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ABSTRACT 

 

Klymenko O.M. Models and Methods of Automatic Control of a Robotic 

Conveyor Line for Sorting Pharmaceutical Products 3 Qualification scientific work 

in the form of a manuscript. 

Dissertation for the degree of Doctor of Philosophy in specialty 151 

Automation and computer-integrated technologies. 3 Kharkiv National University 

of Radio Electronics, Ministry of Education and Science of Ukraine, Kharkiv, 2025. 

The relevance of the study lies in the importance of improving conveyor lines 

for sorting pharmaceutical products due to the constant development of the industry 

and the need to improve production processes. The use of autonomous transport 

systems in this area allows you to increase productivity and reduce the cost of 

products, which are key in the context of growing competition. In the context of 

digitalization and Industry 4.0, the development of autonomous control systems is 

strategically important for ensuring the competitiveness of pharmaceutical 

enterprises. Since the sorting of pharmaceutical products requires high quality and 

accuracy of identification, transportation safety and accuracy of production 

processes, improving transport systems is an urgent task. Such research is relevant 

in view of the need for constant improvement of technologies and control methods 

to meet modern requirements. Given the rapid development of technologies, 

constant improvement of transport systems is important for ensuring the efficiency 

and competitiveness of pharmaceutical manufacturers. 

The dissertation is a continuation of research conducted at the Department of 

Computer Integrated Technologies, Automation and Robotics (CITAR) of the 

Kharkiv National University of Radio Electronics under the supervision of the Head 

of the CITAR Department, Doctor of Technical Sciences, Professor, Honored 

Worker of Science and Technology of Ukraine, Laureate of the State Prize in 

Science and Technology of Ukraine, Igor Shakirovich Nevlyudov.  
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The purpose of the dissertation is increasing the efficiency of the robotic 

sorting system by developing models and methods for automatic control of the 

conveyor line for sorting pharmaceutical products. 

The object of the study is the process of automatic control of a robotic 

conveyor line for sorting pharmaceutical products. 

The subject of the study is models, methods, algorithmic and software of an 

automated system for automatic control of the process of sorting pharmaceutical 

products on a conveyor line. 

Research methods. The following methods are used in the work: description 

of parametric models is used to formalize the process of packaging pharmaceutical 

products on a conveyor line. This method allows to accurately determine the 

packaging parameters (for example, package dimensions, number of products in a 

pack, conveyor speed, etc.) and build a mathematical model that describes this 

process. The use of parametric models allows to analyze the efficiency of packaging, 

optimize the process and predict results depending on changes in parameters. This 

approach allows you to increase the productivity and quality of packaging 

pharmaceutical products on a conveyor line. A method for describing system levels 

that allows for simplified representation and description of parameters and 

characteristics of secondary and tertiary packaging types for pharmaceutical 

products. The methods of distributing packages by selected work zones («load 

balancing») and distributing packages across all work zones allow to optimize the 

sorting process, redistribution of robot efforts for more efficient use of simulation 

time and increase in the total number of sorted packages. The image normalization 

method makes it possible to describe the dynamic properties of the signal and their 

classification, it uses the autoregressive component and the moving average of the 

error as an auxiliary to characterize the autoregression model when processing the 

QR code. The "nearest neighbor" method provides smoothing and preservation of 

image details, which is especially useful for the QR code, where a clear and readable 

structure is important, especially in the case of a conveyor line for sorting 
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pharmaceutical products. The Reed-Solomon code method is used to encode 

information in the QR code. 

The scientific novelty of the dissertation work is as follows: 

1. For the first time, a parametric model of the formalization of pharmaceutical 

packaging has been developed, which, unlike existing ones, allows you to recognize 

the type of packaging using basic features, which allows you to create conditions for 

designing automation systems that provide the opportunity to reduce the time for 

identifying and sorting pharmaceutical products. 

2. For the first time, a method of load adaptability on the conveyor line for 

sorting pharmaceutical products has been developed, which allows you to distribute 

packages across the working areas of sorting robots in such a way that the load is 

the same for each robot, which makes it possible to improve the sorting process and 

redistribute the efforts of robots for more efficient use of time. 

3. The method of normalizing the QR code image frame by replacing the noise 

pixel with the average value, calculated taking into account the values of all pixels, 

which makes it possible to improve the recognition of information on the QR code 

with different external parameters of the pharmaceutical product sorting process. 

4. The method of encoding information has been improved by using a 

polynomial generator in the form of a Reed-Solomon code, which makes it possible 

to improve the reading of information from a QR code in case of its partial damage 

or erasure during the sorting of pharmaceutical products. 

5. The method of decoding information from damaged QR codes on the 

conveyor line of sorting pharmaceutical products has been further developed based 

on the Forni algorithm, which allows calculations to be performed to determine the 

error coefficients in the transmitted QR code. 

6. A mathematical model for controlling the speed of the pharmaceutical 

product sorting conveyor line using PID regulators has been further developed, 

which allows for stable reading of information from the QR code and coordinating 

the functioning of sorting robots in time. 
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Practical significance of the results of the work. The method of decoding 

information from damaged QR codes on the pharmaceutical sorting conveyor line 

based on the Forni algorithm and the layout of the computer vision system of the 

industrial conveyor line and the software module of the recognition and 

identification system of packages on the pharmaceutical sorting line based on QR 

codes obtained in the work were implemented in the production process of the 

company LLC "Ametrin FC" (act dated 06.12.2024). Also, the method of encoding 

information by using a polynomial generator in the form of a Reed-Solomon code 

and the layout of the computer vision system of the industrial conveyor line and the 

software module of the recognition and identification system of packages on the 

pharmaceutical sorting line based on QR codes were implemented in the educational 

process of the Department of Automation and Information Systems of the 

Kremenchuk Mykhailo Ostrogradsky National University" during lectures and 

practical classes in the disciplines "Methods of optimizing control processes", 

"automation of technological processes and production" for the specialty 174 3 

Automation and computer-integrated technologies and robotics (act dated 

20.09.2024). The QR code image frame normalization method, as well as the layout 

of the computer vision system of an industrial conveyor line and the software module 

of the package recognition and identification system were implemented in the 

educational process of the Department of "Information Technologies of Electronic 

Means" of the National University "Zaporizhzhia Polytechnic" during lecture and 

laboratory classes in the discipline "Digital Signal and Image Processing" for 

specialties 172 Electronic Communications and Radio Engineering and 174 

Automation, Computer-Integrated Technologies and Robotics (act dated 

15.10.2024). Improved methods of encoding information and decoding it, taking 

into account the possibility of damage to QR codes on the conveyor line for sorting 

pharmaceutical products, are used in the educational process of the Kharkiv National 

University of Radio Electronics at the CITAR Department when conducting lectures 

and practical classes in the disciplines «Software and hardware complexes and 

software for automated control systems», «Identification and modeling of 
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automation objects» and «Automated control systems for robotic production» for 

applicants of the first (bachelor's) level of higher education in the specialty 151 3 

Automation and computer-integrated technologies (act dated 06.09.2024). Models 

and methods of the controlled technological process of the functioning of a shuttle 

vehicle in automated internal warehouse systems were implemented in the 

production processes of the KAPELOU company ((Ukraine) (act dated 18.06.2024). 

The information encoding method and the computer vision system layout for an 

industrial conveyor line were implemented in the production processes of the 

KAPELOU company (Germany) (act dated 27.08.2024). Based on the research 

conducted, 2 patents were obtained: a patent of Ukraine (No. 126885 dated 

02/15/2023) and an international patent (Germany, No. 2023042415393600DE 

dated 04/24/2023) 

The results of the dissertation work are quite fully presented in 20 scientific 

works of the author on the topic of the dissertation, including: 8 articles in 

professional publications, 4 in foreign publications, 4 scientific professional 

publications of Ukraine (category "B"), 8 abstracts of reports, 2 sections of a 

monograph, 1 international patent, 1 patent of Ukraine. The works are indexed in 

the databases Scopus, Index Copernicus, Google Scholar, Research Bible; Index 

Copernicus (World of Papers), CrossRef, OUCI, ResearchGate, OpenAIRE. 

Keywords: Industry 4.0, automatic control system, reconfigurable 

manufacturing system, robotic systems, robot manipulator, mobile robot, 

autonomous mobile robot, automatic sorting conveyor line, automatic sorting line, 

automatic line, identification, object recognition, object recognition system, user 

recognition, formalization of pharmaceutical product objects, pharmaceutical 

products, image processing, Kalman filter, frame normalization, QR code 

processing, experimental plan, decision making.. 

A thesis submitted in fulfillment of the requirements for the degree of Doctor 

of Philosophy in specialty 151 Automation and computer-integrated technologies. 3 

Kharkiv National University of Radio Electronics, Ministry of Education and 

Science of Ukraine, Kharkiv, 2024. 
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20=B06V2 2V41C20єBPAO 70 @0EC=>: >15@B>28E @>;8:V2, 70:@V?;5=8E =0 @0<V. 

$>;8:8 283>B>2;ONBPAO 7 @V7=><0=VB=8E <0B5@V0;V2, B0:8E O: AB0;P, 0;N<V=V9 

G8 ?;0AB8:, V @>7<VICNBPAO =0 287=0G5=V9 2V4AB0=V >48= 2V4 >4=>3>, D>@<CNG8 

157?5@5@2=C ?>25@E=N 4;O B@0=A?>@BC20==O 20=B06V2. �030;P=89 283;O4 

B0:>3> :>=25є@C =02545=> =0 @8A. 1.6, 0, 0 B5E=VG=V E0@0:B5@8AB8:8 2 B01;. 1.1. 
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0) 1) 

0) ?;0AB8=G0AB89 :>=25є@; 

1) ?;0AB8=G0AB89 :>=25є@ 7 <>4C;P=>N AB@VG:>N 

$8AC=>: 1.5 3 �>2=VH=V9 283;O4 <>4C;P=>3> ?;0AB8=G0AB>3> :>=25є@C [14] 

 

%B@VG:>289 :>=25є@ 4 F5 @V7=>284 :>=25є@=>W A8AB5<8, 2 O:V9 4;O 

?5@5<VI5==O 20=B06V2 01> <0B5@V0;V2 28:>@8AB>2CєBPAO 157?5@5@2=0 AB@VG:0. 

�>=0 70728G09 283>B>2;OєBPAO 7 <VF=8E <0B5@V0;V2, B0:8E O: #�) 01> 

?>;VC@5B0=, 3C<0 V =0BO3CєBPAO <V6 42><0 G8 1V;PH5 H:V20<8, A5@54 O:8E >48= 

01> :V;P:0 28:>=CNBP @>;P ?@82>4C. �030;P=89 283;O4 =02545=89 =0 @8A. 1.61., 

0 B5E=VG=V E0@0:B5@8AB8:8 2 B01;. 1.1 

 

 

  

0) 1) 

0) D@03<5=B @>;8:>2>3> :>=25є@0; 

1) D@03<5=B AB@VG:>2>3> :>=25є@0; 

$8AC=>: 1.6 3 �030;P=89 283;O4 @>;8:>2>3> B0 AB@VG:>2>3> :>=25є@0 [15] 
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&01;8FO 1.1 3 #>@V2=O==O 107>28E E0@0:B5@8AB8: @>;8:>2>3> B0 

AB@VG:>2>3> :>=25є@0 

#0@0<5B@8  
�=0G5==O  

$>;8:>289 :>=25є@ %B@VG:>289 :>=25є@ 

!><V=0;P=0 H8@8=0 (ą) 425-625 << 425-625 << 

,8@8=0 (Ď) ą +80 << ą +80 << 

�V0<5B@ @>;8:0 50 << 3 

�8A>B0 :>=25є@0 (ÿ) 70 70?8B>< 70 70?8B>< 

�>268=0 :>=25є@0  4> 21.000 << 4> 21.000 << 

�V4AB0=P <V6 @>;8:0<8 60-90 << 3 

 0:A8<0;P=89 :CB 

=0E8;C 
3 180 

�0=B06>?V49><=VABP  <0:A. 100 :3  <0:A. 100 :3 

&8? B@0=A?>@B=8E 

>48=8FP 

�0@B>==0 

:>@>1:0/;>B>: 
=5 <0є 7=0G5==O 

 

�030B>O@CA=V A8AB5<8 :>=25є@V2 4 F5 :>=25є@=V A8AB5<8, I> 

A:;040NBPAO 7 :V;P:>E @V2=V2 01> O@CAV2 :>=25є@V2, @>7B0H>20=8E >48= =04 

>4=8< 01> ?>@CG >48= 7 >4=8<, 4;O 5D5:B82=>3> B@0=A?>@BC20==O <0B5@V0;V2 

01> 20=B06V2 C 25@B8:0;P=><C V 3>@87>=B0;P=><C =0?@O<:0E. &0:V A8AB5<8 

4>72>;ONBP >?B8<V7C20B8 28:>@8AB0==O ?@>AB>@C V ?V428I8B8 ?@>4C:B82=VABP 

2 C<>20E >1<565=>W ?;>IV. �030;P=89 283;O4 1030B>O@CA=>W A8AB5<8 :>=25є@V2 

=02545=> =0 @8A. 1.7. 
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$8AC=>: 1.7 3 �030;P=89 283;O4 1030B>O@CA=>W A8AB5<8 :>=25є@V2 [16] 

 

!0 107V ?@>2545=>3> 0=0;V7C ?@>2545<> ?>@V2=O==O ?5@5203 V =54>;V:V2 

@V7=8E :>=25є@=8E A8AB5< 4;O A>@BC20==O D0@<0F52B8G=8E 28@>1V2. 

$57C;PB0B8 ?>@V2=O==O =02545=> 2 B01;. 1.2 

 

&01;8FO 1.2 3 #>@V2=O==O ?5@5203 B0 =54>;V:V2 @V7=8E :>=25є@=8E A8AB5< 

4;O A>@BC20==O D0@<0F52B8G=8E 28@>1V2 

�>=25є@=0 A8AB5<0 #5@52038 !54>;V:8 

 >4C;P=V AB@VG:8 
:>=25є@=V 

�=CG:VABP :>=AB@C:FVW; 
?@>AB>B0 >1A;C3>2C20==O;  

 28A>:0 <VF=VABP;  
3V3Vє=VG=VABP. 

�8A>:0 20@BVABP; 
>1<565=0 H284:VABP 

#;0AB8=G0ABV 
:>=25є@8 

 VF=VABP B0 4>23>2VG=VABP; 
ABV9:VABP 4> 28A>:8E 
B5<?5@0BC@; =87P:89 

@V25=P 7=>AC 

�8A>:0 20@BVABP 
>1A;C3>2C20==O;  
25;8:0 2030 

$>;8:>289 :>=25є@ 
#@>AB>B0 :>=AB@C:FVW; 

5D5:B82=VABP;  
=87P:0 20@BVABP 

"1<565==O C 
28:>@8AB0==V; 

70;56=VABP 2V4 @CG=>3> 
2B@CG0==O 

%B@VG:>289 :>=25є@ 

'=V25@A0;P=VABP; 
5D5:B82=VABP 

B@0=A?>@BC20==O; 
@53C;N20==O H284:>ABV 

%:;04=VABP 
>1A;C3>2C20==O; 

2@07;82VABP 4> 7=>AC 

�030B>O@CA=V A8AB5<8 
:>=25є@V2 

�D5:B82=5 28:>@8AB0==O 
?@>AB>@C; ?V428I5=0 

?@>4C:B82=VABP; 3=CG:VABP 
C =0;0HBC20==V 

%:;04=VABP :>=AB@C:FVW; 
28A>:0 20@BVABP; 
A:;04=VABP 

>1A;C3>2C20==O 
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�81V@ :>=25є@=>W A8AB5<8 4;O A>@BC20==O D0@<0F52B8G=8E 28@>1V2 

70;568BP 2V4 :>=:@5B=8E ?>B@51 V C<>2 5:A?;C0B0FVW.  >4C;P=V AB@VG:8 

:>=25є@=V 70157?5GCNBP 3=CG:VABP V 3V3Vє=VG=VABP, 0;5 <0NBP 28A>:C 20@BVABP V 

>1<565=C H284:VABP. #;0AB8=G0ABV :>=25є@8 2V4@V7=ONBPAO <VF=VABN V 

ABV9:VABN 4> 28A>:8E B5<?5@0BC@, ?@>B5 2>=8 4>@>3V 2 >1A;C3>2C20==V V 206:V. 

$>;8:>2V :>=25є@8 ?@>ABV 2 :>=AB@C:FVW B0 5D5:B82=V 4;O B@0=A?>@BC20==O 

:>@>1>:, 0;5 =5 ?V4E>4OBP 4;O =5AB0=40@B=8E 20=B06V2 V 70;560BP 2V4 @CG=>3> 

2B@CG0==O. %B@VG:>2V :>=25є@8 C=V25@A0;P=V V 4>72>;ONBP @53C;N20B8 

H284:VABP, >4=0: A:;04=V 2 >1A;C3>2C20==V V H284:> 7=>HCNBPAO. 

�030B>O@CA=V A8AB5<8 5D5:B82=> 28:>@8AB>2CNBP ?@>ABV@ V ?V428ICNBP 

?@>4C:B82=VABP, 0;5 A:;04=V C :>=AB@C:FVW, 4>@>3V V 206:V 2 >1A;C3>2C20==V.  

 

1.2 �=0;V7 3@0DVG=>3> >D>@<;5==O 2B>@8==>3> B0 B@5B8==>3> ?0:C20==O 

D0@<0F52B8G=8E 28@>1V2. 

 

�@0DVG=5 >D>@<;5==O 2B>@8==>3> B0 B@5B8==>3> ?0:C20==O 

D0@<0F52B8G=8E 28@>1V2 <0є 28@VH0;P=5 7=0G5==O 4;O WE V45=B8DV:0FVW =0 

:>=25є@=V9 ;V=VW A>@BC20==O. �B>@8==0 C?0:>2:0, O: ?@028;>, 2:;NG0є :>@>1:8 

01> 1;VAB5@8, O:V <VABOBP ?5@28==C C?0:>2:C (?;OH5G:8, 0<?C;8 B>I>), 0 

B@5B8==0 C?0:>2:0 3 F5 B@0=A?>@B=V :>@>1:8 01> V=HV 70A>18 4;O 3@C?>2>3> 

?5@52575==O 2B>@8==>W C?0:>2:8. �>;>2=8< 0A?5:B>< є 70157?5G5==O GVB:>W B0 

:>=B@0AB=>W V=D>@<0FVW 4;O A:0=C20==O B0 02B><0B8G=>3> @>7?V7=020==O. 

'?0:>2:0 ?>28==0 <VAB8B8 C=V:0;P=V V45=B8DV:0FV9=V :>48, B0:V O: QR-:>48 

01> HB@8E-:>48, @>7B0H>20=V C ;53:> 4>ABC?=8E <VAFOE 4;O A:0=C20==O. &0:>6 

2 @>1>BV [17] @>73;O=CB> B0:>6 A<0@B-?0:C20==O. *59 =0?@O<>: =01C20є 

7=0G=>3> @>7?>2AN465==O, 0;5 4;O D0@<0F52B8G=>W ?@>4C:FVW 2 ':@0W=V =0@07V 

;8H5 ?>G8=0є 7’O2;OB8AO. *V :>48 ?>28==V 1CB8 =0=5A5=V =0 @V2=V ?>25@E=V 157 

2838=V2 G8 45D>@<0FV9, I>1 70?>1V3B8 ?><8;:0< ?@8 G8B0==V. �>40B:>2>, 

206;828< є 28:>@8AB0==O OA:@028E B0 :>=B@0AB=8E :>;P>@V2 4;O ?>;V?H5==O 
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2848<>ABV. �>3>B8?8, =0728 ?@>4C:BV2, V=D>@<0FVO ?@> A5@VW B0 B5@<V=8 

?@840B=>ABV ?>28==V 1CB8 =0=5A5=V GVB:8< H@8DB>< B0 =5 ?5@5:@820B8 :>48 

V45=B8DV:0FVW. &@5B8==0 C?0:>2:0 ?>28==0 B0:>6 <0B8 GVB:5 <0@:C20==O 7V 

2AVєN =5>1EV4=>N V=D>@<0FVєN 4;O 70157?5G5==O H284:>W V45=B8DV:0FVW B0 

@>7?>4V;C ?@>4C:BV2 C ;>3VAB8G=><C ;0=FN3C. *5 2:;NG0є 25;8:V, 4>1@5 

2848<V 5B8:5B:8 7 >A=>2=>N V=D>@<0FVєN ?@> 2<VAB B0 :>48, I> 4C1;NNBP BV, 

I> 7=0E>4OBPAO =0 2B>@8==V9 C?0:>2FV. 'AV FV 70E>48 70157?5GCNBP 

5D5:B82=VABP 02B><0B8G=8E A8AB5< A>@BC20==O B0 7=86CNBP @878: ?><8;>: 

?@8 >1@>1FV D0@<0F52B8G=8E 28@>1V2 [18-21]. �030;P=89 283;O4 2B>@8==>3> B0 

B@5B8==>3> ?0:C20==O 7 B>G:8 7>@C =0=5A5==O 3@0DVG=>3> ?>7=0G5==O B0 

<0@:C20==O =02545=> =0 @8A. 1.8. 

 

0) 1) 

0) ?@8:;04 2B>@8==>3> ?0:C20==O; 

1) ?@8:;04 B@5B8==>3> ?0:C20==O 

$8AC=>: 1.8. 3 �848 2B>@8==>3> B0 B@5B8==>3> ?0:C20==O 7 B>G:8 7>@C 

=0=5A5==O 3@0DVG=>3> ?>7=0G5==O B0 <0@:C20==O   

 

"D>@<;5==O 2B>@8==>3> B0 B@5B8==>3> ?0:C20==O D0@<0F52B8G=8E 

28@>1V2 @53C;NєBPAO =87:>N AB0=40@BV2, O:V 70157?5GCNBP 2V4?>2V4=VABP 

?@>4C:FVW 28<>30< 157?5:8, V45=B8DV:0FVW B0 O:>ABV. �07>2V AB0=40@B8 B0 =0:078, 
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O:V 287=0G0NBP 28<>38 4> <0@:C20==O ?@>4C:FVW, 2:;NG0NG8 D0@<0F52B8G=V 

28@>18 =02545=> 2 B01;. 1.3 

 

&01;8FO 1.3 3 �07>2V AB0=40@B8 B0 =0:078, O:V 287=0G0NBP 28<>38 4> 

<0@:C20==O ?@>4C:FVW, 2:;NG0NG8 D0@<0F52B8G=V 28@>18 

%B0=40@B8 (=0:078) "?8A 

1 2 

%B0=40@B8 ':@0W=8 

�%&' 4169-2003 " 0@:C20==O 

?@>4C:FVW"[22] 

�87=0G0є 7030;P=V 28<>38 4> 

<0@:C20==O ?@>4C:FVW, 2:;NG0NG8 

D0@<0F52B8G=V 28@>18, I>1 

70157?5G8B8 GVB:C V45=B8DV:0FVN B0 

V=D>@<0FVN 4;O A?>6820GV2. 

�%&' EN ISO 15378:2017 

"#5@28==5 ?0:C20==O 4;O <548G=8E 

28@>1V2. "A>1;82V 28<>38 4> 

70AB>AC20==O ISO 9001:2015"[23] 

�AB0=>2;Nє 28<>38 4> A8AB5<8 

C?@02;V==O O:VABN C 28@>1=8FB2V 

?5@28==>3> ?0:C20==O, O:5 2?;820є 

=0 2B>@8==5 B0 B@5B8==5 ?0:C20==O. 

!0:07  "� ':@0W=8 № 723 2V4 

29.10.2012 "#@> 70B25@465==O 

<5B>48G=8E @5:><5=40FV9 I>4> 

<0@:C20==O ;V:0@AP:8E 70A>1V2"[24] 

$53C;Nє 28<>38 4> <0@:C20==O 

;V:0@AP:8E 70A>1V2, 2:;NG0NG8 

5;5<5=B8 2B>@8==>W B0 B@5B8==>W 

C?0:>2:8. 

 V6=0@>4=V AB0=40@B8 

ISO 15378:2017 "Primary packaging 

materials for medicinal products 3 

Particular requirements for the 

application of ISO 9001:2015"[25] 

�87=0G0є 28<>38 4> ?5@28==>3> 

?0:C20==O B0 >A>1;82>ABV, O:V 

2?;820NBP =0 2B>@8==5 B0 B@5B8==5 

?0:C20==O. 
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#@>4>265==O B01;8FV 1.3 
1 2 

ISO 11607-1:2019 "Packaging for 

terminally sterilized medical 

devices"[26] 

�87=0G0є 28<>38 4> ?@>F5AC 

?0:C20==O <548G=8E 28@>1V2, 

2:;NG0NG8 AB5@8;V70FV9=V 10@'є@8 B0 

A8AB5<8 ?0:C20==O. 

GS1 Healthcare standards [27] 

�AB0=>2;Nє 3;>10;P=V AB0=40@B8 4;O 

<0@:C20==O, 2V4AB56C20==O B0 

V45=B8DV:0FVW D0@<0F52B8G=8E 

28@>1V2, 2:;NG0NG8 28:>@8AB0==O 

HB@8E-:>4V2 B0 QR-:>4V2. 

EU Directive 2011/62/EU (Falsified 

Medicines Directive) [28] 

$53C;Nє 28<>38 4> 70E8ABC C?0:>2:8 

2V4 ?V4@>1>:, 2:;NG0NG8 

>1>2'O7:>25 28:>@8AB0==O 

C=V:0;P=8E V45=B8DV:0B>@V2 =0 

2B>@8==V9 C?0:>2FV. 

21 CFR Part 211 (Current Good 

Manufacturing Practice for Finished 

Pharmaceuticals) [29] 

$53;0<5=BCє 28<>38 FDA 4> 

28@>1=8FB20, 2:;NG0NG8 ?0:C20==O 

B0 <0@:C20==O D0@<0F52B8G=8E 

?@>4C:BV2 C %,�. 

 

�030;><, AB0=40@B8 ':@0W=8 B0 <V6=0@>4=V AB0=40@B8 I>4> >D>@<;5==O 

2B>@8==>3> B0 B@5B8==>3> ?0:C20==O D0@<0F52B8G=8E 28@>1V2 A?@O<>20=V =0 

70157?5G5==O 157?5:8, O:>ABV B0 V45=B8DV:0FVW ?@>4C:FVW. �>=8 2:;NG0NBP 

28<>38 4> GVB:>3> <0@:C20==O, 28:>@8AB0==O C=V:0;P=8E V45=B8DV:0FV9=8E 

:>4V2, 70?>1V30==O ?V4@>1:0< B0 2V4?>2V4=VABP A8AB5<0< C?@02;V==O O:VABN. *V 

AB0=40@B8 70157?5GCNBP ?@>7>@VABP ;>3VAB8G=8E ?@>F5AV2, ?V428ICNBP 

5D5:B82=VABP A8AB5< 02B><0B8G=>3> A>@BC20==O B0 7=86CNBP @878: ?><8;>:, 

I> є :@8B8G=8< 4;O D0@<0F52B8G=>W 30;C7V. �>B@8<0==O F8E 28<>3 A?@8Oє 

30@<>=V70FVW =0FV>=0;P=8E @53C;OB>@=8E ?@0:B8: 7 <V6=0@>4=8<8, 
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70157?5GCNG8 70E8AB A?>6820GV2 B0 2V4?>2V4=VABP 3;>10;P=8< @8=:>28< 

28<>30< [30]. 

$>73;O=5<> ?@8:;04 <0@:C20==O D0@<0F52B8G=>3> 28@>1C 

«�;>?V4@>35;-&520», O:V9 28@>1;OєBPAO =0 702>4V «Teva» (Teva 

Pharmaceuticals), &5;P-�2V2, �7@0W;P, O:0 =02545=> =0 @8A. 1.9. /: <>6=0 10G8B8, 

2B>@8==5 ?0:C20==O D0@<0F52B8G=>3> 28@>1C «�;>?V4@>35;-&520» >D@<;5==0 

2V4?>2V4=> AB0=40@BC GS1 Healthcare standards B0 !0:07  "� ':@0W=8 № 723 

2V4 29.10.2012 «#@> 70B25@465==O <5B>48G=8E @5:><5=40FV9 I>4> 

<0@:C20==O ;V:0@AP:8E 70A>1V2». &0: O:, D0@<0F52B8G=89 28@V1 «�;>?V4@>35;-

&520» ?@87=0G5=89 4;O @8=:C ':@0W=8, 2=0A;V4>: FP>3> 9>3> >D>@<;5==O 

040?B>20=> ?V4 A?>6820G0.  

 

 

$8AC=>: 1.9 3 �030;P=89 283;O4 <0@:C20==O D0@<0F52B8G=>3> 28@>1C 
(2B>@8==5 ?0:C20==O) 

 

� @0<:0E 40=8E 4>A;V465=P C ?@54AB02;5=><C 7030;P=><C 283;O4V 

<0@:C20==O D0@<0F52B8G=>3> 28@>1C (2B>@8==5 ?0:C20==O) =0 @8A. 1.9, =0A 



43 
 

FV:028BP 28:>@8AB0==O HB@8E-:>4C B0 QR-:>4C, 4;O V45=B8DV:0FVW 28@>1C =0 

:>=25є@=V9 AB@VGFV A>@BC20==O. %B0=40@B8 @5:><5=40FVW I>4> 28:>@8AB0==O 

QR-:>4V2 4;O :>4C20==O D0@<0F52B8G=8E 28@>1V2 <VABOBPAO 2 :V;P:>E 

<V6=0@>4=8E AB0=40@B0E: 

GS1 Healthcare standards 3 F59 =01V@ 3;>10;P=8E AB0=40@BV2 @53C;Nє 

28:>@8AB0==O HB@8E-:>4V2, 2:;NG0NG8 QR-:>48, 4;O V45=B8DV:0FVW B0 

2V4AB565==O D0@<0F52B8G=8E 28@>1V2. %B0=40@B8 GS1 70157?5GCNBP є48=C 

A8AB5<C 4;O V45=B8DV:0FVW ?@>4C:FVW B0 ?>;53HCNBP ?@>F5A8 2V4AB565==O B0 

02B5=B8DV:0FVW. 

EU Directive 2011/62/EU (Falsified Medicines Directive) 3 FO 48@5:B820 

Є2@>?59AP:>3> %>N7C 28<030є 28:>@8AB0==O C=V:0;P=8E V45=B8DV:0B>@V2, O:V 

G0AB> @50;V7CNBPAO C 283;O4V QR-:>4V2, 4;O 70157?5G5==O 02B5=B8G=>ABV 

;V:0@AP:8E 70A>1V2 V 70?>1V30==O ?V4@>1:0<. �8:>@8AB0==O QR-:>4V2 4>72>;Oє 

H284:> B0 B>G=> V45=B8DV:C20B8 ?@>4C:FVN =0 2AVE 5B0?0E WW >1V3C. 

ISO/IEC 18004:2015 «Information technology 3 Automatic identification and 

data capture techniques 3 QR Code bar code symbology specification» 3 F59 

AB0=40@B 287=0G0є B5E=VG=V 28<>38 4> 28:>@8AB0==O QR-:>4V2 4;O 

02B><0B8G=>W V45=B8DV:0FVW B0 71>@C 40=8E. )>G0 2V= =5A?5F8DVG=89 4;O 

D0@<0F52B8G=8E 28@>1V2, 9>3> 70AB>AC20==O 2 FV9 30;C7V 70157?5GCє =04V9=5 B0 

5D5:B82=5 :>4C20==O V=D>@<0FVW. 

�8:>@8AB0==O QR-:>4V2 C D0@<0F52B8G=V9 ?@><8A;>2>ABV 70 F8<8 

AB0=40@B0<8 4>?><030є 70157?5G8B8 ?@>7>@VABP, 157?5:C B0 5D5:B82=VABP 

?@>F5AV2, ?>2'O70=8E 7 V45=B8DV:0FVєN B0 2V4AB565==O< ?@>4C:FVW. -> I5 @07 

4>2>48BP 0:BC0;P=VABP B5<8 4>A;V465==O. 

 

1.3  5B>48 :5@C20==O @>1>B87>20=8<8 :>=25є@=8<8 ;V=VO<8 

 

� @>1>BV [31] =02>48BPAO <5B>48:0, O:0 4>72>;Oє @>72’O7C20B8 7040GV 

:V=5<0B8:8 <0=V?C;OB>@0 7 C@0EC20==O< >1<565=P 1030BP>E 4>?CAB8<8E 

7=0G5=P, ?>BC6=>ABV ?@82>4C B0 :>5DVFVє=BV2 B5@BO 4;O 2AVE C7030;P=5=8E 
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:>>@48=0B. "4=0: 4;O @>72’O70==O ?>AB02;5=8E 7040G 2 40=><C 4>A;V465==V 

28E>4OG8 V7 A?5F8DV:8 @>1>B8 @>1>B0-<0=V?C;OB>@0 =0 :>=25є@=V9 ;V=VW FO 

<5B>48:0 =5 <>65 1CB8 28:>@8AB0=0 2 ?>2=V9 <V@V. &0:>6 >A>1;82>ABV 

48=0<V:8 @>1>B0 <0=V?C;OB>@0 2 [32]. �;5 A;V4 707=0G8B8, I> ?@8 4>FV;P=>ABV 

28:>@8AB0==O ?52=8E ?>;>65=P FP>3> 4>A;V465==O, V=HV =5 <>6CBP 1CB8 

70AB>A>20=V 2 FV9 @>1>BV G5@57 2V4ACB=VABP =5287=0G5=>ABV 2 40=8E C<>20E. 

� A2>N G5@3C, 2 @>1>BV [33] 4>A;V46CєBPAO :5@C20==O 02B><0B8G=>N 

A>@BC20;P=>N ;V=VєN. &CB =02>48BPAO D>@<0;V70FVO 2AVE 5B0?V2 =5GVB:>3> 

282545==O =0 107V 0;3>@8B<C &0:03V-%C35=>-�0=30. �0?@>?>=>20=5 @VH5==O є 

4C65 ?5@A?5:B82=8<, 0;5 7 B>G:8 7>@C 28:>@8AB0==O 9>3> 4;O 

D0@<0F52B8G=>3> A>@BC20;P=>3> :>=25є@0 H284:VABP ?@89=OBBO @VH5=P є 

70<0;>N. 

�;0A8DV:0FVO <5B>4V2 :5@C20==O @>1>B87>20=8<8 :>=25є@=8<8 ;V=VO<8 

A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW <>65 1CB8 74V9A=5=0 70 @V7=8<8 

:@8B5@VO<8 [34-38]. "48= V7 <>6;828E ?V4E>4V2 4> :;0A8DV:0FVW <>65 

283;O40B8 =0ABC?=8< B0:, O: =02545=> =0 @8A. 1.10. 

#@>2545<> 0=0;V7 =02545=8E <5B>4V2 :5@C20==O @>1>B87>20=8<8 

:>=25є@=8<8 ;V=VO<8 A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW (@8A. 1.10) 7 B>G:8 

7>@C ?5@5203 B0 =54>;V:V2 4;O 40=8E 4>A;V465=P. 

#5@52038 02B><0B8G=>3> :5@C20==O @>1>B87>20=8<8 :>=25є@=8<8 

;V=VO<8 A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW (@8A. 1.10 ?>7.5) ?>;O30NBP C 

71V;PH5==V ?@>4C:B82=>ABV B0 5D5:B82=>ABV 28@>1=8FB20, ?V428I5==V B>G=>ABV 

B0 O:>ABV A>@BC20==O, 7=865==V @878:C ?><8;>: B0 28?04:>28E ?>H:>465=P 

?@>4C:FVW, 02B><0B870FVW ?@>F5AC 157 CG0ABV ;N48=8, I> ?V428ICє 157?5:C 

28@>1=8FB20. %5@54 =54>;V:V2 284V;8<> 28A>:C 20@BVABP 2AB0=>2;5==O B0 

>1A;C3>2C20==O 02B><0B8G=8E A8AB5<, A:;04=VABP C 28:>@8AB0==V B0 ?>B@51C C 

A?5FV0;V7>20=><C =02G0==V 4;O ?5@A>=0;C, 2@07;82VABP 4> =5A?@02=>AB59 B0 

<>6;82VABP 7C?8=5==O 28@>1=8FB20, >1<565=VABP DC=:FV>=0;P=>ABV 45O:8E 

A8AB5< C A>@BC20==V 70 A:;04=8<8 ?0@0<5B@0<8, ?>B@510 C ?>ABV9=V9 ?V4B@8<FV 

B0 >=>2;5==V ?@>3@0<=>3> 70157?5G5==O. 
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�> ?5@5203 28:>@8AB0==O V45=B8DV:0FV9=8E <VB>: (@8A. 1.10 ?>7.6) 4;O 

A>@BC20==O B@510 2V4=5AB8 ?V428I5=C B>G=VABP B0 H284:VABP V45=B8DV:0FVW 

?@>4C:FVW, <>6;82VABP A>@BC20B8 ?@>4C:FVN 70 @V7=8<8 ?0@0<5B@0<8, 

71V;PH5==O 5D5:B82=>ABV 28@>1=8FB20, 7<5=H5==O 2B@0B G0AC B0 @5AC@AV2, 

?V428I5==O @V2=O 02B><0B870FVW B0 157?5:8 28@>1=8FB20. � A2>N G5@3C, 4> 

=54>;V:V2 2V4=5A5<> 28A>:C 20@BVABP 2?@>20465==O B0 >1A;C3>2C20==O A8AB5< 

V45=B8DV:0FVW, <>6;82VABP ?><8;>: ?@8 V45=B8DV:0FVW, >1<565=VABP C 

A>@BC20==V ?@>4C:FVW 157 =0;56=8E V45=B8DV:0FV9=8E <VB>:, 70;56=VABP 2V4 

?@028;P=>3> DC=:FV>=C20==O V=D@0AB@C:BC@8 4;O V45=B8DV:0FVW (=0?@8:;04, 

QR-:>4V2, Data Matrix 01> RFID-A8AB5<). 

#@8 ?@>3@0<>20=><C :5@C20==V @>1>B87>20=8<8 :>=25є@=8<8 ;V=VO<8 

A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW (@8A.: 1.10 ?>7.7) 28=8:0NBP B0:V 

?5@52038: B>G=5 =0;0HBC20==O @>1>B8 A8AB5<8 ?V4 :>=:@5B=V ?>B@518 

28@>1=8FB20, 25;8:0 3=CG:VABP C 281>@V 0;3>@8B<V2 B0 AB@0B53V9 A>@BC20==O, 

<>6;82VABP H284:> @503C20B8 =0 7<V=8 C 28@>1=8G><C ?@>F5AV, <>6;82VABP 

28:>@8AB0==O 4>40B:>2>3> >1;04=0==O B0 B5E=>;>3V9 4;O ?>:@0I5==O 

5D5:B82=>ABV. �;5 BCB ?@8ACB=V B0:V =54>;V:8: 28A>:0 A:;04=VABP @>7@>1:8 B0 

=0;03>465==O ?@>3@0<=>3> 70157?5G5==O, ?>B@510 C A?5FV0;V7>20=><C 

?5@A>=0;V 4;O ?@>3@0<C20==O B0 >1A;C3>2C20==O A8AB5<8, 2@07;82VABP 4> 

?><8;>: C ?@>3@0<0E, <>6;82VABP 28=8:=5==O :>=D;V:BV2 <V6 ?@>3@0<0<8 B0 

=54>AB0B=P>N 3=CG:VABN C 28@VH5==V =5?5@5410GC20=8E A8BC0FV9. 
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$8AC=>: 1.10 3 �;0A8DV:0FVO <5B>4V2 :5@C20==O @>1>B87>20=8<8 
:>=25є@=8<8 ;V=VO<8 A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW 

 

%5@54 ?5@5203 02B><0B8G=>3> :5@C20==O @>1>B87>20=8<8 :>=25є@=8<8 

;V=VO<8 A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW (@8A. 1.10. ?>7.8) =5>1EV4=> 

284V;8B8 28A>:C H284:VABP B0 B>G=VABP A>@BC20==O, 740B=VABP 040?BC20B8AO 4> 

7<V==8E C<>2 28@>1=8FB20, 7<5=H5==O ;N4AP:>3> 2B@CG0==O B0 ?><8;>:, 

?V428I5==O ?@>4C:B82=>ABV B0 5D5:B82=>ABV 28@>1=8FB20, <>6;82VABP 

?@0FN20B8 C =>=-AB>? @568<V, I> 4>72>;Oє 71V;PH8B8 28@>1=8GV ?>BC6=>ABV. 

 5B>48 :5@C20==O @>1>B87>20=8<8 
:>=25є@=8<8 ;V=VO<8 A>@BC20==O 
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�> =54>;V:V2 A;V4 2V4=5AB8 28B@0B8 =0 2?@>20465==O B0 >1A;C3>2C20==O 

A8AB5<, A:;04=VABP C 281>@V B0 =0;0HBC20==V 0;3>@8B<V2, <>6;82VABP ?><8;>: 

C @>1>BV A8AB5<8 B0 ?>B@51C C ?>ABV9=><C :>=B@>;V B0 ?V4B@8<FV 

:20;VDV:>20=>3> ?5@A>=0;C, >1<565=VABP C 28@VH5==V =5?5@5410GC20=8E 

A8BC0FV9 B0 <>6;82VABP 28=8:=5==O :>=D;V:BV2 C @>1>BV A8AB5<8 [38-43]. 

�V=V9=V :>=25є@8 4;O @>1>B87>20=8E A8AB5< A>@BC20==O D0@<0F52B8G=>W 

?@>4C:FVW (@8A. 1.10. ?>7.9) <0NBP =0ABC?=V ?5@52038: ?@>AB>B0 C 28:>@8AB0==V 

B0 >1A;C3>2C20==V, =04V9=VABP C @>1>BV, <>6;82VABP 5D5:B82=> A>@BC20B8 

?@>4C:FVN 70 @V7=8<8 ?0@0<5B@0<8, B0:8<8 O: @>7<V@, 2030 G8 B8? C?0:>2:8, 0 

B0:>6 <>6;82VABP V=B53@0FVW 7 V=H8<8 @>1>B87>20=8<8 A8AB5<0<8. %5@54 

=54>;V:V2 A;V4 707=0G8B8 >1<565=C 3=CG:VABP C @>1>BV B0 >1<565=VABP C 

@>7<VI5==V B0 <0=52@5=>ABV, <>6;82VABP CB2>@5==O 70B>@V2 C 28?04:C 25;8:>W 

:V;P:>ABV ?@>4C:FVW, 0 B0:>6 28A>:V 28B@0B8 =0 <>45@=V70FVN B0 @>7H8@5==O 

A8AB5<8 C 28?04:C 7<V=8 ?>B@51 28@>1=8FB20. 

#@8 28:>@8AB0==V @>B>@=8E :>=25є@V2 C @>1>B87>20=8E A8AB5<0E 

A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW (@8A. 1.10 ?>7.10) 7’O2;ONBPAO =0ABC?=V 

?5@52038: <>6;82VABP 5D5:B82=> A>@BC20B8 ?@>4C:FVN =0 25;8:8E 

H284:>ABOE, 28A>:0 <0=52@5=VABP B0 3=CG:VABP C @>1>BV, <>6;82VABP 

70157?5G5==O =5?5@5@2=>3> ?>B>:C ?@>4C:FVW, 28A>:0 B>G=VABP A>@BC20==O 70 

@V7=8<8 ?0@0<5B@0<8. �;5 >4=>G0A=> V7 ?5@52030<8 28=8:0NBP =0ABC?=V 

=54>;V:8: A:;04=VABP C 28:>@8AB0==V B0 >1A;C3>2C20==V, 28A>:0 20@BVABP 

2AB0=>2;5==O B0 >1A;C3>2C20==O A8AB5<8, 28A>:89 @V25=P HC<C B0 2V1@0FV9 ?V4 

G0A @>1>B8, <>6;82VABP 28=8:=5==O 7=>AC B0 ?>;><>: <5E0=V7<V2, 0 B0:>6 

>1<565=VABP C @>7<VI5==V B0 ?>BC6=>ABV A8AB5<8. 

�> ?5@5203 A5@?0=B8==8E :>=25є@V2 C @>1>B87>20=8E A8AB5<0E 

A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW (@8A. 1.10 ?>7.11) A;V4 2V4=5AB8 

5D5:B82=5 28:>@8AB0==O ?@>AB>@C 7024O:8 783703>?>4V1=><C @CEC, 

<>6;82VABP A>@BC20==O ?@>4C:FVW 70 @V7=8<8 ?0@0<5B@0<8 =0 25;8:V9 2V4AB0=V, 

28A>:C <0=52@5=VABP B0 3=CG:VABP C @>1>BV, <>6;82VABP 70157?5G5==O 

=5?5@5@2=>3> ?>B>:C ?@>4C:FVW. � B>9 65 G0A 4> =54>;V:V2 2V4=5A5<> 
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A:;04=VABP C 28:>@8AB0==V B0 >1A;C3>2C20==V, 28A>:C 20@BVABP 2AB0=>2;5==O B0 

>1A;C3>2C20==O A8AB5<8, <>6;82VABP 28=8:=5==O 70B>@V2 C 28?04:C 

=5?@028;P=>3> A8=E@>=V70FVW @CEC @V7=8E A53<5=BV2 :>=25є@0, >1<565=VABP C 

H284:>ABV B0 ?>BC6=>ABV A8AB5<8. 

#>2=VABN 02B><0B87>20=0 A8AB5<0 C @>1>B87>20=8E A8AB5<0E 

A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW (@8A. 1.10 ?>7.12) ?5@5410G0є B0:V 

?5@52038: 28A>:0 H284:VABP B0 B>G=VABP A>@BC20==O, <>6;82VABP ?@0FN20B8 C 

=>=-AB>? @568<V, I> 4>72>;Oє 71V;PH8B8 28@>1=8GV ?>BC6=>ABV, 7<5=H5==O 

2B@0B G0AC B0 @5AC@AV2, ?V428I5==O @V2=O 02B><0B870FVW B0 157?5:8 

28@>1=8FB20, 740B=VABP 5D5:B82=> ?@0FN20B8 2 C<>20E, I> 28<030NBP 28A>:>W 

AB5@8;P=>ABV. �;5 B0:0 A8AB5<0 ?5@5410G0є =0ABC?=V =54>;V:8: 28A>:V 28B@0B8 

=0 2?@>20465==O B0 >1A;C3>2C20==O A8AB5<, A:;04=VABP C 281>@V B0 

=0;0HBC20==V 0;3>@8B<V2, <>6;82VABP ?><8;>: C @>1>BV A8AB5<8 B0 ?>B@51C C 

?>ABV9=><C :>=B@>;V B0 ?V4B@8<FV :20;VDV:>20=>3> ?5@A>=0;C, >1<565=VABP C 

28@VH5==V =5?5@5410GC20=8E A8BC0FV9. 

�> ?5@5203 G0AB:>2> 02B><0B87>20=8E A8AB5< C @>1>B87>20=8E A8AB5<0E 

A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW (@8A. 1.10 ?>7.13) <8 2V4=>A8<> 

715@565==O <>6;82>ABV ;N4AP:>3> :>=B@>;N B0 2B@CG0==O C 28?04:C ?>B@518, 

7<5=H5==O 28B@0B =0 2?@>20465==O B0 >1A;C3>2C20==O ?>@V2=O=> 7 ?>2=VABN 

02B><0B87>20=8<8 A8AB5<0<8, <>6;82VABP H284:> @503C20B8 =0 7<V=8 C 

28@>1=8G><C ?@>F5AV, ?V428I5==O ?@>4C:B82=>ABV ?@0FV ;N459 70 @0EC=>: 

?V4B@8<:8 A8AB5<8. � 4> =54>;V:V2 3 A:;04=VABP C 270є<>4VW <V6 

02B><0B87>20=>N B0 ;N4AP:>N ?@0F5N, <>6;82VABP ?><8;>: C @>1>BV A8AB5<8 

G5@57 =54>A:>=0;VABP 0;3>@8B<V2 01> =54>AB0B=N C203C ;N459, 28<>3C 4> 

:20;VDV:0FVW ?5@A>=0;C 4;O 5D5:B82=>W @>1>B8 7 A8AB5<>N, >1<565=VABP C 

28@VH5==V A:;04=8E 70240=P G5@57 2V4ACB=VABP ?>2=>3> 02B><0B87>20=>3> 

:>=B@>;N. 

�@C=BCNG8AP =0 ?@>2545=><C 0=0;V7V ?5@5203 B0 =54>;V:V2 <5B>4V2 

:5@C20==O @>1>B87>20=8<8 :>=25є@=8<8 ;V=VO<8 A>@BC20==O D0@<0F52B8G=>W 

?@>4C:FVW (@8A. 1.10) <>6=0 707=0G8B8 =0ABC?=5: 281V@ =0?@O<:C @>7@>1:8 
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A8AB5<8 A>@BC20==O D0@<0F52B8G=8E ?@>4C:BV2 =0 107V A:0=C20==O QR-:>4V2 

B0 2V4=>2;5==O V=D>@<0FVW 7 ?>H:>465=8E :>4V2 70 4>?><>3>N @>1>BV2-

<0=V?C;OB>@V2 287=0G0єBPAO @O4>< D0:B>@V2. #>-?5@H5, C D0@<0F52B8FV 

206;82> B>G=> B0 H284:> V45=B8DV:C20B8 ?@>4C:FVN, I> 4>72>;8BP ?V428I8B8 

@V25=P 157?5:8 B0 C=8:=CB8 ?><8;>: C ?>AB0G0==V ;V:V2. �@V< B>3>, 2V4=>2;5==O 

V=D>@<0FVW 7 ?>H:>465=8E QR-:>4V2 4>72>;8BP ?V4B@8<C20B8 ?@>4C:B82=VABP 

A8AB5<8 ?@8 =0O2=>ABV ?>H:>465=P ?V4 G0A B@0=A?>@BC20==O. 

"1�@C=BC20==O 281>@C FP>3> =0?@O<:C 107CєBPAO =0 =0ABC?=8E 

<><5=B0E. QR-:>48 B0  Data Matrix H8@>:> 28:>@8AB>2CNBPAO C D0@<0F52B8FV 

G5@57 WE=N 25;8:C V=D>@<0FV9=C є<=VABP B0 7@CG=VABP 4;O A:0=C20==O. $>1>B8-

<0=V?C;OB>@8 265 CA?VH=> 28:>@8AB>2CNBPAO 2 ?@><8A;>2>ABV 4;O 

02B><0B870FVW ?@>F5AV2, B><C WE=O V<?;5<5=B0FVO C A8AB5<C A>@BC20==O 1C45 

;>3VG=8< :@>:><. �@V< B>3>, <5B>48 2V4=>2;5==O V=D>@<0FVW 7 ?>H:>465=8E 

:>4V2 ?>ABV9=> C4>A:>=0;NNBPAO B0 28:>@8AB>2CNBPAO C @V7=8E 30;C7OE, I> 

4>72>;Oє 70157?5G8B8 5D5:B82=VABP @>1>B8 A8AB5<8 =02VBP C @07V ?>H:>465==O 

QR-:>4V2 01> Data Matrix. 

&0:8< G8=><, @>7@>1:0 A8AB5<8 A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW 

=0 107V A:0=C20==O QR-:>4V2 01> Data Matrix B0 2V4=>2;5==O V=D>@<0FVW 7 

?>H:>465=8E :>4V2 7 28:>@8AB0==O< @>1>BV2-<0=V?C;OB>@V2 є 0:BC0;P=>N B0 

>1�@C=B>20=>N 70 C<>28 28:>=0==O 2V4?>2V4=8E B5E=VG=8E B0 ?@>3@0<=8E 

28<>3. 

 

1.4  5B>48 @>7?V7=020==O 9 V45=B8DV:0FVW >1’є:BV2 =0 :>=25є@=V9 ;V=VW 

A>@BC20==O  D0@<0F52B8G=>W ?@>4C:FVW 

 

#@>1;5<8 V45=B8DV:0FVW @>73O40NBPAO 2 1030BP>E =0C:>28E @>1>B0E, 2 

B><C G8A;V 2 [44-49]. �45=B8DV:0FVO B0 @>7?V7=020==O >1'є:BV2 =0 :>=25є@=V9 

;V=VW A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW є 206;828< 5B0?>< 02B><0B870FVW 

B0 >?B8<V70FVW 28@>1=8G8E ?@>F5AV2 [50-54]. �;O FP>3> 28:>@8AB>2CNBPAO 

@V7=><0=VB=V <5B>48, >A=>2=V 7 O:8E ?@54AB02;5=V 2 B01;. 1.4. 
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&01;8FO 1.4. 3 �07>2V <5B>48 4;O @>7?V7=020==O 9 V45=B8DV:0FVW >1’є:BV2 

=0 :>=25є@=V9 ;V=VW A>@BC20==O  D0@<0F52B8G=>W ?@>4C:FVW 

&5E=>;>3VO  "?8A 

"?B8G=5 @>7?V7=020==O  

�8:>@8AB0==O :0<5@ B0 A?5FV0;V7>20=>3> 
?@>3@0<=>3> 70157?5G5==O 4;O 0=0;V7C 7>1@065=P 

V 287=0G5==O E0@0:B5@8AB8: ?@>4C:FVW 
(=0?@8:;04, @>7<V@, D>@<0, :>;V@) 

QR-:>48, Data Matrix V 
RFID-<VB:8  

�8:>@8AB0==O :>4V2 B0 <VB>: 4;O V45=B8DV:0FVW 
?@>4C:FVW B0 7G8BC20==O 4>40B:>2>W V=D>@<0FVW 

?@> =8E. 

 0H8==5 =02G0==O 
�8:>@8AB0==O 0;3>@8B<V2 <0H8==>3> =02G0==O 
4;O @>7?V7=020==O V :;0A8DV:0FVW >1'є:BV2 =0 

>A=>2V =02G0;P=8E 40=8E 
%8AB5<8 

2V45>A?>AB5@565==O  
�8:>@8AB0==O :0<5@ B0 0=0;V7 2V45>?>B>:C 4;O 

28O2;5==O B0 V45=B8DV:0FVW >1'є:BV2 
�2B><0B87>20=V 
A8AB5<8 203>2>3> 
:>=B@>;N  

�8:>@8AB0==O 203>28E A5=A>@V2 4;O 28<V@N20==O 
2038 >1'є:BV2 B0 WE :;0A8DV:0FVW 70 F8< 

?0@0<5B@>< 

 

#@>2545<> 0=0;V7 B0 ?>1C4Cє<> B01;8FN (B01;8FO 1.5) ?>@V2=O==O 

?5@5203 B0 =54>;V:V2 107>28E <5B>4V2 @>7?V7=020==O 9 V45=B8DV:0FVW >1’є:BV2 =0 

:>=25є@=V9 ;V=VW A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW. 

 

&01;8FO 1.5 3 #>@V2=O==O ?5@5203 B0 =54>;V:V2 <5B>4V2 @>7?V7=020==O 9 

V45=B8DV:0FVW >1’є:BV2 =0 :>=25є@=V9 ;V=VW A>@BC20==O D0@<0F52B8G=>W 

?@>4C:FVW. 

 5B>4 #5@52038 !54>;V:8 

1 2 3 

"?B8G=5 @>7?V7=020==O 
,284:VABP B0 28A>:0 
B>G=VABP @>7?V7=020==O 

>1'є:BV2. 

�0;56=VABP 2V4 
>A2VB;5==O B0 C<>2 
@>1>G>3> A5@54>28I0. 

QR-:>48, Data Matrix V 
RFID 

�8A>:0 V=D>@<0FV9=0 
є<=VABP B0 <>6;82VABP 
715@V30==O 4>40B:>2>W 

V=D>@<0FVW. 

�8<>30 4> B>G=>3> 
?>78FV>=C20==O 4;O 
7G8BC20==O. 
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#@>4>265==O B01;8FV 1.5 
1 2 3 

 0H8==5 =02G0==O 

�40?B82=VABP 4> 7<V= C 
28@>1=8G><C ?@>F5AV 
B0 740B=VABP 4> 
A0<>=02G0==O 

�8<>30 4> 25;8:>W 
:V;P:>ABV =02G0;P=8E 

40=8E 

�V45>A?>AB5@565==O 

�40?B82=VABP 4> 7<V= C 
28@>1=8G><C ?@>F5AV 
B0 740B=VABP 4> 
A0<>=02G0==O 

�8<>30 4> 25;8:>W 
:V;P:>ABV =02G0;P=8E 

40=8E 

�03>289 :>=B@>;P 

&>G=5 287=0G5==O 2038 
>1'є:BV2 B0 <>6;82VABP 
:;0A8DV:0FVW 70 F8< 
?0@0<5B@>< 

"1<565=VABP 2 
<>6;82>ABV 

V45=B8DV:0FVW >1'є:BV2, 
I> <0NBP >4=0:>2C 

203C 
 

�=0;V7CNG8 B01;8FN ?>@V2=O==O <5B>4V2 4;O @>7?V7=020==O 9 

V45=B8DV:0FVW >1'є:BV2 =0 :>=25є@=V9 ;V=VW A>@BC20==O D0@<0F52B8G=>W 

?@>4C:FVW, <>6=0 7@>18B8 :V;P:0 28A=>2:V2. "?B8G=5 @>7?V7=020==O 

2V47=0G0єBPAO 28A>:>N H284:VABN B0 B>G=VABN, 0;5 28<030є AB01V;P=>3> 

>A2VB;5==O B0 C<>2 @>1>G>3> A5@54>28I0. QR-:>48, Data Matrix B0 RFID-<VB:8 

2@060NBP 28A>:>N V=D>@<0FV9=>N є<=VABN, 0;5 28<030NBP B>G=>3> 

?>78FV>=C20==O 4;O 7G8BC20==O.  0H8==5 =02G0==O, E>G0 9 <0є 040?B82=VABP 

B0 740B=VABP 4> A0<>=02G0==O, ?>B@51Cє 7=0G=>W :V;P:>ABV =02G0;P=8E 40=8E. 

�V45>A?>AB5@565==O 4>72>;Oє 2V440;5=> :>=B@>;N20B8 ?@>F5A, 0;5 28<030є 

?>BC6=>3> >1G8A;N20;P=>3> >1;04=0==O. �03>289 :>=B@>;P =040є B>G=5 

287=0G5==O 2038, 0;5 <0є >1<565==O 2 V45=B8DV:0FVW >1'є:BV2 7 >4=0:>2>N 

203>N. �030;P=>N B5=45=FVєN є B5, I> :>65= <5B>4 <0є A2>W ?5@52038 B0 

=54>;V:8, V 281V@ :>=:@5B=>3> <5B>4C ?>28=5= 74V9A=N20B8AP 7 C@0EC20==O< 

A?5F8DV:8 28@>1=8FB20 B0 28<>3 4> A8AB5<8. !0?@8:;04, 4;O 28@>1=8FB20 7 

25;8:>N :V;P:VABN >4=>B8?=>W ?@>4C:FVW <>65 1CB8 4>FV;P=8< 28:>@8AB0==O 

>?B8G=>3> @>7?V7=020==O 01> QR-:>4V2. 

QR-:>4 (Quick Response Code) 3 F5 42>28<V@=89 HB@8E-:>4, O:89 

A:;040єBPAO 7 G>@=8E :204@0BV2, I> CB2>@NNBP 1V;89 D>=. QR-:>4 <>65 

<VAB8B8 V=D>@<0FVN 2 G8A;>2><C, 0;D02VB=><C B0 1V=0@=><C D>@<0B0E. 
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%B0=40@B 28:>@8AB0==O QR-:>4V2 >?8A0=> 2 AB0=40@BV ISO/IEC PRF 18004 

Information technology Automatic identification and data capture techniques QR 

Code bar code symbology specification [55]. �A=CNBP @V7=V 2848 QR-:>4V2, O:V 

2V4@V7=ONBPAO 70 @>7<V@><, @V2=5< 70E8ABC B0 70AB>AC20==O<, :;0A8DV:0FVN 

QR-:>4V2 =02545=> =0 @8A. 1.11. 

 

$8AC=>: 1.11 3 �;0A8DV:0FVO QR-:>4V2, O:V 28:>@8AB>2CNBPAO 4;O 

<0@:C20==O D0@<0F52B8G=>W ?@>4C:FVW 

 

 V:@> QR-:>4, F5 <5=H89 20@V0=B QR-:>4C, O:89 <0є <5=HC :V;P:VABP 

V=D>@<0FVW, 0;5 <>65 1CB8 28:>@8AB0=89 C 28?04:0E, :>;8 >1<565=89 ?@>ABV@. 

%B@C:BC@>20=89 QR-:>4, F59 B8? QR-:>4C <VAB8BP 4>40B:>2V ?>;O, O:V 

4>72>;ONBP AB@C:BC@C20B8 40=V, I> 715@V30NBPAO 2 =P><C, =0?@8:;04, 4;O 

>1@>1:8 40=8E C 283;O4V B01;8FV. 

QR-:>4 7 28A>:8< @V2=5< 70E8ABC, F59 B8? QR-:>4C <0є 4>40B:>2V 

70E8A=V H0@8, I> @>1;OBP 9>3> <5=H 2@07;828< 4> ?>H:>465=P 01> ?><8;>: 

?@8 A:0=C20==V. 

QR-:>4 7 :>;V@=8< :>4C20==O<, 45O:V QR-:>48 <>6CBP <VAB8B8 

:>;P>@>25 :>4C20==O, O:5 4>72>;Oє 28:>@8AB>2C20B8 @V7=V :>;P>@8 4;O 

QR-:>4 

 
V:
@>
 Q
R-
:>
4 

%B
@C
:B
C@
>2
0=
89
 Q
R-
:>
4 

Q
R

-:
>4
 7 
28
A>
:8
< 
@V
2=
5<
 70
E8
AB
C 

Q
R

-:
>4
 7 
:>
;V
@=
8<
 :
>4
C2
0=
=O
< 

�
8=
0<
VG
=V
 Q
R-
:>
48

 

Q
R

-:
>4
8 
7 3
@0
DV
G=
8<
8 
5;
5<
5=
B0
<8

 



53 
 

?@54AB02;5==O 40=8E, I> @>18BP WE 1V;PH ?@8201;828<8 01> 

DC=:FV>=0;P=8<8. 

�8=0<VG=V QR-:>48, FV QR-:>48 35=5@CNBPAO 48=0<VG=> B0 <>6CBP 

<VAB8B8 7<V==C V=D>@<0FVN. 

QR-:>48 7 3@0DVG=8<8 5;5<5=B0<8, FV QR-:>48 <VABOBP 4>40B:>2V 

3@0DVG=V 5;5<5=B8, B0:V O: 7>1@065==O 01> ;>3>B8?8, I> @>18BP WE 1V;PH 

?@8201;828<8 4;O :>@8ABC20GV2 

#@8:;04 QR-:>4V2 =02545=89 =0 @8A. 1.12. 

Data Matrix 3 F5 42>28<V@=89 HB@8E-:>4, O:89 70728G09 

28:>@8AB>2CєBPAO 4;O :>4C20==O B5:AB>2>W V=D>@<0FVW. �V= A:;040єBPAO 7 

G>@=8E :204@0BV2 (O:I> 28:>@8AB>2CєBPAO =0 1V;><C B;V) 01> 1V;8E :204@0BV2 

(O:I> 28:>@8AB>2CєBPAO =0 G>@=><C B;V), O:V CB2>@NNBP ?52=V H01;>=8 [56-

61] %B0=40@B 28:>@8AB0==O Data Matrix :>4V2 >?8A0=> 2 AB0=40@BV ISO/IEC PRF 

18004 Information technology Automatic identification and data capture techniques 

QR Code bar code symbology specification [55]. Data Matrix <>65 :>4C20B8 4> 

:V;P:>E B8AOG A8<2>;V2 V G0AB> 28:>@8AB>2CєBPAO 4;O ?>7=0G5==O B>20@V2, 

V45=B8DV:0FVW ?@54<5BV2, 0 B0:>6 C ;>3VAB8FV B0 V=H8E 30;C7OE, 45 ?>B@V1=> 

H284:> B0 =04V9=> G8B0B8 V=D>@<0FVN. #@8:;04 Data Matrix :>4C =02545=> =0 

@8A. 1.13. 

 

   

0) 1) 2) 
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3) �) 

0) <V:@> QR-:>4; 1) AB@C:BC@>20=89 QR-:>4;  

2) QR-:>4 7 28A>:8< @V2=5< 70E8ABC; 3) QR-:>4 7 :>;V@=8< :>4C20==O<; 

�) QR-:>48 7 3@0DVG=8<8 5;5<5=B0<8. 

$8AC=>: 1.12 3 #@8:;048 QR-:>4V2 

 

 

 

0) 1) 

 

 

2) 3) 

0 ) DataMatrix № 42; 1) DataMatrix № 43; 

2) DataMatrix № 57; 3) DataMatrix № 65 

$8AC=>: 1.13 3 #@8:;04 Data Matrix 

 

#>B>G=8<, =091V;PH =04V9=8< V @5:><5=4>20=8< 20@V0=B>< є ECC 200 

(:>@5:FVO ?><8;>: $V40-%>;><>=0). ActiveBarcode 28:>@8AB>2Cє ECC 200 4;O 

AB2>@5==O :>4C Data Matrix. �>4 Data Matrix 1C45 O: V @0=VH5 7G8BC20B8AO, 

=02VBP O:I> 4> 25% 9>3> :>4C 70:@8B> 01> ?>H:>465=>. �>4 Data Matrix <>65 

:>4C20B8 4> 3116 F8D@ 01> 4> 2335 A8<2>;V2. �0;56=> 2V4 >1AO3C :>4>20=8E 
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40=8E 28:>@8AB>2CNBPAO A8<2>;8 @V7=8E @>7<V@V2. �=0;V7 B8?V2 :>4V2 Data 

Matrix =02545=> 2 B01;. 1.6. 

 

&01;8FO 1.6 3 �=0;V7 B8?V2 :>4V2 Data Matrix 

!0720 &8? "?8A 
1 2 3 

DataMatrix 
 

№ 37 

' FP><C B8?V 702648 >18@0є 
=09:@0I89 @>7<V@ A8<2>;C, I> 
?V4E>48BP 4;O :>4>20=8E 40=8E. 
%8<2>;8 @>7<V@>< 12x12 V 8x18, 0 
B0:>6 A8<2>;8 @>7<V@>< 20x20 V 
12x36 <VABOBP >4=0:>2C :V;P:VABP 
40=8E, O:V 2>=8 <>6CBP 70:>4C20B8. 
' FP><C 28?04:C ActiveBarcode 
702648 28:>@8AB>2Cє :204@0B=V 
25@AVW A8<2>;C <0B@8FV 40=8E. 

DataMatrix Square 
 

№ 42 

' FP><C B8?V 702648 >18@0є 
=09:@0I89 @>7<V@ :204@0B=>3> 
A8<2>;C , O:89 ?V4E>48BP 4;O 
:>4>20=8E 40=8E. 

DataMatrix 
Rectangular 

№ 43 

' FP><C B8?V 702648 >18@0є 
=09:@0I89 ?@O<>:CB=89, 
=5:204@0B=89 @>7<V@ A8<2>;C , O:89 
?V4E>48BP 4;O :>4>20=8E 40=8E. 

DataMatrix <$>7<V@ 
A8<2>;0> 

 
7 #44 4> #73 

�8 A0<V >18@0єB5 @>7<V@ A8<2>;C 70 
4>?><>3>N B8?C, =0?@8:;04, 28 
>18@0єB5 B8? "DataMatrix 18x18", 
I>1 >B@8<0B8 :>4 V7 @>7<V@>< 
A8<2>;C 18x18. 

 

#>@V2=O==O ?0@0<5B@V2 DataMatrix B0 QR-:>40 =02545=> 2 B01;. 1.7 

 

&01;8FO 1.7 3 #>@V2=O==O ?0@0<5B@V2 Data Matrix B0 QR-:>40 

#0@0<5B@ Data Matrix QR-:>4 
1 2 3 

 0:A8<0;P=0 <VAB:VABP 

+8A;>: 3116 
�C:25=>-F8D@>2V 
A8<2>;8: 2335. 
�09B8: 1556 

+8A;>: 7089 
�C:25=>-F8D@>2V 
A8<2>;8: 4296. 
�09B8: 2953 
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#@>4>265==O B01;8FV 1.7 
1 2 3 

$>7<V@ 

 V=V<0;P=89 3 10E10 
:;VB8=>:. 

 0:A8<0;P=89 3 
144E144 :;VB8=>: 

 V=V<0;P=89 3 21E21 
:;VB8=>:. 

 0:A8<0;P=89 177E177 
:;VB8=> 

�8?@02;5==O ?><8;>: 

�0:;045=89 0;3>@8B< 
$V40-%>;><>=0. 
 >6;82VABP 

28?@02;5==O ?><8;>: 3 
25333%. 

$V25=P =5 @53C;NєBPAO 

�8?@02;5==O ?><8;>: C 
QR-:>4V 

=0;0HB>2CєBPAO 4;O 
B>3>, I>1 >B@8<0B8 
1V;PH5 <>6;82>AB59. 
�>ABC?=> 2AP>3> 
G>B8@8 @V2=V 4;O 

28?@02;5==O =54>;V:V2, 
?@8G><C 4;O :>6=>3> 
?>B@V1=> 1V;PH5 
@575@2=8E 40=8E, C 
@57C;PB0BV @>7<V@ QR-
:>4C 71V;PHCєBPAO. 
$V25=P L 3 =0 7%; 
$V25=P M 3 =0 15%; 
$V25=P Q 3 =0 25%; 
$V25=P H 3 =0 30% 

 

&0:8< G8=><, ?@>2545=89 0=0;V7 ?>:0702 0:BC0;P=VABP >1@0=>W B5<8 

48A5@B0FV9=>3> 4>A;V465==O. � 4>72>;82 AD>@<C;N20B8 7040GV 4>A;V465==O. 

 

1.5 #>AB0=>2:0 7040G 4>A;V465==O 

 

#@>2545=89 0=0;V7 ?>:0702 ?5@52038 B0 =54>;V:8 VA=CNG8E @VH5=P, I> 2 

A2>N G5@3C, 40;> <>6;82VABP AD>@<C;P>20=> =87:C 70240=P, A?@O<>20=8E =0 

28@VH5==O =0C:>2>-?@0:B8G=8E ?@>1;5<, ?>2'O70=8E 7 >?B8<V70FVєN ?@>F5AV2 

V45=B8DV:0FVW, A>@BC20==O B0 B@0=A?>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW 70 

4>?><>3>N 02B>=><=8E @>1>B87>20=8E A8AB5<. "4=8< 7 >A=>2=8E 70240=P є 

@>7@>1:0 ?0@0<5B@8G=>W <>45;V, O:0 4>72>;8BP D>@<0;V7C20B8 ?@>F5A 

C?0:>2:8 D0@<0F52B8G=>W ?@>4C:FVW =0 :>=25є@=V9 ;V=VW. *O <>45;P ?>28==0 

70157?5GC20B8 B>G=5 @>7?V7=020==O B8?C C?0:>2:8 =0 >A=>2V 107>28E >7=0:, I> 

40ABP 7<>3C A:>@>B8B8 G0A =0 V45=B8DV:0FVN B>20@V2 V 7=0G=> ?@8A:>@8B8 
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?@>F5A WE A>@BC20==O. !0ABC?=8< 70240==O< є AB2>@5==O <5B>4C 040?B82=>3> 

@>7?>4V;C =020=B065==O =0 :>=25є@=C ;V=VN A>@BC20==O D0@<0F52B8G=>W 

?@>4C:FVW. "A=>2=0 <5B0 FP>3> <5B>4C ?>;O30є 2 @V2=><V@=><C @>7?>4V;V 

D0@<0F52B8G=8E C?0:>2>: <V6 @>1>G8<8 7>=0<8 @>1>BV2-A>@BC20;P=8:V2, I> 

4>72>;8BP 70157?5G8B8 >4=0:>25 =020=B065==O =0 :>6=>3> @>1>B0 V, 

2V4?>2V4=>, >?B8<V7C20B8 WE @>1>BC. *5 A?@8OB8<5 ?V428I5==N 5D5:B82=>ABV 

A>@BC20;P=>3> ?@>F5AC B0 @0FV>=0;P=><C 28:>@8AB0==N G0AC @>1>B8 @>1>BV2. 

":@5<> AB028BPAO 70240==O C4>A:>=0;5==O <5B>4C =>@<0;V70FVW :04@C 

7>1@065==O QR-:>4C. #5@5410G0єBPAO, I> 70 @0EC=>: CAC=5==O HC<>28E 

?V:A5;V2 B0 70<V=8 WE A5@54=V<8 7=0G5==O<8, 2@0E>2CNG8 V=D>@<0FVN 7 

>B>GCNG8E ?V:A5;V2, 240ABPAO ?>:@0I8B8 O:VABP @>7?V7=020==O QR-:>4V2, I> 

2V4V3@0є 206;82C @>;P ?V4 G0A @V7=><0=VB=8E C<>2 ?@>F5AC A>@BC20==O 

D0@<0F52B8G=>W ?@>4C:FVW. �@V< B>3>, 70240==O< 4>A;V465==O є 24>A:>=0;5==O 

<5B>4C :>4C20==O V=D>@<0FVW 2 QR-:>40E, 7>:@5<0 H;OE>< 28:>@8AB0==O 

?>;V=><-35=5@0B>@0 =0 >A=>2V :>4C $V40-%>;><>=0. *5 @VH5==O A?@8OB8<5 

1V;PH =04V9=><C 7G8BC20==N V=D>@<0FVW 7 G0AB:>2> ?>H:>465=8E 01> AB5@B8E 

QR-:>4V2, I> =5@V4:> B@0?;OєBPAO 2 C<>20E V=B5=A82=>3> 28:>@8AB0==O 

:>=25є@=8E ;V=V9. #>40;PH89 @>728B>: >B@8<Cє <5B>4 @>7:>4C20==O 

V=D>@<0FVW 7 ?>H:>465=8E QR-:>4V2 70 4>?><>3>N 0;3>@8B<C (>@=V. 

'4>A:>=0;5==O FP>3> <5B>4C 4>72>;8BP ?V428I8B8 B>G=VABP 287=0G5==O 

?><8;>: C ?5@540=8E 40=8E, I> 40ABP <>6;82VABP 7<5=H8B8 2B@0B8 V=D>@<0FVW 

?V4 G0A B@0=A?>@BC20==O ?@>4C:FVW. %8AB5<0B8G=89 0=0;V7 V 2?@>20465==O 

707=0G5=8E <5B>4V2 70157?5G8BP =>289 @V25=P 5D5:B82=>ABV :5@C20==O 

02B>=><=8<8 @>1>B87>20=8<8 :>=25є@=8<8 ;V=VO<8 A>@BC20==O 

D0@<0F52B8G=>W ?@>4C:FVW. 

 

1.6 �8A=>2:8 70 @>74V;>< 1 

 

#5@H89 @>74V; 48A5@B0FV9=>W @>1>B8 ?@8A2OG5=> 0=0;V7C ACG0A=8E 

<5B>4V2 02B>=><=>3> :5@C20==O :>=25є@=8<8 ;V=VO<8 A>@BC20==O 
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D0@<0F52B8G=>W ?@>4C:FVW, 7>:@5<0 <5B>40< :5@C20==O @>1>B87>20=8<8 

A8AB5<0<8 A>@BC20==O B0 A?>A>10< V45=B8DV:0FVW 9 A>@BC20==O 

D0@<0F52B8G=>W ?@>4C:FVW =0 :>=25є@=V9 ;V=VW. ' @57C;PB0BV 0=0;V7C ACG0A=8E 

A8AB5< A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW 1C;> 2AB0=>2;5=>, I> 

>A=>2=8<8 28:;8:0<8 4;O WE 5D5:B82=>W @>1>B8 є ?>B@510 2 02B><0B870FVW 

?@>F5AV2 A>@BC20==O, V45=B8DV:0FVW, ?0:C20==O, 0 B0:>6 70157?5G5==O 

157?5@5@2=>W @>1>B8 :>=25є@=>W ;V=VW. "A>1;82C C203C ?@84V;5=> 3@0DVG=><C 

>D>@<;5==N 2B>@8==>W B0 B@5B8==>W C?0:>2:8 D0@<0F52B8G=8E 28@>1V2, I> 

28<030є @>7@>1:8 5D5:B82=8E <5B>4V2 02B><0B8G=>3> @>7?V7=020==O @V7=8E 

B8?V2 C?0:>2>:. 

' @>74V;V ?@>2545=> 45B0;P=89 0=0;V7 VA=CNG8E <5B>4V2 :5@C20==O 

@>1>B87>20=8<8 B@0=A?>@B=8<8 A8AB5<0<8, 2:;NG=> 7 <5B>40<8 040?B82=>3> 

@>7?>4V;C =020=B065==O =0 :>=25є@=8E ;V=VOE. ":@5<> @>73;O=CB> <5B>48 

V45=B8DV:0FVW >1'є:BV2, 7>:@5<0 28:>@8AB0==O QR-:>4V2 4;O <0@:C20==O B0 

:>=B@>;N O:>ABV ?@>4C:FVW. 'AV FV <5B>48 <0NBP ?52=V =54>;V:8, I> 28<030NBP 

?>40;PH>3> 24>A:>=0;5==O, O:5 A?@8OB8<5 ?V428I5==N 5D5:B82=>ABV 

28@>1=8G8E ?@>F5AV2 =0 D0@<0F52B8G=8E ?V4?@8є<AB20E. ' B01;. 1.8 =02545=> 

0=0;V7 B0  28O2;5=V =54>;V:8, O:V VA=CNBP C ACG0A=8E <5B>4V2 :5@C20==O 

02B>=><=8<8 @>1>B87>20=8<8 :>=25є@=8<8 ;V=VO<8 A>@BC20==O 

D0@<0F52B8G=>W ?@>4C:FVW. 

!0 >A=>2V ?@>2545=>3> 0=0;V7C 28O2;5=> =54>;V:8 2 VA=CNG8E @VH5==OE 

V AD>@<C;P>20=> >A=>2=V 7040GV 4;O ?>40;PH>3> 4>A;V465==O. �>:@5<0, 

=5>1EV4=> 24>A:>=0;8B8 <5B>48 D>@<0;V70FVW C?0:>2:8 D0@<0F52B8G=>W 

?@>4C:FVW =0 :>=25є@=8E ;V=VOE, @>7@>18B8 =>2V ?V4E>48 4> 040?B82=>3> 

:5@C20==O =020=B065==O< =0 A>@BC20;P=V @>1>B8, 0 B0:>6 ?>;V?H8B8 <5B>48 

=>@<0;V70FVW B0 :>4C20==O V=D>@<0FVW 2 QR-:>40E 4;O 70157?5G5==O =04V9=>3> 

V45=B8DV:0FV9=>3> ?@>F5AC =02VBP C @07V ?>H:>465==O <0@:C20==O. 
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&01;8FO 1.8 3 �8O2;5=V =54>;V:8, O:V VA=CNBP C ACG0A=8E <5B>4V2 

:5@C20==O 02B>=><=8<8 @>1>B87>20=8<8 :>=25є@=8<8 ;V=VO<8 A>@BC20==O 

D0@<0F52B8G=>W ?@>4C:FVW 

 5B>4/#@>F5A !54>;V:8 

(>@<0;V70FVO C?0:>2:8 

4;O D0@<0F52B8G=>W 

?@>4C:FVW 

%:;04=VABP B>G=>3> @>7?V7=020==O @V7=8E B8?V2 

C?0:>2:8 G5@57 20@V0B82=VABP D>@<8 B0 3@0DV:8. 

�40?B82=VABP 

=020=B065==O =0 

:>=25є@=C ;V=VN 

!5@V2=><V@=89 @>7?>4V; =020=B065==O <V6 

@>1>B0<8, I> ?@872>48BP 4> 2B@0B G0AC V 

?@>4C:B82=>ABV. 

!>@<0;V70FVO :04@C 

7>1@065==O QR-:>4C 

,C<>2V ?V:A5;V B0 7>2=VH=V D0:B>@8 (>A2VB;5==O, 

:>=B@0AB=VABP) 7=86CNBP O:VABP @>7?V7=020==O. 

�>4C20==O V=D>@<0FVW 2 

QR-:>4V 

+0AB:>25 ?>H:>465==O 01> 7=>HC20==O QR-

:>4V2 ?@872>48BP 4> 2B@0B8 V=D>@<0FVW. 

$>7:>4C20==O V=D>@<0FVW 

7 ?>H:>465=8E QR-:>4V2 

�8A>:89 @V25=P ?><8;>: ?V4 G0A @>7:>4C20==O 

?@8 7=0G=8E ?>H:>465==OE QR-:>4C. 

 

&0:8< G8=><, ?@>2545=89 0=0;V7 ?V4B25@482 =5>1EV4=VABP 

C4>A:>=0;5==O ACG0A=8E <5B>4V2 :5@C20==O @>1>B87>20=8<8 :>=25є@=8<8 

;V=VO<8 A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW 7 <5B>N ?V428I5==O WE 

=04V9=>ABV B0 5D5:B82=>ABV. 

 

"A=>2=V @57C;PB0B8 ?5@H>3> @>74V;C >?C1;V:>20=> C @>1>B0E [3, 5, 39, 

41,45]. %?8A>: 465@5;, O:V 28:>@8AB0=> C ?5@H><C @>74V;V, =02545=> C 

?5@5;V:C 465@5; ?>A8;0=P [1, 2, 4, 6-38, 40, 42-44, 46-61] 
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2 $"�$"���!!/  "����� $"�#��!���!!/ &�#�� '#��"�"� � 

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

 

 

2.1 #>AB0=>2:0 7040GV <>45;N20==O D>@<0;V70FVW C?0:>2:8 

D0@<0F52B8G=>W ?@>4C:FVW  

 

Good Manufacturing Practices (GMP) [62,63] 3 F5 =01V@ AB0=40@BV2 (USA 3 

Code of Federal Regulations (CFR), Title 21, G0AB8=0 210 V 211, EU-Directive 

2003/94/EC, ISO 13485) B0 :5@V2=8E ?@8=F8?V2, @>7@>1;5=89 4;O 70157?5G5==O 

O:>ABV, 157?5:8 B0 5D5:B82=>ABV 28@>1=8FB20 C @V7=8E 30;C7OE, >A>1;82> C 

D0@<0F52B8G=V9, E0@G>2V9 B0 :>A<5B8G=V9 V=4CAB@VOE [63]. �>B@8<0==O GMP 

30@0=BCє, I> ?@>4C:FVO 28@>1;OєBPAO 7 4>B@8<0==O< ?52=8E AB0=40@BV2, 

?>G8=0NG8 2V4 A8@>28==8E <0B5@V0;V2 4> 3>B>2>W ?@>4C:FVW. ' Good 

Manufacturing Practices (GMP) ?8B0==O B8?V2 C?0:>2>: C D0@<0F52B8G=><C 

28@>1=8FB2V @>73;O40єBPAO C :>=B5:ABV 70157?5G5==O O:>ABV, 157?5:8 B0 

FV;VA=>ABV ?@>4C:FVW. �06;82>, I>1 C?0:>2:0 2V4?>2V40;0 AC2>@8< AB0=40@B0<, 

2AB0=>2;5=8< GMP, I>1 70?>1V3B8 :>=B0<V=0FVW, 70157?5G8B8 ?@028;P=5 

715@V30==O B0 B@0=A?>@BC20==O, 0 B0:>6 715@53B8 5D5:B82=VABP B0 AB01V;P=VABP 

D0@<0F52B8G=8E ?@5?0@0BV2. �V4=>A=> B8?V2 C?0:>2>: GMP 2@0E>2Cє =0ABC?=V 

0A?5:B8: AB0=40@B8 G8AB>B8, <0B5@V0;8 C?0:>2:8, 70E8AB 2V4 7>2=VH=VE 2?;82V2, 

28:>@8AB0==O A5@B8DV:>20=8E ?>AB0G0;P=8:V2, 4>B@8<0==O ?@028; 715@V30==O 

B0 B@0=A?>@BC20==O, V45=B8DV:0FVO B0 2V4AB565==O, 4>:C<5=B0FVO B0 70?8A8 [64-

67]. $>73;O=5<> WE 45B0;P=VH5.  

%B0=40@B8 G8AB>B8 3 F5 28<>30, I>1 ?0:C20;P=V <0B5@V0;8 B0 ?@>F5A8 

28@>1=8FB20 C?0:>2:8 2V4?>2V40;8 AB0=40@B0< G8AB>B8 B0 3V3Vє=VG=>ABV 7 

<5B>N C=8:=5==O ?>B5=FV9=>W :>=B0<V=0FVW <548:0<5=BV2.  0B5@V0;8 

C?0:>2:8: <0єBPAO =0 C207V 28:>@8AB0==O 28A>:>O:VA=8E <0B5@V0;V2 C?0:>2:8, 

O:V =5 270є<>4VNBP 7 D0@<0F52B8G=8< ?@>4C:B><, =5 28:;8:0NBP 
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:>=B0<V=0FVN B0 2V4?>2V40NBP CAV< =5>1EV4=8< AB0=40@B0<. �0E8AB 2V4 

7>2=VH=VE 2?;82V2 ?5@5410G0є, I> C?0:>2:0 ?>28==0 70157?5GC20B8 70E8AB 2V4 

7>2=VH=VE D0:B>@V2, B0:8E O: A2VB;>, 2>;>30 B0 B5<?5@0BC@=V 7<V=8, I>1 

715@53B8 AB01V;P=VABP B0 5D5:B82=VABP D0@<0F52B8G=8E ?@5?0@0BV2. 

�8:>@8AB0==O A5@B8DV:>20=8E ?>AB0G0;P=8:V2 >7=0G0є, I> GMP @5:><5=4Cє 

28:>@8AB>2C20B8 ?0:C20;P=V <0B5@V0;8 2V4 A5@B8DV:>20=8E ?>AB0G0;P=8:V2, 

I>1 30@0=BC20B8 WE=N 2V4?>2V4=VABP AB0=40@B0< B0 C=8:=CB8 ?V4@>1;5=8E 

<0B5@V0;V2. �>B@8<0==O ?@028; 715@V30==O B0 B@0=A?>@BC20==O ?>;O30є C 

2AB0=>2;5==V AB0=40@BV2 4;O ?@028; 715@V30==O B0 B@0=A?>@BC20==O C?0:>2:8, 

I>1 <V=V<V7C20B8 @878:8 ?>H:>465==O 01> :>=B0<V=0FVW 2 ?@>F5AV 

?5@5<VI5==O ?@>4C:FVW ;0=FN6:>< ?>AB02>:. %5=A V45=B8DV:0FVW B0 

2V4AB565==O 3 :>6=0 C?0:>2:0 <0є 1CB8 GVB:> V45=B8DV:>20=0, B0 <0є 

70157?5GC20B8AO 2V4AB565==O :>6=>W >48=8FV ?@>4C:FVW 2V4 <><5=BC 

28@>1=8FB20 4> <><5=BC 28:>@8AB0==O. �>:C<5=B0FVO B0 70?8A8 >7=0G0є, I> 

?@>F5A8 C?0:>2:8 ?>28==V 1CB8 GVB:> 704>:C<5=B>20=V, B0 70?8A8 <0NBP 1CB8 

2545=V 73V4=> AB0=40@BV2 GMP 4;O 70157?5G5==O ?@>7>@>ABV B0 <>6;82>ABV 

2V4AB565==O 

&0:8< G8=><, GMP ?@84V;Oє >A>1;82C C203C B8?C C?0:>2>: B0 2AV< 

5B0?0< WE 68BBє2>3> F8:;C 7 <5B>N 70157?5G5==O 28A>:>3> @V2=O O:>ABV B0 

157?5:8 C 28@>1=8FB2V D0@<0F52B8G=>W ?@>4C:FVW [68-71]. 

�>A;V465==O B8?V2 C?0:>2>: C D0@<0F52B8G=><C 28@>1=8FB2V <0є 

7=0G5==O 4;O @>7@>1:8 5D5:B82=>W A8AB5<8 @>7?>4V;C 70240=P <V6 @>1>B0<8 =0 

:>=25є@=V9 ;V=VW. $V7=><0=VB=VABP C?0:>2>:, B0:8E O: ?;OH:8, 1;VAB5@8 B0 

:>@>1:8, ?>B@51Cє 45B0;P=>3> 0=0;V7C B0 :;0A8DV:0FVW.  0B5<0B8G=V 

70;56=>ABV, I> 2@0E>2CNBP @>7<V@8 C?0:>2>:, WE >1AO38 B0 2038, <>6CBP 1CB8 

?@54AB02;5=V C 283;O4V @V2=O=P. �8<>38 4> >1@>1:8, B0:V O: ABC?V=P 

45;V:0B=>ABV, є :;NG>28< D0:B>@>< ?@8 287=0G5==V >?B8<0;P=8E <5B>4V2 

@>1>B8 7 C?0:>2:0<8.[72-74] �07>2V B8?8 C?0:>2>: 4;O D0@<0F52B8G=>W 

?@>4C:FVW =02545=V =0 @8A. 2.1. 
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$8AC=>: 2.1 3 &8?8 C?0:>2>: 4;O D0@<0F52B8G=>W ?@>4C:FVW 

 

"A=>2=8<8 DC=:FVO<8 C?0:>2:8 ;V:0@AP:8E 70A>1V2 є: 

3 70157?5G5==O 70E8ABC ?@>4C:BC 2V4 <5E0=VG=8E ?>H:>465=P, 0 B0:>6 

2?;82C 7>2=VH=VE D0:B>@V2; 

3 715@565==O AB01V;P=>ABV GCB;828E :><?>=5=BV2 H;OE>< 70?>1V30==O WE 

1V>;>3VG=><C @>7?04C; 

3 =040==O =5>1EV4=>W V=D>@<0FVW G5@57 <0@:C20==O. 

'?0:>2:0 D0@<0F52B8G=>W ?@>4C:FVW ?V4;O30є AB0=40@B870FVW: GVB:> 

287=0G0NBPAO 28<>38 4> WW ?0@0<5B@V2, 28:>@8AB>2C20=8E <0B5@V0;V2 B0 

V=D>@<0FV9=>3> >D>@<;5==O.  

�3V4=> V7 @8A. 2.1, B8?8 C?0:>2>: 4;O D0@<0F52B8G=>W ?@>4C:FVW <>6=0 2 

@0<:0E 40=8E 4>A;V465=P <>6=0 >?8A0B8 C 283;O4V =0ABC?=8E ?>=OBP. 

#5@28==0 C?0:>2:0, B>1B> 157?>A5@54=O B0@0 4;O ;V:0@AP:>3> 70A>1C, є 

?5@H>N, 7 G8< <0є A?@02C A?>6820G. �>=0 ?5@51C20є 2 ?@O<><C :>=B0:BV 7 

?@5?0@0B><, B><C 206;82>, I>1 WW A:;04 =5 270є<>4VO2 V7 4VNG8<8 @5G>28=0<8 

&8?8 C?0:>2:8 4;O D0@<0F52B8G=>W ?@>4C:FVW  

#5@28==0 �B>@8==0 C?0:>2:0 &@5B8==0 C?0:>2:0 

�;
VA
B5
@8

 

�>
=B
C@
=0
 1
57
OG
59
:>
20
 C
?0
:>
2:
0 

�
<?
C;
8 

(
;0
:>
=8

 

#
;O
H
:8

 

%0
H
5 

�>
D@
>O
I
8:
8 

%0
<>
71
V@
=V
 :
>@
>1
:8

 

�>
@>
1:
8 
7 3
>D
@>
20
=>
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 :
0@
B>
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https://aspak.in.ua/ua/g33134793-gofrokarton
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B0 =5 7<V=N202 WE 2;0AB82>ABV. �;O B0:>3> ?0:C20==O 70728G09 28:>@8AB>2CNBP 

<0B5@V0;8, I> є EV<VG=> V=5@B=8<8, 7>:@5<0 0;N<V=V9 V ?>;V2V=V;E;>@84 (#�)). 

' 28?04:C @V4:8E D>@< 01> V='є:FV9=8E 70A>1V2 70AB>A>2CNBP 0<?C;8 B0 

D;0:>=8 7V A:;0 G8 A?5FV0;P=>3> ?;0AB8:C, O:V =5 2?;820NBP =0 AB01V;P=VABP V 

4>7C20==O ;V:V2. '?0:>2:0 ?>28==0 70157?5GC20B8 =04V9=89 70E8AB, >A:V;P:8 WW 

?>H:>465==O <>65 ?@8725AB8 4> @878:C 4;O 74>@>2’O ?0FVє=B0 [75-78]. 

 

2.2 $>7@>1;5==O ?0@0<5B@8G=>W <>45;V D>@<0;V70FVW C?0:>2:8 

D0@<0F52B8G=>W ?@>4C:FVW =0 :>=25є@=V9 ;V=VW 

 

$V7=>2848 ?5@28==>W D0@<0F52B8G=>W C?0:>2:8. 

�;VAB5@ 3 :>=B59=5@ (70728G09 1030B>4>7>289), I> A:;040єBPAO 7 42>E 

ACFV;P=8E H0@V2, >48= 7 O:8E ?@87=0G5=89 4;O 2<VIC20==O >4=VєW 4>78. &0:89 

B8? C?0:>2:8 28:>@8AB>2CєBPAO 4;O 715@V30==O B25@48E ;V:0@AP:8E D>@<, O:-

>B B01;5B:8 B0 :0?AC;8. �>3> 283>B>2;ONBP V7 <0B5@V0;V2, B0:8E O: ?;0AB8:, 

D>;P30 01> ?0?V@. ' 1;VAB5@0E ?5@5410G5=V A?5FV0;P=V :><V@:8, AD>@<>20=V ?V4 

4VєN B5<?5@0BC@8, :C48 ?><VI0NBP ?@5?0@0B, 0 72>@>B=89 1V:, 28:>=0=89 V7 

IV;P=>3> <0B5@V0;C 4 :0@B>=C, D>;P38 G8 ?;V2:8 4 4>72>;Oє 7@CG=> 4VAB020B8 

2<VAB. !0 ?>25@E=V C?0:>2:8 GVB:> 707=0G0єBPAO 2AO =5>1EV4=0 V=D>@<0FVO ?@> 

;V:8 [79-81]. 

�>=BC@=0 157OG59:>20 C?0:>2:0 (AB@V?) 2V4@V7=OєBPAO 2V4 ?>?5@54=P>W 

B8<, I> =5 <0є >:@5<8E >A5@54:V2 4;O 2<VABC. #@5?0@0B @>7<VICєBPAO <V6 

3=CG:8<8 A<C6:0<8, O:V IV;P=> 70?5G0BCNBAO, 70157?5GCNG8 =04V9=5 

715@565==O. 

�<?C;8 4 F5 35@<5B8G=V :>=B59=5@8, 283>B>2;5=V 7V A:;0 01> ?;0AB8:C, 

O:V 70E8I0NBP 2<VAB 2V4 2?;82C ?>2VB@O, 2>;>38 B0 AB>@>==VE G0AB>:. 

�5@<5B870FVO 4>AO30єBPAO H;OE>< 70?0N20==O ?@8 28A>:V9 B5<?5@0BC@V. 

�0728G09 WE 28:>@8AB>2CNBP 4;O 715@V30==O V='є:FV9=8E ?@5?0@0BV2. *5 >48= V7 

1V;PH 4>@>38E B8?V2 C?0:>2:8. 
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(;0:>=8, =0 2V4<V=C 2V4 0<?C;, <0NBP 1V;PH89 >1'є< V 283>B>2;ONBPAO 7V 

A:;0 01> ?;0AB8:C. �>=8 ?@87=0G5=V 4;O 715@V30==O ;V:0@AP:8E 70A>1V2 C @V4:V9, 

B25@489 01> ?>@>H:>?>4V1=V9 D>@<0E. �;O WE 35@<5B870FVW 28:>@8AB>2CNBPAO 

?@>1:8 7 3C<8, <5B0;C 01> ?;0AB8:C. 

#;OH:8 28:>@8AB>2CNBPAO 4;O ?5@52575==O @V4:8E ;V:0@AP:8E 70A>1V2, 0 

B0:>6 :0?AC; V B25@48E B01;5B>:. �>=8 G0AB> 283>B>2;ONBPAO 7 B5<=>3> A:;0 

01> ?;0AB8:C, I> 4>72>;Oє 70E8AB8B8 ?@5?0@0B8 2V4 H:V4;82>3> 2?;82C 

A>=OG=>3> A2VB;0. 

%0H5 4 F5 B8? C?0:>2:8 4;O >4=>4>7>28E ?>@FV9 ?>@>H:C, 35;N 01> 

ACA?5=7VW. &0:89 ?0:5B8: A:;040єBPAO 7 :V;P:>E H0@V2 <0B5@V0;C, 7 ?>;V<5@=8< 

?>:@8BBO< 2A5@548=V [78-85]. 

�B>@8==5 ?0:C20==O 28:>@8AB>2CєBPAO 4;O @>7<VI5==O ?@>4C:FVW, I> 

265 7=0E>48BPAO C ?5@28==V9 C?0:>2FV. *5 <>6CBP 1CB8 3>D@>20=V :>@>1:8, 

A0<>71V@=V ?0:C20==O 7 <0@:C20==O< V 45B0;P=>N V=D>@<0FVєN, B0:>N O: 

=09<5=C20==O, B8? ?@5?0@0BC, 40=V ?@> 28@>1=8:0 B0 A?5FV0;P=V ?>7=0G:8. 

�B>@8==0 C?0:>2:0 70157?5GCє 70E8AB ;V:V2 ?V4 G0A B@0=A?>@BC20==O, 

4>?><030є C @5:;0<=8E FV;OE V ?>;53HCє V45=B8DV:0FVN ?@5?0@0BV2 157 

=5>1EV4=>ABV WE @>7:@8BBO [82]. 

&@5B8==5 ?0:C20==O 4 F5 C?0:>2:0 4;O B@0=A?>@BC20==O, >A=>2=>N 

<5B>N O:>W є 70157?5G5==O 715@565==O B>20@C ?V4 G0A ?5@52575==O. %?>6820GV 

WW =5 10G0BP, 0;5 2>=0 <0є 206;825 7=0G5==O, >A:V;P:8 A0<5 7024O:8 W9 ;V:0@AP:V 

?@5?0@0B8 ?>B@0?;ONBP 4> 0?B5: V <548G=8E CAB0=>2. �0728G09 4;O B0:>W 

C?0:>2:8 28:>@8AB>2CNBP :>@>1:8 7 3>D@>20=>3> :0@B>=C @V7=8E @>7<V@V2 V 

D>@< [83-90]. 

#@8:;04 7030;P=>3> 284C ?5@28==>3>, 2B>@8==>3> B0 B@5B8==>3> B8?V2 

?0:C20==O 4;O D0@<0F52B8G=>W ?@>4C:FVW =02545=> =0 @8A. 2.2. 
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0) 1) 2) 
0) ?5@28==0 C?0:>2:0 (1;VAB5@8); 1) 2B>@8==0 C?0:>2:0;  

2) B@5B8=0 C?0:>2:0. 

$8AC=>: 2.2 3 #@8:;04 7030;P=>3> 284C ?5@28==>3>, 2B>@8==>3> B0 

B@5B8==>3> B8?V2 C?0:>2:8 4;O D0@<0F52B8G=>W ?@>4C:FVW 

 
' AB0BBV [91] ?>:070=>, I> 2 ?52=8E 28?04:0E 7040GC ?0@0<5B@8G=>W 

V45=B8DV:0FVW <>45;V >FV=N20==O <>6;82> A?@>AB8B8 4> 7040GV ;V=V9=>3> 

?@>3@0<C20==O. 

�8E>4OG8 7 <5B8 4>A;V465==O 2 40=V9 @>1>BV B0 >A>1;82>AB59 

28:>@8AB0==O :>=25є@=8E ;V=V9 A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW, 

?>AB028<> B0:V >1<565==O, O:V ?>2'O70=V 7 B8<, I> =0 :>=25є@=V9 ;V=VW <>6CBP 

1CB8 C?0:>2:8 B8?C: 2B>@8==>W (@8A. 2.21) B0 B@5B8==>W (@8A. 2.22) [92, 93]. �0=5 

>1<565==O 28:;8:0=5 B8<, I> A0<5 40=89 B8? C?0:>2:8 D0@<0F52B8G=>W 

?@>4C:FVW C 2V4?>2V4=>ABV 7 <V6=0@>4=8<8 28<>30<8 <0є V=D>@<0FVN C 283;O4V 

QR-:>4V2 01> HB@8E :>4V2, O:V 40NBP <>6;82VABP @>7?V7=0B8 B0 V45=B8DV:C20B8 

?@>4C:FVN =0 :>=25@B=V9 ;V=VW 7 28:>@8AB0==O< A8AB5< :><?'NB5@=>3> 7>@C. 

&0:>6 40=89 B8? C?0:>2>: 4>72>;Oє 70E8AB8B8 D0@<0F52B8G=C ?@>4C:FVN 2V4 

?>H:>465=P ?V4 G0A B@0=A?>@BC20==O B0 28:>=Cє I5 =87:C 206;828E DC=:FV9. 

�8E>4OG8 7 FP>3> 2 @0<:0E 40=8E 4>A;V465=P ?@8?CAB8<>, I> C =0A є @V7=8E 

B8?V2 C?0:>2>:, ?>7=0G8<> B8? C?0:>2:8 G5@57 ąÿ, 45 ÿ = 1,2,& , ą. �;O >FV=:8 
@>7<V@V2 C?0:>2:8 G5@57 ăÿ ,Ďÿ , ÿÿ ?>7=0G8<> 4>268=C, H8@8=C V 28A>BC 
C?0:>2:8 2V4?>2V4=>. &0:>6 2545<> ?0@0<5B@ 2038 Ąÿ 4;O :>6=>3> B8?C 
C?0:>2:8. 
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 ąÿ =< ăÿ, Ďÿ , ÿÿ, Ąÿ > (2.1) 

 

45   ăÿ 3 4>268=0 C?0:>2:8; Ďÿ  3 H8@8=0 C?0:>2:8; ÿÿ  3  28A>B0 C?0:>2:8; Ąÿ  3  ?0@0<5B@ 2038. 
�8E>4OG8 7 FP>3> <>6=0 70?8A0B8 <0B5<0B8G=89 28@07 4;O >1’є<C 

C?0:>2:8 (čÿ) 4;O D0@<0F52B8G=>W ?@>4C:FVW, O:0 7=0E>48BPAO =0 :>=25є@=V9 
;V=VW, =0ABC?=8< G8=><: 

 čÿ =< ăÿ ⋅ Ďÿ ⋅ ÿÿ > (2.2) 

 

45  ăÿ 3 4>268=0 C?0:>2:8; Ďÿ  3 H8@8=0 C?0:>2:8; ÿÿ  3 28A>B0 C?0:>2:8. 
#>7=0G8<> G5@57 ?0@0<5B@ ćÿ =01V@ 2;0AB82>AB59 G8 E0@0:B5@8AB8:, I> 

E0@0:B5@87CNBP :>=:@5B=89 B8? C?0:>2:8 ÿ. *59 ?0@0<5B@ <>65 2:;NG0B8 
@V7=><0=VB=V 0A?5:B8, I> 2?;820NBP =0 ?@>F5A8 >1@>1:8 B0 @>7?>4V;C 70240=P 

=0 :>=25є@=V9 ;V=VW A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW. *59 ?0@0<5B@ 

2@0E>2Cє =0ABC?=V 2;0AB82>ABV B0 E0@0:B5@8AB8:8 C?0:>2:8: 

 ćÿ =< Ąÿ , Ċÿ , Ăÿ, Ćÿ , Ĉĉÿ > (2.3) 

 

45 Ąÿ  3 <0B5@V0; C?0:>2:8 (=0?@8:;04, 3@>D>20=89 ?0?V@, :0@B>=, ?;0AB8:, 
A:;>). $V7=V <0B5@V0;8 <>6CBP 28<030B8 @V7=8E <5B>4V2 >1@>1:8 B0 <>6CBP 

<0B8 @V7=V ABC?5=V 2?;82C =0 28@>1=8GV ?@>F5A8; Ċÿ 3 ABC?V=P ?@>7>@>ABV 4;O C?0:>2>:, 45 206;820 2848<VABP 2<VABC, 
ABC?V=P ?@>7>@>ABV <>65 1CB8 206;828< 0A?5:B>< @>7@>1:8 AB@0B53V9 

@>7?>4V;C 70240=P; 
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 Ăÿ 3 D>@<0 C?0:>2:8 (=0?@8:;04, :@C3;0, ?@O<>:CB=0), D>@<0 C?0:>2:8 
<>65 2?;820B8 =0 WW AB01V;P=VABP C ?@>F5AV ?5@5<VI5==O B0 >1@>1:8 =0 

:>=25є@=V9 ;V=VW  Ćÿ 3 >A>1;82>ABV 2V4:@820==O B0 70:@820==O, @V7=V <5E0=V7<8 2V4:@820==O 
B0 70:@820==O 28<030NBP @V7=8E <5B>4V2 >1@>1:8, 0 B0:>6 <>6CBP 2?;820B8 =0 

7030;P=C 5D5:B82=VABP; Ĉĉÿ 3 5B8:5BC20==O B0 <0@:C20==O, =0O2=VABP 5B8:5B>: 01> =5>1EV4=VABP 
<0@:C20==O <>65 28<030B8 4>40B:>28E :@>:V2 C ?@>F5AV >1@>1:8, 0;5 4>72>;Oє 

@>7?V7=0B8 B0 V45=B8DV:C20B8 B>20@ =0 107V 28:>@8AB0==O QR-:>4V2, I> 40є 

<>6;82VABP 287=0G8B8 9>3> 2<VAB 4;O ?@028;P=>3> A>@BC20==O =0 :>=25є@=V9 

;V=VW. %CG0A=5 <0@:C20==O C?0:>2:8 3>B>28E ;V:0@AP:8E 70A>1V2 (���) 2 

':@0W=V @53;0<5=BCєBPAO !0:07><  "� ':@0W=8 № 426 2V4 26.08.2005 @. V7 

7<V=0<8, 2=5A5=8<8 !0:070<8  "� ':@0W=8 № 536 2V4 11.09.2007 @. B0 № 543 

2V4 25.09.2008 @. �V4?>2V4=> 4> !0:07C  3. .2007 @. >1>2'O7:>25 <0@:C20==O 

2B>@8==>W C?0:>2:8 3>B>2>3> ;V:0@AP:>3> 70A>1C <0є <VAB8B8 B0:C V=D>@<0FVN 

C:@0W=AP:>N <>2>N (�>40B>: �): 0) =09<5=C20==O :@0W=8; 1) =09<5=C20==O 

?V4?@8є<AB20-28@>1=8:0, 9>3> B>20@=89 7=0:, 04@5AC; 2) =09<5=C20==O 

;V:0@AP:>3> 70A>1C; 3) ;V:0@AP:0 D>@<0; �) :V;P:VABP ;V:0@AP:>3> 70A>1C, 4>70; 

4) O:VA=0 B0 :V;P:VA=0 E0@0:B5@8AB8:0 0:B82=8E V=3@54Vє=BV2; 5) A?>AV1 

22545==O; є) C<>28 715@V30==O; 6) B5@<V= ?@840B=>ABV; 7) =><5@ A5@VW; 8) 

@5єAB@0FV9=89 =><5@; V) HB@8E-:>4. 

#0@0<5B@ ćÿ є 01AB@0:FVєN, I> ?>є4=Cє FV @V7=V E0@0:B5@8AB8:8 :>6=>3> 
B8?C C?0:>2:8. �V= 4>?><030є AB2>@8B8 C=V25@A0;P=C A8AB5<C :5@C20==O 

:>=25є@=>N ;V=VєN, O:0 040?BCєBPAO 4> @V7=8E C<>2 B0 28<>3 4;O 5D5:B82=>W 

>1@>1:8 @V7=><0=VB=8E C?0:>2>: C D0@<0F52B8G=><C 28@>1=8FB2V. 

&0:>6 2 @0<:0E 40=8E 4>A;V465=P 22545<> ?0@0<5B@ 28<>38 4> >1@>1:8 ÿÿ, I> ?@54AB02;Oє ABC?V=P 45;V:0B=>ABV 01> @V25=P BC@1>B8, =5>1EV4=89 4;O 
>1@>1:8 :>6=>3> :>=:@5B=>3> B8?C C?0:>2:8 =0 :>=25є@=V9 ;V=VW A>@BC20==O 

D0@<0F52B8G=>W ?@>4C:FVW. �06;82> 2@0EC20B8 :V;P:0 ?0@0<5B@V2 I>4> 28<>3 

4> >1@>1:8 (ÿÿ ): 
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 ÿÿ =< ÿÿ, ċÿ, ÿĂÿ , Āÿ , Ċĉÿ > (2.4) 

 

45 ÿÿ 3 :@8E:VABP C?0:>2:8, 45O:V ?0:C20;P=V <0B5@V0;8 <>6CBP 1CB8 
:@8E:VH8<8, =V6 V=HV. *5 <>65 2?;820B8 =0 =5>1EV4=VABP >15@56=>W >1@>1:8, 

I>1 C=8:=CB8 ?>H:>465=P; ċÿ 3 B5<?5@0BC@=V 28<>38, 45O:V D0@<0F52B8G=V ?@>4C:B8 01> C?0:>2:8 
<>6CBP 28<030B8 ?52=8E B5<?5@0BC@=8E C<>2, I>1 C=8:=CB8 453@040FVW. *5 

<>65 2:;NG0B8 =5>1EV4=VABP 715@V30==O 2 E>;>48;P=8:C 01> 70?>1V30==O 

?5@53@V2C; ÿĂÿ 3 GCB;82VABP 4> 2>;>3>ABV, 45O:V ?0:C20;P=V <0B5@V0;8 01> ?@>4C:B8 
<>6CBP 1CB8 GCB;828<8 4> 2>;>3>ABV, I> <>65 28<030B8 >A>1;828E C<>2 

715@V30==O B0 >1@>1:8; Āÿ 3 <>6;82VABP 45D>@<0FVW, 45O:V ?0:C20;P=V <0B5@V0;8 <>6CBP 1CB8 
1V;PH AE8;P=8<8 4> 45D>@<0FVW 01> 7<8=0==O, I> B0:>6 <>65 2?;820B8 =0 

<5B>48 WE >1@>1:8; Ċĉÿ 3 A?5FV0;P=V 28<>38 I>4> A:;04C20==O, 45O:V C?0:>2:8 <>6CBP 
28<030B8 >A>1;828E C<>2 715@V30==O, =0?@8:;04, C B5<=8E <VAFOE 01> ?V4 

?52=>N B5<?5@0BC@>N. 

�@C=BCNG8AP =0 28I5 70?@>?>=>20=8E 01AB@0:B=8E >?8A0E 

E0@0:B5@8AB8: B0 ?0@0<5B@0E 2B>@8==>W B0 B@5B8==>W B8?V2 C?0:>2:8 

D0@<0F52B8G=>W ?@>4C:FVW =0 :>=25є@=8E ;V=VOE, @>7H8@8<> 28@07 (2.1) (ąÿ) 
H;OE>< 2545==O 70?@>?>=>20=8E ?0@0<5B@V2 B0 E0@0:B5@8AB8: 7 28@07V2 (2.2) 3 

(2.4). &>4V <>45;P >?8AC C?0:>2:8 4;O D0@<0F52B8G=>W ?@>4C:FVW =0 

:>=25є@=V9 ;V=VW 2 7030;P=><C 283;O4V <0B8<5 B0:89 283;O4: 
 ąÿ =< ăÿ ,Ďÿ , ÿÿ ,Ąÿ , čÿ , ćÿ, ÿÿ > (2.5) 

 

45  ąÿ 3 @07=V B8?8 C?0:>2>:; ăÿ 3 4>268=0 C?0:>2:8; 
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 Ďÿ  3 H8@8=0 C?0:>2:8; ÿÿ  3 28A>B0 C?0:>2:8; Ąÿ  3 ?0@0<5B@ 2038; čÿ  3 >1’є< C?0:>2:8; ćÿ 3 =01V@ 2;0AB82>AB59 01> E0@0:B5@8AB8:, I> E0@0:B5@87CNBP 
:>=:@5B=89 B8? C?0:>2:8 ąÿ (2.3); ÿÿ - ABC?V=P 45;V:0B=>ABV 01> @V25=P BC@1>B8, =5>1EV4=89 4;O >1@>1:8 

:>6=>3> :>=:@5B=>3> B8?C C?0:>2:8 =0 :>=25є@=V9 ;V=VW (2.4). 

�;O D>@<0;V70FVW 70?@>?>=>20=>W :>=F5?BC0;P=>W <>45;V (2.5) =5>1EV4=> 

?@>25AB8 ?5@5B2>@5==O 01AB@0:B=>3> >?8AC, :>=F5?FV9 B0 270є<>72'O7:V2 C O2=V 

B0 D>@<0;P=V AB@C:BC@8, O:V <>6CBP 1CB8 <0B5<0B8G=> 28@065=V B0 

0;3>@8B<VG=> >1@>1;5=V. �@C=BCNG8AP =0 A?5F8DVFV ?>AB02;5=8E 70240=P C 

4>A;V465==O ?@8?CAB8<>, I> 70?@>?>=>20=V ?0@0<5B@8 (2.2) 3 (2.4) <>6CBP 

?@89<0B8 BV G8 V=HV B8?8 7=0G5=P: 

3  B5:AB>289 B8?, I> 28:>@8AB>2C20B8<5BPAO 4;O 287=0G5==O ?0@0<5B@V2, 

O:V =>AOBP V=D>@<0FV9=89 E0@0:B5@ V A;C60BP 4;O B5:AB>2>3> >?8AC B0 ?>40==O; 

3  1C;5289 B8? (;>3VG=89 B8?), <>65 ?@89<0B8 420 7=0G5==O: VAB8=C (true) 

01> 1@5E=N (false), F5 4>72>;8BP D>@<0;V7C20B8 ?0@0<5B@8 <>45;V, O:V 

28:>@8AB>2CNBP ;>3VG=C :>=AB@C:FVN 2 ?@8=F8?V WE @>1>B8; 

3  FV;89 B8?, 28:>@8AB>2CєBPAO 4;O >?8AC 7=0G5=P B>3> G8 V=H>3> 

?0@0<5B@0 2 4V0?07>=V 2V4 -2 147 483 648 4> 2 147 483 647 (int), I> 4>72>;8BP 

7040B8 4>2V@GV V=B5@20;8 ?>40==O 40=8E. 

3  ;V=32VAB8G=89 B8?, I> 40є <>6;82VABP ?@>25AB8 V45=B8DV:0FVN 

?0@0<5B@V2 70 9>3> =0;56=VABN, 287=0G0єBPAO :>@8ABC20G5<, B0/01> <0є AC2>@> 

DV:A>20=C =072C 2V4?>2V4=> 4> �%&' B0/01> V=H8E <V6=0@>4=8E AB0=40@BV2. 

�;O A?@>I5==O ?>40==O B0 >?8AC ?0@0<5B@V2 B0 E0@0:B5@8AB8: 2B>@8==>W 

B0 B@5B8==>W B8?V2 C?0:>2:8 4;O D0@<0F52B8G=>W ?@>4C:FVW (ąÿ), ?>40<> 
D>@<0;P=5 ?>40==O C =0ABC?=><C 283;O4V: 

3  FV;>G8A5;P=89 B8? 
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ďÿ = { þÿ1, O>MB þÿ f ąÿ f [7=0G5==O]þÿ2 , O>MB [7=0G5==O] f ąÿ f [7=0G5==O]þÿ2 , O>MB [7=0G5==O] f ąÿ f þăþā { (2.6) 

 

45  ďÿ  3 ?>7=0G5==O þ - 9>3> 7=0G5==O ?0@0<5B@V2 2 <>45;V 2V4?>2V4=>; þÿ1, þÿ2, . . . , þÿĄ   3 V45=B8DV:0B>@ 4V0?07>=0 7=0G5==P 01> ;V=32VAB8G=0 

7<V==0; þÿ , þăþā  3 3@0=8G=V 7=0G5==O: þÿ → ăÿĄ; þăþāăþā; [7=0G5==O] 3 284V;5=V ?>@>3>2V 7=0G5==O ?0@0<5B@0. 
3  1C;5289 B8? 

 ďÿ = { þÿ1, O>MB ą = [āÿĂþ]þÿ2, O>MB ą = [ÿþĂĀþ] (2.7) 

 

45  ďÿ  3  ?>7=0G5==O þ - 9>3> 7=0G5==O ?0@0<5B@V2 2 <>45;V 2V4?>2V4=>; þÿ1, þÿ2, . . . , þÿĄ   3 V45=B8DV:0B>@ 4V0?07>=0 7=0G5==P 01> ;V=32VAB8G=0 

7<V==0; [ÿþĂĀþ, āÿĂþ] 3 >?5@0B>@ ;>3VG=>3> 7=0G5==O. 
3 B5:AB>289 B8? 

 

ďÿ = { 
 þÿ1, O:I> x = [E?B6BECB?GK9AAO]þÿ2, O:I> x' = [E?B6BECB?GK9AAO]. . .þÿĄ , O:I> xĄ2 = [E?B6BECB?GK9AAO]} 

 
 

 

(2.8) 

 

45  ďÿ - ?>7=0G5==O þ 3 9>3> 7=0G5==O ?0@0<5B@V2 2 <>45;V 2V4?>2V4=>; þÿ1, þÿ2, . . . , þÿĄ  3 V45=B8DV:0B>@ 4V0?07>=0 7=0G5==P 01> ;V=32VAB8G=0 

7<V==0; [E?B6BECB?GK9AAO] 3 287=0G5==O A;>2>A?>;CG5==O. 
3 ;V=32VAB8G=89 B8? 
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ďÿ = { 
 þÿ1 , O:I> x = [E?B6B]þÿ2, O:I> x' = [E?B6B]. . .þÿĄ , O:I> xĄ2 = [E?B6B]} 

 
 (2.9) 

 

45  ďÿ 3 ?>7=0G5==O þ  3 9>3> 7=0G5==O ?0@0<5B@V2 2 <>45;V 2V4?>2V4=>; þÿ1, þÿ2, . . . , þÿĄ  3 V45=B8DV:0B>@ 4V0?07>=0 7=0G5==P 01> ;V=32VAB8G=0 

7<V==0; [E?B6B] 3 287=0G5==O ;V=32VAB8G=>3> V<5=V, O:5 287=0G0єBPAO 
>A>1;82>ABO<8 >1@0=>3> ?0@0<5B@0 @>7@>1;5=>W <>45;V. 

!0 >A=>2V 70?@>?>=>20=8E D>@<0;P=8E ?>40=P >?8AV2 ?0@0<5B@V2 (2.6) 3 

(2.9) ?@>2545<> D>@<0;V70FVN ?0@0<5B@V2 C <>45;V (2.5). 

�;O 287=0G5==O ?0@0<5B@V2 3010@8B=8E @>7<V@V2 2B>@8==>W B0 B@5B8==>W 

B8?V2 C?0:>2:8 4;O D0@<0F52B8G=>W ?@>4C:FVW =5>1EV4=> 287=0G8B8 4V0?07>=8 

<>6;828E @>7<V@V2 C?0:>2>:: 4>268=0 (ăÿ), H8@8=0 (Ďÿ), 28A>B0 (ÿÿ). 
C=VDV:>20=8<. /: >A=>2=89 <>4C;P ?@89=OBV @>7<V@8, :@0B=V 3010@8B0< 

<V6=0@>4=>3> B@0=A?>@B=>3> ?V44>=C 1200×800, <<. �V4?>2V4=> 4> FP>3> 

<>4C;O 2AB0=>2;5=> B0:V >A=>2=V @>7<V@8 B@0=A?>@B=>W ?@O<>:CB=>W B0@8 

(@>7<V@8 =02545=V D@03<5=B0@=>) , <<, O: ?@54AB02;5=V 2 B01;. 2.1. 

 

&01;8FO 2.1 3 "A=>2=V @>7<V@8 B@0=A?>@B=>W ?@O<>:CB=>W B0@8 4;O 

B@0=A?>@B=>3> ?V44>=C 1200×800. ăÿ 
Ďÿ 

1140/1200 1085/1143 1065/1120 1026/1080 1012/1065 972/1023 

950/100 912/960 855/900 & 760/800 & 

& 651/685 & & 570/600 295/311 

380/400 & 266/280 253/266 & 228/240 

285/300 142/150 142/150 126/133 114/120 95/100 
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�8A>B0 (ÿÿ ) >18@0єBPAO 7 >A=>2=>3> @>7<V@=>3> @O4C, <<: 171/180; 
162/170; 152/160; ...; 50/53; 42/45. 

�@V< >A=>2=>3> <>4C;O @>7<V@V2, 70AB>A>2CNBPAO <>4C;V 1200E1000 << V 

1000E800 <<. �>2=VH=V B5>@5B8G=V @>7<V@8 ?@O<>:CB=>W C?0:>2:8 4;O 

D0@<0F52B8G=>W ?@>4C:FVW 2818@0NBPAO 7 B01;8G=8E 40=8E, 70;56=> 2V4 

@>7<V@C B@0=A?>@B=>W B0@8 B0 :V;P:>ABV @O4V2, C @57C;PB0BV 287=0G5==O @>7<V@V2 

C?0:>2:8, 287=0G0єBPAO 2V4?>2V4=> 4> B01;. 2.2 

#@8 281>@V @>7<V@V2 2@0E>2CNBPAO 28<>38 715@V30==O (ÿÿ), <0A0 (Ąÿ ) B0 
>1’є< C?0:>2:8 (čÿ ) C B@0=A?>@B=V9 B0@V. �@V< =02545=8E, 4>?CA:0єBPAO 
28:>@8AB>2C20B8 V=HV @>7<V@8. "B65, 2 @0<:0E 40=8E 4>A;V465=P, C @0<:0E 

@>7@>1:8 A8AB5<8 :5@C20==O @>1>B87>20=>N :>=25є@=>N ;V=VєN A>@BC20==O 

D0@<0F52B8G=>W ?@>4C:FVW, ?@>?>=CєBPAO =0ABC?=0 D>@<0;V70FVO @>7<V@V2 

C?0:>2>: 70;56=> 2V4 @>7<V@C B@0=A?>@B=>W B0@8 (ċċÿ). 
 

&01;8FO 2.2 3 �87=0G5==O @>7<V@V2 C?0:>2:8 4;O D0@<0F52B8G=>W 

?@>4C:FVW ?@8 B@5B8==V9 C?0:>2FV. 

$>7<V@ 

B@0=A?>@B=>W 

B0@8, << 

$>7<V@ C?0:>2:8, <<, ?@8 :V;P:>ABV @O4V2 

1 2 3 & 19 20 

1140 1140 570 380 & 60 57 

760 760 380 253 & 3 38 

570 570 285 190 & 3 3 

 

#@8 @>7<V@V B@0=A?>@B=>W B0@8 ċċÿ = 1140 70 C<>28 <0:A8<0;P=>W 
:V;P:>ABV @O4V2 20: 

 

ăÿ = { "<0;5=P:0", якщо 57 f ąÿ < 95"A5@54=O", якщо 95 f ąÿ < 228"25;8:0", якщо 228 f ąÿ f 1140 (2.10) 
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#@8 @>7<V@V B@0=A?>@B=>W B0@8 ċċÿ = 760 70 C<>28 <0:A8<0;P=>W 
:V;P:>ABV @O4V2 20: 

 

ăÿ = {"<0;5=P:0", O>MB 38 f ąÿ < 76"A5@54=O", O>MB 76 f ąÿ < 152"25;8:0", O>MB 152 f ąÿ f 760 (2.11) 

 

#@8 @>7<V@V B@0=A?>@B=>W B0@8 ċċÿ = 570 70 C<>28 <0:A8<0;P=>W 
:V;P:>ABV @O4V2 15: 

 

ăÿ = {"<0;5=P:0", O>MB 38 f ąÿ f 57"A5@54=O", O>MB 57 < ąÿ f 190"25;8:0", O>MB 190 < ąÿ f 570 (2.12) 

 

�=0;>3VG=> <0B5<0B8G=><C >?8AC (2.10) 3 (2.12) 4>268=8 C?0:>2:8 (ăÿ), 
>?8H5<> V H8@8=C (Ďÿ). 

#@8 @>7<V@V B@0=A?>@B=>W B0@8 ċċÿ = 1140 70 C<>28 <0:A8<0;P=>W 
:V;P:>ABV @O4V2 20: 

 

Ďÿ = { "<0;5=P:0", O>MB 57 f ąÿ < 95"A5@54=O", O>MB 95 f ąÿ < 228"25;8:0", O>MB 228 f ąÿ f 1140 (2.13) 

 

#@8 @>7<V@V B@0=A?>@B=>W B0@8 ċċÿ = 760 70 C<>28 <0:A8<0;P=>W 
:V;P:>ABV @O4V2 20: 

 

Ďÿ = {"<0;5=P:0", O>MB 38 f ąÿ < 76"A5@54=O", O>MB 76 f ąÿ < 152"25;8:0", O>MB 152 f ąÿ f 760 (2.14) 

 

#@8 @>7<V@V B@0=A?>@B=>W B0@8 ċċÿ = 570 70 C<>28 <0:A8<0;P=>W 
:V;P:>ABV @O4V2 15: 
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Ďÿ = {"<0;5=P:0", O>MB 38 f ąÿ f 57"A5@54=O", O>MB 57 < ąÿ f 190"25;8:0", O>MB 190 < ąÿ f 570 (2.15) 

 

�0?@>?>=>20=V <0B5<0B8G=V 70;56=>ABV (2.10) 3 (2.15) 4>72>;ONBP 

D>@<0;V7C20B8 ?0@0<5B@8 ăÿ B0 Ďÿ @>7<V@V2 C?0:>2>: 70;56=> 2V4 @>7<V@C 
B@0=A?>@B=>W B0@8, 7 O:>W D0@<0F52B8G=0 ?@>4C:FVO ?>B@0?;Oє =0 :>=25є@=C 

;V=VN 4;O ?>40;PH>3> A>@BC20==O. 

�0;V =5>1EV4=> D>@<0;V7C20B8 28A>BC C?0:>2:8 ÿÿ. /: 1C;> >?8A0=> 
28I5, F59 ?0@0<5B@ <>6=0 >?8A0B8 =0ABC?=8< 28@07>< 

 ÿÿ = {"<0;5=P:0", O>MB 50 f ąÿ < 100"A5@54=O", O>MB 100 f ąÿ < 150"25;8:0", O>MB 160 f ąÿ f 180  (2.16) 

 

�@C=BCNG8AP =0 70?@>?>=>20=8E <>45;OE (2.10) 3 (2.16) >?8AC ăÿ, Ďÿ, ÿÿ4>72>;Oє D>@<0;V7C20B8 >?8A8 >1’є<C C?0:>2:8 (čÿ ) 2V4?>2V4=> 4> <>45;59 
(2.2) V (2.5). �8E>4OG8 7 FP>3> >1’є< C?0:>2:8 (čÿ ) 4;O B@0=A?>@B=>W B0@8 ċċÿ= 1140 <>6=0 ?>40B8 C 283;O4V: 

 

čÿ = { "<0;5=P:0", O>MB 162450 f ąÿ < 902500"A5@54=O", O>MB 902500 f ąÿ < 7797600"25;8:0", O>MB 7797600 f ąÿ f 233928000 (2.17) 

 

�=0;>3VG=> (2.17) <>6=0 D>@<0;V7C20B8 >?8A >1’є<C C?0:>2:8 (čÿ) 4;O 
B@0=A?>@B=>W B0@8 ċċÿ = 760 V ċċÿ = 570 2V4?>2V4=>:  

 čÿ = { "<0;5=P:0", O>MB 72200 f ąÿ < 577600"A5@54=O", O>MB 577600 f ąÿ < 3465600"25;8:0", O>MB 3465600 f ąÿ f 103968000 (2.18) 

 čÿ = { "<0;5=P:0", O>MB 72200 f ąÿ < 324900"A5@54=O", O>MB 324900 f ąÿ < 5415000"25;8:0", O>MB 5415000 f ąÿ f 58482000 (2.19) 
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!0ABC?=8< :@>:>< ?@>2545<> D>@<0;V70FVN ?0@0<5B@0 ćÿ (2.3) O: =01>@C 
2;0AB82>AB59 01> E0@0:B5@8AB8:, O:V E0@0:B5@87CNBP :>=:@5B=89 B8? C?0:>2:8 ÿ. �V4?>2V4=> 4> @8AC=:C 2.1 ?0@0<5B@ <0B5@V0; C?0:>2:8 <>6=0 ?@54AB028B8 
2 =0ABC?=><C 283;O4V: 

 

Ąÿ = {  
  þÿ1, O:I> x = [3>D@>20=89_?0?V@]þÿ2, O>MB x2 = [>4DFBA]þÿ3 , O>MB x3 = [C?4EF<>]þÿ4 , O>MB x‴ = [E>?B]  

 

(2.20) 

 
� B01;. 2.3 =02545=> ?>@V2=O;P=89 0=0;V7 >?8AC D0:B>@V2, I> 2?;820NBP 

=0 281V@ <0B5@V0;V2 C?0:>2:8 4;O D0@<0F52B8G=8E ?@>4C:BV2. 

 

&01;8FO 2.3 3 #>@V2=O;P=89 0=0;V7 >?8AC D0:B>@V2, I> 2?;820NBP =0 

281V@ C?0:>2:8 4;O D0@<0F52B8G=8E ?@>4C:BV2 

(0:B>@8 (þÿĄ) 
�>D@>20=89 

?0?V@ 
�0@B>= #;0AB8: %:;> 

1 2 3 4 5 

�5715:0 B0 70E8AB ?@>4C:B0 + + + + 

�0@’є@=V 2;0AB82>ABV 3 /+ 3 /+ + + 

�AB5B8:0 B0 1@5=4C20==O 3 + + + 

(C=:FV>=0;P=VABP V 7@CG=VABP 

28:>@8AB0==O 
3 + + - 

�:>;>3VG=V 0A?5:B8 + + 3 /+ + 

&8? ?@>4C:BC 3 /+ 3 /+ + + 

 

�81V@ <0B5@V0;V2 C?0:>2:8 C D0@<0F52B8G=V9 ?@><8A;>2>ABV ACBBє2> 

2?;820є =0 5D5:B82=VABP ?@>F5AC A>@BC20==O =0 :>=25є@=8E ;V=VOE. #5@H 70 

2A5 F5 28:>@8AB0==O <0B5@V0;V2, 740B=8E ?@>E>48B8 G5@57 A8AB5<8 45B5:FVW, 

B0:8E O: @5=B35=V2AP:V B0 <5B0;>45B5:B>@8, 70157?5GCє B>G=VABP B0 157?5:C 
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?@>F5AC A>@BC20==O. &0:>6 <0NBP 7=0G5==O 2030 B0 >1AO3, ;53:V B0 <VF=V 

<0B5@V0;8, B0:V O: ?;0AB8:, 7<5=HCNBP 7030;P=C 203C C?0:>2:8, I> ?>;53HCє 

?@>F5A B@0=A?>@BC20==O B0 A>@BC20==O. %;V4 >1>2’O7:>2> ?@84V;8B8 C203C 

10@'є@=8< 2;0AB82>ABO<, B>1B> <0B5@V0;0< 7 10@'є@=8<8 2;0AB82>ABO<8, 

B0:8<8 O: A:;>, O:V <>6CBP 70?>1V30B8 2?;82C 7>2=VH=VE D0:B>@V2 =0 ?@>4C:B8, 

I> 206;82> ?@8 A>@BC20==V 2 C<>20E 7<V==>3> A5@54>28I0. !5>1EV4=> 

2@0E>2C20B8 @>7<V@ B0 D>@<C C?0:>2:8, G5@57 B5, I> AB0=40@B87>20=V @>7<V@8 

B0 D>@<8 C?0:>2:8 (=0?@8:;04, :204@0B=V :>@>1:8) ?>;53HCNBP <5E0=V7>20=5 

A>@BC20==O =0 :>=25є@=8E ;V=VOE. &0:>6 206;828< є B5, I> ?@>7>@V <0B5@V0;8, 

B0:V O: ?;0AB8:, 4>72>;ONBP 2V7C0;P=> V45=B8DV:C20B8 2<VAB C?0:>2:8 157 

=5>1EV4=>ABV @>7?0:C20==O, ?@8A:>@NNG8 ?@>F5A A>@BC20==O.  0B5@V0;8 

<0NBP 1CB8 ABV9:8<8 4> 2?;82C =02:>;8H=P>3> A5@54>28I0; 281V@ 5:>;>3VG=> 

ABV9:8E <0B5@V0;V2 7=86Cє =530B82=89 2?;82 C?0:>2:8 =0 =02:>;8H=є 

A5@54>28I5 B0 2V4?>2V4=> ?>:@0ICє 7030;P=C 5D5:B82=VABP ?@>F5AC. 

 0B5@V0;8 7 =87P:>N <>6;82VABN 5;5:B@>AB0B8G=>3> 70@O4C <>6CBP 

7<5=H8B8 ?@8BO3C20==O ?8;C B0 G0AB8=>: 4> ?>25@E=V C?0:>2:8, I> 7=86Cє 

@878: ?>H:>465==O ?@>4C:BC B0 ?>;53HCє 9>3> A>@BC20==O.  8 <0є<> 

707=0G8B8 206;82VABP V=B53@0FVW RFID-B5E=>;>3V9 01> QR-:>4V2, 1> 

28:>@8AB0==O <0B5@V0;V2, AC<VA=8E 7 RFID-<VB:0<8, <>65 ?>:@0I8B8 

B@0AC20==O B0 V45=B8DV:0FVN ?@>4C:BV2 C ?@>F5AV A>@BC20==O. !0@5HBV, 

<0B5@V;8 <0NBP 1CB8 <5E0=VG=> <VF=8<8, B><C I> <VF=V <0B5@V0;8, B0:V O: 

:0@B>=, 70157?5GCNBP =04V9=VABP C?0:>2:8 C ?@>F5AV A>@BC20==O, 70?>1V30NG8 

?>H:>465==N ?@>4C:BC; 

�81V@ ?@028;P=8E <0B5@V0;V2 C?0:>2:8 7 C@0EC20==O< ?5@5@0E>20=8E 

D0:B>@V2 >?B8<V7Cє ?@>F5A A>@BC20==O, 7=86Cє @878: ?><8;>: B0 70157?5GCє 

157?5:C B0 5D5:B82=VABP C D0@<0F52B8G=V9 ;>3VAB8FV. 

 Ċÿ 3 ABC?V=P ?@>7>@>ABV 4;O C?0:>2>: D0@<0F52B8G=8E 28@>1V2 <0є 
206;825 7=0G5==O. � :>=B5:ABV 2848<>ABV 2<VABC, 0 B0:>6 C AB@0B53VOE 

A>@BC20==O =0 :>=25є@=V9 ;V=VW <>6=0 ?@54AB028B8 C 283;O4V =0ABC?=>3> 

28@07C: 
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 Ċÿ = { "CDB;BD4", O>MB ą = [āÿĂþ]"A9CDB;BD4", O>MB ą = [ÿþĂĀþ] (2.21) 

 

45  ą = āÿĂþ 3 C?0:>2:0 є ?@>7>@>N, I> 4>72>;Oє 10G8B8 2<VAB 157 

2V4:@8BBO 01> 4>40B:>2>3> A:0=C20==O. *5 :>@8A=> 4;O 2V7C0;P=>3> :>=B@>;N 

V <>65 4>?><030B8 02B><0B8G=8< A8AB5<0< =0 :>=25є@=V9 ;V=VW H284:> 

V45=B8DV:C20B8 ?@>4C:B8 01> :>=B@>;N20B8 WE AB0=; ą = ÿþĂĀþ 3 C?0:>2:0 є =5?@>7>@>N, I> 28<030є 28:>@8AB0==O 

<0@:C20==O (=0?@8:;04, QR-:>4V2 01> HB@8E:>4V2) 4;O V45=B8DV:0FVW 2<VABC 

C?0:>2:8, >A:V;P:8 9>3> =5<>6;82> ?>10G8B8 157 4>40B:>28E 70A>1V2. 

%BC?V=P ?@>7>@>ABV C?0:>2:8 4;O D0@<0F52B8G=8E 28@>1V2 <0є 206;825 

7=0G5==O C :>=B5:ABV 2848<>ABV 2<VABC, 0 B0:>6 C AB@0B53VOE A>@BC20==O =0 

:>=25є@=V9 ;V=VW. #@>7>@VABP 2?;820є =0 B0:V ?@>F5A8: V45=B8DV:0FVO ?@>4C:BC, 

H284:VABP A>@BC20==O, B@0AC20==O ?@>4C:BC, :>=B@>;P O:>ABV, 4>B@8<0==O 

?@028; V AB0=40@BV2, 157?5:0, A?>682G89 4>A2V4. 

#@>7>@5 ?0:C20==O 4>72>;Oє 2V7C0;P=> V45=B8DV:C20B8 ?@>4C:B8 157 

=5>1EV4=>ABV @>7?0:C20==O. *5 >A>1;82> :>@8A=> ?@8 A>@BC20==V ?@>4C:FVW, 

:>;8 ?>B@V1=0 H284:0 B0 B>G=0 V45=B8DV:0FVO. &0:>6 ?@>7>@V <0B5@V0;8 

C?0:>2:8 70157?5GCNBP 1V;PH H284:5 B0 5D5:B82=5 A>@BC20==O, >A:V;P:8 

=5<0є ?>B@518 C 4>40B:>28E :@>:0E 4;O V45=B8DV:0FVW ?@>4C:BV2. &0:V C?0:>2:8 

<>6CBP ?>;53H8B8 B@0AC20==O ?@>4C:BV2 G5@57 ;>3VAB8G=C ;0=FN6>:, 

>A:V;P:8 18@:8 01> :>48 <>6CBP 1CB8 ;53:> 284=> 157 @>7:@8BBO C?0:>2:8. 

�848<VABP 2<VABC G5@57 ?@>7>@C C?0:>2:C ?>;53HCє 2V7C0;P=89 :>=B@>;P 

O:>ABV ?@>4C:FVW =0 5B0?V A>@BC20==O. *5 4>72>;Oє >?5@0B>@0< H284:> 

28O2;OB8 45D5:B8 G8 =52V4?>2V4=>ABV. �>B@8<0==O ?@028; V AB0=40@BV2, C 

?52=8E AD5@0E, B0:8E O: D0@<0F52B8G=0 V=4CAB@VO, VA=CNBP ?@028;0 B0 

AB0=40@B8 I>4> 2848<>ABV B0 V45=B8DV:0FVW ?@>4C:BV2. #@>7>@0 C?0:>2:0 <>65 

A?@8OB8 28:>=0==N F8E 28<>3. #@>7>@V C?0:>2:8 <>6CBP ?V428I8B8 157?5:C, 

I> 4>72>;Oє >?5@0B>@0< ;53:> 28O2;OB8 1C4P-O:V =5728G09=V 01> ?V4>7@V;V 
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?@54<5B8 2 C?0:>2FV. !0@5HBV, 4;O 45O:8E D0@<0F52B8G=8E ?@>4C:BV2, B0:8E 

O: 2VB0<V=8 01> ;V:8 157 @5F5?B0, ?@>7>@0 C?0:>2:0 <>65 AB2>@8B8 ?>78B82=89 

A?>682G89 4>A2V4, I> 4>72>;Oє ?>:C?FO< ;53:> 10G8B8 ?@>4C:B B0 V=D>@<0FVN 

?@> =P>3>. 

"B65, ?@>7>@VABP C?0:>2:8 2?;820є =5 BV;P:8 =0 2V7C0;P=5 ?>40==O 

?@>4C:BC, 0;5 B0:>6 =0 5D5:B82=VABP B0 157?5:C ?@>F5AV2 A>@BC20==O =0 

:>=25є@=V9 ;V=VW, I> є 206;828< 4;O >?B8<V70FVW ;>3VAB8G=8E >?5@0FV9 B0 

704>2>;5==O ?>B@51 A?>6820GV2. �;5 20@B> 70C2068B8, I> ?@8 A>@BC20==V 
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:>=25є@=V9 ;V=VW. � @0<:0E 40=8E 4>A;V465=P ?@54AB028<> WW C =0ABC?=><C 

283;O4V: 
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 (2.22) 

 

45 ăÿ 3 4>268=0 C?0:>2:8; Ďÿ  3 H8@8=0 C?0:>2:8; ĉ  3 @04VCA C?0:>2:8; /  3 28A>B0 C?0:>2:8; þ  3 4>268=0 @51@0 C?0:>2:8; 
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A>@BC20==V; ą = ÿþĂĀþ 3 C?0:>2:0 =5 <0є >A>1;82>AB59 2V4:@820==O B0 70:@820==O, 
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>1;04=0==O 4;O WW >1@>1:8. 

"Є_>A>1;82>ABV", 45O:V D0@<0F52B8G=V 28@>18 <>6CBP <0B8 C?0:>2:8 7 
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>1@>1:8. *5 <>65 2?;820B8 =0 G0A V A?>AV1 02B><0B8G=>3> A>@BC20==O. 

$>1>B0<-<0=V?C;OB>@0< <>65 7=04>18B8AO A?5FV0;P=5 ?@>3@0<C20==O 4;O 
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>A>1;828E 28<>3 4> 2V4:@820==O 01> 70:@820==O, ?@>F5A >1@>1:8 =0 

:>=25є@=V9 ;V=VW є ?@>ABVH8<. *5 4>72>;Oє 28:>@8AB>2C20B8 AB0=40@B=V 

?@>F54C@8 A>@BC20==O B0 <0=V?C;OFVW. �8E>4OG8 7 FP>3> C?0:>2:8 7 

>A>1;82>ABO<8 2V4:@820==O, O:I> 28@>18 <0NBP A?5FV0;P=V <5E0=V7<8 

2V4:@820==O 01> 70:@820==O, @>1>B8 01> A8AB5<8 A>@BC20==O ?>28==V 1CB8 

=0;0HB>20=V 4;O >1@>1:8 B0:8E 5;5<5=BV2. *5 <>65 2:;NG0B8 4>40B:>2V 

A5=A>@8 01> <0=V?C;OB>@8, I> 2?;8=5 =0 7030;P=C H284:VABP >1@>1:8. &0:V 
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A>@BC20==O B0 ?0:C20==O AB0є 1V;PH ?@O<>;V=V9=8< V H284H8<. &0:V C?0:>2:8 

<>6CBP >1@>1;OB8AO 1V;PH C=V25@A0;P=8<8 <5B>40<8 157 =5>1EV4=>ABV 2 

4>40B:>28E =0;0HBC20==OE @>1>BV2 01> B5E=VG=>3> >1;04=0==O. �8:>@8AB0==O 

F8E ?0@0<5B@V2 4>72>;Oє =0;0HB>2C20B8 :>=25є@=C ;V=VN =0 @V7=V B8?8 

C?0:>2>:, ?V428ICNG8 WW 5D5:B82=VABP B0 040?B>20=VABP 4> 28<>3 

D0@<0F52B8G=>W ?@>4C:FVW. Ĉĉÿ 3 5B8:5BC20==O B0 <0@:C20==O. !0O2=VABP 5B8:5B>: 01> =5>1EV4=VABP 
<0@:C20==O <>65 28<030B8 4>40B:>28E :@>:V2 C ?@>F5AV >1@>1:8, 0;5 4>72>;Oє 

@>7?V7=0B8 B0 V45=B8DV:C20B8 ?@>4C:FVN =0 107V 28:>@8AB0==O QR-:>4V2, I> 

40є <>6;82VABP 287=0G8B8 9>3> 2<VAB 4;O ?@028;P=>3> A>@BC20==O =0 

:>=25є@=V9 ;V=VW. 

 Ĉĉÿ = { "QR-:>4", O>MB ą = [āÿĂþ]"ШFD<I>B8", O>MB ą = [ÿþĂĀþ] (2.24) 

 

45  ą = āÿĂþ 3 F5 ?0@0<5B@ 2:07Cє =0 B5, I> B>20@ <0є QR-:>4. ' FP><C 

28?04:C A8AB5<0 =0 :>=25є@=V9 ;V=VW <>65 02B><0B8G=> A:0=C20B8 :>4 4;O 

H284:>3> @>7?V7=020==O B0 V45=B8DV:0FVW ?@>4C:FVW, I> ?>;53HCє A>@BC20==O 

B0 :5@C20==O ?@>4C:B0<8; ą = ÿþĂĀþ 3 F5 >7=0G0є, I> B>20@ <0є HB@8E :>4. ,B@8E :>4 B0:>6 

4>72>;Oє V45=B8DV:C20B8 ?@>4C:FVN, ?@>B5 <>65 1CB8 <5=H V=D>@<0B82=8< B0 

28<030B8 4>40B:>28E :@>:V2 4;O >B@8<0==O V=D>@<0FVW ?>@V2=O=> 7 QR-:>4><. ÿÿ 3 ABC?V=P 45;V:0B=>ABV 01> @V25=P BC@1>B8, =5>1EV4=89 4;O >1@>1:8 
:>6=>3> :>=:@5B=>3> B8?C C?0:>2:8 =0 :>=25є@=V9 ;V=VW A>@BC20==O 

D0@<0F52B8G=>W ?@>4C:FVW, O: ?@54AB02;5=> C 28@07V (2.4).  

#@>2545<> D>@<0;V70FVN =0ABC?=8E ?0@0<5B@V2 2V4?>2V4=> 4> 

70?@>?>=>20=8E D>@<0;P=8E ?>40=P (2.6) 3 (2.9). 
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 ÿÿÿ - :@8E:VABP C?0:>2:8, 45O:V ?0:C20;P=V <0B5@V0;8 <>6CBP 1CB8 1V;PH 
:@8E:8<8, =V6 V=HV. *5 <>65 2?;820B8 =0 =5>1EV4=VABP >15@56=>W >1@>1:8, 

I>1 C=8:=CB8 ?>H:>465=P; 

 

ÿÿÿ = {þÿ1, O>MB 0,5 f ąÿ f 1,0þÿ2, O>MB 1,0 < ąÿ f 1,5þÿ3, O>MB 1,5 < ąÿ f 2,0 (2.25) 

 

45  þÿ1 3 <V=V<0;P=89 @V25=P :@8E:>ABV (ABV9:V C?0:>2:8), O:89 4Vє 2 <560E 0,5 f ąÿ f 1,0; þÿ2 3 A5@54=V9 @V25=P :@8E:>ABV 1,0 < ąÿ f 1,5; þÿ3  3 <0:A8<0;P=89 @V25=P :@8E:>ABV 1,5 < ąÿ f 2,0. 

&> 1 B> þÿ1 70AB>A>2CєBPAO 4> C?0:>2>:, O:V <>6=0 >1@>1;OB8 157 

>15@56=>ABV, =0?@8:;04, 7 <VF=>3> ?;0AB8:C, þÿ2 3 70AB>A>2CєBPAO 4;O A5@54=P>-

:@8E:8E, 2V4?>2V4=> þÿ3 4C65 :@8E:8E C?0:>2>:, O:->B A:;O=V 01> B>=:V 

?>;V<5@=V C?0:>2:8, O:V ?>B@51CNBP 45;V:0B=>W >1@>1:8. ċÿ 3 B5<?5@0BC@=V 28<>38, 45O:V D0@<0F52B8G=V ?@>4C:B8 01> C?0:>2:8 
<>6CBP 28<030B8 ?52=8E B5<?5@0BC@=8E C<>2, I>1 C=8:=CB8 453@040FVW. *5 

<>65 2:;NG0B8 =5>1EV4=VABP 715@V30==O 2 E>;>48;P=8:C 01> 70?>1V30==O 

?5@53@V2C; 

 ċÿ = { þÿ1, O>MB 2 f ąÿ f 8þÿ2 , O>MB 8 < ąÿ f 25þÿ3 , O>MB 25 < ąÿ f 40 (2.26) 

 

45 þÿ1 3 F5 @V25=P 4;O ?@>4C:BV2, O:V ?>B@51CNBP 715@V30==O ?@8 =87P:8E 

B5<?5@0BC@0E (238 °C). *59 V=B5@20; 2V4?>2V40є C<>20< E>;>48;P=>3> 

715@V30==O, I> :@8B8G=> 4;O 20:F8=, 1V>;>3VG=8E ?@5?0@0BV2 B0 45O:8E ;V:V2; þÿ2 3 F5 @V25=P 4;O ?@>4C:BV2, O:V <>6CBP 715@V30B8AO ?@8 :V<=0B=V9 

B5<?5@0BC@V (8325 °C). �030B> D0@<0F52B8G=8E ?@>4C:BV2, B0:8E O: B01;5B:8 

01> :0?AC;8, <>6CBP 715@V30B8AO 2 FP><C V=B5@20;V 157 @878:C 453@040FVW; 



82 
 þÿ3 3 F5 @V25=P 4;O ?@>4C:BV2, O:V <>6CBP 28B@8<0B8 ?V428I5=V 

B5<?5@0BC@8 (25340 °C). #@>B5, O:I> B5<?5@0BC@0 ?V4=V<0єBPAO 28I5 FP>3> 

@V2=O, F5 <>65 28:;8:0B8 453@040FVN ?@>4C:BC. &0:0 B5<?5@0BC@0 <>65 

7CAB@VG0B8AO 2 B@>?VG=8E 01> 60@:><C :;V<0BV. 

&5<?5@0BC@=V 28<>38 70;560BP 2V4 2;0AB82>AB59 D0@<0F52B8G=8E 

?@5?0@0BV2: 45O:V 7 =8E є GCB;828<8 4> 28A>:8E 01> =87P:8E B5<?5@0BC@ V 

?>28==V 715@V30B8AO C 2V4?>2V4=8E C<>20E, I>1 715@53B8 A2>N 5D5:B82=VABP. 

!87P:>B5<?5@0BC@=89 V=B5@20; (238 °C) ?V4E>48BP 4;O ?@>4C:BV2, O:V ?>28==V 

1CB8 715@V30==V 2 E>;>4V 4;O 70?>1V30==O EV<VG=V9 453@040FVW, 0 A5@54=V9 

B5<?5@0BC@=89 4V0?07>= (8325 °C) ?V4E>48BP 4;O AB01V;P=8E ?@>4C:BV2. ÿĂÿ 3 GCB;82VABP 4> 2>;>3>ABV, 45O:V ?0:C20;P=V <0B5@V0;8 01> ?@>4C:B8 
<>6CBP 1CB8 GCB;828<8 4> 2>;>3>ABV, I> <>65 28<030B8 >A>1;828E C<>2 

715@V30==O B0 >1@>1:8; 

 ÿĂÿ = {"KGF?<6B", O>MB ą = [āÿĂþ]"AV", O>MB ą = [ÿþĂĀþ]  (2.27) 

 

45 ą = āÿĂþ 3 F5 ?0@0<5B@, O:89 2:07Cє, I> ?@>4C:B 01> C?0:>2:0 GCB;82V 

4> 2>;>3>ABV. ' FP><C 28?04:C ?>B@V1=V >A>1;82V C<>28 715@V30==O 01> 

>1@>1:8 4;O 70?>1V30==O ?>H:>465==N 01> 2B@0BV O:>ABV. +CB;82V 4> 2>;>3>ABV 

<0B5@V0;8 <>6CBP 2:;NG0B8 ;V:8 C D>@<V ?>@>H:V2, 3V3@>A:>?VG=V ?@5?0@0B8 

01> 45O:V ?>;V<5@=V ?0:C20;P=V <0B5@V0;8, O:V ;53:> ?>3;8=0NBP 2>;>3C. ą = ÿþĂĀþ 3 ?0@0<5B@ 2:07Cє, I> ?@>4C:B 01> C?0:>2:0 =5 є GCB;828<8 

4> 2>;>3>ABV. ' FP><C 28?04:C 728G09=V C<>28 715@V30==O 1C4CBP 4>AB0B=V<8, 

V =5 ?>B@V1=V 4>40B:>2V 70E>48 70E8ABC 2V4 2>;>3>ABV. 

"+CB;82>", F5 >7=0G0є, I> C?0:>2:0 01> ?@>4C:B ?>B@51CNBP 70E8ABC 2V4 

2?;82C 2>;>38. &0:V C<>28 <>6CBP 2:;NG0B8 35@<5B8G=C C?0:>2:C, 

28:>@8AB0==O >ACHC20GV2, 01> :>=B@>;P 2>;>3>ABV 2 ?@8<VI5==V, 45 

715@V30єBPAO FO ?@>4C:FVO. +CB;82V ?@>4C:B8 <>6CBP 2B@0G0B8 A2>W 2;0AB82>ABV 

01> 5D5:B82=VABP G5@57 ?>3;8=0==O 2>;>38. "!V",  2:07Cє =0 2V4ACB=VABP ?>B@518 
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2 A?5FV0;P=><C :>=B@>;V 2>;>3>ABV 4;O 40=>3> ?@>4C:BC 01> C?0:>2:8. 

�>;>3VABP =5 2?;820є =0 WE O:VABP 01> AB01V;P=VABP. 

%8AB5<0 (2.27) 4>72>;Oє GVB:> :;0A8DV:C20B8 D0@<0F52B8G=V 28@>18 01> 
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 Āÿ = {"@B:?<6B", O>MB ą = [āÿĂþ]"AV", O>MB ą = [ÿþĂĀþ]  (2.28) 

 

45 ą = āÿĂþ  3 F5 ?0@0<5B@, O:89 2:07Cє, I> ?0:C20;P=89 <0B5@V0; AE8;P=89 

4> 45D>@<0FVW. *5 <>65 AB>AC20B8AO B5=4VB=8E 01> <'O:8E C?0:>2>:, O:V 

<>6CBP ;53:> 7<8=0B8AO 01> ?>H:>46C20B8AO ?V4 G0A B@0=A?>@BC20==O 01> 

>1@>1:8. ' B0:><C 28?04:C A;V4 70AB>A>2C20B8 >15@56=V <5B>48 

B@0=A?>@BC20==O, I>1 C=8:=CB8 ?>H:>465=P; ą = ÿþĂĀþ  3 ?0@0<5B@ >7=0G0є, I> ?0:C20;P=89 <0B5@V0; =5 AE8;P=89 4> 

45D>@<0FVW. *5 <>6CBP 1CB8 1V;PH <VF=V 01> 6>@AB:V <0B5@V0;8, O:V =5 

?V440NBPAO 7<V=N20==N D>@<8 ?V4 2?;82>< <5E0=VG=8E D0:B>@V2. 

" >6;82>" 3 ?0:C20;P=89 <0B5@V0; <>65 45D>@<C20B8AO ?V4 G0A 

>1@>1:8 01> B@0=A?>@BC20==O. *5 <>65 2:;NG0B8 <0B5@V0;8, B0:V O: :0@B>=, 

<'O:V ?;0AB8:8 01> ?0?5@>2V C?0:>2:8. &0:V <0B5@V0;8 28<030NBP >15@56=>3> 

?>2>465==O, =0?@8:;04, 28:>@8AB0==O 02B><0B8G=8E @>1>BV2, O:V <>6CBP 

:>=B@>;N20B8 B8A: =0 C?0:>2:C. "!V", ?0:C20;P=89 <0B5@V0; =5 AE8;P=89 4> 

45D>@<0FVW. *5 <>6CBP 1CB8 6>@AB:V ?;0AB8:8, A:;O=V 01> <5B0;52V C?0:>2:8, 

O:V <0NBP 28A>:C ABV9:VABP 4> 7<8=0==O B0 45D>@<0FVW. ' B0:><C 28?04:C 

<>6=0 28:>@8AB>2C20B8 AB0=40@B=V <5B>48 >1@>1:8 157 @878:C ?>H:>465==O. 

%8AB5<0 (2.28) 4>72>;Oє 02B><0B8G=V9 A>@BC20;P=V9 ;V=VW 2@0E>2C20B8 

<>6;82VABP 45D>@<0FVW C?0:>2:8 ?@8 281>@V 2V4?>2V4=8E <5B>4V2 >1@>1:8, 

70?>1V30NG8 ?>H:>465==N GCB;828E <0B5@V0;V2. 
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 Ċĉÿ = { "є", O>MB ą = [āÿĂþ]"AV", O>MB ą = [ÿþĂĀþ] (2.29) 

 

45  ą = āÿĂþ 3 F5 ?0@0<5B@, I> >7=0G0є, I> C?0:>2:0 <0є A?5FV0;P=V 28<>38 
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>A2VB;5==O (=0?@8:;04, 715@V30==O C B5<=8E <VAFOE 01> 2 C<>20E 7=865=>W 

B5<?5@0BC@8); ą = ÿþĂĀþ  3 ?0@0<5B@ 2:07Cє =0 B5, I> C?0:>2:0 =5 <0є A?5FV0;P=8E 

28<>3 4> A:;04C20==O. ' B0:><C 28?04:C ?@>4C:FVO <>65 715@V30B8AO 70 

AB0=40@B=8E C<>2. 

"Є"  3 O:I> C?0:>2:0 28<030є A?5FV0;P=8E C<>2 715@V30==O, F5 <>65 

2:;NG0B8: 

1. �15@V30==O ?@8 =87P:8E B5<?5@0BC@0E (=0?@8:;04, C E>;>48;P=8:0E 
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@>7?>4V;C C?0:>2>: 70 >1@0=8<8 @>1>G8<8 7>=0<8 (@8A. 2.3, 0). 
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!0 ?5@H><C 5B0?V, :>;8 C?0:>2:0 ?>B@0?;Oє ?V4 A8AB5<C :><?'NB5@=>3> 

7>@C, =5>1EV4=> ?@>25AB8 V45=B8DV:0FVN B8?C C?0:>2:8 4;O :>6=>3> 28@>1C. 

)09 Āÿ  3 F5 DC=:FVO V45=B8DV:0FVW B8?C C?0:>2:8 4;O :>6=>3> 28@>1C ąÿ, 45 ÿ = 1,2,3 4;O @V7=8E D0@<0F52B8G=8E 28@>1V2. %8AB5<0 :><?'NB5@=>3> 7>@C 

28:>@8AB>2Cє =01V@ B0:8E ?0@0<5B@V2, O:: ăÿ 3 4>268=0 C?0:>2:8; Ďÿ3 H8@8=0 
C?0:>2:8; ÿÿ 3 28A>B0 C?0:>2:8; Ăÿ 3 D>@<0 C?0:>2:8 4;O 287=0G5==O B8?C 
C?0:>2:8. "B65, ?0@0<5B@8G=89 28@07 4;O V45=B8DV:0FVW B8?C C?0:>2:8 1C45 

283;O40B8 =0ABC?=8< G8=><: 

 Āÿ = ÿ(ăÿ , Ďÿ , ÿÿ , Ăÿ) (2.30) 
 

45 ÿ 3 DC=:FVO, O:0 <>65 1CB8 @50;V7>20=0 7 28:>@8AB0==O< 0;3>@8B<V2 

<0H8==>3> =02G0==O 01> :><?’NB5@=>3> 7>@C. 

#@8:;04: E09 ă1=50 <<, Ď1 = 90<<; ÿ1=100<<; Ă1= «F8;V=4@8G=0 
C?0:>2:0», B>4V DC=:FVO V45=B8DV:0FVW Ā1 1C45 <0B8 =0ABC?=89 283;O4: 

 Ā1 = ÿ(50,90,100, "J<?VA8D<KA4_GC4>B6>4") (2.31) 

 

&0:8< G8=><, DC=:FVO V45=B8DV:0FVW Āÿ 287=0G0є B8? C?0:>2:8 :>6=>3> 
28@>1C =0 >A=>2V 9>3> E0@0:B5@8AB8:. 

!0ABC?=8< :@>:>< ?VA;O V45=B8DV:0FVW B8? C?0:>2:8 4;O :>6=>3> 28@>1C 

=0 >A=>2V 9>3> E0@0:B5@8AB8: =5>1EV4=> @50;V7C20B8 @>7?>4V; D0@<0F52B8G=8E 

28@>1V2 @V7=8<8 2E>40<8 :>=25є@=>W ;V=VW 70;56=> 2V4 @57C;PB0BC V45=B8DV:0FVW 

B0 B8?C C?0:>2:8. #>7=0G8<> G5@57 ÿ(ÿ, Ā) DC=:FVN @>7?>4V;C 28@>1C =0 2EV4 
:>=25є@=>W ;V=VW, 45 ÿ 3 =><5@ 28@>1C, Ā 3 =><5@ 2E>4C (�E1, �E2, �E3) O: 

?>:070=> =0 @8A. 2.3, 0. ' FP><C 4>A;V465==V 4;O A?@>I5==O, ?@8?CAB8<>, I> 

DC=:FVO @>7?>4V;C 70;568BP ;8H5 2V4 B8?C C?0:>2:8, V <8 :5@Cє<> =0?@O<>< 

28@>1V2 70;56=> 2V4 FP>3>. !5E09 Āÿ 3 DC=:FVO, I> ?>25@B0є B8? C?0:>2:8 4;O 

28@>1C ÿ. ćĀ 3 ?@V>@8B5B 2E>4C. &>4V <0B5<0B8G=89 >?8A DC=:FVW @>7?>4V;C 
<>65 283;O40B8 B0:: 
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ÿ(ÿ, Ā) = {1, O>MB Āÿ = "&8?1"⋃ćĀ = ăþą( ć(6EV_6IB8<)) 0, 6_VALB@G_6<C48>G
 (2.32) 

 

45  ÿ(ÿ, Ā) 3 @57C;PB0B DC=:FVW 2 70;56=>ABV 2V4 2EV4=8E ?0@0<5B@V2 ÿ V Ā; Āÿ 3 DC=:FVO, I> ?>25@B0є B8? 4;O 2E>4C ÿ,  ćĀ3 DC=:FVO, I> ?>25@B0є 2V@>3V4=VABP 4;O 2E>4C Ā; ăþą( ć(6EV_6IB8<)) 3 <0:A8<0;P=5 7=0G5==O 2V@>3V4=>ABV A5@54 2AVE 
2E>4V2. 

#@8:;04: O:I> 28@V1 1 V45=B8DV:>20=> O: "&8? 1", V =09:@0I89 2EV4 4;O 

FP>3> B8?C C?0:>2:8 3 �E.1, DC=:FVO @>7?>4V;C <>65 1CB8 70?8A0=0 O: ÿ(1,�E.1). �0@B> 70C2068B8, I> DC=:FVO @>7?>4V;C B0:>6 <>65 2@0E>2C20B8 
?@V>@8B5B8 @V7=8E B8?V2 C?0:>2>: 01> >A>1;82>ABV :>=25є@=>W ;V=VW, I>1 

>?B8<V7C20B8 ?@>F5A A>@BC20==O. 

� 28I5 =0?8A0=>3> <>6=0 AB25@46C20B8, I> ?@89=OBBO @VH5=P C DC=:FVW ÿ(ÿ, Ā) <>65 74V9A=N20B8AO 7 4>?><>3>N ;>3VG=8E C<>2: 
 

ÿ(ÿ, Ā) = {1, O>MB Āÿ = "&8? 1"⋃Ā = �E.1 0, 2 ?@>B8;56=><C 28?04:C  (2.33) 

 

�0@B> 70C2068B8, I> DC=:FVO @>7?>4V;C <>65 1CB8 040?B>20=0 2 

@50;P=><C G0AV 2 70;56=>ABV 2V4 48=0<VG=8E 7<V= =0 :>=25є@V B0 ?>B@51 C 

10;0=AC20==V =020=B065==O. 

#VA;O @>7?>4V;C D0@<0F52B8G=8E 28@>1V2 ?> @V7=8E 2E>40E :>=25є@=>W 

;V=VW 2 70;56=>ABV 2V4 @57C;PB0BC V45=B8DV:0FVW B0 B8?C C?0:>2:8, =5>1EV4=> 

28@VH8B8, O: @50;V7C20B8 10;0=AC20==O =020=B065==O. �87=0G8<> 2 @0<:0E 

40=8E 4>A;V465=P, I> DC=:FVO 10;0=AC20==O =020=B065==O є ?@89=OBBO< 

@VH5==O ?@> B5, :C48 =0?@028B8 :>6=C C?0:>2:C =0 :>=25є@=V9 ;V=VW 2 

70;56=>ABV 2V4 ?>B>G=>3> 7020=B065==O V ?@V>@8B5BV2. ;O 5D5:B82=>3> 
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10;0=AC20==O =020=B065==O =0 :>=25є@=V9 ;V=VW A>@BC20==O D0@<0F52B8G=8E 

28@>1V2 =5>1EV4=> 2@0E>2C20B8 :V;P:0 :;NG>28E D0:B>@V2, >4=8< V7 O:8E є 

?@V>@8B5B 70240=P, I> 287=0G0є, O:V C?0:>2:8 <0NBP 1CB8 >1@>1;5=V 2 ?5@HC 

G5@3C. #@V>@8B5B8 70240=P <>6CBP 20@VN20B8AO 70;56=> 2V4 B8?C C?0:>2:8, 

B5@<V=V2 28:>=0==O 70<>2;5==O, B5@<V=C ?@840B=>ABV ?@>4C:FVW, 0 B0:>6 V=H8E 

1V7=5A-?>B@51. �V0?07>= 7=0G5=P ?@V>@8B5BC <>65 1CB8 287=0G5=89 G8A;>2>N 

H:0;>N, =0?@8:;04, 2V4 0 4> 1, 45: 

3 0 >7=0G0є =09=86G89 ?@V>@8B5B, B>1B> C?0:>2:0 <>65 1CB8 >1@>1;5=0 

157 B5@<V=>2>ABV; 

3 1 >7=0G0є =0928I89 ?@V>@8B5B, O:89 2:07Cє =0 =5>1EV4=VABP =5309=>3> 

A>@BC20==O 01> 4>AB02:8. 

�<V=0 ?@V>@8B5BC <>65 1CB8 48=0<VG=>N 2 70;56=>ABV 2V4 ?>B>G=>3> 

AB0=C A8AB5<8 01> 7>2=VH=VE G8==8:V2. !0?@8:;04, O:I> G0A =0 28:>=0==O 

70240==O A:>@>GCєBPAO 01> O:I> >4=0 7 @>1>G8E 7>= ?5@520=B065=0, ?@V>@8B5B 

70240==O <>65 02B><0B8G=> ?V428I8B8AO. !0?@O< 7<V=8 ?@V>@8B5BC 70;568BP 

2V4 B0:8E D0:B>@V2: 

1. +0A =0 28:>=0==O 70240==O (time-sensitive processing), O:I> AB@>: 

>1@>1:8 C?0:>2:8 4>1V30є :V=FO, ?@V>@8B5B 70240==O ċćÿ <>65 ?>ABC?>2> 
?V428IC20B8AO. *5 4>72>;Oє A8AB5<V 2@0E>2C20B8 G0A O: :;NG>289 D0:B>@ V 

H284H5 =0?@02;OB8 B0:V C?0:>2:8 4> 2V4?>2V4=>W @>1>G>W 7>=8. 

2. #5@520=B065==O @>1>G8E 7>=, O:I> A8AB5<0 28O2;Oє, I> >4=0 7 

@>1>G8E 7>= 01> @>1>B-A>@BC20;P=8: є <5=H 7020=B065=8< (Ĉā =87P:5), 0 V=HV 

7>=8 ?5@520=B065=V, B> 7040G0<, I> =0?@02;ONBPAO 2 FN 7>=C, <>6=0 

B8<G0A>2> 7=878B8 ?@V>@8B5B, I>1 C=8:=CB8 =51060=>3> 71V;PH5==O 

=020=B065==O =0 V=HV 7>=8. 

3. &8? ?@>4C:FVW 01> C?0:>2:8, 45O:V 2848 D0@<0F52B8G=>W ?@>4C:FVW 

<>6CBP <0B8 28I89 01> =86G89 ?@V>@8B5B >1@>1:8 G5@57 WE=N 20@BVABP, 

A:;04=VABP B@0=A?>@BC20==O 01> A?5F8DVG=V C<>28 715@V30==O. *5 B0:>6 <>65 

2@0E>2C20B8AP ?@8 287=0G5==V ?@V>@8B5BC ċćÿ. 
&0:8< G8=><, 7<V=0 ?@V>@8B5BC 2V41C20єBPAO 70 B0:8E C<>2: 
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3 ?V428I5==O ?@V>@8B5BC 2V41C20єBPAO, O:I> C?0:>2:0 ?>B@51Cє 

=5309=>3> A>@BC20==O G5@57 =01;865==O 454;09=C 01> 206;82VABP 70<>2;5==O;  

3 7=865==O ?@V>@8B5BC <>65 74V9A=N20B8AO C 28?04:C, O:I> A8AB5<0 

28O2;Oє, I> V=HV C?0:>2:8 ?>B@51CNBP 1V;PH B5@<V=>2>3> >1@>1;5==O, 01> 

O:I> @>1>GV 7>=8 =5 ?5@520=B065=V. 

"B65, A8AB5<0 10;0=AC20==O =020=B065==O 2818@0є >?B8<0;P=89 

20@V0=B A>@BC20;P=8:0 (@>1>B0 01> @>1>GC 7>=C) =0 >A=>2V <V=V<V70FVW 4>1CB:C 

?>B>G=>3> 7020=B065==O Ĉā V ?@V>@8B5BC 7040GV ċćÿ, I> 4>72>;Oє 4>AO3B8 
@V2=><V@=>3> @>7?>4V;C =020=B065==O <V6 @>1>G8<8 7>=0<8 B0 70157?5G8B8 

>1@>1:C C?0:>2>: 2V4?>2V4=> 4> WE=P>W 206;82>ABV. 

�;O FP>3> 287=0G8<> B0:V E0@0:B5@8AB8:8: ÿ(ăþ)Ā 3 DC=:FVO 10;0=AC20==O =020=B065==O 4;O 2E>4C Ā;  ċćÿ 3 ?@V>@8B5B 7040GV ÿ;  ĉā 3 @>1>B-A>@BC20;P=8: 01>/B0  A>@BC20;P=89 ;VDB ($1, $2, $3) 7 

@>1>G>N 7>=>N ā (�E. 1; �E. 2; �E. 3) B0 2V4?>2V4=> 28E>4>< 7 =8E (�8E. 1; 

�8E. 2; �8E. 3) O: ?@54AB02;5=> =0 @8A. 2.3; Ĉā 3 ?>B>G=5 7020=B065==O @>1>B0 01> @>1>G>W 7>=8 ā. 

"B65, DC=:FVO 10;0=AC20==O =020=B065==O <>65 1CB8 ?@54AB02;5=0 

=0ABC?=8< G8=><: 

 ÿ(ăþ)Ā = ĉā, 45 ā = þÿĀăÿĄā( Ĉ ⋅ ċćÿ) (2.34) 

 

&>1B> 2V4?>2V4=> 4> (2.34) DC=:FVO 2818@0є @>1>B0 01> @>1>GC 7>=C ā, C 
O:>W 4>1CB>: ?>B>G=>3> 7020=B065==O Ĉā =0 ?@V>@8B5B 7040GV ċćÿ <V=V<0;P=89. 
*5 >7=0G0є, I> 2818@0єBPAO B>9 @>1>B 01> 7>=0, O:V =09:@0I5 710;0=ACNBP 

7020=B065==O, 2@0E>2CNG8 ?@V>@8B5B 70240=P. 

#@8:;04: ?@8?CAB8<>, C =0A є B@8 2E>48  Ā = {1,2,3} B0 B@8 @>1>B8 ĉā ={ć1, ć2, ć3}, O: ?>:070=> =0 @8A. 2.3, 0. #>B>G=5 7020=B065==O :>6=>3> @>1>B0 Ĉā B0 ?@V>@8B5B 7040G ċćÿ <>6CBP 1CB8 ?@54AB02;5=V G8A;>28<8 7=0G5==O<8. 
(C=:FVO (ÿ(ăþ)Ā) >15@5 @>1>B0 ĉā, O:89 <V=V<V7Cє 7=0G5==O Ĉā ⋅ ċćÿ, I> 
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2V4?>2V40є =09:@0I><C 10;0=AC20==N =020=B065==O 7 C@0EC20==O< 

?@V>@8B5BV2. &0:8< G8=><, <0B5<0B8G=89 >?8A DC=:FVW 10;0=AC20==O 

=020=B065==O 2 (2.34) є 281V@ >?B8<0;P=>3> @>1>B0 01> @>1>G>W 7>=8 7 

C@0EC20==O< ?>B>G=>3> 7020=B065==O V ?@V>@8B5BV2 70240=P. 

!0ABC?=8< 70240==O< =5>1EV4=> >?8A0B8 ?5@5<VI5==O 28@>1C ąÿ ?> 
@>1>G8E 7>=0E :>6=>3> @>1>B0 01> ;VDB0 (�E. 1; �E. 2; �E. 3) V 2V4?>2V4=> 

28E>4>< 7 =8E (�8E. 1; �8E. 2; �8E. 3). �87=0G8<> 2 @0<:0E 40=8E 4>A;V465=P, 

I> @CE ?> @>1>G8E 7>=0E ( ) O2;Oє A>1>N ?@>F5A ?@89=OBBO @VH5=P I>4> B>3>, 

O:V 28@>18 01> C?0:>2:8 =0?@02;OB8 2 :>6=C :>=:@5B=C @>1>GC 7>=C =0 

:>=25є@=V9 ;V=VW. �;O FP>3> 287=0G8<> B0:V E0@0:B5@8AB8:8: ÿ(Āÿ)ÿ 3 DC=:FVO @CEC C?0:>2:8; ýā  3 @>1>G0 7>=0 (2V4 �E. 1 4> �8. 1 2V4?>2V4=>); Āÿ 3 B8? C?0:>2:8 (2.30). 
&>4V DC=:FVO @CEC <>65 1CB8 ?@54AB02;5=0 B0:8< G8=><: 

 ÿ(Āÿ)ÿ = ýā , 45 ā = þÿĀăÿĄā( 6V8EF4Aь ýā , Āÿ) (2.35) 

 

&>1B> DC=:FVO 2818@0є @>1>GC 7>=C ýā , O:0 <0є 2V4AB0=P 2V4 B8?C 
C?0:>2:8 Āÿ <V=V<0;P=0. *5 <>65 >7=0G0B8, I> C?0:>2:0 =0?@02;OєBPAO 2 BC 
7>=C, 45 2>=0 <>65 1CB8 =09:@0I5 >1@>1;5=0 7 C@0EC20==O< WW B8?C. 

#@8:;04: #@8?CAB8<>, C =0A є B@8 70240GV ÿ = {1,2,3} 7 @V7=8<8 B8?0<8 
C?0:>2>: V B@8 @>1>GV 7>=8 ýā = {�>=01, �>=02, �>=03}, 45 �>=0 1 = 2V4AB0=P 2V4 
�E.1 4> �8.1, O: ?>:070=> =0 @8A. 2.30. �V4AB0=P <V6 :>6=>N 7>=>N B0 B8?>< 

C?0:>2:8 <>65 1CB8 28@065=0 G8A;>28<8 7=0G5==O<8. (C=:FVO 2815@5 7>=C ýā , O:0 <V=V<V7Cє 2V4AB0=P 4> B8?C C?0:>2:8, I> 70157?5G8BP >?B8<0;P=89 @CE 
@>1>G8<8 7>=0<8. &0:8< G8=><, <0B5<0B8G=89 >?8A @CEC ?> @>1>G8E 7>=0E 

(ÿ(Āÿ)ÿ) 4>72>;Oє 2818@0B8 =09:@0IC 7>=C 4;O >1@>1:8 C?0:>2:8, 2@0E>2CNG8 
B8? FVєW C?0:>2:8 B0 @>7?>4V; @>1>G8E 7>= =0 :>=25є@=V9 ;V=VW. 

!0 >AB0==P><C 5B0?V =5>1EV4=> >?8A0B8 ?@>F5A A>@BC20==O. �87=0G8<>, 

I> A>@BC20==O @>1>B0<8 B0/01> ;VDB0<8 (Ċ) є ?@>F5A>< =0?@02;5==O C?0:>2>: 
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C ?52=V @>1>GV 7>=8 01> 4> @>1>BV2 70;56=> 2V4 WE E0@0:B5@8AB8:. �;O FP>3> 

287=0G8<> B0:V E0@0:B5@8AB8:8: ÿ(Ċ)ÿ 3 DC=:FVO A>@BC20==O 4;O 7040GV 01> C?0:>2:8 ÿ; ĉā 3 @>1>B-A>@BC20;P=8: 01>/B0  A>@BC20;P=89 ;VDB ($1, $2, $3) 7 @>1>G>N 

7>=>N ā (�E. 1; �E. 2; �E. 3) V 2V4?>2V4=> 28E>4>< 7 =8E (�8E. 1; �8E. 2; �8E. 3) 

O: ?@54AB02;5=> =0 @8A. 2.3; ÿÿ 3 E0@0:B5@8AB8:8 7040GV 01> C?0:>2:8 ÿ. 
&>4V DC=:FVO A>@BC20==O <>65 1CB8 ?>40=0 O:: 

 ÿ(Ċ)ÿ = ĉā, 45 ā = þÿĀăÿĄā( 6V8EF4Aь(ĉā ,%ÿ) (2.36) 

 

(C=:FVO 2818@0є @>1>B0 ĉā 01> @>1>GC 7>=C, I> <0є <V=V<0;P=C 2V4AB0=P 

2V4 E0@0:B5@8AB8: ÿÿ. *5 4>72>;Oє =0?@02;OB8 7040GC BC 7>=C, 45 2>=0 <>65 
1CB8 5D5:B82=> >1@>1;5=0 7 C@0EC20==O< WW E0@0:B5@8AB8:. 

#@8:;04: #@8?CAB8<>, C =0A є B@8 7040GV ÿ = {1,2,3} 7 @V7=8<8 
E0@0:B5@8AB8:0<8 ÿÿ B0 B@8 @>1>B8 ĉā = {P1,P2,P3}. �V4AB0=P <V6 :>6=8< 
@>1>B>< B0 E0@0:B5@8AB8:0<8 <>65 1CB8 28@065=0 G8A;>28<8 7=0G5==O<8. 

(C=:FVO 2815@5 @>1>B0 ĉā, O:89 <V=V<V7Cє 2V4AB0=P 4> E0@0:B5@8AB8:, I> 
70157?5G8BP >?B8<0;P=5 A>@BC20==O. "B65, <0B5<0B8G=89 >?8A A>@BC20==O 

@>1>B0<8 (ÿ(Ċ)ÿ) 4>72>;Oє >18@0B8 @>1>B0 01> @>1>GC 7>=C 7 C@0EC20==O< 
E0@0:B5@8AB8: 7040GV, 70157?5GCNG8 5D5:B82=5 B0 B>G=5 A?@O<C20==O 7040G =0 

:>=25є@=V9 ;V=VW. 

&0:8< G8=><, ?>A;V4>2=VABP @>1>B8 0;3>@8B<C 10;0=AC20==O 

=020=B065==O 4;O :>6=>3> 28@>1C B0 9>3> ?5@5<VI5==O G5@57 A8AB5<C 

A>@BC20==O <>65 1CB8 ?@54AB02;5=0 C 283;O4V <0B5<0B8G=8E DC=:FV9 B0 C<>2, 

I> 70157?5GCє >?B8<0;P=5 @>7?>4V;5==O =020=B065==O <V6 @>1>B0<8 B0/01> 

;VDB0<8 =0 :>=25є@=V9 ;V=VW. 

$>7@>18<> 7030;P=89 0;3>@8B< @>1>B8 @>7@>1;5=>3> <5B>4C @>7?>4V;C 

C?0:>2>: 70 @>1>G8<8 7>=0<8 @>1>BV2-A>@BC20;P=8:V2 =0 D0@<0F52B8G=V9 



97 
 

:>=25є@=V9 ;V=VW A>@BC20==O 70 ?@8=F8?>< @>7?>4V;C C?0:>2>: 70 >1@0=8<8 

@>1>G8<8 7>=0<8. �030;P=89 284 0;3>@8B<C ?@54AB02;5=> @8AC=:C 2.4. 

�5=5@0FVO G0AC A>@BC20==O 2 0;3>@8B<V 28:>=CєBPAO 4;O <>45;N20==O 

20@V0B82=>ABV G0AC, O:89 ?>B@V15= @>1>B0< =0 28:>=0==O A>@BC20;P=8E 

70240=P, E>G0 C 2EV4=8E 40=8E V 707=0G5=V A5@54=V 7=0G5==O H284:>ABV 

28:>=0==O A>@BC20==O 4;O :>6=>3> @>1>B0. *O 20@V0B82=VABP ?>2’O70=0 7 B8<, 

I> @50;P=89 G0A 28:>=0==O 7040GV <>65 7<V=N20B8AO 2 70;56=>ABV 2V4 1030BP>E 

D0:B>@V2, B0:8E O:: B8? C?0:>2:8, WW 2030, @>7<V@, <0B5@V0; B0 V=HV 

E0@0:B5@8AB8:8. 

/: 284=> 7 0;3>@8B<C =0 @8A. 2.4, H284:VABP A>@BC20==O є 7040=>N 

25;8G8=>N, 0;5 35=5@CєBPAO G0A A>@BC20==O 4;O :>6=>W >:@5<>W C?0:>2:8, 

>A:V;P:8 =0 ?@0:B8FV 702648 VA=CNBP 2V4E8;5==O 2V4 A5@54=VE 7=0G5=P G5@57 

=5?5@5410G5=V D0:B>@8 [100]. *5 2V4>1@060є @50;P=V C<>28 @>1>B8 :>=25є@0, 

45 G0A =0 28:>=0==O 70240==O @>1>B>< <>65 :>;820B8AO 2 <560E 7040=>3> 

4V0?07>=C (=0?@8:;04, ± 5 01> 10 A5:C=4). &0:8< G8=><, 35=5@0FVO G0AC 

A>@BC20==O 4>72>;Oє 2@0EC20B8 FV 20@V0FVW B0 =01;878B8 <>45;N20==O 4> 

@50;P=8E C<>2 28@>1=8FB20, I> ?V428ICє B>G=VABP @>7@0EC=:V2 V ?@>3=>7V2. 

!02545<> ?@>3@0<=C @50;V70FVN @>7@>1;5=>3> <5B>4C <>45;N20==O 

@>7?>4V;C C?0:>2>: 70 @>1>G8<8 7>=0<8 @>1>BV2 A>@BC20;P=8:V2 =0 

D0@<0F52B8G=V9 :>=25є@=V9 ;V=VW A>@BC20==O 70 ?@8=F8?>< @>7?>4V;C 

C?0:>2>: 70 >1@0=8<8 @>1>G8<8 7>=0<8 =0 <>2V Python 7 28:>@8AB0==O< 

1V1;V>B5:8 numpy @>7@>1;5=>W 2 A5@54>28IV P2Charm. 
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$8AC=>: 2.4 3 �030;P=89 0;3>@8B< @>1>B8 @>7@>1;5=>3> <5B>4C @>7?>4V;C 

C?0:>2>: ?> @>1>G8E 7>=0E @>1>BV2 A>@BC20;P=8:V2 =0 D0@<0F52B8G=V9 

:>=25є@=V9 ;V=VW 

#>G0B>: 

�=VFV0;V70FVO 40=8E:  
; ; ; ; ; ;

;  

; ;  

�5=5@0FVO G0AC A>@BC20==O  
 

�2545==O 1V=0@=8E 7<V==8E: 
 

�2545==O >1<565=P: 

; ; 

 

*V;P>20 DC=:FVO: 

 

�82545==O @57C;PB0BV2 
 

�V=5FP 

�2545==O >?5@0B>@>< 40=8E: 
:V;P:VABP C?0:>2>:; 7030;P=0 
:V;P:VABP C?0:>2>:  
:>6=>3> B8?C; :V;P:VABP @>1>BV2; 
G0A A>@BC20==O; H284:VABP 
A>@BC20==O; 2V4AB0=P @>1>G>W 
7>=8; 2V4AB0=P <5@B2>W 7>=8; 
7030;P=0 H284:VABP :>=25є@0 
B>I>. 

+0A A>@BC20==O 4;O @>1>B0  
B8?C C?0:>2:8  

�0 C<>28, O:I> @>1>B  28:>=Cє 
7040GC C?0:>2:8 , 2 V=H><C 
28?04:C 0. 

�2545==O >1<565=P 4;O 
:>6=>3> B8?C C?0:>2:8  4;O 
:>6=>3> @>1>B0 . 

�>4020==O G0AC A>@BC20==O; 
"1;V: 7<V==8E @VH5==O; 
�030;P=0 <0=0<070F0O G0AC 
A>@BC20==O 

ąÿ = 0 

B0: 

=V 
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import numpy as np 

def balancing_algorithm(num_task_types, total_tasks_per_type, num_robots, 

sorting_times, robot_speeds, work_distances, deadzone_distance, conveyor_speed, 

simulation_time): 

    # %B2>@Nє<> <0A828 7040G V @>1>BV2. 

    task_types = np.arange(1, num_task_types + 1) 

    robots = np.arange(1, num_robots + 1) 

    # �=VFV0;V7Cє<> <0B@8FN G0AC A>@BC20==O 4;O :>6=>3> @>1>B0 B0 B8?C 

7040GV. 

    matrix = sorting_times.copy() 

    # �=VFV0;V7Cє<> <0B@8FN H284:>AB59 @>1>BV2 B0 2V4AB0=59 @>1>G8E B0 

<5@B28E 7>=  

    robot_speeds_matrix = np.array([robot_speed for _ in task_types for 

robot_speed in robot_speeds]) 

    work_distances_matrix = np.array([work_distances for _ in robots]) 

    deadzone_distances_matrix = np.array([deadzone_distance for _ in robots]) 

    # �0?CA:0є<> 10;0=AC20==O =020=B065==O. 

    start_time = 0 

    while start_time < simulation_time: 

        # �;O :>6=>3> B8?C 7040GV 7=0E>48<> @>1>B0 7 <V=V<0;P=8< 

7020=B065==O< B0 ?@8A2>Nє<> FN 7040GC 9><C. 

        robot_assignments = np.argmin(np.sum(matrix, axis=1)) 

        # "18@0є<> B8? 7040GV, O:89 I5 =5 1C2 ?>2=VABN >1@>1;5=89. 

        available_task_types = np.where(total_tasks_per_type > 0)[0] 

        task_type = np.random.choice(available_task_types) 

        # �@0E>2Cє<> G0A A>@BC20==O B0 ?5@5<VI5==O 4> =0ABC?=>W 7040GV. 

        task_completion_time = matrix[task_type, robot_assignments] 

        start_time += task_completion_time 

        # "=>2;Nє<> <0B@8FN G0AC A>@BC20==O 4;O 2@0EC20==O 28:>=0=>W 

7040GV. 
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        matrix[task_type, robot_assignments] += task_completion_time * 

robot_speeds_matrix[task_type] 

        # "=>2;Nє<> 7030;P=C :V;P:VABP 7040G (C?0:>2>:) :>6=>3> B8?C. 

        total_tasks_per_type[task_type] -= 1 

    # �82>48<> @57C;PB0B8. 

    print(f"Balancing result: Tasks {task_types} were assigned to robots 

{robot_assignments}") 

    print(f"Sorting time per {simulation_time} seconds: {start_time} seconds") 

# �2>48<> 40=V 2V4 >?5@0B>@0. 

num_task_types = int(input("Enter the number of package types (different): 

")) 

total_tasks_per_type = np.array([int(input(f"Enter the total number of 

packages for the type {i}: ")) for i in range(1, num_task_types + 1)]) 

num_robots = int(input("Enter the number of sorting robots: ")) 

sorting_times = np.random.uniform(1, 10, size=(num_task_types, 

num_robots))   

robot_speeds = np.array([float(input(f"Enter the sorting job speed for the 

robot {i} per second: ")) for i in range(1, num_robots + 1)]) 

work_distances = float(input("Enter the working area distance for robots in 

cm: ")) 

deadzone_distance = float(input("Enter the dead zone distance for robots in 

cm: ")) 

conveyor_speed = float(input("Enter the total conveyor speed in cm/sec: ")) 

simulation_time = float(input("Enter the total simulation time in seconds: ")) 

# �0?CA:0є<> 10;0=AC20==O =020=B065==O. 

balancing_algorithm(num_task_types, total_tasks_per_type, num_robots, 

sorting_times, robot_speeds, work_distances, deadzone_distance, conveyor_speed, 

simulation_time) 
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#@>2545<> =87:C 4>A;V465=P @>7@>1;5=>3> <5B>4C @>7?>4V;C C?0:>2>: 

70 @>1>G8<8 7>=0<8 @>1>BV2-A>@BC20;P=8:V2 =0 D0@<0F52B8G=V9 :>=25є@=V9 

;V=VW A>@BC20==O 70 ?@8=F8?>< @>7?>4V;C C?0:>2>: 70 >1@0=8<8 @>1>G8<8 

7>=0<8 B0 9>3> @50;V70FVN C 283;O4V ?@>3@0<=>3> <>4C;O 70 @V7=8E 2EV4=8E 

C<>2 [101]. 

�:A?5@8<5=B 1: !5E09 ċāąāþĂ 3 G0A <>45;N20==O 4>@V2=N20B8<5 3000A, ýā= ýþÿþþ,ÿ3 @>1>G0 7>=0 @>1>BV2 AB0=>28BP 50A< V ABV;P:8 6 <5@B20 7>=0, čýąĄÿÿĂąÿ- H284:VABP :>=25є@0 10 A</A; Āÿ 3 B@8 B8?8 C?0:>2>: 70 C<>28 ąÿ=150 

HB; ĉā 3 3 @>1>B8-A>@BC20;P=8:8 B0/01> ;VDB8. čĀąÿā,ÿ  3 H284:VABP 28:>=0==O 
7040GV A>@BC20==O 4;O @>1>B0, 4;O ĉ1 = 30 +/3 5 A; ĉ2=50+/3 10 A; ĉ3= 70 +/3 10 A. $57C;PB0B8 <>45;N20==O ?@54AB02;5=V C B01;. 2.4 

�;O 7@CG=>ABV 0=0;V7C ?@54AB028<> =0 @8A. 2.5. >B@8<0=V 40=V C 283;O4V 

:><1V=>20=>3> 3@0DV:C. �@0DV: (@8A. 2.5) ?>:07Cє :V;P:VABP 2V4A>@B>20=8E 

C?0:>2>: :>6=8< @>1>B>< 70 @V7=8<8 B8?0<8 C?0:>2>:, 0 B0:>6 A5@54=V9 G0A 

A>@BC20==O 4;O :>6=>3> 284C C?0:>2:8. 

 

&01;8FO 2.4 3 $57C;PB0B8 <>45;N20==O ?5@H>3> 5:A?5@8<5=BC @>1>B8 

:>=25є@=8E ;V=V9 A>@BC20==O 70 ?@8=F8?>< @>7?>4V;C C?0:>2>: 70 281@0=8<8 

@>1>G8<8 7>=0<8. 

�84 
C?0:>2:8 

�V;P:VABP 
(HB) 

%5@54=V9 
G0A 

A>@BC20==O 
(A) 

�V4A>@B>20=@ C?0:>2>:  
(HB) 

!5 2V4A>@B>20=> C?0:>2>: 
(HB) 

$>1>B1 $>1>B2 $>1>B3 $>1>B1 $>1>B2 $>1>B3 

1 150 29.066   103 0 0 47 0 0 

2 150 48.466   0 61 0 0 89 0 
3 150 67.800   0 0 44 0 0 106 
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$8AC=>: 2.5 3 �><1V=>20=89 3@0DV: @57C;PB0BV2 <>45;N20==O ?5@H>3> 

5:A?5@8<5=BC @>1>B8 :>=25є@=8E ;V=V9 A>@BC20==O.  

 

�0 >B@8<0=8<8 @57C;PB0B0<8 <>45;N20==O ?5@H>3> 5:A?5@8<5=BC 

<>6=0 7@>18B8 B0:V 28A=>2:8: 

$V7=V E0@0:B5@8AB8:8 @>1>BV2: 

3 $>1>B 1: A>@BC202 103 C?0:>2:8 7 150 4;O 284C C?0:>2:8 1. !5 1@02 

CG0ABP C A>@BC20==V V=H8E 284V2 C?0:>2>:. !5 2V4A>@B>20=> 47 C?0:>2>:; 

3 $>1>B 2: A>@BC202 61 C?0:>2:C 7 150 4;O 284C C?0:>2:8 2. !5 1@02 

CG0ABP C A>@BC20==V V=H8E 284V2 C?0:>2>:. !5 2V4A>@B>20=> 89 C?0:>2>:; 

3 $>1>B 3: A>@BC202 44 C?0:>2:8 7 150 4;O 284C C?0:>2:8 3. !5 1@02 

CG0ABP C A>@BC20==V V=H8E 284V2 C?0:>2>:. !5 2V4A>@B>20=> 106 C?0:>2>:. 

�D5:B82=VABP A>@BC20==O: 

3 :>65= @>1>B <0є A2>W E0@0:B5@8AB8:8 B0 5D5:B82=VABP C A>@BC20==V 

@V7=8E 284V2 C?0:>2>:. !0?@8:;04, $>1>B 1 =091V;PH 5D5:B82=89 C A>@BC20==V 

C?0:>2>: 284C 1. 

!52V4A>@B>20=V C?0:>2:8: 
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3 C B01;. 2.4 ?@54AB02;5=V =52V4A>@B>20=V C?0:>2:8, I> 70;8H8;8AO 4;O 

:>6=>3> 284C. *O :V;P:VABP @>7@0E>20=0 O: @V7=8FO <V6 7030;P=>N :V;P:VABN 

C?0:>2>: B0 :V;P:VABN B8E, I> 265 1C;8 2V4A>@B>20=V @>1>B0<8. 

"?B8<V70FVO A>@BC20==O: 

3 =040;V <>6=0 @>73;O=CB8 <>6;82VABP >?B8<V70FVW ?@>F5AC A>@BC20==O, 

?5@5@>7?>4V;C 7CA8;P @>1>BV2 4;O 1V;PH 5D5:B82=>3> 28:>@8AB0==O G0AC 

<>45;N20==O B0 71V;PH5==O 7030;P=>W :V;P:>ABV 2V4A>@B>20=8E C?0:>2>:. 

�:A?5@8<5=B 2: ?@>2545<> <>45;N20==O =01;865=5 4> @50;P=>3> 

?@>F5AC A>@BC20==O =0 D0@<0F52B8G=V9 :>=25є@=V9 ;V=VW. !5E09 ċāąāþĂ 3 G0A 
<>45;N20==O 4>@V2=N20B8<5 43200A (12 3>48=); ýā  3 @>1>G0 7>=0 @>1>BV2 

AB0=>28BP ~260 A<; ýþÿþþ,ÿ 3 <5@B20 7>=0 ~ 20 A<; čýąĄÿÿĂąÿ 3 H284:VABP 
:>=25є@0 2 </A; Āÿ 3 ?'OBP B8?V2 C?0:>2>: 70 C<>28 ą1 = 1500HB; ą2 =2560; ą3 = 3200; ą4 = 2800; ą5 =3800; ĉā 3 5 @>1>BV2-A>@BC20;P=8:V2 7 B5E=VG=8<8 

E0@0:B5@8AB8:0<8, 707=0G5=8<8 2 B01;. 2.5. čĀąÿā,ÿ 3 G0A 28:>=0==O 70240==O 
A>@BC20==O 4;O @>1>B0 4;O ĉ1=90 +/3 3 A; ĉ2 =120+/3 10 A; ĉ3 = 100 +/3 5 A; 

 ĉ4 = 60 +/3 2 A; ĉ5 = 80 +/3 4 A. 

#@>2545<> 0=0;V7 E0@0:B5@8AB8: B0 281V@ @50;P=8E ?@><8A;>28E 

@>1>BV2-<0=V?C;OB>@V2, O:V 28:>@8AB>2CNBPAO 4;O A>@BC20==O =0 

D0@<0F52B8G=8E :>=25є@=8E ;V=VOE [106-110]. $57C;PB0B8 0=0;V7C =02545=> 

@8AC=:C 2.6. 

#>@V2=O==O 107>28E B5E=VG=8E E0@0:B5@8AB8: ?@><8A;>28E @>1>BV2-

<0=V?C;OB>@V2: ABB IRB 6700, Fanuc R-2000iC, KUKA KR 210 R2700 =02545=> 

C B01;. 2.5. 
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0) 1) A) 
0) <>45;P ABB IRB 6700[103]; 

1) <>45;P Fanuc R-2000iC[104] 

A) <>45;P KUKA KR 210 R2700[105] 

$8AC=>: 2.6 3 �81V@ ?@><8A;>28E @>1>BV2-<0=V?C;OB>@V2, O:V 

28:>@8AB>2CNBPAO 4;O A>@BC20==O =0 D0@<0F52B8G=8E :>=25є@=8E ;V=VOE. 

 

&01;8FO 2.5 3 #>@V2=O==O 107>28E B5E=VG=8E E0@0:B5@8AB8: 

?@><8A;>28E @>1>BV2-<0=V?C;OB>@V2: ABB IRB 6700, Fanuc R-2000iC, KUKA 

KR 210 R2700 

)0@0:B5@8AB8:8 
#@><8A;>2V @>1>B8-<0=V?C;OB>@8 

ABB IRB 6700 Fanuc R-2000iC 
KUKA KR 210 

R2700 

!020=B065==O >B 150 :3 4> 300 
:3 

>B 100 :3 4> 210 
:3 210 :3 

$04VCA @>1>G>W 
7>=8  >B 2,65 < 4> 3,2 < 

2,650 < 4> 3,547 
< 

2,700 < 

,284:VABP 4> 2,2 </A 4> 2,050 </A 4> 2,000 </A 
�030 ~ 900 :3 ~ 1,320 :3 ~1,180 :3 

 

$57C;PB0B8 <>45;N20==O 5:A?5@8<5=BC 2 =02545=> 2 B01;. 2.6 

�;O 7@CG=>ABV 0=0;V7C ?@54AB028<> =0 @8A. 2.7 >B@8<0=V 40=V C 283;O4V 

:><1V=>20=>3> 3@0DV:C. 
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&01;8FO 2.6 3 $57C;PB0B8 <>45;N20==O 4@C3>3> 5:A?5@8<5=BC @>1>B8 

:>=25є@=8E ;V=V9 A>@BC20==O 70 ?@8=F8?>< @>7?>4V;C C?0:>2>: ?> 281@0=8E 

@>1>G8E 7>=0E. 

�84 
C?0:>2:8 

�V;P:VABP 
(HB) 

%5@54=V9 
G0A 

A>@BC20==O 
(A) 

�V4A>@B>20=> C?0:>2>:  
(HB) �0;8H8;>AP 

(HB) $>1>B1 $>1>B2 $>1>B3 $>1>B4 $>1>B5 

1 1500 90.122 476 0 0 0 0 1024 

2 2560 120.406 0 230 0 0 0 2330 

3 3200 100.203 0 0 330 0 0 2870 

4 2800 60.081 0 0 0 719 0 2081 

5 3800 80.162 0 0 0 0 538 3262 

 

$8AC=>: 2.7 3 �><1V=>20=89 3@0DV:, @57C;PB0B8 <>45;N20==O 4@C3>3> 
5:A?5@8<5=BC 

 
�0 >B@8<0=8<8 @57C;PB0B0<8 <>45;N20==O 4@C3>3> 5:A?5@8<5=BC 

<>6=0 7@>18B8 B0:V 28A=>2:8: 

$V7=V E0@0:B5@8AB8:8 @>1>BV2: 

3 $>1>B 1: %>@BC202 476 C?0:>2>: 7 1500 4;O 284C C?0:>2:8 1. !5 1@02 

CG0ABP C A>@BC20==V V=H8E 284V2 C?0:>2>:; 

3 $>1>B 2: %>@BC202 230 C?0:>2>: 7 2560 4;O 284C C?0:>2:8 2. !5 1@02 

CG0ABP C A>@BC20==V V=H8E 284V2 C?0:>2>:; 

3 $>1>B 3: %>@BC202 330 C?0:>2>: 7 3200 4;O 284C C?0:>2:8 3. !5 1@02 

CG0ABP C A>@BC20==V V=H8E 284V2 C?0:>2>:; 
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3 $>1>B 4: %>@BC202 719 C?0:>2>: 7 2800 4;O 284C C?0:>2:8 4. !5 1@02 

CG0ABP C A>@BC20==V V=H8E 284V2 C?0:>2>:; 

3 $>1>B 5: %>@BC202 538 C?0:>2>: 7 3800 4;O 284C C?0:>2:8 5. !5 1@02 

CG0ABP C A>@BC20==V V=H8E 284V2 C?0:>2>:. 

�D5:B82=VABP A>@BC20==O: 

3 C :>6=>3> @>1>B0 є A2>W >A>1;82>ABV C A>@BC20==V @V7=8E 284V2 

C?0:>2>:. !0?@8:;04, $>1>B 4 28O282AO =095D5:B82=VH8< C A>@BC20==V 

C?0:>2>: 284C 4. 

!52V4A>@B>20=V C?0:>2:8: 

3 C B01;. 2.6 ?@54AB02;5=V =52V4A>@B>20=V C?0:>2:8, I> 70;8H8;8AO 4;O 

:>6=>3> 284C. *O :V;P:VABP @>7@0E>20=0 O: @V7=8FO <V6 7030;P=>N :V;P:VABN 

C?0:>2>: B0 :V;P:VABN B8E, I> 265 1C;8 2V4A>@B>20=V @>1>B0<8. 

"?B8<V70FVO A>@BC20==O: 

3 =040;V <>6=0 @>73;O=CB8 <>6;82VABP >?B8<V70FVW ?@>F5AC A>@BC20==O, 

?5@5@>7?>4V;C 7CA8;P @>1>BV2 4;O 1V;PH 5D5:B82=>3> 28:>@8AB0==O G0AC 

<>45;N20==O B0 71V;PH5==O 7030;P=>W :V;P:>ABV 2V4A>@B>20=8E C?0:>2>:. 

"FV=:0 B>G=>ABV B0 4>AB>2V@=>ABV @57C;PB0BV2 <>45;N20==O є 206;828< 

5B0?>< 4;O 2?52=5=>ABV C O:>ABV >B@8<0=8E 40=8E V ?@028;P=>ABV 7@>1;5=8E 

28A=>2:V2. &>G=VABP @57C;PB0BV2 <>6=0 >FV=8B8 H;OE>< @>7@0EC=:C A5@54=P>W 

?>E81:8 28:>=0==O A>@BC20==O @>1>B0<8 B0 @>73;O4C :V;P:>ABV 70;8H:>28E 

C?0:>2>:, O:V =5 240;>AO 2V4A>@BC20B8 ?V4 G0A :>6=>3> 5:A?5@8<5=BC. �;O 

:>6=>3> @>1>B0 =02545=V ?0@0<5B@8 H284:>ABV 28:>=0==O A>@BC20==O <VABOBP 

?52=89 V=B5@20; (=0?@8:;04 ĉ1=90 +/3 3 A). *5 2:07Cє =0 <>6;82V 20@V0FVW G0AC 

>1@>1:8, I> <>6CBP 2?;820B8 =0 @57C;PB0B8. 

�;O 5:A?5@8<5=BC 1, 2AV B@8 @>1>B8 <0NBP @V7=89 A5@54=V9 G0A 

28:>=0==O 70240==O A>@BC20==O: $>1>B5 1 3 29,066A, $>1>B 2 3 48,466A,  

$>1>B 3 3 67,8A.  >6=0 7@>18B8 28A=>2>:, I> @>7?>4V; C?0:>2>: ?> @>1>G8E 

7>=0E 1C2 4>A8BP 5D5:B82=8<, >A:V;P:8 :>65= @>1>B ?@0FN202 2 <560E A2>WE 

<>6;82>AB59 V =5 1C;> 7=0G=8E 70;8H:>28E C?0:>2>: 4;O :>6=>W :0B53>@VW. 
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�;O 5:A?5@8<5=BC 2, G0A <>45;N20==O B0 :V;P:VABP C?0:>2>: 7=0G=> 

1V;PHV: 

3 A5@54=V9 G0A A>@BC20==O 4;O :>6=>3> @>1>B0 20@VNєBPAO 2 <560E, 

707=0G5=8E C <>45;V (=0?@8:;04, 90.122 A 4;O @>1>B0 ĉ1); 
3 @>1>B8 =5 7<>3;8 >1@>18B8 2AN :V;P:VABP C?0:>2>: G5@57 >1<565=89 

G0A A>@BC20==O B0 28A>:C :V;P:VABP >1'є:BV2, O:V =5>1EV4=> 2V4A>@BC20B8. 

&>G=VABP @57C;PB0BV2 <>45;N20==O B0:>6 70;568BP 2V4 @>7?>4V;C 

C?0:>2>: ?> @>1>G8E 7>=0E B0 H284:>ABV :>=25є@0. /:I> H284:VABP :>=25є@0 

1C;0 70=04B> 28A>:>N, G0AB8=0 C?0:>2>: <>3;0 1CB8 ?@>?CI5=0 01> 

70;8H8B8AO =5>1@>1;5=>N. 

�>AB>2V@=VABP @57C;PB0BV2 ?V4B25@46CєBPAO G5@57 ?>2B>@N20=VABP 

5:A?5@8<5=BV2 B0 0=0;V7 20@V0FV9 C H284:>ABV @>1>B8 @>1>BV2 B0 :>=25є@0. 

�>65= 5:A?5@8<5=B <>65 1CB8 ?>2B>@5=89 :V;P:0 @07V2 4;O 71>@C 40=8E ?@> 

2V4E8;5==O 2 A>@BC20==V C?0:>2>:. �>:@5<0, @5:><5=4CєBPAO ?@>25AB8 :V;P:0 

?@>3>=V2 <>45;V 7 >4=0:>28<8 ?>G0B:>28<8 C<>20<8, I>1 >FV=8B8, =0A:V;P:8 

@57C;PB0B8 70;8H0NBPAO AB01V;P=8<8. 

�;O ?5@H>3> 5:A?5@8<5=BC :V;P:VABP ?@>3>=V2 <>65 1CB8 10-20, 

2@0E>2CNG8, I> ?@>F5A B@820є 2V4=>A=> :>@>B:89 G0A (3000 A). �;O 4@C3>3> 

5:A?5@8<5=BC G5@57 1V;PH89 >1AO3 40=8E B0 B@820;VABP <>45;N20==O (43200 

A), <>65 1CB8 4>AB0B=P> 5-10 ?@>3>=V2 4;O >FV=:8 4>AB>2V@=>ABV. 

 >45;N20==O <>6=0 7025@H8B8, O:I> 28:>=CNBPAO B0:V C<>28: 

3 4>AO3=CB> 4>AB0B=P>W AB01V;P=>ABV @57C;PB0BV2 ?VA;O ?52=>W :V;P:>ABV 

?@>3>=V2 (A5@54=є 7=0G5==O G0AC A>@BC20==O C?0:>2>: B0 :V;P:VABP 

=52V4A>@B>20=8E C?0:>2>: =5 7<V=NNBPAO 1V;PH5 =V6 =0 5%); 

3 4>AO3=CB> G0A>2>3> ;V<VBC 4;O ?@>F5AC (=0?@8:;04, ċāąāþĂ = 43200 A 4;O 
5:A?5@8<5=BC 2); 

3 =5<0є 1V;PH5 C?0:>2>:, O:V ?>B@51CNBP A>@BC20==O (=0?@8:;04, 

70;8H>: C?0:>2>: 4>@V2=Nє =C;N 01> 7=0E>48BPAO C 4>?CAB8<8E <560E). 
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"B65, 4;O 4>AO3=5==O B>G=>W B0 4>AB>2V@=>W <>45;V A>@BC20==O 2 @0<:0E 

40=8E 4>A;V465=P ?@>2545=> 4>AB0B=N :V;P:VABP ?@>3>=V2, ?@>0=0;V7>20=5 

2V4E8;5==O B0 70157?5G5=> AB01V;P=VABP <>45;V =0 >A=>2V :V;P:>E 70?CA:V2. 

/: <>6=0 10G8B8 7 @57C;PB0BV2 ?@>2545=8E 5:A?5@8<5=BV2 C<>28 

<>45;N20==O 7<V=NNBPAO 4;O B>3>, I>1 4>A;V48B8 @>1>BC A8AB5<8 A>@BC20==O 

2 @V7=8E @50;P=8E 28@>1=8G8E AF5=0@VOE. !0?@8:;04, 5:A?5@8<5=B 1 

7<>45;P>20=89 4;O C<>2 V7 <5=H>N :V;P:VABN C?0:>2>: (?> 150 HB.) B0 

<5=H>N H284:VABN :>=25є@0 (10 A</A), I> 2V4?>2V40є :>@>B:><C G0A>< 

<>45;N20==O (3000 A). *5 B5ABC20==O @>1>B8 A8AB5<8 2 C<>20E <0;>3> 

=020=B065==O. �:A?5@8<5=B 2 >?8ACє C<>28 1V;PH V=B5=A82=>3> 28@>1=8FB20 

7 25;8:>N :V;P:VABN C?0:>2>: (4> 3800 HB.) B0 H284:VABN :>=25є@0 2 </A, I> 

<>45;Nє 4>23>B@820;89 ?@>F5A (12 3>48=). 

$V7=V C<>28 4>72>;ONBP >FV=8B8 ?>254V=:C B0 5D5:B82=VABP A>@BC20;P=>W 

A8AB5<8 2 C<>20E 7<V==>3> =020=B065==O B0 @V7=8E 28@>1=8G8E <0AHB01V2. *5 

40є <>6;82VABP >B@8<0B8 H8@H89 A?5:B@ @57C;PB0BV2 V :@0I5 @>7C<VB8, O: 

A8AB5<0 ?@0FN20B8<5 2 @V7=8E AF5=0@VOE. 

/: <>6=0 10G8B8, 70?@>?>=>20=5 @VH5==O <0є >1<565==O 7 B>G:8 

A>@BC20==O, :>65= @>1>B A>@BCє >48= 284 C?0:>2:8, 40=5 @VH5==O >?B8<0;P=> 

?@8 A>@BC20==V >1<565=>3> 284C C?0:>2>:, I> є =5 >?B8<0;P=8< @VH5==O<, 

O: ?>:07CNBP >B@8<0=V 40=V. �8E>4OG8 7 FP>3> =5>1EV4=> ?@>25AB8 

4>A;V465==O B0 @>7@>18B8 <0B5<0B8G=5 ?>40==O A>@BC20==O 70 ?@8=F8?>< 

@>7?>4V;C C?0:>2>: ?> 2AVE @>1>G8E 7>=0E, B>1B> :>65= @>1>B <>65 A>@BC20B8 

1C4P-O:89 284 C?0:>2:8, 7 ?>3;O4C 02B>@0 F5 70157?5G8B8 10;0=AC20==O 

@>1>G>3> =020=B065==O <V6 @>1>B0<8 G8 @>1>G8<8 7>=0<8 70;56=> 2V4 

?>B>G=8E C<>2 B0 28<>3. #@8:;04 ?@8=F8?C @>1>B8 =02545=> @8AC=:C 2.3, 1. 

!0 107V @>7@>1;5=>3> 28I5 <5B>4C @>7?>4V;C C?0:>2>: 70 281@0=8<8 @>1>G8<8 

7>=0<8 4;O >?8AC <0B5<0B8G=8E <>45;59 A>@BC20==O 70 ?@8=F8?>< @>7?>4V;C 

C?0:>2>: ?> 2AVE @>1>G8E 7>=0E, B>1B> :>65= @>1>B <>65 A>@BC20B8 1C4P-O:89 

284 C?0:>2:8, ?@>?>=CєBPAO 28:>@8AB>2C20B8 B0:V >?8A8 287=0G5==O 7<V==8E, 

O:V ?5@5B8=0NBPAO 7 28I5 @>7@>1;5=8< <5B>4><. *5 40ABP <>6;82VABP 
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A?@>AB8B8 G8B0==O <0B5<0B8G=8E <>45;59. �87=0G8<> B0:V 7<V==V 4;O >?8AC 

<>45;59: ýā  3 @>7<V@ @>1>G>W 7>=8 @>1>B0 (2V4 �E. 1 4> �8. 1 2V4?>2V4=>) 28@07 

2.35; ýþÿþþ,ÿ 3 @>7<V@ <5@B2>W 7>=8 @>1>B0 (2V4AB0=P <V6 �8E.1 B0 �E.2) O: 
?>:070=> =0 @8A. 2.3. čýąĄÿÿĂąÿ 3 H284:VABP :>=25є@0; Āÿ3 :V;P:VABP @V7=8E B8?V2 C?0:>2>: 284C ÿ; ąÿ - :V;P:VABP C?0:>2>: :>6=>3> 284C ÿ, O:V ?>B@V1=> 2V4A>@BC20B8; ĉā 3 :V;P:VABP @>1>BV2, I> 15@CBP CG0ABP C ?@>F5AV A>@BC20==O; čĀąÿā,ā 3 G0A  28:>=0==O A>@BC20==O 4;O >4=VєW C?0:>2:8 @>1>B>< ā; ċāąāþĂ 3 7030;P=89 G0A <>45;N20==O @>1>B8 A8AB5<8 A>@BC20==O;  ĉā= ĎþÿÿþĀ 3 :V;P:VABP @>1>G8E 7>= 4>@V2=Nє :V;P:>ABV @>1>BV2 
A>@BC20;P=8:V2. 

!0 ?5@H><C 5B0?V 28:>=0є<> <0B5<0B8G=89 >?8A 48=0<VG=>W 040?B0FVW 

?0@0<5B@V2, F5 4>72>;8BP 2@0EC20B8 B0:V D0:B>@8: 

3 <V=;82VABP =020=B065==O, >1AO3 B0 B8?8 C?0:>2>: <>6CBP 7<V=N20B8AO 

7 G0A><. �8=0<VG=0 040?B0FVO 4>72>;Oє A8AB5<V 5D5:B82=> @503C20B8 =0 7<V=8 

C 7020=B065==V, 70?>1V30NG8 ?5@520=B065==N 01> =54>AB0B=P><C 

28:>@8AB0==N @5AC@AV2; 

3 >?B8<V70FVO ?@>4C:B82=>ABV H;OE>< 040?B0FVW ?0@0<5B@V2, 7>:@5<0 

@>7<V@ @>1>G>W 7>=8 @>1>B0 V H284:VABP A>@BC20==O, B>6 <>6=0 >?B8<V7C20B8 

?@>4C:B82=VABP A8AB5<8. !0?@8:;04, 71V;PH5==O @>7<V@C @>1>G>W 7>=8 01> 

H284:>ABV A>@BC20==O C ?5@V>48 ?V428I5=>3> 7020=B065==O <>65 ?@8A:>@8B8 

?@>F5A A>@BC20==O; 

3 5=5@3>715@565==O, I> 40є <>6;82VABP 040?B0FVW ?0@0<5B@V2. 

!0?@8:;04, 7=865==O H284:>ABV A>@BC20==O 2 ?5@V>48 =87P:>3> 7020=B065==O 

<>65 70>I048B8 5=5@3VN B0 ?@>4>268B8 B5@<V= A;C618 >1;04=0==O; 

3 :5@C20==O @>1>B0<8 G5@57 <>6;82VABP A8AB5<8 A>@BC20==O <>65 

2:;NG0B8 :V;P:0 @>1>BV2, V WE AB0= (709=OB89 01> 2V;P=89) <>65 7<V=N20B8AO. 
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�8=0<VG=0 040?B0FVO 4>?><030є 5D5:B82=> @>7?>4V;OB8 70240==O <V6 2V;P=8<8 

@>1>B0<8, <V=V<V7CNG8 ?@>AB>W B0 <0:A8<V7CNG8 28:>@8AB0==O @5AC@AV2; 

3 040?B0FVO 4> 45D5:BV2 >1;04=0==O - ?0@0<5B@8 <>6CBP 040?BC20B8AO C 

2V4?>2V4P =0 45D5:B8 01> 2V4<>28 >1;04=0==O. !0?@8:;04, O:I> C @>1>B0 

28=8:;8 ?@>1;5<8 7 @>1>G>N 7>=>N, WW @>7<V@ <>65 1CB8 040?B>20=89 4;O 

>1E>4C ?@>1;5<=>W 4V;O=:8. 

� FV;><C 48=0<VG=0 040?B0FVO ?0@0<5B@V2 4>72>;Oє A8AB5<V 1CB8 

3=CG:>N B0 5D5:B82=>N 2 @V7=8E C<>20E, I> 206;82> 4;O >?B8<V70FVW @>1>B8 

:>=25є@=>W ;V=VW A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW. 

� @0<:0E 40=8E 4>A;V465=P ?@8?CAB8<>, I> @>7<V@ @>1>G>W 7>=8 @>1>B0  ýā  7<V=NєBPAO 2 70;56=>ABV 2V4 ?>B>G=>3> 7020=B065==O B0 AB0=C A8AB5<8, B>4V: 

 ýāÿ = ÿýā(ÿþąĀĄ, ĊĀāþāÿ) (2.37) 

 

45  ÿþąĀĄ 3 ?>B>G=5 7020=B065==O @>1>G>W 7>=8 @>1>B0 ā; ĊĀāþāÿ 3 ?>B>G=89 AB0= A8AB5<8 =0 40=89 <><5=B ċāąāþĂ. 
�=0;>3VG=> ?@54AB028<> 48=0<VG=C 040?B0FVN G0AC 28:>=0==O 

A>@BC20==O (čĀąÿā,ā) 4;O >4=VєW C?0:>2:8 @>1>B>< ā, =0ABC?=8< G8=><: 
 čĀąÿā,āÿ = ÿĀąÿā,ā(čýąĄÿÿĂąÿ, Āÿ , ąÿ ,%þąĀĄ, ĊĀāþāÿ) (2.38) 

 

45  čýąĄÿÿĂąÿ 3 H284:VABP :>=25є@0; Āÿ 3 :V;P:VABP @V7=8E B8?V2 C?0:>2>: 284C ÿ; ąÿ 3 :V;P:VABP C?0:>2>: :>6=>3> 284C ÿ, O:V ?>B@V1=> 2V4A>@BC20B8; ÿþąĀĄ 3 ?>B>G=5 7020=B065==O @>1>G>W 7>=8 @>1>B0 ā; ĊĀāþāÿ 3 ?>B>G=89 AB0= A8AB5<8 =0 40=89 <><5=B ċāąāþĂ. 
�87=0G5==O 2V;P=8E B0 709=OB8E 7>= (ĎþÿÿþĀ) H;OE>< 22545==O 1V=0@=8E 

7<V==8E, I> ?>7=0G0NBP AB0= @>1>BV2 =0 ?>B>G=><C G0A>2><C :@>FV: 
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 þāāÿ = {1, O>MB_DB5BF ā 709=OB890, O>MB_DB5BF ā 2V;P=89  (2.39) 

 

45  þāāÿ  3 AB0= @>1>B0 ĉā =0 ?>B>G=><C G0A>2><C :@>FV <>45;N20==O. 

$>7?>4V; C?0:>2>: 287=0G0єBPAO, A:V;P:8 C?0:>2>: :>6=>3> B8?C 

7=0E>48BPAO C @>1>G8E 7>=0E @>1>BV2: 

 ąÿ,ā(ÿ) = ÿāÿ,ā(Āÿ, ýā , ÿþąĀĄ, ĊĀāþāÿ) (2.40) 

 

45  Āÿ 3 :V;P:VABP @V7=8E B8?V2 C?0:>2>: 284C ÿ; ýā  3 @>7<V@ @>1>G>W 7>=8 @>1>B0; ÿþąĀĄ3 ?>B>G=5 7020=B065==O @>1>G>W 7>=8 @>1>B0 ā; ĊĀāþāÿ 3 ?>B>G=89 AB0= A8AB5<8 =0 40=89 <><5=B ċāąāþĂ. 
�87=0G5==O ?>B>G=>3> =020=B065==O <>6=0 >B@8<0B8 V7 7030;P=>W 

:V;P:>ABV C?0:>2>: :>6=>3> B8?C 2 A8AB5<V: 

 ąÿ(ÿ) = ∑ąÿ,ā(ÿ)ā
ā=1  (2.41) 

 

�8E>4OG8 7 (2.37), (2.38) V (2.40) DC=:FVW 040?B0FVW ÿýā , ÿĀąÿā,ā, ÿāÿ,ā <>6CBP 

?@54AB02;OB8 A>1>N ;V=V9=V 01> =5;V=V9=V 70;56=>ABV 2V4 @V7=8E ?0@0<5B@V2, 

B0:8E O: ?>B>G=5 7020=B065==O, @>7<V@8 @>1>G8E 7>=, H284:VABP :>=25є@0 B0 

V=HV, ?V418@0B8AO 7 C@0EC20==O< B5E=VG=8E E0@0:B5@8AB8: :>=25є@0 B0 @>1>BV2-

A>@BC20;P=8:V2 V <>6CBP 7=0G=> 2V4@V7=OB8AO. 2V4 A5@V9 B0 <>45;V >1@0=>3> 

>1;04=0==O. 

&0:>6 =5>1EV4=> 2@0EC20B8 ?@8 ?@>F5AV <>45;N20==O B5 I>: 

3 ?@>F5A 040?B0FVW 28:>=CєBPAO =0 :>6=><C G0A>2><C :@>FV ?@>BO3>< 

>1<565=>3> G0AC <>45;N20==O; 
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3 =0 >A=>2V 040?B>20=8E ?0@0<5B@V2 ?@89<0NBPAO @VH5==O ?@> B5, O: 

@>7?>4V;8B8 C?0:>2:8 ?> @>1>G8E 7>=0E @>1>BV2 7 C@0EC20==O< WE=P>3> AB0=C 

(709=OB89 G8 2V;P=89). 

"?8H5<> <0B5<0B8G=C <>45;P @>7?>4V;C C?0:>2>: ?> @>1>G8E 7>=0E: 

 Ā(ÿ, Ā) = ąÿ,Ā∑ ĉā ⋅ ýāā  (2.42) 

 

45  Ā(ÿ, Ā) 3 4>;O C?0:>2>: B8?C Ā =0 G0A>2><C :@>FV ÿ; ∑ ĉā ⋅ ýāā  3 7030;P=0 @>1>G0 7>=0, O:0 4>ABC?=0 4;O A>@BC20==O =0 

?>B>G=><C G0A>2><C :@>FV; ÿ 3 V=45:A G0A>2>3> :@>:C; Ā 3 V=45:A B8?C C?0:>2:8; ā 3 V=45:A @>1>B0; ąÿ,Ā 3 :V;P:VABP C?0:>2>: B8?C Ā =0 G0A>2><C :@>FV ÿ; ĉā 3 :V;P:VABP @>1>BV2 C @>1>GV9 7>=V ā; ýā  3 @>7<V@ @>1>G>W 7>=8 @>1>B0. 

�0?@>?>=>20=0 <>45;P (2.42) 40є <>6;82VABP: 

3 287=0G8B8 G0AB:C C?0:>2>: :>6=>3> B8?C =0 ?>B>G=><C B8<G0A>2><C 

:@>FV. +0AB:0 @>7@0E>2CєBPAO O: 2V4=>H5==O :V;P:>ABV C?0:>2>: 40=>3> B8?C 

4> 7030;P=>W @>1>G>W 7>=8, O:0 4>ABC?=0 4;O A>@BC20==O; 

3 @>7?>4V; C?0:>2>: 74V9A=NєBPAO ?@>?>@FV9=> 4>ABC?=><C ?@>AB>@C 2 

:>6=V9 @>1>GV9 7>=V. *5 2@0E>2Cє @V7=C :V;P:VABP B0 @>7<V@8 @>1>G8E 7>= 

@>1>BV2; 

3 @57C;PB0B8 40=>3> 5B0?C 28:>@8AB>2CNBPAO 4;O ?>40;PH>3> ?@89=OBBO 

@VH5=P, =0?@8:;04, 2 0;3>@8B<V 10;0=AC20==O =020=B065==O, I>1 287=0G8B8, 

O:V @>1>B8 1C4CBP >1@>1;OB8 O:VAP B8?8 C?0:>2>:. 

�;O @>7@0EC=:C G0AC A>@BC20==O =0 :>=25є@V ?@>?>=CєBPAO =0ABC?=0 

<0B5<0B8G=0 <>45;P: 
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 ċĀąÿāÿ,Ā = ąÿ,Ā∑ ĉāā ⋅ 1čĀąÿāā + ýāčýąĄÿÿĂąÿ (2.43) 

 

45  ċĀąÿāÿ,Ā 3 G0A A>@BC20==O 4;O C?0:>2>: B8?CĀ =0 G0A>2><C :@>FV ÿ; āÿ,Ā∑ āāā ⋅ 1�ĀĀÿāā 3  G0A, 28B@0G5=89 =0 A>@BC20==O C?0:>2>: @>1>B0<8; ýā��Āÿ���Āÿ 3 G0A, 28B@0G5=89 =0 ?5@5<VI5==O C?0:>2>: :>=25є@><; ÿ 3 V=45:A G0A>2>3> :@>:C; Ā 3 V=45:A B8?C C?0:>2:8; ā 3 V=45:A @>1>B0; ąÿ,Ā 3 :V;P:VABP C?0:>2>: B8?C Ā =0 G0A>2><C :@>FV ÿ; ĉā 3 :V;P:VABP @>1>BV2 C @>1>GV9 7>=V ā; ýā  3 @>7<V@ @>1>G>W 7>=8 @>1>B0. čĀąÿā,ā 3 G0A 28:>=0==O 70240==O A>@BC20==O 4;O @>1>B0 ā; čýąĄÿÿĂąÿ 3 H284:VABP :>=25є@0. 
 0B5<0B8G=0 <>45;P (2.43) 2@0E>2Cє, I> G0A A>@BC20==O 70;568BP 2V4 

:V;P:>ABV C?0:>2>:, :V;P:>ABV @>1>BV2 B0 WE=P>W H284:>ABV A>@BC20==O, 0 B0:>6 

H284:>ABV :>=25є@0. #5@H0 G0AB8=0 D>@<C;8 є AC<0@=8< G0A><, 28B@0G5=8< 

=0 A>@BC20==O C?0:>2>: @>1>B0<8. *59 G0A 70;568BP 2V4 :V;P:>ABV C?0:>2>: 

40=>3> B8?C B0 7030;P=>W :V;P:>ABV @>1>BV2 C A8AB5<V. �@C30 G0AB8=0 D>@<C;8 

2@0E>2Cє G0A, =5>1EV4=89 ?5@5<VI5==O C?0:>2>: ?> :>=25є@C. &CB 

28:>@8AB>2CєBPAO 7030;P=0 4>268=0 @>1>G8E 7>= @>1>BV2 (ýā) B0 H284:VABP 
:>=25є@0 (čýąĄÿÿĂąÿ), I> 40є 7<>3C 2@0E>2C20B8 G0A A>@BC20==O 4;O :>6=>3> 
B8?C C?0:>2>: =0 :>6=><C G0A>2><C :@>FV. 

�;O @>7@0EC=:C G0AC 7=0E>465==O C?0:>2:8 2 <5@B2V9 7>=8 ?@>?>=CєBPAO 

28:>@8AB>2C20B8 =0ABC?=C <0B5<0B8G=C <>45;P: 

 ċþÿþþā = ýþÿþþāčýąĄÿÿĂąÿ (2.44) 

 

45  ċþÿþþā 3 G0A, 28B@0G5=89 =0 ?5@5<VI5==O C?0:>2>: C <5@B2V9 7>=V; 
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 ÿ 3 V=45:A G0A>2>3> :@>:C; ā 3 V=45:A @>1>B0; čýąĄÿÿĂąÿ 3 H284:VABP :>=25є@0; ýþÿþþā 3 @>7<V@ <5@B2>W 7>=8 4;O @>1>B0 ā. ċþÿþþā  3 G0A, O:89 @>1>B ā 28B@0G0є =0 ?5@5<VI5==O C?0:>2>: C <5@B2V9 

7>=V. �06;82> 2@0E>2C20B8 <5@B2C 7>=C, I>1 C=8:=CB8 :>=D;V:BV2 <V6 

@>1>B0<8 B0 70157?5G8B8 157?5@51V9=C @>1>BC A8AB5<8 A>@BC20==O. 

"=>2;5==O :V;P:>ABV 2V;P=8E @>1>BV2 B0 @>1>G8E 7>= ?@>?>=CєBPAO 

=0ABC?=0 <0B5<0B8G=0 <>45;P: 

 Ăā(ÿ) = ĉā 2ąā(ÿ) (2.45) 

 

45 Ăā(ÿ) 3 :V;P:VABP 2V;P=8E @>1>BV2 C @>1>GV9 7>=V ā =0 G0A>2><C :@>FV ÿ; ąā(ÿ) 3 :V;P:VABP C?0:>2>:, >1@>1;5=8E @>1>B>< ā =0 G0A>2><C :@>FV ÿ; ÿ 3 V=45:A G0A>2>3> :@>:C; Ā 3 V=45:A B8?C C?0:>2:8; ā 3 V=45:A @>1>B0; ąÿ,Ā 3 :V;P:VABP C?0:>2>: B8?C Ā =0 G0A>2><C :@>FV ÿ. 
 0B5<0B8G=89 28@07 (2.45) ?5@5410G0є, I> :V;P:VABP 2V;P=8E @>1>BV2 C 

@>1>GV9 7>=V 4>@V2=Nє @V7=8FV <V6 7030;P=>N :V;P:VABN @>1>BV2 B0 :V;P:VABN 

C?0:>2>:, O:V 2>=8 >1@>18;8. !0 :>6=><C 5B0?V 2V41C20єBPAO >=>2;5==O 

:V;P:>ABV 2V;P=8E @>1>BV2, 2@0E>2CNG8, A:V;P:8 C?0:>2>: 1C;> >1@>1;5=> 

:>6=8< @>1>B><. Ăā(ÿ) 206;8289 ?>40;PH>3> @>7?>4V;C C?0:>2>: <V6 2V;P=8<8 
@>1>B0<8. 

�;O ?@>2545==O <>45;N20==O ?@>F5AC @>1>B8 A>@BC20==O 70 ?@8=F8?>< 

@>7?>4V;C C?0:>2>: ?> 2AVE @>1>G8E 7>=0E, B>1B> :>65= @>1>B <>65 A>@BC20B8 

1C4P-O:89 284 C?0:>2:8, =5>1EV4=> 70157?5G8B8 @V2=><V@=89 G0A @V2=><V@=89 

@>7?>4V; G0AC <>45;N20==O <V6 G0A>28<8 :@>:0<8, O: ?>:070=> 2 

<0B5<0B8G=><C 28@07V (2.46). 
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 āÿ = ÿ ⋅ ċāąāþĂąĀāÿĆ  (2.46) 

 

45 āÿ 3 ?>B>G=89 G0A =0 G0A>2><C :@>FV ÿ; ÿ 3 V=45:A G0A>2>3> :@>:C; ċāąāþĂ 3 7030;P=89 G0A <>45;N20==O; �āĀā�ĂāĀā�ā  3  V=B5@20; G0AC <V6 :@>:0<8. 

�8@07 (2.46) ?5@5410G0є @V2=><V@=5 @>7?>4V;5==O G0AC <>45;N20==O <V6 

G0A>28<8 :@>:0<8. $>7@0E>2CєBPAO G0A =0 :>6=><C G0A>2><C :@>FV, I>1 

2V4>1@078B8 7<V=C G0AC 2 ?@>F5AV <>45;N20==O. *5 206;82> 4;O C?@02;V==O 

G0A>< 28:>=0==O >?5@0FV9 B0 70157?5G5==O ?>A;V4>2=>3> <>45;N20==O 

�0?@>?>=>20=0 <0B5<0B8G=0 <>45;P 40є <>6;82VABP 2@0E>2C20B8 

@>7<V@8 @>1>G8E B0 <5@B28E 7>=, H284:VABP :>=25є@0, :V;P:VABP @>1>BV2, 

:V;P:VABP B8?V2 C?0:>2>: B0 WE :V;P:VABP, 0 B0:>6 H284:VABP 28:>=0==O 70240==O 

A>@BC20==O ?@8 @>7?>4V;V C?0:>2>: ?> 2AVE @>1>G8E 7>=0E (@8A. 2.3, 1). 

#@>2545<> ?5@52V@:C =0 045:20B=VABP @>7@>1;5=8E <0B5<0B8G=8E 

<>45;59 V @>7@>18<> 7030;P=89 0;3>@8B< A>@BC20==O C?0:>2>: 70 C<>2 

@>7?>4V;C ?> 2AVE @>1>G8E 7>=0E =0 D0@<0F52B8G=V9 :>=25є@=V9 ;V=VW 

A>@BC20==O. �030;P=89 284 0;3>@8B<C ?@54AB02;5=> =0 @8A. 2.8. 
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$8AC=>: 2.8 3 �030;P=89 0;3>@8B< A>@BC20==O C?0:>2>: 70 C<>2 @>7?>4V;C 

?> 2AVE @>1>G8E 7>=0E =0 D0@<0F52B8G=V9 :>=25є@=V9 ;V=VW 

#>G0B>: 

�=VFV0;V70FVO 40=8E: 
; ; ; ; ; 

; ;  

� ?>G0B:>289 <><5=B G0AC 
;  

!0 :>6=><C G0A>2><C :@>FV 
: 

 

$>7?>4V; C?0:>2>: =0 @>1>GV 
<VAFO: 

 

$>7@0EC=>: G0AC A>@BC20==O 
=0 :>=25є@V: 

 

$>7@0EC=>: G0AC A>@BC20==O 
@>1>B0<8: 

 

$>7@0EC=>: G0AC <5@B2>W 7>=8: 

 

A 

A 

"=>2;5==O :V;P:>ABV 2V;P=8E 
@>1>BV2 V @>1>G8E 7>= 

;  

"=>2;5==O G0AC <>45;N20==O: 

 

 
&0: 

!V 

�82545==O @57C;PB0BV2 
<>45;N20==O 

�V=5FP 
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$>7@>18<> ?@>3@0<=C @50;V70FVN @>7@>1;5=>3> <5B>4C <>45;N20==O 

@>7?>4V;C C?0:>2>: ?> @>1>G8E 7>=0E @>1>BV2 A>@BC20;P=8:V2 =0 

D0@<0F52B8G=V9 :>=25є@=V9 ;V=VW A>@BC20==O 70 ?@8=F8?>< @>7?>4V;C 

C?0:>2>: ?> 2AVE @>1>G8E 7>=0E <>2>N Python C A5@54>28IV PyCharm 2022.2.3. 

 

class Robot: 

    def __init__(self, speed, work_zone, dead_zone): 

        self.speed = speed 

        self.work_zone = work_zone 

        self.dead_zone = dead_zone 

        self.busy = False 

def load_balancing(num_robots, conveyor_speed, total_time, num_types, 

num_per_type, sorting_time, work_zone, dead_zone): 

    robots = [Robot(speed=10, work_zone=work_zone, 

dead_zone=dead_zone) for _ in range(num_robots)] 

 

    total_items = num_types * num_per_type 

    items_per_robot = total_items // num_robots 

    for time_step in range(total_time): 

        for robot in robots: 

            if not robot.busy: 

                robot.busy = True 

   # �>40B:>2V 5B0?8 0;3>@8B<C ATC 

         # ... 

         # "=>2;5==O AB0=C @>1>BV2 B0 @>7@0EC=>: G0AC A>@BC20==O        

        for robot in robots: 

            if robot.busy: 

                sorting_speed = min(robot.speed, conveyor_speed) 

                time_taken = sorting_time / sorting_speed 

                robot.busy = False 
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    # $>7@0EC=>: @57C;PB0BV2 10;0=AC20==O 

    result_balancing = [robot.busy for robot in robots] 

    # $>7@0EC=>: :V;P:>ABV 2V4A>@B>20=8E B0 C?0:>2>:, I> 70;8H8;8AO. 

    sorted_items = sum(result_balancing) * items_per_robot 

    remaining_items = total_items - sorted_items 

    # �82545==O @57C;PB0BV2 

print("$57C;PB0B 10;0=AC20==O:", result_balancing) 

     print("+0A A>@BC20==O 70 2:070=89 G0A <>45;N20==O:", total_time) 

     print("�V4A>@B>20=> C?0:>2>::", sorted_items) 

     print("�0;8H8;>AP C?0:>2>::", remaining_items) 

# �2545==O 40=8E >?5@0B>@>< 

num_robots = int(input("�254VBP :V;P:VABP @>1>BV2: ")) 

conveyor_speed = float(input("�254VBP H284:VABP :>=25є@0 (A</A): ")) 

total_time = int(input("�254VBP 7030;P=89 G0A <>45;N20==O (A): ")) 

num_types = int(input("�254VBP :V;P:VABP B8?V2 C?0:>2>:: ")) 

num_per_type = int(input("�254VBP :V;P:VABP C?0:>2>: :>6=>3> B8?C: ")) 

sorting_time = float(input("�254VBP G0A A>@BC20==O 4;O @>1>BV2 (A): ")) 

work_zone = float(input("�254VBP @>7<V@ @>1>G>W 7>=8 @>1>B0 (A<): ")) 

dead_zone = float(input("�254VBP @>7<V@ <5@B2>W 7>=8 @>1>B0 (A<): ")) 

# #@8:;04 28:>@8AB0==O 

load_balancing(num_robots, conveyor_speed, total_time, num_types, 

num_per_type, sorting_time, work_zone, dead_zone). 

#@>2545<> =87:C 4>A;V465=P @>7@>1;5=>3> <5B>4C @>7?>4V;C C?0:>2>: 

?> @>1>G8E 7>=0E @>1>BV2-A>@BC20;P=8:V2 =0 D0@<0F52B8G=V9 :>=25є@=V9 ;V=VW 

A>@BC20==O 70 ?@8=F8?>< @>7?>4V;C C?0:>2>: ?> 2AVE @>1>G8E 7>=0E. �;O 

7@CG=>ABV 0=0;V7C 2V7P<5<> 28EV4=V 40=V 5:A?5@8<5=BC 1 B0 5:A?5@8<5=BC 2, O:V 

1C;8 ?@>2545=V ?@8 4>A;V465==OE @>7@>1;5=>3> <5B>4C @>7?>4V;C C?0:>2>: ?> 

@>1>G8E 7>=0E @>1>BV2-A>@BC20;P=8:V2 =0 D0@<0F52B8G=V9 :>=25є@=V9 ;V=VW 

A>@BC20==O 70 ?@8=F8?>< @>7?>4V;C C?0:>2>: 70 >1@0=8<8 @>1>G8<8 7>=0<8 

B0 ?@>2545<> ?>@V2=O==O >B@8<0=8E @57C;PB0BV2. $57C;PB0B8 <>45;N20==O 
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28I5 70?@>?>=>20=>3> <5B>4C A>@BC20==O 70 ?@8=F8?>< @>7?>4V;C C?0:>2>: 

?> 2AVE @>1>G8E 7>=0E =02545=V 2 B01;. 2.7 V =0 @8A. 2.9. 

 

&01;8FO 2.7 3 $57C;PB0B8 <>45;N20==O ?5@H>3> 5:A?5@8<5=BC @>1>B8 

:>=25є@=8E ;V=V9 A>@BC20==O 70 ?@8=F8?>< @>7?>4V;C C?0:>2>: ?> 2AVE 

@>1>G8E 7>=0E. 

�84 
C?0:>2:8 

�V;P:VABP 
(HB) 

%5@54=V9 
G0A 

A>@BC20==O 
(A) 

�V4A>@B>20=> C?0:>2>:  
(HB) !5 

2V4A>@B>20=> 
(HB) $>1>B1 $>1>B2 $>1>B3 

1 150 27.196   75 37 10 28 

2 150 46.236   27 26 48 49 

3 150 65.110   12 31 22 85 

 

$8AC=>: 2.9 3 �><1V=>20=V9 3@0DV: @57C;PB0BV2 <>45;N20==O ?5@H>3> 

5:A?5@8<5=BC @>1>B8 :>=25є@=8E ;V=V9 A>@BC20==O 70 ?@8=F8?>< @>7?>4V;C 

C?0:>2>: ?> 2AVE @>1>G8E 7>=0E 

 
!0 :><1V=>20=><C 3@0DV:C AB>2?G0AB89 3@0DV: ?>:07Cє :V;P:VABP 

2V4A>@B>20=8E C?0:>2>: 4;O :>6=>3> @>1>B0, 0 ;V=VO 3 A5@54=V9 G0A A>@BC20==O 

4;O :>6=>3> 284C C?0:>2:8. 
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#@>2545<> 0=0;V7 B0 ?>@V2=Oє<> >B@8<0=V @57C;PB0B8 4@C3>3> 

5:A?5@8<5=BC <>45;N20==O @>1>B8 :>=25є@=>W ;V=VW A>@BC20==O 

D0@<0F52B8G=>W ?@>4C:FVW. $57C;PB0B8 <>45;N20==O 4@C3>3> 5:A?5@8<5=BC 

A>@BC20==O B8?V2 C?0:>2>: 70 ?@8=F8?>< @>7?>4V;C C?0:>2>: ?> 2AVE @>1>G8E 

7>=0E @>1>B0< =02545=> 2 B01;. 2.8. B0 C 283;O4V :><1V=>20=>3> 3@0DV:C =0 

@8A. 2.10 

 

&01;8FO 2.8 3 $57C;PB0B8 <>45;N20==O 4@C3>3> 5:A?5@8<5=BC @>1>B8 

:>=25є@=8E ;V=V9 A>@BC20==O 70 ?@8=F8?>< @>7?>4V;C C?0:>2>: 70 2AV<0 

@>1>G8<8 7>=0<8 @>1>B0<. 

�84 
C?0:>2:8 

�V;P:VABP 
(HB) 

%5@54=V9 
G0A 

A>@BC20==O 
(A) 

�V4A>@B>20=> C?0:>2>:  
(HB) !5 

2V4A>@B>20=> 
(HB) $>1>B

1 
$>1>B

2 
$>1>B

3 
$>1>B

4 
$>1>B

5 

1 1500 90.122 209 160 180 106 194 651 
2 2560 120.406 123 167 80 95 68 2027 

3 3200 100.203 154 178 94 105 86 2583 

4 2800 60.081 256 195 201 145 212 1791 

5 3800 80.162 224 173 212 132 232 2827 

 

*5 40є <>6;82VABP 7@>18B8 =0ABC?=V 28A=>2:8: 70 @57C;PB0B0<8 

<>45;N20==O 4@C3>3> 5:A?5@8<5=BC @>1>B8 :>=25є@=8E ;V=V9 A>@BC20==O 70 

?@8=F8?>< @>7?>4V;C C?0:>2>: ?> 2AVE @>1>G8E 7>=0E <>6=0 ?V4AC<C20B8, I> 

@>7@>1;5=89 0;3>@8B< 7030;>< ?@0FNє 5D5:B82=>. �V= 4>72>;Oє @>7?>4V;8B8 

=020=B065==O <V6 @>1>B0<8, I> 70157?5GCє ?@>4C:B82=VABP A>@BC20==O =0 

28A>:><C @V2=V. "4=0:, 7@>AB0==O :V;P:>ABV C?0:>2>: 2?;820є =0 

?@>4C:B82=VABP, >A:V;P:8 2 45O:8E :0B53>@VOE 70;8H0єBPAO 7=0G=0 :V;P:VABP 

=52V4A>@B>20=8E >1’є:BV2. 

&0:, 4;O ?5@H>W :0B53>@VW (1500 HB.) 2AV @>1>B8 CA?VH=> 2?>@0;8AO 7V 

A2>єN G0AB8=>N 7040GV, ?@>B5 ?52=0 :V;P:VABP C?0:>2>: (651 HB.) 70;8H8;0AO 

=52V4A>@B>20=>N. *5 A2V4G8BP ?@> B5, I> VA=Cє ?>B5=FV0; 4;O 24>A:>=0;5==O 

>1;04=0==O 01> 71V;PH5==O 9>3> ?>BC6=>ABV, I>1 ?V428I8B8 7030;P=C 

?@>4C:B82=VABP. 
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$8AC=>: 2.10 3 �><1V=>20=V9 3@0DV: >B@8<0=8E @57C;PB0BV2 <>45;N20==O 

4@C3>3> 5:A?5@8<5=BC @>1>B8 :>=25є@=8E ;V=V9 A>@BC20==O 70 ?@8=F8?>< 

@>7?>4V;C C?0:>2>: 70 2AV<0 @>1>G8<8 7>=0<8 @>1>B0<. 

 

' 4@C3V9 :0B53>@VW (2560 HB.) ?@>4C:B82=VABP 45O:8E @>1>BV2 1C;0 

<5=H>N, I> B0:>6 <>6=0 ?>2’O70B8 7 E0@0:B5@8AB8:0<8 >1;04=0==O, 0 =5 7 

=54>;V:0<8 0;3>@8B<C.  >45@=V70FVO >1;04=0==O <>3;0 1 A?@8OB8 1V;PH 

@V2=><V@=><C @>7?>4V;C =020=B065==O. 

' B@5BP>W B0 G5B25@B>W :0B53>@VOE (3200 V 2800 HB.) 0;3>@8B< ?>:07Cє 

30@=V @57C;PB0B8, E>G0 :V;P:VABP =52V4A>@B>20=8E C?0:>2>: 70;8H8;0AO 

7=0G=>N. *5 2:07Cє =0 B5, I> 24>A:>=0;5==O B5E=VG=>W G0AB8=8 A8AB5<8 

(H284:>ABV @>1>BV2 01> WE ?@>?CA:=>W 740B=>ABV) 4>?><>65 4>AO3B8 I5 :@0I8E 

?>:07=8:V2. 

#'OB0 :0B53>@VO (3800 HB.) ?@>45<>=AB@C20;0, I> =02VBP 70 A:;04=8E 

C<>2 0;3>@8B< 5D5:B82=> @>7?>4V;Oє 7040GV <V6 @>1>B0<8. #@>B5 7<5=H5==O 

:V;P:>ABV =52V4A>@B>20=8E C?0:>2>: <>6=0 4>AO3B8 70 @0EC=>: ?V428I5==O 
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?>BC6=>ABV 01> <>45@=V70FVW >1;04=0==O, I> 4>72>;8BP @>1>B0< ?@0FN20B8 

H284H5 B0 5D5:B82=VH5. 

"B65, 0;3>@8B< 4>1@5 040?BCєBPAO 4> @V7=8E C<>2, 0;5 4;O ?>40;PH>3> 

?V428I5==O ?@>4C:B82=>ABV A>@BC20==O @5:><5=4CєBPAO <>45@=V7C20B8 01> 

4>?>2=8B8 >1;04=0==O 4;O 1V;PH>W 5D5:B82=>ABV =0 25;8:8E ?0@BVOE C?0:>2>: 

 

2.4 �8A=>2:8 70 @>74V;>< 2 

 

' 4@C3><C @>74V;V 48A5@B0FVW 28A2VB;NєBPAO @>7@>1:0 <>45;59 

@>7?V7=020==O B8?V2 C?0:>2>: V <5B>4C 040?B82=>ABV =020=B065==O =0 

:>=25є@=C ;V=VN 4;O D0@<0F52B8G=>W ?@>4C:FVW. "A=>2=0 C2030 1C;0 ?@84V;5=0 

?>AB0=>2FV 7040GV ?0@0<5B@8G=>3> <>45;N20==O D>@<0;V70FVW C?0:>2:8, I> 

4>72>;8;> AB2>@8B8 =>2C ?0@0<5B@8G=C <>45;P, O:0 =0 2V4<V=C 2V4 VA=CNG8E 

?V4E>4V2, 70157?5GCє H284:5 V B>G=5 @>7?V7=020==O B8?V2 C?0:>2>: =0 >A=>2V 

107>28E >7=0:. *5 7=0G=> A:>@>GCє G0A, =5>1EV4=89 4;O V45=B8DV:0FVW B0 

A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW =0 :>=25є@=V9 ;V=VW. �>40B:>2> 1C;> 

@>7@>1;5=> <5B>4 040?B82=>3> =020=B065==O, O:89 4>72>;Oє @V2=><V@=> 

@>7?>4V;OB8 C?0:>2:8 ?> @>1>G8E 7>=0E @>1>BV2-A>@BC20;P=8:V2. &0:89 ?V4EV4 

24>A:>=0;Nє ?@>F5A A>@BC20==O, 70157?5GCNG8 1V;PH 5D5:B82=89 

?5@5@>7?>4V; =020=B065==O <V6 @>1>B0<8, I> 2 A2>N G5@3C ?>:@0ICє 7030;P=C 

?@>4C:B82=VABP V A:>@>GCє G0A >1@>1:8 ?@>4C:FVW. *V =>2V ?V4E>48 

70157?5GCNBP ?V428I5==O 5D5:B82=>ABV :>=25є@=8E ;V=V9 V 4>72>;ONBP 

4>AO3B8 >?B8<V70FVW A>@BC20;P=>3> ?@>F5AC, @>1;OG8 A8AB5<C 1V;PH 3=CG:>N 

B0 040?B82=>N 4> 7<V= C B8?0E ?@>4C:FVW B0 V=B5=A82=>ABV @>1>B8. !0C:>20 

=>287=0 FP>3> @>74V;C ?>;O30є 2 @>7@>1FV ?0@0<5B@8G=>W <>45;V D>@<0;V70FVW 

C?0:>2>: V <5B>4C 040?B82=>3> @>7?>4V;C =020=B065==O, I> 7=0G=> ?V428ICє 

5D5:B82=VABP ?@>F5AC A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW. 
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"A=>2=V @57C;PB0B8 4@C3>3> @>74V;C >?C1;V:>20=> C @>1>B0E [65, 99-102]. 

%?8A>: 465@5;, O:V 28:>@8AB0=> C 4@C3><C @>74V;V, =02545=> C ?5@5;V:C 465@5; 

?>A8;0=P [62-64, 66-98, 103-105] 
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3 ��"%�"!���!!/  �&"��� ���!&�(���*�� '#��"�"� !� 

�"!��Є$!�� ��!�� %"$&'��!!/ (�$ �*��&�+!"� 
#$"�'�*�� � ���"$�%&�!!/  %�%&� � �" #’.&�$!"�" 

�"$' 

 

 

3.1 '4>A:>=0;5==O <5B>4C =>@<0;V70FVW :04@C 7>1@065==O QR-:>4C 

 

�@0E>2CNG8 B5, I> @>7@>1;5=0 A8AB5<0 1C45 28:>@8AB>2C20B8AO 4;O 

A>@BC20==O C?0:>2>: 2 @0<:0E :>=25є@=>W ;V=VW, 28=8:0є 7=0G=0 2V@>3V4=VABP 

B>3>, I> >B@8<0=5 7>1@065==O QR-:>4V2 <>65 1CB8 ?>H:>465=> 2 ?@>F5AV 

B@0=A?>@BC20==O [106-111]. #@8:;04 ?>H:>465=P QR-:>4V2 =02545=> =0 @8A. 

3.1.  

 

a) 1) 2) 3) �) 

0) B5AB>289 7@07>:; 1) @>7<8BBO; 2) 70A2VB;5=VABP; 3) ?>B5@B>ABV; �) DV78G=5 

CH:>465==O 

$8AC=>: 3.1 3  #@8:;04 :04@V2 7>1@065==O QR-:>4V2 =0 :>=25є@=8E ;V=VOE 

4;O A>@BC20==O C?0:>2>: 

 

�AV FV ?>H:>465==O ?>30=> 2?;820NBP =0 G0A V45=B8DV:0FVW, 0 2 1030BP>E 

28?04:0E, O:I> A8AB5<0 =5 <>65 V45=B8DV:C20B8 C?0:>2:C, B> 2>=0 ?>B@0?;Oє 

C 2V4ABV9=8:, 0 ?>BV< C @CG=><C @568<V @>7?V7=0єBPAO B0 A>@BCєBPAO, 2=0A;V4>: 

FP>3> ?@>?>=CєBPAO  28:>@8AB>2C20B8 =0ABC?=C ?>A;V4>2=VABP 4V9: 0=0;V7 

2EV4=>3> 7>1@065==O :04@0 QR-:>4C =0 >A=>2V 48=0<VG=8E <>45;59, 40;V 

28:>@8AB0==O :>=B@0AB>71V;PHCNG>3> DV;PB@0 (I>1 28?@028B8 «@>7<8BBO», 
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«70A2VB;5=VABP», «?>B5@B>ABV» (@8A. 3.1, 1 3 @8A. 3.1, 3) B0 24>A:>=0;8B8 <5B>4 

DV;PB@0FVW :04@0. 

� @>1>BV [112] @>73;O40NBPAO ?@>1;5<8 ?>1C4>28 28@VH0;P=>W DC=:FVW 

?@8 7<5=H5==V 2V4=>H5==O A83=0;/HC< ?>B>G=>3> 7>1@065==O. � 40=V9 AB0BBV 

28:>@8AB>2CєBPAO =01V@ V=D>@<0B82=8E >7=0: 4;O 284V;5==O >1’є:B0 

?@82’O7:8, 0 A0<5 :>=B@0AB=>ABV, OA:@02>ABV 0 B0:>6 >1;0ABP 9>3> 

@>7B0HC20==O. � B>9 65 G0A 4;O >1@>1:8 7>1@065=P 2 @>1>BV [113] 

28:>@8AB>2CєBPAO DV;PB@ �0;<0=0. �0?@>?>=>20=5 2 73040=V9 @>1>BV @VH5==O 

1C45 G0AB:>2> 28:>@8AB0=5 ?@8 @>7@>1FV ?@>3@0<=>3> 70157?5G5==O 4;O 

@>1>B8 V7 QR-:>4><. 

)09, 2 @0<:0E FP>3> 4>A;V465==O 4;O 0=0;V7C 7>1@065==O :04@0 QR-:>4C 

1C45<> 28:>@8AB>2C20B8 42>28<V@=V 48A:@5B=V ;V=V9=V B0 =5;V=V9=V <>45;V, I> 

40NBP <>6;82VABP >?8A0B8 48=0<V:C ?>25@E=V >B@8<0=>3> 7>1@065==O C 

?@>AB>@V. &>4V ;V=V9=C <>45;P <>6=0 >?8A0B8 =0ABC?=>W A8AB5<>N @V2=O=P: 

 {ą(ā + 1) = ýą(ā) + þă(ā), ă(ā) j ą(0, Ĉ); ą(0) = ą0Ć(ā) = ÿą(ā) + Ą(ā), Ą(ā) j ą(0, ĉ)  (3.1) 

 

45  y(t) 3 25:B>@ 7>1@065==O;  

x(t) 3 25:B>@ AB0=C 48=0<VG=>W <>45;V;  

A 3 <0B@8FO->?5@0B>@ <>45;V;  

B 3 <0B@8FO DV;PB@0 :>27=>3> A5@54=P>3>;  

C 3 <0B@8FO DC=:FV>=0;P=>3> ?5@5B2>@5==O ?@8 28<V@N20==V 7=0G5=P 

5;5<5=BV2 7>1@065==O :04@0 QR-:>4C;  

v(t), w(t) 3 25:B>@ 30CA>2>3> F5=B@>20=>3> HC<C 7 :>@5;OFV9=8<8 

DC=:FVO<8 Q B0 R;  

x0 3 25:B>@ ?>G0B:>28E 01> 3@0=8G=8E 7=0G5=P.  

 0B@8FO 3 >?5@0B>@ (A) (3.1) 1C45 <0B8 =0ABC?=C AB@C:BC@C: 
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 ý = [ 0 1 00 0 12þĀ 2þĀ21 2þ1] (3.2) 

 

45 M 3 ?>@O4>: <>45;V, ai 3 ?0@0<5B@8 >?5@0B>@0 <>45;V. 

� >3;O4C =0 B5, I> 4>A;V465==O ?@>2>48BPAO 7 7>1@065==O< :04@0 QR-

:>4C, ?@>2545<> A?@>I5==O E0@0:B5@8AB8: 25:B>@V2 HC<C, 7@>182H8 B0:5 

?@8?CI5==O (3.3): 

 Ĉ(ā) = ĉ(ā) = �2ÿ(ā) (3.3) 

 

45 �2 3 48A?5@AVO 30CA>2>3> HC<C, ÿ(ā) 3 45;PB0-DC=:FVO. 
' (3.1) <>6;82> ?@54AB028B8 O: 02B>@53@5AVN 7 ARMA (AutoRegression 

and Moving Average), B>4V <>45;P ?@89<5 =0ABC?=89 283;O4: 

 

Ăÿ,Ā = 2 ∑ þă,ĄĂÿ2ă,Ā2Ą 2 ∑ ÿă,ĄĄÿ2ă,Ā2Ąÿ,Ā
ă,Ą=0

ÿ,Ā
ă,Ą=0(ă,Ą≠0)  (3.4) 

 

45 Ăÿ,Ā 3 2V4;V:8 A83=0;C 7>1@065==O :04@C QR-:>4C; þă,Ą 3 :>5DVFVє=B8 ;V=V9=>3> ?5@5410G5==O (�#) ; Ąÿ2ă,Ā2Ą 3 2V4;V:8 1V;>3> HC<C; 

P,Q 3 ?0@0<5B@8, I> 7040NBP ?>@O4>: ?> :>>@48=0B0E (OX,OY) ; 

bm,n,L,M 3 :>5DVFVє=B8 B0 ?>@O4>: A:;04>2>W :>27=>3> A5@54=P>3>. 

/: <>6=0 10G8B8, >B@8<0=0 <>45;P (3.4), A:;045BPAO 7 <>45;V AR 

(Autoregression), I> 40є <>6;82VABP >?8A0B8 48=0<VG=V 2;0AB82>ABV A83=0;C B0 

:;0A8DV:0FVW 28:>@8AB>2CNBP 02B> @53@5AV9=C A:;04>2C B0 MA (moving average 

3 :>27=5 A5@54=є) ?>E81:8 O: 4>?><V6=C, I>1 >E0@0:B5@87C20B8 <>45;P AR. 

�8E>48<> 7 B>3>, I> 4;O V45=B8DV:0FVW C?0:>2:8, 28:>@8AB>2CєBPAO :04@, O:89 

2 ?@>F5AV @>1>B8 :>=25@BCєBPAO 7 RGB C Crayscale. *5 40є <>6;82VABP 

A?@>AB8B8 <>45;P (3.4), 4> =0ABC?=>3> 283;O4C:  
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Ăÿ,Ā = 2 ∑ þă,ĄĂÿ2ă,Ā2Ą + Āÿ,Āÿ,Ā
ă,Ą=0(ă,Ą≠0)  (3.5) 

 

45 Āÿ,Ā 3 2V4;V:8 ?>E81:8 7 48A?5@AVєN �2. 

�8E>4OG8, 7 >B@8<0=>W <>45;V (3.5) :>5DVFVє=B, <>6=0 7=09B8 70 

4>?><>3>N <5B>40 =09<5=H8E :204@0BV2, I> 4>72>;Oє :>@83C20B8 GCB;82VABP 

>B@8<0=>W <>45;V 4> =57=0G=8E D;C:BC0FV9 (@8A. 3.1 1-3). *5 4>AO30єBPAO 

7024O:8 B><C, I> ?0@0<5B@8 <>45;V =5 70;560BP 2V4 7AC2C 107>2>3> D@03<5=B0 

:04@C QR-:>4C 2V4=>A=> :>>@48=0B, C O:8E 287=0G5=> :04@. �;O 70157?5G5==O 

V=20@V0=B=>ABV <>45;V (3.5) 4> 7AC2C :>>@48=0B B0 WW 045:20B=>ABV, 2>=0 ?>28==0 

28:>=C20B8 DC=:FVW 0?@>:A8<0FVW V 5:AB@0?>;OFVW 40=8E A83=0;C, I> =04E>48BP 

V7 7>1@065==O, >B@8<0=>3> 7 :04@C QR-:>4C. /:I> <>45;P 28O2;OєBPAO 

=5045:20B=>N, C <560E FP>3> 4>A;V465==O ?@>?>=CєBPAO 28:>@8AB>2C20B8 

48A:@5B=C =5;V=V9=C <>45;P C 283;O4V @O4C �>;PB5@0 [114].  

/: :@8B5@V9 045:20B=>ABV <>45;V <>6=0 28:>@8AB>2C20B8 

A?V22V4=>H5==O <V6 ?>BC6=VABN A83=0;C 7>1@065==O :04@C QR-:>4C B0 

25;8G8=>N ?>E81:8 B0 <>65 1CB8 287=0G5=> G5@57 Signal to Noise Ratio (SNR) 

[115] 

 Ċąĉ = 20ĂĀ ć(Ă)��2  (3.6) 

 

45  P(u) 3 ?>BC6=VABP A83=0;C 107>2>3> D@03<5=BC 7>1@065==O :04@C QR-

:>4C; 

Ã2Ä  3 48A?5@AVO HC<C ?>E81:8.  

!0ABC?=8< :@>:>< 4;O >1@>1:8 >B@8<0=>3> :04@C QR-:>4C, 

?@>?>=CєBPAO 28:>@8AB>2C20B8 <54V0==89 DV;PB@ ( (). *5 40є <>6;82VABP 

?>A;V4>2=> >1@>18B8 :>6=C B>G:C >B@8<0=>3> :04@C, 2 @57C;PB0BV G>3> 

CB2>@NєBPAO ?>A;V4>2=VABP >FV=>:.  54V0==0 DV;PB@0FVO ?5@5410G0є 
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28:>@8AB0==O 0?5@BC@8 DV;PB@0, O:0 70728G09 <0є F5=B@0;P=C A8<5B@VN, ?@8 

FP><C F5=B@ 0?5@BC@8 7=0E>48BPAO 2 B>GFV DV;PB@0FVW  [116]. � 40=><C 28?04:C 

?@>?>=CєBPAO 28:>@8AB>2C20B8  (, I> <0є :204@0B=C 0?5@BC@C 7V AB>@>=>N 

@V2=>N 3. /:I>  ( 7=86Cє ;>:0;P=C :>=B@0AB=VABP 7>1@065==O :04@C QR-

:>4C, ?@>?>=CєBPAO 28:>@8AB>2C20B8 :>=B0AB>71V;PHCNG89 DV;PB@. /4@>< 

:>=B@0AB>71V;PHCNG>3> DV;PB@0 <0є 7=0G5==O, 1V;PH5 1 C B>GFV (0,0), ?@8 

7030;P=V9 AC<V 2AVE 7=0G5=P @V2=V9 1.  

#@8:;048, :>=B@0AB>71V;PHCNG>3> DV;PB@0 7 O4@><, I> 7040єBPAO 

<0B@8F5N Mn
contr, ?@54AB02;5=> 2 (3.7). 

 Ą1ýąĄā = ( 0 21 021 5 210 21 0 )  Ą2ýąĄā = (21 21 2121 9 2121 21 21) (3.7) 

 

/: <>6=0 10G8B8 7 (3.7), 5D5:B ?V428I5==O :>=B@0ABC 4>AO30єBPAO 70 

@0EC=>: B>3>, I> DV;PB@ ?V4:@5A;Nє @V7=8FN <V6 V=B5=A82=>ABO<8 ACAV4=VE 

?V:A5;V2, 2840;ONG8 FV V=B5=A82=>ABV >4=C 2V4 >4=>W. 

"AB0==V< :@>:>< @>1>B8 7 >B@8<0=8< :04@>< 7>1@065==O QR-:>4C, 

?@>?>=CєBPAO >G8I5==O 7>1@065==O :04@0 2V4 @V7=8E 284V2 HC<V2 =0 107V 

C4>A:>=0;5=>3> <5B>40 DV;PB@0FVW 7>1@065==O Susan [117, 118]. �0728G09, ?@8 

28:>@8AB0==V <5B>4C Susan @>73;O40єBPAO 3@C?0 ?V:A5;V2 5*5 5;5<5=BV2, 

F5=B@0;P=89 ?V:A5;P FVєW <0B@8FV є B8<, I> ?V4;O30є 0=0;V7C. � @0<:0E 40=8E 

4>A;V465=P 4;O 02B><0B8G=>3> <5B>4C >1@>1:8 :04@V2 ?@>?>=CєBPAO QR-:>4 

7<5=H8B8 4> 3*3. �8:>@8AB0==O <0B@8FV ?V:A5;V2 3*3 :V;P:0 C?>2V;P=Nє 

@>1>BC A8AB5<8, 0;5 ?>:07Cє 1V;PH B>G=V @57C;PB0B8, =5>1EV4=V 4;O 7G8BC20==O 

B0 45:>4C20==O V=D>@<0FVW 7 QR-:>4C.  

' E>4V ?5@52V@:8 @>7@0E>2CєBPAO 2V4E8;5==O OA:@02>ABV ?V:A5;O 2V4 

A5@54=P>W OA:@02>ABV. /:I> DV;PB@ «28@VHCє», I> B0:>3> ?V:A5;O 1CB8 =5 

?>28==>, 9>3> «3CG=5» 7=0G5==O 70<V=NєBPAO =>28<, @>7@0E>20=8< =0 >A=>2V 

>B>GCNG8E ?V:A5;V2. �@8B5@V9 287=0G5==O HC<C 2 40=><C <5B>4V ?>;O30є 2 

@>73;O4V n  ?V:A5;V2, I> ?>B@0?8;8 2 <0B@8FN ?V:A5;V2.  
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%C<C 2V4E8;5=P OA:@02>ABV ?V:A5;V2 2V4 A5@54=P>3> 7=0G5==O <>6;82> 

@>7@0EC20B8 O:: 

Ċ = ∑∆ÿĄ21
ÿ=1  (3.8) 

 

45 ∆ÿ= |ÿ̅ 2 ÿÿ|; ÿÿ 3 7=0G5==O ?V:A5;O i; ÿ̅ 3 A5@54=є 7=0G5==O OA:@02>ABV, O:0 @>7@0E>2CєBPAO 73V4=> 28@07C: 

 

ÿ̅ = ∑ ÿÿĄĄ21
ÿ=0  (3.9) 

 

�87=0G0єBPAO 2V4=>A=89 2:;04 2V4E8;5==O ∆ā ?V:A5;O, I> ?V4;O30є 

0=0;V7C 2 7=0G5==V s 

 ćā = ∆āĊ  (3.10) 

 

45  k 3 =><5@ ?V:A5;O, I> ?V4;O30є 0=0;V7C. 

�V@>3V4=>, I> ∑ ĆÿĄ21ÿ=0 = 1. 

/:I> 2 @>73;O=CB><C D>@<0BV 7>1@065==O :04@0 A?>AB5@V30єBPAO 

@V2=><V@=89 @>7?>4V; OA:@02>ABV ?V:A5;V2, B> V 7=0G5==O pi 1C45 =5A8;P=> 

2V4<V==8< 2V4 1/n. /A:@02VABP HC<>2>3> ?V:A5;O 7=0G=> 2V4@V7=OєBPAO 2V4 

A5@54=P>W OA:@02>ABV >B>GCNG8E 9>3> ?V:A5;V2. �5;8G8=0 ∆ā  B0:>3> ?V:A5;O 

1V;PH =V6 C V=H8E ?V:A5;V2, 0 F5 7=0G8BP, I> Pk 1C45 ?5@528IC20B8 1/n. *5 V є 

:@8B5@Vє< HC<>2>3> ?V:A5;O, O:I> Pk >1/n, 7=0G8BP ?V:A5;P k є HC<>28<.  

#VA;O 28O2;5==O HC<>2>3> ?V:A5;O =5>1EV4=> 28@VH8B8, I> 7 =8< 

@>18B8, BCB є 420 20@V0=B8: 

3 70<V=8B8 HC<>289 ?V:A5;P A5@54=V< 7=0G5==O< ÿ̅; 
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3 70<V=8B8 HC<>289 ?V:A5;P A5@54=V< 7=0G5==O<8, ?>@0EC202H8 7 

C@0EC20==O<8 7=0G5=P 2AVE ?V:A5;V2 70 28=OB:>< HC<>2>3>. 

� 40=><C 28?04:C ?@>?>=CєBPAO, 70<V=8B8 HC<>289 ?V:A5;P A5@54=V< 

7=0G5==O<8, ?>@0EC202H8 7 C@0EC20==O<8 7=0G5=P 2AVE ?V:A5;V2, I> =5 

704>2>;P=ONBP :@8B5@VN 2V41>@C HC<C.  

 

3.2 '4>A:>=0;5==O <5B>4C :>4C20==O V=D>@<0FVW 

 

�;O C4>A:>=0;5==O <5B>4C :>4C20==O V=D>@<0FVW C QR-:>40E 

?@>?>=CєBPAO 28:>@8AB>2C20B8 3 «>?5@0B>@ 22545==O =04<V@=>ABV» (G0AB> 

B0:>6 28:>@8AB>2CєBPAO B5@<V= «<0A:0»). ' QR-:>40E F5 2V4=>A8BPAO 4> 

>4=>3> 7 <5B>4V2 :>@5:FVW ?><8;>:, O:89 4>72>;Oє ?>:@0I8B8 =04V9=VABP 

G8B0==O :>4C C @07V 9>3> ?>H:>465==O 01> A?>B2>@5==O . 

�>;8 QR-:>4 AB2>@NєBPAO, 2 =P>3> 21C4>2CєBPAO 4>40B:>20 V=D>@<0FVO, 

O:0 <>65 1CB8 28:>@8AB0=0 4;O 2V4=>2;5==O 40=8E C @07V WE=P>W G0AB:>2>W 

2B@0B8. *59 ?@>F5A =07820єBPAO :>@5:FVєN ?><8;>:, V 2V= 74V9A=NєBPAO 7 

28:>@8AB0==O< >?5@0B>@0 22545==O =04<V@=>ABV. 

�>@>B:> :06CG8, >?5@0B>@ 22545==O =04<V@=>ABV 4>40є "=04;8H:>2V" 

1VB8 V=D>@<0FVW 4> >A=>2=8E 40=8E QR-:>4C. /:I> :>4 G0AB:>2> ?>H:>465=> 

01> A?>B2>@5=>, FV 4>40B:>2V 1VB8 <>6CBP 1CB8 28:>@8AB0=V 4;O 2V4=>2;5==O 

2B@0G5=8E 40=8E. $V7=V @V2=V :>@5:FVW ?><8;>: =040NBP @V7=C :V;P:VABP 

=04;8H:>28E 1VB, I> 2?;820є 740B=VABP :>4C A?@02;OB8AO 7 CH:>465==O<8. 

' :>=B5:ABV AB2>@5==O QR-:>4C 70728G09 є >?FVW 4;O 281>@C @V2=O 

:>@5:FVW ?><8;>: 2 70;56=>ABV 2V4 >GV:C20=>3> @V2=O ?>H:>465=P, 7 O:8<8 

<>65 7VB:=CB8AO :>4. �8A>:89 @V25=P :>@5:FVW ?><8;>: <>65 1CB8 :>@8A=8<, 

=0?@8:;04, ?@8 @>7<VI5==V QR-:>4C =0 ?>25@E=V, O:0 <>65 707=020B8 AB8@0==O 

01> V=H8E ?>H:>465=P. 

�8E>4OG8 7 FP>3> 2 @0<:0E 40=8E 4>A;V465=P ?>7=0G8<> >?5@0B>@ 

=04<V@=>ABV (ℑ) V ?@>?>=Cє<> @50;V7C20B8 O: 45O:C ?@>F54C@C <0AHB01C20==O 
1V=0@=>3> 7>1@065==O QR-:>4C 2 ?52=C :V;P:VABP @07V2 <5B>4>< =091;86G>3> 
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ACAV40 (k).  5B>4 "=091;86G>3> ACAV40" (1V;V=V9=0 V=B5@?>;OFVO) 

28:>@8AB>2CєBPAO 4;O >1G8A;5==O 7=0G5==O =>2>3> ?V:A5;O =0 >A=>2V 

=02:>;8H=VE ?V:A5;V2 [119]. *5 4>72>;Oє 73;048B8 ?5@5E>48 <V6 ?V:A5;O<8 B0 

715@53B8 45B0;V 7>1@065==O ?@8 7<V=V @>7<V@C. ' :>=B5:ABV QR-:>4C F5 <>65 

1CB8 206;828<, >A:V;P:8 715@565==O GVB:>ABV B0 G8B0==O :>4C ?@8 @V7=8E 

@>7<V@0E <>65 1CB8 :@8B8G=8<. #5@52038 28:>@8AB0==O <5B>4C "=091;86G>3> 

ACAV40" 2 @0<:0E 40=8E 4>A;V465=P 40є <>6;82VABP ?@8 <0AHB01C20==V: 

3 715@565==O GVB:>ABV B0 G8B015;P=>ABV V=D>@<0FVW.  5B>4 «=091;86G>3> 

ACAV40» 70157?5GCє 73;046C20==O V 715@565==O 45B0;59 7>1@065==O, I> 

>A>1;82> :>@8A=> 4;O QR-:>4C, 45 206;820 GVB:0 AB@C:BC@0, I> G8B0єBPAO, 

>A>1;82> I>4> :>=25є@=8E ;V=V9 A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW; 

3 <V=V<V70FVO A?>B2>@5=P. *59 <5B>4 4>?><030є 7<5=H8B8 A?>B2>@5==O 

B0 2B@0BC V=D>@<0FVW ?@8 7<V=V @>7<V@V2 7>1@065==O; 

3 G8B0==O QR-:>4C. #@8 715@565==V GVB:>ABV B0 G8B0==O :>4C =02VBP ?@8 

7<V=V @>7<V@C QR-:>4C, ?@8 45O:><C @>7<VI5==V C?0:>2:8 =0 :>=25є@=V9 ;V=VW 

[120]. 

�=0A;V4>: G>3> >?5@0B>@ =04<V@=>ABV (ℑ) <>6=0 D>@<0;V7C20B8 O:: 
 ý(ā,Ă)(ÿ, Ā) = ýą(ą, Ć) (3.11) 

 

45  d0 3 7>1@065==O QR-:>4C; 

d 3 1;>G=>-71V;PH5=5 7>1@065==O;  

(x,y) 3 :>>@48=0B8 ?V:A5;V2 C QR-:>4V;  

(i,j) 3 :>>@48=0B8 ?V:A5;V2 C <560E :>6=>3> 1;>:C 70 C<>2 I>  

(i,j)= 0..k-1. 

"?5@0B>@ @0=4><=>W ?5@5AB0=>2:8 40=8E (�) ?@>?>=CєBPAO @50;V7C20B8 C 
283;O4V =0ABC?=>3> 28@07C 70 4>?><>3>N 28:>@8AB0==O ?5@5AB0=>2:8 s, O:0 

70A=>20=0 =0 ?>;V=><-35=5@0B>@V =0 107V 0@8D<5B8:8 7 ?>;V=><0<8 2 ?>;OE 

�0;C0. 
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 �(ā 2,Ă2) = ý(ą 2, Ć2)(Ā) (3.12) 

 

45  � 3 1;>: @0=4><=>3> 7>1@065==O; (ą 2, Ć2) 3 =C<5@>20=V ?V:A5;V ?VA;O ?5@5AB0=>2:8 

s 3 ?>;V=><-35=5@0B>@. 

#>;V=><-35=5@0B>@ (s) <>6=0 ?>40B8 C 283;O4V: 

 Ā = (þ1 2 ą) ⋅ (þ2 2 ą) ⋅ & ⋅ (þĀ 2 ą) (3.13) 

 

45  þ 3 ?@8<VB82=89 G;5= ?>;O; Ą 3 :V;P:VABP =04;8H:>28E A8<2>;V2 C QR-:>4V. 

�0@B> 70C2068B8, I> 4;O 287=0G5==O :V;P:VABP =04;8H:>28E A8<2>;V2 C 

QR-:>4V 2 @0<:0E 40=8E 4>A;V465=P 22060B8<5<> 4>AB0B=V<, C 283;O4V 

?5@5<=>65==O 1V=><8 284C (þĄ 2 ą) C =5>1EV4=V9 B0 4>AB0B=V9 :V;P:>ABV 7 
C@0EC20==O< ?@028; ?5@5<=>65==O ?>;V=><V2. 

#@8:;04: 4;O :04@C20==O V=D>@<0FVW C QR-:>4V, 1C45<> 

28:>@8AB>2C20B8 4 =04;8H:>2V A8<2>;8, B>4V =0 107V 28@07C (3.13) ?>;V=><-

35=5@0B>@ (s) =01C45 =0ABC?=>3> 283;O4C: 

 (21 2 ą) ⋅ (22 2 ą) ⋅ (23 2 ą) ⋅ (24 2 ą) (3.14) 

 

/: <>6=0 10G8B8 7 (3.14) F59 28@07 <>6=0 V45=B8DV:C20B8 7 ?>;5< �0;C0 

7 E0@0:B5@8AB8:>N 2. ' FP><C 28?04:C F5 4>72>;Oє 70<V=8B8 7=0: 3 =0 +, 725AB8 

2 ABC?V=P V ?@>25AB8 ?5@5<=>65==O 70 ?@028;0<8 �0;C0 GF [256] 

?>@>46C20;P=89 ?>;V=><, O:89 ?@54AB02;5=89 C 28@07V (3.5). 

 (2 + ą) ⋅ (4 + ą) ⋅ (8 + ą) ⋅ (16 + ą) == 116 + 231ą + 216ą2 + 30ą + ą4 
(3.15) 
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� 28@07C (3.15) <>65<> ?><VB8B8, I> :>@V==O< >B@8<0=>3> ?>;V=><0 є 

ABC?V=P ?@8<VB82=>3> G;5=0, O:: 2, 4, 8, 16. #@8 FP><C 20@B> ?><VB8B8, O:I> 

27OB8 O:89-=51C4P V=H89 ?>;V=><, V ?><=>68B8 9>3> =0 x4, 45 4 3 :V;P:VABP 

=04;8H:>28E A8<2>;V2, B> 2 @57C;PB0BV 289B8 B0:89 65 ?>;V=><, 7 

4>?>2=5==O< 283;O4V =C;V2 ?5@54 ?5@H8<8 4 <>;>4H8<8 ABC?5=O<8. &5?5@ 

2V7P<5<> V >B@8<0=89 @57C;PB0B 7 4>?>2=5==O< @>74V;8<> =0 ?>;V=><-

35=5@0B>@, V 4>40B8 70;8H>: 2V4 ?>4V;C 4> =0H>3> ?>;V=><0 7 4 =C;O<8, 9>3> 

:>@V==O< B0:>6 1C4CBP G8A;0 2, 4, 8, 16. 

�2V4A8 <>6=0 7@>18B8 28A=>2>:, I> 4;O :>4C20==O 1C4P-O:>W V=D>@<0FVW 

7 <>6;82VABN 2V4=>2;5==O ?@8 ?>H:>465==V, =5>1EV4=> 70:>4C20B8 

?>2V4><;5==O 4>268=>N (m), 4>402H8 4> =P>3> 4 =04;8H:>2V A8<2>;8, O:V 

40NBP <>6;82VABP A:>@83C20B8 2 ?><8;:8 01> 4 >?8A:8. 

� @0<:0E 40=8E 4>A;V465=P V 2 :>=B5:ABV $V40-%>;><>=0 :>4V2 B5@<V= 

"?><8;:0" 70728G09 2V4=>A8BPAO 4> =52V@=>3> 1VBC 01> A8<2>;C 2 40=8E, I> 

?5@540NBPAO ?@8 A:0=C20==V QR-:>4C. /:I>, =0?@8:;04, C ?@>F5AV A:0=C20==O 

?>2V4><;5==O AB0;>AO A?>B2>@5==O >4=>3> 01> :V;P:>E 1VBV2 G5@57 ?5@5H:>48 

01> V=HV G8==8:8, F5 22060єBPAO ?><8;:>N. &5@<V= «?><8;:0» 70728G09 

2V4=>A8BPAO 4> =528?@02;5=8E ?><8;>:, B>4V O: «?>E81:0» <>65 2:;NG0B8 2 

A515 O: 28?@02;5=V, B0: V =528?@02;5=V ?><8;:8. 

�;O 7@CG=>ABV ?>40;PH>W @>1>B8, 2 @0<:0E 40=>W @>1>B8, 22545<> 

=0ABC?=V A:>@>G5==O G5@57 =57@CG=VABP 3@><V74:>ABV ?>40==O ?>;V=><V2 V 70 

2V4ACB=>ABV =5>1EV4=>ABV 4;O ?>40;PH8E 4>A;V465=P ?>2=VABN ?@54AB02;OB8 

?>2=89 <0B5<0B8G=89 70?8A ?>;V=><0 (3.15) ?@>?>=CєBPAO =040;V 

28:>@8AB>2C20B8 BV;P:8 :>5DVFVє=B ?>;V=><0, 0 9>3> ABC?V=P x 287=0G0B8 V7 

AB0=C F8E :>5DVFVє=BV2. "B65 ?>;V=><-35=5@0B>@ 7 28@07C (3.15) <>6=0 

?@54AB028B8 C 283;O4V: 

 

{116, 231, 216, 30, 1} (3.16) 
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�@0E>2CNG8, I> <8 ?@0FNє<> V7 7>1@065==O< >B@8<0=8E 7 QR-:>4V2, B> 

28@07 (3.16) ?@54AB028<> 157 4C6>: V :>=25@BCє<> 2 HVAB=04FOB:>2C A8AB5<C 

>1G8A;5=P (Hex), B> ?>;V=><-35=5@0B>@ (3.16) =01C45 283;O4C: 

 

74 E7 D8 1E 01 (3.17) 

 

�@0E>2CNG8 70?@>?>=>20=89 70?8A (3.7), 20@B> 70C2068B8 I> 2 

HVAB=04FOB:>2><C 70?8AV =5>1EV4=> 2@0E>2C20B8 70?8A :>5DVFVє=BV2, O:V 

4>@V2=NNBP =C;N, B>1B> =5E09 ?>;V=>< <0B8<5 283;O4 0ą0 + 0ą1 + 0ą2 +0ą3 + 10ą4, >B65 C 2V4?>2V4=>ABV 4> (3.16) 3 (3.17) 40=89 ?>;V=>< 1C45 

?@54AB02;5=89 2 HVAB=04FOB:>2><C 70?8AV O: 00 00 00 00 0�. 

�35=5@Cє<> =01V@ B5AB>28E QR-:>4V2 (@8A. 3.1) 7 =0ABC?=>N V=D>@<0FVєN 

«Test object No. 1» V B.4. 

 

   
0) 1) 2) 

   

3) �) 4) 
0) Test object No. 1; 1) Test object No. 2; 2) Test object No. 3; 3) Test object No. 

4; �) Test object No. 5; 4) Test object No. 6. 

$8AC=>: 3.2 3 &5AB>2V QR-:>48 
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->1 =040B8 V=D>@<0FVN «Test object No. 1» 70H8D@>20=>3> 2 QR-:>4V 

(@8A. 3.2, 0) C ?>;V=><V=0;P=V9 D>@<V 2V4?>2V4=> 4> 70?@>?>=>20=>3> C (3.17) 

283;O4C HVAB=04FOB:>2>3> 70?8AC, 2>=0 <0B8<5 =0ABC?=89 283;O4: 

 

54 65 73 74 20 6f 62 6a 65 63 74 20 4e 6f 2e 20 31 (3.18) 

 

->1 AB2>@8B8 :>4 $V40-%>;><>=0 7 4 =04<V@=8<8 A8<2>;0<8, =5>1EV4=> 

7@CH8B8 ?>;V=>< (3.18) ?@02>@CG, I> 2V4?>2V40є 9>3> 5:2V20;5=B=><C 

<=>65==N =0 x4. �8E>4OG8 7 FP>3> (3.18) =01C45 =0ABC?=>3> 283;O4C: 

 

00 00 00 00 54 65 73 74 20 6f 62 6a 65 63 74 20 4e 6f 2e 20 31 (3.19) 

 

!0ABC?=>N 4VєN ?@>2545<> @>7?>4V; >B@8<0=>3> ?>;V=><0 (3.19) =0 

?>;V=><-35=5@0B>@ (3.17), V >B@8<0=89 70;8H>: 70?8H5<> 70<VABP 00, I> 1C45 

5:2V20;5=B=> >?5@0FVW 4>4020==O. "B@8<0=89 @57C;PB0B =02545=> C (3.20). 

 

DB 22 58 5C 54 65 73 74 20 6f 62 6a 65 63 74 20 4e 6f 2e 20 31 (3.20) 

 

&>1B> C 28@07V (3.20) >B@8<0=> :>4 $V40-%>;><>=0 7 4 =04<V@=8<8 

A8<2>;0<8 4;O V=D>@<0FVW «Test object No. 1» QR-:>4C ?@54AB02;5=>3> =0 @8A. 

3.2. QR-:>4 7 >B@8<0=8< :>4>< $V40-%>;><>=0 7 4 =04<V@=8<8 A8<2>;0<8, 

?@54AB02;5=89 =0 @8A. 3.3. 

 

 

$8AC=>: 3.3 3 QR-:>4 C 283;O4V :>4C $V40-%>;><>=0 7 4 =04<V@=8<8 

A8<2>;0<8, O:89 <VAB8BP B5:AB «Test object No. 1» 
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�0@B> 70C2068B8 =87:C >1<565=P ?@8 @>1>BV 7 C4>A:>=0;5=8< <5B>4>< 

V45=B8DV:0FVW B0 @>7?V7=020==O 70A=>20=89 =0 :>4V $V40-%>;><>=0. 

1. #>@O4>: 70?8AC ABC?5=O ?@8 ?>40==V ?>2V4><;5=P C ?>;V=><V <0є 

7=0G5==O, B>1B>: 

 121ą4 + 145ą3 + 223ą2 + 21ą1 + 1ą0 bb 121ą0 + 145ą1 + 223ą2 + 21ą3 + 1ą4 

(3.21) 

 

"B65 =5>1EV4=> ?@8 28:>@8AB0==V 24>A:>=0;5=>3> <5B>4C, A?>G0B:C 

287=0G8B8AO 7 ?>@O4:><, B0: O: ?@8 ?5@5B2>@5==V ?>2V4><;5=P C ?>;V=><, 

?>@O4>: <0є 7=0G5==O. &><C 7'O2;OєBPAO 4@C35 >1<565==O. 

2. �>4020==O =04;8H:>28E A8<2>;V2 (3.19): 2>=8 ?V4AB02;ONBPAO A0<5 2 

<>;>4H><C ABC?5=V ?@8 :>4C20==V, 2V4 281>@C ?>@O4:C ABC?5=V2 ?@8 ?>40==V 

?>2V4><;5==O 70;568BP ?>;>65==O =04;8H:>28E A8<2>;V2 3 =0 ?>G0B:C 01> 

=0?@8:V=FV 70:>4>20=>3> ?>2V4><;5==O. 

3. #>;V=><-35=5@0B>@ <0є GVB:89 70?8A ABC?5=O, B>1B> ?>;V=>< 

?>G8=0B8AO =5 7 ?5@H>3> ABC?5=O (þ1 2 ą) ⋅ (þ2 2 ą) ⋅ & ⋅ (þĀ 2 ą), 0 7 
=C;P>2>3>: (þ0 2 ą) ⋅ (þ1 2 ą) ⋅ & ⋅ (þĀ21 2 ą) - =55:2V20;5=B=V 70?8A8 >4=>3> 
9 B>3> 6, =0ABC?=V >1G8A;5==O 2V4@V7=OB8<CBPAO 70;56=> 2V4 @50;V7>20=>3> 

281>@C. 

':@C?=5=89 0;3>@8B< :>4C20==O V=D>@<0FVW QR-:>4 7 4>?><>3>N 

?>;V=><-35=5@0B>@0 283;O4V :>4C $V40-%>;><>=0 ?@54AB02;5=89 @8AC=:C 3.4. 
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$8AC=>: 3.4 3 ':@C?=5=89 0;3>@8B< :>4C20==O V=D>@<0FVW QR-:>4 70 

4>?><>3>N ?>;V=>< 3 35=5@0B>@0 C 283;O4V :>4C $V40-%>;><>=0 

 

#>G0B>: 

�=0;V7 B5:ABC 4;O 
:>4C20==O 

�>4C20==O B5:ABC 
2 HEX 

HEX  
>B@8<0=>? 

#>2V4><;5==O 
?@> ?><8;:C 

�5=5@0FVO  
?>;V=><- 35=5@0B>@0 

 =>65==O HEX 
B5:ABC =0  

"?5@0FVO 4>4020==O 7 
?>;V=><-35=5@0B>@>< 

#5@52V@:0 
>B@8<0=>3> :>4C 
$V40-%>;><>=0 

#5@52V@:C  
?@>945=>? �V=5FP 

&0: 

&0: !V 

!V 
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3.3  5B>4 @>7:>4C20==O V=D>@<0FVW 7 28?@02;5==O< «?><8;>:» B0 

«>?8A>:» 

 

�;O @>7:>4C20==O V=D>@<0FVW 70H8D@>20=>3> 2 QR-:>4V 70 4>?><>3>N 

?>;V=><-35=5@0B>@0 C 283;O4V :>4C $V40-%>;><>=0 =5>1EV4=> 7=0B8: 

3 :V;P:VABP =04;8H:>28E A8<2>;V2; 

3 7G8B0B8 7=0G5==O ?>;V=><0 ?@8 7040=><C x. 

�;O 28?@02;5==O ?><8;>: V >?8A>: 28:>@8AB>2CNBPAO @V7=V A?>A>18. 

!0C:>2FV C [121] 28:>@8AB>2CNBP =59@>==C <5@56C 4;O 28?@02;5==O HC<V2 =0 

7>1@065==V. �>=8 28:>@8AB>2CNBP 73>@B:>2C =59@>==C <5@56C 7 @5:C@5=B=>N 

AB@C:BC@>N 4;O «>G8I5==O» 28EV4=>3> 7>1@065==O. �;5 4;O 28@VH5==O =0H>W 

7040GV F5 28O2;OєBPAO =54>FV;P=8<. !0< =5>1EV4=> >1G8A;8B8 ?>;V=>< 

?@89=OB>3> ?>2V4><;5==O 2 QR-:>4V 7 =04<V@=8<8 A8<2>;0<8 ?@8 x, O:89 

2V4?>2V40є ABC?5=O< ?@8<VB82=>3> G;5=0. &>1B> F5 BV G8A;0, O:V 1C;8 

28:>@8AB0=V ?@8 AB2>@5==V ?>;V=><0-35=5@0B>@0 s (3.13): 

 þ1, þ2 , & , þĀ (3.22) 

 

45 Ą 3 :V;P:VABP =04;8H:>28E A8<2>;V2; þ 3 ?@8<VB82=89 G;5=.  

�8E>4OG8 7 FP>3>, <>6=0 AB25@46C20B8, I> 70 2V4ACB=>ABV ?><8;>:, 2AV 

>1G8A;5==O 4>@V2=N20B8<CBP =C;N. 

�>:07: /:I> 70:>4>20=0 V=D>@<0FVO C 283;O4V B5ABC «Test object No. 1» 

(3.20) 7 4 =04<V@=8<8 A8<2>;0<8, C 283;O4V ?>;V=><0 2 HVAB=04FOB:>2><C 

?>40=0 =0ABC?=8< G8=><: 

 

DB 22 58 5C 54 65 73 74 20 6F 62 6A 65 63 74 20 4E 6F 2E 20 31 (3.23) 
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&> O:I> >1G8A;8B8 F59 ?>;V=>< ?@8 x @V2=><C 2, 4, 8, 16, B> 2894CBP 

7=0G5==O: 0, 0, 0, 0, 0465 BCB ?>2V4><;5==O B>G=> 2 B0:><C 6 283;O4V, 2 O:><C 

2>=> V 1C;> 70:>4>20=>. 

�;5 2 @0<:0E 40=8E 4>A;V465=P @>73;O=5<> >:@5<V 28?04:8 :>;8 

A8=4@>< =5 4>@V2=Nє 0. �0<> 287=0G5==O «A8=4@><» 3 C :>=B5:ABV :>4V2 

28?@02;5==O ?><8;>:, B0:8E O: :>48 $V40-%>;><>=0 3 F5 25:B>@, O:89 2:07Cє 

=0 =0O2=VABP ?><8;>: V <>65 28:>@8AB>2C20B8AO 4;O WE 28O2;5==O B0 :>@5:FVW. 

/:I> A8=4@>< =5 4>@V2=Nє =C;N, F5 >7=0G0є, I> C ?>2V4><;5==V AB0;0AO 

?><8;:0. �;O ?5@52V@:8 ?@028;P=>ABV <V@:C20=P 2=5A5<> 4> 70:>4>20=>3> 

?>2V4><;5==O: 

 

DB 22 58 5C 44 4F 4E 27 54 20 50 41 4E 49 43 (3.24) 

 

?><8;:>2V 40=V, B>1B> A2V4><> ?><8;8<>AO 4 @078, ABV;P:8, A:V;P:8 2 

FP><C 28?04:C =04;8H:>28E A8<2>;V2. �;O FP>3> ?><V=Oє<> 2 3.24 >AB0==V 4 

F8D@8 =0 F8D@C 41(�), >A:V;P:8 ?>78FVW ?><8;>: 7G8BCNBPAO 7;V20 =0 ?@02> 

?>G8=0NG8 7 =C;O, 72V4A8 70:>4>20=5 ?>2V4><;5==O 3.14 =01C45 =0ABC?=>3> 

283;O4C: 

 

DB 22 58 5C 44 4F 4E 27 54 20 41 41 41 41 41 (3.25) 

 

�;O 7@CG=>ABV @>1>B8 C @0<:0E 40=8E 4>A;V465=P ?@>?>=CєBPAO 

28:>@8AB>2C20B8 HVAB=04FOB:>2C =C<5@0FVN, >A:V;P:8 F5 @>18BP ?@>F5A 

2V4AB565==O B0 ?>7=0G5==O ?>78FV9 109BV2 1V;PH :><?0:B=8< B0 7@CG=8<. 

�0<VABP 28:>@8AB0==O 4>238E 42V9:>28E 1VB ?>A;V4>2=>AB59, <>6=0 ?>40B8 

?>78FVW ?><8;>: C 1V;PH :>@>B:V9 V 7@CG=V9 4;O A?@89=OBBO D>@<V, I> 

?>;53HCє @>1>BC 7 40=8<8. �0?8H5<> 28@078 (3.24) B0 (3.25) 7 28:>@8AB0==O< 

HVAB=04FOB:>2>W A8AB5<8 =C<5@0FVW: 

 

00 01 02 03 04 05 06 07 08 09 0� 0� 0C 0D 0E (3.26) 
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DB 22 58 5C 44 4F 4E 27 54 20 50 41 4E 49 43 

DB 22 58 5C 44 4F 4E 27 54 20 41 41 41 41 41 

 

� 28@07C (3.26) 284=>, I> ?>78FVW ?><8;>:, 2 40=><C 28?04:C 1C45:  

 

0� 0C 0D 0E. 

 

�;O 2V4=>2;5==O ?>2V4><;5==O C 28EV4=5, =5>1EV4=> 28:>@8AB>2C20B8 

27OBBO D>@<0;P=>W ?>EV4=>W 2V4 ?>;V=><0 70 4>?><>3>N >?5@0FV9 7 ?>;V=><0<8 

2 ?>;OE �0;C0, B>1B> D>@<0;P=0 ?>EV4=0 2V4 ?>;V=><0 2 ?>;V �0;C0 3 F5 

>?5@0FVO, O:0 ?>4V1=0 4> 728G09=>W >?5@0FVW 27OBBO ?>EV4=>W 4;O ?>;V=><V2, 0;5 

70AB>A>2CєBPAO 2 :V=F52><C ?>;V �0;C0. #>;5 �0;C0 3 F5 :V=F525 ?>;5, 2 O:><C 

0@8D<5B8G=V >?5@0FVW 28:>=CNBPAO 70 <>4C;5< ?@>AB>3> G8A;0. !5E09 Fq 3 

:V=F525 ?>;5 �0;C0 7 q 5;5<5=B0<8, V =5E09 f(x) 3 ?>;V=>< 7 :>5DVFVє=B0<8 7 Fq. 

&>4V D>@<0;P=0 ?>EV4=0 ?>;V=><0 f(x) 2 ?>;V �0;C0 ?>7=0G0єBPAO O: f’(x) 

287=0G0єBPAO =0ABC?=8< G8=><: 

 

ÿ 2(ą) =∑ÿĄ
ÿ=1 ⋅ þÿ ⋅ ąÿ21 (3.27) 

 

45 Ą 3 ABC?V=P ?>;V=><0 f(x) 

ai 3 :>5DVFVє=B ?>;V=><0. 

#> ACBV, D>@<0;P=0 ?>EV4=0 2V4>1@060є ABC?5=V 7<V==>W x B0 2V4?>2V4=V 

:>5DVFVє=B8 ?>;V=><0 ?><=>65=V =0 2V4?>2V4=V ABC?5=O, 7<5=H5=V =0 1. �0@B> 

2@0EC20B8, I> 2 ?>;V �0;C0 (B8?C GF [256]) 2V4ACB=V 4@>1>2V G8A;0, 0, >B65, 

=5<>6;82> 287=0G8B8 ?>EV4=C O: 2V4=>H5==O =5A:V=G5==> <0;8E 25;8G8=, O: 

F5 @>18BPAO 2 0=0;V7V 4V9A=8E G8A5;. !0B><VABP D>@<0;P=0 ?>EV4=0 2 ?>;V �0;C0 

287=0G0єBPAO O: >?5@0FVO, I> 715@V30є AB@C:BC@C ?>;O V 2@0E>2Cє BV;P:8 FV;V 

ABC?5=V 7<V==>W. *5 4>72>;Oє 28:>=C20B8 >?5@0FVW 48D5@5=FVN20==O 2 @0<:0E 

:V=F528E ?>;V2, 45 :>5DVFVє=B8 =01C20NBP 7=0G5==O 7 >1<565=>3> =01>@C 
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(=0?@8:;04, FV;V G8A;0 70 <>4C;5< 45O:>3> ?@>AB>3> G8A;0). "B65 D>@<0;P=0 

?>EV4=0 3 F5 ?>EV4=0 287=0G5=0 2 :>=B5:ABV 0;351@8, V WW 2;0AB82>ABV 

2V4?>2V40NBP 2;0AB82>ABO< :V=F528E ?>;V2, 0 =5 AB0=40@B=8< ?@028;0< 

48D5@5=FVN20==O, I> 70AB>A>2CNBPAO 4> 4V9A=8E G8A5;. ' F8E 4>A;V465==OE 

WW >1G8A;5==O AE>65 =0 728G09=C ?>EV4=C, 0;5 7 45O:8<8 >A>1;82>ABO<8. &>1B> 

O:I> ?@8 728G09=><C 48D5@5=FVN20==O (þąĄ)2 = þ ⋅ Ą ⋅ ą(Ą21), B>4V 4;O 
D>@<0;P=>W ?>EV4=>W 2 ?>;V �0;C0 7 >A=>2>N 2 28@07 4;O 48D5@5=FVN20==O 

G;5=0 283;O40B8<5 =0ABC?=8< G8=><: 

 (þąĄ)2 = þ ⋅ (Ąăąý 2) ⋅ ą(Ą21) (3.28) 

 

45 (þąĄ) 3 ?>7=0G5==O D>@<0;P=>W ?>EV4=>W ?>;V=><0 þąĄ; þ 3 :>5DVFVє=B ?5@54 7<V==>N ą C 28EV4=><C ?>;V=><V; ąĄ21 3 G0AB8=0 ?>EV4=>W, O:0 є <5=H>N =0 1 ABC?V=P 7<V==>W ą; ăąý 2 3 F5 >?5@0FVO 27OBBO 70;8H:C 2V4 4O;5==O =0 2, I> E0@0:B5@=> 4;O 

?>;O �0;C0 (GF2), ' 40=><C :>=B5:ABV F5 >7=0G0є, I> 2AV :>5DVFVє=B8 2 

?>;V=><V V 9>3> ?>EV4=V9 ?@89<0NBP 7=0G5==O 0 01> 1. 

#@>2545<> A?@>I5==O 70 @0EC=>: >1=C;5==O G;5=V2 7 =5?0@=8<8 

ABC?5=O<8, 2 40=><C 28?04:C >B@8<Cє<> 28@07: 

 

ÿ 2(ą) = ∑þÿ ⋅ ÿ ⋅ ąÿ21ăąý 2 =∑þ2ÿ ⋅ (2ÿ) ⋅ ąĄ
ÿ=1

Ą
ÿ=0

2ÿ21ăąý 2 (3.29) 

 

45 þ2ÿ 3  :>5DVFVє=B8 7 ?0@=8<8 ABC?5=O<8. &0:8< G8=><, D>@<0;P=0 

?>EV4=0 ?@818@0є G;5=8 7 =5?0@=8<8 ABC?5=O<8 V <=>68BP :>5DVFVє=B8 =0 

2V4?>2V4=V ABC?5=V 7<V==>W ą. 

!02545<> ?@8:;04. !5E09 7040=> =0ABC?=89 ?>;V=><, O:89 <VAB8BP 

70H8D@>20=89 B5:AB, >B@8<0=89 7 QR-:>4C:  
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 (1ą0 + 45ą1 + 165ą3 + 198ą4 + 223ą5)2 (3.30) 

 

�0AB>ACє<> 4> (3.30) ?@028;> AC<8 4;O ?>EV4=8E, B>1B> ?>EV4=0 AC<8 

42>E ?>;V=><V2 4>@V2=Nє AC<V WE ?>EV4=8E. *5 ?@028;> ?>H8@NєBPAO =0 2AV 

G;5=8 C AC<V, >B@8<0є<>: 

 0ą21 + 45ą0 + 0ą1 + 198ą2 + 0ą3 + 223ą4 (3.31) 

 

�>=25@BCє<> C 283;O4 HVAB=04FOB:>2>3> 70?8AC, 0=0;>3VG=> (3.18), 

>B@8<0є<> ?>;V=>< C =0ABC?=><C 283;O4V: 

 

(01 2D A5 C6 8C DF)`=2D 00 C6 00 DF (3.32) 

 

&5?5@, :>;8 C =0A є D>@<0;P=0 ?>EV4=0, <>6=0 ?5@5E>48B8 4> ?@>F54C@8 

28?@02;5==O ?><8;>: 2 >B@8<0=><C QR-:>4V. �;O FP>3> 1C45<> 

28:>@8AB>2C20B8 420 4>40B:>2V ?>;V=><8: 

3 ?>;V=><-;>:0B>@ (Locator Polynomial): *59 ?>;V=>< 28:>@8AB>2CєBPAO 

4;O 7=0E>465==O @>7B0HC20==O ?><8;>: C ?5@540=><C ?>2V4><;5==V. ' 9>3> 

:>5DVFVє=B0E <VAB8BPAO V=D>@<0FVO ?@> <VAFO, 45 AB0;8AO ?><8;:8. !5E09 C 

<560E 40=8E 4>A;V465=P є ?>;V=>< ?><8;>: ā(ą), O:89 є 4>1CB:>< G;5=V2 (ą 2ÿ), 45 ÿ - <VAF5 ?><8;:8. &>4V ?>;V=>< ;>:0B>@ ă(ą) ?>2'O70=89 7 ?>;V=><>< 
?><8;>: =0ABC?=8< G8=><: 

 ă(ą) = (ą 2 ÿ1)(I 2 ÿ2)& (ą 2 ÿÿ) (3.33) 

 

45 ÿ1, ÿ2,&,ÿ3 3 @>7B0HC20==O ?><8;>: C ?5@540=><C ?>2V4><;5==V. 

' 40=><C :>=B5:ABV 4>A;V465=P, 4;O ?>40;PH>W @>1>B8 1C45<> 

28:>@8AB>2C20B8 ?>40==O ?>;V=><0-;>:0B>@0 C 283;O4V 4>1CB:C =0ABC?=>3> 

284C: 
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 (1 + ą ⋅ þ�1) ⋅ (1 + ą ⋅ þ�2) ⋅ & ⋅ (1 + ą ⋅ þ��) (3.34) 

 

45 ÿ 3 ?@8<VB82=89 G;5=; ÿ1, ÿ2, & , ÿā 3 @>7B0HC20==O ?><8;>:. 

!02545<> ?@8:;04, =5E09 C =0A є ?>78FVO ?><8;>:, O:0 2V4?>2V40є 

7=0G5==O< @>7B0HC20==O: 10, 12, 13, 14 V ?@8<VB82=89 G;5= þ = 2, B>4V 
�@C=BCNG8AP =0 (3.33) ?>;V=><-;>:0B>@ 1C45 <0B8 B0:89 283;O4: 

 (1 + 210ą) ⋅ (1 + 212ą) ⋅ (1 + 213ą) ⋅ (1 + 214ą) == (1 + 116ą) ⋅ (1 + 205ą) ⋅ (1 + 135ą) ⋅ (1 + 19ą) (3.35)

 

#5@5<=>68<> ?>;V=><-;>:0B>@ (3.35) 4;O ?>78FV9 ?><8;>: 

10, 12, 13, 14, >B@8<0=89 @57C;PB0B ?@54AB02;5=89 C (3.36): 

 1ą0 + 45ą1 + 165ą2 + 198ą3 + 140ą4 (3.36) 

 

�>=25@BCє<> C 283;O4 HVAB=04FOB:>2>3> 70?8AC 0=0;>3VG=> (3.18), (3.32), 

>B@8<0є<> ?>;V=>< C =0ABC?=><C 283;O4V: 

 

01 2D A5 C6 8C (3.37) 

 

3 ?>;V=>< ?><8;>: (Error Polynomial): F59 ?>;V=>< <VAB8BP V=D>@<0FVN 

?@> 7=0G5==O ?><8;>: C 7=0945=8E <VAFOE. �V= 4>72>;Oє :>@83C20B8 ?5@540=5 

?>2V4><;5==O 2 QR-:>4V, 2@0E>2CNG8 7=0945=V ?><8;:8. 

!5E09 C =0A є ?>;V=>< ;>:0B>@ ă(ą) (3.33), O:89 є 4>1CB:>< ;V=V9=8E 
<=>6=8:V2 (ą 2 ÿÿ), B>4V ?>;V=>< ?><8;>: ā(ą) ?>2'O70=89 7 ?>;V=><><-

;>:0B>@>< =0ABC?=8< G8=><: 

 ā(ą) = (þā ⋅ ąā + þā21 ⋅ ąā21 +⋯+ þ1 ⋅ ą + þ0) (3.38) 
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45 þā , þā21, & ,e1, þ0 3 :>5DVFVє=B8 ?>;V=><0 ?><8;>:, I> AB0=>2;OBP 

7=0G5==O ?><8;>: C 2V4?>2V4=8E <VAFOE ÿā, ÿā21, & , ÿ1, ÿ0.  

�0@B> 70C2068B8, I> :>5DVFVє=B8 þā <>6CBP 1CB8 >1G8A;5=V 2 ?@>F5AV :>@5:FVW 
?><8;>:, V 2>=8 28:>@8AB>2CNBPAO 4;O >=>2;5==O 7=0G5=P C ?5@540=><C 

?>2V4><;5==V QR-:>4C 2V4?>2V4=> 4> 7=0945=8E ?><8;>:. 

!0 107V (3.25) 7=0945<> ?>;V=>< ?><8;>: 4;O A?>B2>@5=>3> 

?>2V4><;5==O, DB 22 58 5C 44 4F 4E 27 54 20 41 41 41 41 41 ?@8 7=0G5==OE 

?>;V=><0 A8=4@><V2 72 BD 22 5B. �;O FP>3> =5>1EV4=> >B@8<0B8 4>1CB>: 

?>;V=><0 A8=4@><C V ?>;V=><0-;>:0B>@0, :>=25@BC20B8 9>3> 2 

HVAB=04FOB:>289 70?8A 0=0;>3VG=> 3.18, 3.32 V 3.37. 

 

(72 BD 22 5B) (01 2D A5 C6 8C) = 72 4B 10 22 D9 C0 57 15 (3.39) 

 

�;O >B@8<0==O ?>;V=><0 ?><8;>: 7 @57C;PB0BC >B@8<0=>3> 28@07C (3.39) 

70;8H0є<> :V;P:VABP <>;>4H8E G;5=V2, I> 4>@V2=Nє :V;P:>ABV =04;8H:>28E 

A8<2>;V2 (2 40=><C 28?04:C 4), 0 AB0@HV ABC?5=V V3=>@Cє<>. &>4V ?>;V=>< 

?><8;:8 1C45 B0:89: 

 

72 4B 10 22 (3.40) 

 

!0ABC?=8< :@>:>< =5>1EV4=> @>7@0EC20B8 0<?;VBC4C ?><8;>:. ' 

:>=B5:ABV 4>A;V465==O 7G8BC20==O V=D>@<0FVW 7 QR-:>4V2 =0 :>=25@B=V9 ;V=VW 

B0 70AB>AC20==O :>4V2 $V40-%>;><>=0, 7G8BC20==O 0<?;VBC4 ?><8;>: <0є 

206;825 7=0G5==O 4;O ?@>F5AC 28?@02;5==O ?><8;>: B0 ?V428I5==O =04V9=>ABV 

?5@54020==O 40=8E. QR-:>48 28:>@8AB>2CNBPAO 4;O 715@V30==O V=D>@<0FVW. � 

?@8 ?5@54020==V 40=8E <>65 28=8:=CB8 WE A?>B2>@5==O G5@57 @V7=V D0:B>@8, 

B0:V O: ?5@5H:>48, ?>H:>465==O 40=8E. �G8BC20==O 0<?;VBC4 ?><8;>: C QR-

:>40E <>65 28:>@8AB>2C20B8AO 4;O: 
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3 28O2;5==O ?><8;>:: 0<?;VBC48 ?><8;>: <>6CBP 4>?><>3B8 28O28B8, 

45 V 2 O:8E <VAFOE QR-:>4C 2V41C;8AO A?>B2>@5==O 01> ?>H:>465==O. *5 

206;82> 287=0G5==O B>3>, 45 ?>B@V1=> ?@>25AB8 ?@>F5A 28?@02;5==O ?><8;>:; 

3 28?@02;5==O ?><8;>:: =0 >A=>2V 0<?;VBC4 ?><8;>: <>6=0 

70AB>A>2C20B8 0;3>@8B<8 :>@5:FVW ?><8;>:, B0:V O: :>48 $V40-%>;><>=0. 

�<?;VBC48 ?><8;>: <>6CBP 2:07C20B8 =0 <VAFO, 45 ?>B@V1=> 7@>18B8 :>@5:FVN, 

B0 4>?><030NBP 2V4=>28B8 28EV4=V 40=V; 

3 ?V428I5==O =04V9=>ABV: 7G8BC20==O 0<?;VBC4 ?><8;>: 4>72>;Oє 

AB2>@N20B8 QR-:>48 7 1V;PH 28A>:8< ABC?5=5< ABV9:>ABV 4> A?>B2>@5=P. *5 

?V428ICє =04V9=VABP ?5@540GV V ?>:@0ICє G8B015;P=VABP :>4C 70 C<>2 

=5A?@8OB;828E G8==8:V2. 

� FV;><C ?@>F5A 7G8BC20==O B0 >1@>1:8 0<?;VBC4 ?><8;>: C QR-:>40E 7 

28:>@8AB0==O< :>4V2 $V40-%>;><>=0 A?@8Oє AB2>@5==N 1V;PH ABV9:8E V 

=04V9=8E <5B>4V2 ?5@540GV V=D>@<0FVW. 

�;O @>7@0EC=:C 0<?;VBC4 ?><8;>: ?@>?>=CєBPAO 28:>@8AB>2C20B8 

�;3>@8B< (>@=V (Forney Algorithm). �;3>@8B< (>@=V 70AB>A>2CєBPAO 4;O 

45:>4C20==O :>4V2 $V40-%>;><>=0. �V= >A>1;82> :>@8A=89 ?V4 G0A :>@5:FVW 

?><8;>: C :>40E 7 28:>@8AB0==O< ?@>AB>@>28E :>4V2, B0:8E O: QR-:>48. 

�;3>@8B< (>@=V 28:>=Cє >1G8A;5==O, A?@O<>20=V 287=0G5==O :>5DVFVє=BV2 

?><8;>: 2 ?5@540=><C :>4V. �030;P=89 283;O4 0;3>@8B<C (>@=V ?@54AB02;5=> 

@8AC=:C 3.5. 

/: <>6=0 10G8B8 V7 7030;P=>3> 283;O4C 0;3>@8B<C (>@=V (@8A. 3.4) =0 

5B0?V >B@8<0==O 2EV4=8E 40=8E, 0;3>@8B< ?@89<0є B0:V 40=V: 

3 ?>;V=>< A8=4@><C; 

3 ?>;V=><, C O:><C G;5=8 3 ?>78FVW ?><8;:8; 

3 :V;P:VABP =04;8H:>28E A8<2>;V2; 

3 ?>78FVW ?><8;>:. 
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$8AC=>: 3.5 3 �030;P=89 283;O4 0;3>@8B<C (>@=V 
 

#>G0B>: 

"B@8<0==O 
28EV4=8E 40=8E 

#5@52V@:C  
?@>945=>? �V=5FP 

&0: !V 

- ?5@540=89 :>4 $V40-%>;><>=0 (7 <>6;828<8 
?><8;:0<8); 
- @>7B0HC20==O ?><8;>:, >B@8<0=V 7 28:>@8AB0==O< 
?>;V=><0-;>:0B>@0; 
- 7=0G5==O ?><8;>:, >B@8<0=V 7 28:>@8AB0==O< ?>;V=><0 
?><8;>:. 

�=VFV0;V70FVO - 2AB0=>2;5==O ?>G0B:>28E 7=0G5=P. !0?@8:;04, 
2AB0=>2;5==O 7<V==8E 4;O VB5@0FV9 2 0;3>@8B<V 

�2>@>B=є 
>1G8A;5==O  
2OG8A;5=85 

- ?@>F5A 72>@>B=P>3> >1G8A;5==O 4;O 287=0G5==O 
:>5DVFVє=BV2 ?>;V=><C ?><8;>:; 
- 28:>@8AB>2CєBPAO V=D>@<0FVO ?@>@>7B0HC20==O B0 
@>7<V@ ?><8;>:. 

#>1C4>20  
?>;V=><0  
?><8;>: 

- 7 28:>@8AB0==O< >B@8<0=8E :>5DVFVє=BV2 D>@<CєBPAO 
?>;V=>< ?><8;>: 

�>@5:FVO :>4C 
- 28:>=CєBPAO :>@5:FVO ?5@540=>3> :>4C =0 >A=>2V 
?>;V=><0 ?><8;>: 

�82545==O - >B@8<0=V A:>@83>20=V 40=V 

#5@52V@:0 
- 45:>4C20==O >B@8<0=8E 40=8E 7 QR 3 :>4C B0 ;>3VG=0 
25@8DV:0FVO WE 2<VABC. 
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�;O @>7@0EC=:C 0<?;VBC4C ?><8;>: =0 107V 0;3>@8B<C (>@=V (@8A. 3.5) 7 

28:>@8AB0==O< :>4V2 $V40-%>;><>=0 =0?8H5<> ?@>3@0<C <>2>N Python. 

(@03<5=B @50;V70FVW @>7@0EC=:C 0<?;VBC48 ?><8;:8 =02545=> 7 :><5=B0@O<8 

=86G5. 

import numpy as np 

 

def forney_algorithm(syndromes, locator_poly, err_pos, 

num_of_err_corr_symbs): 

    # �=VFV0;V70FVO 7<V==8E 

    lambda_vals = np.array([1], dtype='int') 

    err_vals = np.array([1], dtype='int') 

 

    for i in range(1, num_of_err_corr_symbs + 1): 

        # $>7@0EC=>: lambda_i 

        lambda_i = np.sum(np.multiply(syndromes, err_vals[::-1])) % 2 

         

        # "=>2;5==O lambda_vals 

        lambda_vals = np.insert(lambda_vals, 0, lambda_i) 

 

        if i < num_of_err_corr_symbs: 

            # "=>2;5==O err_vals 

            err_vals = np.insert(err_vals, 0, 0) 

            for j in range(len(err_pos)): 

                err_vals[err_pos[j]] ^= lambda_i * lambda_vals[j] 

 

    # $>7@0EC=>: 0<?;VBC4 ?><8;>: 

    err_amplitudes = np.multiply(lambda_vals, err_vals) 

     

    return err_amplitudes.tolist() 
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# #@8:;04 28:>@8AB0==O DC=:FVW 

syndromes = [1, 0, 1]  # #@8:;04 A8=4@><V2 

locator_poly = [1, 0, 1]  # #@8:;04 ?>;V=><0-;>:0B>@0 

err_pos = [1, 3]  # #@8:;04 ?>78FV9 ?><8;>: 

num_of_err_corr_symbs = 2  # �V;P:VABP =04;8H:>28E A8<2>;V2 

 

amplitudes = forney_algorithm(syndromes, locator_poly, err_pos, 

num_of_err_corr_symbs) 

print("�<?;VBC48 ?><8;>::", amplitudes)  

 

�V1;V>B5:0 «numpy» 28:>@8AB>2CєBPAO 4;O 28:>=0==O >?5@0FV9 =04 

?>;V=><0<8 B0 28:>=0==O >?5@0FV9 C :V=F52><C ?>;V GF(2). 

�;O ?5@52V@:8 @>7@0EC=:C 0<?;VBC48 ?><8;>: =0 107V 0;3>@8B< (>@=V 

(@8A. 3.5) B0 @50;V7>20=>W ?@>3@0<8 ?>AB028<> B0:V ?0@0<5B@8: 

3 ?>;V=>< A8=4@>< 72 BD 22 5B (3.24); 

3 ?>;V=><, C O:><C G;5=8 - ?>78FVW ?><8;>: 0A 0C 0D 0E (3.26); 

3 :V;P:VABP A8<2>;V2 :>@5:FV9 ?><8;>: 3 4. 

!0 28E>4V ?@>3@0<0 ?V4@0ECє ?>;V=>< 0<?;VBC48 ?><8;:8, O:89 C FP><C 

28?04:C 4>@V2=N20B8<5: 

 

00 00 00 00 00 00 00 00 00 00 11 00 0F 08 02 (3.41) 

 

!0ABC?=8< :@>:>< 4>40<> >B@8<0=V @57C;PB0B @>7@0EC=:C 0<?;VBC48 

?><8;:8 (3.41) 4> A?>B2>@5=>3> ?>2V4><;5==O (3.25) C 2V4?>2V4=>ABV 4> ?@028; 

A:;040==O ?>;V=><V2 B0 >B@8<0є<>: 

 

DB 22 58 5C 54 65 73 74 20 6F 62 6A 65 63 74 20 4E 6F 2E 20 31 (3.42) 

 

�@0E>2CNG8 I> ?5@HV 4 1VB8, є =04<V@=8<8, V O:I> 2 =8E 28O28;0AO 

«4@C:0@AP:0 ?><8;:0», 4;O 0;3>@8B<C (>@=V 2>=8 =5 <0NBP :@8B8G=>3> 



149 
 

7=0G5==O ?@8 >1G8A;5==OE, B><C WE <>6=0 2V4:8=CB8, 2=0A;V4>: G>3> <8 

>B@8<Cє<> =0ABC?=89 HVAB=04FOB:>289 :>4: 

 

54 65 73 74 20 6F 62 6A 65 63 74 20 4E 6F 2E 20 31 (3.43) 

 

$>7H8D@>2:0 >B@8<0=>3> HVAB=04FOB:>2>3> :>4C, 2840ABP 

?>2V4><;5==O: «Test object No. 1», I> 4>2>48BP, I> 70?@>?>=>20=V @VH5==O 2 

@0<:0E 40=8E 4>A;V465=P 045:20B=V. 

�;O ?5@52V@:8 @>7@0ECє<> <>6;82VABP 28=8:=5==O ?><8;:8 ?@8 

@>7H8D@>2FV 40=8E 7 QR-:>4C. #@8?CAB8<> 2 @0<:0E 40=8E 4>A;V465=P, I> 

2V41C20єBPAO :>4C20==O, B5:ABC 2 QR-:>4V 7 4 A8<2>;V2, 4 =04<V@=8<8 

A8<2>;0<8, B>1B> <8 >B@8<Cє<> 8 109B. &0: A0<> ?@8?CAB8<> <>6;82VABP 

?><8;:8 ?@8 ?5@540GV >4=>3> A8<2>;C 2 QR-:>4V ~ 10%. �8E>4OG8 7 FP>3>, 2 

A5@54=P><C =0 :>6=V 10 A8<2>;V2 ?@8?040є >48=, O:89 ?5@540єBPAO O: 

28?04:>25 G8A;> 2 4V0?07>=V 2V4 00 4> FF. #V4@0ECє<> <>6;82VABP ?><8;:>2>W 

?5@540GV. $>7@0EC=>: ?@>?>=CєBPAO ?@>2>48B8 B0:: ?>;V=><8, :@0B=V ?>;V=><-

35=5@0B>@C <>6=0 >B@8<0B8 <=>65==O< 40=>3> 35=5@0B>@0 =0 V=HV ?>;V=><8. 

#'OB87=0G=89 ?>;V=>< C 7030;P=><C 283;O4V: 

 ć(ą) = þ5ą5 + þ4ą4 + þ3ą3 + þ2ą2 + þ1ą + þ0 (3.44) 

 

45 þ5, þ4, þ3, þ2, þ1, þ0 3 :>5DVFVє=B8 ?>;V=><C. 

#'OB87=0G=89 :@0B=89 ?>;V=>< <>6=0 >B@8<0B8 <=>65==O< =0 

:>=AB0=BC 2V4 1 4> 255. �030;P=89 283;O4 ?'OB87=0G=>3> :@0B=>3> ?>;V=><0 <0є 

283;O4: 

 Ĉ(ą) = 5þ5ą5 + 5þ4ą4 + 5þ3ą3 + 5þ2ą2 + 5þ1ą + 5þ0 (3.45) 

 

�0=5 <V@:C20==O B>B>6=5 4;O 6-, 7- V 8-7=0G=8E ?>;V=><V2, :@0B=8E 

35=5@0B>@C. !5E09 9<>2V@=VABP ?>O28 5, 6, 7 V 8 ?><8;>: ?V4@O4. ->1 
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287=0G8B8, G8 1C45 B0:0 28?04:>2VABP ?>A;V4>2=>AB59 ?><8;>: :@0B=>N 

?>;V=><C-35=5@0B>@C, 4;O :>6=>3> 28?04:C >1G8A;8<> 2V4?>2V4=C 

9<>2V@=VABP,. #VA;O ?@>2545==O 4>4020==O >B@8<0є<> 9<>2V@=VABP ?><8;:>2>W 

?5@540GV 4 109BV2 7 4 =04;8H:>28<8 A8<2>;0<8. /:I> 9<>2V@=VABP ?><8;:8 

?@8 ?5@540GV >4=>3> A8<2>;C AB0=>28BP 10%, B> 2V41C45BPAO ?><8;:>20 

?5@540G0, O:0 =5 1C45 28?@02;5=0 :>4>< $V40-%>;><>=0. #@>2545<> 

@>7@0EC=>:, =5E09 :V;P:VABP :><1V=0FV9 ā 7 Ą: 

 ÿ(Ą, ā) = Ą!ā! [(Ą 2 ā)!] (3.46) 

 

45 Ą! 3 4>1CB>: CAVE ?>78B82=8E FV;8E G8A5; 2V4 1 4> Ą; ā! 3 4>1CB>: CAVE ?>78B82=8E FV;8E G8A5; 2V4 1 4> ā; (Ą 2 ā)! 3 4>1CB>: CAVE ?>78B82=8E FV;8E G8A5; 2V4 1 4> Ą 2 ā. 

�@C=BCNG8AP =0 (3.36) V D>@<C;V �5@=C;;V, >B@8<0є<> >?8A 9<>2V@=>ABV 

B>3>, I> 2 A5@VW 7 Ą =570;56=8E 1V=0@=8E 5:A?5@8<5=BV2 (45 :>65= 5:A?5@8<5=B 

<>65 7025@H8B8AO CA?VE>< V7 9<>2V@=VABN Ć B0 =5240G5N 7 9<>2V@=VABN  (1 2 Ć)), 2V41C45BPAO ā CA?VEV2. 

 ćþ(Ą, ā, Ć) = ÿ(Ą, ā) ⋅ Ćā ⋅ (1 2 Ć)(Ą2ā) (3.47) 

 

45 ÿ(Ą, ā) 3 1V=><V=0;P=89 :>5DVFVє=B, O:89 ?@54AB02;Oє A>1>N :V;P:VABP 
A?>A>1V2 >1@0B8 ā 5;5<5=BV2 7 <=>68=8 Ą 5;5<5=BV2. 

&>4V :V;P:VABP <>6;828E @57C;PB0BV2 ?>A?V;P (ā) 2 ?>A;V4>2=>ABV 
4>268=8 (Ą) , <>6=0 70?8A0B8 C 283;O4V: 

 ÿ(Ą, ā) = Ą 2 ā + 1 (3.48) 
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�8E>4OG8 7 FP>3> 9<>2V@=VABP ?>O28 @57C;PB0BC ā @07 ?>A?V;P C Ą 

28?@>1C20==V ?@8 9<>2V@=>ABV ?>4VW Ć, �@C=BCNG8AP =0 3.47 <>6=0 CO28B8 C 
283;O4V: 

 ć(Ą, ā, Ć) = ćþ(Ą, ā, Ć) ⋅ Ċ(Ą, ā)
%(Ą, ā) (3.49) 

 

45  ćþ(Ą, ā, Ć) = (Ąā) Ćā(1 2 Ć)Ą2ā 3 9<>2V@=VABP CA?VEC ā @07V2 ?>A?V;P 7 Ą 

5:A?5@8<5=BV2, 2V4?>2V4=> 4> D>@<C;8 �5@=C;;V; Ċ(Ą, ā) 3 G8A;> O:5 O2;Oє A>1>N :V;P:VABP A?>A>1V2 @>7B0HC20B8 ā 

CA?VH=8E @57C;PB0BV2 C A5@VW 7 Ą 5:A?5@8<5=BV2, I> 4>@V2=Nє (Ąā) 

1V=><V=0;P=><C :>5DVFVє=BC, O:89 287=0G0єBPAO 2 (3.36);  ÿ(Ą, ā) 3 1V=><V0;P=89 :>5DVFVє=B, O:89 O2;Oє A>1>N :V;P:VABP A?>A>1V2 
281@0B8 ā 5;5<5=BV2 V7 <=>68=8 Ą 5;5<5=BV2, I> 4>@V2=Nє (Ąā) = Ą!ā!(Ą2ā)!. 

�8@07 (3.49) 40є <>6;82VABP ?>є4=0B8 9<>2V@=VABP CA?VEC ā @07 ?>A?V;P 7 

C@0EC20==O< CAVE <>6;828E ?5@5AB0=>2>: CA?VH=8E @57C;PB0BV2 A5@V9 V7 Ą 

5:A?5@8<5=BV2. 

$>7@0ECє<> 7030;P=C :V;P:VABP C=V:0;P=8E :><1V=0FV9 A8<2>;V2 4;O  

5-A8<2>;P=>3> 35=5@0B>@0 ?>;V=><V2, O:89 <>65 ?>G8=0B8AO =0 :>6=V9 7 ą 2 5 + 1 ?>78FV9 C @O4:C 7024>26:8 ą 70 28@07><: 

 Ĉ5(ą) = 255(ā25+1) (3.50) 

 

45 ą 3 7<V==0 , I> ?@54AB02;Oє 7030;P=C :V;P:VABP A8<2>;V2; ą 2 5 + 1 3 :V;P:VABP ?>78FV9, =0 O:8E <>65 ?>G8=0B8AO 5-A8<2>;P=89 

35=5@0B>@ ?>;V=><V2 C @O4:C 7024>26:8 ą, B>1B> ą 2 5 + 1 <>6;82V 

?>;>65==O, 45 FV A8<2>;8 <>6CBP ?>G8=0B8AO; 
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 255(ā25+1) 3 7030;P=0 :V;P:VABP C=V:0;P=8E :><1V=0FV9 A8<2>;V2 4;O ą 2 5 + 1 ?>78FV9 C 5-A8<2>;P=><C 35=5@0B>@V ?>;V=><V2, I> 40є <>6;82VABP 

2@0E>2C20B8 2AV :><1V=0FVW A8<2>;V2 C :>6=V9 7 ą 2 5 + 1 ?>78FVW. 

&>4V 9<>2V@=VABP ?>O28 ?><8;:>2>-157?><8;:>2>W ?>A;V4>2=>ABV ?@8  ą 

28?04:>28E A8<2>;0E ?V4@O4 4;O 5-A8<2>;P=>3> 35=5@0B>@0 <>6=0 >?8A0B8 C 

283;O4V: 

 ćÿ(ą) = Ĉ5(ą)256ā  
(3.51) 

 

45  Ĉ5(ą) 3 :V;P:VABP C=V:0;P=8E :><1V=0FV9 A8<2>;V2 4;O 5-A8<2>;P=>3> 
35=5@0B>@0 3 ?>;V=><0 C ?>A;V4>2=>ABV ą, O: 1C;> 287=0G5=> 2 (3.50); 256ā 3 7030;P=0 :V;P:VABP <>6;828E :><1V=0FV9 A8<2>;V2 4;O 

?>A;V4>2=>ABV 4>268=>N ą, ?@8?CA:0NG8, I> :>65= 7 ą A8<2>;V2 <>65 

=01C20B8 1C4P-O:5 7 256 C=V:0;P=8E 7=0G5=P (109B). 

�8E>4OG8 7 (3.51) <>6=0 >FV=8B8 9<>2V@=VABP ?>O28 ?><8;:>2>-

157?><8;:>2>W ?>A;V4>2=>ABV ?@8 28:>@8AB0==V 5-A8<2>;P=>3> 35=5@0B>@0 

A8<2>;V2 C ?>A;V4>2=>ABV 4>268=>N ą. 

#@>2545<> @>7@0EC=>: 9<>2V@=>ABV ?>O28 ?><8;:>2>-=530B82=>3> B5ABC 

=0 ?><8;:C 70 28I5 7040=8E C<>2. �8@07 4;O @>7@0EC=:C 9<>2V@=>ABV B0 A0< 

@>7@0EC=>: ?@54AB02;5=89 C (3.52): 

 

āÿÿ = ∑(ć(8,k,0.1) ⋅ ćÿ(ā)) = 7.3679001 × 102158
ā=5  (3.52) 

 

45  ć(8, ā, 0.1) 3 9<>2V@=VABP B>3>, I> ?@8 ?@>2545==V 8 =570;56=8E 
5:A?5@8<5=BV2 7 9<>2V@=VABN ?><8;:8 ā ?><8;>:, I> <>65 1CB8 28@065=> 7 

28:>@8AB0==O< 1V=><=>3> @>7?>4V;C O: (8ā) ⋅ (0.1)ā ⋅ (0,9)82ā; 
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 ćÿ(ā) 3 9<>2V@=VABP ?>O28 ?><8;:>2>-157?><8;:>2>W ?>A;V4>2=>ABV ?@8 
28:>@8AB0==V 5-A8<2>;P=>3> 35=5@0B>@0 2 ?>A;V4>2=>ABV 4>268=>N ā, O: 1C;> 
287=0G5=> 2 (3.51); āÿÿ 3 7030;P=0 9<>2V@=VABP ?>O28 ?><8;:>2>-=530B82=>3> B5ABC =0 

?><8;:C. �>=0 28E>48BP 4>4020==O< 9<>2V@=>AB59 ?><8;>: ?@8 ?@>2545==V 8 

5:A?5@8<5=BV2 7 @V7=>N :V;P:VABN ?><8;>: ā, 2@0E>2CNG8 9<>2V@=VABP ?>O28 
?><8;:>2>-157?><8;:>2>W ?>A;V4>2=>ABV 4;O :>6=>3> ā. 

�;O @>7C<V==O 9<>2V@=>ABV ?>O28 ?><8;:>2>-=530B82=>3> B5ABC =0 

?><8;:C, @>7@0ECє<> >1AO3 V=D>@<0FVW, I> ?5@540єBPAO, O:0 <>65 ?@8725AB8 

4> B0:>3> 28?04:C: 

 1āÿÿ ⋅ 410244 = 493.760604455 

(3.53) 

 

45 āÿÿ 3 7030;P=0 9<>2V@=VABP ?>O28 ?><8;:>2>-=530B82=>3> B5ABC =0 

?><8;:C @>7@0E>2CєBPAO 7 28@07C (3.52); 1Āÿÿ 3 72>@>B=0 9<>2V@=VABP ?>O28 ?><8;:>2>-=530B82=>3> B5ABC =0 
?><8;:C. /:I> 9<>2V@=VABP 28A>:0, F5 7=0G5==O 1C45 <0;8<, V =02?0:8. *O 

72>@>B=0 9<>2V@=VABP A;C68BP 203>N, O:0 2@0E>2Cє, O: G0AB> ?><8;:0 <>65 

AB0B8AO; 

4 3 :>5DVFVє=B, O:89 є :V;P:VABN 109B (@>7<V@ V=D>@<0FVW); 102443 :V;P:VABP 109B 2 B5@0109BV. 
/: <>6=0 10G8B8 7 3.53, ?@81;87=> =0 494 &1 V=D>@<0FVW 28O28BPAO >48= 

1;>: 7 4 ?><8;:>28E A8<2>;V2, O:V 70?@>?>=>20=V 0;3>@8B<8 22060NBP 

:>@5:B=8<. &>1B> <>6;82VABP ?><8;:8 ?@8 ?5@540GV V=D>@<0FVW =0 >A=>2V QR-

:>4V 1C45 ?@O<C20B8 4> 0. 
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3.4  >45;N20==O @V7=8E B8?V2 ?>H:>465=P QR-:>4V2 =0 :>=25є@=V9 ;V=VW 

A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW 

 

�;O 0=0;V7C B0 ?5@52V@:8 =0 045:20B=VABP 70?@>?>=>20=8E <5B>4V2 

=>@<0;V70FVW B0 24>A:>=0;5=>3> <5B>4C :>4C20==O V=D>@<0FVW, 0 B0:>6 <5B>4C 

?>HC:C @>7:>4C20==O V=D>@<0FVW 7 28?@02;5==O< «?><8;>:» B0 «>?8A>:» 

?@>2545<> @O4 ?>@V2=O;P=8E 5:A?5@8<5=BV2 V 7<>45;Nє<> =0 =8E @V7=V B8?8 

CH:>465=P: @>7<8BBO, 70A2VB;5=VABP, ?>B5@BVABP B0 DV78G=5 CH:>465==O. 

�8:>@8AB>2CNG8 <5B>4 ?>1C4>28 :0=0;P=>W 3VAB>3@0<8 QR-:>4C <>6=0 

>B@8<0B8 V=D>@<0FVN ?@> @>7?>4V; OA:@02>ABV (V=B5=A82=>ABV) C :>6=><C 

:>;V@=><C :0=0;V (G5@2>=><C, 75;5=><C B0 A8=P><C), I> <>65 1CB8 :>@8A=8< 

?@8 0=0;V7V 7<V=, B0:8E O: @>7<8BBO, 70A2VB;5==O, ?>B5@BVABP 01> DV78G=5 

CH:>465==O, O:V <>6CBP ?>7=0G8B8AO B0:8<8 5D5:B0<8: 

3 @>7<8BBO, ?@8 @>7<8BBV @V2=V V=B5=A82=>ABV <>6CBP AB0B8 1V;PH 

?;02=8<8, V ?V:8 2 3VAB>3@0<V <>6CBP AB0B8 <5=H 28@065=8<8. *5 <>65 

7=878B8 :>=B@0AB=VABP, I> <>65 2?;8=CB8 =0 G8B0==O QR-:>4C; 

3 70A2VB;5==O, 71V;PH5==O OA:@02>ABV 7>1@065==O, I> 2V4>1@078BPAO C 

28I8E 7=0G5==OE V=B5=A82=>ABV =0 3VAB>3@0<V. �06;82>, I>1 7=0G5==O 

70;8H0;8AO 2 <560E 4>?CAB8<8E QR-:>4V2, I>1 =5 2B@0B8B8 V=D>@<0FVN; 

3 ?>B5@BVABP, >A>1;82> C ?52=8E >1;0ABOE, <>65 ?@8725AB8 4> 7<5=H5==O 

V=B5=A82=>ABV C 2V4?>2V4=8E G0AB8=0E 3VAB>3@0<8. *5 <>65 AB2>@8B8 2C7P:V 

?V:8 01> OA:@02V ;V=VW 2 3VAB>3@0<V, I> <>65 ?>7=0G8B8AO =0 G8B0==V; 

3 DV78G=5 ?>H:>465==O, <>65 ?@8725AB8 4> 0@B5D0:BV2, HC<V2 01> 

0=><0;P=8E 7=0G5=P C 3VAB>3@0<V, >A>1;82> 2 >1;0ABOE CH:>465=P. &0:V 7<V=8 

<>6CBP CA:;04=8B8 7G8BC20==O QR-:>4C. 

"B65, F5 4>72>;Oє ?@>25AB8 0=0;V7 B0:8E 0A?5:BV2 AB0=V2 4>A;V465=>3> 

QR-:>4C: 

3 :>=B@0AB=VABP. /:I> :0=0;P=V 3VAB>3@0<8 ?>:07CNBP GVB:> 28@065=V 

?V:8 B0 2V4<V==>ABV 2 V=B5=A82=>ABV, F5 <>65 2:07C20B8 =0 E>@>HC 

:>=B@0AB=VABP QR-:>4C, I> ?>78B82=> 2?;820є =0 9>3> G8B0==O; 
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3 >FV=:0 OA:@02>ABV. $V2=><V@=0 V=B5=A82=VABP ?> 2AVE :0=0;0E <>65 

A2V4G8B8 ?@> 30@=C OA:@02VABP 7>1@065==O, I> B0:>6 <>65 ?>:@0I8B8 

<>6;82VABP G8B0==O QR-:>4C; 

3 28O2;5==O =5@V2=><V@=8E >1;0AB59. /:I> :0=0;P=V 3VAB>3@0<8 

?>:07CNBP =5@V2=><V@=V >1;0ABV, F5 <>65 2:07C20B8 =0 <>6;82V ?@>1;5<8 7 

>A2VB;5==O< 01> O:VABN 4@C:C C 45O:8E G0AB8=0E QR-:>4C; 

3 287=0G5==O 0@B5D0:BV2. !0O2=VABP 0=><0;P=8E 7=0G5=P 01> 28:84V2 C 

:0=0;P=8E 3VAB>3@0<0E <>65 2:07C20B8 =0 0@B5D0:B8 01> A?>B2>@5==O C 

7>1@065==V, I> <>65 CA:;04=8B8 7G8BC20==O QR-:>4C; 

3 >FV=:0 :>;V@=>W AE5<8. �0=0;P=V 3VAB>3@0<8 <>6CBP 4>?><>3B8 >FV=8B8 

:>;V@=C 30<C 7>1@065==O. ' QR-:>40E 70728G09 28:>@8AB>2CєBPAO G>@=>-1V;0 

:>;V@=0 AE5<0, B><C 20@B> 725@=CB8 C203C, I>1 2>=0 2V4?>2V40;0 >GV:C20==O<; 

3 >FV=:0 O:>ABV 1;>:V2 28?@02;5==O ?><8;>:. /:I> QR :>4 <VAB8BP 

1;>:8 28?@02;5==O ?><8;>:, :0=0;P=V 3VAB>3@0<8 <>6CBP 4>?><>3B8 28O28B8 

2V4<V==>ABV 2 V=B5=A82=>ABV, ?>2'O70=V 7 F8<8 1;>:0<8, I> <>65 1CB8 :>@8A=8< 

?@8 >FV=FV WE O:>ABV [122]. 

�;O FP>3> @>7@>18<> ?@>3@0<C 2V7C0;P=>3> 0=0;V7C @>7?>4V;C OA:@02>ABV 

2 :>6=><C :>;P>@V 7>1@065==O QR-:>4C 70 4>?><>3>N ?>1C4>28 :0=0;P=8E 

3VAB>3@0< <>2>N Python 7 28:>@8AB0==O< 1V1;V>B5:8 Matplotlib V Pillow (PIL). 

�030;P=89 284 0;3>@8B<C ?>1C4>28 :0=0;P=>W 3VAB>3@0<8 =02545=> =0 @8A. 3.6. 
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$8AC=>: 3.6 3 �030;P=89 283;O4 0;3>@8B<C ?>1C4>28 :0=0;P=>W 3VAB>3@0<8 

 

#@>3@0<=C @50;V70FVN 70?@>?>=>20=>3> 0;3>@8B<0 =02545=> =86G5: 

 

import matplotlib.pyplot as plt 

from PIL import Image 

 

def plot_qr_histogram(image_path): 

    # �V4:@820є<> 7>1@065==O 

    image = Image.open(image_path) 

 

#>G0B>: 

�V4:@8BBO 
7>1@065==O 

QR-:>4C 

�V=5FP 

�8:>@8AB>2CNG8 DC=:FVN Image.open 7 1V1;V>B5:8 
Pillow, ?@>3@0<0 2V4:@820є 7>1@065==O QR-:>4C 
2:070=8< H;OE>< image_path. 

"B@8<0==O 
40=8E ?@>  
?V:A5;V 

(C=:FVO image.getdata() >B@8<Cє 40=V ?@> :>;P>@8 
?V:A5;V2 V7 7>1@065==O, ?>25@B0NG8 ?;>A:89 A?8A>: 
7=0G5=P RGB 

$>74V;5==O 
7=0G5=P 

RGB 

�;O :>6=>3> ?V:A5;O 28;CG5=>3> 7>1@065==O, ?@>3@0<0 
AB2>@Nє B@8 A?8A:8: red_values, green_values V 
blue_values, I> <VABOBP 7=0G5==O G5@2>=>3>, 75;5=>3> B0 
A8=P>3> :0=0;V2 2V4?>2V4=> 

#>1C4>20  
3VAB>3@0<8 

� 28:>@8AB0==O< 1V1;V>B5:8 Matplotlib ?@>3@0<0 1C4Cє 
B@8 3VAB>3@0<8 4;O :>6=>3> :0=0;C (G5@2>=>3>, 75;5=>3> 
B0 A8=P>3>). �VAB>3@0<8 ?>:07CNBP @>7?>4V; 
V=B5=A82=>ABV 7=0G5=P ?V:A5;V2 :>6=>3> :>;V@=>3> 
:0=0;C. 

�V4>1@065==O 
@57C;PB0BV2 

�VAB>3@0<8 2V4>1@060NBPAO C 2V:=V 70 4>?><>3>N DC=:FVW 
plt.show(). 
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    # "B@8<Cє<> 40=V ?@> ?V:A5;V 

    pixel_values = list(image.getdata()) 

 

    # $>74V;Oє<> 7=0G5==O RGB 

    red_values = [pixel[0] for pixel in pixel_values] 

    green_values = [pixel[1] for pixel in pixel_values] 

    blue_values = [pixel[2] for pixel in pixel_values] 

 

    # �C4Cє<> 3VAB>3@0<C 4;O :>6=>3> :0=0;C 

    plt.figure(figsize=(10, 5)) 

 

    plt.subplot(1, 3, 1) 

    plt.hist(red_values, bins=256, color='red', alpha=0.7, rwidth=0.8) 

    plt.title('Red Channel') 

 

    plt.subplot(1, 3, 2) 

    plt.hist(green_values, bins=256, color='green', alpha=0.7, rwidth=0.8) 

    plt.title('Green Channel') 

 

    plt.subplot(1, 3, 3) 

    plt.hist(blue_values, bins=256, color='blue', alpha=0.7, rwidth=0.8) 

    plt.title('Blue Channel') 

 

    plt.tight_layout() 

    plt.show() 

 

# #V4:;NG0є<> 7>1@065==O QR-:>4C 

image_path = "Pic/qr_1.jpg" 

plot_qr_histogram(image_path) 
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�;O ?@>2545==O 4>A;V465==O A:>@8AB0є<>AO B5AB>28<8 QR-:>40<8 (@8A. 

3.2), V 70AB>ACє<> 4> =8E <>6;82V 2848 453@040FVW QR-:>4C, O:V <>6CBP 

2V41CB8AO 2 @50;P=><C 68BBV ?@8 B@0=A?>@BC20==V 01> 2 <><5=B A:0=C20==O =0 

:>=25є@=V9 ;V=VW, I> <>65 A?@8G8=8B8 2B@0BC O:>ABV, 0 >B65 ?@8725AB8 4> 

=5G8B015;P=>ABV V=D>@<0FVW. &0:>6 @>73;O=5<> >1@>1:C :>;P>@>28E QR-:>4V2 

V7 BVєN 6 V=D>@<0FVєN. $57C;PB0B8 ?@>2545==O 5:A?5@8<5=BC ?>40<> C 

B01;. 3.1. 

 

&01;8FO 3.1 3 $57C;PB0B8 ?@>2545==O 5:A?5@8<5=BC 7 0=0;V7C :0=0;P=>W 

3VAB>3@0<8 ?@8 5B0;>==><C B0 453@040FV9=8E QR-:>40E 

QR-:>4 
$57C;PB0B :0=0;P=>W 3VAB>3@0<8 

Red channel Green channel Blue channel 

1 2 3 4 

 
�B0;>==89  
(@8A. 3.2, 0) 

   

 
$>7<8BBO 
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#@>4>265==O B01;8FV 3.1 
1 2 3 4 

#8; V 
?>4@O?8=8 

  

�0B5<=5==O 

�AC2 
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#@>4>265==O B01;8FV 3.1 
1 2 3 4 

�B0;>==89 
(@8A. 3.2, 4) 

   

$>7<8BBO 

  

#8; V 
?>4@O?8=8 

�0B5<=5==O 
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#@>4>265==O B01;8FV 3.1 
1 2 3 4 

 
�AC2 

 

�=0;V7 B0 ?>@V2=O==O :0=0;P=8E 3VAB>3@0< ?@8 5B0;>==8E B0 

453@04>20=8E QR-:>40E (B01;8FO 3.1), B0:8E O: @>7<8BBO, ?8; B0 ?>4@O?8=8, 

7AC2, 4>72>;Oє =040B8 206;82C V=D>@<0FVN ?@> ABV9:VABP QR-:>4C 4> 

7>2=VH=VE 2?;82V2 B0 740B=VABP 4> 9>3> ?@028;P=>3> 7G8BC20==O. �0=0;P=0 

3VAB>3@0<0 - F5 @>7?>4V; V=B5=A82=>ABV 7=0G5=P ?V:A5;V2 C :>6=><C 7 :>;V@=8E 

:0=0;V2 7>1@065==O. �8E>4OG8 7 >B@8<0=8E @57C;PB0BV2 5:A?5@8<5=BC <>6=0 

10G8B8 7@>18B8 B0:V 28A=>2:8: 

3 5D5:B @>7<8BBO <>65 ?@8725AB8 4> 2B@0B8 @V7:>ABV <56 B0 45B0;59 QR-

:>4C. � ?>3;O4C :0=0;P=>W 3VAB>3@0<8, ?@8 @>7<8BBV >GV:CєBPAO 1V;PH 

@>7?>4V;5=8E 7=0G5=P V=B5=A82=>ABV, 73;0465=8E 25@H8= 3VAB>3@0<8; 

3 5D5:B ?8; V ?>4@O?8=8 <>65 ?@8725AB8 4> B>G>: 01> A<C3, I> 

281820NBPAO =0 QR-:>4V. �=0A;V4>: G>3> =0 :0=0;P=V9 3VAB>3@0<V 7'O2;OBPAO 

OA:@02> 28@065=V "?V:>2V" 7=0G5==O 2 :0=0;0E, I> 2V4?>2V40NBP :>;P>@0< ?8;C 

01> ?>4@O?8=; 

3 5D5:B 7AC2C <>65 ?@8725AB8 4> =5?@028;P=>3> 28@V2=N20==O ;V=V9 B0 

AB@C:BC@8 QR-:>4C. "B65, =0 :0=0;P=V9 3VAB>3@0<V <>6=0 10G8B8 7<VI5==O 

?V:>28E 7=0G5=P C :0=0;0E, I> 2V4>1@060є 7<V=C ?>;>65==O 5;5<5=BV2 QR-

:>4C. 

#@>2545<> =87:C 5:A?5@8<5=BV2 ?5@52V@:8 AB01V;P=>ABV >B@8<0==O 

40=8E V7 DV78G=> ?>H:>465=8E (A8;P=> 453@040FV9=8E) QR-:>4V2 [123]. �;O 

FP>3> @50;V7Cє<> 70?@>?>=>20=V <5B>48 C 283;O4V ?@>3@0<=>3> 70157?5G5==O 
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B0 ?@><>45;Nє<> DV78G=> ?>H:>465=V C 2V4A>B:>2><C AB0=V 2V4 7030;P=>W 

?;>IV QR-:>4C; 

 5B>N 40=>3> 4>A;V465==O 1C45 282G5==O 2?;82C DV78G=8E 

?>H:>465=P QR-:>4C =0 5D5:B82=VABP B0 B>G=VABP 9>3> 7G8BC20==O; 

�2545<> B0:V 7<V==V. !570;56=0 7<V==0 3 2V4A>B>: DV78G=8E ?>H:>465=P 

QR-:>4C. �0;56=0 7<V==0 3 5D5:B82=VABP 7G8BC20==O 40=8E V7 QR-:>4C 

(=0?@8:;04, CA?VH=5 @>7?V7=020==O 40=8E); 

#V43>B>2:0 QR-:>4V2: %B2>@5==O =01>@C QR-:>4V2 7 @V7=8<8 @V2=O<8 

CH:>465=P (@>7<8BBO, ?>4@O?8=8, A?>B2>@5==O B>I>). *5 <>65 1CB8 7@>1;5=> 

?@>3@0<=> 01> 70 4>?><>3>N DV78G=8E <5B>4V2 (=0?@8:;04, ?>H:>465==O 

?0?5@>2>3> QR-:>4C); 

�:A?5@8<5=B8, I> 2:;NG0NBP 7G8BC20==O :>6=>3> QR-:>4C 70 

4>?><>3>N A:0=5@0 01> :0<5@8, 28<V@N20==O G0AC, =5>1EV4=>3> 4;O 

7G8BC20==O, V >FV=:0 B>G=>ABV @>7?V7=020==O 40=8E; 

%B0B8AB8G=89 0=0;V7: #>@V2=O==O @57C;PB0BV2 4;O @V7=8E 2V4A>B:V2 

CH:>465=P 7 28:>@8AB0==O< AB0B8AB8G=8E <5B>4V2 287=0G5==O AB0B8AB8G=>W 

7=0GCI>ABV 2V4<V==>AB59. 

"GV:C20=V @57C;PB0B8: 

3 287=0G5==O B>3>, O: @V7=V 2848 DV78G=8E ?>H:>465=P 2?;820NBP =0 

740B=VABP 7G8BC20==O QR-:>4C; 

3 28O2;5==O ?>@>3>2>3> @V2=O ?>H:>465=P, ?@8 O:><C 7G8BC20==O AB0є 

=5<>6;828< 01> =55D5:B82=8<; 

3 ?@>?>78FVO <5B>4V2 ?>:@0I5==O 7G8BC20==O QR-:>4V2 70 =0O2=>ABV 

DV78G=8E CH:>465=P. 

�8E>4OG8 7 ?>AB02;5=>W <5B8 ?5@54 @>7@>1:>N ?@>3@0<=>3> <>4C;O 4;O 

?5@52V@:8 AB01V;P=>ABV >B@8<0==O 40=8E 7 DV78G=> ?>H:>465=8E (A8;P=> 

453@040FV9=8E) QR-:>4V2, =5>1EV4=> @>7@>18B8 7030;P=89 0;3>@8B<, O:89 

?@54AB02;5=> =0 @8A. 3.7. 
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$8AC=>: 3.7 3 �030;P=89 283;O4 ?@>3@0<=>3> 0;3>@8B<C @50;V70FVW 4@C3>3> 

5:A?5@8<5=BC 

 

#@>3@0<=0 @50;V70FVO 4@C3>3> 5:A?5@8<5=BC 7 ?5@52V@:8 AB01V;P=>ABV 

>B@8<0==O 40=8E 7 DV78G=> ?>H:>465=8E (A8;P=> 453@040FV9=8E) QR-:>4V2. 

 

import cv2 

from pyzbar.pyzbar import decode 

#>G0B>: 

 
�<?>@B 1V1;V>B5: 

�V=5FP 

�<?>@B =5>1EV4=8E 1V1;V>B5:, B0:V O: cv2 4;O @>1>B8 V7 
7>1@065==O<8 B0 pyzbar 4;O @>7?V7=020==O QR-:>4V2. 

�020=B065==O  
7>1@065==O  

QR-:>4C 
�020=B065==O 7>1@065==O 70 4>?><>3>N cv2.imread() 

#5@5B2>@5==O 
C 2V4BV=:8 AV@>3> 

#5@5B2>@5==O 7>1@065==O =0 2V4BV=:8 AV@>3> 4;O 
A?@>I5==O >1@>1:8 

$>A?V7=020==O 
QR-:>4C 

�0AB>AC20==O DC=:FVW decode() 7 1V1;V>B5:8 pyzbar 4;O 
@>7?V7=020==O QR-:>4V2 =0 7>1@065==V 

"1@>1:0 
@57C;PB0BV2  

"1@>1:0 @57C;PB0BV2 @>7?V7=020==O, =0?@8:;04, 
282545==O 40=8E, ?>2'O70=8E 7 QR-:>40<8 

�V4>1@065==O 
@57C;PB0BV2  

�V4>1@065==O 7>1@065==O 7 =0:;045=8<8 >1;0ABO<8 
@>7?V7=0=8E QR-:>4V2 
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import numpy as np 

 

def read_qr_code(image_path): 

    # �020=B065==O 7>1@065==O 

    image = cv2.imread(image_path) 

 

    # #5@5B2>@5==O 7>1@065==O C 2V4BV=:8 AV@>3> 

    gray_image = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY) 

 

    # �5:>4C20==O QR-:>4V2 

    decoded_objects = decode(gray_image) 

 

    # "1@>1:0 @57C;PB0BV2 

    for obj in decoded_objects: 

        data = obj.data.decode('utf-8') 

        print(f"QR Code Data: {data}") 

 

        # �V4>1@065==O @0<:8 =02:>;> QR-:>4C 

        points = obj.polygon 

        if points is not None and len(points) == 4: 

            pts = np.array(points, dtype=np.int32) 

            pts = pts.reshape((-1, 1, 2)) 

            cv2.polylines(image, [pts], isClosed=True, color=(0, 255, 0), 

thickness=2) 

 

    # �V4>1@065==O 7>1@065==O 7 @0<:0<8 =02:>;> QR-:>4V2 

    cv2.imshow('QR Codes', image) 

    cv2.waitKey(0) 

    cv2.destroyAllWindows() 
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# #@8:;04 28:>@8AB0==O DC=:FVW 4;O 7G8BC20==O QR-:>4V2 V7 7>1@065==O 

image_path = 'C:\\Users\\Vladyslav\\Desktop\\QR_test\\qr_1.jpg' 

read_qr_code(image_path) 

 

�;O ?@>2545==O 5:A?5@8<5=BC, @50;V7Cє<> <0A82 QR-:>4V2 7 @V7=8<8 

B8?0<8 B0 2V4A>B:>< A?V22V4=>H5==O< ?>H:>465=P, O:V V<VBCNBP @50;P=V 

?>H:>465==O O:V <>6CBP 1CB8 ?@8 B@0=A?>@BC20==V >1'є:BV2 =0 :>=25є@=8E 

;V=VOE A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW, ?@8 FP><C ?5@52V@O;0AO 

<>6;82VABP 45:>4C20==O V=D>@<0FVW 70:>4>20=>W 2A5@548=V B5AB>2>3> QR-

:>4C, @>7:>4C20==O. "B@8<0=V @57C;PB0B8 =02545=> C B01;. 3.2. 

 

&01;8FO 3.2 3 $57C;PB0B8 ?@>2545==O 4@C3>3> 5:A?5@8<5=BC 

QR-:>4 28EV4=89 QR-:>4 2 ?@>3@0<V 
$57C;PB0B8 
@>7?V7=020==O 
V=D>@<0FVW 

1 2 3 

 
 

QR Code Data: Test 
object No. 1 

(G0A @>7?V7=0==O ~ 
12 <A) 

  

QR Code Data: Test 
object No. 1 

(G0A @>7?V7=0==O ~ 
23 <A) 
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#@>4>265==O B01;8FV 3.2 
1 2 3 

 
 

�=D>@<0FVN =5 
@>7?V7=0=> 

  

�=D>@<0FVN =5 
@>7?V7=0=> 

 
 

QR Code Data: 
Test object No. 1 
(G0A @>7?V7=0==O 

~ 56 <A) 

  

�=D>@<0FVN =5 
@>7?V7=0=> 
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#@>4>265==O B01;8FV 3.2 
1 2 3 

 
 

�=D>@<0FVN =5 
@>7?V7=0=> 

  

�=D>@<0FVN =5 
@>7?V7=0=> 

  

�=D>@<0FVN =5 
@>7?V7=0=> 

  

QR Code Data: 
Test object No. 1 
(G0A @>7?V7=0==O 
~ 112 <A) 
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#@>4>265==O B01;8FV 3.2 
1 2 3 

 
 

QR Code Data: 
Test object No. 1 
(G0A @>7?V7=0==O 
~ 231 <A) 

 
 

QR Code Data: 
Test object No. 1 
(G0A @>7?V7=0==O 
~ 189 <A) 

 

"AB0==V< :@>:>< ?5@52V@:8 ?@>2545<> <>45;N20==O 28?04:C, :>;8 QR-

:>4 V=D>@<0FVW ?@> D0@<0F52B8G=C ?@>4C:FVN, ?>B@0?;ONG8 ?V4 A8AB5<C 

:><?'NB5@=>3> 7>@C V45=B8DV:0FVW B0 @>7?V7=020==O >1'є:BV2 <>65 ?5@51C20B8 

?V4 @V7=8<8 :CB0<8, B>1B> :>=25є@=0 ;V=VO =5 <0є A8AB5<8 ?>78FV>=C20==O B0 

28@V2=N20==O. �;O FP>3> 5:A?5@8<5=BC 2V7P<5<> B5AB>289 QR-:>4 7 =0ABC?=>W 

V=D>@<0FVW: Test object No. 1. "B@8<0=V @57C;PB0B8 ?@>2545=>3> 5:A?5@8<5=BC 

=02545=> C B01;. 3.3. 
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&01;8FO 3.3 3 "B@8<0=V @57C;PB0B8 <>45;N20==O V45=B8DV:0FVW B0 

@>7?V7=020==O ?V4 @V7=8<8 :CB0<8. 

�CB QR-:>4 2 ?@>3@0<V +0A @>7?V7=0==O $57C;PB0B 
1 2 3 4 

150 

 

34 
QR Code Data: 

Test object No. 1 

300 

 

56 
QR Code Data: 

Test object No. 1 

450 

 

49 
QR Code Data: 

Test object No. 1 

600 

 

74 
QR Code Data: 

Test object No. 1 
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#@>4>265==O B01;8FV 3.3 
1 2 3 4 

750 

 

81 
QR Code Data: 
Test object No. 

1 

900 

 

12 
QR Code Data: 
Test object No. 

1 

1150 

 

75 
QR Code Data: 
Test object No. 

1 

1300 

 

86 
QR Code Data: 
Test object No. 

1 
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#@>4>265==O B01;8FV 3.3 
1 2 3 4 

1450 

 

68 
QR Code Data: 
Test object No. 

1 

1600 76 
QR Code Data: 
Test object No. 

1 

1750 

 

20 
QR Code Data: 
Test object No. 

1 

1900 

 

67 
QR Code Data: 
Test object No. 

1 
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#@>4>265==O B01;8FV 3.3 
1 2 3 4 

2050 

 

92 
QR Code Data: 
Test object No. 

1 

220 

 

101 
QR Code Data: 
Test object No. 

1 

 

�;O 7@CG=>ABV 0=0;V7C >B@8<0=8E @57C;PB0BV2 B@5BP>3> 5:A?5@8<5=BC 

?@54AB028<> 40=V C 283;O4V 3@0DV:0, O:89 =02545=> =0 @8A. 3.8. 

 

 
$8AC=>: 3.8 3 �@0DV: 70;56=>ABV G0AC @>7?V7=020==O 2V4 :CB0 A:0=C20==O 

QR-:>4C. 
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�AV =02545=V 28I5 5:A?5@8<5=B8 1C;8 ?>2B>@5=V 7V A:;04=8<8 QR-:>4>< 

O:89, <VAB8BP 25;8:89 >1AO3 40=8E B0:8E O:: 28@>1=8:; ;>3VAB8G=V :><?0=VW; 

48AB@81'NB>@8; 0?B5G=V >@30=V70FVW; <548G=V >@30=V70FVW, ?@8:;04 B0:>3> :>4C 

=02545=> @8AC=:C 3.9. 

 

 

$8AC=>: 3.9 3 %:;04=89 QR-:>4 7 25;8:8< >1AO3>< 40=8E 

 

' FP><C :>4V ?@54AB02;5=> =0ABC?=C 107>2C V=D>@<0FVN: 

3 B8? ?@>4C:BC: #V3C;:8 2V4 :0H;N "�><1V 3@81"; 

3 28@>1=8:: (0@<0F52B8G=0 :><?0=VO "�4>@>2'O- 54"; 

3 ;>3VAB8G=0 V=D>@<0FVO: �>3VAB8G=0 :><?0=VO "�>3VAB8:0':@"; 

3 48AB@81'NB>@: �8AB@81'NB>@AP:0 :><?0=VO " 54A5@2VA"; 

3 0?B5G=0 >@30=V70FVO: �?B5G=0 <5@560 "�0�4>@>2'O"; 

3 <548G=0 >@30=V70FVO:  VAP:0 ;V:0@=O №1. 

#@>2545<> ?>2B>@=> B@5BV9 5:A?5@8<5=B 7V A:;04=8< QR-:>4>< 7 

25;8:8< >1AO3>< 40=8E, O:89 ?@54AB02;5=89 =0 @8A. 3.9. $57C;PB0B8 >B@8<0=V 

?V4 G0A ?@>2545==O 5:A?5@8<5=BC ?@54AB02;5=V @8AC=:C 3.10 C 283;O4V 3@0DV:0 

70;56=>ABV G0AC @>7?V7=020==O 2V4 :CB0 A:0=C20==O A:;04=>3> QR-:>4C 7 

25;8:8< >1AO3>< 40=8E. 
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$8AC=>: 3.10 3 �@0DV: 70;56=>ABV G0AC @>7?V7=020==O 2V4 :CB0 A:0=C20==O 

A:;04=>3> QR-:>4C 7 25;8:8< >1AO3>< 40=8E 

 

3.5 �030B>D0:B>@=89 5:A?5@8<5=B 

 

�;O @50;V70FVW 1030B>D0:B>@=>3> 5:A?5@8<5=BC [91, 124] =5>1EV4=> 

?>1C4C20B8 <0B5<0B8G=C <>45;P B0 >?8A0B8 :@>:8 4;O 0=0;V7C 2?;82C 7<V==8E 

(H284:VABP :>=25є@0, >A2VB;5=VABP V >@Vє=B0FVO C?0:>2:8) =0 @57C;PB0B8 

@>7?V7=020==O =0 D0@<0F52B8G=V9 :>=25є@=V9 ;V=VW. 

�87=0G8<> D0:B>@8 V @V25=P 5:A?5@8<5=BC: 

3 H284:VABP :>=25є@0 č <0є B@8 @V2=V: č1 = 0.15м с⁄ , č2 = 0.22м с⁄ , 

 č3 = 0.3м с⁄ ; 

3 >A2VB;5=VABP @>1>G>W 7>=8 ă <0є B@8 @V2=V: =87P:0 (ă1),A5@54=O (ă2), 

28A>:0 (ă3); 

3 >@Vє=B0FVO C?0:>2:8 � <0є B@8 @V2=V: �1 = 00, �2 = 300; �3 = 600. 

�;O 28<V@N20==O ?0@0<5B@V2 H284:>ABV :>=25є@0, >A2VB;5=>ABV @>1>G>W 

7>=8 B0 >@Vє=B0FVW C?0:>2:8 =0 D0@<0F52B8G=V9 :>=25є@=V9 ;V=VW ?V4 G0A 

5:A?5@8<5=BV2 ?@>?>=CєBPAO =0ABC?=5 >1;04=0==O, 7030;P=89 283;O4 O:>3> 

?@54AB02;5=89 =0 @8A. 3.11. 
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0) 1) 

 

2) 

0) �075@=89 B0E><5B@ Extech 461920; [] 

1) �N:A<5B@ Testo 540; [] 

2) *8D@>289 :CB><V@ Bosch GIM 120; [] 

$8AC=>: 3.11 3 �030;P=89 283;O4 >1;04=0==O 4;O 28<V@N20==O ?>:07=8:V2 

 

� B01;. 3.4 =02545=> B5E=VG=V E0@0:B5@8AB8:8 >1@0=>3> >1;04=0==O: 

;075@=>3> B0E><5B@0 Extech 461920, ;N:A<5B@0 Testo 540 B0 F8D@>2>3> 

:CB><V@0 Bosch GIM 120.   
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&01;8FO 3.4 3 &5E=VG=V E0@0:B5@8AB8:8 >1@0=>3> >1;04=0==O 

#0@0<5B@ �075@=89 B0E><5B@ 
Extech 461920 

�N:A<5B@ Testo 540 *8D@>289 :CB><V@ 
Bosch GIM 120 

�8@>1=8: Extech Instruments 
(%,�) Testo (!V<5GG8=0) Bosch (!V<5GG8=0) 

�V0?07>= 
28<V@N20=P 

0,5 3 1999,9 </E2 
(;V=V9=0 
H284:VABP) 

0 3 99,999 ;: 0° 3 120° 

&>G=VABP 
28<V@N20=P 

±0,05% 2V4 
?>:07=8:0 1 ;: 0,1° 

&8? 40BG8:0 �075@=89 
�0BG8: A2VB;>2>3> 

?>B>:C  03=VB=89 A5=A>@ 

"A>1;82>ABV 

#V4B@8<:0 O: 
:>=B0:B=>3>, B0: V 
157:>=B0:B=>3> 
28<V@N20==O 

�><?0:B=89, 
;53:89, 7@CG=89 4;O 
@>1>B8 =0 E>4C 

�2B><0B8G=5 
715@565==O 
7=0G5=P, 

1C;P10H:>289 
@V25=P 

$>1>G0 
B5<?5@0BC@0 0°C 3 50°C 0°C 3 40°C -10°C 3 50°C 

�:@0= 
*8D@>289 LCD-
48A?;59 

*8D@>289 48A?;59 
*8D@>289 48A?;59 
7 ?V4A2VGC20==O< 

�82;5==O 4 10B0@59:8 B8?C 
AA 

�0B0@59:0 CR2032 1 10B0@59:0 9� 

$>7<V@ / �030 210 x 75 x 50 << / 300 3 
111 x 51 x 28 << / 

95 3 
523 x 27 x 60 << / 

830 3 
 

"1@0=5 >1;04=0==O 4;O 1030B>D0:B>@=>3> 5:A?5@8<5=BC 70157?5GCє 

28A>:C B>G=VABP B0 2V4?>2V4=VABP 28<>30< D0@<0F52B8G=>3> 28@>1=8FB20. 

�075@=89 B0E><5B@ Extech 461920 V7 4V0?07>=>< 28<V@N20==O 2V4 0,5 4> 

1999,9 </E2 V B>G=VABN ±0,05% 4>72>;Oє 5D5:B82=> :>=B@>;N20B8 H284:VABP 

:>=25є@0, I> є :@8B8G=8< ?0@0<5B@>< 4;O @>7?V7=020==O >1'є:BV2. �N:A<5B@ 

Testo 540, V7 4V0?07>=>< 2V4 0 4> 99,999 ;: B0 B>G=VABN ±3%, 70157?5GCє =04V9=5 

28<V@N20==O >A2VB;5=>ABV @>1>G>W 7>=8, 206;82>W 4;O B>G=>ABV @>7?V7=020==O. 

*8D@>289 :CB><V@ Bosch GIM 120 <0є 28A>:C B>G=VABP 0,1° V H8@>:89 4V0?07>= 

4> 120°, I> 4>72>;Oє :>@5:B=> 28<V@N20B8 >@Vє=B0FVN C?0:>2:8 =0 :>=25є@V. 

' ?>@V2=O==V 7 V=H8<8 ?@8AB@>O<8, 40=V <>45;V >?B8<0;P=> ?>є4=CNBP 

?>@B0B82=VABP B0 ;53:VABP C 28:>@8AB0==V, 715@V30NG8 ?@8 FP><C 28A>:89 

@V25=P B>G=>ABV. �><?0:B=V B0 7@CG=V 48A?;5W :>6=>3> 7 ?@8;04V2 A?@8ONBP 
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H284:><C 7G8BC20==N @57C;PB0BV2, I> 70157?5GCє >?5@0B82=VABP 

5:A?5@8<5=BC B0 7=86Cє ?>E81:8 28<V@N20=P, >A>1;82> 2 C<>20E 

1030B>@07>28E ?>2B>@5=P 5:A?5@8<5=BC 4;O 4>AO3=5==O =04V9=8E 40=8E. 

#@8 ?;0=C20==V 1030B>D0:B>@=>3> 5:A?5@8<5=BC, :V;P:VABP :><1V=0FV9 

2AVE D0:B>@V2 AB0=>28BP: 

 ą = āĀ = 33 = 27 (3.54) 

 

45 ā = 3 3 :V;P:VABP @V2=V2 :>6=>3> D0:B>@C; ÿ 3 :V;P:VABP D0:B>@V2. 

$>7@>18<> =0ABC?=C <>45;P 270є<>4VW D0:B>@V2 4;O ?@>2545==O 

5:A?5@8<5=BC C 283;O4V: 

 Ć = Ā0 + Ā1č + Ā2ă + Ā3� + Ā12čă + Ā13č� + Ā23ă� + Ā123čă� + � (3.55) 

 

45 Ć 3 28EV4=89 ?>:07=8: 5D5:B82=>ABV (G0A @>7?V7=020==O, B>G=VABP 01> 

:V;P:VABP ?><8;:>28E V45=B8DV:0FV9), Āÿ 3 :>5DVFVє=B8 2?;82C :>6=>3> D0:B>@C; � 3 ?>E81:0. 

�;O ?@>2545==O 5:A?5@8<5=BC :>6=C :><1V=0FVN C<>2 ?>B@V1=> 

70?CA:0B8 :V;P:0 @07V2 4;O ?V428I5==O B>G=>ABV. !5E09 :>6=0 :><1V=0FVO 

?>2B>@NєBPAO ÿ @07V2 (=0?@8:;04 3 @078). &>4V 7030;P=0 :V;P:VABP 28<V@N20=P 

<>6=0 ?>40B8 C =0ABC?=89 A?>AV1: 

 ąāąāþĂ = ą × ÿ = 27 × 3 = 81 (3.56) 

 

�;O :>6=>W :><1V=0FVW @>7@0E>2CNBPAO A5@54=V 7=0G5==O ?>:07=8:V2 

5D5:B82=>ABV: 
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 Ć̅ÿĀĂ = 1ÿ∑ĆÿĀāĂÿ

Ă=1  (3.57) 

 

45 ÿ, Ā, ā 3 V=45:A8 @V2=V2 D0:B>@V2, Ă 3 V=45:A ?>2B>@5==O. 
�;O 0=0;V7C @57C;PB0BV2 28:>@8AB>2CNBPAO =0ABC?=V :@>:8: 

1. $>7@0EC=>: 48A?5@AVW D0:B>@V2 4;O ?5@52V@:8 2?;82C D0:B>@V2 =0 

?>:07=8:8 5D5:B82=>ABV. 

2. �=0;V7 20@V0FV9 (ANOVA) 4;O :>6=>3> D0:B>@C, I> 4>72>;Oє 28O28B8 

7=0GCIV D0:B>@8 B0 WE 270є<>4VW. %B0B8AB8G=5 7=0G5==O 4;O :>6=>3> D0:B>@C 

?5@52V@OєBPAO 70 :@8B5@Vє< (VH5@0 (F-:@8B5@Vє<). 

(>@<C;0 4;O @>7@0EC=:C A5@54=P>:204@0B8G=>3> 2V4E8;5==O 4;O 

:>6=>3> D0:B>@C 1C45<> ?@>2>48B8 =0ABC?=8< G8=><: 

 ĊĀ2 = ∑ (Ćÿ 2 Ć̅)2āÿ=1ą 2 1  (3.58) 

 

45 Ć̅ 3 A5@54=є 7=0G5==O 2AVE 28<V@V2; ą 3 7030;P=0 :V;P:VABP :><1V=0FV9. 

�87=0G8<> =0ABC?=V 2?;828 D0:B>@V2: 

3 O:I> 7=0G5==O Ă-:@8B5@VN 4;O D0:B>@0 1V;PH5 :@8B8G=>3> 7=0G5==O, 

2?;82 D0:B>@0 7=0GCI89; 

3 :>5DVFVє=B Ā 28:>@8AB>2CNBPAO 4;O 287=0G5==O =0?@O<:C V A8;8 

2?;82C. 

�0 @57C;PB0B0<8 5:A?5@8<5=BC <>6=0 2AB0=>28B8, O:V :><1V=0FVW 

D0:B>@V2 >?B8<0;P=> 2?;820NBP =0 :>65= ?>:07=8:, =0?@8:;04: 

3 =09<5=H89 G0A @>7?V7=020==O; 

3 <0:A8<0;P=0 B>G=VABP; 

3 <V=V<0;P=0 :V;P:VABP ?><8;:>28E V45=B8DV:0FV9. 
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*59 ?V4EV4 4>72>;8BP 281@0B8 >?B8<0;P=V @V2=V 4;O :>6=>3> 7 D0:B>@V2 

B0 ?>:@0I8B8 A8AB5<C @>7?V7=020==O. 

$57C;PB0B8 ?@>2545=>3> 5:A?5@8<5=BC =02545=> 2 B01;. 3.5. 

 

&01;8FO 3.5 3 $57C;PB0B8 ?@>2545==O 5:A?5@8<5=BC 

,284:VABP 

(</A) 

$V25=P 

>A2VB;5=>ABV 

"@Vє=B0FVO 

(3@04CA8) 

+0A 

@>7?V7=020==O 

(A) 

&>G=VABP 

(%) 

�V;P:VABP 

?><8;>: 

1 2 3 4 5 6 

0.15 !87P:89 0 1.23 98.5 1 

0.15 !87P:89 30 1.15 96.2 0 

0.15 !87P:89 60 1.34 97.1 2 

0.15 %5@54=V9 0 1.45 94.3 1 

0.15 %5@54=V9 30 1.37 95.8 0 

0.15 %5@54=V9 60 1.29 93.5 3 

0.15 �8A>:89 0 1.17 99.0 0 

0.15 �8A>:89 30 1.32 97.8 1 

0.15 �8A>:89 60 1.25 96.4 2 

0.22 !87P:89 0 1.11 92.5 3 

0.22 !87P:89 30 1.19 91.8 2 

0.22 !87P:89 60 1.26 90.7 4 

0.22 %5@54=V9 0 1.38 94.9 1 

0.22 %5@54=V9 30 1.25 96.1 0 

0.22 %5@54=V9 60 1.30 93.8 2 

0.22 �8A>:89 0 1.23 95.4 1 

0.22 �8A>:89 30 1.19 97.3 0 
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#@>4>265==O B01;8FV 3.5 
1 2 3 4 5 6 

0.22 �8A>:89 60 1.16 96.2 1 

0.3 !87P:89 0 1.41 89.5 5 

0.3 !87P:89 30 1.35 88.2 4 

0.3 !87P:89 60 1.38 87.1 3 

0.3 %5@54=V9 0 1.33 91.2 2 

0.3 %5@54=V9 30 1.25 92.3 1 

0.3 %5@54=V9 60 1.29 90.9 3 

0.3 �8A>:89 0 1.18 95.8 1 

0.3 �8A>:89 30 1.14 96.5 0 

0.3 �8A>:89 60 1.20 94.4 2 

 

!02545<> ?>OA=5==O 7=0G5=P 2 B01;. 3.5:  

3 H284:VABP :>=25є@0 <0є B@8 @V2=V (0.15; 0.22; 0.3 м с⁄ ); 

3  @V25=P >A2VB;5=>ABV:  =87P:89 3 1003300 ;: (?@81;87=89 @V25=P, I> 

28:>@8AB>2CєBPAO 4;O <V=V<0;P=>W 2848<>ABV 2 A:;04AP:8E 01> B5E=VG=8E 

7>=0E); A5@54=V9 3 4003600 ;: (@V25=P, 4>AB0B=V9 4;O 7030;P=>W @>1>B8 =0 

28@>1=8GV9 ;V=VW) B0 28A>:89 3 70031000 ;: (@V25=P >A2VB;5==O 4;O B>G=8E 

28@>1=8G8E 01> :>=B@>;P=8E 70240=P, B0:8E O: A>@BC20==O 01> :>=B@>;P 

O:>ABV); 

3 >@Vє=B0FVO (3@04CA8) :CB8 ?>2>@>BC C?0:>2:8 (0°, 30°, 60°); 

3 G0A @>7?V7=020==O (A) ?>:07Cє B@820;VABP @>7?V7=020==O 2 A5:C=40E; 

3 B>G=VABP (%) 3 F5 2V4A>B>: CA?VH=>3> @>7?V7=020==O; 

3 :V;P:VABP ?><8;>: 3  F5 :V;P:VABP ?><8;:>28E V45=B8DV:0FV9 ?@8 ?52=V9 

:><1V=0FVW ?0@0<5B@V2. 

#@54AB028<> >B@8<0=V @57C;PB0B8 5:A?5@8<5=BC C 283;O4V 

:><1V=>20=>3> 3@0DV:0 =0 @8A. 3.12. 
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0) 

 

1) 
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2) 

0) ?>:07Cє 70;56=VABP G0AC @>7?V7=020==O 2V4 H284:>ABV :>=25є@0 ?@8 

@V7=8E @V2=OE >A2VB;5=>ABV B0 >@Vє=B0FVW C?0:>2:8 

1) ?>:07Cє 70;56=VABP B>G=>ABV 2V4 H284:>ABV 4;O @V7=8E :><1V=0FV9 

>A2VB;5=>ABV 9 >@Vє=B0FVW 

2) 2V4>1@060є :V;P:VABP ?><8;>: C 70;56=>ABV 2V4 H284:>ABV, >A2VB;5=>ABV 9 

>@Vє=B0FVW. 

$8AC=>: 3.12 3 �><1V=>20=89 3@0DV: >B@8<0=8E @57C;PB0BV2 5:A?5@8<5=BC 

 

#@>2545=89 5:A?5@8<5=B ?>:07Cє GVB:V B5=45=FVW I>4> 2?;82C @V7=8E 

?0@0<5B@V2 =0 5D5:B82=VABP A8AB5<8 @>7?V7=020==O. #>@V2=O==O @57C;PB0BV2 70 

H284:VABN :>=25є@0 2:07Cє =0 B5, I> =09=86G89 G0A @>7?V7=020==O B0 =0928I0 

B>G=VABP 4>AO30NBPAO ?@8 A5@54=V9 H284:>ABV, B>4V O: ?@8 <0:A8<0;P=V9 

H284:>ABV :V;P:VABP ?><8;:>28E V45=B8DV:0FV9 7@>AB0є, >A>1;82> 70 =87P:>3> 

@V2=O >A2VB;5=>ABV. #>@V2=O==O @V2=V2 >A2VB;5=>ABV 45<>=AB@Cє, I> ?@8 

28A>:><C @V2=V A8AB5<0 @>7?V7=0є >1’є:B8 B>G=VH5, 7 <5=H>N :V;P:VABN 

?><8;>: B0 V7 7030;>< AB01V;P=VH8<8 ?>:07=8:0<8 G0AC @>7?V7=020==O. *5 

A2V4G8BP ?@> B5, I> >A2VB;5=VABP є :@8B8G=8< D0:B>@><, O:89 ?>A8;Nє 01> 

7=86Cє 2?;82 V=H8E ?0@0<5B@V2. ->4> >@Vє=B0FVW C?0:>2:8, =091V;PH 

5D5:B82=8<8 є :CB8 0° B0 30°, B>4V O: ?@8 >@Vє=B0FVW =0 60° B>G=VABP 
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7=86CєBPAO, 0 ?><8;:8 7@>AB0NBP, >A>1;82> 70 =87P:>3> @V2=O >A2VB;5==O B0 

28A>:>W H284:>ABV. 

&0:8< G8=><, ?>@V2=O;P=89 0=0;V7 40=8E 4>72>;Oє 4V9B8 28A=>2:C, I> 

>?B8<0;P=>N :><1V=0FVєN ?0@0<5B@V2 4;O 70157?5G5==O B>G=>3> 

@>7?V7=020==O є A5@54=O H284:VABP :>=25є@0, 28A>:89 @V25=P >A2VB;5=>ABV B0 

>@Vє=B0FVO C?0:>2:8 ?V4 :CB>< 0°. �0 B0:8E C<>2 A8AB5<0 4>AO30є =0928I8E 

?>:07=8:V2 B>G=>ABV B0 =09=86G>3> @V2=O ?><8;>:. *5 ?V4B25@46Cє 206;82VABP 

:><1V=C20==O ?0@0<5B@V2 4;O 4>AO3=5==O AB01V;P=>W B0 5D5:B82=>W @>1>B8, I> 

>A>1;82> :>@8A=> ?@8 02B><0B870FVW =0 D0@<0F52B8G=8E ;V=VOE, 45 206;82V 

<V=V<V70FVO ?><8;>: V 28A>:0 H284:VABP @>1>B8. $57C;PB0B8 B01;8FV 

?V4:@5A;NNBP, I> 710;0=A>20=V ?0@0<5B@8 4>72>;ONBP 7=0G=> ?V428I8B8 

?@>4C:B82=VABP B0 O:VABP @>7?V7=020==O, I> є :;NG>28< 4;O 5D5:B82=>3> 

DC=:FV>=C20==O 2AVєW A8AB5<8. 

 

3.6 �8A=>2:8 70 @>74V;>< 3 

 

' B@5BP><C @>74V;V 48A5@B0FVW 1C;> C4>A:>=0;5=> <5B>48 V45=B8DV:0FVW 

C?0:>2>: =0 :>=25є@=V9 ;V=VW A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW 7 

28:>@8AB0==O< A8AB5< :><?'NB5@=>3> 7>@C. "A=>2=0 C2030 1C;0 ?@84V;5=0 

24>A:>=0;5==N <5B>4C =>@<0;V70FVW :04@C 7>1@065==O QR-:>4C. *5 

24>A:>=0;5==O ?>;O30;> 2 70<V=V HC<>2>3> ?V:A5;O A5@54=V< 7=0G5==O<, 

@>7@0E>20=8< 7 C@0EC20==O< 2AVE ?V:A5;V2, I> 4>72>;8;> ACBBє2> ?>:@0I8B8 

O:VABP @>7?V7=020==O V=D>@<0FVW =0 QR-:>4V 70 @V7=8E C<>2, 2:;NG0NG8 

7>2=VH=V 2?;828 ?V4 G0A ?@>F5AC A>@BC20==O. �@V< B>3>, 1C;> 24>A:>=0;5=> 

<5B>4 :>4C20==O V=D>@<0FVW H;OE>< 28:>@8AB0==O ?>;V=><-35=5@0B>@0 =0 

>A=>2V :>4C $V40-%>;><>=0, I> 7=0G=> ?>:@0I8;> 7G8BC20==O V=D>@<0FVW 7 

QR-:>4V2 =02VBP C 28?04:0E WE G0AB:>2>3> ?>H:>465==O 01> AB5@B>ABV. *5 

70157?5GCє ?V428I5==O =04V9=>ABV ?5@540GV 40=8E =0 :>=25є@=V9 ;V=VW. &0:>6 

@>7@>1;5=> =>289 <5B>4 @>7:>4C20==O V=D>@<0FVW 7 28?@02;5==O< ?><8;>: V 

>?8A>:, I> 107CєBPAO =0 0;3>@8B<V (>@=V. �0=89 ?V4EV4 4>72>;Oє B>G=> 
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287=0G0B8 B0 :>@83C20B8 ?><8;:8, O:V <>6CBP 28=8:=CB8 ?V4 G0A ?5@540GV 

V=D>@<0FVW =0 5B0?V A:0=C20==O QR-:>4V2. �@V< FP>3>, 1C;> ?@>2545=> 

<>45;N20==O @V7=8E B8?V2 ?>H:>465=P QR-:>4V2 =0 :>=25є@=V9 ;V=VW, I> 

4>72>;8;> >?B8<V7C20B8 0;3>@8B<8 >1@>1:8 40=8E ?@8 @>1>BV 7 

?>H:>465=8<8 :>40<8. !0C:>20 =>287=0 FP>3> @>74V;C ?>;O30є 2 

C4>A:>=0;5==V <5B>4V2 =>@<0;V70FVW 7>1@065=P QR-:>4V2, :>4C20==O 

V=D>@<0FVW, 0 B0:>6 C 2?@>20465==V =>28E ?V4E>4V2 4> @>7:>4C20==O 

?>H:>465=8E 40=8E, I> 7=0G=> ?V428ICє 5D5:B82=VABP A8AB5< A>@BC20==O 

D0@<0F52B8G=>W ?@>4C:FVW. 

 

"A=>2=V @57C;PB0B8 B@5BP>3> @>74V;C >?C1;V:>20=> C @>1>B0E [111, 119, 

122, 123]. %?8A>: 465@5;, O:V 28:>@8AB0=> C B@5BP><C @>74V;V, =02545=> C 

?5@5;V:C 465@5; ?>A8;0=P [91, 106-110, 112-118, 120, 121,124] 
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4 $"�$"���!!/  �&� �&�+!"�  "���� ��&" �&�+!"�" 

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

 

 

4.1  0B5<0B8G=0 <>45;P 02B><0B8G=>3> :5@C20==O H284:VABN 

:>=25є@=>W ;V=VW A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW =0 107V #��-@53C;OB>@V2 

 

4.1.1 #>AB0=>2:0 7040GV <>45;N20==O 

%CG0A=V A8AB5<8 02B><0B870FVW є =52V4’є<=>N G0AB8=>N @V7=8E 30;C759 

?@><8A;>2>ABV, 7>:@5<0 D0@<0F52B8G=>W. �8:>@8AB0==O @>1>B87>20=8E 

:>=25є@=8E ;V=V9 4;O A>@BC20==O ?@>4C:FVW 4>72>;Oє ?V428I8B8 5D5:B82=VABP, 

B>G=VABP V H284:VABP 28@>1=8G8E ?@>F5AV2. &0:0 02B><0B870FVO 7=86Cє @878: 

;N4AP:8E ?><8;>:, I> є >A>1;82> 206;828< C D0@<0F52B8FV, 45 :>=B@>;P 

O:>ABV B0 B>G=VABP 2V4V3@0NBP :@8B8G=C @>;P. 

!0 >A=>2V =02545=>W AB@C:BC@=>W AE5<8 (@8A. 4.1) <>6=0 45B0;P=> 

@>73;O=CB8 02B><0B87>20=C :>=25є@=C ;V=VN 4;O A>@BC20==O D0@<0F52B8G=>W 

?@>4C:FVW, O:0 2:;NG0є 2 A515 @V7=V :><?>=5=B8, I> ?@0FNNBP C 270є<>4VW. 

 

 

$8AC=>: 4.1 3 %B@C:BC@=0 AE5<0 02B><0B8G=>W :>=25є@=>W ;V=VW 4;O 

A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW 
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"A=>2=>N G0AB8=>N FVєW A8AB5<8 є :>=25є@, I> 2V4?>2V40є 70 

?5@5<VI5==O ?0:C=:V2 V7 D0@<0F52B8G=>N ?@>4C:FVєN 274>26 ;V=VW. #0:C=:8 

@CE0NBPAO ?> :>=25є@C, ?@>E>4OG8 G5@57 @V7=V 5B0?8 >1@>1:8 V A>@BC20==O. 

�;NG>2C @>;P C ?@>F5AV A>@BC20==O 2V4V3@0NBP 40BG8:8 QR-<VB>:, O:V 

@>7B0H>20=V =0 @V7=8E 5B0?0E ;V=VW. �>=8 7G8BCNBP QR-:>48 7 ?0:C=:V2 V 

?5@540NBP 7V1@0=C V=D>@<0FVN 4> ?@>3@0<>20=>3> ;>3VG=>3> :>=B@>;5@0 

(#��). QR-:>48 <VABOBP 40=V ?@> B8? V E0@0:B5@8AB8:8 ?@>4C:FVW, I> 4>72>;Oє 

287=0G8B8, O: A0<5 A;V4 A>@BC20B8 ?0:C=:8 =0 =0ABC?=8E 5B0?0E. 

#�� є F5=B@0;P=8< 5;5<5=B>< 02B><0B870FVW, O:89 :5@Cє 2AVєN 

A8AB5<>N. �V= >1@>1;Oє V=D>@<0FVN, >B@8<0=C 2V4 40BG8:V2, V =0 >A=>2V 

70?@>3@0<>20=8E 0;3>@8B<V2 :5@Cє @>1>B>N :>=25є@0 B0 A>@BC20;P=8E 

<5E0=V7<V2. #�� :>=B@>;Nє @>1>BC 4283C=V2 :>=25є@0 B0 A5?0@0B>@V2, 0 B0:>6 

40є :><0=48 =0 28:>=0==O ?52=8E 4V9 70;56=> 2V4 40=8E, >B@8<0=8E 2V4 QR-

:>4V2. 

!0 ?>G0B:C ;V=V ?0:C=:8 <>6CBP 1CB8 2V4A>@B>20=V 70 4>?><>3>N 

A5?0@0B>@0 1, O:89 :5@CєBPAO 2V4?>2V4=8< 5;5:B@>?@82>4><. *59 <5E0=V7< 

DV78G=> 2V4>:@5<;Nє ?@>4C:FVN 2 >48= V7 =0?@O<:V2 =0 >A=>2V V=D>@<0FVW, 

>B@8<0=>W 2V4 #��. %5?0@0B>@ 40є 7<>3C @>74V;OB8 ?@>4C:FVN 70 ?52=8<8 

?0@0<5B@0<8, =0?@8:;04, 70 B8?>< 01> =0 >A=>2V A:0=C20==O QR-<VB>:. 

!0 :>6=><C 5B0?V ;V=VW @>7B0H>20=V 40BG8:8 QR-<VB>:, O:V 28:>=CNBP 

DC=:FVN 7G8BC20==O V=D>@<0FVW 7 D0@<0F52B8G=>W ?@>4C:FVW. *V QR-:>48 

<VABOBP 40=V, =5>1EV4=V 4;O 287=0G5==O ?>40;PH>W >1@>1:8 :>6=>3> ?0:C=:C. 

�=D>@<0FVO, >B@8<0=0 7 QR-:>4V2, ?5@540єBPAO =0 ?@>3@0<>20=89 ;>3VG=89 

:>=B@>;5@ (#��), O:89 >1@>1;Oє FV 40=V B0 ?@89<0є @VH5==O I>4> A>@BC20==O. 

�0BG8:8 B0:>6 <>6CBP 28<V@N20B8 V=HV ?0@0<5B@8 ?0:C=:V2, =0?@8:;04, WE 

@>7<V@8 G8 203C, I> 4>72>;Oє 1V;PH B>G=> A>@BC20B8 ?@>4C:FVN 2V4?>2V4=> 4> 

28<>3. 

$>1>B-<0=V?C;OB>@ 28:>=Cє DC=:FVW, AE>6V =0 A5?0@0B>@, 0;5 <0є 1V;PH 

3=CG:V <>6;82>ABV 4;O A>@BC20==O ?0:C=:V2. �V= 740B5= >1@>1;OB8 ?@>4C:FVN 
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7 1V;PH>N B>G=VABN B0 28:>=C20B8 A:;04=VHV <0=V?C;OFVW, B0:V O: 70E>?;5==O V 

@>7<VI5==O ?0:C=:V2 C ?>B@V1=8E <VAFOE. $>1>B-<0=V?C;OB>@ >B@8<Cє :><0=48 

2V4 #��, O:89 :>=B@>;Nє 9>3> @CE V 4VW =0 >A=>2V 40=8E, >B@8<0=8E 2V4 

40BG8:V2. 

�0<V=0 A5?0@0B>@0 =0 @>1>B87>20=89 <0=V?C;OB>@ =040є 4>40B:>2V 

?5@52038 2 ?@>F5AV A>@BC20==O.  0=V?C;OB>@ <>65 ?@0FN20B8 7 @V7=8<8 

B8?0<8 ?@>4C:FVW, @53C;NNG8 A8;C 70E>?;5==O B0 ?>78FVN20==O ?0:C=:V2. *5 

4>72>;Oє 4>AO3B8 1V;PH 28A>:>W 3=CG:>ABV C 28@>1=8G><C ?@>F5AV, >A>1;82> 

:>;8 =5>1EV4=> A>@BC20B8 ?@>4C:FVN @V7=8E @>7<V@V2 01> D>@<. 

�5@C20==O @CE>< :>=25є@0 70157?5GCєBPAO 4283C=>< :>=25є@0, O:89 

?V4:;NG5=89 G5@57 4@0925@ 4283C=0 4> #��. �@0925@ 4>72>;Oє @53C;N20B8 

H284:VABP V =0?@O<>: @CEC :>=25є@0, I> 4>72>;Oє A8=E@>=V7C20B8 @CE ?0:C=:V2 

V7 @>1>B>N A>@BC20;P=8E <5E0=V7<V2. �0==0 7>=0 ?>7=0G5=> G5@2>=8< 

:>=BC@>< (@8A. 4.1), B0 є FV;;N @>7@>1:8 <>45;V :C@C20==O H284:VABN 

:>=25є@=>N ;V=VєN A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW. 

�2B><0B8G=5 :5@C20==O @>1>B87>20=>N :>=25є@=>N ;V=VєN A>@BC20==O 

D0@<0F52B8G=>W ?@>4C:FVW 107CєBPAO =0 ACG0A=8E <5B>40E 02B><0B870FVW, I> 

2:;NG0NBP 28:>@8AB0==O 40BG8:V2, #�� V @>1>B87>20=8E A8AB5<. �024O:8 

V=B53@0FVW F8E 5;5<5=BV2 A8AB5<0 70157?5GCє 28A>:C B>G=VABP, H284:VABP V 

3=CG:VABP C A>@BC20==V ?@>4C:FVW, I> >A>1;82> 206;82> 4;O D0@<0F52B8G=>W 

?@><8A;>2>ABV.  

 >45;N20==O A8AB5<8 :5@C20==O H284:VABN :>=25є@=>W ;V=VW 

A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW 107CєBPAO =0 @>7@>1FV 0;3>@8B<V2 

@53C;N20==O, I> 70157?5GCNBP 28A>:C B>G=VABP V AB01V;P=VABP @>1>B8.  

 5B>N <>45;N20==O є AB2>@5==O 5D5:B82=>W A8AB5<8 02B><0B8G=>3> 

:5@C20==O H284:VABN :>=25є@0 =0 >A=>2V #��-@53C;OB>@0, I> 4>72>;8BP 

?V4B@8<C20B8 =5>1EV4=89 @568< @CEC ?@>4C:FVW, <V=V<V7C20B8 2?;82 7>2=VH=VE 

71C@5=P B0 70157?5G8B8 2V4?>2V4=VABP B5E=>;>3VG=8< 28<>30< 28@>1=8FB20.  

' ?@>F5AV <>45;N20==O 1C4CBP 28@VH5=V 70240==O: 

3 0=0;V7C 48=0<VG=8E E0@0:B5@8AB8: A8AB5<8; 
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3 @>7@>1:8 <0B5<0B8G=8E <>45;59 4;O >?8AC ?>254V=:8 5;5:B@>?@82>4C 

V :>=25є@=>W AB@VG:8; 

3 281V@ ?0@0<5B@V2 #��-@53C;OB>@0 B0 ?5@52V@:8 5D5:B82=>ABV A8AB5<8 

:5@C20==O 70 4>?><>3>N G8A5;P=>3> <>45;N20==O.  

�V?>B570 <>45;N20==O ?>;O30є 2 B><C, I> 28:>@8AB0==O #��-@53C;OB>@0 

7 >?B8<0;P=8<8 ?0@0<5B@0<8 4>72>;8BP 7<5=H8B8 G0A 2AB0=>2;5==O 

H284:>ABV, C=8:=CB8 7=0G=8E ?5@5@53C;N20=P B0 70157?5G8B8 AB01V;P=C 

@>1>BC A8AB5<8 2 C<>20E 7<V==>3> =020=B065==O =0 :>=25є@V.  

�@8B5@Vє< >FV=:8 @57C;PB0BV2 є 4>AO3=5==O 7040=>W H284:>ABV @CEC 

:>=25є@=>W AB@VG:8 7 <V=V<0;P=8< G0A>< ?5@5EV4=>3> ?@>F5AC, 2V4ACB=VABP 

7=0G=8E :>;820=P B0 ?5@5@53C;N20=P, 0 B0:>6 2V4?>2V4=VABP >B@8<0=8E 

E0@0:B5@8AB8: A8AB5<8 7040=8< 28<>30< I>4> B>G=>ABV B0 H284:>4VW. 

 

4.1.2 $>7@>1:0 <>45;V :5@C20==O 

$>7@>1:0 <>45;V :5@C20==O H284:VABN :>=25є@=>W ;V=VW A>@BC20==O 

D0@<0F52B8G=>W ?@>4C:FVW =0 107V #��-@53C;OB>@V2 є =5>1EV4=>N 4;O 

70157?5G5==O AB01V;P=>ABV, B>G=>ABV B0 5D5:B82=>ABV 28@>1=8G>3> ?@>F5AC. 

"A:V;P:8 D0@<0F52B8G=0 ?@>4C:FVO <0є 28A>:V 28<>38 4> O:>ABV B0 

2V4?>2V4=>ABV AB0=40@B0<, 1C4P-O:V 2V4E8;5==O C H284:>ABV @CEC :>=25є@0 

<>6CBP ?@872>48B8 4> =5@V2=><V@=>3> @>7?>4V;C ?@>4C:FVW, 71>W2 C A>@BC20==V 

01> ?>H:>465==O C?0:>2:8. �8:>@8AB0==O #��-@53C;OB>@0 4>72>;Oє 

02B><0B8G=> :><?5=AC20B8 7<V=8 =020=B065==O =0 :>=25є@V, B5<?5@0BC@=V B0 

<5E0=VG=V 2?;828, I> 70157?5GCє ?V4B@8<:C >?B8<0;P=>W H284:>ABV =570;56=> 

2V4 7>2=VH=VE D0:B>@V2. �=B53@0FVO B0:>W A8AB5<8 4>72>;Oє ?V428I8B8 

?@>4C:B82=VABP, 7<5=H8B8 :V;P:VABP 45D5:BV2 B0 <V=V<V7C20B8 2B@CG0==O 

>?5@0B>@0, I> >A>1;82> 206;82> 4;O D0@<0F52B8G=>W 30;C7V, 45 4>B@8<0==O 

B>G=>ABV B0 =04V9=>ABV <0є :@8B8G=5 7=0G5==O. �@V< B>3>, 2?@>20465==O 

02B><0B8G=>3> :5@C20==O 7=86Cє 5=5@3>A?>6820==O B0 ?@>4>26Cє B5@<V= 

5:A?;C0B0FVW >1;04=0==O 70 @0EC=>: ?;02=>3> @53C;N20==O H284:>ABV. 

�@0E>2CNG8 ACG0A=V 28<>38 4> 02B><0B870FVW 28@>1=8FB20, 28:>@8AB0==O 
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#��-@53C;OB>@V2 є >?B8<0;P=8< @VH5==O< 4;O ?V428I5==O 5D5:B82=>ABV B0 

O:>ABV ?@>F5AC A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW. %8AB5<0 02B><0B8G=>3> 

:5@C20==O (%��) H284:VABN :>=25є@=>W ;V=VW A:;040єBPAO 7 =0ABC?=8E 

5;5<5=BV2, O: ?@54AB02;5=> =0 @8A. 4.2. 

 

$8AC=>: 4.2 3 %B@C:BC@=0 AE5<0 A8AB5<8 02B><0B8G=>3> :5@C20==O 

H284:VABN :>=25є@=>W ;V=VW 4;O A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW 
 

%B@C:BC@=0 AE5<0 A8AB5<8 02B><0B8G=>3> :5@C20==O H284:VABN 

:>=25є@=>W ;V=VW 4;O A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW A:;040єBPAO 7 B0:8E 

>A=>2=8E :><?>=5=BV2: 

3 :>=B@>;5@, @50;V7Cє 0;3>@8B< #��-@53C;N20==O 4;O ?V4B@8<:8 7040=>W 

H284:>ABV; 

3 G0AB>B=89 ?5@5B2>@N20G (?@82>4), :5@Cє 5;5:B@>4283C=>< H;OE>< 

7<V=8 =0?@C38 01> G0AB>B8; 

3 5;5:B@>4283C=, 70157?5GCє @CE :>=25є@=>W AB@VG:8; 

3 40BG8: H284:>ABV (5=:>45@), 28<V@Nє D0:B8G=C H284:VABP @CEC 

AB@VG:8; 
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3 >1'є:B :5@C20==O (:>=25є@=0 ;V=VO) 3 2:;NG0є <5E0=VG=V G0AB8=8, 

@>;8:8, AB@VG:C B>I>. 

�2>@>B=89 72'O7>: 74V9A=NєBPAO G5@57 40BG8: H284:>ABV, O:89 ?5@540є 

7=0G5==O =0 :>=B@>;5@ 4;O :>@5:FVW H284:>ABV. 

�;O >?8AC 48=0<V:8 A8AB5<8 @>73;O=5<> 5;5:B@>?@82>4 :>=25є@=>W 

AB@VG:8, 45 28:>@8AB>2CєBPAO 4283C= ?>ABV9=>3> AB@C<C 01> 0A8=E@>==89 

4283C= 7 G0AB>B=8< @53C;N20==O<.  0B5<0B8G=0 <>45;P 5;5:B@>4283C=0 C 

A?@>I5=><C 283;O4V <>65 1CB8 ?@54AB02;5=0 ?5@540B>G=>N DC=:FVєN 

?5@H>3> ?>@O4:C: 

 Ďă(Ā) = Ω(Ā)Č(Ā) = ĂăċăĀ + 1 (4.1) 

 

45 Ω(s) 3 28EV4=0 7<V==0 (:CB>20 H284:VABP 4283C=0), 

U(s) 3 2EV4=0 7<V==0 (=0?@C30 =0 4283C=V); Ăă 3 :>5DVFVє=B ?V4A8;5==O 4283C=0; ċă 3 AB0;0 G0AC 4283C=0. 

#@8 2@0EC20==V <><5=BC V=5@FVW ā B0 :>5DVFVє=B0 2’O7:>3> B5@BO þ, 

?5@540B>G=0 DC=:FVO 4283C=0 <>65 1CB8 >B@8<0=0 7 @V2=O==O @CEC: 

 ā ýΩýā + þΩ = ĂăČ (4.2) 

 

#VA;O ?5@5B2>@5==O �0?;0A0: 

 Ω(Ā)(āĀ + þ) = ĂăČ(Ā) (4.3) 

 

�2V4A8 ?5@540B>G=0 DC=:FVO 5;5:B@>4283C=0 <>65 1CB8 ?@54AB02;5=0: 

 Ďă(Ā) = Ω(Ā)Č(Ā) = ĂăāĀ + þ (4.4) 
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/:I>, ċă = þ�, B> >B@8<Cє<> ?5@540B>G=C DC=:FVN ?5@H>3> ?>@O4:C. 
 >45;P :>=25є@0 <>65 1CB8 ?@54AB02;5=0 ?5@540B>G=>N DC=:FVєN 

4@C3>3> ?>@O4:C, >A:V;P:8 2@0E>2CNBPAO V=5@FV9=V B0 45<?DCNGV 5D5:B8 

AB@VG:8: 

 Ďý(Ā) = č(Ā)Ω(s) = Ăýċý2Ā2 + 2�ċýĀ + 1 (4.5) 

 

45 č(Ā) 3 ;V=V9=0 H284:VABP AB@VG:8; Ăý  3 :>5DVFVє=B ?5@540B=>3> 2V4=>H5==O ?@82>4C 4> H284:>ABV AB@VG:8; ċý 3 <5E0=VG=0 AB0;0 G0AC :>=25є@0; � 3 :>5DVFVє=B 45<?DC20==O <5E0=VG=>W A8AB5<8. 

�8E>4OG8 7 FP>3>, ?>2=0 ?5@540B>G=0 DC=:FVO A8AB5<8 "5;5:B@>4283C= 

+ :>=25є@=0 AB@VG:0" 1C45 =0ABC?=0: 

 ĎĀĂĀ(Ā) = Ďă(Ā) ∙ Ďý(Ā) = ĂăĂý(ċăĀ + 1)(ċý2Ā2 + 2�ċýĀ + 1) (4.6) 

 

$53C;N20==O H284:>ABV :>=25є@0 70 4>?><>3>N #��-@53C;OB>@0, O:V9 

<0є =0ABC?=C ?5@540B>G=C DC=:FVN: 

 Ďÿýÿ(Ā) = ĂĆ + ĂÿĀ + ĂþĀ (4.7) 

 

45 ĂĆ 3 ?@>?>@FV9=89 :>5DVFVє=B; Ăÿ  3 V=B53@0;P=89 :>5DVFVє=B; Ăþ 3 48D5@5=FV0;P=89 :>5DVFVє=B. 

!0 >A=>2V (4.6) B0 (4.7), 282545<> 7030;P=C ?5@540B>G=C DC=:FVN 

70<:=CB>W A8AB5<8: 



192 
 

 ĎýĂ(Ā) = ĎĀĂĀ(Ā)1 +Ďÿýÿ(Ā)ĎĀĂĀ(Ā) (4.8) 

 

45 ĎýĂ(Ā) 3 ?5@540B>G=0 DC=:FVO 70<:=5=>W A8AB5<8, O:0 >?8ACє @50:FVN 
A8AB5<8 =0 2EV4=89 A83=0; (7040=C H284:VABP) 7 C@0EC20==O< 4VW #��-

@53C;OB>@0 B0 48=0<V:8 :>=25є@0; Ďÿýÿ(Ā) 3 ?5@540B>G=0 DC=:FVO #��-@53C;OB>@0, I> 287=0G0є, O: 

@53C;OB>@ 2?;820є =0 >1'є:B :5@C20==O 4;O 4>AO3=5==O 1060=>W H284:>ABV; ĎĀĂĀ(Ā) 3 ?5@540B>G=0 DC=:FVO 2V4:@8B>W A8AB5<8 (>1'є:B0 :5@C20==O), 
I> >?8ACє 48=0<VG=V 2;0AB82>ABV :>=25є@=>3> ?@82>4C B0 AB@VG:8; 1 +Ďÿýÿ(Ā)ĎĀĂĀ(Ā) 3 7=0<5==8:, I> 2:;NG0є E0@0:B5@8AB8G=5 @V2=O==O 
70<:=5=>W A8AB5<8, O:5 287=0G0є WW ABV9:VABP B0 ?>254V=:C ?@8 @V7=8E @568<0E 

@>1>B8. 

�8@07 (4.8) 2V4>1@060є 2?;82 @53C;OB>@0 =0 A8AB5<C, 70157?5GCNG8 

=5>1EV4=C AB01V;V70FVN H284:>ABV :>=25є@0 H;OE>< <V=V<V70FVW 2V4E8;5=P 2V4 

7040=>3> 7=0G5==O B0 :><?5=ACNG8 7>2=VH=V 71C@5==O.  

!0;0HBC20==O #��-@53C;OB>@0 <>6;82> ?@>2>48BP 70 4>?><>3>N 

<5B>4V2 �V3;5@0-!V:>;A0 01> G5@57 040?B82=V 0;3>@8B<8.  

�;O ?5@52V@:8 ?@028;P=>ABV 70?@>?>=>20=8E <>45;59 :5@C20==O 

H284:VABN :>=25є@=>W ;V=VW A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW =0 107V #��-

@53C;OB>@V2, @>7@>18< ?@>3@0<C 4;O ?>1C4>28 ?5@540B>G=>W DC=:FV9 

5;5:B@>4283C=0 B0 :>=25є@=>W AB@VG:8 7 28:>@8AB0==O< <>28 28A>:>3> @V2=O 

?@>3@0<C20==O Python, B0 A5@54>28I0 @>7@>1:8 PyCharm 2022.2.3. 

import numpy as np 

import matplotlib.pyplot as plt 

import control as ctrl  # �V1;V>B5:0 4;O 0=0;V7C 48=0<VG=8E A8AB5< 

 

# #0@0<5B@8 5;5:B@>4283C=0 

K_m = 10   # #V4A8;5==O 4283C=0 
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T_m = 0.5  # %B0;0 G0AC 4283C=0 

 

# #5@540B>G=0 DC=:FVO 5;5:B@>4283C=0 (?5@H89 ?>@O4>:) 

W_m = ctrl.tf([K_m], [T_m, 1]) 

 

# #0@0<5B@8 :>=25є@=>W ;V=VW 

K_c = 5    # �>5DVFVє=B ?5@540GV :>=25є@0 

T_c = 1.0  #  5E0=VG=0 AB0;0 G0AC :>=25є@0 

xi = 0.9   # �>5DVFVє=B 45<?DC20==O (?V428I5=89 4;O ABV9:>ABV) 

 

# #5@540B>G=0 DC=:FVO :>=25є@0 (4@C389 ?>@O4>:) 

W_c = ctrl.tf([K_c], [T_c**2, 2 * xi * T_c, 1]) 

 

# #>2=0 ?5@540B>G=0 DC=:FVO A8AB5<8 "5;5:B@>4283C= + :>=25є@=0 

AB@VG:0" 

W_sys = W_m * W_c 

 

# "?B8<V7>20=V ?0@0<5B@8 #��-@53C;OB>@0 4;O ABV9:>W A8AB5<8 

Kp = 5.0   # #@>?>@FV9=89 :>5DVFVє=B (71V;PH5=89 4;O H284H>W @50:FVW) 

Ki = 2.0   # �=B53@0;P=89 :>5DVFVє=B (4;O <V=V<V70FVW AB0B8G=>W ?><8;:8) 

Kd = 1.5   # �8D5@5=FV0;P=89 :>5DVFVє=B (4;O 45<?DC20==O :>;820=P) 

 

# #5@540B>G=0 DC=:FVO #��-@53C;OB>@0 

W_PID = ctrl.tf([Kd, Kp, Ki], [1, 0]) 

 

# �0<:=5=0 A8AB5<0: W_cl = (W_PID * W_sys) / (1 + W_PID * W_sys) 

W_cl = ctrl.feedback(W_PID * W_sys) 

 

# �=0;V7 ?5@5EV4=>W E0@0:B5@8AB8:8 

t, y = ctrl.step_response(W_cl) 
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# #>1C4>20 3@0DV:0 

plt.figure(figsize=(8, 5)) 

plt.plot(t, y, label="#5@5EV4=0 E0@0:B5@8AB8:0", linewidth=2) 

plt.xlabel("+0A (A)") 

plt.ylabel(",284:VABP :>=25є@0") 

plt.title("#5@5EV4=0 E0@0:B5@8AB8:0 ABV9:>W A8AB5<8") 

plt.axhline(1, color='r', linestyle='--', label="�040=0 H284:VABP") 

plt.grid(True) 

plt.legend() 

plt.show() 

 

$>7@>1;5=0 ?@>3@0<0 4>72>;Oє <>45;N20B8 B0 0=0;V7C20B8 48=0<V:C 

A8AB5<8 :5@C20==O H284:VABN :>=25є@=>W ;V=VW 7 28:>@8AB0==O< #��-

@53C;OB>@0, 70157?5GCNG8 WW ABV9:VABP B0 5D5:B82=VABP. �>=0 4>72>;Oє H284:> 

=0;0HB>2C20B8 ?0@0<5B@8 @53C;OB>@0 4;O 4>AO3=5==O >?B8<0;P=8E 

E0@0:B5@8AB8: A8AB5<8, B0:8E O: H284:5 2AB0=>2;5==O 7040=>W H284:>ABV, 

<V=V<V70FVO :>;820=P V CAC=5==O AB0B8G=>W ?><8;:8. �024O:8 28:>@8AB0==N 

1V1;V>B5:8 control, ?@>3@0<0 ;53:> 040?BCєBPAO ?V4 @V7=V B5E=VG=V 28<>38 B0 

4>72>;Oє 5:A?5@8<5=BC20B8 7 ?0@0<5B@0<8 ?5@540B>G=8E DC=:FV9. 

�V7C0;V70FVO ?5@5EV4=>3> ?@>F5AC =0>G=> 45<>=AB@Cє ?>254V=:C A8AB5<8, I> 

?>;53HCє 0=0;V7 WW @>1>B8. �@V< B>3>, :>4 є <>4C;P=8< V <>65 1CB8 

V=B53@>20=89 C 1V;PH A:;04=V 02B><0B87>20=V A8AB5<8 :5@C20==O. *5 4>72>;Oє 

=5 BV;P:8 ?>:@0I8B8 AB01V;P=VABP V B>G=VABP @>1>B8 :>=25є@0, 0;5 9 ?V428I8B8 

?@>4C:B82=VABP 28@>1=8FB20 7030;><. 

$57C;PB0B>< @>1>B8 ?@>3@0<8, ?@54AB02;5=0 =0 @8A. 4.3 C 283;O4V 3@0DV:0 

?5@5EV4=>W E0@0:B5@8AB8:8, ?@8 C<>28 I>:  = 5.0, =2.0,  

=1.5, =0.9 

 



195 
 

 

$8AC=>: 4.3 3 �@0DV: ?5@5EV4=>W E0@0:B5@8AB8:8 70<:=CB>W A8AB5<8 

02B><0B8G=>3> :5@C20==O (%��) H284:VABN :>=25є@=>W ;V=VW  

(  = 5.0, =2.0, =1.5, =0.9) 

 

$57C;PB0B>< @>1>B8 ?@>3@0<8, ?@54AB02;5=0 =0 @8A. 4.4 C 283;O4V 3@0DV:0 

?5@5EV4=>W E0@0:B5@8AB8:8, ?@8 C<>28 I>:  = 10.0, =3.0,  

=5, =0.9. 

 

 

$8AC=>: 4.4 3 �@0DV: ?5@5EV4=>W E0@0:B5@8AB8:8 70<:=CB>W A8AB5<8 

02B><0B8G=>3> :5@C20==O (%��) H284:VABN :>=25є@=>W ;V=VW (  = 10.0, 

=3.0, =5, =0.9.) 



196 
 

$>7@>1;5=V <>45;V 4;O 0=0;V7C ?5@5EV4=>W E0@0:B5@8AB8:8 70<:=CB>W 

A8AB5<8 02B><0B8G=>3> :5@C20==O (%��) H284:VABN :>=25є@=>W ;V=VW 

A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW 4>72>;ONBP 70157?5G8B8 28A>:C 

B>G=VABP, H284:>4VN B0 ABV9:VABP @>1>B8 A8AB5<8. �8:>@8AB0==O #��-

@53C;OB>@0 40є 7<>3C <V=V<V7C20B8 2V4E8;5==O 2V4 7040=>W H284:>ABV B0 H284:> 

:><?5=AC20B8 7>2=VH=V 71C@5==O, I> >A>1;82> 206;82> 2 C<>20E 28A>:8E 

28<>3 4> O:>ABV B0 =04V9=>ABV D0@<0F52B8G=>3> 28@>1=8FB20. #5@540B>G=0 

DC=:FVO A8AB5<8 2@0E>2Cє 48=0<V:C 5;5:B@>4283C=0 B0 <5E0=VG=V 

E0@0:B5@8AB8:8 :>=25є@0, I> 4>72>;Oє 287=0G8B8 >?B8<0;P=V ?0@0<5B@8 

@53C;OB>@0. �=0;V7 >B@8<0=>W ?5@5EV4=>W E0@0:B5@8AB8:8 ?>:07Cє, I> 

?@028;P=89 281V@ :>5DVFVє=BV2 Ki, Kp, Kd 4>72>;Oє 4>AO3B8 2AB0=>2;5=>3> 

7=0G5==O H284:>ABV <5=H =V6 70 >4=C A5:C=4C, I> 2V4?>2V40є 28<>30< 4> 

?@>4C:B82=>ABV A>@BC20;P=>W ;V=VW. �024O:8 ?V428I5==N :>5DVFVє=BV2 

?@>?>@FV9=>3> B0 48D5@5=FV0;P=>3> @53C;N20==O 240;>AO 7<5=H8B8 G0A 

@53C;N20==O B0 ?>:@0I8B8 O:VABP ?5@5EV4=>3> ?@>F5AC, C=8:=C2H8 ACBBє28E 

?5@5@53C;N20=P V :>;820=P.  >45;P 4>72>;Oє ?@>3=>7C20B8 ?>254V=:C A8AB5<8 

70 @V7=8E C<>2 5:A?;C0B0FVW, 0 B0:>6 :>@83C20B8 =0;0HBC20==O #��-

@53C;OB>@0 4;O 4>AO3=5==O >?B8<0;P=>W ?@>4C:B82=>ABV. �8:>@8AB0==O 

<5B>4V2 02B><0B8G=>3> :5@C20==O B0 <>45;N20==O 2 A5@54>28IV Python V 

PyCharm 70157?5GCє 5D5:B82=89 V=AB@C<5=B 4;O ?@>5:BC20==O B0 4>A;V465==O 

A8AB5< :5@C20==O, I> 4>72>;Oє 7=0G=> A:>@>B8B8 28B@0B8 =0 5:A?5@8<5=B0;P=V 

4>A;V465==O B0 70157?5G8B8 H284:C V=B53@0FVN 2 @50;P=V 28@>1=8GV ?@>F5A8. 

 

4.2 $>7@>1;5==O <5B>48:8 ?@>2545==O 5:A?5@8<5=BC 

 

� ACG0A=8E C<>20E D0@<0F52B8G=>3> 28@>1=8FB20 >A>1;82>W C2038 

=01C20є @>7@>1:0 5D5:B82=8E <>45;59 B0 <5B>4V2 :5@C20==O 02B><0B8G=8<8 

@>1>B87>20=8<8 :>=25є@=8<8 ;V=VO<8, I> 70157?5GCNBP 28A>:C B>G=VABP V 

=04V9=VABP ?@>F5AV2. "4=8< V7 :;NG>28E 0A?5:BV2 FP>3> 70240==O є AB2>@5==O 

<0:5B0 :>=25є@=>W ;V=VW 7 A8AB5<>N 02B><0B8G=>3> :5@C20==O, O:0 740B=0 
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>?B8<V7C20B8 A>@BC20==O D0@<0F52B8G=8E ?@>4C:BV2. 'A?VH=0 @50;V70FVO 

B0:>W A8AB5<8 28<030є @>7@>1:8 ?>BC6=8E 0;3>@8B<V2 @>7?V7=020==O B0 

V45=B8DV:0FVW C?0:>2>:, I> 4>72>;Oє 70157?5G8B8 28A>:C H284:VABP V B>G=VABP 

>1@>1:8 40=8E. �06;828< 5B0?>< є B0:>6 ?@>2545==O 5:A?5@8<5=B0;P=8E 

4>A;V465=P 4;O >FV=:8 5D5:B82=>ABV @>7@>1;5=>W A8AB5<8, I> 2:;NG0є 0=0;V7 

>B@8<0=8E @57C;PB0BV2 V45=B8DV:0FVW >1'є:BV2 =0 :>=25є@=V9 ;V=VW. #>AB0=>2:0 

7040GV 5:A?5@8<5=BC A?@O<>20=0 =0 GVB:5 287=0G5==O FV;59, 70240=P, <5B>4V2 

B0 :@8B5@VW2 >FV=:8, I> 4>72>;Oє 70157?5G8B8 AB@C:BC@>20=5 V @57C;PB0B82=5 

4>A;V465==O. &0:89 :><?;5:A=89 ?V4EV4 70157?5G8BP V=B53@0FVN =>2VB=VE 

B5E=>;>3V9 C 28@>1=8GV ?@>F5A8, ?V428ICNG8 7030;P=C 5D5:B82=VABP 

D0@<0F52B8G=>3> 28@>1=8FB20 B0 704>2>;P=ONG8 ACG0A=V 28<>38 4> 

02B><0B870FVW V @>1>B870FVW. 

 5B0 5:A?5@8<5=BC 3  ?@>є:BC20==O B0 AB2>@5==O <0:5BC :>=25є@=>W ;V=VW 

7 V=B53@>20=>N A8AB5<>N 02B><0B8G=>3> :5@C20==O 4;O A>@BC20==O 

D0@<0F52B8G=8E ?@>4C:BV2 B0 @>7@>1:0 V B5ABC20==O A8AB5<8 @>7?V7=020==O B0 

V45=B8DV:0FVW C?0:>2>: =0 D0@<0F52B8G=V9 :>=25є@=V9 ;V=VW. 

�0240==O:  

3 4>A;V465==O >1@0=8E <5B>4V2 @>7?V7=020==O (@>7@>1;5=8E <>45;59 

@>7?V7=0==O 2B>@8==>W B0 B@5B8==>W C?0:>2>: B0 QR-:>4V2); 

3 B5ABC20==O @>7@>1;5=8E 0;3>@8B<V2 >1@>1:8 7>1@065=P B0 

V45=B8DV:0FVW C?0:>2>:; 

3 V=B53@0FVO A8AB5<8 @>7?V7=020==O 7 A8AB5<>N 02B><0B8G=>3> 

:5@C20==O :>=25є@><; 

3 B5ABC20==O B>G=>ABV A8AB5<8 V45=B8DV:0FVW 70 @V7=8E C<>2 @>1>B8; 

3 287=0G5==O :;NG>28E ?0@0<5B@V2 4;O 5:A?5@8<5=B0;P=>3> 

4>A;V465==O; 

3 ?@>2545==O A5@VW B5AB>28E 70?CA:V2 :>=25є@=>W ;V=VW 7 @V7=8<8 

?0@0<5B@0<8; 

3 71V@ 40=8E I>4> CA?VH=>ABV V45=B8DV:0FVW C?0:>2>: 70 @V7=8E C<>2; 
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3 0=0;V7 7V1@0=8E 40=8E 4;O 28O2;5==O >A=>2=8E D0:B>@V2, I> 2?;820NBP 

=0 B>G=VABP @>7?V7=020==O B0 V45=B8DV:0FVW; 

3 ?V43>B>2:0 @5:><5=40FV9 4;O >?B8<V70FVW A8AB5<8 @>7?V7=020==O B0 

V45=B8DV:0FVW. 

�V?>B570 5:A?5@8<5=BC: 

3 ?5@5410GC20=5 ?@8?CI5==O I>4> ?>:@0I5==O G0AC 7G8BC20==O 40=8E 

7 QR-:>4V2 70 C<>2 G0AB:>2>3> ?>H:>465==O ?@8 ?5@5<VI5=V >1’є:BV2 =0 

:>=25є@=V9 ;V=VW A>@BC20==O 7 >1@0=>N H284:VABN (2V4 0.15 4> 0.3 </c), O:5 

?>B@V1=> ?V4B25@48B8 01> A?@>ABC20B8 2 E>4V 5:A?5@8<5=BC. 

#;0= ?@>2545==O 5:A?5@8<5=BC ?@54AB02;5=> 2 B01;. 4.1. 

 
&01;8FO 4.1 3 #;0= ?@>2545==O 5:A?5@8<5=BC 

№ 
5B0?C !0720 5B0?C "?8A 5B0?C 

1 
�87=0G5==O :;NG>28E 
?0@0<5B@V2 4>A;V465==O 

�81V@ >A=>2=8E ?0@0<5B@V2, O:V 
1C4CBP 4>A;V46C20B8AP (H284:VABP 
:>=25є@0, B8?8 C?0:>2>:, >A2VB;5==O). 

2 
#V43>B>2:0 >1;04=0==O B0 
=0;0HBC20==O C<>2 
5:A?5@8<5=BC: 

!0;0HBC20==O :>=25є@=>W ;V=VW 4;O 
?@>2545==O 5:A?5@8<5=BV2. 

�AB0=>2;5==O B0 :0;V1@C20==O 70A>1V2 
71>@C 40=8E. 

3 
#@>2545==O A5@VW 
B5AB>28E 70?CA:V2 
:>=25є@=>W ;V=VW 

�8:>=0==O 5:A?5@8<5=BV2 70 @V7=8E 
C<>2 @>1>B8. 

�1V@ 40=8E I>4> B>G=>ABV B0 
H284:>ABV V45=B8DV:0FVW C?0:>2>:. 

4 �=0;V7 7V1@0=8E 40=8E 

"1@>1:0 B0 0=0;V7 7V1@0=8E 40=8E 4;O 
28O2;5==O 70;56=>AB59 B0 0=><0;V9. 
�87=0G5==O >A=>2=8E D0:B>@V2, I> 
2?;820NBP =0 5D5:B82=VABP 

V45=B8DV:0FVW. 

5 
#V43>B>2:0 72VBC B0 
@5:><5=40FV9 

#V43>B>2:0 72VBC 7 @57C;PB0B0<8 
5:A?5@8<5=BC. 

$>7@>1:0 @5:><5=40FV9 4;O 
>?B8<V70FVW A8AB5<8 @>7?V7=020==O B0 

V45=B8DV:0FVW. 
 
�@8B5@VW >FV=:8 @57C;PB0BV2. �;O ?@>2545==O 5:A?5@8<5=BC 7 

@>7?V7=020==O B0 V45=B8DV:0FVW C?0:>2>: =0 D0@<0F52B8G=V9 A>@BC20;P=V9 
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:>=25є@=V9 ;V=VW 1C4CBP 28:>@8AB>2C20B8AO =0ABC?=V :@8B5@VW >FV=:8 

@57C;PB0BV2. 

$57C;PB0B8 ?@>2545==O ?5@H>3> 5:A?5@8<5=BC ?@8 @V7=8E H284:>ABOE 

:>=25є@=>W ;V=VW: 

3 B>G=VABP @>7?V7=020==O C?0:>2>:, :V;P:VABP CA?VH=> @>7?V7=0=8E 

C?0:>2>: 2V4=>A=> 7030;P=>W :V;P:>ABV C?0:>2>:, I> ?@>9H;8 G5@57 :>=25є@; 

3 G0A @>7?V7=020==O, A5@54=V9 G0A, 28B@0G5=89 =0 @>7?V7=020==O :>6=>W 

C?0:>2:8 ?@8 @V7=8E H284:>ABOE @CEC :>=25є@0; 

3 2V4A>B>: ?><8;:>28E V45=B8DV:0FV9, :V;P:VABP ?><8;:>28E 

V45=B8DV:0FV9 (E81=>?>78B82=V B0 E81=>=530B82=V @57C;PB0B8) 2V4=>A=> 

7030;P=>W :V;P:>ABV A?@>1 @>7?V7=020==O; 

3 ?@>4C:B82=VABP A8AB5<8, 7030;P=0 :V;P:VABP C?0:>2>:, >1@>1;5=8E 70 

>48=8FN G0AC ?@8 @V7=8E H284:>ABOE :>=25є@0; 

$57C;PB0B8, >B@8<0=V ?@8 ?@>2545==V 4@C3>3> 5:A?5@8<5=BC 7 @V7=8< 

A2VB;>28< ?>B>:>< (lux): 

3 B>G=VABP @>7?V7=020==O ?@8 @V7=8E @V2=OE >A2VB;5==O, 2V4A>B>: CA?VH=> 

@>7?V7=0=8E C?0:>2>: ?@8 @V7=8E @V2=OE >A2VB;5==O (=0?@8:;04, 100 lux, 

200 lux, 300 lux); 

3 G0A 45:>4C20==O QR-:>4C, A5@54=V9 G0A, =5>1EV4=89 4;O 45:>4C20==O 

QR-:>4C ?@8 @V7=8E @V2=OE >A2VB;5==O; 

3 ABV9:VABP A8AB5<8 4> 7<V= >A2VB;5==O, 2V4A>B>: CA?VH=> @>7?V7=0=8E 

C?0:>2>: ?@8 @V7:8E 7<V=0E >A2VB;5==O ?V4 G0A @>1>B8 :>=25є@0; 

$57C;PB0B8 ?@8 7<V=V :CB0 ?>25@=5==O 7>1@065==O: 

3 B>G=VABP @>7?V7=020==O ?@8 @V7=8E :CB0E ?>2>@>BC 7>1@065==O, 

2V4A>B>: CA?VH=> @>7?V7=0=8E C?0:>2>: ?@8 @V7=8E :CB0E =0E8;C (=0?@8:;04, 

0°, 15°, 30°, 45°). 

3 G0A 45:>4C20==O QR-:>4C ?@8 @V7=8E :CB0E =0E8;C, A5@54=V9 G0A, 

28B@0G5=89 =0 45:>4C20==O QR-:>4C ?@8 @V7=8E :CB0E =0E8;C C?0:>2:8 

2V4=>A=> :0<5@8; 
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3 ABV9:VABP A8AB5<8 4> :CB>28E 7<V=, 2V4A>B>: CA?VH=8E V45=B8DV:0FV9 

?@8 @V7=8E :CB0E =0E8;C, I> 45<>=AB@Cє 740B=VABP A8AB5<8 ?@0FN20B8 7 

>1'є:B0<8, I> @>7B0H>20=V ?V4 :CB><; 

*V :@8B5@VW 4>72>;OBP >FV=8B8 5D5:B82=VABP B0 =04V9=VABP A8AB5<8 

@>7?V7=020==O B0 V45=B8DV:0FVW C?0:>2>: =0 D0@<0F52B8G=V9 A>@BC20;P=V9 

:>=25є@=V9 ;V=VW ?@8 @V7=8E C<>20E @>1>B8. 

"GV:C20=V @57C;PB0B8 B0 WE 7=0G5==O. "GV:C20=V @57C;PB0B8 5:A?5@8<5=BC 

2:;NG0NBP =0ABC?=V 0A?5:B8, O:V 287=0G0B8<CBP 5D5:B82=VABP B0 =04V9=VABP 

@>7@>1;5=>W A8AB5<8 @>7?V7=020==O B0 V45=B8DV:0FVW C?0:>2>: =0 

D0@<0F52B8G=V9 A>@BC20;P=V9 :>=25є@=V9 ;V=VW, O:V =02545=V 2 B01;. 4.2 

 
&01;8FO 4.2 3 "GV:C20=V @57C;PB0B8  5:A?5@8<5=BC B0 WE 7=0G5==O 

#0@0<5B@ "GV:C20=89 @57C;PB0B �=0G5==O 

�8A>:0 B>G=VABP 
@>7?V7=020==O 
C?0:>2>: ?@8 
@V7=8E 

H284:>ABOE 
:>=25є@0 

%8AB5<0 7<>65 CA?VH=> 
@>7?V7=020B8 1V;PH5 95% 
C?0:>2>: ?@8 @V7=8E 
H284:>ABOE :>=25є@0, 
715@V30NG8 28A>:C 
B>G=VABP V45=B8DV:0FVW 

[125-127] 

�8A>:0 B>G=VABP 
@>7?V7=020==O 70157?5G8BP 
=04V9=C @>1>BC :>=25є@=>W 

;V=VW, <V=V<V7CNG8 
?><8;:8 B0 ?V428ICNG8 
5D5:B82=VABP 28@>1=8G>3> 

?@>F5AC 

"?B8<0;P=89 G0A 
@>7?V7=020==O 
C?0:>2>: 

%5@54=V9 G0A 
@>7?V7=020==O B0 

45:>4C20==O QR-:>4V2 
70;8H0B8<5BPAO 2 <560E 
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B0:>6 5D5:B82=5 28:>@8AB0==O 5=5@3VW. !09<5=H0 :V;P:VABP @CE><8E G0AB8= 

7=86Cє @V25=P HC<C, I> 206;82> 2 C<>20E, 45 ?>B@V1=5 4>B@8<0==O 

=>@<0B82V2 ?> HC<C. �030;P=89 283;O4 ?@O<>3> ?@82>4=>3> @>;8:>2>3> 

:>=25є@0 <>45;P 487 ?@54AB02;5=89 @8AC=:C 4.7, >A=>2=V B5E=VG=V 

E0@0:B5@8AB8:8 =02545=> C B01;. 4.5. 

 



208 
 

 

$8AC=>: 4.7 3 �030;P=89 283;O4 ?@O<>3> ?@82>4=>3>  

@>;8:>2>3> :>=25є@0 487 

 

&01;8FO 4.5 3 "A=>2=V B5E=VG=V E0@0:B5@8AB8:8 

)0@0:B5@8AB8:0 �=0G5==O 

#@87=0G5==O &@0=A?>@BC20==O ?@>4C:BC 

&8? :>=25є@0 !0:>?8GC20;P=89 

�84 :>=25є@0 $>;8:>289 

�V0?07>= H284:>AB59 @>1>B8 2V4 0,5 4> 1,0 </A 

 0:A8<0;P=5 =020=B065==O 35 :3/?@>4C:B 

!>@<0;P=0 H8@8=0 <V6 ?@>DV;O<8 487 << 

%B>@>=0 B@0=A?>@BC20==O ?@>4C:BC �>@>B:0 

&8? @>;8:V2 *8;V=4@8G=89 

#>:@8BBO @>;8:V2 "F8=:>20=0 AB0;P 

�V0<5B@ @>;8:V2 50 << 

�@>: <V6 @>;8:0<8 100 << 

&8? @5<5=V2 2 PJ 336 

�>;V@ <5B0;528E :>=AB@C:FV9 "F8=:>20=0 AB0;P 

�;5<5=B :5@C20==O 4283C=0<8 7>= �>=B@>;5@ 42>7>==89 

%5=A>@8 :5@C20==O 7>=0<8 "?B8G=V 

 

#@O<89 ?@82>4=89 @>;8:>289 :>=25є@ (@8A. 4.7) ?@87=0G5=89 4;O 

02B><0B8G=>3> B@0=A?>@BC20==O ?@>4C:FVW A2>єN @>1>G>N ?>25@E=5N 2 



209 
 

?@O<>;V=V9=><C =0?@O<:C. �030;P=89 283;O4 ?@O<>3> ?@82>4=>3> @>;8:>2>3> 

:>=25є@0 <>45;P 687 ?@54AB02;5=89 @8AC=:C 4.8, >A=>2=V B5E=VG=V 

E0@0:B5@8AB8:8 C B01;. 4.6. 

 

 
$8AC=>: 4.8 3 �030;P=89 283;O4 ?@O<>3> ?@82>4=>3>  

@>;8:>2>3> :>=25є@0 687 
 

&01;8FO 4.6 3 "A=>2=V B5E=VG=V E0@0:B5@8AB8:8 ?@O<>3> ?@82>4=>3> 

@>;8:>2>3> :>=25є@0 <>45;P 687 

)0@0:B5@8AB8:0 �=0G5==O 
1 2 

#@87=0G5==O &@0=A?>@BC20==O ?@>4C:BC 

&8? :>=25є@0 !0:>?8GC20;P=89 

�84 :>=25є@0 $>;8:>289 

�V0?07>= H284:>AB59 @>1>B8 2V4 0,5 4> 1,0 </A 
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=0?@O<=V9 70 4>?><>3>N @5<V==>W ?5@540GV. #@87=0G5=89 4;O 25@B8:0;P=>3> 

?5@5<VI5==O B0 A>@BC20==O ?@>4C:FVW 2 :>=25є@=V9 A8AB5<V. &5E=VG=V 
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3 Elevator Electric Motor (5;5:B@>4283C= ?V49><=8:0) 2V4?>2V40є 70 

25@B8:0;P=5 ?5@5<VI5==O 20=B06V2 :>=25є@><, 70157?5GCNG8 5D5:B82=5 

A>@BC20==O =0 @V7=V @V2=V; 
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3 Leading Rollers (254CGV @>;8:8) 70157?5GCNBP AB01V;P=89 @CE 20=B06V2 

:>=25є@=>N AB@VG:>N V 4>?><030NBP :>=B@>;N20B8 WE ?>;>65==O; 

3 The controller is two-zone (:>=B@>;5@ 42>7>==89) 74V9A=Nє :5@C20==O 

2AVєN A8AB5<>N, 2:;NG0NG8 :>>@48=0FVN @CEC :>=25є@0, 0:B820FVN 

A>@BC20;P=8E 7>= B0 270є<>4VN 7 V=H8<8 :5@CNG8<8 5;5<5=B0<8; 
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C?@02;Oє ;>3V:>N @>1>B8 2AVєW A8AB5<8, 70157?5GCNG8 :>>@48=0FVN <V6 

@V7=8<8 5;5<5=B0<8, �@C=BCNG8AP =0 70740;53V4P 7040=8E ?@>3@0<=8E 

?@028;0E; 

3 Emergency Stop (020@V9=5 2V4:;NG5==O) =040є <5E0=V7< 4;O <8BBє2>3> 

7C?8=5==O :>=25є@0 C @07V =04728G09=8E A8BC0FV9 G8 =5>1EV4=>ABV 157?5G=>3> 

?@8?8=5==O @>1>B8; 

3 Light and Sound Indicator (V=48:0B>@ A2VB;0 B0 72C:C) 28:>@8AB>2CєBPAO 

4;O 2V7C0;P=>3> B0 72C:>2>3> >?>2VI5==O >?5@0B>@0 ?@> AB0= A8AB5<8, <>6;82V 

?@>1;5<8 01> ?>4VW, I> ?>B@51CNBP C2038; 

3 Operator Panel (?0=5;P >?5@0B>@0, HMI 3 Human-Machine Interface) 

=040є >?5@0B>@C <>6;82VABP 270є<>4VW V7 A8AB5<>N, 2V4>1@060є V=D>@<0FVN 

?@> @>1>BC :>=25є@0, 4>72>;Oє =0;0HB>2C20B8 ?0@0<5B@8 B0 @503C20B8 =0 ?>4VW; 

3 Single-board computer (>4=>?;0B=89 :><?'NB5@) є F5=B@0;P=8< 

:5@CNG8< ?@8AB@>є<, I> 28:>=Cє >1@>1:C 40=8E B0 :5@C20==O 2AVєN A8AB5<>N 

:>=25є@0. �V= <>65 >1@>1;OB8 V=D>@<0FVN 2V4 40BG8:V2, ?@89<0B8 @VH5==O =0 

>A=>2V ?@>3@0<=8E 0;3>@8B<V2 B0 270є<>4VOB8 7 V=H8<8 5;5<5=B0<8 :5@C20==O; 

3 Webcam A;C68BP 4;O 2V7C0;P=>3> <>=VB>@8=3C ?@>F5AC A>@BC20==O. 
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D0@<0F52B8G=8E ?@>4C:BV2, =0 107V @>7@>1;5=>W AE5<8 (@8A. 4.9). !0 ?5@H><C 

5B0?V ?@>2545<> 281V@ Program Logic Controller (PLC), 2 E>4V 0=0;V7C B5E=VG=8E 

E0@0:B5@8AB8: V 28<>3 4> A8AB5<8 :5@C20==O :>=25є@=>W ;V=VW A>@BC20==O, I> 

@>7@>1;OєBPAO, 1C;> 70?@>?>=>20=> 28:>@8AB>2C20B8 =0ABC?=V PLC, 7030;P=89 

283;O4 O:8E ?@54AB02;5=> =0 @8A. 4.14, 0 ?>@V2=O==O WE 107>28E E0@0:B5@8AB8: 

=02545=> 2 B01;. 4.10. 

 

   

0) 1) 2) 

0) PLC Siemens s7-1200; 1) MELSEC iQ-F; 2) CompactLogix 5370 

$8AC=>: 4.14 3 �030;P=89 283;O4 >1@0=8E PLC.  

 
&01;8FO 4.10 3 #>@V2=O==O >A=>2=8E B5E=VG=8E E0@0:B5@8AB8: PLC 

Siemens s7-1200, MELSEC iQ-F, CompactLogix 5370. 

)0@0:B5@8AB8:0 PLC 

Siemens s7-1200 MELSEC iQ-F CompactLogix 5370 

1 2 3 4 

�8@>1=8: Siemens Mitsubishi Electric 
Rockwell 

Automation 

&8?  V:@>:>=B@>;5@=89  V:@>:>=B@>;5@=89  V:@>:>=B@>;5@=89 
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#@>4>265==O B01;8FV 4.10 

1 2 3 4 

�V;P:VABP 
48A:@5B=8E 
2E>4V2 

 
32 - 256 

 
8 - 128 

 
16 - 256 

�V;P:VABP 
48A:@5B=8E 
28E>4V2 

24 - 256 8 - 128 16 - 256 

�V;P:VABP 
0=0;>3>28E 
2E>4V2 

8 - 32 8 - 32 8 - 32 

�V;P:VABP 
0=0;>3>28E 
28E>4V2 

4 - 16 4 - 16 4 - 16 

 0:A8<0;P=0 
G0AB>B0 
48A:@5B=8E 
2E>4V2 

100 :�F 100 :�F 100 :�F 

 0:A8<0;P=0 
G0AB>B0 
48A:@5B=8E 
28E>4V2 

100 :�F 100 :�F 100 :�F 

 0:A8<0;P=0 
G0AB>B0 
0=0;>3>28E 
2E>4V2 

100 :�F 100 :�F 100 :�F 

 0:A8<0;P=0 
G0AB>B0 
0=0;>3>28E 
28E>4V2 

100 :�F 100 :�F 100 :�F 

 0:A8<0;P=0 
?0<'OBP ?@>3@0< 

128 :� - 1  � 128 :� - 1  � 128 :� - 1  � 

 0:A8<0;P=0 
?0<'OBP 40=8E 128 :� - 1  � 128 :� - 1  � 128 :� - 1  � 

$>1>G0 
B5<?5@0BC@0 -25 °C - 60 °C -25 °C - 60 °C -25 °C - 60 °C 

�>;>3>70E8AB IP65 IP65 IP65 

 
�;O @50;V70FVW <0:5BC A8AB5<8 02B><0B8G=>3> :5@C20==O :>=25є@=>W ;V=VW 

A>@BC20==O D0@<0F52B8G=8E ?@>4C:BV2 1C;> >1@0=> PLC Siemens s7-1200. *59 

281V@ 1C2 7@>1;5=89 =0 ?V4AB02V ?>@V2=O==O B5E=VG=8E E0@0:B5@8AB8: B@P>E 

0=0;V7>20=8E PLC: Siemens s7-1200, MELSEC iQ-F V CompactLogix 5370. �AV 
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B@8 PLC <0NBP H8@>:89 4V0?07>= 2E>4V2 V 28E>4V2, I> 4>72>;Oє ?V4:;NG0B8 4> 

=8E @V7=V 40BG8:8 B0 28:>=02GV ?@8AB@>W, =5>1EV4=V 4;O @>1>B8 :>=25є@=>W ;V=VW. 

Siemens s7-1200 ?@>?>=Cє 1V;PH H8@>:89 4V0?07>= 2E>4V2 V 28E>4V2, =V6 

MELSEC iQ-F B0 CompactLogix 5370. *5 4>72>;Oє ?V4:;NG0B8 4> =P>3> 1V;PHC 

:V;P:VABP 40BG8:V2 B0 28:>=02G8E ?@8AB@>W2, I> <>65 1CB8 =5>1EV4=8< C @07V 

A:;04=>W :>=25є@=>W ;V=VW. PLC ?V4B@8<CNBP 28A>:C G0AB>BC 48A:@5B=8E B0 

0=0;>3>28E A83=0;V2, I> 70157?5GCє 28A>:C B>G=VABP B0 H284:VABP @>1>B8 

A8AB5<8. Siemens s7-1200 ?V4B@8<Cє 1V;PH 28A>:C G0AB>BC 0=0;>3>28E 

A83=0;V2, =V6 MELSEC iQ-F B0 CompactLogix 5370. *5 <>65 1CB8 206;828< 

4;O :>=25є@=8E ;V=V9, I> 28<030NBP 28A>:>W B>G=>ABV :5@C20==O. �;O 

@50;V70FVW A:;04=8E 0;3>@8B<V2 :5@C20==O :>=25є@=>N ;V=VєN ?>B@V15= 

25;8:89 >1AO3 ?0<'OBV ?@>3@0< B0 40=8E. Siemens s7-1200 <0є 25;8:89 >1AO3 

?0<'OBV ?@>3@0< B0 40=8E, I> 4>72>;Oє AB2>@N20B8 A:;04=V 0;3>@8B<8 

:5@C20==O. MELSEC iQ-F B0 CompactLogix 5370 B0:>6 <0NBP 25;8:89 >1AO3 

?0<'OBV ?@>3@0< B0 40=8E, 0;5 <5=H89, =V6 Siemens s7-1200. 

!0 ?V4AB02V ?>@V2=O==O B5E=VG=8E E0@0:B5@8AB8: B@P>E 0=0;V7>20=8E 

PLC <>6=0 7@>18B8 28A=>2>:, I> PLC Siemens s7-1200 є >?B8<0;P=8< 

281>@>< 4;O @50;V70FVW <0:5B0 A8AB5<8 02B><0B8G=>3> :5@C20==O :>=25є@=>W 

;V=VW A>@BC20==O D0@<0F52B8G=8E ?@>4C:BV2. *59 PLC <0є H8@>:89 4V0?07>= 

2E>4V2 B0 28E>4V2, 28A>:C G0AB>BC 48A:@5B=8E B0 0=0;>3>28E A83=0;V2, 25;8:89 

>1AO3 ?0<'OBV ?@>3@0< B0 40=8E, H8@>:89 4V0?07>= @>1>G8E B5<?5@0BC@ B0 

ABC?V=P 70E8ABC 2V4 2>;>38 B0 ?8;C, 0 B0:>6 H8@H89 4V0?07>= FV=, =V6 

:>=:C@5=B8. 

#@>2545<> 0=0;V7 B0 281V@ :>=B@>;5@0 42>7>==>3>, 2 E>4V >3;O4C 

B5E=VG=8E E0@0:B5@8AB8: 1C;8 >1@0=V =0ABC?=V 42>7>==V :>=B@>;5@8: 

ConveyLinx Ai2, ConveyLinx Dual Zone, ConveyLinx Ai3, 7030;P=89 283;O4 

O:8E ?@54AB02;5=V =0 @8A. 4.15, 0 ?>@V2=O==O WE B5E=VG=8E E0@0:B5@8AB8: C 

B01;. 4.11. 
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0) 1) 2) 

0) ConveyLinx Ai2; 1) ConveyLinx Dual Zone; 2) ConveyLinx Ai3 

$8AC=>: 4.15 3 �030;P=89 283;O4 42>7>==8E :>=B@>;5@V2  

 

&01;8FO 4.11 3 #>@V2=O==O >A=>2=8E B5E=VG=8E E0@0:B5@8AB8: 

ConveyLinx Ai2, ConveyLinx Dual Zone, ConveyLinx Ai3. 

)0@0:B5@8AB8:0 
�>=B@>;5@8 42>7>==V 

ConveyLinx Ai2 
ConveyLinx Dual 

Zone 
ConveyLinx Ai3 

�V0?07>= 
@53C;N20==O 
H284:>ABV 

2V4 0 4> 100% 2V4 0 4> 100% 2V4 0 4> 100% 

�>72V; 
@53C;N20==O 
H284:>ABV 

0,10% 0,10% 0,10% 

 0:A8<0;P=5 
7=0G5==O 
?@8A:>@5==O 

10 </A² 10 </A² 10 </A² 

 0:A8<0;P=5 
7=0G5==O 

C?>2V;P=5==O 
10 </A² 10 </A² 10 </A² 

�V0?07>= 2EV4=8E 
A83=0;V2 

0-10 �, 4-20 <�, 
48A:@5B=V 
A83=0;8 

0-10 �, 4-20 <�, 
48A:@5B=V 
A83=0;8 

0-10 �, 4-20 <�, 
48A:@5B=V 
A83=0;8 

%BC?V=P 70E8ABC 
2V4 2>;>38 B0 
?8;C 

IP65 IP67 IP65 

 

ConveyLinx Dual Zone B0:>6 2V4?>2V40є 2AV< 28<>30<, 0;5 <0є 1V;PH 

28A>:C FV=C (2V4 1500$). ConveyLinx Ai3 <0є H8@H89 4V0?07>= 2EV4=8E 

A83=0;V2 (4>40=V A83=0;8 HART B0 CANopen), 0;5 ?@8 FP><C <0є =86G89 

ABC?V=P 70E8ABC 2V4 2>;>38 B0 ?8;C (IP65). &0:8< G8=><, ConveyLinx Ai2 є 

>?B8<0;P=8< 281>@>< 4;O @50;V70FVW <0:5B0 A8AB5<8 02B><0B8G=>3> :5@C20==O 
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:>=25є@=>N ;V=VєN A>@BC20==O D0@<0F52B8G=8E ?@>4C:BV2. �V= <0є 2AV 

=5>1EV4=V B5E=VG=V E0@0:B5@8AB8:8 B0 ?@89=OB=C FV=C. 

�;O 5:>=><VW 5=5@3>@5AC@AV2 B0 <>6;82>ABV @53C;N20==O H284:>ABV 

B0:8<8 <5E0=V7<0<8 O: 25@B8:0;P=89 :>=25є@ 28:>@8AB0=> ?5@5B2>@N20G 

G0AB>B8 SIEMENS G120 PM240-2 (@8A. 4.16). #5@5B2>@N20G5< G0AB>B8 є B0:89 

5;5:B@>==89 ?@8AB@V9, I> ?@87=0G5=89 7<V=N20B8 G0AB>BC 5;5:B@8G=>3> 

AB@C<C (=0?@C38). �8:>@8AB>2CNG8 <5B>4 H8@>B=>-V<?C;PA=>W <>4C;OFVW 

(,� ) B0:89 ?@8AB@V9 ?5@5B2>@Nє 2EV4=C A8=CA>W40;P=C =0?@C3C 7 

DV:A>20=>N G0AB>B>N 9 0<?;VBC4>N 2 28EV4=C V<?C;PA=C =0?@C3C V7 7<V==>N 

G0AB>B>N B0 0<?;VBC4>N. /:I> 4>2>;V ?;02=> 71V;PHC20B8 0<?;VBC4C =0?@C38 

B0 G0AB>BC, O:V ?>40NBP =0 >1<>B:8 AB0B>@C 0A8=E@>==>3> 5;5:B@>4283C=0, B>4V 

<>6;82>N AB0є @50;V70FVO ?;02=>3> @53C;N20==O H284:>ABV >15@B0==O 9>3> 

20;C. 
 

 
$8AC=>: 4.16 3 #5@5B2>@N20G G0AB>B8 SIEMENS G120 PM240-2 

 

"A=>2=V B5E=VG=V E0@0:B5@8AB8:8 ?5@5B2>@N20G0 G0AB>B8 SIEMENS 

G120 PM240-2 ?@54AB02;5=V 2 B01;. 4.12. 
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&01;8FO 4.12 3 "A=>2=V B5E=VG=V E0@0:B5@8AB8:8 ?5@5B2>@N20G0 G0AB>B8 

SIEMENS G120 PM240-2 

)0@0:B5@8AB8:0 �=0G5==O 

!0?@C30 682;5==O &@8D07=5 28:>=0==O 

#>BC6=VABP �> 4 :�B 

+0AB>B0 682;5==O 47&63�F 

�8EV4=0 G0AB>B0 0-200 �F 

#5@520=B065==O =0 <><5=B 150% ?@>BO3>< 1 E28;8=8 

�;0A 70E8ABC IP20 

�V0?07>= @>1>G8E B5<?5@0BC@ -5 & +40 °C 

�V4=>A=0 2>;>3VABP �> 95%, 157 ?>O28 :>=45=A0BC 

 

#0=5;P >?5@0B>@0 ?@87=0G5=0 4;O 2V4>1@065==O V=D>@<0FVW ?@> AB0= 

A8AB5<8, :5@C20==O B0 >1@>1:C 020@V9=8E A8BC0FV9. #0=5;P >?5@0B>@0 B0:>6 

4>72>;Oє 7<V=N20B8 =0;0HBC20==O A8AB5<8 :20;VDV:>20=8< ?5@A>=0;>< 

?>AB0G0;P=8:0 A8AB5<8 ?V4 G0A A5@2VA=>3> B0/01> 30@0=BV9=>3> >1A;C3>2C20==O 

>1;04=0==O [129-131]. �030;P=89 283;O4 >1@0=>W ?0=5;V >?5@0B>@0 Siemens 

SIMATIC HMI ?@54AB02;5=> @8AC=:C 4.17, 0 >A=>2=V B5E=VG=V E0@0:B5@8AB8:8 

C B01;. 4.13. 

�>=25є@=0 A8AB5<0 ?@0FNє 2 ?>2=VABN 02B><0B8G=><C @568<V V 28<030є 

2B@CG0==O ;N48=8 ;8H5 C @07V 020@V9=8E B0 ?>70HB0B=8E A8BC0FV9 [132]. 

�=0A;V4>: G>3> =5>1EV4=> 2=5AB8 4> A:;04C :>=25є@=>W A8AB5<8 ?@8AB@>W 

A83=0;V70FVW B0 :5@C20==O, @>7B0H>20=V =0 I8B0E V 274>26 :>=25є@=>W ;V=VW. 
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$8AC=>: 4.17 3 �030;P=89 283;O4 281@0=>W ?0=5;V >?5@0B>@0 Siemens 

SIMATIC HMI 

 

&01;8FO 4.13 3 >A=>2=V B5E=VG=V E0@0:B5@8AB8:8 ?0=5;V >?5@0B>@0 

Siemens SIMATIC HMI 

)0@0:B5@8AB8:0 �=0G5==O 

!><V=0;P=0 =0?@C30 682;5==O 24� ?>ABV9=>3> AB@C<C 

 5@560 Profinet 

�1C4>20=89 V=B5@D59A USB-Host 

�>=DV3C@CNGV <>28 32 

!0O2=VABP 25:B>@=>W 3@0DV:8 B0: 

�V;P:VABP :>;P>@V2 65536 

�@EV2C20==O 40=8E USB Stick 

�;0A 70E8ABC IP20 

�V0?07>= @>1>G8E B5<?5@0BC@ -20 & 60 °C 

�V4=>A=0 2>;>3VABP 10&90 %, 157 ?>O28 :>=45=A0BC 

 

%2VB;>72C:>2V V=48:0B>@8 @>7<VICNBPAO =0 :>6=><C ?>25@AV 

25@B8:0;P=>3> :>=25є@0 B0 274>26 :>=25є@=>W ;V=VW B0:8< G8=><, I>1 

70157?5G8B8 72C:>25 B0 A2VB;>25 A?>2VI5==O 2AP>3> ?5@A>=0;C, 704VO=>3> C 

@>1>BV 7 :>=25є@=>N A8AB5<>N. &0:>6 =5>1EV4=> @50;V7C20B8 020@V9=C 7C?8=:C 
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A8AB5<8 O:I> 1C45 157?>A5@54=O 703@>70 68BBN B0 74>@>2'N ;N48=8, >A:V;P:8 

WW A?@0FN20==O 2545 4> <8BBє2>W 7C?8=:8 A8AB5<8. 

#V4 G0A 020@V9=>W A8BC0FVW =0 :>=25є@=V9 ;V=VW ?>B@V1=> =0B8A=CB8 1C4P-

O:C :=>?:C 7C?8=:8 «�20@V9=89 AB>?». �=>?:8 �20@V9=89 AB>? @>7B0H>20=V 

=0 :=>?:>28E ?>AB0E 6>2B>3> :>;P>@C 274>26 :>=25є@=>W ;V=VW B0 =0 I8BV 

:5@C20==O -�. �030;P=89 283;O4 A2VB;>72C:>2>3> V=48:0B>@0 B0 :=>?:8 

020@V9=>W 7C?8=:8 «�20@V9=89 AB>?» ?@54AB02;5=> =0 @8A. 4.18. 

 

 

 

0) 1) 
0) A2VB;>72C:>289 V=48:0B>@; 1) :=>?:0 020@V9=>W 7C?8=:8 «�20@V9=89 AB>?» 

$8AC=>: 4.18 3 �030;P=89 283;O4 A2VB;>72C:>2>3> V=48:0B>@0 B0 :=>?:8 

020@V9=>W 7C?8=:8 «�20@V9=89 AB>?» 

 

�8E>4OG8 7 >1@0=>3> >1;04=0==O ?@54AB02;5=>3> =0 @8AC=:0E B0 AE5<8 

:>=25є@=>W ;V=VW A>@BC20==O D0@<0F52B8G=8E ?@>4C:BV2 (@8A. 4.5) 1C;> 

@>7@>1;5=> =0ABC?=89 ?;0= @>7<VI5==O :>=25є@=8E A5:FV9, O:89 

?@54AB02;5=89 =0 @8A. 4.19. 
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$8AC=>: 4.19 3 #;0= @>7<VI5==O :>=25є@=8E A5:FV9 

 

�@C=BCNG8AP =0 B5E=VG=8E E0@0:B5@8AB8:0E B0 A?5F8DV:0FVOE >1@0=8E 

0?0@0B=8E <>4C;V2 4;O @50;V70FVW <0:5B0 A8AB5<8 02B><0B8G=>3> :5@C20==O 4;O 

D0@<0F52B8G=>W :>=25є@=>W ;V=VW A>@BC20==O, 1C;0 @>7@>1;5=0 AE5<0 

DC=:FV>=0;P=>3> ?V4:;NG5==O :>=25є@=8E A5:FV9, O:0 ?@54AB02;5=0 =0 

@8A. 4.20. 

%E5<0 5;5:B@8G=>3> ?V4:;NG5==O PLC Siemens s7-1200 ?@54AB02;5=0 =0 

@8A. 4.21. 
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$8AC=>: 4.20 3 %E5<0 DC=:FV>=0;P=>3> ?V4:;NG5==O :>=25є@=8E A5:FV9
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$8AC=>: 4.21 3 %E5<0 5;5:B@8G=>3> ?V4:;NG5==O PLC Siemens s7-1200 
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!0 107V ?@>2545=>W @>1>B8 1C;> 7V1@0=> <0:5B D0@<0F52B8G=>W 

:>=25є@=>W ;V=VW 4;O A>@BC20==O @50;V7>20=89 =0 A8AB5<V :5@C20==O PLC 

Siemens s7-1200 [133]. �030;P=89 283;O4 <0:5B0 ?@54AB02;5=89 @8AC=:C 4.22. 

 

  
0) 1) 

 
 

2) 3) 
0) 7030;P=89 283;O4 <0:5B0; 1) 284 O@CAV2 4;O A>@BC20==O; 

2) A8AB5<0 :5@C20==O :>=25є@><; 3) 25@B8:0;P=89 ;VDB C 7030;P=V9 A8AB5<V 

:>=25є@0. 

$8AC=>: 4.22 3 �030;P=89 283;O4 <0:5B0 D0@<0F52B8G=>W :>=25є@=>W ;V=VW 

4;O A>@BC20==O 

 

4.4 $>7@>1;5==O A8AB5<8 @>7?V7=020==O B0 V45=B8DV:0FVW C?0:>2>: =0 

:>=25є@=V9 ;V=VW A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW 
 

�07CNG8AP =0 B5E=VG=8E >A>1;82>ABOE ?@><8A;>2>W ;V=VW A>@BC20==O 
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C?0:>2>: 7 25@B8:0;P=8< ;VDB>< DV@<8 Kapelou, <>6=0 ?5@59B8 4> 281>@C 

0?0@0B=8E <>4C;V2 4;O @50;V70FVW A8AB5<8 :><?’NB5@=>3> 7>@C 4;O 

V45=B8DV:0FVW >1’є:BV. �;O A?@>I5==O 281>@C <>4C;V2 22545<> 45O:V 

>1<565==O: 

3 =525;8:V 3010@8B=V @>7<V@8; 

3 ?V4B@8<:0 1574@>B>28E B5E=>;>3V9 ?5@54020==O 40=8E (Wi-Fi, 

Bluetooth); 

3 V=B5@D59A 22545==O\282545==O 7030;P=>3> ?@87=0G5==O, 4;O 

?V4:;NG5==O B0 :5@C20==O 28:>=02G8<8 ?@8AB@>O<8 (25@B8:0;P=8< ;VDB><); 

3 ?V4B@8<:0 ?V4:;NG5==O Web-:0<5@8. 

�8E>4OG8 V7 28I5 ?5@5@0E>20=8E >1<565=P 4;O @50;V70FVW A8AB5<8 

:><?’NB5@=>3> 7>@C 4;O V45=B8DV:0FVW >1’є:BV2 =0 :>=25є@=V9 ;V=VW <>6=0 

28:>@8AB>2C20B8 =0ABC?=V >4=>?;0B=V :><?’NB5@8, O:V ?@54AB02;5=V =0 

@8A. 4.23, ?>@V2=O==O WE=VE B5E=VG=8E E0@0:B5@8AB8: =02545=> 2 B01;. 4.14.  

 

   

0) 1) 2) 
0) Raspberry Pi 4 Model B [134];   

1) LattePanda 4GB/64GB [135]; 

2) Orange Pi 4 4�1 DDR4/16�1 EMMC [136]. 

$8AC=>: 4.23 3 "4=>?;0B=V :><?’NB5@8 4;O @50;V70FVW V45=B8DV:0FVW >1’є:BV2 
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&01;8FO 4.14 3 &5E=VG=V E0@0:B5@8AB8:8 >4=>?;0B=8E :><?’NB5@V2 4;O 

@50;V70FVW A8AB5<8 V45=B8DV:0FVW >1’є:BV2 

#0@0<5B@8 

"4=>?;0B=V :><?’NB5@8 

Raspberry Pi 4 Model B  
LattePanda 

4GB/64GB  

Orange Pi 4 4�1 
DDR4/16�1 

EMMC 

#@>F5A>@ BROADCOM BCM2711
Intel Cherry Trail 

Z8350 Quad Core 
Rockchip RK3399 

�V;P:VABP O45@ 
?@>F5A>@0 

4 4 4 

+0AB>B0 
?@>F5A>@0 

1.5 GHz 1.8GHz 2 GHz 

RAM 8 GB 4 GB 4 GB 

�@0DVG=89 
:>=B@>;5@ 

VideoCore VI A OpenGL 
ES 1.1, 2.0, 3.0 

Intel HD Graphics 

Mali-T864 GPU 7 
?V4B@8<:>N 

OpenGL 

 5@5652V 
<>6;82>ABV  

Ethernet 10/100/1000 

WiFi 2.4G/5.8G 300 

mb/s 

Ethernet 

10/100/1000 

WiFi 2.4G/5.8G 

300 mb/s 

Ethernet 

10/100/1000 

WiFi 2.4G/5.8G 

300 mb/s 

�=B5@D59A8 4 USB 3 USB 2 USB 

�82;5==O 5V 3A 5V 2A 5V 3A 

General-purpose 

input/output 

(GPIO) 

+ 

4;O GV?C Intel X-

Z8300 8 4;O 
ATmega32u4 

+ 

%E>28I5 eMMC microSD 

�1C4>20=0 
?0<’OBP 64GB + 

microSD 

�1C4>20=0 
?0<’OBP 16GB + 

microSD 

Operating System 
Raspberry Pi OS,  

Debian Linux 

Windows 10, 64-

1VB=0 
Raspberry Pi OS,  

Debian Linux 

�010@8B=V 
@>7<V@8 (mm)  

88*58 80*70 91*55.7 

*V=0  ~120$ ~ 150 3 219$ ~ 110$ 

 

/: <>6=0 10G8B8 7 B01;. 4.11, 2AV >4=>?;0B=V :><?’NB5@8 <0NBP AE>6V 

?0@0<5B@8 B0 FV=8, 0;5 =5>1EV4=> 707=0G8B8 45O:V >A>1;82>ABV. LattePanda 
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4GB/64GB ?>1C4>20=> =0 107V ?@>F5A>@0 Intel Cherry Trail Z8350 Quad Core, 

I> є <V:@>?@>F5A>@=>N A8AB5<>N, =0 2V4<V=C 2V4 Orange Pi 4 4�1 DDR4/16�1 

V Raspberry Pi 4 Model B. �=0A;V4>: FP>3>, =0 LattePanda 4GB/64GB 

CA:;04=NєBPAO ?@8=F8? @>1>B8 V7 H8=>N GPIO ?@8 @>7@>1FV A8AB5< 

:5@C20==O =0 <>2V Python. "B65, 28E>4OG8 7 B>3>, I> Raspberry Pi 4 Model B 

<0є 1V;PH89 >1AO3 ?0<’OBV 2 420 @078, =V6 Orange Pi 4 4�1 DDR4/16�1, 2 O:>ABV 

0?0@0B=>3> <>4C;O 4;O @>7@>1:8 A8AB5<8 :><?’NB5@=>3> 7>@C 4;O 

V45=B8DV:0FVW >1’є:BV2 =0 :>=25є@=V9 AB@VGFV 4;O A>@BC20==O >1@0=> Raspberry 

Pi 4 Model B [137]. �;O >B@8<0==O 2V45>7>1@065==O 2 <560E 40=>3> 

4>A;V465==O 28:>@8AB0=> Web-:0<5@C Logitech C310 HD (<>45;P 960-001065) 

01> Raspberry Pi Cam v1.3. 

!0ABC?=8< :@>:>< @>7@>1;5=> AB@C:BC@=C AE5<C 270є<>4VW ?@>3@0<=8E 

V 0?0@0B=8E <>4C;V2 =0 107V Raspberry Pi 4 Model B, O:C ?>40=> =0 @8A. 4.24.  

 

 
$8AC=>: 4.24 – %B@C:BC@=0 AE5<0 270є<>4VW ?@>3@0<=8E V 0?0@0B=8E <>4C;V2  

 

"?8H5<> ?@87=0G5==O >A=>2=8E 5;5<5=BV2 AB@C:BC@=>W AE5<8 270є<>4VW 

?@>3@0<=8E V 0?0@0B=8E <>4C;V2 2 @>7@>1;N20=V9 A8AB5<V V45=B8DV:0FVW 

>1’є:BV2 =0 ?@><8A;>2V9 :>=25є@=V9 ;V=VW:   

3 Web-cam 3 :0<5@0, O:C 2AB0=>2;5=> 157?>A5@54=P> =04 7>=>N :>=25є@0 
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V7 AB@VG:>28< AB>;><, 2 O:>ABV :0<5@8 ?@>?>=CєBPAO 27OB8 01> 21C4>20=C 

:0<5@0 Raspberry Pi Cam v1.3 01> 28=>A=C :0<5@0 Web-cam Logitech C310 HD 

(<>45;P 960-001065), O:0 ?V4<8:0єBPAO G5@57 @>7’є< USB; 

3 Vertical Elevator Control System 3 A8AB5<0 :5@C20==O 25@B8:0;P=8< 

;VDB><, 1C45 :5@C20B8AO 70 4>?><>3>N ?>4020==O :5@CNG>3> A83=0;C G5@57 

V=B5@D59A GPIO 7 Raspberry Pi 4 Model B; 

3 Power 3 <>4C;P 682;5==O (1;>: 682;5==O) >4=>?;0B=>3> :><?’NB5@0 

Raspberry Pi 4 Model B (DC 5V,3A); 

3 Wi-Fi 3 0?0@0B=89 <>4C;P, V=B53@>20=89 2 Raspberry Pi 4 Model B, 2 

40=><C 28?04:C 28:>@8AB>2CєBPAO 4;O ?5@54020==O\>B@8<0==O 40=8E 7 

Raspberry Pi 4 Model B V7 7>2=VH=VE ?@8AB@>W2 715@V30==O (Cloud Storage), 0 

B0:>6 4;O 270є<>4VW V7 >?5@0B>@>< 70 4>?><>3>N B5E=>;>3VW IoT;  

3 Raspberry Pi OS 3 3@0DVG=0 >?5@0FV9=0 A8AB5<0 4;O :5@C20==O 

Raspberry Pi 4 Model B, 2>=0 ?>1C4>20=0 =0 107V Debian, AV<’W OS Linux; 

3 IDE Code::Blocks 3 :@>A?;0BD>@<5=5 A5@54>28I5 @>7@>1:8 

?@>3@0<=>3> 70157?5G5==O =0 107V 1V1;V>B5:8 wxWidgets; 

3 C++  3 >1’є:B=>->@Vє=B>20=0 <>20 ?@>3@0<C20==O 28A>:>3> @V2=O, 3@0є 

@>;P >A=>2=>W <>28 4;O @>7@>1:8 A8AB5<8 V45=B8DV:0FVW >1’є:BV2 =0 

?@><8A;>2V9 :>=25є@=V9 ;V=VW;  

3 Open CV2 3 1V1;V>B5:0 :><?’NB5@=>3> 7>@C 7 2V4:@8B8< ?@>3@0<=8< 

:>4><, 4;O >1@>1:8 7>1@065==O B0 G8A5;P=8E 0;3>@8B<V2 7030;P=>3> 

?@87=0G5==O; 

3 Packaging Recognition Module (PRM) 3 <>4C;P @>7?V7=020==O =0O2=>ABV 

C?0:>2:8, =0 :>=25є@=V9 ;V=VW, 4>72>;Oє 7=09B8 :>=BC@ C?0:>2:8, 4;O 284V;5==O 

WW :>@4>=V2 9 V45=B8DV:0FVW WW =0O2=>ABV;  

3 Barcode Recognition Module (BRM) 3 =0 >B@8<0=><C 7>1@065==V 

C?0:>2:8 ;>:0;V7Cє <VAF5 7=0E>465==O HB@8E-:>4C; 

3 Packaging Identification Module (PIM) 3 28:>=Cє G8B0==O 40=8E, 

>B@8<0=8E V7 HB@8E-:>4C B0 V45=B8DV:Cє >1’є:B =0 :>25є@=V9 ;V=VW; 

3 IDE Python 3.10 3 A5@54>28I5 @>7@>1:8 ?@>3@0<=>3> 70157?5G5==O 4;O 
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>1’є:B=>->@Vє=B>20=>W <>28 ?@>3@0<C20==O 28A>:>3> @V2=O Python; 

3 GPIO 3 A?5FV0;P=0 1V1;V>B5:0 (PRi.GPIO), O:0 40є <>6;82VABP :5@C20B8 

7>2=VH=V<8 (A8AB5<0 :5@C20==O 25@B8:0;P=8< ;VDB><) ?@8AB@>O<8 G5@57 

=0?8A0==O :5@CNG8E :><0=4 =0 <>2V Python; 

3 Vertical Elevator Control Module 3 ?@>3@0<0 4;O ?5@54020==O 

:><0=4=8E A83=0;V2 A8AB5<V :5@C20==O 25@B8:0;P=8< ;VDB>< G5@57 V=B5@D59A 

GPIO, I> 4>72>;Oє 28:>=C20B8 A>@BC20==O >1’є:BV2 70 3 @V2=O<8; 

3 MySQL 3 A8AB5<0 :5@C20==O @5;OFV9=8<8 1070<8 40=8E, =0 107V O:>W 

715@V30єBPAO V=D>@<0FVO ?@> >1’є:B8 V45=B8DV:0FVW, A?5F8DV:0FVW B0 =5>1EV4=0 

V=D>@<0FVO; 

3 Database Tables Module 3 B01;8FV 7 40=8<8 ?@> >1’є:B8 A>@BC20==O B0 

=5>1EV4=C V=D>@<0FVN 4;O A:;04C20==O. 

�030;P=89 283;O4 <0:5B0 A8AB5<8 :><?’NB5@=>3> 7>@C ?@><8A;>2>W 

:>=25є@=>W ;V=VW 4;O A>@BC20==O C?0:>2>: 7 25@B8:0;P=8< ;VDB>< DV@<8 

Kapelou 2 :>@?CAV ?@54AB02;5=> =0 @8A. 4.21. 

 

 

$8AC=>: 4.25 3   0:5B A8AB5<8 :><?’NB5@=>3> 7>@C 

 

4.5 $>7@>1;5==O ?@>3@0<8 02B><0B8G=>3> :5@C20==O 4;O A8AB5<8 

@>7?V7=020==O B0 V45=B8DV:0FVW C?0:>2>: =0 :>=25є@=V9 ;V=VW A>@BC20==O 

D0@<0F52B8G=>W ?@>4C:FVW 
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�5@5<> 4> C2038 >A>1;82>ABV @>7@>1:8 ?@>3@0<=>3> 70157?5G5==O 4;O 

Raspberry Pi 4 Model B B0 28<>38 4> B5E=VG=>3> 70240==O, 0 B0:>6 >1<565==O, 

O:V ?>2’O70=V 7 >A>1;82>ABO<8 :5@C20==O 28:>=02G8< <5E0=V7<><. � <560E 

@50;V70FVW ?>AB02;5=8E 70240=P 2 40=><C 4>A;V465==V 4;O :5@C20==O 

@>7@>1;5=>N A8AB5<>N :><?’NB5@=>3> 7>@C 4;O V45=B8DV:0FVW >1’є:BV2, 1C;> 

@>7@>1;5=> C7030;P=5=89 0;3>@8B<, O:89 ?@54AB02;5=> =0 @8A. 4.26. 

#5@54CAV< >B@8<Cє<> :04@ (frame) 7>1@065==O 01> 7 :0<5@8, 01> 7 2V45> 

?>B>:C. ->1 284V;8B8 B0 2840;8B8 7092V 5;5<5=B8, 0 B0:>6 287=0G8B8 :>=BC@8 

>1'є:BV2, >B@8<0=89 :04@ <0є 1CB8 >1@>1;5=89. �8E>4OG8 V7 70240==O, >1'є:B8, 

I> <0NBP 1CB8  V45=B8DV:>20=8<8, є A?V;P=>3> :>;P>@C, O:89 є 2V4<V==8< 2V4 

:>;P>@C D>=C. �;O 28:>=0==O 70240==O @>7?V7=020==O 1C45<> 70AB>A>2C20B8 

<5B>4 DV;PB@0FVW :04@C 2 3@040FVOE AV@>3>, I> 4>72>;8BP ?5@5B2>@8B8 

7>1@065==O C 42V9:>289 D>@<0B (G>@=>-1V;5). &>6 A?>G0B:C ?5@5B2>@8<> :04@ 

2 ?0;VB@C AV@>3> (grayscale)7 RGB. !0ABC?=8< :@>:>< =5>1EV4=> 2AB0=>28B8 

3@0=8G=V 7=0G5==O 4;O ?V:A5;V2 D>=C 9 >1’є:B0. �;O FP>3> 287=0G8<> F8D@>2V 

7=0G5==O 2V4BV=:V2 D>=C B0 >1'є:B0. �>=8 1C4CBP 28:>@8AB>2C20B8AP 4;O 

?>40;PH>W >1@>1:8. 

#VA;O >1@>1:8 :04@ ?5@5B2>@8BPAO 2 42V9:>25 7>1@065==O, 2 O:><C D>= 

1C45 ?>7=0G5=89 G>@=8< :>;P>@><, 0 >1'є:B, I> <0є 1CB8 @>7?V7=020=8< 3 

1V;8<. �0;V, 4;O >B@8<0==O :>=BC@V2 >1'є:B0, 70AB>ACє<> :>=BC@=89 <5B>4, 

28:>@8AB>2CNG8 0;3>@8B<, 70?@>?>=>20=89 Satoshi Suzuki, 4;O 0=0;V7C 

1V=0@=>3> 7>1@065==O [118]. �;O 0=0;V7C D>@<, 0 B0:>6 4;O 28O2;5==O B0 

@>7?V7=020==O >1'є:BV2 =0@07V :>=BC@C20==O є =095D5:B82=VH8< V=AB@C<5=B><. 

�>=8 ?@54AB02;5=V =01>@>< G>B8@P>E B>G>:. �>;8 :>=BC@C20==O 265 

?@>2545=>, <>6=0 2V4DV;PB@C20B8 =5?>B@V1=V >1'є:B8 70 @>7<V@0<8 284V;5=8E 

>1;0AB59. �;O FP>3> >1G8A;Nє<> @>7<V@8 >1'є:BV2 V 2V418@0є<> BV;P:8 BV, I> 

2V4?>2V40NBP ?52=8< ?0@0<5B@0<, 28:;NG0NG8 <0;5=P:V :>=BC@8, O:V <>6CBP 

?>:07C20B8 A<VBBO 01> ?52=V 2V41;8A:8. 
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$8AC=>: 4.26 3 '7030;P=5=89 0;3>@8B< A8AB5<8 V45=B8DV:0FVW >1’є:BV2 

=0 107V :><?’NB5@=>3> 7>@C. 

 

!0@07V QR-:>48 є =095D5:B82=VH8< V =09?@>ABVH8< 70A>1>< 

@>7?V7=020==O. �;3>@8B<, ?@54AB02;5=89 =0 @8A. 4.26, 28:>=CєBPAO ?VA;O 
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70:V=G5==O 28:>=0==O 0;3>@8B<C @>7?V7=020==O >1'є:BV2. %?>G0B:C =0 2EV4 

?>40єBPAO :04@ 7>1@065==O C D>@<0BV RGB, =0 O:><C 265 GVB:> 287=0G5=> 

=0O2=VABP/2V4ACB=VABP >1'є:B0. �;3>@8B< A:0=Cє 9>3> B0 287=0G0є 

=0O2=VABP/2V4ACB=VABP QR-:>4C. ' @07V 28O2;5==O >4=>3> 01> :V;P:>E :>4V2, 

2V41C20єBPAO WE 45:>4C20==O 4;O >B@8<0==O 70:>4>20=>W V=D>@<0FVW. 

!02545<> >?8A 45O:8E G0AB8= ?@>3@0<=>3> :>4C, O:V @50;V7CNBP 

=09FV:02VHV @VH5==O. $>7@>1:C ?>G=5<> 7 ?V4:;NG5==O =5>1EV4=8E 1V1;V>B5:: 

#include <iostream> 

#include <opencv2/objdetect.hpp> 

#include <opencv2/core.hpp> 

#include <opencv2/imgproc.hpp> 

#include <opencv2/imgcodecs.hpp> 

#include <opencv2/highgui.hpp> 

�2545<> 45:V;P:0 3;>10;P=8E 7<V==8E, I> 28:>@8AB>2CNBPAO 4;O 

?>:@0I5==O 0;3>@8B<C @>7?V7=020==O. 

uint32_t objectcounter = 0; 

uint32_t objectTrycounter = 1; 

bool foundObjectInZone = false; 

bool qrCodeIsRead = false; 

File *my_file; 

«objectcounter»  F5 7<V==0, I> 28:>@8AB>2CєBPAO 2 FV;OE ?V4@0EC=:C 

:V;P:>ABV @>7?V7=0=8E >1’є:BV2. «objectTrycounter»  B0:>6 є 7<V==>, O:0 

4>?><030є ?>:@0I8B8 @>1>BC 0;3>@8B<C, 7>:@5<0 2>=0 2545 >1;V: A?@>1 

7G8B0B8 :>4 7 @>7?V7=0=>3> >1'є:B0. «FoundObjectInZone» 7<V==0, I> є 

?@0?>@><, O:89 0:B82CєBPAO ?@8 28O2;5==V >1'є:B0 B0 450:B82CєBPAO, :>;8 

>1'є:B ?>:840є @>1>GC 7>=C. «qrCodeIsRead» (B56 7<V==0) ?@0FNє O: ?@0?>@, 

I> 2<8:0єBPAO ?VA;O CA?VH=>3> 7G8BC20==O QR-:>4C. "AB0==O 7<V==0 є 

2:07V2=8:>< 4;O @>1>B8 7 D09;><, 2 O:89 70?8ACNBPAO @57C;PB0B8 @>1>B8 

A8AB5<8. 
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"A=>2=>N DC=:FVєN ?@>3@0<8, B>G:>N 2E>4C 2 =5W, є «main». *O DC=:FVO 

V=VFVNє ?>BV: 40=8E, O:89 <>65 1CB8 2V45>D09;>< 01> ?>B>:>< 7 :0<5@8. /:I> 

?@>3@0<0 =5 <>65 2V4:@8B8 ?>BV:, 2>=0 7025@HCєBPAO 7 ?><8;:>N. ' @0<:0E 

FVєW DC=:FVW B0:>6 2V4:@820єBPAO D09; 4;O 70?8AC @57C;PB0BV2. /:I> B0:89 

D09; I5 =5 VA=Cє, 2V= 1C45 AB2>@5=89 7 V<5=5< «my_file». #>BV< «main» ?>G8=0є 

F8:;, O:89 B@820є 4>B8, 4>:8 ?@>3@0<0 ?@>4>26Cє >B@8<C20B8 :04@8 7 ?>B>:C. 

' @07V 2V4ACB=>ABV :04@0 F8:; 7025@HCєBPAO, V ?@>3@0<0 ?@8?8=Oє A2>N @>1>BC. 

int main() 

{  

VideoCapture cap("conveyourSlowMediumLight.MOV"); 

if (!cap.isOpened()) { 

cout << "Error open" << endl; 

return -1;  

} 

my_file.open("my_file.txt", ios::out); 

while (1) { 

Mat frame; 

cap >> frame; 

if (frame.empty()) 

break; 

FindObjectAndDecode(frame, frame); 

imshow("Base after detection", frame); 

waitKey(5); // waits to display frame  

} 

cap.release(); 

destroyAllWindows(); 

return 0; 

} 

' F8:;V 2V41C20єBPAO >B@8<0==O :04@C 7 ?>B>:C, F59 :04@ ?5@540єBPAO 4> 

DC=:FVW ?V4 =072>N «FindObjectAndDecode» 4;O >1@>1:8 :04@C, >A=>2=0 <5B0 
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O:>W є @>7?V7=020==O >1’є:BC C :04@V, B0 2 @07V @>7?V7=0==O, 28:>=0B8 ?>HC: B0 

@>7H8D@C20==O QR-:>4C. &0:>6 C F8:;V 2V41C20єBPAO 282V4 :04@C =0 <>=VB>@ 

?VA;O >1@>1:8. 

$>7@>18<> DC=:FVN >1@>1:8 :04@C 7 ?>B>:C. (C=:FVO <0є =072C 

«FindObjectAndDecode». �3V4=> @>7@>1;5=8E 0;3>@8B<V2, 40=0 DC=:FVO 

28:>=Cє ?5@5B2>@5==O ?0;VB@8 :>;P>@V2 7 D>@<0BC RGB 2 2V4BV=:8 AV@>3> B0 

DV;PB@Cє >B@8<0=V 2V4BV=:8 ?> 3@0=8G=8< 7=0G5==O< 4;O >B@8<0==O 

?@54AB02;5==O :04@C C 42V9:>2><C 283;O4V. +0AB8=0 DC=:FVW, 45 2V41C20єBPAO 

40=0 >1@>1:0 7>1@065==O ?@54AB02;5=0 =86G5: 

vector<vector<Point>> contours; 

vector<Vec4i> hierarchy; 

Mat imgGrey; 

Mat imgthreshold; 

cvtColor(_img, imgGrey, COLOR_BGR2GRAY); 

threshold(imgGrey, imgthreshold, 70, 255, THRESH_BINARY); 

imshow("eee", imgthreshold); 

findContours(imgthreshold, contours, hierarchy, RETR_EXTERNAL, 

CHAIN_APPROX_SIMPLE); 

vector<RotatedRect> minRect(contours.size()); 

#@8:;04 >B@8<0==O :04@C 4> >1@>1:8 B0 ?VA;O, ?@54AB02;5=> =0 

@8A. 4.27.  

 

  

0) 1) 

$8AC=>: 4.27 3  �04@ 4> (0) B0 ?VA;O >1@>1:8 (1) 
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� 1V1;V>B5:8 OpenCV 28:>@8AB>2CєBPAO DC=:FVO «findContours», 70 WW 

4>?><>3>N =0 >1@>1;5=><C :04@V ?@>2>48BPAO ?>HC: :>=BC@V2. &>1B> 2>=0 

7=0E>48BP :>=BC@8 =0 7>1@065==V B0 715@V30є WE=V B>G:8 2 :>;5:FVW. � ?0@0<5B@V 

DC=:FVW 70AB>A>2CєBPAO «CHAIN_APPROX_SIMPLE» 7 <5B>N >?B8<V70FVW 

28:>@8AB0==O ?0<'OBV, I> 4>72>;Oє 715@V30B8 ;8H5 G>B8@8 B>G:8, O:V D>@<CNBP 

?@O<>:CB=8:, 70<VABP 2AVE B>G>: :>=BC@V2. 

/:I> :>=BC@8 7=0945=> 7024O:8 DC=:FVW «findContours», B> 2AV :>=BC@8, 

I> <0NBP 70<0;C ?;>IC, 5;V<V=CNBPAO, 22060NG8 WE 28?04:>2V/=5?>B@V1=8<8. 

�0;V 4>40NBPAO 42V >1<56C20;P=V ;V=VW. ' 28?04:C, :>;8 >1'є:B FV;VA=> 

@>7B0H>20=89 <V6 F8<8 ;V=VO<8, B> 70?CA:0єBPAO ?@>F5A ?>HC:C QR-:>4C B0 

9>3> 45:>4C20==O. �>;8 >AB0==V B>G:8 :>=BC@C >1'є:B0 ?5@5B8=0NBP 4@C3C 

;V=VN, ?@>3@0<0 @>7C<Vє, I> >1'є:B 289H>2 V7 7>=8 @>7?V7=020==O. #@8:;04 

>B@8<0=>3> :04@0 7 >1<56CNG8<8 ;V=VO<8 B0 284V;5=8< >1’є:B><, I> 1C;> 

@>7?V7=0=>, ?@54AB02;5=> =0 @8A. 4.28. 

 

 

$8AC=>: 4.28 3  �04@ ?VA;O >1@>1:8 7 >1<56CNG8<8 ;V=VO<8 B0 284V;5==O< 

7=0945=>3> >1’є:BC 

 

!0ABC?=8< :@>:>< @>73;O=5<> G0AB8=C DC=:FVW, O:0 2V4?>2V40є 70 

?@89=OBBO @VH5=P I>4> V45=B8DV:0FVW >1'є:BV2. %?>G0B:C 2 =V9 2V41C20єBPAO 

2AB0=>2;5==O B0 ?5@52V@:0 3;>10;P=8E ?@0?>@V2, 0 B0:>6 287=0G5==O 

@>7B0HC20==O >1'є:B0 2V4=>A=> >1<56CNG8E ;V=V9. /:I> >1'є:B 2?5@H5 

?>B@0?;Oє ?>2=VABN 2 7>=C @>7?V7=020==O, I> @>7B0H>20=0 <V6 ;V=VO<8, FO 
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?>4VO DV:ACєBPAO 2 D09;V, :04@ 715@V30єBPAO 2 AE>28I5 D09;>2>W A8AB5<8. #VA;O 

FP>3> ?@0FNє DC=:FVO ?>HC:C B0 45:>4C20==O QR-:>4C. /:I> :>4 =0O2=89, 

9>3> 287=0G5=>, ?>HC: ?@8?8=OєBPAO. � ?@>B8;56=><C 28?04:C, :>;8 :>4 =5 

7=0945=89/=5 @>7H8D@>20=89, 0;5 >1'є:B I5 2 7>=V @>7?V7=020==O, 28:>=CєBPAO 

I5 A?@>10 28O28B8 B0 @>7H8D@C20B8 :>4. �V;P:VABP B0:8E A?@>1 >1<565=0 

@>7<V@0<8 7>=8 @>7?V7=020==O. �>;8 >1'є:B 28E>48BP V7 =5W, AB0є =5<>6;828< 

@50;V7>2C20B8 A?@>A8 V45=B8DV:0FVW. �>6=0 A?@>10 DV:ACєBPAO 2 D09;V, 0 B0:>6 

715@V30єBPAO :04@ 4;O :>6=>W A?@>18. 

int xVals[4] = { rect_points[0].x , rect_points[1].x , rect_points[2].x , 

rect_points[3].x }; 

std::sort(xVals, &xVals[4]); 

if (xVals[3] < 130) { 

if (foundObjectInZone) { 

foundObjectInZone = false; 

qrCodeIsRead = false; 

objectTrycounter = 1; 

} 

} 

else if ((xVals[0] > 130) && (xVals[3] < 600) && !foundObjectInZone && 

!qrCodeIsRead) { 

foundObjectInZone = true; 

objectcounter++; 

imwrite(format("Object%i.jpg", objectcounter), _dst); 

my_file << "ObjectFound number:" << objectcounter << endl; 

cout << "ObjectFound №" << objectcounter << endl; 

Rect crop(130, 50, 470, 850); 

Mat croppedImg = _img(crop); 

qrCodeIsRead = FindQRAndRead(croppedImg); 

} 
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else if ((xVals[0] > 130) && (xVals[3] < 600) && foundObjectInZone && 

!qrCodeIsRead) { 

imwrite(format("Object%iTry%i.jpg", objectcounter, 

objectTrycounter), _dst); 

my_file << "ObjectFoundAgain number:" << objectcounter << endl; 

cout << "ObjectAgain №" << objectcounter << endl; 

Rect crop(130, 50, 470, 850); 

Mat croppedImg = _img(crop); 

qrCodeIsRead = FindQRAndRead(croppedImg); 

objectTrycounter++; 

} 

else continue; 

�;O ?>HC:C B0 @>7H8D@C20==O QR-:>4C 28:>@8AB>2CєBPAO 1V1;V>B5:0 

OpenCV. ' @07V CA?VH=>3> ?>HC:C B0 45:>4C20==O 40=V, O:V 1C;> 45:>4>20=>, 

70?8HCBPAO 4> D09;C, B0 =040=> :><0=4C =0 :5@C20==O 25@B8:0;P=8< ;VDB><. 

/:I> =5 240;>AP 7=09B8 G8 45:>4C20B8, B> C D09; 1C45 70?8A0=> ?@> ?><8;:C 

45:>4C20==O. 

 

4.6 #@>2545==O 5:A?5@8<5=B0;P=8E 4>A;V465=P, B0 0=0;V7 >B@8<0=8E 

@57C;PB0BV2 V45=B8DV:0FVW >1’є:BV2 =0 :>=25є@=V9 ;V=VW 

 

�;O ?5@52V@:8 @>7@>1;5=>3> <0:5B0 V45=B8DV:0FVW >1'є:BV2 =0 

?@><8A;>2V9 :>=25є@=V9 ;V=VW 4;O A>@BC20==O C?0:>2>: 70 4>?><>3>N A8AB5<8 

:><?'NB5@=>3> 7>@C, ?@>2545<> =87:C 5:A?5@8<5=BV2 =0 107V >1;04=0==O 

Kapelou. �>=8 4>72>;OBP 287=0G8B8 G0A V45=B8DV:0FVW >1'є:BV2 (45:>4C20==O 

QR-:>4C) ?@8 @V7=8E 7=0G5==OE =0ABC?=8E ?0@0<5B@V2: H284:VABP :>=25є@=>W 

;V=VW, >A2VB;5=VABP @>1>G>W 7>=8 B0 >@Vє=B0FVO C?0:>2:8 =0 ;V=VW :>=25є@0. � 

O:>ABV :0<5@8 1C45<> 28:>@8AB>2C20B8 Raspberry Pi Cam v1.3. 

#@8:;048 B5AB>28E QR-:>4V2 4;O ?@>2545==O 5:A?5@8<5=BC 

?@54AB02;5=V =0 @8A. 4.29. 
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0) 1) 2) 

   

3) �) 4) 

1), �), 4) QR-:>4 (Detal 1) ?V4 @V7=8<8 :CB0<8 =0 :>=25є@=V9 ;V=VW; 

0), 2), 3) QR-:>4 (Detal 2) ?V4 @V7=8<8 :CB0<8 =0 :>=25є@=V9 ;V=VW. 

$8AC=>: 4.29 3  !01V@ B5AB>28E QR-:>4V2 4;O ?@>2545==O 5:A?5@8<5=BV2 

 

' @57C;PB0BV <8 <0є<> 6 B5AB>28E =01>@V2 QR-:>4V2, O:V V<VBCNBP @V7=89 

:CB >@Vє=B0FVW C?0:>2:8 =0 ;V=VW :>=25є@0, I> CA:;04=Nє ?@>F5A V45=B8DV:0FVW. 

#@>2545<> ?5@H89 5:A?5@8<5=B 7 @V7=>N H284:VABN @CEC >1'є:BV2 =0 

;V=VW. �V4?>2V4=> 4> C<>2 ?@>2545<> 5:A?5@8<5=B 4;O H284:>ABV 0,15 </A B0 

0,3 </A. �;O 5:A?5@8<5=BC 1C45 28:>@8AB0=> HVABP >1'є:BV2 V7 QR-:>40<8. 

"B@8<0=V @57C;PB0B8 ?>40=> C B01;. 4.15. 
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&01;8FO 4.15 3 $57C;PB0B8 ?@>2545==O ?5@H>3> 5:A?5@8<5=BC ?@8 @V7=8E 

H284:>ABOE :>=25є@=>W ;V=VW 

!><5@ >1’є:BC 

,284:VABP ?5@5AC20==O >1’є:BV2 =0 

:>=25є@=V9 ;V=VW 

0,15 </A 0,20 </A 0,3 </A 

"1’є:B № 1 (@8A. 4.250) ++ ++ ++ 

"1’є:B № 2 (@8A. 4.251) ++ ++ ++ 

"1’є:B № 3 (@8A. 4.252) ++ ++ +3 

"1’є:B № 4 (@8A. 4.253) ++ ++ +3 

"1’є:B № 5 (@8A. 4.25�) ++ ++ +3 

"1’є:B № 6 (@8A. 4.254) ++ ++ +3 

++ - $>7?V7=0=> B0 45:>4>20=>; +3 – $>7?V7=0=> B0 =5 45:>4>20=> 

 

�8E>4OG8 7 @57C;PB0BV2 5:A?5@8<5=BC 28?;820є =0ABC?=89 28A=>2>:: 

H284:VABP 0,3 </A є 70=04B> 28A>:>N 4;O FVєW A8AB5<8. *5 >1<565==O 

>1C<>2;5=> <>6;82>ABO<8 :0<5@8 Raspberry Pi Cam v1.3. #@8:;04 

>B@8<0=>3> :04@C :0<5@>N Raspberry Pi Cam v1.3 =0 H284:>ABV 0,3 </A, 

?@54AB02;5=> =0 @8AC=>: 4.26, 0, 0 4;O ?>@V2=O==O :04@ >B@8<0=89 70 

4>?><>3>N Web-cam Logitech C310 HD (<>45;P 960-001065) =0 @8A. 4.30, 1. 

 

  

0) 1) 

0) :04@, >B@8<0=89 :0<5@>N Raspberry Pi Cam v1.3; 

1) :04@, >B@8<0=89 :0<5@>N Logitech C310 HD 

$8AC=>: 4.30 3  #@8:;04 >B@8<0=8E :04@V2 =0 H284:>ABV 0,3 </A 
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&01;8FO 4.16 3 $57C;PB0B8 4@C3>3> 5:A?5@8<5=BC 

!><5@ >1’є:BC 

%2VB;>289 ?>B>: (lux) (@>7?V7=0=>/G0A 

45:>4C20==O QR-:>4C ) 

250 100 58 

"1’є:B № 1 (@8A. 4.250) +/0.059 c. +/0.055 c. +/0.057 c. 

"1’є:B № 2 (@8A. 4.251) +/0.043 c +/0.044 c. +/0.047 c. 

"1’є:B № 3 (@8A. 4.252) +/0.043 c +/0.046 c. +/0.045 c. 

"1’є:B № 4 (@8A. 4.253) +/0.069 c +/0.087 c. +/0.064 c. 

"1’є:B № 5 (@8A. 4.25�) +/0.665 c +/0.042 c. +/0.068 c. 

"1’є:B № 6 (@8A. 4.254) +/0.886 c +/0.044 c. +/0.044 c. 

 

 

$8AC=>: 4.31 3 +0A, I> 28B@0GCєBPAO =0 45:>4C20==O QR - :>4C ?@8 

H284:>ABV 0,2 </A 

 

' 4@C3><C 5:A?5@8<5=BV 1C45<> =0;0HB>2C20B8 A2VB;>289 ?>BV: B0 70 

4>?><>3>N ?@>3@0<8 28<V@Oє<> G0A, =5>1EV4=89 4;O 45:>4C20==O QR-:>4C 

?@8 @CAV :>=25є@0 7V H284:VABN 0,2 </A. +0A 1C45 4>@V2=N20B8 @V7=8FV G0AC 
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>B@8<0==O 40=8E 7 QR-:>4C B0 G0AC @>7?V7=020==O >1’є:B0 2 :04@V. $57C;PB0B8 

=02545=> 2 B01;. 4.16 B0 =0 @8A. 4.31.  

/: <>6;82> 10G8B8, 7 >B@8<0=8E @57C;PB0BV2 ?@8 A2VB;>2><C ?>B>FV  

58-100 lux, CAV B5AB>2V QR-:>48 1C;8 @>7?V7=0=V B0 45:>4>20=V, 0;5 ?@8 

A2VB;>2><C ?>B>FV 250 lux, 1C;> >B@8<0=0 70B@8<:0 2 G0AV 45:>4C20==O 4;O 

>1’є:BC №5 (@8A. 4.25, �) B0 >1’є:BC № 6 (@8A. 4.25, 4), F5 ?>2’O70=> 7 

2V4>1@065==O< ?>B>:C A2VB;0, 283;O4V A2VB;>2>W ?;O<8 =0 >B@8<0==O< :04@V 

QR-:>4C.  

"AB0==V9 5:A?5@8<5=B A?@O<>20=> =0 4>A;V465==O G0AC 45:>4C20==O 

:>4C ?@8 H284:>ABV 0,2 </A, :>;V =5<0є 02B><0B8G=>W A8AB5<8 28@V2=N20==O 

>@Vє=B0FVW C?0:>2:8 =0 ;V=VW :>=25є@0. �;O ?@>2545==O FP>3> 5:A?5@8<5=BC 

28:>@8AB>2C20;8AP B5AB>2V QR-:>48 (@8A. 4.25), 7 :@>:>< :CB0 ?>2>@>BC 300, 

@57C;PB0B8 ?@>2545=>3> 5:A?5@8<5=BC ?@54AB02;5=V 2 B01;. 4.17, B0 =0 

@8A. 4.32. 

 

&01;8FO 4.17 3  $57C;PB0B8 ?@>2545==O B@5BP>3> 5:A?5@8<5=BC. 
!><5@ 

>1’є:BC 

�@>: :CB0 (degrees) 

0 30 60 90 120 150 180 210 240 270 300 330 

Object №1 0.055 0.065 0.045 0.051 0.061 0.059 0.054 0.060 0.061 0.048 0.058 0.066 

Object №2 0.044 0.056 0.065 0.062 0.049 0.056 0.060 0.073 0.076 0.064 0.056 0.065 

Object №3 0.046 0.052 0.067 0.050 0.060 0.058 0.051 0.062 0.049 0.061 0.049 0.065 

Object №4 0.087 0.075 0.043 0.061 0.067 0.071 0.081 0.065 0.064 0.070 0.071 0.071 

Object №5 0.042 0.053 0.051 0.048 0.047 0.058 0.065 0.067 0.051 0.052 0.049 0.054 

Object №6 0.044 0.045 0.061 0.054 0.048 0.053 0.061 0.045 0.059 0.052 0.049 0.053 
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0) 1) 

0) G0A 45:>4C20==O QR-:>4C 2V4 0 4> 1200; 

1) G0A 45:>4C20==O QR-:>4C 2V4 150 4> 2700 

$8AC=>: 4.32 3  +0AC 45:>4C20==O QR-:>4C ?@8 H284:>ABV 0,2 </A, 

:>;8 =5<0є 02B><0B8G=>W A8AB5<8 28@V2=N20==O >@Vє=B0FVW C?0:>2:8 =0 

;V=VW :>=25є@0. 

 

/: <>6;82> 10G8B8 7 >B@8<0=8E @57C;PB0BV2 B@5BP>3> 5:A?5@8<5=BC 

70?@>?>=>20=89 <5B>4, =5 482;OG8AP =0 @V7=V :CB8 ?V4 O:8<8 1C;8 ?>40=V QR-

:>4C ?V4 @>7@>1;5==N A8AB5<C, G0A 45:>4C20==O A:;02 2V4 min 0.044A 4> maE 

0.087c, I> 4>72>;Oє AB25@46C20B8 I> A8AB5<0 4>1@5 ?@0FNє, =5 72060NG8 =0 

>@Vє=B0FVN >1’є:B0 =0 :>=25є@=>W AB@VG:8.    

�;O 0=0;V7C >B@8<0=8E @57C;PB0BV2 =0 107V @>7@>1;5=>3> <5B>40, 

?@>2545<> ?>@V2=O==O A5@54=P>3> G0AC @>7?V7=020==O QR-:>4C A 0;3>@8B<0<8 

Otsu’s, Yao’s, Niblack’s, Di’s B0 Chen. $57C;PB0B8 ?>@V2=O==O ?@82545=V 2 B01;. 

4.18. 

 

&01;8FO 4.18 3 #>@V2=O==O A5@54=P>3> G0AC @>7@0EC=:C  B0 H284:>ABV 

45:>4C20==O QR-:>4V2 HVABP<0 0;3>@8B<0<8. 

Algorithm Average Operation Time/s 
Recognition Rate 

~ Zxing ~ WeChat 

1 2 3 4 

Otsu’s algorithm [138] ~ 0.0013 32.5% 32.5% 
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#@>4>265==O B01;8FV 4.18 
1 2 3 4 

Niblack’s algorithm 
[139]  

~ 1.6063 38.75% 86.25% 

Yao’s algorithm  
[140] 

~ 0.0046 37.5% 42.5% 

Di’s algorithm  
[141] 

~ 0.3516 53.75% 71.25% 

Chen’s algorithm  
[142] 

~ 0.0428 88.75% 92.5% 

Proposed method ~0.0564 93.42% 96.12% 

 

/: <>6=0 10G8B8 7 B01;. 4.18, H284:>ABV 0;3>@8B<V2 Otsu’s, Yao’s B0 

Chen’s 1V;PH5, 0;5 5D5:B82=VABP @>7?V7=020==O <0;0. !02545=V ?>:07=8:8 

40=8E 0;3>@8B<V2 2 AB0B8G=><C @568<V >B@8<0==O QR-:>4C, ?>@V2=O==O 7 

@>7@>1;5=8< <5B>4><, :>;8 2AV >B@8<0=V @57C;PB0B8 1C;8 2 48=0<VG=><C 

@568<V @>1>B8 :>=25є@=>W ;V=VW =0 H284:>ABV ~ 0.2 </c. /:I> ?>@V2=N20B8 7 

0;3>@8B<>< Niblack’s B0 Di’s 70?@>?>=>20=89 <5B>4 <0є 1V;PH 28A>:C A5@54=N 

5D5:B82=VABP >1G8A;N20==O B0 H284:VABP @>7?V7=020==O. � <091CB=P><C 

02B>@8 ?;0=CNBP C4>A:>=0;8B8 @>7@>1;5=89 <5B>4, 4;O 2?@>20465==O 9>3> 

@>1>B8 =0 107V <0;>3010@8B=8E <V:@>?@>F5A>@=8E ?@8AB@V2 IIoT 7 21C4>20=>N 

:0<5@>N AV<59AB20 ESP32.  

 

4.7 �8A=>2:8 70 @>74V;>< 4 

 

' G5B25@B><C @>74V;V 48A5@B0FVW ?@54AB02;5=> @57C;PB0B8 

5:A?5@8<5=B0;P=8E 4>A;V465=P, I> ?@>45<>=AB@C20;8 CA?VH=C @>1>BC 

70?@>?>=>20=>W A8AB5<8 V45=B8DV:0FVW C?0:>2>: =0 :>=25є@=V9 ;V=VW A>@BC20==O 

D0@<0F52B8G=>W ?@>4C:FVW. #@>2545=0 <5B>48:0 4>A;V465=P 4>72>;8;0 

2A51VG=> >FV=8B8 5D5:B82=VABP A8AB5<8 2 C<>20E @V7=8E H284:>AB59 @CEC, 

@V2=V2 >A2VB;5==O B0 :CBV2 79><:8 QR-:>4V2.  0:5B :>=25є@=>W ;V=VW B0 A8AB5<0 

02B><0B8G=>3> :5@C20==O CA?VH=> 2V4B2>@8;8 @50;P=V C<>28 28@>1=8FB20, I> 

40;> 7<>3C ?@>25AB8 B>G=V 9 4>AB>2V@=V 28?@>1C20==O. 
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#V4 G0A ?5@H>3> 5:A?5@8<5=BC 1C;> 2AB0=>2;5=>, I> A8AB5<0 AB01V;P=> 

@>7?V7=0є B0 45:>4Cє 2AV >1'є:B8 ?@8 @V7=8E H284:>ABOE :>=25є@=>W ;V=VW, 

7>:@5<0 ?@8 0,15 </A B0 0,20 </A. !57=0G=V B@C4=>IV, I> 28=8:;8 =0 H284:>ABV 

0,3 </A, =5 2?;8=C;8 =0 7030;P=C 5D5:B82=VABP, >A:V;P:8 1V;PHVABP >1'є:BV2 

1C;8 @>7?V7=0=V ?@028;P=>. 

�@C389 5:A?5@8<5=B, ?@>2545=89 70 @V7=8E @V2=V2 >A2VB;5=>ABV, 

?V4B25@482 28A>:C ABV9:VABP A8AB5<8 4> 7<V= A2VB;>2>3> ?>B>:C. %8AB5<0 

?@>45<>=AB@C20;0 H284:5 B0 AB01V;P=5 45:>4C20==O QR-:>4V2 ?@8 1C4P-O:><C 

@V2=V >A2VB;5==O, I> A2V4G8BP ?@> WW 5D5:B82=VABP 2 C<>20E 7=865=>3> 01> 

=5AB01V;P=>3> >A2VB;5==O. 

&@5BV9 5:A?5@8<5=B, O:89 2:;NG02 B5ABC20==O A8AB5<8 ?@8 @V7=8E :CB0E 

79><:8 QR-:>4V2, ?>:0702, I> A8AB5<0 2?52=5=> ?@0FNє ?@8 1C4P-O:8E :CB0E 

2V4 0° 4> 330°. !572060NG8 =0 =57=0G=5 71V;PH5==O G0AC 45:>4C20==O =0 

45O:8E :CB0E, 7030;P=0 5D5:B82=VABP 70;8H0;0AO 28A>:>N. 

#>@V2=O==O @>1>B8 H5AB8 0;3>@8B<V2 @>7?V7=020==O ?>:070;>, I> 

70?@>?>=>20=89 <5B>4 <0є =09:@0IV @57C;PB0B8 70 B>G=VABN B0 H284:VABN 

45:>4C20==O. %5@54=V9 G0A 28:>=0==O >?5@0FV9 AB0=>282 0,0564 A5:C=48, 0 

B>G=VABP @>7?V7=020==O QR-:>4V2 4>AO3;0 96,12%, I> ?5@525@HCє V=HV 

@>73;O=CBV 0;3>@8B<8. 

�030;><, @57C;PB0B8 2AVE 5:A?5@8<5=BV2 ?V4B25@48;8 28A>:C 

5D5:B82=VABP B0 =04V9=VABP 70?@>?>=>20=8E C4>A:>=0;5=P A8AB5<8 

V45=B8DV:0FVW C?0:>2>: =0 :>=25є@=V9 ;V=VW A>@BC20==O D0@<0F52B8G=>W 

?@>4C:FVW. 

 

"A=>2=V @57C;PB0B8 G5B25@B>3> @>74V;C >?C1;V:>20=> C @>1>B0E [128, 

129-133]. %?8A>: 465@5;, O:V 28:>@8AB0=> C G5B25@B><C @>74V;V, =02545=> C 

?5@5;V:C 465@5; ?>A8;0=P [125-127, 129, 134-142] 
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��%!"��� 

 

 

' ?5@H><C @>74V;V ?@>2545=> 0=0;V7 ACG0A=8E :>=25є@=8E ;V=V9 

A>@BC20==O D0@<0F52B8G=>W ?@>4C:FVW. *5 2:;NG0є 45B0;P=5 4>A;V465==O 

<5B>4V2 02B><0B8G=>3> :5@C20==O, 28O2;5==O :;NG>28E B5E=>;>3VG=8E @VH5=P 

4;O A>@BC20==O ?@>4C:FVW, @>7?V7=020==O >1'є:BV2 =0 :>=25є@=8E ;V=VOE. 

"A>1;82C C203C ?@84V;5=> 3@0DVG=><C >D>@<;5==N C?0:>2>: 4;O 

70157?5G5==O B>G=>ABV A8AB5< 02B><0B8G=>3> @>7?V7=020==O. 
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