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2.5       

    
 

       
   : 

-    ( ,  
  GR-5 (GARO)); 

-  ; 
-    ( ,   

 CAS RW-15P); 
-       (  2.13), 

   (16   250   ); 
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 2.13 –    (  ) 
 

-      [36] (  2.14) – 10 .;  
 

 
 

 2.14 –    
 

-   1.5   5  (75 )   [36] (  2.15) – 2 .; 
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 2.15 –   1.5   5  (75 ) 
 
-   10 , 40    [36] (  2.16)– 2 .  7 ,  2 

.  10 ; 
 

 
 

 2.16 –   10 , 40  
 
-  10*1,0*40 – 8 .; 
-   10* 65 – 24 .: 
-   ( , ,  . .) 

  
    

 
       

        
 . 

       
  ,     

  ,   31507-2012.  
 ,      ,  

      ,  
  .  
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3    
  

3.1     31507-2012 
  

3.1.1   
 

  31507-2012     
 , N  ,  ,     40 

/ , -   - ,   
 ,       

 . 
   ,    

       
  ( . )      (𝜑). 

    –     
    ,  

           
          

; 
     –     

      , 
    ,     

    . 
       , 

   ,      
 ( ) ,    ( )   . 

       
 

 = ,ℎ ,                                                                                            (3.1) 

 
 b –  ,      

  ,     , ;  
 ℎ –      , . 
 
       
 ℎ = , −ℎ . ∙ 𝑔 . −∆𝑔 . ∙c s 𝜑 +si  𝜑 + ℎ . ,       (3.2) 

 
 h .  –         , 

   , ; 
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 ∆  –    ,    
   , . 

     h .     
   . 

      .  
,   ,    

  (    ),   
 ,       = : 

 = − , + , °  0,55 ,         (3.3) 
 = + , °  > ,           (3.4) 

 °  < ,  
  
   (3.3)  (3.4)     

   3.1. 
 

 
 –     , , , 

  ,    ; 𝐴  –        ,   
 , ; 

 –    ,   ,  
  ,   , ; 

 –    , ,   , 
   ,       ; 

 –        , ,  
 ,     ; 

 –        (    
 ),   . 

 
 3.2 –        

       
(  A, 𝐴 , , , ,    ) 
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  - ,    
      

(      ), ,  
( ) ,    0,8     

        
    19°. 

   𝜑       
,        
          
.    𝜑   

    ,    
,      𝜑 ,  

     . 
         ,   

   𝜑 = : 
 
 -   ,  𝜑 = , − , °;         (3.5) 
  
 -  > , 𝜑 = , °.           (3.6) 
 
       

  
 𝜑 𝜑 ,              (3.7) 
 

  𝜑 -     .[4] 
 
   (5), (6)  (7)    3. 
 

 
 3.3 –   𝜑      

  . 
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 3.1.2       
 

 
        

,   3.1,    
. 

 
 3.1 –     

    ,   
  , ° ±15 ±0,25 

   
 , ° ±7 ±0,25 

  
 500 ±3 

 500  5000 ±5 
 5000 ±10 

 
        

        
   . 

  ,   
  ,    ,  

       . 
       

   ( - ),  , 
    ,    

. 
       

 ,     ,    
 60°   .    

         
,       
   [4]. 

  
 3.1.3    
 
       , 

   [4]. 
   ,      

      
 - ,    

. 
      ,   

     . 
       

  . 
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  . 

           
  40%   . 

   -    
       

         
 . 

       ,  
- .  ,  , 

   : 
 -        

   - (75±1) ; 
 -   ,     

 - (68±1) . 
  ,  ,  ,   

  ,   ,   
 . 

   ,  ,   
 . 

        
      ,   

         
       

(0,80±0,05) /  .  
        

         
. 

        
,    ,     

  ,   
- . 

        . 
     ,    

  [4]. 
 
 3.1.4   
 
        

        
,        

          
   . 
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  "   "     
 .     

    ,     
    .    

   ,   
.       .  

      
 . 

      ,  
 0,5°/ ,   ,       

  (  )   .  
 

 .  
     . 
  –     

        
  ,  80%      

  . 
      : 
 -       

    ( 𝑖); 
 -       

      ( 𝑖)   ( 𝑖) 
, ,  ,     

 (        
),  

 i –    . 
   ,    

 ,     
     . 

    ∆       
        

 ,    . 
     ,   

,     . 
     90 , 

     . 
   = , 𝜑 =   𝜑 =     

      . 
         

 𝜑       1°-2°  ,   
      .  

        
(  )  ,    
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         𝜑 𝑖   𝜑 𝑖 ,    
 𝜑 𝑖 = 𝜑 𝑖′ − 𝑖,             (3.8) 
 
 

 𝜑 𝑖 = 𝜑 𝑖′ − 𝑖,             (3.9) 
 

  i-   . 
         

   
 𝜑 = 𝜑 ∙𝑙 +𝜑 ∙𝑙𝑙 +𝑙 ,            (3.10) 

 
 𝑙 −     ,     

,     ; 
 𝑙 −     ,     

,     . 
 
         (3.7)  
(3.8). 
   : 
-      ,   

     (  )  
; 

-     𝜑     [4]. 
       (  3.2) . 
 

 3.2 –     «   
» 

 
 

 
 
 

   h,  -  
  

 qs 
-  

    
,°,   

  

   
 𝜑  , °, 
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 3.2     № 2573028 
 
         

       
    ,    

  (  3.5),     
     ,  

 ,     
      .   

          
. 

 
 

 3.5 –     
 
        

     (2.1).  
           

   ,    
 :    2 ,  
    2 ,   

(  ), ,  : , ,  
 .  

    :  
 1)      h   

 .  
 2)    φ   ( ) 

     . 
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.    ,     
     .  

     (3.12) 
 = 𝑎 ∙ ,          (3.11) 

 
 𝑛–      ; 

–   ; 
 –  ,      

  ,     , . 
        hц  

.          
   ,    

   ,      
    . 

         
   (3.12)  (3.13): 

 

 ′ = ′𝑎 ∙ ,            (3.12) 

 

 ℎц = ∙ ′ − + ,         (3.13) 

 
 r – , ; 

 –      . 
        

       .  
     ,   

         
 3.6.         

        
.   ,   ,  

       .  
        

   (  3.5  3.6),    
   φ  . 
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 3.6 –       
 

           
      (  3.6)     

 (     3.7),   ,    
      ,   
        AB  

      .    
 φ     1 2   1 2 , 

     : 
 sin 𝜑 = 𝑀            (3.14) 

 sin 𝜑 = 𝑀 .            (3.15) 

 
    А1М  x    (3.145  3.15), 

   (3.15),   1   (y – x),  y –  
      : 

 𝑥 = −𝑥 ⇒ 𝑥 = ∙+         (3.16) 
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 3.7 –         
 

         
,         
  .  

       
       

  (2.1).      
    α .у   αн 

   ,    
  qs (  3.18),    

(    )    αн = f (qs): 
 = ,ℎц           (3.17) 

 
 , 1,0 = − , + , °    (3.18) 
 >1,0   = + °    (3.19) 
 <1,0   = °      (3.20) 

 
      φ    

  ,    ,    
  φн,       

 qs.         ,  
     φн = f (qs): 

 
 1,0   𝜑 = , − , °    (3.21) 
 >1,0   𝜑 = , °      (3.22) 

 

      
 

 𝜑 𝜑           (3.23) 
 

 𝜑  –         52302-2004 [5]. 
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3.3       
 
        

        
,      , 

. . ,         
  . 

        
 ,  ,    

   ,   
.       

 ,         
        

 ,     .  
     ,  

 .       
.     

       
   ,    

 -  . 
      

    ,  
      ,   

0,5°/ ,       
  .    
     ,  

    . 
      . 
      : 
 -       

  ( 𝑖); 
 -         

  𝜑    𝜑  , ,  ,   
  . 

    ,   
,       

   . 
    ∆      

        
 ,    . 

     ,  , 
    . 

    ,   
    𝜑       
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 .       
  2.1     ,   

      
. 

 . 
 

     
 
         

       ,   
: 

 - ,   31507-2012; 
 - ,    № 2573028; 
 -     № 2693140. 
      ,   

       . 
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 4  . -   
       

 
 

4.1   
 

       
   :       

  ,    31507-2012 (  
    «   »);  

        
  ,   [6]   

     .  
        

 1, (Volkswagen-Transporter).   
      4.1 

 
 4.1 –    Volkswagen-Transporter 

  
  4  2 

,  3000 
 / ,  1628 

 ,  1850 
  

( ),  
2600 

   
 ,  

1480 

   
 ,  

1350 

  
, ,  , 

    

  
, , ,  

  . 
 

   .   
  : 

-   CAS10RW-2601P №06043115; 
-      : -1; 
-   -60 ; 
-  ; 
-   200; 
-  . 

      
    ,     

    .    
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   ,    
 ( 4.1  4.2).     (  )  

    , 
    .  

       ,  
 0,5 ̊/ ,   ,       
     (  4.3  4.4). 

  «   »    
31507-2012,    4.2.  

 

 
 

 4.1 –      
(  ) 

 

 
 

 4.2 –      
(  ) 
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 4.3 –       
,        

     (  ) 
 

 
 

 4.4 –       
,        
     (  ) 
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 4.2 –    
  

    
    , α  0°9' 48°0' 
    , α  0°33' 48°40' 
    , φ  0°4' 50°40' 
    , φ  0°10' 50°9' 
  ,  0 45 
  ,  0 30 

 
   Volkswagen-Transporter  
  :  

(α) –       
   ,  48°20'; 

(φ) –       
  ,  2˚4’.            

   (α  φ)      
,        

  .  
    . 

    : 
-   CAS10RW-2601P №06043115; 
-   ; 
-   -60 ; 
-  ; 
-  ; 
-   200; 
-  . 

  φ –     
        

        , 
   .     

         
,       

       . 
       (  АВ, 

 4.5),   ,       
   .      

 4.3.       , 
        

. 
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 4.3 –         

  
,  

       
   208 281 
   204 236 

   225 270 
   218 228 

 
         

 AB        .  
  φ       

  А1А2М  В1В2М (  4.5)   
3.14-3.16.  

 
 

 
 4.5 –         

 
 

 
 ,   3.14-3.16,    

: 
 ∙+ = ,  . 

 
   4.5: 

 𝜑 = arcsin , = , °  3°20'. 
 

  : 
 ∙+ = ,  . 

 
   4.5: 

 𝜑 = arcsin / , = , °  1°44'. 
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   .  h    
        

     20˚     
    (  4.6).   

         4.4. 
 

 4.4 –        
   

  , ° 0°50’ 15°53’ 20°43’ 
  ,  1080 1160 1180 

 
 

 
 

 4.6 –        
      

  
 

h        : 
  ℎ = + 𝑔 ∙ 𝑙 − ∙ 𝑡 𝑡𝑎𝑙− 𝑓𝑟 𝑡𝑡 𝑡𝑎𝑙 ,                           (4.1) 

 
  h –      , ; 

r –    (320), ; 
L–    (3000), ; 
l1–          

  , ; 
Ptotal –     (1810), ;  
Pfront –         

 (1080), . 
        (l1)   

  4.4   
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 𝑙 ∙ = 𝑙 ∙ = − 𝑙 ∙ ,          (4.2) 
 

  
 𝑙 = ∙ =  . 
 

 𝑙 =  . 
         

    ,      
  : 

 𝜑 = 𝜑 ∙𝑙 +𝜑 ∙𝑙𝑙 +𝑙 ,         (4.3) 

 
  

 𝜑 = ° ′∙ + ° ′∙+ = ° ′. 
 

       (  4.1). 
 ℎ = + 𝑔 ° ′ ∙ − ∙ − = ,  . 

 
      

       
   (2.1): 

  =  ,  ,  – ˚ ’ = ˚ ’ . 
  Г  −  =  ° ′          =  ˚ ’ 

 𝜑  Г  −  = ˚ ’             𝜑  = ˚ ’ 
 

      
       . 

  : 
 -  – 0̊ 45’; 
 -  𝜑 – 0̊ 37’, 

  ,       
    𝜑,        

  . 
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 𝜑,   № 2693140  : 
-         № 2573028, 

        
    .     
  
4.2       

       
  ,    31507-2012 

 
       

 , ,    ,  
       ,  

  . 
  ,  
   « - »,   -1 

  , .: 
 = + ц + .         (4.3) 
 

  –    , .; ц–  , .; .  –   , .; 
,   (4.3) 

 
 = + + =  . 

 
4.3       

     ,   
  

 
         

 :  
 -    2 ; 
 -      2 ; 
 -   (  ); 
 - ; 
 -  : , ,   

.  
    , , 

       ,  
       . 
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 ,  [38],    
      , 

: 
-    LRB 1360  – 2  – 2950 .; 
-   1.5   5  (75 )– 2 . – 715 ; 
-   10* 65 – 5 . – 18 .: 

        
  , : 

 = ∑ 𝑖 ∙ ,             (4.4) 
 
   𝑖 –  i-   , ; 
 n – i-   . 
  
    (4.4): 
 = ∙ + ∙ + ∙ =   . 
 
    ( ,   . .) 

  10%    . 
        , : 
 = + ∙ %        (4.5) 

 
  

 = + ∙ % =  ,  . 
 
4.4       

     
 

       
 , ,    ,  

       ,  
     . 

 [38],      
      (  

    ), : 
-   – 2  – 5000 .; 
-   (16   250   ) – 601 .; 
-   – 10 . – 1818 .;  
-   1.5   5  (75 )– 2 . – 715 .; 
-   10 , 40  – 2 .  7 ,  2 .  10  – 48 .; 
-  10*1,0*40 – 8 . – 27 .; 
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-   10* 65 – 24 . – 18 .: 
        

  , .: 
 = ∑ 𝑖 ∙ ,             (4.6) 
 
   𝑖 –  i-   , ; 
 n – i-   . 
  
    (4.6): 
 = ∙ + ∙ + ∙ + ∙ + ∙ + ∙ + ∙ ∙ =   
 
    ( ,   . .) 

  10%    . 
        , .: 
 = + ∙ %            (4.7) 

 
  

 = + ∙ % = ,  . 
 
 

    
 

       
(   ,   ).    

  .  ,   
     ,    

   ,   31507-
2012. 

    , 
        

.   ,     , 
  31507-2012.    

,    № 2573028.  
         

   .      
     ,      

     . 
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Щ   
  

1.  -      
        

  . ,     
  (  31507-2012)    

       
,    

.  
2.   -     

    ,  
   ,  
   RU № 2693140  01.07.2019 .; 

3.  ( )    
   31507-2012,     , 

         
 . 

4.        
       

  .   
      ; 

5.        
  31507-2012     № 2573028.  

       
 ,    -   
  . 
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 . ,       
- ,    ,   

 31507-2012. 
       

          
      
       . 

 
  



72 

 

   
 

1 SAE  J2180 – A Tilt Table Procedure for Measuring the Static Rollover 
Threshold for Heavy Trucks – SAE International surface vehicle recommended 
practice, 2011. 

2   № 111 –  ,  
    N  O    
  , 2000. 

3       018/2011 –  
   , 2013. – 465 .    

4  31507-2012     
,    – .: 

, 2013. – 53 . 
5 , . .      

  ,    31507-2012 / 
. . , . .  //     

 . , , : 
 90-  . .- . . ( , 9-10 , 2015 .) / 

 . . . . . – : -  , 2015. – 482 . 
6  2573028  ,  G01M 17/04, B66F 7/22. 

    ( ) /  . ., 
 . .,  . .;    

     
«   »  – 2014133248/11, 12.08.2014; 

., 20.01.2016, . № 2 – 11 . 
7  . . .    . - . . 

.,1986 . -208 . 
8  2693140  ,  G01M 17/04, B66F 7/26. 

     /  . ., 
 . ., . . .;   

     «  
 » (   ) – 2018122015, 14.06.2018; 

., 01.07.2019, . № 19 – 2 . 
9      

[  ] :  -50. –  
:https://ruskonveer.ru/products/avtomobilerazgruzchiki/avtomobilerazgruz

chik-avs-50.htm 
10   « » [  ] :  

. –  : http://autorc.ru/activities/otdelenie-
bezopasnosti-avtomobilej/laboratoriya-upravlyaemosti.html 

11      
 «  » [  ] :  

. –  : http://21mt85.com/deyatelnost-
laboratorii/ispytaniya-ts/videogalereya/ 

https://ruskonveer.ru/products/avtomobilerazgruzchiki/avtomobilerazgruzchik-avs-50.htm
https://ruskonveer.ru/products/avtomobilerazgruzchiki/avtomobilerazgruzchik-avs-50.htm
http://autorc.ru/activities/otdelenie-bezopasnosti-avtomobilej/laboratoriya-upravlyaemosti.html
http://autorc.ru/activities/otdelenie-bezopasnosti-avtomobilej/laboratoriya-upravlyaemosti.html
http://21mt85.com/deyatelnost-laboratorii/ispytaniya-ts/videogalereya/
http://21mt85.com/deyatelnost-laboratorii/ispytaniya-ts/videogalereya/


73 

 

12 . 104885  ,  B23K 37/04.   
  /  . .,  . .,  . .; 

     « »; . 02.12.2010; 
. 27.05.2011, . №15. – 9 . 
13 . 2307039  ,  B60S 13/00, B60S 5/00. 

 /  . .;     
« »; . 08.12.2005; . 27.09.2007, . №27. – 4 . 

14 . 2005138192  ,  B60S 13/00. 
 /  . .;     

« »; . 08.12.2005; . 27.06.2007, . №2. – 4 . 
15 . 94029  ,  B65G 67/48. 

 /  . .;    
 . .; . 03.08.1994; . 10.09.1996, . №4. – 3 . 

16 . 1532537 ,  B66F 7/22.    
 /  . ,  . ,  . .;   

   « »; . 06.04.1987; . 
30.12.1989, . №48. – 8 . 

17 . 1217777 ,  B66F 7/22. -  
  /  . ,  . ,  . ; . 

04.09.1984; . 15.06.1986, . №10. – 3 . 
18 . 2982  , B66F 7/22. -

    /  . .;   
  . .; . 19.06.1995; . 16.10.1996, . 

№2. – 9 . 
19 . 101029  ,  B66F 7/22. 

     
 /  . ,  . .,  . .;   

   « »; . 27.08.2010; . 
10.01.2011, . №1. – 8 . 

20 . 2081810  ,  B66F 7/22. 
   /  . .;   

  . .; . 29.09.1994; . 20.06.2002, 
. №2. – 9 . 

21 . 2043296  ,  B66F 7/22.  
  /  . .,  . .;   

  . .,  . .; . 18.10.1991; . 
10.09.1995, . №8. – 5 . 

22 . 94036857  ,  B66F 7/22. 
   /  . .;   

  . .; . 29.09.1994; . 10.07.1996, 
. №7. – 2 . 

23 . 55352  ,  B66F 7/22.  
  /  . .,  . .;   



74 

 

  . .; . 10.01.2006; . 10.08.2006, . 
№22. – 5 . 

24 . 167367  ,  B66F 7/22. -
    /  . .,  . .; 

     « »; . 23.05.2016; 
. 10.01.17, . №1. – 5 . 
25 . 2000107475  ,  E04H 6/06. 

 /  . .,  . .;   
  . .,  . .; . 27.03.2000; . 

27.03.2002, . №8. – 3 . 
26 . 2000125730  ,  E04H 6/06. 

 /  . .,  . .;   
  . .,  . .; . 12.10.2000; . 

20.09.2002, . №10. – 3 . 
27 . 2543817  ,  G01G 19/02. 

   /  . .;   
  . .; . 22.04.2011; . 20.06.2012, . 

№17. – 12 . 
28 , . .   

       
 : .  / . . . –  : 

  , 2010. – 104 . 
29 , . .   :    

,    «  » 
(  « ») / . . , . . . ––  : 

. . . - , 2014. – 136 . 
30     /  . .  [  .]. – 2-  .,  

.  . . –  : , 2003. – 784 . 
31 ,  . . . 7. . : .  . 

 / . .  –  : , 2013. – 136 . 
32  . .  ,   

     
    : .     / 

. . . –  :  , 2008. – 16 . 
33 , . .   :  . 

.: , 2013. – 100 . 
34   :    / . . 

, . . . . .  [  .]; . . .  – 4-  ., 
.  . – . . 2001. – 535 . 

35     « » [  ] 
:      

  –  :https://bia.ru.com/automotive/car-
dynamic/the-stand-tipping-over-ats/. 

https://bia.ru.com/automotive/car-dynamic/the-stand-tipping-over-ats/
https://bia.ru.com/automotive/car-dynamic/the-stand-tipping-over-ats/


75 

 

36    « » [  ] 
:  -  –  :https://www.virage24.ru/. 

37 , . .,  . .    
       

   / . . , . .  //  
  – 2014. – № 4. – . 48–51. 

38  . .      
    : . . ... . : 

05.05.03 /   . – , 2018. – 27 .  
39    ,   

      : 
.     / . . , . . , . . 

, . . , . . . –  : . . - , 2015. 
– 344 . 

40  . .    : 
.    . / . . , . . , . . 

. –  : . . - , 2018. – 216 . 
41  . .      

/ . . , . . , . .  //  . – 
2019. – № 1. – . 219-222. 

42 Blyankinshtein I.M. Alternative method for evaluation of vehicle static 
transverse stability / I.M.Blyankinshtein, I.A.Fedotov, D.A. Khudyakov, F. Y. 
Smolenkov, E.G. Mahova, I.M. Kolesnikov // Journal of Physics Conference 
Series. – 2019/ – 1399. 
  

https://www.virage24.ru/


76 

 

 Щ  
 

 –  ; 
 – ; 

 – ; 
 – ; 

 – ; 
 – ; 

 – ; 
 – ; 

 – -    
. 
 –    . 

 –  . 
 –   . 

 
 




