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The feature of the church building of the Zaporizhzhya region 3 is his late 

settlement. While life was going actively, on the north and on the center of Ukraine 
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huge stone temples were built in the style of the Ukrainian Baroque. Hetmans and 

the Cossack’s leaders spent a lot of money on this. However, in the Pryazovia were 
only watchtowers and the Cossack’s structures. The situation has changed after the 

Russian-Turkish war of 1768-1774. There were both positive and negative 

consequences: the elimination of the Cossacks and the improving living conditions. 

In this region, the construction of churches was developed in such directions as in 

European and in Russian architecture 

During that time, the direction of Classicism had been developing in Russian 

architecture. This direction is oriented towards the ancient culture. The first temple 

in the world in the style of classicism there is Holy Trinity Cathedral (Fig. 1) of the 

Primorsk city, which has been reconstructed and has been recognized as an object 

of cultural heritage. The church was consecrated in 1836. This village was the 

estate of the Count Vasily Vasilyevich Orlov-Denisov. 

 

 
Fig. 1. Holy Trinity Cathedral (The facade and the interior) 

 

Peter and Paul Church, which was destroyed during the 1930s of the las 

tcentury (the only photo is preserved) had been early located on the territory of 

Vasylivka village. The church was consecrated in 1843 in the estate of the 

noblemen Popov. The ancestor of the dynasty was Vasili Stepanovich Popov. He 

died heroically during the Caucasian Wars. His widow has built Peter and Paul 

Church over the ashes of her husband in the glory of these apostles (Fig. 2). 

 

 

 

 

 

 

 

 

 

Fig. 2. Peter and Paul Church (The photography and the layout) 
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In 1824, by decree of Emperor Alexander I, an album of exemplary churches 

was published. Album title: «Collection of plans, facades and profiles for the 
construction of stone churches». There were designs of stone churches in the 

classical style. 

 

 

 

 

 

 

 

 

 

Fig. 3. The Church of the Exaltation of the Holy Cross 

 

A study of the projects of our region can say that they based on projects from 

the album published in 1824. One of the advantages of this approach is the 

transition from wooden construction to stone construction. The construction of 

churches in a similar way involved the further development of architecture in 

Russian and European styles. The use of exemplary projects today opens up great 

opportunities for authenticity in the restoration of churches. 
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Nowadays climate change and global warming is no longer fairy-tale in the 

natural science textbook, but an objective reality. Countries and societies all over 

the world have realized an urgent need to count eract climate change and/or to 



127 

 

 

implement adaptation measures to climate change. As governments continue to 

discuss the implementation of the Paris Climate Agreement amid efforts to keep 

global temperatures from rising further, the signs of climate change in Ukraine are 

already becoming increasingly obvious. 

What main changes in climatic conditions are observed right now in 

Ukraine? First, changes in spring temperature regimes that cause the sowing time 

to shift are observed. In the last 3-4 years, spring sowing begins an average of 

14 days earlier. There is an increase in temperature extremes and anomalous 

phenomena: low temperatures or abnormal heat, large differences between daytime 

and night time temperatures, snowless winters, and prolonged heat in summer. 

Strong winds cause wind erosion of the soil and often interfere with crop 

protection. 

During the last half of the twentieth century, annual rainfall in Ukraine has 

remained almost unchanged, but global warming has led to a decrease in rainfall 

efficiency. Climate change has, for example, caused a reduction in the area of 

sufficient soil moisture and an increase in droughts in the Ukrainian territories. 

And in order to minimize the risks of climate change for agriculture, it is 

necessary to adapt to new conditions. It is the success of such adaptation that will 

determine the economic feasibility and efficiency of the crop sector in Ukraine 

over the next 10-15 years. 

Adapting to changing conditions, the following main measures are taken: 

 Shift the time of sowing and, accordingly, other stages of cultivation 

depending on climatic conditions. Some farms, using the earlier completion of the 

harvest, perform part of the operations (weed control, fertilizing, etc. ) before the 

autumn sowing of winter. The share of farms introducing sidereal crops into crop 

rotation has increased. 

 To maintain moisture in the soil, farmers learn to use the properties of soil 

ecosystems, which are formed by reducing the depth and intensity of soil 

cultivation, as well as the presence of plant residues from previous seasons. Yes, 

mini-till technologies are used, and no-till technology is justified in the southern 

regions where no soil compaction occurs in the north. The same technologies help 

to reduce soil erosion and restore its fertility. 

 Use seeds resistant to drought and high temperature varieties or hybrids. 

When choosing seeds, farmers must pay attention to its resistance to climatic 

factors. 

 Due to adverse weather conditions (strong winds, high daytime 

temperatures), farms postpone plant protection work at night. 

The destabilization of the phytosanitary state of agrocenoses, which began in 

the 90s of the twentieth century, continues today under the conditions of 

stabilization of plant protection measures, which testifies to the dominant influence 
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of climate change on the phytosanitary state. Majority of Ukrainian scientists 

arecertain that a significant threat to the overall diversity of the entomofauna, 

which plays a leading role in ensuring the environmental sustainability of agro-

landscapes, can be expected in the future. Reduction of ecological stability of agro-

ecosystems, first of all, will be manifested by deterioration of the phytosanitary 

status. The latter can occur through a variety of mechanisms through: changes in 

the insect damage zones of phytophagos, restructuring of the species structure of 

dominant entomocomplexes, increasing the generation of individual insect species 

and the number of dominant insect pests, increasing the likelihood of mass-related 

emergencies in the agrosphere. Extending the growing season under warming 

conditions can lead to an imbalance of phenological coadaptations in the system of 

acrop plant - insect phytophages, which will affect plant resistance and insect 

damage. In fact, we can now observe that climate change is causing the spread of 

various pathogens in Ukraine: pests (Westerncorn beetle, American white 

butterfly, etc. ), weeds (Syrian paddy, ragweed), weed parasites (sunflower top) 

and so on. Accordingly, each case requires up-to-date specific measures. 

Nowadays nearly 5% of grains and 10% of potatoes, vegetables and forage 

crops in Ukraine are irrigated. As summer temperatures rise and rainfall decreases, 

the need for irrigation may increase. With decreases in frost days predicted, winter 

wheat crops, which are particularly susceptible to frost damage, are more likely to 

survive in to spring. Some scientists are assured that climate change, coupled with 

the benefits from new crop varieties and better technology, could increase crop 

yields in our country. Conditions may become more favourable for barley, oat, 

corn, legumes and other crops, as well as green fodder. Recently, the Food and 

Agriculture Organization of the United Nations have published another forecast for 

Ukraine - according to its data, our country can soon lose up to 70% of the crop 

due to increasingly frequent droughts connected with climate change. 

Ukraine is a country with high agricultural potential. Universally accepted, 

that climate-driven changes can compromise food security and economic growth; 

such changes are most probable for Ukraine as well. However, to develop and 

implement counteraction and adaptation to climate change measures, state policy, 

international projects, public and private investments in research and development 

are urgently required. 
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SEVAST`YANOV RODION 

FEATURES OF ELECTRONIC TRADE IN MODERN CONDITIONS 

Economic crises affect trade volumes and the stability of the national 

financial system. In the context of the COVID-19 epidemic and the emergence of 

crisis phenomena in the economy, it is actual to look for directions of trade 

development in the present conditions. The features, problems and prospects of 

global and domestic e-commerce market development are investigated in the 

paper. Problems of functioning of electronic trade need to analyze new trends and 

developments in Ukraine. The purpose of the article is to analyze the potential of 

development of e-commerce in general and to study the features of e-money in the 

current conditions. 

Ukraine's electronic trade market is small compared to world leaders. 

However, the growth rate of Ukraine's electronic trade market is similar to that of 

developed countries. 

Trading by electronic means of payment has the prospect of business 

expansion. In a viral epidemic, the National Bank of Ukraine recommends 

minimizing cash use. Many businesses are moving to electronic trade. Crisis 

phenomena are actually accelerating the implementation of effective directions for 

long-term electronic trade development strategies. 

Electronic trade is expanding globally and is emerging as a distinct industry. 

Every year, from 30% to 70% of business in all countries (regardless of their level 

of development) goes online. [1, p. 126]. Electronic trade is also the most advanced 

area of the digital economy. The digital economy is a type of economy 

characterized by the active introduction of the use of digital storage technologies, 

processing and transmission of information in all spheres of human activity. 

Electronic trade is based on information technology. The digital economy is 

an economy based on digital computer technology. The digital economy means 

manufacturing, selling and delivering products through computer networks. [2, p. 

107]. The digital economy is also sometimes referred to as the internet economy, 

the new economy, or the web economy. 

Market demand for innovative trends is constantly increasing. This 

demonstrates the great potential of electronic trade. 

For the intensive development of e-commerce, it is necessary to focus on 

such global trends ascustomer loyalty programs and personalization of 
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transactions, mobile commerce, public communications, interaction with remote 

regions of the country and efficient logistics. 

 

 
 

Fig. Share of electronic trade in retail trade in Ukraine in 201332018 [3, p. 53] 

 

Figure shows the share of electronic trade in retail trade in Ukraine in 2013-

2018. 

An analysis of the growth rates of electronic trade volumes shows that the 

growth rates in Ukraine are approaching the global average. This situation may be 

associated with an increase in Internet distribution in Ukraine. Ukraine's electronic 

trade market demonstrates sustainable development potential. It can be 

hypothesized that trends in the development of the electronic trade market may 

change due to internal and external factors. The potential of electronic trade market 

can be estimated at 1-3% of annual growth of electronic trade. 

 

 

REFERENCES 

1. %8=O2AL:0, ".". �;5:B@>==0 B>@3V2;O 2 ':@0W=V: B5=45=FVW B0 
?5@A?5:B828 @>728B:C / ".". %8=O2AL:0 // �VA=8: )!' V<5=V �.!. �0@07V=0. 
%5@VO « V6=0@>4=V 2V4=>A8=8. �:>=><V:0. �@0W=>7=02AB2>. &C@87<». 3 2019. 3 
№ 9. 3 %. 126-132. 

2. �>;O45=:>, %.�. *8D@>20 5:>=><V:0: ?5@54C<>28 B0 5B0?8 
AB0=>2;5==O 2 ':@0W=V V C A2VBV / %.�. �>;O45=:> // �:>=><V:0. (V=0=A8. 



207 

 

 

 5=546<5=B: 0:BC0;L=V ?8B0==O =0C:8 V ?@0:B8:8. 3 2016. 3 № 6. 3 %. 105-
112. 

3. �C1>2V:, &.�.  V6=0@>4=0 5;5:B@>==0 B>@3V2;O / &.�. �C1>2V:, �.�. 
�0<>20 // !0C:>289 2VA=8: '63>@>4AL:>3> =0FV>=0;L=>3> C=V25@A8B5BC. 3 
2018. 3 �8?CA: 17 (G0AB8=0 1). 3 %. 51-55. 

 

 

'�� 334.012.64 
�>340= .. .1 

1 :0=4. 5:>=. =0C:, 4>F. !' «�0?>@V7L:0 ?>;VB5E=V:0» 
�"���! .. . 

"%!"�!� &�!��!*�� $"���&�' ���!�%' !� %'+�%!" ' 
�&�#� 

-5 4> B>3>, O: @53V>=8 ':@0W=8 ?5@59H;8 =0 @568< B>B0;L=>W 
A0<>V7>;OFVW, >A=>2=89 DV=0=A>289 C40@ ?0=45<VW 27O;8 =0 A515 ?@54AB02=8:8 
<0;>3> V A5@54=L>3> 1V7=5AC. 

!572060NG8 =0 B5, I> C@O4 ':@0W=8 3>BCє :><?5=A0FV9=V 70E>48 4;O 
?><'O:H5==O =0A;V4:V2 ?0=45<VW, 1V7=5A<5=8 =5 ?@8E>2CNBL A2>3> 
?@83=VG5=>3> =0AB@>N. �BV<, =02VBL 2 FV9 A8BC0FVW 45O:V ?V4?@8є<FV HC:0NBL 
=>2V H;OE8 @>728B:C, O: <V=V<C<, =0 ?5@A?5:B82C. 

� %?V;FV C:@0W=AL:8E ?V4?@8є<FV2 =07820NBL B0:V =0A;V4:8 ACG0A=>W 
DV=0=A>2>W :@878:   

- @>7@82 ;0=FN6:V2 ?>AB0G0==O B0 ?@87C?8=5==O 28@>1=8FB20;   
- 157?>2>@>B=0 2B@0B0 4>E>4V2 B0 9<>2V@=5 10=:@CBAB2> <0;>3> V 

A5@54=L>3> 1V7=5AC 2=0A;V4>: ?@8?8=5==O 4VO;L=>ABV =0 =5287=0G5=89 ?5@V>4; 
- A:0AC20==O 70<>2;5=L =0 ?@><8A;>2V B>20@8, 2V4<>20 2V4 C:;045==O 

=>28E C3>4, A:0AC20==O ?>AB02>: 70 265 C:;045=8<8 4>3>2>@0<8; 
- 2B@0B0 @>1>B8 4;O =5>D>@<;5=8E ?@0FV2=8:V2 (7>:@5<0, C AD5@V 

>1A;C3>2C20==O). 
!091V;LH5 ?>AB@0640NBL AD5@8 1V7=5AC, =0 4VO;L=VABL O:8E 

=0:;040NBLAO 157?>A5@54=V >1<565==O C 72’O7:C 7 22545==O< :0@0=B8==8E 
70E>4V2: 02V0?5@52575==O; :C;LBC@0, >@30=V70FVO 4>72V;;O B0 @>7203; 
DV7:C;LBC@=>->74>@>2G0 4VO;L=VABL V A?>@B; BC@8AB8G=V 035=BAB20 B0 
>@30=V70FVW, I> =040NBL BC@8AB8G=V ?>A;C38; 3>B5;L=89 1V7=5A; 3@><04AL:5 
E0@GC20==O; >@30=V70FVW 4>40B:>2>W >A2VB8, =545@602=V >A2VB=V CAB0=>28; 
:><?0=VW, I> 74V9A=NNBL >@30=V70FVN :>=D5@5=FV9 V 28AB02>:. 

�;O B0:8E :><?0=V9 <>6=0 70?@>?>=C20B8 A:>@>G5==O 28B@0B, 7=865==O 
@878:V2 V 3>B>2=VABL ?>25@=CB8AO 4> :>;8H=VE >1>@>BV2, :>;8 C<>28 
?>:@0I0BLAO. 



 

 

208 

 

 

� A8BC0FVW, I> A:;0;0AL =0 AL>3>4=VH=V9 45=L, 2 283@0H=><C ?>;>65==V 
1C4CBL =0ABC?=V A5:B>@8 5:>=><V:8: 

1. "=;09=-<03078=8. $VB59;5@ Amazon =09<5 4>40B:>2> 
100000 G>;>2V: 2 %,� 4;O @>1>B8 =0 A:;040E V 4>AB02:8 B>20@V2. #@8G8=>N 
FL>3> є B5, I> :;Vє=B8 AB0;8 @>18B8 =01030B> 1V;LH5 >=;09=-70<>2;5=L G5@57 
5?V45<VN :>@>=028@CAC, O:0 28:;8:0;0 >1<565==O =0 ?5@5AC20==O. #@8 
FL><C =0 G0AB:C Amazon 70@07 ?@8?040є 39% 2AVE >=;09=-70<>2;5=L %,�. 

2. &@0=A?>@B=V ?>A;C38 B0 A5@2VA8 4>AB02:8. #@0:B8G=> 2AV< 
@VB59;5@0< =5 28AB0G0є :C@'є@V2, B><C I> G0AB8=0 7 =8E =5<8=CG5 
70;8H0єBLAO =0 :0@0=B8=V, 0 G0AB8=0 28<030є 1V;LH>W ?;0B8 70 @878: 
70@065==O. �=B5@=5B-3V30=B Alibaba Group ?>2V4><82 ?@> B5, I> 9>3> 28@CG:0 
2 B@5BL><C :20@B0;V 2020 @>:C 71V;LH8BLAO =0 38% 4> 161,4 <;@4. N0=V2 
(1;87L:> 23,12 <;@4. 4>;0@V2) 2 ?>@V2=O==V 7 0=0;>3VG=8< ?5@V>4>< 
?>?5@54=L>3> DV=0=A>2>3> @>:C. 

3. (0@<0F52B8G=V :><?0=VW. %L>3>4=V FV :><?0=VW 28E>4OBL =0 ?5@H89 
?;0=. �><0=40 Capital Lab @>73;O40є 0:FVW Gilead Sciences, Regeneron, Johnson 
& Johnson, GSK V Sanofi O: =091V;LH FV:02V. 

#>@O4 V7 A8;L=8< ?>@BD5;5< V DV=0=A>2>N ?>78FVєN, ?5@A?5:B828 
:><?0=V9 283;O40NBL 1030B>>1VFONG5, =02VBL O:I> WE ?@>B8:>@>=02V@CA=V 
?@5?0@0B8 ?@>20;OBL 28?@>1C20==O. 

4. %5@2VA8 2V45>72’я7:C. �:FVW A5@2VAV2 2V45>72'O7:C 7@>AB0NBL =0 B;V 
40=8E ?@> 7@>AB0==O :V;L:>ABV :>@8ABC20GV2 2 C<>20E :0@0=B8==8E 70E>4V2 
G5@57 ?>H8@5==O :>@>=02V@CA0. �0 >AB0==V9 B8645=L 15@57=O 2020 @>:C 0:FVW 
Zoom Video Communications 3 :><?0=VW-@>7@>1=8:0 A5@2VAC 2V45>:>=D5@5=FV9 
Zoom 3 4>40;8 2 FV=V 1V;LH =V6 =0 30%. �0?VB0;V70FVO :><?0=VW 28@>A;0 1V;LH 
=V6 =0 $10 <;@4 V A:;0;0 $39,7 <;@4. �>B8@C20==O ?V4B@8<Cє V A8;L=89 72VB 
:><?0=VW 70 2020 @V:, >?C1;V:>20=89 =0 ?>G0B:C 15@57=O ?>B>G=>3> @>:C. 
�>E>48 70 ?V4AC<:0<8 @>:C 7@>A;8 =0 88%, 4> $622,66 <;=, 0 G8A;> :;Vє=BV2, 
I> ?;0BOBL 70 A5@2VA Zoom 1V;LH5 $100 B8A., 71V;LH8;0AO 4> 641, I> =0 86% 
1V;LH5 2 ?>@V2=O==V 7 0=0;>3VG=8< ?5@V>4>< <8=C;>3> @>:C. 

5. $>72060;ь=V A5@2VA8 B0 V3@8. �>@AB:V :0@0=B8==V 70E>48 2 1030BL>E 
:@0W=0E 71V;LH8;8 V=B5@=5B-B@0DV: =0 50 3 70%, 0 2 �B0;VW 3 =0 90%. 
#@8@>4=>, 45O:V A5:B>@8 >=;09=-1V7=5AC A?>AB5@V30NBL 7@>AB0==O 4>E>4V2. 
%B@V<V=3>2V A5@2VA8, B0:V O: Netflix V Disney +, 28@>A;8 =0 12%. &0:>6 283>4C 
2V4 :0@0=B8=C >B@8<0є A5:B>@ >=;09=-:><5@FVW, 28@CG:0 O:>3> 28@>AB5 =0 
$175 <;@4 3 7@>AB0==O =0 5%. 

�1V;LH5==O A?>6820==O F8D@>2>3> :>=B5=BC 4;O <>1V;L=8E 4>40B:V2 
157:>HB>2=>3> ?>B>:>2>3> B5;510G5==O B0 V3>@ 265 A?>AB5@V30єBLAO 2 �8B0W B0 
�B0;VW. *V AD5@8 7@>AB0NBL 1V;LH5 V=H8E 3 :>@8ABC20GV ?>:070;8 3>B>2=VABL 



209 

 

 

>D>@<;OB8 ?;0B=V ?V4?8A:8 =0 B@820;89 G0A, I> =5 1C;> =0ABV;L:8 ?>H8@5=5 
4> 22545==O :0@0=B8=C. 

 �;NG>20 ?>@040 4;O B0:8E :><?0=V9 3 03@5A82=5 V=25ABC20==O 2 
<>6;82>ABV B0 7@>AB0==O. 

 

 

'�� 330.3 
�>1:> !.�.1 
1 AB0@H. 28:;. !' «�0?>@V7L:0 ?>;VB5E=V:0» 

�"��" !.�. 
��!+'$!�� ��#�&�� � �!!"��*��!" ' $"���&�' 

��"!" ��� 

%B0=>2;5==O =0 V==>20FV9=89 H;OE 5:>=><VG=>3> @>728B:C 28<030є 
AB2>@5==O <0:A8<0;L=> A?@8OB;828E C<>2 4;O @>ABC V=VFV0B828 ?V4?@8є<FV2, 
?V428I5==O V=25AB8FV9=>W ?@8201;82>ABV B0 :>=:C@5=B>A?@><>6=>ABV 
C:@0W=AL:8E :><?0=V9, B0: O: A0<5 ?@820B=89 1V7=5A є 9>3> @CHV9=>N A8;>N. 

� ':@0W=V F8<8 ?8B0==O<8 =09G0ABVH5 709<0NBLAO A0<V @>7@>1=8:8 
V==>20FV9, B>4V O: C 2AL><C A2VBV 4;O 70=OBBO V==>20FV9=8< 1V7=5A>< 
AB2>@NNBLAO A?5FV0;V7>20=V AB@C:BC@8 3 F5 V=68=V@8=3>2V, 25=GC@=V B0 
:>=A0;B8=3>2V :><?0=VW, O:V 2 7<>7V =040B8 ?@>D5AV9=C 4>?><>3C 7 282545==O 
V==>20FV9 =0 @8=>:. �;0A=89 :0?VB0;, O:89 <0NBL 40=V AB@C:BC@8, 0 B0:>6 WE 
>@Vє=B0FVO =0 DV=0=AC20==O V==>20FV9=8E @>7@>1>:, 2?@>20465==O 
V==>20FV9=8E ?@>4C:BV2 V =>2>22545=L @V7=><0=VB=>3> E0@0:B5@C CB2>@NNBL 
25=GC@=89 :0?VB0;. 

�@>AB0==O V=25AB8FV9 є >4=8< 7 =09206;82VH8E G8==8:V2 AB0;>3> 
@>728B:C 25=GC@=>3> @8=:C, B><C I> 45<>=AB@Cє CG0A=8:0< @8=:C 
?@0F5740B=VABL V ?@8201;82VABL 25=GC@=>W <>45;V 1V7=5AC B0 70157?5GCє B8< 
A0<8< WE 4>23>AB@>:>2C <>B820FVN. �@V< B>3>, 4>E>48, >B@8<0=V V=25AB>@0<8 
2 @57C;LB0BV 2:;045==O :>HBV2, є 4>40B:>28< 465@5;>< :0?VB0;C 4;O =>28E 
V=25AB8FV9, O:5 2 C<>20E @8=:C :0?VB0;C, I> 72C6CєBLAO ?@8 5:>=><VG=><C 
A?04V, <>65 =040B8 ?V4B@8<:C 25=GC@=8< V=25AB8FVO<. 

�A5 I5 VA=Cє 157;VG 10@’є@V2, I> 702060NBL ?@8A:>@5==N @>728B:C 
V==>20FV9=>3> 1V7=5AC. !097=0G=VHV 7 =8E AB>ACNBLAO O:>ABV 45@602=>W 
V=D@0AB@C:BC@8, 0 B0:>6 2V4ACB=>ABV @O4C N@848G=8E V DV=0=A>28E 
V=AB@C<5=BV2, 2:@09 206;828E 4;O AB@C:BC@C20==O C3>4. 

�57AC<=V2=>, <>;>4><C @8=:C 25=GC@=>3> V=25ABC20==O ':@0W=8, I> 
H284:> @>72820єBLAO, 4>AV ?@8B0<0==89 @O4 48A?@>?>@FV9 3 O: AB04V9=8E, 
?>2’O70=8E 7 =54>AB0B=L>N ?@>?>78FVєN :0?VB0;C =0 ?>G0B:>28E AB04VOE 
V==>20FV9=8E ?@>5:BV2, B0: V A5:B>@0;L=8E 3 2 1V;LH>ABV ?@V>@8B5B=8E 



 

 

210 

 

 

30;C759, :@V< A5:B>@V2 �=B5@=5BC, 5;5:B@>==>W :><5@FVW B0 B5;5:><C=V:0FV9, 
A?>AB5@V30єBLAO =54>AB0B=VABL ?@>?>78FVW :0?VB0;C. &0:>6, =0O2=0 ?@>1;5<0 
<0AHB01C, ?@8B0<0==0 1030BL>< 30;C7O< 5:>=><V:8 ':@0W=8 3 G0AB:0 >1AO3V2 
@50;V7>20=>W V==>20FV9=>W ?@>4C:FVW (B>20@V2, ?>A;C3) C 2018 @>FV A:;040є 
0,7%. 

"A=>2=V DC=:FVW 25=GC@=>3> :0?VB0;C 2 V==>20FV9=><C @>728B:C 
5:>=><V:8 ':@0W=8 B0:V: 

1) 25=GC@=89 :0?VB0; A?@8Oє AB2>@5==N =>28E 3>A?>40@NNG8E AC1’є:BV2 
@8=:C, O:V A2>єN 4VO;L=VABN 2?;820NBL =0 @>7AB0=>2:C A8; C A5@54>28IV 
=0C:>28E 4>A;V465=L, I> <>65 ?@825AB8 4> AB@C:BC@=8E 7<V= ��# ':@0W=8; 

2) ?V4B@8<CNG8 =091V;LH 48=0<VG=V 30;C7V, I> <0NBL 28A>:89 
?>B5=FV0; @>7H8@5==O, @>728B:C B0 2V440GV, 25=GC@=89 :0?VB0; A?@8Oє O: 
4>AO3=5==N 40=8<8 :><?0=VO<8 :>=:C@5=B>A?@><>6=>3> @V2=O 4VO;L=>ABV =0 
2=CB@VH=L><C @8=:C, B0: V ?V428I5==N :>=:C@5=B>A?@><>6=>ABV 5:>=><V:8 
':@0W=8 =0 <V6=0@>4=><C @V2=V; 

3) 25=GC@=89 :0?VB0; A?@8Oє 71V;LH5==N 709=OB>ABV 
28A>:>:20;VDV:>20=8E D0EV2FV2, ?V4B@8<FV B0 @>728B:C ;N4AL:>3> :0?VB0;C, 
I>, 2 A2>N G5@3C, @>18BL >1ґ@C=B>20=>N AB02:C =0 5:>=><V:C 7=0=L 7 1>:C 
C@O4C ':@0W=8; 

4) 28:>@8AB0==O 25=GC@=>3> :0?VB0;C A?@8Oє >=>2;5==N B0 <>45@=V70FVW 
B@048FV9=8E 30;C759 5:>=><V:8; 

5) 25;8:V V=B53@>20=V AB@C:BC@8 B0 :>@?>@0FVW, ?@03=CGV 4> 70;CG5==O 
25=GC@=>3> :0?VB0;C, =5<8=CG5 24>A:>=0;NNBL A2>W ?@8=F8?8 C?@02;V==O B0 
>@30=V70FV9=V AB@C:BC@8; 

6) AB2>@5==O A?5FV0;L=>W :@548B=>-DV=0=A>2>W A8AB5<8 C 283;O4V 
25=GC@=>3> :0?VB0;C. 

� >AB0==V @>:8 2 ':@0W=V 0:B82=> @>72820єBLAO �&-V=4CAB@VO, 7’O2;ONBLAO 
=>2V 25=GC@=V D>=48 B0 �&-AB0@B0?8. !0 AD5@C �& =VO: =5 2?;820є ?>;VB8G=0 
A8BC0FVO 2 :@0W=V, ?>?8B 2 A2VBV =0 C:@0W=AL:8E ?@>3@0<VABV2 2 =091;86G><C 
<091CB=L><C 1C45 7@>AB0B8, B><C @878:8 4;O V=25AB>@V2 <V=V<0;L=V. &0:, 
5:A?>@B C:@0W=AL:8E �&-?>A;C3 C 2019 @>FV 73V4=> 40=8E :><?0=VW ClobalLogic 
4>AO3 3,5 <;@4. 4>;0@V2, 0 2 2020 @>FV 5:A?>@B :><?’NB5@=8E ?>A;C3 ?>28=5= 
?@8=5AB8 265 4,5 <;@4. 4>;0@V2. �@V< �&-=0?@O<C, 2 ':@0W=V @>72820NBLAO V 
AC<V6=V ?@>5:B8, =0?@8:;04, 2 AD5@V @>7@>1:8 hardware ?@>4C:BV2. 

&0:8< G8=><, 206:> ?5@5>FV=8B8 @>;L 25=GC@=>3> :0?VB0;C 2 
V==>20FV9=><C @>728B:C ':@0W=8. �5=GC@=89 :0?VB0; =0FV;5=89 =0 
4>23>AB@>:>25 V=25ABC20==O V==>20FV9=8E DV@<, V==>20FV9=8E @>7@>1>: 2 
>1;0ABV ?5@54>28E B5E=>;>3V9. �@V< B>3>, 2V= 28:>@8AB>2CєBLAO 4;O 
@>7H8@5==O B0 <>45@=V70FVW B@048FV9=8E 30;C759 V ?V4?@8є<AB2 70 @0EC=>: 



211 

 

 

@878:>2>3> :0?VB0;C. �5=GC@=89 :0?VB0; 28ABC?0є 465@5;>< DV=0=AC20==O 
@V7=8E V=25AB8FV9 2 V==>20FV9=><C ?@>F5AV O: 2 =>2V, B5E=>;>3VG=V, =0C:>2> 
>1ґ@C=B>20=V =>2>CB2>@5==O 2 AD5@V 1V7=5AC, B0: V 2 V=HV @8=:>2V B0 DV=0=A>2V 
AB@C:BC@8. 

 

 

'��:336 
%5@4N: Є. .1 
1 AB0@H. 28:;., !' «�0?>@V7L:0 ?>;VB5E=V:0» 

%�$�.� Є. . 
�!���� #��)"��� �!&��$��"�"�" '#$����!!/ !� "%!"�� 

�"%���' $"���!'&�) �$��! 

�AV :@0W=8 ?>28==V 70157?5GC20B8 AB0;89 5:>=><VG=89 @>728B>: V 4;O 
FL>3> 28:>@8AB>2CNBL @V7=V V=AB@C<5=B8 3@>H>2>-:@548B=>3> @53C;N20==O. 
&><C 0=B8:@87>2><C C?@02;V==N ?@84V;ONBL >A>1;82C C203C ?@8 
70157?5G5==V 5:>=><VG=>3> 7@>AB0==O 45@6028. ':@0W=0, =0?@02;ONG8 
7CA8;;O B0 =0<030NG8AL 1CB8 45@602>N 7 @8=:>2>N 5:>=><V:>N, AB8:0єBLAO 7 
?@>1;5<0<8, I> ?>2’O70=V 7 :@87>28<8 O28I0<8. �;040 @503CNG8 =0 
5:>=><VG=V >1AB028=8, ?>28==0 =0<030B8AO WE 230<C20B8, B0 ?>25@B0B8AL 4> 
"busVn5ss 0s usual". &><C 4>A;V46CNBLAO ?V4E>48 B0 4>A2V4 0=B8:@87>2>3> 
C?@02;V==O, I> 28:>@8AB>2CNBL V=HV 45@6028 B0 O:89 ':@0W=0 <>65 
?5@59=OB8 B0 2?@>2048B8 AL>3>4=V. 

�@870 3 F5 :@09=є 703>AB@5==O AC?5@5G=>AB59 C A>FV0;L=>-5:>=><VG=V9 
A8AB5<V, I> 703@>6Cє WW 68BBє740B=>ABV 2 =02:>;8H=L><C A5@54>28IV. �@870 
O2;Oє A>1>N є4=VABL 42>E ?@>F5AV2: @C9=C20==O B0 AB2>@5==O. +5@57 =5W >4=V 
5;5<5=B8, AB@C:BC@8 B0 DC=:FVW @C9=CNBLAO V 28=8:0NBL V=HV [1]. 

�=B8:@87>25 45@602=5 C?@02;V==O 2 :@0W=0E 7 @>728=5=>N @8=:>2>N 
5:>=><V:>N ?@>O2;OєBLAO 2 @V7=8E D>@<0E. %,� @50;V7CNBL ?>;VB8:C 
0=B8:@87>2>3> C?@02;V==O G5@57 2V4?>2V4=V 7<V=8 70:>=>402AB20 C 30;C7V 
709=OB>ABV [3]. $>728=CBV :@0W=8 A2VBC A2>N 5:>=><V:C 1C4CNBL =02:>;> 
=570;56=>W <>=5B0@=>W A8AB5<8. �;040, ?@8 FL><C, :>=B@>;Nє =0FV>=0;L=C 
3@>H>2C >48=8FN 9 ?@>2048BL B0:C DV=0=A>2C ?>;VB8:C, :>;8 
2AB0=>2;NNBLAO, ABO3CNBLAO B0 28B@0G0NBLAO ?>40B:8 9 704VNє DV=0=A>2V 
V=AB@C<5=B8 28=OB:>2> C =0FV>=0;L=V9 3@>H>2V9 >48=8FV. &0:89 ?V4EV4 
?V4B@8<Cє 5:>=><V:C =0 4>AB0B=L><C @V2=V, B>1B> є 4>AB0B=V9 >1AO3 @50;L=8E 
(<0B5@V0;L=8E) 0:B82V2 4;O @50;V70FVW ?>B@V1=8E 70E>4V2. 

' @0<:0E 0=B8:@87>2>W ?>;VB8:8 %?>;CG5=V ,B0B8 �<5@8:8 @53C;N20;8 

>1<V==89 :C@A 4>;0@0. *5 2V41C20;>AL H;OE>< ;V<VBC20==O 71V;LH5==O :C@AC 
=0FV>=0;L=>W 20;NB8 70 @0EC=>: 7<5=H5==O V=D;OFVW B0 AB8<C;N20==O 



 

 

212 

 

 

5:A?>@BC ?@>4C:FVW B0 ?>A;C3. &0:>6 2?@>2046C20;8AL 70E>48 I>4> 
7=865==O @>7<V@V2 70?>78G5=L [3]. $>1>B0 7V 710=:@CBV;8<8 ?V4?@8є<AB20<8 
A?@O<>2C20;0AL =5 =0 ;V:2V40FVN, 0 =0 2V4=>2;5==O 3>A?>40@AL:>W 4VO;L=>ABV 
?V4?@8є<AB20. 

�5@602=5 0=B8:@87>25 2B@CG0==O 2 /?>=VW 2V41C20єBLAO 70 B0:8<8 

=0?@O<:0<8: B5<?8 5:>=><VG=>3> 7@>AB0==O; AB@C:BC@0 ?@><8A;>2>3> 
28@>1=8FB20; >A2VB0; 709=OBVABL; :@548B V 3@>H>289 >1V3; FV=>CB2>@5==O; 
7>2=VH=L>5:>=><VG=V 72’O7:8; 30;C7520 AB@C:BC@0; @>7<VI5==O 28@>1=8FB2; 
AB8<C;N20==O V=25AB8FV9. #@8 FL><C 2 :@0W=V @>72820єBLAO V 25;8:89 V <0;89 
1V7=5A. *5 ?>2’O70=> 7 B8<, I> 45@6020 0:B82=> 4>?><030є 28@VHC20B8 

3>A?>40@AL:V B@C4=>IV G5@57 DVA:0;L=C V :@548B=>-DV=0=A>2C ?>;VB8:C. #@8 
FL><C, ?V4B@8<:0 V 2V4=>2;5==O 710=:@CBV;8E ?V4?@8є<AB2 2V41C20єBLAO 4> 
?>2=>W WE @501V;VB0FVW 70 4>?><>3>N 2@53C;N20==O V=B5@5AV2 1>@6=8:0, 
:@548B>@V2, 0:FV>=5@V2 B0 V=H8E CG0A=8:V2 10=:@CBAB20. &0:89 ?V4EV4 O: 
?@820B870FVO =55D5:B82=8E 45@602=8E ?V4?@8є<AB2 4>72>;Oє ?VA;O WE 
<>45@=V70FVW, >?B8<V70FVW AB@C:BC@8 B0 <5=546<5=BC ?>ABC?>2> 28E>48B8 =0 
A5@54=V9 @V25=L 5D5:B82=>ABV ?@820B=>3> A5:B>@0 [2]. 

%2VB>20 ?@0:B8:0 A2V4G8BL, I> @V7=V <>45;V 0=B8:@87>2>3> C?@02;V==O 
70157?5GCNBL @V7=V ?>B5=FV9=V <>6;82>ABV 4;O ?5@54>28E A>FV0;L=>-
5:>=><VG=8E 7<V=. �;5 6>4=C 7 =8E =5 <>6=0 28:>@8AB>2C20B8 C G8AB><C 
283;O4V ?@8 D>@<C20==V ?>;VB8:8 0=B8:@87>2>3> C?@02;V==O 2 ':@0W=V. 
$5D>@<C20==O A8AB5<8 0=B8:@87>2>3> C?@02;V==O 2 ':@0W=V ?>28==> 
2V41C20B8AO =0 >A=>2V 2?@>20465==O ?>78B82=>3> 4>A2V4C :@>: 70 :@>:><. 

 

%#�%"� ���"$�%&�!�) ���$�� 

1. �5@602=5 C?@02;V==O: ?V4@CG=8:: C 2 B. !0F. 0:04. 45@6. C?@. ?@8 
#@57845=B>2V ':@0W=8; @54. :>;. : ..�. �>210AN: (3>;>20), �.". �0I5=:> 

(70AB. 3>;>28), ..#. %C@<V= (70AB. 3>;>28) [B0 V=. ]. 3 �., �=V?@>?5B@>2AL:: 
!��'. 

2. )@0?:V=0, �.�. &5E=>;>38G5A:89 0C48B 8 @575@2K ?@>872>4AB20 / �.�. 
)@0?:V=0, ". +CG:>. 3 2015. 3 № 1/7 (21).  

3. European FVnancVal StabVlVty and �ntegratVon. ElectronVc resource: Report 

2011. AprVl 2012. AvaVlable. 

 

 



213 

 

 

%��*�/ « �)�!���» 
 

'�� 534.014:528.026.1 

,B0=L:> #.�.1, $O38= %.�.1, -5@18=0 �. .2 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7L:0 ?>;VB5E=V:0» 
2 ABC4. 3@. �(-118 !' «�0?>@V7L:0 ?>;VB5E=V:0» 

,&�!Ь�" #.�., $/��! %.�., -�$��!� �. . 
���/!�� �$�-�!�/ �� �� !� !���!��!/� �"����!�/ 

 �&� �&�+�%�"�"  �/&!��� 

� 35>D878:5 >4=8< 87 <5B>4>2 2KO2;5=8O 70;5659 ?>;57=KE 
8A:>?05<KE O2;O5BAO 3@028<5B@8O. #> <0;K< >B:;>=5=8O< ?5@8>40 
:>;510=8O <0OB=8:0 AC4OB > ?;>B=>AB8 ?>@>4 2 7>=5 87<5@5=8O [1]. 

$0AA<>B@5=K =5;8=59=K5 :>;510=8O <0B5<0B8G5A:>3> <0OB=8:0 2 42CE 
?5@?5=48:C;O@=KE ?;>A:>ABOE A CGёB>< 2@0I5=8O �5<;8. % ?><>ILN 
C@02=5=8O �03@0=60 2-3> @>40 ?>;CG5=K =5;8=59=K5 48DD5@5=F80;L=K5 
C@02=5=8O, CG8BK20NI85 2;8O=85 F5=B@>156=KE A8;. !5 8A?>;L7>20;8AL 
=8:0:85 4>?CI5=8O, =0?@02;5==K5 =0 C?@>I5=85 C@02=5=89, GB> 
?@54>?@545;8;> A;>6=>ABL ?>;CG5=8O @5H5=8O 4065 G8A;5==K<8 <5B>40<8. 
$5H5=85 B0:8E =5;8=59=KE 48DD5@5=F80;L=KE C@02=5=89 2>7<>6=> A 
8A?>;L7>20=85< :20780=0;8B8G5A:>3> <5B>40 [2]. 

�7 ?>;CG5==KE @57C;LB0B>2 284=>, GB> ?5@8>4 :>;510=8O 7028A8B >B 
H8@>BK <5AB=>AB8 8 C3;0 ?>2>@>B0 ?;>A:>AB8 :0G0=8O <0OB=8:0 
>B=>A8B5;L=> <5@8480=0. -B> B@51C5B 2=5A5=8O ?>?@02>: ?@8 8=B5@?@5B0F88 
?>;CG5==KE @57C;LB0B>2. 

 

%#�%"� �%#"�0�"��!!"� ��&�$�&'$/ 

1.  8@>=>2, �.%. �C@A 3@028@07254:8 [&5:AB] / �.%.  8@>=>2 // !54@0, 
1980. 3 543 A. 

2. ,B0=L:>, #.�. $0AG5B 10;:8 ?5@5<5==>3> A5G5=8O =0 C?@C3>< 
>A=>20=88 :20780=0;8B8G5A:8< <5B>4>< [&5:AB] / #.�. ,B0=L:>, %.�. $O38= 

// !>2V <0B5@V0;8 V B5E=>;>3VW 2 <5B0;C@3VW B0 <0H8=>1C4C20==V. 3 2019. 3 № 1. 

3 %. 62-66. 

 

 



 

 

214 

 

 

'�� 621.391 

�@C6=>20 %...1, �>@10=L �. .2 
1 AB0@H. 28:;. !' «�0?>@V7L:0 ?>;VB5E=V:0» 
2 ABC4. 3@.  -119A? !' «�0?>@V7L:0 ?>;VB5E=V:0» 

�$'�!"�� %..., �"$��!Ь �. . 
��!�&�+�%��� ���"$�& / ��/ "#&� ���*�� !�+�&�"�" 

$��'�/&"$� 

�5=5B8G5A:85 0;3>@8B<K 3 040?B82=K5 <5B>4K ?>8A:0, :>B>@K5 2 
?>A;54=55 2@5<O G0AB> 8A?>;L7CNBAO 4;O @5H5=8O 7040G DC=:F8>=0;L=>9 
>?B8<870F88. "=8 >A=>20=K =0 ?>4>188 35=5B8G5A:8< ?@>F5AA0< 
18>;>38G5A:8E >@30=87<>2: 18>;>38G5A:85 ?>?C;OF88 @072820NBAO 2 B5G5=88 
=5A:>;L:8E ?>:>;5=89, ?>4G8=OOAL 70:>=0< 5AB5AB25==>3> >B1>@0 8 ?> 
?@8=F8?C "2K68205B =081>;55 ?@8A?>A>1;5==K9" (survival of the fittest), 
>B:@KB><C +0@;L7>< �0@28=><. #>4@060O MB><C ?@>F5AAC 35=5B8G5A:85 
0;3>@8B<K A?>A>1=K "@072820BL" @5H5=8O @50;L=KE 7040G, 5A;8 B5 
A>>B25BAB2CNI8< >1@07>< 70:>48@>20=K. 

�5=5B8G5A:85 0;3>@8B<K @01>B0NB A A>2>:C?=>ABLN ">A>159" - 

?>?C;OF859, :0640O 87 :>B>@KE ?@54AB02;O5B 2>7<>6=>5 @5H5=85 40==>9 
?@>1;5<K. �0640O >A>1L >F5=8205BAO <5@>9 55 "?@8A?>A>1;5==>AB8" 
A>3;0A=> B><C, =0A:>;L:> "E>@>H>" A>>B25BAB2CNI55 59 @5H5=85 7040G8. 
!081>;55 ?@8A?>A>1;5==K5 >A>18 ?>;CG0NB 2>7<>6=>ABL "2>A?@>872>48BL" 
?>B><AB2> A ?><>ILN "?5@5:@5AB=>3> A:@5I820=8O" A 4@C38<8 >A>1O<8 
?>?C;OF88. -B> ?@82>48B : ?>O2;5=8N =>2KE >A>159, :>B>@K5 A>G5B0NB 2 
A515 =5:>B>@K5 E0@0:B5@8AB8:8, =0A;54C5<K5 8<8 >B @>48B5;59. !08<5=55 
?@8A?>A>1;5==K5 >A>18 A <5=LH59 25@>OB=>ABLN A<>3CB 2>A?@>8725AB8 
?>B><:>2, B0: GB> B5 A2>9AB20, :>B>@K<8 >=8 >1;040;8, 1C4CB ?>AB5?5==> 
8AG570BL 87 ?>?C;OF88. 

&0: 8 2>A?@>872>48BAO 2AO =>20O ?>?C;OF8O 4>?CAB8<KE @5H5=89, 
2K18@0O ;CGH8E ?@54AB028B5;59 ?@54K4CI53> ?>:>;5=8O, A:@5I820O 8E 8 
?>;CG0O <=>65AB2> =>2KE >A>159. -B> =>2>5 ?>:>;5=85 A>45@68B 1>;55 
2KA>:>5 A>>B=>H5=85 E0@0:B5@8AB8:, :>B>@K<8 >1;040NB E>@>H85 G;5=K 
?@54K4CI53> ?>:>;5=8O. &0:8< >1@07><, 87 ?>:>;5=8O 2 ?>:>;5=85, E>@>H85 
E0@0:B5@8AB8:8 @0A?@>AB@0=ONBAO ?> 2A59 ?>?C;OF88. � :>=5G=>< 8B>35, 
?>?C;OF8O 1C45B AE>48BLAO : >?B8<0;L=><C @5H5=8N 7040G8. 

�<5NBAO <=>3> A?>A>1>2 @50;870F88 8458 18>;>38G5A:>9 M2>;NF88 2 
@0<:0E 35=5B8G5A:8E 0;3>@8B<>2. &@048F8>==K9, <>6=> ?@54AB028BL 2 2845: 

3 8=8F80;870F8O =0G0;L=>9 ?>?C;OF88 3 35=5@0F8O 7040==>3> G8A;0 
@5H5=89 7040G8, A :>B>@KE =0G8=05BAO ?@>F5AA >?B8<870F88; 



215 

 

 

3 ?@8<5=5=85 >?5@0B>@>2 :@>AA>25@0 8 <CB0F88; 
3 CA;>28O >AB0=>20 3 >1KG=> ?@>F5AA >?B8<870F88 ?@>4>;60NB 4> B5E 

?>@, ?>:0 =5 1C45B =0945=> @5H5=85 7040G8 A 7040==>9 B>G=>ABLN, 8;8 ?>:0 
=5 1C45B 2KO2;5=>, GB> ?@>F5AA A>H5;AO (B. 5. =5 ?@>87>H;> C;CGH5=8O 
@5H5=8O 7040G8 70 ?>A;54=85 N ?>:>;5=89). 

� A@545 Matlab 35=5B8G5A:85 0;3>@8B<K ?@54AB02;5=K >B45;L=K< 
BC;1>:A><, 0 B0:65 ?0:5B>< ANFIS. ANFIS - MB> 011@5280BC@0 Adaptive-
Network-Based Fuzzy Inference System - 040?B82=0O A5BL =5G5B:>3> 2K2>40. 
ANFIS O2;O5BAO >4=8< 87 ?5@2KE 20@80=B>2 381@84=KE =59@>-=5G5B:8E A5B59 
- =59@>==>9 A5B8 ?@O<>3> @0A?@>AB@0=5=8O A83=0;0 >A>1>3> B8?0. 
�@E8B5:BC@0 =59@>-=5G5B:>9 A5B8 87><>@D=0 =5G5B:>9 1075 7=0=89. � =59@>-
=5G5B:8E A5BOE 8A?>;L7CNBAO 48DD5@5=F8@C5<K5 @50;870F88 B@5C3>;L=KE 
=>@< (C<=>65=85 8 25@>OB=>AB=>5 ���), 0 B0:65 3;04:85 DC=:F88 
?@8=04;56=>AB8. -B> ?>72>;O5B ?@8<5=OBL 4;O =0AB@>9:8 =59@>-=5G5B:8E 
A5B59 1KAB@K5 8 35=5B8G5A:85 0;3>@8B<K >1CG5=8O =59@>==KE A5B59, 
>A=>20==K5 =0 <5B>45 >1@0B=>3> @0A?@>AB@0=5=8O >H81:8. 

ANFIS @50;87C5B A8AB5<C =5G5B:>3> 2K2>40 %C35=> 2 2845 ?OB8A;>9=>9 
=59@>==>9 A5B8 ?@O<>3> @0A?@>AB@0=5=8O A83=0;0. 

 

%#�%"� �%#"�0�"��!!"� ��&�$�&'$/ 

1. #>4C@052, ..�.  5E0B@>=8:0. "A=>2K, <5B>4K, ?@8<5=5=85 [&5:AB] / 
..�. #>4C@052 // �74. 2-5, ?5@5@01. 8 4>?. 3  . :  0H8=>AB@>5=85, 2007. 3 
256 A. 

2. )09:8=, %. !59@>==K5 A5B8: ?>;=K9 :C@A [&5:AB] / %.)09:8= // 
�80;5:B8:. - 2019. 3 %.1104  

 

 

'�� 624.04:617-7 

,B0=L:> #.�.1, $O38= %.�.1 
1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7L:0 ?>;VB5E=V:0» 

,&�!Ь�" #.�., $/��! %.�. 
�!���� !�#$/��!!"-��("$ �$"��!!"�" %"%&"/!�/ 
����� #�$� �!!"�" %�+�!�/ !� '#$'�"  "%!"��!�� 

�K?>;=5=K 8AA;54>20=8O =0?@O65==>-45D>@<8@>20==>3> A>AB>O=8O 
10;:8 ?5@5<5==>3> A5G5=8O =0 C?@C3>< >A=>20=88 A 42C<O :>MDD8F85=B0<8 
?>AB5;8. 

�;O @5H5=8O A>>B25BAB2CNI53> =5;8=59=>3> 48DD5@5=F80;L=>3> 
C@02=5=8O G5B25@B>3> ?>@O4:0 1K; 8A?>;L7>20= :20780=0;8B8G5A:89 <5B>4 [1], 
4>@01>B0==K9 B0:8< >1@07><, GB>1K >= ?>72>;O; CG8BK20BL 3@0=8G=K5 



 

 

216 

 

 

CA;>28O. % 8A?>;L7>20=85< 8725AB=KE 7028A8<>AB59 A>?@>B82;5=8O 
<0B5@80;>2 2K?>;=5=> >?@545;5=85 873810NI8E <><5=B>2 8 =0?@O65=89 ?> 
C?@C3>9 ;8=88 10;:8. 

#@>0=0;878@>20=> @0A?@545;5=85 873810NI8E <><5=B>2 8 =>@<0;L=KE 
=0?@O65=89 ?> 4;8=5 :;8=>284=>9 10;:8 =0 C?@C3>< >A=>20=88 A 42C<O 
:>MDD8F85=B0<8 ?>AB5;8. "?@545;5=K >?0A=>5 A5G5=85 8 =0?@O65=8O 2 =5<, 
?@>25@5=> 2K?>;=5=85 CA;>28O ?@>G=>AB8. 

"F5=5=> 2;8O=85 D>@<K 10;:8 8 @0A?@545;5=8O =03@C7:8 =0 
=0?@O65==>-45D>@<8@>20==>5 A>AB>O=85. �AA;54>20=K =5:>B>@K5 G0AB=K5 
A;CG08 D>@<K 10;:8. 

 

%#�%"� �%#"�0�"��!!"� ��&�$�&'$/ 

1. ,B0=L:>, #.�. $0AG5B 10;:8 ?5@5<5==>3> A5G5=8O =0 C?@C3>< 
>A=>20=88 :20780=0;8B8G5A:8< <5B>4>< [&5:AB] / #.�. ,B0=L:>, %.�. $O38= 

// !>2V <0B5@V0;8 V B5E=>;>3VW 2 <5B0;C@3VW B0 <0H8=>1C4C20==V. 3 2019. 3 № 1. 

3 %. 62-66. 

 

 

'�� 534.1 
�@C6=>20 %...1 , (C@A8=0 �.�.2 

1 AB0@H. 28:;. !' «�0?>@V7L:0 ?>;VB5E=V:0» 
2 4>F. !' «�0?>@V7L:0 ?>;VB5E=V:0» 

�$'�!"�� %..., ('$%�!� �.�. 
#$� �!�!�� �%� #&"&�+�%��) #"��!" "� � &�"$�� 

!���!��!/) �"����!�� 

$0AA<0B@8205BAO ?@8<5=5=85 0A8<?B>B8G5A:8E ?>;8=><>2 nQ  2 
B5>@88 =5;8=59=KE :>;510=89 02B>=><=KE A8AB5< A >4=>9 AB5?5=LN 
A2>1>4K. �A8<?B>B8G5A:85 ?>;8=><K nQ  ?>72>;ONB >ACI5AB28BL 845N 
?@0:B8G5A:>3> 8A?>;L7>20=8O ?>;8=><>2 =08;CGH53> ?@81;865=8O 
(+51KH520) 2 B5>@88 =5;8=59=KE :>;510=89. % C25;8G5=85< =><5@0 n MB8 
?>;8=><K ?@81;860NBAO : =08;CGH8<, => C65 2Q  405B E>@>H55 
?@81;865=85. 

#>;8=>< 2Q AB@>8BAO A@02=8B5;L=> ?@>AB>. � A;CG05 =5G5B:>9 

DC=:F88 ø ùxf  8<55B <5AB> D>@<C;0 
 



217 

 

 

 úû
ù

úû
ù ý )

2
()(

3

2
,)(

A
fAf

A
aaxxf   (1) 

�45AL A - @048CA A53<5=B0 ;8=50@870F88.  
 

� 7040G0E B5>@88 :>;510=89 DC=:F8O ø ùxf  4>;6=0 1KBL <>=>B>==>9 

2 A53<5=B5 ;8=50@870F88 Ax ó , MB> 2A5340 2K?>;=O5BAO 2 =5:>B>@>9 

>:@5AB=>AB8 B>G:8 0ýx , B0: :0: DC=:F8O O2;O5BAO =5G5B=>9. 
#>;L7COAL ?>;8=><>< 2Q , ;8=50@87C5< C@02=5=85 
 

 ø ù 0,( 2 ý xfxkxxx  ö ,  (2) 

345 ø ùxf  - =5G5B=0O DC=:F8O, ø ùxx ,ö  - G5B=0O >B x  8 =5G5B=0O >B x , >15 
DC=:F88 O2;ONBAO =5?@5@K2=K<8 >B A2>8E 0@3C<5=B>2.  

 

 >6=> ?>;CG8BL 0;351@08G5A:>5 C@02=5=85, 459AB28B5;L=K5 
?>;>68B5;L=K5 :>@=8 :>B>@>3> ?@81;865==> @02=K 0<?;8BC40< 
CAB0=>282H8EAO :>;510=89. %>>B25BAB2CNI85 G0AB>BK 7028AOB >B 0<?;8BC4. 
�K2>48BAO C4>1=K9 :@8B5@89 CAB>9G82>AB8 CAB0=>282H8EAO :>;510=89. 

!5A<>B@O =0 ?@>AB>BC, ?@54;0305<K9 A?>A>1 405B 2 ?5@2>< 
?@81;865=88 @57C;LB0BK 2KA>:>9 B>G=>AB8. "4=0:>, 5A;8 ø ùxx ,ö  O2;O5BAO 

G5B=>9 DC=:F859 >B x , 8;8 ø ùxf  - G5B=>9 DC=:F859 >B x , B> 2AB@5G0NBAO 
4>?>;=8B5;L=K5 B@C4=>AB8. [1,4] 

#@8<5=5=85 0A8<?B>B8G5A:>3> ?>;8=><0 2Q ?@825;> : @07@01>B:5 
A?>A>10 8=B53@8@>20=8O C@02=5=8O (2) A G5B=K<8 =5;8=59=>ABO<8. #>;CG5=0 
D>@<C;0 4;O G0AB>BK ?@81;865==>3> ?5@8>48G5A:>3> @5H5=8O. "B45;L=> 
<>6=> @0AA<>B@5BL A;CG09 ø ù 2)(, xxxx  ýö , ?@54AB02;ONI89 
?@0:B8G5A:89 8=B5@5A. %;54C5B >B<5B8BL, GB> 4;O ?>;CG5=8O @5H5=8O 
?@54;0305<K< <5B>4>< B@51C5BAO 7=0G8B5;L=> <5=LH5 2KG8A;5=89, G5< 2 
8725AB=KE <5B>40E, =5 B5@OO ?@8 MB>< 2 B>G=>AB8. 

 

%#�%"� �%#"�0�"��!!"� ��&�$�&'$/ 

1.  >8A552,  .!. �A8<?B>B8G5A:85 <5B>4K =5;8=59=>9 <5E0=8:8 
[&5:AB] /  .!. >8A552 // 2-5 874. ?5@5@01. 3  .: !0C:0, 1981. 3 %. 400. 



 

 

218 

 

 

2. �>9;>:>2, �.�. #5@8>48G5A:85 @5H5=8O =5;8=59=KE :>;510B5;L=KE 
A8AB5< A >4=>9 AB5?5=LN A2>1>4K [&5:AB] / �.�. �>9;>:>2 // �74. 2C7>2. 
 0B5<0B8:0. 3 1964. - №1. - %. 19-27. 

 

 

'�� 669.633 
,0;520 !.�.1, "<5;LG5=:> ".%.2, "<5;LG5=:> �.�.3 
1 0A8AB. !' «�0?>@V7L:0 ?>;VB5E=V:0» 
2 AB0@H. 28:;. !' «�0?>@V7L:0 ?>;VB5E=V:0» 
3 AB0@H. ;01. !' «�0?>@V7L:0 ?>;VB5E=V:0» 

,����� !.�., " ��Ь+�!�" ".%., " ��Ь+�!�" �.�. 
$"�$"��� %����' $"�"+"� %' �,� ����� ��/ #����-�!!/ 

/�"%&� ��&"��� !� "%!"�� !����. ��/ �"!!"-

#��� "�"�" !�#���!!/ 

%CG0A=V 5=5@35B8G=V CAB0=>2:8 B0 02V04283C=8 ?@0FNNBL ?@8 
?V428I5=8E B5<?5@0BC@0E, I> C 45O:8E 28?04:0E <>6CBL A:;040B8 ?>=04 
1700%. �;O 70157?5G5==O @>1>B8 ?@8 28A>:8E B5<?5@0BC@0E 70AB>A>2CNBL 
60@>ABV9:V ?>:@8BBO =0 >A=>2V =V:5;N. $5AC@A ;>?0B>: 2 ?5@HC G5@3C 
70;568BL 2V4 O:VA=8E ?>:07=8:V2 =0=5A5=8E ?>:@8BBV2 (@V2=><V@=>ABV, 
2V4ACB=>ABV ?>@, 2:;NG5=L, EV<VG=>W >4=>@V4=>ABV). /:VABL =0=5A5==O 
?>:@8BBV2 287=0G0єBLAO @568<0<8 =0=5A5==O V O:VABN A0<>3> :0B>40. /: 
?@028;>, :0B>48 ?@54AB02;ONBL A>1>N A?;028, I> =0=>AOBLAO 7V A?5FV0;L=>N 
35><5B@VєN. �A=Cє :V;L:0 B5E=>;>3V9 283>B>2;5==O :0B>4V2, :>6=0 7 O:8E <0є 
A2>W ?5@52038 V =54>;V:8. "48= 7 <5B>4V2 - ?>H0@>25 A?;02;5==O :0B>4V2 2 
<V4=><C 2>4>>E>;>46C20=><C :@8AB0;V70B>@V V7 70AB>AC20==O< 5;5:B@>40, 
O:89 =5 ?;028BLAO. 

!>20 @>7@>1:0 3 F5 C4>A:>=0;5==O B5E=>;>3VG=8E @568<V2 A?;02;5==O 
:0B>4V2, I> @>7?8;NNBLAO, =0 >A=>2V =V:5;N A8AB5<8 Ni-Cr-Al-Y 7 <5B>N 
?V428I5==O WE O:>ABV, 0 A0<5 3 7<5=H5==O 7030;L=>W :V;L:>ABV 45D5:BV2 C 
283;O4V ?>@, =5?@>?;02V2 V ?V428I5==O 3><>35==>ABV AB@C:BC@8 V EV<VG=>3> 
A:;04C B0 28:>@8AB0==O C O:>ABV 70E8A=>W 0B<>AD5@8 V=5@B=8E 307V2, =091V;LH 
@>7?>2AN465=8<8 7 O:8E є 35;V9 B0 0@3>=. 

�4>A:>=0;5=> 1C;> >1;04=0==O, 7>:@5<0, 20:CC<=>-4C3>20 CAB0=>2:0 
4>C:><?;5:B>20=0 @0<?>N V 10;>=>< 7 35;Vє<. �C;8 >B@8<0=V ?@>1=V 7@07:8 C 
283;O4V «H091» (4V0<5B@>< 127 << V B>2I8=>N 40 <<), O:V 
28:>@8AB>2C20;8AO 4;O 4>A;V465==O <V:@>AB@C:BC@8 V EV<VG=>3> A:;04C. 
�V4?@0FL>20=> @568<8 ?5@5?;02C. �>A;V465==O EV<VG=>3> A:;04C ?@>2>48;8 



219 

 

 

V7 70AB>AC20==O< 1030B>FV;L>2>3> @0AB@>2>3> 5;5:B@>==>3> <V:@>A:>?0 $�  
106�, >A=0I5=>3> A8AB5<>N <V:@>0=0;V7C. 

�87=0G5=> 70;56=VABL 2?;82C :>=F5=B@0FVW AC<VHV 307V2 (0@3>=-35;V9), 
I> 4>72>;8;> >B@8<0B8 >?B8<0;L=5 A?V22V4=>H5==O 70E8A=8E 307V2. #@8 
A?V22V4=>H5==V 70/30% 1C;8 >B@8<0=V <0:A8<0;L=> O:VA=V :0B>48, =0 O:8E 
?@>2>48;8 ?>40;LHV 4>A;V465==O. 

&0:8< G8=><, 2?@>20465==O =>2>W @>7@>1:8 4>72>;8;> ?>;V?H8B8 
?>:07=8:8 O:>ABV 4>A;V46C20=8E :0B>4V2, 5:>=><VG=V ?>:07=8:8. �0 @0EC=>: 
FL>3> VA=Cє <>6;82VABL A:>@>B8B8 :V;L:VABL 1@0:C, I> 4>72>;Oє ?@>3=>7C20B8 
?V428I5==O O:>ABV V C A2>N G5@3C 7<VF=5==O 70E8A=8E ?>:@8BBV2. *5 
?>78B82=> ?>7=0G8BLAO =0 @5AC@AV V ?@0F5740B=>ABV 28@>1V2, O:V <VABOBL 
?>:@8BBO, 2V4?>2V40;L=8E 45B0;59 02V0FV9=>3> ?@87=0G5==O. 

 

 

'�� 539 
#>?>28G ".�.1, ,52G5=:> �.�.2 

1 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7L:0 ?>;VB5E=V:0» 
2 :0=4. B5E=. =0C:, 4>F. !' «�0?>@V7L:0 ?>;VB5E=V:0» 

#"#"��+ ".�., ,��+�!�" �.�. 
"� ���!!/ #$� ��%&"%'��!!� $"�$�)'!�"�"�  "���� 

„����� !� ��!���$"�%0��� "%!"��” 

$>7@0EC=:>20 <>45;L „10;:0 =0 ?@C6=V9 >A=>2V= 70AB>A>2CєBLAO ?@8 
28@VH5==V @O4C 7040G 1C4V25;L=>W <5E0=V:8. �=B5=A82=VABL A8; @50:FVW Rq  

2V=:;5@V2AL:>W >A=>28 2 1C4L-O:><C ?5@5@V7V 10;:8 ?@>?>@FV9=0 25;8G8=V 
?@>38=C 10;:8 w  2 FL><C ?5@5@V7V: wqR ý , 45   - :>5DVFVє=B 
?@>?>@FV9=>ABV. 

/:I> 7040=5 =020=B065==O =0 10;:C O2;Oє A>1>N AC:C?=VABL 
7>A5@5465=8E A8; V ?0@ A8;, 0 7>2=VH=V @>7?>4V;5=V =020=B065==O 2V4ACB=V, B> 
48D5@5=FV0;L=5 @V2=O==O 7V3=CB>W 2VAV B0:>W 10;:8 <0є 283;O4 [1]: 

 

 0
4

4

ý




xIEdz

wd
, (1) 

45 E  3 <>4C;L .=30 4;O <0B5@V0;C, 7 O:>3> 283>B>2;5=> 10;:C; xI  3 <><5=B 
V=5@FVW ?>?5@5G=>3> ?5@5@V7C 10;:8 2V4=>A=> >AV, O:0 ?@>E>48BL G5@57 9>3> 
F5=B@ BO6V==O ?5@?5=48:C;O@=> 4> ?;>I8=8, 2 O:V9 ;568BL 7V3=CB0 2VAL 
10;:8. 



 

 

220 

 

 

 

�030;L=89 @>72’O7>: ;V=V9=>3> 48D5@5=FV0;L=>3> @V2=O==O (1) <>6=0 
70?8A0B8 C 283;O4V [2]: 

 

 
,)(ch)cos()(sh)cos(

)(ch)sin()(sh)sin()(

43

21

zkzkCzkzkC

zkzkCzkzkCzw


ý

 (2) 

45 G5@57 k  ?>7=0G5=> 25;8G8=C 4 )4( xIEk ý ; 1C , 2C , 3C , 4C  - ?>ABV9=V 
V=B53@C20==O, I> 287=0G0NBLAO V7 3@0=8G=8E C<>2. 

 

!0?@8:;04, 4;O 10;:8 7030;L=>N 4>268=>N )2( l , O:C =020=B065=> 
?>A5@548=V WW 4>268=8 A?@O<>20=>N 2=87 7>A5@5465=>N A8;>N 0F , ?@8 
2V4;V:C :>>@48=0B8 z  2V4 A5@548=8 10;:8, 4;O ?>ABV9=8E V=B53@C20==O <>6=0 
>B@8<0B8 D>@<C;8 [2]: 

 

)cos()sin()(ch)(sh

)(sin)(sh

8

22

3

0
1

lklklklk

lklk

kIE

F
C

x






ý , 

3

0
2

8 kIE

F
C

x 


ý , (3) 

 

3

0
3

8 kIE

F
C

x 
ý , 

)cos()sin()(ch)(sh

)(cos)(ch

8

22

3

0
4

lklklklk

lklk

kIE

F
C

x








ý . (4) 

 

#@8 FL><C ?5@5410G0єBLAO, I> ?@>38= 10;:8 <>65 <0B8 O: 2V4’є<=V 
7=0G5==O (B>1B> 21V: <0B5@V0;C >A=>28), B0: V 4>40B=V, 0 ?@C6=0 >A=>20 
G8=8BL >?V@ ?@>38=C 10;:8 O: 2=87, B0: V 23>@C. �;5 >G5284=>, I> C 28?04:0E, 
:>;8 10;:0 =5 7’є4=0=0 7 >A=>2>N, =0 B8E 4V;O=:0E, 45 10;:0 ?@>38=0єBLAO 
23>@C, FO >A=>20 =5 1C45 AB2>@N20B8 A8;8 @50:FVW, A?@O<>20=V 2=87 (B>1B> 
21V: <0B5@V0;C >A=>28). !0 B0:8E 4V;O=:0E 10;:0 1C45 2V4>:@5<;N20B8AO 2V4 
>A=>28, V =0 10;:C =5 4VOB8<CBL A8;8 @50:FVW >A=>28. �V4?>2V4=> 7>2=VH=є 
=020=B065==O =0 10;:C 1C45 7@V2=>2065=> A8;0<8 @50:FVW >A=>28, 
@>7?>4V;5=8<8 ?> B8E 4V;O=:0E, 45 10;:0 ?@>38=0єBLAO 2=87. 

&><C, >:@V< 287=0G5==O ?>ABV9=8E V=B53@C20==O C 28@07V (2), =5>1EV4=> 
7’OAC20B8, ?@8 O:V9 3@0=8G=V9 4>268=V 10;:8 ?@>38= 10;:8 ?> 2AV9 WW 4>268=V 
1C45 2V4’є<=8<. ' @>73;O=CBV9 @>7@0EC=:>2V9 AE5<V 4;O 287=0G5==O HC:0=>3> 



221 

 

 

3@0=8G=>3> 7=0G5==O 4>268=8 0L  =0<8 A:;045=> @V2=O==O 0
0
ýýLz

w ; ?@8 

FL><C 1C;> 27OB> 4> C2038, I> A8<2>; 0L  A;V4 70?8A0B8 =5 BV;L:8 70<VABL z  C 

28@07V (2) 4;O ?@>38=C, 0 9 70<VABL l  C 28@070E (3) V (4) 4;O ?>ABV9=8E 
V=B53@C20==O. "B@8<0=5 3@><V74:5 @V2=O==O ?VA;O <0B5<0B8G=8E ?5@5B2>@5=L 
1C;> ?@82545=> =0<8 4> 283;O4C 0)cos( 0 ý Lk . #@8 FL><C HC:0=5 7=0G5==O 

0L  є =09<5=H8< 4>40B=V< :>@5=5< >AB0==L>3> @V2=O==O, B>1B> )2(0 kL ý . 

&0:8< G8=><, O:I> 4>268=0 @>73;O=CB>W 10;:8 =0 ?@C6=V9 >A=>2V =5 
?5@528ICє 7=0G5==O kL ý 02 , B> 70;56=VABL ?@>38=C w  FVєW 10;:8 2V4 
:>>@48=0B8 z  2V4>1@060єBLAO D>@<C;>N (2) 7 C@0EC20==O< (3) V (4). /:I> 6 

0Ll þ , B> D>@<C;8 (3) V (4) 1C4CBL ?@028;L=8<8 70 C<>28, I> ?@C6=0 >A=>20 
?@>B84VOB8<5 ?@>38=C 10;:8 =5 BV;L:8 2=87, 0 9 23>@C. $>7@>1;5=89 ?V4EV4 
<>6=0 70AB>A>2C20B8 V ?@8 V=H8E AE5<0E =020=B065==O 10;:8. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. �5;O52, !. . %>?@>B82;5=85 <0B5@80;>2 [&5:AB] / !. . �5;O52. 3  .: 
(87<0B;8B, 1982. 3 856 A. 

2. (5>4>AL52, �.�. %>?@>B82;5=85 <0B5@80;>2 [&5:AB] / �.�. (5>4>AL52. 
3  .: !0C:0, 1974. 3 560 A. 

 



 

 

222 

 

 

!0C:>25 5;5:B@>==5 2840==O 
:><1V=>20=>3> 28:>@8AB0==O 

 >6=0 28:>@8AB>2C20B8 2 ;>:0;L=><C B0 
<5@56=><C @568<0E 

 

 
 
 
 
 

&����!0 !�'��-2020. 

(0:C;ьB5B 1C4V2=8FB20, 
0@EVB5:BC@8 B0 48709=C 

 

 
 
 
 

�1V@=8: B57 4>?>2V459 I>@VG=>W 
=0C:>2>-?@0:B8G=>W :>=D5@5=FVW A5@54 ABC45=BV2, 
28:;040GV2, =0C:>2FV2, <>;>48E CG5=8E V 0A?V@0=BV2 

13317 :2VB=O 2020 @>:C 
 

 
 
 
 

"48= 5;5:B@>==89 >?B8G=89 48A: (DVD-ROM); 

AC?@>2V4=0 4>:C<5=B0FVO. 
&8@06 100 ?@8<. �0<. № 538 

 

 
�84025FL V 283>B>2;N20G 

!0FV>=0;L=89 C=V25@A8B5B «�0?>@V7L:0 ?>;VB5E=V:0» 
':@0W=0, 69063, <. �0?>@V66O, 2C;. �C:>2AL:>3>, 64 &5;.: 

(061) 769382396, 220312314 

 
%2V4>FB2> AC1'є:B0 28402=8G>W A?@028 6952 2V4 22.10.2019 

ISBN 978-617-529-262-4 


