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˸͔ͭͦ͒· ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ 
͙͔͒ͫͪͭͤ͟·ͻ ͙͔ͫͫͭͣ 

 
Ås ͍ͭͦͣ͊ͭ· ͙ ͙ͻ ͪ͊ͫ΄͙͔͙ͪͤΎΥ ͍͔͔ͪͣͤͤ·͔Σ 
͍͙͔͚͍͊ͣͦ͒ͫͭͯ͘Ό΅͙͔ 

Å˶ ͎͙ͦ;͔͙͔ͫ͟ ͙͔ͫͫͭͣ·Υ ͔ͤ;͔ͭ͊͟ΎΣ 
͔ͭͣͨͦͪ͊͡Έͤ͊ΎΣ ͣͦ͒͊͡Έͤ͊Ύ 

Ås ͎͔͋ͪ͡· ͙ ͙ͫ;͙͔͙ͫͤ͡Ύ ͨͪͦͼ͔͍ͫͫͦ 

Å˿ ͔͙ͭ ˽͔͙ͭͪ ͙ ͙ͻ ͪ͊ͫ΄͙͔͙ͪͤΎΥ ͍͔͔ͪͣͤͤ·͔Σ 
ͫͭͦͻ͙͊ͫͭ;͔͙͔ͫ͟Σ ͪ͊ͫͪ͊͟΄͔ͤͤ·͔ 



˽͙ͪ͊ͭ͟;͔͔ͫͦ͟ ͙͔͔͙͔ͨͪͣͤͤ ͔͔͚ͫͭ 
˽͔͙ͭͪ ό˿˽ύ 

Å̒͘·͟ ͔ͨ͊ͪ͊͡͡͡Έ͎ͤͦͦ ͎͙͍͙ͨͪͦͪ͊ͣͣͪͦ͊ͤΎΥ 
Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ·͔ ͙ͪ͊ͪ͊͋ͦͭ͘͟ 
͎͙͍͙͔ͨͪͦͪ͊ͣͣͪͦ͊ͤ PLC (͡ ͎ͦΦ ͔ͦͤͭͪͦͪ͟͡͡·) 

Å˿ͻ͔ͣ· ͔ͨ͊ͪ͊͡͡͡Έͤ·ͻ ͎ͨͪͦͪ͊ͣͣ UML/MDD 

Å˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡  ͙͍͍͔ͨͪͦͦ͒ͫͭͤͤ͘·ͻ ͙͔ͫͫͭͣΥ 
ͫͻ͔ͣ͊ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͍͙͙͍͊ͭͦͣ͊ͭͪͦ͊ͤͤ͘·ͻ 
͙͍͍ͨͪͦͦ͒ͫͭ͘ 

Ǻͪ͊ͤͫͨͦͪͭͤ·͔ ͙͔ͫͫͭͣ·  

Åˤ͔͙ͪͺ͙͊͟ͼ͙Ύ ͔͔͍ͫͭ·ͻ ͍ͨͪͦͭͦͦͦ͟͡ 

 

 

 



ˮ͔͙͚ͤͫͭͪͯͣͤͭ͊ͪ ͒͡Ύ ͔͔͚ͫͭ ˽͔͙ͭͪ 

ÅTina http:// projects.laas.fr/tina   

ÅCPN Tools http:// cpntools.org  

ÅPetri Nets World http://www.informatik.uni-
hamburg.de/TGI/PetriNets 

     

Å˻͔ͨͪ͊-́ͦͨ͊͘ 

Å˹͔͍ͦ͒ 

ÅDeborah, Adriana, ParAd for Tina 

    http:// daze.ho.ua  
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͔͔̏ͣͤͭ͡· ͔͙ͫͭ ˽͔͙ͭͪ 

͙ͨͦ͘ͼ͙Ύ (place) 

͔͔ͨͪͻͦ͒ (transition) 

͎͒ͯ͊ (arc) 

ͺ͙΄͊͟ (token) 



˿ͪ͊͋͊ͭ·͍͙͔͊ͤ ͔͔ͨͪͻͦ͒͊ ͔͙ͫͭ ˽͔͙ͭͪ 



˽ͪͦͭͦͦ͟͡ ͔͚ͦ͒ͤͦͫͭͦͪͦͤͤ ͔͔ͨͪ͒͊;͙ 
ͫͦͦ͋΅͔͙͚ͤ ͫ ͍͔͔͙ͨͦ͒ͭͪ͗͒ͤΎ͙ͣ 



˨͙͙ͤ͊ͣ͊͟ ͔͙ͫͭ 



˥ͪ͊ͺ ͙͙͒ͦͫͭ͗ͣ·ͻ ͙͍ͣ͊ͪͪͦͦ͟͟ 



˽ͪͦͭͦͦ͟͡ ͍͔͚͒ͯͫͭͦͪͦͤͤ ͔͔ͨͪ͒͊;͙ 
ͫͦͦ͋΅͔͙͚ͤ ͫ ͍͔͔͙ͨͦ͒ͭͪ͗͒ͤΎ͙ͣ 



͙́ͯͨ͟ 



˾͊ͫ΄͙͔ͪͤͤ·͚ ͨͪͦͭͦͦ͟͡Υ 
͍͙͔ͪ͊ͫͨͦͤ͊͊ͤ͘ ͙͙͚ͦ͘͟͡͡ 



˿ͻ͔ͣ͊ ͪ͊͋ͦͭ· ͎͔͔ͤͪ͊ͭͦͪ͊ ͔͙ͣͦ͒͡ 

˽͔͊ͪ͊ͣͭͪ· ͔͙ͣͦ͒͡  ό͔ͪ͊ͣͪ͘Σ ͔ͪ͊ͣͪͤͦͫͭ͘ΈΣ ͙͍ͣ͊ͪͪͦ͊͟͟ύ 

˥͔͔ͤͪ͊ͭͦͪ 

˸͔ͦ͒͡Έ ό͎͙ͦ͡;͔ͫ͊͟Ύ Φnet ͙ ͙͡ ͎ͪ͊ͺ͙;͔ͫ͊͟Ύ .ndr) 



˻͋ͦͪ͘ ͪ͊ͪ͊͋ͦͭ͊ͤͤ͘·ͻ ͎͔͔͍ͤͪ͊ͭͦͪͦ 

Решетка Размещение 

˴͍͊͒ͪ͊ͭͤ͊Ύ https://github.com/dazeorgacm/sq  

͔͎́ͪͯͦ͡Έͤ͊Ύ https://github.com/tishtri/g3a 

͔͙͎̊ͫͭͯͦ͡Έͤ͊Ύ https://github.com/tishtri/g6a 

˥͙͔ͨͪͯ͋͟ ͫ ͔͍ͪ͊͟·͙ͣ 

͍͙ͯͫͦ͡Ύ͙ͣ 

https://github.com/tishtri/hcgen 

˥͙͔ͨͪͭͦͪ https://github.com/dazeorgacm/htgen  

˥͙͔ͨͪͯ͋͟ ͫ 

͔ͦͪͫͭͤͦͫͭ͟ΈΌ ˭͚͊ͼ͔͍͊ 

https://github.com/dazeorgacm/hmn 
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https://github.com/tishtri/g3a
https://github.com/tishtri/g6a
https://github.com/tishtri/hcgen
https://github.com/dazeorgacm/htgen
https://github.com/dazeorgacm/hmn


˽͙͔ͪͣͪ ͎͔͔͙͍͚ͫͤͪͪͦ͊ͤͤͦ ͔ͪ΄͔͙ͭ͟ 



˴͍͊͒ͪ͊ͭͤ͊Ύ ͔ͪ΄͔ͭ͊͟Υ ͚͍ͯͫͭͪͦͫͭͦ 



˴͍͊͒ͪ͊ͭͤ͊Ύ ͔ͪ΄͔ͭ͊͟Υ ͙ͦͣͨͦ͘͟ͼ͙Ύ 



̅ͦͪͣ͊ͭ ͺ͚͍͊ͦ͡ Tina 

Å˶ ͎͙ͦ;͔͙͚ͫ͟ 

άtrέ ϑƴŀƳŜϒ ϑǇƛψмϒ Χ ϑpi_k} -Ҕ ϑǇƻψмϒ Χ ϑpo_l} 

άplέ ϑƴŀƳŜϒ όƳŀǊƪƛƴƎϒ 

Å˥ ͪ͊ͺ͙;͔͙͚ͫ͟ 

άǇέ Ȅ ȅ ϑƴŀƳŜϒ ƳŀǊƪƛƴƎ 

άǘέ Ȅ ȅ ϑƴŀƳŜϒ 

άŜέ ϑƴŀƳŜмϒ ϑƴŀƳŜнϒ 



˾͔΄͔ͭ͊͟ ͤ͊ ͙ͨͦͫͦͫͭ͟͡ 

for(i=1;i<=k;i++) // row 

  for(j=1;j<k;j++) // column 

  { 

    off_x=i*STEP_i; 

    off_y=j*STEP_j;  

    print_cell(i,j,off_x,off_y); 

  } 



͎͔̅ͪ͊ͣͤͭ ͎ͨͪͦͪ͊ͣͣ·  
for( i =0; i <=k; i ++)  

   for(j=0; j<=k; j++ )  

   {  

     if( i <k)  

     {  

       printf ("p %.1f %.1f {pol_1^% d.%d} 1 n \ n",  

         i *DI+280.0 , j*DJ+50.0, j+1, i+1 );  

       é 

     }  

     é 

     if( i <k && j<k)  

     {  

       é 

       printf ("t %.1f %.1f {to_1^% d.%d} 0 w n \ n",  

         i *DI+240.0 , j*DJ+130.0, j+1, i+1 );  

       é 

       printf("e {to_1^%d.%d} {po_1^%d.%d} 1 n \ n",  

         j+1 , i+1,j+1, i+1 );  

       ...  

  }  



˥͔͔ͤͪ͊ͭͦͪ· ͔ͪ΄͔ͭͦ͟ ͍ ͎͔ͣͤͦͦͣͪͤ·ͻ 
͍ͨͪͦͫͭͪ͊ͤͫͭ͊ͻ 

Å˽͔͔ͪ;͙͔͙͔ͫͤ͡ ͍ͯͦ͘͡ ͔ͪ΄͔͙ͭ͟ ͒͡Ύ ͊͒͊ͤͤ͘·ͻ 
͔͙ͪ͊ͣͪͤͦͫͭ͘ ͙ ͔ͪ͊ͣͪ͊͘ 
Å˹͔ͯͣͪ͊ͼ͙Ύ ͍ͨͦͪͭͦΣ ͔ͪ͊ͫͨͦͦ͗ͤͤ͡·ͻ ͤ͊ ͎ͪ͊ͤΎͻ 
͎͙͔ͨͪͯ͋͊͟ ͔͙͙͒ͤ;͎ͤͦͦ ͔ͪ͊ͣͪ͊͘ 
Åˮ͔͍͙͔ͣͤͦ͊ͤ ͍͔ͫͦͣ΅͔ͤͤ·ͻ ͦͤͭ͊ͭͤ͟͟·ͻ 
͙ͨͦ͘ͼ͙͚ 
Å˾͔͙͊͊͘͡ͼ͙Ύ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·ͻ ͔͍ͪ͊͟·ͻ ͍͙͚ͯͫͦ͡Υ 
ͦͭͪ͟·ͭ͊ΎΣ ͊ͣͤͯͭ͊͘͟ΎΣ ͔ͯͫ;͔͔ͤͤͦ ͚͍ͯͫͭͪͦͫͭͦΣ 
͔ͦͦͤ͟;͔ͤͦ ͚͍ͯͫͭͪͦͫͭͦ 
Å˾͔͙͊͊͘͡ͼ͙Ύ ͙ͪ͊͘͡;ͤ·ͻ ͔͔͚ͦͪͫͭͤͦͫͭ͟Υ ͺͦͤ 
˹͔͚ͣ͊ͤ͊Σ ˸ͯͪ͊Σ ˭͚͊ͼ͔͍͊ 



˴͔͍ͪ͊·͔ ͍͙ͯͫͦ͡Ύ 



˹͔ͯͣͪ͊ͼ͙Ύ ͍ͨͦͪͭͦ ͙ ͙ͦͣͨͦ͘͟ͼ͙Ύ 
͔ͪ΄͔͙ͭ͟ 



˽͔͔ͪ;͙͔͙͔ͫͤ͡ ͍ͯͦ͘͡ 
 i  = ( int  *) malloc ( (d+1)* sizeof ( int  ) );  

 ...  

 while ( loop ){  

   // print current cell  

   go = 1;  

   j=d;  

   while( go ){  

     ( i [j])++;  

     if( i [j] > k ){  

       if( j == 1 ) { loop=0; go=0; }  

       else {  

      i [j]=1;  

      j -- ;  

       }  

     }  

     else go=0;  

   } /* while go */  

} /* while loop */  



˽͔;͊ͭΈ ͔ͭͯ͟΅͔͚ Ύ;͔͚͙͟ 
#define PUTINDX { for( u=1; u<=d; u++)  

                                    printf ( ".%d", i[u] ); }  

#define PUTINDXNEXT( r )  

   { for( u=1; u<=d; u++)  

       printf ( ".%d", (u!=(r))? i[u] : (i[u]<k)? i[u]+1 : 1 ); }  

...  

for ( j=1; j<=d; j++  ) {  

     printf ( " tr  {to.d%d.n1", j );  

     PUTINDX;  

     printf ( "} {pol.d%d.n1", j );  

     PUTINDX;  

     printf ( "} {pb.d%d.n1", j );  

     PUTINDX;  

     printf ( "} - > {po.d%d.n1", j );  

     PUTINDX;  

     printf ( "} { pbl " );  

     PUTINDX;  

     printf ( "} \ n" );  

     é 

  }  

 



ˣ͔͔ͫͦͤ͟;ͤ·͔ ͔͙ͫͭ ˽͔͙ͭͪ 

͎͙͔ͨͪͭͦͪ 



˿͍͚͍ͦͫͭ͊ ͔͔͋ͫͦͤ͟;ͤ·ͻ ͔͔͚ͫͭ 

Å˿ ͎͔͔͙͍ͤͪͪͦ͊ͭΈ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ 
͔͔͚ͣͦ͒͡ ͍͔͙ͯ͡;͙͍͊Ό΅͔͎ͦͫΎ ͔ͪ͊ͣͪ͊͘ ͙ 
͔͙ͪ͊ͣͪͤͦͫͭ͘ 

Å˹ ͚͙͊ͭ ͍͚͍ͫͦͫͭ͊ ͔͔͚ͣͦ͒͡ 

Å˻ ͙ͨͫ͊ͭΈ ͍͚͍ͫͦͫͭ͊ ͔͔͚ͣͦ͒͡ ͍ 
͔͙ͨ͊ͪ͊ͣͭͪ;͔ͫͦͣ͟ ͍͙͔͒ 

Å˨ ͦ͊͊ͭ͘͟Έ ͍͚͍ͫͦͫͭ͊ ͔͙ͣͦ͒͡ 

Å˿ ͔͒͊ͭ͡Έ ͍·͍ͦ͒ ͦ ͍͚͍ͫͦͫͭ͊ͻ ͔͙ͣͦ͒͡ 
͙͍ͨͪͦͦ͘͡Έ͎ͤͦͦ ͔ͪ͊ͣͪ͊͘ ͙ ͔͙ͪ͊ͣͪͤͦͫͭ͘ 



ˤ·͍ͦ͒· 

Å˾͊ͪ͊͋ͦͭ͊ͤͦ͘ ͎͔ͨͪͦͪ͊ͣͣͤͦ ͔͔ͦ͋ͫͨ;͔͙͔ͤ ͫ 
ͦͭͪ͟·ͭ·ͣ ͦ͒ͦͣ͟ ͒͡Ύ ͎͔͔ͤͪ͊ͼ͙͙ ͍͊͒ͪ͊ͭͤ͟·ͻΣ 
͔͎ͭͪͯͦ͡Έͤ·ͻ ͙ ΄͔͙͎ͫͭͯͦ͡Έͤ·ͻ ͔ͪ΄͔ͭͦ͟ ͤ͊ 
͙ͨͦͫͦͫͭ͟͡Σ ͎͙͔ͨͪͯ͋͊͟ ͙ ͎͙͔ͨͪͭͦͪ͊ ͍  
͎͔ͣͤͦͦͣͪͤ·ͻ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊ͻ 

Å˥͔͔ͤͪ͊ͭͦͪ· ͙ͫͨͦ͡Έ͍ͦ͊ͤ͘· ͒͡Ύ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ 
͍͚͍ͫͦͫͭ ͔͔͋ͫͦͤ͟;ͤ·ͻ ͔͔͚ͫͭ ˽͔͙ͭͪ 

Å˻͙͋͊ͫͭ͡ ͙͔͔͙ͨͪͣͤͤΎΥ ͍͔͙ͪͺ͙͊͟ͼ͙Ύ 
͙ͦͣͣͯͤ͊͟͟ͼ͙ͦͤͤ·ͻ ͍ͨͪͦͭͦͦͦ͟͡Σ 
͔ͨ͊ͪ͊͡͡͡Έ͔ͤͦ ͎͙͍͙͔ͨͪͦͪ͊ͣͣͪͦ͊ͤ ͙ ͎͙͔͒ͪͯ  



˹͔͍͙͔͒͊ͤ ͙ͨͯ͋͊͟͡ͼ͙͙ 

ÅDmitry A. Zaitsev, Tatiana R. Shmeleva and Jan Friso Groote, 
Verification of Hypertorus Communication Grids by Infinite 
Petri Nets and Process Algebra, IEEE/CAA Journal of 
Automatica Sinica, 6(3), 2019, 733-742. DOI: 
10.1109/JAS.2019.1911486 

ÅDmitry A. Zaitsev, Ivan D. Zaitsev and Tatiana R. Shmeleva. 
Infinite Petri Nets: Part 2, Modeling Triangular, Hexagonal, 
Hypercube and Hypertorus Structures, Complex Systems, 
26(4), 2017, 341-371. DOI: 
10.25088/ComplexSystems.26.2.341 

ÅDmitry A. Zaitsev, Ivan D. Zaitsev and Tatiana R. Shmeleva. 
Infinite Petri Nets: Part 1, Modeling Square Grid 
Structures, Complex Systems, 26(2), 2017, 157-195. DOI: 
10.25088/ComplexSystems.26.2.157 
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