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USE OF LOCAL FLORA IN EX-SITU CONSERVATION AND 
RESTORATION OF BIODIVERSITY AND THE GENE POOL OF 

NATURAL LANDSCAPES 
 

Egorova V. 

Moscow State Pedagogical University, Malaya Pirogovskaya street, 1, Moscow 

 

Abstract 

As a result of intense anthropogenic pressure in the second half of the XX century, the flora of the floodplainôs 

ecosystem of the river Oka decreased 2.8 times, taxonomy changed, biomorphological structure changed, domi-

nant community structure also changed. Research on the use of local flora for the conservation and restoration of 

biodiversity ex-situ showed that the flora and exotic species of disturbed habitats of within the landscape includes 

significant potential reserves of native species to restore biodiversity of deeply anthropogenically transformed 

natural communities. 

 

Keywords: floodplain, river Oka, flora, taxonomic structure; biomorphological structure, disturbed habitats, 

foreign species. 

 

Since the second half of the twentieth century an-

thropogenic pressure is constantly enhanced on the 

floodplainôs ecosystems of middle Oka (Dedinovskoe 

extension, Moscow region). By the mid-twentieth cen-

tury swamps were drained, which used to surround the 

floodplain landscape. Doses of mineral fertilisers in-

creased when using vegetation. Plowed areas are pre-

sent on all parts of the floodplain, except the terraced 

area, which was used as agrocenoses. Disturbed habi-

tats of the floodplain constitute more than 50 %. Regu-

lation of hollow water led to a change in the hydrolog-

ical regime and the floodplain and alluvial regime and 

as a result, unification of eco-topic conditions on the 

profile of the floodplain. In the undisturbed state, they 

were significantly different in different parts of the 

floodplain, which determined the authenticity of flora 

and structure of plant communities. By the end of twen-

tieth century, flora decreased 2.8 times, community 

structure changed, species composition of families 

changed, life forms (LF), their total number and taxo-

nomic and biomorphological structure of the flora 

changed. In anthropogenically transformed communi-

ties there are no mechanisms to restore their original 

species composition and structure (Egorova, 2013). In 

order to identify potential reserve of native species of 

local flora for restoration and conservation of biodiver-

sity ex-situ, natural floodplain communities were stud-

ied flora within the landscape of disturbed habitats and 

foreign species. 

In the foreign species flora the following species 

are present (Allium rotundum L., A. schoenoprasum L., 

Caltha palustris L., Filipendula ulmaria (L.) Maxim), 

Fragaria vesca L., F. viridis (Duchesne) Weston, Lathy-

rus odoratus L., Leucanthemum vulgare Lam., Lotus 

corniculatus L., Medicago lupulina L., Melilotus albus 

Medik., Rubus caesius L., Saponoria afficinalis L., Sol-

idago canadensis L. , S. virgaurea L., Sorbus aucuparia 

L., Valeriana officinalis L. and others), which were part 

of the flora of the floodplain ecosystem. To date, these 

types are either missing or downsizedtheir cenopopula-

tion to a critical condition (Egorova, 2007). Among the 

types of foreign species there are different LFs and fam-

ilies which, by their eco-biomorphological properties 

can grow in natural floodplain communities (Fig. 1, 2). 
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Fig. 1.Taxonomic range of foreign speciesô flora 

 

 
Fig. 2. The number of LF variations of foreign species'flora 

 

Symbols: vertical - the number of species, across - 

LF: 1 ï annuals, biennials, 2 ï taproots , 3 ï fibrillose 

roots , 4 ï short rhizomatous , 5 ï bunchgrasses, 6 ï 

long rhizomatous, 7 ï turf-forming, 8 ï short rhizoma-

tous- fibrillose roots, 9 ï short rhizomatous-sobolifer-

ous, 10 ï taproots-soboliferous, 11 ï taproots- fibrillose 

roots, 12 ï taproots-short rhizomatous, 13 ï fibrillose 

roots-soboliferous, 14 - tuberous , 15 ï bulbous, 16 ï 

creeping, 17 ï under- and above ground stoloniferous , 

18 ï liana herbaceous , 19 ï liana woody, 20 - succu-

lents , 21 ï dwarf shrubs and sub shrubs , 22 - shrubs, 

23 - trees . 

Under favourable conditions, they can be inte-

grated into the natural floodplain communities and re-

store their natural flora. Flora of foreign species can be 

significantly increased by native species of local flora 

by attracting a wide range of nature lovers, living 

within the natural landscape and who are interested in 

cultivation of medicinal, ornamental or spice plants, as 

well as for biological protection of crops from pests and 

diseases. 

Disturbed habitats within the floodplain landscape 

were divided into two types: I - appeared during the 

construction of pavements and underground roads, irri-

gation ditches and organisation of travel links, as well 

as the construction of residential houses and streets, 

outbuildings, quarries remaining after excavation of 

sand, clay, etc. ; II - plowed land in all parts of the 

floodplain, where agrocenosesare organised, individual 

gardens and allotments. In identifying the vegetation of 

disturbed habitat of type I we use the term ñman-

made/antropogenic communityò, and Type II ï ñagro-

cenose communityò. In the make-up of the flora we 

consider two flora-genetic elements: a) apophytive: 
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uniting native species that have fallen into anthropo-

genically disturbed habitats; b) adventive: combining 

adventitious species whose appearance on this site is 

not associated with the natural course of flora-genetics, 

but is a consequence of the diasporas drift due to an-

thropogenic impact. 

During the study period, the flora of disturbed hab-

itats of both types included 182 species belonging to 

108 genus and 32 families. The leading composition in-

cluded following families: Compositae, Cruciferae, Fa-

baceae, Gramineae, Labiatae, Umbelliferae. The num-

ber of species in these families ranges from 9 to 37, and 

their total number (103) is 56.6 % in the structure of the 

taxonomic range. Among the leading families Com-

positae and Gramineae (37 and 22 species) the propor-

tion the range 20.3 % and 12.1 %, respectively the pro-

portion of other leading families ï 4.9 % - 8.2 % , the 

number of species ï from 9 to 15. In the flora of 26 

(81.3 %) families, represented by 1-7 species, and their 

total number (77 species ) is 44.3 % of the flora. More 

than half of families (19) are represented by one genus, 

their proportion in the range - 59.7%. Families are rep-

resented by one species (8) and make up 25 % (Fig. 3). 

In the structure of flora within the landscape of 

disturbed habitats the forbs group is represented by 143 

species (78.6%), grains ï 22 species (12.1%), legumes 

ï 15 species (8.2%), sedges ï 2 species (1.1%). All spe-

cies are characterised by 19 LF. In biomorphological 

structure the leading position is occupied by the follow-

ing types of LF: annuals, biennials ï 53 species (29,1 

%), taproots ï 36 species (19,8 %), long rhizomatous ï 

32 species (17,6 %), fibrillose roots ï 16 species (8,8 

%), taproots-soboliferous ï 10 species (5,5 %).The 

number of species of remaining LF ranged from 1 to 7, 

the proportion of the range - from 0.5 % to 3.8 % (Fig. 

4). 

Fig. 3.Taxonomic range of flora of the disturbed habitats 

 

 
Fig. 4. Biomorphological range of flora pf the disturbed habitats 
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Symbols: 1 ï taproots, 2 ï fibrillose roots, 3 ï 

short rhizomatous , 4 ï turf-forming, 5 ï bunchgrasses, 

6 ï long rhizomatous, 7 ï long rhizomatous-turf-form-

ing, 8 ï long rhizomatous-bunchgrasses, 9 ï long rhi-

zomatous- soboliferous, 10 ï soboliferous, 11 ï tap-

roots-soboliferous, 12 ï fibrillose roots-soboliferous, , 

13 ï tuberous, 14 ï bulbous, 15 ï creeping, 16 ï under- 

and above ground stoloniferous, 17 ï annuals, bienni-

als, 18 ï semi-parasites, 19 ï succulents.  

In disturbed habitats of the dominants and co-

dominants consist mainly of native species (or anthro-

pogenic communities ï 90.0 % and 74.4 %, in agroce-

noses ï 71.4 and 66.7 %). The proportion of adventi-

tious species in the dominant and co-dominant group is 

ï 10.0 % and 22.6 % and 28.6 % and 33.4 % respec-

tively. In a group of related species of native species the 

proportion of anthropogenic communities is 38.6 %, in 

agrocenose communities ï 50.0%, adventitious species 

ï 61.4 % and 50.0 % respectively. 

Native species of habitats disturbed within the 

landscape and foreign species constitute a substantial 

potential reserve to restore flora of deeply anthropogen-

ically transformed natural communities. Especially 

when conditions are favourable for de-mutation pro-

cesses of natural communities as a result of the weak-

ening or removal of anthropogenic pressure. Native 

fraction of the flora is also a significant potential source 

for species of native flora for their introduction and sub-

sequent reintroduction into natural communities. 

Thanks to these traditional methods and sources poten-

tial opportunities of biodiversity conservation and res-

toration of natural ecosystems significantly increase. 

 

References: 
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ʀɿʋʏɽʅʀɽ ʈɽɸʂʎʀʀ ʇɽʅʀʎʀʃʃɽʅʆɺʆʁ ʂʀʉʃʆʊʓ ʉ ʇʈʆʀɿɺʆɼʅʓʄ 

ɻʃʋʊɸʂʆʅʆɺʆɻʆ ɸʃʔɼɽɻʀɼɸ 

 

ɹʦʰʢʘʝʚʘ ɸ.ʂ. 

ɼʦʢʪʦʨ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʂʘʟʘʭʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʉ.ɼ. 

ɸʩʬʝʥʜʠʷʨʦʚʘ, ʦʪʜʝʣ ʧʦʩʣʝʚʫʟʦʚʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʤʘʛʠʩʪʨʘʪʫʨʳ ʠ phd-ʜʦʢʪʦʨʘʥʪʫʨʳ) 

ɹʠʩʝʥʙʘʝʚ ʕ.ʄ. 

ʇʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʂʘʟʘʭʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʉ.ɼ. ɸʩʬʝʥʜʠʷʨʦʚʘ, ʢʘʬʝʜʨʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ 

ɿʠʢʨʠʷʨʦʚʘ ʉ.ʄ. 

ʂʘʥʜʠʜʘʪ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʂʘʟʘʭʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʉ.ɼ. 

ɸʩʬʝʥʜʠʷʨʦʚʘ, ʢʘʬʝʜʨʘ ʦʩʥʦʚʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʊʫʩʫʧʦʚʘ ʅ.ʄ. 
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ɸʥʥʦʪʘʮʠʷ 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʮʠʘʥʠʥʦʚʦʛʦ ʢʨʘʩʠʪʝʣʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ 

ʠʥʪʝʨʝʩ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. ɺ ʦʩʥʦʚʝ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʝʥʠʮʠʣʣʝʥʦʚʘʷ ʢʠʩʣʦʪʘ ʚʩʪʫʧʘʝʪ ʚʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʩ ʧʨʦʠʟʚʦʜʥʳʤ ʛʣʫʪʘʢʦʥʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝ-

ʪʦʜʳ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʮʠʘʥʠʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʘʥʪʠʙʠʦʪʠʢʦʚ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʨʠʚʣʝʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʢʨʝʪʥʳʭ ʤʦʣʝʢʫʣ, 

ʥʦ ʠ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʠʭ ʠ ʩʦʟʜʘʚʘʪʴ ʚʝʱʝʩʪʚʘ ʩ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʘʞʥʳʤʠ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʂʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʛʝʦʤʝʪʨʠʠ ʵʣʝʢʪʨʦʥʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ ʰʠʨʦʢʦ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦ-

ʣʝʢʫʣ ʚ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʮʠʘʥʠʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ.  

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʮʠʘʥʠʥʦʚʦʛʦ ʢʨʘʩʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʘʷ 

ʩʠʩʪʝʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ: Portable HyperChem 8.10, MOPAC. ʄʝʪʦʜ PM3 

ʷʚʣʷʝʪʩʷ ʚʝʨʩʠʝʡ ʤʝʪʦʜʘ ɸʄ1 ʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʵʪʦʛʦ ʤʝʪʦʜʘ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʘʤʠ ʧʘʨʘʤʝʪʨʦʚ. ʇʘʨʘʤʝʪʨʳ 

ʜʣʷ ʈʄ3 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʨʘʚʥʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʠ ʚʠʜʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ.  

Abstract 

The wide use a reaction of formation of cyanine dyes is of great scientific interest in analytical practice. In 

the basis of this reaction penicillinic acid reacts with the derivative glutaconic aldehyde. To explain the mechanism 

of the reaction use the methods of quantum chemistry. 
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Investigation a reaction of formation of cyanine dyes is not possible without an integrated approach, which 

includes theoretical and experimental methods used for the analysis of pharmaceutical antibiotics a heterocyclic 

structure. Attracting the results of quantum-chemical research allows not only calculate the observable character-

istics of specific molecules, but also to predict them and create a substance with potentially important given prop-

erties. Quantum chemical calculations of the electronic structure and geometry of the electronically excited mole-

cules are widely used for the interpretation of experimental data, and to study the reactivity of molecules in the 

reaction of formation of cyanine dyes. 

For an explanation of the mechanism reaction of formation of cyanine dyes is used software system with 

semi-empirical calculations: Portable HyperChem 8.10, MOPAC. PM3 method is a version of the AM1 method 

and differs from this method only the values of the parameters. For PM3 parameters were obtained by comparing 

the number and type of experiments with the results of calculations. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʘʥʠʥʦʚʳʡ ʢʨʘʩʠʪʝʣʴ, ʙʝʪʘʣʘʢʪʘʤʠʜʳ, ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʧʝʥʠʮʠʣʣʝ-

ʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʧʨʦʠʟʚʦʜʥʦʝ ʛʣʫʪʘʢʦʥʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ, ʵʥʝʨʛʠʷ ʩʚʷʟʠ, HyperChem.  

 

Keywords: cyanine dye, beta lactamide, quantum-chemical method, penicillinic acid, derivative glutaconic 

aldehyde, binding energy, HyperChem. 

 

ɺʚʝʜʝʥʠʝ. ʕʣʝʤʝʥʪʳ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʷʚʣʷ-

ʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʩʪʨʦʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ. 

ʆʜʥʘ ʠʟ ʧʨʦʛʨʘʤʤ HyperChem ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʠ 

ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ 

ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ, ʠʟʚʝʩʪʥʳʭ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʮʠʘʥʠ-

ʥʦʚʳʝ ʢʨʘʩʠʪʝʣʠ.  

ʈʝʘʢʮʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʦʯʝʪʘʥʠʠ ʧʨʦʜʫʢ-

ʪʦʚ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʙʝʪʘʣʘʢʪʘʤʠ-

ʜʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤ ʛʣʫʪʘʢʦʥʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ 

(ʇɻɸ), ʷʚʣʷʶʱʠʡʩʷ ʦʜʥʠʤ ʠʟ ʧʨʦʜʫʢʪʦʚ ʨʘʩʱʝʧ-

ʣʝʥʠʷ ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩ-

ʥʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʮʠʘʥʠ-

ʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʵʬʬʝʢʪʦʚ.  

ɺ ʨʝʘʢʮʠʶ ʩ ʇɻɸ ʚʩʪʫʧʘʝʪ ʦʜʠʥ ʠʟ ʦʙʨʘʟʦʚʘʚ-

ʰʠʭʩʷ ʧʨʦʜʫʢʪʦʚ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʩʦʣʝʡ ʧʝ-

ʥʠʮʠʣʣʠʥʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʠʘʟʦʣʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ, 

ɓ-ʣʘʢʪʘʤʥʦʝ ʢʦʣʴʮʦ ʧʝʥʠʮʠʣʣʠʥʦʚ ʣʝʛʢʦ ʨʘʩʱʝʧʣʷ-

ʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʱʝʣʦʯʝʡ, ʢʠʩʣʦʪ ʠ ʜʨʫʛʠʭ ʚʝ-

ʱʝʩʪʚ. ʕʪʠʤ ʠ ʦʙʲʷʩʥʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʜʫʢʪʦʚ ʨʘʩʱʝʧʣʝʥʠʷ ʙʝʪʘʣʘʢʪʘʤʠʜʦʚ [1]. ʆʩʦ-

ʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣʳ ʧʝʥʠʮʠʣʣʠʥʦʚ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʝʝ ʧʦʚʝʜʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯ-

ʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ [2]. ʇʦʜ ʜʝʡʩʪʚʠʝʤ 25 % 

ʭʣʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʝʥʠʮʠʣʣʠʥʳ ʠʥʘʢʪʠ-

ʚʠʨʫʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʥʠʣ-

ʣʦʚʦʡ ʠ ʧʝʥʠʮʠʣʣʝʥʦʚʦʡ ʢʠʩʣʦʪ [3]. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʙʝ-

ʪʘʣʘʢʪʘʤʠʜʦʚ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʤʦʣʝʢʫʣʝ ʧʝʥʠʮʠʣʣʝʥʦ-

ʚʦʡ ʢʠʩʣʦʪʳ. ɺʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʤʦʣʝʢʫʣʝ ʧʝʥʠʮʠʣʣʝ-

ʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʮʝʥʠʚʘʶʪ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʳʭ 

ʵʬʬʝʢʪʦʚ ï ʠʥʜʫʢʪʠʚʥʦʛʦ ʠ ʤʝʟʦʤʝʨʥʦʛʦ.  

ɺ ʤʦʣʝʢʫʣʝ ʧʝʥʠʮʠʣʣʝʥʦʚʦʡ ʢʠʩʣʦʪʳ ʨʝʘʢʮʠ-

ʦʥʥʳʤ ʮʝʥʪʨʦʤ ʷʚʣʷʝʪʩʷ ʘʟʦʪ ʠʤʠʥʦʛʨʫʧʧʳ, ʠʤʝʶ-

ʱʠʡ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ (ʵʣʝʢʪʨʦʦʪʨʠ-

ʮʘʪʝʣʴʥʦʩʪʴ ʘʟʦʪʘ ï 3,0) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ sp2 ï ʛʠʙʨʠ-

ʜʠʟʦʚʘʥʥʳʤ ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ 

(ʣɻʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ʫʛʣʝʨʦʜʘ ï 2,8). ɿʘ ʩʯʝʪ ʥʝ-

ʧʦʜʝʣʝʥʥʳʭ ʧʘʨ ʵʣʝʢʪʨʦʥʦʚ ʘʟʦʪ ʩʧʦʩʦʙʝʥ ʧʨʠʩʦʝʜʠ-

ʥʷʪʴ ʵʣʝʢʪʨʦʬʠʣʴʥʳʡ ʨʝʘʛʝʥʪ. ɿʘ ʩʯʝʪ ʘʟʦʪʘ ʠʤʠʥʦ-

ʛʨʫʧʧʳ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʠʥʜʫʢʪʠʚʥʳʡ ʵʬʬʝʢʪ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʝʛʦ ʜʝʡʩʪʚʠʷ ʚ ʤʦʣʝʢʫʣʝ ʧʝʥʠʮʠʣʣʝʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʤʦʛ ʙʳ ʚʦʟʥʠʢʥʫʪʴ ʜʝʬʠʮʠʪ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʘ ʥʘ ʘʟʦʪʝ ʠʤʠʥʦʛʨʫʧʧʳ ï ʝʝ ʠʟʙʳʪʦʢ. NH 

ï ʦʢʘʟʳʚʘʝʪ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʝ ʚʣʠʷʥʠʝ, ʥʝʩʢʦʣʴʢʦ 

ʧʦʚʳʰʘʷ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʚ ʤʦʣʝʢʫʣʝ ʟʘ ʩʯʝʪ 

ʨ, ˊ-ʩʦʧʨʷʞʝʥʠʷ. ʆʪʤʝʯʘʝʪʩʷ ʪʘʢʞʝ, ʯʪʦ ʧʨʠ ʨʘʩʩʤʘʪ-

ʨʠʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʮʚʝʪʘ ʦʪ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʦʣʝʢʫʣʝ ʧʝʥʮʠʣʣʝʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʤʝ-

ʱʝʥʠʝ ˊ-ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚʜʦʣʴ ʚʩʝʡ ʩʠʩʪʝʤʳ 

ʩʦʧʨʷʞʝʥʥʳʭ ʩʚʷʟʝʡ ʚ ʤʦʣʝʢʫʣʝ. ʂʘʢ ʛʦʚʦʨʠʣʠ 

ʚʳʰʝ, ʧʦʜʚʠʞʥʦʩʪʴ ˊ-ʵʣʝʢʪʨʦʥʦʚ ʦʪʥʦʩʠʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʢ ʩʚʷʟʠ ʤʝʞʜʫ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ, ʥʦ 

ʠ ʢ ʪʝʤ ʩʪʨʫʢʪʫʨʘʤ, ʛʜʝ ʠʤʝʶʪʩʷ ˊ-ʩʚʷʟʠ ʤʝʞʜʫ ʫʛ-

ʣʝʨʦʜʦʤ ʠ ʘʟʦʪʦʤ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʦ-

ʜʦʙʥʳʝ ʩʚʷʟʠ, ʚʢʣʶʯʘʷʩʴ ʚ ʩʠʩʪʝʤʫ ʩʦʧʨʷʞʝʥʥʳʭ 

ʩʚʷʟʝʡ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʜʚʠʞʥʦʩʪʠ ˊ-ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʪʝʤ ʩʘʤʳʤ ʫʜʣʠʥʷʶʪ ʮʝʧʴ ʩʦʧʨʷʞʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʦʚ ʚ 

ʤʦʣʝʢʫʣʝ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʧʦʷʚʣʝʥʠʝ ʦʢʨʘʩʢʠ ʜʣʷ ʧʨʦ-

ʜʫʢʪʘ ʢʦʥʜʝʥʩʘʮʠʠ ʇɻɸ ʩ ʧʝʥʠʮʠʣʣʝʥʦʚʦʡ ʢʠʩʣʦʪʦʡ 

(ʈʠʩ. 1). 

 
ʈʠʩ. 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʤʦʣʝʢʫʣʝ ʧʝʥʠʮʠʣʣʝʥʦʚʦʡ ʢʠʩʣʦʪʳ 
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ʀʩʭʦʜʷ ʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ, ʨʘʩ-

ʩʤʘʪʨʠʚʘʷ ʧʦ ʦʪʜʝʣʴʥʳʤ ʬʨʘʛʤʝʥʪʘʤ ʤʦʣʝʢʫʣʫ ʧʝ-

ʥʠʮʠʣʣʝʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʦʩʪʘʥʘʚʣʠʚʘʷʩʴ ʥʘ ʝʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ, ʩʣʝʜʫʝʪ, ʯʪʦ ʵʣʝʢʪʨʦʥ-

ʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ʙʦʣʴʰʝ 

ʚʙʣʠʟʠ ʢʠʩʣʦʨʦʜʘ ʠ ʤʝʥʴʰʝ ʫ ʫʛʣʝʨʦʜʘ, ʪ.ʝ. ʜʚʦʡʥʘʷ 

ʩʚʷʟʴ ʢʘʨʙʦʥʠʣʘ ʧʦʣʷʨʠʟʦʚʘʥʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʘʨ-

ʙʦʥʠʣʴʥʳʡ ʫʛʣʝʨʦʜ ʦʙʣʘʜʘʝʪ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʨʝʘʛʠʨʫʝʪ ʩ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥ-

ʪʘʤʠ, ʘ ʢʠʩʣʦʨʦʜ ʩ ʠʟʙʳʪʦʯʥʳʤ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʘ-

ʨ̫ ʜʦʤ ʦʙʣʘʜʘʝʪ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʨʝ-

ʘʛʠʨʫʝʪ ʩ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ. 

ɺ ʮʝʣʦʤ ʜʣʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʤʦʞʥʦ ʧʨʦ-

ʩʣʝʜʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʳʭʦʜʦʤ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʠ ʠʥʜʝʢʩʘʤʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ (ʟʘʨʷʜʳ ʥʘ ʘʪʦʤʘʭ, ʧʦʨʷʜʢʠ 

ʩʚʷʟʝʡ, ʵʥʝʨʛʠʠ ʛʨʘʥʠʯʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘ-

ʣʝʡ (ʄʆ), ʢʚʘʜʨʘʪʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʷ 

ʛʨʘʥʠʯʥʳʭ ʄʆ ʧʦ ʙʘʟʠʩʫ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ (ɸʆ) 

ʠ ʪ.ʜ.) [4-7]. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʦʣʴʟʫʶʪʩʷ ʟʘʨʷʜʘʤʠ 

ʥʘ ʘʪʦʤʘʭ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʛʨʘʥʠʯʥʳʭ ʄʆ. ɺʳʭʦʜ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʙʦʜ-

ʥʦʡ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ, ʘ ʠʥʜʝʢʩʳ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʵʥʝʨʛʠʶ ʤʝʞʤʦʣʝʢʫ-

ʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʨʝʘʛʝʥʪʦʚ. ʆʜʥʘʢʦ, ʜʣʷ ʥʝ-

ʢʦʪʦʨʳʭ ʨʝʘʢʮʠʡ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ. ʅʘʧʨʠʤʝʨ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʨʝʘʛʝʥʪʘʤʠ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʘʢ-

ʪʠʚʘʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ.  

ʕʥʝʨʛʠʷ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʚʠ-

ʩʠʪ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʠʣʠ 

ʦʪ ʟʘʨʷʜʦʚ ʥʘ ʘʪʦʤʘʭ ʨʝʘʛʝʥʪʦʚ. ʇʦʵʪʦʤʫ, ʜʣʷ ʥʝʢʦ-

ʪʦʨʳʭ ʨʝʘʢʮʠʡ ʫʜʘʝʪʩʷ ʥʘʡʪʠ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʟʘʨʷʜʘʤʠ ʥʘ ʘʪʦʤʘʭ ʠ ʚʳʭʦʜʦʤ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ. ʊʘʢ, ʥʫʢʣʝʦʬʠʣʴʥʳʝ ʨʝʘʛʝʥʪʳ (ʘʪʘʢʫʶ-

ʱʠʡ ʮʝʥʪʨ ʟʘʨʷʞʝʥ ʦʪʨʠʮʘʪʝʣʴʥʦ) ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ ʘʪʦʤʘʤ, ʥʘ ʢʦʪʦʨʳʭ ʣʦʢʘʣʠʟʦ-

ʚʘʥʳ ʙʦʣʴʰʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʘʨʷʜʳ, ʘ ʵʣʝʢʪʨʦ-

ʬʠʣʴʥʳʝ (ʘʪʘʢʫʶʱʠʡ ʮʝʥʪʨ ʟʘʨʷʞʝʥ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦ), ʥʘʦʙʦʨʦʪ, ð ʢ ʘʪʦʤʘʤ, ʥʘ ʢʦʪʦʨʳʭ ʣʦʢʘʣʠ-

ʟʦʚʘʥʳ ʙʦʣʴʰʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʘʨʷʜʳ.  

ʆʨʙʠʪʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʶʙʳʭ ʧʘʨ ʄʆ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʟʥʦʩʪʠ ʠʭ ʵʥʝʨʛʠʡ, ʪ.ʝ. 

ʯʝʤ ʜʘʣʴʰʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʣʝʞʘʪ ʦʨʙʠʪʘʣʠ ʥʘ ʰʢʘʣʝ 

ʵʥʝʨʛʠʡ, ʪʝʤ ʩʣʘʙʝʝ ʦʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ. ʇʦʵʪʦʤʫ 

ʥʘ ʧʨʘʢʪʠʢʝ ʦʙʳʯʥʦ ʧʦʣʴʟʫʶʪʩʷ ʧʨʠʙʣʠʞʝʥʠʝʤ 

ʛʨʘʥʠʯʥʳʭ ʦʨʙʠʪʘʣʝʡ. ɺ ʵʪʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʵʥʝʨ-

ʛʠʷ ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʚʠʩʠʪ ʦʪ ʵʥʝʨ-

ʛʠʡ ʛʨʘʥʠʯʥʳʭ ʄʆ ʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝ-

ʥʠʷ ʵʪʠʭ ʄʆ ʧʦ ʙʘʟʠʩʫ ɸʆ. ʃʶʙʫʶ ʠʟ ʵʪʠʭ ʚʝʣʠʯʠʥ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʝʢʩʘ ʨʝʘʢʮʠʦʥ-

ʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʥʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʥʦʩʪʴʶ ʵʥʝʨʛʠʡ ʛʨʘʥʠʯʥʳʭ ʄʆ. ʂʨʦʤʝ ʪʦʛʦ, 

ʬʦʨʤʘ ʛʨʘʥʠʯʥʳʭ ʄʆ ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ 

ʤʝʭʘʥʠʟʤʘʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʪʘʢ ʢʘʢ ʵʣʝʢ-

ʪʨʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʯʘʩʪʦ ʠʜʝʪ ʚ ʦʙʣʘʩʪʠ ʥʘʠʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʡ ʚʝʨʭʥʝʡ ʟʘʥʷʪʦʡ ʄʆ (ɺɿʄʆ), ʘ ʥʫʢʣʝʦ-

ʬʠʣʴʥʘʷ ï ʧʦ ʤʝʩʪʫ ʥʘʠʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʥʠʞʥʝʡ 

ʩʚʦʙʦʜʥʦʡ ʄʆ (ʅʉʄʆ).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʦʣʝʢʫʣ ʚʝʱʝʩʪʚ, ʚʩʪʫʧʘʶʱʠʭ ʚ ʨʝʘʢʮʠʶ, ʠ ʤʦʣʝ-

ʢʫʣʳ ʩʘʤʦʛʦ ʮʠʘʥʠʥʦʚʦʛʦ ʢʨʘʩʠʪʝʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ɸʄ1 ʙʳʣʠ ʧʦ-

ʣʫʯʝʥʳ ʜʘʥʥʳʝ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʪʦ, ʯʪʦ ʨʝʘʢʮʠʷ 

ʤʦʞʝʪ ʠʜʪʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦ-

ʝʜʠʥʝʥʠʷ. ʊʦʯʥʝʝ ʛʦʚʦʨʷ, ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʤʦʣʝʢʫʣʘʭ ʧʝʥʠʮʠʣʣʝʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʠ ʇɻɸ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʡ ʘʪʦʤ ʘʟʦʪʘ ʚ ʤʦʣʝʢʫʣʝ ʧʝʥʠʮʠʣʣʝʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʤʦʞʝʪ ʘʪʘʢʦʚʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥ-

ʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʚ ʩʠʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʢʘʨʙʦ-

ʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ʇɻɸ. ʂʨʦʤʝ ʪʦʛʦ, ʵʥʝʨʛʠʷ ʅʉʄʆ 

ʧʝʥʠʮʠʣʣʝʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʣʦʞʠʪʝʣʴʥʘ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʵʪʘ ʤʦʣʝʢʫʣʘ ʥʫʢʣʝʦʬʠʣʴʥʘ.  

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʤʦʣʝʢʫʣʝ 

ʧʝʥʠʮʠʣʣʝʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ. 2 ʠ ʈʠʩ. 

3.

 

 
ʈʠʩ. 2 ï ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʝʥʠʮʠʣʣʝʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

http://www.xumuk.ru/encyklopedia/401.html
http://www.xumuk.ru/encyklopedia/401.html
http://www.xumuk.ru/bse/2325.html
http://www.xumuk.ru/encyklopedia/2/5380.html
http://www.xumuk.ru/encyklopedia/2/3846.html
http://www.xumuk.ru/encyklopedia/2/3846.html
http://www.xumuk.ru/encyklopedia/2477.html
http://www.xumuk.ru/encyklopedia/2477.html
http://www.xumuk.ru/bse/2315.html
http://www.xumuk.ru/bse/2325.html
http://www.xumuk.ru/bse/2315.html
http://www.xumuk.ru/encyklopedia/2/5380.html
http://www.xumuk.ru/encyklopedia/2/5380.html
http://www.xumuk.ru/encyklopedia/2/5314.html
http://www.xumuk.ru/encyklopedia/401.html
http://www.xumuk.ru/bse/2315.html
http://www.xumuk.ru/bse/2325.html
http://www.xumuk.ru/encyklopedia/401.html
http://www.xumuk.ru/bse/2325.html
http://www.xumuk.ru/bse/2315.html
http://www.xumuk.ru/encyklopedia/401.html
http://www.xumuk.ru/encyklopedia/401.html
http://www.xumuk.ru/encyklopedia/2/3187.html
http://www.xumuk.ru/encyklopedia/2/3124.html
http://www.xumuk.ru/encyklopedia/2/3846.html
http://www.xumuk.ru/encyklopedia/2/3846.html
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ʈʠʩ. 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʝ ʧʝʥʠʮʠʣʣʝʥʦʚʦʡ ʢʠʩʣʦʪʳ  

ɻʝʦʤʝʪʨʠʯʝʩʢʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʤʦʣʝʢʫʣʘ ʇɻɸ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʥʝʡ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 4 ʠ 5. 

 

 

 
ʈʠʩ. 4 ï ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʦʣʝʢʫʣʳ ʇɻɸ 
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ʈʠʩ. 5 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʝ ʇɻɸ  

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʤʦʣʝʢʫʣʳ ʮʠʘʥʠʥʦʚʦʛʦ ʢʨʘʩʠʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 6. 

 

 
ʈʠʩ. 6 ï ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʦʣʝʢʫʣʳ ʮʠʘʥʠʥʦʚʦʛʦ ʢʨʘʩʠʪʝʣʷ 

 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʘʭ 1-3. 
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ʊʘʙʣʠʮʘ 1  

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʩʭʦʜʥʳʭ, ʨʝʘʛʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʠ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 
ʇʝʥʠʮʠʣʣʝʥʦʚʘʷ 

 ʢʠʩʣʦʪʘ 
ʇɻɸ ʎʠʘʥʠʥʦʚʳʡ ʢʨʘʩʠʪʝʣʴ 

ʕʥʪʘʣʴʧʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

(æʅ0ʦʙʨ) 

-84,2679 ʢʢʘʣ/ʤʦʣʴ 

(-352,8 ʢɼʞ/ʤʦʣʴ) 

-7,8852276 

ʢʢʘʣ/ʤʦʣʴ 

(-33,01ʢɼʞ/ʤʦʣʴ) 

-129,631 ʢʢʘʣ/ʤʦʣʴ 

(- 542 ʢɼʞ/ʤʦʣʴ) 

ɼʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ (Õ) 3,571 D 0,953 D 5,145 D 

ʕʥʝʨʛʠʠ 

ʛʨʘʥʠʯʥʳʭ 

ʦʨʙʠʪʘʣʝʡ 

ʕʥʝʨʛʠʷ ʅɺʄʆ 1,699999 -1,070426 - 

ʕʥʝʨʛʠʷ ɺɿʄʆ -9,739995 -9,370866 - 

 

ʊʘʙʣʠʮʘ 2  

ʕʣʝʢʪʨʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʣʝʢʫʣ ʧʝʥʠʮʠʣʣʝʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʇɻɸ 

ʇʘʨʘʤʝʪʨ ʇʝʥʠʮʠʣʣʝʥʦʚʘʷ ʢʠʩʣʦʪʘ ʇʘʨʘʤʝʪʨ ʇɻɸ 

Õ, D 3,571 Õ, D 0,953 

q ʉ1 -0,121483 q ʉ1 0,210 

q ʉ2 -0,131220 q O2 -0,284 

q ʉ3 -0,130831 q ʉ3 -0,270 

q ʉ4 -0,112560 q ʉ4 -0,030 

q ʉ5 -0,086901 q ʉ5 -0,199 

q ʉ6 -0,110834 q ʉ6 0,05 

q ʉ11 -0,057496 q N7 -0,469 

q ʉ14 0,082292 q S13 0,620 

q N16 -0,153666 q C14 -0,429 

q O17 -0,226165 q N15 0,005 

q C18 -0,198795 q C16 0,351 

q C19 0,341160 q O17 -0,361 

q O20 -0,293519 q N18 -0,322 

q C21 0,083508 q C19 -0,028 

q N23 -0,277703 q C20 -0,234 

q C25 0,027240 q C21 -0,022 

q C27 0,322425 q C22 -0,237 

q C28 -0,145945   

q O29 -0,356745   

q C30 -0,290921   

q C32 -0,213261   

q C33 -0,234911   

q S40 -0,065233   

 

ʊʘʙʣʠʮʘ 3  

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʝʥʠʮʠʣʣʝʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʇɻɸ 

ʇʘʨʘʤʝʪʨ ʇʝʥʠʮʠʣʣʝʥʦʚʘʷ ʢʠʩʣʦʪʘ ʇʘʨʘʤʝʪʨ ʇɻɸ 

r (C1-C2), ʥʤ 0,139 r (C1-O2), ʥʤ 0,121 

r (C1-H8), ʥʤ 0,109 r (C1-H8), ʥʤ 0,110 

r (C5-C11), ʥʤ 0,149 r (C1-C3), ʥʤ 0,147 

r (C11-C14), ʥʤ 0,149 r (C3-C4), ʥʤ 0,134 

r (C14-N16), ʥʤ 0,131 r (C4-C5), ʥʤ 0,145 

r (N16-C18), ʥʤ 0,144 r (C5-C6), ʥʤ 0,136 

r (C14-O17), ʥʤ 0,139 r (C6-N7), ʥʤ 0,139 

r (O17-C19), ʥʤ 0,139 r (N7-S13), ʥʤ 0,178 

r (C19-O20), ʥʤ 0,121 r (S13-C14), ʥʤ 0,139 

r (C19-C18), ʥʤ 0,146 r (C14-N15), ʥʤ 0,116 

r (C18-C21), ʥʤ 0,136 r (C5-C16), ʥʤ 0,147 

r (C21-H22), ʥʤ 0,110 r (C16-O17), ʥʤ 0,125 

r (C21-N23), ʥʤ 0,139 r (C16-N18), ʥʤ 0,141 

r (N23-H24), ʥʤ 0,099 r (N18-C21), ʥʤ 0,149 

r (N23-C25), ʥʤ 0,148 r (C21-C22), ʥʤ 0,151 

r (C25-C27), ʥʤ 0,153 r (N18-C19), ʥʤ 0,149 

r (C27-O29), ʥʤ 0,121 r (C19-C20), ʥʤ 0,151 

r (C27-O30), ʥʤ 0,135   
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r (O30-H31), ʥʤ 0,095   

r (C25-C28), ʥʤ 0,155   

r (C28-S40), ʥʤ 0,186   

r (S40-H41), ʥʤ 0,131   

r (C28-C32), ʥʤ 0,152   

r (C28-C33), ʥʤ 0,152   

 

ʀʟ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʘʭ 1-3 ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʝʘʢʮʠʷ ʩʦʯʝʪʘʥʠʷ ʧʝʥʠʮʠʣ-

ʣʝʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʇɻɸ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʠʘʥʠʥʦ-

ʚʳʭ ʢʨʘʩʠʪʝʣʝʡ ʧʨʦʪʝʢʘʝʪ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʇɻɸ ʩʦ ʩʚʦ-

ʙʦʜʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʮʝʥʪʨʘ, 

ʪ.ʝ. ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ ʚ ʤʦʣʝ-

ʢʫʣʝ ʧʝʥʠʮʠʣʣʝʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ɺʳʚʦʜʳ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʵʤʧʠ-

ʨʠʯʝʩʢʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʯʝʪʳ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʤʝʭʘ-

ʥʠʟʤʘ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʮʠʘʥʠʥʦʚʦʛʦ ʢʨʘʩʠ-

ʪʝʣʷ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʥʘʫʯʥʦʡ ʥʦʚʠʟʥʦʡ ʨʘʙʦʪʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʵʣʝʢ-

ʪʨʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʣʝʢʫʣʳ ʮʠʘʥʠʥʦʚʦʛʦ ʢʨʘʩʠ-

ʪʝʣʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʭʠʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʟʘʜʘʥ-

ʥʦʡ ʤʦʣʝʢʫʣʳ. 

ɺʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʤʦʣʝʢʫʣʘʭ ʧʝʥʠʮʠʣʣʝʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʠ ʇɻɸ, ʦʮʝʥʠʚʘʝʤʦʝ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥ-

ʥʳʭ ʵʬʬʝʢʪʦʚ ï ʠʥʜʫʢʪʠʚʥʦʛʦ ʠ ʤʝʟʦʤʝʨʥʦʛʦ, ʘ 

ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʤʦ-

ʣʝʢʫʣʘʭ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʲʷʩʥʷʝʤʦʡ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʨʘʩʯʝʪʦʚ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ɸʄ1, 

ʝʱʝ ʨʘʟ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ 

ʘʪʦʤ ʘʟʦʪʘ ʚ ʤʦʣʝʢʫʣʝ ʧʝʥʠʮʠʣʣʝʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʤʦʞʝʪ ʘʪʘʢʦʚʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʘʪʦʤ 

ʫʛʣʝʨʦʜʘ ʚ ʩʠʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʝ ʇɻɸ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʲʷʩʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʜʘʥʥʦʡ 

ʨʝʘʢʮʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ɸʄ1, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʥʪʝʨ-

ʧʨʝʪʘʮʠʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʝʪʦʜʘʤʠ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (ʀʂ-, ʗʄʈ-, ʇʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʡ) [8], ʚʳʷʚʠʚʰʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʭʠ-

ʤʠʟʤʘ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʮʠʘʥʠʥʦʚʳʭ ʢʨʘʩʠʪʝ-

ʣʝʡ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʧʝʨʩʥʳʭ ʦʢʩʠ-

ʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ SiO2, Ŭ-Al 2O3, Ŭ-Fe2O3 ʠ TiO2 ʤʝʪʦʜʦʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʣʦʞʝʥʳ ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ɹʨʝʥʩʪʝʜʘ, ʨʘʩʩʯʠʪʘʥʳ ʠʭ ʢʦʥʩʪʘʥʪʳ 

ʧʨʦʪʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʨKa ʠ ʟʥʘʯʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʨʝʘʢʮʠʡ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʜʪʚʝʨʞʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, 

ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʠ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʠʭ ʢʠʩ-

ʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ 

ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʧʝʨʩʥʳʭ ʦʢʩʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

Abstract 

The results of calculation of the acid and basic properties of a surface of the disperse oxide materials on the 

basis of SiO2, Ŭ-Al 2O3, Ŭ-Fe2O3 and TiO2 by the method of quantum chemical modelling are presented in the 

article. The correspond models of the superficial active Brenstedôs centres for this purpose are offered, the con-

stants of their protolytic balance ʨKʘ and free Gibbsôs energy deprotonation reactions are calculated. The data of 

quantum-chemical calculations, confirmed by experimental studies. It is shown that the proposed model of the 

surface active sites and the method of calculation of acid-base parameters can be used for a preliminary assessment 

of the acid-base properties of the surface of the dispersed oxide materials. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʢʩʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʦʚʝʨʭʥʦʩʪʴ, ʢʚʘʥʪʦʚʦ-ʭʠʤʠ-

ʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ɹʨʝʥʩʪʝʜʘ. 

Keywords: oxide materials, acid-base properties, the surface, the quantum-chemical modeling, the active 

center Brenstedôs. 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠ-

ʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʧʦʣʥʠʪʝʣʝʡ ʚʩʝ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʠʩʧʝʨʩʥʳʝ 

ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʝ ʦʢʩʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʝʠʤʫ-

ʱʝʩʪʚʘ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʳ ʩ ʜʦʩʪʫʧʥʦʩʪʴʶ, ʜʝʰʝʚʠʟ-

ʥʦʡ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ 

ʢʦʤʧʣʝʢʩʦʤ ʥʝʦʙʭʦʜʠʤʳʭ ʩʚʦʡʩʪʚ [1]. ɺ ʩʚʷʟʠ ʩ 

ʧʨʠʨʦʜʥʳʤ ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ, ʠʭ ʭʠʤʠʯʝʩʢʠʡ ʠ ʤʠ-

ʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʯʨʝʟʚʳʯʘʡʥʦ ʥʝʩʪʘʙʠʣʴʥʳ. 

ʂʨʦʤʝ ʪʦʛʦ ʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ ʦʢʩʠʜʥʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʝ ʠʟʙʳʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʵʥʝʨʛʠʝʡ, ʣʝʛʢʦ ʘʜʩʦʨʙʠʨʫʶʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠʟ 

ʚʦʟʜʫʭʘ. ʇʨʠ ʵʪʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʛʠʜ-

ʨʦʢʩʠʣʴʥʦ - ʛʠʜʨʘʪʥʳʡ ʩʣʦʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦ-

ʙʦʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʘʜʩʦʨʙʮʠʠ, 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʚʳʟʳʚʘʶʪ 

ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ [2-5], ʥʦ ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ.  

ʉʪʨʫʢʪʫʨʘ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ ʩʦʩʪʦʠʪ ʠʟ ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʤʦʣʝʢʫʣ 

ʚʦʜʳ, ʦʙʨʘʟʫʶʱʠʭ ʛʠʜʨʦʢʩʠʣʴʥʳʡ ʩʣʦʡ ʆʅ-ʛʨʫʧʧ 

(ʮʝʥʪʨʦʚ ɹʨʝʥʩʪʝʜʘ), ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʛʠʜʨʘʪʥʳʭ 

ʩʣʦʝʚ ʠʟ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʠʜʨʦʢʩʠʣʴ-

ʥʳʤ ʩʣʦʝʤ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʊʘʢʞʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʦʚ ʤʦʛʫʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʘʧʨʦʪʦʥʥʳʝ ʢʠʩʣʦʪʥʳʝ ʠ ʦʩʥʦʚʥʳʝ 

ʮʝʥʪʨʳ ʃʴʶʠʩʘ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʥʘ ʚʦʟʜʫʰʥʦ-

ʩʫʭʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝʚʝʣʠʢʦ. ʆʧʨʝ-

ʜʝʣʝʥʠʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʪʠʚ-

ʥʳʭ ʮʝʥʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʠʩʧʝʨʩʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ, ʥʦ ʦʯʝʥʴ 

ʚʘʞʥʫʶ, ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʟʘʜʘʯʫ. 

ʄʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʢ-

ʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʥʘ ʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʚ ʦʩʥʦʚ-

ʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ [4-7], ʘ ʪʘʢʞʝ ʨʘʩʯʝʪʥʳʝ ʥʘ 

ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ [8,9], ʯʘʩʪʦ 

ʧʨʠʚʦʜʷʪ ʢ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤ ʨʝʟʫʣʴʪʘʪʘʤ.  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʜʠʩʧʝʨʩʥʳʤʠ 

ʦʢʩʠʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠʩʷ ʚ ʢʘ-

ʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴ-

ʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʷʚʣʷʶʪʩʷ ʧʦʣʠʤʠʥʝ-

ʨʘʣʴʥʳʝ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ Si, Al , Fe, Ti ʠ ʥʝʢʦʪʦ-

ʨʳʭ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 
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ʩʯʠʪʘʪʴ ʧʨʠʤʝʩʥʳʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʩʣʦʪʥʦ-ʦʩ-

ʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦ-

ʜʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʜʥʦʟʥʘʯʥʳʤ ʚʳʚʦʜʘʤ, ʯʪʦ ʩʚʷ-

ʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʠʭ ʥʝʩʪʘʙʠʣʴʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʠ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʥʦ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ, ʜʠʩ-

ʧʝʨʩʥʦʩʪʴʶ, ʫʩʣʦʚʠʷʤʠ ʭʨʘʥʝʥʠʷ ʠ ʤʥʦʛʠʤʠ ʜʨʫ-

ʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʩʪʝʧʝʥʴ 

ʥʘʩʳʱʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ 

ʚʦʜʳ ʠ ʠʭ ʯʠʩʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʢʠʩʣʦʪʥʫʶ 

ʩʠʣʫ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʦʚ. ʀʥ-

ʬʦʨʤʘʮʠʷ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʠʟʤʝʥʝʥʠʷ ʢʠʩʣʦʪʥʦ-

ʩʪʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʦʪ ʩʪʝʧʝʥʠ ʛʠʜʨʘʪʘʮʠʠ ʜʣʷ 

ʦʢʩʠʜʦʚ ʨʘʟʣʠʯʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʥʝʦʙʭʦ-

ʜʠʤʘ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʠʩ-

ʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʤʝʰʘʥʥʳʭ 

ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷ-

ʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʨʘʩʯʝʪʘ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʦʢʩʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʫʯʝʪʦʤ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘ-

ʪʦʚ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ɹʨʝʥʩʪʝʜʘ ʜʠʩʧʝʨʩʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʩʷ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ 

ʦʩʥʦʚʘʥ ʥʘ ʠʭ ʭʠʤʠʯʝʩʢʦʡ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʝ ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʨʦ-

ʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʜʫʰʥʦ-ʩʫʭʠʭ ʦʢʩʠʜʦʚ [10].  

ʀʟʚʝʩʪʝʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʢʠʩʣʦʪʥʦʡ ʩʠʣʳ 

ʠʦʥʦʚ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠʣʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʳʭ ʪʝʣ [5]: 

pKʘ = pKw ï 
 ˪  ̋ ̘

  Ͻ  ̋ ̘
 (l Ā Iʕn+ + m Ā AO

-2 + k Ā IH
+ ),(1) 

ʛʜʝ ï ʨKw ï ʠʦʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʦʜʳ; r ʕn+ 

(ʢʯ) ï ʨʘʜʠʫʩ ʮʝʥʪʨʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʢʦʦʨʜʠʥʘʮʠ-

ʦʥʥʳʤ ʯʠʩʣʦʤ N, ʥʤ; rOH- = 0,153ʥʤ - ʨʘʜʠʫʩ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ; Iʕn+ - ʵʥʝʨʛʠʷ 

ʠʦʥʠʟʘʮʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʵɺ; AO
-2 = -

6,76ʵɺ ï ʵʥʝʨʛʠʷ ʩʨʦʜʩʪʚʘ ʢ ʵʣʝʢʪʨʦʥʫ ʠʦʥʘ ʆ-2; IH
+ 

= 13,59 ʵɺ ï ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ ʧʨʦʪʦʥʘ; l, m ʠ k ï 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʟʥʘʯʝʥʠʷ pKa ʘʢʚʘʪʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ 

ʘʣʶʤʠʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʩ ʤʦʣʝʢʫʣʘʤʠ 

ʚʦʜʳ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨKʘ ʩʦʚʧʘʜʘʶʪ 

ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʨʅʨ
ʩʫʩʧ ï ʟʥʘʯʝʥʠʷʤʠ ʧʦʢʘʟʘʪʝʣʷ ʢʠʩ-

ʣʦʪʥʦʩʪʠ ʚʦʜʥʦʡ ʩʫʩʧʝʥʟʠʠ ʜʠʩʧʝʨʩʥʦʛʦ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠ ʨʅʨ
ʩʫʩʧ ʦʪʦʙʨʘ-

ʞʘʝʪ ʟʥʘʯʝʥʠʝ ʢʠʩʣʦʪʥʦʡ ʩʠʣʳ ʮʝʥʪʨʦʚ, ʧʨʝʦʙʣʘʜʘ-

ʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʘ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, 

ʘ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʨʘʩʯʝʪ ʚʝʜʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʚʦʜʥʳʭ 

ʩʨʝʜ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ɺ ʨʘʙʦʪʝ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʠʩʧʝʨʩʥʳʝ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʝ 

ʥʘʧʦʣʥʠʪʝʣʠ ʚ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ: ʢʚʘʨʮʠʪ 

ʆʚʨʫʯʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʛʣʠʥʦʟʝʤ, ʨʫʪʠʣ ʠ 

ʢʨʘʩʥʳʡ ʰʣʘʤ - ʦʪʭʦʜʳ ʛʣʠʥʦʟʝʤʥʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ. ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʥʝ ʧʨʝʚʳʰʘʣ 50-63 ʤʢʤ. ʋʩʣʦ-

ʚʠʷ ʧʦʜʛʦʪʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʦʜʠʥʘʢʦ-

ʚʳʝ: ʧʨʦʩʝʷʥʥʳʝ ʥʘʧʦʣʥʠʪʝʣʠ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʧʨʠ 

1050ʉ ʚ ʪʝʯʝʥʠʠ 2 ʯ ʠ ʜʘʣʝʝ ʭʨʘʥʠʣʠʩʴ ʚ ʛʝʨʤʝʪʠʯ-

ʥʦʡ ʧʦʩʫʜʝ. ʅʝʢʦʪʦʨʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʠʩʧʝʨʩʥʳʭ ʥʘʧʦʣʥʠʪʝ-

ʣʝʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʠʩʧʝʨʩʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ 

ʅʘʧʦʣʥʠʪʝʣʴ ʉʦʜʝʨʞʘʥʠʝ ʦʩ-

ʥʦʚʥʦʛʦ ʦʢʩʠʜʘ, 

ʤʘʩʩ. % 

ʀʩʪʠʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ, 

ʢʛ/ʤ3 

ʅʘʩʳʧʥʘʷ 

ʧʣʦʪʥʦʩʪʴ, 

ʢʛ/ʤ3 

ʇʨʠʤʝʩʥʳʝ ʤʠʥʝʨʘʣʳ, 

(ʤʘʩʩ. %) 

ʂʚʘʨʮʠʪ 

 (SiO2 - ʢʚʘʨʮ) 98-99 2646 867 

Al 2O3(1), Fe2O3(0,6), 

TiO2(0,1), Na2O+K2O 

(0,1) 

ɻʣʠʥʦʟʝʤ 

(Ŭ-Al 2O3) 85-95 3990 960 

SiO2(0,1), Fe2ʆ3(0,1), 

Na2O+K2O 

(0,3) 

ʈʫʪʠʣ 

(TiO2) 
89-99 4250 915 Al 2O3(0,6), Fe2O3(5) 

ʂʨʘʩʥʳʡ ʰʣʘʤ 

(Ŭ-Fe2O3-ʛʝʤʘʪʠʪ) 
70-74 3350 494 

Al 2O3(9), TiO2(5), SiO2(4), 

CaO(20) 

 

ʇʦ ʬʦʨʤʫʣʝ (1) ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʠʩʣʦʪʥʦ-ʦʩ-

ʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʢʪʠʚʥʳʭ ʮʝʥ-

ʪʨʦʚ ʜʠʩʧʝʨʩʥʳʭ ʦʢʩʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʥʪʨʘʣʴ-

ʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ Si4+, Al 3+, Fe3+, Ti4+. ɼʣʷ ʵʪʦʛʦ 

ʧʨʝʜʣʦʞʝʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʘʢʪʠʚ-

ʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʮʝʥʪʨʦʚ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ 

ʚʢʣʶʯʝʥʳ: ʮʝʥʪʨʘʣʴʥʳʡ ʵʣʝʤʝʥʪ ʩ ʢʦʦʨʜʠʥʘʮʠʦʥ-

ʥʳʤ ʯʠʩʣʦʤ N, ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, ʆʅ-ʛʨʫʧʧʳ, ʘ 

ʪʘʢʞʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, 

ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʦʚ ʩʫʱʝʩʪʚʫʶʪ ʘʢʪʠʚʥʳʝ 

ʮʝʥʪʨʳ, ʘʥʘʣʦʛʠʯʥʳʝ ʮʝʥʪʨʘʤ, ʦʙʥʘʨʫʞʝʥʥʳʤ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ SiO2 [4], ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʬʦʨ-

ʤʫʣʳ ʬʨʘʛʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝ-

ʰʝʪʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʢʩʠʜʦʚ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ. ʕʪʦ ʠʟʦʣʠʨʦʚʘʥʥʳʝ 

ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʥʫ, ʜʚʝ ʠ ʪʨʠ ʆʅ-

ʛʨʫʧʧʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʕn+, ʘ 

ʪʘʢʞʝ ʚʠʮʠʥʘʣʴʥʳʝ, ʩʦʜʝʨʞʘʱʠʝ ʜʚʘ ʵʣʝʤʝʥʪʘ ʕn+ 

ʠ ʜʚʝ ʆʅ-ʛʨʫʧʧʳ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷ-

ʟʴʶ (ʪʘʙʣ.2).  

ʊʘʙʣʠʮʘ 2 
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 ʄʦʜʝʣʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʛʠʜʨʦʢʩʠʣʴʥʦʛʦ ʩʣʦʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʩʭʝʤʳ ʧʨʦʮʝʩʩʦʚ ʠʭ ʜʝʧʨʦʪʦʥʠʟʘʮʠʠ 

ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʜʝʧʨʦʪʦʥʠʟʘʮʠʠ ʘʢʪʠʚʥʳʭ ʮʝʥ-

ʪʨʦʚ 
ʌʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪʳ ʜʝʧʨʦʪʦʥʠʟʘʮʠʠ 

ʀʟʦʣʠʨʦʚʘʥʥʳʡ ʮʝʥʪʨ ʩ ʦʜʥʦʡ 

ʆʅ-ʛʨʫʧʧʦʡ 

ḳ˪ ˛˚P ḳ˪ ˛ ˚  

 

˗́
Ὄ Ͻḳ˪ ˛  

ḳ˪ ˛˚
 

 

ὴ̠ ́ ὴὌ ὰὫ
ḳ˪ ˛  

ḳ˪ ˛˚
 

 

ʀʟʦʣʠʨʦʚʘʥʥʳʡ ʮʝʥʪʨ ʩ ʜʚʫʤʷ 

ʆʅ-ʛʨʫʧʧʘʤʠ 

˪ ˛˚ ᴾ ˪ ˛˚̨ ˚  

 

˗́
Ὄ Ͻ ˪ ˛˚̨  

˪ ˛˚
 

 

ὴ̠ ́ ὴὌ ὰὫ
˪ ˛˚̨  

˪ ˛˚
 

 

ʀʟʦʣʠʨʦʚʘʥʥʳʡ ʮʝʥʪʨ ʩ ʪʨʝʤʷ 

ʆʅ-ʛʨʫʧʧʘʤʠ 

˪ḳ ˛˚ ᴾ ḳ˪ ˛˚˛ ˚  

 

˗́
Ὄ Ͻ ˪ḳ ˛˚˛  

˪ḳ ˛˚
 

 

ὴ̠ ́ ὴὌ ὰὫ
˪ḳ ˛˚˛  

˪ḳ ˛˚
 

ɺʠʮʠʥʘʣʴʥʳʡ ʮʝʥʪʨ ʩ ʜʚʫʤʷ 

ʆʅ-ʛʨʫʧʧʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ 

˪˛˛˚ ᴾ ˪˛˛˚̨ ˚  

 

˗́
Ὄ Ͻ ˪˛˛˚̨  

˪˛˛˚
 

 

ὴ̠ ́ ὴὌ ὰὫ
˪˛˛˚̨  

˪˛˛˚
 

 

ʇʨʠʤʝʯʘʥʠʝ: ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʝʡ ʫ ʮʝʥʪʨʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʕ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ. 

 

ʄʦʩʪʠʢʦʚʳʝ ʛʨʫʧʧʳ, ʷʚʣʷʶʱʠʝʩʷ ʮʝʥʪʨʘʤʠ ʩ 

ʦʙʤʝʥʥʳʤʠ ʧʨʦʪʦʥʘʤʠ ʠ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʢʘʚʝʨʥʘʭ 

ʧʦʚʝʨʭʥʦʩʪʠ [4], ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ. ʂʨʦʤʝ ʙʝʟ-

ʚʦʜʥʳʭ, ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʛʠʜʨʘʪʠʨʦ-

ʚʘʥʥʳʝ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʪ ʦʜʥʦʡ ʜʦ 

ʧʷʪʠ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʢ ʘʢʪʠʚʥʦʤʫ 

ʮʝʥʪʨʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʚʝʩʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʛʠʜʨʘʪʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʆʅ-ʛʨʫʧʧ [4,8]. ʉʚʦ-

ʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ (ʠʟʦʙʘʨʥʦ-ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ) ʨʝʘʢʮʠʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʧʨʠ ʊ = 298ʂ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ æG = 

pKaĀ 2,303Ā RĀT. ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʝ ʠ ʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʢʪʠʚ-

ʥʳʭ ʮʝʥʪʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʠʭ ʢʠʩʣʦʪ-

ʥʦʡ ʩʠʣʳ.  

ʊʘʙʣʠʮʘ 3 

 ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ 

ʎʝʥʪʨʘʣʴʥʳʡ ʵʣʝʤʝʥʪ 

(ʕn+) 
N rʕn+, ʥʤ Iʕn+, ʵɺ 

Al 3+ 6 0,061 28,44 

Fe3+ 6 0,067 30,65 

Si4+ 4 0,042 45,13 

Ti4+ 4 0,056 43,24 

 

ʅʘ ʨʠʩ. 1 ʠ ʚ ʪʘʙʣʠʮʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥ-

ʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʷ ʢʠʩʣʦʪʥʦʩʪʠ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʨKʘ ʦʪ ʧʨʠʨʦʜʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ 

ʯʠʩʣʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ (ʯʠʩʣʘ ʛʠʜ-

ʨʘʪʘʮʠʠ nʅ2ʆ). ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʠ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʨʝʘʢʮʠʡ ʜʝʧʨʦʪʦʥʠʨʦʚʘ-

ʥʠʷ ʙʝʟʚʦʜʥʳʭ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʢʠʩʣʦʪʥʦʩʪʴ ʚʩʝʭ ʪʠʧʦʚ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʫʚʝʣʠʯʠ-

ʚʘʝʪʩʷ ʚ ʨʷʜʫ Al 3+ < Fe3+ < Si4+ < Ti4+. ʂʠʩʣʦʪʥʦʩʪʴ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʮʝʥʪʨʦʚ ʨʘʩʪʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦ-

ʣʠʯʝʩʪʚʘ ʆʅ-ʛʨʫʧʧ ʦʪ ʦʜʥʦʡ ʜʦ ʪʨʝʭ, ʦʙʨʘʟʫʶʱʠʭ 

ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ. ɺʠʮʠʥʘʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʮʝʥ-

ʪʨʳ Si2O5(OH)2 ʠ Ti2O5(OH)2 ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʴʰʝʡ 

ʢʠʩʣʦʪʥʦʩʪʴʶ ʠʟ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʮʝʥ-

ʪʨʦʚ, ʘ ʚʠʮʠʥʘʣʴʥʳʝ ʮʝʥʪʨʳ Al 2O9(OH)2 ʠ 

Fe2O9(OH)2, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʢʦʨʝʝ ʦʩʥʦʚʥʳʤ ʭʘ-

ʨʘʢʪʝʨʦʤ ʠ ʚ 1,5 ʨʘʟʘ ʙʦʣʴʰʠʤ ʠʟʦʙʘʨʥʦ-ʠʟʦʪʝʨʤʠ-

ʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʨʝʘʢʮʠʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ.  
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ʚ 

 
ʛ 

ʈʠʩ.1 ɿʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʨKa ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʦʪ nH2O ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ SiO2 (ʘ); TiO2 (ʙ); Ŭ-Al2O3 

(ʚ); Ŭ-Fe2O3(ʛ). 
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ʊʘʙʣʠʮʘ 4 

 ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʦʚ 

ɸʢʪʠʚʥʳʡ ʮʝʥʪʨ ɗ pKa
0 æG, ʢɼʞ/ʤʦʣʴ 

SiO3OH 

SiO2(OH)2 

SiO(OH)3 

Si2O5(OH)2 

-1,39 

11,85 

10,92 

10,00 

9,23 

67,58 

62,28 

57,03 

52,64 

TiO3OH 

TiO2(OH)2 

TiO(OH)3 

Ti2O5(OH)2 

-1,85 

11,29 

10,05 

8,82 

7,96 

64,39 

57,32 

50,30 

45,40 

AlO5OH 

AlO4(OH)2 

AlO3(OH)3 

Al 2O9(OH)2 

-1,35 

13,90 

13,01 

12,11 

13,36 

79,27 

74,20 

69,09 

76,19 

FeO5OH 

FeO4(OH)2 

FeO3(OH)3 

Fe2O9(OH)2 

-1,48 

13,74 

12,75 

11,78 

12,98 

78,36 

72,71 

67,18 

73,94 

 

ʈʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʚʩʝʭ 

ʦʢʩʠʜʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʘʜʩʦʨʙʠʨʦʚʘʥ-

ʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʝʪ ʢʠʩʣʦʪ-

ʥʦʩʪʴ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʠ ʵʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʳʚʦ-

ʜʘʤʠ ʘʚʪʦʨʦʚ [4]. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʟʘ-

ʚʠʩʠʤʦʩʪʝʡ pKa =f (nH2O) ʧʨʠʚʝʣʘ ʢ ʣʠʥʝʡʥʳʤ 

ʫʨʘʚʥʝʥʠʷʤ ʚʠʜʘ ʨKʘ = ɗ Ā nʅ2ʆ + pKa
0. ʆʢʘʟʘʣʦʩʴ, 

ʯʪʦ ʩʚʦʙʦʜʥʳʡ ʯʣʝʥ pKa
0 ʠʤʝʝʪ ʨʝʘʣʴʥʳʡ ʬʠʟʠʯʝ-

ʩʢʠʡ ʩʤʳʩʣ ʧʦʢʘʟʘʪʝʣʷ ʢʠʩʣʦʪʥʦʩʪʠ ʙʝʟʚʦʜʥʳʭ ʘʢ-

ʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʧʨʠ nʅ2ʆ=0. ʊʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ 

ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ pKa =f (nH2O) ʢ ʦʩʠ ʘʙʩʮʠʩʩ ɗ 

ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ, ʥʘ ʢʦʪʦʨʫʶ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʢʘ-

ʟʘʪʝʣʴ ʢʠʩʣʦʪʥʦʩʪʠ pKa ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʧʨʠ ʘʜ-

ʩʦʨʙʮʠʠ ʥʘ ʥʝʤ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʟʥʘʯʝʥʠʝ ɗ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʫʚʝʣʠʯʝ-

ʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʧʦ ʤʝʨʝ ʨʦʩʪʘ 

ʯʠʩʣʘ ʛʠʜʨʘʪʘʮʠʠ, ʠ ʦʥʘ ʚʦʟʨʘʩʪʘʝʪ ʚ ʨʷʜʫ Al 3+ (-

1,35) < Si4+ (-1,39) < Fe3+ (-1,48) < Ti4+ (-1,85).  

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ ʧʦʣʫ-

ʯʝʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʷʣʩʷ ʨʅʩʫʩʧ ʚʳ-

ʙʨʘʥʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʧʦ ʩʧʦʩʦʙʫ ɸ.ʇ. ʅʝʯʠʧʦ-

ʨʝʥʢʦ, ʦʧʠʩʘʥʥʦʤʫ ʚ [5]. ɺʳʙʦʨ ʤʝʪʦʜʘ ʦʙʫʩʣʦʚʣʝʥ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʨʅ ʠʟʦʘʜʩʦʨʙʮʠʦʥʥʦʡ 

ʪʦʯʢʠ ʨʅʀʀʊ, ʪʦ ʝʩʪʴ ʪʘʢʦʛʦ ʟʥʘʯʝʥʠʷ ʨʅ ʩʫʩʧʝʥʟʠʠ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʤʘʩʩʦʧʝʨʝʥʦʩ ʧʨʦʪʠʚʦʠʦʥʦʚ ʠʟ ʨʘʩ-

ʪʚʦʨʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ʊʘʢʞʝ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʨʅ 

ʩʫʩʧʝʥʟʠʠ ʦʪ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʜʠʘʛʨʘʤʤʫ çʩʦʩʪʘʚ ï ʩʚʦʡʩʪʚʦè. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʝʪʦʜʠʢʦʡ ʥʘʚʝʩʢʘ ʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ å 400 ʤʛ 

ʧʦʤʝʱʘʣʘʩʴ ʚ 20 ʩʤ3 ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʩ 

ʨʅ=6-8, ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠ ʠʟʤʝʨʷʣʩʷ ʧʦʢʘʟʘ-

ʪʝʣʴ ʨʅ ʩʫʩʧʝʥʟʠʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʦʡ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,01. ʉʪʨʦʠ-

ʣʠʩʴ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʨʅʩʫʩʧ ʦʪ ʚʨʝ-

ʤʝʥʠ ʢʦʥʪʘʢʪʘ ʤʘʪʝʨʠʘʣʘ ʩ ʚʦʜʦʡ ʜʦ ʤʦʤʝʥʪʘ ʨʘʚ-

ʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʨʅʨ
ʩʫʩʧ. ʇʦʣʫ-

ʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ.2 ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ ʩʫʩʧʝʥʟʠʠ ʦʪ ʚʨʝʤʝʥʠ 
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ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ. ʅʝ-

ʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩ-

ʭʦʞʜʝʥʠʷ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʢʨʦʤʝ ʦʩʥʦʚʥʳʭ 

ʦʢʩʠʜʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠ-

ʤʝʩʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʪʘʙʣ.1). ʊʘʢ, ʩʜʚʠʛ ʨʅʨ
ʩʫʩʧ Ŭ-

Fe2O3 ʚ ʱʝʣʦʯʥʫʶ ʦʙʣʘʩʪʴ ʩʚʷʟʘʥ ʩ ʥʘʣʠʯʠʝʤ ʚ ʩʦ-

ʩʪʘʚʝ ʢʨʘʩʥʦʛʦ ʰʣʘʤʘ ʦʢʩʠʜʦʚ ʢʘʣʴʮʠʷ (~20 

ʤʘʩʩ.%) ʠ ʘʣʶʤʠʥʠʷ (~9 ʤʘʩʩ.%). ʈʝʟʫʣʴʪʘʪʳ ʵʢʩ-

ʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ 

ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝ ʩʨʘʟʫ, ʘ ʜʣʠʪʝʣʴ-

ʥʦʩʪʴ ʵʪʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʝ-

ʦʜʥʦʨʦʜʥʦʩʪʴ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʭ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. ʀʟ ʜʘʥʥʳʭ ʨʠʩ. 2 

ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʦʙʣʘʜʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ Ŭ-Al 2O3.ʠ ʨʘʟʥʠʮʘ ʚ 

pKa ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʫʱʝʩʪʚʝʥʥʘ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ 

SiO2 ʩʧʝʢʪʨ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢ, ʥʦ 

ʟʥʘʯʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʠʩʣʦʪʥʦʩʪʠ ʨʝʟʢʦ ʥʝ ʦʪʣʠ-

ʯʘʶʪʩʷ. ʅʘʠʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʣʘ-

ʜʘʝʪ Ŭ-Fe2O3, ʚ ʝʛʦ ʩʫʩʧʝʥʟʠʠ ʨʘʚʥʦʚʝʩʠʝ ʜʦʩʪʠʛʘ-

ʝʪʩʷ ʟʘ ʥʘʠʤʝʥʴʰʝʝ ʚʨʝʤʷ ï ʯʝʨʝʟ 60ʩ. ʇʦʚʝʨʭʥʦʩʪʴ 

TiO2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʙʦʨʦʤ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʩ 

ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ pKa. ʕʪʠ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠ-

ʯʝʩʢʠ ʧʦ ʩʪʝʧʝʥʠ ʘʜʩʦʨʙʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʚʝʪ-

ʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ɻʘʤʤʝʪʘ [11,12]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʠ ʧʨʦʚʝʜʝʥ-

ʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʧʝʨʩʥʳʭ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʪʘʢʞʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩ-

ʥʦʚʥʳʝ ʪʠʧʳ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʨKʘ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʧʨʝʦʙʣʘʜʘʶ-

ʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘʭʦ-

ʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʨʅʨ
ʩʫʩʧ ï ʨʅʀʀʊ. ɺ ʪʘʙʣ. 5 ʧʨʠʚʝ-

ʜʝʥ ʧʝʨʝʯʝʥʴ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʧʨʝʜʧʦʣʦʞʠ-

ʪʝʣʴʥʦ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ʨʅʀʀʊ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʣʦʞʝʥʥʦʡ ʘʚʪʦ-

ʨʘʤʠ [5] ʬʦʨʤʫʣʦʡ: 

 ʨʅʀʀʊ = ʨʅ0 + (ʨʅʨ
ʩʫʩʧ ï ʨʅ0) Ā (ʨʅ0 ï 6). (2) 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ ʥʘʠʙʦʣʝʝ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʛʣʠʥʦʟʝʤʘ ʠ ʢʨʘʩʥʦʛʦ ʰʣʘʤʘ, ʘ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʢʚʘʨʮʠʪʘ ʠ ʨʫʪʠʣʘ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʙʝʟ-

ʚʦʜʥʳʝ ʚʠʮʠʥʘʣʴʥʳʝ Si2O5(OH)2, Ti2O5(OH)2 ʠ ʠʟʦ-

ʣʠʨʦʚʘʥʥʳʝ TiO(OH)3 ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ. 

ʊʘʙʣʠʮʘ 5 

 ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʧʝʨʩʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ 

ʅʘʧʦʣʥʠʪʝʣʴ ʨʅ0 ʨʅʨʩʫʩʧ ʨʅʀʀʊ 

ɸʢʪʠʚʥʳʝ ʮʝʥʪʨʳ, 

ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ 

ʂʚʘʨʮʠʪ 

 (SiO2 - ʢʚʘʨʮ) 
7,45 8,48 8,94 

Si2O5(OH)2 

SiO(OH)3H2O 

SiO2(OH)2(H2O)2 

SiO3(OH)(H2O)3 

ɻʣʠʥʦʟʝʤ 

(Ŭ-Al 2O3) 
7,25 9,05 9,50 

Al 2O9(OH)2(H2O)3 

AlO3(OH)3(H2O)2 

AlO4(OH)2(H2O)3 

AlO5(OH)(H2O)4 

ʈʫʪʠʣ 

(TiO2) 
7,50 8,16 8,49 

Ti2O5(OH)2 

TiO(OH)3 

TiO2(OH)2H2O 

TiO3(OH)(H2O)2 

ʂʨʘʩʥʳʡ ʰʣʘʤ 

(Ŭ-Fe2O3-ʛʝʤʘʪʠʪ) 
8,00 9,70 11,40 

Fe2O9(OH)2(H2O)2 

FeO3(OH)3(H2O)2 

FeO4(OH)2H2O 

FeO5OH(H2O)3 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ, ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝ-

ʩʢʘʷ ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʘʣ-

ʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʠʭ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʅ ʩʫʩʧʝʥʟʠʠ ʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʚʦʜʝ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʢʠʩ-

ʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʧʝʨʩʥʳʭ 

ʦʢʩʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʠʥʪʝʨʧʨʝ-

ʪʘʮʠʠ ʤʝʞʬʘʟʥʳʭ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʡ ʚ ʢʦʤʧʦʟʠʮʠʷʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʥʦ-

ʚʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  
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ɸʥʦʪʘʮʽʷ 

ʉʠʥʪʝʟʦʚʘʥʽ ʢʦʧʦʣʽʤʝʨʠ N-ʚʽʥʽʣʧʽʨʦʣʽʜʦʥʫ ʟ ʚʽʥʽʣʘʮʝʪʘʪʦʤ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ. ʇʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʽʩ-

ʢʦʟʠʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʮʠʭ ʢʦʧʦʣʽʤʝʨʽʚ. ʉʢʣʘʜ ʢʦʧʦʣʽʤʝʨʽʚ N-ʚʽʥʽʣʧʽʨʦʣʽʜʦʥʫ ʟ ʚʽʥʽ-

ʣʘʮʝʪʘʪʦʤ ʚʠʟʥʘʯʝʥʦ ʝʣʝʤʝʥʪʥʠʤ ʘʥʘʣʽʟʦʤ (ʟʘ ʚʤʽʩʪʦʤ N ʫ N-ʚʽʥʽʣʧʽʨʦʣʽʜʦʥʽ). 

Abstract 

The copolymers of N-vinylpyrrolidone with vinylacetate under different conditions have been synthesized. 

The results of viscosity investigations aqueous solutions of these copolymers are given. Composition of copoly-

mers of N-vinylpyrrolidone with vinylacetate were determined by elemental analysis (content N for N-vinylpyr-

rolidone) 

. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʥʪʝʟ, ʢʦʧʦʣʽʤʝʨ N-ʚʽʥʽʣʧʽʨʦʣʽʜʦʥʫ ʟ ʚʽʥʽʣʘʮʝʪʘʪʦʤ, ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ, ʚôʷʟʢʽʩʪʴ, 

ʩʢʣʘʜ ʢʦʧʦʣʽʤʝʨʫ.  

Keywords: synthesis, copolymers of N-vinylpyrrolidone with vinylacetate, molecular weight, viscosity, 

composition of copolymer. 

 

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʣʽʤʝʨʫ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʦʙʣʘʩʪʽ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ 
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ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ. ɺʽʜʦʤʦ [1,2] ʜʝ-

ʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʾʾ ʚʠʟʥʘʯʝʥʥʷ. ɸʣʝ ʥʘʡʙʽʣʴʰ ʟʨʫʯ-

ʥʠʤ ʻ ʚʽʩʢʦʟʠʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝ-

ʞʠʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʚôʷʟʢʦʩʪʽ ʨʦʟʯʠʥʽʚ ʚʠʩʦʢʦʤʦʣʝ-

ʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ. ʊʦʤʫ ʚʽʥ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽ-

ʜʞʝʥʴ.  

ʄʝʪʘ ʥʘʰʦʾ ʨʦʙʦʪʠ ï ʩʠʥʪʝʟʫʚʘʪʠ ʢʦʧʦʣʽʤʝʨ N-

ʚʽʥʽʣʧʽʨʦʣʽʜʦʥʫ ʟ ʚʽʥʽʣʘʮʝʪʘʪʦʤ (ɺʇ-ɺɸ) ʪʘ ʜʦʩʣʽ-

ʜʠʪʠ ʡʦʛʦ ʤʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ ʚʽʩʢʦʟʠʤʝʪʨʠʯʥʠʤ ʤʝ-

ʪʦʜʦʤ ʪʘ ʩʢʣʘʜ ʢʦʧʦʣʽʤʝʨʫ ʟʘ ʚʤʽʩʪʦʤ ʫ ʥʠʭ ʅʽʪʨʦ-

ʛʝʥʫ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʥʪʝʟʫʚʘʣʠ ʢʦʧʦʣʽʤʝʨ ɺʇ-

ɺɸ ʟʘ ʨʽʟʥʦʛʦ ʧʦʭʽʜʥʦʛʦ ʤʦʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʤʦʥʦʤʝʨʽʚ ɺʇ:ɺɸ (40:60, 50:50, 60:40) ʪʘ ʯʘʩʫ ʧʨʦ-

ʚʝʜʝʥʥʷ ʨʝʘʢʮʽʾ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ (65 Ñ 1) ÁC ʫ ʧʨʠʩʫ-

ʪʥʦʩʪʽ ʘʟʦ-ʙʽʩ-ʽʟʦʙʫʪʠʨʦʥʽʪʨʠʣʫ (ɸɯBN) ʷʢ ʽʥʽʮʽʘ-

ʪʦʨʘ ʨʝʘʢʮʽʾ ʢʦʧʦʣʽʤʝʨʠʟʘʮʽʾ, ʚʤʽʩʪ ʷʢʦʛʦ ʩʢʣʘʜʘʚ 

0,05 % ʤʘʩʠ ʤʦʥʦʤʝʨʽʚ. 
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ʈʝʘʢʮʽʶ ʨʘʜʠʢʘʣʴʥʦʾ ʢʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʨʦʚʦ-

ʜʠʣʠ ʫ ʨʦʟʯʠʥʽ ʽʟʦʧʨʦʧʽʣʦʚʦʛʦ ʩʧʠʨʪʫ, ʷʢʠʡ ʤʘʻ 

ʷʢʦʩʪʽ ʨʦʟʯʠʥʥʠʢʘ ʤʦʥʦʤʝʨʽʚ ʡ ʦʪʨʠʤʘʥʦʛʦ ʢʦʧʦʣʽ-

ʤʝʨʫ ʪʘ ʨʝʛʫʣʷʪʦʨʘ ʄʄ ʢʦʧʦʣʽʤʝʨʫ ɺʇ-ɺɸ [3]. 

ɺʤʽʩʪ ʽʟʦʧʨʦʧʽʣʦʚʦʛʦ ʩʧʠʨʪʫ ʩʪʘʥʦʚʠʚ 20 % ʚʘʛʠ 

ʤʦʥʦʤʝʨʽʚ. ɼʣʷ ʮʴʦʛʦ ʚ ʢʦʥʽʯʥʫ ʢʦʣʙʫ ʧʦʤʽʱʘʣʠ 

ʦʯʠʱʝʥʽ ʜʚʦʢʨʘʪʥʦʶ ʧʝʨʝʛʦʥʢʦʶ ʤʦʥʦʤʝʨʠ ʚʽʥʽʣʘ-

ʮʝʪʘʪʫ (ɺɸ) ʽ N-ʚʽʥʽʣʧʽʨʦʣʽʜʦʥʫ (ɺʇ), ɸɯBN (ʜʚʽʯʽ 

ʧʝʨʝʢʨʠʩʪʘʣʽʟʫʚʘʣʠ ʟ ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ) ʪʘ ʽʟʦʧʨʦ-

ʧʽʣʦʚʠʡ ʩʧʠʨʪ (ʩʫʰʠʣʠ ʥʘʜ CaClϜ ʪʘ ʧʝʨʝʛʘʥʷʣʠ ʥʘʜ 
BaO). ʈʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʫʚʘʣʠ ʚʤʽʩʪ ʢʦʣʙʠ ʜʦ ʧʦʚ-

ʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʽʥʽʮʽʘʪʦʨʘ. ʉʫʤʽʰ ʨʝʘʛʝʥʪʽʚ ʨʦʟʧʦ-

ʜʽʣʷʣʠ ʚ ʯʦʪʠʨʠ ʘʤʧʫʣʠ, ʷʢʽ ʧʽʩʣʷ ʟʘʤʦʨʦʞʫʚʘʥʥʷ 

ʨʽʜʢʠʤ ʘʟʦʪʦʤ ʪʘ ʚʘʢʫʫʤʫʚʘʥʥʷ ʙʫʣʠ ʟʘʧʘʷʥʽ. ʇʨʦ-

ʛʨʽʪʽ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʘʤʧʫʣʠ ʧʦʤʽʱʘʣʠ ʚ 

ʪʝʨʤʦʩʪʘʪ (ʊ = 65 ÁC). ʇʦʩʣʽʜʦʚʥʦ ʯʝʨʝʟ 1, 3, 5 ʽ 7 

ʛʦʜʠʥ ʘʤʧʫʣʠ ʚʠʡʤʘʣʠ ʟ ʪʝʨʤʦʩʪʘʪʘ, ʨʽʟʢʦ ʦʭʦʣʦ-

ʜʞʫʚʘʣʠ ʪʘ ʨʦʟʢʨʠʚʘʣʠ. ʉʠʥʪʝʟʦʚʘʥʽ ʢʦʧʦʣʽʤʝʨʠ 

ʨʦʟʯʠʥʷʣʠ ʽʟʦʧʨʦʧʽʣʦʚʠʤ ʩʧʠʨʪʦʤ ʪʘ ʦʯʠʱʫʚʘʣʠ 

ʚʽʜ ʤʦʥʦʤʝʨʽʚ ʚʠʩʘʜʞʝʥʥʷʤ ʫ ʜʽʝʪʠʣʦʚʠʡ ʝʪʝʨ, ʩʫ-

ʰʠʣʠ ʫ ʚʘʢʫʫʤʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 50 ÁC.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʚʠʩʦʢʦʤʦ-

ʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ ʽʩʥʫʻ ʝʤʧʽʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʄʘ-

ʨʢʘ-ʂʫʥʘ-ʍʘʫʚʽʥʢʘ: [ɖ] = ʂĬʄŬ, ʜʝ [ɖ] ï ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ; ʂ ʽ Ŭ ï ʢʦʥʩʪʘʥʪʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʪʴ ʩʠʩʪʝʤʫ ʧʦʣʽʤʝʨ-ʨʦʟʯʠʥʥʠʢ. ɺ ʩʚʦʾʭ ʨʦʟʨʘʭʫʥ-

ʢʘʭ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ ʂ = 

5,65Ĭ10-4 , Ŭ = 0,55 [4]. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʦʣʝʢʫʣʷʨ-

ʥʦʾ ʤʘʩʠ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʣʦʛʘʨʠʬʤʽʯʥʫ ʬʦʨʤʫ ʮʴʦʛʦ 

ʨʽʚʥʷʥʥʷ: lgM = (lg[ɖ] ï lgK) / Ŭ. ʅʘʜʘʣʽ ʥʝʦʙʭʽʜʥʦ 

ʙʫʣʦ ʚʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʫ ʚôʷʟʢʽʩʪʴ ʨʦʟʯʠʥʽʚ 

ʢʦʧʦʣʽʤʝʨʽʚ ɺʇ-ɺɸ. 

ʅʘʤʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʚʽʩʢʦʟʠʤʝʪʨʠʯʥʽ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ʢʦʧʦʣʽʤʝʨ ɺʇ-ɺɸ ï ʚʦʜʘ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʚʽʩʢʦʟʠʤʝʪʨʘ ʋʙʙʝʣʦʜʝ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ (25 Ñ 

0,1) ÁC. ɼʦʩʣʽʜʞʝʥʽ ʟʨʘʟʢʠ ʢʦʧʦʣʽʤʝʨʽʚ ɺʇ-ɺɸ ʫ 

ʚʦʜʽ ʫʪʚʦʨʶʚʘʣʠ ʩʪʘʙʽʣʴʥʽ ʫ ʯʘʩʽ ʨʦʟʯʠʥʠ.  

ɼʣʷ ʨʦʟʙʘʚʣʝʥʠʭ ʨʦʟʯʠʥʽʚ ʢʦʧʦʣʽʤʝʨʫ ɺʇ-ɺɸ 

ʟʘ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ (ʩ) ʚʠʟʥʘʯʠʣʠ ʩʝʨʝʜʥʽ ʟʥʘ-

ʯʝʥʥʷ ʯʘʩʫ ʚʠʪʽʢʘʥʥʷ ʨʦʟʯʠʥʥʠʢʘ (Űʦ) ʪʘ ʨʦʟʯʠʥʫ ʧʦ-

ʣʽʤʝʨʫ (Ű), ʨʦʟʨʘʭʫʚʘʣʠ ʚʽʜʥʦʩʥʫ (ɖʚʽʜʥ) ʪʘ ʧʨʠʚʝ-

ʜʝʥʫ (ɖʧʨʠʚ) ʚôʷʟʢʦʩʪʽ (ʪʘʙʣ. 1 ʽ ʪʘʙʣ.2). ɺʠʟʥʘʯʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ (ʨʠʩ.1; ʨʠʩ.2) ʩʠʥʪʝʟʦ-

ʚʘʥʠʭ ʢʦʧʦʣʽʤʝʨʽʚ ɺʇ-ɺɸ ʧʨʦʚʦʜʠʣʠ ʰʣʷʭʦʤ ʛʨʘ-

ʬʽʯʥʦʾ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʟʥʘʯʝʥʴ ʧʨʠʚʝʜʝʥʦʾ ʚôʷʟʢʦʩʪʽ 

ʨʦʟʯʠʥʽʚ ʢʦʧʦʣʽʤʝʨʽʚ ɺʇ-ɺɸ ʫ ʚʦʜʽ ʚ ʽʥʪʝʨʚʘʣʽ ʢʦʥ-

ʮʝʥʪʨʘʮʽʡ (0,5 ï 1,0) % ʜʦ ʥʫʣʴʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ [2, 

5]. 

 

ʊʘʙʣʠʮʷ 1. 

 ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʚʽʩʢʦʟʠʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʢʦʧʦʣʽʤʝʨʫ ɺʇ-ɺɸ  

ʧʨʠ ʧʦʭʽʜʥʦʤʫ ʤʦʣʴʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʤʦʥʦʤʝʨʽʚ ɺɸ:ɺʇ ï 40:60 

ʏʘʩ 

ʨʝʘʢʮʽʾ, ʛʦʜ 
ʩ, ʛ/100 ʤʣ Űʦ, ʩʝʢ Ű, ʩʝʢ 

ɖʚʽʜʥ.=  

 

ɖʧʨʠʚ.=

, 

100 ʤʣ/ʛ 

1 0,5 119,5 151,2 1,2653 0,5305 

 

0,625 119,5 159,2 1,3322 0,5315 

0,714 119,5 166,8 1,3958 0,5544 

0,833 119,5 177,1 1,4820 0,5786 

1 119,5 188,9 1,5808 0,5808 

3 

0,5 118,6 154,8 1,3052 0,6105 

0,625 118,6 164,1 1,3836 0,6138 

0,714 118,6 171,0 1,4418 0,6188 
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0,833 118,6 180,4 1,5211 0,6255 

1 118,6 197,6 1,6661 0,6610 

5 

0,5 118,6 143,6 1,2112 0,4224 

0,625 118,6 159,4 1,3440 0,5504 

0,714 118,6 168,9 1,4241 0,5940 

0,833 118,6 178,3 1,5034 0,6043 

1 118,6 192,2 1,6206 0,6206 

7 

0,5 119,5 157,7 1,3197 0,6393 

0,625 119,5 168,3 1,4084 0,6534 

0,714 119,5 175,7 1,4703 0,6586 

0,833 119,5 183,1 1,5322 0,6389 

1 119,5 203,2 1,7004 0,7004 

 

ʊʘʙʣʠʮʷ 2.  

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʚʽʩʢʦʟʠʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʢʦʧʦʣʽʤʝʨʫ ɺʇ-ɺɸ  

ʧʨʠ ʧʦʭʽʜʥʦʤʫ ʤʦʣʴʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʤʦʥʦʤʝʨʽʚ ɺɸ:ɺʇ ï 60:40 

ʏʘʩ 

ʨʝʘʢʮʽʾ, 

ʛʦʜ 

ʩ, ʛ/100 ʤʣ Űʦ, ʩʝʢ Ű, ʩʝʢ 
ɖʚʽʜʥ.=  

 

ɖʧʨʠʚ.= , 

100 ʤʣ/ʛ 

3 0,5 119,5 142,7 1,1938 0,3876 

0,625 119,5 150,2 1,2569 0,4110 

0,714 119,5 158,5 1,3263 0,4570 

0,833 119,5 163,5 1,3679 0,4420 

1 119,5 175,3 1,4669 0,4669 

5 0,5 119,5 136,3 1,1409 0,2818 

0,625 119,5 141,9 1,1874 0,2999 

0,714 119,5 144,8 1,2117 0,2965 

0,833 119,5 149,8 1,2536 0,3044 

1 119,5 158,5 1,3264 0,3264 

7 0,5 119,5 139,0 1,1632 0,3264 

0,625 119,5 144,9 1,2126 0,3401 

0,714 119,5 149,6 1,2522 0,3532 

0,833 119,5 155,3 1,2996 0,3596 

1 119,5 164,3 1,3747 0,3747 

 

ʗʢ ʙʘʯʠʤʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ.1 ʽ 

ʨʠʩ.2, ʟʘʣʝʞʥʦʩʪʽ ʧʨʠʚʝʜʝʥʦʾ ʚôʷʟʢʦʩʪʽ ʚʦʜʥʠʭ ʨʦʟ-

ʯʠʥʽʚ ʢʦʧʦʣʽʤʝʨʽʚ ɺʇ-ɺɸ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʘʶʪʴ 

ʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ, ʷʢʠʡ ʧʨʠʪʘʤʘʥʥʠʡ ʙʽʣʴʰʦʩʪʽ ʨʦ-

ʟʯʠʥʽʚ ʧʦʣʽʤʝʨʽʚ ʽ ʻ ʢʣʘʩʠʯʥʠʤ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽ-

ʜʞʝʥʴ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʧʦʣʽʤʝʨʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙ-

ʣʠʮʽ 3. 
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ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʧʨʠʚʝʜʝʥʦʾ ʚôʷʟʢʦʩʪʽ ʢʦʧʦʣʽʤʝʨʫ N-ʚʽʥʽʣʧʽʨʦʣʽʜʦʥʫ ʟ ʚʽʥʽʣʘʮʝʪʘʪʦʤ ʧʨʠ ʧʦʭʽʜʥʦʤʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʤʦʥʦʤʝʨʽʚ ɺɸ:ɺʇ ï 40:60 ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʧʦʣʽʤʝʨʫ ʫ ʚʦʜʽ. 
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ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʧʨʠʚʝʜʝʥʦʾ ʚôʷʟʢʦʩʪʽ ʢʦʧʦʣʽʤʝʨʫ N-ʚʽʥʽʣʧʽʨʦʣʽʜʦʥʫ ʟ ʚʽʥʽʣʘʮʝʪʘʪʦʤ ʧʨʠ ʧʦʭʽʜʥʦʤʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʤʦʥʦʤʝʨʽʚ ɺɸ:ɺʇ ï 60:40 ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʧʦʣʽʤʝʨʫ ʫ ʚʦʜʽ. 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʢʦʧʦʣʽʤʝʨʽʚ ʢʨʘʱʝ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʽ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ (ʧʦʭʠʙʢʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʷʢʠʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,5 %), ʥʽʞ ʽʥʰʽ 

ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ (ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ, ʬʫʥʢʮʽʡʥʠʡ 

ʘʥʘʣʽʟ, ɻʈʍ ʪʘ ʽʥ.), ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʷʢʠʭ ʤʦʞʝ 

ʜʦʩʷʛʘʪʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ. ʊʦʤʫ ʩʢʣʘʜ ʢʦʧʦ-

ʣʽʤʝʨʽʚ ɺʇ-ɺɸ (ʨʠʩ.3) ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʚʤʽʩʪʦʤ ʫ 

ʥʠʭ ʅʽʪʨʦʛʝʥʫ (ʪʘʙʣ.3), ʷʢʠʡ ʚʠʟʥʘʯʘʣʠ ʤʦʜʠʬʽʢʦ-

ʚʘʥʠʤ ʛʘʟʦʤʝʪʨʠʯʥʠʤ ʤʽʢʨʦʤʝʪʦʜʦʤ ɼʶʤʘ-ʇʨʝʛʣʷ 

[6]. ɺ ʦʩʥʦʚʫ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʣʘʜʝʥʦ ʤʝʪʦʜʠʢʫ [7].  
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ʊʘʙʣʠʮʷ 3.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʧʦʣʽʤʝʨʽʚ ɺʇ-ɺɸ 

ʇʦʭʽʜʥʽ ʩʧʽʚ-

ʚʽʜʥʦʰʝʥʥʷ 

ʤʦʥʦʤʝʨʽʚ 

ɺɸ : ɺʇ, ʤʦʣʴ 

ʏʘʩ 

ʨʝʘʢ- 

ʮʽʾ, 

ʛʦʜ 

ɺʠʭʽʜ ʢʦʧʦʣʽ-

ʤʝʨʫ ɺʇ-ɺɸ, % 

ʍʘʨʘʢʪʝʨʠʩ-ʪʠʯʥʘ 

ʚô̫ ʟʢʽʩʪʴ, 

100 ʤʣ/ʛ 

ʄʄ ʢʦʧʦʣʽʤʝʨʫ 

ɺʇ-ɺɸ 

ʂʽʣʴʢʽʩʪʴ 

ʅʽʪʨʦʛʝʥʫ ʚ ʢʦ-

ʧʦʣʽʤʝʨʽ ɺʇ-

ɺɸ, % 

40 : 60 

1 9,1 0,46 Ñ 0,05 ~ 195000 9,76 Ñ 0,03 

3 53,6 0,55 Ñ 0,01 ~ 270000 8,33 Ñ 0,04 

5 70,0 0,31 Ñ 0,02 ~ 95000 8,16 Ñ 0,01 

7 89,1 0,57 Ñ 0,01 ~ 290000 7,66 Ñ 0,06 

50 : 50 

1 9,6 0,36 Ñ 0,02 ~ 125000 8,44 Ñ 0,06 

3 39,2 0,45 Ñ 0,04 ~ 190000 8,03 Ñ 0,09 

5 47,1 0,38 Ñ 0,02 ~ 140000 7,36 Ñ 0,02 

7 71,9 0,33 Ñ 0,01 ~ 110000 7,30 Ñ 0,06 

60 : 40 

1 0 ï ï  ï  

3 31,1 0,32 Ñ 0,03 ~ 100000 8,56 Ñ 0,04 

5 52,4 0,24 Ñ 0,01 ~ 60000 7,60 Ñ 0,01 

7 67,0 0,28 Ñ 0,02 ~ 80000 6,47 Ñ 0,09 

 

ɺʤʽʩʪ ʤʦʥʦʤʝʨʽʚ ɺʇ ʪʘ ɺɸ ʚ ʢʦʧʦʣʽʤʝʨʽ ɺʇ-

ɺɸ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

ɸ= Ŭ Ā m1/ 14; ɺ = 100 ï ɸ, 

ʜʝ ɸ ï ʚʤʽʩʪ ɺʇ ʚ ʢʦʧʦʣʽʤʝʨʽ ɺʇ-ɺɸ, % ʚʘʛ.; ɺ 

ï ʚʤʽʩʪ ɺɸ ʚ ʢʦʧʦʣʽʤʝʨʽ ɺʇ-ɺɸ, % ʚʘʛ.; Ŭ ï ʢʽʣʴ-

ʢʽʩʪʴ ʘʟʦʪʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, % 

ʚʘʛ. ; m1 - ʤʦʣʝʢʫʣʷʨʥʘ ʚʘʛʘ ɺʇ. 

ʋ 100 ʛ ʪʘʢʦʛʦ ʢʦʧʦʣʽʤʝʨʫ ɺʇ-ɺɸ ʤʽʩʪʠʪʴʩʷ: 

ɸȭ = 
111

A
 ʪʘ ɺȭ = 

86

B
, 

ʜʝ ɸȭ ï ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʡ ɺʇ; 111 ï ʤʘʩʘ 1 ʤʦʣʶ 

ɺʇ; ɺȭï ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʡ ɺɸ; 86 ï ʤʘʩʘ 1 ʤʦʣʶ ɺɸ. 

ʄʦʣʴʥʠʡ ʩʢʣʘʜ ʤʦʥʦʤʝʨʽʚ ʫ ʢʦʧʦʣʽʤʝʨʽ ɺʇ-

ɺɸ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

ʍ = ɸ'Ā100/(ɸ' + ɺ') ʪʘ Y = ɺ'Ā100/(ɸ' + ɺ'), 

ʜʝ ʍ ï ɺʇ, % ʤʦʣ. ; Y ï ɺɸ, % ʤʦʣ.. 
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ʈʠʩ. 3. ɿʘʣʝʞʥʽʩʪʴ ʚʤʽʩʪʫ ɺʇ ʚ ʢʦʧʦʣʽʤʝʨʽ ɺʇ-ɺɸ ʚʽʜ ʯʘʩʫ ʢʦʧʦʣʽʤʝʨʠʟʘʮʽ ʧʨʠ ʧʦʭʽʜʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ʤʦʥʦʤʝʨʽʚ ɺɸ : ɺʇ: 

 

 ï 50 : 50 ;  ï 60 : 40 ;  ï 40: 60. 

 

ʈʦʟʛʣʷʜʘʶʯʠ ʨʠʩ. 3. ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʢʦ-

ʧʦʣʽʤʝʨ, ʦʪʨʠʤʘʥʠʡ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʢʦʧʦʣʽʤʝ-

ʨʠʟʘʮʽʾ, ʚʽʜʥʦʩʥʦ ʟʙʘʛʘʯʝʥʠʡ ɺʇ. ʎʝ ʜʦʙʨʝ ʫʟʛʦ-

ʜʞʫʻʪʴʩʷ ʟ ʪʝʦʨʽʻʶ ʨʘʜʠʢʘʣʴʥʦʾ ʢʦʧʦʣʽʤʝʨʠʟʘʮʽʾ 

[8], ʦʩʢʽʣʴʢʠ ʤʦʥʦʤʝʨ ɺʇ ʙʽʣʴʰ ʘʢʪʠʚʥʠʡ ʫ ʟʚôʷʟʢʫ 

ʟ ʨ- -́ʩʧʨʷʞʝʥʥʷʤ ʤʽʞ ʥʝʧʦʜʽʣʝʥʦʶ ʝʣʝʢʪʨʦʥʥʦʶ 

ʧʘʨʦʶ ʘʪʦʤʘ ʘʟʦʪʫ ʪʘ -́ʝʣʝʢʪʨʦʥʘʤʠ ʧʦʜʚʽʡʥʦʛʦ 

ʟʚôʷʟʢʫ ʚʽʥʽʣʴʥʦʾ ʛʨʫʧʠ, ʱʦ ʚʠʢʣʠʢʘʻ ʧʦʣʷʨʠʟʘʮʽʶ 

ʧʦʜʚʽʡʥʦʛʦ ʟʚôʷʟʢʫ. ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ɸʣʬʨʝʷ-

ʇʨʘʡʩʘ ʜʣʷ ʤʦʥʦʤʝʨʫ ɺʇ ʩʢʣʘʜʘʶʪʴ Q = 0,14, ʝ = -
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1,14 [9]. ʇʨʘʢʪʠʯʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʝʬʝʢʪʫ ʨʝʟʦʥʘʥʩʥʦʾ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʤʽʞ ʚʽʥʽʣʴʥʦʶ ʪʘ ʝʩʪʝʨʥʦʶ ʛʨʫʧʘʤʠ, ʘ 

ʪʘʢʦʞ ʥʠʟʴʢʘ ʧʦʣʷʨʥʽʩʪʴ ʧʦʜʚʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʟʫʤʦʚ-

ʣʶʻ ʤʘʣʫ ʘʢʪʠʚʥʽʩʪʴ ʤʦʥʦʤʝʨʘ ɺɸ ʪʘ ʚʠʩʦʢʫ ʨʝʘʢ-

ʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʨʘʜʠʢʘʣʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ. ɿʥʘ-

ʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ɸʣʬʨʝʷ-ʇʨʘʡʩʘ ʜʣʷ ʤʦʥʦʤʝʨʫ ɺɸ 

ʩʢʣʘʜʘʶʪʴ Q = 0,026, ʝ = -0,22 [10]. ɹʽʣʴʰ ʘʢʪʠʚʥʠʡ 

ʤʦʥʦʤʝʨ ʚʠʪʨʘʯʘʻʪʴʩʷ ʰʚʠʜʰʝ ʽ ʩʫʤʽʰ ʤʦʥʦʤʝʨʽʚ 

ʚʽʜʧʦʚʽʜʥʦ ʟʙʽʜʥʶʻʪʴʩʷ ʮʠʤ ʢʦʤʧʦʥʝʥʪʦʤ. ʋ ʮʝʡ 

ʯʘʩ, ʢʦʣʠ ʟʘʣʠʰʢʦʚʠʡ ʩʢʣʘʜ ʩʫʤʽʰʽ ʤʦʥʦʤʝʨʽʚ ʟʤʽ-

ʥʶʻʪʴʩʷ, ʢʦʧʦʣʽʤʝʨ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʙʽʣʴʰ 

ʛʣʠʙʦʢʦʛʦ ʩʪʫʧʝʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʪʘʢʦʞ ʟʤʽʥʶʻʪʴʩʷ 

ʟʘ ʩʢʣʘʜʦʤ. ʇʦʣʽʤʝʨ, ʦʪʨʠʤʘʥʠʡ ʥʘ ʦʩʪʘʥʥʽʡ ʩʪʘʜʽʾ, 

ʚʽʜʥʦʩʥʦ ʟʙʘʛʘʯʝʥʠʡ ʤʝʥʰ ʘʢʪʠʚʥʠʤ ɺɸ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʥʪʝʟʦʚʘʥʽ ʢʦʧʦʣʽʤʝʨʠ N-ʚʽʥʽʣ-

ʧʽʨʦʣʽʜʦʥʫ ʟ ʚʽʥʽʣʘʮʝʪʘʪʦʤ ʨʽʟʥʦʛʦ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ. ɼʦʩʣʽʜʞʝʥʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʭ ʚʠ-

ʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʣʘʩʪʽ 

ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʽʤʝʨʫ ʤʦʞʥʘ ʧʽʜʽʙ-

ʨʘʪʠ ʫʤʦʚʠ ʡʦʛʦ ʩʠʥʪʝʟʫ. ʅʘʧʨʠʢʣʘʜ, ʚʠʨʽʰʘʣʴʥʠʤ 

ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʧʦʣʽʤʝʨʽʚ N-ʚʽʥʽʣʧʽʨʦʣʽʜʦʥʫ ʷʢ ʧʦʣʽʤʝʨʽʚ-ʥʦʩʽʾʚ 

ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʻ ʾʭ ʙʝʟʧʝʯʥʽʩʪʴ, ʷʢʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʪʘ ʚʽʜ ʢʦʤʧʦʟʠʮʽʡ-

ʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʢʦʧʦʣʽʤʝʨʽʚ. ɺʽʜʦʤʦ [8], ʱʦ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʨʽʜʥʦʛʦ ʟʘ ʩʢʣʘʜʦʤ ʧʦʣʽʤʝʨʫ, 

ʧʦʣʽʤʝʨʠʟʘʮʽʶ ʙʘʞʘʥʦ ʟʫʧʠʥʠʪʠ ʜʦ ʩʪʫʧʝʥʷ ʧʝʨʝ-

ʪʚʦʨʝʥʥʷ, ʱʦ ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 70 %. ʊʘʢʦʞ 

ʚʽʜʦʤʦ [11], ʱʦ ʟʘ ʩʪʫʧʝʥʷ ʢʦʥʚʝʨʩʽʾ ɺɸ ʚ ʇɺɸ ʜʦ 

40 % ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʥʝʨʦʟʛʘʣʫʞʝʥʠʡ 

ʧʦʣʽʤʝʨ. ɺʠʚʯʘʶʯʠ ʣʽʪʝʨʘʪʫʨʫ [3, 4, 12], ʤʦʞʥʘ 

ʚʽʜʤʽʪʠʪʠ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ 

ʧʨʦʣʦʥʛʦʚʘʥʦʾ ʜʽʾ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʇɺʇ ʟ ʄʄ ʚʽʜ 40000 ʜʦ 80000. ʈʦʟʛʣʷʜʘʶʯʠ ʦʪʨʠ-

ʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ (ʨʠʩ. 3, ʪʘʙʣ. 3) ʤʠ ʚʠʨʽʰʠʣʠ ʟʫʧʠ-

ʥʠʪʠ ʩʚʽʡ ʚʠʙʽʨ ʥʘ ʢʦʧʦʣʽʤʝʨʽ ɺʇ-ɺɸ, ʷʢʠʡ ʦʪʨʠ-

ʤʘʣʠ ʧʨʠ ʧʦʭʽʜʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʤʦʥʦʤʝʨʽʚ 0,6 

ʤʦʣʴ ɺɸ ʽ 0,4 ʤʦʣʴ ɺʇ ʪʘ ʧʨʦʚʝʜʝʥʥʽ ʨʝʘʢʮʽʾ ʧʨʦʪʷ-

ʛʦʤ ʧôʷʪʠ ʛʦʜʠʥ, ʩʝʨʝʜʥʴʦʚʘʛʦʚʘ ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ 

ʷʢʦʛʦ ʩʢʣʘʜʘʻ ~ 60000.  
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ʌʆʈʄʀʈʆɺɸʅʀɽ ʊɽʄʇɽʈɸʊʋʈʅʓʍ ɸʅʆʄɸʃʀʁ 

ɺ ʉɽɺɽʈʆ-ɺʆʉʊʆʏʅʆʁ ʏɸʉʊʀ ʗʇʆʅʉʂʆɻʆ ʄʆʈʗ  

ʇʆɼ ɺʃʀʗʅʀɽʄ ɸʊʄʆʉʌɽʈʅʓʍ ʇʈʆʎɽʉʉʆɺ ɺ ʃɽʊʅʀʁ ʇɽʈʀʆɼ 

 

ʄʦʨʦʟ ɺ.ɺ. 

ʂʘʥʜʠʜʘʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

 

THE TEMPERATURE ANOMALOUS FORMING IN THE  
NORTH-EAST JAPAN SEA UNDER THE ATMOSPHERE 

INFLUATION AT THE SUMMER 
 

Moroz V. 

Candidate of Science, Senior Researcher 

ɸʥʥʦʪʘʮʠʷ 

ʀʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʝʨʤʦʭʘʣʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜ ʚ ʨʘʡʦʥʝ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʘʢʚʘʪʦʨʠʠ ʧʨʦʣʠʚʘ ʃʘʧʝʨʫʟʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʥʘ ʦʩʥʦʚʝ ʤʘʩʩʠʚʦʚ 

ʤʥʦʛʦʣʝʪʥʠʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʇʦʢʘʟʘʥʘ ʩʚʷʟʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʥʦʤʘʣʠʡ ʚ 

ʩʪʨʫʢʪʫʨʝ ʚʦʜ ʨʘʡʦʥʘ ʩ ʚʪʦʨʞʝʥʠʷʤʠ ʦʭʦʪʦʤʦʨʩʢʠʭ ʚʦʜ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʥʘʜ ʨʘʡʦʥʦʤ ʛʣʫʙʦʢʠʭ ʮʠʢʣʦ-

ʥʦʚ. 

Abstract 

The water structure peculiarities were investigated using the hydrological and meteorological data in the 

north-east Japan Sea and La Perouse Strait adjacent part. The links between the water structure anomalies for-

mation as related to Okhotsk Sea cold water intrusions and a deep cyclone travel were shown. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʗʧʦʥʩʢʦʝ ʤʦʨʝ, ʚʪʦʨʞʝʥʠʷ ʦʭʦʪʦʤʦʨʩʢʠʭ ʚʦʜ, ʘʪʤʦʩʬʝʨʥʳʝ ʧʨʦʮʝʩʩʳ. 

Keywords: Japan Sea, Okhotsk Sea water intrusion, the atmosphere processes. 

 

ʇʨʠʣʝʛʘʶʱʘʷ ʢ ʶʛʦ-ʟʘʧʘʜʥʦʤʫ ʧʦʙʝʨʝʞʴʶ 

ʦ.ʉʘʭʘʣʠʥ ʠ ʧʨʦʣʠʚʫ ʃʘʧʝʨʫʟʘ ʘʢʚʘʪʦʨʠʷ ʗʧʦʥ-

ʩʢʦʛʦ ʤʦʨʷ - ʙʦʛʘʪʳʡ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ 

ʨʘʡʦʥ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʵʪʦ ʨʘʡʦʥ ʩʣʦʞʥʳʡ ʚ ʦʢʝʘʥʦ-

ʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ, ʦʩʦʙʝʥʥʦʩʪʠ ʛʠʜʨʦʣʦʛʠʠ 

ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʦʤ ʩʪʨʫʢʪʫʨʦʦʙ-

ʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʫʩʩʦʥʥʳʡ ʭʘʨʘʢ-

ʪʝʨ ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʩʝʟʦʥʥʳʤ ʭʦʜʦʤ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʦʚ, ʧʨʠʣʠʚʥʳʝ ʷʚʣʝʥʠʷ, ʧʝʨʝʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʘʢ-

ʚʘʪʦʨʠʠ ʩʠʩʪʝʤʦʡ ʪʝʯʝʥʠʡ ʥʘ ʬʦʥʝ ʩʣʦʞʥʦʡ ʪʦʧʦ-

ʛʨʘʬʠʠ. ʈʝʟʢʘʷ ʩʤʝʥʘ ʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʣʝʪ-

ʥʠʡ ʧʝʨʠʦʜ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʧʨʠʯʠʥ ʨʘʥʥʝʛʦ ʦʢʦʥʯʘʥʠʷ ʧʨʦʤʳʩʣʘ ʩʘʨʜʠʥʳ, ʦʪ-

ʨʠʮʘʪʝʣʴʥʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʫʩʣʦʚʠʷʭ ʦʙʠʪʘʥʠʷ ʛʠʜ-

ʨʦʙʠʦʥʪʦʚ ʚ ʧʨʠʙʨʝʞʥʳʭ ʚʦʜʘʭ. ʆʜʥʘʢʦ ʚʦʧʨʦʩʳ, 

ʢʘʩʘʶʱʠʝʩʷ ʧʦʥʠʤʘʥʠʷ ʧʨʠʯʠʥ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʥʦʤʘʣʴ-

ʥʳʭ ʧʦʭʦʣʦʜʘʥʠʡ ʚʦʜ ʚ ʣʝʪʥʠʡ ʩʝʟʦʥ ʚ ʩʝʚʝʨʦ-ʚʦ-

ʩʪʦʯʥʦʡ ʟʦʥʝ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʧʨʦ-

ʣʠʚʫ ʃʘʧʝʨʫʟʘ, ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʜʠʥʘʤʠʢʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʘʥʦʤʘ-

ʣʠʡ ʠʩʩʣʝʜʫʝʤʦʡ ʘʢʚʘʪʦʨʠʠ ʚ ʩʚʷʟʠ ʩ ʦʩʦʙʝʥʥʦ-

ʩʪʷʤʠ ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ 

ʨʘʡʦʥʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʠʚʣʝʯʝʥʳ ʩʧʫʪʥʠʢʦ-

ʚʳʝ ʜʘʥʥʳʝ ʀʂ ʠʟʦʙʨʘʞʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ (http://www.satellite.dvo.ru); ʤʘʩ-

ʩʠʚ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝ-

ʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʩ ʰʘʛʦʤ 10 ʢʤ ʚ 100-ʤʠʣʴʥʦʡ ʰʝʣʴʬʦʚʦʡ ʟʦʥʝ ʦ.ʉʘ-

ʭʘʣʠʥ ʚ ʧʝʨʠʦʜ ʪʝʧʣʦʛʦ ʧʦʣʫʛʦʜʠʷ [1], ʢʘʨʪʳ ʧʦʣʝʡ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʘʨʭʠʚʳ JMA). 

ʆʩʦʙʝʥʥʦʩʪʠ ʪʝʨʤʦʭʘʣʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜ 

ʨʘʡʦʥʘ. ɺ ʫʩʣʦʚʠʷʭ ʤʝʣʢʦʚʦʜʥʦʩʪʠ ʧʨʦʣʠʚʘ ʠ ʧʨʠ-

ʣʝʛʘʶʱʝʡ ʘʢʚʘʪʦʨʠʠ (ʦʢʦʣʦ 100ʤ) ʚʩʷ ʪʦʣʱʘ ʚʦʜ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʷʪʝʣʴʥʳʡ ʩʣʦʡ, ʧʦʜʚʝʨʞʝʥ-

ʥʳʡ ʢʦʤʧʣʝʢʩʥʦʤʫ ʚʣʠʷʥʠʶ ʠʟʤʝʥʯʠʚʦʩʪʠ ʘʪʤʦ-

ʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʜʠʥʘʤʠʢʠ ʚʦʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʨʤʦʭʘʣʠʥʥʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʚʦʜ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʡʦʥʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚʦʜʳ ʩʫʙʪʨʦʧʠʯʝʩʢʦʛʦ ʠ ʩʫʙʘʨʢʪʠʯʝ-

ʩʢʦʛʦ ʪʠʧʦʚ ʪʝʨʤʦʭʘʣʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜ, ʠʤʝʶ-

ʱʠʭ ʨʷʜ ʤʦʜʠʬʠʢʘʮʠʡ (ʪʘʙʣ. 1), ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʦ-

ʙʝʥʥʦʩʪʷʤʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʉʫʙʪʨʦʧʠʯʝʩʢʘʷ 

ʷʧʦʥʦʤʦʨʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʜ (ʉʪʗ) ʬʦʨʤʠʨʫʝʪʩʷ ʚ 

ʚʝʩʝʥʥʝ-ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʚ ʟʦʥʝ ʪʝʧʣʦʛʦ ʎʫʩʠʤ-

ʩʢʦʛʦ ʪʝʯʝʥʠʷ (ʷʧʦʥʦʤʦʨʩʢʦʡ ʚʝʪʚʠ ʪʝʯʝʥʠʷ ʂʫʨʦ-

ʩʠʦ, ʧʝʨʝʥʦʩʷʱʝʛʦ ʚʦʜʳ ʩʫʙʪʨʦʧʠʯʝʩʢʦʡ ʩʪʨʫʢ-

ʪʫʨʳ) ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ ʩ ʚʦʩʪʦʯʥʦʡ ʚʝʪʚʴʶ ʪʝʯʝʥʠʷ ʚ 

ʧʣʦʪʴ ʜʦ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʦ.ʉʘʭʘʣʠʥ. 

ʉʫʙʘʨʢʪʠʯʝʩʢʘʷ ʷʧʦʥʦʤʦʨʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʜ (ʉʘʗ) 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ ʚ 

ʊʘʪʘʨʩʢʦʤ ʧʨʦʣʠʚʝ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʢʦʪʦ-

ʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʦʣʝʝ ʩʫʨʦʚʳʤʠ ʢʣʠʤʘʪʠʯʝ-

ʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʯʝʤ ʥʘ ʦʩʥʦʚʥʦʡ ʘʢʚʘʪʦʨʠʠ ʤʦʨʷ. 

ʉʫʙʘʨʢʪʠʯʝʩʢʘʷ ʦʭʦʪʦʤʦʨʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʜ (ʉʘʆ) 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʧʨʦʣʠʚʫ ʦʭʦʪʦʤʦʨ-

ʩʢʦʡ ʘʢʚʘʪʦʨʠʠ ʚ ʟʘʣʠʚʝ ɸʥʠʚʘ. ʉʦʛʣʘʩʥʦ ʩʠʩʪʝʤʝ 

http://www.satellite.dvo.ru/
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ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ ʟʘʣʠʚʘ ɸʥʠʚʘ, ʚʦʟʤʦʞʥʦ ʧʦʩʪʫʧʣʝ-

ʥʠʝ ʵʪʠʭ ʚʦʜ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʫʶ ʟʦʥʫ ʧʨʦʣʠʚʘ ʃʘ-

ʧʝʨʫʟʘ. ɺ ʧʝʨʠʦʜ ʣʝʪʥʝʛʦ ʤʫʩʩʦʥʘ ʚ ʩʨʝʜʥʝʤ ʭʘʨʘʢ-

ʪʝʨʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʘʢʚʘʪʦʨʠʠ 

ʨʘʡʦʥʘ ʚʦʜ ʩʫʙʪʨʦʧʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʚʳʰʝʥ-

ʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʨʤʦʭʘʣʠʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʝʨʝʥʦʩʠʤʳʭ ʎʫʩʠʤʩʢʠʤ ʪʝʯʝʥʠʝʤ. ɺʦʜʳ ʩʫʙʘʨʢ-

ʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʤʝʶʪ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ï ʣʠʰʴ ʚ ʧʨʠʙʨʝʞʥʦʡ ʩʝʚʝʨʥʦʡ ʟʦʥʝ ʧʨʦ-

ʣʠʚʘ. 

ʊʘʙʣʠʮʘ 1  

 ʊʝʨʤʦʭʘʣʠʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨʳ ʚʦʜ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ ʠ ʧʨʠʣʝʛʘʶ-

ʱʝʡ ʘʢʚʘʪʦʨʠʠ ʧʨʦʣʠʚʘ ʃʘʧʝʨʫʟʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. 

ɺʦʜʥʳʝ ʤʘʩʩʳ 
ʉʪʗ ʉʘʗ ʉʘʆ 

ʊ,Áʉ S,ă ʅ, ʤ ʊ,Áʉ S,ă ʅ, ʤ ʊ,Áʉ S,ă ʅ, ʤ 
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ɻʜʝ: ʊ,Áʉ ï ʪʝʤʧʝʨʘʪʫʨʘ, S,ă ï ʩʦʣʝʥʦʩʪʴ, ʅ, ʤ ï ʛʣʫʙʠʥʘ. 

 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʩʦʣʝʥʦʩʪʠ, ʦʪʣʠʯʘʝʪʩʷ ʩʫʙʪʨʦʧʠʯʝʩʢʘʷ ʷʧʦʥʦʤʦʨ-

ʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʜ (ʉʪʗ), ʘ ʦʩʦʙʝʥʥʦ ʥʠʟʢʠʤʠ ʟʥʘ-

ʯʝʥʠʷʤʠ - ʩʫʙʘʨʢʪʠʯʝʩʢʘʷ ʦʭʦʪʦʤʦʨʩʢʘʷ (ʉʘʆ), ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʘʥʦʤʘʣʠʡ. 

ʉʦʛʣʘʩʥʦ ʩʧʫʪʥʠʢʦʚʳʤ ʥʘʙʣʶʜʝʥʠʷʤ ʚ ʣʝʪʥʠʡ ʧʝ-

ʨʠʦʜ (ʚ ʧʝʨʠʦʜ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʣʝʪʥʝʛʦ ʤʫʩʩʦʥʘ) 

ʚ ʧʨʦʣʠʚʝ ʃʘʧʝʨʫʟʘ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʷʧʦʥʦʤʦʨʩʢʦʡ 

ʘʢʚʘʪʦʨʠʠ ʚʳʷʚʣʝʥʳ ʩʠʪʫʘʮʠʠ ʙʳʩʪʨʦʛʦ ʧʦʥʠʞʝ-

ʥʠʷ ʟʘ 1-2 ʩʫʪʦʢ ʟʥʘʯʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʳ. ʉʣʫʯʘʠ ʘʥʦʤʘʣʴʥʳʭ ʧʦʭʦʣʦʜʘʥʠʡ ʚʦʜ ʚ ʣʝʪ-

ʥʠʡ ʧʝʨʠʦʜ ʫ ʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʦ.ʉʘʭʘʣʠʥ, 

ʘ ʪʘʢʞʝ ʚ ʟʦʥʝ ʧʨʦʣʠʚʘ ʦʪʤʝʯʘʣʠʩʴ ʠ ʨʘʥʝʝ, ʚʳʷʚ-

ʣʝʥʳ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ [3, 4]. 

ʉʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ ʠ ʠʟ-

ʤʝʥʯʠʚʦʩʪʠ ʧʦʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʟ-

ʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʟʜʝʩʴ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʘʥʦʤʘʣʠʡ ʩʚʷʟʘʥ ʩ ʟʘʪʦʢʦʤ 

ʭʦʣʦʜʥʳʭ ʦʭʦʪʦʤʦʨʩʢʠʭ ʚʦʜ ʯʝʨʝʟ ʧʨʦʣʠʚ ʚ ʟʦʥʫ 

ʷʧʦʥʦʤʦʨʩʢʦʡ ʘʢʚʘʪʦʨʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʣʝʪʥʝʛʦ ʤʫʩʩʦʥʘ ʭʘʨʘʢʪʝʨʥʦ ʩʪʨʦ-

ʝʥʠʝ ʘʪʤʦʩʬʝʨʥʳʭ ʧʦʣʝʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʡʦʥ ʩʝ-

ʚʝʨʦ-ʚʦʩʪʦʢʘ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʣʠʷ-

ʥʠʝʤ ʜʘʣʴʥʝʚʦʩʪʦʯʥʦʡ ʜʝʧʨʝʩʩʠʠ, ʘ ʶʛʦ-ʟʘʧʘʜʥʘʷ 

ʯʘʩʪʴ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ - ʧʦʜ ʚʣʠʷʥʠʝʤ ʦʙʣʘʩʪʠ ʚʳ-

ʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʆʭʦʪʩʢʦʛʦ ʘʥʪʠʮʠʢʣʦʥʘ [2]. ʍʘ-

ʨʘʢʪʝʨ ʘʪʤʦʩʬʝʨʦʡ ʮʠʨʢʫʣʷʮʠʠ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʝ 

ʚʝʪʨʘ ʨʘʡʦʥʘ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ ʪʝʧʣʳʡ ʧʝ-

ʨʠʦʜ ʛʦʜʘ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚʝʪʨʦʚ ʶʞʥʳʭ ʨʫʤʙʦʚ. 

ʇʨʠ ʘʢʪʠʚʥʦʤ ʨʘʟʚʠʪʠʠ ʆʭʦʪʩʢʦʛʦ ʘʥʪʠʮʠʢʣʦʥʘ, 

ʪʨʘʝʢʪʦʨʠʷ ʧʨʠʙʣʠʞʘʶʱʠʭʩʷ ʢ ʦʩʪʨʦʚʘʤ ʗʧʦʥʠʠ 

ʛʣʫʙʦʢʠʭ ʶʞʥʳʭ ʮʠʢʣʦʥʦʚ ʧʨʦʭʦʜʠʪ ʪʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʯʪʦ ʩʝʚʝʨʥʘʷ ʧʝʨʠʬʝʨʠʷ ʮʠʢʣʦʥʘ ʧʝʨʝʩʝʢʘʝʪ 

ʟʦʥʫ ʧʨʦʣʠʚʘ ʃʘʧʝʨʫʟʘ (ʨʠʩ. 1). ʕʪʦ ʚʳʟʳʚʘʝʪ ʟʜʝʩʴ 

ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʩ ʶʞʥʦʛʦ ʥʘ 

ʚʦʩʪʦʯʥʦʝ. ʀʟʤʝʥʯʠʚʦʩʪʴ ʚʝʪʨʦʚʳʭ ʫʩʣʦʚʠʡ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʚʠʪʠʝ 

ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ. ɹʳʩʪʨʦʝ ʠʟʤʝʥʝʥʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʥʘ ʬʦʥʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝ-

ʥʝʥʠʷ ʧʦʣʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʤʝʣʢʦʚʦʜ-

ʥʦʩʪʠ ʧʨʦʣʠʚʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʚʪʦʨʞʝʥʠʶ 

ʚ ʧʨʦʣʠʚ ʭʦʣʦʜʥʳʭ ʦʭʦʪʦʤʦʨʩʢʠʭ ʚʦʜ. ʉ ʧʨʦʜʚʠʞʝ-

ʥʠʝʤ ʮʠʢʣʦʥʘ ʚ ʩʪʦʨʦʥʫ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ ʠ ʜʘʣʝʝ ʚ 

ʦʢʝʘʥ ʠʟʤʝʥʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʥʘ ʶʞʥʦʝ ʚ 

ʟʦʥʝ ʧʨʦʣʠʚʘ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʘʢʚʘʪʦʨʠʠ. ɺʝʪʨʘ ʶʞ-

ʥʳʭ ʨʫʤʙʦʚ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʢ ʶʛʦ-

ʟʘʧʘʜʥʦʤʫ ʙʝʨʝʛʫ ʦ.ʉʘʭʘʣʠʥ ʚʪʦʨʛʰʠʭʩʷ ʯʝʨʝʟ ʧʨʦ-

ʣʠʚ ʚ ʗʧʦʥʩʢʦʝ ʤʦʨʝ ʭʦʣʦʜʥʳʭ ʦʭʦʪʦʤʦʨʩʢʠʭ ʚʦʜ. 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʠʟʤʝʥʝʥʠʷ ʚʝʪʨʦʚ ʥʘ ʬʦʥʝ ʧʦʣʷ ʧʨʠʟʝʤʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʮʠʢʣʦʥʘ (ʘ) ʠ 

ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʮʠʢʣʦʥʘ (ʙ). 
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ʇʨʦʠʩʭʦʜʠʪ ʘʥʦʤʘʣʴʥʦʝ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʥʘ 5-10Áʉ. ʏʝʨʝʟ ʥʝ-

ʩʢʦʣʴʢʦ ʩʫʪʦʢ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʩʧʫʪʥʠʢʦʚʳʝ 

ʥʘʙʣʶʜʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʇʨʠ ʘʥʦʤʘʣʴʥʦʤ ʚʪʦʨʞʝʥʠʠ ʭʦ-

ʣʦʜʥʳʭ ʤʝʥʝʝ ʩʦʣʝʥʳʭ ʦʭʦʪʦʤʦʨʩʢʠʭ ʚʦʜ ʨʝʟʢʦ ʠʟ-

ʤʝʥʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʥʦʡ ʩʨʝʜʳ ʚ ʟʦʥʝ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʛʠʜʨʦʙʠʦʥʪʦʚ ʧʨʠʣʝʛʘʶʱʝʡ ʷʧʦʥʦ-

ʤʦʨʩʢʦʡ ʘʢʚʘʪʦʨʠʠ, ʩʦʟʜʘʶʪʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʫʩʣʦʚʠʷ ʠʭ ʦʙʠʪʘʥʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ. ɺʳʷʚʣʝʥʘ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʘʷ 

ʨʦʣʴ ʧʨʦʣʠʚʘ ʃʘʧʝʨʫʟʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʥʦʤʘʣʴ-

ʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʧʨʠʣʝʛʘʶʱʝʡ ʷʧʦ-

ʥʦʤʦʨʩʢʦʡ ʘʢʚʘʪʦʨʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʣʝʪʥʠʡ ʩʝ-

ʟʦʥ, ʥʘʨʷʜʫ ʩ ʤʫʩʩʦʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʘʪʤʦʩʬʝʨʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ, ʥʘ ʩʦʩʪʦʷʥʠʝ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ ʪʝʨʤʦʭʘ-

ʣʠʥʥʳʭ ʧʦʣʝʡ ʨʘʡʦʥʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʧʨʦʭʦʞ-

ʜʝʥʠʝ ʛʣʫʙʦʢʠʭ ʶʞʥʳʭ ʮʠʢʣʦʥʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʦʭʦʞʜʝʥʠʝ ʛʣʫʙʦʢʠʭ ʶʞʥʳʭ ʮʠʢʣʦʥʦʚ, ʚʳ-

ʟʳʚʘʶʱʠʭ ʨʝʟʢʫʶ ʩʤʝʥʫ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʚʝʪʨʦʚʳʭ 

ʫʩʣʦʚʠʡ, ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʘʥʦʤʘʣʴʥʳʝ ʚʪʦʨʞʝʥʠʷ 

ʯʝʨʝʟ ʧʨʦʣʠʚ ʚ ʘʢʚʘʪʦʨʠʶ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ ʠ ʢ ʶʛʦ-

ʟʘʧʘʜʥʦʤʫ ʧʦʙʝʨʝʞʴʶ ʦ.ʉʘʭʘʣʠʥ ʭʦʣʦʜʥʳʭ ʦʭʦʪʦ-

ʤʦʨʩʢʠʭ ʚʦʜ. ʄʝʭʘʥʠʟʤ ʚʪʦʨʞʝʥʠʷ ʦʙʫʩʣʦʚʣʠʚʘ-

ʝʪʩʷ ʘʢʪʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʆʭʦʪʩʢʦʛʦ ʘʥʪʠʮʠʢʣʦʥʘ ʠ 

ʝʛʦ ʚʣʠʷʥʠʝʤ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʭʦʞʜʝʥʠʷ ʛʣʫʙʦʢʠʭ 

ʮʠʢʣʦʥʦʚ ʥʘʜ ʩʝʚʝʨʥʦʡ ʯʘʩʪʴʶ ʗʧʦʥʠʠ. ʇʦʣʫʯʝʥ-

ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʘʥʦʤʘʣʴʥʳʭ ʛʠʜʨʦʣʦʛʠ-

ʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʜʘʥʥʦʤ ʵʢʦʥʦʤʠʯʝʩʢʠ ʟʥʘʯʠʤʦʤ 

ʨʘʡʦʥʝ. 
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ʧʦʠʩʢʫ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʵʣʝʤʝʥʪʘʤ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ. ɸʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʚʦʟʤʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʤʝʭʘʥʠʟ-

ʤʘʤʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʥʠʷ. ɺ ʩʪʘʪʴʝ ʫʜʝʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʚʥʠʤʘʥʠʷ ʨʘʟʣʠʯʥʳʤ ʚʥʝʰʥʠʤ ʬʘʢʪʦʨʘʤ, ʦʢʘʟʳʚʘʶʱʠʝ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʢ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʚʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ 

ï ʧʦʷʚʣʝʥʠʝ ʧʨʘʚʦʚʳʭ ʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʢʘʜʨʦʚʳʤʠ ʨʝʩʫʨʩʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʦʛʦ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

Abstract 

In article authors consider problems of development and application of methods of the management theory 

to search of optimal solutions of tasks of management in relation to elements of a national economic system. 

Authors offer the possible directions of enhancement and control of decision making mechanisms in economic 

systems for the purpose of ensuring their effective functioning. In article enough attention is paid to various exter-

nal factors, exerting direct impact on organization activity as economic system, and also a possibility of manage-

ment of them in case of decision making. In particular, authors consider one of the major factors ï emergence of 

legal and legislative requirements to organization activity in the field of management of personnel resources. As 

the possible solution of this task of management the algorithm of decision making is offered and the sequence of 

its use is described 
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ʅʝʩʤʦʪʨʷ ʥʘ ʩʝʨʴʝʟʥʳʝ ʫʩʠʣʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʠ ʧʨʘʢʪʠʢʦʚ ʚ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʟʘ-

ʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʢʘʢ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʚ ʩʦʮʠ-

ʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘʮʠʦʥʘʣʴ-
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ʥʘʷ ʵʢʦʥʦʤʠʢʘ, ʧʨʦʮʝʩʩʳ ʛʣʦʙʘʣʠʟʘʮʠʠ ʠ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʩʫʙʲʝʢʪʦʚ ʵʢʦʥʦʤʠʢʠ ʩʪʘʚʷʪ ʦʧʝ-

ʨʘʪʠʚʥʳʝ ʟʘʜʘʯʠ ʧʝʨʝʜ ʭʦʟʷʡʩʪʚʫʶʱʠʤʠ ʩʫʙʲʝʢ-

ʪʘʤʠ ʠ ʪʨʝʙʫʶʪ ʩʢʦʨʝʡʰʝʛʦ ʠʭ ʨʝʰʝʥʠʷ. ɼʣʷ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ 

ʭʦʟʷʡʩʪʚʫʶʱʠʝ ʩʫʙʲʝʢʪʳ-ʦʨʛʘʥʠʟʘʮʠʠ, ʪʨʝʙʫʝʪʩʷ 

ʥʘʡʪʠ ʥʝ ʪʦʣʴʢʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ, ʥʦ, ʚʳʙʨʘʚ ʦʜʠʥ 

ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʧʦʜʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤʳʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʠ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ, ʩʦʙʣʶʜʝʥʠʷ ʧʨʠʥʮʠʧʦʚ ʠ ʪʨʝʙʦʚʘʥʠʡ 

ʢ ʫʧʨʘʚʣʝʥʠʶ ʩʠʩʪʝʤʦʡ ʚ ʮʝʣʦʤ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʨʘʩʩʤʘʪʨʠʚʘʷ ʩʠʩʪʝʤʫ ʢʘʢ ʩʣʦʞʥʦʝ ʝʜʠʥʩʪʚʦ, ʦʧʨʝ-

ʜʝʣʷʝʤʦʝ ʤʥʦʛʠʤʠ ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ ʠʤʝʶʱʠʤʠ ʦʙʱʠʡ ʧʣʘʥ ʜʦʩʪʠʞʝʥʠʷ ʦʙʱʝʡ 

ʮʝʣʠ, ʯʪʦ ʦʪʤʝʯʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ ʤʥʦʛʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [1,2] ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ 

ʚʩʝʤ ʬʘʢʪʦʨʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ ʥʘ 

ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘʜʝʞʥʦʩʪʴ 

ʠʣʠ ʫʩʪʦʡʯʠʚʦʩʪʴ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʫʞʥʦ ʟʘʤʝʪʠʪʴ, 

ʯʪʦ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʤʥʦʞʝʩʪʚʦ 

ʵʣʝʤʝʥʪʦʚ, ʫʧʦʨʷʜʦʯʝʥʥʳʭ, ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʠ ʦʙ-

ʨʘʟʫʶʱʠʭ ʥʝʢʦʪʦʨʦʝ ʮʝʣʦʩʪʥʦʝ ʝʜʠʥʩʪʚʦ[3,4]. ʈʘʩ-

ʩʤʘʪʨʠʚʘʷ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ ʩʚʷʟʘʥʥʳʝ ʩ ʮʝʣʷʤʠ ʠ 

ʬʫʥʢʮʠʷʤʠ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʩʠʥʝʨʛʠʟʤ, ʵʤʝʨʜʞʝʥʪ-

ʥʦʩʪʴ, ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʩʪʴ, ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʩʪʴ, 

ʥʘʣʠʯʠʝ ʧʨʠʦʨʠʪʝʪʘ ʠʥʪʝʨʝʩʦʚ ʠ ʘʣʴʪʝʨʥʘʪʠʚ ʧʫʪʝʡ 

ʨʘʟʚʠʪʠʷ ʚ ʮʝʣʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠ ʩʪʨʫʢ-

ʪʫʨʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ, ʪʘʢʠʝ ʢʘʢ ʮʝʣʦʩʪ-

ʥʦʩʪʴ, ʠʝʨʘʨʭʠʯʥʦʩʪʴ, ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʩʪʴ, ʥʘʜʝʞ-

ʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʠʥʪʝʛʨʘʪʠʚʥʦʩʪʠ, ʪ.ʝ. ʪʝʭ ʩʘ-

ʤʳʭ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʭ ʠʣʠ 

ʩʠʩʪʝʤʦʩʦʭʨʘʥʷʶʱʠʭ ʬʘʢʪʦʨʦʚ[5]. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, 

ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ ʥʘ 

ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ ʚʦ ʤʥʦʛʠʭ ʘʩʧʝʢʪʘʭ ʝʝ ʵʬʬʝʢʪʠʚ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʢʘʜʨʦʚʳʡ ʨʝʩʫʨʩ ʠʣʠ 

ʧʝʨʩʦʥʘʣ ʦʨʛʘʥʠʟʘʮʠʠ. ʀʤʝʥʥʦ ʦʪ ʝʛʦ ʫʤʝʥʠʡ ʠ 

ʥʘʚʳʢʦʚ ʟʘʚʠʩʠʪ ʠ ʥʘʜʝʞʥʦʩʪʴ, ʠ ʞʠʟʥʝʩʧʦʩʦʙ-

ʥʦʩʪʴ, ʠ ʵʤʝʨʜʞʝʥʪʥʦʩʪʴ, ʠ ʩʠʥʝʨʛʠʟʤ ʩʠʩʪʝʤʳ. ʆʨ-

ʛʘʥʠʟʘʮʠʠ, ʢʘʢ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʨʘʟʚʠʚʘ-

ʶʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʬʘʢ-

ʪʦʨʦʚ. ɺʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʩʢʘʟʫʝʤʳ ʠ ʫʧʨʘʚʣʷʝʤʳ. ɸ ʚʦʪ 

ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʢʘʢ 

ʩʦʮʠʘʣʴʥʳʝ, ʧʦʣʠʪʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʧʨʘʚʦ-

ʚʳʝ ʤʦʛʫʪ ʢʘʢ ʩʜʝʨʞʠʚʘʪʴ, ʪʘʢ ʠ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʘʟ-

ʚʠʪʠʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʷʚʣʷʷʩʴ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʠʥʛʠ-

ʙʠʪʦʨʦʤ ʠʣʠ ʢʘʪʘʣʠʟʘʪʦʨʦʤ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʩʪʦʷʥ-

ʥʦʤ ʩʦʩʪʦʷʥʠʠ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʷʚʣʷʷ ʩʦʙʦʡ ʧʨʠ-

ʤʝʨ ʩʪʘʙʠʣʴʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʠʟʤʝʥʯʠʚʦʩʪʠ, 

ʦʢʘʟʳʚʘʶʱʠʡ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʝ ʢʘʢ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ, ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʟʘʢʦʥʦʚ, 

ʧʦʩʪʘʥʦʚʣʝʥʠʡ ʧʨʠʢʘʟʦʚ ʠ ʪ.ʜ. ɺ ʮʝʣʦʤ ʟʘʜʘʯʘ 

ʚʧʦʣʥʝ ʫʪʠʣʠʪʘʨʥʘ ï ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʭʦʟʷʡʩʪʚʫʶʱʠʭ ʩʫʙʲʝʢʪʦʚ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ. ʆʜ-

ʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʟʘʯʘʩʪʫʶ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʤʝʥʪʘʨʠʝʚ ʠ ʨʘʟʲʷʩʥʝʥʠʡ 

ʩʪʘʚʷʪ ʧʝʨʝʜ ʣʠʮʘʤʠ, ʧʨʠʥʠʤʘʶʱʠʤʠ ʨʝʰʝʥʠʷ ʥʝ-

ʧʨʦʩʪʳʝ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʪʘʢʦʡ ʬʘʢʪʦʨ, 

ʢʘʢ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴ-

ʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ, ʥʘʚʳʢʘʤ ʠ ʫʤʝ-

ʥʠʷʤ ʧʝʨʩʦʥʘʣʘ ʦʨʛʘʥʠʟʘʮʠʡ. ɸ ʠʤʝʥʥʦ, ʚʚʝʜʝʥʠʝ ʚ 

ʜʝʡʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨ-

ʪʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʟʣʠʯʥʳʤ ʩʬʝʨʘʤ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ. 

ʆʜʥʠʤ ʠʟ ʥʘʰʫʤʝʚʰʠʭ, ʚʳʟʳʚʘʶʱʠʭ ʙʦʣʴʰʝ 

ʚʦʧʨʦʩʦʚ, ʯʝʤ ʧʦʥʷʪʥʳʭ ʦʪʚʝʪʦʚ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦʙ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ. ʉʦ-

ʛʣʘʩʥʦ ʋʢʘʟʘʤ ʇʨʝʟʠʜʝʥʪʘ ɺ.ɺ. ʇʫʪʠʥʘ, ʥʝʦʙʭʦ-

ʜʠʤʦ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʙʦʣʝʝ 800 ʧʨʦʬʝʩʩʠʦʥʘʣʴ-

ʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʨʝʛʣʘʤʝʥʪʠʨʦ-

ʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʩʪʘʞʫ 

ʨʘʙʦʪʥʠʢʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʤʘʩʰʪʘʙʥʦʩʪʴ ʧʦ-

ʠʩʢʘ ʨʝʰʝʥʠʷ ʵʪʦʡ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ, ʢʦ-

ʪʦʨʘʷ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʢ ʩʦʮʠʘʣʴʥʦʡ, ʪʘʢ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʜʥʠʤʠ ʠʟ ʧʝʨʚʳʭ ʙʳʣʠ ʫʪʚʝʨ-

ʞʜʝʥʳ ʩʪʘʥʜʘʨʪʳ ʧʝʜʘʛʦʛʘ, ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ ʦʭʨʘʥʝ 

ʪʨʫʜʘ ʠ ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ ʩʦʮʠʘʣʴʥʦʡ ʨʘʙʦʪʝ. ʆʜʥʘʢʦ 

ʩʝʛʦʜʥʷ ʫʞʝ ʧʦʥʷʪʥʦ, ʯʪʦ ʠʤʝʶʱʠʝʩʷ ʧʷʪʴ ʩʪʘʥʜʘʨ-

ʪʦʚ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʥʠ ʢ ʯʝʤʫ ʠ ʠʭ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʦʙʲʝʜʠʥʠʪʴ ʚ ʦʜʠʥ ʩʪʘʥʜʘʨʪ. ʊʘʢʞʝ ʚ ʊʨʫʜʦʚʦʤ ʢʦ-

ʜʝʢʩʝ ʈʌ (ʩʪ.195.3) [6] ʫʩʪʘʥʦʚʣʝʥʦ, ʢʘʢʠʝ ʩʪʘʥ-

ʜʘʨʪʳ ʷʚʣʷʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤʠ, ʘ ʢʘʢʠʝ ï ʨʝʢʦʤʝʥ-

ʜʫʝʤʳʤʠ. ɺʩʝʤ ʣʠ ʭʦʟʷʡʩʪʚʫʶʱʠʤ ʩʫʙʲʝʢʪʘʤ, ʢʘʢ 

ʵʣʝʤʝʥʪʘʤ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ, ʯʪʦ 

ʢʦʥʢʨʝʪʥʦ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ, ʯʪʦʙʳ ʚʳʧʦʣʥʠʪʴ 

ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ï ʫʞʝ ʚʦʧʨʦʩʦʚ ʠ ʧʨʦʙʣʝʤ ʜʦʩʪʘʪʦʯ-

ʥʦʝ ʢʦʣʠʯʝʩʪʚʦ, ʯʪʦʙʳ ʚʳʟʚʘʪʴ ʟʘʪʨʫʜʥʝʥʠʷ ʚ ʧʨʠ-

ʥʷʪʠʠ ʨʝʰʝʥʠʡ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦ ʥʝʧʨʦʩʪʘ, ʢʘʢ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʩʥʘʯʘʣʘ. 

ʄʥʦʛʠʝ ʭʦʟʷʡʩʪʚʫʶʱʠʝ ʩʫʙʲʝʢʪʳ, ʢʘʢ ʵʣʝʤʝʥʪʳ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʙʫʜʫʪ ʠʩ-

ʢʘʪʴ ʩʚʦʠ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ, 

ʯʪʦʙʳ ʧʨʠʥʷʪʴ ʘʜʝʢʚʘʪʥʦʝ, ʚʟʚʝʰʝʥʥʦʝ, ʦʧʪʠʤʘʣʴ-

ʥʦʝ ʨʝʰʝʥʠʝ. ɺʝʜʴ ʝʛʦ ʧʦʩʣʝʜʩʪʚʠʷ ʙʫʜʫʪ ʜʘʣʝʢʦ 

ʠʜʫʱʠʤʠ ʜʣʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʡ ʦʨʛʘʥʠʟʘ-

ʮʠʠ, ʜʘ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

ɺʦʪ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʘʭ 

ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʥʘʥʠʷʤ, ʫʤʝʥʠʷʤ ʩʧʝ-

ʮʠʘʣʠʩʪʘ, ʪ.ʝ. ʪʨʝʙʦʚʘʥʠʷ ʢ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʶ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʠ ʢ ʦʧʳʪʫ ʨʘ-

ʙʦʪʳ, ʪ.ʝ. ʥʘʣʠʯʠʝ ʩʪʘʞʘ. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʦʯʝʥʴ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʫ ʯʝʣʦʚʝʢʘ ʦʧʳʪ 

ʨʘʙʦʪʳ ʠʤʝʝʪʩʷ ï ʦʥ ʧʨʦʬʝʩʩʠʦʥʘʣ ʩʚʦʝʛʦ ʜʝʣʘ, 

ʦʩʦʙʝʥʥʦ, ʝʩʣʠ ʧʨʦʨʘʙʦʪʘʣ ʚʩʶ ʞʠʟʥʴ ʥʘ ʦʜʥʦʤ ʤʝ-

ʩʪʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʢʦʪʦʨʦʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʦʢʫʤʝʥʪʘʣʴʥʦ, ʫ ʥʝʛʦ ʤʦ-

ʞʝʪ ʥʝ ʙʳʪʴ. ʊʘʢʞʝ ʥʝʧʨʦʩʪʘʷ ʟʘʜʘʯʘ ʜʣʷ ʦʨʛʘʥʠʟʘ-

ʮʠʠ, ʘ ʠʤʝʥʥʦ, ʜʣʷ ʝʛʦ ʩʣʫʞʙ, ʫʧʨʘʚʣʷʶʱʠʭ ʢʘʜʨʦ-

ʚʳʤʠ ʨʝʩʫʨʩʘʤʠ ï ʵʪʦ ʚʦʧʨʦʩ ʦʙ ʦʙʷʟʘʪʝʣʴʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʪʝʛʦʨʠʡ ʧʨʦʬʝʩʩʠʡ. ʏʘʱʝ ʚʩʝʛʦ 

ʵʪʦ ʢʘʩʘʝʪʩʷ ʩʣʦʞʥʳʭ, ʦʩʦʙʦ ʦʧʘʩʥʳʭ ʚʠʜʦʚ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ï ʧʦʞʘʨʥʳʭ, ʩʧʘʩʘʪʝʣʝʡ, ʰʘʭʪʝʨʦʚ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʚ ʦʪʥʦʰʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴ-

ʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʫʪʦʯʥʝʥʦ, ʩ ʢʘʢʦʛʦ 

ʚʨʝʤʝʥʠ ʦʥ ʜʦʣʞʝʥ ʧʨʠʤʝʥʷʪʴʩʷ. ʉʣʝʜʫʶʱʘʷ ʩʣʦʞ-

ʥʘʷ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʥʝ ʚʩʝʛʜʘ 
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ʪʨʘʢʪʫʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦ - ʚ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʧʨʦʬʝʩʩʠ-

ʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ ʥʫʞʥʦ ʧʨʠʤʝʥʷʪʴ ʦʙʷʟʘ-

ʪʝʣʴʥʦ. ɼʣʷ ʣʠʮ, ʧʨʠʥʠʤʘʶʱʠʭ ʨʝʰʝʥʠʝ, ʤʦʞʥʦ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʲʷʩʥʝʥʠʷʤʠ 

ʩʪ.195.3 ʧʝʨʚʦʡ ʯʘʩʪʠ ʊʨʫʜʦʚʦʛʦ ʢʦʜʝʢʩʘ ʈʌ, ʛʜʝ 

ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʝʩʪʴ ʜʨʫʛʠʝ ʟʘʢʦʥʳ, ʢʦʪʦʨʳʝ ʫʩʪʘ-

ʥʘʚʣʠʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, 

ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦ ʤʝʜʠʮʠʥʩʢʠʭ ʨʘʙʦʪʥʠʢʘʭ ʠ 

ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʨʘʙʦʪʥʠʢʘʤ ʬʘʨʤʠʥʜʫʩʪʨʠʠ, ʞʝʣʝʟ-

ʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʚʦʟʜʫʰʥʳʭ ʧʝʨʝʚʦʟʦʢ, ʟʘʢʦʥ ʦ ʙʫʭʛʘʣ-

ʪʝʨʩʢʦʤ ʫʯʝʪʝ. ʆʜʥʘʢʦ, ʝʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʪʨʝʙʦʚʘ-

ʥʠʷ ʟʘʢʦʥʘ ʦ ʙʫʭʛʘʣʪʝʨʩʢʦʤ ʫʯʝʪʝ, ʪʦ ʫʩʪʘʥʦʚʣʝʥʳ 

ʦʙʷʟʘʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʜʣʷ ʦʪ-

ʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʥʘʧʨʠʤʝʨ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʢʦʨʧʦʨʘʮʠʡ, ʙʘʥʢʦʚ, ʘ ʚʦʪ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʪʨʝʙʦ-

ʚʘʥʠʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ ʜʨʫʛʠʭ ʚʠʜʦʚ ʷʚʣʷʝʪʩʷ ʨʝʢʦ-

ʤʝʥʜʫʝʤʳʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʝʩʪʴ ʦʙʷʟʘʪʝʣʴʥʳʝ ʢ ʧʨʠ-

ʤʝʥʝʥʠʶ ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʥʦʨ-

ʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ 

ʄʠʥʶʩʪʝ ï ʵʪʦ ʧʨʠʢʘʟʳ ʄʠʥʬʠʥʘ, ʄʠʥʪʨʘʥʩʘ. 

ɼʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʦ ʯʘʩʪʴʶ ʚʪʦʨʦʡ ʩʪ. 

195.3 ʊʂ ʈʌ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʨʘʙʦʪʥʠʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʷʚʣʷʝʪʩʷ ʨʝʢʦʤʝʥʜʫʝʤʳʤ, 

ʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʫʜʫʪ ʧʨʦʧʠʩʘʥʳ ʚ ʜʨʫʛʠʭ ʥʦʨ-

ʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʘʭ, ʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʙʦʚʘ-

ʥʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʜʣʷ ʜʘʥʥʦʡ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ. ɽʱʝ ʩʣʝʜʫʝʪ ʦʙʨʘ-

ʪʠʪʴʩʷ ʢ ʩʪ.57 ʯʘʩʪʠ ʚʪʦʨʦʡ ʊʂ ʈʌ, ʢʦʪʦʨʘʷ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʪʨʫʜʦʚʦʛʦ ʜʦʛʦʚʦʨʘ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʝʤ 

ʯʝʪʢʦ ʫʢʘʟʘʥʦ, ʯʪʦ ʪʨʫʜʦʚʘʷ ʬʫʥʢʮʠʷ ï ʵʪʦ ʨʘʙʦʪʘ, 

ʚʳʧʦʣʥʷʝʤʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʰʪʘʪʥʳʤ ʨʘʩʧʠʩʘ-

ʥʠʝʤ, ʪ.ʝ. ʪʦ, ʯʪʦ ʧʦ ï ʜʨʫʛʦʤʫ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ 

ʦʙʱʠʤ ʧʨʘʚʠʣʦʤ. ʆʜʥʘʢʦ, ʢʘʢ ʫ ʣʶʙʦʛʦ ʧʨʘʚʠʣʘ, 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʢʣʶʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʝʩʪʴ ʦʩʦ-

ʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʦʣʞʥʦʩʪʠ, ʩʧʝʮʠʘʣʴʥʳʝ ʪʨʝʙʦ-

ʚʘʥʠʷ, ʦʥʠ ʠ ʙʫʜʫʪ ʪʝʤ ʩʘʤʳʤ ʠʩʢʣʶʯʝʥʠʝʤ. 

ʅʘʧʨʠʤʝʨ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʝʩʣʠ ʝʩʪʴ ʦʩʦʙʳʝ ʪʨʝ-

ʙʦʚʘʥʠʷ ʢ ʜʦʣʞʥʦʩʪʠ, ʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷ-

ʝʪʩʷ ɽʊʂʉ (ʝʜʠʥʦʡ ʪʘʨʠʬʥʦ-ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʩʠ-

ʩʪʝʤʳ) ʠʣʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ. ʕʪʦ ʩʝʡ-

ʯʘʩ. ʆʜʥʘʢʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʧʣʘʥʠʨʫʝʪʩʷ ʦʩʪʘʚʠʪʴ 

ʪʨʝʙʦʚʘʥʠʷ ʪʦʣʴʢʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, 

ʫʧʨʘʟʜʥʠʚ ʪʨʝʙʦʚʘʥʠʷ ɽʊʂʉ. ʅʘʧʨʠʤʝʨ, ʯʪʦ ʧʦʜʨʘ-

ʟʫʤʝʚʘʝʪ ʩʦʙʦʡ ʠʩʢʣʶʯʝʥʠʝ ï ʵʪʦ ʥʘʣʠʯʠʝ ʢʦʤʧʝʥ-

ʩʘʮʠʡ, ʣʴʛʦʪ ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʝʨʩʦ-

ʥʘʣ, ʟʘʥʷʪʳʡ ʥʘ ʚʨʝʜʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʜʦʣʞʝʥ 

ʥʘʟʳʚʘʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ 

ʩʧʠʩʢʘʤʠ ˉ1 ʠ ˉ2, ʧʦʩʢʦʣʴʢʫ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʫ ʨʘ-

ʙʦʪʥʠʢʘ, ʚʳʭʦʜʷʱʝʛʦ ʥʘ ʧʝʥʩʠʶ, ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ 

ʧʨʦʙʣʝʤʳ ʩ ʧʨʠʟʥʘʥʠʝʤ ʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝ-

ʷʪʝʣʴʥʦʩʪʠ, ʧʦʜʧʘʜʘʶʱʝʡ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ ʵʪʠʭ 

ʩʧʠʩʢʦʚ. ʅʘʧʨʠʤʝʨ, ʨʘʙʦʪʥʠʢʘʤ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʣʠ 

ʚ ʪʝʘʪʨʝ ʢʫʢʦʣ, ʩʧʝʮʠʘʣʠʩʪ ï ʢʘʜʨʦʚʠʢ ʜʝʣʘʣ ʟʘʧʠʩʠ 

ʚ ʪʨʫʜʦʚʦʡ ʢʥʠʞʢʝ ʩʣʝʜʫʶʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ çʇʨʠ-

ʥʷʪ ʥʘ ʨʘʙʦʪʫ ʘʨʪʠʩʪʦʤè, çʇʨʠʥʷʪ ʥʘ ʨʘʙʦʪʫ ʘʢʪʝ-

ʨʦʤè . ʅʦ ʘʨʪʠʩʪ ʚ ʪʝʘʪʨʝ ʢʫʢʦʣ ʵʪʦ ʢʫʢʣʘ, ʘ ʯʝʣʦ-

ʚʝʢ-ʢʫʢʣʦʚʦʜ ʪʦʛʜʘ ʘʢʪʝʨ. ʇʦʣʘʛʘʝʪʩʷ ʣʠ ʧʝʥʩʠʷ 

ʢʫʢʣʝ? ʆʪʚʝʪ ʦʯʝʚʠʜʝʥ. ʀʤʝʥʥʦ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ 

ʚʝʨʥʦ ʪʨʘʢʪʫʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʠ ʟʘʚʠʩʠʪ ʚ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ ʩʫʜʴʙʘ ʯʝʣʦʚʝʢʘ, ʝʛʦ ʞʠʟʥʴ. ʇʦʢʘ ʰʣʦ ʨʘʟʙʠ-

ʨʘʪʝʣʴʩʪʚʦ ʩ ʢʫʢʣʘʤʠ ʠ ʘʢʪʝʨʘʤʠ, ʣʶʜʠ ʥʝ ʧʦʣʫʯʘʣʠ 

ʧʝʥʩʠʶ ʚ ʪʝʯʝʥʠʝ 2-ʭ ʣʝʪé ʊʘʢʦʡ ʞʝ ʧʨʠʤʝʨ 

ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ 

ʜʦʣʞʥʦʩʪʠ çʠʥʞʝʥʝʨ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘè, ʢ ʪʨʝʙʦʚʘ-

ʥʠʷʤ ʢʦʪʦʨʦʡ ʧʨʦʰʣʠ ʠʟʤʝʥʝʥʠʷ ʚ 2012ʛ. ʉʦʛʣʘʩʥʦ 

ʵʪʠʤ ʠʟʤʝʥʝʥʠʷʤ, ʠʥʞʝʥʝʨʘ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʝʨʝʠʤʝʥʦʚʘʪʴ ʚ çʩʧʝʮʠʘʣʠʩʪʘ ʧʦ ʦʭʨʘʥʝ 

ʪʨʫʜʘè, ʘ çʦʪʜʝʣ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘè ʜʦʣʞʝʥ ʙʳʪʴ ʧʝ-

ʨʝʠʤʝʥʦʚʘʥ ʚ çʩʣʫʞʙʫ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘè. ʕʪʦ ʧʝʨʝ-

ʠʤʝʥʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʝʪʩʷ ʦʛʨʘ-

ʥʠʯʝʥʠʝ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ, ʪ.ʝ. ʝʩʪʴ ʯʝʪʢʦ ʫʩʪʘʥʦʚ-

ʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘʧʠʩʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʩʜʝʣʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠ-

ʷʤʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʵʪʦ ʷʚʣʷʝʪʩʷ 

ʦʙʷʟʘʪʝʣʴʥʳʤ. ʂʘʢʠʝ ʝʱʝ ʤʦʛʫʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʠʷ? 

ʏʪʦ ʥʫʞʥʦ ʟʥʘʪʴ ʣʠʮʘʤ, ʧʨʠʥʠʤʘʶʱʠʤ ʨʝʰʝʥʠʷ ʠ 

ʫʧʨʘʚʣʷʶʱʠʤ ʢʘʜʨʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ? ʆʛʨʘʥʠʯʝ-

ʥʠʷ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʊʂ ʈʌ, ʘ ʠʤʝʥʥʦ ʚ ʩʪ.57 

ʯ.2, ʛʜʝ ʦʧʠʩʳʚʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴ-

ʥʳʤ ʩʪʘʥʜʘʨʪʘʤ, ʩʪ.37 ʂʦʥʩʪʠʪʫʮʠʠ[7]. ʆʛʨʘʥʠʯʝ-

ʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʤ, ʵʪʦ ʫʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʜʘ-

ʪʝʣʴʥʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʪʦʛʦ, ʢʘʢ ʪʨʘʢʪʦʚʘʪʴ ʫʩʪʘʥʦʚʣʝʥʥʦʝ 

ʦʛʨʘʥʠʯʝʥʠʝ ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʘʭ ʠ ʯʪʦ ʥʫʞʥʦ ʩʜʝ-

ʣʘʪʴ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʚ ʜʝ-

ʷʪʝʣʴʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʣʠʮʦ ʧʨʠʥʠ-

ʤʘʶʱʝʝ ʨʝʰʝʥʠʝ, ʜʦʣʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʘʣʠʯʠʝ ʩʣʝ-

ʜʫʶʱʝʛʦ ʧʦʣʦʞʝʥʠʷ. ɽʩʣʠ ʝʩʪʴ ʯʝʪʢʦ 

ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʪʘʢʞʝ ʦʧʠ-

ʩʘʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʜʨʫʛʠʭ ʟʘʢʦʥʘʭ, ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʳʭ ʘʢʪʘʭ, ʪʦ ʥʘʟʚʘʥʠʝ ʜʦʣʞʥʦʩʪʠ ʜʦʣʞʥʦ 

ʯʝʪʢʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤʫ ʩʪʘʥ-

ʜʘʨʪʫ, ʧʦʩʢʦʣʴʢʫ ʝʩʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʜʦʣʞʥʦʩʪʠ (ʧʨʦʬʝʩʩʠʠ) ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʦʨʤʘ-

ʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʘʭ ʠ ʠʤʝʶʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ. ʕʪʦ ʪʝ ʚʘʞʥʳʝ ʤʦʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʢʘ-

ʩʘʶʪʩʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʥʦʨʤ. ʆʜʥʘʢʦ ʝʩʣʠ 

ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʘʭ ʥʝʪ ʪʨʝʙʦʚʘʥʠʡ, ʘ 

ʝʩʪʴ ʣʠʰʴ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʤʦʞʥʦ ʣʠ ʩʦʩʣʘʚʰʠʩʴ ʥʘ 

ʵʪʦ, ʥʝ ʚʳʧʦʣʥʷʪʴ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ? ʅʘ ʧʝʨʚʳʡ 

ʚʟʛʣʷʜ, ʵʪʦ ʦʜʥʦʟʥʘʯʥʳʡ ʦʪʚʝʪ: ʝʩʣʠ ʥʦʨʤʘ ʨʝʢʦ-

ʤʝʥʜʫʝʤʘʷ, ʪʦ ʤʦʞʥʦ. ʂʘʢ ʦʨʛʘʥʠʟʘʮʠʠ ʥʫʞʥʦ ʧʦ-

ʩʪʫʧʠʪʴ, ʯʪʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʪʩʪʘʠʚʘʪʴ ʩʚʦʝ ʧʨʠ-

ʥʷʪʦʝ ʨʝʰʝʥʠʝ? ɽʩʣʠ ʧʨʦʯʠʪʘʪʴ ʝʱʝ ʨʘʟ ʩʪ.195.3 ʯ.2 

ʊʂ ʈʌ, ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʠʤʧʝʨʘʪʠʚʥʘʷ ʬʦʨʤʘ ʠ 

ʥʘʧʠʩʘʥʦ ʯʪʦ ʜʘʥʥʳʝ ʥʦʨʤʳ çʧʨʠʤʝʥʷʶʪʩʷ ʨʘʙʦʪʦ-

ʜʘʪʝʣʷʤʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳè. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʦʞʥʦ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʦʨʛʘʥʠʟʘʮʠʷʤ ʩʣʝʜʫʶʱʝʝ. ɼʝʡʩʪʚʠ-

ʪʝʣʴʥʦ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʩʪʘʥʜʘʨʪ ʤʦʞʥʦ ʚʟʷʪʴ ʟʘ 

ʦʩʥʦʚʫ, ʪ.ʝ. ʧʨʠʤʝʥʷʪʴ ʜʦʙʨʦʚʦʣʴʥʦ, ʯʘʩʪʠʯʥʦ, ʠʩ-

ʧʦʣʴʟʫʷ ʧʨʠʤʝʥʠʤʳʝ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʦʞʝʥʠʷ, ʥʦ 

ʵʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʢʨʝʧʣʝʥʦ ʣʦʢʘʣʴʥʳʤʠ ʥʦʨʤʘ-

ʪʠʚʥʳʤʠ ʘʢʪʘʤʠ ʢʦʥʢʨʝʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʈʘʩʩʤʦʪ-

ʨʝʚ ʪʘʢʦʡ ʚʥʝʰʥʠʡ ʬʘʢʪʦʨ ʢʘʢ ʚʩʪʫʧʣʝʥʠʝ ʚ ʩʠʣʫ 

ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʝʛʦ 

ʚʣʠʷʥʠʝ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʜʨʘʤʠ, 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʠ ʩ 1 ʠʶʣʷ 2016ʛ. 

ʧʨʠʥʠʤʘʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦ ʧʨʠʝʤʝ ʥʘ 

ʨʘʙʦʪʫ ʧʝʨʩʦʥʘʣʘ ʫʞʝ ʥʫʞʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝ-

ʙʦʚʘʥʠʷʤʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ. ʏʪʦʙʳ 

ʫʧʦʨʷʜʦʯʠʪʴ ʜʘʥʥʳʡ ʚʠʜ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʨʦʜʝʤʦʥ-



34 Slovak international scientific journal # 3 (3), 2017 |  ECONOMY 

ʩʪʨʠʨʦʚʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥ-

ʜʘʨʪʦʚ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʞʥʦ ʧʦʨʝʢʦʤʝʥʜʦʚʘʪʴ ʩʣʝ-

ʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝ-

ʥʠʷ ʚ ʪʘʢʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʢʘʢ ʭʦʟʷʡʩʪʚʫ-

ʶʱʠʡ ʩʫʙʲʝʢʪ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ. 

ɺʦ-ʧʝʨʚʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʟʥʘʯʠʪʴ ʦʪʚʝʪʩʪʚʝʥ-

ʥʦʛʦ ʜʣʷ ʥʝʙʦʣʴʰʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʣʠʙʦ ʩʦʟʜʘʪʴ ʨʘ-

ʙʦʯʫʶ ʛʨʫʧʧʫ ʜʣʷ ʢʨʫʧʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʇʦʥʷʪʥʦ, 

ʯʪʦ ʜʣʷ ʥʝʙʦʣʴʰʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʵʪʦ ʙʫʜʝʪ ʩʧʝʮʠʘ-

ʣʠʩʪ ʧʦ ʢʘʜʨʘʤ, ʘ ʚʦʪ ʜʣʷ ʢʨʫʧʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚ 

ʩʦʩʪʘʚ ʛʨʫʧʧʳ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʘʜʨʦ-

ʚʦʡ ʩʣʫʞʙʳ, ʙʫʭʛʘʣʪʝʨʠʠ, ʶʨʠʩʪ, ʧʨʝʜʩʪʘʚʠʪʝʣʴ 

ʨʫʢʦʚʦʜʩʪʚʘ ï ʥʘʧʨʠʤʝʨ, ʟʘʤʝʩʪʠʪʝʣʴ ʛʝʥʝʨʘʣʴʥʦʛʦ 

ʜʠʨʝʢʪʦʨʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ. ɼʦʢʫʤʝʥʪʦʤ, ʧʦʜʪʚʝʨ-

ʞʜʘʶʱʠʤ ʜʘʥʥʳʝ ʜʝʡʩʪʚʠʷ, ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʧʨʠʢʘʟ 

ʧʦ ʦʩʥʦʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦ ʧʨʠʤʝʥʝʥʠʠ ʧʨʦʬʝʩʩʠ-

ʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʚ ʦʨʛʘʥʠʟʘʮʠʠ. ɺ ʜʘʥʥʦʤ ʧʨʠ-

ʢʘʟʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʪʨʘʞʝʥʳ ʪʘʢʠʝ ʦʩʥʦʚʥʳʝ 

ʧʫʥʢʪʳ ʢʘʢ: ʥʘʟʥʘʯʝʥʠʝ ʛʨʫʧʧʳ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʠ 

ʨʫʢʦʚʦʜʠʪʝʣʷ ʛʨʫʧʧʳ, ʨʘʟʨʘʙʦʪʢʘ ʧʣʘʥʘ ʧʦ ʚʥʝʜʨʝ-

ʥʠʶ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥ-

ʜʘʨʪʦʚ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʦʥʪʨʦʣʷ ʩʦ ʩʪʦʨʦʥʳ ʣʠʮʘ 

ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʝ ʟʘ ʠʩʧʦʣʥʝʥʠʝʤ ʜʘʥʥʦʛʦ 

ʧʨʠʢʘʟʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʨʫʧʧʘ ʤʦʞʝʪ ʩʦʙʠ-

ʨʘʪʴʩʷ ʪʘʢ ʯʘʩʪʦ, ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ ʠ ʧʨʠ ʵʪʦʤ ʨʝ-

ʟʫʣʴʪʘʪʳ ʥʫʞʥʦ ʦʬʦʨʤʣʷʪʴ ʧʨʦʪʦʢʦʣʘʤʠ. ʊʘʢʞʝ 

ʚʦʟʤʦʞʥʦ ʦʬʦʨʤʠʪʴ ʥʘʯʘʣʴʥʳʡ ʧʨʦʪʦʢʦʣ, ʛʜʝ ʬʠʢ-

ʩʠʨʫʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʷʟʘʥʥʦʩʪʝʡ, ʚʠʜʳ ʨʘʙʦʪ 

ʠ ʪ.ʧ. ʠ ʠʪʦʛʦʚʳʡ ʧʨʦʪʦʢʦʣ, ʛʜʝ ʧʨʦʧʠʩʳʚʘʶʪʩʷ ʨʝ-

ʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʛʨʫʧʧʳ. ɼʘʣʝʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʦʙʷʟʘʥʥʦʩʪʷʤʠ, ʥʘ ʩʘʡʪʝ ʄʠʥʠ-

ʩʪʝʨʩʪʚʘ ʪʨʫʜʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝ ʩʪʘʥ-

ʜʘʨʪʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʪʥʦʰʝʥʠʝ ʢ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʝʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʆʂɺʕɼ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʙʷ-

ʟʘʪʝʣʴʥʳʤʠ ʠ ʪʝ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʨʝʢʦʤʝʥʜʫʝ-

ʤʳʤʠ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʩʪʘʚʣʝʥʳ 

ʩʧʠʩʢʠ ʠ ʧʨʠʥʷʪʦ ʦʬʠʮʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʦ ʪʦʤ, ʢʘ-

ʢʠʝ ʩʪʘʥʜʘʨʪʳ ʙʫʜʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʦʙʷʟʘʪʝʣʴʥʦ, ʘ 

ʢʘʢʠʝ ʥʝʪ. 

ʊ.ʝ. ʵʪʦʪ ʩʧʠʩʦʢ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʣʦʞʝʥʠʝʤ ʢ 

ʧʣʘʥʫ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʚʥʝʜʨʝʥʠʶ ʠʣʠ ʧʨʠʤʝʥʝʥʠʶ 

ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʦʨ-

ʛʘʥʠʟʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʆʂɺʕɼ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʙʫʜʝʪ ʟʘʜʘʯʘ ʨʘʙʦʯʝʡ 

ʛʨʫʧʧʳ ʧʦ ʘʥʘʣʠʟʫ ʩʣʝʜʫʶʱʠʭ ʧʦʟʠʮʠʡ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ ʩ ʪʘʢʠʤʠ 

ʩʪʦʣʙʮʘʤʠ, ʢʘʢ: 

¶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʩʪʘʥʜʘʨʪ ʠ ʝʛʦ ʪʨʝʙʦʚʘ-
ʥʠʷ ʢ ʢʚʘʣʠʬʠʢʘʮʠʠ; 

¶ ʘʥʘʣʠʟ ʜʦʣʞʥʦʩʪʥʦʡ ʠʥʩʪʨʫʢʮʠʠ ʦʨʛʘʥʠʟʘ-

ʮʠʠ, ʝʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʷʟʘʥʥʦʩʪʷʤ; 

¶ ʧʝʨʩʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ ʢʘʞʜʦʛʦ ʨʘʙʦʪʥʠʢʘ, 
ʟʘʥʠʤʘʶʱʝʛʦ ʜʘʥʥʫʶ ʜʦʣʞʥʦʩʪʴ ʚ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʝʛʦ ʢʚʘʣʠʬʠʢʘʮʠʶ; 

¶ ʦʧʨʝʜʝʣʝʥʠʝ ʦʪʣʠʯʠʡ (ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ) 

ʧʨʝʜʳʜʫʱʠʭ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ; 

¶ ʠ ʧʦʩʣʝʜʥʷʷ ʛʨʘʬʘ ï ʧʨʝʜʣʦʞʝʥʠʷ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ. 

ɺʳʧʦʣʥʠʪʴ ʵʪʫ ʩʣʦʞʥʝʡʰʫʶ ʨʘʙʦʪʫ ʦʜʥʦʤʫ 

ʪʦʣʴʢʦ ʩʧʝʮʠʘʣʠʩʪʫ-ʢʘʜʨʦʚʠʢʫ ʙʫʜʝʪ ʥʝ ʧʦ ʩʠʣʘʤ, 

ʧʦʵʪʦʤʫ ʟʜʝʩʴ ʠ ʚʘʞʥʘ ʩʣʘʞʝʥʥʘʷ ʨʘʙʦʪʘ ʛʨʫʧʧʳ. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʥʘ 

ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʥʝʨʘʟʨʝʰʠʤʘʷ ʩʠʪʫʘʮʠʷ. ʕʪʦ ʦʯʝʥʴ 

ʩʝʨʴʝʟʥʳʡ ʚʦʧʨʦʩ ʜʣʷ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. ʈʘʙʦʪ-

ʥʠʢ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ: ʫʚʦʣʠʪʴ ʥʝʣʴʟʷ, 

ʦʰʪʨʘʬʦʚʘʪʴ ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝ ʤʦ-

ʛʫʪ, ʥʦ ʥʫʞʥʦ ʯʪʦ-ʪʦ ʜʝʣʘʪʴ. ʂʦʥʢʨʝʪʥʘʷ ʨʝʢʦʤʝʥ-

ʜʘʮʠʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ - ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʝʥʴ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʨʘʙʦʪʥʠʢʘ ʪʨʝʙʦʚʘʥʠʶ 

ʫʨʦʚʥʷ ʨʘʙʦʪ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠʤʝ-

ʝʪʩʷ ʚʘʢʘʥʪʥʘʷ ʩʪʘʚʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʰʪʘʪʥʳʤ 

ʨʘʩʧʠʩʘʥʠʝʤ ʜʣʷ ʪʦʢʘʨʷ 4 ʨʘʟʨʷʜʘ, ʪʦ ʝʝ ʤʦʞʥʦ 

ʫʢʦʤʧʣʝʢʪʦʚʘʪʴ ʪʦʢʘʨʝʤ ʠ 5 ʠ 6 ʨʘʟʨʷʜʘ, ʥʦ ʦʧʣʘʯʠ-

ʚʘʪʴ ʝʤʫ ʙʫʜʫʪ ʢʘʢ ʪʦʢʘʨʶ 4 ʨʘʟʨʷʜʘ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʦ ʪʘʢʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʢʚʘ-

ʣʠʬʠʢʘʮʠʠ ʜʘʥʥʦʛʦ ʨʘʙʦʪʥʠʢʘ. ɽʩʣʠ ʨʘʙʦʪʥʠʢʫ ʥʝ 

ʧʦʜʭʦʜʠʪ ʪʘʢʦʡ ʚʘʨʠʘʥʪ, ʪʦ ʦʥ ʥʝ ʩʦʛʣʘʰʘʝʪʩʷ ʠ 

ʧʨʦʜʦʣʞʘʝʪ ʠʩʢʘʪʴ ʩʚʦʶ ʚʘʢʘʥʪʥʫʶ ʩʪʘʚʢʫ ʪʦʢʘʨʷ 6 

ʨʘʟʨʷʜʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʣʠʮʫ, ʧʨʠʥʠʤʘʶʱʝʤʫ ʨʝʰʝʥʠʝ ʠ ʫʧʨʘʚʣʷʶʱʝʤʫ 

ʢʘʜʨʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʧʣʘʥ ʨʘʟʚʠʪʠʷ ʧʝʨ-

ʩʦʥʘʣʘ, ʪ.ʝ. ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʩʝʛʦʜʥʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ: ʧʦʚʳ-

ʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʧʝʨʝʧʦʜʛʦʪʦʚʢʘ ʠʣʠ ʯʪʦ-ʪʦ 

ʠʥʦʝ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʡ ʙʶʜʞʝʪ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʵʪʠʭ ʤʝʨʦʧʨʠʷʪʠʡ., 

ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʠʥʘʥʩʦʚʳʝ ʨʝ-

ʩʫʨʩʳ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʨʘʩʭʦʜʦʚʘʥʠʷ. ɿʜʝʩʴ ʚʦʟ-

ʥʠʢʘʝʪ ʝʱʝ ʦʜʠʥ ʚʦʧʨʦʩ, ʢʦʪʦʨʳʡ ʚʩʝʛʜʘ ʦʯʝʥʴ ʙʝʩ-

ʧʦʢʦʠʪ ʨʘʙʦʪʦʜʘʪʝʣʷ. ʈʘʙʦʪʥʠʢ ʧʨʦʰʝʣ ʦʙʫʯʝʥʠʝ ʟʘ 

ʩʯʝʪ ʨʘʙʦʪʦʜʘʪʝʣʷ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʥ ʫʚʦʣʠʣʩʷé 

ʏʪʦ ʜʝʣʘʪʴ? ɿʘʢʦʥ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʝʱʝʥʠʝ ʨʘ-

ʙʦʪʥʠʢʦʤ ʩʨʝʜʩʪʚ, ʧʦʪʨʘʯʝʥʥʳʭ ʨʘʙʦʪʦʜʘʪʝʣʝʤ ʥʘ 

ʝʛʦ ʦʙʫʯʝʥʠʝ. ʂʘʢ ʧʨʘʚʠʣʦ, ʝʩʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʫʚʘʞʠʪʝʣʴʥʳʝ ʧʨʠʯʠʥʳ, ʧʦ ʢʦʪʦʨʳʤ ʨʘʙʦʪʥʠʢ ʤʦ-

ʞʝʪ ʫʚʦʣʠʪʴʩʷ ʧʦ ʩʦʙʩʪʚʝʥʥʦʤʫ ʞʝʣʘʥʠʶ. ʅʦ ʜʣʷ 

ʵʪʦʛʦ ʨʘʙʦʪʦʜʘʪʝʣʶ ʚʘʞʥʦ ʫʢʘʟʘʪʴ ʚ ʜʦʛʦʚʦʨʝ, ʯʪʦ 

ʦʥ ʩʯʠʪʘʝʪ ʫʚʘʞʠʪʝʣʴʥʳʤʠ ʧʨʠʯʠʥʘʤʠ.  

ʀ ʧʦʩʣʝʜʥʝʝ. ʅʝʦʙʭʦʜʠʤʦ ʝʱʝ ʚʥʝʩʪʠ ʠʟʤʝʥʝ-

ʥʠʷ ʚ ʜʦʢʫʤʝʥʪʳ ʦʨʛʘʥʠʟʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʦʪ-

ʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʦʨ-

ʛʘʥʠʟʘʮʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʜʦʣʞʥʳ 

ʢʘʩʘʪʴʩʷ ʣʦʢʘʣʴʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ ʠ ʜʦʢʫʤʝʥ-

ʪʦʚ ʨʘʙʦʪʥʠʢʦʚ. ʂ ʣʦʢʘʣʴʥʳʤ ʥʦʨʤʘʪʠʚʥʳʤ ʘʢʪʘʤ 

ʦʪʥʦʩʷʪʩʷ: ʰʪʘʪʥʦʝ ʨʘʩʧʠʩʘʥʠʝ, ʧʨʘʚʠʣʘ ʚʥʫʪʨʝʥ-

ʥʝʛʦ ʪʨʫʜʦʚʦʛʦ ʨʘʩʧʦʨʷʜʢʘ, ʧʦʣʦʞʝʥʠʝ ʦʙ ʦʧʣʘʪʝ 

ʪʨʫʜʘ, ʧʦʣʦʞʝʥʠʝ ʦʙ ʘʪʪʝʩʪʘʮʠʠ, ʧʦʣʦʞʝʥʠʝ ʦ 

ʩʪʨʫʢʪʫʨʥʦʤ ʧʦʜʨʘʟʜʝʣʝʥʠʠ, ʧʦʣʦʞʝʥʠʝ ʦ ʜʦʣʞ-

ʥʦʩʪʥʦʡ ʠʥʩʪʨʫʢʮʠʠ. ʂ ʜʦʢʫʤʝʥʪʘʤ ʨʘʙʦʪʥʠʢʘ ʦʪ-

ʥʦʩʷʪʩʷ: ʪʨʫʜʦʚʦʡ ʜʦʛʦʚʦʨ, ʪʨʫʜʦʚʘʷ ʢʥʠʞʢʘ, ʣʠʯ-

ʥʘʷ ʢʘʨʪʦʯʢʘ ʨʘʙʦʪʥʠʢʘ. ʀʟʤʝʥʝʥʠʝ ʚ ʰʪʘʪʥʦʝ ʨʘʩ-

ʧʠʩʘʥʠʝ ʚʥʦʩʠʪʩʷ ʧʦ ʧʨʠʢʘʟʫ çʚ ʩʚʷʟʠ ʩ ʚʥʝʜʨʝʥʠʝʤ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘ-

ʥʠʟʘʮʠʠè. ɿʜʝʩʴ ʝʩʪʴ ʦʜʠʥ ʩʝʨʴʝʟʥʳʡ ʥʶʘʥʩ. ɽʩʣʠ 

ʤʳ ʜʦʣʞʥʳ ʧʝʨʝʠʤʝʥʦʚʘʪʴ ʜʦʣʞʥʦʩʪʴ ʙʝʟ ʠʟʤʝʥʝ-

ʥʠʷ ʬʫʥʢʮʠʡ, ʨʝʞʠʤʘ ʪʨʫʜʘ, ʫʩʣʦʚʠʡ ʪʨʫʜʘ, ʦʢʣʘʜʘ, 

ʪʦ, ʤʦʞʥʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʧʠʩʴʤʦʤ ʠ ʧʝʨʝʠʤʝ-

ʥʦʚʘʪʴ ʜʦʣʞʥʦʩʪʴ. ʕʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʧʝʨʝʚʦʜʦʤ ʥʘ 

ʜʨʫʛʫʶ ʨʘʙʦʪʫ, ʧʦʩʢʦʣʴʢʫ ʩʦʛʣʘʩʥʦ ʊʨʫʜʦʚʦʛʦ ʢʦ-
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ʜʝʢʩʘ ʈʌ ʧʝʨʝʚʦʜ ʥʘ ʜʨʫʛʫʶ ʨʘʙʦʪʫ ʩʚʷʟʘʥ ʩ ʠʟʤʝ-

ʥʝʥʠʝʤ ʪʨʫʜʦʚʦʡ ʬʫʥʢʮʠʠ. ʊʘʢʞʝ ʚ ʧʨʘʚʠʣʘʭ ʚʥʫʪ-

ʨʝʥʥʝʛʦ ʨʘʩʧʦʨʷʜʢʘ ʠ ʜʨʫʛʠʭ ʣʦʢʘʣʴʥʳʭ ʥʦʨʤʘʪʠʚ-

ʥʳʭ ʘʢʪʘʭ (ʧʦʣʦʞʝʥʠʝ ʦʙ ʦʧʣʘʪʝ ʪʨʫʜʘ, ʧʦʣʦʞʝʥʠʝ 

ʦʙ ʘʪʪʝʩʪʘʮʠʠ, ʧʦʣʦʞʝʥʠʝ ʦ ʩʪʨʫʢʪʫʨʥʦʤ ʧʦʜʨʘʟʜʝ-

ʣʝʥʠʠ) ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ, ʯʪʦ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠ-

ʤʝʥʷʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʝ ʠ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ ʥʘ ʜʦʙʨʦʚʦʣʴʥʦʡ ʦʩʥʦʚʝ. 

ɽʩʣʠ ʠʭ ʥʝʤʥʦʛʦ ï ʪʦ ʤʦʞʥʦ ʧʝʨʝʯʠʩʣʠʪʴ, ʣʠʙʦ 

ʧʨʠʣʦʞʠʪʴ ʦʪʜʝʣʴʥʳʤ ʩʧʠʩʢʦʤ. ʆʜʥʘʢʦ ʜʣʷ ʜʦʣʞ-

ʥʦʩʪʥʦʡ ʠʥʩʪʨʫʢʮʠʠ ʪʘʢʦʡ ʚʘʨʠʘʥʪ ʥʝ ʧʨʠʤʝʥʠʤ, 

ʜʦʣʞʥʦʩʪʥʘʷ ʠʥʩʪʨʫʢʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ 

ʧʝʨʝʠʟʜʘʥʘ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʧʦʩʣʝ ʧʝʨʝ-

ʠʤʝʥʦʚʘʥʠʷ ʜʦʣʞʥʦʩʪʠ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʥʝ ʠʟʤʝʥʠ-

ʣʠʩʴ, ʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ (ʥʦʚʘʷ, ʝʩʣʠ ʝʩʪʴ ʨʝʟʫʣʴ-

ʪʘʪʳ ʧʨʝʜʳʜʫʱʝʡ) ʦʮʝʥʢʘ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʥʝ ʪʨʝʙʫ-

ʝʪʩʷ. ʀʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʢʦʩʥʫʪʴʩʷ 

ʜʦʢʫʤʝʥʪʦʚ ʨʘʙʦʪʥʠʢʘ ï ʢ ʪʨʫʜʦʚʦʤʫ ʜʦʛʦʚʦʨʫ 

ʥʫʞʥʦ ʧʦʜʛʦʪʦʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʦʛʣʘʰʝʥʠʝ, 

ʜʘʞʝ ʝʩʣʠ ʥʝʪ ʠʟʤʝʥʝʥʠʡ ʚ ʪʨʫʜʦʚʳʭ ʬʫʥʢʮʠʷʭ, ʨʝ-

ʞʠʤʘ ʪʨʫʜʘ, ʫʩʣʦʚʠʡ ʪʨʫʜʘ, ʦʧʣʘʪʳ ʪʨʫʜʘ ʨʘʙʦʪ-

ʥʠʢʘ. ʆʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʫʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʩʚʷʟʠ ʩ ʚʚʝʜʝʥʠʝʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʘ 

ʦʙʦʙʱʝʥʥʘʷ ʪʨʫʜʦʚʘʷ ʬʫʥʢʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʧʠ-

ʩʘʥʘ ʚ ʪʨʫʜʦʚʦʤ ʜʦʛʦʚʦʨʝ. ɼʣʷ ʨʘʙʦʯʠʭ ʩʧʝʮʠʘʣʴ-

ʥʦʩʪʝʡ ʦʙʦʙʱʝʥʥʘʷ ʪʨʫʜʦʚʘʷ ʬʫʥʢʮʠʷ ʧʨʦʧʠʩʳʚʘ-

ʝʪʩʷ ʚ ʨʘʙʦʯʝʡ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ, ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʠʥʩʪʨʫʢʮʠʠ. ʊʘʢʞʝ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʧʠʩʴ ʚ 

ʪʨʫʜʦʚʦʡ ʢʥʠʞʢʝ ʠ ʣʠʯʥʦʡ ʢʘʨʪʦʯʢʝ ʨʘʙʦʪʥʠʢʘ, ʛʜʝ 

ʚ ʛʨʘʬʝ çʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷè ʫʢʘʟʳʚʘʝʪʩʷ 

ʧʝʨʝʠʤʝʥʦʚʘʥʠʝ ʜʦʣʞʥʦʩʪʠ. ɺ ʢʦʥʯʝʥʦʤ ʠʪʦʛʝ ʨʝ-

ʟʫʣʴʪʘʪʦʤ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ ʧʦ ʚʥʝʜʨʝʥʠʶ ʧʨʦʬʝʩʩʠ-

ʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʢʫʤʝʥʪ, ʢʦʪʦ-

ʨʳʡ ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ: ʯʪʦ ʥʫʞʥʦ 

ʩʜʝʣʘʪʴ, ʢʘʢʠʝ ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʨʳ ʧʦ ʧʨʘʚʠʣʴʥʦʤʫ 

ʥʘʟʥʘʯʝʥʠʶ ʨʘʙʦʪʥʠʢʦʚ ʥʘ ʜʦʣʞʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʪ-

ʚʝʪʩʪʚʝʥʥʳʭ ʠ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʨʘʙʦʪʥʠʢʦʚ ʵʪʫ 

ʜʝʷʪʝʣʴʥʦʩʪʴ. ʀʩʩʣʝʜʫʷ ʥʝʧʨʦʩʪʳʝ ʚʦʧʨʦʩʳ ʫʧʨʘʚ-

ʣʝʥʠʷ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʢʦʪʦʨʳʤʠ ʷʚʣʷ-

ʶʪʩʷ ʭʦʟʷʡʩʪʚʫʶʱʠʝ ʩʫʙʲʝʢʪʳ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦ-

ʥʦʤʠʢʠ, ʘ ʠʤʝʥʥʦ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨ ʜʝ-

ʷʪʝʣʴʥʦʩʪʠ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʏʪʦʙʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ 

ʫʧʨʘʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘʤʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʙʠʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ 

ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤ ʨʝ-

ʰʝʥʠʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ. 

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʷʚʣʷʝʪʩʷ ʜʦ-

ʩʪʘʪʦʯʥʦ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʩʪʳʤ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʢʨʫʧʥʦʡ ʦʨʛʘ-

ʥʠʟʘʮʠʠ, ʪʘʢ ʠ ʦʨʛʘʥʠʟʘʮʠʷʤ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ 

ʙʠʟʥʝʩ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʧʨʘʚʦʚʦʡ 

ʬʦʨʤʳ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘ 

ʩʯʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʢʘʢ ʚ 

ʢʘʜʨʦʚʦʤ ʩʦʩʪʘʚʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʪʘʢ ʠ ʜʨʫʛʠʭ ʝʝ 

ʩʪʨʫʢʪʫʨʘʭ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ 

ʨʘʩʭʦʜʳ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʥʷʪʠʝ çʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠè ʢʘʢ ʚʘʞʥʝʡʰʝʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʨʳʯʘʛʘ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʦʥʪʨʦʣʷ ʠ ʘʥʘʣʠʟʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʩʬʝʨʳ ʩʝʨ-

ʚʠʩʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʩʪʘʪʴʝ ʫʜʝʣʷʝʪʩʷ ʬʘʢʪʦʨʘʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʨʚʠʩ-

ʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. 

Abstract 

The article discusses the concept of "economic efficiency" as an important economic lever in the control 

system, planning, control and analysis of activity of enterprises of sphere of service. Special attention is paid to 

the factors influencing economic efficiency of service companies, as well as key indicators. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʧʨʠʙʳʣʴ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ. 

Keywords: economic efficiency, economic impact, profit, profitability. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʙʣʝʤʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʝʨʚʠʩʥʳʭ ʧʨʝʜʧʨʠʷ-

ʪʠʡ ʫʜʝʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʵʢʦʥʦʤʠ-

ʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʠʣʠ ʥʝʨʘʮʠʦʥʘʣʴʥʦ-

ʩʪʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʠ ʫʩʧʝʰʥʦʡ ʢʦʤʧʝʪʝʥʪʥʦʡ 

ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦ-

ʙʣʝʤʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʝʨʚʠʩʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʭ ʘʢʪʫʘʣʴʥʦʩʪʴ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜ-

ʧʨʠʷʪʠʡ ʩʬʝʨʳ ʩʝʨʚʠʩʘ, ʫʯʠʪʳʚʘʶʱʠʝ ʩʧʝʮʠʬʠʢʫ ʚ 

ʫʩʣʦʚʠʷʭ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ ʦʪʨʘʞʝʥʳ ʚ ʪʨʫ-

ʜʘʭ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʚʪʦʨʦʚ: ɸʩʘʫʣ 

ɸ.ʅ., ɹʘʛʠʝʚ ɻ.ʃ., ɹʦʙʨʳʰʝʚ ɸ.ɼ., ɻʨʫʟʠʥʦʚ ɺ.ʇ., 

ʂʘʪʮʝʥʙʘʭ ɼ., ʂʫʯʝʨʦʚʘ ɽ.ʅ., ʄʘʨʢʘʨʴʷʥ ʕ.ɸ., ʉʢʘ-

ʤʘʡ ʃ.ɻ., ʉʤʠʪ ɼ. ʠ ʜʨ., ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʝʯʘʪʠ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʢ ʵʢʦʥʦʤʠʯʝ-

ʩʢʘʷ ʢʘʪʝʛʦʨʠʷ, ʦʪʨʘʞʘʝʪ ʚʩʝ ʩʬʝʨʳ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʎʝʣʦʩʪʥʦʩʪʴ, ʤʥʦʛʦʤʝʨ-

ʥʦʩʪʴ, ʜʠʥʘʤʠʯʥʦʩʪʴ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʩʪʴ ʥʘʠʙʦ-

ʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʡ ʩʬʝʨʳ ʩʝʨʚʠʩʘ, ʥʘʭʦʜʷʪ ʦʪʨʘʞʝʥʠʝ ʯʝ-

ʨʝʟ ʢʘʪʝʛʦʨʠʶ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʧʨʠʙʳʣʴ (ʜʦʭʦʜ), ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʦʢʘ-

ʟʘʥʥʳʝ ʫʩʣʫʛʠ, ʚʘʣʦʚʦʡ ʚʥʫʪʨʝʥʥʠʡ ʧʨʦʜʫʢʪ ʠ ʜʨ. ɺ 

ʢʘʯʝʩʪʚʝ ʟʘʪʨʘʪ ʩʝʨʚʠʩʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ï ʟʘʪʨʘʪʳ 

ʞʠʚʦʛʦ ʪʨʫʜʘ, ʟʘʪʨʘʪʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ 

ʨʝʩʫʨʩʦʚ.  

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ ʩʬʝʨʳ ʩʝʨʚʠʩʘ ï ʵʪʦ ʦʪʜʘʯʘ ʚ ʬʦʨʤʝ 

ʜʦʭʦʜʦʚ ʨʘʟʣʠʯʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʘʭʦʜʷ-

ʱʠʭʩʷ ʚ ʝʛʦ ʨʘʩʧʦʨʷʞʝʥʠʠ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʝʨʚʠʩʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʩʣʝʜʫʶʱʠʭ ʧʨʠʥʮʠʧʘʭ: 

¶ ʧʨʠʥʮʠʧ ʵʢʦʥʦʤʠʯʥʦʩʪʠ (ʨʝʘʣʠʟʘʮʠʷ ʩʪʨʘ-
ʪʝʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩ ʥʘʠʙʦʣʴʰʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʚʳʛʦʜʦʡ); 

¶ ʧʨʠʥʮʠʧ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (ʦʪʥʦʰʝʥʠʝ ʜʦ-
ʩʪʠʛʥʫʪʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʢ ʩʫʤʤʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʣʠ ʨʦʩʪ ʦʪʜʘʯʠ ʬʘʢʪʦʨʦʚ 

ʟʘ ʩʯʝʪ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ); 

¶ ʧʨʠʥʮʠʧ ʧʨʠʙʳʣʴʥʦʩʪʠ (ʥʘʮʝʣʝʥʥʦʩʪʴ ʥʘ 
ʧʦʣʫʯʝʥʠʝ ʙʦʣʴʰʦʡ ʤʘʩʩʳ ʧʨʠʙʳʣʠ); 

¶ ʧʨʠʥʮʠʧ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ (ʦʪʥʦʰʝʥʠʝ ʧʦʣʫ-
ʯʝʥʥʦʡ ʧʨʠʙʳʣʠ ʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʤʫ ʢʘʧʠʪʘʣʫ); 

¶ ʧʨʠʥʮʠʧ ʦʧʪʠʤʘʣʴʥʦʡ ʥʘʣʦʛʦʚʦʡ ʥʘʛʨʫʟʢʠ 
(ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʢ ʫʤʝʥʠʶ ʩʙʝʨʝʛʘʪʴ ʦʪ 

ʥʘʣʦʛʦʚʦʡ ʠʥʩʧʝʢʮʠʠ ʩʚʦʠ ʜʦʭʦʜʳ ʚ ʨʘʟʤʝʨʝ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʝʤ ʧʦʣʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʙʳʣʠ); 

¶ ʧʨʠʥʮʠʧ ʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝ-
ʛʠʠ ʧʦʚʝʜʝʥʠʷ (ʫʤʝʥʠʝ ʨʫʢʦʚʦʜʩʪʚʘ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʩʦʛʣʘʩʥʦ ʧʨʘʚʠʣʘʤ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʡ ʩʪʨʘʪʝʛʠʠ ʧʦʚʝʜʝʥʠʷ: ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʠʣʠ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʢʦʤʤʝʨʯʝ-

ʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʬʝʨʳ ʩʝʨʚʠʩʘ ʜʦʤʠʥʠʨʫʶʱʠʤ 

ʬʘʢʪʦʨʦʤ ʚʳʩʪʫʧʘʝʪ ʧʨʠʥʮʠʧ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʨʘʮʠ-

ʦʥʘʣʴʥʦʩʪʠ. ʕʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʩʚʦʝʡ ʦʩʥʦʚʥʦʡ ʮʝ-

ʣʴʶ ʩʯʠʪʘʶʪ ʤʘʢʩʠʤʠʟʘʮʠʶ ʧʨʠʙʳʣʠ. ʅʦ, ʥʘʨʷʜʫ ʩ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʨʘʮʠʦʥʘʣʴʥʦʩʪʴʶ (ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʴʶ), ʪʘʢʞʝ ʚʳʜʝʣʷʶʪ ʥʝʤʘʣʦʚʘʞʥʳʝ ʢʨʠʪʝʨʠʠ, 

ʪʘʢʠʝ ʢʘʢ: 
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¶ ʩʦʮʠʘʣʴʥʘʷ ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ, ʧʨʝʜʫʩʤʘʪʨʠ-
ʚʘʶʱʘʷ ʩʦʢʨʘʱʝʥʠʝ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ, ʛʘʨʘʥʪʠʨʫ-

ʶʱʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʭ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ (ʦʪ-

ʩʫʪʩʪʚʠʝ ʙʝʟʨʘʙʦʪʠʮʳ, ʥʝʟʘʥʷʪʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʳʭ ʤʦʱʥʦʩʪʝʡ); 

¶ ʪʝʭʥʠʯʝʩʢʘʷ ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ, ʦʨʠʝʥʪʠʨʫʶ-
ʱʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝ-

ʩʪʚʘ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʘʰʠʥ, ʪʝʭʥʦʣʦʛʠʡ; 

¶ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ, ʥʘʮʝʣʠʚʘ-
ʶʱʘʷ ʩʝʨʚʠʩʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʫʱʝʨʙʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ʉʦʮʠʘʣʴʥʘʷ, ʪʝʭʥʠʯʝʩʢʘʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʨʘ-

ʮʠʦʥʘʣʴʥʦʩʪʠ ʥʘʭʦʜʷʪ ʩʚʦʝ ʚʳʨʘʞʝʥʠʝ ʢʘʢ ʢʨʠʪʝ-

ʨʠʠ ʚʪʦʨʦʛʦ, ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ. 

ʇʝʨʝʭʦʜ ʥʘ ʩʘʤʦʦʢʫʧʘʝʤʦʩʪʴ ʠ ʩʘʤʦʬʠʥʘʥʩʠ-

ʨʦʚʘʥʠʝ, ʦʪʩʫʪʩʪʚʠʝ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʩʦ 

ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ, ʢʦʥʢʫʨʝʥʮʠʷ ʟʘʩʪʘʚʠʣʠ ʢʦʤ-

ʤʝʨʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩʬʝʨʳ ʩʝʨʚʠʩʘ ʚʟʛʣʷʥʫʪʴ ʥʘ 

ʧʨʦʙʣʝʤʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩ ʧʦʟʠʮʠʠ ʜʦʭʦʜʥʦʩʪʠ. 

ʃʶʙʦʝ ʢʦʤʤʝʨʯʝʩʢʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʥʘʮʝʣʝʥʦ ʥʘ ʠʟ-

ʚʣʝʯʝʥʠʝ ʪʦʛʦ ʫʨʦʚʥʷ ʧʨʠʙʳʣʠ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ 

ʜʣʷ ʨʝʰʝʥʠʷ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʜʘʯ, ʦʙʫʩʣʘʚʣʠʚʘ-

ʶʱʝʛʦ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʙʠʟ-

ʥʝʩʘ, ʩʦʟʜʘʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʦʩʥʦʚʳ ʜʣʷ ʨʝʘʣʠʟʘ-

ʮʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʛʦʩʫʜʘʨʩʪʚʘ (ʧʫʪʝʤ 

ʦʪʯʠʩʣʝʥʠʷ ʥʘʣʦʛʦʚ).  

ɺʘʞʥʝʡʰʝʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʦʮʝʥʢʝ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ 

(ʵʬʬʝʢʪʘ), ʧʨʝʜʧʦʣʘʛʘʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ 

ʦʙʣʘʩʪʝʡ ʧʨʦʷʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʝʨ-

ʚʠʩʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʪʘʢʞʝ ʥʘʭʦʞʜʝʥʠʝ ʤʝʪʦʜʦʚ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ. ɺ ʧʨʦ-

ʮʝʩʩʝ ʦʮʝʥʢʠ ʵʬʬʝʢʪʘ ʚʳʜʝʣʷʶʪ ʪʨʠ ʛʨʫʧʧʳ ʧʦʢʘ-

ʟʘʪʝʣʝʡ: ʦʙʲʝʤʥʳʝ, ʢʦʥʝʯʥʳʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ. 

ʂ ʠʩʭʦʜʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬ-

ʬʝʢʪʘ ʦʪʥʦʩʷʪ ʦʙʲʝʤʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʚʢʣʶʯʘʶʱʠʤ 

ʚ ʩʝʙʷ ʥʘʪʫʨʘʣʴʥʳʝ ʠ ʩʪʦʠʤʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʙʲ-

ʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʫʩʣʫʛ ʚ ʥʘʪʫʨʘʣʴʥʦʤ ʠ ʩʪʦʠʤʦʩʪʥʦʤ 

ʚʳʨʘʞʝʥʠʠ. ʂ ʢʦʥʝʯʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʵʬʬʝʢʪʘ ʦʪ-

ʥʦʩʷʪ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ, ʫʨʦʚʝʥʴ ʫʜʦʚʣʝʪʚʦʨʝ-

ʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʳʥʢʘ ʠ ʪ.ʧ. ʂʦʥʝʯʥʳʝ ʵʢʦʥʦʤʠ-

ʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʝʦʙʭʦʜʠʤʳ ʧʨʠ ʨʘʩʯʝʪʝ ʦʙʦʙ-

ʱʘʶʱʠʭ (ʠʥʪʝʛʨʘʣʴʥʳʭ) ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʉʦʮʠʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʮʝʣʝʥʳ 

ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʝʨʚʠʩ-

ʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʮʝʣʷʤ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ, ʨʝʛʠ-

ʦʥʘ, ʪʨʫʜʦʚʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʠ ʨʘʙʦʪʥʠʢʘ (ʫʨʦʚʝʥʴ 

ʦʧʣʘʪʳ ʪʨʫʜʘ, ʚʝʣʠʯʠʥʘ ʧʨʦʞʠʪʦʯʥʦʛʦ ʤʠʥʠʤʫʤʘ, 

ʫʨʦʚʝʥʴ ʩʦʮʠʘʣʴʥʦʡ ʟʘʱʠʱʝʥʥʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʪ.ʜ.) [1]. 

ʅʘ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚʣʠʷʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠ ʨʘʟʥʦ-

ʦʙʨʘʟʥʳʝ ʬʘʢʪʦʨʳ. ɹʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ ʚʝʣʠʯʠʥʫ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʧʦ-

ʢʘʟʘʪʝʣʷ ʚʝʜʝʪ ʢ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʠ ʜʦʩʪʦʚʝʨʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ, ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʧʨʝʜ-

ʧʨʠʷʪʠʷ. ʆʪʩʫʪʩʪʚʠʝ ʛʣʫʙʦʢʦ ʠ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʘʥʘ-

ʣʠʟʘ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʚʳʚʦʜʦʚ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʚʳʷʚʣʝʥʠʶ ʨʝʟʝʨʚʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʙʦʩʥʦʚʘʥʠʶ 

ʧʣʘʥʦʚ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʌʘʢʪʦʨʳ ï ʵʣʝ-

ʤʝʥʪʳ, ʧʨʠʯʠʥʳ, ʜʚʠʞʫʱʠʝ ʩʠʣʳ ʩʦʚʝʨʰʘʶʱʝʛʦʩʷ 

ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʝ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʠʣʠ ʨʷʜ ʧʦʢʘʟʘʪʝʣʝʡ.  

ʀʩʭʦʜʷ ʠʟ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʩʝʨʚʠʩʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʬʘʢʪʦʨʦʚ, ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʦʡ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʭʦ-

ʟʷʡʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʝʨʚʠʩʥʦʛʦ ʧʨʝʜʧʨʠʷ-

ʪʠʷ, ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʠʩʢ ʚʥʫʪʨʠʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʨʝʟʝʨʚʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʝʨʚʠʩʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʨʷʜʫ ʩʘʤʳʭ ʨʘʟʥʦʦʙ-

ʨʘʟʥʳʭ ʧʨʠʟʥʘʢʦʚ. ɺʳʜʝʣʠʤ ʦʩʥʦʚʥʳʝ: 

1. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
ʬʘʢʪʦʨʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʥʘ ʚʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰ-

ʥʠʝ [1]. 

ɺʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ ʟʘʚʠʩʷʪ ʦʪ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʩʘʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʨʘʙʦʪʫ ʢʦʣ-

ʣʝʢʪʠʚʘ, ʪ.ʝ. ʠʭ ʧʦʨʦʞʜʘʝʪ ʩʘʤʦ ʧʨʝʜʧʨʠʷʪʠʝ. 

ʅʘʧʨʠʤʝʨ, ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʩʪʠ-

ʤʫʣʠʨʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʚʳʰʝ-

ʥʠʶ ʤʦʪʠʚʘʮʠʠ ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ ʧʨʠʚʝʣʦ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ. 

2. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʜʝʡ-
ʩʪʚʠʷ - ʧʦʟʠʪʠʚʥʳʝ ʠ ʥʝʛʘʪʠʚʥʳʝ. ʇʦʟʠʪʠʚʥʳʤʠ 

ʩʯʠʪʘʶʪ ʬʘʢʪʦʨʳ, ʙʣʘʛʦʪʚʦʨʥʦ ʚʣʠʷʶʱʠʝ ʥʘ ʜʝʷ-

ʪʝʣʴʥʦʩʪʴ ʩʝʨʚʠʩʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʘ ʥʝʛʘʪʠʚʥʳʝ ï 

ʥʘʦʙʦʨʦʪ. 

3. ʇʦ ʩʨʦʢʫ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʜʝʣʷʶʪ ʧʦʩʪʦʷʥ-
ʥʳʝ ʠ ʧʝʨʝʤʝʥʥʳʝ ʬʘʢʪʦʨʳ. 

ʇʦʩʪʦʷʥʥʳʝ ʬʘʢʪʦʨʳ ʦʢʘʟʳʚʘʶʪ ʙʝʩʧʨʝʨʳʚ-

ʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷ-

ʪʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ. ʇʝʨʝʤʝʥʥʳʝ 

ʬʘʢʪʦʨʳ ʧʨʦʷʚʣʷʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʠ ʦʩʚʦʝʥʠʠ 

ʥʦʚʦʡ ʪʝʭʥʠʢʠ, ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʦʩʚʦʝʥʠʠ ʥʦʚʦʛʦ ʚʠʜʘ ʧʨʦʜʫʢʮʠʠ. 

4. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʚʣʠʷʥʠʷ ʬʘʢ-
ʪʦʨʳ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʠʥʪʝʥʩʠʚʥʳʝ ʠ ʵʢʩʪʝʥʩʠʚʥʳʝ.  

ʀʥʪʝʥʩʠʚʥʳʝ ʬʘʢʪʦʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶ ʩʪʝʧʝʥʴ 

ʫʩʠʣʠʷ, ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʪʨʫʜʘ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ. ʕʢʩʪʝʥ-

ʩʠʚʥʳʝ ʬʘʢʪʦʨʳ ʩʚʷʟʘʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʳʤ, ʘ ʥʝ ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʨʠʨʦʩʪʦʤ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ. 

5. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʤʝʨʠʤʦʩʪʠ ʚʳʜʝʣʷʶʪ ʢʦ-
ʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ ʚʳʨʘʞʘʶʪ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʫʶ ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʷʚʣʝʥʠʡ: ʢʦʣʠʯʝʩʪʚʦ ʨʘ-

ʙʦʯʠʭ, ʟʘʥʷʪʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʠʣʠ ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ. ʂʘʯʝʩʪʚʝʥʥʳʝ - ʦʧʨʝʜʝʣʷʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʥʫʪʨʝʥʥʠʝ ʢʘʯʝʩʪʚʘ, ʧʨʠʟʥʘʢʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʫ-

ʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʪʨʫʜʘ ʠ ʪ.ʜ. 

6. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʚʣʠʷʥʠʷ ʚʳʜʝ-

ʣʷʶʪ ʦʙʱʠʝ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. 
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ʆʙʱʠʝ ʬʘʢʪʦʨʳ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʚʩʝ ʧʨʝʜʧʨʠ-

ʷʪʠʝ ʚ ʮʝʣʦʤ. ʉʧʝʮʠʬʠʯʝʩʢʠʝ - ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʜʝ-

ʷʪʝʣʴʥʦʩʪʴ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʧʦʜʨʘʟ-

ʜʝʣʝʥʠʡ. 

7. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʵʢʦ-
ʥʦʤʠʯʝʩʢʠʭ ʢʨʠʟʠʩʦʚ ʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ 

ʚʳʜʝʣʷʶʪ ʛʨʫʧʧʳ ʬʘʢʪʦʨʦʚ ʩʚʷʟʘʥʥʳʭ ʩ ʵʥʜʦʛʝʥ-

ʥʳʤʠ ʠ ʵʢʟʦʛʝʥʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʝ ʧʨʠʯʠʥʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʠʟʠʩʦʚ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʝʦʜʦʣʝʥʠʷ ʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʩʠ-

ʣʘʤʠ ʧʨʝʜʧʨʠʷʪʠʡ ʟʘʚʠʩʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʪ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʫʩʠʣʠʡ [3]. 

ɿʘʣʦʛʦʤ ʫʩʧʝʰʥʦʛʦ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʠ ʬʫʥʢʮʠ-

ʦʥʠʨʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʨʳʥʢʝ ʥʘ ʦʩʥʦʚʝ ʧʨʠ-

ʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʦʙʣʝʤʘʤ ʵʬʬʝʢ-

ʪʠʚʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝ-

ʥʠʝ ʠ ʠʟʫʯʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. ʀʤʝʥʥʦ ʫʩʧʝʰʥʦʝ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʠ ʚʥʝʰ-

ʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʦʟʚʦʣʠʪ ʫʩʪʘʥʦʚʠʪʴ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʝ ʪʘʢʪʠʯʝʩʢʠʝ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʮʝʣʠ ʜʘʣʴ-

ʥʝʡʰʝʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

[4]. 

ʉʫʱʥʦʩʪʴ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʩʝʨʚʠʩʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳ-

ʨʘʞʝʥʘ ʯʝʨʝʟ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʩʨʝʜ-

ʩʪʚʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʝʝ ʫʨʦʚʥʷ. 

ʆʙʱʠʡ ʧʦʢʘʟʘʪʝʣʴ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ:  

 

ʕʵ = ʈʝʟʫʣʴʪʘʪ/ɿʘʪʨʘʪʳ.   (1) 

 

ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʜʣʷ ʦʮʝʥʢʠ ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʘʞʥʳ ʧʦʢʘʟʘʪʝʣʠ ʧʨʠʙʳʣʠ ʠ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʝʛʦ ʬʠʥʘʥʩʦʚʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ.  

ʇʨʠʙʳʣʴ ð ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʜʦʭʦʜʘʤʠ ʠ ʠʟ-

ʜʝʨʞʢʘʤʠ. ɺ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫ-

ʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʠʙʳʣʠ [2]: 

¶ ʚʘʣʦʚʘʷ ʧʨʠʙʳʣʴ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟ-
ʥʠʮʫ ʤʝʞʜʫ ʚʳʨʫʯʢʦʡ ʦʪ ʧʨʦʜʘʞ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʪʦʚʘʨʦʚ (ʫʩʣʫʛ), ʪ.ʝ. 

 

ɺʇ = ɺ ï ʉ,   (2) 

 

ʛʜʝ ɺ - ʚʳʨʫʯʢʘ ʦʪ ʧʨʦʜʘʞ; ʉ ï ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʫʩʣʫʛ. 

¶ ʧʨʠʙʳʣʴ / ʫʙʳʪʦʢ ʦʪ ʧʨʦʜʘʞ (ʨʝʘʣʠʟʘʮʠʠ), 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʩʫʤʤʦʡ ʚʘʣʦ-

ʚʦʡ ʧʨʠʙʳʣʠ ʠ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʠ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʤʠ ʨʘʩʭʦʜʘʤʠ, ʪ.ʝ.  

 

ʇʨ= ɺʇ ï I,   (3) 

 

ʛʜʝ I ï ʠʟʜʝʨʞʢʠ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ - ʢʦʤʤʝʨʯʝ-

ʩʢʠʝ ʨʘʩʭʦʜʳ ʠ ʨʘʩʭʦʜʳ ʥʘ ʫʧʨʘʚʣʝʥʠʝ. 

¶ ʧʨʠʙʳʣʴ / ʫʙʳʪʦʢ ʜʦ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ, 
ʚʢʣʶʯʘʝʪ ʬʠʥʘʥʩʦʚʳʡ ʨʝʟʫʣʴʪʘʪ ʦʪ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʜʫʢʮʠʠ, ʨʘʙʦʪ ʠ ʫʩʣʫʛ, ʜʦʭʦʜʳ ʠ ʨʘʩʭʦʜʳ ʦʪ ʬʠ-

ʥʘʥʩʦʚʦʡ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʥʝʨʝʘ-

ʣʠʟʘʮʠʦʥʥʳʝ ʠ ʯʨʝʟʚʳʯʘʡʥʳʝ ʜʦʭʦʜʳ ʠ ʨʘʩʭʦʜʳ, 

ʪ.ʝ. 

 

ʇ(ʋ)ʅ=ʇʧʨ+ɼ(ʈ)ʦʧÑɼ(ʈ)ʚʥ,  (4) 

 

ʛʜʝ ʇ(ʋ)ʅ - ʧʨʠʙʳʣʴ / ʫʙʳʪʦʢ ʜʦ ʥʘʣʦʛʦʦʙʣʦ-

ʞʝʥʠʷ; ʇʧʨ - ʧʨʠʙʳʣʴ ʦʪ ʧʨʦʜʘʞ; ɼ(ʈ)ʦʧ - ʦʧʝʨʘʮʠ-

ʦʥʥʳʝ ʜʦʭʦʜʳ ʠ ʨʘʩʭʦʜʳ; ɼ(ʈ)ʚʥ - ʚʥʝʨʝʘʣʠʟʘʮʠʦʥ-

ʥʳʝ ʜʦʭʦʜʳ ʠ ʨʘʩʭʦʜʳ.  

¶ ʯʠʩʪʘʷ ʧʨʠʙʳʣʴ, ʯʘʩʪʴ ʧʨʠʙʳʣʠ, ʢʦʪʦʨʘʷ 
ʦʩʪʘʝʪʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʩʣʝ 

ʫʧʣʘʪʳ ʧʨʦʮʝʥʪʦʚ, ʥʘʣʦʛʦʚ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʘʥʢ-

ʮʠʡ ʠ ʧʨʦʯʠʭ ʦʙʷʟʘʪʝʣʴʥʳʭ ʦʪʯʠʩʣʝʥʠʡ, ʪ.ʝ. 

 

ʏʇ(ʋ)=ɺ-ʉ-I-ʈʧʨ-ʅ,  (5) 

 

ʛʜʝ ʏʇ(ʋ) - ʯʠʩʪʘʷ ʧʨʠʙʳʣʴ / ʫʙʳʪʦʢ; ɺ ï ʚʳ-

ʨʫʯʢʘ; ʉ - ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʪʦʚʘʨʘ; I ï ʠʟʜʝʨʞʢʠ, ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ - ʢʦʤʤʝʨʯʝʩʢʠʝ ʨʘʩʭʦʜʳ ʠ ʨʘʩʭʦʜʳ 

ʥʘ ʫʧʨʘʚʣʝʥʠʝ; ʈʧʨ - ʧʨʦʯʠʝ ʨʘʩʭʦʜʳ; ʅ ï ʥʘʣʦʛʠ.  

¶ ʦʧʝʨʘʮʠʦʥʥʘʷ ʧʨʠʙʳʣʴ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-
ʙʦʡ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʩʫʤʤʦʡ ʚʘʣʦʚʦʡ ʧʨʠʙʳʣʠ ʠ 

ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʢʦʤʧʘʥʠʠ ʥʘ ʧʝʨʝʨʘ-

ʙʦʪʢʫ ʩʳʨʴʷ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʚ ʛʦʪʦʚʳʡ ʪʦʚʘʨ ʠʣʠ 

ʫʩʣʫʛʫ, ʪ.ʝ. 

 

ʇʦʧ=ɺʇ-ɿʦʧ,   (6) 

 

ʛʜʝ ʇʆʧ - ʦʧʝʨʘʮʠʦʥʥʘʷ ʧʨʠʙʳʣʴ; ɺʇ - ʚʘʣʦʚʘʷ 

ʧʨʠʙʳʣʴ; ɿʦʧ ï ʦʧʝʨʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ.  

ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ 

ʘʥʘʣʠʟʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠʙʳʣʠ ʩʣʫʞʘʪ ʜʘʥʥʳʝ ʘʥʘ-

ʣʠʪʠʯʝʩʢʦʛʦ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʧʦ ʩʯʝʪʘʤ ʨʝ-

ʟʫʣʴʪʘʪʦʚ, çʆʪʯʝʪ ʦ ʬʠʥʘʥʩʦʚʳʭ ʨʝʟʫʣʴʪʘʪʘʭè 

(ʬʦʨʤʘ ˉ2).  

ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʢʘʟʘ-

ʪʝʣʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʨʝ-

ʟʫʣʴʪʘʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ.  

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ 

ʚʳʜʝʣʷʶʪ: 

¶ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʧʦʢʘʟʳʚʘʝʪ, 

ʢʘʢʫʶ ʧʨʠʙʳʣʴ ʠʤʝʝʪ ʧʨʝʜʧʨʠʷʪʠʝ ʩ ʢʘʞʜʦʛʦ ʨʫʙʣʷ 

ʚʳʨʫʯʢʠ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ: 

 

Rʧ =100%,    (7) 

 

ʛʜʝ ʇʨ.ʧ ï ʧʨʠʙʳʣʴ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ; 

ʊRʧ ï ʚʳʨʫʯʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘ-

ʮʠʠ ʧʨʦʜʫʢʮʠʠ. 

ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʨʝʥʪʘ-

ʙʝʣʴʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʦʩʥʦʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʦ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʩʦʭʨʘʥʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʨʦʜʫʢ-

ʮʠʠ. 

¶ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʦʙʱʘʷ), ʭʘ-
ʨʘʢʪʝʨʠʟʫʝʪ ʧʨʠʙʳʣʴʥʦʩʪʴ (ʫʙʳʪʦʯʥʦʩʪʴ) ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘ ʦʧʨʝʜʝ-

ʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ: 

Rʧʨ = ,    (8) 

 

ʛʜʝ ʇʙ ï ʙʘʣʘʥʩʦʚʘʷ ʧʨʠʙʳʣʴ; ʆʉ ï ʦʩʥʦʚʥʳʝ 

ʩʨʝʜʩʪʚʘ: ʆʙʉ ï ʦʙʦʨʦʪʥʳʝ ʩʨʝʜʩʪʚʘ.  
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¶ ʦʙʱʘʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʘʢʪʠʚʦʚ, ʧʨʝʜʩʪʘʚ-
ʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʙʘʣʘʥʩʦʚʦʡ ʧʨʠʙʳʣʠ ʢ ʩʪʦʠ-

ʤʦʩʪʠ ʠʤʫʱʝʩʪʚʘ, ʪ.ʝ. ʩʫʤʤʝ ʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʩʨʝʜʩʪʚ (ʘʢʪʠʚʘʤ), ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ 

ʧʨʝʜʧʨʠʷʪʠʷ: 

 

Rʘ= ,    (9) 

 

ʛʜʝ ɸʩʨ ï ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʘʢʪʠʚʦʚ ʧʨʝʜʧʨʠʷ-

ʪʠʷ ʟʘ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ (ʙʝʟ ʫʯʝʪʘ ʫʙʳʪʢʦʚ). 

 

Rʘ= ,  (10) 

 

ʛʜʝ (ʀɹ0 + ʀɹ1)/2 ï ʩʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ ʠʤʫʱʝ-

ʩʪʚʘ ʟʘ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ ʧʦ ʙʘʣʘʥʩʫ ʧʨʝʜʧʨʠ-

ʷʪʠʷ; ʀɹ ï ʠʪʦʛ ʙʘʣʘʥʩʘ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʙʘʟʦʚʦʤ ʠ 

ʦʪʯʝʪʥʦʤ ʧʝʨʠʦʜʝ; ʠʥʜʝʢʩʳ 0 ʠ 1 ʦʧʨʝʜʝʣʷʶʪ ʟʥʘ-

ʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʚ ʙʘʟʦʤ ʠ ʦʪʯʝʪʥʦʤ ʧʝʨʠʦʜʝ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ.  

¶ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʦʛʦ ʢʘʧʠʪʘʣʘ, ʧʦ-

ʢʘʟʳʚʘʝʪ ʢʘʢʫʶ ʧʨʠʙʳʣʴ ʧʦʣʫʯʘʝʪ ʧʨʝʜʧʨʠʷʪʠʝ ʩ 

ʢʘʞʜʦʛʦ ʨʫʙʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ: 

 

Rʩ.ʢ= ,  (11) 

 

ʛʜʝ ʉʂ0 ʠ ʉʂ1 ï ʩʦʙʩʪʚʝʥʥʳʡ ʢʘʧʠʪʘʣ ʧʨʝʜʧʨʠ-

ʷʪʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʦʪʯʝʪʥʦʛʦ 

ʧʝʨʠʦʜʘ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʩʤʳʩʣ ʢʘʞʜʦʛʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʦʣʞʝʥ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʮʝʣʠ ʘʥʘʣʠʟʘ, ʙʳʪʴ ʧʦʥʷʪʥʳʤ, ʦʜ-

ʥʦʟʥʘʯʥʳʤ. 

 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʩʝʨʚʠʩʥʳʭ ʧʨʝʜʧʨʠʷ-

ʪʠʷʭ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʭʦʜ ʥʘ ʠʥʪʝʥʩʠʚʥʳʡ ʧʫʪʴ ʨʘʟ-

ʚʠʪʠʷ. 

ʇʦʚʳʰʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟ-

ʤʦʞʥʳʤ ʙʝʟ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʥʜʝʥʮʠʡ, 

ʠʟʫʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ - ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ, ʩʝʙʝʩʪʦʠʤʦʩʪʠ, ʨʝʥ-

ʪʘʙʝʣʴʥʦʩʪʠ, ʧʨʠʙʳʣʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, 

ʬʠʥʘʥʩʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ɻʊʋ ʚ ʧʝʨʝʤʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʋʟʙʝʢʠʩʪʘʥʘ, ʧʫʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ ʢʦʤʧʨʝʩʩʦʨ ɻʊʋ ʩ ʮʝʣʴʶ ʧʨʠʙʣʠʞʝʥʠʷ ʝʛʦ 

ʧʘʨʘʤʝʪʨʦʚ ʢ ʨʘʩʯʝʪʥʳʤ. 

Abstract 

In article deals with improving the reliability of the gas turbines in variable climatic conditions of Uzbekistan, 

by controlling the air quality at the entrance to the gas turbine compressor with the aim of bringing it closer to the 

calculated parameters. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʨʘʤʝʪʨʦʚ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʧʘʨʦʛʘʟʦʚʳʝ ʫʩʪʘʥʦʚʢʠ, ʛʘʟʦʚʳʝ ʪʫʨʙʠʥʳ, ʧʦʚʳ-

ʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʢʦʤʧʨʝʩʩʦʨ. 

Key words: parameters of outside air, combined-cycle plants, gas turbines, improving the efficiency, air 

temperature, the compressor. 

 

ʅʘʜʝʞʥʘʷ ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʧʘʨʦʛʘʟʦʚʳʭ 

ʫʩʪʘʥʦʚʦʢ (ʇɻʋ) ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʪʦʣʴʢʦ 

ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʙʣʶʜʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ. ʈʘʙʦʪʘ ʇɻʋ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘ-

ʤʝʪʨʦʚ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ: ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ 

ʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ. ʊʝʭʥʠʯʝʩʢʦʝ ʧʝʨʝʚʦʦʨʫʞʝʥʠʝ 

ʊʕʉ ʚ ʋʟʙʝʢʠʩʪʘʥʝ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʛʘʟʝ, ʚ ʩʨʝʜʥʝ 

ʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ, ʥʘʤʝʯʝʥʦ ʚ ʦʩʥʦʚʥʦʤ, ʥʘ ʨʝ-

ʢʦʥʩʪʨʫʢʮʠʶ (ʨʘʩʰʠʨʝʥʠʷ) ʟʘ ʩʯʸʪ ʩʦʦʨʫʞʝʥʠʷ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʇɻʋ, ʚʟʘʤʝʥ ʚʳʚʦʜʘ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʛʝʥʝʨʠʨʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ, ʚʳʨʘʙʦʪʘʚʰʠʭ ʩʚʦʡ ʨʝ-

ʩʫʨʩ, ʠʣʠ ʠʤʝʶʱʠʭ ʧʦʥʠʞʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʸʞ-

ʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ, ʥʘ ʂʕʉ ʥʘʤʝʯʘ-

ʝʪʩʷ ʩʦʦʨʫʞʘʪʴ ʇɻʋ ʝʜʠʥʠʯʥʦʡ ʤʦʱʥʦʩʪʴʶ 

170õ800 ʄɺʪ ʩ ʂʇɼ 53õ58 %, ʘ ʥʘ ʊʕʎ ï ʇɻʋ ʝʜʠ-

ʥʠʯʥʦʡ ʤʦʱʥʦʩʪʴʶ 90õ450 ʄɺʪ ʩ ʂʇɼ 52õ53 %.  

ɿʘ ʨʫʙʝʞʦʤ ʙʦʣʴʰʠʥʩʪʚʦ ʇɻʋ ʧʦʩʪʨʦʝʥʦ ʜʣʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʤʝʨʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦ-

ʚʠʷʭ (ʨʠʩ. 1), ʯʪʦ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʨʘʙʦʪʫ ʛʘʟʦʪʫʨ-

ʙʠʥʥʦʡ ʯʘʩʪʠ, ʙʣʠʟʢʫʶ ʢ ʨʘʩʯʝʪʥʳʤ ʫʩʣʦʚʠʷʤ. 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʋʟʙʝʢʠʩʪʘʥʘ ʥʝʩʨʘʚ-

ʥʠʤʳ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʩʪʨʘʥ ɿʘʧʘʜʘ ʠ 

ʉʐɸ, ʦʜʥʘʢʦ, ʬʠʨʤʳ ɸʤʝʨʠʢʠ ʠ ɽʚʨʦʧʳ ʷʚʣʷʶʪʩʷ 

ʛʝʥʝʨʘʣʴʥʳʤʠ ʧʦʜʨʷʜʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʆɸʆ 

çʆɻʂè, çʊɻʂè ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚ ʨʝʛʠʦʥʘʭ ʋʟʙʝ-

ʢʠʩʪʘʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʇɻʋ.  

 



Slovak international scientific journal # 3 (3), 2017 |  ELECTRICAL ENGINEERING 41 

 

 
ʈʠʩ.1. ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʨʷʜʝ ʩʪʨʘʥ ɿʘʧʘʜʘ ʠ ɸʤʝʨʠʢʠ: 1 ï ʂʦʧʝʥʛʘ-

ʛʝʥ; 2 ï ʅʴ-ʁʁʦʨʢ; 3 ï ʃʦʥʜʦʥ; 4 ï ʏʠʣʠ  

 

ɻʘʟʦʪʫʨʙʠʥʥʳʝ ʫʩʪʘʥʦʚʢʠ (ɻʊʋ) ʧʨʦʝʢʪʠʨʫ-

ʶʪʩʷ ʥʘ ʫʩʣʦʚʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ: pʘʪʤ=101,3 

ʢʇʘ ʠ tʥʚ=+15 ʦʉ [1]. ʆʜʥʘʢʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞ-

ʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʪʝʯʝʥʠʝ ʛʦʜʦʚʦʛʦ ʮʠʢʣʘ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ.  

ʅʘʧʨʠʤʝʨ, ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 

t=35 ʦʉ ʚ ʧ. ʅʫʨʠʩʪʘʥ ʂʘʰʢʘʜʘʨʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ 

ʫʩʪʘʥʦʚʣʝʥʳ ʛʘʟʦʪʫʨʙʠʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ɻʊʋ-314 

(ʨʠʩ. 2) ʚ ʩʦʩʪʘʚʝ ʧʘʨʦʛʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʇɻʋ-450.  

ʆʙʳʯʥʦ ʢʦʣʝʙʘʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘʨʫʞʥʦʛʦ ʚʦʟ-

ʜʫʭʘ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ɻʊʋ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʛʨʘʥʠ-

ʯʝʥʥʳʭ ʧʨʝʜʝʣʘʭ (ʚ ʫʩʣʦʚʠʷʭ ʊʘʰʢʝʥʪʘ, ʥʘʧʨʠʤʝʨ, 

ʦʪ 710 ʜʦ 750 ʤʤ ʨʪ. ʩʪ.) ʠ ʧʦʵʪʦʤʫ ʥʝʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ ʫʩʪʘʥʦʚʢʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʢʘʟʳʚʘ-

ʝʪʩʷ, ʯʪʦ ʧʦʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ 

ʢʦʤʧʨʝʩʩʦʨʘ ʥʘ 10% ʧʨʠʚʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʢ ʪʘ-

ʢʦʤʫ ʩʥʠʞʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ɻʊʋ. 

ʅʘʧʨʠʤʝʨ, ʧʦʪʝʨʷ ʤʦʱʥʦʩʪʠ ɻʊʋ ʪʠʧʘ GT26 

ʬʠʨʤʳ ABB ʚ ʫʩʣʦʚʠʷʭ ʊʘʰʢʝʥʪʘ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ 

6-7% ʦʪ ʤʦʱʥʦʩʪʠ, ʟʘʷʚʣʝʥʥʦʡ ʬʠʨʤʦʡ-ʠʟʛʦʪʦʚʠʪʝ-

ʣʝʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʦʨʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ 

(0,1013 ʄʇʘ). ɽʱʝ ʤʝʥʴʰʝ ʚʣʠʷʝʪ ʠʟʤʝʥʝʥʠʝ ʚʣʘ-

ʛʦʩʦʜʝʨʞʘʥʠʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ. ɿʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴ-

ʰʠʤʠ ʙʳʚʘʶʪ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ 

ʚʦʟʜʫʭʘ. ɺ ʫʩʣʦʚʠʷʭ ʋʟʙʝʢʠʩʪʘʥʘ ʵʪʠ ʢʦʣʝʙʘʥʠʷ ʤʦ-

ʛʫʪ ʙʳʪʴ ʦʪ ï25 ʜʦ +55 Áʉ. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ ʤʝʥʷʝʪ ʝʛʦ ʧʣʦʪʥʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʟʘʙʠʨʘʝʤʦʛʦ ʠʟ ʘʪʤʦ-

ʩʬʝʨʳ ʢʦʤʧʨʝʩʩʦʨʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʤʦʱʥʦʩʪʠ ɻʊʋ ʠ ʚʩʝʭ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʉʭʝʤʘ ʇɻʋ-450. ʛʜʝ: 1-ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ, 2- 

ʢʦʤʧʨʝʩʩʦʨ, 3-ʚʦʟʜʫʭ, 4-ʪʦʧʣʠʚʦ, 5-ʢʘʤʝʨʘ ʩʛʦʨʘ-

ʥʠʷ, 6-ʛʘʟʦʪʫʨʙʠʥʥʘʷ ʫʩʪʘʥʦʚʢʘ, 7-ʢʦʪʝʣ ʫʪʠʣʠʟʘ-

ʪʦʨ, 8-ʙʘʨʘʙʘʥ, 9- ʧʠʪʘʪʝʣʴʥʦʡ ʥʘʩʦʩ, 10-ʥʘʩʦʩ ʨʝ-

ʮʠʨʢʫʣʷʮʠʠ, 11-ʜʝʘʵʨʘʪʦʨ, 12-ʩʝʪʝʚʦʡ ʧʦʜʦʛʨʝʚʘ-

ʪʝʣʴ, 13-ʮʠʣʠʥʜʨ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, 14-ʮʠʣʠʥʜʨ 

ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ, 15-ʮʠʣʠʥʜʨ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, 

16-ʧʘʨʦʪʫʨʙʠʥʥʘʷ ʫʩʪʘʥʦʚʢʘ, 17-ʢʦʥʜʝʥʩʘʪʦʨ, 18-

ʢʦʥʜʝʥʩʘʪ ʥʘʩʦʩ.  

ɼʣʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʵʥʝʨʛʝʪʠʢʝ 

ʙʠʥʘʨʥʳʭ ʇɻʋ-ʂ ʭʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʛʨʫʟʦʢ 

60 õ 100% ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ.  

ɼʣʷ ʇɻʋ-ʂ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʠ ʤʦʱʥʦ-

ʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ɻʊʋ ʩ ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ ʛʘ-

ʟʦʪʫʨʙʠʥʥʦʡ ʠ ʧʘʨʦʪʫʨʙʠʥʥʦʡ ʯʘʩʪʝʡ ʤʦʱʥʦʩʪʠ 

ʇɻʋ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɻʊʋ, ʂʋ ʠ ʧʘ-

ʨʦʚʦʡ ʪʫʨʙʠʥʳ (ʇʊ) ʢʘʢ ʦʙʲʝʢʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ.  
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ʈʠʩ. 2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʇɻʋ-450 

 

ʇʦʜʜʝʨʞʘʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʟʘ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʦʡ, ʧʦʩʪʫʧʘʶʱʠʭ 

ʚ ʂʋ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝ-

ʥʠʷ ʧʦʣʦʞʝʥʠʷ ʚʭʦʜʥʦʛʦ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ 

(ɺʅɸ) ɻʊʋ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʝʨʝʜ ʧʝʨʚʦʡ ʩʪʫʧʝ-

ʥʴʶ ʢʦʤʧʨʝʩʩʦʨʘ. ʅʘʛʨʫʟʢʘ ɻʊʋ ʚ ʜʠʘʧʘʟʦʥʝ 100 - 

60% ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘ-

ʟʦʚ ʥʘ ʚʳʭʦʜʝ ʠʟ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ ʨʝʛʫʣʠʨʫʶʪʩʷ 

ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʢʦʤʧʨʝʩʩʦʨ 

ʩ ʧʦʤʦʱʴʶ ɺʅɸ ʠ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʨʝʛʫʣʠʨʫʶʱʠʤ 

ʪʦʧʣʠʚʥʳʤ ʢʣʘʧʘʥʦʤ (ʈʂʊ) ʧʨʠ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥ-

ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʛʘʟʦʚʦʡ ʪʫʨ-

ʙʠʥʳ. ʕʪʦʪ ʜʠʘʧʘʟʦʥ ʥʘʛʨʫʟʦʢ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʥʳʤ ʠ ʙʝʟʦʧʘʩʥʳʤ, ʪʘʢ ʢʘʢ ʚ ʥʝʤ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʂʇɼ ɻʊʋ.  

ʆʜʥʘʢʦ, ʚʩʝ ʵʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʙʣʠʟʢʠʭ ʢ ʨʘʩʯʝʪʥʦʤʫ ʟʥʘʯʝʥʠʶ 

(tʚ=15 Áʉ), ʥʘ ʢʦʪʦʨʳʭ ɻʊʋ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠ ʧʨʦ-

ʝʢʪʠʨʫʶʪʩʷ.  

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʵʥʝʨʛʦʙʣʦʢʘʭ ʇɻʋ-

ʂ, ʪ.ʝ. ʙʝʟ ʜʦʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ ʚ ʢʦʪʣʘʭ, ʥʘʭʦʜʠʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. 

ʇʦʵʪʦʤʫ, ʨʝʛʫʣʠʨʦʚʦʯʥʳʡ ʜʠʘʧʘʟʦʥ ʥʘʛʨʫʟʢʠ ʇɻʋ-

ʂ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘʛʨʫʟʢʦʡ ʇɻʋ ʫʪʠʣʠʟʘʮʠʦʥʥʦʛʦ 

ʪʠʧʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞ-

ʥʦʛʦ ʚʦʟʜʫʭʘ. ʕʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘ-

ʥʠʯʝʥʠʷ ʥʘ ʨʘʙʦʪʫ ʇɻʋ ʧʦ ʜʠʩʧʝʪʯʝʨʩʢʦʤʫ ʛʨʘ-

ʬʠʢʫ.  

ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞ-

ʥʦʩʪʠ ʨʘʙʦʪʳ ɻʊʋ ʚ ʨʝʟʢʦ ʧʝʨʝʤʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝ-

ʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ 

ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ ʢʦʤʧʨʝʩʩʦʨ ɻʊʋ ʩ ʮʝʣʴʶ ʧʨʠ-

ʙʣʠʞʝʥʠʷ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʢ ʨʘʩʯʝʪʥʳʤ. ʇʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʚʦʟʤʦʞʥʘ ʧʦʜʘʯʘ 

ʥʘ ʚʭʦʜʝ ʚ ʢʦʤʧʨʝʩʩʦʨ ʯʠʩʪʦʛʦ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ. 

ʇɻʋ ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʧʨʠʨʦʜʥʦʤ ʛʘʟʝ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ. ʂʘʞʜʘʷ ʛʘʟʦʪʫʨʙʠʥ-

ʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʥʘʙʞʝʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʚʦʟʜʫʭʦʦʯʠ-

ʩʪʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʦʡ (ʂɺʆʋ), ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ 

ʚʭʦʜʠʪ ʘʥʪʠʦʙʣʝʜʝʥʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ (ɸʆʉ) [2], 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʘ ʬʠʣʴʪʨʘʭ ʂɺʆʋ ʣʴʜʘ (ʨʠʩ. 3).  

ʈʠʩ. 3. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦʜʦʛʨʝʚʘ ʚʦʟ-

ʜʫʭʘ ʢʦʤʧʨʝʩʩʦʨʘ ʫʭʦʜʷʱʠʤʠ ʛʘʟʘʤʠ ʢʦʪʣʘ-ʫʪʠʣʠ-

ʟʘʪʦʨʘ: ɻ- ʛʝʥʝʨʘʪʦʨ, ɻɺʊʆ- ʛʘʟʦʚʦʜʷʥʦʡ ʪʝʧʣʦʦʙ-

ʤʝʥʥʠʢ, ʂɺʆʋ- ʢʦʤʧʣʝʢʩʥʘʷ ʚʦʟʜʫʭʦʦʯʠʩʪʠʪʝʣʴ-

ʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʂʋ- ʢʦʪʝʣ ʫʪʠʣʠʟʘʪʦʨ, ɻʇʂ- ʛʘʟʦʚʳʡ 

ʧʦʜʦʛʨʝʚʘʪʝʣʴ ʢʦʥʜʝʥʩʘʪʘ ʂʋ, ʂ- ʢʦʤʧʨʝʩʩʦʨ, ʂʉ- 

ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ, ɻʊ- ʛʘʟʦʚʘʷ ʪʫʨʙʠʥʘ, ɼʊ- ʜʳʤʦʚʘʷ 

ʪʨʫʙʘ.  
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ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ 

ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ (ʯʠʣ-

ʣʝʨʘ) [3] ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ ʜʦ ʨʘʩʯʝʪʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ (15 ʦʉ) ʥʘ ʚʭʦʜʝ ʚ 

ʢʦʤʧʨʝʩʩʦʨ, ʥʘʧʨʠʤʝʨ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʙʨʦʤʠʩʪʦʣʠ-

ʪʠʝʚʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ (ɸɹʍʄ).  

 

 
 

ʠʩ. 4. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʙʨʦʤʠʩʪʦʣʠʪʠʝʚʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʢ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʫ ɻʊʋ: 1-ʛʝʥʝʨʘʪʦʨ, 2-ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ, 3-ʵʞʝʢ-

ʪʦʨ, 4-ʘʙʩʦʨʙʝʨ, 5-ʧʘʨʳ ʚʦʜʳ, 6-ʢʦʥʜʝʥʩʘʪʦʨ, 7-ʥʘʩʳʱʝʥʥʦʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ LiBr, 8-ʚʦʜʘ, 9-ʠʩʧʘʨʠ-

ʪʝʣʴ, 10-ʩʣʘʙʳʡ ʨʘʩʪʚʦʨ ʙʨʦʤʠʩʪʦʛʦ ʣʠʪʠʷ, 11-ʦʭʣʘʞʜʘʶʱʘʷ ʚʦʜʘ, 12-ʚʦʟʜʫʭ ʧʦʩʣʝ ʂɺʆʋ, 13-ʚʦʟʜʫʭʦ-

ʦʭʣʘʜʠʪʝʣʴ, 14-ʥʘʛʨʝʪʘʷ ʚʦʜʘ, 15-ʦʭʣʘʞʜʝʥʥʘʷ ʚʦʜʘ, 16-ʦʭʣʘʞʜʝʥʥʳʡ ʚʦʟʜʫʭ ʢ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨ. 

 

 

 

ʆ ʧʦʪʝʥʮʠʘʣʝ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʧʘʨʦʛʘʟʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʥʝʨʛʝʪʠʢʝ ʋʟʙʝʢʠʩʪʘʥʘ ʇɻʋ ʤʘʣʦ 

ʠʟʫʯʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʘʨʦʩʠʣʦ-

ʚʳʤʠ ʙʣʦʢʘʤʠ ʊʕʉ. ʅʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʘʨʦʩʠʣʦ-

ʚʳʭ ʊʕʉ, ʩ ʙʦʛʘʪʳʤ ʦʧʳʪʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʝʧʣʦ-

ʚʳʝ ʩʭʝʤʳ ʠʟ ʛʦʜʘ ʚ ʛʦʜ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ ʩʥʠʞʝʥʠʝʤ ʨʘʩʭʦʜʘ 

ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʚʳʨʘʙʦʪʘʥʥʳʡ ʢʠʣʦʚʘʪʪ, 

ɸ.ɹ.ʍ.ʄ. 
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ʜʘʞʝ ʥʝ ʩʤʦʪʨʷ ʥʘ ʩʪʘʨʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʝʧʣʦ-

ʚʳʝ ʩʭʝʤʳ ʇɻʋ, ʚ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʶʪ ʇʅɼ ʠ 

ʇɺɼ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʳʝ, ʥʦ ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʙʣʘ-

ʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʵʥʝʨʛʦ-

ʩʙʝʨʝʞʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʪʝʧʣʦʚʳʭ ʩʭʝʤ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝ-

ʥʝʨʘʮʠʠ ʢʘʢ ʦʪʜʝʣʴʥʦ ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʯʘʩʪʠ, ʪʘʢ ʠ 

ʧʘʨʦʪʫʨʙʠʥʥʦʡ ʯʘʩʪʠ, ʪʦ ʝʩʪʴ ʚʩʝʡ ʇɻʋ ʚ ʮʝʣʦʤ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʇɻʋ ʩ ʂʋ ʪʠʧʦ-

ʚʳʝ, ʧʦʵʪʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʧʣʦʚʦʡ ʩʭʝʤʳ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʢʦʧʣʝʥʥʦʛʦ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʨʠʝʤʣʝʤʦ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʇɻʋ.  

ʊʝʧʣʦʚʘʷ ʩʭʝʤʘ ʇɻʋ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠ ʧʨʦʝʢ-

ʪʠʨʫʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʟʘʚʦʜʩʢʠʭ ʜʘʥʥʳʭ. ʉʣʝʜʫʝʪ ʢʦʥ-

ʩʪʘʪʠʨʦʚʘʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʘʞʜʳʡ ʟʘʚʦʜ-ʠʟʛʦʪʦʚʠ-

ʪʝʣʴ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʨʘʙʦʪʘʣ ʘʚʪʦʥʦʤ-

ʥʫʶ ʨʘʙʦʪʫ, ʥʝ ʫʯʠʪʳʚʘʷ ʢʦʤʧʣʝʢʩʥʳʝ ʩʚʷʟʠ 

ʦʪʜʝʣʴʥʳʭ ʝʜʠʥʠʮ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʠ 

ʨʘʙʦʪʝ ʚ ʩʦʩʪʘʚʝ ʇɻʋ: ɻʊʋ+ʂʋ+ʇʊʋ. ʇʦʵʪʦʤʫ ʚʦ-

ʧʨʦʩʳ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʠ, 

ʥʘʢʦʥʝʮ, ʥʘʜʝʞʥʦʩʪʠ ʇɻʋ ʚ ʮʝʣʦʤ ʨʝʰʝʥʳ ʥʘ ʯʘʩʪ-

ʥʦʤ ʫʨʦʚʥʝ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʦʪʜʝʣʴʥʳʭ ʝʜʠʥʠʮ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʇɻʋ ʚ ʮʝʣʦʤ, ʢʘʢ 

ʢʦʥʝʯʥʦʛʦ ʦʙʲʝʢʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʳʷʚʣʷʝʪʩʷ ʮʝ-

ʣʳʡ ʩʧʝʢʪʨ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ ʥʘ 

ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ, ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʧʫʪʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʳ-

ʨʘʙʦʪʢʠ ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ.  

ɿʘʢʣʶʯʝʥʠʝ  

1. ɺ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʋʟʙʝʢʠʩʪʘʥʘ 
ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʳ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʤʝʨʦʧʨʠ-

ʷʪʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʢʘʯʝʩʪʚʦʤ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ 

ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨ ɻʊʋ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞ-

ʥʦʩʪʠ, ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʇɻʋ ʚ ʨʝ-

ʛʫʣʠʨʦʚʦʯʥʦʤ ʜʠʘʧʘʟʦʥʝ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ.  

2. ɸʥʘʣʠʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ 
ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʠ ʧʘʨʦʪʫʨʙʠʥʥʦʡ ʯʘʩʪʝʡ ʙʠʥʘʨʥʦʡ 

ʇɻʋ ʫʪʠʣʠʟʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ 

ʝʝ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʵʥʝʨ-

ʛʦʩʙʝʨʝʞʝʥʠʷ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʪʳ ʪʦʧʣʠʚʘ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
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ɸʥʦʪʘʮʽʷ 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʫʛʣʝʮʝʘʢʫʤʫʣʶʶʯʫ ʪʘ ʢʠʩʥʝʪʚʽʨʥʫ ʟʜʘʪʥʽʩʪʴ ʣʽʩʦʚʠʭ ʜʝʨʝʚʥʠʭ ʧʦʨʽʜ, ʱʦ ʟʨʦʩʪʘʶʪʴ 

ʥʘ ʇʦʜʽʣʣʽ ʋʢʨʘʾʥʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʦʤʝʪʨʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʚʠʩʦʪʘ, 

ʜʽʘʤʝʪʨ) ʚʩʪʘʥʦʚʣʝʥʘ ʟʘʛʘʣʴʥʘ ʥʘʜʟʝʤʥʘ ʬʽʪʦʤʘʩʘ, ʪʘʢʠʭ ʜʝʨʝʚʥʠʭ ʧʦʨʽʜ ʷʢ ʜʫʙ ʟʚʠʯʘʡʥʠʡ, ʙʝʨʝʟʘ ʧʦʚʠ-

ʩʣʘ, ʷʩʝʥ ʟʚʠʯʘʡʥʠʡ, ʢʣʝʥ ʛʦʩʪʨʦʣʠʩʪʠʡ, ʣʠʧʘ ʩʝʨʮʝʣʠʩʪʘ, ʚʽʣʴʭʘ ʯʦʨʥʘ, ʩʦʩʥʘ ʟʚʠʯʘʡʥʘ, ʷʣʠʥʘ ʟʚʠʯʘʡʥʘ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʢʘʟʥʠʢʠ ʟʘʛʘʣʴʥʦʾ ʬʽʪʦʤʘʩʠ ʚʠʟʥʘʯʝʥʦ ʚʫʛʣʝʮʝʧʦʛʣʠʥʘʣʴʥʘ ʪʘ ʢʠʩʥʝʧʨʦʜʫʢʫʶʯʘ ʟʜʘʪ-

ʥʽʩʪʴ ʜʝʨʝʚ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ. 

Abstract 

Analyzed the accumulation process and the production of carbon oxygen the trees that grow on the tail of 

Ukraine. With the help of regression analysis using biometric indicators (height, diameter) is set to total above-

ground biomass such wood as oak, common birch, common ash, Norway maple, Linden serdtselistnaya, black 

alder, pine, spruce. Using total biomass set total amount of carbon sequestration and production of oxygen by trees 

per unit area. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʛʣʠʥʘʥʥʷ ʚʫʛʣʝʮʶ, ʧʨʦʜʫʢʫʚʘʥʥʷ ʢʠʩʥʶ, ʣʽʩʦʚʽ ʥʘʩʘʜʞʝʥʥʷ, ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ, 

ʦʜʠʥʠʮʷ ʧʣʦʱʽ. 

Keywords: carbon uptake, oxygen of producing, forest plantation, regression analysis, unit area 

 

ɿʘ ʦʩʪʘʥʥʽ 10ï20 ʨʦʢʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʢʘʪʘʩʪ-

ʨʦʬʽʯʥʝ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʢʠʩʥʶ ʚ ʘʪʤʦʩʬʝʨʽ. ʆʩ-

ʥʦʚʥʽ ʧʨʠʯʠʥʠ ʮʴʦʛʦ ʷʚʠʱʘ ʮʝ: ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʽʚ 

ʧʦʪʨʘʧʣʷʥʥʷ ʢʠʩʥʶ ʫ ʟʚ'ʷʟʢʫ ʟʽ ʩʢʦʨʦʯʝʥʥʷʤ ʟʝʣʝ-

ʥʦʛʦ ʧʦʢʨʠʚʫ ʧʣʘʥʝʪʠ; ʟʤʝʥʰʝʥʥʷ ʬʽʪʦʧʣʘʥʢʪʦʥʫ 

ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ ʚʥʘʩʣʽʜʦʢ ʡʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ; ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʢʠʩʥʶ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ; ʩʧʦ-

ʞʠʚʘʥʥʷ ʞʠʚʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ (ʫ ʩʝʨʝʜʥʴʦʤʫ ʣʶ-

ʜʠʥʘ ʩʧʦʞʠʚʘʻ 500 ʣ ʢʠʩʥʶ ʥʘ ʜʦʙʫ); ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʤʠʩʣʦʚʽʩʪʶ ʰʣʷʭʦʤ ʩʧʘʣʶʚʘʥʥʷ ʚʠʢʦʧʥʦʛʦ ʧʘ-

ʣʠʚʘ [2, 3, 10, 11]. 

ɼʞʝʨʝʣʘʤʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ-

ʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʰʢʦʜʦʯʠʥ-

ʥʠʤʠ ʜʦʤʽʰʢʘʤʠ ʻ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʘ, ʧʨʦʤʠʩʣʦ-

ʚʽʩʪʴ, ʪʨʘʥʩʧʦʨʪ, ʥʘʬʪʦ- ʽ ʛʘʟʦʧʝʨʝʨʦʙʢʘ, ʚʠʧʨʦʙʫ-

ʚʘʥʥʷ ʷʜʝʨʥʦʾ ʟʙʨʦʾ ʪʦʱʦ.  

ʃʽʩʦʚʠʤ ʥʘʩʘʜʞʝʥʥʷʤ ʭʘʨʘʢʪʝʨʥʠʡ ʚʠʩʦʢʠʡ ʨʽ-

ʚʝʥʴ ʫʪʚʦʨʝʥʥʷ ʙʽʦʤʘʩʠ ð ʥʘ ʩʴʦʛʦʜʥʽ ʚʦʥʠ ʩʪʚʦ-

ʨʶʶʪʴ ʙʣʠʟʴʢʦ 92 % ʫʩʽʻʾ ʙʽʦʤʘʩʠ ʩʫʰʽ. ʎʽʥʥʽʩʪʴ 

ʣʽʩʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʻ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ ʽ ʚʠʨʦʙʣʷʶʪʴ ʤʘʡʞʝ ʜʚʽ ʪʨʝʪʠʥʠ ʦʨʛʘʥʽ-

ʯʥʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘ ɿʝʤʣʽ [4, 10]. 

ɺʠʟʥʘʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʣʽʩʦʚʠʭ ʥʘʩʘ-

ʜʞʝʥʴ ʻ ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ, ʷʢʫ ʤʦʞʥʘ ʚʠ-

ʨʽʰʠʪʠ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʜʟʝʤʥʦʾ ʙʽʦʤʘʩʠ 

ʜʝʨʝʚʥʠʭ ʨʦʩʣʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦ-

ʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʦʤʝʪʨʠʯʥʠʭ ʧʦʢʘʟ-

ʥʠʢʽʚ. 

ʇʨʠʤʥʦʞʝʥʥʷ, ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʣʽʩʦʚʠʭ 

 ʙʘʛʘʪʩʪʚ ʻ ʛʦʣʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ, ʷʢʽ ʩʪʦʷʪʴ ʧʝʨʝʜ 

ʥʘʰʦʶ ʜʝʨʞʘʚʦʶ. 

ʇʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʣʽʩʦʚʠʭ ʥʘʩʘʜʞʝʥʴ ï ʮʝ ʚʠʟʥʘ-

ʯʝʥʥʷ ʥʘʜʟʝʤʥʦʾ ʬʽʪʦʤʘʩʠ ʜʝʨʝʚ ʯʝʨʝʟ ʷʢʫ ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʧʦʛʣʠʥʘʥʥʷ ʚʫʛʣʝʮʶ ʪʘ ʧʨʦʜʫʢʫʚʘʥʥʷ ʢʠʩʥʶ.  

ʌʽʪʦʤʘʩʫ ʩʪʦʚʙʫʨʽʚ ʨʽʟʥʠʭ ʣʽʩʦʚʠʭ ʧʦʨʽʜ ʇʦ-

ʜʽʣʣʷ, ʚʠʟʥʘʯʘʣʠ ʷʢ ʜʦʙʫʪʦʢ ʦʙôʻʤʫ ʩʪʦʚʙʫʨʘ ʥʘ ʙʘ-

ʟʠʩʥʫ ʱʽʣʴʥʽʩʪʴ ʜʝʨʝʚʠʥʠ ʟʘ ɹ. ʅ. ʋʛʣʴʦʚʠʤ [8, 9].  

ɹʽʦʤʘʩʫ ʢʨʦʥ ʜʝʨʝʚ (ʦʢʨʽʤ ʩʦʩʥʠ), ʚʩʪʘʥʦʚʣʶ-

ʚʘʣʠ ʷʢ ʚʽʜʩʦʪʢʦʚʫ ʯʘʩʪʢʫ ʚʽʜ ʜʝʨʝʚʘ ʟʘʣʝʞʥʦ ʚʽʜ 

ʡʦʛʦ ʜʽʘʤʝʪʨʘ, ʟʛʽʜʥʦ ʯʠʥʥʠʭ ʥʦʨʤʘʪʠʚʽʚ [7], ʧʽʟ-

ʥʽʰʝ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʬʽʪʦʤʘʩʫ. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʬʽʪʦʤʘʩʠ ʢʨʦʥʠ ʩʦʩʥʠ ʟʚʠʯʘʡʥʦʾ, ʥʘʤʠ ʙʫʣʦ ʚʠʢʦ-

ʨʠʩʪʘʥʦ ʨʽʚʥʷʥʥʷ ʷʢʝ ʟʘʧʨʦʧʦʥʫʚʘʚ ɸ. ʉ. ɸʪʢʽʥ [1]: 

ὖ̋̑̏̎ ψ̉ȟσχωπȟπψχὖ̒̓̏̃̂̔̑́ (1) 

ʜʝ ʈʢʨʦʥʠ ï ʬʽʪʦʤʘʩʘ ʢʨʦʥʠ, ʢʛ; 

 ʈʩʪʦʚʙʫʨʘ ï ʬʽʪʦʤʘʩʘ ʩʪʦʚʙʫʨʘ, ʢʛ. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʙʫʣʠ ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʝʤʧʽʨʠʯ-

ʥʠʤ ʨʽʚʥʷʥʥʷʤ ʤʥʦʞʠʥʥʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʘʣʦʤʝʪʨʽʾ, 
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ʷʢʝ ʦʧʠʩʫʻ ʟʘʣʝʞʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʬʽʪʦʤʘʩʠ ʜʝ-

ʨʝʚʘ ʚʽʜ ʡʦʛʦ ʤʦʨʬʦʤʝʪʨʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʚʠʩʦʪʘ, 

ʜʽʘʤʝʪʨ):  

na

n

aa xxxay ...21

210 ÖÖ= , (2) 

ʜʝ a0, ʘ1, ʘ2 ï ʢʦʥʩʪʘʥʪʠ, ʚʽʜʦʤʽ ʚ ʝʢʦʥʦʤʝʪʨʽʾ ʷʢ 

ʧʦʭʽʜʥʘ ʬʫʥʢʮʽʾ ʂʦʙʙʘ-ɼʫʛʣʘʩʘ [5];  

ʭ1, ʭ2, ʭn ï ʤʦʨʬʦʤʝʪʨʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʝʨʝʚʘ, ʫ 

ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʭ1 ï ʜʽʘʤʝʪʨ, ʩʤ; ʭ2 ï ʚʠʩʦʪʘ, ʤ. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʦʪʦʩʠʥʪʝʟʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ 

ʣʽʩʦʚʠʭ ʧʦʨʽʜ ʟʘ ʬʦʨʤʫʣʦʶ (2) ʨʦʟʨʦʙʣʝʥʽ 

ʝʤʧʽʨʠʯʥʽ ʨʽʚʥʷʥʥʷ ʬʽʪʦʤʘʩʠ 8 ʛʦʣʦʚʥʠʭ 

ʣʽʩʦʪʚʽʨʥʠʭ ʧʦʨʽʜ ʇʦʜʽʣʣʷ, ʘ ʩʘʤʝ ʜʫʙʘ ʟʚʠʯʘʡʥʦʛʦ, 

ʙʝʨʝʟʠ ʧʦʚʠʩʣʦʾ, ʷʩʝʥʷ ʟʚʠʯʘʡʥʦʛʦ, ʢʣʝʥʘ ʛʦʩʪʨʦʣʠ-

ʩʪʦʛʦ, ʣʠʧʠ ʜʨʽʙʥʦʣʠʩʪʦʾ, ʚʽʣʴʭʠ ʯʦʨʥʦʾ, ʩʦʩʥʠ ʟʚʠ-

ʯʘʡʥʦʾ, ʷʣʠʥʠ ʟʚʠʯʘʡʥʦʾ. 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʝʤʧʽʨʠʯʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʚʩʪʘ-

ʥʦʚʣʝʥʦ ʬʽʪʦʤʘʩʫ ʩʪʦʚʙʫʨʘ ʫ ʢʦʨʽ ʪʘ ʬʽʪʦʤʘʩʫ 

ʢʨʦʥʠ. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʬʽʪʦʤʘʩʠ ʜʝʨʝʚʘ 

ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ: 

krskfr mmM +=   (3) 

ʜʝ Mfr ï ʟʘʛʘʣʴʥʘ ʬʽʪʦʤʘʩʘ ʬʨʘʢʮʽʡ ʜʝʨʝʚʘ, ʢʛ; 

msk ï ʬʽʪʦʤʘʩʘ ʩʪʦʚʙʫʨʘ ʫ ʢʦʨʽ, ʢʛ; mkr ï ʬʽʪʦʤʘʩʘ 

ʢʨʦʥʠ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʝ-

ʣʶʚʘʥʥʷ ʥʘʢʦʧʠʯʝʥʥʷ ʥʘʜʟʝʤʥʦʾ ʬʽʪʦʤʘʩʠ ʫ ʜʝʨʝʚ-

ʥʠʭ ʨʦʩʣʠʥ ʟʘ ʜʽʘʤʝʪʨʦʤ 24 ʩʤ ʽ ʚʠʩʦʪʦʶ 32 ʤ. ɺʩʪʘ-

ʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʫ ʥʘʜʟʝʤʥʫ ʙʽʦʤʘʩʫ ʩʝʨʝʜ ʣʽ-

ʩʦʚʠʭ ʜʝʨʝʚ ʥʘʢʦʧʠʯʫʻ ʢʣʝʥ ʛʦʩʪʨʦʣʠʩʪʠʡ, ʜʫʙ 

ʟʚʠʯʘʡʥʠʡ, ʷʩʝʥ ʟʚʠʯʘʡʥʠʡ, ʚʽʣʴʭʘ ʯʦʨʥʘ (ʨʠʩ. 1).

 

 
ʈʠʩ. 1. ɿʘʛʘʣʴʥʘ ʥʘʜʟʝʤʥʘ ʙʽʦʤʘʩʘ ʛʦʣʦʚʥʠʭ ʣʽʩʦʪʚʽʨʥʠʭ  

ʜʝʨʝʚʥʠʭ ʧʦʨʽʜ 

 

ɿʛʽʜʥʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʚʩʪʘʥʦʚʣʝʥʦ ʚʫʛʣʝʮʝʘʢʫʤʫʣʶʶʯʫ ʪʘ ʢʠʩʥʝʪʚʽʨʥʫ 

ʟʜʘʪʥʽʩʪʴ ʜʝʨʝʚʥʠʭ ʧʦʨʽʜ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ (ʨʠʩ. 2, 

3). 
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ʈʠʩ. 2. ɸʢʫʤʫʣʶʚʘʥʥʷ ʚʫʛʣʝʮʶ ʣʽʩʦʪʚʽʨʥʠʤʠ ʧʦʨʦʜʘʤʠ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2, ʱʦ ʥʘʡʙʽʣʴʰʘ 

ʚʫʛʣʝʮʝʧʦʛʣʠʥʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʩʝʨʝʜ ʣʽʩʦʚʠʭ ʧʦʨʽʜ 

ʥʘʣʝʞʠʪʴ ʚʽʣʴʭʽ ʯʦʨʥʽʡ, ʣʠʧʽ ʜʨʽʙʥʦʣʠʩʪʽʡ, ʙʝʨʝʟʽ 

ʧʦʚʠʩʣʽʡ. ʄʝʥʴʰʫ ʟʜʘʪʥʽʩʪʴ ʘʢʫʤʫʣʶʚʘʪʠ ʫ 

ʬʽʪʦʤʘʩʽ ʚʫʛʣʝʮʴ ʤʘʻ ʩʦʩʥʘ ʟʚʠʯʘʡʥʘ, ʷʩʝʥʴ 

ʟʚʠʯʘʡʥʠʡ ʽ ʷʣʠʥʘ ʟʚʠʯʘʡʥʘ. 

ɿʘ ʤʝʪʦʜʠʢʦʶ ɯ. ʗ. ʃʽʻʧʠ [6] ʚʩʪʘʥʦʚʣʝʥʘ ʢʠʩ-

ʥʝʪʚʽʨʥʘ ʟʜʘʪʥʽʩʪʴ ʣʽʩʦʚʠʭ ʧʦʨʽʜ (ʨʠʩ. 3). 

 

 
ʈʠʩ. 3. ʂʠʩʥʝʪʚʽʨʥʘ ʟʜʘʪʥʽʩʪʴ ʣʽʩʦʪʨʽʚʥʠʭ ʧʦʨʽʜ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ 

 

ʅʘʡʤʝʥʰʫ ʢʠʩʥʝʪʚʽʨʥʫ ʟʜʘʪʥʽʩʪʴ (ʨʠʩ. 3) 

ʤʘʶʪʴ ʪʘʢʠ ʧʦʨʦʜʠ, ʷʢ ʚʽʣʴʭʘ ʯʦʨʥʘ, ʜʫʙ ʟʚʠʯʘʡʥʠʡ, 

ʷʩʝʥ ʟʚʠʯʘʡʥʠʡ, ʷʣʠʥʘ ʟʚʠʯʘʡʥʘ. ʅʘʡʙʽʣʴʰʫ 

ʢʠʩʥʝʪʚʽʨʥʫ ʟʜʘʪʥʽʩʪʴ ʤʘʻ ʙʝʨʝʟʘ ʧʦʚʠʩʣʘ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʘʣʠ ʥʘ 

ʪʝ ʱʦ ʩʝʨʝʜ ʜʝʨʝʚʥʠʭ ʧʦʨʽʜ ʥʘʡʙʽʣʴʰʝ ʥʘʢʦʧʠʯʫʻ 

ʬʽʪʦʤʘʩʫ ʢʣʝʥ ʛʦʩʪʨʦʣʠʩʪʠʡ, ʜʫʙ ʟʚʠʯʘʡʥʠʡ, ʷʩʝʥ 

ʟʚʠʯʘʡʥʠʡ, ʚʽʣʴʭʘ ʯʦʨʥʘ. ʇʨʦʪʝ, ʥʘʡʙʽʣʴʰʫ ʚʫʛʣʝ-

ʮʝʘʢʫʤʫʣʶʶʯʫ ʟʜʘʪʥʽʩʪʴ ʤʘʻ ʚʽʣʴʭʘ ʯʦʨʥʘ, ʣʠʧʘ 

ʜʨʽʙʥʦʣʠʩʪʘ, ʙʝʨʝʟʘ ʧʦʚʠʩʣʘ, ʘ ʢʠʩʥʝʧʨʦʜʫʢʪʠʚʥʫ ï 

ʙʝʨʝʟʘ ʧʦʚʠʩʣʘ, ʩʦʩʥʘ ʟʚʠʯʘʡʥʘ ʢʣʝʥ ʛʦʩʪʨʦʣʠʩʪʠʡ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʧʨʦʙʣʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʘʚʠʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʥʘ ʤʝ-

ʩʪʝ ʣʝʩʥʳʭ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʣʘʚʠʥ ʥʘ ʨʝʣʴʝʬ ʚ ʈʦʩʩʠʠ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ, ʪʦ 

ʨʘʙʦʪ ʧʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ, ʦʩʦʙʝʥʥʦ, ʧʦʯʚ ʣʘʚʠʥʘʤʠ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ. ʇʨʠ ʵʪʦʤ 

ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʘʚʠʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʤʝʩʪʝ ʧʝʨʚʠʯʥʦʡ ʣʝʩʥʦʡ ï

ʩʦʩʥʷʢʦʚ-ʟʝʣʝʥʦʤʦʰʥʠʢʦʚ- ʚ ʚʳʩʦʢʦʛʦʨʴʝ. ɿʜʝʩʴ ʪ.ʥ. ʚʪʦʨʠʯʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ- çʙʝʨʸʟʦʚʦʝ ʢʨʠʚʦʣʝʩʴʝè -

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʭʦʨʦʰʠʤ ʣʘʥʜʰʘʬʪʥʳʤ ʙʠʦʠʥʜʠʢʘʪʦʨʦʤ. ʉʦʩʪʘʚʣʝʥʠʝ ʧʨʠ ʵʪʦʤ ʢʘʨʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʩ-

ʪʠʪʝʣʴʥʦʩʪʠ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʩʪʠ ʧʣʦʱʘʜʥʫʶ ʦʮʝʥʢʫ ʬʘʢʪʠʯʝʩʢʦʡ ʣʘʚʠʥʥʦʡ ʦʧʘʩʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ 

ʚ ʭʦʜʝ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʘʚʪʦʨʘʤʠ ʣʘʥʜʰʘʬʪʥʳʤ ʧʨʠʟʥʘʢʘʤ ʣʘʚʠʥʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʚʳʜʝʣʷʶʪʩʷ ʪʝʨʨʠʪʦʨʠʠ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʣʘʚʠʥʘʤʠ. ʆʮʝʥʠʚʘʝʪʩʷ ʩʪʝʧʝʥʴ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʣʘʥʜʰʘʬʪʦʚ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʣʘʚʠʥ. 

Abstract 
The article considers some aspects of the problem of formation of avalanche landscapes in the forest. Thus, 

if studies on the effects of avalanches on the terrain in Russia is quite a lot of work on the transformation of 

vegetation and especially soil avalanches an order of magnitude smaller. The greatest interest is the formation of 

avalanche vegetation in the primary forest of pine-selenomonas in the highlands. Here the so-called secondary 

vegetation "birch elfin" -can serve as a good bioindicator of landscape. Drafting cards in this transformation of 

vegetation gives an opportunity to conduct an areal assessment of the actual avalanche danger. To do this, in the 

course of field studies by the authors landscaped grounds avalanche activities are allocated to areas with different 

degree of transformation avalanches. Assesses the degree of resilience of landscapes to the effects of avalanches. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʘʩʥʳʝ ʧʨʠʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ, ʣʘʥʜʰʘʬʪʳ, ʣʘʚʠʥʥʘʷ ʦʧʘʩʥʦʩʪʴ, ʣʘʚʠʥʥʘʷ ʨʘʩʪʠ-

ʪʝʣʴʥʦʩʪʴ, ʧʨʠʨʦʜʥʳʡ ʣʘʚʠʥʥʳʡ ʢʦʤʧʣʝʢʩ 

Keywords: hazardous natural processes, landscapes, avalanche danger, avalanche vegetation, natural ava-

lanche complex 

 

ɺʚʝʜʝʥʠʝ. ɻʦʨʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʪʩʷ ʮʝʣʳʤ ʨʷʜʦʤ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥ-

ʥʦʩʪʝʡ. ʀʟ-ʟʘ ʩʣʦʞʥʦ ʨʘʩʯʣʝʥʸʥʥʦʛʦ ʨʝʣʴʝʬʘ ʟʜʝʩʴ 

ʥʘ ʥʝ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ ʤʦʛʫʪ ʬʦʨʤʠʨʦ-

ʚʘʪʴʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʠʧʳ ʣʘʥʜʰʘʬʪʦʚ ʩ ʰʠʨʦ-

ʢʠʤ ʨʘʟʚʠʪʠʝʤ ʦʧʘʩʥʳʭ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

(ʆʇʇ). ɺ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʣʘʥʜʰʘʬʪʦʚ, ʪʘʢ ʠ ʆʇʇ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʪʥʦ-ʵʢʩʧʦʟʠʮʠʦʥʥʘʷ ʜʠʬʬʝʨʝʥ-

ʮʠʘʮʠʷ. ʇʨʠ ʵʪʦʤ ʣʝʩʥʳʝ ʣʘʥʜʰʘʬʪʳ ʦʙʳʯʥʦ ʥʘ 

ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʚʢʘʟʝ ʟʘʥʠʤʘʶʪ ʘʙʩʦʣʶʪʥʳʝ ʚʳ-

ʩʦʪʥʳʝ ʦʪʤʝʪʢʠ 1400- 2000 ʤ., ʨʝʜʢʦ 2200 ʤ. 

ʀʤʝʥʥʦ ʚ ʥʠʭ ʦʙʨʘʟʫʝʪʩʷ ʪ. ʥ. ʟʦʥʘ ʨʘʟʛʨʫʟʢʠ ʠʣʠ 

ʘʢʢʫʤʫʣʷʮʠʠ ʆʇʇ (ʢʦʥʫʩʳ ʚʳʥʦʩʘ ʣʘʚʠʥ, ʩʝʣʝʡ ʠ 

ʪ.ʜ.). ʇʨʠʯʸʤ ʚ ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʘʡʦʥʘʭ (ʚʳʩʦʪʘ ʙʦ-

ʣʝʝ 2000 ʤ.) ʟʘʤʝʪʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʩʥʝʞʥʳʝ ʣʘ-

ʚʠʥʳ, ʢʦʪʦʨʳʝ ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʣʘʥʜʰʘʬʪ, ʤʝʥʷʶʪ 

ʪʘʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʣʘʥʜʰʘʬʪʘ, ʢʘʢ ʨʝʣʴʝʬ .ʨʘʩʪʠ-

ʪʝʣʴʥʦʩʪʴ ʠ ʧʦʯʚʳ. ʇʨʠ ʵʪʦʤ ʢʘʢ ʚʳʷʩʥʠʣʦʩʴ ʧʨʠ 
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ʘʥʘʣʠʟʝ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ[1,5,6,9] ʧʦ ʪʨʘʥʩʬʦʨ-

ʤʘʮʠʠ ʨʝʣʴʝʬʘ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘʫʯʥʳʭ ʨʘʙʦʪ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʞ ʣʘʚʠʥ ʥʘ ʨʘʩʪʠ-

ʪʝʣʴʥʦʩʪʴ ʠ,ʦʩʦʙʝʥʥʦ, ʧʦʯʚʳ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

[2,8]. ʉʪʝʧʝʥʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʣʠʯʥʦʡ: ʦʪ ʤʠʥʠʤʘʣʴʥʦʡ (ʤʝʥʝʝ 10%ʧʣʦʱʘʜʠ 

ʟʘʥʷʪʦ ʥʘʨʫʰʝʥʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠ) ʜʦ ʤʘʢʩʠʤʘʣʴ-

ʥʦʡ (ʙʦʣʝʝ 90%), ʢʦʛʜʘ ʬʦʨʤʠʨʫʶʪʩʷ, ʥʘʧʨʠʤʝʨ, 

ʪ.ʥ. ʧʨʠʨʦʜʥʳʝ ʣʘʚʠʥʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʇʃʂ) ʩ ʣʘ-

ʚʠʥʥʳʤʠ ʨʝʣʴʝʬʦʤ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠ ʧʦʯʚʘʤʠ. 

ʇʦʵʪʦʤʫ ʚʦʧʨʦʩʳ ʠʟʫʯʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʣʘʥʜ-

ʰʘʬʪʘ ʣʘʚʠʥʘʤʠ ʢʘʢ, ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʧʦʢʦʤʧʦʥʝʥʪʥʦ 

ʷʚʣʷʶʪʩʷ ʠʥʪʝʨʝʩʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʎʝʣʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ: ʦʧʨʝʜʝʣʠʪʴ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʦʩ-

ʥʦʚʥʳʝ ʧʨʠʟʥʘʢʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʣʘʚʠʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʜʣʷ ʦʮʝʥʢʠ ʬʘʢʪʠʯʝʩʢʦʡ 

ʣʘʚʠʥʥʦʡ ʦʧʘʩʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʘʥʜ-

ʰʘʬʪʦʚ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʣʘʚʠʥ. ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ 

- ʖʞʥʦʝ ʇʨʠʵʣʴʙʨʫʩʴʝ- ʨʘʩʧʦʣʦʞʝʥ ʚ ʙʘʩʩʝʡʥʝ 

ʨʝʢʠ ɹʘʢʩʘʥ, ʧʨʘʚʦʛʦ ʧʨʠʪʦʢʘ ʨʝʢʠ ʄʘʣʢʠ (ʕʣʴ-

ʙʨʫʩʩʢʠʡ ʠ ɹʘʢʩʘʥʩʢʠʡ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʪʝʨʨʠʪʦ-

ʨʠʘʣʴʥʳʝ ʨʘʡʦʥʳ ʂɹʈ) ʚ ʧʨʝʜʝʣʘʭ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʧʘʨʢʘ çʇʨʠʵʣʴʙʨʫʩʴʝè. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ ʰʠ-

ʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʣʝʩʥʳʝ ʣʘʥʜʰʘʬʪʳ- ʩʦʩʥʦ-

ʚʳʝ ʣʝʩʘ ʩ ʬʨʘʛʤʝʥʪʘʤʠ çʙʝʨʸʟʦʚʦʛʦ ʢʨʠʚʦʣʝʩʴʷè 

(ʧʦʢʘʟʘʪʝʣʴ ʚʳʩʦʢʦʡ ʣʘʚʠʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ).ʅʘʫʯ-

ʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʚʳʩʦʢʠ, 

ʪʘʢ ʢʘʢ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩ-

ʥʦʚʝ ʜʘʥʥʳʭ ʧʦʣʝʚʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʟʘ ʧʝʨʠʦʜ ʩ 

2005 ʧʦ 2015 ʛʛ. ʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʝʩʥʳʭ ʣʘʥʜʰʘʬ-

ʪʦʚ ʩ ʫʯʸʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʚʠʥ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ɺʥʘʯʘʣʝ ʬʦʨʤʠʨʫʝʪʩʷ 

ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ: ʫʪʦʯʥʷʶʪʩʷ ʠ ʜʦ-

ʧʦʣʥʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʪʝʨʤʠʥʳ, ʘ ʪʘʢʞʝ ʚʚʦʜʠʪʩʷ 

ʨʷʜ ʥʦʚʳʭ [3].ɿʜʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʠʥ ʠʟ ʨʷʜʘ 

ʚʦʟʤʦʞʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʪ.ʥ.ʯʘʩʪʦʪʘ ʩʭʦʜʘ ʣʘʚʠʥ [6]. 

ʇʨʠʯʸʤ ʢʦʤʧʦʥʝʥʪʳ ʦʮʝʥʠʚʘʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʧʨʠʟʥʘʢʘʤ: 1)ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ - ʚʳʨʘʞʝʥʥʦʩʪʠ 

ʚ ʨʝʣʴʝʬʝ, ʩʪʝʧʝʥʠ ʵʨʦʟʠʠ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʦʙʣʦ-

ʤʦʯʥʦʛʦ ʯʝʭʣʘ, ʥʘʣʠʯʠʶ ʤʝʣʢʠʭ ʬʦʨʤ ʣʘʚʠʥʦʦʙʨʘ-

ʟʦʚʘʥʠʷ; 2) ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʤ - ʥʘʣʠʯʠʶ ʨʘʩʪʠʪʝʣʴ-

ʥʦʩʪʠ, ʩʦʩʪʘʚʫ ʠ ʩʦʩʪʦʷʥʠʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (çʩʥʝʞ-

ʥʘʷ ʠʥʚʝʨʩʠʷè, ʩʤʝʱʝʥʠʝ ʛʨʘʥʠʮʳ ʣʝʩʘ ʧʦ ʩʢʣʦʥʫ ʠ 

ʪ.ʜ.);3) ʠʥʞʝʥʝʨʥʳʤ- ʥʘʣʠʯʠʶ ʧʨʦʪʠʚʦʣʘʚʠʥʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʣʘʚʠʥʦʩʙʦʨʝ. ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʧʝʨʝ-

ʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʮʝʥʢʠ ʚʳʜʝʣʷʶʪʩʷ 3 ʪʠʧʘ 

ʣʘʥʜʰʘʬʪʘ ʩ 8 ʧʦʜʪʠʧʘʤʠ (ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠ-

ʩʪʝʤʘ çʣʘʥʜʰʘʬʪ- ʣʘʚʠʥʘè ): ʘ)1-ʡ ʪʠʧ ʩ 5 ʧʦʜʪʠ-

ʧʘʤʠ. ʃʘʥʜʰʘʬʪʳ, ʥʝʫʩʪʦʡʯʠʚʳʝ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʣʘʚʠʥ. ʃʘʥʜʰʘʬʪ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʠʟʤʝ-

ʥʸʥʥʳʡ ʣʘʚʠʥʘʤʠ. ʃʘʚʠʥʘ ʩʭʦʜʠʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟ 

ʚ ʛʦʜ ʜʦ 1 ʨʘʟʘ ʚ 10-20 ʣʝʪ. ʆʙʨʘʟʫʶʪʩʷ ʩʥʝʞʥʳʝ 

ʦʩʦʚʳ ʠ ʩʨʝʜʥʠʝ ʧʦ ʤʦʱʥʦʩʪʠ ʣʘʚʠʥʳ, ʦʩʪʘʥʘʚʣʠ-

ʚʘʶʱʠʝʩʷ,ʚ ʦʩʥʦʚʥʦʤ,ʥʘ ʩʢʣʦʥʝ. ɺʦʟʜʝʡʩʪʚʠʝ ʣʘ-

ʚʠʥ ʤʘʢʩʠʤʘʣʴʥʦʝ. ʉʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʢʨʘʡʥʝ ʥʝ-

ʫʩʪʦʡʯʠʚʦʝ (ʤʠʥʠʤʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, 

ʤʘʢʩʠʤʘʣʴʥʦʝ- ʣʘʚʠʥ).ʇʨʠʯʸʤ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʧʝ-

ʨʠʦʜʠʯʥʦʩʪʠ ʩʭʦʜʘ ʣʘʚʠʥ ʚʣʠʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʨʘʩʪʸʪ, ʘ ʣʘʚʠʥ ʫʤʝʥʴʰʘʝʪʩʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʣʘʥʜʰʘʬʪʘ ʢ ʚʦʟʜʝʡ-

ʩʪʚʠʶ ʣʘʚʠʥ(ʩʪʨʝʤʠʪʩʷ ʢ ʨʘʚʥʦʚʝʩʥʦʤʫ ʩʦʩʪʦʷ-

ʥʠʶ); ʙ) 2-ʡ ʪʠʧ ʩ 2 ʧʦʜʪʠʧʘʤʠ. ʃʘʥʜʰʘʬʪ ʚ ʩʦʩʪʦ-

ʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ., ʩʣʘʙʦ ʠʟʤʝʥʸʥʥʳʡ ʣʘʚʠʥʘʤʠ. 

ʣʘʚʠʥ: ʃʘʚʠʥʘ ʩʭʦʜʠʪ ʦʪ 1 ʨʘʟʘ ʚ 20-30 ʜʦ 30-50 ʣʝʪ. 

ʆʙʨʘʟʫʶʪʩʷ ʣʘʚʠʥʳ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʉʦʩʪʦʷʥʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ, ʙʣʠʟʢʦʝ ʢ ʨʘʚʥʦʚʝʩʠʶ (ʚʣʠ-

ʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʣʘʚʠʥ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦ ʚʣʠ-

ʷʥʠʶ ʣʘʚʠʥ) ʜʦ ʧʦʣʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (ʚʣʠʷʥʠʝ ʨʘʩ-

ʪʠʪʝʣʴʥʦʩʪʠ ʨʘʚʥʦ ʚʣʠʷʥʠʶ ʣʘʚʠʥ); ʚ) 3-ʡ ʪʠʧ 

.ʃʘʥʜʰʘʬʪ, ʫʩʪʦʡʯʠʚʳʡ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʣʘʚʠʥ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʸʥʥʳʡ ʣʘʚʠʥʘʤʠ. ʃʘʚʠʥʘ ʩʭʦ-

ʜʠʪ ʨʝʞʝ 1 ʨʘʟʘ ʚ 50 ʣʝʪ. ʄʠʢʨʦʩʧʦʣʟʘʥʠʷ ʩʥʝʞʥʦʛʦ 

ʧʦʢʨʦʚʘ. ʋʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ (ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʣʝʩʘ, ʤʠʥʠʤʘʣʴʥʦʝ - ʣʘʚʠʥ). ɺʦʟʤʦʞʝʥ 

ʩʭʦʜ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʣʘʚʠʥ ʧʨʠ ʘʥʪʨʦʧʦʛʝʥʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʠʣʠ ʘʥʦʤʘʣʴʥʦʡ ʩʥʝʞʥʦʩʪʠ ʟʠʤ. ʇʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʣʝʩʦʤ ʩʪʘʜʠʠ ʨʘʩʧʘʜʘ (> 100 ʣʝʪ) ʩʠ-

ʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʚ ʥʝʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ .  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʝʪʘʣʴʥʳʭ ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ ʨʘʙʦʪʳ ʧʦ ʚʳʜʝʣʝ-

ʥʠʶ ʧʨʠʟʥʘʢʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʣʘ-

ʚʠʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʥʘ ʫʯʘʩʪʢʝ ʣʘʚʠʥʦʦʙʨʘʟʦʚʘ-

ʥʠʷ ˉ 2-42[4] (ʚ ʖʞʥʦʤ ʇʨʠʵʣʴʙʨʫʩʴʝ ʚ1968 ʛʦʜʫ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʄɻʋ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʛʝʦʙʦʪʘʥʠʯʝ-

ʩʢʠʝ ʧʣʦʱʘʜʢʠ,10- ʨʘʟʤʝʨʦʤ 10*10 ʠ ʦʜʥʘ - ʨʘʟʤʝ-

ʨʦʤ 100*100ʤ) .ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

ʵʪʠʭ ʜʚʫʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ:1) ʚʳ-

ʷʚʠʪʴ ʨʷʜ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʘʩ-

ʪʠʪʝʣʴʥʦʩʪʠ ʠ ʣʘʚʠʥ;2) ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ ʠʟʤʝ-

ʥʝʥʠʷ ʩʥʝʛʦʣʘʚʠʥʥʦʛʦ ʨʝʞʠʤʘ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʦ-

ʱʘʜʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʘʥ ʘʥʘʣʠʟ ʪʝʨʤʠ-

ʥʦʣʦʛʠʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʨʤʠʥʳ, ʦʙʱʠʝ ʠ 

ʩʧʝʮʠʘʣʴʥʳʝ, ʧʦ ʧʨʦʙʣʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʦʚʝ-

ʜʝʥʦ ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʩ-

ʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʯʚ ʣʘʚʠʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ʀʟʤʝ-

ʥʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʦʩʣʝ ʩʭʦʜʘ ʣʘʚʠʥ ʯʘʱʝ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʨʤʠʥʦʤ çʣʘʚʠʥʥʳʡ ʧʨʦʯʝʩè - 

çʚʝʨʪʠʢʘʣʴʥʘʷ ʧʦʣʦʩʘ ʥʘ ʟʘʣʝʩʸʥʥʦʤ ʛʦʨʥʦʤ 

ʩʢʣʦʥʝ, ʣʠʰʝʥʥʘʷ ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʚʳʙʠ-

ʪʦʡ ʣʘʚʠʥʘʤʠè (ʨʠʩ.1).
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ʈʠʩ.1.ʃʘʚʠʥʥʳʝ ʧʨʦʯʸʩʳ ʚ ʟʦʥʝ ʪʨʘʥʟʠʪʘ. ʃʘʚʠʥʥʳʡ ʣʦʪʦʢ ʧʦʢʨʳʪ ʣʫʛʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ (ʧʦ ʙʦʨ-

ʪʘʤ ʚʠʜʥʘ ʩʦʭʨʘʥʠʚʰʘʷʩʷ ʧʝʨʚʠʯʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ- ʩʦʩʥʷʢʠ).ʆʪʨʦʛ ɻʣʘʚʥʦʛʦ ʂʘʚʢʘʟʩʢʦʛʦ ʭʨʝʙʪʘ 

.ʋʱʝʣʴʝ ɸʜʳʨʩʫ,ʣʝʚʳʡ ʙʦʨʪ, ʩʨʝʜʥʝʝ ʪʝʯʝʥʠʝ. ʌʦʪʦ ʂʶʣʴ ɽ.ɺ.2014. 

 

ɻ.ʂ. ʊʫʰʠʥʩʢʠʤ ʪʘʢʞʝ ʚʳʜʝʣʝʥʳ: çʤʝʭʘʥʠʯʝ-

ʩʢʦʝ ʫʥʠʯʪʦʞʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠè, çʠʟʤʝʥʝʥʠʝ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡè [8]. ʄʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ 

ʮʝʣʳʡ ʨʷʜ ʪʝʨʤʠʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʘ-

ʚʠʥ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ: çʢʨʠʚʦʣʝʩʴʝè ʠʣʠ çʩʘʙʝʣʴ-

ʥʳʡ ʣʝʩè, çʣʘʚʠʥʥʳʝ ʰʨʘʤʳè, çʩʥʝʛʦʚʘʷ ʠʥʚʝʨʩʠʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠè, çʣʘʚʠʥʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴè 

(ʨʠʩ.2).  

 
ʈʠʩ. 2.ʃʘʚʠʥʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. çɹʝʨʸʟʦʚʦʝ ʢʨʠʚʦʣʝʩʴʝè,ʪ.ʥ. ʚʪʦʨʠʯʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʩʬʦʨʤʠʨʦ-

ʚʘʚʰʝʝʩʷ ʥʘ ʤʝʩʪʝ ʩʦʩʥʷʢʦʚ- ʧʝʨʚʠʯʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ɻʣʘʚʥʳʡ ʂʘʚʢʘʟʩʢʠʡ ʭʨʝʙʝʪ, ʩʝʚʝʨʥʳʡ ʩʢʣʦʥ, 

ʚʝʨʭʦʚʴʷ ʨ. ɹʘʢʩʘʥ. ʈʘʡʦʥ ʢʦʤʧʣʝʢʩʘ ʧʨʦʪʠʚʦʣʘʚʠʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʘ ʧʨʦʪʠʚʦʣʘʚʠʥʥʘʷ 

ʜʘʤʙʘ. ʌʦʪʦ ɹʦʨʠʩʦʚʦʡ ʅ.ɸ.2013. 

 

ʆʮʝʥʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʝʩʘ ʠ ʩʥʝʞʥʳʭ ʣʘʚʠʥ, 

ʚ ʩʠʩʪʝʤʝ çʣʝʩ - ʩʥʝʞʥʘʷ ʣʘʚʠʥʘè ʧʦʜʨʦʙʥʦ ʨʘʩ-

ʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʘʭ ɺ. ʇ. ɺʣʘʩʦʚʘ [2].ʅʘ ʦʩʥʦʚʝ ʩʦ-

ʩʪʘʚʣʝʥʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʙʳʣʘ ʧʨʦ-

ʚʝʜʝʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʧʨʠʟʥʘʢʦʚ ʪ.ʥ. ʣʘʚʠʥʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʪʘʙʣ.1).  

 

ʊʘʙʣʠʮʘ 1. 

ʇʨʠʟʥʘʢʠ ʣʘʚʠʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ˉ ʇʨʠʟʥʘʢʠ ʣʘʚʠʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʉʪʝʧʝʥʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

1 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ: ʅʝʟʥʘʯʠʪʝʣʴʥʘʷ 

-ʣʘʚʠʥʥʳʝ çʰʨʘʤʳè; 
 ʅʘʙʣʶʜʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʥʘ ʩʪʚʦ-

ʣʘʭ,ʟʘʣʦʤʳ ʠ ʚʳʚʘʣ ʧʝʨʝʩʪʦʡʥʳʭ ʜʝʨʝʚʴʝʚ ʘ ʪʘʢʞʝ 

ʠʟʛʠʙ ʩʪʚʦʣʦʚ ʫ ʤʦʣʦʜʳʭ ʜʝʨʝʚʴʝʚ ʧʦ ʭʦʜʫ ʣʘʚʠʥʳ. 

-ʟʘʣʦʤʳ; 

-ʧʥʠ; 

-ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʩʪʚʦʣʘ 

2 
ʀʟʤʝʥʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ: 

ʘ) ʯʘʩʪʠʯʥʦʝ: ɿʥʘʯʠʪʝʣʴʥʘʷ 

 

-ʩʥʝʛʦʚʘʷ ʠʥʚʝʨʩʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; ʉʤʝʱʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʚʥʠʟ ʧʦ ʩʢʣʦʥʫ 

-ʟʘʤʝʱʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚʪʦ-

ʨʠʯʥʦʡ; 
ʍʚʦʡʥʳʝ ʣʝʩʘ ʟʘʤʝʥʷʶʪʩʷ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʤʠ 

ʙ) ʧʦʣʥʦʝ ʄʘʢʩʠʤʘʣʴʥʘʷ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʪʘʢʠʭ çʣʘʚʠʥʥʳʭ ʣʘʥʜʰʘʬʪʥʳʭ 

ʧʨʠʟʥʘʢʦʚè ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʤʘʪʝ-

ʨʠʘʣʦʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʤʝʩʪ ʩʭʦʜʘ ʣʘʚʠʥ, ʦʩʦʙʝʥʥʦ, 

ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʩ ʯʘʩʪʦʪʦʡ 1 ʨʘʟ 30-50 ʣʝʪ. 

ʇʨʠʤʝʨ ʦʧʠʩʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʣʘʚʠʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʧʦʣʝʚʦʛʦ ʤʦʥʠʪʦ-

ʨʠʥʛʘʙʦʣʝʝ ʚʩʝʛʦ ʧʦʭʦʜʠʪ ʫʯʘʩʪʦʢ ʣʘʚʠʥʦʦʙʨʘʟʦʚʘ-

ʥʠʷ ˉ 2-42 ʧʦ ʂʘʜʘʩʪʨʫé[4] (ʨʠʩ.3) 

 

 
ʈʠʩ.3.ʋʯʘʩʪʦʢ ʠʩʩʣʝʜʦʚʘʥʠʡ- ʙʘʩʩʝʡʥ ʣʘʚʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ˉ2-42[4](cʧʨʘʚʘ- ʨ. ɹʘʢʩʘʥ,ʧʨʘʚʳʡ ʙʦʨʪ). 

ɻʣʘʚʥʳʡ ʂʘʚʢʘʟʩʢʠʡ ʭʨʝʙʝʪ. Cʝʚʝʨʥʳʡ ʩʢʣʦʥ.ʌʦʪʦ ɹʦʨʠʩʦʚʦʡ ʅ.ɸ.2013 ʛ. 

 

ɿʜʝʩʴ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʵʣʝʤʝʥ-

ʪʘʨʥʳʭ ʝʜʠʥʠʮ ʣʘʚʠʥʦʦʙʨʘʟʦʚʘʥʠʷ: ʦʪ ʧʨʦʩʪʳʭ ʠ 

ʩʣʦʞʥʳʭ ʣʘʚʠʥʦʩʙʦʨʦʚ ʜʦ ʣʘʚʠʥʥʳʭ ʙʘʩʩʝʡʥʦʚ,- ʩ 

ʧʨʦʪʠʚʦʣʘʚʠʥʥʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ. ʃʘʚʠʥʥʳʡ ʙʘʩ-

ʩʝʡʥ ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʣʘʚʠʥʦʩʙʦʨʦʚ ʩ ʦʙʱʝʡ ʟʦʥʦʡ 

ʪʨʘʥʟʠʪʘ ʠʣʠ ʘʢʢʫʤʫʣʷʮʠʠ (ʢʦʥʫʩʦʤ ʚʳʥʦʩʘ) ʟʘ 

ʩʯʸʪ ʠʭ ʧʝʨʝʢʨʳʪʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʝʜʠʥʦʛʦ ʣʘʚʠʥ-

ʥʦʛʦ ʩʥʝʞʥʠʢʘ; 

ʩʣʦʞʥʳʡ ʞʝ ʣʘʚʠʥʦʩʙʦʨ ïɻ ʪʦ ʣʘʚʠʥʦʩʙʦʨ ʩ ʥʝ-

ʩʢʦʣʴʢʠʤʠ ʣʘʚʠʥʥʳʤʠ ʦʯʘʛʘʤʠ ʠʣʠ ʣʦʪʢʘʤʠ, ʛʜʝ ʚ 

ʟʦʥʝ ʩʣʠʷʥʠʷ ʠʣʠ ʧʝʨʝʢʨʳʪʠʷ ʦʙʨʘʟʫʝʪʩʷ ʝʜʠʥʳʡ 

ʣʘʚʠʥʥʳʡ ʧʦʪʦʢ(ʨʝʜ.ʘʚʪʦʨʘ). ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʘʥ-

ʥʦʛʦ ʫʯʘʩʪʢʘ ʜʘʥʘ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2.ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʯʘʩʪʢʘ ʣʘʚʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ˉ 2-42 

ʈʝʯʥʦʡ 
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ʴ
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ʫ
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ʈ.ɹʘʢ-

ʩʘʥ,ʧʨʘ-

ʚʳʡ ʙʦʨʪ 

ɻʣʘʚʥʳʡ 

ʂʘʚʢʘʟ-

ʩʢʠʡʭʨʝʙʝʪ, 

ʩʝʚʝʨʥʳʡ 

ʩʢʣʦʥ 

3.75 0.4-0.5 

ʉ 

ɺʖɺ 

ʥʘ ɿʉɿ 
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1

5
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2
3
5

0 
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ʉʦʩʥʷ-

ʢʠ-ʟʝ-

ʣʝʥʦ-

ʤʦ-h

ʥʠʢʠ 

ʉɿ ʯʘʩʪʴ . ˉ 2-

42.  

25 ʣʘʚʠʥʦ-ʩʙʦ-

ʨʦʚ 

 

ʕʪʦ ʦʪʨʝʟʦʢ ʜʦʣʠʥʳ ʨ. ɹʘʢʩʘʥ ʜʣʠʥʦʡ ʙʦʣʝʝ 3 

ʢʤ. ɼʦʣʠʥʘ ʨʝʢʠ ʰʠʨʦʢʘʷ (ʦʪ 400 ʜʦ 500ʤ.) ʠ ʠʤʝʝʪ 

ʘʩʩʠʤʝʪʨʠʯʥʦʝ ʩʪʨʦʝʥʠʝ: ʩʝʚʝʨʥʳʡ ʩʢʣʦʥ ʙʦʣʝʝ ʧʦ-

ʣʦʛʠʡ ʠ ʜʣʠʥʥʳʡ. ʋʛʣʳ ʥʘʢʣʦʥʘ ʚʘʨʴʠʨʫʶʪ ʦʪ 33 ʜʦ 

38 0. ʕʢʩʧʦʟʠʮʠʷ ʪʘʢʞʝ ʤʝʥʷʝʪʩʷ : ʦʪ ɺ-ʖɺ ʜʦ ʉ-

ʉɿ. ɿʜʝʩʴ ʨʘʩʧʦʣʦʞʝʥʦ 25 ʣʘʚʠʥʦʩʙʦʨʦʚ. ʅʫʤʝʨʘ-

ʮʠʷ ʜʚʦʡʥʘʷ : ʦʩʥʦʚʥʘʷ ï ʧʦ ʈʫʥʠʯʫ ɸ.ɺ., ʚ ʩʢʦʙʢʘʭ 

ï ʧʦ ʂʘʜʘʩʪʨʫé ʄɻʋ [ 7].ɺʚʝʜʝʥʠʝ ʜʚʦʡʥʦʡ ʥʫʤʝ-

ʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʧʦʨʷʜʦʯʝʥʠʷ ʠʥʜʝʢʩʦʚ ʣʘ-

ʚʠʥʦʩʙʦʨʦʚ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʫʯʘʩʪʢʘ ʵʪʦ 6 ʣʘʚʠʥʦ-

ʩʙʦʨʦʚ, ˉˉ 62(9)-58(14),ʛʝʥʝʨʠʨʫʶʱʠʝ ʛʠʛʘʥʪ-

ʩʢʠʝ ʣʘʚʠʥʳ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʪʠʚʦʣʘʚʠʥʥʳʭ ʩʦ-

ʦʨʫʞʝʥʠʡ ʦʥʠ ʚʳʭʦʜʠʣʠ ʚ ʜʦʣʠʥʫ ʠ ʧʝʨʝʢʨʳʚʘʣʠ 

ʘʚʪʦʜʦʨʦʛʫ (ʨʠʩ.4). ʇʨʠ ʵʪʦʤ ʠʟ-ʟʘ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝ-

ʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ ʩʧʫʩʢʘ ʣʘʚʠʥ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʣʘ-

ʚʠʥʦʩʙʦʨʳ ʠʟ 6 ʧʦ ʩʪʝʧʝʥʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʥʦʩʷʪʩʷ 

ʢ 1 ʪʠʧʫ : ʣʘʥʜʰʘʬʪʳ, ʥʝʫʩʪʦʡʯʠʚʳʝ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʣʘʚʠʥ., ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʠʟʤʝʥʸʥʥʳʝ ʣʘʚʠ-

ʥʘʤʠ, ʩʭʦʜʷʱʠʤʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚ ʛʦʜ. 

 


