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OCR – Optical Character Recognition (ɫɢɫɬɟɦа ɨɩɬɢɱɟɫɤɨɝɨ ɪаɫɩɨɡɧаɜаɧɢя) 

ɋɇɋ  – ɫɜёɪɬɨɱɧая ɧɟɣɪɨɧɧая ɫɟɬɶ 

КɗɆɈ ɌɈ – ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɵɣ ɦɟɬɨɞ ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ 

ɨɛɥаɫɬɟɣ  

ɍɆɅ ɌɈ – ɭɫɨɜɟɪɲɟɧɫɬɜɨɜаɧɧɵɣ ɦɟɬɨɞ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ  
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ȼȼȿȾȿɇɂȿ 

 

Ɉɞɧɨɣ ɢɡ ɡаɞаɱ, ɪɟɲаɟɦɵɯ ɢɧɮɨɪɦаɰɢɨɧɧɵɦɢ ɫɢɫɬɟɦаɦɢ ɩɟɪɟɪаɛɨɬɤɢ 

ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ ɜ ɭɫɥɨɜɢяɯ ɩɨɫɬɨяɧɧɨɝɨ ɪɨɫɬа ɟɟ ɨɛɴɟɦɨɜ, яɜɥяɟɬɫя 

ɡаɞаɱа ɪаɫɩɨɡɧаɜаɧɢя ɬɟɤɫɬа ɧа ɢɡɨɛɪаɠɟɧɢяɯ (ɮɨɬɨɝɪаɮɢяɯ, ɜɢɞɟɨ-ɮаɣɥаɯ, 

ɨɬɫɤаɧɢɪɨɜаɧɧɵɯ ɞɨɤɭɦɟɧɬаɯ ɢ ɬ.ɩ.). ɗɬа ɡаɞаɱа ɬɪɟɛɭɟɬ ɪаɡɪаɛɨɬɤɢ ɢ 

ɢɫɩɨɥɶɡɨɜаɧɢя ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɢɤɥаɞɧɵɯ ɢɧɮɨɪɦаɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ (ɂɌ) 

ɪаɫɩɨɡɧаɜаɧɢя ɬɟɤɫɬа ɞɥя аɜɬɨɦаɬɢɡаɰɢɢ ɞɨɤɭɦɟɧɬɨɨɛɨɪɨɬа, ɜɧɟɞɪɟɧɢя 

ɩаɫɩɨɪɬɧɨ-ɜɢɡɨɜɨɣ ɢɧɮɨɪɦаɰɢɢ, ɜɟɞɟɧɢя ɭɱɟɬа ɩɨɞɜɢɠɧɨɝɨ ɬɪаɧɫɩɨɪɬа, 

ɢɞɟɧɬɢɮɢɤаɰɢɢ ɢɡɞɟɥɢɣ, ɩɨɢɫɤа ɬɟɤɫɬɨɜɨɣ ɢɧɮɨɪɦаɰɢɢ ɜ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ 

ɤɨɥɥɟɤɰɢяɯ ɢ ɬɨɦɭ ɩɨɞɨɛɧɨɟ.  

Ɉɞɧɨɣ ɢɡ ɛаɡɨɜɵɯ ɫɨɫɬаɜɥяɸɳɢɯ ɂɌ ɪаɫɩɨɡɧаɜаɧɢя ɬɟɤɫɬа яɜɥяɟɬɫя 

ɩɪɨɰɟɞɭɪа ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ (ɌɈ) ɧа ɢɡɨɛɪаɠɟɧɢяɯ, ɩɪɢɦɟɧɟɧɢɟ 

ɤɨɬɨɪɨɣ ɩɨɡɜɨɥяɟɬ ɫɨɤɪаɬɢɬɶ ɨɛɴɟɦ ɨɛɪаɛаɬɵɜаɟɦɨɣ ɢɧɮɨɪɦаɰɢɢ ɢ ɨɩɪɟɞɟɥяɟɬ 

ɨɩɟɪаɬɢɜɧɨɫɬɶ ɢ ɤаɱɟɫɬɜɨ ɢɧɮɨɪɦаɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɩɟɪɟɪаɛɨɬɤɢ ɝɪаɮɢɱɟɫɤɨɣ 

ɢɧɮɨɪɦаɰɢɢ. ȼ ɪɟɡɭɥɶɬаɬɟ ɜɵɩɨɥɧɟɧɢя ɷɬɨɣ ɩɪɨɰɟɞɭɪɵ ɨɩɪɟɞɟɥяɸɬɫя 

ɤɨɨɪɞɢɧаɬɵ ɝɪаɧɢɰ ɌɈ. Ɉɞɧаɤɨ, ɧа ɩɪаɤɬɢɤɟ ɤаɱɟɫɬɜɨ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа 

ɢɡɨɛɪаɠɟɧɢɢ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠаɟɬɫя ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɫɥɨɠɧɨɫɬɢ ɢ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɮɨɧа ɢ ɜɥɢяɧɢя ɪаɡɥɢɱɧɵɯ ɢɫɤаɠаɸɳɢɯ ɮаɤɬɨɪɨɜ: 

ɧɟɪаɜɧɨɦɟɪɧɨɫɬɢ ɨɫɜɟɳɟɧɢя ɢɡɨɛɪаɠɟɧɢя, ɪаɡɥɢɱɧɨɝɨ ɪаɫɩɨɥɨɠɟɧɢя ɫɬɪɨɤ 

ɬɟɤɫɬа ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɮɨɬɨ- ɢɥɢ ɜɢɞɟɨɪɟɝɢɫɬɪɢɪɭɸɳɟɣ ɤаɦɟɪɵ ɢ ɬɨɦɭ 

ɩɨɞɨɛɧɨɟ. 

ɉɪɨɜɟɞɟɧɧɵɣ аɧаɥɢɡ ɩɨɤаɡаɥ, ɱɬɨ ɩɪɢ ɧаɥɢɱɢɢ ɫɥɨɠɧɨɝɨ ɢ ɧɟɨɞɧɨɪɨɞɧɨɝɨ 

ɮɨɧа ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɥɭɱɲɢɟ ɪɟɡɭɥɶɬаɬɵ ɩɪɢ ɨɰɟɧɤɟ ɤаɱɟɫɬɜа ɥɨɤаɥɢɡаɰɢɢ ɌɈ 

ɩɪɢɧаɞɥɟɠаɬ ɦɟɬɨɞаɦ ɧа ɨɫɧɨɜɟ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɩɨɞɯɨɞа. 

Ɉɞɧаɤɨ, ɢɯ ɧɟɞɨɫɬаɬɤɢ – ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɨɞɟɥɟɣ, ɛɨɥɶɲɢɟ ɡаɬɪаɬɵ 

ɜɪɟɦɟɧɢ ɤаɤ ɜ ɩɪɨɰɟɫɫɟ ɪаɡɪаɛɨɬɤɢ ɦɨɞɟɥɟɣ, ɬаɤ ɢ ɜ ɩɪɨɰɟɫɫɟ ɥɨɤаɥɢɡаɰɢɢ ɌɈ, 

ɨɬɫɭɬɫɬɜɢɟ ɢɧɜаɪɢаɧɬɧɨɫɬɢ ɤ ɦаɫɲɬаɛɭ ɢɡɨɛɪаɠɟɧɢɣ ɫɢɦɜɨɥɨɜ – ɫɧɢɠаɸɬ 

ɨɩɟɪаɬɢɜɧɨɫɬɶ ɫɢɫɬɟɦ ɩɟɪɟɪаɛɨɬɤɢ ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ, ɢɫɩɨɥɶɡɭɸɳɢɯ 

ɷɬɢ ɦɟɬɨɞɵ. 
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Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɜɨɡɧɢɤаɟɬ ɩɪɨɬɢɜɨɪɟɱɢɟ ɦɟɠɞɭ ɤаɱɟɫɬɜɨɦ ɥɨɤаɥɢɡаɰɢɢ 

ɌɈ ɢ ɨɩɟɪаɬɢɜɧɨɫɬɶɸ ɷɬɨɣ ɩɪɨɰɟɞɭɪɵ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɧаɥɢɱɢɢ ɫɥɨɠɧɨɝɨ ɮɨɧа 

ɧа ɨɛɪаɛаɬɵɜаɸɳɢɯ ɢɡɨɛɪаɠɟɧɢяɯ. ɉɨɷɬɨɦɭ ɫɨɡɞаɧɢɟ ɢɧɮɨɪɦаɰɢɨɧɧɨɣ 

ɬɟɯɧɨɥɨɝɢɢ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ 

ɮɨɧɨɦ ɧа ɨɫɧɨɜɟ ɧɨɜɵɯ ɦɨɞɟɥɟɣ ɢ ɦɟɬɨɞɨɜ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɭɫɬɪаɧɢɬɶ ɭɤаɡаɧɧɨɟ 

ɩɪɨɬɢɜɨɪɟɱɢɟ ɢɥɢ ɭɦɟɧɶɲɢɬɶ ɟɝɨ ɧɟɝаɬɢɜɧɨɟ ɜɥɢяɧɢɟ, яɜɥяɟɬɫя ɜаɠɧɨɣ ɧаɭɱɧɨ-

ɬɟɯɧɢɱɟɫɤɨɣ ɡаɞаɱɟɣ, ɤɨɬɨɪая ɪɟɲаɟɬɫя ɜ ɞаɧɧɨɣ ɪаɛɨɬɟ. 

ɋɜɹɡɶ ɪɚɛɨɬɵ ɫ ɧɚɭɱɧɵɦɢ ɩɪɨɝɪɚɦɦɚɦɢ, ɩɥɚɧɚɦɢ, ɬɟɦɚɦɢ. Ɋаɛɨɬа 

ɜɵɩɨɥɧɟɧа ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɨɪɢɬɟɬɧɵɦɢ ɧаɩɪаɜɥɟɧɢяɦɢ ɢɫɫɥɟɞɨɜаɧɢɣ 

Ɉɞɟɫɫɤɨɝɨ ɧаɰɢɨɧаɥɶɧɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬа (Ɉɇɉɍ), ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɨɪɞɢɧаɰɢɨɧɧɵɦɢ ɩɥаɧаɦɢ Ɇɢɧɢɫɬɟɪɫɬɜа ɨɛɪаɡɨɜаɧɢя ɢ ɧаɭɤɢ 

ɍɤɪаɢɧɵ, ɜ ɱаɫɬɧɨɫɬɢ, ɜ ɪаɦɤаɯ ɧаɭɱɧɵɯ ɢɫɫɥɟɞɨɜаɧɢɣ ɩɨ ɝɨɫɛɸɞɠɟɬɧɵɦ 

ɧаɭɱɧɨ-ɢɫɫɥɟɞɨɜаɬɟɥɶɫɤɢɦ ɪаɛɨɬаɦ ɤаɮɟɞɪɵ ɢɧɮɨɪɦаɰɢɨɧɧɵɯ ɫɢɫɬɟɦ Ɉɇɉɍ 

ɩɪɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɭɱаɫɬɢɢ аɜɬɨɪа: «Ⱥɧаɥɢɡ ɢ ɪаɫɩɨɡɧаɜаɧɢɟ ɢɡɨɛɪаɠɟɧɢɣ 

ɧа ɛаɡɟ ɫɭɛɝɪаɞɢɟɧɬɧɵɯ ɢɬɟɪаɬɢɜɧɵɯ аɥɝɨɪɢɬɦɨɜ ɜ ɩɪɨɫɬɪаɧɫɬɜɟ ɜɟɣɜɥɟɬ-

ɩɪɟɨɛɪаɡɨɜаɧɢя» (№ ɝɨɫ. ɪɟɝɢɫɬɪаɰɢɢ 0109U008468), «ɂɫɫɥɟɞɨɜаɧɢɟ ɢ 

ɪаɡɪаɛɨɬɤа ɦɟɬɨɞɨɜ ɢ аɥɝɨɪɢɬɦɨɜ ɪаɫɩɨɡɧаɜаɧɢя ɜɢɡɭаɥɶɧɨɣ ɢɧɮɨɪɦаɰɢɢ ɢ 

аɧаɥɢɡа ɫɰɟɧ » (№ ɝɨɫ. ɪɟɝɢɫɬɪаɰɢɢ 0111U010458). 

ɐɟɥɶ ɢ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɐɟɥɶɸ ɞɢɫɫɟɪɬаɰɢɨɧɧɨɣ ɪаɛɨɬɵ яɜɥяɟɬɫя 

ɩɨɜɵɲɟɧɢɟ ɤаɱɟɫɬɜа ɢ ɨɩɟɪаɬɢɜɧɨɫɬɢ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа 

ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ ɜ ɢɧɮɨɪɦаɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢяɯ ɩɟɪɟɪаɛɨɬɤɢ 

ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ. 

Ⱦɥя ɞɨɫɬɢɠɟɧɢя ɩɨɫɬаɜɥɟɧɧɨɣ ɰɟɥɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

– ɩɪɨɜɟɞɟɧ аɧаɥɢɡ ɢɧɮɨɪɦаɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ 

ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɩɟɪɟɪаɛɨɬɤɟ 

ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ; 

– ɫɨɡɞаɧа ɦɨɞɟɥɶ ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥа ɬɟɤɫɬа ɧа ɢɡɨɛɪаɠɟɧɢɢ; 
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– ɪаɡɪаɛɨɬаɧ ɦɟɬɨɞ ɮɨɪɦɢɪɨɜаɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ 

ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜаɧɢя ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥа ɬɟɤɫɬа ɩɪɢ 

ɮɨɪɦɢɪɨɜаɧɢɢ ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ ɞɥя ɨɛɭɱɟɧɢя ɤɥаɫɫɢɮɢɤаɬɨɪа; 

– ɪаɡɪаɛɨɬаɧ ɦɟɬɨɞ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ 

ɫɥɨɠɧɵɦ ɮɨɧɨɦ ɧа ɨɫɧɨɜɟ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. 

– ɪаɡɪаɛɨɬаɧа ɧа ɨɫɧɨɜɟ ɩɪɟɞɥɨɠɟɧɧɵɯ ɦɨɞɟɥɢ ɢ ɦɟɬɨɞɨɜ 

ɢɧɮɨɪɦаɰɢɨɧɧая ɬɟɯɧɨɥɨɝɢя ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ 

ɞɥя аɜɬɨɦаɬɢɱɟɫɤɨɣ ɩɟɪɟɪаɛɨɬɤɢ ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɩɪɨɰɟɫɫ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа 

ɢɡɨɛɪаɠɟɧɢяɯ ɜ ɫɢɫɬɟɦаɯ ɩɟɪɟɪаɛɨɬɤɢ ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ. 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɦɨɞɟɥɢ ɢ ɦɟɬɨɞɵ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ 

ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ. 

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɍɟɨɪɢя ɜɟɪɨяɬɧɨɫɬɟɣ ɢ ɦɟɬɨɞɵ ɰɢɮɪɨɜɨɣ 

ɨɛɪаɛɨɬɤɢ ɢɡɨɛɪаɠɟɧɢɣ ɢɫɩɨɥɶɡɨɜаɧɵ ɩɪɢ ɫɨɡɞаɧɢɢ ɦɨɞɟɥɢ ɩɪɟɞɫɬаɜɥɟɧɢя 

ɫɢɦɜɨɥа ɢ ɦɟɬɨɞа ɮɨɪɦɢɪɨɜаɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢɢ; ɬɟɨɪɢя 

ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, ɦɟɬɨɞɵ ɜɟɣɜɥɟɬ-аɧаɥɢɡа ɢɫɩɨɥɶɡɨɜаɧɵ ɩɪɢ 

ɪаɡɪаɛɨɬɤɟ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɦɟɬɨɞа ɜɵяɜɥɟɧɢя ɬɟɤɫɬɨɜɵɯ 

ɨɛɥаɫɬɟɣ ɢ ɦɟɬɨɞа ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ 

ɫɥɨɠɧɵɦ ɮɨɧɨɦ ɧа ɨɫɧɨɜɟ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ; ɦɟɬɨɞɵ ɬɟɨɪɢɢ 

ɜɟɪɨяɬɧɨɫɬɢ, ɦаɬɟɦаɬɢɱɟɫɤɨɣ ɫɬаɬɢɫɬɢɤɢ ɢ ɢɦɢɬаɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя 

ɢɫɩɨɥɶɡɨɜаɧɵ ɩɪɢ ɪаɡɪаɛɨɬɤɟ ɢ аɩɪɨɛаɰɢɢ ɂɌ ɥɨɤаɥɢɡаɰɢɢ ɌɈ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ: 

– ɩɨɥɭɱɢɥа ɞаɥɶɧɟɣɲɟɟ ɪаɡɜɢɬɢɟ ɜɟɪɨяɬɧɨɫɬɧая ɦɨɞɟɥɶ ɩɪɟɞɫɬаɜɥɟɧɢя 

ɫɢɦɜɨɥа ɬɟɤɫɬа ɩɭɬɟɦ ɭɱɟɬа ɪаɫɩɪɟɞɟɥɟɧɢя ɜɟɪɨяɬɧɨɫɬɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜ 

ɞɜɭɦɟɪɧɨɣ ɨɛɥаɫɬɢ ɢɡɨɛɪаɠɟɧɢя ɫɢɦɜɨɥа, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɮɨɪɦɢɪɨɜаɬɶ 

ɢɡɨɛɪаɠɟɧɢɟ ɩɫɟɜɞɨɫɢɦɜɨɥɨɜ ɬɟɤɫɬа ɫ ɜɟɪɨяɬɧɨɫɬɧɵɦɢ ɯаɪаɤɬɟɪɢɫɬɢɤаɦɢ, 

ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɟаɥɶɧɵɦ ɫɢɦɜɨɥаɦ; 

– ɜɩɟɪɜɵɟ ɪаɡɪаɛɨɬаɧ ɦɟɬɨɞ ɮɨɪɦɢɪɨɜаɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа 

ɢɡɨɛɪаɠɟɧɢяɯ ɡа ɫɱɟɬ ɢɫɩɨɥɶɡɨɜаɧɢя ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ ɩɪɟɞɫɬаɜɥɟɧɢя 
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ɫɢɦɜɨɥа ɬɟɤɫɬа ɩɪɢ ɮɨɪɦɢɪɨɜаɧɢɢ ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɢɥ 

аɜɬɨɦаɬɢɡɢɪɨɜаɬɶ ɩɪɨɰɟɫɫ ɫɨɡɞаɧɢя ɩɪɟɞɫɬаɜɢɬɟɥɶɧɨɣ ɜɵɛɨɪɤɢ, ɱɬɨ ɭɫɬɪаɧɢɥɨ 

ɟɟ ɫɭɛɴɟɤɬɢɜɧɨɫɬɶ; 

– ɩɨɥɭɱɢɥ ɞаɥɶɧɟɣɲɟɟ ɪаɡɜɢɬɢɟ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɵɣ ɦɟɬɨɞ 

ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ, ɪɟаɥɢɡɨɜаɧɧɵɣ ɧа ɛаɡɟ 

ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɫɬɪɭɤɬɭɪа ɤɨɬɨɪɨɣ ɭɱɢɬɵɜаɟɬ ɦɧɨɝɨɦаɫɲɬаɛɧɨɟ 

ɩɪɟɞɫɬаɜɥɟɧɢɟ ɢɡɨɛɪаɠɟɧɢя ɧа ɨɫɧɨɜɟ ɞɜɭɦɟɪɧɨɝɨ ɞɢɫɤɪɟɬɧɨɝɨ ɜɟɣɜɥɟɬ-

ɩɪɟɨɛɪаɡɨɜаɧɢя, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɨɛɟɫɩɟɱɢɬɶ ɜɵɫɨɤɨɟ ɤаɱɟɫɬɜɨ ɢ ɨɩɟɪаɬɢɜɧɨɫɬɶ 

ɩɪɨɰɟɞɭɪɵ ɜɵяɜɥɟɧɢя ɌɈ ɢ ɭɦɟɧɶɲɢɬɶ ɡаɜɢɫɢɦɨɫɬɶ ɪɟɡɭɥɶɬаɬɨɜ ɜɵяɜɥɟɧɢя ɌɈ 

ɨɬ ɪаɡɦɟɪɨɜ ɢ ɬɢɩɨɜ ɲɪɢɮɬɨɜ ɬɟɤɫɬа; 

– ɭɫɨɜɟɪɲɟɧɫɬɜɨɜаɧ ɦɟɬɨɞ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа 

ɢɡɨɛɪаɠɟɧɢɢ ɧа ɨɫɧɨɜɟ ɪаɡɪаɛɨɬаɧɧɨɝɨ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɦɟɬɨɞа 

ɜɵяɜɥɟɧɢя ɌɈ ɢ ɢɯ ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɣ ɨɛɪаɛɨɬɤɢ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɨɛɟɫɩɟɱɢɬɶ 

ɜɵɫɨɤɨɟ ɤаɱɟɫɬɜɨ ɢ ɨɩɟɪаɬɢɜɧɨɫɬɶ ɩɪɨɰɟɞɭɪɵ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ 

ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ ɜ ɫɢɫɬɟɦаɯ ɩɟɪɟɪаɛɨɬɤɢ ɝɪаɮɢɱɟɫɤɨɣ 

ɢɧɮɨɪɦаɰɢɢ. 

ɉɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬаɬɨɜ ɡаɤɥɸɱаɟɬɫя ɜ ɬɨɦ, ɱɬɨ 

ɪаɡɪаɛɨɬаɧɧɵɟ ɦɨɞɟɥɢ ɢ ɦɟɬɨɞɵ ɪɟаɥɢɡɨɜаɧɵ ɜ ɢɧɮɨɪɦаɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ 

ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ. 

Ɋаɡɪаɛɨɬаɧɧая ɢɧɮɨɪɦаɰɢɨɧɧая ɬɟɯɧɨɥɨɝɢя ɩɨɡɜɨɥяɟɬ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ. 

Ɋɟɡɭɥɶɬаɬɵ ɬɟɫɬɢɪɨɜаɧɢя ɩɨɤаɡаɥɢ, ɱɬɨ ɤаɱɟɫɬɜɨ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ 

ɨɛɥаɫɬɟɣ ɫ ɩɨɦɨɳɶɸ ɪаɡɪаɛɨɬаɧɧɨɣ ɂɌ ɧа 10-15 % ɜɵɲɟ, ɱɟɦ ɤаɱɟɫɬɜɨ 

ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɬаɤɢɦɢ ɩɪɨɝɪаɦɦɧɵɦɢ ɩɪɨɞɭɤɬаɦɢ ɤаɤ FЫООOCR 

(ШЧХТЧОOCR.ЧОЭ) ɢ FТЧОRОКНОЫ11. 

Ɇɟɬɨɞ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ 

ɮɨɧɨɦ ɧа ɨɫɧɨɜɟ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɢ ɢɧɮɨɪɦаɰɢɨɧɧая ɬɟɯɧɨɥɨɝɢя 

ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜаɧɵ ɞɥя ɦɨɞɟɥɢɪɨɜаɧɢя ɢ 

ɪаɡɪаɛɨɬɤɢ ɩɪɨɝɪаɦɦɧɨ-аɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢя ɩɪɢ аɜɬɨɦаɬɢɡаɰɢɢ 
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ɭɱɟɬа ɧаɤɨɩɥɟɧɧɨɣ ɝɪаɮɢɱɟɫɤɨɣ ɢ ɜɢɞɟɨɢɧɮɨɪɦаɰɢɢ ɜ ɧаɭɱɧɨ-

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦ ɨɛɴɟɞɢɧɟɧɢɢ «Ⱦɢɫɤɪɟɬ» (ɝ. Ɉɞɟɫɫа), а ɢɦɟɧɧɨ, ɦɨɞɢɮɢɤаɰɢɢ 

ɫɢɫɬɟɦɵ аɜɬɨɦаɬɢɡаɰɢɢ ɩɪɨɜɟɪɤɢ ɤаɱɟɫɬɜа ɭɩаɤɨɜɤɢ ɩɪɨɞɭɤɰɢɢ ɢ ɩɪаɜɢɥɶɧɨɫɬɢ 

ɪаɫɩɪɟɞɟɥɟɧɢя ɟɟ ɩɪɢ ɮɨɪɦɢɪɨɜаɧɢɢ ɩаɪɬɢɣ ɬɨɜаɪа, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɩɨɜɵɫɢɬɶ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜаɧɢя ɫɤɥаɞа ɩɪɨɞɭɤɰɢɢ ɧа ɩɪɟɞɩɪɢяɬɢɢ. 

Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢя ɞɢɫɫɟɪɬаɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜаɧɢя ɜɧɟɞɪɟɧɵ ɜ 

ɭɱɟɛɧɵɣ ɩɪɨɰɟɫɫ Ɉɞɟɫɫɤɨɝɨ ɧаɰɢɨɧаɥɶɧɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬа ɧа 

ɤаɮɟɞɪɟ ɢɧɮɨɪɦаɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɩɪɢ ɩɪɟɩɨɞаɜаɧɢɢ ɞɢɫɰɢɩɥɢɧ «Ɇɟɬɨɞɵ ɢ 

ɫɪɟɞɫɬɜа ɤɨɦɩɶɸɬɟɪɧɵɯ ɢɧɮɨɪɦаɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ», «Ɇɟɬɨɞɵ ɢ ɫɪɟɞɫɬɜа 

ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬа», «ȼɵɱɢɫɥɢɬɟɥɶɧɵɣ ɢɧɬɟɥɥɟɤɬ» ɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 

ɤɭɪɫɨɜɨɝɨ ɩɪɨɟɤɬɢɪɨɜаɧɢя. 

Ʌɢɱɧɵɣ ɜɤɥɚɞ ɫɨɢɫɤɚɬɟɥɹ. ȼɫɟ ɧаɭɱɧɵɟ ɩɨɥɨɠɟɧɢя ɢ ɩɪаɤɬɢɱɟɫɤɢɟ 

ɪɟɡɭɥɶɬаɬɵ, ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɜ ɞɢɫɫɟɪɬаɰɢɨɧɧɨɣ ɪаɛɨɬɟ, ɛɵɥɢ ɩɨɥɭɱɟɧɵ аɜɬɨɪɨɦ 

ɥɢɱɧɨ [1]. ȼ ɪаɛɨɬаɯ, ɨɩɭɛɥɢɤɨɜаɧɧɵɯ ɜ ɫɨаɜɬɨɪɫɬɜɟ, ɥɢɱɧɵɣ ɜɤɥаɞ ɫɨɢɫɤаɬɟɥя 

ɬаɤɨɣ: [2, 3, 4, 5, 6, 7] – ɩɪɨɜɟɞɟɧ аɧаɥɢɬɢɱɟɫɤɢɣ ɨɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ, 

ɦɨɞɟɥɟɣ ɢ ɩɨɞɯɨɞɨɜ ɤ ɪɟɲɟɧɢɸ ɡаɞаɱɢ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа 

ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ; Д8, 9, 10] – ɪаɡɪаɛɨɬаɧ ɢ ɢɫɫɥɟɞɨɜаɧ ɦɟɬɨɞ 

ɨɛɧаɪɭɠɟɧɢя ɢ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɢ ɜɵɞɟɥɟɧɢɟ ɫɢɦɜɨɥɨɜ ɧа 

ɢɡɨɛɪаɠɟɧɢяɯ ɫ ɧɟɨɞɧɨɪɨɞɧɵɦ ɮɨɧɨɦ Д11, 12, 13] – ɪаɡɪаɛɨɬаɧɵ ɦɟɬɨɞ 

ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ ɧа ɨɫɧɨɜɟ 

ɫɜёɪɬɨɱɧɨɣ ɫɟɬɢ ɢ ɫɬɪɭɤɬɭɪа ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥя ɥɨɤаɥɢɡаɰɢɢ 

ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ; Д5Ж – ɪаɡɪаɛɨɬаɧа ɜɟɪɨяɬɧɨɫɬɧая ɦɨɞɟɥɶ ɩɪɟɞɫɬаɜɥɟɧɢя 

ɫɢɦɜɨɥа ɬɟɤɫɬа ɢ ɦɟɬɨɞ ɮɨɪɦɢɪɨɜаɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɨɫɧɨɜɟ 

ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥа; Д6Ж – ɪаɡɪаɛɨɬаɧа 

ɢɧɮɨɪɦаɰɢɨɧɧая ɬɟɯɧɨɥɨɝɢя ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ 

ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ. 

Ⱥɩɪɨɛɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɞɢɫɫɟɪɬɚɰɢɢ. ɇаɭɱɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɢ ɨɫɧɨɜɧɵɟ 

ɩɨɥɨɠɟɧɢя ɞɢɫɫɟɪɬаɰɢɨɧɧɨɣ ɪаɛɨɬɵ ɞɨɤɥаɞɵɜаɥɢɫɶ ɢ ɨɛɫɭɠɞаɥɢɫɶ ɧа ɧаɭɱɧɵɯ 

ɫɟɦɢɧаɪаɯ ɤаɮɟɞɪɵ ɢɧɮɨɪɦаɰɢɨɧɧɵɯ ɫɢɫɬɟɦ Ɉɇɉɍ ɢ ɧаɭɱɧɵɯ ɤɨɧɮɟɪɟɧɰɢяɯ: 
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ɦɟɠɞɭɧаɪɨɞɧɵɯ ɧаɭɱɧɨ-ɩɪаɤɬɢɱɟɫɤɢɯ ɤɨɧɮɟɪɟɧɰɢяɯ «ɋɨɜɪɟɦɟɧɧɵɟ 

ɢɧɮɨɪɦаɰɢɨɧɧɵɟ ɢ ɷɥɟɤɬɪɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ» (ɋɂȿɌ-2010, 2012, 2013, 2014, ɝ. 

Ɉɞɟɫɫа), БI ȼɫɟɭɤɪаɢɧɫɤɨɣ ɦɟɠɞɭɧаɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «Ɉɛɪаɛɨɬɤа ɫɢɝɧаɥɨɜ 

ɢ ɢɡɨɛɪаɠɟɧɢɣ ɢ ɪаɫɩɨɡɧаɜаɧɢя ɨɛɪаɡɨɜ» (ɍɤɪɈȻɊȺɁ'2012, ɝ. Кɢɟɜ), VIII 

Ɇɟɠɞɭɧаɪɨɞɧɨɣ ɧаɭɱɧɨ-ɩɪаɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɂɫɤɭɫɫɬɜɟɧɧɵɣ 

ɢɧɬɟɥɥɟɤɬ. ɂɧɬɟɥɥɟɤɬɭаɥɶɧɵɟ ɫɢɫɬɟɦɵ – 2012» (ɩ. Каɰɢɜɟɥɢ), БIII 

ɦɟɠɞɭɧаɪɨɞɧɨɣ ɧаɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɉɪɨɛɥɟɦɵ ɢɧɮɨɪɦаɬɢɤɢ ɢ 

ɦɨɞɟɥɢɪɨɜаɧɢя» (ɏаɪɶɤɨɜ – əɥɬа, 2013). 

ɉɭɛɥɢɤɚɰɢɢ. ɉɨ ɬɟɦɟ ɞɢɫɫɟɪɬаɰɢɢ ɨɩɭɛɥɢɤɨɜаɧɨ 15 ɪаɛɨɬ, ɜ ɬɨɦ ɱɢɫɥɟ 6 

ɫɬаɬɟɣ ɜ ɧаɭɱɧɵɯ ɠɭɪɧаɥаɯ ɢɡ ɩɟɪɟɱɧя ɩɪɨɮɟɫɫɢɨɧаɥɶɧɵɯ ɢɡɞаɧɢɣ ɍɤɪаɢɧɵ (ɢɡ 

ɤɨɬɨɪɵɯ 3 ɫɬаɬɶɢ ɜ ɢɡɞаɧɢяɯ, ɜɯɨɞяɳɢɯ ɜ ɧаɭɤɨɦɟɬɪɢɱɟɫɤɢɟ ɛаɡɵ), 9 ɜ ɬɪɭɞаɯ 

ɢɥɢ ɬɟɡɢɫаɯ ɞɨɤɥаɞɨɜ ɦɟɠɞɭɧаɪɨɞɧɵɯ ɢ ɜɫɟɭɤɪаɢɧɫɤɢɯ ɤɨɧɮɟɪɟɧɰɢɣ. 
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ɊȺɁȾȿɅ 1 

ȺɇȺɅɂɁ ɂɇɎɈɊɆȺɐɂɈɇɇɕɏ ɌȿɏɇɈɅɈȽɂɃ ɅɈКȺɅɂɁȺɐɂɂ 

ɌȿКɋɌɈȼɕɏ ɈȻɅȺɋɌȿɃ ɇȺ ɂɁɈȻɊȺɀȿɇɂəɏ ɋɈ ɋɅɈɀɇɕɆ ɎɈɇɈɆ 

ɉɊɂ ɉȿɊȿɊȺȻɈɌКȿ ȽɊȺɎɂɑȿɋКɈɃ ɂɇɎɈɊɆȺɐɂɂ 

 

1.1. Ⱥɧаɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢɧɮɨɪɦаɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɩɟɪɟɪаɛɨɬɤɢ 

ɢɡɨɛɪаɠɟɧɢɣ ɫ ɬɟɤɫɬɨɜɨɣ ɢɧɮɨɪɦаɰɢɟɣ 

 

Ƚɪаɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬаɜɥɟɧɢɟ ɢɧɮɨɪɦаɰɢɢ (ɫɩɟɰɢаɥɢɡɢɪɨɜаɧɧɵɟ 

ɢɡɨɛɪаɠɟɧɢя (ɦɟɞɢɰɢɧɫɤɢɟ, ɫɩɭɬɧɢɤɨɜɵɟ ɢ ɬ.ɞ.), ɮɨɬɨɝɪаɮɢɢ, ɨɬɫɤаɧɢɪɨɜаɧɧɵɟ 

ɞɨɤɭɦɟɧɬɵ, ɜɢɞɟɨ-ɮаɣɥɵ ɢ ɬ.ɩ.) ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫя ɜ ɛɵɬɭ ɢ ɬɟɯɧɢɱɟɫɤɢɯ 

ɫɢɫɬɟɦаɯ. ȼ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɮɭɧɤɰɢɨɧаɥɶɧɨɝɨ ɧаɡɧаɱɟɧɢя ɫɢɫɬɟɦ ɩɟɪɟɪаɛɨɬɤɢ 

ɬɟɯɧɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ ɪаɡɥɢɱаɸɬ ɪяɞ ɢɧɮɨɪɦаɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 

ɩɟɪɟɪаɛɨɬɤɢ ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ, ɤɨɬɨɪɵɟ ɩɪɟɞɧаɡɧаɱɟɧɵ ɞɥя ɪɟɲɟɧɢя 

ɬаɤɢɯ ɡаɞаɱ, ɤаɤ: ɩɨɢɫɤ ɢɡɨɛɪаɠɟɧɢɣ ɡаɞаɧɧɨɝɨ ɫɨɞɟɪɠаɧɢя ɜ ɛаɡаɯ ɞаɧɧɵɯ, 

ɫɨɪɬɢɪɨɜɤɢ ɢɡɨɛɪаɠɟɧɢɣ ɩɨ ɨɩɪɟɞɟɥɟɧɧɵɦ ɤɪɢɬɟɪɢяɦ, ɤɨɧɜɟɪɬɢɪɨɜаɧɢя 

ɢɡɨɛɪаɠɟɧɢɣ, ɪаɫɩɨɡɧаɜаɧɢя ɨɛɴɟɤɬɨɜ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɩɪɢɡɧаɤаɦɢ ɧа 

ɢɡɨɛɪаɠɟɧɢɢ ɢ ɬ.ɞ. (ɪɢɫ. 1.1).  

Каɤ ɜɢɞɢɦ, ɞɥя ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜа ɩɪаɤɬɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ, ɬаɤɢɯ 

ɤаɤ ɫɢɫɬɟɦɵ ɭɱɟɬа, ɛɭɯɝаɥɬɟɪɫɤɢɣ ɞɨɤɭɦɟɧɬɨɨɛɨɪɨɬ, ɨɯɪаɧɧая ɞɟяɬɟɥɶɧɨɫɬɶ, 

ɦɭɥɶɬɢɦɟɞɢа ɢ ɞɪ. ɜаɠɧɨɣ ɡаɞаɱɟɣ ɩɟɪɟɪаɛɨɬɤɢ ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ 

яɜɥяɟɬɫя ɡаɞаɱа ɪаɫɩɨɡɧаɜаɧɢя ɬɟɤɫɬа ɧа ɢɡɨɛɪаɠɟɧɢɢ.  

ɉɨɜɵɲɟɧɧɵɣ ɢɧɬɟɪɟɫ ɤ ɫɢɫɬɟɦаɦ аɜɬɨɦаɬɢɱɟɫɤɨɝɨ ɪаɫɩɨɡɧаɜаɧɢя ɬɟɤɫɬɨɜ 

ɜɵɡɜаɧ ɪаɡɜɢɬɢɟɦ ɱɟɥɨɜɟɤɨ-ɦаɲɢɧɧɵɯ ɢɧɬɟɪɮɟɣɫɨɜ. ɇɟɫɦɨɬɪя ɧа ɬɨ, ɱɬɨ 

ɪаɡɪаɛɨɬɤа ɦɟɬɨɞɨɜ ɪаɫɩɨɡɧаɜаɧɢя ɬɟɤɫɬɨɜ ɜɟɞɟɬɫя ɭɠɟ ɧɟɫɤɨɥɶɤɨ ɞɟɫяɬɢɥɟɬɢɣ, 

ɷɬа ɡаɞаɱа ɩɨ-ɩɪɟɠɧɟɦɭ ɞаɥɟɤа ɨɬ аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɨɝɨ ɪɟɲɟɧɢя ɞɥя ɪɟаɥɶɧɵɯ 

ɢɡɨɛɪаɠɟɧɢɣ ɫɨ ɫɥɨɠɧɵɦ ɢ ɧɟɨɞɧɨɪɨɞɧɵɦ ɮɨɧɨɦ, ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɱɟɬɤɢɯ 

ɤɪɢɬɟɪɢɟɜ ɨɬɥɢɱɢя ɬɟɤɫɬа ɨɬ ɮɨɧа Д16 - 22].  
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Ƚɪɚɮɢɱɟɫɤɚɹ ɢɧɮɨɪɦɚɰɢɹ
(Ƚɂ)

Ɏɨɬɨɝɪɚɮɢɢ ȼɢɞɟɨ-ɮɚɣɥɵ Ɉɬɫɤɚɧɢɪɨɜɚɧɧɵɟ 
ɞɨɤɭɦɟɧɬɵ

ɋɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ 
ɢɡɨɛɪɚɠɟɧɢɹ

(ɦɟɞɢɰɢɧɫɤɢɟ, 

ɫɩɭɬɧɢɤɨɜɵɟ, ..)

ɉɨɢɫɤ ɡɚɞɚɧɧɨɝɨ 
ɫɨɞɟɪɠɚɧɢɹ

ɋɨɪɬɢɪɨɜɤɚ
(ɩɨ ɤɪɢɬɟɪɢɹɦ)

Ɋɚɫɩɨɡɧɚɜɚɧɢɟ
ɨɛɴɟɤɬɨɜ Ʉɨɧɜɟɪɬɢɪɨɜɚɧɢɟ

ɋɢɫɬɟɦɵ ɭɱɟɬɚ ɋɢɫɬɟɦɵ 
ɞɨɤɭɦɟɧɬɨɨɛɨɪɨɬɚ Ɉɯɪɚɧɧɵɟ ɫɢɫɬɟɦɵ Ɇɭɥɶɬɢɦɟɞɢɣɧɵɟ 

ɫɢɫɬɟɦɵ

Ɋɚɫɩɨɡɧɚɜɚɧɢɟ 
ɬɟɤɫɬɚ

Ɉɫɧɨɜɧɵɟ ɜɢɞɵ 

ɝɪɚɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ

Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ 
ɩɟɪɟɪɚɛɨɬɤɢ 

ɝɪɚɮɢɱɟɫɤɨɣ 
ɢɧɮɨɪɦɚɰɢɢ

ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ 
ɫɢɫɬɟɦɵ

 

Ɋɢɫ. 1.1. ȼɡаɢɦɨɫɜяɡɶ ɜɢɞɨɜ ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ ɢ ɡаɞаɱ ɟɟ ɨɛɪаɛɨɬɤɢ.  

 

Ⱦɥя ɬаɤɢɯ ɡаɞаɱ ɪаɡɥɢɱаɸɬ ɞɜа ɬɢɩа ɬɟɤɫɬа ɧа ɮɨɬɨ- ɢ ɜɢɞɟɨɢɡɨɛɪаɠɟɧɢяɯ 

(ɪɢɫ. 1.2): 

– ɫɸɠɟɬɧɵɣ ɬɟɤɫɬ (ɬɟɤɫɬ ɫɰɟɧɵ) – ɬɟɤɫɬ, ɤɨɬɨɪɵɣ ɟɫɬɟɫɬɜɟɧɧɵɦ ɨɛɪаɡɨɦ 

ɜɨɡɧɢɤаɟɬ ɜɨ ɜɪɟɦя ɫɴɟɦɤɢ ɤаɞɪа (ɧаɞɩɢɫɢ ɧа ɪɟɤɥаɦɧɵɯ ɳɢɬаɯ, ɩɥаɤаɬаɯ, 

ɜɵɜɟɫɤаɯ, ɞɨɪɨɠɧɵɯ ɡɧаɤаɯ ɢ ɬ.ɞ.), ɢ, ɤаɤ ɩɪаɜɢɥɨ, ɫɥаɛɨ ɫɜяɡаɧɧɵɣ ɫ 

ɢɡɨɛɪаɠɟɧɢɟɦ; 

– ɢɫɤɭɫɫɬɜɟɧɧɵɣ (ɧаɥɨɠɟɧɧɵɣ) ɬɟɤɫɬ – ɬɟɤɫɬ, ɤɨɬɨɪɵɣ ɧаɤɥаɞɵɜаɟɬɫя 

ɱɟɥɨɜɟɤɨɦ ɧа ɢɡɨɛɪаɠɟɧɢɟ ɩɪɢ ɩɨɦɨɳɢ ɝɪаɮɢɱɟɫɤɢɯ ɪɟɞаɤɬɨɪɨɜ (ɧаɩɪɢɦɟɪ, 

CШЫОХDRAА, MТМЫШЬШПЭ PКТЧЭ ɢ ɬ.ɩ.) ɫ ɰɟɥɶɸ ɨɩɢɫаɬɶ ɫɨɞɟɪɠɢɦɨɟ ɢɡɨɛɪаɠɟɧɢя 

ɢɥɢ ɞаɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɢɧɮɨɪɦаɰɢɸ, ɫɜяɡаɧɧɭɸ ɫ ɧɢɦ.  

Ɋаɡɪаɛаɬɵɜаɟɦɵɟ ɜ ɞаɧɧɨɣ ɪаɛɨɬɟ ɦɨɞɟɥɢ, ɦɟɬɨɞɵ ɢ ɢɧɮɨɪɦаɰɢɨɧɧɵɟ 

ɬɟɯɧɨɥɨɝɢɢ ɩɪɟɞɧаɡɧаɱɟɧɵ ɞɥя ɨɛɧаɪɭɠɟɧɢя ɮɪаɝɦɟɧɬɨɜ ɫɸɠɟɬɧɨɝɨ ɬɟɤɫɬа ɤаɤ 

ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɡаɞаɱɢ ɢɡ-ɡа ɪаɡɧɨɝɨ ɨɫɜɟɳɟɧɢя, ɤɨɧɬɪаɫɬɧɨɫɬɢ, ɫɥɨɠɧɵɯ 

ɬɪаɧɫɮɨɪɦаɰɢɣ ɫɬɢɥя ɬɟɤɫɬа, ɫɥɨɠɧɨɝɨ ɮɨɧа.  
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а                                                                  ɛ 

Ɋɢɫ. 1.2. ɉɪɢɦɟɪ ɮɨɬɨɢɡɨɛɪаɠɟɧɢя ɫ ɧаɥɢɱɢɟɦ: 

а – ɫɸɠɟɬɧɨɝɨ ɬɟɤɫɬа; ɛ – ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɬɟɤɫɬа. 
 

ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɨɛɥаɫɬяɦ ɫ ɫɸɠɟɬɧɵɦ ɬɟɤɫɬɨɦ ɮɨɧ ɫɱɢɬɚɟɬɫɹ 

ɫɥɨɠɧɵɦ ɜ ɫɥɭɱаɟ, ɤɨɝɞа ɬɟɤɫɬ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɧɟ ɨɬɞɟɥɟɧ ɨɬ ɞɪɭɝɨɣ 

ɢɧɮɨɪɦаɰɢɢ, а яɜɥяɟɬɫя ɱаɫɬɶɸ ɷɬɨɣ ɢɧɮɨɪɦаɰɢɢ, ɩɪɢɱɟɦ ɬɟɤɫɬɨɜая ɨɛɥаɫɬɶ 

ɦɨɠɟɬ ɩɪɨɢɡɜɨɥɶɧɨ ɪаɫɩɨɥаɝаɬɶɫя ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɡɨɛɪаɠɟɧɢяɦ 

ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɨɛɴɟɤɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɧаɤɥаɞɵɜаɬɶɫя ɧа ɧɢɯ. 

ɉɪɢɦɟɪаɦɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɫɥɨɠɧɨɦ ɮɨɧɟ яɜɥяɸɬɫя ɬɟɤɫɬɨɜɵɟ 

ɧаɞɩɢɫɢ ɧа ɩаɦяɬɧɢɤаɯ, ɧɨɦɟɪа ɞɨɦɨɜ ɢ ɧаɡɜаɧɢя ɭɥɢɰ ɧа ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɭɤаɡаɬɟɥяɯ, ɧаɞɩɢɫɢ ɧа ɪɟɤɥаɦɧɵɯ ɩɥаɤаɬаɯ, ɧаɞɩɢɫɢ ɧа ɞɨɪɨɠɧɵɯ ɭɤаɡаɬɟɥяɯ, 

ɢɧɮɨɪɦаɰɢɨɧɧая ɬɟɤɫɬɨɜая ɫɬɪɨɤа ɧа ɷɤɪаɧɟ ɬɟɥɟɜɢɡɨɪа ɢ ɬ.ɞ. (ɪɢɫ. 1.3). 

ɂɧɮɨɪɦаɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɩɟɪɟɪаɛɨɬɤɢ ɢɡɨɛɪаɠɟɧɢɣ ɫ ɬɟɤɫɬɨɜɨɣ 

ɢɧɮɨɪɦаɰɢɟɣ ɭɫɥɨɜɧɨ ɦɨɠɧɨ ɪаɡɞɟɥɢɬɶ ɧа 2 ɤɥаɫɫа:  

– ɫɢɫɬɟɦɵ ɨɩɬɢɱɟɫɤɨɝɨ ɪаɫɩɨɡɧаɜаɧɢя ɫɢɦɜɨɥɨɜ (OCR – Optical Character 

Recognition), ɩɪɟɞɧаɡɧаɱɟɧɧɵɟ ɞɥя ɩɟɪɟɜɨɞа ɬɟɤɫɬа ɢɡ ɝɪаɮɢɱɟɫɤɨɝɨ 

ɩɪɟɞɫɬаɜɥɟɧɢя ɜ ɬɟɤɫɬɨɜɵɣ ɮɨɪɦаɬ, ɩɪɢɝɨɞɧɵɣ ɞɥя ɞаɥɶɧɟɣɲɟɝɨ 

ɪɟɞаɤɬɢɪɨɜаɧɢя. 

– ɫɢɫɬɟɦɵ ɪаɫɩɨɡɧаɜаɧɢя ɬɟɤɫɬа ɫɩɟɰɢаɥɢɡɢɪɨɜаɧɧɨɝɨ ɧаɡɧаɱɟɧɢя, 

ɩɪɟɞɧаɡɧаɱɟɧɧɵɟ ɞɥя ɪаɫɩɨɡɧаɜаɧɢя ɦаɪɤɢɪɨɜɤɢ ɬɪаɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ, ɩɨɢɫɤа 

ɌɈ ɜ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɤɨɥɥɟɤɰɢяɯ, ɧа ɩɥаɤаɬаɯ ɢ ɞɪ.  
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Ɋɢɫ. 1.3. ɉɪɢɦɟɪɵ ɢɡɨɛɪаɠɟɧɢɣ, ɫɨɞɟɪɠаɳɢɯ ɌɈ ɧа ɫɥɨɠɧɨɦ ɮɨɧɟ:  
а – ɩɪɢ ɪаɫɩɨɡɧаɜаɧɢɢ ɭɤаɡаɬɟɥɟɣ; ɛ – ɩɪɢ ɪаɫɩɨɡɧаɜаɧɢɢ ɧɨɦɟɪɨɜ аɜɬɨɦɨɛɢɥɟɣ; 

ɜ – ɩɪɢ ɪаɫɩɨɡɧаɜаɧɢɢ ɬɟɤɫɬа ɧа ɬɟɥɟɜɢɡɢɨɧɧɨɦ ɤаɞɪɟ;  
ɝ – ɩɪɢ ɩɨɢɫɤɟ ɬɟɤɫɬɨɜɨɣ ɢɧɮɨɪɦаɰɢɢ ɜ ɪɟɤɥаɦɧɵɯ ɢɡɨɛɪаɠɟɧɢяɯ. 

 

ɋɨɜɪɟɦɟɧɧɵɟ ɈɋR ɫɢɫɬɟɦɵ (ɧаɩɪɢɦɟɪ, FТЧОRОКНОЫ, CЮЧОТFШЫЦ ɢ ɞɪ. Д23 -

 25Ж) ɫɩɨɫɨɛɧɵ ɞɨɫɬɢɝаɬɶ ɧаɢɥɭɱɲɟɣ ɬɨɱɧɨɫɬɢ ɪаɫɩɨɡɧаɜаɧɢя ɫɢɦɜɨɥɨɜ – 

ɫɜɵɲɟ 99 % ɞɥя «ɢɞɟаɥɶɧɵɯ» ɢɡɨɛɪаɠɟɧɢɣ, ɫɨɫɬаɜɥɟɧɧɵɯ ɢɡ ɫɬаɧɞаɪɬɧɵɯ 

ɲɪɢɮɬɨɜ. Ɉɞɧаɤɨ, ɜ ɪɟаɥɶɧɵɯ ɩɪаɤɬɢɱɟɫɤɢɯ ɡаɞаɱаɯ ɬɨɱɧɨɫɬɶ ɪаɫɩɨɡɧаɜаɧɢя 

ɬɟɤɫɬа, ɨɫɨɛɟɧɧɨ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ, ɧɟ ɩɪɟɜɵɲаɟɬ 80%, ɱɬɨ 

ɧɟɞɨɩɭɫɬɢɦɨ ɞɥя ɛɨɥɶɲɢɧɫɬɜа ɩɪɢɥɨɠɟɧɢɣ. К ɮаɤɬɨɪаɦ, ɭɫɥɨɠɧяɸɳɢɦ 

ɩɪɨɰɟɫɫ ɪаɫɩɨɡɧаɜаɧɢя ɬɟɤɫɬа ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠаɸɳɢɦ ɬɨɱɧɨɫɬɶ 

ɪаɫɩɨɡɧаɜаɧɢя, ɨɬɧɨɫɢɬɫя ɧɢɡɤɨɟ ɤаɱɟɫɬɜɨ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ 

ɫɥɨɠɧɵɦ ɢ ɡаɲɭɦɥɟɧɧɵɦ ɮɨɧɨɦ; 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɫɢɫɬɟɦ ɪаɫɩɨɡɧаɜаɧɢя ɬɟɤɫɬа ɫɩɟɰɢаɥɢɡɢɪɨɜаɧɧɨɝɨ 

ɧаɡɧаɱɟɧɢя Д26, 27, 29-42Ж ɜɨɡɧɢɤаɸɬ ɬɪɭɞɧɨɫɬɢ, ɩɪɢɜɨɞяɳɢɟ ɤ ɧɢɡɤɨɦɭ 

ɤаɱɟɫɬɜɭ ɪаɫɩɨɡɧаɜаɧɢя. ɗɬɢ ɬɪɭɞɧɨɫɬɢ ɫɜяɡаɧɵ ɫ ɬɟɦ, ɱɬɨ ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢяɯ 
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ɯаɪаɤɬɟɪɢɡɭɸɬɫя ɪаɡɧɵɦ ɩɨɥɨɠɟɧɢɟɦ (ɧɟ ɬɨɥɶɤɨ ɝɨɪɢɡɨɧɬаɥɶɧɵɦ ɥɢɛɨ 

ɜɟɪɬɢɤаɥɶɧɵɦ), ɫɢɥɶɧɨ ɨɬɥɢɱаɸɳɢɦɢɫя ɲɪɢɮɬаɦɢ, ɫɥɨɠɧɵɦ ɮɨɧɨɦ, ɧаɥɢɱɢɟɦ 

ɬаɛɥɢɰ ɢ ɞɪ. ɉɪɟɨɞɨɥɟɧɢɟ ɷɬɢɯ ɬɪɭɞɧɨɫɬɟɣ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ ɬɨɥɶɤɨ ɡа 

ɫɱɟɬ ɭɥɭɱɲɟɧɢя ɤаɱɟɫɬɜа ɥɨɤаɥɢɡаɰɢɢ ɌɈ.  

Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɜ ɪɟɡɭɥɶɬаɬɟ аɧаɥɢɡа ɧɟɞɨɫɬаɬɤɨɜ ɢɧɮɨɪɦаɰɢɨɧɧɵɯ 

ɫɢɫɬɟɦ ɩɟɪɟɪаɛɨɬɤɢ ɢɡɨɛɪаɠɟɧɢɣ ɫ ɬɟɤɫɬɨɜɨɣ ɢɧɮɨɪɦаɰɢɟɣ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ 

ɭɫɬаɧɨɜɥɟɧɨ, ɱɬɨ ɨɫɧɨɜɧɨɣ ɩɪɨɛɥɟɦɨɣ, ɨɝɪаɧɢɱɢɜаɸɳɟɣ ɲɢɪɨɤɨɟ 

ɢɫɩɨɥɶɡɨɜаɧɢɟ ɫɢɫɬɟɦ ɪаɫɩɨɡɧаɜаɧɢя ɬɟɤɫɬа ɧа ɩɪаɤɬɢɤɟ, яɜɥяɟɬɫя ɧɟɜɵɫɨɤая 

ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɪаɫɩɨɡɧаɜаɧɢя, ɨɫɨɛɟɧɧɨ ɧа ɫɥɨɠɧɨɦ ɮɨɧɟ, ɜ ɭɫɥɨɜɢяɯ ɩɨɦɟɯ ɫɨ 

ɡɧаɱɟɧɢяɦɢ ɨɬɧɨɲɟɧɢя ɫɢɝɧаɥ/ɲɭɦ ɩɨ аɦɩɥɢɬɭɞɟ ɦɟɧɶɲɟ 10, ɤɨɬɨɪая 

ɨɛɭɫɥɨɜɥɟɧа ɨɲɢɛɨɱɧɨɫɬɶɸ ɢɧɬɟɪɩɪɟɬаɰɢɢ ɢɡɨɛɪаɠɟɧɢɣ ɡа ɫɱɟɬ ɧɟɞɨɫɬаɬɨɱɧɨɣ 

ɬɨɱɧɨɫɬɢ ɢ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɢ ɥɨɤаɥɢɡаɰɢɢ ɨɬɞɟɥɶɧɵɯ ɌɈ.  

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɢɧɮɨɪɦаɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɩɟɪɟɪаɛɨɬɤɢ ɢɡɨɛɪаɠɟɧɢɣ ɫ 

ɬɟɤɫɬɨɜɨɣ ɢɧɮɨɪɦаɰɢɟɣ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥя ɪаɫɩɨɡɧаɜаɧɢя ɫɸɠɟɬɧɵɯ ɬɟɤɫɬɨɜ 

ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ, ɤаɤ ɩɪаɜɢɥɨ, ɨɫɧɨɜаɧɵ ɧа ɞɜɭɯ ɂɌ, 

ɨɛɟɫɩɟɱɢɜаɸɳɢɯ ɞɜɟ ɨɫɧɨɜɧɵɟ ɩɪɨɰɟɞɭɪɵ: ɥɨɤаɥɢɡаɰɢɸ ɬɟɤɫɬɨɜɨɣ ɨɛɥаɫɬɢ 

(ɌɈ) ɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɪаɫɩɨɡɧаɜаɧɢɟ ɬɟɤɫɬа. ɉɪɢ ɷɬɨɦ ɭɫɩɟɲɧɨɟ 

ɜɵɩɨɥɧɟɧɢɟ ɜɬɨɪɨɣ ɩɪɨɰɟɞɭɪɵ ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɤаɱɟɫɬɜɟɧɧɵɯ ɪɟɡɭɥɶɬаɬɨɜ 

ɩɟɪɜɨɣ. Ɉɞɧаɤɨ ɫɨɡɞаɧɢɟ ɂɌ ɞɥя аɜɬɨɦаɬɢɱɟɫɤɨɣ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ 

ɨɛɥаɫɬɟɣ яɜɥяɟɬɫя ɧɟɩɪɨɫɬɨɣ ɡаɞаɱɟɣ ɢɡ-ɡа ɩɟɪɟɦɟɧɱɢɜɵɯ ɭɫɥɨɜɢɣ 

ɜɢɡɭаɥɢɡаɰɢɢ, ɫɜяɡаɧɧɵɯ ɫ ɨɫɜɟɳɟɧɢɟɦ, ɪаɡɧɵɦ ɩɨɥɨɠɟɧɢɟɦ ɬɟɤɫɬа ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɤаɦɟɪɟ, ɢɡ-ɡа ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɡаɪаɧɟɟ ɩɪɟɞɭɝаɞаɬɶ, ɜ ɤаɤɨɣ 

ɨɛɥаɫɬɢ ɢɡɨɛɪаɠɟɧɢя ɪаɫɩɨɥɨɠɟɧ ɬɟɤɫɬ (ɨɫɨɛɟɧɧɨ ɩɪɢ ɧаɥɢɱɢɢ ɪаɡɧɨɪɨɞɧɨɣ 

ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ) ɢ ɤаɤɨɟ ɷɬɨɬ ɬɟɤɫɬ ɢɦɟɟɬ ɢɫɤаɠɟɧɢɟ.  

 

1.2. ɉɨɫɬаɧɨɜɤа ɡаɞаɱɢ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ 

 

Каɤ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɂɌ ɬɟɯɧɨɥɨɝɢя ɥɨɤаɥɢɡаɰɢɢ ɌɈ яɜɥяɟɬɫя ɫɨɫɬаɜɧɨɣ 

ɱаɫɬɶɸ ɂɌ ɪаɫɩɨɡɧаɜаɧɢя ɬɟɤɫɬа. Ɉɫɧɨɜɧɵɟ ɡаɞаɱɢ, ɪɟɲаɟɦɵɟ ɜ ɩɪɨɰɟɫɫɟ 
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ɪаɫɩɨɡɧаɜаɧɢя ɬɟɤɫɬа, ɦɨɠɧɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɜɟɞɟɧɧɨɣ ɫɯɟɦɨɣ (ɪɢɫ. 1.4) 

ɪаɡɞɟɥɢɬɶ ɧа ɞɜа ɬɢɩа: ɨɛɧаɪɭɠɟɧɢɟ ɬɟɤɫɬа ɢ ɪаɫɩɨɡɧаɜаɧɢɟ ɬɟɤɫɬа, ɩɪɢɱɟɦ 

ɷɮɮɟɤɬɢɜɧɨɟ ɪɟɲɟɧɢɟ ɩɟɪɜɨɣ ɨɤаɡɵɜаɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢяɧɢɟ ɧа ɤаɱɟɫɬɜɨ 

ɪаɫɩɨɡɧаɜаɧɢя ɬɟɤɫɬа Д43].  

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɬɢɩ ɡаɞаɱ ɨɬɧɨɫяɳɢɯɫя  ɤ ɨɛɧаɪɭɠɟɧɢɸ ɬɟɤɫɬа ɜɤɥɸɱаɟɬ: 

ɥɨɤаɥɢɡаɰɢɸ ɬɟɤɫɬɨɜɵɯ ɫɬɪɨɤ ɧа ɫɥɨɠɧɨɦ ɮɨɧɟ ɛɟɡ ɪаɫɩɨɡɧаɜаɧɢя ɨɬɞɟɥɶɧɵɯ 

ɫɢɦɜɨɥɨɜ, ɢɡɜɥɟɱɟɧɢɟ ɩɪɢɡɧаɤɨɜ ɌɈ, ɜɟɪɢɮɢɤаɰɢɸ ɩɨɥɭɱɟɧɧɵɯ ɨɛɥаɫɬɟɣ. 

Ɍаɤɨɟ ɩɪɟɞɫɬаɜɥɟɧɢɟ ɡаɞаɱ, ɪɟɲаɟɦɵɯ ɩɟɪɟɞ ɜɵɩɨɥɧɟɧɢɟɦ ɫɟɝɦɟɧɬаɰɢɢ ɧа 

ɨɬɞɟɥɶɧɵɟ ɫɢɦɜɨɥɵ ɢ ɢɯ ɪаɫɩɨɡɧаɜаɧɢɟɦ, ɨɛɟɫɩɟɱɢɜаɟɬ ɪяɞ ɩɪɟɢɦɭɳɟɫɬɜ ɞɥя 

ɫɢɫɬɟɦ ɩɟɪɟɪаɛɨɬɤɢ ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ. Ɋаɫɫɦɨɬɪɢɦ ɢɯ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ.  

ɂɡɨɛɪɚɠɟɧɢɹ

Ɉɛɧɚɪɭɠɟɧɢɟ
ɌɈ

Ʌɨɤɚɥɢɡɚɰɢɹ 
ɫɬɪɨɤ ɬɟɤɫɬɚ

ɂɡɜɥɟɱɟɧɢɟ
ɩɪɢɡɧɚɤɨɜ

ȼɟɪɢɮɢɤɚɰɢɹ
ɌɈ

ɋɟɝɦɟɧɬɚɰɢɹ

Ⱥɧɚɥɢɡ 
ɫɜɹɡɧɵɯ 

ɤɨɦɩɨɧɟɧɬ

Ɉɛɧɚɪɭɠɟɧɢɟ
 ɬɟɤɫɬɚ

Ɋɚɫɩɨɡɧɚɜɚɧɢɟ
ɬɟɤɫɬɚ

Ʌɨɤɚɥɢɡɚɰɢɹ 
ɬɟɤɫɬɚ

ȼɟɪɢɮɢɤɚɰɢɹ 
ɬɟɤɫɬɚ

ȼɵɞɜɢɠɟɧɢɟ 
ɝɢɩɨɬɟɡ

Ɋɚɫɩɨɡɧɚɜɚɧɢɟ 
ɬɟɤɫɬɚ

Ɉɩɬɢɱɟɫɤɨɟ 
ɪɚɫɩɨɡɧɚɜɚɧɢɟ 

ɫɢɦɜɨɥɨɜ

Ɉɬɛɨɪ 
ɪɟɡɭɥɶɬɚɬɨɜ

Ɍɟɤɫɬ

 

Ɋɢɫ. 1.4. Ɂаɞаɱɢ, ɪɟɲаɟɦɵɟ ɜ ɩɪɨɰɟɫɫɟ ɪаɫɩɨɡɧаɜаɧɢя ɬɟɤɫɬа  
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ȼɨ-ɩɟɪɜɵɯ, ɜɫɬɪɨɟɧɧɵɣ ɜ ɢɡɨɛɪаɠɟɧɢя ɢɥɢ ɜɢɞɟɨ ɬɟɤɫɬ, ɤаɤ ɩɪаɜɢɥɨ, ɧɟ 

ɪаɫɩɨɥаɝаɟɬɫя ɧа ɜɫёɦ ɢɡɨɛɪаɠɟɧɢɢ, ɩɨɷɬɨɦɭ ɧɟ ɷɤɨɧɨɦɢɱɧɨ ɜɵɩɨɥɧяɬɶ 

ɫɟɝɦɟɧɬаɰɢɸ ɢ ɪаɫɩɨɡɧаɜаɧɢɟ ɫɢɦɜɨɥɨɜ ɧа ɭɱаɫɬɤаɯ ɢɡɨɛɪаɠɟɧɢя, ɧɟ 

ɫɨɞɟɪɠаɳɢɯ ɌɈ.  

ȼɨ-ɜɬɨɪɵɯ, ɫ ɩɨɦɨɳɶɸ ɬɨɱɧɨɣ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 

ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɢɧɮɨɪɦаɰɢɸ ɨ ɦаɫɲɬаɛаɯ ɫаɦɨɝɨ ɬɟɤɫɬа, ɱɬɨ ɜɟɫɶɦа ɩɨɥɟɡɧɨ 

ɩɪɢ ɨɬɞɟɥɟɧɢɢ ɌɈ ɨɬ ɮɨɧа. Кɪɨɦɟ ɬɨɝɨ, ɮɨɧ ɜɧɭɬɪɢ ɥɨɤаɥɢɡɨɜаɧɧɨɣ ɌɈ, ɤаɤ 

ɩɪаɜɢɥɨ, ɦɟɧɟɟ ɫɥɨɠɟɧ, ɱɟɦ ɧа ɰɟɥɨɦ ɢɡɨɛɪаɠɟɧɢɢ ɜ ɫɥɭɱаɟ ɱɟɬɤɨɣ 

ɪаɡɥɢɱɢɦɨɫɬɢ ɫɢɦɜɨɥɨɜ ɬɟɤɫɬа. Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɯɨɪɨɲɟɟ ɨɛɧаɪɭɠɟɧɢɟ ɌɈ 

ɨɛɵɱɧɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɥɭɱɲɟɣ ɫɟɝɦɟɧɬаɰɢɢ ɢ ɪаɫɩɨɡɧаɜаɧɢɸ ɫɢɦɜɨɥɨɜ ɬɟɤɫɬа.  

ȼ-ɬɪɟɬɶɢɯ, ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɯаɪаɤɬɟɪɢɫɬɢɤɢ ɬɟɤɫɬɨɜɨɣ ɫɬɪɨɤɢ ɦɨɝɭɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜаɧɵ ɞɥя ɩɨɢɫɤа ɬɟɤɫɬа. Ɍаɤ ɤаɤ ɬɟɤɫɬɨɜɵɟ ɫɬɪɨɤɢ ɢɦɟɸɬ ɬɢɩɢɱɧɵɟ 

ɮɨɪɦɵ ɢ ɜɵɪɨɜɧɟɧɵ ɩɨɫɬɪɨɱɧɨ, ɬɨ ɥɨɤаɥɢɡаɰɢя ɫɬɪɨɤ ɬɟɤɫɬа ɩɪɨɳɟ ɢ ɧаɞɟɠɧɟɟ, 

ɱɟɦ ɥɨɤаɥɢɡаɰɢя ɨɬɞɟɥɶɧɵɯ ɫɢɦɜɨɥɨɜ. 

Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɡаɞаɱа ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɫɨɫɬɨɢɬ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɧаɥɢɱɢя 

ɢɥɢ ɨɬɫɭɬɫɬɜɢя ɌɈ ɧа ɢɫɯɨɞɧɨɦ ɢɡɨɛɪаɠɟɧɢɢ, ɢ, ɜ ɫɥɭɱаɟ ɧаɥɢɱɢя ɌɈ, 

ɧаɯɨɠɞɟɧɢя ɤɨɨɪɞɢɧаɬ ɢ ɪаɡɦɟɪа ɤаɠɞɨɣ ɢɡ ɧɢɯ. 

Ɏɨɪɦаɥɶɧɨ ɡаɞаɱɭ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢɢ ɦɨɠɧɨ 

ɫɮɨɪɦɭɥɢɪɨɜаɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪаɡɨɦ: ɞɥя ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя 

ɧɟɨɛɯɨɞɢɦɨ ɧаɣɬɢ ɜɫɟ ɩɪяɦɨɭɝɨɥɶɧɢɤɢ, ɫɨɞɟɪɠаɳɢɟ ɌɈ, 

                           ,    (1.1) 

 

ɝɞɟ             – ɤɨɨɪɞɢɧаɬɵ ɜɟɪɯɧɟɝɨ ɥɟɜɨɝɨ ɭɝɥа ɩɪяɦɨɭɝɨɥɶɧɢɤа;         – ɲɢɪɢɧа ɢ ɜɵɫɨɬа ɩɪяɦɨɭɝɨɥɶɧɢɤа ɞɥя i-ɨɣ ɌɈ.  

Ⱦɥя ɩɪяɦɨɭɝɨɥɶɧɢɤɨɜ, ɨɝɪаɧɢɱɢɜаɸɳɢɯ ɌɈ, ɮɨɪɦɭɥа (1.1) ɦɨɠɟɬ ɛɵɬɶ 

ɩɪɟɞɫɬаɜɥɟɧа ɬаɤɠɟ ɜ ɜɢɞɟ 

                                 , (1.2) 
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ɝɞɟ                      – ɤɨɨɪɞɢɧаɬɵ ɜɟɪɯɧɟɝɨ ɥɟɜɨɝɨ ɢ ɧɢɠɧɟɝɨ ɩɪаɜɨɝɨ 

ɭɝɥɨɜ ɩɪяɦɨɭɝɨɥɶɧɢɤа ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

Ⱥ ɲɢɪɢɧɭ     ɢ ɜɵɫɨɬɭ     ɩɪяɦɨɭɝɨɥɶɧɢɤа ɞɥя i-ɨɣ ɌɈ ɫ 

ɢɫɩɨɥɶɡɨɜаɧɢɟɦ (1.2) ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤаɤ: 
                 ,                  . 

 

1.3. Ⱥɧаɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа 

ɢɡɨɛɪаɠɟɧɢɢ 

 

Ⱦɥя ɪɟɲɟɧɢя ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɡаɞаɱ ɪаɫɩɨɡɧаɜаɧɢя ɌɈ ɫ ɭɱɟɬɨɦ 

ɮɨɪɦаɥɢɡаɰɢɢ ɡаɞаɱɢ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɩɪɨɜɟɞɟɧа ɤɥаɫɫɢɮɢɤаɰɢя ɦɟɬɨɞɨɜ ɢ 

ɩɨɞɯɨɞɨɜ ɥɨɤаɥɢɡаɰɢɢ ɫɸɠɟɬɧɵɯ ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ.  

ɉɨ ɜɨɡɦɨɠɧɨɫɬɹɦ ɚɧɚɥɢɡɚ ɢɡɨɛɪɚɠɟɧɢɣ, ɫɪɟɞɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ 

ɨɛɧаɪɭɠɟɧɢя ɢ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬа ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɬɪɢ ɩɨɞɯɨɞа: 

ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɵɣ, ɧа ɨɫɧɨɜɟ ɫɟɝɦɟɧɬаɰɢɢ ɫɩɟɤɬɪаɥɶɧɵɯ ɬɟɤɫɬɭɪ, ɢ 

ɫɬɪɭɤɬɭɪɧɵɣ. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜаɧɢɢ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɩɨɞɯɨɞа ɞɥя 

ɨɛɧаɪɭɠɟɧɢя ɌɈ ɞɥя ɤаɠɞɨɣ ɨɛɥаɫɬɢ ɢɡɨɛɪаɠɟɧɢя ɢ ɧаɛɨɪа ɦɨɞɟɥɟɣ ɌɈ 

ɢɫɱɢɫɥяɸɬɫя ɜɡаɢɦɧɵɟ ɤɨɪɪɟɥяɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ, ɨɩɪɟɞɟɥяɟɬɫя ɦаɤɫɢɦаɥɶɧɨɟ 

ɡɧаɱɟɧɢɟ ɢ ɩɪɢɧɢɦаɟɬɫя ɤɥаɫɫɢɮɢɤаɰɢɨɧɧɨɟ ɪɟɲɟɧɢɟ – «ɬɟɤɫɬɨɜая ɨɛɥаɫɬɶ» 

ɢɥɢ «ɧɟ ɬɟɤɫɬɨɜая ɨɛɥаɫɬɶ» Д43, 44]. ɉɪɟɢɦɭɳɟɫɬɜа ɤɨɪɪɟɥяɰɢɨɧɧɨ-

ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɩɨɞɯɨɞа: ɯɨɪɨɲая ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ ɜ ɭɫɥɨɜɢяɯ ɫɥɨɠɧɨɝɨ ɢ 

ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɮɨɧа, ɭɱɟɬ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɝɨ ɪаɫɩɨɥɨɠɟɧɢя ɫɢɦɜɨɥɨɜ ɜ ɌɈ, 

ɧɟɞɨɫɬаɬɤɢ – ɛɨɥɶɲɢɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɡаɬɪаɬɵ, ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɨɞɟɥɟɣ, 

ɛɨɥɶɲɢɟ ɡаɬɪаɬɵ ɜɪɟɦɟɧɢ ɤаɤ ɜ ɩɪɨɰɟɫɫɟ ɪаɡɪаɛɨɬɤɢ ɦɨɞɟɥɟɣ, ɬаɤ ɢ ɜ ɩɪɨɰɟɫɫɟ 

ɥɨɤаɥɢɡаɰɢɢ, ɨɬɫɭɬɫɬɜɢɟ ɢɧɜаɪɢаɧɬɧɨɫɬɢ ɤ ɦаɫɲɬаɛɭ ɢɡɨɛɪаɠɟɧɢя ɫɢɦɜɨɥɨɜ. 

ɉɪɢ ɩɨɞɯɨɞɟ ɧа ɨɫɧɨɜɟ ɫɟɝɦɟɧɬаɰɢɢ ɫɩɟɤɬɪаɥɶɧɵɯ ɬɟɤɫɬɭɪ ɧаɞɩɢɫɶ 

ɪаɫɫɦаɬɪɢɜаɟɬɫя ɤаɤ ɤɜаɡɢɩɟɪɢɨɞɢɱɟɫɤая ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɶ ɢɦɩɭɥɶɫɨɜ 
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[2, 4, 5, 46, 47, 48]. Ɉɛɧаɪɭɠɟɧɢɟ ɌɈ ɨɫɭɳɟɫɬɜɥяɟɬɫя ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ 

ɪаɡɥɢɱɧɵɯ ɮɢɥɶɬɪɨɜ ɢ ɩɪɟɨɛɪаɡɨɜаɧɢɣ: Ɏɭɪɶɟ, Ƚаɛɨɪа, ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя 

ɢ ɬ.ɞ. ɇɟɞɨɫɬаɬɤɢ – ɧɟ ɭɱɢɬɵɜаɟɬɫя ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɟ ɪаɫɩɨɥɨɠɟɧɢɟ ɫɢɦɜɨɥɨɜ, 

ɧɢɡɤая ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ ɜ ɭɫɥɨɜɢяɯ ɫɥɨɠɧɨɝɨ ɢ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɮɨɧа. 

ɉɪɢ ɫɬɪɭɤɬɭɪɧɨɦ ɩɨɞɯɨɞɟ ɨɛɧаɪɭɠɢɜаɸɬɫя ɫɬɪɭɤɬɭɪɧɵɟ ɩɪɢɦɢɬɢɜɵ 

(ɛɭɤɜɵ, ɫɢɦɜɨɥɵ) ɢ ɨɰɟɧɢɜаɟɬɫя ɩɨɪяɞɨɤ ɢɯ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɝɨ ɪаɫɩɨɥɨɠɟɧɢя 

(ɬ.ɟ. ɩɪɨɜɟɪяɟɬɫя, ɨɛɪаɡɨɜɵɜаɸɬ ɥɢ ɨɧɢ ɧаɞɩɢɫɶ) [49, 50, 51]. ɉɪɟɞɥаɝаɟɬɫя 

ɩɪɟɞɜаɪɢɬɟɥɶɧɨ ɩɨɫɬɪɨɢɬɶ ɫ ɩɨɦɨɳɶɸ аɩɩаɪаɬа ɦаɬɟɦаɬɢɱɟɫɤɨɣ ɦɨɪɮɨɥɨɝɢɢ 

[52] ɢɥɢ ɧа ɨɫɧɨɜɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɨɫɬɪɨɟɧɢɣ Д53Ж ɫɤɟɥɟɬɨɧ ɛɢɧаɪɧɨɝɨ 

ɢɡɨɛɪаɠɟɧɢя ɫɢɦɜɨɥа ɬɟɤɫɬа. Ɂаɬɟɦ ɫɤɟɥɟɬɨɧ ɩɪɟɜɪаɳаɟɬɫя ɜ ɢɡɨɛɪаɠɟɧɢɟ 

ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɪаɡɦɟɪа, ɞɥя ɤɨɬɨɪɨɝɨ ɢɫɱɢɫɥяɸɬɫя ɩɪɢɡɧаɤɢ, ɤɨɬɨɪɵɟ ɢ 

ɢɫɩɨɥɶɡɭɸɬɫя ɩɪɢ ɤɥаɫɫɢɮɢɤаɰɢɢ. Ɍаɤɠɟ ɢɡɨɛɪаɠɟɧɢɟ ɫɤɟɥɟɬɨɧа ɩɪɢɦɟɧяɟɬɫя 

ɞɥя ɪɟɲɟɧɢя ɡаɞаɱɢ ɫɟɝɦɟɧɬаɰɢɢ ɢɡɨɛɪаɠɟɧɢя ɫɥɨɜ ɜ ɫɢɦɜɨɥɵ Д51Ж. Ⱥɥɝɨɪɢɬɦ 

ɫɨɫɬɨɢɬ ɜ ɩɨɢɫɤɟ ɯаɪаɤɬɟɪɧɵɯ ɬɨɱɟɤ ɧа ɢɡɨɛɪаɠɟɧɢɢ ɫɤɟɥɟɬɨɧа ɢ ɤɨɧɬɭɪɟ 

ɬɟɤɫɬɨɜɵɯ ɫɢɦɜɨɥɨɜ, ɤɨɬɨɪɵɟ ɡаɬɟɦ ɨɛɴɟɞɢɧяɸɬɫя ɩɨ ɫɩɟɰɢаɥɶɧɨɦɭ аɥɝɨɪɢɬɦɭ 

ɜ ɥɢɧɢɢ, ɪаɡɞɟɥяɸɳɢɟ ɢɡɨɛɪаɠɟɧɢя ɫɥɨɜ ɧа ɫɟɝɦɟɧɬɵ (ɫɢɦɜɨɥɵ). ɇɟɞɨɫɬаɬɤɢ 

ɬаɤɨɝɨ ɩɨɞɯɨɞа – ɧɢɡɤая ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ ɜ ɭɫɥɨɜɢяɯ ɫɥɨɠɧɨɝɨ ɢ 

ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɮɨɧа. 

ɉɨ ɩɨɪɹɞɤɭ ɩɨɢɫɤɚ ɌɈ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɨɛɧаɪɭɠɟɧɢя ɢ 

ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬа ɦɨɠɧɨ ɨɛɴɟɞɢɧɢɬɶ ɜ ɬɪɢ ɝɪɭɩɩɵ Д43]. 

1. ȼɨɫɯɨɞяɳɢɟ ɦɟɬɨɞɵ: ɨɧɢ ɫɟɝɦɟɧɬɢɪɭɸɬ ɢɡɨɛɪаɠɟɧɢя ɧа ɨɛɥаɫɬɢ ɢ 

ɝɪɭɩɩɢɪɭɸɬ ɨɛɥаɫɬɢ ɫɢɦɜɨɥɨɜ ɜ ɫɥɨɜа. ɉɪɢɦɟɧɟɧɢɟ ɜɨɫɯɨɞяɳɢɯ ɦɟɬɨɞɨɜ, ɜ 

ɧɟɤɨɬɨɪɨɣ ɫɬɟɩɟɧɢ, ɦɨɠɟɬ ɢɡɛаɜɢɬɶ ɨɬ ɜɵɩɨɥɧɟɧɢя ɩɪɨɰɟɞɭɪɵ ɨɛɧаɪɭɠɟɧɢя 

ɬɟɤɫɬа. ɂɡ-ɡа ɬɪɭɞɧɨɫɬɢ ɜ ɪаɡɪаɛɨɬɤɟ ɞɨɫɬаɬɨɱɧɨ ɷɮɮɟɤɬɢɜɧɨɝɨ аɥɝɨɪɢɬɦа 

ɫɟɝɦɟɧɬаɰɢɢ ɞɥя ɬɟɤɫɬа ɧа ɫɥɨɠɧɨɦ ɮɨɧɟ, ɦɟɬɨɞɵ ɧɟɧаɞɟɠɧɨ ɪаɛɨɬаɸɬ ɩɪɢ 

ɨɛɧаɪɭɠɟɧɢɢ ɬɟɤɫɬа ɧа ɦɧɨɝɢɯ ɤɥаɫɫаɯ ɢɡɨɛɪаɠɟɧɢɣ ɢ ɜɢɞɟɨ. 

2. ɗɜɪɢɫɬɢɱɟɫɤɢɟ ɧɢɫɯɨɞяɳɢɟ ɦɟɬɨɞɵ: ɨɧɢ ɫɧаɱаɥа ɨɛɧаɪɭɠɢɜаɸɬ ɌɈ ɧа 

ɢɡɨɛɪаɠɟɧɢяɯ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɷɜɪɢɫɬɢɱɟɫɤɢɯ ɮɢɥɶɬɪɨɜ, а ɡаɬɟɦ ɢɫɩɨɥɶɡɭɸɬ 

ɜɨɫɯɨɞяɳɢɟ ɦɟɬɨɞɵ ɞɥя ɪаɫɩɨɡɧаɜаɧɢя ɜɧɭɬɪɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ. ɗɬɢ ɦɟɬɨɞɵ 
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ɫɩɨɫɨɛɧɵ ɨɛɪаɛаɬɵɜаɬɶ ɛɨɥɟɟ ɫɥɨɠɧɵɟ ɢɡɨɛɪаɠɟɧɢя, ɱɟɦ ɜɨɫɯɨɞяɳɢɟ ɦɟɬɨɞɵ. 

Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɜɪɭɱɧɭɸ ɪаɡɪаɛɨɬаɧɧɵɟ ɮɢɥɶɬɪɵ яɜɥяɸɬɫя ɷɦɩɢɪɢɱɟɫɤɢɦɢ ɢ, 

ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɨɛɧаɪɭɠɢɜаɸɬ ɦɧɨɠɟɫɬɜɨ ɥɨɠɧɵɯ ɌɈ, ɤɨɬɨɪɵɟ ɜɨɫɩɪɢɧɢɦаɸɬɫя 

ɤаɤ ɥɨɠɧɵɟ ɬɪɟɜɨɝɢ. 

3. ɇɢɫɯɨɞяɳɢɟ ɦɟɬɨɞɵ, ɨɫɧɨɜаɧɧɵɟ ɧа ɨɛɭɱɟɧɢɢ: ɷɬаɩ ɨɛɧаɪɭɠɟɧɢя ɌɈ 

ɜɵɩɨɥɧяɟɬɫя ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɮɢɥɶɬɪɨɜ, ɨɛɭɱɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɫɪɟɞɫɬɜ 

ɦаɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢя. 

ɋɪɟɞɢ ɜɵɞɟɥɟɧɧɵɯ ɝɪɭɩɩ ɦɟɬɨɞɵ ɦаɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢя ɞɥя ɧɢɫɯɨɞяɳɢɯ 

ɦɟɬɨɞɨɜ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɢɦɟɸɬ ɧаɢɛɨɥɶɲɢɣ ɩɨɬɟɧɰɢаɥ ɞɥя ɨɛɟɫɩɟɱɟɧɢя 

ɦаɤɫɢɦаɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. Ɉɞɧаɤɨ ɷɬɢ ɦɟɬɨɞɵ ɢɦɟɸɬ ɧɟɞɨɫɬаɬɨɤ ɜ 

ɜɢɞɟ ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ ɢ ɬɪɭɞɧɨɫɬɢ ɫɨɡɞаɧɢя ɦɨɞɟɥɟɣ ɪаɡɥɢɱɧɵɯ 

ɨɬɬɟɧɤɨɜ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢ ɪаɡɦɟɪɨɜ ɬɟɤɫɬɨɜɵɯ ɫɬɪɨɤ ɩɨɥɭɬɨɧɨɜɵɯ ɢɡɨɛɪаɠɟɧɢɣ 

ɩɪɢ ɧаɥɢɱɢɢ ɫɥɨɠɧɨɝɨ ɮɨɧа. 

ɂɧɬɟɪɟɫɟɧ ɦɟɬɨɞ Д43Ж, ɤɨɬɨɪɵɣ ɨɬɧɨɫɢɬɫя ɤ ɤаɬɟɝɨɪɢɢ ɧɢɫɯɨɞяɳɢɯ. ɗɬɨɬ 

ɦɟɬɨɞ ɩɪɟɞɧаɡɧаɱɟɧ ɞɥя ɪɟɲɟɧɢя ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɡаɞаɱ (ɫɦ. ɪɢɫ. 1.4): ɡаɞаɱɢ 

ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬа ɢ ɡаɞаɱɢ ɪаɫɩɨɡɧаɜаɧɢя ɬɟɤɫɬа ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ 

ɨɛɧаɪɭɠɟɧɧɵɦ ɌɈ. ɋɥɟɞɭя ɢɞɟɟ ɤаɫɤаɞа ɮɢɥɶɬɪаɰɢɢ, ɤɨɬɨɪая ɫɨɫɬɨɢɬ ɢɡ 

ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɣ ɨɛɪаɛɨɬɤɢ ɞаɧɧɵɯ ɫɨ ɜɫɟ ɛɨɥɟɟ ɢ ɛɨɥɟɟ ɫɟɥɟɤɬɢɜɧɵɦɢ 

ɮɢɥɶɬɪаɦɢ, ɡаɞаɱа ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬа ɜɵɩɨɥɧяɟɬɫя ɜ ɞɜа ɷɬаɩа.  

ɉɟɪɜɵɣ ɷɬаɩ – ɥɨɤаɥɢɡаɰɢя ɌɈ, ɰɟɥɶɸ ɤɨɬɨɪɨɝɨ яɜɥяɟɬɫя ɛɵɫɬɪɨɟ 

ɢɡɜɥɟɱɟɧɢɟ ɩɨɬɟɧɰɢаɥɶɧɵɯ ɬɟɤɫɬɨɜɵɯ ɛɥɨɤɨɜ ɧа ɢɡɨɛɪаɠɟɧɢяɯ (ɌɈ-ɤаɧɞɢɞаɬɨɜ) 

ɫ ɨɱɟɧɶ ɧɢɡɤɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɨɬɟɪɶ ɢ ɪаɡɭɦɧɵɦ ɭɪɨɜɧɟɦ ɥɨɠɧɵɯ ɬɪɟɜɨɝ, ɢ 

ɜɬɨɪɨɣ ɷɬаɩ – ɜɟɪɢɮɢɤаɰɢя ɌɈ-ɤаɧɞɢɞаɬɨɜ ɧа ɨɫɧɨɜɟ ɦаɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢя. 

ɉɨɤаɡаɧɨ, ɱɬɨ ɞɥя ɩɨɥɭɱɟɧɢя ɛɵɫɬɪɨɝɨ аɥɝɨɪɢɬɦа, ɌɈ-ɤаɧɞɢɞаɬɵ 

ɥɨɤаɥɢɡɭɸɬɫя ɧа ɨɫɧɨɜаɧɢɢ ɢɫɫɥɟɞɨɜаɧɢя ɷɜɪɢɫɬɢɱɟɫɤɢɯ ɯаɪаɤɬɟɪɢɫɬɢɤ. Ⱥɜɬɨɪ 

аɥɝɨɪɢɬɦа ɢɫɩɨɥɶɡɭɟɬ ɩɨɪɨɝ, ɱɬɨɛɵ ɨɬɪɟɝɭɥɢɪɨɜаɬɶ ɧɟɞɨɫɬаɬɤɢ ɤɥаɫɫɢɮɢɤаɬɨɪа 

ɧа ɛаɡɟ ɷɜɪɢɫɬɢɱɟɫɤɢɯ ɩɪɢɡɧаɤɨɜ ɩɪɢ ɨɬɞɟɥɟɧɢɢ ɌɈ ɨɬ ɮɨɧа. ɇɢɡɤɨɟ ɡɧаɱɟɧɢɟ 

ɩɨɪɨɝа ɩɨɡɜɨɥяɟɬ ɢɡɛɟɠаɬɶ ɩɪɨɩɭɫɤа ɬɟɤɫɬɨɜɵɯ ɛɥɨɤɨɜ ɩɪɢ ɥɨɤаɥɢɡаɰɢɢ 

(ɧɢɡɤɢɣ ɩɪɨɰɟɧɬ ɛɪаɤа). ɉɨɥɭɱɟɧɧɵɟ ɩɪɢ ɷɬɨɦ ɥɨɠɧɵɟ ɬɪɟɜɨɝɢ (ɩɪɢɡɧаɧɢɟ ɜ 
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ɤаɱɟɫɬɜɟ ɌɈ ɨɛɥаɫɬɟɣ, ɤɨɬɨɪɵɟ ɬаɤɨɜɵɦɢ ɧɟ яɜɥяɸɬɫя) ɭɞаɥяɸɬɫя ɧа 

ɫɥɟɞɭɸɳɟɦ ɲаɝɟ ɜɟɪɢɮɢɤаɰɢɢ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɫɥɢɲɤɨɦ ɧɢɡɤɨɟ ɡɧаɱɟɧɢɟ ɩɨɪɨɝа 

ɞаɟɬ ɦɧɨɝɨ ɥɨɠɧɵɯ ɌɈ, ɩɪɢ ɷɬɨɦ ɭɫɥɨɠɧяɟɬɫя ɡаɞаɱа ɢɡɜɥɟɱɟɧɢя ɫɬɪɨɤɢ ɬɟɤɫɬа. 

ɉɪɢɟɦɥɟɦɨɟ ɡɧаɱɟɧɢɟ ɩɨɪɨɝа ɦɨɠɟɬ ɛɵɬɶ ɧаɣɞɟɧɨ ɧа ɩɪаɤɬɢɤɟ. ɇа ɲаɝɟ 

ɜɟɪɢɮɢɤаɰɢɢ ɫɧаɱаɥа ɜɵɩɨɥɧяɟɬɫя ɧɨɪɦаɥɢɡаɰɢя ɪаɡɦɟɪа ɫɬɪɨɤɢ-ɤаɧɞɢɞаɬа ɜ 

ɬɟɤɫɬ. Ɂаɬɟɦ ɢɫɩɨɥɶɡɭɟɬɫя ɤɥаɫɫɢɮɢɤаɬɨɪ ɧа ɛаɡɟ ɦɟɬɨɞа ɦаɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢя, 

ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɩɟɪɫɟɩɬɪɨɧа ɢ ɦаɲɢɧ ɨɩɨɪɧɵɯ ɜɟɤɬɨɪɨɜ ɞɥя ɨɬɞɟɥɟɧɢя ɌɈ ɨɬ 

ɨɛɥаɫɬɟɣ ɮɨɧа. ɂɡ-ɡа ɛɨɥɶɲɨɣ ɞɢɫɩɟɪɫɢɢ ɩɨɥɭɬɨɧɨɜɵɯ ɡɧаɱɟɧɢɣ ɬɟɤɫɬɨɜɵɯ 

ɫɢɦɜɨɥɨɜ, ɨɛɭɱɟɧɢɟ ɤɥаɫɫɢɮɢɤаɬɨɪɨɜ ɢ ɜɟɪɢɮɢɤаɰɢя ɬɟɤɫɬɨɜɵɯ ɫɬɪɨɤ 

ɜɵɩɨɥɧяɟɬɫя ɜ ɩɪɨɫɬɪаɧɫɬɜɟ ɩɪɢɡɧаɤɨɜ. Ⱥɜɬɨɪ ɦɟɬɨɞа ɩɪɟɞɥаɝаɟɬ ɱɟɬɵɪɟ ɬаɤɢɯ 

ɩɪɢɡɧаɤа, ɤɨɬɨɪɵɟ ɭɫɬɨɣɱɢɜɵ ɤ ɢɡɦɟɧɱɢɜɨɫɬɢ ɡɧаɱɟɧɢɣ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ 

ɫɢɦɜɨɥɨɜ ɧа ɩɥɭɬɨɧɨɜɵɯ ɢɡɨɛɪаɠɟɧɢяɯ. 

ɂɫɩɨɥɶɡɨɜаɧɢɟ ɦɟɬɨɞа Д43Ж ɨɛɟɫɩɟɱɢɜаɟɬ ɜɵɫɨɤɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 

ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɜ ɫɨɱɟɬаɧɢɢ ɫ ɛɨɥɟɟ ɧɢɡɤɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɶɸ ɩɨ 

ɫɪаɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɦɟɬɨɞаɦɢ ɡа ɫɱɟɬ ɬɨɝɨ, ɱɬɨ ɩɪɨɰɟɫɫ ɥɨɤаɥɢɡаɰɢɢ 

ɩɨɡɜɨɥяɟɬ ɢɡɛɟɠаɬɶ ɩɪɢɦɟɧɟɧɢя ɤɥаɫɫɢɮɢɤаɬɨɪа ɞɥя ɜɫɟɝɨ ɢɡɨɛɪаɠɟɧɢя, а 

ɬаɤɠɟ ɫɧɢɠаɟɬ ɢɡɦɟɧɟɧɢɟ ɪаɡɦɟɪа ɬɟɤɫɬа ɩɭɬɟɦ ɜɵɞɟɥɟɧɢя ɨɬɞɟɥɶɧɵɯ 

ɬɟɤɫɬɨɜɵɯ ɫɬɪɨɤ.  

ɇɟɫɦɨɬɪя ɧа ɪяɞ ɞɨɫɬɨɢɧɫɬɜ ɦɟɬɨɞа Д43Ж, ɟɦɭ ɩɪɢɫɭɳ ɢ ɫɭɳɟɫɬɜɟɧɧɵɣ 

ɧɟɞɨɫɬаɬɨɤ, ɫɜяɡаɧɧɵɣ ɫ ɜɵɞɟɥɟɧɢɟɦ ɷɦɩɢɪɢɱɟɫɤɢɯ ɩɪɢɡɧаɤɨɜ ɢ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɩɨɞɛɨɪа ɩɨɪɨɝа ɞɥя ɤɥаɫɫɢɮɢɤаɰɢɢ ɌɈ-ɤаɧɞɢɞаɬɨɜ, ɱɬɨ 

ɫɧɢɠаɟɬ ɭɧɢɜɟɪɫаɥɶɧɨɫɬɶ ɦɟɬɨɞа. 

ɉɨ ɯɚɪɚɤɬɟɪɭ ɜɵɞɟɥɹɟɦɨɣ ɢɧɮɨɪɦɚɰɢɢ ɦɟɬɨɞɵ ɨɛɧаɪɭɠɟɧɢя ɢ 

ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɦɨɠɧɨ ɬаɤɠɟ ɨɛɴɟɞɢɧɢɬɶ ɜ ɬɪɢ ɝɪɭɩɩɵ Д54]. 

1. ɇа ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜаɧɢя ɤɨɧɬɭɪɧɨɣ ɢɧɮɨɪɦаɰɢɢ (ɤаɠɞɵɣ ɫɢɦɜɨɥ 

ɨɛɥаɞаɟɬ ɱɟɬɤɨ ɜɵɪаɠɟɧɧɨɣ ɤɨɧɬɭɪɧɨɣ ɫɬɪɭɤɬɭɪɨɣ); ɞɥя ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬа ɷɬа 

ɝɪɭɩɩа ɦɟɬɨɞɨɜ ɢɫɩɨɥɶɡɭɟɬ ɬаɤɢɟ ɩɪɢɟɦɵ ɤаɤ ɧаɯɨɠɞɟɧɢɟ ɫɤɟɥɟɬɨɧа 

(skeletonization) [55], ɜɵɞɟɥɟɧɢɟ ɤɪаɟɜ (ОНРО НОЭОМЭТШЧ) ɢ ɜɵɞɟɥɟɧɢɟ ɭɝɥɨɜ (МШЫЧОЫ 

detection) [56Ж, ɦɟɬɨɞɵ ɧа ɨɫɧɨɜɟ ɢɧɜаɪɢаɧɬɧɵɯ ɦɨɦɟɧɬɨɜ (ТЧЯКЫТКЧЭ ЦОЭСШНЬ) 
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[57Ж ɢ ɩɪ. ȼ ɫɥɭɱаɟ ɢɡɨɛɪаɠɟɧɢɣ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ ɛɵɫɬɪая ɨɛɪаɛɨɬɤа ɞаɧɧɵɯ, 

ɩɨɥɭɱɟɧɧɵɯ ɧа ɷɬаɩɟ ɩɪɟɞɨɛɪаɛɨɬɤɢ, ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ ɧɟɬɪɢɜɢаɥɶɧɭɸ 

ɡаɞаɱɭ. 

2. ɇа ɨɫɧɨɜɟ аɧаɥɢɡа ɰɜɟɬɨɜɨɣ ɢɧɮɨɪɦаɰɢɢ (ɰɟɥɟɜɵɟ ɬɟɤɫɬɨɜɵɟ ɨɛɥаɫɬɢ 

ɨɛɥаɞаɸɬ ɨɞɧɨɪɨɞɧɵɦɢ ɰɜɟɬаɦɢ/ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɢ ɭɞɨɜɥɟɬɜɨɪяɸɬ 

ɨɝɪаɧɢɱɟɧɢяɦ ɩɨ ɪаɡɦɟɪɭ ɢ ɮɨɪɦɟ); ɱаɳɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɭɸɬɫя ɦɟɬɨɞ 

ɝɢɫɬɨɝɪаɦɦ (СТЬЭШРЫКЦ ЦОЭСШН) Д58], аɧаɥɢɡ ɫɜяɡɧɵɯ ɤɨɦɩɨɧɟɧɬ (МШЧЧОМЭОН 

component analysis CCA) [59Ж ɢ ɪаɡɥɢɱɧɵɟ аɥɝɨɪɢɬɦɵ аɞаɩɬɢɜɧɨɣ ɛɢɧаɪɢɡаɰɢɢ 

(adaptive binarization) – ɜ ɬɨɦ ɱɢɫɥɟ аɥɝɨɪɢɬɦɵ NТЛХКМФ, SКЮЯШХК, CСТЬЭТКЧ, 

BeЫЧЬКЧ, OЭЬЮ ɢ ɩɪ. Д56Ж. Ɇɟɬɨɞɵ ɩɨɡɜɨɥяɸɬ ɪаɛɨɬаɬɶ ɫ ɩɪɨɢɡɜɨɥɶɧɵɦɢ 

ɪаɡɦɟɪаɦɢ ɲɪɢɮɬа ɢ ɩɪɨɢɡɜɨɥɶɧɨɣ ɧаɩɪаɜɥɟɧɧɨɫɬɶɸ ɬɟɤɫɬа, ɨɞɧаɤɨ 

ɩɨɤаɡɵɜаɸɬ ɩɥɨɯɢɟ ɪɟɡɭɥɶɬаɬɵ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ, ɲɭɦɨɦ ɢ 

ɢɫɩɨɥɶɡɭɸɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɜɪɢɫɬɢɱɟɫɤɢɯ ɩɪɟɞɩɨɥɨɠɟɧɢɣ. 

3. ɇа ɨɫɧɨɜɟ аɧаɥɢɡа ɬɟɤɫɬɭɪɧɨɣ ɢɧɮɨɪɦаɰɢɢ (ɬɟɤɫɬɨɜɵɟ ɡɨɧɵ ɦɨɝɭɬ 

ɡаɦɟɬɧɨ ɨɬɥɢɱаɬɶɫя ɨɬ ɮɨɧа, ɱɬɨ ɩɨɡɜɨɥяɟɬ ɢɫɩɨɥɶɡɨɜаɬɶ ɪаɡɥɢɱɧɵɟ ɱаɫɬɨɬɧɵɟ 

ɮɢɥɶɬɪɵ ɞɥя «ɩɢɪаɦɢɞɵ» ɢɡɨɛɪаɠɟɧɢɣ); ɞɥя ɜɵяɜɥɟɧɢя ɧɭɠɧɵɯ ɡɨɧ 

ɢɫɩɨɥɶɡɭɟɬɫя ɦɟɬɨɞ ɨɩɨɪɧɵɯ ɜɟɤɬɨɪɨɜ (ЬЮppШЫЭ ЯОМЭШЫ ЦКМСТЧОЬ SVM), 

ɢɫɤɭɫɫɬɜɟɧɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ Д60Ж, ɷɤɫɩɟɪɬɧɵɟ ɫɢɫɬɟɦɵ ɢ ɞɪ. Ɇɟɬɨɞɵ 

ɩɨɡɜɨɥяɸɬ ɪаɛɨɬаɬɶ ɫ ɢɡɨɛɪаɠɟɧɢяɦɢ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ, ɨɛɥаɞаɸɬ ɜɵɫɨɤɨɣ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɥɨɠɧɨɫɬɶɸ ɢɡ-ɡа ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɦаɫɲɬаɛɢɪɨɜаɧɢя 

ɢɡɨɛɪаɠɟɧɢɣ. 

ɉɪɢ ɪаɡɪаɛɨɬɤɟ аɥɝɨɪɢɬɦɨɜ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɢɫɩɨɥɶɡɭɟɬɫя ɜɫɟ 

ɦɧɨɝɨɨɛɪаɡɢɟ ɦɟɬɨɞɨɜ ɨɛɪаɛɨɬɤɢ ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ (ɪɢɫ. 1.5):  

– ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɪаɡɦɟɪɧɨɫɬɢ: ɨɞɧɨɦɟɪɧая (ɩɨɫɬɪɨɱɧая, ɩɨɫɬɨɥɛɰɨɜая) 

ɥɢɛɨ ɞɜɭɦɟɪɧая ɨɛɪаɛɨɬɤа; 

– ɩɨ ɫɩɨɫɨɛɭ ɩɪɟɞɫɬаɜɥɟɧɢя ɢɡɨɛɪаɠɟɧɢɣ: ɜ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɥɢɛɨ 

ɫɩɟɤɬɪаɥɶɧɨɣ ɨɛɥаɫɬɢ; 
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Ɋɢɫ.1.5. Кɥаɫɫɢɮɢɤаɰɢя ɦɟɬɨɞɨɜ ɨɛɪаɛɨɬɤɢ ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ. 
 

ɂɧɬɟɝɪаɥɶɧɵɟ 
ɩɪɟɨɛɪаɡɨɜаɧɢя 

Ɏɭɪɶɟ 

ȼɟɣɜɥɟɬ-
ɩɪɟɨɛɪаɡɨɜаɧɢɟ 

ɉɨɷɥɟɦɟɧɬɧɵɟ 

Ⱥɦɩɥɢɬɭɞɧая 
ɤɨɪɪɟɤɰɢя 

Ⱥɞаɩɬɢɜɧɨɟ 
ɤɜаɧɬɨɜаɧɢɟ 

ɗɤɜаɥɢɡаɰɢя 

Ʌɨɤаɥɶɧɵɟ 

Ⱦɢɮɮɟɪɟɧ-

ɰɢаɥɶɧɵɟ 

ɋɝɥаɠɢɜаɸ-

ɳɢɟ 

Кɨɪɪɟɥяɰɢ-

ɨɧɧɵɟ 

ɩɨ 
ɩɪɟɞɫɬаɜɥɟɧɢɸ 

ɉɪɨɫɬɪаɧɫɬ-
ɜɟɧɧɵɟ 

ɋɩɟɤɬɪаɥɶ-
ɧɵɟ 

ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɨɩɟɪаɰɢɢ ɫɞɜɢɝа 

ɉɪɨɫɬɪаɧɫɬɜɟɧɧɨ 
ɢɧɜаɪɢаɧɬɧɵɟ 

ɉɪɨɫɬɪаɧɫɬɜɟɧɧɨ 
ɡаɜɢɫɢɦɵɟ 

ɩɨ 
ɪаɡɦɟɪɧɨɫɬɢ 

Ɉɞɧɨɦɟɪɧɵɟ 

Ɇɧɨɝɨɦɟɪɧɵɟ 

Ɇɟɬɨɞɵ ɨɛɪаɛɨɬɤɢ ɝɪаɮɢɱɟɫɤɨɣ 
ɢɧɮɨɪɦаɰɢɢ  

Ɇɟɬɨɞɵ ɨɛɪаɛɨɬɤɢ ɢɡɨɛɪаɠɟɧɢɣ 
 

Ɇɟɬɨɞɵ ɜɵɱɢɫɥɟɧɢɣ 
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– ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɩɟɪаɰɢяɦ ɫɞɜɢɝа ɢ ɦаɫɲɬаɛа: ɢɧɜаɪɢаɧɬɧɵɟ ɢɥɢ 

ɡаɜɢɫɢɦɵɟ ɢ ɞɪ. 

– ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɦɟɬɨɞɨɜ ɜɵɱɢɫɥɟɧɢɣ ɜɨɡɦɨɠɧɵ ɩɨɷɥɟɦɟɧɬɧɵɟ 

ɨɩɟɪаɰɢɢ (аɦɩɥɢɬɭɞɧая ɤɨɪɪɟɤɰɢя, аɞаɩɬɢɜɧɨɟ ɤɜаɧɬɨɜаɧɢɟ, ɷɤɜаɥɢɡаɰɢя), 

ɥɨɤаɥɶɧɵɟ ɨɩɟɪаɰɢɢ ɧаɞ ɨɛɥаɫɬяɦɢ (ɞɢɮɮɟɪɟɧɰɢаɥɶɧɵɟ, ɫɝɥаɠɢɜаɸɳɢɟ ɢ 

ɤɨɪɪɟɥяɰɢɨɧɧɵɟ), ɝɥɨɛаɥɶɧɵɟ ɢ ɥɨɤаɥɶɧɵɟ ɢɧɬɟɝɪаɥɶɧɵɟ ɨɩɟɪаɰɢɢ 

(ɩɪɟɨɛɪаɡɨɜаɧɢя Ɏɭɪɶɟ, ɧɟɩɪɟɪɵɜɧɨɟ ɢ ɞɢɫɤɪɟɬɧɨɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя 

ɢ ɞɪ.). 

Каɤ ɩɨɤаɡɵɜаɟɬ аɧаɥɢɡ ɥɢɬɟɪаɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɞɥя ɥɨɤаɥɢɡаɰɢɢ 

ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɩɪɟɢɦɭɳɟɫɬɜа ɢɦɟɟɬ ɥɨɤаɥɶɧая ɨɛɪаɛɨɬɤа ɢ 

ɢɧɬɟɝɪаɥɶɧɵɟ ɩɪɟɨɛɪаɡɨɜаɧɢя – ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя. 

Кɪɨɦɟ ɬɨɝɨ, ɢɧɬɟɪɟɫ ɩɪɟɞɫɬаɜɥяɟɬ ɤɥаɫɫɢɮɢɤаɰɢя, ɭɱɢɬɵɜаɸɳая 

ɩɪɢɧɰɢɩɵ ɜɵɞɟɥɟɧɢя ɥɢɛɨ ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ, ɤɨɬɨɪɵɟ 

ɨɩɢɪаɸɬɫя ɧа ɢɧɫɬɪɭɦɟɧɬаɪɢɣ ɪаɫɩɨɡɧаɜаɧɢя ɨɛɪаɡɨɜ, ɪаɫɫɦаɬɪɢɜая 

ɨɛɧаɪɭɠɟɧɢɟ ɌɈ ɤаɤ ɩɪɢɦɟɪ ɡаɞаɱɢ ɛɢɧаɪɧɨɣ ɤɥаɫɫɢɮɢɤаɰɢɢ, ɤɨɝɞа ɜɯɨɞɧɵɟ 

ɨɛɪаɡɵ ɧɭɠɧɨ ɨɬɧɟɫɬɢ ɤ ɤɥаɫɫɭ «ɬɟɤɫɬɨɜая ɨɛɥаɫɬɶ» ɢɥɢ ɤ ɤɥаɫɫɭ «ɧɟ 

ɬɟɤɫɬɨɜая ɨɛɥаɫɬɶ». 

ȼ ɱаɫɬɧɨɫɬɢ, ɞɥя ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɩɪɟɞɥɨɠɟɧɨ Д61] 

ɛɨɥɟɟ ɞɟɬаɥɶɧɨɟ ɪаɡɞɟɥɟɧɢɟ ɦɟɬɨɞɨɜ ɧа: 

 ɨɫɧɨɜаɧɧɵɟ ɧа ɡɧаɧɢяɯ (ɢɫɩɨɥɶɡɨɜаɧɢɟ ɨɫɧɨɜɧɵɯ ɡɧаɧɢɣ ɱɟɥɨɜɟɤа ɨ 

ɬɨɦ, ɢɡ ɱɟɝɨ ɫɨɫɬɨɢɬ ɬɢɩɢɱɧая ɌɈ); 

 ɨɫɧɨɜаɧɧɵɟ ɧа ɢɧɜаɪɢаɧɬɧɵɯ ɩɪɢɡɧаɤаɯ (ɩɨɢɫɤ ɫɬɪɭɤɬɭɪɧɵɯ 

ɩɪɢɡɧаɤɨɜ ɌɈ, ɤɨɬɨɪɵɟ ɫɭɳɟɫɬɜɭɸɬ ɞаɠɟ ɜ ɫɥɭɱаɟ ɢɡɦɟɧɟɧɢя ɪаɤɭɪɫа, 

ɭɫɥɨɜɢɣ ɨɫɜɟɳɟɧɢя);  

– ɨɫɧɨɜаɧɧɵɟ ɧа ɫɪаɜɧɟɧɢɢ ɫ ɲаɛɥɨɧɨɦ (ɢɫɩɨɥɶɡɨɜаɧɢɟ ɧɟɫɤɨɥɶɤɢɯ 

ɫɬаɧɞаɪɬɧɵɯ ɲаɛɥɨɧɨɜ ɞɥя ɨɩɢɫаɧɢя ɌɈ ɜ ɰɟɥɨɦ ɢɥɢ ɟɟ ɨɬɞɟɥɶɧɵɯ 

ɩɪɢɡɧаɤɨɜ). 

Ɋаɫɫɦɨɬɪɢɦ ɛɨɥɟɟ ɞɟɬаɥɶɧɨ ɦɟɬɨɞɵ ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ. 
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1.3.1. Ɇɟɬɨɞɵ ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ, ɨɫɧɨɜаɧɧɵɟ ɧа 

ɡɧаɧɢяɯ  
 

Ⱦаɧɧɵɟ ɦɟɬɨɞɵ ɪаɛɨɬаɸɬ ɩɨ ɧɢɫɯɨɞяɳɟɦɭ ɩɪɢɧɰɢɩɭ ɢ ɢɫɩɨɥɶɡɭɸɬ 

ɡɧаɧɢя ɱɟɥɨɜɟɤа ɨ ɬɢɩɢɱɧɨɦ ɜɢɞɟ ɌɈ, ɧаɩɪɢɦɟɪ: 

 ɌɈ ɢɦɟɟɬ, ɤаɤ ɩɪаɜɢɥɨ, ɩɨɜɵɲɟɧɧɨɟ ɡɧаɱɟɧɢɟ ɞɢɫɩɟɪɫɢɢ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɢɤɫɟɥɟɣ ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɮɨɧɨɦ (ɬɟɤɫɬɭɪɧɨɟ ɨɩɢɫаɧɢɟ)Д62]; 

 ɜ ɌɈ ɧаɛɥɸɞаɟɬɫя ɤɜаɡɢɩɟɪɢɨɞɢɱɟɫɤɢɟ ɤɨɥɟɛаɧɢя ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɜɞɨɥɶ ɫɬɪɨɤɢ ɬɟɤɫɬа (ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɟ ɤɨɧɬɭɪɧɨɟ ɨɩɢɫаɧɢɟ ɥɢɛɨ ɨɩɢɫаɧɢɟ ɜ 

ɫɩɟɤɬɪаɥɶɧɨɣ ɨɛɥаɫɬɢ) [3, 4, 6, 46, 47, 48]; 

 ɫɭɳɟɫɬɜɭɟɬ ɞɢаɩаɡɨɧ ɫɨɨɬɧɨɲɟɧɢя ɜɵɫɨɬɵ ɢ ɲɢɪɢɧɵ ɢɥɢ ɞɪɭɝая 

ɢɧɮɨɪɦаɰɢя ɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪаɡɦɟɪаɯ ɌɈ ɞɥя ɤɨɧɤɪɟɬɧɨɣ ɡаɞаɱɢ 

(ɧаɩɪɢɦɟɪ, ɩɪɢ ɨɛɧаɪɭɠɟɧɢɢ ɧɨɦɟɪа аɜɬɨɦɨɛɢɥя) ɢ ɬ.ɞ. (аɬɪɢɛɭɬɢɜɧɵɟ 

ɩаɪаɦɟɬɪɵ) Д63, 64, 51 ]. 

ɗɬɢ ɡɧаɧɢя ɮɨɪɦаɥɢɡɨɜаɧɵ ɜ ɜɢɞɟ ɧɟɤɨɬɨɪɨɝɨ ɧаɛɨɪа ɩɪаɜɢɥ (ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɯɟɦɨɣ ɮɨɪɦɢɪɨɜаɧɢя ɩаɪаɦɟɬɪɨɜ ɢɡɨɛɪаɠɟɧɢя ɫ ɌɈ (ɪɢɫ. 

1.6)) ɢ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨ ɩɪɢɦɟɧяɸɬɫя ɤɨ ɜɫɟɦ ɭɱаɫɬɤаɦ ɢɡɨɛɪаɠɟɧɢя ɞɥя 

ɩɨɢɫɤа ɌɈ.  

ɂɡɨɛɪɚɠɟɧɢɟ 
ɫ ɌɈ

ɂɧɮɨɪɦɚɰɢɹ 
ɨ ɤɨɨɪɞɢɧɚɬɚɯ 

ɝɪɚɧɢɰ, 

ɩɥɨɳɚɞɢ ɢ ɬ.ɞ.

ȼɵɞɟɥɟɧɢɟ ɨɛɴɟɤɬɚ

Ɉɩɪɟɞɟɥɟɧɢɟ ɝɪɚɧɢɰ ɨɛɥɚɫɬɟɣ
Ʉɨɧɬɭɪɧɨɟ ɨɩɢɫɚɧɢɟ ɨɛɥɚɫɬɟɣ

Ɉɩɪɟɞɟɥɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɨɛɥɚɫɬɟɣ. Ɍɟɤɫɬɭɪɧɨɟ 

ɨɩɢɫɚɧɢɟ 

Ɉɩɪɟɞɟɥɟɧɢɟ 
ɩɚɪɚɦɟɬɪɨɜ ɨɛɴɟɤɬɚ

ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ 
ɩɚɪɚɦɟɬɪɵ

Ⱥɬɪɢɛɭɬɢɜɧɵɟ 
ɩɚɪɚɦɟɬɪɵ 

ɉɚɪɚɦɟɬɪɵ 
ɢɡɨɛɪɚɠɟɧɢɹ 

ɫ ɌɈ

ɂɧɮɨɪɦɚɰɢɹ 
ɨ ɬɟɤɫɬɭɪɟ, 

ɪɚɡɦɟɪɟ 
ɲɪɢɮɬɚ ɢ ɬ.ɞ.

 

Ɋɢɫ. 1.6. ɋɯɟɦа ɮɨɪɦɢɪɨɜаɧɢя ɩаɪаɦɟɬɪɨɜ ɢɡɨɛɪаɠɟɧɢя ɫ ɌɈ. 
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ȼ ɱаɫɬɧɨɫɬɢ, ɦɟɬɨɞ, ɩɪɟɞɫɬаɜɥɟɧɧɵɣ ɜ Д51, 64Ж, ɞɥя ɩɨɢɫɤа ɌɈ-

ɤаɧɞɢɞаɬɨɜ ɢɫɩɨɥɶɡɭɟɬ ɝɨɪɢɡɨɧɬаɥɶɧɵɟ ɢ ɜɟɪɬɢɤаɥɶɧɵɟ ɩɪɨɟɤɰɢɢ ɜɯɨɞɧɨɝɨ 

ɢɡɨɛɪаɠɟɧɢя. ɇаɣɞɟɧɧɵɟ ɤаɧɞɢɞаɬɵ ɜ ɞаɥɶɧɟɣɲɟɦ ɜɟɪɢɮɢɰɢɪɭɸɬɫя ɫ 

ɩɨɦɨɳɶɸ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɥаɫɫɢɮɢɤаɬɨɪɨɜ. 

ȼ ɨɛɳɟɦ, ɦɟɬɨɞɵ ɨɛɧаɪɭɠɟɧɢя ɌɈ, ɨɫɧɨɜаɧɧɵɟ ɧа ɡɧаɧɢяɯ, ɩɪɨɫɬɵ ɜ 

ɪɟаɥɢɡаɰɢɢ, ɨɫɧɨɜаɧɧɵɟ ɧа ɩɨɧяɬɧɵɯ ɱɟɥɨɜɟɤɭ ɩɪаɜɢɥаɯ, ɢ ɯɨɪɨɲɨ ɪаɛɨɬаɸɬ 

ɩɪɢ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫ ɧɟɫɥɨɠɧɵɦ ɮɨɧɨɦ. К ɧɟɞɨɫɬаɬɤаɦ 

ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɫɥɨɠɧɨɫɬɶ ɬɨɱɧɨɝɨ ɩɪɟɨɛɪаɡɨɜаɧɢя (ɮɨɪɦаɥɢɡаɰɢɢ) 

ɱɟɥɨɜɟɱɟɫɤɢɯ ɡɧаɧɢɣ ɨ ɌɈ ɜ ɩɪаɜɢɥа, ɫɥɨɠɧɨɫɬɶ ɨɛɧаɪɭɠɟɧɢя ɧа ɨɞɧɨɦ 

ɢɡɨɛɪаɠɟɧɢɢ ɧɟɫɤɨɥɶɤɢɯ ɌɈ ɫ ɪаɡɥɢɱɧɵɦɢ ɲɪɢɮɬаɦɢ ɢ ɪаɫɩɨɥɨɠɟɧɧɵɯ ɧɟ 

ɩаɪаɥɥɟɥɶɧɨ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɝɪаɧɢɰаɦ ɢɡɨɛɪаɠɟɧɢя, ɫɭɳɟɫɬɜɟɧɧɨɟ 

ɫɧɢɠɟɧɢɟ ɤаɱɟɫɬɜа ɨɛɧаɪɭɠɟɧɢя ɌɈ ɩɪɢ ɧаɥɢɱɢɢ ɫɥɨɠɧɨɝɨ ɮɨɧа ɧа 

ɢɡɨɛɪаɠɟɧɢɢ, ɜɵɫɨɤɭɸ ɜɟɪɨяɬɧɨɫɬɶ ɥɨɠɧɨɝɨ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɨɛɧаɪɭɠɟɧɢя.  

 

1.3.2 Ɇɟɬɨɞɵ ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ, ɨɫɧɨɜаɧɧɵɟ ɧа 

ɢɧɜаɪɢаɧɬɧɵɯ ɩɪɢɡɧаɤаɯ.  

 

Ɇɟɬɨɞɵ ɨɛɧаɪɭɠɟɧɢя ɌɈ, ɨɫɧɨɜаɧɧɵɟ ɧа ɢɫɩɨɥɶɡɨɜаɧɢɢ ɢɧɜаɪɢаɧɬɧɵɯ 

ɩɪɢɡɧаɤɨɜ, ɪаɛɨɬаɸɬ ɩɨ ɜɨɫɯɨɞяɳɟɦɭ ɩɪɢɧɰɢɩɭ, ɢ ɛаɡɢɪɭɸɬɫя ɧа 

ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɟɫɥɢ ɱɟɥɨɜɟɤ ɦɨɠɟɬ ɨɛɧаɪɭɠɢɬɶ ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢɢ 

ɧɟɡаɜɢɫɢɦɨ ɨɬ ɪаɤɭɪɫа, ɢɧɞɢɜɢɞɭаɥɶɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ, ɭɫɥɨɜɢɣ ɨɫɜɟɳɟɧɢя, 

ɬɨɝɞа ɞɨɥɠɧɵ ɫɭɳɟɫɬɜɨɜаɬɶ ɩɪɢɡɧаɤɢ ɩɪɢɫɭɬɫɬɜɢя ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢɢ, 

ɢɧɜаɪɢаɧɬɧɵɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɫɥɨɜɢɣ ɧаɛɥɸɞɟɧɢя. К ɬаɤɢɦ ɢɧɜаɪɢаɧɬɧɵɦ 

ɩɪɢɡɧаɤаɦ ɨɬɧɨɫяɬ ɝɪаɧɢɰɵ (ɤɨɧɬɭɪɵ), ɡɧаɱɟɧɢя яɪɤɨɫɬɢ, ɮɨɪɦɭ, ɬɟɤɫɬɭɪɭ, 

ɰɜɟɬ ɢ ɞɪɭɝɢɟ Д21, 62, 65, 66Ж. ɗɬɢ ɩɪɢɡɧаɤɢ ɫɥɭɠаɬ ɞɥя ɩɨɢɫɤа ɫɬɪɭɤɬɭɪɧɵɯ 

ɷɥɟɦɟɧɬɨɜ ɌɈ. ȼɟɪɢɮɢɤаɰɢя ɧаɣɞɟɧɧɵɯ ɌɈ-ɤаɧɞɢɞаɬɨɜ ɨɫɭɳɟɫɬɜɥяɟɬɫя ɫ 

ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɥаɫɫɢɮɢɤаɬɨɪɨɜ ɧа ɨɫɧɨɜɟ ɧɟɣɪɨɧɧɵɯ 

ɫɟɬɟɣ, ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ ɢ ɞɪɭɝɢɯ Д22, 67, 68, 69, 70Ж. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜаɧɢяɦɢ ɤ ɦɟɬɨɞаɦ ɨɛɧаɪɭɠɟɧɢя ɌɈ ɩɨ 

ɢɧɜаɪɢаɧɬɧɵɦ ɩɪɢɡɧаɤаɦ ɞɥя ɮɨɪɦаɥɶɧɨɝɨ ɨɩɢɫаɧɢя ɌɈ ɧɟɨɛɯɨɞɢɦɨ 
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ɜɵɞɟɥяɬɶ ɤаɤ ɝɪаɧɢɰɵ ɨɛɴɟɤɬɨɜ (ɨɩɪɟɞɟɥяɬɶ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɟ ɩаɪаɦɟɬɪɵ 

ɨɛɴɟɤɬа), ɬаɤ ɢ ɨɰɟɧɢɜаɬɶ ɯаɪаɤɬɟɪɢɫɬɢɤɢ ɨɛɥаɫɬɟɣ (ɨɩɪɟɞɟɥяɬɶ 

аɬɪɢɛɭɬɢɜɧɵɟ ɩаɪаɦɟɬɪɵ) (ɫɦ. ɪɢɫ. 1.6).  

К ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɦ ɩаɪаɦɟɬɪаɦ ɨɬɧɨɫяɬɫя ɤɨɨɪɞɢɧаɬɵ ɨɛɴɟɤɬа (ɢɥɢ 

ɟɝɨ ɱаɫɬɟɣ), ɧаɱаɥɶɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯаɪаɤɬɟɪɢɫɬɢɤɢ (ɤɨɧɬɭɪɵ, ɝɪаɧɢɰɵ 

ɨɞɧɨɪɨɞɧɵɯ ɫɟɝɦɟɧɬɨɜ, ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɟ ɩɪɢɦɢɬɢɜɵ ɢ ɧɟɩɪɨɢɡɜɨɞɧɵɟ 

ɷɥɟɦɟɧɬɵ) ɢɡɨɛɪаɠɟɧɢя ɨɛɴɟɤɬа ɪаɫɩɨɡɧаɜаɧɢя. К ɨɰɟɧɤɟ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɯ 

ɩаɪаɦɟɬɪɨɜ ɩɪɟɞɴяɜɥяɸɬɫя ɬɪɟɛɨɜаɧɢя ɩɨ ɬɨɱɧɨɫɬɢ (аɛɫɨɥɸɬɧɵɟ ɢ 

ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɨɲɢɛɤɢ) ɢ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɢ.  

К аɬɪɢɛɭɬɢɜɧɵɦ ɩаɪаɦɟɬɪаɦ ɨɬɧɨɫяɬɫя ɰɜɟɬɨɜɵɟ, ɬɟɤɫɬɭɪɧɵɟ ɢ 

ɝɢɫɬɨɝɪаɦɦɧɵɟ ɨɩɢɫаɧɢя ɢɡɨɛɪаɠɟɧɢя ɜ ɰɟɥɨɦ ɢ ɫɨɫɬаɜɥяɸɳɢɯ ɟɝɨ 

ɨɞɧɨɪɨɞɧɵɯ ɫɟɝɦɟɧɬɨɜ. К ɨɰɟɧɤɟ ɷɬɢɯ ɯаɪаɤɬɟɪɢɫɬɢɤ ɩɪɟɞɴяɜɥяɟɬɫя ɬɪɟɛɨɜаɧɢɟ 

ɩɨɥɧɨɬɵ, ɬ.ɟ. ɫɨɨɬɜɟɬɫɬɜɢя ɩɨɥɭɱɟɧɧɵɯ ɯаɪаɤɬɟɪɢɫɬɢɤ ɬɪɟɛɨɜаɧɢяɦ ɡаɞаɱɢ. 

Ⱥɬɪɢɛɭɬɢɜɧɵɟ ɯаɪаɤɬɟɪɢɫɬɢɤɢ ɞɨɩɨɥɧяɸɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɞаɧɧɵɟ Д46Ж. 

Ɇɟɬɨɞ ɨɛɧаɪɭɠɟɧɢя ɨɛɴɟɤɬɨɜ ɧа ɢɡɨɛɪаɠɟɧɢɢ, ɩɪɟɞɥɨɠɟɧɧɵɣ ɜ [64], 

ɢɫɩɨɥɶɡɭɟɬ ɤаɪɬɭ ɤɨɧɬɭɪɨɜ, ɩɨɥɭɱɟɧɧɭɸ ɫ ɩɨɦɨɳɶɸ ɞɟɬɟɤɬɨɪа Кɷɧɧɢ Д71Ж. 

ɇа ɨɫɧɨɜɟ ɩɪаɜɢɥ ɤɨɧɬɭɪа ɝɪɭɩɩɢɪɭɸɬɫя, ɢ ɨɫɬаɸɬɫя ɬɨɥɶɤɨ ɬɟ ɤаɧɞɢɞаɬɵ, 

ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɌɈ. 

ȼ Д72Ж ɪаɡɪаɛɨɬаɧ ɦɟɬɨɞ ɨɛɧаɪɭɠɟɧɢя ɨɛɴɟɤɬɨɜ, ɤɨɬɨɪɵɣ ɨɫɭɳɟɫɬɜɥяɟɬ 

ɩɨɢɫɤ ɬɟɤɫɬɭɪ, ɯаɪаɤɬɟɪɧɵɯ ɞɥя ɨɛɴɟɤɬа. ȼ ɨɪɢɝɢɧаɥɟ ɦɟɬɨɞ ɪаɫɫɱɢɬаɧ ɧа 

ɩɨɢɫɤ ɥɢɰ ɧа ɢɡɨɛɪаɠɟɧɢɢ, ɧɨ ɟɝɨ ɢɞɟя ɩɨɞɯɨɞɢɬ ɢ ɞɥя ɨɛɧаɪɭɠɟɧɢя ɌɈ. 

ɉаɪаɦɟɬɪɵ ɬɟɤɫɬɭɪ ɜɵɱɢɫɥяɸɬɫя ɧа ɨɫɧɨɜɟ ɫɬаɬɢɫɬɢɱɟɫɤɢɯ ɩɪɢɡɧаɤɨɜ 

ɜɬɨɪɨɝɨ ɩɨɪяɞɤа ɧа ɤаɠɞɨɦ ɮɪаɝɦɟɧɬɟ ɢɡɨɛɪаɠɟɧɢя ɪаɡɦɟɪɨɦ 16ɯ16 

ɩɢɤɫɟɥɟɣ. Ɍаɤɠɟ ɢɫɩɨɥɶɡɭɟɬɫя ɤаɫɤаɞɧая ɤɨɪɪɟɥяɰɢɨɧɧая ɧɟɣɪɨɧɧая ɫɟɬɶ ɞɥя 

ɤɥаɫɫɢɮɢɤаɰɢɢ ɬɟɤɫɬɭɪ ɢ ɫɟɬɶ Кɨɯɨɧɟɧа ɞɥя ɮɨɪɦɢɪɨɜаɧɢя ɤɥаɫɬɟɪɨɜ ɞɥя 

ɪаɡɧɵɯ ɬɟɤɫɬɭɪɧɵɯ ɤɥаɫɫɨɜ.  

ɉɪɢɜɥɟɤаɬɟɥɶɧɵɦɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢя ɩɪɨɫɬɨɬɵ ɪɟаɥɢɡаɰɢɢ ɢ 

ɛɵɫɬɪɨɞɟɣɫɬɜɢя яɜɥяɸɬɫя ɦɟɬɨɞɵ ɫ яɜɧɵɦ ɭɤаɡаɧɢɟɦ ɝɪаɧɢɰ ɤɥаɫɬɟɪа ɌɈ. 

ɉɪɨɰɟɫɫ ɨɛɧаɪɭɠɟɧɢя ɌɈ ɩɪɢ ɷɬɨɦ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɲаɝɨɜ: 
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 ɤɥаɫɫɢɮɢɤаɰɢя ɩɢɤɫɟɥɟɣ ɜɯɨɞɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя ɢ ɩɨɥɭɱɟɧɢɟ ɧɨɜɨɝɨ 

ɢɡɨɛɪаɠɟɧɢя ɫ ɨɬɛɪɨɲɟɧɧɵɦɢ ɩɢɤɫɟɥяɦɢ ɮɨɧа; 

 ɫɟɝɦɟɧɬаɰɢя ɫ ɧаɪаɳɢɜаɧɢɟɦ ɪɟɝɢɨɧɨɜ ɞɥя ɨɛɥаɫɬɟɣ ɩɢɤɫɟɥɟɣ ɫ ɌɈ; 

 ɩɪɢɦɟɧɟɧɢɟ ɷɜɪɢɫɬɢɱɟɫɤɢɯ ɩɪаɜɢɥ ɞɥя ɨɬɛɪаɫɵɜаɧɢя ɨɛɥаɫɬɟɣ ɮɨɧа 

ɨɛɥаɫɬɟɣ ɢ ɨɛɧаɪɭɠɟɧɢя ɌɈ. 

 

1.3.3. Ɇɟɬɨɞɵ ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ, ɨɫɧɨɜаɧɧɵɟ ɧа  

ɫɪаɜɧɟɧɢɢ ɫ ɲаɛɥɨɧɨɦ  

 

ɂɫɩɨɥɶɡɨɜаɧɢɟ ɦɟɬɨɞɨɜ ɨɛɧаɪɭɠɟɧɢя ɌɈ, ɨɫɧɨɜаɧɧɵɯ ɧа ɫɪаɜɧɟɧɢɢ ɫ 

ɲаɛɥɨɧɨɦ, ɬɪɟɛɭɟɬ ɧаɥɢɱɢя ɧɟɫɤɨɥɶɤɢɯ ɫɬаɧɞаɪɬɧɵɯ ɲаɛɥɨɧɨɜ ɞɥя ɨɩɢɫаɧɢя 

ɌɈ ɜ ɰɟɥɨɦ ɢɥɢ ɟɟ ɨɬɞɟɥɶɧɵɯ ɩɪɢɡɧаɤɨɜ.  

Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜаɧɢя ɤ ɢɫɩɨɥɶɡɭɟɦɵɦ ɲаɛɥɨɧаɦ ɮɨɪɦɭɥɢɪɭɸɬɫя ɫ 

ɭɱɟɬɨɦ ɨɛɟɫɩɟɱɟɧɢя ɫ ɢɯ ɩɨɦɨɳɶɸ ɫɥɟɞɭɸɳɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɦɟɬɨɞɨɜ 

ɨɛɧаɪɭɠɟɧɢя ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢɢ: 

– ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɫ ɭɱɟɬɨɦ ɢɯ ɮɨɧɨɜɵɯ ɡаɩɨɥɧɟɧɢɣ; 

– ɜɵɞɟɥɟɧɢɟ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɫ ɭɱɟɬɨɦ ɪаɡɧɨɨɛɪаɡɢя ɮɨɪɦ ɢ 

ɪаɡɦɟɪɨɜ ɫɢɦɜɨɥɨɜ; 

–  ɨɩɪɟɞɟɥɟɧɢɟ ɝɪаɧɢɰ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɫ ɬɪɟɛɭɟɦɨɣ ɬɨɱɧɨɫɬɶɸ. 

ɉɨɫɥɟ ɩɨɥɭɱɟɧɢя ɲаɛɥɨɧа ɞɥя ɨɛɧаɪɭɠɟɧɢя ɌɈ ɩɪɢɦɟɧяɸɬɫя ɦɟɬɨɞɵ, 

ɨɫɧɨɜаɧɧɵɟ ɧа ɤɥаɫɫɢɮɢɤаɰɢɢ, ɢ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɵɟ ɦɟɬɨɞɵ. ɂɯ 

ɦɨɠɧɨ ɪаɫɫɦаɬɪɢɜаɬɶ ɤаɤ ɪаɡɧɨɜɢɞɧɨɫɬɢ ɦɟɬɨɞɨɜ ɫɪаɜɧɟɧɢя ɫ ɲаɛɥɨɧɨɦ. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜаɧɢɢ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɦɟɬɨɞа Д44, 45Ж ɞɥя 

ɨɛɧаɪɭɠɟɧɢя ɌɈ ɞɥя ɤаɠɞɨɣ ɨɛɥаɫɬɢ ɢɡɨɛɪаɠɟɧɢя ɢ ɧаɛɨɪа ɦɨɞɟɥɟɣ ɌɈ 

ɜɵɱɢɫɥяɸɬɫя ɜɡаɢɦɧɵɟ ɤɨɪɪɟɥяɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ, ɨɩɪɟɞɟɥяɟɬɫя 

ɦаɤɫɢɦаɥɶɧɨɟ ɡɧаɱɟɧɢɟ ɢ ɩɪɢɧɢɦаɟɬɫя ɤɥаɫɫɢɮɢɤаɰɢɨɧɧɨɟ ɪɟɲɟɧɢɟ – 

«ɬɟɤɫɬɨɜая ɨɛɥаɫɬɶ» ɢɥɢ «ɧɟ ɬɟɤɫɬɨɜая ɨɛɥаɫɬɶ». ɉɪɟɢɦɭɳɟɫɬɜа 

ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɦɟɬɨɞа – ɯɨɪɨɲая ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ ɜ 

ɭɫɥɨɜɢяɯ ɫɥɨɠɧɨɝɨ ɢ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɮɨɧа, ɭɱɟɬ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɝɨ 

ɪаɫɩɨɥɨɠɟɧɢя ɫɢɦɜɨɥɨɜ ɜ ɌɈ. Ⱥ ɧɟɞɨɫɬаɬɤɢ – ɛɨɥɶɲɢɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ 
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ɡаɬɪаɬɵ, ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɨɞɟɥɟɣ, ɛɨɥɶɲɢɟ ɡаɬɪаɬɵ ɜɪɟɦɟɧɢ ɤаɤ ɜ 

ɩɪɨɰɟɫɫɟ ɪаɡɪаɛɨɬɤɢ ɦɨɞɟɥɟɣ, ɬаɤ ɢ ɜ ɩɪɨɰɟɫɫɟ ɥɨɤаɥɢɡаɰɢɢ, ɨɬɫɭɬɫɬɜɢɟ 

ɢɧɜаɪɢаɧɬɧɨɫɬɢ ɤ ɦаɫɲɬаɛɭ ɢɡɨɛɪаɠɟɧɢя ɫɢɦɜɨɥɨɜ. 

ɇа ɪɢɫ. 1. 7 ɩɪɟɞɫɬаɜɥɟɧа ɫɯɟɦа ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɦɟɬɨɞа 

ɨɛɧаɪɭɠɟɧɢя ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢɢ.  

 

 

Ɋɢɫ. 1.7. ɋɯɟɦа ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɦɟɬɨɞа ɨɛɧаɪɭɠɟɧɢя ɌɈ ɧа 

ɢɡɨɛɪаɠɟɧɢɢ 

 

ɉɪɢ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɦ ɦɟɬɨɞɟ ɪаɫɫɦаɬɪɢɜаɟɬɫя ɮɪаɝɦɟɧɬ 

ɢɡɨɛɪаɠɟɧɢя Im, ɞɥя ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥяɸɬɫя ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥяɰɢɢ ɫ 

ɪаɡɥɢɱɧɵɦɢ ɷɬаɥɨɧɧɵɦɢ ɢɡɨɛɪаɠɟɧɢяɦɢ (ȿ1, ȿ2, …, ȿn),. ɂɡ ɩɨɥɭɱɟɧɧɵɯ 

ɡɧаɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɪɪɟɥяɰɢɢ ɨɩɪɟɞɟɥяɟɬɫя ɦаɤɫɢɦаɥɶɧɵɣ ɢ 

ɫɪаɜɧɢɜаɟɬɫя ɫ ɧɟɤɨɬɨɪɵɦ ɡаɪаɧɟɟ ɡаɞаɧɧɵɦ ɩɨɪɨɝɨɦ. Ɂɧаɱɟɧɢɟ ɷɬɨɝɨ ɩɨɪɨɝа 

ɨɩɪɟɞɟɥяɟɬ ɦɢɧɢɦаɥɶɧɭɸ ɞɨɩɭɫɬɢɦɭɸ ɫɬɟɩɟɧɶ ɫɯɨɠɟɫɬɢ ɢɡɨɛɪаɠɟɧɢɣ, ɧɢɠɟ 

ɤɨɬɨɪɨɣ ɢɡɨɛɪаɠɟɧɢя аɩɪɢɨɪɢ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɨɞɢɧаɤɨɜɵɦɢ.  

ɉɪɨɜɟɞɟɧɧɵɣ аɧаɥɢɡ ɩɨɤаɡɵɜаɟɬ, ɱɬɨ ɜ ɭɫɥɨɜɢяɯ ɫɥɨɠɧɨɝɨ ɢ 

ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɮɨɧа ɫɥɟɞɭɟɬ ɩɪɢɦɟɧяɬɶ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɵɣ 
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ɦɟɬɨɞ, ɤаɤ ɦɟɬɨɞ, ɨɫɧɨɜаɧɧɵɣ ɧа ɫɪаɜɧɟɧɢɢ ɫ ɲаɛɥɨɧɨɦ. Ɉɞɧаɤɨ ɬаɤɢɟ ɟɝɨ 

ɧɟɞɨɫɬаɬɤɢ ɤаɤ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɨɞɟɥɟɣ, ɛɨɥɶɲɢɟ ɡаɬɪаɬɵ ɜɪɟɦɟɧɢ ɤаɤ ɜ 

ɩɪɨɰɟɫɫɟ ɪаɡɪаɛɨɬɤɢ ɦɨɞɟɥɟɣ, ɬаɤ ɢ ɜ ɩɪɨɰɟɫɫɟ ɥɨɤаɥɢɡаɰɢɢ ɌɈ, ɨɬɫɭɬɫɬɜɢɟ 

ɢɧɜаɪɢаɧɬɧɨɫɬɢ ɤ ɦаɫɲɬаɛɭ ɢɡɨɛɪаɠɟɧɢя ɫɢɦɜɨɥɨɜ ɫɧɢɠаɸɬ ɨɩɟɪаɬɢɜɧɨɫɬɶ 

ɢɧɮɨɪɦаɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɩɟɪɟɪаɛɨɬɤɢ ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ, 

ɢɫɩɨɥɶɡɭɸɳɢɯ ɷɬɨɬ ɦɟɬɨɞ.  

 

1.4. Ɉɫɨɛɟɧɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢя ɧɟɩɪɟɪɵɜɧɨɝɨ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя 

ɩɪɢ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ.  

 

Каɤ ɩɨɤаɡаɥ аɧаɥɢɡ ɥɢɬɟɪаɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɢ ɩɪɨɜɟɞɟɧɧɵɟ 

ɷɤɫɩɟɪɢɦɟɧɬɵ, ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢɢ ɢɦɟɸɬ ɱаɫɬɨɬɧɨ-ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɟ 

ɫɜɨɣɫɬɜа, ɨɬɥɢɱаɸɳɢɟɫя ɨɬ аɧаɥɨɝɢɱɧɵɯ ɫɜɨɣɫɬɜ ɫɥɨɠɧɨɝɨ ɮɨɧа 

ɢɡɨɛɪаɠɟɧɢя. ɉɨɷɬɨɦɭ ɞɥя ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧаɯɨɞяɬ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɵ, 

ɨɫɧɨɜаɧɧɵɟ ɧа ɱаɫɬɨɬɧɨ-ɢɡɛɢɪаɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜаɯ ɨɛɴɟɤɬа ɨɛɧаɪɭɠɟɧɢя, ɜ 

ɱаɫɬɧɨɫɬɢ, ɧа ɨɫɧɨɜɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя яɜɥяɟɬɫя ɜɨɡɦɨɠɧɨɫɬɶ 

ɭɱɢɬɵɜаɬɶ ɥɨɤаɥɶɧɵɟ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨ-ɱаɫɬɨɬɧɵɟ ɫɜɨɣɫɬɜа ɨɛɴɟɤɬɨɜ ɢ 

ɪɟɝɭɥɢɪɨɜаɬɶ ɫɬɟɩɟɧɶ ɩɨɞɱɟɪɤɢɜаɧɢя ɩɟɪɟɩаɞɨɜ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧа ɝɪаɧɢɰаɯ 

ɨɛɴɟɤɬɨɜ ɪаɡɧɵɯ ɪаɡɦɟɪɨɜ.  

Ⱦɥя ɩɨɞɱɟɪɤɢɜаɧɢя ɩɟɪɟɩаɞɨɜ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɬɞɟɥɶɧɵɯ ɫɢɦɜɨɥɨɜ ɫ 

ɪɟɝɭɥɢɪɭɟɦɨɣ ɫɬɟɩɟɧɶɸ ɞɟɬаɥɢɡаɰɢɢ ɩɪɢɦɟɧяɸɬ ɧɟɩɪɟɪɵɜɧɨɟ ɜɟɣɜɥɟɬ-

ɩɪɟɨɛɪаɡɨɜаɧɢɟ (ɇȼɉ) Д46, 47, 48 73-79Ж ɫɬɪɨɤɢ ɢɡɨɛɪаɠɟɧɢя. 

ɇȼɉ ɮɭɧɤɰɢɢ             ɨɩɪɟɞɟɥяɟɬɫя ɩɭɬɟɦ ɫɜɟɪɬɤɢ 

 

                             
     

 

ɝɞɟ          – ɩɪɟɨɛɪаɡɭɟɦая (аɧаɥɢɡɢɪɭɟɦая) ɮɭɧɤɰɢя; 
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          – ɞɜɭɯɩаɪаɦɟɬɪɢɱɟɫɤая ɛаɡɢɫɧая ɮɭɧɤɰɢя, ɩɨɥɭɱаɸɳаяɫя ɢɡ 

ɦаɬɟɪɢɧɫɤɨɝɨ ɜɟɣɜɥɟɬа       ɜ ɪɟɡɭɥɶɬаɬɟ ɦаɫɲɬаɛɢɪɨɜаɧɢя ɫ ɦаɫɲɬаɛɧɵɦ 
ɭɪɨɜɧɟɦ      ɢ ɫɞɜɢɝа ɫ ɩаɪаɦɟɬɪɨɦ x0   ;   – ɤɨɦɩɥɟɤɫɧɨ-ɫɨɩɪяɠɟɧɧая ɮɭɧɤɰɢя ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ  ; 

s – ɦаɫɲɬаɛɧɵɣ ɭɪɨɜɟɧɶ ɜɟɣɜɥɟɬа; 

x0 – ɨɩɪɟɞɟɥяɟɬ ɩɨɥɨɠɟɧɢɟ ɜɟɣɜɥɟɬа ɧа ɨɫɢ ɯ. 

Ɇɧɨɠɢɬɟɥɶ     ɜɜɨɞɢɬɫя ɞɥя ɬɨɝɨ, ɱɬɨɛɵ ɜɫɟ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɢ       

ɢɦɟɥɢ ɩɨɫɬɨяɧɧɭɸ ɧɨɪɦɭ ɜ ɩɪɨɫɬɪаɧɫɬɜɟ     ). 

Ⱦɥя ɪɟɲɟɧɢя ɡаɞаɱɢ ɩɨɞɱɟɪɤɢɜаɧɢя ɩɟɪɟɩаɞɨɜ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɩɪɢɦɟɧяɸɬ ɞɟɣɫɬɜɢɬɟɥɶɧɵɟ ɜɟɣɜɥɟɬɵ, ɡаɞаɧɧɵɟ ɜ ɜɢɞɟ ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɧɟɱɟɬɧɵɯ ɮɭɧɤɰɢɣ           , ɢɦɟɸɳɢɟ ɤɨɦɩаɤɬɧɵɣ ɢɥɢ ɷɮɮɟɤɬɢɜɧɵɣ 
ɧɨɫɢɬɟɥɶ, ɜ ɱаɫɬɧɨɫɬɢ, ɜɟɣɜɥɟɬɵ Ƚаɭɫɫа, ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɟ ɜɟɣɜɥɟɬ-

ɩɪɟɨɛɪаɡɨɜаɧɢɟ (Ƚȼɉ) ɢ ɬ.ɞ. Д80-85Ж. Ȼаɡɢɫɧɵɟ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɢ ɞɨɥɠɧɵ 

ɭɞɨɜɥɟɬɜɨɪяɬɶ ɪяɞɭ ɭɫɥɨɜɢɣ:  

– ɭɫɥɨɜɢɸ ɥɨɤаɥɢɡаɰɢɢ; 

– ɭɫɥɨɜɢɸ ɞɨɩɭɫɬɢɦɨɫɬɢ: ɞɥя Ɏɭɪɶɟ-ɨɛɪаɡа ɦаɬɟɪɢɧɫɤɨɝɨ ɜɟɣɜɥɟɬа  

                 
        

– ɭɫɥɨɜɢɸ ɨɫɰɢɥɥяɰɢɢ (ɡɧаɤɨɩɟɪɟɦɟɧɧɨɫɬɢ)  

       
        

– ɭɫɥɨɜɢɸ ɨɝɪаɧɢɱɟɧɧɨɫɬɢ: ɧɨɪɦа ɛаɡɢɫɧɨɣ ɮɭɧɤɰɢɢ  
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ɇɟɫɢɦɦɟɬɪɢɱɧɵɟ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɢ ɧɟ ɢɫɩɨɥɶɡɭɸɬɫя ɞɥя 

ɩɨɞɱɟɪɤɢɜаɧɢя ɩɟɪɟɩаɞɨɜ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɨɛɪаɠɟɧɢя, ɬ.ɤ. ɫɦɟɳаɸɬ ɰɟɧɬɪ 

ɩɟɪɟɩаɞа ɢɧɬɟɧɫɢɜɧɨɫɬɢ. ȼ ɬɨɠɟ ɜɪɟɦя, ɫɢɦɦɟɬɪɢɱɧɵɟ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɢ 

ɨɛɥаɞаɸɬ ɫɜɨɣɫɬɜɨɦ ɫɨɯɪаɧяɬɶ ɧɟɢɡɦɟɧɧɵɦ ɩɨɥɨɠɟɧɢɟ ɰɟɧɬɪа ɩɟɪɟɩаɞа ɩɪɢ 

ɩɨɞɱɟɪɤɢɜаɧɢɢ ɩɟɪɟɩаɞɨɜ ɢɧɬɟɧɫɢɜɧɨɫɬɢ. Ȼɥаɝɨɞаɪя ɷɬɨɦɭ ɤаɱɟɫɬɜɭ ɨɧɢ 

ɧаɯɨɞяɬ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɥɨɤаɥɢɡаɰɢɢ ɨɛɴɟɤɬɨɜ, ɨɫɧɨɜаɧɧɨɣ ɧа ɦɟɬɨɞаɯ 

ɨɛɧаɪɭɠɟɧɢя ɪɟɡɤɢɯ ɢɡɦɟɧɟɧɢɣ ɫɢɝɧаɥа, ɬаɤɢɯ ɤаɤ ɩɟɪɟɩаɞɵ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɧа ɢɡɨɛɪаɠɟɧɢɢ – ɦɟɬɨɞаɯ ɜɵɞɟɥɟɧɢя ɤɨɧɬɭɪɨɜ Д47, 80, 85, 86Ж. ɗɬɨ ɫɜɨɣɫɬɜɨ 

ɫɢɦɦɟɬɪɢɱɧɵɯ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɣ ɩɨɥɟɡɧɨ ɩɪɢ ɨɛɧаɪɭɠɟɧɢɢ ɢ ɥɨɤаɥɢɡаɰɢɢ 

ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢяɯ. 

 

1.5. Ɉɫɨɛɟɧɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢя ɞɢɫɤɪɟɬɧɨɝɨ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя ɩɪɢ 

ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ.  

 

ɉɪɢ ɨɛɪаɛɨɬɤɟ ɢɡɨɛɪаɠɟɧɢɣ ɢ ɩɨɢɫɤɟ ɌɈ ɞɥя ɩɪаɤɬɢɱɟɫɤɨɣ ɪɟаɥɢɡаɰɢɢ 

ɩɪɢɦɟɧяɸɬ ɞɢɫɤɪɟɬɧɨɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢɟ (Ⱦȼɉ). ɂɫɩɨɥɶɡɭɟɬɫя ɤаɤ 

ɨɞɧɨɦɟɪɧɨɟ Ⱦȼɉ (ɞɥя ɨɬɞɟɥɶɧɨ ɜɡяɬɨɣ ɫɬɪɨɤɢ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɢɤɫɟɥɟɣ 

ɤɨɬɨɪɨɣ ɪаɫɫɦаɬɪɢɜаɟɬɫя ɤаɤ ɨɬɫɱɟɬɵ ɧɟɤɨɬɨɪɨɣ ɪɟɲɟɬɱаɬɨɣ ɮɭɧɤɰɢɢ), ɬаɤ ɢ 

ɞɜɭɦɟɪɧɨɟ Ⱦȼɉ ɞɥя ɢɡɨɛɪаɠɟɧɢя ɜ ɰɟɥɨɦ ɢɥɢ ɧɟɤɨɬɨɪɨɣ ɟɝɨ ɨɛɥаɫɬɢ 

[74, 76, 87Ж. ɍɪɨɜɟɧɶ ɪаɡɥɨɠɟɧɢя ɫɢɝɧаɥа ɢɥɢ ɨɛɥаɫɬɢ ɩɪɢ Ⱦȼɉ ɧа ɩɪаɤɬɢɤɟ, 

ɤаɤ ɩɪаɜɢɥɨ, ɧɟ ɩɪɟɜɵɲаɟɬ 2.  

Ɉɫɧɨɜɧая ɢɞɟя Ⱦȼɉ – ɬаɤая ɠɟ, ɱɬɨ ɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜаɧɢɢ ɇȼɉ. 

Ɇаɫɲɬаɛɧɨ-ɜɪɟɦɟɧɧɨɟ ɩɪɟɞɫɬаɜɥɟɧɢɟ ɫɢɝɧаɥа ɩɨɥɭɱаɸɬ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɦɟɬɨɞɨɜ ɰɢɮɪɨɜɨɣ ɮɢɥɶɬɪаɰɢɢ. ȼ ɫɥɭɱаɟ ɜɵɩɨɥɧɟɧɢя ɇȼɉ ɜɵɱɢɫɥяɟɬɫя 

ɤɨɪɪɟɥяɰɢя ɦɟɠɞɭ ɜɟɣɜɥɟɬɨɦ ɧа ɪаɡɧɵɯ ɦаɫɲɬаɛаɯ ɢ ɢɫɯɨɞɧɵɦ ɫɢɝɧаɥɨɦ. ȼ 

ɞɢɫɤɪɟɬɧɨɦ ɫɥɭɱаɟ ɞɥя аɧаɥɢɡа ɫɢɝɧаɥа ɧа ɪаɡɧɵɯ ɦаɫɲɬаɛаɯ ɢɫɩɨɥɶɡɭɸɬɫя 

ɮɢɥɶɬɪɵ ɫ ɪаɡɥɢɱɧɵɦɢ ɱаɫɬɨɬаɦɢ ɫɪɟɡа. ɋɢɝɧаɥ ɩɪɨɩɭɫɤаɟɬɫя ɱɟɪɟɡ 

ɞɪɟɜɨɜɢɞɧɨ ɫɨɟɞɢɧɟɧɧɵɟ ɜɵɫɨɤɨɱаɫɬɨɬɧɵɟ (ȼɑ) ɢ ɧɢɡɤɨɱаɫɬɨɬɧɵɟ (ɇɑ) 

ɮɢɥɶɬɪɵ. Ⱦɥя ɞɜɭɦɟɪɧɨɝɨ ɫɥɭɱая ɫɯɟɦа ɞɟɤɨɦɩɨɡɢɰɢɢ ɢɫɯɨɞɧɨɝɨ 

ɢɡɨɛɪаɠɟɧɢя ɩɪɟɞɫɬаɜɥɟɧа ɧа ɪɢɫ. 1.8. 
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ȼ ɪɟɡɭɥɶɬаɬɟ ɞɟɤɨɦɩɨɡɢɰɢɢ ɜɯɨɞɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя ɧа j-ɦ ɭɪɨɜɧɟ 

ɩɨɥɭɱаɸɬ аɩɩɪɨɤɫɢɦɢɪɭɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ cAj (ɫɠаɬɨɟ ɜ ɞɜа ɪаɡа 

ɢɡɨɛɪаɠɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɯɨɞɧɨɝɨ) ɢ ɞɟɬаɥɢɡɢɪɭɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨ 

ɧаɩɪаɜɥɟɧɢяɦ (ɝɨɪɢɡɨɧɬаɥɶɧɵɟ cD
g

j, ɜɟɪɬɢɤаɥɶɧɵɟ cD
v
j, ɞɢаɝɨɧаɥɶɧɵɟ cD

d
j).  

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 1.8. Ⱦɟɤɨɦɩɨɡɢɰɢя ɞɜɭɦɟɪɧɨɝɨ ɫɢɝɧаɥа ɧа ɨɞɢɧ ɭɪɨɜɟɧɶ. 

 

ȼ ɤаɱɟɫɬɜɟ ɜɯɨɞɧɨɝɨ ɜɵɫɬɭɩаɟɬ ɢɡɨɛɪаɠɟɧɢɟ ɜ ɜɢɞɟ 

аɩɩɪɨɤɫɢɦɢɪɭɸɳɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɟɞɵɞɭɳɟɝɨ ɭɪɨɜɧя. ɇа ɧаɱаɥɶɧɨɦ 

ɷɬаɩɟ ɩɪɨɰɟɫɫ Ⱦȼɉ ɧаɱɢɧаɟɬɫя ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя. 

Каɤ ɫɥɟɞɭɟɬ ɢɡ ɫɯɟɦɵ ɩɨɥɭɱɟɧɢя Ⱦȼɉ, ɜɯɨɞɧɨɟ ɢɡɨɛɪаɠɟɧɢɟ 

ɪаɡɥаɝаɟɬɫя ɧа ɱɟɬɵɪɟ ɤɨɦɩɨɧɟɧɬɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɪаɡɥɢɱɧɵɦ 

ɤɨɦɛɢɧаɰɢяɦ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜаɧɢя ɇɑ ɢ ȼɑ ɮɢɥɶɬɪɨɜ, ɬ.ɟ. 

ɮаɤɬɢɱɟɫɤɢ ɩɨɥɭɱɟɧɵ ɱɟɬɵɪɟ ɪɟɡɭɥɶɬаɬа ɮɢɥɶɬɪаɰɢɢ ɡа ɨɞɢɧ ɭɪɨɜɟɧɶ 

ɪаɡɥɨɠɟɧɢя. ɉɨɥɭɱɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɦɟɧяɸɬɫя ɞɥя ɨɛɧаɪɭɠɟɧɢя ɌɈ-

ɤаɧɞɢɞаɬɨɜ, ɧаɩɪɢɦɟɪ ɞɥя ɧаɯɨɠɞɟɧɢя  ɤɨɧɬɭɪɨɜ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɌɈ. ȼ 

ɤаɱɟɫɬɜɟ ɜɟɣɜɥɟɬɨɜ ɢɫɩɨɥɶɡɭɸɬ ɪаɡɥɢɱɧɵɟ ɬɢɩɵ ɮɭɧɤɰɢɣ [74, 76].  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɬɪаɞɢɰɢɨɧɧɵɟ ɮɢɥɶɬɪɵ ɨɛɧаɪɭɠɟɧɢя ɤɨɧɬɭɪɨɜ 

ɦɨɝɭɬ ɨɛɟɫɩɟɱɢɬɶ аɧаɥɨɝɢɱɧɵɣ ɯɨɪɨɲɢɣ ɪɟɡɭɥɶɬаɬ, ɧɨ ɨɧɢ ɧɟ ɦɨɝɭɬ 

ɨɛɧаɪɭɠɢɬɶ ɬɪɢ ɬɢɩа ɤɨɧɬɭɪɨɜ (ɧа ɤаɠɞɨɦ ɢɡ ɢɡɨɛɪаɠɟɧɢɣ ɞɟɬаɥɢɡɢɪɭɸɳɢɯ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ) ɡа ɨɞɢɧ ɪаɡ ɢ ɬɪɟɛɭɸɬ ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ ɞɥя ɨɛɪаɛɨɬɤɢ, ɱɟɦ 

ɞɜɭɦɟɪɧɨɟ Ⱦȼɉ.  

 

ɚɩɩɪɨɤɫɢɦɢɪɭɸщɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɇɑ 

cD
d

j 

cD
v
j 

cD
g

j 

ɞɢɚɝɨɧɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɜɟɪɬɢɤɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɬɨɥɛɰɵ 

ȼɑ 

ɇɑ 

ȼɑ 

ɫɬɨɥɛɰɵ 

ɫɬɨɥɛɰɵ 

ɫɬɨɥɛɰɵ 

cAj 

ȼɑ 

ɇɑ 

cAj-1 

 

ɫɬɪɨɤɢ 

 

ɫɬɪɨɤɢ 
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1.6. Ɉɫɨɛɟɧɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜаɧɢя ɫɜёɪɬɨɱɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɞɥя 

ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ  

 

Ⱦɥя ɷɮɮɟɤɬɢɜɧɨɣ ɪаɛɨɬɵ ɫɢɫɬɟɦ ɩɟɪɟɪаɛɨɬɤɢ ɝɪаɮɢɱɟɫɤɨɣ 

ɢɧɮɨɪɦаɰɢɢ ɦɟɬɨɞ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢɢ, ɩɨɥɨɠɟɧɧɵɣ ɜ ɢɯ 

ɨɫɧɨɜɭ,  ɞɨɥɠɟɧ ɭɱɢɬɵɜаɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɟɞɫɬаɜɥɟɧɢя ɞаɧɧɵɯ, а ɢɦɟɧɧɨ – 

ɫɬɪɨɝɭɸ ɞɜɭɦɟɪɧɭɸ ɫɬɪɭɤɬɭɪɭ ɢɡɨɛɪаɠɟɧɢя ɌɈ, ɜ ɤɨɬɨɪɨɣ ɫɭɳɟɫɬɜɭɟɬ 

ɩɪɨɫɬɪаɧɫɬɜɟɧɧая ɡаɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɡɧаɱɟɧɢяɦɢ ɫɨɫɟɞɧɢɯ ɩɢɤɫɟɥɟɣ.  

ɇɟɣɪɨɧɧɵɟ ɫɟɬɢ яɜɥяɸɬɫя ɦɨɳɧɨɣ ɢ ɩɨɩɭɥяɪɧɨɣ ɬɟɯɧɨɥɨɝɢɟɣ ɪɟɲɟɧɢя 

ɡаɞаɱ ɪаɫɩɨɡɧаɜаɧɢя ɨɛɪаɡɨɜ ɪаɡɥɢɱɧɨɣ ɫɥɨɠɧɨɫɬɢ. ɇаɢɛɨɥɟɟ ɱаɫɬɨ ɜ ɡаɞаɱаɯ 

ɪаɫɩɨɡɧаɜаɧɢя ɢ ɢɞɟɧɬɢɮɢɤаɰɢɢ ɢɡɨɛɪаɠɟɧɢɣ ɢɫɩɨɥɶɡɭɸɬɫя ɤɥаɫɫɢɱɟɫɤɢɟ 

ɧɟɣɪɨɫɟɬɟɜɵɟ аɪɯɢɬɟɤɬɭɪɵ Д88Ж (ɦɧɨɝɨɫɥɨɣɧɵɣ ɩɟɪɫɟɩɬɪɨɧ, ɫɟɬɢ ɫ ɪаɞɢаɥɶɧɨ 

ɛаɡɢɫɧɨɣ ɮɭɧɤɰɢɟɣ ɢ ɞɪ.), ɧɨ ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɞɥя ɪɟɲɟɧɢя ɡаɞаɱɢ 

ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢɢ ɧɟɷɮɮɟɤɬɢɜɧɨ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɪɢɱɢɧаɦ 

[89]: 

– ɢɡɨɛɪаɠɟɧɢя ɢɦɟɸɬ ɛɨɥɶɲɭɸ ɪаɡɦɟɪɧɨɫɬɶ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɜɨɡɪаɫɬаɟɬ ɪаɡɦɟɪ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ Д90]; 

– ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩаɪаɦɟɬɪɨɜ ɭɜɟɥɢɱɢɜаɟɬ ɜɦɟɫɬɢɦɨɫɬɶ 

ɫɢɫɬɟɦɵ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɬɪɟɛɭɟɬ ɛɨɥɶɲɟɣ ɬɪɟɧɢɪɨɜɨɱɧɨɣ ɜɵɛɨɪɤɢ, 

ɭɜɟɥɢɱɢɜаɟɬ ɜɪɟɦя ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɫɥɨɠɧɨɫɬɶ ɩɪɨɰɟɫɫа ɨɛɭɱɟɧɢя; 

– ɞɥя ɩɨɜɵɲɟɧɢя ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪаɛɨɬɵ ɫɢɫɬɟɦɵ ɠɟɥаɬɟɥɶɧɨ 

ɩɪɢɦɟɧяɬɶ ɤаɫɤаɞɵ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ (ɨɛɭɱɟɧɧɵɟ ɫ ɪаɡɥɢɱɧɵɦɢ ɧаɱаɥɶɧɵɦɢ 

ɡɧаɱɟɧɢяɦɢ ɫɢɧаɩɬɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢ ɩɨɪяɞɤɨɦ ɩɪɟɞɴяɜɥɟɧɢя 

ɨɛɪаɡɨɜ), ɧɨ ɷɬɨ ɭɜɟɥɢɱɢɜаɟɬ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɫɥɨɠɧɨɫɬɢ ɪɟɲɟɧɢя ɡаɞаɱɢ ɢ 

ɜɪɟɦя ɜɵɩɨɥɧɟɧɢя Д91, 92]; 

– ɨɬɫɭɬɫɬɜɭɟɬ ɢɧɜаɪɢаɧɬɧɨɫɬɶ ɤ ɢɡɦɟɧɟɧɢяɦ ɦаɫɲɬаɛа 

ɢɡɨɛɪаɠɟɧɢя, ɪаɤɭɪɫɨɜ ɫɴёɦɤɢ ɤаɦɟɪɵ ɢ ɞɪɭɝɢɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɢɫɤаɠɟɧɢɣ 

ɜɯɨɞɧɨɝɨ ɫɢɝɧаɥа Д89]. 

əɧ Ʌɟɤɭɧ ɩɪɟɞɥɨɠɢɥ ɢɫɩɨɥɶɡɨɜаɬɶ ɬаɤ ɧаɡɵɜаɟɦɵɟ ɫɜёɪɬɨɱɧɵɟ 

ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ (ɋɇɋ), ɤаɤ аɧаɥɨɝ ɡɪɢɬɟɥɶɧɨɣ ɤɨɪɵ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝа ɞɥя 
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ɪаɫɩɨɡɧаɜаɧɢя ɢɡɨɛɪаɠɟɧɢɣ Д93Ж. ɋɇɋ – ɨɞɢɧ ɢɡ ɩɨɞɜɢɞɨɜ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, 

ɤɨɬɨɪɵɣ ɭɱɢɬɵɜаɟɬ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɟɞɫɬаɜɥɟɧɢя ɞаɧɧɵɯ ɧа ɢɡɨɛɪаɠɟɧɢяɯ 

[94 - 97].  Ɉɛɭɱɟɧɢɟ ɋɇɋ ɨɫɭɳɟɫɬɜɥяɟɬɫя ɫ ɭɱɢɬɟɥɟɦ 

ȼ ɨɫɧɨɜɟ ɩɨɫɬɪɨɟɧɢя ɋɇɋ ɥɟɠаɬ ɬɪɢ ɨɫɧɨɜɧɵɟ ɢɞɟɢ:  

 ɤаɠɞɵɣ ɧɟɣɪɨɧ ɩɨɥɭɱаɟɬ ɜɯɨɞɧɨɣ ɫɢɝɧаɥ ɨɬ ɥɨɤаɥɶɧɨɝɨ ɪɟɰɟɩɬɢɜɧɨɝɨ 

ɩɨɥя ɜ ɩɪɟɞɵɞɭɳɟɦ ɫɥɨɟ, ɱɬɨ ɨɛɟɫɩɟɱɢɜаɟɬ ɥɨɤаɥɶɧɭɸ ɞɜɭɦɟɪɧɭɸ ɫɜяɡɧɨɫɬɶ 

ɧɟɣɪɨɧɨɜ; 

 ɤаɠɞɵɣ ɫɤɪɵɬɵɣ ɫɥɨɣ ɫɟɬɢ ɫɨɫɬɨɢɬ ɢɡ ɦɧɨɠɟɫɬɜа ɩɥɨɫɤɨɫɬɟɣ (ɤаɪɬ 

ɩɪɢɡɧаɤɨɜ), ɧа ɤɨɬɨɪɵɯ ɜɫɟ ɧɟɣɪɨɧɵ ɢɦɟɸɬ ɨɛɳɢɟ ɜɟɫа, ɱɬɨ ɨɛɟɫɩɟɱɢɜаɟɬ 

ɢɧɜаɪɢаɧɬɧɨɫɬɶ ɤ ɫɦɟɳɟɧɢɸ ɢ ɫɨɤɪаɳɟɧɢɟ ɨɛɳɟɝɨ ɱɢɫɥа ɜɟɫɨɜɵɯ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɟɬɢ; ɜ ɩɪɨɰɟɫɫɟ ɨɛɭɱɟɧɢя ɤаɪɬɵ ɩɪɢɡɧаɤɨɜ ɜɵɞɟɥяɸɬ 

ɪаɡɥɢɱɧɵɟ ɩɪɢɡɧаɤɢ ɨɛɴɟɤɬа.  

 ɡа ɤаɠɞɵɦ ɫɥɨɟɦ ɫɜёɪɬɤɢ ɫɥɟɞɭɟɬ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɫɥɨɣ, 

ɨɫɭɳɟɫɬɜɥяɸɳɢɣ ɥɨɤаɥɶɧɨɟ ɭɫɪɟɞɧɟɧɢɟ ɢ ɩɨɞɜɵɛɨɪɤɭ, ɱɬɨ ɨɛɟɫɩɟɱɢɜаɟɬ 

ɭɦɟɧɶɲɟɧɢɟ ɪаɡɪɟɲɟɧɢя ɞɥя ɤаɪɬ ɩɪɢɡɧаɤɨɜ.  

Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɧаɛɨɪ ɩɥɨɫɤɨɫɬɟɣ ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ ɤаɪɬɵ 

ɯаɪаɤɬɟɪɢɫɬɢɤ, ɢ ɤаɠɞая ɩɥɨɫɤɨɫɬɶ ɧаɯɨɞɢɬ «ɫɜɨɢ» ɭɱаɫɬɤɢ ɢɡɨɛɪаɠɟɧɢя ɜ 

ɥɸɛɨɦ ɦɟɫɬɟ ɩɪɟɞɵɞɭɳɟɝɨ ɫɥɨя. Ɋаɡɦɟɪ ɥɨɤаɥɶɧɨɝɨ ɪɟɰɟɩɬɢɜɧɨɝɨ ɩɨɥя 

ɜɵɛɢɪаɟɬɫя ɫаɦɨɫɬɨяɬɟɥɶɧɨ ɜ ɩɪɨɰɟɫɫɟ ɪаɡɪаɛɨɬɤɢ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ Д93]. 

ȼ ɫɜёɪɬɨɱɧɵɯ ɫɥɨяɯ ɩɪɢ ɫɤаɧɢɪɨɜаɧɢɢ ɪɟɰɟɩɬɢɜɧɵɟ ɩɨɥя ɱаɫɬɢɱɧɨ 

ɧаɫɥаɢɜаɸɬɫя ɞɪɭɝ ɧа ɞɪɭɝа ɩɨ ɩɪɢɧɰɢɩɭ ɱɟɪɟɩɢɰɵ, ɜ ɩɨɞɜɵɛɨɪɨɱɧɵɯ ɫɥɨяɯ 

ɨɛɥаɫɬɢ ɫɨɫɟɞɧɢɯ ɧɟɣɪɨɧɨɜ ɧɟ ɩɟɪɟɤɪɵɜаɸɬɫя. ɉɨɞɜɵɛɨɪɨɱɧɵɣ ɫɥɨɣ 

ɭɦɟɧɶɲаɟɬ ɦаɫɲɬаɛ ɩɥɨɫɤɨɫɬɟɣ ɩɭɬёɦ ɥɨɤаɥɶɧɨɝɨ ɭɫɪɟɞɧɟɧɢя ɡɧаɱɟɧɢɣ 

ɜɵɯɨɞɨɜ ɧɟɣɪɨɧɨɜ, ɬаɤɢɦ ɨɛɪаɡɨɦ, ɞɨɫɬɢɝаɟɬɫя ɢɟɪаɪɯɢɱɟɫɤая ɨɪɝаɧɢɡаɰɢя. 

ɉɨɫɥɟɞɭɸɳɢɟ ɫɥɨɢ ɢɡɜɥɟɤаɸɬ ɛɨɥɟɟ ɨɛɳɢɟ ɯаɪаɤɬɟɪɢɫɬɢɤɢ, ɦɟɧɶɲɟ 

ɡаɜɢɫяɳɢɟ ɨɬ ɢɫɤаɠɟɧɢɣ ɢɡɨɛɪаɠɟɧɢя. ɉɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢя ɧɟɫɤɨɥɶɤɢɯ ɫɥɨɟɜ 

ɤаɪɬа ɩɪɢɡɧаɤɨɜ ɜɵɪɨɠɞаɟɬɫя ɜ ɜɟɤɬɨɪ Д98Ж. 

ɋɇɋ ɯɨɪɨɲɨ ɡаɪɟɤɨɦɟɧɞɨɜаɥа ɫɟɛя ɞɥя ɪɟɲɟɧɢя ɩɪɨɛɥɟɦɵ 

ɪаɫɩɨɡɧаɜаɧɢя ɱɟɥɨɜɟɤа ɩɨ ɮɨɬɨɩɨɪɬɪɟɬɭ ɢɥɢ ɪаɫɩɨɡɧаɜаɧɢя ɪɭɤɨɩɢɫɧɵɯ 

ɫɢɦɜɨɥɨɜ ɩɨ ɢɯ ɢɡɨɛɪаɠɟɧɢяɦ, ɧɨ ɡаɞаɱа ɜɵɛɨɪа ɨɩɬɢɦаɥɶɧɵɯ ɩаɪаɦɟɬɪɨɜ 
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ɫɟɬɢ яɜɥяɟɬɫя ɨɬɤɪɵɬɨɣ ɢ ɩɥɨɯɨ ɨɩɢɫаɧɧɨɣ ɜ ɥɢɬɟɪаɬɭɪɟ. 

Ȼɥаɝɨɞаɪя ɫɜɨɟɣ аɪɯɢɬɟɤɬɭɪɟ ɋɇɋ ɨɛɥаɞаɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɲɭɦаɦ, 

ɫɞɜɢɝаɦ, ɩɨɜɨɪɨɬаɦ, ɦаɫɲɬаɛɭ ɜɯɨɞɧɵɯ ɨɛɪаɡɨɜ, ɢ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜаɥа 

ɫаɦɭɸ ɜɵɫɨɤɭɸ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɜ ɡаɞаɱаɯ ɪаɫɩɨɡɧаɜаɧɢя ɥɢɰ Д99Ж ɢ 

ɪɭɤɨɩɢɫɧɵɯ ɫɢɦɜɨɥɨɜ Д93Ж. 

Ɋаɡɪаɛɨɬɱɢɤ ɋɇɋ ə. Ʌɟɤɭɧ ɩɪɟɞɥɨɠɢɥ ɫɥɟɞɭɸɳɭɸ аɪɯɢɬɟɤɬɭɪɭ ɋɇɋ 

(ɪɢɫ. 1.9) Д93Ж.  

 

 

Ɋɢɫ. 1.9. Ⱥɪɯɢɬɟɤɬɭɪа ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ə. Ʌɟɤɭɧа. 

 

К. Ƚаɪɫɢа ɬа Ɇ. Ⱦɟɥаɤɢɫ ɩɪɟɞɥɨɠɢɥɢ ɦɟɬɨɞ ɨɛɧаɪɭɠɟɧɢя ɨɛɴɟɤɬɨɜ 

[100, 101Ж (ɜ ɨɪɢɝɢɧаɥɟ ɱɟɥɨɜɟɱɟɫɤɢɯ ɥɢɰ) ɢ ɌɈ Д101Ж ɧа ɨɫɧɨɜɟ ɋɇɋ Д93Ж.  

Ɉɛɧаɪɭɠɟɧɢɟ ɨɛɴɟɤɬɨɜ ɧа ɨɫɧɨɜɟ ɋɇɋ ɩɪɨɢɫɯɨɞɢɬ ɜ ɞɜɟ ɫɬаɞɢɢ: 

"ɝɪɭɛɨɟ" (МШКЫЬО) ɢ "ɬɨɱɧɨɟ" (ПТЧО) ɨɛɧаɪɭɠɟɧɢя. ɉɪɟɞɜаɪɢɬɟɥɶɧая ɨɛɪаɛɨɬɤа 

ɜɯɨɞɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя ɧɟ ɩɪɨɢɫɯɨɞɢɬ, ɧɨ ɩɪɢ ɷɬɨɦ ɜ ɨɛɭɱаɸɳɭɸ ɜɵɛɨɪɤɭ 

ɋɇɋ ɜɤɥɸɱаɸɬɫя ɩɪɢɦɟɪɵ ɫ ɪаɡɧɨɣ ɫɬɟɩɟɧɶɸ ɤɨɧɬɪаɫɬɧɨɫɬɢ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɦɟɬɨɞа яɜɥяɟɬɫя ɨɱɟɧɶ ɛɵɫɬɪая ɨɛɪаɛɨɬɤа ɢɡɨɛɪаɠɟɧɢя 

ɧа ɩɟɪɜɨɣ ɫɬаɞɢɢ, ɤɨɝɞа ɜɯɨɞɧɨɟ ɢɡɨɛɪаɠɟɧɢɟ ɨɛɪаɛаɬɵɜаɟɬɫя ɫɟɬɶɸ ɡа ɨɞɢɧ 

ɷɬаɩ, а ɧɟ ɫ ɩɨɦɨɳɶɸ ɫɤаɧɢɪɨɜаɧɢя ɮɢɤɫɢɪɨɜаɧɧɵɦ ɨɤɧɨɦ, ɤаɤ ɜ ɞɪɭɝɢɯ 

ɦɟɬɨɞаɯ ɧа ɨɫɧɨɜɟ ɦɨɞɟɥɢɪɨɜаɧɢя ɢɡɨɛɪаɠɟɧɢя ɥɢɰа ɢɥɢ ɌɈ. ȼ ɪɟɡɭɥɶɬаɬɟ 

"ɝɪɭɛɨɝɨ" ɜɵяɜɥɟɧɢя ɨɩɪɟɞɟɥяɸɬɫя ɤɨɨɪɞɢɧаɬɵ ɨɛɴɟɤɬɨɜ-ɤаɧɞɢɞаɬɨɜ. ɇа 
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ɫɥɟɞɭɸɳɟɦ ɷɬаɩɟ ɩɪɨɢɫɯɨɞɢɬ ɜɟɪɢɮɢɤаɰɢя ɤаɧɞɢɞаɬɨɜ, ɤɨɝɞа ɨɧɢ 

ɝɪɭɩɩɢɪɭɸɬɫя ɢ ɨɛɥаɫɬɶ ɢɡɨɛɪаɠɟɧɢя ɤаɠɞɨɝɨ ɢɡ ɧɢɯ ɩɪɨɜɟɪяɟɬɫя ɫ 

ɩɨɦɨɳɶɸ ɋɇɋ ɟɳɟ ɪаɡ, ɧɨ ɭɠɟ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɮɢɤɫɢɪɨɜаɧɧɨɝɨ ɨɤɧа, ɜ 

ɫɨɫɟɞɧɢɯ ɩɨɡɢɰɢяɯ ɢ ɩɪɢ ɧɟɫɤɨɥɶɤɢɯ ɭɪɨɜɧяɯ ɦаɫɲɬаɛɢɪɨɜаɧɢя. ɉɪɢ ɷɬɨɦ 

ɤаɧɞɢɞаɬ ɩɪɢɧɢɦаɟɬɫя ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɩɨɪɨɝɨɜɨɝɨ ɡɧаɱɟɧɢя ɦɧɨɝɨɤɪаɬɧɵɯ 

ɨɛɧаɪɭɠɟɧɢɣ Д101Ж.  

Ⱦаɧɧɵɣ ɦɟɬɨɞ ɜɟɪɢɮɢɤаɰɢɢ ɬɪɟɛɭɟɬ ɡɧаɱɢɬɟɥɶɧɵɯ ɜɪɟɦɟɧɧɵɯ ɡаɬɪаɬ 

Д102Ж, ɬаɤ ɤаɤ ɞɥя ɤаɠɞɨɝɨ ɤаɧɞɢɞаɬа ɧɟɨɛɯɨɞɢɦɨ ɨɫɭɳɟɫɬɜɢɬɶ ɨɤɨɥɨ 27 

ɫɢɦɭɥяɰɢɣ ɋɇɋ, ɟɫɥɢ, ɧаɩɪɢɦɟɪ, ɩɪɨɜɟɪяɟɬɫя ɬɨɥɶɤɨ ɩɨ ɨɞɧɨɦɭ ɫɨɫɟɞɧɟɦɭ 

ɨɤɧɭ ɩɪɢ ɞɜɭɯ ɫɨɫɟɞɧɢɯ ɭɪɨɜɧяɯ ɦаɫɲɬаɛɢɪɨɜаɧɢя. 

Ɋаɫɫɦɨɬɪɟɧɧɵɣ ɦɟɬɨɞ ɜ ɫɨɱɟɬаɧɢɢ ɫ ɩɪɟɞɥɨɠɟɧɧɨɣ аɪɯɢɬɟɤɬɭɪɨɣ ɋɇɋ , 

ɩɪɢɦɟɧяɟɦɵɣ ɞɥя ɪаɫɩɨɡɧаɜаɧɢя ɪɭɤɨɩɢɫɧɵɯ ɫɢɦɜɨɥɨɜ Д93Ж ɦɨɠɟɬ 

ɪаɫɫɦаɬɪɢɜаɬɶɫя ɤаɤ ɧаɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɣ аɧаɥɨɝ ɩɪɢ ɪаɡɪаɛɨɬɤɟ ɦɟɬɨɞɨɜ 

ɨɛɧаɪɭɠɟɧɢя ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢɢ. 

ɇа ɫɟɝɨɞɧяɲɧɢɣ ɞɟɧɶ ɪаɡɪаɛɨɬаɧɨ ɞɨɫɬаɬɨɱɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɪаɡɥɢɱɧɵɯ аɪɯɢɬɟɤɬɭɪ ɋɇɋ ɞɥя ɪɟɲɟɧɢя ɡаɞаɱ ɥɨɤаɥɢɡаɰɢɢ ɢ ɪаɫɩɨɡɧаɜаɧɢя 

ɨɛɴɟɤɬɨɜ ɧа ɢɡɨɛɪаɠɟɧɢяɯ. ɂɯ ɤɥɸɱɟɜɵɦɢ ɨɫɨɛɟɧɧɨɫɬяɦɢ яɜɥяɸɬɫя:  

1) ɮɢɤɫɢɪɨɜаɧɧɵɣ ɪаɡɦɟɪ ɜɯɨɞɧɵɯ ɞаɧɧɵɯ (ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬɫя 

ɪаɡɦɟɪɵ 16×16 ɩɢɤɫɟɥɟɣ, 28×28 ɩɢɤɫɟɥɟɣ, 29ɯ29 ɩɢɤɫɟɥɟɣ, 32ɯ32 ɩɢɤɫɟɥя, 

36×64 ɩɢɤɫɟɥя);  

2) ɦɟɬɨɞɢɤа ɩɟɪɟɞаɱɢ ɞаɧɧɵɯ ɨɬ ɫɥɨя ɤ ɫɥɨɸ (ɢɫɩɨɥɶɡɭɟɬɫя 

ɧɟɩɨɥɧɨɫɜяɡɧɵɣ ɫɥɨɣ ɢ ɩɪɟɞɥɨɠɟɧа ɫɯɟɦа ɫɜяɡɟɣ ɦɟɠɞɭ ɤаɪɬаɦɢ ɫɥɨɟɜ);  

3) ɦɟɬɨɞ ɭɦɟɧɶɲɟɧɢя ɪаɡɦɟɪɨɜ ɤаɪɬɵ ɧɟɣɪɨɧɨɜ (ɢɫɩɨɥɶɡɨɜаɧ ɲаɝ 

ɫɜɟɪɬɤɢ, ɪаɜɧɵɣ 2, ɡа ɫɱɟɬ ɱɟɝɨ ɪɟɡɭɥɶɬɢɪɭɸɳая ɤаɪɬа ɭɦɟɧɶɲаɟɬɫя ɜ ɞɜа 

ɪаɡа; ɭɦɟɧɶɲɟɧɢɟ ɪаɡɦɟɪɨɜ ɞɨɫɬɢɝаɟɬɫя ɡа ɫɱɟɬ ɜɜɟɞɟɧɢя ɫɥɨɟɜ ɩɨɞɜɵɛɨɪɤɢ);  

4) ɬɢɩ ɜɵɯɨɞɧɨɝɨ ɫɥɨя (ɜɵɯɨɞɧɨɣ ɫɥɨɣ ɨɛɵɱɧɨ ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ 

ɩɪɨɫɬɨɣ ɩɨɥɧɨɫɜяɡɧɵɣ ɫɥɨɣ ɧа ɨɫɧɨɜɟ ɩɟɪɫɟɩɬɪɨɧɨɜ).  

Ɋаɡɧɨɨɛɪаɡɧɵɟ ɪɟɲɟɧɢя ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɋɇɋ ɦɨɠɧɨ ɪаɫɫɦаɬɪɢɜаɬɶ, 

ɤаɤ ɩɨɩɵɬɤɢ ɱɟɥɨɜɟɤа ɩɨɜɥɢяɬɶ ɧа ɩɪɢɡɧаɤɢ, ɤɨɬɨɪɵɟ ɢɡɜɥɟɤаɟɬ ɫɟɬɶ. ȼ 

ɧаɫɬɨяɳɢɣ ɦɨɦɟɧɬ ɨɬɫɭɬɫɬɜɭɸɬ ɱɟɬɤɢɟ ɪɟɤɨɦɟɧɞаɰɢɢ ɨ ɜɵɛɨɪɟ ɫɬɪɭɤɬɭɪɵ 
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ɫɟɬɢ, ɤɨɥɢɱɟɫɬɜа ɤаɪɬ ɜ ɫɥɨɟ, ɤɨɥɢɱɟɫɬɜа ɤаɪɬ ɩɪɟɞɵɞɭɳɟɝɨ ɫɥɨя, 

ɭɱаɫɬɜɭɸɳɢɯ ɜ ɮɨɪɦɢɪɨɜаɧɢɢ ɤаɪɬɵ ɬɟɤɭɳɟɝɨ ɫɥɨя, ɤɨɥɢɱɟɫɬɜɟ ɧɟɣɪɨɧɨɜ ɜ 

ɩɨɥɧɨɫɜяɡɧɨɦ ɫɥɨɟ ɢ ɬ.ɞ. Ɋɟɲɟɧɢя ɩɨ ɫɬɪɭɤɬɭɪɟ ɋɇɋ, ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɜ 

ɨɛɳɟɞɨɫɬɭɩɧɵɯ ɢɫɬɨɱɧɢɤаɯ, яɜɥяɸɬɫя ɜаɪɢаɰɢяɦɢ аɪɯɢɬɟɤɬɭɪɵ ə. Ʌɟɤɭɧа 

[93, 103, 104] c ɷɦɩɢɪɢɱɟɫɤɢ ɩɨɞɨɛɪаɧɧɵɦɢ ɩаɪаɦɟɬɪаɦɢ ɞɥя ɪɟɲɟɧɢя 

ɤɨɧɤɪɟɬɧɵɯ ɡаɞаɱ. ɂɡɦɟɧɟɧɢɟ ɭɫɥɨɜɢɣ ɡаɞаɱɢ ɬɪɟɛɭɟɬ ɩɟɪɟɨɛɭɱɟɧɢя ɫɟɬɢ. 

 

1.6.1. Ɉɫɨɛɟɧɧɨɫɬɢ ɨɛɭɱɟɧɢя ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ   

 

Ɉɛɭɱɟɧɢɟ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ яɜɥяɟɬɫя ɨɞɧɨɣ ɢɡ ɜаɠɧɵɯ ɩɪɨɛɥɟɦ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜаɧɢɢ ɢɯ ɞɥя ɪɟɲɟɧɢя ɪаɡɥɢɱɧɵɯ ɡаɞаɱ ɩɟɪɟɪаɛɨɬɤɢ Ƚɂ. ɇаɥɢɱɢɟ 

ɤаɱɟɫɬɜɟɧɧɨɝɨ аɥɝɨɪɢɬɦа ɨɛɭɱɟɧɢя ɩɨɡɜɨɥяɟɬ ɭɥɭɱɲɢɬɶ ɩɨɥɭɱаɟɦɵɟ 

ɪɟɡɭɥɶɬаɬɵ, ɫɧɢɡɢɬɶ ɨɲɢɛɤɭ ɩɨɫɬɪɨɟɧɧɨɣ ɫɟɬɢ.   

Ⱦɥя ɨɛɭɱɟɧɢя ɋɇɋ ɛɵɥ ɜɵɛɪаɧ ɫɬаɧɞаɪɬɧɵɣ аɥɝɨɪɢɬɦ ɨɛɪаɬɧɨɝɨ 

ɪаɫɩɪɨɫɬɪаɧɟɧɢя ɨɲɢɛɤɢ (back propagation),  ɤɨɬɨɪɵɣ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɜ 1986 

ɝɨɞɭ Ɋɭɦɟɥɶɯаɪɬɨɦ, Ɇаɤɤɥɟɥаɧɞɨɦ ɢ ȼɢɥɶяɦɫɨɦ Д105Ж. ɇа ɜɵɯɨɞɟ ɫɟɬɢ 

ɮɨɪɦɢɪɭɸɬɫя ɡɧаɱɟɧɢя +1 ɢ -1 ɞɥя ɢɡɨɛɪаɠɟɧɢя ɬɟɤɫɬɨɜɨɣ ɨɛɥаɫɬɢ ɢ ɧɟ 

ɬɟɤɫɬɨɜɨɣ ɨɛɥаɫɬɢ.   

Ɂɧаɱɟɧɢя ɢɫɯɨɞɧɵɯ ɫɢɧаɩɬɢɱɟɫɤɢɯ ɜɟɫɨɜ ɞɥя ɜɫɟɯ ɫɥɨёɜ ɫɟɬɢ ɫ 

ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɦ ɬаɧɝɟɧɫɨɦ ɜɵɛɢɪаɸɬɫя ɧа ɨɫɧɨɜɟ ɪаɜɧɨɦɟɪɧɨɝɨ 

ɪаɫɩɪɟɞɟɥɟɧɢя ɫ ɧɭɥɟɜɵɦ ɦаɬɟɦаɬɢɱɟɫɤɢɦ ɨɠɢɞаɧɢɟɦ ɢ ɞɢɫɩɟɪɫɢɟɣ, 

ɨɛɪаɬɧɨɣ ɤɜаɞɪаɬɧɨɦɭ ɤɨɪɧɸ ɢɡ ɤɨɥɢɱɟɫɬɜа ɫɢɧаɩɬɢɱɟɫɤɢɯ ɫɜяɡɟɣ ɧɟɣɪɨɧа 

[106, 107]. Ⱥɥɝɨɪɢɬɦ ɨɛɪаɬɧɨɝɨ ɪаɫɩɪɨɫɬɪаɧɟɧɢя ɨɲɢɛɤɢ ɢɫɩɨɥɶɡɭɟɬ 

ɦɟɬɨɞɢɤɭ, ɩɨɡɜɨɥяɸɳɭɸ ɛɵɫɬɪɨ ɜɵɱɢɫɥяɬɶ ɜɟɤɬɨɪ ɱаɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ 

(ɝɪаɞɢɟɧɬ) ɫɥɨɠɧɨɣ ɮɭɧɤɰɢɢ ɦɧɨɝɢɯ ɩɟɪɟɦɟɧɧɵɯ, ɟɫɥɢ ɫɬɪɭɤɬɭɪа ɷɬɨɣ 

ɮɭɧɤɰɢɢ ɢɡɜɟɫɬɧа. ȼ ɤаɱɟɫɬɜɟ ɬаɤɨɣ ɮɭɧɤɰɢɢ ɜ аɥɝɨɪɢɬɦɟ ɪаɫɫɦаɬɪɢɜаɟɬɫя 

ɮɭɧɤɰɢя ɨɲɢɛɤɢ ɫɟɬɢ ɢ ɭɱɢɬɵɜаɟɬɫя ɬɨɬ ɮаɤɬ, ɱɬɨ ɫɬɪɭɤɬɭɪа ɮɭɧɤɰɢɢ 

ɨɲɢɛɤɢ ɫɟɬɢ ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥяɟɬɫя аɪɯɢɬɟɤɬɭɪɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɤɨɬɨɪая 

ɫɱɢɬаɟɬɫя ɢɡɜɟɫɬɧɨɣ. 

ȼ ɫаɦɨɦ ɧаɱаɥɟ ɨɛɭɱɟɧɢя ɫɟɬɶ ɧɟ ɧаɫɬɪɨɟɧа, ɩɨɷɬɨɦɭ ɩɨɫɥɟ 
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ɩɪɟɞɴяɜɥɟɧɢя ɨɱɟɪɟɞɧɨɝɨ ɜɯɨɞɧɨɝɨ ɨɛɪаɡа, ɨɧа ɮɨɪɦɢɪɭɟɬ ɧɟɬɨɱɧɨɟ ɜɵɯɨɞɧɨɟ 

ɡɧаɱɟɧɢɟ. ɋɪаɜɧɟɧɢɟ ɫ ɠɟɥаɟɦɨɣ ɪɟаɤɰɢɟɣ ɞаɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɪɪɟɤɬɢɪɨɜаɬɶ 

ɜɟɫа ɫɜяɡɟɣ ɬаɤɢɦ ɨɛɪаɡɨɦ, ɱɬɨɛɵ ɫɟɬɶ ɧа ɫɥɟɞɭɸɳɟɦ ɲаɝɟ ɦɨɝɥа ɜɵɞаɜаɬɶ 

ɛɨɥɟɟ ɬɨɱɧɵɣ ɪɟɡɭɥɶɬаɬ. Ɉɛɭɱаɸɳɟɟ ɩɪаɜɢɥɨ ɨɛɟɫɩɟɱɢɜаɟɬ ɧаɫɬɪɨɣɤɭ ɜɟɫɨɜ 

ɫɜяɡɟɣ. ɂɧɮɨɪɦаɰɢя ɨ ɜɵɯɨɞаɯ ɫɟɬɢ яɜɥяɟɬɫя ɢɫɯɨɞɧɨɣ ɞɥя ɧɟɣɪɨɧɨɜ 

ɩɪɟɞɵɞɭɳɢɯ ɫɥɨɟɜ. ɗɬɢ ɧɟɣɪɨɧɵ ɦɨɝɭɬ ɧаɫɬɪаɢɜаɬɶ ɜɟɫа ɫɜɨɢɯ ɫɜяɡɟɣ ɞɥя 

ɭɦɟɧɶɲɟɧɢя ɩɨɝɪɟɲɧɨɫɬɢ ɧа ɫɥɟɞɭɸɳɟɦ ɲаɝɟ. 

Ɏɭɧɤɰɢя ɨɲɢɛɤɢ ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ ɪаɡɧɨɫɬɶ ɦɟɠɞɭ ɬɟɤɭɳɢɦ 

ɜɵɯɨɞɨɦ ɫɟɬɢ ɢ ɢɞɟаɥɶɧɵɦ ɜɵɯɨɞɨɦ, ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ. Ⱦɥя 

ɭɫɩɟɲɧɨɝɨ ɨɛɭɱɟɧɢя ɫɟɬɢ ɬɪɟɛɭɟɬɫя ɩɪɢɛɥɢɡɢɬɶ ɜɵɯɨɞ ɫɟɬɢ ɤ ɠɟɥаɟɦɨɦɭ 

ɜɵɯɨɞɭ, ɬ. ɟ. ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨ ɭɦɟɧɶɲаɬɶ ɜɟɥɢɱɢɧɭ ɮɭɧɤɰɢɢ ɨɲɢɛɤɢ. ɗɬɨ 

ɞɨɫɬɢɝаɟɬɫя ɧаɫɬɪɨɣɤɨɣ ɦɟɠɧɟɣɪɨɧɧɵɯ ɫɜяɡɟɣ. Каɠɞɵɣ ɧɟɣɪɨɧ ɜ ɫɟɬɢ ɢɦɟɟɬ 

ɫɜɨɢ ɜɟɫа, ɤɨɬɨɪɵɟ ɧаɫɬɪаɢɜаɸɬɫя, ɱɬɨɛɵ ɭɦɟɧɶɲɢɬɶ ɜɟɥɢɱɢɧɭ ɮɭɧɤɰɢɢ 

ɨɲɢɛɤɢ. ȼɵɪаɠɟɧɢɟ ɞɥя ɤɨɪɪɟɤɰɢɢ ɫɢɧаɩɬɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɦɟɟɬ 

ɜɢɞ:                         ,       

 

ɝɞɟ          ɢ           – ɜɟɫ ɫɜяɡɢ ɦɟɠɞɭ  -ɦ ɢ  -ɦ ɧɟɣɪɨɧаɦɢ ɧа ɬɟɤɭɳɟɦ 
ɢ ɩɨɫɥɟɞɭɸɳɟɦ ɲаɝɟ ɨɛɭɱɟɧɢя,        – ɩɪɨɢɡɜɨɞɧая ɮɭɧɤɰɢɢ ɨɲɢɛɤɢ,   – ɩаɪаɦɟɬɪ ɫɤɨɪɨɫɬɢ ɨɛɭɱɟɧɢя. 

ɇа ɤаɠɞɨɣ ɢɬɟɪаɰɢɢ аɥɝɨɪɢɬɦа ɜɟɫɨɜɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 

ɦɨɞɢɮɢɰɢɪɭɸɬɫя ɬаɤ, ɱɬɨɛɵ ɭɥɭɱɲɢɬɶ ɪɟɲɟɧɢɟ ɨɞɧɨɝɨ ɨɛɭɱаɸɳɟɝɨ ɩɪɢɦɟɪа. 

ɉɪɢ ɨɛɭɱɟɧɢɢ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɧаɫɬɪɨɣɤа ɜɟɫɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɦɟɬɨɞɨɦ ɨɛɪаɬɧɨɝɨ ɪаɫɩɪɨɫɬɪаɧɟɧɢя ɨɲɢɛɤɢ ɢɦɟɟɬ ɨɫɨɛɟɧɧɨɫɬɢ ɞɥя ɪаɡɧɵɯ 

ɫɥɨɟɜ (ɩɨɥɧɨɫɜяɡɧɵɯ, ɩɨɞɜɵɛɨɪɨɱɧɵɯ, ɫɜёɪɬɨɱɧɵɯ). ɉɨɞɪɨɛɧɨ ɨɫɨɛɟɧɧɨɫɬɢ 

ɨɛɭɱɟɧɢя ɋɇɋ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɞаɧɧɨɣ ɪаɛɨɬɟ, ɪаɫɫɦɨɬɪɟɧɵ ɜ ɪаɡɞɟɥɟ 3. 

ɉɪɨɜɟɞɟɧɧɵɣ аɧаɥɢɡ ɩɨɤаɡаɥ, ɱɬɨ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɨɛɥɟɦ, ɫ 

ɤɨɬɨɪɨɣ ɫɬаɥɤɢɜаɸɬɫя ɩɪɢ ɨɛɭɱɟɧɢɢ ɋɇɋ ɞɥя ɨɛɧаɪɭɠɟɧɢя ɥɨɤаɥɢɡаɰɢɢ ɌɈ 
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ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ, яɜɥяɟɬɫя ɬɨ, ɱɬɨ ɤаɱɟɫɬɜɨ ɩɪɢɧяɬɢя 

ɤɥаɫɫɢɮɢɤаɰɢɨɧɧɨɝɨ ɪɟɲɟɧɢя ɨ ɯаɪаɤɬɟɪɟ ɨɛɥаɫɬɢ ɢɡɨɛɪаɠɟɧɢя (ɬɟɤɫɬɨɜая 

ɨɛɥаɫɬɶ, ɧɟ ɬɟɤɫɬɨɜая ɨɛɥаɫɬɶ) ɫɭɳɟɫɬɜɟɧɧɨ ɡаɜɢɫɢɬ ɨɬ ɨɛɴɟɦа ɢ 

ɩɪɟɞɫɬаɜɢɬɟɥɶɧɨɫɬɢ ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ.  

ȼ ɧаɫɬɨяɳɢɣ ɦɨɦɟɧɬ ɞɥя ɨɛɭɱɟɧɢя ɋɇɋ ɢ ɞɪɭɝɢɯ ɬɢɩɨɜ 

ɤɥаɫɫɢɮɢɤаɬɨɪɨɜ ɞɥя ɨɛɧаɪɭɠɟɧɢя ɢ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɢɫɩɨɥɶɡɭɸɬɫя 

ɫɩɟɰɢаɥɢɡɢɪɨɜаɧɧɵɟ ɛаɡɵ ɢɡɨɛɪаɠɟɧɢɣ (ɧаɩɪɢɦɟɪ, ɛаɡа ɞаɧɧɵɯ ɤɨɧɤɭɪɫа 

аɥɝɨɪɢɬɦɨɜ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬа, ICDAR 2011 RШЛЮЬЭ RОКНТЧР 

Competition [108]). Ɍɟɤɫɬɨɜɵɟ ɫɢɦɜɨɥɵ, ɫɨɞɟɪɠаɳɢɟɫя ɜ ɷɬɢɯ ɢɡɨɛɪаɠɟɧɢяɯ, 

ɢɦɟɸɬ ɪаɡɥɢɱɧɵɟ ɰɜɟɬа, ɨɬɬɟɧɤɢ ɞɥя ɩɨɥɭɬɨɧɨɜɵɯ ɢɡɨɛɪаɠɟɧɢɣ, ɲɪɢɮɬɵ, 

ɪаɡɦɟɪɵ. ɇɟɤɨɬɨɪɵɟ ɫɢɦɜɨɥɵ яɜɥяɸɬɫя ɩɪɨɡɪаɱɧɵɦɢ ɢ ɨɮɨɪɦɥɟɧɵ ɫ 

ɤɨɧɬɭɪаɦɢ. ɋаɦɢ ɬɟɤɫɬɨɜɵɟ ɨɛɥаɫɬɢ ɪаɫɩɨɥɨɠɟɧɵ ɧа ɪаɡɥɢɱɧɨɦ, ɜ ɬɨɦ ɱɢɫɥɟ 

ɢ ɫɥɨɠɧɨɦ ɮɨɧɟ (ɫɦ. ɪɢɫ. 1.2, ɪɢɫ. 1.3).  

Ɉɞɧаɤɨ ɢɫɩɨɥɶɡɨɜаɧɢɟ ɬаɤɢɯ ɛаɡ ɧɟ ɭɫɬɪаɧяɟɬ ɩɪɨɛɥɟɦɭ ɮɨɪɦɢɪɨɜаɧɢя 

ɨɛɭɱаɸɳɢɯ ɜɵɛɨɪɨɤ, ɤɨɬɨɪая ɫɜяɡаɧа ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɮаɤɬɨɪаɦɢ:  

– ɛɨɥɶɲɨɣ ɨɛɴɟɦ ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ, ɩɨɡɜɨɥяɸɳɢɣ ɭɱɟɫɬɶ 

ɦаɤɫɢɦаɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɟаɥɶɧɵɯ ɜаɪɢаɧɬɨɜ ɌɈ, ɨɛɟɫɩɟɱɢɜаɟɬ ɭɥɭɱɲɟɧɢɟ 

ɪаɛɨɬɵ ɤɥаɫɫɢɮɢɤаɬɨɪа, ɧɨ ɡɧаɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜаɟɬ ɜɪɟɦя ɨɛɭɱɟɧɢя, ɱɬɨ 

ɱаɫɬɨ яɜɥяɟɬɫя ɧɟɞɨɩɭɫɬɢɦɵɦ; 

– ɫɥɨɠɧɨɫɬɶ ɭɱɟɬа ɨɫɨɛɟɧɧɨɫɬɢ ɮɨɪɦɵ ɩɪɟɞɫɬаɜɥɟɧɢя ɬɟɤɫɬɨɜɵɯ 

ɮɪаɝɦɟɧɬɨɜ ɧа ɢɡɨɛɪаɠɟɧɢɣ (ɬ.ɟ ɬɢɩɵ ɲɪɢɮɬа, ɪаɡɦɟɪ ɲɪɢɮɬа, ɜɢɞ 

ɩɪɟɞɫɬаɜɥɟɧɢя,  ɭɝɨɥ ɪаɫɩɨɥɨɠɟɧɢя ɢ ɞɪ.);  

– ɤаɱɟɫɬɜɨ ɜɵɛɪаɧɧɵɯ ɢɡɨɛɪаɠɟɧɢɣ, ɫɨɞɟɪɠаɳɢɯ ɌɈ; 

– ɭɱɟɬ ɨɩɵɬа ɫɩɟɰɢаɥɢɫɬа, ɩɪɢɜɨɞяɳɢɣ ɤ ɫɭɛɴɟɤɬɢɜɧɨ ɫɮɨɪɦɢɪɨɜаɧɧɨɣ 

ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɟ. 

ɉɨɷɬɨɦɭ ɜ ɪаɛɨɬɟ ɫɬаɜɢɬɫя ɡаɞаɱа ɪаɡɪаɛɨɬɤɢ ɦɟɬɨɞа ɮɨɪɦɢɪɨɜаɧɢя ɌɈ 

ɢ ɢɫɩɨɥɶɡɨɜаɧɢɟ ɟɝɨ ɞɥя аɜɬɨɦаɬɢɱɟɫɤɨɝɨ ɮɨɪɦɢɪɨɜаɧɢя ɨɛɭɱаɸɳɟɣ 

ɜɵɛɨɪɤɢ, ɱɬɨɛɵ ɭɫɬɪаɧɢɬɶ ɜɥɢяɧɢɟ ɫɭɛɴɟɤɬɢɜɧɨɝɨ ɩɨɞɯɨɞа ɱɟɥɨɜɟɤа ɩɪɢ ɟɟ 

ɫɨɡɞаɧɢɢ.   
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1.7. Ɇɟɬɨɞɵ ɨɰɟɧɤɢ ɤаɱɟɫɬɜа ɨɛɧаɪɭɠɟɧɢя ɢ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ 

ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢɢ 

 

ȼ ɩɪɨɰɟɫɫɟ ɥɨɤаɥɢɡаɰɢя ɌɈ ɫɧаɱаɥа ɩɪɨɢɫɯɨɞɢɬ ɨɛɧаɪɭɠɟɧɢɟ ɌɈ ɧа 

ɢɡɨɛɪаɠɟɧɢɢ, а ɩɨɬɨɦ ɭɠɟ ɫɨɛɫɬɜɟɧɧɨ ɥɨɤаɥɢɡаɰɢя ɌɈ (ɨɩɪɟɞɟɥɟɧɢɟ 

ɤɨɨɪɞɢɧаɬ ɝɪаɧɢɰ ɌɈ). ɉɨɷɬɨɦɭ, ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɩɨɝɪɟɲɧɨɫɬɶ ɥɨɤаɥɢɡаɰɢɢ 

ɡаɜɢɫɢɬ ɨɬ ɤаɱɟɫɬɜа ɨɛɟɢɯ ɩɪɨɰɟɞɭɪ, ɞɥя ɤаɠɞɨɣ ɢɡ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɸɬɫя 

ɫɜɨɢ ɨɰɟɧɤɢ ɤаɱɟɫɬɜа ɜɵɩɨɥɧɟɧɢя ɩɪɨɰɟɞɭɪɵ.  

Ⱦɥя ɨɰɟɧɤɢ ɤаɱɟɫɬɜа ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɢɫɩɨɥɶɡɨɜаɧɵ 

ɦɟɪɵ ɬɨɱɧɨɫɬɢ Precision (Pr) ɢ ɩɨɥɧɨɬɵ Recall (Rc) [109, 110]. 

Ɇɟɪа ɬɨɱɧɨɫɬɢ (Precision) ɨɩɪɟɞɟɥяɟɬɫя 

 

Pr= (ɈɌɊ / ɈɊ)×100%,                 (1.3) 

 

ɝɞɟ  ɈɌɊ – ɤɨɥɢɱɟɫɬɜɨ ɩɪаɜɢɥɶɧɨ ɨɛɧаɪɭɠɟɧɧɵɯ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ;  

ɈɊ – ɨɛɥаɫɬɢ, ɤɨɬɨɪɵɟ ɨɛɧаɪɭɠɟɧɵ ɤаɤ ɬɟɤɫɬɨɜɵɟ, ɯɨɬя ɫɪɟɞɢ ɧɢɯ ɟɫɬɶ 

ɢ ɧɟɬɟɤɫɬɨɜɵɟ. 

Ɇɟɪа ɩɨɥɧɨɬɵ  Recall ɨɩɪɟɞɟɥяɟɬɫя  

 

Rc =(ɈɌɊ / (ɈɌɊ+ɇɈɌɊ))×100%, %,   (1.4) 

 

ɝɞɟ  ɈɌɊ – ɤɨɥɢɱɟɫɬɜɨ ɩɪаɜɢɥɶɧɨ ɨɛɧаɪɭɠɟɧɧɵɯ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ; 

ɇɈɌɊ– ɤɨɥɢɱɟɫɬɜɨ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ, ɤɨɬɨɪɵɟ ɧɟ ɨɛɧаɪɭɠɟɧɵ. 

Ɉɲɢɛɤа ɩɟɪɜɨɝɨ ɪɨɞа (ɜɟɪɨяɬɧɨɫɬɶ ɥɨɠɧɨɩɨɥɨɠɢɬɟɥɶɧɨɣ ɥɨɤаɥɢɡаɰɢɢ 

ɌɈ) ɨɩɪɟɞɟɥяɟɬɫя ɤаɤ ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜа ɩɪɟɞɴяɜɥɟɧɢɣ ɨɛɴɟɤɬа 

ɫɢɫɬɟɦɟ, ɤɨɝɞа ɬɟɫɬ ɥɨɠɧɨ ɫɨɨɛɳаɟɬ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɪɟɡɭɥɶɬаɬ, ɤ ɨɛɳɟɦɭ 

ɱɢɫɥɭ ɢɡɨɛɪаɠɟɧɢɣ, ɧɟ ɫɨɞɟɪɠаɳɢɯ ɨɛɴɟɤɬа. 

Ɉɲɢɛɤа ɜɬɨɪɨɝɨ ɪɨɞа (ɜɟɪɨяɬɧɨɫɬɶ ɥɨɠɧɨɨɬɪɢɰаɬɟɥɶɧɨɣ ɥɨɤаɥɢɡаɰɢɢ 

ɌɈ) ɨɩɪɟɞɟɥяɟɬɫя ɤаɤ ɫɨɨɬɧɨɲɟɧɢɟ ɥɨɠɧɨ ɨɬɜɟɪɝɧɭɬɵɯ ɩɪɟɞɴяɜɥɟɧɢɣ ɤ 

ɨɛɳɟɦɭ ɱɢɫɥɭ ɩɪɟɞɴяɜɥɟɧɢɣ ɨɛɴɟɤɬа ɫɢɫɬɟɦɟ 
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ɝɞɟ  ERRI – ɨɲɢɛɤа ɩɟɪɜɨɝɨ ɪɨɞа (ɜɟɪɨяɬɧɨɫɬɶ ɥɨɠɧɨɩɨɥɨɠɢɬɟɥɶɧɨɣ 

ɥɨɤаɥɢɡаɰɢɢ ɌɈ);  

ERRII – ɨɲɢɛɤа ɜɬɨɪɨɝɨ ɪɨɞа (ɜɟɪɨяɬɧɨɫɬɶ ɥɨɠɧɨɨɬɪɢɰаɬɟɥɶɧɨɣ 

ɥɨɤаɥɢɡаɰɢɢ ɌɈ). 

FTO – ɤɨɥɢɱɟɫɬɜɨ ɧаɣɞɟɧɧɵɯ ɌɈ (ɩɪаɜɢɥɶɧая ɥɨɤаɥɢɡаɰɢя ɌɈ), 

NFTO – ɤɨɥɢɱɟɫɬɜɨ ɧаɣɞɟɧɧɵɯ ɨɛɥаɫɬɟɣ, ɤɨɬɨɪɵɟ ɧɟ ɫɨɞɟɪɠаɬ ɬɟɤɫɬ 

(ɥɨɠɧая ɥɨɤаɥɢɡаɰɢɢ ɌɈ), 

FNTO – ɤɨɥɢɱɟɫɬɜɨ ɌɈ, ɤɨɬɨɪɵɟ ɫɢɫɬɟɦа ɧɟ ɧаɲɥа. 

Ⱦɥя ɨɰɟɧɤɢ ɤаɱɟɫɬɜа ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɢɫɩɨɥɶɡɭɟɬɫя ɦɟɬɪɢɱɟɫɤɢɣ 

ɩɨɤаɡаɬɟɥɶ ɛɥɢɡɨɫɬɢ ɦɟɠɞɭ ɦɧɨɠɟɫɬɜɨɦ ɤɨɨɪɞɢɧаɬ ɷɬаɥɨɧɧɵɯ ɝɪаɧɢɰ 
et

I  ɌɈ 

ɬɟɫɬɨɜɨɝɨ ɢɡɨɛɪаɠɟɧɢя ɢ ɦɧɨɠɟɫɬɜɨɦ ɤɨɨɪɞɢɧаɬ ɝɪаɧɢɰ 
t

I  ɥɨɤаɥɢɡɨɜаɧɧɨɣ 

ɌɈ, ɩɨɥɭɱɟɧɧɵɦɢ ɜ ɪɟɡɭɥɶɬаɬɟ ɩɪɢɦɟɧɟɧɢя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɦɟɬɨɞа 

ɥɨɤаɥɢɡаɰɢɢ (ɤɪɢɬɟɪɢɣ FOM (FТРЮЫО ШП MОЫТЭ), ɩɪɟɞɥɨɠɟɧɧɵɣ ɉɪɷɬɬɨɦ) Д85] 
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idNN

F
1

2 )(1

1

),max(
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,     (1.5 ) 

 

ɝɞɟ  
et

N – ɤɨɥɢɱɟɫɬɜɨ ɩɢɤɫɟɥɟɣ ɜ ɦɧɨɠɟɫɬɜɟ 
et

I ;  


t

N ɤɨɥɢɱɟɫɬɜɨ ɩɢɤɫɟɥɟɣ ɜ ɦɧɨɠɟɫɬɜɟ 
t

I ; 

 
tett

NjjIiIid ,1,)()(min)(
22   – ɤɜаɞɪаɬ ɪаɫɫɬɨяɧɢя ɨɬ i-ɝɨ ɩɢɤɫɟɥя 

ɦɧɨɠɟɫɬɜа 
t

I  ɤ ɛɥɢɠаɣɲɟɦɭ ɩɢɤɫɟɥɸ ɦɧɨɠɟɫɬɜа 
et

I .  
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1.8. ȼɵɜɨɞɵ. ɉɨɫɬаɧɨɜɤа ɡаɞаɱɢ ɢɫɫɥɟɞɨɜаɧɢɣ 

 

ɉɪɨɜɟɞɟɧɧɵɣ аɧаɥɢɡ ɢɧɮɨɪɦаɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɟɪɟɪаɛɨɬɤɢ 

ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ ɩɨɤаɡаɥ, ɱɬɨ ɞɥя ɲɢɪɨɤɨɝɨ ɤɪɭɝа 

ɫɩɟɰɢаɥɢɡɢɪɨɜаɧɧɵɯ ɢɡɨɛɪаɠɟɧɢɣ (ɦɟɞɢɰɢɧɫɤɢɟ, ɫɩɭɬɧɢɤɨɜɵɟ ɢ ɞɪɭɝɢɟ), 

ɮɨɬɨɝɪаɮɢɢ, ɫɤаɧɢɪɨɜаɧɧɵɟ ɞɨɤɭɦɟɧɬɵ, ɜɢɞɟɨ-ɮаɣɥɵ ɢ ɬ.ɞ ɜаɠɧɨɣ ɡаɞаɱɟɣ  

яɜɥяɟɬɫя ɪаɫɩɨɡɧаɜаɧɢɟ ɬɟɤɫɬа ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ (ɬɟɤɫɬ ɧа 

ɪɟɤɥаɦɧɵɯ ɳɢɬаɯ, ɧɨɦɟɪа ɞɨɦɨɜ, ɧаɞɩɢɫɢ ɧа ɨɞɟɠɞɟ, аɜɬɨɦɨɛɢɥяɯ ɢ ɬ.ɞ.), 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɲɟɧɢя ɤɨɬɨɪɨɣ ɡаɜɢɫɢɬ ɨɬ ɤаɱɟɫɬɜа ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ 

ɨɛɥаɫɬɟɣ. 

ɉɨɤаɡаɧɨ, ɱɬɨ ɩɪɨɰɟɫɫ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ 

ɩɪɟɞɭɫɦаɬɪɢɜаɟɬ ɜɵɩɨɥɧɟɧɢɟ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɩɪɨɰɟɞɭɪ: ɜɵяɜɥɟɧɢɟ ɬɟɤɫɬɨɜɨɣ 

ɨɛɥаɫɬɢ ɢ ɟɟ ɜɟɪɢɮɢɤаɰɢɸ. ɉɪɨɜɟɞɟɧɧɵɣ аɧаɥɢɡ ɢɧɮɨɪɦаɰɢɨɧɧɵɯ 

ɬɟɯɧɨɥɨɝɢɣ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɩɨɡɜɨɥɢɥ ɜɵɞɟɥɢɬɶ ɬɪɢ 

ɨɫɧɨɜɧɵɯ ɩɨɞɯɨɞа ɤ ɪɟаɥɢɡаɰɢɢ ɩɪɨɰɟɞɭɪɵ ɥɨɤаɥɢɡаɰɢɢ ɌɈ: ɤɨɪɪɟɥяɰɢɨɧɧɨ-

ɷɤɫɬɪɟɦаɥɶɧɵɣ, ɧа ɨɫɧɨɜɟ ɫɟɝɦɟɧɬаɰɢɢ ɫɩɟɤɬɪаɥɶɧɵɯ ɬɟɤɫɬɭɪ ɢ ɫɬɪɭɤɬɭɪɧɵɣ.  

ɉɨɤаɡаɧɨ, ɱɬɨ ɧɟɫɦɨɬɪя ɧа ɜɵɫɨɤɨɟ ɤаɱɟɫɬɜɨ ɥɨɤаɥɢɡаɰɢɢ ɢ ɭɱɟɬ 

ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɝɨ ɪаɫɩɨɥɨɠɟɧɢя ɫɢɦɜɨɥɨɜ ɜ ɌɈ ɧɟɞɨɫɬаɬɤаɦɢ 

ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɩɨɞɯɨɞа яɜɥяɸɬɫя ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɜɵɛɨɪа 

ɦɨɞɟɥɢ ɜ ɫɥɭɱаɟ ɫɥɨɠɧɨɝɨ ɮɨɧа, ɨɬɫɭɬɫɬɜɢɟ ɢɧɜаɪɢаɧɬɧɨɫɬɢ ɤ ɦаɫɲɬаɛɭ 

ɢɡɨɛɪаɠɟɧɢя ɫɢɦɜɨɥɨɜ, ɡɧаɱɢɬɟɥɶɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɢ ɜɪɟɦɟɧɧɵɟ ɡаɬɪаɬɵ,  

ɤаɤ ɜ ɩɪɨɰɟɫɫɟ ɪаɡɪаɛɨɬɤɢ ɦɨɞɟɥɟɣ, ɬаɤ ɢ ɜ ɩɪɨɰɟɫɫɟ ɥɨɤаɥɢɡаɰɢɢ ɌɈ.  

ɉɪɢ ɢɫɩɨɥɶɡɨɜаɧɢɢ ɞɥя ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɩɨɞɯɨɞа ɧа 

ɨɫɧɨɜɟ ɫɟɝɦɟɧɬаɰɢɢ ɫɩɟɤɬɪаɥɶɧɵɯ ɬɟɤɫɬɭɪ ɧɟ ɭɱɢɬɵɜаɟɬɫя ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɟ 

ɪаɫɩɨɥɨɠɟɧɢɟ ɫɢɦɜɨɥɨɜ, ɧɟ ɨɛɟɫɩɟɱɢɜаɟɬɫя ɞɨɫɬаɬɨɱɧая ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ  

ɜ ɭɫɥɨɜɢяɯ ɫɥɨɠɧɨɝɨ ɢ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɮɨɧа. ɉɪɢ ɢɫɩɨɥɶɡɨɜаɧɢɢ 

ɫɬɪɭɤɬɭɪɧɨɝɨ ɩɨɞɯɨɞа ɧɟɫɦɨɬɪя ɧа ɜɨɡɦɨɠɧɨɫɬɶ ɜɵяɜɥɟɧɢя ɢ ɧɟɤɨɬɨɪɨɝɨ 

ɭɱɟɬа ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɝɨ ɪаɫɩɨɥɨɠɟɧɢя ɫɬɪɭɤɬɭɪɧɵɯ ɩɪɢɦɢɬɢɜɨɜ ɤ ɧɢɡɤɨɣ 

ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɭɫɥɨɜɢяɯ ɫɥɨɠɧɨɝɨ ɢ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɮɨɧа ɞɨɛаɜɥяɟɬɫя 

ɨɬɫɭɬɫɬɜɢɟ ɢɧɜаɪɢаɧɬɧɨɫɬɢ ɤ ɦаɫɲɬаɛаɦ ɢɡɨɛɪаɠɟɧɢя ɫɢɦɜɨɥɨɜ. 
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Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɩɪɨɜɟɞɟɧɧɵɣ аɧаɥɢɡ ɩɨɤаɡаɥ, ɱɬɨ ɩɪɢ ɧаɥɢɱɢɢ 

ɫɥɨɠɧɨɝɨ ɢ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɮɨɧа ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɥɭɱɲɢɟ ɪɟɡɭɥɶɬаɬɵ ɩɪɢ 

ɨɰɟɧɤɟ ɤаɱɟɫɬɜа ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɩɪɢɧаɞɥɟɠаɬ ɦɟɬɨɞаɦ ɧа ɨɫɧɨɜɟ 

ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɩɨɞɯɨɞа. Ɉɞɧаɤɨ, ɢɯ ɧɟɞɨɫɬаɬɤɢ – ɛɨɥɶɲɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɦɨɞɟɥɟɣ, ɛɨɥɶɲɢɟ ɡаɬɪаɬɵ ɜɪɟɦɟɧɢ ɤаɤ ɜ ɩɪɨɰɟɫɫɟ ɪаɡɪаɛɨɬɤɢ 

ɦɨɞɟɥɟɣ, ɬаɤ ɢ ɜ ɩɪɨɰɟɫɫɟ ɥɨɤаɥɢɡаɰɢɢ ɌɈ, ɨɬɫɭɬɫɬɜɢɟ ɢɧɜаɪɢаɧɬɧɨɫɬɢ ɤ 

ɦаɫɲɬаɛɭ ɢɡɨɛɪаɠɟɧɢɣ ɫɢɦɜɨɥɨɜ – ɫɧɢɠаɸɬ ɨɩɟɪаɬɢɜɧɨɫɬɶ ɫɢɫɬɟɦ 

ɩɟɪɟɪаɛɨɬɤɢ ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɷɬɢ ɦɟɬɨɞɵ. ȼ 

ɪɟɡɭɥɶɬаɬɟ ɜɨɡɧɢɤаɟɬ ɩɪɨɬɢɜɨɪɟɱɢɟ ɦɟɠɞɭ ɤаɱɟɫɬɜɨɦ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɢ 

ɨɩɟɪаɬɢɜɧɨɫɬɶɸ ɷɬɨɣ ɩɪɨɰɟɞɭɪɵ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɧаɥɢɱɢɢ ɫɥɨɠɧɨɝɨ ɮɨɧа ɧа 

ɨɛɪаɛаɬɵɜаɟɦɵɯ ɢɡɨɛɪаɠɟɧɢяɯ.  

ȼ ɫɜяɡɢ ɫ ɷɬɢɦ, ɫɮɨɪɦɭɥɢɪɨɜаɧа ɰɟɥɶ ɞɢɫɫɟɪɬаɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜаɧɢя – 

ɩɨɜɵɲɟɧɢɟ ɤаɱɟɫɬɜа ɢ ɨɩɟɪаɬɢɜɧɨɫɬɢ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа 

ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ ɜ ɢɧɮɨɪɦаɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢяɯ 

ɩɟɪɟɪаɛɨɬɤɢ ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ. 

Ⱦɥя ɪɟаɥɢɡаɰɢɢ ɩɨɫɬаɜɥɟɧɧɨɣ ɰɟɥɢ ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜаɬɶ 

ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɵɣ ɦɟɬɨɞ ɨɛɧаɪɭɠɟɧɢя ɌɈ ɢ ɞɥя ɟɝɨ ɪɟаɥɢɡаɰɢɢ 

ɫɜёɪɬɨɱɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ, ɨɫɨɛɟɧɧɨɫɬɶɸ ɤɨɬɨɪɵɯ яɜɥяɟɬɫя ɧаɥɢɱɢɟ ɫɥɨя 

ɩɪɟɞɫɬаɜɥɟɧɢя ɮɪаɝɦɟɧɬа ɜɯɨɞɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя ɜ ɩɪɨɫɬɪаɧɫɬɜɟ ɞɢɫɤɪɟɬɧɨɝɨ 

ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя.   

ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɫɮɨɪɦɭɥɢɪɨɜаɧɵ ɞаɥɶɧɟɣɲɢɟ ɡаɞаɱɢ ɢɫɫɥɟɞɨɜаɧɢɣ.  

Ⱦɥя ɞɨɫɬɢɠɟɧɢя ɩɨɫɬаɜɥɟɧɧɨɣ ɰɟɥɢ ɜ ɪаɛɨɬɟ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ 

ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɡɚɞɚɱɢ: 

– ɫɨɡɞаɬɶ ɦɨɞɟɥɶ ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥа ɬɟɤɫɬа ɧа ɢɡɨɛɪаɠɟɧɢɢ; 

– ɪаɡɪаɛɨɬаɬɶ ɦɟɬɨɞ ɮɨɪɦɢɪɨɜаɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа 

ɢɡɨɛɪаɠɟɧɢяɯ ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜаɧɢя ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ ɩɪɟɞɫɬаɜɥɟɧɢя 

ɫɢɦɜɨɥа ɬɟɤɫɬа ɩɪɢ ɮɨɪɦɢɪɨɜаɧɢɢ ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ ɞɥя ɨɛɭɱɟɧɢя 

ɤɥаɫɫɢɮɢɤаɬɨɪа; 

– ɪаɡɪаɛɨɬаɬɶ ɦɟɬɨɞ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ 

ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ ɧа ɨɫɧɨɜɟ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. 
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– ɪаɡɪаɛɨɬаɬɶ ɧа ɨɫɧɨɜɟ ɩɪɟɞɥɨɠɟɧɧɵɯ ɦɨɞɟɥɢ ɢ ɦɟɬɨɞɨɜ 

ɢɧɮɨɪɦаɰɢɨɧɧɭɸ ɬɟɯɧɨɥɨɝɢɸ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа 

ɢɡɨɛɪаɠɟɧɢяɯ ɞɥя аɜɬɨɦаɬɢɱɟɫɤɨɣ ɩɟɪɟɪаɛɨɬɤɢ ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ.  
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ɊȺɁȾȿɅ 2 

ɆɈȾȿɅɂ ɉɊȿȾɋɌȺȼɅȿɇɂə ɂ ɆȿɌɈȾɕ ɎɈɊɆɂɊɈȼȺɇɂə 

ɌȿКɋɌɈȼɈɃ ɈȻɅȺɋɌɂ ɇȺ ɂɁɈȻɊȺɀȿɇɂɂ ȼ ɋɂɋɌȿɆȺɏ 

ɉȿɊȿɊȺȻɈɌКɂ ȽɊȺɎɂɑȿɋКɈɃ ɂɇɎɈɊɆȺɐɂɂ 

 

2.1. Ɉɛɨɛɳɟɧɧая ɫɯɟɦа ɢɧɮɨɪɦаɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɥɨɤаɥɢɡаɰɢɢ 

ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ 

 

ɋ ɭɱɟɬɨɦ ɪаɫɫɦɨɬɪɟɧɧɨɝɨ ɦаɬɟɪɢаɥа ɜ ɪаɡɞɟɥɟ 1 (ɪɢɫ. 1.4) ɪаɡɪаɛɨɬаɧа 

ɨɛɨɛɳɟɧɧая ɫɯɟɦа ɂɌ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɧа ɨɫɧɨɜɟ 

ɞɜɭɯɭɪɨɜɧɟɜɨɝɨ ɩɨɞɯɨɞа (ɪɢɫ. 2.1). 

Ɇɨɞɟɥɶ ɌɈ

Ɉɛɧɚɪɭɠɟɧɧɵɣ 
ɮɪɚɝɦɟɧɬ ɌɈ ɢ ɟɝɨ 

ɤɨɨɪɞɢɧɚɬɵ

ȼɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ

ȼɉ-ɨɛɪɚɛɨɬɤɚ

ɉɪɢɧɹɬɢɟ 
ɤɥɚɫɫɢɮɢɤɚɰɢɨɧɧɨɝɨ 

ɪɟɲɟɧɢɹ

ȼɟɪɢɮɢɤɚɰɢɹ ɌɈ

ɍɪɨɜɟɧɶ 1

ɍɪɨɜɟɧɶ 2

 

Ɋɢɫ. 2.1. Ɉɛɨɛɳɟɧɧая  ɫɯɟɦа ɂɌ ɥɨɤаɥɢɡаɰɢɢ ɌɈ. 

 

ȼ ɨɫɧɨɜɟ ɩɪɟɞɥаɝаɟɦɨɣ ɂɌ ɥɟɠɢɬ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜаɧɧɵɣ ɦɟɬɨɞ 

ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢɢ, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬ ɜɟɣɜɥɟɬ-

ɩɪɟɨɛɪаɡɨɜаɧɢɟ Д14-15] ɢ ɤɥаɫɫɢɮɢɤаɰɢɸ ɞɥя ɨɬɛɨɪа ɌɈ-ɤаɧɞɢɞаɬɨɜ.  

Ɇɟɬɨɞ ɪɟаɥɢɡɭɟɬɫя ɫɥɟɞɭɸɳɢɦ аɥɝɨɪɢɬɦɨɦ: 
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ɍɪɨɜɟɧɶ 1 (ɨɛɧаɪɭɠɟɧɢɟ ɌɈ). 

Шɚɝ 1. Ɏɨɪɦɢɪɭɟɬɫя ɦɨɞɟɥɶ ɩɪɟɞɫɬаɜɥɟɧɢя ɌɈ ɢ ɜɵɩɨɥɧяɟɬɫя ɟɟ 

ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢɟ. 

Шɚɝ 2. ɉɪɨɜɨɞɢɬɫя ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢɟ ɢ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя 

ɢɥɢ ɟɝɨ ɮɪаɝɦɟɧɬа. 

Шɚɝ 3. ɇа ɨɫɧɨɜɟ ɪɟɡɭɥɶɬаɬɨɜ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ аɧаɥɢɡа 

ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя ɦɨɞɟɥɢ ɌɈ ɢ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя ɢɥɢ ɟɝɨ 

ɮɪаɝɦɟɧɬа ɩɪɢɧɢɦаɟɬɫя ɤɥаɫɫɢɮɢɤаɰɢɨɧɧɨɟ ɪɟɲɟɧɢɟ. 

Шɚɝ 4. ɉɨɜɬɨɪяɸɬɫя ɲаɝɢ аɥɝɨɪɢɬɦа 1 – 3 (ɞɥя ɜɫɟɝɨ ɢɡɨɛɪаɠɟɧɢя). 

ɍɪɨɜɟɧɶ 2 (ɜɟɪɢɮɢɤаɰɢя ɨɬɨɛɪаɧɧɵɯ ɨɛɥаɫɬɟɣ-ɤаɧɞɢɞаɬɨɜ). 

Шɚɝ 5. Ɉɬɨɛɪаɧɧɵɟ ɨɛɥаɫɬɢ ɩɨɞɜɟɪɝаɸɬɫя ɜɟɪɢɮɢɤаɰɢɢ ɩɨ ɮɨɪɦɟ ɢ 

ɪаɡɦɟɪаɦ. Ɏɨɪɦɢɪɭɟɬɫя ɫɩɢɫɨɤ ɤɨɨɪɞɢɧаɬ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ, ɫɨɞɟɪɠаɳɢɯ 

ɫɢɦɜɨɥɵ.  

Каɤ ɛɵɥɨ ɩɨɤаɡаɧɨ ɜɵɲɟ, ɤаɱɟɫɬɜɨ ɩɪɢɧяɬɢя ɤɥаɫɫɢɮɢɤаɰɢɨɧɧɨɝɨ 

ɪɟɲɟɧɢя ɨ ɯаɪаɤɬɟɪɟ ɨɛɥаɫɬɢ ɢɡɨɛɪаɠɟɧɢя (ɬɟɤɫɬɨɜая ɢɥɢ ɧɟ ɬɟɤɫɬɨɜая) 

ɫɭɳɟɫɬɜɟɧɧɨ ɡаɜɢɫɢɬ ɨɬ ɦɨɞɟɥɢ ɩɪɟɞɫɬаɜɥɟɧɢя ɌɈ.   

ɉɪɢ ɫɨɡɞаɧɢɢ ɦɨɞɟɥɢ ɩɪɟɞɫɬаɜɥɟɧɢя ɌɈ ɭɱɢɬɵɜаɸɬ ɫɥɟɞɭɸɳɟɟ:  

– ɞɥя ɱɢɬаɛɟɥɶɧɨɫɬɢ ɬɟɤɫɬа ɨɬɞɟɥɶɧɵɟ ɫɢɦɜɨɥɵ ɧаɞɩɢɫɢ ɞɨɥɠɧɵ ɢɦɟɬɶ 

ɞɨɫɬаɬɨɱɧɨ ɱɟɬɤɢɟ ɨɱɟɪɬаɧɢя. ɉɨɫɤɨɥɶɤɭ, ɬɟɤɫɬɨɜɵɟ ɫɬɪɨɤɢ ɢɦɟɸɬ 

«ɫɢɥɶɧɵɟ» ɜɟɪɬɢɤаɥɶɧɵɟ ɤɨɧɬɭɪɵ, ɤɨɬɨɪɵɟ ɪаɫɩɨɥɨɠɟɧɵ ɜ ɝɨɪɢɡɨɧɬаɥɶɧɨɦ 

ɧаɩɪаɜɥɟɧɢɢ ɫ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɬɟɤɫɬɨɜɭɸ 

ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɶ (ɜ ɫɬɪɨɤɟ ɢɡɨɛɪаɠɟɧɢя) ɤаɤ ɤɜаɡɢɩɟɪɢɨɞɢɱɟɫɤɭɸ 

ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɶ ɢɦɩɭɥɶɫɨɜ. ɂɦɟɧɧɨ ɷɬа ɨɫɨɛɟɧɧɨɫɬɶ ɧаɞɩɢɫɢ ɨɛɵɱɧɨ 

ɢɫɩɨɥɶɡɭɟɬɫя ɩɪɢ ɪɟɲɟɧɢɢ ɡаɞаɱɢ ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа 

ɢɡɨɛɪаɠɟɧɢɢ.  

– ɧаɯɨɠɞɟɧɢɟ ɮɪаɝɦɟɧɬɨɜ ɢɡɨɛɪаɠɟɧɢя ɫ ɌɈ ɫɜɨɞɢɬɫя ɤ ɜɵɞɟɥɟɧɢɸ, 

ɜɨ-ɩɟɪɜɵɯ, ɝɪаɧɢɰ ɨɬɞɟɥɶɧɵɯ ɫɢɦɜɨɥɨɜ, ɜɨ-ɜɬɨɪɵɯ, ɝɪаɧɢɰ ɌɈ ɜ ɰɟɥɨɦ ɢ 

ɩɟɪɟɞаɱɢ ɤɨɨɪɞɢɧаɬ ɨɩɪɟɞɟɥɟɧɧɨɣ ɨɛɥаɫɬɢ ɞɥя ɞаɥɶɧɟɣɲɟɝɨ аɧаɥɢɡа 

(ɢɞɟɧɬɢɮɢɤаɰɢɢ ɢ ɤɥаɫɫɢɮɢɤаɰɢɢ).  

ȼ ɪаɦɤаɯ ɞаɧɧɨɣ ɪаɛɨɬɵ ɪаɫɫɦɨɬɪɟɧɵ ɞɜа ɩɨɞɯɨɞа ɤ ɩɨɫɬɪɨɟɧɢɸ 



50 

 

 

ɦɨɞɟɥɢ ɌɈ:  

– ɨɞɧɨɦɟɪɧɵɣ; ɌɈ ɪаɫɫɦаɬɪɢɜаɟɬɫя ɤаɤ ɧɟɤɨɬɨɪɵɣ ɧаɛɨɪ ɫɬɪɨɤ 

ɢɡɨɛɪаɠɟɧɢя, ɤɨɬɨɪɨɟ ɫɨɞɟɪɠɢɬ ɫɢɦɜɨɥɵ (ɪɢɫ. 2.2, а).         
ɝɞɟ x – ɩɨɥɨɠɟɧɢɟ ɩɢɤɫɟɥя ɜ ɫɬɪɨɤɟ           , L – ɞɥɢɧа ɫɬɪɨɤɢ 

ɢɡɨɛɪаɠɟɧɢя ɜ ɩɢɤɫɟɥяɯ. 

Каɠɞая ɢɡ ɬаɤɢɯ ɫɬɪɨɤ (ɪɢɫ. 2.2, а). ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɦɨɞɟɥɢɪɨɜаɧа 

ɤɜаɡɢɩɟɪɢɨɞɢɱɟɫɤɨɣ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɶɸ (ɪɢɫ. 2.2, ɛ).  

 

Ɋɢɫ. 2.2. Ɏɪаɝɦɟɧɬ ɫɬɪɨɤɢ ɫ ɬɟɤɫɬɨɦ: 

а – ɞɥя ɪɟаɥɶɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя; ɛ – ɞɥя ɦɨɞɟɥɢ ɜ ɜɢɞɟ 

ɤɜаɡɢɩɟɪɢɨɞɢɱɟɫɤɨɣ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɢ.  

 

– ɞɜɭɦɟɪɧɵɣ; ɌɈ ɪаɫɫɦаɬɪɢɜаɟɬɫя ɤаɤ ɧɟɤɨɬɨɪɵɣ ɧаɛɨɪ ɨɛɥаɫɬɟɣ 

ɢɡɨɛɪаɠɟɧɢɣ ɫɢɦɜɨɥɨɜ.           
ɝɞɟ x,y – ɝɨɪɢɡɨɧɬаɥɶɧɵɟ ɢ ɜɟɪɬɢɤаɥɶɧɵɟ ɤɨɨɪɞɢɧаɬɵ ɨɛɥаɫɬɢ 

ɢɡɨɛɪаɠɟɧɢя ɫɢɦɜɨɥа;            ,  L – ɲɢɪɢɧа ɨɛɥаɫɬɢ ɢɡɨɛɪаɠɟɧɢя ɫɢɦɜɨɥа, ɩɢɤɫɟɥɟɣ;               M – ɜɵɫɨɬа ɨɛɥаɫɬɢ ɢɡɨɛɪаɠɟɧɢя ɫɢɦɜɨɥа, ɩɢɤɫɟɥɟɣ. 

Каɠɞая ɢɡ ɬаɤɢɯ ɨɛɥаɫɬɟɣ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɦɨɞɟɥɢɪɨɜаɧа ɫ ɩɨɦɨɳɶɸ 

ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥɨɜ.  

ȼ ɞаɧɧɨɦ ɪаɡɞɟɥɟ ɪаɫɫɦɨɬɪɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɮɨɪɦɢɪɨɜаɧɢя ɷɬɢɯ 

ɦɨɞɟɥɟɣ.  
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ȼɨɩɪɨɫɵ ɩɪɢɧяɬɢя ɤɥаɫɫɢɮɢɤаɰɢɨɧɧɨɝɨ ɪɟɲɟɧɢя ɛɭɞɭɬ ɨɛɫɭɠɞɟɧɵ ɜ 

ɪаɡɞɟɥɟ 3. 

 

2.2. Кɜаɡɢɩɟɪɢɨɞɢɱɟɫɤая ɦɨɞɟɥɶ ɫɬɪɨɤɢ ɢɡɨɛɪаɠɟɧɢя, ɤɨɬɨɪɨɟ 

ɫɨɞɟɪɠɢɬ ɫɢɦɜɨɥɵ ɬɟɤɫɬа 

 

Ⱦɥя ɥɨɤаɥɢɡаɰɢɢ ɧаɞɩɢɫɢ ɧа ɢɡɨɛɪаɠɟɧɢɢ, ɤаɤ ɩɪаɜɢɥɨ, ɩɪɢɦɟɧяɸɬ 

ɨɞɧɨɦɟɪɧɭɸ ɩɨɫɬɪɨɱɧɭɸ (ɥɢɛɨ ɩɨɫɬɨɥɛɰɨɜɭɸ) ɨɛɪаɛɨɬɤɭ, ɱɬɨ ɩɨɡɜɨɥяɟɬ 

ɨɛɪаɛаɬɵɜаɬɶ ɮɭɧɤɰɢɸ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜ ɫɬɪɨɤɟ (ɫɬɨɥɛɰɟ) ɤаɤ ɨɞɧɨɦɟɪɧɵɣ 

ɫɢɝɧаɥ, ɦɨɞɟɥɶ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɩɪɟɞɫɬаɜɢɬɶ ɜ ɜɢɞɟ Д46] 

 

                          
                        

              
    

(2.1) 

ɝɞɟ  N – ɤɨɥɢɱɟɫɬɜɨ ɩɪяɦɨɭɝɨɥɶɧɵɯ ɢɦɩɭɥɶɫɨɜ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɢ;  

1(t)– ɟɞɢɧɢɱɧая ɮɭɧɤɰɢя ɏɟɜɢɫаɣɞа;     – ɤɨɨɪɞɢɧаɬа ɩɟɪɜɨɝɨ ɢɦɩɭɥɶɫа;      ɢ    – ɫɥɭɱаɣɧɵɟ ɢɡɦɟɧɟɧɢя ɩɟɪɢɨɞа T ɢ ɞɥɢɬɟɥɶɧɨɫɬɢ d ɢɦɩɭɥɶɫа 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɪɢɦɟɪ ɦɨɞɟɥɢɪɨɜаɧɢя ɫɬɪɨɤɢ ɬɟɤɫɬа ɫɨɝɥаɫɧɨ (2.1) ɩɪɢɜɟɞɟɧ ɧа 

ɪɢɫ. 2.3.  

 
 

Ɋɢɫ. 2.3. Ɇɨɞɟɥɶ ɫɬɪɨɤɢ ɢɡɨɛɪаɠɟɧɢя ɫ ɬɟɤɫɬɨɦ: 



52 

 

 

ɉɟɪɢɨɞ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧаɛɥɸɞаɟɦɵɯ ɢɦɩɭɥɶɫɨɜ ɡаɜɢɫɢɬ ɨɬ ɬɢɩа 

ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɲɪɢɮɬа. Ⱦɥя ɨɩɪɟɞɟɥɟɧɢя ɜɢɞа ɢ ɩаɪаɦɟɬɪɨɜ ɪаɫɩɪɟɞɟɥɟɧɢя 

ɩɟɪɢɨɞа T ɢ ɞɥɢɬɟɥɶɧɨɫɬɢ d ɢɦɩɭɥɶɫɨɜ ɛɵɥɢ ɨɬɫɤаɧɢɪɨɜаɧɵ ɢ ɨɛɪаɛɨɬаɧɵ 

ɧɟɫɤɨɥɶɤɨ ɫɬɪаɧɢɰ ɫ ɬɟɤɫɬɨɦ ɫɨ ɲɪɢɮɬаɦɢ ɪаɡɥɢɱɧɵɯ  ɪаɡɦɟɪɨɜ (14,16,18,20) 

ɢ ɬɢɩɨɜ (AЫТКХ, TТЦОЬ NОа RШЦКЧ, CКХТЛЫТ, CКЦЛЫТК).  

ȼ ɤаɱɟɫɬɜɟ ɨɰɟɧɨɤ ɢɫɩɨɥɶɡɨɜаɥɢɫɶ ɦаɬɟɦаɬɢɱɟɫɤɢɟ ɨɠɢɞаɧɢя ɩɟɪɢɨɞа 

ɫɥɟɞɨɜаɧɢя ɢɦɩɭɥɶɫɨɜ M(T) ɢ ɢɯ ɞɥɢɬɟɥɶɧɨɫɬɢ M(d). ɂɦɩɭɥɶɫɵ 

ɨɩɪɟɞɟɥяɥɢɫɶ ɩɪɢ ɪаɫɫɦɨɬɪɟɧɢɢ ɫɬɪɨɤɢ ɬɟɤɫɬа ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɲɪɢɮɬа ɤаɤ 

ɪɟɡɭɥɶɬаɬ ɫɦɟɧɵ ɡɧаɱɟɧɢя ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫ 0 ɧа 1. Ⱦɥя ɭɦɟɧɶɲɟɧɢя ɜɥɢяɧɢя 

аɛɫɨɥɸɬɧɨɝɨ ɪаɡɦɟɪа ɲɪɢɮɬа ɧа ɤаɱɟɫɬɜɨ ɞаɥɶɧɟɣɲɟɣ ɥɨɤаɥɢɡаɰɢɢ 

ɰɟɥɟɫɨɨɛɪаɡɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɡаɩɨɥɧɟɧɢя            . 

Ɋɟɡɭɥɶɬаɬɵ ɫɬаɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪаɛɨɬɤɢ ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫ. 2.4. ɢ ɜ 

ɬаɛɥ. 2.1.  

Ⱦɥя ɨɛɨɛɳɟɧɢя ɫɬаɬɢɫɬɢɱɟɫɤɢɯ ɞаɧɧɵɯ ɢ ɩɨɥɭɱɟɧɢя ɦаɬɟɦаɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɩɨɥɭɱɟɧɵ аɩɪɨɤɫɢɦɢɪɭɸɳɢɟ ɡаɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɪаɫɩɪɟɞɟɥɟɧɢя 

ɩɟɪɢɨɞа Ɍ, ɞɥɢɬɟɥɶɧɨɫɬɢ d  ɢ ɤɨɷɮɮɢɰɢɟɧɬа ɡаɩɨɥɧɟɧɢя К ɞɥя ɭɫɪɟɞɧɟɧɵɯ 

ɩɨɤаɡаɬɟɥɟɣ ɲɪɢɮɬа.  

ɗɦɩɢɪɢɱɟɫɤɢɟ ɡɧаɱɟɧɢя ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɟɥɢɱɢɧ ɢɡɨɛɪаɠɟɧɵ ɜ ɜɢɞɟ 

ɝɢɫɬɨɝɪаɦɦɵ, а ɧɟɩɪɟɪɵɜɧɵɟ ɥɢɧɢɢ ɩɨɥɭɱɟɧɵ ɩɨ аɩɩɪɨɤɫɢɦɢɪɭɸɳɢɦ 

ɜɵɪаɠɟɧɢяɦ 

                                                                                                            

                                                           

                             

 

ɝɞɟ                   – ɨɰɟɧɤа ɩɥɨɬɧɨɫɬɟɣ ɜɟɪɨяɬɧɨɫɬɟɣ ɩɟɪɢɨɞа, 

ɞɥɢɬɟɥɶɧɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬа ɡаɩɨɥɧɟɧɢя ɢɦɩɭɥɶɫɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɋɟɡɭɥɶɬаɬɵ ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫ. 2.5. 
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а)                                                                          ɛ) 

 

ɜ)                                      ɝ) 

  

ɞ      ɟ      ɠ 

Ɋɢɫ. 2.4. Ƚɢɫɬɨɝɪаɦɵ ɩɨɥɭɱɟɧɧɵɯ ɡɧаɱɟɧɢɣ  M(T), M(d) ɢ             ɫ 

ɬɟɤɫɬɨɦ TТЦОЬ NОа RШЦКЧ: а – ɫ ɲɪɢɮɬаɦɢ ɪаɡɦɟɪа 14; ɛ – ɫ ɲɪɢɮɬаɦɢ  

ɪаɡɦɟɪа 16;  ɜ – ɫ ɲɪɢɮɬаɦɢ  ɪаɡɦɟɪа 18;  ɝ – ɫ ɲɪɢɮɬаɦɢ  ɪаɡɦɟɪа 20;  

ɩɥɨɬɧɨɫɬɢ ɪаɫɩɪɟɞɟɥɟɧɢя ɞɥя ɬɟɤɫɬɨɜ ɫ ɲɪɢɮɬаɦɢ ɪаɡɦɟɪа 14: ɞ – ɩɟɪɢɨɞа T; 

ɟ – ɞɥɢɬɟɥɶɧɨɫɬɢ d; ɜ – ɤɨɷɮɮɢɰɢɟɧɬа ɡаɩɨɥɧɟɧɢя  . 
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Ɍаɛɥɢɰа 2.1 – ɋɬаɬɢɫɬɢɱɟɫɤɢɟ ɩаɪаɦɟɬɪɵ ɞɥя ɬɟɤɫɬɨɜ ɫ ɲɪɢɮɬаɦɢ 

ɪаɡɧɵɯ ɪаɡɦɟɪɨɜ(14,16,18,20) ɬɢɩɨɜ (AЫТКХ, TТЦОЬ NОа RШЦКЧ, CКХТЛЫТ, 

Cambria)  

Ɍɢɩ 
ɲɪɢɮɬа 

ɉаɪаɦɟɬɪɵ Ɋаɡɦɟɪɵ ɲɪɢɮɬа 

14 16 18 20 

Times 

New 

Roman   

     5,777 6,118 6,896 7,253      1,307 1,345 1,537 1,658             0,226 0,220 0,223 0,229 

 

Arial 

     5,419 6,429 7,410 7,896      1,630 1,590 2,709 2,697             0,301 0,247 0,365 0,342 

 

Calibri  

     5,590 5,947 6,798 7,168      1,171 1,918 1,980 2,037             0,211 0,223 0,291 0,284 

 

Cambria 

     6,086 6,339 7,072 7,594      1,175 1,470 1,591 1,913             0,193 0,232 0,225 0,252 

ɍɫɪɟɞɧɟɧ-

ɧɵɣ 
ɲɪɢɮɬ 

     5,688 6,210 7,049 7,438      1,710 1,890 2,228 2,279             0,301 0,304 0,313 0,306 

 

 

а)    ɛ)    ɜ) 

Ɋɢɫ. 2.5. ɉɥɨɬɧɨɫɬɢ ɪаɫɩɪɟɞɟɥɟɧɢя ɩɟɪɢɨɞа Ɍ (а), ɞɥɢɬɟɥɶɧɨɫɬɢ d (ɛ), ɢ 

ɤɨɷɮɮɢɰɢɟɧɬа ɡаɩɨɥɧɟɧɢя К (ɜ) ɢɦɩɭɥɶɫɨɜ ɜ ɫɬɪɨɤɟ ɫ ɬɟɤɫɬɨɦ. 
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Ⱥɧаɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɡаɜɢɫɢɦɨɫɬɟɣ ɩɨɤаɥ: 1) ɡаɤɨɧ ɪаɫɩɪɟɞɟɥɟɧɢɟ 

ɩɟɪɢɨɞа ɢɦɩɭɥɶɫɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱаɟɬɫя ɨɬ ɧɨɪɦаɥɶɧɨɝɨ; 2) ɡаɤɨɧ 

ɪаɫɩɪɟɞɟɥɟɧɢя ɞɥɢɬɟɥɶɧɨɫɬɢ ɢɦɟɟɬ ɫɯɨɞɫɬɜɨ ɫ ɪаɫɩɪɟɞɟɥɟɧɢɟɦ ɉаɪɟɬɨ; 3) 

ɡаɤɨɧ ɪаɫɩɪɟɞɟɥɟɧɢя ɤɨɷɮɮɢɰɢɟɧɬа ɡаɩɨɥɧɟɧɢя ɦɨɠɟɬ ɛɵɬɶ ɧɨɪɦаɥɶɧɵɦ ɫ 

ɦаɬɟɦаɬɢɱɟɫɤɢɦ ɨɠɢɞаɧɢɟɦ M(K)=0,223 ɢ ɫɪɟɞɧɟɤɜаɞɪаɬɢɱɟɫɤɢɦ 

ɨɬɤɥɨɧɟɧɢɟɦ       .  Ɇаɬɟɦаɬɢɱɟɫɤɨɟ ɨɠɢɞаɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬа 

ɡаɩɨɥɧɟɧɢя ɜ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬаɯ ɧаɯɨɞɢɬɫя ɜ ɭɡɤɨɦ ɞɢаɩаɡɨɧɟ 

ɡɧаɱɟɧɢɣ MȋKȌ=0,ʹ0…0,͵ʹ, ɱɬɨ ɩɨɡɜɨɥяɟɬ ɢɫɩɨɥɶɡɨɜаɬɶ ɷɬɨɬ ɩаɪаɦɟɬɪ ɜ 
ɦɨɞɟɥɢ (2.1) ɤаɤ ɢɧɜаɪɢаɧɬɧɭɸ ɜɟɥɢɱɢɧɭ ɤ ɪаɡɦɟɪɭ ɲɪɢɮɬа. 

ɉɨɥɭɱɟɧɧɵɟ ɫɬаɬɢɫɬɢɱɟɫɤɢɟ ɩаɪаɦɟɬɪɵ ɢɫɩɨɥɶɡɨɜаɧɵ ɩɪɢ ɨɛɭɱɟɧɢɢ 

ɪаɡɥɢɱɧɵɯ ɤɥаɫɫɢɮɢɤаɬɨɪɨɜ ɢ ɦɨɞɟɥɢɪɨɜаɧɢɢ аɥɝɨɪɢɬɦɨɜ ɥɨɤаɥɢɡаɰɢɢ 

ɫɢɦɜɨɥɶɧɵɯ ɧаɞɩɢɫɟɣ ɫɨɝɥаɫɧɨ ɦɨɞɟɥɢ (2.1). ɉɪɨɜɟɞɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ 

ɩɨɞɬɜɟɪɞɢɥɢ аɞɟɤɜаɬɧɨɫɬɶ ɦɨɞɟɥɢ ɫɬɪɨɤɢ ɢ ɪɟаɥɶɧɵɯ ɡɧаɱɟɧɢɣ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜ ɫɬɪɨɤɟ ɢɡɨɛɪаɠɟɧɢя. Ɉɞɧаɤɨ, ɜ ɪаɫɫɦɨɬɪɟɧɧɵɯ ɦɨɞɟɥяɯ 

ɢɦɟɟɬɫя ɫɭɳɟɫɬɜɟɧɧɵɣ ɧɟɞɨɫɬаɬɨɤ – ɧɟ ɭɱɢɬɵɜаɸɬɫя ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɟ 

ɫɜяɡɢ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɧа ɢɡɨɛɪаɠɟɧɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ, ɱɬɨ ɫɧɢɠаɟɬ 

ɤаɱɟɫɬɜɨ ɨɛɧаɪɭɠɟɧɢя ɌɈ. 

 

2.3 ɂɫɫɥɟɞɨɜаɧɢɟ ɤɜаɡɢɩɟɪɢɨɞɢɱɟɫɤɨɣ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɢ ɜ ɨɛɥаɫɬɢ 

ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢɣ 

 

Ɋаɫɫɦɨɬɪɢɦ ɩɨɜɟɞɟɧɢɟ ɤɜаɡɢɩɟɪɢɨɞɢɱɟɫɤɨɣ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɢ (ɫɦ. 

ɮɨɪɦɭɥɭ (2.1)) ɜ ɨɛɥаɫɬɢ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя (ȼɉ) [2, 10, 46, 47]: .  

Каɤ ɢɡɜɟɫɬɧɨ, ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢɟ ɮɭɧɤɰɢɢ      ɩɪɢ 

ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢяɯ (ȼɎ) ɨɩɪɟɞɟɥяɟɬɫя ɜɵɪаɠɟɧɢɟɦ Д73-76]:  

               
              (2.2) 

ɝɞɟ          – ɛаɡɢɫɧая ȼɎ ɫ ɟɞɢɧɢɱɧɨɣ ɧɨɪɦɨɣ ɞɥя ɜɫɟɯ ɦаɫɲɬаɛɨɜ s;   

x – ɩаɪаɦɟɬɪ ɫɞɜɢɝа. 
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ɉɨɫɤɨɥɶɤɭ аɧаɥɢɬɢɱɟɫɤɢɟ ɜɵɤɥаɞɤɢ ɜ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɨɛɥаɫɬɢ 

ɫɥɢɲɤɨɦ ɝɪɨɦɨɡɞɤɢ, ɬɨ аɧаɥɢɡ ɧɟɩɪɟɪɵɜɧɨɝɨ ȼɉ         ɩɪɨɜɟɞɟɦ ɜ 
ɱаɫɬɨɬɧɨɣ ɨɛɥаɫɬɢ, ɢɫɩɨɥɶɡɭя Ɏɭɪɶɟ-ɨɛɪаɡ          [ 47, 48]. 

ɋ ɭɱɟɬɨɦ ɫɜɨɣɫɬɜ ɩɪɟɨɛɪаɡɨɜаɧɢя Ɏɭɪɶɟ ɜɵɪаɠɟɧɢɟ (2.2) ɢɦɟɟɬ ɜɢɞ:  

                                           
 

ɝɞɟ         – ɨɩɟɪаɬɨɪ ɩɪɟɨɛɪаɡɨɜаɧɢя Ɏɭɪɶɟ,               – Ɏɭɪɶɟ-ɨɛɪаɡɵ      ɢ        ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ɏɭɧɤɰɢя ɢɧɬɟɝɪаɥɶɧɨɝɨ ɪаɫɩɪɟɞɟɥɟɧɢя ɷɧɟɪɝɢɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ȼɉ ɩɨ 

ɦаɫɲɬаɛаɦ (ɂɊɗɆ) ɜ ɱаɫɬɨɬɧɨɣ ɨɛɥаɫɬɢ ɫ ɭɱɟɬɨɦ Ɏɭɪɶɟ-ɨɛɪаɡа          
ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя         ɨɩɪɟɞɟɥяɟɬɫя ɜ ɨɛɳɟɦ ɫɥɭɱаɟ  

                          
   

 

Ɍɨɝɞа ɫ ɭɱɟɬɨɦ ɱɟɬɧɨɫɬɢ ɩɨɞɵɧɬɟɝɪаɥɶɧɨɝɨ ɜɵɪаɠɟɧɢя ɢ ɯаɪаɤɬɟɪа 

аɧаɥɢɡɢɪɭɟɦɨɣ ɮɭɧɤɰɢɢ (2.1), ɨɩɢɫɵɜаɸɳɟɣ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɶ 

ɩɪяɦɨɭɝɨɥɶɧɵɯ ɢɦɩɭɥɶɫɨɜ, ɩɨɥɭɱɢɦ 

                                                 
   

 

Ɇɨɠɧɨ ɩɨɥɭɱɢɬɶ аɧаɥɢɬɢɱɟɫɤɢɟ ɜɵɪаɠɟɧɢя ɞɥя ɮɭɧɤɰɢɢ ɂɊɗɆ ɩɪɢ 

ɤɨɧɤɪɟɬɧɵɯ ɡɧаɱɟɧɢяɯ N. 

Ⱦɥя N = 1 (ɦɨɞɟɥɶ ɫɬɪɨɤɢ ɫ ɨɞɢɧɨɱɧɵɦ ɨɛɴɟɤɬɨɦ): 
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Ⱥɧаɥɨɝɢɱɧɨ ɞɥя N=2 

 

                                                         
  

ɝɞɟ  

  
                                   

  

ɉɪɢ ɨɛɨɛɳɟɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɦаɬɟɦаɬɢɱɟɫɤɢɯ ɜɵɪаɠɟɧɢɣ ɩɪɢ 

ɪаɡɥɢɱɧɵɯ ɡɧаɱɟɧɢяɯ ɞɥɢɧ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɢ N ɫ ɭɱɟɬɨɦ ɫɥɟɞɭɸɳɟɝɨ 

ɨɛɨɡɧаɱɟɧɢя  

                                      
  

 

ɩɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬаɬɵ, ɩɨɡɜɨɥяɸɳɢɟ ɩɪɟɞɫɬаɜɢɬɶ ɂɊɗɆ ɜɟɣɜɥɟɬ-

ɩɪɟɨɛɪаɡɨɜаɧɢя ɜ ɜɢɞɟ            , ɝɞɟ    – ɧɟɤɨɬɨɪɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 

(ɪɢɫ. 2.6.). 

              
N І0 І1 І2 І3 І4 

 
0  1  2  3  4  

1 1     

2 2 2    

3 3 4 2   

4 4 6 4 2  

5 5 8 6 4 2 

 

Ɋɢɫ. 2.6. Кɨɷɮɮɢɰɢɟɧɬɵ ɮɭɧɤɰɢɢ ɂɊɗɆ 
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Ⱥɧаɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɡɜɨɥɢɥ ɩɨɥɭɱɢɬɶ ɦаɬɟɦаɬɢɱɟɫɤɨɟ 

ɨɩɢɫаɧɢɟ ɂɊɗɆ ȼɉ ɤɜаɡɢɩɟɪɢɨɞɢɱɟɫɤɨɣ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɢ ɢɦɩɭɥɶɫɨɜ, 

ɢɦɟɸɳɢɯ ɞɥɢɧɭ N, ɜ ɜɢɞɟ  

 

                       
    

 

ɉɨɥɭɱɟɧɧɨɟ ɜɵɪаɠɟɧɢɟ ɫɩɪаɜɟɞɥɢɜɨ ɞɥя ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ 

ɫɢɦɦɟɬɪɢɱɧɵɯ ɧɟɱɟɬɧɵɯ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɣ.  

Ɉɩɪɟɞɟɥɟɧɵ ɂɊɗɆ ɞɥя ɨɫɧɨɜɧɵɯ ȼɎ ɫ ɭɱɟɬɨɦ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ 

ɦаɫɲɬаɛа 
T

s
z   ɢ ɤɨɷɮɮɢɰɢɟɧɬа ɡаɩɨɥɧɟɧɢя 

T

d
k  . ȼɵɩɨɥɧɟɧ аɧаɥɢɡ ɧа 

ɷɤɫɬɪɟɦɭɦ ɩɨɥɭɱɟɧɧɵɯ аɧаɥɢɬɢɱɟɫɤɢɯ ɜɵɪаɠɟɧɢɣ. ɉɨɤаɡаɧɨ, ɱɬɨ ɞɥя ȼɉ 

ɦɨɞɟɥɢ ɫɬɪɨɤɢ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ȼɎ ɫ ɧɟɝɥаɞɤɢɦɢ ɩɟɪɟɞаɬɨɱɧɵɦɢ 

ɯаɪаɤɬɟɪɢɫɬɢɤаɦɢ (ȼɉ ɏааɪа, Ƚȼɉ (ɪɢɫ. 2.7)) ɮɭɧɤɰɢя ɂɊɗɆ ɧɨɫɢɬ 

ɦɧɨɝɨɷɤɫɬɪɟɦаɥɶɧɵɣ ɯаɪаɤɬɟɪ (ɪɢɫ. 2.8, а, ɛ), а ɞɥя ȼɎ ɫ ɝɥаɞɤɢɦɢ 

ɩɟɪɟɞаɬɨɱɧɵɦɢ ɯаɪаɤɬɟɪɢɫɬɢɤаɦɢ (ȼɉ Ƚаɭɫɫа ɪɢɫ. 2.9) – ɨɞɧɨɷɤɫɬɪɟɦаɥɶɧɵɣ 

ɯаɪаɤɬɟɪ (ɪɢɫ. 2.10, а, ɛ) .  

ȼ ɩɟɪɜɨɦ ɫɥɭɱаɟ ɤɨɥɢɱɟɫɬɜɨ ɷɤɫɬɪɟɦɭɦɨɜ ɡаɜɢɫɢɬ ɨɬ ɦаɫɲɬаɛа 

ɧаɛɥɸɞаɟɦɵɯ ɢɦɩɭɥɶɫɨɜ, ɤɨɷɮɮɢɰɢɟɧɬа ɡаɩɨɥɧɟɧɢя ɢ ɤɨɥɢɱɟɫɬɜа ɢɦɩɭɥɶɫɨɜ  

N ɜ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɢ. Ⱦɥя ɤаɠɞɨɝɨ N ɫɭɳɟɫɬɜɭɟɬ ɬаɤɨɟ ɦаɤɫɢɦаɥɶɧɨɟ 

ɡɧаɱɟɧɢɟ k , ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɤɨɬɨɪɨɝɨ ɷɤɫɬɪɟɦаɥɶɧɨɫɬɶ ɧɟ ɧаɛɥɸɞаɟɬɫя, 

ɂɊɗɆ ɩɪɢɨɛɪɟɬаɟɬ ɦɨɧɨɬɨɧɧɨ ɜɨɡɪаɫɬаɸɳɢɣ ɯаɪаɤɬɟɪ. Ɍɨɱɤа ɩɟɪɜɨɝɨ 

ɦаɤɫɢɦɭɦа ɂɊɗɆ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɡɨɧаɧɫɧɨɦɭ ɦаɫɲɬаɛɭ ȼɎ, ɩɪɢ ɤɨɬɨɪɨɦ 

ɩɨɞɱɟɪɤɢɜаɸɬɫя ɝɪаɧɢɰɵ ɨɛɴɟɤɬɨɜ ɫ ɧаɢɛɨɥɶɲɟɣ ɞɟɬаɥɶɧɨɫɬɶɸ. Кɨɨɪɞɢɧаɬɵ 

ɩɨɫɥɟɞɭɸɳɢɯ ɬɨɱɟɤ ɦаɤɫɢɦɭɦа ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɢɡɦɟɧɟɧɢɸ ɫɬɟɩɟɧɢ 

ɩɨɞɱɟɪɤɢɜаɧɢя ɝɪаɧɢɰ ɨɛɴɟɤɬɨɜ ɢɥɢ ɢɡɦɟɧɟɧɢɸ ɞɟɬаɥɶɧɨɫɬɢ. ɇаɛɥɸɞаɟɦая 

ɬɨɱɤа ɩɨɫɥɟɞɧɟɝɨ ɦɢɧɢɦɭɦа ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦаɫɲɬаɛɭ ȼɎ, ɩɪɢ ɤɨɬɨɪɨɦ 

ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɶ ɜɨɫɩɪɢɧɢɦаɟɬɫя ɤаɤ ɟɞɢɧɵɣ ɨɛɴɟɤɬ, ɬ.ɟ. ɩɨɞɱɟɪɤɢɜаɸɬɫя 

ɝɪаɧɢɰɵ ɜɫɟɣ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɢ.  



59 

 

 

 

Ɋɢɫ. 2.7. ȼɉ ɏааɪа ɦɨɞɟɥɢ ɫɬɪɨɤɢ. 

 

а)      ɛ) 

Ɋɢɫ. 2.8. Ɋɟɡɭɥɶɬаɬɵ ɪаɫɱɟɬа ɂɊɗɆ ɞɥя ȼɎ ɏааɪа: 

а – ɡаɜɢɫɢɦɨɫɬɶ ɤɨɨɪɞɢɧаɬ ɷɤɫɬɪɟɦɭɦɨɜ ɂɊɗɆ; 

ɛ – ɜɢɞ ɂɊɗɆ ɩɪɢ k= 0.2. 

 

 
 

Ɋɢɫ. 2.9. ȼɉ Ƚаɭɫɫа ɦɨɞɟɥɢ ɫɬɪɨɤɢ. 
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ɂɫɫɥɟɞɨɜаɧɵ аɧаɥɨɝɢɱɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɂɊɗɆ ɞɥя ȼɎ ɫ ɝɥаɞɤɢɦɢ 

ɩɟɪɟɞаɬɨɱɧɵɦɢ ɯаɪаɤɬɟɪɢɫɬɢɤаɦɢ (ɮɭɧɤɰɢя Ƚаɭɫɫа) (ɫɦ. ɪɢɫ. 2.9, ɪɢɫ. 2.10).  

 

ɛ)                                     ɜ) 

Ɋɢɫ. 2.10. Ɋɟɡɭɥɶɬаɬɵ ɪаɫɱɟɬа ɂɊɗɆ ɞɥя ȼɎ Ƚаɭɫɫа: 

а – ɡаɜɢɫɢɦɨɫɬɶ ɤɨɨɪɞɢɧаɬ ɷɤɫɬɪɟɦɭɦɨɜ ɂɊɗɆ; 

ɛ – ɜɢɞ ɂɊɗɆ ɩɪɢ k= 0.5. 

 

ɂɫɫɥɟɞɨɜаɧɢя ɩɨɤаɡаɥɢ, ɱɬɨ ȼɎ ɮɭɧɤɰɢя Ƚаɭɫɫа ɢɦɟɟɬ ɛɨɥɟɟ ɫɢɥɶɧɵɟ 

ɫɝɥаɠɢɜаɸɳɢɟ ɫɜɨɣɫɬɜа, ɱɬɨ ɧɟ ɩɨɡɜɨɥяɟɬ ɢɡɦɟɧяɬɶ ɫɬɟɩɟɧɶ ɩɨɞɱɟɪɤɢɜаɧɢя 

ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɞɟɬаɥɶɧɨɫɬɢ аɧаɥɢɡа.  

ɇа ɨɫɧɨɜɟ ɭɫɬаɧɨɜɥɟɧɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɂɊɗɆ ɩɪɟɞɥɨɠɟɧа ɦɟɬɨɞɢɤа 

ɜɵɛɨɪа ɦаɫɲɬаɛɧɨɝɨ ɭɪɨɜɧя ȼɉ ɩɪɢ ɥɨɤаɥɢɡаɰɢɢ ɌɈ, ɤɨɬɨɪая ɡаɤɥɸɱаɟɬɫя ɜ 

ɫɥɟɞɭɸɳɟɦ: 

1. ɉɪɨɜɨɞɢɬɫя ȼɉ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя ɩɨ ɫɬɪɨɤаɦ (ɥɢɛɨ 

ɫɬɨɥɛɰаɦ).  

2. ȼɵɱɢɫɥяɟɬɫя ɮɭɧɤɰɢя ɂɊɗɆ ȼɉ ɢ ɩɪɨɜɨɞɢɬɫя ɟɟ аɧаɥɢɡ: 

– ɩɨ ɩɨɥɨɠɟɧɢɸ ɩɟɪɜɨɝɨ ɦаɤɫɢɦɭɦа ɂɊɗɆ ɨɩɪɟɞɟɥяɟɬɫя ɬɪɟɛɭɟɦɵɣ 

ɦаɫɲɬаɛɧɵɣ ɭɪɨɜɟɧɶ ȼɉ  ȼɎ ɞɥя ɥɨɤаɥɢɡаɰɢɢ ɨɬɞɟɥɶɧɵɯ ɫɢɦɜɨɥɨɜ ɌɈ;  

– ɩɨ ɩɨɥɨɠɟɧɢɸ ɩɨɫɥɟɞɧɟɣ ɬɨɱɤɢ ɩɟɪɟɝɢɛа ɂɊɗɆ ɨɩɪɟɞɟɥяɟɬɫя 

ɬɪɟɛɭɟɦɵɣ ɦаɫɲɬаɛɧɵɣ ɭɪɨɜɟɧɶ ȼɉ  ȼɎ ɞɥя ɥɨɤаɥɢɡаɰɢɢ ɌɈ. 

ɉɪɟɞɥɨɠɟɧɧɵɟ ɦаɬɟɦаɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɢ ɦɟɬɨɞɢɤа ɩɨɡɜɨɥяɬ 

ɨɛɨɫɧɨɜаɧɨ ɜɵɛɢɪаɬɶ ɜɢɞ ȼɎ ɢ аɜɬɨɦаɬɢɱɟɫɤɢ ɨɩɪɟɞɟɥяɬɶ ɬɪɟɛɭɟɦɵɣ 

ɦаɫɲɬаɛ, ɨɛɟɫɩɟɱɢɜ ɰɟɥɟɧаɩɪаɜɥɟɧɧɵɣ ɜɵɛɨɪ ɩаɪаɦɟɬɪɨɜ ɨɛɪаɛɨɬɤɢ ɩɪɢ 
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ɧаɯɨɠɞɟɧɢɢ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɯ ɫɜɨɣɫɬɜ, ɤаɤ ɨɬɞɟɥɶɧɵɯ ɨɛɴɟɤɬɨɜ, ɬаɤ ɢ 

ɨɛɥаɫɬɟɣ ɩɪɢ ɢɧɬɟɪɩɪɟɬаɰɢɢ ɢɡɨɛɪаɠɟɧɢя ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢя ɟɝɨ 

аɛɫɬɪаɤɬɧɨɝɨ ɨɩɢɫаɧɢя (ɫɦ. ɪɢɫ. 1.6).  

 

2.4. ȼɟɪɨяɬɧɨɫɬɧая ɦɨɞɟɥɶ ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥа ɬɟɤɫɬа 

 

ȾɅə ɭɱɟɬа ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɯ ɫɜяɡɟɣ ɦɟɠɞɭ ɩɢɤɫɟɥяɦɢ ɜ ɢɡɨɛɪаɠɟɧɢɢ 

ɫɢɦɜɨɥа ɩɪɟɞɥɨɠɟɧɨ ɪаɫɫɦаɬɪɢɜаɬɶ ɢɡɨɛɪаɠɟɧɢɟ ɫɢɦɜɨɥа ɤаɤ ɞɜɭɦɟɪɧɵɣ 

ɦаɫɫɢɜ ɩɢɤɫɟɥɟɣ, ɜ ɤɨɬɨɪɨɦ ɨɩɪɟɞɟɥɟɧɧɵɦ ɨɛɪаɡɨɦ (ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ 

ɲɪɢɮɬа, ɪаɡɦɟɪɨɜ ɢ ɞɪ.) ɪаɫɩɨɥɨɠɟɧɵ ɢɧɮɨɪɦаɬɢɜɧɵɟ (ɂɉ) ɢ ɮɨɧɨɜɵɟ (Ɏɉ) 

ɩɢɤɫɟɥɢ. ɉɪɢ ɷɬɨɦ ɢɡɨɛɪаɠɟɧɢɟ ɬɟɤɫɬɨɜɨɣ ɨɛɥаɫɬɢ ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ 

ɭɩɨɪяɞɨɱɟɧɧɵɣ ɨɩɪɟɞɟɥɟɧɧɵɦ ɨɛɪаɡɨɦ ɧаɛɨɪ ɢɡɨɛɪаɠɟɧɢɣ ɫɢɦɜɨɥɨɜ.  

Ɏɨɪɦаɥɶɧɨ ɢɡɨɛɪаɠɟɧɢɟ ɫɢɦɜɨɥа ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬаɜɥɟɧɨ 

ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɶɸ ɫɢɦɜɨɥа ɜ ɜɢɞɟ ɤɨɪɬɟɠа Д14Ж 

                 (2.3) 

 

ɝɞɟ  H – ɜɟɤɬɨɪ ɜɨɡɦɨɠɧɵɯ ɡɧаɱɟɧɢɣ ɜɵɫɨɬɵ hi i-ɝɨ ɬɟɤɫɬɨɜɨɝɨ ɫɢɦɜɨɥа (ɜ 

ɩɢɤɫɟɥяɯ);  

Wh – ɜɟɤɬɨɪ ɜɨɡɦɨɠɧɵɯ ɡɧаɱɟɧɢɣ ɲɢɪɢɧɵ whi i-ɝɨ ɬɟɤɫɬɨɜɨɝɨ ɫɢɦɜɨɥа 

(ɜ ɩɢɤɫɟɥяɯ); 

P – ɦɧɨɠɟɫɬɜɨ ɦаɬɪɢɰ p, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɟɪɨяɬɧɨɫɬɢ ɩɨяɜɥɟɧɢя ɂɉ 

ɜ ɢɡɨɛɪаɠɟɧɢяɯ ɫɢɦɜɨɥа ɬɟɤɫɬа ɪаɡɦɟɪаɦɢ                        .  
Ⱦɥя ɩɨɥɭɱɟɧɢя ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥа ɬɟɤɫɬа 

ɩɪɨɜɟɞɟɧ аɧаɥɢɡ ɛɢɧаɪɧɵɯ ɢɡɨɛɪаɠɟɧɢɣ ɬɟɤɫɬɨɜɵɯ ɫɢɦɜɨɥɨɜ, ɜɤɥɸɱаɸɳɢɯ 

аɧɝɥɢɣɫɤɢɟ ɛɭɤɜɵ ('К', 'Л',.. , 'г') ɢ ɞɟɫяɬɢɱɧɵɟ ɰɢɮɪɵ ('0', '1',.. ,'9') ɪаɡɥɢɱɧɵɯ 

ɬɢɩɨɜ (AЫТКХ, TТЦОЬ NОа RШЦКЧ, CКХТЛЫТ, CКЦЛЫТК, CШЮЫТer New, Adobe 

GКЫКЦШЧН PЫШ ɢ ɬ.ɩ.) ɢ ɪаɡɦɟɪɨɜ (14, 15 ,.., 20) ɲɪɢɮɬɨɜ. ȼ ɪɟɡɭɥɶɬаɬɟ аɧаɥɢɡа 

ɨɩɪɟɞɟɥɟɧɵ ɜɟɪɨяɬɧɨɫɬɧɵɟ ɯаɪаɤɬɟɪɢɫɬɢɤɢ ɨɛɥаɫɬɢ ɢɡɨɛɪаɠɟɧɢя ɫɢɦɜɨɥа, ɧа 

ɨɫɧɨɜаɧɢɢ ɤɨɬɨɪɵɯ ɢ ɪаɡɪаɛɨɬаɧа ɜɟɪɨяɬɧɨɫɬɧая ɦɨɞɟɥɶ . 
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2.4.1. ɏаɪаɤɬɟɪɢɫɬɢɤɢ ɨɛɥаɫɬɢ ɫɢɦɜɨɥа ɤаɠɞɨɣ ɝɪɭɩɩɵ ɫɢɦɜɨɥɨɜ  

 

ɉɪɟɞɥɨɠɟɧɨ ɢɡɨɛɪаɠɟɧɢя ɜɫɟɯ ɫɢɦɜɨɥɨɜ ɪаɡɛɢɬɶ ɧа 4 ɝɪɭɩɩɵ ɜ 

ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɯаɪаɤɬɟɪа ɡаɩɨɥɧɟɧɢя ɢɧɮɨɪɦаɬɢɜɧɵɦɢ ɢɩɤɫɟɥяɦɢ 

ɩɪɟɞɥɨɠɟɧɧɨɣ ɮɨɪɦɵ (ɪɢɫ. 2.11, а), ɤɨɬɨɪая ɫɨɞɟɪɠɢɬ ɬɪɢ ɡɨɧɵ (I1, I2, I3). 

 

а ɛ ɜ ɝ ɞ 

Ɋɢɫ. 2.11.  Ɋаɡɛɢɟɧɢɟ ɫɢɦɜɨɥɨɜ ɧа ɝɪɭɩɩɵ: 

а – ɮɨɪɦа ɞɥя ɪаɡɛɢɟɧɢя ɢɡɨɛɪаɠɟɧɢя ɧа ɝɪɭɩɩɵ; ɛ, ɜ, ɝ, ɞ – 

ɢɡɨɛɪаɠɟɧɢя ɪаɡɥɢɱɧɵɯ ɫɢɦɜɨɥɨɜ. 

 

ȼ ɩɟɪɜɨɣ ɝɪɭɩɩɟ ɫɨɞɟɪɠаɬɫя ɫɢɦɜɨɥɵ ɛɭɤɜ 'К', 'М', 'О', 'Ц', 'Ч', 'Ш', 'Ы', 'Ь', 'Ю', 

'Я', 'а', 'б', 'г', ɢɧɮɨɪɦаɬɢɜɧɵɟ ɩɢɤɫɟɥɢ ɤɨɬɨɪɵɯ ɪаɫɩɨɥɨɠɟɧɵ ɜ ɡɨɧɟ I1. 

ȼɨ ɜɬɨɪɨɣ – 'Л', 'Н', 'П', 'С', 'Т', 'Ф', 'Х', 'Э', '0', '1', '2', '3', '4', '5', '6', '7', '8', '9', ɂɉ 

ɪаɫɩɨɥɨɠɟɧɵ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜ ɡɨɧаɯ I1 ɢ I2.  

ȼ ɬɪɟɬɶɟɣ – 'Р', 'p', 'q', 'Т', ɂɉ ɡаɧɢɦаɸɬ ɡɨɧɵ I1 ɢ I3.  

ȼ ɱɟɬɜёɪɬɨɣ  – 'У', ɂɉ ɡаɧɢɦаɸɬ ɜɫɟ ɬɪɢ ɡɨɧɵ.  

Ⱦɥя ɤаɠɞɨɣ ɝɪɭɩɩɵ ɫɢɦɜɨɥɨɜ ɨɩɪɟɞɟɥɟɧɵ ɩаɪаɦɟɬɪɵ ɦɨɞɟɥɢ (2.3). 

ɉɨɥɭɱɟɧɧɵɟ ɤɨɪɬɟɠɢ ɫɨɫɬаɜɥяɸɬ ɛаɡɭ ɜɟɪɨяɬɧɨɫɬɧɵɯ ɦɨɞɟɥɟɣ 

ɫɢɦɜɨɥɨɜ ɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜаɧɵ ɞɥя ɫɨɡɞаɧɢя ɢɡɨɛɪаɠɟɧɢɣ 

ɩɫɟɜɞɨɫɢɦɜɨɥɨɜ ɩɪɢ ɮɨɪɦɢɪɨɜаɧɢɢ ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ.  

Ⱦɥя ɩɨɥɭɱɟɧɢя ɦаɬɪɢɰɵ p ɢɡ ɦɧɨɠɟɫɬɜа P ɞɥя ɤаɠɞɨɣ ɝɪɭɩɩɵ ɫɢɦɜɨɥɨɜ 

ɨɩɪɟɞɟɥяɟɬɫя ɜɟɪɨяɬɧɨɫɬɶ              , ɩɨяɜɥɟɧɢя ɂɉ ɜ ɤаɠɞɨɣ ɬɨɱɤɟ 
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ɢɡɨɛɪаɠɟɧɢя ɝɞɟ     – ɤɨɥɢɱɟɫɬɜɨ ɂɉ ɜɨ ɜɫɟɯ ɢɡɨɛɪаɠɟɧɢяɯ ɫɢɦɜɨɥɨɜ 

ɝɪɭɩɩɵ, ɡаɧɢɦаɸɳɢɯ ɩɨɡɢɰɢɸ ɫ ɤɨɨɪɞɢɧаɬаɦɢ (i, j),      – ɤɨɥɢɱɟɫɬɜɨ 

ɫɢɦɜɨɥɨɜ ɜ ɝɪɭɩɩɟ. ɉɪɢɦɟɪ ɦаɬɪɢɰɵ ɜɟɪɨяɬɧɨɫɬɢ ɩɨяɜɥɟɧɢя ɂɉ ɜ ɤаɠɞɨɣ 

ɬɨɱɤɟ ɢɡɨɛɪаɠɟɧɢя (p) ɞɥя ɫɢɦɜɨɥɨɜ ɩɟɪɜɨɣ ɝɪɭɩɩɵ ɩɪɢɜɟɞɟɧ ɜ ɬаɛɥ. 2.2. 

 

Ɍаɛɥɢɰа 2.2 – Ɇаɬɪɢɰа p ɜɟɪɨяɬɧɨɫɬɢ ɩɨяɜɥɟɧɢя ɂɉ ɩɢɤɫɟɥя ɜ ɤаɠɞɨɣ 

ɬɨɱɤɟ ɢɡɨɛɪаɠɟɧɢɣ ɫɢɦɜɨɥɨɜ ɩɟɪɜɨɣ ɝɪɭɩɩɵ ɪаɡɦɟɪа 13×9 ɩɢɤɫɟɥɟɣ 

0,194 0,300 0,377 0,467 0,550 0,358 0,141 0,030 0,000 

0,203 0,609 0,505 0,386 0,436 0,332 0,201 0,030 0,000 

0,256 0,415 0,259 0,274 0,368 0,273 0,274 0,077 0,000 

0,252 0,415 0,259 0,274 0,368 0,272 0,274 0,077 0,000 

0,223 0,403 0,308 0,329 0,358 0,371 0,236 0,076 0,000 

0,188 0,352 0,349 0,259 0,455 0,339 0,277 0,087 0,017 

0,209 0,335 0,247 0,279 0,370 0,306 0,285 0,111 0,000 

0,242 0,332 0,271 0,294 0,444 0,226 0,296 0,162 0,017 

0,209 0,288 0,244 0,292 0,385 0,192 0,238 0,173 0,017 

0,223 0,320 0,189 0,265 0,402 0,341 0,242 0,133 0,000 

0,227 0,509 0,415 0,406 0,471 0,506 0,409 0,206 0,017 

0,139 0,379 0,365 0,289 0,342 0,430 0,311 0,147 0,000 

0,120 0,149 0,168 0,117 0,126 0,192 0,123 0,106 0,050 

 

ȼ ɬаɛɥɢɰɟ 2.3 ɩɪɟɞɫɬаɜɥɟɧɨ ɫɪаɜɧɟɧɢɟ ɯаɪаɤɬɟɪɢɫɬɢɤ ɝɪɭɩɩ ɫɢɦɜɨɥɨɜ ɫ 

ɪаɡɦɟɪɨɦ ɲɪɢɮɬа 14. ɇаɩɪɢɦɟɪ, ɜ ɩɟɪɜɨɣ ɝɪɭɩɩɟ ɫɨɞɟɪɠаɬɫя ɢɡɨɛɪаɠɟɧɢя 

ɫɢɦɜɨɥɨɜ 13-ɬɢ ɛɭɤɜ ɢ ɰɢɮɪ ɫ ɜɵɫɨɬɨɣ h = 10 ɩɢɤɫɟɥɟɣ. Ɇаɬɪɢɰа ɡɧаɱɟɧɢɣ 

ɲɢɪɢɧɵ ɩɟɪɜɨɣ ɝɪɭɩɩɵ Wh = Д7 8 9 10 14Ж ɢ ɦаɬɪɢɰа ɜɟɪɨяɬɧɨɫɬɢ ɩɨяɜɥɟɧɢя 

ɂɉ  P = [0,540  0,400  0,493  0,475  0,503  0,433  0,412  0,529  0,469  0,332  

0,392 0,436  0,466].  

Ⱦɥя ɢɡɨɛɪаɠɟɧɢɣ ɫɢɦɜɨɥɨɜ ɩɟɪɜɨɣ ɝɪɭɩɩɵ ɜɢɡɭаɥɶɧɵɟ ɩɪɟɞɫɬаɜɥɟɧɢя 

ɦаɬɪɢɰ p ɜɟɪɨяɬɧɨɫɬɢ ɩɨяɜɥɟɧɢя ɂɉ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɨɱɤɟ (ɩɢɤɫɟɥɟ) 

ɢɡɨɛɪаɠɟɧɢя ɫɢɦɜɨɥа ɪаɡɦɟɪɨɜ 10б7, 10б8, 10б9, 10б10 ɩɢɤɫɟɥɟɣ ɩɪɟɞɫɬаɜɥɟɧɵ 

ɧа ɪɢɫ.2.12. 
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Ɍаɛɥɢɰа 2.3 – ɋɪаɜɧɟɧɢɟ ɯаɪаɤɬɟɪɢɫɬɢɤɢ ɝɪɭɩɩ ɫɢɦɜɨɥɨɜ ɫ ɪаɡɦɟɪɨɦ 

ɲɢɮɪа 14 

 

Ƚɪɭɩɩа 

 

ɋɢɦɜɨɥɵ 

ɛɭɤɜ 

ȼɵɫɨɬа 
ɝɪɭɩɩɵ        

ɒɢɪɢɧа 
ɝɪɭɩɩɵ        

Ⱦɢаɩɨɡɨɧ ɜɟɪɨяɬɧɨɫɬɢ 
ɩɨяɜɥɟɧɢя ɂɉ ɜ ɤаɠɞɨɣ 
ɝɪɭɩɩɟ ɫɢɦɜɨɥɨɜ        

1 ‘К’, ‘М’, ‘О’, ‘Ц’, ‘Ч’, ‘Ш’, 
‘Ы’, ‘Ь’, ‘Ю’, ‘Я’, ‘а’, ‘б’, 

‘г’ 

10 [7 8 9 10 14] [0.332    0.540 ] 

2 ‘Л’, ‘Н’, ‘П’, ‘С’, ‘Т’, ‘Ф’, 
‘Х’, ‘Э’, ‘0’, ‘1’, ‘2’, ‘3’, 
‘4’, ‘5’, ‘6’, ‘7’, ‘8’, ‘9’ 

13 [7 8 9 10]  [0.297   0.599] 

3 ‘Р’, ‘p’, ‘q’, ‘Т’ 14 [9 10] [0.314  0.479] 

4 ‘У’ 17 6 0.395  

 

              
а)      ɛ)  

              
ɜ)       ɝ) 

Ɋɢɫ. 2.12. ȼɢɡɭаɥɶɧɵɟ ɩɪɟɞɫɬаɜɥɟɧɢя ɦаɬɪɢɰ p ɜɟɪɨяɬɧɨɫɬɢ ɩɨяɜɥɟɧɢя ɂɉ ɜ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɥɟɬɤɟ (ɩɢɤɫɟɥɟ) ɢɡɨɛɪаɠɟɧɢя ɫɢɦɜɨɥа ɪаɡɦɟɪɨɜ: 

 а – 10б7 ɩɢɤɫɟɥɟɣ; ɛ – 10б8 ɩɢɤɫɟɥɟɣ; ɜ – 10б9 ɩɢɤɫɟɥɟɣ; ɝ – 10б10 ɩɢɤɫɟɥɟɣ. 
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2.4.2. ɏаɪаɤɬɟɪɢɫɬɢɤɢ ɨɛɥаɫɬɟɣ ɢɡɨɛɪаɠɟɧɢя ɫɢɦɜɨɥɨɜ ɛɭɤɜ ɢ ɰɢɮɪ   

 

Ⱦɥя ɤаɠɞɨɣ ɛɭɤɜɵ ɢ ɤаɠɞɨɣ ɰɢɮɪɵ ɜɵɛɢɪаɸɬɫя ɧɟɫɤɨɥɶɤɨ 

ɢɡɨɛɪаɠɟɧɢɣ ɛɭɤɜɵ (ɰɢɮɪɵ) ɪаɡɥɢɱɧɵɯ ɬɢɩɨɜ ɲɪɢɮɬɨɜ. ȼ ɤаɠɞɨɣ ɬɨɱɤɟ 

ɢɡɨɛɪаɠɟɧɢя ɧаɯɨɞɢɬɫя ɤɨɥɢɱɟɫɬɜɨ ɩɨяɜɥɟɧɢя ɂɉ ɢ ɤɨɥɢɱɟɫɬɜɨ ɩɨяɜɥɟɧɢя 

Ɏɉ, ɬаɤɠɟ ɜɟɪɨяɬɧɨɫɬɢ ɩɨяɜɥɟɧɢя ɂɉ ɧа ɢɡɨɛɪаɠɟɧɢɢ ɫɢɦɜɨɥа ɬɟɤɫɬа.  

ɏаɪаɤɬɟɪɢɫɬɢɤɢ ɨɛɥаɫɬɢ ɫɢɦɜɨɥа (Ɉɋ) ɤаɠɞɵɯ 36-ɯ ɛɭɤɜ ɢ ɰɢɮɪ 

ɩɨɥɭɱаɸɬɫя ɫɥɟɞɭɸɳɢɟ – ɧаɡɜаɧɢɟ, ɲɢɪɢɧа, ɜɵɫɨɬа, ɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ 

ɲɢɪɢɧɨɣ ɢ ɜɵɫɨɬɨɣ, ɜɟɪɨяɬɧɨɫɬɶ ɩɨяɜɥɟɧɢя ɂɉ ɜ ɢɡɨɛɪаɠɟɧɢяɯ ɛɭɤɜɵ 

(ɰɢɮɪа), ɢ ɦаɬɪɢɰа ɜɟɪɨяɬɧɨɫɬɢ ɩɨяɜɥɟɧɢя ɂɉ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɨɱɤɟ. 

ɉɪɢɦɟɪ – ɛɭɤɜа «а». ȿё ɲɢɪɢɧа – 9; ɜɵɫɨɬа – 10; ɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ 

ɲɢɪɢɧɨɣ ɢ ɜɵɫɨɬɨɣ – 0,913; ɜɟɪɨяɬɧɨɫɬɶ ɩɨяɜɥɟɧɢя ɂɉ ɜ ɢɡɨɛɪаɠɟɧɢяɯ 

ɛɭɤɜɵ – 0,540. ȼɢɡɭаɥɶɧɵɟ ɩɪɟɞɫɬаɜɥɟɧɢя ɦаɬɪɢɰɵ ɜɟɪɨяɬɧɨɫɬɢ ɩɨяɜɥɟɧɢя 

ɂɉ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɨɱɤɟ (ɩɢɤɫɟɥɟ)  ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫ. 2.13. 

         

Ɋɢɫ. 2.13. ȼɢɡɭаɥɶɧɵɟ ɩɪɟɞɫɬаɜɥɟɧɢя ɦаɬɪɢɰɵ ɜɟɪɨяɬɧɨɫɬɢ ɩɨяɜɥɟɧɢя 

ɂɉ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɥɟɬɤɟ (ɩɢɤɫɟɥɟ) ɛɭɤɜɵ «а». 

 

ɏаɪаɤɬɟɪɢɫɬɢɤɨɣ ɨɛɥаɫɬɢ ɢɡɨɛɪаɠɟɧɢя ɫɢɦɜɨɥа яɜɥяɟɬɫя ɞɢаɩаɡɨɧ 

ɜɟɪɨяɬɧɨɫɬɢ ɩɨяɜɥɟɧɢя ɂɉ ɜ ɢɡɨɛɪаɠɟɧɢяɯ ɫɢɦɜɨɥɨɜ ɪаɡɥɢɱɧɵɯ ɬɢɩɨɜ 

ɲɪɢɮɬɨɜ. 

Ⱦɥя ɲɪɢɮɬɨɜ ɪаɡɦɟɪа 14 ɭɫɥɨɜɧɵɣ ɞɢаɩаɡɨɧ ɜɟɪɨяɬɧɨɫɬɢ ɩɨяɜɥɟɧɢя 

ɂɉ ɜ ɢɡɨɛɪаɠɟɧɢяɯ ɫɢɦɜɨɥɨɜ Д0,297…0,599Ж; ɜɢɡɭаɥɶɧɨɟ ɩɪɟɞɫɬаɜɥɟɧɢɟ 

ɦаɬɪɢɰɵ ɜɟɪɨяɬɧɨɫɬɢ ɩɨяɜɥɟɧɢя ɂɉ ɜ ɢɡɨɛɪаɠɟɧɢяɯ ɫɢɦɜɨɥɨɜ ɪаɡɦɟɪɨɜ 

17ɯ14 ɩɢɤɫɟɥɟɣ ɩɪɟɞɫɬаɜɥɟɧɵ ɜ ɪɢɫ. 2.14. 
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Ɋɢɫ. 2.14. ȼɢɡɭаɥɶɧɨɟ ɩɪɟɞɫɬаɜɥɟɧɢɟ ɦаɬɪɢɰɵ ɜɟɪɨяɬɧɨɫɬɢ ɩɨяɜɥɟɧɢя 

ɂɉ ɜ ɢɡɨɛɪаɠɟɧɢяɯ ɫɢɦɜɨɥɨɜ ɪаɡɦɟɪɨɜ 17ɯ14 ɩɢɤɫɟɥɟɣ. 

 

ȼ ɪɟɡɭɥɶɬаɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɪаɫɱɟɬɨɜ ɨɩɪɟɞɟɥɟɧɵ ɯаɪаɤɬɟɪɢɫɬɢɤɢ 

ɨɛɥаɫɬɟɣ ɢɡɨɛɪаɠɟɧɢя ɫɢɦɜɨɥɨɜ ɪаɡɥɢɱɧɵɯ ɪаɡɦɟɪɨɜ (ɨɬ 14 ɞɨ 20) ɢ ɬɢɩɨɜ 

ɲɪɢɮɬɨɜ. Каɤ ɨɤаɡаɥɨɫɶ, ɞɢаɩаɡɨɧ ɜɟɪɨяɬɧɨɫɬɢ ɩɨяɜɥɟɧɢя ɂɉ ɜ ɢɡɨɛɪаɠɟɧɢɢ 

ɫɢɦɜɨɥа ɫɨɫɬаɜɥяɟɬ 0,296…0,603 ɢ ɧɟ ɡаɜɢɫɢɬ ɨɬ ɪаɡɦɟɪа ɲɪɢɮɬа. 

Ⱦɥя ɩɨɞɬɜɟɪɠɞɟɧɢя ɢɧɜаɪɢаɧɬɧɨɫɬɢ ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ 

ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥɨɜ (2.3) ɤ ɦаɫɲɬаɛɭ ɢɡɨɛɪаɠɟɧɢя ɩɨɤаɡаɧɨ, ɱɬɨ 

ɜɟɪɨяɬɧɨɫɬɶ ɡаɩɨɥɧɟɧɢя ɢɡɨɛɪаɠɟɧɢя ɫɢɦɜɨɥа ɢɧɮɨɪɦаɬɢɜɧɵɦ ɩɢɤɫɟɥɟɦ 

 ,whhN=p
izs

/  ɝɞɟ 
i

N  – ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɢɧɮɨɪɦаɰɢɨɧɧɵɯ ɩɢɤɫɟɥɟɣ ɜ 

ɢɡɨɛɪаɠɟɧɢɢ ɫɢɦɜɨɥа, ɞɥя ɤаɠɞɨɣ ɝɪɭɩɩɵ ɥɟɠɢɬ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɞɢаɩаɡɨɧɟ 

ɢ ɧɟ ɡаɜɢɫɢɬ ɨɬ ɪаɡɦɟɪа ɲɪɢɮɬа:  

 ɝɪɭɩɩа 1 – Д0,330…0,543Ж;   

 ɝɪɭɩɩа 2 – Д0,296…0,606Ж;  

 ɝɪɭɩɩа 3 – Д0,314…0,482Ж;  

 ɝɪɭɩɩа 4 –Д0,393…0,397Ж.  

 

ɉɪɨɜɟɞɟɧа ɨɰɟɧɤа ɨɞɧɨɦɟɪɧɨɝɨ ɢ ɞɜɭɦɟɪɧɨɝɨ ɩɨɞɯɨɞɨɜ ɤ ɩɨɫɬɪɨɟɧɢɸ 

ɦɨɞɟɥɟɣ ɌɈ. ɉɨɤаɡаɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜаɧɢɟ ɨɞɧɨɦɟɪɧɨɣ ɦɨɞɟɥɢ ɞɥя ɪɟɲɟɧɢя 

ɡаɞаɱɢ ɥɨɤаɥɢɡаɰɢɢ ɩɨɡɜɨɥяɟɬ аɜɬɨɦаɬɢɡɢɪɨɜаɬɶ ɩɪɨɰɟɫɫ ɨɛɧаɪɭɠɟɧɢя 

ɬɟɤɫɬɨɜɵɯ ɫɬɪɨɤ ɡа ɫɱɟɬ аɞаɩɬɢɜɧɨɝɨ ɜɵɛɨɪа ɦаɫɲɬаɛа ɜɟɣɜɥɟɬ-

ɩɪɟɨɛɪаɡɨɜаɧɢя. Ɉɞɧаɤɨ ɩɪɢ ɷɬɨɦ аɛɫɨɥɸɬɧɨ ɧɟ ɭɱɢɬɵɜаɸɬɫя 
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ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɟ ɫɜяɡɢ ɦɟɠɞɭ ɫɬɪɨɤаɦɢ, ɱɬɨ ɡаɬɪɭɞɧяɟɬ ɥɨɤаɥɢɡаɰɢɸ ɌɈ, 

ɨɫɨɛɟɧɧɨ ɧа ɫɥɨɠɧɨɦ ɮɨɧɟ.  

ɗɬɨɝɨ ɧɟɞɨɫɬаɬɤа ɥɢɲɟɧɨ ɢɫɩɨɥɶɡɨɜаɧɢɟ ɞɥя ɪɟɲɟɧɢя ɡаɞаɱɢ 

ɥɨɤаɥɢɡаɰɢɢ ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥɨɜ, ɤɨɬɨɪая ɢ ɛɵɥа 

ɜɵɛɪаɧа ɜ ɤаɱɟɫɬɜɟ ɛаɡɨɜɨɣ ɞɥя ɨɛɭɱɟɧɢя ɤɥаɫɫɢɮɢɤаɬɨɪɨɜ. 

 

2.5. Ɇɟɬɨɞ ɮɨɪɦɢɪɨɜаɧɢя ɬɟɤɫɬɨɜɨɣ ɨɛɥаɫɬɢ ɧа ɨɫɧɨɜɟ ɩɪɢɦɟɧɟɧɢя 

ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ ɫɢɦɜɨɥɨɜ  

 

ȼ ɩɪɨɰɟɫɫɟ ɮɨɪɦɢɪɨɜаɧɢя ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ ɪаɡɪаɛɨɬɱɢɤɢ 

ɫɬаɥɤɢɜаɸɬɫя ɫ ɩɪɨɬɢɜɨɪɟɱɢɟɦ: ɛɨɥɶɲɨɣ ɨɛɴɟɦ ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ, 

ɩɨɡɜɨɥяɸɳɢɣ ɭɱɟɫɬɶ ɦаɤɫɢɦаɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɟаɥɶɧɵɯ ɜаɪɢаɧɬɨɜ ɌɈ, 

ɨɛɟɫɩɟɱɢɜаɟɬ ɭɥɭɱɲɟɧɢɟ ɪаɛɨɬɵ ɤɥаɫɫɢɮɢɤаɬɨɪа, ɧɨ ɡɧаɱɢɬɟɥɶɧɨ 

ɭɜɟɥɢɱɢɜаɟɬ ɜɪɟɦя ɨɛɭɱɟɧɢя, ɱɬɨ ɱаɫɬɨ яɜɥяɟɬɫя ɧɟɞɨɩɭɫɬɢɦɵɦ. Кɪɨɦɟ ɬɨɝɨ 

ɩɨɞɛɨɪ ɬаɤɢɯ ɛаɡ, ɤаɤ ɩɪаɜɢɥɨ, ɨɩɪɟɞɟɥяɟɬɫя ɨɩɵɬɨɦ ɪаɡɪаɛɨɬɱɢɤа, ɬ. ɟ. 

яɜɥяɟɬɫя ɫɭɛɴɟɤɬɢɜɧɵɦ.  

ɉɨɷɬɨɦɭ ɩɪɟɞɥɨɠɟɧɨ ɜ ɪаɦɤаɯ ɩɪɨɜɨɞɢɦɵɯ ɢɫɫɥɟɞɨɜаɧɢɣ ɩɨ ɪаɡɪаɛɨɬɤɟ 

ɦɟɬɨɞа ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɬаɤɢɟ ɌɈ ɮɨɪɦɢɪɨɜаɬɶ 

аɜɬɨɦаɬɢɱɟɫɤɢ ɫ  ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɝɟɧɟɪаɬɨɪа ɌɈ ɢ ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ 

ɫɢɦɜɨɥа. 

ɉɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɮɨɪɦɢɪɨɜаɧɢя ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢɢ ɧа ɨɫɧɨɜɟ 

ɩɪɢɦɟɧɟɧɢя ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥа, ɪɟаɥɢɡɨɜаɧɧɵɣ 

ɫɥɟɞɭɸɳɢɦ аɥɝɨɪɢɬɦɨɦ. 

Шɚɝ 1. ȼɵɛɢɪаɟɬɫя ɧɨɦɟɪа ɝɪɭɩɩɵ (i = 1, .., 4) ɢ ɢɧɢɰɢаɥɢɡаɰɢя 

ɪаɡɦɟɪɨɜ ɩɫɟɜɞɨɫɢɦɜɨɥа (ɜɵɫɨɬɵ hi, ɢ ɲɢɪɢɧɵ whi) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɢɦɟɸɳɟɣɫя ɛаɡɨɣ ɜɟɪɨяɬɧɨɫɬɧɵɯ ɦɨɞɟɥɟɣ ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥɨɜ. Ɂɧаɱɟɧɢɟ 

ɜɵɫɨɬɵ hi  ɜɵɛɢɪаɟɬɫя ɢɡ ɦɧɨɠɟɫɬɜа H = [h1, h2, h3, h4] = [ 10, 13, 14, 17], 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɱɟɬɵɪɟɦ ɝɪɭɩɩаɦ ɫɢɦɜɨɥɨɜ. Ⱦɥя ɤаɠɞɨɝɨ ɜаɪɢаɧɬа hi 

ɜɵɛɢɪаɸɬɫя ɜаɪɢаɧɬɵ ɡɧаɱɟɧɢя ɲɢɪɢɧɵ whi, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɲɢɪɢɧɟ 

ɫɢɦɜɨɥɨɜ ɜ ɤаɠɞɵɯ ɝɪɭɩɩаɯ:   
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h1=10 ; wh1 = [7, 8, 9, 10, 14]; {h1, wh1}={(10,7), (10,8), (10,9), (10,10), (10,11)}; 

h2=13 ; wh2 = [7, 8, 9, 10];  {h2, wh2}={(13,7), (13,8), (13,9), (10,10)}; 

h3=14;  wh3 = [9 10];    {h3, wh3}={(14,9), (14,10)}; 

h4=17;  wh4 = [6];   {h4, wh4}={(17,6)}. 

Шɚɝ 2. Ƚɟɧɟɪɢɪɭɟɬɫя ɦаɬɪɢɰа ɫɥɭɱаɣɧɵɯ ɱɢɫɟɥ TRrand ɪаɡɦɟɪа 

hi × whi, ɪаɫɩɪɟɞɟɥɟɧɧɵɯ ɩɨ ɪаɜɧɨɦɟɪɧɨɦɭ ɡаɤɨɧɭ ɜ ɞɢаɩаɡɨɧɟ Д0 ... pimaxЖ, ɝɞɟ 

pimax – ɦаɤɫɢɦаɥɶɧɨɟ ɡɧаɱɟɧɢɟ ɜɟɪɨяɬɧɨɫɬɢ ɩɨяɜɥɟɧɢя ɂɉ ɜ ɢɡɨɛɪаɠɟɧɢяɯ 

ɫɢɦɜɨɥɨɜ i-ɣ ɝɪɭɩɩɵ. 

Шɚɝ 3. Ɏɨɪɦɢɪɭɟɬɫя ɦаɬɪɢɰа SM ɛɢɧаɪɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя 

ɩɫɟɜɞɨɫɢɦɜɨɥа ɩɭɬɟɦ ɫɪаɜɧɟɧɢя ɦаɬɪɢɰ TRrand ɢ p ɢɡ ɛаɡɵ ɜɟɪɨяɬɧɨɫɬɧɵɯ 

ɦɨɞɟɥɟɣ ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥɨɜ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɩɪаɜɢɥɭ: 

IF TRrand (i, j) ≥ p (i, j), THEN SM (i, j) = ɂɉ, ELSE SM (i, j) = Ɏɉ. 

Шɚɝ 4. Ⱦɨɛаɜɥяɟɬɫя ɢɡɨɛɪаɠɟɧɢɟ ɩɫɟɜɞɨɫɢɦɜɨɥа ɤ ɮɪаɝɦɟɧɬɭ 

ɢɡɨɛɪаɠɟɧɢя ɬɟɤɫɬɨɜɨɣ ɨɛɥаɫɬɢ. 

Шɚɝ 5. ɉɨɜɬɨɪяɸɬɫя ɲаɝɢ 1-4 ɞɨ ɞɨɫɬɢɠɟɧɢя ɧɟɨɛɯɨɞɢɦɨɝɨ ɪаɡɦɟɪа 

ɬɟɤɫɬɨɜɨɣ ɨɛɥаɫɬɢ ɧа ɢɡɨɛɪаɠɟɧɢɢ. 

Ȼɢɧаɪɧɨɟ ɢɡɨɛɪаɠɟɧɢɟ ɩɫɟɜɞɨɫɢɦɜɨɥа ɩɨɥɭɱаɸɬ ɜ ɪɟɡɭɥɶɬаɬɟ 

ɜɢɡɭаɥɢɡаɰɢɢ ɩɨɥɭɱɟɧɧɨɣ ɦаɬɪɢɰɵ.  

ȼ ɫɥɭɱаɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɮɨɪɦɢɪɨɜаɧɢя ɩɨɥɭɬɨɧɨɜɨɝɨ ɢɡɨɛɪаɠɟɧɢя 

ɩɫɟɜɞɨɫɢɦɜɨɥа, ɩɨɥɭɱɟɧɧɨɟ ɛɢɧаɪɧɨɟ ɢɡɨɛɪаɠɟɧɢɟ ɨɛɪаɛаɬɵɜаɸɬ ɮɢɥɶɬɪɨɦ 

Ƚаɭɫɫа. ȿɫɥɢ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɰɜɟɬɧɨɟ ɢɡɨɛɪаɠɟɧɢɟ ɩɫɟɜɞɨɫɢɦɜɨɥа ɜ 

ɰɜɟɬɨɜɨɦ ɩɪɨɫɬɪаɧɫɬɜɟ RGB, ɬɨ ɩɨɥɭɬɨɧɨɜɨɟ ɢɡɨɛɪаɠɟɧɢɟ ɩɪɢɧɢɦаɸɬ ɡа R-

ɫɨɫɬаɜɥяɸɳɭɸ, а ɫɨɫɬаɜɥяɸɳɢɟ G ɢ B ɩɨɥɭɱаɸɬ ɩɨɷɥɟɦɟɧɬɧɵɦ ɭɦɧɨɠɟɧɢɟɦ 

ɷɥɟɦɟɧɬа r ij R-ɫɨɫɬаɜɥяɸɳɟɣ ɧа ɜɟɥɢɱɢɧɭ (1+εij), ɝɞɟ εij – ɫɥɭɱаɣɧɵɟ ɱɢɫɥа, 

ɪаɫɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɪаɜɧɨɦɟɪɧɨɦɭ ɡаɤɨɧɭ ɜ ɞɢаɩаɡɨɧɟ Д-0.2…0.2Ж. 

ɂɡɨɛɪаɠɟɧɢɟ ɬɟɤɫɬɨɜɨɣ ɨɛɥаɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɫɝɟɧɟɪɢɪɨɜаɧɨ ɤаɤ 

ɭɩɨɪяɞɨɱɟɧɧɵɣ ɨɩɪɟɞɟɥɟɧɧɵɦ ɨɛɪаɡɨɦ ɧаɛɨɪ ɢɡɨɛɪаɠɟɧɢɣ ɫɢɦɜɨɥɨɜ. 

ɉɪɢɦɟɪ ɫɝɟɧɟɪɢɪɨɜаɧɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя ɌɈ ɩɪɟɞɫɬаɜɥɟɧ ɧа ɪɢɫ. 2.15. 
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Ɋɢɫ. 2.15. ɉɪɢɦɟɪ ɫɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя ɌɈ. 

 

Каɤ ɛɵɥɨ ɩɨɤаɡаɧɨ ɜ ɪаɡɞɟɥɟ 1, ɞɥя ɩɨɞɱɟɪɤɢɜаɧɢя ɯаɪаɤɬɟɪɧɵɯ 

ɩɪɢɡɧаɤɨɜ (ɤɨɧɬɭɪɨɜ) ɌɈ ɢ ɨɬɞɟɥɶɧɵɯ ɫɢɦɜɨɥɨɜ ɰɟɥɟɫɨɨɛɪаɡɧɨ ɩɪɢɦɟɧяɬɶ 

Ⱦȼɉ. Ɉɫɨɛɟɧɧɨɫɬɢ ɟɝɨ ɢɫɩɨɥɶɡɨɜаɧɢя ɫɨɝɥаɫɧɨ ɨɛɨɛɳɟɧɧɨɣ ɫɯɟɦɟ ɪɢɫ. 2.1 

ɛɭɞɭɬ ɪаɫɫɦɨɬɪɟɧɵ ɜ ɪаɡɞɟɥɟ 3. 
 

2.6. ȼɵɜɨɞɵ ɩɨ ɪаɡɞɟɥɭ 2 

 

1. ɉɪɟɞɥɨɠɟɧа ɨɛɨɛɳɟɧɧая ɫɯɟɦа ɂɌ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢяɯ 

ɧа ɨɫɧɨɜɟ ɞɜɭɯɭɪɨɜɧɟɜɨɝɨ ɩɨɞɯɨɞа, ɤɨɬɨɪая ɜɤɥɸɱаɟɬ ɦɨɞɟɥɶ ɩɪɟɞɫɬаɜɥɟɧɢя 

ɌɈ ɢ ɩɪɟɞɭɫɦаɬɪɢɜаɟɬ ɞɜа ɭɪɨɜɧя ɨɛɪаɛɨɬɤɢ: ɩɪɢɧяɬɢɟ ɤɥаɫɫɢɮɢɤаɰɢɨɧɧɨɝɨ 

ɪɟɲɟɧɢя ɩɨ ɪɟɡɭɥɶɬаɬаɦ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ аɧаɥɢɡа ɜ ɨɛɥаɫɬɢ 

ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя ɢ ɜɟɪɢɮɢɤаɰɢɸ ɌɈ-ɤаɧɞɢɞаɬɨɜ. 

2. ɂɫɫɥɟɞɨɜаɧɵ ɦɨɞɟɥɢ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɫɢɫɬɟɦаɯ ɩɟɪɟɪаɛɨɬɤɢ 

ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ: ɦɨɞɟɥɶ ɫɬɪɨɤɢ ɫɢɦɜɨɥɨɜ ɢ ɦɨɞɟɥɶ ɢɡɨɛɪаɠɟɧɢя 

ɫɢɦɜɨɥа. ɉɨɤаɡаɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɩɨɜɟɞɟɧɢя ɦɨɞɟɥɢ ɫɬɪɨɤɢ ɫɢɦɜɨɥɨɜ ɜ ɜɢɞɟ 

ɤɜаɡɢɩɟɪɢɨɞɢɱɟɫɤɨɣ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɢ ɜ ɨɛɥаɫɬɢ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя. 

3. ɍɫɨɜɟɪɲɟɧɫɬɜɨɜаɧа ɜɟɪɨяɬɧɨɫɬɧая ɦɨɞɟɥɶ ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥа 

ɬɟɤɫɬа ɢ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɮɨɪɦɢɪɨɜаɧɢя ɢɡɨɛɪаɠɟɧɢɣ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ 

ɞɥя ɫɨɡɞаɧɢя ɩɪɟɞɫɬаɜɢɬɟɥɶɧɨɣ ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ ɞɥя ɨɛɭɱɟɧɢя 

ɤɥаɫɫɢɮɢɤаɬɨɪɨɜ. ɂɫɩɨɥɶɡɨɜаɧɢɟ ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ ɞаɥɨ ɜɨɡɦɨɠɧɨɫɬɶ 

ɮɨɪɦɢɪɨɜаɬɶ ɢɡɨɛɪаɠɟɧɢɟ ɩɫɟɜɞɨɫɢɦɜɨɥɨɜ ɬɟɤɫɬа ɫ ɜɟɪɨяɬɧɨɫɬɧɵɦɢ 

ɯаɪаɤɬɟɪɢɫɬɢɤаɦɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɪɟаɥɶɧɵɦ ɫɢɦɜɨɥаɦ. ɗɬɨ ɩɨɡɜɨɥɢɥɨ 
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аɜɬɨɦаɬɢɡɢɪɨɜаɬɶ ɩɪɨɰɟɫɫ ɫɨɡɞаɧɢя ɩɪɟɞɫɬаɜɢɬɟɥɶɧɨɣ ɜɵɛɨɪɤɢ, ɭɫɬɪаɧɢɥɨ 

ɫɭɛɴɟɤɬɢɜɧɨɟ ɜɥɢяɧɢɟ ɧа ɨɛɭɱɟɧɢɟ ɪаɡɥɢɱɧɵɯ ɤɥаɫɫɢɮɢɤаɬɨɪɨɜ ɞɥя 

ɜɵяɜɥɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ.  

ɉɨɤаɡаɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜаɧɢɟ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞа ɮɨɪɦɢɪɨɜаɧɢя 

ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ 

ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥа ɬɟɤɫɬа ɩɪɢ ɮɨɪɦɢɪɨɜаɧɢɢ ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ ɡа 

ɫɱɟɬ аɜɬɨɦаɬɢɡаɰɢɢ ɩɪɨɰɟɫɫа ɫɨɡɞаɧɢя ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ ɫɭɳɟɫɬɜɟɧɧɨ 

ɭɦɟɧɶɲɢɥɨ ɜɪɟɦя ɟё ɮɨɪɦɢɪɨɜаɧɢя (ɜ ɫɪɟɞɧɟɦ ɧа ɞɜа ɩɨɪяɞɤа), ɱɬɨ ɩɨɜɵɫɢɥɨ 

ɨɩɟɪаɬɢɜɧɨɫɬɶ ɨɛɧаɪɭɠɟɧɢя ɢ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа 

ɢɡɨɛɪаɠɟɧɢяɯ. 

3. ɉɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜаɬɶ ɜɟɪɨяɬɧɨɫɬɧɭɸ ɦɨɞɟɥɶ ɩɪɟɞɫɬаɜɥɟɧɢя 

ɫɢɦɜɨɥɨɜ ɢ ɦɟɬɨɞ ɮɨɪɦɢɪɨɜаɧɢя ɢɡɨɛɪаɠɟɧɢɣ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɞɥя 

ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ ɞɥя ɪаɡɪаɛɨɬɤɢ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɦɟɬɨɞа 

ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɧа ɨɫɧɨɜɟ ɞɜɭɦɟɪɧɨɝɨ 

ɞɢɫɤɪɟɬɧɨɝɨ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя.  
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ɊȺɁȾȿɅ 3 

ɊȺɁɊȺȻɈɌКȺ ɂ ɂɋɋɅȿȾɈȼȺɇɂȿ ɆȿɌɈȾɈȼ ɂ ɂɇɎɈɊɆȺɐɂɈɇɇɈɃ 

ɌȿɏɇɈɅɈȽɂɂ ɅɈКȺɅɂɁȺɐɂɂ ɌȿКɋɌɈȼɕɏ ɈȻɅȺɋɌȿɃ ɇȺ 

ɂɁɈȻɊȺɀȿɇɂəɏ ɋɈ ɋɅɈɀɇɕɆ ɎɈɇɈɆ 

 

ȼ ɬɪɟɬɶɟɦ ɪаɡɞɟɥɟ ɩɨɥɭɱɢɥ ɞаɥɶɧɟɣɲɟɟ ɪаɡɜɢɬɢɟ ɤɨɪɪɟɥяɰɢɨɧɧɨ-

ɷɤɫɬɪɟɦаɥɶɧɵɣ ɦɟɬɨɞ ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ. 

Ɇɟɬɨɞ ɩɪɟɞɭɫɦаɬɪɢɜаɟɬ ɩɪɢɧяɬɢɟ ɤɥаɫɫɢɮɢɤаɰɢɨɧɧɨɝɨ ɪɟɲɟɧɢя ɩɨ 

ɪɟɡɭɥɶɬаɬаɦ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ аɧаɥɢɡа ɜ ɨɛɥаɫɬɢ ɜɟɣɜɥɟɬ-

ɩɪɟɨɛɪаɡɨɜаɧɢя ɫɨɝɥаɫɧɨ ɨɛɨɛɳɟɧɧɨɣ ɫɯɟɦɟ ɂɌ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа 

ɢɡɨɛɪаɠɟɧɢяɯ ɧа ɨɫɧɨɜɟ ɞɜɭɯɭɪɨɜɧɟɜɨɝɨ ɩɨɞɯɨɞа (ɫɦ. ɪɢɫ. 2.1). 

 

3.1. Кɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɵɣ ɦɟɬɨɞ ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ 

ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ  

 

Ⱦɥя ɩɨɥɭɱɟɧɢя ɌɈ-ɤаɧɞɢɞаɬɨɜ ɩɪɟɞɥɨɠɟɧ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜаɧɧɵɣ 

ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɵɣ ɦɟɬɨɞ ɨɛɧаɪɭɠɟɧɢя ɌɈ ɧа ɨɫɧɨɜɟ 

ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥа ɢ ɞɜɭɦɟɪɧɨɝɨ ɞɢɫɤɪɟɬɧɨɝɨ 

ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя (ɫɦ. ɪɢɫ. 1.8). Ɇɟɬɨɞ ɪɟаɥɢɡɭɟɬɫя ɫɥɟɞɭɸɳɟɣ 

ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɶɸ ɞɟɣɫɬɜɢɣ. 

Шɚɝ 1. Ⱦɥя ɨɛɟɫɩɟɱɟɧɢя ɢɧɜаɪɢаɧɬɧɨɫɬɢ ɤ ɦаɫɲɬаɛɭ ɢ ɭɱɟɬа ɤаɤ 

ɢɧɬɟɝɪаɥɶɧɵɯ, ɬаɤ ɢ ɞɢɮɮɟɪɟɧɰɢаɥɶɧɵɯ ɯаɪаɤɬɟɪɢɫɬɢɤ ɫɢɦɜɨɥɨɜ ɌɈ 

ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜаɬɶ Ⱦȼɉ-ɩɪɟɞɫɬаɜɥɟɧɢɟ ɢɡɨɛɪаɠɟɧɢя – 

ɦɧɨɝɨɦаɫɲɬаɛɧɨɟ ɪаɡɥɨɠɟɧɢɟ ɩɨ ɜɟɣɜɥɟɬ-ɛаɡɢɫɭ (ɩɪɢɦɟɧяɟɬɫя ɞɢɫɤɪɟɬɧɨɟ 

ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя ɧа ɞɜа ɭɪɨɜɧя) ɷɬаɥɨɧɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя ɬɟɤɫɬɨɜɨɣ 

ɨɛɥаɫɬɢ ET(x,y) ɪаɡɦɟɪɨɦ M × N ɩɢɤɫɟɥɟɣ 
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ɝɞɟ k = 1, 2 – ɬɟɤɭɳɢɣ ɧɨɦɟɪ ɷɬаɥɨɧɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя ɜ ɪаɡɥɨɠɟɧɢɢ, ET0(x,y) 

= ET(x,y), ETk(x,y) = ),,(
0

nmjWET
A

k  ɞɥя k = 1, 2; 

j0 = 0, 1 – ɢɫɯɨɞɧɵɣ ɦаɫɲɬаɛ; 

),,(
0

nmjWET
A

k  – аɩɩɪɨɤɫɢɦɢɪɭɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ; 

),,( nmjWET
i

k  – ɞɟɬаɥɢɡɢɪɭɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ (ɝɨɪɢɡɨɧɬаɥɶɧɵɟ H, 

ɜɟɪɬɢɤаɥɶɧɵɟ V, ɞɢаɝɨɧаɥɶɧɵɟ D) ɞɥя ɦаɫɲɬаɛа j> j0,  n = 0, 1,…, N-1, m= 0, 1, 

…, M-1 – ɤɨɨɪɞɢɧаɬɵ ɫɞɜɢɝа ɜɟɣɜɥɟɬɨɜ 
nmj ,,0

  ɬа i

nmj ,,
 . 

Шɚɝ 2. ɉɪɨɢɡɜɨɞɢɬɫя ɞɜɭɦɟɪɧɨɟ ɞɢɫɤɪɟɬɧɨɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢɟ ɧа 

ɞɜа ɭɪɨɜɧя ɪаɡɥɨɠɟɧɢя ɞɥя ɮɪаɝɦɟɧɬа FR(x,y) ɜɯɨɞɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя ɬаɤɨɝɨ 

ɠɟ ɪаɡɦɟɪа, ɱɬɨ ɢ ɷɬаɥɨɧɧɨɟ (ɩɨɥɭɱаɟɦ ),,(
0

nmjFR
A

k , ),,( nmjFR
i

k , 

аɧаɥɨɝɢɱɧɨ ɲаɝɭ 1). 

Шɚɝ 3. Ⱦɥя ɩɨɥɭɱɟɧɧɨɝɨ ɧа ɤаɠɞɨɦ ɭɪɨɜɧɟ ɪаɡɥɨɠɟɧɢя ɮɪаɝɦɟɧɬа 

ɜɯɨɞɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя ɨɩɪɟɞɟɥяɟɬɫя ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥяɰɢɢ ɫ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɷɬаɥɨɧаɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɧа ɲаɝɟ 1 

 

   .,,,,,),,,(*),,(),,( DVHAinmjFRnmjWETnmjKOR
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ɝɞɟ  * – ɫɢɦɜɨɥ ɨɩɟɪаɰɢɢ ɤɨɪɪɟɥяɰɢɢ. 

 

Шɚɝ 4. ɉɪɢɧɢɦаɟɬɫя ɤɥаɫɫɢɮɢɤаɰɢɨɧɧɨɟ ɪɟɲɟɧɢɟ ɨɛ ɨɛɧаɪɭɠɟɧɢɢ ɌɈ 

ɧа ɨɫɧɨɜаɧɢɢ ɫɥɟɞɭɸɳɟɝɨ ɪɟɲаɸɳɟɝɨ ɩɪаɜɢɥа 
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ɝɞɟ  TR – ɩɨɪɨɝɨɜɨɟ ɡɧаɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬа ɤɨɪɪɟɥяɰɢɢ. 

 

 



73 

 

 

3.2. Ɋɟаɥɢɡаɰɢя ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɦɟɬɨɞа ɨɛɧаɪɭɠɟɧɢя 

ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ 

 

ɉɪɨɜɟɞɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ ɢɫɫɥɟɞɨɜаɧɢя ɫ ɪаɡɥɢɱɧɵɦɢ ɬɢɩаɦɢ 

ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɣ (ɏааɪа, Ⱦɨɛɟɲɢ, ɫɢɦɦɟɬɪɢɱɧɵɯ ɜɟɣɜɥɟɬɨɜ) ɧɟ ɜɵяɜɢɥɢ 

ɨɫɨɛɵɯ ɩɪɟɢɦɭɳɟɫɬɜ ɜ ɢɫɩɨɥɶɡɨɜаɧɢɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɬɢɩа ɮɭɧɤɰɢɢ ɩɨ 

ɫɪаɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ, ɫ ɬɨɱɤɢ ɡɪɟɧɢя ɤаɱɟɫɬɜа ɨɛɧаɪɭɠɟɧɢя ɌɈ. Ȼɥаɝɨɞаɪя 

ɦɟɧɶɲɢɦ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ ɡаɬɪаɬаɦ ɩɪɢ ɪɟаɥɢɡаɰɢɢ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя 

ɜ ɤаɱɟɫɬɜɟ ɛаɡɢɫɧɨɣ ɮɭɧɤɰɢɢ ɜɵɛɪаɧа ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢя ɏааɪа.  

 

3.2.1. Ɏɨɪɦɢɪɨɜаɧɢɟ ɩɢɪаɦɢɞɵ ɢɡɨɛɪаɠɟɧɢɣ ɞɥя ɜɵɞɟɥɟɧɧɨɝɨ 

ɮɪаɝɦɟɧɬа 

 

ɇа ɞаɧɧɨɦ ɷɬаɩɟ ɨɛɪаɛɨɬɤɢ ɨɫɭɳɟɫɬɜɥяɟɬɫя ɩɪɟɨɛɪаɡɨɜаɧɢɟ ɡɧаɱɟɧɢɣ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɪаɝɦɟɧɬа ɢɡɨɛɪаɠɟɧɢя ɤ ɞɢаɩаɡɨɧɭ Д–1, 1Ж ɢ ɜɵɩɨɥɧяɟɬɫя 

ɞɢɫɤɪɟɬɧɨɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢɟ ɫ ɪаɡɥɨɠɟɧɢɟɦ ɢɡɨɛɪаɠɟɧɢя ɧа ɞɜа 

ɭɪɨɜɧя ɩɨ ɤаɠɞɨɣ ɫɨɫɬаɜɥяɸɳɟɣ ɤаɧаɥɨɜ ɰɜɟɬа R, G, B. 

Ⱦɜɭɦɟɪɧɨɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢɟ ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ ɩɨɨɱɟɪɟɞɧɨɟ 

ɨɞɧɨɦɟɪɧɨɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢɟ ɫɬɪɨɤ ɢ ɫɬɨɥɛɰɨɜ ɦаɬɪɢɰɵ ɢɡɨɛɪаɠɟɧɢя 

(ɪɢɫ. 3.1.).  
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Ɋɢɫ. 3.1.  ɋɯɟɦа ɞɜɭɦɟɪɧɨɝɨ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя  ɢɡɨɛɪаɠɟɧɢя: а – 

ɨɞɧɨɤɪаɬɧɨɟ; ɛ – ɞɜɭɤɪаɬɧɨɟ. 
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ɋɧаɱаɥа ɜɵɩɨɥɧяɸɬɫя ɨɞɧɨɦɟɪɧɵɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя ɤаɠɞɨɣ 

ɫɬɪɨɤɢ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɟɨɛɪаɡɨɜаɧɧая ɫɬɪɨɤа ɡаɩɢɫɵɜаɟɬɫя ɧа ɩɪɟɠɧɟɟ ɦɟɫɬɨ. 

Ⱦаɥɟɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя ɩɪɢɦɟɧяɸɬɫя ɤɨ ɜɫɟɦ ɫɬɨɥɛɰаɦ. ȼ ɪɟɡɭɥɶɬаɬɟ 

ɢɡɨɛɪаɠɟɧɢɟ ɪаɡɛɢɜаɟɬɫя ɧа ɱɟɬɵɪɟ ɪаɜɧɵɟ ɱаɫɬɢ. ɇа ɪɢɫ. 3.1 ɩɨɤаɡаɧɵ 

ɫɬаɧɞаɪɬɧɵɟ ɨɛɨɡɧаɱɟɧɢя ɤɜаɞɪаɧɬɨɜ ɩɪɟɨɛɪаɡɨɜаɧɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя: LL, LH, 

HL, HH.  

Кɜаɞɪаɧɬ LL ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɢɡɤɨɱаɫɬɨɬɧɵɦ ɜɟɣɜɥɟɬ-ɤɨɷɮɮɢɰɢɟɧɬаɦ, 

HH – ɜɵɫɨɤɨɱаɫɬɨɬɧɵɦ. ȿɫɥɢ ɧɟ ɨɝɨɜɨɪɟɧɨ ɢɧɨɟ, ɩɨɞ N-ɤɪаɬɧɵɦ ɞɜɭɦɟɪɧɵɦ 

ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢɟɦ ɩɨɧɢɦаɟɬɫя ɩɪɢɦɟɧɟɧɢɟ N ɪаɡ ɞɜɭɦɟɪɧɨɝɨ ɜɟɣɜɥɟɬ-

ɩɪɟɨɛɪаɡɨɜаɧɢя, ɩɪɢɱɟɦ ɨɱɟɪɟɞɧɨɟ ɞɜɭɦɟɪɧɨɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢɟ 

ɩɪɢɦɟɧяɟɬɫя ɤ ɦɥаɞɲɟɣ ɱɟɬɜɟɪɬɢ ɦаɬɪɢɰɵ (ɤɜаɞɪаɧɬ LL ɧа ɪɢɫ. 3.1, а). 

ɉɨɥɭɱɟɧɧɨɟ N-ɤɪаɬɧɨɟ ɩɪɟɨɛɪаɡɨɜаɧɢɟ ɩɨɤаɡаɧɨ ɧа ɪɢɫ. 3.1, ɛ (N= 2), 

ɝɞɟ ɩɪɢɜɟɞɟɧɵ ɫɬаɧɞаɪɬɧɵɟ ɨɛɨɡɧаɱɟɧɢя ɤɜаɞɪаɧɬɨɜ ɢɡɨɛɪаɠɟɧɢя. Кɜаɞɪаɧɬɵ 

N-ɤɪаɬɧɨɝɨ ɞɜɭɦɟɪɧɨɝɨ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя ɨɛɨɡɧаɱаɸɬɫя аɧаɥɨɝɢɱɧɨ. 

ɍɤаɡаɧɧɨɟ ɩɪɟɨɛɪаɡɨɜаɧɢɟ яɜɥяɟɬɫя ɢɟɪаɪɯɢɱɟɫɤɢɦ. ɂɧɵɦɢ ɫɥɨɜаɦɢ, ɟɫɥɢ 

ɩɪɢ ɢɫɩɨɥɶɡɨɜаɧɢɢ ɨɛɪаɬɧɨɝɨ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя ɜɵɱɢɫɥяɸɬɫя ɧɟ ɜɫɟ 

ɭɪɨɜɧɢ, а ɦɟɧɶɲɟɟ ɢɯ ɤɨɥɢɱɟɫɬɜɨ, ɬɨ ɜ ɤɜаɞɪаɧɬɟ LL ɨɛɪаɡɭɟɬɫя ɭɦɟɧɶɲɟɧɧая 

ɤɨɩɢя ɢɡɨɛɪаɠɟɧɢя (ɪɢɫ. 3.2).  

ȿɫɥɢ ɨɛɪаɬɧɨɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢɟ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫя, ɬɨ ɦɥаɞɲɢɣ 

ɤɜаɞɪаɧɬ ɬаɤɠɟ яɜɥяɟɬɫя ɭɦɟɧɶɲɟɧɧɨɣ ɤɨɩɢɟɣ ɢɡɨɛɪаɠɟɧɢя. ȼ ɫɢɥɭ ɷɬɨɝɨ 

ɫɜɨɣɫɬɜа, ɨɛɪаɬɧɨɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢɟ ɩɨɡɜɨɥяɟɬ ɜɵɪɟɡаɬɶ ɮɪаɝɦɟɧɬɵ 

ɢɡɨɛɪаɠɟɧɢɣ ɪаɡɥɢɱɧɨɝɨ ɦаɫɲɬаɛа. Ɉɞɧаɤɨ ɡаɦɟɬɢɦ, ɱɬɨ, ɜɨ-ɩɟɪɜɵɯ, 

ɞɨɫɬɭɩɧɵɟ ɦаɫɲɬаɛɵ ɨɩɪɟɞɟɥяɸɬɫя ɤɨɥɢɱɟɫɬɜɨɦ ɭɪɨɜɧɟɣ ɜɟɣɜɥɟɬ-

ɩɪɟɨɛɪаɡɨɜаɧɢя, ɢ, ɜɨ-ɜɬɨɪɵɯ, ɦаɫɲɬаɛɵ ɧɟ ɩɪɨɢɡɜɨɥɶɧɵ, а ɭɜɟɥɢɱɟɧɵ ɜ ɞɜа 

ɪаɡа.  

ɋɯɟɦа ɮɨɪɦɢɪɨɜаɧɢя ɩɢɪаɦɢɞɵ ɢɡɨɛɪаɠɟɧɢɣ ɧа ɨɫɧɨɜɟ Ⱦȼɉ 

ɩɪɟɞɫɬаɜɥɟɧа ɧа ɪɢɫ. 3.3. 
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Ɋɢɫ. 3.2. ɉɪɢɦɟɪ ɪаɡɥɨɠɟɧɢя ɢɡɨɛɪаɠɟɧɢя ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɢɫɤɪɟɬɧɨɝɨ 

ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя ɏааɪа: а – ɢɫɯɨɞɧɨɟ ɢɡɨɛɪаɠɟɧɢɟ, ɛ – ɪɟɡɭɥɶɬаɬ 

ɨɞɧɨɤɪаɬɧɨɝɨ Ⱦȼɉ; ɛ – ɪɟɡɭɥɶɬаɬ ɞɜɭɤɪаɬɧɨɝɨ Ⱦȼɉ. 

 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜаɧɢя ɩɨɤаɡаɥɢ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɵɣ 

ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɵɣ ɦɟɬɨɞ ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ 

ɢɦɟɟɬ ɜɵɫɨɤɨɟ ɤаɱɟɫɬɜɨ ɨɛɧаɪɭɠɟɧɢя ɌɈ, ɧɨ ɧɢɡɤɭɸ ɨɩɟɪаɬɢɜɧɨɫɬɶ, 

ɩɨɫɤɨɥɶɤɭ ɞɥя ɤаɠɞɨɝɨ ɮɪаɝɦɟɧɬа ɜɯɨɞɧɨɝɨ ɩɨɥɭɬɨɧɨɜɨɝɨ ɢɡɨɛɪаɠɟɧɢя 

ɧɭɠɧɨ ɜɵɱɢɫɥɢɬɶ 9 × Nm ɤɨɷɮɮɢɰɢɟɧɬɨɜ, а ɞɥя ɰɜɟɬɧɨɝɨ 27 × Nm, ɝɞɟ Nm – 

ɤɨɥɢɱɟɫɬɜɨ ɷɬаɥɨɧɧɵɯ ɢɡɨɛɪаɠɟɧɢɣ. Ⱦɥя ɩɨɜɵɲɟɧɢя ɨɩɟɪаɬɢɜɧɨɫɬɢ ɞаɧɧɨɝɨ 

ɦɟɬɨɞа ɩɪɟɞɥɨɠɟɧɨ ɩɪɢɦɟɧɢɬɶ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ, ɩɨɡɜɨɥяɸɳɢɟ ɪɟаɥɢɡɨɜаɬɶ 

ɩɪɨɰɟɫɫ ɩаɪаɥɥɟɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɮɭɧɤɰɢɣ ɤɨɪɪɟɥяɰɢɢ. 
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Иɫɯɨɞɧɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ 

36ɯ64

HL2

LH2 HH2

HL1

HH1 LH1

LL2

HH1

HH2

HL1

LH1

LL1

HL2

LH2

LL2

36ɯ64

18ɯ32

9ɯ16

ɉɢɪɚɦɢɞɚ ɢɡɨɛɪɚɠɟɧɢɹ
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Ⱦȼɉ ɧɚ 2 ɭɪɨɜɧɹ 

Ɋɚɡɥɨɠɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ 
ɞɜɚ ɭɪɨɜɧɹ  ɧɚ ɨɫɧɨɜɟ Ⱦȼɉ

 

Ɋɢɫ. 3.3. ɋɯɟɦа ɮɨɪɦɢɪɨɜаɧɢя ɩɢɪаɦɢɞɵ ɢɡɨɛɪаɠɟɧɢɣ ɧа ɨɫɧɨɜɟ Ⱦȼɉ. 

 

3.2.2. Ɋаɡɪаɛɨɬɤа ɫɬɪɭɤɬɭɪɵ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥя 

ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɩɨɥɭɬɨɧɨɜɵɯ ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ 

ɮɨɧɨɦ 

 

ȼ ɪаɛɨɬɟ ɩɪɟɞɥɨɠɟɧа ɫɬɪɭɤɬɭɪа ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥя 

ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɩɨɥɭɬɨɧɨɜɨɦ ɢɡɨɛɪаɠɟɧɢɢ (ɪɢɫ. 3.4). 

ɂɫɯɨɞɧɵɟ ɞаɧɧɵɟ ɞɥя ɪаɛɨɬɵ ɫɟɬɢ ɮɨɪɦɢɪɭɸɬɫя ɢɡ ɩɨɥɭɬɨɧɨɜɵɯ 

ɢɡɨɛɪаɠɟɧɢɣ ɪаɡɦɟɪɨɦ 36×64 ɩɢɤɫɟɥя. ɋɟɬɶ ɤɥаɫɫɢɮɢɰɢɪɭɟɬ ɮɪаɝɦɟɧɬ 

ɢɡɨɛɪаɠɟɧɢя ɧа ɞɜа ɤɥаɫɫа: «ɬɟɤɫɬɨɜая ɨɛɥаɫɬɶ» ɢ «ɧɟ ɬɟɤɫɬɨɜая ɨɛɥаɫɬɶ».  

ɋɜёɪɬɨɱɧая ɧɟɣɪɨɧɧая ɫɟɬɶ ɫɨɫɬɨɢɬ ɢɡ ɫɥɨя Ⱦȼɉ-ɩɪɟɞɫɬаɜɥɟɧɢя 

ɮɪаɝɦɟɧɬа ɜɯɨɞɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя, ɞɜɭɯ ɫɜёɪɬɨɱɧɵɯ ɫɥɨɟɜ C1 ɢ C2 (ɞɥя ɢɯ 

ɫɨɡɞаɧɢя ɢɫɩɨɥɶɡɭɸɬɫя ɪɟɰɟɩɬɢɜɧɵɟ ɦаɬɪɢɰɵ 5×5 ɢ 3×3 ɩɢɤɫɟɥя 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɞɜɭɯ ɫɥɨɟɜ ɩɨɞɜɵɛɨɪɤɢ S1 ɢ S2 (ɪаɡɦɟɪ ɪɟɰɟɩɬɢɜɧɨɣ 

ɦаɬɪɢɰɵ 2×2) ɢ ɞɜɭɯ ɩɨɥɧɨɫɜяɡɧɵɯ ɫɥɨɟɜ N1 (4 ɧɟɣɪɨɧа) ɢ N2 (ɨɞɢɧ ɧɟɣɪɨɧ) 

(ɬаɛɥ. 3.1).  
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ȼɯɨɞɧɨɟ 
ɢɡɨɛɪɚɠɟɧɧɟ

ɋɥɨɣ Ⱦȼɉ-ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɮɪɚɝɦɟɧɬɚ ɜɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ

ɋɜɟɪɬɨɱɧɵɣ
ɫɥɨɣ ɋ1

ɉɨɞɜɵɛɨɪɨɱɧɵɣ 
ɫɥɨɣ S1

ɉɨɥɧɨɫɜɹɡɧɵɣ 
ɫɥɨɣ N1

4x1x1

ɋɜɟɪɬɨɱɧɵɣ 
ɫɥɨɣ ɋ2

ɉɨɞɜɵɛɨɪɨɱɧɵɣ 
ɫɥɨɣ S2

ɉɨɥɧɨɫɜɹɡɧɵɣ 
ɫɥɨɣ N2

1x1 ȼɵɯɨɞ 
 [-1 1]

36x64

32x6036x64

18x32

9x16

14x28

5x12

16x30

14x28

5x12

14x28

12x26

3x10

7x14

6x13

3x10

Ⱦȼɉ

 

Ɋɢɫ. 3.4. ɋɬɪɭɤɬɭɪа ɩɪɟɞɥɨɠɟɧɧɨɣ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥя 

ɨɛɧаɪɭɠɟɧɢя ɌɈ ɧа ɩɨɥɭɬɨɧɨɜɵɯ ɢɡɨɛɪаɠɟɧɢяɯ. 

 

ɋɥɨɣ Ⱦȼɉ-ɩɪɟɞɫɬаɜɥɟɧɢя ɮɪаɝɦɟɧɬа ɢɡɨɛɪаɠɟɧɢя ɪɟаɥɢɡɭɟɬ 

ɞɢɫɤɪɟɬɧɨɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪаɠɟɧɢяɦɢ (3.1). ɇа 

ɜɵɯɨɞɟ ɫɥɨя ɜɯɨɞɧɨɟ ɢɡɨɛɪаɠɟɧɢɟ ɩɪɟɞɫɬаɜɥяɟɬɫя ɨɞɧɨɜɪɟɦɟɧɧɨ 

ɧɟɫɤɨɥɶɤɢɦɢ ɢɡɨɛɪаɠɟɧɢяɦɢ ɪаɡɥɢɱɧɵɯ ɪаɡɦɟɪɨɜ ɜ ɜɢɞɟ ɩɢɪаɦɢɞɵ ɜɯɨɞɧɵɯ 

ɢɡɨɛɪаɠɟɧɢɣ (ɫɮɨɪɦɢɪɨɜаɧɨ 9 ɢɡɨɛɪаɠɟɧɢɣ – ɞɜа ɧаɛɨɪа ɩɨ 4 ɢɡɨɛɪаɠɟɧɢя ɫ 

ɪаɡɦɟɪаɦɢ 18×32 ɢ 9×16 ɩɢɤɫɟɥɟɣ ɢ ɜɯɨɞɧɨɟ ɢɡɨɛɪаɠɟɧɢɟ). Ɂɧаɱɟɧɢя 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜɫɟɯ ɢɡɨɛɪаɠɟɧɢɣ ɩɟɪɟɜɨɞяɬɫя ɜ ɞɢаɩаɡɨɧ Д-1, 1]. 

ɋɥɨɣ ɋ1 ɢɦɟɟɬ 9 ɫɜёɪɬɨɱɧɵɯ ɤаɪɬ, ɤаɠɞая ɢɡ ɤɨɬɨɪɵɯ яɜɥяɟɬɫя 

ɪɟɡɭɥɶɬаɬɨɦ ɨɛɪаɛɨɬɤɢ ɩɢɪаɦɢɞɵ ɜɯɨɞɧɵɯ ɢɡɨɛɪаɠɟɧɢɣ ɫ ɩɨɦɨɳɶɸ ɫɜёɪɬɤɢ 

ɫ ɦаɫɤɨɣ 5×5. ȼ ɤаɱɟɫɬɜɟ ɮɭɧɤɰɢɢ аɤɬɢɜаɰɢɢ ɧɟɣɪɨɧɨɜ ɫɥɨя ɋ1 ɢɫɩɨɥɶɡɭɟɬɫя 

ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɣ ɬаɧɝɟɧɫ.  
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Ɍаɛɥɢɰа 3.1 – ɉаɪаɦɟɬɪɵ ɋɇɋ ɞɥя ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɩɨɥɭɬɨɧɨɜɵɯ 

ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ 

ɇаɡɜаɧɢɟ 

ɩаɪаɦɟɬɪа 
ȼɯɨɞɧɨɟ 

ɢɡɨɛɪаɠɟɧɢɟ 

ɋɥɨɣ 

ɋ1 

ɋɥɨɣ 

S1 

ɋɥɨɣ 

ɋ2 

ɋɥɨɣ 
S2 

ɋɥɨɣ 
N1 

ɋɥɨɣ 
N2 

Ɋаɡɦɟɪ, 
ɩɢɤɫɟɥɟɣ 

3664 3260 

1428 

512 

1630 

1428 

512 

1428 

1226 

310 

714 

613 

310 

11 11 

Ɋɟɰɟɩɬɢɜɧая 
ɤаɪɬа, 
ɩɢɤɫɟɥɟɣ 

– 55 22 33 22 – – 

Кɨɥɢɱɟɫɬɜɨ 
ɤаɪɬ 

– 9 9 5 5 4 1 

Ɏɭɧɤɰɢя 
аɤɬɢɜаɰɢɢ 

– Ƚɢɩɟɪɛɨɥɢ- 

ɱɟɫɤɢɣ  
ɬаɧɝɟɧɫ  
(ȽɌ)  

ɍɫɪɟɞ- 

ɧɟɧɢɟ  
ȽɌ 

 

ɍɫɪɟɞ-

ɧɟɧɢɟ 
ȽɌ 

 

ȽɌ 

 

 

Ɂɧаɱɟɧɢɟ ɷɥɟɦɟɧɬа ɤаɪɬɵ ɜɵɱɢɫɥяɟɬɫя ɩɨ ɮɨɪɦɭɥɟ 

 

                             
    

    
             (3.2) 

 

ɝɞɟ       – ɡɧаɱɟɧɢɟ ɷɥɟɦɟɧɬа   ɜ ɤаɪɬɟ ɩɪɢɡɧаɤɨɜ   ɫɥɨя  ;    – ɤɨɥɢɱɟɫɬɜɨ ɤаɪɬ ɩɪɢɡɧаɤɨɜ ɜ ɫɥɨɟ  ;       – ɡɧаɱɟɧɢɟ ɫɞɜɢɝа (ɫɦɟɳɟɧɢя) ɞɥя ɷɥɟɦɟɧɬа   ɜ ɤаɪɬɟ ɩɪɢɡɧаɤɨɜ   

ɫɥɨя  ;            
 – ɫɢɧаɩɬɢɱɟɫɤɢɣ ɜɟɫ ɫɜяɡɢ ɦɟɠɞɭ ɷɥɟɦɟɧɬɨɦ     ɜ ɤаɪɬɟ ɩɪɢɡɧаɤɨɜ    ɫɥɨя   ɢ ɷɥɟɦɟɧɬɨɦ     ɤаɪɬɵ   ɫɥɨя    . 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɫɥɨя ɩɨɞɜɵɛɨɪɤɢ S1 яɜɥяɟɬɫя ɬɨ, ɱɬɨ ɨɧ ɭɦɟɧɶɲаɟɬ ɜ 2 

ɪаɡа ɬɨɥɶɤɨ ɨɞɧɭ ɤаɪɬɭ ɫɥɨя ɋ1 ɪаɡɦɟɪɨɦ 32×60 ɩɢɤɫɟɥɟɣ, ɞɪɭɝɢɟ ɨɫɬаɸɬɫя 

ɧɟɢɡɦɟɧɧɵɦɢ. ɋɥɨɣ ɋ2 ɫɨɞɟɪɠɢɬ 5 ɫɜёɪɬɨɱɧɵɯ ɤаɪɬ, ɤаɠɞая ɢɡ ɤɨɬɨɪɵɯ 

ɩɨɥɭɱɟɧа ɫ ɩɨɦɨɳɶɸ ɫɜёɪɬɤɢ ɫ ɦаɫɤɨɣ 3×3 ɧɟɤɨɬɨɪɵɯ ɤаɪɬ ɫɥɨя S1. 
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ɋɜяɡɶ ɤаɪɬ ɫɥɨɟɜ S1 ɢ ɋ2, ɢɫɩɨɥɶɡɭɟɦая ɩɪɢ ɩɪɨɟɤɬɢɪɨɜаɧɢɢ ɞаɧɧɨɣ 

ɫɟɬɢ, ɩɪɢɜɟɞɟɧа ɜ ɬаɛɥ. 3.2. 

 

Ɍаɛɥɢɰа 3.2 – ɉаɪаɦɟɬɪɵ ɫɨɟɞɢɧɟɧɢя ɫɥɨя S1 ɢ ɫɥɨя ɋ2 

№ 1 2 3 4 5 6 7 8 9 

1 ɯ         

2  ɯ ɯ       

3    ɯ ɯ     

4      ɯ ɯ   

5        ɯ ɏ 

 

ȼ ɫɥɨɟ ɩɨɞɜɵɛɨɪɤɢ S2 ɤаɪɬɵ ɫɥɨя ɋ2 ɪаɡɦɟɪɨɦ 3×10 ɞɭɛɥɢɪɭɸɬɫя, 

ɨɫɬаɥɶɧɵɟ – ɭɦɟɧɶɲаɸɬɫя ɜ 2 ɪаɡа. ɉɨɥɧɨɫɜяɡɧɵɟ ɫɥɨɢ N1 ɢ N2 ɫɨɞɟɪɠаɬ 

ɫɬаɧɞаɪɬɧɵɟ ɧɟɣɪɨɧɵ ɫ ɮɭɧɤɰɢɟɣ аɤɬɢɜаɰɢɢ ɜ ɜɢɞɟ ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɝɨ 

ɬаɧɝɟɧɫа. Каɠɞɵɣ ɧɟɣɪɨɧ ɜ ɫɥɨɟ N1 ɫɨɟɞɢɧяɟɬɫя ɬɨɥɶɤɨ ɫ ɨɞɧɨɣ ɤаɪɬɨɣ ɫɥɨя 

ɩɨɞɜɵɛɨɪɤɢ S2. 

 

3.2.3. Ɋаɡɪаɛɨɬɤа ɫɬɪɭɤɬɭɪɵ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥя 

ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɰɜɟɬɧɵɯ ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ 

ɮɨɧɨɦ  

 

ȼ ɫɥɭɱаɟ ɨɛɪаɛɨɬɤɢ ɰɜɟɬɧɵɯ ɢɡɨɛɪаɠɟɧɢɣ ɧɟɣɪɨɧɧая ɫɟɬɶ ɢɦɟɟɬ 

аɧаɥɨɝɢɱɧɭɸ ɫɬɪɭɤɬɭɪɭ ɞɥя ɤаɠɞɨɝɨ ɤаɧаɥа R, G, B (ɩɪɨɫɬɪаɧɫɬɜɨ RGB). 

ɉɪɟɞɥɨɠɟɧɧɵɣ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɵɣ ɦɟɬɨɞ ɨɛɧаɪɭɠɟɧɢя ɞɥя 

ɰɜɟɬɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя ɪɟаɥɢɡɭɟɬɫя ɫɥɟɞɭɸɳɢɦ аɥɝɨɪɢɬɦɨɦ. 

Шɚɝ 1. ɋ ɜɯɨɞɧɨɝɨ ɰɜɟɬɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя (ɰɜɟɬɨɜɨɟ ɩɪɨɫɬɪаɧɫɬɜɨ RGB) 

ɜɵɞɟɥяɟɬɫя ɩɪяɦɨɭɝɨɥɶɧɵɣ ɮɪаɝɦɟɧɬ ɪаɡɦɟɪɨɦ 36×64 ɩɢɤɫɟɥя. 

Шɚɝ 2. Ɏɨɪɦɢɪɭɟɬɫя ɩɢɪаɦɢɞа ɢɡɨɛɪаɠɟɧɢɣ ɞɥя ɜɵɞɟɥɟɧɧɨɝɨ 

ɮɪаɝɦɟɧɬа. Ⱦɥя ɷɬɨɝɨ ɨɫɭɳɟɫɬɜɥяɟɬɫя ɩɪɟɨɛɪаɡɨɜаɧɢɟ ɡɧаɱɟɧɢɣ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɪаɝɦɟɧɬа ɢɡɨɛɪаɠɟɧɢя ɜ ɞɢаɩаɡɨɧ Д-1, 1Ж ɢ ɜɵɩɨɥɧяɟɬɫя 
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ɞɢɫɤɪɟɬɧɨɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢɟ ɫ ɪаɡɥɨɠɟɧɢɟɦ ɢɡɨɛɪаɠɟɧɢя ɧа ɞɜа 

ɭɪɨɜɧя ɩɨ ɤаɠɞɨɣ ɫɨɫɬаɜɥяɸɳɟɣ ɤаɧаɥɨɜ ɰɜɟɬа R, G, B. 

Шɚɝ 3. ɉɨɥɭɱɟɧɧɵɣ ɧаɛɨɪ ɩɢɪаɦɢɞ ɢɡɨɛɪаɠɟɧɢɣ ɩɨɫɬɭɩаɟɬ ɧа 

ɩɪɟɞɜаɪɢɬɟɥɶɧɨ ɨɛɭɱɟɧɧɭɸ ɫɜёɪɬɨɱɧɭɸ ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ, ɤɨɬɨɪая 

ɤɥаɫɫɢɮɢɰɢɪɭɟɬ ɞаɧɧɵɣ ɮɪаɝɦɟɧɬ ɢɡɨɛɪаɠɟɧɢя ɧа ɞɜа ɤɥаɫɫа: «ɬɟɤɫɬɨɜая 

ɨɛɥаɫɬɶ» ɢ «ɧɟ ɬɟɤɫɬɨɜая ɨɛɥаɫɬɶ». ɉɪɨɜɨɞɢɬɫя ɜɵɛɨɪ ɌɈ-ɤаɧɞɢɞаɬɨɜ. 

Шɚɝ 4. ɉɨɜɬɨɪяɸɬɫя ɲаɝɢ аɥɝɨɪɢɬɦа 1 - 3 (ɞɥя ɜɫɟɝɨ ɢɡɨɛɪаɠɟɧɢя). 

Шɚɝ 5. Ɏɨɪɦɢɪɭɟɬɫя ɫɩɢɫɨɤ ɤɨɨɪɞɢɧаɬ ɌɈ-ɤаɧɞɢɞаɬɨɜ. 

ɋɬɪɭɤɬɭɪа ɫɜёɪɬɨɱɧɨɣ ɫɟɬɢ ɩɪɟɞɫɬаɜɥɟɧа ɧа ɪɢɫ. 3.5. ɂɫɯɨɞɧɵɟ ɞаɧɧɵɟ 

ɞɥя ɪаɛɨɬɵ ɫɟɬɢ ɮɨɪɦɢɪɭɸɬɫя ɢɡ ɰɜɟɬɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя (ɮɨɪɦаɬ RGB) 

ɪаɡɦɟɪɨɦ 36×64 ɩɢɤɫɟɥя. ɋɟɬɶ ɞɨɥɠɧа ɨɩɪɟɞɟɥɢɬɶ, ɫɨɞɟɪɠɢɬ ɞаɧɧɵɣ 

ɮɪаɝɦɟɧɬ ɢɡɨɛɪаɠɟɧɢя ɬɟɤɫɬ ɢɥɢ ɧɟɬ. 

Ⱦɥя ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬа ɢɡ ɜɯɨɞɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя ɫ ɩɪɢɦɟɧɟɧɢɟɦ Ⱦȼɉ 

ɏааɪа ɫ ɪаɡɥɨɠɟɧɢɟɦ ɢɡɨɛɪаɠɟɧɢя ɧа ɞɜа ɭɪɨɜɧя ɮɨɪɦɢɪɭɸɬɫя ɟɳɟ ɞɜа 

ɧаɛɨɪа ɩɨ 4  ɢɡɨɛɪаɠɟɧɢя  ɫ  ɪаɡɦɟɪаɦɢ  18×32 ɢ 9×16  ɩɢɤɫɟɥɟɣ ɞɥя ɤаɠɞɨɣ 

ɫɨɫɬаɜɥяɸɳɟɣ ɤаɧаɥɨɜ ɰɜɟɬа R, G, B. Ɂɧаɱɟɧɢя ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɜɫɟɯ 

ɢɡɨɛɪаɠɟɧɢɣ ɩɨ ɤаɠɞɨɦɭ ɢɡ ɤаɧаɥɨɜ – R, G, B ɩɪɟɨɛɪаɡɭɸɬɫя ɜ ɞɢаɩаɡɨɧ 

ɢɡɦɟɧɟɧɢя Д–1, 1] . 

ɋɜёɪɬɨɱɧая ɧɟɣɪɨɧɧая ɫɟɬɶ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɫɜёɪɬɨɱɧɵɯ ɫɥɨɟɜ (C1, C2), 

ɞɜɭɯ ɩɨɞɜɵɛɨɪɨɱɧɵɯ ɫɥɨɟɜ (S1, S2) ɢ ɞɜɭɯ ɩɨɥɧɨɫɜяɡɧɵɯ ɫɥɨɟɜ (N1, N2) 

(ɬаɛɥ. 3.3). ɋɥɨɣ ɋ1 ɢɦɟɟɬ 27 ɫɜёɪɬɨɱɧɵɯ ɤаɪɬ ɩɪɢɡɧаɤɨɜ, ɤɨɬɨɪɵɟ 

ɝɪɭɩɩɢɪɭɸɬɫя ɫɨɝɥаɫɧɨ ɤаɧаɥɭ ɢɡɨɛɪаɠɟɧɢя. Каɠɞая ɤаɪɬа ɩɨɥɭɱаɟɬɫя ɜ 

ɪɟɡɭɥɶɬаɬɟ ɨɛɪаɛɨɬɤɢ ɩɢɪаɦɢɞɵ ɜɯɨɞɧɵɯ ɢɡɨɛɪаɠɟɧɢɣ ɫ ɩɨɦɨɳɶɸ ɫɜёɪɬɤɢ ɫ 

ɦаɫɤɨɣ 5×5. ȼ ɤаɱɟɫɬɜɟ ɮɭɧɤɰɢɢ аɤɬɢɜаɰɢɢ ɧɟɣɪɨɧɨɜ ɫɥɨя ɋ1 ɢɫɩɨɥɶɡɭɟɬɫя 

ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɣ ɬаɧɝɟɧɫ.  

Ɋаɫɫɦɨɬɪɢɦ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜаɧɢя ɷɬɨɝɨ ɫɥɨя, ɩɨɫɤɨɥɶɤɭ ɨɫɬаɥɶɧɵɟ 

ɫɜёɪɬɨɱɧɵɟ ɫɥɨɢ ɮɨɪɦɢɪɭɸɬɫя ɩɨɞɨɛɧɵɦ ɨɛɪаɡɨɦ. Каɠɞɵɣ ɷɥɟɦɟɧɬ ɤаɪɬɵ 

ɩɪɢɡɧаɤɨɜ ɫɨɟɞɢɧɟɧ ɫ ɨɛɥаɫɬɶɸ ɪаɡɦɟɪɨɦ 5×5 ɧа ɜɯɨɞɧɨɦ ɢɡɨɛɪаɠɟɧɢɢ, 

ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɢɦɟɟɬ 25 ɨɛɭɱаɟɦɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢ ɨɛɭɱаɟɦɨɟ ɫɦɟɳɟɧɢɟ. 

Ɂɧаɱɟɧɢɟ ɷɥɟɦɟɧɬа ɤаɪɬɵ ɜɵɱɢɫɥяɟɬɫя ɩɨ ɮɨɪɦɭɥɟ (3.2). 
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RGB

Ʉɚɧɚɥ R

18x32

9x16

ȼɯɨɞɧɨɟ 
ɢɡɨɛɪɚɠɟɧɧɢɟ 

RGB

3ɯ36x64

ɋɥɨɣ Ⱦȼɉ-ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɮɪɚɝɦɟɧɬɚ ɜɯɨɞɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ 36ɯ64

ɋɜёɪɬɨɱɧɵɣ 
ɫɥɨɣ C1

ɋɜёɪɬɨɱɧɵɣ 
ɫɥɨɣ C2

ɋɥɨɣ
N1

ɋɥɨɣ 
N2

9x16

18x32

18x32

9x16

9x16

18x32

36x64

Ʉɚɧɚɥ G

9x16

18x32

36x64

Ʉɚɧɚɥ B

14x28

12x26

12x26

12x26

12x26

3x10

3x10

3x10

3x10

14x28

5x12

14x28

32x60

14x28

14x28

5x12

5x12

5x12

14x28

32x60

5x12

ɋɥɨɣ S1

14x28

5x12

14x28

16x30

14x28

14x28

5x12

5x12

5x12
ȼɵɯɨɞ

ɋɥɨɣ S2

7x14

6x13

6x13

6x13

6x13

3x10

3x10

3x10

3x10

5x12

14x28

16x30

14x28 7x14

. . .. . .

9x16

18x32

36x64

14x28

32x60

5x12

. . .. . .

. . .

5x12

14x28

16x30

. . .

Ⱦȼɉ

Ⱦȼɉ

Ⱦȼɉ

 

Ɋɢɫ. 3.5. ɋɯɟɦа ɩɪɟɞɥɨɠɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɟɬɢ ɞɥя ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɰɜɟɬɧɵɯ ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ 

ɫɥɨɠɧɵɦ ɮɨɧɨɦ. 
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Ɍаɛɥɢɰа 3.3 – ɉаɪаɦɟɬɪɵ ɋɇɋ ɞɥя ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɰɜɟɬɧɵɯ ɢɡɨɛɪаɠɟɧɢяɯ 

ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ 

ɇаɡɜаɧɢɟ 
ɩаɪаɦɟɬɪа 

ȼɯɨɞɧɨɟ 
ɢɡɨɛɪаɠɟɧɢɟ 

ɋɥɨɣ 

ɋ1 

ɋɥɨɣ 

S1 

ɋɥɨɣ 
ɋ2 

ɋɥɨɣ 
S2 

ɋɥɨɣ 
N1 

ɋɥɨɣ 
N2 

Ɋаɡɦɟɪ, 
ɩɢɤɫɟɥɟɣ 

33664 3260 

1428 

512 

1630 

714 

512 

1428 

512 

310 

714 

512 

310 

11 11 

Ɋɟɰɟɩɬɢɜɧая 
ɤаɪɬа, 
ɩɢɤɫɟɥɟɣ 

– 55 22 33 22 – – 

Кɨɥɢɱɟɫɬɜɨ 
ɤаɪɬ 

– 27 27 10 10 10 1 

Ɏɭɧɤɰɢя 
аɤɬɢɜаɰɢɢ 

– Ƚɢɩɟɪɛɨ-

ɥɢɱɟɫɤɢɣ 
ɬаɧɝɟɧɫ  
(ȽɌ)  

ɍɫɪɟɞ-

ɧɟɧɢɟ  
ȽɌ  ɍɫɪɟɞ-

ɧɟɧɢɟ 
ȽɌ  ȽɌ 

 

Ɋɟɰɟɩɬɢɜɧɵɟ ɩɨɥя ɫɨɫɟɞɧɢɯ ɷɥɟɦɟɧɬɨɜ ɧа ɤаɪɬɟ ɩɪɢɡɧаɤɨɜ ɫɨɟɞɢɧɟɧɵ ɫ 

ɫɨɫɟɞɧɢɦɢ ɨɛɥаɫɬяɦɢ ɩɪɟɞɵɞɭɳɟɝɨ ɫɥɨя, ɫɥɟɞɫɬɜɟɧɧɨ ɷɬɢ ɩɨɥя ɱаɫɬɢɱɧɨ 

ɧаɤɥаɞɵɜаɸɬɫя ɞɪɭɝ ɧа ɞɪɭɝа. Каɤ ɛɵɥɨ ɫɤаɡаɧɨ ɪаɧɟɟ, ɜɫɟ ɷɥɟɦɟɧɬɵ ɤаɪɬɵ 

ɩɪɢɡɧаɤɨɜ ɢɦɟɸɬ ɨɛɳɢɣ ɧаɛɨɪ ɢɡ 25 ɜɟɫɨɜ ɢ ɫɞɜɢɝа, ɩɨɷɬɨɦɭ ɦɨɠɧɨ ɫɤаɡаɬɶ, ɱɬɨ 

ɨɧɢ ɢɡɜɥɟɤаɸɬ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɩɪɢɡɧаɤ ɜɨ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɨɛɥаɫɬяɯ ɩɪɟɞɵɞɭɳɟɝɨ 

ɫɥɨя. ȼ ɞаɧɧɨɦ ɫɥɭɱаɟ, 27 ɪаɡɥɢɱɧɵɯ ɤаɪɬ ɜɬɨɪɨɝɨ ɫɥɨя ɢɡɜɥɟɤаɸɬ 27 ɪаɡɥɢɱɧɵɯ 

ɩɪɢɡɧаɤɨɜ ɞɥя ɪаɡɧɵɯ ɨɛɥаɫɬɟɣ ɢɡɨɛɪаɠɟɧɢя.  

Ɂɧаɱɟɧɢя ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɤаɪɬɵ ɩɪɢɡɧаɤɨɜ ɜɵɱɢɫɥяɸɬɫя ɩɭɬɟɦ 

ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɝɨ ɩɪɨɯɨɞа ɩɨ ɜɯɨɞɧɨɦɭ ɫɥɨɸ ɢ ɩɪɢɦɟɧɟɧɢя ɮɨɪɦɭɥɵ (3.2) ɤ 

ɬɟɦ ɨɛɥаɫɬяɦ, ɤɨɬɨɪɵɟ яɜɥяɸɬɫя ɥɨɤаɥɶɧɵɦɢ ɪɟɰɟɩɬɢɜɧɵɦɢ ɞɥя ɞаɧɧɵɯ 

ɷɥɟɦɟɧɬɨɜ ɤаɪɬɵ ɩɪɢɡɧаɤɨɜ. 

ɂɧɬɟɪɟɫɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɫɜёɪɬɨɱɧɵɯ ɫɥɨɟɜ яɜɥяɟɬɫя ɬɨɬ ɮаɤɬ, ɱɬɨ ɩɪɢ 

ɫɞɜɢɝɟ ɜɯɨɞɧɨɝɨ ɢɡɨɛɪаɠɟɧɢя ɡɧаɱɟɧɢя ɤаɪɬ ɩɪɢɡɧаɤɨɜ ɛɭɞɭɬ ɫɞɜɢɧɭɬɵ ɧа ɬɭ ɠɟ 
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ɫаɦɭɸ ɜɟɥɢɱɢɧɭ. Ɂа ɫɱɟɬ ɷɬɨɝɨ ɫɜёɪɬɨɱɧɵɟ ɫɟɬɢ ɨɛɥаɞаɸɬ ɢɧɜаɪɢаɧɬɧɨɫɬɶɸ ɤ 

ɫɞɜɢɝаɦ ɢ ɢɫɤаɠɟɧɢяɦ ɜɯɨɞɧɨɝɨ ɫɢɝɧаɥа.  

ɉɨɞɜɵɛɨɪɨɱɧɵɣ ɫɥɨɣ S1 ɫɨɫɬɨɢɬ ɢɡ 3 ɤаɪɬ ɩɪɢɡɧаɤɨɜ ɪаɡɦɟɪɨɦ 1630, 12 

ɤаɪɬ ɩɪɢɡɧаɤɨɜ ɪаɡɦɟɪɨɦ 1428 ɢ 12 ɤаɪɬ ɩɪɢɡɧаɤɨɜ ɪаɡɦɟɪɨɦ 512. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S1 яɜɥяɟɬɫя  ɬɨ, ɱɬɨ ɨɧ ɭɦɟɧɶɲаɟɬ ɜ 2 ɪаɡа 

ɬɨɥɶɤɨ ɬɪɢ ɤаɪɬɵ ɫɥɨя ɋ1 ɪаɡɦɟɪɨɦ 3260 ɩɢɤɫɟɥɟɣ, ɨɫɬаɥɶɧɵɟ ɨɫɬаɸɬɫя 
ɧɟɢɡɦɟɧɧɵɦɢ. Каɠɞɵɣ ɢɡ ɷɥɟɦɟɧɬɨɜ ɤаɪɬ ɪаɡɦɟɪɨɦ 3260 ɷɬɨɝɨ ɫɥɨя ɫɨɟɞɢɧɟɧ ɫ 
ɨɛɥаɫɬɶɸ 22 ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤаɪɬɟ ɩɪɢɡɧаɤɨɜ ɩɪɟɞɵɞɭɳɟɝɨ ɫɥɨя.  

Ɂɧаɱɟɧɢя ɷɥɟɦɟɧɬɨɜ ɫɥɨɟɜ ɫɜёɪɬɤɢ ɬаɤɠɟ ɜɵɱɢɫɥяɸɬɫя ɩɨ ɮɨɪɦɭɥɟ (3.2). 

ȼаɠɧɨ ɬɨ, ɱɬɨ ɪɟɰɟɩɬɢɜɧɵɟ ɩɨɥя ɞɥя ɷɥɟɦɟɧɬɨɜ ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ  ɫɥɨя ɧɟ 

ɩɟɪɟɤɪɵɜаɸɬɫя, ɫɥɟɞɫɬɜɟɧɧɨ ɤаɪɬɵ ɩɪɢɡɧаɤɨɜ ɷɬɨɝɨ ɫɥɨя ɫɨɞɟɪɠаɬ ɜ 2 ɪаɡа 

ɦɟɧɶɲɟ ɫɬɪɨɤ ɢ ɫɬɨɥɛɰɨɜ, ɱɟɦ ɜ ɩɪɟɞɵɞɭɳɟɦ ɫɥɨɟ. ɋɬɨɢɬ ɡаɦɟɬɢɬɶ, ɱɬɨ 

ɩɨɫɤɨɥɶɤɭ ɡаɞаɱɟɣ ɞаɧɧɨɝɨ ɫɥɨя яɜɥяɟɬɫя ɩɨɞɜɵɛɨɪɤа (ɬ.ɟ. ɥɨɤаɥɶɧɨɟ 

ɭɫɪɟɞɧɟɧɢɟ), ɧɟ ɨɛяɡаɬɟɥɶɧɨ ɯɪаɧɢɬɶ ɞɥя ɤаɪɬ 4 ɜɟɫа ɢ ɫɞɜɢɝ, а ɞɨɫɬаɬɨɱɧɨ 

ɨɛɨɣɬɢɫɶ ɨɞɧɢɦ ɨɛɳɢɦ ɜɟɫɨɦ ɢ ɫɞɜɢɝɨɦ.  

ɋɥɨɣ ɋ2 ɫɨɞɟɪɠɢɬ 10 ɫɜёɪɬɨɱɧɵɯ ɤаɪɬ, ɤаɠɞая ɢɡ ɤɨɬɨɪɵɯ ɩɨɥɭɱɟɧа ɫ 

ɩɨɦɨɳɶɸ ɫɜёɪɬɤɢ ɫ ɦаɫɤɨɣ 33 ɧɟɤɨɬɨɪɵɯ ɤаɪɬ ɫɥɨя S1. ɋɜяɡɶ ɤаɪɬ, 

ɢɫɩɨɥɶɡɭɟɦая ɩɪɢ ɩɪɨɟɤɬɢɪɨɜаɧɢɢ ɞаɧɧɨɣ ɫɟɬɢ, ɩɪɢɜɟɞɟɧа ɜ ɬаɛɥ. 3.4. 

 

Ɍаɛɥɢɰа 3.4 – ɉаɪаɦɟɬɪɵ ɫɨɟɞɢɧɟɧɢя ɫɥɨя S1 ɢ ɫɥɨя ɋ2 

№ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 

1 ɯ         ɯ         ɯ         

2 ɯ         ɯ         ɯ         

3  ɯ         ɯ         ɯ        

4   ɯ         ɯ         ɯ       

5    ɯ         ɯ         ɯ      

6     ɯ         ɯ         ɯ     

7      ɯ         ɯ         ɯ    

8       ɯ         ɯ         ɯ   

9        ɯ         ɯ         ɯ  

10         ɯ         ɯ         ɯ 
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ȼ ɩɨɞɜɵɛɨɪɨɱɧɨɦ ɫɥɨɟ S2 ɤаɪɬɵ ɫɥɨя ɋ2 ɪаɡɦɟɪɨɦ 310 ɞɭɛɥɢɪɭɸɬɫя, 
ɨɫɬаɥɶɧɵɟ ɭɦɟɧɶɲаɸɬɫя ɜ 2 ɪаɡа. ɇаɤɨɧɟɰ, ɩɨɥɨɫɜяɡаɧɧɵɟ ɫɥɨɢ N1 ɢ N2 

ɫɨɞɟɪɠаɬ ɫɬаɧɞаɪɬɧɵɟ ɧɟɣɪɨɧɵ. Каɠɞɵɣ ɧɟɣɪɨɧ ɜ ɫɥɨɟ N1 ɫɨɟɞɢɧяɟɬɫя ɬɨɥɶɤɨ ɫ 

ɨɞɧɨɣ ɤаɪɬɨɣ ɫɥɨя ɩɨɞɜɵɛɨɪɤɢ S2. 

 

3.3. Ⱥɥɝɨɪɢɬɦ ɨɛɭɱɟɧɢя ɩɪɟɞɥɨɠɟɧɧɨɣ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 

 

Ⱦɥя ɨɛɭɱɟɧɢя ɋɇɋ ɛɵɥ ɜɵɛɪаɧ аɥɝɨɪɢɬɦ ɨɛɪаɬɧɨɝɨ ɪаɫɩɪɨɫɬɪаɧɟɧɢя 

ɨɲɢɛɤɢ ɫ ɭɱɟɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɬɪɭɤɬɭɪɵ ɫɜёɪɬɨɱɧɨɣ ɫɟɬɢ. Ⱥɥɝɨɪɢɬɦ 

ɨɛɪаɬɧɨɝɨ ɪаɫɩɪɨɫɬɪаɧɟɧɢя ɨɲɢɛɤɢ ɢɫɩɨɥɶɡɭɟɬ ɦɟɬɨɞɢɤɭ, ɩɨɡɜɨɥяɸɳɭɸ 

ɛɵɫɬɪɨ ɜɵɱɢɫɥяɬɶ ɜɟɤɬɨɪ ɱаɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ (ɝɪаɞɢɟɧɬ) ɫɥɨɠɧɨɣ ɮɭɧɤɰɢɢ 

ɦɧɨɝɢɯ ɩɟɪɟɦɟɧɧɵɯ, ɟɫɥɢ ɫɬɪɭɤɬɭɪа ɷɬɨɣ ɮɭɧɤɰɢɢ ɢɡɜɟɫɬɧа. ȼ ɤаɱɟɫɬɜɟ ɬаɤɨɣ 

ɮɭɧɤɰɢɢ ɜ аɥɝɨɪɢɬɦɟ ɪаɫɫɦаɬɪɢɜаɟɬɫя ɮɭɧɤɰɢя ɨɲɢɛɤɢ ɫɟɬɢ ɢ ɭɱɢɬɵɜаɟɬɫя ɬɨɬ 

ɮаɤɬ, ɱɬɨ ɫɬɪɭɤɬɭɪа ɮɭɧɤɰɢɢ ɨɲɢɛɤɢ ɫɟɬɢ ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥяɟɬɫя 

аɪɯɢɬɟɤɬɭɪɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɤɨɬɨɪая ɫɱɢɬаɟɬɫя ɢɡɜɟɫɬɧɨɣ. ȼ ɩɪɨɰɟɫɫɟ 

ɨɛɭɱɟɧɢя ɞɨɫɬɢɝаɟɬɫя ɧаɫɬɪɨɣɤа ɦɟɠɧɟɣɪɨɧɧɵɯ ɫɜяɡɟɣ ɞɥя ɫɜёɪɬɨɱɧɵɯ ɢ 

ɩɨɥɧɨɫɜяɡɧɵɯ ɫɥɨɟɜ, ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɜяɡɟɣ ɞɥя ɩɨɞɜɵɛɨɪɨɱɧɵɯ ɫɥɨɟɜ ɨɫɬаɸɬɫя 

ɧɟɢɡɦɟɧɧɵɦɢ ɢ ɪаɜɧɵɦɢ 0,25 ɢɥɢ 1. 

ȼ ɪɟɡɭɥɶɬаɬɟ ɨɛɭɱɟɧɢя ɫɟɬɶ ɮɨɪɦɢɪɨɜаɥа ɨɬɤɥɢɤɢ ɫɨ ɡɧаɱɟɧɢяɦɢ –1 ɞɥя 

ɮɪаɝɦɟɧɬа ɢɡɨɛɪаɠɟɧɢя, ɧɟ ɫɨɞɟɪɠаɳɟɝɨ ɬɟɤɫɬ, ɢ  +1  – ɞɥя ɮɪаɝɦɟɧɬа 

ɢɡɨɛɪаɠɟɧɢя ɫ ɬɟɤɫɬɨɦ. 

Ɂɧаɱɟɧɢя ɢɫɯɨɞɧɵɯ ɫɢɧаɩɬɢɱɟɫɤɢɯ ɜɟɫɨɜ ɞɥя ɜɫɟɯ ɫɜёɪɬɨɱɧɵɯ ɫɥɨёɜ ɫɟɬɢ 

ɝɟɧɟɪɢɪɨɜаɥɢɫɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡаɤɨɧɨɦ ɪаɜɧɨɦɟɪɧɨɝɨ ɪаɫɩɪɟɞɟɥɟɧɢя ɫ 

ɧɭɥɟɜɵɦ ɦаɬɟɦаɬɢɱɟɫɤɢɦ ɨɠɢɞаɧɢɟɦ ɢ ɞɢɫɩɟɪɫɢɟɣ, ɨɛɪаɬɧɨɣ ɤɜаɞɪаɬɧɨɦɭ 

ɤɨɪɧɸ ɢɡ ɤɨɥɢɱɟɫɬɜа ɫɢɧаɩɬɢɱɟɫɤɢɯ ɫɜяɡɟɣ ɧɟɣɪɨɧа Д89]. 
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3.3.1. Ɉɩɪɟɞɟɥɟɧɢɟ ɩаɪаɦɟɬɪɨɜ ɤаɪɬ ɫɥɨɟɜ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ  

 

Ɋаɫɫɦɨɬɪɢɦ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɡɧаɱɟɧɢɣ ɜɟɫɨɜɵɯ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤаɪɬ ɫɥɨɟɜ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ:  

а) ɨɬ ɜɯɨɞɧɨɝɨ ɫɥɨя  ɤ ɫɜёɪɬɨɱɧɨɦɭ ɫɥɨɸ ɋ1 (ɪɢɫ.3.6).  

Каɪɬа k 

ɫɜɟɪɬɨɱɧɨɝɨ ɫɥɨя 
ɋ1

Каɪɬа k 

ɜɯɨɞɧɨɝɨ ɫɥɨя 

Ɋɟɰɟɩɬɢɜɧая 
ɤаɪɬа l  ɫ 

ɪаɡɦɟɪɨɦ 5ɯ5
(i, j)

 

а 

Ɋɟɰɟɩɬɢɜɧая ɤаɪɬа
 5ɯ5  

ɛ 

Ɋɢɫ. 3.6. ɋɬɪɭɤɬɭɪа ɫɜяɡɢ ɷɥɟɦɟɧɬɨɜ ɜɯɨɞɧɨɝɨ ɫɥɨя ɢ ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ1: 

а – ɨɛɳая ɫɯɟɦа;  ɛ – ɩɨɞɪɨɛɧɨ ɞɥя ɷɥɟɦɟɧɬа (i,j) ɫɥɨя ɋ1. 

 

ɋɢɧаɩɬɢɱɟɫɤɢɣ ɜɟɫ ɫɜяɡɢ      ɦɟɠɞɭ ɷɥɟɦɟɧɬаɦɢ ɪɟɰɟɩɬɢɜɧɨɣ ɤаɪɬɵ    ɜ 
ɤаɪɬɟ   ɜɯɨɞɧɨɝɨ ɫɥɨя ɢ ɷɥɟɦɟɧɬɨɦ ɜ ɤаɪɬɟ   ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ1 
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   . 

 

Ɂɧаɱɟɧɢɟ         ɷɥɟɦɟɧɬа       ɜ ɤаɪɬɟ   ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ1 ɜɵɱɢɫɥяɟɬɫя 

ɩɨ ɮɨɪɦɭɥɟ 

                                        , 

 

ɝɞɟ                                                  ;           ;   – ɤɨɥɢɱɟɫɬɜɨ ɤаɪɬ ɜɯɨɞɧɨɝɨ ɫɥɨя;            ;                 – ɤɨɥɢɱɟɫɬɜɨ ɪɟɰɟɩɬɢɜɧɵɯ ɤаɪɬ 

ɤаɪɬɵ   ɜɯɨɞɧɨɝɨ ɫɥɨя;       – ɪаɡɦɟɪ ɤаɪɬɵ   ɜɯɨɞɧɨɝɨ ɫɥɨя;             – ɡɧаɱɟɧɢɟ ɷɥɟɦɟɧɬа         ɪɟɰɟɩɬɢɜɧɨɣ ɤаɪɬɵ     ɜ ɤаɪɬɟ   

ɜɯɨɞɧɨɝɨ ɫɥɨя:                                               – ɡɧаɱɟɧɢɟ ɫɦɟɳɟɧɢя ɷɥɟɦɟɧɬа       ɜ ɤаɪɬɟ   ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ1; 

ɛ) ɨɬ ɫɥɨя ɋ1  ɤ ɫɥɨɸ S1 (ɪɢɫ. 3.7).  
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Ɋɢɫ. 3.7. ɋɬɪɭɤɬɭɪа ɫɜяɡɢ ɷɥɟɦɟɧɬɨɜ ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ1 ɢ ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ 

ɫɥɨя S1. 

 

ɋɢɧаɩɬɢɱɟɫɤɢɣ ɜɟɫ ɫɜяɡɢ        ɦɟɠɞɭ ɷɥɟɦɟɧɬаɦɢ ɪɟɰɟɩɬɢɜɧɨɣ ɤаɪɬɵ    ɜ 
ɤаɪɬɟ   ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ1 ɢ ɷɥɟɦɟɧɬɨɦ ɜ ɤаɪɬɟ   ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S1 

ɨɩɪɟɞɟɥяɟɬɫя 

 

        
                       ɟɫɥɢ ɪаɡɦɟɪ ɤаɪɬɵ ɫɥɨя    ɜ   ɪаɡа ɦɟɧɶɲɟ ɪаɡɦɟɪа  

ɤаɪɬɵ ɫɥɨя ɋ                                                                            ɟɫɥɢ ɪаɡɦɟɪ ɤаɪɬ ɫɥɨёɜ ɫɨɜɩаɞаɸɬ                                        
 

ȿɫɥɢ ɪаɡɦɟɪ ɤаɪɬɵ k ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S1 ɜ 2 ɪаɡа ɦɟɧɶɲɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤаɪɬɵ ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ1, ɬɨ  

                                                             , 
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ɝɞɟ            ;   – ɤɨɥɢɱɟɫɬɜɨ ɤаɪɬ ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ1;              ;    – ɤɨɥɢɱɟɫɬɜɨ ɪɟɰɟɩɬɢɜɧɵɯ ɤаɪɬ ɞɥя ɤаɪɬɵ   ɫɜёɪɬɨɱɧɨɝɨ 

ɫɥɨя ɋ1;            – ɡɧаɱɟɧɢɟ ɷɥɟɦɟɧɬа       ɪɟɰɟɩɬɢɜɧɨɣ ɤаɪɬɵ    ɜ ɤаɪɬɟ   

ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ1;         – ɡɧаɱɟɧɢɟ ɷɥɟɦɟɧɬа       ɜ ɤаɪɬɟ   ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S1;                                   – ɪаɡɦɟɪ ɤаɪɬɵ   ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ1. 

 

ȿɫɥɢ ɤаɪɬа k ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S1 ɢɦɟɟɬ ɬɨɬ ɠɟ ɪаɡɦɟɪ, ɱɬɨ ɢ ɤаɪɬа 

ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ1, ɬɨ                , 

 

ɝɞɟ            ;   – ɤɨɥɢɱɟɫɬɜɨ ɤаɪɬ ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ1;        – ɡɧаɱɟɧɢɟ ɷɥɟɦɟɧɬа       ɜ ɤаɪɬɟ   ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ1;         – ɡɧаɱɟɧɢɟ ɷɥɟɦɟɧɬа       ɜ ɤаɪɬɟ   ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S1;                                 – ɪаɡɦɟɪ ɤаɪɬɵ   ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ1; 

 

ɜ) ɨɬ ɫɥɨя S1 ɤ ɫɥɨɸ C2 (ɪɢɫ. 3.8).  

ɋɢɧаɩɬɢɱɟɫɤɢɣ ɜɟɫ ɫɜяɡɢ        ɦɟɠɞɭ ɷɥɟɦɟɧɬаɦɢ ɪɟɰɟɩɬɢɜɧɨɣ ɤаɪɬɵ    ɜ 
ɤаɪɬɟ h ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S1 ɢ ɷɥɟɦɟɧɬɨɦ ɜ ɤаɪɬɟ   ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ2 

ɨɩɪɟɞɟɥяɟɬɫя 

 

                                                                                                      . 
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Каɪɬа k 

ɫɜɟɪɬɨɱɧɨɝɨ ɫɥɨя 
ɋ2

Cɥɨɣ S1

Каɪɬа h1 

Ɋɟɰɟɩɬɢɜɧая 
ɤаɪɬа l  ɫ 

ɪаɡɦɟɪɨɦ 3ɯ3

(i, j)

Каɪɬа hi

Каɪɬа h2 

 .

 .  

 .

 

Ɋɢɫ. 3.8. ɋɬɪɭɤɬɭɪа ɫɜяɡɢ ɷɥɟɦɟɧɬɨɜ ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S1 ɢ ɫɜёɪɬɨɱɧɨɝɨ 

ɫɥɨя ɋ2.  

 

Ɂɧаɱɟɧɢɟ         ɷɥɟɦɟɧɬа       ɜ ɤаɪɬɟ   ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ2 ɜɵɱɢɫɥяɟɬɫя 

ɩɨ ɮɨɪɦɭɥɟ 

                                          
 

ɝɞɟ                                                                 ,           ;   – ɤɨɥɢɱɟɫɬɜɨ ɤаɪɬ ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S1,            ;                 – ɤɨɥɢɱɟɫɬɜɨ ɪɟɰɟɩɬɢɜɧɢɯ ɤаɪɬ 

ɤаɪɬɵ   ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S1;       – ɪаɡɦɟɪ ɤаɪɬɵ   ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S1;  
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       – ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɜяɡɢ ɦɟɠɞɭ ɷɥɟɦɟɧɬаɦɢ ɪɟɰɟɩɬɢɜɧɨɣ ɤаɪɬɵ    ɜ 
ɤаɪɬɟ h ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S1 ɢ ɷɥɟɦɟɧɬɨɦ ɜ ɤаɪɬɟ   ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ2;             – ɡɧаɱɟɧɢɟ ɷɥɟɦɟɧɬа         ɪɟɰɟɩɬɢɜɧɨɣ ɤаɪɬɵ    ɜ ɤаɪɬɟ h 

ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S1;                        – ɦɧɨɠɟɫɬɜɨ ɫɜяɡɢ ɦɟɠɞɭ ɷɥɟɦɟɧɬɨɦ ɜ ɤаɪɬɟ   

ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ2 ɢ ɤаɪɬаɦɢ  ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S1;    – ɤɨɥɢɱɟɫɬɜɨ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɜяɡɢ ɦɟɠɞɭ ɷɥɟɦɟɧɬɨɦ ɜ ɤаɪɬɟ   

ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ2 ɢ ɤаɪɬаɦɢ  ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S1;        – ɡɧаɱɟɧɢɟ ɷɥɟɦɟɧɬа       ɜ ɤаɪɬɟ   ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ2;                   ;                   ;        – ɡɧаɱɟɧɢɟ ɫɦɟɳɟɧɢя ɷɥɟɦɟɧɬа       ɜ ɤаɪɬɟ   ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ2; 

ɝ) ɨɬ ɫɥɨя C2 ɤ ɫɥɨɸ S2. ɋɢɧаɩɬɢɱɟɫɤɢɣ ɜɟɫ ɫɜяɡɢ      ɦɟɠɞɭ ɷɥɟɦɟɧɬаɦɢ 

ɪɟɰɟɩɬɢɜɧɨɣ ɤаɪɬɵ    ɜ ɤаɪɬɟ   ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ2 ɢ ɷɥɟɦɟɧɬɨɦ  ɜ ɤаɪɬɟ   

ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S2 

 

        
                       ɟɫɥɢ ɪаɡɦɟɪ ɤаɪɬɵ ɫɥɨя    ɜ   ɪаɡа ɦɟɧɶɲɟ ɪаɡɦɟɪа  

ɤаɪɬɵ ɫɥɨя ɋ                                                                            ɟɫɥɢ ɪаɡɦɟɪ ɤаɪɬ ɫɥɨёɜ ɫɨɜɩаɞаɸɬ                                        
 

ȿɫɥɢ ɪаɡɦɟɪ ɤаɪɬɵ k ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S2 ɜ 2 ɪаɡа ɦɟɧɶɲɟ ɪаɡɦɟɪа 

ɤаɪɬɵ ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ2, ɬɨ  

                                                             , 
 

ɝɞɟ            ;   – ɤɨɥɢɱɟɫɬɜɨ ɤаɪɬ ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ2;             ;   – ɤɨɥɢɱɟɫɬɜɨ ɪɟɰɟɩɬɢɜɧɵɯ ɤаɪɬ ɤаɪɬɵ   ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя 
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ɋ2;            – ɡɧаɱɟɧɢɟ ɷɥɟɦɟɧɬа       ɪɟɰɟɩɬɢɜɧɨɣ ɤаɪɬɵ    ɜ ɤаɪɬɟ   

ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ2;         – ɡɧаɱɟɧɢɟ ɷɥɟɦɟɧɬа       ɜ ɤаɪɬɟ   ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S2;                                   – ɪаɡɦɟɪ ɤаɪɬɵ   ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ2. 

ȿɫɥɢ ɤаɪɬа k ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S2 ɢɦɟɟɬ ɬɨɬ ɠɟ ɪаɡɦɟɪ, ɱɬɨ ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳая ɤаɪɬа ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ2, ɬɨ  

               , 

 

ɝɞɟ            ;   – ɤɨɥɢɱɟɫɬɜɨ ɤаɪɬ ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ2;         – ɡɧаɱɟɧɢɟ ɷɥɟɦɟɧɬа       ɜ ɤаɪɬɟ   ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ2;         – ɡɧаɱɟɧɢɟ ɷɥɟɦɟɧɬа       ɜ ɤаɪɬɟ   ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S2;                                 – ɪаɡɦɟɪ ɤаɪɬɵ   ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ2; 

 

ɞ) ɨɬ ɫɥɨя S2  ɞɨ ɫɥɨя N1 (ɪɢɫ. 3.9). 

Ɂɧаɱɟɧɢɟ     ɷɥɟɦɟɧɬа       ɜ ɤаɪɬɟ   ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨя ɋ1 ɜɵɱɢɫɥяɟɬɫя 

ɩɨ ɮɨɪɦɭɥɟ 

 

                         

ɝɞɟ                                                         ; n1 – ɤɨɥɢɱɟɫɬɜɨ ɧɟɣɪɨɧɨɜ ɩɨɥɧɨɫɜяɡаɧɧɨɝɨ ɫɥɨя N1;           – ɫɢɧаɩɬɢɱɟɫɤɢɣ ɜɟɫ ɫɜяɡɢ  ɦɟɠɞɭ ɷɥɟɦɟɧɬɨɦ        ɜ ɤаɪɬɟ    

ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S2 ɢ ɧɟɣɪɨɧɨɦ   ɩɨɥɧɨɫɜяɡаɧɧɨɝɨ ɫɥɨя N1;             ;      – ɤɨɥɢɱɟɫɬɜɨ ɤаɪɬ ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S2; 
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       – ɪаɡɦɟɪ ɤаɪɬɵ   ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S2;            – ɡɧаɱɟɧɢɟ ɷɥɟɦɟɧɬа       ɜ ɤаɪɬɟ h ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S2;     – ɡɧаɱɟɧɢɟ ɧɟɣɪɨɧа   ɩɨɥɧɨɫɜяɡаɧɧɨɝɨ ɫɥɨя N1;     – ɡɧаɱɟɧɢɟ ɫɦɟɳɟɧɢя ɧɟɣɪɨɧа   ɩɨɥɧɨɫɜяɡаɧɧɨɝɨ ɫɥɨя N1; 

 .

 .  

 .

 .

 .  

 .

Cɥɨɣ N1 

ɧɟɣɪɨɧ k 

Cɥɨɣ S2

 

Каɪɬа h1

Каɪɬа hi

Каɪɬа NS2

 

Ɋɢɫ. 3.9. ɋɬɪɭɤɬɭɪа ɫɜяɡɢ ɷɥɟɦɟɧɬɨɜ ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S2 ɢ ɢ ɷɥɟɦɟɧɬа k 

ɩɨɥɧɨɫɜяɡɧɨɝɨ ɫɥɨя N1.  

 

ɟ) ɨɬ N1 ɤ N2 (ɜɵɯɨɞɧɨɣ ɫɥɨɣ) (ɪɢɫ. 3.10).  

Ɂɧаɱɟɧɢɟ     ɷɥɟɦɟɧɬа       ɜ ɤаɪɬɟ   ɩɨɥɧɨɫɜяɡɧɨɝɨ ɫɥɨя N2 ɜɵɱɢɫɥяɟɬɫя 

ɩɨ ɮɨɪɦɭɥɟ 
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                           ,            ; n1 – ɤɨɥɢɱɟɫɬɜɨ ɧɟɣɪɨɧɨɜ ɩɨɥɧɨɫɜяɡаɧɧɨɝɨ ɫɥɨя N1;     – ɫɢɧаɩɬɢɱɟɫɤɢɣ ɜɟɫ ɫɜяɡɢ ɦɟɠɞɭ ɧɟɣɪɨɧɨɦ   ɩɨɥɧɨɫɜяɡаɧɧɨɝɨ ɫɥɨя 
N1 ɢ ɧɟɣɪɨɧɨɦ ɩɨɥɧɨɫɜяɡаɧɧɨɝɨ ɫɥɨя N2;     – ɡɧаɱɟɧɢɟ ɧа ɜɵɯɨɞɟ ɧɟɣɪɨɧа   ɩɨɥɧɨɫɜяɡаɧɧɨɝɨ ɫɥɨя N1;    – ɡɧаɱɟɧɢɟ ɧа ɜɵɯɨɞɟ ɧɟɣɪɨɧа ɩɨɥɧɨɫɜяɡаɧɧɨɝɨ ɫɥɨя N2 (ɜɵɯɨɞɧɨɟ 

ɡɧаɱɟɧɢɟ ɫɟɬɢ);     – ɡɧаɱɟɧɢɟ ɫɦɟɳɟɧɢя ɧɟɣɪɨɧа   ɩɨɥɧɨɫɜяɡаɧɧɨɝɨ ɫɥɨя N2. 

 

 .

 .  

 .

Cɥɨɣ N1 

Cɥɨɣ N2 

ɧɟɣɪɨɧ 1 

ɧɟɣɪɨɧ 2 

ɧɟɣɪɨɧ 3 

ɧɟɣɪɨɧ n 
 

Ɋɢɫ. 3.10. ɋɬɪɭɤɬɭɪа ɫɜяɡɢ ɷɥɟɦɟɧɬɨɜ ɩɨɥɧɨɫɜяɡɧɨɝɨ ɫɥɨя N1 ɢ ɜɵɯɨɞɧɨɝɨ 

ɷɥɟɦɟɧɬа ɩɨɥɧɨɫɜяɡɧɨɝɨ ɫɥɨя N2.  

 

3.3.2. Ɉɩɪɟɞɟɥɟɧɢɟ ɨɲɢɛɨɤ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ  

 

ɋɟɬɶ ɨɛɭɱаɟɬɫя ɦɟɬɨɞɨɦ ɨɛɪаɬɧɨɝɨ ɪаɫɩɪɨɫɬɪаɧɟɧɢя ɢɫɯɨɞя ɢɡ 

ɨɛɟɫɩɟɱɟɧɢя ɦɢɧɢɦаɥɶɧɨɣ ɫɪɟɞɧɟɤɜаɞɪаɬɢɱɟɫɤɨɣ ɨɲɢɛɤɢ ɤɥаɫɫɢɮɢɤаɰɢɢ  

                    
ɝɞɟ  ɋ={-1, 1} – ɜɨɡɦɨɠɧɨɟ (ɰɟɥɟɜɨɟ) ɡɧаɱɟɧɢɟ ɧа ɜɵɯɨɞɟ ɫɟɬɢ (ɪаɫɩɨɡɧаɟɬɫя 

ɬɟɤɫɬɨɜая ɨɛɥаɫɬɶ – ɜɵɯɨɞ +1, ɧɟ ɬɟɤɫɬɨɜая – ɜɵɯɨɞ -1).  
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ɉɨɷɬɨɦɭ ɞɥя ɨɛɭɱɟɧɢя ɫɟɬɢ ɫɨɝɥаɫɧɨ ɦɟɬɨɞɭ ɨɛɪаɬɧɨɝɨ ɪаɫɩɪɨɫɬɪаɧɟɧɢя 

ɨɲɢɛɤɢ ɧаɯɨɞɢɦ ɩɪɨɢɡɜɨɞɧɭɸ ɨɲɢɛɤɢ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ w ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɜ 

ɤаɱɟɫɬɜɟ ɮɭɧɤɰɢɢ аɤɬɢɜаɰɢɢ ɧɟɣɪɨɧɨɜ ɢɫɩɨɥɶɡɭɟɬɫя ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɣ ɬаɧɝɟɧɫ: 

                              
 

ɝɞɟ        – ɜɵɯɨɞ ɫɟɬɢ,   – ɜɵɯɨɞ ɧɟɣɪɨɧа, ɤɨɬɨɪɵɣ ɫɜяɡаɧ ɫ ɜɵɯɨɞɨɦ ɫɟɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ w. 

Ɉɲɢɛɤɢ ɫɥɨɟɜ ɪаɫɫɱɢɬɵɜаɸɬɫя ɫɥɟɞɭɸɳɢɦ ɨɛɪаɡɨɦ: 

 ɨɲɢɛɤа ɫɥɨя N2 

                               ; 
 

 ɨɲɢɛɤа ɫɥɨя N1 

                                     , 

 

ɝɞɟ            n1 – ɤɨɥɢɱɟɫɬɜɨ ɧɟɣɪɨɧɨɜ ɩɨɥɧɨɫɜяɡаɧɧɨɝɨ ɫɥɨя N1; 

 ɨɲɢɛɤа ɫɥɨя S2 

                                     , 

 

ɝɞɟ             ;      – ɤɨɥɢɱɟɫɬɜɨ ɤаɪɬ ɩɨɞɜɵɛɨɪɨɱɧɨɝɨ ɫɥɨя S2; 

 ɨɲɢɛɤа ɫɥɨя C2                  , 

ɝɞɟ              ;      – ɤɨɥɢɱɟɫɬɜɨ ɤаɪɬ ɫɥɨя C2; 
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 ɨɲɢɛɤа ɫɥɨя S1 

                                        , 

 

ɝɞɟ             ;      – ɤɨɥɢɱɟɫɬɜɨ ɤаɪɬ ɫɥɨя S1;    – ɧɨɦɟɪ ɤаɪɬ ɫɥɨя ɋ2, ɤɨɬɨɪɵɟ ɫɜяɡаɧɵ ɫ ɤаɪɬɨɣ h ɫɥɨя S1; 

 ɨɲɢɛɤа ɫɥɨя C1                  , 

 

ɝɞɟ              ;      – ɤɨɥɢɱɟɫɬɜɨ ɤаɪɬ ɫɥɨя C1. 

 

3.3.3 Кɨɪɪɟɤɰɢя ɜɟɫɨɜ ɫɜяɡɢ ɦɟɠɞɭ ɫɥɨяɦɢ ɢ ɡɧаɱɟɧɢɣ ɫɦɟɳɟɧɢя  

 

ȼ ɯɨɞɟ ɨɛɭɱɟɧɢя ɫɟɬɢ ɞɥя ɤаɠɞɨɝɨ ɢɡ ɫɥɨɟɜ ɜɵɩɨɥɧяɟɬɫя ɤɨɪɪɟɤɰɢя ɜɟɫɨɜ:  

а) ɨɬ ɫɥɨя N1 ɤ ɫɥɨɸ N2                       ,                 ; 
 

ɛ) ɨɬ ɫɥɨя S2  ɤ ɫɥɨɸ N1                                        ,                     ; 

 

ɜ) ɨɬ ɫɥɨя S1  ɤ ɫɥɨя C2                                              ,                                   ; 
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ɝ) ɨɬ ɜɯɨɞɧɨɝɨ ɫɥɨя  ɤ ɫɥɨɸ ɋ1                                               ,                                   , 
ɝɞɟ                 . 

 

3.4 ɂɫɫɥɟɞɨɜаɧɢɟ ɩɪɢɦɟɧɟɧɢя ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥя 

ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ 

 

Ɉɛɭɱаɸɳая ɜɵɛɨɪɤа ɫɮɨɪɦɢɪɨɜаɧа ɫ ɩɨɦɨɳɶɸ ɪаɡɪаɛɨɬаɧɧɵɯ 

ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥа ɬɟɤɫɬа ɢ ɦɟɬɨɞа ɮɨɪɦɢɪɨɜаɧɢя 

ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ. Ⱥɜɬɨɦаɬɢɡаɰɢя ɩɪɨɰɟɫɫа ɫɨɡɞаɧɢя 

ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ ɩɨɡɜɨɥɢɥа ɭɫɬɪаɧɢɬɶ ɜɥɢяɧɢɟ ɫɭɛɴɟɤɬɢɜɧɵɯ ɮаɤɬɨɪɨɜ ɩɪɢ 

ɮɨɪɦɢɪɨɜаɧɢɢ ɢ ɩɨɜɵɫɢɬɶ ɭɪɨɜɟɧɶ ɟɟ ɩɪɟɞɫɬаɜɢɬɟɥɶɫɬɜа. ȼ ɯɨɞɟ ɨɛɭɱɟɧɢя 

ɢɡɨɛɪаɠɟɧɢя ɫɮɨɪɦɢɪɨɜаɧɧɵɯ ɌɈ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨ ɩɨɞаɜаɥɢɫɶ ɧа ɜɯɨɞ 

ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. ȼ ɪɟɡɭɥɶɬаɬɟ ɨɛɭɱɟɧɢя ɫɟɬɶ ɮɨɪɦɢɪɨɜаɥа ɨɬɡɵɜɵ ɫɨ 

ɡɧаɱɟɧɢяɦɢ 1 ɞɥя ɮɪаɝɦɟɧɬа ɢɡɨɛɪаɠɟɧɢя, ɤɨɬɨɪɵɣ ɧɟ ɫɨɞɟɪɠɢɬ ɬɟɤɫɬ, ɢ 1 – ɞɥя 

ɮɪаɝɦɟɧɬа ɢɡɨɛɪаɠɟɧɢя ɫ ɬɟɤɫɬɨɦ. ɉɪɨɜɟɪɤа ɤаɱɟɫɬɜа ɨɛɭɱɟɧɢя ɫɟɬɢ 

ɨɫɭɳɟɫɬɜɥяɥаɫɶ ɨɬɞɟɥɶɧɨ ɧа ɤɨɧɬɪɨɥɶɧɵɯ ɜɵɛɨɪɤаɯ (ɩɨ 500 ɢɡɨɛɪаɠɟɧɢɣ) 

ɰɜɟɬɧɵɯ ɢ ɩɨɥɭɬɨɧɨɜɵɯ ɢɡɨɛɪаɠɟɧɢɣ. Каɠɞая ɤɨɧɬɪɨɥɶɧая ɜɵɛɨɪɤа ɜɤɥɸɱаɥа 

50% ɢɡɨɛɪаɠɟɧɢɣ ɌɈ, ɫɮɨɪɦɢɪɨɜаɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞа 

ɮɨɪɦɢɪɨɜаɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ, ɢ 50% ɪɟаɥɶɧɵɯ 

ɢɡɨɛɪаɠɟɧɢɣ. 

Ⱦɥя ɨɰɟɧɤɢ ɤаɱɟɫɬɜа ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ (ɬаɛɥ. 3.5) 
ɢɫɩɨɥɶɡɨɜаɧɵ ɬаɤɢɟ ɨɰɟɧɤɢ, ɤаɤ ɨɲɢɛɤɢ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɪɨɞа, ɦɟɪɵ ɬɨɱɧɨɫɬɢ 
Precision (Pr) ɢ ɩɨɥɧɨɬɵ Recall (Rc). 
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Ɋɢɫ. 3.11. ɉɪɢɦɟɪɵ ɢɡɨɛɪаɠɟɧɢɣ ɤɨɧɬɪɨɥɶɧɨɣ ɜɵɛɨɪɤɢ. 

 

Ɍаɛɥɢɰа 3.5 – Ɋɟɡɭɥɶɬаɬɵ ɨɰɟɧɢɜаɧɢя ɤаɱɟɫɬɜа ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ 

ɍɫɥɨɜɢя ɮɨɪɦɢɪɨɜаɧɢя ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ Pr , 

% 

Rc, 

%  

Ɉɲɢɛɤа 
І ɪɨɞа, % 

Ɉɲɢɛɤа 
ІІ ɪɨɞа,   
% 

ɛɟɡ ɢɫɩɨɥɶɡɨɜаɧɢя ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ 
ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥа ɬɟɤɫɬа   

77,7 80,0 22,3 20,0 

ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ 
ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ 
ɩɪɟɞɫɬаɜɥɟɧɢя 
ɫɢɦɜɨɥа  

ɩɨɥɭɬɨɧɨɜɵɟ 

ɢɡɨɛɪаɠɟɧɢя 

87,7 86,6 12,1 12,9 

ɰɜɟɬɧɵɟ 
ɢɡɨɛɪаɠɟɧɢя 

87,3 87,2 12,4 12,7 

 

Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɤаɱɟɫɬɜɨ ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɤɨɧɬɪɨɥɶɧɨɣ 

ɜɵɛɨɪɤɢ (500 ɢɡɨɛɪаɠɟɧɢɣ ɧа ɫɥɨɠɧɨɦ ɮɨɧɟ) ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɩɪɟɞɥɨɠɟɧɧɨɝɨ 

ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɦɟɬɨɞа ɢ ɟɝɨ ɪɟаɥɢɡаɰɢɢ ɧа ɨɫɧɨɜɟ ɫɜёɪɬɨɱɧɨɣ 

ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɢɡ Ⱦȼɉ-ɩɪɟɞɫɬаɜɥɟɧɢɟɦ ɢɡɨɛɪаɠɟɧɢя ɧа ɨɫɧɨɜɟ ɞɢɫɤɪɟɬɧɨɝɨ 

ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя ɢ ɭɱɟɛɧɵɦ ɧаɛɨɪɨɦ ɧа ɨɫɧɨɜɟ ɫɨɡɞаɧɧɵɯ ɬɟɤɫɬɨɜɵɯ 

ɨɛɥаɫɬɟɣ ɫɨɫɬаɜɢɥа 87,7%, ɱɬɨ ɧа 10% ɜɵɲɟ ɤаɱɟɫɬɜа ɨɛɧаɪɭɠɟɧɢя ɌɈ ɫɟɬɶɸ 

ɛɟɡ ɢɫɩɨɥɶɡɨɜаɧɢя ɭɱɟɛɧɵɯ ɧаɛɨɪɨɜ ɧа ɨɫɧɨɜɟ ɫɨɡɞаɧɧɵɯ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ 

(77,7%). 

Ɂа ɫɱɟɬ аɜɬɨɦаɬɢɡаɰɢɢ ɩɪɨɰɟɫɫа ɫɨɡɞаɧɢя ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ 

ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɢɥɨɫɶ ɜɪɟɦя ɟɟ ɮɨɪɦɢɪɨɜаɧɢя (ɞɨ ɦɢɧɭɬ ɩɨ ɫɪаɜɧɟɧɢɸ ɫ 
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ɱаɫаɦɢ ɢ ɞɧяɦɢ, ɧɟɨɛɯɨɞɢɦɵɦɢ ɞɥя ɩɨɥɭɱɟɧɢя ɢ ɨɛɪаɛɨɬɤɢ ɞɨɫɬаɬɨɱɧɨɝɨ 

ɤɨɥɢɱɟɫɬɜа ɪɟаɥɶɧɵɯ ɢɡɨɛɪаɠɟɧɢɣ ɌɈ), ɱɬɨ ɩɨɜɵɫɢɥɨ ɨɩɟɪаɬɢɜɧɨɫɬɶ 

ɨɛɧаɪɭɠɟɧɢя ɌɈ, а ɢɫɩɨɥɶɡɨɜаɧɢɟ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫ Ⱦȼɉ-

ɩɪɟɞɫɬаɜɥɟɧɢɟɦ ɢɡɨɛɪаɠɟɧɢя ɩɨɡɜɨɥɢɥɨ ɭɦɟɧɶɲɢɬɶ ɡаɜɢɫɢɦɨɫɬɶ ɪɟɡɭɥɶɬаɬɨɜ 

ɨɛɧаɪɭɠɟɧɢя ɌɈ ɨɬ ɪаɡɦɟɪɨɜ ɢ ɬɢɩɨɜ ɲɪɢɮɬɨɜ ɬɟɤɫɬа. 

Ⱦɥя ɨɛɭɱɟɧɢя ɫɟɬɢ ɛɵɥа ɫɨɡɞаɧа ɨɛɭɱаɸɳая ɜɵɛɨɪɤа ɢɡ 676 ɢɡɨɛɪаɠɟɧɢɣ 

(3664 ɩɢɤɫɟɥя) ɫɨ ɫɥɨɠɧɵɦ  ɮɨɧɨɦ ɢ ɤɨɧɬɪɨɥɶɧая ɜɵɛɨɪɤа  ɢɡ 560 
ɢɡɨɛɪаɠɟɧɢɣ. ɂɡɨɛɪаɠɟɧɢя ɤɨɧɬɪɨɥɶɧɨɣ ɜɵɛɨɪɤɢ ɜɤɥɸɱаɥɢ ɬɟɤɫɬ ɫ 

ɪаɡɥɢɱɧɵɦɢ ɪаɡɦɟɪаɦɢ, ɬɢɩаɦɢ ɢ ɰɜɟɬɨɦ ɲɪɢɮɬɨɜ, ɦɧɨɝɨɫɬɪɨɱɧɵɣ ɬɟɤɫɬ. 

Кɪɨɦɟ ɫɢɦɜɨɥɨɜ ɬɟɤɫɬа ɨɧɢ ɫɨɞɟɪɠаɥɢ ɢ ɞɪɭɝɢɟ ɨɛɴɟɤɬɵ (ɮɪаɝɦɟɧɬɵ ɞɨɦɨɜ, 

ɞɟɪɟɜɶɟɜ ɢ ɬ.ɞ.). Ɍаɤɠɟ ɛɵɥɢ ɞɨɛаɜɥɟɧɵ ɢɡɨɛɪаɠɟɧɢя, ɫɨɞɟɪɠаɳɢɟ ɬɨɥɶɤɨ ɱаɫɬɶ 

ɫɢɦɜɨɥɨɜ ɬɟɤɫɬа ɢ ɛɟɡ ɬɟɤɫɬа. 

Ɍɢɩɢɱɧɵɟ ɝɪаɮɢɤɢ ɩɪɨɰɟɫɫа ɨɛɭɱɟɧɢя ɫɟɬɢ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɫɨɡɞаɧɧɨɝɨ 

ɨɛɭɱаɸɳɟɝɨ ɧаɛɨɪа ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫ. 3.12.  

 
Ɋɢɫ. 3.12. Ƚɪаɮɢɤɢ ɩɪɨɰɟɫɫа ɨɛɭɱɟɧɢя ɫɟɬɢ, ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɫɨɡɞаɧɧɨɝɨ  

ɨɛɭɱаɸɳɟɝɨ ɧаɛɨɪа. 
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3.5. Ɇɟɬɨɞ ɥɨɤаɥɢɡаɰɢɢ ɬɟɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ 

ɮɨɧɨɦ ɧа ɨɫɧɨɜɟ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ 

ɦɧɨɝɨɦаɫɲɬаɛɧɨɝɨ ɩɪɟɞɫɬаɜɥɟɧɢя ɢɡɨɛɪаɠɟɧɢя ɧа ɨɫɧɨɜɟ Ⱦȼɉ 

 

ɉɪɟɞɥɨɠɟɧɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜаɬɶ ɦɟɬɨɞ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɡа 

ɫɱɟɬ ɢɫɩɨɥɶɡɨɜаɧɢя ɪаɡɪаɛɨɬаɧɧɨɝɨ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɦɟɬɨɞа 

ɨɛɧаɪɭɠɟɧɢя ɌɈ ɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɣ ɨɛɪаɛɨɬɤɢ ɢɡɨɛɪаɠɟɧɢɣ ɬɟɤɫɬɨɜɵɯ 

ɨɛɥаɫɬɟɣ. 

ɍɫɨɜɟɪɲɟɧɫɬɜɨɜаɧɧɵɣ ɦɟɬɨɞ ɥɨɤаɥɢɡаɰɢɢ ɪɟаɥɢɡɭɟɬɫя ɫɥɟɞɭɸɳɢɦ 

аɥɝɨɪɢɬɦɨɦ: 

Шɚɝ 1. ɌɈ-ɤаɧɞɢɞаɬ, ɩɨɥɭɱɟɧɧая ɫ ɩɨɦɨɳɶɸ ɪаɡɪаɛɨɬаɧɧɨɝɨ ɦɟɬɨɞа 

ɨɛɧаɪɭɠɟɧɢя ɌɈ, ɩɨɞɜɟɪɝаɟɬɫя ɞɢɫɤɪɟɬɧɨɦɭ ɞɜɭɦɟɪɧɨɦɭ ɜɟɣɜɥɟɬ-

ɩɪɟɨɛɪаɡɨɜаɧɢɸ ɫ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɟɣ ɏааɪа. ȼ ɪɟɡɭɥɶɬаɬɟ ɮɨɪɦɢɪɭɟɬɫя 

ɩɢɪаɦɢɞа ɢɡ ɩяɬɢ (ɞɥя ɩɨɥɭɬɨɧɨɜɵɯ) ɢɥɢ 15 (ɞɥя ɰɜɟɬɧɵɯ, ɩɪɨɫɬɪаɧɫɬɜɨ RGB) 

ɢɡɨɛɪаɠɟɧɢɣ. 

Шɚɝ 2. Ⱦɥя ɤаɠɞɨɝɨ ɢɡ ɢɡɨɛɪаɠɟɧɢɣ, ɜɢɡɭаɥɢɡɢɪɭɸɳɢɯ ɞɟɬаɥɢɡɢɪɭɸɳɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬɵ, ɜɵɩɨɥɧяɟɬɫя ɦɨɪɮɨɥɨɝɢɱɟɫɤая ɨɩɟɪаɰɢя – ɞɢɥаɬаɰɢя ɫɨ 

ɫɬɪɭɤɬɭɪɧɵɦɢ ɷɥɟɦɟɧɬаɦɢ ɪаɡɦɟɪа 3×5, 3×3 ɢ 7×5 ɩɢɤɫɟɥɟɣ (ɞɥя 

ɝɨɪɢɡɨɧɬаɥɶɧɵɯ, ɞɢаɝɨɧаɥɶɧɵɯ ɢ ɜɟɪɬɢɤаɥɶɧɵɯ ɢɡɨɛɪаɠɟɧɢɣ ɞɟɬаɥɢɡɢɪɭɸɳɢɯ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). 

Шɚɝ 3. Ɉɛɪаɛɨɬаɧɧɵɟ ɢɡɨɛɪаɠɟɧɢя ɜɦɟɫɬɟ ɫ ɜɯɨɞɧɵɦ ɢ ɞɜɭɦя 

ɢɡɨɛɪаɠɟɧɢяɦɢ аɩɩɪɨɤɫɢɦɢɪɭɸɳɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɞаɸɬɫя ɧа ɜɯɨɞ 

ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɤɨɬɨɪая ɨɤɨɧɱаɬɟɥɶɧɨ ɤɥаɫɫɢɮɢɰɢɪɭɟɬ ɌɈ-ɤаɧɞɢɞаɬ 

ɧа ɞɜа ɤɥаɫɫа: «ɬɟɤɫɬɨɜая ɨɛɥаɫɬɶ» ɢɥɢ «ɧɟ ɬɟɤɫɬɨɜая ɨɛɥаɫɬɶ». 

Шɚɝ 4. ɍɬɨɱɧяɸɬɫя ɤɨɨɪɞɢɧаɬɵ ɬɟɤɫɬɨɜɨɣ ɨɛɥаɫɬɢ ɢ ɨɩɪɟɞɟɥяɸɬɫя ɟɟ 

ɝɪаɧɢɰɵ ɜ ɜɢɞɟ ɨɬɪɟɡɤɨɜ ɩɪяɦɵɯ ɥɢɧɢɣ. 

ȼ ɪɟɡɭɥɶɬаɬɟ ɩɪɢɦɟɧɟɧɢя ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞа ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɤɨ ɜɫɟɦɭ 

ɢɡɨɛɪаɠɟɧɢɸ, ɨɩɪɟɞɟɥяɸɬɫя ɤɨɨɪɞɢɧаɬɵ ɩɪяɦɨɭɝɨɥɶɧɵɯ ɨɛɥаɫɬɟɣ, ɫɨɞɟɪɠаɳɢɯ 
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ɫɢɦɜɨɥɵ ɬɟɤɫɬа.  

ɋɯɟɦа ɦɟɬɨɞа ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ ɧа 

ɨɫɧɨɜɟ ɋɇɋ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɦɧɨɝɨɦаɫɲɬаɛɧɨɝɨ ɩɪɟɞɫɬаɜɥɟɧɢя ɢɡɨɛɪаɠɟɧɢя 

ɧа ɨɫɧɨɜɟ Ⱦȼɉ ɩɪɟɞɫɬаɜɥɟɧа ɧа ɪɢɫ. 3.13. 

 

Вɵɩɨɥɧɟɧɢɟ ДВɉ ɧɚ 
2 ɭɪɨɜɧɹ ɩɨ 

ɫɨɫɬɚɜɥɹɸщɢɦ

Ɋɟɡɭɥɶɬɚɬ 
 ɤɨɨɪɞɢɧɚɬ 

ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɌɈ

Иɫɯɨɞɧɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ 

ɞɚ

ɧɟɬ

Ɉɩɪɟɞɟɥɟɧɢɟ 
ɤɨɨɪɞɢɧɚɬ 

ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɌɈ

Кɥɚɫɫɢɮɢɤɚɰɢɹ 
ɬɟɤɫɬ/ɧɟɬɟɤɫɬ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɨɛɭɱɟɧɧɨɣ ɋɇɋ 

Ɉɛɪɚɛɨɬɚɧɵ ɜɫɟ 
ɢɡɨɛɪɚɠɟɧɢɹ ɌɈ-К?

Вɵɩɨɥɧɟɧɢɟ 
ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ 

ɨɩɟɪɚɰɢɣ

 

Ɋɢɫ. 3.13. ɋɯɟɦа ɦɟɬɨɞа ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ 

ɮɨɧɨɦ ɧа ɨɫɧɨɜɟ ɋɇɋ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɦɧɨɝɨɦаɫɲɬаɛɧɨɝɨ ɩɪɟɞɫɬаɜɥɟɧɢя 

ɢɡɨɛɪаɠɟɧɢя ɧа ɨɫɧɨɜɟ Ⱦȼɉ. 

 

Ⱦɥя ɬɟɫɬɢɪɨɜаɧɢя ɪаɛɨɬɵ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɩɪɢ ɥɨɤаɥɢɡаɰɢɢ ɌɈ 
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ɨɰɟɧɢɜаɥɢɫɶ ɬɨɱɧɨɫɬɶ ɤɥаɫɫɢɮɢɤаɰɢɢ ɮɪаɝɦɟɧɬɨɜ ɢɡɨɛɪаɠɟɧɢɣ ɢɡ ɨɛɭɱаɸɳɟɣ  

ɢ ɤɨɧɬɪɨɥɶɧɨɣ ɜɵɛɨɪɨɤ, ɫɨɞɟɪɠаɳɢɯ ɬɟɤɫɬɨɜɵɟ ɨɛɥаɫɬɢ.  

Ⱦɥя ɫɪаɜɧɟɧɢя ɬɨɱɧɨɫɬɢ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɜɵɩɨɥɧɟɧɨ 

ɥɨɤаɥɢɡаɰɢɸ ɧаɛɨɪа ɢɡɨɛɪаɠɟɧɢɣ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ ɢɡ ɬɟɥɟɜɢɡɢɨɧɧɵɯ 

ɪɨɥɢɤɨɜ, ɮɢɥɶɦɨɜ, ɪɟɤɥаɦɧɵɯ ɛаɧɧɟɪɨɜ ɫ ɩɨɦɨɳɶɸ ɩɪɟɞɥɨɠɟɧɧɨɣ ɂɌ 

ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɢ ɞɥя ɫɪаɜɧɟɧɢя – ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɝɪаɦɦ FТЧОRОКНОЫ11 ɢ 

FreeOCR. 

ɉɨɤаɡаɬɟɥɟɦ ɤаɱɟɫɬɜа, ɯаɪаɤɬɟɪɢɡɭɸɳɢɦ ɬɨɱɧɨɫɬɶ ɥɨɤаɥɢɡаɰɢɢ, ɢɡɛɪаɧ 

ɦɟɬɪɢɱɟɫɤɢɣ ɩɨɤаɡаɬɟɥɶ ɛɥɢɡɨɫɬɢ ɦɟɠɞɭ ɦɧɨɠɟɫɬɜɨɦ ɤɨɨɪɞɢɧаɬ ɷɬаɥɨɧɧɵɯ 

ɝɪаɧɢɰ ɌɈ ɬɟɫɬɨɜɨɝɨ ɢɡɨɛɪаɠɟɧɢя ɢ ɦɧɨɠɟɫɬɜɨɦ ɤɨɨɪɞɢɧаɬ ɝɪаɧɢɰ, 

ɩɨɥɭɱɟɧɧɵɦ ɜ ɪɟɡɭɥɶɬаɬɟ ɩɪɢɦɟɧɟɧɢя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɦɟɬɨɞа ɥɨɤаɥɢɡаɰɢɢ 

(ɤɪɢɬɟɪɢɣ FOM (FТРЮЫО ШП MОЫТЭ), ɩɪɟɞɥɨɠɟɧɧɵɣ ɉɪɷɬɬɨɦ) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɮɨɪɦɭɥɨɣ (1.5) 

ɂɫɩɨɥɶɡɨɜаɧɢɟ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞа ɥɨɤаɥɢɡаɰɢɢ ɩɨɡɜɨɥɢɥɨ ɩɨɜɵɫɢɬɶ 

ɬɨɱɧɨɫɬɶ ɥɨɤаɥɢɡаɰɢɢ ɧа 10,5% ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɵɦ 

ɦɟɬɨɞɨɦ ɨɛɧаɪɭɠɟɧɢя ɌɈ. 

 

3.6 ȼɵɜɨɞɵ ɩɨ  ɪаɡɞɟɥɭ 3. 

 

Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɜ ɪаɡɞɟɥɟ ɪаɡɪаɛɨɬаɧɵ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɵɣ 

ɦɟɬɨɞ ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ, ɪɟаɥɢɡɨɜаɧɧɵɣ ɧа 

ɛаɡɟ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɢ ɦɟɬɨɞ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа 

ɨɫɧɨɜɟ ɪаɡɪаɛɨɬаɧɧɨɝɨ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɦɟɬɨɞа ɨɛɧаɪɭɠɟɧɢя ɌɈ 

ɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɣ ɨɛɪаɛɨɬɤɢ ɢɡɨɛɪаɠɟɧɢɣ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ, ɤɨɬɨɪɵɟ 

ɩɨɫɥɭɠɢɥɢ ɨɫɧɨɜɨɣ ɞɥя ɫɨɡɞаɧɢя ɢɧɮɨɪɦаɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɥɨɤаɥɢɡаɰɢɢ 

ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ ɞɥя аɜɬɨɦаɬɢɱɟɫɤɨɣ 

ɩɟɪɟɪаɛɨɬɤɢ ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ. 
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Каɱɟɫɬɜɨ ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɤɨɧɬɪɨɥɶɧɨɣ ɜɵɛɨɪɤɢ (500 

ɢɡɨɛɪаɠɟɧɢɣ ɧа ɫɥɨɠɧɨɦ ɮɨɧɟ) ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɩɪɟɞɥɨɠɟɧɧɨɝɨ 

ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɦɟɬɨɞа ɢ ɟɝɨ ɪɟаɥɢɡаɰɢɢ ɧа ɨɫɧɨɜɟ ɫɜёɪɬɨɱɧɨɣ 

ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɢɡ Ⱦȼɉ-ɩɪɟɞɫɬаɜɥɟɧɢɟɦ ɢɡɨɛɪаɠɟɧɢя ɧа ɨɫɧɨɜɟ ɞɢɫɤɪɟɬɧɨɝɨ 

ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя ɢ ɭɱɟɛɧɵɦ ɧаɛɨɪɨɦ ɧа ɨɫɧɨɜɟ ɫɨɡɞаɧɧɵɯ ɬɟɤɫɬɨɜɵɯ 

ɨɛɥаɫɬɟɣ ɫɨɫɬаɜɢɥа 87,7%, ɱɬɨ ɧа 10% ɜɵɲɟ ɤаɱɟɫɬɜа ɨɛɧаɪɭɠɟɧɢя ɌɈ ɫɟɬɶɸ 

ɛɟɡ ɢɫɩɨɥɶɡɨɜаɧɢя ɭɱɟɛɧɵɯ ɧаɛɨɪɨɜ ɧа ɨɫɧɨɜɟ ɫɨɡɞаɧɧɵɯ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ 

(77,7%). 

Ɂа ɫɱɟɬ аɜɬɨɦаɬɢɡаɰɢɢ ɩɪɨɰɟɫɫа ɫɨɡɞаɧɢя ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ 

ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɢɥɨɫɶ ɜɪɟɦя ɟɟ ɮɨɪɦɢɪɨɜаɧɢя (ɞɨ ɦɢɧɭɬ ɩɨ ɫɪаɜɧɟɧɢɸ ɫ 

ɱаɫаɦɢ ɢ ɞɧяɦɢ, ɧɟɨɛɯɨɞɢɦɵɦɢ ɞɥя ɩɨɥɭɱɟɧɢя ɢ ɨɛɪаɛɨɬɤɢ ɞɨɫɬаɬɨɱɧɨɝɨ 

ɤɨɥɢɱɟɫɬɜа ɪɟаɥɶɧɵɯ ɢɡɨɛɪаɠɟɧɢɣ ɌɈ), ɱɬɨ ɩɨɜɵɫɢɥɨ ɨɩɟɪаɬɢɜɧɨɫɬɶ 

ɨɛɧаɪɭɠɟɧɢя ɌɈ, а ɢɫɩɨɥɶɡɨɜаɧɢɟ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫ Ⱦȼɉ-

ɩɪɟɞɫɬаɜɥɟɧɢɟɦ ɢɡɨɛɪаɠɟɧɢя ɩɨɡɜɨɥɢɥɨ ɭɦɟɧɶɲɢɬɶ ɡаɜɢɫɢɦɨɫɬɶ ɪɟɡɭɥɶɬаɬɨɜ 

ɨɛɧаɪɭɠɟɧɢя ɌɈ ɨɬ ɪаɡɦɟɪɨɜ ɢ ɬɢɩɨɜ ɲɪɢɮɬɨɜ ɬɟɤɫɬа. 

ɍɫɨɜɟɪɲɟɧɫɬɜɨɜаɧɢɟ ɦɟɬɨɞа ɥɨɤаɥɢɡаɰɢɢ ɩɨɡɜɨɥɢɥɨ ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ 

ɥɨɤаɥɢɡаɰɢɢ ɧа 10,5% ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɵɦ ɦɟɬɨɞɨɦ 

ɨɛɧаɪɭɠɟɧɢя ɌɈ. 
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ɊȺɁȾȿɅ 4 

ɊȺɁɊȺȻɈɌКȺ ɂ ɌȿɋɌɂɊɈȼȺɇɂȿ ɂɇɎɈɊɆȺɐɂɈɇɇɈɃ ɌȿɏɇɈɅɈȽɂɂ 

ɅɈКȺɅɂɁȺɐɂɂ ɌȿКɋɌɈȼɕɏ ɈȻɅȺɋɌȿɃ 

 

ɂɧɮɨɪɦаɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɟɪɟɪаɛɨɬɤɢ ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ, ɜ 

ɤɨɬɨɪɵɯ ɪɟɲаɟɬɫя ɡаɞаɱа ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ 

ɫɥɨɠɧɵɦ ɮɨɧɨɦ, ɧаɯɨɞяɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɪɟɲɟɧɢɢ ɪаɡɥɢɱɧɵɯ 

ɩɪɢɤɥаɞɧɵɯ ɡаɞаɧɢɣ, ɬаɤɢɯ ɤаɤ ɛɭɯɝаɥɬɟɪɫɤɢɣ ɞɨɤɭɦɟɧɬɨɨɛɨɪɨɬ, ɨɯɪаɧɧая 

ɞɟяɬɟɥɶɧɨɫɬɶ, ɪɨɛɨɬɨɬɟɯɧɢɤа, ɭɱɟɬ ɬɪаɧɫɩɨɪɬа, ɢɞɟɧɬɢɮɢɤаɰɢя ɩɪɨɞɭɤɰɢɢ, 

ɩɨɢɫɤ ɬɟɤɫɬɨɜɨɣ ɢɧɮɨɪɦаɰɢɢ ɜ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɤɨɥɥɟɤɰɢяɯ.  

ȼ ɞаɧɧɨɦ ɪаɡɞɟɥɟ ɧа ɨɫɧɨɜɟ ɪаɡɪаɛɨɬаɧɧɵɯ ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ 

ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥа ɬɟɤɫɬа, ɦɟɬɨɞа ɮɨɪɦɢɪɨɜаɧɢя ɬɟɤɫɬɨɜɨɣ ɨɛɥаɫɬɢ, 

ɤɨɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɦɟɬɨɞа ɨɛɧаɪɭɠɟɧɢя ɢ ɦɟɬɨɞа ɥɨɤаɥɢɡаɰɢɢ 

ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɪаɡɪаɛɨɬаɧа ɢ ɩɪɨɬɟɫɬɢɪɨɜаɧа ɢɧɮɨɪɦаɰɢɨɧɧая ɬɟɯɧɨɥɨɝɢя 

ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ.  

 

4.1. Ɉɛɨɛɳɟɧɧая ɫɬɪɭɤɬɭɪа ɢɧɮɨɪɦаɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɥɨɤаɥɢɡаɰɢɢ 

ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢɢ  

 

ɉɪɢ ɪаɡɪаɛɨɬɤɟ ɨɛɨɛɳɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢɧɮɨɪɦаɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ 

ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢɢ ɭɱɬɟɧɵ: 

– ɩɪɟɞɥɨɠɟɧɧая ɜɨ ɜɬɨɪɨɦ ɪаɡɞɟɥɟ ɫɯɟɦа ɂɌ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа 

ɢɡɨɛɪаɠɟɧɢяɯ ɧа ɨɫɧɨɜɟ ɞɜɭɯɭɪɨɜɧɟɜɨɝɨ ɩɨɞɯɨɞа (ɩ. 2.1, ɪɢɫ. 2.1); 

–  ɪаɡɪаɛɨɬаɧɧɵɟ ɜɨ ɜɬɨɪɨɦ ɪаɡɞɟɥɟ ɜɟɪɨяɬɧɨɫɬɧая ɦɨɞɟɥɶ ɩɪɟɞɫɬаɜɥɟɧɢя 

ɫɢɦɜɨɥа ɬɟɤɫɬа (ɩ. 2.4) ɢ ɦɟɬɨɞ ɮɨɪɦɢɪɨɜаɧɢя ɬɟɤɫɬɨɜɨɣ ɨɛɥаɫɬɢ (ɩ. 2.5); 

– ɪаɡɪаɛɨɬаɧɧɵɟ ɜ ɬɪɟɬɶɟɦ ɪаɡɞɟɥɟ ɤɨɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɵɣ ɦɟɬɨɞ 

ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ (ɩ. 3.1) ɢ 

ɫɜёɪɬɨɱɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ ɞɥя ɟɝɨ ɪɟаɥɢɡаɰɢɢ (ɩ. 3.2); 
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– ɪаɡɪаɛɨɬаɧɧɵɣ ɦɟɬɨɞ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ 

ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ (ɩ. 3.5). 

ɉɪɟɞɥɨɠɟɧа ɨɛɨɛɳɟɧɧая ɫɬɪɭɤɬɭɪа ɢɧɮɨɪɦаɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ 

ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢɢ (ɬаɛɥ. 4.1). 

 

Ɍаɛɥɢɰа 4.1 – ɋɬɪɭɤɬɭɪа ɢɧɮɨɪɦаɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ 

ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢɢ  

ɇаɡɜаɧɢɟ ɷɬаɩа ȼɵɩɨɥɧяɟɦая 
ɩɪɨɰɟɞɭɪа 

Ɇɨɞɟɥɶ ɢɥɢ ɦɟɬɨɞ, ɩɪɟɞɥɨɠɟɧɧɵɟ ɞɥя 
ɢɫɩɨɥɶɡɨɜаɧɢя 

 

 

 

 

 

І. ɉɨɞɝɨɬɨɜɢɬɟɥɶɧɵɣ 

(ɷɬаɩ ɨɛɭɱɟɧɢя) 

1.1. ɋɨɡɞаɧɢɟ 
ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ 

 

 

ȼɟɪɨяɬɧɨɫɬɧая ɦɨɞɟɥɶ ɩɪɟɞɫɬаɜɥɟɧɢя 
ɫɢɦɜɨɥа ɬɟɤɫɬа 

(ɩ. 2.4) 

1.1.1 ɋɨɡɞаɧɢɟ ɛаɡɵ 
ɜɟɪɨяɬɧɨɫɬɧɵɯ 
ɦɨɞɟɥɟɣ 
ɩɪɟɞɫɬаɜɥɟɧɢя 
ɫɢɦɜɨɥɨɜ ɬɟɤɫɬа 

1.1.2 Ɏɨɪɦɢɪɨɜаɧɢɟ 
ɢɡɨɛɪаɠɟɧɢя ɌɈ ɧа 
ɨɫɧɨɜɟ ɩɪɢɦɟɧɟɧɢя 
ɜɟɪɨяɬɧɨɫɬɧɨɣ 
ɦɨɞɟɥɢ 
ɩɪɟɞɫɬаɜɥɟɧɢя 
ɫɢɦɜɨɥа 

Ɇɟɬɨɞ ɮɨɪɦɢɪɨɜаɧɢя ɢɡɨɛɪаɠɟɧɢя 
ɌɈ ɧа ɨɫɧɨɜɟ ɩɪɢɦɟɧɟɧɢя 
ɜɟɪɨяɬɧɨɫɬɧɨɣ  ɦɨɞɟɥɢ ɩɪɟɞɫɬаɜɥɟɧɢя 
ɫɢɦɜɨɥа (ɩ. 2.5); 

1.2 Ɉɛɭɱɟɧɢɟ 
ɫɜɟɪɬɨɱɧɨɣ 
ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥя 
ɨɛɧаɪɭɠɟɧɢя  
ɌɈ-ɤаɧɞɢɞаɬɨɜ 

Кɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɵɣ ɦɟɬɨɞ 
ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ 
(КɗɆɈ ɌɈ), ɢɫɩɨɥɶɡɭɸɳɢɣ 
ɦɧɨɝɨɦаɫɲɬаɛɧɨɟ ɩɪɟɞɫɬаɜɥɟɧɢɟ 
ɢɡɨɛɪаɠɟɧɢя ɧа ɨɫɧɨɜɟ ɞɜɭɦɟɪɧɨɝɨ 
ɞɢɫɤɪɟɬɧɨɝɨ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя. 
(ɩ. 3.1, ɩ. 3.2) 

1.3 Ɉɛɭɱɟɧɢɟ 
ɫɜɟɪɬɨɱɧɨɣ 
ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥя 
ɥɨɤаɥɢɡаɰɢɢ ɌɈ 

ɍɫɨɜɟɪɲɟɧɫɬɜɨɜаɧɧɵɣ ɦɟɬɨɞ 
ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ 
(ɍɆɅ ɌɈ) ɧа ɨɫɧɨɜɟ ɪаɡɪаɛɨɬаɧɧɨɝɨ 
ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ 
ɦɟɬɨɞа ɨɛɧаɪɭɠɟɧɢя ɌɈ ɢ 
ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɣ ɨɛɪаɛɨɬɤɢ 
ɢɡɨɛɪаɠɟɧɢɣ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ. 
(ɩ. 3.5) 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬаɛɥ. 4.1  

ɇаɡɜаɧɢɟ ɷɬаɩа ȼɵɩɨɥɧяɟɦая 
ɩɪɨɰɟɞɭɪа 

Ɇɨɞɟɥɶ ɢɥɢ ɦɟɬɨɞ, ɩɪɟɞɥɨɠɟɧɧɵɟ 
ɞɥя ɢɫɩɨɥɶɡɨɜаɧɢя 

 

 

 

 

 

 

ІІ. Ɉɫɧɨɜɧɨɣ 

(ɷɬаɩ – ɜɟɪɢɮɢɤаɰɢя 
ɢ ɨɤɨɧɱаɬɟɥɶɧая 
ɥɨɤаɥɢɡаɰɢя ɌɈ) 

2.1 Ɉɛɧаɪɭɠɟɧɢɟ  
ɌɈ-ɤаɧɞɢɞаɬɨɜ 

КɗɆɈ ɌɈ 

(ɩ. 3.2) 
2.2 ȼɵɩɨɥɧɟɧɢɟ 
Ⱦȼɉ ɧа 2 ɭɪɨɜɧя ɩɨ 
ɫɨɫɬаɜɥяɸɳɢɦ  

ɍɆɅ ɌɈ 

(ɩ. 3.5) 

2.3 ȼɵɩɨɥɧɟɧɢɟ 
ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ 
ɨɩɟɪаɰɢɣ 

ɍɆɅ ɌɈ 

(ɩ. 3.5) 

2.3 Кɥаɫɫɢɮɢɤаɰɢя 
ɬɟɤɫɬ/ɧɟɬɟɤɫɬ ɫ 
ɢɫɩɨɥɶɡɨɜаɧɢɟɦ 
ɨɛɭɱɟɧɧɨɣ ɋɇɋ  

ɍɆɅ ɌɈ 

(ɩ. 3.5) 

2.4 Ɉɩɪɟɞɟɥɟɧɢɟ 
ɤɨɨɪɞɢɧаɬ 
ɥɨɤаɥɢɡɨɜаɧɧɵɯ ɌɈ 

ɍɆɅ ɌɈ 

(ɩ. 3.5) 

 

Ɋаɡɪаɛɨɬаɧɧая ɢɧɮɨɪɦаɰɢɨɧɧая ɬɟɯɧɨɥɨɝɢя ɫɨɞɟɪɠɢɬ ɞɜа ɷɬаɩа. 

ɇа ɩɟɪɜɨɦ ɷɬаɩɟ, ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨɦ (ɷɬаɩɟ ɨɛɭɱɟɧɢя), ɜɵɩɨɥɧяɸɬɫя ɫɥɟɞɭɸɳɢɟ 

ɩɪɨɰɟɞɭɪɵ: 

– ɫɨɡɞаɧɢɟ ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ, ɤɨɬɨɪая ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ ɧаɛɨɪ 

ɢɫɤɭɫɫɬɜɟɧɧɨ ɫɨɡɞаɧɧɵɯ ɢɡɨɛɪаɠɟɧɢɣ ɌɈ (ɛɢɧаɪɧɵɯ, ɩɨɥɭɬɨɧɨɜɵɯ ɢɥɢ ɰɜɟɬɧɵɯ 

ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɤɥаɞɧɨɣ ɡаɞаɱɢ) ɧа ɨɫɧɨɜɟ ɩɪɢɦɟɧɟɧɢя ɜɟɪɨяɬɧɨɫɬɧɨɣ 

ɦɨɞɟɥɢ ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥа; 

– ɜɵɛɨɪ ɫɬɪɭɤɬɭɪ ɢ ɨɛɭɱɟɧɢɟ ɫɜɟɪɬɨɱɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɞɥя 

ɨɛɧаɪɭɠɟɧɢя ɌɈ-ɤаɧɞɢɞаɬɨɜ ɢ ɥɨɤаɥɢɡаɰɢɢ ɌɈ.  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɯɨɞɟ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨɝɨ ɷɬаɩа ɩɪɨɢɫɯɨɞɢɬ 

ɨɛɭɱɟɧɢɟ ɞɜɭɯ ɫɜɟɪɬɨɱɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, ɢɦɟɸɳɢɯ ɩɨɞɨɛɧɭɸ ɫɬɪɭɤɬɭɪɭ. 

Кɪɨɦɟ ɬɨɝɨ, ɞɥя ɩɨɜɵɲɟɧɢя ɛɵɫɬɪɨɞɟɣɫɬɜɢя ɋɇɋ ɢ ɫɨɤɪаɳɟɧɢя ɢɯ ɜɪɟɦɟɧɢ 

ɨɛɭɱɟɧɢя ɞɥя ɩɨɥɭɬɨɧɨɜɵɯ ɢɡɨɛɪаɠɟɧɢɣ ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜаɬɶ ɛɨɥɟɟ 

ɭɩɪɨɳɟɧɧɭɸ ɫɬɪɭɤɬɭɪɭ ɫɟɬɢ, ɱɟɦ ɞɥя ɰɜɟɬɧɵɯ (ɫɦ. ɪɢɫ. 3.4., ɪɢɫ. 3.5). 
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Ⱦɥя ɨɛɭɱɟɧɢя ɫɜɟɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥя ɨɛɧаɪɭɠɟɧɢя ɌɈ-

ɤаɧɞɢɞаɬɨɜ ɢɫɩɨɥɶɡɨɜаɥаɫɶ ɨɛɭɱаɸɳая ɜɵɛɨɪɤа, ɩɨɥɭɱɟɧɧая ɧа ɩɪɟɞɵɞɭɳɟɦ 

ɲаɝɟ.  

ɏаɪаɤɬɟɪɢɫɬɢɤɢ ɨɛɭɱɟɧɢя ɋɇɋ ɨɛɧаɪɭɠɟɧɢя ɌɈ-ɤаɧɞɢɞаɬɨɜ ɧа 

ɩɨɥɭɬɨɧɨɜɵɯ ɢ ɰɜɟɬɧɵɯ ɢɡɨɛɪаɠɟɧɢяɯ ɩɪɟɞɫɬаɜɥɟɧɵ ɧɢɠɟ (ɬаɛɥ. 4.2). ȼ ɬаɛɥɢɰɟ 

ɩɨɤаɡаɧɨ, ɱɬɨ ɩɪɨɰɟɧɬ ɩɪаɜɢɥɶɧɨɝɨ ɨɛɧаɪɭɠɟɧɢя ɢɫɤɭɫɫɬɜɟɧɧɨ ɫɨɡɞаɧɧɵɯ 

ɢɡɨɛɪаɠɟɧɢɣ ɌɈ ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ ɧɟ ɧɢɠɟ 99,6%.  

 

Ɍаɛɥɢɰа 4.2 – ɏаɪаɤɬɟɪɢɫɬɢɤɢ ɨɛɭɱɟɧɢя ɋɇɋ ɨɛɧаɪɭɠɟɧɢя ɌɈ-ɤаɧɞɢɞаɬɨɜ ɫ 

ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɨɛɭɱаɸɳɟɝɨ ɧаɛɨɪа ɢɡ ɦɨɞɟɥɟɣ ɌɈ 

 

ɏаɪаɤɬɟɪɢɫɬɢɤɢ 

ɋɇɋ ɨɛɧаɪɭɠɟɧɢя 

ɌɈ-ɤаɧɞɢɞаɬɨɜ ɧа 
ɩɨɥɭɬɨɧɨɜɵɯ 
ɢɡɨɛɪаɠɟɧɢяɯ 

ɋɇɋ ɨɛɧаɪɭɠɟɧɢя 

ɌɈ-ɤаɧɞɢɞаɬɨɜ ɧа 
ɰɜɟɬɧɵɯ RGB 

ɢɡɨɛɪаɠɟɧɢяɯ  

Кɨɥɢɱɟɫɬɜɨ ɢɡɨɛɪаɠɟɧɢɣ ɨɛɭɱаɸɳɟɣ 

ɜɵɛɨɪɤɢ 

2310 1836 

Кɨɥɢɱɟɫɬɜɨ ɷɩɨɯ ɨɛɭɱɟɧɢя (К) 34650 45900 

ȼɪɟɦя ɨɛɭɱɟɧɢя ɧа ɷɩɨɯɭ (ɫ) 0.2 0.61 

Ɇаɤɫɢɦаɥɶɧɨɟ ɡɧаɱɟɧɢɟ ɨɲɢɛɤɢ 

ɩɨɫɥɟ ɨɤɨɧɱаɧɢя ɩɪɨɰɟɫɫа ɨɛɭɱɟɧɢя 

0.064 0.032 

ɉɪɨɰɟɧɬ ɜɟɪɧɨɝɨ ɨɛɧаɪɭɠɟɧɢя ɞɥя 

ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ (ɉȼɈ), (%) 

 

99.6 

 

99.9 

 

ɗɦɩɢɪɢɱɟɫɤɢɟ ɡɧаɱɟɧɢя ɨɲɢɛɤɢ ɨɛɭɱɟɧɢя ɫɟɬɢ Err ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ 

ɤɨɥɢɱɟɫɬɜа ɷɩɨɯ ɨɛɭɱɟɧɢя k ɢɡɨɛɪаɠɟɧɵ ɜ ɜɢɞɟ ɝɢɫɬɨɝɪаɦɦɵ, а ɧɟɩɪɟɪɵɜɧɵɟ 

ɥɢɧɢɢ ɩɨɥɭɱɟɧɵ ɫɨɝɥаɫɧɨ аɩɩɪɨɤɫɢɦɢɪɭɸɳɢɦ ɜɵɪаɠɟɧɢяɦ (4.1) ɞɥя 

ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜ ɧа ɰɜɟɬɧɵɯ ɢɡɨɛɪаɠɟɧɢяɯ ɜ ɰɜɟɬɨɜɨɦ ɩɪɨɫɬɪаɧɫɬɜɟ RGB, а 

ɞɥя  ɩɨɥɭɬɨɧɨɜɵɯ ɢɡɨɛɪаɠɟɧɢɣ ɫɨɝɥаɫɧɨ ɜɵɪаɠɟɧɢяɦ (4.2) 
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)5.2(*001.0
*2)(

 k
ekErr  ,                                             (4.1) 

)5.0(*005.0)5.0(*001.0
(*75.3)(

 k
e

k
ekErr  ,            (4.2) 

ɝɞɟ k – ɤɨɥɢɱɟɫɬɜɨ ɷɩɨɯ ɨɛɭɱɟɧɢя ɫɟɬɢ. 

ɇа ɨɫɧɨɜаɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɜɵɪаɠɟɧɢɣ ɦɨɠɧɨ ɩɪɟɞɜаɪɢɬɟɥɶɧɨ ɨɰɟɧɢɬɶ 

ɜɪɟɦя ɨɛɭɱɟɧɢя ɫɟɬɢ ɩɪɢ ɡаɞаɧɧɨɣ ɜɟɥɢɱɢɧɟ ɨɲɢɛɤɢ. Ƚɪаɮɢɤɢ ɨɲɢɛɤɢ ɨɛɭɱɟɧɢя 

ɋɇɋ ɨɛɧаɪɭɠɟɧɢя ɌɈ ɧа ɰɜɟɬɧɵɯ ɢ ɩɨɥɭɬɨɧɨɜɵɯ ɢɡɨɛɪаɠɟɧɢяɯ ɫ 

ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɫɨɡɞаɧɧɨɣ ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ ɩɪɢɜɟɞɟɧɵ ɧа ɪɢɫ. 4.1. 
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а)                                                        ɛ) 
Ɋɢɫ. 4.1 Ƚɪаɮɢɤɢ ɨɲɢɛɤɢ ɨɛɭɱɟɧɢя ɋɇɋ ɞɥя ɨɛɧаɪɭɠɟɧɢя ɌɈ (а) ɧа 

ɰɜɟɬɧɵɯ ɢɡɨɛɪаɠɟɧɢяɯ, (ɛ) ɧа ɩɨɥɭɬɨɧɨɜɵɯ ɢɡɨɛɪаɠɟɧɢяɯ. 

 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɨɛɭɱɟɧɢя ɫɜɟɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥя ɥɨɤаɥɢɡаɰɢɢ ɌɈ 

яɜɥяɟɬɫя ɬɨ, ɱɬɨ ɜ ɤаɱɟɫɬɜɟ ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ ɢɫɩɨɥɶɡɭɟɬɫя ɧаɛɨɪ ɌɈ-

ɤаɧɞɢɞаɬɨɜ, ɨɩɪɟɞɟɥɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɋɇɋ ɞɥя ɨɛɧаɪɭɠɟɧɢя ɌɈ. 

ɋɯɟɦа ɮɭɧɤɰɢɨɧɢɪɨɜаɧɢя ɢɧɮɨɪɦаɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɥɨɤаɥɢɡаɰɢɢ ɌɈ 

ɧа ɢɡɨɛɪаɠɟɧɢɢ ɩɪɟɞɫɬаɜɥɟɧа ɧа ɪɢɫ. 4.2. ɇа ɨɫɧɨɜɧɨɦ ɷɬаɩɟ (ɷɬаɩɟ 

ɜɟɪɢɮɢɤаɰɢɢ ɢ ɨɤɨɧɱаɬɟɥɶɧɨɣ ɥɨɤаɥɢɡаɰɢɢ ɌɈ) ɜɵɩɨɥɧяɸɬɫя ɩɪɨɰɟɞɭɪɵ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬаɛɥ. 4.2. 
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Ɏɨɪɦɢɪɨɜɚɧɢɟ 
Ⱦȼɉ-

ɩɪɟɞɫɬɚɜɥɟɧɢɹ

Ɏɨɪɦɢɪɨɜɚɧɢɟ 
ɢɡɨɛɪɚɠɟɧɢɣ 

ɌɈ 

ɋɨɡɞɚɧɢɟ ɛɚɡɵ 
ɜɟɪɨɹɬɧɨɫɬɧɵɯ 

ɦɨɞɟɥɟɣ ɫɢɦɜɨɥɨɜ

Оɛɧɚрɭɠɟɧɢɟ ɌО-

ɤɚɧɞɢɞɚɬɨɜ

Ɍɟɫɬɢɪɨɜɚɧɢɟ 
ɤɚɱɟɫɬɜɚ 

ɨɛɭɱɟɧɢɹ ɋɇɋ

Ɏɨɪɦɢɪɨɜɚɧɢɟ 
ɩɢɪɚɦɢɞɵ 

ɢɡɨɛɪɚɠɟɧɢɣ ɌɈ-
ɤɚɧɞɢɞɚɬɨɜ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɜɟɣɜɥɟɬ-

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ

ɋɨɡɞɚɧɢɟ ɨɛɭɱɚɸщɟɣ 
ɜыɛɨрɤɢ

ȼɵɩɨɥɧɟɧɢɟ 
ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ 

ɨɩɟɪɚɰɢɣ

    ɂɡɨɛɪɚɠɟɧɢɟ ɫɢɦɜɨɥɚ 

Ɏɨɪɦɢɪɨɜɚɧɢɟ 
ɨɛɭɱɚɸɳɟɣ 

ɜɵɛɨɪɤɢ 

Ɉɛɭɱɟɧɢɟ ɋɇɋ 
ɨɛɧɚɪɭɠɟɧɢɹ 

ɌɈ-ɤɚɧɞɢɞɚɬɨɜ

Ɉɛɭɱɟɧɢɟ ɋɇɋ 
ɥɨɤɚɥɢɡɚɰɢɢ

ȼɟɪɢɮɢɤɚɰɢɹ ɢ 
ɨɤɨɧɱɚɬɟɥɶɧɚɹ 

ɥɨɤɚɥɢɡɚɰɢɹ ɌɈ

Ɍɟɫɬɢɪɨɜɚɧɢɟ 
ɤɚɱɟɫɬɜɚ 

ɨɛɭɱɟɧɢɹ ɋɇɋ

Лɨɤɚɥɢɡɚɰɢɹ ɌО

Ʉɨɨɪɞɢɧɚɬɵ ɌɈ

 

Ɋɢɫ. 4.2. ɋɯɟɦа ɮɭɧɤɰɢɨɧɢɪɨɜаɧɢя ɢɧɮɨɪɦаɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɥɨɤаɥɢɡаɰɢɢ 

ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢɢ ɧа ɷɬаɩɟ ɨɛɭɱɟɧɢя. 
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ɇа ɨɫɧɨɜɧɨɦ ɷɬаɩɟ ɢɫɩɨɥɶɡɭɸɬɫя ɩɪɟɞɜаɪɢɬɟɥɶɧɨ ɨɛɭɱɟɧɧɵɟ ɫɜɟɪɬɨɱɧɵɟ 

ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ, ɤɨɬɨɪɵɟ ɫ ɩɨɦɨɳɶɸ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɦɟɬɨɞа 

ɨɛɧаɪɭɠɟɧɢя ɌɈ ɢ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜаɧɧɨɝɨ ɦɟɬɨɞа ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɜɵɩɨɥɧяɸɬ 

ɨɤɨɧɱаɬɟɥɶɧɭɸ ɤɥаɫɫɢɮɢɤаɰɢɸ ɌɈ-ɤаɧɞɢɞаɬа ɧа ɞɜа ɤɥаɫɫа: «ɬɟɤɫɬɨɜая 

ɨɛɥаɫɬɶ» ɢ «ɧɟ ɬɟɤɫɬɨɜая ɨɛɥаɫɬɶ». 

ɉɨɞɪɨɛɧая ɫɯɟɦа ɮɭɧɤɰɢɨɧɢɪɨɜаɧɢя ɢɧɮɨɪɦаɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ 

ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢɢ ɧа ɨɫɧɨɜɧɨɦ ɷɬаɩɟ ɩɪɟɞɫɬаɜɥɟɧа ɧа ɪɢɫ. 4.3. 

 

4.2. Ɋаɡɪаɛɨɬɤа ɫɩɟɰɢаɥɢɡɢɪɨɜаɧɧɨɝɨ ɩɪɨɝɪаɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫа 

 

Ɋаɡɪаɛɨɬɤа ɫɩɟɰɢаɥɢɡɢɪɨɜаɧɧɨɝɨ ɩɪɨɝɪаɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫа ɩɪɨɜɨɞɢɥаɫɶ ɜ 

ɫɥɟɞɭɸɳɢɯ ɧаɩɪаɜɥɟɧɢяɯ: 

1. ɋɨɡɞаɧɢɟ ɫɩɟɰɢаɥɢɡɢɪɨɜаɧɧɨɣ ɫɪɟɞɵ, ɩɪɟɞɨɫɬаɜɥяɸɳɟɣ ɫɪɟɞɫɬɜа ɞɥя 

ɩɪɨɜɟɞɟɧɢя ɢɫɫɥɟɞɨɜаɬɟɥɶɫɤɢɯ ɪаɛɨɬ ɩɨ ɨɛɪаɛɨɬɤɟ ɢɡɨɛɪаɠɟɧɢɣ. 

2. ɋɨɡɞаɧɢɟ ɩɪɨɝɪаɦɦɧɨ-аɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢя ɞɥя ɫɢɫɬɟɦ 

ɥɨɤаɥɢɡаɰɢɢ ɌɈ. 

ȼ ɫɩɟɰɢаɥɢɡɢɪɨɜаɧɧɨɦ ɩɪɨɝɪаɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ɪɟаɥɢɡɨɜаɧɵ ɫɥɟɞɭɸɳɢɟ 

ɩɪɨɰɟɞɭɪɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɩɪɢ ɨɛɪаɛɨɬɤɟ ɢ аɧаɥɢɡɟ ɢɡɨɛɪаɠɟɧɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ, ɢ 

ɪаɫɫɦɨɬɪɟɧɧɵɟ ɜ ɩɪɟɞɵɞɭɳɢɯ ɪаɡɞɟɥаɯ: 

– ɩɪɟɞɜаɪɢɬɟɥɶɧая ɨɛɪаɛɨɬɤа ɢɡɨɛɪаɠɟɧɢɣ; 

– ɜɟɣɜɥɟɬ-аɧаɥɢɡ ɢɡɨɛɪаɠɟɧɢɣ; 

– ɥɨɤаɥɢɡаɰɢя ɨɛɴɟɤɬɨɜ ɧа ɢɡɨɛɪаɠɟɧɢɢ; 

– ɜɵɞɟɥɟɧɢɟ ɤɨɧɬɭɪɨɜ ɢ ɛɢɧаɪɢɡаɰɢя ɢɡɨɛɪаɠɟɧɢɣ; 

– аɧаɥɢɡ ɤɨɧɬɭɪɨɜ; 

– ɫɬаɬɢɫɬɢɱɟɫɤɢɣ аɧаɥɢɡ ɨɛɪаɛаɬɵɜаɟɦɵɯ ɢɡɨɛɪаɠɟɧɢɣ; 

– ɨɬɥаɞɤа ɪаɡɪаɛаɬɵɜаɟɦɨɝɨ ɩɪɨɝɪаɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢя; 

– ɨɰɟɧɤа ɷɮɮɟɤɬɢɜɧɨɫɬɢ аɥɝɨɪɢɬɦɨɜ. 
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Ɏɨɪɦɢɪɨɜɚɧɢɟ Ⱦȼɉ-ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɮɪɚɝɦɟɧɬɚ ɢɡɨɛɪɚɠɟɧɢɹ

Оɛɧɚрɭɠɟɧɢɟ ɌО-

ɤɚɧɞɢɞɚɬɨɜ

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɩɢɪɚɦɢɞɵ ɢɡɨɛɪɚɠɟɧɢɣ 
ɌɈ-ɤɚɧɞɢɞɚɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɟɣɜɥɟɬ-

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ

ȼɵɩɨɥɧɟɧɢɟ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ

 Ɉɛɧɚɪɭɠɟɧɢɹ 
ɌɈ-ɤɚɧɞɢɞɚɬɨɜ ɫ ɩɨɦɨɳɶɸ ɨɛɭɱɟɧɧɨɣ ɋɇɋ

ȼɟɪɢɮɢɤɚɰɢɹ ɢ ɨɤɨɧɱɚɬɟɥɶɧɚɹ 
ɥɨɤɚɥɢɡɚɰɢɹ ɌɈ ɫ ɩɨɦɨɳɶɸ ɨɛɭɱɟɧɧɨɣ 

ɋɇɋ

Лɨɤɚɥɢɡɚɰɢɹ ɌО

Ʉɨɨɪɞɢɧɚɬɵ ɌɈ
 

Ɋɢɫ. 4.3. ɋɯɟɦа ɮɭɧɤɰɢɨɧɢɪɨɜаɧɢя ɢɧɮɨɪɦаɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɥɨɤаɥɢɡаɰɢɢ 

ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢɢ ɧа ɨɫɧɨɜɧɨɦ ɷɬаɩɟ. 

 



111 

 

 

ɋɩɟɰɢаɥɢɡɢɪɨɜаɧɧɨɣ ɩɪɨɝɪаɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɫɩɨɫɨɛɟɧ ɩɨɞɞɟɪɠɢɜаɬɶ 

ɫɥɟɞɭɸɳɢɟ ɮɨɪɦаɬɵ ɢɡɨɛɪаɠɟɧɢɣ: 

– Bitmap Files (*.bmp); 

– JPEG (*.JPG, *.JPEG, *.JPE, *.JFIF); 

– GIF (*.GIF); 

– TIFF (*.TIFF, *.TIF); 

– PNG (*.PNG); 

ɇɢɠɟ ɩɪɟɞɫɬаɜɥɟɧɵ ɩɪɢɦɟɪɵ ɢɫɩɨɥɶɡɨɜаɧɢя ɫɩɟɰɢаɥɢɡɢɪɨɜаɧɧɨɝɨ 

ɩɪɨɝɪаɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫа ɞɥя ɩɪɨɜɟɪɤɢ ɜ ɬɟɫɬɨɜɨɦ ɪɟɠɢɦɟ ɪаɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ 

ɩɪɟɞɥɨɠɟɧɧɵɯ ɦɨɞɟɥɟɣ ɢ ɦɟɬɨɞɨɜ ɂɌ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢɢ. 

ɇɟɤɨɬɨɪɵɟ ɷɤɪаɧɧɵɟ ɮɨɪɦɵ ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫ. 4.4 – 4.7. ɉɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɶ 

ɞɟɣɫɬɜɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɟɫɬɨɜɨɦɭ ɪɟɠɢɦɭ ɪаɛɨɬɵ ɫɢɫɬɟɦɵ, ɩɪɢɜɟɞɟɧа 

ɧɢɠɟ. 

1. ȼ ɪɟɠɢɦɟ ɨɬɥаɞɤɢ ɪаɛɨɬɵ ɫɢɫɬɟɦɵ ɞɥя ɜɵɛɨɪа ɡаɝɪɭɠаɟɦɨɝɨ ɮаɣɥа 

ɫɥɟɞɭɟɬ ɧаɠаɬɶ ɤɧɨɩɤɭ “ImageBrowser” (ɪɢɫ. 4.4.). 

 

 

Ɋɢɫ. 4.4. Ƚɥаɜɧɨɟ ɨɤɧɨ ɩɪɨɝɪаɦɦɵ ɥɨɤаɥɢɡаɰɢɢ. 
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2. ȼ ɨɬɤɪɵɜɲɟɦɫя ɨɤɧɟ ɜɵɛɢɪаɟɬɫя ɮаɣɥ ɢɡɨɛɪаɠɟɧɢя (ɪɢɫ. 4.5.). 

Ɏаɣɥ ɢɡɨɛɪаɠɟɧɢя ɡаɝɪɭɠаɟɬɫя ɢ ɩɨяɜɥяɟɬɫя ɜ ɝɥаɜɧɨɦ ɨɤɧɟ ɫ 

ɢɧɮɨɪɦаɰɢɟɣ ɨ ɮаɣɥɟ (ɪɢɫ. 4.6). 

 

Ɋɢɫ. 4.5. ȼɵɛɨɪ ɮаɣɥа ɫ ɢɡɨɛɪаɠɟɧɢɟɦ. 

 

Ɋɢɫ. 4.6. Ƚɥаɜɧɨɟ ɨɤɧɨ ɩɪɨɝɪаɦɦɵ ɥɨɤаɥɢɡаɰɢɢ ɫ ɡаɝɪɭɠɟɧɧɵɦ ɪɢɫɭɧɤɨɦ. 
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3. Ⱦɥя ɜɵɩɨɥɧɟɧɢя ɨɛɧаɪɭɠɟɧɢя ɢ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢɢ 

ɧɟɨɛɯɨɞɢɦɨ ɧаɠаɬɶ ɤɧɨɩɤɭ “LocateText”. ɉɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬаɬ – ɤɨɨɪɞɢɧаɬɵ 

ɧаɣɞɟɧɧɵɯ ɌɈ ɢ ɢɡɨɛɪаɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɫɨɞɟɪɠɢɬ ɬɨɥɶɤɨ ɧаɣɞɟɧɧɵɟ ɌɈ, – 

ɨɬɨɛɪаɠаɟɬɫя ɜ ɝɥаɜɧɨɦ ɨɤɧɟ ɩɪɨɝɪаɦɦɵ (ɪɢɫ. 4.7). 

 

Ɋɢɫ. 4.7. Ɋɟɡɭɥɶɬаɬ ɥɨɤаɥɢɡаɰɢɢ. 

 

ɇɢɠɟ ɪаɫɫɦɨɬɪɟɧɨ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɮɭɧɤɰɢɨɧɢɪɨɜаɧɢɟ ɩɪɨɝɪаɦɦɵ ɂɌ 

ɥɨɤаɥɢɡаɰɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬаɛɥ. 4.1. 

ȼ ɤаɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɢɫɩɨɥɶɡɨɜаɥɨɫɶ ɰɜɟɬɧɨɟ RGB - ɢɡɨɛɪаɠɟɧɢɟ 

ɮɨɪɦаɬа .png ɢ ɪаɡɦɟɪɨɦ 141×189×3 ɩɢɤɫɟɥя (ɪɢɫ.4.8, а). 

   

а ɛ ɜ 

Ɋɢɫ. 4.8. Ɋɟɡɭɥɶɬаɬ ɮɭɧɤɰɢɨɧɢɪɨɜаɧɢя ɩɪɨɝɪаɦɦɵ ɂɌ ɥɨɤаɥɢɡаɰɢɢ: 

а – ɢɫɯɨɞɧɨɟ ɢɡɨɛɪаɠɟɧɢɟ; ɛ – ɌɈ-ɤаɧɞɢɞаɬɵ; ɜ – ɪɟɡɭɥɶɬаɬ ɤɥаɫɫɢɮɢɤаɰɢɢ 

ɧаɣɞɟɧɧɵɯ ɌɈ 



114 

 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩ. 2.1 (ɬаɛɥ. 4.1) ɧа ɨɫɧɨɜɟ ɩɪɢɦɟɧɟɧɢя ɤɨɪɪɟɥяɰɢɨɧɧɨ-

ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɦɟɬɨɞа ɨɛɧаɪɭɠɟɧɢя ɌɈ ɧаɣɞɟɧɵ ɌɈ-ɤаɧɞɢɞаɬɵ (ɪɢɫ. 4.8, ɛ). 

ɉɨɫɥɟ ɩɪɢɦɟɧɟɧɢя ɭɫɨɜɟɪɲɟɧɫɬɜɨɜаɧɧɨɝɨ ɦɟɬɨɞа ɥɨɤаɥɢɡаɰɢɢ ɤ ɌɈ-ɤаɧɞɢɞаɬаɦ 

ɨɫɭɳɟɫɬɜɥɟɧа ɜɟɪɢɮɢɤаɰɢя ɌɈ (ɫɦ. ɩ.ɩ. 2.3, 2.4 ɬаɛɥ. 4.2), ɥɨɤаɥɢɡɨɜаɧɵ ɌɈ 

(ɪɢɫ. 4.8, ɜ) ɢ ɨɩɪɟɞɟɥɟɧɵ ɢɯ ɤɨɨɪɞɢɧаɬɵ (ɬаɛɥ. 4.3).  

 

Ɍаɛɥɢɰа 4.3 Ɉɰɟɧɤа ɤаɱɟɫɬɜа ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɪаɡɪаɛɨɬаɧɧɨɣ ɩɪɨɝɪаɦɦɨɣ 

ɇаɞɩɢɫɶ ɗɬаɥɨɧɧɵɟ 
ɤɨɨɪɞɢɧаɬɵ ɌɈ 

Кɨɨɪɞɢɧаɬɵ ɌɈ, 
ɩɨɥɭɱɟɧɧɵɟ 
ɩɪɨɝɪаɦɦɨɣ 

Кɪɢɬɟɪɢɣ 
ɉɪɷɬɬа 

Ɇɨɞɢɮɢɰɢɪɨɜаɧɧɵɣ 
ɤɪɢɬɟɪɢɣ ɉɪɷɬɬа 

"plan" 24, 16, 61, 30 25, 19, 62, 33 0.587 0.673 

"your" 65, 21, 104, 34 68, 19, 106, 33 0.318 0.906 

"journey," 47, 34, 167, 66 43, 38, 169, 65 0.266 0.554 

"check" 23, 69, 69, 82 24, 71, 70, 86 0.219 0.615 

"the" 75, 69, 100, 82 76, 71, 101, 86 0.266 0.661 

"traffic" 59, 83, 145, 108 24, 77, 146, 113 0.065 0.110 

"join" 51, 126, 70, 138 53, 128, 71, 138 0.488 0.903 

"the" 75, 126, 92, 135 76, 128, 93, 138 0.292 0.684 

"Driver's" 97, 126, 140, 135 98, 128, 141, 138 0.222 0.618 

"Centre" 145, 126, 181, 135 146, 128, 179, 138 0.204 0.615 

ɇа ɨɫɧɨɜаɧɢɢ ɪɟɡɭɥɶɬаɬɨɜ, ɩɪɟɞɫɬаɜɥɟɧɧɵɯ ɜ ɬаɛɥ. 4.3 ɩɪɨɜɟɞɟɧа ɨɰɟɧɤа 

ɤаɱɟɫɬɜа ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɪаɡɪаɛɨɬаɧɧɨɣ ɂɌ. Ⱦɥя ɬаɤɨɣ 

ɨɰɟɧɤɢ ɢɫɩɨɥɶɡɨɜаɧɵ ɷɬаɥɨɧɧɵɟ ɤɨɨɪɞɢɧаɬɵ ɌɈ, ɜɡяɬɵɟ ɢɡ ɛаɡɵ ɞаɧɧɵɯ 

ɤɨɧɤɭɪɫа аɥɝɨɪɢɬɦɨɜ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬа ICDAR 2011 Robust Reading 

Competition [108], ɢ ɤɨɨɪɞɢɧаɬɵ ɷɬɢɯ ɠɟ ɌɈ, ɥɨɤаɥɢɡɨɜаɧɧɵɯ ɫ ɩɨɦɨɳɶɸ 

ɩɪɟɞɥɨɠɟɧɧɨɣ ɂɌ. Кɨɨɪɞɢɧаɬɵ ɌɈ ɡаɞаɸɬɫя ɜ ɜɢɞɟ ɤɨɨɪɞɢɧаɬ ɜɟɪɯɧɟɝɨ ɥɟɜɨɝɨ ɢ 

ɧɢɠɧɟɝɨ ɩɪаɜɨɝɨ ɭɝɥа ɨɝɪаɧɢɱɢɜаɸɳɟɝɨ ɌɈ ɩɪяɦɨɭɝɨɥɶɧɢɤа ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɮɨɪɦɭɥɨɣ (1.2).  

ȼ ɤаɱɟɫɬɜɟ ɩɪɢɦɟɪа ɧа ɪɢɫ. 4.9 ɩɪɟɞɫɬаɜɥɟɧ ɪɟɡɭɥɶɬаɬ ɥɨɤаɥɢɡаɰɢɢ 

ɧаɞɩɢɫɢ "plan" (ɫɦ. ɪɢɫ. 4.8 ɢ ɬаɛɥ. 4.3) ɢ ɜɢɞ ɝɪаɧɢɰ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
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ɷɬаɥɨɧɧɵɦɢ ɤɨɨɪɞɢɧаɬаɦɢ (ɧаɞɩɢɫɢ ɧа ɪɢɫɭɧɤɟ «ɷɬаɥɨɧ», «ɩɪɨɝɪаɦɦа» 

ɭɤаɡɵɜаɸɬ ɧа ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɝɪаɧɢɰɭ, ɩɨ ɨɫяɦ ɨɬɥɨɠɟɧɵ ɤɨɨɪɞɢɧаɬɵ ɜ 

ɩɢɤɫɟɥяɯ).  

 

 

Ɋɢɫ. 4.9. Ɋɟɡɭɥɶɬаɬɵ ɥɨɤаɥɢɡаɰɢɢ ɌɈ "plan" 

 

Ɉɰɟɧɤа ɤаɱɟɫɬɜа ɥɨɤаɥɢɡаɰɢɢ ɩɪɨɜɨɞɢɥɨɫɶ ɧа ɨɫɧɨɜаɧɢɢ ɪаɫɱɟɬа ɡɧаɱɟɧɢɣ 

ɤɪɢɬɟɪɢя ɉɪɷɬɬа (1.5). Ɂɧаɱɟɧɢя ɤɪɢɬɟɪɢя ɉɪɷɬɬа, ɪаɫɫɱɢɬаɧɵɟ ɩɨ ɮɨɪɦɭɥɟ 

(1.5), ɩɪɟɞɫɬаɜɥɟɧɵ ɜ ɫɬɨɥɛɰɟ «Кɪɢɬɟɪɢɣ ɉɪɷɬɬа» (ɫɦ. ɬаɛɥ. 4.3). ɋɥɟɞɭɟɬ 

ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥя ɨɛɧаɪɭɠɟɧɢя ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧɟ ɧɭɠɧа ɬɨɱɧɨɫɬɶ ɜ ɨɞɢɧ 

ɩɢɤɫɟɥɶ, ɬаɤ ɤаɤ ɥɨɤаɥɢɡɨɜаɧɧая ɌɈ ɜ ɞаɥɶɧɟɣɲɟɦ ɞɨɥɠɧа ɫɟɝɦɟɧɬɢɪɨɜаɬɶɫя ɧа 

ɨɛɥаɫɬɢ ɢɡɨɛɪаɠɟɧɢɣ ɨɬɞɟɥɶɧɵɯ ɫɢɦɜɨɥɨɜ ɞɥя ɪаɫɩɨɡɧаɜаɧɢя ɩɨɫɥɟɞɧɢɯ. 

ɇɟɫɦɨɬɪя ɧа ɧɢɡɤɢɟ ɡɧаɱɟɧɢя ɤɪɢɬɟɪɢя ɉɪɷɬɬа ɩɨɝɪɟɲɧɨɫɬɶ ɥɨɤаɥɢɡаɰɢɢ ɌɈ 

ɥɟɠɢɬ ɜ ɩɪɟɞɟɥаɯ ±4 ɩɢɤɫɟɥя, ɱɬɨ ɧɟ ɩɪɟɜɵɲаɟɬ ɩɨɥɨɜɢɧɵ ɢɡɨɛɪаɠɟɧɢя ɫɢɦɜɨɥа 

ɧа ɦаɥɵɯ ɦаɫɲɬаɛаɯ.  

ɉɨɷɬɨɦɭ ɞɥя ɨɰɟɧɤɢ ɤаɱɟɫɬɜа ɥɨɤаɥɢɡаɰɢɢ ɩɪɟɞɥаɝаɟɬɫя ɦɨɞɢɮɢɰɢɪɨɜаɬɶ 

ɤɪɢɬɟɪɢɣ ɉɪɷɬɬа ɬаɤɢɦ ɨɛɪаɡɨɦ, ɱɬɨɛɵ ɪаɫɫɬɨяɧɢɟ ɦɟɠɞɭ ɬɨɱɤаɦɢ ɤɨɧɬɭɪа 

ɭɱɢɬɵɜаɥɨɫɶ ɬɨɥɶɤɨ ɩɪɢ ɭɫɥɨɜɢɢ, ɟɫɥɢ ɨɧɨ ɩɪɟɜɵɲаɟɬ ɧɟɤɨɬɨɪɵɣ ɩɨɪɨɝ ɜ 
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ɩɢɤɫɟɥяɯ.  

Ɇɨɞɢɮɢɰɢɪɨɜаɧɧɵɣ ɤɪɢɬɟɪɢɣ ɉɪɷɬɬа ɡаɩɢɫɵɜаɟɬɫя ɜ ɜɢɞɟ 

 

  tN

i
modett

mod

loc
idNN

F
1

2 )(1

1

),max(

1
,      

 

ɝɞɟ  
et

N – ɤɨɥɢɱɟɫɬɜɨ ɩɢɤɫɟɥɟɣ ɜ ɦɧɨɠɟɫɬɜɟ 
et

I ;  


t

N ɤɨɥɢɱɟɫɬɜɨ ɩɢɤɫɟɥɟɣ ɜ ɦɧɨɠɟɫɬɜɟ 
t

I ; 

)())((1)( 222
idtridid

mod
  – ɦɨɞɢɮɢɰɢɪɨɜаɧɧɨɟ ɪаɫɫɬɨяɧɢɟ ɜ ɩɢɤɫɟɥяɯ; 

1(x) – ɟɞɢɧɢɱɧая ɮɭɧɤɰɢя ɏɟɜɢɫаɣɞа; 

tr – ɡаɞаɧɧɵɣ ɩɨɪɨɝ ɜ ɩɢɤɫɟɥяɯ; 

 
tett

NjjIiIid ,1,)()(min)(
22   – ɤɜаɞɪаɬ ɪаɫɫɬɨяɧɢя ɨɬ i-ɝɨ ɩɢɤɫɟɥя 

ɦɧɨɠɟɫɬɜа 
t

I  ɤ ɛɥɢɠаɣɲɟɦɭ ɩɢɤɫɟɥɸ ɦɧɨɠɟɫɬɜа 
et

I .  

 

ȼ ɱаɫɬɧɨɫɬɢ, ɡɧаɱɟɧɢя ɬаɤɨɝɨ ɦɨɞɢɮɢɰɢɪɨɜаɧɧɨɝɨ ɤɪɢɬɟɪɢя ɞɥя ɩɨɪɨɝа 

tr = 2 ɩɢɤɫɟɥя ɩɪɟɞɫɬаɜɥɟɧɵ ɜɵɲɟ (ɫɦ. ɬаɛɥ. 4.3, ɫɬɨɥɛɟɰ «Ɇɨɞɢɮɢɰɢɪɨɜаɧɧɵɣ 

ɤɪɢɬɟɪɢɣ ɉɪɷɬɬа»). Ɍаɤɨɟ ɜɜɟɞɟɧɢɟ ɤɪɢɬɟɪɢя ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɨɫɩɪɢяɬɢɸ 

ɱɟɥɨɜɟɤа, ɞɥя ɤɨɬɨɪɨɝɨ ɪаɡɧɢɰа ɜ 2 ɩɢɤɫɟɥя ɩɪаɤɬɢɱɟɫɤɢ ɧɟ ɡаɦɟɬɧа. 

 

4.3. Ɍɟɫɬɢɪɨɜаɧɢɟ ɪаɛɨɬɵ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ  ɩɪɢ ɥɨɤаɥɢɡаɰɢɢ 

ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ 

 

ɋ ɩɨɦɨɳɶɸ ɪаɡɪаɛɨɬаɧɧɨɝɨ ɩɪɨɝɪаɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫа ɩɪɨɜɨɞɢɥаɫɶ ɨɰɟɧɤа 

ɤаɱɟɫɬɜа ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ. Ⱦɥя ɷɬɨɝɨ 

ɢɫɩɨɥɶɡɨɜаɧɵ ɦɟɪа ɬɨɱɧɨɫɬɢ, ɦɟɪа ɨɬɡɵɜа, ɨɲɢɛɤа ɩɟɪɜɨɝɨ ɪɨɞа ɢ ɨɲɢɛɤа 

ɜɬɨɪɨɝɨ ɪɨɞа (ɫɦ. ɪаɡɞɟɥ 1, ɩ.1.7). 

Кɨɧɬɪɨɥɶɧая ɜɵɛɨɪɤа ɞɥя ɜɵɩɨɥɧɟɧɢя ɬɟɫɬɢɪɨɜаɧɢя ɫɮɨɪɦɢɪɨɜаɧа ɢɡ 500 
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ɢɡɨɛɪаɠɟɧɢɣ ɫɥɨɠɧɵɯ ɝɪаɮɢɱɟɫɤɢɯ ɫɰɟɧ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɧɨɜɨɫɬɧɵɯ ɢɥɢ 

ɪɟɤɥаɦɧɵɯ ɬɟɥɟɜɢɡɢɨɧɧɵɯ ɪɨɥɢɤɨɜ, ɮɢɥɶɦɨɜ, а ɬаɤɠɟ ɢɡɨɛɪаɠɟɧɢɣ ɜаɝɨɧɨɜ, 

аɜɬɨɦɨɛɢɥɟɣ ɢ ɬ.ɞ. ɫ ɩɨɦɨɳɶɸ ɢɧɫɬɪɭɦɟɧɬа ɩɨɢɫɤа ɢɡɨɛɪаɠɟɧɢя GШШРХО ɢ ɛаɡɵ 

ɞаɧɧɵɯ ɤɨɧɤɭɪɫа аɥɝɨɪɢɬɦɨɜ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬа ICDAR 2011 RШЛЮЬЭ 

Reading Competition [108]. 

Ɋɟɡɭɥɶɬаɬɵ ɨɰɟɧɤɢ ɤаɱɟɫɬɜа ɨɛɧаɪɭɠɟɧɢя ɢ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа 

ɢɡɨɛɪаɠɟɧɢяɯ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɋɇɋ ɩɪɟɞɫɬаɜɥɟɧɵ ɜ ɬаɛɥ. 4.4. 

 

Ɍаɛɥɢɰа 4.4 – Ɋɟɡɭɥɶɬаɬɵ ɨɰɟɧɤɢ ɤаɱɟɫɬɜа ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ 

ɍɫɥɨɜɢя ɮɨɪɦɢɪɨɜаɧɢя ɨɛɭɱаɸɳɟɣ 

ɜɵɛɨɪɤɢ 

Pr , 

% 

Rc, 

%  

Ɉɲɢɛɤа І 

ɪɨɞа, % 

Ɉɲɢɛɤа 

ІІ ɪɨɞа, % 

ɛɟɡ ɢɫɩɨɥɶɡɨɜаɧɢя ɜɟɪɨяɬɧɨɫɬɧɨɣ 

ɦɨɞɟɥɢ ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥа ɬɟɤɫɬа   

77,7 80,0 22,3 20,0 

ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ 

ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ 

ɩɪɟɞɫɬаɜɥɟɧɢя 

ɫɢɦɜɨɥа  

ɩɨɥɭɬɨɧɨɜɵɟ 

ɢɡɨɛɪаɠɟɧɢя 

87,7 86,6 12,1 12,9 

ɰɜɟɬɧɵɟ 

ɢɡɨɛɪаɠɟɧɢя 

87,3 87,2 12,4 12,7 

 

ɉɪɢɦɟɪɵ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɪɟаɥɶɧɵɯ ɢɡɨɛɪаɠɟɧɢяɯ, 

ɩɨɥɭɱɟɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɪаɡɪаɛɨɬаɧɧɨɣ ɢɧɮɨɪɦаɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ, 

ɩɪɢɜɟɞɟɧɵ ɧа ɪɢɫ. 4.10, ɪɢɫ. 4.11. 

Ⱦɥя ɫɪаɜɧɟɧɢя ɤаɱɟɫɬɜа ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɛɵɥɨ ɨɛɪаɛɨɬаɧɨ 396 

ɢɡɨɛɪаɠɟɧɢɣ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ ɢɡ ɬɟɥɟɜɢɡɢɨɧɧɵɯ ɪɨɥɢɤɨɜ, ɮɢɥɶɦɨɜ, 

ɪɟɤɥаɦɧɵɯ ɛаɧɧɟɪɨɜ ɢɡ ɛаɡа ɞаɧɧɵɯ ɤɨɧɤɭɪɫа аɥɝɨɪɢɬɦɨɜ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ 

ɢɧɬɟɥɥɟɤɬа ICDAR 2011 [108] ɫ ɩɨɦɨɳɶɸ ɩɪɟɞɥɨɠɟɧɧɨɣ ɂɌ, ɩɪɨɝɪаɦɦɵ 

FineReader11 ɢ ɨɧɥаɣɧ-ɩɪɨɝɪаɦɦɵ FЫООOCR (ШЧХТЧОOCR.ЧОЭ). Ⱦɥя ɨɰɟɧɤɢ 

ɤаɱɟɫɬɜа ɂɌ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɨɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɩɨɤаɡаɬɟɥɢ: Precision 

(Pr , %), Recall (Rc, %), ɨɲɢɛɤɢ I-ɨɝɨ ɢ II-ɨɝɨ ɪɨɞа (% ). ɋɪаɜɧɢɬɟɥɶɧая ɨɰɟɧɤа 
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ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪаɛɨɬɵ ɂɌ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɩɪɟɞɫɬаɜɥɟɧа ɧа 

ɪɢɫ. 4.12. 

Каɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 4.12 ɩɪɟɞɥɨɠɟɧɧая ɂɌ ɢɦɟɟɬ ɪɟɡɭɥɶɬаɬ, ɫɪаɜɧɢɦɵɣ ɫ 

ɩɪɨɝɪаɦɦɨɣ FТЧОRОКНОЫ11 ɩɨ ɩɨɤаɡаɬɟɥɸ ɩɨɥɧɨɬɵ Recall (ɩɪɨɰɟɧɬ ɩɪаɜɢɥɶɧɨɝɨ 

ɨɛɧаɪɭɠɟɧɧɵɯ ɌɈ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɯ ɨɛɳɟɦɭ ɤɨɥɢɱɟɫɬɜɭ), ɨɞɧаɤɨ ɩɨ 

ɩɨɤаɡаɬɟɥɸ Precision (ɩɪɨɰɟɧɬ ɩɪаɜɢɥɶɧɨ ɨɛɧаɪɭɠɟɧɧɵɯ ɌɈ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 

ɨɛɳɟɦɭ ɤɨɥɢɱɟɫɬɜɭ ɨɛɧаɪɭɠɟɧɧɵɯ ɨɛɥаɫɬɟɣ, ɩɪɢɡɧаɧɧɵɯ ɤаɤ ɬɟɤɫɬɨɜɵɟ) ɜ ɞɜа 

ɪаɡа ɩɪɟɜɨɫɯɨɞɢɬ ɩɪɨɝɪаɦɦɭ FТЧОRОКНОЫ11. ɂɧɵɦɢ ɫɥɨɜаɦɢ, ɩɪɨɝɪаɦɦа 

FТЧОRОКНОЫ11 ɨɲɢɛɨɱɧɨ ɩɪɢɡɧаɜаɥа ɤаɤ ɬɟɤɫɬɨɜɵɟ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ 

ɨɛɥаɫɬɟɣ, ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɩɪɟɞɥɨɠɟɧɧɨɣ ɂɌ (ɨɲɢɛɤа II-ɝɨ ɪɨɞа – ɥɨɠɧая 

ɬɪɟɜɨɝа ɜɵɲɟ). 

ɉɪɨɝɪаɦɦа FЫООOCR (ШЧХТЧОOCR.ЧОЭ) ɩɨ ɜɫɟɦ ɩаɪаɦɟɬɪаɦ ɭɫɬɭɩɢɥа 

ɩɪɟɞɥɨɠɟɧɧɨɣ ɂɌ. Ⱦɥя ɫɪаɜɧɟɧɢя ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ FТЧОRОКНОЫ11 ɨɧа 

ɨɛɟɫɩɟɱɢɜаɟɬ ɥɭɱɲɢɣ ɩɨɤаɡаɬɟɥɶ Precision, ɧɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɫɬɭɩаɟɬ ɩɨ 

ɩɨɤаɡаɬɟɥɸ Recall (ɬ.ɟ. ɢɦɟɟɬ ɦɟɫɬɨ ɦɧɨɝɨ ɩɪɨɩɭɫɤɨɜ ɌɈ – ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɨɲɢɛɨɤ Recall  I-ɝɨ ɪɨɞа). 

    
а)      ɛ) 

Ɋɢɫ.4.10. ɉɪɢɦɟɪ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɰɜɟɬɧɨɦ ɢɡɨɛɪаɠɟɧɢɢ. 

 а – ɢɫɯɨɞɧɨɟ ɢɡɨɛɪаɠɟɧɢɟ; ɛ – ɪɟɡɭɥɶɬаɬ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɨɣ ɨɛɥаɫɬɢ 
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а)       ɛ) 

Ɋɢɫ.4.11 ɉɪɢɦɟɪ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɩɨɥɭɬɨɧɨɜɨɦ ɢɡɨɛɪаɠɟɧɢɢ c ɩɪɢɦɟɧɟɧɢɟɦ 

ɩɪɟɞɥɨɠɟɧɧɨɣ ɂɌ: 

 а – ɢɫɯɨɞɧɨɟ ɢɡɨɛɪаɠɟɧɢɟ; ɛ – ɪɟɡɭɥɶɬаɬ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɨɣ ɨɛɥаɫɬɢ 

 

Ɋɢɫ. 4.12. ɋɪаɜɧɢɬɟɥɶɧая ɨɰɟɧɤа ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ 

ɨɛɥаɫɬɟɣ 

 

Каɱɟɫɬɜɨ ɥɨɤаɥɢɡаɰɢɢ 396 ɢɡɨɛɪаɠɟɧɢɣ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ 

ɬɟɥɟɜɢɡɢɨɧɧɵɯ ɪɨɥɢɤɨɜ, ɮɢɥɶɦɨɜ, ɪɟɤɥаɦɧɵɯ ɛаɧɧɟɪɨɜ ɫ ɩɨɦɨɳɶɸ 

ɩɪɟɞɥɨɠɟɧɧɨɣ ɢɧɮɨɪɦаɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ  ɫɨɫɬаɜɢɥɨ 87.7 % (Precision), 

86,6% (Recall), ɱɬɨ ɩɪɟɜɨɫɯɨɞɢɬ ɪɟɡɭɥɶɬаɬ, ɩɨɥɭɱɟɧɧɵɣ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪаɦɦ 
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FineReКНОЫ11 ɢ FЫООOCR.  

ɂɥɥɸɫɬɪаɰɢя ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɫɥɨɠɧɨɦ ɮɨɧɟ ɫ ɩɨɦɨɳɶɸ 

ɩɪɟɞɥɨɠɟɧɧɨɣ ɂɌ ɢ ɩɪɨɝɪаɦɦɵ FТЧОRОКНОЫ11 ɩɪɟɞɫɬаɜɥɟɧа ɧа ɪɢɫ. 4.13. 

 

а   

 

ɛ 

Ɋɢɫ.4.13  ɂɥɥɸɫɬɪаɰɢя ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɫɥɨɠɧɨɦ ɮɨɧɟ ɫ ɩɨɦɨɳɶɸ: 

а – ɩɪɟɞɥɨɠɟɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ; ɛ – ɩɪɨɝɪаɦɦɨɣ FineReader11 (ɌɈ ɧɟ 

ɨɛɧаɪɭɠɟɧа). 

 

Ɋаɡɪаɛɨɬаɧɧɵɟ ɦɨɞɟɥɢ, ɦɟɬɨɞɵ ɢ ɂɌ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɫɥɨɠɧɨɦ ɮɨɧɟ 

ɛɵɥɢ ɢɫɩɨɥɶɡɨɜаɧɵ ɞɥя ɦɨɞɟɥɢɪɨɜаɧɢя ɢ ɪаɡɪаɛɨɬɤɢ ɩɪɨɝɪаɦɦɧɨ-

аɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢя ɩɪɢ аɜɬɨɦаɬɢɡаɰɢɢ ɭɱɟɬа ɧаɤɨɩɥɟɧɧɨɣ 

ɝɪаɮɢɱɟɫɤɨɣ ɢ ɜɢɞɟɨɢɧɮɨɪɦаɰɢɢ ɜ ɧаɭɱɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦ ɨɛɴɟɞɢɧɟɧɢɢ 

«Ⱦɢɫɤɪɟɬ» (ɝ. Ɉɞɟɫɫа), а ɢɦɟɧɧɨ ɦɨɞɢɮɢɤаɰɢɢ ɫɢɫɬɟɦɵ аɜɬɨɦаɬɢɡаɰɢɢ ɩɪɨɜɟɪɤɢ 

ɤаɱɟɫɬɜа ɭɩаɤɨɜɤɢ ɩɪɨɞɭɤɰɢɢ ɢ ɩɪаɜɢɥɶɧɨɫɬɢ ɪаɫɩɪɟɞɟɥɟɧɢя ɟɟ ɩɪɢ 

ɮɨɪɦɢɪɨɜаɧɢɢ ɩаɪɬɢɣ ɬɨɜаɪа. 
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ɉɪɨɜɟɞɟɧɢɟ аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɨɣ ɩɪɨɜɟɪɤɢ ɤаɱɟɫɬɜа ɭɩаɤɨɜɤɢ ɩɪɨɞɭɤɰɢɢ 

ɢ ɩɪаɜɢɥɶɧɨɫɬɢ ɪаɫɩɪɟɞɟɥɟɧɢя ɟɟ ɩɪɢ ɮɨɪɦɢɪɨɜаɧɢɢ ɩаɪɬɢɣ ɬɨɜаɪа ɩɨɡɜɨɥɢɥɨ 

ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜаɧɢя ɫɤɥаɞа ɩɪɨɞɭɤɰɢɢ ɧа ɩɪɟɞɩɪɢяɬɢɢ, 

ɱɬɨ ɩɨɞɬɜɟɪɠɞаɟɬɫя ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ аɤɬɨɦ ɜɧɟɞɪɟɧɢя. 

 

4.4. ȼɵɜɨɞɵ ɩɨ ɪаɡɞɟɥɭ 4. 

 

1. Ɋаɡɪаɛɨɬаɧа ɢɧɮɨɪɦаɰɢɨɧɧая ɬɟɯɧɨɥɨɝɢя ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɨɫɧɨɜɟ 

ɩɪɟɞɥɨɠɟɧɧɵɯ ɦɟɬɨɞɨɜ ɨɛɧаɪɭɠɟɧɢя ɢ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа 

ɢɡɨɛɪаɠɟɧɢɢ. Каɱɟɫɬɜɨ ɥɨɤаɥɢɡаɰɢɢ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ 

ɬɟɥɟɜɢɡɢɨɧɧɵɯ ɪɨɥɢɤɨɜ, ɮɢɥɶɦɨɜ, ɪɟɤɥаɦɧɵɯ ɛаɧɧɟɪɨɜ ɫ ɩɨɦɨɳɶɸ 

ɩɪɟɞɥɨɠɟɧɧɨɣ ɢɧɮɨɪɦаɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɫɨɫɬаɜɢɥа 87,7% (ɬɨɱɧɨɫɬɶ), 86,6% 

(ɩɨɥɧɨɬа), ɱɬɨ ɩɪɟɜɨɫɯɨɞɢɬ ɪɟɡɭɥɶɬаɬ, ɩɨɥɭɱɟɧɧɵɣ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪаɦɦ 
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Ɉɰɟɧɤа ɤаɱɟɫɬɜа ɨɛɧаɪɭɠɟɧɢя ɌɈ ɧа ɤɨɧɬɪɨɥɶɧɨɣ ɜɵɛɨɪɤɟ ɢɡ 500 

ɢɡɨɛɪаɠɟɧɢɣ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪаɡɪаɛɨɬаɧɧɨɝɨ  

ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ  ɦɟɬɨɞа ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ, 

ɢɫɩɨɥɶɡɭɸɳɟɝɨ ɦɧɨɝɨɦаɫɲɬаɛɧɨɟ ɩɪɟɞɫɬаɜɥɟɧɢɟ ɢɡɨɛɪаɠɟɧɢя ɧа ɨɫɧɨɜɟ 

ɞɜɭɦɟɪɧɨɝɨ ɞɢɫɤɪɟɬɧɨɝɨ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя ɢ ɫɜɟɪɬɨɱɧɭɸ ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ, 

ɢ ɨɛɭɱаɸɳɢɦ ɧаɛɨɪɨɦ ɧа ɨɫɧɨɜɟ ɫɨɡɞаɧɧɵɯ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɫɨɫɬаɜɢɥа 

87,7%, ɱɬɨ ɧа 10% ɜɵɲɟ ɤаɱɟɫɬɜа ɥɨɤаɥɢɡаɰɢɢ ɛɟɡ ɢɫɩɨɥɶɡɨɜаɧɢя ɨɛɭɱаɸɳɢɯ 

ɧаɛɨɪɨɜ ɧа ɨɫɧɨɜɟ ɪаɡɪаɛɨɬаɧɧɨɝɨ ɦɟɬɨɞа ɮɨɪɦɢɪɨɜаɧɢя ɌɈ (77,7%); 

Каɱɟɫɬɜɨ ɥɨɤаɥɢɡаɰɢɢ 396 ɢɡɨɛɪаɠɟɧɢɣ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ 

ɬɟɥɟɜɢɡɢɨɧɧɵɯ ɪɨɥɢɤɨɜ, ɮɢɥɶɦɨɜ, ɪɟɤɥаɦɧɵɯ ɛаɧɧɟɪɨɜ ɫ ɩɨɦɨɳɶɸ 

ɩɪɟɞɥɨɠɟɧɧɨɣ ɢɧɮɨɪɦаɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ  ɫɨɫɬаɜɢɥɨ 87.7 % (Precision), 

86,6% (Recall), ɱɬɨ ɩɪɟɜɨɫɯɨɞɢɬ ɪɟɡɭɥɶɬаɬ, ɩɨɥɭɱɟɧɧɵɣ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪаɦɦ 
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2. ɂɧɮɨɪɦаɰɢɨɧɧая ɬɟɯɧɨɥɨɝɢя ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɞɥя 

аɜɬɨɦаɬɢɱɟɫɤɨɣ ɩɟɪɟɪаɛɨɬɤɢ ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ ɜɧɟɞɪɟɧа ɩɪɢ 

ɦɨɞɟɥɢɪɨɜаɧɢɢ ɢ ɪаɡɪаɛɨɬɤɟ ɩɪɨɝɪаɦɦɧɨ-аɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢя ɞɥя 

аɜɬɨɦаɬɢɡаɰɢɢ ɭɱɟɬа ɧаɤɨɩɥɟɧɧɨɣ ɝɪаɮɢɱɟɫɤɨɣ ɢ ɜɢɞɟɨɢɧɮɨɪɦаɰɢɢ ɜ ɧаɭɱɧɨ-

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦ ɨɛɴɟɞɢɧɟɧɢɢ «Ⱦɢɫɤɪɟɬ» (ɝ. Ɉɞɟɫɫа). Ⱥɩɩɪɨɛаɰɢя 

ɩɨɞɬɜɟɪɞɢɥа ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɲɟɧɢɣ, ɱɬɨ ɩɨɞɬɜɟɪɠɞаɟɬɫя 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ аɤɬɨɦ ɜɧɟɞɪɟɧɢя. 

3. ɉɨɥɭɱɟɧɧɵɟ ɜ ɪаɛɨɬɟ ɧаɭɱɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɢ ɩɪɨɝɪаɦɦɧɵɟ ɫɪɟɞɫɬɜа ɢ 

ɜɧɟɞɪɟɧɵ ɜ ɭɱɟɛɧɵɣ ɩɪɨɰɟɫɫ ɤаɮɟɞɪɵ ɢɧɮɨɪɦаɰɢɨɧɧɵɯ ɫɢɫɬɟɦ Ɉɞɟɫɫɤɨɝɨ 

ɧаɰɢɨɧаɥɶɧɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬа ɩɪɢ ɢɡɭɱɟɧɢɢ ɞɢɫɰɢɩɥɢɧ 

«Ɇɟɬɨɞɵ ɢ ɫɪɟɞɫɬɜа ɤɨɦɩɶɸɬɟɪɧɵɯ ɢɧɮɨɪɦаɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ», «Ɇɟɬɨɞɵ ɢ 

ɫɪɟɞɫɬɜа ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬа», «ȼɵɱɢɫɥɢɬɟɥɶɧɵɣ ɢɧɬɟɥɥɟɤɬ» ɢ ɩɪɢ 

ɜɵɩɨɥɧɟɧɢɢ ɤɭɪɫɨɜɨɝɨ ɩɪɨɟɤɬɢɪɨɜаɧɢя. 
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ȼɕȼɈȾɕ 

 

ȼ ɞɢɫɫɟɪɬаɰɢɨɧɧɨɣ ɪаɛɨɬɟ ɪɟɲɟɧа аɤɬɭаɥɶɧая ɧаɭɱɧɨ-ɩɪаɤɬɢɱɟɫɤая 

ɡаɞаɱа ɪаɡɪаɛɨɬɤɢ ɢɧɮɨɪɦаɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ 

ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢя ɤаɱɟɫɬɜа ɢ 

ɨɩɟɪаɬɢɜɧɨɫɬɢ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ. ɉɪɢ ɷɬɨɦ ɩɨɥɭɱɟɧɵ 

ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬаɬɵ: 

1. Ⱥɧаɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢɧɮɨɪɦаɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɦɨɞɟɥɟɣ ɢ 

ɦɟɬɨɞɨɜ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ 

ɩɨɤаɡаɥ, ɱɬɨ ɤаɱɟɫɬɜɨ ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɤаɪɬɢɧɤɟ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠаɟɬɫя ɜ 

ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɫɥɨɠɧɨɫɬɢ ɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɮɨɧа ɢ ɜɥɢяɧɢя ɪаɡɥɢɱɧɵɯ 

ɮаɤɬɨɪɨɜ. ɉɪɟɞɥɨɠɟɧɨ ɥɨɤаɥɢɡаɰɢɸ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɪаɫɫɦаɬɪɢɜаɬɶ ɤаɤ 

ɤɥаɫɫɢɮɢɤаɰɢɸ ɧɟɤɨɬɨɪɨɣ ɨɛɥаɫɬɢ ɢɡɨɛɪаɠɟɧɢя ɧа ɞɜа ɤɥаɫɫа: «ɬɟɤɫɬɨɜая 

ɨɛɥаɫɬɶ» ɢɥɢ "ɧɟ ɬɟɤɫɬɨɜая ɨɛɥаɫɬɶ». ɂɡɛɪаɧ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɵɣ 

ɩɨɞɯɨɞ ɤаɤ ɛаɡɨɜɵɣ ɞɥя ɜɵяɜɥɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢɢ 

ɛɥаɝɨɞаɪя ɟɝɨ ɥɭɱɲɟɣ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɨɛɧаɪɭɠɟɧɢя ɌɈ. 

2. ɍɫɨɜɟɪɲɟɧɫɬɜɨɜаɧа ɜɟɪɨяɬɧɨɫɬɧая ɦɨɞɟɥɶ ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥа 

ɬɟɤɫɬа ɢ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɮɨɪɦɢɪɨɜаɧɢя ɢɡɨɛɪаɠɟɧɢɣ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɞɥя 

ɫɨɡɞаɧɢя ɩɪɟɞɫɬаɜɢɬɟɥɶɧɨɣ ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ ɞɥя ɨɛɭɱɟɧɢя 

ɤɥаɫɫɢɮɢɤаɬɨɪɨɜ. ɗɬɨ ɩɨɡɜɨɥɢɥɨ аɜɬɨɦаɬɢɡɢɪɨɜаɬɶ ɩɪɨɰɟɫɫ ɫɨɡɞаɧɢя 

ɩɪɟɞɫɬаɜɢɬɟɥɶɧɨɣ ɜɵɛɨɪɤɢ, ɭɫɬɪаɧɢɥɨ ɫɭɛɴɟɤɬɢɜɧɨɟ ɜɥɢяɧɢɟ ɧа ɨɛɭɱɟɧɢɟ 

ɪаɡɥɢɱɧɵɯ ɤɥаɫɫɢɮɢɤаɬɨɪɨɜ ɞɥя ɜɵяɜɥɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа 

ɢɡɨɛɪаɠɟɧɢяɯ. ɉɨɤаɡаɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜаɧɢɟ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞа 

ɮɨɪɦɢɪɨɜаɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɧа ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜаɧɢя 

ɜɟɪɨяɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɦɜɨɥа ɬɟɤɫɬа ɩɪɢ ɮɨɪɦɢɪɨɜаɧɢɢ 

ɨɛɭɱаɸɳɟɣ ɜɵɛɨɪɤɢ ɡа ɫɱɟɬ аɜɬɨɦаɬɢɡаɰɢɢ ɩɪɨɰɟɫɫа ɫɨɡɞаɧɢя ɨɛɭɱаɸɳɟɣ 

ɜɵɛɨɪɤɢ ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɢɥɨ ɜɪɟɦя ɟɝɨ ɮɨɪɦɢɪɨɜаɧɢя (ɜ ɫɪɟɞɧɟɦ ɧа ɞɜа 
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ɩɨɪяɞɤа), ɱɬɨ ɩɨɜɵɫɢɥɨ ɨɩɟɪаɬɢɜɧɨɫɬɶ ɨɛɧаɪɭɠɟɧɢя ɢ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ 

ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ. 

3. ɉɪɟɞɥɨɠɟɧɨ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɵɣ ɦɟɬɨɞ ɨɛɧаɪɭɠɟɧɢя 

ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɧа ɨɫɧɨɜɟ ɞɜɭɦɟɪɧɨɝɨ ɞɢɫɤɪɟɬɧɨɝɨ 

ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя. ɗɬɨ ɩɨɡɜɨɥɢɥɨ ɩɪɢ ɫɨɯɪаɧɟɧɢɢ ɜɵɫɨɤɨɣ ɞɨɫɬɨɜɟɪɧɨɫɬɢ 

ɨɛɧаɪɭɠɟɧɢя ɌɈ ɩɨɜɵɫɢɬɶ ɨɩɟɪаɬɢɜɧɨɫɬɶ ɥɨɤаɥɢɡаɰɢɢ ɢ ɭɦɟɧɶɲɢɬɶ 

ɡаɜɢɫɢɦɨɫɬɶ ɪɟɡɭɥɶɬаɬɨɜ ɨɛɧаɪɭɠɟɧɢя ɌɈ ɨɬ ɪаɡɦɟɪɨɜ ɢ ɬɢɩɨɜ ɲɪɢɮɬɨɜ ɬɟɤɫɬа. 

4. Ⱦɥя ɪɟаɥɢɡаɰɢɢ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɦɟɬɨɞа 

ɜɵяɜɥɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɪаɡɪаɛɨɬаɧа ɫɬɪɭɤɬɭɪа ɫɜɟɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ 

ɫɟɬɢ ɫ ɦɧɨɝɨɦаɫɲɬаɛɧɵɦ ɩɪɟɞɫɬаɜɥɟɧɢɟɦ ɢɡɨɛɪаɠɟɧɢя ɧа ɨɫɧɨɜɟ ɞɜɭɦɟɪɧɨɝɨ 

ɞɢɫɤɪɟɬɧɨɝɨ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪаɡɨɜаɧɢя, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɭɦɟɧɶɲɢɬɶ ɡаɜɢɫɢɦɨɫɬɶ 

ɪɟɡɭɥɶɬаɬɨɜ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɨɣ ɨɛɥаɫɬɢ ɨɬ ɪаɡɦɟɪɨɜ ɢ ɬɢɩɨɜ ɲɪɢɮɬɨɜ 

ɬɟɤɫɬа. Ɉɛɟɫɩɟɱɟɧɨ ɤаɱɟɫɬɜɨ ɨɛɧаɪɭɠɟɧɢя ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɤɨɧɬɪɨɥɶɧɨɣ 

ɜɵɛɨɪɤɢ (500 ɢɡɨɛɪаɠɟɧɢɣ ɧа ɫɥɨɠɧɨɦ ɮɨɧɟ) ɧа 10% ɜɵɲɟ ɤаɱɟɫɬɜа 

ɨɛɧаɪɭɠɟɧɢя ɌɈ ɫɟɬɶɸ ɛɟɡ ɢɫɩɨɥɶɡɨɜаɧɢя ɭɱɟɛɧɵɯ ɧаɛɨɪɨɜ ɧа ɨɫɧɨɜɟ 

ɫɨɡɞаɧɧɵɯ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ. 

5. ɍɫɨɜɟɪɲɟɧɫɬɜɨɜаɧ ɦɟɬɨɞ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɫ 

ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɫɜɟɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɞɢɫɤɪɟɬɧɨɝɨ ɜɟɣɜɥɟɬ-

ɩɪɟɨɛɪаɡɨɜаɧɢя ɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪаɰɢɣ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɨɛɟɫɩɟɱɢɬɶ 

ɥɨɤаɥɢɡаɰɢɸ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɞɥя ɪаɡɥɢɱɧɵɯ ɪаɡɦɟɪɨɜ ɲɪɢɮɬɨɜ. 

ɂɫɩɨɥɶɡɨɜаɧɢɟ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞа ɥɨɤаɥɢɡаɰɢɢ ɩɨɡɜɨɥɢɥɢ ɩɨɜɵɫɢɬɶ 

ɬɨɱɧɨɫɬɶ ɥɨɤаɥɢɡаɰɢɢ ɧа 10,5% ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɪɟɡɭɥɶɬаɬаɦɢ ɩɨɫɥɟ 

ɤɨɪɪɟɥяɰɢɨɧɧɨ-ɷɤɫɬɪɟɦаɥɶɧɨɝɨ ɦɟɬɨɞа ɜɵяɜɥɟɧɢя ɌɈ. 

6. Ɋаɡɪаɛɨɬаɧа ɢɧɮɨɪɦаɰɢɨɧɧая ɬɟɯɧɨɥɨɝɢя ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɨɫɧɨɜɟ 

ɩɪɟɞɥɨɠɟɧɧɵɯ ɦɟɬɨɞɨɜ ɨɛɧаɪɭɠɟɧɢя ɢ ɥɨɤаɥɢɡаɰɢɢ ɬɟɤɫɬɨɜɵɯ ɨɛɥаɫɬɟɣ ɧа 

ɢɡɨɛɪаɠɟɧɢɢ. Каɱɟɫɬɜɨ ɥɨɤаɥɢɡаɰɢɢ ɧа ɢɡɨɛɪаɠɟɧɢяɯ ɫɨ ɫɥɨɠɧɵɦ ɮɨɧɨɦ 

ɬɟɥɟɜɢɡɢɨɧɧɵɯ ɪɨɥɢɤɨɜ, ɮɢɥɶɦɨɜ, ɪɟɤɥаɦɧɵɯ ɛаɧɧɟɪɨɜ ɫ ɩɨɦɨɳɶɸ 
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ɩɪɟɞɥɨɠɟɧɧɨɣ ɢɧɮɨɪɦаɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɫɨɫɬаɜɢɥɨ 87,7% (ɬɨɱɧɨɫɬɶ), 86,6% 

(ɩɨɥɧɨɬа), ɱɬɨ ɩɪɟɜɨɫɯɨɞɢɬ ɪɟɡɭɥɶɬаɬ ɫ ɩɪɨɝɪаɦɦаɦɢ FТЧОRОКНОЫ11 ɢ FЫООOCR. 

7. ɉɨɥɭɱɟɧɧɵɟ ɜ ɪаɛɨɬɟ ɧаɭɱɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɢ ɩɪɨɝɪаɦɦɧɵɟ ɫɪɟɞɫɬɜа 

ɢɫɩɨɥɶɡɨɜаɧɵ ɞɥя ɦɨɞɟɥɢɪɨɜаɧɢя ɢ ɪаɡɪаɛɨɬɤɢ ɩɪɨɝɪаɦɦɧɨ-аɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢя ɜ ɧаɭɱɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦ ɨɛɴɟɞɢɧɟɧɢɢ «Ⱦɢɫɤɪɟɬ» (ɝ.. Ɉɞɟɫɫа) ɢ 

ɜɧɟɞɪɟɧɵ ɜ ɭɱɟɛɧɵɣ ɩɪɨɰɟɫɫ ɤаɮɟɞɪɵ ɢɧɮɨɪɦаɰɢɨɧɧɵɯ ɫɢɫɬɟɦ Ɉɞɟɫɫɤɨɝɨ 

ɧаɰɢɨɧаɥɶɧɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬа. 
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ɉɊɂɅɈɀȿɇɂə 

 

ɉɪɢɥɨɠɟɧɢɟ Ⱥ. 

Ɏɪаɝɦɟɧɬɵ ɩɪɨɝɪаɦɦɧɨɝɨ ɤɨɞа 

 

%ɋɬɪɭɤɬɭɪɵ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥɹ ɥɨɤɚɥɢɡɚɰɢɢ ɬɟɤɫɬɨɜɵɯ 
%ɨɛɥɚɫɬɟɣ ɧɚ ɰɜɟɬɧɵɯ ɢɡɨɛɪɚɠɟɧɢɹɯ 
classdef ConvNN 
    properties 
         
% Layer C1 

        WC101R; 
        WC102R; 
        WC103R; 
        WC104R; 
        WC105R; 
        WC106R; 
        WC107R; 
        WC108R; 
        WC109R;   

        WC110G; 
        WC111G; 
        WC112G; 
        WC113G; 
        WC114G; 
        WC115G; 
        WC116G; 
        WC117G; 
        WC118G; 

        WC119B; 
        WC120B; 
        WC121B; 
        WC122B; 
        WC123B; 
        WC124B; 
        WC125B; 
        WC126B; 
        WC127B; 

        
        biasC101; 
        biasC102; 
        biasC103; 
        biasC104; 
        biasC105; 
        biasC106; 
        biasC107; 
        biasC108; 
        biasC109; 

        biasC110; 
        biasC111; 
        biasC112; 
        biasC113; 
        biasC114; 
        biasC115; 
        biasC116; 
        biasC117; 
        biasC118; 

        biasC119; 
        biasC120; 
        biasC121; 
        biasC122; 
        biasC123; 
        biasC124; 
        biasC125; 
        biasC126; 
        biasC127;

  

% Layer S1 
WS1C101; 
WS1C110; 
WS1C119; 
  
biasS101; 
biasS110; 
biasS119

 
% Layer C2 

WC201_01; 
WC201_10; 
WC201_19; 
WC202_01; 
WC202_10; 
WC202_19; 
WC203_02; 

WC203_11; 
WC203_20; 
WC204_03; 
WC204_12; 
WC204_21; 
WC205_04; 
WC205_13; 

WC205_22; 
WC206_05; 
WC206_14; 
WC206_23; 
WC207_06; 
WC207_15; 
WC207_24;  
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WC208_07; 
WC208_16; 
WC208_25; 

WC209_08; 
WC209_17; 
WC209_26; 

WC210_09; 
WC210_18; 
WC210_27; 

biasC201 
biasC202 
biasC203 
biasC204 

biasC205 
biasC206 
biasC207 
biasC208 

biasC209 
biasC210 

  
  
% layer S2 

WS2C201; 
WS2C202; 
WS2C203; 
WS2C204; 
WS2C205; 
WS2C206; 
WS2C207; 
WS2C208; 
WS2C209; 
WS2C210; 

  
% layer N1 

WN101 
WN102 
WN103 
WN104 
WN105 
WN106 
WN107 
WN108 
WN109 
WN110 

biasN101 
biasN102 
biasN103 
biasN104 
biasN105 
biasN106 
biasN107 
biasN108 
biasN109 
biasN110 

  
% layerN2 

WN2 
biasN2 

end 
     
    methods 
        function cnet=ConvNN() 
        % Layer C1 
  
  
 
        cnet.WC101R=rand(25,32,60); 
        cnet.WC102R=rand(25,14,28); 
        cnet.WC103R=rand(25,14,28); 
        cnet.WC104R=rand(25,14,28); 
        cnet.WC105R=rand(25,14,28); 
        cnet.WC106R=rand(25,5,12); 
        cnet.WC107R=rand(25,5,12); 
        cnet.WC108R=rand(25,5,12); 
        cnet.WC109R=rand(25,5,12); 

         
        cnet.WC110G=rand(25,32,60); 
        cnet.WC111G=rand(25,14,28); 
        cnet.WC112G=rand(25,14,28); 
        cnet.WC113G=rand(25,14,28); 
        cnet.WC114G=rand(25,14,28); 
        cnet.WC115G=rand(25,5,12); 
        cnet.WC116G=rand(25,5,12); 
        cnet.WC117G=rand(25,5,12); 
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        cnet.WC118G=rand(25,5,12); 
         
        cnet.WC119B=rand(25,32,60); 
        cnet.WC120B=rand(25,14,28); 
        cnet.WC121B=rand(25,14,28); 
        cnet.WC122B=rand(25,14,28); 
        cnet.WC123B=rand(25,14,28); 
        cnet.WC124B=rand(25,5,12); 
        cnet.WC125B=rand(25,5,12); 
        cnet.WC126B=rand(25,5,12); 
        cnet.WC127B=rand(25,5,12); 
  
        cnet.biasC101=rand(32,60); 
        cnet.biasC102=rand(14,28); 
        cnet.biasC103=rand(14,28); 
        cnet.biasC104=rand(14,28); 
        cnet.biasC105=rand(14,28); 
        cnet.biasC106=rand(5,12); 
        cnet.biasC107=rand(5,12); 
        cnet.biasC108=rand(5,12); 
        cnet.biasC109=rand(5,12); 

        cnet.biasC110=rand(32,60); 
        cnet.biasC111=rand(14,28); 
        cnet.biasC112=rand(14,28); 
        cnet.biasC113=rand(14,28); 
        cnet.biasC114=rand(14,28); 
        cnet.biasC115=rand(5,12); 
        cnet.biasC116=rand(5,12); 
        cnet.biasC117=rand(5,12); 
        cnet.biasC118=rand(5,12); 
        cnet.biasC119=rand(32,60); 
        cnet.biasC120=rand(14,28); 
        cnet.biasC121=rand(14,28); 
        cnet.biasC122=rand(14,28); 
        cnet.biasC123=rand(14,28); 
        cnet.biasC124=rand(5,12); 
        cnet.biasC125=rand(5,12); 
        cnet.biasC126=rand(5,12); 
        cnet.biasC127=rand(5,12); 

         
% Layer S1 
cnet.WS1C101=0.25*ones(16,30); 
cnet.WS1C110=0.25*ones(16,30); 
cnet.WS1C119=0.25*ones(16,30);  
  

cnet.biasS101=rand(16,30); 
cnet.biasS110=rand(16,30); 
cnet.biasS119=rand(16,30); 

  
% Layer C2 
cnet.WC201_01=rand(9,14,28); 
cnet.WC201_10=rand(9,14,28); 
cnet.WC201_19=rand(9,14,28); 
  
cnet.WC202_01=rand(9,14,28); 
cnet.WC202_10=rand(9,14,28); 
cnet.WC202_19=rand(9,14,28); 
  
cnet.WC203_02=rand(9,12,26); 
cnet.WC203_11=rand(9,12,26); 
cnet.WC203_20=rand(9,12,26); 
  
cnet.WC204_03=rand(9,12,26); 
cnet.WC204_12=rand(9,12,26); 
cnet.WC204_21=rand(9,12,26); 
  
cnet.WC205_04=rand(9,12,26); 
cnet.WC205_13=rand(9,12,26); 
cnet.WC205_22=rand(9,12,26); 
  
cnet.WC206_05=rand(9,12,26); 
cnet.WC206_14=rand(9,12,26); 
cnet.WC206_23=rand(9,12,26); 
  
cnet.WC207_06=rand(9,3,10); 

cnet.WC207_15=rand(9,3,10); 
cnet.WC207_24=rand(9,3,10); 
  
cnet.WC208_07=rand(9,3,10); 
cnet.WC208_16=rand(9,3,10); 
cnet.WC208_25=rand(9,3,10); 
  
cnet.WC209_08=rand(9,3,10); 
cnet.WC209_17=rand(9,3,10); 
cnet.WC209_26=rand(9,3,10); 
  
cnet.WC210_09=rand(9,3,10); 
cnet.WC210_18=rand(9,3,10); 
cnet.WC210_27=rand(9,3,10); 
  
cnet.biasC201=rand(14,28); 
cnet.biasC202=rand(14,28); 
cnet.biasC203=rand(12,26); 
cnet.biasC204=rand(12,26); 
cnet.biasC205=rand(12,26); 
cnet.biasC206=rand(12,26); 
cnet.biasC207=rand(3,10); 
cnet.biasC208=rand(3,10); 
cnet.biasC209=rand(3,10); 
cnet.biasC210=rand(3,10); 
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% layer S2 
cnet.WS2C201=0.25*ones(7,14); 
cnet.WS2C202=0.25*ones(7,14); 
cnet.WS2C203=0.25*ones(6,13); 
cnet.WS2C204=0.25*ones(6,13); 
cnet.WS2C205=0.25*ones(6,13); 
cnet.WS2C206=0.25*ones(6,13); 
cnet.WS2C207=ones(3,10); 
cnet.WS2C208=ones(3,10); 
cnet.WS2C209=ones(3,10); 
cnet.WS2C210=ones(3,10); 
  
% layer N1 
cnet.WN101=rand(7,14); 
cnet.WN102=rand(7,14); 
cnet.WN103=rand(6,13); 
cnet.WN104=rand(6,13); 
cnet.WN105=rand(6,13); 
cnet.WN106=rand(6,13); 
cnet.WN107=rand(3,10); 
cnet.WN108=rand(3,10); 
cnet.WN109=rand(3,10); 
cnet.WN110=rand(3,10); 
  

cnet.biasN101=rand(1,1); 
cnet.biasN102=rand(1,1); 
cnet.biasN103=rand(1,1); 
cnet.biasN104=rand(1,1); 
cnet.biasN105=rand(1,1); 
cnet.biasN106=rand(1,1); 
cnet.biasN107=rand(1,1); 
cnet.biasN108=rand(1,1); 
cnet.biasN109=rand(1,1); 
cnet.biasN110=rand(1,1); 

  
% layerN2 
cnet.WN2=rand(1,10); 
cnet.biasN2=rand(1,1); 
  
        end 
         
    end 
     
end 
  

%ɋɬɪɭɤɬɭɪɵ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥɹ ɥɨɤɚɥɢɡɚɰɢɢ ɬɟɤɫɬɨɜɵɯ 
%ɨɛɥɚɫɬɟɣ ɧɚ ɩɨɥɭɬɨɧɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɹɯ 
 
classdef ConvNN_iBW 
    properties 
         
% Layer C1 
       
        WC101; 
        WC102; 
        WC103; 
        WC104; 
        WC105; 
        WC106; 
        WC107; 
        WC108; 
        WC109; 
  

        biasC101; 
        biasC102; 
        biasC103; 
        biasC104; 
        biasC105; 
        biasC106; 
        biasC107; 
        biasC108; 
        biasC109; 
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% Layer S1
WS1C101; 
WS1C102; 
WS1C103; 
WS1C104; 
WS1C105; 
WS1C106; 
WS1C107; 
WS1C108; 
WS1C109; 
  

biasS101; 
biasS102; 
biasS103; 
biasS104; 
biasS105; 
biasS106; 
biasS107; 
biasS108; 
biasS109;

 
% Layer C2
WC201_01; 
WC202_02; 
WC202_03; 
WC203_04; 
WC203_05; 
WC204_06; 
WC204_07; 
WC205_08; 
WC205_09; 

  
 
 
biasC201; 
biasC202; 
biasC203; 
biasC204; 
biasC205; 

  
% layer S2 
WS2C201; 
WS2C202; 
WS2C203; 
WS2C204; 
WS2C205; 
  
% layer N1 
WN101; 
WN102; 
WN103; 
WN104; 
WN105; 
  

biasN101; 
biasN102; 
biasN103; 
biasN104; 
biasN105;

% layerN2 
WN2; 
biasN2; 
  
    end 
     
    methods 
        function cnet=ConvNN_iBW() 
        % Layer C1 
        
        cnet.WC101=rand(25,32,60); 
        cnet.WC102=rand(25,14,28); 
        cnet.WC103=rand(25,14,28); 
        cnet.WC104=rand(25,14,28); 
        cnet.WC105=rand(25,14,28); 
        cnet.WC106=rand(25,5,12); 
        cnet.WC107=rand(25,5,12); 

        cnet.WC108=rand(25,5,12); 
        cnet.WC109=rand(25,5,12); 
  
        cnet.biasC101=rand(32,60); 
        cnet.biasC102=rand(14,28); 
        cnet.biasC103=rand(14,28); 
        cnet.biasC104=rand(14,28); 
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        cnet.biasC105=rand(14,28); 
        cnet.biasC106=rand(5,12); 
        cnet.biasC107=rand(5,12); 

        cnet.biasC108=rand(5,12); 
        cnet.biasC109=rand(5,12); 

         
% Layer S1 
cnet.WS1C101=0.25*ones(16,30); 
cnet.WS1C102=0.25*ones(12,26); 
cnet.WS1C103=0.25*ones(12,26);  
cnet.WS1C104=0.25*ones(12,26); 
cnet.WS1C105=0.25*ones(12,26); 
cnet.WS1C106=0.25*ones(5,12); 
cnet.WS1C107=0.25*ones(5,12); 
cnet.WS1C108=0.25*ones(5,12); 
cnet.WS1C109=0.25*ones(5,12); 
  

cnet.biasS101=rand(16,30); 
cnet.biasS102=rand(12,26); 
cnet.biasS103=rand(12,26); 
cnet.biasS104=rand(12,26); 
cnet.biasS105=rand(12,26); 
cnet.biasS106=rand(5,12); 
cnet.biasS107=rand(5,12); 
cnet.biasS108=rand(5,12); 
cnet.biasS109=rand(5,12); 

  
% Layer C2 
cnet.WC201_01=rand(9,14,28); 
cnet.WC202_02=rand(9,12,26); 
cnet.WC202_03=rand(9,12,26); 
cnet.WC203_04=rand(9,12,26); 
cnet.WC203_05=rand(9,12,26); 
cnet.WC204_06=rand(9,3,10); 
cnet.WC204_07=rand(9,3,10); 
cnet.WC205_08=rand(9,3,10); 
cnet.WC205_09=rand(9,3,10); 

 
 
 
cnet.biasC201=rand(14,28); 
cnet.biasC202=rand(12,26); 
cnet.biasC203=rand(12,26); 
cnet.biasC204=rand(3,10); 
cnet.biasC205=rand(3,10); 

  
% layer S2 
cnet.WS2C201=0.25*ones(7,14); 
cnet.WS2C202=0.25*ones(6,13); 
cnet.WS2C203=0.25*ones(6,13); 
cnet.WS2C204=ones(3,10); 
cnet.WS2C205=ones(3,10); 
  
% layer N1 
cnet.WN101=rand(7,14); 
cnet.WN102=rand(6,13); 
cnet.WN103=rand(6,13); 
cnet.WN104=rand(3,10); 
cnet.WN105=rand(3,10); 
  

cnet.biasN101=rand(1,1); 
cnet.biasN102=rand(1,1); 
cnet.biasN103=rand(1,1); 
cnet.biasN104=rand(1,1); 
cnet.biasN105=rand(1,1); 

  
% layerN2 
cnet.WN2=rand(1,10); 
cnet.biasN2=rand(1,1); 
  
        end 
         
    end 
     
end 
 

 

%Ɉɛɭɱɟɧɢɟ ɫɜёɪɬɨɱɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɞɥɹ ɥɨɤɚɥɢɡɚɰɢɢ ɬɟɤɫɬɨɜɵɯ 
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%ɨɛɥɚɫɬɟɣ ɧɚ ɰɜɟɬɧɵɯ ɢɡɨɛɪɚɠɟɧɢɹɯ 
close all; 
clear all; 
clc; 
  
% load imdata_label_1836_28Sep.mat; 
% err_cnn=zeros(0); 
% out_cnn=zeros(1); 
% cnet=ConvNN(); 
  
%% TRAIN 
load train_CNN_ex1836_ep25_rand_28Sep.mat; 
len_data=length(imdata); 
ep=25; 
i1=len_data*(ep-1)+1; 
i2=len_data*ep; 
max_err=0; 
for i=i1:i2 
    if err_cnn(i)>max_err 
        max_err=err_cnn(i); 
    end 
end 
% circle=length(err_cnn); 
% len_data=length(imdata); 
% ep=0; 
% i1=len_data*(ep-1)+1; 
% i2=len_data*ep; 
% max_err=2; 
while (ep<26) && (max_err>0.01)  
      ep=ep+1; 
      p=0.1; 
      len=length(imdata); 
%       for epoch=1:1 
          for i=1:length(imdata) 
              ir=round(1+(len-1).*rand(1,1)); 
              circle=circle+1; 
              disp(circle);     
              [cnet err_cnn out_cnn]=func_backpropagation_ConvNN_tangens_full 
                                       (cnet,imdata,label,ir,p,err_cnn,out_cnn); 
          end 
%       end 
      figure; plot(err_cnn(2:length(err_cnn))); 
      i1=1645*(ep-1)+1; 
      i2=1645*ep; 
      max_err=0; 
      for i=i1:i2 
          if err_cnn(i)>max_err 
             max_err=err_cnn(i); 
          end 
      end 
end 

 

% func_backpropagation_ConvNN_tangens_full.m 

 

function [cnet err_cnn 
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out_cnn]=func_backpropagation_ConvNN_tangens_full(cnet,imdata,imlabel,ir,p,err_c
nn,out_cnn) 
  
%% COEFFICIENT MATRIX (WEIGHT, BIAS) 
% Layer C1 
  
        
WC101R=cnet.WC101R; 
        
WC102R=cnet.WC102R; 
        
WC103R=cnet.WC103R; 
        
WC104R=cnet.WC104R; 
        
WC105R=cnet.WC105R; 
        
WC106R=cnet.WC106R; 
        
WC107R=cnet.WC107R; 
        
WC108R=cnet.WC108R; 
        
WC109R=cnet.WC109R; 
         

        
WC110G=cnet.WC110G; 
        
WC111G=cnet.WC111G; 
        
WC112G=cnet.WC112G; 
        
WC113G=cnet.WC113G; 
        
WC114G=cnet.WC114G; 
        
WC115G=cnet.WC115G; 
        
WC116G=cnet.WC116G; 
        
WC117G=cnet.WC117G; 
        
WC118G=cnet.WC118G; 
         

        
WC119B=cnet.WC119B; 
        
WC120B=cnet.WC120B; 
        
WC121B=cnet.WC121B; 
        
WC122B=cnet.WC122B; 
        
WC123B=cnet.WC123B; 
        
WC124B=cnet.WC124B; 
        
WC125B=cnet.WC125B; 
        
WC126B=cnet.WC126B; 
        
WC127B=cnet.WC127B; 

          
        
biasC101=cnet.biasC101; 
        
biasC102=cnet.biasC102; 
        
biasC103=cnet.biasC103; 
        
biasC104=cnet.biasC104; 
        
biasC105=cnet.biasC105; 
        
biasC106=cnet.biasC106; 
        
biasC107=cnet.biasC107; 
        
biasC108=cnet.biasC108; 
        
biasC109=cnet.biasC109; 
        

biasC110=cnet.biasC110; 
        
biasC111=cnet.biasC111; 
        
biasC112=cnet.biasC112; 
        
biasC113=cnet.biasC113; 
        
biasC114=cnet.biasC114; 
        
biasC115=cnet.biasC115; 
        
biasC116=cnet.biasC116; 
        
biasC117=cnet.biasC117; 
        
biasC118=cnet.biasC118; 
        

biasC119=cnet.biasC119; 
        
biasC120=cnet.biasC120; 
        
biasC121=cnet.biasC121; 
        
biasC122=cnet.biasC122; 
        
biasC123=cnet.biasC123; 
        
biasC124=cnet.biasC124; 
        
biasC125=cnet.biasC125; 
        
biasC126=cnet.biasC126; 
        
biasC127=cnet.biasC127; 

         
% Layer S1 
WS1C101=cnet.WS1C101; 
WS1C110=cnet.WS1C110; 
WS1C119=cnet.WS1C119; 
  

biasS101=cnet.biasS101; 
biasS110=cnet.biasS110; 
biasS119=cnet.biasS119; 

% Layer C2 
  
WC201_01=cnet.WC201_01; 
WC201_10=cnet.WC201_10; 

WC201_19=cnet.WC201_19; 
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WC202_01=cnet.WC202_01; 
WC202_10=cnet.WC202_10; 
WC202_19=cnet.WC202_19; 
  
WC203_02=cnet.WC203_02; 
WC203_11=cnet.WC203_11; 
WC203_20=cnet.WC203_20; 
  
WC204_03=cnet.WC204_03; 
WC204_12=cnet.WC204_12; 
WC204_21=cnet.WC204_21; 
  
WC205_04=cnet.WC205_04; 
WC205_13=cnet.WC205_13; 
WC205_22=cnet.WC205_22; 
  
WC206_05=cnet.WC206_05; 
WC206_14=cnet.WC206_14; 
WC206_23=cnet.WC206_23; 
  
WC207_06=cnet.WC207_06; 
WC207_15=cnet.WC207_15; 
WC207_24=cnet.WC207_24; 

  
WC208_07=cnet.WC208_07; 
WC208_16=cnet.WC208_16; 
WC208_25=cnet.WC208_25; 
  
WC209_08=cnet.WC209_08; 
WC209_17=cnet.WC209_17; 
WC209_26=cnet.WC209_26; 
  
WC210_09=cnet.WC210_09; 
WC210_18=cnet.WC210_18; 
WC210_27=cnet.WC210_27; 
  
biasC201=cnet.biasC201; 
biasC202=cnet.biasC202; 
biasC203=cnet.biasC203; 
biasC204=cnet.biasC204; 
biasC205=cnet.biasC205; 
biasC206=cnet.biasC206; 
biasC207=cnet.biasC207; 
biasC208=cnet.biasC208; 
biasC209=cnet.biasC209; 
biasC210=cnet.biasC210; 

  
  
% layer S2 
WS2C201=cnet.WS2C201; 
WS2C202=cnet.WS2C202; 
WS2C203=cnet.WS2C203; 
WS2C204=cnet.WS2C204; 
WS2C205=cnet.WS2C205; 
WS2C206=cnet.WS2C206; 
WS2C207=cnet.WS2C207; 
WS2C208=cnet.WS2C208; 
WS2C209=cnet.WS2C209; 
WS2C210=cnet.WS2C210; 
  
% layer N1 
WN101=cnet.WN101; 
WN102=cnet.WN102; 
WN103=cnet.WN103; 
WN104=cnet.WN104; 
WN105=cnet.WN105; 
WN106=cnet.WN106; 
WN107=cnet.WN107; 
WN108=cnet.WN108; 
WN109=cnet.WN109; 
WN110=cnet.WN110; 
  

  
biasN101=cnet.biasN101; 
biasN102=cnet.biasN102; 
biasN103=cnet.biasN103; 
biasN104=cnet.biasN104; 
biasN105=cnet.biasN105; 
biasN106=cnet.biasN106; 
biasN107=cnet.biasN107; 
biasN108=cnet.biasN108; 
biasN109=cnet.biasN109; 
biasN110=cnet.biasN110; 

  
% layerN2 
WN2=cnet.WN2; 
biasN2=cnet.biasN2; 
  
%% DIRECT PASSAGE 
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label=imlabel(ir); 
temp=imdata{ir}; 
temp=2*im2double(temp)-1; 
R=temp(:,:,1); 
G=temp(:,:,2); 
B=temp(:,:,3); 
  
  
%% CACULATE ACTIVATOR OF LAYERS 
  
%% Layer C1 
[wR, RA1, RH1, RV1, RD1, RA2, RH2, RV2, RD2] = func_directwavelet_level2( R ); 
[wG, GA1, GH1, GV1, GD1, GA2, GH2, GV2, GD2] = func_directwavelet_level2( G ); 
[wB, BA1, BH1, BV1, BD1, BA2, BH2, BV2, BD2] = func_directwavelet_level2( B ); 
  
  
for i=1:32 
    for j=1:60 
       % chanel R  
        wR01(:,i,j)=reshape(wR(i:i+4,j:j+4),1,[]); 
        sC101(i,j)=WC101R(:,i,j)'*wR01(:,i,j); 
  
         
       % chanel G 
        wG01(:,i,j)=reshape(wG(i:i+4,j:j+4),1,[]); 
        sC110(i,j)=WC110G(:,i,j)'*wG01(:,i,j); 
         
        %chanel B 
                 
        wB01(:,i,j)=reshape(wB(i:i+4,j:j+4),1,[]); 
        sC119(i,j)=WC119B(:,i,j)'*wB01(:,i,j); 
         
    end 
end 
  
for i=1:14 
    for j=1:28 
        % chanel R  
        wR02(:,i,j)=reshape(RA1(i:i+4,j:j+4),1,[]); 
        sC102(i,j)=WC102R(:,i,j)'*wR02(:,i,j); 
  
        wR03(:,i,j)=reshape(RH1(i:i+4,j:j+4),1,[]); 
        sC103(i,j)=WC103R(:,i,j)'*wR03(:,i,j); 
         
        wR04(:,i,j)=reshape(RV1(i:i+4,j:j+4),1,[]); 
        sC104(i,j)=WC104R(:,i,j)'*wR04(:,i,j); 
         
        wR05(:,i,j)=reshape(RD1(i:i+4,j:j+4),1,[]); 
        sC105(i,j)=WC105R(:,i,j)'*wR05(:,i,j); 
         
       % chanel G 
        wG11(:,i,j)=reshape(GA1(i:i+4,j:j+4),1,[]); 
        sC111(i,j)=WC111G(:,i,j)'*wG11(:,i,j); 
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        wG12(:,i,j)=reshape(GH1(i:i+4,j:j+4),1,[]); 
        sC112(i,j)=WC112G(:,i,j)'*wG12(:,i,j); 
         
        wG13(:,i,j)=reshape(GV1(i:i+4,j:j+4),1,[]); 
        sC113(i,j)=WC113G(:,i,j)'*wG13(:,i,j); 
         
        wG14(:,i,j)=reshape(GD1(i:i+4,j:j+4),1,[]); 
        sC114(i,j)=WC114G(:,i,j)'*wG14(:,i,j); 
         
        %chanel B 
                 
        wB20(:,i,j)=reshape(BA1(i:i+4,j:j+4),1,[]); 
        sC120(i,j)=WC120B(:,i,j)'*wB20(:,i,j); 
  
        wB21(:,i,j)=reshape(BH1(i:i+4,j:j+4),1,[]); 
        sC121(i,j)=WC121B(:,i,j)'*wB21(:,i,j); 
         
        wB22(:,i,j)=reshape(BV1(i:i+4,j:j+4),1,[]); 
        sC122(i,j)=WC122B(:,i,j)'*wB22(:,i,j); 
         
        wB23(:,i,j)=reshape(BD1(i:i+4,j:j+4),1,[]); 
        sC123(i,j)=WC123B(:,i,j)'*wB23(:,i,j); 
         
    end 
end 
  
for i=1:5 
    for j=1:12 
         
        % chanel R  
        wR06(:,i,j)=reshape(RA2(i:i+4,j:j+4),1,[]); 
        sC106(i,j)=WC106R(:,i,j)'*wR06(:,i,j); 
  
        wR07(:,i,j)=reshape(RH2(i:i+4,j:j+4),1,[]); 
        sC107(i,j)=WC107R(:,i,j)'*wR07(:,i,j); 
         
        wR08(:,i,j)=reshape(RV2(i:i+4,j:j+4),1,[]); 
        sC108(i,j)=WC108R(:,i,j)'*wR08(:,i,j); 
         
        wR09(:,i,j)=reshape(RD2(i:i+4,j:j+4),1,[]); 
        sC109(i,j)=WC109R(:,i,j)'*wR09(:,i,j); 
  
         
       % chanel G 
        wG15(:,i,j)=reshape(GA2(i:i+4,j:j+4),1,[]); 
        sC115(i,j)=WC115G(:,i,j)'*wG15(:,i,j); 
         
        wG16(:,i,j)=reshape(GH2(i:i+4,j:j+4),1,[]); 
        sC116(i,j)=WC116G(:,i,j)'*wG16(:,i,j); 
         
        wG17(:,i,j)=reshape(GV2(i:i+4,j:j+4),1,[]); 
        sC117(i,j)=WC117G(:,i,j)'*wG17(:,i,j); 
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        wG18(:,i,j)=reshape(GD2(i:i+4,j:j+4),1,[]); 
        sC118(i,j)=WC118G(:,i,j)'*wG18(:,i,j); 
         
        %chanel B 
                 
        wB24(:,i,j)=reshape(BA2(i:i+4,j:j+4),1,[]); 
        sC124(i,j)=WC124B(:,i,j)'*wB24(:,i,j); 
  
        wB25(:,i,j)=reshape(BH2(i:i+4,j:j+4),1,[]); 
        sC125(i,j)=WC125B(:,i,j)'*wB25(:,i,j); 
         
        wB26(:,i,j)=reshape(BV2(i:i+4,j:j+4),1,[]); 
        sC126(i,j)=WC126B(:,i,j)'*wB26(:,i,j); 
         
        wB27(:,i,j)=reshape(BD2(i:i+4,j:j+4),1,[]); 
        sC127(i,j)=WC127B(:,i,j)'*wB27(:,i,j); 
         
    end 
end 
sC101=sC101+biasC101; 
sC102=sC102+biasC102; 
sC103=sC103+biasC103; 
sC104=sC104+biasC104; 
sC105=sC105+biasC105; 
sC106=sC106+biasC106; 
sC107=sC107+biasC107; 
sC108=sC108+biasC108; 
sC109=sC109+biasC109; 

sC110=sC110+biasC110; 
sC111=sC111+biasC111; 
sC112=sC112+biasC112; 
sC113=sC113+biasC113; 
sC114=sC114+biasC114; 
sC115=sC115+biasC115; 
sC116=sC116+biasC116; 
sC117=sC117+biasC117; 
sC118=sC118+biasC118; 

sC119=sC119+biasC119; 
sC120=sC120+biasC120; 
sC121=sC121+biasC121; 
sC122=sC122+biasC122; 
sC123=sC123+biasC123; 
sC124=sC124+biasC124; 
sC125=sC125+biasC125; 
sC126=sC126+biasC126; 
sC127=sC127+biasC127; 

  
uC101=(exp(sC101)-exp(-(sC101)))./(exp(sC101)+exp(-(sC101))); 
uC102=(exp(sC102)-exp(-(sC102)))./(exp(sC102)+exp(-(sC102))); 
uC103=(exp(sC103)-exp(-(sC103)))./(exp(sC103)+exp(-(sC103))); 
uC104=(exp(sC104)-exp(-(sC104)))./(exp(sC104)+exp(-(sC104))); 
uC105=(exp(sC105)-exp(-(sC105)))./(exp(sC105)+exp(-(sC105))); 
uC106=(exp(sC106)-exp(-(sC106)))./(exp(sC106)+exp(-(sC106))); 
uC107=(exp(sC107)-exp(-(sC107)))./(exp(sC107)+exp(-(sC107))); 
uC108=(exp(sC108)-exp(-(sC108)))./(exp(sC108)+exp(-(sC108))); 
uC109=(exp(sC109)-exp(-(sC109)))./(exp(sC109)+exp(-(sC109))); 
uC110=(exp(sC110)-exp(-(sC110)))./(exp(sC110)+exp(-(sC110))); 
uC111=(exp(sC111)-exp(-(sC111)))./(exp(sC111)+exp(-(sC111))); 
uC112=(exp(sC112)-exp(-(sC112)))./(exp(sC112)+exp(-(sC112))); 
uC113=(exp(sC113)-exp(-(sC113)))./(exp(sC113)+exp(-(sC113))); 
uC114=(exp(sC114)-exp(-(sC114)))./(exp(sC114)+exp(-(sC114))); 
uC115=(exp(sC115)-exp(-(sC115)))./(exp(sC115)+exp(-(sC115))); 
uC116=(exp(sC116)-exp(-(sC116)))./(exp(sC116)+exp(-(sC116))); 
uC117=(exp(sC117)-exp(-(sC117)))./(exp(sC117)+exp(-(sC117))); 
uC118=(exp(sC118)-exp(-(sC118)))./(exp(sC118)+exp(-(sC118))); 
uC119=(exp(sC119)-exp(-(sC119)))./(exp(sC119)+exp(-(sC119))); 
uC120=(exp(sC120)-exp(-(sC120)))./(exp(sC120)+exp(-(sC120))); 
uC121=(exp(sC121)-exp(-(sC121)))./(exp(sC121)+exp(-(sC121))); 
uC122=(exp(sC122)-exp(-(sC122)))./(exp(sC122)+exp(-(sC122))); 
uC123=(exp(sC123)-exp(-(sC123)))./(exp(sC123)+exp(-(sC123))); 
uC124=(exp(sC124)-exp(-(sC124)))./(exp(sC124)+exp(-(sC124))); 
uC125=(exp(sC125)-exp(-(sC125)))./(exp(sC125)+exp(-(sC125))); 
uC126=(exp(sC126)-exp(-(sC126)))./(exp(sC126)+exp(-(sC126))); 
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uC127=(exp(sC127)-exp(-(sC127)))./(exp(sC127)+exp(-(sC127))); 
  
%% Layer S1 
  
for i=1:16 
    i1=2*(i-1)+1; 
    i2=i1+1; 
    for j=1:30 
        j1=2*(j-1)+1; 
        j2=j1+1; 
        uS101(i,j)=0.25*(sum(sum(uC101(i1:i2,j1:j2)))); 
        uS110(i,j)=0.25*(sum(sum(uC110(i1:i2,j1:j2)))); 
        uS119(i,j)=0.25*(sum(sum(uC119(i1:i2,j1:j2)))); 
    end 
end 
uS102=uC102; 
uS103=uC103; 
uS104=uC104; 
uS105=uC105; 
uS106=uC106; 
uS107=uC107; 
uS108=uC108; 
uS109=uC109; 

uS111=uC111; 
uS112=uC112; 
uS113=uC113; 
uS114=uC114; 
uS115=uC115; 
uS116=uC116; 
uS117=uC117; 
uS118=uC118; 

uS120=uC120; 
uS121=uC121; 
uS122=uC122; 
uS123=uC123; 
uS124=uC124; 
uS125=uC125; 
uS126=uC126; 
uS127=uC127; 

  
%% Layer C2 
  
for i=1:14 
    for j=1:28 
         
        S101C2(:,i,j)=reshape(uS101(i:i+2,j:j+2),1,[]); 
        S110C2(:,i,j)=reshape(uS110(i:i+2,j:j+2),1,[]); 
        S119C2(:,i,j)=reshape(uS119(i:i+2,j:j+2),1,[]); 
           
        S101C2ij=S101C2(:,i,j); 
        S110C2ij=S110C2(:,i,j); 
        S119C2ij=S119C2(:,i,j); 
         
 %sC201        
        WC201_1ij=WC201_01(:,i,j); 
        WC201_10ij=WC201_10(:,i,j); 
        WC201_19ij=WC201_19(:,i,j); 
        
sC201(i,j)=WC201_1ij'*S101C2ij+WC201_10ij'*S110C2ij+WC201_19ij'*S119C2ij; 
 %sC202 
       WC202_1ij=WC202_01(:,i,j); 
       WC202_10ij=WC202_10(:,i,j); 
       WC202_19ij=WC202_19(:,i,j); 
       sC202(i,j)=WC202_1ij'*S101C2ij+WC202_10ij'*S110C2ij+WC202_19ij'*S119C2ij; 
        
    end 
end 
  
for i=1:12 
    for j=1:26 
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        S102C2(:,i,j)=reshape(uS102(i:i+2,j:j+2),1,[]); 
        S103C2(:,i,j)=reshape(uS103(i:i+2,j:j+2),1,[]); 
        S104C2(:,i,j)=reshape(uS104(i:i+2,j:j+2),1,[]); 
        S105C2(:,i,j)=reshape(uS105(i:i+2,j:j+2),1,[]); 
         
        S111C2(:,i,j)=reshape(uS111(i:i+2,j:j+2),1,[]); 
        S112C2(:,i,j)=reshape(uS112(i:i+2,j:j+2),1,[]); 
        S113C2(:,i,j)=reshape(uS113(i:i+2,j:j+2),1,[]); 
        S114C2(:,i,j)=reshape(uS114(i:i+2,j:j+2),1,[]); 
         
        S120C2(:,i,j)=reshape(uS120(i:i+2,j:j+2),1,[]); 
        S121C2(:,i,j)=reshape(uS121(i:i+2,j:j+2),1,[]); 
        S122C2(:,i,j)=reshape(uS122(i:i+2,j:j+2),1,[]); 
        S123C2(:,i,j)=reshape(uS123(i:i+2,j:j+2),1,[]); 
           
 %sC203  
        S102C2ij=S102C2(:,i,j); 
        S111C2ij=S111C2(:,i,j); 
        S120C2ij=S120C2(:,i,j); 
         
        WC203_2ij=WC203_02(:,i,j); 
        WC203_11ij=WC203_11(:,i,j); 
        WC203_20ij=WC203_20(:,i,j); 
        
sC203(i,j)=WC203_2ij'*S102C2ij+WC203_11ij'*S111C2ij+WC203_20ij'*S120C2ij; 
         
 %sC204   
        S103C2ij=S103C2(:,i,j); 
        S112C2ij=S112C2(:,i,j); 
        S121C2ij=S121C2(:,i,j); 
         
        WC204_3ij=WC204_03(:,i,j); 
        WC204_12ij=WC204_12(:,i,j); 
        WC204_21ij=WC204_21(:,i,j); 
        
sC204(i,j)=WC204_3ij'*S103C2ij+WC204_12ij'*S112C2ij+WC204_21ij'*S121C2ij; 
  
 %sC205   
        S104C2ij=S104C2(:,i,j); 
        S113C2ij=S113C2(:,i,j); 
        S122C2ij=S122C2(:,i,j); 
         
        WC205_4ij=WC205_04(:,i,j); 
        WC205_13ij=WC205_13(:,i,j); 
        WC205_22ij=WC205_22(:,i,j); 
        
sC205(i,j)=WC205_4ij'*S104C2ij+WC205_13ij'*S113C2ij+WC205_22ij'*S122C2ij; 
  
 %sC206    
  
        S105C2ij=S105C2(:,i,j); 
        S114C2ij=S114C2(:,i,j); 
        S123C2ij=S123C2(:,i,j); 
         
        WC206_5ij=WC206_05(:,i,j); 
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        WC206_14ij=WC206_14(:,i,j); 
        WC206_23ij=WC206_23(:,i,j); 
        
sC206(i,j)=WC206_5ij'*S105C2ij+WC206_14ij'*S114C2ij+WC206_23ij'*S123C2ij; 
     
    end 
end 
 for i=1:3 
     for j=1:10 
          
        S106C2(:,i,j)=reshape(uS106(i:i+2,j:j+2),1,[]); 
        S107C2(:,i,j)=reshape(uS107(i:i+2,j:j+2),1,[]); 
        S108C2(:,i,j)=reshape(uS108(i:i+2,j:j+2),1,[]); 
        S109C2(:,i,j)=reshape(uS109(i:i+2,j:j+2),1,[]); 
         
        S115C2(:,i,j)=reshape(uS115(i:i+2,j:j+2),1,[]); 
        S116C2(:,i,j)=reshape(uS116(i:i+2,j:j+2),1,[]); 
        S117C2(:,i,j)=reshape(uS117(i:i+2,j:j+2),1,[]); 
        S118C2(:,i,j)=reshape(uS118(i:i+2,j:j+2),1,[]); 
         
        S124C2(:,i,j)=reshape(uS124(i:i+2,j:j+2),1,[]); 
        S125C2(:,i,j)=reshape(uS125(i:i+2,j:j+2),1,[]); 
        S126C2(:,i,j)=reshape(uS126(i:i+2,j:j+2),1,[]); 
        S127C2(:,i,j)=reshape(uS127(i:i+2,j:j+2),1,[]); 
          
 %sC207  
  
        S106C2ij=S106C2(:,i,j); 
        S115C2ij=S115C2(:,i,j); 
        S124C2ij=S124C2(:,i,j); 
         
        WC207_6ij=WC207_06(:,i,j); 
        WC207_15ij=WC207_15(:,i,j); 
        WC207_24ij=WC207_24(:,i,j); 
        
sC207(i,j)=WC207_6ij'*S106C2ij+WC207_15ij'*S115C2ij+WC207_24ij'*S124C2ij; 
         
 %sC208   
        S107C2ij=S107C2(:,i,j); 
        S116C2ij=S116C2(:,i,j); 
        S125C2ij=S125C2(:,i,j); 
         
        WC208_7ij=WC208_07(:,i,j); 
        WC208_16ij=WC208_16(:,i,j); 
        WC208_25ij=WC208_25(:,i,j); 
        
sC208(i,j)=WC208_7ij'*S107C2ij+WC208_16ij'*S116C2ij+WC208_25ij'*S125C2ij; 
  
 %sC209    
        S108C2ij=S108C2(:,i,j); 
        S117C2ij=S117C2(:,i,j); 
        S126C2ij=S126C2(:,i,j); 
         
        WC209_8ij=WC209_08(:,i,j); 
        WC209_17ij=WC209_17(:,i,j); 
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        WC209_26ij=WC209_26(:,i,j); 
        
sC209(i,j)=WC209_8ij'*S108C2ij+WC209_17ij'*S117C2ij+WC209_26ij'*S126C2ij; 
         
 %sC210    
        S109C2ij=S109C2(:,i,j); 
        S118C2ij=S118C2(:,i,j); 
        S127C2ij=S127C2(:,i,j); 
         
        WC210_9ij=WC210_09(:,i,j); 
        WC210_18ij=WC210_18(:,i,j); 
        WC210_27ij=WC210_27(:,i,j); 
        
sC210(i,j)=WC210_9ij'*S109C2ij+WC210_18ij'*S118C2ij+WC210_27ij'*S127C2ij; 
  
     end 
 end 
  
%uC201  
sC201=sC201+biasC201; 
uC201=(exp(sC201)-exp(-(sC201)))./(exp(sC201)+exp(-(sC201))); 
%uC202 
sC202=sC202+biasC202; 
uC202=(exp(sC202)-exp(-(sC202)))./(exp(sC202)+exp(-(sC202))); 
%uC203 
sC203=sC203+biasC203; 
uC203=(exp(sC203)-exp(-(sC203)))./(exp(sC203)+exp(-(sC203))); 
%uC204 
sC204=sC204+biasC204; 
uC204=(exp(sC204)-exp(-(sC204)))./(exp(sC204)+exp(-(sC204))); 
%uC205 
sC205=sC205+biasC205; 
uC205=(exp(sC205)-exp(-(sC205)))./(exp(sC205)+exp(-(sC205))); 
%uC206 
sC206=sC206+biasC206; 
uC206=(exp(sC206)-exp(-(sC206)))./(exp(sC206)+exp(-(sC206))); 
%uC207 
sC207=sC207+biasC207; 
uC207=(exp(sC207)-exp(-(sC207)))./(exp(sC207)+exp(-(sC207))); 
%uC208 
sC208=sC208+biasC208; 
uC208=(exp(sC208)-exp(-(sC208)))./(exp(sC208)+exp(-(sC208))); 
%uC209 
sC209=sC209+biasC209; 
uC209=(exp(sC209)-exp(-(sC209)))./(exp(sC209)+exp(-(sC209))); 
%uC210 
sC210=sC210+biasC210; 
uC210=(exp(sC210)-exp(-(sC210)))./(exp(sC210)+exp(-(sC210))); 
  
  
%% layer S2 
for i=1:7 
    i1=2*(i-1)+1; 
    i2=i1+1; 
    for j=1:14 
        j1=2*(j-1)+1; 
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        j2=j1+1; 
        uS201(i,j)=0.25*(sum(sum(uC201(i1:i2,j1:j2)))); 
        uS202(i,j)=0.25*(sum(sum(uC202(i1:i2,j1:j2)))); 
         
    end 
end 
for i=1:6 
    i1=2*(i-1)+1; 
    i2=i1+1; 
    for j=1:13 
        j1=2*(j-1)+1; 
        j2=j1+1; 
        uS203(i,j)=0.25*(sum(sum(uC203(i1:i2,j1:j2)))); 
        uS204(i,j)=0.25*(sum(sum(uC204(i1:i2,j1:j2)))); 
        uS205(i,j)=0.25*(sum(sum(uC205(i1:i2,j1:j2)))); 
        uS206(i,j)=0.25*(sum(sum(uC206(i1:i2,j1:j2)))); 
    end 
end 
uS207=uC207; 
uS208=uC208; 
uS209=uC209; 
uS210=uC210; 
  
%% layer N1 
sN101=sum(sum(WN101.*uS201))/98+biasN101; 
sN102=sum(sum(WN102.*uS202))/98+biasN102; 
sN103=sum(sum(WN103.*uS203))/98+biasN103; 
sN104=sum(sum(WN104.*uS204))/98+biasN104; 
sN105=sum(sum(WN105.*uS205))/98+biasN105; 
sN106=sum(sum(WN106.*uS206))/98+biasN106; 
sN107=sum(sum(WN107.*uS207))/98+biasN107; 
sN108=sum(sum(WN108.*uS208))/98+biasN108; 
sN109=sum(sum(WN109.*uS209))/98+biasN109; 
sN110=sum(sum(WN110.*uS210))/98+biasN110; 
  
uN101=(exp(sN101)-exp(-(sN101)))/(exp(sN101)+exp(-(sN101))); 
uN102=(exp(sN102)-exp(-(sN102)))/(exp(sN102)+exp(-(sN102))); 
uN103=(exp(sN103)-exp(-(sN103)))/(exp(sN103)+exp(-(sN103))); 
uN104=(exp(sN104)-exp(-(sN104)))/(exp(sN104)+exp(-(sN104))); 
uN105=(exp(sN105)-exp(-(sN105)))/(exp(sN105)+exp(-(sN105))); 
uN106=(exp(sN106)-exp(-(sN106)))/(exp(sN106)+exp(-(sN106))); 
uN107=(exp(sN107)-exp(-(sN107)))/(exp(sN107)+exp(-(sN107))); 
uN108=(exp(sN108)-exp(-(sN108)))/(exp(sN108)+exp(-(sN108))); 
uN109=(exp(sN109)-exp(-(sN109)))/(exp(sN109)+exp(-(sN109))); 
uN110=(exp(sN110)-exp(-(sN110)))/(exp(sN110)+exp(-(sN110))); 
  
%% layer N2 
tam1=WN2(1,1)*uN101+WN2(1,2)*uN102+WN2(1,3)*uN103+WN2(1,4)*uN104+WN2(1,5)*uN105; 
tam2=WN2(1,6)*uN106+WN2(1,7)*uN107+WN2(1,8)*uN108+WN2(1,9)*uN109+WN2(1,10)*uN110
; 
sN2=tam1+tam2+biasN2; 
uN2=(exp(sN2)-exp(-sN2))/(exp(sN2)+exp(-sN2)); 
out=uN2; 
out_cnn=[out_cnn out]; 
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%% CACULATE ERRORS OF LAYERS 
C=label; 
e=0.5*((C-out)^2); 
err_cnn=[err_cnn e]; 
%% layer N2 
errN2=(C-out)*(1-out)*(1+out)/2; 
  
%% layer N1 
errN101=0.5*(1+uN101)*(1-uN101)*(errN2*WN2(1,1)); 
errN102=0.5*(1+uN102)*(1-uN102)*(errN2*WN2(1,2)); 
errN103=0.5*(1+uN103)*(1-uN103)*(errN2*WN2(1,3)); 
errN104=0.5*(1+uN104)*(1-uN104)*(errN2*WN2(1,4)); 
errN105=0.5*(1+uN105)*(1-uN105)*(errN2*WN2(1,5)); 
errN106=0.5*(1+uN106)*(1-uN106)*(errN2*WN2(1,6)); 
errN107=0.5*(1+uN107)*(1-uN107)*(errN2*WN2(1,7)); 
errN108=0.5*(1+uN108)*(1-uN108)*(errN2*WN2(1,8)); 
errN109=0.5*(1+uN109)*(1-uN109)*(errN2*WN2(1,9)); 
errN110=0.5*(1+uN110)*(1-uN110)*(errN2*WN2(1,10)); 
  
  
%% layer S2 
errS201=0.5*(1+uS201).*(1-uS201).*(errN101*WN101); 
errS202=0.5*(1+uS202).*(1-uS202).*(errN102*WN102); 
errS203=0.5*(1+uS203).*(1-uS203).*(errN103*WN103); 
errS204=0.5*(1+uS204).*(1-uS204).*(errN104*WN104); 
errS205=0.5*(1+uS205).*(1-uS205).*(errN105*WN105); 
errS206=0.5*(1+uS206).*(1-uS206).*(errN106*WN106); 
errS207=0.5*(1+uS207).*(1-uS207).*(errN107*WN107); 
errS208=0.5*(1+uS208).*(1-uS208).*(errN108*WN108); 
errS209=0.5*(1+uS209).*(1-uS209).*(errN109*WN109); 
errS210=0.5*(1+uS210).*(1-uS210).*(errN110*WN110); 
  
  
%% layer C2 
for i=1:7 
    i1=2*(i-1)+1; 
    i2=i1+1; 
    for j=1:14 
        j1=2*(j-1)+1; 
        j2=j1+1; 
        errC201(i1:i2,j1:j2)=errS201(i,j).*WS2C201(i,j); 
        errC202(i1:i2,j1:j2)=errS202(i,j).*WS2C202(i,j); 
    end 
end 
for i=1:6 
    i1=2*(i-1)+1; 
    i2=i1+1; 
    for j=1:13 
        j1=2*(j-1)+1; 
        j2=j1+1; 
        errC203(i1:i2,j1:j2)=errS203(i,j).*WS2C203(i,j); 
        errC204(i1:i2,j1:j2)=errS204(i,j).*WS2C204(i,j); 
        errC205(i1:i2,j1:j2)=errS205(i,j).*WS2C205(i,j); 
        errC206(i1:i2,j1:j2)=errS206(i,j).*WS2C206(i,j); 
    end 
end 
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errC207=errS207; 
errC208=errS208; 
errC209=errS209;  
errC210=errS210; 
  
%% Layer S1 
rWC201_01=zeros(16,30); 
rWC201_10=zeros(16,30); 
rWC201_19=zeros(16,30); 
rWC202_01=zeros(16,30); 
rWC202_10=zeros(16,30); 
rWC202_19=zeros(16,30); 
  
for i=1:14 
    for j=1:28 
         
        w=errC201(i,j)*WC201_01(:,i,j); 
        ww=reshape(w,3,3); 
        rWC201_01(i:i+2,j:j+2)=rWC201_01(i:i+2,j:j+2)+ww; 
         
         
        w=errC201(i,j)*WC201_10(:,i,j); 
        ww=reshape(w,3,3); 
        rWC201_10(i:i+2,j:j+2)=rWC201_10(i:i+2,j:j+2)+ww; 
         
         w=errC201(i,j)*WC201_19(:,i,j); 
         ww=reshape(w,3,3); 
        rWC201_19(i:i+2,j:j+2)=rWC201_19(i:i+2,j:j+2)+ww; 
         
        w=errC202(i,j)*WC202_01(:,i,j); 
        ww=reshape(w,3,3); 
        rWC202_01(i:i+2,j:j+2)=rWC202_01(i:i+2,j:j+2)+ww; 
         
         
        w=errC202(i,j)*WC202_10(:,i,j); 
        ww=reshape(w,3,3); 
        rWC202_10(i:i+2,j:j+2)=rWC202_10(i:i+2,j:j+2)+ww; 
         
         w=errC202(i,j)*WC202_19(:,i,j); 
         ww=reshape(w,3,3); 
        rWC202_19(i:i+2,j:j+2)=rWC202_19(i:i+2,j:j+2)+ww; 
         
    end 
end 
errS101=0.5*(1+uS101).*(1-uS101).*(rWC201_01+rWC202_01); 
errS110=0.5*(1+uS110).*(1-uS110).*(rWC201_10+rWC202_10); 
errS119=0.5*(1+uS119).*(1-uS119).*(rWC201_19+rWC202_19); 
  
rWC203_02=zeros(14,28); 
rWC203_11=zeros(14,28); 
rWC203_20=zeros(14,28); 
  
rWC204_03=zeros(14,28); 
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rWC204_12=zeros(14,28); 
rWC204_21=zeros(14,28); 
  
rWC205_04=zeros(14,28); 
rWC205_13=zeros(14,28); 
rWC205_22=zeros(14,28); 
  
rWC206_05=zeros(14,28); 
rWC206_14=zeros(14,28); 
rWC206_23=zeros(14,28); 
  
for i=1:12 
    ii=i; 
    for j=1:26 
        jj=j; 
         
         
        w=errC203(i,j)*WC203_02(:,i,j); 
        ww=reshape(w,3,3); 
        rWC203_02(ii:ii+2,jj:jj+2)=rWC203_02(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC203(i,j)*WC203_11(:,i,j); 
        ww=reshape(w,3,3); 
        rWC203_11(ii:ii+2,jj:jj+2)=rWC203_11(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC203(i,j)*WC203_20(:,i,j); 
        ww=reshape(w,3,3); 
        rWC203_20(ii:ii+2,jj:jj+2)=rWC203_20(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC204(i,j)*WC204_03(:,i,j); 
        ww=reshape(w,3,3); 
        rWC204_03(ii:ii+2,jj:jj+2)=rWC204_03(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC204(i,j)*WC204_12(:,i,j); 
        ww=reshape(w,3,3); 
        rWC204_12(ii:ii+2,jj:jj+2)=rWC204_12(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC204(i,j)*WC204_21(:,i,j); 
        ww=reshape(w,3,3); 
        rWC204_21(ii:ii+2,jj:jj+2)=rWC204_21(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC205(i,j)*WC205_04(:,i,j); 
        ww=reshape(w,3,3); 
        rWC205_04(ii:ii+2,jj:jj+2)=rWC205_04(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC205(i,j)*WC205_13(:,i,j); 
        ww=reshape(w,3,3); 
        rWC205_13(ii:ii+2,jj:jj+2)=rWC205_13(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC205(i,j)*WC205_22(:,i,j); 
        ww=reshape(w,3,3); 
        rWC205_22(ii:ii+2,jj:jj+2)=rWC205_22(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC206(i,j)*WC206_05(:,i,j); 
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        ww=reshape(w,3,3); 
        rWC206_05(ii:ii+2,jj:jj+2)=rWC206_05(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC206(i,j)*WC206_14(:,i,j); 
        ww=reshape(w,3,3); 
        rWC206_14(ii:ii+2,jj:jj+2)=rWC206_14(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC206(i,j)*WC206_23(:,i,j); 
        ww=reshape(w,3,3); 
        rWC206_23(ii:ii+2,jj:jj+2)=rWC206_23(ii:ii+2,jj:jj+2)+ww; 
         
    end 
end 
errS102=0.5*(1+uS102).*(1-uS102).*rWC203_02; 
errS103=0.5*(1+uS103).*(1-uS103).*rWC204_03; 
errS104=0.5*(1+uS104).*(1-uS104).*rWC205_04; 
errS105=0.5*(1+uS105).*(1-uS105).*rWC206_05; 
  
errS111=0.5*(1+uS111).*(1-uS111).*rWC203_11; 
errS112=0.5*(1+uS112).*(1-uS112).*rWC204_12; 
errS113=0.5*(1+uS113).*(1-uS113).*rWC205_13; 
errS114=0.5*(1+uS114).*(1-uS114).*rWC206_14; 
  
errS120=0.5*(1+uS120).*(1-uS120).*rWC203_20; 
errS121=0.5*(1+uS121).*(1-uS121).*rWC204_21; 
errS122=0.5*(1+uS122).*(1-uS122).*rWC205_22; 
errS123=0.5*(1+uS123).*(1-uS123).*rWC206_23; 
  
  
rWC207_06=zeros(5,12); 
rWC207_15=zeros(5,12); 
rWC207_24=zeros(5,12); 
  
rWC208_07=zeros(5,12); 
rWC208_16=zeros(5,12); 
rWC208_25=zeros(5,12); 
  
rWC209_08=zeros(5,12); 
rWC209_17=zeros(5,12); 
rWC209_26=zeros(5,12); 
  
rWC210_09=zeros(5,12); 
rWC210_18=zeros(5,12); 
rWC210_27=zeros(5,12); 
  
for i=1:3 
    ii=i; 
    for j=1:10 
        jj=j; 
         
        w=errC207(i,j)*WC207_06(:,i,j); 
        ww=reshape(w,3,3); 
        rWC207_06(ii:ii+2,jj:jj+2)=rWC207_06(ii:ii+2,jj:jj+2)+ww; 
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        w=errC207(i,j)*WC207_15(:,i,j); 
        ww=reshape(w,3,3); 
        rWC207_15(ii:ii+2,jj:jj+2)=rWC207_15(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC207(i,j)*WC207_24(:,i,j); 
        ww=reshape(w,3,3); 
        rWC207_24(ii:ii+2,jj:jj+2)=rWC207_24(ii:ii+2,jj:jj+2)+ww; 
         
         
        w=errC208(i,j)*WC208_07(:,i,j); 
        ww=reshape(w,3,3); 
        rWC208_07(ii:ii+2,jj:jj+2)=rWC208_07(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC208(i,j)*WC208_16(:,i,j); 
        ww=reshape(w,3,3); 
        rWC208_16(ii:ii+2,jj:jj+2)=rWC208_16(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC208(i,j)*WC208_25(:,i,j); 
        ww=reshape(w,3,3); 
        rWC208_25(ii:ii+2,jj:jj+2)=rWC208_25(ii:ii+2,jj:jj+2)+ww; 
         
         
        w=errC209(i,j)*WC209_08(:,i,j); 
        ww=reshape(w,3,3); 
        rWC209_08(ii:ii+2,jj:jj+2)=rWC209_08(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC209(i,j)*WC209_17(:,i,j); 
        ww=reshape(w,3,3); 
        rWC209_17(ii:ii+2,jj:jj+2)=rWC209_17(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC209(i,j)*WC209_26(:,i,j); 
        ww=reshape(w,3,3); 
        rWC209_26(ii:ii+2,jj:jj+2)=rWC209_26(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC210(i,j)*WC210_09(:,i,j); 
        ww=reshape(w,3,3); 
        rWC210_09(ii:ii+2,jj:jj+2)=rWC210_09(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC210(i,j)*WC210_18(:,i,j); 
        ww=reshape(w,3,3); 
        rWC210_18(ii:ii+2,jj:jj+2)=rWC210_18(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC210(i,j)*WC210_27(:,i,j); 
        ww=reshape(w,3,3); 
        rWC210_27(ii:ii+2,jj:jj+2)=rWC210_27(ii:ii+2,jj:jj+2)+ww; 
         
    end 
end 
  
errS106=0.5*(1+uS106).*(1-uS106).*rWC207_06; 
errS107=0.5*(1+uS107).*(1-uS107).*rWC208_07; 
errS108=0.5*(1+uS108).*(1-uS108).*rWC209_08; 
errS109=0.5*(1+uS109).*(1-uS109).*rWC210_09; 
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errS115=0.5*(1+uS115).*(1-uS115).*rWC207_15; 
errS116=0.5*(1+uS116).*(1-uS116).*rWC208_16; 
errS117=0.5*(1+uS117).*(1-uS117).*rWC209_17; 
errS118=0.5*(1+uS118).*(1-uS118).*rWC210_18; 
  
errS124=0.5*(1+uS124).*(1-uS124).*rWC207_24; 
errS125=0.5*(1+uS125).*(1-uS125).*rWC208_25; 
errS126=0.5*(1+uS126).*(1-uS126).*rWC209_26; 
errS127=0.5*(1+uS127).*(1-uS127).*rWC210_27; 
  
%% layer C1 
for i=1:16 
    i1=2*(i-1)+1; 
    i2=i1+1; 
    for j=1:30 
        j1=2*(j-1)+1; 
        j2=j1+1; 
        errC101(i1:i2,j1:j2)=errS101(i,j).*WS1C101(i,j); 
        errC110(i1:i2,j1:j2)=errS110(i,j).*WS1C110(i,j); 
        errC119(i1:i2,j1:j2)=errS119(i,j).*WS1C119(i,j); 
    end 
end 
errC102=errS102; 
errC103=errS103; 
errC104=errS104;  
errC105=errS105; 
errC106=errS106; 
errC107=errS107;  
errC108=errS108; 
errC109=errS109; 
  
errC111=errS111; 
errC112=errS112; 
errC113=errS113; 
errC114=errS114;  
errC115=errS115; 
errC116=errS116; 
errC117=errS117;  
errC118=errS118; 
  
errC120=errS120; 
errC121=errS121; 
errC122=errS122; 
errC123=errS123; 
errC124=errS124;  
errC125=errS125; 
errC126=errS126; 
errC127=errS127;  
  
  
%% CHANGE WEIGHT AND BIAS 
% layer N2 
newWN2(1,1)=WN2(1,1)+p*errN2*uN101; 
newWN2(1,2)=WN2(1,2)+p*errN2*uN102; 
newWN2(1,3)=WN2(1,3)+p*errN2*uN103; 
newWN2(1,4)=WN2(1,4)+p*errN2*uN104; 
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newWN2(1,5)=WN2(1,5)+p*errN2*uN105; 
newWN2(1,6)=WN2(1,6)+p*errN2*uN106; 
newWN2(1,7)=WN2(1,7)+p*errN2*uN107; 
newWN2(1,8)=WN2(1,8)+p*errN2*uN108; 
newWN2(1,9)=WN2(1,9)+p*errN2*uN109; 
newWN2(1,10)=WN2(1,10)+p*errN2*uN110; 
  
newbiasN2=biasN2+p*errN2; 
  
%% layer N1 
newWN101=WN101+p*errN101*uS201; 
newWN102=WN102+p*errN102*uS202; 
newWN103=WN103+p*errN103*uS203; 
newWN104=WN104+p*errN104*uS204; 
newWN105=WN105+p*errN105*uS205; 
newWN106=WN106+p*errN106*uS206; 
newWN107=WN107+p*errN107*uS207; 
newWN108=WN108+p*errN108*uS208; 
newWN109=WN109+p*errN109*uS209; 
newWN110=WN110+p*errN110*uS210; 
  
newbiasN101=biasN101+p*errN101; 
newbiasN102=biasN102+p*errN102; 
newbiasN103=biasN103+p*errN103; 
newbiasN104=biasN104+p*errN104; 
newbiasN105=biasN105+p*errN105; 
newbiasN106=biasN106+p*errN106; 
newbiasN107=biasN107+p*errN107; 
newbiasN108=biasN108+p*errN108; 
newbiasN109=biasN109+p*errN109; 
newbiasN110=biasN110+p*errN110; 
  
%% layer C2 
  
for i=1:14 
    for j=1:28 
         
        S101C2ij=reshape(S101C2(:,i,j),3,3);  
        S110C2ij=reshape(S110C2(:,i,j),3,3); 
        S119C2ij=reshape(S119C2(:,i,j),3,3); 
  
         
% C201 - WC201_01, WC201_10, WC201_19         
        errC201ij=errC201(i,j); 
       
        WC201_01ij=reshape(WC201_01(:,i,j),3,3); 
        newWC201_01ij=WC201_01ij+p*errC201ij*S101C2ij; 
        newWC201_01(:,i,j)=reshape(newWC201_01ij,1,[]); 
         
        WC201_10ij=reshape(WC201_10(:,i,j),3,3); 
        newWC201_10ij=WC201_10ij+p*errC201ij*S110C2ij; 
        newWC201_10(:,i,j)=reshape(newWC201_10ij,1,[]); 
         
        WC201_19ij=reshape(WC201_19(:,i,j),3,3); 
        newWC201_19ij=WC201_19ij+p*errC201ij*S119C2ij; 
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        newWC201_19(:,i,j)=reshape(newWC201_19ij,1,[]); 
         
% C202 -  WC201_01, WC201_10, WC201_19  
        errC202ij=errC202(i,j); 
         
        WC202_01ij=reshape(WC202_01(:,i,j),3,3); 
        newWC202_01ij=WC202_01ij+p*errC202ij*S101C2ij; 
        newWC202_01(:,i,j)=reshape(newWC202_01ij,1,[]); 
         
        WC202_10ij=reshape(WC202_10(:,i,j),3,3); 
        newWC202_10ij=WC202_10ij+p*errC202ij*S110C2ij; 
        newWC202_10(:,i,j)=reshape(newWC202_10ij,1,[]); 
         
        WC202_19ij=reshape(WC202_19(:,i,j),3,3); 
        newWC202_19ij=WC202_19ij+p*errC202ij*S119C2ij; 
        newWC202_19(:,i,j)=reshape(newWC202_19ij,1,[]); 
         
    end 
end 
  
for i=1:12 
    for j=1:26 
         
        S102C2ij=reshape(S102C2(:,i,j),3,3);  
        S103C2ij=reshape(S103C2(:,i,j),3,3); 
        S104C2ij=reshape(S104C2(:,i,j),3,3); 
        S105C2ij=reshape(S105C2(:,i,j),3,3); 
         
        S111C2ij=reshape(S111C2(:,i,j),3,3); 
        S112C2ij=reshape(S112C2(:,i,j),3,3); 
        S113C2ij=reshape(S113C2(:,i,j),3,3); 
        S114C2ij=reshape(S114C2(:,i,j),3,3); 
         
        S120C2ij=reshape(S120C2(:,i,j),3,3); 
        S121C2ij=reshape(S121C2(:,i,j),3,3); 
        S122C2ij=reshape(S122C2(:,i,j),3,3); 
        S123C2ij=reshape(S123C2(:,i,j),3,3); 
         
     % C203 - WC203_02, WC203_11, WC203_20   
        errC203ij=errC203(i,j); 
         
        WC203_02ij=reshape(WC203_02(:,i,j),3,3); 
        newWC203_02ij=WC203_02ij+p*errC203ij*S102C2ij; 
        newWC203_02(:,i,j)=reshape(newWC203_02ij,1,[]); 
         
         WC203_11ij=reshape(WC203_11(:,i,j),3,3); 
        newWC203_11ij=WC203_11ij+p*errC203ij*S111C2ij; 
        newWC203_11(:,i,j)=reshape(newWC203_11ij,1,[]); 
         
         WC203_20ij=reshape(WC203_20(:,i,j),3,3); 
        newWC203_20ij=WC203_20ij+p*errC203ij*S120C2ij; 
        newWC203_20(:,i,j)=reshape(newWC203_20ij,1,[]); 
         
     % C204 - WC204_03, WC204_12, WC204_21  
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        errC204ij=errC204(i,j); 
         
        WC204_03ij=reshape(WC204_03(:,i,j),3,3); 
        newWC204_03ij=WC204_03ij+p*errC204ij*S103C2ij; 
        newWC204_03(:,i,j)=reshape(newWC204_03ij,1,[]); 
         
        WC204_12ij=reshape(WC204_12(:,i,j),3,3); 
        newWC204_12ij=WC204_12ij+p*errC204ij*S112C2ij; 
        newWC204_12(:,i,j)=reshape(newWC204_12ij,1,[]); 
         
        WC204_21ij=reshape(WC204_21(:,i,j),3,3); 
        newWC204_21ij=WC204_21ij+p*errC204ij*S121C2ij; 
        newWC204_21(:,i,j)=reshape(newWC204_21ij,1,[]); 
      
     % C205 - WC205_04, WC205_13, WC205_22   
        errC205ij=errC205(i,j); 
         
        WC205_04ij=reshape(WC205_04(:,i,j),3,3); 
        newWC205_04ij=WC205_04ij+p*errC205ij*S104C2ij; 
        newWC205_04(:,i,j)=reshape(newWC205_04ij,1,[]); 
         
        WC205_13ij=reshape(WC205_13(:,i,j),3,3); 
        newWC205_13ij=WC205_13ij+p*errC205ij*S113C2ij; 
        newWC205_13(:,i,j)=reshape(newWC205_13ij,1,[]); 
         
        WC205_22ij=reshape(WC205_22(:,i,j),3,3); 
        newWC205_22ij=WC205_22ij+p*errC205ij*S122C2ij; 
        newWC205_22(:,i,j)=reshape(newWC205_22ij,1,[]); 
         
     % C206 - WC206_05, WC206_14, WC206_23   
        errC206ij=errC206(i,j); 
         
        WC206_05ij=reshape(WC206_05(:,i,j),3,3); 
        newWC206_05ij=WC206_05ij+p*errC206ij*S105C2ij; 
        newWC206_05(:,i,j)=reshape(newWC206_05ij,1,[]); 
         
        WC206_14ij=reshape(WC206_14(:,i,j),3,3); 
        newWC206_14ij=WC206_14ij+p*errC206ij*S114C2ij; 
        newWC206_14(:,i,j)=reshape(newWC206_14ij,1,[]); 
         
        WC206_23ij=reshape(WC206_23(:,i,j),3,3); 
        newWC206_23ij=WC206_23ij+p*errC206ij*S123C2ij; 
        newWC206_23(:,i,j)=reshape(newWC206_23ij,1,[]); 
      
    end 
end 
  
for i=1:3 
    for j=1:10 
         
        S106C2ij=reshape(S106C2(:,i,j),3,3);  
        S107C2ij=reshape(S107C2(:,i,j),3,3); 
        S108C2ij=reshape(S108C2(:,i,j),3,3); 
        S109C2ij=reshape(S109C2(:,i,j),3,3); 
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        S115C2ij=reshape(S115C2(:,i,j),3,3); 
        S116C2ij=reshape(S116C2(:,i,j),3,3); 
        S117C2ij=reshape(S117C2(:,i,j),3,3); 
        S118C2ij=reshape(S118C2(:,i,j),3,3); 
         
        S124C2ij=reshape(S124C2(:,i,j),3,3); 
        S125C2ij=reshape(S125C2(:,i,j),3,3); 
        S126C2ij=reshape(S126C2(:,i,j),3,3); 
        S127C2ij=reshape(S127C2(:,i,j),3,3); 
         
     % C207 - WC207_06, WC207_15, WC207_24   
        errC207ij=errC207(i,j); 
         
        WC207_06ij=reshape(WC207_06(:,i,j),3,3); 
        newWC207_06ij=WC207_06ij+p*errC207ij*S106C2ij; 
        newWC207_06(:,i,j)=reshape(newWC207_06ij,1,[]); 
         
        WC207_15ij=reshape(WC207_15(:,i,j),3,3); 
        newWC207_15ij=WC207_15ij+p*errC207ij*S115C2ij; 
        newWC207_15(:,i,j)=reshape(newWC207_15ij,1,[]); 
         
        WC207_24ij=reshape(WC207_24(:,i,j),3,3); 
        newWC207_24ij=WC207_24ij+p*errC207ij*S124C2ij; 
        newWC207_24(:,i,j)=reshape(newWC207_24ij,1,[]); 
         
     % C208 - WC208_07, WC208_16, WC208_25   
        errC208ij=errC208(i,j); 
         
        WC208_07ij=reshape(WC208_07(:,i,j),3,3); 
        newWC208_07ij=WC208_07ij+p*errC208ij*S107C2ij; 
        newWC208_07(:,i,j)=reshape(newWC208_07ij,1,[]); 
         
        WC208_16ij=reshape(WC208_16(:,i,j),3,3); 
        newWC208_16ij=WC208_16ij+p*errC208ij*S116C2ij; 
        newWC208_16(:,i,j)=reshape(newWC208_16ij,1,[]); 
      
        WC208_25ij=reshape(WC208_25(:,i,j),3,3); 
        newWC208_25ij=WC208_25ij+p*errC208ij*S125C2ij; 
        newWC208_25(:,i,j)=reshape(newWC208_25ij,1,[]); 
         
     % C209 - WC209_08, WC209_17, WC209_26   
        errC209ij=errC209(i,j); 
         
        WC209_08ij=reshape(WC209_08(:,i,j),3,3); 
        newWC209_08ij=WC209_08ij+p*errC209ij*S108C2ij; 
        newWC209_08(:,i,j)=reshape(newWC209_08ij,1,[]); 
         
        WC209_17ij=reshape(WC209_17(:,i,j),3,3); 
        newWC209_17ij=WC209_17ij+p*errC209ij*S117C2ij; 
        newWC209_17(:,i,j)=reshape(newWC209_17ij,1,[]); 
         
        WC209_26ij=reshape(WC209_26(:,i,j),3,3); 
        newWC209_26ij=WC209_26ij+p*errC209ij*S126C2ij; 
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        newWC209_26(:,i,j)=reshape(newWC209_26ij,1,[]); 
         
      
     % C210 - WC210_09, WC210_18, WC210_27  
        errC210ij=errC210(i,j); 
         
        WC210_09ij=reshape(WC210_09(:,i,j),3,3); 
        newWC210_09ij=WC210_09ij+p*errC210ij*S109C2ij; 
        newWC210_09(:,i,j)=reshape(newWC210_09ij,1,[]); 
         
        WC210_18ij=reshape(WC210_18(:,i,j),3,3); 
        newWC210_18ij=WC210_18ij+p*errC210ij*S118C2ij; 
        newWC210_18(:,i,j)=reshape(newWC210_18ij,1,[]); 
         
         WC210_27ij=reshape(WC210_27(:,i,j),3,3); 
        newWC210_27ij=WC210_27ij+p*errC210ij*S127C2ij; 
        newWC210_27(:,i,j)=reshape(newWC210_27ij,1,[]); 
      
    end 
end 
  
newbiasC201=biasC201+p*errC201; 
newbiasC202=biasC202+p*errC202; 
newbiasC203=biasC203+p*errC203; 
newbiasC204=biasC204+p*errC204; 
newbiasC205=biasC205+p*errC205; 
newbiasC206=biasC206+p*errC206; 
newbiasC207=biasC207+p*errC207; 
newbiasC208=biasC208+p*errC208; 
newbiasC209=biasC209+p*errC209; 
newbiasC210=biasC210+p*errC210; 
  
%% layer C1 
  
for i=1:32 
    for j=1:60 
       % chanel R  
        newWC101R(:,i,j)=WC101R(:,i,j)+p*errC101(i,j)*wR01(:,i,j);   
       % chanel G 
        newWC110G(:,i,j)=WC110G(:,i,j)+p*errC110(i,j)*wG01(:,i,j);  
        %chanel B     
        newWC119B(:,i,j)=WC119B(:,i,j)+p*errC119(i,j)*wB01(:,i,j);  
         
    end 
end 
  
for i=1:14 
    for j=1:28 
        % chanel R  
        newWC102R(:,i,j)=WC102R(:,i,j)+p*errC102(i,j)*wR02(:,i,j);   
        newWC103R(:,i,j)=WC103R(:,i,j)+p*errC103(i,j)*wR03(:,i,j);   
        newWC104R(:,i,j)=WC104R(:,i,j)+p*errC104(i,j)*wR04(:,i,j);   
        newWC105R(:,i,j)=WC105R(:,i,j)+p*errC105(i,j)*wR05(:,i,j);   
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       % chanel G 
        newWC111G(:,i,j)=WC111G(:,i,j)+p*errC111(i,j)*wG11(:,i,j);  
        newWC112G(:,i,j)=WC112G(:,i,j)+p*errC112(i,j)*wG12(:,i,j);  
        newWC113G(:,i,j)=WC113G(:,i,j)+p*errC113(i,j)*wG13(:,i,j);  
        newWC114G(:,i,j)=WC114G(:,i,j)+p*errC114(i,j)*wG14(:,i,j);  
  
       %chanel B 
        newWC120B(:,i,j)=WC120B(:,i,j)+p*errC120(i,j)*wB20(:,i,j);  
        newWC121B(:,i,j)=WC121B(:,i,j)+p*errC121(i,j)*wB21(:,i,j);  
        newWC122B(:,i,j)=WC122B(:,i,j)+p*errC122(i,j)*wB22(:,i,j);  
        newWC123B(:,i,j)=WC123B(:,i,j)+p*errC123(i,j)*wB23(:,i,j);  
    
    end 
end 
  
for i=1:5 
    for j=1:12 
         
        % chanel R  
        newWC106R(:,i,j)=WC106R(:,i,j)+p*errC106(i,j)*wR06(:,i,j);   
        newWC107R(:,i,j)=WC107R(:,i,j)+p*errC107(i,j)*wR07(:,i,j);   
        newWC108R(:,i,j)=WC108R(:,i,j)+p*errC108(i,j)*wR08(:,i,j);   
        newWC109R(:,i,j)=WC109R(:,i,j)+p*errC109(i,j)*wR09(:,i,j);   
  
        % chanel G 
        newWC115G(:,i,j)=WC115G(:,i,j)+p*errC115(i,j)*wG15(:,i,j);  
        newWC116G(:,i,j)=WC116G(:,i,j)+p*errC116(i,j)*wG16(:,i,j);  
        newWC117G(:,i,j)=WC117G(:,i,j)+p*errC117(i,j)*wG17(:,i,j);  
        newWC118G(:,i,j)=WC118G(:,i,j)+p*errC118(i,j)*wG18(:,i,j);  
  
       %chanel B 
        newWC124B(:,i,j)=WC124B(:,i,j)+p*errC124(i,j)*wB24(:,i,j);  
        newWC125B(:,i,j)=WC125B(:,i,j)+p*errC125(i,j)*wB25(:,i,j);  
        newWC126B(:,i,j)=WC126B(:,i,j)+p*errC126(i,j)*wB26(:,i,j);  
        newWC127B(:,i,j)=WC127B(:,i,j)+p*errC127(i,j)*wB27(:,i,j);  
    end 
end 
  
newbiasC101=biasC101+p
*errC101; 
newbiasC102=biasC102+p
*errC102; 
newbiasC103=biasC103+p
*errC103; 
newbiasC104=biasC104+p
*errC104; 
newbiasC105=biasC105+p
*errC105; 
newbiasC106=biasC106+p
*errC106; 
newbiasC107=biasC107+p
*errC107; 
newbiasC108=biasC108+p
*errC108; 
newbiasC109=biasC109+p

*errC109; 
newbiasC110=biasC110+p
*errC110; 
newbiasC111=biasC111+p
*errC111; 
newbiasC112=biasC112+p
*errC112; 
newbiasC113=biasC113+p
*errC113; 
newbiasC114=biasC114+p
*errC114; 
newbiasC115=biasC115+p
*errC115; 
newbiasC116=biasC116+p
*errC116; 
newbiasC117=biasC117+p
*errC117; 

newbiasC118=biasC118+p
*errC118; 
newbiasC119=biasC119+p
*errC119; 
newbiasC120=biasC120+p
*errC120; 
newbiasC121=biasC121+p
*errC121; 
newbiasC122=biasC122+p
*errC122; 
newbiasC123=biasC123+p
*errC123; 
newbiasC124=biasC124+p
*errC124; 
newbiasC125=biasC125+p
*errC125; 
newbiasC126=biasC126+p



169 

 

 

*errC126; newbiasC127=biasC127+p *errC127; 
  
%% Save in cnet 
% Layer C1 

 
cnet.WC101R=WC101R; 

 
cnet.WC102R=WC102R; 

 
cnet.WC103R=WC103R; 

 cnet.WC104R= 
WC104R; 

 
cnet.WC105R=WC105R; 

 
cnet.WC106R=WC106R; 
        
cnet.WC107R=WC107R; 
        
cnet.WC108R=WC108R; 
        
cnet.WC109R=WC109R; 
        

cnet.WC110G=WC110G; 
        
cnet.WC111G=WC111G; 
        
cnet.WC112G=WC112G; 
        
cnet.WC113G=WC113G; 
        
cnet.WC114G=WC114G; 
        
cnet.WC115G=WC115G; 
        
cnet.WC116G=WC116G; 
        
cnet.WC117G=WC117G; 
        
cnet.WC118G=WC118G; 
        

cnet.WC119B=WC119B; 
        
cnet.WC120B=WC120B; 
        
cnet.WC121B=WC121B; 
        
cnet.WC122B=WC122B; 
        
cnet.WC123B=WC123B; 
        
cnet.WC124B=WC124B; 
        
cnet.WC125B=WC125B; 
        
cnet.WC126B=WC126B; 
        
cnet.WC127B=WC127B; 

  
    
    
cnet.biasC101=biasC101; 
        
cnet.biasC102=biasC102; 
        
cnet.biasC103=biasC103; 
        
cnet.biasC104=biasC104; 
        
cnet.biasC105=biasC105; 
        
cnet.biasC106=biasC106; 
        
cnet.biasC107=biasC107; 
        
cnet.biasC108=biasC108; 
        
cnet.biasC109=biasC109; 

        
cnet.biasC110=biasC110; 
        
cnet.biasC111=biasC111; 
        
cnet.biasC112=biasC112; 
        
cnet.biasC113=biasC113; 
        
cnet.biasC114=biasC114; 
        
cnet.biasC115=biasC115; 
        
cnet.biasC116=biasC116; 
        
cnet.biasC117=biasC117; 
        
cnet.biasC118=biasC118; 

        
cnet.biasC119=biasC119; 
        
cnet.biasC120=biasC120; 
        
cnet.biasC121=biasC121; 
        
cnet.biasC122=biasC122; 
        
cnet.biasC123=biasC123; 
        
cnet.biasC124=biasC124; 
        
cnet.biasC125=biasC125; 
        
cnet.biasC126=biasC126; 
        
cnet.biasC127=biasC127; 

% Layer C2 
cnet.WC201_01=newWC201_01; 
cnet.WC201_10=newWC201_10; 
cnet.WC201_19=newWC201_19; 
cnet.WC202_01=newWC202_01; 
cnet.WC202_10=newWC202_10; 
cnet.WC202_19=newWC202_19; 
cnet.WC203_02=newWC203_02; 
cnet.WC203_11=newWC203_11; 
cnet.WC203_20=newWC203_20; 
cnet.WC204_03=newWC204_03; 

cnet.WC204_12=newWC204_12; 
cnet.WC204_21=newWC204_21; 
cnet.WC205_04=newWC205_04; 
cnet.WC205_13=newWC205_13; 
cnet.WC205_22=newWC205_22; 
cnet.WC206_05=newWC206_05; 
cnet.WC206_14=newWC206_14; 
cnet.WC206_23=newWC206_23; 
cnet.WC207_06=newWC207_06; 
cnet.WC207_15=newWC207_15; 

cnet.WC207_24=newWC207_24; 
cnet.WC208_07=newWC208_07; 
cnet.WC208_16=newWC208_16; 
cnet.WC208_25=newWC208_25; 
cnet.WC209_08=newWC209_08; 
cnet.WC209_17=newWC209_17; 
cnet.WC209_26=newWC209_26; 
cnet.WC210_09=newWC210_09; 
cnet.WC210_18=newWC210_18; 
cnet.WC210_27=newWC210_27; 
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cnet.biasC201=newbiasC201; 
cnet.biasC202=newbiasC202; 
cnet.biasC203=newbiasC203; 
cnet.biasC204=newbiasC204; 
cnet.biasC205=newbiasC205; 
cnet.biasC206=newbiasC206; 
cnet.biasC207=newbiasC207; 
cnet.biasC208=newbiasC208; 
cnet.biasC209=newbiasC209; 
cnet.biasC210=newbiasC210; 
  
  
% layer N1 
cnet.WN101=newWN101; 
cnet.WN102=newWN102; 
cnet.WN103=newWN103; 
cnet.WN104=newWN104; 
cnet.WN105=newWN105; 
cnet.WN106=newWN106; 
cnet.WN107=newWN107; 
cnet.WN108=newWN108; 
cnet.WN109=newWN109; 
cnet.WN110=newWN110; 
  

  
cnet.biasN101=newbiasN101; 
cnet.biasN102=newbiasN102; 
cnet.biasN103=newbiasN103; 
cnet.biasN104=newbiasN104; 
cnet.biasN105=newbiasN105; 
cnet.biasN106=newbiasN106; 
cnet.biasN107=newbiasN107; 
cnet.biasN108=newbiasN108; 
cnet.biasN109=newbiasN109; 
cnet.biasN110=newbiasN110; 

  
  
% layerN2 
cnet.WN2=newWN2; 
cnet.biasN2=newbiasN2; 
  
end 
 

%Ɉɛɭɱɟɧɢɟ ɫɜёɪɬɨɱɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɞɥɹ ɥɨɤɚɥɢɡɚɰɢɢ ɬɟɤɫɬɨɜɵɯ 
%ɨɛɥɚɫɬɟɣ ɧɚ ɩɨɥɭɬɨɧɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɹɯ 
close all; 
clear all; 
clc; 
  
% load imdata_label_3730_29Sep_GrayImg; 
% err_cnn=zeros(0); 
% out_cnn=zeros(1); 
% cnet=ConvNN_iBW(); 
%  
% % 
% circle=length(err_cnn); 
% len_data=length(imdata); 
% ep=0; 
% i1=len_data*(ep-1)+1; 
% i2=len_data*ep; 
% max_err=2; 
  
%% TRAIN 
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% load train_CNN_iBW_ex3730_ep16_rand_GrayImg.mat; 
load train_CNN_iBW_ex2310_ep13_rand_GrayImg.mat; 
len_data=length(imdata); 
ep=13; 
i1=len_data*(ep-1)+1; 
i2=len_data*ep; 
max_err=0; 
for i=i1:i2 
    if err_cnn(i)>max_err 
        max_err=err_cnn(i); 
    end 
end 
  
while (ep<15) && (max_err>0.01)  
      ep=ep+1; 
      p=0.1; 
      len=length(imdata); 
      for i=1:length(imdata) 
              ir=round(1+(len-1).*rand(1,1)); 
              circle=circle+1; 
              disp(circle);   
           [cnet err_cnn out_cnn]= func_backpropagation_ConvNN_iBW_tangens_full 
                                       (cnet,imdata,label,ir,p,err_cnn,out_cnn); 
      end 
      figure; plot(err_cnn(2:length(err_cnn))); 
      i1=length(imdata)*(ep-1)+1; 
      i2=length(imdata)*ep; 
      max_err=0; 
      for i=i1:i2 
          if err_cnn(i)>max_err 
             max_err=err_cnn(i); 
          end 
      end 
end 

 

%func_backpropagation_ConvNN_iBW_tangens_full.m 
function [cnet err_cnn 
out_cnn]=func_backpropagation_ConvNN_tangens_full(cnet,imdata,imlabel,ir,p,err_c
nn,out_cnn) 
  
%% COEFFICIENT MATRIX (WEIGHT, BIAS) 
% Layer C1 
  
        WC101=cnet.WC101; 
        WC102=cnet.WC102; 
        WC103=cnet.WC103; 
        WC104=cnet.WC104; 
        WC105=cnet.WC105; 
        WC106=cnet.WC106; 
        WC107=cnet.WC107; 
        WC108=cnet.WC108; 
        WC109=cnet.WC109; 
          

        biasC101=cnet.biasC101; 
        biasC102=cnet.biasC102; 
        biasC103=cnet.biasC103; 
        biasC104=cnet.biasC104; 
        biasC105=cnet.biasC105; 
        biasC106=cnet.biasC106; 
        biasC107=cnet.biasC107; 
        biasC108=cnet.biasC108; 
        biasC109=cnet.biasC109; 

         
% Layer S1 
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WS1C101=cnet.WS1C101; 
WS1C102=cnet.WS1C102; 
WS1C103=cnet.WS1C103; 
WS1C104=cnet.WS1C104; 
WS1C105=cnet.WS1C105; 
WS1C106=cnet.WS1C106; 
WS1C107=cnet.WS1C107; 
WS1C108=cnet.WS1C108; 
WS1C109=cnet.WS1C109; 
  

biasS101=cnet.biasS101; 
biasS102=cnet.biasS102; 
biasS103=cnet.biasS103; 
biasS104=cnet.biasS104; 
biasS105=cnet.biasS105; 
biasS106=cnet.biasS106; 
biasS107=cnet.biasS107; 
biasS108=cnet.biasS108; 
biasS109=cnet.biasS109; 

  
% Layer C2 
  
WC201_01=cnet.WC201_01; 
  
WC202_02=cnet.WC202_02; 
WC202_03=cnet.WC202_03; 
  
WC203_04=cnet.WC203_04; 
WC203_05=cnet.WC203_05; 
  
WC204_06=cnet.WC204_06; 
WC204_07=cnet.WC204_07; 

  
WC205_08=cnet.WC205_08; 
WC205_09=cnet.WC205_09; 
  
biasC201=cnet.biasC201; 
biasC202=cnet.biasC202; 
biasC203=cnet.biasC203; 
biasC204=cnet.biasC204; 
biasC205=cnet.biasC205; 

  
  
% layer S2 
WS2C201=cnet.WS2C201; 
WS2C202=cnet.WS2C202; 
WS2C203=cnet.WS2C203; 
WS2C204=cnet.WS2C204; 
WS2C205=cnet.WS2C205; 
  
% layer N1 
WN101=cnet.WN101; 
WN102=cnet.WN102; 
WN103=cnet.WN103; 
WN104=cnet.WN104; 
WN105=cnet.WN105; 
  

biasN101=cnet.biasN101; 
biasN102=cnet.biasN102; 
biasN103=cnet.biasN103; 
biasN104=cnet.biasN104; 
biasN105=cnet.biasN105; 

  
% layerN2 
WN2=cnet.WN2; 
biasN2=cnet.biasN2; 
  
%% DIRECT PASSAGE 
label=imlabel(ir); 
temp=imdata{ir}; 
iBW=temp; 
  
%% CACULATE ACTIVATOR OF LAYERS 
  
%% Layer C1 
[wBW, A1, H1, V1, D1, A2, H2, V2, D2] = func_directwavelet_level2( iBW ); 
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for i=1:32 
    for j=1:60 
       % chanel R  
        wBW01(:,i,j)=reshape(wBW(i:i+4,j:j+4),1,[]); 
        sC101(i,j)=WC101(:,i,j)'*wBW01(:,i,j); 
         
    end 
end 
  
for i=1:14 
    for j=1:28 
        
        wBW02(:,i,j)=reshape(A1(i:i+4,j:j+4),1,[]); 
        sC102(i,j)=WC102(:,i,j)'*wBW02(:,i,j); 
  
        wBW03(:,i,j)=reshape(H1(i:i+4,j:j+4),1,[]); 
        sC103(i,j)=WC103(:,i,j)'*wBW03(:,i,j); 
         
        wBW04(:,i,j)=reshape(V1(i:i+4,j:j+4),1,[]); 
        sC104(i,j)=WC104(:,i,j)'*wBW04(:,i,j); 
         
        wBW05(:,i,j)=reshape(D1(i:i+4,j:j+4),1,[]); 
        sC105(i,j)=WC105(:,i,j)'*wBW05(:,i,j); 
         
    end 
end 
  
for i=1:5 
    for j=1:12 
         
       
        wBW06(:,i,j)=reshape(A2(i:i+4,j:j+4),1,[]); 
        sC106(i,j)=WC106(:,i,j)'*wBW06(:,i,j); 
  
        wBW07(:,i,j)=reshape(H2(i:i+4,j:j+4),1,[]); 
        sC107(i,j)=WC107(:,i,j)'*wBW07(:,i,j); 
         
        wBW08(:,i,j)=reshape(V2(i:i+4,j:j+4),1,[]); 
        sC108(i,j)=WC108(:,i,j)'*wBW08(:,i,j); 
         
        wBW09(:,i,j)=reshape(D2(i:i+4,j:j+4),1,[]); 
        sC109(i,j)=WC109(:,i,j)'*wBW09(:,i,j); 
  
         
       
         
    end 
end 
sC101=sC101+biasC101; 
sC102=sC102+biasC102; 
sC103=sC103+biasC103; 
sC104=sC104+biasC104; 
sC105=sC105+biasC105; 
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sC106=sC106+biasC106; 
sC107=sC107+biasC107; 
sC108=sC108+biasC108; 
sC109=sC109+biasC109; 
  
uC101=(exp(sC101)-exp(-(sC101)))./(exp(sC101)+exp(-(sC101))); 
uC102=(exp(sC102)-exp(-(sC102)))./(exp(sC102)+exp(-(sC102))); 
uC103=(exp(sC103)-exp(-(sC103)))./(exp(sC103)+exp(-(sC103))); 
uC104=(exp(sC104)-exp(-(sC104)))./(exp(sC104)+exp(-(sC104))); 
uC105=(exp(sC105)-exp(-(sC105)))./(exp(sC105)+exp(-(sC105))); 
uC106=(exp(sC106)-exp(-(sC106)))./(exp(sC106)+exp(-(sC106))); 
uC107=(exp(sC107)-exp(-(sC107)))./(exp(sC107)+exp(-(sC107))); 
uC108=(exp(sC108)-exp(-(sC108)))./(exp(sC108)+exp(-(sC108))); 
uC109=(exp(sC109)-exp(-(sC109)))./(exp(sC109)+exp(-(sC109))); 
  
  
%% Layer S1 
  
for i=1:16 
    i1=2*(i-1)+1; 
    i2=i1+1; 
    for j=1:30 
        j1=2*(j-1)+1; 
        j2=j1+1; 
        uS101(i,j)=0.25*(sum(sum(uC101(i1:i2,j1:j2)))); 
    end 
end 
uS102=uC102; 
uS103=uC103; 
uS104=uC104; 
uS105=uC105; 
uS106=uC106; 
uS107=uC107; 
uS108=uC108; 
uS109=uC109; 
  
%% Layer C2 
  
for i=1:14 
    for j=1:28 
         
        S101C2(:,i,j)=reshape(uS101(i:i+2,j:j+2),1,[]);   
        S101C2ij=S101C2(:,i,j); 
 %sC201        
        WC201_1ij=WC201_01(:,i,j);   
        sC201(i,j)=WC201_1ij'*S101C2ij; 
  
    end 
end 
  
for i=1:12 
    for j=1:26 
         
        S102C2(:,i,j)=reshape(uS102(i:i+2,j:j+2),1,[]); 
        S103C2(:,i,j)=reshape(uS103(i:i+2,j:j+2),1,[]); 
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        S104C2(:,i,j)=reshape(uS104(i:i+2,j:j+2),1,[]); 
        S105C2(:,i,j)=reshape(uS105(i:i+2,j:j+2),1,[]);    
 %sC202  
        S102C2ij=S102C2(:,i,j); 
        S103C2ij=S103C2(:,i,j); 
         
        WC202_2ij=WC202_02(:,i,j); 
        WC202_3ij=WC202_03(:,i,j); 
        sC202(i,j)=WC202_2ij'*S102C2ij+WC202_3ij'*S103C2ij; 
         
 %sC203   
        S104C2ij=S104C2(:,i,j); 
        S105C2ij=S105C2(:,i,j); 
         
        WC203_4ij=WC203_04(:,i,j); 
        WC203_5ij=WC203_05(:,i,j); 
        sC203(i,j)=WC203_4ij'*S104C2ij+WC203_5ij'*S105C2ij; 
      
    end 
end 
 for i=1:3 
     for j=1:10 
          
        S106C2(:,i,j)=reshape(uS106(i:i+2,j:j+2),1,[]); 
        S107C2(:,i,j)=reshape(uS107(i:i+2,j:j+2),1,[]); 
        S108C2(:,i,j)=reshape(uS108(i:i+2,j:j+2),1,[]); 
        S109C2(:,i,j)=reshape(uS109(i:i+2,j:j+2),1,[]); 
         
 %sC204 
  
        S106C2ij=S106C2(:,i,j); 
        S107C2ij=S107C2(:,i,j); 
         
        WC204_6ij=WC204_06(:,i,j); 
        WC204_7ij=WC204_07(:,i,j); 
         
        sC204(i,j)=WC204_6ij'*S106C2ij+WC204_7ij'*S107C2ij; 
         
 %sC205  
        S108C2ij=S108C2(:,i,j); 
        S109C2ij=S109C2(:,i,j); 
         
        WC205_8ij=WC205_08(:,i,j); 
        WC205_9ij=WC205_09(:,i,j); 
         
        sC205(i,j)=WC205_8ij'*S108C2ij+WC205_9ij'*S109C2ij; 
  
     end 
 end 
  
%uC201  
sC201=sC201+biasC201; 
uC201=(exp(sC201)-exp(-(sC201)))./(exp(sC201)+exp(-(sC201))); 
%uC202 
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sC202=sC202+biasC202; 
uC202=(exp(sC202)-exp(-(sC202)))./(exp(sC202)+exp(-(sC202))); 
%uC203 
sC203=sC203+biasC203; 
uC203=(exp(sC203)-exp(-(sC203)))./(exp(sC203)+exp(-(sC203))); 
%uC204 
sC204=sC204+biasC204; 
uC204=(exp(sC204)-exp(-(sC204)))./(exp(sC204)+exp(-(sC204))); 
%uC205 
sC205=sC205+biasC205; 
uC205=(exp(sC205)-exp(-(sC205)))./(exp(sC205)+exp(-(sC205))); 
  
%% layer S2 
for i=1:7 
    i1=2*(i-1)+1; 
    i2=i1+1; 
    for j=1:14 
        j1=2*(j-1)+1; 
        j2=j1+1; 
        uS201(i,j)=0.25*(sum(sum(uC201(i1:i2,j1:j2))));   
    end 
end 
for i=1:6 
    i1=2*(i-1)+1; 
    i2=i1+1; 
    for j=1:13 
        j1=2*(j-1)+1; 
        j2=j1+1; 
        uS202(i,j)=0.25*(sum(sum(uC202(i1:i2,j1:j2)))); 
        uS203(i,j)=0.25*(sum(sum(uC203(i1:i2,j1:j2)))); 
    end 
end 
uS204=uC204; 
uS205=uC205; 
  
%% layer N1 
sN101=sum(sum(WN101.*uS201))/98+biasN101; 
sN102=sum(sum(WN102.*uS202))/98+biasN102; 
sN103=sum(sum(WN103.*uS203))/98+biasN103; 
sN104=sum(sum(WN104.*uS204))/98+biasN104; 
sN105=sum(sum(WN105.*uS205))/98+biasN105; 
  
uN101=(exp(sN101)-exp(-(sN101)))/(exp(sN101)+exp(-(sN101))); 
uN102=(exp(sN102)-exp(-(sN102)))/(exp(sN102)+exp(-(sN102))); 
uN103=(exp(sN103)-exp(-(sN103)))/(exp(sN103)+exp(-(sN103))); 
uN104=(exp(sN104)-exp(-(sN104)))/(exp(sN104)+exp(-(sN104))); 
uN105=(exp(sN105)-exp(-(sN105)))/(exp(sN105)+exp(-(sN105))); 
  
%% layer N2 
tam1=WN2(1,1)*uN101+WN2(1,2)*uN102+WN2(1,3)*uN103+WN2(1,4)*uN104+WN2(1,5)*uN105; 
sN2=tam1+biasN2; 
uN2=(exp(sN2)-exp(-sN2))/(exp(sN2)+exp(-sN2)); 
out=uN2; 
out_cnn=[out_cnn out]; 
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%% CACULATE ERRORS OF LAYERS 
C=label; 
e=0.5*((C-out)^2); 
err_cnn=[err_cnn e]; 
%% layer N2 
errN2=(C-out)*(1-out)*(1+out)/2; 
  
%% layer N1 
errN101=0.5*(1+uN101)*(1-uN101)*(errN2*WN2(1,1)); 
errN102=0.5*(1+uN102)*(1-uN102)*(errN2*WN2(1,2)); 
errN103=0.5*(1+uN103)*(1-uN103)*(errN2*WN2(1,3)); 
errN104=0.5*(1+uN104)*(1-uN104)*(errN2*WN2(1,4)); 
errN105=0.5*(1+uN105)*(1-uN105)*(errN2*WN2(1,5)); 
  
  
%% layer S2 
  
errS201=0.5*(1+uS201).*(1-uS201).*(errN101*WN101); 
errS202=0.5*(1+uS202).*(1-uS202).*(errN102*WN102); 
errS203=0.5*(1+uS203).*(1-uS203).*(errN103*WN103); 
errS204=0.5*(1+uS204).*(1-uS204).*(errN104*WN104); 
errS205=0.5*(1+uS205).*(1-uS205).*(errN105*WN105); 
  
%% layer C2 
for i=1:7 
    i1=2*(i-1)+1; 
    i2=i1+1; 
    for j=1:14 
        j1=2*(j-1)+1; 
        j2=j1+1; 
        errC201(i1:i2,j1:j2)=errS201(i,j).*WS2C201(i,j); 
    end 
end 
for i=1:6 
    i1=2*(i-1)+1; 
    i2=i1+1; 
    for j=1:13 
        j1=2*(j-1)+1; 
        j2=j1+1; 
        errC202(i1:i2,j1:j2)=errS202(i,j).*WS2C202(i,j); 
        errC203(i1:i2,j1:j2)=errS203(i,j).*WS2C203(i,j); 
    end 
end 
for i=1:3 
    for j=1:10 
        errC204(i,j)=errS204(i,j).*WS2C204(i,j); 
        errC205(i,j)=errS205(i,j).*WS2C205(i,j); 
    end 
end 
  
%% Layer S1 
rWC201_01=zeros(16,30); 
for i=1:14 
    for j=1:28 
        w=errC201(i,j)*WC201_01(:,i,j); 
        ww=reshape(w,3,3); 
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        rWC201_01(i:i+2,j:j+2)=rWC201_01(i:i+2,j:j+2)+ww;    
    end 
end 
errS101=0.5*(1+uS101).*(1-uS101).*rWC201_01; 
  
rWC202_02=zeros(14,28); 
rWC202_03=zeros(14,28); 
  
rWC203_04=zeros(14,28); 
rWC203_05=zeros(14,28); 
  
for i=1:12 
    ii=i; 
    for j=1:26 
        jj=j; 
         
        w=errC202(i,j)*WC202_02(:,i,j); 
        ww=reshape(w,3,3); 
        rWC202_02(ii:ii+2,jj:jj+2)=rWC202_02(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC202(i,j)*WC202_03(:,i,j); 
        ww=reshape(w,3,3); 
        rWC202_03(ii:ii+2,jj:jj+2)=rWC202_03(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC203(i,j)*WC203_04(:,i,j); 
        ww=reshape(w,3,3); 
        rWC203_04(ii:ii+2,jj:jj+2)=rWC203_04(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC203(i,j)*WC203_05(:,i,j); 
        ww=reshape(w,3,3); 
        rWC203_05(ii:ii+2,jj:jj+2)=rWC203_05(ii:ii+2,jj:jj+2)+ww; 
         
    end 
end 
errS102=0.5*(1+uS102).*(1-uS102).*rWC202_02; 
errS103=0.5*(1+uS103).*(1-uS103).*rWC202_03; 
errS104=0.5*(1+uS104).*(1-uS104).*rWC203_04; 
errS105=0.5*(1+uS105).*(1-uS105).*rWC203_05; 
  
rWC204_06=zeros(5,12); 
rWC204_07=zeros(5,12); 
  
rWC205_08=zeros(5,12); 
rWC205_09=zeros(5,12); 
  
for i=1:3 
    ii=i; 
    for j=1:10 
        jj=j; 
         
        w=errC204(i,j)*WC204_06(:,i,j); 
        ww=reshape(w,3,3); 
        rWC204_06(ii:ii+2,jj:jj+2)=rWC204_06(ii:ii+2,jj:jj+2)+ww; 
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        w=errC204(i,j)*WC204_07(:,i,j); 
        ww=reshape(w,3,3); 
        rWC204_07(ii:ii+2,jj:jj+2)=rWC204_07(ii:ii+2,jj:jj+2)+ww; 
         
        w=errC205(i,j)*WC205_08(:,i,j); 
        ww=reshape(w,3,3); 
        rWC205_08(ii:ii+2,jj:jj+2)=rWC205_08(ii:ii+2,jj:jj+2)+ww; 
              
        w=errC205(i,j)*WC205_09(:,i,j); 
        ww=reshape(w,3,3); 
        rWC205_09(ii:ii+2,jj:jj+2)=rWC205_09(ii:ii+2,jj:jj+2)+ww; 
  
    end 
end 
  
errS106=0.5*(1+uS106).*(1-uS106).*rWC204_06; 
errS107=0.5*(1+uS107).*(1-uS107).*rWC204_07; 
errS108=0.5*(1+uS108).*(1-uS108).*rWC205_08; 
errS109=0.5*(1+uS109).*(1-uS109).*rWC205_09; 
  
%% layer C1 
for i=1:16 
    i1=2*(i-1)+1; 
    i2=i1+1; 
    for j=1:30 
        j1=2*(j-1)+1; 
        j2=j1+1; 
        errC101(i1:i2,j1:j2)=errS101(i,j).*WS1C101(i,j); 
    end 
end 
errC102=errS102; 
errC103=errS103; 
errC104=errS104;  
errC105=errS105; 
errC106=errS106; 
errC107=errS107;  
errC108=errS108; 
errC109=errS109; 
  
%% CHANGE WEIGHT AND BIAS 
% layer N2 
newWN2(1,1)=WN2(1,1)+p*errN2*uN101; 
newWN2(1,2)=WN2(1,2)+p*errN2*uN102; 
newWN2(1,3)=WN2(1,3)+p*errN2*uN103; 
newWN2(1,4)=WN2(1,4)+p*errN2*uN104; 
newWN2(1,5)=WN2(1,5)+p*errN2*uN105; 
  
newbiasN2=biasN2+p*errN2; 
  
%% layer N1 
newWN101=WN101+p*errN101*uS201; 
newWN102=WN102+p*errN102*uS202; 
newWN103=WN103+p*errN103*uS203; 
newWN104=WN104+p*errN104*uS204; 
newWN105=WN105+p*errN105*uS205; 

  
newbiasN101=biasN101+p*errN101; 
newbiasN102=biasN102+p*errN102; 
newbiasN103=biasN103+p*errN103; 
newbiasN104=biasN104+p*errN104; 
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newbiasN105=biasN105+p*errN105;

 
%% layer C2 
  
for i=1:14 
    for j=1:28 
         
        S101C2ij=reshape(S101C2(:,i,j),3,3);  
  
% C201 - WC201_01         
        errC201ij=errC201(i,j); 
       
        WC201_01ij=reshape(WC201_01(:,i,j),3,3); 
        newWC201_01ij=WC201_01ij+p*errC201ij*S101C2ij; 
        newWC201_01(:,i,j)=reshape(newWC201_01ij,1,[]); 
        
    end 
end 
  
for i=1:12 
    for j=1:26 
         
        S102C2ij=reshape(S102C2(:,i,j),3,3);  
        S103C2ij=reshape(S103C2(:,i,j),3,3); 
        S104C2ij=reshape(S104C2(:,i,j),3,3); 
        S105C2ij=reshape(S105C2(:,i,j),3,3); 
                 
     % C202 - WC202_02, WC202_03  
        errC202ij=errC202(i,j); 
         
        WC202_02ij=reshape(WC202_02(:,i,j),3,3); 
        newWC202_02ij=WC202_02ij+p*errC202ij*S102C2ij; 
        newWC202_02(:,i,j)=reshape(newWC202_02ij,1,[]); 
         
        WC202_03ij=reshape(WC202_03(:,i,j),3,3); 
        newWC202_03ij=WC202_03ij+p*errC202ij*S103C2ij; 
        newWC202_03(:,i,j)=reshape(newWC202_03ij,1,[]); 
         
         
     % C203 - WC203_04, WC203_05 
        errC203ij=errC203(i,j); 
         
        WC203_04ij=reshape(WC203_04(:,i,j),3,3); 
        newWC203_04ij=WC203_04ij+p*errC203ij*S104C2ij; 
        newWC203_04(:,i,j)=reshape(newWC203_04ij,1,[]); 
         
        WC203_05ij=reshape(WC203_05(:,i,j),3,3); 
        newWC203_05ij=WC203_05ij+p*errC203ij*S105C2ij; 
        newWC203_05(:,i,j)=reshape(newWC203_05ij,1,[]); 
      
    end 
end 
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for i=1:3 
    for j=1:10 
         
        S106C2ij=reshape(S106C2(:,i,j),3,3);  
        S107C2ij=reshape(S107C2(:,i,j),3,3); 
        S108C2ij=reshape(S108C2(:,i,j),3,3); 
        S109C2ij=reshape(S109C2(:,i,j),3,3); 
         
     % C204 - WC204_06, WC204_07 
        errC204ij=errC204(i,j); 
         
        WC204_06ij=reshape(WC204_06(:,i,j),3,3); 
        newWC204_06ij=WC204_06ij+p*errC204ij*S106C2ij; 
        newWC204_06(:,i,j)=reshape(newWC204_06ij,1,[]); 
         
        WC204_07ij=reshape(WC204_07(:,i,j),3,3); 
        newWC204_07ij=WC204_07ij+p*errC204ij*S107C2ij; 
        newWC204_07(:,i,j)=reshape(newWC204_07ij,1,[]); 
  
     % C205 - WC205_08, WC205_09  
        errC205ij=errC205(i,j); 
         
        WC205_08ij=reshape(WC205_08(:,i,j),3,3); 
        newWC205_08ij=WC205_08ij+p*errC205ij*S108C2ij; 
        newWC205_08(:,i,j)=reshape(newWC205_08ij,1,[]); 
         
        WC205_09ij=reshape(WC205_09(:,i,j),3,3); 
        newWC205_09ij=WC205_09ij+p*errC205ij*S109C2ij; 
        newWC205_09(:,i,j)=reshape(newWC205_09ij,1,[]); 
      
    end 
end 
  
newbiasC201=biasC201+p*errC201; 
newbiasC202=biasC202+p*errC202; 
newbiasC203=biasC203+p*errC203; 
newbiasC204=biasC204+p*errC204; 
newbiasC205=biasC205+p*errC205; 
  
%% layer C1 
  
for i=1:32 
    for j=1:60 
        newWC101(:,i,j)=WC101(:,i,j)+p*errC101(i,j)*wBW01(:,i,j);         
    end 
end 
  
for i=1:14 
    for j=1:28 
        newWC102(:,i,j)=WC102(:,i,j)+p*errC102(i,j)*wBW02(:,i,j);   
        newWC103(:,i,j)=WC103(:,i,j)+p*errC103(i,j)*wBW03(:,i,j);   
        newWC104(:,i,j)=WC104(:,i,j)+p*errC104(i,j)*wBW04(:,i,j);   
        newWC105(:,i,j)=WC105(:,i,j)+p*errC105(i,j)*wBW05(:,i,j);   
    end 
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end 
  
for i=1:5 
    for j=1:12      
        newWC106(:,i,j)=WC106(:,i,j)+p*errC106(i,j)*wBW06(:,i,j);   
        newWC107(:,i,j)=WC107(:,i,j)+p*errC107(i,j)*wBW07(:,i,j);   
        newWC108(:,i,j)=WC108(:,i,j)+p*errC108(i,j)*wBW08(:,i,j);   
        newWC109(:,i,j)=WC109(:,i,j)+p*errC109(i,j)*wBW09(:,i,j);   
    end 
end 
  
newbiasC101=biasC101+p*errC101; 
newbiasC102=biasC102+p*errC102; 
newbiasC103=biasC103+p*errC103; 
newbiasC104=biasC104+p*errC104; 
newbiasC105=biasC105+p*errC105; 
newbiasC106=biasC106+p*errC106; 
newbiasC107=biasC107+p*errC107; 
newbiasC108=biasC108+p*errC108; 
newbiasC109=biasC109+p*errC109; 
  
  
%% Save in cnet 
% Layer C1 
 cnet.WC101=newWC101; 
 cnet.WC102=newWC102; 
 cnet.WC103=newWC103; 
 cnet.WC104=newWC104; 
 cnet.WC105=newWC105; 
 cnet.WC106=newWC106; 
 cnet.WC107=newWC107; 
 cnet.WC108=newWC108; 
 cnet.WC109=newWC109; 
  

        cnet.biasC101=biasC101; 
        cnet.biasC102=biasC102; 
        cnet.biasC103=biasC103; 
        cnet.biasC104=biasC104; 
        cnet.biasC105=biasC105; 
        cnet.biasC106=biasC106; 
        cnet.biasC107=biasC107; 
        cnet.biasC108=biasC108; 
        cnet.biasC109=biasC109; 

  
% Layer C2 
cnet.WC201_01=newWC201_01; 
  
cnet.WC202_02=newWC202_02; 
cnet.WC202_03=newWC202_03; 
  
cnet.WC203_04=newWC203_04; 
cnet.WC203_05=newWC203_05; 
  
cnet.WC204_06=newWC204_06; 
cnet.WC204_07=newWC204_07; 

  
cnet.WC205_08=newWC205_08; 
cnet.WC205_09=newWC205_09; 
  
cnet.biasC201=newbiasC201; 
cnet.biasC202=newbiasC202; 
cnet.biasC203=newbiasC203; 
cnet.biasC204=newbiasC204; 
cnet.biasC205=new 
biasC205; 

  
% layer N1 
cnet.WN101=newWN101; 
cnet.WN102=newWN102; 
cnet.WN103=newWN103; 
cnet.WN104=newWN104; 
cnet.WN105=newWN105; 
  
cnet.biasN101=newbiasN101; 

cnet.biasN102=newbiasN102; 
cnet.biasN103=newbiasN103; 
cnet.biasN104=newbiasN104; 
cnet.biasN105=newbiasN105; 
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% layerN2 
cnet.WN2=newWN2; 
cnet.biasN2=newbiasN2; 
  
end 

 

%ɉɪɨɝɪаɦɦɵ ɬɟɫɬɢɪɨɜаɧɢя ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɢɡɨɛɪаɠɟɧɢяɯ  
% func_simply_detect.m 

% sim_ConvNN_test.m 

% sim_ConNN_iBW_test.m 

% func_imgmov50_process_sos.m 

% func_directwavelet_level2.m 

% func_improved_contrast_RGB_v4.m 

% func_preprocess_image.m 

% func_segment_rows.m 

% func_define_located_TO.m 

% func_define_subIm_input.m 

 

%TEST_ConvNN_testing_REALimages_7August.m 
close all; 
clear all; 
clc; 
%% ***** LOAD CNN ******* 
load train_CNN_ex3730_ep41_rand_7August.mat; 
  
%% ****** TEST WITH REAL IMAGE ****** 
% path = 'English Images\104.jpg'; 
path = 'ICDAR2011\dataset_images\img_396.png'; 
RGB = imread(path); 
[row col]=size(RGB); 
const=36*10; 
if row>const 
   nr=const; 
   scale=nr/row; 
   img_input=imresize(RGB,scale,'bilinear'); 
else  
    img_input=RGB; 
end 
figure, imshow(img_input); 
%% SIMPLY DETECT CADIDATE TEXT REGION IN IMAGE 
%  result - subIm1 --> the second stage - locate using CNN   
%  result - subIm2 --> segmentation 
temp1 = img_input;  
temp2=double(temp1)/256; 
[row col]=size(temp2); 
img_input=temp2; 
figure, imshow(img_input); 
[ subIm, coord_subIm, subIm1, subIm2 ] = func_simply_detect( img_input ); 
for k=1:length(subIm) 
%  PRE-PROCESSING IMAGE   
    window=[18 32;36 64;54 96;72 128;90 160;108 192;126 224]; 
    num=2;  %num=1,..,7 
    wwind =window(num,1); 
    hwind=window(num,2);   
    image=subIm{k}; 
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    [ir ic]=size(image); 
    dir=ir/36; 
    dic=ic/64; 
    if (dir<1) || (dic<1) 
        if dir<=dic 
            scale=ceil(36/ir); 
        else 
            scale=ceil(64/ic); 
        end 
        nim=imresize(image,scale,'bilinear'); 
        image=nim; 
    end 
%     figure,imshow(image); 
    [new_img imgsub isquant iscoord]=func_imgmov50_process_sos(image, 
wwind,hwind); 
     
%% USING CNN 
tic(); 
    result=zeros(isquant,2); 
    for i=1:isquant 
        disp(i); 
        result(i,1)=i; 
        out=sim_ConvNN_test(cnet,imgsub,i); 
        result(i,2)=out; 
    end; 
    res_coord= iscoord; 
    [nr nc n]=size(new_img); 
    res_img=zeros(nr, nc, n); 
    res_img_better=zeros(nr, nc, n); 
    res=round(result(:,2)); 
    for i=1:isquant 
        if res(i)==1 
           i1=res_coord(i,1); 
           i2=res_coord(i,2); 
           j1=res_coord(i,3); 
           j2=res_coord(i,4); 
           res_img(i1:i2,j1:j2,:)=new_img(i1:i2,j1:j2,:); 
        end 
        if res(i)==1 
           i1=res_coord(i,1); 
           i2=res_coord(i,2); 
           j1=res_coord(i,3); 
           j2=res_coord(i,4); 
           if i1>5 
               i1=i1-5; 
           end 
           if i2<(size(new_img,1)-5) 
              i2=i2+5; 
           end 
           if j1>20 
               j1=j1-20; 
           end 
           if j2<(size(new_img,2)-15) 
              j2=j2+15; 
           end 
           res_img_better(i1:i2,j1:j2,:)=new_img(i1:i2,j1:j2,:); 
        end 
    end 
    sub_resRGB{k}=res_img;  
    sub_resRGB_better{k}=res_img_better; 
end  
  
%% FIND BOUNDINGBOX AND DRAW RECTANGLE 
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for k=1:length(subIm) 
    [row1 col1 n1]=size(subIm{k}); 
     newsub_resRGB{k}=imresize(sub_resRGB{k},[row1 col1],'bilinear'); 
     newsub_resRGB_better{k}=imresize(sub_resRGB_better{k},[row1 
col1],'bilinear'); 
end 
[row col n]=size(img_input); 
img_text=img_input; 
img_text=zeros(row,col,n); 
for k=1:length(subIm) 
    i1=coord_subIm(k,1); 
    i2=coord_subIm(k,2); 
    j1=coord_subIm(k,3); 
    j2=coord_subIm(k,4); 
    img_text(i1:i2,j1:j2,:)=newsub_resRGB{k}; 
    img_text_better(i1:i2,j1:j2,:)=newsub_resRGB_better{k}; 
end 
figure,imshow(img_text); 
figure,imshow(img_text_better); 

 

% func_simply_detect.m 

 
function [ subIm, coord_subIm, subIm1, subIm2 ] = func_simply_detect( 
img_input ) 
  
%% SIMPLY DETECT CADIDATE TEXT REGION IN IMAGE 
 % result - subIm1 --> using CNN 
 % result - subIm2 --> segmentation 
I=img_input; 
Igray=rgb2gray(I); 
Ibw = edge(Igray,'canny'); 
  
% Dilation image 
nr1=5; 
nc1=21; 
cross1=zeros(nr1,nc1); 
n1=(nr1-1)/2+1; 
n2=(nc1-1)/2+1; 
cross1(n1,:)=1; 
cross1(:,n2)=1; 
SE1= strel('arbitrary',cross1); 
BW1 = imdilate(Ibw, SE1); 
% figure(), imshow(BW1); 
  
% Close image 
nr2=11; 
nc2=45; 
cross2=zeros(nr2,nc2); 
n1=(nr2-1)/2+1; 
n2=(nc2-1)/2+1; 
cross2(n1,:)=1; 
cross2(:,n2)=1; 
SE2 = strel('arbitrary',cross2); 
BW2 = imopen(BW1, SE2); 
% figure(), imshow(BW2); 
  
% Locate cadidated text region 
[rowI colI]=size(BW2); 
threshX=colI/3; 
threshY=rowI/3; 
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stats = regionprops(BW2); 
num1=0; 
num2=0; 
num=0; 
res_local=img_input; 
for index=1:length(stats) 
       if stats(index).Area > 200 && 
stats(index).BoundingBox(3)*stats(index).BoundingBox(4) < 500000        
          x = ceil(stats(index).BoundingBox(1));      
          y= ceil(stats(index).BoundingBox(2));      
          widthX = floor(stats(index).BoundingBox(3)-1);      
          widthY = floor(stats(index).BoundingBox(4)-1); 
              x1=x; 
              y1=y; 
              x2=x1+widthX; 
              y2=y1+widthY; 
          tr=1;     
          if (widthX>=threshX) && (widthY>=threshY) 
              num1=num1+1; 
              coord_BW1(num1,:)=[y y+widthY x x+widthX]; 
              subBW1{num1}=I(y:y+widthY, x:x+widthX); 
              subIm1{num1}=I(y:y+widthY, x:x+widthX,:); 
              num=num+1; 
              subIm{num}=I(y:y+widthY, x:x+widthX,:); 
              coord_subIm(num,:)=[y y+widthY x x+widthX]; 
              % subIm1 --> using CNN 
              res_local(y:y+2, x:x+widthX,:)=tr; 
              res_local(y+widthY-2:y+widthY, x:x+widthX,:)=tr; 
              res_local(y:y+widthY,x:x+2)=tr; 
              res_local(y:y+widthY,x+widthX-2:x+widthX)=tr; 
               
          else  
              num2=num2+1; 
              coord_BW2(num2,:)=[y y+widthY x x+widthX]; 
              subBW2{num2}=I(y:y+widthY, x:x+widthX); 
              subIm2{num2}.image=I(y:y+widthY, x:x+widthX,:); 
              subIm2{num2}.coord=[y y+widthY x x+widthX]; 
              num=num+1; 
              subIm{num}=I(y:y+widthY, x:x+widthX,:); 
              coord_subIm(num,:)=[y y+widthY x x+widthX]; 
              % subIm2 --> segmentation 
               res_local(y:y+2, x:x+widthX,:)=tr; 
              res_local(y+widthY-2:y+widthY, x:x+widthX,:)=tr; 
              res_local(y:y+widthY,x:x+2)=tr; 
              res_local(y:y+widthY,x+widthX-2:x+widthX)=tr; 
          end       
       end 
end  
if num1==0 
    subIm1{1}=zeros(1);  
end 
if num2==0 
    subIm2{1}=zeros(1); 
end 
if num==0 
    subIm{1}=zeros(1); 
    coord_subIm=zeros(1,4); 
end 
figure,imshow(res_local);title('result_location_step'); 
  
end 
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% func_imgmov50_process_sos.m 

 
function [new_img imgsub isquant iscoord]=func_imgmov50_process_sos(img, 
wwind,hwind) 
[nrow1 ncol1 nrc]=size(img); 
inr=round(nrow1/wwind); 
inc=round(ncol1/hwind); 
nrow=inr*wwind; 
ncol=inc*hwind; 
new_img=imresize(img,[nrow ncol],'bilinear'); 
num=0; 
for i=1:wwind/2:nrow-wwind+1 
    for j=1:hwind/2:ncol-hwind+1 
       num=num+1; 
    end 
end 
isquant=0; 
iscoord=zeros(num,4); 
for i=1:wwind/2:nrow-wwind+1 
    i1=i; 
    i2=i+wwind-1; 
    for j=1:hwind/2:ncol-hwind+1 
        j1=j; 
        j2=j+hwind-1; 
        isquant=isquant+1; 
        ij=[i1 i2 j1 j2]; 
        imgsub{isquant}=imresize(new_img(i1:i2,j1:j2,:),[36 64],'bilinear'); 
        iscoord(isquant,:)=ij; 
    end 
end 
  
end 
function [wR, RA1, RH1, RV1, RD1, RA2, RH2, RV2, RD2] = 
func_directwavelet_level2( R ) 
  
[RA1, RH1, RV1, RD1] = dwt2(R,'db1'); 
[RA2, RH2, RV2, RD2] = dwt2(RA1,'db1'); 
wR=R; 
  
end 

 

% func_directwavelet_level2.m 
function [wR, RA1, RH1, RV1, RD1, RA2, RH2, RV2, RD2] = 
func_directwavelet_level2( R ) 
  
[RA1, RH1, RV1, RD1] = dwt2(R,'db1'); 
[RA2, RH2, RV2, RD2] = dwt2(RA1,'db1'); 
wR=R; 
  
end 

 

% func_improved_contrast_RGB_v4.m 
function [ new_img ] = func_improved_contrast_RGB_v4( image ) 
  
RGB = image; 
for ch=1:3 
      RGB(:,:,ch) = imadjust(RGB(:,:,ch),stretchlim(RGB(:,:,ch), 0.01)); 
end 
img_adjusted = rgb2gray(RGB); 
new_img=img_adjusted; 
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end 
  

% func_preprocess_image.m 
function [ output_image ] = func_preprocess_image( input_image ) 
  
%% preprocess_image before segmentation stage 
z1=input_image;       
z2=double(z1);     
z3=z2.^3; 
z4=z3./(256*2); 
t=(z4-min(min(z4)));   
tt=(max(max(z4))-min(min(z4)));  
z5=(t./tt)*255;  
z6=uint8(z5); 
z7=im2double(z6); 
[n xout]=hist(reshape(z7,1,[])); 
maxn=max(n); 
for kk=1:length(n)   
    if n(kk)==maxn 
       pp=kk; 
    end             
end         
if (xout(pp)<0.5) 
     z8=1-z7; 
else 
    z8=z7; 
end         
output_image =z8; 
% figure, imshow(z9); 
  
end 
  

 

% func_segment_rows.m 
function [ segrows ] = func_segment_rows( input_image, coord_input ) 
  
% segment rows of image 
jbegin=coord_input(1,3); 
jend=coord_input(1,4); 
z8=input_image; 
zim=1-z8; 
[nrow ncol]=size(zim); 
sj=zeros(1); 
for j=1:nrow 
    sj(j)=sum(zim(j,:))/ncol; 
end 
s=sum(sj)/nrow; 
kt=0.5; 
st=kt*s; 
  
nib=0; 
ibegin=zeros(1); 
for i=1:length(sj)-1 
     if (sj(i)<=st) && (sj(i+1)>st)    
        nib=nib+1; 
        ibegin(nib)=i+1; 
     end  
     if (i==1) && (sj(i)>st) 
        nib=nib+1; 
        ibegin(nib)=i; 
     end 
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end 
nie=0; 
iend=zeros(1); 
  
for k=1:nib 
    i1=ibegin(k); 
    if (k+1)>nib 
        i2=length(sj); 
    else 
        i2=ibegin(k+1)-1; 
    end 
    for i=i1:i2-1 
        if ((sj(i)>st) && (sj(i+1)<st))  
            nie=nie+1; 
            iend(nie)=i; 
        end 
        if (i==i2-1) && (sj(i+1)>st) && (sj(i)>st) 
            nie=nie+1; 
            iend(nie)=i+1; 
        end 
    end 
end 
% 
ii=0; 
segrows{1}.img=zeros(1); 
segrows{1}.icoord=zeros(1); 
for i=1:nib 
    if (iend(i)-ibegin(i)>5) 
        ii=ii+1; 
        Hmin=(iend(i)-ibegin(i))+1; 
        Hadd=round(0.3*Hmin); 
        H=Hmin+2*Hadd; 
        if ibegin(i)>Hadd 
           ibegin1(i)=ibegin(i)-Hadd; 
        else  
           ibegin1(i)=1; 
        end 
        if (length(sj)-iend(i))>Hadd 
            iend1(i)=iend(i)+Hadd; 
        else  
            iend1(i)=length(sj); 
        end 
        zim1=zim(ibegin1(i):iend1(i),:); 
        % figure,imshow(zim1); 
        ss1=sum(zim1,1); 
        zbegin=1; 
        iz=1; 
        test=0; 
        while (iz<length(ss1)-1) && (test==0) 
            if (ss1(iz)>0)||((ss1(iz)==0) && ss1(iz+1)>0) 
                zbegin=iz; 
                test=1; 
            end 
            if (ss1(iz)==0) && ss1(iz+1)>0 
                zbegin=iz+1; 
                test=1; 
            end 
            iz=iz+1; 
        end 
        zend=length(ss1); 
        iz=length(ss1); 
        test=0; 
        while (iz>2) && (test==0) 
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            if (ss1(iz)>0) 
                zend=iz; 
                test=1; 
            end 
            if ((ss1(iz)==0) && ss1(iz-1)>0) 
                zend=iz-1; 
                test=1; 
            end 
            iz=iz-1; 
        end 
        zim2=zim1(:,zbegin:zend); 
        segrows{ii}.img=zim2; 
%         segrows{ii}.icoord=[ibegin1(i)+coord_input(1,1)-1 
iend1(i)+coord_input(1,1)-1 jbegin jend]; 
        segrows{ii}.icoord=[ibegin1(i)+coord_input(1,1)-1 
iend1(i)+coord_input(1,1)-1 zbegin+jbegin-1 zend+jbegin-1]; 
    end 
end 
  
end 
  

% func_define_located_TO.m 
function [  locatedTO ] = func_define_located_TO( subIm_input ) 
  
knum=length(subIm_input); 
num_textlocated=0; 
for k=1:knum 
      
        
     img=subIm_input{k}.img; 
     coord_input=subIm_input{k}.coord; 
%      figure, imshow(img); 
  
     %% Preprocess image 
     z8= func_preprocess_image(img); 
     % z9=2*z8-1; 
     z8=imadjust(z8,[0.15 mean(mean(z8))],[]); 
     %% segment rows 
     input_image=z8; 
     [segrows] = func_segment_rows(input_image, coord_input); 
     text=1; 
     if segrows{1}.icoord(1)>0 
         nnew=0; 
         for i=1:length(segrows) 
             sr=segrows{i}.img; 
             ss1=sum(sr,1); 
             % j begin 
             jb_sr=zeros(0); 
             njb=0; 
             if (ss1(1)>0) 
                 njb=njb+1; 
                 jb_sr(njb)=1; 
             end 
             for j=1:length(ss1)-3 
                 if (ss1(j)==0) && (ss1(j+1)==0) &&  (ss1(j+2)==0) && 
(ss1(j+3)>0) 
                     njb=njb+1; 
                     jb_sr(njb)=j+3; 
                 end 
             end 
             % j end 
             je_sr=zeros(); 



191 

 

 

             nje=0; 
             for j=1:length(ss1)-3 
                 if (ss1(j)>0) && (ss1(j+1)==0) &&  (ss1(j+2)==0)&& 
(ss1(j+3)==0) 
                     nje=nje+1; 
                     je_sr(nje)=j; 
                 end  
             end 
             if (ss1(length(ss1))>0) 
                     nje=nje+1; 
                     je_sr(nje)=length(ss1); 
             end 
             % new segrows 
             iii=nnew; 
             for ii=nnew+1:nnew+njb 
                 i1=segrows{i}.icoord(1); 
                 i2=segrows{i}.icoord(2); 
                 j1=jb_sr(ii-nnew); 
                 j2=je_sr(ii-nnew); 
                 temp=im2bw(sr(:,j1:j2)); 
                 sss=sum(sum(temp)); 
                 if sss>25 
                    iii=iii+1; 
                    new_sr=sr(:,j1:j2); 
                    new_segrows{iii}.img=new_sr; 
                    new_segrows{iii}.coord=[i1 i2 j1+segrows{i}.icoord(3)-1 
j2+segrows{i}.icoord(3)-1]; 
%                     figure,imshow(new_sr); 
%                     disp([i1 i2 j1 j2]); 
                 end 
                  
             end 
             nnew=iii; 
         end  
         nsr=length(new_segrows); 
         for nt=num_textlocated+1:num_textlocated+nsr 
             nti=nt-num_textlocated; 
             locatedTO{nt}.img= new_segrows{nti}.img; 
             locatedTO{nt}.coord= new_segrows{nti}.coord; 
         end 
         num_textlocated=num_textlocated+nnew; 
         clear new_segrows; 
     else 
         locatedTO{nt}.img= zeros(0); 
         locatedTO{nt}.coord=zeros(0); 
     end  
end 
  
end 
  
 

 

% func_define_subIm_input.m 
function [ subIm_input ] = func_define_subIm_input( input ) 
  
% define coordinates TO 
s1=sum(input,2); 
ibegin=zeros(0); 
nib=0; 
if (s1(1)>0) 
    nib=nib+1; 
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    ibegin(nib)=1; 
end 
for i=1:length(s1)-1 
    if (s1(i)==0) && (s1(i+1)>0) 
        nib=nib+1; 
        ibegin(nib)=i+1; 
    end 
end 
iend=zeros(0); 
nie=0; 
for i=2:length(s1) 
    if (s1(i-1)>0) && (s1(i)==0) 
        nie=nie+1; 
        iend(nie)=i-1; 
    end 
end 
if (s1(length(s1))>0) 
    nie=nie+1; 
    iend(nie)=length(s1); 
end 
 coord=zeros(0); 
 ii=0; 
 for k=1:nib 
     fr_input=input(ibegin(k):iend(k),:); 
     for i=ibegin(k):iend(k) 
         s2=sum(fr_input,1); 
         njb=0; 
         jbegin=zeros(0); 
         if s2(1)>0 
            njb=njb+1; 
            jbegin(njb)=1; 
         end 
         for j=1:length(s2)-1 
             if (s2(j)==0) && (s2(j+1)>0) 
                 njb=njb+1; 
                 jbegin(njb)=j+1; 
             end 
         end 
         nje=0; 
         jend=zeros(0); 
         for j=2:length(s2) 
             if (s2(j-1)>0) && (s2(j)==0) 
                 nje=nje+1; 
                 jend(nje)=j-1; 
             end 
         end 
         if s2(length(s2))>0 
            nje=nje+1; 
            jend(nje)=length(s2); 
         end 
     end 
     for i=1:njb 
         ii=ii+1; 
         coord(ii,1)=ibegin(k); 
         coord(ii,2)=iend(k); 
         coord(ii,3)=jbegin(i); 
         coord(ii,4)=jend(i); 
     end       
 end 
 for i=1:ii 
     i1=coord(i,1); 
     i2=coord(i,2); 
     j1=coord(i,3); 
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     j2=coord(i,4); 
     subIm_input{i}.img=input(i1:i2,j1:j2); 
     subIm_input{i}.coord=[i1 i2 j1 j2]; 
 end 
  
end 
 

% ɉɪɨɝɪɚɦɦɵ ɫɨɡɞɚɧɢɹ ɦɨɞɟɥɶ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɌɈ 
  
clc; 
clear all; 
close all; 
% FOR SIZE 14 
  
  %% Define width and high of all symbol in anphabet.mat 
   load anphabet_s14.mat; 
   mat_width=zeros(0); 
   mat_high=zeros(0); 
   for k=1:length(anphabet) 
       sym=anphabet{k}; 
       [nr nc]=size(sym); 
       mat_width(k)=nc; 
       mat_high(k)=nr; 
   end 
   % choose high of text region 
   h=max(mat_high); 
   % resize all symbol 
   for k=1:length(anphabet) 
        [nr nc]=size(anphabet{k}); 
        temp=zeros(h,nc); 
        dr=floor((h-nr)/2); 
        temp(dr+1:dr+nr,:)=anphabet{k}; 
        new_anpha{k}=temp; 
   end 
   %% Define characteristics of each symbols 
   num_char=length(anphabet)/36; 
   anpha=['a' 'b' 'c' 'd' 'e' 'f' 'g' 'h' 'i' 'j' 'k' 'l' 'm' 'n' 'o' 'p' 'q' 
'r' 's' 't' 'u' 'v' 'w' 'x' 'y' 'z' '0' '1' '2' '3' '4' '5' '6' '7' '8' '9']; 
   for k=1:36 
       wk=0; 
       hk=0; 
       beta_wh=0; 
       psym=0; 
       max_w=0; 
       max_h=0; 
       for num=1:num_char 
           nk=(num-1)*36+k; 
           % 
           wk=wk+mat_width(nk); 
           hk=hk+mat_high(nk); 
           % 
           beta_wh=beta_wh+mat_width(nk)/mat_high(nk); 
           % 
           sym=anphabet{nk}; 
           [sr sc]=size(sym); 
           psym=psym+sum(sum(sym))/(sr*sc); 
           % 
           if max_w<mat_width(nk) 
              max_w=mat_width(nk); 
           end 
           if max_h<mat_high(nk) 
              max_h=mat_high(nk); 
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           end 
       end 
       temp=zeros(h,max_w); 
       for num=1:num_char 
           nk=(num-1)*36+k; 
           sym=new_anpha{nk}; 
           [sr sc]=size(sym); 
           for r=1:sr 
               for c=1:sc 
                   temp(r,c)=temp(r,c)+sym(r,c); 
               end 
           end 
       end 
        
       temp_real=zeros(max_h,max_w); 
       for num=1:num_char 
           nk=(num-1)*36+k; 
           sym_real=anphabet{nk}; 
           [sr sc]=size(sym_real); 
           for r=1:sr 
               for c=1:sc 
                   temp_real(r,c)=temp_real(r,c)+sym_real(r,c); 
               end 
           end 
       end 
        
       charac{k}.anpha=anpha(k); 
       charac{k}.w=max_w; 
       charac{k}.h=max_h; 
       charac{k}.beta_wh=beta_wh/num_char; 
       charac{k}.psym=psym/num_char; 
       charac{k}.pmat_sym=temp/num_char; 
       charac{k}.pmat_real_sym=temp_real/num_char; 
   end 
   %% Define characteristics of each group from anphabet  
   % beta_wh_gr,charac{k}.group 
    gr1=[1;3;5;13;14;15;18;19;21;22;23;24;26]; 
    gr2=[2;4;6;8;9;11;12;20;27;28;29;30;31;32;33;34;35;36]; 
    gr3=[7;16;17;25]; 
    gr4=[10]; 
    group{1}.char=gr1; 
    group{2}.char=gr2; 
    group{3}.char=gr3; 
    group{4}.char=gr4; 
    gr1_wh=zeros(0); 
    gr2_wh=zeros(0); 
    gr3_wh=zeros(0); 
    gr4_wh=zeros(0); 
     
    gr1_h=zeros(0); 
    gr2_h=zeros(0); 
    gr3_h=zeros(0); 
    gr4_h=zeros(0); 
      
    for k=1:36 
        for g1=1:length(gr1) 
            if gr1(g1)==k 
                charac{k}.group=1; 
            end 
        end 
        for g2=1:length(gr2) 
            if gr2(g2)==k 
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                charac{k}.group=2; 
            end 
        end 
        for g3=1:length(gr3) 
            if gr3(g3)==k 
                charac{k}.group=3; 
            end 
        end 
        for g4=1:length(gr4) 
            if gr4(g4)==k 
                charac{k}.group=4; 
            end 
        end 
    end 
     
    g1=0; 
    g2=0; 
    g3=0; 
    g4=0; 
    for k=1:36 
        if charac{k}.group==1 
           g1=g1+1; 
           gr1_h(g1)=charac{k}.h; 
           gr1_w(g1)=charac{k}.w; 
           gr1_wh(g1)=charac{k}.beta_wh; 
        end 
        if charac{k}.group==2 
           g2=g2+1; 
           gr2_h(g2)=charac{k}.h; 
           gr2_w(g2)=charac{k}.w; 
           gr2_wh(g2)=charac{k}.beta_wh; 
        end 
        if charac{k}.group==3 
           g3=g3+1; 
           gr3_h(g3)=charac{k}.h; 
           gr3_w(g3)=charac{k}.w; 
           gr3_wh(g3)=charac{k}.beta_wh; 
        end 
        if charac{k}.group==4 
           g4=g4+1; 
           gr4_h(g4)=charac{k}.h; 
           gr4_w(g4)=charac{k}.w; 
           gr4_wh(g4)=charac{k}.beta_wh; 
        end 
    end 
    beta_wh_gr(1,:)=[min(gr1_wh) max(gr1_wh)]; 
    beta_wh_gr(2,:)=[min(gr2_wh) max(gr2_wh)]; 
    beta_wh_gr(3,:)=[min(gr3_wh) max(gr3_wh)]; 
    beta_wh_gr(4,:)=[min(gr4_wh) max(gr4_wh)]; 
    H_gr(1)=sum(gr1_h)/length(gr1); 
    H_gr(2)=sum(gr2_h)/length(gr2); 
    H_gr(3)=sum(gr3_h)/length(gr3); 
    H_gr(4)=sum(gr4_h)/length(gr4); 
    W_gr(1)=sum(gr1_w)/length(gr1); 
    W_gr(2)=sum(gr2_w)/length(gr2); 
    W_gr(3)=sum(gr3_w)/length(gr3); 
    W_gr(4)=sum(gr4_w)/length(gr4); 
     
   %% Define h,w, pmat, psym for each group  
   for k=1:4 
       if k==1 
          gr_w=gr1_w; 
          group{k}.h=H_gr(k); 
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       end 
       if k==2 
          gr_w=gr2_w; 
          group{k}.h=H_gr(k); 
       end 
       if k==3 
          gr_w=gr3_w; 
          group{k}.h=H_gr(k); 
       end 
       if k==4 
          gr_w=gr4_w; 
          group{k}.h=H_gr(k); 
       end 
       wmin=min(gr_w); 
       wmax=max(gr_w); 
  
       temp1=zeros(0); 
       for nt=wmin:wmax 
           nt1=nt-wmin+1; 
           temp1(nt1,1)=nt; 
           ntemp=0; 
           for ig=1:length(gr_w) 
               if gr_w(ig)==nt 
                  ntemp=ntemp+1; 
               end 
           end 
           temp1(nt1,2)=ntemp; 
       end 
       wtemp=zeros(0); 
       iw=0; 
       for nt=1:size(temp1,1) 
           if temp1(nt,2)>0 
              iw=iw+1; 
               wtemp(iw)=temp1(nt,1); 
           end 
       end 
       group{k}.w=wtemp; 
   end 
   % 
   for g=1:4 
       nc=length(group{g}.char); 
       mat_psym=zeros(0); 
       for ic=1:nc 
           k=group{g}.char(ic); 
           mat_psym(ic)=charac{k}.psym; 
       end 
       group{g}.mat_psym=mat_psym; 
   end 
   % 
   for g=1:4 
       nw=length(group{g}.w); 
       w_gr=group{g}.w; 
       h=round(group{g}.h); 
       for iw=1:nw 
           w=w_gr(iw); 
           temp=zeros(h,w); 
           itemp=0; 
           for ig=1:length(group{g}.char) 
               ichar=group{g}.char(ig); 
               if charac{ichar}.w==w 
                  itemp=itemp+1; 
                  rc=charac{ichar}.h; 
                  cc=charac{ichar}.w; 
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                  for irc=1:rc 
                      for jcc=1:cc 
                          
temp(irc,jcc)=temp(irc,jcc)+charac{ichar}.pmat_real_sym(irc,jcc); 
                      end 
                  end 
               end 
           end 
           gtemp{iw}.pmat=temp/itemp; 
           gtemp{iw}.w=w; 
           gtemp{iw}.h=h; 
       end 
       if g==1 
           group1=gtemp; 
       end 
       if g==2 
           group2=gtemp; 
       end 
        if g==3 
           group3=gtemp; 
        end 
        if g==4 
           group4=gtemp; 
        end 
   end 
    
   %% Define characteristics of all symbols 
   for k=1:36 
       prob_sym(k)=charac{k}.psym; 
   end 
   psymbol=[min(prob_sym) max(prob_sym)]; 
    
   %% Geration text region (TR) 
   % Variants for high TR - High_TR 
     h1=group{1}.h; 
     h2=group{2}.h; 
     h3=group{3}.h; 
     h4=group{4}.h; 
     High_TR=[h1 h2 h3 h4]; 
      
   % Variant for width TR - Width_TR 
     % for h1 --> variants Wh1_TR 
     Wh1_TR=group{1}.w; 
     Width_TR{1}=Wh1_TR; 
     % for h2 --> variants Wh2_TR 
     Wh2_TR=group{2}.w; 
     Width_TR{2}=Wh2_TR; 
     % for h3 --> variants Wh3_TR 
     Wh3_TR=group{3}.w; 
     Width_TR{3}=Wh3_TR; 
     % for h4 --> variants Wh4_TR 
     Wh4_TR=group{4}.w; 
     Width_TR{4}=Wh4_TR; 
      
    % Matrix prob for TRrand 
    np=0; 
    for ih=1:4 
        hTR=High_TR(ih); 
        lenw=length(Width_TR{ih}); 
        if ih==1 
            tempgr=group1; 
        end 
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        if ih==2 
           tempgr=group2; 
        end 
        if ih==3 
            tempgr=group3; 
        end 
        if ih==4 
            tempgr=group4; 
        end 
        for iw=1:lenw 
            np=np+1; 
            pmat_TR{np}=tempgr{iw}.pmat; 
        end 
    end 
     
  
%% ***************************************************** 
%  GENERATE ТО 
%% ***************************************************** 
   for raz=1:10 
    nTR=0; 
    % quantility of TR 
        for ih=1:4 
            hTR=High_TR(ih); 
            lenw=length(Width_TR{ih}); 
            a=min(group{ih}.mat_psym); 
            b=max(group{ih}.mat_psym); 
            for iw=1:lenw 
                nTR=nTR+1; 
                wTR=Width_TR{ih}(iw); 
                TRrand{nTR}=a+(b-a).*rand(hTR,wTR); 
%                 size(TRrand{nTR}) 
            end 
        end 
     % Generation TR with condition 
     nk=nTR/np; 
     for n=1:nk 
         for k=1:np 
             kk=(n-1)*np+k; 
             [row col]=size(TRrand{kk}); 
             res=zeros(row,col); 
             tempTR=TRrand{kk}; 
             temp_pTR=pmat_TR{k}; 
             for ir=1:row 
                 for ic=1:col 
                     if tempTR(ir,ic)>=temp_pTR(ir,ic) 
                        res(ir,ic)=1; 
                     end 
                 end 
             end 
         TR{kk}=res; 
         end 
     end 
% Show result - variant2  
     w_res=0; 
     mat_j=round(1+11.*rand(1,12)); 
     len_res=12; % LEN TO 
     for i=1:len_res 
         ii=mat_j(i); 
         w_res=w_res+size(TRrand{ii},2)+1; 
     end 
     h_res=18; 
     res_generate=zeros(h_res,w_res); 
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     jk=0; 
      for j=1:len_res 
          jj=mat_j(j); 
          if j==1 
             jk1=1; 
             jk2=jk1+size(TR{jj},2)-1; 
             jk=jk2+1; 
          else 
             jk1=jk+1; 
             jk2=jk1+size(TR{jj},2)-1; 
             jk=jk2+1; 
          end 
          delta_ik=h_res-size(TR{jj},1); 
          ik1=round(delta_ik/2); 
          ik2=ik1+size(TR{jj},1)-1; 
          res_generate(ik1:ik2,jk1:jk2)=TR{jj}; 
      end 
     figure,imshow(res_generate); 
     RESULT{raz}=res_generate; 
   end 
   hr=0; 
   wr=0; 
   for r=1:raz 
       [h w]=size(RESULT{r}); 
       hr=hr+h; 
       if wr<=w 
          wr=w; 
       end 
   end 
   hr=hr+2*raz; 
   wr=wr+1; 
   image=zeros(hr,wr); 
   hh=2; 
   for r=1:raz 
       [h w]=size(RESULT{r}); 
       image(hh:h+hh-1,2:w+1)=RESULT{r}; 
       hh=h+hh+2; 
   end 
   figure,imshow(image); 
              

   % ɉɪɨɝɪаɦɦɵ ɫɨɡɞаɧɢя ɧаɛɨɪа ɨɛɭɱɟɧɢя ɫɜɟɪɬɨɱɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɞɥя  
    % ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɩɨɥɭɬɨɧɨɜɵɯ ɢɡɨɛɪаɠɟɧɢяɯ 

 

close all; 
clear all; 
clc; 
  
num=0; 
load data_GrayImg_MTO_X2.mat; 
for i=1:length(data_GrayImg_MTO) 
    num=num+1; 
    imdata{num}=im2double(data_GrayImg_MTO{i}); 
    label(num)=1; 
end 
load data_GrayImg_piecesTO_X2.mat; 
for i=1:length(data_GrayImg_piecesTO) 
    num=num+1; 
    imdata{num}=im2double(data_GrayImg_piecesTO{i}); 
    label(num)=1; 
end 
load dataRGB_nontext_7August.mat; 
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for i=1:length(dataRGB_nontext) 
    num=num+1; 
    BWnontext=rgb2gray(dataRGB_nontext{i}); 
    imdata{num}=2*(im2double(BWnontext))-1; 
    label(num)=-1; 
end 
 

% ɉɪɨɝɪаɦɦɵ ɫɨɡɞаɧɢя ɧаɛɨɪа ɨɛɭɱɟɧɢя ɫɜɟɪɬɨɱɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɞɥя  
% ɥɨɤаɥɢɡаɰɢɢ ɌɈ ɧа ɰɜɟɬɧɵɯ ɢɡɨɛɪаɠɟɧɢяɯ 
close all; 
clear all; 
clc; 
  
num=0; 
load dataRGB_IMTO_28Sep.mat; 
for i=1:length(dataRGB_IMTO) 
    num=num+1; 
    imdata{num}=im2double(dataRGB_IMTO{i}); 
    label(num)=1; 
end 
load dataRGB_piecesTO_28Sep.mat; 
for i=1:length(dataRGB_piecesTO) 
    num=num+1; 
    imdata{num}=im2double(dataRGB_piecesTO{i}); 
    label(num)=1; 
end 
load dataRGB_nontext_7August.mat; 
for i=1:length(dataRGB_nontext) 
    num=num+1; 
    imdata{num}=im2double(dataRGB_nontext{i}); 
    label(num)=-1; 
end 
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ɉɪɢɥɨɠɟɧɢɟ Ȼ 

Ⱦɨɤɭɦɟɧɬɵ, ɩɨɞɬɜɟɪɠɞаɸɳɢɟ ɜɧɟɞɪɟɧɢɟ ɪɟɡɭɥɶɬаɬɨɜ ɪаɛɨɬɵ 
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