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-  ( . 2.1.3.3). 

217.77.41.21:3184

 
.3. - . 

 
-

-
-

( . 2.1.3.4): 

 
3.4. - . 
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-
 

-

-  
- . 
- . 
- 

. 
-  

 
- . 
- -  

 
-

 
 

-

-

 
 ( . 

2.1.3.5). 

 
3.5. . 

 
-

 
( . 2.1.3.6). 
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3.6. - . 

 
-

 
-

 
-

-

 Gson 
 

-
-

- -
82]. 

- - -

ZXing. ZXing - -

-
123]. 

 ( . 2.1.3.7). 
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3.7. . 

 
2.1.3.  
 

 
 

 

 
2 

,  - 
 ( . 2.1.3.8). 
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3.8. . 

 

 
 

 

 

 
 

 
1. 

 
2. 

  
3. 

 ( . 2.1.3.9). 
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3.9. . 

 

-  

 
  

  
  

. 

 
: 

 

: 

 

: 
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70   

 3.1): 
 2.1.3.1.  

. 

     

 0.52g 0.42g 0.63g 0.53g 
 2.02g 2.43g 2.48g 2.82g 
    

 

 

-  

83]. 

 ( . 2.1.3.10). 

-12

-7

-2

3

8

13

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

X Y Z

-12

-7

-2

3

8

13

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

X Y Z

3.10. . 
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-

 
 

 2.1.3.1); 

 
 

 
  

 
2.1.3.4  
 

-
- -

  
 

 
-

-  
Allottee  -  

 
1. -

- -  
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2. 

 ( . 2.1.3.11). 

 
1.3.11. - . 

 
-

 
 

 
-

- 
 ansceiver   

 
1. 

 
2.  
3. 

 
 

-
-
-

 
- 
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 -
-

 ( . 2.1.3.12). 

 
1.3.12. . 

 
2.1.4  
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59
- 

 

 
 

 

 
 

 
2.2  

 

k, 
 n 
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n 

- 
 ( . 2.2.1.3, . 2.2.1.4).  

 

 
2.2.1.3. . 

 

 
2.2.1.4. . 

 

-   

 
 

 



114 
 

BigData.   . 2021 

2.2  
 

- 

w  
 

, 
 -  - 

 - 
  

 
 

 ( . 2.2.2.1, . 2.2.2.2, . 2.2.2.3): 

 
2.2.2.1. . 
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2.2.2. . 

 

 
2.2.3. . 

 

 

- 

 

- 
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2.2  
 

 

 

 

- 

 

 

 
 

2.3  
 

 
- 2;  

-  
-  

 
 

  
 

 

 
 

-

 
 



117 
 

BigData.   . 2021 

2.3  
 

- 2

- 2

-
-

 

 
 

 

 

-  
-

 
2

2  

 

 
2.3.1.1). 

0.3 (
0.1 (  0.2 ( : 

 

0.5 
0.6 0.7
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. 2.3.1.2):  
 2.3.1.1 

. 

    

0 0 0  
0.1 5 5  
0.2 10 10  
0.3 10 15  
0.4 10 20  
0.5 10 15  
0.6 10 10  
0.7 5 5  
0.8 0 0  

 

 
2.3.1.1. . 

 

 
2.3.1.2. . 
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 2.3.2.2 

. 

    

0 0 0  
0.1 3.2 3.2  
0.2 10 10.1  
0.3 10 16.8  
0.4 10 19.9  
0.5 10 17.1  
0.6 9.7 9.7  
0.7 2.6 2.6  
0.8 0 0  

 

 

 
 

2.3  

 

 ( . 2.3.2.1): 
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2.3.2.1. . 
2.3.2.3 

. 
 

X) 0.0 0.5 1.0 
Y) 7.5 2.5 9.5 

 
 

 

-

( 0.25 (
0.0 ( 0.5 ( ).  

 

0.75, 
  : 

. 2.3.2.4 
. 

 
X) 0.0 0.25 0.5 0.75 1.0 

Y) 7.5 5 2.5 6 9.5 

 ( . 
2.3.2.2): 

 
 

2.3.2.2. . 
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- .  

 ( . 2.3.2.3):  

 
 

3.2.3.  
 

-
 

 
3.2.4. - . 

 

 ( . 2.3.2.5): 
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3.2.5. . 

 

 . 
 2.3.2.5  

. 
  

0.0 0 
0.5 0.6 
1.0 6.8 
1.5 -10 
2.0 1.2 
2.5 0.2 

 
 ( . 2.3.2.6):  

 
3.2.6.  
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-
 ( . 2.3.2.7): 

 
3.2.7. -  

 

  

 

 
 

 2.1-2.3 
 

 

 
-

-  
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API. 

-
 

-

-
-  

 
-  

3. 
 

 

 

  
4. 

 
 

. 
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2.4 
  

 
2.4.1  

 

 

 
  
  
 , 

 
 

-
 

   Polar Electro, 
 

 
 

 
 
 

 

 
 

 
 

1) 
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2) 
 

3)  
4) 

 
5) 

 
6) 

 
7)  
8) 

 
9) 

 
10)  
 

 - 
 

 - 

 
: 
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2.4.3  

 

 GPX (GPS eXchange Format)  

-
 

  

-

 
 

 
<trkpt lat="50.4602820" lon="30.5230720"> 
<ele>107.0</ele> 
<time>2019-04-07T06:09:21Z</time> 
<extensions> 
<gpxtpx:TrackPointExtension> 
<gpxtpx:hr>160</gpxtpx:hr> 
</gpxtpx:TrackPointExtension> 
</extensions> 
</trkpt> 
 

(https://github.com/vincentneo/CoreGPX
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Hubeny: 
 

 
 

 

 

.0 
 

 
 

 

 

 
 

 

 

 

 
 

 
 

  

evation loss). 
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- 
 

. 
 

 
 

 
 

  
 

. 2.4.3.1. 
2.4.3.1.  

. 
    
Z1  50-60 %  
Z2  60-70 %  
Z3  70-80 %  
Z4  80-90 %  
Z5  90-100 %  

 
 

-
 
  
  
 

 
 -
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 -  VDOT.  
VDOT  

 
 

 . 
 

. 
. 2.4.3.2 

 
.4.3.2.  
 

VDOT      10000 
 

15000 
 

- 
 

 

30 0:08:30 0:09:11 0:17:56 0:19:19 0:30:40 1:03:46 1:38:14 2:21:04 4:49:17 
31 0:08:15 0:08:55 0:17:27 0:18:48 0:29:51 1:02:03 1:35:36 2:17:21 4:41:57 
32 0:08:02 0:08:41 0:16:59 0:18:18 0:29:05 1:00:26 1:33:07 2:13:49 4:34:59 
33 0:07:49 0:08:27 0:16:33 0:17:50 0:28:21 0:58:54 1:30:45 2:10:27 4:28:22 
34 0:07:37 0:08:14 0:16:09 0:17:24 0:27:39 0:57:26 1:28:30 2:07:16 4:22:03 
35 0:07:25 0:08:01 0:15:45 0:16:58 0:27:00 0:56:03 1:26:22 2:04:13 4:16:03 
36 0:07:14 0:07:49 0:15:23 0:16:34 0:26:22 0:54:44 1:24:20 2:01:19 4:10:19 
37 0:07:04 0:07:38 0:15:01 0:16:11 0:25:46 0:53:29 1:22:24 1:58:34 4:04:50 
38 0:06:54 0:07:27 0:14:41 0:15:49 0:25:12 0:52:17 1:20:33 1:55:55 3:59:35 
39 0:06:44 0:07:17 0:14:21 0:15:29 0:24:39 0:51:09 1:18:47 1:53:24 3:54:34 
40 0:06:35 0:07:07 0:14:03 0:15:08 0:24:08 0:50:03 1:17:06 1:50:59 3:49:45 

 
 

 

 
- 

 
 

 

-  
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2.4.4  

 

-  
  

o Microsoft Visual Studio (Microsoft); 
o C++ Builder (Embarcadero Technologies); 
o NetBeans IDE (NetBeans Community); 
o QT; 

 Java: 
o IntelliJ IDEA (JetBrains); 
o Eclipse (Eclipse Foundation); 
o NetBeans IDE (NetBeans Community); 

 Objective-C, Swift: 
o Xcode (Apple); 
o AppCode (JetBrains). 

 

- iOS.  
  

  

 
 

 
 

 

- 
 

-C, 

 
Swift  -
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-

 
-C. 

Objective-C  -
-C  

- 
- -

-C. 
 

2.4.5  
 

 
1) -  

iPhone 5s,  
iPhone 6, iPhone 6 Plus,  
iPhone 6s, iPhone 6s Plus; 
iPhone SE; 
iPhone 7, iPhone 7 Plus; 
iPhone 8, iPhone 8 Plus; 
iPhone X; 
iPhone XS, iPhone XS Max; 
iPhone XR. 

2)  
 
2.4.6  

 
 

 

 
 

 . 
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. 2.4.6.1. . 

 
. 2.4.6.

 
  Runs.storyboard  2.4.6.2; 
  Achievements.storyboard  

2.4.6.3; 
  Progress.storyboard  2.4.6.4; 
  Results.storyboard  2.4.6.5; 
  Settings.storyboard  2.4.6.6. 

 

 
 

. 2.4.6.2 . 
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3.       

.  . 
 

   
.5 .   . 

 
: 

 UIKit Framework  
-

 
 Alamofire  -networking. 
 CoreGPX  

-
MIT License. 
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- . 2.4.6.7).

7. UML- .

. 2.4.6.8, 2.4.6 .4.6
UIViewController

8. .

RunsListViewController

UITableView

(UITableViewCell

RunDetailsTableViewController).
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 RunDetailsTableViewController  

UITableView): 
      

  

UITableViewCell
SplitsViewController

(HeartRateZonesViewController
 

 
SplitsViewController  

UITableView
SplitTableViewCell

 
 

HeartRateZonesViewController  
 

HeartRateZone
UITableView

 HeartRateZoneTableViewCell
 

  
   
 

 
  
  

 

 
9. . 
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AchievementsViewController  

UITableView
 

UITableViewCell
 

  
  
  
  
  
  
  
  
  
  

 

 
10. . 

 
ProgressViewController   

(ProgressChartViewController). 
 

ProgressChartViewController  

ResearchKit Charts
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11.  . 

 

 
. 
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2.4.7  
 

  -

 
4.7.1  

 
. 2.4.7.1. . 

 
 

1) . 
2) . 
3) . 
4) . 
5) . 

a. . 
b. . 
c. . 
d. . 
e. . 
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f. .
g. .

6) .
7) .
8) .

2.4.8 

1) 

git clone https://github.com/mishamoe/ranalyze.git
2) 

sudo gem install cocoapods
3) 
4) 

pod install
5) 
6) Ranalyze.xcworkspace.
7) - R).
8) 

. 2.4.8.1
-

. 2.4.8.2).

4.8.1. . . 2.4.8.2. Strava.
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. 2.4.8.3

  1. ; 2. 
(Achievements); 3. ; 4. ; 5. 
(Settings).

2.4.8.4).

. 2.4.8.4. 
.

2.4.8.5).
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. 2.4.8.6
ce)

4.8.5 . . 2.4.8.6. .

1) Z1 
2) Z2 
3) Z3 
4) Z4 
5) Z5 
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.
2.4.8.7.

   
4.8.7 . . 2.4.8.8. .

(Max Heart Rate)

o
o
o
o
o
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. 2.4.8.9, 
2.4.8.10, 2.4.8.11

. 2.4.8.12
. 2.4.8.13).

.  . 2.4.8.10. .

2.

. . 2.4.8.12. .
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4 
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2.5 
 

 

 
 [33]. 

 
 

 

 

 
 

 [47 47, 119], 
- -Fi 

[119 -

89, 122
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 96]. 
41, 

71, 79 71

[41, 71, 79, 102 40

69, 81, 108

 
  

 
n21 S,,S,SS n   

 
)y;x(P r Bv  (mAh), 

Bc  Bc,Bv,r,PSS ii . 

 iBc

 max
ir

 

 
max
imax

i

i
i Bc

r
rBc , (2.5.1) 

ir   max
ir   

max
iBc   

 iS  
ii y;x   ir , n,1i , n   

 2.5.1). 
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2.5.1  

1S  2S  
11 y;x  22 y;x  1r  2r  

2.5.2): 

 2
2

2
2

2
2

2
1

2
1

2
1

ryyxx
ryyxx

 (2.5.2) 

2.5.1.3): 

 2
ij

2
ijj,i yyxxl , (2.5.3) 

11 y;x  22 y;x    
j,il  

ir  jr  
2.5.1): 

2.5.1.  
j,il . 

j,il   
jij,i rrl   
jij,i rrl   
jij,i rrl   

 
0c , constc . 

iS  jS   

 crr ji .  (2.5.4) 
(2.5.  

( 2.5.2). 
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.5.2  . 
c  

 

 A  

 jij,i

jij,i
j,i rrl,0

rrl,1
a . (2.5.5) 

 0|a jij,i A  
 

 0aa

a0a
aa0

A

2,n1,n

n,21,2

n,12,1

. (2.5.6) 

   

 maxxrxF
n

1i
ii ,  (2.5.7) 

 
n

1i
j,ij,ijjiij,i lcaxrxra ,  (2.5.8) 

 
ji

ji
j,i rr,1

rr,1
a ,  (2.5.9) 

 
2

ij
2

ijj,i yyxxl ,  (2.5.10) 

 n,1ij,n,1i,1x0 i , (2.5.11) 
2.5.7)  2.5. 2.5. 2.5.

(2.5.10)  2.5.8), j,ia   
2.5.7), n    

2.5.7)  (2.5. n21 x,,x,xx

ix  
n21 r,,r,rr  2.5.

 
 nn2211

* xr,,xr,xrr . (2.5.12) 

 
1. A  (2.5.6) 

2.5. 2.5. 2.5.
2.5. 2.5. 2.5.5) 

 B
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2.5. 2.5. 2.5.
j,ij,ij,i lcab . 

2. A  

2.5.8). 
3. 2.5.  ix , 

n,1i , n    
4. 

 (2.5.12).  
 

  

 : 
2.5.2.  

. 
 

y;x  r   Bv  (mAh) Bc  (mAh) 
1S  5;4  7 13700 12 
2S  13;10  8 11200 9 
3S  19;13  9 10000 23 
 

2.5.3).  

 
2.5.  

 
-

5.0c  
4120.0,4375.0,1x

7082.3,5.3,7r*

2.5.4). 
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2.5.  

 
2.5.

2.5.5):  

 
2.5.  

 
5 

 

 
 

- 
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3.1

3.1.1).   

3.1.1
.

P

Y

X

mg

V

X

X

X

Y
Y

Y
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P   
mg   
Y  

 
X   
 

(3.1. 3.1.  
   (3.1.1) 
    (3.1.2) 

3.1.1.
(3.1.  

  (3.1.3) 
    (3.1.4) 
 

 
   (3.1.5) 

3.1.3-3.1.
3.1.1, 3.1.2) 

3.1.
(3.1.  

 
  (3.1.  

   (3.1.  

3.1. 3.1.7) 
 

 
3.1.1, 3.1.1.2) 

  (3.1.  
  (3.1.  
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 -  
   

 
 

 
, ,    

 

 

 

  
 

 
  
  
  
  
 -  
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 -  
 

 
  
  
 

-

 
  

o  
o  

 

  
 

 



156 
 

BigData.   . 2021 

3.2 
 

 

 
 

-

 

17, 26]. 
- - - - - -1 } 

- - - - - - - -1 } 
 

 

-4 [17, 26]. 
- -1,  

               - - - - - - - -1 } 
- -1,  

               - - - - - - - - - -2 } 
- -1,  

                - - - - - - - - - -2 } 
- -1,  

               - - - - - - - - - -2 } 
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-4 [17, 26]. 
- - - -1,  

                 -1,                     - - - - - - -1 } 
- - - -1,  

                - - - - - - - - - -2 } 
- - - -1,  

                - - - - - - - - - -2 } 
- - - -1,  

                 - - - - - - - - - -2 } 
 

 

-5 [17, 26]. 
- -1,  

                 - -1,  
                 - -1,  
                 - - - - - -2 } 

- - -1,  
                 -1, - -1,  
                 - -1,  
                 - - - - - -2 } 

- - - -1,  
                 - - -2,  
                 - - - -2, 
                 - - - - - -2 } 

- - - -1,  
                 - - -2,  
                 - - - -2, 
                 - - - - - -2 } 

- - - -2,  
                 - - -2,  
                 - - - -3, 
                 - - - - - -2 } 
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-5 [17, 26]. 
- - -1,  

                  - - -1, 
                  - -1, 
                  - - - - - - -1 } 

- - - -2,  
                  - - - -2, 
                  - -1, 
                  - - - - - - -1 } 

- - - - -3,  
                  - - - -2,  
                  - - - -2,  
                  - - - - - - -2 } 

- - - - -3,  
                  - - - -2, 
                  - - - -2,  
                  - - - - - - - - -1 } 

- - - - -4,  
                  - - - -3,  
                  - - - -3,  
                  - - - - - - - - -1 } 

 3.2.1). 
), 

 
4

- -

 
-3

-
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3.2.1.  

 
 

  -      
        
  1 2 1 2 3 4 1 2 3 4 1 2 3 4 5 1 2 3 4 5 

 
                                        

  
 

                    2 2 2 3 4 2 2 2 3 4 

  
 

            1 1 1 1   2 2 3 4   2 2 3 4 

  
 

            1 1 1 1 1 1 1 1 1 1 1 1 1 1 

  
 

                        1 1 2     1 1 2 

  
 

                                2 3 3 4 

                                         
                       1 1 1 1 4 1 1 1 1 4 
   

 
  2 1 1 1 1 1 1 1 1   2 3 3 4   2 3 3 4 

      1 1 1 1 1 1 1 1 1 1 1 2 2 2 1 1 2 2 2 
   
 

                                        

                                         
  

 
    1 2 2 2 1 2 2 2 1 1 2 3 3 1 1 2 3 3 

  
 

      1 2 3   1 2 3     1 2 3     1 2 3 

         1 2 3   1 2 3     1 2 3     1 2 3 
  
 

    1 2 2 3 1 2 2 3 1 1 2 2 3 1 2 2 2 3 

                                         
   1 2 2 2 3 4 2 2 3 4 2 2 3 4 5 2 2 3 4 5 
  

 
1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

   1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 2 
  

 
1 1 1 1 1 1 1 1 1 1 2 2 2 3 3 2 2 2 3 3 

   1 1 1 1 2 2 1 1 2 2 2 2 3 3 3 2 2 3 3 3 
   1 1 1 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 
  
 

                              1 1 2 2 2 

  
 

                                    1 1 

  
 

                                    1 1 
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3.3     

 

 

-

 

-

 

 
 

  
1.  

 
2.  

 

 
-
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28

-

  

[24, 25, 28]. 
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24, 25].  

 
 

   

 
 

 :  
 

 
 

-
 

 

  
 

; 
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-  

26].  
 

 
- :  

 

 
  
 

-
 

 
 

 
 

 
  
 

 
 

 
 

 
 

 
 

: 
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27]. 
 
5. 
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23]. 

 
 

-
-
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3.4 
 

 

 

 

 

 

 
 [36, 45, 48, 49, 51], 

 
n 

 
  
 

 
 

 
 

 
  
  
 -  
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m

3.4.1).

3.4.1
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3.4.2

 

   . 

 

 
 

3.4.2
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 .  

 

 

 
 

-
 

 

 
 - 

 
 

 

3.4.3
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3.4.3  
 

 
 

 

 
-  

 
 

 
. 

n 



171 
 

BigData.   . 2021 

 
 

 
  
 -  

- 

 
 84, 120];  
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6
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-
IOE 

 
4.1 -

 
 

 

-

 

  

 

. 
 - 

 
  

 

 
 

 
 

-
[106] 

 

 
 [21]. 
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[90] 

[116]. 

[95]
[20]. 

 
 
4.1.2  

 

[101] 

[62] 

 

 
). 

AC
( )t

( )f t

( )x t

 
4.1.2 . 

 
 ( t )  -  

f ( t ) - ,  
x( t )-  
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-  
   -

 
 
4.1.2.1  
 

[94]: 

 
0 0
1 0

,x
f ( x )

,x
 (4.1.2.1.1) 

0x  
( )t    

 1 1
t t

x( t ) ( t ) f ( t )( t ) a f ( t ) f ( t ) a f ( t )
( t ) ( t )

 (4.1.2.1.2) 

 
 ( ) ( ,0) (0, )D  (4.1.2.1.3) 

( t ) -  

ta - 
, 

( t )- , 
f ( t ) - 4.1.2.1.1), 

( )D - ( t ) . 
 

4.1.2.2  
 

  
 

  
A.  

 1 0t t( t ) f ( t ) a f ( t ) ,a  (4.1.2.2.1) 
B. 

 
 ( t ) g( t )  (4.1.2.2.2) 
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( )g t
C.

.
1 0t t t( t ) f ( t ) a f ( t ) ,a ,a 0t,a (4.1.2.2.3)

4.1.2.3 

4.1.2.3.1)

                                        
. 4.1.2.3.1

                                         
. 4.1.3.2.2 -

. 4.1.3.2.3
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4.1.2.3.2

4.1.2.3.3

 
: 

 
 

0

n

t
im x( t ). (4.1.2.3.1) 

 
 

0 0

n n

t t
( ( t ), x( t )) .  (4.1.2.3.2) 

 
[85]

(4.1.2.3-4.1.2.9) 

 
2

10 sPSNR log
MSE

  (4.1.2.3.3) 

 
1 1

2

0 0

1 m n

m n
MSE e( m,n )

nm
 (4.1.2.3.4) 

 

 1 2
2 2 2 2

1 2

2 2x y xy

x y x y

( c )( c )
SSIM( x,y )

( c )( c )
 (4.1.2.3.5) 

 
1

1
x ii

x
1

1
y ii

y  (4.1.2.3.6) 

 

 2 2
1

1
1x ii

( x x ) 2 2
1

1
1y ii

( y y )   (4.1.2.3.7) 

 

 2
1

1
1xy i ii

( x x )( y y )  (4.1.2.3.8) 

 

 1

1 p
jj

MSSIM SSIM
p

 (4.1.2.3.9) 

 (Mean Structural Similarity Index Method) 
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(4.1.2.3.9
PSNR (Peak-signal-to-noise-ratio  

[10] 
4.1.2.3.1 4.1.2.3.2) : 

 
0 0

n n
PSNR t t

PSNR( ( t ), x( t ))  (4.1.2.3.10) 
 
 

0 0

n n
SSIM t t

MSSIM( ( t ), x( t ))  (4.1.2.3.11) 

PSNR  , SSIM . 
 

4.1.2.3.1.  
 

 SSIM  PSNR  
 0.81 11.5 

 0.59 7.65 
 0.84 13.15 

 
4.1.2.3.2. 

 
 SSIM  PSNR  

 N/A N/A 
 N/A N/A 

 0.96 20.7 
 

SSIM PSNR

 
 

4.1.2.4  
 

 
(4.1.2.4.1)  

 [ , ] { | }a b t N a t b  (4.1.2.4.1) 
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(4.1.2.4.2)  

 
2 2 2 2

b b b
i a i a i a

XY b b b b
i a i a i a i a

n( XY ) ( X )( Y )
r

n X ( X ) n Y ( Y )
 (4.1.2.4.2) 

 

          
. 4.1.2.4.1 . 

 

         
. 4.1.2.4.2. . 

 

4.1.2.4.1-4.1.2.4.3)  

 
. 4.1.2.4.3. . 

 

-
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4.1.2.4.1) 
 1( ) ( )i ix t x t x  (4.1.2.4.3) 
 1 2( ) ( )i ix x t x t  (4.1.2.4.4) 
 

4.1.2.4.1. 
 

 XYr  
 94% 

 78% 
 1% 
 99% 

 

. 

 

4.1.2.4.2
4.1.2.4.4-4.1.2.4.6) 

         
. 4.1.2.4.4 . 

 

  
. 4.1.2.4.5  

. 
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. 4.1.2.4.6  . 

 
4.1.2.4.2 

 
 XYr  

 73% 
 53% 

 95% 
 90% 

 

-
SN. LoRAWAN [57]  

 
4.1.3 -  

 
 

 

 
  
 [98]. 
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[87]. 

[117]
[87] 

 

  
- . 
-  
-  

 
4.1.3.2   

 

BW   
SF

 
[90] 

 1
2 /SFR SF

BW
, (4.1.3.2.1) 

 

 
s

SIc
p

, (4.1.3.2.2) 

 - SI - sp - 
SF BW   

4.1.3.2.3) [11] 
 *t SI R , (4.1.3.2.3) 

t  - SI . 
 

SF , 
BW sp  [87, 90]
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( )P A  
[57] 

 
max

( ) 1x
DP A k

D
, (4.1.3.2.4) 

D  - maxD  
k - 

 
 ( ) 1 ( )x xP B P A , (4.1.3.2.5) 

( )P B  - 
 

 1 1 1 1( ) ( ) ( ) ( )c c
t c x x x xp C P B P A , (4.1.3.2.6) 

tp  - 
n  

tp  
 

 ( )pM cP B . (4.1.3.2.7) 
 

[57]
 

 
4.1.3.3  

 

[118]. 

 (Point-to-signal-noise-ratio) 

[86]. 

 
 , 
 . 
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. 

-
[92]. 

 
 ( )x . (4.1.3.3.1) 
 

 

 
 1 ( ( ))x , (4.1.3.3.2) 

( )x -  

[92]

 
 1( , ) ,  (4.1.3.3.3) 

1( , )x x  - 
 p   

 , 0   (4.1.3.3.4) 
 [0, ],   (4.1.3.3.5) 

 min, 1, [0,1], 0p k p p  (4.1.3.3.6) 

mink  -  
 

4.1.3.4  
 

4.1.3.4.1  

PSNR  (4.1.2.3.10) - -to-
signal-noise- SSIM (4.1.2.3.10) 
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- Mean Structural Similarity Index Method

 

          
. 4.1.3.4.  

 
4.1.3.4.1  

 
 JP2(kb) JPEG (kb) PSNR   SSIM  

10 1 2 12 53% 
15 1 2 12 53% 
25 2 63 24 74% 
30 7 82 29 85% 
35 21 100 34 92% 
40 52 114 37 95% 
 

4.1.3.4.2  
 

 JP2(kb) JPEG (kb) PSNR  SSIM  
10 1 2 12 56% 
15 1 2 12 56% 
25 2 63 24 74% 
30 8 82 29 84% 
35 29 100 34 91% 
40 82 114 38 95% 

 
4.1.3.4. 4.1.3.4. 4.1.3.4.
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. 4.1.3.4. . 5  [86], 

SSIM  i PSNR . 

 
. 4.1.3.4. . 6  [86], 

SSIM (4.1.2.3.10) i PSNR . 

 
. 4.1.3.4. 4.1.3.4. 4.1.3.4. - 

[86] SSIM

(4.1.2.3.10) i PSNR . 
 

4.1.3.4.5. 
[1,100],PSNR PSNR

SSIM
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. 4.1.3.4.

(PSNR) [86]. 
 

 3 20.0102 0.51818 10.42 56.292y x x x  (4.1.3.4.1) 
 

 4.1.2.3.10
 4.1.2.3.11. 

, 

, ,  

0y

iy h   (4.1.3.4.2) 

 

0

min

, [0,100],

,

i h i

y h
y h y h

y

y y h h h

x x k  (4.1.3.4.2) 

0y
, 

0y  
 4.1.3.4.6. 

 
1h  
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2 2 3 3
1 0 0 0 1 1 0 2 1 0 3 1 0

2 2
1 0 1 2 1 0 3 1 1 0 0

2 2
1 2 1 0 3 1 1 0 0

( ) ( ) ( )

( )( ( ) ( ))

( ) ( )

y y a a a t t a t t a t t

t t a a t t a t t t t

a a t t a t t t t

  (4.1.3.4.3) 

 
20PSNR   4.1.3.4.

 

 
. 4.1.3.4.

PSNR (Point-to-signal-noise-ratio) [86]. 
 

-
4.1.3.4.  

- 20.  
 

               
 

. 4.1.3.4.
15, 55SSIMPSNR . 

 



189 
 

BigData.   . 2021 

60SSIM

SSIM  (Mean 
Structural Similarity Index Method) 

              
. 4.1.3.4.

20, 62SSIMPSNR . 
 

4.1.3.4. 92 35SSIM ,PSNR
95SSIM  

 
0

60 95
20 35

SSIM

y
 (4.1.3.4.4) 

 
. 4.1.3.4. [86] 

SSIM  (Mean Structural Similarity Index Method). 
 

SSIM  
0y  

0 (20 35) / 2 27y
27PSNR  80SSIM . 

 



190 
 

BigData.   . 2021 

4.1.4  
 

[57, 87, 98]: 
1. 

 
2. 

 
3. 

 

, 

 
[87] 

  
4.1.4.1  

 
 

    
29 5490 26 6  5 
30 8282 40 9 3 
31 11761 57 12 2-3 
32 15992 77 16 2-3 
33 21038 101 21 1 
34 26959 130 27 1 
35 33820 163 34 1 
 

, 
 

 Point-to-signal-noise-

80SSIM . 
 

 



191 
 

BigData.   . 2021 

  
 

-
 

 
 

 
4

 
 

5
 

6. 
, 

 
7  

 

 
9  
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-  

 

 
 

 
: 

-

 
: 

 
: 
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. 

4.2.2

- -
, ,

-
-

78] ( 4.2.2.1).

78].
-

-
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-
-

, ,

78].
. 109] -

( 4.2.2.2). 

-

-

4.2.2 .
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112]. 

 112].  

  
. 

 

4.2.2.3). 

 
4.2.2.3. . 
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Edge node - 

 
Edge / Fog - 

 4.2.2.1 
 

 
4.2.2.1.  

 
   

  
 Docker  

,  
 Xvisor  

   
   

   
 

-

 

 

 

111
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4.2.3  
 
AWS Lambda 
Amazon Web Services (AWS) [103] - 

-  

 
-

-

-  - 103]. 

NET 
Core [103]. 

 ,  

-
-

 [103]. 
 
Microsoft Azure Functions 

- 

 

 

HTTP-  

 - 
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- 

 Microsoft 

 
 
Google Cloud Functions 

 [111] - 

 Google Cloud Functions - 

 

-  

 [111]. 

Functions.  

- 
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4.2.4  
 
4.2.4.1  
 

element14 - Raspberry Pi 4 [105]. 

 
4.2.4.1.1. Raspberry Pi 4. 

 
   4.2.4.1.1  

. 
 

 Broadcom BCM2711 
 -A72 (ARM v8) 64-bit 

 1.5 GHz 
 VideoCore VI 

 4096 MB 
  

 
 4.2.4.1.2 

. 
-  

USB 2.0 2 
USB 3.0 2 
Micro HDMI 2 
3,5mm Jack 1 
GPIO 40 
Ethernet 1 
Wifi 802.11b/g/n 
Bluetooth 4.1 

 

-

 



200 
 

BigData.   . 2021 

 
  
  
  

 
 

 
WiFi -  IEEE 802.11 

 -

  -
Fi. 

RJ-45  
  

. 
 
4.2.4.2  
 

 
 
Raspberry Pi OS [105] - 

 

 Raspberry Pi OS - 

- -
- 

 
 

Amazon Linux AMI [103] - 
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Yellowdog Updater, 

Modified

 . 

 
4.2.4.2.1  

 
Node.js [97]  

, 

JavaScript-

 

 

DNS- -ares [97]. 
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-

-

 

 
 Node.JS + Sequelize ORM + express.js; 
 Java (Spring) + Hibernate ORM + Tomcat; 
 C# + Entity Framework + IIS. 

-

 

97].  

 

 
 

1) Node.JS 

Raspberry Pi 4; 
2) JS 

 ; 
3) Node.JS ; 
4) NPM - Node.JS 

; 
5) 

 
TypeScript -  . 

  

-   .  
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2.2 . 

 
AWS EC2 Amazon Elastic Compute Cloud (Amazon EC2) [103] - -

-

-

 

 
 
React [107]  

- . 
 

-

- -
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107]. 
 
4.2.4.  
 

 
 

 
4.2.4.3.1 . 

 
 

100
 

 4.2.4.3.1, 
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4.2.4.3.1 

 

 
3.  

 
4.2.4.3.1.1 . 
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-
 REST - 

 
 - . 
 . 
 . 

 
4.2.4.3.1.2 . 

 
- 

 

 
 

3.  
 

 

 
4.2.4.3.2.1 . 
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 ( 4.2.4.3.2.2)

 

 
4.2.4.3.2.2 . 

 

 

  

 
module.exports
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-  

  

-
 

 
 

 
 

 

refresh token [100]. 

 
4.2.4.3.2.3. . 
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4.2.5  
 

 

 
4.2.5.1. . 

 

-

  
 

 

 
o . 

 
 

 . 
 . 
 . 
 IP . 
 . 
 . 
 . 
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. 

 

 

 
NODE_ENV production

 
 

 

 
. 
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module.exports 

ctx
-

 

100 -  
-

 
 

 
.5.   . 

 
 

 
 

 

 
. 
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module.exports. 
 

headers -  
params -  
attributes - URL -  
body -  
user -  
ctx -   
 
 

 
 

- . 
 - 

 
Node.JS 

 
-
Node.JS - 

 
-  

-

-  

 

-  
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- -
 

 
-

 

 

-
 

 [1, 18, 65, 
121]. -

-

 

 
 

 
 

4.3.
 

 
-
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0   

-

 
 

  
  

 
  
  

 

 

-

 
-
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-  

-

-  

- -Lattice", 

-
-

-

 

-
 

-
-

 -
-

- 
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-

 
-

 

 
-

-
 

-
-

 -

-

 
-
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-
 

  

 
 

 

 
 -  

1.  

 
2.  
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- -

 
3.  

 
 

 - : 
1.  

 
 

2.  

 
 

Lattice-

 

 
 

 
 

 
4.3.

 
 

- d=1. 

 

 

-
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m)  A M  A - A, 

m  M - M, 

- n n 

 
-

 
  

A, M, 
(A,M).  

M. 
- m 

  
 

 
T(m)= { )(),...,(),( 10 mmm q } 

m M T(m) 
T(m) -

0 (m)= m. 
  

S(m) = { ))(,()),...,(,()),(,( 110 mxmxmx qq } 

m - k (m) T(m),  d(m, k (m)) < r, T(m) - 
S(m)
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4.3.
 

  
(m) : S(m) * S"(m)  S'(m), 
 

S(m)= { ))(,()),...,(,()),(,( 110 mxmxmx qq }, 
S'(m)= { ))(,()),...,(,()),(,( 110 mfmfmf qq }, 
S"(m)= { ))(,()),...,(,()),(,( 110 mgmgmg nn }. 
 
S(m) S"(m) -

S'(m) - 

kf  
 

),...,,,...,,( 010 nqk ggxxxFf . 

S(m) 
( A M), S(m) ,  

1)  ))(,( mx kk S(m), k = 0,1,..., q, kx  
))(,( ma kk . 

2)  S(m)  
kx  = ))(,( ma k . 

 
(m) A M, 

M 
 

S(m') * S"(m')  

(m)  ))'(,( ma kk

kf . 
-  

 
 

 ( ). 

(t+1):  
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- t. 

  
 

( ) = ))'('())'(\( '' mSmS MM  
 

 
( ) = ))(')(\))...(')(\))(')(\((( ||||2211 MM mSmSmSmSmSmS  

1m , 2m ||Mm   

 
 

 1 ,..., l }, 
(A M), 

, k    
 

) = 
l

k
k

1

)( . 

-
km   M S( km ), 

S"( km
S"( km

gm , S"( km )  S( gm )
'  { , '}. 

 

 
))(,( mx kk k

 
 

 
S"(m) = { ),( 11 m ),( nn m } 
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k  = ),...,( 1 nk xx  - 
k  

", "(A" M"). kx  

 
 

 "pS (m) = ),( pp m

 

"p : ),( pmx ),( pp m ,  p =
prand
prand

,0
,1  

pm   - p - 
 

 "tS (m) = ),( tt m  -
 

"t : ),( tmx ),( tt m ,  t = pt
pt

n

n

mod

mod

,0
,1

 

tm    
 "sS (m) = ),( ss m  

 

"s : ),( smx ),( ss m ,  s =
am
bma

0,0
,1  

 
 , (A M), 

, ( ) - (A M) 

 
( ),( 11 mx  S'(m) & ( ),( 12 mx  S'(m)) => ( 1x = 2x ). 

S'(m)

, 
 

gm ) T'( hm ) ( gm , hm )  M M 

gm ) T'( hm )  S'(m) m = gm  
m = hm ,  
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 1 ,..., l

 
 

-

-  
 

 
4.3.

 
- -

-
-

 
-

: 
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s = ( 1s ,..., bs ) b = nb  + rb nb  - rb  - 
ls  = 1) 

ls   lc
l-  

A = 
{( 1s ,..., bs ): ls {0,1}}, b : m = 
(i,j,k)} 
T(m)={m, 1 (m), 2 (m),..., 

nb (m)}.  - 
 

 

tm , 
x = x = 

 

 
l :{ ),( msl }*{ ))(,'( ms ll , )0,( tm } { ),'( msl nb  

 
(m):{ ),( ms } { ),'( ms } 

s = ( 1s ,..., bs ) 
'1s ,..., 'bs ). 

2b. 
 

s s' 
s s' 

 
b

l
l

b

l
l ss

11
' , 

b

l
l

b

l
l cc

11
'  
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-

 
-

 
 

-I, FHP- -

 

  

 
  

),,( tvrf - r  t  
v . 

 
 x  t : 

vdtvxfmtxp ),,(),( ; 
 x  t : 

vdtvxfv
p
mtxu ),,(),( ; 

 vdtvrfuv
pR
mT ),,(

3
2 , 

  
scRT  -  
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)( fuf xt . 

  
 

 
  

)),,((),,((),,()( vtrpftvrftvrf eq  

RT
uv

RT

pvpf eq

2
exp

)2(
),(

2

2
3   -   

 
 

 

xyzr

),,(0 zdrydrxdrrrxyz 0r   

iv ,i=0..q-
i xyzr  000 zyxr

dtvrr ixyzzyx 000

  
 

19 
: 

 
4.3.1.4.1 . 
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iv   

 

),,(),( tvxftxf ii

),(),( txfdttvdtxf iii . 

)( eq
ii ff  

eq
if : ,)(11 222

42 ucuv
cc

uvptf si
ss

i
i

eq
i  

q

i
ifmp

0
, 

q

i
ii fv

p
mu

0
,  

i  
 

 

-

 
 

),,( zyxx   
),(),...,,(0 txftxf q

 
)),((),(),( eq

iiiii ftxftxfdttvdtxf . 

-
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4.3.
 

 
1. -

 
2. -  

-  
 - 

 
 - 

 
  

 
-  

  
 1,1, qivi . 
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4.3.

.

. 4.3.2.2.1 .

-
-

4.3.

- 4.3.2.3.1).

CellState 
Cell 

LBCell 
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-
 

 
2.3.1.  

 
 LBCellD3Q19  

 
 LBCellGeneratorD3Q19  -

 
 LBCellWallD3Q19  -

 
 Automaton  
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o  NewCell(pos)   

 
o InAutomaton(pos)  

 
o GetNeighbours(pos)  

  
o  
 HeartAutomaton  

 
 

 
 

 

 

-
 

 
 

 

 

u  

 4.3.2.3.2

u u

u . 
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4.3.2.3.2.  

 

 
 

4.3.2.3.3.  
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-

. 

 
 

 
 

 
  

 
 

  
 -
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 (IoE).  
2.   , 

 IoT - 

 
3.  . 

 
 

  
  
 

 
4

. 
5  

  
 

 
 -  

6  
  
  
  

7
 

  
 

 
  

8

 
9  IoE
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- 

 
- 

 
- 

 

 
10 , 

 
 

11

-
 

 
12  
13.  

- 3-  - 1-
- 10- -  

14

- -  
15  -

- 
 

16 IoE
 

17 IoE 

 
18.  

- 
- 

- 

- 

- 
-

- - 
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1. 

 

 
. 

3. 
 .  

 

 

 
,  

 

  
 

 

  

 
3. 
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4.1. 

-
 

 
3. 

 
4. 

 
 

5. 
 

6. 

 
7. 

  .   

 . 
: 

 
 
4.2. 
1. -

. 
2. 

 
Node.JS  

 
-
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Node.JS - 
   

4.  
-

-
 

 
5. 

-
 

6. 

 
 
4.3  
1.  

 -  

. 
2.  

 
 

 
 

 
 

 
3.   
  
 -
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