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ʂʦʤʧʦʟʠʮʽʡʥʦ-ʥʦʤʽʥʘʪʠʚʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʩʝʤʘʥʪʠʢʠ ʤʦʚʠ 
ʩʧʝʮʠʬʽʢʘʮʽʾ Z-Notation 

 
 

ɺʩʝ ʙʽʣʴʰ ʦʯʝʚʠʜʥʠʤ ʩʪʘʻ ʪʝ, ʱʦ ʬʦʨʤʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʦʢʨʝʤʫ ʜʠʩʮʠʧʣʽʥʫ ʚ ʛʘʣʫʟʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ. ʇʨʦʪʝ ʚʠʚʯʝʥʥʷ 

ʜʘʥʦʾ ʪʝʤʘʪʠʢʠ ʧʦʢʘʟʫ,̒ ʱʦ ʬʦʨʤʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʠ ʱʦ, ʥʘʞʘʣʴ, ʧʝʨʝʙʫʚʘʻ ʫ 

ʩʪʘʜʽʾ ʩʪʘʥʦʚʣʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʥʝ ʽʩʥʫʻ ʻʜʠʥʦʛʦ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʢʣʘʜʫ ʜʠʩʮʠʧʣʽʥʠ ʪʘ 

ʧʨʦʙʣʝʤʘʪʠʢʠ, ʜʦʩʪʘʪʥʴʦʾ ʯʽʪʢʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʝʪʦʜʽʚ, ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʩʪʝʤ, ʪʘ 

ʫʩʪʘʣʝʥʠʭ ʧʦʥʷʪʴ. ɹʽʣʴʰ ʪʦʛʦ, ʜʣʷ ʜʝʷʢʠʭ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʤʝʪʦʜʽʚ ʥʘʚʽʪʴ ʥʝ 

ʽʩʥʫʻ ʯʽʪʢʦʾ, ʫʩʪʘʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʝʤʘʥʪʠʢʠ. ʅʝ ʟʘʚʞʜʠ ʟʨʦʟʫʤʽʣʦ, ʷʢʠʡ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʢʨʘʱʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʪʠʭ ʯʠ ʽʥʰʠʭ ʪʠʧʽʚ 

ʩʠʩʪʝʤ.  

ʋ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʩʝʤʘʥʪʠʢʠ ʜʣʷ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʦʛʦ 

ʤʝʪʦʜʫ Z ʥʘ ʙʘʟʽ ʢʦʤʧʦʟʠʮʽʡʥʦ-ʥʦʤʽʥʘʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ [1,2]. ZïNotation [3, 4, 5, 6] - ʮʝ 

ʬʦʨʤʘʣʴʥʘ ʤʦʚʘ ʩʧʝʮʠʬʽʢʘʮʽʾ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ. ɺʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʠʩʫ, 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʜʦʚʝʜʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʘʩʧʝʢʪʽʚ ʧʦʩʣʽʜʦʚʥʠʭ ʩʠʩʪʝʤ.  

ʄʦʚʘ çZ-Notationè ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʢʦʣʝʢʪʠʚʦʤ ʥʘʫʢʦʚʮʽʚ Programming Research 

Group ʚ ʆʢʩʬʦʨʜʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʥʘʧʨʠʢʽʥʮʽ 70 ʨʦʢʽʚ. ɿʘʩʥʦʚʘʥʘ ʥʘ ʤʘʪʝʤʘʪʠʯʥʽʡ 

ʥʦʪʘʮʽʾ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʘʢʩʽʦʤʘʪʠʯʥʽʡ ʪʝʦʨʽʾ ʤʥʦʞʠʥ, ʣʷʤʙʜʘ-ʯʠʩʣʝʥʥʽ ʽ ʣʦʛʽʮʽ 

ʧʨʝʜʠʢʘʪʽʚ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. ɯʩʥʫʻ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ ʢʘʪʘʣʦʛ (ʤʘʪʝʤʘʪʠʯʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ) ʯʘʩʪʦ ʚʞʠʚʘʥʠʭ ʬʫʥʢʮʽʡ ʽ ʧʨʝʜʠʢʘʪʽʚ. ɺʩʽ ʚʠʨʘʟʠ ʚ Z-Notation ʻ 

ʪʠʧʽʟʦʚʘʥʠʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʫʥʠʢʘʪʠ ʜʝʷʢʠʭ ʧʘʨʘʜʦʢʩʽʚ ʥʘʾʚʥʦʾ ʪʝʦʨʽʾ ʤʥʦʞʠʥ.  

ʆʨʛʘʥʽʟʘʮʽʻʶ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ISO (International Organization for Standardization) ʫ 

2002 ʨʦʮʽ  ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʩʪʘʥʜʘʨʪ Z-Notation.  ɺʽʥ ʤʘʻ ʥʘʟʚʫ ï çZ Formal 

Specification Notation - Syntax, Type System and Semanticsè.  

ʇʽʜ ʩʧʝʮʠʬʽʢʘʮʽʻ  ʁʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ ʫ ZïNotation ʨʦʟʫʤʽʻʪʴʩʷ ʥʘʙʽʨ ʩʭʝʤ, ʷʢʽ 

ʦʧʠʩʫʶʪʴ ʾʾ ʧʦʚʝʜʽʥʢʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ. ʉʭʝʤʘ ʫ Z-Notation ï ʮʝ ʟʘʩʽʙ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ 

ʩʧʝʮʠʬʽʢʘʮʽʾ. ʉʭʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ ï ʜʝʢʣʘʨʘʪʠʚʥʦʾ ʪʘ ʧʨʝʜʠʢʘʪʠʚʥʦʾ. ʋ 
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ʜʝʢʣʘʨʘʪʠʚʥʽʡ ʯʘʩʪʠʥʽ ʧʨʦʚʦʜʠʪʴʩʷ ʦʧʠʩ ʟʤʽʥʥʠʭ, ʘ ʫ ʧʨʝʜʠʢʘʪʠʚʥʽʡ ʥʘ ʟʤʽʥʥʽ 

ʥʘʢʣʘʜʘʶʪʴʩʷ ʦʙʤʝʞʝʥʥʷ. ɯʩʥʫʻ ʪʨʠ ʪʠʧʠ ʟʤʽʥʥʠʭ ï ʚʭʽʜʥʽ, ʚʠʭʽʜʥʽ ʪʘ ʟʤʽʥʥʽ ʩʪʘʥʫ 

ʩʠʩʪʝʤʠ. ʉʠʥʪʘʢʩʠʯʥʦ ʩʭʝʤʘ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: [ Declaration | Predicates]. 

ʋ ʩʧʝʮʠʬʽʢʘʮʽʷʭ ʩʭʝʤʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʥʘʩʪʫʧʥʠʭ ʚʠʧʘʜʢʘʭ: 

 ʜʣʷ ʟʘʚʜʘʥʥʷ ʪʠʧʽʚ ʜʘʥʠʭ: 

Scheme  [ P : TypeScheme, é , | Predicates ] 

ʅʘʧʨʠʢʣʘʜ: 

Month == jan | feb | mar | apr | may | jun | jul | aug | sep | oct | nov | dec 

Date == [ month : Month,  

                day : 1..31,  

                year : 1900..2100  

                |  

                             month {sep,apr,jun,nov} day 30 

                             month = feb  day  29  

               ] 

ʊʫʪ, ʩʭʝʤʘ ʟ ʽʤʝʥʝʤ Date ʟʘʜʘʻ ʤʥʦʞʠʥʫ ʢʘʣʝʥʜʘʨʥʠʭ ʜʘʪ ʟ ʧʝʚʥʦʛʦ ʧʨʦʤʽʞʢʫ 

ʯʘʩʫ. ʋ  ʧʨʝʜʠʢʘʪʥʽʡ ʯʘʩʪʠʥʽ ʥʘʢʣʘʜʘʶʪʴʩʷ ʦʙʤʝʞʝʥʥʷ ʥʘ ʢʽʣʴʢʽʩʪʴ ʜʽʙ ʫ 

ʤʽʩʷʮʽ. 

 ʫ ʚʠʟʥʘʯʝʥʥʷʭ: 

ʉʭʝʤʘ: [ Date | day = 31  month] ʟʘʜʘʻ ʤʥʦʞʠʥʫ: 

{ jan, mar, may, jul, aug, oct, dec},  ʤʽʩʷʮʽʚ ʫ ʷʢʠʭ ʢʽʣʴʢʽʩʪʴ ʜʽʙ ʜʦʨʽʚʥʶʻ 31. 

 ʫ ʧʨʝʜʠʢʘʪʘʭ: 

month: Month; day : Z; year : 1900..2100 Date day 1..31 

 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʭʝʤʘ ʤʘʻ ʪʘʢʫ ʩʪʨʫʢʪʫʨʫ: 

 

Scheme  = [ x1 : S1 ; é ; xn : Sn 

  xô 1 : S1 ; é ; xôn : Sn 

  i1? : T1 ; é ; im? : Tm 

  o 1! : U1 ; é ; op! : Up  

  | 

  Prek (i1 , é , im , x1 ,é, xn ) 

  Invl (x1 , é , xn ) 



 

 

  Invo (xô1 , é. , xôn) 

  Opj (i1 , é , im , x1 , é , xn , xô1 , é. , xôn , o1 , é. , op ) 

  ], 

ʜʝ  

x1 : S1 ; é ; xn : Sn  - ʟʤʽʥʥʽ ʩʪʘʥʫ ʜʦ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ, 

xô 1 : S1 ; é ; xôn : Sn  - ʟʤʽʥʥʽ ʩʪʘʥʫ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ, 

i1? : T1 ; é ; im? : Tm ï ʚʭʽʜʥʽ ʟʤʽʥʥʽ, 

o 1! : U1 ; é ; op! : Up ï ʚʠʭʽʜʥʽ ʟʤʽʥʥʽ, 

 

Prek ï ʧʨʝʜʠʢʘʪʠ, ʷʢʽ ʟʘʜʘʶʪʴ ʧʝʨʝʜʫʤʦʚʠ ʦʧʝʨʘʮʽʾ, 

Invl , Invo ï ʽʥʚʘʨʽʘʥʪʥʽ ʚʽʜʥʦʰʝʥʥʷ, ʷʢʽ ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ ʟʤʽʥʥʽ, 

Opj `- ʧʨʝʜʠʢʘʪʠ, ʷʢʽ ʟʘʜʘʶʪʴ ʦʧʝʨʘʮʽʶ, ʪʦʙʪʦ ʧʦʚôʷʟʫʶʪʴ ʧʦʪʦʯʥʠʡ ʪʘ ʥʘʩʪʫʧʥʠʡ 

ʩʪʘʥ ʩʠʩʪʝʤʠ 

ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʤʦʚʘ Z ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʧʝʮʠʬʽʢʘʮʽʾ ʩʠʩʪʝʤ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ 

ʪʨʘʥʟʠʮʽʡʥʠʭ ʤʦʜʝʣʷʭ. ɺ ʤʝʞʘʭ ʮʽʻʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʦʧʠʩʫʶʪʴʩʷ ʚ ʪʝʨʤʽʥʘʭ ʩʪʘʥʽʚ ʪʘ 

ʧʝʨʝʭʦʜʽʚ ʟ ʦʜʥʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʠʡ. ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʜʝʷʢʦʛʦ 

ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ ʪʘ ʧʨʦʜʦʚʞʫʻʪʴʩʷ (ʤʦʞʣʠʚʦ, ʥʝʩʢʽʥʯʝʥʥʦ ʜʦʚʛʦ) ʧʦʢʠ ʽʩʥʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʭʦʜʫ ʚ ʽʥʰʠʡ ʩʪʘʥ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʭʝʤ ʤʦʞʥʘ ʦʧʠʩʫʚʘʪʠ ʧʨʦʩʪʽʨ ʩʪʘʥʽʚ 

ʩʠʩʪʝʤʠ, ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʪʘ ʧʝʨʝʭʦʜʠ. ʇʝʨʝʭʦʜʠ ʟʘʜʘʶʪʴʩʷ ʜʝʢʣʘʨʘʪʠʚʥʦ ʫ ʬʦʨʤʽ 

ʧʝʨʝʜʫʤʦʚʘ-ʧʦʩʪʫʤʦʚʘ.  

ʇʨʠ ʪʘʢʦʤʫ ʪʣʫʤʘʯʝʥʥʽ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ʨʽʟʥʽ ʪʠʧʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʾʾ 

ʤʦʜʝʣʽ: ʮʠʢʣʶʚʘʥʥʷ, ʬʽʥʽʪʥʽʩʪʴ, ʜʝʪʝʨʤʽʥʦʚʘʥʽʩʪʴ, ʪʦʱʦ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʩʦʙʽʚ ʤʦʚʠ Z ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʩʧʝʮʠʬʽʢʫʚʘʪʠ ʪʘʢʠ ʘʩʧʝʢʪʠ 

ʤʦʜʝʣʝʡ ʪʨʘʥʟʠʮʽʡʥʠʭ ʩʠʩʪʝʤ:  

 ʧʨʦʩʪʽʨ ʩʪʘʥʽʚ (ʤʥʦʞʠʥʠ ʩʪʘʥʽʚ) ï StateSpace, 

 ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ï InitialState,  

 ʤʥʦʞʠʥʘ ʧʝʨʝʭʦʜʽʚ ï {Opi | i I}.  

ʅʘʧʨʠʢʣʘʜ: 

 ʇʨʦʩʪʽʨ ʩʪʘʥʽʚ: 

  Counter == [ value : N | value < 100 ]  

 ʇʦʯʘʪʢʦʚʠʡ ʩʪʘʥ 

  InitCounter == [ Counter | value = 0 ] 

 ʆʧʝʨʘʮʽʷ 

  Increment == [ Counter ; Counterô | valueô = value + 1] 



 

 

ʂʦʞʥʘ ʧʨʦʛʨʘʤʥʘ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʭʦʯʘ ʙ ʦʜʠʥ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ. ʊʦʤʫ, ʜʣʷ 

ʢʦʞʥʦʾ ʩʧʝʮʠʬʽʢʘʮʽʾ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʴ ʥʘʩʪʫʧʥʘ ʬʦʨʤʫʣʘ (ʪʝʦʨʝʤʘ ʚ Z): 

teInitialStaStateSpace  

ɼʣʷ ʥʘʚʝʜʝʥʦʛʦ ʧʨʠʢʣʘʜʫ: 

0100: valuevalueNvalue  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʚʘ Z ʤʘʻ ʪʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ: 

 ʉʪʘʥʠ ï ʤʥʦʞʠʥʘ ʩʪʨʦʛʦ ʪʠʧʽʟʦʚʘʥʠʭ ʟʤʽʥʥʠʭ (ʥʦʤʽʥʘʪʠʚʥʠʭ ʜʘʥʠʭ), ʟʘʜʘʻʪʴʩʷ 

ʩʭʝʤʘʤʠ ʚʠʛʣʷʜʫ:  

[ v1 : Type1 , é , vn : Typen | Constraints( v1 , é , vn ) ]  

st = { vi :  yi | yi Typei } , 

 ʇʝʨʝʭʦʜʠ ï ʟʘʜʘʶʪʴʩʷ ʩʭʝʤʘʤʠ ʦʧʝʨʘʮʽʡ:  

[ st , stô | Pre(st) , Op(st, stô) ], 

 ʄʦʚʘ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʚʽʜʩʫʪʥʷ, 

 ʌʦʨʤʫʣʠ ʥʘ ʩʪʘʥʘʭ ʟʘʜʘʶʪʴʩʷ ʩʭʝʤʘʤʠ ʚʠʛʣʷʜʫ: [st | P(st) ], 

 ʊʨʘʥʟʠʮʽʡʥʽ ʬʦʨʤʫʣʠ ʤʘʶʪʴ ʚʠʛʣʷʜ: Pre(st)  op (st, stô), ʪʘ ʟʘʜʘʶʪʴʩʷ ʩʭʝʤʘʤʠ 

ʧʝʨʝʭʦʜʽʚ, 

 ʆʧʝʨʘʪʦʨʠ ʜʣʷ ʩʧʝʮʠʬʽʢʘʮʽʾ ʪʝʤʧʦʨʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʩʫʪʥʽ. 

 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʭʦʯʘ ʩʭʝʤʠ ʻ ʽʥʪʝʛʨʘʣʴʥʦʶ ʯʘʩʪʠʥʦʶ ʤʦʚʠ, ʾʭ ʩʝʤʘʥʪʠʢʘ ʥʝ 

ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʦ ʚʠʚʯʝʥʘ [2]. ʆʜʠʥ ʟ ʧʽʜʭʦʜʽʚ ʜʦ ʟʘʚʜʘʥʥʷ ʩʝʤʘʥʪʠʢʠ ʩʭʝʤ ʦʧʝʨʫʻ 

ʧʦʥʷʪʪʷʤ ʧʽʜʩʪʘʥʦʚʢʠ (ʟʚôʷʟʫʚʘʥʥʷ). ʇʽʜʩʪʘʥʦʚʢʘ ʟʘʜʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʗʢʱʦ 

v1,é,vn ï ʽʤʝʥʘ, ʪʘ u1 ,é, un ï ʦʙôʻʢʪʠ ʪʠʧʽʚ t1,é,tn ʚʽʜʧʦʚʽʜʥʦ, ʪʦʜʽ ʽʩʥʫʻ ʧʽʜʩʪʘʥʦʚʢʘ 

nn uvuvz ,...,11  ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ z.vi ʨʽʚʥʠʤʠ vi ʚʽʜʧʦʚʽʜʥʦ. ʊʦʜʽ ʪʠʧ 

ʧʽʜʩʪʘʥʦʚʢʠ ʽʥʜʫʢʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: nn tvtvz :,...,: 11 . 

ʋ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦ-ʥʦʤʽʥʘʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʩʝʤʘʥʪʠʢʠ ʤʦʚʠ ʩʭʝʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʭʦʜʫ ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʩʝʤʘʥʪʠʢʫ 

ʬʦʨʤʘʣʴʥʦʾ ʤʦʚʠ ʥʘ ʧʽʜʩʪʘʚʽ ʻʜʠʥʦʾ ʤʝʪʦʜʦʣʦʛʽʯʥʦʾ ʧʣʘʪʬʦʨʤʠ. ʋ ʥʽʡ, ʩʪʘʥʠ ʩʠʩʪʝʤʠ 

ʦʧʠʩʫʪʁʴʩʷ ʥʦʤʽʥʘʪʠʚʥʠʤʠ ʜʘʥʠʤʠ, ʧʝʨʝʭʦʜʠ ʪʣʫʤʘʯʘʪʴʩʷ, ʷʢ ʥʦʤʽʥʘʪʠʚʥʽ ʦʧʝʨʘʮʽʾ 

(ʦʧʝʨʘʮʽʾ ʥʘʜ ʥʦʤʽʥʘʪʠʚʥʠʤʠ ʜʘʥʠʤʠ), ʷʢʽ ʚ̔ ʜʦʙʨʘʞʘʶʪʴ ʦʜʠʥ ʩʪʘʥ ʩʠʩʪʝʤʠ ʫ ʽʥʰʠʡ. 

ʆʧʝʨʘʮʽʾ ʙʫʜʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʟ ʙʘʟʦʚʠʭ ʚʽʜʦʙʨʘʞʝʥʴ. 

ʇʨʦʩʪʽʨ ʩʪʘʥʽʚ, ʤʥʦʞʠʥʫ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʥʽʚ ʪʘ ʦʧʝʨʘʮʽʾ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʩʭʝʤʠ: 

ʩʭʝʤʠ ʩʪʘʥʽʚ, ʩʭʝʤʠ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʪʘ ʩʭʝʤʠ ʦʧʝʨʘʮʽʡ.  



 

 

ʇʦʙʫʜʦʚʘ ʩʝʤʘʥʪʠʢʠ ʤʦʚʠ Z ʩʭʝʤ ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠʩʴ ʟ ʨʷʜʫ ʝʪʘʧʽʚ. ɿʛʽʜʥʦ 

ʧʨʠʥʮʠʧʫ ʨʦʟʚʠʪʢʫ ʢʦʤʧʦʟʠʮʽʡʥʦ-ʥʦʤʽʥʘʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʽʻʨʘʨʭʽʷ ʤʦʚ 

ʚʽʜ ʙʽʣʴʰ ʘʙʩʪʨʘʢʪʥʦʾ ʜʦ ʢʦʥʢʨʝʪʥʦʾ. ʅʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ ʙʫʜʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʘ ʩʝʤʘʥʪʠʢʘ. 

ʈʦʟʧʦʯʥʝʤʦ ʟ ʧʦʙʫʜʦʚʠ ʩʝʤʘʥʪʠʢʠ ʩʧʨʦʱʝʥʦʾ ʘʙʩʪʨʘʢʪʥʦʾ ʤʦʚʠ AZ (Abstract Z). ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʤʦʚʠ Z,  AZ ï ʙʫʜʝ ʙʝʟ ʪʠʧʦʚʦʶ ʤʦʚʦʶ. ʋʩʽ ʟʤʽʥʥʽ ʙʫʜʫʪʴ ʧʨʠʡʤʘʪʠ 

ʟʥʘʯʝʥʥʷ ʟ ʜʝʷʢʦʛʦ ʟʘʛʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʫʤʫ ʟʥʘʯʝʥʴ. ʆʧʝʨʘʮʽʾ ʜʽʶʪʴ ʥʘʜ ʫʩʽʤ ʩʪʘʥʦʤ 

ʩʠʩʪʝʤʠ. ʋ ʚʠʟʥʘʯʝʥʥʽ ʩʭʝʤ ʚʽʜʩʫʪʥʽ ʚʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ, ʘ ʪʘʢʦʞ ʣʦʢʘʣʴʥʽ 

ʟʤʽʥʥʽ. ɿʤʽʥʥʽ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʧʦʟʥʘʯʘʶʪʴʩʷ ʟʚʠʯʘʡʥʠʤ ʯʠʥʦʤ - x,y,z. ɿʤʽʥʥʽ ʩʪʘʥʫ 

ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʧʦʟʥʘʯʘʶʪʴʩʷ ʩʠʤʚʦʣʦʤ ': x' , y' , z'. ʊʦʜʽ, ʩʭʝʤʘ ʫ ʤʦʚʽ AZ  

ʙʫʜʝ ʤʘʪʠ ʥʘʩʪʫʧʥʠʡ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ:  

SchemaText  = StateSchemaText | InitSchemaText | OpSchemaText; 

ʅʘ ʟʤʽʥʥʽ ʩʪʘʥʫ ʦʙʤʝʞʝʥʥʷ ʥʝ ʥʘʢʣʘʜʘʶʪʴʩʷ: 

StateSchemaText = [ x1 ,é, xn | ];  

InitSchemaText = [ | Init(st) ]; 

OpSchemaText = [ | Pre(st); Op (st, st'); Post(st') ]; 

ʉʧʝʮʠʬʽʢʘʮʽʷ ʩʠʩʪʝʤʠ ʫ ʤʦʚʽ AZ ʙʫʜʝ ʩʢʣʘʜʘʪʠʩʴ: 

 ʽʟ ʩʭʝʤʠ StateSchemaText ï ʷʢʘ ʟʘʜʘʻ ʧʨʦʩʪʽʨ ʩʪʘʥʽʚ, 

 ʩʭʝʤʠ InitSchemaText ï ʷʢʘ ʚʠʟʥʘʯʘʻ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ, 

 ʪʘ ʜʦʚʽʣʴʥʦʾ ʩʢʽʥʯʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʭʝʤ OpSchemaText ï ʷʢʽ ʟʘʜʘʶʪʴ ʧʝʨʝʭʦʜʠ ʟ 

ʦʜʥʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʠʡ. 

ʂʦʞʥʘ ʩʠʥʪʘʢʩʠʯʥʦ ʧʨʘʚʠʣʴʥʘ ʩʧʝʮʠʬʽʢʘʮʽʷ ʟʘʜʘʻ ʧʝʚʥʫ ʪʨʘʥʟʠʮʽʡʥʫ ʩʠʩʪʝʤʫ, ʪʦʙʪʦ 

ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʽʻʾ ʤʦʜʝʣʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʷʚʣʷʪʠ ʧʦʤʠʣʢʠ ʫ ʩʧʝʮʠʬʽʢʘʮʽʾ ʥʘ ʩʝʤʘʥʪʠʯʥʦʤʫ ʨʽʚʥʽ. 

ʅʝʭʘʡ  V ï ʤʥʦʞʠʥʘ ʽʤʝʥ, U ï ʤʥʦʞʠʥʘ ʟʥʘʯʝʥʴ, D ï ʤʥʦʞʠʥʘ ʥʦʤʽʥʘʪʠʚʥʠʭ ʜʘʥʠʭ, 

Op - ʤʥʦʞʠʥʘ ʚʩʽʭ ʦʧʝʨʘʮʽʡ DD. 

ʊʦʜʽ, ʩʭʝʤʘ ʚʠʛʣʷʜʫ StateSchemeText ʟʘʜʘʻ ʧʨʦʩʪʽʨ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ. ʅʝʭʘʡ 

StateSchemeText=[x1 ,é, xn]. ʊʦʜʽ, ʧʨʦʩʪʽʨ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʟʘʜʘʻʪʴʩʷ ʤʥʦʞʠʥʦʶ 

ʥʦʤʽʥʘʪʠʚʥʠʭ ʜʘʥʠʭ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʽʩʪʠʪʴ ʟʤʽʥʥʽ ʟ ʽʤʝʥʘʤʠ x1 ,é, xn : 

SEMst : SchemaText Ÿ D. 

SEMst(StateSchemaText)=SEMst([x1 ,é, xn])={st | st  D { x1 ,é, xn} [st] } = 

StateSpace, ʜʝ [st] ï ʤʥʦʞʠʥʘ ʽʤʝʥ ʜʘʥʦʛʦ st. 

ʉʭʝʤʘ InitSchemaText ʟʘʜʘʻ ʤʥʦʞʠʥʫ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ: 

SEMst(InitSchemaText)=SEMst([|Init(st)]) = {st | st StateSpace init(st)}=INITIAL ,  



 

 

ʜʝ init(st) ï ʟʥʘʯʝʥʥʷ ʧʨʝʜʠʢʘʪʫ Init ʥʘ ʩʪʘʥʽ st. 

ʂʦʞʥʘ ʩʭʝʤʘ ʚʠʛʣʷʜʫ OpSchemaText ʟʘʜʘʻ ʦʧʝʨʘʮʽʶ ʧʝʨʝʭʦʜʫ ʦʜʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

ʚ ʽʥʰʠʡ: 

SEMop : SchemaText Ÿ (DD). 

SEMop(OpSchemaText)= SEMop([|Pre(st);Op(st,st');Post(st')])={(st,st') | stStateSpace 

 st' StateSpace pre(st) op(st,st') post(st')} 

ɿʘʜʘʤʦ ʪʝʧʝʨ ʩʝʤʘʥʪʠʢʫ ʩʧʝʮʠʬʽʢʘʮʽʾ: 

SEMTS (SpecificationText) =  

SEMTS (StateSchemaText, InitSchemaText, OpSchemaText1,é,OpSchemaTextk)  =   

(SEMst(StateSchemaText), stSEMst(InitSchemaText),  

{(st,st')  SEMop(OpSchemaTexti) | i {1,..,k}}) =  

(StateSpace , P(st) , {Opi(st,st') | i {1,..,k}} )  =  TS 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʧʦ ʬʦʨʤʘʣʴʥʦʤʫ ʦʧʠʩʫ ʩʧʝʮʠʬʽʢʘʮʽʾ 

ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʾʾ ʪʨʘʥʟʠʮʽʡʥʫ ʤʦʜʝʣʴ.  

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʨʽʚʥʽ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʪʠʧʽʟʦʚʘʥʫ ʤʦʚʫ Typed AZ. ʎʝ ʤʦʚʘ ʙʽʣʴʰ 

ʢʦʥʢʨʝʪʥʦʛʦ ʨʽʚʥʷ. ɺ ʥʽʡ ʥʘ ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʾ ʟʤʽʥʥʦʾ ʙʫʜʫʪʴ ʥʘʢʣʘʜʝʥʽ ʜʦʜʘʪʢʦʚʽ 

ʦʙʤʝʞʝʥʥʷ. ʆʙʤʝʞʝʥʥʷ ʙʫʜʫʪʴ ʤʘʪʠ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ: xT. ɼʝ x ï ʮʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ 

ʟ ʽʤʝʥʝʤ x, ʘ T ï ʜʝʷʢʘ ʤʥʦʞʠʥʘ. ʄʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ T ï ʮʝ ʥʦʩʽʡ ʜʝʷʢʦʛʦ ʪʠʧʫ ʟ ʽʤʝʥʝʤ 

T. 

ʉʠʥʪʘʢʩʠʯʥʽ ʟʤʽʥʠ ʫ ʤʦʚʽ ʥʝ ʜʦʩʠʪʴ ʩʫʪʪʻʚʽ: 

StateSchemaText = [ x1 : T1 ,é, xn : Tn ]; 

ʅʘ ʩʝʤʘʥʪʠʯʥʦʤʫ ʨʽʚʥʽ ʟʤʽʥʠ ʙʫʜʫʪʴ ʙʽʣʴʰ ʩʫʪʪʻʚʠʤʠ. ɺʦʥʠ ʥʘʢʣʘʜʫʪʴ ʦʙʤʝʞʝʥʥʷ 

ʥʘ ʧʨʦʩʪʽʨ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ: 

SEMst : SchemaText Ÿ D. 

SEMst(StateSchemaText)=SEMst([x1:T1 ,é, xn:Tn])={st | st D  {x 1 ,é, xn} [st]  

:}..1{ ni st(xi) Ti } = StateSpace. 

ʆʙʤʝʞʝʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ ʧʨʦʩʪʽʨ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʙʫʜʝ ʤʘʪʠ ʨʷʜ ʧʝʨʝʚʘʛ ʚʘʞʣʠʚʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ɻʦʣʦʚʥʦʶ ʟ ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʫʜʝ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʢʦʥʪʨʦʣʴ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʟʤʽʥʠʭ ʫ ʩʪʘʥʽ ʩʠʩʪʝʤʠ.   

ʋ ʙʽʣʴʰ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʤʘʻʤʦ: 

SEMst : SchemaText Ÿ D. 

SEMst(SchSp) = SEMst( [Declaration | Predicates ] )= SEMst([x1 : S1 ; é ; xn : Sn | Pi( x ), 

i I])= {[x 1
:u1 , é , xn

:un] | ui Si , i {1..n}, Pj (u1 ,é, un) = True , j I }  



 

 

{[x 1
:u1 , é , xn

:un] | ui Si , i {1..n}, P1(u1,é,un) é Pk(u1,é,un), I={1,é,k} }. 

ʉʭʝʤʠ ʚʠʛʣʷʜʫ [x1 : S1 ; é ; xn : Sn | Pi( x ), i I] ʥʘʜʘʣʽ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʩʭʝʤʘʤʠ-

ʚʠʟʥʘʯʝʥʥʷʤʠ. ʉʭʝʤʠ-ʚʠʟʥʘʯʝʥʥʷ ʫ ʢʦʤʧʦʟʠʮʽʡʥʦ-ʥʦʤʽʥʘʪʠʚʥʽʡ ʩʝʤʘʥʪʠʮʽ ʚʠʟʥʘʯʘʶʪʴ 

ʥʦʤʽʥʘʪʠʚʥʫ ʤʥʦʞʠʥʫ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʧʨʦʩʪʦʨʫ ʩʪʘʥʽʚ ʪʘ ʩʢʣʘʜʥʠʭ 

ʪʠʧʽʚ ʜʘʥʠʭ. 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʛʣʷʜʫ ʥʘʩʪʫʧʥʦʛʦ ʪʠʧʫ ʩʭʝʤ: 

SEMini : SchemaText Ÿ D. 

SEMini(SchIni)=SEMini([Declaration|Predicates])=SEMini([x1:S1;é;xn:Sn | Pi(x1,é, xn), 

i I]) ={ st | st  ũ  Pi (st(x1), ... ,st(xn)) ), i I }. 

ʉʭʝʤʠ ʚʠʛʣʷʜʫ ([x1:S1;é;xn:Sn | Pi(x1,é, xn), i I]) ʥʘʟʠʚʘʶʪʴʩʷ ʩʭʝʤʘʤʠ-

ʽʥʽʮʽʘʣʽʟʘʪʦʨʘʤʠ. ʉʭʝʤʠ-ʽʥʽʮʽʘʣʽʟʘʪʦʨʠ ʟʘʜʘʶʪʴ ʤʥʦʞʠʥʫ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ.   

ɿʘʣʠʰʘʻʪʴʩʷ ʱʝ ʦʜʠʥ ʪʠʧ ʩʭʝʤ. ʎʝ ʩʭʝʤʠ-ʦʧʝʨʘʮʽʾ ʚʠʛʣʷʜʫ:  

([x1:S1 ; é ; xn:Sn; x1ô:S1;é;xnô:Sn | Pi(x1 ,é, xn x1ô,é, xnô), iI]). 

 ʉʭʝʤʠ ʦʧʝʨʘʮʽʾ ʚʠʟʥʘʯʘʶʪʴ ʤʥʦʞʠʥʫ ʩʪʘʥʽʚ ʫ ʷʢʽ ʤʦʞʝ ʧʝʨʝʡʪʠ ʩʠʩʪʝʤʘ ʟ 

ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

SEMop : SchemaText Ÿ (DŸD). 

SEMop(SchOper)=SEMop([Declaration|Predicates])=SEMop([x1:S1;é;xn:Sn;x1ô:S1;é; 

xnô:Sn | Pi(x1 ,é, xn x1ô,é, xnô), iI])= | P1(x1 ,é, xn x1ô,é, xnô) é.Pk(x1 ,é, xn x1ô,é, 

xnô)= 

=Q(x1 ,é, xn x1ô,é, xnô)=Q1(x1 ,é, xn)  Q2(x1 ,é, xn, x1ô,é, xnô)Q3(x1ô,é, xnô) | = 

={ s | s stô  Q(st(x1), ... ,st(xn), s(x1), ... ,s(xn)) }=Op(st). 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʝʤʘʥʪʠʢʘ ʩʭʝʤ ʟʘʜʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

SEMsh(Schema)= 

 

ʉʧʝʮʠʬʽʢʘʮʽʷ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʪʠʧʽʚ ʦʙôʻʢʪʽʚ ï ʩʭʝʤ-ʩʪʘʥʽʚ, ʩʭʝʤ-

ʦʧʝʨʘʮʽʡ, ʩʭʝʤ-ʽʥʽʮʽʘʣʽʟʘʪʦʨʽʚ ʪʘ ʘʢʩʽʦʤʘʪʠʯʥʠʭ ʚʠʟʥʘʯʝʥʴ. ɸʢʩʽʦʤʘʪʠʯʥʽ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʜʽʙʥʽ ʜʦ ʩʭʝʤ ʩʪʘʥʽʚ ï ʚʦʥʠ ʚʚʦʜʷʪʴ ʥʦʚʽ ʟʤʽʥʥʽ ʪʘ ʥʘʢʣʘʜʘʶʪʴ ʥʘ ʥʠʭ ʦʙʤʝʞʝʥʥʷ. 

ɿʥʘʯʝʥʥʷ ʮʠʭ ʟʤʽʥʥʠʭ ʥʝ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. ɸʢʩʽʦʤʘʪʠʯʥʽ 

ʚʠʟʥʘʯʝʥʥʷ ʟʘʜʘʶʪʴ ʢʦʥʩʪʘʥʪʠ. 



 

 

ʗʢ ʫʞʝ ʙʫʣʦ ʩʢʘʟʘʥʦ ʩʧʝʮʠʬʽʢʘʮʽʷ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʙʦʨʫ ʧʘʨʘʛʨʘʬʽʚ Z, 

ʧʘʨʘʛʨʘʬ ï ʮʝ ʘʙʦ ʜʝʢʣʘʨʫʚʘʥʥʷ ʥʦʚʦʛʦ ʪʠʧʫ, ʘʙʦ ʘʢʩʽʦʤʘʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ, ʘʙʦ ʩʭʝʤʘ, 

ʘʙʦ ʢʦʤʝʥʪʘʨʽ. ʂʦʤʝʥʪʘʨʽ ʥʝ ʤʘʶʪʴ ʬʦʨʤʘʣʴʥʦʛʦ ʩʝʤʘʥʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʪʦʤʫ ʚʦʥʠ ʥʝ 

ʙʫʜʫʪʴ ʧʨʠʡʤʘʪʠʩʴ ʜʦ ʫʚʘʛʠ. 

ʇʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʠʬʽʢʘʮʽʾ ʪʘ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ. ʇʦʩʪʘʻ 

ʟʘʜʘʯʘ ʾʾ ʘʥʘʣʽʟʫ ʪʘ ʜʦʚʝʜʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺʣʘʩʪʠʚʦʩʪʽ ʬʦʨʤʫʣʶʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʪʝʦʨʝʤ ʜʝʷʢʦʾ ʘʢʩʽʦʤʘʪʠʯʥʦʾ ʪʝʦʨʽʾ. ʋ ʢʣʘʩʠʯʥʦʤʫ ʚʘʨʽʘʥʪʽ ï ʮʝ ʪʝʦʨʽʷ ʤʥʦʞʠʥ 

ʎʝʨʤʝʣʦ-ʌʨʝʥʢʝʣʷ. ɼʘʣʽ ʜʦʚʝʜʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʨʘʤʢʘʭ ʮʽʻʾ ʪʝʦʨʽʾ, ʘʣʝ ʪʘʢʠʡ ʧʽʜʭʽʜ 

ʩʣʘʙʢʦ ʚʨʘʭʦʚʫʻ ʩʧʝʮʠʬʽʢʫ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪ.̔ ʇʨʦʙʣʝʤʠ, ʷʢʽ ʧʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʶʪʴ 

ʘʥʘʣʽʟʫʶʪʴʩʷ ʚ ʨʦʙʦʪʽ [7]. 

ʋ ʥʘʩʪʫʧʥʠʭ ʨʦʙʦʪʘʭ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʴ ʜʦʩʣʽʜʞʝʥʥ ̫ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʝʜʠʢʘʪʽʚ, ʱʦ 

ʟʘʜʘʶʪʴ ʦʧʝʨʘʮʽʾ, ʧʦʙʫʜʦʚʽ ʪʘ ʘʥʘʣʽʟʽ ʚʽʜʧʦʚʽʜʥʠʭ ʣʦʛʽʢ. ɺʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʢʣʘʩʽʚ 

ʟʤʽʥʥʠʭ, ʟʦʢʨʝʤʘ ʣʦʢʘʣʴʥʠʭ ʚʠʟʥʘʯʝʥʴ. ɼʦʩʣʽʜʞʝʥʥʽ ʩʝʤʘʥʪʠʯʥʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʨʽʟʥʠʤʠ 

ʨʽʚʥʷʤʠ ʤʦʚʠ, ʨʦʟʨʦʙʣʝʥʥʽ ʟʘʩʦʙʽʚ ʜʦʚʝʜʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ Z-ʩʧʝʮʠʬʽʢʘʮʽʡ.  
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