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Ȼɟɬɨɧɧɵԙ ԛɡɞɿɤɫɿɡɞɿɤ ɧɟɦɟɫɟ ɛɿɪɬɟɤɬɿɥɿɤɬɟɧ ɚɭɵɬԕɭɥɚɪɵ (ɞɟɰɢɦɟɬɪ ɚɭԕɵɦɵɧɞɚ) 
ɠɵɥɞɚɦɞɵԕ ɩɟɧ ɷɧɟɪɝɢɹ ɫɿԙɿɪɭɞɿԙ ɬɢɿɫɬɿ ԧɡɝɟɪɿɫɬɟɪɿɦɟɧ ɚɧɵԕɬɚɥɚɞɵ, ɛɟɪɿɥɝɟɧ ɬɨɥԕɵɧɞɚɪ 6 
ɤԧɪɫɟɬɿɥɝɟɧ. 

 
ɋɭɪɟɬ 5. 354-4, PR6-2 ɫɵɧɚԕ ԕɚɞɚɥɚɪɞɵԙ ɬԝɬɚɫɬɵԑɵɧ ɬɟɤɫɟɪɭ ɧԥɬɢɠɟɥɟɪɿ. 

 
Ԕɨɥɞɚɧɵɥԑɚɧ ԥɞɟɛɢɟɬɬɟɪ ɬɿɡɿɦɿ: 

1. SNiP RK 5.01-03-2002. Pile Foundation (2002).  
2. GOST 5686-94. Methods for Field Testing by Piles. Gersevanov Research Institute of Bases 

and Underground Structures (NIIOSP), Moscow (1994).  
3. TB 10005-2010. Code for durability design on concrete structure of railway (2010).  
4. ASTM D6760 ± 08. Standard Test Method for Integrity Testing of Concrete Deep Founda- 

tions by Ultrasonic Crosshole Testing. ASTM International, West Conshohocken (2008).  
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ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ - Ɉɦɚɪɨɜ Ⱥ.Ɋ.  
 
ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚɝɪɭɡɨɱɧɵɟ ɢɫɩɵɬɚɧɢɹ ɫɜɚɣ ɛɨɥɶɲɨɝɨ ɞɢɚɦɟɬɪɚ ɢ 

ɝɥɭɛɨɤɨɝɨ ɛɭɪɟɧɢɹ ɧɚ ɫɬɪɨɢɬɟɥɶɧɨɣ ɩɥɨɳɚɞɤɟ ɝɨɪɨɞɚ Ⱥɫɬɚɧɚ. ɂɫɩɵɬɚɧɢɟ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ 
ɧɚɝɪɭɡɤɭ ɫɜɚɣ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɧɚɞɟɠɧɵɦ ɦɟɬɨɞɨɦ ɩɨɥɭɱɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ 
ɧɚɝɪɭɡɤɚɦɢ ɢ ɪɚɫɱɟɬɚɦɢ ɫɜɚɣ.  

Ɋɟɡɭɥɶɬɚɬɵ ɫɬɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɫɜɚɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɫɬɚ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ 
ɧɚɝɪɭɡɤɭ ɧɚ ɫɠɚɬɢɟ (ɩɨ A670), ɬɟɫɬɚ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɧɚɝɪɭɡɤɭ (ɩɨ ȽɈɋɌ) ɢ ɬɟɫɬɚ ɧɚ 
ɫɬɚɬɢɱɟɫɤɭɸ ɧɚɝɪɭɡɤɭ ɜ ɞɜɭɯ ɧɚɩɪɚɜɥɟɧɢɹɯ (ɩɨ A670) ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɷɬɨɣ ɫɬɚɬɶɟ. Ɉɩɵɬɧɵɟ 
ɛɭɪɨɧɚɛɢɜɧɵɟ ɫɜɚɢ ɞɥɢɧɨɣ 31,5 ɦ, ɞɢɚɦɟɬɪɨɦ 1000 ɦɦ. Ⱦɚɥɟɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ  
ɢɫɩɵɬɚɧɢɣ ɫɜɚɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ 6/7, 
B'6/7 ɢ 6&/7, ɜɵɩɨɥɧɟɧɧɵɯ ɧɚ ɩɪɨɟɤɬɚɯ ([SR 2017, ɜ ɡɞɚɧɢɹɯ ɉɚɜɢɥɶɨɧɚ ɜ Ⱥɫɬɚɧɟ, 
Ʉɚɡɚɯɫɬɚɧ. 

 
Ɋɢɫɭɧɨɤ 1. ɉɪɨɟɤɬ EXPO-2017 ɜ ɝ.Ⱥɫɬɚɧɚ, Ʉɚɡɚɯɫɬɚɧ 

 
ɋɬɚɬɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɦɟɬɨɞɨɦ Ɉɫɬɟɪɛɟɪɝɚ (Ɉ-Cell ± ɬɟɫɬ) ɩɪɨɜɨɞɢɥɢɫɶ ɞɥɹ 

ɢɫɩɵɬɚɧɢɹ ɝɥɭɛɨɤɢɯ ɮɭɧɞɚɦɟɧɬɨɜ ɧɚ ɦɟɫɬɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɷɬɨɝɨ ɨɛɴɟɤɬɚ. ɑɟɬɵɪɟ 
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ɛɭɪɨɧɚɛɢɜɧɵɯ ɫɜɚɢ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ ɫɬɚɬɢɱɟɫɤɢɦ ɢɫɩɵɬɚɧɢɹɦ (Ɉ-Cellɬɟɫɬ ± 2 ɫɜɚɢ, 6&/7 
(ASTM) ± 1 ɫɜɚɹ ɢ 6/7- 1 ɫɜɚɹ (ȽɈɋɌ) (ɫɦ. Ɋɢɫɭɧɨɤ 2). 

ɉɨɥɟɜɵɟ ɢɫɩɵɬɚɧɢɹ ɝɪɭɧɬɨɜ ɫɬɚɬɢɱɟɫɤɢɦ ɡɨɧɞɢɪɨɜɚɧɢɟɦ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɞɥɹ ɛɨɥɟɟ 
ɞɟɬɚɥɶɧɨɝɨ ɪɚɫɱɥɟɧɟɧɢɹ ɝɪɭɧɬɨɜ, ɚ ɬɚɤɠɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɜɚɣ ɩɨ 
ɝɪɭɧɬɭ. ɋɥɟɜɚ ɨɬ ɬɚɛɥɢɰɵ 1 ɩɨɤɚɡɚɧɨ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɣ ɪɚɡɪɟɡ ɢ ɫɩɪɚɜɚ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɝɪɭɧɬɚ. ɋɬɚɬɢɱɟɫɤɨɟ ɡɨɧɞɢɪɨɜɚɧɢɟ ɜɵɩɨɥɧɹɥɨɫɶ ɚɩɩɚɪɚɬɭɪɨɣ ɌȿɋɌ±2ɄɆ-
250 ɩɨ ȽɈɋɌ 20069-81 ɢ ȽɈɋɌ 19912-2001 ɞɥɹ ɨɰɟɧɤɢ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɜɚɣ ɩɨ ɋɇɢɉ 
ɊɄ 5.01-03-2002. 

 
Ɋɢɫɭɧɨɤ 2. ɉɥɚɧ ɫɜɚɣɧɵɯ ɮɭɧɞɚɦɟɧɬɨɜ ɧɚ ɫɬɪɨɢɬɟɥɶɧɨɣ ɩɥɨɳɚɞɤɟ ɗɄɋɉɈ-2017: Pile 
A (6&/7 ɩɨ $670)� Pile B (O-Cell-1); Pile C (O-Cell -2); Pile D (6/7 ɩɨ ȽɈɋɌɭ) 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɫɬɚɬɢɱɟɫɤɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ ɝɪɭɧɬɨɜ ɱɚɫɬɧɵɟ ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɪɭɧɬɨɜ ɤɨɧɭɫɭ ɡɨɧɞɚ ɫɨɫɬɚɜɢɥɢ� 
- ɞɥɹ ɫɭɝɥɢɧɤɨɜ ɚ4,,-IV - 2,9 ± 8,6 Ɇɉɚ, ɜ ɫɪɟɞɧɟɦ - 5,5 Ɇɉɚ�  
- ɞɥɹ ɩɟɫɤɨɜ ɫɪɟɞɧɟɣ ɤɪɭɩɧɨɫɬɢ ɚ4,,-IV - 3,1 ± 10,4 Ɇɉɚ, ɜ ɫɪɟɞɧɟɦ - 6,8 Ɇɉɚ�  
- ɞɥɹ ɩɟɫɤɨɜ ɤɪɭɩɧɵɯ ɚ4,,-IV  - 14,2 ± 23,6 Ɇɉɚ, ɜ ɫɪɟɞɧɟɦ - 19,9 Ɇɉɚ. 
ɑɚɫɬɧɵɟ ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɪɭɧɬɚ ɧɚ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɡɨɧɞɚ 

ɫɨɫɬɚɜɢɥɢ� 
- ɞɥɹ ɫɭɝɥɢɧɤɨɜ ɚ4,,-IV- 39 ± 146 ɤɉɚ, ɜ ɫɪɟɞɧɟɦ - 82 ɤɉɚ�  
- ɞɥɹ ɩɟɫɤɨɜ ɫɪɟɞɧɟɣ ɤɪɭɩɧɨɫɬɢ ɚ4,,-IV- 41 ± 45 ɤɉɚ, ɜ ɫɪɟɞɧɟɦ - 43 ɤɉɚ� 
- ɞɥɹ ɩɟɫɤɨɜ ɤɪɭɩɧɵɯ ɚ4,,-IV- 119 ± 140 ɤɉɚ, ɜ ɫɪɟɞɧɟɦ - 132 ɤɉɚ. 
Ɍɚɛɥɢɰɚ 1 - Ɋɚɡɪɟɡ ɂȽɗ ɢ ɬɚɛɥɢɰɚ ɯɚɪɚɬɟɪɢɫɬɢɤɚ ɝɪɭɧɬɨɜ 

 
Ɇɟɬɨɞ ɢɫɩɵɬɚɧɢɹ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɫɠɢɦɚɸɳɭɸ ɧɚɝɪɭɡɤɭ ɩɨ $670 (6&/7). 
ɂɫɩɵɬɚɧɢɹ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɨɣ (ɰɢɤɥɢɱɟɫɤɢɟ) ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ASTM D 1143-07. ɉɪɢ ɢɫɩɵɬɚɧɢɹɯ ɦɟɬɨɞɨɦ 6/7 ɬɟɫɬɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɜɚɸ ɫɨɫɬɚɜɢɥɚ 6000 
ɤɇ ɢ 12000 ɤɇ (ɩɟɪɜɵɣ ɢ ɜɬɨɪɨɣ ɰɢɤɥ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). ɂɫɩɵɬɚɧɢɹ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɩɨɫɥɟ 
ɞɨɫɬɢɠɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ ɫɜɚɢ ɛɨɥɟɟ 80% ɨɬ ɩɪɨɟɤɬɧɨɣ. 

ȼɟɪɬɢɤɚɥɶɧɵɟ ɫɬɚɬɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɫɜɚɢ ɦɟɬɨɞɨɦ 6ɋ/7 ± ɷɬɨ ɨɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɧɚɬɭɪɧɵɯ ɦɟɬɨɞɨɜ ɢɫɩɵɬɚɧɢɹ ɝɪɭɧɬɨɜ ɞɥɹ ɚɧɚɥɢɡɚ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ 
ɫɜɚɢ. ɉɪɢɪɚɳɟɧɢɟ ɧɚɝɪɭɡɤɢ ɫɨɫɬɚɜɥɹɥɨ 25%. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɪɢɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ 
ɫɥɟɞɭɸɳɚɹ� 25, 50, 75, 100, 50, 0, 25, 50, 75, 100, 125, 150, 175, 200, 150, 100, 50, 0% ɨɬ 
ɩɪɨɟɤɬɧɨɣ (6000 ɤɇ) (ɪɢɫ. 10). 

ȼ ɩɟɪɜɨɦ ɰɢɤɥɟ ɨɩɵɬɧɚɹ ɫɜɚɹ ɧɚɝɪɭɠɚɥɚɫɶ ɞɨ 100% ɨɬ ɩɪɨɟɤɬɧɨɣ ɧɚɝɪɭɡɤɢ, ɜɨ ɜɬɨɪɨɦ 
ɰɢɤɥɟ ɞɨ 200% (12000 ɤɇ). ȼɪɟɦɹ ɜɵɞɟɪɠɤɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɬɭɩɟɧɟɣ ɧɚɝɪɭɠɟɧɢɹ ɫɨɫɬɚɜɢɥɨ 
30 ɦɢɧɭɬ, ɪɚɡɝɪɭɡɤɢ ± 20 ɦɢɧɭɬ. ȼɪɟɦɹ ɜɵɞɟɪɠɤɢ ɩɢɤɨɜɵɯ ɧɚɝɪɭɡɨɤ ɫɨɫɬɚɜɢɥɨ 120 ɢ 240 
ɦɢɧɭɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.ȼɬɨɪɨɣ ɰɢɤɥ ± ɞɨ ɧɚɝɪɭɡɤɢ 12000 ɤɇ, ɩɨɥɧɚɹ ɨɫɚɞɤɚ ɩɪɢ ɷɬɨɦ 
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ɫɨɫɬɚɜɢɥɚ 10,51 ɦɦ. ɇɭɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɠɟ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɫɬɨɜɨɣ ɧɚɝɪɭɡɤɟ 12000 
ɤɇ ɩɪɨɹɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɭɩɪɭɝɚɹ ɪɚɛɨɬɚ ɫɜɚɢ ɜ ɝɪɭɧɬɟ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɚɹ 
ɨɫɬɚɬɨɱɧɚɹ ɨɫɚɞɤɚ ɝɪɭɧɬɚ ɩɨɫɥɟ ɪɚɡɝɪɭɡɤɢ, ɫɨɫɬɚɜɥɹɸɳɚɹ 1,4 ɦɦ. 

ɂɫɩɵɬɚɧɢɹ ɛɭɪɨɧɚɛɢɜɧɵɯ ɫɜɚɣ ɦɟɬɨɞɨɦ Ɉɫɬɟɪɛɟɪɝɚ (B'6/7) ɧɚ ɩɥɨɳɚɞɤɟ ([SR-2017. 
ɂɫɩɵɬɚɧɢɟ ɝɪɭɧɬɨɜ ɫɜɚɹɦɢ (ɪɢɫɭɧɨɤ 3) ɦɟɬɨɞɨɦ Ɉɫɬɟɪɛɟɪɝɚ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ 

ɢɫɩɵɬɚɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɤɚɤ ɨɬɞɟɥɶɧɵɯ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ 
ɷɥɟɦɟɧɬɨɜ, ɬɚɤ ɢ ɜ ɰɟɥɨɦ ɜɫɟɣ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɜɚɢ ɢ ɩɹɬɵ. Ɉɫɨɛɟɧɧɨɫɬɶ ɦɟɬɨɞɚ 2-cell 
ɬɟɫɬɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɧɚɝɪɭɡɤɚ ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ ɧɟ ɧɚ ɨɝɨɥɨɜɨɤ ɫɜɚɢ, ɚ ɜ ɬɟɥɨ ɫɜɚɢ, 
ɤɭɞɚ ɭɫɬɚɧɨɜɥɟɧ ɞɨɦɤɪɚɬ (ɫɢɥɨɜɚɹ ɹɱɟɣɤɚ), ɪɚɛɨɬɚɸɳɢɣ ɜ ɞɜɭɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. ɋɢɥɨɜɚɹ 
ɹɱɟɣɤɚ (2-FHOO ɞɨɦɤɪɚɬ) ɪɚɡɞɟɥɹɟɬ ɢɫɩɵɬɭɟɦɭɸ ɫɜɚɸ ɧɚ ɞɜɟ ɱɚɫɬɢ: ɜɟɪɯɧɸɸ (ɜɟɪɯɧɢɣ 
ɢɫɩɵɬɭɟɦɵɣ ɷɥɟɦɟɧɬ ± ȼɂɗ) ɢ ɧɢɠɧɸɸ (ɧɢɠɧɢɣ ɢɫɩɵɬɭɟɦɵɣ ɷɥɟɦɟɧɬ-ɇɂɗ). ɋɢɥɨɜɚɹ 
ɹɱɟɣɤɚ (2-FHOO ɞɨɦɤɪɚɬ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ ɤɚɥɢɛɪɨɜɚɧɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ 
ɞɨɦɤɪɚɬɨɜ, ɨɛɴɟɞɢɧɟɧɧɵɯ ɜ ɨɞɢɧ ɦɨɞɭɥɶ. Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɞɨɦɤɪɚɬ ɭɫɬɚɧɨɜɥɟɧ ɧɚ ɝɥɭɛɢɧɟ ò 
ɞɥɢɧɵ ɫɜɚɢ ± 16,8 ɦ. ɋɢɥɨɜɚɹ ɹɱɟɣɤɚ ɫɨɟɞɢɧɟɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦɢ ɲɥɚɧɝɚɦɢ ɫ ɝɢɞɪɨɧɚɫɨɫɨɦ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɭɧɬɚ. 

 
Ɋɢɫɭɧɨɤ 3. ɋɯɟɦɚ ɢɫɩɵɬɚɧɢɣ ɧɚɝɪɭɡɤɚ ɫɜɟɪɯɭ ɜɧɢɡ ɢ ɞɜɭɧɚɩɪɚɜɥɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢɫɩɵɬɚɧɢɹ ɦɟɬɨɞɨɦ 2-CHOO ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɞɨɥɠɧɨ ɭɞɟɥɹɬɶɫɹ 
ɢɡɭɱɟɧɢɸ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɨɛɴɟɤɬɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, 
ɩɨɫɤɨɥɶɤɭ ɪɚɫɩɨɥɨɠɟɧɢɟ ɞɨɦɤɪɚɬɚ ɜ ɬɟɥɟ ɫɜɚɢ ɡɚɜɢɫɢɬ ɨɬ ɬɨɱɧɨɫɬɢ ɞɚɧɧɵɯ ɢɡɵɫɤɚɧɢɣ, ɜ 
ɱɚɫɬɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɨɰɟɧɤɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɪɭɧɬɨɜ. ɉɪɚɜɢɥɶɧɨɟ ɪɟɲɟɧɢɟ ɩɨ ɪɚɡɦɟɳɟɧɢɸ 
ɞɨɦɤɪɚɬɚ ɜɥɢɹɟɬ ɧɚ ɤɚɱɟɫɬɜɨ ɩɪɨɜɨɞɢɦɵɯ ɢɫɩɵɬɚɧɢɣ, ɩɨɫɤɨɥɶɤɭ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɧɨɟ 
ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɫɬɚɜɥɹɸɳɢɯ ɜɟɥɢɱɢɧ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ (ɩɨ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɩɨɞ 
ɧɢɠɧɢɦ ɤɨɧɰɨɦ) ɫɜɨɞɹɬɫɹ ɤ ɩɪɚɜɢɥɶɧɨɦɭ ɩɨɞɛɨɪɭ ɪɚɜɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɛɨɤɨɜɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɪɭɧɬɚ ɩɨ ɜɟɪɯɧɟɦɭ ɷɥɟɦɟɧɬɭ ɤ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɩɨɞ ɧɢɠɧɢɦ ɤɨɧɰɨɦ ɧɢɠɧɟɝɨ 
ɷɥɟɦɟɧɬɚ ɨɩɵɬɧɨɣ ɫɜɚɢ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢɫɩɵɬɚɧɢɹ ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɩɪɨɱɧɨɫɬɶ 
ɦɚɬɟɪɢɚɥɚ ɫɜɚɢ ɞɨɥɠɧɚ ɛɵɬɶ ɛɨɥɶɲɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɟɞɩɨɥɚɝɚɟɦɨɣ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ 
ɷɥɟɦɟɧɬɚ ɫɜɚɢ ɩɨ ɝɪɭɧɬɭ. ɉɟɪɟɞ ɬɟɫɬɚɦɢ ɜ ɬɟɥɨ ɨɩɵɬɧɨɣ ɫɜɚɢ ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ 10 
ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɢɯ ɞɚɬɱɢɤɨɜ, ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɪɟɝɢɫɬɪɚɬɨɪɭ ɞɚɧɧɵɯ. ɇɚ ɪɢɫɭɧɤɟ 4 ɨɬɪɚɠɟɧɵ 
ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɨɬ ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɢɯ ɞɚɬɱɢɤɨɜ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɷɥɟɦɟɧɬɚɯ ɫɜɚɣ. 
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Ɋɢɫɭɧɨɤ 4. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɩɨ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɊɌɊ-1 ɢ ɊɌɊ-2 (ɦɟɬɨɞ Ɉ-

cell) 
ɉɪɢ ɢɫɩɵɬɚɧɢɢ ɫɜɚɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɫɬɚ 2-ɋHOO ɦɚɤɫɢɦɚɥɶɧɚɹ ɢɫɩɵɬɚɬɟɥɶɧɚɹ 

ɧɚɝɪɭɡɤɚ ɜ 29000 ɤɇ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɫɚɞɤɟ 18,35 ɦɦ (ɞɥɹ 2- ɋHOO-1, ɫɜɚɹ &) ɢ - 14,40 ɦɦ (ɞɥɹ 
O- ɋHOO-2, ɫɜɚɹ ') (ɪɢɫɭɧɨɤ 5).  

ɋɬɚɬɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ȽɈɋɌ. 
ɋɬɚɬɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɝɪɭɧɬɨɜ ɧɚ ɛɭɪɨɧɚɛɢɜɧɵɯ ɫɜɚɹɯ ɩɪɨɜɨɞɹɬɫɹ ɩɨ ȽɈɋɌ 5686.  
ɇɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢɫɩɵɬɚɧɧɵɯ ɫɜɚɣ ɫɨ ɫɬɚɬɢɱɟɫɤɢɦ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɪɢɠɢɦɧɵɦ 

ɭɫɢɥɢɟɦ ɧɚ ɜɵɲɟɭɤɚɡɚɧɧɨɣ ɫɬɪɨɢɬɟɥɶɧɨɣ ɩɥɨɳɚɞɤɟ ɫɨɫɬɚɜɢɥɚ 12000 ɤɇ (ɪɢɫɭɧɤɟ 5). 
ɂɫɩɵɬɭɟɦɵɟ ɫɜɚɣɧɵɟ ɮɭɧɞɚɦɟɧɬɵ ɨɩɢɪɚɸɬɫɹ ɧɚ ɳɟɛɟɧɢɫɬɵɟ ɝɪɭɧɬɵ, ɚ ɩɨ ɛɨɤɨɜɨɦɭ 
ɨɛɠɚɬɢɸ ɝɪɭɧɬɚ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɧɚɝɪɭɡɤɢ ɧɟɫɭɬ ɫɭɝɥɢɧɤɢ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɦɨɳɧɨɫɬɢ 
ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɜ ɬɚɛɥɢɰɟ 1. 

ɇɚ ɪɢɫɭɧɤɟ 5 ɩɨɤɚɡɚɧɨ ɫɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɣ: ɤɪɢɜɚɹ ©ɧɚɝɪɭɡɤɚ-ɨɫɚɞɤɚª, 
ɩɨɥɭɱɟɧɧɚɹ ɦɟɬɨɞɨɦ 6ɋ/7 (ASTM), SLT (SLT) ɢ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɤɪɢɜɚɹ ©ɧɚɝɪɭɡɤɚ-ɨɫɚɞɤɚª, 
ɨɩɪɟɞɟɥɟɧɧɚɹ ɦɟɬɨɞɨɦ 2-cell. 

 
Ɋɢɫɭɧɨɤ 5. ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ ɦɟɬɨɞɚɦɢ SCLT, SLT ɢ  

O-ɋell 
ɇɚɥɨɠɟɧɢɟ ɤɪɢɜɵɯ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɫɯɨɞɢɦɨɫɬɶ ɝɪɚɮɢɤɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɬɨɥɶɤɨ ɧɚ 

ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɧɚɝɪɭɠɟɧɢɹ, ɞɚɥɟɟ ɧɚɛɥɸɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɬɪɚɟɤɬɨɪɢɢ ɤɪɢɜɨɣ 6/7, 
ɯɚɪɚɤɬɟɪɧɨɟ ɩɨɥɡɭɱɟɣ ɫɬɚɞɢɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɪɭɧɬɚ, ɬɨɝɞɚ ɤɚɤ ɤɪɢɜɨɣ Ɉ-FHOO (ɧɚ ɞɚɧɧɨɣ 
ɫɬɚɞɢɢ ɧɚɝɪɭɠɟɧɢɹ) ɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɨ ɭɩɪɭɝɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɪɭɧɬɚ. Ⱦɥɹ ɫɪɚɜɧɢɬɟɥɶɧɵɯ 
ɤɪɢɬɟɪɢɟɜ ɫɜɚɢ A (6&/7 ɩɨ A670), ɫɜɚɢ % (2-Cell-1), ɫɜɚɢ & (2-Cell-2) ɢ ɤ ɫɜɚɢ ' (6/7 ɩɨ 
ȽɈɋɌɭ) ɮɢɤɫɢɪɨɜɚɧɧɵɟ ɨɫɚɞɤɢ 10 ɢ 14 ɦɦ. 

ȼ ɬɚɛɥɢɰɟ 2 ɩɪɟɞɫɬɚɜɥɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɜɚɣ, 
ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ ɜ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ. 

Ɍɚɛɥɢɰɚ 2. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɡɥɢɱɧɵɯ ɬɟɫɬɨɜ 
ID ɋɜɚɹ A ɋɜɚɹ %  ɋɜɚɹ ɋ 

 
ɋɜɚɹ D 

Ɂɧɚɱɟɧɢɟ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɜɚɣ, Qd 12000 ɤɇ 29000 ɤɇ 29000 ɤɇ 12000 ɤɇ 
ɉɪɢ ɨɫɚɞɤɟ ± 10 ɦɦ 11788 ɤɇ 18220 ɤɇ 20535 ɤɇ 10630 ɤɇ 
 ɉɪɢ ɨɫɚɞɤɟ ± 14 ɦɦ - 23985 ɤɇ 28385 ɤɇ 11814 ɤɇ 
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ɉɪɨɜɟɞɟɧɧɵɟ�ɢɫɩɵɬɚɧɢɹ�ɦɟɬɨɞɨɦ�2-FHOO�ɞɚɸɬ�ɧɨɜɵɣ�ɢɧɫɬɪɭɦɟɧɬ�ɞɥɹ�ɨɰɟɧɤɢ�ɪɚɛɨɬɵ�
ɫɜɚɢ� ɜ� ɝɪɭɧɬɟ��ȼ� ɨɬɥɢɱɢɟ� ɨɬ�ɦɟɬɨɞɚ� 6ɋ/7�ɦɟɬɨɞɢɤɚ� ɢɫɩɵɬɚɧɢɹ�2-&HOO� ɩɨɡɜɨɥɹɟɬ� ɩɨɥɭɱɢɬɶ�
ɛɨɥɟɟ� ɨɛɲɢɪɧɭɸ� ɢɧɮɨɪɦɚɰɢɸ� ɨ� ɧɟɫɭɳɟɣ� ɫɩɨɫɨɛɧɨɫɬɢ� ɫɜɚɢ�� ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ� ɝɪɭɧɬɚ� ɩɨɞ�
ɧɢɠɧɢɦ�ɤɨɧɰɨɦ�ɢ�ɟɟ�ɛɨɤɨɜɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ�� 

ɉɪɨɜɟɞɟɧɢɟ� ɢɫɩɵɬɚɧɢɣ� ɫɜɚɣ� ɦɟɬɨɞɨɦ� Ɉ-FHOO� ɰɟɥɟɫɨɨɛɪɚɡɧɨ� ɩɪɢ� ɛɨɥɶɲɢɯ� ɡɧɚɱɟɧɢɹɯ�
ɧɟɫɭɳɟɣ� ɫɩɨɫɨɛɧɨɫɬɢ� ɫɜɚɣ� ɢ� ɛɨɥɶɲɢɯ� ɬɟɫɬɨɜɵɯ� ɧɚɝɪɭɡɤɚɯ�� ɗɬɨɬ� ɦɟɬɨɞ� ɢɫɩɵɬɚɧɢɣ� ɫɜɚɣ� ɧɟ�
ɬɪɟɛɭɟɬ� ɭɫɬɪɨɣɫɬɜɚ� ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ� ɚɧɤɟɪɧɵɯ� ɫɜɚɣ� ɢɥɢ� ɧɚɥɢɱɢɹ� ɩɪɢɝɪɭɡɨɱɧɨɝɨ� ɫɬɟɧɞɚ��
Ⱥɧɤɟɪɧɨɣ� ɫɢɫɬɟɦɨɣ� ɹɜɥɹɟɬɫɹ� ɫɚɦɚ� ɫɜɚɹ�� ɬɨɱɧɟɟ� ɟɟ� ɜɟɪɯɧɢɣ� ɢɫɩɵɬɭɟɦɵɣ� ɷɥɟɦɟɧɬ��
ɫɥɟɞɨɜɚɬɟɥɶɧɨ�� ɞɚɧɧɵɣ� ɦɟɬɨɞ� ɰɟɥɟɫɨɨɛɪɚɡɧɨ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɬɚɤɠɟ� ɜ� ɫɬɟɫɧɟɧɧɵɯ� ɭɫɥɨɜɢɹɯ��
ɉɪɢ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ� ɢɫɩɵɬɚɧɢɣ� ɦɟɬɨɞɨɦ� Ɉ-FHOO� ɜɚɠɧɨ� ɩɪɚɜɢɥɶɧɨ� ɨɰɟɧɢɬɶ� ɫɨɨɬɧɨɲɟɧɢɟ�
ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɩɨ�ɛɨɤɨɜɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ�ɢ�ɩɨɞ�ɩɹɬɨɣ�ɫɜɚɢ�ɢ�ɜ� ɫɨɨɬɜɟɬɫɬɜɢɢ�ɫ�ɷɬɢɦ�ɜɵɛɪɚɬɶ�
ɩɪɚɜɢɥɶɧɭɸ�ɞɥɢɧɭ�ɷɥɟɦɟɧɬɨɜ��ɇɂɗ�ɢ�ȼɂɗ��ɫɜɚɢ�ɢ�ɦɚɤɫɢɦɚɥɶɧɭɸ�ɦɨɳɧɨɫɬɶ�ɞɨɦɤɪɚɬɚ��ɉɪɢ�
ɢɫɩɵɬɚɧɢɹɯ� ɫɜɚɣ�ɦɟɬɨɞɨɦ�Ɉ-FHOO��ɦɚɤɫɢɦɚɥɶɧɨɣ� ɬɟɫɬɨɜɨɣ�ɧɚɝɪɭɡɤɟ� ������ ɤɇ�ɫɨɨɬɜɟɬɫɬɜɭɟɬ�
ɨɫɚɞɤɚ�������ɦɦ��ɞɥɹ�ɫɜɚɢ�ɊɌɊ-���ɢ�± ������ɦɦ��ɞɥɹ�ɫɜɚɢ�373-2).  
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