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ȼɨɥɝɨɞɨɧɫɤɢɣ ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ – ɮɢɥɢаɥ ɧаɭɱɧɨɝɨ ɢɫɫɥɟɞɨɜаɬɟɥɶɫɤɨɝɨ ɹɞɟɪɧɨɝɨ 

ɭɧɢɜɟɪɫɢɬɟɬа «ɆɂɎɂ», ȼɨɥɝɨɞɨɧɫɤ, Ɋɨɫɬɨɜɫɤаɹ ɨɛɥ., Ɋɨɫɫɢɹ 

 

ȼ ɪаɛɨɬɟ ɩɪɟɞɫɬаɜɥɟɧа ɨɰɟɧɤа ɪаɡɜɢɬɢɹ ɷɪɪɨɡɢɨɧɧɨ-ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɢɡɧɨɫа ɷɥɟɦɟɧɬɨɜ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞа ɢɡɦɟɪɟɧɢɹ ɦаɝɧɢɬɧɨɣ аɧɢɡɨɬɪɨɩɢɢ. ɐɟɥɶɸ ɨɛɫɥɟɞɨɜаɧɢɹ 
ɹɜɥɹɥɨɫɶ ɮɢɤɫɢɪɨɜаɧɢɟ ɥɨɤаɥɶɧɨ-ɧаɩɪɹɠɟɧɧɵɯ ɨɛɥаɫɬɟɣ, ɤɨɬɨɪɵɟ ɩɪɢɫɭɳɢ ɥɨɤаɥɶɧɵɦ 
ɭɬɨɧɟɧɢɹɦ ɫɬɟɧɤɢ ɜ ɡɨɧаɯ ɫ ɜɟɪɨɹɬɧɵɦ ɷɪɪɨɡɢɨɧɧɨ-ɤɨɪɪɨɡɢɨɧɧɵɦ ɢɡɧɨɫɨɦ ɢ ɨɩɪɟɞɟɥɟɧɢɟ 
ɩаɪаɦɟɬɪɨɜ ɦаɝɧɢɬɧɨɣ аɧɢɡɨɬɪɨɩɢɢ, а ɬаɤɠɟ ɮɨɪɦɢɪɨɜаɧɢɟ ɛаɡɵ ɞаɧɧɵɯ ɪɟɡɭɥɶɬаɬɨɜ 
ɢɡɦɟɪɟɧɢɣ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜа: ɬɪɭɛɨɩɪɨɜɨɞɵ, ɬɨɥɳɢɧɨɦɟɬɪɢɹ, ɷɪɨɡɢɨɧɧɨ-ɤɨɪɪɨɡɢɨɧɧɵɣ ɢɡɧɨɫ, 
ɦаɝɧɢɬɧаɹ аɧɢɡɨɬɪɨɩɢɹ. 

 

ɉɨɫɬɭɩɢɥа ɜ ɪɟɞаɤɰɢɸ 18.10.2018 

ɉɨɫɥɟ ɞɨɪаɛɨɬɤɢ 21.02.2019 

ɉɪɢɧɹɬа ɤ ɩɭɛɥɢɤаɰɢɢ 01.03.2019 

 
ɗɪɨɡɢɨɧɧɨ-ɤɨɪɪɨɡɢɨɧɧɵɣ ɢɡɧɨɫ (ɗɄɂ) ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɪаɫɩɪɨɫɬɪаɧɟɧɧɵɯ 

ɦɟɯаɧɢɡɦɨɜ ɩɨɜɪɟɠɞɟɧɢɣ ɷɥɟɦɟɧɬɨɜ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɭɝɥɟɪɨɞɢɫɬɵɯ 
ɫɬаɥɟɣ, ɧа ɷɥɟɤɬɪɢчɟɫɤɢɯ ɫɬаɧɰɢɹɯ. Ⱥɧаɥɢɡ аɜаɪɢɣ ɩɨ ɩɪɢчɢɧɟ ɗɄɂ ɧа аɦɟɪɢɤаɧɫɤɨɣ 
Ⱥɗɋ ɋаɪɪɢ-2 ɢ ɧа ɹɩɨɧɫɤɨɣ Ⱥɗɋ Ɇɢɯаɦа-3 ɩɨɤаɡɵɜаɟɬ, чɬɨ ɪɟɡɭɥɶɬаɬɨɦ 
ɛɟɫɤɨɧɬɪɨɥɶɧɨɝɨ ɪаɡɜɢɬɢɹ ɗɄɂ, ɹɜɥɹɟɬɫɹ ɪɨɫɬ ɫɤɜɨɡɧɨɣ ɬɪɟɳɢɧɵ, ɨɪɢɟɧɬɢɪɨɜаɧɧɨɣ 
ɜɞɨɥɶ ɧаɩɪаɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ ɪаɛɨчɟɣ ɫɪɟɞɵ.  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜаɧɢɹɦɢ Д1Ж, ɧа Ⱥɗɋ ɤɨɧɰɟɪɧа Ɋɨɫɷɧɟɪɝɨаɬɨɦ ɪаɡɪаɛɨɬаɧɵ 
ɩɟɪɟчɧɢ ɷɥɟɦɟɧɬɨɜ ɢ ɞɟɬаɥɟɣ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɬɭɪɛɢɧɧɨɝɨ ɨɬɞɟɥɟɧɢɹ (ɌɈ), 
ɩɨɞɜɟɪɠɟɧɧɵɯ ɷɪɨɡɢɨɧɧɨ-ɤɨɪɪɨɡɢɨɧɧɨɦɭ ɢɡɧɨɫɭ. Ⱦɨɤɭɦɟɧɬ ɨɩɪɟɞɟɥɹɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɩɟɪɢɨɞɢчɧɨɝɨ ɤɨɧɬɪɨɥɹ ɬɨɥɳɢɧɵ ɫɬɟɧɤɢ ɬаɤɢɯ ɭɡɥɨɜ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. ȼɵɩɨɥɧɟɧɢɟ 
ɷɤɫɩɥɭаɬаɰɢɨɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɬɨɥɳɢɧ ɫɬɟɧɨɤ ɬɪɭɛɨɩɪɨɜɨɞɧɵɯ ɫɢɫɬɟɦ, ɜ чаɫɬɢ 
ɨɛɟɫɩɟчɟɧɢɹ ɩɨɥɨɠɟɧɢɣ ɪɭɤɨɜɨɞɹɳɟɝɨ ɞɨɤɭɦɟɧɬа, ɨɛɟɫɩɟчɢɜаɟɬ ɧаɞɟɠɧɨɫɬɶ ɷɥɟɦɟɧɬɨɜ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɩɨ ɤɪɢɬɟɪɢɹɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪаɡɪɭɲɟɧɢɸ ɦɟɬаɥɥа Ⱥ ɢɦɟɧɧɨ, 
ɩɪɟɞɨɬɜɪаɳɟɧɢɟ Д2Ж: 

1) ɨɛɪаɡɨɜаɧɢɹ ɬɟчɟɣ чɟɪɟɡ ɭɫɬɨɣчɢɜɵɟ ɫɤɜɨɡɧɵɟ ɞɟɮɟɤɬɵ ɗɄɂ; 
2) ɝɢɥɶɨɬɢɧɧɨɝɨ ɨɛɪɵɜа ɬɪɭɛɨɩɪɨɜɨɞа ɫ ɞɜɭɫɬɨɪɨɧɧɢɦ ɢɫɬɟчɟɧɢɟɦ ɢɡ ɧɟɝɨ; 
3) ɪаɡɪɵɜа ɬɪɭɛɨɩɪɨɜɨɞа ɜɞɨɥɶ ɟɝɨ ɨɫɢ ɩɨ ɨɛɪаɡɭɸɳɟɣ. 
ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭаɬаɰɢɢ ɬɪɟɛɭɟɦɵɣ ɭɪɨɜɟɧɶ ɧаɞɟɠɧɨɫɬɢ ɨɛɟɫɩɟчɢɜаɟɬɫɹ ɞɨ 

ɫɥɟɞɭɸɳɟɝɨ ɫɪɨɤа ɜɵɩɨɥɧɟɧɢɹ ɬɨɥɳɢɧɨɦɟɬɪɢɢ (ɢɥɢ ɨɤɨɧчаɧɢɹ ɷɤɫɩɥɭаɬаɰɢɢ). ɋ 
ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɥɨɤаɥɶɧɵɣ ɢɡɧɨɫ (ɥɨɤаɥɶɧɨɟ ɭɬɨɧɟɧɢɟ) ɨɛɪаɡɭɟɬ ɥɨɤаɥɶɧɵɟ 
ɩɨɜɵɲɟɧɧɵɟ ɧаɩɪɹɠɟɧɧɵɟ ɡɨɧɵ, ɤɨɬɨɪɵɟ ɩɪɢ ɭɬɨɧɟɧɢɢ ɫɬɟɧɤɢ ɡɧачɢɬɟɥɶɧɨ 
ɜɨɡɪаɫɬаɸɬ. ɍчɢɬɵɜаɹ, чɬɨ ɬɪɭɛɨɩɪɨɜɨɞɵ ɩɟɪɢɨɞɢчɟɫɤɢ ɪаɛɨɬаɸɬ ɜ ɪɟɠɢɦɟ ɪаɛɨчɟɝɨ ɢ 
аɬɦɨɫɮɟɪɧɨɝɨ ɞаɜɥɟɧɢɹ, ɦɟɬаɥɥ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢɫɩɵɬɵɜаɟɬ ɡɧаɤɨɩɟɪɟɦɟɧɧɵɟ 
ɧаɝɪɭɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɜ ɥɨɤаɥɶɧɵɯ ɨɛɥаɫɬɹɯ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭаɬаɰɢɢ ɦɨɝɭɬ ɩɪɢɜɨɞɢɬɶ ɤ 
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ɭɫɬаɥɨɫɬɧɵɦ ɦаɥɨɰɢɤɥɨɜɵɦ ɩɨɜɪɟɠɞɟɧɢɹɦ.[3] 

Ɇɟɯаɧɢɡɦ ɞɟɣɫɬɜɢɹ ɗɄɂ – ɮɨɪɦɢɪɨɜаɧɢɟ ɥɨɤаɥɶɧɵɯ ɡɨɧ ɭɬɨɧɟɧɢɹ, 
ɨɪɢɟɧɬɢɪɨɜаɧɧɵɯ ɜ ɧаɩɪаɜɥɟɧɢɢ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤа (1 ɤɪɢɬɟɪɢɣ ɪаɡɜɢɬɢɹ ɗɄɂ). ɉɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɬɟɯɧɢчɟɫɤɨɝɨ ɨɛɫɥɟɞɨɜаɧɢɹ ɬɟɯɧɨɥɨɝɢчɟɫɤɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞа ɧа ɨɞɧɨɦ ɢɡ 
ɷɧɟɪɝɨɛɥɨɤɨɜ ɷɥɟɤɬɪɨɫɬаɧɰɢɢ Д4Ж ɛɵɥɢ ɨɛɧаɪɭɠɟɧɵ ɡɨɧɵ ɭɬɨɧɟɧɢɹ. Ⱦɥɹ ɨɰɟɧɤɢ ɢɯ 
ɜɥɢɹɧɢɹ ɧа ɬɟɯɧɢчɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɩɪɨɜɟɪɨчɧɵɟ 
ɪаɫчɟɬɵ. 

ɉɨ ɪɟɡɭɥɶɬаɬаɦ ɪаɫчɟɬɨɜ ɨɩɪɟɞɟɥɟɧɨ, чɬɨ ɜ ɡɨɧɟ ɭɬɨɧɟɧɢɹ ɫɬɟɧɤɢ ɬɪɭɛɨɩɪɨɜɨɞа 
ɨɛɳɢɟ ɦɟɦɛɪаɧɧɵɟ ɧаɩɪɹɠɟɧɢɹ ɩɪɟɜɵɲаɸɬ ɞɨɩɭɫɬɢɦɵɟ ɡɧачɟɧɢɹ, ɧɨ ɧɟ ɩɪɟɜɵɲаɸɬ 
ɜɪɟɦɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ. Ʉаɤ ɫɥɟɞɫɬɜɢɟ, ɷɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɨɛɪаɬɢɦɵɦ 
ɥɨɤаɥɶɧɵɦ ɩɥаɫɬɢчɟɫɤɢɦ ɞɟɮɨɪɦаɰɢɹɦ ɧа ɭчаɫɬɤаɯ ɫ ɭɬɨɧɟɧɢɟɦ ɜ ɡɨɧаɯ ɞɟɣɫɬɜɢɹ 
ɦɟɫɬɧɵɯ ɦɟɦɛɪаɧɧɵɯ ɧаɩɪɹɠɟɧɢɣ. 

ɋ ɰɟɥɶɸ ɜɵɩɨɥɧɟɧɢɹ ɨɰɟɧɤɢ ɨɫɬаɬɨчɧɵɯ ɧаɩɪɹɠɟɧɢɣ ɜ ɦɟɬаɥɥɟ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, 
ɩɨɞɜɟɪɠɟɧɧɵɯ ɗɄɂ, ɮɢɤɫɢɪɨɜаɧɢɹ ɜɨɡɦɨɠɧɵɯ ɥɨɤаɥɶɧɵɯ ɧаɩɪɹɠɟɧɧɵɯ ɡɨɧ ɜ ɩɟɪɢɨɞ 
ɩɪɨɜɟɞɟɧɢɹ ɉɉɊ ɷɧɟɪɝɨɛɥɨɤа Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ ɩɪɨɜɟɞɟɧɨ ɨɛɫɥɟɞɨɜаɧɢɟ ɦɟɬɨɞɨɦ 
ɦаɝɧɢɬɧɨɣ аɧɢɡɨɬɪɨɩɢɢ Д5Ж ɪɹɞа ɭчаɫɬɤɨɜ, ɫɨɝɥаɫɧɨ ɩɟɪɟчɧɹ ɷɥɟɦɟɧɬɨɜ ɢ ɞɟɬаɥɟɣ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɌɈ ɷɧɟɪɝɨɛɥɨɤа  Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ (ɬаɛɥ. 1). ɐɟɥɶɸ ɨɛɫɥɟɞɨɜаɧɢɹ 
ɹɜɥɹɥɨɫɶ ɮɢɤɫɢɪɨɜаɧɢɟ ɥɨɤаɥɶɧɨ-ɧаɩɪɹɠɟɧɧɵɯ ɨɛɥаɫɬɟɣ, ɤɨɬɨɪɵɟ ɩɪɢɫɭɳɢ ɥɨɤаɥɶɧɵɦ 
ɭɬɨɧɟɧɢɹɦ ɫɬɟɧɤɢ ɜ ɡɨɧаɯ ɫ ɜɟɪɨɹɬɧɵɦ ɗɄɂ. Ɉɩɪɟɞɟɥɟɧɢɟ ɩаɪаɦɟɬɪɨɜ ɦаɝɧɢɬɧɨɣ 
аɧɢɡɨɬɪɨɩɢɢ, ɮɨɪɦɢɪɨɜаɧɢɟ ɛаɡɵ ɞаɧɧɵɯ ɪɟɡɭɥɶɬаɬɨɜ ɢɡɦɟɪɟɧɢɣД6Ж. 

ȼɨ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɪаɛɨɬ ɧа ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɡɨɧɵ ɭчаɫɬɤɨɜ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɌɈ ɧаɧɨɫɢɥаɫɶ ɩɪɹɦɨɭɝɨɥɶɧаɹ ɤɨɨɪɞɢɧаɬɧаɹ ɫɟɬɤа. Ɋаɡɦɟɪɧɨɫɬɶ ɡɨɧɵ ɢ 
ɲаɝ ɤɨɨɪɞɢɧаɬɧɨɣ ɫɟɬɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɪаɡɦɟɪɨɦ ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɡɨɧɵ. 

 
Ɍаɛɥɢɰа 1 –  Ɉɛɳɢɟ ɞаɧɧɵɟ ɨɛɫɥɟɞɨɜаɧɧɵɯ ɡɨɧ ɦɟɬɨɞɨɦ ɦаɝɧɢɬɧɨɣ аɧɢɡɨɬɪɨɩɢɢ [General data surveyed 

areas by the magnetic anisotropy] 

№ 

ɡɨɧɵ 

Ɍɢɩɨ-

ɪаɡɦɟɪ 
ɉаɪаɦɟɬɪɵ ɫɪɟɞɵ ɉɪɢɦɟчаɧɢɟ 

1 

 

159ɯ9 ɋɪɟɞа – ɩɢɬаɬɟɥɶɧаɹ ɜɨɞа 

(p=0,88 Ɇɉа, T=142 °C) 

Ɍɪɭɛɨɩɪɨɜɨɞ ɧаɩɨɪа ɜɫɩɨɦɨɝаɬɟɥɶɧɨɝɨ 
ɩɢɬаɬɟɥɶɧɨɝɨ  ɧаɫɨɫа 

2 

 

159ɯ9 ɋɪɟɞа – ɩɢɬаɬɟɥɶɧаɹ ɜɨɞа 

(p=0,88 Ɇɩа,, T=159 °C) 

 

Ɍɪɭɛɨɩɪɨɜɨɞ ɪɟɰɢɪɤɭɥɹɰɢɢ ɬɭɪɛɨɩɢɬаɬɟɥɶɧɨɝɨ 
ɧаɫɨɫа ɧа ɞɟаɷɪаɬɨɪ  
 

3 

 

159ɯ9 ɋɪɟɞа – ɩɢɬаɬɟɥɶɧаɹ ɜɨɞа 

(p=0,88 Ɇɉа,, T=142 °C) 

… …. …. …. 
9 

 

133ɯ6 ɋɪɟɞа – ɤɨɧɞɟɧɫаɬ 

(p=2,65 Ɇɩа, T=288 °C) 

 

Ɍɪɭɛɨɩɪɨɜɨɞ ɫɟɩаɪаɬɨɪа ɩаɪɨɩɟɪɟɝɪɟɜаɬɟɥɹ ɧа 
ɪаɡɥɢчɧɵɯ ɭчаɫɬɤаɯ 10 

 

133ɯ6 ɋɪɟɞа – ɤɨɧɞɟɧɫаɬ 

(p=2,65 Ɇɉа, T=288 °C) 

11 
 

133ɯ13 ɋɪɟɞа – ɤɨɧɞɟɧɫаɬ 
(p=5,72 Ɇɉа, T=272 °C) 

… … … … 

21 

 

159ɯ7 ɋɪɟɞа – ɤɨɧɞɟɧɫаɬ  
(p=1,6 Ɇɉа  T= 188°C) 

Ɍɪɭɛɨɩɪɨɜɨɞ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɫɥɢɜа ɫɟɩаɪаɬа ɜ 
ɨɛɳɢɣ ɫɟɩаɪаɬɨɫɛɨɪɧɢɤ  

 

ȼ ɪɟɡɭɥɶɬаɬɟ ɜɵɩɨɥɧɟɧɧɨɝɨ ɨɛɫɥɟɞɨɜаɧɢɹ ɭчаɫɬɤɨɜ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɌɈ 
ɷɧɟɪɝɨɛɥɨɤа ɊɨȺɗɋ ɩɨɥɭчɟɧɵ ɤаɪɬɨɝɪаɦɦɵ ɪаɫɩɪɟɞɟɥɟɧɢɹ ɪаɡɧɨɫɬɢ ɝɥаɜɧɵɯ 
ɧаɩɪɹɠɟɧɢɣ (ɊȽɆɇ (а)) ɢ ɤɨɧɰɟɧɬɪаɬɨɪɨɜ ɦɟɯаɧɢчɟɫɤɢɯ ɧаɩɪɹɠɟɧɢɣ (ɄɆɇ (ɛ)) ɞɥɹ 
ɤаɠɞɨɣ ɡɨɧɵ. Ƚɪаɮɢчɟɫɤɢ ɩɨɥɭчɟɧɧɵɟ ɞаɧɧɵɟ ɩɪɟɞɫɬаɜɥɟɧɵ ɜ ɜɢɞɟ ɤаɪɬ (ɪɢɫ. 1), ɧа 
ɤɨɬɨɪɵɯ ɡɨɧɵ ɤɨɧɰɟɧɬɪаɰɢɢ ɧаɩɪɹɠɟɧɢɣ ɩɨɤаɡаɧɵ ɫɜɟɬɥɵɦ (1), а ɡɨɧɵ ɢɡɦɟɧɟɧɢɹ 
ɜɟɥɢчɢɧɵ ɊȽɆɇ ɢ ɄɆɇ – ɢɡɨɫɬɪɟɫɫаɦɢ (2). Ʉаɪɬɵ ɩɨɡɜɨɥɹɸɬ ɜɵɞɟɥɢɬɶ ɥɨɤаɥɶɧɵɟ 

ɡɨɧɵ ɭɜɟɥɢчɟɧɧɵɯ ɡɧачɟɧɢɣ ɊȽɆɇ – ɥɨɤаɥɶɧɨ ɧаɩɪɹɠɟɧɧɵɟ ɡɨɧɵ (1). 
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  а)        ɛ) 

Ɋɢɫɭɧɨɤ 1 – Ʉаɪɬа ɊȽɆɇ (а) ɢ ɄɆɇ (ɛ) ɡɨɧɵ №2 (ɬаɛɥ.1): 1 – ɜɵɹɜɥɟɧɧɵɟ ɥɨɤаɥɶɧɵɟ ɨɛɥаɫɬɢ 

ɭɜɟɥɢчɟɧɧɵɯ ɡɧачɟɧɢɣ ɊȽɆɇ ɢ ɄɆɇ; 2 – ɢɡɨɫɬɪɟɫɫɵ [The chart of the distribution of the difference between 

the main stresses (a) and mechanical stress concentrators (b) of zone No. 2 (Table 1): 1 – identified local areas of 

increased values; 2 – isostress] 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɧаɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɇȾɋ) ɤаɠɞɨɝɨ ɭчаɫɬɤа 
ɩɪɨɜɨɞɢɥаɫɶ ɫɬаɬɢɫɬɢчɟɫɤаɹ ɨɛɪаɛɨɬɤа ɡɧачɟɧɢɣ ɊȽɆɇ ɢ ɄɆɇ ɢ ɜɢɡɭаɥɶɧɵɣ аɧаɥɢɡ 
ɩɨɥɭчɟɧɧɵɯ ɤаɪɬɨɝɪаɦɦ. 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ аɧаɥɢɡа ɡɧачɟɧɢɣ ɊȽɆɇ ɢ ɄɆɇ ɨɰɟɧɢɜаɥɢɫɶ ɫɬаɬɢɫɬɢчɟɫɤɢɟ 
ɩаɪаɦɟɬɪɵ ɩɨ ɤаɠɞɨɣ ɢɡ ɡɨɧ, ɬаɤɢɟ ɤаɤ ɫɪɟɞɧɢɟ, ɦаɤɫɢɦаɥɶɧɵɟ ɢ ɦɢɧɢɦаɥɶɧɵɟ 
ɡɧачɟɧɢɹ ɊȽɆɇ (ɬаɛɥ. 2) ɢ ɄɆɇ, а ɬаɤɠɟ ɡɧачɟɧɢɟ ɫɪɟɞɧɟɤɜаɞɪаɬɢчɧɨɝɨ 

ɨɬɤɥɨɧɟɧɢɹ Д7Ж. 
 

Ɍаɛɥɢɰа 2 – ɋɬаɬɢɫɬɢчɟɫɤɢɟ ɞаɧɧɵɟ ɊȽɆɇ ДStatistics of main voltage difference distribution] 

№№ ɡɨɧɵ ɋɥɨɣ 0-6 ɦɦ ɋɥɨɣ 0-3 ɦɦ 

Ɇаɤɫ. 
ɊȽɆɇ 

Ɇɢɧ. 
ɊȽɆɇ 

ɋɪɟɞ. 
ɊȽɆɇ 

ɋɄɈ Ɇаɤɫ. 
ɊȽɆɇ 

Ɇɢɧ. 
ɊȽɆɇ 

ɋɪɟɞ. 
ɊȽɆɇ 

ɋɄɈ 

Ɂɨɧа 1  91,1 -60,8 20,2 25 166,6 -116,9 31,8 47,8 

Ɂɨɧа 2 121,8 -2,5 35,5 17,5 124,8 16,5 53 18,7 

Ɂɨɧа 3 201,1 -51,6 26,7 41,3 229,9 -125,4 22 65,9 

Ɂɨɧа 4 88,7 -37 12,5 27 165,7 -95,8 11,1 50,8 

Ɂɨɧа 5 92,8 -64,9 12,6 31,8 146,9 -98,3 14,5 51,3 

Ɂɨɧа 6 95,9 -51,5 15,4 32,6 142,3 -110 17,3 54,7 

Ɂɨɧа 8 247,9 -224,5 3,3 50,2 283,6 -276,9 -10,5 65,7 

Ɂɨɧа 9 179,2 -1,6 29,8 24,7 192,9 -21,1 50,5 31,9 

Ɂɨɧа 10 139 -77,2 1,1 40,7 151,2 -145,7 -16,5 69,6 

Ɂɨɧа 11 271,9 -56,9 19,5 44,5 298,4 -93,7 18,9 55,5 

Ɂɨɧа 13 110,3 -80,2 15,6 46,8 180,2 -140,5 14,1 81,4 

Ɂɨɧа 17 116,5 -64,8 17,8 36,8 214,1 -140,9 26,1 73,1 

Ɂɨɧа 18 55,8 -66,1 14,9 20 103,1 -123,8 27,1 35,9 

ɧа 19 48 -61,6 8,9 20,2 82,5 -121,1 16,6 38,8 

Ɂɨɧа 20 93,2 -45 32,3 33,9 169,2 -134,7 34,9 66,8 

Ɂɨɧа 21 118,7 -116,8 20,1 38,3 185,2 -132,9 29,3 65,6 
 

Ⱦаɥɶɧɟɣɲаɹ ɨɛɪаɛɨɬɤа ɫɬаɬɢɫɬɢчɟɫɤɢɯ ɞаɧɧɵɯ ɩɪɨɜɨɞɢɥаɫɶ ɜ ɩаɤɟɬɟ SЭКЭТЬЭТМК ɫ 
ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɢɧɫɬɪɭɦɟɧɬа «Ʉɥаɫɬɟɪɧɵɣ аɧаɥɢɡ». 

ɇа ɩɟɪɜɨɦ ɷɬаɩɟ ɜɵɩɨɥɧɟɧа ɢɟɪаɪɯɢчɟɫɤаɹ ɤɥаɫɫɢɮɢɤаɰɢɹ, ɩɪɢ ɷɬɨɦ ɜ ɤачɟɫɬɜɟ 
ɨɛɴɟɤɬɨɜ ɩɪɢɧɹɬɵ ɧаɛɥɸɞɟɧɢɹ (ɫɬɪɨɤɢ). ȼ ɤачɟɫɬɜɟ ɩɪаɜɢɥа ɨɛɴɟɞɢɧɟɧɢɹ ɨɩɪɟɞɟɥɟɧ 

1 

2 
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ɦɟɬɨɞ ɩɨɥɧɨɣ ɫɜɹɡɢ, ɜ ɤачɟɫɬɜɟ ɦɟɪɵ ɛɥɢɡɨɫɬɢ – ɟɜɤɥɢɞɨɜɨ ɪаɫɫɬɨɹɧɢɟ.  
Ɇɟɪа ɛɥɢɡɨɫɬɢ, ɨɩɪɟɞɟɥɹɟɦаɹ ɟɜɤɥɢɞɨɜɵɦ ɪаɫɫɬɨɹɧɢɟɦ, ɹɜɥɹɟɬɫɹ ɝɟɨɦɟɬɪɢчɟɫɤɢɦ 

ɪаɫɫɬɨɹɧɢɟɦ ɜ Ч-ɦɟɪɧɨɦ ɩɪɨɫɬɪаɧɫɬɜɟ Д8Ж. Ɋɟɡɭɥɶɬаɬɨɦ, ɩɨɥɭчаɟɦɵɦ ɜ ɪɟɡɭɥɶɬаɬɟ 
ɞɪɟɜɨɜɢɞɧɨɣ ɤɥаɫɬɟɪɢɡаɰɢɢ, ɹɜɥɹɟɬɫɹ ɢɟɪаɪɯɢчɟɫɤɨɟ ɞɟɪɟɜɨ (ɪɢɫ. 2). ɉɪɟɞɜаɪɢɬɟɥɶɧɵɣ 
аɧаɥɢɡ ɭɤаɡɵɜаɟɬ ɧа ɨɛɴɟɞɢɧɟɧɢɟ ɡɨɧ ɫ ɧɨɦɟɪаɦɢ 2, 3, 9 ɢ 11.  

 

 
 

Ɋɢɫɭɧɨɤ 2 – Ⱦɟɧɞɨɝɪаɦɦа ɡɨɧ ɧаɛɥɸɞɟɧɢɹ [Dendogram observation areas] 
 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɞаɧɧɨɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɜɵɩɨɥɧɹɥаɫɶ ɪаɡɛɢɜɤа ɢɫɯɨɞɧɵɯ ɞаɧɧɵɯ 
ɦɟɬɨɞɨɦ «Ʉ-ɫɪɟɞɧɢɯ» ɧа 4 ɤɥаɫɬɟɪа. Ɇɟɬɨɞ ɡаɤɥɸчаɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: ɜɵчɢɫɥɟɧɢɹ 
ɧачɢɧаɸɬɫɹ ɫ Ф ɫɥɭчаɣɧɨ ɜɵɛɪаɧɧɵɯ ɧаɛɥɸɞɟɧɢɣ (ɜ ɧаɲɟɦ ɫɥɭчаɟ Ф=4), ɤɨɬɨɪɵɟ 
ɫɬаɧɨɜɹɬɫɹ ɰɟɧɬɪаɦɢ ɝɪɭɩɩ, ɩɨɫɥɟ чɟɝɨ ɨɛɴɟɤɬɧɵɣ ɫɨɫɬаɜ ɤɥаɫɬɟɪɨɜ ɦɟɧɹɟɬɫɹ ɫ ɰɟɥɶɸ 
ɦɢɧɢɦɢɡаɰɢɢ ɢɡɦɟɧчɢɜɨɫɬɢ ɜɧɭɬɪɢ ɤɥаɫɬɟɪɨɜ ɢ ɦаɤɫɢɦɢɡаɰɢɢ ɢɡɦɟɧчɢɜɨɫɬɢ ɦɟɠɞɭ 
ɤɥаɫɬɟɪаɦɢ. Ʉаɠɞɨɟ ɫɥɟɞɭɸɳɟɟ ɧаɛɥɸɞɟɧɢɟ (K+1) ɨɬɧɨɫɢɬɫɹ ɤ ɬɨɣ ɝɪɭɩɩɟ, ɦɟɪа 
ɫɯɨɞɫɬɜа ɫ ɰɟɧɬɪɨɦ ɬɹɠɟɫɬɢ ɤɨɬɨɪɨɝɨ ɦɢɧɢɦаɥɶɧа. 

ɉɨɫɥɟ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬаɜа ɤɥаɫɬɟɪа ɜɵчɢɫɥɹɟɬɫɹ ɧɨɜɵɣ ɰɟɧɬɪ ɬɹɠɟɫɬɢ, чаɳɟ ɜɫɟɝɨ, 

ɤаɤ ɜɟɤɬɨɪ ɫɪɟɞɧɢɯ ɩɨ ɤаɠɞɨɦɭ ɩаɪаɦɟɬɪɭ. Ⱥɥɝɨɪɢɬɦ ɩɪɨɞɨɥɠаɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤа 
ɫɨɫɬаɜ ɤɥаɫɬɟɪɨɜ ɧɟ ɩɟɪɟɫɬаɧɟɬ ɦɟɧɹɬɶɫɹ. ȼ ɪɟɡɭɥɶɬаɬɟ ɜɵчɢɫɥɟɧɢɣ ɩɨɥɭчɟɧɵ 
ɫɥɟɞɭɸɳɢɟ ɬɪɢ ɤɥаɫɬɟɪа (ɡɨɧа № 8 ɧɟ ɨɬɧɟɫɟɧа ɧɢ ɤ ɨɞɧɨɦɭ ɤɥаɫɬɟɪɭ) (ɪɢɫ. 3): 

 

Эɥɟɦɟɧɬы ɤɥɚɫɬɟɪɚ ɧɨɦɟɪ 2 (ɋɬɚɬиɫɬиɤɚ ɫɪɟɞɧɟɟ)
и ɪɚɫɫɬɨяɧия ɞɨ цɟɧɬɪɚ ɤɥɚɫɬɟɪɚ.
Кɥɚɫɬɟɪ ɫɨɞɟɪɠиɬ 2 ɧɚɛɥ.
Зɨɧɚ 2 Зɨɧɚ 9

Ɋɚɫɫɬ. 24,04729 24,04729
 

Эɥɟɦɟɧɬы ɤɥɚɫɬɟɪɚ ɧɨɦɟɪ 3 (ɋɬɚɬиɫɬиɤɚ ɫɪɟɞɧɟɟ)
и ɪɚɫɫɬɨяɧия ɞɨ цɟɧɬɪɚ ɤɥɚɫɬɟɪɚ.
Кɥɚɫɬɟɪ ɫɨɞɟɪɠиɬ 2 ɧɚɛɥ.
Зɨɧɚ 3 Зɨɧɚ 11

Ɋɚɫɫɬ. 25,83701 25,83701  
Эɥɟɦɟɧɬы ɤɥɚɫɬɟɪɚ ɧɨɦɟɪ 4 (ɋɬɚɬиɫɬиɤɚ ɫɪɟɞɧɟɟ)
и ɪɚɫɫɬɨяɧия ɞɨ цɟɧɬɪɚ ɤɥɚɫɬɟɪɚ.
Кɥɚɫɬɟɪ ɫɨɞɟɪɠиɬ 11 ɧɚɛɥ.
Зɨɧɚ 1 Зɨɧɚ 4 Зɨɧɚ 5 Зɨɧɚ 6 Зɨɧɚ 10 Зɨɧɚ 13 Зɨɧɚ 17 Зɨɧɚ 18 Зɨɧɚ 19 Зɨɧɚ 20

Ɋɚɫɫɬ. 10,24996 20,92577 13,47779 10,57309 28,01551 21,69330 29,49001 34,95184 44,40303

Ɋɢɫɭɧɨɤ 3 – Ʉɥаɫɬɟɪɵ, ɩɨɥɭчɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬаɬɟ ɜɵчɢɫɥɟɧɢɣ ДCКХМЮХКЭОН МХЮЬЭОЫЬЖ 
 

Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɪɟɡɭɥɶɬаɬɵ ɤɥаɫɬɟɪɧɨɝɨ аɧаɥɢɡа ɭɤаɡɵɜаɸɬ ɧа ɧаɥɢчɢɟ чɟɬɵɪɟɯ 
ɡɨɧ, ɨɛɴɟɞɟɧɧɵɯ ɜ ɤɥаɫɬɟɪɵ – № 2, 9, 3, 11. 
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ȼɢɡɭаɥɶɧɵɣ аɧаɥɢɡ ɩɨɥɭчɟɧɧɵɯ ɤаɪɬɨɝɪаɦɦ ɫ ɰɟɥɶɸ ɮɢɤɫɢɪɨɜаɧɢɹ ɥɨɤаɥɶɧɨ-

ɧаɩɪɹɠɟɧɧɵɯ  ɡɨɧ ɢ ɨɰɟɧɤɢ ɢɯ ɧа ɫɨɨɬɜɟɬɫɬɜɢɟ ɤɪɢɬɟɪɢɸ №1 ɮɨɪɦɢɪɨɜаɧɢɹ ɗɄɂ 
(ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɜɞɨɥɶ ɧаɩɪаɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ ɫɪɟɞɵ) ɬаɤɠɟ ɩɨɤаɡɵɜаɟɬ, чɬɨ ɜɫɟ чɟɬɵɪɟ 
ɜɵɲɟɭɤаɡаɧɧɵɟ ɡɨɧɵ ɢɦɟɸɬ ɹɪɤɨ ɜɵɪаɠɟɧɧɵɣ ɩɪɨɬɹɠɟɧɧɵɣ ɯаɪаɤɬɟɪ ɪаɫɩɪɟɞɟɥɟɧɢɹ 
ɧаɩɪɹɠɟɧɢɣ (ɩɨ ɧаɩɪаɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ ɫɪɟɞɵ). Ⱦаɧɧɨɟ ɭɬɜɟɪɠɞɟɧɢɟ ɢɥɥɸɫɬɪɢɪɭɟɬɫɹ 
ɫɪаɜɧɟɧɢɟɦ ɤаɪɬɨɝɪаɦɦ ɡɨɧ 2 ɢ 3 ɤɥаɫɬɟɪа (ɪɢɫ. 4) ɢ ɤаɪɬɨɝɪаɦɦɵ 4 ɡɨɧɵ, ɨɬɧɟɫɟɧɧɨɣ ɤ 
4 ɤɥаɫɬɟɪɭ (ɪɢɫ. 5) 

 

       
2 ɡɨɧа 3 ɡɨɧа 9 ɡɨɧа 1 ɡɨɧа 

 

Ɋɢɫɭɧɨɤ 4 – Ɏɪаɝɦɟɧɬɵ ɤаɪɬ ɊȽɆɇ ɫ ɥɨɤаɥɶɧɨ ɧаɩɪаɜɥɟɧɧɵɦɢ ɨɛɥаɫɬɹɦɢ ɞɟɣɫɬɜɢɹ ɧаɩɪɹɠɟɧɢɣ 

[Fragment of  chart of main voltage difference distribution with locally undirected stress areas] 

 

 
 

Ɋɢɫɭɧɨɤ 5 – Ɏɪаɝɦɟɧɬ ɤаɪɬɵ ɊȽɆɇ 4 ɡɨɧɵ ɫ ɥɨɤаɥɶɧɨ ɧɟɧаɩɪаɜɥɟɧɧɵɦɢ ɨɛɥаɫɬɹɦɢ ɞɟɣɫɬɜɢɹ 

ɧаɩɪɹɠɟɧɢɣ [Fragment of  chart of main voltage difference distribution of 4th zone with locally undirected 

stress areas] 

 

Ⱦɥɹ ɛɨɥɟɟ ɩɨɥɧɨɣ ɜɢɡɭаɥɢɡаɰɢɢ ɧɢɠɟ ɩɪɢɜɟɞɟɧɵ 3D ɤаɪɬɨɝɪаɦɦɵ ɡɨɧɵ №1 ɛɟɡ 
ɨɛɥаɫɬɟɣ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɦɟɦɛɪаɧɧɵɦɢ ɧаɩɪɹɠɟɧɢɹɦɢ ɢ ɡɨɧɵ №3 ɫ ɬаɤɨɣ ɨɛɥаɫɬɶɸ 
(ɪɢɫ. 6). 

     
 1 ɡɨɧа 3 ɡɨɧа 

 

Ɋɢɫɭɧɨɤ 6 – 3D ɤаɪɬɨɝɪаɦɦɵ ɪаɡɥɢчɧɵɯ ɡɨɧ Д3D МКЫЭШРЫКЦЬ ШП ЯКЫТШЮЬ гШЧОЬЖ 
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ȼɵɜɨɞɵ 

1. ɉɨɤаɡаɧɨ, чɬɨ ɞɢаɝɧɨɫɬɢɪɨɜаɧɢɟ ɭчаɫɬɤɨɜ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɩɨɞɜɟɪɠɟɧɧɵɦ 
ɗɄɂ, ɦɟɬɨɞɨɦ ɦаɝɧɢɬɧɨɣ аɧɢɡɨɬɪɨɩɢɢ ɹɜɥɹɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɤɨɧɬɪɨɥɶɧɨɣ  
ɨɩɟɪаɰɢɟɣ, ɩɨɜɵɲаɸɳɟɣ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɨɰɟɧɤɢ ɷɤɫɩɥɭаɬаɰɢɨɧɧɨɣ ɧаɞɟɠɧɨɫɬɢ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ Ⱥɗɋ Д9Ж. 

2. ɉɪɨɜɟɞɟɧɧɨɟ ɨɛɫɥɟɞɨɜаɧɢɟ ɩɨɡɜɨɥɢɥɨ ɡаɮɢɤɫɢɪɨɜаɬɶ ɥɨɤаɥɶɧɵɟ ɩɨɜɵɲɟɧɧɵɟ 
ɧаɩɪɹɠɟɧɧɵɟ ɡɨɧɵ ɧа ɪɹɞɟ ɭчаɫɬɤаɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɌɈ, ɤɨɬɨɪɵɟ ɨɛɪаɡɭɸɬɫɹ ɩɪɢ 
ɭɬɨɧɟɧɢɢ ɫɬɟɧɤɢ, ɜɵɡɜаɧɧɨɦ ɜɟɪɨɹɬɧɵɦ ɗɄɂ. 

3. ɋɮɨɪɦɢɪɨɜаɧɧаɹ ɛаɡа ɞаɧɧɵɯ ɡɧачɟɧɢɣ ɩаɪаɦɟɬɪɨɜ ɇȾɋ ɩɨɡɜɨɥɢɬ ɜ 
ɞаɥɶɧɟɣɲɟɦ ɪаɡɪаɛɨɬаɬɶ чɢɫɥɟɧɧɵɟ ɤɪɢɬɟɪɢɢ ɩɨɜɪɟɠɞаɟɦɨɫɬɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɩɨ 
ɦɟɯаɧɢɡɦɭ ɗɄɂ. 

4. Ⱦаɥɶɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜаɧɢɹ ɞаɧɧɵɯ ɢ аɧаɥɨɝɢчɧɵɯ ɭчаɫɬɤɨɜ ɬɪɭɛɨɩɪɨɜɨɞɨɜ 
ɌɈ ɷɧɟɪɝɨɛɥɨɤɨɜ Ⱥɗɋ ɨɛɟɫɩɟчɢɬ ɭɬɨчɧɟɧɢɟ ɤɪɢɬɟɪɢɟɜ Д10Ж ɩɨɜɪɟɠɞаɟɦɨɫɬɢ ɢ, ɤаɤ 
ɫɥɟɞɫɬɜɢɟ, ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɷɤɫɩɥɭаɬаɰɢɨɧɧɨɣ ɧаɞɟɠɧɨɫɬɢ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ. 
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Abstract – This article presents information on assessment of erosion and corrosion deterioration 

development of pipeline components using the magnetic anisotropy measurement method. The 

purpose of the research is fixing of locally stressed areas which are typical for local wall thinning 

in zones with probable erosion and corrosion deterioration and determination of magnetic 

anisotropy parameters as well as formation of measurement results database.   
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