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Ɋɚɫɫɱɢɬɚɧ ɢ ɝɪɚɮɢɱɟɫɤɢ ɩɨɫɬɪɨɟɧ ɪɹɞ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 
ɞɥɹ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɜ ɯɪɭɩɤɢɯ 
ɦɚɬɟɪɢɚɥɚɯ. Ɉɩɪɟɞɟɥɟɧɵ ɤɢɧɟɬɢɱɟɫɤɢɟ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ, 

ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɩɨɬɟɪɟɣ ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɪɟɳɢɧ ɜ 
ɦɚɥɵɯ ɨɛɴɟɦɚɯ. 
 

 

Ɋɚɡɪɭɲɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɩɨɥɢɦɟɪɨɜ, ɹɜɥɹɟɬɫɹ ɫɥɭ-
ɱɚɣɧɵɦ ɩɪɨɰɟɫɫɨɦ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɜ ɨɫɧɨɜɧɨɦ ɞɜɭɦɹ ɮɚɤɬɨɪɚɦɢ: 1) 

ɫɥɭɱɚɣɧɵɦ ɯɚɪɚɤɬɟɪɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɡɪɭɲɚɸɳɢɯ ɦɚɬɟɪɢɚɥ ɬɪɟɳɢɧ, 

ɢ 2) ɫɥɭɱɚɣɧɵɦ ɩɪɨɰɟɫɫɨɦ ɢɯ ɪɚɡɜɢɬɢɹ ɜ ɦɚɬɟɪɢɚɥɟ. 
ȼ ɪɚɦɤɚɯ ɫɬɪɭɤɬɭɪɧɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɪɚɡɪɭ-

ɲɟɧɢɹ ɩɨɥɢɦɟɪɨɜ (Ʉɚɪɬɚɲɨɜ ɢ ɞɪ., 2002) ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɫɥɟɞɭɸɳɟɟ 
ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɞɨɥɝɨɜɟɱɧɨɫɬɢ: 

( ) ( ) ( )
1

, ,
k

G

n

i i i

i n

t P l V l tϕ ϕ
−

=

= ∑ . (1) 

ȼ ɞɚɧɧɨɣ ɮɨɪɦɭɥɟ: Gn  — ɧɨɦɟɪ ɬɪɟɳɢɧɵ ɫ Ƚɪɢɮɮɢɬɨɜɵɦ ɪɚɡɦɟ-
ɪɨɦ; 1kn −  — ɧɨɦɟɪ ɬɪɟɳɢɧɵ ɫ ɩɪɟɞɤɪɢɬɢɱɟɫɤɢɦ ɪɚɡɦɟɪɨɦ; ( ),i il tϕ  — 

ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ ɡɧɚɱɟɧɢɣ ɞɨɥɝɨɜɟɱɧɨɫɬɢ, ɩɪɢɱɟɦ: 

( ) ( ) ( )1 1, ,i i i k kl t P l t lϕ ω− + −= , (2) 

( )lω+  — ɱɚɫɬɨɬɚ ɪɚɡɪɵɜɚ ɫɜɹɡɟɣ ɜ ɜɟɪɲɢɧɟ ɬɪɟɳɢɧɵ ɞɥɢɧɵ l , ɪɚɜɧɚɹ: 

( ) ( ) ( ){ }exp /al U V l kTω ν χσ+ = − − , (3) 

ν  — ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ ɤɢɧɟɬɢɱɟɫɤɢɯ ɟɞɢɧɢɰ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɷɥɟɦɟɧɬɚɪ-
ɧɨɦ ɚɤɬɟ ɪɚɡɪɵɜɚ ɫɜɹɡɟɣ, Ƚɰ; U  — ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɚɤɬɚ 
ɪɚɡɪɵɜɚ ɫɜɹɡɟɣ ɩɪɢ 0σ = , Ⱦɠ; aV  — ɮɥɭɤɬɭɚɰɢɨɧɧɵɣ ɨɛɴɟɦ, ɦ3

; χ  — 

ɩɚɪɚɦɟɬɪ, ɭɱɢɬɵɜɚɸɳɢɣ ɬɢɩ ɬɪɟɳɢɧɵ; σ  — ɪɚɫɬɹɝɢɜɚɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ, 
ɇ/ɦ2

; k  — ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚ, 231.380662(44) 10−⋅  Ⱦɠ/Ʉ; T  — ɚɛɫɨ-
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ɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ; ( )1,i kP l t−  — ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɞɥɢɧɚ ɬɪɟɳɢɧɵ 

ɧɚɱɚɥɶɧɨɣ ɞɥɢɧɵ il  ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t  ɛɭɞɟɬ ɪɚɜɧɨɣ 1k kl l λ− = − , ɝɞɟ kl  

— ɤɪɢɬɢɱɟɫɤɚɹ ɞɥɢɧɚ ɬɪɟɳɢɧɵ, λ  — ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɟ ɪɚɫɫɬɨɹɧɢɟ; 
( ),iP l V  — ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɚɹ ɬɪɟɳɢɧɚ ɜ ɦɚɬɟɪɢɚɥɟ ɢɦɟɟɬ 

ɞɥɢɧɭ il . ɗɬɚ ɜɟɪɨɹɬɧɨɫɬɶ ɪɚɜɧɚ ɫɥɟɞɭɸɳɟɦɭ ɩɪɨɢɡɜɟɞɟɧɢɸ: 

( ) ( )( )( ) ( )
1

, 1 exp , exp ,
n

i i k

k i

P l V N l V N l V
= +

⎛ ⎞
= − − −⎜ ⎟

⎝ ⎠
∑ , (4) 

ɜ ɤɨɬɨɪɨɦ ( ),iN l V  — ɫɪɟɞɧɟɟ ɱɢɫɥɨ ɬɪɟɳɢɧ ɞɥɢɧɵ il  ɜ ɦɚɬɟɪɢɚɥɟ ɨɛɴɟɦɚ V. 

Ɏɭɧɤɰɢɹ ( )1,i kP l t−  ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɱɚɫɬɨɬɚɦɢ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɜɹɡɟɣ ( )lω− , ɧɚɯɨɞɹɬ ɢɡ ɪɟɲɟɧɢɹ ɫɥɟɞɭɸɳɟɣ ɫɢɫɬɟɦɵ 

ɭɪɚɜɧɟɧɢɣ: 

( ) ( ) ( ) ( ) ( )
{ }
( ) ( ) ( )

( )

( )

1

, / 1 1, , ,

1, 2, ..., , 0;

, / , , 0;

, 0, 0;

1, ;
,0

0, .i

i i i

i i k

i i i i i

i k

i

i ll

i

dP l t dt l P l t l P l t

l l l l t

dP l t dt l P l t t

P l t t

l l
P l

l l

ω ω

ω

δ

+ +

−

+

= − − −⎧
⎪

∈ + + >⎪
⎪ = − >⎪
⎨

= ≥⎪
⎪ =⎡⎪ = = ⎢⎪ ≠⎣⎩

 (5) 

Ȼɵɥɚ ɧɚɣɞɟɧɚ ɮɭɧɤɰɢɹ ( )1,i kP l t−  ɧɚ ɨɫɧɨɜɟ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜ-
ɧɟɧɢɣ (5). Ɉɧɚ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

( ) ( ) ( )
11

1

1

1
,

1 1 ,

0 0,

, 1
k ik i

k i i i i

k i

l ll l
l l l l t l

i k l l j j m

j m m j

P l t E R
−−

−

−

−−
−−

− − −
= = ≠

= − Π ∑ ∏ , (6) 

ȼ ɞɚɧɧɨɣ ɮɨɪɦɭɥɟ ɜɜɟɞɟɧɵ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: 
( ) ( ) ( ), ,

il

m n i m n i iR l R l m l nω ω+ += = + − + , (7) 

( ) ( )( ),
, expil t

m i m iE l t E l m tω+= = − + , (8) 

( ) ( )
0

i

m
l

m i m i

n

l l nω+
=

Π = Π = +∏ . (9) 

Ȼɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ ɩɨɫɬɪɨɟɧɢɟ ɮɭɧɤɰɢɣ 

( ) ( ) ( ), , ,i j i i i il t P l j t l jϕ ω+= + + , ɞɥɹ ɤɨɬɨɪɵɯ ɫɩɪɚɜɟɞɥɢɜɨ ɪɚɜɟɧɫɬɜɨ 

Осипов Р. А., Шевелев В. В. — МКО – 2009, т. 2, стр. 78–84
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( ) ( )
1, , ,

k ii l l i i il t l tϕ ϕ
− − =  (ɢɯ ɱɚɫɬɶ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫ. 1). ɉɪɢ ɷɬɨɦ ɨɬɦɟɱɟɧ 

ɢɧɬɟɪɟɫɧɵɣ ɷɮɮɟɤɬ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɬɨɦ, ɱɬɨ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 

ɮɭɧɤɰɢɹɦɢ ( ),i j tϕ , ɨɩɪɟɞɟɥɟɧɧɨɟ ɜ ɫɦɵɫɥɟ ɫɥɟɞɭɸɳɟɝɨ ɢɧɬɟɝɪɚɥɚ: 

( ) ( )( ) ( ) ( ), , , ,

0

,i j i q i j i qt t t t dtρ ϕ ϕ ϕ ϕ
+∞

= −∫ , (10) 

ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ ɩɪɢ ɜɨɡɪɚɫɬɚɧɢɢ j  ɢ q  (ɱɬɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɢɞɧɨ 
ɢɡ ɪɢɫɭɧɤɚ). Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɨɛɟɡɪɚɡɦɟɪɟɧɧɨɣ ɡɚɞɚɱɢ (5) 

( § ( ) ( ) ( )/ il l lω ω ω+ + += , ( )it l tω+=# ) ɜɵɩɨɥɧɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟ: 

( ) ( ) ( )( ) ( )
1

1 1

,ln 2 ln , , , 1i i i i s is l l t l t e eδ δδ ε δ ε ρ ϕ ϕ ε
−− −≥ − ⇒ < −# # , (11)  

ɝɞɟ ( )/aV kTδ χσ= . ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɡɚɦɟɧɹɬɶ ɜ ɮɨɪɦɭɥɟ (2) 

( ) ( ),i i st tϕ ϕ= , ɱɬɨ ɫɩɨɫɨɛɧɨ ɫɨɤɪɚɬɢɬɶ ɨɛɴɟɦ ɪɚɫɱɟɬɨɜ ɩɨɱɬɢ ɧɚ ɩɨɪɹ-
ɞɨɤ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦ, ɬɚɤ ɤɚɤ ɞɚɥɟɟ ɷɬɢ ɮɭɧɤɰɢɢ ɢɫɩɨɥɶɡɭ-

ɸɬɫɹ ɦɧɨɝɨɤɪɚɬɧɨ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɮɭɧɤɰɢɢ ( )tϕ  ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɨɛɪɚ-
ɛɨɬɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. 

 

 
Ɋɢɫ. 1. Ɏɭɧɤɰɢɢ ( ), ,i j il tϕ  ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɡɧɚɱɟɧɢɢ i  ɢ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɹɯ 

j i q= + . 
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Ⱦɚɧɧɵɣ ɷɮɮɟɤɬ ɫɜɹɡɚɧ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫ ɬɟɦ, ɱɬɨ ɧɚɱɢɧɚɹ ɫ ɧɟɤɨɬɨ-
ɪɨɝɨ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɧɨɦɟɪɚ s  ɜɪɟɦɹ ɪɚɡɜɢɬɢɹ ɬɪɟɳɢɧɵ ɢɡ ɫɨɫɬɨɹɧɢɹ il  

ɞɨ ɫɨɫɬɨɹɧɢɣ 1kl −  ɢ il s+  ɤɪɚɣɧɟ ɛɥɢɡɤɢ ɩɨ ɫɜɨɟɣ ɜɟɥɢɱɢɧɟ. 
ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ( ),i il tϕ  ɷɬɨ ɤɪɢɜɚɹ ɫ ɦɚɤ-

ɫɢɦɭɦɨɦ, ɤɨɬɨɪɵɣ ɩɪɢɦɟɪɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɪɟɞɧɟɣ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɦɚ-
ɬɟɪɢɚɥɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɬɨɥɶɤɨ ɨɞɧɭ ɬɪɟɳɢɧɭ ɞɥɢɧɵ il . 

Ƚɨɪɚɡɞɨ ɫɥɨɠɧɟɟ ɩɨɫɬɪɨɢɬɶ ɮɭɧɤɰɢɸ ( ),iP l V , ɬɚɤ ɤɚɤ ɜɟɥɢɱɢɧɭ 

( ),iN l V  ɬɪɭɞɧɨ ɧɚɣɬɢ ɢɡ-ɡɚ ɫɥɨɠɧɨɫɬɢ ɭɫɬɚɧɨɜɥɟɧɢɹ ɤɪɢɬɟɪɢɟɜ, ɤɨɬɨ-
ɪɵɟ ɦɨɠɧɨ ɩɨɥɨɠɢɬɶ ɜ ɨɫɧɨɜɭ ɟɟ ɨɩɪɟɞɟɥɟɧɢɹ. 

ɂɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ (ɞɥɹ ɩɨɥɢɦɟɬɢɥɦɟɬɚɤɪɢɥɚɬɚ) ɢɡ-
ɜɟɫɬɧɨ, ɱɬɨ: 

1) 33 10
V

V
ζ −Δ

= = ⋅  — ɨɬɧɨɲɟɧɢɟ 0V V VΔ = −  ɤ V , ɜ ɤɨɬɨɪɨɦ 

0 0m V Vρ ρ= = , ɝɞɟ m  — ɦɚɫɫɚ ɨɛɪɚɡɰɚ, 0V  ɢ 0ρ  — ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɛɴ-

ɟɦ ɢ ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɛɟɡ ɬɪɟɳɢɧ, V  ɢ ρ  — ɨɛɴɟɦ ɢ ɩɥɨɬɧɨɫɬɶ ɪɟ-
ɚɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɚ; 

2) 1700Al =
c

 — ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɬɪɟɳɢɧɵ; 

3) 800Ah =
c

 — ɫɪɟɞɧɹɹ ɲɢɪɢɧɚ ɬɪɟɳɢɧɵ, 

4) 18

0 4 10n −= ⋅  ɦ3
 — ɨɛɴɟɦ, ɩɪɢɯɨɞɹɳɢɣɫɹ ɧɚ ɨɞɧɭ ɬɪɟɳɢɧɭ, 

5) 1142 10λ −= ⋅  ɦ — ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɟ ɪɚɫɫɬɨɹɧɢɟ. 
ɉɪɟɞɩɨɥɨɠɢɜ, ɱɬɨ ɧɚɦ ɢɡɜɟɫɬɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɪɟɳɢɧ ɜ ɦɚɬɟɪɢɚ-

ɥɟ ɛɟɫɤɨɧɟɱɧɨɝɨ ɨɛɴɟɦɚ ( ),N l ∞ , ɢɦɟɸɳɟɟ ɜɢɞ: 

( ) ( ), exp /N l l l∞ = Α − , (12) 

ɮɭɧɤɰɢɹ ɤɨɥɢɱɟɫɬɜɚ ɬɪɟɳɢɧ ɩɨ ɞɥɢɧɚɦ ɜ ɨɛɴɟɦɟ 0V  ɢɫɤɚɥɚɫɶ ɜ ɜɢɞɟ: 

( ) ( ) ( )0 0, ,ò ðN l V N V N lϕ= ∞ , (13) 

ɝɞɟ Α  — ɛɟɡɪɚɡɦɟɪɧɚɹ ɩɨɫɬɨɹɧɧɚɹ, l  — ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɬɪɟɳɢɧɵ 

( sl n λ= ). 

Ȼɵɥɨ ɩɨɥɭɱɟɧɨ, ɱɬɨ ( )1exp 1sn−Α = − , ɚ ɫɚɦɚ ɮɭɧɤɰɢɹ ( )0,N l V  ɢɦɟ-
ɟɬ ɫɥɟɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ: 
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( ) ( )0 0, exp /k sN l V V k n= Ω − , (14) 

ɜ ɤɨɬɨɪɨɦ 3
0 /Vµ λ⎡ ⎤= ⎣ ⎦ , ( )

( )
( )

1 2 1 exp 1/ 1
1

1 exp /

s

s

n
l h

n
ζ ζ

µ

− − − −
Ω = −

− −
, [ ]x  — ɰɟ-

ɥɚɹ ɱɚɫɬɶ ɱɢɫɥɚ x . 

Ɏɭɧɤɰɢɢ ( )0,iN l V  ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɨɛɴɟ-
ɦɚ 0V , ɢɯ ɦɨɠɧɨ ɩɨɫɦɨɬɪɟɬɶ ɧɚ ɪɢɫ. 2. 

 
Ɋɢɫ. 2. Ɏɭɧɤɰɢɹ ( )0,iN l V  ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ 0V . 

 

Ɏɭɧɤɰɢɢ ( )0,iP l V  ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ il , 0V , 

σ  (ɫɦ. ɪɢɫ. 3). 

Ȼɵɥɨ ɡɚɦɟɱɟɧɨ, ɱɬɨ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɨɛɴɟɦɚ ɨɛɪɚɡɰɚ 0V  ɦɚɤɫɢɦɭɦ 

ɮɭɧɤɰɢɢ ( )0,iP l V  ɫɦɟɳɚɟɬɫɹ ɜ ɫɬɨɪɨɧɭ ɦɟɧɶɲɢɯ ɡɧɚɱɟɧɢɣ il , ɱɬɨ ɫɜɢɞɟ-
ɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɬɪɟɳɢɧ ɫ ɛɨɥɶɲɢɦɢ ɞɥɢɧɚɦɢ ɩɪɢ 

ɭɦɟɧɶɲɟɧɢɢ ɨɛɴɟɦɚ ɨɛɪɚɡɰɚ ɭɦɟɧɶɲɚɟɬɫɹ. Ⱦɨ ɡɧɚɱɟɧɢɹ ɩɨɪɹɞɤɚ 610−  ɦ3
 

ɧɚɛɥɸɞɚɟɬɫɹ ɪɨɫɬ ɦɚɤɫɢɦɭɦɚ ɮɭɧɤɰɢɢ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɣɫɹ ɦɟɞɥɟɧɧɵɦ 

Раздел 5. Математическая теория и вычислительные методы

Part 5. Mathematical Theories and Calculation Methods

82



ɫɦɟɳɟɧɢɟɦ ɜ ɫɬɨɪɨɧɭ ɦɟɧɶɲɢɯ ɞɥɢɧ il , ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɩɨɪɹɞɤɚ 

0V < 610− ɦ3
 ɪɨɫɬ ɦɚɤɫɢɦɭɦɚ ɩɪɚɤɬɢɱɟɫɤɢ ɩɪɟɤɪɚɳɚɟɬɫɹ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ 

ɷɬɢɦ ɭɤɚɡɚɧɧɨɟ ɟɝɨ ɫɦɟɳɟɧɢɟ ɫɢɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɫɜɨɸ ɫɤɨɪɨɫɬɶ. ɗɬɨ 
ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ ɫɬɨɥɶ ɦɚɥɵɯ ɨɛɴɟɦɚɯ ɬɪɟɳɢɧɵ ɛɨɥɶɲɢɯ ɪɚɡɦɟɪɨɜ 
ɩɪɚɤɬɢɱɟɫɤɢ ɩɟɪɟɫɬɚɸɬ ɜɫɬɪɟɱɚɬɶɫɹ ɜ ɨɛɪɚɡɰɟ. 

 
Ɋɢɫ. 3. Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ ( )0,iP l V  ɩɪɢ 12

0 10V −=  ɦ3 ɩɪɢ [ ]689,709i ∈ . 

 

 
Ɋɢɫ. 4. Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ ( )tϕ  ɩɪɢ ɪɚɡɥɢɱɧɨɦ ɡɧɚɱɟɧɢɢ ɪɚɫɬɹɝɢɜɚɸɳɟɝɨ ɧɚ-

ɩɪɹɠɟɧɢɹ σ  ɩɪɢ ɩɨɫɬɨɹɧɧɵɯ l  ɢ h . 

 

Ɏɭɧɤɰɢɢ ( )0,iP l V  ɩɨɡɜɨɥɹɸɬ ɧɟ ɬɨɥɶɤɨ ɧɚɣɬɢ ɱɢɫɥɨɜɵɟ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ, ɧɨ ɢ ɱɢɫɥɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɬɚɤ ɧɚɡɵɜɚɟɦɨ-
ɝɨ ɛɟɡɨɩɚɫɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɟɦ ɫɚɦɵɦ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɪɨɝɧɨɡ ɞɨɥɝɨ-
ɜɟɱɧɨɫɬɢ ɢ ɩɪɨɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ, ɨɩɢɪɚɹɫɶ ɩɪɢ ɷɬɨɦ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɟ ɞɚɧɧɵɟ ɩɨ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɞɟɮɟɤɬɨɜ, ɩɨɪɨɠɞɚɸɳɢɯ ɬɪɟɳɢɧɵ ɜ ɦɚ-
ɬɟɪɢɚɥɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɡ ɢɯ ɪɚɫɫɦɨɬɪɟɧɢɹ ɫɥɟɞɭɟɬ ɭɜɟɥɢɱɟɧɢɟ ɫɪɟɞɧɟɣ 

ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɞɚɧɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɫ ɭɦɟɧɶɲɟɧɢɟ ɨɛɴɟɦɚ 
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ɦɚɬɟɪɢɚɥɚ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ ɷɬɨɦ ɭɦɟɧɶɲɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ 
ɬɪɟɳɢɧ ɫ ɛɨɥɶɲɢɦɢ, ɛɥɢɡɤɢɦɢ ɤ kl , ɪɚɡɦɟɪɚɦɢ. 

Ƚɪɚɮɢɤɢ ɮɭɧɤɰɢɢ ( )tϕ  ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ (ɫɦ. ɪɢɫ. 4) ɜ ɛɟɡɪɚɡɦɟɪɧɵɯ 

ɤɨɨɪɞɢɧɚɬɚɯ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ σ , l , h  ɬɪɟɳɢɧɵ ɜ ɦɚɬɟɪɢɚɥɟ, ɚ 
ɬɚɤɠɟ ɨɛɴɟɦɚ 0V  ɦɚɬɟɪɢɚɥɚ. Ɉɧɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɧɚ-
ɛɥɸɞɚɟɦɵɦ ɹɜɥɟɧɢɹɦ ɢ ɩɨɞɬɜɟɪɠɞɚɸɬ ɫɩɪɚɜɟɞɥɢɜɨɫɬɶ ɞɚɧɧɨɣ ɬɟɨɪɢɢ. 
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A number of functional dependencies for density function of durability in fra-

gile materials was calculated and plotted. Kinetic and statistical effects 

caused by loss of representativeness of splits distribution in small volumes 

were identified. 
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