʚ ʨʝʢʠ ʨʳʙʘ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʧʨʝʜʫʩʪʴʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʝʢʠ, ʫʩʠʣʝʥʥʦ 

ʧʠʪʘʷʩʴ. ʇʦʩʣʝ ʥʝʨʝʩʪʘ ʨʳʙʘ ʩʢʘʪʳʚʘʝʪʩʷ ʚ ʤʦʨʝ, ʩʣʝʜʦʤ ʩʢʘʪʳʚʘʝʪʩʷ ʠ 

ʧʦʜʨʦʩʰʘʷ ʤʦʣʦʜʴ. ʀʟ-ʟʘ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ ʠ ʙʦʣʴʰʦʡ ʤʫʪʥʦʩʪʠ ʨ. 

ɾʘʡʳʢ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʠ ʪʫʚʦʜʥʳʭ ʨʳʙ ʚ ʧʝʨʠʦʜ ʧʘʚʦʜʢʘ ʠ 

ʩʢʘʪʘ ʤʦʣʦʜʠ ʫʭʦʜʠʪ ʣʠʙʦ ʥʘ ʧʦʣʦʠ, ʣʠʙʦ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʟʘʪʦʥʘʭ, ʟʘʣʠʚʘʭ 

ʠ ʜʨʫʛʠʭ ʟʘʪʠʰʥʳʭ ʤʝʩʪʘʭ ʧʦʡʤʳ ʨʝʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʣʦʚʦʜʴʝ ʚ ʩʚʷʟʠ ʩ 

ʤʝʥʴʰʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʪʝʯʝʥʠʷ ʠ ʣʫʯʰʠʤ ʧʨʦʛʨʝʚʦʤ ʚʦʜʳ, ʢʦʨʤʦʚʘʷ ʙʘʟʘ 
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ʤʦʣʦʜʠ ʨʳʙ ʥʘ ʥʘʤʳʚʥʦʤ ʧʦʣʦʛʦʤ ʙʝʨʝʛʫ ʣʫʯʰʝ.  ʇʨʦʤʳʩʣʦʚʳʡ ʟʘʧʘʩ 

ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʚʠʜʦʚ ʨʳʙ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʝʩʪʝʩʪʚʝʥʥʦʛ ʤʦʣʦʜʠ, 

ʯʠʩʣʝʥʥʦʩʪʴ ʢʦʪʦʨʦʡ ʝʞʝʛʦʜʥʦ ʢʦʣʝʙʣʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ ʨʝʢʠ ɾʘʡʳʢ. ʈʘʩʯʝʪʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʢʘʟʘʣʠ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʤʳʩʣʦʚʦʛʦ ʟʘʧʘʩʘ ʨʳʙ ʦʪ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʨʝʢʠ 

ɾʘʡʳʢ [4] (ʨʠʩʫʥʦʢ 1,2).  

 
ʈʠʩʫʥʦʢ 1 - ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʤʳʩʣʦʚʦʛʦ ʟʘʧʘʩʘ ʨʳʙ ʦʪ ʚʦʜʥʦʩʪʠ ʨʝʢʠ ɾʘʡʳʢ 
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ʈʠʩʫʥʦʢ 2 ï ʄʥʦʛʦʣʝʪʥʠʝ ʫʣʦʚʳ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʚʠʜʦʚ ʨʳʙ ʚ ʨ.ɾʘʡʳʢ 

ʇʦʣʫʧʨʦʭʦʜʥʳʝ ʠ ʨʝʯʥʳʝ ʨʳʙʳ ï ʪʨʘʜʠʮʠʦʥʥʳʝ ʠ ʚʘʞʥʳʝ ʦʙʲʝʢʪʳ 

ʧʨʦʤʳʩʣʘ ʚ ʨ.ɾʘʡʳʢ. ʋʣʦʚʳ ʧʨʦʤʳʩʣʦʚʳʭ ʨʳʙ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʠʟʤʝʥʷʣʠʩʴ ʠ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʮʝʣʳʤ ʢʦʤʧʣʝʢʩʦʤ ʬʘʢʪʦʨʦʚ ʢʘʢ ʧʨʠʨʦʜʥʦʛʦ, ʪʘʢ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʅʠʟʢʠʡ ʧʨʦʮʝʥʪ ʦʩʚʦʝʥʠʷ ʣʠʤʠʪʘ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʚʷʟʘʥ ʩ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 

ʨ.ɾʘʡʳʢ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʙʝʟʚʦʟʚʨʘʪʥʦʛʦ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ 

ʩʢʘʟʘʣʦʩʴ ʥʘ ʩʦʩʪʦʷʥʠʠ ʟʘʧʘʩʦʚ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʚʠʜʦʚ ʨʳʙ. ʉʪʦʢ ʚ ʧʝʨʠʦʜ 

ʧʦʣʦʚʦʜʴʷ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʭʦʜʥʳʭ ʠ 

ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʨʳʙ. 
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ɺʪʦʨʦʡ ʚʦʜʦʝʤ ʧʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ï ʨ.ʂʠʛʘʰ 

(ʂʫʨʤʘʥʛʘʟʠʥʩʢʠʡ ʨʘʡʦʥ). 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʨʳʙ ɺʦʣʛʦ-ʂʘʩʧʠʡʩʢʦʛʦ 

ʨʘʡʦʥʘ ʨʘʟʤʥʦʞʘʝʪʩʷ ʚʦ ʚʨʝʤʝʥʥʦ ʟʘʪʦʧʣʷʝʤʳʭ ʧʦʣʦʡʥʳʭ ʚʦʜʦʝʤʘʭ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʝʞʝʛʦʜʥʦ ʚ ʧʝʨʠʦʜ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ ʚ ʜʝʣʴʪʝ ʠ ʥʠʞʥʝʡ 

ʟʦʥʝ ɺʦʣʛʦ-ɸʭʪʫʙʠʥʩʢʦʡ ʧʦʡʤʳ. ʉʦʚʨʝʤʝʥʥʳʡ ʥʝʨʝʩʪʦʚʳʡ ʬʦʥʜ ʨ. ʂʠʛʘʯ 

ʩʦʩʪʘʚʣʷʝʪ 70 ʪʳʩ. ʛʘ. [5]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʤʥʦʞʝʥʠʷ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʨʳʙ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʟʘʣʠʪʳʭ ʥʝʨʝʩʪʦʚʳʭ ʧʣʦʱʘʜʝʡ. ɺ 

ʤʥʦʛʦʚʦʜʥʳʝ ʛʦʜʳ ʟʘʣʠʚʘʶʪʩʷ ʚʩʝ ʥʝʨʝʩʪʦʚʳʝ ʧʣʦʱʘʜʠ, ʚ ʤʘʣʦʚʦʜʥʳʝ ï 

ʤʝʥʝʝ 60 % ʥʝʨʝʩʪʦʚʦʛʦ ʬʦʥʜʘ. 

ɸʥʘʣʠʟ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʤʦʣʦʜʠ ʥʘ ʥʝʨʝʩʪʠʣʠʱʘʭ ʜʝʣʴʪʳ ʠ 

ʨʝʞʠʤʫ ʦʙʚʦʜʥʝʥʠʷ ʥʝʨʝʩʪʦʚʳʭ ʫʛʦʜʠʡ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ 

ʦʩʥʦʚʥʳʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ 

ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʨʳʙ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʙʠʦʧʨʦʜʫʢʮʠʦʥʥʳʡ ʩʪʦʢ, ʦʙʲʝʤ 

ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ, ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 

ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʧʘʜʘ ʧʦʣʦʚʦʜʴʷ. 

ʆʙʥʘʨʫʞʝʥʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʦʙʲʝʤʦʤ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʨ. ʂʠʛʘʯ 

ʠ ʧʨʦʤʳʩʣʦʚʳʤ ʟʘʧʘʩʦʤ (ʨʠʩʫʥʦʢ 3,4). 

 
ʈʠʩʫʥʦʢ 3 - ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʤʳʩʣʦʚʦʛʦ ʟʘʧʘʩʘ ʨʳʙ ʦʪ ʛʦʜʦʚʦʛʦ 

ʩʪʦʢʘ ʨ. ʂʠʛʘʯ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʩʪʦʷʥʠʝ ʟʘʧʘʩʦʚ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʚʠʜʦʚ ʨʳʙ, ʤʦʞʥʦ 

ʦʮʝʥʠʚʘʪʴ ʢʘʢ ʥʘʧʨʷʞʝʥʥʦʝ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ 

ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʦʧʨʦʩʘ ʫʚʝʣʠʯʝʥʠʷ ʚʦʜʥʦʩʪʠ ʨʝʢʠ ɾʘʡʳʢ ʟʘ ʩʯʝʪ ʩʙʨʦʩʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʦʜʳ ʩ ʀʨʠʢʣʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 
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ʆʎɽʅʂɸ ʕʂʆʃʆɻʀʏɽʉʂʆɻʆ ʉʊʆʂɸ ʈɽʂ ʂʋʃʋʅɼʀʅʉʂʆʁ 

ʇʈʆɺʀʅʎʀʀ ɼʃʗ ʎɽʃɽʁ ʆʈʆʐɽʅʀʗ  

ʀ.ɺ. ʆʨʣʦʚʘ, ʕ.ɻ. ʆʥʠʱʝʥʢʦ 

ɹʘʨʥʘʫʣ, ʈʦʩʩʠʷ 
ʈʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ (ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ) 

ʩʪʦʢʘ ʨʝʢ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʪʘʧʦʚ ʧʨʠ ʦʮʝʥʢʝ ʚʦʜʥʦ-
ʠʨʨʠʛʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʪʝʨʨʠʪʦʨʠʠ ʩ ʫʯʝʪʦʤ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ 
ʦʛʨʘʥʠʯʝʥʠʡ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [1]. 

ʇʦʜ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʩʪʦʢʦʤ ʧʦʥʠʤʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʪʦʛʦ ʤʠʥʠʤʘʣʴʥʦʛʦ 
ʩʪʦʢʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʦʩʪʘʚʘʪʴʩʷ ʚ ʨʝʢʝ ʧʦʩʪʦʷʥʥʦ ʚ ʮʝʣʷʭ ʩʦʭʨʘʥʝʥʠʷ 
ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʥʘ ʚʦʜʦʩʙʦʨʝ ʠ ʠʩʢʣʶʯʝʥʠʷ ʜʝʛʨʘʜʘʮʠʠ ʚʦʜʥʳʭ ʠ 
ʦʢʦʣʦʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ [2]. 

ɼʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʨʝʢʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʩʪʦʢ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʠ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ [3, ʩ. 11]: 
- ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʩʪʘʪʦʯʥʳʡ ʜʣʷ ʚʦʜʥʦʡ ʙʠʦʪʳ ʦʙʲʝʤ ʚʦʜʳ, ʢʘʢ ʦʙʲʝʤ 
ʞʠʟʥʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ; 

- ʙʳʪʴ ʧʝʨʝʤʝʥʥʳʤ ʚʦ ʚʨʝʤʝʥʠ ʧʦ ʛʦʜʘʤ ʠ ʚʥʫʪʨʠ ʛʦʜʘ (ʢʘʢ ʵʪʦ ʥʘʙʣʶʜʘʝʪʩʷ 
ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ); 

- ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʦʭʨʘʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ ʚ ʧʨʝʜʝʣʘʭ ʜʠʘʧʘʟʦʥʘ 
ʠʭ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (ʛʣʫʙʠʥʘ, ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʚʦʜʳ, ʧʣʦʱʘʜʴ 
ʤʝʣʢʦʚʦʜʠʡ, ʧʣʦʱʘʜʴ ʟʘʣʠʚʥʳʭ ʟʝʤʝʣʴ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʭ 
ʟʘʪʦʧʣʝʥʠʷ ʠ ʜʨ.). 
ɺ ʩʣʫʯʘʝ ʞʝ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʦʢʘ ʨʝʢ, ʧʨʠʛʦʜʥʳʭ ʠ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʨʦʰʝʥʠʷ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʪʦʢʘ 
ʚ ʤʝʩʷʮʳ ʪʝʧʣʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ (ʘʧʨʝʣʴïʩʝʥʪʷʙʨʴ), ʪʘʢ ʠ ʝʛʦ ʤʠʥʠʤʘʣʴʥʳʝ 
ʟʥʘʯʝʥʠʷ ʚ ʟʘʩʫʰʣʠʚʳʝ ʠ ʦʩʪʨʦʟʘʩʫʰʣʠʚʳʝ ʛʦʜʳ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʨʘʟʚʠʪʠʝ ʦʨʦʰʝʥʠʷ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦ 
ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʘʤʦʡ ʝʛʦ ʟʘʩʫʰʣʠʚʦʡ ʯʘʩʪʠ ï ʂʫʣʫʥʜʠʥʩʢʦʡ ʧʨʦʚʠʥʮʠʠ, 
ʢʦʪʦʨʘʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʤʠ ʚ ʛʨʘʥʠʮʘʭ, ʦʙʦʩʥʦʚʘʥʥʳʭ ʚ ʩʭʝʤʝ ʬʠʟʠʢʦ-
ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʀɺʕʇ ʉʆ ʈɸʅ [4]. 

ʈʝʯʥʘʷ ʩʝʪʴ ʟʜʝʩʴ ʦʯʝʥʴ ʨʘʟʨʝʞʝʥʘ; ʢʦʵʬʬʠʮʠʝʥʪ ʛʫʩʪʦʪʳ ʨʝʯʥʦʡ ʩʝʪʠ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0,1 ï 0,3 ʢʤ/ʢʤĮ [5]. ɼʣʷ ʮʝʣʝʡ ʦʨʦʰʝʥʠʷ, ʩʦʛʣʘʩʥʦ 
ʭʠʤʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʨʝʯʥʳʭ ʚʦʜ [6, 7] ʧʨʠʛʦʜʥʳ ʨʝʢʠ ɹʫʨʣʘ, ʂʫʣʫʥʜʘ, ʂʫʯʫʢ 
ʠ ʉʫʝʪʢʘ. ʈʝʢʠ ʏʫʤʘʥ ʠ ɹʘʢʣʘʥʠʭʘ ʣʝʪʦʤ ʧʝʨʝʩʳʭʘʶʪ. ʈʝʢʘ ʉʦʣʦʥʦʚʢʘ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʝʚʳʡ ʨʫʢʘʚ ʜʝʣʴʪʳ ʨ. ʂʫʣʫʥʜʳ ʠ ʧʦ ʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʝʝ 
ʚʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʩʤʝʰʘʥʥʦʡ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʦʡ ʠ ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʦʡ 
ʛʨʫʧʧʳ ʥʘʪʨʠʷ [7]. ʇʨʠʪʦʢʠ ʨ. ʂʫʣʫʥʜʳ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʥʝ ʠʤʝʶʪ 
ʜʦʩʪʘʪʦʯʥʳʭ ʦʙʲʝʤʦʚ ʩʪʦʢʘ ʜʣʷ ʦʨʦʰʝʥʠʷ.  

ɺʘʞʥʦʩʪʴ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʦʢʘ ʨʝʢ ʂʫʣʫʥʜʠʥʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʚ 
ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʚʩʝ ʦʥʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 
ʙʝʩʩʪʦʯʥʳʭ ʙʘʩʩʝʡʥʘʭ ʦʟʝʨ (ʂʫʣʫʥʜʠʥʩʢʦʝ, ʂʫʯʫʢʩʢʦʝ, ɹ. ɸʞʙʫʣʘʪ, ɹ. 
ʊʦʧʦʣʴʥʦʝ), ʠʤʝʶʱʠʭ ʦʛʨʦʤʥʦʝ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʝ, ʨʝʢʨʝʘʮʠʦʥʥʦʝ ʠ 
ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʠʭ ʚʦʜʥʦʛʦ ʧʠʪʘʥʠʷ. ʇʦʵʪʦʤʫ 
ʚʳʩʦʢʦ ʘʢʪʫʘʣʴʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭ ʧʨʝʜʝʣʦʚ ʜʦʧʫʩʪʠʤʦʛʦ 
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ʠʟʲʷʪʠʷ ʩʪʦʢʘ ʨʝʢ ʥʘ ʦʨʦʰʝʥʠʝ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʠʚʝʜʫʪ ʢ ʥʝʦʙʨʘʪʠʤʳʤ 
ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʦʮʝʥʢʠ 
ɼʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʨʘʩʭʦʜʘʤʠ ʚʦʜʳ ʜʣʷ ʠʟʫʯʘʝʤʳʭ ʨʝʢ ʧʨʠʚʝʜʝʥʳ 

ʧʦ ʩʣʝʜʫʶʱʠʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʧʦʩʪʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʛʨʘʥʠʮʘʭ 
ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ: ʨ. ɹʫʨʣʘ ï ʩ. ʍʘʙʘʨʳ (ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ 4750 ʢʤ2), ʨ. 
ʂʫʣʫʥʜʘ ï ʩ. ʐʠʤʦʣʠʥʦ (12300 ʢʤ2), ʨ. ʂʫʯʫʢ ï ʩ. ʅʠʞʥʠʡ ʂʫʯʫʢ (992 ʢʤ2), ʨ. 
ʉʫʝʪʢʘ ï ʩ. ʅ. ʉʫʝʪʢʘ (692 ʢʤ2). 

 ɺ ʦʩʥʦʚʝ ʥʘʰʠʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʚʩʝʭ ʨʝʢ, ʢʨʦʤʝ ʉʫʝʪʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʳ 
ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʠʟ ʬʦʥʜʘ ʌɻɹʋ çɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʝ ʋɻʄʉè ʟʘ 
ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ 1986ï2012 ʛʛ.  

ʈʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ ʧʨʠʥʷʪ ʠʩʭʦʜʷ ʠʟ ʦʮʝʥʦʢ ʠʟʤʝʥʝʥʠʷ ʚ ʤʥʦʛʦʣʝʪʥʝʤ 
ʨʝʞʠʤʝ ʧʦʛʦʜʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 
ʦʙʲʝʤʘʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʤʝʩʪʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘ ʧʦʩʣʝʜʥʠʝ 25 ï 30 ʣʝʪ [8, 
ʩ. 393]. 

 ʆʮʝʥʢʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʷʜʦʚ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʨʘʩʭʦʜʦʚ ʥʘ 
ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʧʨʠ 5 % ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 
ʧʦʢʘʟʘʣʘ ʦʜʥʦʨʦʜʥʦʩʪʴ ʨʷʜʦʚ ʧʦ ʢʨʠʪʝʨʠʷʤ ʉʤʠʨʥʦʚʘ-ɻʨʘʙʙʩʘ, ʠ 
ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʧʦ ʢʨʠʪʝʨʠʷʤ ʉʪʴʶʜʝʥʪʘ ʠ ʌʠʰʝʨʘ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʨʷʜʦʚ 
ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʨʘʩʭʦʜʦʚ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ (Cv) ʦʧʨʝʜʝʣʠʣʠʩʴ ʚ 
ʜʠʘʧʘʟʦʥʝ 0,5 ï 0,85, ʯʪʦ ʩʦʚʧʘʜʝʪ ʩʦ ʟʥʘʯʝʥʠʷʤʠ Cv, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʦ 
ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʜʦ 1978 ʛ. ʠ ʧʦʢʘʟʘʥʥʳʤʠ ʥʘ ʢʘʨʪʘʭ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʧʦ 
ɸʣʪʘʡʩʢʦʤʫ ʢʨʘʶ [5]. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 
ʩʪʦʢʘ ʨʝʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 
ʩʧʦʩʦʙʳ: 

1. ʉʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ [9].  
ɺ ʛʦʜ ʟʘʜʘʥʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʈ % ʚʝʣʠʯʠʥʘ ʛʦʜʦʚʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʪʦʢʘ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ ʧʨʠʨʦʜʥʦʤʫ ʦʙʲʝʤʫ ʩʪʦʢʘ ʚʦʜʳ ʚ ʨʝʢʝ (ʥʝ 
ʧʦʜʚʝʨʞʝʥʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ) ʜʣʷ ʛʦʜʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 
ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ: 

Q
95
ʵʢ > Q

97-99
 ʤʝʩʷʯ.ʤʠʥ. 

Q
75
ʵʢ > Q

95
 ʤʝʩʷʯ.ʤʠʥ. 

Q
50
ʵʢ > Q

75
 ʤʝʩʷʯ.ʤʠʥ. 

ʇʦ ʤʥʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʘʚʪʦʨʦʚ [10], ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʘʧʨʘʚʣʝʥ, ʚ ʧʝʨʚʫʶ 
ʦʯʝʨʝʜʴ, ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʦʚ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʦʢʘ 
ʙʦʣʴʰʠʭ ʥʝʟʘʨʝʛʫʣʠʨʦʚʘʥʥʳʭ ʨʝʢ. ʀʟʫʯʘʝʤʳʝ ʥʘʤʠ ʨʝʢʠ ʦʪʥʦʩʷʪʩʷ ʢ 
ʢʘʪʝʛʦʨʠʷʤ ʩʨʝʜʥʠʭ ʠ ʤʘʣʳʭ ʨʝʢ, ʧʦʵʪʦʤʫ ʵʪʦʪ ʤʝʪʦʜ ʥʘʤʠ ʥʝ ʧʨʠʤʝʥʷʣʩʷ. 

2. ʉʧʦʩʦʙ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʨʘʩʭʦʜʦʚ [3]. 
ɺ ʛʦʜ ʨʘʩʯʝʪʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ (ʈ) ʚʝʣʠʯʠʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʜʦʧʫʩʪʠʤʦʛʦ ʩʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʜʦʣʷ ʦʪ ʧʨʠʨʦʜʥʦʛʦ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʚ ʛʦʜ 
ʜʘʥʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ (Qpp): 

 
ʛʜʝ ʂ ï ʵʤʧʠʨʠʯʝʩʢʠʡ ʧʦʩʪʦʷʥʥʳʡ ʜʣʷ ʚʩʝʭ ʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪ, 

ʧʨʠʥʠʤʘʝʤʳʡ ʚ ʧʨʝʜʝʣʘʭ (0,9ï0,5) ï ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ. 
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ʇʦ ʧʨʝʜʣʦʞʝʥʠʶ ɺ.ɺ. ʐʘʙʘʥʦʚʘ, ʚʝʣʠʯʠʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʦʢʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʭʝʤʝ: 

 

 

 
3. ʉʧʦʩʦʙ ʩʝʟʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʠʤʝʥʠʤ ʜʣʷ ʣʝʪ ʩ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ 

99ï75 % ʠ ʥʝ ʨʘʩʩʯʠʪʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʤʥʦʛʦʚʦʜʥʳʭ ʠ ʩʨʝʜʥʠʭ ʧʦ 

ʚʦʜʥʦʩʪʠ ʣʝʪ [10]. 

ɼʣʷ ʫʯʝʪʘ ʧʨʠʨʦʜʥʳʭ ʬʫʥʢʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʨʝʢʦʡ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ 

ʛʦʜʘ, ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʧʝʨʠʦʜʘ: ʚʝʩʥʘ (ʧʦʣʦʚʦʜʴʝ) ʠ ʣʝʪʦ-ʦʩʝʥʴ-ʟʠʤʘ (ʣʦʟ), ʜʣʷ 

ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ: ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʭ ʨʘʩʭʦʜʦʚ ʠ ʠʭ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʦʚ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʦʢʘ ʜʣʷ ʜʚʫʭ ʚʳʜʝʣʝʥʥʳʭ ʧʝʨʠʦʜʦʚ 

ʛʦʜʘ: 

 Ó  

 ůʚʝʩʥʘ), ʝʩʣʠ ʩʨ.ʤʥ. ï ůʚʝʩʥʘ) <  

 Ó  

 ), ʝʩʣʠ ʩʨ.ʤʥ. ï ůʣʦʟ) <  

ʛʜʝ  ï ʧʨʠʨʦʜʥʳʡ ʨʘʩʭʦʜ ʚʦʜʳ ʚ ʨʝʢʝ ʚ i-ʡ ʤʝʩʷʮ ʢʦʥʢʨʝʪʥʦʛʦ 

ʩʝʟʦʥʘ, ʚ ʛʦʜ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʈ%;  ï 

ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʡ ʨʘʩʭʦʜ ʚʦʜʳ ʚ ʨʝʢʝ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʢʦʥʢʨʝʪʥʳʡ 

ʧʝʨʠʦʜ ʛʦʜʘ,  ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʝʟʦʥʥʳʭ 

ʨʘʩʭʦʜʦʚ. 

4. ʄʝʪʦʜ ʢʨʠʪʠʯʝʩʢʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʣʫʯʘʝ 

ʦʪʩʫʪʩʪʚʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʧʨʠ ʥʦʨʤʠʨʦʚʘʥʠʠ ʙʝʟʚʦʟʚʨʘʪʥʦʛʦ ʠʟʲʷʪʠʷ 

ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʠ ʨʘʩʯʝʪʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʦʢʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʦʟʜʘʶʪʩʷ 

çʢʨʠʪʠʯʝʩʢʠʝè ʫʩʣʦʚʠʷ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʨʳʙ ʠ ʜʨʫʛʠʭ 

ʛʠʜʨʦʙʠʦʥʪʦʚ, ʘ ʪʘʢʞʝ ʥʘʨʫʰʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʧʦʨʪʘ ʠ 

ʦʩʘʞʜʝʥʠʷ ʥʘʥʦʩʦʚ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʧʨʝʜʫʩʪʴʝʚʦʛʦ ʙʘʨʘ, ʨʫʩʣʦʚʳʤ ʜʝʬʦʨʤʘʮʠʷʤ [2]. 

ɼʣʷ ʮʝʣʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʘʧʨʦʙʠʨʦʚʘʥʳ ʜʚʘ ʤʝʪʦʜʘ ʦʮʝʥʢʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʦʢʘ ʨʝʢ: ʩʧʦʩʦʙ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʠ ʩʧʦʩʦʙ 

ʩʝʟʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ɼʣʷ ʦʮʝʥʢʠ ʩʧʦʩʦʙʦʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʛʦʜʳ ʟʘʜʘʥʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ 50%, 75% ʠ 95%. ʈʘʩʯʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦʜʙʦʨʦʤ ʥʘʠʣʫʯʰʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʇʠʨʩʦʥʘ 3 ʪʠʧʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʂʨʠʮʢʦʛʦ-ʄʝʥʢʝʣʷ, ʩ ʧʦʜʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ 

ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠ ʤʝʪʦʜʦʤ ʥʘʠʙʦʣʴʰʝʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. ʇʦ 

ʨʘʩʩʯʠʪʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ 50%, 75% ʠ 95% ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʨʘʩʭʦʜʦʚ 
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ʦʧʨʝʜʝʣʷʣʩʷ ʬʠʢʪʠʚʥʳʡ ʬʘʢʪʠʯʝʩʢʠʡ ʛʦʜ ʟʘʜʘʥʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ, ʧʫʪʝʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪ ʬʘʢʪʠʯʝʩʢʦʛʦ ʛʦʜʘ ʩ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʩʪʦʢʘ ʙʣʠʟʢʦʡ ʢ ʟʥʘʯʝʥʠʶ 

ʟʘʜʘʥʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ, ʠʣʠ ʢʘʢ ʦʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ 

ʙʣʠʟʢʠʭ ʧʦ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʢ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʩ ʫʯʝʪʦʤ 

ʧʝʨʝʭʦʜʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ. ɼʘʣʝʝ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʘʢʪʠʯʝʩʢʠʭ 

ʣʝʪ ʟʘʜʘʥʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʚʥʫʪʨʠʛʦʜʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʦʢʘ. 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʦʢʘ ʧʦ ʤʝʪʦʜʫ ʩʝʟʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠʟ 

ʠʤʝʶʱʠʭʩʷ ʨʷʜʦʚ ʥʘʙʣʶʜʝʥʠʡ ʚ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʠʨʦʚʢʫ ʣʝʪ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ ʩ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʚʳʰʝ 75%. ʂʘʞʜʳʡ ʛʦʜ ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ 

ʫʩʣʦʚʥʦ ʬʘʟʦʚʦ-ʦʜʥʦʨʦʜʥʳʝ ʩʝʟʦʥʳ: ʚʝʩʥʘ, ʢʘʢ ʤʥʦʛʦʚʦʜʥʳʡ ʧʝʨʠʦʜ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʚʝʩʝʥʥʠʤ ʧʦʣʦʚʦʜʴʝʤ, ʢʦʪʦʨʦʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʦʙʲʝʢʪʘʭ ʂʫʣʫʥʜʠʥʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʚ ʘʧʨʝʣʝ-ʤʘʝ; ʠ ʤʘʣʦʚʦʜʥʳʡ ʧʝʨʠʦʜ, 

ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ 10 ʤʝʩʷʮʝʚ ʩ ʠʶʥʷ ʧʦ ʤʘʨʪ. ʇʘʨʘʤʝʪʨʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʨʷʜʘʤ ʠʟ ʩʝʟʦʥʦʚ, 

ʚʳʜʝʣʝʥʥʳʭ ʚʥʫʪʨʠ ʤʘʣʦʚʦʜʥʳʭ ʣʝʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʦʢʘ ʨʝʢ 

ʀʪʦʛʠ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʦʢ ʨʝʢ ʂʫʣʫʥʜʠʥʩʢʦʡ ʧʨʦʚʠʥʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1-3. 

ʊʘʙʣʠʮʘ 1 ï ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʩʪʦʢ (Qʵʢ, ʤ3/ʩ) ʨʝʢʠ ɹʫʨʣʘ ï ʩ. ʍʘʙʘʨʳ  

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ 95 %, 75 %, 50 % ʟʘ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ 
ʄʝʩʷʮ ʉʧʦʩʦʙ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʉʧʦʩʦʙ ʩʝʟʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ 

Qʵʢ 95% Qʵʢ 75 % Qʵʢ 50 % Qʵʢ 95 % Qʵʢ 75 % Qʵʢ 50 % 

ʘʧʨʝʣʴ 0,468 3,33 7,22 0,479 1,88 1,88 

ʤʘʡ 0,069 2,40 6,87 0,479 1,88 1,88 

ʠʶʥʴ 0,024 0,952 2,65 0,014 0,121 0,121 

ʠʶʣʴ 0,023 0,256 0,871 0,014 0,121 0,121 

ʘʚʛʫʩʪ 0,017 0,098 0,255 0,014 0,121 0,121 

ʩʝʥʪʷʙʨʴ 0,011 0,046 0,272 0,014 0,066 0,121 

ʊʘʙʣʠʮʘ 2 ï ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʩʪʦʢ (Qʵʢ, ʤ3/ʩ) ʨʝʢʠ ʂʫʣʫʥʜʘ ï ʩ. ʐʠʤʦʣʠʥʦ  

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ 95 %, 75 %, 50 % ʟʘ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ 
ʄʝʩʷʮ ʉʧʦʩʦʙ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʉʧʦʩʦʙ ʩʝʟʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ 

Qʵʢ 95% Qʵʢ 75 % Qʵʢ 50 % Qʵʢ 95 % Qʵʢ 75 % Qʵʢ 50 % 

ʘʧʨʝʣʴ 0,009 3,86 7,73 0,431 3,49 3,49 

ʤʘʡ 1,31 5,13 15,2 0,431 3,49 3,49 

ʠʶʥʴ 0,234 2,18 4,09 0,098 0,098 0,098 

ʠʶʣʴ 0 0,602 1,37 0 0,098 0,098 

ʘʚʛʫʩʪ 0 0,224 0,546 0 0,098 0,098 

ʩʝʥʪʷʙʨʴ 0 0,016 0,259 0 0,018 0,098 

ɼʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʪʦʢʦʤ ʨ. ʉʫʝʪʢʠ ʠʤʝʶʪʩʷ ʪʦʣʴʢʦ ʟʘ ʧʝʨʠʦʜ ʩ 

1951ï1964 ʛ., ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʘʩʯʝʪʦʚ, ʧʦʵʪʦʤʫ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʩʪʦʢ ʜʣʷ 

ʨ. ʉʫʝʪʢʠ ʦʧʨʝʜʝʣʝʥ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʚ ʮʝʣʦʤ ʟʘ ʛʦʜ ʠ 

ʩʦʩʪʘʚʣʷʝʪ: 0,099 ʤ3/ʩ ʚ ʛʦʜ 95 % ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ; 0,224 ʤ3/ʩ ʚ ʛʦʜ 75 % 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠ 0,322 ʤ3/ʩ ʚ ʛʦʜ 50 % ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ.  
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ʊʘʙʣʠʮʘ 3 ï ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʩʪʦʢ (Qʵʢ, ʤ3/ʩ) ʨʝʢʠ ʂʫʯʫʢ ï ʩ. ʅʠʞʥʠʡ ʂʫʯʫʢ  

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ 95 %, 75 %, 50 % ʟʘ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ 
ʄʝʩʷʮ ʉʧʦʩʦʙ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʉʧʦʩʦʙ ʩʝʟʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ 

Qʵʢ 95% Qʵʢ 75 % Qʵʢ 50 % Qʵʢ 95 % Qʵʢ 75 % Qʵʢ 50 % 

ʘʧʨʝʣʴ 0,702 1,86 3,19 0,587 1,01 1,01 

ʤʘʡ 0,378 0,594 0,633 0,587 0,852 1,09 

ʠʶʥʴ 0,270 0,408 0,427 0,275 0,275 0,275 

ʠʶʣʴ 0,243 0,384 0,322 0,200 0,275 0,275 

ʘʚʛʫʩʪ 0,189 0,376 0,385 0,200 0,275 0,275 

ʩʝʥʪʷʙʨʴ 0,234 0,344 0,318 0,200 0,275 0,275 

ɺʳʚʦʜʳ: ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʦʢʘ 

ʨʝʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʩʨʝʜʥʠʭ ʠ ʤʘʣʳʭ ʨʝʢ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʟʘʩʫʰʣʠʚʳʭ 

ʧʨʠʨʦʜʥʳʭ ʟʦʥʘʭ, ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʦʩʦʙʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʠ ʩʧʦʩʦʙʘ ʩʝʟʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʇʨʠ ʵʪʦʤ, 

ʩʧʦʩʦʙ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʜʣʷ ʩʨʝʜʥʠʭ ʣʠʙʦ ʣʝʪ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʚʦʜʥʦʩʪʴʶ (ʥʠʞʝ 75% ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ), ʘ ʩʧʦʩʦʙ ʩʝʟʦʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʟʘʩʫʰʣʠʚʳʭ ʠ ʦʩʪʨʦʟʘʩʫʰʣʠʚʳʭ ʣʝʪ 

(ʚʳʰʝ 75% ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ). 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʦʩʪʨʦʟʘʩʫʰʣʠʚʳʝ ʠ ʟʘʩʫʰʣʠʚʳʝ 

ʛʦʜʳ, ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʨ. ɹʫʨʣʳ ʠ ʂʫʣʫʥʜʳ ʥʝʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʦʨʦʰʝʥʠʷ. ɺ 

ʩʨʝʜʥʠʝ ʠ ʛʦʜʳ ʧʦʚʳʰʝʥʥʦʡ ʚʦʜʥʦʩʪʠ ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʂʫʣʫʥʜʠʥʩʢʦʡ ʩʪʝʧʠ ʜʣʷ ʦʨʦʰʝʥʠʷ ʜʦʣʞʥʘ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʦʮʝʥʢʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʦʢʘ ʨʝʢ ʠ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʘ ʘʚʪʦʨʘʤʠ 

ʚ ʜʘʣʴʥʝʡʰʝʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ. 
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ʄʅʆɻʆʃɽʊʅʗʗ ʀɿʄɽʅʏʀɺʆʉʊʔ ʈɽʏʅʆɻʆ ʉʊʆʂɸ  

(ʅɸ ʇʈʀʄɽʈɽ ʈ. ʍʆɺɼ)  

ɼ. ʆʪʛʦʥʙʘʷʨ 

ʍʦʚʜ, ʄʦʥʛʦʣʠʷ 

ɺ ʯʝʪʚʝʨʪʦʤ ʦʮʝʥʦʯʥʦʤ ʜʦʢʣʘʜʝ ʤʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ 

ʵʢʩʧʝʨʪʦʚ ʧʦ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ ʢʦʥʩʪʘʪʠʨʫʝʪʩʷ ʬʘʢʪ ʛʣʦʙʘʣʴʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. ʅʘ 

ʧʨʦʪʷʞʝʥʠʠ XX ʚʝʢʘ ʧʨʦʠʟʦʰʣʦ ʛʣʦʙʘʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 

ʥʘ 0,6
ʦ
ʉ, ʩʦʧʨʦʚʦʞʜʘʚʰʝʝʩʷ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ ʠ ʩʪʦʢʘ ʨʝʢ. ʊʘʢʞʝ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʠ ʚ XXI  ʚʝʢʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʦʮʝʥʢʝ ʵʢʩʧʝʨʪʦʚ, ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ ʢ 2040 ʛ. ʪʝʤʧʝʨʘʪʫʨʘ ʟʠʤʥʠʭ ʤʝʩʷʮʝʚ 

ʚʦʟʨʘʩʪʝʪ ʥʘ 1,6 
ʦ
ʉ, ʘ ʣʝʪʥʝʛʦ ʩʝʟʦʥʘ ʥʘ 1,72 Áʉ. ɹʫʜʫʪ ʨʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʝʨʝʭʦʜʥʳʭ ʩʝʟʦʥʦʚ ʛʦʜʘ. ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʪʘʢʞʝ ʙʫʜʫʪ ʨʘʩʪʠ: ʟʠʤʥʠʝ ï 

ʥʘ 10 %, ʣʝʪʥʠʝ ï ʥʘ 4 %, ʦʩʝʥʥʠʝ ʠ ʚʝʩʝʥʥʠʝ ï ʥʘ 6 %. ʕʪʦ ʚ ʮʝʣʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʚʦʜʘʤ, ʩʜʝʣʘʥʥʳʤ ʥʘʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʨʷʜʘʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʠ ʦʩʘʜʢʦʚ ʧʦ 33 

ʤʝʪʝʦʩʪʘʥʮʠʷʤ ʚ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ (ʅʘʨʦʞʥʳʡ., ʇʘʨʘʤʦʚ., ʆʪʛʦʥʙʘʷʨ., 

2006). ɺʳʷʚʣʝʥʦ ʧʦʚʳʰʝʥʠʝ ʩʨʝʜʥʝʣʝʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʩ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ 0,13 ï 0,48 AC / 10 ʣʝʪ, ʘ ʣʝʪʥʠʭ ʦʩʘʜʢʦʚ ʥʘ 2,5õ6,8 ʤʤ/10 ʣʝʪ. 

ʈʝʯʥʦʡ ʩʪʦʢ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʚʦʟʜʝʡʩʪʚʠʷ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʘ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʪʨʝʥʜʘ ʚ ʨʷʜʘʭ ʩʪʦʢʘ 

ʧʦʢʘʟʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪ ʚʣʠʷʥʠʷ ʥʘ ʝʛʦ ʚʝʣʠʯʠʥʫ ʚʳʷʚʣʝʥʥʳʭ ʪʨʝʥʜʦʚ ʠ 

ʪʝʥʜʝʥʮʠʡ ʚ ʨʷʜʘʭ ʧʨʠʟʝʤʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʦʩʘʜʢʦʚ. ʋʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʚʳʟʳʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʪʘʷʥʠʝ ʣʝʜʥʠʢʦʚ 

ʠ ʤʥʦʛʦʣʝʪʥʠʭ ʩʥʝʞʥʠʢʦʚ, ʩ ʜʨʫʛʦʡ ï ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦʪʝʨʠ ʩʪʦʢʘ ʥʘ 

ʠʩʧʘʨʝʥʠʝ. ʈʦʩʪ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʩʪʦʢ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʩʫʤʤ ʟʠʤʥʠʭ ʦʩʘʜʢʦʚ ʚ ʛʦʨʘʭ ɸʣʪʘʷ ʚʳʟʦʚʝʪ ʠʟʤʝʥʝʥʠʝ 

ʚʥʫʪʨʠʛʦʜʦʚʦʛʦ ʨʝʞʠʤʘ ʩʪʦʢʘ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʟʘʨʝʛʫʣʠʨʦʚʘʥʥʦʩʪʠ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʨʷʜʦʚ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʨʝʢ ɿʘʧʘʜʥʦʡ 

ʄʦʥʛʦʣʠʠ ʥʘ ʥʘʣʠʯʠʝ ʣʠʥʝʡʥʦʛʦ ʪʨʝʥʜʘ ʟʘ ʧʝʨʠʦʜ 1974-2003 ʛʛ. ʧʦʢʘʟʘʣ, ʯʪʦ 

ʪʘʢʘʷ ʤʦʜʝʣʴ ʪʨʝʥʜʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʨʷʜʘʭ ʩʪʦʢʘ, ʚ ʦʩʥʦʚʥʦʤ, ʦʪʩʫʪʩʪʚʫʝʪ. 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʣʠʰʴ ʥʘʣʠʯʠʝ ʟʥʘʯʠʤʦʛʦ ʣʠʥʝʡʥʦʛʦ ʪʨʝʥʜʘ ʚ ʩʪʦʢʝ 

ʧʦʣʠʟʦʥʘʣʴʥʳʭ ʨʝʢ - ʨ. ʍʦʚʜ ï ʩʪʚʦʨ ʛ. ʋʣʛʠʡ. (F = 22057 ʢʤ
2
). ʍʦʪʷ ʠ ʟʜʝʩʴ, ʚ 

ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʥʘʤʝʪʠʣʩʷ ʧʝʨʝʣʦʤ ʚ ʪʝʥʜʝʥʮʠʠ (ʨʠʩ. 1). ʉʤʝʥʘ ʪʝʥʜʝʥʮʠʠ ʚ 

ʭʦʜʝ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʦʪʤʝʯʘʝʪʩʷ ʠ ʚ ʜʨʫʛʠʭ ʩʪʚʦʨʘʭ. ʇʝʨʝʣʦʤʥʳʡ ʧʝʨʠʦʜ ï 

ʩʝʨʝʜʠʥʘ 90-ʭ ʛʦʜʦʚ XX ʚʝʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʢʫʱʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʦʢʘʟʘʣʠ ʥʘ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ. 

ʅʘʯʘʚʰʝʝʩʷ ʚ 70-ʭ ʛʦʜʘʭ XX ʚʝʢʘ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʟʝʤʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ 

ʚʳʟʚʘʣʦ ʚ ʛʦʨʘʭ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʫʩʠʣʝʥʠʝ ʪʘʷʥʠʷ ʣʝʜʥʠʢʦʚ ʠ 

ʤʥʦʛʦʣʝʪʥʠʭ ʩʥʝʞʥʠʢʦʚ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʝʣʦ ʢ ʨʦʩʪʫ ʦʙʲʝʤʦʚ 

ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʦʩʥʦʚʥʳʭ ʨʝʢ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ. ʅʦ ʧʦʩʪʝʧʝʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝ 
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ʦʣʝʜʝʥʝʥʠʷ ʚʳʟʚʘʣʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʦʢʨʘʱʝʥʠʝ ʦʙʲʝʤʦʚ ʪʘʣʦʡ ʣʝʜʥʠʢʦʚʦʡ 

ʚʦʜʳ, ʘ ʟʥʘʯʠʪ ʠ ʦʙʱʝʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʦʚ ʩʫʤʤʘʨʥʦʛʦ ʨʝʯʥʦʛʦ ʩʪʦʢʘ, ʪ. ʢ. 

ʥʘʯʘʚʰʝʝʩʷ ʫʚʝʣʠʯʝʥʠʝ ʦʩʘʜʢʦʚ ʥʝ ʢʦʤʧʝʥʩʠʨʦʚʘʣʦ ʧʦʪʝʨʴ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʠʩʧʘʨʝʥʠʝʤ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʣʝʜʥʠʢʦʚʦʛʦ ʧʠʪʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 1. ï ʄʥʦʛʦʣʝʪʥʠʡ ʭʦʜ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʨ. ʍʦʚʜ ï ʩʪʚʦʨ 

ʛ. ʋʣʛʠʡ: ʧʨʷʤʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ʟʥʘʯʠʤʳʡ ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ; ʧʨʷʤʘʷ 

ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ ï ʪʝʥʜʝʥʮʠʠ ʩʪʦʢʘ ʟʘ 1974-1995 ʛʛ. ʠ 1995-2003 ʛʛ. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʤʦʤʝʥʪ ʧʝʨʝʣʦʤʘ ï ʩʝʨʝʜʠʥʘ 90-ʭ ʛʦʜʦʚ XX 

ʚʝʢʘ. ʇʨʠ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʥʘʤʝʪʠʚʰʝʡʩʷ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ 

ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʚ ʙʫʜʫʱʝʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʥʠʞʝʥʠʝ 

ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʜʦ ʤʦʤʝʥʪʘ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʪʝʨʴ ʩʪʦʢʘ 

ʪʘʣʳʤʠ ʩʝʟʦʥʥʳʤʠ ʩʥʝʛʦʚʳʤʠ ʚʦʜʘʤʠ ʠ ʞʠʜʢʠʤʠ ʣʝʪʥʠʤʠ ʦʩʘʜʢʘʤʠ. ɽʩʣʠ 

ʚʝʨʥʫʪʴʩʷ ʢ ʦʮʝʥʦʯʥʦʤʫ ʜʦʢʣʘʜʫ ʤʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ ʵʢʩʧʝʨʪʦʚ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ, ʢ ʨʘʟʜʝʣʫ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʪʦ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʠʭ 

ʦʮʝʥʢʝ, ʚ ʛʦʨʘʭ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ ʢ 2040 ʛ. ʚʦʜʥʦʩʪʴ ʨʝʢ ʚʦʟʨʘʩʪʝʪ, ʥʦ ʚ 

ʢʦʪʣʦʚʠʥʘʭ ʠ ʩʪʝʧʷʭ ʄʦʥʛʦʣʠʠ, ʘ ʪʘʢʞʝ ʚ ɻʦʙʠʡʩʢʦʤ ɸʣʪʘʝ ʨʝʯʥʦʡ ʩʪʦʢ 

ʫʤʝʥʴʰʠʪʴʩʷ (Mongolian environmental journal., 2010). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʥʥʦ 

ʧʦ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ ʧʨʦʭʦʜʠʪ ʛʨʘʥʠʮʘ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ 

ʪʝʥʜʝʥʮʠʡ ʙʫʜʫʱʠʭ ʠʟʤʝʥʝʥʠʡ ʚʦʜʥʦʩʪʠ ʨʝʢ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. 

ɺ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʧʨʝʦʙʣʘʜʘʝʪ ʤʥʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʣʝʜʥʠʢʦʚʳʡ 

ʩʪʦʢ ʜʦʣʞʝʥ ʫʚʝʣʠʯʠʚʘʝʪʴʩʷ ʧʦ ʤʝʨʝ ʜʝʛʨʘʜʘʮʠʠ ʣʝʜʥʠʢʦʚ ʚʩʣʝʜʩʪʚʠʝ 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠ.̫ ʆʞʠʜʘʥʠʷ ʫʚʝʣʠʯʝʥʠʷ ʩʪʦʢʘ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ 

ʨʘʟʚʠʪʠʷ ʦʣʝʜʝʥʝʥʠʷ ʚʧʦʣʥʝ ʣʦʛʠʯʥʦ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʧʦʪʝʧʣʝʥʠʝ ʢʣʠʤʘʪʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʡ ʩʣʦʡ ʩʪʘʠʚʘʥʠʷ ʩʥʝʛʘ ʠ ʣʴʜʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʦʣʴʰʠʡ ʦʙʲʝʤ ʪʘʣʦʛʦ ʩʪʦʢʘ. ʅʦ ʥʘ ʢʘʢʦʤ-ʪʦ ʵʪʘʧʝ 

ʥʝʤʠʥʫʝʤʦ ʜʦʣʞʥʘ ʧʨʦʠʟʦʡʪʠ ʩʤʝʥʘ ʟʥʘʢʘ ʧʨʦʮʝʩʩʘ: ʫʙʳʣʴ ʣʝʜʥʠʢʦʚʦʛʦ ʩʪʦʢʘ 
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ʚʩʣʝʜʩʪʚʠʝ ʩʦʢʨʘʱʝʥʠʷ ʧʣʦʱʘʜʠ ʣʝʜʥʠʢʘ ʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ ʫʧʦʤʷʥʫʪʫʶ 

ʧʨʠʙʘʚʢʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʣʦʷ ʩʪʘʠʚʘʥʠʷ.  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʜʘʥʥʦʡ ʛʣʘʚʳ ʦʪʤʝʪʠʤ, ʯʪʦ ʪʝʨʨʠʪʦʨʠʷ ɿʘʧʘʜʥʦʡ 

ʄʦʥʛʦʣʠʠ ʜʦʚʦʣʴʥʦ ʙʦʛʘʪʘ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʥʠʚʘʣʴʥʦ-ʛʣʷʮʠʘʣʴʥʳʡ ʧʦʷʩ, ʩ ʝʛʦ ʧʦʚʳʰʝʥʥʳʤ 

ʫʚʣʘʞʥʝʥʠʝʤ ʠ ʥʘʣʠʯʠʝʤ ʢʨʫʧʥʦʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʘʤʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʪʝʢʫʱʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʝ ʦʢʘʟʘʣʠ ʥʘ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ ʟʘ ʧʦʩʣʝʜʥʳʝ 15-

20 ʣʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ. 

ʊʘʢ, ʥʘ ʢʨʫʧʥʳʭ ʨʝʢʘʭ, ʥʘʯʠʥʘʷ ʩ ʩʝʨʝʜʠʥʳ 90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, 

ʥʘʤʝʪʠʣʦʩʴ ʪʝʥʜʝʥʮʠʷ ʫʤʝʥʴʰʝʥʠʷ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ, ʢʦʪʦʨʘʷ, ʢʘʢ ʥʘʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʚʳʟʚʘʥʘ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʘʤʠ: 

1. ɺ ʩʚʷʟʠ ʩ ʧʦʪʝʧʣʝʥʠʝʤ ʢʣʠʤʘʪʘ ʫʚʝʣʠʯʠʣʘʩʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʘʷʥʠʷ 

ʣʝʜʥʠʢʦʚ ʠ ʩʥʝʞʥʠʢʦʚ, ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʣʘʩʴ ʠ ʩʢʦʨʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ 

ʣʝʜʥʠʢʦʚ. ɺʦʟʥʠʢʣʠ ʜʚʝ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʘ ï 

ʫʚʝʣʠʯʝʥʠʝ ʣʝʜʥʠʢʦʚʦʛʦ ʩʪʦʢʘ ʟʘ ʩʯʝʪ ʧʦʪʝʧʣʝʥʠʷ, ʘ ʩ ʜʨʫʛʦʡ ï ʝʛʦ 

ʫʤʝʥʴʰʝʥʠʝ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʧʣʦʱʘʜʠ ʣʝʜʥʠʢʦʚ. ɺʝʨʦʷʪʥʦ, ʚ ʩʝʨʝʜʠʥʝ 

90-ʭ ʛʦʜʦʚ ʵʪʠ ʪʝʥʜʝʥʮʠʠ ʢʦʥʬʝʥʩʠʨʦʚʘʣʠ ʜʨʫʛ ʜʨʫʛʘ ʠ ʥʘʯʘʣʩʷ ʧʝʨʠʦʜ 

ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʝʤʦʚ ʣʝʜʥʠʢʦʚʦʛʦ ʩʪʦʢʘ; 

2. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ ʫʚʝʣʠʯʠʣʘʩʴ 

ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ: ʨʘʩʰʠʨʠʣʠʩʴ ʧʣʦʱʘʜʠ ʧʦʣʠʚʥʦʛʦ 

ʟʝʤʣʝʜʝʣʠʷ, ʘ ʪʘʢʞʝ ʚʦʟʨʦʩʣʠ ʟʘʙʦʨʳ ʚʦʜʳ ʥʘ ʢʦʤʫʥʘʣʴʥʦʝ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʥʫʞʜʳ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʠʟ ʩʪʦʢʘ ʨʝʢ ʝʞʝʛʦʜʥʦ ʠʟʤʝʥʷʝʪʩʷ 

ʦʢʦʣʦ 3% ʦʪ ʦʙʱʝʛʦ ʩʪʦʢʘ ʚ ʛʦʜ.  
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ʆɹɿʆʈ ɺʆɼʅʓʍ ʈɽʉʋʈʉʆɺ ʄʆʅɻʆʃʔʉʂʆɻʆ ɸʃʊɸʗ  

ɼ. ʆʪʛʦʥʙʘʷʨ 

ʍʦʚʜ, ʄʦʥʛʦʣʠʷ 

ɺʩʝ ʨʝʢʠ ʠ ʦʟʝʨʘ ʚ ʧʨʝʜʝʣʘʭ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʦʪʥʦʩʷʪʩʷ ʢ 

ʙʝʩʩʪʦʯʥʳʤ ʙʘʩʩʝʡʥʘʤ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠʟ ʨʝʢ 

ʜʦʩʪʠʛʘʶʪ ʦʟʝʨ, ʘ ʤʘʣʳʝ, ʥʘ ʚʳʭʦʜʝ ʠʟ ʛʦʨ ʥʘ ʧʨʝʜʛʦʨʥʳʝ ʨʘʚʥʠʥʳ, ʠʩʯʝʟʘʶʪ ʚ 

ʨʳʭʣʳʭ ʛʨʫʥʪʘʭ, ʨʘʩʭʦʜʫʷ ʩʚʦʠ ʟʘʧʘʩʳ ʥʘ ʬʠʣʴʪʨʘʮʠʶ ʠ ʠʩʧʘʨʝʥʠʝ. 

ɺ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʦʢʘ ʨʝʢ ʄʦʥʛʦʣʠʠ ʫʯʘʩʪʚʫʶʪ ʚʦʜʳ ʦʪ ʪʘʷʥʠʷ ʩʥʝʛʘ ʠ 

ʣʝʜʥʠʢʦʚ, ʜʦʞʜʝʚʳʝ ʠ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ. ʀʭ ʨʦʣʴ ʚ ʧʠʪʘʥʠʠ ʨʝʢ ʚ ʨʘʟʥʳʭ 

ʨʘʡʦʥʘʭ ʥʝʦʜʠʥʘʢʦʚʘ: ʥʘ ʨʝʢʘʭ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʟʥʘʯʝʥʠʝ 

ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʦʢʘ ʠʤʝʶʪ ʚʦʜʳ ʦʪ ʪʘʷʥʠʷ ʩʝʟʦʥʥʦʛʦ ʩʥʝʛʘ ʠ ʣʝʜʥʠʢʦʚ. ɺ 

ʮʝʣʦʤ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʭʘʨʘʢʪʝʨʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʠ ʩ ʟʘʧʘʜʘ ʥʘ 

ʚʦʩʪʦʢ ʨʦʣʠ ʜʦʞʜʝʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʫʤʝʥʴʰʝʥʠʝ ʨʦʣʠ ʩʥʝʛʦʚʦʛʦ ʩʪʦʢʘ. 

ɽʩʣʠ ʥʘ ʨʝʢʘʭ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ (ʨʝʢʠ ʍʦʚʜ, ʉʘʛʩʘʡ, ɹʫʷʥ) ʜʦʣʷ ʩʥʝʛʦʚʦʛʦ 

ʩʪʦʢʘ ʨʘʚʥʘ 55-70%, ʘ ʜʦʞʜʝʚʦʛʦ 5-10%, ʪʦ ʥʘ ʨʝʢʘʭ ʍʵʥʪʵʷ (ʍʵʨʣʵʥ, ʊʫʫʣ, 

ʍʘʨʘʘ, ɽʨᴇᴇ ʛʦʣ) ʜʦʞʜʝʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʝʚʳʰʘʝʪ ʩʥʝʛʦʚʫʶ ʚ 5-6 ʨʘʟ. ɼʦʣʷ 

ʧʦʜʟʝʤʥʦʛʦ ʩʪʦʢʘ ʩʦʩʪʘʚʣʷʝʪ ʦʙʳʯʥʦ 20-40%, ʦʥʘ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʨʝʜʥʝʡ ʚʳʩʦʪʳ ʚʦʜʦʩʙʦʨʦʚ [1]. 

ʅʘ ʚʩʝʭ ʨʝʢʘʭ ʄʦʥʛʦʣʠʠ ʧʨʝʦʙʣʘʜʘʝʪ ʩʪʦʢ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʥʦ ʚ 

ʩʝʟʦʥʥʦʤ ʠ ʤʝʩʷʯʥʦʤ ʩʪʦʢʘʭ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʦʚ ʩʪʨʘʥʳ ʠʤʝʶʪʩʷ ʦʪʣʠʯʠʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʭʘʨʘʢʪʝʨʦʤ ʧʠʪʘʥʠʷ ʨʝʢ. ʊʘʢ, ʥʘ ʨʝʢʘʭ 

ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʠʶʣʝ-

ʘʚʛʫʩʪʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʘʷʥʠʝʤ ʣʝʜʥʠʢʦʚ.  

ʕ.ʄ ʄʫʨʟʘʝʚ (1948), ʅ.ʊ. ʂʫʟʥʝʮʦʚ (1952), ɾ. ʎʵʨʵʥʩʦʜʥʦʤ (1971, 2001) 

ʨʘʟʜʝʣʠʣʠ ʚʩʝ ʨʝʢʠ ɸʣʪʘʡʩʢʦʛʦ ʛʦʨʥʦʛʦ ʨʘʡʦʥʘ ʧʦ ʙʘʩʩʝʡʥʘʤ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʛʨʫʧʧʳ: 

1. ɹʘʩʩʝʡʥ ʦʟ. ʋʣʶʥʛʫʨ: ʨʝʢʘ ɹʫʣʛʫʥ ʩ ʧʨʠʪʦʢʘʤʠ 

2. ɹʘʩʩʝʡʥ ʦʟ. ʍʘʨ-ʫʩ: ʨʝʢʠ ʍʦʚʜ, ɹʫʷʥʪʫ ʠ ʎʵʥʭʵʨ ʩ ʧʨʠʪʦʢʘʤʠ, ɹʫʭʵ-ʤʫʨʵʥ. 

3. ʈʝʢʠ ʦʟ. ʋʙʩʫ: ʨʝʢʘ ʍʘʨʭʠʨʘ. 

4. ʈʝʢʠ ʠ ʨʝʯʢʠ, ʩʪʝʢʘʶʱʠʝ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʄʦʥʛʦʣʴʩʢʦʛʦ ʠ ɻʦʙʠʡʩʢʦʛʦ 
ɸʣʪʘʷ ʠ ʠʩʯʝʟʘʶʱʠʝ ʧʦ ʚʳʭʦʜʝ ʠʟ ʛʦʨ. 

5. ʈʝʢʠ ʠ ʨʝʯʢʠ, ʚʧʘʜʘʶʱʠʝ ʚ ʥʝʙʦʣʴʰʠʝ ʟʘʤʢʥʫʪʳʝ ʦʟʝʨʘ ʘʣʪʘʡʩʢʠʭ 

ʤʝʞʛʦʨʥʳʭ ʢʦʪʣʦʚʠʥ. 

ʆʟʝʨʘ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ. 

ɺ ʄʦʥʛʦʣʠʠ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʩʚʳʰʝ 3000 ʦʟʝʨ ʩ ʨʘʟʤʝʨʘʤʠ ʘʢʚʘʪʦʨʠʠ 

ʙʦʣʝʝ 0,1 ʢʤ
2 
. ʀʟ ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 27 ʦʟʝʨ ʠʤʝʶʪ ʧʣʦʱʘʜʴ ʩʚʳʰʝ 50 ʢʤ

2
 , 16 

ʦʟʝʨ ï ʩʚʳʰʝ 100 ʢʤ
2 

, 4 ï ʙʦʣʝʝ 1000 ʢʤ
2
. ʉʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʚʩʝʭ ʦʟʝʨ 

ʧʨʝʚʳʰʘʝʪ 15995 ʢʤ
2
, ʩʦʩʪʘʚʣʷʷ ʦʢʦʣʦ 1% ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ. ʆʙʲʝʤ 

ʚʦʜʥʦʡ ʤʘʩʩʳ ʚʩʝʭ ʦʟʝʨ ʧʨʝʚʳʰʘʝʪ 500 ʢʤ
3 
, ʠʟ ʢʦʪʦʨʳʭ 380,7 ʢʤ

3 

ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ ʦʟ. ʍʫʙʩʫʛʫʣ [2]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʚʥʠʥʥʳʭ ʨʘʡʦʥʦʚ ʄʦʥʛʦʣʠʠ 

ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʠ ʜʨʫʛʠʭ ʥʝʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ 

ʧʨʦʪʦʯʥʳʝ, ʧʨʝʩʥʳʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʫʙʦʢʠʝ ʦʟʝʨʘ, ʧʦʣʫʯʘʶʱʠʝ ʧʠʪʘʥʠʝ ʦʪ 

ʣʝʜʥʠʢʦʚ, ʪʘʣʳʭ ʩʥʝʛʦʚ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ.  
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ʆʟʝʨʘ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʢʦʪʣʦʚʠʥʘʭ 

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʠ ʣʝʜʥʠʢʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʧʨʠʥʘʜʣʝʞʘʪ ʙʘʩʩʝʡʥʫ 

ʨ. ʍʦʚʜ. 

ɸʣʪʘʡʩʢʠʡ ʛʦʨʥʳʡ ʨʘʡʦʥ ʙʦʛʘʪ ʦʟʝʨʘʤʠ (ʪʘʙʣ. 1), ʯʪʦ ʢʦʩʚʝʥʥʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʤʦʣʦʜʦʩʪʴ ʝʛʦ ʨʝʣʴʝʬʘ. ʆʩʦʙʝʥʥʦ ʤʥʦʛʦ ʦʟʝʨ ʚ 

ʚʳʩʦʢʦʛʦʨʥʦʤ ʧʦʷʩʝ, ʛʜʝ ʦʥʠ ʦʙʨʘʟʦʚʘʥʳ ʧʦʜʧʨʫʞʠʚʘʥʠʝʤ ʜʦʣʠʥ ʤʦʨʝʥʘʤʠ. 

ʕʪʠ ʦʟʝʨʘ ʧʨʦʪʦʯʥʳʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʩʥʳʝ. ɺ ɸʣʪʘʡʩʢʠʭ ʢʦʪʣʦʚʠʥʘʭ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʦʟʝʨʘ ʪʘʢʞʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳ, ʥʦ ʦʥʠ 

ʙʝʩʩʪʦʯʥʳ, ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠʭ ʦʙʫʩʣʦʚʣʝʥʦ ʭʘʨʘʢʪʝʨʦʤ ʨʝʣʴʝʬʘ ï ʥʘʣʠʯʠʝʤ 

ʧʣʦʩʢʠʭ ʙʝʩʩʪʦʯʥʳʭ ʤʝʞʛʦʨʥʳʭ ʚʧʘʜʠʥ ʠ ʩʢʫʜʥʦʩʪʴʶ ʦʩʘʜʢʦʚ. ʄʥʦʛʠʝ ʠʟ 

ʥʠʭ, ʙʫʜʫʯʠ ʧʨʠ ʩʦʚʨʝʤʝʥʥʦʤ ʢʣʠʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʙʝʩʩʪʦʯʥʳʤʠ, ʚ 

ʧʨʦʰʣʦʤ, ʙʝʟ ʩʦʤʥʝʥʠʷ, ʙʳʣʠ ʧʨʦʪʦʯʥʳʤʠ ʠ ʠʤʝʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ 

ʨʘʟʤʝʨʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʝʩʩʪʦʯʥʦʩʪʴ ʠ ʙʦʣʴʰʫʶ ʩʫʭʦʩʪʴ ʢʣʠʤʘʪʘ, 

ʦʙʫʩʣʦʚʣʠʚʘʶʱʝʛʦ ʛʨʦʤʘʜʥʦʝ ʠʩʧʘʨʝʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʩʦʣʝʡ, ʚʩʝ ʞʝ 

ʥʝʢʦʪʦʨʳʝ ʦʟʝʨʘ ʦʙʣʘʜʘʶʪ ʧʨʝʩʥʦʡ ʠʣʠ ʧʦʯʪʠ ʧʨʝʩʥʦʡ ʚʦʜʦʡ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʝʤ ʠʭ ʦʪʜʝʣʝʥʝʥʠʠ ʦʪ ʜʨʫʛʠʭ ʩʠʩʪʝʤ, ʦʙ ʠʭ ʥʝʜʘʚʥʝʡ 

ʠʟʦʣʷʮʠʠ. 

ʊʘʙʣʠʮʘ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʟʝʨ ʧʦ ʣʘʥʜʰʘʬʪʥʳʤ ʟʦʥʘʤ [3]  

ʃʘʥʜʰʘʬʪʥʳʝ ʦʙʣʘʩʪʠ ʄʦʥʛʦʣʠʠ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʟʝʨ ʆʟʝʨʥʦʩʪʴ 

ʪʝʨʨʠʪʦʨʠʠ, 

% 
% ʦʪ ʚʩʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʦʟʝʨ 

% ʦʪ ʚʩʝʡ 

ʧʣʦʱʘʜʠ ʦʟʝʨ 

ɸʣʪʘʡʩʢʘʷ ʛʦʨʥʘʷ ʩʪʨʘʥʘ 13.3 10 0.62 

ʍʘʥʛʘʡ-ʍʵʥʪʵʡʩʢʘʷ ʛʦʨʥʘʷ ʩʪʨʘʥʘ 20.8 30 0.73 

ɺʦʩʪʦʯʥʦ-ʄʦʥʛʦʣʴʩʢʘʷ ʦʙʣʘʩʪʴ 29.4 11 0.7 

ɻʦʙʠʡʩʢʘʷ ʦʙʣʘʩʪ ɹ 36.5 49 1.5 

ʂʨʫʧʥʳʝ ʦʟʝʨʘ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʨʝʯʥʦʡ ʩʝʪʴʶ ʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʦ ʚʥʫʪʨʠʛʦʨʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʚʧʘʜʠʥʘʭ.  

ʉʦʚʨʝʤʝʥʥʦʝ ʦʣʝʜʝʥʝʥʠʝ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ 

ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʦʮʝʥʢʘʤ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʣʪʘʝ ï ʉʘʷʥʩʢʦʡ ʛʦʨʥʦʡ 

ʦʙʣʘʩʪʠ (ʚʢʣʶʯʘʷ ʠ ʄʦʥʛʦʣʴʩʢʠʡ ɸʣʪʘʡ) ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 2340 ʣʝʜʥʠʢʦʚ 

ʩ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 1562 ʢʤ
2
. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʠ ɺʦʩʪʦʯʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ 

ʥʘʭʦʜʷʪʩʷ 1850 ʣʝʜʥʠʢʦʚ (968 ʢʤ
2
), ʄʦʥʛʦʣʠʠ ï 120 (317 ʢʤ

2
), ʂʠʪʘʷ - 397(277 

ʢʤ
2
) [4]. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʮʝʥʪʨʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

ʆʩʥʦʚʥʘʷ ʧʣʦʱʘʜʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʄʦʥʛʦʣʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ 

ʦʩʥʦʚʥʳʭ ʭʨʝʙʪʘʭ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ. ɿʜʝʩʴ, ʚ ʩʝʚʝʨʥʦʡ ʝʛʦ ʯʘʩʪʠ, 

ʥʘʭʦʜʷʪʩʷ ʩʘʤʳʝ ʙʦʣʴʰʠʝ ʣʝʜʥʠʢʠ ʄʦʥʛʦʣʠʠ ï ʇʦʪʘʥʠʥʘ ʠ ɻʨʘʥʝ. ʃʝʜʥʠʢʠ 

ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

1. ʣʝʜʥʠʢʠ ʜʦʣʠʥ (ʜʦʣʠʥʥʳʝ, ʢʦʪʣʦʚʠʥʥʳʝ, ʢʘʨʦʚʦ-ʜʦʣʠʥʥʳʝ, ʚʠʩʷʯʠʭ 

ʜʦʣʠʥ) ï 24,6%,  

2. ʣʝʜʥʠʢʠ ʛʦʨʥʳʭ ʩʢʣʦʥʦʚ (ʢʘʨʦʚʳʝ, ʢʘʨʦʚʦ-ʚʠʩʷʯʠʝ, ʚʠʩʷʯʠʝ) ï 75,3%,  

3. ʣʝʜʥʠʢʠ ʜʝʥʫʜʘʮʠʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʣʝʜʥʠʢʠ ʧʣʦʩʢʠʭ ʚʝʨʰʠʥ) ï 0,4 % [3].  
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ʈʠʩ. 1. ʉʦʚʨʝʤʝʥʥʦʝ ʦʣʝʜʝʥʝʥʠʝ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ [3].  

ʉʦʚʨʝʤʝʥʥʦʝ ʦʣʝʜʝʥʝʥʠʝ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʦʪ 

ʛʦʨʥʦʛʦ ʫʟʣʘ ʊʘʙʳʥ-ʙʦʛʜʦ-ʦʣʘ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʜʦ ʭʨʝʙʪʘ ʉʫʪʘʡ ʥʘ ʶʛʦ-

ʚʦʩʪʦʢʝ, ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʘʤʠ 46
Á
25

'
-49

Á
56

'
ʩ.ʰ ʠ 87

Á
44

'
-92

Á
56

'
 ʚ.ʜ.  

ʇʦ ʜʘʥʥʳʤ ʍ. ʗʙʫʢʠ (Yabuki, 2007) [5] ʚ ʄʦʥʛʦʣʴʩʢʦʤ ɸʣʪʘʝ 

ʥʘʩʯʠʪʳʚʘʝʪʩʷ 577 ʣʝʜʥʠʢʦʚ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 424,01 ʢʤ
2
, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 

27,5% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʣʝʜʥʠʢʦʚ ʠ 26,6% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʦʣʝʜʝʥʝʥʠʷ ʚʩʝʛʦ 

ɸʣʪʘʷ. ɺ ʄʦʥʛʦʣʴʩʢʦʤ ɸʣʪʘʝ ʛʦʩʧʦʜʩʪʚʫʶʪ ʣʝʜʥʠʢʠ ʧʣʦʱʘʜʴʶ 1-5 ʢʤ
2
. ʊʘʢʠʝ 

ʣʝʜʥʠʢʠ ʩʦʩʪʘʚʣʷʶʪ 44% ʦʪ ʚʩʝʡ ʧʣʦʱʘʜʠ ʦʣʝʜʝʥʝʥʠʷ. ʇʦ ʝʛʦ ʜʘʥʥʳʤ 45,2% 

ʦʪ ʚʩʝʭ ʣʝʜʥʠʢʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʝ ʩʢʣʦʥʳ, 15,6% ʥʘ ʩʝʚʝʨʥʳʝ 

ʠ 22% ʥʘ ʩʢʣʦʥʳ ʚʦʩʪʦʯʥʦʤ ʵʢʩʧʦʟʠʮʠʠ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ʍɸʈɸʂʊɽʈʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʇʀʊɸʅʀʗ ʍʀʑʅʓʍ ʈʓɹ  

ɾɸʁʓʂ-ʂɸʉʇʀʁʉʂʆɻʆ ɹɸʉʉɽʁʅɸ  

ɸ. ʇʘʥʠʥʘ  

ɸʪʳʨʘʫ, ʂʘʟʘʭʩʪʘʥ 

ʇʠʪʘʥʠʝ ï ʚʘʞʥʝʡʰʠʡ ʧʨʦʮʝʩʩ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʚʩʝʭ ʨʳʙ. ɿʘ ʩʯʝʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʦʨʛʘʥʠʟʤ ʨʳʙʳ ʚ ʚʠʜʝ ʧʠʱʠ, 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʝʛʦ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ (ʨʘʟʚʠʪʠʝ, ʨʦʩʪ, ʨʘʟʤʥʦʞʝʥʠʝ). 

ʅʝʢʦʪʦʨʳʝ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ (ʬʦʩʬʦʨ, ʢʘʣʴʮʠʡ ʠ ʜʨ.) ʧʦʩʪʫʧʘʶʪ ʚ 

ʦʨʛʘʥʠʟʤ ʨʳʙʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʚʦʜʳ ʯʝʨʝʟ ʞʘʙʨʳ, ʧʦʚʝʨʭʥʦʩʪʴ ʨʦʪʦʚʦʡ 

ʧʦʣʦʩʪʠ ʠ ʢʦʞʫ, ʥʦ ʨʦʣʴ ʵʪʠʭ ʚʝʱʝʩʪʚ ʥʝʚʝʣʠʢʘ. 

ʂʘʞʜʦʤʫ ʚʠʜʫ ʨʳʙ ʩʚʦʡʩʪʚʝʥ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʧʝʢʪʨ ʧʠʪʘʥʠʷ 

(ʧʨʦʮʝʥʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʦʨʤʦʚʦʛʦ ʦʙʲʝʢʪʘ ʢ ʤʘʩʩʝ 

ʚʩʝʛʦ ʧʠʱʝʚʦʛʦ ʢʦʤʢʘ). ʇʦ ʭʘʨʘʢʪʝʨʫ ʧʠʪʘʥʠʷ ʨʳʙ ʜʝʣʷʪ ʥʘ ʭʠʱʥʳʭ ʠ 

ʤʠʨʥʳʭ. ʍʠʱʥʳʝ ʨʳʙʳ ʧʠʪʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʨʳʙʦʡ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʜʨʫʛʦʡ ʧʠʱʝʡ (ʣʦʩʦʩʴ, ʪʨʝʩʢʘ, ʱʫʢʘ, ʩʦʤ) [1]. 

ʍʘʨʘʢʪʝʨ ʧʠʪʘʥʠʷ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʦʝʥʠʝ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ 

ʨʳʙ ï ʨʦʪ, ʞʘʙʝʨʥʳʡ ʘʧʧʘʨʘʪ, ʛʣʦʪʢʘ, ʢʠʰʝʯʥʠʢ. ʇʨʝʩʥʦʚʦʜʥʳʝ ʜʥʝʚʥʳʝ 

ʭʠʱʥʠʢʠ ʦʙʣʘʜʘʶʪ ʨʘʟʚʠʪʳʤʠ ʦʨʛʘʥʘʤʠ ʟʨʝʥʠʷ ʠ ʙʦʢʦʚʦʡ ʣʠʥʠʠ (ʱʫʢʘ, 

ʦʢʫʥʴ), ʧʨʠʜʦʥʥʳʝ ʩʫʤʝʨʝʯʥʳʝ ʭʠʱʥʠʢʠ ï ʦʨʛʘʥʘʤʠ ʦʙʦʥʷʥʠʷ, ʙʦʢʦʚʦʡ 

ʣʠʥʠʠ, ʦʨʛʘʥʦʚ ʚʢʫʩʘ (ʥʘʣʠʤ, ʨʝʯʥʦʡ ʫʛʦʨʴ). 

ʍʠʱʥʳʝ ʨʳʙʳ ʧʦ-ʨʘʟʥʦʤʫ ʜʦʙʳʚʘʶʪ ʧʠʱʫ. ʆʜʥʠ ʚʠʜʳ ʨʳʙ 

ʧʦʜʩʪʝʨʝʛʘʶʪ ʜʦʙʳʯʫ ʚ ʪʦʣʱʝ ʚʦʜʳ (ʱʫʢʘ), ʫ ʜʥʘ (ʩʦʤ) ʠʣʠ ʘʢʪʠʚʥʦ 

ʜʚʠʛʘʶʪʩʷ ʚ ʧʝʣʘʛʠʘʣʠ (ʩʫʜʘʢ, ʙʝʨʰ). ɹʦʣʴʰʠʥʩʪʚʦ ʭʠʱʥʳʭ ʨʳʙ ʟʘʛʣʘʪʳʚʘʶʪ 

ʨʳʙʫ ʮʝʣʠʢʦʤ, ʥʝʢʦʪʦʨʳʝ ʦʪʢʫʩʳʚʘʶʪ ʢʫʩʢʠ ʦʪ ʞʝʨʪʚʳ. 

ɼʣʷ ʚʩʝʭ ʨʳʙ ʭʘʨʘʢʪʝʨʥʘ ʠʟʙʠʨʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʧʠʪʘʥʠʠ, ʦʥʠ 

ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʦʨʤʦʚʳʤ ʦʙʲʝʢʪʘʤ (ʪ.ʝ. ʦʙʣʘʜʘʶʪ 

ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʠʣʠ ʵʣʝʢʪʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʧʠʪʘʥʠʠ). ʇʦ ʧʨʝʜʧʦʯʪʝʥʠʶ 

ʧʠʱʘ ʙʳʚʘʝʪ: ʠʟʣʶʙʣʝʥʥʘʷ (2-6 ʚʠʜʦʚ, 50-70% ʤʘʩʩʳ ʧʠʱʝʚʦʛʦ ʢʦʤʢʘ); 

ʟʘʤʝʥʷʶʱʘʷ (5 ï 6 ʚʠʜʦʚ, 15-30% ʤʘʩʩʳ ʧʠʱʝʚʦʛʦ ʢʦʤʢʘ); ʚʳʥʫʞʜʝʥʥʘʷ 

(ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʚʠʜʦʚ, ʥʝ ʙʦʣʝʝ 10% ʤʘʩʩʳ ʧʠʱʝʚʦʛʦ ʢʦʤʢʘ) [2]. 

ʋ ʨʳʙ ʪʘʢʞʝ ʨʘʟʣʠʯʘʶʪ ʚʦʟʨʘʩʪʥʳʝ ʠ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʠʪʘʥʠʠ. ɺ 

ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʞʠʟʥʠ ʨʳʙʳ ʨʘʟʚʠʚʘʶʪʩʷ ʟʘ ʩʯʝʪ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ʞʝʣʪʦʯʥʦʛʦ ʤʝʰʢʘ ï ʵʪʦ ʵʥʜʦʛʝʥʥʦʝ ʧʠʪʘʥʠʝ (ʨʘʟʚʠʪʠʝ ʚ ʠʢʨʝ ʠ ʩʨʘʟʫ ʧʦʩʣʝ 

ʚʳʣʫʧʣʝʥʠʷ ʵʤʙʨʠʦʥʘ). ɼʘʣʝʝ ʤʦʣʦʜʴ ʧʝʨʝʭʦʜʠʪ ʥʘ ʩʤʝʰʘʥʥʦʝ ʧʠʪʘʥʠʝ, 

ʧʦʪʨʝʙʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʩʪʘʪʢʠ ʞʝʣʪʢʘ ʠ ʚʥʝʰʥʶʶ ʧʠʱʫ. ʇʦʩʣʝ ʧʦʣʥʦʛʦ 

ʨʘʩʩʘʩʳʚʘʥʠʷ ʞʝʣʪʦʯʥʦʛʦ ʤʝʰʢʘ, ʨʳʙʳ ʧʝʨʝʢʣʶʯʘʶʪʩʷ ʥʘ ʵʢʟʦʛʝʥʥʦʝ ʧʠʪʘʥʠʝ 

(ʚʥʝʰʥʝʝ).  

ʅʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʤʦʣʦʜʴ ʙʦʣʴʰʠʥʩʪʚʘ ʨʳʙ ʦʙʳʯʥʦ 

ʧʠʪʘʝʪʩʷ ʧʨʦʩʪʝʡʰʠʤʠ, ʟʘʪʝʤ ʤʝʣʢʠʤʠ ʨʘʢʦʦʙʨʘʟʥʳʤʠ, ʘ ʧʦʪʦʤ ʧʝʨʝʭʦʜʠʪ ʥʘ 

ʧʠʪʘʥʠʝ ʩʚʦʡʩʪʚʝʥʥʦʡ ʝʡ ʧʠʱʝʡ. ʊʘʢ, ʤʦʣʦʜʴ ʨʝʯʥʦʛʦ ʦʢʫʥʷ ʜʣʠʥʦʡ ʦʢʦʣʦ 8 

ʩʤ ʧʠʪʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʟʦʦʧʣʘʥʢʪʦʥʦʤ, ʘ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʦʩʦʙʠ ʧʝʨʝʭʦʜʷʪ ʥʘ 

ʧʠʪʘʥʠʝ ʙʝʥʪʦʩʦʤ, ʨʳʙʳ ʜʣʠʥʦʡ ʙʦʣʝʝ 10 ʩʤ ʥʘʯʠʥʘʶʪ ʧʠʪʘʪʴʩʷ ʨʳʙʦʡ. 
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ʍʠʱʥʳʤ ʨʳʙʘʤ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʦʙʲʝʢʪʦʚ ʧʠʪʘʥʠʷ ʭʘʨʘʢʪʝʨʝʥ ʢʘʥʥʠʙʘʣʠʟʤ - 

ʧʦʝʜʘʥʠʝ ʦʩʦʙʝʡ ʩʚʦʝʛʦ ʚʠʜʘ (ʱʫʢʘ, ʩʫʜʘʢ ʠ ʜʨ.)[3]. 

ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʠʪʘʥʠʠ ʨʳʙ ʩʚʷʟʘʥʳ ʩ ʮʠʢʣʦʤ ʨʘʟʚʠʪʠʷ 

ʦʙʲʝʢʪʦʚ ʧʠʪʘʥʠʷ (ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʠ ʨʳʙ), ʠʭ ʤʠʛʨʘʮʠʷʤʠ ʠ ʜʦʩʪʫʧʥʦʩʪʴʶ ʚ 

ʨʘʟʥʦʝ ʚʨʝʤʷ ʛʦʜʘ, ʘ ʪʘʢʞʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʨʳʙʳ. 

ʈʠʪʤ ʧʠʪʘʥʠʷ ʨʳʙ ʟʘʚʠʩʠʪ ʦʪ ʜʦʩʪʫʧʥʦʩʪʠ ʢʦʨʤʦʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʠʭ 

ʨʘʟʤʝʨʘ, ʢʘʣʦʨʠʡʥʦʩʪʠ, ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʠ ʜʨ. ʍʠʱʥʳʝ ʨʳʙʳ ʩʧʦʩʦʙʥʳ 

ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʟʘʛʣʘʪʳʚʘʪʴ ʤʥʦʛʦ ʧʠʱʠ, ʠ ʜʦʣʛʦ ʝʝ ʧʝʨʝʚʘʨʠʚʘʪʴ (ʜʦ 3 ʩʫʪʦʢ 

ʠ ʙʦʣʝʝ). 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʪʘʥʠʷ ʨʳʙ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʧʦʣʘ, 

ʜʣʠʥʳ ʪʝʣʘ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʩʝʟʦʥʘ, ʚʨʝʤʝʥʠ 

ʩʫʪʦʢ, ʢʘʣʦʨʠʡʥʦʩʪʠ, ʜʦʩʪʫʧʥʦʩʪʠ ʧʠʱʠ ʠ ʜʨ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʪʘʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʥʘʧʦʣʥʝʥʠʷ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ, ʘ ʪʘʢʞʝ 

ʩʫʪʦʯʥʦʛʦ ʠ ʛʦʜʦʚʦʛʦ ʨʘʮʠʦʥʦʚ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʠʪʘʥʠʷ ʨʳʙ ʠʩʧʦʣʴʟʫʶʪ ʠʥʜʝʢʩʳ ʥʘʧʦʣʥʝʥʠʷ ʞʝʣʫʜʢʘ ʠ ʢʠʰʝʯʥʠʢʘ.  

ʀʟ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʠʪʘʥʠʝ ʨʳʙ, ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʛʘʟʦʚʳʡ ʨʝʞʠʤ. ɼʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʨʳʙ 

ʭʘʨʘʢʪʝʨʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʪʘʥʠʷ ʨʳʙ ʫʤʝʥʴʰʘʝʪʩʷ, ʥʝʢʦʪʦʨʳʝ 

ʚʠʜʳ ʧʝʨʝʩʪʘʶʪ ʧʠʪʘʪʴʩʷ, ʘ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʥʘʢʦʧʣʝʥʥʦʛʦ ʞʠʨʘ. ɿʠʤʦʡ ʦʥʠ ʟʘʣʝʛʘʶʪ ʚ ʷʤʘʭ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʦʮʝʧʝʥʝʥʠʷ (ʟʠʤʥʷʷ ʩʧʷʯʢʘ), ʠʭ ʪʝʣʦ ʧʦʢʨʳʚʘʝʪʩʷ ʪʦʣʩʪʳʤ ʩʣʦʝʤ ʩʣʠʟʠ, 

ʜʳʭʘʥʠʝ ʠ ʦʙʤʝʥ ʚʝʱʝʩʪʚ ʟʘʤʝʜʣʷʶʪʩʷ (ʩʘʟʘʥ, ʣʝʱ, ʩʦʤ). ʈʳʙʳ ʩʧʦʩʦʙʥʳ 

ʚʳʜʝʨʞʠʚʘʪʴ ʜʣʠʪʝʣʴʥʦʝ ʛʦʣʦʜʘʥʠʝ. ʊʘʢ, ʢʘʨʘʩʴ ʤʦʞʝʪ ʥʝ ʧʠʪʘʪʴʩʷ ʚ ʪʝʯʝʥʠʝ 

8 ʤʝʩʷʮʝʚ ʠ ʪʝʨʷʝʪ ʧʨʠ ʵʪʦʤ 1/3 ʤʘʩʩʳ ʪʝʣʘ. 

ʏʝʤ ʧʦʜʚʠʞʥʝʝ ʨʳʙʘ ʠ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʦʥʘ ʟʘʪʨʘʯʠʚʘʝʪ ʥʘ ʜʦʙʳʚʘʥʠʝ 

ʧʠʱʠ, ʪʝʤ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ ʩʫʪʦʯʥʦʛʦ ʨʘʮʠʦʥʘ. ʍʠʱʥʳʝ ʨʳʙʳ, ʧʠʪʘʷʩʴ 

ʢʘʣʦʨʠʡʥʦʡ ʧʠʱʝʡ, ʧʦʪʨʝʙʣʷʶʪ ʝʝ ʥʝʤʥʦʛʦ. ʇʦʪʨʝʙʥʦʩʪʠ ʚ ʧʠʱʝ ʥʘ ʝʜʠʥʠʮʫ 

ʤʘʩʩʳ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʨʳʙʳ ʫʤʝʥʴʰʘʶʪʩʷ.  

ʇʦʯʪʠ ʚʩʝ ʨʳʙʳ ʩ ʝʜʠʥʦʚʨʝʤʝʥʥʳʤ ʠʢʨʦʤʝʪʘʥʠʝʤ ʚ ʧʝʨʠʦʜ 

ʨʘʟʤʥʦʞʝʥʠʷ ʥʝ ʧʦʪʨʝʙʣʷʶʪ ʢʦʨʤʘ, ʩ ʧʦʨʮʠʦʥʥʳʤ ʠʢʨʦʤʝʪʘʥʠʝʤ ï ʧʠʪʘʶʪʩʷ 

ʩʣʘʙʦ[4]. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʠʪʘʥʠʷ ʨʳʙ ï ʦʪʳʩʢʘʥʠʝ ʧʫʪʝʡ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʚʦʜʦʝʤʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʠʪʘʥʠʷ ʨʳʙ 

ʚʩʝʛʜʘ ʧʨʦʚʦʜʠʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʟʫʯʝʥʠʝʤ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

(ʯʠʩʣʝʥʥʦʩʪʠ, ʪʝʤʧʘ ʨʦʩʪʘ, ʧʣʦʜʦʚʠʪʦʩʪʠ, ʧʦʣʦʚʦʟʨʝʣʦʩʪʠ, ʫʧʠʪʘʥʥʦʩʪʠ ʠ 

ʪ.ʜ.).  

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʠʪʘʥʠʷ ʨʳʙ ʚʢʣʶʯʘʝʪ ʯʝʪʳʨʝ ʵʪʘʧʘ: ʩʙʦʨ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʙʨʘʙʦʪʢʘ ʩʦʜʝʨʞʠʤʦʛʦ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʭ ʪʨʘʢʪʦʚ ʨʳʙ, 

ʮʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʣʠʪʝʨʘʪʫʨʥʘʷ ʠ ʛʨʘʬʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʮʠʬʨʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʪʨʘʢʪʦʚʢʘ ʨʘʟʣʠʯʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, 

ʩʜʝʣʘʥʥʳʭ ʚʦ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʡ[5]. 
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ʉʫʜʘʢ (Sander lucioperca) ð ʪʠʧʠʯʥʳʡ ʭʠʱʥʠʢ, ʧʠʪʘʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʦʣʦʜʴʶ ʨʳʙ. ʊʦʣʴʢʦ ʧʝʨʚʳʝ ʜʥʠ ʞʠʟʥʠ ʝʛʦ ʣʠʯʠʥʢʠ 

ʧʠʪʘʶʪʩʷ ʧʣʘʥʢʪʦʥʦʤ ʠ ʤʝʣʢʠʤʠ ʮʠʢʣʦʧʘʤʠ. ʕʪʦ ʢʨʠʪʠʯʝʩʢʠʡ ʧʝʨʠʦʜ ʚ 

ʞʠʟʥʠ, ʪʘʢ ʢʘʢ ʧʦʜʭʦʜʷʱʝʛʦ ʢʦʨʤʘ ʜʣʷ ʣʠʯʠʥʦʢ, ʦʩʦʙʝʥʥʦ ʚ ʨʝʯʥʳʭ ʧʨʦʪʦʢʘʭ 

ʠ ʚ ʤʦʨʝ, ʦʙʳʯʥʦ ʙʳʚʘʝʪ ʤʘʣʦ. ʇʦʣʦʞʝʥʠʝ ʠʟʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʤʘʣʴʢʠ 

ʧʝʨʝʭʦʜʷʪ ʥʘ ʭʠʱʥʦʝ ʧʠʪʘʥʠʝ. ʇʨʠ ʜʣʠʥʝ ʪʝʣʘ 20 ï 30 ʤʤ ʤʘʣʴʢʠ ʧʦʣʥʦʩʪʴʶ 

ʧʝʨʝʭʦʜʷʪ ʥʘ ʭʠʱʥʦʝ ʧʠʪʘʥʠʝ. ʆʥʠ ʧʦʪʨʝʙʣʷʶʪ ʤʦʣʦʜʴ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʳʙ. 

ɺʟʨʦʩʣʳʡ ʩʫʜʘʢ ʚ ʤʦʨʝ ʧʠʪʘʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʙʳʯʢʘʤʠ ʠ ʢʠʣʴʢʦʡ, ʘ ʪʘʢʞʝ 

ʧʦʪʨʝʙʣʷʝʪ ʚʦʙʣʫ, ʯʝʭʦʥʴ, ʧʫʟʘʥʢʘ. ʇʦʤʠʤʦ ʨʳʙʳ ʚ ʩʦʩʪʘʚ ʝʛʦ ʧʠʱʠ ʚʭʦʜʷʪ 

ʨʘʢʦʦʙʨʘʟʥʳʝ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʤʠʟʠʜʳ [6].  

ɺ ʜʝʣʴʪʝ ʨʝʢʠ ɾʘʡʳʢ ʩʫʜʘʢ ʧʠʪʘʝʪʩʷ ʚʦʙʣʦʡ, ʫʢʣʝʝʡ, ʧʦʢʘʪʥʦʡ ʤʦʣʦʜʴʶ 

ʦʩʝʪʨʦʚʳʭ ʨʳʙ. ɺ ʞʝʣʫʜʢʘʭ ʭʠʱʥʠʢʘ ʦʪʤʝʯʘʣʠʩʴ ʪʘʢʞʝ ʣʝʱ, ʩʫʜʘʢ, ʙʝʨʰ, 

ʦʢʫʥʴ, ʝʨʰ, ʛʫʩʪʝʨʘ, ʯʝʭʦʥʴ, ʧʣʦʪʚʘ, ʷʟʴ, ʧʦʜʫʩʪ, ʩʝʣʴʜʴ. ʀʟ ʥʝʧʨʦʤʳʩʣʦʚʳʭ 

ʨʳʙ ʚ ʩʦʜʝʨʞʠʤʦʤ ʞʝʣʫʜʢʘ ʩʫʜʘʢʘ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʦʜʢʘʤʝʥʱʠʢ, 

ʧʝʩʢʘʨʴ ʠ ʱʠʧʦʚʢʘ. 

ʇʦ ʤʥʦʛʦʣʝʪʥʠʤ ʜʘʥʥʳʤ (ʪʘʙʣ.1), ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʫʜʘʢ ʥʘʯʠʥʘʝʪ 

ʧʠʪʘʪʴʩʷ ʚ ʤʘʨʪʝ ï ʘʧʨʝʣʝ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ, ʦʪʤʝʯʘʝʤʦʝ ʚʝʩʥʦʡ ʚ 

ʩʧʝʢʪʨʝ ʧʠʪʘʥʠʷ ʭʠʱʥʠʢʘ, ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʠʤʝʥʥʦ ʚ ʚʝʩʝʥʥʝʝ ʚʨʝʤʷ ʚ 

ʧʨʝʜʥʝʨʝʩʪʦʚʳʡ ʠ ʥʝʨʝʩʪʦʚʳʡ ʧʝʨʠʦʜʳ ʨʳʙʳ ʚ ʤʘʩʩʝ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʥʘ 

ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʡ ʠ ʤʘʩʩʦʚʳʡ 

ʢʦʨʤʦʚʦʡ ʦʙʲʝʢʪ.  

ʊʘʙʣʠʮʘ 1 ï ʄʥʦʛʦʣʝʪʥʠʝ ʜʘʥʥʳʝ ʧʦ ʧʠʪʘʥʠʶ ʩʫʜʘʢʘ ʚʝʩʥʦʡ ʚ ʨ. ɾʘʡʳʢ 
ɻʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 2001 2005 2007 2008 2009 2012 2013 2014 

ʂʦʣʠʯʝʩʪʚʦ ʨʳʙ, ʰʪ. 20 10 100 11 6 8 25 13 

ɼʣʠʥʘ, ʩʤ 48-62 - 36-40 39-65 38-50 36-47 39-60 50-59 

ɺʝʩ, ʛ 870-

2210 

- 715-

800 

500-

2600 

520-

1735 

164-

1390 

515-

1772 

1147-

1816 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʧʠʪʘʥ-

ʥʦʩʪʠ ʧʦ ʌʫʣʴʪʦʥʫ 

1,16-

1,46 

- - - - - 1,30 1,1-

1,55 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʫʧʠʪʘʥʥʦʩʪʠ ʧʦ ʂʣʘʨʢʫ 

1,08-

1,41 

- - - - - 1,27 1,08-

1,39 

ʉʨʝʜʥʠʡ ʠʥʜʝʢʩ 

ʥʘʧʦʣʥʝʥʠʷ ɾʂʊ, 

ʦ/ʦʦʦ 

0,84 0,05 3,9 0,9 1,0 0,06 635,5 45,32 

ʂʦʣʠʯʝʩʪʚʦ ʧʫʩʪʳʭ 

ʞʝʣʫʜʢʦʚ, ʰʪ. 

8 7 12 2 0 2 12 2 

ɺ ʤʘʝ, ʢʦʛʜʘ ʩʝʛʦʣʝʪʢʠ ʝʱʝ ʥʝ ʧʦʷʚʠʣʠʩʴ, ʩʫʜʘʢ ʧʠʪʘʝʪʩʷ ʛʦʜʦʚʠʢʘʤʠ ʠ 

2-ʣʝʪʢʘʤʠ ʛʫʩʪʝʨʳ, ʧʣʦʪʚʳ ʠ ʫʢʣʝʠ, ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʭʩʷ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʥʘ 

ʤʝʣʢʦʚʦʜʴʝ [7]. 

ʄʦʨʩʢʦʡ ʧʝʨʠʦʜ ʞʠʟʥʠ ʩʫʜʘʢʘ, ʢʘʢ ʠ ʜʨʫʛʠʭ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʚʠʜʦʚ ʨʳʙ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʛʦ ʥʘʛʫʣʦʤ ʠ ʦʪʢʦʨʤʦʤ. ʃʝʪʦʤ, ʩ ʧʦʷʚʣʝʥʠʝʤ ʩʝʛʦʣʝʪʢʦʚ, ʦʥ 

ʧʝʨʝʭʦʜʠʪ ʥʘ ʧʠʪʘʥʠʝ ʠʤʠ, ʧʨʠʯʝʤ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʟʨʦʩʣʳʤʠ ʨʳʙʘʤʠ 

ʧʦʝʜʘʶʪʩʷ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʩʫʜʘʯʢʠ, ʘ ʪʘʢʞʝ ʩʝʛʦʣʝʪʢʠ ʧʣʦʪʚʳ, ʙʝʨʰʘ ʠ 

ʢʠʣʴʢʠ [8]. ɺ 2006 ʛ. ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ, ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʧʠʱʠ ʩʫʜʘʢʘ ʙʳʣ 

ʧʨʝʜʩʪʘʚʣʝʥ: ʚʦʙʣʦʡ, ʣʝʱʦʤ, ʙʳʯʢʘʤʠ, ʢʠʣʴʢʦʡ, ʘʪʝʨʠʥʦʡ (ʪʘʙʣ. 2). 
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ʊʘʙʣʠʮʘ 2 ï ʉʦʩʪʘʚ ʧʠʱʠ ʩʫʜʘʢʘ ʚ ʉʝʚʝʨʥʦʤ ʂʘʩʧʠʠ, ʚ % ʧʦ ʢʦʣʠʯʝʩʪʚʫ 
ɺʠʜ ʧʠʱʠ ʄʝʩʷʮʳ 

ʠʶʥʴ-ʠʶʣʴ ʘʚʛʫʩʪ-ʩʝʥʪʷʙʨʴ 

ʚʦʙʣʘ ï 38 

ʣʝʱ 3 - 

ʙʳʯʦʢ 6 52 

ʢʠʣʴʢʘ 68 5 

ʘʪʝʨʠʥʘ 23 3 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ ʜʦʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʚ ʨʘʮʠʦʥʝ ʩʫʜʘʢʘ ʨʘʟʣʠʯʘʣʘʩʴ 

ʧʦ ʤʝʩʷʮʘʤ. ɺ ʠʶʥʝ-ʠʶʣʝ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʧʠʪʘʥʠʠ ʭʠʱʥʠʢʘ ʠʛʨʘʣʘ ʢʠʣʴʢʘ, ʘ 

ʚ ʘʚʛʫʩʪʝ-ʩʝʥʪʷʙʨʝ ï ʙʳʯʦʢ. ʆʜʥʘʢʦ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʪʘʥʠʷ ʙʳʣʘ ʩʣʘʙʦʡ. 

ʇʨʠʯʠʥʦʡ ʩʥʠʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʪʘʥʠʷ ʩʫʜʘʢʘ ʚ ʉʝʚʝʨʥʦʤ ʂʘʩʧʠʠ 

ʧʦʩʣʫʞʠʣ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʘʢʪʦʨ. ʂʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʜʣʷ ʩʫʜʘʢʘ 

ʩʦʩʪʘʚʣʷʝʪ 25Á ʉ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʧʠʱʠ ʩʫʜʘʢʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʡʦʥʘ ʝʛʦ 

ʦʙʠʪʘʥʠʷ, ʘ ʨʘʟʤʝʨʥʦ-ʚʝʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʝʨʪʚ ï ʦʪ ʚʦʟʨʘʩʪʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʭʠʱʥʠʢʘ. ʈʘʩʭʦʞʜʝʥʠʝ ʩʦʩʪʘʚʘ ʧʠʱʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʪʘʥʠʷ ʫ 

ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʥʳʭ ʛʨʫʧʧ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʦʩʣʘʙʣʷʶʱʠʤ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚʥʫʪʨʠʚʠʜʦʚʳʭ ʧʠʱʝʚʳʭ ʦʪʥʦʰʝʥʠʡ ʫ ʩʫʜʘʢʘ [9]. 

ʆʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʧʠʪʘʥʠʷ ʩʫʜʘʢʘ ʚ ʉʝʚʝʨʥʦʤ ʂʘʩʧʠʠ ʚ 2007 ʛʦʜʫ 

ʷʚʣʷʣʘʩʴ ʢʠʣʴʢʘ, ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʠʣʘ 90%. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʨʤ ï ʘʪʝʨʠʥʘ, ʙʳʯʢʠ. 

ʋ ʩʝʛʦʣʝʪʢʦʚ ʚʩʝʭ ʚʠʜʦʚ ʭʠʱʥʠʢʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʨʘʟʤʝʨʦʚ 

ʨʘʩʰʠʨʷʝʪʩʷ ʩʧʝʢʪʨ ʨʳʙʥʦʛʦ ʧʠʪʘʥʠʷ (ʪʘʙʣ.3). ʊʘʢ, ʫ ʩʝʛʦʣʝʪʦʢ ʩʫʜʘʢʘ ʧʠʱʝʡ 

ʚʥʘʯʘʣʝ ʣʝʪʘ ʩʣʫʞʠʣʘ ʢʠʣʴʢʘ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʩʦʩʪʘʚ ʨʘʮʠʦʥʘ ʥʝʩʢʦʣʴʢʦ 

ʠʟʤʝʥʠʣʩʷ, ʠ ʚ ʩʝʥʪʷʙʨʝ ʤʝʩʷʮʝ ʦʩʥʦʚʦʡ ʨʘʮʠʦʥʘ ʩʣʫʞʠʣʠ ʙʳʯʢʠ (95%), 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʠʱʝʡ ï ʚʦʙʣʘ ʠ ʢʠʣʴʢʘ (5%). 

ʊʘʙʣʠʮʘ 3 ï ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʧʠʱʠ ʩʫʜʘʢʘ ʚ ʤʦʨʝ 
ʃʝʪʦ 

ɺʦʟʨʘʩʪ ʩʫʜʘʢʘ, ʛʦʜʳ 

1 2 3 4 5 6 

ʂʠʣʴʢʘ, ʘʪʝʨʠʥʘ, 

ʙʳʯʢʠ, ʚʦʙʣʘ, ʣʝʱ 

ʂʠʣʴʢʘ ʂʠʣʴʢʘ, ʘʪʝʨʠʥʘ, ʣʝʱ ɹʳʯʦʢ, ʘʪʝʨʠʥʘ 

ʆʩʝʥʴ 

ɺʦʟʨʘʩʪ ʩʫʜʘʢʘ, ʛʦʜʳ 

0+ 1+ 2+ 3+ 4+ 5+ 

ɹʳʯʢʠ, ʢʠʣʴʢʘ, 

ʘʪʝʨʠʥʘ 

ɹʳʯʢʠ ɹʳʯʦʢ, ʚʦʙʣʘ ɹʳʯʦʢ 

ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʧʠʪʘʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʤ 

ʨʘʮʠʦʥʦʤ. ɺ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚ ʩʦʩʪʘʚ ʧʠʱʠ ʚ ʤʦʨʝ ʚʭʦʜʷʪ 4 ʚʠʜʘ: 

ʢʠʣʴʢʘ, ʣʝʱ, ʘʪʝʨʠʥʘ, ʙʳʯʢʠ, ʘ ʦʩʝʥʴʶ ʢ ʵʪʦʤʫ ʩʦʩʪʘʚʫ ʜʦʙʘʚʣʷʝʪʩʷ ʠ ʚʦʙʣʘ. 

ʅʘʠʚʳʩʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʨʤʝʞʢʠ ʦʪʤʝʯʝʥʘ ʦʩʝʥʴʶ ʚ ʧʨʝʜʝʣʘʭ 

ʦʢʪʷʙʨʷ. ɺ ʦʢʪʷʙʨʝ ʭʠʱʥʠʢ ʚ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʪʨʝʙʣʷʝʪ ʢʠʣʴʢʫ ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʡ ʤʘʩʩʦʚʳʡ ʢʦʨʤ. ɺ ʷʥʚʘʨʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʪʘʥʠʷ 

ʩʥʠʞʘʝʪʩʷ, ʦʜʥʘʢʦ ʩʫʜʘʢ ʩʦʭʨʘʥʷʝʪ ʘʢʪʠʚʥʦʩʪʴ [7].  
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ɹʝʨʰ (Sander volgensis) ʭʠʱʥʠʯʘʝʪ ʩ ʧʝʨʚʦʛʦ ʞʝ ʛʦʜʘ ʞʠʟʥʠ, ʜʦʩʪʠʛʥʫʚ 

ʜʣʠʥʳ ʦʢʦʣʦ 20 ʤʤ. ʆʜʥʘʢʦ ʝʛʦ ʤʦʣʦʜʴ ʧʦʝʜʘʝʪ, ʢʨʦʤʝ ʣʠʯʠʥʦʢ ʠ ʤʘʣʴʢʦʚ 

ʨʳʙ ʚʦ ʚʨʝʤʷ ʩʢʘʪʘ ʠ ʥʘ ʧʦʣʦʷʭ, ʤʥʦʛʦ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ, ʠʟ ʢʦʪʦʨʳʭ 

ʫ ʙʝʨʰʘ ʜʣʠʥʦʡ ʜʦ 35 ʤʤ ʚ ʧʠʱʝ ʧʨʝʦʙʣʘʜʘʶʪ ʚʝʪʚʠʩʪʦʫʩʳʝ ʠ ʚʝʩʣʦʥʦʛʠʝ 

ʨʘʯʢʠ, ʘ ʟʘʪʝʤ ï ʤʠʟʠʜʳ, ʣʠʯʠʥʢʠ ʭʠʨʦʥʦʤʠʜ, ʩʪʨʝʢʦʟ ʠ ʧʨ. ɺ ʥʠʟʦʚʴʷʭ ʨ. 

ɾʘʡʳʢ ʚ ʞʝʣʫʜʢʘʭ ʤʦʣʦʜʳʭ ʙʝʨʰʝʡ ʤʠʟʠʜʳ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʩʪʦʷʥʥʦ, ʥʝʨʝʜʢʦ 

ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ. 

ɺʟʨʦʩʣʳʡ ʙʝʨʰ ʧʠʪʘʝʪʩʷ ʧʦʯʪʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʤʝʣʢʦʡ ʨʳʙʦʡ. ʆʙʲʝʢʪʳ 

ʝʛʦ ʧʠʱʠ ï ʧʝʩʢʘʨʴ, ʝʨʰ, ʫʢʣʝʷ, ʱʠʧʦʚʢʘ, ʙʳʯʢʠ, ʤʦʣʦʜʴ ʧʣʦʪʚʳ ʠ ʜʨʫʛʠʭ 

ʢʘʨʧʦʚʳʭ ʠ ʦʢʫʥʝʚʳʭ ʨʳʙ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʮʝʥʥʳʭ ʧʨʦʤʳʩʣʦʚʳʭ. ʀʟ-ʟʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʦʛʦ ʛʦʨʣʘ ʙʝʨʰʘ ʨʘʟʤʝʨʳ ʝʛʦ ʞʝʨʪʚ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʶʪ 

7,5 ʩʤ [10]. 

ʋ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʙʝʨʰʝʡ, ʚ ʠʶʣʝ 2014 ʛʦʜʘ ʜʣʠʥʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 28 

ʜʦ 33 ʩʤ, ʚʝʩ ʦʪ 290 ʜʦ 353 ʛ. ʉʪʝʧʝʥʴ ʥʘʧʦʣʥʝʥʠʷ ʞʝʣʫʜʢʦʚ ʥʝ ʧʨʝʚʳʰʘʣʘ 1. 

ʇʠʱʝʚʦʡ ʢʦʤʦʢ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʘʚʣʷʣʘ ʧʝʨʝʚʘʨʝʥʥʘʷ ʧʠʱʘ, ʫ ʜʚʫʭ 

ʵʢʟʝʤʧʣʷʨʦʚ ʚ ʞʝʣʫʜʢʘʭ ʦʙʥʘʨʫʞʝʥʳ ʩʠʣʴʥʦ ʨʘʟʨʫʰʝʥʥʳʝ ʣʠʯʠʥʢʠ ʨʳʙ ʠ 

ʩʣʠʟʴ. 

ɼʦʣʷ ʧʫʩʪʳʭ ʞʝʣʫʜʢʦʚ ʩʦʩʪʘʚʠʣʘ 50%. ʉʨʝʜʥʠʡ ʠʥʜʝʢʩ ʥʘʧʦʣʥʝʥʠʷ 

ʞʝʣʫʜʢʦʚ ʨʘʚʝʥ 10,29
 ʦ

/ʦʦʦ. ʇʨʦʩʚʝʪ ʢʠʰʝʯʥʠʢʘ ʟʘʧʦʣʥʝʥ ʞʠʨʦʚʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʘʢʦʨʤʣʝʥʥʦʩʪʴ ʙʝʨʰʘ ʙʳʣʘ 

ʭʦʨʦʰʘʷ [7]. 

ɾʝʨʝʭ (Aspius aspius) ð ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤ 

ʭʠʱʥʠʢʦʤ ʠʟ ʩʝʤʝʡʩʪʚʘ ʢʘʨʧʦʚʳʭ ʨʳʙ. ʄʦʣʦʜʴ ʞʝʨʝʭʘ, ʥʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ 

ʞʠʟʥʠ ʧʦʪʨʝʙʣʷʝʪ ʤʝʣʢʠʭ ʨʘʢʦʦʙʨʘʟʥʳʭ ʦʪʨʷʜʦʚ Copepoda ʠ Cladocera, 

ʚʩʧʣʳʚʘʶʱʠʭ ʣʠʯʠʥʦʢ ʠ ʢʫʢʦʣʦʢ ʭʠʨʦʥʦʤʠʜ, ʜʨʫʛʠʭ ʥʘʩʝʢʦʤʳʭ, ʧʦʧʘʜʘʶʱʠʭ 

ʚ ʚʦʜʫ. ɺ ʘʚʛʫʩʪʝ-ʩʝʥʪʷʙʨʝ, ʧʨʠ ʜʣʠʥʝ 5-9 ʩʤ ʩʝʛʦʣʝʪʢʠ ʥʘʯʠʥʘʶʪ ʧʦʪʨʝʙʣʷʪʴ 

ʙʳʯʢʦʚ, ʤʦʣʦʜʴ ʚʦʙʣʳ, ʛʫʩʪʝʨʳ, ʫʢʣʝʠ, ʯʝʭʦʥʠ, ʩʘʟʘʥʘ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʚ ʵʪʦʪ 

ʧʝʨʠʦʜ 30 % ʦʪ ʤʘʩʩʳ ʚʩʝʡ ʧʠʱʠ. ɾʝʨʝʭ ʜʣʠʥʦʡ ʙʦʣʝʝ 9 ʩʤ ʧʠʪʘʝʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʨʳʙʦʡ.  

ɾʝʨʪʚʘʤʠ ʞʝʨʝʭʘ ʩʪʘʥʦʚʷʪʩʷ ʤʝʣʢʠʝ ʨʳʙʢʠ, ʪʘʢ ʢʘʢ ʫ ʥʝʛʦ ʦʯʝʥʴ ʫʟʢʘʷ 

ʛʣʦʪʢʘ, ʢʦʪʦʨʘʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʣʦʪʠʪʴ ʢʨʫʧʥʫʶ ʨʳʙʫ. ɼʣʠʥʘ ʝʛʦ ʜʦʙʳʯʠ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 6-7% ʦʪ ʜʣʠʥʳ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʣʘ ï ʵʪʦ ʥʘʠʤʝʥʴʰʠʡ ʧʦʢʘʟʘʪʝʣʴ 

ʩʨʝʜʠ ʚʩʝʭ ʭʠʱʥʠʢʦʚ. ʅʘʧʨʠʤʝʨ, ʩʫʜʘʢ ʤʦʞʝʪ ʟʘʛʣʦʪʠʪʴ ʜʦʙʳʯʫ ʜʣʠʥʦʡ ʜʦ 10-

11% ʦʪ ʜʣʠʥʳ ʝʛʦ ʪʝʣʘ, ʱʫʢʘ ï ʜʦ 50%. 

ɿʠʤʦʡ ʞʝʨʝʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʢʦʨʤʠʪʩʷ. ʉ ʧʨʠʭʦʜʦʤ ʚʝʩʥʳ ʩʨʘʟʫ 

ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʥʝʨʝʩʪ. ʇʦʩʣʝ ʠʢʨʦʤʝʪʘ ʨʳʙʘ ʥʘʩʪʦʣʴʢʦ ʦʩʣʘʙʣʝʥʘ, ʯʪʦ ʥʝ 

ʩʧʦʩʦʙʥʘ ʧʦʡʤʘʪʴ ʜʘʞʝ ʤʝʣʢʫʶ ʨʳʙʫ. ɺ ʵʪʦ ʚʨʝʤʷ ʩ ʪʘʣʦʡ ʚʦʜʦʡ ʚ ʨʝʢʫ 

ʧʦʧʘʜʘʝʪ ʤʥʦʛʦ ʯʝʨʚʝʡ, ʢʦʪʦʨʳʝ ʠ ʩʪʘʥʦʚʷʪʩʷ ʩʧʘʩʝʥʠʝʤ ʜʣʷ ʞʝʨʝʭʘ. ʇʦ ʤʝʨʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʣ ʨʳʙʘ ʩʥʦʚʘ ʥʘʯʠʥʘʝʪ ʦʭʦʪʠʪʴʩʷ ʥʘ ʤʘʣʴʢʘ. ʃʝʪʦʤ, ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʥʘʩʝʢʦʤʳʭ ʞʝʨʝʭ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʭʚʘʪʘʝʪ ʫʧʘʚʰʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʦʜʳ ʞʫʢʦʚ, ʤʫʭ ʠ ʩʪʨʝʢʦʟ[11].  

ɾʝʨʝʭ, ʦʪʦʙʨʘʥʥʳʡ ʥʘ ʧʠʪʘʥʠʝ ʚ ʠʶʣʝ 2014 ʛʦʜʘ, ʠʤʝʣ ʨʘʟʤʝʨʳ ʦʪ 44 ʜʦ 

51 ʩʤ, ʚʝʩ ʦʪ 854 ʜʦ 1269 ʛ. ʋ 100% ʨʳʙ ʞʝʣʫʜʢʠ ʟʘʧʦʣʥʝʥʳ ʩʣʘʙʦ, ʩʪʝʧʝʥʴ 

ʥʘʧʦʣʥʝʥʠʷ ʧʦ ʰʢʘʣʝ ʅ.ɺ. ʃʝʙʝʜʝʚʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 1. ʆʩʥʦʚʫ ʧʠʱʝʚʦʛʦ ʢʦʤʢʘ 
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ʩʦʩʪʘʚʣʷʣʘ ʧʝʨʝʚʘʨʝʥʥʘʷ ʧʠʱʘ. ʉʨʝʜʥʠʡ ʠʥʜʝʢʩ ʥʘʧʦʣʥʝʥʠʷ ʞʝʣʫʜʢʘ ï 8,46
 

ʦ
/ʦʦʦ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʫʧʠʪʘʥʥʦʩʪʠ ʞʝʨʝʭʘ ʩʦʩʪʘʚʠʣʠ: ʧʦ ʌʫʣʴʪʦʥʫ ï 1,45 - 1,84; 

ʧʦ ʂʣʘʨʢʫ ï 1,38 - 1,66. ʉʭʦʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʧʨʦʰʣʳʭ ʣʝʪ (ʪʘʙʣ.4)[7]. 

ʊʘʙʣʠʮʘ 4 ï ʄʥʦʛʦʣʝʪʥʠʝ ʜʘʥʥʳʝ ʧʦ ʧʠʪʘʥʠʶ ʞʝʨʝʭʘ ʚ ʠʶʣʝ, ʚ ʨ. ɾʘʡʳʢ 

(2001-2014 ʛʛ.) 
ɻʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 2001 2005 2008 2009 2012 2014 

ʂʦʣʠʯʝʩʪʚʦ ʨʳʙ, ʰʪ. 10 10 11 10 10 5 

ɼʣʠʥʘ, ʩʤ 42-51 42-50 26-51 37-51 30-53 44-51 

ɺʝʩ, ʛ 700-

1400 

800-

1350 

160-

1180 

210-

1050 

530-

1280 

854-

1269 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʫʧʠʪʘʥʥʦʩʪʠ ʧʦ 

ʌʫʣʴʪʦʥʫ 

1,35 1,70 - - - 1,65 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʫʧʠʪʘʥʥʦʩʪʠ ʧʦ ʂʣʘʨʢʫ 

1,23 1,52 - - - 1,52 

ʉʨʝʜʥʠʡ ʠʥʜʝʢʩ 

ʥʘʧʦʣʥʝʥʠʷ ɾʂʊ, ʦ/ʦʦʦ 

0,05 0,06 1,65 0,09 1,15 8,46 

ʂʦʣʠʯʝʩʪʚʦ ʧʫʩʪʳʭ 

ʞʝʣʫʜʢʦʚ, ʰʪ. 

6 5 2 5 3 0 

ʉʦʤ (Silurus glanis) ï ʭʠʱʥʘʷ ʨʳʙʘ, ʧʠʪʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʩʫʤʝʨʢʘʭ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʧʨʠ ʧʦʠʩʢʝ ʞʝʨʪʚʳ ʫʩʠʢʘʤʠ ʠ ʚʩʝʡ ʢʦʞʝʡ ʥʘ 

ʢʦʣʝʙʘʥʠʷ ʚʦʜʳ. ʇʠʱʫ ʤʘʣʴʢʦʚ ʩʦʤʘ ʩʦʩʪʘʚʣʷʶʪ ʤʠʟʠʜʳ, ʣʠʯʠʥʢʠ 

ʭʠʨʦʥʦʤʠʜ, ʚʝʩʥʷʥʢʠ, ʚʦʜʷʥʳʝ ʢʣʦʧʳ ʠ ʞʫʢʠ, ʧʠʷʚʢʠ, ʤʦʣʣʶʩʢʠ, 

ʛʦʣʦʚʘʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʣʠʯʠʥʢʠ ʠ ʤʦʣʦʜʴ ʨʳʙ. ʈʳʙʘ ʧʦʷʚʣʷʝʪʩʷ ʚ ʧʠʪʘʥʠʠ 

ʩʝʛʦʣʝʪʢʦʚ 4 ʩʤ ʜʣʠʥʦʡ, ʘ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 12-13 ʩʤ ʨʳʙʘ ʩʪʘʥʦʚʠʪʩʷ ʦʩʥʦʚʥʦʡ 

ʧʠʱʝʡ ʩʦʤʘ, ʝʝ ʜʦʧʦʣʥʷʶʪ ʢʨʫʧʥʳʝ ʥʘʩʝʢʦʤʳʝ (ʩʘʨʘʥʯʘ, ʤʝʜʚʝʜʢʘ), ʨʘʢʠ, 

ʣʷʛʫʰʢʠ, ʛʨʳʟʫʥʳ ʠ ʜʘʞʝ ʧʪʠʮʳ (ʦʩʦʙʝʥʥʦ ʧʪʝʥʮʳ ʚʦʜʦʧʣʘʚʘʶʱʠʭ). ɺ 

ʧʨʝʩʥʳʭ ʚʦʜʦʝʤʘʭ ʚʟʨʦʩʣʳʝ ʩʦʤʳ ʧʠʪʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʜʦʥʥʳʤʠ ʚʠʜʘʤʠ 

ʨʳʙ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ ï ʢʘʨʧʦʚʳʤʠ, 

ʦʢʫʥʝʚʳʤʠ, ʙʳʯʢʦʚʳʤʠ, ʤʦʣʦʜʴʶ ʦʩʝʪʨʦʚʳʭ [8]. 

ɺ 2001 ʛʦʜʫ, ʚʝʩʥʦʡ ʧʠʱʝʚʳʝ ʢʦʤʢʠ ʩʦʤʦʚ, ʠʟʲʷʪʳʭ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ, 

ʩʦʩʪʦʷʣʠ ʣʠʰʴ ʠʟ ʦʜʥʦʛʦ ʢʦʨʤʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ï ʚʦʙʣʳ, ʥʘ ʜʦʣʶ ʢʦʪʦʨʦʡ 

ʧʨʠʭʦʜʠʣʦʩʴ 90,4% ʚʝʩʦʚʦʛʦ ʩʦʩʪʘʚʘ. 

ɺ 2008 ʛʦʜʫ ʩʦʩʪʘʚ ʧʠʱʠ ʩʦʤʘ ʬʦʨʤʠʨʦʚʘʣʘ ʪʘʢʞʝ ʨʳʙʘ (42,7%). 

ʆʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʧʠʪʘʥʠʷ ʩʦʤʘ ʙʳʣʠ: ʚʦʙʣʘ, ʙʳʯʢʠ, ʩʫʜʘʢ, ʨʳʙʘ-ʠʛʣʘ. ʀʟ 

ʨʘʢʦʦʙʨʘʟʥʳʭ ʚ ʧʠʱʝʚʦʤ ʢʦʤʢʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʢʨʘʙʠʢ Rhithrohfnopeus hariisii 

(Could), ʥʦ ʜʦʣʷ ʝʛʦ ʥʝʚʝʣʠʢʘ ï 0,7%. ʉʧʝʢʪʨ ʧʠʪʘʥʠʷ ʫ ʩʦʤʘ ʚ 2008 ʛ ʠ 2007 ʛ. 

ʙʳʣ ʩʭʦʞ, ʪʦʣʴʢʦ ʚ 2007 ʛ. ʚ ʧʠʱʝʚʦʤ ʢʦʤʢʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʝʱʝ ʠ ʤʦʣʣʶʩʢʠ. 

ʉʧʝʢʪʨ ʧʠʪʘʥʠʷ ʩʦʤʘ ʚ 2009 ʛʦʜʫ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʤʥʦʛʦʱʝʪʠʥʢʦʚʳʤ 

ʯʝʨʚʝʤ H. diversicolor, ʨʘʢʦʦʙʨʘʟʥʳʤʠ, ʤʦʣʣʶʩʢʦʤ Hypanis sp., ʨʳʙʦʡ ʠ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. ʂʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʩʥʦʚʫ ʧʠʱʠ ʩʦʤʘ ʥʘ ʪʨʠ 

ʯʝʪʚʝʨʪʠ ʬʦʨʤʠʨʦʚʘʣʘ ʨʳʙʘ. ɺʪʦʨʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʣʠ ʨʘʢʦʦʙʨʘʟʥʳʝ, ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʢʨʘʙʘ R. harrisii. ʅʘ ʜʦʣʶ ʦʩʪʘʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚ ʦʙʱʝʡ 

ʩʣʦʞʥʦʩʪʠ ʧʨʠʭʦʜʠʣʦʩʴ ʤʝʥʝʝ 2% ʤʘʩʩʳ. ʄʠʥʝʨʘʣʴʥʳʝ ʯʘʩʪʠʮʳ, 
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ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʫ ʧʦʣʦʚʠʥʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʨʳʙ, ʚʝʨʦʷʪʥʦ, ʟʘʛʣʘʪʳʚʘʣʠʩʴ ʩʣʫʯʘʡʥʦ ʧʨʠ ʩʙʦʨʝ ʯʝʨʚʝʡ ʠ ʨʘʢʦʦʙʨʘʟʥʳʭ.  

ɺ 2012 ʛʦʜʫ ʩʦʩʪʘʚ ʧʠʱʠ ʩʦʤʘ ʬʦʨʤʠʨʦʚʘʣʠ ʪʘʢʞʝ ʚ ʦʩʥʦʚʥʦʤ ʨʳʙʳ 

(31,31%). ʆʙʲʝʢʪʘʤʠ ʧʠʪʘʥʠʷ ʩʪʘʣʠ ʚʦʙʣʘ, ʢʠʣʴʢʘ ʠ ʤʦʣʦʜʴ ʦʩʝʪʨʦʚʳʭ. 

ʇʦʤʠʤʦ ʨʳʙʳ, ʩʦʤ ʧʦʪʨʝʙʣʷʣ ʨʘʢʦʦʙʨʘʟʥʳʭ (14,42%)[7]. 

ʂʦʣʠʯʝʩʪʚʦ ʨʳʙ, ʚʟʷʪʳʭ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʠʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʧʠʪʘʥʥʦʩʪʠ ʠ ʩʨʝʜʥʠʡ ʠʥʜʝʢʩ ʥʘʧʦʣʥʝʥʠʷ ɾʂʊ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. 

ʊʘʙʣʠʮʘ 5 - ʄʥʦʛʦʣʝʪʥʠʝ ʜʘʥʥʳʝ ʧʦ ʧʠʪʘʥʠʶ ʩʦʤʘ ʚʝʩʥʦʡ, ʚ ʨ. ɾʘʡʳʢ 

(2001-2012 ʛʛ.) 
ɻʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 2001 2008 2009 2012 

ʂʦʣʠʯʝʩʪʚʦ ʨʳʙ, ʰʪ. 36 13 15 2 

ɼʣʠʥʘ, ʩʤ 53-93 37-84 40-69 50-71 

ɺʝʩ, ʛ 860-5400 350-4800 780-3500 820-4100 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʧʠʪʘʥʥʦʩʪʠ ʧʦ ʌʫʣʴʪʦʥʫ 0,68-1,06 - - - 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʧʠʪʘʥʥʦʩʪʠ ʧʦ ʂʣʘʨʢʫ 0,62-1,02 - - - 

ʉʨʝʜʥʠʡ ʠʥʜʝʢʩ ʥʘʧʦʣʥʝʥʠʷ ɾʂʊ, ʦ/ʦʦʦ 1,3 0,65 0,2 1,48 

ʂʦʣʠʯʝʩʪʚʦ ʧʫʩʪʳʭ ʞʝʣʫʜʢʦʚ, ʰʪ. 18 3 8 0 

ɺ ʩʪʨʫʢʪʫʨʝ ʧʠʱʝʚʦʡ ʮʝʧʠ ʭʠʱʥʳʝ ʨʳʙʳ ʟʘʥʠʤʘʶʪ 4 ʪʨʦʬʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ, ʷʚʣʷʷʩʴ ʤʘʢʨʦʬʘʛʘʤʠ. ɺʳʝʜʘʷ ʚ ʤʘʩʩʝ ʤʝʣʢʠʭ ʤʘʣʦʮʝʥʥʳʭ ʨʳʙ, 

ʩʥʠʞʘʶʪ ʧʠʱʝʚʫʶ ʢʦʥʢʫʨʝʥʮʠʶ ʤʝʞʜʫ ʥʠʤʠ ʠ ʮʝʥʥʳʤʠ ʚʠʜʘʤʠ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʷ ʫʩʣʦʚʠʷ ʧʠʪʘʥʠʷ ʧʦʩʣʝʜʥʠʭ [12]. 

ɹʦʣʝʝ 20% ʚ ʨʘʮʠʦʥʝ ʚʩʝʭ ʭʠʱʥʠʢʦʚ ʚ ʥʠʞʥʝʡ ʟʦʥʝ ʩʦʩʪʘʚʣʷʝʪ ʪʘʢʦʡ 

ʤʘʩʩʦʚʳʡ ʧʨʦʤʳʩʣʦʚʳʡ ʚʠʜ ʢʘʢ ʚʦʙʣʘ, ʠʤʝʶʱʠʡ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ 

ʚʝʩʝʥʥʝʤ ʦʪʢʦʨʤʝ ʚʩʝʭ ʭʠʱʥʠʢʦʚ. ʂ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤ ʧʠʱʝʚʳʤ ʩʚʷʟʷʤ 

ʦʪʥʦʩʠʪʩʷ ʧʠʪʘʥʠʝ ʦʨʛʘʥʠʟʤʘʤʠ, ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʦʪ 5 ʜʦ 20% ʛʦʜʦʚʦʛʦ 

ʨʘʮʠʦʥʘ. ʕʪʦ ʚ ʦʩʥʦʚʥʦʤ, ʪʫʚʦʜʥʳʝ ʨʳʙʳ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʠʜʦʤ 

ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʷʚʣʷʝʪʩʷ ʛʫʩʪʝʨʘ, ʢʦʪʦʨʦʡ ʧʠʪʘʶʪʩʷ ʚʩʝ ʚʠʜʳ ʭʠʱʥʳʭ ʨʳʙ [13]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʧʠʱʝʚʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʭʠʱʥʳʭ ʨʳʙ 

ʥʝʣʴʟʷ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʤʝʞʜʫ ʥʠʤʠ ʚ ʧʠʪʘʥʠʠ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʶʪ 

ʥʘʧʨʷʞʝʥʥʳʝ ʧʠʱʝʚʳʝ ʦʪʥʦʰʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʫ ʩʦʤʘ ʠ ʩʫʜʘʢʘ ʚ ʧʠʱʝʚʦʤ 

ʢʦʤʢʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ʚʦʙʣʘ ʠ ʧʦʪʨʝʙʣʷʣʘʩʴ ʦʥʘ ʧʦʯʪʠ ʚ ʦʜʠʥʘʢʦʚʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ: ʫ ʚʦʙʣʳ ï 91,2% ʧʦ ʚʝʩʫ, ʫ ʩʦʤʘ ï 90,4% ʧʦ ʚʝʩʫ. ʆʜʥʘʢʦ, ʫ ʵʪʠʭ 

ʜʚʫʭ ʚʠʜʦʚ ʨʘʟʥʘʷ ʩʨʝʜʘ ʦʙʠʪʘʥʠʷ ï ʩʫʜʘʢ ʧʨʝʜʧʦʯʠʪʘʝʪ ʙʦʣʝʝ ʯʠʩʪʫʶ, 

ʧʨʦʪʦʯʥʫʶ ʚʦʜʫ, ʘ ʩʦʤ ʦʙʳʯʥʦ ʦʙʠʪʘʝʪ ʚ ʠʣʠʩʪʳʭ ʤʝʩʪʘʭ. 

ʄʦʣʦʜʴ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʭʠʱʥʳʭ ʨʳʙ ʧʨʝʜʧʦʯʠʪʘʝʪ ʨʘʟʣʠʯʥʳʝ ʫʯʘʩʪʢʠ 

ʨʝʢʠ, ʛʜʝ ʪʨʦʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʢʘʢ ʠ ʩʦʩʪʘʚ ʢʦʨʤʦʚʦʡ ʙʘʟʳ ʜʣʷ ʥʠʭ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʨʫʛ ʜʣʷ ʜʨʫʛʘ ʦʥʠ, ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʞʠʟʥʠ, 

ʷʚʥʳʤʠ ʧʠʱʝʚʳʤʠ ʢʦʥʢʫʨʝʥʪʘʤʠ ʥʝ ʷʚʣʷʶʪʩʷ.  

ʅʘʧʨʷʞʝʥʥʘʷ ʧʠʱʝʚʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʚʦʟʤʦʞʥʘ ʜʣʷ ʤʘʣʴʢʦʚ ʩʫʜʘʢʘ ʠ 

ʙʝʨʰʘ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ, ʢʦʛʜʘ ʦʙʲʝʢʪʳ ʠʭ ʧʠʪʘʥʠʷ, ʚʨʝʤʷ ʠ ʤʝʩʪʘ 

ʦʪʢʦʨʤʘ ʩʦʚʧʘʜʘʶʪ [14]. 
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(ʕʂʆʃʆɻʆ-ɻɽʆʄʆʈʌʆʃʆɻʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ)  

ʉ.ɻ. ʇʣʘʪʦʥʦʚʘ, ɺ.ɺ. ʉʢʨʠʧʢʦ 

ɹʘʨʥʘʫʣ, ʈʦʩʩʠʷ 

ʕʢʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʦʭʚʘʪʳʚʘʶʪ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʦʣʴʶ ʠ ʬʫʥʢʮʠʷʤʠ ʨʝʣʴʝʬʘ ʚ 

ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʝ çʧʨʠʨʦʜʘ-ʭʦʟʷʡʩʪʚʦ-ʥʘʩʝʣʝʥʠʝè [5-8] ʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʚʳʷʚʣʝʥʠʝ ʜʦʣʠ ʫʯʘʩʪʠʷ ʧʨʠʛʨʘʥʠʯʥʳʭ ʩʫʙʲʝʢʪʦʚ ʨʘʟʥʳʭ ʛʦʩʫʜʘʨʩʪʚ ʚ 

ʪʨʘʥʩʛʨʘʥʠʯʥʦʤ ʧʝʨʝʥʦʩʝ ʟʘʛʨʷʟʥʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʣʴʝʬʘ. 

ʊʨʘʥʩʛʨʘʥʠʯʥʳʡ ʙʘʩʩʝʡʥ ʨʝʢʠ ʀʨʪʳʰ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʪʨʸʭ 

ʛʦʩʫʜʘʨʩʪʚ: ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʂʘʟʘʭʩʪʘʥʘ ʠ ʂʠʪʘʷ. ʆʥ ʦʭʚʘʪʳʚʘʝʪ ʪʘʢʞʝ 

ʠʤʝʶʱʠʝ ʪʨʘʥʩʛʨʘʥʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʙʘʩʩʝʡʥʳ ʣʝʚʳʭ ʧʨʠʪʦʢʦʚ ʀʨʪʳʰʘ - 

ʀʰʠʤʘ ʠ ʊʦʙʦʣʘ. ɸʥʘʣʠʟ ʵʢʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʀʨʪʳʰ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʦʥʷʪʠʡ çʵʢʦʣʦʛʠʯʝʩʢʠʝè ʠ çʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝè. 

çʕʢʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠè - ʚ ʢʦʥʪʝʢʩʪʝ ʧʨʦʙʣʝʤʳ ʥʘʩʪʦʷʱʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ - ʵʪʦ ʩʦʩʪʦʷʥʠʝ ʪʝʨʨʠʪʦʨʠʡ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʫʨʦʚʥʝʤ ʚʦʟʜʝʡʩʪʚʠʷ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʟʘʛʨʷʟʥʝʥʠʝ. 

çɻʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠè - ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʸʪ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʠʣʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ 

ʩʤʝʞʥʳʝ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʧʝʨʝʤʝʱʝʥʠʷ 

ʚʝʱʝʩʪʚʘ, ʬʦʨʤʠʨʫʶʱʠʭ ʪʨʘʥʩʛʨʘʥʠʯʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ, ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ 

ʪʦʣʴʢʦ ʚʦʟʜʫʰʥʳʝ ʤʘʩʩʳ, ʚʦʜʥʳʝ ʧʦʪʦʢʠ ʠ ʫʛʣʳ ʥʘʢʣʦʥʘ ʤʝʩʪʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʝʨʝʤʝʱʝʥʠʝ ʚʦʟʜʫʰʥʳʭ, ʚʦʜʥʳʭ ʠ ʛʨʫʥʪʦʚʳʭ 

(ʣʠʪʦʧʦʪʦʢʦʚ) ʧʦʪʦʢʦʚ. ʈʝʣʴʝʬ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʜʥʳʭ ʠ ʣʠʪʦʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʨʝʜʦʡ 

ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʛʨʷʟʥʝʥʠʡ, ʠ ʚʣʠʷʝʪ ʥʘ ʜʚʠʞʝʥʠʝ ʚʦʟʜʫʰʥʳʭ 

ʤʘʩʩ.  

ʆʩʥʦʚʫ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʵʢʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʚʳʜʝʣʝʥʠʠ ʵʢʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ (ʕɻʈ) ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [9]. ɺʳʜʝʣʝʥʠʝ ʕɻʈ ʧʨʦʠʟʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʝ ʢʘʨʪʦʩʭʝʤʳ 

ʧʨʠʨʦʜʥʳʭ ʦʧʘʩʥʦʩʪʝʡ ʠ ʨʠʩʢʦʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʪʨʘʥʩʛʨʘʥʠʯʥʦʤ ʙʘʩʩʝʡʥʝ ʀʨʪʳʰʘ (ʚʤʝʩʪʝ ʩ ʙʘʩʩʝʡʥʘʤʠ ʊʦʙʦʣʘ ʠ ʀʰʠʤʘ - 

ʝʛʦ ʢʨʫʧʥʳʭ ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʣʝʚʳʭ ʧʨʠʪʦʢʦʚ), ʩ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʙʘʩʩʝʡʥʦʚʳʭ 

ʛʨʘʥʠʮ, ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ, ʤʦʨʬʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʛʨʘʥʠʮ 

ʢʨʫʧʥʳʭ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ [10]. ɼʣʷ ʢʘʞʜʦʛʦ ʨʘʡʦʥʘ ʚʳʷʚʣʝʥ ʪʠʧ 

ʝʛʦ ʧʦ ʩʦʩʪʦʷʥʠʶ - ʧʦ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʫ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ, 

ʚʦʜʥʳʭ ʠ ʣʠʪʦʧʦʪʦʢʦʚ. ʆʮʝʥʢʘ ʭʘʨʘʢʪʝʨʘ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʯʝʨʝʟ ʩʦʚʦʢʫʧʥʫʶ ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ 

ʪʝʨʨʠʪʦʨʠʶ ʚ ʧʨʝʜʝʣʘʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʨʘʡʦʥʦʚ ʧʨʠʛʨʘʥʠʯʥʳʭ ʩʫʙʲʝʢʪʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʚʳʰʝʥʘʟʚʘʥʥʳʝ ʙʘʩʩʝʡʥʳ, ʧʦʟʚʦʣʠʣʘ ʚʳʜʝʣʠʪʴ ʛʨʫʧʧʳ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʩʫʙʲʝʢʪʦʚ ʧʨʠʛʨʘʥʠʯʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
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ʚʦʟʜʝʡʩʪʚʠʷ ʵʪʦʛʦ ʬʘʢʪʦʨʘ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʚ ʛʨʘʥʠʮʘʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ 

ʩʫʙʲʝʢʪʦʚ ʪʠʧʦʚ ʵʢʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ ʧʦ ʩʦʩʪʦʷʥʠʶ ʠ 

ʭʘʨʘʢʪʝʨʫ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ, ʚʦʜʥʳʭ ʠ ʣʠʪʦʧʦʪʦʢʦʚ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ 

ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʩ ʜʨʫʛʦʡ, ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ 

ʠʥʪʝʛʨʘʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʩʝʛʦ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʧʦ ʩʪʝʧʝʥʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ. 

ʕʢʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʨʘʡʦʥʳ - ʵʪʦ ʨʘʡʦʥʳ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʝʜʠʥʩʪʚʦʤ ʩʚʦʡʩʪʚ ʧʨʠʨʦʜʳ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʦʚʦʜʠʤʳʭ ʚ 

ʵʪʠʭ ʨʘʡʦʥʘʭ [9]. ʈʘʟʜʝʣʷʶʱʠʝ ʵʢʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʨʘʡʦʥʳ ʛʨʘʥʠʮʳ 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʝʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʝʤʝʱʝʥʠʶ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ.  

ɺ ʪʨʘʥʩʛʨʘʥʠʯʥʦʤ ʙʘʩʩʝʡʥʝ ʀʨʪʳʰʘ ʚ ʧʨʝʜʝʣʘʭ ʰʝʩʪʠ ʵʢʦʣʦʛʦ-

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ (ɸʣʪʘʡʩʢʦʡ, ʀʨʪʳʰ-ɿʘʡʩʘʥʩʢʦʡ, ʋʨʘʣʴʩʢʦʡ, 

ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ, ʎʝʥʪʨʘʣʴʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ, ʊʫʨʛʘʡʩʢʦʡ), ʩʦʦʪʥʦʩʠʤʳʭ ʩ 

ʢʨʫʧʥʳʤʠ ʤʦʨʬʦʩʪʨʫʢʪʫʨʘʤʠ, ʘ ʪʘʢʞʝ ʚ ʧʨʝʜʝʣʘʭ ʜʦʣʠʥ ʀʨʪʳʰʘ, ʊʦʙʦʣʘ, 

ʀʰʠʤʘ ʙʳʣʦ ʚʳʜʝʣʝʥʳ ʵʢʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʨʘʡʦʥʳ (ʕɻʈ). ʇʦ 

ʭʘʨʘʢʪʝʨʫ ʜʚʠʞʝʥʠʷ ʚʦʜʥʳʭ ʠ ʣʠʪʦʧʦʪʦʢʦʚ ʧʨʦʚʝʜʝʥʘ ʪʠʧʦʣʦʛʠʷ ʩʦʩʪʦʷʥʠʡ 

ʚʳʜʝʣʝʥʥʳʭ ʵʢʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ (ʕɻʈ), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʠʣʠ ʤʦʛʫʪ ʙʳʪʴ ʩʨʝʜʦʡ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʛʨʷʟʥʝʥʠʡ. ɺʩʝʛʦ 

ʚʳʜʝʣʝʥʦ 5 ʪʠʧʦʚ ʩʦʩʪʦʷʥʠʡ ʧʦ ʘʥʘʣʦʛʠʠ ʩ [9]: ʜʠʚʝʨʛʝʥʪʥʳʡ, ʪʨʘʥʟʠʪʥʳʡ, 

ʢʦʥʚʝʨʛʝʥʪʥʳʡ, ʪʨʘʥʟʠʪʥʦ-ʜʠʚʝʨʛʝʥʪʥʳʡ ʠ ʪʨʘʥʟʠʪʥʦ-ʢʦʥʚʝʨʛʝʥʪʥʳʡ 

(ʪʘʙʣ. 1). ɺʳʜʝʣʝʥʠʝ ʵʪʠʭ ʪʠʧʦʚ ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ 

ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʤʠ ʚʳʥʦʩ, ʪʨʘʥʟʠʪ ʠ ʥʘʢʦʧʣʝʥʠʝ ʪʚʝʨʜʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʝʛʦ ʟʘʛʨʷʟʥʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʨʘʥʟʠʪʥʦ-

ʜʠʚʝʨʛʝʥʪʥʳʡ ʠ ʪʨʘʥʟʠʪʥʦ-ʢʦʥʚʝʨʛʝʥʪʥʳʡ ʷʚʣʷʶʪʩʷ ʧʝʨʝʭʦʜʥʳʤʠ ʪʠʧʘʤʠ 

ʩʦʩʪʦʷʥʠʡ.  

ɼʠʚʝʨʛʝʥʪʥʳʡ ʪʠʧ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚʳʥʦʩʘ ʚʝʱʝʩʪʚʘ (ʚ 

ʛʝʦʤʦʨʬʦʣʦʛʠʠ - ʜʝʥʫʜʘʮʠʝʡ). ɺ ʨʝʛʠʦʥʘʣʴʥʦʤ ʧʣʘʥʝ ʟʦʥʳ ʜʠʚʝʨʛʝʥʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʢʣʦʥʘʤʠ ʪʘʢʠʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʚʦʜʦʨʘʟʜʝʣʦʚ, ʢʘʢ ɸʣʪʘʡʩʢʘʷ ʠ 

ʋʨʘʣʴʩʢʘʷ ʛʦʨʥʳʝ ʩʪʨʘʥʳ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɸʣʪʘʡʩʢʠʡ ʠ ʋʨʘʣʴʩʢʠʡ ʕɻʈ), ʘ 

ʪʘʢʞʝ ʧʨʠʧʦʜʥʷʪʦʛʦ ʧʣʦʩʢʦʛʦʨʴʷ ʂʘʟʘʭʩʢʦʛʦ ʤʝʣʢʦʩʦʧʦʯʥʠʢʘ 

(ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʕɻʈ ʚ ʧʨʝʜʝʣʘʭ ʎʝʥʪʨʘʣʴʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʕɻʆ). ɺ ʨʘʡʦʥʘʭ 

ʩ ʜʠʚʝʨʛʝʥʪʥʳʤ ʪʠʧʦʤ ʧʨʦʮʝʩʩʳ ʜʝʥʫʜʘʮʠʠ çʦʯʠʱʘʝʪè ʦʯʘʛʠ ʟʘʛʨʷʟʥʝʥʠʷ 

(ʦʙʳʯʥʦ ʥʝ ʧʦʣʥʦʩʪʴʶ).  

ʊʨʘʥʟʠʪʥʳʡ ʪʠʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝʤ ʧʦʪʦʢʦʚ ʚʝʱʝʩʪʚʘ. ɺ 

ʦʙʣʘʩʪʷʭ, ʛʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝ ʧʦʪʦʢʦʚ, ʥʘʢʦʧʣʝʥʠʝ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʥʘʤʠʢʦʡ ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʜʝʥʫʜʘʮʠʦʥʥʳʭ ʠ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ. ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ 

ʪʨʘʥʟʠʪʘ ʧʨʦʠʩʭʦʜʠʪ ʩʦʨʪʠʨʦʚʢʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʙʦʣʝʝ ʠ 

ʤʝʥʝʝ ʧʦʜʚʠʞʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʟʦʥʘʤ ʪʨʘʥʟʠʪʘ 

ʤʳ ʦʪʥʝʩʣʠ ʜʦʣʠʥʳ, ʘ ʪʦʯʥʝʝ, ʨʫʩʣʘ ʢʨʫʧʥʳʭ ʨʝʢ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʙʘʩʩʝʡʥʘ: ʀʨʪʳʰʘ, ʀʰʠʤʘ ʠ ʊʦʙʦʣʘ. 
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ʊʘʙʣʠʮʘ 1 ï ʊʠʧʦʣʦʛʠʷ ʵʢʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʨʘʡʦʥʦʚ (ʕɻʈ) 

ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʀʨʪʳʰʘ 
ʕʢʦʣʦʛʦ-

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ 

ʦʙʣʘʩʪʴ 

ʕʢʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʨʘʡʦʥ 

(ʕɻʈ) 
ʊʠʧʳ ʩʦʩʪʦʷʥʠʡ 

ʕɻʈ 
ʥʘʟʚʘʥʠʝ ʠʥʜʝʢʩʳ 

ɸʣʪʘʡʩʢʘʷ ɸʣʪʘʡʩʢʠʡ ɸ ɼ 

ʋʨʘʣʴʩʢʘʷ  ʋʨʘʣʴʩʢʠʡ ʋ ɼ 

ʀʨʪʳʰ-ɿʘʡʩʘʥʩʢʘʷ ʂʦʪʣʦʚʠʥʘ ɿʘʡʩʘʥ ʀɿ1 ʊʂʦ 

 ɿʘʡʩʘʥ-ʂʘʨʘʠʨʪʳʰʩʢʠʡ ʀɿ2 ʊʂʦ 

 ɾʘʨʤʠʥʩʢʠʡ ʀɿ3 ʊʂʦ 

 ɿʘʡʩʘʥʩʢʠʡ ʛʦʨʥʳʡ ʀɿ4 ɼ 

ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʘʷ ʐʘʜʨʠʥʩʢʠʡ ɿʉ1 ʊɼ 

 ʂʫʩʪʘʥʘʡʩʢʠʡ ɿʉ2 ʊɼ 

 ʊʦʙʦʣ-ʀʰʠʤʩʢʠʡ ɿʉ3 ʊɼ 

 ʀʰʠʤ-ʀʨʪʳʰʩʢʠʡ ɿʉ4 ʊɼ 

 ʇʘʚʣʦʜʘʨʩʢʠʡ ɿʉ5 ʊɼ 

 ɹʘʨʘʙʠʥʩʢʠʡ ɿʉ6 ʊɼ 

 ɿʘʧʘʜʥʦ-ʂʫʣʫʥʜʠʥʩʢʠʡ ɿʉ7 ʊɼ 

 ɺʦʩʪʦʯʥʦ-ʂʫʣʫʥʜʠʥʩʢʠʡ ɿʉ8 ʊɼ 

ʎʝʥʪʨʘʣʴʥʦ-

ʂʘʟʘʭʩʪʘʥʩʢʘʷ ʂʦʢʯʝʪʘʚʩʢʠʡ 

ʎʂ1 ʊɼ 

 ʊʝʥʛʠʟʩʢʠʡ ʎʂ2 ʂʦ 

 ɹʘʨʰʠʥʩʢʠʡ ʎʂ3 ʊɼ 

 ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʎʂ4 ɼ 

ʊʫʨʛʘʡʩʢʘʷ  ʊ ʊɼ 

ɼʦʣʠʥʘ ʨ. ʀʨʪʳʰ ʀʨʪʳʰʩʢʠʡ ʀ ʊ 

ɼʦʣʠʥʘ ʨ. ʀʰʠʤ ʀʰʠʤʩʢʠʡ ʀ  h ʊ 

ɼʦʣʠʥʘ ʨ. ʊʦʙʦʣ ʊʦʙʦʣʴʩʢʠʡ ʊʦ ʊ 

ʇʨʠʤʝʯʘʥʠʝ: ɼ - ʜʠʚʝʨʛʝʥʪʥʳʡ; ʊ - ʪʨʘʥʟʠʪʥʳʡ; ʂʦ - ʢʦʥʚʝʨʛʝʥʪʥʳʡ; ʊɼ - ʪʨʘʥʟʠʪʥʦ-

ʜʠʚʝʨʛʝʥʪʥʳʡ; ʊʂʦ - ʪʨʘʥʟʠʪʥʦ-ʢʦʥʚʝʨʛʝʥʪʥʳʡ. 

ʂʦʥʚʝʨʛʝʥʪʥʳʡ ʪʠʧ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ (ʘʢʢʫʤʫʣʷʮʠʝʡ) 

ʧʝʨʝʥʝʩʸʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʢʦʥʮʝʚʳʭ 

ʙʘʩʩʝʡʥʘʭ, ʛʜʝ ʚʦʟʥʠʢʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʝʯʥʘʷ ʩʦʨʪʠʨʦʚʢʘ. ʕʪʦʪ ʪʠʧ ʚ ʧʨʝʜʝʣʘʭ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ 

ʙʘʩʩʝʡʥʘ ʧʨʝʜʩʪʘʚʣʝʥ çʥʝʪʨʘʥʩʛʨʘʥʠʯʥʳʤè ʊʝʥʛʠʟʩʢʠʤ ʕɻʈ, ʩʦʦʪʥʦʩʠʤʳʡ ʩ 

ʚʧʘʜʠʥʦʡ ʦʟʝʨʘ ʊʝʥʛʠʟ, ʚ ʧʨʝʜʝʣʘʭ ʎʝʥʪʨʘʣʴʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʕɻʆ. 

ʊʨʘʥʟʠʪʥʦ-ʜʠʚʝʨʛʝʥʪʥʳʡ ʪʠʧ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʧʨʝʜʝʣʘʭ ʨʘʡʦʥʦʚ ɿʘʧʘʜʥʦ-

ʉʠʙʠʨʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ (ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʕɻʆ); 

ʂʦʢʯʝʪʘʚʩʢʦʤ ʠ ɹʘʨʰʠʥʩʢʦʤ ʕɻʈ ʎʝʥʪʨʘʣʴʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʘʷ ʕɻʆ, ʘ ʪʘʢʞʝ ʚ 

ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʘ ʊʫʨʛʘʡʩʢʦʛʦ ʧʣʘʪʦ (ʊʫʨʛʘʡʩʢʦʡ ʕɻʆ), ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ 

ʚʳʨʦʚʥʝʥʥʳʤ, ʩʣʘʙʦʥʘʢʣʦʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʊʨʘʥʟʠʪʥʦ-ʢʦʥʚʝʨʛʝʥʪʥʳʡ ʪʠʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʩʣʦʚʠʷ ʪʨʘʥʟʠʪʘ ʠ 

ʘʢʢʫʤʫʣʷʮʠʠ ʤʘʪʝʨʠʘʣʘ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʘʡʦʥʦʚ ʀʨʪʳʰ-ɿʘʡʩʘʥʩʢʦʡ ʕɻʆ: 

ʢʦʪʣʦʚʠʥʳ ʦʟʝʨʘ ɿʘʡʩʘʥ ʕɻʈ, ɿʘʡʩʘʥ-ʂʘʨʘʠʨʪʳʰʩʢʠʡ ʕɻʈ, ɿʘʡʩʘʥ-

ʂʘʨʘʠʨʪʳʰʩʢʠʡ ʕɻʈ. 

ɺʪʦʨʳʤ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʘʥʘʣʠʟʘ (ʵʢʦʣʦʛʠʯʝʩʢʠʤ) ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʙʘʩʩʝʡʥʝ ʀʨʪʳʰʘ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ 
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ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʯʝʨʝʟ ʩʦʚʦʢʫʧʥʫʶ ʘʥʪʨʦʧʦʛʝʥʥʫʶ 

ʥʘʛʨʫʟʢʫ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʚ ʧʨʝʜʝʣʘʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʨʘʡʦʥʦʚ 

ʧʨʠʛʨʘʥʠʯʥʳʭ ʩʫʙʲʝʢʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʚʳʰʝʥʘʟʚʘʥʥʳʝ ʙʘʩʩʝʡʥʳ. ɼʣʷ 

ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʀʨʪʳʰʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 4 ʪʠʧʘ ʪʝʨʨʠʪʦʨʠʡ 

(ʧʨʠʛʨʘʥʠʯʥʳʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʨʘʡʦʥʦʚ) ʧʦ ʫʨʦʚʥʶ ʩʦʚʦʢʫʧʥʦʡ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ (ɸʅ): ʩ ʧʦʥʠʞʝʥʥʳʤ, ʩʨʝʜʥʠʤ, ʧʦʚʳʰʝʥʥʳʤ ʠ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ [11]. 

ʇʦʥʠʞʝʥʥʳʡ ʫʨʦʚʝʥʴ ɸʅ. ʂʘʨʘʛʘʥʜʠʥʩʢʘʷ, ʂʫʩʪʘʥʘʡʩʢʘʷ ʠ 

ʇʘʚʣʦʜʘʨʩʢʘʷ ʦʙʣʘʩʪʠ ʂʘʟʘʭʩʪʘʥʘ (ʛʦʨʥʦʜʦʙʳʯʘ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ - ʉʍʇ). 

ʉʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ɸʅ. ɹʘʩʩʝʡʥ ʨ. ʀʨʪʳʰ: ʉʠʥʟʷʥʴ-ʋʡʛʫʨʩʢʠʡ 

ʘʚʪʦʥʦʤʥʳʡ ʨʘʡʦʥ (ʂʠʪʘʡ), ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʇʘʚʣʦʜʘʨʩʢʘʷ 

ʦʙʣʘʩʪʴ (ʂʘʟʘʭʩʪʘʥ) (ʛʦʨʥʦʜʦʙʳʯʘ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 

ʉʍʇ). ɹʘʩʩʝʡʥ ʨ. ʀʰʠʤ: ʉʝʚʝʨʦ-ʂʘʟʘʭʩʪʘʥʩʢʘʷ, ɸʢʤʦʣʠʥʩʢʘʷ, ʂʫʨʛʘʥʩʢʘʷ 

ʦʙʣʘʩʪʠ (ʂʘʟʘʭʩʪʘʥ) (ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ ʠ ʧʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʉʍʇ). 

ɹʘʩʩʝʡʥ ʨ. ʊʦʙʦʣ: ʂʦʩʪʘʥʘʡʩʢʘʷ ʦʙʣʘʩʪʴ (ʂʘʟʘʭʩʪʘʥ) (ʛʦʨʥʦʜʦʙʳʯʘ). 

ʇʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ɸʅ. ɹʘʩʩʝʡʥ ʨ. ʀʰʠʤ: ʊʶʤʝʥʩʢʘʷ ʦʙʣʘʩʪʴ 

(ʈʦʩʩʠʷ) (ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʩʝʣʴʭʦʟʧʝʨʝʨʘʙʦʪʢʘ). ɹʘʩʩʝʡʥ 

ʨ. ʊʦʙʦʣ ʚ ʧʨʝʜʝʣʘʭ ʈʌ: ʂʫʨʛʘʥʩʢʘʷ ʦʙʣ. (ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ ʠ ʧʠʱʝʚʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʛʦʨʥʦʜʦʙʳʯʘ), ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣʘʩʪʴ (ʛʦʨʥʦʜʦʙʳʯʘ ʠ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʛʦʨʥʦʜʦʙʳʯʘ). 

ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ɸʅ. ɹʘʩʩʝʡʥ ʨ. ʀʨʪʳʰ: ʆʤʩʢʘʷ ʦʙʣʘʩʪʴ (ʥʝʬʪʝʭʠʤʠʷ). 

ʀʥʪʝʛʨʘʣʴʥʘʷ ʦʮʝʥʢʘ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ 

ʙʘʩʩʝʡʥʘ ʀʨʪʳʰʘ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤʫ (ʪʠʧʳ 

ʩʦʩʪʦʷʥʠʡ ʧʦ ʭʘʨʘʢʪʝʨʫ ʜʚʠʞʝʥʠʷ ʚʦʜʥʳʭ ʠ ʣʠʪʦʧʦʪʦʢʦʚ) ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ 

(ʩʦʚʦʢʫʧʥʘʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ) ʧʦʢʘʟʘʪʝʣʷʤ ʧʦʟʚʦʣʠʣʘ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʨʝʛʠʦʥʳ ʧʦ ʩʪʝʧʝʥʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʛʨʷʟʥʝʥʠʡ ʚʦʜʥʳʤʠ ʠ ʛʨʫʥʪʦʚʳʤʠ 

ʧʦʪʦʢʘʤʠ. ɺʳʜʝʣʝʥʦ ʪʨʠ ʪʠʧʘ ʨʝʛʠʦʥʦʚ: çʥʝʙʣʘʛʦʧʦʣʫʯʥʳʡè, çʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʣʘʛʦʧʦʣʫʯʥʳʡè, çʙʣʘʛʦʧʦʣʫʯʥʳʡè, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʬʦʨʤʝ ʤʘʪʨʠʮʳ (ʪʘʙʣ. 2). 

ɼʣʷ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʀʨʪʳʰʘ çʥʝʙʣʘʛʦʧʦʣʫʯʥʳʝè ʨʝʛʠʦʥʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʩʦʚʦʢʫʧʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʠ 

ʪʨʘʥʟʠʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʜʚʠʞʝʥʠʷ ʚʦʜʥʳʭ ʠ ʣʠʪʦʧʦʪʦʢʦʚ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ 

ʂʫʩʪʘʥʘʡʩʢʘʷ ʦʙʣʘʩʪʴ (ʂʘʟʘʭʩʪʘʥ) ʠ ʂʫʨʛʘʥʩʢʘʷ ʦʙʣʘʩʪʴ (ʈʌ) ʚ ʙʘʩʩʝʡʥʝ 

ʨ. ʊʦʙʦʣ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʝʨʝʤʝʱʝʥʠʝʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠʟ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʝʛʠʦʥʦʚ ʏʝʣʷʙʠʥʩʢʦʡ (ʈʌ) ʠ ʂʫʩʪʘʥʘʡʩʢʦʡ ʦʙʣʘʩʪʝʡ 

(ʂʘʟʘʭʩʪʘʥ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʂʫʩʪʘʥʘʡʩʢʘʷ ʦʙʣʘʩʪʴ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʛʠʦʥʦʤ ʢʘʢ ʧʦʣʫʯʘʶʱʠʤ ʟʘʛʨʷʟʥʝʥʠʝ, ʪʘʢ ʠ ʝʛʦ 

ʧʦʩʪʘʚʱʠʢʦʤ. 

çɹʣʘʛʦʧʦʣʫʯʥʳʝè ʨʝʛʠʦʥʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʠʚʝʨʛʝʥʪʥʳʤ ʠ ʪʨʘʥʟʠʪʥʦ-

ʜʠʚʝʨʛʝʥʪʥʳʤ ʪʠʧʦʤ, ʪ.ʝ. ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ, ʢʦʛʜʘ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʪʠ ʥʝ 

ʚʳʥʦʩʠʪʩʷ ʟʘ ʠʭ ʧʨʝʜʝʣʳ, ʥʦ ʠ ʥʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ, ʨʘʩʩʝʠʚʘʷʩʴ ʦʪ ʦʯʘʛʘ-

ʟʘʛʨʷʟʥʠʪʝʣʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʡ ʠ ʩʨʝʜʥʝʡ ʉɸʅ. 
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ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʨʝʛʠʦʥʦʚ ʷʚʣʷʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʨʘʡʦʥʳ ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ, 

ʂʫʩʪʘʥʘʡʩʢʦʡ, ʉʝʚʝʨʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ, ʇʘʚʣʦʜʘʨʩʢʦʡ ʦʙʣʘʩʪʝʡ ʂʘʟʘʭʩʪʘʥʘ. 

ʂ çʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʘʛʦʧʦʣʫʯʥʳʤè ʦʪʥʦʩʷʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʡʦʥʦʚ ʩʦ 

ʩʨʝʜʥʝʡ ʉɸʅ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʜʦʣʠʥ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʨʝʢ ʀʨʪʳʰʘ, 

ʊʦʙʦʣʘ, ʀʰʠʤʘ ʚ ʦʙʣʘʩʪʷʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʪʨʘʥʟʠʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ; 

ʯʘʩʪʴ ʜʦʣʠʥʳ ʊʦʙʦʣʘ ʩ ʧʦʚʳʰʝʥʥʦʡ ʉɸʅ ʩ ʜʠʚʝʨʛʝʥʪʥʦ-ʪʨʘʥʟʠʪʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ, ʘ ʪʘʢʞʝ çʢʦʥʚʝʨʛʝʥʪʥʳʝè ʪʝʨʨʠʪʦʨʠʠ ɸʢʤʦʣʠʥʩʢʦʡ ʠ 

ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʧʦʥʠʞʝʥʥʦʡ ʠ ʩʨʝʜʥʝʡ ʉɸʅ ʠ çʪʨʘʥʟʠʪʥʦ-

ʜʠʚʝʨʛʝʥʪʥʳʝè ʨʘʡʦʥʳ ʏʝʣʷʙʠʥʩʢʦʡ, ʂʫʨʛʘʥʩʢʦʡ, ʶʛʘ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʉɸʅ ʠ ʆʤʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʚʳʩʦʢʦʡ ʉɸʅ. ʂ ʵʪʦʤʫ ʪʠʧʫ 

ʪʝʨʨʠʪʦʨʠʡ ʦʪʥʦʩʷʪʩʷ ʠ ʨʘʡʦʥʳ ʥʘ ʛʨʘʥʠʮʝ ʂʠʪʘʷ ʠ ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ 

ʦʙʣʘʩʪʠ ʂʘʟʘʭʩʪʘʥʘ ʩ ʪʨʘʥʟʠʪʥʦ-ʜʠʚʝʨʛʝʥʪʥʳʤ ʪʠʧʦʤ ʩʦʩʪʦʷʥʠʷ. 

ʊʘʙʣʠʮʘ 2 ï ʊʠʧʳ ʧʨʠʛʨʘʥʠʯʥʳʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʩʫʙʲʝʢʪʦʚ ʙʘʩʩʝʡʥʘ 

ʨ. ʀʨʪʳʰ ʧʦ ʩʪʝʧʝʥʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʟʘʛʨʷʟʥʝʥʠʷ ʢ ʪʨʘʥʩʛʨʘʥʠʯʥʦʤʫ ʧʝʨʝʥʦʩʫ ʚʦʜʥʳʤʠ ʠ ʛʨʫʥʪʦʚʳʤʠ ʧʦʪʦʢʘʤʠ 

ʉʦʚʦʢʫʧʥʘʷ 

ʘʥʪʨʦʧʦʛʝʥ-

ʥʘʷ ʥʘʛʨʫʟʢʘ 

ʊʠʧʳ ʩʦʩʪʦʷʥʠʡ ʵʢʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ 

ʧʦ ʭʘʨʘʢʪʝʨʫ ʜʚʠʞʝʥʠʷ ʚʦʜʥʳʭ ʠ ʣʠʪʦʧʦʪʦʢʦʚ 

ʜʠʚʝʨʛʝʥʪ-

ʥʳʡ 

ʪʨʘʥʟʠʪʥʦ-

ʜʠʚʝʨʛʝʥʪʥ. 

ʪʨʘʥʟʠʪʥʳʡ ʪʨʘʥʟʠʪʥʦ-

ʢʦʥʚʝʨʛʝʥʪʥʳʡ 

ʢʦʥʚʝʨʛʝʥʪ-

ʥʳʡ 

ʉʪʨʘʥʳ (ʨʝʛʠʦʥʳ), ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʦʚ ʚʝʱʝʩʪʚʘ 

ʇʦʥʠʞʝʥʥʘʷ ʈʂ (8) ʈʂ (8) - - ʈʂ (8) 

ʉʨʝʜʥʷʷ ʈʂ (8, 10) 

ʂʠ (11) 

ʈʂ (5, 6, 7, 

9, 10) 

ʀʨʪʳʰ: 

ʂʠ(11)­ʈʂ(10) 

ʈʂ(10)­ʈʂ(9) 

ʈʂ(9)­ʈʌ(4) 

ʀʰʠʤ: 

ʈʂ(6)­ʈʌ (3) 

ʊʦʙʦʣ: 

ʈʂ (5)­ʈʌ (2) 

ʂʠ(11) 

­ʈʂ(10) 

ʈʂ (7) 

ʇʦʚʳʰʝʥʥʘʷ ʊʦʙʦʣ: 

ʈʌ (1)­ 

ʈʂ(5) 

- ʊʦʙʦʣ: 

ʈʌ(1)­ʈʂ (5) 

ʈʂ (5)­ʈʌ (2)  

- - 

ɺʳʩʦʢʘʷ - ʈʌ (4)  - - 

ʇʨʠʤʝʯʘʥʠʝ: ʈʂ - ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ʈʌ - ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʂʠ - ʂʠʪʘʡ. 

ʎʠʬʨʳ - ʥʦʤʝʨʘ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʩʫʙʲʝʢʪʦʚ (ʨʠʩ. 1). ʉʪʝʧʝʥʴ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʙʣʘʛʦʧʦʣʫʯʠʷ ʧʦʢʘʟʘʥʘ ʬʦʥʦʤ: ʪʸʤʥʳʡ - ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʡ, ʩʝʨʳʡ - ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʣʘʛʦʧʦʣʫʯʥʳʡ, ʩʚʝʪʣʳʡ - ʙʣʘʛʦʧʦʣʫʯʥʳʡ. ʉʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʥʦʩʘ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʨʝʛʠʦʥʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʦʙʦʟʥʘʯʝʥʥʦʛʦ ʞʠʨʥʳʤ 

ʢʫʨʩʠʚʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʀʨʪʳʰʘ ʧʨʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʙʘʩʩʝʡʥʦʚʳʭ ʛʨʘʥʠʮ, ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ, 

ʤʦʨʬʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʛʨʘʥʠʮ ʢʨʫʧʥʳʭ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʵʢʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʨʘʡʦʥʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʨʘʡʦʥʘ 

ʦʧʨʝʜʝʣʸʥ ʪʠʧ ʝʛʦ ʩʦʩʪʦʷʥʠʷ: ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʚʦʜʥʳʭ ʠ 

ʛʨʫʥʪʦʚʳʭ ʧʦʪʦʢʦʚ (ʜʠʚʝʨʛʝʥʪʥʳʡ, ʪʨʘʥʟʠʪʥʳʡ, ʢʦʥʚʝʨʛʝʥʪʥʳʡ, ʪʨʘʥʟʠʪʥʦ-

ʜʠʚʝʨʛʝʥʪʥʳʡ ʠ ʪʨʘʥʟʠʪʥʦ-ʢʦʥʚʝʨʛʝʥʪʥʳʡ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʛʨʘʣʴʥʦʡ 
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ʦʮʝʥʢʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʀʨʪʳʰʘ ʥʘ 

ʦʩʥʦʚʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʪʠʧʦʚ ʩʦʩʪʦʷʥʠʡ ʪʝʨʨʠʪʦʨʠʡ ʧʦ ʭʘʨʘʢʪʝʨʫ ʜʚʠʞʝʥʠʷ 

ʚʦʜʥʳʭ ʠ ʣʠʪʦʧʦʪʦʢʦʚ ʠ ʩʦʚʦʢʫʧʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʚʩʝ ʨʝʛʠʦʥʳ ʧʦ 

ʩʪʝʧʝʥʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʟʘʛʨʷʟʥʝʥʠʡ ʦʙʲʝʜʠʥʝʥʳ ʚ ʪʨʠ ʪʠʧʘ: çʥʝʙʣʘʛʦʧʦʣʫʯʥʳʡè, 

çʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʘʛʦʧʦʣʫʯʥʳʡè, çʙʣʘʛʦʧʦʣʫʯʥʳʡè. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʇʀʇ ˉ 23 çʊʨʘʥʩʛʨʘʥʠʯʥʳʝ ʨʝʯʥʳʝ 

ʙʘʩʩʝʡʥʳ ʚ ʘʟʠʘʪʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ: ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ 

ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʩʨʝʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʤʝʞʨʝʛʠʦʥʘʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡè 
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ʈɸʅɾʀʈʆɺɸʅʀɽ ʈɽɻʀʆʅʆɺ ɿɸʇɸɼʅʆʁ ʉʀɹʀʈʀ ʇʆ ʉʊɽʇɽʅʀ 

ɺʆɼʆʍʆɿʗʁʉʊɺɽʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ: ʄɽʊʆɼʀʏɽʉʂʀʁ ʇʆɼʍʆɼ 

ʀ ʇʈɽɼɺɸʈʀʊɽʃʔʅʓɽ ʈɽɿʋʃʔʊɸʊʓ  

ʀ.ɼ. ʈʳʙʢʠʥʘ, ʄ.ʉ. ɻʫʙʘʨʝʚ 

ɹʘʨʥʘʫʣ, ʈʦʩʩʠʷ 

ɺ ʤʝʪʦʜʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʦʮʝʥʢʘ ʠ ʧʨʦʛʥʦʟ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʝʛʠʦʥʦʚ ʚʩʝʛʜʘ ʩʚʷʟʘʥʳ ʩ ʪʘʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʢʘʢ ʥʝʜʦʩʪʘʪʦʢ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʟʣʠʯʠʷ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʪʨʫʜʥʦʩʪʠ ʩʦʚʤʝʱʝʥʠʷ ʬʠʟʠʢʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʛʨʘʥʠʮ, ʨʘʟʥʦʨʦʜʥʦʩʪʴ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʠ ʠ ʜʨʫʛʠʝ ʩʣʦʞʥʦʩʪʠ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ ʢʘʯʝʩʪʚʦ ʧʨʦʚʦʜʠʤʳʭ ʦʮʝʥʦʢ ʚ 

ʨʝʛʠʦʥʘʭ ʦʩʦʙʝʥʥʦ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʉʦʪʨʫʜʥʠʢʘʤʠ ʀɺʕʇ ʉʆ ʈɸʅ ʚ ʮʝʣʷʭ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʧʨʠʨʦʜʦ- ʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥ ʫʛʣʫʙʣʝʥʥʳʡ ʘʥʘʣʠʟ ʘʟʦʥʘʣʴʥʳʭ ʠ 

ʟʦʥʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʣʘʥʜʰʘʬʪʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʪʝʨʨʠʪʦʨʠʡ ʉʠʙʠʨʠ ʠ 

ʨʘʟʨʘʙʦʪʘʥʘ ʦʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʝʝ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ [1-

2]. ʋʧʨʘʚʣʝʥʠʝ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʨʘʤʢʘʭ ʣʘʥʜʰʘʬʪʥʦ-

ʙʘʩʩʝʡʥʦʚʦʛʦ ʧʦʜʭʦʜʘ [3-4] ʠ ʩ ʫʯʝʪʦʤ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ 

ʪʝʨʨʠʪʦʨʠʡ. ɺ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʚʳʜʝʣʝʥʳ 83 ʣʘʥʜʰʘʬʪʥʳʭ ʧʨʦʚʠʥʮʠʠ, 81 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʫʯʘʩʪʦʢ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ʠ ʦʟʝʨ ʚ ʛʨʘʥʠʮʘʭ 15 ʩʫʙʲʝʢʪʦʚ 

ʈʌ (ʚʢʣʶʯʘʷ ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʠʡ ɸʆ ʠ ʗʤʘʣʦ-ʅʝʥʝʮʢʠʡ ɸʆ). ʆʩʥʦʚʥʦʡ 

ʝʜʠʥʠʮʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʥʷʪʘ ʣʘʥʜʰʘʬʪʥʘʷ ʧʨʦʚʠʥʮʠʷ, ʚ ʛʨʘʥʠʮʘʭ ʢʦʪʦʨʦʡ, 

ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʧʨʦʠʩʭʦʜʠʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʬʦʨʤʠʨʦʚʘʥʠʝ, ʘ, ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʩ ʜʦʣʝʡ ʫʩʣʦʚʥʦʩʪʠ ɿʘʧʘʜʥʘʷ ʉʠʙʠʨʴ ʚ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʛʨʘʥʠʮʘʭ ʆʙʴ-ʀʨʪʳʰʩʢʦʛʦ ʨʝʯʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʧʦʵʪʦʤʫ ʚ 

ʧʦʣʝ ʟʨʝʥʠʷ ʧʦʧʘʜʘʶʪ ʪʘʢʠʝ ʩʫʙʲʝʢʪʳ, ʢʘʢ ʂʫʨʛʘʥʩʢʘʷ, ʉʚʝʨʜʣʦʚʩʢʘʷ ʠ 

ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣʘʩʪʠ, ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ, ʈʝʩʧʫʙʣʠʢʠ ʊʳʚʘ ʠ ʍʘʢʘʩʠʷ. 

ɺʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʧʦʟʠʮʠʡ ʚʦʜʦʨʝʩʫʨʩʥʦʡ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʨʝʛʠʦʥʦʚ. ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʫʶ ʦʧʘʩʥʦʩʪʴ ʠ 

ʨʠʩʢ ʠʩʧʳʪʳʚʘʶʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʪʝ ʪʝʨʨʠʪʦʨʠʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʘ 

ʩʠʪʫʘʮʠʷ ʚʦʜʥʦʛʦ ʩʪʨʝʩʩʘ ʠʣʠ ʜʝʬʠʮʠʪʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʕʪʦ ʦʪʥʦʩʠʪʩʷ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢ ʪʝʨʨʠʪʦʨʠʷʤ ʩ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠ ʥʠʟʢʦʡ ʠ ʦʯʝʥʴ ʥʠʟʢʦʡ 

ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʚ ʨʘʩʯʸʪʝ ʥʘ ʦʜʥʦʛʦ ʞʠʪʝʣʷ ï ʤʝʥʝʝ 1,0-2,0 ʪʳʩ. ʤ
3
 ʚ ʛʦʜ 

[5]. ʇʦ ʵʪʦʡ ʞʝ ʤʝʪʦʜʠʢʝ ʥʠʟʢʦʡ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʪʝʨʨʠʪʦʨʠʠ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʥʘ ʦʜʥʦʛʦ ʞʠʪʝʣʷ ʧʨʠʭʦʜʠʪʩʷ 2,1-5,0 ʪʳʩ. ʤ
3
 

ʚ ʛʦʜ. ʉʨʝʜʥʶʶ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʠʤʝʶʪ ʪʝʨʨʠʪʦʨʠʠ ʩ ʧʦʪʝʥʮʠʘʣʦʤ 

ʨʝʩʫʨʩʘ ʦʪ 5,01 ʜʦ 10,0 ʪʳʩ. ʤ
3
/ʯʝʣ. ʚ ʛʦʜ, ʚʳʩʦʢʫʶ ʠ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ï 10,1-

20,0 ʪʳʩ. ʤ
3
/ʯʝʣ. ʚ ʛʦʜ ʠ ʙʦʣʝʝ. 
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ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʨʘʟʣʠʯʘʪʴ ʜʚʘ ʚʠʜʘ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ï 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʠ ʨʝʘʣʴʥʫʶ. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʢ ʯʠʩʣʝʥʥʦʩʪʠ ʧʨʦʞʠʚʘʶʱʝʛʦ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘʩʝʣʝʥʠʷ. ʇʦ 

ʚʝʣʠʯʠʥʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʤʦʞʥʦ ʩʫʜʠʪʴ ʚ ʮʝʣʦʤ ʦ 

ʩʦʩʪʦʷʥʠʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʩʪʨʘʥʝ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ, ʜʘʚʘʪʴ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʪʜʝʣʴʥʳʭ ʩʫʙʲʝʢʪʦʚ ʠ 

ʨʝʛʠʦʥʦʚ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ [6]. ʇʦʜʦʙʥʳʝ ʦʮʝʥʢʠ ʜʣʷ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʥʘʧʨʠʤʝʨ, ʚ 

ʛʨʘʥʠʮʘʭ ʧʨʠʨʦʜʥʳʭ ʟʦʥ ʚʳʧʦʣʥʷʣʠʩʴ ʠ ʨʘʥʝʝ [7]. 

ʈʝʘʣʴʥʘʷ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ ʦʮʝʥʢʫ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʝʛʠʦʥʦʚ, ʦʥʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʤʝʥʥʦ ʜʣʷ 

ʪʝʨʨʠʪʦʨʠʡ, ʠʤʝʶʱʠʭ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ. ɺ ʪʘʢʠʭ ʩʫʙʲʝʢʪʘʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʦʮʝʥʢʘʭ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ 

ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ ʦʙʲʝʢʪʠʚʥʦʡ ʩʠʪʫʘʮʠʠ ʩ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʪʘʢ ʢʘʢ 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʧʨʠʨʦʜʥʘʷ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʚʩʝʛʜʘ ʟʘʚʳʰʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʨʝʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʨʝʛʠʦʥʘʭ [6]. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʯʘʩʪʴ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʙʝʟʚʦʟʚʨʘʪʥʦ ʪʝʨʷʝʪʩʷ 

ʧʨʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʠ ʧʝʨʠʦʜʳ ʚʦʜʥʳʝ 

ʨʝʩʫʨʩʳ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʭ ʟʥʘʯʝʥʠʡ. ʏʪʦʙʳ ʫʯʝʩʪʴ ʵʪʠ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʜʣʷ ʪʝʨʨʠʪʦʨʠʡ, ʠʤʝʶʱʠʭ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʚ 

ʨʘʩʯʝʪ ʨʝʘʣʴʥʦʡ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʥʘʤʠ ʙʨʘʣʠʩʴ ʜʘʥʥʳʝ ʤʠʥʠʤʘʣʴʥʳʭ 

ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʚʝʣʠʯʠʥ ʩʪʦʢʘ ʟʘ ʪʨʠ ʩʣʝʜʫʶʱʠʭ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʤʘʣʦʚʦʜʥʳʭ 

ʛʦʜʘ. ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʦʢʘʟʘʪʝʣʴ ʨʝʘʣʴʥʦʡ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʦʮʝʥʠʚʘʣʩʷ 

ʢʘʢ ʨʘʟʥʦʩʪʴ ʨʝʘʣʴʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʟʘ ʪʨʝʭʣʝʪʥʠʡ ʤʘʣʦʚʦʜʥʳʡ ʧʝʨʠʦʜ ʠ 

ʙʝʟʚʦʟʚʨʘʪʥʦʛʦ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʥʦʛʦ ʞʠʪʝʣʷ ʨʝʛʠʦʥʘ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʧʦʣʫʯʝʥʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʚ ʛʨʘʥʠʮʘʭ 

ʣʘʥʜʰʘʬʪʥʳʭ ʧʨʦʚʠʥʮʠʡ [8], ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʝʥʦ ʨʘʥʞʠʨʦʚʘʥʠʝ 

ʩʫʙʲʝʢʪʦʚ ʧʦ ʩʪʝʧʝʥʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʈʘʥʞʠʨʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ ʠʩʭʦʜʷ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʣʦʱʘʜʠ ʨʝʛʠʦʥʘ, ʧʦʧʘʜʘʶʱʝʡ ʚ ʢʘʪʝʛʦʨʠʠ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ: ʦʪ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠ ʥʠʟʢʦʡ ʜʦ ʚʳʩʦʢʦʡ ʠ ʦʯʝʥʴ ʚʳʩʦʢʦʡ. ʈʘʥʛ ʩʫʙʲʝʢʪʫ 

ʧʨʠʩʚʘʠʚʘʣʩʷ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʣʦʱʘʜʠ ʢʘʞʜʦʡ 

ʢʘʪʝʛʦʨʠʡ (ʦʪ ʭʫʜʰʝʡ ʢ ʣʫʯʰʝʡ) ʠ ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʧʦ ʢʘʞʜʦʡ ʠʟ 

ʥʠʭ, ʜʘʣʝʝ ï ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʠ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʥʞʠʨʦʚʘʥʠʷ ʘʜʝʢʚʘʪʥʦ ʦʮʝʥʠʚʘʶʪ ʩʣʦʞʠʚʰʫʶʩʷ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʫʶ ʩʠʪʫʘʮʠʶ ʚ ʧʨʝʜʝʣʘʭ ʨʝʛʠʦʥʦʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʩ ʫʯʝʪʦʤ 

ʛʨʘʥʠʮ ʆʙʴ-ʀʨʪʳʰʩʢʦʛʦ ʙʘʩʩʝʡʥʘ (ʊʘʙʣ. 1-2). ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʪʦ, ʯʪʦ ʪʘʢʠʝ ʩʫʙʲʝʢʪʳ, ʢʘʢ ʉʚʝʨʜʣʦʚʩʢʘʷ, ʏʝʣʷʙʠʥʩʢʘʷ ʠ ʂʫʨʛʘʥʩʢʘʷ ʦʙʣʘʩʪʠ, 

ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʷ ʠ ʊʳʚʘ, ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ ʥʝ ʧʦʣʥʦʩʪʴʶ ʣʝʞʘʪ ʚ 

ʧʨʝʜʝʣʘʭ ʆʙʴ-ʀʨʪʳʰʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʧʦʵʪʦʤʫ ʠ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ 

ʧʨʘʚʦʤʝʨʥʳ ʪʦʣʴʢʦ ʣʠʰʴ ʜʣʷ ʯʘʩʪʠ ʠʭ ʪʝʨʨʠʪʦʨʠʡ.  
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ʊʘʙʣʠʮʘ 1 ï ʈʘʥʞʠʨʦʚʘʥʠʝ ʩʫʙʲʝʢʪʦʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʦ ʧʣʦʱʘʜʠ 

ʪʝʨʨʠʪʦʨʠʡ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 

ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʢʤ
2 

ʈʘʥʛ ʈʝʛʠʦʥ 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, 

ʪʳʩ. ʤ
3
/ʯʝʣ. ʚ ʛʦʜ 

ʤʝʥʝʝ 1,0 1,01 - 2,0 2,01 - 5,0 5,01 - 10,0 10,01 - 20,0 ʙʦʣʝʝ 20,0 

1 ʆʤʩʢʘʷ ʦʙʣʘʩʪʴ 15063,45     30186,34   96787,44 

2 ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣʘʩʪʴ   20011,70 34905,50 3682,71     

3 ʂʫʨʛʘʥʩʢʘʷ ʦʙʣʘʩʪʴ     36567,66 4159,52 24231,62 8594,73 

4 ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ     19373,32   95562,99 53201,68 

5 ʉʚʝʨʜʣʦʚʩʢʘʷ ʦʙʣʘʩʪʴ   1275,85 987,24 52244,56 78906,50 35231,06 

6 ʅʦʚʦʩʠʙʠʨʩʢʘʷ ʦʙʣʘʩʪʴ     6510,38 43043,69 54639,66 73817,46 

7 ʈʝʩʧʫʙʣʠʢʘ ʊʳʚʘ           3632,84 

8 ʈʝʩʧʫʙʣʠʢʘ ʍʘʢʘʩʠʷ           17523,20 

9 ʂʝʤʝʨʦʚʩʢʘʷ ʦʙʣʘʩʪʴ         20280,62 75949,60 

10 ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ           88698,87 

11 ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ           92807,78 

12 ʊʶʤʝʥʩʢʘʷ ʦʙʣʘʩʪʴ     1741,16 19604,81 10721,42 129862,27 

13 ʊʦʤʩʢʘʷ ʦʙʣʘʩʪʴ           314520,10 

14 ʍʄɸʆ       15954,17 158,66 523887,70 

15 ʗʅɸʆ       1611,92   664640,12 

 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

 

10643,78 16680,88 21310,97 40643,07 165653,92 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 

ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʥʘʠʣʫʯʰʠʝ ʧʦʟʠʮʠʠ ʟʘʥʠʤʘʶʪ ʗʤʘʣʦ-ʅʝʥʝʮʢʠʡ 

ʘʚʪʦʥʦʤʥʳʡ ʦʢʨʫʛ (ʗʅɸʆ), ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʠʡ ɸʆ (ʍʄɸʆ), ʊʦʤʩʢʘʷ ʠ 

ʊʶʤʝʥʩʢʘʷ ʦʙʣʘʩʪʠ, ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ, ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ, ʂʝʤʝʨʦʚʩʢʘʷ 

ʦʙʣʘʩʪʴ, ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʷ ʠ ʊʳʚʘ (ʊʘʙʣ. 1). ɿʜʝʩʴ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ 

ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʦʚ. ʉʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʠ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʠʟʢʠʡ ï ʚ 

ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ ʠ ʂʫʨʛʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʅʘʠʭʫʜʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪʤʝʯʘʶʪʩʷ ʚ 

ʏʝʣʷʙʠʥʩʢʦʡ ʠ ʆʤʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʇʦ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʦʜʟʝʤʥʳʤʠ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʚ 

ʨʝʛʠʦʥʘʭ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʠ ʆʙʴ-ʀʨʪʳʰʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʫʶ 

ʩʠʪʫʘʮʠʶ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʩʪʘʙʠʣʴʥʘʷ ï ʚ 

ʗʅɸʆ, ʈʝʩʧʫʙʣʠʢʝ ɸʣʪʘʡ, ʂʨʘʩʥʦʷʨʩʢʦʤ ʢʨʘʝ, ʈʝʩʧʫʙʣʠʢʝ ʊʳʚʘ; ʫʤʝʨʝʥʥʦ 

ʩʪʘʙʠʣʴʥʘʷ (ʙʝʟʦʧʘʩʥʘʷ) ï ʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ; ʥʝʦʧʘʩʥʘʷ ʩʦ ʩʨʝʜʥʠʤ ʫʨʦʚʥʝʤ 

ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ï ʚ ʍʄɸʆ; ʫʤʝʨʝʥʥʦ ʦʧʘʩʥʘʷ ï ʚ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ; 

ʦʧʘʩʥʘʷ ʩ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠ ʥʠʟʢʦʡ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ï ʚ ʆʤʩʢʦʡ, 

ʅʦʚʦʩʠʙʠʨʩʢʦʡ, ʂʫʨʛʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ, ʏʝʣʷʙʠʥʩʢʦʡ ʠ 

ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (ʪʘʙʣ. 2). 

ɼʣʷ ʨʘʩʯʝʪʘ ʨʝʘʣʴʥʦʡ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʪʯʝʪʥʦʩʪʠ 2ʪʧ-ʚʦʜʭʦʟ (ʩʚʝʜʝʥʠʷ ʌɸɺʈ) ʚ ʛʨʘʥʠʮʘʭ 
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ʣʘʥʜʰʘʬʪʥʳʭ ʧʨʦʚʠʥʮʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʙʲʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʟʘ ʧʝʨʠʦʜ 

2009-2013 ʛʛ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʤʠ 

ʦʙʲʝʤʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʨʝʯʥʳʭ ʚʦʜ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʂʫʟʥʝʮʢʦ-ɸʣʘʪʘʫʩʢʘʷ (ʙʦʣʝʝ 1400 ʤʣʥ ʤ
3
), ɺʝʨʭʥʝʦʙʩʢʘʷ (794 ʤʣʥ ʤ

3
), ʛʦʨʥʦ-

ʪʘʝʞʥʘʷ ʋʨʘʣʘ (684 ʤʣʥ ʤ
3
), ʉʫʨʛʫʪʩʢʘʷ (544 ʤʣʥ ʤ

3
), ʅʘʟʘʨʦʚʩʢʘʷ (527 ʤʣʥ 

ʤ
3
), ʉʝʚʝʨʦʧʨʠʘʨʛʠʥʩʢʘʷ (436,9 ʤʣʥ ʤ

3
), ʂʫʟʥʝʮʢʘʷ ʤʝʞʛʦʨʥʦ-ʢʦʪʣʦʚʠʥʥʘʷ 

(351,7 ʤʣʥ ʤ
3
), ʊʫʨʠʥʩʢʘʷ (317,6 ʤʣʥ ʤ

3
), ɺʘʭʩʢʘʷ (295,2 ʤʣʥ ʤ

3
), ʛʦʨʥʦ-

ʣʝʩʦʩʪʝʧʥʘʷ ʋʨʘʣʘ (292,9 ʤʣʥ ʤ
3
), ɿʘʧʘʜʥʦʙʘʨʘʙʠʥʩʢʘʷ (206,1 ʤʣʥ ʤ

3
), 

ɿʘʫʨʘʣʴʩʢʘʷ (109,1 ʤʣʥ ʤ
3
) ʧʨʦʚʠʥʮʠʠ. ʇʨʠ ʵʪʦʤ ʚ 14 ʧʨʦʚʠʥʮʠʷʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʯʥʳʭ ʚʦʜ ʦʪʩʫʪʩʪʚʫʝʪ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʙʲʝʤʘ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʯʥʳʭ ʚʦʜ ʟʘ 2009-2013 ʛʛ. ʩʦʩʪʘʚʣʷʝʪ 76,1 ʤʣʥ ʤ
3
. 

ʊʘʙʣʠʮʘ 2 ï ʈʘʥʞʠʨʦʚʘʥʠʝ ʩʫʙʲʝʢʪʦʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʦ ʧʣʦʱʘʜʠ 

ʪʝʨʨʠʪʦʨʠʡ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʧʦʜʟʝʤʥʳʤʠ 

ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʢʤ
2
 

ʈʘʥʛ ʈʝʛʠʦʥ 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʧʦʜʟʝʤʥʳʤʠ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, 
ʪʳʩ. ʤ

3
/ʯʝʣ. ʚ ʛʦʜ 

ʤʝʥʝʝ 1,0 1,01 - 2,0 2,01 - 5,0 5,01 - 10,0 10,01 - 20,0 ʙʦʣʝʝ 20,0 

1 ʂʝʤʝʨʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 71402,67 12211,52 7930,61     4657,82 

2 ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣʘʩʪʴ 58608,30           

3 ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ 56091,06 39488,05 49184,66     23377,86 

4 ʂʫʨʛʘʥʩʢʘʷ ʦʙʣʘʩʪʴ 40727,15 21322,63 11503,72       

5 ʅʦʚʦʩʠʙʠʨʩʢʘʷ ʦʙʣʘʩʪʴ 38605,85 52916,44 32943,44 34192,11   19363,00 

6 ʆʤʩʢʘʷ ʦʙʣʘʩʪʴ 31914,15 39174,85 37279,12     33656,99 

7 ʈʝʩʧʫʙʣʠʢʘ ʍʘʢʘʩʠʷ 17527,39           

8 ʉʚʝʨʜʣʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 2263,09 52244,56 79068,66     35068,89 

9 ʊʶʤʝʥʩʢʘʷ ʦʙʣʘʩʪʴ 1741,16 23620,65 72079,44     64489,32 

10 ʍʄɸʆ   15954,17 158,66 91889,43   432037,85 

11 ʊʦʤʩʢʘʷ ʦʙʣʘʩʪʴ   693,27 12246,82   64363,41 237216,50 

12 ʈʝʩʧʫʙʣʠʢʘ ʊʳʚʘ           3633,26 

13 ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ 12347,70 13565,95 28303,50     46860,14 

14 ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ 13,89   6070,95     86760,18 

15 ʗʅɸʆ   1611,92 18062,43 6680,61 8440,11 619304,61 

 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 30112,95 24800,36 29569,33 44254,05 36401,76 133868,76 

ʀʟ ʧʦʜʟʝʤʥʳʭ ʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦʜʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʉʫʨʛʫʪʩʢʦʡ (316,6 ʤʣʥ ʤ
3
), ʊʘʨʢʦ-ʉʘʣʝʩʩʢʦʡ (110,7 ʤʣʥ 

ʤ
3
), ʛʦʨʥʦ-ʪʘʝʞʥʦʡ ʋʨʘʣʘ (109,7 ʤʣʥ ʤ

3
), ʂʫʟʥʝʮʢʦ-ɸʣʘʪʘʫʩʢʦʡ (77,0 ʤʣʥ ʤ

3
), 

ʂʫʟʥʝʮʢʦʡ ʤʝʞʛʦʨʥʦ-ʢʦʪʣʦʚʠʥʥʦʡ (76,8 ʤʣʥ ʤ
3
), ɺʝʨʭʥʝʦʙʩʢʦʡ (73,8 ʤʣʥ ʤ

3
) 

ʠ ʉʝʚʝʨʦʧʨʠʘʨʛʠʥʩʢʦʡ (59,9 ʤʣʥ ʤ
3
) ʣʘʥʜʰʘʬʪʥʳʭ ʧʨʦʚʠʥʮʠʷʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʦʪʩʫʪʩʪʚʫʝʪ ʚ 16 ʧʨʦʚʠʥʮʠʷʭ (14 ʠʟ ʥʠʭ 

ʩʦʚʧʘʜʘʶʪ ʩ ʧʨʦʚʠʥʮʠʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʯʥʳʭ ʚʦʜ 

ʧʦ ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ). ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʙʲʝʤʘ 
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ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʣʘʥʜʰʘʬʪʥʳʭ ʧʨʦʚʠʥʮʠʷʭ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ 

ʟʘ 2009-2013 ʛʛ. ʩʦʩʪʘʚʣʷʝʪ 15,2 ʤʣʥ ʤ
3
. 

ʉʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠ ʦʙʲʝʤʦʚ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚʦʜ ʚ ʣʘʥʜʰʘʬʪʥʳʭ 

ʧʨʦʚʠʥʮʠʷʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʥʘʧʨʷʞʝʥʥʘʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʦʙʩʪʘʥʦʚʢʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

ʩʣʦʞʠʣʘʩʴ ʚ ʛʦʨʥʦ-ʣʝʩʦʩʪʝʧʥʦʡ ʋʨʘʣʴʩʢʦʡ, ʅʘʟʘʨʦʚʩʢʦʡ, ʂʫʟʥʝʮʢʦ-

ɸʣʘʪʘʫʩʢʦʡ, ɿʘʫʨʘʣʴʩʢʦʡ ʠ ʛʦʨʥʦ-ʪʘʝʞʥʦʡ ʋʨʘʣʴʩʢʦʡ ʧʨʦʚʠʥʮʠʷʭ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʱʝʛʦ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʟʜʝʩʴ ʧʨʝʚʳʰʘʶʪ 3,0 %, 

ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʅʘʟʘʨʦʚʩʢʦʡ ʠ ʛʦʨʥʦ-ʣʝʩʦʩʪʝʧʥʦʡ 

ʋʨʘʣʴʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ï 9,5 % ʠ 16,2 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʙʲʝʤʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ 

ʚʦʜʥʦ-ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʤʦʜʫʣʶ ʧʦʜʟʝʤʥʦʛʦ ʩʪʦʢʘ 

ʟʦʥʳ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʦʜʦʦʙʤʝʥʘ, ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʫʶ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʫʶ 

ʦʧʘʩʥʦʩʪʴ ʠʩʧʳʪʳʚʘʶʪ ʪʝʨʨʠʪʦʨʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʂʫʟʥʝʮʢʦ-ɸʣʘʪʘʫʩʢʦʡ, 

ʊʘʨʢʦ-ʉʘʣʝʩʩʢʦʡ, ʂʫʟʥʝʮʢʦʡ ʤʝʞʛʦʨʥʦ-ʢʦʪʣʦʚʠʥʥʦʡ, ʂʫʣʫʥʜʠʥʩʢʦʡ, ʛʦʨʥʦ-

ʩʪʝʧʥʦʡ ʋʨʘʣʴʩʢʦʡ, ɿʘʫʨʘʣʴʩʢʦʡ, ʉʫʨʛʫʪʩʢʦʡ, ʛʦʨʥʦ-ʣʝʩʦʩʪʝʧʥʦʡ ʋʨʘʣʴʩʢʦʡ, 

ʋʩʪʴ-ʅʘʜʳʤʩʢʦʡ, ʉʝʚʝʨʦʧʨʠʘʨʛʠʥʩʢʦʡ, ʊʦʙʦʣ-ʋʙʘʛʘʥʩʢʦʡ ʠ ɺʝʨʭʥʝʥʳʜʩʢʦʡ 

ʧʨʦʚʠʥʮʠʷʭ. ɿʜʝʩʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʧʨʝʚʳʰʘʶʪ 3 %, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʚ ʂʫʟʥʝʮʢʦ-ɸʣʘʪʘʫʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ï 

19,7 %. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʪʦʛʠ ʦʮʝʥʢʠ ʨʝʘʣʴʥʦʡ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʳ 

ʪʦʣʴʢʦ ʜʣʷ ʜʚʫʭ ʧʨʦʚʠʥʮʠʷʭ ï ʂʫʟʥʝʮʢʦ-ɸʣʘʪʘʫʩʢʦʡ ʠ ʅʘʟʘʨʦʚʩʢʦʡ, ʚ 

ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʠʥʪʝʥʩʠʚʥʦ ʥʘʛʨʫʞʝʥʥʳʝ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʝ 

ʫʯʘʩʪʢʠ (ɺʍʋ) ʙʘʩʩʝʡʥʦʚ ʨʝʢ ʊʦʤʠ ʠ ʏʫʣʳʤʘ. ɹʘʩʩʝʡʥʫ ʊʦʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʂʝʤʝʨʦʚʩʢʦʡ ʠ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʝʡ, ʥʦ ʠʤʝʥʥʦ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʭʦʜʠʪʩʷ ɺʍʋ 13-01-03-002 ʩ 

ʥʘʠʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʙʘʩʩʝʡʥʝ (ʦʢʦʣʦ 1,5 ʢʤ
3
). ʇʦ 

ʥʘʰʠʤ ʜʘʥʥʳʤ ʨʠʩʢ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʟʜʝʩʴ ʠʩʧʳʪʳʚʘʶʪ ʙʦʣʝʝ 1,0 ʤʣʥ ʯʝʣ. 

ʋʟʣʘʤʠ ʢʦʥʬʣʠʢʪʦʚ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʤʦʛʫʪ ʩʪʘʪʴ ʛʛ. ʅʦʚʦʢʫʟʥʝʮʢ, ʄʳʩʢʠ, 

ʄʝʞʜʫʨʝʯʝʥʩʢ, ʂʘʣʪʘʥ, ɸʥʞʝʨʦ-ʉʫʜʞʝʥʩʢ, ʆʩʠʥʥʠʢʠ. ɺ ʅʘʟʘʨʦʚʩʢʦʡ 

ʧʨʦʚʠʥʮʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ ʨ. ʏʫʣʳʤ ʨʘʩʧʦʣʦʞʝʥ ʦʜʠʥ ʠʟ ʩʘʤʳʭ 

ʥʘʛʨʫʞʝʥʥʳʭ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ï ɺʍʋ 13-01-04-

001 (ʦʙʲʝʤ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ 0,5 ʢʤ
3
). ʂ ʥʝʤʫ ʧʨʠʫʨʦʯʝʥʳ ʪʘʢʠʝ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʮʝʥʪʨʳ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ, ʢʘʢ ʅʘʟʘʨʦʚʦ, ʐʘʨʳʧʦʚʦ, 

ɸʯʠʥʩʢ. ʈʠʩʢ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʟʜʝʩʴ ʠʩʧʳʪʳʚʘʶʪ ʩʚʳʰʝ 140,0 ʪʳʩ. ʯʝʣ. 

ɺ ʟʘʚʝʨʰʝʥʠʝ ʭʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʠʪʴ ʦʮʝʥʢʫ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʨʫʧʥʳʭ ʨʝʛʠʦʥʦʚ ʠ ʪʝʨʨʠʪʦʨʠʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʉ 

ʫʯʝʪʦʤ ʦʙʲʝʤʦʚ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚʦʜ ʠ ʙʝʟʚʦʟʚʨʘʪʥʦʛʦ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʮʝʥʠʪʴ ʨʝʘʣʴʥʫʶ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ, ʨʘʩʯʝʪ 

ʢʦʪʦʨʦʡ ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ ʜʣʷ ʪʝʨʨʠʪʦʨʠʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʜʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ, ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʙʘʩʩʝʡʥʦʚ ʨʝʢ. 
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ʇʦʜʦʙʥʘʷ ʜʝʪʘʣʠʟʘʮʠʷ ʨʘʩʯʝʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʪʘʢʞʝ ʦʮʝʥʢʫ ʨʠʩʢʘ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʛʠʦʥʘʭ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. 
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ɺʆɼʅʓɽ ʈɽʉʋʈʉʓ ɸɿʀɸʊʉʂʆʁ ʈʆʉʉʀʀ: ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ 

ʆɹɽʉʇɽʏɽʅʅʆʉʊʔ ʈɽɻʀʆʅɸʃʔʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ  

ɺ.ɺ. ʈʳʢʦʚʘ  

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʫʙʣʠʯʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʙʠʙʣʠʦʪʝʢʘ ʉʠʙʠʨʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ɻʇʅʊɹ ʉʆ ʈɸʅ), ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 

onbryk@spsl.nsc.ru 

ɻʣʦʙʘʣʴʥʳʝ ʠ ʨʝʛʠʦʥʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʪʨʝʙʫʶʪ 

ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʙʘʟʘʭ ʠ 

ʙʘʥʢʘʭ ʜʘʥʥʳʭ.  

ɻʇʅʊɹ ʉʆ ʈɸʅ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʝʪ ʥʘʜ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʦʚ ʠ ʧʨʦʛʨʘʤʤ. ɿʜʝʩʴ 

ʥʘʢʦʧʣʝʥʳ ʠ ʦʙʨʘʙʦʪʘʥʳ ʦʛʨʦʤʥʳʝ ʤʘʩʩʠʚʳ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʘʣʠʪʠʢʦ-ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʨʘʟʥʦʧʣʘʥʦʚʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʘʷ ʧʨʦʜʫʢʮʠʷ [1]:  

- ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʝ ʫʢʘʟʘʪʝʣʠ ʣʠʪʝʨʘʪʫʨʳ: çʂʣʠʤʘʪ ʠ ʛʠʜʨʦʣʦʛʠʷ ɿʘʧʘʜʥʦʡ 
ʉʠʙʠʨʠè (1880-1966 ʛʛ.), çɺʦʜʥʳʝ ʨʝʩʫʨʩʳ ʉʠʙʠʨʠè (1976-1991 ʛʛ.), 

ʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʧʨʠʨʦʜʳ ʠ ʦʙʱʝʩʪʚʘ (1992-1997 ʛʛ.) [2-4]; 

- ʪʝʢʫʱʠʝ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ʫʢʘʟʘʪʝʣʠ: çʂʣʠʤʘʪ ʠ ʛʠʜʨʦʣʦʛʠʷ ʉʠʙʠʨʠ ʠ 
ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘè, çʇʨʠʨʦʜʘ ʠ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ 

ɺʦʩʪʦʢʘ, ʠʭ ʦʭʨʘʥʘ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝè, çʇʨʦʙʣʝʤʳ ʉʝʚʝʨʘè; 

- ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʝ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ʙʘʟʳ ʜʘʥʥʳʭ çɺʦʜʥʳʝ ʨʝʩʫʨʩʳ 

ʉʠʙʠʨʠè, çʕʢʦʣʦʛʠʷ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠè; 

- ʙʘʟʳ ʜʘʥʥʳʭ ʩ ʪʝʢʫʱʠʤ ʧʦʧʦʣʥʝʥʠʝʤ: çɿʘʛʨʷʟʥʝʥʠʝ ʠ ʦʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ: ʩʧʨʘʚʦʯʥʳʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʜʘʥʠʷè, 

çʅʘʫʯʥʘʷ ʉʠʙʠʨʠʢʘè, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ ʨʝʛʠʦʥʘʣʴʥʳʝ ʤʘʩʩʠʚʳ ɹɼ 

çʇʨʠʨʦʜʘ ʠ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘè, çʇʨʦʙʣʝʤʳ 

ʉʝʚʝʨʘè, çʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʧʨʠʨʦʜʳ ʠ ʦʙʱʝʩʪʚʘè; 

- ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʙʟʦʨʳ ʧʦ ʵʢʦʣʦʛʠʠ; 

- ʜʦʢʫʤʝʥʪʘʣʴʥʳʝ ʧʦʪʦʢʠ ʠ ʠʭ ʘʥʘʣʠʟ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʊʘʙʣʠʮʝ 1. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ ɹɼ çʅʘʫʯʥʘʷ ʉʠʙʠʨʠè ʚʢʣʶʯʘʝʪ ʙʦʣʝʝ 50 000 

ʜʦʢʫʤʝʥʪʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʩʦʩʪʦʷʥʠʷ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʨʘʟʣʠʯʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʉʠʙʠʨʠ, ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ, ʂʨʘʡʥʝʛʦ 

ʉʝʚʝʨʘ. ʇʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ɹɼ çʇʨʠʨʦʜʘ ʠ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳè 

ʚʤʝʰʘʝʪ ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʜʦʢʫʤʝʥʪʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ɸʟʠʘʪʩʢʦʡ ʈʦʩʩʠʠ. ʆʥʘ ʠʤʝʝʪ ʨʘʟʜʝʣ çɺʦʜʳè, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʦʙʱʠʝ ʚʦʧʨʦʩʳ ʠʟʫʯʝʥʠʷ ʚʦʜ; ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʩʫʰʠ 

(ʚʦʜʥʦ-ʨʝʩʫʨʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʘʯʝʩʪʚʦ ʚʦʜ 

ʧʦ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ, ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ); 

ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ; ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ ʠ ʣʝʜʥʠʢʠ; ʚʦʜʳ ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚ; 

ʟʘʛʨʷʟʥʝʥʠʝ, ʦʭʨʘʥʘ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ (ʈʠʩ. 1). 
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ʅʘʠʙʦʣʝʝ ʥʘʧʦʣʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʫʙʨʠʢʠ çɺʦʜʳ ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚè (24%), 

çɿʘʛʨʷʟʥʝʥʠʝ ʠ ʦʭʨʘʥʘ ʚʦʜè (21%), çʂʘʯʝʩʪʚʦ ʚʦʜè (15%). 

ʊʘʙʣʠʮʘ 1 ï ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʨʦʜʫʢʮʠʷ ɻʇʅʊɹ ʉʆ ʈɸʅ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 
ʊʠʧ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʅʘʟʚʘʥʠʝ ʈʝʪʨʦʩʧʝʢʪʠʚʘ, ʦʙʲʝʤ 

ɹʠʙʣʠʦʛʨ. ʫʢʘʟʘʪʝʣʠ: 

- ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʝ 

 

 

 

 

 

 

- ʪʝʢʫʱʠʝ 

 

ʂʣʠʤʘʪ ʠ ʛʠʜʨʦʣʦʛʠʷ ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ 

ɺʦʜʥʳʝ ʨʝʩʫʨʩʳ ʉʠʙʠʨʠ 

ʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʧʨʠʨʦʜʳ ʠ 

ʦʙʱʝʩʪʚʘ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ 

ɺʦʩʪʦʢʘ 

 

ʂʣʠʤʘʪ ʠ ʛʠʜʨʦʣʦʛʠʷ ʉʠʙʠʨʠ ʠ 

ɼʘʣɹʥʝʛʦ ɺʦʩʪʦʢʘ 

ʇʨʠʨʦʜʘ ʠ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ 

ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ, ʠʭ 

ʦʭʨʘʥʘ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʇʨʦʙʣʝʤʳ ʉʝʚʝʨʘ 

 

1880-1966 ʛʛ. (ʨʘʟʜʝʣ 

ɻʠʜʨʦʣʦʛʠʷ, 1819 ʜʦʢ.) 

1979-1991 ʛʛ. (6624 ʜʦʢ.) 

 1992-1997 ʛʛ. (ʨʘʟʜʝʣ ɺʦʜʥʳʝ 

ʨʝʩʫʨʩʳ - 75 ʜʦʢ.) 

 

 

1967-1994 ʛʛ. (6 ʨʘʟ ʚ ʛʦʜ) 

  

1995-2012 ʛʛ. (6 ʨʘʟ ʚ ʛʦʜ),  

 

 

 

1968-2012 ʛʛ. (6 ʨʘʟ ʚ ʛʦʜ) 

ɹɼ 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ: 

- ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʝ 

 

 

 

 

- ʩ ʪʝʢʫʱʠʤ 

ʧʦʧʦʣʥʝʥʠʝʤ 

 

 

 

 

 

 

 

 

 

 

ʇʦʣʥʦʪʝʢʩʪʦʚʳʝ 

 

 

ɺʦʜʥʳʝ ʨʝʩʫʨʩʳ ʉʠʙʠʨʠ 

ʕʢʦʣʦʛʠʷ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ  

 

 

 

ʅʘʫʯʥʘʷ ʉʠʙʠʨʠʢʘ: 

 - ʇʨʠʨʦʜʘ ʠ ʧʨʠʨʦʜʥʳʝ 

ʨʝʩʫʨʩʳ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ 

ɺʦʩʪʦʢʘ 

 - ʇʨʦʙʣʝʤʳ ʉʝʚʝʨʘ 

 

 - ʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʧʨʠʨʦʜʳ 

ʠ ʦʙʱʝʩʪʚʘ 

 

ɿʘʛʨʷʟʥʝʥʠʝ ʠ ʦʭʨʘʥʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

 

ʅʘʫʯʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʈɸʅ 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʦʙʟʦʨʳ ʧʦ 

ʵʢʦʣʦʛʠʠ 

 

 

1979-1991 ʛʛ. , 6624 ʜʦʢ. 

1988-2010 ʛʛ., ʨʘʟʜʝʣ 

çɿʘʛʨʷʟʥʝʥʠʝ ʠ ʦʭʨʘʥʘ 

ʛʠʜʨʦʩʬʝʨʳè, 2574 ʜʦʢ. 

 

ʩ 1998 ʛ. 

ʨʘʟʜʝʣ çɺʦʜʳè ʙʦʣʝʝ 30 700 

ʜʦʢ. 

 

ʨʘʟʜʝʣ çɺʦʜʳè, ʦʢʦʣʦ 21 300 

ʜʦʢ. 

ʨʘʟʜʝʣ çɺʦʜʥʳʝ ʨʝʩʫʨʩʳè,  

ʙʦʣʝʝ 4 200 ʜʦʢ. 

 

ʩ 1985 ʛ., ʨʘʟʜʝʣ çɿʘʛʨʷʟʥʝʥʠʝ ʠ 

ʦʭʨʘʥʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜè, 250 

ʜʦʢ. 

 

ʩ 2008 ʛ., ʙʦʣʝʝ 50 ʢʦʥʬ.  

ʩ 1989 ʛ., ʙʦʣʝʝ 20 ʦʙʟʦʨʦʚ 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ 

ʦʙʟʦʨʳ (ʧʝʯʘʪʥʳʝ) 

ʆʙʟʦʨʳ ʧʦ ʵʢʦʣʦʛʠʠ ʩ 1989 ʛ., ʙʦʣʝʝ 20 ʦʙʟʦʨʦʚ 

ɸʥʘʣʠʟ 

ʜʦʢʫʤʝʥʪʘʣʴʥʳʭ 

ʧʦʪʦʢʦʚ  

 

ɺʦʜʥʳʝ ʨʝʩʫʨʩʳ ʦʟʝʨʘ ɹʘʡʢʘʣ [5] 

ɿʘʛʨʷʟʥʝʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʦʚ [6] 

ɿʘʛʨʷʟʥʝʥʠʝ ʠ ʦʭʨʘʥʘ ʚʦʜ 

ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ [7] 

730 ʜʦʢ. ʟʘ 1979-1991 ʛʛ. 

2697 ʜʦʢ. ʟʘ 1988-2006 ʛʛ. 

 

2616 ʜʦʢ. ʟʘ 1988-2009 ʛʛ. 
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ɺʪʦʨʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʤʘʩʩʠʚ ʜʦʢʫʤʝʥʪʦʚ, ʦʩʚʝʱʘʶʱʠʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʝʪ ɹɼ çʇʨʦʙʣʝʤʳ ʉʝʚʝʨʘè, ʛʜʝ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʤʘʪʝʨʠʘʣʳ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʦʩʪʦʷʥʠʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʩʝʚʝʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ɽʚʨʘʟʠʠ ʠ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ, ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ 

ʦʢʝʘʥʘ, ʩʫʙʘʨʢʪʠʯʝʩʢʠʭ ʚʦʜʥʳʭ ʤʘʩʩ ʇʘʮʠʬʠʢʠ ʠ ɸʪʣʘʥʪʠʢʠ. 

ʉʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ɹɼ çɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʩʦʙʠʷ ʧʦ ʉʠʙʠʨʠ ʠ 

ɼʘʣʴʥʝʤʫ ɺʦʩʪʦʢʫè, ʢʦʪʦʨʘʷ ʚ ʨʘʟʜʝʣʝ çʂʣʠʤʘʪʦʣʦʛʠʷ. ɻʠʜʨʦʣʦʛʠʷ. 

ɻʣʷʮʠʦʣʦʛʠʷè ʚʤʝʱʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʩʦʙʠʷʭ ʠ 

ʧʨʠʢʥʠʞʥʦʡ ʠ ʧʨʠʩʪʘʪʝʡʥʦʡ ʙʠʙʣʠʦʛʨʘʬʠʠ ʩ 19 ʚʝʢʘ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

(ʙʦʣʝʝ 300 ʟʘʧʠʩʝʡ), ʯʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʦʜʩʧʦʨʴʝʤ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʢ ʜʠʩʩʝʨʪʘʮʠʠ, ʦʙʟʦʨʥʦʡ ʩʪʘʪʴʠ, ʥʘʫʯʥʦʛʦ 

ʦʪʯʝʪʘ. 
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ʈʠʩ. 1. ʊʝʤʘʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʟʜʝʣʘ çɺʦʜʳè ʚ ɹɼ çʇʨʠʨʦʜʘ ʠ ʧʨʠʨʦʜʥʳʝ 

ʨʝʩʫʨʩʳ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘè 

ɼʦʢʫʤʝʥʪʘʣʴʥʳʝ ʤʘʩʩʠʚʳ ɹɼ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʙʷʟʘʪʝʣʴʥʦʛʦ 

ʵʢʟʝʤʧʣʷʨʘ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʥʦʩʪʨʘʥʥʳʭ ʠʟʜʘʥʠʡ, ʧʦʩʪʫʧʘʶʱʠʭ 

ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʫʯʨʝʞʜʝʥʠʷ ʉʆ ʈɸʅ, ʚʢʣʶʯʘʝʪ ʢʥʠʛʠ, ʩʪʘʪʴʠ ʠʟ 

ʞʫʨʥʘʣʦʚ ʠ ʥʘʫʯʥʳʭ ʩʙʦʨʥʠʢʦʚ, ʤʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʡ, ʥʘʫʯʥʳʝ ʦʪʯʝʪʳ, 

ʘʚʪʦʨʝʬʝʨʘʪʳ ʜʠʩʩʝʨʪʘʮʠʡ, ʜʝʧʦʥʠʨʦʚʘʥʥʳʝ ʨʫʢʦʧʠʩʠ, ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ, ʧʘʪʝʥʪʳ, ʢʘʨʪʳ ʠ ʘʪʣʘʩʳ. ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʨʝʧʝʨʪʫʘʨʘ 

ʦʪʙʠʨʘʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚ ɹɼ ʟʘ ʩʯʝʪ ʚʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʠʟ 

ʫʜʘʣʝʥʥʳʭ ɹɼ ʥʘʤʠ ʠʟʫʯʝʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʜʘʥʠʡ ʅʘʫʯʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʠ Directory of Open Access Journal, ʩʦʩʪʘʚʣʝʥʘ 

ʢʘʨʪʦʪʝʢʘ ʞʫʨʥʘʣʦʚ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʚ ʢʦʪʦʨʫʶ ʚʦʰʣʠ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʝ 

ʞʫʨʥʘʣʳ ʢʘʢ çOpen Journal of Hydrologyè, çJournal of Hydrologyè ʠ ʜʨ. 

ɺʢʣʶʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ɹɼ ʧʫʪʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʛʠʧʝʨʩʩʳʣʦʢ ʦʪ 

ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ ʥʘ ʧʦʣʥʳʝ ʪʝʢʩʪʳ ʠʩʪʦʯʥʠʢʦʚ. 

ʇʦʠʩʢ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ ʚʦʟʤʦʞʝʥ ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ ʠʟ ʟʘʛʣʘʚʠʷ, 

ʘʥʥʦʪʘʮʠʠ ʠʣʠ ʧʝʨʝʚʦʜʘ ʟʘʛʣʘʚʠʡ, ʬʘʤʠʣʠʠ ʘʚʪʦʨʘ, ʨʝʜʘʢʪʦʨʘ, ʩʦʩʪʘʚʠʪʝʣʝʡ, 

ʛʦʜʫ ʠ ʤʝʩʪʫ ʠʟʜʘʥʠʷ, ʧʨʝʜʤʝʪʥʦʡ ʨʫʙʨʠʢʝ, ʷʟʳʢʫ ʠ ʚʠʜʫ ʜʦʢʫʤʝʥʪʘ. 

ʄʘʪʝʨʠʘʣ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥ ʧʦ ʧʨʝʜʤʝʪʥʳʤ ʨʫʙʨʠʢʘʤ, ʜʘʶʪʩʷ 
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ʜʦʙʘʚʦʯʥʳʝ ʩʩʳʣʢʠ ʥʘ ʜʨʫʛʠʝ ʦʙʣʘʩʪʠ ʟʥʘʥʠʷ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ɹɼ ʩʦʙʩʪʚʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ɻʇʅʊɹ ʉʆ ʈɸʅ ʷʚʣʷʝʪʩʷ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʨʫʙʨʠʢʘ, 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʢʘʟʘʥʥʳʡ ʚ ʩʪʘʪʴʝ, ʥʦ ʠ 

ʙʦʣʝʝ ʢʨʫʧʥʫʶ ʝʜʠʥʠʮʫ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʣʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ 

ʜʝʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʥʘʡʪʠ ʧʫʙʣʠʢʘʮʠʠ ʧʦ ʥʫʞʥʦʤʫ ʨʝʛʠʦʥʫ. ʇʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʣʦʞʥʳʡ ʧʦʠʩʢ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʧʘʨʘʤʝʪʨʘʤ ʦʜʥʦʚʨʝʤʝʥʥʦ.  

ʉ 1989 ʛʦʜʘ ʃʘʙʦʨʘʪʦʨʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʯʠʥʘʝʪ 

ʠʟʜʘʚʘʪʴ ʩʝʨʠʶ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʙʟʦʨʦʚ çʕʢʦʣʦʛʠʷè, ʢʦʪʦʨʘʷ ʢ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ 100 ʚʳʧʫʩʢʦʚ [8], ʠʭ ʥʠʭ ʙʦʣʝʝ 20 ʧʦʩʚʷʱʝʥʳ 

ʨʘʟʣʠʯʥʳʤ ʘʩʧʝʢʪʘʤ ʠʟʫʯʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ, ʦʭʨʘʥʳ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʇʦʤʠʤʦ ʧʝʯʘʪʥʳʭ ʚʘʨʠʘʥʪʦʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʦʙʟʦʨʦʚ ʧʦʪʨʝʙʠʪʝʣʷʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʣʥʦʪʝʢʩʪʦʚʘʷ ɹɼ, ʢʦʪʦʨʘʷ ʜʦʩʪʫʧʥʘ ʥʘ 

ʩʘʡʪʝ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ.  
ɺ ʟʘʢʣʶʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ɹɼ ʥʘʭʦʜʷʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ 

ʜʦʩʪʫʧʝ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʀʥʪʝʨʥʝʪʘ ʥʘ ʩʘʡʪʝ ʙʠʙʣʠʦʪʝʢʠ ʧʦ ʘʜʨʝʩʫ 

www.spsl.nsc.ru (ʦʧʮʠʠ çʈʝʩʫʨʩʳ ʠ ʫʩʣʫʛʠè Ÿ çʕʣʝʢʪʨʦʥʥʳʝ ʢʘʪʘʣʦʛʠ ʠ ʙʘʟʳ 

ʜʘʥʥʳʭè Ÿ çɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ɹɼè ʠʣʠ çʇʦʣʥʦʪʝʢʩʪʦʚʳʝ ɹɼè). 

ɼʦʢʫʤʝʥʪʳ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʳʰʝʦʟʥʘʯʝʥʥʳʭ ɹɼ, 

ʭʨʘʥʷʪʩʷ ʚ ʬʦʥʜʘʭ ɻʇʅʊɹ ʉʆ ʈɸʅ, ʧʦʵʪʦʤʫ ʠʭ ʤʦʞʥʦ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʧʦ 

ʤʝʞʙʠʙʣʠʦʪʝʯʥʦʤʫ ʘʙʦʥʝʤʝʥʪʫ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʠʣʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʝ. 

ʀʥʬʦʨʤʘʮʠʶ ʠʟ ɹɼ ʩʦʙʩʪʚʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ɻʇʅʊɹ ʉʆ ʈɸʅ ʤʦʞʥʦ ʪʘʢʞʝ 

ʧʦʣʫʯʠʪʴ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʝ, ʦʙʨʘʪʠʚʰʠʩʴ ʧʦ ʘʜʨʝʩʫ onb@spsl.nsʩ.ru. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺɽʏʅʆʁ ʄɽʈɿʃʆʊʓ ɺ ɻʆʈɸʍ ʄʆʅɻʆʃʔʉʂʆɻʆ 

ɸʃʊɸʗ (ʅɸ ʇʈʀʄɽʈɽ ʎɸɻɸɸʅʅʋʋʈʉʂʆɻʆ ɹɸʉʉɽʁʅɸ)  

ʎ. ʉʵʨ-ʆʜ
1
, ʗ. ɻʘʥʩϮʭ

1
, ʏ. ɸʶʫʨʟʘʥʘ

2
, ɹ. ɻʫʨʚʘʥʜʘʚʘʘ

2
, ɸ. ʆʪʛʦʥʟʦʨʠʛ

2
 

1
ʋʣʘʘʥ-ɹʘʪʦʨ, ʄʦʥʛʦʣʠ,̫ 

2
ʍʦʚʜ, ʄʦʥʛʦʣʠʷ 

ɻʦʨʳ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʚʝʨʰʠʥʘʤʠ: 

ʍʘʨʭʠʨʘʘ-ʊʫʨʛʵʥ, ʊʘʚʘʥ ʙʦʛʜ ʠ ʄʫʥʭʭʘʡʨʭʘʥ. ʆʥʠ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ, ʨʘʩʧʦʣʦʞʝʥʠʶ ʛʦʨʥʳʭ ʤʘʩʩʠʚʦʚ, 

ʥʘʧʨʘʚʣʝʥʠʶ, ʩʪʨʫʢʪʫʨʝ ʣʘʥʜʰʘʬʪʘ, ʘ ʪʘʢʞʝ ʧʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ. ɺ ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ʄʦʥʛʦʣʠʠ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʛʦʨʥʳʝ ʚʝʨʰʠʥʳ ʥʘʭʦʜʷʪʩʷ ʥʘ ʚʳʩʦʪʝ 3200-

3500ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ  

ɽʩʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ ʠ ʤʘʪʝʨʠʘʣʳ ʧʦ ʠʟʫʯʝʥʠʶ 

ʧʨʠʨʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ. ʍʦʪʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. [1]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʟʥʦʩʪʦʨʦʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʥʛʦʣʴʩʢʠʭ ʠ 

ʨʫʩʩʢʠʭ ʫʯʸʥʳʭ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ çɹʦʪʘʥʠʯʝʩʢʘʷ ʢʘʨʪʘ ʄʅʈè ʚ ʤʘʩʰʪʘʙʝ 

1:1500000, çʇʦʯʚʝʥʥʘʷ ʢʘʨʪʘ ʄʦʥʛʦʣʠʠè ʚ ʤʘʩʰʪʘʙʝ 1:2000000, çʂʘʨʪʘ 

ʤʦʥʛʦʣʴʩʢʦʡ ʣʝʩ-ʙʦʪʘʥʠʢʠè ʚ ʤʘʩʰʪʘʙʝ 1:1500000 ʠ çʄʦʥʛʦʣʴʩʢʠʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʪʣʘʩè. ʅʘ ʵʪʠʭ ʢʘʨʪʘʭ ʠ ʘʪʣʘʩʝ ʭʦʨʦʰʦ ʦʪʨʘʞʝʥʳ ʛʦʨʳ 

ʤʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ, ʠʭ ʧʦʯʚʳ, ʨʘʩʪʝʥʠʷ, ʘʨʝʘʣʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʞʠʚʦʪʥʳʭ 

ʠ ʦʙʱʠʝ ʧʨʠʨʦʜʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʘʥʥʦʛʦ ʤʝʩʪʘ [2]. 

ʉʠʩʪʝʤʘ ʜʘʥʥʳʭ ʛʦʨ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ɽʚʨʘʟʠʡʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ. ʀʟ-ʟʘ 

ʪʦʛʦ ʯʪʦ ʦʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʜʘʣʝʥʘ ʦʪ ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʟʜʝʩʴ ʚʝʩʴʤʘ ʩʫʭʠʝ, ʛʣʘʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʣʠʤʘʪ ʦʢʘʟʳʚʘʶʪ ʮʠʢʣʦʥʳ ʩ 

ʟʘʧʘʜʘ. ʇʦ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʟʦʥʘʤ ʄʦʥʛʦʣʠʠ ʜʘʥʥʳʡ ʨʝʛʠʦʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 3 

ʛʨʫʧʧʳ: I ʛʨʫʧʧʘ ï ʭʦʣʦʜʥʦʝ ʠ ʚʣʘʞʥʦʝ ʣʝʪʦ ʩ ʩʫʨʦʚʦʡ ʟʠʤʦʡ; II  ʛʨʫʧʧʘ ï ʩ 

ʩʫʨʦʚʦʡ ʟʠʤʦʡ, ʫ ʢʦʪʦʨʦʡ ʙʦʣʝʝ ʭʦʣʦʜʥʦʝ ʠ ʚʣʘʞʥʦʝ ʣʝʪʦ; III  ʛʨʫʧʧʘ ï ʩ ʩʫʭʠʤ 

ʠ ʧʨʦʭʣʘʜʥʳʤ ʣʝʪʦʤ ʠ ʩʫʨʦʚʦʡ ʟʠʤʦʡ. [ʄʦʥʛʦʣʴʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʪʣʘʩ, 

2009]. 

ɺ ʵʪʠʭ ʨʝʛʠʦʥʘʭ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʜʦʩʪʠʛʘʝʪ ʚ ʩʨʝʜʥʝʤ ʜʦ -25Á-35Áʉ 

ʟʠʤʦʡ, 15-20Áʉ ʣʝʪʦʤ. ɺ ʛʦʜ ʚʳʧʘʜʘʝʪ 250-350ʤʤ ʦʩʘʜʢʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʣʝʪʦʤ, 

ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʧʦʚʳʰʘʝʪʩʷ ʚ 1.1-2.5 ʨʘʟʘ ʠ, ʚ ʦʙʱʝʤ, ʢʣʠʤʘʪ ʩʪʘʥʦʚʠʪʩʷ 

ʚʣʘʞʥʳʤ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʢʣʠʤʘʪ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʩʪʘʣ ʪʝʧʣʝʝ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʛʣʦʙʘʣʴʥʦʛʦ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʧʨʦʚʦʜʷʪʩʷ ʩʦʚʤʝʩʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ, 

ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ ʢʣʠʤʘʪʘ ʩʦʚʤʝʩʪʥʦ ʩ ʫʯʸʥʳʤʠ ʗʧʦʥʠʠ, ʂʦʨʝʠ ʠ ʈʦʩʩʠʠ ʩ 

ʮʝʣʴʶ ʠʟʫʯʠʪʴ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʠ ʝʛʦ ʧʦʩʣʝʜʩʪʚʠʡ.  

ʈʝʟʫʣʴʪʘʪʳ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʠ ʝʸ ʦʩʦʙʝʥʥʦʩʪʠ 

ʄʦʥʛʦʣʠʷ ʟʘʥʠʤʘʝʪ 5 ʤʝʩʪʦ ʧʦ ʨʘʟʤʝʨʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʝʯʥʦʡ 

ʤʝʨʟʣʦʪʳ ʧʦʩʣʝ ʈʦʩʩʠʠ, ʂʘʥʘʜʳ, ʂʠʪʘʷ ʠ ʉʐɸ [Tingjun, Zhet al., 2006]. 

ɺʝʯʥʘʷ ʤʝʨʟʣʦʪʘ ʄʦʥʛʦʣʠʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʜʦʣʴ ʶʞʥʦʛʦ ʢʨʘʷ ʩʠʙʠʨʩʢʦʡ 

ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʠ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʨʘʟʤʝʨʘʤʠ. 

ʄʦʥʛʦʣʦ-ʩʦʚʝʪʩʢʘʷ ʩʦʚʤʝʩʪʥʘʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʵʢʩʧʝʜʠʮʠʷ ʩʦʩʪʘʚʠʣʘ 

ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʫʶ ʢʘʨʪʫ ʄʦʥʛʦʣʠʠ (1971) ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ 
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ʧʣʘʥʦʤʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 1968-1971 ʛʦʜʘʭ. ʅʘ ʪɻʦʡ ʢʘʨʪʝ ʧʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ ʁʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʚ ʄʦʥʛʦʣʠʠ ʚʳʜʝʣʝʥʦ 5 ʦʩʥʦʚʥʳʭ ʟʦʥ ʠ 

ʨʝʛʠʦʥʦʚ, ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʯʝʨʪʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ. ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʥʦ, 

ʛʣʘʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʚʳʩʦʪ,r ʥʘʧʨʘʚʣʝʥʠʝ ʛʦʨ, ʛʣʫʙʠʥʘ ʣʝʜʦʚʦʛʦ 

ʧʦʢʨʦʚʘ, ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʢʣʠʤʘʪ. 

ʇʨʦʪʷʞʝʥʥʘʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʟʦʥʘ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʨʷʜʦʤ ʩ 

ʄʦʥʛʦʣʴʩʢʠʤ ɸʣʪʘʝʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 2800-3000ʤ. ɻʣʘʚʥʦʝ ʷʜʨʦ 

ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ï ʛʣʘʚʥʳʡ ʭʨʝʙʝʪ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ. 

ʂʨʦʤʝ ʪʦʛʦ ʤʝʨʟʣʦʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʧʦ ʚʩʝʤ ʛʦʨʥʳʤ ʤʘʩʩʠʚʘʤ: ʍʘʨʭʠʨʘʘ, 

ʊʫʨʛʵʥ, ʎʘʤʙʘʛʘʨʘʚ, ʉʘʡʨ ʫʫʣ ʠ ʍᴇʭ ʩʵʨʭʠʡʥ ʥʫʨʫʫ. ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʜʦʩʪʠʛʘʝʪ -1.5
0
ʉ- (-2.5

0
C), ʩʨʝʜʥʷʷ ʪʦʣʱʠʥʘ 80.0-150.0 ʤ, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 200-500 ʤ. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʧʝʨʝʤʝʞʘʶʱʝʡ ʟʦʥʳ ʫ 

ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʚ ʄʦʥʛʦʣʴʩʢʦʤ ɸʣʪʘʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝʤ 2000-2600 

ʤ ʠ ʧʦ ʥʘʯʘʣʴʥʦʤʫ ʚʨʝʟʫ ʜʦʣʠʥʳ ʨʝʢʠ ʍʦʚʜ.  

ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʜʦʩʪʠʛʘʝʪ -0.8
0
ʉ-(-1.5

0
C), 

ʩʨʝʜʥʷʷ ʪʦʣʱʠʥʘ 40.0-80.0 ʤ, ʩʘʤʘʷ ʙʦʣʴʰʘʷ ʪʦʣʱʠʥʘ 200 ʤ. ʈʝʛʠʦʥ 

ʧʷʪʥʠʩʪʦʡ (ʷʯʝʡʩʪʦʡ) ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʦʙʨʘʟʫʝʪ ʚ ʩʨʝʜʥʝʤ 10-40 ʢʤ ʰʠʨʦʢʫʶ 

ʣʠʥʠʶ ʦʢʨʫʞʘʝʪ ʚʦʢʨʫʛ ʨʝʢ ʠ ʛʦʨ. 

 
ʈʠʩ. 1. ɻʝʦʢʨʠʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʄʦʥʛʦʣʠʠ. 

ɽʛʦ ʥʠʞʥʷʷ ʣʠʥʠʷ ʛʨʘʥʠʮʳ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʚʳʩʦʪʝ 2000-2400 ʤ 

ʟʘʧʘʜʥʦʡ ʠ ʩʝʚʝʨʦʡ ʯʘʩʪʠ ʛʦʨ, 2600-2800 ʤ ï ʚ ʚʦʩʪʦʯʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʠ ʠ 

2800-3000 ʤ ʚ ʟʘʧʘʜʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʷʭ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ. ʀ ʨʝʜʢʦ 

ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʛʦʨʘʭ ʍʘʨʭʠʨʘʘ, ʊװʨʛʵʥ, ɸʣʪʘʥ-ʍᴇʭʠʡ ʠ ɾʘʨʛʘʣʘʥʪ ʭʘʡʨʭʘʥ 

ʫʫʣ. ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʜʦʩʪʠʛʘʝʪ -0.2
0
ʉ-(-0.8

0
C), ʩʨʝʜʥʷʷ 
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ʪʦʣʱʠʥʘ ʜʦʩʪʠʛʘʝʪ 15.0-40.0 ʤ ʠ ʩʘʤʘʷ ʙʦʣʴʰʘʷ ʪʦʣʱʠʥʘ ʜʦʩʪʠʛʘʝʪ 100 ʤ. 

ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ -0.1
0
C -(-0.2

0
C), ʩʨʝʜʥʷʷ ʪʦʣʱʠʥʘ 5.0-

15.0ʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ - 50ʤ, ʘ ʪʦʣʱʠʥʘ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʦʢʦʣʦ ʦʟʝʨʘ 

ʅʦʛʦʦʥʥʫʫʨ 21.0-42.0ʤ.  

ʀʟʤʝʥʝʥʠʝ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʠ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ 

ʉ 2009 ʛʦʜʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʚ ʛʦʨʥʳʭ 

ʨʝʛʠʦʥʘʭ ɸʣʪʘʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʛʦʨʝ ʎʵʥʛʵʣʭʘʡʨʭʘʥ ʚ 5 ʪʦʯʢʘʭ, ʥʘ ʛʦʨʝ 

ʎʘʛʘʘʥʥʫʫʨ ʚ 4 ʪʦʯʢʘʭ, ʚʦʟʣʝ ʧʝʨʝʚʘʣʘ ʍʦʥʛʦʨ ʋʣʵʥ ʠ ʍʘʰʘʘʪʳʥ ʜʘʚʘʘ ʚ 3 

ʪʦʯʢʘʭ, ʚ ʥʠʟʠʥʝ ʦʟʝʨʘ ʎʵʮʵʛ ʚ 1 ʪʦʯʢʝ ï ʚʩʝʛʦ 13 ʪʦʯʝʢ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʳʥʝʰʥʝʝ 

ʩʦʩʪʦʷʥʠʝ, ʠʟʤʝʥʝʥʠʷ ʠ ʩʜʝʣʘʪʴ ʧʨʦʛʥʦʟʳ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʛʦʨʥʳʭ ʨʝʛʠʦʥʦʚ 

ɸʣʪʘʷ. ɹʳʣʘ ʧʨʦʩʣʝʞʝʥʘ ʜʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʟʤʝʥʝʥʠʝ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ 

ʠ ʩʜʝʣʘʥ ʧʨʦʛʥʦʟ ʩ 1980 ʛʦʜʘ ʚ ʨʘʡʦʥʝ ʛʦʨʳ ʩʦʤʦʥʘ ʎʘʛʘʘʥʥʫʫʨ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ.  

ɹʫʨʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʩʦʤʦʥʝ ʎʘʛʘʘʥʥʫʫʨ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʫ 

ʧʦʜʥʦʞʴʷ ʛʦʨʳ ʍʘʨʤʘʛʥʘʡ, ʚ 1 ʢʤ ʩʝʚʝʨʥʝʝ ʩʝʣʘ ʎʘʛʘʘʥʥʫʫʨ ʥʘ ʚʳʩʦʪʝ 2135ʤ 

ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʢʦʦʨʜʠʥʘʪʳ N49Ü31ᾳ, E89Ü 44ᾳ. 

ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʩʝʛʦʜʥʷʰʥʠʝ ʜʘʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʜʘʥʥʳʤʠ 2010-2012 

ʛ., ʪʦ ʢʦʣʝʙʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʝ ʧʦʯʚʳ ʩʦʩʪʘʚʠʪ 44.26
0
ʉ-(-

35.97
0
ʉ) ʠ ʩʨʝʜʥʷʷ ʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʠʪ -0.81

0
ʉ. ɻʣʫʙʠʥʘ ʩʝʟʦʥʥʦʛʦ 

ʦʪʪʘʠʚʘʥʠʷ ï 3.8 ʤ.  

ʇʦ ʜʘʥʥʳʤ ʥʘ 27 ʤʘʨʪʘ 1983 ʛʦʜʘ ʚ ʠʟʫʯʝʥʥʦʤ ʦʪʚʝʨʩʪʠʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʦʩʪʘʚʠʣʘ -6.3
0
ʉ ʥʘ ʛʣʫʙʠʥʝ 2ʤ, -0.81

0
ʉ ʥʘ ʛʣʫʙʠʥʝ 4ʤ ʠ -0.42

0
ʉ ʥʘ ʛʣʫʙʠʥʝ 

10ʤ. ɸ ʚ ʪʦʪ-ʞʝ ʜʝʥʴ 2011 ʛʦʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʳʩʠʣʘʩʴ ʠ ʩʦʩʪʘʚʠʣʘ -4.5
0
ʉ, -

0.46
0
ʉ, -0.4

0
ʉ ʛʨʘʜʫʩʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 2). 

ʇʦ ʠʟʫʯʝʥʠʶ ʜʘʥʥʳʭ ʩʨʝʜʥʝʡ ʛʦʜʦʚʦʡ ʚʦʟʜʫʰʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 1959 

ʧʦ 2013ʛʛ. ʚ ʘʡʤʘʢʝ ɹʘʷʥ-ʋʣʛʠʡ ʦʥʘ ʧʦʚʳʩʠʣʘʩʴ ʥʘ 1.4
0
ʉ ʛʨʘʜʫʩʘ. ɸ ʩ1983 ʧʦ 

2011 ʛʦʜ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʳʩʠʣʘʩʴ ʥʘ 0.77
0
ʉ ʛʨʘʜʫʩʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʝʯʥʦʡ 

ʤʝʨʟʣʦʪʳ ʧʦʪʝʧʣʝʣʘ ʥʘ 0.14
0
ʉ- ʛʨʘʜʫʩʘ.  

 
ʈʠʩ. 2. ʉʦʦʪʥʦʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʛʣʫʙʠʥʳ ʚ ʎʘʛʘʘʥʥʫʨʩʢʦʤ ʙʘʩʩʝʡʥʝ. 
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ɽʩʣʠ ʧʨʦʜʦʣʞʠʪʩʷ ʪʘʢʦʝ ʢʣʠʤʘʪʠʯʝʩʢʦʝ ʧʦʪʝʧʣʝʥʠʝ ʪʦ ʜʝʛʨʘʜʘʮʠʷ 

ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʫʩʠʣʠʪʩʷ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʨʘʤʢʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 
ʈʠʩ. 3. ʄʥʦʛʦʣʝʪʥʠʡ ʭʦʜ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘ ʩʪʘʥʮʠʠ ʋʣʴʛʠʡ 

 
ɸ) ɹ) 

ʈʠʩ. 4. ʂʨʠʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ 
ɸ) ɹʫʛʨʳ ʧʫʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʧʦʷʩʘ ʥʘ ʶʞʥʦʤ ʩʢʣʦʥʝ ʛʦʨʳ ʉʫʪʘʡ, ʍʦʚʜ, 

ɹ) ʊʝʨʤʦʢʘʨʩʪʦʚʦʝ ʦʟʝʨʦ, ʦʙʨʘʟʦʚʘʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʛʨʘʜʘʮʠʠ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʫ 

ʎʘʛʘʘʘʥʥʫʫʨʘ. 

ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ 
1. ʄʥʦʛʦʫʛʦʣʴʥʘʷ ʤʝʨʟʣʦʪʘ, ʩʤʝʰʘʥʥʳʡ ʣʝʜ ʠ ʤʥʦʛʦʣʝʪʥʠʡ ʚʝʯʥʳʡ 

/ʙʫʫʨʛʫʫʜ/ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʛʦʨʘʭ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ.  

2. ɻʝʦʛʨʘʬʠʯʝʩʢʘʷ ʨʘʩʧʨʦʩʪʨʘʥʥʦʩʪʴ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ 

ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ. ʅʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʙʦʣʴʰʝ ʚʩʝʛʦ 

ʚʣʠʷʶʪ ʚʳʩʦʪʘ, ʥʘʧʨʘʚʣʝʥʠʝ ʛʦʨ ʠ ʛʣʫʙʠʥʘ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ.  

3. ɺ 1983-2011 ʛʦʜʘʭ ʛʦʜʦʚʘʷ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʳʩʠʣʘʩʴ ʥʘ 0.77
0
ʉ 

ʛʨʘʜʫʩʘ. ɸ ʪʝʤʧʝʨʘʪʫʨʘ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʧʦʪʝʧʣʝʣʘ ʥʘ 0.14
0
ʉ ʛʨʘʜʫʩʘ.  

ʃʠʪʝʨʘʪʫʨʘ 
1. ɼʘʰʟʵʚʵʛ ʏ. ʄʦʥʛʦʣ ɸʣʪʘʡʥ ʫʫʣʘʨʭʘʛ ʨʘʡʦʥʳ ʛʘʜʘʨʛʳʥ ʩʫʜʘʣʛʘʘʥʳ ʪʦʡʤ, ʛʘʜʘʨʛʳʥ 

ʝʨᴇʥʭʠʡ ʪᴇʨʭ. ʕʐᴆ, ʍʦʚʜ, 2003. 

2. ɼʘʰ ɼ. ɸʣʪʘʡ-ʉʦʸʥʳ ʵʢʦʙװʩ ʥʫʪʘʛʪ ʷʚʫʫʣʩʘʥ ʙʠʦʣʛʠʡʥ ʪᴇʨᴇʣ ʟװʡʣ, ʙʘʡʛʘʣʠʡʥ ʥᴇʭʮᴇʣ, 

ʥᴇᴇʮʠʡʥ ʩʫʜʘʣʛʘʘ, ʥʦʤ ʟװʡʥ ʪʦʡʤ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ᴇʛװװʣʵʣ, ʋɹ., 2006. 




























