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ɋɚɧɞɵԕ ɞɟɪɟɤɬɟɪɞɿ ɠɢɧɚԕɬɚɭ ɬɟɯɧɨɥɨɝɢɹɫɵɧ ɢɧɬɟɝɪɚɰɢɹɥɚɭ, ɝɟɨɞɟɡɢɹɥɵԕ 

ɮɨɬɨɝɪɚɦɦɟɬɪɢɹɥɵԕ ɬɟɯɧɨɥɨɝɢɹɥɚɪ ɠɟɪɞɿԙ ɥɚɧɞɲɚɮɬɵ  ɠԛɣɟɫɿ ɬɭɪɚɥɵ ɤɟԙɿɫɬɿɤɬɿɤ 
ɚԕɩɚɪɚɬɬɚɪɞɵ ɠɢɧɚɭԑɚ ɚɪɧɚɥԑɚɧ ɬԛɛɟɝɟɣɥɿ ɠɚԙɚ ԕԝɪɚɥɞɚɪɞɵԙ ɩɚɣɞɚ ɛɨɥɭɵɧɚ ԥɤɟɥɞɿ. 

Ƚɟɨɞɟɡɢɹɥɵԕ ɬɟɯɧɨɥɨɝɢɹɧɵԙ ɞɚɦɭɵ 3D ɥɚɡɟɪɥɿɤ ɫɤɚɧɟɪɥɟɭ ɬɟɯɧɨɥɨɝɢɹɫɵɧɵԙ ɩɚɣɞɚ 
ɛɨɥɭɵɧɚ ɫɟɛɟɩ ɛɨɥɞɵ. Ȼԛɝɿɧɞɟ ɨɥ ɟԙ ɡɚɦɚɧɚɭɢ ɠԥɧɟ ԧɧɿɦɞɿ ԥɞɿɫɬɟɪɞɿԙ ɛɿɪɿ ɛɨɥɵɩ 
ɬɚɛɵɥɚɞɵ. ɀɟɪ ԛɫɬɿ ɥɚɡɟɪɥɿɤ ɫɤɚɧɟɪɥɟɭ - ɚɪɧɚɣɵ ԕԝɪɚɥɞɚɪ ɦɟɧ ɥɚɡɟɪɥɿɤ ɫɤɚɧɟɪɥɟɪɞɿ 
ɩɚɣɞɚɥɚɧɭ ɚɪԕɵɥɵ 3D ɛɟɬɬɟɪɞɿ ԧɥɲɟɭɝɟ ɚɪɧɚɥԑɚɧ ɛɚɣɥɚɧɵɫɫɵɡ ɬɟɯɧɨɥɨɝɢɹ. Ⱦԥɫɬԛɪɥɿ 
ɨɩɬɢɤɚɥɵԕ ɠԥɧɟ ɫɩɭɬɧɢɤɬɿɤ ɝɟɨɞɟɡɢɹɥɵԕ ԥɞɿɫɬɟɪɝɟ ԕɚɬɵɫɬɵ ɨɥ ԧɥɲɟɭɞɿԙ ɟɝɠɟɣ-ɬɟɝɠɟɣɥɿ, 
ɠɵɥɞɚɦɞɵԑɵ ɦɟɧ ɞԥɥɞɿɝɿɧ ɫɢɩɚɬɬɚɣɞɵ. 3D ɥɚɡɟɪɥɿɤ ɫɤɚɧɟɪɥɟɭ ɫԥɭɥɟɬ, ԧɧɟɪɤԥɫɿɩ, ɠɨɥ 
ɢɧɮɪɚԕԝɪɵɥɵɦɵɧ, ɝɟɨɞɟɡɢɹ ɠԥɧɟ ɦɚɪɤɲɟɣɞɟɪ, ɚɪɯɟɨɥɨɝɢɹ ɫɚɥɚɥɚɪɵɧɞɚ ԕɨɥɞɚɧɵɥɚɞɵ. 

Ⱥԕɩɚɪɚɬɬɵ ɚɥɭ ɬԛɪɿɧɟ ԕɚɪɚɣ ԕԝɪɵɥԑɵ ɬɚɯɟɨɦɟɬɪɝɟ ԝԕɫɚɫ. ɋɤɚɧɟɪ ɥɚɡɟɪɥɿ 
ɞɢɚɩɚɡɨɧɞɵ ɿɡɞɟɭ ԕԝɪɚɥɵɧ ɩɚɣɞɚɥɚɧɵɩ, ɨɛɶɟɤɬɿɝɟ ɞɟɣɿɧɝɿ ԕɚɲɵԕɬɵԕɬɵ ɟɫɟɩɬɟɣɞɿ, ɫɨɧɵɦɟɧ 
ԕɚɬɚɪ ɬɿɤ ɠԥɧɟ ɤԧɥɞɟɧɟԙ ɛԝɪɵɲɬɚɪɞɵ ԧɥɲɟɣɞɿ, ;<= ɤɨɨɪɞɢɧɚɬɚɥɚɪɵɧ ɚɥɚɞɵ. 
Ɍɚɯɟɨɦɟɬɪɞɟɧ ɚɣɵɪɦɚɲɵɥɵԑɵ ɥɚɡɟɪɥɿɤ ɫɤɚɧɟɪɦɟɧ ɤԛɧɞɟɥɿɤɬɿ ɬԛɫɿɪɿɫ ɠԝɦɵɫɬɚɪɵɧ ɠԛɪɝɿɡɭ 
ɦɢɢɥɢɨɧɞɚԑɚɧ ɧԛɤɬɟɥɟɪɞɿ ԕɚɦɬɢ ɚɥɚɞɵ, ɚɥ ɬɚɯɟɨɦɟɬɪɞɟɧ ɨɫɵɧɞɚɣ ɚԕɩɚɪɚɬ ɚɥɭ ɠԛɡ ɠɵɥɞɚɧ 
ɚɫɬɚɦ ɭɚԕɵɬɬɵ ԕɚɠɟɬ ɟɬɟɞɿ. >1@ 

ɋɤɚɧɟɪɞɿԙ ɛɚɫɬɚɩԕɵ ɧԥɬɢɠɟɫɿ ɧԛɤɬɟɥɟɪɞɿԙ ɛԝɥɬɵ. Ɍԛɫɿɪɭ ɛɚɪɵɫɵɧɞɚ ɨɥɚɪɞɵԙ 
ԥɪԕɚɣɫɵɫɵ ԛɲ ɤɨɨɪɞɢɧɚɬ (;<=) ɠԥɧɟ ɲɚԑɵɥɵɫԕɚɧ ɫɢɝɧɚɥ ԕɚɪԕɵɧɞɵɥɵԑɵɧɵԙ ɫɚɧɞɵԕ 
ɤԧɪɫɟɬɤɿɲɿ. Ɉɥ ɥɚɡɟɪ ɫԥɭɥɟɫɿ ɬԛɫɟɬɿɧ ɠɟɪɞɿԙ ԕɚɫɢɟɬɬɟɪɿɧ ɚɧɵԕɬɚɣɞɵ. ɇԛɤɬɟɥɟɪ ɛԝɥɬɵ 
ԕɚɪԕɵɧɞɵɥɵԕ ɞԥɪɟɠɟɫɿɧɟ ɛɚɣɥɚɧɵɫɬɵ ɠԥɧɟ ɫɤɚɧɟɪɥɟɝɟɧɧɟɧ ɤɟɣɿɧ ԛɲԧɥɲɟɦɞɿ ɫɚɧɞɵԕ 
ɮɨɬɨɫɭɪɟɬɤɟ ԝԕɫɚɣɞɵ. Ʌɚɡɟɪɥɿɤ ɫɤɚɧɟɪɥɟɪɞɿԙ ԕɚɡɿɪɝɿ ɡɚɦɚɧԑɵ ɦɨɞɟɥɶɞɟɪɿɧɿԙ ɤԧɩɲɿɥɿɝɿ 
ɨɪɧɚɬɵɥԑɚɧ ɛɟɣɧɟ ɧɟɦɟɫɟ ɤɚɦɟɪɚԑɚ ɢɟ, ɫɨɧɞɵԕɬɚɧ ɧԛɤɬɟɥɟɪɞɿԙ ɛԝɥɬɵ ɞɚ ɧɚԕɬɵ ɬԛɫɬɟɪɦɟɧ 
ɛɨɹɥɭɵ ɦԛɦɤɿɧ. 

Ɍԝɬɚɫɬɚɣ ɚɥԑɚɧɞɚ, ԕԝɪɵɥԑɵɦɟɧ ɠԝɦɵɫ ɫɯɟɦɚɫɵ ɤɟɥɟɫɿɞɟɣ. Ʌɚɡɟɪ ɫɤɚɧɟɪɿ ɲɬɚɬɢɜɬɟ 
ɬԛɫɿɪɿɫ ɠԝɦɵɫɬɚɪɵ ɠԛɪɝɿɡɿɥɟɣɿɧ ɞɟɩ ɨɬɵɪԑɚɧ ɨɛɴɟɤɬɿɝɟ ԕɚɪɚɦɚ-ԕɚɪɫɵ ɨɪɧɚɬɵɥɚɞɵ. 
ɉɚɣɞɚɥɚɧɭɲɵ ɧԛɤɬɟɧɿԙ ɛԝɥɬɬɵԕ ɬɵԑɵɡɞɵԑɵɧ (ɚɠɵɪɚɬɵɦɞɵɥɵԕɬɵ) ɠԥɧɟ ɡɟɪɬɬɟɭ ɚɣɦɚԑɵɧ 
ɨɪɧɚɬɚɞɵ, ɫɨɞɚɧ ɤɟɣɿɧ ɫɤɚɧɟɪɥɟɭ ɩɪɨɰɟɫɿɧ ɛɚɫɬɚɣɞɵ. Ɉɛɴɟɤɬ ɛɨɣɵɧɲɚ ɬɨɥɵԕ ɞɟɪɟɤɬɟɪ ɚɥɭ 
ԛɲɿɧ, ԥɞɟɬɬɟ, ɨɫɵ ɨɩɟɪɚɰɢɹɥɚɪɞɵ ɛɿɪɧɟɲɟ ɫɬɚɧɰɢɹɞɚɧ (ɩɨɡɢɰɢɹɥɚɪ) ɨɪɵɧɞɚɭ ɤɟɪɟɤ. 

ɋɨɞɚɧ ɤɟɣɿɧ ɫɤɚɧɟɪɞɟɧ ɚɥɵɧɚɬɵɧ ɛɚɫɬɚɩԕɵ ɞɟɪɟɤɬɟɪɞɿ ԧԙɞɟɭ ɠԥɧɟ ԧɥɲɟɭ ɧԥɬɢɠɟɫɿɧ 
ɞɚɣɵɧɞɚɭ ɠԝɦɵɫɬɚɪɵ ɨɪɵɧɞɚɥɚɞɵ. Ȼԝɥ ɤɟɡɟԙ ɞɚɥɚɥɵԕ ɠԝɦɵɫɬɚɪɞɚɧ ɤɟɦ ɟɦɟɫ ɠԥɧɟ ɨɛɶɟɤɬ 
ԧɥɲɟɦɿɧɟ ɫԥɣɤɟɫ ɛɨɥɚɞɵ. ɋɤɚɧɟɪɦɟɧ ɠԝɦɵɫ ɿɫɬɟɭɞɿԙ ɫɨԙԑɵ ɧԥɬɢɠɟɫɿ ɪɟɬɿɧɞɟ ɩɪɨɮɢɥɶɞɟɪ 
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ɦɟɧ ɫɟɤɰɢɹɥɚɪ, ɠɚɡɵԕ ɠɨɫɩɚɪɥɚɪ, ԛɲ ԧɥɲɟɦɞɿ ɦɨɞɟɥɶɞɟɪ, ɛɟɬɬɟɪɞɿԙ ɚɭɞɚɧɞɚɪɵ ɦɟɧ 
ɤԧɥɟɦɞɟɪɿɧ ɟɫɟɩɬɟɭ ɫɵɧɞɵ ɛɚɪɥɵԕ ԕɚɠɟɬɬɿ ɚԕɩɚɪɚɬɬɵ ɚɥɭԑɚ ɛɨɥɚɞɵ. 

ɀɟɪ ԛɫɬɿ ɥɚɡɟɪɥɿɤ ɫɤɚɧɟɪɞɟɧ ɚɥɵɧԑɚɧ ɫɭɪɟɬɬɟɪ, ԥɞɟɬɬɟ, ɤɟɣɛɿɪ ɠɚԑɞɚɣɥɚɪɞɚ ɚɪɬɵԕ 
ɚԕɩɚɪɚɬɬɵԙ ԧɬɟ ԛɥɤɟɧ ɤԧɥɟɦɿɧ ԕɚɦɬɢɞɵ. Ȼɿɪɿɧɲɿɞɟɧ, ɨɫɵɧɞɚɣ ɚԕɩɚɪɚɬ ɫɬɚɬɢɫɬɢɤɚɥɵԕ 
ɚɪɬɵԕɲɵɥɵԕԕɚ ɢɟ, ɛԝɥ ɤԧɪɲɿ ɫɭɪɟɬ ɷɥɟɦɟɧɬɬɟɪɿɧɿԙ ɛɿɪ-ɛɿɪɿɧ ԕɚɣɬɚɥɚɣɬɵɧɞɵԑɵɧɚɧ ɬԝɪɚɞɵ. 
ȿɤɿɧɲɿɞɟɧ, ɫɭɪɟɬɬɟɪɞɟ ɩɫɢɯɨ-ɜɢɡɭɚɥɞɵ ɚɪɬɵԕɲɵɥɵԕ ɛɚɪ, ɹԑɧɢ, ɚɥɵɧԑɚɧ ɫɤɚɧɟɪɥɟɭ ɬɭɪɚɥɵ 
ɤɟɣɛɿɪ ɚԕɩɚɪɚɬ ɚɞɚɦɧɵԙ ԕɚɛɵɥɞɚɭɵɧɚ ɟɲԕɚɧɞɚɣ ɫɚɥɞɚɪɫɵɡ ɚɥɵɧɭɵ ɦԛɦɤɿɧ. Ԕɚɣɬɚ 
ɫɤɚɧɟɪɥɟɭɞɿԙ ɬɚԑɵ ɛɿɪ ɬԛɪɿ ɨɥɚɪɞɵԙ ©ɫɟɦɚɧɬɢɤɚɥɵԕª ɬɚɛɢԑɚɬɵɦɟɧ ɚɧɵԕɬɚɥɚɞɵ, ɛԝɥ ɧɚԕɬɵ 
ԥɥɟɦɞɿ ԝɣɵɦɞɚɫɬɵɪɭɞɵԙ ɟɪɟɤɲɟɥɿɤɬɟɪɿɧ ɟɫɤɟɪɟ ɨɬɵɪɵɩ, ɤɟɫɤɿɧɞɿ ԧԙɞɟɭɝɟ ɦԛɦɤɿɧɞɿɤ 
ɛɟɪɟɞɿ. 

Ȼԝɥ ɨɛɴɟɤɬ ɬɭɪɚɥɵ ɚԕɩɚɪɚɬ ɠɢɧɚɭ ԛɞɟɪɿɫɿɧ ɬɨɥɵԕ ɚɜɬɨɦɚɬɬɚɧɞɵɪɭ ɬɭɪɚɥɵ ɚɣɬɭԑɚ 
ɦԛɦɤɿɧɞɿɤ ɛɟɪɟɬɿɧ ɪɟɡɟɪɜɬɿɥɿɤɬɿԙ ԕɚɫɢɟɬɬɟɪɿ. Ⱥɜɬɨɦɚɬɬɚɧɞɵɪɭɞɵԙ ɠɨԑɚɪɵ ɞԥɪɟɠɟɫɿɦɟɧ 
ԕɚɬɚɪ ɠɟɪɞɟɝɿ ɥɚɡɟɪɥɿɤ ɫɤɚɧɟɪɥɟɭ ɤɟԙɿɫɬɿɤɬɿɤ ɚԕɩɚɪɚɬɬɵ ɚɥɭɞɵԙ ɛɚɫԕɚ ԥɞɿɫɬɟɪɿɧɟ ԕɚɬɵɫɬɵ 
ɤɟɥɟɫɿ ɚɪɬɵԕɲɵɥɵԕɬɚɪԑɚ ɢɟ: 

1. Ⱦɚɥɚ ɠɚԑɞɚɣɵɧɞɚ ɨɛɴɟɤɬɢɜɬɿɤ ɧԛɤɬɟɥɟɪɞɿԙ ɤɟԙɿɫɬɿɤɬɿɤ ɤɨɨɪɞɢɧɚɬɬɚɪɵɧ ɚɧɵԕɬɚɭ 
ɦԛɦɤɿɧɞɿɤɬɟɪɿ (ɫɤɚɧɟɪɥɟɭ ɤɟɡɿɧɞɟ, ԕɚɲɵԕɬɵԕ, ɬɿɤ ɠԥɧɟ ɤԧɥɞɟɧɟԙ ɛԝɪɵɲɬɚɪ ԧɥɲɟɧɟɞɿ, 
ɨɥɚɪɞɚɧ ɧԛɤɬɟɥɟɪɞɿԙ ;, <, = ɤɨɨɪɞɢɧɚɬɬɚɪɵ ɟɫɟɩɬɟɥɟɞɿ). 

2. Ⱦɚɥɚɥɵԕ ɠԝɦɵɫɬɚɪ ɤɟɡɟԙɿɧɞɟ ©ԧɥɿª ɚɣɦɚԕɬɚɪɞɵ ɚɧɵԕɬɚɭԑɚ ɦԛɦɤɿɧɞɿɤ ɛɟɪɟɬɿɧ ԛɲ 
ԧɥɲɟɦɞɿ ɧɚԕɬɵ ɭɚԕɵɬɬɚԑɵ ɜɢɡɭɚɥɢɡɚɰɢɹ. 

3. Ⱥԕɩɚɪɚɬ ɚɥɭɞɵԙ ɛԝɡɵɥɦɚɣɬɵɧ ɬԥɫɿɥɿ. 
4. Ɏɨɬɨɝɪɚɦɦɟɬɪɢɹɥɵԕ ԥɞɿɫɤɟ ԕɚɪɚԑɚɧɞɚ ɨɛɴɟɤɬɿɧɿԙ ɧԛɤɬɟɥɟɪɿɧ ɠɨɛɚɥɚɭɞɵԙ ɟɤɿ 

ɨɪɬɚɥɵԑɵɧɚɧ ɫɤɚɧɟɪɥɟɭɞɿ ԕɚɦɬɚɦɚɫɵɡ ɟɬɭɞɿԙ ԕɚɠɟɬɿ ɠɨԕ. 
5. ɀɨԑɚɪɵ ɞԥɥɞɿɤɬɟɝɿ ԧɥɲɟɭ. 
6. Ⱥԕɩɚɪɚɬԕɚ ԕɚɲɵԕɬɚɧ ԕɨɥ ɠɟɬɤɿɡɭ ԕɚԑɢɞɚɬɵ ԕɚɲɵԕɬɚɧ ɠԥɧɟ ԕɚɭɿɩɬɿ ɚɣɦɚԕɬɚɪɞɚ 

ɬԛɫɿɪɭ ɤɟɡɿɧɞɟ ɨɪɵɧɞɚɭɲɵɧɵԙ ԕɚɭɿɩɫɿɡɞɿɝɿɧ ԕɚɦɬɚɦɚɫɵɡ ɟɬɟɞɿ. 
7. ɀɨԑɚɪɵ ԧɧɿɦɞɿɥɿɤ. ɀɟɪ ԛɫɬɿ ɥɚɡɟɪɥɿɤ ɫɤɚɧɟɪɥɟɭɞɿ ɩɚɣɞɚɥɚɧɭɞɵԙ ɦɚԙɵɡɞɵ 

ɚɪɬɵԕɲɵɥɵԑɵ - ɨɛɴɟɤɬɿɥɟɪɞɿԙ ɰɢɮɪɥɵԕ ɦɨɞɟɥɶɞɟɪɿɧ ɠɚɫɚɭ ɤɟɡɿɧɞɟ ɞɚɥɚɥɵԕ ɠԝɦɵɫɬɚɪɞɵԙ 
ԕɵɫԕɚɪɭɵ, ɫɨɧɞɵԕɬɚɧ ɛԝɥ ɬɟɯɧɨɥɨɝɢɹ ɛɚɫԕɚɥɚɪԑɚ ԕɚɪɚԑɚɧɞɚ ɬɢɿɦɞɿɪɟɤ. 

8. ɀԝɦɵɫɬɚɪ ɤɟɡ-ɤɟɥɝɟɧ ɠɚɪɵԕɬɚɧɞɵɪɭ ɠɚԑɞɚɣɵɧɞɚ, ɹԑɧɢ ɤԛɧɞɿɡ-ɬԛɧɿ ɠԛɪɝɿɡɿɥɟɞɿ. 
ɋɨɧɞɵԕɬɚɧ, ɫɤɚɧɟɪ - ɛɟɥɫɟɧɞɿ ɬԛɫɿɪɭ ɠԛɣɟɫɿ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 

9. Ⱦɟɬɚɥɶɞɚɧɞɵɪɭ ɠɨԑɚɪɵ ɞԥɪɟɠɟɫɿ. 
10. Ʌɚɡɟɪɥɿɤ ɫɤɚɧɟɪɥɟɭ ɧԥɬɢɠɟɥɟɪɿɧ ɤԧɩ ɦɚԕɫɚɬɬɚ ɩɚɣɞɚɥɚɧɭ. >2@ 
ɀɟɪ ԛɫɬɿ ɥɚɡɟɪɥɿ ɫɤɚɧɟɪɥɟɭ ɠɟɪɝɿɥɿɤɬɿ ɠɟɪɥɟɪɞɟ ԥɭɟɥɿɤ ɥɚɡɟɪɥɿɤ ɫɤɚɧɟɪɥɟɭɞɿ 

ɩɚɣɞɚɥɚɧɭԑɚ ԕɚɪɚԑɚɧɞɚ ɷɤɨɧɨɦɢɤɚɥɵԕ ɫɟɛɟɩɬɟɪ ɛɨɣɵɧɲɚ ɛɚɪɥɵԕ ɦɢɤɪɨɮɨɪɦɚɥɚɪ ɦɟɧ 
ɤԛɪɞɟɥɿ ɠɟɪ ɚɣɦɚԕɬɚɪɵɧ ɤԧɪɫɟɬɟɬɿɧ ɠɟɪɝɿɥɿɤɬɿ ɠɟɪɥɟɪɞɟ ɬԛɫɿɪɿɩ, ԕԝɪɚɫɬɵɪɵɥԑɚɧ ɤɟɡɞɟ 
ɩɚɣɞɚɥɚɧɵɥɚɞɵ. Ʌɚɡɟɪɥɿɤ ɫɤɚɧɟɪɥɟɭ ɬԛɫɿɪɭ ɚɣɦɚԑɵɧɞɚ ɨɪɧɚɥɚɫԕɚɧ ɛɚɪɥɵԕ ɠɟɪ ɪɟɥɶɟɮɿ 
ɮɨɪɦɚɥɚɪɵɧ ɠԥɧɟ ɛɟɥɝɿɥɿ ɛɿɪ ɷɥɟɦɟɧɬɬɿ ɤԧɪɫɟɬɭ ԕɚɠɟɬɬɿɝɿɧ ɬԛɫɿɧɞɿɪɭ ԛɲɿɧ ԧԙɞɟɭɞɟɧ 
ɤɟɣɿɧɝɿ ɩɪɨɰɟɫɫ ɛɚɪɵɫɵɧ ɬԛɫɿɪɭɝɟ ɦԛɦɤɿɧɞɿɤ ɛɟɪɟɞɿ. 

ɋɤɚɧɟɪɞɟ ɧɚԕɬɵ ɤԧɪɿɧɿɫ ɬԛɪɿ ɛɚɪ ɧɟɦɟɫɟ ɛɚɫԕɚɲɚ ɚɣɬԕɚɧɞɚ, ɤԧɡԕɚɪɚɫ ԧɪɿɫɿ ɛɚɪ. 
Ɂɟɪɬɬɟɥɟɬɿɧ ɨɛɴɟɤɬɿɥɟɪɝɟ ɫɤɚɧɟɪɞɿԙ ɚɥɞɵɧ-ɚɥɚ ɛɚԑɵɬɬɚɥɭɵ ɤɿɪɿɤɬɿɪɿɥɝɟɧ ɰɢɮɪɥɵ 
ɤɚɦɟɪɚɧɵԙ ɤԧɦɟɝɿɦɟɧ ɧɟɦɟɫɟ ɚɥɞɵɧ-ɚɥɚ ɫԝɣɵɥɬɵɥԑɚɧ ɫɤɚɧɟɪɥɟɭ ɧԥɬɢɠɟɥɟɪɿ ɛɨɣɵɧɲɚ 
ɠԛɡɟɝɟ ɚɫɚɞɵ. ɋɚɧɞɵԕ ɮɨɬɨɤɚɦɟɪɚɦɟɧ ɬԛɫɿɪɿɥɝɟɧ ɤɟɫɤɿɧ ɤɨɦɩɶɸɬɟɪ ɷɤɪɚɧɵɧɚ ɠɿɛɟɪɿɥɟɞɿ 
ɠԥɧɟ ɨɩɟɪɚɬɨɪ ԕɚɠɟɬɬɿ ɫɤɚɧɟɪɥɟɭ ɚɣɦɚԑɵɧ ɛԧɥɟɤɬɟɩ, ԕԝɪɵɥԑɵɧɵԙ ɛɚԑɞɚɪɵɧ ɜɢɡɭɚɥɞɵ 
ɛɚԕɵɥɚɭɞɵ ɠԛɡɟɝɟ ɚɫɵɪɚɞɵ. 

ɋɤɚɧɟɪɥɟɭ ɠԝɦɵɫɬɚɪɵ ɠɢɿ ɛɿɪɧɟɲɟ ɫɟɚɧɫɬɚɪɞɚ ɨɪɵɧ ɚɥɚɞɵ, ɫɟɛɟɛɿ ɛɚɪɥɵԕ ɛɟɬɬɟɪɞɿ 
ɛɿɪ ԑɚɧɚ ɛɚɣԕɚɭ ɧԛɤɬɟɫɿɧɟɧ ɤԧɪɭɝɟ ɛɨɥɚɞɵ. ȿԙ ԕɚɪɚɩɚɣɵɦ ɦɵɫɚɥ - ԑɢɦɚɪɚɬɬɵԙ ɬԧɪɬ 
ԕɚɛɵɪԑɚɫɵ. Ԥɪɛɿɪ ɧԛɤɬɟɞɟɧ ɚɥɵɧԑɚɧ ɫɤɚɧɟɪɥɟɪ ɛɿɪ-ɛɿɪɿɦɟɧ ɚɪɧɚɣɵ ɛɚԑɞɚɪɥɚɦɚɥɵԕ 
ɦɨɞɭɥɶɞɟ ɛɿɪ ɤɟԙɿɫɬɿɤɤɟ ɛɿɪɿɤɬɿɪɿɥɟɞɿ. Ⱦɚɥɚ ɠԝɦɵɫɬɚɪɵ ɤɟɡɟԙɿɧɞɟ ɫɤɚɧɟɪɞɟɧ ԧɬɤɿɡɭ ԛɲɿɧ 
ɚɣɦɚԕɬɚɪɞɵ ԕɚɦɬɚɦɚɫɵɡ ɟɬɭ ԕɚɠɟɬ. ɋɨɧɵɦɟɧ ԕɚɬɚɪ ɫɤɚɧɟɪɥɟɭ ɛɚɫɬɚɥԑɚɧԑɚ ɞɟɣɿɧ ɨɫɵ 
ɚɣɦɚԕɬɚɪԑɚ ɚɪɧɚɣɵ ɦɚԕɫɚɬɬɚɪ ԕɨɣɵɥɚɞɵ. Ɉɫɵ ɦɚԕɫɚɬɬɚɪɞɵԙ ɤɨɨɪɞɢɧɚɬɬɚɪɵ ©ɬɿɝɭª ɩɪɨɰɟɫɿ 
ɛɨɥɚɞɵ. ɀɨɣɵɥɚɬɵɧ ɨɛɴɟɤɬɿɧɿԙ ɫɢɩɚɬɬɚɦɚɥɵԕ ɧԛɤɬɟɥɟɪɿɧ ɩɚɣɞɚɥɚɧɵɩ, ɧԛɤɬɟɥɟɪɞɿԙ 
ɛԝɥɬɬɚɪɵɧ ɧɵɫɚɧɚɥɚɪɫɵɡ ɛɿɪɿɤɬɿɪɭɝɟ ɛɨɥɚɞɵ. >3@ 
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ɐɟɥɶɸ ɩɪɨɜɟɞɟɧɢɹ ɦɨɧɢɬɨɪɢɧɝɚ ɫ ɩɨɦɨɳɶɸ ɪɚɞɢɨɥɨɤɚɰɢɨɧɧɵɯ ɞɚɧɧɵɯ ɹɜɥɹɟɬɫɹ 
ɪɟɝɢɫɬɪɚɰɢɹ ɤɚɤɢɯ ɥɢɛɨ ɫɦɟɳɟɧɢɣ, ɞɟɮɨɪɦɚɰɢɣ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɡɞɚɧɢɣ ɞɥɹ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɢɥɢ ɭɦɟɧɶɲɟɧɢɹ ɪɢɫɤɚ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɣ. ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɨɩɢɫɚɧɚ 
ɨɛɪɚɛɨɬɤɚ ɪɚɞɚɪɧɵɯ ɫɧɢɦɤɨɜ ɢɧɬɟɪɮɟɪɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪ ɫɞɟɥɚɧɧɵɯ ɫɩɭɬɧɢɤɨɦ ɧɚ 
ɬɟɪɪɢɬɨɪɢɢ Ʉɚɪɚɝɚɧɞɢɧɫɤɨɝɨ ɭɝɨɥɶɧɨɝɨ ɛɚɫɫɟɣɧɚ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɞɢɫɬɚɧɰɢɨɧɧɨɟ ɡɨɧɞɢɪɨɜɚɧɢɟ Ɂɟɦɥɢ, ɪɚɞɚɪɧɚɹ ɢɧɬɟɪɮɟɪɨɦɟɬɪɢɹ, 
ɪɚɞɢɨɥɨɤɚɬɨɪ, ɝɨɪɧɨɩɪɨɦɵɲɥɟɧɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ, COSMO-SkyMed. 

The purpose of monitoring using radar data is the registration of any displacements and 
deformations of the earth's surface buildings to prevent or reduce the risk of emergencies. This 
article describes the processing of radar imagery satellite interferometric pairs made in the 
territory of the Karaganda coal basin. 

Keywords: remote sensing, radar interferometry, radar, mining industry, COSMO-
SkyMed. ɀɟɪ ɛɟɬɿɧɿԙ ɬɚɛɢԑɢ ɠԥɧɟ ɬɟɯɧɨɝɟɧɞɵ ɠɵɥɠɭɵɧ, ɤɚɪɶɟɪ ɲԝԙԕɵɪɵɧɵԙ 
ɞɟɮɨɪɦɚɰɢɹɫɵɧ, ԕɚɬɬɵ ɩɚɣɞɚɥɵ ԕɚɡɛɚɥɚɪɞɵ ԧԙɞɿɪɭ ɬɟɪɪɢɬɨɪɢɹɥɚɪɵɧɚ ɠɚԕɵɧ ɨɪɧɚɥɚɫԕɚɧ 
ԑɢɦɚɪɚɬɬɚɪɞɵԙ ɞɟɮɨɪɦɚɰɢɹɫɵɧ ɡɟɪɬɬɟɭ ɦɚԕɫɚɬɵɧɞɚ ɀɟɪɞɿ ԕɚɲɵԕɬɵԕɬɚɧ ɡɨɧɞɬɚɭ 
ɦԥɥɿɦɟɬɬɟɪɿɧ ɚɥɵɩ ԧԙɞɟɭ ԕɵɡɦɟɬɬɟɪɿɧ ɤԧɪɫɟɬɭ ɛɨɣɵɧɲɚ ɤԥɫɿɩɨɪɵɧɞɚɪ ɛɚɪ. Ȼԝɥ ɦԥɥɿɦɟɬɬɟɪ 
ɠɨԑɚɪɵɞɚ ɚɣɬɵɥԑɚɧ ɦԥɫɟɥɟɥɟɪɞɿ ɠɟɪɫɟɪɿɤɬɿɤ ɪɚɞɢɨɥɨɤɚɰɢɹɥɵԕ ɛɟɣɧɟɥɟɪ ɬɿɡɛɟɝɿɧ 
ɢɧɬɟɪɮɟɪɨɦɟɬɪɢɹɥɵԕ ԧԙɞɟɭ ԥɞɿɫɬɟɦɟɫɿɧ ԕɨɥɞɚɧɚ ɨɬɵɪɵɩ ɲɟɲɭɝɟ ɦԛɦɤɿɧɞɿɤ ɛɟɪɟɞɿ. Ȼԝɥ 
ԥɞɿɫɬɿԙ ɧɟɝɿɡɝɿ ɚɪɬɵԕɲɵɥɵԑɵ ± ɛɟɣɧɟɧɿԙ ɛԛɤɿɥ ɚɭɞɚɧɵ ɛɨɣɵɧɲɚ ɬԥɭɟɥɫɿɡ ɞɢɫɬɚɧɰɢɨɧɞɵ 
ɛɚԑɚɥɚɧɭɵ [1]. 

ɂɧɬɟɪɮɟɪɨɦɟɬɪɢɹ ± ɛԝɥ ɟɤɿ ɬԛɫɿɪɿɫɬɿԙ ɮɚɡɚɥɵԕ ɚԕɩɚɪɚɬɵ ɧɟɝɿɡɿɧɞɟ ɪɟɥɶɟɮ ɛɢɿɤɬɿɝɿɧ 
ɚɠɵɪɚɬɭ ɬɟɯɧɨɥɨɝɢɹɫɵ. ɂɧɬɟɪɮɟɪɨɦɟɬɪɢɹɥɵԕ ԧԙɞɟɭɞɿ ɪɚɞɚɪɥɵԕ ɦԥɥɿɦɟɬɬɟɪɞɿ ԕɨɥɞɚɧɭ 
ɚɪԕɵɥɵ ɠԛɡɟɝɟ ɚɫɵɪɵɥɚɞɵ. Ȼԝɥ ԥɞɿɫ, ɛɟɥɝɿɥɿ ɛɿɪ ɬɟɪɪɢɬɨɪɢɹ ɤɟԙɿɫɬɿɤɬɟɝɿ ɵԑɵɫɭɵ ɛɚɪ, 
ɪɚɞɢɨɥɨɤɚɬɨɪɞɵԙ ԕɚɛɵɥɞɚɭɲɵ ɚɧɬɟɧɧɚɫɵɦɟɧ ɬԛɫɿɪɿɥɭ ɤɟɪɟɤɬɿɝɿɧ ɤԧɡɞɟɣɞɿ. 

ɂɧɬɟɪɮɟɪɨɦɟɬɪɢɹɥɵԕ ԧԙɞɟɭ ԧɬɤɿɡɭ ɤɟɡɿɧɞɟ ɪɟɥɶɟɮɬɿԙ ɫɚɧɞɵԕ ɦɨɞɟɥɿɧ 
(ɢɧɬɟɪɮɟɪɨɦɟɬɪɢɹɥɵԕ ɠԝɩɬɵ ԕɨɥɞɚɧԑɚɧɞɚ), ԥɪɬԛɪɥɿ ɭɚԕɵɬ ɬԛɫɿɪɿɫɬɟɪɿɧ ԕɨɫɚ ԧԙɞɟɭɿɧ 
ԕɚɪɚɫɬɵɪɚɬɵɧ, ɞɢɮɮɟɪɟɧɰɢɚɥɞɵ ɢɧɬɟɪɮɟɪɨɦɟɬɪɢɹ ԥɞɿɫɬɟɪɿ ɤԧɦɟɝɿɦɟɧ ɠɟɪ ɛɟɬɿɧɞɟɝɿ 
ԧɡɝɟɪɿɫɬɟɪɞɿ ɚɧɵԕɬɚɭԑɚ ɛɨɥɚɞɵ. ɀԝɦɵɫɬɵ ɨɪɵɧɞɚɭɞɵԙ ɧɟɝɿɡɝɿ ɤɟɡɟԙɞɟɪɿ ɛɨɥɵɩ, 
ɢɧɬɟɪɮɟɪɨɝɪɚɦɦɚɧɵ ԕԝɪɭ, ɮɢɥɶɬɪɚɰɢɹ, ɛɿɪ ɿɡɞɿɥɿɝɿɧ ɟɫɟɩɬɟɭ, ɮɚɡɚɥɵԕ ɚɲɵɥɭ. 

Ɋɚɞɚɪɥɵԕ ɢɧɬɟɪɮɟɪɨɦɟɬɪɢɹɧɵ ԧɬɤɿɡɭ ɤɟɡɿɧɞɟ ɨɩɟɪɚɬɨɪ ɠԝɦɵɫɬɵԙ ԥɪɛɿɪ ɫɚɬɵɫɵɧɞɚ 
ɧԥɬɢɠɟɧɿԙ ɫɚɩɚɫɵɧ ɛɚԑɚɥɚɣɞɵ. ɋɨԙԑɵ ɧԥɬɢɠɟɥɟɪ GPS ԧɥɲɟɭɥɟɪɿɦɟɧ ɠԥɧɟ ɬɿɪɟɤ 
ɚԕɩɚɪɚɬɩɟɧ ɫԥɣɤɟɫɬɟɧɞɿɪɭ ɠɨɥɵɦɟɧ ɬɟɤɫɟɪɿɥɭɿ ɦԛɦɤɿɧ [2]. 

Ԕɚɪɚԑɚɧɞɵɧɵԙ ɬɚɭ-ɤɟɧ ԧɧɟɪɤԥɫɿɛɿɧɵԙ ԛɥɟɫɿ ɛɚɪɥɵԕ ɨɛɥɵɫɬɵԙ 80% ɚɥɚɞɵ. AUFHORU 
MLWWaO SWHHO ɪɟɫɦɢ ɫɚɣɬɵɧɞɚԑɵ ɚԕɩɚɪɚɬ ɛɨɣɵɧɲɚ, Ʉɨɫɬɟɧɤɨ ɚɬɵɧɞɚԑɵ ɲɚɯɬɚɞɚɧ ɠɵɥɵɧɚ 
1,8 ɦɢɥɥɢɨɧ ɬɨɧɧɚ ɤԧɦɿɪ ɚɥɵɧɚɞɵ. 

Ȼԝɥ ɦɚԕɚɥɚɞɚ Ԕɚɪɚԑɚɧɞɵ ɤԧɦɿɪ ɛɚɫɫɟɣɿɧ ɬɟɪɪɢɬɨɪɢɹɫɵɧɞɚ COSMO-SkyMed 
ɠɟɪɫɟɪɿɝɿɦɟɧ ɠɚɫɚɥԑɚɧ ɪɚɞɚɪɥɵԕ ɠԝɩ ɫɭɪɟɬɬɟɪɿɧ ԧԙɞɟɭ. 

ɀɟɪɞɿ ԕɚɲɵԕɬɵԕɬɚɧ ɡɨɧɞɬɚɭ ɦԥɥɿɦɟɬɬɟɪɿɧ ԧԙɞɟɭ ɚɧɚɥɢɡɿ, ɤԧɪɧɟɤɿɥɟɧɞɿɪɭ, 
ɨɪɬɨɬɪɚɧɫɮɨɪɦɚɰɢɹɥɚɭ, ԕɚɠɟɬɬɿ ɚԕɩɚɪɚɬ ɚɥԑɚɧɲɚ ɞɟɣɿɧɝɿ ɫɭɪɟɬɬɿԙ ɤɟԙɿɫɬɿɤɬɿɤ ɛɚɣɥɚɧɵɫɵɧ 
ɠɚɫɚɭ ɠԥɧɟ ɝɟɨɚԕɩɚɪɚɬɬɵԕ ɠԛɣɟɥɟɪ ɚԕɩɚɪɚɬɵɦɟɧ ɢɧɬɟɝɪɚɰɢɹɥɚɭɞɵ ԕɚɡɿɪɝɿ ɤɟɡɞɟ ɫԥɬɬɿ ԥɪɿ 
ԕɨɥɠɟɬɿɦɞɿ E[HOLV VIS (ȺԔɒ) ɤԥɫɿɩɨɪɵɧɵ ɲɵԑɚɪɚɬɵɧ  ENVI ɛɚԑɞɚɪɦɚɥɵԕ ɤɟɲɟɧɿ ɛɨɥɵɩ 
ɬɚɛɵɥɚɞɵ. Ⱥɥ ©ɋɨɜɡɨɧɞª ɤԥɫɿɩɨɪɵɧɵ ENVI ɛɚԑɞɚɪɦɚɥɵԕ ɤɟɲɟɧɿɧɿԙ 2005 ɠɵɥɞɚɧ ɛɚɫɬɚɩ 
ɌɆȾ ɟɥɞɟɪɿ ԛɲɿɧ Ɋɟɫɟɣ ɬɟɪɪɢɬɨɪɢɹɫɵɧɞɚԑɵ ɞɢɫɬɪɢɛɶɸɬɟɪ. 

ENVI ɛɚԑɞɚɪɥɚɦɚɥɵԕ ɤɟɲɟɧɿɧɞɟ ɠԝɦɵɫ. SARVFaSH ɦɨɞɭɥɿɧɞɟɝɿ SPaOOBaVHOLQHV 
(SBaV) ɬɟɯɧɨɥɨɝɢɹɫɵɦɟɧ ԑɚɪɵɲɬɵԕ ɫɭɪɟɬɬɿ ԧԙɞɟɭ. 

Ȼԝɥ ɠԝɦɵɫɬɚ ɛɿɡ 4 ԑɚɪɵɲɬɵԕ ɫɭɪɟɬɩɟɧ ɠԝɦɵɫ ɿɫɬɟɞɿɤ. 
1.³.K5´ ɮɨɪɦɚɬɵ ɫɭɪɟɬɬɟɪɞɿԙ ©ɲɢɤɿª ɧɟɦɟɫɟ ɛɚɫɬɚɩԕɵ ɬԛɪɞɟ ɟɤɟɧɿɧ ɛɿɥɞɿɪɟɞɿ. 

Ɉɥɚɪɦɟɧ ɠԝɦɵɫ ɠɚɫɚɭ ԛɲɿɧ ɟԙ ɚɥɞɵɦɟɧ ³.VOF´ ɮɨɪɦɚɬɵɧɚ ɚɭɵɫɬɵɪɚɦɵɡ. 
SARVFaSH ɛԧɥɿɦɿɧɞɟ IPSRUWDaWaĺSWaQGaUWFRUPaWV, ɤɟɣɿɧ ɛɿɡɝɟ ɤɟɪɟɤ ɠɟɪɫɟɪɿɤɬɿ 

COSMO-Sk\MHG. DaWaILOHLLVW« ɛԧɥɿɦɿɧɞɟ ɬɟɪɟɡɟɧɿ ɚɲɚɦɵɡ ɞɚ ɛɿɡɝɟ ɤɟɪɟɤ ©ɲɢɤɿª ɫɭɪɟɬɬɿ 
ɬɚԙɞɚɣɦɵɡ. Ɏɚɣɥɞɵԙ ɫɚԕɬɚɥɭ ɨɪɧɵɧ ɬɚԙɞɚɣɦɵɡ.  
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2. SaUVcaSe ɛԧɥɿɦɿɧɞɟ BaVLcĺMXOWLORRNLQJ ɮɭɧɤɰɢɹɫɵɧ ɬɚԙɞɚɣɦɵɡ. Ȼɚɫɬɚɩԕɵ 
ɮɚɣɥɞɵ ɬɚԙɞɚԑɚɧɧɚɧ ɤɟɣɿɧ LRRNV ɩɟɪɧɟɫɿɧ ɛɚɫɚɦɵɡ. Ȼɚԑɞɚɪɥɚɦɚ ɤɟɪɟɤɬɿ ɩɚɪɚɦɟɬɪɥɟɪɞɿ ԧɡɿ 
ɬɚԙɞɚɩ, ɫɭɪɟɬɤɟ ɬԧɪɬɛԝɪɵɲ ɤԧɪɿɧɿɫɿɧ ɠɚɫɚɣɞɵ.³.SZU´ ɮɨɪɦɚɬɵɧɚ ɚɭɵɫɬɵɪɵɥɚɞɵ.  

3. Ȼɚɡɚɥɵԕ ɫɵɡɵԕɬɚɪɞɵ ɟɫɟɩɬɟɭ. ȿɫɟɩɬɟɭ ԕɨɪɵɬɵɧɞɵɫɵ Ȼɥɨɤɧɨɬɬɚ ɠԥɧɟ E[ceO  
ɛɚԑɞɚɪɥɚɦɚɫɵɧɞɚ ɤԧɪɫɟɬɿɥɟɞɿ. Ⱦɨɩɥɟɪ ɷɮɮɟɤɬɿɫɿɧ, ɛɚɡɚɥɵԕ ɫɵɡɵԕ ɡɵɧɞɵԑɵɧ ɠԥɧɟ ɨɫɵ 
ɚɭɞɚɧ ɬԛɫɿɪɿɫɬɟɪɿ ɚɪɚɫɵɧɞɚԑɵ ɭɚԕɵɬ ɚɪɚɥɵԑɵɧ ɤԧɪɭɝɟ ɛɨɥɚɞɵ.   

Ȼɿɪɿɧɲɿ ɬԥɫɿɥ: SaUVcaSe ɛԧɥɿɦɿɧɞɟ IQWeUIeURPeWU\ ĺ BaVeOLQe EVWLPaWLRQ ɮɭɧɤɰɢɹɫɵɧ 
ɬɚԙɞɚɣɦɵɡ. 

 

  
1 ɫɭɪɟɬ. Ȼɚɡɚɥɵԕ ɫɵɡɵԕɬɚɪɞɵ ɟɫɟɩɬɟɭ 

 
ȿɤɿɧɲɿ ɬԥɫɿɥ: IQWeUIeURPeWU\ ĺ IQWeUIeURPeWULc TRROV ĺ MXOWL BaVeOLQe CaOcXOaWLRQ. 
4. 3D ɦɨɞɟɥɿɧ ԕԝɪɭ. TRROVĺ3DSXUIaceVLeZ« ɛԧɥɿɦɿ ɚɪԕɵɥɵ ԕԝɪɚɫɬɵɪɚɦɵɡ. 
5. ɋɭɪɟɬɬɟɝɿ ɬԛɫɬɟɪɞɿ ɚɭɵɫɬɵɪɭ. TRROV ɛԧɥɿɦɿɧɞɟ CRORUTabOeV ɮɭɧɤɰɢɹɫɵɧ 

ɬɚԙɞɚɣɦɵɡ. Ɍԛɫɬɟɪ ɝɚɦɦɚɫɵɧ ɬɚԙɞɚɭԑɚ ɛɨɥɚɬɵɧ ɬɟɪɟɡɟɫɿɦɟɧ ɠԝɦɵɫ ɠɚɫɚɣɦɵɡ. 
6. ɀɟɪɞɿԙ ɫɚɧɞɵԕ ɦɨɞɟɥɿɧ ԕԝɪɚɫɬɵɪɚɦɵɡ. SaUVcaSe ɛԧɥɿɦɿɧɞɟ 

GeQeUaOWRROVĺDLJLWaOEOaYaWLRQMRdeOE[WUacWLRQĺSRTM3 VeUVLRQ4 ɬɚԙɞɚɣɦɵɡ. 
 

        
2 ɫɭɪɟɬ. ɀɟɪɞɿԙ ɫɚɧɞɵԕ ɦɨɞɟɥɿɧ ԕԝɪɚɫɬɵɪɭ 

7. ɀɟɪ ɛɟɬɿɧɿԙ ɠɵɥɠɭɵɧ ɦɟɧ ɞɟɮɨɪɦɚɰɢɹɥɚɪɵɧ ɦɢɥɥɢɦɟɬɪɥɿɤ ɞԥɥɞɿɤɩɟɧ ɚɧɵԕɬɚɭԑɚ 
SARVcaSe IQWeUIeURJUaPP SWacNLQJ ɦɨɞɭɥɿ ɚɪɧɚɥԑɚɧ. Ɉɥ ɟɤɿ ɬɟɯɧɨɥɨɝɢɹɞɚɧ ɬԝɪɚɞɵ: 
PeUVLVWeQWScaWWeUeUV (PS) ɠԥɧɟ SPaOOBaVeOLQeV (SBaV). Ȼԝɥ ɠԝɦɵɫ SARscape - SmallBaselines 
(SBaV) ɬɟɯɧɨɥɨɝɢɹɫɵɦɟɧ ɨɪɵɧɞɚɥɞɵ. Ȼɿɪɿɧɲɿ ԕɚɞɚɦ SARVcaSe - Interferogramm Stacking -
SmallBaselines - CRQQecWLRQ GUaSK . Ȼɚɪɥɵԕ ɫɭɪɟɬɬɟɪ ɛɚɫɬɚɩԕɵ ɦԥɥɿɦɟɬ ɚɪԕɵɥɵ 
ɛɚɣɥɚɧɵɫԕɚɧ ɠԝɩɬɚɪɞɵ ԕԝɪɚɣɞɵ. ɀԝɩɬɚɪ ɛɚɪɥɵԕ ɧԝɫԕɚɥɚɪɞɵԙ ɿɲɿɧɟɧ ɛɟɥɝɿɥɿ ɛɿɪ 
ɤɪɢɬɟɪɢɣɥɟɪɿ ɚɪԕɵɥɵ ɬɚԙɞɚɥɚɞɵ: ɦɚɤɫɢɦɚɥɞɵ ɪԝԕɫɚɬ ɟɬɿɥɝɟɧ ɛɚɡɚɥɵԕ ɫɵɡɵԕ ɩɟɧ ɬԛɫɿɪɿɫ 
ɚɪɚɫɵɧɞɚԑɵ ɭɚԕɵɬ ɚɪɚɥɵԑɵ. CRQQecWLRQGUaSK ԕԝɪɚɥɵ ɠɨԑɚɪɵɞɚ ɚɣɬɵɥԑɚɧ ɤɪɢɬɟɪɢɣɥɟɪɞɿ 
ɟɫɤɟɪɟ ɨɬɵɪɵɩ, ɢɧɬɟɪɚɤɬɢɜɬɿ ɚɜɬɨɦɚɬɬɚɧɞɵɪɵɥԑɚɧ ɪɟɠɢɦɞɟ ɠԝɩɬɚɪɞɵ ɞԝɪɵɫ ɚɠɵɪɚɬɵɩ 
ɛɟɪɟɞɿ.  
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3 ɫɭɪɟɬ. SARVcape - Interferogramm Stacking -SmallBaselines - Connection Graph 

 
3 ɫɭɪɟɬɬɟ ɬԛɫɿɪɿɫɬɿԙ ɭɚԕɵɬɬɵԕ ɢɧɬɟɪɜɚɥɵ ԛɡɿɥɿɡɫɿɡ ɠԥɧɟ ɚɥԑɚɲԕɵ ɦɟɧ ɫɨԙԑɵ ɫɭɪɟɬ 

ɚɪɚɫɵ 68 ɬԥɭɥɿɤ, ɚɥ ɛɚɡɚɥɵԕ ɫɵɡɵԕ 295,126 ɦ ԕԝɪɚԑɚɧɵ ɤԧɪɿɧɿɩ ɬԝɪ.  
ȿɤɿɧɲɿ ԕɚɞɚɦ - SARscape - Interferogramm Stacking -SmallBaselines - Interferometric 

Workflow. Ԥɪɛɿɪ ɠԝɩ ԛɲɿɧ ɚɜɬɨɦɚɬɬɵ ɬԛɪɞɟ ɢɧɬɟɪɮɟɪɨɝɪɚɦɦɚɥɚɪ ԕԝɪɚɫɬɵɪɵɥɞɵ, 
ɢɧɬɟɪɮɟɪɨɦɟɬɪɢɹɥɵԕ ɮɚɡɚɧɵԙ ɮɢɥɶɬɪɥɟɧɭɿ ɦɟɧ ɤɨɝɟɪɟɧɬɬɿɥɿɤɬɿ ɟɫɟɩɬɟɭ ɨɪɵɧɞɚɥɞɵ. 
ɋɨԙɵɧɞɚ ԑɚɪɵɲɬɵԕ ɫɭɪɟɬɬɿԙ ɛԛɤɿɥ ɚɭɦɚԑɵɧɵԙ ɠɟɪ ɛɟɬɿ ɠɵɥɠɭ ɢɧɬɟɪɮɟɪɨɝɪɚɦɦɚɫɵ 
ɚɥɵɧɞɵ. 

GroXnd ConWrol PoinW ɛɚɪɥɵԕ ɦԛɦɤɿɧ ɢɧɬɟɪɮɟɪɨɦɟɬɪɢɹɥɵԕ ɠԝɩɬɚɪ ԛɲɿɧ ɨɪɵɧɞɚɥɭ 
ɤɟɪɟɤ. ɀɚԙɚ ɜɟɤɬɨɪɥɚɪ ɪɟɬɿɧɞɟ Pol\gon, lineV, PoinW ԝɫɵɧɵɥɚɞɵ.  

 

   
4 ɫɭɪɟɬ. GroXnd ConWrol PoinW ɮɭɧɤɰɢɹɫɵ 

Ԛɲɿɧɲɿ ԕɚɞɚɦ - SARscape - Interferogramm Stacking -SmallBaselines - Refinement and 
Re-flaWWening ɨɪɛɢɬɚɧɵԙ ɬԛɡɟɬɿɥɭɿɧ ɤԧɪɫɟɬɟɞɿ. 

Ʉɟɥɟɫɿ ԕɚɞɚɦ  SBAS InYerVion ɟɤɿ ɫɚɬɵɞɚ ɨɪɵɧɞɚɥɚɞɵ: FirVW SWep ɠԥɧɟ Second SWep. 
Ȼԝɥ ɫɚɬɵɥɚɪɞɵ ɤɟԙɿɫɬɿɤɬɿɤ ɠԥɧɟ ɭɚԕɵɬɬɵԕ ԧɡɝɟɪɭɥɟɪɦɟɧ ɛɚɣɥɚɧɵɫɬɵ ɚɬɦɨɫɮɟɪɚɥɵԕ 
ɬԛɡɟɬɭɥɟɪ ɨɪɵɧɞɚɥɚɞɵ. SARscape - Interferogramm Stacking - SmallBaselines - First Step; -
Second Step. 

ɋɨԙԑɵ ԕɚɞɚɦ - SARscape - Interferogramm Stacking ±SmallBaselines - Geocoding. 
Ԧԙɞɟɭɞɿԙ ɛɚɪɥɵԕ ɧԥɬɢɠɟɥɟɪɿ ɛɟɥɝɿɥɿ ɛɿɪ ɤɚɪɬɨɝɪɚɮɢɹɥɵԕ ɠԛɣɟɞɟ ɛɟɣɧɟɥɟɧɟɞɿ. Ɇԥɥɿɦɟɬɬɟɪ 
ɦɿɧɞɟɬɬɿ ɬԛɪɞɟ ɠɟɪɝɟ ɛɚɣɥɚɧԑɚɧ ɛɨɥɭɵ ԕɚɠɟɬ.  
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5 ɫɭɪɟɬ. SARscape - Interferogramm Stacking ±SmallBaselines - Geocoding 
Ɍɚԙɞɚɥԑɚɧ ɲԧɝɭ ɦɭɥɶɞɚɫɵɧɞɚ ɠɟɪ ɛɟɬɿ ɲԧɝɭɿɧɿԙ ɝɪɚɮɢɝɿ ɫɵɡɵɥɞɵ. 
 

   
6 ɫɭɪɟɬ. ɀɟɪ ɛɟɬɿ ɲԧɝɭɿɧɿԙ ɝɪɚɮɢɝɿ 

 
ɀɟɪɫɟɪɿɤɬɿɤ ɪɚɞɚɪɞɵ ɢɧɬɟɪɮɟɪɨɦɟɬɪɢɹ ԥɞɿɫɿɧ ԕɨɥɞɚɧɭ, ɨɧɵԙ ɤԧɪɧɟɤɬɿɥɿɝɿɧ ɦɟɧ 

ɬɢɿɦɞɿɥɿɝɿɧ ɤԧɪɫɟɬɬɿ. Ⱥɥ, ɛԝɥ ԧɡ ɤɟɡɟɝɿɧɞɟ ɛԝɥ ԥɞɿɫɬɿ ԧԙɞɿɪɿɥɝɟɧ ɬɟɪɪɢɬɨɪɢɹɥɚɪԑɚ ԝɫɵɧɭԑɚ 
ɠɨɥ ɛɟɪɟɞɿ.  

 SmallBaselines ɬɟɯɧɨɥɨɝɢɹɫɵɦɟɧ 4 ԑɚɪɵɲɬɵԕ ɫɭɪɟɬɬɟɪɞɿ ԧԙɞɟɝɟɧɞɟ Ʉɨɫɬɟɧɤɨ 
ɚɬɵɧɞɚԑɵ ɲɚɯɬɚ ɦɚԙɵɧɞɚ ɲԧɝɭ ɦɭɥɶɞɚɥɚɪɵ ɚɧɵԕɬɚɥɞɵ. 19 ɫɭɪɟɬɬɟɝɿ ɝɪɚɮɢɤɬɟ 
ɤԧɪɫɟɬɿɥɝɟɧɞɟɣ ɲԧɝɭ ɦԥɧɿ 58 ɦɦ ɬɟԙ ɛɨɥɞɵ. ɀɟɪ ɛɟɬɿ ɲԧɝɭɿɧ ɚɧɵԕɬɚɭ ԛɲɿɧ ɦɨɧɢɬɨɪɢɧɝɿ 
ɠԛɣɟɥɿ ɬԛɪɞɟ ɠԛɪɝɿɡɿɩ ɨɬɵɪɭ ԕɚɠɟɬ. ɀɨԑɚɪɵɞɚ ɛɚɹɧɞɚɥԑɚɧ ԑɚɪɵɲɬɵԕ ɫɭɪɟɬɬɟɪɞɿ ԧԙɞɟɭ 
ԥɞɿɫɿ ɧԥɬɢɠɟɥɟɪɞɿ ԕɵɫԕɚ ɦɟɪɡɿɦɞɟ ɚɥɭԑɚ ɦԛɦɤɿɧɞɿɤ ɛɟɪɟɞɿ.  

 
Ԕɨɥɞɚɧɵɥԑɚɧ ԥɞɟɛɢɟɬɬɟɪ ɬɿɡɿɦɿ 

1. Ɍɨɥɟɭɛɟɤɨɜɚ ɀ.Ɂ., Ɇɨɡɟɪ Ⱦ.ȼ., Ɉɦɚɪɨɜɚ Ⱥ.Ʉ., Ɍɭɹɤɛɚɣ Ⱥ.ɋ. ɋɬɚɬɶɹ ɧɚ ɬɟɦɭ: 
ɩɪɢɦɟɧɟɧɢɟ ɪɚɞɚɪɧɨɣ ɢɧɬɟɪɮɟɪɨɦɟɬɪɢɢ ɩɪɢ ɢɡɭɱɟɧɢɢ ɩɨɞɪɚɛɨɬɚɧɧɵɯ ɬɟɪɪɢɬɨɪɢɣ// 
VIII ɦɟɠɞɭɧɚɪɨɞɧɚɹ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɚɹ ɜɵɫɬɚɜɤɚ ɢ ɧɚɭɱɧɵɣ ɤɨɧɝɪɟɫɫ ± 
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Ʌ.ɇ. Ƚɭɦɢɥɺɜ ɚɬɵɧɞɚԑɵ ȿԜɍ ©Ƚɟɨɞɟɡɢɹ ɠԥɧɟ ɤɚɪɬɨɝɪɚɮɢɹª ɤɚɮɟɞɪɚɫɵɧɵԙ 
ɨԕɵɬɭɲɵɫɵ,  

ɇɭɪ-ɋɭɥɬɚɧ, Ʉɚɡɚɯɫɬɚɧ 
 

ɀɟɪ ɛɟɬɿɧɿԙ ɠɵɥɠɭɵɧ, ɤɚɪɶɟɪ ɲԝԙԕɵɪɵɧɵԙ ɞɟɮɨɪɦɚɰɢɹɫɵɧ, ɩɚɣɞɚɥɵ ԕɚɡɛɚɥɚɪɞɵ 
ԧԙɞɿɪɭ ɬɟɪɪɢɬɨɪɢɹɥɚɪɵɧɚ ɠɚԕɵɧ ɨɪɧɚɥɚɫԕɚɧ ԑɢɦɚɪɚɬɬɚɪɞɵԙ ɞɟɮɨɪɦɚɰɢɹɫɵɧ ɡɟɪɬɬɟɭ 
ɦɚԕɫɚɬɵɧɞɚ ɀɟɪɞɿ ԕɚɲɵԕɬɵԕɬɚɧ ɡɨɧɞɬɚɭ ɦԥɥɿɦɟɬɬɟɪɿɧ ԧԙɞɟɭ ԥɞɿɫɿ ɛɚɪ. ɀɨԑɚɪɵɞɚ 
ɚɣɬɵɥԑɚɧ ɦԥɫɟɥɟɥɟɪɞɿ ɪɚɞɢɨɥɨɤɚɰɢɹɥɵԕ ɛɟɣɧɟɥɟɪ ɬɿɡɛɟɝɿɧɟ ɢɧɬɟɪɮɟɪɨɦɟɬɪɢɹɥɵԕ ԧԙɞɟɭ 
ԥɞɿɫɬɟɦɟɫɿɧ ԕɨɥɞɚɧɭ ɚɪԕɵɥɵ ɲɟɲɭ ɬɭɪɚɥɵ ɦɚԕɚɥɚɞɚ ɚɣɬɵɥԑɚɧ.  

Ɍԛɣɿɧ ɫԧɡɞɟɪ: ɀɟɪɞɿ ԕɚɲɵԕɬɵԕɬɚɧ ɡɨɧɞɬɚɭ, ɪɚɞɚɪɞɵ ɢɧɬɟɪɮɟɪɨɦɟɬɪɢɹ, 
ɪɚɞɢɨɥɨɤɚɬɨɪ, ɬɚɭ-ɤɟɧ ԧԙɞɿɪɿɫɿ. 

ɋɩɨɫɨɛ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ Ɂɟɦɥɢ ɩɨɡɜɨɥɹɟɬ 
ɢɫɫɥɟɞɨɜɚɬɶ ɫɦɟɳɟɧɢɹ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɞɟɮɨɪɦɚɰɢɢ ɤɚɪɶɟɪɨɜ, ɚ ɬɚɤɠɟ, ɞɟɮɨɪɦɚɰɢɢ 
ɡɞɚɧɢɣ ɨɤɨɥɨ ɬɟɪɪɢɬɨɪɢɢ ɜɵɪɚɛɨɬɤɢ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ. ȼ ɫɬɚɬɶɟ ɨɩɢɫɚɧ ɦɟɬɨɞ 


