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A?8A:C Fortune 1000. �><?0=VS Grid Dynamics 1C;0 70A=>20=0 2 2006 @>FV, 
2 5?>EC 251 2.0, E<0@=8E B0 <>1V;P=8E B5E=>;>3V9, DevOps, 25;8:8E 40=8E 
B0 HBCG=>3> V=B5;5:BC. � A0<>3> ?>G0B:C =0H0 V=65=5@=0 :C;PBC@0 
107C20;0AS =0 =09:@0I8E ?@0:B8:0E Agile B0 DevOps. �><?0=VS 
Grid Dynamics @>7B0H>20=0 2 �@5<=Vє2V9 4>;8=V 7 >DVA0<8 ?> 2AP><C 
%,�, *5=B@0;P=V9 B0 %EV4=V9 Є2@>?V. � 2020 @>FV Grid Dynamics AB0;0 
:><?0=VєR, I> :>B8@CєBPAS =0 NASDAQ V 7025@H8;0 ?@>F5A IPO. 

�8<>38 4> ?>AB0G0;P=8:V2 �&-?>A;C3 7<V=RRBPAS, >A:V;P:8 :><?0=VW 
?@89<0RBP F8D@>2C B@0=AD>@<0FVR. &@048FV9=> 1V;PHVABP �&-?>A;C3 
>1<56C20;8AS 2?@>20465==S< ?0:5B=>3> ?@>3@0<=>3> 70157?5G5==S, 
A8AB5<=>R V=B53@0FVєR B0 :5@>20=8<8 A5@2VA0<8. �><?0=VW AB0;8 
?>:;040B8AS =0 B@048FV9=8E 0CBA>@A5@V2 4;S B0:8E �&-?@>є:BV2. "4=0:, 
?>S20 F8D@>2>W B@0=AD>@<0FVW 4>40;0 =>2>3> ?>?8BC 4;S �&-:><?0=V9, =0 
4>40B>: 4> @53C;S@=8E �&-@>1>G8E <VAFP. Grid Dynamics ?@>?>=Cє 
3;81>:89 4>A2V4 C AD5@V @>1>B8 7 :;Vє=B0<8, 0=0;VB8:8 40=8E V E<0@=8E 
A8AB5<, 7024S:8 ?@>2V4=8< A2VB>28< V=65=5@=8< B0;0=B0<, ?@0:B8G=8< 
<5B>40< @>7@>1:8 ?@>3@0<=>3> 70157?5G5==S B0 :C;PBC@V 
28A>:>?@>4C:B82=8E ?@>4C:BV2.  
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'�� 519.7 

/:8<>2 �.�.1 
 

%&�"$�!!/ �!&�$�!&- �����!�� !� MAGENTO 
 

%D5@0 >=;09= :><5@FVW 2 V=B5@=5BV @>72820єBPAS ?0@0;5;P=> 7 
VA=C20==S< 2;0A=5 V=B5@=5BC. �0@07 2 FV;><C 2 V=B5@=5BV =0@0E>2CєBPAS 25 
<V;P9>=V2 251A09BV2 5;5:B@>==>W :><5@FVW, 482. &01;8FS 1,2[1].  

 
&01;8FS 1 - �V;P:VABP ?;0BD>@< 5;5:B@>==>W :><5@FVW 2 V=B5@=5BV 

Entire Internet 25 300 166 

Top 1 000 000 sites by traffic 293 476 

Top 100 000 sites by traffic 38 629 

Top 10 000 sites by traffic 5 429 

 
&01;8FS 2 - %B0B8AB8:0 ?> :@0W=0E, 7>:@5<0, ':@0W=8 

United States 8 867 253 

United Kingdom 811 879 

Germany 445 412 

Brazil 418 639 

Australia 386 439 

France 295 815 

Canada 291 520 

Ukraine 57 326 

 

                                                             
1 Ao-founder «Kozak Group», Kozak Group 
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/: 10G8<> 7 B01;8FV, ?5@5206=0 :V;P:VABP 251A09BV2 5;5:B@>==>W 
:><5@FVW ?@0FRє 2 #V2=VG=89 �<5@8FV, :@0W=0E Є2@>?8, �2AB@0;VW, B0 
�@078;VW. � F8E :@0W=0E 28I0 4>2V@0 4> FVєW AD5@8 7030;><, B0:>6 є 
V=AB@C<5=BV2 @50;V70FVW >=;09= :><5@FVW - <5B>48 >?;0B8 V 4>AB02:8 
70<>2;5==S. 

Magento, S: 70AB>AC=>: 4;S AB2>@5==S 251A09BC 5;5:B@>==>W 
:><5@FVW, 709<0є ?@81;87=> 8-9% @8=:C ?;0BD>@< 4;S >=;09= :><5@FVW, 
S:I> 1@0B8 4> C2038  B>?->48= <V;P9>= A09BV2 70 B@0DV:><, 482. $8AC=>: 
1. �;5 2 ?>@V2=S==V 7 V=H8<8 ?;0BD>@<0<8 Magento <0є 2;0A=V ?5@52038, 
G5@57 I> 709<0є 25;8:C =VHC, <0є :><’R=VBV, AB0;> @>72820єBPAS. 

 

 
$8AC=>: 1 - $>7?>4V; 28:>@8AB0==S ?;0BD>@< 4;S 5;5:B@>==>W 
:><5@FVW A5@54 B>?->48= <V;P9>= 251A09BV2 70 B@0DV:>< 

 

#;0BD>@<0 Magento ?@8201;820 4;S 1V7=5AC 2 CAP><C A2VBV V 2 
?>@V2=S==V 7 :>=:C@5=B=8<8 ?;0BD>@<0<8 <0є A2>W ?5@52038 [2]: 

- 2AV =5>1EV4=V 4;S @>1>B8 V=B5@=5B-<03078=0 V=AB@C<5=B8 
4>ABC?=V >4@07C 6 ?VA;S 2AB0=>2;5==S; 

- 3=CG:VABP V <>6;82VABP =0;0HB>2C20B8 V 7<V=R20B8 1C4P S:89 
5;5<5=B =0 A09BV V 1C4P S:C G0AB8=C :>40; 

- 25;8:5 :><’R=VBV @>7@>1=8:V2 V <5=5465@V2, 1030B> V=B53@0FV9 7 
<5B>40<8 4>AB02:8, >?;0B8, CRM B0 ERP-A8AB5<0<8; 

- 25;8:0 V 7@CG=0 4>:C<5=B0FVS 4;S :>@8ABC20GV2 V @>7@>1=8:V2; 
- @53C;S@=V >=>2;5==S V ?V4B@8<:0 S4@0 A8AB5<8, 2 B><C G8A;V 4;S 

70E8ABC 2V4 AB>@>==P>3> 2B@CG0==S; 
- <>6;82VABP =0;0HB>2C20B8 7 04<V= ?0=5;V 0A>@B8<5=B, :>=B5=B, 

?@028;0 FV=>CB2>@5==S, ?@><>0:FVW, B>I>; 
- 4>ABC?=0 0=0;VB8:0 ?@> 4VW :>@8ABC20G0 =0 A09BV, I> 40є 

<>6;82VABP :>@83C20B8 <0@:5B8=3>2V AB@0B53VW. 
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$>1>B0 7 Magento 2 :><?0=VW Kozak Group. � :><?0=VW Kozak Group 2 
2V44V;V Magento ?@0FRє 30 >AV1, V 70 25AP G0A @>1>B0 25;0AP 7 ?@81;87=> 
100 ?@>5:B0<8. �5S:V 7 ?@>5:BV2 - F5 25;8:V <03078=8 7 
1030B><V;P9>==8<8 @VG=8<8 >15@B0<8 V ?>ABV9=>R ?V4@8<:>R, 45S:V - 
V=B5@=5B-<03078=8 ;>:0;P=8E 2;0A=8:V2 1V7=5AC. 

$>7@>1=8:8 Magento 2 ?@>F5AV @>1>B8 28:>=CRBP =0ABC?=V 7040GV: 
- 0=0;V7 ?>AB02;5=8E 7040G, 45:><?>78FVS 25;8:8E 7040G V V459, 

AB2>@5==S 0;3>@8B<C @50;V70FVW; 
- AB2>@5==S =>28E :;0AV2 V 01AB@0:FVW 73V4=> 7 ?@028;0<8 Magento 

4;S =>28E ACB=>AB59; 
- ?@>3@0<C20==S =0 PHP; 

- @>1>B0 7 107>R 40=8E Mysql, AB2>@5==S =>28E B01;8FP 4;S 
ACB=>AB59 70 3 =>@<0;P=>R D>@<>R; 

- 25@AB:0 AB>@V=>: B0 >:@5<8E V=B5@0:B82=8E 5;5<5=BV2 7 
28:>@8AB0==S< HTML, CSS, Javascript; 

- >?B8<V70FVS H284:>ABV 251A09BV2 73V4=> 7 @5:><5=40FVS<8 Google 
Pagespeed, 4;S 4>AS3=5==S :@0I>3> 4>A2V4C :>@8ABC20G0; 

- V=B53@0FVS 7 AB>@>==V<8 A5@2VA0<8, @50;V70FVS «A?V;:C20==S» <V6 
Magento B0 V=H>R A8AB5<>R 70 API; 

- =0;0HBC20==S VA=CRG8E DC=:V9 Magento, 2AB0=>2;5==S =>28E 
4>40B:V2, S:V @>7@>1;5=V :><’R=VBV 

- A?V;:C20==S 7 :;Vє=B0<8, 4>?><>30 W< 7 ?@>1;5<0<8, I> 
28=8:0RBP; 

- =0;0HBC20==S A5@25@0 4;S ?C1;V:0FVW <03078=0 2 V=B5@=5BV 
�;5 G5@57 >A>1;82>ABV 2;0A=>W AB@C:BC@8 Magento, 1030BP>E 

ACB=>AB59 B0 72’S7:V2 <V6 =8<8, ?>B@V1=> 45S:89 G0A 4;S B>3>, I>1 
>?0=C20B8 FR ?;0BD>@<C B0 =04020B8 S:VA=C ?V4B@8<:C B0 5:A?5@B=89 
4>A2V4 4;S 1V7=5AC.  

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 
1. [�;5:B@>==89 @5AC@A] https://trends.builtwith.com/shop  
2. [�;5:B@>==89 @5AC@A] 

https://business.adobe.com/products/magento/magento-commerce.html 

  

https://business.adobe.com/products/magento/magento-commerce.html
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'�� 004.9 

Dmitriiva Anny 1 

 

SKILLS AND KNOWLEDGE NEEDED TO BECOME AN 

ANALYST 
 

The purpose of this article is to give some light to students who study 

Data what they can after graduation and to inspire them to do their best to 

obtain one of the most demanding and prestigious professions worldwide 3 an 
Analyst.  

Not a secret that IT sector is huge and lots of people want to be part of it 

for different reasons.  It is well paid and huge variety of skills might be handy. 

One of the most exciting and high-status professions in IT sector these days is 

definitely an analyst. This profession is comparatively new and it is getting 

more and more popular every year.  Amount of Data processing by companies 

is unbelievable and it is only growing every year. So the demand of specialists 

who can work with Data and be able to provide insights on it is increasing as 

well. Should be said that this profession requires sharp brain that can think out 

of the box. What is also prominent that it is a new trend when specialists within 

IT decide to change their carrier to become an analyst. 
 But what is AN ANALYST? How to become one and what skills do you 

need to have to be a great analyst? 

There are different types of analysts. It is Data analysts, Business 

Analysts, Digital  Analysts, Financial Analysts& One thing which is in 
common that all of them work with Data.  Data analysts probably most 

technical focused and who work with Data itself, such as collecting, cleaning, 

analyzing, producing reports etc. Business analysts work more with business 

processes, they stand as a bridge between Dev and Business. Digital analysis 

is even newer segment then 2 previous ones and concentrates particularly on 

analyzing user behavior on websites.  

The career path might be various and involves not only different types of 

analytical roles but also different spheres. Let me share my experience: I 
started to work in Stock Company as Financial Analyst, moved to Data Analyst 

role in finance, and then moved to IT become a Digital Analyst, after that 

working in Health Company as Data analyst, and going back to Digital 

Analyst. Well I should admit that working in different areas might be 

challenging and requires some knowledge of it but might be learned on the way 

in short terms.  

                                                             
1 Business Analyst at Monster , Australia 
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Should all knowledge come from work experience? Of course not! What 

can’t be learn quickly and requires deep knowledge is hard skills or technical 

skills. Work of any analytical role usually starts from identifying and 

recognizing business objectives. This is only possible with broad-minded 

professionals. University degree usually helps to build this type of thinking 

while studying different models and situations in general and practicing.  I 

believe that some hard skills should be learned in University and will give a 

student a great fundament for years.  Excel skills are essential to have even if 

these days most of stuff is done in more advanced tools (discussed later). 
Another a must have skill for any analyst is definitely SQL. There are different 

variety of it these days such as one used for Big Query. However having a deep 

knowledge of any SQL version gives an advantage on the job market as it is 

used almost everywhere. As been said in Digital Analytics it is used in Big 

Query 3 service from Google which helps to collect all information from the 

website, every click, page views& In Data analytics it is used as core in 

visualization programs such as Tableau, Power BI.   

Depends on the Focus of an analyst different skills might be more 

important than another. For Data analyst, besides from SQL it is good to know 

at least one of the next languages: R or Python. For Digital analyst might be a 

good addition to have some experience with JavaScript. For Business analyst 
people skills or soft skills probably more important that hard skills and do 

require work experience.  

What path can be next? Well, not only developers can move to analytics. 

Analysts, who of course have a variety of  hard skills, can move to developer 

side of Data. A great example is a Data Engineering which involve even deeper 

Data knowledge combined with Development skills. Another one which is 

very wanted profession this days is Data scientist.  

Of course, that is not all and pathways are unlimited for specialists  who 

can compete on the job market. And the best way to start your career is to 

acquire those core skills which will stay with you for a lifetime.  

  



20 
 

'�� 004.93                                                               )010@;0: �.%.1 
 

���#&��!� #�%�/ !��+�!!/ !��$"!!�  �$��� 

 
�3>@B:>2V =59@>==V <5@56V ?>:07CRBP =04728G09=> 28A>:C S:VABP 

@>1>B8 C 7040G0E :><?’RB5@=>3> 7>@C. #5@HV 4>A;V465==S D>:CAC20;8AS 
=0A0<?5@54 =0 S:>ABV @>1>B8 <5@56V, =572060RG8 =0 G0A WW 28:>=0==S. 
�0728G09, B0:V <5@56V 28:>=C20;8AS =0 ?>BC6=><C :><?’RB5@V 702648 
?V4:;RG5=><C 4> 682;5==S. "4=0:, 25;8:0 :V;P:VABP ?@0:B8G=8E 
70AB>AC=:V2 [1] ?>B@51Cє 28:>=0==S =59@>==8E <5@56 =0 ?>@B0B82=8E 
?@8AB@>SE, I>, S: ?@028;>, <0RBP A;01:89 ?@>F5A>@ B0 682;5==S 2V4 
10B0@5W, I> @>18BP 4>A;V465==S 0@EVB5:BC@ <>1V;P=8E =59@>==8E <5@56 
ACG0A=8< V 70B@51C20=8<. !59@>==V <5@56V =0 <>1V;P=8E ?@8AB@>SE 
<0RBP @S4 ?5@5203, B0:V S:: 2V4ACB=VABP ?>B@518 2 157?5@5@2=><C 4>ABC?V 
4> V=B5@=5BC 3 2AV @57C;PB0B8 >1G8A;RRBPAS ?@S<> =0 ?@8AB@>W; 
715@565==S ?@820B=>ABV 40=8E :>@8ABC20G0 3 40=V =5 ?>:840RBP 
?@8AB@V9, 0 >B65 7=0G=> 7<5=HCєBPAS <>6;82VABP 4>ABC?C 4> 40=8E 
B@5BV<8 >A>10<8; =87P:0 70B@8<:0 >1@>1:8 40=8E B0 V=HV. 

$>1>B0 V7 <>1V;P=8<8 ?@8AB@>S<8 >7=0G0є, I> =59@>==C <5@56C 
=5>1EV4=> 28:>=C20B8 =0 45:V;P:>E ?>:>;V==SE 01> FV=>28E :0B53>@VSE 
?@8AB@>W2. /: ?>:070=> 2 @>1>BV [2]. @V25=P H284:>4VW C =8E 7=0G=> 
2V4<V==89. � B>9 65 G0A ACG0A=V 0@EVB5:BC@8 =59@>==8E <5@56 <>6CBP 
1CB8 A:>=DV3C@>20=V ;8H5 4> =02G0==S, 0;5 =5 ?VA;S, I> =5 4>72>;Sє 
5D5:B82=> 040?BC20B8 <5@56C 4;S A8AB5< V7 @V7=>R H284:>4VєR. &0:8< 
G8=><, 70;8H0єBPAS 281V@ V7 42>E 20@V0=BV2: 1) =02G0B8 >:@5<C =59@>==C 
<5@56C 4;S :>6=>W :0B53>@VW ?@8AB@>W2, I> ?>B@51Cє 1V;PH>3> 2:;040==S 
G0AC; 2) @>7@>18B8 >4=C 0@EVB5:BC@C, I> 1C45 28:>=C20B8AP =0 2AVE 
?@8AB@>SE, B0 2 @50;P=>ABV 1C45 =54>AB0B=P> H284:>R =0 1R465B=8E 
?@8AB@>SE, 0 =0 ?>BC6=8E 3 1C45 <5=H B>G=>R, =V6 <5@560, A?5FV0;P=> 
@>7@>1;5=0 4;S =8E. "18420 20@V0=B8 ?@>?>=CRBP :><?@><VA B0 <0RBP 
7=0G=V =54>;V:8. 

� 40=V9 @>1>B8 <8 ?@>?>=Cє<> 040?B82=C ?VA;S =02G0==S <>1V;P=C 
=59@>==C <5@56C [3], S:C <>6=0 =02G8B8 >48= @07, 0 ?VA;S FP>3> 
:>=DV3C@C20B8, 7<V=RRG8 H284:VABP WW 28:>=0==S. *5 4>72>;Sє 
48=0<VG=> 040?BC20B8 H284:VABP B0 S:VABP <5@56V 2 70;56=>ABV 2V4 
?>B@518 :>@8ABC20G0. 

"A=>2=8< 1C4V25;P=8< 1;>:>< B0:>W <5@56V є Post-Train Adaptive 

(PTA) 1;>:. &0:89 1;>: є ?@>AB8< 70 AB@C:BC@>R B0 <>65 1CB8 ;53:> 

                                                             
1 �A?V@0=B :0D54@8 %8AB5<=>3> 0=0;V7C B0 C?@02;V==S, !0FV>=0;P=89 B5E=VG=89 
C=V25@A8B5B «�=V?@>2AP:0 ?>;VB5E=V:0». 
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21C4>20=8< C <>1V;P=C =59@>==C <5@56C MobileNetV2. PTA 1;>: <0є 
45:V;P:0 3V;>: V7 @V7=>R >1G8A;R20;P=>R A:;04=VABR. �V;:C, S:C A;V4 
28:>=C20B8 <>65 1CB8 >1@0=> 70 1060==S< B0 ?V4 G0A 28:>=0==S 
=59@>==>W <5@56V, =02VBP ?@S<> =0 <>1V;P=><C ?@8AB@>W. *5 =040є 
<>6;82VABP :>=DV3C@C20B8 =59@>==C <5@56C 4;S ?@8AB@>W2 V7 7=0G=> 
2V4<V==>R H284:>4VєR. #V4:@5A;8<>, I> =0 2V4<V=C 2V4 VA=CRG8E 
=59@>==8E <5@56, 70?@>?>=>20=0 <5@560 MobileNetV2 V7 PTA 1;>:0<8 
=02G0єBPAS >48= @07, V 265 ?VA;S FP>3> 4>40B:>2> :>=DV3C@CєBPAS. &0:0 
:>=DV3C@0FVS <>65 2V41C20B8AS =0 >A=>2V 1060=>3> G0AC, S:>ABV 
?5@5410G5==S 01> 6 =020=B065==S =0 ?@8AB@V9. *V:02>, I> 28:>@8AB0==S 
PTA 1;>:V2 4>72>;8;> I5 9 7=0G=> ?>:@0I8B8 S:VABP ?5@5410G5==S 2 
7040GV :;0A8DV:0FVW 7>1@065=P, ?@8G><C =02VBP 1V;PH H284:V C ?>@V2=S==V 
7 >@83V=0;P=>R MobileNetV2 :>=DV3C@0FVW 45<>=AB@CRBP 28IC B>G=VABP 
?5@5410G5==S. �0C2068<>, I> E>G0 2 ?5@HC G5@3C B0:0 <5@560 =0FV;5=0 
=0 28:>=0==S =0 <>1V;P=8E ?@8AB@>SE, 2>=0 B0:>6 <>65 1CB8 28:>=0=0 V 
A:>=DV3C@>20=0 ?VA;S =02G0==S V =0 ?>BC6=8E :><?’RB5@0E. 

�8A=>2:8. !0 2V4<V=C 2V4 VA=CRG8E =59@>==8E <5@56, 
70?@>?>=>20=0 <5@560 MobileNetV2 V7 PTA 1;>:0<8 4>72>;Sє 5D5:B82=> 
7<V=R20B8 0@EVB5:BC@C =59@>==>W <5@56V ?VA;S =02G0==S, I> 4>72>;Sє 
48=0<VG=> >18@0B8 B0:C :>=DV3C@0FVR <5@56V, I> 28:>=CєBPAS 4>AB0B=P> 
H284:> =0 FV;P>2><C ?@8AB@>W. *V:02> 9 B5, I> 70?@>?>=>20=0 <5@560 
45<>=AB@Cє 28IC S:VABP 70 @S4>< <5B@8: C ?>@V2=S==V 7 >@83V=0;P=>R 
MobileNetV2, =02VBP 4;S :>=DV3C@0FV9 V7 7=0G=> <5=H8< G0A>< 
28:>=0==S. %?>4V20є<>AP, I> 70?@>?>=>20=89 ?V4EV4 71V;PH8BP 
<>6;82VABP 28:>@8AB0==S =59@>==8E <5@56 =0 <>1V;P=8E ?@8AB@>SE, B0 
4>72>;8BP :@0I5 040?BC20B8 =59@>==V <5@56V 4;S =8E. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 
1. Khabarlak K. Fast Facial Landmark Detection and Applications: A 

Survey / K. Khabarlak, L. Koriashkina // arXiv:2101.10808 [cs]. 3 2021. 

2. )010@;0: �.%. "A>1;82>ABV @>1>B8 <5B>4V2 ?>HC:C >1;8G =0 
<>1V;P=8E ?@8AB@>SE / )010@;0: �.%  // %8AB5<=V B5E=>;>3VW, ':@0W=0 3 
2021. 

3. Khabarlak K. Post-Train Adaptive MobileNet for Fast Anti-Spoofing / 

K. Khabarlak // Proceedings of the 3nd International Workshop on Intelligent 

Information Technologies & Systems of Information Security with CEUR-

WS, Khmelnytskyi, Ukraine, 2022: CEUR Workshop Proceedings. 3 CEUR-

WS.org, 2022. 
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 >45;P @>7?>4V;C @5AC@AV2 =0 ?V4?@8є<AB20E 7 >48=8G=8< 01> 
4@V1=>A5@V9=8< E0@0:B5@>< 28@>1=8G>3> ?@>F5AC <>6=0 >?8A0B8 S: 
270є<>4VR B@P>E :><?>=5=B, 3 @5AC@AV2 (R), ?@>F5AV2 (P) V G0AC (T) [1]. #@8 
FP><C C?@02;V==S ?@>F5A0<8 $ (V=B5=A82=VABR WE 28:>=0==S) 74V9A=RєBPAS 
=0 ?52=><C ?@><V6:C G0AC T 70 C<>2 4>B@8<0==S >1<565=P =0 >1AS38 
28:>@8AB0==S @5AC@AV2 R.  >45;P ?@>F5AC ?@54AB028<> S: 72’S7>: <V6 9>3> 
AB0=>< E(t), V=B5=A82=VABR 28:>=0==S u(t) B0 DC=:FVєR A?>6820==S @5AC@AC 
g(t) . !5E09 x(t) 3 =5A?040RG0 DC=:FVS G0AC B0:0, I> x(t)=0, :>;8 ?@>F5A =5 
@>7?>G0B>, x(t)=1 :>;8 ?@>F5A 70:V=G5=>. �87=0G82H8 A?>6820==S @5AC@AV2 
g(u(t)), <>45;P C?@02;V==S ?@>F5A0<8 <>6=0 ?@54AB028B8  C 283;S4V: 

0 0 1( ) ( ), ( ) ( ( )) ( ( ))x t u t S t W g u t W f u t


ý ý ý  

!5E09 xi, zi 3 <><5=B8 ?>G0B:C B0 70:V=G5==S ?@>F5AC i,  γi= zi-yi - 

B@820;VABP ?@>F5AC. �C45<> @>7C<VB8 ?V4 70240==S< 7V 7<V==>R 
V=B5=A82=VABR ?@>F5AV2 B0:5, 45 z, y DV:A>20=V, 0 C?@02;V==S 283;S40є S:: 

 

                                                             
1 ABC45=B:0 3@C?8 �%B0& 2018-1, )0@:V2AP:>3> =0FV>=0;P=>3> C=V25@A8B5BC 
<VAP:>3> 3>A?>40@AB20 V<5=V ".  . �5:5B>20 
2 ABC45=B 3@C?8 �! 2018-1, )0@:V2AP:>3> =0FV>=0;P=>3> C=V25@A8B5BC <VAP:>3> 
3>A?>40@AB20 V<5=V ".  . �5:5B>20 
3 4>F5=B :0D54@8 �! B0 �& )0@:V2AP:>3> =0FV>=0;P=>3> C=V25@A8B5BC <VAP:>3> 
3>A?>40@AB20 V<5=V ".  . �5:5B>20 
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0
( )

0 ,

( ) 1.

z

y

CDи y t z
u t

в іAшиEвиCа4>аE

u t dt

þý üý üýü
ý ýýþ

ý

 

'?@02;V==S u(t) >1<568<> S:  min max( )u u t uüý üý  

 

"1<565==S =0 B5@<V= @50;V70FVW ?@>F5AV2 ?@54AB028<> S: 
min max min max,j j j j j jy y y z z züý üý üý üý  , 45 n 3 :V;P:VABP  ?@>F5AV2. 

'<>28 A8=E@>=V70FVW  28:>=0==S ?@>F5AV2 1C45<> >?8AC20B8 S: 
2V4=>H5==S 2?>@S4:C20==S ρ, S:5 C =0H><C 28?04:C ?@54AB02;5=> 
>1<565==S<8 B8?C zj<=yi.  �8A:@5B870FVR 70 G0A>< C <>45;V 1C45<> 
>?8AC20B8 C 283;S4V: 1 1( ), 1,2,...,k k k k k

j j jX X u t t k S
 ý   ý . &>4V 

48=0<V:C 28:>@8AB0==S @5AC@AV2 <>6=0  ?@54AB028B8 S:: 

1

( ) , 1,2,... , 1,2,..., , 1,2,...,

k
j

k
j

X

k

ij ij ij j j

X

W g x dx k S i n j n


ý ý ý ý  

"A:V;P:8 
0

( ) 1,

T

u t dt ý C<>28 =>@<0;V70FVW <>6=0 70?8A0B8 S::  

1

1

( ) 1, 1,2,...,
S

k k k

j

k

u t t j n


ý

 ý ýõ . &>4V 70240==S @>7?>4V;C @5AC@AV2 ?@8 

7<V==8E V=B5=A82=>ABSE 9 0A8=E@>==V9 @50;V70FVW ?@>F5AV2 283;S40є  B0::  

2

1 1

m in
km S
i

ku
i k i

r


ý ý

ö ö
÷ ÷
ø ø

õõ   

70 >1<565=P: 
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1

,,
n

k k k k

i ij i i

j

?і@иF D5EGDEG k 4?я CDBF5EG jr 45 r 
ý

üý üý õ   

1

1

( ) 1, 1,2,...,
S

k k k

j

k

u t t j n


ý

 ý ýõ  , 

min max min max,j j j j j jy y y z z züý üý üý üý   

 >45;P @50;V7>20=0 C 283;S4V ?@>3@0<=>W :><?>=5=B8 B0 
28:>@8AB>2CєBPAS S: A:;04>20 A8AB5<8 C?@02;V==S A<0@B-?V4?@8є<AB20<8 
3V1@84=>3> B8?C 7 4@V1=>A5@V9=8< E0@0:B5@>< 28@>1=8G>3> ?@>F5AC.  

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 
1.  V@>H=VG5=:> ". .. '?@02;V==S @5AC@A0<8 ?V4?@8є<AB20: 

[=02G. ?>AV1.] / ". ..  V@>H=VG5=:>, !. �. $52CFP:0, ".  . �>=G0@>20. 3 
�.: &"� «!�# «�=B5@A5@2VA», 2014. 3 217 A.  

 

 

 

'�� 004.9                                         �C: �.�.1, �>@SH:V=0 �.%.2 
 

��%&"%'��!!/  �&"��� !���!��!"�" 
#$"�$� '��!!/ �  �&". "#&� ���*�� #$"*�%' 

("$ '��!!/ � �!!"�" �$�(��' $"�"&� #�$%"!��' 
#��#$�Є %&�� 

 
!5?5@5410GC20=VABP ACG0A=>3> A2VBC, 7<CHCє :>6=C ;R48=C 

704C<C20B8AS =04 B8<, S:8< A0<5 G8=>< 2>=0 <>65 ?@8AB>AC20B8AS 4> 
=0ABC?=>3> <><5=BC WW 68BBS. ' A2>R G5@3C, B56 A0<5 <>6;82> :070B8 V 
?@> 1C4P-S:5 ?V4?@8є<AB2>, =5 72060RG8 =0 9>3> <0AHB01. !0A0<?5@54, 
F5 ?>2’S70=> 7 B8<, I> H284:VABP 040?B0FVW 4> =>28E @50;V9 A2VB>2>W 
5:>=><V:8, S:0 4Vє 70 @8=:>2>R <>45;;R, <0є 157?>A5@54=V9 2?;82 =0 

                                                             
1 ABC45=B 3@C?8 124-18-1, !&' «�=V?@>2AP:0 ?>;VB5E=V:0» 
2 4>F5=B :0D54@8 %�V', !&' «�=V?@>2AP:0 ?>;VB5E=V:0», :. D.-<. =. 
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B@820;VABP ?52=>3> 68BBє2>3> F8:;C ?V4?@8є<AB20. +5@57 I>, 
=09206;82VH89 <><5=B @>1>B8 :>6=>3> ?V4?@8є<AB20 3 >?B8<V70FVS 
2V4?>2V4=8E 28@>1=8G8E ?@>F5AV2, >48= 7 S:8E ?>;S30є A0<5 C 
7=0E>465==V B0:>W <V=V<0;P=>W :V;P:>ABV @>1VB=8:V2, S:0 =5>1EV4=0 4;S 
157?5@51V9=>W @>1>B8 FVєW >@30=V70FVW. 

%0<5 7 <5B>R ?@>2545==S B0:>W >?B8<V70FVW, C:@0W=AP:89 ?V4@>74V; 
<V6=0@>4=>3> ?82>20@=>3> :>=F5@=C AB InBev Efes 725@=C2AS 4> 
3>;>2=>W :59A-A?V;P=>B8 ':@0W=8 Casers [1]. $50;V7>20=89 =0 >A=>2V B0:>W 
:>>?5@0FVW :59A-G5<?V>=0B <02 =0 <5BV >B@8<0B8 B0:5 @VH5==S, S:5 1 
4>?><>3;> >?B8<V7C20B8 :V;P:VABP @>1VB=8:V2 ?0:C20;P=>3> 
45?0@B0<5=BC 70 4>B@8<0==S< ?52=8E C<>2, 0 A0<5: 

1. !0 1@>20@=V =0S2=V G>B8@8 ?0:C20;P=V ;V=VW, =0 S:8E 28?CA:0RBP 
?@>4C:FVR: 

a) C A:;V; 
b) C ?;0AB8:>2V9 B0@V; 
c) C 10=FV; 
d) :53>2C. 
2. �5AP  ?5@A>=0; ?0:C20;P=>3> 45?0@B0<5=BC 4V;8BPAS =0 3 :;0A8 

B0 <0є @V7=C >?;0BC ?@0FV. $>7?>4V; =0 :;0A8 2V41C20єBPAS 70 =0ABC?=8< 
?@8=F8?><: 

a) 1-9 :;0A <>65 ?@0FR20B8 =0 1C4P-S:V9 ;V=VW; 
b) 2-9 =0 1C4P-S:8E 42>E ;V=VSE; 
c) 3-9 ;8H5 =0 >4=V9. 
&0:8< G8=><, 7 <5B>R >?B8<V70FVW @>1>B8 ?0:C20;P=>3> 

45?0@B0<5=BC =5>1EV4=> 1C;> @>7@0EC20B8 I><VASG=C ?>B@51C 2 
?5@A>=0;V, 2@0E>2CRG8: ?;0=8 28@>1=8FB20 B0 @VAB ?>BC6=>ABV ;V=V9 
A:;S=>W B0 ?;0AB8:>2>W ?;SH:8 =0 10% 2 ?5@V>4 7 B@02=S ?> A5@?5=P B0 
?04V==S ?>BC6=>ABV =0 F8E ;V=VSE =0 10% 7 25@5A=S ?> :2VB5=P. #@8 FP><C, 
?>BC6=VABP ;V=V9 10=:8 B0 :53 70;8H0RBPAS AB0;8<8.  

�=0;V7CRG8 ?;0=8 28@>1=8FB20, 1C;> 2AB0=>2;5=>, I> 1@>20@=S 
?>28==0 ?@0FR20B8 C 157?5@5@2=><C @>1>G><C @568<V. &0:8< G8=><, 
28E>4SG8 7 B>3>, I> B@820;VABP 28@>1=8G>3> ?@>F5AC ?5@528ICє 
4>?CAB8<C B@820;VABP @>1>B8 3 I><VASG=0 ?>B@510 2 ?5@A>=0;V 
@>7@0E>2CєBPAS C D>@<0BV 7<V==>W @>1>B8. �=0;V7CRG8 VA=CRGV ?V4E>48 
4> D>@<C20==S @>1VB, 1C;> 2AB0=>2;5=>, I> =09:@0I5 A515 ?>:07Cє 
?’SB845==89, B@P>E 7<V==89 3@0DV: @>1>B8, 0 A0<5: 

1. #5@H0 7<V=0 3 7 6:00 4> 15:00. +0A V B@820;VABP ?5@5@28 3 1 3>48=0 
7 10:00 4> 11:00; 

2. �@C30 7<V=0 - 14:00 4> 23:00. +0A V B@820;VABP ?5@5@28 3 1 3>48=0 
7 18:00 4> 19:00; 
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3. &@5BS 7<V=0 - 22:00 4> 7:00. +0A V B@820;VABP ?5@5@28 3 1 3>48=0 7 
1:00 4> 2:00; 

%0<5 F59 ?V4EV4 2V4?>2V40є VA=CRG8< =>@<0< C 70:>=>402AB2V 
':@0W=8, 0 A0<5: 

1. %B0BBS 50 ��?# ':@0W=8 : «!>@<0;P=0 B@820;VABP @>1>G>3> G0AC 
?@0FV2=8:V2 =5 <>65 ?5@528IC20B8 40 3>48= =0 B8645=P»; 

2. %B0BBS 59 ��?# ':@0W=8 : «&@820;VABP ?5@5@28 2 @>1>BV <V6 
7<V=0<8 <0є 1CB8 =5 <5=H>R ?>42V9=>W B@820;>ABV G0AC @>1>B8 2 
?>?5@54=V9 7<V=V (2:;RG0RG8 V G0A ?5@5@28 =0 >1V4)» [2]. 

�0?@>?>=>20=89 ?V4EV4 4> @>7@>1:8 7<V==>3> 3@0DV:C @>1>B8 
?>;S30є C 7=0E>465==V =5>1EV4=>W :V;P:>ABV 7<V= 4;S >1A;C3>2C20==S CAVE 
;V=V9 ?0:C20==S 70 4>?><>3>R 7040GV =5;V=V9=>3> ?@>3@0<C20==S. �8EV4=V 
40=V  7040GV: ÿ – =><5@ ?0:C20;P=>W ;V=VW, ÿ = 1,4̅̅ ̅̅ ; ćÿ 3 :V;P:VABP ?@0FV2=8:V2, I> >4=>G0A=> >1A;C3>2CRBP ÿ 2 N ;V=VR, ć = (7, 5,5,5); ĉ 3 :;0A ?@0FV2=8:0, ĉ = 1,3̅̅ ̅̅ ; ā 3 B8? ?@>4C:FVW, ā = 1,12̅̅ ̅̅ ̅̅ ; �ÿā = {1, O>MB ā 2 O CDB8G>цVO Cа>GєFьEO Aа ÿ 2 = ?VAVW,0, 6 VALB@G 6<Cа8>G.  Ċ 3 <VASFP, Ċ = 1,12̅̅ ̅̅ ̅̅ ; �� 3 :V;P:VABP 4=V2 C <VASFV; ā 3 45=P <VASFS Ċ, ā = 1,��; ÿÿā�   3 728G09=0 ?>BC6=VABP ;V=VW ÿ ?> ?0:C20==S ā 2 W ?@>4C:FVW 2 Ċ 2 @ <VASFV; ∀ ÿ, ā: �ÿā = 1; ∀ Ċ = 1,12̅̅ ̅̅ ̅̅ ;   �ĂþĄā�  3 ?;0= ?0:C20==S ā 2 W ?@>4C:FVW 2 Ċ 2 @ <VASFV; [ÿ] 3 FV;0 G0AB8=0 G8A;0 z. 

�0 C<>2>R ?5@H>3> 70240==S ?>BC6=VABP ;V=VW ?0:C20==S 
287=0G0єBPAS =0ABC?=8< G8=><: ÿ_ăþĀĊÿā�= { ÿÿā� ∗ 1,1 , ∀ ÿ = 1,2 , ā = 1,12̅̅ ̅̅ ̅̅ ∶ �ÿā = 1; ∀ Ċ =  5,6,7,8 ,ÿÿā� ∗ 0,9 , ∀ ÿ = 1,2 , ā = 1,12̅̅ ̅̅ ̅̅ ∶ �ÿā = 1; ∀ Ċ =  1,2,3,4,9,10,11,12,ÿÿā�  , ∀ ÿ = 3,4 , ā = 1,12̅̅ ̅̅ ̅̅ ∶ �ÿā = 1; ∀ Ċ =  1,12̅̅ ̅̅ ̅̅ .  

�8E>4SG8 7 B>3>, I> ?;0= ?0:C20==S =0 CAVE ;V=VSE (=570;56=> 2V4 
B8?C ?@>4C:FVW) 7040=89 2 30;>=0E, B0 ?>BC6=>ABV :>6=>W ;V=VW B0:>6 
707=0G5=V C 30;>=0E/3>48=C, B>4V є 4>FV;P=8< 4;S ?@>2545==S ?>40;PH8E 
@>7@0EC=:V2 ?@54AB028B8 ?;0= @>1>B8 ?0:C20;P=>3> 45?0@B0<5=BC 2 
D>@<0BV : ;V=VS 3 :V;P:VABP 3>48=. &>4V: 
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�ÿā� = �Ă������������  3 :V;P:VABP 3>48=, S:0 =5>1EV4=0 4;S @>1>B8 ÿ 2 = ;V=VW, 

?@8 ?0:C20==V 70?;0=>20=>W :V;P:>ABV ?@>4C:FVW ā 2 7B B8?C (∀ ÿ, ā: �ÿā =1) C Ċ <VASFV, ĀÿĄĂ_/ąċĈĉÿ� = ∑ �ÿāā=1,12̅̅ ̅̅ ̅̅ : ���=1 . 
 

/:I> ?@8?CAB8B8, I> >4=0 @>1>G0 7<V=0 B@820є 8 3>48=, B> <>6;82> 
@>7@0EC20B8 :V;P:VABP 7<V= 2 Ċ 2 @ <VASFV, 70 S:V <>6;82> 28:>=0B8 
?0:C20==S 70?;0=>20=>W :V;P:>ABV ?@>4C:FVW 2 A:;V, ?;0AB8:C, 10=:0E B0 
:530E. �07=0G8<>, I> @>7@0EC=>: 1C45 28:>@8AB>2C20B8 >:@C3;5==S 
23>@C 4> FV;>3> G8A;0, 0 >B@8<0=89 =04;8H>: 28:>=0==S ?;0=C 1C45 
@>7<VI5=> =0 A:;04V. ĂċăÿĂĈ_ÿ/ÿăĊĉÿ� = ĀÿĄĂ_/ąċĈĉÿ�ĀċĈĄ , 

45 ĀċĈĄ 3 B@820;VABP @>1>G>W 7<V=8 (8 3>48=). 
 ' A2>R G5@3C <0:A8<0;P=0 :V;P:VABP @>1>G8E 7<V= C 45=P, 7 

2@0EC20==S< @V2=><V@=>3> @>7?>4V;C CAVE 7<V= =0 <VASFP, <>6;82> 
>B@8<0B8 =0ABC?=8< G8=><: āþýÿ/ÿăĊ_�þþ� = [∑ ĂċăÿĂĈ_ÿ/ÿăĊĉÿ�4ÿ=1 �� ] + 1. 

 %5@54=є 7=0G5==S 7<V= =0 B8645=P 287=0G0єBPAS =0ABC?=8< 
G8=><: āĂþĄ_ÿĂĂāÿ� = [ĂċăÿĂĈ_ÿ/ÿăĊĉÿ��� ∗ 7]. 

 #@8?CAB8<>, I> @>1>G0 =54V;S @>7?>G8=0єBPAS 7 1-3> G8A;0. 
&>4V, =5E09 ýÿ��  3 F5 :V;P:VABP 7<V= @>1>B8 ÿ 2 = ;V=VW 2 ā 2 = 45=P <VASFS Ċ;  0 f  ýÿ�� f 3, ýÿ�� 2 цV?V ∀ ÿ = 1,4̅̅ ̅̅ , ; ā = 1, �� , Ċ = 1,12̅̅ ̅̅ ̅̅  . 

 &0:8<  G8=>< =5>1EV4=> 7=09B8 B0:89 =01V@ 7=0G5=P Ā = {ýÿ�� }, 
?@8 S:><C >B@8<Cє<> <V=V<0;P=5 7=0G5==S DC=:FVW: ă�(ý) = ∑(∑ýÿ�� 24

ÿ=1 āþýÿ/ÿăĊ_�þþ�)2 ,��
�=1  (1) 

?@8 =0ABC?=8E >1<565==SE: ∑ýÿ�� = ĂċăÿĂĈ_ÿ/ÿăĊĉÿ�; ∀ ÿ = 1,4̅̅ ̅̅ ,��
�=1  (2) 
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∑ýÿ�� = āĂþĄ_ÿĂĂāÿ�; ∀ ÿ = 1,2̅̅ ̅̅ ,7
�=1  (3) 

∑ýÿ�� = āĂþĄ_ÿĂĂāÿ�; ∀ ÿ = 1,2̅̅ ̅̅ ,14
�=8  (4) 

∑ ýÿ�� = āĂþĄ_ÿĂĂāÿ�; ∀ ÿ = 1,2̅̅ ̅̅ ,21
�=15  (5) 

∑ ýÿ�� = āĂþĄ_ÿĂĂāÿ�; ∀ ÿ = 1,2̅̅ ̅̅ ,28
�=22  (6) 

∑ ýÿ�� = 3 ∗ (�� 2 27);  ∀ ÿ = 1,2̅̅ ̅̅ ,��
�=29  (7) 

 

' 28?04:C, :>;8 Ċ = 1,2,3,4,9,10,11,12 , B> 4> >1<565=P (2) 3 (7) 

4>40B:>2> 4>40RBPAS I5 >4=V, S:V >?8ACRBP G5@3C20==S =54V;P @>1>B8 
;V=V9 :53 B0 10=>:, 0 A0<5: (∑ý3��7

�=1 ) ∗ (∑ý4��7
�=1 ) = 0, (8) 

(∑ý3��14
�=8 ) ∗ (∑ý4��14

�=8 ) = 0, (9) 

(∑ ý3��21
�=15 ) ∗ (∑ ý4��21

�=15 ) = 0, (10) 

(∑ ý3��28
�=22 ) ∗ (∑ ý4��28

�=22 ) = 0, (11) 

(∑ ý3����
�=29 ) ∗ (∑ ý4����

�=29 ) = 0. (12) 

&0:8< G8=>< <>6;82> >B@8<0B8 =5>1EV4=C :V;P:VABP 7<V= =0 45=P, 7 
<5B>R 70157?5G5==S 28:>=0==S ?;0=C 28?CA:C ?@>4C:FVW. #@>B5, 20@B> 
707=0G8B8, I> 4;S 4>B@8<0==S 70:>=>402AB20 =5>1EV4=> =0 <VASFP <0B8 
B0:C :V;P:VABP =5>1EV4=8E 7<V=, S:0 1 1C;0 =0 42V >48=8FV 1V;PH0, 70 
25;8G8=C =091V;PH>W ?>B@518 70 <VASFP. &>6, 2AB0=>2;5=0 D0:B8G=0 
?>B@510 C :V;P:>ABV 7<V= =0 :>6=V9 ;V=VW 1C45 <0B8 =0ABC?=89 283;S4: 
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$8A. 1 - �AB0=>2;5=0 D0:B8G=0 ?>B@510 C :V;P:>ABV 7<V= =0 :>6=V9 

;V=VW 
 

�8A=>2:8: "B65, 70?@>?>=>20=89 ?V4EV4 4> D>@<C20==S 7<V==>3> 
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ID :;Vє=B0 &8? A5@2VAC "7=0:0 #@8G8=0 &8? @57C;PB0BC Charn 

32 646 7864 2473 2423 4527 1 

134 577 2558 3475 1254 5653 0 

346 457 458 533 456 987 0 

78 436 768 2476 561 124 0 

 

 5B0 ?@>3=>7C20==S g;S30;0 C 287=0G5==V :;Vє=BV2, S:V 718@0RBPAS 
@>7V@20B8 4>3>2V@, I>1 2AB83=CB8 ?@>25AB8 2V4?>2V4=V 70E>48 I>4> WE 
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CB@8<0==S, B><C 2 B01;. 3 =02545=> ;8H5 7=0G5==S :@8B5@VW2 I>4> 
?5@5410G5==S 2V4B>:C. 

 
&01;8FS 3 - #>@V2=S;P=0 B01;8FS <>45;59 C ?5@H><C ?V4E>4V 
�;3>@8B< &>G=VABP #>2=>B0 F1 

Decision Tree 0,96 0,30 0,45 

Random Forest 0,12 0,61 0,20 

K-nearest neighbors 0,19 0,5 0,28 

Naive Bayes 0,13 0,58 0,21 

Gradient Boosting 0,13 0,68 0,21 

 

�8A=>2:8 !09:@0IV @57C;PB0B8 ?>:0702 28?04:>289 ;VA C ?V4E>4V 4> 
28@VH5==S ?>AB02;5=>W <5B8. *59 0;3>@8B< ?5@525@HCє V=HV 70 B>G=VABR 
B0 ?>2=>B>R 2 FV;P>2><C :;0AV. &0:>6 20@B> 707=0G8B8, I> B0:8E 28A>:8E 
?>:07=8:V2 1C;> 4>AS3=CB> 70 4>?><>3>R 10;0=AC20==S :;0AV2 <5B>4>< 
smote. 

�>4 4;S ?>2B>@5==S 28I528:;045=>3> 5:A?5@8<5=BC ?5@51C20є C [3]. 
�8:>@8AB0=0 <>20 ?@>3@0<C20==S Python, A5@54>28I0 @>7@>1:8 PyCharm 
B0 IPython notebook B0 1V1;V>B5:8 scikit_learn (4;S ?>1C4>28 B0 
=0;0HBC20==S :;0A8DV:0B>@V2), pandas (4;S @>1>B8 7 40=8<8), matplotlib 
(4;S 2V7C0;V70FVW 40=8E), numpy (4;S @>1>B8 7 <0A820<8). 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 
1. �@CAB0<>2 �. �0?>1V30==S 2V4B>:C :;Vє=BV2 C B5;5:><V. 
https://vdocuments.site/9- 548b9954b479594c5f8b4658.html. 

2. Telecom Customer Churn Prediction Models. 
https://parcusgroup.com/Telecom-Customer- Churn-Prediction-Models. 

3. #@>3=>7C20==S 2V4B>:C :;Vє=BV2 V7 
scikit_learn.http://datareview.info/article/prognozirovanie-ottoka-

klientov-so-scikit-learn/.    
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'�� 303.732.4                                     (04єє20 �.�.1, )><’S: &.�.2 
 

�!���� &� #$"�!"�'��!!/ ��$"��&!"�  #��&� 
#$�*��!���� ' %(�$� (�!�!%"�"� &� %&$�)"�"� 
��/�Ь!"%&� � �!�#$"#�&$"�%Ь��� "���%&� 

 

"4=8< 7 =090:BC0;P=VH8E ?8B0=P 2 5:>=><VFV ':@0W=8 є ?8B0==S 
@>7<V@C 70@>1VB=>W ?;0B8. � @>1>BV @>73;S=CB> A5@54=P><VASG=C 70@>1VB=C 
?;0BC HB0B=8E ?@0FV2=8:V2 C AD5@V DV=0=A>2>W B0 AB@0E>2>W 4VS;P=>ABV 70 
1995 - 2021 @@. (@8A. 1), I> ?@54AB02;5=0 =0 >DVFV9=><C A09BV 
3>;>2=>3>  C?@02;V==S  AB0B8AB8:8  C  �=V?@>?5B@>2AP:V9  >1;0ABV. 

 

 
$8AC=>: 1 3 �0@>1VB=0 ?;0B0 ?@0FV2=8:V2  DV=0=A>2>W B0 AB@0E>2>W AD5@V 

70 1995 - 2021 @@. 
 

�0 3@0DVG=8< ?@54AB02;5==S< <>6=0 A?>AB5@V30B8 ?52=C 
B5=45=FVR @>ABC A5@54=P><VASG=>W 70@>1VB=>W ?;0B8 7 :>6=8< @>:><, 
?>G8=0RG8 7 1995 @>:C, =091V;PH @V7:89 @VAB C AD5@V DV=0=A>2>W B0 
AB@0E>2>W 4VS;P=>ABV A?>AB5@V30єBPAS A0<5 7 2016 @>:C.  

#@>3=>7C20==S A5@54=P><VASG=>W 70@>1VB=>W ?;0B8 ?@>2545=> 70 
<5B>40<8 5:A?>=5=FV0;P=>3> [1] B0 040?B82=>3> 73;046C20==S [2]. � 
B0:>6 1C;> @>7@0E>20=> A5@54=V 2V4=>A=V ?>E81:8 ?@>3=>7C20==S 
<5B>4>< 0=0;V7C B>G=>ABV ?@>3=>7C [3]. &0:, =0 @8A. 2 ?@54AB02;5=> 
@>7@0E>20=V ?@>3=>7=V 7=0G5==S 70 <5B>40<8 5:A?>=5=FV0;P=>3> 
73;046C20==S, 0 =0 @8A. 3 3 70  <5B>4>< 040?B82=>3> 73;046C20==S.  

                                                             
1 ABC45=B :0D54@8 %�', !&' «�=V?@>2AP:0 ?>;VB5E=V:0»,  
2 4>F5=B :0D54@8 %�', !&' «�=V?@>2AP:0 ?>;VB5E=V:0», :. D.-<. =. 
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$8AC=>: 2 3 �@0DVG=5 2V4>1@065==S @50;V7>20=8E <5B>4V2 

5:A?>=5=FV0;P=>3> 73;046C20==S 
 

 

 
$8AC=>: 3 3 �@0DVG=5 2V4>1@065==S @50;V7>20=>3> <5B>4C 040?B82=>3> 

73;046C20==S 
 

�0 <5B>40<8 5:A?>=5=FV0;P=>3>, ?>42V9=>3> 5:A?>=5=FV0;P=>3> B0 
?>B@V9=>3> 5:A?>=5=FV0;P=>3> 73;046C20==S >B@8<0=>, I> =09B>G=VH8< 
є <5B>4 5:A?>=5=FV0;P=>3> 73;046C20==S 7 =09<5=H>R ?>E81:>R 2 
0,34%, ?@8 FP><C A5@54=P><VASG=0 70@>1VB=0 ?;0B0 =0 2022 @V: A:;0;0 
23851,56 3@825=P. �0 <5B>4>< 040?B82=>3> 73;046C20==S =09<5=H0 
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?>E81:0 ?@>3=>7C AB0=>28BP 16,5%, 0 A5@54=P><VASG=0 70@>1VB=0 ?;0B0 =0 
2022 @V: A:;0;0 23881 3@825=P.  

&0:8< G8=><,  2@0E>2CRG8 >B@8<0=V @57C;PB0B8, <>6=0 22060B8, 
I> <5B>4 5:A?>=5=FV0;P=>3> 73;046C20==S є =09B>G=VH8< 4;S 40=>3> 
G0A>2>3> @S4C.  

  

%#�%"� ���"$�%&�!"� ��&�$�&'$� 
1.  %B028FP:89 �.�. !02G0;P=>-<5B>48G=89 :><?;5:A 7 :C@AV2 

«#@>3=>7C20==S» B0 «(V=0=A>25 ?@>3=>7C20==S». 3 �., 2006. 3 
107 A. 

2. �0;CI0:  .#. #@>3=>7C20==S A>FV0;P=>-5:>=><VG=8E 
?@>F5AV2: !02G0;P=89 ?>AV1=8:. 3 &5@=>?V;P: &�&', 2009. 3 101 A. 

3. #@8A5=:> �. �., $02V:>28G Є. � #@>3=>7C20==S A>FV0;P=>-
5:>=><VG=8E ?@>F5AV2: !02G. ?>AV1. 3  �.: �!�', 2005. 3 378 A. 

 

 

 

'�� 519.85                                             )0@EC;0 "...1,  'A %.�.2 

  

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

 

�8@VH5==S 7040G 7 @>7:@>R B8?>28E 703>BV2>: 70;8H0єBPAS 
0:BC0;P=8< =02VBP =0 AP>3>4=VH=V9 45=P. #@8 25;8:8E >1’є<0E 
28@>1=8FB20 5:>=><VS =02VBP 45:V;P:>E ?@>F5=BV2 2 @57C;PB0BV 4>72>;Sє 
715@53B8 7=0G=C :V;P:VABP A8@>28=8. #@8 FP><C, ?@8 =0S2=>ABV 25;8:>3> 
G8A;0 7<V==8E, ?>HC: >?B8<0;P=>3> @VH5==S 157 70AB>AC20==S 
<0B5<0B8G=8E <5B>4V2 AB0є ?@0:B8G=> =5<>6;828<, B><C 2:@09 206;82> 
2?@>2046C20B8 WE 70AB>AC20==S 4;S >?B8<V70FVW 28@>1=8G>3> ?;0=C. 

�<VAB>2=0 ?>AB0=>2:0 7040GV. &"� !�* «�>=AV<0» 28@>1;Sє 
:>;VA=V A8AB5<8, 28:>@8AB>2CRGV 4;S FP>3> <5B0;52V ;8AB8 @V7=>W 
B>2I8=8 V ?;>IV (B01;. 1), 7 S:8E =0@V70RBP  :@C3;V 703>BV2:8 @V7=8E 
4V0<5B@V2. �;S :>6=>W B>2I8=8 ;8AB0 2V4><> 4>?CAB8<V 70 28@>1=8G8<8 
AB0=40@B0<8 4V0<5B@8 :>;VA, S:V <>6=0 7 =5W =0@V70B8 (B01;.2). !5>1EV4=> 
287=0G8B8 >?B8<0;P=89 28@>1=8G89 ?;0=  S:89  <0:A8<V7Cє :V;P:VABP 
:><?;5:BV2 :>;VA. �8<>38 I>4> :><?;5:B=>ABV ?>40=> C B01;.2. 

                                                             
1 ABC45=B:0 3@C?8 124-19<, !&' «�=V?@>2AP:0 ?>;VB5E=V:0» 
2 ?@>D5A>@ :0D54@8 %�V', !&' «�=V?@>2AP:0 ?>;VB5E=V:0», :. D.-<. =. 
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&01;8FS 1 - #0@0<5B@8 ;8ABV2 

&8? ;8AB0 � �� ��� 
&>2I8=0 (<<) 8 14 16 

�>268=0 (<<) 2500 3400 5570 

,8@8=0 (<<) 2000 1800 1377 

�V;P:VABP (HB.) 514 729 386 

 

&01;8FS 2 - �>?CAB8<V B>2I8=8 ;8AB0 4;S 283>B>2;5==S 703>BV2:8 B0 
:V;P:VABP 45B0;59 ?52=>3> B8?C C :><?;5:BV 

�V0<5B@ &>2I8=0 ;8AB0, h (<<) �><?;5:B 

d (<<) 8 14 16 5 - - 

d1 = 310 +   2 - 6 

d2 = 344 +   - 3 - 

d3 = 560  +  3 - - 

d4 = 662  +  - 1 2 

d5 = 713   + 5 - - 

d6 = 967  + + - 2 - 

d7 = 1119  + + - - 4 

d8 = 1322  + + - - 1 

 

"1’є:B <>45;R20==S є A?>AV1 @>7:@>R <5B0;52>3> ;8AB0 

• �5@>20=V 7<V==V 70240==S: xi, yj, zg 3 :V;P:VABP ;8ABV2, 
@>7:@>є=8E ?52=8< A?>A>1><; 

• !5:5@>20=V 7<V==V: B5E=>;>3VG=V ?0@0<5B@8 703>B>2>: B0 
A8@>28=8 (@04VCA8 :@C3V2, 4>268=0, H8@8=0, B>2I8=0 V 
:V;P:VABP <5B0;528E ;8ABV2), A:;04 :><?;5:BV2; 

• !5>1EV4=0 ?;>I0 4;S 283>B>2;5==S ?52=>W >48=8FV 
703>BV2:8 є =5?5@5@2=>R 25;8G8=>R, :V;P:VABP :><?;5:BV2 є 
FV;8< G8A;><. 
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#>1C4Cє<> <0B5<0B8G=C <>45;P AD>@<C;P>20=>W 7040GV. 
#>7=0G8<> G5@57  ýÿ  3 :V;P:VABP ;8ABV2 B>2I8=>R 8 << @>7@V70=8E 70 V-< A?>A>1><; þĀ  3 :V;P:VABP ;8ABV2 B>2I8=>R 14 << @>7@V70=8E 70 j-< A?>A>1><; ÿ�  3 :V;P:VABP ;8ABV2 B>2I8=>R 16 << @>7@V70=8E 70 g-< 
A?>A>1><; ÿā  3 :V;P:VABP :><?;5:BV2 k-3> 284C. 

&>4V 7040G0 <>65 1CB8 70?8A0=0 B0:8< G8=><: ý = ÿ1 +ÿ2 +ÿ3 → ăþý 

{  
   
   
   
  
   
   
   
   
 ∑ þ1ÿýÿ41ÿ=1 = 5 ÿ1                             (1)∑ þ2ÿýÿ41ÿ=1 = 2 ÿ1 + 6ÿ3                (2)∑ ÿ1ĀþĀ125Ā=1 = 3ÿ3                             (3)∑ ÿ2ĀþĀ125Ā=1 = 3ÿ1                             (4)∑ Ā1ÿÿÿ49�=1 = ÿ2 + 2ÿ3                   (5)∑ ÿ3ĀþĀ125Ā=1 +∑ Ā2�ÿ�49�=1 = 2ÿ2 (6)∑ ÿ4ĀþĀ125Ā=1 +∑ Ā3�ÿ�49�=1 = 4ÿ3 (7)∑ ÿ5ĀþĀ125Ā=1 +∑ Ā4�ÿ�49�=1 = ÿ3   (8)∑ ýÿ41ÿ=1 f 514                                   (9)∑ þĀ125Ā=1 f 729                                (10)∑ ÿ�49�=1 f 386                               (11)ýÿ;  þĀ ;  ÿ�;  ÿā  g 0, �  ý     ∀ÿ, Ā, Ą, ā
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&CB >1<565==S  (1) 3 (8) >?8ACRBP C<>28 :><?;5:B=>ABV, (9) 3 
(11) 3 >1<565==S =0 :V;P:VABP =0S2=>W A8@>28=8. 

"B@8<0=0 7040G0 є 7040G5R FV;>G8A5;P=>3> ;V=V9=>3> 
?@>3@0<C20==S. �;S WW @>72’S7C20==S <>6CBP 1CB8 28:>@8AB0=V <5B>48 
FV;>G8A5;P=>3> ;V=V9=>3> ?@>3@0<C20==S 01> 52>;RFV9=V 0;3>@8B<8. 

� 40=V9 @>1>BV 7040GC 1C;> @>72’S70=> 70A>10<8 21C4>20=8E 
DC=:FV9 ?0:5B0 Excel. � @57C;PB0BV 1C;>  >B@8<0=> 3353 :><?;5:B0 
?5@H>3> 284C, 937 :><?;5:B0 4@C3>3> 284C V 7 B@5BP>3>. #@8 FP><C 1C;> 
@>7:@>є=> 486 ;8ABV2 B>2I8=>R 8 <<, 727 B>2I8=>R 14 << V 386 
B>2I8=>R 16 <<. 

�8A=>2:8: 28@VH5==S 40=>W 7040GV 4>?><>65 28:>@8AB0B8 =0S2=C 
A8@>28=C 7 =091V;PH>R 5D5:B82=VABR, ?@8 FP><C 4>B@8<02H8AP CAVE 
=5>1EV4=8E >1<565=P V 715@V3H8 :><?;5:B=VABP. *5 4>72>;8BP !�� 
«�>=A8<V» ?>:@0I8B8 28@>1=8G89 ?@>F5A V 7<5=H8B8  28B@0B8. 

 

 

 

'�� 004.9                               (4CB64?B6 І.�.1 %. �.,  4?VєA>B �.� 2 

 

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

 
!0 ?V4AB02V 0=0;V7C 2;0A=>3> <0@:5B8=3C, 287=0G5==S FV;59 V 70 

4>?><>3>R :;0A8DV:0FVW 28AB02>: <>6;82> 28:;RG8B8 BV 28AB02:8, S:V =5 
<>6CBP A?@8SB8 4>AS3=5==R =5>1EV4=8E FV;59 4;S 70<>2=8:V2 01> 
FV;P>2>W 0C48B>@VW. #V4E>4SI0, 74020;>AS 1, ?> B8?V B>20@C @53V>=0;P=0 
28AB02:0 =5 ?>28==0 9B8 2 @0EC=>:, S:I> <5B>R є ?5@A?5:B82=V 5:A?>@B=V 
C3>48. �;S FV;>3> @S4C B>20@V2 ?@8 0=0;V7V 28AB02>:, C S:8E ?@>?>=CєBPAS 
1@0B8 CG0ABP, A:;040єBPAS A8BC0FVS: ?VA;S ?>ABC?>2>3> 0=0;V7C, 
28:;RG5==S =52V4?>2V4=>3> A?V22V4=>H5==S 70S2=8:C :@>: 70 :@>:><, 
7@5HB>R 28:@8AB0;V7>2CєBPAS B0 A0<0 є48=0, ?@028;P=> >1@0=0 28AB02:0. 
%CBC6=5 1C20є, S:I> 4> @>73;S4C ?@89=SBV 1V;PH5 >4=VєW 28AB02:8.  

#VA;S B0:>3> - ?52=>R <V@>R B5>@5B8G=>3> - 281>@C 
@5:><5=4CєBPAS ?@>0=0;V7C20B8 >1@0=89 70EV4 A?>G0B:C S: 2V42V4C20G, 
I>1 >45@60B8 157?>A5@54=є 2@065==S 2V4 0B<>AD5@8 B0 2V4?>2V4=>ABV 
                                                             
1 ABC45=B 3@C?8 124-18-1, !&' «�=V?@>2AP:0 ?>;VB5E=V:0» 
2 :.B.=., 4>F5=B :0D54@8 A8AB5<=>3> 0=0;V7C V C?@02;V==S !&' «�=V?@>2AP:0 
?>;VB5E=V:0» 
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B5<0B8FV. &0: <>6=0 ?>10G8B8 9 ?V7=0B8 =0 4>A2V4V, S: ?@54AB02;5=V 
CG0A=8:8 9, 2V4?>2V4=>, :>=:C@5=B8 (@>7<V@ AB5=40, 28B@0B8 =0 
>D>@<;5==S AB5=40, ?>:07 B>20@C) V S: ?>2>4SBPAS 2V42V4C20GV 
(71V;PH5==S 2V42V4C20GV2 2 ?52=V 4=V, B@820;VABP ?5@51C20==S =0 AB5=40E). 
#>B@V1=> B0:>6 4V7=0B8AS, G8 є =0 28AB02FV BV, EB> ?@>?>=Cє 
0;PB5@=0B82=V B5E=VG=V @VH5==S V S:V 0@3C<5=B8 ?@82>4SBP 2>=8 
2V42V4C20G0< (FV=0, AB@>: ?>AB02:8, ?5@52038 C 28:>@8AB0==V). 
!0A0<?5@54, S:I> :>;> 72C65=5, 0;5 є 1V;PH5 >4=VєW 28AB02:8 =0 281V@, 
B> 1C45 <0B8 A5=A ?>?5@54=P> 2V42V40B8 BV 70E>48, S:V ?@>E>4SBP =0 
?>@S4:C 45==><C. �8B@0B8 2 :>6=><C @07V 1C4CBP =86G5, =V6 BV :>HB8, 
S:V 4>25;>AS 1 70B@0B8B8 =0 =0C:>289 @>7@0EC=>: B0 :>=AC;PB0FVW 
5:A?5@B=>W 3@C?8, ?@89=S2H8 E>G0 1 >4=5 AC<=V2=> ?@028;P=5 @VH5==S 
?@> CG0ABP. �;0A=89 B>20@ ?>28=5= 2V4?>2V40B8 B5<V 28AB02:8 9 1CB8 
?@8ACB=V< C =><5=:;0BC@V >@30=V70B>@0. �8AB02:0 ?>28==0 1CB8 
>@Vє=B>20=0 =0 :>=:@5B=V FV;P>2V 3@C?8. *V 42V C<>28 >1>2'S7:>2V [1].  

�@8B5@VW 281>@C 28AB02:8: 
- 2;0A=0 A8BC0FVS 9 <5B8 CG0ABV 2V4?>2V40RBP B5<V 28AB02:8; 
- ?@54AB02=8FP:89 A?5:B@ B>20@V2; 
- >E>?;5=> 2;0A=V 3@C?8 ?>:C?FV2; 
- ?5@51C20RBP =>2V FV;P>2V 3@C?8. 

�>6=0 28AB02:0 >FV=RєBPAS 7 @V7=8E B>G>: 7>@C. �28G09=>, 
3>;>2=89 ?0@0<5B@ 5D5:B82=>ABV - >1AS3 ?@>406V2 7 28AB02>G=8E 
:>=B0:BV2. �;5 >AB0B>G=89 28A=>2>: ?@> :><5@FV9=C 5D5:B82=VABP 
28AB02:8 <>6=0 7@>18B8 BV;P:8 G5@57 45S:V9 G0A, 01> D>@<0;P=> 4> 
?5@H>3> 25;8:>3> :;Vє=B0. � F5 <>65 1CB8 70=04B> ?V7=>, I>1 ?;0=C20B8 
CG0ABP C I>@VG=><C 70E>4V. �@V< B>3>, =5 702648 @57C;PB0B8 ?@>406V2 
A83=0;V7CRBP ?@> B5, I> 7@>1;5=> =5240;89 281V@ 28AB02:8, <>65 1CB8, 
28 =5240;> 281@0;8 ?@>402FV2, <>65 1CB8, 7 20H8<8 ?@>4C:B0<8 =5 2A5 2 
?>@S4:C 7 =><5=:;0BC@=>W A:;04>2>W. �0@V0=BV2 ?>SA=5==S =5240GV 702648 
1030B>. &><C 20@B> >?@0FP>2C20B8 @V7=V 20@V0=B8 72VBV2 ?@> 4VS;P=>ABV 
:><?0=VW B0:8< G8=><, I>1 7 WE=P>R 4>?><>3>R, S: 70 4>?><>3>R 
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AB2>@5==S ?@>DV;R A83=0;C, I> E0@0:B5@87Cє >GV:C20=C ?>254V=:C 
<5@56=>3> B@0DV:C. ' ?@>F5AV 2592;5B-@>7:;040==S/@5:>=AB@C:FVW 
28EV4=V A83=0;8 ?5@5B2>@RRBPAS =0 =01V@ :>5DVFVє=BV2 2592;5B-
0?@>:A8<0FVW, S:V ?@54AB02;SRBP ?@81;87=5 72545==S A83=0;C, >A:V;P:8 
?V4 G0A DV;PB@0FVW 45B0;V 2840;SRBPAS [2]. ->1 >FV=8B8 ?0@0<5B@8 ARX V 
735=5@C20B8 <>45;P ?@>3=>7C20==S, 28:>@8AB>2CRBPAS 2592;5B-
:>5DVFVє=B8 @V7=8E G0AB8= =02G0;P=8E 40=8E 2 S:>ABV 2EV4=8E 40=8E B0 
40=8E 4;S ?V41>@C <>45;V. #@>F5A ?V43>=:8 ARX 28:>@8AB>2CєBPAS 4;S 
>FV=:8 >?B8<0;P=8E ?0@0<5B@V2 =0 >A=>2V <5B>4C =09<5=H8E :204@0BV2.  
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#VA;S B>3>, S: 1C45 >B@8<0=0 <>45;P ?@>3=>7C20==S 4;S 
=>@<0;P=>3> <5@5652>3> B@0DV:C, WW <>6=0 28:>@8AB>2C20B8 4;S 
V45=B8DV:0FVW 0=><0;P=8E A83=0;V2 2V4 =>@<0;P=8E. �>;8 2EV4=V 40=V 
<>45;V 2:;RG0RBP ;8H5 =>@<0;P=89 B@0DV:, WW 28EV4=V 40=V, 720=V 
70;8H:0<8, 1C4CBP 1;87P:V 4> 0, I> >7=0G0є, I> ?@>3=>7>20=5 7=0G5==S, 
735=5@>20=5 <>45;;R, 1;87P:5 4> D0:B8G=8E 2EV4=8E =>@<0;P=>W 
?>254V=:8. � V=H><C 28?04:C, :>;8 2EV4=V 40=V 4;S <>45;V 2:;RG0RBP 
=>@<0;P=89 B@0DV: B0 0=><0;P=89 B@0DV:, 70;8H:8 2:;RG0B8<CBP 157;VG 
?V:V2, 45 28=8:0RBP 0=><0;VW. �0;8H:8 22>4SBPAS 2 <5E0=V7< ?@89=SBBS 
@VH5=P ?@> 2B>@3=5==S, 2 S:><C ?@0FRє 0;3>@8B< 28S2;5==S 28:84V2, I> 
?@89<0є @VH5==S ?@> <>6;825 2B>@3=5==S. 

�0?@>?>=>20=89 ?V4EV4 4> 28S2;5==S <5@56528E 0=><0;V9 
70A=>20=89 =0 2592;5B-?5@5B2>@5==V B0 B5>@VW A8AB5<=>W V45=B8DV:0FVW. 
�EV4=89 A83=0; є 15-<V@=8< 25:B>@>< >7=0:, S:89 287=0G5=89 4;S 
E0@0:B5@8AB8:8 ?>254V=:8 <5@56528E ?>B>:V2. �2545=> <>45;P 
?@>3=>7C20==S 4;S =>@<0;P=>3> B@0DV:C, 2 S:V9 2592;5B-:>5DVFVє=B8 
2V4V3@0RBP 206;82C @>;P, >A:V;P:8 2>=8 28:>@8AB>2CRBPAS S: 7>2=VH=V 
2EV4=V 40=V 4;S <>45;V ARX, S:0 ?@>3=>7Cє :>5DVFVє=B 0?@>:A8<0FVW 
A83=0;C. �8EV4=V 40=V <>45;V ?@>3=>7C20==S B@0DV:C 28<V@RRBP @V7=8FR 
<V6 =>@<0;P=>R B0 0=><0;P=>R 0:B82=VABR. �<?V@8G=V A?>AB5@565==S 
?>:07CRBP, I> 25@H8=8 70;8H:V2 702648 2V4?>2V40RBP <VAFS<, 45 
2V41C20RBPAS 0B0:8. !040;V ?;0=CєBPAS ?@>25AB8 0=0;V7 5D5:B82=>ABV 
A8AB5<8 =0 >A=>2V =01>@C 40=8E DARPA 7 28:>@8AB0==S< @>7@>1;5=>3> 
?V4E>4C 28S2;5==S 0=><0;V9. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. Ryan, J. Intrusion detection with neural networks. Advances in 

neural information processing systems / J. Ryan. 3 Morgan Kaufmann 

Publishers, 2002. 3 989 p. 

2. Kukielka, P. Analysis of different architectures of neural networks 

for application in intrusion detection systems. International Multiconference 

on Computer Science and Information Technology / P. Kukielka. 3 IMCSIT, 

2008. 3 811 p. 
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'�� 004.942 : 519.876.5 

�>78@1 %. �., /FC=2 �. �. 
 

 

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

$���Ь!" ' +�%� 
 

#@>F5A8 AB2>@5==S, 5:A?;C0B0FVW B0 @>728B:C A:;04=8E ?@8@>4=8E V 
HBCG=8E A8AB5< AC?@>2>46CRBPAS =5287=0G5=VABR, S:0 є @57C;PB0B>< 
@>7<8B>ABV FV;59, =5?>2=>B8 28EV4=>W V=D>@<0FVW, AC1'є:B82=>ABV V459 ?@> 
<091CB=V ?@>F5A8 V :@8B5@VW2 WE >FV=:8. �=865==S =5287=0G5=>ABV 
4>AS30єBPAS H;SE>< ?5@5410G5==S V ?@>3=>7C20==S V, S: =0A;V4>:, 
>1'є:B82=>ABV AC1'є:B82=8E @VH5=P. 

�> AP>3>4=VH=P>3> 4=S =5 @>7@>1;5=V <5B>48, S:V 1C;8 1 
V=20@V0=B=8<8 4> @>7<V@=>ABV V 7<VABC >1;0ABV 40=8E, AB@C:BC@8 V 
?0@0<5B@V2 FV;P>2>W DC=:FVW [1]. $CE0RG8AP C FP><C =0?@S<:C, =570;56=> 
@V7=8<8 2G5=8<8 1C;8 70?@>?>=>20=V ?0@0483<8, I> 107CRBPAS =0 V45SE 
V ?@8=F8?0E ?@8@>4=>W 52>;RFVW B0 A0<>>@30=V70FVW. �>:@5<0, F5 <5B>4 
3@C?>2>3> 2@0EC20==S 0@3C<5=BV2 ( ���, GMDH), 70 4>?><>3>R S:>3> 
<>6=0 >B@8<0B8 1C4P-S:V A:;04=V 70;56=>ABV 70 =0S2=>ABV <V=V<0;P=>W 
?>?5@54=P>W V=D>@<0FVW [2]. 

$>7@>1;5=> <>45;V 70;56=>AB59 A>1V20@B>ABV B>20@=>W ?@>4C:FVW 2V4 
2V4><8E B5E=V:>-5:>=><VG=8E ?>:07=8:V2 VB5@0FV9=8<  ��� B0 
70?@>?>=>20=> 4> 0@EVB5:BC@8 A8AB5<8 4;S ?@>3=>7C20==S 40=8E C 
@50;P=><C G0AV 2:;RG8B8  =0ABC?=V :><?>=5=B8 (@8A. 1): 

1. GitHub. #>AB0G0;P=8: �=B5@=5B-E>AB8=3C 4;S @>7@>1:8 
?@>3@0<=>3> 70157?5G5==S B0 :>=B@>;R 25@AV9 70 4>?><>3>R Git. �V= 
?@>?>=Cє DC=:FVR @>7?>4V;5=>3> :>=B@>;R 25@AV9 B0 C?@02;V==S 
28EV4=8< :>4>< (SCM) Git, 0 B0:>6 A2>W 2;0A=V DC=:FVW. �0157?5GCє 
:>=B@>;P 4>ABC?C B0 :V;P:0 DC=:FV9 A?V;P=>W @>1>B8, B0:8E S: 
2V4AB565==S ?><8;>:, 70?8B8 =0 DC=:FVW, C?@02;V==S 70240==S<8, 
157?5@5@2=0 V=B53@0FVS B0 ?@>3@0<8 4;S :>6=>3> ?@>5:BC. 

2. CircleCI. #VA;S 02B>@870FVW B0 4>4020==S AE>28I0 ?@>3@0< =0 
GitHub 01> Bitbucket 4> ?@>5:BC =0 https://circleci.com/ [3], :>6=0 7<V=0 
:>4C 28:;8:0є 02B><0B87>20=V B5AB8 2 G8AB><C :>=B59=5@V 01> 
2V@BC0;P=V9 <0H8=V. CircleCI 28:>=Cє :>6=5 70240==S 2 >:@5<><C 

                                                             
1 0A8AB5=B :0D54@8 A8AB5<=>3> 0=0;V7C B0 C?@02;V==S !&' «�=V?@>2AP:0 
?>;VB5E=V:0» 
2 ABC45=B 3@C?8 124-21<-1, !&' «�=V?@>2AP:0 ?>;VB5E=V:0» 

https://circleci.com/
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:>=B59=5@V 01> 2V@BC0;P=V9 <0H8=V. &>1B> :>6=>3> @07C, :>;8 20H5 
70240==S 70?CA:0єBPAS, CircleCI >15@B0є :>=B59=5@ 01> 2V@BC0;P=C 
<0H8=C 4;S 70?CA:C 70240==S. 

 

 

$8AC=>: 1 3 �@EVB5:BC@0 A8AB5<8 

3. Unit tests. ' :><?'RB5@=><C ?@>3@0<C20==V <>4C;P=5 B5ABC20==S 
3 F5 <5B>4 B5ABC20==S ?@>3@0<=>3> 70157?5G5==S, 70 4>?><>3>R S:>3> 
>:@5<V >48=8FV 28EV4=>3> :>4C 3 =01>@8 >4=>3> 01> 45:V;P:>E <>4C;V2 
:><?'RB5@=>W ?@>3@0<8 @07>< V7 2V4?>2V4=8<8 40=8<8 C?@02;V==S, 
?@>F54C@0<8 28:>@8AB0==S B0 >?5@0FV9=8<8 ?@>F54C@0<8 3 B5ABCRBPAS, 
I>1 287=0G8B8, G8 ?@840B=V 2>=8 4;S 28:>@8AB0==S. 

4. Integration tests. �=B53@0FV9=5 B5ABC20==S (V=>4V 9>3> =07820RBP 
V=B53@0FVєR B0 B5ABC20==S<, A:>@>G5=> I&T) 3 F5 5B0? B5ABC20==S 
?@>3@0<=>3> 70157?5G5==S, 2 S:><C >:@5<V ?@>3@0<=V <>4C;V 
?>є4=CRBPAS B0 B5ABCRBPAS S: 3@C?0.  

5. �51-A5@25@ 4;S E>AB8=3C 251-4>40B:C. 
6. Nginx, 3 F5 251-A5@25@, S:89 B0:>6 <>65 28:>@8AB>2C20B8AS S: 

72>@>B=89 ?@>:AV-A5@25@, 10;0=AC20G =020=B065==S, ?>HB>289 ?@>:AV-



64 
 

A5@25@ B0 HTTP :5H. Nginx 3 F5 157:>HB>2=5 ?@>3@0<=5 70157?5G5==S 7 
2V4:@8B8< :>4><. �5;8:0 G0AB8=0 251-A5@25@V2 28:>@8AB>2Cє NGINX, 
G0AB> 4;S 10;0=AC20==S =020=B065==S. 

7. Django - F5 28A>:>S:VA=89 251-D@59<2>@: Python, 157:>HB>2=89 
B0 7 2V4:@8B8< :>4><. 

8. *V;P>289 0;3>@8B<, 2 40=><C 28?04:C 70AB>A>2CєBPAS GMDH , 

<>65 1CB8 70<V=5=89 =0 1C4P S:89 V=H89. 
9. �51-A09B. !0 40=89 <><5=B C @>7@>1FV. �0 ?>A8;0==S< 

https://arthuryatsun.com  <>6=0 A;V4:C20B8 70 AB0=>< @>7@>1:8. 
10.  Redis 3 F5 AE>28I5 40=8E C ?0<’SBV, I> 28:>@8AB>2CєBPAS S: 

@>7?>4V;5=0 1070 ?0<’SBV :;RG-7=0G5==S 2 ?0<’SBV, :5H-?0<’SBP B0 
?>A5@54=8: ?>2V4><;5=P V7 =5>1>2’S7:>2>R 4>23>2VG=VABR. ' A8AB5<V 
70AB>A>2CєBPAS C S:>ABV 1078 4;S 715@V30==S 40=8E S:V 265 :>;8AP 
70?CA:0;8AP :>@8ABC20G5< 2@CG=C B0 28:;8:0;8 25;8:5 =020=B065==S =0 
A8AB5<C. 

11.  MySQL 3 F5 A8AB5<0 C?@02;V==S @5;SFV9=8<8 1070<8 40=8E 7 
2V4:@8B8< :>4><. ' A8AB5<V 70AB>A>2CєBPAS 4;S B>3> I>1 715@V30B8 40=V 
<0=C0;P=8E 70?CA:V2 :>@8ABC20GV2. 

12.  Apache Beam 3 F5 C=VDV:>20=0 <>45;P ?@>3@0<C20==S 7 
2V4:@8B8< :>4>< 4;S 287=0G5==S B0 28:>=0==S :>=25є@V2 >1@>1:8 40=8E, 
2:;RG0RG8 ETL, ?0:5B=C B0 ?>B>:>2C (157?5@5@2=C) >1@>1:C. �>=25є@8 
Beam 287=0G0RBPAS 7 28:>@8AB0==S< >4=>3> V7 =040=8E SDK V 
28:>=CRBPAS 2 >4=><C 7 ?V4B@8<C20=8E @>7?>4V;5=8E D>=>28E ?@>F5AV2 
>1@>1:8, 2:;RG0RG8 Apache Flink, Apache Samza, Apache Spark B0 Google 
Cloud Dataflow. 

13.  Google Cloud Storage 3 F5 RESTfull 251-A5@2VA 4;S 715@V30==S 
D09;V2 B0 4>ABC?C 4> 40=8E 2 V=D@0AB@C:BC@V Google Cloud Platform. 
#>A;C30 ?>є4=Cє ?@>4C:B82=VABP B0 <0AHB01>20=VABP E<0@8 Google 7 
@>7H8@5=8<8 <>6;82>ABS<8 157?5:8 B0 A?V;P=>3> 28:>@8AB0==S. 
�0AB>A>2CєBPAS 4;S B>3> I>1 715@V30B8 H01;>=8 :>4C Apache Beam. 

14.  Google Cloud Dataflow 3 F5 ?>2=VABR :5@>20=0 A;C610 4;S 
70?CA:C :>=25є@V2 Apache Beam 2 5:>A8AB5<V Google Cloud Platform. 

15.  #>2=VABR :5@>20=0 A;C610 >@30=V70FVW @>1>G8E ?@>F5AV2, 
?>1C4>20=0 =0 Apache Airflow. �0AB>A>2CєBPAS 4;S B>3> I>1 @>18B8 
70?8B8 2 Dataflow :>B@V 70AB>A>2CRBP Apache Beam :>4. !0?@8:;04, S:I> 
70 A?5F8DV:0FVS<8 ?>B@V1=> ?5@5410G0B8 40=V :>6=V 30 A5:C=4.  >6=0 
2:070B8 1C4P S:89 V=B5@20; G0AC. 

16.  GCP Pub/Sub. � 0@EVB5:BC@V ?@>3@0<=>3> 70157?5G5==S 
?C1;V:0FVS (publish) / ?V4?8A (subscription) 3 F5 H01;>= >1<V=C 
?>2V4><;5==S<8. "?C1;V:C20B8 / ?V4?8A0B8AP 3 ?0@0483<0 G5@38 
?>2V4><;5=P V 70728G09 є G0AB8=>R 1V;PH>W >@Vє=B>20=>W =0 ?>2V4><;5==S 
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A8AB5<8 ?@><V6=>3> ?@>3@0<=>3> 70157?5G5==S. *59 H01;>= 70157?5GCє 
1V;PHC <0AHB01>20=VABP <5@56V B0 1V;PH 48=0<VG=C B>?>;>3VR <5@56V, 2 
@57C;PB0BV G>3> 7<5=HCєBPAS 3=CG:VABP <>48DV:0FVW 28402FS B0 AB@C:BC@8 
>?C1;V:>20=8E 40=8E. �0AB>A>2CєBPAS I>1 H284:> B0 =04V9=> 715@V30B8 
B0 2V4?@02;SB8 40=V C @50;P=><C G0AV. 

17.  �65@5;> >B@8<0==S 40=8E C @50;P=><C G0AV. 
18.  BigQuery 3 F5 ?>2=VABR :5@>20=5 AE>28I5 40=8E (=5 =0 A5@25@V), 

I> 70157?5GCє <0AHB01>20=89 0=0;V7 ?5B0109B 40=8E. *5 ?;0BD>@<0 S: 
?>A;C30 (PaaS), S:0 ?V4B@8<Cє 70?8B8 70 4>?><>3>R ANSI SQL. �V= B0:>6 
<0є 21C4>20=V <>6;82>ABV <0H8==>3> =02G0==S. BigQuery 70157?5GCє 
7>2=VH=V9 4>ABC? 4> B5E=>;>3VW Google Dremel, <0AHB01>20=>W, 
V=B5@0:B82=>W A8AB5<8 A?5FV0;P=8E 70?8BV2 4;S 0=0;V7C 2:;045=8E 40=8E. 
�0AB>A>2CєBPAS 4;S B>3> I>1 715@V30B8 @57C;PB0BC @>1>B8 0;3>@8B<C. 

19.  #;0=CєBPAS 70AB>AC20==S 45:V;P:>< BigQuery 40B0A5BV2 4;S 
=04V9=>ABV A8AB5<8 B0 715@V30==S ?><8;>: 4;S WE ?>40;PH>W >1@>1:8. 

20.  � >1G8A;R20;P=8E AE>28I0E 40=8E (DW 01> DWH), B0:>6 
2V4><8E S: :>@?>@0B82=V AE>28I0 40=8E (EDW), є A8AB5<>R, S:0 
28:>@8AB>2CєBPAS 4;S 72VB=>ABV B0 0=0;V7C 40=8E V 22060єBPAS :;RG>28< 
:><?>=5=B>< 1V7=5A-0=0;VB8:8. DW 3 F5 F5=B@0;P=V AE>28I0 
V=B53@>20=8E 40=8E 7 >4=>3> 01> 45:V;P:>E @V7=8E 465@5;. �>=8 
715@V30RBP ?>B>G=V B0 VAB>@8G=V 40=V 2 >4=><C <VAFV, S:V 
28:>@8AB>2CRBPAS 4;S AB2>@5==S 0=0;VB8G=8E 72VBV2 4;S @>1VB=8:V2 =0 
2AP><C ?V4?@8є<AB2V. �0=V <>6CBP ?@>E>48B8 G5@57 >?5@0B82=5 AE>28I5 
40=8E V <>65 28<030B8 >G8I5==S 40=8E 4;S 4>40B:>28E >?5@0FV9, I>1 
70157?5G8B8 S:VABP 40=8E, ?5@H =V6 WE 28:>@8AB>2C20B8 2 DW 4;S 
72VB=>ABV. �8BS3, ?5@5B2>@5==S, =020=B065==S (ETL) B0 28BS3, 
=020=B065==S, ?5@5B2>@5==S (ELT) 3 420 >A=>2=V ?V4E>48, I> 
28:>@8AB>2CRBPAS 4;S ?>1C4>28 A8AB5<8 AE>28I0 40=8E. 

21.  �V7=5A 0=0;V7 >B@8<0=8E @57C;PB0BV2. 
22.  �>@8ABC20G. 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

1. %=8BR: �. Є. #@>3=>7C20==S.  >45;V, <5B>48, 0;3>@8B<8. 
[&5:AB]: !02G. ?>AV1=8:. /�. Є. %=8BR:. 3 �.: « 0:;0CB», 2008. 3 364 A. 

2. �20E=5=:> �. �., %02G5=:> �. �. �AA;54>20=85 QDD5:B82=>AB8 
<5B>40 4>>?@545;5=8S 2O1>@0 <>45;8 2 7040G0E <>45;8@>20=85< A 
?@8<5=5=85<  �'� // #@>1;5<O C?@02;5=8S 8 8=D>@<0B8:8. 3 2008. 3 
7 2. 3 C. 65376 

3. CircleCI. https://circleci.com/docs/2.0/about-circleci/ 
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$>728B>: B0 2?@>20465==S ACG0A=8E B5E=>;>3V9 C AD5@V 
3@><04AP:>3> B@0=A?>@BC C <VAB0E 7C<>282 ?>B@51C 28@VH8B8 ?@>1;5<C 
48=0<VG=>W 2D-2V7C0;V70FVW ?0A068@>?>B>:V2. %B2>@5==S =>28E 70A>1V2 B0 
V=AB@C<5=BV2, I> 1C4CBP ?>:@0IC20B8 >1<V= 40=8<8 <V6 :@8B8G=8<8 
AB@C:BC@=8<8 G0AB8=0<8 V=B5;5:BC0;P=8E A8AB5<, 70AB>A>2C20=8E ?V4G0A 
=040==S B@0=A?>@B=8E ?>A;C3 3@><04AP:8E ?5@52575=P, =01C20є 
206;82>ABV ?@8 @>7H8@5==V 25;8:8E <VAB 7 4>?><>3>R ACG0A=8E 
B5E=>;>3V9. 

�=0G=>R C<>2>R 5D5:B82=>3> 3>A?>40@R20==S =0 @8=:0E =040==S 
B@0=A?>@B=8E ?>A;C3 є ?V428I5==S WE S:>ABV [1]. %5@54 ?>:07=8:V2 S:>ABV 
?>A;C3 ?0A068@AP:8E ?5@52575=P C <VAB0E 206;828<8 є 2G0A=VABP 
?5@52575==S ?0A068@V2 2V4?>2V4=> 4> @>7:;04C, 2V4ACB=VABP ?5@5?>2=5==S 
B@0=A?>@BC 2 G0A ?V:, G0A >GV:C20==S ?0A068@V2 =0 7C?8=FV B>I> [2]. 
#5@5;VG5=V E0@0:B5@8AB8:8 BVA=> 72’S70=V V7 ?0A068@>?>B>:0<8 =0 
?5@53>=0E B0 ?0A068@>>1<V=>< =0 7C?8=:0E. "A=>2=>R AB@C:BC@=>R 
>48=8F5R ?0A068@>?>B>:C є ?0A068@, S:89 ?5@5<VICєBPAS C G0AV V 
?@>AB>@V =0 B@0=A?>@B=><C 70A>1V. �@>AB0==S :V;P:>ABV ?0A068@V2 
B@0=AD>@<Cє 28<>38 4> S:>ABV 3@><04AP:8E ?5@52575=P C <VAB0E.  

�70є<>70;56=VABP <V6 D0:B>@0<8 B0 ?>:07=8:0<8, 70 S:8<8 
2V41C20єBPAS >FV=:0 S:>ABV ?0A068@AP:8E ?5@52575=P ?>B@51Cє 
2V7C0;V70FVW ?0A068@>?>B>:V2 [3], I> ?V4B25@46Cє 0:BC0;P=VABP ?@>1;5<8. 

%5@54 =0C:>2FV2 282G5==R ?0A068@>?>B>:V2 2V42>48;>AS 70<0;> 
C2038, 27030;V, I5 <5=H5 3 WE ACB=>ABV B0 2V7C0;V70FVW =0 <0@H@CB0E 
3@><04AP:>3> B@0=A?>@BC. �87=0G5=>, I> ?>=SBBS ?0A068@>?>B>:C 
D>@<CєBPAS S: AC:C?=VABP 42>E ?>=SBP, 0 A0<5: ?0A068@>?>BV: =0 
?5@53>=0E B0 ?0A068@>>1<V= =0 7C?8=:0E [4]. 

"1’є:B 4>A;V465==S 3 ?@>F5A 2D-2V7C0;V70FVW ?0A068@>?>B>:V2 =0 
<0@H@CB0E 3@><04AP:>3> B@0=A?>@BC. #@54<5B 4>A;V465==S 3 <5B>48 B0 
70A048 2D-2V7C0;V70FVW B0 ?@>3=>7C20==S ?0A068@>?>B>:V2 =0 <VAP:8E 
<0@H@CB0E.  5B0 4>A;V465==S: ?>:@0I5==S ?@8201;82>ABV 3@><04AP:>3> 

                                                             
1 ABC45=B 3@C?8 %� -21, !' «�P2V2AP:0 ?>;VB5E=V:0» 
2 4>:B>@0=B :0D54@8 �% , !' «�P2V2AP:0 ?>;VB5E=V:0», :. B. =., 4>F5=B 



67 
 

B@0=A?>@BC 4;S <5H:0=FV2 <VAB 7024S:8 7@>AB0==R S:>ABV ?5@52575=P 
?0A068@V2 G5@57 C?@02;V==S ?0A068@>?>B>:0<8. 

' @>1>BV ?@>2545=> 0=0;V7 VA=CRG8E B0 0:BC0;P=8E =0C:>28E 
@>7@>1>: B0 ;VB5@0BC@=8E 465@5;, 2 S:8E =02545=V ?5@52038 =0 =54>;V:8 
25;8:>W :V;P:>ABV @V7=8E 0;3>@8B<V2 B0 A?>A>1V2, ?V4E>4V2 B0 <5B>4V2 4;S 
28@VH5==S ?@>1;5< 2D-2V7C0;V70FVW ?0A068@>?>B>:V2 =0 3@><04AP:8E 
<0@H@CB0E <VAB0. /: @57C;PB0B ?@>2545=8E 4>A;V465=P 2AB0=>2;5=> 
ABV9:V 72’S7:8 <V6 D0:B>@0<8 B0 :@8B5@VS<8, S:V ?@8G5B=V 4> >FV=R20==S 
S:>ABV B@0=A?>@B=8E ?>A;C3 7 ?5@52575==S ?0A068@V2. 

�8:>=0=> A8AB5<=89 0=0;V7 ?@>є:B>20=>W A8AB5<8, AB2>@5=> 
?@8:;048 AB@C:BC@8 V=B5;5:BC0;P=>W A8AB5<8 2D-2V7C0;V70FVW 
?0A068@>?>B>:V2. #@>0=0;V7>20=>, S:V 72’S7:8 A8AB5<0 <0є V7 206;828<8 
5;5<5=B0<8 7>2=VH=P>3> A2VBC. �;S 2V7C0;P=>3> ?@54AB02;5==S AB2>@5=> 
4V03@0<8 20@V0=BV2 28:>@8AB0==S, :;0AV2, ?>A;V4>2=>ABV, AB0=V2 B0 
4VS;P=>ABV 2V4?>2V4=> 4> =>B0FVW UML (@8A.1). 
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%B2>@5=> 2;0A=V, C=V:0;P=V 0;3>@8B<8 4;S 2V4>1@065==S 2V7C0;V70FVW 
C 42>E @V7=8E @568<0E: AE5<0B8G=><C (@8A. 2) B0 «=0 :0@BV». ' @568<V «=0 
:0@BV» (@8A. 3) CA?VH=> 70AB>A>20=> A?>AV1 >1G8A;5==S 40=8E ?@> 
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?5@5<VI5==S B@0=A?>@B=8E >48=8FP =0 <0@H@CBV 4;S 2D-2V7C0;V70FVW =0 
5:@0=V 7 2@0EC20==S< @50;P=8E 7=0G5=P 35>3@0DVG=8E :>>@48=0B C A2VBV. 
*5 4>72>;8;> C=8:=CB8 70928E ?><8;>: B0 =5B>G=>AB59 ?V4 G0A 
>1G8A;5=P. 
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$>7@>1;5=> =59@>==C <5@56C, S:0 DC=:FV>=Cє 70 4>?><>3>R 

0;3>@8B<C =02G0==S RMSprop. (C=:FVS ?@>3=>7C20==S @50;V7>20=0 70 
4>?><>3>R =59@>==>W <5@56V. �;S WW 0:B820FVW :>@8ABC20GC =5>1EV4=> 
=0B8A=C =0 :=>?:C «!02G8B8 =59@>==C <5@56C». #@>3@0<0 ?5@5945 C 
@568< =02G0==S, ?VA;S S:>3> AB2>@8BPAS D09; (C FP><C ?@8:;04V 4;S 
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>1@0=>3> @0=VH5 <0@H@CBC) «�15_new.xlsx». *5 D09; :>@8ABC20G 
70?>2=Rє =>28< @>7:;04>< B@0=A?>@B=>3> 70A>1C (@8A. 4). 

 

 
$8AC=>: 4 3 �0?>2=5=89 D09; 7 =>28< @>7:;04>< 

 

#VA;S 70?>2=5==S D09;C :>@8ABC20G <0є <>6;82VABP 281@0B8 :=>?:C 
«�V7C0;V7C20B8 AE5<0B8G=>». �3>4>< ?VA;S =5 B@820;>3> 7020=B065==S 
2V41C48BPAS ?@>3=>7C20==S 40=8E V 2V4>1@078BPAS =>289 283;S4 
AE5<0B8G=>3> @568<C 7 CAV<0 28I5 >?8A0=8<8 DC=:FVS<8 (@8A. 5).  
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>1ґ@C=BC20B8 4>FV;P=VABP 7<V=8 @>7:;04C B@0=A?>@B=>3> 70A>1C, I> 
:C@ACє =0 <0@H@CBV, 7 <5B>R 1V;PH 5D5:B82=>3> 28:>@8AB0==S ?5@53>=V2 
2 G0A8 ?V:. 

�8A=>2:8. "B65, 7 <5B>R ?V428I5==S 4;S <5H:0=FV2 <VAB 
?@8201;82>ABV @>1>B8 3@><04AP:>3> B@0=A?>@BC AB2>@5=> 4;S :><?0=V9-

?5@52V7=8:V2 ?@>3@0<=89 ?@>4C:B, I> 2V7C0;V7CRG8 ?0A068@>?>B>:8, 
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A?@8Sє 71V;PH5==R S:>ABV =040=8E ?>A;C3 3@><04AP:8E ?5@52575=P C 
<560E <VAB0. �06;82C @>;P 2 @>1>BV ?@>3@0<=>3> 70A>1C ?>AV40є 
28:>@8AB0==R D>@<0BC GTFS, I> є 287=0=8< C 2AP><C A2VBV AB0=40@B>< 
4;S ?>40==S 40=8E <0@H@CBV2 3@><04AP:>3> B@0=A?>@BC. �0=0 ?5@52030 
4>72>;8;0 =040B8 A8AB5<V 1V;PH5 C=V25@A0;P=>ABV V ?@0:B8G=>ABV C 
70AB>AC20==V. ' @57C;PB0BV @>1>B8 :>=B@>;P=>3> ?@8:;04C 2D-2V7C0;V70FVW 
?0A068@>?>B>:V2 2 48=0<VG=V9 <>45;V =0 >A=>2V OpenGL >B@8<0=> 
?V4B25@465==S ?@0F5740B=>ABV @>7@>1;5=>3> ?@>3@0<=>3> ?@>4C:BC B0 
4>2545=> 2V4?>2V4=VABP @57C;PB0BV2 ?>AB02;5=8< 70240==S<. 

*V;P>28<8 0C48B>@VS<8 4;S 28:>@8AB0==S V=B5;5:BC0;P=>W A8AB5<8 
2D-2V7C0;V70FVW ?0A068@>?>B>:V2 є 45@602=V, :><C=0;P=V, ?@820B=V 
?V4?@8є<AB20 B0 :><?0=VW, S:V 74V9A=RRBP 3@><04AP:V ?5@52575==S C 
<560E <VAB0E. %B>A>2=> ?0A068@V2, 70?@>?>=>20=0 V=B5;5:BC0;P=0 
A8AB5<0 ?>:;8:0=0 A?@8SB8 7<5=H5==R ?5@5?>2=5=>ABV B@0=A?>@B=8E 
>48=8FP 3@><04AP:>3> B@0=A?>@BC B0 =0FV;5=0 =0 ?>:@0I5==S @>7:;04C 
:C@AC20==S B@0=A?>@B=8E 70A>1V2 =0 <0@H@CB0E. 
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Intelligent system of visual simulation of passenger flows. CEUR Workshop 
Proceedings, (2604), 9063920. 

3. Bublyk, M., Matseliukh, Y., Motorniuk, U., & Terebukh, M. 

(2020). Intelligent system of passenger transportation by autopiloted electric 

buses in Smart City. CEUR Workshop Proceedings, (2604), 128031294. 

4. Matseliukh, Y., Bublyk, M., & Vysotska, V. (2021). 

Development of intelligent system for visual passenger flows simulation of 

public transport in smart city based on neural network. CEUR Workshop 

Proceedings, (2870), 108731138. 

5. Lytvyn, V., Bublyk, M., Vysotska, V., & Matseliukh, Y. 

(2022). Visual simulation technology for passenger flows in the public 

transport field at smart Aity. Radio Electronics, Computer Science, Control, 
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 5B>48 :;0AB5@870FVW 70AB>A>2CRBP C @V7=8E 30;C7SE =0C:8 4;S 
287=0G5==S 3@C? ?>4V1=8E 70 >7=0:0<8 >1’є:BV2. �;S ACG0A=8E :5@V2=8:V2 
<>65 1CB8 :>@8A=8< 28S2;5==S ?@>1;5<=8E :;0AB5@V2 4;S 7>A5@5465==S 
@5AC@AV2 ?V4?@8є<AB20 =0 ?5@A?5:B82=VH8E =0?@S<0E. �;S 
<0@:5B8=3>28E 4>A;V465=P :;0AB5@=89 0=0;V7 4>72>;Sє 28S2;SB8 
70:>=><V@=>ABV A57>==>W 0:B82=>ABV ?>:C?FV2. ' 5;5:B@>==V9 :><5@FVW 
70AB>A>2CєBPAS B0@35BC20==S 0C48B>@VW 4;S ?V428I5==S 5D5:B82=>ABV 
?@>AC20==S B>20@V2 B0 ?>A;C3. � C@0EC20==S< =02545=8E <V@:C20=P, 
=0?@S< 4>A;V465=P FVєW @>1>B8 <>65 22060B8AS 0:BC0;P=8<. 

 5B>R @>1>B8 є AB2>@5==S ?@>3@0<=>3> ?@>4C:BC C 283;S4V 
1V1;V>B5:8 <>28 ?@>3@0<C20==S Python, S:0 AB2>@R20B8<5 =01>@8 40=8E 
A:;04=>W D>@<8 4;S ?5@52V@:8 @>1>B8 @V7=8E 0;3>@8B<V2 :;0AB5@870FVW. 

$>1>B0 є ?@>4>265==S< 4>A;V465==S [1], 2 @0<:0E S:>3> AB2>@5=> 
0;3>@8B< :;0AB5@870FVW « 5B>4 V=:@5<5=B0;P=8E AD5@», ?@>3@0<=0 
@50;V70FVS S:>3> B0:>6 28:>@8AB0=0 =0  

 "A:V;P:8 C 1V1;V>B5FV Python Scikit-learn є =87:0 <5B>4V2 4;S 
AB2>@5==S B0: 720=8E «V3@0H:>28E» 40B0A5BV2 4 :>;8 28?04:>2V B>G:8 
AB2>@RRBP ?52=V AB@C:BC@8, =0 S:8E =0>G=> <>6=0 >FV=8B8, S: B>9 G8 
V=H89 <5B>4 :;0AB5@870FVW <>65 ?5@5410G8B8 FV AB@C:BC@=V 3@C?8. 

 ' @0<:0E FVєW @>1>B8 @>7@>1;5=> ?@>3@0<=89 ?@>4C:B ?>4V1=>3> 
?@87=0G5==S. �V= <>65 AB2>@R20B8 =01>@8 3-28<V@=8E 40=8E, S:V 70 
AB@C:BC@>R 1C4CBP AE>6V =0 D@03<5=B8 B5:ABC. /:I>, =0?@8:;04, C 3-

<V@=><C ?@>AB>@V, F59 "B5:AB" 1C45 70:@CG5=89 C A?V@0;P, B> B0:V 40=V 
1C4CBP FV:02V 4;S >FV=R20==S @57C;PB0BV2 @>1>B8 <5B>4V2 :;0AB5@870FVW - 
G8 7<>6CBP 2>=8 284V;8B8 >:@5<V ";VB5@8" 2 :;0AB5@8. 

 #5@H89 5B0? @>1>B8 ?@>3@0<8 4 AB2>@5==S B0 >1@>1:0 
7>1@065==S. !0 FP><C 5B0?V 70 4>?><>3>R ?0:5BC Matplotlib 
2V7C0;V7CєBPAS B5:AB C 283;S4V G>@=>-1V;>3> 7>1@065==S , S:5 ?>BV< 
B@0=AD>@<CєBPAS C 42>28<V@=89 <0A82 G8A5;P=8E 7=0G5=P ?V:A5;V2 
(28:>@8AB>2CєBPAS 1V1;V>B5:0 >1@>1:8 7>1@065=P PIL). +8A5;P=V 
7=0G5==S 70;560BP 2V4 SA:@02>ABV ?V:A5;V2 7>1@065==S.  

                                                             
1 ABC45=B 3@C?8 �!&-819A?, !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 4>F5=B :0D54@8 %�B0" , !' «�0?>@V7P:0 ?>;VB5E=V:0 », :. D.-<. =. 
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 �@C389 5B0? ?>;S30є 2 "70AVR20==V" 42>28<V@=>W >1;0ABV 
28?04:>28<8 B>G:0<8 ?> B@0D0@5BC @54C:>20=>3> 7>1@065==S. !0 FP><C 
5B0?V >B@8<CєBPAS 2-28<V@=89 <0A82 X. 

 &@5BV9 5B0? ?>;S30є C ?5@5B2>@5==V 42>28<V@=8E 40=8E =0 
B@828<V@=V. /:I> ?>B@51CєBPAS D>@<0 C 283;S4V :>;0 01> A?V@0;V, B> 704;S 
FP>3> :>6=>3> 5;5<5=BC X @>7@0E>2CRBPAS :>>@48=0B8 C 3-28<V@=><C 
?@>AB>@V. "B@8<0=89 40B0A5B <>6=0 2V7C0;V7C20B8 B0/01> :;0AB5@87C20B8 
>4=8< 7 2V4><8E <5B>4V2. 

 !0 @8A. 1 =02545=> ?@8:;04 @57C;PBCRG>3> =01>@C 40=8E, 
AB2>@5=>3> =0 >A=>2V A;>20 «ANALYSIS». �> @5GV, :;0AB5@870FVS 40=8E 
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�8A=>2:8 AB2>@5=> ?@>3@0<=89 4>40B>:, S:89 AB2>@Rє =01>@8 3-
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@>1>B8 0;3>@8B<V2 :;0AB5@870FVW. 
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(%��'-2013) : <0B5@V0;8 IV  V6=0@>4=>W =0C:>2>-?@0:B8G=>W 
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?@820B=89 C=V25@A8B5B. 3 �0?>@V66S : �#', 2013. 3 %. 206-207. 
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S:89 <>6=0 A?>AB5@V30B8 2 Google Trends =0 ?@54AB02;5=><C 28I5 
7>1@065==V ($8A. 1). #>?C;S@=8< @VH5==S< є 02B><0B8G=89 251-?0@A8=3. 

�2B><0B8G=V 251-?0@A5@8 ?@0FRRBP 4>A8BP ;53:>. #>-?5@H5, ?5@54 
?0@A8=3>< 251-?0@A5@C 1C45 =040=0 >4=0 01> :V;P:0 URL-04@5A 4;S 
7020=B065==S. #0@A5@ 7020=B06Cє 25AP HTML-:>4 AB>@V=:8, I> 
@>73;S40єBPAS. �V;PH ?@>AC=CBV ?0@A5@8 2V4>1@060B8<CBP 25AP 251-A09B, 

                                                             
1 ABC45=B 3@C?8   �!, )!' � ".  . �5:5B>20 

2 702. :0D. �!B0�&, )!' � ".  . �5:5B>20 



74 
 

2:;RG0RG8 5;5<5=B8 CSS B0 Javascript. #0@A5@ 28BS3=5 01> 2AV 40=V =0 
AB>@V=FV, 01> ;8H5 ?52=V, 281@0=V :>@8ABC20G5< ?5@54 70?CA:>< ?@>5:BC.  

� V450;V, :>@8ABC20G <0є 281@0B8 :>=:@5B=V 40=V. !0?@8:;04, 
281@0B8 FV=8 B0 <>45;V =0 AB>@V=FV, 0;5 28:;RG8B8 >3;S48 ?@>4C:BV2. 

 

 
$8AC=>: 1 3 Google Trends 

 

!0@5HBV, 251-?0@A5@ 282545 2AV 40=V, 7V1@0=V, C D>@<0BV, =091V;PH 
7@CG=><C 4;S :>@8ABC20G0. 

"A=>2=0 ?@>1;5<0 02B><0B8G=8E ?0@A5@V2 2 B><C, I> 2>=8 
?5@5AB0RBP ?@0FR20B8 ?@8 7<V=V ;>3V:8 @>1>B8 A09BC. &><C 206;82> 
?@>5:BC20B8 ?0@A5@8 B0:8< G8=><, I>1 2>=8 <>3;8 A?>2VI0B8 ?@> 
=5<>6;82VABP 28;CG5==S =5>1EV4=>W V=D>@<0FVW, 0 2 @07V ?>B@518 WE <>6=0 
1C;> 040?BC20B8 4> 7<V=, I> 2V41C;8AS. 

!09:@0I5 28:>@8AB>2C20B8 ;53:89, 0;5 5D5:B82=89 A?>AV1, 
=0?@8:;04, D>@<C;8 4;S Google &01;8FP. 

�0 4>?><>3>R 42>E D>@<C;: IMPORTXML B0 IMPORTHTML B0 
Google &01;8FV <>6=0 718@0B8 1C4P-S:V 40=V 7 A09BV2 157:>HB>2=> [1-2]. 

�0 4>?><>3>R DC=:FVW IMPORTXML <>6=0 718@0B8 ?@0:B8G=> 
1C4P-S:V 40=V 7 html-AB>@V=>:: 703>;>2:8, >?8A8, <5B0-B538, FV=8 B>I>. 

(C=:FVS IMPORTXML 28:>@8AB>2Cє <>2C 70?8BV2 XPath V 4>72>;Sє 
?0@A8B8 40=V 7 XML-DV4V2, HTML-AB>@V=>: B0 V=H8E 465@5; (@8A. 2). 
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$8AC=>: 2 3 #@8:;04 28:>@8AB0==S D>@<C;8 IMPORTXML 

 

(C=:FVS ?@89<0є 420 7=0G5==S: 
1. #>A8;0==S =0 AB>@V=:C 01> DV4, 7 S:>3> =5>1EV4=> >B@8<0B8 40=V; 
2. XPath (XML Path Language) 3 A?5FV0;P=89 70?8B, S:89 2:07Cє, 

S:89 A0<5 5;5<5=B V7 40=8<8 ?>B@V1=> A?0@A8B8. 
' D>@<C;C <>6=0 B0:>6 4>4020B8 =0728 >A5@54:V2, S:V <VABSBP 

?>B@V1=V 40=V. �0 4>?><>3>R DC=:FVW IMPORTHTML <>6=0 7V1@0B8 40=V 
7 B01;8FP 01> A?8A:V2 =0 AB>@V=FV.  

(C=:FVS IMPORTHTML ?@89<0є B@8 7=0G5==S: 
1. #>A8;0==S =0 AB>@V=:C, 7 S:>W ?>B@V1=> 7V1@0B8 40=V. 
2. #0@0<5B@ 5;5<5=B0, S:89 <VAB8BP ?>B@V1=V 40=V. /:I> B@510 

7V1@0B8 V=D>@<0FVR 7 B01;8FV, 2:07CєBPAS table. �;S ?0@A8=3C A?8A:V2 є 
?0@0<5B@ «list». 

3. +8A;> 4 ?>@S4:>289 =><5@ 5;5<5=B0 2 :>4V AB>@V=:8. 
 

 
$8AC=>: 3 3 #@8:;04 28:>@8AB0==S DC=:FVW  IMPORTHTML 

 

�8A=>2:8 $>7@>1:0 ?0@A5@V2 є ?>?C;S@=>R ?>A;C3>R V FV==>R 
=028G:>R ?@8 @>1>BV 7 A5@2VA><, S:89 =5 =040є API, I> @>18BP F5 ?8B0==S 
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0:BC0;P=8<. #0@A8=3 3 F5 :>@8A=89 V=AB@C<5=B 4;S 1V7=5AC, 0465 157 
@5B5;P=>3> 71>@C 40=8E =5 >1E>48BPAS 6>45= 3;81>:89 0=0;V7 
:>=:C@5=BV2. #0@A8=3 4>?><030є ?@8A:>@8B8 ?@>F5A 28;CG5==S 40=8E, 
7=SB8 7 ;R48=8 =020=B065==S =5A:V=G5==>W @CB8==>W @>1>B8 B0 C=8:=CB8 
?><8;>:. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 
 

1. Docs Editors Help [�;5:B@>==89 @5AC@A]. 3 
https://support.google.com/docs/answer/3093339?hl=en 

2. Docs Editors Help [�;5:B@>==89 @5AC@A]. 3 $568< 4>ABC?C: 
https://support.google.com/docs/answer/3093342?hl=en 
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%��*�/ 3 
�" #’.&�$!� !�'�� &� #$"�$� !� �!��!�$�/ 

 
 

 

 

'�� 004.65                                           �>@>4V=0 �.�.1, �5=8A5=:> ".�.2 

 

%&�"$�!!/ �!("$ �*��!"� %�%&� � ��/ �!����' 
�(��&��!"%&� !���!!/ #"%�'� � "�%�'�"�'��!!/ 

����&"���$&�$!�) �'��!��� 

 

#8B0==S 70157?5G5==S S:VA=>3> 5:A?;C0BC20==S 68B;>2>3> D>=4C, 
A2>єG0A=>3> @5<>=BC 9 ?>:@0I5==S C<>2 ?@>6820==S =0A5;5==S 
=0;560BP 4> ?@V>@8B5B=8E =0?@S<:V2 45@602=>W 68B;>2>W ?>;VB8:8. 
"@30=V70FVW, I> >1A;C3>2CRBP 68B;>289 D>=4, 709<0RBP 206;825 <VAF5 C 
AD5@V 68B;>2>-:><C=0;P=>3> 3>A?>40@AB20, I> 1030B> 2 G><C 287=0G0є 
S:VABP @50;V70FVW A>FV0;P=>W DC=:FVW =0@>4=>3> 3>A?>40@AB20. 
�D5:B82=VABP WE=P>3> DC=:FV>=C20==S =5<>6;820 157 =0;56=>W 
V=D>@<0FV9=>W 1078. �;S B>3>, I>1 >1<V=R20B8AS V=D>@<0FVєR <V6 CAV<0 
70FV:02;5=8<8 AB>@>=0<8 1060=> <0B8 V=D>@<0FV9=89 @5AC@A 2 <5@56V 
�=B5@=5B, S:89 =040є 45B0;P=C V=D>@<0FVR AB>A>2=> CAVE ?>:07=8:V2 ?> 
>1A;C3>2C20==R 1030B>:20@B8@=8E 68B;>28E 1C48=:V2. 

 5B0 @>1>B8 3 ?@>5:BC20==S B0 AB2>@5==S Web-@5AC@AC 4;S 
3@><04AP:>W >@30=V70FVW «%>;V40@=0 %?@020 �@><04» 7 V=B53@>20=>R 
V=D>@<0FV9=>R A8AB5<>R 4;S 0=0;V7C 5D5:B82=>ABV =040==S ?>A;C3 7 
>1A;C3>2C20==S 1030B>:20@B8@=8E 1C48=:V2 7 <5B>R ?>?C;S@870FVW B0 
?>H8@5==S 240;>3> 4>A2V4C. 

�;S 4>AS3=5==S 707=0G5=>W <5B8 1C;> ?>AB02;5=> B0:V 7040GV:  

1. ?@>25AB8 >3;S4 ?>4V1=8E @5AC@AV2 B0 >1@0B8 V=AB@C<5=B8 4;S 
AB2>@5==S A09BC. 

                                                             
1 ABC45=B:0 3@C?8 �!&-819A?, !' «�0?>@V7P:0 ?>;VB5E=V:0» 

2 :.B.=., 4>F. :0D. %�" , !' «�0?>@V7P:0 ?>;VB5E=V:0» 
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2. A?@>5:BC20B8 107C 40=8E B0 =0?>2=8B8 WW 45B0;P=>R V=D>@<0FVєR 
AB>A>2=> C<>2 >1A;C3>2C20==S 1030B>:20@B8@=8E 1C48=:V2 2 <VABV 
�0?>@V66S; 
3. @>7@>18B8 V=AB@C<5=B8 ?> 04<V=VAB@C20==R 1078 40=8E; 
4. ?@>25AB8 0=0;V7 5D5:B82=>ABV >1A;C3>2C20==S 1C48=:V2 7 
?>4V1=8<8 ?0@0<5B@0<8 @V7=8<8 >1A;C3>2CRG8<8 >@30=V70FVS<8; 
5. 70157?5G8B8 <>6;82VABP ?>?C;S@870FVW B0 ?>H8@5==S 240;>3> 
4>A2V4C C?@02;V==S. 

#@>F5A ?@>5:BC20==S B0 AB2>@5==S V=D>@<0FV9=>3> @5AC@AC 
AC?@>2>46C202AS 28:>@8AB0==S< 7030;P=8E AE5< B0 <5B>4V2 A8AB5<=>3> 
0=0;V7C [1]. �@0E>2CRG8 :>=B5=B B0 =5>1EV4=89 DC=:FV>=0; A09BC 1C;8 
4>A;V465=V B0 >1ґ@C=B>20=V V=AB@C<5=B8 4;S AB2>@5==S @5AC@AC, 0 A0<5 3 
28:>@8AB0==S %'�� MySQL B0 A5@25@=8E A:@8?BV2 =0 <>2V $!$. 

"A=>2>R V=D>@<0FV9=>W A8AB5<8 є 1070 40=8E, S:0 04<V=VAB@CєBPAS G5@57 
WEB-V=B5@D59A A09BC. %B@C:BC@0 1078 40=8E ?5@5410G0є 715@V30==S 
V=D>@<0FVW AB>A>2=> >@30=V70FV9, S:V 709<0RBPAS >1A;C3>2C20==S< 
1030B>:20@B8@=8E 1C48=:V2 2 �0?>@V66V, AC1’є:BV2, S:8< =040RBPAS 
?>A;C38, 45B0;P=V E0@0:B5@8AB8:8 1C48=:V2 3 @V: 22545==S 2 
5:A?;C0B0FVR, ?;>I0, AB0= ?>:@V2;V, <0B5@V0; ABV=, ?@>2545==S 
:0?VB0;P=>3> @5<>=BC B>I>. � >:@5<8E B01;8FSE 715@V30єBPAS V=D>@<0FVS 
AB>A>2=> DV=0=A>28E =04E>465=P B0 28B@0B. #@>2545=0 =>@<0;V70FVS 
AB@C:BC@8 1078 40=8E. �;S 7@CG=>ABV :>@8ABC20==S V=D>@<0FV9=>R 
A8AB5<>R 28:>=0=0 :0@B>3@0DVG=0 ?@82’S7:0 AC1’є:BV2 >1A;C3>2C20==S. 
#5@5410G5=0 B0:>6 <>6;82VABP 72>@>B=>3> 72’S7:C 7 <5H:0=FS<8 
1C48=:V2, 45 2>=8 <>6CBP 70;8H0B8 A2>W :><5=B0@V, ?>1060==S B0 
>FV=R20B8 S:VABP B0 5D5:B82=VABP  >1A;C3>2C20==S, I> 2 :V=F52><C 
@0EC=:C 2?;820є =0  @59B8=3 >1A;C3>2CRG8E >@30=V70FV9. #@8 =01CBBV 
4>AB0B=P>3> @V2=S AB0B8AB8G=8E 40=8E  V=D>@<0FV9=0 A8AB5<0 4>72>;8BP 
287=0G8B8 @59B8=3 5D5:B82=>ABV >@30=V70FV9, S:V 709<0RBPAS 
>1A;C3>2C20==S< 1C48=:V2. 

�8B@0B8, S:V =5ACBP <5H:0=FV 1C48=:V2 <>6=0 ?>4V;8B8 =0 42V 
:0B53>@VW: ?5@H0 :0B53>@VS 28B@0B >1C<>2;5=0 B0@8D0<8, S:V 
2AB0=>2;RRBPAS <VAF528<8 >@30=0<8 2;048 V =5 70;560BP 2V4 
>1A;C3>2CRG8E >@30=V70FV9, 4@C30 :0B53>@VS 28B@0B D>@<CєBPAS 
157?>A5@54=P> >1A;C3>2CRG8<8 :><?0=VS<8. %0<5 FS A:;04>20 287=0G0є 
5D5:B82=VABP @>1>B8 >1A;C3>2CRG8E >@30=V70FV9. �;RG>28< ?0@0<5B@>< 
>FV=:8 @>1>B8 >@30=V70FVW є 28B@0B8 <5H:0=FV2 =0 >1A;C3>2C20==S 1 :2.<. 
68B;>2>W ?;>IV. �>ABC?=VABP, ?C1;VG=VABP B0 2V4:@8BVABP 40=8E, S:V =040є 
V=D>@<0FV9=0 A8AB5<0 4>72>;Sє <5H:0=FS< >FV=8B8 S:VABP B0 
5D5:B82=VABP =040==S ?>A;C3 4;S 1C48=:V2 7 ?>4V1=8<8 
E0@0:B5@8AB8:0<8 B0 ?@8 1060==V >1@0B8 V=HC >1A;C3>2CRGC >@30=V70FVR 
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01> V=HC D>@<C >1A;C3>2C20==S. &0:V 4VW 1C4CBP AB2>@R20B8 :>=:C@5=FVR 
A5@54 >1A;C3>2CRG8E AB@C:BC@, 7=86C20B8 :>@C?FV9=C A:;04>2C V 2 
:V=F52><C @0EC=:C ?V428IC20B8 S:VABP C?@02;V==S 68B;>28< D>=4><. 
�8:>@8AB>2CRG8 2V4:@8BV AB0B8AB8G=V 40=V V=D>@<0FV9=0 A8AB5<0 B0:>6 
4>72>;Sє >FV=8B8 B0 ?>@V2=SB8 C<>28 >1A;C3>2C20==S 1C48=:V2 2 
�0?>@V66V 7 V=H8<8 <VAB0<8 B0 @53V>=0<8 ':@0W=8. 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 
1. �>@10=P ". ., �0E@CH8= �.Є. "A=>28 B5>@VW A8AB5< B0 
A8AB5<=>3> 0=0;V7C. - �0?>@V66S: �' «��� '», 2004. - 204 A. 

 

 

 
 

 

'�� 004.9                                   �>;:>2 #. %.1, &5@5I5=:> �. �.2 
 

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

 

&5E=>;>3VG=V ?@>F5A8 2 <5B0;C@3V9=V9 ?@><8A;>2>ABV 2V4@V7=SRBPAS 
?V428I5=>R ?8B><>R 28B@0B>R 5=5@3VW, B><C ?8B0==S< 
5=5@3>715@565==S B0 5=5@3>5D5:B82=>ABV =0 <5B0;C@3V9=8E 
?V4?@8є<AB20E =040єBPAS >A>1;820 C2030. $VH5==S ?@>1;5<8 
5=5@3>5D5:B82=>ABV 28<030є AB2>@5==S V 2?@>20465==S 2V4?>2V4=8E 
<5E0=V7<V2 C?@02;V==S =0 @V2=V <5B0;C@3V9=>3> ?V4?@8є<AB20, I> 
4>72>;SRBP :>>@48=C20B8 V @53C;R20B8 ?@>F5A 5=5@3>A?>6820==S. 
"4=8< 7 B0:8E <5E0=V7<V2 2 ?@0:B8FV C?@02;V==S 5=5@3>A?>6820==S< є 
5=5@3>0C48B. �=5@3>0C48B ?@>2>48BPAS 4;S B>3>, I>1 A:>@>B8B8 
A?>6820==S 5=5@3>@5AC@AV2 B0 DV=0=A>2V 28B@0B8 =0 =8E. 

"1’є:B>< 4>A;V465==S 2 40=V9 @>1>BV є ?@>2545==S 5=5@3>0C48BC 
?V4?@8є<AB20 <5B0;C@3V9=>W 30;C7V. #@54<5B 4>A;V465==S A:;040RBP 
?@>3@0<=V ?@>4C:B8 4;S ?@>2545==S 5=5@3>0C48BC ?V4?@8є<AB20 
<5B0;C@3V9=>W 30;C7V.  5B0 @>1>B8 ?>;S30є 2 @>7@>1FV 0=0;VB8G=>W ?0=5;V 
<>=VB>@8=3C B0 ?@>3=>7C20==S @878:V2 ?5@528B@0B 5=5@3>A?>6820==S 
?V4?@8є<AB20 <5B0;C@3V9=>W 30;C7V. 

                                                             
1 ABC45=B 3@C?8 �!&-220<, !' «�0?>@V7P:0 ?>;VB5E=V:0» 

2 4>F. :0D. %�" , !' «�0?>@V7P:0 ?>;VB5E=V:0» 
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�;S 28:>=0==S 0=0;VB8G=>W ?0=5;V 1C;> >1@0=> Javascript, B0: S: 2>=0 
<0є :;Vє=BAP:C G0AB8=C. JavaScript 3 F5 <>20 ?@>3@0<C20==S, I> 4>72>;Sє 
7@>18B8 Web-AB>@V=:C V=B5@0:B82=>R, B>1B> B0:>R, I> @503Cє =0 4VW 
:>@8ABC20G0. �;S @50;V70FVW 3@0DV:V2 28:>@8AB0=> 1V1;V>B5:C Plotly.js, S:0 
є 4C65 3=CG:>R 2 =0;0HBC20==SE. 

�=0;VB8G=0 ?0=5;P <VAB8BP B@8 @>74V;8: <>=VB>@8=3, 0=0;V7 G0A>28E 
@S4V2, ?@>3=>7C20==S. 

' ?5@H><C @>74V;V @>7B0H>20=0 ?>2=0 V=D>@<0FVS ?> 
5=5@3>A?>6820==R ?V4?@8є<AB20, I> ?>;S30є C 2V4>1@065==V:  

 01A>;RB=>3> 7=0G5==S A?>6820==S 5;5:B@>5=5@3VW :�B; 
 01A>;RB=>3> 7=0G5==S @8=:>2>W FV=8 =0 5;5:B@>5=5@3VR ; 
 ?@>3=>7>20=>3> 7=0G5==S A?>6820==S 5;5:B@>5=5@3VW :�B; 
 ?@>3=>7>20=>3> 7=0G5==S @8=:>2>W FV=8 =0 5;5:B@>5=5@3VR ; 
 2V4E8;5==S ?@>3=>7>20=>3> 2V4 D0:B8G=>3> 7=0G5==S 

A?>6820==S 5;5:B@>5=5@3VW :�B; 
 FV=8 2V4E8;5==S (@878: ?5@528B@0B 70 =5B>G=>ABV ?@>3=>7C) 

?@>3=>7>20=>3> B0 D0:B8G=>3> 7=0G5==S A?>6820==S 5;5:B@>5=5@3VW :�B. 
#D<@VF>4.  >6;82VABP <>=VB>@8=3C 40=8E C @50;P=><C G0AV 

?5@5410G5=0 ?@8 ?V4:;RG5=V 4> ERP A8AB5<8 �%%.ERP �%%SAPR3 =0 
>A=>2V %'��Oracle, <>20 ?@>3@0<C20==S PLSQL. �0=V 715@V30RBPAS C 
283;S4V B01;8FP. �;S ?@8:;04C 28:>@8AB0=> AB0B8AB8G=V 40=V, I> 
=02545=> C [1]. 

�;S 4@C3>3> @>74V;C 2 0=0;VB8G=V9 ?0=5;V 28:>@8AB0=> @8=:>2C FV=C, 
I> 27SB> 7 2=CB@VH=VE 465@5; ERP, B0 ?@>2545=> B0:V @>7@0EC=:8: 

 @878: ?5@528B@0B 3@=.\:�B-3>4; 
 @878: ?5@528B@0B 70 =5B>G=>ABV ?@>3=>7C. 
' B@5BP><C @>74V;V 2V4>1@065=0 4V03@0<0 ?@>3=>7C20==S 

01A>;RB=>3> 7=0G5==S A?>6820==S 5;5:B@>5=5@3VW :�B. 
�=B5@D59A 70AB>AC=:C є 7@CG=8< 4;S 28:>@8AB0==S B0 V=BCWB82=> 

7@>7C<V;8< 4;S :>@8ABC20GV2-0=0;VB8:V2 (@8A.1). 
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$8AC=>: 1 3 �>2=VH=V9 283;S4 :=>?>: 4;S @>1>B8 7 ?0=5;;R 

 

!0 @8A. 1 7>1@065=> 4V03@0<8, =0 S:8E 40=V >=>2;RRBPAS :>6=C 
3>48=C 01> 70 281>@>< 4>A;V4=8:0. ' 70AB>AC=:C ?@8ACB=V 42V :=>?:8 
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7=0G=89 ?;0AB 2VBG87=S=8E 2G5=8E. ' A2>WE @>1>B0E �C1;8:  . �. [1-5], 

�8A>FP:0 �. �. [2], �>@>;5=:> O. �. [2],  0F5;RE .. $. [2], #VE=S: &. �. 
[3] ?@>?>=CRBP 28:>@8AB>2C20B8 <5@56525 <>45;R20==S ?@8 C?@02;V==V 

                                                             
1 0A?V@0=B:0 3@C?8  �0-217, !' «�P2V2AP:0 ?>;VB5E=V:0» 
2 ?@>D5A>@ :0D54@8   #, !' «�P2V2AP:0 ?>;VB5E=V:0», 4.5.=., ?@>D5A>@ 
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V=B5=A82=VABR 28:>@8AB0==S ;R4AP:>3> :0?VB0;C =0 ?V4?@8є<AB20E 
5;5:B@>==>3> 1V7=5AC. %>FV0;P=>-5:>=><VG=V B0 5:>=><V:>-5:>;>3VG=V 
A:;04>2V C?@02;V==S @>73;S=CB> C ?@0FSE [6-9] =0 3;>10;P=><C B0 
@53V>=0;P=><C @V2=SE. �87=0G0;P=C @>;P >A2VB=P>W B0 =0C:>2>W A:;04>2>W 
2 C?@02;V==V ;R4AP:8< :0?VB0;>< ?V4:@5A;5=> 2 @>1>BV [10]. $V25=P 
:><?5B5=B=>ABV ?5@A>=0;C, AD>@<>20=>3> 70 ACG0A=8<8 28<>30<8 ?@8 
2V41>@V ?@0FV2=8:V2, 02B>@8 [11] 70:;040RBP 2 >A=>2C @>728B:C =0 
?V4?@8є<AB20E A<0@B-B5E=>;>3V9, 2?@>20465==V V=B5;5:BC0;P=8E A8AB5< 
4;S @>728B:C A<0@B-<VAB [12, 13]. �> V=AB@C<5=BV2 >FV=R20==S S:>ABV 
C?@02;V==S ;R4AP:8< :0?VB0;>< 02B>@8 [14, 15] ?@>?>=CRBP 2:;RG0B8 
A8AB5<C 5:>=><VG=>3> >FV=R20==S H:>48, 70240=>W =02:>;8H=P><C 
A5@54>28IC 3>A?>40@AP:>R 4VS;P=VABR ?V4?@8є<AB2, I> ?@>3=>7CєBPAS 70 
4>?><>3>R 0?0@0BC =5GVB:>W ;>3V:8 B0 =5GVB:8E <=>68=.  

' 40=V9 @>1>BV <8 >1@0;8 2 S:>ABV 40B0A5BC 25;8G57=89 <0A82 
40=8E (23486 70?8AV2) 7 45ASB8<V@=8< @>7<V@>< 0B@81CBV2. �;S 
AB0B8AB8G=>-0=0;VB8G=>W >1@>1:8 40=8E 4>FV;P=> 1C;> 7<5=H8B8 G8A;> 
>48=8G=8E 70?8AV2, >1’є4=CRG8 WE C :;0AB5@8 7 ?>4V1=8< =01>@>< 
2;0AB82>AB59. �>=AB@CR20==S FP>3> ?@>F5AC =5 <0є A5=AC 157 
2AB0=>2;5==S 1078 4;S 0=0;V7C =0 ?>G0B:C. � A0<5, 4>A;V4=8:0 <>65 
FV:028B8 0=0;V7 2 @>7@V7V 2V:C @52PR5@0, 2 @>7@V7V ID B>20@C B>I>. �;S 
@50;V70FVW A8AB5<0B870FVW 40=>3> 0=0;V7C, 1C;> 28:>@8AB0=> <5B>4 
Vє@0@EVG=>3> 03;><5@0B82=>3> :;0AB5@=>3> 0=0;V7C 1030B>28<V@=8E 
40=8E. 

�;S ?@>2545==S :;0AB5@=>3> 0=0;V7C 1C;> ?V43>B>2;5=> =0H 
=01V@ 40=8E, AD>@<>20=> B01;8FR «>1’є:B-2;0AB82VABP», H;SE>< 
282545==S A5@54=VE ?>:07=8:V2 4;S ?>;V2 Age, Rating, Recommended IND, 

Positive Feedback Count 4;S :>6=>3> 284C >4S3C. �;S FP>3> 1C;> 
?@>2545=> :>=A>;V40FVR 40=8E B0 7=0945=> A5@54=є 7=0G5==S 4;S 
:>6=>3> 7 ?>:07=8:V2: Age, Rating, Recommended IND, Positive Feedback 
Count. 

#@>2V2H8 =>@<C20==S 40=8E, 1C;> ?@>2545=> :;0AB5@=89 0=0;V7 
70 <5B>4>< Joining (tree clustering), I> <0є =072C Vє@0@EVG=0 :;0A8DV:0FVS. 
' @57C;PB0BV G>3> 1C;0 >B@8<0=0 45=4@>3@0<0 (@8A.1). 
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$8AC=>: 1 - �5=4@>3@0<0 
 

�=0;V7CRG8 >B@8<0=C 45=4@>3@0<C, <>65<> 7@>18B8 28A=>2>:, 
I> Skirts B0 Lounge <0RBP =091V;PH AE>6V 7=0G5==S 70 7<V==8<8 Age, 
Rating, Recommended IND, Positive Feedback Count, A0<5 B><C 2>=8 
>1’є4=CRBPAS 2 A?V;P=89 :;0AB5@. �0 B>R A0<>R 0=0;>3VєR 2V41C20єBPAS 
>1’є4=0==S CAVE V=H8E 7<V==8E B0 :;0AB5@V2, 4> B8E ?V@, ?>:8 =5 
CB2>@8BPAS >AB0==V9 7030;P=89 :;0AB5@. � >B@8<0=>W 45=4@>3@0<8 
<>65<> 7@>18B8 28A=>2>:, I> :;Vє=B8, S:V 70<>28;8 Skirts 7 25;8:>R 
9<>2V@=VABR 2V4=>ASBPAS 4> B>W A0<>W 2V:>2>W :0B53>@VW I> 9 :;Vє=B8 S:V 
70<>28;8 Lounge, B0:>6 2>=8 =091V;PH ?>4V1=> >FV=RRBP B>20@. 
!0ABC?=8<8 ?> AE>6>ABV 94CBP Pants B0 Knits V B4. 

*S V=D>@<0FVS 4>?><030є =0< 7@>7C<VB8 ?>B@518 :;Vє=BV2 V 
@5:><5=4C20B8 B>20@ 2V4=>A=> WE=VE ?>?5@54=VE ?>:C?>:, I> 4>?><>65 
71V;PH8B8 :V;P:VABP ?@>406V2 B0 ?@81CB:C >=;09=-<03078=C >4S3C. 

�8A=>2:8. &0:8< G8=><, >13>2>@82H8 VA=CRGV V=AB@C<5=B8 
C?@02;V==S ;R4AP:8< :0?VB0;><, 10G8<>, I> =09?>H8@5=VH89 @59B8=3 
>4S3C A5@54 ?>:C?FV2 є 4, 0 A5@54=V9 2V: ?>:C?FS 43 @>:8. *5 40є 7<>3C 
?@>0=0;V7C20B8 =0 S:C 2V:>2C :0B53>@VR B0 =0 S:89 >4S3 20@B> 725@B0B8 
C203C B0 S:89 ?@8=5A5 1V;PH89 4>EV4 B0 ?V428I8BP @5=B015;P=VABP >=;09= 
<03078=C >4S3C. &0:>6 1C;> 28SA=5=>, I> 1V;PHVABP ;R459, ?@81;87=> 
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80%, ?VA;S ?>:C?:8 ?52=>3> B>20@C @5:><5=4CRBP 9>3> B0 70;8H0RBP 
?>78B82=89 2V43C:, 0 ;8H5 20% =5 <>6CBP @5:><5=4C20B8 40=89 B>20@ B0 
70;8H0RBPAS =5 704>2>;5=V. &0: S: <8 ?@>0=0;V7C20;8 B0 7@>7C<V;8, S:89 
>4S3 =09G0ABVH5 :C?CRBP, <>65<> 7@>18B8 28A=>2>:, I> A0<5 9>3> =0< 
?>B@V1=> ?@>AC20B8 B0 0:F5=BC20B8 C203C, 4;S 71V;PH5==S ?>?C;S@=>ABV 
:><?0=VW B0 WW @5=B015;P=>ABV, 0 2V4?>2V4=> @5GV S:V <0RBP =09=86GV 
2V43C:8 B0 =5 @5:><5=4CRBPAS ?>:C?FS<8, ?>:07C20B8 >AB0==V<8. 
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380. 
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'�� 336.747 
�C;0: �.".1, /:>2;520 �.".2 

���"$�%&�!!/ ����&"��) #��&��!�)  
�NTERNET-%�%&�  � ����&$"!!�� �" �$*�� 

 
�;5:B@>==0 :><5@FVS (electronic commerce) 3 F5 ?@8410==S G8 

?@>406 B>20@C 70 4>?><>3>R 5;5:B@>==8E =>AVW2, G8 G5@57 <5@56C, 
?>4V1=C 4> Internet. *8:; 5;5:B@>==>W :><5@FVW AB0=>2;SBP ?'SBP ?@>F5AV2: 
4>ABC? 4> V=D>@<0FVW, >D>@<;5==S 70<>2;5==S, >?;0B0, 28:>=0==S 
70<>2;5==S, 0 B0:>6 ?VA;S?@>406=5 >1A;C3>2C20==S V ?V4B@8<:0. %CBP 
?@>F5AC ?@>406C ?>;S30є 2 >B@8<0==V 3@>H59 70 B>20@8 01> ?>A;C38. �0 
H8@>:>W @V7=><0=VB=>ABV <5E0=V7<V2 >?;0B8 S: VA=CRG8E, B0: V B8E, I> 
@>7@>1;SRBPAS, FS G0AB8=0 5;5:B@>==>W :><5@FVW, 9<>2V@=>, =091V;PH 

                                                             
1 ABC45=B:0, )0@:V2AP:89 =0FV>=0;P=89 C=V25@A8B5B <VAP:>3> 

3>A?>40@AB20 V<5=V ". . �5:5B>20 
2 :0=4. B5E=. =0C:, 4>F5=B, )0@:V2AP:89 =0FV>=0;P=89 C=V25@A8B5B 

<VAP:>3> 3>A?>40@AB20 V<5=V ". . �5:5B>20 
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62020 V GCB;820 4> 7<V=. #>:C?FV <>6CBP 28:>@8AB0B8 ?;0AB8:>2V :0@B:8, 
5;5:B@>==V G5:8, F8D@>2V 3@>HV (digital cash) V =02VBP B5, I> =07820RBP 
<V:@>3@>HV (microcash), :>;8 AC<0 ?;0B56C AB0=>28BP ;8H5 45:V;P:0 
F5=BV2. �;S 74V9A=5==S @>7@0EC=:V2 V ?;0B56V2 <V6 :><5@FV9=8<8 
AB@C:BC@0<8, DV=0=A>28<8 CAB0=>20<8 B0 :>@8ABC20G0<8 <5@56V 2 
?@>F5AV :C?V2;V-?@>406C B>20@V2 B0 ?>A;C3 G5@57 Internet VA=CRBP ?;0BV6=V 
A8AB5<8 (e-payment system). %0<5 =0S2=VABP ?;0BV6=>W A8AB5<8 4>72>;Sє 
AB2>@R20B8 ?>2=>DC=:FV>=0;P=V 2V@BC0;P=V B>@3>2V ?V4?@8є<AB20, 2 S:8E 
74V9A=RєBPAS 25AP B5E=>;>3VG=89 ?@>F5A :C?V2;V-?@>406C B>20@C G8 
?>A;C38 [1]. 

!0 AP>3>4=VH=V9 45=P @8=>: ?;0BV6=8E A8AB5< A2VBC 4>A8BP 
=0A8G5=89.  

!09?>H8@5=VH8<8 C A2VBV A8AB5<0<8 5;5:B@>==>W 3>BV2:8 є 
%yberCash B0 DigiCash. �> 4515B>28E ?;0BV6=8E A8AB5< =0;560BP B0:>6 
PayPal, NETPAY, NetCash, GoldMoney.  

�0;56=> 2V4 B5@8B>@VW DC=:FV>=C20==S ?;0BV6=>W A8AB5<8 B0 
<VAF57=0E>465==S WW ?;0BV6=>W >@30=V70FVW 5;5:B@>==V ?;0BV6=V A8AB5<8 
<>6CBP 1CB8 <V6=0@>4=8<8 V 2=CB@VH=P>45@602=8<8. � ':@0W=V =0 
70:>==8E ?V4AB020E 4VRBP <V6=0@>4=V 5;5:B@>==V ?;0BV6=V A8AB5<8 
«American Express», «MasterCard», «Visa», «UnionPay International» [2]. 

�> >A=>2=8E ?>A;C3, S:V =040RBP =09?>BC6=VHV  5;5:B@>==V ?;0BV6=V 
A8AB5<8, <>6=0 2V4=5AB8 B0:V: 

 ?V=-:>48 4;S ?>?>2=5==S @0EC=:C <>1V;P=>3> B5;5D>=C; 
 >?;0BC ?>A;C3 �=B5@=5B-?@>20945@V2; 
 "B0@V;:8" !&�+, 
 "7>;>BV <>=5B8" B0 V=HV 1>=CA8 4;S >=-;09= V3@8, A>DB0; 
 @V7=V ?>65@B2C20==S. 
�0 5;5:B@>==V 3@>HV 265 <>6=0 :C?8B8 ?@0:B8G=> 2A5, I> 

?@>40єBPAS 2 �=B5@=5BV - 2V4 02B><>1V;P=8E H8= 4> :=83 V AB@0E>2:8, =5 
:06CG8 265 ?@> ?>1CB>2C B5E=V:C, 4>AB02:C :2VBV2, ?>40@C=:8-AC25=V@8, 
70<>2;5==S :28B:V2, :C?V2;R @5:;0<=8E <VAFP =0 A09B0E, ?@5AC, 
7020=B065==S <C78G=8E V 2V45> D09;V2. !02VBP є <>6;82VABP 70?;0B8B8 70 
48AB0=FV9=C >A2VBC. 

�0 4>?><>3>R 1030BP>E 5;5:B@>==8E ?;0BV6=8E A8AB5< <>6=0: 
• ?@>2>48B8 @>7@0EC=:8 7 V=H8<8 :>@8ABC20G0<8, >?;0GC20B8 

B>20@8 V ?>A;C38 2 <5@56V; 
• >13>2>@R20B8 7 ?0@B=5@0<8 C<>28 B>@3>28E >?5@0FV9 70 

4>?><>3>R 3>;>A>2>3> A5@2VAC, 2V45>:>=D5@5=FVW, 70E8I5=>W WM-?>HB8; 
• >45@6C20B8 V 284020B8 ?>78:8 2 B8BC;P=8E 7=0:0E; 
• 02B><0B87C20B8 C?@02;V==S 1R465B>< A?V;P=>W 4VS;P=>ABV 01> 

<5@56=>3> ?V4?@8є<AB20; 
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• >?;0GC20B8 ?>A;C38 <>1V;P=8E >?5@0B>@V2, ?@>20945@V2 �=B5@=5B V 
TV, >?;0GC20B8 ?V4?8A:C =0 � �; 

• AB2>@R20B8 2;0A=V F8D@>2V G5:8 Paymer 4;S >?;0B8 B>20@V2 V ?>A;C3 
2 �=B5@=5B-<03078=0E; 

• ?@>2>48B8 >1<V= 5;5:B@>==8E 20;RB 70 283V4=8< :C@A><; 
• ?>H8@R20B8 ?@>3@0<=V ?@>4C:B8 9 5;5:B@>==V :=838 2 70E8I5=><C 

2V4 :>?VR20==S D>@<0BV; 
• ?@>2>48B8 @>7@0EC=:8 5;5:B@>==>R ?>HB>R. 
->1 ?@0FR20B8 7 ?;0BV6=>R A8AB5<>R V AB0B8 WW CG0A=8:><, 

=5>1EV4=> 70@5єAB@C20B8AS 2 A8AB5<V. �;S FP>3> =5>1EV4=> A:>?VR20B8 7 
2V4?>2V4=>3> A09BC A?5FV0;P=5 157:>HB>2=5 ?@>3@0<=5 70157?5G5==S C 
283;S4V A0<>@>7?0:>2CRG>3> V=AB0;SFV9=>3> 0@EV2C =0 A2V9 :><?’RB5@. 
#VA;S V=AB0;SFVW ?@>3@0<8 =5>1EV4=> 70@5єAB@C20B8AS 2 A8AB5<V. #V4 G0A 
@5єAB@0FVW 2 A8AB5<V =5>1EV4=> 2:07C20B8 4>AB>2V@=V A2>W 4>AB>2V@=V 40=V. 
"1>2'S7:>2> ?>B@V1=> 2:070B8 A2V9 e-mail. !0 =P>3> 1C45 =04VA;0=> 
@5єAB@0FV9=89 :>4, S:89 =5>1EV4=89 4;S ?>40;PH>W @5єAB@0FVW. 

#V4 G0A @5єAB@0FVW :>@8ABC20G ?@87=0G0є ?0@>;P (9>3> ?>B@V1=> 
70?0<'SB0B8) V 287=0G0є <VAF5 2 ?0<'SBV :><?'RB5@0 4;S 715@V30==S D09;V2 
V7 A5:@5B=8< :;RG5< (*.kwm) B0 30<0=FS<8 (*.pwm). (09;8 30<0=FV2 V 
D09;-:;RG ?@54AB02;SRBP A>1>R :>4 4;S 4>ABC?C 4> A8AB5<8. �57 F8E 
D09;V2 :>@8ABC20G =5 7<>65 >B@8<0B8 4>ABC?. #>B@V1=> 715@53B8 WE 2 A515 
=0 48A:C V >1>2'S7:>2> 7@>18B8 :>?VW =0 48A:5BC, :><?0:B-48A: V B.?. 

�>6=89 CG0A=8: A8AB5<8 >B@8<Cє A2V9 C=V:0;P=89 12-7=0G=89 =><5@ 
WM-V45=B8DV:0B>@ (WMBD) V 45:V;P:0 30<0=FV2 4;S 715@V30==S 3@>H59. 
!><5@ 30<0=FS B56 A:;040єBPAS V7 12 F8D@, 0;5 2V= 2V4@V7=SєBPAS 2V4 WM-

V45=B8DV:0B>@0. �@V< B>3>, ?5@54 =><5@>< 30<0=FS 4>40єBPAS 1C:20, I> 
2:07Cє B8? 20;RB8, S:0 є 2 30<0=FV. !0?@8:;04, WMID: 250919642183.  

�;S B>3>, I>1 >B@8<0B8 ?>2=89 4>ABC? 4> 2AVE ?>A;C3, :>@8ABC20G 
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�>65= 45=P ?5@54 =0<8 28=8:0є =57;VG5==0 :V;P:VABP 20@V0=BV2 7 S:8E 
=0< ?>B@V1=> >1@0B8 =09:@0I89. !02VBP :>;8 <8 >18@0є<> DVB=5A :;C1 
4;S 70=SBP A?>@B>< VA=Cє 25;8:0 :V;P:VABP :@8B5@VW2, S:V <0RBP 2?;82 =0 
=0H 281V@. �;S B>3> I>1 =0H 281V@ 1C2 >?B8<0;P=8<, 725@=5<>AS 4> 
<5B>4C 0=0;V7C Vє@0@EV9. 

' 40=V9 @>1>BV 4>A;V48<> ?@>1;5<8 281>@C :;Vє=B>< DVB=5A :;C1C, 
2@0E>2CRG8 >1@0=V A?>@B82=V ?@>AB>@8 V 2AB0=>2;5=V :@8B5@VW, S:V 
157?>A5@54=P>  <0B8<CBP 2?;82 =0 =0H 281V@ . 

�;S @VH5==S 1030B>:@8B5@V0;P=8E 7040G VA=CRBP @V7=V <5B>48 [1]. ' 
40=V9 7040GV @>72’S7:8 28:>=Cє<>, 28:>@8AB>2CRG8 <5B>4 4A4?V;G 
VєD4DIV= ( ��) S:89 40є 7<>3C 2@0EC20B8 45:V;P:0 :@8B5@VW2, S:V <>6CBP 
1CB8 S: :V;P:VA=8<8, B0: V S:VA=8<8.  5B>4 ?>;S30є C 45:><?>78FVW 
?@>1;5<8 =0 ?@>ABVHV A:;04>2V B0 ?>40;PHV9 >1@>1FV AC465=P AC1’є:BC 
?@89=SBBS @VH5=P. &0:>6, F59 <5B>4 2:;RG0є 2 A515 A8=B57 AC465=P, 

                                                             
1 ABC45=B:0 3 :C@AC (0:C;PB5BC V=D>@<0FV9=8E B5E=>;>3V9, !&' «�=V?@>2AP:0 
?>;VB5E=V:0» 
2 :.D.3<.=., ?@>D5A>@ :0D54@8 %�V', !&' «�=V?@>2AP:0 ?>;VB5E=V:0»  
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>B@8<0==S ?@V>@8B5B=>ABV :@8B5@VW2  B0 7=0E>465==S :><?@><VA=8E 
@VH5=P. 

�=0;V7 ?@>2>482AS =0 >A=>2V 4 :><?>=5=BV2 B0 13 :@8B5@VW2, S:V  <8 
>1@0;8 4;S  281>@C. 

 
�<VAB>2=0 ?>AB0=>2:0 7040GV. �;Vє=B E>G5 >1@0B8 DVB=5A :;C1 4;S 

70=SBP A?>@B><. !0 281V@ 40=> B@8 20@V0=B8 DVB=5A :;C1V2: Anna 

Fitness(A1), Fit Haus(A2), �@0975@(�3). �A=Cє @S4 :@8B5@VW2, S:V =5>1EV4=> 
2@0E>2C20B8 ?@8 281>@V: @VAV@4?ьAV ;4FD4F< A4 8BDB7G; 64DFVEFь 
45BA9@9AFG; ;A<:>4 8?O EFG89AFV6; CB6A9 BEA4M9AAO ;4?G; 54D ;V 
ECBDF<6A<@< A4CBO@<; A4O6AVEFь @4E4:AB7B >45VA9FG; 6V87G>< CDB >?G5; 
CD<є@A4 4F@BEH9D4; CB6474 8B >?VєAFV6; EF45V?ьA<= DB;>?48; 8BE6V8K9AV 
FD9A9D<; A4O6AVEFь VA8<6V8G4?ьA<I ;4AOFь; 69?<><= 6<5VD FD9AG64Aь.  

�@0E>2CRG8 :@8B5@VW, =5>1EV4=> >1@0B8 >?B8<0;P=89 4;S 
2V42V4C20==S DVB=5A :;C1. 

!0 ?5@H><C 5B0?V @>72’S7:C ?>1C4Cє<> Vє@0@EVR (@8A. 1). #5@H89 
@V25=P 3 <5B0 7040GV, 4@C389 3 ?>:07=8:8 4;S >FV=:8, B@5BV9 @V25=P 3 
:@8B5@VW, >AB0==V9 @V25=P 3 0;PB5@=0B828.  

 

 
 

$<EGAB> 1 3 #>1C4>20 Vє@0@EVG=>W AB@C:BC@8 7040GV 
 

�8:>@8AB>2CRG8 <5B>4 %00BV [2], 45 H:0;0 >FV=:8 2V4 1 4> 9 10;V2, 
287=0G0є<> ?@V>@8B5B8 5;5<5=BV2 Vє@0@EVG=>W AB@C:BC@8. #VA;S ?>1C4>28 
Vє@0@EVW 28:>@8AB>2Cє<> <5B>4 ?>@V2=S==S 5;5<5=BV2. �;S FP>3> 1C4Cє<> 
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<0B@8FV <V6 @V2=S<8 Vє@0@EVW, 0 A0<5: <0B@8FV 4;S ?>@V2=S==S 2V4=>A=>W 
206;82>ABV :@8B5@VW2 2V4=>A=> FV;V V <0B@8FV 4;S >FV=:8 2V4=>A=>W 
7=0GCI>ABV 0;PB5@=0B82 2V4=>A=> :>6=>3> 7 :@8B5@VW2 B@5BP>3> @V2=S. 
�25@=5<> C203C =0 B5, I> <0B@8FV <0RBP 2;0AB82VABP 72>@>B=>W A8<5B@VW. 
' 40=V9 7040GV 7030;P=0 :V;P:VABP <0B@8FP 4>@V2=Rє 18, B><C =5>1EV4=> 
7@>18B8 ?>?0@=5 ?>@V2=S==S 4;S :>6=>W 7 =8E. 

#VA;S ?>?0@=>3> ?>@V2=S==S 5;5<5=BV2 7=0E>48<> 25:B>@ 
?@V>@8B5BV2. 

#@8:;04 287=0G5==S ?@V>@8B5BV2, ?>1C4>28 <0B@8FV B0 7=0E>465==S 
25:B>@C  (@8A. 2). 

 

 
$<EGAB> 2 3  0B@8FS ?>?0@=>3> ?>@V2=S==S 

 

�;S :>6=>W <0B@8FV @>7@0ECє<> V=45:A C73>465=>ABV. �;S FP>3> 
<8 <=>68<> :>6=C <0B@8FR =0 =>@<>20=V >FV=:8. (>@<C;8 
@>7@0EC=:V2 ?@82545=> =86G5: 

 

 

 
 

"B@8<Cє<> B0:V 7=0G5==S (@8A.3): 
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$<EGAB> 3 3 $57C;PB0B8 @>7@0EC=:V2 
 

$57C;PB0B8 @>7@0EC=:V2 70 2AV<0 :@8B5@VS<8 ( ;>:0;P=V 
?@V>@8B5B8, 3;>10;P=V ?@V>@8B5B8 4@C3>3> B0 B@5BP>3> @V2=V2 Vє@0@EVW B0 
;>:0;P=V ?@V>@8B5B8 0;PB5@=0B82 ?>:070=> C (B01;.1).  

/: 10G8<>, =091V;PH89 ?@V>@8B5B <0є 0;PB5@=0B820 �1(0,43), >B65 
WW 281V@ <>6=0 22060B8 >?B8<0;P=8<. "FV=R20==S DVB=5A :;C1V2 70 2AV<0 
?>:07=8:0<8 B0 :@8B5@VS<8 =02545=> 2 B01;8FV 1. 

 
&01;8FS 1- $57C;PB0B8 >FV=R20==S DVB=5A :;C1V2 

 
 

�=0;V7 >B@8<0=8E @57C;ьB0BV2. �0 4>?><>3>R  �� ?@89H;8 4> 
28A=>2:C, I> =09:@0I8< 20@V0=B>< 4;S 281>@C 2V4=>A=> 7040=8E 
:@8B5@VW2 є DVB=5A :;C1 �1(43%), =0 4@C3><C <VAFV �3(32%) V =0 B@5BP><C 
�2(28%).  

�8A=>2:8. �8:>@8AB>2CRG8  �� <>6=0 >B@8<0B8 >?B8<0;P=5 

�B>4?ьA<= 
CDіBD<F9F

�?B54?ьA<= 
CDіBD<F9F 
>D<F9DіN 

6<щB7B(8DG7B7
B) Dі6AO

�?B54?ьA<= 
CDіBD<F9F 
>D<F9DіN 

FD9FьB7B Dі6AO

1
�<FD4F< A4 
8BDB7G 0,73 0,26 0,63 0,24 0,14

2
�4DFіEFь 

45BA9@9AFG 0,2 0,07 0,12 0,23 0,65

3
ЗA<:>4 8?O 
EFG89AFі6 0,07 0,02 0,1 0,4 0,5

4
�EA4щ9AAO 

;4?G 0,68 0,27 0,58 0,26 0,16

5
!CBDF<6A<= 

54D 0,21 0,08 0,09 0,35 0,56

6
 4E4:A<= 
>45іA9F 0,11 0,04 0,13 0,25 0,62

7
�BE6і8ч9Aі 
FD9A9D< 0,57 0,06 0,16 0,29 0,54

8
ІA8<6і8G4?ьAі 

;4AOFFO 0,2 0,06 0,63 0,28 0,09

9
 і;AB@4AіFFO 
A4CDO@>і6 0,12 0,07 0,16 0,26 0,58

10
!F45і?ьA<= 
DB;>?48 0,1 0,02 0,53 0,33 0,14

11
�і87G>< CDB 

>?G5 0,31 0,02 0,18 0,23 0,58

12
�D<є@A4 
4F@BEH9D4 0,31 0,02 0,53 0,32 0,15

13
�B6474 8B 
>?ієAFі6 0,39 0,03 0,11 0,35 0,55

�?B54?ьAі 
CDіBD<F9F< 
4?ьF9DA4F<6

0,43 0,28 0,32

0,35

0,4

0,18

0,07

�B>4?ьAі CDіBD<F9F< 4?ьF9DA4F<6
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@VH5==S, 2@0E>2CRG8 25;8:C :V;P:VABP :@8B5@VW2 B0 ?>:07=8:V2. *59 <5B>4 
<>65 AB0B8 2 =03>4V 4;S 7040G 281>@C C @V7=><0=VB=8E A8BC0FVSE: 2V4 
C?@02;V==S =0 45@602=><C @V2=V 4> @>72’S70==S ?@820B=8E ?@>1;5< C 
1V7=5AV, ?@><8A;>2>ABV, >A2VBV. � S: 1C;> ?@>V;RAB@>20=> C @>1>BV, B0:>6 
4;S ?@89=SBBS 2;0A=8E @VH5=P 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 
1. 'A %.�., �>@SH:V=0 �.%.  >45;V 9 <5B>48 ?@89=SBBS @VH5=P. 

!02G0;P=89 ?>AV1=8:. 3 �. : !�', 2014. 3 300 A.  
2. %00B8 &. #@8=SB85 @5H5=89.  5B>4 0=0;870 85@0@E89. 3  .: 

$048> 8 A2S7P, 1993. 3 278 c 

 

 

 

 
'�� 004.9                                                     .AP:V2 ".�.1, �0:C@>20 �.�.2 
 

%�%&� � �!�$�"�'��&' #$� $������*�� #$"Є�&�� 
�!�$�"���$���!!/ !�  �&��'$���!" ' 

#��#$�Є %&��  
  

!04V9=8< V=AB@C<5=B0@Vє<, I> 70157?5GCє FV;V B0 70240==S 
5=5@3>715@565==S ACG0A=>3> <5B0;C@3V9=>3> ?V4?@8є<AB20, є 
5=5@35B8G=5 >1AB565==S (5=5@3>0C48B). #@54<5B>< 5=5@35B8G=>3> 
0C48BC є A8AB5<0 >1AB565==S A?>6820==S ?0;820 B0 5=5@3VW, 0=0;V7C B0 
2840GV @5:><5=40FV9 I>4> 5D5:B82=>3> 28:>@8AB0==S 5=5@3>@5AC@AV2. 
"1’є:B8 5=5@35B8G=>3> 0C48BC: ?V4?@8є<AB2> 2 FV;><C; >:@5<V ?V4@>74V;8 
?V4?@8є<AB20; B5E=>;>3VG=V B0 4>?><V6=V ?@>F5A8 28@>1=8FB20; A8AB5<8 
AB2>@5==S <V:@>:;V<0BC; A8AB5<8 5=5@35B8G=>3> <5=546<5=BC; ?@>є:B8, 
V=25AB8FV9=V ?@>3@0<8. �>;>2=0 <5B0 5=5@35B8G=>3> 0C48BC ?>;S30є C 
?>HC:C <>6;82>AB59 5=5@3>715@565==S B0 4>?><>38 AC1'є:B0< 
3>A?>40@R20==S C 287=0G5==V =0?@S<:V2 5D5:B82=>3> 
5=5@3>28:>@8AB0==S.  

�:BC0;P=8< є 2?@>20465==S 2=CB@VH=P>3> 5=5@35B8G=>3> 0C48BC 2 
A8AB5<C 5=5@35B8G=>3> <5=546<5=BC ?V4?@8є<AB2 <5B0;C@3V9=>W 
?@><8A;>2>ABV. "A=>2=8<8 FV;S<8 5=5@35B8G=>3> >1AB565==S є: 

1. "B@8<0==S >1'є:B82=8E 40=8E ?@> >1AS3 28:>@8AB>2C20=8E 
5=5@35B8G=8E @5AC@AV2; 
                                                             

1 �A?V@0=B, !0F. C=-B «�0?>@V7P:0 ?>;VB5E=V:0» 
2 �>:B>@ 5:>=><VG=8E =0C:, ?@>D5A>@, !0F. C=-B «�0?>@V7P:0 

?>;VB5E=V:0» 
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2. �87=0G5==S ?>:07=8:V2 5=5@35B8G=>W 5D5:B82=>ABV; 
3. �87=0G5==S ?>B5=FV0;C 5=5@3>715@565==S B0 ?V428I5==S 

5=5@35B8G=>W 5D5:B82=>ABV; 
4. $>7@>1:0 ?5@5;V:C B8?>28E, 7030;P=>4>ABC?=8E 70E>4V2 I>4> 

5=5@3>715@565==S B0 ?V428I5==S 5=5@35B8G=>W 5D5:B82=>ABV B0 
?@>2545==S WE 20@BVA=>W >FV=:8. 

"A=>2=V 5B0?8 ?@>2545==S 5=5@3>0C48BC ?V4?@8є<AB20 
<5B0;C@3V9=>W 30;C7V [1]: 

1. #V43>B>2G89 5B0?. #5@54 ?>G0B:>< @>1>B8 7 >1AB565==S 
?V4?@8є<AB20 =5>1EV4=> >B@8<0B8 7030;P=5 CS2;5==S ?@> ?V4?@8є<AB2>, 
@>7V1@0B8AS C 9>3> AB@C:BC@V, >7=09><8B8AS 7 B5E=>;>3VG=8<8 ?@>F5A0<8 
B0 >B@8<0B8 ?5@5;V: >A=>2=>3> >1;04=0==S, 28S28B8 =09V<>2V@=VHV <VAFS 
2B@0B 5=5@3>@5AC@AV2. 

2. �B0? ?@>2545==S 5=5@3>0C48BC. �B0? 2:;RG0є ?@>2545==S 
V=AB@C<5=B0;P=>3> B0 4>:C<5=B0;P=>3> >1AB565==S ?V4?@8є<AB20. 
�=AB@C<5=B0;P=5 >1AB565==S 70AB>A>2CєBPAS 4;S 70?>2=5==S 2V4ACB=P>W 
V=D>@<0FVW, S:0 =5>1EV4=0 4;S >FV=:8 5D5:B82=>ABV 5=5@3>28:>@8AB0==S, 
0;5 =5 <>65 1CB8 >B@8<0=0 7 4>:C<5=BV2, 01> 2 B><C 28?04:C S:I> =0S2=0 
V=D>@<0FVS 28:;8:0є AC<=V28. � 40=><C 4>A;V465==V 70?@>?>=>20=> 
74V9A=R20B8 <>=VB>@8=3 4>1>2>3> A?>6820==S 5;5:B@>5=5@3VW 70 
?>:07=8:0<8: 01A>;RB=>3> 7=0G5==S A?>6820==S 5;5:B@>5=5@3VW, :�B; 
01A>;RB=>3> 7=0G5==S B5<?5@0BC@8 ?>2VB@S, 0%; 01A>;RB=>3> 7=0G5==S 
@8=:>2>W FV=8 =0 5;5:B@>5=5@3VR; ?@>3=>7>20=>3> 7=0G5==S A?>6820==S 
5;5:B@>5=5@3VW, :�B; ?@>3=>7>20=>3> 7=0G5==S B5<?5@0BC@8 ?>2VB@S, 0%; 
?@>3=>7>20=>3> 7=0G5==S @8=:>2>W FV=8 =0 5;5:B@>5=5@3VR; 2V4E8;5==S 
?@>3=>7>20=>3> 2V4 D0:B8G=>3> 7=0G5==S A?>6820==S 5;5:B@>5=5@3VW, 
:�B; FV=0 2V4E8;5==S (@878: ?5@528B@0B 70 =5B>G=>ABV ?@>3=>7C) 
?@>3=>7>20=>3> B0 D0:B8G=>3> 7=0G5==S A?>6820==S 5;5:B@>5=5@3VW, :�B; 
FV=0 2V4E8;5==S D0:B8G=>3> B0 =>@<>20=>3> 7=0G5==S A?>6820==S 
5;5:B@>5=5@3VW, :�B. 

3. �B0? 0=0;V7C @57C;PB0BV2. �=0;V7 40=>W V=D>@<0FVW 4>72>;Sє 
28S28B8 H;SE8 7=865==S 5=5@3>A?>6820==S 70 @0EC=>: 28:;RG5==S 
=5@0FV>=0;P=>3> 28:>@8AB0==S 5=5@3>@5AC@AV2, CAC=5==S 2B@0B B0 
?V428I5==S 5D5:B82=>ABV ?5@5B2>@5==S 5=5@3VW ?@8 28@>1=8FB2V 
?@>4C:FVW. 

!09?>H8@5=VH8< 284>< ?@>2545==S 5=5@3>0C48BC є 5:A?@5A-0C48B. 
�0=89 284 >1AB565==S 4>72>;Sє C >1<565=V B5@<V=8 V 70 <5=HV :>HB8 
287=0G8B8 >A=>2=V ?@>1;5<=V =0?@S<:8 2 >:@5<8E ;0=:0E 
5=5@3>A?>6820==S.  

 



121 
 

 
$8AC=>: 1 3 �848 5=5@3>0C48BC  

(�65@5;>: A:;045=> 02B>@>< 70 465@5;0<8 [1] B0 [2]) 
 

�;S ?@8:;04C B0:>3> 0=0;V7C =0 @8A. 2 =02545=> 40=V A?>6820==S 
5;5:B@>5=5@3VW 70 ;8?5=P 2019 @>:C 70 <5B>48:>R ?>3>48==>3> 
?;0=C20==S 5=5@3>A?>6820==S. �024S:8 @>718BBR 4>18 =0 B0@8D=V 7>=8 
=VG-45=P <>6=0 287=0G8B8 ?>B5=FV0; 5=5@3>715@565==S B0 ?V428I5==S 
5=5@35B8G=>W 5D5:B82=>ABV 70 @0EC=>: 0:B82V70FVW 4VS;P=>ABV C =VG=V G0A8, 
:>;8 FV=0 7=0G=> =86G0 (937 3@=/ �B*3>4) B0 7<5=H5==S WW C 45==V G0A8 
(2011 3@=/ �B*3>4). &0:8<8 ?>B5=FV0;0<8 є 6, 13, 19, 24 B0 30 4=V <VASFS 
(728G09=>, S:I> F5 4>72>;SRBP B5E=>;>3VG=V ?@>F5A8). 

 

 
 

$8AC=>: 2 3 %5@54=є 4>1>25 5=5@3>A?>6820==S 70 FV=>28<8 7>=0<8 
=VG-45=P (�8?5=P 2019), :�B/3>4 
(�65@5;>: ?>1C4>20=> 02B>@><) 
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#VA;S ?@>2545==S 5=5@35B8G=>3> 0C48BC =0 ?V4?@8є<AB2V ?>AB0є 
=5>1EV4=VABP C AB2>@5==V A8AB5<8 5=5@35B8G=>3> <5=546<5=BC 3 
>@30=V70FV9=>W AB@C:BC@8, S:0 1 74V9A=R20;0 :>=B@>;P 70 @V2=5< 
5=5@3>A?>6820==S V 4>B@8<0==S 5=5@3>715@V30RG8E 70E>4V2. �0=0 
>@30=V70FV9=0 AB@C:BC@0 ?>28==0 1CB8 =570;56=>R 2V4 :5@V2=8:V2 
?V4@>74V;V2, S:V ?5@52V@SRBPAS. +5@57 ?52=89 G0A =5>1EV4=> ?@>2>48B8 

?5@V>48G=89 0C48B, 70 @57C;PB0B0<8 S:>3> <>6=0 @>18B8 28A=>2:8 ?@> 
5D5:B82=VABP DC=:FV>=C20==S A8AB5<8 5=5@35B8G=>3> <5=546<5=BC B0 
?@> @V25=P @50;V70FVW 5=5@3>5D5:B82=8E @VH5=P. #@8 >1ґ@C=BC20==V 
5:>=><VG=>W 4>FV;P=>ABV 2?@>20465==S ?52=>W AC:C?=>ABV 70E>4V2 7 
5=5@3>715@565==S =5>1EV4=> 2@0E>2C20B8 AB0= ?V4?@8є<AB20 B0 
>@30=V70FV9=V =0A;V4:8 V=25ABC20==S C 5=5@3>715@565==S [1, 2]. 

�8A=>2:8 $57C;PB0B>< 0C48BC є >B@8<0==S 45B0;P=>W V=D>@<0FVW, S: 
5=5@3VS 70:C?>2CєBPAS, @>7?>4V;SєBPAS B0 28:>@8AB>2CєBPAS, I> 4>72>;Sє 
70?>1V3B8 7@>AB0==S 5=5@3>28B@0B B0 =5@0FV>=0;P=>3> 2:;040==S :>HBV2. 
� 40=><C 4>A;V465==V 1C2 =02545=89 ?@8:;04 5:A?@5A-5=5@3>0C48BC =0 
>A=>2V 40=8E ?@> ?>3>48==5 A?>6820==S 5;5:B@>5=5@3VW V FV=>28E 7>= 
45=P-=VG =0 <5B0;C@3V9=><C ?V4?@8є<AB2V. �;S ?>40;PH8E 4>A;V465=P 
@5:><5=4>20=> @>7@>18B8 0=0;VB8G=C ?0=5;P 4;S ?V4B@8<:8 <>=VB>@8=3C 
4>1>2>3> A?>6820==S 5;5:B@>5=5@3VW 70 =02545=8<8 ?>:07=8:0<8. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 
1. Energy management and audit. Energy Audit : Types And 

Methodology, Energy, 2001. 

2. �0=V;:>20 �. .. �;RG>2V 0A?5:B8 >@30=V70FVW A8AB5<8 
5=5@35B8G=>3> <5=546<5=BC ?@><8A;>28E ?V4?@8є<AB2 ':@0W=8 
[�;5:B@>==89 @5AC@A] / �. .. �0=V;:>20 // �:>=><V:0 B0 45@6020. 3 2016. 

3 7 2. 3 %. 96-100. 3 URL: http://nbuv.gov.ua/UJRN/ecde_2016_2_23. 

  

http://nbuv.gov.ua/UJRN/ecde_2016_2_23
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'�� 004.056: 004.421  �;P-)0<04 !.�.1, !5;0A0 �.�. 2 
 

$������*�/ ���!&"�"�" ���"$�& '  
(��&"$���*�� ,"$� � IBM QISKIT 

 
' 1994 <0B5<0B8: #VB5@ ,>@ @>7@>182 :20=B>289 0;3>@8B<, S:89 <V3 

@>7:;0AB8 4>40B=5 FV;5 G8A;> N.  !0 B>9 G0A F5 A?@024V 1C2 ?5@H89 
:>=:@5B=89 :20=B>289 0;3>@8B<. #><=>68B8 420 G8A;0 є ?@>AB>R 
>?5@0FVєR, 0;5 @>7:;0AB8 25;8:5 G8A;> =0 ?@>ABV <=>6=8:8 28S2;SєBPAS 
4>A8BP A:;04=>R 7040G5R. &5>@5B8G=> 0;3>@8B< ,>@0 <>65 ;53:> 
7;0<0B8 :@8?B>3@0DVG=V A8AB5<8, I> VA=CRBP =0 @8=:C. &><C FS B5>@VS 
28:;8:0;0 7=0G=89 V=B5@5A 7 1>:C 4>A;V4=8:V2 C AC<V6=8E 30;C7SE ?> 
2AP><C A2VBC. 

�;3>@8B< H8D@C20==S RSA ґ@C=BCєBPAS =0 ?@>1;5<V @>7:;040==S =0 
?@>ABV <=>6=8:8. /:I> E0:5@8 E>GCBP 7;0<0B8 RSA, 2>=8 ?>28==V 
A?>G0B:C 7=09B8 A?>AV1 @>7:;0AB8 25;8:5 G8A;> =0 ?@>ABV <=>6=8:8, I>1 
>B@8<0B8 :;RG. "B65, I>1 >B@8<0B8 :;RG =5>1EV4=> @>7:;0AB8 N =0 
?@>ABV <=>6=8:8 p V q, I> є <5B>R 0;3>@8B<C ,>@0. 

�;3>@8B< ,>@0[1] 3 :20=B>289 0;3>@8B< D0:B>@870FVW FV;8E G8A5;, 
I> 4>72>;Sє @>7:;0AB8 FV;5 G8A;> N =0 ?@>ABV <=>6=8:8 70 
?>;V=><V0;P=89 G0A. 

%CBP 0;3>@8B<C ,>@0 ?>;S30є 2 72545==V 7040GV D0:B>@870FVW 4> 
7040GV ?>HC:C ?5@V>4C DC=:FVW. /:I> 2V4><89 ?5@V>4 DC=:FVW, B> 
D0:B>@870FVS 74V9A=RєBPAS 70 4>?><>3>R 0;3>@8B<C �2:;V40 70 
?>;V=><V0;P=89 G0A =0 :;0A8G=><C :><?'RB5@V. 

�;3>@8B< ,>@0 A:;040єBPAS 7 42>E G0AB8=: 
1. �;0A8G=0 G0AB8=0 0;3>@8B<C. 
2. �20=B>20 G0AB8=0 0;3>@8B<C. 
�;0A8G=0 G0AB8=0 ?>;S30є 2 72545=V, S:5 <>6=0 7@>18B8 =0 

:;0A8G=><C :><?'RB5@V, 7040GV @>7:;040==S 4> 7040GV ?>HC:C  ?>@S4:C. 
�20=B>20 G0AB8=0 ?>;S30є 2 28@VH5==V 7040GV ?>HC:C ?5@V>4C 

DC=:FVW. (C=:FVS <0є B0:C D>@<C: 
                                       f(x) = ax (mod N).                                            (1) 

                                                             
1 ABC45=B 3@C?8 $&-811<, !' «�0?>@V7P:0 ?>;VB5E=V:0»  
2 4>F5=B :0D54@8 70E8ABC V=D>@<0FVW, !' «�0?>@V7P:0 ?>;VB5E=V:0», :.B.=. 

https://en.wikipedia.org/wiki/Order_(group_theory)
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� FV9 DC=:FVW a 3 4>2V;P=5 G8A;>, N 3 G8A;> 4;S D0:B>@870FVW, x 3 
7<V=0, S:0 ?>40єBPAS =0 2EV4 4> DC=:FVW. 

#>HC: ?5@V>4C ?>;S30є C 28:>@8AB0==V   :20=B>2>W >FV=:8 
D078  C=VB0@=>3> >?5@0B>@0[2]. �20=B>20 AE5<0 ?>HC:C ?5@V>4C 
?@54AB02;5=0 =0 @8A. 1. 

 
$8AC=>: 1 3 �20=B>20 AE5<0 0;3>@8B<C ,>@0  

4;S ?>HC:C ?5@V>4C DC=:FVW 
 

�7030;V 0;3>@8B< ,>@0 <>6=0 @>74V;8B8 =0 =0ABC?=V 5B0?8: 
1. "18@0єBPAS 28?04:>25 G8A;> 1 < a < N. 
2. "1G8A;RєBPAS =091V;PH89 A?V;P=89 4V;P=8: G8A5; a V N 3 !%�(0, 

N). �V= ?>28=5= 4>@V2=R20B8 >48=8FV. 
3. #>HC: :20=B>2>3> ?5@V>4C r DC=:FVW (1). #5@V>4 r ?>28=5= 1CB8 

?0@=8< G8A;><. 
4. "1G8A;RRBPAS 420 G8A;0 3 !%�(ar/2 + 1, N) V !%�(ar/2 3 1, N), S:V є 

=5B@82V0;P=8<8 D0:B>@0<8 G8A;0 N. 
 5B>R 40=>W @>1>B8 є =0?8A0==S ?@>3@0<8, ?>1C4>20 AE5<8 V 

@50;V70FVS :20=B>2>3> 0;3>@8B<C ,>@0 2 Qiskit =0 <>2V Python. 
!0 @8A. 2, 3 ?@54AB02;5=0 ?>1C4>20=0 2 Qiskit AE5<0 4;S ?>HC:C 

?5@V>4C V :>4 4;S D0:B>@870FVW G8A;0 N. 

 
$8AC=>: 2 3 �20=B>20 AE5<0 0;3>@8B<C ,>@0 4;S ?>HC:C ?5@V>4C 

DC=:FVW 2 Qiskit 

https://qiskit.org/textbook/ch-algorithms/quantum-phase-estimation.html
https://qiskit.org/textbook/ch-algorithms/quantum-phase-estimation.html
https://en.wikipedia.org/wiki/Greatest_common_divisor
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$8AC=>: 3 3 �>4 @50;V70FVW 0;3>@8B<C ,>@0 =0 ?@8:;04V 

D0:B>@870FVW G8A;0 N=15 
 

$57C;PB0B8 D0:B>@870FVW N=15 7 28:>@8AB0==S< 0;3>@8B< ,>@0, 
?@54AB02;5=V =0 @8A. 4. 

 

 
$8AC=>: 4 3 $57C;PB0B8 D0:B>@870FVW G8A;0 N=15 

 

�8A=>2:8: 02B>@0<8 ?>1C4>20=0 :20=B>20 AE5<0 0;3>@8B<C ,>@0 
4;S 28@VH5==S ?@>1;5<8 ?>HC:C ?5@V>4C DC=:FVW, @50;V7>20=> :20=B>289 
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0;3>@8B< ,>@0 2 Qiskit =0 ?@8:;04V D0:B>@870FVW G8A;0 N = 15. 
�>A;V465=>, I> :20=B>2V 0;3>@8B<8, 2 B><C G8A;V 0;3>@8B< ,>@0, <0RBP 
9<>2V@=VA=89 E0@0:B5@ 7=0E>465==S @VH5==S. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 
1. Shor P. Algorithms for quantum computation: discrete logarithms and 

factoring [Text] /Shor P.// Foundations of Computer Science. 3 1994. 3 710. 
3 134p. 

2. Shor’s algorithm [�;5:B@>==89 @5AC@A]/ $568< 4>ABC?C: 
https://qiskit.org/textbook/ch-algorithms/shor.html. 

 

 

 

'�� 004.75                  �>;>2:> �.".1, $51@8:>2  . .2, �>7V=0 �.�.3 
 

�"%�����!!/  "����"%&� $������*�� ���-��%&"%'!�' 
��/ *�($"�"�" #��#�%' �"�' �!&�� � ���"$�%&�!!/  

&�)!"�"��� BLOCKCHAIN 
 

�V4?>2V4=> 4> 287=0G5==S =0 A09BV IBM [1], 1;>:G59= - F5 A?V;P=89, 
=57<V==89 @5єAB@, ?@87=0G5=89 4;S 70?8AC B@0=70:FV9, >1;V:C 0:B82V2 V 
?>1C4>28 4>2V@G8E 2V4=>A8=. �?5@H5 B5@<V= 7'S282AS S: =0720 ?>2=VABR 
@5?;V:0FV9=>W @>7?>4V;5=>W 1078 40=8E, @50;V7>20=>W 2 A8AB5<V 
«1VB:>W=V2», G5@57 I> 1;>:G59= G0AB> 2V4=>ASBP 4> B@0=70:FV9 2 @V7=8E 
:@8?B> 20;RB0E, ?@>B5 B5E=>;>3VS ;0=FR6:V2 1;>:V2 <>65 1CB8 
?>H8@5=0 =0 1C4P-S:V 270є<>?>2'S70=V V=D>@<0FV9=V 1;>:8. 

�V4?>2V4=> 4> 287=0G5==S =0 A09BV !0FV>=0;P=>3> 10=:C ':@0W=8, 
?;0BV6=0 A8AB5<0 (payment institution) 3 ?;0BV6=0 >@30=V70FVS, CG0A=8:8 
?;0BV6=>W A8AB5<8 B0 AC:C?=VABP 2V4=>A8=, I> 28=8:0RBP <V6 =8<8 ?@8 
?@>2545==V ?5@5:07C :>HBV2. #@>2545==S ?5@5:07C :>HBV2 є >1>2’S7:>2>R 
DC=:FVєR, I> <0є 28:>=C20B8 ?;0BV6=0 A8AB5<0. 

� ?@>?>=>20=>W 4;S @>73;S4C @>1>BV 4;S @50;V70FVW ?;0BV6=>W 
A8AB5<8 28:>@8AB>2C20;8AS <>28 ?@>3@0<C20==S TypeScript [2] B0 Python 
[3], 0 B0:>6 D@59<2>@: Nest js B0 A8AB5<0 2V440;5=>3> 28:;8:C ?@>F54C@ 
gRPC. "1<V= 40=8<8 <V6 :;Vє=B>< B0 251-?@>3@0<>R 74V9A=RєBPAS 70 
0@EVB5:BC@>R REST API. �;S AB2>@5==S 0@EVB5:BC@8 251-?@>3@0<8 
A5@25@0 1C2 28:>@8AB0=89 0@EVB5:BC@=89 ?0B5@= Broker Message. 

                                                             
1 ABC45=B 3@C?8 $&-818, !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ABC45=B 3@C?8 $&-818, !' «�0?>@V7P:0 ?>;VB5E=V:0» 
3 4>F5=B :0D54@8 ��, !' «�0?>@V7P:0 ?>;VB5E=V:0», :. D.-<. =. 
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�;S 28@VH5==S ?@>1;5<8 AB2>@5==S F8D@>2>3> ?V4?8AC =0 AB>@>=V 
:;Vє=B0 C 1@0C75@V AB2>@5=> 45A:B>?=5 70AB>AC20==S ?V4?8A0==S 
B@0=70:FVW. 

�;S <>6;82>ABV 28:>@8AB0==S DC=:FV9 Python C :>4V =0?8A0=><C =0 
TypeScript =5>1EV4=> 1C;> 28:>@8AB>2C20B8 A8AB5<8 2V440;5=>3> 
28:;8:C DC=:FV9. &0:>6 40=C @50;V70FVR <>6;82> AB2>@8B8 7024S:8 
70AB>AC=:0< 4;S ?>1C4>28 A8AB5< =0 0@EVB5:BC@V «broker message» 7 
28:>@8AB0==S< <>4C;V2 =0 @V7=8E <>20E ?@>3@0<C20==S (1@>:5@0< 
?>2V4><;5=P), 4> B0:8E 70AB>AC=:V2 2V4=>A8BPAS =0?@8:;04 Kafka, 
ActiveMQ B0 RabbitMQ, 0;5 28:>@8AB0==S B0:8E <0A82=8E V=AB@C<5=BV2 2 
40=V9 @>1>BV <0;> ?>3V@H8;> H284:>4VR, B><C 2 FV9 @>1>BV S 
28:>@8AB>2C202  A8AB5<8 2V440;5=>3> 28:;8:C DC=:FV9. �81V@ A0<5 gRPC 
1C2 >1C<>2;5=89 9>3> ?@>AB>B>R B0 @>7?>2AR465=VABP, 0 B0:>6 
=0S2=VABP @>73>@=CB>W 4>:C<5=B0FVW, I> 40;> <>6;82VABP H284:> 
V<?;5<5=BC20B8 40=89 A5@2VA S: C 4>40B>: =0 Python, B0: V C TypeScript. 

#@>5:B A:;040єBPAS 7 42>E G0AB8= 3 :;Vє=BAP:>W B0 A5@25@=>W. 
�;Vє=BAP:0 G0AB8=0 74V9A=Rє B@8 DC=:FVW 3 AB2>@5==S =>2>3> 

30<0=FS, ?5@52V@:0 10;0=AC VA=CRG>3> 30<0=FS, B0 74V9A=5==S =>2>W 
B@0=70:FVW. 

#V4 G0A 28:>=0==S B@0=70:FVW 28:>@8AB>2CєBPAS E5HC20==S. ' 
70?@>?>=>20=><C ?@>5:BV E5HC20==S 74V9A=RєBPAS 70 0;3>@8B<>< SHA-

1. #@>B5 02B>@0<8 @>7@>1;5=> :>=A>;P=5 ?@>3@0<=5 70157?5G5==S <>2>R 

?@>3@0<C20==S Python 3.9, S:5 4>72>;Sє E5HC20B8 ?>2V4><;5==S 
2V4?>2V4=> 4> G8==>3> AB0=40@BC E5HC20==S ':@0W=8 �%&' 7564:2014 
[4].  

#@8 ?@>5:BC20==V B0 @>7@>1FV 0;3>@8B<C E5HC20==S 1C;0 A:;045=0 
4V03@0<0 :;0AC DSTU7564, ?@54AB02;5=>3> C ?@>3@0<=V9 @>7@>1FV. 
�>@5:B=VABP 28:>=0==S @50;V7>20=>3> 0;3>@8B<C 1C;0 ?@>B5AB>20=0 7 
28:>@8AB0==S< B5AB>28E 40=8E, ?>40=8E C �>40B:C � �%&' 7564:2014. � 
@57C;PB0BV 1C;> >B@8<0=> ?@>3@0<=C @50;V70FVR 0;3>@8B<C E5HC20==S, 
S:0 704>2>;P=Sє 28<>30< ACG0A=8E V=D>@<0FV9=8E A8AB5<. 

!0 AB>@>=V A5@25@0 VA=Cє G>B8@8 DC=:FVW: 
(C=:FVS, S:0 ?>25@B0є 10;0=A 30<0=FS :>@8ABC20G0. 
(C=:FVS, S:0 ?5@52V@Sє, G8 VA=Cє :>@8ABC20G C 107V 40=8E. 
(C=:FVS ?5@52V@:8 ?@028;P=>ABV ?V4?8AC. 
(C=:FVS AB2>@5==S 1;>:C B0 70?8AC 9>3> 2 1;>:G59=. 
#VA;S ?V4B25@465==S ?@028;P=>ABV B0 FV;VA=>ABV =04VA;0=8E 40=8E, 

2>=8 =04E>4SBP C DC=:FVW D>@<C20==S 1;>:C. �;>: D>@<CєBPAS, :>;8 
=04E>48BP ?52=C :V;P:VABP B@0=70:FV9. �V= 4>?>2=RєBPAS E5H 7 <8=C;>3> 
1;>:C 01> =C;5<, S:I> <8=C;>3> 1;>:C =5 VA=Cє. #VA;S >AB0B>G=>3> 
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D>@<C20==S 1;>:C 74V9A=RєBPAS 9>3> E5HC20==S V 70?8A C 107C 40=8E, 
B>1B> 4> 1;>:G59=0, I> D>@<CєBPAS. 

#@>?>=>20=0 ;53:>206=0 ?;0BV6=0 A8AB5<0 40є <>6;82VABP 
:>@8ABC20G0< 157?5G=> B0 0=>=V<=> 74V9A=R20B8 B@0=70:FVW B0 
@>7@0EC=:8. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 
1. Blockchain 3 https://www.ibm.com/ru-ua/topics/what-is-blockchain 

2. TypeScript? - https://www.typescriptlang.org/ 
3. Python 3 https://www.python.org/ 

4. (C=:FVS E5HC20==S �%&' 7564:2014 3 https://usts.kiev.ua/wp-

content/uploads/2020/07/dstu-7564-2014.pdf 

 

 

 

 

'�� 003.26:004.421.2:004.428 

�0FR10 �.�.1, !5;0A0 �.�. 2 
 

$��'�*�/ ����%' $�,�&�� �� �"#" "�". 
���"$�& ' ��!%&$� - ��!%&$� – �"��%� 

 

!0 40=89 <><5=B VA=Cє G8<0;> :@8?B>3@0DVG=8E ?@>B>:>;V2, S:V 
@>7@>1;R20;8AS 4;S :><?’RB5@V2 :;0A8G=>W 0@EVB5:BC@8. �024S:8 FP><C 
:;0A8G=><C :><?’RB5@C 4;S 7;><C ?>B@V15= G8<0;89 G0A, I> @>18BP 
:@8?B>3@0DVG=C A8AB5<C 4>A8BP ABV9:>R 4> 0B0:8. �;5 =5 B0: 402=> 
7’S282AS :20=B>289 :><?’RB5@, 7024S:8 H284:>ABV >1G8A;5==S S:>3> 
<>6=0 7;0<C20B8 1V;PHVABP VA=CRG8E ?@>B>:>;V2, I> <>65 ?>AB028B8 ?V4 
703@>7C G8<0;> A8AB5< 70E8ABC V=D>@<0FVW . 

$>74V; 2 :@8?B>3@0DVW, I> 709<0єBPAS FVєR ?@>1;5<>R, =07820єBPAS 
?>AB:20=B>2>R :@8?B>3@0DVєR. � =P><C @>73;S40RBPAS 7040GV, I> 
2V4=>ASBPAS 4> :;0A8G=>W <0B5<0B8:8, 0;5 <0RBP ?V428I5=C 
A:;04=VABP [1]. 

!0 AP>3>4=V >4=8< 7 :@0I8E <5B>4V2 H8D@C20==S 2 ?>AB:20=B>2V9 
:@8?B>3@0DVW 22060єBPAS :@8?B>3@0DVS =0 @5HVB:0E 3 ?>1C4>20 
0;3>@8B<V2 0A8<5B@8G=>3> H8D@C20==S 7 28:>@8AB0==S< B5>@VW @5HVB>:. 
�0728G09 0;3>@8B<8, >A=>20=V =0 FV9 :@8?B>3@0DVW, 72>4SBPAS 4> 7040GV 

                                                             
1 ABC45=B 3@C?8 $&-710, !' «�0?>@V7P:0 ?>;VB5E=V:0»  
2 4>F5=B :0D54@8 70E8ABC V=D>@<0FVW, !' «�0?>@V7P:0 ?>;VB5E=V:0», :.B.=. 

https://www.ibm.com/ru-ua/topics/what-is-blockchain
https://www.typescriptlang.org/
https://www.python.org/
https://usts.kiev.ua/wp-content/uploads/2020/07/dstu-7564-2014.pdf
https://usts.kiev.ua/wp-content/uploads/2020/07/dstu-7564-2014.pdf
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?>HC:C =09:>@>BH>3> 25:B>@C (SVP, B>1B> Shortest Vector 
Problem) [2, 3]. 

�>:@5<0 ABV9:VABP ?>AB:20=B>2>3> :@8?B>3@0DVG=>3> 0;3>@8B<C 
NTRU, I> ґ@C=BCєBPAS =0 0@8D<5B8FV 7@V70=8E ?>;V=><V2, 107CєBPAS =0 
25;8:V9 >1G8A;R20;P=V9 A:;04=>ABV @>72’S70==S 7040GV ?>HC:C 
=09:>@>BH>3> 25:B>@C @5HVB:8 [4]. 

�;S @>72’S70==S 40=>W 7040GV 28:>@8AB>2CRBP <5B>48, S:V 
A?@>ICRBP @>1>BC 7 1078A>< @5HVB:8. "4=8< V7 =8E є @54C:FVS 
(<V=V<V70FVS) 1078AC. � 40=V9 @>1>BV 4;S 4>A;V465==S 27SB> 0;3>@8B< 
@54C:FVW 1078AC �5=AB@8 3 �5=AB@8 3 �>20A0. �V= 1C2 @>7@>1;5=89 
2G5=8<8 �@'є=>< �5=AB@>R, )5=4@V:>< �5=AB@>R V �0A;> �>20A>< 2 
1982 @>FV. �;3>@8B< �5=AB@8 3 �5=AB@8 3 �>20A0 (LLL) є >4=8< V7 
=095D5:B82=VH8E 0;3>@8B<V2 4;S @>72’S70==S FVєW 7040GV 4;S 1078AV2 
25;8:8E @>7<V@=>AB59 [5]. 

 5B0 @>1>B8 ?>;S30є 2 4>A;V465==V 2;0AB82>AB59 <0B5<0B8G=>3> 
0?0@0BC @5HVB>: 7 B>G:8 7>@C 28:>@8AB0==S 2 :@8?B>3@0DVW, @50;V70FVW 
0;3>@8B<C LLL B0 ?>@V2=S==V G0AC 28:>=0==S 7V AB>@>==V<8 1V1;V>B5:0<8. 

�;3>@8B< �5=AB@8 - �5=AB@8 - �>20A0 =02545=89 =0 @8AC=:C 1. 
� E>4V @>1>B8: 
1. $>7@>1;5=> ?@>3@0<C V7 2;0A=>R @50;V70FVєR 0;3>@8B<C B0 

28:>@8AB0==S< AB0=40@B=8E 70A>1V2 <>28 ?@>3@0<C20==S %++. �;S 
@50;V70FVW FVєW ?@>3@0<8 28:>@8AB>2C20;8AS ?@8=F8?8 >1’є:B=>-
>@Vє=B>20=>3> ?@>3@0<C20==S 4;S A?@>I5==S @>1>B8 7 :>4><. 

2. $>7@>1;5=> ?@>3@0<C 7 28:>@8AB0==S< 1V1;V>B5:8 NTL. �>;>2=8< 
70240==S< 4;S FP>3> 20@V0=BC :>4C 1C;> 4>A;V465==S <>6;82>AB59, I> 
=040є 1V1;V>B5:0 4;S 28:>=0==S @54C:FVW 1078AC @5HVB:8. 

3. $>7@>1;5=> ?@>3@0<C 7 28:>@8AB0==S< AB0=40@B=8E <5B>4V2 %++ 
B0 4V9A=>3> B8?C 40=8E RR 1V1;V>B5:8 NTL. �>;>2=8< 70240==S< 1C;> 
4>A;V48B8 H284:>4VR :>4C 7 ?>є4=0==S< A0<>ABV9=> ?@>?8A0=>3> 
0;3>@8B<C V 70?>78G5=8E 7 V=H>W 1V1;V>B5:8 B8?V2 40=8E. 

4. #>@V2=S=> G0A 28:>=0==S ?@>3@0< (B01;8FS 1).  
 

&01;8FS 1 - #>@V2=S==S A5@54=VE 7=0G5=P G0AC @>1>B8 ?@>3@0< 

�0@V0=B :>4C +0A 28:>=0==S (<A) 
<0B@8FS 50E100 <0B@8FS 100E100 

C++ (B8? 
double) 

107,8 90118,3 

NTL (B8? 
mat_ZZ) 

89,1 1506,5 

C++ (NTL-

B8? RR) 9367 7482563,9 
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$57C;PB0B8 ?>@V2=S==S: ?@>3@0<0, S:0 28:>=0;0 @54C:FVR 1078AC 7 
28:>@8AB0==S< 1V1;V>B5:8 NTL, 28:>=CєBPAS H284H5, =V6 ?@>3@0<0 157 
9>3> 28:>@8AB0==S. %0<>ABV9=> ?@>?8A0=89 0;3>@8B< B0 9>3> 
24>A:>=0;5==S =5 ?>:@0I8;8 H284:>4VW 0;3>@8B<C, 0;5 G5@57 4>40B:>2V 
>1@>1:8 =02?0:8 3 C?>2V;P=8;8 28:>=0==S 0;3>@8B<C. 

 

 
 

$8AC=>: 1 3 �;3>@8B< �5=AB@8 3 �5=AB@8 3 �>20A0 (LLL) 
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%#�%"� ���"$�%&�!"� ��&�$�&'$� 
1. Daniel J. Bernstein. Introduction to post-quantum cryptography 

(=5>?@.) // (Introductory chapter to book "Post-quantum cryptography"). 4 

2009. [�;5:B@>==89 @5AC@A] 3 $568< 4>ABC?C 4> @5AC@AC: 
http://www.pqcrypto.org/www.springer.com/cda/content/document/cda_dow

nloaddocument/9783540887010-c1.pdf 

2. �@8?B>3@0D8S =0 @5HёB:0E [�;5:B@>==89 @5AC@A] 3 $568< 
4>ABC?C 4> @5AC@AC: 
https://ru.wikipedia.org/wiki/�@8?B>3@0D8S_=0_@5HёB:0E. 

3. !8:>;5=:> %. �@8?B>3@0D8S 8 @5HёB:8 / %5@359 !8:>;5=:>., 2009. 
3 63 A. 

4. Coppersmith D.,Shamir A. Lattice Attacks on NTRU // Advances in 

Cryptology - EUROCRYPT '97, Springer Berlin Heidelberg, 1997 , pp.52-61 

5. Lenstra A. K. Factoring Polynomials with Rational Coefficiens / A. K. 

Lenstra, H. W. Lenstra, L. Lovasz // Mathematische Annalen / A. K. Lenstra, 

H. W. Lenstra, L. Lovasz., 1982. 3 pp. 5153534. 

 

 

 

 
'�� 003.26:004.421:004.428                     �0FR10  .�.1, !5;0A0 �.�. 2 

 

"%"����"%&� #"�'�"�� R1CS &� QAP 

��/ �$�#&"�$�(�+!"�" #$"&"�"�' ZKSNARK � 
&�)!"�"��� BLOCKCHAIN 

 

� :@8?B>3@0DVW VA=CRBP ?@>B>:>;8, S:V 4>72>;SRBP 2 C<>20E 
270є<=>W =54>2V@8 >4=V9 7 270є<>4VRG8E AB>@V= ?5@5:>=0B8AS 2 
4>AB>2V@=>ABV 1C4P-S:>3> B25@465==S, =5 <0RG8 ?@8 FP><C 6>4=>W 
V=D>@<0FVW 2V4=>A=> A0<>3> B25@465==S, 0 28:>@8AB>2CRG8 BV;P:8 
:>@>B:89 4>:07, AD>@<>20=89 70740;53V4P. &0:V ?@>B>:>;8 =07820RBP 
?@>B>:>;0<8 7 =C;P>28< @>73>;>H5==S<. !0@07V 2>=8 H8@>:> 
28:>@8AB>2CRBPAS C B5E=>;>3VW 1;>:G59=. 

"4=8< 7 B0:8E ?@>B>:>;V2 є zkSNARK. ' =0H G0A 2V= 70AB>A>2CєBPAS 
2 45S:8E :@8?B>20;RB0E, 7>:@5<0 Zcash B0 Ethereum, 4;S 70157?5G5==S 
0=>=V<=>ABV B@0=70:FV9 [1]. 

zkSNARK (7 0=3;. Zero-Knowledge Succinct Non-Interactive Argument 

of Knowledge - AB8A;89 =5V=B5@0:B82=89 0@3C<5=B 7=0=P V7 =C;P>28< 

                                                             
1 ABC45=B 3@C?8 $&-710, !' «�0?>@V7P:0 ?>;VB5E=V:0»  
2 4>F5=B :0D54@8 70E8ABC V=D>@<0FVW, !' «�0?>@V7P:0 ?>;VB5E=V:0», :.B.=. 
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7=0==S<) 3 F5 ?@>B>:>; 7 =C;P>28< @>73>;>H5==S<, S:89 =5 ?>B@51Cє 
270є<>4VW <V6 B8<, EB> 4>2>48BP, B0 B8<, EB> ?5@52V@Sє. )0@0:B5@8AB8:0 
«AB8A;89» >7=0G0є, I> 4>:078 =C;P>2>3> 7=0==S 2 FP><C ?@>B>:>;V <>6=0 
?5@52V@8B8 ?@>BS3>< 45:V;P:>E <V;VA5:C=4, 0 4>268=0 B0:>3> 4>:07C - 
;8H5 :V;P:0 A>B5=P 109B, =02VBP 4;S 4>A8BP 25;8:>3> @>7<V@C 28EV4=>3> 
B25@465==S. )0@0:B5@8AB8:0 «=5V=B5@0:B82=89» >7=0G0є, I> 4>:07 
A:;040єBPAS 7 >4=>3> ?>2V4><;5==S, =04VA;0=>3> B8<, EB> 4>2>48BP, B><C, 
EB> ?5@52V@Sє [1]. 

�030;P=5 287=0G5==S zkSNARK 2:;RG0є B@8 ?@>F54C@8: 
�5=5@0B>@ :;RGV2 :  
(pk, vk) = G(λ, C). 
%B>@>=0, I> 4>2>48BP: 
Ã = P(pk, x, w). 
%B>@>=0, I> ?5@52V@Sє: 
V(vk, x, Ã) == (∃ w, I> 704>2>;P=Sє  C(x,w)), 

45 G 3 35=5@0B>@ :;RGV2, pk 3 :;RG 4>:07C, vk 3 :;RG ?5@52V@:8, P 3 
AB>@>=0, I> 4>2>48BP, V 3 AB>@>=0, I> ?5@52V@Sє, % 3 ?@>3@0<0, Ã 3 4>:07, 
λ 3 A5:@5B=89 ?0@0<5B@, I - ?C1;VG=5 7=0G5==S, w - A5:@5B=5 7=0G5==S [2]. 

 5E0=V7<, I> AB>WBP 70 FVєR B5E=>;>3VєR (@8A. 1). 
 

 
$8A. 1 3  5E0=V7< ?@>B>:>;C zkSNARK [3] 

 

' 4>?>2V4V 1C4CBP @>73;S40RBPAS ?>G0B:>2V ?5@5B2>@5==S 4;S FP>3> 
?@>B>:>;C: ?5@5B2>@5==S 28@07C 2 A8AB5<C >1<56C20GV2 @0=3C 1 (R1CS) 
9 ?5@5B2>@5==S >B@8<0=>W A8AB5<8 2 :204@0B8G=C 0@8D<5B8G=C ?@>3@0<C 
(QAP). 

 5B>R @>1>B8 є 7030;P=89 @>71V@ R1CS B0 QAP, 0 B0:>6 WE @50;V70FVS 
=0 <>2V ?@>3@0<C20==S %++. 

� @>1>BV @>73;S40єBPAS 7030;P=89 <5E0=V7< ?@>B>:>;C zkSNARK B0 
?@8=F8?8 ?>1C4>28 A8AB5<8 >1<56C20GV2 @0=3C 1 (R1CS) 9 ?5@5B2>@5==S 
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>B@8<0=>W A8AB5<8 2 :204@0B8G=C 0@8D<5B8G=C ?@>3@0<C (QAP) =0 
?@8:;040E. 

�2B>@0<8 @>7@>1;5=> ?@>3@0<8, I> 1C4CRBP R1CS B0 QAP, =0 <>2V 
?@>3@0<C20==S %++: @50;V70FVS 73V4=> 0;3>@8B<C 7 28:>@8AB0==S< 
1V1;V>B5:8 B5>@VW G8A5; NTL V @50;V70FVS 7 28:>@8AB0==S< 1V1;V>B5:8 
libsnark. 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 
1. What are zk-SNARKs?. [�;5:B@>==89 @5AC@A] 

https://z.cash/technology/zksnarks/. 4 !0720 7 B8BC;. 5:@0=C. 
2. Introduction to zk-SNARKs with Examples. [�;5:B@>==89 @5AC@A] 

https://media.consensys.net/introduction-to-zksnarks-with-examples-

3283b554fc3b. 4 !0720 7 B8BC;. 5:@0=C. 
3. Quadratic Arithmetic Programs: from Zero to Hero. [�;5:B@>==89 

@5AC@A] https://medium.com/@VitalikButerin/quadratic-arithmetic-

programs-from-zero-to-hero-f6d558cea649. 4 !0720 7 B8BC;. 5:@0=C. 
 

  

https://z.cash/technology/zksnarks/
https://medium.com/@VitalikButerin/quadratic-arithmetic-programs-from-zero-to-hero-f6d558cea649
https://medium.com/@VitalikButerin/quadratic-arithmetic-programs-from-zero-to-hero-f6d558cea649
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�0:;NG=5 A;>2> 

 

10 G5@2=S 2022 @>:C (70<VABP 70?;0=>20=>W 40B8 17-18 15@57=S 2022 @. 
G5@57 2V9AP:>2C 03@5AVR @>AV9AP:>W D545@0FVW) 2V41C;0AS V �A5C:@0W=AP:0 
�=B5@=5B-:>=D5@5=FVS 74>1C20GV2 28I>W >A2VB8 V <>;>48E CG5=8E 
«�=D>@<0FV9=V B5E=>;>3VW: B5>@VS V ?@0:B8:0». � =V9 27S;8 CG0ABP: 

 28:;040GV V ABC45=B8 ?'SB8 28I8E =02G0;P=8E 70:;04V2 ':@0W=8 
(58 ABC45=BV2, 4 0A?V@0=B8 B0 34 28:;040GV): 

o )0@:V2AP:89 =0FV>=0;P=89 C=V25@A8B5B <VAP:>3> 
3>A?>40@AB20 V<5=V ". . �5:5B>20,  

o !' «�0?>@V7P:0 ?>;VB5E=V:0»,  
o !&' «�=V?@>2AP:0 ?>;VB5E=V:0», 
o �=V?@>?5B@>2AP:89 �5@602=89 C=V25@A8B5B 2=CB@VH=VE 

A?@02, 
o !&' «�P2V2AP:0 ?>;VB5E=V:0», ) 

 ?@54AB02=8:8 �& ?V4?@8є<AB2, 0=0;VB8:8: 
o Grid Dynamics, 

o «Kozak Group», 

o Monster, Australia.  

�5>3@0DVS :>=D5@5=FVW ?>H8@8;0AP =0 <VAB0 ':@0W=8: �0?>@V66S, �=V?@>, 
)0@:V2, �P2V2, 0 B0:>6 <VAB0 �2AB@0;VW (%V4=59) B0 !V<5GG8=8 (�>1;5=F, 
,BCB30@B). 

!0 ?;5=0@=><C 70AV40==V, =0 S:><C 28ABC?8;8 ?@54AB02=8:8 2V4><8E �& 
?V4?@8є<AB2, CG0A=8:8 :>=D5@5=FVW >7=09><8;8AS 7 ACG0A=8<8 28<>30<8 
4> 2<V=P V =028G>: 28?CA:=8:V2 A?5FV0;P=>AB59 :><?’RB5@=8E B5E=>;>3V9 
V A8AB5<=>3> 0=0;V7C; 7 ACG0A=8<8 =0?@S<0<8 @>728B:C @8=:C �&. 

!0ABC?=C V� :>=D5@5=FVR 70?@>?>=>20=> ?@>25AB8 2 D>@<0BV >DD;09= 2 
<.)0@:V2. 

 

 

 

 

  



135 
 

� �%& 

 

 

 

 

 
�VB0;ь=V A;>20 CG0A=8:0< :>=D5@5=FVW&&&&&&&&.6 

 

 
 

#;5=0@=V 4>?>2V4V 
 

1  єBє;P>2 �."., !52є@>2 Є.�. �=0;V7 F8D@>2>W 
B@0=AD>@<0FVW IT V=4CAB@VW B0 CG0ABP 2 ?@>F5AV :><?0=VW 
Grid Dynamics (�B@C4AVO «Grid Dynamics») 

12 

2 /:8<>2 �.�. %B2>@5==S V=B5@5=B-<03078=V2 =0 Magento 

(�B@C4AVO «Kozak Group») 

15 

3 Dmitriiva Anny, Skills and knowledge needed to become an 

analyst (Business Analyst at Monster , Australia) 

18 

4 )010@;0: �.%. �40?B82=0 ?VA;S =02G0==S =59@>==0 
<5@560 (!&' «�AVCDB6Eь>4 CB?VF9IAV>4») 

20 

 

 

 

%5:FVO 1.   >45;N20==O, 0=0;V7 B0 >?B8<V70FVO A:;04=8E A8AB5< 
 

5 �V;5FP:0 �. Є., #>7=S:>2 �. Є., �0@?5=:>  . ..  >45;P 
@>7?>4V;C @5AC@AV2 3V1@84=8E ?V4?@8є<AB2 7 >48=8G=8< 
E0@0:B5@>< 28@>1=8G>3> ?@>F5AC (Х4D>V6Eь><= 
A4JVBA4?ьA<= GAV69DE<F9F @VEь>B7B 7BECB84DEF64 V@9AV 
". . �9>9FB64) 

22 

6 �C: �.�., �>@SH:V=0 �.%. �0AB>AC20==S <5B>4V2 
=5;V=V9=>3> ?@>3@0<C20==S 7 <5B>R >?B8<V70FVW ?@>F5AC 
D>@<C20==S 7<V==>3> 3@0DV:C @>1>B8 ?5@A>=0;C 
?V4?@8є<AB20  (!&' «�AVCDB6Eь>4 CB?VF9IAV>4») &&. 

24 

 

 

 

7 �20=>2 �.%.,  0;Vє=:> �.�. "?B8<V70FVS A:;04AP:8E 
70?0AV2 B0 281V@ ?>AB0G0;P=8:0 ?V4?@8є<AB20 &"� 
"�:20D@>AB" 2 ACG0A=8E @8=:>28E C<>20E (!&' 
«�AVCDB6Eь>4 CB?VF9IAV>4») 

29 

8 �@82>1>: �.%., 'A %.�. �=0;V7 @>1>B8 @>72060;P=>3> 
70:;04C (!&' «�AVCDB6Eь>4 CB?VF9IAV>4») 

31 



136 
 

9 �@CGV=V=0 !."., �>@SH:V=0 �.%. �<VB0FV9=5 
<>45;R20==S 4>@>6=P>3> @CEC =0 @53C;P>20=><C 
?5@5E@5ABV (!&' «�AVCDB6Eь>4 CB?VF9IAV>4») 

35 

10 $59A �. %., �>@SH:V=0 �. %. "?B8<0;P=89 281V@ <VAFP 
@>7<VI5==S ?V4@>74V;V2 5:AB@5=>W (3C<0=VB0@=>W) 
;>3VAB8:8 (!&' «�AVCDB6Eь>4 CB?VF9IAV>4») 

37 

11 %84>@5=:> �.�.,  )><’S: &.�. %8AB5<=89 0=0;V7 75@=>28E 
?5@52575=P 45?0@B0<5=BC ;>3VAB8:8 2 C<>20E :><?0=VW 
KERNEL GROUP (!&' «�AVCDB6Eь>4 CB?VF9IAV>4») 

39 

12 %8@>20BAP:0 �..., �8B28=>2 �.�. $5:><5=40FV9=89 
0;3>@8B< 4;S V=D>@<0FV9=>W A8AB5<8 >=;09= @5AB>@0=C 
(Х4D>V6Eь><= A4JVBA4?ьA<= GAV69DE<F9F @VEь>B7B 
7BECB84DEF64 V@9AV ". . �9>9FB64) 

43 

13 %BC6C: �.%., �@54VEV= �. . #>@V2=S==S <>45;59 
?@>3=>7C20==S 2V4B>:C :;Vє=BV2 V=B5@=5B-?@>20945@V2 
(Х4D>V6Eь><= A4JVBA4?ьA<= GAV69DE<F9F @VEь>B7B 
7BECB84DEF64 V@9AV ". . �9>9FB64) 

45 

14 (04єє20 �.�., )><’S: &.�. �=0;V7 B0 ?@>3=>7C20==S 
70@>1VB=>W  ?;0B8 ?@0FV2=8:V2 C AD5@V DV=0=A>2>W B0 
AB@0E>2>W 4VS;P=>ABV 2 4=V?@>?5B@>2AP:V9 >1;0ABV (!&' 
«�AVCDB6Eь>4 CB?VF9IAV>4») 

48 

15 )0@EC;0 "...,  'A %.�. $>72'S70==S 7040GV >?B8<0;P=>3> 
@>7:@>R 2 C<>20E !�* "�"!%� �" (!&' «�AVCDB6Eь>4 
CB?VF9IAV>4») 

50 

16 ,0?>20;>2 �.�.,  0;Vє=:> �.�. "FV=:0 9 281V@ FV;P>2>W 
28AB02:8 ACG0A=>3> ?V4?@8є<AB20 (!&' «�AVCDB6Eь>4 
CB?VF9IAV>4») 

54 

17 ,8H:>2 ".%.,  0;Vє=:> �.�. $>72'S70==S 7040G 
?@>3=>7C20==S B0 ?@89=SBBS @VH5=P C 4VS;P=>ABV 
?@>D5AV9=8E CG0A=8:V2 @8=:V2 :0?VB0;C (!&' 
«�AVCDB6Eь>4 CB?VF9IAV>4») 

56 

 

%5:FVO 2. �=B5;5:BC0;ь=V :><?’NB5@=V A8AB5<8  
 

18 �@8=G5=:> #.�. �8S2;5==S =5A0=:FV>=>20=8E 4V9 2 
<5@560E <5B>4>< 2592;5B-0=0;V7C (!' «�4CBDV;ь>4 
CB?VF9IAV>4») 

59 

19 �>78@ %. �., /FC= �. �.  >45;R20==S 0@EVB5:BC@8 
A8AB5<8 4;S ?@>3=>7C20==S 25;8:8E >1’є<V2 40=8E C 
@50;P=><C G0AV (!&' «�AVCDB6Eь>4 CB?VF9IAV>4») 

62 
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20  0F5;RE ..$., �8A>FP:0 �.�. �=B5;5:BC0;P=0 A8AB5<0 
48=0<VG=>W 2d-2V7C0;V70FVW ?0A068@>?>B>:V2 <0@H@CBV2 
3@><04AP:>3> B@0=A?>@BC =0 >A=>2V opengl (!' 
«�ь6V6Eь>4 CB?VF9IAV>4») 

66 

21 *0@5=:> Є.%., $S15=:> �.Є. %B2>@5==S 1V1;V>B5:8 python 

4;S B5ABC20==S 0;3>@8B<V2 :;0AB5@870FVW (!' «�4CBDV;ь>4 
CB?VF9IAV>4») 

71 

22 +8=S:>2  . %., !>2>68;>20  . �. �>=F5?FVS B0 70A>18 
@50;V70FVW 251-?0@A8=3C (Х4D>V6Eь><= A4JVBA4?ьA<= 
GAV69DE<F9F @VEь>B7B 7BECB84DEF64 V@9AV ". . 
�9>9FB64) 

73 

 

%5:FVO 3. �><?’NB5@=V =0C:8 B0 ?@>3@0<=0 V=65=5@VO 
  

 

23 

 

�>@>4V=0 �.�., �5=8A5=:> ".�. %B2>@5==S V=D>@<0FV9=>W 
A8AB5<8 4;S 0=0;V7C 5D5:B82=>ABV =040==S ?>A;C3 7 
>1A;C3>2C20==S 1030B>:20@B8@=8E 1C48=:V2 (!' 
«�4CBDV;ь>4 CB?VF9IAV>4») 

77 

24 �>;:>2 #. %., &5@5I5=:> �. �. #@>3@0<=0 @50;V70FVS 
70A>1V2 2V7C0;V70FVW 4;S ?@>2545==S 5=5@3>0C48BC (!' 
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