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ɢ ɪɚɫɫɱɢɬɚɧɵ ɜɨɡɦɨɠɧɵɟ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ. Оɩɪɟɞɟɥɟɧɵ ɩɪɟɞɟɥɵ 
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The compaction measuring in producing reservoirs, as a rule, consists in inserting radioactive 

markers into the formation. There are several environmental and safety concerns associated with 

this method. We analyze the possibilities of the borehole gravity measurements for estimating 

compaction and subsidence to mitigate these negative concerns. The paper discusses the proposed 

method in detail including simplifying assumptions. An attempt was made to estimate the regimes 

when applicable. 
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ɉɪɨɛɥɟɦɚ ɩɪɨɫɟɞɚɧɢя ɞɧɟɜɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɫɠɚɬɢя ɤɨɥɥɟɤɬɨɪɚ 
ɧɟɮɬɟɝɚɡɨɜɨɝɨ ɪɟɡɟɪɜɭɚɪɚ ɜ ɪɟɡɭɥьɬɚɬɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɟɫɬɨɪɨɠɞɟɧɢя ɢ ɨɬɤɚɱɤɢ 
ɝɚɡɚ ɨɬɧɨɫɢɬɫя ɤ ɪɚɡɪяɞɭ ɢɫɤɥɸɱɢɬɟɥьɧɨ ɜɚɠɧɵɯ. Эɬɨ ɫɜяɡɚɧɨ ɤɚɤ ɫ ɩɪɨɛɥɟɦɚɦɢ 
ɝɟɨɷɤɨɥɨɝɢɢ, ɬɚɤ ɢ ɫ ɜɨɩɪɨɫɚɦɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɟɫɬɨɪɨɠɞɟɧɢɣ. ɂɫɩɨɥьɡɨɜɚɧɢɟ 
ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɦɚɪɤɟɪɨɜ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɜ ɩɥɚɫɬ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ 
ɬɨɱɧɨɫɬь ɩɪяɦɵɯ ɢɡɦɟɪɟɧɢɣ ɫɠɚɬɢя ɤɨɥɥɟɤɬɨɪɚ Д4, 8Ж, ɧɨ ɫɨɩɪяɠɟɧɨ ɫ ɪяɞɨɦ 
ɩɪɨɛɥɟɦ. Ɋɚɞɢɨɚɤɬɢɜɧɵɟ ɦɟɬɤɢ ɬɪɟɛɭɸɬ ɜɵɫɨɤɨɣ ɚɤɤɭɪɚɬɧɨɫɬɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ, 
ɚ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɜ ɫɤɜɚɠɢɧɭ ɦɨɝɭɬ ɛɵɬь ɪɚɡɪɭɲɟɧɵ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ, 
ɫɨɡɞɚɜɚя ɪɚɞɢɨɚɤɬɢɜɧɨɟ ɡɚɪɚɠɟɧɢɟ ɩɪɨɞɭɤɬɢɜɧɨɝɨ ɩɥɚɫɬɚ ɢ ɞɨɛɵɜɚɟɦɨɝɨ 
ɭɝɥɟɜɨɞɨɪɨɞɚ. ɂɫɩɨɥьɡɨɜɚɧɢɟ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɞɥя ɢɡɦɟɪɟɧɢя 
ɭɩɥɨɬɧɟɧɢя ɪɟɡɟɪɜɭɚɪɚ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɞɚɜɧɨ Д6Ж, ɧɨ ɧɟ ɩɨɥɭɱɢɥɨ ɲɢɪɨɤɨɝɨ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢя ɢɡ-ɡɚ ɧɟɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ ɫɤɜɚɠɢɧɧɨɣ 
ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɣ ɚɩɩɚɪɚɬɭɪɵ. ɂɫɫɥɟɞɨɜɚɧɢя ɜɥɢяɧɢя ɩɪɨɰɟɫɫɨɜ ɩɪɨɫɟɞɚɧɢя/ 
ɭɩɥɨɬɧɟɧɢя ɧɚ ɝɪɚɜɢɬɚɰɢɨɧɧɨɟ ɩɨɥɟ, ɧɚɛɥɸɞɚɟɦɨɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɫ ɩɨɦɨщьɸ 
ɭɩɪɨщɟɧɧɵɯ ɝɟɨɦɟɯɚɧɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ Д5, 10Ж ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɠɢɞɚɟɦɚя 
ɚɦɩɥɢɬɭɞɚ ɢɡɦɟɧɟɧɢя ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥя, ɢɡɦɟɪɟɧɧɨɝɨ ɞɨ ɢ ɩɨɫɥɟ ɫɠɚɬɢя 
ɪɟɡɟɪɜɭɚɪɚ, ɦɨɠɟɬ ɲɢɪɨɤɨ ɜɚɪьɢɪɨɜɚɬьɫя. ȼ ɦɨɞɟɥяɯ Гɢɢɪɬɫɦɚ Д5Ж ɚɦɩɥɢɬɭɞɚ 
ɪɚɡɧɨɫɬɧɨɝɨ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɧɟ ɩɪɟɜɵɲɚɟɬ 2-4 µГɥ, ɱɬɨ ɢɡɦɟɪɢɬь 
ɞɨɫɬɚɬɨɱɧɨ ɬɪɭɞɧɨ ɧɚ ɩɪɚɤɬɢɤɟ. ȼ ɦɨɞɟɥяɯ ɫ ɠɟɫɬɤɢɦ ɩɨɞɫɬɢɥɚɸщɢɦ 
ɮɭɧɞɚɦɟɧɬɨɦ ɫɢɝɧɚɥ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬь 20-40 µГɥ. ɉɨɫɥɟɞɧɟɟ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ 
ɪɟɚɥьɧɵɦ ɩɨɥɟɜɵɦ ɧɚɛɥɸɞɟɧɢяɦ Д3, 7, λЖ. 

ɂɫɩɨɥьɡɨɜɚɧɢɟ ɫɤɜɚɠɢɧɧɵɯ ɝɪɚɜɢɦɟɬɪɨɜ, ɫɩɨɫɨɛɧɵɯ ɩɪɨɜɨɞɢɬь ɢɡɦɟɪɟɧɢя 
ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥя ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɪɟɡɟɪɜɭɚɪɟ, ɫɭщɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ 
ɦɨɠɟɬ ɪɚɫɲɢɪɢɬь ɜɨɡɦɨɠɧɨɫɬɢ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɜ ɷɬɨɦ ɚɫɩɟɤɬɟ. ȼɨ- 
ɩɟɪɜɵɯ, ɢɡɦɟɪɢɬɟɥь ɩɨɥя ɩɪɢɛɥɢɠɚɟɬɫя ɤ ɢɫɬɨɱɧɢɤɭ, ɜɨ-ɜɬɨɪɵɯ, ɦɨɠɧɨ ɥɟɝɤɨ 
ɪɚɡɞɟɥɢɬь ɷɮɮɟɤɬɵ ɜɵɲɟɥɟɠɚщɢɯ ɩɨɪɨɞ, ɤɨɬɨɪɵɟ ɞɟɮɨɪɦɢɪɭɸɬɫя (ɪɚɡɭɩɥɨɬɧя- 
ɸɬɫя) ɩɪɢ ɫɠɚɬɢɢ ɪɟɡɟɪɜɭɚɪɚ ɢ ɦɨɝɭɬ ɫɭщɟɫɬɜɟɧɧɨ ɭɦɟɧьɲɚɬь 
ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɣ ɫɢɝɧɚɥ ɨɬ ɪɟɡɟɪɜɭɚɪɚ, ɢɡɦɟɪяɟɦɵɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ. 

Ɇɵ ɪɚɫɫɦɨɬɪɟɥɢ ɫɥɭɱɚɣ ɝɚɡɨɜɨɝɨ ɪɟɡɟɪɜɭɚɪɚ (ɪɢɫ.1), ɜ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ 
ɨɬɤɚɱɤɚ ɝɚɡɚ ɫ ɩɨɧɢɠɟɧɢɟɦ ɞɚɜɥɟɧɢя ɜ ɩɥɚɫɬɟ. ɉɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ 
ɜɟɪɬɢɤɚɥьɧɚя ɞɟɮɨɪɦɚɰɢя ɪɟɡɟɪɜɭɚɪɚ (ɫɠɚɬɢɟ) ɩɪɢ ɭɫɥɨɜɢɢ ɩɪɟɧɟɛɪɟɠɢɦɨ 
ɦɚɥɨɣ ɝɨɪɢɡɨɧɬɚɥьɧɨɣ ɞɟɮɨɪɦɚɰɢɢ. Ɇɵ ɩɪɟɞɩɨɥɚɝɚɥɢ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ 
ɩɨɪɢɫɬɨɫɬɢ ɩɨɪɨɞ ɤɨɥɥɟɤɬɨɪɚ ɫɨɩɪяɠɟɧɨ ɬɨɥьɤɨ ɫ ɢɡɦɟɧɟɧɢɟɦ ɦɨщɧɨɫɬɢ 
ɩɥɚɫɬɚ.  
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Ɋɢɫ. 1. ɋɠɚɬɢɟ ɪɟɡɟɪɜɭɚɪɚμ ɜɟɪɬɢɤɚɥьɧɵɣ ɪɚɡɪɟɡ ɪɟɡɟɪɜɭɚɪɚ, h,p,φ – ɦɨщɧɨɫɬь, 
ɞɚɜɥɟɧɢɟ ɢ ɩɨɪɢɫɬɨɫɬь ɪɟɡɟɪɜɭɚɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. g1 ɢ g2 –ɩɪɢɦɟɪ ɩɨɥɨɠɟɧɢя 

ɬɨɱɟɤ ɢɡɦɟɪɟɧɢя ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥя 
 

Ⱦɥя ɪɚɫɱɟɬɚ ɩɨɜɟɞɟɧɢɟ ɪɟɡɟɪɜɭɚɪɚ ɜ ɩɪɨɰɟɫɫɟ ɢɡɜɥɟɱɟɧɢя ɝɚɡɚ ɦɵ 
ɢɫɩɨɥьɡɨɜɚɥɢ ɭɪɚɜɧɟɧɢя ɥɚɦɢɧɚɪɧɨɝɨ ɬɟɱɟɧɢя ɝɚɡɚ Д2Жμ  

 ( ( ))
( ) 0,

m p
div p V

t

 
  


                                      (1) 

ɡɞɟɫь ɫɤɨɪɨɫɬь ɮɢɥьɬɪɚɰɢɢ V


 ɨɩɪɟɞɟɥяɟɬɫя ɡɚɤɨɧɨɦ Ⱦɚɪɫɢμ 

( ( ) ),
fk

V p p g   


                                            (2) 

ɝɞɟ g  – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢя. Уɪɚɜɧɟɧɢя (1-2) ɡɚɦɵɤɚɸɬɫя 
ɭɪɚɜɧɟɧɢяɦɢ ɫɨɫɬɨяɧɢя ɞɥя ɝɚɡɚ ɢ ɮɨɪɦɚɰɢɢ [1]: 

exp ( ), exp ( ), exp ( ), exp ( )o o o m o f o k o o oa p p m m a p p k k a p p a p p               
  (3) 

ɝɞɟμ , , ,m ka a a a   – ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɠɢɦɚɟɦɨɫɬɢ. Эɤɫɩɟɪɢɦɟɧɬɚɥьɧɵɟ ɞɚɧɧɵɟ Д1Ж 
ɞɚɸɬ ɞɢɚɩɚɡɨɧɵ ɢɯ ɢɡɦɟɧɟɧɢяμ 3 1 3 1 3 1 4 1[0 ;5 10 ] , [0 ;2 10 ] , [0 ;10 ] , [0 ;11] 10k ma аɬ a аɬ a аɬ a аɬ       

         

Ȼɨɥɟɟ ɬɨɝɨ, 
mk aa 210  ɞɥя ɨɞɧɨɣ ɮɨɪɦɚɰɢɢ, ɢ, ɤɚɤ ɩɪɚɜɢɥɨ, �ρ < �ȝ ≪ �௞, �� ≪ �௞. 

Ȼɵɥɚ ɢɫɩɨɥьɡɨɜɚɧɚ ɨɫɟɫɢɦɦɟɬɪɢɱɧɚя ɦɨɞɟɥь ɢ ɩɪɟɞɩɨɥɚɝɚɥɨɫь, ɱɬɨ ɨɫь 
ɫɢɦɦɟɬɪɢɢ ɩɪɨɯɨɞɢɬ ɩɨ ɜɟɪɬɢɤɚɥьɧɨɣ ɫɤɜɚɠɢɧɟ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɨɫɭщɟɫɬɜɥяɟɬɫя 
ɨɬɤɚɱɤɚ ɝɚɡɚ. ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢя ɪɚɫɩɪɟɞɟɥɟɧɢя ɞɚɜɥɟɧɢя ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬь 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɝɚɡɚ ( , , )r z t   , ɢɡɦɟɧɟɧɢя ɩɨɪɢɫɬɨɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ 
ɮɨɪɦɚɰɢɢ 

f  ɜ ɥɸɛɨɣ ɬɨɱɤɟ. Ⱦɥя ɚɧɚɥɢɡɚ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢя 
ɭɩɥɨɬɧɟɧɢя ɩɪɨɞɭɤɬɢɜɧɨɝɨ ɫɥɨя ɜɜɟɞɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɫɟɞɚɧɢяμ  

)/),(1(/)),(( 00 oos mtrmmHtrHHC  , 

ɝɞɟ 
0 constH   – ɧɚɱɚɥьɧɚя ɦɨщɧɨɫɬь ɩɪɨɞɭɤɬɢɜɧɨɝɨ ɫɥɨя. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ 

ɦɚɤɫɢɦɚɥьɧɨɟ ɭɩɥɨɬɧɟɧɢɟ ɢ ɩɪɨɫɟɞɚɧɢɟ ɞɨɫɬɢɝɚɟɬɫя ɩɪɢ brr  : 

)exp(1( pamC mos   

Ⱦɥя ɦɨɞɟɥɢɪɨɜɚɧɢя ɦɵ ɢɫɩɨɥьɡɨɜɚɥɢ ɩɚɪɚɦɟɬɪɵ ɫ ɦɟɫɬɨɪɨɠɞɟɧɢя 
«AЛЪКТЪ», ɋɚɭɞɨɜɫɤɚя Ⱥɪɚɜɢяμ ɩɥɚɫɬɨɜɨɟ ɞɚɜɥɟɧɢɟ 0 218 (3200 )p аɬм psi , 

40p аɬм   – ɪɚɛɨɱɚя ɞɟɩɪɟɫɫɢя ɧɚ ɫɤɜɚɠɢɧɟ, ɩɨɪɢɫɬɨɫɬь 0 20%  , ɩɥɨɬɧɨɫɬь 
ɝɚɡɚ 30.141g г ɫм   ɢ ɦɨщɧɨɫɬь 0 100H m .  
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Ⱦɥя ɭɩɪɨщɟɧɢя ɚɧɚɥɢɡɚ ɩɪɟɞɩɨɥɚɝɚɥɨɫь, ɱɬɨ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢя 
ɩɪɨɜɨɞɢɥɢɫь ɜ ɬɨɣ ɠɟ ɞɨɛɵɜɚɸщɟɣ ɫɤɜɚɠɢɧɟ. 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɨɤɚɡɚɧɵ ɪɟɡɭɥьɬɚɬɵ ɪɚɫɱɟɬɨɜ ɢɡɦɟɧɟɧɢя ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ 
ɩɨɥя ɜ ɫɤɜɚɠɢɧɟ ɞɥя ɩɪɨɞɨɥɠɢɬɟɥьɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 10 ɥɟɬ. ɂɡɦɟɧɟɧɢя 
ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥя ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɞɥя ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ ɩɥɨɬɧɨɫɬɢ 
ɜɦɟщɚɸщɢɯ ɩɨɪɨɞ (ɨɤɪɭɠɚɸщɢɯ ɩɨɪɨɞ, ɥɟɠɚщɢɯ ɜɧɟ ɩɪɨɞɭɤɬɢɜɧɨɝɨ ɩɥɚɫɬɚ)μ 
ɞɥя ɩɨɜɵɲɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ (2.4 ɝ/ɫɦ3, ɫɩɥɨɲɧɚя ɤɪɢɜɚя ɧɚ ɪɢɫ. 2, ɞ) ɢ ɞɥя 
ɩɥɨɬɧɨɫɬɢ ɜɦɟщɚɸщɢɯ ɩɨɪɨɞ, ɪɚɜɧɨɣ ɩɥɨɬɧɨɫɬɢ ɩɨɪɨɞ ɪɟɡɟɪɜɭɚɪɚ ɞɨ ɧɚɱɚɥɚ 
ɷɤɫɩɥɭɚɬɚɰɢɢ (2.228 ɝ/ɫɦ3, ɩɭɧɤɬɢɪɧɚя ɤɪɢɜɚя ɧɚ ɪɢɫ. 2, ɞ). ɂɡ ɝɪɚɮɢɤɨɜ ɜɢɞɧɨ, 
ɱɬɨ ɜɥɢяɧɢɟ ɩɥɨɬɧɨɫɬɢ ɜɦɟщɚɸщɢɯ ɩɨɪɨɞ ɧɟɜɟɥɢɤɨ ɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 3 µГɥ. 
Ɋɚɡɥɢɱɢɟ ɜ ɢɡɦɟɧɟɧɢяɯ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥя ɨɛɭɫɥɨɜɥɟɧɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɟɦ 
ɪɟɡɟɪɜɭɚɪɚ. Ɇɚɥɚя ɜɟɥɢɱɢɧɚ ɪɚɡɥɢɱɢя ɝɨɜɨɪɢɬ ɨ ɫɥɚɛɨɦ ɜɥɢяɧɢɢ ɝɟɨɦɟɬɪɢɢ 
ɪɟɡɟɪɜɭɚɪɚ ɩɪɢ ɭɦɟɪɟɧɧɵɯ (ɞɨ 1 ɦ) ɟɝɨ ɞɟɮɨɪɦɚɰɢяɯ.  

Оɫɧɨɜɧɨɣ ɪɟɡɭɥьɬɚɬ ɦɨɞɟɥɢɪɨɜɚɧɢя – ɨɩɪɟɞɟɥɟɧɢɟ ɜɨɡɦɨɠɧɨɣ ɚɦɩɥɢɬɭɞɵ 
ɢɡɦɟɧɟɧɢя ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥя. Кɚɤ ɜɢɞɢɦ, ɞɥя 10 ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɧɚ 
ɦɨɠɟɬ ɫɨɫɬɚɜɥяɬь ±1λ.4 µГɥ, ɱɬɨ ɨɡɧɚɱɚɟɬ ɩɨɥɧɭɸ ɚɦɩɥɢɬɭɞɭ ɢɡɦɟɧɟɧɢя 
ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥя ɜɞɨɥь ɫɤɜɚɠɢɧɵ з3λ µГɥ. Эɬɨ ɢɡɦɟɧɟɧɢɟ ɦɨɠɟɬ ɛɵɬь 
ɭɜɟɪɟɧɧɨ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ ɫɨɜɪɟɦɟɧɧɵɦɢ ɫɤɜɚɠɢɧɧɵɦɢ ɝɪɚɜɢɦɟɬɪɚɦɢ ɩɪɢ 
ɩɨɜɬɨɪɧɵɯ ɢɡɦɟɪɟɧɢяɯ, ɩɨɫɤɨɥьɤɭ ɩɚɫɩɨɪɬɧɚя ɩɨɜɬɨɪяɟɦɨɫɬь ɢɡɦɟɪɟɧɢɣ ɞɥя 
ɪɟɠɢɦɚ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɧɟ ɯɭɠɟ 7 µГɥ. 

 

 

Ɋɢɫ. 2. Ɇɨɞɟɥь ɪɟɡɟɪɜɭɚɪɚ ɢ ɢɡɦɟɧɟɧɢя ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥя ɩɨɫɥɟ 10 ɥɟɬ 
ɷɤɫɩɥɭɚɬɚɰɢɢμ ɚ) ɢ ɜ) – ɝɟɨɦɟɬɪɢя ɝɪɚɧɢɰ ɪɟɡɟɪɜɭɚɪɚ; ɛ) ɢ ɝ) – ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ 
ɪɚɞɢɭɫɭ ɩɥɨɬɧɨɫɬɢ ɪɟɡɟɪɜɭɚɪɚ; ɞ – ɢɡɦɟɧɟɧɢɟ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥя ɜ ɫɤɜɚɠɢɧɟ 

ɩɨ ɜɟɪɬɢɤɚɥɢ 
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