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Abstract 

The taxonomic structure of Collembola and Oribatida groups in the five most common types of Small Polissia 

agrocenoses, in particular, wheat, rape, soy, potato, and corn, has been analyzed. It has been revealed that the 

studied agrogroups of Collembola are, in general, characterized by sufficiently large species richness (at least 49 

species from 35 genera and 12 families), as well as significant variability in density parameters. A total of 14 

Oribatida species, belonging to 10 families, were identified. The studied cenotic faunas include from 2 to 6 species 

of oribatid mites and from 6 to 22 species of Collembola. In one soil sample, there are from 1 to 4 species of 

Oribatida and from 1 to 9 species of Collembola. In the studied agrocenoses by species richness among Oribatida, 

there are predominated the families Oppiidae, Mycobatidae, and Oribatulidae, each of which is represented by a 

total of 2-3 species. Among Collembola by species richness, there are predominated the families Isotomidae and 

Entomobryidae, each of which is represented by a total of 12 species. It has been revealed that in different types 

of Small Polissia agrocenoses, 10 species of Oribatida and 31 species of Collembola can potentially dominate. 

Due to the influence of agricultural land use for arable land, there are found the expansion of the mass forms of 

both Collembola and Oribatida in agricultural groups, compared with natural coenoses, the emergence of arable-

specific dominants, as well as the emergence of superdominant species. The revealed features in the structure of 

the Oribatida group dominance, in general, are not characteristic of natural, little disturbed cenoses. 

Keywords: biodiversity, Collembola, Oribatida, soil fauna, agrocenoses. 

 

Soil microarthropods such as Collembola and Ori-

batida, due to their large numbers and biomass, are ac-

tively involved in the processes of transformation of 

matter and energy in soils and play an important role in 

soil functioning. Studying the structure of the diversity 

in groups of these pedobionts in different edaphic con-

ditions, we can assess their biotic potential and func-

tional role in ecosystems [36].  

Agriculture is one of the important anthropogenic 

factors in reducing soil biodiversity. It significantly re-

duces the intensity of organic compound biodegrada-

tion, which determines the rate of soil fertility restora-

tion in agrocenoses [1]. The study of the taxonomic and 

ecological structure of microarthropod groups in agro-

cenoses, compared to the natural ecosystems, is an im-

portant step in the process of the arable fertility repro-

duction. 

The parameters of Collembola diversity of 

Ukrainian arable lands have practically not been stud-

ied by specialists [11, 12]. Only a few works are known, 

which are devoted to the Collembola groups of man-

made and urbanized landscapes of Ukraine [2, 14, 28, 

31, 35]. It is revealed that in technogenic conditions, 

there is formed a taxonomically depleted fauna of Col-

lembola with a low total number of biotope groups and 

a high level of the individual species dominance, as 

well as the representation of surface biomorphs.  

Ecological and faunal studies of acarocomplexes 

in agrocenoses of Ukraine are also fragmentary and in-

sufficient. In particular, the study of orchard oribatid 

mites was conducted by S.G. Pohrebniak [26]. In total, 

he identified 14 species of Oribatida for the studied 

area. Some aspects on the impact of agricultural activi-

ties on the group of oribatid mites are also reflected in 

the works of T.F. Krutogolova and O. K. Furman [19]. 

The mentioned works concerned the features of the Ori-

batida population in the conditions of seed treatment 

with microbial preparations and under the influence of 

fertilizers. 

For the territory of Small Polissia, according to 

V.V. Melamud [23], only 136 species of oribatid mites 

are known. From 27 to 52 species of Oribatida have 

been found in some forest and meadow cenotic faunas 

[24]. Regarding Collembola, for Small Polissia, ac-

cording to data of I.Ya. Kaprus [11], only 76 species of 

Collembola are known, while for the whole zone of de-

ciduous forests of Ukraine ï 303 species [11]. It is re-

vealed that some forest and meadow cenotic fauna may 

include from 20 to 53 species of Collembola.  

Although in the literature there are some data on 

the parameters of the group diversity of these microar-

thropods in natural types of Small Polissia phytoceno-

ses, the study of the structure of their groupsô diversity 

in the agrocenoses of the region, as well as the main 

directions of population transformation of these pedo-

bionts under the influence of various forms of arable 

land economic use remains relevant. 

The purpose of the study was to describe the tax-

onomic structure of Collembola and Oribatida groups 

in the main types of Small Polissia agrocenoses, as well 
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as to conduct a comparative analysis of the studied 

groups both among themselves and with their natural 

variants based on literature data. 

Materials and methods. The study was con-

ducted in Dubliany vicinity, Lviv region, on the exper-

imental fields of LNAU (Lviv National Agrarian Uni-

versity) during the growing season (spring, summer, 

autumn) in 2017 in five main types of agrocenoses: 1) 

corn, 2) wheat, 3) rapeseed, 4) soy, and 5) potato. A 

total of ten agrocenoses were studied, two of each type. 

Each studied biotope is assigned a corresponding num-

ber: I, II - rapeseed; III, IV - soy; V, VI - wheat; VII, 

VIII - corn; IX, X - potato. It should also be noted that 

the model fields are characterized by evenly leveled ter-

rain and soils, typical for Small Polissia. 

The material was collected and processed accord-

ing to the standard methods of soil and zoological stud-

ies [4, 27]. To collect the material, we used a metal drill 

with a volume of 577 cm3 (radius 3.5 cm, depth 15 cm). 

Soil sampling was performed by linear series every 10 

m. In total, four similar sampling series were con-

ducted: series 1 in June 2017; series 2 - in September 

2017; series 3 - in November 2017, and series 4 - in 

April 2018. In each agrocenosis during the study pe-

riod, 40 soil samples or 80 samples were taken for each 

of the five types of agrocenoses. A total of 400 soil 

samples were collected during the study period, and 

296 collected Oribatida and 604 Collembola were iden-

tified. 

Isolation of microarthropods from the substrate 

took place on Kempson thermophotoelectors. The col-

lected zoological material was transferred into perma-

nent micropreparations with Faure's medium for their 

further determination [27]. The species identification 

was performed using an Olympus BX52 microscope 

and using modern determinants.  

The quantitative data obtained by us were extrap-

olated per unit area of 1 m2. For the comparative anal-

ysis of the population structure of the microarthropods 

in studied agrocenoses, we used not absolute, but rela-

tive (in% of the total number in the group) parameters 

of species density.  

The standardized methods of quantitative analysis 

were used to assess the synecological structure of the 

groups [22]. In particular, the structure of group domi-

nance was determined by the approach of G. Stecker 

and A. Bergman [30]. The ecological affiliation of ori-

batid mites was determined using data presented by G. 

Weigmann and L. Miko [32]. 

Statistical processing of the material was carried 

out using the program Past [6]. We used the program 

MS Excel as the main tool for the initial processing and 

display of data. Thus, the methodological approaches, 

used in the study, provided the necessary reliability and 

comparability of the obtained data. 

Study results and discussion 

According to the study materials, a total of 49 spe-

cies of Collembola and 14 species of Oribatida were 

identified. The identified Collembola belongs to 35 

genera and 12 families (Table 1), which is on average 

64.5% of local and 16.2% ï zonal deciduous forest 

fauna [11, 13]. Oribatida belongs to 10 families (Table 

2), which is 10% of the Small Polissia fauna [23]. Dur-

ing long-term, large-scale studies in agrocenoses, many 

more species can be identified (predicted to be at least 

50 for Oribatida and 70 for Collembola). The studied 

cenotic faunas include from 2 to 6 species of oribatid 

mites. From 1 to 4 species of Oribatida occur in one soil 

sample. In the same agrocenoses, there are actually 3 

times more species of Collembola, namely from 6 to 22 

species. In one soil sample, there are from 1 to 9 types 

of Collembola. 

In the studied agrocenoses, the average population 

density of Collembola and Oribatida varies in the 

twelve-fold (table 1) and thirty-fold (table 2) range of 

values, respectively. For Collembola, the density 

reaches the highest average level in wheat cenosis and 

the lowest ï soy, and for Oribatida, the highest average 

level is in wheat and soy cenoses and the lowest ï rape-

seed. However, compared to the natural forest cenoses 

from the zone of deciduous forests [13], the maximum 

density of the studied agrocenoses Collembola is ap-

proximately 17-21 times lower, and to the meadows ce-

noses, respectively, ï 6-12 times. Regarding Oribatida, 

compared to the natural forest cenoses of deciduous 

forests [23], the maximum density of oribatid mites 

from the studied agrocenoses is approximately 218 

times lower, and with meadow cenoses [10], respec-

tively, 42 times. 

Table 1. 

Parameters of diversity of Collembola groups in studied agrocenoses of Small Polissia 

Characteristics 
Agrocenoses 

I  II  I  IV  I  VI  I  VIII  I  X 

1 2 3 4 5 6 7 8 9 10 11 

HYPOGASTRURIDAE            

Ceratophysellasuccinea (Gisin, 1949) 2,8   16,7 27,7     11,4 

Hypogastruramanubrialis (Tullberg, 1869) 11,1 39,1 4,5  44,5 3,8 12,8   9,1 

Willemiaintermedia (Mills, 1934)  1,6         

BRACHYSTOMELLIDAE           

Brachystomellaparvula (Schªffer, 1896) 2,8          

TULLBERGIIDAE           

Metaphoruraaffinis (Bºrner, 1902)  3,1     2,6 6,7   

Mesaphoruracritica (Ellis, 1976)     1      

Mesaphorura florae (Simonat al., 1994)         11,1  

Mesaphoruramacrochaeta (Rusek, 1976) 13,9 14,1 4,5  1,6  20,5 33,3 11,1 4,5 

Stenaphorura quadrispina  1,6      3,3   
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(Bºrner, 1901) 

ONYCHIURIDAE            

Onychiurus ambulans (Linnaeus, 1758)     2,6      

Protaphorura cancellata (Gisin, 1956)     0,5      

Protaphorura fimata (Gisin, 1952)      9,6     

Protaphorura pannonica (Haybach, 1960)     1      

Protaphorura subarmata  (Gisin, 1957)  1,6 9,1  0,5   20 11,1 18,2 

Agrophorura naglitshi  (Gisin, 1960)      1,9     

ISOTOMIDAE            

Desoria fennica  (Reuter, 1895)        3,3  4,5 

Cryptopygus thermophilus (Axelson, 1900)      1,9     

Proisotoma minuta (Tullberg, 1871)     1 5,8 5,1   9,1 

Folsomia fimetaria (Linnaeus, 1758) 13,9 1,6        18,2 

Folsomia lawrencei (Rusek, 1984)     0,5     2,3 

Folsomia manolachei (Bagnal, 1939)          2,3 

Folsomia spinosa (Kseneman, 1936) 5,6          

Folsomides parvulus (Stach, 1922)       2,6   2,3 

Isotoma anglicana (Lubbock, 1873) 2,8  4,5  0,5 5,8 2,6    

Isotomiella minor (Schªffer, 1895)    16,7       

Isotomodes productus (Axelson, 1906) 2,8   8,3    3,3   

Parisotoma notabilis (Schªffer, 1896) 13,9 23,4 4,5 8,3 3,1 1,9  3,3 22,2 2,3 

ENTOMOBRYIDAE            

Entomobrya marginata (Tullberg, 1871)      7,7 7,7    

Entomobrya sp   4,5        

Sinella tenebricosa (Folsom, 1902)   13,6   3,8     

Heteromurus nitidus (Templeton, 1835) 2,8   16,7 0,5  5,1   2,3 

Orchesellaalbofasciata (Stach, 1960) 2,8 6,3 9,1  1  5,1    

Orchesella multifasciata (Scherbakow, 1898)       15,4    

Orchesella pseudobifasciata (Stach, 1960)     1,6      

Lepidocyrtus cyaneus (Tullberg, 1871) 16,7  9,1  4,2 38,5 7,7  11,1 4,5 

Lepidocyrtus paradoxus (Usel, 1890)  1,6         

Pseudosinella alba (Packard, 1873)  4,7 13,6  2,6 3,8 5,1 16,7 33,3  

Pseudosinella imparipunctata (Gisin, 1953) 2,8          

Willowsia platani (Nicolet, 1842)      7,7     

           

TOMOCERIDAE            

Tomocerus vulgaris (Tullberg, 1871)   9,1        

PARONELLIDAE            

Cyphoderus albinus (Nicolet, 1842)      1,9     

BOURLETIELLIDAE            

Bourletiella arvalis (Fitch, 1863) 2,8  9,1 8,3  3,8  3,3   

Bourletiella hortensis (Fitch, 1863)     2,1  2,6 6,7  6,8 

Caprainea marginata (Schºtt, 1893) 2,8    0,5      

Sminthurus maculatus (Tºmºsvary, 1883)    25       

KATIANNIDAE            

Sminthurinus aureus (Lubbock, 1862)  1,6   1     2,3 

Sminthurinus elegans (Fitch, 1863)     0,5  5,1    

ARRHOPALITIDAE            

Arrhopalites caecus (Tullberg, 1871)   4,5        

SMINTHURIDIDAE            

Sphaeridia pumilis (Krausbauer, 1898)     1 1,9     

Total species number 15 12 13 7 22 15 14 10 6 15 

The fraction of the dominant species number (%) 75,1 87,6 100 100 76,4 86,5 89,6 100 100 86,2 

Density, thousands of individuals/m2 0,23-0,42 0,08-0,14 0,34-1,24 0,19-0,25 0,06-0,29 

Note. Agrocenoses: I,II ï rapeseed; III,IV ï soy;V,VI ï wheat; VII,VIII ï corn; IX,X ï potato. The values of the 

relative number of Collembola dominant species are highlighted in gray color. 
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Considering Collembola in the studied agroceno-

ses, by species richness, the families Isotomidae and 

Entomobryidae predominated, each of which is repre-

sented by a total of 12 species (in some cenoses, there 

were from 1 to 7 species of Isotomidae, and Entomo-

briidae ï 1-6) (Table 1). By parameter of the relative 

number of Collembola families in most agrocenoses, 

Entomobryidae (6,8-49,9% of the total number of indi-

viduals, on average 30%), Isotomidae (5,1-41,0%, 

21%), and Hypogastruridae (0-72,2%, 18,5%) domi-

nate (Table 1, Image 1). The obtained data on the rep-

resentation of families in cenotic fauna are generally 

consistent with the literature data for natural variants of 

cenoses in areas of deciduous and mixed forests of 

Ukraine [13, 21]. 

Studying Oribatida in agrocenoses by species rich-

ness, there is a domination of families Oppiidae, Myco-

batidae, and Oribatulidae, each of which is represented 

by a total of 2-3 species (Table 2). By parameters of the 

relative number of Oribatida families in most agroce-

noses, Tectocepheidae (11,0-80,0% of the total number 

of individuals, on average 46%) and Scheloribatidae 

(8,3-56,8%, 32%) dominate (Table 2, Image 2). The ob-

tained data on the representation of families in cenotic 

fauna are generally consistent with the literature data 

for natural variants of cenoses in areas of deciduous and 

mixed forests of Ukraine [24]. 

It is revealed that in different types of studied ag-

rocenoses of Small Polissia, 31 species of Collembola, 

the total fraction of which 75,1-100% of the cenotic 

groupsô number can potentially are dominant (i.e, be 

eudominants, dominants or subdominants with a rela-

tive number greater than 3.2% of the total in the group) 

(Table 1). In some biotopes, they can be from 3 to 13 

species. The most dominated members of the families 

Entomobryidae (9 forms), including two species of the 

genera Entomobrya and Orchesella, and Isotomidae (8) 

ï two species of the genus Folsomia (Table 1). 

 
Image 1. Correlation of Collembola families by number in the studied agrocenoses. 

Marking of agrocenoses I-X as in Table 1. 

 

Analyzing the data on Oribatida, 10 species of Ori-

batida can be dominant, the total fraction of which is 

92.8-100% of the cenotic groupsô number (Table 2). In 

some biotopes, they can be from 2 to 5 species. Among 

oribatid mites, there are dominated members of the 

families Tectocepheidae and Scheloribatidae, whose 

representatives occur in nine and six variants of ten ag-

rocenoses (Table 2). 

Among the dominant (otherwise mass) species of 

Collembola, there are found four eudominants (ʅ. ma-

nubrialis, M. macrochaeta, L. cyaneus, P. alba), the 

relative number of each can reach up to 44,5 % of the 

total. Only in soy cenosis, they were not detected. In 

addition to eudominants, 0-5 dominant and 0-11 sub-

dominant species were identified in each agrocenosis. 

No species has been identified that would dominate in 

all studied agrocenoses simultaneously. Only seven of 

the ten studied cenoses were dominant ʅ. manubrialis, 

M. macrochaeta, and L. cyaneus, six ï P. notabilis and 

P. alba. The rest of the mass forms, obviously, have 

certain ecological limitations and, therefore, dominated 

only in one - four biotopes. In particular, only in one of 

the agrocenoses, there were dominated 13 species, i.e. 

42% of their total number, which was found in the stud-

ied variants of arable land. 
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Table 2. 

Parameters of diversity of Oribatida groups in studied agrocenoses 

Characteristics 
Agrocenoses 

I  II  I  IV  I  VI  I  VIII  I  X 

COSMOCHTHONIIDAE            

Cosmochthonius reticulatus Grandjean, 1947  25,0         

HYPOCHTHONIIDAE            

Hypochthonius luteus Oudemans, 1917     2,4      

EUPHTHIRACARIDAE            

Acrotritia ardua (Koch, 1841)         13,3  

TECTOCEPHEIDAE            

Tectocepheus velatus (Michael, 1880) 60,0 75,0 80,0 11,0 56,1 43,9 21,6 25,0 46,7  

OPPIIDAE            

Oppia nitens Koch, 1835         6,7  

Oppiella nova (Oudemans, 1902) 20,0    19,5  13,5 50,0 20,0  

Ramusella cf. clavipectinata (Michael, 1885)         13,3  

SUCTOBELBIDAE            

Suctobelbella sp.     2,4      

SCUTOVERTICIDAE            

Scutovertex minutus (Koch, 1835)      2,4     

MYCOBATIDAE            

Punctoribates hexagonus Berlese, 1908    32,3  14,6 8,1 16,7  50 

Punctoribates punctum (Koch, 1839)    4,7  9,8     

SCHELORIBATIDAE            

Scheloribates pallidulus (Koch, 1841) 20,0  20,0 52,0 17,1  56,8 8,3  50,0 

ORIBATULIDAE            

Oribatula cf. exilis (Nicolet, 1855)     2,4      

Oribatula cf. glabra (Michael, 1890)      29,3     

Total species 3 2 2 4 6 5 4 4 5 2 

The fraction of the dominant species number 

(%)  
100 100 100 100 92,8 97,6 100 100 100 100 

Density, thousands of individuals/m2 
0,013-

0,016 

0,032-

0,404 

0,130-

0,131 

0,038-

0,118 

0,013-

0,048 

Note. Agrocenoses: I, II ï rapeseed; III, IV ï soy; V, VI ï wheat; VII, VIII ï corn; IX, X ï potato. The values of 

the relative number of Oribatida dominant species are highlighted in gray color. 

 

Among the mass species of Oribatida, we found 

four eudominants (Tectocepheus velatus, Oppiella 

nova, Punctoribates hexagonus, Scheloribates pallidu-

lus), the relative number of each can reach up to 80% 

of the total. In addition to eudominants, 0-3 dominant 

and 0-1 subdominant species were identified in each 

agrocenosis. No species has been identified that would 

dominate in all studied agrocenoses simultaneously. 

Only nine and seven of the ten studied cenoses were 

dominant, respectively, Tectocepheus velatus and 

Scheloribates pallidulus. The rest of the mass forms, 

obviously, have certain ecological limitations and, 

therefore, dominated only in one - four biotopes. In par-

ticular, only in one of the agrocenoses, there were dom-

inated 5 species, i.e. 36% of their total number, which 

was found in the studied variants of arable land. 
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Image 2. Correlation of Oribatida families by number in the studied agrocenoses.  

Marking of agrocenoses I-X as in Table 2. 

 

Thus, the agricultural use of land for arable land 

has a significant influence on the expansion of the mass 

forms of both Collembola and Oribatida in the compo-

sition of agricultural groups, compared with natural 

groups, due to the emergence of arable-specific domi-

nants. (Collembola: I. productus, S. tenebricosa, H. ni-

tidus,W. plataniʪʘ, etc. Oribatida: C. reticulatus, A. ar-

dua, O. nitens, R. cf. clavipectinata, etc.), as well as the 

emergence of eudominance (superdominance) of cer-

tain species. These features of the structure of the Col-

lembola and Oribatida group dominance, in general, are 

not characteristic of natural, slightly disturbed cenoses 

[7, 8, 28]. The obtained data on the presence of a wide 

range of potential dominants, as well as the unpredict-

ability and variability in the composition of Collembola 

mass species in agrocenoses, are consistent with the 

data obtained by specialists in urban biotopes of 

Uzhgorod and Lviv [5, 28]. 

Conclusions 

Thus, the Collembola group of agrocenoses in the 

studied region, in general, is characterized by suffi-

ciently high species richness (at least 49 species from 

35 genera and 12 families), as well as significant varia-

bility in density (0,06-1,24 thousands of ind./m2). Spe-

cies richness of Oribatida in the studied agrocenoses is 

characterized by a lower level and is 10% of the fauna 

in Small Polissia. A total of 14 Oribatida species, be-

longing to 10 genera, were identified. There is revealed 

the high variability on the density parameter of the Ori-

batida group (variation in the thirty-fold range of val-

ues), as well as a decrease in the density parameter of 

approximately 218 and 42 times, compared to the zone 

of deciduous forests and meadow cenoses, respectively. 

Due to the influence of agricultural land use for 

arable land, the divergent and often unpredictable 

changes in the synecological structure of Collembola 

cenotic groups have been recorded. In particular, there 

has been revealed the expansion of the Collembola 

mass forms in agricultural groups, compared to the nat-

ural cenoses, due to the emergence of arable-specific 

dominants (I. productus, S. tenebricosa, H. nitidus, W. 

plataniʪʘ, etc.), as well as the emergence of superdom-

inant species. Similarly, for Oribatida we found four 

eudominants (Tectocepheus velatus, Oppiella nova, 

Punctoribates hexagonus, Scheloribates pallidulus), 

the relative number of each of them can reach up to 

80% of the total. 

It was revealed that by species richness in the stud-

ied agrocenoses, the families Oppiidae, Mycobatidae, 

and Oribatulidae were predominated. Considering Col-

lembola in the studied agrocenoses by species richness, 

the families Isotomidae and Entomobryidae, each of 

which is represented by a total of 12 species, were pre-

dominated. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʫʭʦʜʝ ʟʘ ʦʨʭʠʜʝʷʤʠ ʌʘʣʝʥʦʧʩʠʩ. 

Abstract 

The article discusses the importance of succinic acid in the care of Phalaenopsis orchids. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʨʭʠʜʝʠ, ʬʘʣʝʥʦʧʩʠʩ, ʫʭʦʜ, ʷʥʪʘʨʥʘ ʷʢʠʩʣʦʪʘ. 

Keywords: orchids, Phalaenopsis, care, succinic acid. 

 

ʌʘʣʝʥʦʧʩʠʩ ï ʵʪʦ ʵʢʟʦʪʠʯʝʩʢʦʝ ʮʚʝʪʫʱʝʝ ʨʘʩ-

ʪʝʥʠʝ ʩʝʤʝʡʩʪʚʘ ʆʨʭʠʜʥʳʝ, ʵʧʠʬʠʪ. ʈʦʜʠʥʘ ʝʛʦ ï 

ʚʣʘʞʥʳʝ ʪʨʦʧʠʯʝʩʢʠʝ ʣʝʩʘ ʀʥʜʦʥʝʟʠʠ, ɸʚʩʪʨʘʣʠʠ, 

ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ. ʋ ʌʘʣʝʥʦʧʩʠʩʘ ʚʩʝʛʦ ʦʜʥʘ 

ʪʦʯʢʘ ʨʦʩʪʘ ï ʝʛʦ ʧʨʠʢʦʨʥʝʚʘʷ ʨʦʟʝʪʢʘ ʣʠʩʪʴʝʚ. 

ʉʨʝʜʥʷʷ ʦʨʭʠʜʝʷ ʚʳʨʘʩʪʘʝʪ ʜʦ ʦʜʥʦʛʦ ʤʝʪʨʘ. ʉʝ-

ʣʝʢʮʠʦʥʝʨʳ ʚʳʚʝʣʠ ʛʠʙʨʠʜʥʳʝ ʩʦʨʪʘ ʥʘ ʣʶʙʦʡ 

ʚʢʫʩ ï ʦʪ ʤʠʥʠʘʪʶʨʥʳʭ ʢʫʩʪʠʢʦʚ ʜʦ ʛʠʛʘʥʪʦʚ. ʎʚʝ-

ʪʦʚʘʷ ʧʘʣʠʪʨʘ ʪʦʞʝ ʧʦʨʘʞʘʝʪ: ʦʪ ʯʠʩʪʦ ʙʝʣʳʭ ʜʦ ʧʦ-

ʯʪʠ ʯʝʨʥʳʭ ʦʢʨʘʩʦʢ, ʘ ʝʱʝ ʨʦʟʦʚʳʝ, ʞʝʣʪʳʝ, ʧʫʨ-

ʧʫʨʥʳʝ, ʣʠʣʦʚʳʝ ʠ ʬʠʦʣʝʪʦʚʳʝ ʚʩʝʭ ʦʪʪʝʥʢʦʚ. 

ʂʨʦʤʝ ʯʠʩʪʳʭ ʪʦʥʦʚ, ʚʩʪʨʝʯʘʶʪʩʷ ʮʚʝʪʢʠ ʩ ʣʝʧʝʩʪ-

ʢʘʤʠ ʚ ʢʨʘʧʠʥʢʫ, ʩ ʧʷʪʥʳʰʢʘʤʠ, ʩ ʨʘʟʚʦʜʘʤʠ, ʧʦ-

ʣʦʩʢʘʤʠ ʠ çʢʣʷʢʩʘʤʠè. 

 

ʈʠʩ. 1. ʦʢʨʘʩʢʘ ʦʨʭʠʜʝʠ 

 

ʈʘʩʪʝʥʠʝ ʥʝ ʤʦʞʝʪ ʞʠʪʴ ʣʠʰʴ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ 

ʚʦʟʜʫʭʘ ʠ ʚʦʜʳ. ɺʩʝ ʞʠʚʦʝ ð ʠ ʨʘʩʪʝʥʠʷ, ʠ ʞʠʚʦʪ-

ʥʳʝ ð ʥʫʞʜʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʠʥʝʨʘʣʘʭ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʩʪʨʫʢʪʫʨʳ ʩʚʦʝʛʦ ʪʝʣʘ ʠ ʧʦʜʜʝʨʞʘʥʠʷ 

ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ. ʈʘʥʴʰʝ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʦʨʭʠʜʝʠ 

ʧʦʣʥʦʩʪʴʶ ʨʘʟʚʠʚʘʶʪʩʷ ʟʘ ʩʯʝʪ ʤʠʥʝʨʘʣʦʚ, ʫʩʚʘʠ-

ʚʘʝʤʳʭ ʠʤʠ ʠʟ ʚʦʟʜʫʭʘ ʠ ʧʳʣʠ. ʅʘʙʣʶʜʘʪʝʣʠ ʥʝ 

ʧʨʠʥʠʤʘʣʠ ʚʦ ʚʥʠʤʘʥʠʝ ʥʘʢʦʧʣʝʥʠʝ ʛʫʤʫʩʘ ʚ ʪʨʝ-

ʱʠʥʘʭ ʢʦʨʳ ʜʝʨʝʚʴʝʚ ʠʣʠ ʨʘʩʱʝʣʠʥʘʭ ʩʢʘʣ, ʧʠʪʘ-

ʪʝʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʚʳʤʳʚʘʝʤʳʭ ʠʟ ʧʪʠʯʴʝʛʦ ʧʦ-

ʤʝʪʘ ʠ ʧʦʩʪʘʚʣʷʝʤʳʭ ʨʘʩʪʝʥʠʷʤ ʜʦʞʜʝʤ, ʘ ʪʘʢʞʝ 

ʝʞʝʛʦʜʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʤʝʨʪʚʳʭ ʣʠʩʪʴʝʚ ʩʨʝʜʠ 

ʧʩʝʚʜʦʙʫʣʴʙ ʩʘʤʠʭ ʨʘʩʪʝʥʠʠ. ɼʘʞʝ ʜʦʞʜʝʚʘʷ ʚʦʜʘ 

ʥʝ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʯʠʩʪʦʡ, ʪ. ʢ. ʜʦʞʜʝʚʳʝ 

ʢʘʧʣʠ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʯʘʩʪʠʯʢʘʭ ʧʳʣʠ, ʘ ʪʘʢʞʝ 

ʚʙʠʨʘʶʪ ʧʳʣʴ ʥʘ ʧʫʪʠ ʢ ʟʝʤʣʝ. ʄʠʥʝʨʘʣʳ ʚ ʚʠʜʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ ʚʧʠʪʳʚʘʶʪʩʷ ʢʦʨʥʷʤʠ ʠʟ ʩʫʙ-

ʩʪʨʘʪʘ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʨʘʩʪʫʪ. ʆʥʠ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ 

ʨʘʩʪʚʦʨʦʚ ʢʦʨʥʷʤʠ ʠ ʜʦʩʪʘʚʣʷʶʪʩʷ ʚʦ ʚʩʝ ʯʘʩʪʠ 

ʨʘʩʪʝʥʠʷ, ʛʜʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʞʠʟ-

ʥʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. 

ʗʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ ï ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʠ 

ʜʦʩʪʫʧʥʳʭ ʩʨʝʜʩʪʚ, ʢʦʪʦʨʦʝ ʤʷʛʢʦ, ʥʦ ʵʬʬʝʢʪʠʚʥʦ 

ʧʦʜʢʘʨʤʣʠʚʘʝʪ ʠ ʣʝʯʠʪ ʚʩʝ ʚʠʜʳ ʨʘʩʪʝʥʠʡ. ʅʦ ʯʘʱʝ 

ʚʩʝʛʦ ʝʝ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʨʭʠʜʝʡ. ɺʘʨʠʘʥʪʦʚ ʧʨʠ-

ʤʝʥʝʥʠʷ ʤʥʦʞʝʩʪʚʦ: ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʟʘʙʦʣʝʚʘ-

ʥʠʡ, ʩʤʷʛʯʝʥʠʷ ʘʢʢʣʠʤʘʪʠʟʘʮʠʠ ʚ ʥʦʚʦʤ ʤʝʩʪʝ, ʩʪʠ-

ʤʫʣʷʮʠʠ ʨʦʩʪʘ ʢʦʨʥʝʡ ʠ ʮʚʝʪʦʥʦʩʦʚ. 

ʆʨʭʠʜʝʠ ï ʦʜʥʠ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʨʘʩʪʝʥʠʡ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʷʭ. ʀ ʭʦʪʷ 

ʦʥʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʨʘʞʘʶʪ ʩʚʦʝʡ ʢʨʘʩʦʪʦʡ ʠ ʥʝ-

ʦʙʳʯʥʳʤ ʚʠʜʦʤ, ʚ ʧʣʘʥʝ ʫʭʦʜʘ ʠʭ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʦʯʝʥʴ ʧʨʠʚʝʨʝʜʣʠʚʳʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʷʥʪʘʨʥʦʡ 

ʢʠʩʣʦʪʳ ʟʘʢʘʣʠʪ ʦʨʭʠʜʝʶ, ʧʦʜʥʠʤʝʪ ʝʝ ʠʤʤʫʥʠʪʝʪ 

ʠ ʜʘʞʝ ʧʦʤʦʞʝʪ ʧʨʠʩʧʦʩʦʙʠʪʴʩʷ ʢ ʥʝ ʩʘʤʳʤ ʙʣʘʛʦ-

ʧʨʠʷʪʥʳʤ ʫʩʣʦʚʠʷʤ. ɿʜʝʩʴ, ʧʦʞʘʣʫʡ, ʠ ʟʘʢʣʶʯʘʝʪʩʷ 

ʛʣʘʚʥʘʷ ʧʦʣʴʟʘ ʵʪʦʛʦ ʧʨʦʩʪʦʛʦ ʩʨʝʜʩʪʚʘ ʧʨʠʤʝʥʠ-

ʪʝʣʴʥʦ ʢ ʨʘʩʪʝʥʠʷʤ. ʉʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʷʥʪʘʨʥʦʡ 

ʢʠʩʣʦʪʳ ʪʘʢʞʝ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʜʝʰʝʚʠʟʥʝ ʩʨʝʜʩʪʚʘ, 

ʘ ʪʘʢʞʝ ʝʛʦ ʵʢʦʣʦʛʠʯʥʦʩʪʠ (ʦʥʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫ-

ʪʝʤ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʚ ʙʦʣʴʰʝʡ 

ʠʣʠ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʨʝʜʩʪʚʦ 

ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʦʨʭʠʜʝʶ ʧʦ-ʨʘʟʥʦʤʫ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʝʟʚʨʝʜʥʦʩʪʴ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ, 

ʩʨʦʢʠ ʝʝ ʧʨʠʤʝʥʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʩʪʨʦʛʠʝ. ʆʯʝʥʴ 
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ʚʘʞʥʦ ʥʘʣʝʛʘʪʴ ʥʘ ʧʨʝʧʘʨʘʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʤʝ-

ʩʷʮʳ ʘʢʪʠʚʥʦʛʦ ʨʦʩʪʘ ʦʨʭʠʜʝʡ ï ʚʝʩʥʦʡ ʠ ʣʝʪʦʤ. 

ʂʦʛʜʘ ʨʘʩʪʝʥʠʝ ʧʨʝʙʳʚʘʝʪ ʚ ʩʦʩʪʦʷʥʠʠ ʩʥʘ (ʟʠʤʘ) 

ʠʣʠ ʛʦʪʦʚʠʪʩʷ ʢ ʥʝʤʫ (ʦʩʝʥʴ), ʷʥʪʘʨʥʫʶ ʢʠʩʣʦʪʫ ʠʩ-

ʢʣʶʯʘʶʪ ʠʟ ʧʦʣʠʚʦʚ ʠ ʦʙʨʘʙʦʪʦʢ ʧʦʣʥʦʩʪʴʶ. ʇʨʠ-

ʯʠʥʘ ʧʦʥʷʪʥʘ: ʩʨʝʜʩʪʚʦ ʠʟʚʝʩʪʥʦ, ʢʘʢ ʵʬʬʝʢʪʠʚʥʘʷ 

ʤʝʨʘ ʧʦ ʫʩʢʦʨʝʥʠʶ ʨʦʩʪʘ ʠ ʘʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʣʶ-

ʙʦʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʬʣʦʨʳ. ɽʩʣʠ ʚʤʝʰʘʪʴʩʷ ʚ ʝʩʪʝ-

ʩʪʚʝʥʥʳʝ ʮʠʢʣʳ, ʪʦ ʵʪʦ ʧʣʦʭʦ ʩʢʘʞʝʪʩʷ ʥʘ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʮʚʝʪʢʘ. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʨʝʜʩʪʚʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʢʘʢ ʫʜʦʙʨʝʥʠʝ ʜʣʷ ʦʨʭʠʜʝʠ, ʪʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʘ-

ʢʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ: 

1. ʋʩʢʦʨʝʥʠʝ ʨʦʩʪʘ ʦʨʭʠʜʝʠ ʠ ʝʝ ʢʦʨʥʝʚʦʡ ʩʠ-
ʩʪʝʤʳ. 

2. ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʫʙʩʪʨʘʪʘ, ʟʘʤʝʥʷʶ-
ʱʝʛʦ ʛʨʫʥʪ. 

3. ʅʦʨʤʘʣʠʟʘʮʠʷ ʙʘʣʘʥʩʘ ʚʝʱʝʩʪʚ. 

4. ʋʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʘ ʬʦʪʦʩʠʥʪʝʟʘ. 

ʗʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʨʷʜ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʥʘ ʨʘʩʪʝʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ 

ʦʨʭʠʜʝʠ): 

1. ʩʪʠʤʫʣʷʮʠʷ ʨʦʩʪʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ 
ʢʦʨʥʝʡ; 

2. ʫʣʫʯʰʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʚʷʟʝʡ ð ʫʚʝʣʠʯʠ-

ʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʮʚʝʪʢʦʚ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʮʚʝ-

ʪʝʥʠʷ (ʠʥʘʯʝ ʛʦʚʦʨʷ, ʩʪʠʤʫʣʠʨʫʝʪ ʮʚʝʪʝʥʠʝ); 

3. ʧʦʤʦʛʘʝʪ ʨʘʩʪʝʥʠʶ ʣʫʯʰʝ ʫʩʚʘʠʚʘʪʴ ʠʟ 

ʧʦʯʚʳ ʧʦʣʝʟʥʳʝ ʚʝʱʝʩʪʚʘ ʠ 

4. ʧʨʝʧʷʪʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʨʝʜʥʳʭ ʢʦʤ-
ʧʦʥʝʥʪʦʚ ʚ ʛʨʫʥʪʝ; 

5. ʦʢʘʟʳʚʘʝʪ ʙʣʘʛʦʪʚʦʨʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʯʝ-
ʨʝʥʢʠ ʨʘʩʪʝʥʠʡ, ʪ.ʝ. ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ 

ʫʢʦʨʝʥʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʚʠʪʠʷ ʤʦʣʦʜʦʛʦ 

ʨʘʩʪʝʥʠʷ (ʘʥʘʣʦʛʠʯʥʦ ʧʨʠʤʝʥʝʥʠʶ ʛʝʪʝʨʦʘʫʢʩʠʥʘ 

ʠʣʠ ʢʦʨʥʝʚʠʥʘ); 

6. ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʠʤʤʫʥʠʪʝʪ ʧʝʨʝʩʘʞʝʥ-

ʥʦʛʦ ʨʘʩʪʝʥʠʷ (ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʘʥʪʠʩʪʨʝʩʩʦʚʦʝ 

ʩʨʝʜʩʪʚʦ); 

7. ʧʦʟʚʦʣʷʝʪ ʨʝʘʥʠʤʠʨʦʚʘʪʴ ʫʤʠʨʘʶʱʝʝ ʨʘʩ-
ʪʝʥʠʝ ʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʴ ʝʛʦ ʧʦʩʣʝ ʙʦʣʝʟʥʠ 

(ʩʪʨʝʩʩʘ); 

8. ʧʦʤʦʛʘʝʪ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʥʝʧʨʘʚʠʣʴʥʳʤ 

ʫʭʦʜʦʤ (ʞʘʨʘ, ʟʘʤʦʨʦʟʢʠ, ʠʟʣʠʰʥʷʷ ʚʣʘʞʥʦʩʪʴ ʠ ʟʘ-

ʩʫʭʘ); 

9. ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʚʩʭʦʞʝ-
ʩʪʠ ʩʝʤʷʥ ʨʘʩʪʝʥʠʡ (ʜʣʷ ʠʭ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ); 

10. ʩʪʠʤʫʣʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʜʝʪʦʢ ʫ ʩʫʢʢʫ-
ʣʝʥʪʦʚ. 

ʃʶʙʦʝ, ʜʘʞʝ ʩʘʤʦʝ ʣʫʯʰʝʝ ʩʨʝʜʩʪʚʦ ʪʘʠʪ ʚ 

ʩʝʙʝ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʚʨʝʜ ʢʘʢ ʜʣʷ ʨʘʩʪʝʥʠʡ, ʪʘʢ ʠ 

ʜʣʷ ʯʝʣʦʚʝʢʘ. ʆʜʥʘʢʦ, ʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ ð ʵʪʦ ʵʢʦ-

ʣʦʛʠʯʥʦʝ ʠ ʦʪʥʶʜʴ ʥʝ ʩʠʣʴʥʦʜʝʡʩʪʚʫʶʱʝʝ ʩʨʝʜ-

ʩʪʚʦ, ʘ ʙʠʦʩʪʠʤʫʣʷʪʦʨ. ʇʦʵʪʦʤʫ ʥʘʚʨʝʜʠʪʴ ʨʘʩʪʝ-

ʥʠʶ ʦʥ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʤʦʞʝʪ, ʢ ʪʦʤʫ ʞʝ ʨʘʩʪʚʦʨ ʥʝ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʩʘʤʦʤ ʨʘʩʪʝʥʠʠ ʠ ʧʦʯʚʝ, ʪ.ʢ. ʥʘ 

ʚʦʟʜʫʭʝ ʠ ʩʚʝʪʫ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʨʘʩʧʘʜʘʝʪʩʷ. 
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Abstract 

The article discusses the history of indoor floriculture in Russia. 
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ʉʣʦʞʥʦ ʩʢʘʟʘʪʴ, ʢʦʛʜʘ ʣʶʜʠ ʥʘʯʘʣʠ ʚʳʨʘʱʠ-

ʚʘʪʴ ʨʘʩʪʝʥʠʷ ʚʥʫʪʨʠ ʞʠʣʠʱʘ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʧʨʦ-

ʠʟʦʰʣʦ ʥʝ ʨʘʥʴʰʝ, ʯʝʤ ʙʳʣʠ ʠʟʦʙʨʝʪʝʥʳ ʮʚʝʪʦʯ-

ʥʳʝ ʛʦʨʰʢʠ. ɸʨʭʝʦʣʦʛʠ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʦʥʠ ʚʧʝʨ-

ʚʳʝ ʧʦʷʚʠʣʠʩʴ ʚ ʂʠʪʘʝ ʦʢʦʣʦ 5 ʪʳʩʷʯ ʣʝʪ ʥʘʟʘʜ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʝʥʠʝ, ʯʪʦ ʚʳʨʘʱʠʚʘʪʴ ʨʘʩʪʝʥʠʷ 

ʚ ʧʣʦʰʢʘʭ ʥʘʯʘʣʠ ʧʨʠʜʚʦʨʥʳʝ ʣʝʢʘʨʠ. ɺ ʩʧʝʮʠʘʣʴ-

ʥʳʭ ʩʘʜʘʭ ʦʥʠ ʩʘʞʘʣʠ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʨʘʩʪʝʥʠʷ, 

ʯʪʦʙʳ ʣʝʯʠʪʴ ʠʤʧʝʨʘʪʦʨʘ ʠ ʝʛʦ ʩʚʠʪʫ. ɺʦ ʚʨʝʤʷ ʚʦ-

ʝʥʥʳʭ ʧʦʭʦʜʦʚ ʨʘʩʪʝʥʠʷ ʧʝʨʝʩʘʞʠʚʘʣʠ ʚ ʥʝʙʦʣʴ-

ʰʫʶ ʧʦʩʫʜʫ ʠ ʙʨʘʣʠ ʩ ʩʦʙʦʡ. ʆʜʥʘʢʦ ʥʝ ʚʩʝ ʨʘʩʪʝ-

ʥʠʷ, ʜʘʞʝ ʧʦʩʘʞʝʥʥʳʝ ʚ ʛʦʨʰʦʢ, ʙʳʣʠ ʜʦʩʪʘʪʦʯʥʦ 

ʢʦʤʧʘʢʪʥʳʤʠ. ʅʫʞʥʦ ʙʳʣʦ ʥʘʫʯʠʪʴʩʷ ʜʝʣʘʪʴ ʠʭ 

ʝʱʝ ʤʝʥʴʰʝ. ʊʘʢ ʠʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʨʦʜʠʣʦʩʴ ʠʩ-

ʢʫʩʩʪʚʦ ʙʦʥʩʘʡ. 

ʇʦ ʤʥʝʥʠʶ ʠʩʪʦʨʠʢʦʚ, ʨʘʜʦʩʪʴʶ ʚʳʨʘʱʠʚʘʪʴ 

ʮʚʝʪʳ ʚ ʜʦʤʝ ʤʳ ʦʙʷʟʘʥʳ ʢʠʪʘʡʮʘʤ- ʠʤʝʥʥʦ ʦʥʠ 

ʩʯʠʪʘʶʪʩʷ ʨʦʜʦʥʘʯʘʣʴʥʠʢʘʤʠ ʢʦʤʥʘʪʥʦʛʦ ʮʚʝʪʦ-

ʚʦʜʩʪʚʘ. ʊʘʢʞʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʘʟʚʦʜʠʪʴ ʮʚʝʪʳ ʚ 

ɻʨʝʮʠʠ ʠ ɼʨʝʚʥʝʤ ʈʠʤʝ. ɺ ɽʚʨʦʧʝ ʪʨʘʜʠʮʠʷ ʚʳʨʘ-

ʱʠʚʘʪʴ ʮʚʝʪʳ ʜʦʤʘ ʧʦʷʚʠʣʘʩʴ ʚ 16-19 ʚʝʢʘʭ, ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʩʪʨʘʥʳ. 

ʉ ʦʪʢʨʳʪʠʝʤ ʥʦʚʳʭ ʩʪʨʘʥ, ʢʦʥʪʠʥʝʥʪʦʚ ʣʶʜʠ 

ʧʨʦʙʦʚʘʣʠ ʧʨʠʚʦʟʠʪʴ ʦʪʪʫʜʘ ʜʠʢʦʚʠʥʥʳʝ ʮʚʝʪʳ ʢ 

ʩʝʙʝ ʥʘ ʨʦʜʠʥʫ, ʥʦ ʵʪʦ ʙʳʣʦ ʩʣʦʞʥʦ- ʥʝʞʥʳʝ ʨʘʩʪʝ-

ʥʠʷ ʟʘʙʦʣʝʚʘʣʠ, ʛʠʙʣʠ ʚ ʧʫʪʠ, ʣʦʤʘʣʠʩʴ ʦʪ ʪʨʘʥʩ-

ʧʦʨʪʠʨʦʚʢʠ, ʩʦʭʣʠ ʦʪ ʥʝʜʦʩʪʘʪʢʘ ʧʨʝʩʥʦʡ ʚʦʜʳ. 

ʆʥʠ ʙʳʣʠ ʧʨʝʜʤʝʪʦʤ ʨʦʩʢʦʰʠ, ʠ ʧʦʟʚʦʣʠʪʴ ʠʭ ʩʝʙʝ 

ʤʦʛʣʠ ʜʘʣʝʢʦ ʥʝ ʚʩʝ. 

ʈʘʩʪʝʥʠʷ ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʚ ʙʦʛʘʪʳʭ ʜʦʤʘʭ 

ʈʦʩʩʠʠ, ʥʦ ʤʘʩʩʦʚʦ ʨʘʟʚʦʜʠʪʴ ʮʚʝʪʳ ʜʦʤʘ ʩʪʘʣʠ 

ʪʦʣʴʢʦ ʚ 19 ʚʝʢʝ. ʇʝʨʚʳʤʠ ʙʳʣʠ ʦʨʘʥʞʝʨʝʠ, ʛʜʝ ʚʳ-

ʨʘʱʠʚʘʣʠ ʮʠʪʨʫʩʦʚʳʝ, ʦʪʩʶʜʘ ʠ ʧʦʰʣʦ ʩʘʤʦ ʩʣʦʚʦ 

"ʦʨʘʥʞʝʨʝʷ". 

ɺ ʩʝʨʝʜʠʥʝ 19 ʚʝʢʘ ʘʥʛʣʠʯʘʥʠʥ ʅ. ʋʦʨʜ ʥʘʰʝʣ 

ʩʧʦʩʦʙ ʟʘʱʠʪʠʪʴ ʨʘʩʪʝʥʠʷ ʚ ʜʦʤʝ ʦʪ ʧʳʣʠ, ʞʠʨʘ ʠ 

ʢʦʧʦʪʠ ʩ ʢʫʭʦʥʴ- ʦʥ ʧʨʠʜʫʤʘʣ ʧʨʠʢʨʳʪʴ ʛʦʨʰʢʠ ʩ 

ʮʚʝʪʘʤʠ ʩʪʝʢʣʷʥʥʳʤ ʷʱʠʢʦʤ. ʆʥ ʟʘʤʝʪʠʣ, ʯʪʦ 

ʚʣʘʞʥʦʩʪʴ ʪʘʤ ʚʳʰʝ, ʨʘʩʪʝʥʠʷ ʚʳʛʣʷʜʷʪ ʭʦʨʦʰʦ ʠ 

ʨʝʞʝ ʩʦʭʥʫʪ. ʊʘʢ ʧʦʷʚʠʣʩʷ ʧʝʨʚʳʡ ʬʣʦʨʘʨʠʫʤ. 

ʕʪʠʤ ʞʝ ʦʥ ʩʧʘʩ ʨʘʩʪʝʥʠʷ ʚ ʤʦʤʝʥʪ ʧʝʨʝʚʦʟʢʠ- ʪʘʢ 

ʙʳʣʦ ʛʦʨʘʟʜʦ ʣʝʛʯʝ ʜʦʚʝʟʪʠ ʨʘʩʪʝʥʠʝ ʜʦ ʘʜʨʝʩʘʪʘ 

ʯʝʨʝʟ ʤʦʨʷ ʠ ʩʪʨʘʥʳ. 

ʅʘʯʘʣʦʤ ʠʤʝʥʥʦ ñʢʦʤʥʘʪʥʦʛʦò ʮʚʝʪʦʚʦʜʩʪʚʘ ʚ 

ɽʚʨʦʧʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʷʚʣʝʥʠʝ ʧʝʨʚʳʭ ʟʠʤʥʠʭ 

ʩʘʜʦʚ. ɼʦ ʵʪʦʛʦ ʮʚʝʪʳ ʨʘʟʚʦʜʠʣʠ ʚ ʩʘʜʘʭ ʠ ʦʛʦʨʦ-

ʜʘʭ, ʥʦ ʚ ʜʦʤʘ ʠʭ ʥʝ ʟʘʥʦʩʠʣʠ: ʚ ɽʚʨʦʧʝ ʧʨʦʩʪʦ ʧʦ-

ʯʪʠ ʥʝ ʙʳʣʦ ʮʚʝʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʣʠ ʙʳ ʧʝʨʝʥʝʩʪʠ 

ʭʦʣʦʜʥʫʶ ʟʠʤʦʚʢʫ ʥʘ ʫʣʠʮʝ. ʇʝʨʚʳʝ ʟʠʤʥʠʝ ʩʘʜʳ 

ʧʦʷʚʠʣʠʩʴ ʚ XIII ʚʝʢʝ, ʘ ʯʫʪʴ ʧʦʟʞʝ ʧʨʠ ʤʥʦʛʠʭ ʢʦ-

ʨʦʣʝʚʩʢʠʭ ʜʚʦʨʘʭ ʥʘʯʘʣʠ ʫʩʪʨʘʠʚʘʪʴ ñʦʨʘʥʞʝʨʝʠò. 

ʂʘʢ ʧʦʥʷʪʥʦ ʠʟ ʥʘʟʚʘʥʠʷ, ʚ ʦʩʥʦʚʥʦʤ ʚ ʦʨʘʥʞʝʨʝʷʭ 

ʚʳʨʘʱʠʚʘʣʠ ʮʠʪʨʫʩʦʚʳʝ ʜʣʷ ʢʦʨʦʣʝʚʩʢʠʭ ʢʫʭʦʥʴ. 

ʇʦ-ʥʘʩʪʦʷʱʝʤʫ ʞʝ ʢʦʤʥʘʪʥʳʝ ʨʘʩʪʝʥʠʷ ʚ ʩʦʚʨʝ-

ʤʝʥʥʦʤ ʧʦʥʠʤʘʥʠʠ ʧʦʷʚʠʣʠʩʴ ʚ ʵʧʦʭʫ ʚʝʣʠʢʠʭ ʛʝʦ-

ʛʨʘʬʠʯʝʩʢʠʭ ʦʪʢʨʳʪʠʡ, ʢʦʛʜʘ ʠʟ ɸʤʝʨʠʢʠ, ɸʟʠʠ ʠ 

ɸʬʨʠʢʠ ʙʳʣʦ ʚʳʚʝʟʝʥʦ ʤʥʦʞʝʩʪʚʦ ʥʦʚʳʭ ʵʢʟʦʪʠʯʝ-

ʩʢʠʭ ʮʚʝʪʦʚ. 

ɺ ʈʦʩʩʠʠ ʥʘʯʘʣʦ ʢʦʤʥʘʪʥʦʛʦ ʮʚʝʪʦʚʦʜʩʪʚʦ 

ʧʨʠʥʷʪʦ ʩʚʷʟʳʚʘʪʴ ʩ ʠʤʝʥʝʤ ʇʝʪʨʘ ʇʝʨʚʦʛʦ, ʥʦ ʵʪʦ 

ʥʝ ʩʦʚʩʝʤ ʪʘʢ. ʅʘʯʘʣʦʩʴ ʚʩʝ ʥʝ ʧʨʠ ʇʝʪʨʝ, ʘ ʧʨʠ ʝʛʦ 

ʥʝ ʤʝʥʝʝ ʧʨʦʛʨʝʩʩʠʚʥʦʤ ʦʪʮʝ ï ɸʣʝʢʩʝʝ ʄʠʭʘʡʣʦ-

ʚʠʯʝ. 

ʉʦʙʩʪʚʝʥʥʦ, ʩʘʜʳ ʠ ʦʛʦʨʦʜʳ ʚ ʪʝ ʚʨʝʤʝʥʘ ʥʘ 

ʈʫʩʠ ʙʳʣʠ ʧʦʚʩʝʤʝʩʪʥʦ: ʠ ʧʨʠ ʤʦʥʘʩʪʳʨʷʭ, ʠ ʧʨʠ 

ʮʘʨʩʢʠʭ ʜʚʦʨʮʘʭ, ʠ ʧʨʠ ʜʦʤʘʭ ʦʙʳʯʥʳʭ ʛʦʨʦʞʘʥ. 

ʋʣʠʮʳ ʥʘʰʠʭ ʛʦʨʦʜʦʚ ʧʦʨʘʞʘʣʠ ʠʥʦʩʪʨʘʥʮʝʚ 

ʩʚʦʠʤ ʧʨʦʩʪʦʨʦʤ ʠ ʦʙʠʣʠʝʤ ʮʚʝʪʦʚ ʠ ʟʝʣʝʥʠ: ʦʥʠ-

ʪʦ ʧʨʠʚʳʢʣʠ ʢ ʢʘʤʝʥʥʳʤ ʫʣʦʯʢʘʤ ʝʚʨʦʧʝʡʩʢʠʭ ʛʦ-

ʨʦʜʦʚ, ʛʜʝ ʢʘʢʘʷ-ʪʦ ʟʝʣʝʥʴ ʨʘʩʪʝʪ ʨʘʟʚʝ ʯʪʦ ʚ ʢʘʜʢʘʭ 

ʠʣʠ ʥʘ ʙʘʣʢʦʥʘʭ. 

ʋʞʝ ʚ XVI ʚʝʢʝ ʧʨʠ ʤʥʦʛʠʭ ʘʧʪʝʢʘʭ ʥʘʯʠʥʘʶʪ 

ʧʦʷʚʣʷʪʴʩʷ ñʘʧʪʝʢʘʨʩʢʠʝ ʦʛʦʨʦʜʳò, ʛʜʝ ʚʳʨʘʱʠ-

ʚʘʶʪ ʮʝʣʝʙʥʳʝ ʪʨʘʚʳ. ʇʨʠ ɸʣʝʢʩʝʝ ʄʠʭʘʡʣʦʚʠʯʝ ʚ 

ʄʦʩʢʚʝ ʙʳʣʦ ʪʨʠ ʪʘʢʠʭ ʙʦʣʴʰʠʭ ʦʛʦʨʦʜʘ ʠ ʤʥʦʞʝ-

ʩʪʚʦ ʤʝʣʢʠʭ ï ʧʨʠ ʜʦʤʘʭ ʘʧʪʝʢʘʨʝʡ ʠ ʟʥʘʭʘʨʝʡ. 
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ʊʦʛʜʘ ʞʝ ʥʘ ʪʝʨʨʘʩʘʭ ʂʨʝʤʣʝʚʩʢʦʛʦ ʜʚʦʨʮʘ ʠ 

ʥʘ ʢʨʳʰʘʭ ʥʝʢʦʪʦʨʳʭ ʙʦʷʨʩʢʠʭ ʜʦʤʦʚ ʫʩʪʨʘʠʚʘʣʠ 

ñʚʠʩʷʯʠʝ ʩʘʜʳò ï ʣʝʪʦʤ ʪʘʤ ʨʦʩʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʮʚʝʪʳ, ʘ ʪʘʢʞʝ ʘʨʙʫʟʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ, ʥʘʚʝʨʥʦ, ʩʘ-

ʤʳʤ ʧʦʧʫʣʷʨʥʳʤ ʵʢʟʦʪʠʯʝʩʢʠʤ ʬʨʫʢʪʦʤ XVIII 

ʚʝʢʘ. 

ʅʦ ʚʠʩʷʯʠʡ ʩʘʜ ʪʨʫʜʥʦ ʥʘʟʚʘʪʴ ñʢʦʤʥʘʪʥʳʤò ï 

ʚʩʝ-ʪʘʢʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʦʥ ʪʦʣʴʢʦ ʣʝʪʦʤ, ʘ ʟʠʤʦʡ 

ʢʨʳʰʫ ʟʘʥʦʩʠʪ ʩʥʝʛʦʤ. ɺʧʨʦʯʝʤ, ʠ ʦ ñʭʦʨʦʤʥʳʭò 

ʩʘʜʘʭ ʫʧʦʤʠʥʘʥʠʷ ʝʩʪʴ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʥʘ ʟʠʤʫ ʚ ʧʦ-

ʤʝʱʝʥʠʷ ʟʘʥʦʩʠʣʠ ʣʶʙʠʤʳʝ ʧʦʤʝʨʘʥʮʝʚʳʝ ʜʝʨʝʚʴʷ 

ɸʣʝʢʩʝʷ ʄʠʭʘʡʣʦʚʠʯʘ ï ʦ ʥʠʭ ʠʩʪʦʯʥʠʢʠ ʪʦʞʝ ʫʧʦ-

ʤʠʥʘʶʪ. 

ʉʘʤʘʷ ʧʝʨʚʘʷ ʵʢʟʦʪʠʯʝʩʢʘʷ ʛʦʩʪʴʷ, ʧʦʷʚʠʚʰʘ-

ʷʩʷ ʚ ʈʦʩʩʠʠ ï ʵʪʦ ʘʤʝʨʠʢʘʥʩʢʘʷ ʘʛʘʚʘ. ɸʛʘʚʘ ï ʚʦ-

ʦʙʱʝ ʦʜʥʦ ʠʟ ʧʝʨʚʳʭ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʚʳʚʝ-

ʟʝʥʦ ʠʟ ɸʤʝʨʠʢʠ. ʆʥʘ ʙʳʩʪʨʦ ʨʘʩʧʨʦʩʪʨʘʥʠʣʘʩʴ ʧʦ 

ʚʩʝʤʫ ʉʨʝʜʠʟʝʤʥʦʤʦʨʴʶ ʚ ʢʘʯʝʩʪʚʝ ʜʝʢʦʨʘʪʠʚʥʦʛʦ 

ʮʚʝʪʢʘ, ʠ ʚ ʢʦʥʮʝ XVIII ʚʝʢʘ ʝʡ ʤʦʞʥʦ ʙʳʣʦ ʣʶʙʦ-

ʚʘʪʴʩʷ ʫʞʝ ʠ ʚ ʄʦʩʢʚʝ. 

ʇʨʠ ʇʝʪʨʝ ʇʝʨʚʦʤ ʵʢʟʦʪʠʯʝʩʢʠʝ ʨʘʩʪʝ-

ʥʠʷ ʥʘʯʘʣʠ ʚʳʨʘʱʠʚʘʪʴ ʫʞʝ ʮʝʣʝʥʘʧʨʘʚ-

ʣʝʥʥʦ. ʀʤ ʙʳʣ ʫʩʪʨʦʝʥ ɹʦʪʘʥʠʯʝʩʢʠʡ ʩʘʜ ʥʘ ɸʧʪʝ-

ʢʘʨʩʢʦʤ ʦʩʪʨʦʚʝ. ʇʝʨʚʦʦʯʝʨʝʜʥʦʡ ʟʘʜʘʯʝʡ ʙʳʣʦ, 

ʢʦʥʝʯʥʦ, ʚʳʨʘʱʠʚʘʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʪʨʘʚ, ʥʦ ʠ 

ʚʪʦʨʦʡ ʟʘʜʘʯʝʡ ï ʩʦʙʠʨʘʪʴ ʠ ʚʳʨʘʱʠʚʘʪʴ ʨʘʩʪʝʥʠʷ 

ñʢʫʨʠʦʟʥʳʝò ï ʥʝ ʧʨʝʥʝʙʨʝʛʘʣʠ, ʇʝʪʨ ʵʢʟʦʪʠʢʫ ʣʶ-

ʙʠʣ. ɿʘʥʠʤʘʣʩʷ ʩʘʜʦʤ ʥʝʤʝʮ ʀʦʛʘʥʥ ɹʫʢʩʙʘʫʤ ï ʦʥ 

ʩʪʘʣ ʧʝʨʚʳʤ ʧʨʦʬʝʩʩʦʨʦʤ ʙʦʪʘʥʠʢʠ ʚ ɸʢʘʜʝʤʠʠ 

ʅʘʫʢ, ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠʟʫʯʘʣ ʨʫʩʩʢʫʶ ʬʣʦʨʫ, ʩʦ-

ʚʝʨʰʘʣ ʵʢʩʧʝʜʠʮʠʠ ʧʦ ʈʦʩʩʠʠ ʠ ʩʦʙʠʨʘʣ ʠʥʪʝʨʝʩ-

ʥʳʝ ʨʘʩʪʝʥʠʷ. 

ʇʨʠ ɽʣʠʟʘʚʝʪʝ ʇʝʪʨʦʚʥʝ ʥʘ ʮʘʨʩʢʠʡ ʩʪʦʣ ʨʝʛʫ-

ʣʷʨʥʦ ʧʦʜʘʚʘʣʠʩʴ ʚʳʨʘʱʝʥʥʳʝ ʚ ʙʦʪʘʥʠʯʝʩʢʦʤ 

ʩʘʜʫ ʘʥʘʥʘʩʳ, ʜʳʥʠ ʠ ʘʨʙʫʟʳ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ XIX 

ʚʝʢʘ ʠʤʝʥʥʦ ʵʪʦʪ ʩʘʜ ʦʙʣʘʜʘʣ ʢʨʫʧʥʝʡʰʝʡ ʚ ɽʚʨʦʧʝ 

ʢʦʣʣʝʢʮʠʝʡ ʨʘʩʪʝʥʠʡ. 

ɽʱʝ ʦʜʥʘ ʧʦʩʪʨʦʝʥʥʘʷ ʧʨʠ ʇʝʪʨʝ ʇʝʨʚʦʤ ʦʨʘʥ-

ʞʝʨʝʷ ʧʦʷʚʠʣʘʩʴ ʚ ʇʝʪʝʨʛʦʬʝ. ʉʦʟʜʘʥʥʦʝ ʚ ʩʪʠʣʝ 

ʙʘʨʦʢʢʦ ʚ 1722-1725 ʛʦʜʘʭ ʟʜʘʥʠʝ ʙʳʣʦ ʥʘʜʝʞʥʦ ʟʘ-

ʱʠʱʝʥʦ ʦʪ ʩʢʚʦʟʥʷʢʦʚ, ʘ ʚʣʘʞʥʦʩʪʴ ʪʫʪ ʧʦʜʜʝʨʞʠ-

ʚʘʣ ʬʦʥʪʘʥ ñʊʨʠʪʦʥò ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʩʘʤʦʤ ʮʝʥ-

ʪʨʝ ʦʨʘʥʞʝʨʝʠ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʙʳʣʦ ʩʦʭʨʘʥʝʥʠʝ 

ʵʢʟʦʪʠʯʝʩʢʠʭ ʨʘʩʪʝʥʠʡ ʟʠʤʦʡ: ʣʝʪʦʤ ʦʥʠ ʩʪʦʷʣʠ ʚ 

ʢʘʜʢʘʭ ʥʘ ʫʣʠʮʝ ʠ ʫʢʨʘʰʘʣʠ ʩʘʜʦʚʳʝ ʜʦʨʦʞʢʠ. 

ɺ ʩʝʨʝʜʠʥʝ XVIII ʚʝʢʘ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪ-

ʥʳʭ ʦʨʘʥʞʝʨʝʡ ʙʳʣʘ ʫʩʪʨʦʝʥʘ ʚ ʫʩʘʜʴʙʝ ʂʘʥʪʝʤʠʨʘ 

ï ʚ ʥʳʥʝʰʥʝʤ ʎʘʨʠʮʳʥʦ. ʉʦʭʨʘʥʠʣʘʩʴ ʦʧʠʩʴ, ʠʟ 

ʢʦʪʦʨʦʡ ʤʳ ʟʥʘʝʤ ʝʝ ñʘʩʩʦʨʪʠʤʝʥʪò: ʪʘʤ ʨʦʩʣʠ 

ʛʚʦʟʜʠʯʥʳʝ ʜʝʨʝʚʴʷ, ʬʠʛʠ, ʣʠʤʦʥʳ ʠ ʧʦʤʝʨʘʥʮʳ, 

ʧʝʨʩʠʢʠ, ʛʨʫʰʠ, ʘʣʦʵ, ʚʠʥʦʛʨʘʜ ʠ ʜʘʞʝ ʘʥʘʥʘʩʳ. 

ʂʘʢ ʤʳ ʚʠʜʠʤ, ʚ XVIII ʚʝʢʝ ʟʠʤʥʠʝ ʩʘʜʳ ʠ 

ʦʨʘʥʞʝʨʝʠ ʠʤʝʣʠ ʚʧʦʣʥʝ ʫʪʠʣʠʪʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ï 

ʪʘʤ ʚʳʨʘʱʠʚʘʣʠ ʬʨʫʢʪʳ ʢ ʩʪʦʣʫ ʠ ʩʦʭʨʘʥʷʣʠ ʟʠʤʦʡ 

ʨʘʩʪʝʥʠʷ, ʢʦʪʦʨʳʝ ʣʝʪʦʤ ʫʢʨʘʰʘʣʠ ʦʪʢʨʳʪʳʝ ʩʘʜʳ. 

ʉ ʥʘʯʘʣʦʤ ʨʘʮʠʦʥʘʣʴʥʦʛʦ XIX ʚʝʢʘ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ 

ʚʳʭʦʜʠʪ ʬʫʥʢʮʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ. 

ɺ 30-ʝ ʛʦʜʳ ʚ ʇʝʪʝʨʙʫʨʛʝ ʩʪʨʦʷʪʩʷ ʚʩʝ ʥʦʚʳʝ ʠ 

ʥʦʚʳʝ ʦʨʘʥʞʝʨʝʠ ʠ ʟʠʤʥʠʝ ʩʘʜʳ: ʚ ɹʦʪʘʥʠʯʝʩʢʦʤ 

ʩʘʜʫ ɸʧʪʝʢʘʨʩʢʦʛʦ ʦʩʪʨʦʚʘ, ʚ ɹʦʪʘʥʠʯʝʩʢʦʤʫ ʩʘʜʫ 

ʃʝʩʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ï ʠ ʟʥʘʪʴ ʧʨʠʭʦʜʠʪ ʪʫʜʘ ʧʦʩʤʦʪ-

ʨʝʪʴ ʥʘ ʨʘʟʥʳʝ ʟʘʤʦʨʩʢʠʝ ʜʠʢʦʚʠʥʢʠ, ʘ ʫʯʝʥʳʝ ʘʢ-

ʪʠʚʥʦ ʠʟʫʯʘʶʪ ʧʨʠʚʝʟʝʥʥʳʝ ʩ ʜʘʣʝʢʦʛʦ ʶʛʘ ʠ ʚʦ-

ʩʪʦʢʘ ʥʝʟʥʘʢʦʤʳʝ ʨʘʩʪʝʥʠʷ. 

ɺʧʨʦʯʝʤ, ʠ ʯʘʩʪʥʳʭ ʟʠʤʥʠʭ ʩʘʜʦʚ ʩʪʘʥʦʚʠʪʩʷ 

ʚʩʝ ʙʦʣʴʰʝ. ɽʩʣʠ ʚ XVIII ʚʝʢʝ ʠʤʝʪʴ ʩʦʙʩʪʚʝʥʥʫʶ 

ʦʨʘʥʞʝʨʝʶ ʙʳʣʦ ʤʦʜʥʳʤ ʠ ʜʦʨʦʛʠʤ ʢʘʧʨʠʟʘʤ, ʪʦ 

ʩʝʡʯʘʩ ʥʝʙʦʣʴʰʠʝ ʩʘʜʠʢʠ ʩʪʨʦʷʪʩʷ ʧʦʯʪʠ ʚ ʢʘʞʜʦʤ 

ʦʩʦʙʥʷʢʝ. 

ʂʘʢʠʝ ʞʝ ʨʘʩʪʝʥʠʷ ʜʝʨʞʘʣʠ ʥʘʰʠ ʧʨʝʜʢʠ ʚ ʪʘ-

ʢʠʭ ʜʦʤʘʰʥʠʭ ʩʘʜʘʭ? ʄʳ ʫʞʝ ʫʧʦʤʠʥʘʣʠ ʧʦʤʝ-

ʨʘʥʮʳ ʠ ʣʠʤʦʥʳ, ʘʛʘʚʳ ʠ ʘʣʦʝ. ʇʨʠʤʝʨʥʦ ʪʦʛʜʘ ʞʝ 

ʩʪʘʥʦʚʷʪʩʷ ʧʦʧʫʣʷʨʥʳʤʠ ʧʘʣʴʤʳ ʠ ʧʦʭʦʞʠʝ ʥʘ 

ʧʘʣʴʤʳ ʶʢʢʠ, ʜʨʘʮʝʥʳ ʠ ʮʠʢʘʩʳ ï ʨʘʩʪʝʥʠʷ, ʢʦʪʦ-

ʨʳʝ ʠ ʩʝʡʯʘʩ ʤʳ ʟʥʘʝʤ, ʢʘʢ ʩʘʤʳʝ ʥʝʧʨʠʭʦʪʣʠʚʳʝ. 

ʋʞʝ ʚ ʥʘʯʘʣʝ XIX ʚʝʢʘ ʚ ʜʦʤʘʭ ʤʦʞʥʦ ʥʘʡʪʠ ʢʦʨʦ-

ʣʝʚʩʢʫʶ ʙʝʛʦʥʠʶ (ʥʘʨʦʜʥʦʝ ʥʘʟʚʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʝʝ 

ʩʦʨʪʦʚ ñʋʭʦ ʅʘʧʦʣʝʦʥʘò ʩʦʭʨʘʥʠʣʦʩʴ ʠʤʝʥʥʦ 

ʩ1812 ʛʦʜʘ). ʀ, ʢʦʥʝʯʥʦ ʞʝ, ʚ ʦʨʘʥʞʝʨʝʷʭ ʮʚʝʣʠ 

ʨʦʟʳ ʠ ʘʟʘʣʠʠ, ʘ ʥʘ ʢʣʫʤʙʘʭ ï ʣʫʢʦʚʠʯʥʳʝ ʣʠʣʠʠ 

ʠʣʠ ʛʦʣʣʘʥʜʩʢʠʝ ʪʶʣʴʧʘʥʳ. 

 

 
ʈʠʩ.1. ɿʠʤʥʠʡ ʜʚʦʨʝʮ, ʤʘʣʠʥʦʚʳʡ ʢʘʙʠʥʝʪ ʠʤʧʝʨʘʪʨʠʮʳ 

ʄʘʨʠʠ ɸʣʝʢʩʘʥʜʨʦʚʥʳ. ʕʜʫʘʨʜ ɻʘʫ. 

ʈʠʩ.2. ʈʦʣʠʥʛ ʂʘʨʣ "ɾʝʥʱʠʥʘ ʫ ʦʢʥʘ" 
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ʉʦʚʨʝʤʝʥʥʘʷ ʢʫʣʴʪʫʨʘ ʢʦʤʥʘʪʥʦʛʦ ʩʘʜʦʚʦʜ-

ʩʪʚʘ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ 300 

ʣʝʪ. ʉʝʛʦʜʥʷ ʚ ʤʘʛʘʟʠʥʘʭ ʫʜʘʝʪʩʷ ʥʘʡʪʠ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʚʩʝ, ʯʝʛʦ ʤʦʞʝʪ ʧʦʞʝʣʘʪʴ ʜʫʰʘ ʮʚʝʪʦʚʦʜʘ. 

ʄʳ ʧʨʠʚʳʢʣʠ ʢ ʪʦʤʫ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʪʨʘʜʠ-

ʮʠʦʥʥʳʭ ʢʦʤʥʘʪʥʳʭ ʨʘʩʪʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʝʥʧʦʣʠʷ, 

ʛʝʨʘʥʴ, ʧʣʶʰ, ʣʝʛʢʦ ʤʠʨʷʪʩʷ ʩ ʫʩʣʦʚʠʷʤʠ ʢʚʘʨ-

ʪʠʨʳ, ʥʦ ʪʘʢ ʙʳʣʦ ʥʝ ʚʩʝʛʜʘ. 

ʀʟʦʙʨʝʪʝʥʠʝ ʪʝʨʨʘʨʠʫʤʦʚ ʨʝʰʠʣʦ ʧʨʦʙʣʝʤʫ 

ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʦ ʥʝʨʝʰʝʥʥʳʝ ʟʘʜʘʯʠ 

ʝʱʝ ʦʩʪʘʚʘʣʠʩʴ. ʄʥʦʛʠʝ ʪʨʦʧʠʯʝʩʢʠʝ ʜʠʢʦʚʠʥʳ 

ʙʳʣʠ ʜʦʩʪʫʧʥʳ ʣʠʰʴ ʧʨʦʬʝʩʩʠʦʥʘʣʘʤ. ʏʘʩʪʦ ʪʨʦ-

ʧʠʯʝʩʢʠʝ ʨʘʩʪʝʥʠʷ ʦʪʢʘʟʳʚʘʣʠʩʴ ʨʘʩʪʠ ʚ ʫʩʣʦʚʠʷʭ 

ʪʝʧʣʠʮʳ. ʆʥʠ ʩʪʨʘʜʘʣʠ ʦʪ ʥʝʧʨʠʚʳʯʥʦʡ ʜʣʷ ʥʠʭ 

ʧʦʯʚʳ, ʧʦʨʘʞʘʣʠʩʴ ʝʚʨʦʧʝʡʩʢʠʤʠ ʧʘʨʘʟʠʪʘʤʠ ʠ ʙʦ-

ʣʝʟʥʷʤʠ. ʄʘʣʝʡʰʝʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝ-

ʞʠʤʘ ʧʨʠʚʦʜʠʣʦ ʠʭ ʢ ʛʠʙʝʣʠ. ʈʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ 

ʚʟʷʣʠʩʴ ʩʝʣʝʢʮʠʦʥʝʨʳ. 

ʉʘʜʦʚʦʜʳ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ ʧʨʠʥʷʣʠʩʴ ʦʪʙʠʨʘʪʴ 

ʩʘʤʳʝ ʚʳʥʦʩʣʠʚʳʝ ʵʢʟʦʪʠʯʝʩʢʠʝ ʨʘʩʪʝʥʠʷ. ʉʫʪʴ ʨʘ-

ʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʳʚʝʩʪʠ ʣʠʥʠʠ ʨʘʩ-

ʪʝʥʠʡ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʝʚʨʦʧʝʡʩʢʠʤ ʙʦʣʝʟʥʷʤ ʠ ʙʦʣʝʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʭ ʢ ʜʦʤʘʰʥʠʤ ʫʩʣʦʚʠʷʤ ʩʦʜʝʨʞʘ-

ʥʠʷ. ʊʘʢ ʟʘ 200 ʣʝʪ ʧʦʷʚʠʣʠʩʴ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʥʦʚʳʭ 

ʩʦʨʪʦʚ ʨʘʩʪʝʥʠʡ. 

ɺ ʩʝʨʝʜʠʥʝ XX ʚ. ʥʘ ʧʦʤʦʱʴ ʩʘʜʦʚʦʜʘʤ ʧʨʠ-

ʰʣʘ ʩʦʚʨʝʤʝʥʥʘʷ ʥʘʫʢʘ. ɹʣʘʛʦʜʘʨʷ ʛʝʥʥʦʡ ʠʥʞʝʥʝ-

ʨʠʠ ʫʜʘʣʦʩʴ ʩʦʟʜʘʪʴ ʩʦʨʪʘ ʨʘʩʪʝʥʠʡ ʩ ʥʦʚʳʤʠ ʧʨʠ-

ʟʥʘʢʘʤʠ. ɺʳʚʝʜʝʥʠʝ ʥʦʚʳʭ, ʙʦʣʝʝ ʚʳʥʦʩʣʠʚʳʭ ʩʦʨ-

ʪʦʚ ʩʜʝʣʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʨʦʤʳʰʣʝʥʥʦʝ ʨʘʟʚʝʜʝʥʠʝ 

ʪʘʢʠʭ ʨʘʩʪʝʥʠʡ, ʢʘʢ ʦʨʭʠʜʝʠ, ʙʨʦʤʝʣʠʝʚʳʝ, ʯʪʦ 

ʙʳʣʦ ʩʦʚʝʨʰʝʥʥʦ ʥʝʤʳʩʣʠʤʦ ʝʱʝ 100 ʣʝʪ ʥʘʟʘʜ. 

ʕʪʘ ʨʘʙʦʪʘ ʩʜʝʣʘʣʘ ʪʨʦʧʠʯʝʩʢʠʝ ʨʘʩʪʝʥʠʷ ʜʦʩʪʫʧ-

ʥʳʤʠ ʜʣʷ ʚʩʝʭ. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʚʝʜʝʥʳ ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʦʩʝʚʘʭ ʧʰʝʥʠʮʳ, ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʫʣʝʚʦʡ (no-till) ʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺʳʷʚʣʝʥʘ ʩʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʙʦʣʝʟʥʝʡ ʧʰʝʥʠʮʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʦʣʝʟʥʝʡ ʦʞʠʜʘʝʤʦ ʥʘʨʘʩʪʘʣʘ ʢ 

ʢʦʥʮʫ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʧʰʝʥʠʮʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʥʠʪʦ-

ʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʤʠʥʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʛʨʠʙʥʳʭ ʙʦʣʝʟʥʝʡ ʧʰʝʥʠʮʳ 

ʟʘʥʠʤʘʶʪ ʢʦʨʥʝʚʳʝ ʛʥʠʣʠ, ʚʳʟʳʚʘʝʤʳʝ ʧʘʪʦʢʦʤʧʣʝʢʩʦʤ ʤʠʢʨʦʤʠʮʝʪʦʚ, ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʚʠʜʘʤʠ ʚ 

ʢʦʪʦʨʦʤ ʷʚʣʷʶʪʩʷ ʛʨʠʙʳ ʨʦʜʘ Fusarium ʠ Alternaria. 

Abstract 

Monitoring studies were conducted on wheat crops cultivated using no-till and traditional technologies. Sea-

sonal dynamics of development and spread of wheat diseases was revealed. It was found that the intensity of 

disease spread was expected to increase by the end of the growing season of wheat, regardless of the technology 

used. The results of monitoring studies have shown that the dominant position in the structure of fungal diseases 

of wheat is occupied by root rot caused by the pathocomplex of micromycetes, the dominant species of which are 

fungi of the genus Fusarium and Alternaria. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʌʠʪʦʧʘʪʦʛʝʥ, ʢʦʨʥʝʚʘʷ ʛʥʠʣʴ, ʧʰʝʥʠʮʘ 

Keywords: Phytopathogen, root decay, wheat 

 

ʕʧʠʬʠʪʦʪʠʠ, ʚʳʟʳʚʘʝʤʳʝ ʬʠʪʦʧʘʪʦʛʝʥʥʳʤʠ 

ʛʨʠʙʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʜʣʷ ʘʛʨʦ-

ʵʢʦʩʠʩʪʝʤ ʠ ʚʣʠʷʶʪ ʥʘ ʛʣʦʙʘʣʴʥʫʶ ʧʨʦʜʦʚʦʣʴ-

ʩʪʚʝʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʇʦʨʘʞʝʥʠʝ ʙʦʣʝʟʥʷʤʠ ʠ 

ʚʨʝʜʠʪʝʣʷʤʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ 

ʥʠʟʢʠʭ ʫʨʦʞʘʝʚ ʧʰʝʥʠʮʳ ʠ ʫʭʫʜʰʝʥʠʷ ʝʛʦ ʢʘʯʝ-

ʩʪʚʘ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢɻʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥʘʭ ʂʘʟʘʭʩʪʘʥʘ ʷʚʣʷ-

ʶʪʩʷ ʪʘʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʢʘʢ ʩʝʧʪʦʨʠʦʟ, ʬʫʟʘʨʠʦʟ, 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʨʞʘʚʯʠʥʳ, ʢʦʨʥʝʚʳʝ ʛʥʠʣʠ. ʇʦ 

ʜʘʥʥʳʤ ʌɸʆ, ʤʠʨʦʚʳʝ ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʧʰʝʥʠʮʳ ʦʪ 

ʚʨʝʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʩʦʩʪʦʚʣʷʶʪ 34 %, ʚ ʪʦʤ ʯʠʩʣʝ 

ʦʪ ʙʦʣʝʟʥʝʡ ï 12% [12]. ɿʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʚ ʤʠʨʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʨʘʞʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʬʠʪʦʧʘʪʦʛʝʥ-

ʥʳʤʠ ʛʨʠʙʘʤʠ ʫʚʝʣʠʯʠʣʦʩʴ ʚ 9 ʨʘʟ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʫʱʝʨʙʫ ʠ ʚʣʝʯʝʪ ʟʘ 

ʩʦʙʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʭʚʘʪʢʠ ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ ʜʣʷ 

ʥʘʩʝʣʝʥʠʷ [13]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʬʠʪʦʧʘʪʦʛʝʥ-

ʥʳʝ ʛʨʠʙʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʵʚʦʣʶʮʠʦʥʥʳʤ ʧʦ-

ʪʝʥʮʠʘʣʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʬʘʢʪʦʨʳ 

ʩʨʝʜʳ. ʌʠʪʦʧʘʪʦʛʝʥʥʳʝ ʛʨʠʙʳ ʩʧʦʩʦʙʥʳ ʨʘʟʤʥʦ-

ʞʘʪʴʩʷ ʧʦʣʦʚʳʤ ʠ/ʠʣʠ ʙʝʩʧʦʣʳʤ ʧʫʪʝʤ, ʧʦʜʘʚʣʷʷ 

ʧʨʠ ʵʪʦʤ ʠʤʤʫʥʠʪʝʪ ʨʘʩʪʝʥʠʡ [10, 11]. ʆʥʠ ʤʦʛʫʪ 

ʥʘʥʝʩʪʠ ʚʨʝʜ ʢʘʢ ʢʫʣʴʪʫʨʥʳʤ, ʪʘʢ ʠ ʜʠʢʦʨʘʩʪʫʱʠʤ 

ʨʘʩʪʝʥʠʷʤ, ʚʳʟʳʚʘʷ ʠʭ ʪʨʘʭʝʦʤʠʢʦʟʥʦʝ ʫʚʷʜʘʥʠʝ, 

ʟʘʜʝʨʞʢʫ ʨʦʩʪʘ, ʢʦʨʥʝʚʳʝ ʠ ʩʪʝʙʣʝʚʳʝ ʛʥʠʣʠ, ʯʝʨ-

ʥʫʶ ʥʦʞʢʫ ʩʝʷʥʮʝʚ [2]. ʉʪʝʧʝʥʴ ʪʷʞʝʩʪʠ ʟʘʙʦʣʝʚʘ-

ʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʧʘʪʦʛʝʥʘ ʠ ʦʪʚʝʪʥʦʡ 

ʨʝʘʢʮʠʠ ʫ ʨʘʩʪʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʝʡʰʠʭ ʭʠ-

ʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ, ʙʠʦʧʝʩʪʠʮʠ-

ʜʦʚ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʪʠʚʥʦʡ ʵʚʦʣʶʮʠʠ ʚʦʟʙʫʜʠʪʝ-

ʣʝʡ ʛʨʠʙʥʳʭ ʙʦʣʝʟʥʝʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʩʠʣʝʥʠʷ ʧʘ-

ʪʦʛʝʥʥʳʭ ʩʚʦʡʩʪʚ. ʉʝʣʝʢʮʠʷ ʩʦʨʪʦʚ ʢʫʣʴʪʫʨʥʳʭ 

ʨʘʩʪʝʥʠʡ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʧʨʠʟʥʘʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪ ʨʘʩʳ ʧʘ-

ʪʦʛʝʥʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʙʳʩʪʨʦʡ ʠ ʪʦʯʥʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ ʦʯʝʚʠʜʥʘ.  

ʇʨʘʚʠʣʴʥʘʷ ʠ ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ 

ʛʨʠʙʥʳʭ ʙʦʣʝʟʥʝʡ ʥʘ ʧʦʩʝʚʘʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʷʚ-

ʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʫʩʧʝʭʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʩʠʩʪʝʤʳ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʟʘʱʠʪʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʟʘʣʦʛʦʤ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʩʪʘʙʠʣʴʥʳʭ ʫʨʦʞʘʝʚ. ʉ 

ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ, 

ʚʢʣʶʯʘʶʱʠʭ ʩʦʨʪʘ, ʨʦʪʘʮʠʶ ʢʫʣʴʪʫʨ ʚ ʩʝʚʦʦʙʦ-

ʨʦʪʝ, ʩʨʝʜʩʪʚʘ ʭʠʤʠʟʘʮʠʠ ʠ ʟʘʱʠʪʳ ʧʦʩʝʚʦʚ, ʬʠʪʦ-

ʩʘʥʠʪʘʨʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʥʘ ʧʦʩʝʚʘʭ ʧʰʝʥʠʮʳ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʠʟʤʝʥʠʣʘʩʴ. ɺ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ ʂʘʟʘʭ-

ʩʪʘʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʚʨʝʜʦʥʦʩʥʦʩʪʠ ʪʘ-

ʢʠʭ ʙʦʣʝʟʥʝʡ ʢʘʢ ʢʦʨʥʝʚʳʝ ʛʥʠʣʠ, ʩʝʧʪʦʨʠʦʟ, 

ʧʷʪʥʠʩʪʦʩʪʠ ʠ ʨʞʘʚʯʠʥʥʳʝ ʙʦʣʝʟʥʠ. ʇʨʦʛʨʝʩʩʠʨʫʝʪ 

ʧʦʨʘʞʝʥʠʝ ʧʦʩʝʚʦʚ ʘʣʴʪʝʨʥʘʨʠʦʟʦʤ ʠ ʬʫʟʘʨʠʦʟʦʤ, 

ʪʦ ʝʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʙʠʦʪʠʯʝ-

ʩʢʦʛʦ ʩʪʨʝʩʩʘ ʚ ʘʛʨʦʮʝʥʦʟʝ ʧʰʝʥʠʮʳ, ʦʙʫʩʣʦʚʣʝʥ-

ʥʦʝ ʢʘʢ ʧʨʦʜʦʣʞʘʶʱʠʤʠʩʷ ʠʟʤʝʥʝʥʠʷʤʠ ʢʣʠʤʘʪʘ, 

ʪʘʢ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʦ-

ʚʝʜʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʧʦʩʝʚʘʭ 

ʧʰʝʥʠʮʳ ʠ ʚʳʷʚʣʝʥʠʝ ʜʦʤʠʥʘʥʪʥʦʛʦ ʧʘʪʦʛʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʥʘ ʵʪʦʡ ʢʫʣʴʪʫʨʝ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʘʢʪʫ-

ʘʣʴʥʳʤ.  

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʙʳʣʠ ʧʨʦʚʝ-

ʜʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʤʠʢ-

ʨʦʙʠʦʣʦʛʠʠ ʅʇʎ ɿʍ ʠʤ. ɸ.ʀ. ɹʘʨʘʝʚʘ ʥʘ ʧʦʩʝʚʘʭ 

ʩʦʨʪʘ ɸʩʪʘʥʘ, ʚʦʟʜʝʣʳʚʘʝʤʦʛʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʫʣʝʚʦʡ (no-till) ʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʊʨʘ-

ʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʦʩʪʦʷʣʘ ʠʟ ʧʨʝʜʧʦʩʝʚʥʳʭ 

ʦʙʨʘʙʦʪʦʢ, ʧʦʩʝʚʘ ʩʝʷʣʢʘʤʠ ʉɿʉ-2,1, ʧʦʩʣʝʧʦʩʝʚʥʦʛʦ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʠ ʧʨʠʢʘʪʳʚʘʥʠʷ. ɺ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥ-

ʥʦʛʦ ʧʝʨʠʦʜʘ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʧʦʣʢʘ ʦʪ 

ʩʦʨʥʷʢʦʚ ʠ ʭʠʤʠʯʝʩʢʘʷ ʧʨʦʧʦʣʢʘ ʚ ʬʘʟʫ ʢʫʱʝʥʠʷ. ʅʫʣʝ-

ʚʘʷ ʪʝʭʥʦʣʦʛʠʷ (no-till) ʚʢʣʶʯʘʣʘ ʧʨʷʤʦʡ ʧʦʩʝʚ ʚ 

ʧʦʯʚʫ ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ɿʘʱʠʪʘ ʧʦʩʝʚʦʚ ʦʪ ʩʦʨʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʟʘʢʣʶʯʘ-

ʣʘʩʴ ʚ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʦʙʨʘʙʦʪʦʢ 

ʧʦʯʚʳ ʚʥʝʩʝʥʠʝʤ ʛʝʨʙʠʮʠʜʦʚ ʩʧʣʦʰʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʚ ʜʦʧʦʩʝʚʥʦʡ ʠ ʧʨʝʜʧʦʩʝʚʥʦʡ ʧʝʨʠʦʜʳ, ʘ ʪʘʢʞʝ ʚ 

ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ. ʇʦʤʠʤʦ ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ ʦʮʝʥʠʚʘʣʠ ʚʣʠʷʥʠʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʥʘ 

ʨʘʟʚʠʪʠʝ ʧʘʪʦʢʦʤʧʣʝʩʘ ʢʦʨʥʝʚʦʡ ʛʥʠʣʠ, ʜʣʷ ʵʪʦʛʦ 

ʠʩʩʣʝʜʦʚʘʣʠ ʨʘʩʪʝʥʠʷ ʧʰʝʥʠʮʳ, ʚʦʟʜʝʣʳʚʘʝʤʦʡ 1-

ʡ ʠ 2-ʡ ʢʫʣʴʪʫʨʘʤʠ ʧʦʩʣʝ ʧʘʨʘ.  

ʄʦʥʠʪʦʨʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʦʩʝʚʘʭ 

ʧʰʝʥʠʮʳ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʨʰʨʫʪ-

ʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʧʦʣʝʡ ʚ ʬʘʟʳ ʚʩʭʦʜʳ-ʢʫʱʝʥʠʝ ʠ 

ʤʦʣʦʯʥʦʡ ʩʧʝʣʦʩʪʠ. ɼʣʷ ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʣʠ ʧʦ 10 

ʢʦʨʥʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʚʳʢʦʧʘʥʥʳʭ ʧʦ ʜʠʘʛʦʥʘʣʠ 

ʧʦʣʷ, ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʝ ʤʝʥʝʝ 100 ʰʪʫʢ. ɸʥʘʣʠʟ ʧʨʦ-

ʚʦʜʠʣʠ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ, ʦʮʝʥʠʚʘʷ ʧʦʨʘ-

ʞʝʥʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʧʰʝʥʠʮʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 
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ʰʢʘʣʦʡ, ʧʨʝʜʣʦʞʝʥʥʦʡ ɺʀɿʈ (1966): 0 ï ʧʨʠʟʥʘʢʠ 

ʧʦʨʘʞʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ; 1 ï ʚ ʦʩʥʦʚʘʥʠʠ ʩʪʝʙʣʷ ʠʣʠ 

ʝʛʦ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʙʫʨʳʝ ʰʪʨʠʭʠ ʠʣʠ ʫʟʢʠʝ ʧʦ-

ʣʦʩʳ; 2 ï ʚ ʦʩʥʦʚʘʥʠʠ ʩʪʝʙʣʷ ʠʣʠ ʝʛʦ ʥʘʜʟʝʤʥʦʡ ʯʘ-

ʩʪʠ ʢʦʨʠʯʥʝʚʳʝ ʧʦʣʦʩʳ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʙʦʣʝʝ ʧʦ-

ʣʦʚʠʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʨʛʘʥʘ; 3 ï ʩʧʣʦʰʥʦʝ ʧʦʙʫʨʝ-

ʥʠʝ ʧʝʨʚʦʛʦ ʩʪʝʙʣʝʚʦʛʦ ʠ ʧʦʜʟʝʤʥʦʛʦ ʤʝʞʜʦʫʟʣʠʡ; 

4 ï ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʜʫʢʪʠʚʥʳ ʩʪʝʙʣʝʡ ʧʨʠ ʥʘʣʠʯʠʠ 

ʩʠʤʧʪʦʤʦʚ ʧʦ ʙʘʣʣʫ 3.  

ʅʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ 

ʠʥʜʠʢʘʪʦʨʦʚ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ - ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

(R) ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʟʚʠʪʠʷ (ʈ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ [8].  

. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʣʝʟʥʠ R ï ʧʨʦʮʝʥʪ ʧʦʨʘ-

ʞʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʧʨʦʙʝ, ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ 

(1): 

R=nx100, %  (1) 

N 

 

ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʙʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʧʨʦʙʝ, 

N ï ʯʠʩʣʦ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʨʘʩʪʝʥʠʡ.  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʙʦʣʝʟʥʠ ʈ (%), ʠʣʠ 

ʠʥʜʝʢʩ ʙʦʣʝʟʥʠ, ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ (2): 

 

ʈ = × (ʘʚ ʭ 100), %  (2) 

 

ʂ ï ʥʘʠʚʳʩʰʠʡ ʙʘʣʣ ʰʢʘʣʳ, 

N ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʝʥʠʡ ʚ ʧʨʦʙʝ.  

ʄʦʥʠʪʦʨʠʥʛʦʚʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʩʝʚʦʚ ʥʘ ʧʦ-

ʨʘʞʝʥʥʦʩʪʴ ʛʨʠʙʥʳʤʠ ʙʦʣʝʟʥʷʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʜʚʘʞʜʳ - ʚ ʬʘʟʳ ʚʩʭʦʜʳ-ʢʫʱʝʥʠʝ ʠ ʤʦʣʦʯʥʦʡ ʩʧʝ-

ʣʦʩʪʠ ʟʝʨʥʘ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʛʨʠʙʥʳʭ ʙʦʣʝʟʥʝʡ ʚ 

ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʚʠʟʫ-

ʘʣʴʥʦʛʦ ʤʝʪʦʜʘ. ɺʠʜʦʚʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʚʦʟʙʫ-

ʜʠʪʝʣʝʡ ʫʪʦʯʥʷʣʠ ʧʫʪʝʤ ʤʠʢʨʦʩʢʦʧʠʨʦʚʘʥʠʷ, ʧʦ-

ʤʝʱʝʥʠʷ ʙʦʣʴʥʳʭ ʪʢʘʥʝʡ ʨʘʩʪʝʥʠʡ ʚʦ ʚʣʘʞʥʫʶ ʢʘ-

ʤʝʨʫ ʠ ʚʳʩʝʚʘ ʥʘ ʧʠʪʘʪʝʣʴʥʳʝ ʩʨʝʜʳ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʧʨʝʜʝʣʝʥʠʝ ʨʦʜʦʚ ʤʠʢ-

ʨʦʤʠʮʝʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʥʳʤ ʦʧʨʝʜʝʣʠʪʝʣʷʤ [1, 6, 4, 9, 7, 5]. ʄʠʢʨʦʩʢʦ-

ʧʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʨʠʙʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ 7, 15 

ʩʫʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʢʦʧʦʚ Micros-200 

(Austria) ʩ ʬʦʪʦʥʘʩʘʜʢʦʡ SSD, ʚʠʜʝʦʢʘʤʝʨʦʡ Hi-

Resolution SD66P. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʠʟʫ-

ʯʘʝʤʳʭ ʚʠʜʦʚ ʩʨʘʚʥʠʚʘʣʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʤʠ ʠʟ ʦʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠʣʠ ʩ 

ʤʘʪʝʨʠʘʣʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʩʘʡʪʝ 

http://www.mycobank.org/ [3]. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʣʠ 

ʪʘʢʠʝ ʧʨʠʟʥʘʢʠ, ʢʘʢ ʪʠʧ ʚʝʪʚʣʝʥʠʷ ʢʦʥʠʜʠʡ, ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʦʨ, ʠʭ ʨʘʟʤʝʨ ʠ ʜʨ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɸʥʘʣʠʟ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʙʳʣ ʜʦʩʪʘʪʦʯʥʦ ʫʚʣʘʞ-

ʥʝʥʥʳʤ, ʩ ʧʦʥʠʞʝʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʬʦʥʦʤ ʠ 

ʜʝʬʠʮʠʪʦʤ ʩʫʤʤʳ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ.  

ʇʦ ʜʘʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʩʝʚʦʚ, ʧʨʦʚʝʜʝʥ-

ʥʳʭ ʥʘ ʧʦʣʷʭ ʅʇʎ ɿʍ ʠʤ. ɸ.ʀ. ɹʘʨʘʝʚʘ ʨʘʟʚʠʪʠʝ 

ʣʠʩʪʦʚʳʭ ʙʦʣʝʟʥʝʡ ʚ ʬʘʟʫ ʢʫʱʝʥʠʷ ʧʨʦʷʚʣʷʣʦʩʴ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʦ, ʦʜʥʘʢʦ ʩʠʤʧʪʦʤʳ ʧʦʨʘʞʝʥʠʷ ʨʘʩʪʝ-

ʥʠʡ ʧʰʝʥʠʮʳ ʩʝʧʪʦʨʠʦʟʦʤ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʥʘ ʝʜʠ-

ʥʠʯʥʳʭ ʨʘʩʪʝʥʠʷʭ ʧʰʝʥʠʮʳ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩ-

ʧʦʣʴʟʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʇʦʨʘʞʝʥʠʝ ʣʠʩʪʴʝʚ 

ʧʰʝʥʠʮʳ ʨʞʘʚʯʠʥʥʳʤʠ ʙʦʣʝʟʥʷʤʠ ʚ ʵʪʫ ʬʘʟʫ ʥʝ 

ʥʘʙʣʶʜʘʣʠ (ʪʘʙʣʠʮʘ 1). ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʷ ʙʦʣʝʟʥʝʡ ʦʞʠʜʘʝʤʦ ʥʘʨʘʩʪʘʣʘ ʢ ʢʦʥʮʫ ʚʝʛʝ-

ʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʧʨʠ ʵʪʦʤ ʥʝ ʥʘʙʣʶʜʘʣʠ ʩʫʱʝ-

ʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʳ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʛʨʠʙʥʳʭ ʙʦ-

ʣʝʟʥʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʠ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʨʥʝʚʦʡ ʛʥʠʣʠ. ɼʘʥʥʘʷ ʙʦʣʝʟʥʴ ʜʠʘ-

ʛʥʦʩʪʠʨʦʚʘʣʘʩʴ ʫ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʝʥʠʡ 

ʧʰʝʥʠʮʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ no-till, ʯʪʦ 

ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥʦ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʧʦʞʥʠʚʥʳʭ 

ʦʩʪʘʪʢʦʚ ʠ ʩʪʝʨʥʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʥʦʚʥʳʤʠ ʧʨʠ-

ʝʤʘʤʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

 

ʊʘʙʣʠʮʘ 1 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʛʨʠʙʥʳʭ ʙʦʣʝʟʥʝʡ (%) ʚ ʨʘʟʣʠʯʥʳʝ ʬʘʟʳ ʚʝʛʝʪʘʮʠʠ ʥʘ ʧʦʩʝʚʘʭ ʷʨʦʚʦʡ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ 

ʩʦʨʪʘ ɸʩʪʘʥʘ, ʅʇʎ ɿʍ ʠʤ. ɸ.ʀ. ɹʘʨʘʝʚʘ 

ɹʦʣʝʟʥʠ ʨʘʩʪʝʥʠʡ 
No-till ʪʝʭʥʦʣʦʛʠʷ ʊʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ɺʩʭʦʜʳ-ʢʫʱʝʥʠʝ ʄʦʣʦʯʥʘʷ ʩʧʝʣʦʩʪʴ ɺʩʭʦʜʳ-ʢʫʱʝʥʠʝ ʄʦʣʦʯʥʘʷ ʩʧʝʣʦʩʪʴ 

ɹʫʨʘʷ ʨʞʘʚʯʠʥʘ - 0,1-9 - 0,5-7 

ʉʝʧʪʦʨʠʦʟ 0,5-1,0 16-26 0,5-1,0 18-25 

ʏʝʨʥʴ ʢʦʣʦʩʘ - 10-30 - 12-25 

ɻʦʣʦʚʥʷ - 0-0,5 - 0-0,5 

ʂʦʨʥʝʚʳʝ ʛʥʠʣʠ 3-5,5 45-63,5 0-6,5 30,7-43,1 

 

ɺ ʬʘʟʫ ʢʦʣʦʰʝʥʠʷ ʙʳʣʦ ʟʘʤʝʪʥʦ ʧʦʨʘʞʝʥʠʝ 

ʨʘʩʪʝʥʠʡ ʧʰʝʥʠʮʳ ʩʝʧʪʦʨʠʦʟʦʤ, ʘ ʢʦʥʮʫ ʧʦʣʥʦʡ 

ʩʧʝʣʦʩʪʠ ʙʳʣʦ ʟʘʤʝʪʥʦ ʧʨʦʷʚʣʝʥʠʝ ʨʞʘʚʯʠʥʳ ʠ ʣʠ-

ʩʪʦʚʳʭ ʧʷʪʥʠʩʪʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʢʦʨʥʝʚʳʭ ʛʥʠʣʝʡ. 

ʊʘʢʞʝ ʤʳ ʥʘʙʣʶʜʘʣʠ ʠʥʪʝʥʩʠʚʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʩʘ-

ʧʨʦʬʠʪʥʦʡ ʠʥʬʝʢʮʠʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʯʝʨʥʠ 

ʢʦʣʦʩʘ, ʙʦʣʝʟʥʴ ʧʨʦʷʚʣʷʣʘʩʴ ʥʘ ʟʨʝʣʳʭ ʢʦʣʦʩʴʷʭ ʚ 

ʚʠʜʝ ʯʝʨʥʦʛʦ ʥʘʣʝʪʘ [ʨʠʩ. 1]. 
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ʈʠʩ. 1. ʉʠʤʧʪʦʤʳ ʧʦʨʘʞʝʥʠʷ ʨʞʘʚʯʠʥʦʡ ʠ ʢʦʨʥʝʚʦʡ ʛʥʠʣʴʶ ʥʘ ʧʦʩʝʚʘʭ ʷʨʦʚʦʡ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ 

 

ʉʠʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʯʝʨʥʠ ʢʦʣʦʩʘ, ʥʘʙʣʶʜʘʝʤʦʝ 

ʥʘ ʧʦʩʝʚʘʭ, ʤʳ ʩʚʷʟʳʚʘʝʤ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ 

ʜʦʞʜʣʠʚʦʡ ʧʦʛʦʜʦʡ ʚ ʧʝʨʠʦʜ ʥʘʣʠʚʘ ʟʝʨʥʘ, ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʧʦʟʜʥʝʡ ʫʙʦʨʢʦʡ. ɺʩʪʨʝʯʘʝʤʦʩʪʴ ʧʳʣʴ-

ʥʦʡ ʠ ʪʚʝʨʜʦʡ ʛʦʣʦʚʥʠ ʥʘ ʧʦʩʝʚʘʭ ʧʰʝʥʠʮʳ ʢʨʘʡʥʝ 

ʥʠʟʢʘʷ, ʚ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʨʘʚʠʪʝʣʝʡ ʩʝ-

ʤʷʥ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ, ʜʦʤʠʥʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʚ ʩʪʨʫʢ-

ʪʫʨʝ ʛʨʠʙʥʳʭ ʙʦʣʝʟʥʝʡ ʧʰʝʥʠʮʳ ʟʘʥʠʤʘʶʪ ʢʦʨʥʝ-

ʚʳʝ ʛʥʠʣʠ, ʵʪʦ ʧʦʙʫʜʠʣʦ ʥʘʩ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ 

ʧʦʜʦʡʪʠ ʢ ʠʭ ʠʟʫʯʝʥʠʶ.  

ɸʥʘʣʠʟ ʨʘʟʚʠʪʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʨʥʝʚʦʡ 

ʛʥʠʣʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʵʪʠʭ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚ ʧʝʨʠʦʜ ʩʦ-

ʟʨʝʚʘʥʠʷ ʟʝʨʥʘ (ʪʘʙʣʠʮʘ 2).  

ʄʠʢʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʠʢʦʨʥʝʚʦʡ ʟʦʥʳ 

ʨʘʩʪʝʥʠʡ ʧʰʝʥʠʮʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʨʥʝʚʳʝ ʛʥʠʣʠ 

ʚʳʟʳʚʘʝʪ ʧʘʪʦʢʦʤʧʣʝʢʩ ʛʨʠʙʦʚ ʠ ʜʦʤʠʥʠʨʫʶʱʠʤʠ 

ʚʠʜʘʤʠ ʚ ʥʝʤ ʷʚʷʣʶʪʩʷ ʛʨʠʙʳ ʨʦʜʘ Fusarium ʠ 

Alternaria. ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʧʘʪʦʛʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʧʨʧʦʚʝʜʝʥʥʳʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʤʠʢʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʚʠʜʘʤʠ ʷʚʣʷʶʪʩʷ ʛʨʠʙʳ ï 

ʚʦʟʙʫʜʠʪʝʣʠ ʬʫʟʘʨʠʦʟʘ ʠ ʘʣʴʪʝʨʥʘʨʠʦʟʘ (ʨʠʩʫʥʦʢ 

2).  

ʊʘʙʣʠʮʘ 2 

ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʢʦʨʥʝʚʦʡ ʛʥʠʣʠ ʥʘ ʧʦʩʝʚʘʭ ʧʰʝʥʠʮʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʅʇʎ ɿʍ ʠʤ. ɸ.ʀ. ɹʘʨʘʝʚʘ 

ɺʘʨʠʘʥʪ ʪʝʭʥʦ-

ʣʦʛʠʠ 

ʇʨʝʜʰʝʩʪʚʝʥ-

ʥʠʢ 

ɺʩʭʦʜʳ-ʢʫʱʝʥʠʝ ʄʦʣʦʯʥʘʷ ʩʧʝʣʦʩʪʴ 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʙʦʣʝʟʥʠ (R), % 

ʈʘʟʚʠʪʠʝ ʙʦʣʝʟʥʠ 

(ʈ), % 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʙʦʣʝʟʥʠ (R), % 

ʈʘʟʚʠʪʠʝ ʙʦ-

ʣʝʟʥʠ (ʈ), % 

ʅʫʣʝʚʘʷ No-till  
1 ʧʰʝʥʠʮʘ 5,5 1,5 45,5 15,7 

2 ʧʰʝʥʠʮʘ 20,6 5,8 63,5 15,6 

ʊʨʘʜʠʮʠ-ʦʥʥʘʷ 
1 ʧʰʝʥʠʮʘ 6,5 1,7 30,7 10,5 

2 ʧʰʝʥʠʮʘ 10,0 1,5 43,1 28,0 

 

 
ʈʠʩ. 2. ɺʦʟʙʫʜʠʪʝʣʠ ʢʦʨʥʝʚʦʡ ʛʥʠʣʠ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʧʦʨʘʞʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʧʨʠʢʦʨʥʝʚʦʡ ʟʦʥʳ ʧʰʝʥʠʮʳ 

 

ʏʘʩʪʦʪʘ ʚʳʜʝʣʝʥʠʷ ʠʟ ʧʦʨʘʞʝʥʥʳʭ ʦʪʨʝʟʢʦʚ ʧʨʠʢʦʨʥʝʚʦʡ ʟʦʥʳ ʧʰʝʥʠʮʳ ʵʪʠʤʠ ʛʨʠʙʘʤʠ ʦʩʪʘʚʣʷʝʪ 

57% ʠ 61% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [ʨʠʩ. 3]. 
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ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʧʘʪʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʦʟʙʫʜʠʪʝʣʝʡ ʢʦʨʥʝʚʦʡ ʛʥʠʣʠ ʥʘ ʧʦʩʝʚʘʭ ʷʨʦʚʦʡ ʤʷʛʢʦʡ ʧʰʝ-

ʥʠʮʳ (ʬʘʟʘ ʤʦʣʦʯʥʦʡ ʩʧʝʣʦʩʪʠ) 

 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩ ʯʘʩʪʦʪʦʡ 1-2% ʚʳʜʝʣʷʣʠʩʴ 

ʤʠʢʨʦʤʠʮʝʪʳ ʠʟ ʨʦʜʦʚ Penicillium, Trichoderma, 

Cladosporium ʠ ʜʨ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʦʪʣʠʯʠʷ ʚ ʚʠʜʦ-

ʚʦʤ ʩʦʩʪʘʚʝ ʚʦʟʙʫʜʠʪʝʣʝʡ ʢʦʨʥʝʚʦʡ ʛʥʠʣʠ ʥʘʙʣʶ-

ʜʘʣʠ ʪʦʣʴʢʦ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʠʙʦʚ Penicillium, 

Trichoderma, Cladosporium, ʯʘʩʪʦʪʘ ʢʦʪʦʨʳʭ ʫʚʝʣʠ-

ʯʠʚʘʣʘʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʫʣʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʥʘʤ ʙʳʣ ʚʳʜʝʣʝʥ 

ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʦʩʥʦʚʥʳʭ ʚʦʟʙʫʜʠʪʝʣʝʡ ʢʦʨʥʝʚʦʡ 

ʛʥʠʣʠ Bipolaris sorokiniana, ʯʘʩʪʦʪʘ ʚʳʜʝʣʝʥʠʷ ʢʦ-

ʪʦʨʦʛʦ ʩʦʩʪʘʚʠʣʘ 2%.  

ʄʠʢʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʦʣʦʩʴʝʚ ʠ 

ʢʦʣʦʩʢʦʚʳʭ ʯʝʰʫʡ, ʧʦʨʘʞʝʥʥʳʭ ʯʝʨʥʴʶ, ʧʦʢʘʟʘʣ, 

ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʚʦʟʙʫʜʠʪʝʣʷʤʠ, ʧʦʨʘʞʘʶʱʠʤʠ 

ʢʦʣʦʩʢʦʚʳʝ ʯʝʰʫʠ ʷʚʣʷʣʠʩʴ ʛʨʠʙʳ Alternaria spp. 

[ʨʠʩ. 4]. 

  
ʈʠʩ. 4. ʄʠʢʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʦʣʦʩʢʦʚʳʭ ʯʝʰʫʡ ʩ ʧʨʠʟʥʘʢʘʤʠ ʯʝʨʥʠ ʢʦʣʦʩʘ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘ ʧʦʩʝʚʘʭ ʧʰʝʥʠʮʳ, ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ, ʙʳʣʘ ʚʳʷʚʣʝʥʘ 

ʥʝʢʦʪʦʨʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʛʨʠʙ-

ʥʦʛʦ ʧʘʪʦʢʦʤʧʣʝʢʩʘ, ʢʘʢ ʙʫʨʘʷ ʨʞʘʚʯʠʥʘ, ʩʝʧʪʦ-

ʨʠʦʟ ʠ ʯʝʨʥʴ ʢʦʣʦʩʘ. ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʚʦʟʙʫʜʠʪʝ-

ʣʝʡ ʛʨʠʙʥʳʭ ʙʦʣʝʟʥʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʝ ʵʪʠʭ ʙʦʣʝʟʥʝʡ ʚ ʫʩʣʦʚʠʷʭ ʉʝʚʝʨʥʦʛʦ 

ʂʘʟʘʭʩʪʘʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢ ʢʦʥʮʫ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ 

ʧʝʨʠʦʜʘ (ʬʘʟʳ ʩʦʟʨʝʚʘʥʠʷ ʟʝʨʥʘ), ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʦʙʨʘʙʦʪʦʢ 

ʧʦʯʚʳ ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʳʜʝʣʝʥʠʷ 

ʛʨʠʙʦʚ Alternaria, ʦʩʦʙʝʥʥʦ ʚ ʬʘʟʫ ʩʦʟʨʝʚʘʥʠʷ 

ʟʝʨʥʘ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʝʛʠʦʥʝ 

ʠʤʝʶʪ ʢʦʨʥʝʚʳʝ ʛʥʠʣʠ, ʧʦʢʘʟʘʪʝʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʘʥʥʦʡ ʙʦʣʝʟʥʠ ʨʘʩʪʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʛʨʦʪʝʭʥʠʢʠ ʚʦʟʜʝʣʳʚʘʥʠʷ. ʊʘʢʞʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʚ ʯʘʩʪʦʪʝ ʚʳʜʝʣʝʥʠʷ ʬʠʪʦ-

ʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ ʧʰʝʥʠʮʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʤʝʯʝʥ 

ʩʜʚʠʛ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʚʠʜʦʚ: ʩʫʱʝʩʪʚʝʥʥʫʶ ʜʦʣʶ 

ʚʦʟʙʫʜʠʪʝʣʝʡ ʢʦʨʥʝʚʦʡ ʛʥʠʣʠ ʩʦʩʪʘʚʣʷʶʪ ʛʨʠʙʳ 

Fusarium sp. (ʜʦ 75%), ʪʘʢʞʝ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ 

ʚʳʜʝʣʷʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Alternaria sp. (ʜʦ 

35%). ʏʘʩʪʦʪʘ ʚʳʜʝʣʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʚʨʝʜʦʥʦʩʥʳʭ 

ʚʦʟʙʫʜʠʪʝʣʝʡ ʢʦʨʥʝʚʦʡ ʛʥʠʣʠ Bipolaris sp. ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʘʷ ï 2%, ʜʘʥʥʳʡ ʧʘʪʦʛʝʥ ʙʳʣ ʚʳʜʝʣʝʥ ʪʦʣʴʢʦ 

ʥʘ ʚʘʨʠʘʥʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʫʣʝʚʦʡ ʪʝʭʥʦʣʦ-

ʛʠʝʡ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ɸʈ 

05130404.  
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Abstract 

The development and improvement of methods of modern biotechnology has led to the creation of new more 

productive and stress-resistant varieties of plants. The use of these new biotechnological varieties brings tangible 

economic benefits to farmers due to high yields and lower costs of agricultural production. However, despite the 

huge potential benefits of modern biotechnology, it is believed that the products of modern biotechnology can pose 

a potential danger (real or perceived) to human health. 

The article is devoted to the identification of genetically modified food in the markets of Uzbekistan. The 

study of food for the presence of genetically modified organisms (GMOs) was carried out by polymerase chain 

reaction (PCR) by searching for nucleotide sequences of the 35S promoter of Cauliflower mosaic virus (CaMV) 

and the NOS terminator (TïNOS) Ti plasmid of the soil bacterium Agrobacterium tumefaciens. The analysis did 

not reveal in any of the DNA samples changes introduced by genetic engineering. 

Keywords: genetically modified organisms, 35S promoter, nos terminator, screening, polymerase chain re-

action. 

 

Introduction  

Today, the world's population is about 8 billion 

people. At the same time, according to the UN data, the 

number of people experiencing moderate or acute food 

shortages has reached 2 billion, or 26.4% of the world's 

population, thousands die of hunger every day. Today, 

huge efforts are being made to eradicate hunger on the 

globe, linked to breakthroughs in agriculture. However, 

despite the achievements of breeders, the issue of cre-

ating new high-yielding varieties of crops resistant to 

stress in a short time does not lose relevance, due, on 

the one hand, to crop losses due to climate change, a 

decrease in acreage and the spread of more aggressive 

and resistant to chemicals pathogens, and, on the other 

hand, an increase in the population. At the moment, this 

is impossible without the use of biotechnological and 

genetic engineering technologies [1]. 

The application of biotechnology brings enormous 

benefits in medicine, agriculture and other fields. 

Among the products obtained with its help are medi-

cines and vaccines, new varieties of crops, improved fi-

bers, new fuels and other industrial materials. In agri-

culture, genetic engineering helps to obtain new plant 
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varieties and animal breeds with predetermined proper-

ties [2]. 

Currently, genetically modified varieties of crops 

resistant to diseases, insect pests, adverse environmen-

tal factors (cold, heat, drought, soil salinity), with im-

proved product quality, occupy acreage of about 190 

million hectares, bringing a profit of ~ 190 billion dol-

lars. USA. In addition, experts predict that by 2025 the 

market of agricultural biotechnology will increase by 

an average of 10-11% [2, 3]. Dozens of varieties of 

more than 30 types of crops are registered in interna-

tional electronic databases. The most widely sown GM 

crops are soybeans ï 94.1 million hectares, corn ï 59.7 

million hectares, cotton ï 24.1 million hectares, canola 

ï 10.2 million hectares [2, 3]. The main features intro-

duced in GM crops include resistance to herbicides and 

insects. However, due to the fact that the genetically 

modified crops currently sold on the markets are cre-

ated by introducing the genes of foreign organisms into 

their genome, there is concern among consumers about 

their safety. In this regard, the identification of genet-

ically modified organisms in food has become im-

portant in food control [4-9]. Uzbekistan is a part of the 

global economy and annually imports a lot of food and 

seeds of crops, which allows the spread of GMOs in the 

markets of Uzbekistan. Earlier, a study of sausages sold 

in Uzbekistan showed the presence of genetically mod-

ified soybeans [10].  

The aim of this study was to conduct molecular 

screening of agricultural products and food sold in the 

markets of Uzbekistan to monitor the presence of 

GMOs in them. 

Materials and methods 

For the study, different products were selected in 

the markets of Tashkent: 6 varieties and hybrids of cu-

cumber, 7 tomatoes, 5 bell peppers, 3 red and 1 yellow 

carrots, 4 potatoes, 2 eggplant, 4 rice, 5 types of flour 

and 2 types of milk powder.  

DNA isolation and concentration determina-

tion. Genomic DNA was isolated from selected prod-

ucts using CTAB-method [11]. The isolated DNA was 

dissolved in 100 microliters of TE buffer. The DNA 

concentration was determined using the Nanodrop 

2000 spectrophotometer, brought to 10 ng / Õl and 

stored at -200 C before use in PCR analysis. 

Amplification of DNA. The reaction mixture for 

PCR in the volume of 10 Õl was prepared according to 

the scheme: 15 ng genomic DNA, 1 Õl 10 x Taq buffer, 

0.2 Õl dNTP (10 mM each), 5 pM / Õl primer, 0.07 Õl 

Taq polymerase (5 units/Õl AmpliTaq Gold, Applied 

Biosystems), water up to 10 Õl. PCR was performed 

under the following conditions: 1 cycle - 940 C, 3 min; 

35 cycles - 940 C, 1 min; 550 C, 1 min; 720 C, 2 min; 1 

cycle - 720 C, 7 min.  

Genomic DNA of transgenic soybeans was used 

as a positive control for the analysis. For polymerase 

chain reaction (PCR) screening, primers were selected 

to identify the 35S promoter of cauliflower mosaic vi-

rus (p35S-cf3/p35S-cr4) and the nos terminator of Ag-

robacterium tumefaciens (HA-nos 118-f/ HA-nos 118-

r) (Table 1).  

Table 1 

Information about primers 

Markerôs name Nucleotide sequence Length  Fragment size 

(bp) 

p35S-cf3 CCACGTCTTCAAAGCAAGTGG 21 
123 

p35S-cr4 TCCTCTCCAAATGAAATGAACTTCC 25 

HA-nos 118-f GCATGACGTTATTTATGAGATGGG 24 
118 

HA-nos 118-r GACACCGCGCGCGATAATTTATCC 24 

 

Gel electrophoresis. Amplified DNA was ana-

lyzed by electrophoresis in 1.5% agarose gel in the 

presence of ethidium bromide. PCR results were eval-

uated by the presence or absence of specific 35S pro-

moter (123 bp) and NOS terminator (118 bp) fragments 

on the electrophoregram by comparison with DNA 

marker Gene Ruler 50 bp (Thermo Fisher Scientific) 

fragments. 

Results and discussion 

Various methods based on DNA or protein detec-

tion have been developed for GMO detection. How-

ever, PCR has become a major tool in the identification 

of genetically modified DNA. It has shown good results 

when using specific primers to identify regulatory se-

quences or structural gene fragments [9]. To date, doz-

ens of varieties of GM crops have been commercialized 

around the world and most of them have been trans-

formed using the 35S promoter of cauliflower mosaic 

virus (CaMV) and the NOS terminator of Agrobacte-

rium tumefaciens, which are necessary for the proper 

functioning of the gene of interest. Therefore, primary 

screening of GM crops is based on the identification of 

the 35S promoter and the NOS terminator by conven-

tional or quantitative PCR [12, 13].  

In our studies, seeds and products of various agri-

cultural crops, including samples of milk powder, were 

selected, sold in the markets of Tashkent, a total of 39 

samples. With the exception of milk powder, genomic 

DNA was successfully isolated from all samples using 

the CTAB method. The absence of DNA in samples 38 

and 39 indicated that the milk powder samples may not 

be of animal or vegetable origin. 

Despite the absence of visible traces of genomic 

DNA, samples 38 and 39 were also used in the study, 

since PCR is a very sensitive technology and it can de-

tect even a small number of DNA molecules. All sam-

ples were screened with primers, 35s CaMV and NOS 

terminator Agrobacterium tumefaciens. Genomic DNA 

of transgenic soybeans was used as a positive control. 

Negative control - sterile distilled water - was used to 

check the reactions to contamination. The study 

showed the absence of a positive reaction in the sam-

ples for both primers, i.e. the genomic DNA of the sam-

ples did not contain fragments of the 35S CaMV pro-

moter and the NOS terminator (Table 2). At the same 
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time, the genomic DNA of transgenic soybean showed 

a positive reaction in both cases, i.e. 35S CaMV and 

NOS terminator fragments, 123 and 118 bp were am-

plified, respectively.  

Due to the expansion of the area of GM crops in 

the world, more and more food products containing 

GM ingredients are appearing on the markets. To pro-

tect the consumer's right to choose a product, many 

countries have introduced laws regulating the labeling 

of these products [14]. The international agrobiotech-

nology assessment service (ISAAA) database annually 

registers new biotechnological crop varieties and pro-

vides information on their use as feed and food. For ex-

ample, 49 biotechnological potato varieties, 237 maize 

varieties, 41 soybean varieties, 11 tomato varieties, etc. 

are registered by this service [3]. However, not all of 

these varieties are still allowed for cultivation and use 

as food. It should also be noted that to create new vari-

eties of crops the new regulatory elements of the ge-

nome are used. Moreover, GM crops that are not regis-

tered anywhere else appear on the markets. Thus, the 

development of genetically engineered technologies, as 

well as the need to ensure stable agricultural produc-

tion, leads to the development of new genetically engi-

neered varieties of crops, which are increasingly used 

in food production, which is an inevitable process. 

Therefore, to ensure market monitoring for the pres-

ence of GMOs, it is necessary to develop GMO identi-

fication technologies. 

Table 2 

Results of PCR analysis 

Sample Probe No DNA 
DNA-markers 

CaMV 35S NOS-t 

Cucumber 

1 + - - 

2 + - - 

3 + - - 

4 + - - 

5 + - - 

6 + - - 

Tomato 

7 + - - 

8 + - - 

9 + - - 

10 + - - 

11 + - - 

12 + - - 

13 + - - 

Bell pepper 

14 + - - 

15 + - - 

16 + - - 

17 + - - 

18 + - - 

Carrot  

19 + - - 

20 + - - 

21 + - - 

22 + - - 

Potato 

23 + - - 

24 + - - 

25 + - - 

26 + - - 

Eggplant 
27 + - - 

28 + - - 

Rice 

29 + - - 

30 + - - 

31 + - - 

32 + - - 

Flour  

33 + - - 

34 + - - 

35 + - - 

36 + - - 

37 + - - 

Milk powder  
38 - - - 

39 - - - 

Control  
ʂ+ + + + 

ʂ- - - - 
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Summary 

Despite genetically modified crops bring signifi-

cant economic benefits, there is public concern about 

their safety. This trend has led to the fact that many 

countries have adopted laws on the labeling of products 

containing GMOs, which require the development and 

optimization of methods for their identification. In this 

work, the methods of DNA isolation and PCR, which 

are used to study the cotton genome, were successfully 

applied. In the course of studies aimed at identifying 

GMOs, it was found that there were no traces of genetic 

engineering manipulations in the DNA of the studied 

samples of vegetables, rice, flour, and milk powder.  

Given the fact that Uzbekistan is becoming more 

deeply integrated into the world economy every year, 

in the future this will inevitably lead to the adoption of 

the law on GMOs, which will regulate the mandatory 

testing of food products for the content of GM ingredi-

ents. The methods used in this work and the results ob-

tained will serve as the basis for the organization of the 

service for the identification of genetically modified 

sources in food products during their customs clearance 

and release in the domestic market of our country. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʧʝʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ ʦʙʣʫʯʝʥʠʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝ-

ʩʢʠʤ ʩʚʝʪʦʤ, ʚʢʣʶʯʘʷ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʥʘ ʪʘʢʠʝ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʚʦʜʳ, ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʚʷʟʢʦʩʪʴ. ʆʧʨʝʜʝʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʠ ʚʠʜʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʜʥʘʷ ʩʠʩʪʝʤʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ( ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʯʘʩʪʠʯʥʦ) ʠʣʠ ʥʝ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʩʚʦʸ 

ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʪʝʯʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ -ʜʦ ʜʚʫʭ ʯʘʩʦʚ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʠ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡ-

ʩʪʚʘʭ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʦʙʦʩʥʦʚʘʥʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʢʣʘʩʪʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʚʦʜʳ. 

Abstract 

The paper studies the effect of variable electric fields and exposure to monochromatic light, including laser 

radiation, in the visible wavelength range on such physical characteristics of water as effective resistance, permit-

tivity, tangent of the angle of dielectric losses and kinematic viscosity. Kinetic dependences and rates of change 

of the corresponding parameters in the course of certain actions are determined. Depending on the conditions and 

the type of impact, the water system returns (in some cases partially) or does not return to its original state within 

the studied time period-up to two hours. The established dependencies and activation energies give reason to be-

lieve that the observed changes in the physical properties of the water system are justified by transformations and 

changes in the cluster structure of water. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʝʨʝʤʝʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʯʘʩʪʦʪʘ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʤʦʥʦ-

ʭʨʦʤʘʪʠʯʝʩʢʠʡ ʩʚʝʪ, ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʵʬʬʝʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʚʦʜʳ, ʢʣʘʩʪʝʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʚʦʜʳ, ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, ʢʠ-

ʥʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʳ. 
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Keywords: Alternating electric field, frequency of alternating electric field, monochromatic light, laser radi-

ation, effective resistance, water permittivity, water cluster organization, tangent of the angle of dielectric losses, 

kinematic viscosity, kinetic dependences of physical parameters of water. 

 

ɺɺɽɼɽʅʀɽ. 

ɺʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʫʶ ʞʠʜ-

ʢʦʩʪʴ ʧʦ ʨʷʜʫ ʥʝʦʙʳʯʥʳʭ, ʯʘʩʪʦ ʥʘʟʳʚʘʝʤʳʭ ʘʥʦ-

ʤʘʣʴʥʳʤʠ, ʩʚʦʡʩʪʚ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘ-

ʤʝʪʨʳ ʚʦʜʳ ʨʝʟʢʦ ʚʳʜʝʣʷʶʪ ʝʸ ʠʟ ʨʷʜʘ ʛʠʜʨʠʜʦʚ, 

ʩʦʝʜʠʥʝʥʠʡ ʚʦʜʦʨʦʜʘ ʩ ʩʦʩʝʜʷʤʠ ʧʦ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʪʘʙʣʠʮʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺʦʜʘ ʧʣʦʪʥʝʝ ʣʴʜʘ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʳʯʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʞʠʜʢʦʩʪʷʤʠ, ʪ.ʢ. ʪʝʧʣʦʚʦʝ ʜʚʠʞʝʥʠʝ ʤʦʣʝʢʫʣ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ, ʧʨʠʚʦʜʷ ʢ ʙʦʣʝʝ 

ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʝ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʦʭʣʘʞʜʝʥʘ 

ʙʦʣʝʝ ʯʝʤ ʥʘ 40 ʛʨʘʜʫʩʦʚ ʥʠʞʝ ʪʦʯʢʠ ʟʘʤʝʨʟʘʥʠʷ, ʠ 

ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʥʘʛʨʝʚʘʥʠʠ ʥʝ ʨʘʩʰʠʨʷʝʪʩʷ, ʥʦ 

ʩʞʠʤʘʝʪʩʷ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʥʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪ-

ʥʦʩʪʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʨʠ 4ʦ C. ʀʟʦʪʝʨʤʠʯʝʩʢʘʷ 

ʩʞʠʤʘʝʤʦʩʪʴ ʚʦʜʳ ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤ-

ʧʝʨʘʪʫʨʳ, ʜʦʩʪʠʛʘʷ ʤʠʥʠʤʫʤʘ ʚʙʣʠʟʠ 46 ʦʉ, ʪʦʛʜʘ 

ʢʘʢ ʜʨʫʛʠʝ ʞʠʜʢʦʩʪʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʪʘʥʦʚʷʪʩʷ 

ʙʦʣʝʝ ʩʞʠʤʘʝʤʳʤʠ [1].  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʚʦʜʳ 

ʩʚʷʟʘʥʳ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʝʸ ʤʦʣʝʢʫʣʳ ʦʙʨʘʟʦʚʳ-

ʚʘʪʴ ʜʦ ʯʝʪʳʨʝʭ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ, ʜʦʧʫʩʢʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʣʦʢʘʣʴʥʳʝ ʩʪʨʫʢ-

ʪʫʨʥʳʝ ʨʘʩʧʦʣʦʞʝʥʠʷ [2]. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦ-

ʷʚʠʣʦʩʴ ʤʥʦʞʝʩʪʚʦ ʥʦʚʳʭ ʜʘʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʫʢʘʟʳʚʘ-

ʶʱʠʭ ʥʘ ʥʝʦʜʥʦʨʦʜʥʫʶ ʢʘʨʪʠʥʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʩʫ-

ʱʝʩʪʚʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʢʣʘʩʩʦʚ ʣʦʢʘʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʩʨʝʜ ʚ ʚʦʜʝ, ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ [2-5]. ʊʘʢʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʢʘʢ ʧʣʦʪʥʦʩʪʴ, ʠʟʦʙʘʨʠʯʝʩʢʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ, ʠʟʦ-

ʪʝʨʤʠʯʝʩʢʘʷ ʩʞʠʤʘʝʤʦʩʪʴ ʠ ʜʨʫʛʠʝ, ʦʪʨʘʞʘʶʪ ʨʝ-

ʘʢʮʠʶ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʷʚʣʷʶʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʦʪ-

ʢʣʠʢʘ ʥʘ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ [6]. ʆʪʢʣʦʥʝʥʠʝ ʪʝʤʧʝ-

ʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʚʦʜʳ ʦʪ ʚʠʜʘ ʘʥʘʣʦʛʠʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʠ-

ʧʠʯʥʳʭ ʞʠʜʢʦʩʪʝʡ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʳʯʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʚʦʜʳ, ʦʙʦʟʥʘʯʘʝʤʦʝ ʢʘʢ ʘʥʦʤʘʣʴʥʦʝ. 

ʇʨʦʷʚʣʝʥʠʝ ʪʘʢʦʡ ʘʥʦʤʘʣʠʠ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʦʭʣʘ-

ʞʜʝʥʠʠ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ.  

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʝ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʵʪʠʭ ʘʥʦʤʘʣʠʡ, ʚ ʨʘʙʦʪʝ [2] 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʛʥʦʚʝʥʥʘʷ ʣʦʢʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʞʠʜʢʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʭʘʥʠʟʤ, ʦʧʨʝʜʝʣʷʶ-

ʱʠʡ ʩʚʷʟʴ ʩʪʨʫʢʪʫʨʳ ʩ ʜʠʥʘʤʠʢʦʡ ʜʚʠʞʝʥʠʷ ʤʦʣʝ-

ʢʫʣʳ ʚʦʜʳ. ʈʷʜʦʤ ʨʘʙʦʪ [3-8] ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʜʘ ʚ 

ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʷʚʣʷʝʪʩʷ ʣʦʢʘʣʴʥʦ ʥʝʦʜʥʦʨʦʜ-

ʥʦʡ ʩʠʩʪʝʤʦʡ, ʥʦ ʥʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʥʦʡ ʢʘʨʪʠʥʳ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʣʫʢʪʫʘʮʠʡ ʚ 

ʥʝʢʦʪʦʨʳʭ ʤʘʩʰʪʘʙʘʭ ʜʣʠʥʳ ʠ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʢʦʥ-

ʢʨʝʪʥʳʤʠ ʢʣʘʩʩʘʤʠ ʣʦʢʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʧʨʘʚʜʦʧʦ-

ʜʦʙʥʳʭ ʦʙʲʷʩʥʝʥʠʡ ʥʝʦʙʳʯʥʳʭ ʩʚʦʡʩʪʚ ʚʦʜʳ, ʛʜʝ 

ʚʦʟʤʦʞʥʳ ʠ ʛʦʤʦʛʝʥʥʳʝ, ʠ ʛʝʪʝʨʦʛʝʥʥʳʝ ʤʦʜʝʣʠ, 

ʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʥʝʦʙʭʦ-

ʜʠʤʳ ʩʣʦʞʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [8]. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʪʘ-

ʢʠʭ ʤʦʜʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʚʝ-

ʣʠʢʠ ʠʩʢʘʞʝʥʠʷ ʚ ʩʝʪʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ (H-ʩʚʷ-

ʟʝʡ). ɺ ʩʪʘʪʠʯʝʩʢʠ ʣʦʢʘʣʴʥʦ ʦʜʥʦʨʦʜʥʦʡ ʤʦʜʝʣʠ 

ʠʩʢʘʞʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʚʦʢʨʫʛ ʧʦʯʪʠ ʪʝʪʨʘʵʜʨʠʯʝ-

ʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ H-ʩʚʷʟʝʡ, ʪʦʛʜʘ ʢʘʢ ʚ ʛʝʪʝʨʦ-

ʛʝʥʥʦʡ ʤʦʜʝʣʠ ʙʫʜʫʪ ʠʩʢʘʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞ-

ʜʦʛʦ ʢʣʘʩʩʘ ʢʦʥʬʠʛʫʨʘʮʠʡ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʨʘʟʣʠ-

ʯʠʶ ʚ ʣʦʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʤʝʞʜʫ ʢʣʘʩʩʘʤʠ [2]. 

ɹʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʛʝʪʝʨʦʛʝʥʥʳʝ ʤʦʜʝʣʠ ʦʩʥʦʚʘʥʳ 

ʥʘ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʤʝʞʜʫ ʜʚʫʤʷ 

ʦʩʥʦʚʥʳʤʠ ʢʣʘʩʩʘʤʠ ʢʦʥʪʨʘʩʪʠʨʫʶʱʠʭ ʩʪʨʫʢʪʫʨ ʩ 

ʪʘʢʠʤʠ ʦʙʦʟʥʘʯʝʥʠʷʤʠ, ʢʘʢ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʠ ʠʩ-

ʢʘʞʝʥʥʳʝ [9], ʩʠʤʤʝʪʨʠʯʥʳʝ ʠ ʘʩʠʤʤʝʪʨʠʯʥʳʝ 

[10,11], ʣʦʢʘʣʴʥʦ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʠ ʥʦʨʤʘʣʴʥʳʝ 

[12.], ʘ ʪʘʢʞʝ ʞʠʜʢʦʩʪʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ɾʅʇ) ʠ 

ʞʠʜʢʦʩʪʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ (ɾɺʇ) [13-15]. ʇʦ 

ʩʫʪʠ, ʚʩʝ ʤʦʜʝʣʠ ʦʪʥʦʩʷʪʩʷ ʢ ʜʚʫʤ ʦʙʱʠʤ ʩʪʨʫʢʪʫʨ-

ʥʳʤ ʢʣʘʩʩʘʤ, ʛʜʝ ʦʙʦʟʥʘʯʝʥʠʝ ʦʪʨʘʞʘʝʪ, ʢʘʢʠʝ ʢʦʥ-

ʢʨʝʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʳʜʚʠʛʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ [6,9,11,12]. 

ʅʘ ʩʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʣʦʢʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ 

ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʷ ʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

[16-19]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʚʦʜʝ ʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʘʟʨʫʰʝ-

ʥʠʝ ʘʩʩʦʮʠʘʪʦʚ ʤʦʣʝʢʫʣ ʚʦʜʳ (ʢʣʘʩʪʝʨʦʚ ʠ ʛʠʛʘʥʪ-

ʩʢʠʭ ʛʝʪʝʨʦʬʘʟʥʳʭ ʢʣʘʩʪʝʨʦʚ ʚʦʜʳ ï ɻɻʂɺ), ʦʙʨʘ-

ʟʫʶʱʠʭ ʣʴʜʦʧʦʜʦʙʥʫʶ ʩʪʨʫʢʪʫʨʫ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜ-

ʥʳʭ ʩʚʷʟʝʡ. ɺʨʝʤʷ ʞʠʟʥʠ ʪʘʢʠʭ ʘʩʩʦʮʠʘʪʦʚ ʦʪ 10Ȥ11 

ʜʦ 1 ʩʝʢʫʥʜ ʠ ʙʦʣʝʝ, ʘ ʠʭ ʨʘʟʤʝʨʳ ʠʤʝʶʪ ʰʠʨʦʢʠʡ 

ʜʠʘʧʘʟʦʥ (10Ȥ9 ʜʦ 10Ȥ4) ʤ [ 20-22] ʠ ʟʘʚʠʩʷʪ ʦʪ ʢʘʯʝ-

ʩʪʚʘ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ [23], ʪʝʤʧʝʨʘʪʫʨʳ [17 ] ʠ ʜʨʫ-

ʛʠʭ ʬʘʢʪʦʨʦʚ. 

ɺʥʝʰʥʷʷ ʩʨʝʜʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʣʠʷʝʪ ʥʘ ʧʦ-

ʜʚʠʞʥʦʩʪʠ ʜʠʧʦʣʝʡ ʚʦʜʳ, ʯʪʦ ʠʤʝʝʪ ʦʧʨʝʜʝʣʷʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ, ʚʣʠʷʶʱʝʡ 

ʥʘ ʩʚʦʡʩʪʚʘ ʚʦʜʳ ʠ ʝʝ ʨʘʩʪʚʦʨʦʚ [24,25]. ʇʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʘʭ, ʙʣʠʟʢʠʭ ʢ ʢʦʤʥʘʪʥʦʡ, ʚʦʜʥʘʷ ʩʠʩʪʝʤʘ 

ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʩʦʜʝʨʞʘ-

ʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʢʣʘʩʪʝʨʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʠ 

ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺʥʝʰ-

ʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʪʘʢʫʶ ʩʠʩʪʝʤʫ, ʠʟʤʝʥʷʷ ʦʨʠʝʥ-

ʪʘʮʠʶ ʜʠʧʦʣʝʡ, ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʚ 

ʪʫ ʠʣʠ ʠʥʫʶ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʫʶ ʦʙʣʘʩʪʴ ʩʪʨʫʢʪʫʨ, 

ʯʪʦ ʠʟʤʝʥʷʝʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠ-

ʩʪʝʤʳ. 
ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʚʦʜʳ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʨʘʙʦʪʢʘ ʚʦʜʥʦʡ ʩʨʝʜʳ ʵʣʝʢ-
ʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʷʚʣʝʥʠʝ ʵʣʝʢ-
ʪʨʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʚʦʜʳ (ʕʍɸɺ) ï ʩʦʚʦʢʫʧ-
ʥʦʩʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʦʜʫ ʚ ʜʚʦʡʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʩʣʦʝ 
(ɼʕʉ) ʵʣʝʢʪʨʦʜʘ (ʣʠʙʦ ʘʥʦʜʘ, ʣʠʙʦ ʢʘʪʦʜʘ) ʵʣʝʢʪʨʦ-
ʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʥʝʨʘʚʥʦʚʝʩʥʦʤ ʧʝʨʝʥʦʩʝ 
ʟʘʨʷʜʘ ʯʝʨʝʟ ɼʕʉ ʵʣʝʢʪʨʦʥʘʤʠ ʠ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥ-
ʩʠʚʥʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʚ ʞʠʜʢʦʩʪʠ ʦʙʨʘʟʫʶ-
ʱʠʭʩʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 
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ʨʝʘʢʮʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʧʫʩʢʘʥʠʷ ʯʝʨʝʟ ʚʦʜʫ ʧʦ-
ʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʧʦʩʪʫʧʣʝʥʠʝ ʵʣʝʢ-
ʪʨʦʥʦʚ ʚ ʚʦʜʫ ʫ ʢʘʪʦʜʘ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʫʜʘʣʝʥʠʝ ʵʣʝʢ-
ʪʨʦʥʦʚ ʠʟ ʚʦʜʳ ʫ ʘʥʦʜʘ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʝʨʠʝʡ 
ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʦʜʘ 
ʠ ʘʥʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʷʝʪʩʷ ʩʠʩʪʝʤʘ ʤʝʞʤʦ-
ʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʩʦʩʪʘʚ ʚʦʜʳ, ʩʪʨʫʢ-
ʪʫʨʘ ʚʦʜʳ ʢʘʢ ʨʘʩʪʚʦʨʘ [4].  
ʅʘʨʷʜʫ ʩ ʤʝʪʦʜʦʤ ʕʍɸɺ, ʚʦʟʤʦʞʥʦ ʠʟʤʝʥʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʵʣʝʢ-
ʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ [26], ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ 
ʠʟʣʫʯʝʥʠʷ [27], ʘ ʪʘʢʞʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 
ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʚʦʜʦʡ [28-30]. 
ʇʦʩʢʦʣʴʢʫ ʚʦʜʥʘʷ ʩʨʝʜʘ ʷʚʣʷʝʪʩʷ ʣʦʢʘʣʴʥʦ ʥʝ-

ʦʜʥʦʨʦʜʥʦʡ ʩ ʜʦʩʪʘʪʦʯʥʦ ʥʝʩʪʘʙʠʣʴʥʳʤʠ ʚʦ ʚʨʝ-
ʤʝʥʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ ʦʧʨʝ-
ʜʝʣʷʶʪ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ, ʪʦ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ 
ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʧʦʩʦʙʥʳ ʩʜʚʠʥʫʪʴ ʩʪʨʫʢʪʫʨ-
ʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʠ ʠʟʤʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ.  
ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʠʟ-

ʤʝʥʝʥʠʷ ʪʘʢʠʭ ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢ ʚʦʜʳ, ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 
ʵʣʝʢʪʨʦʸʤʢʦʩʪʠ, ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 
ʧʦʪʝʨʴ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʘ ʪʘʢʞʝ 
ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ 
ʬʘʢʪʦʨʦʚ ï ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʦʙ-
ʣʫʯʝʥʠʷ ʣʘʟʝʨʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝ-
ʨʘʪʫʨʘʭ. 
ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ.  
ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦ-

ʚʘʥʥʫʶ ʚʦʜʫ (ʙʠʜʠʩʪʠʣʣʷʪ). ʀʟʫʯʘʝʤʫʶ ʚʦʜʥʫʶ ʩʠ-
ʩʪʝʤʫ ʧʦʤʝʱʘʣʠ ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʷʯʝʡʢʠ, ʚʢʣʶʯʘ-
ʶʱʠʝ ʝʤʢʦʩʪʴ ʠʟ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ 
ʪʘʢʞʝ ʦʙʢʣʘʜʢʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠʟ ʥʝʤʘʛʥʠʪʥʦʛʦ ʤʘ-
ʪʝʨʠʘʣʘ. ʆʧʠʩʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʙʦʪʝ [26].  
ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʜʝʡʩʪʚʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ: ʧʦʩʪʦ-

ʷʥʥʦʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ; ʧʝʨʝʤʝʥʥʦʝ ʵʣʝʢ-
ʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩ ʯʘʩʪʦʪʦʡ 120 ʠ 1000 ɻʮ; ʦʙʣʫʯʝʥʠʝ 
ʩʚʝʪʦʤ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ ʚ ʜʠʘʧʘʟʦʥʝ ʚʠʜʠʤʦʛʦ ʩʧʝʢ-
ʪʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʜʣʠʥʘ 
ʚʦʣʥʳ 670 ʥʤ).  
ʀʟʤʝʨʝʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʧʨʦʚʦʜʠ-

ʣʦʩʴ ʢʘʧʠʣʣʷʨʥʳʤ ʤʝʪʦʜʦʤ. ɺ ʜʘʥʥʳʭ ʦʧʳʪʘʭ ʠʩ-
ʧʦʣʴʟʦʚʘʣʩʷ ʩʪʝʢʣʷʥʥʳʡ ʢʘʧʠʣʣʷʨʥʳʡ ʚʠʩʢʦʟʠʤʝʪʨ 

ɺʇɾ-4 [31]. ʀʟʤʝʨʝʥʠʝ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʚʦʜʷʥʦʤ 
ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʪʝʨʤʦʧʘʨʦʡ (ʭʨʦ-
ʤʝʣʴ-ʢʦʧʝʣʴ) ʪʝʤʧʝʨʘʪʫʨʝ 20ʦʉ. ʆʪʢʣʦʥʝʥʠʷ ʪʝʤʧʝ-
ʨʘʪʫʨʳ ʦʪ ʟʘʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʥʝ 
ʧʨʝʚʳʰʘʣʠ 0,5ʦ.  
ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʚʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 
ʤʠʥʠʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝ-
ʩʢʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ (ʦʪ 15 ʜʦ 
75 ʤʢɺ/ʩʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʣʘʩʪʠ-
ʥʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ) ʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʥʘ ʦʙʢʣʘʜʢʘʭ 
ʢʦʥʜʝʥʩʘʪʦʨʘ (ʦʪ 10 ʜʦ 100 ʥA/ʩʤ2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʧʣʦʱʘʜʠ ʧʣʘʩʪʠʥ ʢʦʥʜʝʥʩʘʪʦʨʘ). ʀʟʤʝʨʝʥʠʝ ʵʣʝʢ-
ʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʉʦʧʨʦʪʠʚʣʝʥʠʷ, ʵʣʝʢʪʨʦ-
ʸʤʢʦʩʪʠ ʠ ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ) 
ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʧʨʦʚʦʜʠʣʠ ʚ ʪʘʢʦʡ ʞʝ ʷʯʝʡʢʝ 
ʧʨʠʙʦʨʦʤ LCR-meter model 41R ʧʨʠ ʯʘʩʪʦʪʘʭ 120 ʠ 
1000 ɻʮ. ʊʝʤʧʝʨʘʪʫʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʜʜʝʨʞʠʚʘ-
ʣʘʩʴ ʚʝʣʠʯʠʥʦʡ 20ʦʉ ʠ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʩ 
ʧʦʤʦʱʴʶ ʪʝʨʤʦʧʘʨʳ. ʇʦ ʚʝʣʠʯʠʥʘʤ ʵʣʝʢʪʨʦʸʤʢʦ-
ʩʪʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 
ʧʦ ʬʦʨʤʫʣʝ:  

S

ʉd

0e
e=  , (1) 

ʛʜʝ ʉ -ʵʣʝʢʪʨʦʸʤʢʦʩʪʴ ʩʨʝʜʳ, d-ʨʘʩʩʪʦʷʥʠʝ 
ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, S-ʧʣʦʱʘʜʴ ʧʣʘʩʪʠʥʦʢ ʢʦʥʜʝʥ-

ʩʘʪʦʨʘ, eʦ- ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʨʘʚʥʘʷ 

8,85Ö10-12ʌ/ʤ) 
ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ. 
ʂʠʥʝʪʠʢʘ ʠʟʤʝʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʝ, ʦʧʨʝ-
ʜʝʣʝʥʥʦʡ ʧʨʠ ʯʘʩʪʦʪʘʭ 120 ʠ 1000 ɻʮ ʧʝʨʝʤʝʥʥʦʛʦ 
ʪʦʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ɺʠʜʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚ-
ʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʤʝʥʴʰʠʭ ʯʘʩʪʦʪʘʭ (120 ɻʮ) 
ʧʨʝʚʳʰʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘ-
ʩʪʦʪʘʭ (1000 ɻʮ) ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ( ʚ ʨʘʩʩʤʘʪʨʠʚʘ-
ʝʤʦʤ ʩʣʫʯʘʝ - ʚ 4,6 ʨʘʟʘ). ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚʳ-
ʜʝʨʞʢʠ ʧʦʜ ʧʝʨʝʤʝʥʥʳʤ ʪʦʢʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦ-
ʩʪʝʧʝʥʥʦ ʧʘʜʘʝʪ ʜʣʷ ʦʙʦʠʭ ʯʘʩʪʦʪ. 

 
ʈʠʩ.1. ʀʟʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʝ  

ʧʨʠ ʯʘʩʪʦʪʝ 120ɻʮ (1) ʠ 1000 ɻʮ (2). 
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ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ ʪʝʯʝʥʠʝʤ ʚʳʜʝʨʞʢʠ ʚ ʧʝʨʝʤʝʥʥʦʤ 

ʧʦʣʝ (ʨʠʩ.2), ʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʢʣʦ-

ʥʝʥʠʝ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝ-

ʤʝʥʠ. ʆʙʝ ʟʘʚʠʩʠʤʦʩʪʠ (ʜʣʷ ʯʘʩʪʦʪ 120 ʠ 1000 ɻʮ) 

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ. ʕʪʦʪ ʬʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʜʠ-

ʥʘʢʦʚʦʤ ʧʨʦʮʝʩʩʝ, ʧʨʦʪʝʢʘʶʱʝʤ ʚ ʩʠʩʪʝʤʝ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ ʨʘʟʥʳʤʠ ʯʘʩʪʦʪʘʤʠ. 

ɼʣʷ ʯʘʩʪʦʪʳ 120 ɻʮ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʜʫʢʮʠʦʥʥʳʡ 

ʧʝʨʠʦʜ ʚ ʪʝʯʝʥʠʝ 6 ʤʠʥʫʪ, ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

ʜʣʷ 120 ɻʮ ʩʦʩʪʘʚʣʷʝʪ 15Ö10-4 ʤʠʥ-1 (0,25Ö10-4 ʩ-1), ʘ 

ʜʣʷ 1000ɻʮ - 13Ö10-4 ʤʠʥ-1(0,216Ö10-4 ʩ-1). 

 
ʈʠʩ.2. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ  

ʧʨʠ 120 ɻʮ(1) ʠ 1000 ɻʮ (2) 

 

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʦʜʥʦʡ ʩʨʝʜʳ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʟʤʝ-

ʥʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʩ ʜʦʩʪʘ-

ʪʦʯʥʦ ʤʘʣʦʡ, ʥʦ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʚ 

ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʯʘʩʪʦʪʳ. 

ɺ ʧʝʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ ʜʠʵʣʝʢ-

ʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʦʜʳ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦ-

ʩʪʦʤ ʯʘʩʪʦʪʳ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ, ʜʦʩʪʠʛʘʷ ʟʥʘʯʝ-

ʥʠʷ 4-5 ʜʣʷ ʯʘʩʪʦʪ ʙʦʣʴʰʝ 1012 ɻʮ. ʈʝʘʢʮʠʶ ʚʦʜʳ 

ʥʘ ʚʥʝʰʥʝʝ ʧʝʨʝʤʝʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ - e(w), ʦʧʨʝʜʝʣʷʝʤʦʡ ʫʨʘʚʥʝʥʠʝʤ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʠ ɼʝʙʘʷ [34]: 

e(w)=e¤+(e0-e¤)/(1+iwt),  (2) 

ʛʜʝ w- ʯʘʩʪʦʪʘ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

i- ʤʥʠʤʘʷ ʝʜʠʥʠʮʘ, t-ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʨʝʣʘʢʩʘ-

ʮʠʠ, e¤ º 4·5 ïʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʚʦʜʳ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ ʚʥʝʰʥʝʛʦ 

ʧʦʣʷ. 

ɽʩʣʠ ʥʘ ʣʶʙʦʝ ʚʝʱʝʩʪʚʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʧʝʨʝ-

ʤʝʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʝʨʝʩʪʘʥʝʪ ʙʳʪʴ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠ-

ʯʠʥʦʡ, ʘ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ, 

ʫʤʝʥʴʰʘʷʩʴ ʜʣʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʦʣʝʡ. ʅʦ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʦʜʳ ʫʤʝʥʴʰʘʝʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʚ ʧʝʨʝʤʝʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ ʧʦʣʷʭ, ʥʦ ʪʘʢʞʝ 

ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʧʝʨʝʤʝʥʥʳʭ ʧʦʣʷʭ, ʪ.ʝ. ʚʦʜʘ 

ʷʚʣʷʝʪʩʷ ʣʦʢʘʣʴʥʦ ʧʦʣʷʨʠʟʫʶʱʝʡʩʷ ʩʨʝʜʦʡ [34]. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʚ ʧʨʦʮʝʩʩʝ ʜʝʡʩʪʚʠʷ ʧʝ-

ʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝ-

ʥʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʦʜʥʦʡ ʩʠ-

ʩʪʝʤʳ. 

ʅʘ ʨʠʩ.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʠʚʝʜʝʥʥʳʭ ʚʝʣʠʯʠʥ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝ-

ʤʦʩʪʠ ʚʦʜʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʧʦʣʷ ʜʚʫʭ ʯʘʩʪʦʪ: 120 ɻʮ (1) ʠ 1000 ɻʮ (2). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʨʘʟʥʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʯʘʩʪʦʪʳ 

ʧʦ-ʨʘʟʥʦʤʫ ʚʣʠʷʶʪ ʥʘ ʭʦʜ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦ-

ʩʪʝʡ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʯʘʩʪʦʪʦʡ 120 ɻʮ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʟʥʘʯʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 1,8Ö10-5 ʩ-1, ʘ ʜʝʡʩʪʚʠʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ ʯʘʩʪʦʪʦʡ 1000 ɻʮ ʵʪʘ ʚʝʣʠʯʠʥʘ 

ʨʘʩʪʸʪ ʩʦ ʩʢʦʨʦʩʪʴʶ 4Ö 10-5 ʩ-1. ʆʙʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʤʝʶʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. ɸʥʘʣʦʛʠʯʥʫʶ ʪʝʥʜʝʥ-

ʮʠʶ ʚ ʠʟʤʝʥʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜ-

ʥʦʡ ʩʨʝʜʳ ʥʘʙʣʶʜʘʣʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚ ʨʘʙʦʪʝ [26]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʧʨʦʪʝʢʘʥʠʠ ʚ ʚʦʜʝ ʧʨʦʮʝʩʩʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʠʟʤʝʥʝ-

ʥʠʝ ʝʸ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʇʦʩʢʦʣʴʢʫ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʠʢʘʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ, ʪʦ ʧʨʦʠʩʭʦʜʷʱʠʝ ʠʟʤʝʥʝʥʠʷ ʩʣʝʜʫʝʪ 

ʩʚʷʟʘʪʴ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ. ʋʚʝʣʠʯʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦ-

ʥʠʮʘʝʤʦʩʪʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ ʯʘʩʪʦ-

ʪʦʡ 1000ɻʮ ʩʣʝʜʫʝʪ ʩʚʷʟʘʪʴ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʢʣʘʩʪʝ-

ʨʦʚ ʚʦʜʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʩʚʦʙʦʞʜʘʶʪʩʷ ʠʣʠ ʩʪʘʥʦ-

ʚʷʪʩʷ ʤʝʥʝʝ ʩʚʷʟʘʥʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʜʠʧʦʣʠ ʚʦʜʳ, 

ʠ ʠʭ ʧʦʜʚʠʞʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ. ɼʝʡʩʪʚʠʝ ʧʝʨʝʤʝʥ-

ʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʯʘʩʪʦʪʦʡ 120 ɻʮ, ʥʘʦʙʦ-

ʨʦʪ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʚʷʟʳʚʘʥʠʶ ʚʦʜʷʥʳʭ ʜʠʧʦʣʝʡ ʚ 

ʢʣʘʩʪʝʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʠʭ ʧʦʜʚʠʞ-

ʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

1 

2 



28 The scientific heritage No 50 (2020) 

ʀʩʭʦʜʷ ʠʟ ʦʧʠʩʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʩʣʝʜʫʝʪ, 

ʯʪʦ ʬʦʨʤʫʣʘ ɼʝʙʘʷ (2) ʥʝ ʜʘʸʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʨʘʟ-

ʚʠʪʠʠ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʠʩʪʝʤʫ ʧʨʠ 

ʚʨʝʤʝʥʥʦʤ ʜʝʡʩʪʚʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ, ʘ ʷʚʣʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ 

ʧʦʣʷ ʙʝʟ ʫʯʸʪʘ ʠʟʤʝʥʝʥʠʷ ʩʘʤʦʡ ʩʠʩʪʝʤʳ ʚ ʧʨʦ-

ʮʝʩʩʝ ʵʪʦʛʦ ʜʝʡʩʪʚʠʷ. 

 
ʈʠʩ.3. ʂʠʥʝʪʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʝʜʝʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʦʜʥʦʡ ʩʨʝʜʳ 

ʚ ʧʝʨʝʤʝʥʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ :1-ʯʘʩʪʦʪʘ ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʵʣʝʢʪʨʦʜʳ ʪʦʢʘ 120 ɻʮ; 

2- ʯʘʩʪʦʪʘ ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʵʣʝʢʪʨʦʜʳ ʪʦʢʘ 1000 ɻʮ. 

 

  

ʘ ʙ 

ʈʠʩ.4. ɺʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (D) ʚʦʜʳ ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʝʨʝʤʝʥ-

ʥʦʛʦ ʪʦʢʘ: ʘ -ʯʘʩʪʦʪʦʡ 120 ɻʮ, ʙ- ʯʘʩʪʦʪʦʡ 1000 ɻʮ. 

 

ʆʪʥʦʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ ʩʠʩʪʝʤʳ (Ů`), ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʜʠʩʩʠʧʘ-

ʮʠʶ ʵʥʝʨʛʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘ-

ʮʠʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ (ʚʥʫʪʨʝʥʥʝʝ ʪʨʝʥʠʝ), 

ʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (Ů) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ: 

tgŭſD=Ů`/Ů. 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ï ɻ ʪʦ ʪʘ ʯʘʩʪʴ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʘʷ ʨʘʩʩʝʠʚʘʝʪʩʷ ʚ ʜʠ-

ʵʣʝʢʪʨʠʢʝ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʪʦʢʘ. ʀʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢ-

ʪʫʨʝ ʚʦʜʳ ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠ ʠʟʤʝ-

ʥʝʥʠʶ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʤʦʣʝʢʫʣ ʠ ʦʙʨʘʟʫʝʤʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʣʘʩʪʝʨʦʚ. ɺ ʤʦʤʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ ʥʘ 

ʵʪʦʪ ʧʨʦʮʝʩʩ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʤʘʢʩʠ-

ʤʫʤʦʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠʣʠ ʟʥʘʯʝʥʠʷʭ ʪʘʥ-

ʛʝʥʩʘ ʫʛʣʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ. 

ʅʘ ʨʠʩ.4 ʧʦʢʘʟʘʥʳ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʦʧʨʝʜʝʣʝʥ-

ʥʳʝ ʜʣʷ ʚʦʜʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʝʨʝʤʝʥʥʦʤ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʤ ʧʦʣʝ ʯʘʩʪʦʪʦʡ 120 ɻʮ (ʢʨʠʚʘʷ 1) ʠ 1000 ɻʮ 

(ʢʨʠʚʘʷ 2). ʇʨʠ ʯʘʩʪʦʪʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ 120 ɻʮ ʩ ʪʝ-

ʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʤʘʢʩʠʤʫʤʳ 

ʥʘ ʢʨʠʚʦʡ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʩʠʩʪʝʤʳ. ɺ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʥʘ ʢʨʠʚʦʡ ʜʣʷ 120 ɻʮ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʙʝʟ ʧʨʦʷʚʣʝ-

ʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʵʢʩʪʨʝʤʫʤʦʚ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʦʪʩʫʪ-

ʩʪʚʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ, ʘ ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʪʦʣʴʢʦ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʠʣʠ ʧʦʩʪʝʧʝʥʥʦʝ 

ʨʘʟʨʫʰʝʥʠʝ ʠʤʝʶʱʠʭʩʷ ʦʨʛʘʥʠʟʘʮʠʡ. ʈʝʟʫʣʴʪʘʪʳ 

ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʘʥʛʝʥʩʘ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫ-

ʶʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʣʘʟʝʨʥʦʛʦ ʦʙʣʫʯʝʥʠʷ. 

ɺʣʠʷʥʠʝ ʦʙʣʫʯʝʥʠʷ ʩʠʩʪʝʤʳ ʣʘʟʝʨʥʳʤ ʠʩʪʦʯ-

ʥʠʢʦʤ ʜʣʠʥʦʡ ʚʦʣʥʳ 670 ʥʤ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.5. 

ʉʪʨʝʣʢʘʤʠ ʥʘ ʨʠʩʫʥʢʝ ʫʢʘʟʘʥ ʢʦʥʝʮ ʦʙʣʫʯʝʥʠʷ. 
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ʈʠʩ.5. ʀʟʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʚ ʧʨʦʮʝʩʩʝ ʦʙʣʫʯʝʥʠʷ ʩʚʝʪʦʤ ʜʣʠʥʦʡ 

ʚʦʣʥʳ 670 ʥʤ ʦʪ ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʩʥʷʪʦʛʦ ʧʨʠ ʯʘʩʪʦʪʘʭ 120 ɻʮ (1) ʠ 1000ɻʮ (2) ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

 

ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ ʦʪ ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʜʘʞʝ ʧʦʩʣʝ ʚʳʢʣʶʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ. 

ɿʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ 

ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ ʠʤʝʶʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. ɼʣʷ ʯʘ-

ʩʪʦʪʳ 120 ɻʮ ʩ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʢʦʨʦʩʪʴ ʫʤʝʥʴʰʘ-

ʝʪʩʷ ʚ 2 ʨʘʟʘ, ʘ ʜʣʷ ʯʘʩʪʦʪʳ 1000 ɻʮ- ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʚ 2 ʨʘʟʘ. 

ʅʘ ʨʠʩ.6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʣʘʟʝʨʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ. 

 
ʈʠʩ.6. ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʣʫʯʝʥʠʷ ʩʚʝʪʦʤ ʜʣʠʥʦʡ ʚʦʣʥʳ 670 ʥʤ ʦʪ ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʩʥʷʪʦʛʦ ʧʨʠ ʯʘʩʪʦʪʘʭ 120 ɻʮ (1) ʠ 

1000ɻʮ (2) ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʉʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥ ʤʦʤʝʥʪ ʧʨʝʢʨʘʱʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʦʙʣʫʯʝʥʠʷ. 

 

ʆʩʦʙʝʥʥʦʩʪʴ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʥʘ ʨʠʩ.6 ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʨʝʣʘʢʩʘʮʠʠ 

ʜʝʡʩʪʚʠʷ, ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʣʘʟʝʨʥʳʤ ʠʩʪʦʯʥʠʢʦʤ, 

ʧʦʩʢʦʣʴʢʫ ʭʘʨʘʢʪʝʨ ʢʠʥʝʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘ-

ʜʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʣʝ ʚʳʢʣʶʯʝ-

ʥʠʷ ʣʘʟʝʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʚʦʜʳ, ʠʥʜʫʮʠʨʫʝʤʳʝ ʣʘʟʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʩʦ-

ʭʨʘʥʷʶʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʝʨʠʦʜʘ, 

ʠ ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʵʪʦʪ ʧʝʨʠʦʜ ʩʦʢʨʘʱʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ.  

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʜʝ-

ʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʯʘʩʪʦʪʦʡ 120 ɻʮ ʚʦʜʥʦʡ ʩʠ-

ʩʪʝʤʳ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʨʠʩ.7, 

ʢʨʠʚʘʷ 1) ʠ ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʘ (ʨʠʩ.7, 

ʢʨʠʚʘʷ 2), ʚʠʜʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʣʘʟʝʨʘ ʫʤʝʥʴʰʘʝʪ 

ʩʢʦʨʦʩʪʴ ʧʘʜʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʳ ʚ 2 ʨʘʟʘ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʣʠʷʥʠʠ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʧʨʦʮʝʩʩ ʩʪʨʫʢʪʫʨʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ - 

ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʪʘʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʩʭʦʜʥʦʡ 
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ʩʪʨʫʢʪʫʨʳ. ʕʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʟʥʳʡ ʭʘʨʘʢ-

ʪʝʨ ʢʨʠʚʳʭ 1 ʠ 2 (ʨʠʩ.7) ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ. ʇʦʩʣʝ 

ʨʝʣʘʢʩʘʮʠʠ ʩʠʩʪʝʤʳ, ʚʨʝʤʷ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ ʧʝ-

ʨʠʦʜ ʦʪ ʤʦʤʝʥʪʘ ʚʳʢʣʶʯʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʜʦ ʤʦʤʝʥʪʘ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʢʨʠʚʦʡ ʚʨʝ-

ʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʥʘ ʨʠʩ.7 ʦʥ 

ʜʣʠʪʴʩʷ ʦʪ 16 ʜʦ 32 ʤʠʥ ï 16 ʤʠʥ), ʧʨʦʮʝʩʩ ʫʤʝʥʴ-

ʰʝʥʠʷ ʚʷʟʢʦʩʪʠ ʧʨʠʦʙʨʝʪʘʝʪ ʪʘʢʦʡ ʞʝ ʭʘʨʘʢʪʝʨ, ʢʘʢ 

ʠ ʜʣʷ ʩʠʩʪʝʤʳ ʙʝʟ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʊʘʢ, ʥʘ 

ʨʠʩ.5 ʧʦʩʣʝ 32 ʤʠʥ ʢʨʠʚʳʝ 1 ʠ 2 ʷʚʣʷʶʪʩʷ ʧʘʨʘʣ-

ʣʝʣʴʥʳʤʠ. 

 
ʈʠʩ.7. ʂʠʥʝʪʠʢʘ ʧʘʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʯʘʩʪʦ-

ʪʦʡ 120 ɻʮ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (1) ʠ ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʘ (2). 

ʉʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥ ʤʦʤʝʥʪ ʚʳʢʣʶʯʝʥʠʷ ʣʘʟʝʨʘ. 

ʇʨʠ ʯʘʩʪʦʪʝ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚʝʣʠʯʠʥʦʡ 1000 

ɻʮ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʜʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʨʠ ʜʝʡʩʪʚʠʠ ʣʘʟʝʨʘ (ʨʠʩ.8, ʢʨʠʚʘʷ 2) ʠ ʙʝʟ ʜʝʡ-

ʩʪʚʠʷ ʣʘʟʝʨʘ (ʢʨʠʚʘʷ 1, ʨʠʩ.8) ʠʤʝʶʪ ʣʠʥʝʡʥʳʡ ʭʘ-

ʨʘʢʪʝʨ, ʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ 2,6 ʨʘʟʘ. ʇʨʠ ʪʘ-

ʢʦʡ ʯʘʩʪʦʪʝ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʣʘ-

ʟʝʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʪʘʢʞʝ ʟʘʤʝʜʣʷʝʪ ʠʟʤʝʥʝʥʠʷ ʚ 

ʚʦʜʥʦʡ ʩʠʩʪʝʤʝ, ʩʪʘʙʠʣʠʟʠʨʫʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʝʸ ʩʪʨʫʢʪʫʨʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʠʦʜ ʨʝʣʘʢʩʘʮʠʠ ʩʦ-

ʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 12 ʤʠʥ. ʄʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩ ʨʦ-

ʩʪʦʤ ʯʘʩʪʦʪʳ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʝ-

ʣʠʯʠʥʘ ʧʝʨʠʦʜʘ ʨʝʣʘʢʩʘʮʠʠ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʚʦʜʫ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʩʪʝʧʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ.  

 
ʈʠʩ.8. ʂʠʥʝʪʠʢʘ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʳ ʧʨʠ ʯʘʩʪʦʪʝ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʯʘʩʪʦʪʦʡ 1000 ɻʮ: 1- ʙʝʟ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; 2- ʧʨʠʦʙʣʫʯʝʥʠʠ ʣʘʟʝʨʦʤ ʜʣʠʥʦʡ 

ʚʦʣʥʳ 670 ʥʤ. ʉʪʨʝʣʢʦʡ ʫʢʘʟʘʥ ʤʦʤʝʥʪ ʚʳʢʣʶʯʝʥʠʷ ʣʘʟʝʨʘ. 
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ʈʠʩ. 9. ʂʠʥʝʪʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʝʜʝʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʦʜʥʦʡ ʩʨʝʜʳ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺʝʨʪʠʢʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʦʛʨʘʥʠʯʝʥʳ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟ-

ʮʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʩʣʝ ʝʛʦ ʧʨʝʢʨʘʱʝʥʠʷ. 

 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʦʜʥʫʶ 

ʩʠʩʪʝʤʫ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʣʠʯʥʘʷ ʦʪ ʜʝʡʩʪʚʠʷ ʪʦʣʴʢʦ 

ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʢʘʨʪʠʥʘ ʚ ʠʟʤʝ-

ʥʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʠʚʝʜʝʥʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ (ʨʠʩ.9). ɿʘ-

ʤʝʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʟʥʘʯʝʥʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʩ 

ʧʦʤʦʱʴʶ ʪʦʢʘ ʯʘʩʪʦʪʦʡ 120 ɻʮ ʚ ʧʨʦʮʝʩʩʝ ʜʝʡʩʪʚʠʷ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʆʜʥʘʢʦ, ʧʦ-

ʩʣʝ ʚʳʢʣʶʯʝʥʠʷ ʣʘʟʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʚʝ-

ʣʠʯʠʥʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʧʦ ʭʘʨʘʢʪʝʨʫ ʩʦʚ-

ʧʘʜʘʶʱʝʛʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʤʝʥ-

ʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʨʠʩ.3, ʢʨʠʚʘʷ 1). ɺʨʝʤʷ 

ʧʝʨʠʦʜʘ ʨʝʣʘʢʩʘʮʠʠ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 3 ʤʠʥʫʪʳ 

(ʨʠʩ.9). ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʨʠʚʝʜʝʥ-

ʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦ-

ʩʪʠ ʚʦʜʳ, ʦʙʣʫʯʘʝʤʦʡ ʣʘʟʝʨʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠ ʠʩ-

ʩʣʝʜʫʝʤʦʡ ʚ ʧʝʨʝʤʝʥʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʯʘ-

ʩʪʦʪʦʡ 1000 ɻʮ, ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ, ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʇʦʩʣʝ ʚʳʢʣʶʯʝʥʠʷ 

ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʷ ʠʟ-

ʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʘ, ʥʘʦʙʦʨʦʪ, ʵʪʦ ʟʥʘʯʝʥʠʝ 

ʫʤʝʥʴʰʘʝʪʩʷ. 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʣʘʟʝʨʥʦʤ ʚʦʟʜʝʡ-

ʩʪʚʠʠ ʥʘ ʚʦʜʫ ʧʨʦʠʩʭʦʜʷʪ ʦʪʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʦʪ 

ʪʝʭ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʩʪʦ ʧʨʠ ʜʝʡʩʪʚʠʠ ʪʦʣʴʢʦ ʧʝ-

ʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʕʪʦʪ ʬʘʢʪ ʧʦʜ-

ʪʚʝʨʞʜʘʶʪ ʪʘʢʞʝ ʜʘʥʥʳʝ ʧʦ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚʦʜʥʦʡ 

ʩʠʩʪʝʤʳ ʧʨʠ ʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʅʘ ʨʠʩ.10 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚʦʜ-

ʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʜʣʠʥʦʡ ʚʦʣʥʳ 670 ʥʤ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ ʯʘʩʪʦʪʦʡ 120 ɻʮ ʠ 1000 ɻʮ. 

  
ʘ ʙ 

ʈʠʩ.10. ɺʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (D) ʚʦʜʳ ʧʨʠ ʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʜʣʠʥʦʡ ʚʦʣʥʳ 670 ʥʤ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ: ʘ - ʯʘʩʪʦʪʦʡ 120 ɻʮ, ʙ - ʯʘʩʪʦʪʦʡ 1000 ɻʮ 

 

  


