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ABSTRACT 

 

Tereshchenko H. Yu. Hybrid image storage model in the big data environment. 

3 A qualification research manuscript. Dissertation for the Doctor of Philosophy 

degree in specialty 122 «Computer Science». 3 Kharkiv National University of 

Radio Electronics, Kharkiv, 2025. 

 

This dissertation presents the outcomes of the research conducted by the 

author, addressing a relevant scientific problem 3 developing methods for 

constructing a hybrid image storage model in the context of big data. This work 

holds significant importance for the advancement of computer science, particularly 

in the field of artificial intelligence. 

Relevance of the research topic. Modern scientific progress rapidly 

advances technologies, outpacing their development and practical implementation. 

Previously, storing large volumes of images demanded considerable time and 

resources. Today, most companies aim to enhance storage processes by integrating 

image compression systems into their solutions. Such systems can operate with 

various data types 3 images, audio, video, text, etc. 3 and differ in architecture, 

memory types, and more. The relevance of this study stems from the growing 

demand in recent years for reliable and secure methods to ensure information 

confidentiality and integrity in data storage. In image technology development, there 

is a critical need for safe and trustworthy image storage and sharing. Blockchain 

technologies prove particularly promising for solving issues related to storing and 

processing large-scale image datasets. 

The research addresses a crucial scientific and practical challenge 3 

developing an image storage model that combines the advantages of various storage 

approaches (e.g., relational and non-relational databases and file systems). The 

primary objective is to explore the potential of a hybrid image storage model for 

efficient and rapid processing of large-scale data. The study examines existing 

approaches to image storage and processing, relevant technologies and standards, 



and proposes an original hybrid model optimized for specific scientific and 

practical tasks. 

Therefore, solving the problem of developing a hybrid image storage model 

in the big data environment is a relevant and vital task for the progress of computer 

science and artificial intelligence. 

The dissertation aims to improve the efficiency of data storage models by 

creating a formal procedure for organizing image repositories based on a hybrid 

model. 

The object of the research is the process of creating a hybrid model for image 

storage under significant data conditions. 

The research subject is methods of organizing image storage in big data 

environments. 

The scientific novelty includes the following contributions: 

For the first time: 

− a method for constructing a hybrid image storage model was developed. 

This model integrates the benefits of relational and non-relational 

databases and file systems to ensure efficient storage and processing of 

large data volumes. It reduces image access time by 27335% and improves 

image classification accuracy by up to 95,4%. 

− an optimal image placement algorithm is proposed, reducing data access 

time by up to 65% compared to traditional models and improving system 

performance (classification accuracy up to 95,4%, throughput increased by 

1,84 times). 

− a novel approach to blockchain technology integration was introduced to 

ensure the confidentiality and integrity of stored information in big data 

environments. This resulted in a 38% improvement in search speed using 

vector representations (FAISS, OpenAI CLIP) within blockchain storage 

systems over standard methods. 

The methodology for comprehensive efficiency analysis of data storage was 

enhanced, considering the specifics of different storage types and their integration. 



This has practical relevance for the development of modern artificial intelligence 

systems. 

The information technology for storing, processing, and analysing large-scale 

image datasets has been further developed. This technology integrates all proposed 

methods and algorithms, combining AI, blockchain, and hybrid storage. 

Experimental evaluation of various datasets (medical images, satellite imagery, 

digital art) confirmed its advantages. The access speed to stored files increased 4,3 

times 3 with the average access time being 1,05 seconds compared to 4,5 seconds in 

existing systems. 

The research results have practical significance for various fields working 

with images and open new opportunities for developing information technologies. 

Compression and deduplication algorithms for efficient use in blockchain 

storage were developed and experimentally validated. As a result, data volume was 

reduced by 47% without losing critical information, confirmed by the SSIM metric 

(0,92). Memory utilization in the hybrid storage reached 91%, compared to 70% in 

classical centralized systems. 

A new algorithm was proposed to optimally place images within the hybrid 

model, significantly reducing data access time and improving system performance. 

Automated image processing can improve the analysis of medical images, aid in 

pathology detection, and accelerate diagnostics. Experimental evaluation of the 

developed hybrid model on diverse datasets demonstrated its superiority over 

existing approaches. The access speed to stored files improved by 4,3 times41,05 

seconds on average versus 4,5 seconds in standard systems. 

The research outcomes have been implemented into the educational process 

of Kharkiv National University of Radio Electronics (Implementation Certificate 

dated 07.01.2025), National Technical University «Kharkiv Polytechnic Institute» 

(Implementation Certificate dated 03.03.2025), in the «SENS» Dental Clinic 

(Implementation Act dated 31.03.2025), «PAPPER CAPS» LLC (Implementation 

Act dated 02.04.2025), and «FELIX» Law Firm (Implementation Act dated 

21.01.2025). The proposed methods and information technology can be fully applied 



across various industries using image-based storage and enhancing artificial 

intelligence systems. 

Keywords: data mining, hybrid model, blockchain technologies, relational 

databases, deep learning, information technology, machine learning, knowledge 

base, medical services, software agents, convolutional neural networks (CNNs), 

neural network-based image processing, visual object recognition, intelligent 

systems, data processing, smart contract, image repository, artificial intelligence 

(AI), distributed networks and systems. 
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>1@>1:8 «25;8:8E 40=8E» B0 @>7?>4V;5=>3> 715@V30==O V=D>@<0FVW. !0?@8:;04, 

C 4>A;V465==OE Kimpel J. F. [27], Jarke M. [28], Blanco C. [29] A. Cuzzocrea, L. 

Bellatreche B0 Y. Song [30] @>73;O40NBPAO V=B53@0B82=V ?V4E>48 4> F8E 70240=P, 

B>4V O: @>1>B8 A. Boulmakoul, L. Karim, M.H. Laarabi, R. Sacile B0 E. Garbolino 

[31], �CGC: �.�. [32] 0:F5=BCNBP C203C =0 0@EVB5:BC@=8E @VH5==OE 4;O 

@>7?>4V;5=8E A8AB5<. #8B0==O AB@C:BC@C20==O AE>28I =0 107V ?>H8@5=8E 

?;0BD>@< (=0?@8:;04, Hadoop) 4>A;V46C20;8 �.�. #@89<0: B0 ".�. �:8<8H8= 

[33], 45<>=AB@CNG8 ?5@52038 28:>@8AB0==O HDFS V MapReduce 4;O 

<0AHB01>20=8E @VH5=P. ":@5<C C203C ?@84V;5=> D>@<0;V70FVW ?@>F5AV2 

AB@C:BC@C20==O 40=8E, >?B8<V70FVW WE >1@>1:8 B0 ?>1C4>28 V=B53@>20=8E 

?@>AB>@V2 40=8E, I> 7=09H;> 2V4>1@065==O 2 ?@0FOE !.�. ,0E>2AP:>W [34]. 



"AB0==V ?V4E>48 4> 0@EVB5:BC@8 AE>28I0 7>1@065=P 7>A5@5465=V =0 

28:>@8AB0==V :><1V=0FVW F5=B@0;V7>20=8E V @>7?>4V;5=8E 107 40=8E, I>1 

70157?5G8B8 10;0=A <V6 <0AHB01>20=VABN B0 ?@>AB>B>N. *V ?V4E>48 4>25;8 

A2>N 5D5:B82=VABP 4;O :5@C20==O 25;8:8<8 >1AO30<8 40=8E 7>1@065=P C 

@V7=8E 30;C7OE ?@><8A;>2>ABV. �20 :;NG>2V ?V4E>48 4> >@30=V70FVW AE>28I 

40=8E 2:;NG0NBP :>@?>@0B82=C V=D>@<0FV9=C D01@8:C (CIF) �V;;0 �=<>=0 [35, 

36] B0 0@EVB5:BC@C H8=8 40=8E $0;PD0 �V<1>;0 [30].  ' ?@0FV «The Data 

Warehouse Toolkit. Second Edition» �V<1>; 70?@>?>=C202 [37] <5B>4>;>3VN 

«7=87C 23>@C», 45 ?@>5:BC20==O AE>28I0 ?>G8=0єBPAO 7 @>7@>1:8 2VB@8= 40=8E 

(=86=P>3> @V2=O AE>28I0) =0 >A=>2V :>=:@5B=8E 1V7=5A-?@>F5AV2 V 70:V=GCєBPAO 

9>3> 25@E=V< @V2=5< (>?5@0FV9=8<8 1070<8 40=8E). �@EVB5:BC@0 H8=8 

?5@5410G0є B0:C AB@C:BC@C: >?5@0FV9=V 1078 40=8E 3 465@5;0 A8@8E 40=8E, 

?5@5EV4=0 >1;0ABP 3 ?@><V6=89 H0@ 4;O B@0=AD>@<0FVW B0 >G8I5==O 40=8E 

?5@54 7020=B065==O< C 2VB@8=8, 2VB@8=8 40=8E 3 <VABOBP 45B0;V7>20=V B0 

03@53>20=V 40=V, >@30=V7>20=V C 283;O4V 7V@:>28E AE5< (star schemas), 

V=AB@C<5=B8 4>ABC?C 3 70157?5GCNBP 0=0;VB8G=V <>6;82>ABV 4;O :>@8ABC20GV2. 

�;NG>20 ?5@52030 FP>3> ?V4E>4C 3 :>=D>@<>20=V 28<V@8 [38, c.18]. 

�@EVB5:BC@0 H8=8 �V<1>;0 >@Vє=B>20=0 =0 H284:5 >B@8<0==O 1V7=5A-

@57C;PB0BV2 70 @0EC=>: <>4C;P=>ABV B0 3=CG:>ABV. 

�A=Cє :V;P:0 :;NG>28E ?@>1;5<, ?>2’O70=8E 7 :5@C20==O< 25;8:8<8 

>1AO30<8 40=8E 7>1@065=P 2 0@EVB5:BC@V AE>28I0 7>1@065=P [39]. "4=VєN 7 

=091V;PH 206;828E ?@>1;5< є ?8B0==O O:>ABV 40=8E, >A:V;P:8 40=V 7>1@065==O 

<>6CBP 1CB8 A:;04=8<8 B0 206:8<8 4;O >1@>1:8, V 2>=8 G0AB> ?V440NBPAO 

?><8;:0< V =52V4?>2V4=>ABO<. ->1 28@VH8B8 FN ?@>1;5<C, 4>A;V4=8:8 

70?@>?>=C20;8 B0:V <5B>48, O: >G8I5==O B0 =>@<0;V70FVO 40=8E, O:V <>6CBP 

4>?><>3B8 ?>:@0I8B8 O:VABP 40=8E 7>1@065=P. 

-5 >4=8< A5@9>7=8< 28:;8:>< є ?8B0==O 157?5:8 40=8E [40, 41]. �0=V 

7>1@065=P G0AB> є GCB;828<8 B0 :>=DV45=FV9=8<8, B><C 206;82> 

?5@5:>=0B8AO, I> 2>=8 70E8I5=V 2V4 =5A0=:FV>=>20=>3> 4>ABC?C 01> :@04V6:8. 

�>A;V4=8:8 70?@>?>=C20;8 @V7=V 70E>48 157?5:8, B0:V O: H8D@C20==O 40=8E, 



:>=B@>;P 4>ABC?C B0 157?5G=5 715@V30==O, I>1 30@0=BC20B8 157?5:C 40=8E 

7>1@065=P. 

�>ABC? 4> 40=8E є I5 >4=VєN :@8B8G=>N ?@>1;5<>N 2 0@EVB5:BC@V 

AE>28I0 7>1@065=P [42]. �06;82> ?5@5:>=0B8AO, I> 02B>@87>20=V :>@8ABC20GV 

<>6CBP ;53:> >B@8<0B8 4>ABC? 4> 40=8E 7>1@065=P, O:V W< ?>B@V1=V, 

70157?5G82H8 ?@8 FP><C 701>@>=C =502B>@87>20=8< :>@8ABC20G0< C  

<>6;82>ABV 4>ABC?C 4> 40=8E. ->1 28@VH8B8 FN ?@>1;5<C, 4>A;V4=8:8 

70?@>?>=C20;8 B0:V <5B>48, O: V=45:AC20==O 40=8E V 0;3>@8B<8 ?>HC:C, O:V 

<>6CBP 4>?><>3B8 ?>:@0I8B8 4>ABC? 4> 40=8E V WE ?>HC: [43]. 

�0 >AB0==V @>:8 2 >1;0ABV >1@>1:8 7>1@065=P 2V41C2AO 7=0G=89 ?@>3@5A 

7024O:8 ?>H8@5==N 25;8:8E 40=8E V 7@>AB0==N ?>?8BC =0 5D5:B82=V B0 

<0AHB01>20=V 0@EVB5:BC@8 AE>28I 7>1@065=P. �C;> ?@>2545=> =87:C 

4>A;V465=P, I>4> @V7=8E <5B>4V2 B0 ?@89><V2 ?>:@0I5==O ?@>4C:B82=>ABV B0 

157?5:8 AE>28I 7>1@065=P. 

"4=VєN 7 206;828E @>1VB C FV9 30;C7V є 4>A;V465==O %C B0 )C0=30 [44], 

O:5 ?@>?>=Cє AB@C:BC@C 4;O 0=0;V7C 25;8:8E 40=8E =0 >A=>2V Hadoop. �2B>@8 

?V4:@5A;NNBP ?5@52038 28:>@8AB0==O Hadoop 4;O :5@C20==O 25;8:8<8 

>1AO30<8 40=8E 7>1@065=P V 45<>=AB@CNBP 5D5:B82=VABP A2>єW A8AB5<8 70 

4>?><>3>N A5@VW 5:A?5@8<5=BV2. #>4V1=8< G8=>< @>1>B0 Zhao et al. [45] 

?@54AB02;Oє =>289 ?V4EV4 4;O ?>HC:C 7>1@065=P 70 4>?><>3>N 3;81>:>3> 

=02G0==O B0 73>@B:>28E =59@>==8E <5@56 (CNN). �2B>@8 ?>:07CNBP, I> WE 

<5B>4 ?5@525@HCє VA=CNGV =09ACG0A=VHV <5B>48 =0 :V;P:>E :>=B@>;P=8E 

=01>@0E 40=8E. 

�@V< B>3>, :V;P:0 4>A;V465=P 1C;8 7>A5@5465=V =0 ?@>1;5<V AB8A=5==O 

7>1@065=P V 454C?;V:0FVW 2 AE>28I0E 7>1@065=P [46, 47]. !0?@8:;04, @>1>B0 

Wang et al. [48] ?@>?>=Cє =>289 <5B>4 AB8A=5==O B0 454C?;V:0FVW 7>1@065=P V7 

28:>@8AB0==O< :><1V=0FVW <5B>4V2 E5HC20==O B0 :;0AB5@870FVW. �2B>@8 

?>:07CNBP, I> WE=V9 <5B>4 4>AO30є :@0I8E @57C;PB0BV2 ?>@V2=O=> 7 VA=CNG8<8 

?V4E>40<8 I>4> :>5DVFVє=B0 AB8A=5==O B0 5D5:B82=>ABV 454C?;V:0FVW. 



�=H8< 206;828< =0?@O<:>< 4>A;V465=P є @>7@>1:0 <5B>4V2 

@>7?>4V;5=>W >1@>1:8 B0 ?0@0;5;P=8E >1G8A;5=P 4;O AE>28I 7>1@065=P. 

$>1>B0 Tong L B0 V=. [49] ?@>?>=Cє AB@C:BC@C @>7?>4V;5=>W >1@>1:8 7>1@065=P 

=0 >A=>2V Apache Spark, O:0 70157?5GCє 5D5:B82=C >1@>1:C 25;8:8E >1AO3V2 

40=8E 7>1@065=P C @>7?>4V;5=><C A5@54>28IV. #>4V1=8< G8=>< @>1>B0 Zhang 

et al. [50] ?@>?>=Cє ?0@0;5;P=89 >1G8A;N20;P=89 ?V4EV4 4;O @>7?V7=020==O 

7>1@065=P 7 28:>@8AB0==O< :;0AB5@V2 GPU, O:89 4>AO30є 7=0G=8E ?>:@0I5=P 

C H284:>ABV B0 B>G=>ABV >1@>1:8. 

!87:0 4>A;V465=P ?@8A2OG5=0 ?8B0==N 157?5:8 B0 :>=DV45=FV9=>ABV 2 

AE>28I0E 7>1@065=P. $>1>B0 Wang et al. [51] ?@>?>=Cє 157?5G=C AE5<C 

715@V30==O 7>1@065=P 7 28:>@8AB0==O< <5B>4V2 3><><>@D=>3> H8D@C20==O B0 

>1DCA:0FVW. �2B>@8 45<>=AB@CNBP 5D5:B82=VABP A2>3> <5B>4C 70 4>?><>3>N 

A5@VW 5:A?5@8<5=BV2 V ?>:07CNBP, I> 2V= 70157?5GCє =04V9=V 30@0=BVW 157?5:8 

?@8 715@565==V :>=DV45=FV9=>ABV 40=8E. 

�>A;V465==O 2 FV9 30;C7V ?@8725;8 4> 7=0G=>3> ?@>3@5AC 2 @>7@>1FV B0 

@50;V70FVW 5D5:B82=8E V 157?5G=8E 0@EVB5:BC@ AE>28I 7>1@065=P. "4=0: C FV9 

30;C7V I5 є 1030B> <>6;82>AB59 4;O ?>40;PH8E 4>A;V465=P, 7>:@5<0 C 

@>7@>1FV =>28E <5B>4V2 :5@C20==O B0 0=0;V7C 25;8:8E >1AO3V2 40=8E 7>1@065=P. 

&0:8< G8=><, >3;O4 ACG0A=>W ;VB5@0BC@8 ?@> 0@EVB5:BC@C AE>28I 

7>1@065=P 2 5?>EC 25;8:8E 40=8E 28O282 :V;P:0 ?5@A?5:B82=8E <5B>4V2 V 

B5E=>;>3V9 4;O 28@VH5==O ?@>1;5<, ?>2’O70=8E V7 715@V30==O< V >1@>1:>N 

25;8:><0AHB01=8E =01>@V2 40=8E 7>1@065=P. #@>B5 2A5 I5 70;8H0NBPAO 

206;82V 2V4:@8BV ?8B0==O B0 <>6;82>ABV 4;O <091CB=VE 4>A;V465=P, 7>:@5<0 2 

AD5@0E AB8A=5==O 40=8E, @>7?>4V;5=>W >1@>1:8, 157?5:8 B0 :>=DV45=FV9=>ABV. 

�>:@5<0, є =5>1EV4=VABP 4>A;V48B8 28:>@8AB0==O 24>A:>=0;5=8E 0;3>@8B<V2 

AB8A=5==O B0 @>7?>4V;5=8E >1G8A;N20;P=8E 0@EVB5:BC@ 4;O ?>40;PH>3> 

?V428I5==O 5D5:B82=>ABV B0 <0AHB01>20=>ABV A8AB5< AE>28I 7>1@065=P. �@V< 

B>3>, 0:BC0;P=8< є 282G5==O =>28E <5B>4V2 70E8ABC B0 :>=DV45=FV9=>ABV 

GCB;828E 2V7C0;P=8E 40=8E C :>=B5:ABV 25;8:><0AHB01=>3> @>7?>4V;5=>3> 

715@V30==O B0 >1@>1:8 25;8:8E <0A82V2 V=D>@<0FVW. 



� >AB0==V @>:8 7@>AB0є V=B5@5A 4> AD5@8 C?@02;V==O AE>28I0<8 

7>1@065=P. �C;8 70?@>?>=>20=V @V7=V ?V4E>48 4;O ?V428I5==O 5D5:B82=>ABV B0 

<0AHB01>20=>ABV A8AB5< 715@V30==O 7>1@065=P [52. 53]. !0?@8:;04, Su B0 

Huang [51] 70?@>?>=C20;8 AB@C:BC@C 4;O 0=0;VB8:8 25;8:8E 40=8E =0 >A=>2V 

Hadoop, O:0 4>72>;Oє >1@>1;OB8 25;8:><0AHB01=V =01>@8 40=8E. ,0@<0 B0 

%V=3E [50] 70?@>?>=C20;8 <5B>4 AB8A=5==O 7>1@065=P 70 4>?><>3>N 2592;5BV2, 

O:89 <>65 7=0G=> 7<5=H8B8 ?@>ABV@ 4;O 715@V30==O 7>1@065=P. 

 5B>48 3;81>:>3> =02G0==O B0:>6 70AB>A>2C20;8AO 4;O C?@02;V==O 

AE>28I5< 7>1@065=P. !0?@8:;04, Zhang et al. [54] 70?@>?>=C20;8 <>45;P 

3;81>:>3> =02G0==O 4;O :;0A8DV:0FVW 7>1@065=P, O:0 <>65 ?V428I8B8 B>G=VABP 

@>7?V7=020==O 7>1@065=P. #>4V1=8< G8=>< Chen et al. [55] @>7@>18;8 A8AB5<C 

?>HC:C 7>1@065=P =0 >A=>2V 3;81>:>3> =02G0==O, O:0 <>65 5D5:B82=> 

>B@8<C20B8 7>1@065==O =0 >A=>2V WE 2<VABC. 

":@V< ?V428I5==O 5D5:B82=>ABV B0 B>G=>ABV :5@C20==O AE>28I5< 

7>1@065=P, :V;P:0 4>A;V465=P B0:>6 7>A5@5465=V =0 70157?5G5==V 157?5:8 B0 

:>=DV45=FV9=>ABV 715@565=8E 7>1@065=P. Gu B0 V=. [56] 70?@>?>=C202 157?5G=C 

A8AB5<C 715@V30==O B0 ?>HC:C 7>1@065=P V7 28:>@8AB0==O< :@8?B>3@0DVG=8E 

<5B>4V2. +6>C B0 V=. [57] @>7@>18;8 AE5<C >1<V=C 7>1@065==O<8, I> 715@V30є 

:>=DV45=FV9=VABP, =0 >A=>2V 3><><>@D=>3> H8D@C20==O. 

!572060NG8 =0 ?@>3@5A, 4>AO3=CB89 C FV9 AD5@V, 2A5 I5 VA=CNBP 

?@>1;5<8, O:V =5>1EV4=> 28@VH8B8. "4=VєN 7 3>;>2=8E ?@>1;5< є 2V4ACB=VABP 

AB0=40@B870FVW A8AB5< C?@02;V==O AE>28I0<8 7>1@065=P [58, 59]. �=H>N 

?@>1;5<>N є ?>B@510 2 1V;PH 5D5:B82=8E <5B>40E :5@C20==O B0 0=0;V7C 

25;8:><0AHB01=8E =01>@V2 40=8E 7>1@065=P [60]. &><C =5>1EV4=V ?>40;PHV 

4>A;V465==O 4;O @>7@>1:8 1V;PH 5D5:B82=8E V <0AHB01>20=8E A8AB5< 

C?@02;V==O AE>28I0<8 7>1@065=P. 

&0:8< G8=><, <>6=0 707=0G8B8, I> :>6=0 B5E=>;>3VO 715@V30==O 

7>1@065=P <0є A2V9 =01V@ ?5@5203 V =54>;V:V2, 2V4?>2V4=> 9 281V@ BVєW G8 V=H>W 

B5E=>;>3VW 1C45 287=0G0B8AO ?>B@510<8 >@30=V70FVW ?> 28:>=0==N ?52=8E 

70240=P. /:I>, =0?@8:;04, ?>B@V15= H284:89 4>ABC? 4> 40=8E 7>1@065=P, 0;5 



>1<565=89 1N465B, =09:@0IV< 20@V0=B>< 740єBPAO ;>:0;P=5 AE>28I5, B0: O: 

E<0@=5 AE>28I5 <>65 1CB8 E>@>H8< 281>@>< 4;O >@30=V70FV9, O:V ?>B@51CNBP 

<0AHB01>20=>3> B0 3=CG:>3> 715@V30==O 7>1@065=P, 0;5 <>6CBP =5 <0B8 

@5AC@AV2 4;O :5@C20==O 2;0A=>N V=D@0AB@C:BC@>N 715@V30==O [49]. 

�@EVB5:BC@0 AE>28I0 7>1@065=P 3 F5 A:;04=0 30;C7P, I> H284:> 

@>72820єBPAO, 7 1030BP<0 @V7=8<8 ?V4E>40<8 B0 B5E=V:0<8, 70?@>?>=>20=8<8 

?@>BO3>< 1030BP>E @>:V2. �A=CNG0 ;VB5@0BC@0 287=0G8;0 =87:C ?@>1;5<, 

?>2’O70=8E V7 :5@C20==O< 25;8:8<8 >1AO30<8 40=8E 7>1@065=P, V 

70?@>?>=C20;0 @V7=V <5B>48 B0 B5E=>;>3VW 4;O 28@VH5==O F8E ?@>1;5<. ' 

=0ABC?=><C @>74V;V FP>3> 4>A;V465==O 1C4CBP >?8A0=V :>=:@5B=V <5B>48 B0 

<0B5@V0;8, O:V 1C4CBP 28:>@8AB0=V 4;O 4>A;V465==O F8E ?@>1;5<, V 

70?@>?>=>20=V =>2V <5B>48 4;O ?V428I5==O 5D5:B82=>ABV B0 <0AHB01>20=>ABV 

0@EVB5:BC@ AE>28I 7>1@065=P. 

)<0@=5 715@V30==O 40=8E, 01> 715@V30==O O: ?>A;C30 3 F5 01AB@03>20=0 

<>45;P, O:0 =040є 04<V=VAB@C20==O AE>28I G5@57 A?5FV0;P=89 V=B5@D59A, 

=570;56=> 2V4 DV78G=>3> @>7B0HC20==O V=D@0AB@C:BC@8 (;>:0;P=0, 2V440;5=0 

01> 3V1@84=0). %CG0A=V E<0@=V 0@EVB5:BC@8 107CNBPAO =0 @>7?>4V;5=8E 

A8AB5<0E, I> 70157?5GCNBP >1A;C3>2C20==O 25;8:8E 3@C? :>@8ABC20GV2 V 

35>3@0DVG=> 48A?5@A=8E =0:>?8GC20GV2, 7 ?V4B@8<:>N @V7=8E @V2=V2 A5@2VAC 

[61, 62]. 

�;NG>2V >A>1;82>ABV 3 5:>=><VG=0 5D5:B82=VABP B0 <0AHB01>20=VABP.

�:>=><VG=89 5D5:B 4>AO30єBPAO 7024O:8 >?B8<V70FVW 28B@0B. #@>B5 

5D5:B82=VABP 70;568BP 2V4 <>45;V 28:>@8AB0==O 3 4;O ?@>5:BV2 V7 AB01V;P=8<8 

?>B@510<8 2 715@V30==V 28B@0B8 <>6CBP 1CB8 28I8<8 ?>@V2=O=> 7 

B@048FV9=8<8 @VH5==O<8 [63]. 

 

1.1.2 "3;O4 @>1VB 7 @5;OFV9=8E B0 =5@5;OFV9=8E 107 40=8E 
!0 AP>3>4=V VA=CNBP 420 B8?8 107 40=8E: @5;OFV9=V B0 =5@5;OFV9=V. 

�V4<V==>ABV <V6 =8<8, ?5@52038 B0 =54>;V:8 4>A;V46CNBPAO 2 @>1>B0E [64, 65]. 



$5;OFV9=V 1078 40=8E 70A=>20=V =0 28:>@8AB0==V AB@C:BC@>20=>W <>28 

70?8BV2 SQL (Structured Query Language). �>=0 70157?5GCє 28A>:89 @V25=P 

AB0=40@B870FVW B0 3=CG:VABP C @>1>BV 7V A:;04=8<8 70?8B0<8. *O <>45;P 

>@30=V7>2Cє 40=V C 283;O4V B01;8FP V7 GVB:> 287=0G5=8<8 72’O7:0<8 G5@57 

?5@28==V B0 7>2=VH=V :;NGV, I> 70157?5GCє FV;VA=VABP V=D>@<0FVW B0 ?V4B@8<:C 

ACID-2;0AB82>AB59 (0B><0@=VABP, C73>465=VABP, V7>;P>20=VABP, 4>23>2VG=VABP). 

"4=0: 6>@AB:0 AE5<0 40=8E 28<030є ?>?5@54=P>3> ?@>5:BC20==O AB@C:BC@8, V 

1C4P-O:V WW 7<V=8 <>6CBP ?@8725AB8 4> 7=0G=8E CA:;04=5=P C 2AV9 A8AB5<V. 

!5@5;OFV9=V 1078 40=8E (NoSQL) ?@>?>=CNBP 0;PB5@=0B82=89 ?V4EV4 V7 

48=0<VG=>N AB@C:BC@>N. �0=V <>6CBP 715@V30B8AO C @V7=8E D>@<0B0E: 

4>:C<5=B>->@Vє=B>20=V (=0?@8:;04, JSON, XML), :;NG-7=0G5==O, 3@0D>2V, 

H8@>:>-AB>2?G8:>2V. *O 3=CG:VABP 4>72>;Oє AB2>@N20B8 4>:C<5=B8 157 

?>?5@54=P>3> 287=0G5==O AE5<8, 4>4020B8 ?>;O ?V4 G0A @>1>B8 B0 

28:>@8AB>2C20B8 @V7=V A8=B0:A8G=V ?V4E>48 4;O :>6=>W 1078. &0:V A8AB5<8 

G0AB> 107CNBPAO =0 ?@8=F8?0E BASE (Basically Available, Soft state, Eventually 

consistent), I> A?@8Oє H284:><C <0AHB01C20==N, 0;5 7 <5=H8< 0:F5=B>< =0 

AB@>3C C73>465=VABP 40=8E. �;O 4>40B:V2 V7 A:;04=8<8 B@0=70:FVO<8 B0 

28A>:8<8 28<>30<8 4> FV;VA=>ABV 40=8E @5;OFV9=V 1078 70;8H0NBPAO 

>?B8<0;P=8< 281>@><. !0B><VABP NoSQL-@VH5==O 5D5:B82=V B0<, 45 ?>B@V1=0 

H284:0 040?B0FVO 4> 7<V= C AB@C:BC@V 40=8E 01> >1@>1:0 25;8:8E >1AO3V2 

=5AB@C:BC@>20=>W V=D>@<0FVW. 

�=0;V7CNG8 @5;OFV9=V B0 =5@5;OFV9=V 1078 40=8E J. S. van der Veen [66] 

AB25@46Cє, I> NoSQL =0<030NBPAO 28@VH8B8 @O4 ?@>1;5< B@048FV9=8E 107 

40=8E SQL. #>A;01;NNG8 28<>38 4> C73>465=>ABV 01> 4>ABC?=>ABV, 1070 40=8E 

NoSQL <>65 ?@0FN20B8 4>A8BP 4>1@5 2 C<>20E, :>;8 FV >1<565==O =5 є 

=5>1EV4=8<8, I> 707=0G5=>, =0?@8:;04 C ?@0FOE Agrawal R., Ailamari A., 

Bernstein P.A., Brewer E. A., Weikum G. [67]. ' A2>W9 AB0BBV 4>A;V4=8:8 Li Y. B0 

Monohara S. 2:07CNBP, I> =5 702648 є 157?5@5G=0 ?5@52030 C H284:>4VW <V6 

@5;OFV9=8<8 B0 =5@5;OFV9=8<8 1070<8 40=8E [68].  



&@510 707=0G8B8, I> B5@<V= NoSQL (Not Only SQL) =5 <0є 

7030;P=>287=0=>3> 287=0G5==O. �V= 1C2 22545=89 �@V:>< �25=A>< =0?@8:V=FV 

90-E @>:V2, ?@>B5 =01C2 A2>3> ACG0A=>3> A5=AC 7 2009 @>:C. !0C:>2FV 

707=0G0NBP, I> ?>O20 =5@5;OFV9=8E 107 40=8E 1C;0 28:;8:0=0 45:V;P:><0 

?@>1;5<0<8 C 28:>@8AB0==V @5;OFV9=8E 107 40=8E C <560E @>1>B8 251-

4>40B:V2. !0?@8:;04, C @>1>BV [69] 287=0G5=V =0ABC?=V ?@>1;5<8:  7=0G=0 

:V;P:VABP 28A>:>=020=B065=8E 251-4>40B:V2 >1@>1;ONBP B0:V >1’є<8 40=8E, O:V 

=0 ?>@O4>: 1V;PH5 B8E, I> <>6CBP 1CB8 >1@>1;5=V @5;OFV9=8<8 1070<8 40=8E;  

@5;OFV9=V A8AB5<8 C?@02;V==O 1070<8 40=8E =5 702648 740B=V 70157?5G8B8 

>4=>G0A=89 4>ABC? 4> 40=8E <V;P9>=0< :>@8ABC20GV2 Internet;  =0 AP>3>4=V 

VA=Cє ?>B@510 2 >1@>1FV =5B01;8G=8E 40=8E. 

 

1.2 "3;O4 <5B>4V2 >1@>1:8 B0 0=0;V7C 7>1@065=ь, 2:;NG0NG8 
3;818==5 =02G0==O B0 :><?'NB5@=89 7V@ 

!0 40=89 G0A A2VB>28< A?V2B>20@8AB2>< 265 CA2V4><;5=89 3>;>2=89 

=0?@O<>: C 1>@>BP1V 7 V=D>@<0FV9=8< 281CE>< 3 ?5@5EV4 2V4 715@565==O 9 

>1@>1:8 40=8E 4> =0:>?8G5==O 9 >1@>1:8 7=0=P. &><C 28=8:0є ?>B@510 C 

70A>10E B0 <5B>40E 74>1CBBO 7=0=P 7 B8E 40=8E, I> 35=5@CNBPAO 2 ?@>F5AV 

4VO;P=>ABV ;N4AB20 B0 <>6CBP 1CB8 :>@8A=8<8 4;O ?>40;PH>3> 28:>@8AB0==O. 

�:BC0;P=VABP ?@>1;5<8 703>AB@NєBPAO G5@57 AB@V<:5 ?>H8@5==O Big Data, O:5 

28:;8:0є ?>B@51C 2 =>28E, 1V;PH 5D5:B82=8E <5B>40E 0=0;V7C @>7?>4V;5=8E B0 

35B5@>35==8E 40=8E. "1@>1:0 25;8:8E >1AO3V2 V=D>@<0FV9=8E @5AC@AV2 @V7=>3> 

?>E>465==O B0 7 =0?5@54 =5 2V4><8<8 <>45;O<8 40=8E (2 B0:><C 28?04:C 

3>2>@OBP ?@> =5AB@C:BC@>20=V 40=V), 4;O O:8E =5 ?@840B=V B@048FV9=V %���, 

?>B@51Cє A?5FV0;V7>20=8E 70A>1V2 WE ?@54AB02;5==O B0 0=0;V7C [1]. 

!5AB@C:BC@>20=V 40=V 3 F5 V=D>@<0FVO, O:0 =5 <0є ?>?5@54=P> 287=0G5=>W 

<>45;V 40=8E 01> =5 >@30=V7>20=0 70740;53V4P. *5 ?@872>48BP 4> ?@>1;5<, 

?>2’O70=8E 7 WW 715@V30==O< (B@048FV9=V �� =5 @>7@0E>20=V =0 B0:C 

=5287=0G5=VABP) B0 0=0;V7><. %0<5 =5AB@C:BC@>20=V 40=V  ?>B5=FV9=> <0NBP 

=091V;PHC FV==VABP O: 465@5;0 =>28E 7=0=P: G8< 1V;PH5 40=8E 4>ABC?=8E 4;O 



0=0;V7C, B8< B>G=VHV @57C;PB0B8. %P>3>4=V C 1V;PH>ABV 28?04:V2 ?V4 

=5AB@C:BC@>20=8<8 40=8<8 @>7C<VNBP B5:AB>2C V=D>@<0FVN, 0;5 є 9 V=HV 2848, 

=0?@8:;04, ?>B>:>25 2V45>, V=D>@<0FVO 2V4 AC?CB=8:V2, 40=V @040@V2 G8 A>=0@V2. 

�0A>18 0=0;V7C B0:8E =5AB@C:BC@>20=8E 40=8E  7=0G=> 1V;PH A?5FV0;V7>20=V. /: 

287=0G0NBP =0C:>2FV [70, 71], =0 AP>3>4=VH=V9 45=P =5AB@C:BC@>20=V 40=V 

A:;040NBP =091V;PHC G0AB:C 40=8E, I> 715@V30NBPAO (?>=04 80 % CAVE 

715@565=8E 40=8E, 0 WE=O :V;P:VABP 7@>AB0є =0 ?>@O4>: H284H5 2 ?>@V2=O==V V7 

AB@C:BC@>20=8<8 40=8<8), B><C <5B>48 B0 70A>18 WE 28:>@8AB0==O H284:> 

@>72820NBPAO [1]. 

"1;0ABV 70AB>AC20==O F8D@>28E <5B>4V2 >1@>1:8 A83=0;V2 B0 7>1@065=P 

7=0G=> @>7H8@8;8AO, 28BVA=ONG8 0=0;>3>2V ?V4E>48 7024O:8 A2>W9 

5D5:B82=>ABV B0 3=CG:>ABV.  5B>48 F8D@>2>W >1@>1:8 40=8E H8@>:> 

70AB>A>2CNBPAO C AD5@V :5@C20==O ?@>F5A0<8, 02B><0B870FVW 28O2;5==O 

>1'є:BV2, @>7?V7=020==O >1@07V2 B0 V=H8E 30;C7OE, I> ?>B@51CNBP 5D5:B82=>W 

?5@540GV B0 >1@>1:8 7@>AB0NG8E >1AO3V2 V=D>@<0FVW. �> :;0A8G=8E <5B>4V2 

F8D@>2>W >1@>1:8 7>1@065=P 70728G09 2V4=>AOBP <0B5<0B8G=V B0 9<>2V@=VA=V 

<>45;V 7>1@065=P, AB0B8AB8G=V ?V4E>48 4> >FV=:8 WE=P>W O:>ABV (7>:@5<0, 

:>@5;OFV9=89 0=0;V7), 0 B0:>6 H8@>:89 A?5:B@ 0;3>@8B<V2 DV;PB@0FVW 3 O: 

;V=V9=>W, B0: V =5;V=V9=>W. ":@V< FP>3>, 4> >A=>2=8E <5B>4V2 =0;560BP ?V4E>48, 

70A=>20=V =0 48=0<VG=8E <>45;OE, 45:><?>78FVW =0 2;0A=V 25:B>@8, <5B>48 

:;0A8DV:0FVW 5;5<5=BV2 7>1@065=P, 0 B0:>6 <5B>48 287=0G5==O :>=BC@V2 B0 

A53<5=B0FVW. ' B>9 G0A O: HBCG=> AB2>@5=V >1’є:B8, 7>:@5<0 ?@><8A;>2V B0 

68B;>2V 1C4V2;V, <>6CBP 1CB8 5D5:B82=> >?8A0=V 70 4>?><>3>N ?@>AB8E 

35><5B@8G=8E ?@8<VB82V2, B0:8E O: :C18, AD5@8, F8;V=4@8 B0 :>=CA8, ?@8@>4=V 

B5:ABC@8 G5@57 A2>N =5@53C;O@=VABP V D@03<5=B0@=C AB@C:BC@C 7=0G=> 3V@H5 

?V440NBPAO B0:><C D>@<0;P=><C >?8AC. ' 72'O7:C V7 F8<, 4;O 0=0;V7C B0:8E 

B5:ABC@ 28O2;OєBPAO ?@8@>4=8< ?>40==O WE C 283;O4V D@0:B0;0 7 45O:8< 

@>7<V@>< D [72].  

�592;5B-?5@5B2>@5==O (wavelet transformation) 3 F5 ACG0A=89 V 

?5@A?5:B82=89 <5B>4 >1@>1:8 40=8E. �=3;V9AP:5 A;>2> wavelet (2V4 



D@0=FC7P:>3> «ondelette») 4>A;V2=> ?5@5:;040єBPAO O: «:>@>B:0 (<0;5=P:0) 

E28;O». �?0@0B 2592;5B-0=0;V7C >45@602 A2V9 @>728B>: =0 ?>G0B:C 1980-x @>:V2 

C @>1>B0E  >@;5, �@>AA<0=0 9 45O:8E V=H8E 02B>@V2 [73]. 'A?VH=5 

70AB>AC20==O 2592;5B-0=0;V7C 2 @V7=8E =0C:>28E AD5@0E 7=0G=> ?>A8;8;> 

V=B5@5A 4> FP>3> =0?@O<C B0 A?@8O;> 9>3> ?>40;PH><C @>728B:C. �592;5B-

0=0;V7 є A?5F8DVG=8< 284>< ;V=V9=>3> ?5@5B2>@5==O DC=:FV9, I> =0;560BP 4> 

H8@>:>3> :;0AC. �078A 2;0A=8E DC=:FV9, 70 O:8< 74V9A=NєBPAO @>7:;040==O, 

<0є C=V:0;P=V 2;0AB82>ABV, ?@028;P=5 28:>@8AB0==O O:8E 4>72>;Oє 4>A;V4=8:C 

7>A5@548B8 C203C =0 :;NG>28E >A>1;82>ABOE 0=0;V7>20=>3> A83=0;C.  

�;O @>7?V7=020==O A:;04=8E >1’є:BV2 AB2>@NNBP A8AB5<8 =0 >A=>2V 

=59@>==8E <5@56 (! , neural network). �>=8 <>6CBP <0B8 B>?>;>3VN, 

>@Vє=B>20=C =0 @>72’O70==O :>=:@5B=>W 7040GV V7 2@0EC20==O< 2;0AB82>AB59 

>1’є:B0 3 ?@>AB>@>2>-G0A>2C >@Vє=B0FVN, <0AHB01, 35><5B@8G=V ?0@0<5B@8 

>1'є:B0, 2:;NG0NG8 :>>@48=0B8, :CB>25 ?>;>65==O, ;V=V9=89 @>7<V@, 2V4AB0=P, 

B>I>. ' B>9 65 G0A VAB>B=8< =54>;V:>< B8?>28E !  є 2V4ACB=VABP 5D5:B82=8E 

70A>1V2 4;O @>72’O70==O 7040G @>7?V7=020==O 48=0<VG=8E >1@07V2. "A=>2=>N 

?@>1;5<>N V=B5@?@5B0FVW 48=0<VG=8E 2V7C0;P=8E AF5= є 28A>:0 @>7<V@=VABP 

?@>AB>@C >7=0:, =0O2=VABP 35><5B@8G=8E ?5@5B2>@5=P =04 >1'є:B><. %B8A: 

?@>AB>@C >7=0: 28:>=CNBP <5B>4>< 28BO3C V=B53@0;P=8E V V=20@V0=B=8E 4> 

35><5B@8G=8E ?5@5B2>@5=P ?0@0<5B@V2 7>1@065=P.  5B>4 35><5B@8G=8E B0 

1V;PH 7030;P=8E 0;351@0WG=8E V=20@V0=BV2 2V4V3@0є 7=0G=C @>;P C @>72’O70==V 

7040G @>7?V7=020==O 7>1@065=P. &0:, =0?@8:;04, V=20@V0=B8, C B><C G8A;V 

V=20@V0=B=V <><5=B8, 1C;8 CA?VH=> 28:>@8AB0=V 4;O @>7?V7=020==O ?@>DV;V2 

;VB0:V2 V B0=:V2, 4@C:>20=8E V @C:>?8A=8E 1C:2, ?0@0<5B@V2 AB8:C20;P=>3> 

2C7;0 :>A<VG=>3> 0?0@0B0, 0 B0:>6 1030BP>E V=H8E >1'є:BV2.  0B5<0B8G=5 

>1ґ@C=BC20==O V=20@V0=B=8E >A>1;82>AB59 =0?V2B>=>28E 7>1@065=P 107CєBPAO 

=0 B5>@VW 0;351@0WG=8E V=20@V0=BV2 [72]. 

�;81>:V =59@>==V <5@56V 70AB>A>2CNBPAO 4;O 28@VH5==O 7040G 

:;0A8DV:0FVW 7>1@065=P. �><?'NB5@=89 7V@ 3 F5 B5>@VO B0 =01V@ B5E=>;>3V9, O:V 

4>72>;ONBP <0H8=0< 2V7C0;P=> A?@89<0B8 @50;P=VABP. �V= 2:;NG0є <5B>48 



28O2;5==O, 2V4AB565==O, :;0A8DV:0FVW B0 V45=B8DV:0FVW >1'є:BV2 H;OE>< 0=0;V7C 

7>1@065=P B0 2V45>40=8E. 

�><?'NB5@=89 7V@ 28:>@8AB>2CєBPAO 4;O @>7?V7=020==O >1'є:BV2, 0=0;V7C 

2V45>, >?8AC 2<VABC 7>1@065=P/2V45>, @>7?V7=020==O 65ABV2 V @C:>?8AC, 

V=B5;5:BC0;P=>W >1@>1:8 7>1@065=P [42, 72]. 

�;81>:5 =02G0==O 3 F5 @>728B>: :;0A8G=8E =59@>==8E <5@56, O:89 

4>72>;Oє 0=0;V7C20B8 A:;04=V H01;>=8 B0 Vє@0@EVW 40=8E 7024O:8 1030B>@V2=52V9 

AB@C:BC@V. &0:V <5@56V A:;040NBPAO 7 157;VGV H0@V2, I> ?>ABC?>2> 284V;ONBP 

2A5 01AB@0:B=VHV >7=0:8 7 2EV4=8E 40=8E, 2V4 ?@>AB8E :>=BC@V2 4> A:;04=8E 

>1’є:BV2 G8 ?>=OBP. �E=O A8;0 3 C 740B=>ABV A0<>ABV9=> 2G8B8AO =0 25;8:8E 

>1AO30E V=D>@<0FVW. *59 ?V4EV4 2V4:@82 =>2V <>6;82>ABV 2 7040G0E, 45 

B@048FV9=V <5B>48 707=020;8 =5240G 3 2V4 @>7?V7=020==O >1;8G =0 D>B> 4> 

?>1C4>28 A8AB5<, O:V @>7C<VNBP ;N4AP:C <>2C [74]. �>;>2=0 ?5@52030 3 28A>:0 

B>G=VABP V 040?B82=VABP. &5E=>;>3VW =0 107V 3;81>:>3> =02G0==O 265 7<V=NNBP 

<548F8=C, DV=0=A8, B@0=A?>@B, 45<>=AB@CNG8, O: <0H8==89 V=B5;5:B <>65 

4>?>2=N20B8 ;N4AP:89. 

�=B53@0FVO <5B>4V2 <0H8==>3> =02G0==O, >A>1;82> 3;81>:8E =59@>==8E 

<5@56, 7 B5E=>;>3VO<8 1;>:G59= 2V4:@820є =>2V <>6;82>ABV 4;O 0=0;V7C 

7>1@065=P. !0?@8:;04, 28:>@8AB0==O 73>@B:>28E =59@>==8E <5@56 (CNN) 4;O 

:;0A8DV:0FVW B0 @>7?V7=020==O >1'є:BV2 =0 7>1@065==OE, I> 715@V30NBPAO C 

1;>:G59=-A8AB5<0E, 7=0G=> ?V428ICє 5D5:B82=VABP >1@>1:8 2V7C0;P=8E 40=8E 

[75, 76]. 

*8D@>20 >1@>1:0 7>1@065=P AB0;0 =52V4’є<=>N G0AB8=>N @V7=8E AD5@ 

4VO;P=>ABV ;N48=8. �>=0 28:>@8AB>2CєBPAO 2 <548F8=V 4;O 0=0;V7C 

4V03=>AB8G=8E 7>1@065=P, C 48AB0=FV9=><C 7>=4C20==V 4;O <>=VB>@8=3C AB0=C 

=02:>;8H=P>3> A5@54>28I0, 0 B0:>6 C DV=0=A>2><C A5:B>@V 4;O @>7?V7=020==O 

20;NB8. &0:89 H8@>:89 A?5:B@ 70AB>AC20=P 45<>=AB@Cє WW 740B=VABP 

B@0=AD>@<C20B8 @>1>BC 7 2V7C0;P=8<8 40=8<8. �>1@065==O B0 2V45> <VABOBP 

7=0G=V >1AO38 40=8E, >A:V;P:8 A:;040NBPAO 7 25;8:>W :V;P:>ABV ?V:A5;V2. 

�V4?>2V4=>, WE >1@>1:0 ?>B@51Cє 28:>@8AB0==O <5B>4V2 «big data», I> 



70157?5GCNBP H284:C >1@>1:C B0 0=0;V7 F8E 25;8:8E 7>1@065=P V 2V45>. 

"F8D@>20=V 7>1@065==O ?@>E>4OBP ?@>F5A 0=0;V7C B0 >1@>1:8, A?@O<>20=89 

=0 24>A:>=0;5==O :;NG>2>3> 5B0?C >1@>1:8 7>1@065=P, 2V4><>3> O: 

«A53<5=B0FVO 7>1@065==O» [77]. 

 

1.3 �=0;V7 4>A;V465=ь 1;>:G59= B5E=>;>3V9 4;O 715@V30==O B0 
70E8ABC 7>1@065=ь 

!0 AP>3>4=VH=V9 45=P VA=Cє 1030B> 4>ABC?=8E A8AB5< AB8A=5==O 

7>1@065=P, O:V 2V4@V7=ONBPAO 70 O:VABN 2 70;56=>ABV 2V4 0;3>@8B<C. /:VABP 

AB8A=5==O ?@O<> ?@>?>@FV9=0 O:>ABV 0;3>@8B<C, O:89, C A2>N G5@3C, 70;568BP 

2V4 @>7<V@C, B8?C B0 >1AO3C 40=8E, 0 B0:>6 2V4 B8?C A8AB5<8, 2 O:V9 2V= 

70AB>A>2CєBPAO.  

!>2VB=V 4>A;V465==O ?@>?>=CNBP V==>20FV9=V ?V4E>48 4> 715@V30==O 

7>1@065=P C 1;>:G59=V. �>:@5<0, :>=F5?FVO «imagechain» ?@54AB02;Oє 

:@8?B>3@0DVG=C AB@C:BC@C, O:0 ?>2'O7Cє F8D@>2V 7>1@065==O 70 4>?><>3>N 

E5H-?>A8;0=P. !0 2V4<V=C 2V4 B@048FV9=>3> 1;>:G59=C, 7>1@065==O =5 

715@V30NBPAO 2A5@548=V 1;>:V2, 0 1;>: B0 7>1@065==O >1'є4=CNBPAO 2 ?@>F5AV 

21C4>2C20==O [78, 79]. 

$>73;O=5<> VA=CNGV B5E=>;>3VW 715@565==O 7>1@065=P C 1;>:G59= 

AE>28I0E. �>1@065==O, O:V 28:>@8AB>2CNBPAO 2 ACG0A=8E V=D>@<0FV9=8E 

A8AB5<0E, 70728G09 <0NBP 25;8:89 >1AO3 40=8E V ?>B@51CNBP 5D5:B82=8E 

<5B>4V2 715@V30==O B0 ?5@540GV. �;>:G59= AE>28I0 0:B82=> 4>A;V46CNBPAO 4;O 

715@V30==O 7>1@065=P, >A:V;P:8 2>=8 ?@>?>=CNBP 45F5=B@0;V7>20=C, 157?5G=C 

B0 ?@>7>@C V=D@0AB@C:BC@C 4;O 715@V30==O 40=8E [80]. 

� ?;8=>< G0AC V=D>@<0FV9=>-:><C=V:0FV9=V B5E=>;>3VW 707=0;8 

G8A;5==8E B@0=AD>@<0FV9 4;O ?>;53H5=>3>, H284H>3>, 5D5:B82=VH>3> B0 

157?5G=VH>3> >1<V=C 40=8<8, V=D>@<0FVєN B0 :>HB0<8 @V7=><0=VB=8<8 

A?>A>10<8. � ?>O2>N �=B5@=5BC 7’O28;8AO F8D@>2V :><C=V:0FVW, O:V @>7H8@8;8 

<>6;82>ABV 4;O 2AVE D>@< >1<V=C 40=8<8 B0 V=D>@<0FVєN G5@57 >=;09=-

B@0=70:FVW. 'AO B@0=70:FV9=0 B0 :><C=V:0FV9=0 A8AB5<0 ?@>E>48BP G5@57 



=04V9=>3> ?>A5@54=8:0, O:89 30@0=BCє 157?5G=C 4>AB02:C, 70157?5GCє B>G=5 

2V4>1@065==O V=D>@<0FVW. �;5, D0EV2FV H284:> 4V9H;8  4C<:8, I> FO 4>2V@5=0 

AB>@>=0 <>65 28:;8:0B8 AC<=V28 C @07V 1C4P-O:8E 71>W2 2 >=>2;5==V 40=8E, 

70B@8<>: 4>AB02:8 01> H0E@09AB20 [81]. &><C 28=8:0є  :V;P:0 70?8B0=P:  

1. -> @>18B8, O:I> FO 4>2V@5=0 AB>@>=0 AB0=5 H0E@0є< V W9 =5 <>6=0 

4>2V@OB8?  

2. ->, O:I> 9>3> 7;0<0=> V 7;>2<8A=8: 702>;>4Vє 2AV<0 40=8<8? *59 

?>A5@54=8: BCB 4Vє O: є48=0 B>G:0 2V4<>28. 

3. �>6=>3> @07C, :>;8 28:>@8AB>2CєBPAO ?>A5@54=8:, 28=8:0є 4>40B:>20 

70B@8<:0 2 A?V;:C20==V. +><C 1 =5 A?V;:C20B8AO 157?>A5@54=P>? [82]. 

$VH5==O 2AVE 28I5707=0G5=8E ?@>1;5< <>65 70157?5G8B8 1;>:G59=, 

107>20 B5E=>;>3VO, 28=0945=0 %0B>HV !0:0<>B> (22060єBPAO ?A524>=V<><) ?V4 

G0A 2?@>20465==O ?5@H>W 2 VAB>@VW 45F5=B@0;V7>20=>W :@8?B>20;NB8 ?V4 

=072>N «�VB:>9=», I> 4>A;V465=> 2 @>1>B0E  [83385]. "1<V= V ?5@540G0 

1VB:>9=V2 2V41C20NBPAO 70 4>?><>3>N A?V;P=>W @>7?>4V;5=>W :=838, O:0 70?8ACє 

45B0;V :>6=>W B@0=70:FVW, I> 2V41C;0AO <V6 CG0A=8:0<8 <5@56V, 157 70;CG5==O 

4>2V@5=>W F5=B@0;V7>20=>W AB>@>=8.  

Blockchain 3 ;0=FN6>: 1;>:V2 40=8E, 45 :>65= 1;>: ?>2'O70=89 7 

?>?5@54=V<. �;>: <VAB8BP C A>1V =01V@ 70?8AV2. � =>2V 1;>:8 702648 4>40NBPAO 

AB@>3> 2 :V=5FP ;0=FN6:0. %CB=VABP B0:>W B5E=>;>3VW 4>A;V465=> C ?@0FOE  [863

89]. %8AB5<0 ?>1C4>20=0 =0 B@P>E ?@8=F8?0E 3 @>7?>4V;5=VABP, 2V4:@8BVABP B0  

70E8I5=VABP.  

�;>:G59= ?@0FNє 7024O:8 <5@56V :><?’NB5@V2 (2C7;V2), 45 :>65= 

715@V30є :>?VN 40=8E. !02VBP O:I> G0AB8=C 2C7;V2 28<:=CB8, A8AB5<0 

?@>4>26Cє DC=:FV>=C20B8. *5 @>18BP 1;>:G59= ?@0:B8G=> =57;0<=8<. !>2V 

:>@8ABC20GV ?V4:;NG0NBPAO 4> <5@56V, 02B><0B8G=> 71V;PHCNG8 WW @>7<V@ V 

=04V9=VABP. 'AV 2C7;8 @V2=>?@02=V 3 BCB =5<0є :5@V2=8:V2 G8 F5=7>@V2. �>65= 

:><?’NB5@ A0<>ABV9=> ?5@52V@Oє 40=V, ?V4B@8<CNG8 FV;VA=VABP A8AB5<8 G5@57 

A?5FV0;P=V 0;3>@8B<8 73>48. [90]. 



!02VBP O:I> 70;8H8BPAO ;8H5 >48= 0:B82=89 2C7>;, 1;>:G59= 

?@>4>268BP VA=C20B8. � 2V4=>28BPAO, :>;8 4> =P>3> ?@8є4=0NBPAO V=HV. 

#@8G><C 2AV 2C7;8 @V2=>?@02=V, B0< =5<0є >@30=V70B>@V2, <>45@0B>@V2, 

:>=B@>;5@V2 V <5=5465@V2. �>65= 2V4?>2V40є 70 A515 A0<. 'AV 40=V 1;>:8 2 

blockchain V WE 2<VAB є 702648 2V4:@8B8<8 B0 4;O CAVE 4>ABC?=8<8.  >6=0 ;53:> 

?@>G8B0B8 1C4P-O:89 1;>: V ?>10G8B8 2AV 70?8A8 2 =P><C. &0:>6 <>6=0 

?>4828B8AO ?>2=89 ;0=FN6>: V 2V4AB568B8 7<V=C V=D>@<0FVW. &0:8< G8=><, CAV 

40=V 2 blockchain ;53:> ?5@52V@ONBPAO, 7 FP>3> 28?;820є, I> =5 >1>2'O7:>2> 

4>2V@OB8 V=H8< CG0A=8:0< <5@56V, 0465 A0<><C 702648 <>6=0 WE ?5@52V@8B8 V 

>B@8<0B8 30@0=B>20=> 4>AB>2V@=C 2V4?>2V4P. 

"4=5 7 =091V;PH ?5@A?5:B82=8E =0?@O<:V2 3 B5E=>;>3VO Smart-

:>=B@0:BV2 [91]. %P>3>4=V <>6=0 ?5@5410G8B8 B5E=>;>3VG=89 ?@>@82 C 

;>3VAB8G=V9 30;C7V H;OE>< AB2>@5==O ?@>7>@>W A8AB5<8 270є<>4VW <V6 CAV<0 

CG0A=8:0<8 @8=:C. �5F5=B@0;V7>20=0 ;>3VAB8G=0 ?;0BD>@<0 <>65 

70?@>?>=C20B8 V==>20FV9=V @VH5==O, O:V 70A=>20=V =0 2?@>20465==V B5E=>;>3VW 

blockchain 2 C?@02;V==V ;0=FN6:0<8 ?>AB02>:. *5 45F5=B@0;V7>20=0 A8AB5<0, 

O:0 28:>@8AB>2Cє blockchain V A:;040єBPAO 7 45:V;P:>E V=B5;5:BC0;P=8E 

:>=B@0:BV2 2A5@548=V 1;>G=>3> ;0=FN30 V 9>3> 2;0A=8E B>:5=V2 (O:I> 

=5>1EV4=>) [92, A. 214].  

�>@8A=8< Smart-:>=B@0:B 1C45 2 ?@>F5A0E ;>3VAB8:8. �0=FN6>: 

?>AB02>: 70728G09 A:;040єBPAO 7 1030BP>E ;0=>:, ?@>B5 :>6=0 ;0=:0 <0є 

>B@8<0B8 ?V4B25@465==O 2V4 ?>?5@54=P>W, 28:>=0B8 A2>N G0AB8=C :>=B@0:BC V 

?5@540B8 V=D>@<0FVN 40;V. ' B@048FV9=V9 ?@0:B8FV F5 7018@0є 1030B> G0AC V 

7=86Cє 5D5:B82=VABP, 0 28:>@8AB0==O Smart-:>=B@0:BV2 5:>=><8BP G0A V 

4>72>;Oє 2V4AB56C20B8 ?@>3@5A C @50;P=><C G0AV. "4=5 7 3>;>2=8E 70240=P 

Smart-:>=B@0:BV2 3 A:>@>B8B8 28B@0B8 =0 ;>3VAB8:C, B0: I>1 WW G0AB:0 2 

A>1V20@B>ABV B>20@C 1C;0 <V=V<0;P=0 [92].  

!09G0ABVH5 28=8:0NBP B0:V ?8B0==O. #>-?5@H5, F5 ?@>1;5<0 4>2V@8. 

�>=B@>;P 70 ?5@52575==O< 20=B06V2 74V9A=NєBPAO, 70 70?8B><, 4> CA?VH=>3> 

7025@H5==O C3>48. �AV 4VW DV:ACNBPAO 2 blockchain, I> 28:;NG0є 2V4=>A8=8 



=54>2V@8 <V6 AB>@>=0<8; Smart-:>=B@0:B, O:89 1C45 70B25@465=89 =0 ?>G0B:C 

2V420=B065==O, 02B><0B8G=> 28:>=0є 270є<=89 @>7@0EC=>: 2V4?>2V4=> 4> 

40=8E, I> 715@V30NBPAO 2 blockchain [91]. 

�;>:G59= 3 F5 A8AB5<0 7 2V4:@8B8< 4>ABC?>< 4> 2AVE 40=8E: 1C4P-O:89 

:>@8ABC20G <>65 ?5@53;O=CB8 2<VAB 1;>:V2, 2V4AB568B8 VAB>@VN 7<V= V 

?5@52V@8B8 4>AB>2V@=VABP V=D>@<0FVW A0<>ABV9=>. *5 CAC20є =5>1EV4=VABP 

4>2V@OB8 V=H8< CG0A=8:0<, 0465 :>65= <0є 7<>3C ?5@5A2V4G8B8AO 2 

?@028;P=>ABV 40=8E G5@57 :@8?B>3@0DVG=V <5E0=V7<8. �;NG>289 ?@8=F8? 3 

?>є4=0==O ?@>7>@>ABV V 70E8I5=>ABV. !0?@8:;04, E5H-DC=:FVW H8D@CNBP 40=V 

B0:, I> 70 :V=F528< :;NG5< =5<>6;82> 2V4=>28B8 28EV4=C V=D>@<0FVN 01> 

?V4V1@0B8 V=H89 =01V@ 40=8E 7 B0:8< A0<8< E5H5<. *5 @>18BP 1;>:G59= 

ABV9:8< 4> ?V4@>1>:: =02VBP O:I> EB>AP =0<030B8<5BPAO 7<V=8B8 40=V 2 1;>FV, 

F5 ?>@CH8BP ;0=FN6>: E5HV2 V AB0=5 >G5284=8< 4;O 2AVєW <5@56V [93]. &0:8< 

G8=><, :@8?B>3@0DVO 70157?5GCє =04V9=VABP A8AB5<8, 0 45F5=B@0;V70FVO 

30@0=BCє, I> 6>45= CG0A=8: =5 <>65 >4=>>AV1=> 2?;8=CB8 =0 WW @>1>BC. !02VBP 

?@8 =0O2=>ABV 7;>2<8A=8:V2, <5@560 70;8H0єBPAO 70E8I5=>N G5@57 <5E0=V7<8 

:>=A5=ACAC B0 <0B5<0B8G=C =572>@>B=VABP E5HC20==O.  

&0:8< G8=><, AP>3>4=V 1;>:G59= 3 F5 45F5=B@0;V7>20=0 1070 40=8E, 

?@8AB@>W 715@V30==O O:>W =5 ?V4:;NG5=V 4> 7030;P=>3> A5@25@0. �C4P-O:89 

CG0A=8: A8AB5<8 <>65 @>18B8 2 =V9 70?8A8, O:V ?VA;O ?5@52V@:8 02B><0B8G=> 

2V4>1@060NBPAO =0 2AV :><?'NB5@8 2 <5@56V. �>;>2=0 ?5@52030 1;>:G59=C 3 

157?5:0 V=D>@<0FVW, O:0 715@V30єBPAO 2 =P><C [40, 94396]. !VEB> =5 <>65 

?V4@>18B8 01> 70<V=8B8 9>3>, >A:V;P:8 7=04>1;OBPAO >4=>AB>@>==V 7<V=8 =0 

:>6=><C 7 <5@56528E ?@8AB@>W2, 25;8G57=V >1G8A;N20;P=V <>6;82>ABV, 

=54>ABC?=V 4;O 728G09=8E CG0A=8:V2 A8AB5<8. �;>:G59= 3 F5 45F5=B@0;V7>20=0 

A8AB5<0 715@V30==O 40=8E, 45 V=D>@<0FVO @>7?>4V;5=0 <V6 CAV<0 CG0A=8:0<8 

<5@56V. �>=0 =5 =0;568BP 6>4=V9 >@30=V70FVW G8 ;N48=V, 0 DC=:FV>=Cє 70 

@0EC=>: A?V;P=>W @>1>B8 :><?’NB5@V2 :>@8ABC20GV2. �>65= 7 =8E 715@V30є 

:>?VN 1078 40=8E, I> @>18BP A8AB5<C ABV9:>N 4> 7;0<V2. �;NG>20 V45O 3 

2V4ACB=VABP F5=B@0;P=>3> :>=B@>;N. !02VBP O:I> G0AB8=0 :><?’NB5@V2 28945 



7 ;04C 01> 1C45 7;0<0=0, V=HV ?@>4>260BP ?V4B@8<C20B8 @>1>BC <5@56V. %0<5 

B><C 1;>:G59= G0AB> =07820NBP «=57;0<=8<» 3 9>3> VA=C20==O 70;568BP ;8H5 

2V4 =0O2=>ABV E>G >4=>3> 0:B82=>3> CG0A=8:0. *O B5E=>;>3VO 4>72>;Oє 

AB2>@N20B8 ?@>7>@V A8AB5<8, 45 40=V <>6CBP ?5@52V@OB8AO 1C4P-O:8< 

:>@8ABC20G5<, 0;5 ?@8 FP><C 70;8H0NBPAO 70E8I5=8<8 7024O:8 :@8?B>3@0DVW. 

&0:8< G8=><, 1;>:G59= ?>є4=Cє 2 A>1V 4>2V@C G5@57 <0B5<0B8:C, 0 =5 G5@57 

CG0ABP B@5BVE AB>@V=. Blockchain <>65 70AB>A>2C20B8AO 2 @V7=8E AD5@0E, 

?@>?>=CNG8 :><?0=VO< @V7=V ?5@52038 B0 V==>20FV9=V 1V7=5A-<>45;V. 

!0?@8:;04, 2 A8AB5<V 70E8ABC 02B>@AP:8E ?@02. #5@52038 =>2>W B5E=>;>3VW 

?>;O30NBP C B><C, I> <>6=0 ?5@540B8 02B>@AB2> 157 CG0ABV B@5BP>W AB>@>=8 B0 

157 ?@82’O7:8 4> 35>3@0DVW [97]. "A=>2=8<8 28:;8:0<8 C V=B53@0FVW B5E=>;>3V9 

1;>:G59= B0 >1@>1:8 7>1@065=P 70;8H0NBPAO >?B8<V70FVO 715@V30==O 25;8:8E 

>1AO3V2 40=8E B0 70157?5G5==O :>=DV45=FV9=>ABV ?@8 28:>@8AB0==V ?C1;VG=8E 

1;>:G59=V2. #5@A?5:B82=8<8 =0?@O<:0<8 4>A;V465=P є @>7@>1:0 

5=5@3>5D5:B82=8E 0;3>@8B<V2 :>=A5=ACAC B0 AB2>@5==O 45F5=B@0;V7>20=8E 

?;0BD>@< 4;O >1<V=C B0 <>=5B870FVW 7>1@065=P [94, 95]. 

&0:8< G8=><, 28:>@8AB0==O 1;>:G59= B5E=>;>3V9 <>65 1CB8 FV;:>< 

:>@8A=8< ?@8 4>A;V465==V B0 @>72’O70==V 7040G, ?>2’O70=8E V7 715@V30==O< V 

>1@>1:>N 25;8:><0AHB01=8E =01>@V2 40=8E C 283;O4V 7>1@065=P.  

 

1.4 "3;O4 VA=CNG8E ?@>1;5< C AD5@V 0@EVB5:BC@8 AE>28I 7>1@065=ь 
2 5?>EC 25;8:8E 40=8E 

' FP><C ?V4@>74V;V ?@54AB02;5=> 45B0;P=89 >3;O4 >AB0==VE @>7@>1>: C 

AD5@V 0@EVB5:BC@8 AE>28I 7>1@065=P 2 5?>EC 25;8:8E 40=8E.  5B>N FP>3> 

@>74V;C є =040==O 2A51VG=>3> >3;O4C VA=CNG>W ;VB5@0BC@8 B0 287=0G5==O 

:;NG>28E B5=45=FV9, 28:;8:V2 V <>6;82>AB59 C FV9 30;C7V. 

�@EVB5:BC@0 AE>28I0 7>1@065=P 3 4>1@5 =0;03>465=0 30;C7P 4>A;V465=P 

V7 1030BP<0 @V7=8<8 ?V4E>40<8 B0 B5E=V:0<8, 70?@>?>=>20=8<8 ?@>BO3>< 

1030BP>E @>:V2. "4=8< V7 =09?5@H8E ?V4E>4V2 4> 0@EVB5:BC@8 AE>28I0 

7>1@065=P 1C;> 28:>@8AB0==O F5=B@0;V7>20=>W 1078 40=8E, 45 2AV 40=V 



7>1@065==O 715@V30;8AO 2 >4=><C <VAFV. )>G0 F59 ?V4EV4 1C2 ?@>AB8< V 

7@>7C<V;8<, 2V= =5 1C2 4C65 <0AHB01>20=8< V =5 <V3 >1@>1;OB8 4C65 25;8:V 

>1AO38 40=8E 7>1@065=P. 

/: =0A;V4>:, 4>A;V4=8:8 ?>G0;8 282G0B8 1V;PH @>7?>4V;5=V ?V4E>48 4> 

0@EVB5:BC@8 AE>28I 7>1@065=P, 45 40=V 7>1@065=P 715@V30;8AO C :V;P:>E 1070E 

40=8E. *59 ?V4EV4 28O282AO 1V;PH <0AHB01>20=8< B0 5D5:B82=8< ?>@V2=O=> 7 

F5=B@0;V7>20=>N <>45;;N 715@V30==O, ?@>B5 2V= B0:>6 AB2>@82 =>2V 28:;8:8, 

?>2'O70=V V7 C73>465=VABN 40=8E B0 70157?5G5==O< WE=P>W 4>ABC?=>ABV [25]. 

!>2VB=V ?V4E>48 4> 0@EVB5:BC@8 AE>28I 7>1@065=P 7>A5@5465=V =0 

28:>@8AB0==V :><1V=0FVW F5=B@0;V7>20=8E B0 @>7?>4V;5=8E 107 40=8E 4;O 

70157?5G5==O 10;0=AC <V6 <0AHB01>20=VABN B0 ?@>AB>B>N C?@02;V==O. *V 

?V4E>48 4>25;8 A2>N 5D5:B82=VABP 4;O C?@02;V==O 25;8:8<8 >1AO30<8 40=8E 

7>1@065=P C @V7=8E 30;C7OE. 

�A=Cє :V;P:0 :;NG>28E ?@>1;5<, ?>2'O70=8E 7 C?@02;V==O< 25;8:8<8 

>1AO30<8 40=8E 7>1@065=P 2 0@EVB5:BC@V AE>28I0 7>1@065=P. "4=VєN 7 

=09ACBBє2VH8E ?@>1;5< є ?8B0==O 70157?5G5==O O:>ABV 7>1@065=P, >A:V;P:8 FV 

40=V <>6CBP 1CB8 A:;04=8<8 4;O >1@>1:8 B0 G0AB> <VABOBP ?><8;:8 9 

=52V4?>2V4=>ABV. �;O 28@VH5==O FVєW ?@>1;5<8 4>A;V4=8:8 70?@>?>=C20;8 B0:V 

<5B>48, O: >G8I5==O B0 =>@<0;V70FVO 40=8E, O:V <>6CBP ?>:@0I8B8 O:VABP 

40=8E 7>1@065=P, ?V428I8B8 B>G=VABP 9 =04V9=VABP >B@8<0=8E @57C;PB0BV2.. 

�=H>N 206;82>N ?@>1;5<>N є ?8B0==O 157?5:8 40=8E. �0=V 7>1@065=P 

G0AB> є :>=DV45=FV9=8<8, B><C 206;82> 70157?5G8B8 WE 70E8AB 2V4 

=5A0=:FV>=>20=>3> 4>ABC?C G8 28:@045==O. �>A;V4=8:8 70?@>?>=C20;8 @V7=V 

70E>48 157?5:8, B0:V O: H8D@C20==O 40=8E, :>=B@>;P 4>ABC?C B0 157?5G=5 

715@V30==O, I>1 30@0=BC20B8 715@565==O B0 70E8AB 40=8E 7>1@065=P. 

�>ABC? 4> 40=8E є I5 >4=8< :@8B8G=8< ?8B0==O< 2 0@EVB5:BC@V AE>28I0 

7>1@065=P. �06;82> 70157?5G8B8, I>1 02B>@87>20=V :>@8ABC20GV <>3;8 H284:> 

B0 5D5:B82=> >B@8<C20B8 4>ABC? 4> ?>B@V1=8E W< 7>1@065=P, 2>4=>G0A 

>1<56CNG8 <>6;82VABP 4>ABC?C AB>@>==VE >AV1. �;O 28@VH5==O FVєW ?@>1;5<8 



1C;> 70?@>?>=>20=> <5E0=V7<8 V=45:A0FVW 40=8E B0 0;3>@8B<8 ?>HC:C, O:V 

ACBBє2> ?>:@0ICNBP H284:VABP V B>G=VABP ?@>F5AC 281V@:8 [43]. 

"AB0==V<8 @>:0<8 30;C7P >1@>1:8 7>1@065=P 707=0;0 7=0G=>3> ?@>3@5AC 

7024O:8 0:B82=><C @>728B:C B5E=>;>3V9 25;8:8E 40=8E B0 7@>AB0NG><C ?>?8BC 

=0 5D5:B82=V B0 <0AHB01>20=V 0@EVB5:BC@8 AE>28I 7>1@065=P. ' <560E FP>3> 
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30@0=BCє ;>30@8D<VG=C A:;04=VABP >A=>2=8E >?5@0FV9. +0A ?>HC:C 5;5<5=B0 T 

<>6=0 28@078B8 O:: 

                                                  ć = Ă(ĂąĀ Ċ(Ą)) ,                                              (2.4) 

45 n 3 :V;P:VABP 5;5<5=BV2,  t 3 <V=V<0;P=89 AB5?V=P 45@520. 

�8:>@8AB0==O Elasticsearch 70157?5GCє ;>30@8D<VG=C A:;04=VABP Ă(ĂąĀ Ą) 7024O:8 AB@C:BC@V 72>@>B=>3> V=45:AC B0 >?B8<V7>20=8< tree-based 

0;3>@8B<0<. *5 4>72>;Oє 5D5:B82=> <0AHB01C20B8 ?>HC: ?@8 7@>AB0==V 

>1AO3V2 40=8E. 

 ' 1070E 40=8E 7 25;8G57=>N :V;P:VABN @O4:V2, 0;5 >1<565=>N 

@V7=><0=VB=VABN 7=0G5=P 40=8E, V=45:A0FVO @0AB@>28E 7>1@065=P 28O2;OєBPAO 

=04728G09=> 5D5:B82=>N. /:I> v ?@54AB02;Oє @V7=V 7=0G5==O 40=8E, 0 r 

>7=0G0є @O4:8, B> 1VB>289 V=45:A ?>28=5= <VAB8B8 v×r 1VB8. 

�D5:B82=VABP V=45:A=>W AB@C:BC@8 E <>6=0 >FV=8B8 70 D>@<C;>N: 

                                                      ā = ÿĀ + Āÿ   ,                                                   (2.5) 

45 T 3 A5@54=V9 G0A 4>ABC?C,  S 3 >1AO3 ?0<'OBV,  α, ³ 3 203>2V :>5DVFVє=B8. 

*O >FV=:0 4>72>;Oє 710;0=AC20B8 H284:VABP 4>ABC?C B0 28B@0B8 ?0<'OBV, 

I> >A>1;82> 206;82> 4;O 25;8:8E =01>@V2 40=8E 7>1@065=P. �03>2V 

:>5DVFVє=B8 α B0 ³ <>6CBP =0;0HB>2C20B8AO 70;56=> 2V4 :>=:@5B=8E 28<>3 

A8AB5<8. 



�;O 107 40=8E, O:V 2 >A=>2=><C >1@>1;ONBP 40=V G0A>28E @O4V2, 

28:>@8AB>2CNBPAO A?5F8DVG=V <5B>48 V=45:A0FVW, B0:V O: B-45@52> 7 ?>4V;>< =0 

G0A. *V V=45:A8 A53<5=BCNBP 40=V 2 E@>=>;>3VG=><C ?>@O4:C, >?B8<V7CNG8AP 

4;O 70?8BV2, O:V >B@8<CNBP 40=V 70 ?52=V ?@><V6:8 G0AC. 

�A4?VF<KA4 BEAB64 9H9>F<6ABEFV VA89>E4JVW. �D5:B82=VABP <5B>4C 

V=45:A0FVW G0AB> <>6=0 28@078B8 2 G0AV 2V4?>2V4V 70?8BC T, O:89 <>6=0 

?@54AB028B8 C 283;O4V: 

                                          ć = Ts + Tr ,                                                          (2.6) 

45 Ts 3 G0A, 28B@0G5=89 =0 ?>HC: 2 V=45:AV, Tr 3 G0A, =5>1EV4=89 4;O >B@8<0==O 

40=8E ?VA;O ?>HC:C 70 V=45:A><. 

"?B8<V70FVO 4;O T BO3=5 70 A>1>N @>7C<=89 10;0=A <V6 7<5=H5==O< O: 

T, B0: V Tr, =0 I> 2?;820NBP B0:V D0:B>@8, O: 3;818=0 45@520 V=45:A0FVW, :>;V7VW 

E5HV2 V =0:;04=V 28B@0B8 =0 715@V30==O. 

' :>=B5:ABV @>7@>1;5=>W 3V1@84=>W <>45;V 715@V30==O 7>1@065=P, 

@>7C<V==O <0B5<0B8G=8E >A=>2 V=45:A0FVW <0є 28@VH0;P=5 7=0G5==O *5 

4>72>;Oє AD>@<C;N20B8 <5B>4 V=45:A0FVW, >?B8<V7>20=89 4;O 

25;8:><0AHB01=8E 7>1@065=P, I> 70157?5GCє 28A>:C H284:VABP 4>ABC?C 4> 

V=D>@<0FVW ?@8 <V=V<V70FVW 28B@0B =0 715@V30==O. $>73;O=5<>, O:8< G8=>< FV 

DC=40<5=B0;P=V ?@8=F8?8 V=45:A0FVW B@0=AD>@<CNBPAO B0 @>72820NBPAO 2 

@0<:0E 70?@>?>=>20=>3> >?B8<V7>20=>3> <5B>4C, I> є :;NG>28< :><?>=5=B>< 

@>7@>1;5=>W 3V1@84=>W <>45;V. 

�0;C7P 715@V30==O 40=8E 707=0;0 7=0G=>W 52>;NFVW, I> AC?@>2>46C20;0AO 

?>O2>N @V7=><0=VB=8E <5E0=V7<V2, :>65= 7 O:8E @>72820єBPAO C 2V4?>2V4P =0 

7@>AB0NGV 28<>38 4> 25;8:8E 40=8E [105, 106]. �><?;5:A=89 0=0;V7 F8E 

<>45;59, I> >E>?;Nє =5 ;8H5 WE AB@C:BC@=V B0 >?5@0FV9=V 0A?5:B8, 0;5 9 

<0B5<0B8G=C ACB=VABP, 4>72>;Oє GVB:> 287=0G8B8 WE=V ?5@52038 B0 >1<565==O. 

' FP><C @>74V;V @>73;O40NBPAO 0=0;VB8G=V 28@078, I> >?8ACNBP :;NG>2V 

<>45;V 715@V30==O 40=8E, B0 ?@>2545=> >FV=:C WE 5D5:B82=>ABV =0 >A=>2V 

<0B5<0B8G=8E :@8B5@VW2. &0:89 ?V4EV4 70157?5GCє 3;81>:5 @>7C<V==O 



?@8=F8?V2 DC=:FV>=C20==O @V7=8E A8AB5< 715@V30==O B0 AB2>@Nє ?V4ґ@C=BO 4;O 

WE ?>@V2=O;P=>3> 0=0;V7C. *5 4>72>;Oє 28O28B8 :;NG>2V D0:B>@8, I> 

2?;820NBP =0 5D5:B82=VABP A8AB5<, B0 287=0G8B8 ?5@A?5:B82=V =0?@O<:8 WE 

>?B8<V70FVW. 

 9?OJV=AV E<EF9@< GCD46?VAAO 54;4@< 84A<I (!#��). �07>2>N >48=8F5N 

%'�� є B01;8FO, 45 40=V 715@V30NBPAO C 283;O4V @O4:V2 V AB>2?FV2. �V4=>H5==O 

R 2 %'�� <>6=0 ?@54AB028B8 C 283;O4V =01>@C :>@B56V2: 

                                           ą = {Ċ1, Ċ2, & , ĊĀ} ,                                                (2.7) 

45 :>65= :>@B56 t ?@54AB02;Oє @O4>:. 

"A=>2=8< ?>:07=8:>< 4;O >FV=:8 5D5:B82=>ABV 70?8BV2 C %'�� є G0A>20 

A:;04=VABP. �;O B01;8FV 7 n @O4:0<8: #>HC:: O(n); �AB02:0: O(1) (70 C<>28 

2V4ACB=>ABV V=45:A0FVW); �840;5==O: O(n). 

#5@A?5:B82=VABP %'�� ?>;O30є 2 WW AB@C:BC@>20=><C ?V4E>4V 4> 

C?@02;V==O 40=8<8. �0 A2>єN ACBBN %'�� 1C;0 @>7@>1;5=0, I>1 V<VBC20B8 B5, 

O: ;N48 B@048FV9=> >@30=V7>2C20;8 B0 >1@>1;O;8 V=D>@<0FVN, =0A0<?5@54 70 

4>?><>3>N B01;8G=8E D>@<0BV2. *59 48709=, >@Vє=B>20=89 =0 ;N48=C, @>18BP 

@5;OFV9=V 1078 40=8E >A>1;82> V=BCWB82=> 7@>7C<V;8<8 B0 ?@>AB8<8 C 

270є<>4VW 4;O H8@>:>3> A?5:B@C 70AB>AC20=P. $O4:8 V AB>2?FV B01;8FV %'�� 

=0304CNBP B@048FV9=C 5;5:B@>==C B01;8FN 01> 1CE30;B5@AP:C :=83C. "4=0:, 

70 F8< ?@O<>;V=V9=8< 7>2=VH=V< 283;O4>< <>6=0 287=0G8B8 A:;04=V 

2V4=>H5==O <V6 @V7=8<8 B01;8FO<8. &0:V 72'O7:8 40NBP 7<>3C AB2>@N20B8 

A:;04=V 70?8B8, O:V <>6CBP ?5@5E@5A=> ?>A8;0B8AO =0 :V;P:0 B>G>: 40=8E, 

28BO3CNG8 V=D>@<0FVN, O:0 2 V=H><C 28?04:C 70;8H0;0AO 1 ?@8E>20=>N. 

#@>F5A ?@>5:BC20==O F8E 2V4=>H5=P V 70157?5G5==O B>3>, I>1 2>=8 B>G=> 

?@54AB02;O;8 2;0AB82C AB@C:BC@C V >1<565==O 40=8E, 2V4><5 O: =>@<0;V70FVO 

1078 40=8E. *59 ?@>F5A <0є 28@VH0;P=5 7=0G5==O 4;O 70?>1V30==O 0=><0;VO< 

40=8E V 70157?5G5==O 4>23>AB@>:>2>W =04V9=>ABV 1078 40=8E. 

NoSQL 54;< 84A<I (A4 BEAB6V 8B>G@9AFV6). !0 2V4<V=C 2V4 RDBMS, 

NoSQL 1078 40=8E 715@V30NBP 40=V 2 3=CG:8E AE5<0E, O:V G0AB> 



?@54AB02;ONBPAO C 283;O4V JSON-?>4V1=8E 4>:C<5=BV2 [107]. �0=> 4>:C<5=B D 

7 k :;NG0<8: 

                           Ā = {(ā1, �1), (ā2, �2), & , (āĀ, �Ā)},                                    (2.8) 

45 :>6=0 ?0@0 (k,v) ?>7=0G0є :><1V=0FVN :;NG-7=0G5==O. 

"@Vє=B>2=89 ?>:07=8: ?@>4C:B82=>ABV: #>HC:: O(1) 4;O ?>HC:C =0 

>A=>2V :;NGV2, 0;5 <>65 7<V=N20B8AO 70;56=> 2V4 107>2>W AB@C:BC@8 1078 

40=8E; �2545==O: O(1); �840;5==O: O(1). 

#>O20 107 40=8E NoSQL 28=8:;0 G5@57 ?>B@51C >1@>1;OB8 25;8G57=>3> 

>1AO3C =5AB@C:BC@>20=8E 01> =0?V2AB@C:BC@>20=8E 40=8E. � ?>H8@5==O< 

�=B5@=5BC 40=V ?>G0;8 =04E>48B8 7 @V7=8E 465@5; C =5?5@5410GC20=8E 

D>@<0B0E. &@048FV9=V AB@C:BC@8 %'��, E>G0 V 2?@02=V 2 >1@>1FV 

AB@C:BC@>20=8E 40=8E, G0AB> A?>B8:0;8AO, AB8:0NG8AP 7 B0:8<8 

=5>4=>@V4=8<8 =01>@0<8 40=8E. *V A8AB5<8 @>7@>1;5=V 7 <5B>N 70157?5G5==O 

28A>:>3> @V2=O 3=CG:>ABV B0 <0AHB01>20=>ABV, I> 4>72>;Oє >@30=V70FVO< 

5D5:B82=> 040?BC20B8AO 4> 48=0<VG=8E 7<V= V=D>@<0FV9=>3> A5@54>28I0. 

�>:@5<0, NoSQL-1078 40=8E =0 >A=>2V 4>:C<5=BV2 707=0;8 A?;5A:C 

?>?C;O@=>ABV 7024O:8 A2>W9 ?@840B=>ABV 4;O ACG0A=8E 251-4>40B:V2. �E=є 

?@54AB02;5==O 40=8E, ?>4V1=5 4> JSON, 70 A2>єN ACBBN AC<VA=5 7 251-

B5E=>;>3VO<8, I> A?@>ICє ?@>F5A ?@89><C, >1@>1:8 B0 4>AB02:8 40=8E. �@V< 

B>3>, ?V4B@8<CNG8 48=0<VG=V AE5<8, 2>=8 4>72>;ONBP @>7@>1=8:0< 

V=B53@C20B8 B0 @>72820B8 ?@>3@0<8 157 =0:;04=8E 28B@0B =0 @5AB@C:BC@870FVN 

1078 40=8E. *O 3=CG:VABP >A>1;82> FV==0 2 ACG0A=8E H284:8E F8:;0E @>7@>1:8, 

45 4>40B:8 ?>28==V @503C20B8 =0 <V=;82V 28<>38 1V7=5AC. � V=H>3> 1>:C, E>G0 

2>=8 70157?5GCNBP 25;8G57=C 3=CG:VABP, 2>=8 <>6CBP 28<030B8 1V;PH 

@5B5;P=>3> <>45;N20==O 40=8E, I>1 70?>1V3B8 =04;8H:>2>ABV 40=8E V 

715@53B8 AB01V;P=VABP. 

!<EF9@< ;59DV74AAO B5'є>FV6. "1'є:B=V A8AB5<8 715@V30==O 715@V30NBP 

40=V O: >1'є:B8 C ?;>A:><C ?@>AB>@V V<5=, O:89 G0AB> 28:>@8AB>2CєBPAO 4;O 



25;8:8E, =5AB@C:BC@>20=8E =01>@V2 40=8E. "1'є:B � <>6=0 <0B5<0B8G=> 

>?8A0B8 B0:: 

                                   Ă = (ĀĀ, ĀþĊÿýÿĊÿ, ĀÿĊÿ),                                            (2.9) 

45 ID є C=V:0;P=8< V45=B8DV:0B>@><, 0 <5B040=V =040NBP 4>?><V6=C 

V=D>@<0FVN ?@> >1'є:B. 

"@Vє=B>2=89 ?>:07=8: ?@>4C:B82=>ABV: "B@8<0==O: O(1) 70 4>?><>3>N 

V45=B8DV:0B>@0; �2545==O: O(1); �840;5==O: O(1). 

!0 2V4<V=C 2V4 B@048FV9=8E D09;>28E A8AB5< V 1;>:>28E AE>28I, >1'є:B=V 

A8AB5<8 715@V30==O ?@87=0G5=V 4;O 157?5@51V9=>W >1@>1:8 25;8:8E >1AO3V2 

40=8E. #@8B0<0==0 W< <0AHB01>20=VABP C ?>є4=0==V 7 1030B8<8 <>6;82>ABO<8 

<5B040=8E @>18BP WE V450;P=8<8 4;O E<0@=8E A5@54>28I V ACG0A=8E 4>40B:V2, 

45 40=V <>6CBP 7@>AB0B8 =5?5@5410GC20=>. #;>A:89 ?@>ABV@ V<5= 30@0=BCє, I> 

?>HC: 40=8E 70;8H0єBPAO 5D5:B82=8< =570;56=> 2V4 @>7<V@C, C=8:0NG8 

Vє@0@EVG=8E A:;04=>IV2 B@048FV9=8E D09;>28E A8AB5<. � @57C;PB0BV >1'є:B=V 

A8AB5<8 715@V30==O AB0;8 >A=>2>N 4;O 1030BP>E @VH5=P E<0@=8E AE>28I, 

?@>?>=CNG8 O: ?@>4C:B82=VABP, B0: V 5:>=><VG=C 5D5:B82=VABP. 

�4F9@4F<KA9 B5ґDGAFG64AAO CDB8G>F<6ABEFV. !02545=V 28I5 G0A>2V 

A:;04=>ABV A;C60BP V450;V7>20=8<8 >@Vє=B8@0<8, ?V4:@V?;5=8<8 ?52=8<8 

?@8?CI5==O<8. $50;P=V AF5=0@VW <>6CBP <0B8 2V4<V==>ABV G5@57 B0:V D0:B>@8, 

O:: =0:;04=V 28B@0B8 =0 V=45:A0FVN 3 =0O2=VABP 2B>@8==8E V=45:AV2 <>65 

2?;8=CB8 =0 G0A ?>HC:C B0 2AB02:8. �?0@0B=V >1<565==O: >?5@0FVW 

22>4C/282>4C =0 48A:C <>6CBP A?@8G8=OB8 70B@8<:8, I> 2V4E8;ONBPAO 2V4 

>GV:C20=8E :>=B@>;P=8E ?>:07=8:V2. $>7?>4V; 40=8E: 28:@82;5=89 @>7?>4V; 

40=8E C 1070E 40=8E <>65 2?;820B8 =0 G0A ?>HC:C, >A>1;82> O:I> ?52=V 

7=0G5==O 40=8E є 1V;PH ?>H8@5=8<8. 

#> ACBV, E>G0 0=0;VB8G=V 28@078 ?@>?>=CNBP AB@C:BC@>20=C >A=>2C 4;O 

@>7C<V==O @V7=8E <>45;59 715@V30==O, WE A;V4 V=B5@?@5BC20B8 2 :>=B5:ABV 

@50;P=8E AF5=0@VW2 B0 >1<565=P. ' <V@C B>3>, O: 74V9A=NєBPAO ?5@5EV4 4> 

3V1@84=>W <>45;V 715@V30==O 7>1@065=P, AB0є 2:@09 =5>1EV4=8< 7VAB028B8 WW 7 



F8<8 VA=CNG8<8 <>45;O<8, @>7@V7=ONG8 WW C=V:0;P=V ?5@52038 B0 ?>B5=FV9=V 

?@>1;5<8. 

�V1@84=0 <>45;P 715@V30==O 7>1@065=P 3 0@EVB5:BC@0 B0 D>@<C;N20==O. 

' :>=B5:ABV @>728B:C A8AB5< 715@V30==O 40=8E, 3V1@84=0 <>45;P 715@V30==O 

7>1@065=P ?>AB0є O: @VH5==O, 040?B>20=5 4;O 5D5:B82=>3> C?@02;V==O 

7>1@065==O<8 2 :>=B5:ABV 25;8:8E 40=8E [108, 109]. *O <>45;P ?>є4=Cє 

?5@52038 @V7=8E ?0@0483< 715@V30==O B0 ?@>?>=Cє O: AB@C:BC@=C 3=CG:VABP, B0: 

V >?B8<V7>20=C ?@>4C:B82=VABP. ' FP><C @>74V;V ?@54AB02;5=> 45B0;P=89 

0=0;V7 0@EVB5:BC@8 3V1@84=>W <>45;V 715@V30==O 7>1@065=P, 2:;NG0NG8 

<0B5<0B8G=5 >1ґ@C=BC20==O WW :;NG>28E :><?>=5=BV2. "A>1;820 C2030 

?@84V;OєBPAO D>@<0;V70FVW >A=>2=8E ?@8=F8?V2 DC=:FV>=C20==O <>45;V B0 WE 

B5>@5B8G=><C >1ґ@C=BC20==N. 

КBAJ9CFG4?ьA<= B7?O8 7V5D<8ABW @B89?V. �0 A2>єN ACBBN, 3V1@84=0 

<>45;P 715@V30==O 7>1@065=P ?>є4=Cє 3=CG:VABP AE5<8 107 40=8E NoSQL 7V 

AB@C:BC@>20=>N >@30=V70FVєN RDBMS, 4>?>2=5=>N ?@8=F8?0<8 >1'є:B=>3> 

715@V30==O 4;O >1@>1:8 25;8G57=8E >1AO3V2 =5AB@C:BC@>20=8E 40=8E 

7>1@065=P. (>@<0;P=> 3V1@84=5 AE>28I5 � <>6=0 >E0@0:B5@87C20B8 B0:: 

                                                ÿ = (ą, Ā, Ă),                                                 (2.10) 

45 R 3 ?@54AB02;Oє @5;OFV9=V :><?>=5=B8 40=8E; D 3 ?@54AB02;Oє :><?>=5=B8 

=0 >A=>2V 4>:C<5=BV2 NoSQL; O 3 ?>7=0G0є :><?>=5=B8 AE>28I0 >1'є:B0. 

�DIVF9>FGDAV >B@CBA9AF< F4 D9J9CFGD<. �><?>=5=B @5;OFV9=8E 40=8E 

R: %B@C:BC@0 3 7040єBPAO C 283;O4V =01>@C B01;8FP T, 45 :>6=0 B01;8FO є 

=01>@>< :>@B56V2.  

                                               "={t1,t2,...,"C}.                                              (2.11) 

�<C48B> 6<>BD<EF4AAO: ?V4E>48BP 4;O AB@C:BC@>20=8E <5B040=8E, 

?>2'O70=8E V7 7>1@065==O<8, B0:8E O: G0A>2V ?>7=0G:8, V45=B8DV:0B>@8 

:>@8ABC20GV2 B0 :0B53>@VW 7>1@065=P. 

�><?>=5=B D =0 >A=>2V 4>:C<5=BV2: %B@C:BC@0 3 :>;5:FVO 4>:C<5=BV2 !, 

45 :>65= 4>:C<5=B <0є 3=CG:C AE5<C.  



                                                C={D1,D2,...,Dm} ,                                         (2.12) 

45 D 3 B0:, O: >?8A0=> @0=VH5. 

�<C48B> 6<>BD<EF4AAO: V450;P=> ?V4E>48BP 4;O 715@V30==O 

@V7=><0=VB=8E 0B@81CBV2 7>1@065=P, B0:8E O: B538, 0=>B0FVW 01> :>=B5=B, 

AB2>@5=89 :>@8ABC20G0<8. 

КB@CBA9AF O B5'є>FAB7B EIB6<M4: %B@C:BC@0 3 ?;>A:89 ?@>ABV@ V<5=, 

I> <VAB8BP >1'є:B8, :>65= 7 O:8E ?>2'O70=89 7 C=V:0;P=8< V45=B8DV:0B>@><.  

                                   Ă = (ĀĀ, ĀþĊÿýÿĊÿ, ĀăÿĀþĀÿĊÿ).                           (2.13) 

&CB ImageData ?@54AB02;Oє D0:B8G=V 7=0G5==O ?V:A5;V2 01> 40=V 

AB8A=5=>3> 7>1@065==O.  

�D<>?48 6<>BD<EF4AAO: 5D5:B82=5 715@V30==O 25;8:8E D09;V2 

7>1@065=P, 70157?5GCNG8 ?@8 FP><C H284:5 >B@8<0==O =0 >A=>2V C=V:0;P=8E 

V45=B8DV:0B>@V2. 

�4F9@4F<KA9 CD98EF46?9AAO CBFB>G 84A<I. A8;0 3V1@84=>W <>45;V 

?>;O30є 2 B><C, O: 40=V ?5@5BV:0NBP V 270є<>?>2'O7CNBPAO <V6 WW :><?>=5=B0<8. 

#>7=0G8<> DC=:FVN, I> 2V4>1@060є <5B040=V 7>1@065==O 7 @5;OFV9=>3> 

:><?>=5=B0 =0 9>3> 0B@81CB8 2 :><?>=5=BV =0 >A=>2V 4>:C<5=B0, O: fr, 0 

0B@81CB8 2V4>1@065==O DC=:FVW =0 D0:B8G=5 7>1@065==O 2 >1'є:B=><C AE>28IV 

O: fd. 

�040=V <5B040=V 7>1@065==O M C R:  

                                                 ĀÿāāÿÿĀĂāăĀ = ÿþ(Ā).                                      (2.14) 

�040=V 0B@81CB8 A 2 D:  

                                               Ăÿÿÿąă = ÿĀ(ý).                                             (2.15)       

&0:8< G8=><, >B@8<0==O 7>1@065==O =0 >A=>2V 9>3> <5B040=8E 2:;NG0є 

A:;045=C DC=:FVN: 

                                                Ăÿÿÿąă = ÿĀ(ÿþ(Ā)).                                     (2.16)   



�9D9647< 7V5D<8ABW 4DIVF9>FGD<.  0B5<0B8G=5 D>@<C;N20==O ?>:07Cє 

740B=VABP <>45;V C?@02;OB8 O: AB@C:BC@>20=8<8, B0: V =5AB@C:BC@>20=8<8 

40=8<8. $>74V;ONG8 40=V =0 >A=>2V WE ?@8@>48 B0 :>@8A=>ABV, 3V1@84=0 <>45;P 

70157?5GCє >?B8<V7>20=V >?5@0FVW 715@V30==O B0 ?>HC:C, I> @>18BP WW >A>1;82> 

?@840B=>N 4;O AF5=0@VW2 25;8:8E 40=8E V7 25;8:8<8 >1AO30<8 7>1@065=P [110, 

111]. 

�=45:A0FVO є :@8B8G=> 206;82>N >A=>2>N 4;O 5D5:B82=>3> ?>HC:C 

40=8E, >A>1;82> C 25;8:8E =01>@0E 40=8E, B0:8E O: BV, I> 7CAB@VG0NBPAO 2 

:>=B5:ABV 25;8:8E 40=8E. �V1@84=0 <>45;P 715@V30==O 7>1@065=P, 7 >3;O4C =0 

WW :><?>78B=C ?@8@>4C, 28<030є =>2>W AB@0B53VW V=45:A0FVW, O:0 ?;02=> >E>?;Nє 

WW @V7=>@V4=V :><?>=5=B8. ' FP><C @>74V;V ?@54AB02;5=> >?B8<V7>20=89 <5B>4 

V=45:A0FVW, @>7@>1;5=89 4;O 40=>W 3V1@84=>W <>45;V. 

�4F9@4F<KAV BEAB6< BCF<@V;B64AB7B VA89>EG 

�;O =01>@C 40=8E X ?>7=0G0є<> =0H >?B8<V7>20=89 V=45:A. (>@<0;P=> 

4;O 1C4P-O:>3> 7040=>3> 70?8BC q <5B>N I є <V=V<V70FVO G0AC ?>HC:C, " [112]. 

                                                     Ā: Ā → ć,                                                   (2.17) 

                                                (Ā(ć)) < ć(ć),                                              (2.18)   

45 T(I(q)) 3 ?@54AB02;Oє G0A >B@8<0==O 70 4>?><>3>N V=45:AC, T(q) 3 ?>7=0G0є 

G0A ?>HC:C 157 28:>@8AB0==O V=45:AC. 

' A8AB5<V 28:>@8AB>2CNBPAO 25:B>@8 >7=0: 7 DV:A>20=>N @>7<V@=VABN, 

O:0 70;568BP 2V4 <>45;V >?8AC 7>1@065=P (B8?>2> 3 128, 256 01> 512 28<V@V2), 

I> 2V4?>2V40є ?>H8@5=8< D>@<0B0< C A8AB5<0E 3;818==>3> 25:B>@=>3> 

?>HC:C. !0 $8A. 2.1 ?@54AB02;5=> C7030;P=5=89 0;3>@8B<, I> >E>?;Nє 

:;NG>2V 5B0?8 V=45:A0FVW B0 ?>HC:C 70 >7=0:0<8 3 715@565==O 7>1@065==O, 

28;CG5==O >7=0: 70 4>?><>3>N <>45;V ResNet50, AB2>@5==O 25:B>@=>3> 

?@54AB02;5==O B0 9>3> V=45:A0FVO 2 Elasticsearch. #>HC:>289 70?8B 

:>@8ABC20G0 B0:>6 ?5@5B2>@NєBPAO C 25:B>@ V 7VAB02;OєBPAO 7 C65 

V=45:A>20=8<8 25:B>@0<8. 



 
$8AC=>: 2.1 3 �;3>@8B< V=45:A0FVW B0 ?>HC:C 7>1@065=P C 3V1@84=V9 A8AB5<V 

 

�70є<>4VO <V6 >:@5<8<8 :><?>=5=B0<8 A8AB5<8 ?@>V;NAB@>20=0 =0 $8A. 

2.2, 45 2V4>1@065=> ?>A;V4>2=VABP 28:;8:V2 A5@2VAV2. UML Sequence Diagram

45<>=AB@Cє ?5@540GC 40=8E <V6 :>@8ABC20G5<, <>4C;O<8 >1@>1:8, 

715@565==O, 25:B>@870FVW B0 ?>HC:C. &0:89 ?V4EV4 4>72>;Oє 2V4>1@078B8 =5 

;8H5 ;>3V:C, 0;5 9 @50;P=C V=B53@0FVN A5@2VAV2, 0:BC0;P=C 4;O <V:@>A5@2VA=>W 

0@EVB5:BC@8. 

&0:8< G8=><, <>45;P ?>є4=Cє DC=:FV>=0;P=89 ?V4EV4 (0;3>@8B<) B0 

0@EVB5:BC@=89 @V25=P (270є<>4VN), 4>72>;ONG8 5D5:B82=> @50;V7C20B8 

3V1@84=C A8AB5<C 715@V30==O V ?>HC:C 3 4>:C<5=B>->@Vє=B>20=C (MongoDB), 

25:B>@=C (Elasticsearch) B0 <>45;P=C (ResNet50). ->1 4>AO3B8 FVєW >?B8<V70FVW, 

=0H V=45:A 28:>@8AB>2Cє AB@C:BC@=V =N0=A8 3V1@84=>W <>45;V. 
 



 
$8AC=>: 2.2 3 �70є<>4VO :><?>=5=BV2 A8AB5<8 ?@8 >1@>1FV 7>1@065==O (UML 

Sequence Diagram) 

 

ІєD4DIVKA4 EFDG>FGD4 VA89>E4JVW. � >3;O4C =0 B@8AB>@>==V9 E0@0:B5@ 

3V1@84=>W <>45;V, >?B8<V7>20=89 V=45:A <0є Vє@0@EVG=C AB@C:BC@C. 

#@54AB02;5=89 O: Ih, 9>3> <>6=0 287=0G8B8 O:: 

                                                 ІI=(ІR, ID,IO),                                              (2.19) 

45 IR 3 F5 V=45:A, ?>2'O70=89 7 :><?>=5=B>< @5;OFV9=8E 40=8E; ID 3 

2V4=>A8BPAO 4> :><?>=5=B0 =0 >A=>2V 4>:C<5=B0; IO 3 >E>?;Nє :><?>=5=B 

715@V30==O >1'є:BV2. 

�?7BD<F@VKA4 CB5G8B64 BCF<@V;B64AB7B VA89>EG.  

�;3>@8B< 1: #>1C4>20 Vє@0@EVG=> >?B8<V7>20=>3> V=45:AC.  

�EV4=V 40=V: 3V1@84=5 AE>28I5 H=(R,D,O) 

�8EV4=V 40=V: �є@0@EVG=89 V=45:A Ih 

#"+�&"� 

    I_R = BUILD_INDEX(R) 

    I_D = BUILD_INDEX(D) 

    I_O = BUILD_OBJECT_INDEX(") 

    I_h = (I_R, I_D, I_O) 



    #"��$!�!!/ I_h 

��!�*, 

&CB DC=:FVO BUILD_INDEX 28:>@8AB>2Cє <5B>4>;>3VN =0 >A=>2V B-

45@520 O: 4;O @5;OFV9=8E, B0: V 4;O 4>:C<5=B0;P=8E :><?>=5=BV2 G5@57 WE 

AB@C:BC@=C ?@8@>4C. � =02?0:8, BUILD_OBJECT_INDEX 28:>@8AB>2Cє ?V4EV4, 

70A=>20=89 =0 E5HV, 28:>@8AB>2CNG8 ?;>A:89 ?@>ABV@ V<5= >1'є:B=>3> 

AE>28I0. �V7C0;V70FVO ?@>F5AC ?>1C4>28 Vє@0@EVG=>3> V=45:AC ?@54AB02;5=0 =0 

AE5<V =86G5 ($8A. 2.3). 

 

$8AC=>: 2.3 3 �є@0@EVG=0 AB@C:BC@0 >?B8<V7>20=>3> V=45:AC 

 

' @07V 70AB>AC20==O ?@>3=>7C20==O @>7<VI5==O >1'є:BV2 C AE>28IV, O: 

2EV4=V >7=0:8 4> <>45;V 28:>@8AB>2C20;8AO: @>7<V@ 7>1@065==O (C 109B0E), 

:V;P:VABP 725@=5=P 4> >1'є:B0, B8? :>=B5=BC (D>B>/A:0=/3@0DV:0), E5H-

V45=B8DV:0B>@, 40B0 >AB0==P>3> 4>ABC?C. *5 4>72>;Oє A8AB5<V 040?B82=> 

?5@5<VI0B8 B0: 720=V «30@OGV» >1’є:B8 C H284HV B8?8 AE>28I (=0?@8:;04, 

SSD, in-memory). 

�4F9@4F<KAV 8B>4;< BCF<@4?ьABEFV. �є@0@EVG=89 V=45:A Ih 70157?5GCє 

;>30@8D<VG=C G0A>2C A:;04=VABP 4;O >?5@0FV9 ?>HC:C 70 2AV<0 B@P><0 

:><?>=5=B0<8 [113]. 

�>2545==O: �@0E>2CNG8, I> :><?>=5=B8 IR B0 ID 28:>@8AB>2CNBP B-

45@520 O: AB@C:BC@8 40=8E, G0A>20 A:;04=VABP ?>HC:>28E >?5@0FV9 C 

710;0=A>20=8E B-45@520E C =093V@H><C 28?04:C AB0=>28BP O(logn). �;O 



:><?>=5=B8 IO, O:0 107CєBPAO =0 E5H-DC=:FVOE B0 ?5@5410G0є @V2=><V@=89 

@>7?>4V; E5H-7=0G5=P, A5@54=O G0A>20 A:;04=VABP ?>HC:C AB0=>28BP O(1). ' 

=093V@H><C 28?04:C, 70 =0O2=>ABV :>;V7V9 E5HC20==O, A:;04=VABP <>65 7@>AB8 

4> O(n), 45 n 287=0G0є :V;P:VABP :>;V7V9. "B65, 03@53CNG8 G0A>2V A:;04=>ABV 70 

2AV<0 B@P><0 :><?>=5=B0<8, <>6=0 AB25@46C20B8, I> Vє@0@EVG=89 V=45:A Ih 

70157?5GCє 7030;P=C ;>30@8D<VG=C G0A>2C A:;04=VABP 4;O 1V;PH>ABV AF5=0@VW2 

?>HC:C. 

!02545=5 4>2545==O ?V4B25@46Cє 5D5:B82=VABP 70?@>?>=>20=>3> 

>?B8<V7>20=>3> <5B>4C V=45:A0FVW, I> 30@0=BCє H284:89 ?>HC: B0 >B@8<0==O 

7>1@065=P =02VBP 2 C<>20E >1@>1:8 =0425;8:8E >1AO3V2 40=8E. 

�є@0@EVG=89 V=45:A Ih ?@54AB02;Oє A>1>N >?B8<0;P=5 ?>є4=0==O 

?5@52V@5=8E >1G8A;N20;P=8E AB@C:BC@, A?5FV0;P=> @>7@>1;5=8E 4;O 

28@VH5==O 7040G, ?>2'O70=8E 7 >1@>1:>N 25;8:8E V @V7=><0=VB=8E =01>@V2 

40=8E. �<?;5<5=B0FVO B-45@52 C :><?>=5=B0E IR B0 ID 70157?5GCє 28:>@8AB0==O 

AB@C:BC@8 40=8E, I> E0@0:B5@87CєBPAO 28A>:8< @V2=5< 040?B82=>ABV B0 

?>A;V4>2=>ABV. #@8 7@>AB0==V >1AO3V2 40=8E B-45@520 30@0=BCNBP 715@565==O 

5D5:B82=>ABV ?>HC:>28E >?5@0FV9, I> @>18BP WE =570<V==8<8 4;O A8AB5< 

C?@02;V==O 1070<8 40=8E. 

�0AB>AC20==O 0;PB5@=0B82=>3> ?V4E>4C =0 >A=>2V E5HC20==O 2 

:><?>=5=BV IO @50;V7Cє ?@8=F8? ?@O<>3> 4>ABC?C 4> B01;8G=8E 40=8E. ' B>9 

G0A O: E5H-DC=:FVW 70728G09 4>72>;ONBP <0965 <8BBє25 >B@8<0==O 40=8E 

H;OE>< ?5@5B2>@5==O 2EV4=8E 40=8E 2 C=V:0;P=89 V=45:A, ?>B5=FV9=0 

<>6;82VABP 28=8:=5==O :>;V7V9 E5HC20==O AB2>@Nє ?52=V >1<565==O. "4=0: C 

?5@5206=V9 1V;PH>ABV ?@0:B8G=8E AF5=0@VW2 ?5@52038 2V4 ?>HC:C ?>ABV9=>3> 

G0AC 2 A5@54=P><C 28?04:C ACBBє2> ?5@5206CNBP =54>;V:8, ?>2'O70=V 7 

<>6;828<8 :>;V7VO<8. 

' :><1V=>20=V9 D>@<V Vє@0@EVG=>3> V=45:AC Ih 28:>@8AB>2CNBPAO A8;P=V 

AB>@>=8 O: B-45@52, B0: V A8AB5<, 70A=>20=8E =0 E5HC20==V. �>=AB@C:FVO 

30@0=BCє, I> =02VBP O:I> >48= :><?>=5=B <>65 7VB:=CB8AO 7 =55D5:B82=VABN, 

V=H89 2B@CG0єBPAO, I>1 710;0=AC20B8 2038, =040NG8 :>@8ABC20G0< 



>?B8<0;P=89 G0A ?>HC:C. *O 42>@V2=520 <5@560 157?5:8 @>18BP Ih 

=04728G09=> =04V9=>N A8AB5<>N 4;O 25;8:><0AHB01=>3> ?>HC:C 40=8E. 

�0?@>?>=>20=0 0@EVB5:BC@0 V=45:A0FVW <0є DC=40<5=B0;P=5 7=0G5==O 2 

C<>20E ACG0A=>W F8D@>2V70FVW. "A:V;P:8 :>@8ABC20G0< ?>B@V15= <8BBє289 

4>ABC? 4> <0AHB01=8E AE>28I 40=8E, ?>G8=0NG8 2V4 F8D@>28E 1V1;V>B5: 

D>B>3@0DV9 V 70:V=GCNG8 25;8:8<8 =01>@0<8 35>?@>AB>@>28E =01>@V2 40=8E. 

#>B@51C 2 H284:8E V =04V9=8E <5E0=V7<0E ?>HC:C =5 <>6=0 =54>>FV=N20B8. 

$>7@>1;5=89 Vє@0@EVG=89 V=45:A Ih, 7024O:8 A2>W9 5D5:B82=>ABV B0 

040?B82=>ABV, 45<>=AB@Cє ?>B5=FV0; 4;O 2AB0=>2;5==O =>28E AB0=40@BV2 C 

30;C7V A8AB5< ?>HC:C B0 715@V30==O 40=8E. 

 0B5<0B8G=> >1ґ@C=B>20=0 0@EVB5:BC@0 B0 0;3>@8B<VG=5 70157?5G5==O 

>?B8<V7>20=>3> <5B>4C V=45:A0FVW ?@>?>=CNBP :><?;5:A=5 @VH5==O 4;O 

3V1@84=>W <>45;V 715@V30==O 7>1@065=P [114, 115]. �40B=VABP <5B>4C 5D5:B82=> 

>1@>1;OB8 @V7=><0=VB=V AB@C:BC@8 40=8E, 040?B82=> 28:>@8AB>2CNG8 ?5@52038 

:>6=>W 7 =8E, 287=0G0є 9>3> :;NG>2C @>;P C <0AHB01>20=8E >?5@0FVOE 7 

?>HC:C 7>1@065=P. #>40;PHV @>74V;8 ?@8A2OG5=> ?@0:B8G=V9 25@8DV:0FVW 

B5>@5B8G=8E ?>;>65=P G5@57 0=0;V7 @57C;PB0BV2 2?@>20465==O 70?@>?>=>20=>W 

AB@0B53VW V=45:A0FVW 2 @50;P=8E C<>20E. 

 

2.3 "1ґ@C=BC20==O <5B>4V2 715@V30==O B0 >1@>1:8 7>1@065=ь 4;O 
@50;V70FVW 3V1@84=>W <>45;V 

' =0ABC?=><C ?V4@>74V;V ?@54AB02;5=V <5B>48 B0 <0B5@V0;8, O:V 

28:>@8AB>2C20B8<CBPAO 4;O 28@VH5==O ?@>1;5<, ?>2’O70=8E V7 :5@C20==O< 

25;8:8<8 >1AO30<8 40=8E 7>1@065=P 2 0@EVB5:BC@V AE>28I0 7>1@065=P. 

' ACG0A=8E A8AB5<0E C?@02;V==O 25;8:8<8 <0A820<8 7>1@065=P 

:@8B8G=> 206;828< є 5D5:B82=89 <5E0=V7< 715@565==O B0 4>ABC?C 4> 40=8E. 

�V1@84=0 0@EVB5:BC@0 AE>28I0 ?>є4=Cє @5;OFV9=V (SQL), =5@5;OFV9=V 

(NoSQL) B0 45F5=B@0;V7>20=V (IPFS/ Hyperledger) AE>28I0 B0 70157?5GCє 

>?B8<0;P=5 A?V22V4=>H5==O <V6 ?@>4C:B82=VABN, <0AHB01>20=VABN B0 

157?5:>N. �>72>;Oє >?B8<0;P=> @>7?>4V;OB8 D09;8 <V6 ;>:0;P=8<, 



F5=B@0;V7>20=8< B0 45F5=B@0;V7>20=8< AE>28I5< 70;56=> 2V4 WE=VE 

E0@0:B5@8AB8:. *O <>45;P 4>72>;Oє @>7?>4V;OB8 7>1@065==O <V6 @V7=8<8 

@V2=O<8 AE>28I0 3 SQL 28:>@8AB>2CєBPAO 4;O AB@C:BC@>20=8E <5B0-40=8E B0 

H284:8E B@0=70:FV9, NoSQL 70AB>A>2CєBPAO 4;O =0?V2AB@C:BC@>20=8E 40=8E, 

O:V =5 ?V4?040NBP ?V4 AB@>3V AE5<8, IPFS/1;>:G59= V450;P=V 4;O 25;8:8E 

7>1@065=P, I> 28<030NBP 45F5=B@0;V7>20=>3> 715@565==O B0 70E8ABC 2V4 7<V=.  

#>A;V4>2=VABP 270є<>4VW <V6 :><?>=5=B0<8 FVєW 0@EVB5:BC@8 =02545=0 =0 

$8A. 2.4 C 283;O4V UML Sequence Diagram. �>=0 2:;NG0є B@8 >A=>2=V 5B0?8. 

�B0? 1. �>@8ABC20G 7020=B06Cє 7>1@065==O, O:5 >1@>1;OєBPAO A8AB5<>N 

B0 @>74V;OєBPAO =0 @V7=V B8?8 40=8E. 

�B0? 2. �0=V 715@V30NBPAO C 2V4?>2V4=8E AE>28I0E 3 SQL, NoSQL 01> 

IPFS/1;>:G59=. 

�B0? 3. �0?8B8 :>@8ABC20G0 ?@>E>4OBP G5@57 <5E0=V7< ?>HC:>2>W 

A8AB5<8, O:0 270є<>4Vє 7 CAV<0 AE>28I0<8 4;O >?B8<0;P=>3> >B@8<0==O 40=8E. 

 

 

$8AC=>: 2.4 3 UML Sequence Diagram 270є<>4VW <V6 SQL, NoSQL B0 IPFS 

 

&0:0 0@EVB5:BC@0 4>72>;Oє =5 ;8H5 3=CG:> 715@V30B8 B0 >1@>1;OB8 

@V7=>B8?=V 40=V, 0;5 9 70157?5GCє FV;VA=VABP, <0AHB01>20=VABP V ?@>4C:B82=VABP 

A8AB5<8 2 FV;><C. 

 



2.3.1 %B@C:BC@=5 <>45;N20==O ?>B>:V2 40=8E C 3V1@84=><C AE>28IV 
#@54AB02;5=> DFD-4V03@0<C, O:0 >?8ACє AB@C:BC@C V DC=:FV>=0;P=C 

270є<>4VN >A=>2=8E :><?>=5=BV2 3V1@84=>W V=D>@<0FV9=>W B5E=>;>3VW, 

?@87=0G5=>W 4;O V=B5;5:BC0;P=>W >1@>1:8, 715@V30==O, ?>HC:C B0 157?5G=>3> 

4>ABC?C 4> 2V7C0;P=8E 40=8E. *O 4V03@0<0 <>45;Nє ?>B>:8 V=D>@<0FVW <V6 

:;NG>28<8 :><?>=5=B0<8 B5E=>;>3VW B0 287=0G0є WE=V 2EV4=V, 28EV4=V 40=V, 0 

B0:>6 A?>A>18 270є<>4VW ($8A. 2.5).  

 

 

$8AC=>: 2.5 3 �V03@0<0 ?>B>:V2 40=8E (DFD) V=D>@<0FV9=>W B5E=>;>3VW 

 

�=D>@<0FV9=0 B5E=>;>3VO A:;040єBPAO 7 B@P>E >A=>2=8E :><?;5:AV2 

V=D>@<0FV9=8E ?@>F5AV2 (��#). 

"A=>2=V :><?>=5=B8 DFD:  

− �>@8ABC20G 3 V=VFV0B>@ 4V9 (7020=B065==O 7>1@065==O, ?>HC: 

V=D>@<0FVW). 

�EV4=89 70?8B: 7020=B065==O 7>1@065==O 01> ?>HC: C AE>28IV. 

�8EV4=89 70?8B: >B@8<0==O @57C;PB0BC ?VA;O AI->1@>1:8. 

− �=B5;5:BC0;P=0 >1@>1:0 (��# 1) 3 AI-:;0A8DV:0FVO, AB8A=5==O, 

@>7?>4V; <V6 AE>28I0<8.   



#>?5@54=O >1@>1:0 B0 :;0A8DV:0FVO 

�8:>@8AB>2CєBPAO ResNet50, YOLOv5, OCR 4;O 287=0G5==O :0B53>@VW. 

�=0;V7 :>=B5=BC: B5:AB / >1;8GGO / AF5=8. 

− �V1@84=5 AE>28I5 B0 715@565==O (��# 1) 3 SQL/NoSQL �� 4;O 

;>:0;P=8E D09;V2, IPFS/Hyperledger 4;O 45F5=B@0;V7>20=>3> 715@565==O.   

AI->?B8<V70FVO 281>@C AE>28I0 

LSTM-0=0;V7 =020=B065==O 4;O ?@>3=>7C20==O ?@>4C:B82=>ABV. 

�@0D>2V 0;3>@8B<8 4;O 281>@C ;>:0;P=>3> 01> 45F5=B@0;V7>20=>3> 

AE>28I0 (IPFS, Hyperledger Fabric). 

�8:>@8AB0==O 1;>:G59=-A<0@B-:>=B@0:BV2 4;O ?V4B25@465==O 

>?5@0FV9 B0 :>=B@>;N 7<V= D09;V2. 

"?B8<V70FVO @>7<V@C B0 ?5@52V@:0 O:>ABV 

�=B5;5:BC0;P=5 AB8A=5==O B0 7<5=H5==O @>7<V@C 157 2B@0B8 O:>ABV. 

#5@52V@:0 O:>ABV 7>1@065=P ?5@54 715@565==O<. 

− �=B5;5:BC0;P=89 ?>HC: B0 :;0A8DV:0FVO (��# 2) 3 ?>HC: 7>1@065=P 

70 ?>4V1=VABN G5@57 25:B>@=V 1078 (FAISS, Milvus).   

#>HC: 70 ?>4V1=VABN (Metric Learning, FAISS, OpenAI CLIP) 

"1G8A;5==O 25:B>@V2 7>1@065=P B0 WE ?>@V2=O==O. 

#>1C4>20 <>45;V ?>HC:C =0 >A=>2V 0=0;V7C <5B040=8E. 

�8=0<VG=5 :5HC20==O 7 TTL 

�8:>@8AB0==O :5HC 4;O H284:>3> 4>ABC?C 4> ?>?C;O@=8E 70?8BV2. 

�5=5@0FVO <5B040=8E 

�2B><0B8G=5 AB2>@5==O B53V2, >?8AV2. 

�8:>@8AB0==O =59@><5@56528E <>45;59 4;O @>7H8@5=>3> 0=0;V7C. 

− %8AB5<0 157?5:8 (��# 3) 3 H8D@C20==O, :>=B@>;P 4>ABC?C G5@57 

1;>:G59= B0 AI-0=0;V7 703@>7. 

 AI-0C48B 70?8BV2 B0 <>=VB>@8=3 703@>7 

�8:>@8AB0==O 0=0;VB8:8 0=><0;V9 (anomaly detection, IDS/IPS). 

�2B><0B8G=5 1;>:C20==O ?V4>7@V;8E 70?8BV2. 

,8D@C20==O B0 1;>:G59=-0CB5=B8DV:0FVO 



AES-256 4;O 715@565==O :>=DV45=FV9=8E D09;V2. 

�8:>@8AB0==O 1;>:G59=-V45=B8DV:0FVW 4;O 02B>@870FVW :>@8ABC20GV2. 

�8=0<VG=5 C?@02;V==O 4>ABC?>< G5@57 A<0@B-:>=B@0:B8 

$53C;N20==O ?@02 4>ABC?C =0 >A=>2V AI-0=0;V7C. 

�AO VAB>@VO DV:ACєBPAO C 1;>:G59=V. 

%F5=0@VW @>1>B8 A8AB5<8 C DFD:  

�B0? 1. �>@8ABC20G 7020=B06Cє 7>1@065==O → A8AB5<0 >1@>1;Oє B0 

:;0A8DV:Cє :>=B5=B.   

− �>@8ABC20G =04A8;0є D09; C ��# 1 (AI-:;0A8DV:0FVO, OCR, FaceNet). 

− �;0A8DV:0FVO 287=0G0є B8? D09;C (?@820B=89/?C1;VG=89/GCB;8289). 

− /:I> D09; ?@820B=89, 2V= ?5@540єBPAO C ��# 3 (H8D@C20==O, 

1;>:G59=-0C48B). 

− /:I> D09; ?C1;VG=89, 2V= 70?8ACєBPAO C IPFS/Hyperledger Fabric. 

�B0? 2. �15@565==O C 2V4?>2V4=><C AE>28IV. (09; ?5@540єBPAO C ;>:0;P=5 

01> 45F5=B@0;V7>20=5 AE>28I5 70;56=> 2V4 ?>;VB8: 157?5:8 B0 AI-0=0;V7C 

(;>:0;P=5 ��/IPFS/1;>:G59=).   

− �8:>@8AB0==O AI->?B8<V70FVW 281>@C AE>28I0. 

− �=0;V7CєBPAO =020=B065==O =0 A5@25@8, H284:VABP 4>ABC?C, 

:>=DV45=FV9=VABP. 

− (09; ?5@540єBPAO C ;>:0;P=5 01> 45F5=B@0;V7>20=5 AE>28I5. 

�B0? 3. #>HC: B0 V=45:A0FVO. �>@8ABC20G 74V9A=Nє ?>HC: → AI-0=0;V7Cє 

70?8B, ?5@52V@Oє <5B0-40=V B0 74V9A=Nє ?>HC: C 25:B>@=V9 107. 

− �0?8B =0 ?>HC: >1@>1;OєBPAO C ��# 2 (25:B>@=0 1070 40=8E, FAISS, 

OpenAI CLIP). 

− /:I> 70?8B ?>?C;O@=89, 2V= :5HCєBPAO 7 C@0EC20==O< TTL. 

− /:I> =5<0є 71V3V2 C :5HV → ?>HC: C 3;>10;P=><C AE>28IV. 

�B0? 4. �>=B@>;P 157?5:8 B0 0C48B 4>ABC?C. �>@8ABC20G >B@8<Cє 

@57C;PB0B8 ?>HC:C, ?@8 FP><C A8AB5<0 :>=B@>;Nє 4>ABC? G5@57 AI-

0=0;V7 703@>7 B0 A<0@B-:>=B@0:B8. 



− AI-0=0;V7 ?5@52V@Oє VAB>@VN 4V9 :>@8ABC20G0. 

− �5@8DV:0FVO G5@57 1;>:G59=-V45=B8DV:0FVN. 

− /:I> 28O2;5=> 0=><0;P=C 0:B82=VABP, 4>ABC? 1;>:CєBPAO. 

DFD 2V7C0;V7Cє @CE 40=8E <V6 :><?>=5=B0<8, ?>OA=NNG8 WE=N 

270є<>4VN. 

 

2.3.2 �5@C20==O 25;8:8<8 >1AO30<8 40=8E 7>1@065=ь 2 0@EVB5:BC@V 
AE>28I0 7>1@065=ь 

�030;P=0 <5B0 FP>3> ?V4@>74V;C ?>;O30є 2 B><C, I>1 70?@>?>=C20B8 =>2V 

<5B>48 B0 B5E=>;>3VW, O:V <>6CBP ?V428I8B8 5D5:B82=VABP V <0AHB01>20=VABP 

0@EVB5:BC@ AE>28I 7>1@065=P, >4=>G0A=> 28@VHCNG8 :;NG>2V ?@>1;5<8, 

?>2’O70=V 7 O:VABN 40=8E, 157?5:>N B0 4>ABC?=VABN [116]. 

#5@H89 :@>: C 70?@>?>=>20=><C ?V4E>4V 2:;NG0є ?>?5@54=N >1@>1:C 

40=8E 4;O >G8I5==O B0 ?5@5B2>@5==O =5>1@>1;5=8E 40=8E 7>1@065==O. 

�>:@5<0, 70AB>AC20=V B0:V <5B>48, O: HC<>703;CH5==O, ?>A8;5==O 

:>=B@0AB=>ABV B0 =>@<0;V70FVO :>;P>@V2, I>1 ?>:@0I8B8 O:VABP 7>1@065=P V 

7<5=H8B8 20@V0B82=VABP. 

�0;V, 28:>@8AB0=> <5B>48 AB8A=5==O B0 454C?;V:0FVW, I>1 7<5=H8B8 

@>7<V@ 40=8E 7>1@065==O, 715@V30NG8 206;82V DC=:FVW. #@>5:A?5@8<5=B>20=> 

7 @V7=8<8 0;3>@8B<0<8 AB8A=5==O, B0:8<8 O: JPEG V PNG, 0 B0:>6 

4>A;V46C20=> <5B>48 454C?;V:0FVW, B0:V O: D@03<5=B0FVO =0 >A=>2V 2<VABC B0 

E5HC20==O ?>4V1=>ABV. 

�0;0=AC20==O =020=B065==O <V6 @V7=8<8 @V2=O<8 AE>28I0 є :@8B8G=8< 

70240==O< 4;O ?V4B@8<:8 ?@>4C:B82=>ABV A8AB5<8. �;O FP>3> 

28:>@8AB>2CNBPAO LSTM-<>45;V ?@>3=>7C20==O B0 3@0D>2V 0;3>@8B<8 281>@C 

>?B8<0;P=>3> A5@54>28I0. #A524>:>4 AI-<>45;V 10;0=AC20==O: 

Algorithm. AI_Balancing 

Input: System Load Data (L), Storage Availability (S) 

Output: Optimal Storage Decision (S_opt) 

1. Initialize LSTM model for predicting future load 



2. Predict next time-step load: L_pred = LSTM(L) 

3. Compute priority weight for each storage option: 

   W_SQL = f(T_access, cost, sensitivity) 

   W_NoSQL = f(speed, scalability) 

   W_IPFS = f(size, availability) 

4. Select storage S_opt with highest W value 

5. Store image in S_opt 

End 

�0?@>?>=>20=89 AI-?V4EV4 4>72>;Oє 48=0<VG=> @>7?>4V;OB8 

=020=B065==O <V6 AE>28I0<8 =0 >A=>2V ?@>3=>7C 28:>@8AB0==O @5AC@AV2. 

":@V< <5B>4V2 AB8A=5==O B0 454C?;V:0FVW, 206;828< 0A?5:B>< :5@C20==O 

25;8:8<8 >1AO30<8 40=8E є >?B8<0;P=89 @>7?>4V; 7>1@065=P <V6 @V7=8<8 

AE>28I0<8. �0?@>?>=>20=0 AI-<>45;P 0=0;V7Cє ?0@0<5B@8 7>1@065==O, B0:V O: 

@V25=P :>=DV45=FV9=>ABV, @>7<V@, H284:VABP 4>ABC?C B0 ?@>3=>7 =020=B065==O, 

I>1 287=0G8B8 >?B8<0;P=5 <VAF5 9>3> 715@565==O. 

"A=>2=V 5B0?8 281>@C AE>28I0 2:;NG0NBP: :;0A8DV:0FVN :>=B5=BC 

(ResNet50, YOLOv5), >FV=:C ?@>4C:B82=>ABV AE>28I0 (SQL, NoSQL, IPFS), 

?@>3=>7 =020=B065==O 70 4>?><>3>N LSTM. 

�;3>@8B<. "?B8<0;P=89 281V@ AE>28I0 4;O 7>1@065==O 

�EV4=V 40=V: 

− S 3 <=>68=0 4>ABC?=8E AE>28I {SQL,NoSQL,IPFS}, 

− I 3 7>1@065==O, I> ?V4;O30є 715@565==N, 

− P(I) 3 @V25=P :>=DV45=FV9=>ABV 7>1@065==O, 

− L(I) 3 @>7<V@ D09;C, 

− T(S) 3 G0A 4>ABC?C 4> AE>28I0. 

�8EV4=V 40=V: 

− Sopt 3 >?B8<0;P=5 AE>28I5. 

�@>:8: 

�@>: 1. �;0A8DV:0FVO 7>1@065==O.  



− 28:>@8AB0B8 =59@><5@56C ResNet50 4;O 287=0G5==O :0B53>@VW 

7>1@065==O, 

− O:I> 7>1@065==O <VAB8BP :>=DV45=FV9=V 40=V (P(I)=High), 

2AB0=>28B8 ?@V>@8B5B ;>:0;P=>3> 715@565==O (SQL). 

�@>: 2. �=0;V7 @>7<V@C B0 H284:>ABV 4>ABC?C.  

− O:I> L(I)>100, ?@V>@8B5B =040єBPAO IPFS, 

− O:I> T(SQL)<100ms, 28:>@8AB0B8 SQL, 

− O:I> L(I)<5MBV T(IPFS)>200ms, 281@0B8 NoSQL. 

�@>: 3. "AB0B>G=5 @VH5==O.  

− >1@0B8 AE>28I5, O:5 <V=V<V7Cє G0A 4>ABC?C Sopt=argminST(S), 

− 28:>=0B8 AI-0=0;V7 ?@>4C:B82=>ABV LSTM 4;O ?@>3=>7C 

7020=B065==O AE>28I0. 

$57C;PB0B: 

− 281@0=5 AE>28I5 Sopt, I> 70157?5GCє <V=V<0;P=5 =020=B065==O B0 

<0:A8<0;P=C ?@>4C:B82=VABP. 

�0?@>?>=>20=89 0;3>@8B< 4>72>;Oє 02B><0B87C20B8 281V@ AE>28I0 =0 

>A=>2V 0=0;V7C E0@0:B5@8AB8: 7>1@065=P B0 ?>B>G=>3> =020=B065==O A8AB5<8 

4;O :>6=>3> 7>1@065==O 70;56=> 2V4 9>3> E0@0:B5@8AB8: B0 ?@>4C:B82=>ABV 

A8AB5<8. 

�;O 5D5:B82=>3> C?@02;V==O 281>@>< AE>28I0 28:>@8AB>2CєBPAO AI-

0=0;V7, I> 2@0E>2Cє :;NG>2V ?0@0<5B@8 ?@>4C:B82=>ABV, 157?5:8 B0 20@B>ABV. 

(>@<C;0 4;O @>7@0EC=:C ?@V>@8B5BC 281>@C AE>28I0 287=0G0є, =0A:V;P:8 

5D5:B82=8< 1C45 9>3> 28:>@8AB0==O, 7 C@0EC20==O< =0ABC?=8E D0:B>@V2: 

− G0AC 4>ABC?C (Tresp), O:89 287=0G0є =0A:V;P:8 H284:> AE>28I5 <>65 

=040B8 4>ABC? 4> 40=8E, 

− 20@B>ABV 715@V30==O (Cstor), I> 2?;820є =0 4>23>B@820;C 5D5:B82=VABP, 

− @V2=O 157?5:8 (Srisk), O:89 >FV=NєBPAO G5@57 AI-0=0;V7 0=><0;V9. 

$>7@0EC=>: 2V41C20єBPAO 70 4>?><>3>N =0ABC?=>W D>@<C;8: 

                                 ă(ĉ)  =  �þÿāĀÿăĀĂ  +  �āāĀāÿĀāāÿ  +  �ĀăāÿÿÿĀý  ,                            (2.20) 



45 P(s) 3 ?@V>@8B5B 281>@C AE>28I0, Wlat,Wcost,Wsec 3 203>2V :>5DVFVє=B8 4;O 

70B@8<:8, 20@B>ABV B0 157?5:8; Tresp 3 A5@54=V9 G0A 2V4?>2V4V AE>28I0; Cstor 3 

20@BVABP 715@V30==O; Srisk 3 @878: 157?5:8 (>FV=5=89 G5@57 AI-0=0;V7 0=><0;V9). 

(>@<C;0 4>72>;Oє >FV=8B8 5D5:B82=VABP :>6=>3> AE>28I0 70 

2V4?>2V4=8<8 203>28<8 :>5DVFVє=B0<8.  5=H5 7=0G5==O P(s) >7=0G0є 1V;PH 

?@V>@8B5B=5 AE>28I5 4;O 715@565==O 40=8E. �03>2V :>5DVFVє=B8 (Wlat, 

Wcost,Wsec) =0;0HB>2CNBPAO 2V4?>2V4=> 4> AB@0B53V9 A8AB5<8 (70;56=> 2V4 

?>B>G=>3> AB0=C A8AB5<8 B0 WW =0;0HBC20=P). *5 4>72>;Oє 48=0<VG=> 

040?BC20B8 281V@ AE>28I0 2 70;56=>ABV 2V4 ?>B@51 :>@8ABC20G0 B0 @>1>G>3> 

=020=B065==O.  

�81V@ >?B8<0;P=>3> AE>28I0 107CєBPAO =0 72>@>B=V9 ?@>?>@FV9=>ABV: 

− <5=H89 G0A 2V4?>2V4V (Tresp) 40є 28I89 ?@V>@8B5B AE>28IC, 

− =86G0 20@BVABP 715@V30==O (Cstor) @>18BP AE>28I5 ?@8201;82VH8<, 

− <5=H89 @878: 157?5:8 (Srisk) ?V428ICє @59B8=3 AE>28I0. 

&0:8< G8=><, ?@V>@8B5B=VABP :>6=>3> AE>28I0 >1G8A;NєBPAO 

V=482V4C0;P=>, 0 9>3> 281V@ 74V9A=NєBPAO 70 0;3>@8B<><, I> <V=V<V7Cє AC:C?=V 

28B@0B8. #@>F5A 281>@C >?B8<0;P=>3> B8?C AE>28I0 70;568BP 2V4 :V;P:>E 

:;NG>28E ?0@0<5B@V2: G0AC 4>ABC?C 4> 40=8E, ?>B>G=>3> =020=B065==O 

A5@25@V2, @V2=O 157?5:8 B0 ?>;VB8: :>=DV45=FV9=>ABV. �;O FP>3> 70AB>A>2CєBPAO 

<>45;P <0H8==>3> =02G0==O =0 >A=>2V LSTM, O:0 0=0;V7Cє VAB>@8G=V 40=V B0 

?@>3=>7Cє >?B8<0;P=5 AE>28I5.  

#VA;O >1G8A;5==O ?@V>@8B5BV2 4;O :>6=>3> B8?C AE>28I0 A8AB5<0 

?@89<0є >AB0B>G=5 @VH5==O ?@> 281V@ AE>28I0 70 :@8B5@Vє< <V=V<V70FVW 28B@0B. 

(>@<C;0 4;O 281>@C AE>28I0 (>?B8<V70FV9=0 DC=:FVO), 28:>@8AB>2CєBPAO 4;O 

>AB0B>G=>3> ?@89=OBBO @VH5==O, :>;8 265 >B@8<0=V >FV=:8 ?@V>@8B5BV2 V 

D0:B8G=> 74V9A=NєBPAO 281V@ AE>28I0 =0 >A=>2V <V=V<V70FVW 28B@0B. �03>2V 

:>5DVFVє=B8 α, ³, ´ 287=0G0NBP :><?@><VA <V6 ?@>4C:B82=VABN, =020=B065==O< 

B0 20@BVABN 715@V30==O. �8:>@8AB0==O AI->?B8<V70FVW 4>72>;Oє A8AB5<V 

040?B82=> >18@0B8 =09:@0I89 20@V0=B 2 70;56=>ABV 2V4 ?>B>G=>3> AB0=C 

AE>28I0. 



     Ć∗ =  ÿĈĀ minÿ∈{ÿ�Ā�, ÿ�ā�Ā�, ÿ�ÿ�� }( ÿćý(Ć)  +  Āÿ(Ć)  +  āÿ(Ć)),       (2.21) 
45 Ć∗ 3 281@0=5 >?B8<0;P=5 AE>28I5, TA(S) 3 A5@54=V9 G0A 4>ABC?C 4> 
AE>28I0 S, L(S) 3 ?>B>G=5 =020=B065==O =0 AE>28I5, C(S) 3 @V25=P 157?5:8 B0 

:>=DV45=FV9=>ABV, α, ³, ´ 3 203>2V :>5DVFVє=B8 (=0;0HB>2CNBPAO 70;56=> 2V4 

?>;VB8: A8AB5<8). 

*O DC=:FVO 4>72>;Oє <V=V<V7C20B8 G0A 4>ABC?C B0 =020=B065==O =0 

A8AB5<C, 2@0E>2CNG8 157?5:>2V >1<565==O. �03>2V :>5DVFVє=B8 4>72>;ONBP 

3=CG:> =0;0HB>2C20B8 281V@ AE>28I0 2V4?>2V4=> 4> ?@V>@8B5BV2 A8AB5<8. 

&0:8< G8=>< AI >18@0є >?B8<0;P=5 AE>28I5 7 <V=V<0;P=8<8 28B@0B0<8. 

�8:>@8AB0==O =59@><5@5652>W :;0A8DV:0FVW 4>72>;Oє 02B><0B8G=> 

@>7?V7=020B8 :>=DV45=FV9=V D09;8, 0 LSTM-0=0;VB8:0 ?@>3=>7Cє <>6;82V 

?5@520=B065==O =0 AE>28I0. *5 4>72>;Oє 70157?5G8B8 >?B8<0;P=5 C?@02;V==O 

@>7?>4V;>< 40=8E 2 3V1@84=V9 A8AB5<V. 

 �;O >1@>1:8 25;8:><0AHB01=8E 40=8E 7>1@065=P 28:>@8AB0=> <5B>48 

@>7?>4V;5=>W >1@>1:8 B0 ?0@0;5;P=8E >1G8A;5=P. �C;> 2?@>20465=> A8AB5<C 

=0 >A=>2V Hadoop 4;O @>7?>4V;C 70240=P >1@>1:8 7>1@065=P <V6 :V;P:><0 

2C7;0<8 B0 28:>@8AB0=> Apache Spark 4;O ?0@0;5;P=8E >1G8A;5=P. 

�C;8 28:>@8AB0=V <5B>48 <0H8==>3> B0 3;81>:>3> =02G0==O, I>1 28BO3B8 

2V4?>2V4=V E0@0:B5@8AB8:8 V7 7>1@065=P V 28:>=0B8 70240==O :;0A8DV:0FVW B0 

:;0AB5@870FVW. �C;> 28:>@8AB0=> ?>?C;O@=V D@59<2>@:8 3;81>:>3> =02G0==O, 

B0:V O: TensorFlow V Keras, V ?@>5:A?5@8<5=B>20=> 7 @V7=8<8 <>45;O<8, B0:8<8 

O: 73>@B>G=V =59@>==V <5@56V B0 @5:C@5=B=V =59@>==V <5@56V. 

!0@5HBV, 70?@>20465=> <5B>48 157?5:8 B0 :>=DV45=FV9=>ABV, I>1 

70157?5G8B8 :>=DV45=FV9=VABP V FV;VA=VABP 40=8E 7>1@065==O. �8:>@8AB0=> 

<5E0=V7<8 H8D@C20==O B0 :>=B@>;N 4>ABC?C, I>1 70E8AB8B8 40=V ?V4 G0A 

?5@540GV, 0 B0:>6 @50;V7>20=> B0:V <5B>48, O: 48D5@5=FV9>20=0 

:>=DV45=FV9=VABP, I>1 715@53B8 :>=DV45=FV9=VABP ;N459 =0 7>1@065==OE. 

"4=8< V7 =09206;82VH8E <5B>4V2 ?>:@0I5==O O:>ABV 40=8E 7>1@065=P є 

>G8I5==O B0 =>@<0;V70FVO 40=8E. "G8I5==O 40=8E ?5@5410G0є 28O2;5==O B0 



28?@02;5==O ?><8;>: V =52V4?>2V4=>AB59 C 40=8E, B>4V O: =>@<0;V70FVO 

?5@5410G0є ?5@5B2>@5==O 40=8E C AB0=40@B87>20=89 D>@<0B. ->1 28:>=0B8 

>G8I5==O B0 =>@<0;V70FVN 40=8E 7>1@065==O, 1C45<> 28:>@8AB>2C20B8 

:><1V=0FVN @CG=8E V 02B><0B87>20=8E <5B>4V2. $CG=V <5B>48 <>6CBP 2:;NG0B8 

2V7C0;P=89 >3;O4 40=8E 4;O 28O2;5==O ?><8;>: V =52V4?>2V4=>AB59, B>4V O: 

02B><0B87>20=V <5B>48 <>6CBP 2:;NG0B8 ?@>DV;N20==O 40=8E V ?5@52V@:C 

O:>ABV 40=8E. 

-5 >48= 206;8289 ?@89>< 4;O :5@C20==O 25;8:8<8 >1AO30<8 40=8E 

7>1@065=P 3 F5 AB8A=5==O 40=8E V 454C?;V:0FVO. %B8A=5==O 40=8E ?5@5410G0є 

7<5=H5==O >1AO3C ?0<’OBV, =5>1EV4=>3> 4;O 40=8E 7>1@065=P, B>4V O: 

454C?;V:0FVO ?5@5410G0є V45=B8DV:0FVN B0 2840;5==O 4C1;V:0BV2 40=8E.  ->1 

28:>=0B8 AB8A=5==O 40=8E V 454C?;V:0FVN, 1C45<> 28:>@8AB>2C20B8 @V7=V 

<5B>48, B0:V O: :>4C20==O 4>268=8 A5@VW, :>4C20==O )0DD<0=0 B0 AB8A=5==O 

�5<?5;O-�V20-�5;G0 (LZW). &0:>6 28:>@8AB>2C20B8<5<> B0:V <5B>48, O: 

454C?;V:0FVO =0 >A=>2V 2<VABC, O:0 ?5@5410G0є V45=B8DV:0FVN B0 2840;5==O 

4C1;V:0BV2 7>1@065=P =0 >A=>2V WE 2<VABC. 

$>7?>4V;5=0 >1@>1:0 B0 ?0@0;5;P=V >1G8A;5==O є :;NG>28<8 <5B>40<8 

4;O ?V428I5==O 5D5:B82=>ABV B0 <0AHB01>20=>ABV 0@EVB5:BC@ AE>28I 

7>1@065=P. *V <5B>48 ?5@5410G0NBP @>718BBO 25;8:8E 70240=P >1@>1:8 

7>1@065=P =0 <5=HV ?V47040GV, O:V <>6CBP >1@>1;OB8AO ?0@0;5;P=> =0 :V;P:>E 

>1G8A;N20;P=8E 2C7;0E [117]. 

�;O 2?@>20465==O @>7?>4V;5=>W >1@>1:8 B0 ?0@0;5;P=8E >1G8A;5=P 

1C45<> 28:>@8AB>2C20B8 @V7=><0=VB=V V=AB@C<5=B8 B0 D@59<2>@:8, B0:V O: 

Apache Hadoop V Apache Spark. *V AB@C:BC@8 70157?5GCNBP <0AHB01>20=89 V 

5D5:B82=89 A?>AV1 ?0@0;5;P=>W >1@>1:8 25;8:8E >1AO3V2 40=8E 7>1@065=P. 

 0H8==5 B0 3;81>:5 =02G0==O є ?>BC6=8<8 <5B>40<8 0=0;V7C B0 >1@>1:8 

7>1@065=P, V WE <>6=0 28:>@8AB>2C20B8 4;O ?V428I5==O B>G=>ABV B0 

5D5:B82=>ABV 0@EVB5:BC@ AE>28I 7>1@065=P. *V <5B>48 ?5@5410G0NBP =02G0==O 

<>45;59 <0H8==>3> =02G0==O =0 25;8:8E >1AO30E 40=8E 7>1@065=P, O:V ?>BV< 



<>6=0 28:>@8AB>2C20B8 4;O :;0A8DV:0FVW, @>7?V7=020==O 01> 28O2;5==O 

:>=:@5B=8E >1’є:BV2 01> DC=:FV9 =0 7>1@065==OE. 

->1 @50;V7C20B8 <0H8==5 B0 3;81>:5 =02G0==O 2 0@EVB5:BC@0E AE>28I 

7>1@065=P, 28:>@8AB0=V @V7=V V=AB@C<5=B8 B0 D@59<2>@:8, B0:V O: TensorFlow, 

PyTorch V Keras. &0:>6 1C45<> 28:>@8AB>2C20B8 @V7=V 0@EVB5:BC@8 =59@>==8E 

<5@56, B0:V O: 73>@B:>2V =59@>==V <5@56V (CNN) V @5:C@5=B=V =59@>==V <5@56V 

(RNN), O:V A?5FV0;P=> @>7@>1;5=V 4;O 70240=P >1@>1:8 7>1@065=P. 

 

2.3.3 (C=:FV>=0;ь=5 <>45;N20==O ?@>F5AV2 C 3V1@84=><C AE>28IV 
�;O AB@C:BC@=>3> <>45;N20==O DC=:FV>=0;P=8E ?@>F5AV2 C A8AB5<V 

28:>@8AB>2CєBPAO <5B>4>;>3VO IDEF0, O:0 4>72>;Oє ?@54AB028B8 270є<>72’O7:8 

<V6 :;NG>28<8 <>4C;O<8 AE>28I0 7>1@065=P.

�V03@0<0 2V4>1@060є, O:V <5E0=V7<8, 2EV4=V B0 28EV4=V 40=V 15@CBP CG0ABP 

C 28:>=0==V :>6=>W DC=:FVW ($8A. 2.6).  

 

$8AC=>: 2.6 3 (C=:FV>=0;P=0 <>45;P V=D>@<0FV9=>W B5E=>;>3VW (IDEF0) 



!0 4V03@0<V 7>1@065=> :>=B5:AB=C <>45;P A8AB5<8 :5@C20==O 3V1@84=8< 

AE>28I5< 7>1@065=P C =>B0FVW IDEF0. �V4>1@065=> >A=>2=V 2E>48 (70?8B8 B0 

7>1@065==O 2V4 :>@8ABC20G0), :5@CNGV 2?;828 (AI-0;3>@8B<8, ?>;VB8:8 

4>ABC?C, AB0=40@B8 H8D@C20==O), <5E0=V7<8 (AE>28I0, 1;>:G59=, 

=59@><5@56V) B0 28E>48 (715@565=V 7>1@065==O, @57C;PB0B8 ?>HC:C, 6C@=0; 

0C48BC). 

�V03@0<0 IDEF0 ?>OA=Nє DC=:FV>=0;P=V @V2=V A8AB5<8: 

КBAF9>EFA4 8V47D4@4 (A-0). 

(C=:FVO: A0 3 �5@C20==O 3V1@84=8< AE>28I5< 7>1@065=P.  

�>;>2=89 1;>:, I> :>>@48=Cє @>1>BC 2AVєW A8AB5<8.   

• �E>48 (Inputs): 

− 725@=5==O 2V4 :>@8ABC20G0, 

− 70?8B8 =0 ?>HC:/4>ABC?. 

• �8E>48 (Outputs): 

− 715@565=V 7>1@065==O, 

− @57C;PB0B8 ?>HC:C, 

− 6C@=0; 0C48BC. 

• �5@C20==O (Controls): 

− ?>;VB8:8 4>ABC?C B0 157?5:8, 

− AI-0;3>@8B<8 (ResNet50, LSTM, OpenAI CLIP, FAISS), 

− AB0=40@B8 H8D@C20==O (AES-256, SHA-3), 

− A<0@B-:>=B@0:B8 B0 AI-<>45;V 4;O <>=VB>@8=3C 703@>7. 

•  5E0=V7<8 (Mechanisms): 

− ;>:0;P=V AE>28I0 (SQL/NoSQL), 

− 45F5=B@0;V7>20=V A8AB5<8 (IPFS, Hyperledger), 

− �;>:G59=, 

− =59@><5@56V B0 25:B>@=V 1078 40=8E (FAISS, Milvus). 



 

$8AC=>: 2.7 3 �5:><?>78FVO A-0 4> @V2=O A13A3 

 

!0 4V03@0<V (@8A. 2.7) ?@54AB02;5=> B@8@V2=52C 45:><?>78FVN DC=:FVW 

A- 0 C 283;O4V ?V4DC=:FV9 A1, A2, A3 3 V=B5;5:BC0;P=>W >1@>1:8 B0 715@565==O 

(A1), V=B5;5:BC0;P=>3> ?>HC:C B0 :;0A8DV:0FVW (A2), 157?5:8 B0 C?@02;V==O 

4>ABC?>< (A3). �:070=> 2V4?>2V4=V 2E>48, 28E>48, <5E0=V7<8 V :5@CNGV 

5;5<5=B8 4;O :>6=>W ?V4A8AB5<8 2V4?>2V4=> 4> AB0=40@BC IDEF0. 

�9>B@CB;<JVO (A0). 

(C=:FVW @V2=O A0. 

IDEF0 =0 @V2=V A0 @>71820є A8AB5<C =0 B@8 >A=>2=V ?@>F5A8 (��#): 

1. A1 3 �=B5;5:BC0;P=0 >1@>1:0 B0 715@565==O (:;0A8DV:0FVO, 281V@ 

AE>28I0, AB8A=5==O). 

(C=:FVO: >B@8<0==O, >1@>1:0, :;0A8DV:0FVO B0 715@565==O 7>1@065=P. 

• �E>48: 

− 7>1@065==O 2V4 :>@8ABC20G0. 

• �8E>48: 

− >1@>1;5=V/715@565=V 7>1@065==O. 

• �5@C20==O: 

− ?>;VB8:8 715@565==O, AI-0;3>@8B<8 :;0A8DV:0FVW. 

•  5E0=V7<8: 



− ;>:0;P=V �� (SQL/NoSQL), 45F5=B@0;V7>20=V AE>28I0 (IPFS, 

1;>:G59=). 

#V4?@>F5A8. 

• A1.1 #>?5@54=є AB8A=5==O (JPEG 2000, WebP). 

• A1.2 $>7?V7=020==O >1’є:BV2 (YOLOv5, Faster R-CNN). 

• A1.3 "?B8<V70FVO 715@V30==O (:5HC20==O, H8D@C20==O). 

• A1.4 "?B8<V70FVO 281>@C AE>28I0 (LSTM, 3@0D>2V 0;3>@8B<8). 

2. A2 3 �=B5;5:BC0;P=89 ?>HC: B0 :;0A8DV:0FVO (25:B>@=V 1078, 

:5HC20==O, AI-V45=B8DV:0FVO) (��# 2). 

AI-?>HC: (FAISS, OpenAI CLIP), :0B53>@870FVO B0 040?B0FVO AI-<>45;59.   

• �E>48: 

− 70?8B8 :>@8ABC20G0, 

− <5B0-40=V 2V4 A1. 

• �8E>48: 

− >?B8<V7>20=V @57C;PB0B8 ?>HC:C. 

• �5@C20==O: 

− AI-<5B>48 ?>HC:C (ResNet50, FAISS, OpenAI CLIP). 

•  5E0=V7<8: 

− 25:B>@=V 1078 40=8E, :5H. 

#V4?@>F5A8: 

• A2.1 AI-?>HC: (ResNet50, FAISS, OpenAI CLIP). 

• A2.2 �40?B0FVO AI-<>45;59 =0 >A=>2V VAB>@VW ?>HC:C. 

• A2.3 AI-0=0;VB8:0 ?>?C;O@=8E 70?8BV2. 

3. A3. �57?5:0 B0 C?@02;V==O 4>ABC?>< (1;>:G59=-0CB5=B8DV:0FVO, 

<>=VB>@8=3 703@>7) (��# 3). 

(C=:FVO: �>=B@>;P 4>ABC?C, 157?5:0 B0 0C48B :>@8ABC20FP:8E 70?8BV2. 

• �E>48: 

− 70?8B8 4>ABC?C 2V4 :>@8ABC20G0, 

− >1@>1;5=V 7>1@065==O 7 A1. 



• �8E>48: 

− 0CB5=B8DV:>20=89 4>ABC?, 

− 6C@=0; 0C48BC. 

• �5@C20==O: 

− ?>;VB8:8 157?5:8, AI-:>=B@>;P 4>ABC?C. 

•  5E0=V7<8: 

− �;>:G59=, AI-<>=VB>@8=3 703@>7. 

#V4?@>F5A8. 

• A3.1 �0E8AB V 0C48B (IDS, A<0@B-:>=B@0:B8, AES-256). 

• A3.2 �2B><0B8G=5 1;>:C20==O 703@>7. 

• A3.3 �;>:G59=-V45=B8DV:0FVO :>@8ABC20GV2. 

�70є<>72’O7:8 <V6 ?@>F5A0<8 

− A1 ?5@540є >1@>1;5=V 7>1@065==O 2 A3 4;O H8D@C20==O B0 0C48BC. 

− A1 B0:>6 ?5@540є 40=V C A2 4;O ?>HC:C B0 :0B53>@870FVW. 

− A2 >B@8<Cє 70?8B8 2V4 :>@8ABC20G0 B0 725@B0єBPAO 4> A1 4;O 

>B@8<0==O 7>1@065=P. 

− A3 :>=B@>;Nє 4>ABC? 4> 40=8E C A1 B0 A2, DV:ACNG8 2AV 4VW 2 

1;>:G59=V 4;O <>=VB>@8=3C B0 0C48BC. 

"A=>2=V :5@CNGV <5E0=V7<8 A8AB5<8: 

− ?>;VB8:8 4>ABC?C B0 AI-:>=B@>;P 287=0G0NBP @V25=P 4>ABC?C. 

− H8D@C20==O B0 A<0@B-:>=B@0:B8 70157?5GCNBP 157?5G=89 >1<V= 

40=8<8. 

− AI-<>45;V ?@>3=>7C20==O 0=0;V7CNBP ?@>4C:B82=VABP V 10;0=AC20==O 

@5AC@AV2. 

�>3V:0 270є<>4VW ?@>F5AV2 C IDEF0: 

1. �>@8ABC20G =04A8;0є 7>1@065==O, O:5 >1@>1;OєBPAO 2 A1 (AI-

:;0A8DV:0FVO, >?B8<V70FVO).   

2. (09; ?5@540єBPAO C AE>28I5 (;>:0;P=5 01> 45F5=B@0;V7>20=5, 70;56=> 

2V4 0=0;V7C AI).   



3. �>@8ABC20G 74V9A=Nє 70?8B =0 ?>HC: → AI ?>@V2=Nє 7>1@065==O C 

25:B>@=V9 107V 40=8E.   

4. A3 :>=B@>;Nє 2AV 270є<>4VW <V6 A1 B0 A2, 70157?5GCNG8 157?5:C.   

&0:8< G8=><, <>45;P IDEF0 ?>OA=Nє AB@C:BC@C B0 ;>3V:C 28:>=0==O 

DC=:FV9 A8AB5<8, O: A8AB5<0 @50;V7Cє DC=:FV>=0;P=V ?@>F5A8 ?5@54 

?>40;PH8< B5ABC20==O< B0 0=0;V7>< 5D5:B82=>ABV. 

 

2.3.4 #V4B@8<:0 157?5:8 B0 :>=DV45=FV9=>ABV 40=8E 7>1@065=ь 

"4=VєN 7 =091V;PH8E ?@>1;5< 2 0@EVB5:BC@V AE>28I 7>1@065=P є 

?V4B@8<:0 157?5:8 B0 :>=DV45=FV9=>ABV 40=8E 7>1@065=P. ->1 28@VH8B8 FV 

?@>1;5<8, 1C45<> 28:>@8AB>2C20B8 @V7=V <5B>48, B0:V O: H8D@C20==O, :>=B@>;P 

4>ABC?C B0 0=>=V<V70FVO 40=8E. 

,8D@C20==O ?5@5410G0є :>4C20==O 40=8E 7>1@065==O B0:8< G8=><, I> 

9>3> <>6=0 @>7H8D@C20B8 ;8H5 70 4>?><>3>N ?52=>3> :;NG0. �>=B@>;P 

4>ABC?C ?5@5410G0є >1<565==O 4>ABC?C 4> 40=8E 7>1@065==O 4;O 

02B>@87>20=8E :>@8ABC20GV2 01> 3@C?. �=>=V<V70FVO 40=8E ?5@5410G0є 

2840;5==O 01> ?@8E>2C20==O V45=B8DV:0FV9=>W V=D>@<0FVW 7 40=8E 7>1@065==O 

7 <5B>N 70E8ABC :>=DV45=FV9=>ABV >:@5<8E >AV1 01> >@30=V70FV9 [118]. 

#@>?>=Cє<89 ?V4EV4 ?5@5410G0є @>7@>1:C <0AHB01>20=>3> B0 

5D5:B82=>3> :>=25є@0 >1@>1:8 40=8E, O:89 2:;NG0є =0ABC?=V 5B0?8: 

− #>?5@54=O >1@>1:0 40=8E 3  4;O ?>?5@54=P>W >1@>1:8 40=8E 

7>1@065==O 28:>@8AB>2Cє<> ?>є4=0==O @CG=8E V 02B><0B87>20=8E <5B>4V2 4;O 

28O2;5==O B0 28?@02;5==O ?><8;>: V =52V4?>2V4=>AB59, 0 B0:>6 4;O 

?5@5B2>@5==O 40=8E C AB0=40@B87>20=89 D>@<0B. &0:>6 70AB>A>2Cє<> <5B>48 

?>:@0I5==O 7>1@065==O, I>1 ?>:@0I8B8 O:VABP 7>1@065=P. 

− %B8A=5==O 40=8E V 454C?;V:0FVO 3 I>1 7<5=H8B8 >1AO3 ?0<’OBV, 

=5>1EV4=89 4;O 40=8E 7>1@065=P, 28:>@8AB>2Cє<> @V7=><0=VB=V <5B>48 

AB8A=5==O 40=8E V 454C?;V:0FVW, =0?@8:;04 :>4C20==O 4>268=8 A5@VW, :>4C20==O 

)0DD<0=0 B0 AB8A=5==O �5<?5;O-�V20-�5;G0 (LZW). &0:>6 28:>@8AB>2Cє<> 



454C?;V:0FVN =0 >A=>2V 2<VABC, I>1 V45=B8DV:C20B8 B0 2840;OB8 ?>2B>@N20=V 

7>1@065==O =0 >A=>2V WE 2<VABC. 

− $>7?>4V;5=0 >1@>1:0 B0 ?0@0;5;P=V >1G8A;5==O 3 I>1 >1@>1;OB8 

25;8:V >1AO38 40=8E 7>1@065=P C <0AHB01>20=89 B0 5D5:B82=89 A?>AV1, 

28:>@8AB>2Cє<> <5B>48 @>7?>4V;5=>W >1@>1:8 B0 ?0@0;5;P=8E >1G8A;5=P. 

�8:>@8AB0є<> Apache Hadoop V Apache Spark, I>1 @>71820B8 25;8:V 70240==O 

>1@>1:8 7>1@065=P =0 <5=HV ?V470240==O, O:V <>6=0 >1@>1;OB8 ?0@0;5;P=> =0 

:V;P:>E >1G8A;N20;P=8E 2C7;0E. 

−  0H8==5 B0 3;81>:5 =02G0==O 3 I>1 ?V428I8B8 B>G=VABP V 

5D5:B82=VABP >1@>1:8 7>1@065=P, 28:>@8AB0є<> <5B>48 <0H8==>3> B0 

3;81>:>3> =02G0==O. �8:>@8AB>2Cє<> TensorFlow, PyTorch V Keras 4;O =02G0==O 

<>45;59 <0H8==>3> =02G0==O =0 25;8:8E >1AO30E 40=8E 7>1@065=P, O:V ?>BV< 

<>6=0 28:>@8AB>2C20B8 4;O :;0A8DV:0FVW, @>7?V7=020==O 01> 28O2;5==O 

:>=:@5B=8E >1’є:BV2 01> DC=:FV9 =0 7>1@065==OE. �8:>@8AB>2Cє<> @V7=V 

0@EVB5:BC@8 =59@>==8E <5@56, B0:V O: 73>@B:>2V =59@>==V <5@56V (CNN) V 

@5:C@5=B=V =59@>==V <5@56V (RNN), O:V A?5FV0;P=> @>7@>1;5=V 4;O 70240=P 

>1@>1:8 7>1@065=P. 

− �57?5:0 B0 :>=DV45=FV9=VABP 3 I>1 ?V4B@8<C20B8 157?5:C B0 

:>=DV45=FV9=VABP 40=8E 7>1@065=P, 28:>@8AB>2Cє<> :><1V=0FVN B0:8E <5B>4V2, 

O: H8D@C20==O, :>=B@>;P 4>ABC?C B0 0=>=V<V70FVO 40=8E. ,8D@C20==O 

?5@5410G0є :>4C20==O 40=8E 7>1@065==O B0:8< G8=><, I> 9>3> <>6=0 

@>7H8D@C20B8 ;8H5 70 4>?><>3>N ?52=>3> :;NG0. �>=B@>;P 4>ABC?C 

?5@5410G0є >1<565==O 4>ABC?C 4> 40=8E 7>1@065==O 4;O 02B>@87>20=8E 

:>@8ABC20GV2 01> 3@C?. �=>=V<V70FVO 40=8E ?5@5410G0є 2840;5==O 01> 

?@8E>2C20==O V45=B8DV:0FV9=>W V=D>@<0FVW 7 40=8E 7>1@065==O 7 <5B>N 

70E8ABC :>=DV45=FV9=>ABV >:@5<8E >AV1 01> >@30=V70FV9. 

&01;8FO 2.4 =040є AB8A;89 >3;O4 >A=>2=8E ?5@5203 B0 =54>;V:V2 @V7=8E 

<5B>4V2 >1@>1:8 7>1@065=P, I> 4>?><030є ?>@V2=OB8 WE 5D5:B82=VABP B0 

?@840B=VABP 4;O @V7=8E AF5=0@VW2 28:>@8AB0==O. 

 



&01;8FO  2.4 3 #>@V2=O==O @V7=8E <5B>4V2 >1@>1:8 7>1@065=P 

 5B>4 #5@52038 !54>;V:8 

$CG=0 ?5@52V@:0 &>G=0, <>65 28O2;OB8 B>=:V 
>A>1;82>ABV 

�09<0є 1030B> G0AC, AE8;P=0 4> 
?><8;>: 

�2B><0B87>20=89 
0=0;V7 

,284:89, <>65 >1@>1;OB8 
25;8:V >1AO38 40=8E 

 5=H B>G=89, =V6 @CG=V 
<5B>48 

%BC?V=P AB8A=5==O �<5=HCє @>7<V@ D09;C, 
5:>=><8BP ?@>ABV@ 715@V30==O 

 >65 ?@8725AB8 4> 2B@0B8 
O:>ABV 7>1@065==O 

 

�>5DVFVє=B AB8A=5==O (CR) 7>1@065==O 287=0G0єBPAO O: 2V4=>H5==O 

@>7<V@C =5AB8A=CB>3> 7>1@065==O 4> @>7<V@C AB8A=5=>3> 7>1@065==O. �V= 

@>7@0E>2CєBPAO B0:8< G8=><: 

                           CR = (uncompressed size) / (compressed size) .                     (2.22) 

%5@54=O :204@0B8G=0 ?><8;:0 (Mean Squared Error). %5@54=O 

:204@0B8G=0 ?><8;:0 (MSE) є <V@>N @V7=8FV <V6 42><0 7>1@065==O<8. �>=0 

@>7@0E>2CєBPAO B0:8< G8=><: 

                               MSE = (1 / N) * Σ(i=1 to N) (I1(i) - I2(i))2 ,                        (2.23) 

45 N 3 :V;P:VABP ?V:A5;V2 C 7>1@065==OE, I1(i) B0 I2(i) 3 V=B5=A82=>ABV 

2V4?>2V4=8E ?V:A5;V2 C 42>E 7>1@065==OE. 

*59 ?V4EV4 ?5@5410G0є ?>є4=0==O ?>?5@54=P>W >1@>1:8 40=8E, AB8A=5==O 

B0 454C?;V:0FVW, @>7?>4V;5=>W >1@>1:8 B0 ?0@0;5;P=8E >1G8A;5=P, <0H8==>3> 

B0 3;81>:>3> =02G0==O, 0 B0:>6 <5B>4V2 157?5:8 B0 :>=DV45=FV9=>ABV 4;O 

?V428I5==O 5D5:B82=>ABV B0 <0AHB01>20=>ABV 0@EVB5:BC@8 AE>28I0 

7>1@065=P. &0:>6 F59 ?V4EV4 70157?5G8BP 7=0G=V ?5@52038 >@30=V70FVO<, O:8< 

?>B@V1=> :5@C20B8 25;8:8<8 >1AO30<8 40=8E 7>1@065=P, =0?@8:;04, C 

<548G=V9, =0C:>2V9 B0 V=4CAB@VW @>7203 [119]. 

�8:>@8AB>2CNG8 40=89 ?V4EV4, >@30=V70FVW <>6CBP 7<5=H8B8 >1AO3 

?0<’OBV, =5>1EV4=89 4;O 40=8E 7>1@065=P, ?V428I8B8 H284:VABP V B>G=VABP 

70240=P >1@>1:8 7>1@065=P, 0 B0:>6 ?V428I8B8 157?5:C B0 :>=DV45=FV9=VABP 

40=8E 7>1@065=P. *5 <>65 ?@8725AB8 4> :@0I>3> ?@89=OBBO @VH5=P, H284H>W 

@>7@>1:8 ?@>4C:BC B0 :@0I>3> >1A;C3>2C20==O :;Vє=BV2. 



�030;>< 40=89 ?V4EV4 ?@54AB02;Oє A>1>N ACBBє289 ?@>3@5A C 30;C7V 

0@EVB5:BC@8 AE>28I 7>1@065=P. "B@8<0=V @57C;PB0B8 <0NBP ?>B5=FV0; 4;O 

H8@>:>3> 70AB>AC20==O 2 @V7=8E AD5@0E 4VO;P=>ABV, ?>2'O70=8E 7 >1@>1:>N B0 

0=0;V7>< 2V7C0;P=>W V=D>@<0FVW. #5@A?5:B828 ?>40;PH8E 4>A;V465=P 

2:;NG0NBP 24>A:>=0;5==O 70?@>?>=>20=8E <5B>4V2, @>7H8@5==O WE 

DC=:FV>=0;P=>ABV B0 040?B0FVN 4> =>28E ?@8:;04=8E 7040G C?@02;V==O 

3@0DVG=8<8 40=8<8. "GV:CєBPAO, I> ?@>4>265==O @>1>B8 2 FP><C =0?@O<:C 

A?@8OB8<5 @>728B:C V==>20FV9=8E B5E=>;>3V9 >1@>1:8 7>1@065=P B0 2V4:@8є 

=>2V <>6;82>ABV 4;O WE ?@0:B8G=>3> 28:>@8AB0==O [120]. 

 

2.4 &5ABC20==O B0 >FV=:0 5D5:B82=>ABV @>7@>1;5=>W 3V1@84=>W <>45;V 
' FP><C ?V4@>74V;V ?@54AB02;5=> 5:A?5@8<5=B0;P=V @57C;PB0B8 

70?@>?>=>20=>3> ?V4E>4C 4> :5@C20==O 40=8<8 7>1@065=P. "FV=5=> 

5D5:B82=VABP 40=>3> ?V4E>4C =0 B@P>E @V7=8E =01>@0E 40=8E 3 =01>@V 40=8E 

<548G=8E 7>1@065=P, =01>@V 40=8E AC?CB=8:>28E 7>1@065=P V =01>@V 40=8E 

7>1@065=P F8D@>2>3> <8AB5FB20. �>65= =01V@ 40=8E 1C2 ?>?5@54=P> 

>1@>1;5=89 V AB8A=CB89, 0 ?>BV< 7020=B065=89 C @>7?>4V;5=C A8AB5<C 

715@V30==O B0 A8AB5<C @>7?>4V;5=>W >1@>1:8 [51]. �8:>=0=> =87:C 70240=P 

>1@>1:8 7>1@065=P 4;O :>6=>3> =01>@C 40=8E, 2:;NG0NG8 :;0A8DV:0FVN 

7>1@065=P, 28O2;5==O >1’є:BV2 V A5<0=B8G=C A53<5=B0FVN. 

 %?>G0B:C ?>?5@54=P> >1@>1;Oє<> =01V@ 40=8E, 2840;ONG8 ?>2B>@N20=V 

7>1@065==O B0 AB8A:0NG8 @5HBC 7>1@065=P C D>@<0BV JPEG. #>BV< @>71820є<> 

=01V@ 40=8E =0 100 <5=H8E ?V4<=>68= V >1@>1;Oє<> :>6=C ?V4<=>68=C 

?0@0;5;P=> 70 4>?><>3>N D@59<2>@:C Apache Spark. �8:>@8AB>2Cє<> <>45;P 

@>7?>4V;5=>3> 3;81>:>3> =02G0==O 4;O :;0A8DV:0FVW 7>1@065=P, O:0 =02G0єBPAO 

=0 =01>@V 40=8E ImageNet. 

 �8<V@Nє<> 5D5:B82=VABP 70?@>?>=>20=>3> <5B>4C 7 B>G:8 7>@C G0AC 

>1@>1:8 B0 B>G=>ABV :;0A8DV:0FVW 7>1@065=P. #>@V2=Nє<> 40=89 <5B>4 7 

:V;P:><0 VA=CNG8<8 <5B>40<8, 2:;NG0NG8 Hadoop V MapReduce, I> ?>:07Cє, 

I> F59 <5B>4 ?5@525@HCє WE O: 70 G0A>< >1@>1:8, B0: V 70 B>G=VABN. 



"B@8<0=V 5:A?5@8<5=B0;P=V @57C;PB0B8 45<>=AB@CNBP 5D5:B82=VABP 

70?@>?>=>20=>3> <5B>4C 4;O 5D5:B82=>W B0 <0AHB01>20=>W >1@>1:8 

25;8:><0AHB01=8E =01>@V2 40=8E 7>1@065=P.  5B>4 <>6=0 28:>@8AB>2C20B8 2 

H8@>:><C 4V0?07>=V ?@>3@0<, B0:8E O: ?>HC: 7>1@065=P, @>7?V7=020==O 

7>1@065=P V 28O2;5==O >1'є:BV2. 

->1 >FV=8B8 5D5:B82=VABP V <0AHB01>20=VABP 70?@>?>=>20=>3> ?V4E>4C, 

1C;> 28:>@8AB0=> :;0AB5@ 28A>:>?@>4C:B82=8E :><?’NB5@V2 O: @>7?>4V;5=C 

A8AB5<C 715@V30==O 9 >1@>1:8. %8AB5<0 A:;040;0AO 7 45:V;P:>E 2C7;V2, :>65= 7 

O:8E 1C2 >A=0I5=89 1030B>O45@=8< ?@>F5A>@>< V 25;8:8< >1'є<>< ?0<'OBV. 

�C;> 28:>@8AB0=> Apache Hadoop O: A8AB5<C @>7?>4V;5=>3> 715@V30==O, 0 

Apache Spark O: A8AB5<C @>7?>4V;5=>W >1@>1:8 [121]. 

' =02545=8E 5:A?5@8<5=B0E 28:>@8AB0=> B@8 @V7=V =01>@8 40=8E, :>65= 

7 O:8E <VAB82 @V7=V B8?8 40=8E 7>1@065==P. #5@H89 =01V@ 40=8E 1C2 =01>@>< 

40=8E <548G=8E 7>1@065=P, I> A:;0402AO 7 @V7=8E <548G=8E 7>1@065=P, B0:8E 

O: @5=B35=V2AP:V 7=V<:8,  $& V �&. �@C389 =01V@ 40=8E 3 F5 =01V@ 40=8E V7 

AC?CB=8:>28E 7>1@065=P, I> A:;040єBPAO V7 AC?CB=8:>28E 7>1@065=P V7 

28A>:>N @>74V;P=>N 740B=VABN @V7=8E <VAFP. &@5BV9 =01V@ 40=8E 1C2 =01>@>< 

40=8E 7>1@065=P F8D@>2>3> <8AB5FB20, I> A:;040єBPAO V7 7>1@065=P @V7=8E 

F8D@>28E B2>@V2 <8AB5FB20. 

#5@H =V6 7020=B068B8 =01>@8 40=8E C ?V43>B>2;5=C @>7?>4V;5=C 

A8AB5<C 715@V30==O, ?>?5@54=P> >1@>18;8 B0 AB8A=C;8 40=V 70 4>?><>3>N 

:><1V=0FVW <5B>4V2. �B0?8 ?>?5@54=P>W >1@>1:8 2:;NG0;8 7<V=C @>7<V@C 

7>1@065==O, =>@<0;V70FVN :>;P>@C B0 =0;0HBC20==O :>=B@0AB=>ABV. �B0?8 

AB8A=5==O 2:;NG0;8 <5B>48 AB8A=5==O 157 2B@0B V 7 2B@0B0<8, 70;56=> 2V4 B8?C 

40=8E, I> AB8A:0NBPAO. 

�C;> @>7@0E>20=> ABC?V=P AB8A=5==O :>6=>3> =01>@C 40=8E V 70?8A0=> 

@57C;PB0B8 2 B01;8FN 2,5, O:0 45<>=AB@Cє :>5DVFVє=B8 AB8A=5==O 4;O @V7=8E 

B8?V2 =01>@V2 40=8E 7>1@065=P. !01V@ 40=8E <548G=8E 7>1@065=P <0є 

=09=86G89 :>5DVFVє=B AB8A=5==O (4:1), I> ?>2'O70=> 7 =5>1EV4=VABN 715@53B8 

28A>:C O:VABP B0 45B0;V70FVN <548G=8E 7>1@065=P 4;O B>G=>W 4V03=>AB8:8. 



!01V@ 40=8E AC?CB=8:>28E 7>1@065=P <0є A5@54=V9 :>5DVFVє=B AB8A=5==O 

(10:1), I> 4>72>;Oє 7<5=H8B8 >1AO3 40=8E, 715@V30NG8 ?@8 FP><C 4>AB0B=N 

O:VABP 4;O 0=0;V7C. !0928I89 :>5DVFVє=B AB8A=5==O (20:1) 4>AO3=CB> 4;O 

=01>@C 40=8E 7>1@065=P F8D@>2>3> <8AB5FB20, I> ?>2'O70=> 7 <>6;82VABN 

70AB>AC20==O 1V;PH 03@5A82=8E <5B>4V2 AB8A=5==O 157 ACBBє2>W 2B@0B8 

2V7C0;P=>W O:>ABV 4;O FP>3> B8?C 7>1@065=P. 

 

&01;8FO  2.5 3 �>5DVFVє=B AB8A=5==O =01>@V2 40=8E 

!01V@ 40=8E �>5DVFVє=B AB8A=5==O 
!01V@ 40=8E <548G=8E 7>1@065=P 4:1 
!01V@ 40=8E AC?CB=8:>28E 7>1@065=P 10:1 
!01V@ 40=8E 7>1@065=P F8D@>2>3> <8AB5FB20 20:1 

 

 #>?5@54=P> >1@>1;5=V B0 AB8A;V =01>@8 40=8E 7020=B065=> C @>7?>4V;5=C 

A8AB5<C 715@V30==O B0 28:>=0=> =87:C 70240=P >1@>1:8 7>1@065=P 4;O :>6=>3> 

=01>@C 40=8E 70 4>?><>3>N @>7?>4V;5=>W A8AB5<8 >1@>1:8. �0240==O 2:;NG0;8 

:;0A8DV:0FVN 7>1@065=P, 28O2;5==O >1’є:BV2 V A5<0=B8G=C A53<5=B0FVN. 

�H9>F<6AVEFь B5DB5>< (Processing Efficiency) 

�D5:B82=VABP >1@>1:8 (PE) A8AB5<8 @>7?>4V;5=>W >1@>1:8 287=0G0єBPAO 

O: 2V4=>H5==O >1AO3C 28:>=0=>W @>1>B8 4> :V;P:>ABV G0AC, =5>1EV4=>3> 4;O 

28:>=0==O @>1>B8. �V= @>7@0E>2CєBPAO B0:8< G8=><: 

                                     PE = work done / time                                                  (2.24) 

�8<V@O=> 5D5:B82=VABP >1@>1:8 A8AB5<8 4;O :>6=>3> 70240==O B0 

70?8A0=> @57C;PB0B8 2 B01;8FN 2.6, O:0 45<>=AB@Cє 5D5:B82=VABP >1@>1:8 

@V7=8E 70240=P C A8AB5<V @>7?>4V;5=>W >1@>1:8 7>1@065=P. �;0A8DV:0FVO 

7>1@065=P ?>:07Cє =0928IC 5D5:B82=VABP 3 1200 7>1@065=P 70 A5:C=4C, I> 

A2V4G8BP ?@> >?B8<V70FVN A8AB5<8 4;O FP>3> B8?C 70240=P. �8O2;5==O >1'є:BV2 

<0є A5@54=N 5D5:B82=VABP 3 500 7>1@065=P 70 A5:C=4C, I> є >GV:C20=8<, 

2@0E>2CNG8 A:;04=VABP FP>3> 70240==O. %5<0=B8G=0 A53<5=B0FVO, O: =091V;PH 



:><?;5:A=5 70240==O, ?>:07Cє =09=86GC 5D5:B82=VABP 3 200 7>1@065=P 70 

A5:C=4C, I> 2V4>1@060є 28A>:V >1G8A;N20;P=V 28<>38 FP>3> ?@>F5AC. 

 

&01;8FO 2.6 3 �D5:B82=VABP >1@>1:8 70240=P 

�0240==O �D5:B82=VABP >1@>1:8 

�;0A8DV:0FVO 7>1@065=P 1200 7>1@065=P/A 
�8O2;5==O >1'є:BV2 500 7>1@065=P/A 
%5<0=B8G=0 A53<5=B0FVO 200 7>1@065=P/A 

 

�0=89 ?V4EV4 B0:>6 2:;NG0є :V;P:0 <5B>4V2 157?5:8 B0 :>=DV45=FV9=>ABV 

4;O 70E8ABC GCB;828E V :>=DV45=FV9=8E 40=8E 7>1@065=P, O:V <>6CBP 1CB8 

?@8ACB=V<8 2 F8E ?@>3@0<0E. �> =8E =0;560BP 70E8I5=V ?@>B>:>;8 72’O7:C, 

H8D@C20==O B0 <5E0=V7<8 :>=B@>;N 4>ABC?C. 

&01;8FO 2.7 ?>:07Cє @57C;PB0B8 70240==O :;0A8DV:0FVW 7>1@065=P =0 

=01>@V 40=8E <548G=8E 7>1@065=P. �0?@>?>=>20=89 ?V4EV4 4>AO3 B>G=>ABV 

95,4% ?>@V2=O=> 7 B>G=VABN 87,6% 4;O B@048FV9=>3> @CG=>3> ?V4E>4C B0 

B>G=VABN 82,3% 4;O ?>2=VABN 02B><0B87>20=>3> ?V4E>4C. &0:>6 2V= 1C2 7=0G=> 

H284H8<, =V6 @CG=89 ?V4EV4, V B>G=VH8<, =V6 ?>2=VABN 02B><0B87>20=89 

?V4EV4 [50]. *V @57C;PB0B8 ?V4:@5A;NNBP 5D5:B82=VABP 40=>3> ?V4E>4C, O:89 

?>є4=Cє H284:VABP 02B><0B87>20=8E <5B>4V2 7 28A>:>N B>G=VABN, I> 

?5@525@HCє =02VBP @CG=C ?5@52V@:C. 

 

&01;8FO 2.7 3 $57C;PB0B8 70240==O :;0A8DV:0FVW 7>1@065=P =0 =01>@V 

40=8E <548G=8E 7>1@065=P 

 5B>4 &>G=VABP (%) +0A >1@>1:8 (A) 
$CG=0 ?5@52V@:0 87,6 274 
#>2=VABN 02B><0B87>20=89 82,3 96 
�0?@>?>=>20=89 ?V4EV4 95,4 23 

 

�0=89 ?V4EV4 ?5@52V@5=> =0 =01>@0E 40=8E @>7<V@>< 2V4 10 �� 4> 10 &� V 

28O2;5=>, I> G0A >1@>1:8 7@>AB02 ;V=V9=> 7V 71V;PH5==O< @>7<V@C =01>@C 



40=8E. *5 2:07Cє =0 B5, I> 40=89 ?V4EV4 <0AHB01>20=89 V <>65 >1@>1;OB8 4C65 

25;8:V >1AO38 40=8E 7>1@065=P 7 <V=V<0;P=8< 2?;82>< =0 ?@>4C:B82=VABP. 

"BKAVEFь (ACC) 70240==O >1@>1:8 7>1@065==O 287=0G0єBPAO O: 

2V4=>H5==O :V;P:>ABV ?@028;P=8E :;0A8DV:0FV9 4> 7030;P=>W :V;P:>ABV 

:;0A8DV:0FV9. �V= @>7@0E>2CєBPAO B0:8< G8=><: 

  ACC= (number of correct classifications)/(total number of classifications)  (2.25) 

Ч4E B5DB5>< 

+0A >1@>1:8 (PT) 70240==O, >1@>1:8 7>1@065==O 3 F5 :V;P:VABP G0AC, I> 

=5>1EV4=0 4;O 28:>=0==O 70240==O. �8<V@NєBPAO 2 A5:C=40E (A). 

                                PT = Tend time – Tstart time,                                                 (2.26) 

45 Tend time   – G0A 70:V=G5==O 3 F5 G0A, :>;8 70240==O 1C;> 28:>=0=>, Tstart time 3 G0A 

?>G0B:C 3 G0A, :>;8 70240==O 1C;> @>7?>G0B>. 

 $57C;PB0B8 ?@>2545=8E 5:A?5@8<5=BV2 45<>=AB@CNBP 5D5:B82=VABP V 

<0AHB01>20=VABP 70?@>?>=>20=>3> ?V4E>4C 4> :5@C20==O 40=8<8 7>1@065=P. 

�024O:8 ?>є4=0==N =87:8 <5B>4V2 V B5E=>;>3V9, 2:;NG0NG8 ?>?5@54=N 

>1@>1:C 40=8E, AB8A=5==O B0 454C?;V:0FVN, @>7?>4V;5=5 715@V30==O 9 >1@>1:C, 

0 B0:>6 <0H8==5 B0 3;81>:5 =02G0==O, 40;> 7<>3C 4>AO3B8 28A>:>W B>G=>ABV B0 

H284:>W >1@>1:8 4;O @O4C 70240=P >1@>1:8 7>1@065=P. 

$57C;PB0B8 B0:>6 2:07CNBP =0 <>6;82VABP 70AB>AC20==O B0:>3> ?V4E>4C 

4> V=H8E B8?V2 40=8E 7>1@065=P, 2:;NG0NG8 2V45> B0 3D-40=V. �7 7@>AB0NG8< 

>1AO3>< 7>1@065=P V 2V45>40=8E, O:V 35=5@CNBPAO 2 B0:8E AD5@0E, O: >E>@>=0 

74>@>2’O, 48AB0=FV9=5 7>=4C20==O B0 @>72038, 7@>AB0є ?>B@510 2 5D5:B82=8E V 

<0AHB01>20=8E @VH5==OE 4;O :5@C20==O 40=8<8 7>1@065=P. "?8A0=89 ?V4EV4 

70157?5GCє ?5@A?5:B82=89 =0?@O<>: 28@VH5==O FVєW ?>B@518 [54]. 

$57C;PB0B8 ?>:07CNBP, I> 40=89 ?V4EV4 ?5@525@HCє V=HV ?V4E>48 I>4> 

H284:>ABV >1@>1:8, 5D5:B82=>ABV 715@V30==O B0 B>G=>ABV. #@>2545=> 

5:A?5@8<5=B8, I>1 >FV=8B8 <0AHB01>20=VABP @>7@>1;5=>3> ?V4E>4C B0 

28O2;5=>, I> 2V= <>65 5D5:B82=> >1@>1;OB8 25;8:V =01>@8 40=8E ?0@0;5;P=>. 

�030;>< 40=V 5:A?5@8<5=B8 45<>=AB@CNBP 5D5:B82=VABP V ?>B5=FV0; 



70?@>?>=>20=>3> ?V4E>4C 4;O ?V428I5==O 5D5:B82=>ABV B0 <0AHB01>20=>ABV 

AE>28I 7>1@065=P. 

 

2.5 "FV=:0 @57C;ьB0BV2 5:A?5@8<5=BC 
 ' 40=><C ?V4@>74V;V ?@54AB02;5=> @57C;PB0B8 5:A?5@8<5=B0;P=>W >FV=:8 

5D5:B82=>ABV B0 <0AHB01>20=>ABV 70?@>?>=>20=>3> ?V4E>4C 4> :5@C20==O 

40=8<8 7>1@065=P. !0 4>40B>: 4> :V;P:VA=>3> 0=0;V7C, =02545=>3> 2 

?>?5@54=P><C ?V4@>74V;V, 1C;> ?@>2545=> 2V7C0;P=89 0=0;V7 @57C;PB0BV2 70 

4>?><>3>N @V7=><0=VB=8E 3@0DVG=8E ?@54AB02;5=P. *V 2V7C0;V70FVW 70157?5G8;8 

3;81H5 @>7C<V==O 40=8E V 28O28;8 7=0GCIV B5=45=FVW B0 70:>=><V@=>ABV, O:V =5 

1C;8 >G5284=8<8 ;8H5 7 G8A;>28E ?V4AC<:V2. 

 �;O >FV=:8 5D5:B82=>ABV @>7@>1;5=>W A8AB5<8 1C;> ?@>2545=> 

:><?;5:A=89 0=0;V7, I> 2:;NG02 O: 2V7C0;P=V, B0: V :V;P:VA=V <5B>48. 

�V7C0;P=89 0=0;V7 =0402 4>40B:>25 ?V4B25@465==O @57C;PB0B0< AB0B8AB8G=>3> 

0=0;V7C B0 4>72>;82 >B@8<0B8 V=D>@<0FVN ?@> DC=:FV>=C20==O A8AB5<8. � 

<5B>N >FV=:8 B>G=>ABV 70?@>?>=>20=>3> ?V4E>4C, 1C;> ?@>2545=> A5@VN 

5:A?5@8<5=BV2 7 :;0A8DV:0FVW 7>1@065=P =0 B@P>E @V7=8E =01>@0E 40=8E. ' 

4>A;V465==V 70AB>A>2C202AO H8@>:89 A?5:B@ 0;3>@8B<V2 <0H8==>3> B0 

3;81>:>3> =02G0==O, 7>:@5<0 <5B>48 >?>@=8E 25:B>@V2, 73>@B:>2V B0 @5:C@5=B=V 

=59@>==V <5@56V. �;O ?V428I5==O B>G=>ABV <>45;59 28:>@8AB>2C20;8AP 

@V7=><0=VB=V <5B>48 284V;5==O >7=0: B0 7<5=H5==O @>7<V@=>ABV, I>1 

?V428I8B8 B>G=VABP <>45;59 [55]. 

 "FV=:0 B>G=>ABV ?V4E>4C 74V9A=N20;0AP H;OE>< ?>@V2=O==O 

?@>3=>7>20=8E <VB>: B5AB>2>3> =01>@C 7 2V4?>2V4=8<8 5B0;>==8<8 

7=0G5==O<8. �;O :V;P:VA=>3> 287=0G5==O 5D5:B82=>ABV <>45;V 70AB>A>2C20;0AP 

<0B@8FO ?><8;>:, O:0 C7030;P=Nє @57C;PB0B8 :;0A8DV:0FVW 70 :V;P:VABN VAB8==> 

?>78B82=8E, VAB8==> =530B82=8E, E81=> ?>78B82=8E B0 E81=> =530B82=8E 

28?04:V2. 

 

 



&01;8FO 2.8 3 &>G=VABP :;0A8DV:0FVW 7>1@065=P 

!01V@ 40=8E &>G=VABP 
SVM 

&>G=VABP 
CNN 

&>G=VABP 
RNN 

!01V@ 40=8E <548G=8E 7>1@065=P 95,6% 98,3% 97,1% 

!01V@ 40=8E AC?CB=8:>28E 7>1@065=P 89,2% 94,5% 92,8% 

!01V@ 40=8E 7>1@065=P F8D@>2>3> <8AB5FB20 97,4% 99,1% 98,7% 

 

 $57C;PB0B8 5:A?5@8<5=B0;P=>W >FV=:8 70?@>?>=>20=>3> ?V4E>4C 

45<>=AB@CNBP 28A>:C B>G=VABP :;0A8DV:0FVW 7>1@065=P =0 2AVE B@P>E 

4>A;V46C20=8E =01>@0E 40=8E (B01;. 2.8). !0928IV ?>:07=8:8 B>G=>ABV 1C;8 

4>AO3=CBV ?@8 70AB>AC20==V 0;3>@8B<V2 3;81>:>3> =02G0==O. "B@8<0=V 

@57C;PB0B8 A2V4G0BP ?@> 740B=VABP @>7@>1;5=>3> ?V4E>4C 5D5:B82=> 

:;0A8DV:C20B8 7>1@065==O 7 @V7=8E ?@54<5B=8E >1;0AB59 B0 @V7=>3> @V2=O 

A:;04=>ABV [56]. 

 �;O >FV=:8 G0A>28E E0@0:B5@8AB8: >1@>1:8 7>1@065=P 70 4>?><>3>N 

70?@>?>=>20=>3> ?V4E>4C 1C;> ?@>2545=> A5@VN 5:A?5@8<5=BV2 7 28:>=0==O 

70240=P >1@>1:8 7>1@065=P =0 B@P>E @V7=8E =01>@0E 40=8E 7 28:>@8AB0==O< 

@>7?>4V;5=>W A8AB5<8 >1@>1:8. �8<V@N202AO G0A, =5>1EV4=89 4;O 28:>=0==O 

:>6=>3> 70240==O, 2:;NG0NG8 :;0A8DV:0FVN 7>1@065=P, 28O2;5==O >1'є:BV2 B0 

A5<0=B8G=C A53<5=B0FVN. &0:>6 1C;> 4>A;V465=> <0AHB01>20=VABP ?V4E>4C 

H;OE>< 71V;PH5==O :V;P:>ABV 2C7;V2 C @>7?>4V;5=V9 A8AB5<V B0 >FV=:8 2?;82C 

=0 G0A >1@>1:8. 

/: 284=> 7 @57C;PB0BV2, =02545=8E C B01;8FV 2.9, 70?@>?>=>20=89 ?V4EV4 

70157?5GCє H284:C >1@>1:C 2AVE B@P>E =01>@V2 40=8E, ?@8G><C =09<5=H89 G0A 

>1@>1:8 1C;> 4>AO3=CB> 4;O =01>@C 40=8E 7>1@065=P F8D@>2>3> <8AB5FB20. 

"B@8<0=V @57C;PB0B8 ?>:07CNBP 740B=VABP @>7@>1;5=>3> ?V4E>4C H284:> B0 

5D5:B82=> >1@>1;OB8 25;8:V >1AO38 40=8E 7>1@065=P, I> @>18BP 9>3> 

?@840B=8< 4;O 28:>@8AB0==O 2 ?@>3@0<0E, O:V 28<030NBP >1@>1:8 2 @568<V 

@50;P=>3> G0AC 01> 2 @568<V, =01;865=><C 4> @50;P=>3> G0AC [57]. 

 

 



&01;8FO 2.9 3 +0A >1@>1:8 70240=P 

!01V@ 40=8E +0A :;0A8DV:0FVW 
7>1@065=P 

+0A 28O2;5==O 
>1'є:BV2 

+0A A5<0=B8G=>W 
A53<5=B0FVW 

!01V@ 40=8E <548G=8E 
7>1@065=P 

120 A 210 A 310 A 

!01V@ 40=8E AC?CB=8:>28E 
7>1@065=P 

180 A 360 A 470 A 

!01V@ 40=8E 7>1@065=P 
F8D@>2>3> <8AB5FB20 

90 A 150 A 220 A 

  

 �;O >FV=:8 <0AHB01>20=>ABV 70?@>?>=>20=>3> ?V4E>4C 1C;> ?@>2545=> 

@O4 5:A?5@8<5=BV2 V7 @V7=>N :V;P:VABN 2C7;V2 C @>7?>4V;5=V9 A8AB5<V 715@V30==O 

B0 >1@>1:8 40=8E. ' E>4V 4>A;V465==O 28<V@N202AO G0A 28:>=0==O 

25;8:><0AHB01=>3> 70240==O :;0A8DV:0FVW 7>1@065=P ?@8 ?>ABC?>2><C 

71V;PH5==V :V;P:>ABV 2C7;V2 C A8AB5<V. 

$57C;PB0B8, =02545=V 2 B01;8FV 2.10, 45<>=AB@CNBP 5D5:B82=C 

<0AHB01>20=VABP 70?@>?>=>20=>3> ?V4E>4C 4;O 7040G :;0A8DV:0FVW 7>1@065=P. 

�1V;PH5==O :V;P:>ABV 2C7;V2 4>72>;8;> ACBBє2> A:>@>B8B8 G0A >1@>1:8. *5 

?V4B25@46Cє, I> A8AB5<0 740B=0 040?BC20B8AO 4> 7@>AB0==O >1AO3V2 40=8E V 

70157?5GC20B8 28A>:C ?@>4C:B82=VABP =02VBP C 25;8:8E @>7?>4V;5=8E 

A5@54>28I0E. 

 

&01;8FO 2.10 3  0AHB01>20=VABP 70240==O :;0A8DV:0FVW 7>1@065=P 

�V;P:VABP 2C7;V2 +0A :;0A8DV:0FVW 7>1@065=P 
4 200 A 
8 120 A 
16 80 A 
32 45 A 

 

 /: A2V4G0BP 5:A?5@8<5=B0;P=V 40=V, =02545=V 2 B01;8FV 2.10, 

70?@>?>=>20=89 ?V4EV4 45<>=AB@Cє 28A>:C <0AHB01>20=VABP, I> 

?V4B25@46CєBPAO 7<5=H5==O< G0AC >1@>1:8 70240==O :;0A8DV:0FVW 7>1@065=P 

?@8 71V;PH5==V :V;P:>ABV 2C7;V2 C A8AB5<V. #@8 ?>42>є==V :V;P:>ABV 2C7;V2 7 4 

4> 8, G0A >1@>1:8 7<5=HCєBPAO ?@81;87=> =0 40%. !09:@0I89 @57C;PB0B 



4>AO30єBPAO ?@8 28:>@8AB0==V 32 2C7;V2, 45 G0A :;0A8DV:0FVW 7>1@065=P 

AB0=>28BP ;8H5 45 A5:C=4. *V @57C;PB0B8 ?V4B25@46CNBP 5D5:B82=VABP 

@>7?>4V;5=>W >1@>1:8 B0 ?0@0;5;P=8E >1G8A;5=P C 70?@>?>=>20=><C ?V4E>4V. 

�>=8 B0:>6 2:07CNBP =0 ?>B5=FV0; A8AB5<8 5D5:B82=> >1@>1;OB8 25;8:V 

>1AO38 40=8E 7>1@065=P, =02VBP O:I> @>7<V@ 40=8E V A:;04=VABP 70240==O 

>1@>1:8 7@>AB0NBP.  

� <5B>N >FV=:8 @V2=O 157?5:8 B0 :>=DV45=FV9=>ABV 70?@>?>=>20=>3> 

?V4E>4C 1C;> ?@>2545=> @O4 5:A?5@8<5=BV2 I>4> 5D5:B82=>ABV <5E0=V7<V2 

H8D@C20==O B0 :>=B@>;N 4>ABC?C. �;O 70157?5G5==O @5?@575=B0B82=>ABV 

@57C;PB0BV2 28:>@8AB>2C20;8AP @V7=><0=VB=V =01>@8 40=8E, 7>:@5<0 <548G=V B0 

AC?CB=8:>2V 7>1@065==O, I> 4>72>;8;> 25@8DV:C20B8 A?@><>6=VABP 

@>7@>1;5=>3> ?V4E>4C 70157?5GC20B8 70E8AB :>=DV45=FV9=8E 40=8E [122]. 

 �;O 70157?5G5==O :>=DV45=FV9=>ABV 40=8E 7>1@065=P 70AB>A>20=> 

:><1V=>20=89 ?V4EV4 A8<5B@8G=>3> B0 0A8<5B@8G=>3> H8D@C20==O. 

$50;V7>20=> <5E0=V7< H8D@C20==O 40=8E =0 5B0?V WE ?5@540GV 4> A8AB5<8 

715@V30==O B0 ?>40;PH>3> 45H8D@C20==O ?@8 >B@8<0==V V7 A8AB5<8. � <5B>N 

>FV=:8 5D5:B82=>ABV @>7@>1;5=>3> <5E0=V7<C H8D@C20==O, ?@>2545=> A5@VN 

5:A?5@8<5=BV2 I>4> ?5@52V@:8 2@07;82>ABV A8AB5<8 4> @V7=8E B8?V2 0B0:, 

7>:@5<0 0B0: B8?C «;N48=0 ?>A5@548=V» B0 0B0: 3@C1>W A8;8. 

�:A?5@8<5=B0;P=> 4>2545=> 5D5:B82=VABP 70?@>?>=>20=>3> <5E0=V7<C 

H8D@C20==O I>4> 70E8ABC 40=8E 7>1@065=P 2V4 =5A0=:FV>=>20=>3> 4>ABC?C 

?@8 715@565==V 28A>:>W H284:>4VW ?@>F5AC 45H8D@C20==O.  

�?@>20465=> <5E0=V7< :5@C20==O 4>ABC?>< =0 >A=>2V @>;59 4;O 

70157?5G5==O C<>28, I> ;8H5 02B>@87>20=V :>@8ABC20GV <>6CBP >B@8<C20B8 

4>ABC? V 7<V=N20B8 40=V 7>1@065==O. �87=0G5=> =01V@ @>;59, 7>:@5<0, 

A8AB5<=>3> 04<V=VAB@0B>@0, :C@0B>@0 40=8E V :V=F52>3> :>@8ABC20G0 7 

2V4?>2V4=8<8 @V2=O<8 4>ABC?C 4;O :>6=>W @>;V. ->1 >FV=8B8 5D5:B82=VABP 

<5E0=V7<C :>=B@>;N 4>ABC?C, ?@>2545=> =87:C 5:A?5@8<5=BV2, I>1 ?5@52V@8B8 

2@07;82VABP A8AB5<8 4> @V7=8E B8?V2 0B0:, 2:;NG0NG8 0B0:8 =0 2V4<>2C 2 

>1A;C3>2C20==V B0 SQL-V='є:FV9  [123]. 



 $57C;PB0B8 5:A?5@8<5=BV2 ?V4B25@48;8 5D5:B82=VABP <5E0=V7<C 

:>=B@>;N 4>ABC?C I>4> 70?>1V30==O =5A0=:FV>=>20=><C 4>ABC?C B0 7<V=V 

40=8E 7>1@065=P, V I> A8AB5<0 <>65 H284:> 9 5D5:B82=> >1@>1;OB8 70?8B8 

:>@8ABC20GV2. �>40B:>2> 2?@>20465=> =87:C V=H8E 70E>4V2 157?5:8 B0 

:>=DV45=FV9=>ABV, 2:;NG0NG8 70E8I5=V ?@>B>:>;8 ?5@540GV 40=8E, <5E0=V7<8 

@575@2=>3> :>?VN20==O B0 2V4=>2;5==O, 0 B0:>6 70A>18 02B5=B8DV:0FVW B0 

02B>@870FVW :>@8ABC20GV2 [124]. 

!0 4>40B>: 4> @57C;PB0BV2, >13>2>@5=8E 28I5, B0:>6 >FV=5=> 

5D5:B82=VABP V <0AHB01>20=VABP 40=>3> ?V4E>4C, 7<V=NNG8 @>7<V@ AE>28I0 

7>1@065=P V :V;P:VABP 2C7;V2 C :;0AB5@V Hadoop. $57C;PB0B8 ?>:070;8, I> 40=89 

?V4EV4 <>65 5D5:B82=> ?@0FN20B8 7 25;8:><0AHB01=8<8 AE>28I0<8 

7>1@065=P V7 28A>:>N ?@>4C:B82=VABN B0 <0AHB01>20=VABN. 

#>@V2=O;P=89 0=0;V7 7 VA=CNG8<8 A8AB5<0<8 :5@C20==O AE>28I0<8 

7>1@065=P ?@>45<>=AB@C202 ?5@5203C @>7@>1;5=>3> ?V4E>4C 70 ?>:07=8:0<8 

5D5:B82=>ABV, <0AHB01>20=>ABV B0 B>G=>ABV, I> A2V4G8BP ?@> 9>3> ?@840B=VABP 

4;O 70AB>AC20==O 2 A8AB5<0E 7 ?V428I5=8<8 28<>30<8 4> 70E8ABC 40=8E. 

"B@8<0=V @57C;PB0B8 45<>=AB@CNBP 5D5:B82=VABP @>7@>1;5=>3> ?V4E>4C ?@8 

@>1>BV 7 :>=DV45=FV9=8<8 3@0DVG=8<8 40=8<8 B0 ?V4B25@46CNBP 9>3> 

?@840B=VABP 4;O 28:>@8AB0==O 2 ?@>3@0<=8E A8AB5<0E, O:V ?>B@51CNBP 

AC2>@>3> 4>B@8<0==O 70E>4V2 V=D>@<0FV9=>W 157?5:8. ' FP><C @>74V;V 

?@54AB02;5=> 45B0;P=C V=B5@?@5B0FVN >B@8<0=8E @57C;PB0BV2 4>A;V465==O B0 

WE ?>@V2=O==O 7 @57C;PB0B0<8 ?>?5@54=VE 4>A;V465=P C 30;C7V 0@EVB5:BC@8 B0 

C?@02;V==O AE>28I0<8 7>1@065=P.  

"4=8< V7 :;NG>28E 28A=>2:V2 40=>3> 4>A;V465==O є 7=0G=5 ?>:@0I5==O 

H284:>ABV >1@>1:8 7>1@065=P 7024O:8 70?@>?>=>20=V9 0@EVB5:BC@V. *5 

>A>1;82> 206;82> 2 :>=B5:ABV 7@>AB0NG>3> >1AO3C B0 A:;04=>ABV 7>1@065=P, I> 

28:>@8AB>2CNBPAO 2 B0:8E AD5@0E, O: <548F8=0, 1V>;>3VO B0 V=65=5@VO. �0=89 

?V4EV4 B0:>6 45<>=AB@Cє ?5@A?5:B82=VABP C 28@VH5==V ?@>1;5<, ?>2'O70=8E 7 

157?5:>N B0 :>=DV45=FV9=VABN 40=8E, O:V AB0NBP 2A5 1V;PH 206;828<8 2 

C<>20E @>728B:C B5E=>;>3V9 25;8:8E 40=8E. 



"4=0:, =572060NG8 =0 >B@8<0=V @57C;PB0B8, 70?@>?>=>20=89 ?V4EV4 <0є 

?52=V >1<565==O, O:V ?>B@51CNBP ?>40;PH>3> 4>A;V465==O. !0?@8:;04, 

5D5:B82=VABP 40=>3> ?V4E>4C <>65 70;560B8 2V4 A?5F8DVG=8E E0@0:B5@8AB8: 

>1@>1;N20=8E 7>1@065=P, I> 28<030є 4>40B:>2>3> 282G5==O <>6;82>AB59 

9>3> 70AB>AC20==O C @V7=8E ?@54<5B=8E >1;0ABOE. �@V< B>3>, ?>B@V1=V 4>40B:>2V 

4>A;V465==O 4;O >?B8<V70FVW ?0@0<5B@V2 B0 =0;0HBC20=P <5B>4V2 V B5E=>;>3V9, 

I> 28:>@8AB>2CNBPAO 2 @0<:0E @>7@>1;5=>W 0@EVB5:BC@8 7 <5B>N 4>AO3=5==O 

I5 28I>W ?@>4C:B82=>ABV [125]. 

�JVA>4 9H9>F<6ABEFV F4 @4ELF45B64ABEFV ;4CDBCBAB64AB7B CV8IB8G. 

#5@54CAV< @>73;O=CB> 5D5:B82=VABP 70?@>?>=>20=>W 0@EVB5:BC@8 C 

:>=B5:ABV >?B8<V70FVW C?@02;V==O AE>28I0<8 7>1@065=P. $57C;PB0B8 

5:A?5@8<5=B0;P=8E 4>A;V465=P A2V4G0BP ?@> =0O2=VABP =87:8 ?5@5203 40=>3> 

?V4E>4C ?>@V2=O=> 7 VA=CNG8<8 <5B>40<8. �><1V=>20=5 28:>@8AB0==O 

?>?5@54=P>W >1@>1:8 40=8E, <5B>4V2 AB8A=5==O B0 454C?;V:0FVW, @>7?>4V;5=>W 

>1@>1:8, ?0@0;5;P=8E >1G8A;5=P, 0;3>@8B<V2 <0H8==>3> B0 3;81>:>3> 

=02G0==O, 0 B0:>6 <5E0=V7<V2 157?5:8 B0 :>=DV45=FV9=>ABV 40;> 7<>3C 7=0G=> 

?V428I8B8 H284:VABP >1@>1:8 40=8E B0 7<5=H8B8 >1AO3 =5>1EV4=>3> AE>28I0. 

�>:@5<0, @57C;PB0B8 4>A;V465==O ?@>45<>=AB@C20;8 <>6;82VABP 

A:>@>G5==O G0AC >1@>1:8 4> 75%, 0 =5>1EV4=89 >1AO3 ?0<'OBV 3 4> 90%, 

715@V30NG8 ?@8 FP><C 28A>:C B>G=VABP C :;0A8DV:0FVW B0 ?>HC:C 7>1@065=P. *V 

@57C;PB0B8 45<>=AB@CNBP 5D5:B82=VABP 70?@>?>=>20=>3> ?V4E>4C C 28@VH5==V 

?@>1;5< C?@02;V==O 25;8:8<8 <0A820<8 7>1@065=P C :>=B5:ABV 25;8:8E 40=8E. 

#>@V2=O=> 7 ?>?5@54=V<8 4>A;V465==O<8, 70?@>?>=>20=89 ?V4EV4 <0є 

:V;P:0 C=V:0;P=8E >A>1;82>AB59. #>-?5@H5, 1C;> @>7@>1;5=> :><?;5:A=C B0 

V=B53@>20=C <5B>4>;>3VN C?@02;V==O AE>28I0<8 7>1@065=P, O:0 ?>є4=Cє @V7=V 

<5B>48 B0 B5E=>;>3VW. &0:89 ?V4EV4 4>72>;82 4>AO3B8 >?B8<0;P=8E @57C;PB0BV2 

7 B>G:8 7>@C 5D5:B82=>ABV, <0AHB01>20=>ABV, B>G=>ABV B0 157?5:8. !0 2V4<V=C 

2V4 ?>?5@54=VE 4>A;V465=P, O:V 7451V;PH>3> 7>A5@546C20;8AO =0 >:@5<8E 

0A?5:B0E, B0:8E O: AB8A=5==O 01> :;0A8DV:0FVO, 70?@>?>=>20=89 ?V4EV4 

>1’є4=Cє H8@H89 A?5:B@ B5E=>;>3V9 [126]. 



#>-4@C35, C <560E FP>3> 4>A;V465==O 1C;> @>7@>1;5=> B0 C4>A:>=0;5=> 

<5B>48 ?>?5@54=P>W >1@>1:8 40=8E, AB8A=5==O B0 454C?;V:0FVW, @>7?>4V;5=>W 

>1@>1:8, ?0@0;5;P=8E >1G8A;5=P, 3;81>:>3> =02G0==O B0 70157?5G5==O 

:>=DV45=FV9=>ABV. �024O:8 ?>є4=0==N F8E ?V4E>4V2 240;>AO ?V428I8B8 

5D5:B82=VABP V <0AHB01>20=VABP ?@>F5AV2 C?@02;V==O AE>28I0<8 7>1@065=P. 

!0?@8:;04, AB2>@5=V <>45;V 3;81>:>3> =02G0==O 4;O :;0A8DV:0FVW B0 ?>HC:C 

7>1@065=P 1C;8 =02G5=V =0 25;8:8E V @V7=>@V4=8E =01>@0E 40=8E, I> 4>72>;8;> 

W< 4>AO3B8 28A>:>W B>G=>ABV B0 ?@>4C:B82=>ABV C7030;P=5==O [108, 127]. 

#>-B@5Bє, @57C;PB0B8 4>A;V465==O <0NBP H8@H89 2?;82 =0 AD5@C 

C?@02;V==O 25;8:8<8 40=8<8. �D5:B82=5 ?>є4=0==O <5B>4V2 ?>?5@54=P>W 

>1@>1:8, AB8A=5==O, 454C?;V:0FVW, @>7?>4V;5=>W B0 ?0@0;5;P=>W >1@>1:8, 

<0H8==>3> B0 3;81>:>3> =02G0==O, 0 B0:>6 0;3>@8B<V2 70157?5G5==O 157?5:8 

45<>=AB@Cє ?>B5=FV0; 70AB>AC20==O 70?@>?>=>20=>3> ?V4E>4C =5 ;8H5 C AD5@V 

7>1@065=P, 0 9 4;O V=H8E B8?V2 25;8:8E 40=8E, 7>:@5<0 B5:AB>28E V 

2V45>40=8E [128, 129]. 

!0 >A=>2V >B@8<0=8E @57C;PB0BV2 <>6=0 7@>18B8 28A=>2>:, I> 

70?@>?>=>20=89 <5B>4 є 5D5:B82=8< 4;O ?V428I5==O ?@>4C:B82=>ABV B0 

<0AHB01>20=>ABV A8AB5< C?@02;V==O AE>28I0<8 7>1@065=P. $57C;PB0B8 

?>:070;8 7=0G=5 7<5=H5==O G0AC, =5>1EV4=>3> 4;O >1@>1:8 25;8:8E >1AO3V2 

40=8E 7>1@065=P, ?@8 715@565==V 28A>:>3> @V2=O B>G=>ABV 2 70240==OE 

:;0A8DV:0FVW B0 ?>HC:C. 

�@V< B>3>, ?>@V2=O==O 7 VA=CNG8<8 <5B>40<8 ?>:070;> ?5@5203C 

70?@>?>=>20=>3> ?V4E>4C 70 B0:8<8 :@8B5@VO<8, O: 5D5:B82=VABP B0 B>G=VABP. 

�>4=>G0A VA=CNBP 0A?5:B8, I> ?>B@51CNBP ?>40;PH>3> C4>A:>=0;5==O, 

7>:@5<0 ABV9:VABP A8AB5<8 4> @V7=8E B8?V2 HC<C B0 A?>B2>@5=P 7>1@065=P. 

' <091CB=VE 4>A;V465==OE ?;0=CєBPAO @>7H8@8B8 ?V4EV4, V=B53@C202H8 

?V4E>48 ?V4:@V?;5=>3> =02G0==O (reinforcement learning) B0 B@0=AD5@=>3> 

=02G0==O (transfer learning), I> 40ABP 7<>3C ?>:@0I8B8 ?@>4C:B82=VABP 

0;3>@8B<V2 [130]. �@V< B>3>, ?5@5410G0єBPAO @>7H8@5==O AD5@8 70AB>AC20==O 



70?@>?>=>20=>3> ?V4E>4C =0 2V45>40=V B0 3D-7>1@065==O, 0 B0:>6 >FV=:0 9>3> 

5D5:B82=>ABV C @50;P=8E AF5=0@VOE 70AB>AC20==O. 

�0?@>?>=>20=0 0@EVB5:BC@0 AE>28I0 7>1@065=P C :>=B5:ABV 25;8:8E 

40=8E AB0=>28BP ACBBє289 =0C:>289 2=5A>: C AD5@C C?@02;V==O 7>1@065==O<8. 

�=B53@CNG8 H8@>:89 A?5:B@ <5B>4V2 B0 B5E=>;>3V9, 1C;8 ?>:@0I5=V 

5D5:B82=VABP B0 <0AHB01>20=VABP C?@02;V==O AE>28I0<8 7>1@065=P, 

715@V30NG8 ?@8 FP><C 28A>:C B>G=VABP B0 70157?5GCNG8 157?5:C B0 

:>=DV45=FV9=VABP 40=8E 7>1@065=P. "45@60=V @57C;PB0B8 <0NBP 206;825 

7=0G5==O =5 ;8H5 4;O 30;C7V >1@>1:8 7>1@065=P, 0 9 4;O H8@H>3> =0?@O<C 

C?@02;V==O 25;8:8<8 40=8<8. �>A;V465==O C FV9 AD5@V A?@8OB8<CBP 

?>40;PHV9 >?B8<V70FVW B0 2?@>20465==N =>2VB=VE B5E=>;>3V9 [131].  

�06;82> 2V47=0G8B8, I> >B@8<0=V @57C;PB0B8 :>@5;NNBP 7 @57C;PB0B0<8 

V=H8E 4>A;V4=8:V2 C 30;C7V 3V1@84=8E AE>28I 7>1@065=P. �>:@5<0, Liu et al. 

(2023) [132] C A2>є<C 4>A;V465==V B0:>6 ?@>45<>=AB@C20;8 7=0G=5 ?V428I5==O 

5D5:B82=>ABV >1@>1:8 7>1@065=P ?@8 28:>@8AB0==V 3V1@84=>W 0@EVB5:BC@8, I> 

?>є4=Cє ;>:0;P=5 B0 E<0@=5 715@V30==O. *5 ?V4B25@46Cє 5D5:B82=VABP 

70?@>?>=>20=>3> ?V4E>4C B0 2:07Cє =0 ?5@A?5:B82=VABP ?>40;PH8E 4>A;V465=P 

C FP><C =0?@O<:C. 

&0:8< G8=><, ?@>2545=5 4>A;V465==O A?@8Oє @>728B:C 0@EVB5:BC@8 

AE>28I 7>1@065=P B0 C?@02;V==O =8<8, I> є 0:BC0;P=8< 70240==O< 2 5?>EC 

25;8:8E 40=8E. �024O:8 ?V428I5==N 5D5:B82=>ABV B0 <0AHB01>20=>ABV 

C?@02;V==O AE>28I0<8 7>1@065=P, 70?@>?>=>20=89 ?V4EV4 <>65 4>?><>3B8 

>@30=V70FVO< 5D5:B82=> C?@02;OB8 A2>W<8 40=8<8 B0 >B@8<C20B8 7 =8E FV==C 

V=D>@<0FVN. �@V< B>3>, F59 ?V4EV4 <>6=0 70AB>AC20B8 4> V=H8E B8?V2 25;8:8E 

40=8E, B0:8E O: B5:AB>2V B0 2V45>40=V, I> @>18BP 9>3> 7=0G=8< 2=5A:>< C 

H8@HC AD5@C C?@02;V==O 25;8:8<8 40=8<8 [133]. 

�C;> 287=0G5=> 45:V;P:0 =0?@O<:V2 4;O ?>40;PH8E 4>A;V465=P V 

@>7@>1>:, 2:;NG0NG8 70AB>AC20==O 70?@>?>=>20=>3> ?V4E>4C 4> V=H8E B8?V2 

25;8:8E 40=8E, 4>A;V465==O =>28E <5B>4V2 V 0;3>@8B<V2 ?>?5@54=P>W >1@>1:8 

40=8E, AB8A=5==O B0 454C?;V:0FVW, @>7?>4V;5=>W >1@>1:8 B0 ?0@0;5;P=8E 



>1G8A;5=P, <0H8==>3> =02G0==O B0 3;81>:>3> =02G0==O, 157?5:8 B0 

:>=DV45=FV9=>ABV. �06;828< є B0:>6 4>A;V465==O ?@0:B8G=8E =0A;V4:V2 B0 

>1<565=P 70?@>?>=>20=>3> ?V4E>4C 2 @V7=8E AF5=0@VOE @50;P=>3> A2VBC [134]. 

�:A?5@8<5=B0;P=V @57C;PB0B8 ?>:070;8, I> 70?@>?>=>20=89 ?V4EV4 є 

7=0G=8< ?@>3@5A>< C AD5@V C?@02;V==O 40=8<8 7>1@065=P V <>6=0 22060B8, I> 

2V= <0є 7=0G=89 ?>B5=FV0; 4;O H8@H>3> 70AB>AC20==O 2 30;C7V C?@02;V==O 

25;8:8<8 40=8<8. !0 >A=>2V >B@8<0=8E @57C;PB0BV2 4>A;V465==O, 

@5:><5=4CєBPAO 2?@>20465==O @>7@>1;5=>3> ?V4E>4C 2 >@30=V70FVOE, I> 

?@0FNNBP 7 25;8:8<8 >1AO30<8 2V7C0;P=8E 40=8E. *5 4>72>;8BP >?B8<V7C20B8 

?@>F5A8 C?@02;V==O 7>1@065==O<8 B0 ?V428I8B8 5D5:B82=VABP 28;CG5==O 

:>@8A=>W V=D>@<0FVW. 

#5@A?5:B82=8<8 =0?@O<:0<8 ?>40;PH8E =0C:>28E ?>HC:V2 є 

24>A:>=0;5==O 70?@>?>=>20=8E <5B>4V2, @>7H8@5==O WE DC=:FV>=0;P=>ABV B0 

4>A;V465==O <>6;82>AB59 70AB>AC20==O @>7@>1;5=>3> ?V4E>4C 4> V=H8E B8?V2 

25;8:><0AHB01=8E 40=8E. #@>4>265==O 4>A;V465=P C FV9 30;C7V A?@8OB8<5 

@>728B:C V==>20FV9=8E B5E=>;>3V9 >1@>1:8 B0 0=0;V7C @V7=>@V4=>W V=D>@<0FVW 2 

C<>20E AB@V<:>3> 7@>AB0==O >1AO3V2 40=8E. 

 

�8A=>2:8 4> @>74V;C 2 
1. �0?@>?>=>20=> V==>20FV9=89 ?V4EV4 4> 0@EVB5:BC@8 AE>28I0 

7>1@065=P, O:89 ?5@5410G0є ?>є4=0==O ?>?5@54=P>W >1@>1:8 40=8E, AB8A=5==O 

B0 454C?;V:0FVW, @>7?>4V;5=>W >1@>1:8 B0 ?0@0;5;P=8E >1G8A;5=P, <0H8==>3> 

B0 3;81>:>3> =02G0==O, 0 B0:>6 157?5:8 B0 :>=DV45=FV9=>ABV.  

2. �0?@>?>=>20=> >?B8<V7>20=89 <5B>4 V=45:A0FVW 7>1@065=P, O:89 

?>є4=Cє :;0AB5@870FVN >7=0:, D>@<C20==O 25:B>@=8E 45A:@8?B>@V2 V 

28:>@8AB0==O V=25@A=>3> V=45:AC. 

3. �:A?5@8<5=B0;P=V @57C;PB0B8 ?@>45<>=AB@C20;8, I> 70?@>?>=>20=89 

?V4EV4 7=0G=> ?V428ICє 5D5:B82=VABP V <0AHB01>20=VABP C?@02;V==O AE>28I5< 

7>1@065=P, 715@V30NG8 28A>:C B>G=VABP V 30@0=BCNG8 157?5:C B0 

:>=DV45=FV9=VABP 40=8E 7>1@065=P. 



4. �>2545=>, I> 70?@>?>=>20=89  ?V4EV4 <0є :V;P:0 C=V:0;P=8E 

>A>1;82>AB59, є :><?;5:A=8< V FV;VA=8< ?V4E>4>< 4> :5@C20==O 40=8<8 

7>1@065=P, 2:;NG0є @>7@>1:C =>28E V 24>A:>=0;5=8E <5B>4V2 ?>?5@54=P>W 

>1@>1:8 40=8E, AB8A=5==O B0 454C?;V:0FVN, @>7?>4V;5=C >1@>1:C B0 ?0@0;5;P=V 

>1G8A;5==O, <0H8==5 B0 3;81>:5 =02G0==O, 157?5:C B0 :>=DV45=FV9=VABP B0 

7=0G=V =0A;V4:8 4;O H8@H>W AD5@8 C?@02;V==O 25;8:8<8 40=8<8. 

5. �=0;V7 @>1VB C AD5@V C?@02;V==O 40=8<8 7>1@065=P V :5@C20==O 

25;8:8<8 40=8<8 ?>:0702, I> F59 ?V4EV4 є 7=0G=8< ?@>3@5A>< C ?>@V2=O==V 7 

VA=CNG8<8 <5B>40<8. �V= ґ@C=BCєBPAO =0 ?>?5@54=VE 4>A;V465==OE H;OE>< 

V=B53@0FVW H8@>:>3> A?5:B@C <5B>4V2 7 @V7=8E 30;C759 B0 WE A:>>@48=>20=>3> B0 

V=B53@>20=>3> 70AB>AC20==O 4;O 28@VH5==O ?@>1;5< C?@02;V==O 40=8<8 

7>1@065=P 2 5?>EC 25;8:8E 40=8E. 

6. $>7@>1;5=> @5:><5=40FVW >@30=V70FVO< 70AB>AC20B8 70?@>?>=>20=89 

?V4EV4, I>1 5D5:B82=> :5@C20B8 A2>W<8 40=8<8 7>1@065=P V >B@8<C20B8 7 =8E 

FV==C V=D>@<0FVN. $5:><5=4>20=> ?>40;PHV 4>A;V465==O B0 @>7@>1:8 2 FV9 

30;C7V, I>1 ?>:@0I8B8 B0 @>7H8@8B8 40=89 ?V4EV4, 0 B0:>6 282G8B8 9>3> 

70AB>AC20==O 4> V=H8E B8?V2 25;8:8E 40=8E. 

 

  



3 $"�$"��� ��"�+��! %�%&� � ��/ ���$���!!/ &� 
��)�%&' �"�$���!Ь  

 

' B@5BP><C @>74V;V 48A5@B0FVW 7>A5@5465=> C203C =0 @>7@>1FV 1;>:G59=-

A8AB5< 4;O 715@V30==O 7>1@065=P, 0=0;V7V WE=VE 0@EVB5:BC@, ?@0:B8G=><C 

70AB>AC20==V B0 V=B53@0FVW 7 VA=CNG8<8 IT-V=D@0AB@C:BC@0<8. �8:>=0=> 
>1ґ@C=BC20==O C<>2 28:>@8AB0==O 1;>:G59= B5E=>;>3V9 4;O 715@V30==O B0 

70E8ABC 7>1@065=P. "1ґ@C=B>20=V C<>28 28:>@8AB0==O 1;>:G59= B5E=>;>3V9 

4;O 715@V30==O B0 70E8ABC 7>1@065=P. #@>2545=> 0=0;V7 7040G AB8A=5==O 

7>1@065=P 4;O 715@V30==O C 45F5=B@0;V7>20=8E 1;>:G59= AE>28I0E, 0 B0:>6 

0=0;V7 <5B>4V2 B0 B5E=>;>3V9 AB8A=5==O 7>1@065=P. #@54AB02;5=> @>7@>1;5=89 

<5B>4 0=0;V7C AB8A=5==O 7>1@065=P 4;O 715@V30==O 2 45F5=B@0;V7>20=8E 

1;>:G59= AE>28I0E. �0?@>?>=>20=> 0@EVB5:BC@C 1;>:G59=-A8AB5< 4;O 70E8ABC 

7>1@065=P, =02545=> ?@0:B8G=5 70AB>AC20==O 1;>:G59=C 4;O 715@V30==O 

7>1@065=P. #>:070=V ?@>1;5<8 B0 ?5@52038 28:>@8AB0==O 1;>:G59=-A8AB5< 4;O 

715@V30==O 7>1@065=P. 

 

3.1 "1ґ@C=BC20==O C<>2 28:>@8AB0==O 1;>:G59= B5E=>;>3V9 4;O 
715@V30==O B0 70E8ABC 7>1@065=ь  

%CG0A=89 =0C:>289 ?@>3@5A 0:B82=> ?@>AC20є B5E=>;>3VW, 28?5@5460NG8 

WE=V9 @>728B>: V 2?@>20465==O =>2>22545=P. $0=VH5 4;O 715@V30==O 25;8:>3> 

>1AO3C 7>1@065=P 4>2>48;>AO 28B@0G0B8 7=0G=89 G0A V @5AC@A8. &5?5@ <0965 

:>6=0 :><?0=VO A?@O<>20=0 =0 ?>;V?H5==O ?@>F5AC 715@V30==O H;OE>< 

V=B53@0FVW A8AB5< AB8A=5==O 7>1@065=P C A2>W ?@>4C:B8. 

%8AB5<8 AB8A=5==O 740B=V ?@0FN20B8 7 @V7=8<8 B8?0<8 40=8E, B0:8<8 O: 

7>1@065==O, 72C:, 2V45>, B5:AB B>I>. �>=8 2V4@V7=ONBPAO >4=0 2V4 >4=>W A2>єN 

0@EVB5:BC@>N, B8?>< ?0<’OBV, B>I>. �:BC0;P=VABP >?@0FN20==O 40=>W B5<8 

?>;O30є 2 B><C, I> 70 >AB0==V @>:8 2 30;C7V 715@V30==O 40=8E 7@>A;0 ?>B@510 C 

=04V9=8E V 157?5G=8E <5B>40E 70157?5G5==O :>=DV45=FV9=>ABV B0 FV;VA=>ABV 

V=D>@<0FVW. � :>=B5:ABV @>728B:C B5E=>;>3V9 7>1@065=P, 28=8:0є 25;8:0 



?>B@510 C 715@565==V B0 >1<V=V F8<8 40=8<8 2 157?5G=8E B0 =04V9=8E C<>20E. 

&0:8< G8=><, 282G5==O <5B>4V2 AB8A=5==O 7>1@065=P 4;O WE 715@V30==O C 

1;>:G59=-AE>28IV <0є 25;8:5 ?@0:B8G=5 7=0G5==O C ACG0A=><C 

V=D>@<0FV9=><C A5@54>28IV. ' FP><C 4>A;V465==V 28@VH5=> 4>A;V48B8 <5B>48 

AB8A=5==O 7>1@065=P 4;O WE 5D5:B82=>3> 715@V30==O C 1;>:G59=-AE>28IV 

>A:V;P:8 B5E=>;>3VO 1;>:G59=C [135] ?@>?>=Cє @O4 ?5@5203 4;O 715@V30==O 

40=8E, B0:8E O: ?V428I5=0 157?5:0, =04V9=VABP B0 <0AHB01>20=VABP. 

 5B>N FP>3> @>74V;C @>1>B8 є 287=0G5==O =091V;PH 5D5:B82=>3> <5B>4C 

AB8A=5==O 7>1@065=P 4;O 715@V30==O 2 1;>:G59= AE>28I0E 7 B>G:8 7>@C @>7<V@C 

D09;C, O:>ABV 7>1@065==O B0 ?@>4C:B82=>ABV ?5@540GV 40=8E. "1'є:B>< 

4>A;V465==O є 5D5:B82=VABP <5B>4V2 AB8A=5==O 7>1@065=P, O:V 

28:>@8AB>2CNBPAO 4;O 715@V30==O C 1;>:G59= AE>28I0E. #@54<5B>< 

4>A;V465==O є ?@>F5A AB8A=5==O 7>1@065=P B0 9>3> 2?;82 =0 @>7<V@ D09;V2 B0 

O:VABP 7>1@065==O. 

 5B>40<8 4>A;V465==O є ?@>2545==O 5:A?5@8<5=BV2 7V AB8A=5==O< 

7>1@065=P @V7=8<8 <5B>40<8 B0 0=0;V7 @57C;PB0BV2 70 4>?><>3>N 

A?5FV0;V7>20=8E ?@>3@0<=8E V=AB@C<5=BV2. 

"B@8<0=V @57C;PB0B8 <>6CBP 1CB8 28:>@8AB0=V 4;O ?>:@0I5==O ?@>F5AC 

715@V30==O 7>1@065=P C 1;>:G59= AE>28I0E, 0 B0:>6 <>6CBP ?>A;C68B8 

>A=>2>N 4;O ?>40;PH8E 4>A;V465=P C 30;C7V AB8A=5==O 40=8E C 

45F5=B@0;V7>20=8E A8AB5<0E [79]. 

 

3.1.1 �8@VH5==O 7040GV AB8A=5==O 7>1@065=ь 4;O 715@V30==O C 
45F5=B@0;V7>20=8E 1;>:G59= AE>28I0E  

' ?V4@>74V;V @>73;O=CB> <5B>48 AB8A=5==O 7>1@065=P 4;O 715@V30==O C 

45F5=B@0;V7>20=8E 1;>:G59=-AE>28I0E, 7>:@5<0 2 A8AB5<V IPFS. 

70?@>?>=>20=> <5B>4>;>3VN >FV=:8 5D5:B82=>ABV @V7=8E 0;3>@8B<V2 AB8A=5==O 

7>1@065=P, I> 2:;NG0є O: AB8A=5==O 157 2B@0B (PNG, TIFF, GIF), B0: V 

AB8A=5==O 7 2B@0B0<8 (JPEG, WEBP). �8:>=0=> ?>@V2=O==O ?>:07=8:V2 @>7<V@C 

D09;V2, O:>ABV 7>1@065=P (70 4>?><>3>N <5B@8:8 PSNR), G0AC 7020=B065==O 2 



IPFS B0 ?@>?CA:=>W 740B=>ABV 4;O :>6=>3> <5B>4C AB8A=5==O. IPFS є 

>?B8<0;P=8< 281>@><, ?>@V2=O=> 7 V=H8<8 45F5=B@0;V7>20=8<8 AE>28I0<8 

(=0?@8:;04, Swarm, Arweave). ' @>1>B0E [136] 707=0G5=>, I> IPFS 45<>=AB@Cє 

:@0IC H284:VABP 4>ABC?C, 0 B0:>6 5D5:B82=> ?@0FNє 2 ?>є4=0==V 7 A<0@B-

:>=B@0:B0<8 Ethereum. � A2>N G5@3C, Ethereum 70157?5GCє @>7H8@5=C 

?V4B@8<:C A<0@B-:>=B@0:BV2 (?>@V2=O=> 7 V=H8<8 <5@560<8). Є <>6;82VABP 

28:>@8AB0==O Layer 2-@VH5=P (=0?@8:;04, Polygon) 4;O 7<5=H5==O 20@B>ABV 

B@0=70:FV9.  

�;O :>6=>3> 7>1@065==O 28<V@NєBPAO E5H, O:89 715@V30єBPAO C A<0@B-

:>=B@0:BV 2 ;>:0;P=V9 1;>:G59=-<5@56V, @>73>@=CBV9 70 4>?><>3>N Ganache. 

�8:>@8AB0==O B0:8E <5B>4V2 4>72>;Oє >?B8<V7C20B8 715@V30==O B0 ?5@540GC 

7>1@065=P C 1;>:G59=-AE>28I0, 70157?5GCNG8 10;0=A <V6 O:VABN 7>1@065=P, 

@>7<V@>< D09;V2 B0 H284:VABN 4>ABC?C. 

%?>G0B:C @>73;O=5<> VA=CNGV B5E=>;>3VW 715@565==O 7>1@065=P C 

1;>:G59= AE>28I0E. �>1@065==O, O:V 28:>@8AB>2CNBPAO 2 ACG0A=8E 

V=D>@<0FV9=8E A8AB5<0E, 70728G09 <0NBP 25;8:89 >1AO3 40=8E V ?>B@51CNBP 

5D5:B82=8E <5B>4V2 715@V30==O B0 ?5@540GV. �;>:G59= AE>28I0 0:B82=> 

4>A;V46CNBPAO 4;O 715@V30==O 7>1@065=P, >A:V;P:8 2>=8 ?@>?>=CNBP 

45F5=B@0;V7>20=C, 157?5G=C B0 ?@>7>@C V=D@0AB@C:BC@C 4;O 715@V30==O 40=8E 

[78]. "4=0:, 206;82> 707=0G8B8, I> 28:>@8AB0==O 1;>:G59=C 4;O 715@V30==O 

7>1@065=P <0є A2>W 28:;8:8. "A=>2=8<8 ?@>1;5<0<8 є <0AHB01>20=VABP, 

5=5@3>5D5:B82=VABP B0 H284:VABP >1@>1:8 B@0=70:FV9. �;O 28@VH5==O F8E 

?@>1;5< ?@>?>=CєBPAO 28:>@8AB0==O 3V1@84=8E <>45;59, O:V ?>є4=CNBP 

?5@52038 1;>:G59=C B0 B@048FV9=8E A8AB5< 715@V30==O 40=8E [79]. 

$>73;O=5<> =09?>?C;O@=VH5 1;>:G59= AE>28I5 3 IPFS. �>=> 0:B82=> 

28:>@8AB>2CєBPAO O: ?@>B>:>; :><C=V:0FVW B0 @>7?>4V;C 40=8E, ?>1C4>20=89 =0 

>A=>2V 1;>:G59= B5E=>;>3VW. *5 1;>:G59= AE>28I5, I> ?@>?>=Cє 

45F5=B@0;V7>20=C 0@EVB5:BC@C 4;O 715@V30==O B0 >1<V=C 40=8<8 [137]. #@8 

281>@V IPFS 4;O 715@V30==O 7>1@065=P C 1;>:G59= AE>28I0E 2@0E>2CNBPAO 

:V;P:0 206;828E G8==8:V2. IPFS 28@V7=OєBPAO A2>єN 45F5=B@0;V7>20=VABN B0 



<0AHB01>20=VABN, I> @>18BP 9>3> ?@8201;828< 20@V0=B>< 4;O 715@V30==O 

40=8E. *O E0@0:B5@8AB8:0 H8@>:> ?>є4=CєBPAO 7 >A=>2=8<8 ?@8=F8?0<8 

1;>:G59= B5E=>;>3VW, I> 70157?5GCє =04V9=VABP B0 157?5:C 40=8E [79]. 

�@EVB5:BC@0 IPFS 107CєBPAO =0 :>=F5?FVW @>7?>4V;5=>W <5@56V 7 

4>40B:>28< H0@>< 1;>:G59= B5E=>;>3VW. �>65= 2C7>; <5@56V <>65 1CB8 O: 

:;Vє=B><, I> 715@V30є 40=V, B0: V ?>AB0G0;P=8:>< :>=B5=BC [138]. �>;8 :;Vє=B 

70?8BCє 4>ABC? 4> ?52=>3> D09;C 70 9>3> E5H5<, <5@560 02B><0B8G=> 

7=0E>48BP =091;86G89 2C7>;, O:89 <0є F59 D09;, B0 ?5@540є 9>3> :;Vє=BC G5@57 

1;>:G59= (@8A. 3.1). 

 

$8AC=>: 3.1 3 �@EVB5:BC@0 ACG0A=8E 1;>:G59= AE>28I 

 

�>40B:>2>,  2 ACG0A=><C A2VBV IPFS 0:B82=> 28:>@8AB>2CNBP 2 V=B53@0FVW 

7 1;>:G59= B5E=>;>3VєN, I> 4>72>;Oє 70157?5G8B8 ?@>7>@VABP B0 FV;VA=VABP 

715@565=8E 40=8E. "A:V;P:8 :>65= D09; >B@8<Cє C=V:0;P=89 E5H [139], 2V= 

<>65 1CB8 ;53:> 70?8A0=89 2 1;>:G59=, 70157?5GCNG8 =57<V==VABP 40=8E B0 

?5@52V@:C WE=P>W FV;VA=>ABV (@8A. 3.2). 

 

$8AC=>: 3.2 3 �70є<>4VO IPFS 7 1;>:G59= <5@565N 

                

                                    

                                    

                                    

                    

                             

                                

               

    

    

           

           

        

        

         

        

                                                        
                           

                                



�;O =0>G=>ABV AB@C:BC@8 270є<>4VW :><?>=5=BV2 3V1@84=>3> AE>28I0, 

=86G5 =02545=> UML Component Diagram 0@EVB5:BC@8 A8AB5<8 7 C@0EC20==O< 

IPFS, A<0@B-:>=B@0:BV2 B0 7>2=VH=VE :;Vє=BV2 (@8A.3.3). 

 

$8AC=>: 3.3 3 �V03@0<0 0@EVB5:BC@8 A8AB5<8 (IPFS, A<0@B-:>=B@0:B8, 7>2=VH=V 

:;Vє=B8) 

 

�@0E>2CNG8 ?>ABV9=89 @>728B>: IPFS B0 0:B82=V 4>A;V465==O 2 30;C7V 

1;>:G59= B5E=>;>3V9, >1@0==O FP>3> 1;>:G59= AE>28I0 4;O 715@V30==O 

7>1@065=P 2V4:@820є H8@>:V ?5@A?5:B828 4;O ?>40;PH>3> @>728B:C B0 

24>A:>=0;5==O FVєW V=D@0AB@C:BC@8. "4=0:, 2@0E>2CNG8 2AV ?5@52038 

28:>@8AB0==O IPFS O: 1;>:G59= AE>28I0, 2>=> B0:>6 <0є A2>W =54>;V:8, B0:V O: 

>1<565=0 ?@>?CA:=0 740B=VABP <5@56V. *5 >1>2’O7:>2> 2@0E>2CєBPAO ?@8 

281>@V <5B>4V2 AB8A=5==O (B01;.3.1). 

 



&01;8FO 3.1 3 �:BC0;P=V ?5@52038 B0 =54>;V:8 715@V30==O 7>1@065=P 2 

45F5=B@0;V7>20=8E AE>28I0E 

)0@0:B5@8AB8:0 #;NA8  V=CA8 

�5F5=B@0;V7>20=VABP �0157?5GCє 28A>:89 @V25=P 157?5:8 
B0 =04V9=>ABV 40=8E, >A:V;P:8 40=V 
@>7?>4V;ONBPAO ?> @V7=8E 2C7;0E 
<5@56V 

"1<565=0 ?@>?CA:=0 
740B=VABP, >A>1;82> 2 
3;>10;P=V9 <5@56V 

 0AHB01>20=VABP �40B=89 5D5:B82=> >1@>1;OB8 
25;8:V >1AO38 40=8E B0 270є<>4VOB8 7 
25;8:>N :V;P:VABN :>@8ABC20GV2 

#@>1;5<8 7 ?@>?CA:=>N 
740B=VABN ?@8 25;8:8E >1AO30E 
40=8E 

'=V:0;P=VABP E5HC �>65= D09; >B@8<Cє C=V:0;P=89 
E5H, I> 30@0=BCє FV;VA=VABP B0 
157?5:C 40=8E 

 >6;82VABP 2B@0B8 4>ABC?C 4> 
40=8E C @07V 2B@0B8 E5HC 

#@>7>@VABP 40=8E       �0157?5GCє ?@>7>@VABP B0 2V4:@8B89 
4>ABC? 4> 40=8E  

 #@>1;5<8 7 :>=DV45=FV9=VABN 
40=8E B0 ?@820B=VABN 

�0@BVABP 715@V30==O    �0@BVABP 715@V30==O 40=8E 70728G09 
=86G0 ?>@V2=O=> 7 
F5=B@0;V7>20=8<8 @VH5==O<8  

 �8B@0B8 =0 <5@5652C 
0:B82=VABP B0 <0=V?C;OFVW 
40=8<8 

 

"B65, 281V@ 2V4?>2V4=8E <5B>4V2 AB8A=5==O є :;NG>28< 4;O 

70157?5G5==O 5D5:B82=>3>, 5:>=><VG=>3> B0 157?5G=>3> 715@V30==O 7>1@065=P 

C 1;>:G59= AE>28I0E [79].  

!0 @8AC=:C 3.4 ?@54AB02;5=0 UML-4V03@0<0 ?>A;V4>2=>ABV, O:0 V;NAB@Cє 

?@>F5A 715@565==O 7>1@065=P B0 :>=B@>;N 4>ABC?C C 3V1@84=><C AE>28IV. 

�>@8ABC20G 7020=B06Cє 7>1@065==O, O:5 ?@>E>48BP ?>?5@54=N >1@>1:C B0 

D@03<5=B0FVN. #VA;O FP>3> D@03<5=B8 ?5@540NBPAO 4> IPFS 4;O 715@V30==O, 0 

735=5@>20=V E5HV @5єAB@CNBPAO C 1;>:G59=V Hyperledger. �>=B@>;P 4>ABC?C 

@50;V7CєBPAO G5@57 A<0@B-:>=B@0:B, I> 4>72>;Oє :>@8ABC20G52V >B@8<0B8 

2V4?>2V4=89 :;NG 4>ABC?C ?VA;O ?@>E>465==O 2AVE 5B0?V2 >1@>1:8. 

*O <>45;P 4>72>;Oє 7<5=H8B8 4C1;N20==O 40=8E B0 ?V428I8B8 70E8AB 

2V4 =5A0=:FV>=>20=>3> 4>ABC?C. �8:>@8AB0==O IPFS A?@>ICє @>7?>4V;5=5 

715@565==O, 0 1;>:G59= Hyperledger 70157?5GCє ?5@52V@:C FV;VA=>ABV B0 

V45=B8DV:0FVN 2;0A=8:0 7>1@065==O. 

 



 

$8AC=>: 3.4 3 UML-4V03@0<0 ?>A;V4>2=>ABV 270є<>4VW IPFS B0 Hyperledger C 

?@>F5AV 715@565==O 7>1@065=P 

 

3.1.2 "1ґ@C=BC20==O 70AB>AC20==O <5B>4V2 B0 B5E=>;>3V9 AB8A=5==O 
7>1@065=ь 

"?B8<V70FVO AB8A=5==O :@8B8G=> 206;820 4;O 5D5:B82=>3> 

28:>@8AB0==O 1;>:G59=-AE>28I. +5@57 >1<565==O @>7<V@C 1;>:V2 C 

Hyperledger B0 IPFS =5>1EV4=> 040?BC20B8 0;3>@8B<8 :><?@5AVW, I>1 715@V30B8 

25;8:V >1’є<8 40=8E 157 2B@0B8 206;82>W V=D>@<0FVW. ' FP><C ?V4@>74V;V 

@>73;O40NBPAO <5B>48 AB8A=5==O, O:V ?V4E>4OBP 4;O 1;>:G59=-V=D@0AB@C:BC@8. 

&5E=>;>3VW AB8A=5==O 7>1@065=P <>6=0 @>74V;8B8 =0 420 B8?8 3 

AB8A=5==O 7 2B@0B0<8 B0 AB8A=5==O 157 2B@0B. %B8A=5==O 7 2B@0B0<8 3 <5B>4, 

O:89 4>72>;Oє 7=0G=> 7<5=H8B8 @>7<V@ D09;C 70 @0EC=>: 2B@0B8 O:>ABV 

7>1@065==O. *59 <5B>4 4>72>;Oє 4>AO3B8 7=0G=>3> 7<5=H5==O @>7<V@C D09;C 

157 ?><VB=8E 2B@0B O:>ABV. %B8A=5==O 157 2B@0B 3 <5B>4, O:89 4>72>;Oє 715@53B8 

?>G0B:>2C O:VABP 7>1@065==O. "4=0:, F59 <5B>4, O: ?@028;>, =5 4>72>;Oє 

4>AO3B8 B0:>3> 7=0G=>3> 7<5=H5==O @>7<V@C D09;C, O: AB8A=5==O 7 2B@0B0<8. 

�> ?;NAV2 2B@0B=>3> AB8A:0==O <>6=0 2V4=5AB8 28A>:C 5D5:B82=VABP. 

�B@0B=5 AB8A=5==O <>65 70157?5G8B8 7=0G=> 1V;PH89 ABC?V=P AB8A=5==O, =V6 

1572B@0B=5. *5 <>65 ?@8725AB8 4> 7=0G=>W 5:>=><VW <VAFO =0 48A:C, ?V428I5==O 

?@>?CA:=>W 740B=>ABV <5@56V B0 ?>:@0I5==O 5D5:B82=>ABV >1@>1:8 7>1@065=P.  



&8< G0A>< 4> <V=CAV2 2B@0B=>3> AB8A:0==O 70728G09 2V4=>AOBP 2B@0BC 

O:>ABV. �B@0B=5 AB8A:0==O ?5@5410G0є 2840;5==O 45O:>W V=D>@<0FVW 7 

7>1@065==O. *5 <>65 ?@8725AB8 4> 2B@0B8 45B0;59, 7<V=8 :>;P>@C 01> 

:>=B@0ABC. &0:>6 A5@54 <V=CAV2 70728G09 @>73;O40NBP =5<>6;82VABP 

2V4=>2;5==O 40=8E. �B@0B82H8 V=D>@<0FVN, O:C 1C;> 2840;5=> ?@8 AB8A:0==V, 

WW =5<>6;82> 2V4=>28B8 [79].  

�B@0B=5 AB8A=5==O H8@>:> 70AB>A>2CєBPAO 4;O >1@>1:8 7>1@065=P, 45 

=57=0G=0 2B@0B0 45B0;V70FVW є 4>?CAB8<>N V =5 2?;820є ACBBє2> =0 WE 

A?@89=OBBO. �8:>@8AB0==O <5B>4V2 2B@0B=>3> AB8A=5==O, 4>72>;Oє 7=0G=> 

7<5=H8B8 @>7<V@ D09;C 70 @0EC=>: G0AB:>2>3> 7<5=H5==O O:>ABV 7>1@065==O, 

I> є ?@89=OB=8< :><?@><VA>< C 1030BP>E 28?04:0E. *V <5B>48 107CNBPAO =0 

0;3>@8B<0E, I> 2V4:840NBP 01> C7030;P=NNBP 45O:V 45B0;V 7>1@065==O, O:V 

<5=H ?><VB=V 4;O ;N4AP:>3> >:0, 715@V30NG8 ?@8 FP><C 7030;P=C 2V7C0;P=C 

O:VABP. �> ?5@5203 1572B@0B=>3> AB8A:0==O 2V4=>AOBP 715@565==O O:>ABV. 

�572B@0B=5 AB8A:0==O =5 ?@872>48BP 4> 2B@0B8 V=D>@<0FVW V7 7>1@065==O. *5 

>7=0G0є, I> AB8A=5=5 7>1@065==O 1C45 ?>2=VABN 2V4?>2V40B8 >@83V=0;P=><C. 

�;5 >A=>2=89 <V=CA 1572B@0B=>3> AB8A:0==O 3 F5 9>3> =87P:0 5D5:B82=VABP. 

�572B@0B=5 AB8A=5==O 70728G09 70157?5GCє =86G89 ABC?V=P AB8A=5==O, =V6 

2B@0B=5. *5 >7=0G0є, I> 4;O 715@V30==O AB8A=5=8E 7>1@065=P <>65 

7=04>18B8AO 1V;PH5 <VAFO =0 48A:C 01> ?@>?CA:=>W 740B=>ABV <5@56V.  

�572B@0B=5 AB8A:0==O 28:>@8AB>2CєBPAO 2 @V7=8E >1;0ABOE, 45 

715@565==O O:>ABV 7>1@065=P є 28@VH0;P=8< 0A?5:B><. !0?@8:;04, C <548G=V9 

AD5@V 01> ?@8 >1@>1FV 7>1@065=P 4;O 4@C:C, :>;8 206;82> 715@53B8 2AV 206;82V 

45B0;V B0 B>G=VABP, B><C 1572B@0B=V <5B>48 AB8A:0==O є =52V4'є<=>N G0AB8=>N 

?@>F5AC AB8A=5==O 7>1@065=P. �8:>@8AB0==O 1572B@0B=>3> AB8A:0==O 4>72>;Oє 

7<5=H8B8 >1AO3 40=8E, 715@V30NG8 ?@8 FP><C 28A>:89 @V25=P O:>ABV, I> @>18BP 

9>3> =570<V==8< V=AB@C<5=B>< C ACG0A=V9 >1@>1FV 7>1@065=P [79].  

!0@07V 281V@ <5B>4C AB8A=5==O 70;568BP 2V4 :>=:@5B=>3> 70AB>AC20==O. 

�;O 7>1@065=P 7 28A>:>N 45B0;V70FVєN, 4;O O:8E 2B@0B0 O:>ABV =5 є 

4>?CAB8<>N, A;V4 28:>@8AB>2C20B8 1572B@0B=5 AB8A=5==O. �;O 7>1@065=P, 4;O 



O:8E 206;820 ?@>?CA:=0 740B=VABP 01> @>7<V@ D09;C, <>6=0 28:>@8AB>2C20B8 

2B@0B=5 AB8A=5==O. �06;82> 707=0G8B8, I> 281V@ <5B>4C AB8A=5==O <>65 

ACBBє2> 2?;8=CB8 =0 5D5:B82=VABP 715@V30==O 7>1@065=P C 1;>:G59=-A8AB5<0E. 

�>A;V465==O [140] ?>:070;>, I> 28:>@8AB0==O 040?B82=8E <5B>4V2 AB8A=5==O, 

O:V 2@0E>2CNBP A?5F8DV:C 1;>:G59=-0@EVB5:BC@8, <>65 7=0G=> ?>:@0I8B8 

5D5:B82=VABP 715@V30==O B0 H284:VABP 4>ABC?C 4> 7>1@065=P. 

#VA;O B>3>, O: ?@>0=0;V7>20=0 0:BC0;P=VABP 4>A;V465==O <5B>4V2 

AB8A=5==O 7>1@065=P C :>=B5:ABV WE 715@V30==O 2 1;>:G59=-AE>28I0E, 

=0ABC?=8< :@>:>< є 0=0;V7 4>ABC?=8E 0;3>@8B<V2 AB8A=5==O. $>73;O=5<> 

>A=>2=V <5B>48, O:V H8@>:> 28:>@8AB>2CNBPAO 4;O 7<5=H5==O @>7<V@C 

7>1@065=P 157 2B@0B8 O:>ABV B0 7 2B@0B0<8, I>1 287=0G8B8 WE 5D5:B82=VABP C 

:>=B5:ABV 40=8E 4>A;V465=P. ' 4>A;V465==V @>73;O40NBPAO 0;3>@8B<8 

2B@0B=>3> AB8A=5==O, B0:V O: JPG, WEBP B0 0;3>@8B<8 AB8A=5==O 157 2B@0B, B0:V 

O: PNG, TIFF, GIF [79]. 

#5@H8< @>73;O=5<> @9FB8 EF<EA9AAO PNG. �V= є D>@<0B>< 7>1@065=P, 
O:89 0:B82=> 28:>@8AB>2CєBPAO 4;O 715@V30==O @0AB@>28E 7>1@065=P [141]. 

"4=VєN 7 :;NG>28E >A>1;82>AB59 PNG є <>6;82VABP AB8A=5==O 157 2B@0B 

O:>ABV. �;O FP>3> @50;V7>20=89  0;3>@8B< AB8A=5==O Deflate. Deflate 3 F5 

0;3>@8B< AB8A=5==O 7 2B@0B0<8, I> 28:>@8AB>2CєBPAO 2 D>@<0BV PNG 4;O 

7<5=H5==O @>7<V@C D09;C 157 2B@0B8 O:>ABV. �V= 107CєBPAO =0 :><1V=0FVW 

0;3>@8B<C LZ77 B0 :>4C20==O )0DD<0=0 [142]. 

�;3>@8B< LZ77 28:>@8AB>2CєBPAO 4;O 70<V=8 ?>2B>@N20=8E 

?>A;V4>2=>AB59 109BV2 =0 72>@>B=V ?>A8;0==O =0 7=0945=V @0=VH5 

?>A;V4>2=>ABV 2 B5:ABV. *59 ?@>F5A ґ@C=BCєBPAO =0 2V:=V :>270==O, O:5 715@V30є 

:>?VW >AB0==VE 40=8E. �0<VABP 715@V30==O ?>2=>W :>?VW, 28:>@8AB>2CєBPAO 

?>A8;0==O =0 ?>78FVN B0 4>268=C ?>A;V4>2=>ABV. #VA;O 70AB>AC20==O LZ77 4> 

40=8E, >B@8<0=V A8<2>;P=V ?>A;V4>2=>ABV :>4CNBPAO 70 4>?><>3>N :>4C20==O 

)0DD<0=0, O:5 AB8A:0є G0AB> ?>2B>@N20=V A8<2>;8 C <5=HV 1VB8 B0 @V4:> 

?>2B>@N20==V A8<2>;8 3 C 1V;PHV [79]. 



#>G0B:>289 5B0? ?>;O30є C 287=0G5==V 9<>2V@=>AB59 ?>O28 :>6=>3> 

A8<2>;C C 7>1@065==V. ' :>=B5:ABV AB8A=5==O 7>1@065=P FV A8<2>;8 <>6CBP 

1CB8 ?@54AB02;5=V, =0?@8:;04, 7=0G5==O<8 ?V:A5;V2 01> V=H8<8 :>40<8, I> 

?@54AB02;ONBP :>;P>@8. �;O >1G8A;5==O 9<>2V@=>AB59 28:>@8AB>2CєBPAO 

D>@<C;0 (3.1):           

                                                   Ćÿ = Āÿý ,                                                    (3.1)             

45 Ćÿ 3 9<>2V@=VABP ?>O28 A8<2>;C ÿ, Ąÿ 3 :V;P:VABP 2E>465=P A8<2>;C ÿ C 
7>1@065==V, ā 3 7030;P=0 :V;P:VABP A8<2>;V2 C 7>1@065==V. 

#VA;O >1G8A;5==O 9<>2V@=>AB59 1C4CєBPAO 45@52> )0DD<0=0. �;O 

:>6=>3> A8<2>;C 1C4CєBPAO ;8AB>: 45@520 7 203>N, I> 2V4?>2V40є 9<>2V@=>ABV 

?>O28 A8<2>;C. �=CB@VH=V 2C7;8 <0NBP 203C, O:0 є AC<>N 203 4VB59. #VA;O 

?>1C4>28 45@520 2C7;0< =040NBPAO 2038, 2V4?>2V4=V WE 9<>2V@=>ABO<.  

�;O ?>7=0G5==O :>4V2 )0DD<0=0 :>6=><C A8<2>;C ?@87=0G0єBPAO 

C=V:0;P=89 :>4, I> 287=0G0єBPAO H;OE>< 2V4 :>@5=O 45@520 4> 2V4?>2V4=>3> 

;8AB:0. �>4 A:;040єBPAO 7 ?>A;V4>2=>ABV 1VBV2, 45 0 2:07Cє =0 ;V25 2V430;C65==O, 

0 1 3 =0 ?@025. #VA;O FP>3> 7>1@065==O :>4CєBPAO, ?@8 FP><C :>65= A8<2>; 

70<V=NєBPAO 9>3> 2V4?>2V4=8< :>4><. *5 ?@872>48BP 4> AB2>@5==O 1VB>2>W 

?>A;V4>2=>ABV, O:0 ?@54AB02;Oє AB8A=5=5 7>1@065==O. !0?@8:;04 4;O ?>1C4>28 

45@520 )0DD<0=0 4;O 40=8E «AAAABBBBBCCCCDDD» ?VA;O 0=0;V7C 

G0AB>B8, 1C45 >B@8<0=> =0ABC?=V 7=0G5==O: 

− A: G0AB>B0 4 @078, 9<>2V@=VABP ?>O28 4/16; 

− B: G0AB>B0 5 @07V2, 9<>2V@=VABP ?>O28 5/16; 

− C: G0AB>B0 4 @078, 9<>2V@=VABP ?>O28 4/16; 

− D: G0AB>B0 3 @078, 9<>2V@=VABP ?>O28 3/16. 

#VA;O FP>3> 287=0G0єBPAO 2030 :>6=>3> ;8AB:0 V 1C4CєBPAO 45@52> 

)0DD<0=0 (@8A. 3.5).  

 



 

$8AC=>: 3.5 3 #@8:;04 4V03@0<8 )0DD<0=0 

 

&0:8< G8=><, <5B>4 AB8A=5==O PNG 70157?5GCє 7<5=H5==O @>7<V@C 

D09;C 157 2B@0B8 O:>ABV. *5 4>72>;Oє 5D5:B82=> 715@V30B8 B0 ?5@54020B8 

7>1@065==O, 715@V30NG8 2AV 45B0;V B0 B>G=VABP. � ACG0A=><C A2VBV 28:>@8AB0==O 

FP>3> <5B>4C є :@8B8G=8< 4;O AD5@ <548G=>W 4V03=>AB8:8, =0C:>28E 

4>A;V465=P, ?>;V3@0DVW B0 V=H8E AD5@ 45 206;820 28A>:0 O:VABP 7>1@065==O. 

�9FB8 EF<EA9AAO TIFF  є D>@<0B>< 7>1@065=P, O:89 28:>@8AB>2CєBPAO 
4;O 715@V30==O @0AB@>28E 7>1@065=P. "4=VєN 7 :;NG>28E >A>1;82>AB59 TIFF є 

<>6;82VABP AB8A=5==O 157 2B@0B O:>ABV. �;O FP>3> 28:>@8AB>2CєBPAO 0;3>@8B< 

AB8A=5==O LZW, O:89 є 0;3>@8B<>< AB8A=5==O 157 2B@0B, I> 28:>@8AB>2CєBPAO 

2 D>@<0BV TIFF 4;O 7<5=H5==O @>7<V@C D09;C 157 2B@0B8 O:>ABV. �V= 107CєBPAO 

=0 28:>@8AB0==V A;>2=8:0 DV:A>20=>3> @>7<V@C, O:89 48=0<VG=> >=>2;NєBPAO 

?V4 G0A ?@>F5AC AB8A=5==O [143].  

#5@H8< 5B0?>< є AB2>@5==O A;>2=8:0, O:89 <VAB8BP 2AV <>6;82V A8<2>;8 

2EV4=8E 40=8E. #V4 G0A ?@>F5AC AB8A=5==O, 0;3>@8B< HC:0є =094>2HC 

?>A;V4>2=VABP A8<2>;V2, O:0 265 є 2 A;>2=8:C, V 70<V=Nє WW =0 2V4?>2V4=89 :>4 

A;>2=8:0. *O ?>A;V4>2=VABP A8<2>;V2 ?>BV< @>7H8@NєBPAO =0 >48= A8<2>;, V 

=>20 ?>A;V4>2=VABP 4>40єBPAO 4> A;>2=8:0.   

!0?@8:;04, @>73;O=5<> AB8A=5==O @O4:0 «ABABABA» 70 4>?><>3>N 

LZW (&01;. 3.2). %?>G0B:C A;>2=8: <VAB8BP ;8H5 >:@5<V A8<2>;8 «A» 7 :>4>< 

«1» B0 «B» 7 :>4>< «2». #V4 G0A AB8A=5==O, 0;3>@8B< A?>G0B:C 7=0E>48BP «A» 

2 A;>2=8:C V 282>48BP 2V4?>2V4=89 :>4. #>BV< 2V= @>7H8@Nє ?>A;V4>2=VABP 4> 

«AB», O:>W I5 =5<0є 2 A;>2=8:C, B><C «AB» 4>40єBPAO 4> A;>2=8:0 7 :>4>< «3», 

0 :>4 4;O «A» 282>48BPAO. #@>F5A ?@>4>26CєBPAO, ?>:8 25AP @O4>: =5 1C45 



AB8A=CB89, V 2 @57C;PB0BV >B@8<CєBPAO ?>A;V4>2=VABP :>4V2 A;>2=8:0. &0:8< 

G8=><, 28EV4=89 :>4 4;O @O4:0 «ABABABA» 70 4>?><>3>N 0;3>@8B<C LZW 

1C45 1, 2, 3, 1, 3 (B01;. 3.2). *59 0;3>@8B< H8@>:> 28:>@8AB>2CєBPAO 4;O 

AB8A=5==O 40=8E, O:V <VABOBP ?>2B>@N20=V ?>A;V4>2=>ABV A8<2>;V2, V 4>72>;Oє 

AB8A:0B8 7>1@065==O 157 2B@0B.  �06;82> 707=0G8B8, I>, E>G0 LZW є 

0;3>@8B<>< AB8A=5==O 157 2B@0B, 2V= <>65 1CB8 =55D5:B82=8< 4;O AB8A=5==O 

45O:8E B8?V2 40=8E. !0?@8:;04, 2V= <>65 =5 7<5=HC20B8 @>7<V@ D09;C, O:I> 

40=V <VABOBP 28A>:89 @V25=P HC<C, 01> O:I> ?>2B>@N20=V ?>A;V4>2=>ABV 

A8<2>;V2 є 4C65 :>@>B:8<8 G8 @V4:VA=8<8 [79]. 

 

&01;8FO 3.2 3 #>:@>:>289 ?@8=F8? @>1>B8 0;3>@8B<C LZW 

�@>: %;>2=8: (A8<2>;: :>4) �82V4 0;3>@8B<C 
1 � : 1, B : 2, AB : 3 1 
2 � : 1, B : 2, AB : 3, BA : 4 1, 2 
3 � : 1, B : 2, AB : 3, BA : 4, ABA : 5 1, 2, 3 
4 � : 1, B : 2, AB : 3, BA : 4, ABA : 5 1, 2, 3, 1 
5 � : 1, B : 2, AB : 3, BA : 4, ABA : 5 1, 2, 3, 1, 3 

 

�9FB8 EF<EA9AAO GIF є D>@<0B>< 7>1@065=P, O:89 28:>@8AB>2CєBPAO 
4;O 715@V30==O @0AB@>28E 7>1@065=P. "4=VєN 7 :;NG>28E >A>1;82>AB59 GIF є 

<>6;82VABP AB8A=5==O 157 2B@0B O:>ABV. �;O FP>3> 28:>@8AB>2CєBPAO 0;3>@8B< 

AB8A=5==O LZW, 0=0;>3VG=89 4> B>3>, I> 28:>@8AB>2CєBPAO 2 TIFF.  "4=0:, 

20@B> 707=0G8B8, I> GIF 2V4@V7=OєBPAO 2V4 TIFF 45:V;P:><0 =N0=A0<8.  

#>-?5@H5, GIF ?V4B@8<Cє 0=V<0FVN, I> 4>72>;Oє 715@V30B8 :V;P:0 

7>1@065=P 2 >4=><C D09;V.  

#>-4@C35, GIF 28:>@8AB>2Cє ?0;VB@C :>;P>@V2, I> >1<56Cє :V;P:VABP 

:>;P>@V2, O:V <>6CBP 1CB8 28:>@8AB0=V 2 7>1@065==V, 4> 256 [144]. %0<5 G5@57 

FN >A>1;82VABP, 70 >AB0==V @>:8 28:>@8AB0==O FP>3> D>@<0BC AB0;C <5=H 

?@8201;828<, 0;5 =572060NG8 =0 F5, GIF 4>AV ?@>4>26Cє 28:>@8AB>2C20B8AP 

4;O 7>1@065=P 7 >1<565=>N ?0;VB@>N :>;P>@V2, B0:8E O: B5:AB, ;>3>B8?8 01> 

?@>ABV V;NAB@0FVW, V =5 482;OG8AP =0 9>3> =54>;V:8, є 4>A8BP 5D5:B82=8<.   



�;3>@8B< LZW 2 GIF ?@0FNє B0: A0<>, O: V 2 TIFF. �V= AB2>@Nє A;>2=8:, 

O:89 48=0<VG=> >=>2;NєBPAO ?V4 G0A ?@>F5AC AB8A=5==O, 70<V=NNG8 =094>2HV 

?>A;V4>2=>ABV A8<2>;V2, O:V 265 є 2 A;>2=8:C, =0 2V4?>2V4=V :>48 A;>2=8:0. *5 

4>72>;Oє GIF AB8A:0B8 7>1@065==O 157 2B@0B8 O:>ABV. �;5 B0:>6 20@B> 

707=0G8B8, I>, F59 <5B>4 <>65 1CB8 =55D5:B82=8<, O:I> ?>2B>@N20=V 

?>A;V4>2=>ABV A8<2>;V2 є 4C65 :>@>B:8<8 01> 40=V <VABOBP 28A>:89 @V25=P 

HC<C [79]. 

�9FB8 EF<EA9AAO JPEG є D>@<0B>< 7>1@065=P, O:89 28:>@8AB>2CєBPAO 

4;O 715@V30==O @0AB@>28E 7>1@065=P. "4=VєN 7 :;NG>28E >A>1;82>AB59 JPEG є 

<>6;82VABP AB8A=5==O 7 2B@0B0<8 O:>ABV. �;O FP>3> 28:>@8AB>2CєBPAO 0;3>@8B< 

AB8A=5==O, I> 107CєBPAO =0 48A:@5B=><C :>A8=CA=><C ?5@5B2>@5==V (DCT) 

[145].  DCT є <5B>4>< AB8A=5==O, I> 28:>@8AB>2CєBPAO 2 D>@<0BV JPEG 4;O 

7<5=H5==O @>7<V@C D09;C 70 @0EC=>: 2B@0B8 O:>ABV. �V= 107CєBPAO =0 

?5@5B2>@5==V ?@>AB>@>28E 40=8E 7>1@065==O 2 G0AB>B=V 40=V, I> 4>72>;Oє 

2V4:8=CB8 G0AB>B=V :><?>=5=B8, O:V <5=H 206;82V 4;O A?@89=OBBO ;N4AP:8< 

>:><. #@>F5A AB8A=5==O JPEG <>6=0 @>718B8 =0 ?’OBP >A=>2=8E :@>:V2.   

!0 ?5@H><C :@>FV 7>1@065==O @>71820єBPAO =0 1;>:8 @>7<V@>< 8x8 

?V:A5;V2, V F59 ?@>F5A <>6=0 >?8A0B8 D>@<C;>N (3.2):  

                                                 ā = �∙�64 ,                                                    (3.2) 

45 ā 3 7030;P=0 :V;P:VABP 1;>:V2, ÿ 3 H8@8=0 7>1@065==O, ÿ 3 28A>B0 
7>1@065==O. 

�0;V, =0 4@C3><C :@>FV,  :>;P>@>289 ?@>ABV@ 7>1@065==O ?5@5B2>@NєBPAO 

7 RGB 2 YCbCr, I> 2V4>:@5<;Nє OA:@02VABP (Y) 2V4 E@><0B8G=>ABV (Cb B0 Cr) 

[146]. !0 B@5BP><C :@>FV :>65= 1;>: 8x8 ?V:A5;V2 ?5@5B2>@Nє ?@>AB>@>2V 40=V 

:>>@48=0B8 (x, y) 2 G0AB>B=V 40=V (:><?>=5=B8 =87P:8E V 28A>:8E G0AB>B) 70 

4>?><>3>N DCT.  0B@8FO @57C;PB0BV2 DCT @>7@0E>2CєBPAO 70 D>@<C;>N (3.3): 

                                        Ă =  ć ∙  þ ∙  ćĀ,                                             (3.3) 



45  Ă 3 <0B@8FO @57C;PB0BV2 DCT,  þ 3 <0B@8FO 8E8 ?V:A5;V2 7>1@065==O, T 3 

<0B@8FO :>A8=CA=8E ?5@5B2>@5=P @>7<V@>< 8E8, ćĀ 3 B@0=A?>=>20=0 <0B@8FO 

?5@5B2>@5=P. 

 0B@8FO :>A8=CA=8E ?5@5B2>@5=P @>7@0E>2CєBPAO 70 D>@<C;>N: T[i,j] = α(i) ⋅ cos ((2j+1)∙i ∙π16 ),                                         (3.4) 

45  ÿ 3 @O4>: <0B@8FV,  Ā 3 cB>2?5FP <0B@8FV, ÿ(ÿ) 3 287=0G0єBPAO 70 

D>@<C;>N (3.5):    

                                       ÿ(ÿ) = { 1√8 ,   якщо ÿ = 0,12 ,   якщо ÿ > 0. (3.5) 

+5B25@B8< :@>:>< G0AB>B=V :>>@48=0B8 :>6=>3> 1;>:C =>@<0;V7CNBPAO 

70 4>?><>3>N B01;8FV :20=BC20==O, I> 7<5=HCє B>G=VABP 28A>:>G0AB>B=8E 

:><?>=5=BV2. !0 FP><C 5B0?V 2V41C20єBPAO 2B@0B0 V=D>@<0FVW. �>5DVFVє=B8 ��# 

:20=BCNBPAO, B>1B> >:@C3;ONBPAO 4> 7040=8E 7=0G5=P.  0B@8FO :20=BC20==O 

@>7@0E>2CєBPAO 70 D>@<C;>N (3.6): 

                                                        þ′ = +�ý, ,                                           (3.6)                  

45  þ′ 3 :20=B87>20=V :>5DVFVє=B8 DCT, Ă 3 <0B@8FO @57C;PB0BV2 DCT, Ą 3 

<0B@8FO :20=BC20==O, +⋅, 3 >?5@0FVO 27OBBO ?V4;>38 (>:@C3;5==O 2=87). 
 0B@8FO Q <>65 1CB8 287=0G5=0 70 4>?><>3>N B01;8FP :20=BC20==O, O:V 

<VABOBP 7=0G5==O :20=BC20==O 4;O @V7=8E G0AB>B=8E :><?>=5=BV2 B0 @V2=V2 

AB8A=5==O [141]. "AB0==V< :@>:>< =>@<0;V7>20=V 1;>:8 :>4CNBPAO 70 

4>?><>3>N :>4C20==O )0DD<0=0 4;O ?>40;PH>3> 7<5=H5==O @>7<V@C D09;C V 

718@0NBPAO @07>< V7 703>;>2:>< JPEG. 

�06;82> 707=0G8B8, I>, E>G0 JPEG є 0;3>@8B<>< AB8A=5==O 7 2B@0B0<8, 

2V= 4>72>;Oє 281@0B8 10;0=A <V6 @>7<V@>< D09;C B0 O:VABN 7>1@065==O 70 

4>?><>3>N ?0@0<5B@0 O:>ABV. �8A>:V 7=0G5==O O:>ABV ?@82>4OBP 4> <5=H>3> 

AB8A=5==O B0 28I>W O:>ABV 7>1@065==O, B>4V O: =87P:V 7=0G5==O O:>ABV 

?@82>4OBP 4> 1V;PH>3> AB8A=5==O B0 =86G>W O:>ABV 7>1@065==O. "A:V;P:8 JPEG 



є >4=8< 7 =095D5:B82=VH8E <5B>4V2 AB8A=5==O, ?5@5206=> 4;O D>B>3@0DV9, O:V 

70728G09 <VABOBP 25;8:C :V;P:VABP 45B0;59 B0 :>;P>@V2, V ?@8 FP><C 7<V=0 O:>ABV 

7>1@065=P <0965 =5 284=0 ;N4AP:><C >:C, 2V= є =09?>?C;O@=VH8< <5B>4>< 

AB8A=5==O 7>1@065=P 2 CAP><C A2VBV. 

�9FB8 EF<EA9AAO WEBP є D>@<0B>< 7>1@065=P, @>7@>1;5=8< Google, 
O:89 0:B82=> 28:>@8AB>2CєBPAO C 251-70AB>AC=:0E. "4=VєN 7 :;NG>28E 

>A>1;82>AB59 FP>3> D>@<0BC є <>6;82VABP AB8A=5==O 7 2B@0B0<8 O:>ABV. �;O 

FP>3> 28:>@8AB>2CєBPAO 0;3>@8B< AB8A=5==O VP8. 

VP8 є 0;3>@8B<>< AB8A=5==O 7 2B@0B0<8, I> 28:>@8AB>2CєBPAO 2 D>@<0BV 

WEBP, 4;O 7<5=H5==O @>7<V@C D09;C. �V= 107CєBPAO =0 28:>@8AB0==V 

48A:@5B=>3> :>A8=CA=>3> ?5@5B2>@5==O (DCT), 0=0;>3VG=>3> 4> B>3>, I> 

28:>@8AB>2CєBPAO 2 JPEG. DCT ?5@5B2>@Nє 7>1@065==O 7 ?@>AB>@>2>3> 

(?V:A5;P=>3>) ?@54AB02;5==O 4> G0AB>B=>3>. *5 4>72>;Oє 2840;8B8 

28A>:>G0AB>B=V :><?>=5=B8, O:V ;N4AP:5 >:> <5=H GCB;825, 7<5=HCNG8 @>7<V@ 

D09;C 157 7=0G=>3> 7=865==O O:>ABV 7>1@065==O. !0 2V4<V=C 2V4 JPEG, C 

D>@<0BV WEBP, O:89 28:>@8AB>2Cє 0;3>@8B< AB8A=5==O VP8, @>7182:0 =0 1;>:8 

<>65 1CB8 1V;PH 3=CG:>N. VP8 <>65 28:>@8AB>2C20B8 1;>:8 @V7=>3> @>7<V@C, 

2:;NG0NG8 4x4, 8x8, 16x16 B0 V=HV. *5 4>72>;Oє 0;3>@8B<C >?B8<V7C20B8 

AB8A=5==O 4;O @V7=8E G0AB8= 7>1@065==O [79]. 

&0:>6 20@B> 707=0G8B8, I> VP8 2V4@V7=OєBPAO 2V4 JPEG I5 45:V;P:><0 

=N0=A0<8. #>-?5@H5, VP8 28:>@8AB>2Cє 1V;PH 5D5:B82=89 <5B>4 :>4C20==O, 

O:89 2:;NG0є 2 A515 ?@>3=>7C20==O <V6 :04@0<8 B0 2=CB@VH=P>-:04@>25 

?@>3=>7C20==O. #>-4@C35, VP8 2:;NG0є 2 A515 21C4>20=89 <5E0=V7< :>@5:FVW 

?><8;>:, I> 4>72>;Oє 2V4=>28B8 7>1@065==O =02VBP ?@8 2B@0BV 40=8E ?V4 G0A 

?5@540GV. #>-B@5Bє, VP8 ?V4B@8<Cє 0;PD0-:0=0;, I> 4>72>;Oє AB2>@N20B8 

?@>7>@V 7>1@065==O. 

�06;82> 707=0G8B8, I>, E>G0 VP8 є 0;3>@8B<>< AB8A=5==O 7 2B@0B0<8, 

2V= <>65 1CB8 =55D5:B82=8< 4;O AB8A=5==O 45O:8E B8?V2 40=8E. !0?@8:;04 2V= 

<>65 1CB8 <5=H 5D5:B82=8< 4;O AB8A=5==O 7>1@065=P 7 28A>:>N 45B0;;N, 

>A:V;P:8 2V= <>65 ?@8725AB8 4> 2B@0B8 4@V1=8E 45B0;59 ?V4 G0A AB8A=5==O. 



&0:8< G8=><, 28:>=02H8 0=0;V7 <5B>4V2 AB8A=5==O, B0 15@CG8 4> C2038 

=54>;V:8 B0 ?5@52038 :>6=>3> 7 =8E, 206;82> 4>40B:>2> 2@0E>2C20B8 1030B> 

D0:B>@V2, B0:8E O: O:VABP 7>1@065==O, @>7<V@ D09;C, ?V4B@8<:0 ?@>7>@>ABV B0 

V=HV 28<>38 4> AB8A=5==O. �0;V ?@>?>=CєBPAO @>7@>1;5=89 <5B>4 AB8A=5==O 

7>1@065=P 4;O 715@V30==O 2 45F5=B@0;V7>20=8E 1;>:G59= AE>28I0E [79]. 

 

3.2 $>7@>1:0 <5B>4C 0=0;V7C AB8A=5==O 7>1@065=ь 4;O 715@V30==O 2 
45F5=B@0;V7>20=8E 1;>:G59= AE>28I0E 

�;O 28@VH5==O ?@>1;5<8 5D5:B82=>3> 715@V30==O 7>1@065=P C 1;>:G59= 

AE>28I0E, ?@>?>=CєBPAO <5B>4 0=0;V7C, I> ґ@C=BCєBPAO =0 ?>є4=0==V 

B5E=>;>3V9 AB8A=5==O 7>1@065=P B0 45F5=B@0;V7>20=>W A8AB5<8 715@V30==O IPFS 

(InterPlanetary File System). *59 ?V4EV4 1C;> >1@0=> G5@57 0:BC0;P=VABP 

?@>1;5<8 715@565==O 25;8:8E >1AO3V2 40=8E C 45F5=B@0;V7>20=8E <5@560E. 

*59 <5B>4 4>72>;Oє >FV=8B8 2?;82 @V7=8E <5B>4V2 AB8A=5==O =0 5D5:B82=VABP 

715@V30==O 7>1@065=P, 2:;NG0NG8 >A=>2=V ?>:07=8:8: @>7<V@ D09;C, O:VABP 

7>1@065==O, G0A 7020=B065==O B0 ?@>?CA:=C 740B=VABP. 

� <5B>N @50;V70FVW FP>3> ?V4E>4C 1C;> @>7@>1;5=> <5B>4, O:89 70157?5GCє 

:>@8ABC20GV2 <>6;82VABN V<?>@BC20B8 7>1@065==O B0 2818@0B8 <5B>48 

AB8A=5==O. #VA;O V<?>@BC 7>1@065==O AB8A:0NBPAO 70 4>?><>3>N @V7=8E 

0;3>@8B<V2, B0:8E O: PNG (deflate), TIFF (lzw), GIF (lzw-like) 4;O AB8A=5==O 157 

2B@0B, B0 JPEG (DCT), WEBP (VP8) 4;O AB8A=5==O 7 2B@0B0<8. *59 =01V@ 

<5B>4V2 1C;> >1@0=> 4;O 70157?5G5==O H8@>:>3> A?5:B@C <>6;828E AF5=0@VW2 

28:>@8AB0==O. 

/:VABP 7>1@065==O, >FV=NєBPAO 70 4>?><>3>N <5B@8:8 PSNR (Peak 

Signal-to-Noise Ratio) V 715@V30єBPAO 4;O ?>40;PH>3> 0=0;V7C. �8:>@8AB0==O 

<5B@8:8 PSNR 1C;> >1@0=> G5@57 WW 740B=VABP >1'є:B82=> >FV=N20B8 O:VABP 

7>1@065==O ?VA;O AB8A=5==O, I> є :@8B8G=> 206;828< 4;O FP>3> 4>A;V465==O. 

%B8A=5=V 7>1@065==O 7020=B06CNBPAO 2 IPFS G5@57 A5@2VA Pinata, O:89 

28ABC?0є ?>A5@54=8:>< 4;O 4>ABC?C 4> 2A5A2VB=P>W <5@56V. �8:>@8AB>2CNG8 

B5E=>;>3VN IPFS, :>6=5 7020=B065=5 7>1@065==O >B@8<Cє C=V:0;P=89 E5H, I> 



70157?5GCє 9>3> >4=>7=0G=C V45=B8DV:0FVN B0 <>6;82VABP 4>ABC?C 4> =P>3> 2 

1C4P-O:89 <><5=B G0AC. *5 30@0=BCє 157?5:C B0 =57<V==VABP 40=8E, I> є 

206;828< 0A?5:B>< C :>=B5:ABV 45F5=B@0;V7>20=8E <5@56. 

#VA;O 7020=B065==O 7>1@065=P 2 IPFS, >B@8<0=V E5HV 715@V30NBPAO C 

A<0@B :>=B@0:BV, @>73>@=CB><C 2 ;>:0;P=V9 1;>:G59= <5@56V, I> V<VBCє 

Ethereum. �;O FP>3> 28:>@8AB>2CNBPAO B5E=>;>3VW Ganache 4;O @>73>@B0==O 

;>:0;P=>W <5@56V B0 Truffle 4;O C?@02;V==O A<0@B :>=B@0:B0<8, =0?8A0=8<8 =0 

<>2V Solidity. �8:>@8AB0==O F8E B5E=>;>3V9 70157?5GCє 28A>:C =04V9=VABP B0 

<0AHB01>20=VABP A8AB5<8. 

(@>=B5=4 G0AB8=0 251-70AB>AC=:C, @50;V7>20=0 70 4>?><>3>N B5E=>;>3VW 

ASP.NET RazorPages, 70157?5GCє V=B5@0:B82=89 V 7@CG=89 C 28:>@8AB0==V 

V=B5@D59A. �>@8ABC20GV <>6CBP 7020=B068B8 7>1@065==O 7V A2>3> ?@8AB@>N, 

281@0B8 <5B>48 AB8A=5==O 70 4>?><>3>N G5:1>:AV2, ?5@53;O=CB8 7V1@0=C 

V=D>@<0FVN ?@> AB8A=5=V 7>1@065==O, ?>@V2=O;P=V 3@0DV:8, 0 B0:>6 2V4:@8B8 

B0 ?5@53;O=CB8 2AV AB8A=5=V 7>1@065==O 4;O 2V7C0;P=>3> ?>@V2=O==O O:>ABV. 

�=B5@D59A :>@8ABC20G0 @>7@>1;5=89 7 C@0EC20==O< ?@8=F8?V2 N701V;VBV, I> 

70157?5GCє V=BCWB82=> 7@>7C<V;5 270є<>4VN B0 <V=V<V70FVN ?><8;>: 7 1>:C 

:>@8ABC20G0. *5 1C;> >1@0=>, >A:V;P:8 7@CG=VABP 28:>@8AB0==O B0 V=BCWB82=VABP 

V=B5@D59AC є :@8B8G=8<8 4;O 70;CG5==O H8@>:>W 0C48B>@VW :>@8ABC20GV2. 

�5:5=4 G0AB8=0, @50;V7>20=0 =0 >A=>2V .NET 8 B0 C# 12.0, 2V4?>2V40є 70 

>1@>1:C 40=8E, 270є<>4VN 7 IPFS B0 1;>:G59=><, 0 B0:>6 70 28:>=0==O 

>A=>2=8E 1V7=5A-;>3V: 70AB>AC=:C. �8:>@8AB>2CNG8 1V1;V>B5:C ImageMagick, 

15:5=4 G0AB8=0 74V9A=Nє AB8A=5==O 7>1@065=P 70 >1@0=8<8 <5B>40<8, 

>1G8A;NNG8 @>7<V@ D09;C B0 <5B@8:C O:>ABV PSNR. *5 @VH5==O 1C;> >1@0=> 

G5@57 28A>:C ?@>4C:B82=VABP B0 3=CG:VABP 1V1;V>B5:8 ImageMagick, O:0 

4>72>;Oє 5D5:B82=> ?@0FN20B8 7 @V7=8<8 D>@<0B0<8 7>1@065=P. 

�0 4>?><>3>N HttpClient 2V41C20єBPAO 7020=B065==O AB8A=5=8E 

7>1@065=P 4> IPFS V >B@8<0==O C=V:0;P=8E E5HV2 4;O :>6=>3> 7>1@065==O. �;O 

718@0==O ?>:07=8:V2 G0AC 7020=B065==O 2 IPFS B0 ?@>?CA:=>W 740B=>ABV 

28:>@8AB>2CNBPAO V=AB@C<5=B8 28<V@N20==O G0AC, B0:V O: Stopwatch, 4;O 



>1G8A;5==O B@820;>ABV 7020=B065==O B0 @>7<V@C D09;C ?VA;O AB8A=5==O. *5 

70157?5GCє B>G=89 B0 =04V9=89 71V@ 40=8E 4;O ?>40;PH>3> 0=0;V7C [79]. 

�;>:G59= G0AB8=0 A8AB5<8 2V4?>2V40є 70 715@565==O E5HV2 7>1@065=P C 

45F5=B@0;V7>20=V9 <5@56V, I> 30@0=BCє WE 157?5:C, =57<V==VABP B0 ?@>7>@VABP. 

�>:0;P=0 1;>:G59= <5@560 @>73>@B0єBPAO 70 4>?><>3>N Ganache, I> 4>72>;Oє 

H284:> AB2>@8B8 A5@54>28I5 4;O B5ABC20==O, 0 Truffle 28:>@8AB>2CєBPAO 4;O 

C?@02;V==O A<0@B :>=B@0:B0<8, =0?8A0=8<8 =0 <>2V Solidity. *59 ?V4EV4 1C2 

>1@0=89 G5@57 9>3> =04V9=VABP B0 H8@>:5 287=0==O 2 A?V;P=>BV @>7@>1=8:V2 

1;>:G59=-@VH5=P. 

 

 

$8AC=>: 3.6 3 UML-4V03@0<0 @>73>@B0==O (Deployment Diagram) 

 

!0 @8AC=:C 3.6 =02545=> 2V7C0;V70FVN 270є<>4VW 28I5707=0G5=8E <>4C;V2 

@>7@>1;5=>W A8AB5<8 3 UML-4V03@0<0 @>73>@B0==O (Deployment Diagram), O:0 

V;NAB@Cє 0@EVB5:BC@C 70?@>?>=>20=>3> 70AB>AC=:C 4;O 0=0;V7C. 

&0:8< G8=><, @>7@>1;5=89 <5B>4 4>72>;Oє :>@8ABC20G0< ?@>2>48B8 

:><?;5:A=89 0=0;V7 5D5:B82=>ABV @V7=8E <5B>4V2 AB8A=5==O 7>1@065=P C 

:>=B5:ABV 715@V30==O 2 45F5=B@0;V7>20=8E 1;>:G59= AE>28I0E. *5 70157?5GCє 

<>6;82VABP 7=09B8 >?B8<0;P=89 10;0=A <V6 @>7<V@>< D09;C B0 O:VABN 

7>1@065==O, I> є :@8B8G=> 206;828< 4;O 1030BP>E ACG0A=8E 70AB>AC20=P. 

�024O:8 28:>@8AB0==N ?5@54>28E B5E=>;>3V9 B0 V=B53@0FVW 7 1;>:G59=, 

?@>?>=>20=89 <5B>4 70157?5GCє 28A>:C =04V9=VABP, ?@>7>@VABP B0 

<0AHB01>20=VABP, I> @>18BP 9>3> V==>20FV9=8< @VH5==O< C AD5@V C?@02;V==O 

F8D@>28<8 40=8<8. 



�;O 4>A;V465==O 5D5:B82=>ABV @V7=8E <5B>4V2 AB8A=5==O 7>1@065=P C 

:>=B5:ABV WE 715@V30==O B0 ?5@540GV 2 IPFS 1C;> >1@0=> @V7=><0=VB=89 =01V@ 

7>1@065=P. �>1@065==O ?@54AB02;ONBP B8?>2V AF5=0@VW 28:>@8AB0==O C 251-

70AB>AC=:0E V 2:;NG0NBP D>B>3@0DVW, <548G=V 7>1@065==O, 3@0DV:C B0 

;>3>B8?8. �AV 7>1@065==O 1C;8 >B@8<0=V C D>@<0BV BMP, I> 70157?5GCє 28A>:C 

O:VABP 157 2B@0B V є >?B8<0;P=8< 4;O ?>40;PH>3> ?>@V2=O;P=>3> 0=0;V7C 

<5B>4V2 AB8A=5==O. �;O :>6=>3> 7>1@065==O 1C;> 70AB>A>20=> ?'OBP 

?>?C;O@=8E <5B>4V2 AB8A=5==O, B0:V O:: JPEG, PNG, WEBP, GIF B0 TIFF. 

JPEG 28:>@8AB>2CєBPAO 4;O D>B>3@0DV9 7024O:8 A2>є<C 5D5:B82=><C 

0;3>@8B<C AB8A=5==O 7 2B@0B0<8, O:89 4>1@5 ?@0FNє 7 45B0;O<8 B0 3@04Vє=B0<8 

:>;P>@C. PNG 70157?5GCє AB8A=5==O 157 2B@0B, I> @>18BP 9>3> V450;P=8< 4;O 

3@0DV:8 B0 V;NAB@0FV9. WEBP ?>є4=Cє 2 A>1V ?5@52038 O: AB8A=5==O 7 2B@0B0<8, 

B0: V 157 2B@0B, ?@>?>=CNG8 28A>:89 ABC?V=P :><?@5AVW. GIF G0AB> 

28:>@8AB>2CєBPAO 4;O ?@>AB8E 3@0DVG=8E 7>1@065=P V 0=V<0FV9, B>4V O: TIFF 

70157?5GCє 28A>:>O:VA=5 AB8A=5==O 157 2B@0B 4;O 715@565==O <0:A8<0;P=>W 

O:>ABV. !01V@ 4>A;V46C20=8E 40=8E 2:;NG0є 2 A515 20 D>B>3@0DV9, O:V 

2V4@V7=ONBPAO B0:8<8 E0@0:B5@8AB8:0<8 O:: =0O2=VABP <>=>E@><=>ABV, 

:>;P>@>20 30<<0 B0 B5?;>B0, :>=B@0AB=VABP, =0A8G5=VABP B0 @V7=0 IV;P=VABP 

?V:A5;V2. &0:>6 =01V@ 40=8E <VAB8BP 15 ;>3>B8?V2, O:V <>6=0 @>74V;8B8 =0 3 

3@C?8 ?> 5 ;>3>B8?V2: :>;P>@>2V ;>3>B8?8, G>@=>-1V;V ;>3>B8?8 B0 G>@=>-1V;V 

;>3>B8?8 157 70;82:8 :>;P>@><. 

":@V< FP>3>, 40B0A5B 2:;NG0є 2 A515 5 3@0DVG=8E 7>1@065=P, A5@54 O:8E 

є G>@=>-1V;V 7>1@065==O. �@0DVG=V 7>1@065==O 2V4@V7=ONBPAO 70 @>7<V@><, 

:>;P>@><, =0A8G5=VABN B0 V=H8<8 E0@0:B5@8AB8:0<8. &0:>6 4;O 2A51VG=>3> 

0=0;V7C, 2 4>A;V46C20=V 40=V 1C;> 4>40=> G>@=>-1V;V <548G=V 7>1@065==O, B0:V 

O: 7=V<:8  $&, 7>1@065==O :;VB8= B0 V=HV 7>1@065==O 7 <548G=>W AD5@8. 

�>6=5 7>1@065==O 7 =01>@C 40=8E 1C;> @5B5;P=> ?V4V1@0=5, I>1 

2:;NG0B8 H8@>:89 A?5:B@ E0@0:B5@8AB8:. #5@H>N 7 >A=>2=8E E0@0:B5@8AB8: 

?@8 2V41>@V 7>1@065=P 1C;0 @>74V;P=0 740B=VABP, B>1B> :V;P:VABP ?V:A5;V2 ?> 

3>@87>=B0;V B0 25@B8:0;V, O:0 2?;820є =0 @>7<V@ D09;C B0 O:VABP 7>1@065==O. 



&0:>6 ?@V>@8B5B=>N E0@0:B5@8AB8:>N 1C;0 IV;P=VABP ?V:A5;V2, I> 

287=0G0єBPAO :V;P:VABN ?V:A5;V2 =0 4N9< V 2?;820є =0 GVB:VABP 7>1@065==O. #@8 

2V41>@V B0:>6 1C;0 206;820 @V7=><0=VB=VABP :>;P>@>2>W 30<<8, O:0 2V4>1@060є 

4V0?07>= :>;P>@V2, I> =0O2=V =0 7>1@065==V V :>=B@0AB=VABP B0 =0A8G5=VABP. 

#VA;O B>3> O: 1C2 AD>@<>20=89  =01V@ 40=8E, AB0;> <>6;828< ?@>25AB8 

0=0;V7 4>A;V46C20=8E 7>1@065=P, 4;O B>3> I>1 287=0G8B8 >?B8<0;P=89 <5B>4 

AB8A=5==O 4;O 715@V30==O C 1;>:G59= AE>28IV. �;O FP>3> 28:>@8AB>2CNBPAO 

?>:07=8:8 I> >?8A0=V =86G5 [79]. 

�D5:B82=VABP AB8A=5==O 7>1@065=P ?V4B25@46CєBPAO 28A>:8<8 

?>:07=8:0<8 <5B@8: O:>ABV, B0:8E O: PSNR B0 SSIM [147]. (>@<C;0 SSIM <0є 

283;O4 (3.7): 

                        ĆĆĀĀ(ý, þ) = (2�ý�þ+ ÿ1)(2�ýþ + ÿ2)(�ý2 + �þ2  + ÿ1)(�ý2 + �þ2 + ÿ2),                             (3/7) 
45 Āý , Āþ 3  A5@54=V 7=0G5==O 7>1@065=P, x B0 y; �ý2, �þ2 3 48A?5@AVW: �ýþ 3 
:>20@V0FVO;  ÿ1, ÿ2 3 :>=AB0=B8 4;O AB01V;V70FVW 4V;5==O. 

"A:V;P:8 >4=>N 7 >A=>2=8E FV;59 ?V4 G0A 715@V30==O D09;V2 є 7=865==O 

28B@0B =0 715@V30==O, B> 1C;> 287=0G5=> >48= 7 3>;>2=8E ?>:07=8:V2, O:89 

?@O<> 2?;820є =0 20@BVABP 715@V30==O 7>1@065=P 2 IPFS 3 @>7<V@ 7020=B065=>3> 

D09;C. �V4A>B:>25 A?V22V4=>H5==O @>7<V@C AB8A=5=>3> D09;C 4> ?>G0B:>2>3> 

D09;C >1G8A;N20;>AP 70 D>@<C;>N (3.8): 

                                             Ć =  ÿþ  ∙ 100,                                               (3.8) 

45 S 3 2V4A>B:>25 A?V22V4=>H5==O @>7<V@V2, ! 3 @>7<V@ AB8A=CB>3> D09;C, O 3 

@>7<V@ >@83V=0;P=>3> D09;C. 

�=0;>3VG=> 4> @>7<V@C D09;C, =0 20@BVABP 715@V30==O B0:>6 2?;820є 

28B@0G5=0 ?@>?CA:=0 740B=VABP :0=0;C (<5@56V), O:89 1C2 =040=89 :V=F52><C 

:>@8ABC20GC. #@>?CA:=0 740B=VABP, 28<V@N20=0 C :V;>109B0E =0 A5:C=4C, 

>1G8A;N20;0AP 70 D>@<C;>N:  

                                                   ćĆ =  ÿā  ,                                                  (3.9) 



45 Tp 3 ?@>?CA:=0 740B=VABP,  C 3 @>7<V@ AB8A=CB>3> D09;C C :V;>109B0E, t 3 G0A, 

28B@0G5=89 =0 7020=B065==O 2 IPFS, 28<V@N20=89 2 A5:C=40E. 

&0:>6, 206;82>N 28<>3>N ?V4 G0A ?@>F5AC AB8A=5==O є <0:A8<0;P=> 

<>6;825 715@565==O O:>ABV D09;C ?VA;O D>@<0BC20==O. /:VABP 28<V@NєBPAO 

H;OE>< :0;P:C;OFVW ?V:A5;P=>W @V7=8FV A83=0;C 4> HC<C (PSNR) B0 

@>7@0E>2C20;0AP 70 D>@<C;>N:  

                                     ăĆāą = 10 ∙  log10 (2552ÿĀă ),                                 (3.10) 

45 ăĆāą 3 ?V:>25 2V4=>H5==O A83=0;C 4> HC<C, ăĉþ 3 7=0G5==O 
A5@54=P>:204@0B8G=>W ?>E81:8. 

�0?@>?>=>20=89 <5B>4 B0:>6 2@0E>2Cє :>=F5?FVN «imagechain», 

?@54AB02;5=C 2 @>1>BV Bender et al. (2020) [148]. *O :>=F5?FVO ?5@5410G0є 

AB2>@5==O :@8?B>3@0DVG=>W AB@C:BC@8, O:0 ?>2'O7Cє F8D@>2V 7>1@065==O 70 

4>?><>3>N E5H-?>A8;0=P, I> 4>72>;Oє 70157?5G8B8 4>40B:>289 @V25=P 157?5:8 

B0 FV;VA=>ABV 40=8E. 

�D5:B82=VABP 28:>@8AB0==O 1;>:G59=-AE>28I 7=0G=>N <V@>N 70;568BP 

2V4 >?B8<V70FVW @>7<V@C D09;V2. �;O FP>3> 70AB>A>2CNBPAO <5B>48 AB8A=5==O, 

O:V 7<5=HCNBP @>7<V@ 40=8E 157 7=0G=>W 2B@0B8 O:>ABV. �81V@ <5B>4C :><?@5AVW 

287=0G0єBPAO B0:8<8 D0:B>@0<8, O: H284:VABP :>4C20==O/45:>4C20==O, 

715@565==O 2V7C0;P=>W V=D>@<0FVW B0 28<>38 4> ?>40;PH>3> 0=0;V7C 7>1@065=P. 

"?B8<V70FVO AB8A=5==O 4>72>;Oє 7<5=H8B8 >1AO3 AE>28I0, ?@>B5 ?>B@51Cє 

281>@C =09:@0I>3> :><?@><VAC <V6 H284:VABN B0 O:VABN. �;3>@8B< 0=0;V7C 

AB8A=5==O: 

�;3>@8B<. "?B8<V70FVO AB8A=5==O 7>1@065=P 4;O 1;>:G59=-AE>28I 

1. �EV4=V 40=V: 7>1@065==O I, 281V@ <5B>4C AB8A=5==O M. 

2. �87=0G5==O E0@0:B5@8AB8: I:  

   a) 4>72V;, @>7<V@, 3;818=0 :>;P>@C, 

   b) B8? 7>1@065==O (D>B>, ;>3>B8?, 3@0DV:0). 

3. "1G8A;5==O <5B@8:8 :><?@5AVW: 

   a) O:I> I 28A>:>W 45B0;V70FVW → @5:><5=4CєBPAO PNG/TIFF (157 2B@0B), 



   b) O:I> I AB0=40@B=>3> B8?C → @5:><5=4CєBPAO JPEG/WEBP (V7 

2B@0B0<8). 

4. �=0;V7 G0AC :><?@5AVW T(M): 

   a) O:I> T(M) < ?>@>3>25 7=0G5==O → 28:>@8AB>2C20B8 >1@0=89 <5B>4, 

   b) O:I> T(M) > ?>@>3>25 7=0G5==O → >18@0єBPAO H284H89 <5B>4. 

5. �=0;V7 2V7C0;P=>W O:>ABV: 

   a) SSIM (Structural Similarity Index), 

   b) PSNR (Peak Signal-to-Noise Ratio). 

6. �8EV4=V 40=V: >?B8<V7>20=5 7>1@065==O I* 7 <V=V<0;P=>N 2B@0B>N 

O:>ABV B0 >?B8<0;P=8< @>7<V@><.. 

�0?@>?>=>20=89 0;3>@8B< 4>72>;Oє 040?B82=> >18@0B8 <5B>4 :><?@5AVW 

70;56=> 2V4 2AB0=>2;5=8E :@8B5@VW2. *5 4>72>;Oє 5D5:B82=> 28:>@8AB>2C20B8 

AE>28I0 IPFS B0 Hyperledger. 

*V ?>:07=8:8 1C;8 >1@0=V 4;O >1'є:B82=>W >FV=:8 5D5:B82=>ABV :>6=>3> 

<5B>4C AB8A=5==O 7 B>G:8 7>@C @>7<V@C D09;C, H284:>ABV 7020=B065==O, B0 

O:>ABV 7>1@065==O. � ?5@HC G5@3C, 1C;> 28<V@O=> B0 ?@>0=0;V7>20=> @>7<V@8 

D>B>3@0DV9 ?VA;O AB8A=5==O 70 4>?><>3>N @V7=8E <5B>4V2 (@8A. 3.7). 

 

$8AC=>: 3.7 3 �@0DV: 7<V=8 @>7<V@C 4;O D>B>3@0DV9 



/: 284=> 7 4V03@0<8, =091V;PH89 @>7<V@ D09;C ?VA;O AB8A=5==O 

A?>AB5@V302AO 4;O <5B>4C TIFF (0;3>@8B< LZW). *5 <>6=0 ?>OA=8B8 B8<, I> 

<5B>48 AB8A=5==O 157 2B@0B 70728G09 715@V30NBP 1V;PH5 V=D>@<0FVW, =V6 <5B>48 

7 2B@0B0<8. � V=H>3> 1>:C, <5B>4 WEBP (0;3>@8B< VP8) ?>:0702 =09:@0I89 

@57C;PB0B 7 B>G:8 7>@C 7<5=H5==O @>7<V@C D09;C. �@C38< 206;828< 

?>:07=8:>< 1C;> 28<V@N20==O O:>ABV 7>1@065==O ?VA;O AB8A=5==O 70 

4>?><>3>N <5B@8:8 PSNR (Peak Signal-to-Noise Ratio) (482. @8A. 3.8). 

/: ?>:07Cє 4V03@0<0, <5B>48 AB8A=5==O 157 2B@0B, B0:V O: PNG V TIFF, 

?>2=VABN 715@V30NBP  O:VABP 7>1@065==O, I> ?V4B25@46CєBPAO <0:A8<0;P=8<8 

7=0G5==O<8 PSNR.  5B>48 AB8A=5==O 7 2B@0B0<8, B0:V O: JPEG, WEBP V GIF, 

45<>=AB@CNBP =86GV 7=0G5==O PSNR, I> є >GV:C20=8< @57C;PB0B>< G5@57 

2B@0BC G0AB8=8 V=D>@<0FVW ?@8 AB8A=5==V. 

 

 

$8AC=>: 3.8 3 �@0DV: 7<V=8 O:>ABV 4;O D>B>3@0DV9 

 

!0ABC?=8< 206;828< ?>:07=8:>< 1C;0 28<V@O=0 ?@>?CA:=0 740B=VABP 

?@8 7020=B065==V 7>1@065=P 2 IPFS (@8A. 3.9).   

 



 

$8AC=>: 3.9 3 �@0DV: ?@>?CA:=>W 740B=>ABV 4;O D>B>3@0DV9 

 

/: ?>:07Cє FO 4V03@0<0, =091V;PH 5D5:B82=V 7 B>G:8 7>@C ?@>?CA:=>W 

740B=>ABV, B>1B> 28B@0G0NBP WW <5=H5, є <5B>48 AB8A=5==O 7 2B@0B0<8, B0:V O: 

WEBP, JPEG B0 GIF. *5 <>6=0 ?>OA=8B8 B8<, I> <5=HV @>7<V@8 D09;V2 

4>72>;ONBP H284H5 ?5@54020B8 40=V G5@57 <5@56C. �=0;V7 ?>:0702, I> 4;O 

D>B>3@0DV9, O:V 70728G09 <VABOBP 25;8:C :V;P:VABP 45B0;59 B0 :>;P>@V2, <5B>48 

AB8A=5==O 7 2B@0B0<8, B0:V O: JPEG V WEBP, є 1V;PH 5D5:B82=8<8 4;O 

7<5=H5==O @>7<V@C D09;C.. !0 >A=>2V @57C;PB0BV2 @>18<> 28A=>2>:, I> <5B>4 

JPEG 70157?5GCє >?B8<0;P=89 10;0=A <V6 7<5=H5==O< @>7<V@C D09;C B0 

O:VABN 7>1@065==O 4;O AB8A=5==O D>B>3@0DV9. �=0;>3VG=> D>B>3@0DVO<, 1C;> 

28<V@O=> B0 ?@>0=0;V7>20=> @>7<V@8 <548G=8E 7>1@065=P ?VA;O AB8A=5==O 70 

4>?><>3>N @V7=8E <5B>4V2 (@8A. 3.10). 

/: 284=> 7 4V03@0<8, <5B>48 AB8A=5==O 7 2B@0B0<8, B0:V O: JPEG B0 

WEBP, 7=0G=> 7<5=H8;8 @>7<V@ D09;C, ?@>?>=CNG8 5D5:B82=VHV @57C;PB0B8 7 

B>G:8 7>@C >1AO3C 40=8E.  >6=0 ?>10G8B8, I> <5B>4 PNG, I> AB8A:0є 

7>1@065==O 157 2B@0B, ?>:0702 =09:@0IV @57C;PB0B8 4;O 1V;PH>ABV 40=8E, 2 

?>@V2=O=V 7 V=H8<8 <5B>40<8 AB8A=5==O, =02VBP 7 B8<8, I> =5EBCNBP O:VABN 

?V4 G0A D>@<0BC20==O.  



 

$8AC=>: 3.10 3 �@0DV: 7<V=8 @>7<V@C 4;O  <548G=8E 7>1@065=P 

 

�@C38< 206;828< ?>:07=8:>< є 28<V@N20==O O:>ABV <548G=8E 

7>1@065=P ?VA;O AB8A=5==O 70 4>?><>3>N <5B@8:8 PSNR (@8A. 3.11). 

 

$8AC=>: 3.11 3 �@0DV: 7<V=8 O:>ABV 4;O <548G=8E 7>1@065=P 

 

/: A2V4G8BP 4V03@0<0, <5B>48 AB8A=5==O 157 2B@0B, B0:V O: PNG V TIFF, 

?>2=VABN 715@V30NBP O:VABP 7>1@065==O.  5B>48 AB8A=5==O 7 2B@0B0<8, B0:V O: 



JPEG, WEBP B0 4;O 1V;PH>ABV 281V@:8 GIF, 45<>=AB@CNBP =86GV 7=0G5==O 

PSNR, I> є :@8B8G=8< 4;O <548G=8E 7>1@065=P, 45 206;825 715@565==O 

<0:A8<0;P=>W :V;P:>ABV 45B0;59.  

�06;828< ?>:07=8:>< є 28<V@O=0 ?@>?CA:=0 740B=VABP ?@8 7020=B065==V 

<548G=8E 7>1@065=P 2 IPFS (@8A. 3.12).  

 

$8AC=>: 3.12 3 �@0DV: ?@>?CA:=>W 740B=>ABV 4;O <548G=8E 7>1@065=P 

 

/: ?>:07Cє 4V03@0<0, <5B>48 AB8A=5==O 7 2B@0B0<8, B0:V O: WEBP B0 JPEG 

, є =091V;PH 5D5:B82=8<8 7 B>G:8 7>@C ?@>?CA:=>W 740B=>ABV, 0;5 2 B>9 65 G0A, 

PNG ?>:0702 E>G V =5 4;O 2AVєW 281V@:8, 0;5 4;O 1V;PH>ABV, =09:@0IV ?>:07=8:8. 

�=0;V7 ?>:0702, I> 4;O <548G=8E 7>1@065=P :@8B8G=> 206;828< є 

715@565==O <0:A8<0;P=>W O:>ABV, B><C <5B>4 PNG є 1V;PH ?@840B=8< 70 V=HV, 

>A:V;P:8 AB8A:0є 7>1@065==O 157 2B@0B8 O:>ABV V ?>:07Cє =09:@0IV @57C;PB0BV 

4;O 1V;PH>ABV 4>A;V46C20=8E D09;V2 70 B0:8<8 E0@0:B5@8AB8:0<8 O: @>7<V@ 

D09;C B0 ?@>?CA:=0 740B=VABP ?V4 G0A 7020=B065==O 2 1;>:G59= AE>28I5. 

#@>B5, O:I> =5>1EV4=> =04V9=> 7<5=H8B8 @>7<V@ D09;C 2 45:V;P:0 @07V2 4;O 

CAVєW 281V@:8, 2@0E>2CNG8 <>6;82C 2B@0BC 206;828E 45B0;59, <>65 1CB8 

28:>@8AB0=89 <5B>4 AB8A=5==O 7 2B@0B0<8 WEBP, >A:V;P:8 2V= ?>:0702 

=09:@0IV @57C;PB0B8 4;O FP>3> ?>:07=8:0.  



!0ABC?=8< :@>:>< 28<V@O;8 B0 ?@>0=0;V7C20;8 70 4>?><>3>N @V7=8E 

<5B>4V2 @>7<V@8 3@0DVG=8E 7>1@065=P B0 ;>3>B8?V2 ?VA;O AB8A=5==O (@8A. 3.13). 

 

$8AC=>: 3.13 3 �@0DV: 7<V=8 @>7<V@C 3@0DVG=8E 7>1@065=P V ;>3>B8?V2 

 

/: 284=> 7 4V03@0<8, <5B>4 AB8A=5==O 157 2B@0B TIFF, <0є 1V;PHV @>7<V@8 

D09;V2 C ?>@V2=O==V 7 <5B>40<8 7 2B@0B0<8, B0:8<8 O: JPEG, WEBP B0 GIF. ' 

B>9 65 G0A <5B>4 AB8A=5==O 157 2B@0B PNG ?>:07Cє :@0IV @57C;PB0B8 AB8A=5==O 

70 JPEG B0 GIF [79].  

 

$8AC=>: 3.14 3 #>@V2=O==O @>7<V@V2 45O:8E D09;V2 4;O WEBP B0 PNG 



$8A. 3.14 2:;NG0є @>7<V@ D09;C, O:VABP 7>1@065==O (<5B@8:0 PSNR), G0A 

7020=B065==O 2 IPFS B0 ?@>?CA:=C 740B=VABP. 

�;O ?V4AC<:>2>3> ?>@V2=O==O 5D5:B82=>ABV D>@<0BV2 AB8A=5==O 4;O 

@V7=8E B8?V2 7>1@065=P AD>@<>20=> &01;8FN 3.3, O:0 <VAB8BP ?>:07=8:8 

7<5=H5==O >1’є<C, O:>ABV 7>1@065==O B0 ?@>?CA:=>W 740B=>ABV A8AB5<8. �0=V 

>B@8<0=V =0 >A=>2V 5:A?5@8<5=BV2 (@8A. 3.733.14). 

&01;8FO 3.3 3 #>@V2=O==O 5D5:B82=>ABV D>@<0BV2 AB8A=5==O 

&8? 
7>1@065==O 

(>@<0B $>7<V@ (:�) PSNR (4�) SSIM #@>?CA:=0 
740B=VABP (7>1@./A) 

(>B>3@0DVW WebP 145 38.2 0.96 210 

 548G=V 
7>1@065==O 

WebP 220 41.8 0.97 190 

�@0DV:0 / 
�>3>B8?8 

WebP 75 35.7 0.91 240 

(>B>3@0DVW 
(PNG) 

PNG 240 42.5 0.99 130 

 

$>7<V@ (:�) 3 287=0G5=> 7V 7<5=H5=>3> >1AO3C ?@8 28:>@8AB0==V WebP 

?>@V2=O=> 7 PNG. PSNR (Peak Signal-to-Noise Ratio) 3 7 @8A. 3.14 V :>=B5:ABC 3.2. 

SSIM (Structural Similarity Index) 3 7 0=0;V7C 7<V= O:>ABV, @8A. 3.8, 3.11, 3.13. 

#@>?CA:=0 740B=VABP 3 7 3@0DV:V2 3.9, 3.12, 3.14. 

' B01;8FV 3.4 A8AB5<0B87>20=> 281V@ D>@<0BC AB8A=5==O =0 >A=>2V B8?C 

7>1@065==O B0 28<>3 4> ?5@540GV 40=8E. 

&01;8FO 3.4 3 $5:><5=40FVW I>4> 281>@C D>@<0BC AB8A=5==O 

&8? 
7>1@065==O 

'<>28 / 
"1<565==O 

$5:><5=4>20=89 
D>@<0B 

�><5=B0@ 

(>B>3@0DVW �8A>:0 O:VABP, 
A5@54=V9 @>7<V@ 

WebP �0;0=A @>7<V@C B0 O:>ABV 
(PSNR > 38) 

(>B>3@0DVW  0:A8<0;P=0 
:><?@5AVO 

JPEG  5=H89 @>7<V@, 28I0 
2B@0B8 

�@0DV:0 / 
;>3>B8?8 

#>B@V1=0 
?@>7>@VABP 

PNG �57 2B@0B8 O:>ABV, 1V;PH89 
@>7<V@ 

�@0DV:0 / 
;>3>B8?8 

�57 ?@>7>@>ABV WebP ,284:5 7020=B065==O 

 548G=V 
7>1@065==O 

�57 2B@0B8 O:>ABV PNG / WebP 

(lossless) 

SSIM > 0.97, 28:>@8AB0==O 
157 A?>B2>@5=P 



#>?5@54=V9 0=0;V7 ?>:0702, I> ?@>?CA:=0 740B=VABP ?@O<> 70;568BP 2V4 

@>7<V@C D09;C, B><C ?@>2>48B8 4>40B:>289 0=0;V7 4V03@0<8 ?@>?CA:=>W 

740B=>ABV 4;O 3@0DVG=8E 7>1@065=P  B0 ;>3>B8?V2 =5 є =5>1EV4=8<. &0:>6, 

>A:V;P:8 4;O F8E 7>1@065=P є 4>@5G=8< <0:A8<0;P=5 715@565==O, B><C <5B>4 

PNG є >?B8<0;P=VH8< 70 V=HV, >A:V;P:8 ?@>2>48BP 1572B@0B=5 AB8A:0==O V 

?>:07Cє 30@=V @57C;PB0B8 AB8A=5==O D09;C. #@>B5, O: 0;PB5@=0B82C 4;O <5B>4C 

PNG ?@8 715@565==V 3@0DVG=8E D09;V2 <>6=0 2V4<VB8B8 WEBP, >A:V;P:8 F59 

<5B>4 AB8A=5==O ?>:07Cє G8 =09:@0IV ?>:07=8:8 A?V22V4=>H5==O O:>ABV B0 

@>7<V@C D09;C A5@54 <5B>4V2 AB8A=5==O 7 2B@0B0<8. #@>B5 2 B0:><C 28?04:C 

1C45 <0B8 <VAF5 7=0G=0 2B@0B0 O:>ABV [79]. 

 

3.3 #@0:B8G=5 70AB>AC20==O <5B>4C 1;>:G59=C 4;O 715@V30==O 
7>1@065=ь 

 

3.3.1 $>7@>1:0 V B5ABC20==O ?@>B>B8?C A8AB5<8 =0 107V 1;>:G59=C =0 
?@8:;04V <548G=8E 7>1@065=ь 

$>7@>1:0 A8AB5<8 =0 107V 1;>:G59=C 4;O C?@02;V==O <548G=8<8 

7>1@065==O<8 ?>G8=0єBPAO 7 287=0G5==O 28<>3 4> A8AB5<8. �06;828<8 

0A?5:B0<8 є 157?5:0, ?@820B=VABP, H284:VABP 4>ABC?C 4> 40=8E B0 WE=O 

=57<V==VABP. �8:>@8AB0==O 1;>:G59=C 4>72>;Oє 4>AO3B8 28A>:>3> @V2=O F8E 

E0@0:B5@8AB8: 70 @0EC=>: 9>3> ?@8@>4=>W 45F5=B@0;V70FVW B0 V<C=VB5BC 4> 

?52=8E B8?V2 0B0:. 

 0B5<0B8G=V 28:;04:8 4;O >1ґ@C=BC20==O 281>@C 0@EVB5:BC@8 <>6CBP 

2:;NG0B8 =0ABC?=V :@>:8. (>@<C;0 4;O >1G8A;5==O >?B8<0;P=>3> @>7<V@C 

1;>:C: 

                                               ĀāĂā = ÿĈĀăÿĄ ĀāýĀ + þā�ăÿ/ăÿĂĀ ,                           (3.11) 
45 ĀāĂā 3 >?B8<0;P=89 @>7<V@ 1;>:C, ćāý 3 G0A >1@>1:8 >4=VєW B@0=70:FVW, n 3 
:V;P:VABP B@0=70:FV9 2 1;>FV, Ăāăăÿ/ăÿĂ 3 >1AO3 4>40B:>28E 40=8E 2 1;>FV. 

�87=0G5==O ?@>?CA:=>W A?@><>6=>ABV <5@56V: 



                                                      ÿ = ĀĀĀþāāý,                                                   (3.12) 
45 λ 3 ?@>?CA:=0 A?@><>6=VABP <5@56V 2 B@0=70:FVOE 70 1;>:, ćĀþāāý 3 A5@54=V9 
G0A <V6 1;>:0<8. 

%<0@B-:>=B@0:B8 <>6CBP 28:>@8AB>2C20B8AP 4;O 02B><0B870FVW ?@>F5AV2 

25@8DV:0FVW ?@020 =0 4>ABC? 4> 7>1@065=P V 2840GV WE <548G=8< ?@0FV2=8:0<. 

!86G5 =02545=> ?@8:;04 A<0@B-:>=B@0:BC =0 <>2V ?@>3@0<C20==O C#: 

public class ImageStorageContract : SmartContract 
{ 
    public bool StoreImage(byte[] imageHash, Address owner) 
    { 
        // #5@52V@:0, G8 2;0A=8: <0є ?@02> 715@V30B8 7>1@065==O 
        if (!VerifyOwner(owner)) return false; 
 

        // �15@V30==O E5HC 7>1@065==O 2 1;>:G59=V 
        PersistentState.SetBytes($"image_{imageHash}", imageHash); 
        return true; 
    } 
 

    public byte[] RetrieveImage(byte[] imageHash, Address requester) 
    { 
        // #5@52V@:0 ?@02 4>ABC?C 70?8BC20G0 
        if (!VerifyAccess(requester)) return null; 
 

        // �840G0 7>1@065==O 
        return PersistentState.GetBytes($"image_{imageHash}"); 
    } 
} 

*59 A<0@B-:>=B@0:B 28:>@8AB>2Cє <5B>48 StoreImage B0 RetrieveImage 

4;O 715@V30==O E5HC 7>1@065==O B0 9>3> ?>40;PH>3> >B@8<0==O. &5ABC20==O 

A8AB5<8 =0 107V 1;>:G59=C 2:;NG0є 2 A515 <>4C;P=V B5AB8 4;O :>6=>W DC=:FVW 

A<0@B-:>=B@0:BC, V=B53@0FV9=V B5AB8 4;O ?5@52V@:8 270є<>4VW <V6 A<0@B-

:>=B@0:B0<8 B0 V=H8<8 :><?>=5=B0<8 A8AB5<8, 0 B0:>6 AB@5A-B5AB8 4;O >FV=:8 

ABV9:>ABV A8AB5<8 4> 25;8:8E >1AO3V2 70?8BV2 B0 40=8E. 

�;O 70157?5G5==O 28A>:>W O:>ABV B0 157?5:8 :>4C, <>65 1CB8 

28:>@8AB0=89 AB0B8G=89 0=0;V7 :>4C B0 V=AB@C<5=B8 02B><0B87>20=>W ?5@52V@:8 

157?5:8 A<0@B-:>=B@0:BV2.  0B5<0B8G=5 >1ґ@C=BC20==O B5ABC20==O <>65 

2:;NG0B8 0=0;V7 A:;04=>ABV 0;3>@8B<V2, I> ;560BP 2 >A=>2V A<0@B-:>=B@0:BV2, 

B0 287=0G5==O >?B8<0;P=8E ?0@0<5B@V2 4;O 715@V30==O B0 4>ABC?C 4> 40=8E: 



�A4?V; E>?48ABEFV: 

                               TimeComplexity(f)=O(n)  ,                                                 (3.13) 

45 f 3 DC=:FVO A<0@B-:>=B@0:BC, n 3 @>7<V@ 2EV4=8E 40=8E. 

�CF<@V;4JVO ;4C<FV6: 

                           QueryOptimization(q)=min (Time(q))  ,                                 (3.14) 

45 q 3 70?8B 4> 1;>:G59=C, Time(q) 3 G0A 28:>=0==O 70?8BC. 

*V <0B5<0B8G=V <>45;V 4>?><030NBP 70157?5G8B8, I> A8AB5<0 1C45 

>?B8<V7>20=0 4;O H284:>3> 2V43C:C B0 >1@>1:8 25;8:>W :V;P:>ABV 40=8E, 

2>4=>G0A 70157?5GCNG8 28A>:89 @V25=P 157?5:8 B0 ?@820B=>ABV. �06;82> 

707=0G8B8, I> ?@8 @>7@>1FV A<0@B-:>=B@0:BV2 4;O 715@V30==O <548G=8E 

7>1@065=P =5>1EV4=> 2@0E>2C20B8 28<>38 4> :>=DV45=FV9=>ABV B0 

2V4?>2V4=>ABV @53C;OB>@=8< =>@<0< [149]. 

&0:8< G8=><, 45B0;P=89 >?8A @>7@>1:8 V B5ABC20==O ?@>B>B8?C A8AB5<8 

=0 107V 1;>:G59=C 4;O :59AC 7 <548G=8<8 7>1@065==O<8 2:;NG0є 2 A515 

@>7@>1:C A<0@B-:>=B@0:BV2, WE <0B5<0B8G=5 >13@C=BC20==O B0 20;V40FVN G5@57 

:><?;5:A=V B5AB8, I>1 70157?5G8B8 =04V9=VABP B0 5D5:B82=VABP A8AB5<8. 

 

3.3.2 �=0;V7 ?5@5203 B0 >1<565=ь 1;>:G59=C 2 :>=B5:ABV @50;ь=>3> 
G0AC B0 <0AHB01>20=>ABV 

�;>:G59= B5E=>;>3VO ?@>?>=Cє @O4 ?5@5203, O:V <>6CBP 1CB8 >A>1;82> 

?@8201;828<8 4;O A8AB5< 715@V30==O 7>1@065=P, 7>:@5<0 2 <548G=V9 AD5@V, 45 

206;82V 157?5:0 B0 FV;VA=VABP 40=8E. "4=0:, VA=CNBP B0:>6 >1<565==O, 

>A>1;82> :>;8 945BPAO ?@> >1@>1:C 2 @50;P=><C G0AV B0 <0AHB01>20=VABP. 

$>73;O=5<> WE 45B0;P=VH5. #5@52030<8 <>6=0 22060B8 =86G5?5@5;VG5=5. 

1. !57<V==VABP 3 1;>:G59= =040є 30@0=BVN =57<V==>ABV 70?8AV2, I> є 

:@8B8G=> 206;828< 4;O 715@V30==O 7>1@065=P, O:V =5 ?>28==V 1CB8 7<V=5=V 

?VA;O 70?8AC. 



2. $>7?>4V;5=VABP 3 45F5=B@0;V7>20=0 ?@8@>40 1;>:G59=C 4>72>;Oє 

70157?5G8B8 28A>:89 @V25=P 4>ABC?=>ABV 40=8E, >A:V;P:8 V=D>@<0FVO 

715@V30єBPAO =0 1030BP>E 2C7;0E. 

3. �57?5:0 3 28:>@8AB0==O :@8?B>3@0DVW 4;O 70157?5G5==O 157?5:8 40=8E 

2 1;>:G59=V 7=86Cє @878: =5A0=:FV>=>20=>3> 4>ABC?C. 

�4F9@4F<KA<= BC<E J<I C9D9647 @B:9 6<7?O84F< F4><@ K<AB@. 

!57<V==VABP <>65 1CB8 <0B5<0B8G=> ?@54AB02;5=0 G5@57 E5H-DC=:FVW: 

                                 ÿ(ÿ) = /(ÿ(ÿ 2 1) + ć(ÿ) + ā(ÿ))  ,                               (3.15) 
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70AB>AC20==O 2 ?>є4=0==V 7 3V1@84=8<8 AE>28I0<8 7>1@065=P 4>72>;Oє 

28@VHC20B8 =87:C A:;04=8E 7040G, I> 28<030NBP 02B><0B870FVW B0 ?V428I5=>W 

B>G=>ABV.  

"AP :V;P:0 ?@8:;04V2 7040G, O:V <>6CBP 1CB8 5D5:B82=> 28@VH5=V 70 

4>?><>3>N <0H8==>3> =02G0==O 2 :>=B5:ABV 3V1@84=8E AE>28I 7>1@065=P: 



− 02B><0B8G=0 :;0A8DV:0FVO 7>1@065=P: <0H8==5 =02G0==O <>65 1CB8 

28:>@8AB0=5 4;O 02B><0B8G=>W :;0A8DV:0FVW 7>1@065=P C 25;8:V9 107V 40=8E 

[109];  

− 0=0;V7 V >1@>1:0 7>1@065=P: 0;3>@8B<8 <0H8==>3> =02G0==O 740B=V 

02B><0B8G=> 0=0;V7C20B8 7>1@065==O 4;O 28O2;5==O ?52=8E >1'є:BV2 01> 

>A>1;82>AB59; 

− A53<5=B0FVO 7>1@065=P: C AD5@V >1@>1:8 7>1@065=P 206;82> 2<VB8 

A53<5=BC20B8 7>1@065==O, B>1B> @>74V;OB8 9>3> =0 7=0GCIV G0AB8=8, <0H8==5 

=02G0==O 4>72>;Oє 02B><0B8G=> 284V;OB8 >1'є:B8 =0 7>1@065==OE; 

− ?>HC: AE>68E 7>1@065=P: F5 >4=0 7 =09?>H8@5=VH8E 7040G, O:0 <>65 

1CB8 28@VH5=0 70 4>?><>3>N <0H8==>3> =02G0==O 3 A8AB5<0, I> 28:>@8AB>2Cє 

0;3>@8B<8 <0H8==>3> =02G0==O, 740B=0 H284:> 7=09B8 AE>6V 7>1@065==O 2 

107V 40=8E =0 >A=>2V WE=VE >7=0:; 

− 0=>B0FVO B0 @>7?V7=020==O 7>1@065=P: <0H8==5 =02G0==O <>65 

02B><0B8G=> 4>4020B8 0=>B0FVW 4> 7>1@065=P, @>7?V7=0NG8 >1'є:B8 01> AF5=8 V 

F5 A?@>ICє ?@>F5A >@30=V70FVW B0 ?>HC:C 7>1@065=P C 25;8:8E 1070E 40=8E. 

�8:>@8AB0==O <0H8==>3> =02G0==O 2 :>=B5:ABV 3V1@84=8E AE>28I 

7>1@065=P 4>72>;Oє 7=0G=> ?>:@0I8B8 5D5:B82=VABP B0 B>G=VABP >1@>1:8 

2V7C0;P=8E 40=8E. 

#@>0=0;V7C202H8 >A>1;82>ABV 4>ABC?C 4> 40=8E 2 3V1@84=8E AE>28I0E 

7>1@065=P V ?@>1;5<8, O:V 2>=8 28@VHCNBP, 4;O 5:A?5@8<5=B0;P=>W V=B53@0FVW 

<0H8==>3> =02G0==O 1C;> 28@VH5=> 27OB8 ?>:07>2C 7040GC, O:0 28@VHCєBPAO 

7024O:8 <0H8==><C =02G0==N. "4=VєN 7 =090:BC0;P=VH8E 7040G 2 FV9 >1;0ABV 

є ?>HC: AE>68E 7>1@065=P. *O 7040G0 ?>;O30є 2 B><C, I>1 7=09B8 25;8:C 

:V;P:VABP 7>1@065=P, AE>68E =0 7040=5, A5@54 V=H8E 7>1@065=P 2 3V1@84=><C 

AE>28IV 7>1@065=P. #>HC: AE>68E 7>1@065=P є ?@0:B8G=>N 7040G5N, 

28@VH5==O O:>W <>65 ?@8=5AB8 7=0G=C :>@8ABP C @V7=8E AD5@0E. 

#@>1;5<0, O:0 28@VHCєBPAO 2 40=V9 @>1>BV, ?>;O30є 2 >?B8<V70FVW ?@>F5AC 

?>HC:C AE>68E 7>1@065=P C 3V1@84=><C AE>28IV. "A=>2=0 <5B0 FP>3> 

4>A;V465==O 3 287=0G8B8, O:V <5B>48 <0H8==>3> =02G0==O <>6CBP 1CB8 



V=B53@>20=V 2 ?@>F5A ?>HC:C 4;O ?V428I5==O 9>3> 5D5:B82=>ABV. �06;82> 

B0:>6 >FV=8B8, O: A0<5 28:>@8AB0==O 3V1@84=>3> AE>28I0 2?;820є =0 

5D5:B82=VABP @VH5==O 40=>W 7040GV, 0 B0:>6 287=0G8B8 ?5@52038 70AB>AC20==O 

B0:>3> ?V4E>4C. 

�81V@ ?V4E>4C 4> V=B53@0FVW <0H8==>3> =02G0==O є :@8B8G=> 206;828< 

5B0?>< 4>A;V465==O, >A:V;P:8 A0<5 <5B>48 <0H8==>3> =02G0==O 287=0G0NBP 

5D5:B82=VABP V B>G=VABP ?>HC:C AE>68E 7>1@065=P C 3V1@84=><C AE>28IV. 

�A=Cє :V;P:0 ?>?C;O@=8E <5B>4V2 V <>45;59, O:V <>6CBP 28@VHC20B8 FN 7040GC 

[152]. %5@54 =091V;PH ?>H8@5=8E ?V4E>4V2 4;O ?>HC:C AE>68E 7>1@065=P 

<>6=0 284V;8B8 =0ABC?=V <5B>48 <0H8==>3> =02G0==O. 

�2B>:>4C20;P=8:8 (Autoencoders) [153] 3 FV =59@>==V <5@56V <>6CBP 

=02G8B8AO AB8A:0B8 40=V 4> ;0B5=B=>3> ?@>AB>@C <5=H>W @>7<V@=>ABV, 

715@V30NG8 206;82C V=D>@<0FVN. �>=8 G0AB> 28:>@8AB>2CNBPAO 4;O 

28;CG5==O >7=0: V <>6CBP 1CB8 70AB>A>20=V 4;O ?>@V2=O==O AE>6>ABV 

7>1@065=P. �2B>:>4C20;P=8:8 <>6CBP ?@0FN20B8 7 =5AB@C:BC@>20=8<8 

40=8<8 V 28;CG0B8 7=0GCIV >7=0:8, 0;5 2>=8 <>6CBP 1CB8 <5=H B>G=8<8 C 

?>@V2=O==V 7 1V;PH A:;04=8<8 <>45;O<8, B0:8<8 O: CNN 01> ResNet. 

�3>@B:>2V =59@>==V <5@56V (Convolutional Neural Networks, CNNs) [154] 

3 CNN H8@>:> 28:>@8AB>2CNBPAO 4;O 0=0;V7C 7>1@065=P. �>=8 <>6CBP 

28;CG0B8 A:;04=V >7=0:8 7 7>1@065=P, I> @>18BP WE V450;P=8<8 4;O 7040G 

:;0A8DV:0FVW B0 ?>HC:C AE>68E 7>1@065=P. CNN 740B=V 28;CG0B8 A:;04=V B0 

7=0GCIV >7=0:8 7>1@065=P, I> @>18BP WE 28A>:>5D5:B82=8<8 4;O 7040G 

:;0A8DV:0FVW, 0;5 =02G0==O CNN <>65 1CB8 @5AC@A=><VAB:8< B0 28<030B8 

25;8:>W :V;P:>ABV 40=8E. 

 5@56V 3;818==>3> =02G0==O 4;O 28;CG5==O >7=0:  [155] (Deep Feature 

Extraction) 3 F59 ?V4EV4 ?>;O30є C 28:>@8AB0==V ?>?5@54=P> =02G5=8E <>45;59, 

B0:8E O: VGG, Inception 01> ResNet, 4;O 28;CG5==O >7=0: 7>1@065=P, O:V ?>BV< 

28:>@8AB>2CNBPAO 4;O ?>@V2=O==O AE>6>ABV [156]. �8:>@8AB0==O ?>?5@54=P> 

=02G5=8E <>45;59 4>72>;Oє 7=878B8 28B@0B8 =0 >1G8A;N20;P=V @5AC@A8 B0 G0A 

=0 =02G0==O, 0 B0:>6 70157?5GCє 28A>:C B>G=VABP @57C;PB0BV2, 0;5 <>6CBP 



28=8:0B8 ?@>1;5<8 7 040?B0FVєN 4> A?5F8DVG=8E 70240=P 01> 40=8E. �8E>4OG8 

7 ?@>2545=>3> 0=0;V7C, 28@VH5=> 4;O V=B53@0FVW <0H8==>3> =02G0==O 2 A8AB5<C 

?>HC:C AE>68E 7>1@065=P >1@0B8 <5B>4 3;818==>3> 28;CG5==O >7=0:, B0: O: 

2V= =091V;PH ?V4E>48BP 4;O ?@>2545==O 40=>3> 4>A;V465==O, =5 28<030є 28B@0B 

=0 =02G0==O, G5@57 28:>@8AB0==O ?>?5@54=P> =02G5=8E <>45;59, 0 B0:>6 =040є 

28A>:C B>G=VABP @57C;PB0BV2. 

%5@54 F8E <5B>4V2 >1@0=> <>45;P ResNet50 (Residual Networks) [157]. 

ResNet50 є >4=VєN 7 =09?>?C;O@=VH8E <>45;59 4;O 28;CG5==O >7=0: 7024O:8 

A2>W9 28A>:V9 B>G=>ABV.  >45;P ResNet50 265 ?>?5@54=P> =02G5=0 =0 25;8:><C 

40B0A5BV 7>1@065=P, I> 4>72>;Oє 28:>@8AB>2C20B8 WW 4;O 28;CG5==O >7=0: 157 

4>40B:>2>3> =02G0==O, 7=86CNG8 28B@0B8 =0 >1G8A;N20;P=V @5AC@A8. �@V< 

B>3>, ResNet50 70157?5GCє 28A>:C B>G=VABP @57C;PB0BV2, I> @>18BP WW V450;P=8< 

281>@>< 4;O 40=>3> 4>A;V465==O. 

ResNet50 3 F5 3;81>:0 =59@>==0 <5@560, O:0 A:;040єBPAO 7 50 H0@V2 V 

28:>@8AB>2Cє :>=F5?FVN "70;8H:>28E 1;>:V2" (residual blocks) 4;O ?>4>;0==O 

?@>1;5<8 70BCE0==O 3@04Vє=BV2 C 3;81>:8E <5@560E. "A=>2=0 V45O 70;8H:>28E 

1;>:V2 ?>;O30є 2 B><C, I> :>65= 1;>: =5 =0<030єBPAO 282G8B8 B>G=C :0@BC 

2V4>1@065==O 2EV4=8E 40=8E 4> 28EV4=8E, 0 70<VABP FP>3> 282G0є @V7=8FN 

(70;8H>:) <V6 2EV4=8<8 B0 28EV4=8<8 40=8<8.  

�>;8 7>1@065==O ?>40єBPAO =0 2EV4 ResNet50, 2>=> ?@>E>48BP G5@57 

:V;P:0 73>@B:>28E H0@V2, H0@V2 ?V4281V@:8 (pooling layers) V ?>2=>72'O70=8E 

H0@V2. !0 :>6=><C 5B0?V <5@560 28;CG0є 2A5 1V;PH 01AB@0:B=V >7=0:8, I> 

4>72>;Oє <>45;V 1C4C20B8 1030B>H0@>25 ?@54AB02;5==O 2EV4=>3> 7>1@065==O. 

!0 28E>4V ResNet50 >B@8<Cє<> 25:B>@ >7=0: (feature vector), O:89 <>6=0 

28:>@8AB>2C20B8 4;O ?>@V2=O==O AE>6>ABV 7 V=H8<8 7>1@065==O<8.  

�;O ?>@V2=O==O AE>6>ABV <V6 25:B>@0<8 >7=0: 28:>@8AB>2Cє<> <5B@8:C 

:>A8=CA=>W ?>4V1=>ABV [158]. �>A8=CA=0 ?>4V1=VABP 28<V@Nє :CB <V6 42><0 

25:B>@0<8 C 25:B>@=><C ?@>AB>@V V 287=0G0є, =0A:V;P:8 FV 25:B>@8 AE>6V <V6 

A>1>N. �>=0 >1G8A;NєBPAO 70 D>@<C;>N 4.1: 



                                  ĉÿăÿĂÿĈÿĊþ = cos(�) =  ý⋅þ ‖ý‖‖þ‖       ,                                 (4.1) 

45 � V � 3 420 25:B>@8. 

�>A8=CA=0 ?>4V1=VABP =01C20є 7=0G5=P 2V4 -1 4> 1, 45 1 >7=0G0є, I> 

25:B>@8 V450;P=> 28@V2=O=V (<0:A8<0;P=0 AE>6VABP), 0 >7=0G0є, I> 2>=8 

>@B>3>=0;P=V (=5<0є AE>6>ABV), 0 -1 >7=0G0є, I> 2>=8 V450;P=> ?@>B8;56=V. �;O 

7040GV ?>HC:C AE>68E 7>1@065=P 70728G09 @>73;O40єBPAO 7=0G5==O :>A8=CA=>W 

?>4V1=>ABV 2V4 0 4> 1. 

�8E>4OG8 7 ?@>2545=>3> 0=0;V7C, 287=0G5=>W 7040GV V >1@0=>3> <5B>4C 

<0H8==>3> =02G0==O, 287=0G8<> I> DC=:FV>=0;P=VABN 3V1@84=>3> AE>28I0 

7>1@065=P <0є 1CB8: 715@565==O 7>1@065=P B0 ?>HC: 70 25:B>@>< >7=0:. �81V@ 

�� 4;O 28:>=0==O ?>AB02;5=>W 7040GV ?@>2545<> 70 40=>N =5>1EV4=>N 

DC=:FV>=0;P=VABN. 

�84V;8<> 3>;>2=V 28<>38 4> 715@565==O 7>1@065=P 3 ?V4B@8<:0 25;8:8E 

>1AO3V2 40=8E; 3=CG:0 AE5<0 715@V30==O 4;O @V7=8E D>@<0BV2 40=8E 

(7>1@065==O, <5B040=V); 28A>:0 ?@>4C:B82=VABP ?@8 70?8AV V G8B0==V 40=8E; 

<0AHB01>20=VABP V =04V9=VABP. 

�8E>4OG8 7 28<>3 4> 715@565==O 7>1@065=P, ��, O:V 2V4?>2V40NBP F8< 

28<>30<, <>6CBP 1CB8 B0:V ��, O:: MongoDB, Cassandra B0 Couchbase [159]. � 

O:>ABV �� 4;O 715@565==O 7>1@065=P 4;O 28:>=0==O 4>A;V465==O 1C;0 >1@0=0 

MongoDB, >A:V;P:8 2>=0 є =091V;PH ?>?C;O@=>N. �84V;8<> 3>;>2=V 28<>38 

4> ?>HC:C 70 25:B>@0<8 >7=0:: H284:0 V=45:A0FVO B0 ?>HC: 70 25:B>@=8<8 

>7=0:0<8; ?V4B@8<:0 A:;04=8E 70?8BV2 V 03@530FV9; 28A>:0 ?@>4C:B82=VABP ?@8 

>1@>1FV 25;8:8E >1AO3V2 40=8E; <0AHB01>20=VABP V =04V9=VABP. 

�8E>4OG8 7 28<>3 4> ?>HC:C 70 25:B>@0<8 >7=0:, ��, O:V 2V4?>2V40NBP 

F8< 28<>30< <>6CBP 1CB8, B0:V ��, O: Elasticsearch B0 Faiss [160]. � O:>ABV �� 

4;O 74V9A=5==O ?>HC:C 70 25:B>@0<8 >7=0: 4;O 28:>=0==O 4>A;V465==O 1C;> 

>1@0=> Elasticsearch. Elasticsearch є >?B8<0;P=8< 281>@>< 4;O ?>HC:C 70 

25:B>@0<8 >7=0: 7024O:8 A2>W9 28A>:V9 H284:>ABV ?>HC:C, H284:V9 V=45:A0FVW, 

?V4B@8<FV A:;04=8E 70?8BV2 B0 03@530FV9, 0 B0:>6 @>7?>4V;5=V9 0@EVB5:BC@V. 



�@V< B>3>, Elasticsearch <0є 25;8:C B0 0:B82=C A?V;P=>BC, I> 70157?5GCє 

?V4B@8<:C B0 @>728B>: B5E=>;>3VW. 

#@>3@0<=5 @VH5==O 107CєBPAO =0 28:>@8AB0==V 42>E 3>;>2=8E 

:><?>=5=BV2. #5@H0 :><?>=5=B0 3 F5 @>73>@=CB89 Docker Compose, O:89 

2V4?>2V40є 70 :>=B59=5@870FVN 3V1@84=>3> AE>28I0 7>1@065=P. �@C30 

:><?>=5=B0 F5 Python 3 4>40B>: C JupyterLab, O:89 28:>@8AB>2CєBPAO 4;O 

28:>=0==O >A=>2=>3> :>4C 40=>3> 4>A;V465==O. � O:>ABV 3V1@84=>3> AE>28I0 

7>1@065=P 1C;> >1@0=> 28:>@8AB0==O :><1V=0FVW 42>E 107 40=8E 3 MongoDB 

B0 ElasticSearch. MongoDB 3 F5 4>:C<5=B>->@Vє=B>20=0 1070 40=8E, O:0 

70157?5GCє 5D5:B82=5 715@V30==O B0 4>ABC? 4> 25;8:8E >1AO3V2 40=8E. *5 

=091V;PH 5D5:B82=89 A?>AV1 715@V30==O 7>1@065=P C 107V 40=8E. �>6=5 

7>1@065==O 715@V30єBPAO C D>@<0BV BSON @07>< 7 V=D>@<0FVєN ?@> 9>3> 

<5B040=V, B0:V O: =0720 D09;C, @>7<V@ B0 D>@<0B. �040G0 40=>3> 4>A;V465==O 

28<030є ?>HC: AE>68E 7>1@065=P 70 4>?><>3>N 25:B>@=8E ?>4V1=>AB59, �C;> 

>1@0=> ElasticSearch. ElasticSearch 3 F5 =09:@0I89 V=AB@C<5=B 4;O H284:>3> 

?>HC:C 25:B>@V2 >7=0: 7>1@065=P, B0: O: 2 FV9 �� ?@8ACB=O V=45:A0FVO B0 

Elasticsearch ?V4B@8<Cє ?>BC6=V DC=:FVW, I> @>18BP 9>3> V450;P=8< 281>@>< 

4;O 28:>=0==O 40=>3> 70240==O [161]. 

Docker Compose 28:>@8AB>2CєBPAO 4;O C?@02;V==O :>=B59=5@0<8, I> 

70157?5GCNBP @>1>BC MongoDB B0 Elasticsearch. *5 4>72>;Oє ;53:> @>73>@B0B8 

B0 <0AHB01C20B8 A8AB5<C, 70157?5GCNG8 V7>;OFVN A5@54>28I0 28:>=0==O 4;O 

:>6=>3> :><?>=5=B0.  Python-4>40B>: A:;040єBPAO 7 :V;P:>E DC=:FV>=0;P=8E 

<>4C;V2, O:V 70157?5GCNBP 28:>=0==O @V7=8E DC=:FV9.  >4C;P 7020=B065==O 

7>1@065=P: 2V4?>2V40є 70 7020=B065==O 7>1@065=P C 3V1@84=5 AE>28I5 40=8E. 

�V= >1@>1;Oє 7020=B065=V 7>1@065==O B0 715@V30є WE C MongoDB V ElasticSearch. 

MongoDB-:;Vє=B: 70157?5GCє 270є<>4VN 7 107>N 40=8E MongoDB 4;O 

715@V30==O B0 >B@8<0==O 7>1@065=P B0 WE <5B040=8E. 

 



 

$8AC=>: 4.1 3 �V03@0<0 :><?>=5=BV2 ?@>3@0<=>W @50;V70FVW 4>A;V465==O 

 

*O 0@EVB5:BC@0 70157?5G8BP 5D5:B82=C >1@>1:C, 715@V30==O B0 ?>HC: 

7>1@065=P, 28:>@8AB>2CNG8 ?5@52038 >1@0=8E =0<8 ACG0A=8E B5E=>;>3V9 B0 

V=AB@C<5=BV2. 

�;O CA?VH=>W @50;V70FVW ?@>5:BC 1C;> >1@0=> H8@>:89 A?5:B@ B5E=>;>3V9 

B0 V=AB@C<5=BV2, O:V 70157?5GCNBP 5D5:B82=C @>7@>1:C, B5ABC20==O B0 

?@>2545==O O:VA=>3> 4>A;V465==O. ' FP><C @>74V;V 1C45 45B0;P=> @>73;O=CB>  

:>6=C 7 >1@0=8E B5E=>;>3V9 B0 ?>OA=5=V ?@8G8=8 WE 281>@C. "A=>2=>N <>2>N 

?@>3@0<C20==O 4;O ?@>2545==O 4>A;V465==O, 1C;> >1@0=> <>2C ?@>3@0<C20==O 

Python, 2V4><C A2>єN ?@>AB>B>N B0 G8B015;P=VABN :>4C, I> @>18BP 9>3> 4C65 

7@CG=8< V=AB@C<5=B><.  

�;O @>7@>1:8 1C;8 28:>@8AB0=V =0ABC?=V 1V1;V>B5:8.  

Tensorflow Keras [162]. �;O @50;V70FVW B0 B@5=C20==O <>45;59 <0H8==>3> 

=02G0==O 28:>@8AB>2CєBPAO 1V1;V>B5:0 Keras 7 15:5=4>< TensorFlow. *5 

4>72>;8;> 28:>@8AB0B8 <>45;P =59@>==>W <5@56V, B0:C O: ResNet50, O:0 

28:>@8AB>2CєBPAO 4;O 287=0G5==O 25:B>@V2 >7=0: 7>1@065=P. �8:>@8AB0==O 

?>?5@54=P> =0B@5=>20=>W <>45;V ResNet50 7=0G=> A?@>AB8;> ?@>F5A 

<0H8==>3> =02G0==O 4;O >1@>1:8 7>1@065=P B0 ?V428I8;> B>G=VABP 

@57C;PB0BV2 40=>3> 4>A;V465==O. 

Pandas B0 NumPy [163]. �8:>@8AB0==O 40=8E 1V1;V>B5: 4>?><030є 4C65 

7@CG=> >1@>1;OB8 V <0=V?C;N20B8 40=8<8, 1030B>28<V@=8<8 <0A820<8 V 

G8A;>28<8 >1G8A;5==O<8. 



PyMongo B0 Elasticsearch-py. �0=V 1V1;V>B5:8 28:>@8AB>2C20;8AP C O:>ABV 

:;Vє=BV2 4;O 70157?5G5==O 4>ABC?C 4> 40=8E C AE>28I0 40=8E. 
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4;O 70E8ABC F8D@>28E 0:B82V2 2:07CNBP =0 25;8:89 ?>B5=FV0; FVєW B5E=>;>3VW. 

#@>B5, 206;82> ?0<'OB0B8, I> CA?VE 2?@>20465==O 1;>:G59=C 70;568BP 2V4 

?@028;P=>3> 281>@C ?@>B>:>;C B0 2@0EC20==O A?5F8DVG=8E 28<>3 :>6=>3> 

:>=:@5B=>3> 70AB>AC20==O. ' ?>40;PH8E 4>A;V465==OE V @>7@>1:0E 206;82> 

A?@O<>2C20B8 7CA8;;O =0 >?B8<V70FVN B0 040?B0FVN 1;>:G59=-@VH5=P 4;O 

@V7=><0=VB=8E 28:;8:V2 C 30;C7V F8D@>28E 0:B82V2 B0 :V15@157?5:8. 

' ACG0A=><C F8D@>2><C A2VBV, 45 F8D@>2V 0:B828 AB0NBP :;NG>28< 

5;5<5=B>< 5:>=><V:8 B0 ?V428ICNBPAO :V;P:VA=> B0 O:VA=>, 70E8AB WE 2V4 

:V15@703@>7 AB0є 0:BC0;P=>N B0 =030;P=>N ?@>1;5<>N [172]. !572060NG8 =0 

H8@>:5 70AB>AC20==O @V7=8E <5B>4V2 B0 70A>1V2 :V15@157?5:8, VA=CNBP =5 

28@VH5=V 0A?5:B8, O:V 28<030NBP =>20B>@AP:>3> ?V4E>4C. �A=CNGV 1;>:G59=-

@VH5==O G0AB> AB8:0NBPAO 7 ?@>1;5<0<8, ?>2'O70=8<8 7 0=>=V<=VABN B0 

:>=DV45=FV9=VABN. $>73>;>H5==O >A>18AB>W V=D>@<0FVW B0 28BV: 

:>=DV45=FV9=>W V=D>@<0FVW 70;8H0NBPAO =5 28@VH5=8<8 0A?5:B0<8, O:V 



>1<56CNBP ?@840B=VABP 1;>:G59=-B5E=>;>3V9 C 45O:8E AD5@0E. � ?>3;O4C 

H284:>ABV B0 <0AHB01>20=>ABV, VA=CNGV @VH5==O <>6CBP 28O28B8AO 

=55D5:B82=8<8 C 25;8:8E <5@560E 01> ?@8 25;8:><C >1AO7V B@0=70:FV9. 

�8@VH5==O F8E ?8B0=P 28<030є ?>40;PH8E 4>A;V465=P B0 V==>20FV9. 

�V4ACB=VABP є48=8E AB0=40@BV2 270є<>4VW 1;>:G59=-<5@56 V =54>AB0B=є 

@53C;N20==O 2 30;C7V :@8?B>20;NB B0 F8D@>28E 0:B82V2 C 1030BP>E :@0W=0E 

AB2>@NNBP ?@02>2V B0 5:>=><VG=V @878:8 4;O CG0A=8:V2 FVєW 5:>A8AB5<8 [173]. 

#@>2545=89 0=0;V7 ACG0A=8E ?C1;V:0FV9 B0 =0C:>28E @>1VB, O:V 

AB>ACNBPAO 28:>@8AB0==O 1;>:G59=-B5E=>;>3V9 C 70E8ABV F8D@>28E 0:B82V2, 

28O282 WE=V A;01:V B0 =5 28@VH5=V 0A?5:B8. "3;O4 VA=CNG8E 1;>:G59=-@VH5=P, 

7>:@5<0 Bitcoin, Ethereum B0 Hyperledger Fabric, 28O282 WE=V ?5@52038 B0 

=54>;V:8.  

�;O 28@VH5==O 70240=P 4>A;V465==O 28:>@8AB>2C20;8AO <5B>48 0=0;V7C 

1;>:G59=-?@>B>:>;V2, 5:A?5@B=V >FV=:8 5D5:B82=>ABV 70E8ABC F8D@>28E 

0:B82V2 B0 282G5==O B5E=VG=8E >A>1;82>AB59 :>6=>3> @VH5==O. #>G0B:>< 1C2 

A8AB5<0B8G=89 >3;O4 @V7=8E 1;>:G59=-?@>B>:>;V2, I> 2:;NG0є Bitcoin, 

Ethereum, Hyperledger B0 V=HV. #@>2>482AO 4>:;04=89 @>73;O4 WE=P>W 

AB@C:BC@8, ?@8=F8?V2 :>=A5=ACAC, <0AHB01>20=>ABV B0 @V2=O 157?5:8. *59 5B0? 

2:;NG02 0=0;V7 B@0=70:FV9=>W H284:>ABV, <>6;82>AB59 A<0@B-:>=B@0:BV2 B0 

<5E0=V7<V2 :>=A5=ACAC :>6=>3> ?@>B>:>;C. �:A?5@B8 7 :V15@157?5:8 

28:>@8AB>2C20;8 A2>W 7=0==O 4;O ?@>2545==O >FV=:8 5D5:B82=>ABV 1;>:G59=-

@VH5=P C 70E8ABV F8D@>28E 0:B82V2. �0AB>A>2C20;8AO <5B>48 5:A?5@B=>W 

>FV=:8, 2@0E>2CNG8 B0:V 0A?5:B8, O: 28B@0B8 =0 5=5@3VN, <>6;82VABP 

28O2;5==O B0 ?@>B84VW :V15@0B0:0<, 0=>=V<=VABP B0 V=HV ?0@0<5B@8 [174]. 

Bitcoin 1;>:G59=-<5@560 є 45F5=B@0;V7>20=>N A8AB5<>N 4;O >1<V=C 

F8D@>28E 20;NB. *59 1;>:G59= 28:>@8AB>2CєBPAO 4;O 70?8AC B0 

?V4B25@465==O 2AVE B@0=70:FV9, 28:>=0=8E C :@8?B>20;NBV Bitcoin (BTC). 

"A=>2=0 <5B0 3 70157?5G8B8 157?5:C B0 4>2V@C C DV=0=A>28E >?5@0FVOE, 

C=8:0NG8 ?>B@518 C F5=B@0;V7>20=><C DV=0=A>2><C ?>A5@54=8FB2V. 

�;NG>2V @8A8 Bitcoin 1;>:G59=-<5@56V: 



− 45F5=B@0;V70FVO 3 2V4ACB=VABP F5=B@0;P=>3> >@30=C :>=B@>;N. �AV 2C7;8 

(:><?'NB5@8) <5@56V @V2=>?@02=V. 

− B@0=70:FVW 3 :>6=0 B@0=70:FVO 2V47=0G0єBPAO C 1;>:0E B0 ?V4B25@46CєBPAO 

<5@565N 70 4>?><>3>N ?@>F5AC, 2V4><>3> O: «<09=V=3». 

− <09=V=3 3 ?@>F5A, ?@8 O:><C <09=5@8 28@VHCNBP A:;04=V <0B5<0B8G=V 

70240==O 4;O ?V4B25@465==O B@0=70:FV9 B0 AB2>@5==O =>28E 1;>:V2. 

− :@8?B>3@0DVO 3 28:>@8AB0==O :@8?B>3@0DVG=8E <5B>4V2 4;O 

70157?5G5==O 157?5:8 B0 0=>=V<=>ABV B@0=70:FV9. 

− �;>:G59= 3 A?>;CG5==O 1;>:V2 B@0=70:FV9 C ;0=FN3, 45 :>65= 1;>: 

<VAB8BP E5H ?>?5@54=P>3>, AB2>@NNG8 =5?>@CH=89 70?8A. 

− 4>ABC?=VABP 3 <>6;82VABP 28:>@8AB0==O Bitcoin 4;O ?5@5:07C 20@B>ABV 

=02VBP 157 728G09=>3> 10=:V2AP:>3> >1;V:>2>3> 70?8AC. 

Bitcoin 1;>:G59=-<5@560 287=0=0 A2>єN =04V9=VABN B0 2V4ACB=VABN 

F5=B@0;V7>20=>3> :>=B@>;N, 70157?5GCNG8 3;>10;P=89 4>ABC? 4> DV=0=A>28E 

?>A;C3 B0 ?@>7>@VABP >?5@0FV9. 

Ethereum 3 F5 45F5=B@0;V7>20=0 1;>:G59=-<5@560, O:0 =5 ;8H5 4>72>;Oє 

?5@54020B8 F8D@>2V 20;NB8 (ETH), 0;5 V 28:>@8AB>2CєBPAO 4;O @>73>@B0==O 

A<0@B-:>=B@0:BV2 B0 45F5=B@0;V7>20=8E 4>40B:V2 (DApps). $>7@>1;5=0 4;O 

AB2>@5==O 1V;PH H8@>:>3> A?5:B@C 45F5=B@0;V7>20=8E ?>A;C3 B0 ?;0BD>@<. 

"A=>2=V E0@0:B5@8AB8:8 Ethereum 1;>:G59=-<5@56V: 

− A<0@B-:>=B@0:B8 3 ?@>3@0<8, I> 02B><0B87CNBP B0 28:>=CNBP C3>48 =0 

>A=>2V C<>2, 70?8A0=8E C 1;>:G59=V, @>7H8@NNG8 <>6;82>ABV 28:>@8AB0==O 

B5E=>;>3VW. 

− 5DV@ (Ether) 3 >DVFV9=0 :@8?B>20;NB0 Ethereum, 28:>@8AB>2CєBPAO 4;O 

>?;0B8 B@0=70:FV9 B0 28=03>@>48 <09=5@0<. 

− 45F5=B@0;V7>20=V 4>40B:8 (DApps) 3 ?;0BD>@<0, O:0 4>72>;Oє 

@>7@>1=8:0< AB2>@N20B8 4>40B:8 157 F5=B@0;V7>20=>3> C?@02;V==O G8 

:>=B@>;N. 



− <09=V=3 3 ?@>F5A 28@VH5==O A:;04=8E 70240=P 4;O ?V4B25@465==O 

B@0=70:FV9 B0 AB2>@5==O =>28E 1;>:V2. 

− ERC-20 B>:5=8: AB0=40@B 4;O AB2>@5==O B0 270є<>4VW 7 B>:5=0<8 =0 >A=>2V 

Ethereum, I> @>7H8@Nє DC=:FV>=0; <5@56V. 

− �5F5=B@0;V7>20=V �2B>=><=V "@30=V70FVW (DAO) 3 AB@C:BC@8, I> 

4>72>;ONBP A?V;P=>BV ?@89<0B8 @VH5==O B0 :5@C20B8 @5AC@A0<8 157 

F5=B@0;V7>20=>3> C?@02;V==O. 

− B5E=VG=0 3=CG:VABP 3 Ethereum =040є <>6;82VABP 2?@>2046C20B8 B0 

24>A:>=0;N20B8 ?@>B>:>;8 G5@57 E0@4D>@:8 (hard forks). 

Ethereum 2V4><89 A2>єN 3=CG:VABN B0 <>6;82VABN AB2>@5==O A:;04=8E 

4>40B:V2 B0 DV=0=A>28E V=AB@C<5=BV2, I> 28E>4OBP 70 <56V ?@>AB>3> >1<V=C 

20@B>ABV [174]. 

Hyperledger Fabric 3 F5 28A>:>?@>4C:B82=89, 45F5=B@0;V7>20=89 

1;>:G59=-?@>B>:>;, ?@87=0G5=89 4;O 28:>@8AB0==O C :>@?>@0B82=8E 

A5@54>28I0E. �V= @>7@>1;5=89 Linux Foundation V =040є ?>BC6=VABP 4;O 

@>7@>1:8 45F5=B@0;V7>20=8E 4>40B:V2 B0 @>73>@B0==O A<0@B-:>=B@0:BV2 C 

1V7=5A-A5@54>28I0E. 

"A=>2=V >A>1;82>ABV Hyperledger Fabric: 

− 4>72V;;O B0 ?@820B=VABP 3 Hyperledger Fabric 4>72>;Oє =0;0HB>2C20B8 

@V25=P 4>ABC?C B0 :>=DV45=FV9=>ABV 4;O @V7=8E CG0A=8:V2 <5@56V, 

70157?5GCNG8 4>72V; =0 :>=:@5B=V B@0=70:FVW. 

− <>4C;P=VABP B0 3=CG:VABP 3 ?@>B>:>; 4>72>;Oє 28:>@8AB>2C20B8 @V7=V 

0;3>@8B<8 :>=A5=ACAC, @>7C<=V :>=B@0:B8 B0 A8AB5<8 ;53VB8<0FVW, I>1 

040?BC20B8 <5@56C 4> :>=:@5B=8E ?>B@51 ?V4?@8є<AB20. 

− :>;5:FVW 40=8E 3 Hyperledger Fabric ?V4B@8<Cє :>;5:FVW 40=8E, I> 

4>72>;ONBP 3@C?0< CG0A=8:V2 >1<V=N20B8 >1<565=V 40=V 157 WE=P>W 

@>7:@8B>ABV 2AV9 <5@56V. 

− ;53:VABP C?@02;V==O 3 <5@56V Hyperledger Fabric <>6=0 ;53:> @>73>@B0B8 

B0 :5@C20B8, 70157?5GCNG8 5D5:B82=5 C?@02;V==O 7 >3;O4>< =0 1V7=5A-?@>F5A8. 



− ?V4B@8<:0 :><?0=V9 3 @>7@>1;5=89 7 C@0EC20==O< ?>B@51 ?V4?@8є<AB2, 

Hyperledger Fabric 4>72>;Oє AB2>@N20B8 4>40B:8 4;O ?V4?@8є<AB2 B0 

70157?5GCє 28A>:C ?@>?CA:=C 740B=VABP. 

− 4>2V@0 B0 157?5:0 3 <5@56V Hyperledger Fabric 28:>@8AB>2CNBP :>=A5=ACA 

70 4>?><>3>N ?@0:B8: Proof-of-Work, I> @>18BP WE =04V9=8<8 B0 ABV9:8<8 4> 

7<>2 B0 0B0:. 

Hyperledger Fabric AB0=>28BP ?>?C;O@=89 281V@ 4;O ?V4?@8є<AB2, O:V 

HC:0NBP 1;>:G59=-@VH5==O, >@Vє=B>20=V =0 45F5=B@0;V70FVN B0 157?5:C 4;O 

A2>WE 1V7=5A->?5@0FV9. 

�82G5==O B5E=VG=8E >A>1;82>AB59 :>6=>3> @VH5==O 2:;NG0;> 2 A515 

@>73;O4 :>=DV3C@0FV9 1;>:G59=-<5@56V, 0;3>@8B<V2 H8D@C20==O, <5E0=V7<V2 

:>=B@>;N 4>ABC?C B0 A8AB5< C?@02;V==O :;NG0<8. �>:@5<0, 725@B0;0AO C2030 

=0 <>6;82VABP V=B53@0FVW 7 VA=CNG8<8 A8AB5<0<8, 040?B82=VABP 4> 7<V= 2 

:V15@703@>70E B0 740B=VABP 4> <0AHB01C20==O [175]. %CG0A=89 @>728B>: 

B5E=>;>3V9 AB028BP ?5@54 A>1>N 70240==O C4>A:>=0;8B8 ?@>F5A8 >1@>1:8 

7>:@5<0 C ?8B0==OE 0=0;V7C B5:ABC 2 :>=B5:ABV A5<0=B8G=>3> 0=0;V7C [2]. 

�>A;V465==O ?> <>6;82><C 28:>@8AB0==N VA=CNG8E 1;>:G59= @VH5=P C 

A5<0=B8G=V9 >1@>1FV B5:ABC B0 WE=V9 @>;V 2 :;0A8G=><C ?@>F5AV >1@>1:8 B5:ABC 

72545=> C &01;8FV 4.6 [168]. 

 

&01;8FO 4.6 3 �;>:G59= B0 A5<0=B8G=0 >1@>1:0 B5:ABC 

 Bitcoin Ethereum  Hyperledger Fabric 

 5E0=V7<8 
:>=A5=ACAC B0 
?5@54>289 
A5<0=B8G=89 0=0;V7 

Bitcoin PoW 3 <>65 
28:>@8AB>2C20B8AO 
4;O ?V4B25@465==O 
465@5;0 V=D>@<0FVW 2 
A5<0=B8G=><C 
0=0;V7V, 70157?5GCNG8 
=04V9=VABP 40=8E. 

Ethereum PoS: 

70157?5GCє H284:C B0 
5=5@3>5D5:B82=C 
>1@>1:C B5:ABC 2 
A5<0=B8G=8E <>45;OE. 

Hyperledger Fabric 

PBFT 3 4>72>;Oє 
?>1C4C20B8 
>1<565=C <5@56C 
4;O >1<V=C 
A5<0=B8G=>N 
V=D>@<0FVєN C 
:>@?>@0B82=8E 
A5@54>28I0E. 



%<0@B-:>=B@0:B8 B0 
02B><0B87>20=89 
A5<0=B8G=89 0=0;V7 

28:>@8AB>2CNBPAO 
4;O 02B><0B870FVW 
A5<0=B8G=>3> 0=0;V7C 

Ethereum A<0@B-
:>=B@0:B8 3
28:>@8AB>2CNBPAO 
4;O 02B><0B870FVW 
A5<0=B8G=>3> 0=0;V7C 
B0 28:>=0==O @V7=8E 
70240=P 7 >1@>1:8 
B5:ABC 157 
?>A5@54=8FB20. 

Hyperledger Fabric 

<>4C;P=VABP 3 
4>72>;Oє 
@>7@>1;OB8 B0 
28:>@8AB>2C20B8 
<>4C;P=V @VH5==O 
4;O 
A?5FV0;V7>20=>3> 
A5<0=B8G=>3> 
0=0;V7C. 

�1V@ B0 ?V43>B>2:0 
40=8E 

�0157?5GCNBP 
157?5G=89 B0 
=04V9=89 >1<V= 
B5:AB>2>N 
V=D>@<0FVєN 70 
4>?><>3>N 
:@8?B>3@0DVG=> 
70E8I5=8E 
B@0=70:FV9. 

�0157?5GCNBP 
157?5G=89 B0 
=04V9=89 >1<V= 
B5:AB>2>N 
V=D>@<0FVєN 70 
4>?><>3>N 
:@8?B>3@0DVG=> 
70E8I5=8E 
B@0=70:FV9. 

�0@0=BCє 
?@820B=VABP B0 
:>=DV45=FV9=VABP 
40=8E ?V4 G0A WE 
71>@C B0 >1<V=C. 

�=0;V7 B0 28BO35==O 
V=D>@<0FVW 

�8:>@8AB0==O 
H;OE>< 4>A;V465==O 
B@0=70:FV9=>W VAB>@VW. 
#C1;VG=89 E0@0:B5@ 
1;>:G59=C 4>72>;Oє 
?5@5206=> 
AB2>@N20B8 B0 
28:>@8AB>2C20B8 
0=0;VB8G=V 
V=AB@C<5=B8 4;O 
282G5==O B0 
@>7C<V==O @CEC 
:@8?B>20;NB B0 
?>2'O70=8E 7 =8<8 
40=8E. 

�8:>@8AB>2CNBPAO 
4;O 02B><0B8G=>3> 
28BO3=5==O B0 
>1@>1:8 A5<0=B8G=>W 
V=D>@<0FVW 7 B5:ABC. 

�>72>;Oє 
70157?5G8B8 
=04V9=VABP B0 
FV;VA=VABP 
V=D>@<0FVW ?V4 G0A 
0=0;V7C. 
 

 >45;N20==O B0 
>?B8<V70FVO 

�>?><030є 
70157?5G8B8 
@>7?>4V;5=C >1@>1:C 
B0 >?B8<V70FVN 
A5<0=B8G=>3> 
0=0;V7C. 

�0157?5GCє H284:VABP 
B0 28A>:C 
<0AHB01>20=VABP 4;O 
>?B8<0;P=>3> 
<>45;N20==O 
B5:AB>2>W V=D>@<0FVW. 

�>72>;Oє 
>?B8<V7C20B8 
A5<0=B8G=89 0=0;V7, 
28:>@8AB>2CNG8 
A?5FV0;V7>20=V 
<>4C;V. 

 

�8:>@8AB0==O VA=CNG8E 1;>:G59= @VH5=P <>65 7=0G=> ?>:@0I8B8 

?@>F5A A5<0=B8G=>3> 0=0;V7C B5:ABC. Bitcoin, Ethereum B0 Hyperledger Fabric 

?@>?>=CNBP C=V:0;P=V <>6;82>ABV 4;O 157?5G=>3> B0 5D5:B82=>3> >1<V=C 



A5<0=B8G=>N V=D>@<0FVєN, 0 WE=V <5E0=V7<8 :>=A5=ACAC B0 A<0@B-:>=B@0:B8 

4>40NBP =>2VB=V DC=:FV>=0;P=>ABV 4> :;0A8G=>3> ?@>F5AC >1@>1:8 B5:ABC. 

�?@>20465==O F8E B5E=>;>3V9 <>65 287=0G8B8 =>2V AB0=40@B8 2 30;C7V 

A5<0=B8G=>3> 0=0;V7C B0 ?>:@0I8B8 =04V9=VABP B0 5D5:B82=VABP >1@>1:8 

B5:AB>2>W V=D>@<0FVW. 

�15@V30==O B0 >1<V= 7=0=P B0:>6 <0є :;NG>25 7=0G5==O, >A>1;82> 2 

?@>3@0<=8E A8AB5<0E, 45 28:>@8AB0==O 107 7=0=P є =52V4'є<=>N G0AB8=>N 

@>7@>1:8 F5 2A5 4C65 206;82> C ACG0A=><C A2VBV [176]. �=0;V7 ACG0A=8E 

?C1;V:0FV9 2:07Cє =0 <>6;82VABP 28:>@8AB0==O VA=CNG8E 1;>:G59= @VH5=P 4;O 

>?B8<V70FVW B0 ?V428I5==O 5D5:B82=>ABV ?>2B>@=>3> 28:>@8AB0==O 7=0=P C 

?@>3@0<=8E A8AB5<0E =0 >A=>2V 107 7=0=P, 0=0;V7 ?@54AB02;5=89 C &01;8FV 4.7 

[168]. 

 

&01;8FO 4.7 3 �;>:G59= B0 9>3> @>;P C A8AB5<0E 7=0=P 

 Bitcoin Ethereum  Hyperledger Fabric 

�5F5=B@0;V70FVO 
715@V30==O �=0=P 

 >6CBP A;C3C20B8 
>A=>2>N 4;O 
45F5=B@0;V7>20=>W 
1078 7=0=P, 
70157?5GCNG8 
28A>:C 4>ABC?=VABP 
B0 ABV9:VABP 4> 
2B@0B8 V=D>@<0FVW. 
 

 >6CBP A;C3C20B8 
>A=>2>N 4;O 
45F5=B@0;V7>20=>W 
1078 7=0=P, 
70157?5GCNG8 28A>:C 
4>ABC?=VABP B0 
ABV9:VABP 4> 2B@0B8 
V=D>@<0FVW. 
 

 >65 A;C68B8 >A=>2>N 
4;O AB2>@5==O 
45F5=B@0;V7>20=>W A8AB5<8 
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