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ɘɥɢɹ Ȼɚɛɢɱ, ɇɢɤɨɥɚɣ Ȼɚɛɢɱ, ȿɥɟɧɚ ɉɚɜɥɵɲɤɨ, ȼɢɤɬɨɪɢɹ ɇɚɤɨɧɟɱɧɚɹ 

ɂɋɋɅȿȾɈȼȺɇɂȿ ȾȿɌȿɊɆɂɇɂɊɈȼȺɇɇɕɏ ɊȿȽɍɅəɊɇɕɏ ȼɕɊȺɀȿɇɂɃ  
ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ ɋɌɊɍɄɌɍɊɕ ȾȺɇɇɕɏ XML-ɌɂɉȺ 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɨɜɟɞёɧ ɝɥɭɛɨɤɢɣ ɚɧɚɥɢɡ ɛɨɥɶɲɨɝɨ ɧɚɛɨɪɚ ɞɚɧɧɵɯ ɫ ɩɨ-
ɦɨɳɶɸ ɩɨɢɫɤɨɜɵɯ ɫɢɫɬɟɦ ɢ ɯɨɫɬɢɧɝɨɜɵɯ ɩɥɚɬɮɨɪɦ. ɂɫɩɨɥɶɡɨɜɚɧɵ ɱɟɬɵɪɟ ɫɬɪɚɬɟɝɢɢ ɫɛɨɪɚ ɞɚɧɧɵɯ: ɚɧɚɥɢɡ ɩɨɢɫɤɨ-
ɜɨɣ ɫɢɫɬɟɦɵ Google, ɫɤɚɧɢɪɨɜɚɧɢɟ ɚɞɪɟɫɧɨɝɨ ɩɭɬɢ, ɚɧɚɥɢɡ ɜɟɛ-ɫɚɣɬɨɜ, ɩɨɢɫɤ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɮɚɣɥɨɜ-ɫɯɟɦ ɢɡ ɫɟɬɢ ɂɧɬɟɪɧɟɬ. ɉɨɥɭɱɢɥ ɞɚɥɶɧɟɣɲɟɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɚɛɨɪ ɞɚɧɧɵɯ 
ɞɥɹ ɢɡɭɱɟɧɢɹ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɯ ɪɟɝɭɥɹɪɧɵɯ ɜɵɪɚɠɟɧɢɣ.  

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ. ɋɨɜɪɟɦɟɧɧɵɟ ɹɡɵɤɢ ɨɩɢɫɚɧɢɹ ɫɬɪɭɤɬɭɪ ɞɚɧɧɵɯ XML-ɬɢɩɚ ɬɪɟɛɭɸɬ ɩɪɢɦɟɧɟɧɢɟ ɞɟɬɟɪ-
ɦɢɧɢɪɨɜɚɧɧɵɯ ɪɟɝɭɥɹɪɧɵɯ ɜɵɪɚɠɟɧɢɣ, ɩɨɡɜɨɥɹɸɳɢɯ ɫɱɢɬɵɜɚɬɶ ɫɬɪɨɤɢ ɩɨɫɢɦɜɨɥɶɧɨ. ɉɨɷɬɨɦɭ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɚɧɧɵɯ 
ɜɵɪɚɠɟɧɢɣ ɩɨɡɜɨɥɢɬ ɭɫɤɨɪɢɬɶ ɩɪɨɰɟɫɫ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɢ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɬɨɱɧɵɣ ɪɟɡɭɥɶɬɚɬ. 

Ⱥɧɚɥɢɡ ɩɨɫɥɟɞɧɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɭɛɥɢɤɚɰɢɣ. ɉɪɨɜɟɞёɧɧɵɣ ɚɧɚɥɢɡ ɫɨɜɪɟɦɟɧɧɵɯ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɢ 
ɩɭɛɥɢɤɚɰɢɣ ɧɚ ɞɚɧɧɭɸ ɬɟɦɚɬɢɤɭ ɩɨɤɚɡɚɥ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɢɡ ɧɢɯ ɢɫɩɨɥɶɡɭɸɬ ɧɟɛɨɥɶɲɢɟ ɨɛɴёɦɵ ɞɚɧɧɵɯ, ɱɬɨ ɹɜɥɹ-
ɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɚɧɚɥɢɡɚ. 

ȼɵɞɟɥɟɧɢɟ ɧɟɢɫɫɥɟɞɨɜɚɧɧɵɯ ɱɚɫɬɟɣ ɨɛɳɟɣ ɩɪɨɛɥɟɦɵ. Ⱦɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɚɧɚɥɢɡ ɞɚɧɧɵɯ ɢɡ ɫɟɬɢ ɂɧɬɟɪɧɟɬ 
ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɛɨɥɶɲɨɣ ɧɚɛɨɪ ɞɚɧɧɵɯ ɢ ɱɟɬɵɪɟ ɫɬɪɚɬɟɝɢɢ ɟɝɨ ɫɛɨɪɚ ɢ ɚɧɚɥɢɡɚ. 

ɐɟɥɶɸ ɧɚɩɢɫɚɧɢɹ ɞɚɧɧɨɣ ɫɬɚɬɶɢ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɯ ɪɟɝɭɥɹɪɧɵɯ ɜɵɪɚɠɟɧɢɣ, ɤɨɬɨɪɵɟ 
ɜɫё ɱɚɳɟ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɫɬɪɭɤɬɭɪɚɯ ɞɚɧɧɵɯ XML- ɬɢɩɚ.  

ɂɡɥɨɠɟɧɢɟ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɋɚɡɪɚɛɨɬɤɚ ɱɟɬɵɪёɯ ɫɬɪɚɬɟɝɢɣ ɫɛɨɪɚ ɞɚɧɧɵɯ ɜ ɫɟɬɢ ɂɧɬɟɪɧɟɬ ɞɚɥɚ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɩɨɥɭɱɢɬɶ ɛɨɥɶɲɟ XML-ɫɯɟɦ, ɱɬɨ ɜ 35 ɪɚɡ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɪɚɧɟɟ ɩɪɨɜɟɞёɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ. ɉɪɢɦɟɧɟɧɢɟ 
ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɯ ɪɟɝɭɥɹɪɧɵɯ ɜɵɪɚɠɟɧɢɣ ɜ ɰɟɥɨɦ ɢ ɢɯ ɩɨɞɤɥɚɫɫɨɜ ɞɥɹ ɚɧɚɥɢɡɚ ɛɨɥɶɲɢɯ ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ. 

ȼɵɜɨɞɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɬɶɟɣ. ȼɩɟɪɜɵɟ ɩɪɢɦɟɧɟɧɵ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɟ ɪɟɝɭɥɹɪɧɵɟ ɜɵɪɚɠɟɧɢɹ ɫ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ ɫɬɪɭɤɬɭɪɵ ɞɚɧɧɵɯ XML- ɬɢɩɚ. ɉɨɥɭɱɟɧ ɛɨɥɶɲɨɣ ɨɛɴёɦ ɞɚɧɧɵɯ – 276371 ɮɚɣɥɨɜ ɫ ɩɨɦɨɳɶɸ ɱɟɬɵɪёɯ ɫɬɪɚ-
ɬɟɝɢɣ ɢɯ ɫɛɨɪɚ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɧɚɛɨɪ ɞɚɧɧɵɯ; ɪɟɝɭɥɹɪɧɵɟ ɜɵɪɚɠɟɧɢɹ; ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɟ ɪɟɝɭɥɹɪɧɵɟ ɜɵɪɚɠɟɧɢɹ; XML-ɬɢɩ. 
Ɋɢɫ.: 4. Ɍɚɛɥ.: 3. Ȼɢɛɥ.: 10. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ⱥɧɚɥɢɡ ɛɨɥɶɲɢɯ ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ ɜ ɫɨɜɪɟɦɟɧ-
ɧɨɦ ɦɢɪɟ ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟɧɢɹ ɧɨɜɵɯ ɫɬɪɚɬɟɝɢɣ ɢɯ ɫɛɨɪɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɝɭɥɹɪɧɵɯ ɜɵ-
ɪɚɠɟɧɢɣ (Ɋȼ), ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦɢ ɜ ɹɡɵɤɚɯ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɩɨɢɫ-
ɤɨɜɵɯ ɫɢɫɬɟɦɚɯ, ɭɬɢɥɢɬɚɯ ɨɛɪɚɛɨɬɤɢ ɬɟɤɫɬɚ, ɡɚɩɪɨɫɚɯ ɜ ɛɚɡɚɯ ɞɚɧɧɵɯ ɢ ɬ. ɞ. [1], ɨɤɚɡɚɥɨɫɶ 
ɧɟɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɛɨɥɶɲɢɯ ɨɛɴёɦɨɜ ɞɚɧɧɵɯ, ɩɨɷɬɨɦɭ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɟɬɟɪ-
ɦɢɧɢɪɨɜɚɧɧɵɯ ɪɟɝɭɥɹɪɧɵɯ ɜɵɪɚɠɟɧɢɣ (ȾɊȼ). 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɡɵɤ ɪɚɡɦɟɬɤɢ XML ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬ 
ȾɊȼ ɞɥɹ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ ɜ ɫɟɬɢ. ɋɬɪɭɤɬɭɪɵ ɞɚɧɧɵɯ XML ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɯɟɦɚɦɢ, ɤɨɬɨ-
ɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɦɧɨɠɟɫɬɜɨ ɭɞɨɛɫɬɜ ɢ ɩɪɟɢɦɭɳɟɫɬɜ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɬɚɤɢɯ 
ɤɚɤ ɨɛɪɚɛɨɬɤɚ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɢɧɬɟɝɪɚɰɢɹ ɞɚɧɧɵɯ, ɫɬɚɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɬɪɚɧɫɮɨɪɦɚɰɢɣ 
ɢ ɞɪ. ɋɪɟɞɢ ɩɨɩɭɥɹɪɧɵɯ ɹɡɵɤɨɜ ɨɩɢɫɚɧɢɹ ɫɬɪɭɤɬɭɪɵ XML-ɞɨɤɭɦɟɧɬɚ ɜɵɞɟɥɹɸɬ DTD ɢ 
XSD, ɤɨɬɨɪɵɟ ɪɟɤɨɦɟɧɞɨɜɚɧɵ Ʉɨɧɫɨɪɰɢɭɦɨɦ World Wide Web (W3C) [1]. Ɉɞɧɢɦ ɢɡ ɨɫ-
ɧɨɜɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɦɨɞɟɥɹɦ ɤɨɧɬɟɧɬɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɵɯ ɹɡɵɤɨɜ ɪɚɡɦɟɬɤɢ ɹɜ-
ɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ȾɊȼ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɫɱɢɬɵɜɚɬɶ ɜɯɨɞɧɭɸ ɫɬɪɨɤɭ ɩɨɫɢɦɜɨɥɶɧɨ ɫɥɟɜɚ 
ɧɚɩɪɚɜɨ, ɧɟ ɜɨɡɜɪɚɳɚɹɫɶ ɧɚɡɚɞ. Ɉɞɧɢɦ ɢɡ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɹ ɬɚɤɢɯ ɜɵɪɚɠɟɧɢɣ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɣ ɫɢɧɬɚɤɫɢɱɟɫɤɢɣ ɚɧɚɥɢɡ.  

Ⱥɧɚɥɢɡ ɩɨɫɥɟɞɧɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɭɛɥɢɤɚɰɢɣ. ɉɪɨɜɨɞɢɦɵɟ ɪɚɧɟɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫ-
ɩɨɥɶɡɨɜɚɥɢ ɩɨɪɹɞɤɚ 100 XSD/DTD ɫɯɟɦ [2], ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɚɧɚɥɢɡɚ ɛɨɥɶɲɢɯ ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ. ȼ ɧɚɲɟɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɜɫɟ ɞɚɧɧɵɟ ɩɨɥɭɱɟɧɵ ɢɡ ɪɟɩɨ-
ɡɢɬɨɪɢɹ Ɋȼ RegExLib, ɹɡɵɤɚ Relax NG, XSD ɢ DTD [3] – ɷɬɨ ɨɫɧɨɜɧɨɣ ɪɟɩɨɡɢɬɨɪɢɣ Ɋȼ, 
ɞɨɫɬɭɩɧɵɣ ɜ ɂɧɬɟɪɧɟɬɟ, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɧɟɫɤɨɥɶɤɨ ɜɢɞɨɜ ɜɵɪɚɠɟɧɢɣ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɢɹ 
URI, ɤɨɞɭ ɪɚɡɦɟɬɤɢ, ɮɪɚɝɦɟɧɬɚɦ ɤɨɞɚ Java, SQL-ɡɚɩɪɨɫɚɦ, ɫɩɚɦɭ ɢ ɬ. ɞ. Ⱦɪɭɝɨɟ ɧɚɩɪɚɜɥɟ-
ɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɞɚɧɧɨɣ ɫɮɟɪɟ ɩɪɢɦɟɧɹɟɬ ɩɨɩɭɥɹɪɧɭɸ ɫɯɟɦɭ ɹɡɵɤɚ XML – ɷɬɨ ɹɡɵɤ 
Regular Language ɞɥɹ XML ɫɥɟɞɭɸɳɟɝɨ ɩɨɤɨɥɟɧɢɹ. ɋɩɟɰɢɮɢɤɚɰɢɹ W3C ɬɪɟɛɭɟɬ, ɱɬɨɛɵ 
ɫɨɞɟɪɠɢɦɨɟ ɦɨɞɟɥɢ DTD ɢ XSD ɛɵɥɨ ȾɊȼ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɹɡɵɤɟ Relax NG ɢ RegExLib 
ɧɟɬ ɨɝɪɚɧɢɱɟɧɢɣ ɞɟɬɟɪɦɢɧɢɡɦɚ. ɉɨɫɤɨɥɶɤɭ ɢ XSD, ɢ RegExLib ɩɨɞɞɟɪɠɢɜɚɸɬ ɬɚɤɨɣ ɜɢɞ 
ɨɩɟɪɚɬɨɪɚ, ɤɚɤ «ɫɱёɬɱɢɤ», ɨɧɢ ɢ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɨɜ ɞɥɹ ɢɡɭɱɟɧɢɹ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ȾɊȼ ɜ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ. 

 Ȼɚɛɢɱ ɘ. ȱ., Ȼɚɛɢɱ Ɇ. ȱ., ɉɚɜɥɢɲɤɨ Ɉ. Ƚ., ɇɚɤɨɧɟɱɧɚ ȼ. ȱ., 2020 
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ȼɵɞɟɥɟɧɢɟ ɧɟɢɫɫɥɟɞɨɜɚɧɧɵɯ ɱɚɫɬɟɣ ɨɛɳɟɣ ɩɪɨɛɥɟɦɵ. Ⱦɥɹ ɫɛɨɪɚ ɞɚɧɧɵɯ ɛɵɥɢ ɢɫ-
ɩɨɥɶɡɨɜɚɧɵ ɱɟɬɵɪɟ ɫɬɪɚɬɟɝɢɢ: 

- ɚɧɚɥɢɡ ɩɨɢɫɤɨɜɨɣ ɫɢɫɬɟɦɵ Google. Ⱦɥɹ ɩɨɢɫɤɚ URL-ɚɞɪɟɫɨɜ ɫ ɩɨɦɨɳɶɸ ɩɨɢɫɤɨɜɨɣ 
ɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦɵ ɬɟɤɫɬɨɜɵɟ ɮɚɣɥɵ XML-ɫɯɟɦ. ɂɫɩɨɥɶɡɨɜɚɥɢɫɶ API ɩɨɢɫɤɨɜɨɣ ɫɢ-
ɫɬɟɦɵ Google ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɫɭɪɫɨɜ, ɮɚɣɥɨɜɵɯ ɢɧɫɬɪɭɤɰɢɣ ɢ ɫɚɣɬɨɜ ɫ URL-ɚɞɪɟɫɚɦɢ 
DTD, XSD ɢ Relax NG. ȼɨ ɜɪɟɦɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɨɯɪɚɧɹɥɢɫɶ URL-ɚɞɪɟɫɚ XSD, DTD, 
Relax NG ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɨɤɭɦɟɧɬɚɯ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɭɞɚɥɹɥɢɫɶ ɩɨɜɬɨɪɹɸɳɢɟɫɹ 
URL-ɚɞɪɟɫɚ. ɉɪɢ ɡɚɝɪɭɡɤɟ ɮɚɣɥɚ ɫɯɟɦɵ ɛɵɥɚ ɫɨɡɞɚɧɚ ɢɟɪɚɪɯɢɹ ɩɚɩɨɤ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
URL-ɤɚɬɚɥɨɝɨɦ, ɢ ɤɚɠɞɚɹ ɢɡ ɩɚɩɨɤ ɫɨɯɪɚɧɟɧɚ ɥɨɤɚɥɶɧɨ. ɉɪɟɢɦɭɳɟɫɬɜɨ ɞɚɧɧɨɣ ɫɬɪɚɬɟɝɢɢ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ, ɤɨɝɞɚ ɮɚɣɥ ɫɯɟɦɵ XML ɨɲɢɛɨɱɟɧ ɢɥɢ ɧɟɨɞɧɨɡɧɚɱɟɧ, ɬɨ ɦɨɠɧɨ 
ɨɬɫɥɟɞɢɬɶ ɟɝɨ URL ɜ ɫɟɬɢ ɂɧɬɟɪɧɟɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɨɯɪɚɧɟɧɧɵɦ ɤɚɬɚɥɨɝɨɦ ɢ ɩɪɨɜɟ-
ɪɢɬɶ ɟɝɨ. ɗɬɨɬ ɩɪɢɧɰɢɩ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɫɥɟɞɭɸɳɢɯ ɬɪɟɯ ɫɬɪɚɬɟɝɢɹɯ; 

- ɫɤɚɧɢɪɨɜɚɧɢɟ ɚɞɪɟɫɧɨɝɨ ɩɭɬɢ. ɇɚɩɪɢɦɟɪ, ɡɚɞɚɧ ɧɚɱɚɥɶɧɵɣ URL-ɚɞɪɟɫ: 
http://52north.org/schema/users/1.0/users.xsd, ɛɭɞɟɬ ɜɵɩɨɥɧɟɧ ɨɛɯɨɞ 52north.org, 
52north.org/schema, 52north.org/schema/users ɢ 52north.org/schema/users/1.0. Ⱦɚɧɧɚɹ ɫɬɪɚ-
ɬɟɝɢɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɭɬɢ ɨɱɟɧɶ ɷɮɮɟɤɬɢɜɧɚ ɜ ɩɨɢɫɤɟ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɪɟɫɭɪɫɨɜ ɢɥɢ ɢɫɬɨɱ-
ɧɢɤɨɜ, ɞɥɹ ɤɨɬɨɪɵɯ ɧɟɜɨɡɦɨɠɧɨ ɧɚɣɬɢ ɫɫɵɥɤɭ ɩɪɢ ɪɟɝɭɥɹɪɧɨɦ ɨɛɯɨɞɟ; 

- ɚɧɚɥɢɡ ɜɟɛ-ɫɚɣɬɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɢɫɬɨɱɧɢɤ http://repo1.maven.org 
(Maven2), ɜ ɤɨɬɨɪɨɦ ɧɟɤɨɬɨɪɵɟ URL-ɚɞɪɟɫɚ ɫɤɪɵɬɵ ɜ JAR/ZIP-ɮɚɣɥɚɯ ɢ ɩɨɷɬɨɦɭ ɧɟ ɦɨ-
ɝɭɬ ɛɵɬɶ ɧɚɣɞɟɧɵ ɱɟɪɟɡ ɩɨɢɫɤɨɜɵɟ ɫɢɫɬɟɦɵ. Ⱦɚɧɧɵɟ ɮɚɣɥɵ ɡɚɝɪɭɠɚɸɬɫɹ ɤɚɤ ɚɪɯɢɜɵ JAR 
ɢ ZIP, ɚ ɡɚɬɟɦ ɢɡɜɥɟɤɚɸɬɫɹ ɥɨɤɚɥɶɧɨ. Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɮɢɥɶɬɪɚɰɢɹ ɮɚɣɥɨɜ ɞɪɭɝɢɯ ɬɢ-
ɩɨɜ, ɩɪɢ ɷɬɨɦ ɫɨɯɪɚɧɹɸɬɫɹ ɬɨɥɶɤɨ XSD, DTD ɢ Relax NG; 

- ɩɨɢɫɤ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɮɚɣɥɨɜ-ɫɯɟɦ ɢɡ 
ɫɟɬɢ ɂɧɬɟɪɧɟɬ. ɍ ɤɚɠɞɨɝɨ ɫɚɣɬɚ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɧɵɟ ɮɚɣɥɵ ɫɯɟɦ, ɧɚɩɪɢɦɟɪ, Relax NG 
ɢɦɟɟɬ ɢ XSD, ɢ DTD ɫɯɟɦɵ, ɩɨɷɬɨɦɭ ɛɵɥ ɩɪɨɜɟɞёɧ ɩɟɪɟɤɪёɫɬɧɵɣ ɩɨɢɫɤ. ɗɬɨɬ ɦɟɬɨɞ ɞɨ-
ɤɚɡɚɥ ɫɜɨɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜ ɧɚɲɟɦ ɢɫɫɥɟɞɨɜɚɧɢɢ, ɩɨɫɤɨɥɶɤɭ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɞɨɫɬɭɩ ɤ 
ɛɨɥɶɲɨɦɭ ɤɨɥɢɱɟɫɬɜɭ URL-ɚɞɪɟɫɨɜ ɢ ɮɚɣɥɚɦ ɫɯɟɦ. 

ɐɟɥɶɸ ɧɚɩɢɫɚɧɢɹ ɞɚɧɧɨɣ ɫɬɚɬɶɢ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ȾɊȼ, ɤɨɬɨɪɵɟ ɜɫё ɱɚɳɟ ɩɪɢ-
ɦɟɧɹɸɬɫɹ ɜ ɛɨɥɶɲɢɯ ɧɚɛɨɪɚɯ ɞɚɧɧɵɯ ɢ ɫɬɪɭɤɬɭɪɚɯ ɞɚɧɧɵɯ XML-ɬɢɩɚ.  

ɂɡɥɨɠɟɧɢɟ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ Ʉɨɧɫɨɪɰɢɭɦ ɜɫɟɦɢɪɧɨɣ ɩɚɭ-
ɬɢɧɵ W3C ɬɪɟɛɭɟɬ, ɱɬɨɛɵ ɫɨɞɟɪɠɢɦɨɟ ɹɡɵɤɨɜ ɫɯɟɦ ɛɵɥɨ ɜ ɜɢɞɟ ȾɊȼ. ɉɪɨɜɟɞɹ ɷɤɫɩɟɪɢ-
ɦɟɧɬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɱɟɬɵɪёɯ ɫɬɪɚɬɟɝɢɣ, ɛɵɥɨ ɩɨɥɭɱɟɧɨ 276371 ɮɚɣɥɨɜ ɞɚɧɧɵɯ, ɢɡ ɤɨɬɨ-
ɪɵɯ 124326 – DTD, 134816 –XSD, 13946 – Relax NG ɢ 3950 – ɜɵɪɚɠɟɧɢɹ RegExLib, ɱɬɨ ɜ 
35 ɪɚɡ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɪɚɧɟɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ. Ɍɚɤɨɣ ɨɛɴёɦ ɞɚɧɧɵɯ ɞɥɹ ɢɡɭɱɟɧɢɹ 
ȾɊȼ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ, ɩɨɫɤɨɥɶɤɭ ɨɬɨɛɪɚɠɚɟɬ ɪɟɚɥɶɧɭɸ ɤɚɪɬɢɧɭ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɯ ɫɥɭɱɚɣɧɵɯ ɫɯɟɦ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɨɛɧɚɪɭ-
ɠɟɧɨ, ɱɬɨ ɛɨɥɟɟ 98 % Ɋȼ ɜ Relax NG ɢ ɛɨɥɟɟ 56 % ɜ RegExLib ɹɜɥɹɸɬɫɹ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧ-
ɧɵɦɢ. ɗɬɢ ɰɢɮɪɵ ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, ɱɬɨ ɢɦɟɧɧɨ ȾɊȼ ɢɦɟɸɬ ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ.  

ɉɨɫɤɨɥɶɤɭ ɧɚ ɩɪɚɤɬɢɤɟ ɛɨɥɶɲɢɧɫɬɜɨ ɦɨɞɟɥɟɣ ɤɨɧɬɟɧɬɚ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ DTD ɢ XSD, 
ɫɨɫɬɨɹɬ ɢɡ ɨɝɪɚɧɢɱɟɧɧɵɯ ɩɨɞɤɥɚɫɫɨɜ ȾɊȼ, ɩɨɷɬɨɦɭ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɪɟɞɨɬɨɱɟɧɵ ɧɚ ɢɡɭ-
ɱɟɧɢɢ ɢɦɟɧɧɨ ɷɬɢɯ ɩɨɞɤɥɚɫɫɨɜ ɢ ɢɯ ɩɪɢɦɟɧɟɧɢɢ [3].  

ɑɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ, ɹɜɥɹɟɬɫɹ ɥɢ ɫɬɚɧɞɚɪɬɧɨɟ Ɋȼ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɦ, ɛɵɥ ɩɪɢɦɟɧёɧ ɜɪɟ-
ɦɟɧɧɨɣ ɚɥɝɨɪɢɬɦ ( )O E E , ɝɞɟ E  – ɦɧɨɠɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɫɢɦɜɨɥɨɜ ɜ E  [1,3]. Ⱦɥɹ 

Ɋȼ ɫɨ ɫɱёɬɱɢɤɨɦ ɜɪɟɦɟɧɧɨɣ ɚɥɝɨɪɢɬɦ – ɷɬɨ ɜɵɪɚɠɟɧɢɟ ( )O E E . Chen ɢ Lu [2] ɢɫɫɥɟɞɨ-
ɜɚɥɢ ɚɥɝɨɪɢɬɦɵ, ɩɪɨɜɟɪɹɥɢ ɞɟɬɟɪɦɢɧɢɡɦ ɜɯɨɞɧɨɝɨ ɫɬɚɧɞɚɪɬɚ Ɋȼ ɢ ɜɵɩɨɥɧɹɥɢ ɩɪɨɜɟɪɤɭ, 
ɟɫɥɢ ɜɵɪɚɠɟɧɢɟ ɧɟ ɹɜɥɹɥɨɫɶ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɦ, ɬɨ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜɪɟɦɟɧɧɨɣ ɚɥɝɨɪɢɬɦ 

( )O E E  ɫɨ ɫɱёɬɱɢɤɨɦ [3]. ɍɱёɧɵɣ Peng ɢ ɞɪ. [4] ɩɪɟɞɥɨɠɢɥɢ ɜɪɟɦɟɧɧɨɣ ɚɥɝɨɪɢɬɦ 

( )O E E  ɞɥɹ ɩɪɨɜɟɪɤɢ ȾɊȼ ɫ ɱɟɪɟɞɨɜɚɧɢɟɦ. Groz ɢ Maneth [4] ɜɩɟɪɜɵɟ ɩɪɟɞɥɨɠɢɥɢ 
( )O E  ɜɪɟɦɟɧɧɨɣ ɚɥɝɨɪɢɬɦ ɞɥɹ ɩɪɨɜɟɪɤɢ ɫɬɚɧɞɚɪɬɧɵɯ ȾɊȼ ɢ ȾɊȼ ɫɨ ɫɱёɬɱɢɤɨɦ. 
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ɉɭɫɬɶ  ɚɥɮɚɜɢɬ ɫɢɦɜɨɥɨɜ (ɷɥɟɦɟɧɬɨɜ). Ɇɧɨɠɟɫɬɜɨ ɜɫɟɯ ɤɨɧɟɱɧɵɯ ɫɥɨɜ ɜ  ɨɛɨ-
ɡɧɚɱɢɦ ɱɟɪɟɡ * . ɉɭɫɬɨɟ ɫɥɨɜɨ ɨɛɨɡɧɚɱɚɟɬɫɹ ɱɟɪɟɡ  . ɋɬɚɧɞɚɪɬ Ɋȼ ɜ  ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɤɚɤ:  ,   ɢɥɢ   – Ɋȼ, ɨɛɴɟɞɢɧɟɧɢɟ 

1 2E E ɤɨɧɤɚɬɟɧɚɰɢɹ 1 2E E ɢɥɢ *

1E  ɹɜɥɹɟɬɫɹ Ɋȼ 
ɞɥɹ Ɋȼ 1E  ɢ 2E . N ɨɛɨɡɧɚɱɢɦ ɦɧɨɠɟɫɬɜɨ  0,1,2,... . ɑɟɪɟɡ Ɋȼ ɫɨ ɫɱёɬɱɢɤɨɦ ɢ ɱɟɪɟɞɨɜɚ-
ɧɢɟɦ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɫɬɚɧɞɚɪɬɧɵɯ Ɋȼ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɱɢɫɥɟɧɧɨɝɨ ɨɩɟɪɚɬɨɪɚ ɢɬɟɪɚɰɢɢ 

 ,m n
E  ɢ ɨɩɟɪɚɬɨɪɚ ɱɟɪɟɞɨɜɚɧɢɹ 1 2&E E . Ɉɰɟɧɨɱɧɵɟ m  ɢ n ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɫɥɟɞɭɸɳɢɦ 
ɭɫɥɨɜɢɹɦ: m N ,    \ 0n N   ɢ m n . Ⱦɥɹ ɨɛɨɡɧɚɱɟɧɢɹ ɦɧɨɠɟɫɬɜɚ ɫɬɪɨɤ, ɩɨɥɭɱɟɧ-
ɧɵɯ ɢɡ 1s  ɢ 2s  ɜɫɟɦɢ ɜɨɡɦɨɠɧɵɦɢ ɫɩɨɫɨɛɚɦɢ, ɢɫɩɨɥɶɡɭɟɦ 1 2& ss . Ⱦɥɹ 

1 2, *s s   ɢ 
a,b ,        1 1 1 2 1 2 1 2& & & & &s s s and as bs a s bs b as s     . 

ȼ Ɋȼ ɤɚɠɞɵɣ ɫɢɦɜɨɥ ɢɧɞɟɤɫɢɪɭɟɬɫɹ, ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɧ ɜɫɬɪɟɱɚɥɫɹ ɬɨɥɶɤɨ ɨɞɢɧ ɪɚɡ. 
ɇɚɩɪɢɦɟɪ,  1 1 2a *b a  ɹɜɥɹɟɬɫɹ ɦɚɪɤɢɪɨɜɤɨɣ ɜɵɪɚɠɟɧɢɹ  a *b a . Ɇɚɪɤɢɪɨɜɤɚ E  ɨɛɨ-
ɡɧɚɱɚɟɬɫɹ E . ɗɬɢ ɠɟ ɨɛɨɡɧɚɱɟɧɢɹ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɭɞɚɥɟɧɢɹ ɢɧɞɟɤɫɨɜ ɭɤɚɡɚɧ-
ɧɵɯ ɫɢɦɜɨɥɨɜ: E E . ɂɡ ɤɨɧɬɟɤɫɬɚ ɛɭɞɟɬ ɹɫɧɨ, ɞɨɛɚɜɥɹɸɬɫɹ ɢɥɢ ɭɦɟɧɶɲɚɸɬɫɹ ɢɧɞɟɤɫɵ 
[5]. ȼɵɪɚɠɟɧɢɟ E  ɹɜɥɹɟɬɫɹ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɦ, ɬɨɝɞɚ ɢ ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɞɥɹ ɜɫɟɯ 
ɫɥɨɜ  ,uxv uyw L E , ɝɞɟ 1x y  |, ɟɫɥɢ x y , ɬɨ x y .  

Ⱦɟɬɟɪɦɢɧɢɡɦ ɬɪɟɛɭɟɬ, ɱɬɨɛɵ ɩɨɡɢɰɢɹ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɛɵɥɚ ɭɧɢɤɚɥɶɧɨɣ ɩɪɢ ɫɨɩɨɫɬɚɜ-
ɥɟɧɢɢ ɩɪɟɞɥɨɠɟɧɢɣ ɫ Ɋȼ. ɇɚɩɪɢɦɟɪ, ( )*a a  ɹɜɥɹɟɬɫɹ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɦ, ɬɨɝɞɚ ɤɚɤ 
( )*aa  – ɧɟɬ, ɯɨɬɹ ɭɤɚɡɚɧɧɵɟ ɫɢɦɜɨɥɵ ɷɤɜɢɜɚɥɟɧɬɧɵ. Ⱦɥɹ   2a *L a a  ɢ 

  1 2 *a a L a a  ɩɪɟɞɩɨɥɨɠɢɦ u  , x a , y a , v  , w a , ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɥɭ-

ɱɚɟɦ x y a  , ɧɨ    2 1x a y a , ɩɨɷɬɨɦɭ  *a a  ɧɟ ɹɜɥɹɟɬɫɹ ȾɊȼ. 
Ⱦɚɥɟɟ ɫɥɟɞɭɸɬ ɧɟɤɨɬɨɪɵɟ ɩɨɞɤɥɚɫɫɵ ȾɊȼ, ɤɨɬɨɪɵɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɚ ɩɪɚɤɬɢɤɟ: 
- SORE (ɨɞɧɨɤɪɚɬɧɨɟ Ɋȼ). ɉɭɫɬɶ   – ɚɥɮɚɜɢɬ. SORE ɹɜɥɹɟɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦ Ɋȼ ɧɚɞ 

 , ɜ ɤɨɬɨɪɨɦ ɤɚɠɞɵɣ ɤɨɧɟɱɧɵɣ ɫɢɦɜɨɥ ɜɫɬɪɟɱɚɟɬɫɹ ɧɟ ɛɨɥɟɟ ɨɞɧɨɝɨ ɪɚɡɚ. ɇɚɩɪɢɦɟɪ, 
  0,2

*a b


 ɹɜɥɹɟɬɫɹ ɨɞɧɨɤɪɚɬɧɵɦ Ɋȼ, ɚ ɜɵɪɚɠɟɧɢɟ   0,2 **a b a


 – ɧɟɬ, ɯɨɬɹ ɭɤɚɡɚɧɧɵɟ 
ɫɢɦɜɨɥɵ ɷɤɜɢɜɚɥɟɧɬɧɵ. 

- Simplified CHARE ɹɜɥɹɟɬɫɹ ɨɞɧɨɤɪɚɬɧɵɦ Ɋȼ ɧɚɞ  ɮɨɪɦɵ 1... ,nf f  ɝɞɟ 1n  . Ɏɚɤ-

ɬɨɪ if  ɹɜɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ ɜɢɞɚ        ? *

1 1 1 1... , ... , ... , ...m m m ma a a a a a a a
        , 

ɝɞɟ 1m   ɢ 
ia  .  

- eSimplified CHARE ɹɜɥɹɟɬɫɹ SORE ɧɚɞ  ɜɢɞɚ 1... ,nf f  ɝɞɟ 1n  . Ɏɚɤɬɨɪ if  – ɷɬɨ 

ɜɵɪɚɠɟɧɢɟ        ? *

1 1 1 1... , ... , ... , ...m m m mb b b b b b b b
        , ɝɞɟ 1m   ɢ ib  ɹɜɥɹɟɬɫɹ 

ia  ɢɥɢ ia
 , ɝɞɟ 

ia  . 

Ɇɨɞɟɥɶ ɤɨɧɬɟɧɬɚ XSD ɩɨɞɞɟɪɠɢɜɚɟɬ ɨɝɪɚɧɢɱɟɧɧɭɸ ɮɨɪɦɭ ɱɟɪɟɞɨɜɚɧɢɹ, ɜ ɬɨ ɜɪɟɦɹ 
ɤɚɤ Relax NG – ɧɟɨɝɪɚɧɢɱɟɧɧɭɸ. Ⱦɥɹ ɚɧɚɥɢɡɚ ɞɟɬɟɪɦɢɧɢɡɦɚ Relax NG ɧɭɠɧɵ ɢɧɫɬɪɭ-
ɦɟɧɬɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɩɪɟɞɟɥɹɬɶ ɞɟɬɟɪɦɢɧɢɡɦ ɧɟɨɝɪɚɧɢɱɟɧɧɨɝɨ ɱɟɪɟɞɨɜɚɧɢɹ. ȼ ɤɨɧ-
ɤɪɟɬɧɨɦ ɫɥɭɱɚɟ ɢɡɭɱɟɧ ɞɟɬɟɪɦɢɧɢɡɦ Ɋȼ, ɝɟɧɟɪɢɪɭɟɦɵɣ ɫɯɟɦɚɦɢ REs ɢɡ RegExLib, ɪɟ-
ɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1. 
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Ɋɢɫ. 1. ɉɪɨɰɟɧɬ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɯ ɪɟɝɭɥɹɪɧɵɯ ɜɵɪɚɠɟɧɢɣ  
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ȾɊȼ ɨɱɟɧɶ 

ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɚ ɩɪɚɤɬɢɤɟ.  
ɇɚ ɩɪɚɤɬɢɤɟ ɦɧɨɝɢɟ DTD ɢ XSD ɫɨɞɟɪɠɚɬ ɩɨɞɤɥɚɫɫɵ ȾɊȼ, ɩɨɷɬɨɦɭ ɩɪɨɜɟɞɟɧɨ ɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɟ. ɋɭɳɟɫɬɜɭɸɳɢɟ ɩɨɞɤɥɚɫɫɵ ȾɊȼ ɨɩɪɟɞɟɥɟɧɵ ɧɚ ɫɬɚɧɞɚɪɬɧɵɯ Ɋȼ, ɬɨ ɟɫɬɶ 
SORE [4], Simplified CHARE [3], eSimplified CHARE [4]. ɉɨɫɥɟɞɧɢɟ ɞɜɚ ɹɜɥɹɸɬɫɹ ɩɨɞ-
ɤɥɚɫɫɚɦɢ SORE. Ɍɚɤɠɟ ɜɤɥɸɱɟɧɵ ɬɪɢ ɧɨɜɵɯ ɩɨɞɤɥɚɫɫɚ: SOREwCorI, SOREwC, SOREwI. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɩɨɞɤɥɚɫɫɵ ȾɊȼ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɫɥɚ-
ɛɵɟ ɫɬɨɪɨɧɵ:  

- ɨɬɫɭɬɫɬɜɭɸɬ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɦ ɪɟɚɥɶɧɵɦ ɞɚɧɧɵɦ;  
- ɧɟɬ ɩɨɞɤɥɚɫɫɚ ȾɊȼ, ɤɨɬɨɪɵɣ ɩɪɢɧɚɞɥɟɠɢɬ ɧɟSORE, ɯɨɬɹ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɫ SORE 

ɞɚɧɧɵɟ ɩɨɞɤɥɚɫɫɵ ɡɚɧɢɦɚɸɬ ɜɵɫɨɤɢɣ ɩɪɨɰɟɧɬ;  
- ɫɭɳɟɫɬɜɭɸɳɢɟ ɩɨɞɤɥɚɫɫɵ ȾɊȼ, ɨɩɪɟɞɟɥɟɧɧɵ ɧɚ ɫɬɚɧɞɚɪɬɧɵɯ Ɋȼ, ɛɟɡ ɭɱёɬɚ ɢ/ɢɥɢ 

ɱɟɪɟɞɨɜɚɧɢɹ.  
ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɬɟɤɭɳɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɩɨɞɤɥɚɫɫɚɦ ȾɊȼ ɜɫё ɟɳё ɧɚɯɨɞɹɬɫɹ 

ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɢ ɧɟɨɛɯɨɞɢɦɨ ɞɚɥɶɧɟɣɲɢɟ ɢɯ ɢɡɭɱɟɧɢɟ. 
Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɦ ɚɥɮɚɜɢɬ  ɢ ɜɵɫɨɬɭ ɡɜɟɡɞɵ Ɋȼ ɧɚɞ ɧɢɦ [4] –  h ȿ , ɨɧɚ ɩɪɟɞ-

ɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɨɬɪɢɰɚɬɟɥɶɧɨɟ ɰɟɥɨɟ ɱɢɫɥɨ, ɨɩɪɟɞɟɥɟɧɧɨɟ ɪɟɤɭɪɫɢɜɧɨ ɫɥɟɞɭɸɳɢɦ ɨɛ-
ɪɚɡɨɦ: 

1.   0,h ȿ if E or ɚ for a    . 

2.             1 2 1 2 1 2 1 2 1 2max , , ,h ȿ h E h E if E E E or E E E or E E E where E E       ɹɜɥɹ-
ɟɬɫɹ Ɋȼ ɜ  . 

3.      1 1 11, *h ȿ h E if E E and E    ɹɜɥɹɟɬɫɹ Ɋȼ ɜ  . 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 
Ɍɚɛɥɢɰɚ 1 

ȼɵɫɨɬɚ ɡɜɟɡɞɵ ɜ DTD, XSD ɢ RING 

ȼɵɫɨɬɚ ɡɜɟɡɞɵ DTDs (%) XSDs (%) RNGs (%) 

0 26,56 65,27 66,42 

1 71,72 34,11 32,86 

2 1,69 0,57 0,72 

3 0,03 0,05 0 
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Ƚɥɭɛɢɧɚ ɜɥɨɠɟɧɢɹ Ɋȼ ɜ ɚɥɮɚɜɢɬ  , ɨɛɨɡɧɚɱɟɧɚ ( )ND E  ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟ-
ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɰɟɥɨɟ ɱɢɫɥɨ, ɪɟɤɭɪɫɢɜɧɨ ɨɩɪɟɞɟɥɹɟɦɨɟ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

- ( ) 0 ;ND E if E or a for a     

- 
       1 2 1 2 1 2 1 2

1 2

( ) max ( ), ( ) , , & ,

,

ND E ND E ND E if E E E E E E or E E E

where E E are Ɋȼ are

    


 

- 
 ,* ?

1 1 1 1 1( ) ( ) 1, ( ) , ( ) ( ) .
m n

ND E ND E if E E E E or E E for E is a Ɋȼ over       

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. 
  Ɍɚɛɥɢɰɚ 2  

Ƚɥɭɛɢɧɚ ɜɥɨɠɟɧɢɹ ɜ DTD, XSD ɢ RNG 

Ƚɥɭɛɢɧɚ ɜɥɨɠɟɧɢɹ DTDs (%) XSDs (%) RNGs (%) 

0 94,58 99,24 91,31 

1 4,60 0,73 8,45 

2 0,58 0,02 0,09 

3 0,24 0,01 0,15 

Ɉɩɪɟɞɟɥɢɦ ɩɥɨɬɧɨɫɬɶ ɫɯɟɦɵ, ɤɚɤ ɱɢɫɥɨ ɷɥɟɦɟɧɬɨɜ, ɜɫɬɪɟɱɚɸɳɢɯɫɹ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ 
ɟɝɨ ɩɪɚɜɢɥ, ɪɚɡɞɟɥɟɧɧɵɯ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ.  

1

1
,

N

i

i

d A
N 

   

ɝɞɟ N  – ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɨɩɪɟɞɟɥɟɧɢɣ ɷɥɟɦɟɧɬɨɜ, ɜɫɬɪɟɱɚɸɳɢɯɫɹ ɜ ɫɯɟɦɟ, iA  – ɫɬɪɨɤɚ 
ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɩɪɚɜɢɥɚ, ɚ 

iA  ɨɛɨɡɧɚɱɚɟɬ ɪɚɡɦɟɪ iA . Ɏɚɣɥɵ XML-ɫɯɟɦɵ ɫ ɛɨɥɶɲɢɦ ɡɧɚ-
ɱɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ ɢɦɟɸɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɫɥɨɠɧɨɫɬɶ. ɗɤɫɩɟɪɢɦɟɧɬ ɩɨɤɚɡɚɥ, ɱɬɨ ɫɪɟɞɧɹɹ 
ɩɥɨɬɧɨɫɬɶ Relax NG, XSD ɢ DTD ɫɨɫɬɚɜɥɹɟɬ 1,8689, 1,3476 ɢ 10002 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɇɚ 
ɪɢɫ. 2, ɩɨɤɚɡɚɧɚ ɩɥɨɬɧɨɫɬɶ ɬɪɟɯ ɜɢɞɨɜ XML-ɫɯɟɦ. 

 
Ɋɢɫ. 2. ɉɥɨɬɧɨɫɬɶ ɫɯɟɦ XSD, DTD ɢ Relax NG 
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ɗɤɫɩɟɪɢɦɟɧɬ ɩɨɤɚɡɚɥ, ɱɬɨ XSD ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɨɣ ɫɯɟɦɨɣ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ XML (ɪɢɫ. 3).  

 
Ɋɢɫ. 3. ɑɚɫɬɨɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɯɟɦ ɩɪɢ ɢɡɜɥɟɱɟɧɢɢ ɮɚɣɥɨɜ ɢɡ ɫɟɬɢ ɂɧɬɟɪɧɟɬ 

ɉɨɫɥɟ ɩɨɫɬɪɨɟɧɢɹ ɫɯɟɦɵ ɫɟɬɢ ɛɵɥɨ ɜɵɛɪɚɧɨ 42 ɮɚɣɥɚ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɹɜɧɨ ɛɨɥɟɟ ɜɵɫɨ-
ɤɢɟ ɡɧɚɱɟɧɢɹ SchemaRank, ɱɟɦ ɞɪɭɝɢɟ ɫɯɟɦɵ, ɢ ɫɨɫɪɟɞɨɬɨɱɢɥɢɫɶ ɧɚ 39 880 Ɋȼ, ɩɪɨɚɧɚ-
ɥɢɡɢɪɨɜɚɧɧɵɯ ɢɡ ɷɬɢɯ ɮɚɣɥɨɜ ɫɯɟɦɵ. ȼɫɟ ɷɬɢ ɜɵɪɚɠɟɧɢɹ ɹɜɥɹɸɬɫɹ ȾɊȼ, ɱɬɨ ɩɨɞɬɜɟɪ-
ɠɞɚɟɬ ɢɯ ɱɚɫɬɨɬɭ ɩɪɢɦɟɧɟɧɢɹ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ, ɤ ɤɚɤɢɦ ɩɨɞɤɥɚɫɫɚɦ ɩɪɢɧɚɞɥɟɠɚɬ 
ȾɊȼ, ɢɡɭɱɟɧɨ ɬɪɢ ɨɫɧɨɜɧɵɯ – SORE, Simplified CHARE ɢ eSimplified CHARE, ɩɪɟɞɫɬɚɜ-
ɥɟɧɧɵɯ ɧɚ ɪɢɫ. 4.  

 
Ɋɢɫ. 4. ɉɪɨɰɟɧɬ ɩɨɞɤɥɚɫɫɨɜ ȾɊȼ ɧɚ ɩɨɞɦɧɨɠɟɫɬɜɟ XSD 

Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɧɚ ɩɪɚɤɬɢɤɟ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɧɨ-
ɜɵɣ ɩɨɞɤɥɚɫɫ.  
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ɂɧɨɝɞɚ ɜɫɬɪɟɱɚɸɬɫɹ ɫɥɭɱɚɢ, ɤɨɝɞɚ XML-ɫɯɟɦɚ ɛɵɥɚ ɧɟɩɪɚɜɢɥɶɧɨ ɫɮɨɪɦɢɪɨɜɚɧɚ. ɋɨ-
ɝɥɚɫɧɨ [6], ɬɨɥɶɤɨ 24,8 % XML ɜ ɂɧɬɟɪɧɟɬɟ ɫɨɞɟɪɠɚɬ ɫɫɵɥɤɭ ɧɚ DTD ɢɥɢ XSD, ɢɡ ɤɨɬɨ-
ɪɵɯ ɬɨɥɶɤɨ ɨɞɧɚ ɬɪɟɬɶ ɹɜɥɹɟɬɫɹ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ. SchemaRank ɜ ɬɚɤɢɯ ɫɥɭɱɚɹɯ ɩɨɦɨɝɚɟɬ, 
ɟɫɥɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɷɥɟɦɟɧɬ ɢɥɢ ɚɬɪɢɛɭɬ, ɤɨɬɨɪɵɣ ɧɟ ɨɩɪɟɞɟɥɟɧ ɜ ɫɯɟɦɟ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛ-
ɯɨɞɢɦɨ ɧɨɪɦɚɥɢɡɢɪɨɜɚɬɶ ȾɊȼ ɜ ɧɚɛɨɪɟ ɞɚɧɧɵɯ [7,8], ɡɚɦɟɧɢɜ ɫɢɦɜɨɥɵ ɜ ɩɨɪɹɞɤɟ ɫɥɟɜɚ 
ɧɚɩɪɚɜɨ ɫɢɦɜɨɥɚɦɢ 1 2 3, , ... na a a a . ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɪɚɠɟɧɢɹ ɫ ɨɞɢɧɚɤɨɜɵɦɢ ɢɥɢ ɩɨɯɨɠɢɦɢ 
ɫɬɪɭɤɬɭɪɚɦɢ ɦɨɝɭɬ ɛɵɬɶ ɨɛɴɟɞɢɧɟɧɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɛɨɥɟɟ ɤɨɦɩɚɤɬɧɨɝɨ ɧɚɛɨɪɚ ɞɚɧɧɵɯ 
[9, 10], ɤɚɤ ɩɨɤɚɡɚɧɨ ɜ ɬɚɛɥɢɰɟ 3. ɗɬɨɬ ɧɨɪɦɚɥɢɡɨɜɚɧɧɵɣ ɧɚɛɨɪ ɞɚɧɧɵɯ ȾɊȼ ɛɭɞɟɬ ɩɨɥɟ-
ɡɟɧ ɜ ɩɪɢɥɨɠɟɧɢɹɯ ɢ ɫɚɦ ɩɨ ɫɟɛɟ ɢɦɟɟɬ ɰɟɧɧɨɫɬɶ. 

Ɍɚɛɥɢɰɚ 3  
Ʉɨɥɢɱɟɫɬɜɨ ȾɊȼ 

Ɍɢɩ ɂɫɯɨɞɧɵɣ ɧɚɛɨɪ ȾɊȼ ɇɨɪɦɚɥɢɡɢɪɨɜɚɧɧɵɣ ɧɚɛɨɪ ȾɊȼ 

DTD 87,176 3,767 

XSD 266,100  14,771 

RNG 353,926  2,791 

RegExLib 2,234 724 

ȼɫɟɝɨ 709,436 20,339 

ȼɵɜɨɞɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɬɶɟɣ. ȼ ɫɬɚɬɶɟ ɜɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧɨ ɱɟɬɵɪɟ ɫɬɪɚɬɟɝɢɢ 
ɫɛɨɪɚ ɞɚɧɧɵɯ ɜ ɫɟɬɢ ɂɧɬɟɪɧɟɬ, ɱɬɨ ɞɚɥɨ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɢɬɶ ɛɨɥɶɲɟ XML-ɫɯɟɦ ɞɥɹ 
ɛɨɥɟɟ ɬɨɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ.  

ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɢɦɟɧɟɧɢɹ ȾɊȼ, ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɛɨɥɶɲɨɦ ɧɚɛɨɪɟ ɪɟɚɥɶ-
ɧɵɯ ɞɚɧɧɵɯ. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɤɚɡɚɥɢ, ɱɬɨ ȾɊȼ ɧɚɦɧɨɝɨ ɱɚɳɟ ɩɪɢɦɟɧɹɸɬɫɹ 
ɧɚ ɩɪɚɤɬɢɤɟ, ɱɟɦ Ɋȼ, ɢ ɞɚɥɶɧɟɣɲɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɯ ɩɨɞɤɥɚɫɫɨɜ ɨɛɟɫɩɟɱɢɬ ɛɨɥɟɟ ɬɨɱɧɵɣ 
ɪɟɡɭɥɶɬɚɬ ɩɪɢɦɟɧɟɧɢɹ ɫɯɟɦ ɞɚɧɧɵɯ ɜ ɫɟɬɢ ɂɧɬɟɪɧɟɬ. 
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Yuliia Babych, Mykola Babych, Olena Pavlyshko, Victoriia Nakonechna 

RESEARCHING OF DETERMINED REGULAR EXPRESSIONS  

USING THE XML TYPE DATA STRUCTURE 

Urgency of the research. This article provides an in-depth analysis of a large data set using search engines and hosting 

platforms. Four data collection strategies analysis of the Google search engine, scanning of the address path, analysis of 

websites, searching for potential data were used to obtain more diagram files from the Internet. A data set for studying deter-

ministic regular expressions received further practical research. 

Target setting. Modern XML-type data structure description languages require deterministic regular expressions to read lines 

character by character. Therefore, the study of these expressions will speed up the data processing and get a more accurate result. 

Actual scientific researches and issues analysis. The analysis of modern literary sources and publications on this topic 

showed that most of them use small amounts of data, which is insufficient to conduct an effective analysis. 

Uninvestigated parts of general matters defining. For effective analysis of data from the Internet, a large data set and 

four strategies for its collection and analysis were used.  

The research objective of this article is to study deterministic regular expressions, which are increasingly used in XML-

type data structures. 

The statement of basic materials. The development of four strategies for collecting data on the Internet made it possible 

to get more XML-schemes, which is 35 times more than in previous studies. The use of deterministic regular expressions in 

general and their subclasses for the analysis of large data sets. 

Conclusions. For the first time, deterministic regular expressions are applied using an XML-type data structure. A large 

amount of data was obtained - 276371 files using four strategies for their collection. 

Keywords: data set, regular expressions, deterministic regular expressions, XML type. 
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