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Äàíî îáîáùåíèå çàäà÷è Ëàìå, ó÷èòûâàþùåå ñíèæåíèå äàâëåíèÿ ãàçîâ â ïîëîñòè çà 
ñ÷åò ïåðåìåùåíèÿ åё ñòåíîê, è ïîëó÷åíî åё ðåøåíèå. Äàííîå ðåøåíèå ïðèìåíåíî 
äëÿ îïðåäåëåíèÿ íàïðÿæåííîãî ñîñòîÿíèÿ óïðóãîé ñðåäû ïðè âçðûâå êàìóôëåòíî-
ãî çàðÿäà 
Êëþ÷åâûå ñëîâà: ïåðåìåùåíèå, íàïðÿæåíèå, äåôîðìàöèè, óïðóãàÿ ñðåäà. 

 

 
 
A.V. Dugartsirenov, V.A. Belin, G.M. Krukov, P.A Vaver 
THE GENERALIZATION OF THE LAME’S EQUATION AND ITS APPLICATION 

IN ROCK BLASTING 
The paper presents a generalization of the Lame’s equation that accounts for the decrease of 

gas pressure in a vesicle by the dislocation of its walls and proposes a solution of the equation. 
This solution has been applied to determine the stress state of an elastic medium near an 
exploding charge. 
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ðè îöåíêå íàïðÿæåííîãî ñîñòîÿíèÿ òâåðäîé óïðóãîé ñðåäû ñî ñôåðè-
÷åñêîé èëè öèëèíäðè÷åñêîé ïîëîñòÿìè, íàãðóæåííûìè ïî èõ ãðàíèöå 

äàâëåíèåì, ÷àñòî èñïîëüçóþò ñòàòè÷åñêîå ðåøåíèå Ëàìå, ïîëó÷åííîå äëÿ ñëó-
÷àÿ ïîñòîÿííîãî äàâëåíèÿ 0p  [1]. Íàïðèìåð, ýòî ðåøåíèå èñïîëüçóåòñÿ äëÿ 
îöåíêè íàïðÿæåíèé â ñðåäå ïðè âçðûâå â íåé ñîñðåäîòî÷åííîãî è öèëèíäðè-
÷åñêîãî çàðÿäîâ [2]. Îäíàêî ïðè âçðûâå çàðÿäà ÂÂ äàâëåíèå ïðîäóêòîâ äåòî-
íàöèè óìåíüøàåòñÿ âñëåäñòâèå ðàñøèðåíèÿ ïîëîñòè çà ñ÷åò ïåðåìåùåíèÿ åå 
ãðàíèöû è â ñîñòîÿíèè ðàâíîâåñèÿ äîñòèãàåò íåêîòîðîãî çíà÷åíèÿ *

0 0p p< . Ïî-

ýòîìó äåéñòâèòåëüíûå çíà÷åíèÿ ïåðåìåùåíèÿ *
ru , íàïðÿæåíèé * * *, ,r ϕ ψσ σ σ  è äå-

ôîðìàöèé * *, ,r ϕε ε  *
ψε  (îáîçíà÷åíû ñâåðõó çâåçäî÷êîé) áóäóò ìåíüøå âåëè÷èí, 

ïîëó÷åííûõ ïî ôîðìóëàì Ëàìå [3]. Ó÷åò ñíèæåíèÿ äàâëåíèÿ â çàðÿäíîé ïî-
ëîñòè ïðîâåäåì ïðåäâàðèòåëüíî äëÿ ñôåðè÷åñêîé ïîëîñòè.  

Ðàññìîòðèì íåîãðàíè÷åííóþ óïðóãóþ èçîòðîïíóþ ñðåäó ñî ñôåðè÷åñêîé 
ïîëîñòüþ ðàäèóñà 0r . Íà÷àëî ñôåðè÷åñêîé ñèñòåìû êîîðäèíàò ñîâìåñòèì ñ 
öåíòðîì ïîëîñòè. 

Ïåðåìåùåíèå ru  â óñëîâèÿõ ñôåðè÷åñêîé ñèììåòðèè íàïðàâëåíî âäîëü ðà-
äèóñà r  è çàâèñèò òîëüêî îò ðàäèàëüíîé êîîðäèíàòû r  òî÷êè:  

( )r r
ru u r
r

= ⋅ ,                        (1) 

Ï 
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Çäåñü 
r
r

 - åäèíè÷íûé âåêòîð, íàïðàâëåííûé âäîëü ðàäèóñà r . 

Òîãäà 0rrot u =  è óðàâíåíèå ðàâíîâåñèÿ 2(1 ) (1 2 ) 0grad divu rot rot uν ν− − − =   
ïðèâîäèòñÿ ê âèäó: 

2(1 ) 0 3r rgrad div u div u const aν− = ⇔ = ≡ , 

ãäå a  - íåêîòîðàÿ ïîñòîÿííàÿ. 
Äàëåå 

( )r r r
r

u r u udiv u div r div r r grad
r r r

⎛ ⎞= = + ⋅⎜ ⎟
⎝ ⎠

. 

Ñ ó÷åòîì òîãî, ÷òî 

3x y zdiv r
x y z
∂ ∂ ∂

= + + =
∂ ∂ ∂

  è 

2

1 1 1 1 1
r r r r r

r rgrad u u grad grad u u u
r r r r r r r

⎛ ⎞ ′= ⋅ + = − ⋅ ⋅ + ⋅ ⋅⎜ ⎟
⎝ ⎠

, 

íàõîäèì 

2 3 2

1 1 13 3r r r
r r r

u u ur rdiv u r u u r r u r r
r r r r r r r r

⎡ ⎤⎛ ⎞ ′ ′= + − ⋅ + ⋅ ⋅ = − ⋅ + ⋅ ⋅ ⋅ =⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦
 

2
2

2 2

( )1 13 2 ( 2 )r r r r
r r r r

u u u d r uu u u r r u
r r r r r dr

′ ′ ′= − + = + = + = ⋅ ⇔  

2
2 2

2

( )1 3 ( ) 3r
r

d r u a d r u a r dr
r dr

⇔ ⋅ = ⇔ = ⇔  

3
2 2 2

23 3
3r r r
r br u a r dr r u a b u ar

r
⇔ = ⇔ = + ⇔ = +∫ . 

Èç óñëîâèÿ îãðàíè÷åííîñòè ïåðåìåùåíèÿ íà áåñêîíå÷íîñòè (ïðè r →∞ ) íà-
õîäèì, ÷òî 0a = . Òîãäà 

2r
bu
r

= .              (2) 

Ïîñêîëüêó ïåðåìåùåíèÿ òî÷åê ñðåäû ïðîèñõîäÿò òîëüêî âäîëü ðàäèóñà, òî 
ïîëÿðíûå è àçèìóòàëüíûå ïåðåìåùåíèÿ è èõ ïðîèçâîäíûå ðàâíû íóëþ, ò.å. 

0, 0, 0, 0
u u

u u ϕ ψ
ϕ ψ ϕ ψ

∂ ∂
= = = =

∂ ∂
.                      (3) 

Âûðàçèì êîìïîíåíòû äåôîðìàöèè ÷åðåç êîìïîíåíòû ïåðåìåùåíèÿ 

ru , uϕ , uψ  è èõ ïðîèçâîäíûå: 

r
r

u
r

ε
∂

=
∂

;              (4) 

1 r r
u u u

r r r
ϕ

ϕε ϕ
∂

= + =
∂

;             (5) 

1
sin

r r
u u u uctg

r r r r
ψ ψ

ψε ψ
ψ ψ

∂
= + + =

∂
.                     (6) 

Ïî çàêîíó Ãóêà ðàäèàëüíîå íàïðÿæåíèå â ñôåðè÷åñêèõ êîîðäèíàòàõ ðàâíî 
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2r rGσ λθ ε= + ,              (7) 

ãäå r ϕ ψθ ε ε ε= + +  - îáúåìíîå ðàñøèðåíèå; 
2

1 2
Gνλ
ν

=
−

 - ïîñòîÿííàÿ Ëàìå; ν  - 

êîýôôèöèåíò Ïóàññîíà; 
2(1 )

EG
ν

=
+

 - ìîäóëü ñäâèãà; E  - ìîäóëü óïðóãîñòè 

ñðåäû. Ïðåäñòàâèì ðàäèàëüíîå íàïðÿæåíèå êàê ôóíêöèþ ïåðåìåùåíèÿ: 

( )2 ( ) 2 2 2 2 2r r r r r
r r r r

u u u u uG G G G
r r r r rϕ ψσ λθ ε λ ε ε ε ε λ λ λ

⎛ ⎞∂ ∂ ∂
= + = + + + = + + = + + =⎜ ⎟∂ ∂ ∂⎝ ⎠
2 2 22 2 2 1

1 2 1 2 1 2 1 2
r r r ru u u uG GG G

r r r r
ν ν ν ν
ν ν ν ν

⎡ ⎤∂ ∂⎛ ⎞ ⎛ ⎞= + + = + + =⎢ ⎥⎜ ⎟ ⎜ ⎟− ∂ − − ∂ −⎝ ⎠ ⎝ ⎠⎣ ⎦
 

1 2 22 (1 ) 2
1 2 1 2 1 2

r r r ru u u uGG
r r r r

ν ν ν ν
ν ν ν

⎛ ⎞ ⎡ ⎤∂ ∂−
= + == − + =⎜ ⎟ ⎢ ⎥− ∂ − − ∂⎝ ⎠ ⎣ ⎦

 

2 (1 ) 2 (1 ) 2
1 2 2(1 ) (1 )(1 2 )

r r r ru u u uE E
r r r r

ν ν ν ν
ν ν ν ν

⎡ ⎤ ⎡ ⎤∂ ∂
= ⋅ − + == − +⎢ ⎥ ⎢ ⎥− + ∂ + − ∂⎣ ⎦ ⎣ ⎦

.                 (8) 

Äèôôåðåíöèðóÿ (2) ïîëó÷èì 

3

2ru b
r r

∂
= −

∂
.              (9) 

Òîãäà âûðàæåíèå (8) ñ ó÷åòîì (2) è (9) ïðåîáðàçóåòñÿ ê âèäó 

3 3 3

2 2(1 ) 2
(1 )(1 2 ) (1 )r r

E b b E b
r r r

σ ν ν σ
ν ν ν

⎡ ⎤⎛ ⎞= − − + = ⇔ = − ⋅⎢ ⎥⎜ ⎟+ − +⎝ ⎠⎣ ⎦
.  (10) 

Íà ãðàíèöå ïîëîñòè èìååì  

0 00 02 3
0 0

2,
1r r rr r r r

b bEu u
r r

σ σ
ν= == = = = − ⋅

+
,                  (11) 

ãäå 3 *
0 0 0/ /b r u r=  è *

0u  - ñîîòâåòñòâåííî îòíîñèòåëüíîå è äåéñòâèòåëüíîå ïåðå-
ìåùåíèÿ ãðàíèöû ïîëîñòè âäîëü îñè r . 

Ðåøèì àíàëîãè÷íóþ çàäà÷ó äëÿ óïðóãîé áåñêîíå÷íîé ñðåäû ñ öèëèíäðè÷å-
ñêîé ïîëîñòüþ. Ïåðåìåùåíèå ru  â óñëîâèÿõ öèëèíäðè÷åñêîé ïîëîñòè òàêæå 
íàïðàâëåíî âäîëü ðàäèóñà r  è çàâèñèò òîëüêî îò ðàäèàëüíîé êîîðäèíàòû r  
òî÷êè. Ñîîòâåòñòâåííî 0rrot u =  è óðàâíåíèå ðàâíîâåñèÿ ïðèíèìàåò âèä 

2(1 ) 0 2grad div u div u const aν− = ⇔ = ≡ .                  (12) 
Ïðîâåäÿ âûêëàäêè, àíàëîãè÷íûå âûøåïðèâåäåííûì, ïîëó÷èì âûðàæåíèå 

äëÿ ðàäèàëüíîãî íàïðÿæåíèÿ íà ãðàíèöå öèëèíäðè÷åñêîé ïîëîñòè â ñîñòîÿíèè 
ðàâíîâåñèÿ 

0 2
01r r r

E d
r

σ
ν= = − ⋅

+
,                     (13) 

ãäå d - ïîñòîÿííàÿ. 
Â ìîìåíò îêîí÷àíèÿ äåòîíàöèè äàâëåíèå âçðûâíûõ ãàçîâ ðàâíî 0p . Â ðå-

çóëüòàòå àäèàáàòè÷åñêîãî ðàñøèðåíèÿ (òåïëîîáìåíîì ãàçà ñî ñðåäîé ìîæíî 
ïðåíåáðå÷ü â ñèëó òîãî, ÷òî ðàâíîâåñèå óñòàíàâëèâàåòñÿ çà äåñÿòêè ìêñ) âñëåä-
ñòâèå ñìåùåíèÿ ãðàíèöû ïîëîñòè äàâëåíèå ãàçîâ ñíèæàåòñÿ äî ðàâíîâåñíîé 
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âåëè÷èíû *
0p , êîòîðîå íàõîäèì èç âûðàæåíèÿ (çàêîíà Ïóàññîíà, îïðåäåëÿþùå-

ãî ïàðàìåòðû èäåàëüíîãî ãàçà â àäèàáàòè÷åñêèõ ïðîöåññàõ):  
- äëÿ ñôåðè÷åñêîé ïîëîñòè: 

3
* * * 0 0 0
0 0 0 0 0 0 0 0*3 * *

0 0 0 0

3 3k k k
r r rp V p V p p p p
r r r u

γ γ ⎛ ⎞ ⎛ ⎞ ⎛ ⎞
= ⇔ = = = =⎜ ⎟ ⎜ ⎟ ⎜ ⎟+⎝ ⎠ ⎝ ⎠ ⎝ ⎠

 

*0
0 0 0 0 0* * * 3

0 0 0 0 0 0 0

3 3 3 3
1 1 1

1 / 1 / 1 /

k k k k
r

p p p p p
r u u r u r b r

⎛ ⎞ ⎛ ⎞ ⎛ ⎞ ⎛ ⎞
= = ⇔ = =⎜ ⎟ ⎜ ⎟ ⎜ ⎟ ⎜ ⎟+ + + +⎝ ⎠ ⎝ ⎠ ⎝ ⎠ ⎝ ⎠

    (14) 

- äëÿ öèëèíäðè÷åñêîé ïîëîñòè: 

*
0 0 2

0

2
1

1 /

k

p p
d r

⎛ ⎞
= ⎜ ⎟+⎝ ⎠

                     (15) 

ãäå k  - ïîêàçàòåëü ïîëèòðîïû âçðûâíûõ ãàçîâ.  
Äëÿ ìàëûõ äåôîðìàöèé â ðàçëîæåíèè â ðÿä èçìåíåíèÿ äàâëåíèÿ îò îòíîñè-

òåëüíîãî ïåðåìåùåíèÿ ãðàíèöû ïîëîñòè ìîæíî îãðàíè÷èòüñÿ ëèíåéíûì ÷ëå-
íîì. Ðàññìîòðåíèå ýòîãî ïðèáëèæåíèÿ áóäåì âåñòè îäíîâðåìåííî äëÿ ñôåðè-
÷åñêîé è öèëèíäðè÷åñêîé ïîëîñòåé. Òîãäà èìååì:  

- äëÿ ñôåðè÷åñêîé ïîëîñòè: 

( )
2

* 2
0 0 1 0 1 1

3 3 91 1 3 ...
2 2

k k kp p p kε ε ε− ⎡ ⎤⎛ ⎞
= + = − + + +⎢ ⎥⎜ ⎟

⎝ ⎠⎣ ⎦
 èëè 

* 3
0 0 1 0 0(1 3 ) 1 3 /p p k p k b rε ⎡ ⎤= − = − ⋅⎣ ⎦ ;                   (16) 

- äëÿ öèëèíäðè÷åñêîé ïîëîñòè: 

( ) ( )* 2 2
0 0 2 0 2 2

21 1 2 2 ...kp p p k k kε ε ε− ⎡ ⎤= + = − + + +⎣ ⎦  èëè 

[ ]*
0 0 2 0 0(1 2 ) 1 2 /p p k p k d rε= − = − ⋅ ,                   (17) 

ãäå 3 2
1 0 2 0/ , /b r d rε ε= =  - îòíîñèòåëüíûå ðàäèàëüíûå ïåðåìåùåíèÿ ãðàíèöû ïî-

ëîñòè. 
Óñëîâèå ðàâíîâåñèÿ íà ãðàíèöå ïîëîñòè çàïèøåòñÿ â âèäå: 
- äëÿ ñôåðè÷åñêîé ïîëîñòè: 

0

* *
0 03

0 0

2 1 3
1r r r

E b bp p k
r r

σ
ν=

⎛ ⎞
= − ⇔ ⋅ = − ⋅⎜ ⎟+ ⎝ ⎠

                  (18) 

- äëÿ öèëèíäðè÷åñêîé ïîëîñòè: 

0

* *
0 02 2

0 0

1 2
1r r r

E d dp p k
r r

σ
ν=

⎛ ⎞
= − ⇔ ⋅ = − ⋅⎜ ⎟+ ⎝ ⎠

.                            (19) 

Îòñþäà íàõîäèì 

3 0
0

0

(1 )
2 3 (1 )

p
b r

E k p
ν

ν
+

= ⋅
+ +

, 2 0
0

0

(1 )
2 (1 )
p

d r
E k p

ν
ν

+
= ⋅

+ +
.                            (20) 

Ñîîòâåòñòâåííî ïåðåìåùåíèÿ, äåôîðìàöèè, ðàäèàëüíîå è ïîëÿðíîå íàïðÿ-
æåíèÿ ñîñòàâÿò: 

- äëÿ ñôåðè÷åñêîé ïîëîñòè: 
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0 0
2 2

0

(1 ) 1
2 3 (1 )

p rbu
r E k p r

ν
ν

+
= = ⋅

+ +
;                    (21) 

0
3 3

0

2 (1 )2 1
2 3 (1 )r

pu b
r r E k p r

ν
ε

ν
+∂

= = − = − ⋅
∂ + +

;                             (22) 

0
3 3

0

(1 ) 1
2 3 (1 )

pu b
r r E k p rϕ ψ

ν
ε ε

ν
+

= = = = ⋅
+ +

;                             (23) 

3 3
0 0 0

2 2 1
(1 ) 2 3 (1 )

r
r r

E b E
p p r E k p r
σ

σ σ
ν ν

= = − ⋅ ⇔ = − ⋅
+ + +

;                                      (24) 

3 3
0 0 0

1
(1 ) 2 3 (1 )
E b E

p p r E k p r
ϕ

ϕ ϕ

σ
σ σ

ν ν
= = ⋅ ⇔ = ⋅

+ + +
;                           (23) 

- äëÿ öèëèíäðè÷åñêîé ïîëîñòè: 

0 0

0

(1 ) 1
2 (1 )

p rdu
r E k p r

ν
ν

+
= = ⋅

+ +
;          (24) 

0
2 2

0

(1 ) 1
2 (1 )r

pu d
r r E k p r

ν
ε

ν
+∂

= = − = − ⋅
∂ + +

;                   (25) 

0
2 2

0

(1 ) 1
2 (1 )
pu d

r r E k p rϕ ψ

ν
ε ε

ν
+

= = = = ⋅
+ +

;                             (26) 

2 2
0 0 0

1
(1 ) 2 (1 )

r
r r

E d E
p p r E k p r
σ

σ σ
ν ν

= = − ⋅ ⇔ = − ⋅
+ + +

;                                      (27) 

2 2
0 0 0

1
(1 ) 2 (1 )
E d E

p p r E k p r
ϕ

ϕ ϕ

σ
σ σ

ν ν
= = ⋅ ⇔ = ⋅

+ + +
.                           (28) 

ãäå 0/r r r=  - îòíîñèòåëüíàÿ êîîðäèíàòà òî÷êè ( 0 1r r r≥ ⇔ ≥ ).  
Ðàñ÷åòû ïî ïîëó÷åííûì ôîðìóëàì ïðîâåäåíû äëÿ âçðûâà çàðÿäà ãðàììîíè-

òà 79/21 â ãðàíèòå. Ãðàôèêè çàâèñèìîñòåé ïåðåìåùåíèÿ (êðèâûå 1 è 1′ ), ðà-
äèàëüíîãî (êðèâûå 2 è 2′ ) è òàíãåíöèàëüíîãî (êðèâûå 3 è 3′ ) íàïðÿæåíèé äëÿ 
ñôåðè÷åñêîé è öèëèíäðè÷åñêîé ïîëîñòåé äàíû ñîîòâåòñòâåííî íà ðèñóíêàõ 1 
è 2 ñïëîøíûìè ëèíèÿìè, à ãðàôèêè òåõ æå çàâèñèìîñòåé, îïðåäåëåííûõ áåç 
ó÷åòà ðàñøèðåíèÿ ïîëîñòåé (ïî ðåøåíèþ Ëàìå) - ïóíêòèðíûìè ëèíèÿìè.  

Ðàñ÷åòû ïîêàçûâàþò, ÷òî âåëè÷èíû ðàâíîâåñíîãî äàâëåíèÿ äëÿ ñôåðè÷å-
ñêîé è öèëèíäðè÷åñêîé ïîëîñòåé ðàâíû ñîîòâåòñòâåííî * 94, 45047 10p = ⋅  Ïà è 

* 93,99084 10p = ⋅  Ïà, ÷òî ñîñòàâëÿåò 65,45% è 58,69% îò íà÷àëüíîãî äàâëåíèÿ 

0p . Ïðè ýòîì, ïåðåìåùåíèå, êîìïîíåíòû òåíçîðîâ íàïðÿæåíèÿ è äåôîðìàöèè 
ïðè ó÷åòå ðàñøèðåíèÿ ñôåðè÷åñêîé è öèëèíäðè÷åñêîé ïîëîñòåé ñîîòâåòñòâåí-
íî ïðèìåðíî íà 34,55% è 41,31% ìåíüøå àíàëîãè÷íûõ âåëè÷èí, ñîîòâåòñò-
âóþùèõ ïîñòîÿííîìó äàâëåíèþ âçðûâíûõ ãàçîâ.  

Òàêèì îáðàçîì, ïðè ðàñ÷åòå íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ 
ñðåäû ñî ñôåðè÷åñêîé è öèëèíäðè÷åñêîé ïîëîñòÿìè, êîòîðûå âíåçàïíî ïîä-
âåðæåíû âîçäåéñòâèþ äàâëåíèÿ ïðîäóêòîâ äåòîíàöèè âçðûâ÷àòîãî âåùåñòâà, 
ïðèìåíåíèå ñîîòíîøåíèé Ëàìå ìîæåò ïðèâåñòè ê çíà÷èòåëüíûì ïîãðåøíîñòÿì.  

Ðàâíîâåñíûå âåëè÷èíû íàïðÿæåíèé è äåôîðìàöèé ÿâëÿþòñÿ àñèìïòîòè÷å-
ñêèìè çíà÷åíèÿìè â ñîîòâåòñòâóþùèõ äèíàìè÷åñêèõ çàäà÷àõ, ÷òî ïîçâîëÿåò èñ-
ïîëüçîâàòü èõ äëÿ îöåíêè ïîãðåøíîñòè èõ ðåøåíèé.  
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Ó÷åò ðàñøèðåíèÿ ïîëîñòè, ïðîâåäåííûé ïî óñëîâèÿì ðàâíîâåñèÿ (18) è (19), 
ïðåäïîëàãàåò íåðàçðóøàåìîñòü ñðåäû ïðè ðàñøèðåíèè. Â äåéñòâèòåëüíîñòè 
õðóïêèå ñðåäû ðàçðóøàþòñÿ ïðè îòíîñèòåëüíî ìàëûõ íàïðÿæåíèÿõ, ñîîòâåòñò-
âóþùèì íåáîëüøèì äåôîðìàöèÿì. Ðàäèóñ çîíû ðåãóëèðóåìîãî äðîáëåíèÿ ïðè 
âçðûâå ñîñðåäîòî÷åííîãî è óäëèíåííîãî çàðÿäîâ îïðåäåëÿåòñÿ ñðåäíåé äëèíîé 
ðàäèàëüíûõ òðåùèí, îáðàçóåìûõ çà ñ÷åò ðàñòÿãèâàþùèõ íàïðÿæåíèé â óïðóãîé 
ñðåäå (ãîðíîé ïîðîäå) [4]. 

Äëÿ îöåíêè âåëè÷èíû äàííîãî ðàäèóñà ìîæíî èñïîëüçîâàòü ñòàòè÷åñêèå 
ôîðìóëû ïîëÿðíîãî íàïðÿæåíèÿ. Ïðè ýòîì ðàäèóñ çîíû ðåãóëèðóåìîãî äðîá-
ëåíèÿ ñ÷èòàþò ðàâíûì ðàäèóñó òî÷êè â óïðóãîé íåíàðóøåííîé ñðåäå, â êîòî-
ðîé âåëè÷èíà ïîëÿðíîãî íàïðÿæåíèÿ ðàâíà ïðåäåëó ïðî÷íîñòè ñðåäû íà ðàñ-
òÿæåíèå расσ  [2]. Òîãäà, èñïîëüçóÿ óòî÷íåííûå ôîðìóëû (23) è (28), ïîëó÷èì 

äëÿ ðàäèóñîâ çîíû ðåãóëèðóåìîãî äðîáëåíèÿ ñîîòâåòñòâåííî äëÿ ñîñðåäîòî-
÷åííîãî è óäëèíåííîãî çàðÿäîâ âûðàæåíèÿ 

0
30

1
сф

рас

p
r r

ξ σ
= ⋅

⋅
;                     (29) 

0
0

2
цил

рас

p
r r

ξ σ
= ⋅

⋅
,                     (30) 

ãäå 0
1

(1 )
2 3

k p
E

ν
ξ

+
= + ; 0

2

(1 )
1 2

k p
E

ν
ξ

+
= + . 

Çäåñü ïðåäïîëàãàåòñÿ, ÷òî âåëè÷èíà 0p  åñòü äàâëåíèå ïðîäóêòîâ äåòîíàöèè 
âçðûâ÷àòîãî âåùåñòâà â òî÷êå Æóãå. 
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