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1. CARAT (IbB Informatik GmbH), (CARAT - Computer Assisted 
Rekonstraction of Accidents in Traffic); 

2. PC-CRASH     PC-Rect; (Dr. Steffan 
Datentechnik, , ); 

3.  CYBID V-SIM ( , ). 
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2   
 
2.1      

    
 

        
   ,   

       
   ,     . 

       
    :  

1. PC-CRASH (Dr. Steffan Datentechnik GmbH); 
2. CARAT-4 (CARAT - Computer Assisted Rekonstraction of Accidents in 

Traffic) (IbB Informatik GmbH); 
3. CYBID V-SIM (Cyborg Idea V-SIM); 
4. AUTO-GRAF (  ). 

      
,  -      ,    

,     .    
         

.       .   
   . 

  PC-CRASH     
-    ,      

 .  4000      
   .      

,     . 
PC-CRASH   : 
-     ,  -

  ,     , 
        

       ; 
-        

 , 3D- ,        
    ; 

-        «Specs» 
(     ,    

         
    PC-CRASH); 

-     (    ); 
-    ;    

   ,  ,   
  ,  ; 

-       
 ,      
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   :  ,  ,  ,  
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   PC-Crash    2.1. 

 

 
 

 2.1 –    PC-Crash 
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     ,   
 ,     (  ). 
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 )    :  , 
     ,    

,        . 
     ,  
,  :   ,  

 (   ),    ,  
 ,    ,    

,  ,    ,   
 ,    .  

       
    ,  

 ,     ,  
     [12].  
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 CARAT-3       
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 . 
      ,   

     .  
      

 ,   .  
       

  .    
     CARAT-3.  

        
          

.    ,   
 CARAT,    -  (Kudlivh- Slibar), 

        
  -  (Burg-Zeidler). 

 CARAT-3   : 
-     ( )   
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    (  , , 
),      
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 2.2 –       CARAT 
 

        
         . 

      
 2-  ,      . 
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   « »  ,   
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 (Dr.-Ing. R. Gnadler) IPG   «IPG-Tyre»,  
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 . 
       

 (   ) , ,  , 
         

. 
       

      .     
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     ( ,  

 ). 
        
 .   CARAT     
: 

-     (       
  ); 

-     ( ,     
 , ,     ). 

      , 
,    ,    

,        
         

  (EES - Energy Equivalent Speed),  
  .  (Dr.-Ing. H. Burg), .  (Dr.-Ing. F. Zeidler)  

. 
  -  (     

       )  
  CARAT ,      

       
         

    [13].  
  Cyborg Idea V-SIM    

     .  
    - ,   

    ,     
.        , 

   .        
       (3D). 

      ( ) 
  , , ,   

. 
    ,  
   ,     

.        
 3D  2D . 

      
       ,   

     . 
   CYBID V-SIM    2.3. 
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 2.3 –    CYBID V-SIM 
 

    ,     
  ,       

,     .   
  : 

-     ; 
-       ; 
-        

 . 
     ,   

    : 
- ,       

 , 
-  ,     , 
-   (      ) 

[14]. 
 «AUTO-GRAF»   -  

    (  )    
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 .  

    ,  
          

.     AUTO-GRAF 1.1  
        

       
,   ,    .  

     -  170  
(     ). 

        2.4.  
 

 
 

 2.4 –     AUTO-GRAF 1.1 
 

     -      
          
 . 

       ,   
      ( , , , 
  . .).  ,      , 

  .         
       

 .        ,   
         

 [15].  
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2.1.1      ,  
   

 
       

         
 : 

         
    ,       
   . 

         
 ( )  ,    . 
  -       

   ,   ё   
 (« ё »)   .     
        ,   

  - . 
ё   -      

  .     
 ,       

     . 
1.        

 . 
          

.          
        ё  

         
[17, 24, 29]. 

 
,127max  RV  (2.5) 

 
 φ –     ; 

R –   , . 
   : 

 
,6,326,3 2

max jSjTjV   (2.6) 

 
 S  –  , ; 

J  –     , / 2; 
T = t1+ t2+0,5· t3,  –     :  
t1 –   , ;  
t2 –      (    

         ), ;  
t3 –        , . 
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      R   
      𝑆 . 

2.        
  . 

      - 
        

( ), , ,    .  
       , 

   ,    
     . 

    ,     
  . 

       . 
- ,         

.       , ,     
 ,      .   

        ABS,  
          

. 
- ,         

    .  ,  
    10 ,      , 

    20 .         
 10         

. ,       20  
     ,    . 

  ,      
 . 

- ,        
    .     

        . 
  ,      

       , 
   ё        

   S    .   
  [18, 4, 22, 25]: 

 
,)(92,258,1 3 SjjtV   (2.7) 

 
 𝑆  –    ( )     

  , ;  
 –    , ;  



46 

𝑡3, 𝑗  –       
 ,  ,       

(𝑡3, )       (𝑗 , / 2). 
,         

,      , ,  
    ,     

,        . . [1, 
20, 23]: 

 
,92,25)'''(92,25)2(8,1 53 HSfgSSjjttV   (2.8) 

 
 𝑆'  –     ( )   

, ; 𝑆''  –     ( )   
, ; 𝑆  – ,       

 , ; 𝑡3, 𝑡5, 𝑗  –       
 ,   -       

(𝑡3, ),      (𝑡5, ), 
     (𝑗 , / 2);  t5  

      0,3 ,   
  1,5 - 2,0 ; 

g –   , g = 9,81 / 2; 
f –       

. 
       , 

           
         

 .      
 [26]: 

 
,92,2592,258,1 3 BB SjSjjtV   (2.9) 

 
 𝑆  –    ( ),     

, ;  𝑆  –        , ;  𝑡3, 𝑗 , 𝑗  –    ,   - 
      (𝑡3, )   

    (𝑗 , / 2)    (𝑗 , / 2). 
3.        

    . 
         

     [19, 21, 27].     
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,        
  ,     , 

  ,  .    
          

   . , ,   
        ,  

  ,     
       (  2.5). 

 

 
 

 2.5 –      
     

 
         

 [16]: ,     ,  
,       .  

 ,      
 ,    : 

-         
 V1  V2; 

-       V′1  V′2; 
-        (  ) α′′; 
-        
 (  ) δ1, δ2; 
-         

(  ) α′; 
-     1     2 

  δ. 
      

        
,        .   

     1  ;  OY -
    [16]. 
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   .       
 : 

 

1 1 2 2 1 1 2 2' ' ,m V m V m V m V const         (2.1) 
 

 m1  m2 –    1  2; 
V1  V2 –     2  2  

; 
V′1  V′2 –     1  2  

. 
    V′1  V′2   

  ,     ,   
      ё      

      ё     
,  : 

 

,
2

2

Sgm
Vm


   (2.2) 

 
 m –   , ; 

g –   , g = 9,81 / 2; 
φ –     ; V –  

  , / ; 
S –      , . 

  1 
 

,254
96,1222

6,3 1
1

11
1

1

'
1 S

m

Sgm
A

m
V 


   (2.3) 

 
  2: 

 
,254 2

'
2 SV     (2.4) 

 
        

(     )  V2,   - V1. 
       

 ,        . 
           
.  ,     « »   

,       ,    
  ,        

-  .   ,     
       ,   
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,        ,   
    (      
  30 ) [16]. 

4.        
. 

         
 [16].     ,     
,       ,   

         
  .   ,    

        
,        

,      .   
 ,        

 ,     -  .  
        (   , 

 ,   ,    . .),  
,  ,   ,  ,   

   ,   ,  
 ,   ,   
,      ,     

.          
 ,       . ,  

        
   ,    ,  
       

.    -    
.  ,         

   ,    ,    
  ,     
   .  ,  , 

         
 ,        

.  ,     
   [28]. 

        
      , , 

            
 .  ,       

     ,     
      ,  .  

      
  .  
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       ,  
  -    ,  

    . 
       

 : 
-     ; 
-     ; 
-    ,  

 ,      (   
,     ). 

       
     ( )    

     ,   
     .        

      -   
( )        

       
( )  . 

 ,     
        

      ,  , 
       

     - . 
 
2.1.2     , 

     ,   PC-Crash 
 

PC-Crash -    ё     
        

 ,   -  Dr. Steffan Datentechnik Ges.m.b.H 
(DSD). 

 
 

 2.6 –    PC-Crash 
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  PC-Crash      
ё  :   ,     - 

    . 
      ё  

    -  ё    
 ,     . 

 ,        
ё .  ,       

PC-Crash,      ,   
 ё  ,            

. 
   2D  (     )  3D 
 (  ).  ,   

         
    PC-Crash: 

-       ,   
    ; 
 

 
 

 2.7 –     
 

-       Recon Data,   
        ,  

  crash-  DSD; 
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 2.8 –    Recon Data 
 

-     IbB DXF 
( )        

; 

 
 

 2.9 –  DXF   Audi 
 

-        
   ; 

 

 
 

 2.10 –     
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-     , 
    ( ); 

-      (PID or Fuzzy); 
 

 
 

 2.11 –       
   

 
-       32 ; 
-     (    - 

)     (     , 
  -     ),  

; 
 

 
 

 2.12 –    
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-       (  ё  
),     ; 

 

 
 

 2.13 –        
 

 
 

 2.14 –     
 

- ё      ; 
 

 
 

 2.15 –  ,      
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-  Crash3,  ё     

EBS   ,      
NHTSA;  

- ё     EES   
 Crash3; 

 

 
 

 2.16 –      Crash3 
 

- ё ,      ; 
 

 
 

 2.16 –       
 

-        

ABS (Antilock Braking System)  ESP (Electronic Stability Program); 
-       

( , , ,   )  
 ,    -   ; 
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 2.17 –       
  

 
- ё     -     

ё ; 
-       

; 
-    5      

  ё    ; 
-        

    «MonteCarlo»; 
-         

 ; 
-  ё      

; 
-        

; 
-  ё       

  ; 
 

 
 

 2.18 –     
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-  ё  ; 
-     ; 
- ё       ё   

  ,    ; 
-  ё   ,    -  

   ; 
-    ,       

; 
-   (mesh)    ,  ё  

    ё . 
 

 
 

 2.19 –   mesh-     
 

-      (    
TMEASY); 

- ё         ё  
     ; 

- ё   ; 
-        ; 
- ё   ; 
-    ; 
-     (2D); 
-        

; 
-    MADYMO ( ); 

: 
-     (  , , 

,   . .). 
- ё    . 
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 2.20 –    
 

-   ё     ; 

 
 

 2.21 –     
 

-     ; 
- ё     ; 
-     ё   ё  

 ; 
- ё    ; 
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- ё     ё     
; 

-   ё ; 
 

 
 

 2.22 –      
 

: 
-     ; 
-      ; 
-        

; 
-       

  (asc, xyz, rgb ); 
 : 

-      , 
,   ё  ; 

 



60 

 
 

 2.23 –       
 
-      ; 
 

 
 

 2.24 –       
 

-       (  ё  
),     ; 
-    ё  : 
-      ; 
-    ( ); 
-      (  , ё ); 
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-       
( , ,  , ё , ,   

); 
 

 
 

 2.25 –   3D ,   PC-Crash 
 

- ё        
 DirectX, DXF  VRML(*.WRL),     DXF  

VRML(*.WRL); 
-  « »    ,  

   ; 
-    ; 
-      ; 
-         

ё ; 
   : 

-  ё        
; 
-  ё      ,  

    ; 
-      DXF; 
-       ё   

  2D; 
-      3D:  

      ; 
  3D,    ; 

-       ( , 
,   ,  ,  , 

  . ., ); 
: 

-       
ё  ; 

-  DDE     PC-Crash    MS 
Word [12]. 
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PC-Crash      
    ,    

 ,      
     ,    
     -  . 

      ,  PC-Crach    
  -        

       
 .  
     ,     

 . 
 
2.2.  -   
 
2.2.1   .    

 
 

   -    
 ,  ,     

,   .     
    . 
      

   ( )    
 . 

      
 ,   «   -
    » [9],  

  ,     
, -    ,  

   ,    
,    ,  
   ,   ,   

      , 
     . 

       ,  
,      

. 
     

      
-   (   №128 -   

08.08.2001 . «     », №20 -   
21.03.2005 .). 

      
      ,  
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,   , -    
 .   , , 
       . 

        
       

   ,    
.        
       
    [1, 30]. 

 
2.2.2      
 

       
     .      

         
  ( , , ). 

        
     . 

   ,    
       .   

        
  . 

            
: 

1)         
; 

2)    ; 
3)     . 

           10  
          

 .      
 ,       

,      .  
      

          . 
     . 

     [1] ( ,   
  ,   ;    

     ;   -   7  21 
;  -  ,     , , 

        30 )    
        ( ), 

      . 
     . 
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1.    -         
 , , ,   , 
  .         

.   .   
   -       , 

   . 
2.    . 

       ,   
   .   ,   

  . 164, 166, 176, 177 -   ( ). 
    . 60 ,     . 

57, 58 . 
    ,     

 :  ,  ,   
, , ,     . 

   -    , 
,    .   ,     

      .   
 ,         

 ;    -     ; 
  ,  . 

  :       ,  
  ,    ,   

     .     
,     ,    

,     [30]. 
3.        . 

164, 166, 167, 176, 177     ( . 60 ).  
 ,  ,      ,  

        
   ,    , 

, .     . 
:     , ,  .   

         
   ,     . 

         
 . 
4.       ,    

 .    
 : 

)   ,      
(       ); 

)    ,  , 
,  ,      

.       , 
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,         
    ; 

)        
      .    
         
; 

)      ,    
, , .     . 

       ; 
)     .   

   ; 
)      ; 
)       , 

      ,   , 
         

. 
       

,           , 
(  2.26).         

  .       .  
      [1, 30]. 

       ,   
       ,   

          
.        

   ,        . 
 

 
 

 2.26 –    : 1 -  ;  
2 -   
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5.     .   
        
 ,   ,   

 ( , , ),    ,  
   ,    [1, 30]. 

     
,      . 
        
         

( )        
    .    

          
      [1]. 

6.      
       
,      : ,  , 

,  , ,  .  
  ( ,    ,   

 ,  ),   -
 .  

7.        
 -      
  ,     .  

         
         

    . 
    ( )   

         
      . -

   -    
  . 

8.       
          

,      ,   
  . 

   . 288      
 ,   . 

   . 181  -   ,   
   ,     

,    . 
     -    

,  ,   ,    
   ,     . 

        ,  
        ,   
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   .     ,  , 
   . 

      
      

 . 
9.       

       ,  
         . 

   ,      
.      

,     .     
-    ,    

      [1, 30]. 
       
      .    
         

.  ,     -  
. 

         
         «  

». 
10.     ,     

       . 
11.     (    

 )  ,    .  
 : ,        . 

     :   
,      ,   

 ,     .  
    .     . 

195, 196, 198 
  . 79, 80       

   ,     -  
    . 

         
    .    
       .  

        . 
          

    ,      
  ,      
  [1, 30]. 

       ,     
  ,     ,  
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          ( . . 
86 ). 

    :  , 
    ,    

      ,    
  . 

     ,  
 ,        . 

         
,      .  

         
           

 . 
  ,     ,  

        
. 

 
2.2.3         

  Toyota Hilux  Toyota Wish 
 

       
. 

 
 

 
     . 85  ,    

  ,  . 25.9  . 
        . 307  

  . 
 

  
 

 ,     
 . 

 
  

 
18.05.2017   11  30   : . , . . , 9 

   TOYOTA HILUX , . .  
011 /24,    . .  TOYOTA WISH, . .  
255 /124,    . .      

 . 
 
 
 



69 

     
 : 

 
1.      TOYOTA 

HILUX  TOYOTA WISH  ? 
2.       TOYOTA 

HILUX  TOYOTA WISH   ? 
3.         

 TOYOTA WISH    TOYOTA HILUX  
 -  ? 

4.      TOYOTA WISH  , 
    TOYOTA HILUX   , 
    ? 

 
   : 

 
1.        

  №2-37/2017. 
2.    №2-37/2017: 
-  № 331   ; 
-   TOYOTA HILUX     

   TOYOTA WISH; 
-   TOYOTA WISH  ; 
-  -     TOYOTA WISH  . 

 
Х  : 

 
       

     №2-37/2017   
   (   . .)  . 

 ,     
 ( ),       
   №2-37/2017  . 

 
1.        

      . .    
 , ,   

;    -     : 
    ;      

 (    );    
   ;   - ,     

(  .1, 2).  :      5.19.1  5.19.2 
  (  .1, 2)     «  

».   ,   (  .1, 2).  
 .      



70 

TOYOTA WISH,       .   
3,4,5 (  .3, 4, 5)         

    TOYOTA HILUX. 
2.    . .      . 

   . .  
3.    TOYOTA HILUX   

 (      ) 50 /  (  
   ). 

4.    TOYOTA WISH (   
   TOYOTA HILUX ) 40 /  (    

 ).   
5.  TOYOTA HILUX , . .  011 /24 

 ,  ,      . 
6.   TOYOTA WISH, . .  255 /124 

 ,  ,      .  
 

 № 1, 2 
 
1.      

TOYOTA HILUX  TOYOTA WISH  ? 
 

     (       
        

 )       №2.   
 
2.       TOYOTA 

HILUX  TOYOTA WISH   ? 
 

         
  (   )    , 

 (        )  
   . 

        
 TOYOTA HILUX  TOYOTA WISH   . 

         
 .   ( )  

   ,      
(  ). 

 TOYOTA HILUX , . .  011 /24,  (  
   TOYOTA WISH, . .  255 /124) 

,        
(  .3,  ),       

      ,    
: 
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-   :       ;  
             
   - ;        

      ;    
         

 (  .3, .6); 
-   :         

   ;          
     ,      

        
   ;        

;         
  ;          

      ,    
  (  .4, .5); 

-  - , ,   ,   :  
 ( )       

    ,  ,    
  ,      

,         
          

 ,      ,   
  ;        
        

   ;       
       ;   

        ;  
 ( ),        
         

 (  .3, .4, .5). 
 TOYOTA WISH, . .  255 /124   

    TOYOTA HILUX , . .  011 /24 
,       

   (  .7, .8,  )       
 -       (  .8,  ).  

 ,    : 
-    :         

  ,          
         

        
(  .8, .10); 

-           
(  .10); 

-   :        
       « » 
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  ,  ,   , 
           

        
  (  .7, .9, .10, .11); 

-          
:     ,    ; 

            
(  .7, .10, .11); 

-   :       
         

  ,    ;     
          

  ;       
        

    (  .7, .10, .11). 
       

TOYOTA HILUX , . .  011 /24   TOYOTA WISH, . 
.  255 /124,   ,    ( . 

) ,      ,    
  ( ).  

1.     ( )  
     TOYOTA HILUX , . .  011 /24 

  .  
2.      

      
        TOYOTA WISH, 

. .  255 /124. 
3.       

   TOYOTA WISH, . .  255 /124  
 . 

4.      
      

      TOYOTA HILUX , . .  
011 /24. 

5.      TOYOTA HILUX, 
. .  011 /24    , , ,  

 ,       
  ,     , 

         
TOYOTA WISH, . .  255 /124,  : , , 

,   ,  ,  
         

.  
6.     . 
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       TOYOTA 
HILUX  TOYOTA WISH (        

 ,   )    , 
     ,   

      . 
         

 TOYOTA HILUX  TOYOTA WISH   , 
    3,9  (  .17). 

 
  №1:  

    TOYOTA HILUX  
TOYOTA WISH   (       

        
 )    .18    (   
         

TOYOTA HILUX  TOYOTA WISH,      ). 
 

 №3 
 

  ДД      
 TOYOTA WISH    TOYOTA HILUX   

-  ? 
 

  -   (    . .   
   .    . )   

. .  (       , 
  )    

  (      )   
   ,       

      : 
-         ,   

 ; 
-  ,   ,   
          

     . 
  -     

TOYOTA WISH    TOYOTA HILUX   
    :  

  TOYOTA HILUX , . .  011 /24,  
      . . ,   

  8.1 ДД  -   , 
,  ( )  ,   

      
,       - .    

         . 
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  TOYOTA WISH, . .  255 /124  
  ,      

 TOYOTA HILUX , . .  011 /24,   
  11.1 ДД  -    ,  

   , : 
-  ,     ,   

           
      ; 

-          ,  , 
 ,     ,  ( ) 

; 
-     ,     , 

    . 
 

 №4 
 

     TOYOTA WISH  , 
    TOYOTA HILUX   , 
    Э ?  

 
         
        

,       
.      

     №331  
 ( )  .  

     ,    
   TOYOTA WISH    

   ,     .19.  
         

 TOYOTA WISH     (  .20). 
  (   16,9 )     TOYOTA 

WISH, . .  255 /124 (  .9, .14)     
(  .15, .16)   ,     

 . 
    TOYOTA WISH   

    .20 (    16,9   ,  
     ). 

     : 
 

SjVa  26tj,81 3 , /  (2.10) 
 

:  j –  , / 2; 
t3 –      , ; 
S –   , . 
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      : 

 
gj  , / 2, (2.11) 

 
:   –     ; 

g –    (9,81), / 2. 
   ,    

        .  
     = 0,12 - 0,15,   - 0,22 - 0,25  

        
 (0,5 - 0,8)    : 
,    = 0,15,   = 0,6 * 0,15 = 0,09. 

  j = 0,09*9,81 = 0,883 2. 
   = 0,22,   = 0,6 * 0,22 = 0,132,  j = 0,132*9,81 = 1,294 2. 
       (   ), 

     ,     
   . 

 
 16,9883,026aV  19,68 / , (70,85 / ) -    = 0,15. 

 
 16,9294,126aV  23,81 / ,( 85,7 / ) -     = 0,22. 

 
    TOYOTA WISH  
        (   

 ,    , 
 ,  ,   ,   

 . .).  ,      ,  
 TOYOTA WISH,     = 0,15   70 /    

  = 0,22 -  85,7 / .       
      , , 

      ,    
 ,    ,    . 

     (     
)    ,    

 (   ),    
 TOYOTA WISH      

 TOYOTA HILUX   ,    
     ,  ,    

70 /   85 /  (     ,     
       

). 
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1.     TOYOTA HILUX  

TOYOTA WISH   (       
        

 )    .18 (     
       TOYOTA HILUX  

TOYOTA WISH,      ). 
2.       TOYOTA 

HILUX  TOYOTA WISH   ,    3,9  
(  .17). 

3.   TOYOTA HILUX , . .  011 /24, 
       . . ,  
   8.1 ДД  -   , 

,  ( )  ,    
     ,  

     - .      
       . 

  TOYOTA WISH, . .  255 /124  
  ,      

 TOYOTA HILUX , . .  011 /24,   
  11.1 ДД  -    ,  

   , : 
-  ,     ,   

           
       ; 

-           
,   ,  ,     
,  ( ) ; 

-     ,     
 ,     . 

4.   TOYOTA WISH  ,  
   TOYOTA HILUX   ,  
       ,  , 

   70 /   85 / . 
         

  .     
  ,  ,  

       . 
        
      
,     :      

 ,     .  
    PC-Crash   

 . 
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2.2.4   PC-Crash    
 

 ,       
,     ,  

  PC-Crash.      
 ,  «  ».  
    PC-Crash     

    ,      
 AUTO-GRAF     . 

(  ,  .20). 
    ,    

 ;   ,    
,        ,  

      . (  2.27). 
 

  
 

 2.27 –     PC-Crash     
 

        
 ,    ,  

 (  2.28). 
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 2.28 –       
«  » 

 
   « »   

     ,    
    ,    

           . 
       

 (  2.29),       (  2.30). 
 

 
 

 2.29 –    
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 2.30 –     PC-Crash 
 

      2.1,      
 ,   . 

 
 2.1 –   ,    

      PC- rash 

  

 
 

  
,   

  
 

 
, 

j, / 2 

 
 

Toyota 
Hilux, 

1 , /  

 
 

Toyota Wish 

2 , /  

  
 

 
, 

 , . 

1. , 
  

 
. 

0,25 2,45 - 70,85 - 85,7 3,9 

2. , 
  

  
PC-Crash 

0,3 2,94 8 79 4 

 
    2.1,       

 0,05,       .   Toyota Hilux 
 8 / ,       . 

        Toyota Wish, 
  79 / ,        
        70,85  85,7 / . 
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 0,1 ,    ,   ,  

 ,      . 
    ,    PC-Crash 

  ,      
     , ,  

  ,   .  
         

      .  
      ,   

    ,   
   PC-Crash.     
      . 

 
2.3      
 

  -  ,   
       ,  

      [31],  
  :    ,    

     [32],  
     -   -
 .       

   -       
     ,   

  .      
       , -    

      ,    
      . 

   ,    
    . 

 
2.3.1    3D-   
  
 

   ,     
 (    )  

       
   ( ).       

    .  ( ,   
,    ,    

)       . 
 ,     , 

    ,     [33]. 



81 

       
«  »   ,    

 .    ,    
       

 -     ,  
  ,    . 

  . Д   . 
  ,       

 .      : 
photos - , gramma -   metreo - .   

    . 
1.    ,     

   ,    
,      . 

2.  ,   ,  
   ,   . 

3.      ,   
    . 

4.    ( ) ,  
    ,   ,    

 . 
5.        ,  
 ,     ; 

. 
1.    . 
2.     . 
3.     . 

,      ,  
          

  , . .     ,    
      [33]. 

   ,     
 2.31. 
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 2.31 –    
 

1. - ,        
,     .     

     . 
2.   .       

       , 
    -  . 

       . 
  . 

:  
        .  
   ; 

: 
    .    

     .  
      ,    

 - . 
  . 

: 
 ,   1    . 

    ,    
.     (    

)    . 
: 
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     .  
   . 
  ,     

(     ),   ,    
   [33]. 

      . 
       

        
  ; . .    

     . 
   . 

   ( )    
 . 

       
   (    ). 

       
, . .   ( )     ,   

  .      
   ,       

0,1  50         1  3 % 
     .    

 ,      
    [35]. 

      :   
. 

 . 
  ,       

    (  2.28 - 2.30).    
  ( ),     

 .      
      

 ,     10 .   
        ,  

     ,   
      .    

          
  ,     , 

,   ,    . . 
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 2.32 –   
 

 
 

 2.33 –      
 

 
 

 2.34 –     
 

 . 
        

.   « »     
   : 
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 - calc.dll; 

         
    - SFO.exe [33]. 

  ,   ,      
  -  HASP . 

       
 ,     ,   

    . 
  

         . 
 1 - . 

     ,    , 
       (  3.5).  

,   ,   
  ( )     , 

   ,     .  
       .   

  -        
  [33]. 

 
 

 2.35 –     
 

 2 -   . 
       

  (  2.36 - 2.37): 
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    .     

    3-     
; 

       
   ,   

   .        
       

        .    
        

   [33]. 
 

 
 

 2.36 –    
 

 
 

 2.37 –   
 

 3 -   (  2.38). 
      

    c       
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 [33],     , 
    .      

. 
 

 
 

 2.38 –    
 

 
 

 2.39 –     
  
 

  ,  ,    
       ,    
     . 
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2.3.2    3D-  
 

       
       3D- , 

     ,   
       360 . 

         3D-
    Faro Focus 3D,    

,      ,    2.40. 
 

 
 

 2.40 – -      
 Faro Focus 3D 

 
   ,    

    30    .  
      

,    ,  ,  
       ,  
     .      

         -   
  . 

     
         

       . 
      

 ,    ,  
   ,     . 

    . 
       - 

      ,      
  . 
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Faro Focus 3D  ,   
 ,   50 %     

      . 
  Focus 3D      

  976000   . 
  -    -  

       . 
    -   ,  Li- 

Ion    5       
    [35]. 

   70    
   3D - . 
    SD-        

         
 SCENE WebShare,      Faro Focus 

3D.       
     3D  ,   
  ,     

. 
        

    .       
   . 

 -       ,  
       . ,  

      ,  
        . 

     , WiFi 
      Flash. 

    Д . 
 -     

    ,   
 : 
         

; 
  ,     ; 
  ; 
      ( , 

, ,    . .)    2 ; 
    ;   

 . 
  3D      

  ,    ё    
 (  2.41),   ,   

      [35]. 
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 2.41 –   ,  Faro Focus 3D 
 

   ,  
      , . .  

 «  »   ,    [35]. 
     3D  

        : 
   ,  ,  ; 
  -  (  2.42); 

 

 
 

 2.42 –   -  
 

      (  «  », 
 ); 

 ,     (  2.43); 
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  (  ) [34].; 

         
    « »,  ,  

,    -    
. 

 

 
 

 2.43 –     Faro Focus 3D 
 

  ,     
   ,    15 . 

      
       

-      
( )          

        
 .     
       

 5 - 7  [34]. 
     
  3D-  Faro Focus 3D. 
     ,  

   . 
   .   

      . 
    .    

   90 %.     
. 

     -    
.  «  »   
 . 

    AutoCAD, Geomagic. 
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      dxf, dwg, txt  
 .  

 . 
        

 0 ° ,         
 ,        20 ° . 

  . 
     -   

,      ,  
        . 

 ,        
,     .   

 ,       , 
  ,    .   

  . ,    
  -   ,  ,     
      . 

         
,    ,    
,     ,    
 [34]. 

 
2.3.3     «Project tango» 

 
 Tango  Google -       

     ,  
    . «Project tango» - 3D   

        
    Android    . 

«Project tango»      Google, 
  Web-   ,   ,  

   ,      
     GPS     [36]. 
 

 
 

 2.44 –   «Project tango» 
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 ,  ,   , 
      3D-  

 ,   ,    . 
   Google    ,  

    Google Maps. 
 

 
 

 2.45 –    «Project tango» 
 

     «Project tango»  
     (  2.45),   

        [36]. 
  Google I/O   Smart Picture 

 ,     «Project 
tango».         

         
  .       Smart Picture, 

 ,       
.       
    .  

 «Project tango»   ,   
         
     ё  .  

   3D- ,    ,    
   . 

Lenovo     «Project tango». 
   Lenovo Phab 2 Pro (  2.46)    

   Google Advanced Technologies and Products  
  ,      , 

  ё     250 000    
[36]. 

       Lenovo Phab2 
Pro.   2 - ,   Snapdragon 652, 
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4    64   ,  ё  4 050   
 Dolby Atmos,      5.1.  

Qualcomm    ,  
       . 

 

 
 

 2.46 – Lenovo Phab 2 Pro      
 «Project tango» 

 
     «Project tango»: 

-    Phab 2 Pro   
  ё  ; 

-    ё      
 ; 

-       
   ё      . 

  Lenovo Phab 2 Pro  ~ 470 $. 
. 

1.     (    
5 ),  -     . 

2.    . 
3.     . 
4.    . 
5.    . 
6.   . 
7.        . 

. 
1.     . 
2.       

. 
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      ,   

       
         

    .  
     

     .    
  ,      

  «Project tango»       
 ,         

     . 
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  ( )       
   .      

        
,     ё , ,   

 ; ,   ; 
   ,   ;  
    . 

    ,     
       ,  

  ,      
  , ,   ,  

( ),   , ,  
,    . .     , 

 ,     . 
 -    

    ,      
 ,   -    

       
    . 

        
       . 

    ,     
       

    . 
        , 

        
     . 

      
 ,       

 . 
, ,    PC-Crash  
         

  -  ,    
         

     . 
        

       
     . 
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