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We consider the problem of dynamics of combined motion of liquid bounded volume and reservoir of conic shape under
action of impulse force and the presence of elastic fixing. Wave motion of liquid and reservoir motion were investigated.

1. #',%+
 !"#$%&'(! ")*)+, *-&)(./- 0.*-&- " 1.$2&!3 4!1'05&'3 40- !6('7'&&. 0,5, 40,7&.( ")/0.4$'&&%(. 80-4,9/):-

(!, ;! 0.*-&) .*')$2&) !*&!0.*&), &'9<-9$-1) . 1 4!+)</!1-= (!('&< +)9, 1-50!1. 0,5- 1.*9,<&.. > ?2!(, 1-4)*/,
/.&'()<-/) 0.*-&- (!7' 6,<- !4-9)&) 4!<'&?.)$!( @1-*/!9<'=.  '"'01,)0 : )69!$3<&! <1'0*-( <.$!( " )69!$3<&!
7!09</-(- 9<.&/)(-. A6('7,:(!92 1-4)*/!( 4!9<,4)$2&!#! 0,5, 0'"'01,)0).

> 1.*!(-5 40)?%5 B. C. D)0-()&!1), E. F.  )6-&!1-+), G. H. I!/,+)'1), F. A. G,/!192/!#!, I7. J)=$9), B. E),'0),
A. J. K-(!5-, 8. C. L!1)$2+,/), A. M)$<.&9'&), A. C. G-()0+'&/) <) .&@-5. 0!"#$%*)$-9% &'$.&.=&. ")*)+. /!$-1)&2
0.*-&- 1 0'"'01,)0)5. K)/ 6,$! 4!/)")&!, ;! 1)0.)?.=&. ('<!*- 1 ")9<!9,1)&&. *! <)/!#! 0!*, ")*)+ *)3<2 'N'/<-1&.
0'",$2<)<-. I!9$.*7'&&% <)/-5 ")*)+ 4!1'%")&. <)/!7 . " <-(, ;! ?. ")*)+. : !*&-( " 0."&!1-*.1 &'/$)9-+&-5 ")*)+
D'=()&) *$% 0.1&%&&% G)4$)9). D'"1)7)3+- &) +-9$'&&. 4,6$./)?.O 1 ?.= #)$,". ")*)+. *-&)(./- 9,(.9&!#! 0,5, 0'"'-
01,)0.1 " 0.*-&!3 *!9$.*7,1)$-9% 1 &'*!9<)<&.= (.0..

J'<!3 9<)<<. : 4!6,*!1) 'N'/<-1&!O ()<'()<-+&!O (!*'$. *$% *!9$.*7'&&% &'$.&.=&!O ")*)+. *-&)(./- 9,(.9&!#!
0,5, 9-9<'(-, ;! 9/$)*):<29% " 0'"'01,)0, , N!0(. ,9.+'&!#! /!&,9) . 0.*-&- " 1.$2&!3 4!1'05&'3, ) <)/!7 *!9$.-
*7'&&% 5)0)/<'0&-5 0'7-(.1 0!"1-</, /!$-1)&2 9-9<'(-, 0,5 %/!O !6('7'&! 40,7&.( ")/0.4$'&&%(.

2. -.,/0 0/'1203.445
 !"#$%&'(! 0'"'01,)0 , N!0(. ,9.+'&!#! /!&,9).  ,5 0.*-&- !4-9,:<29% 1 9-9<'(. /!!0*-&)<, &'"(.&&! "1'%")&!O "

0'"'01,)0!(. D'5)= τ – !6$)9<2, %/, ")=(): 0.*-&);
n
∂
∂

– "!1&.@&% &!0()$2 *! 4!1'05&.;
0
S . S – 1.$2&) 4!1'05-

&% 0.*-&- 1 OO "6,0'&!(, . &'"6,0'&!(, 0,9.; Σ . 0Σ – #0)&-?. /!&<)/<, 0.*-&- ". 9<.&/)(- 0'"'01,)0, , "6,0'&!(, <)

&'"6,0'&!(, 9<)&. ( ∆Σ – "(.&) /!&<)/<, 0.*-&-, ",(!1$'&) "6,0'&&%( 0,5,, 0Σ = Σ + ∆Σ ),  ( , , , ) 0x y z t = – 0.1&%&&%
1.$2&!O 4!1'05&. 0.*-&-, U – 4!<'&?.)$2&) '&'0#.% "!1&.@&.5 9-$. 8!9<,4)$2&-= 0,5 0'"'01,)0) !4-9,:<29% 1'/<!-
0!( 4'0'(.;'&2 ε .

8!9<)&!1/) ")*)+. [1]:
0∆ϕ = 1 τ ; (1)

n
n

∂ϕ = ε ⋅
∂

  ! &) Σ ; (2)

t z
∂ξ ∂ϕ+ ∇ξ ⋅∇ϕ =
∂ ∂

  
&) S ; (3)

( )21 0
2

g r
t

∂ϕ + ∇ϕ − ∇ϕ⋅ ε − ⋅ =
∂

     ! &) S . (4)

K,< 0.1&%&&% (1) 1.*4!1.*): 1-(!". &'0!"0-1&!9<. 4!<!/, 1 !6':(. 0.*-&- τ , (2) – ,(!1) &'4'0'<./)&&% &) <1'0*.=
('7. /!&<)/<, <.$! – 0.*-&) Σ , (3) – ,(!1) &'4'0'<./)&&% &) 1.$2&.= "6,0'&.= 4!1'05&. 0.*-&- S , (4) – *-&)(.+&) #0)-
&-+&) ,(!1), %/) 1.*4!1.*): 0.1&!9<. <-9/.1 &) 1.$2&.= 4!1'05&. 0.*-&-. .

P <!+/- "!0, )&)$.<-+&!O ('5)&./- ")*)+) 9/$)*):<29% " /.&'()<-+&-5 ,(!1 (('5)&.+&-5 1'%"'=) (1) – (3), %/. &'!6-
5.*&! ")*!1!$2&-<- *! ")9<!9,1)&&% 1)0.)?.=&!#! 40-&?-4,, . *-&)(.+&!O ,(!1- (4), %/) : 40-0!*&!3 *$% 1)0.)?.=&!-
#! 40-&?-4, B)(.$2<!&)-A9<0!#0)*92/!#!.

8!<'&?.)$ @1-*/!9<'= 0.*-&- (!7&) 40'*9<)1-<- , &)9<,4&!(, 1-#$%*.: ,rΦ = ϕ + ε ⋅  ! *' r – 0)*.,9-1'/<!0 <!+!/
!6$)9<. τ , ) ε – 4)0)('<0 4!9<,4)$2&!#! 0,5, <.$), ;! &'9' 0.*-&,. 8'0@-= +$'& , 1-0)". 1.*4!1.*): 51-$2!1!(,
0,5, 0.*-&-, *0,#-= – 4!9<,4)$2&!(, 0,5, 0'"'01,)0,.

> 1-4)*/, 4!0!7&-& &'?-$.&*0-+&!O N!0(- !6$)9<2 1-"&)+'&&% N!0(- "6,0'&!O 4!1'05&. "(.&3:<29% , +)9. . &'
94.14)*): " &'"6,0'&!3 1.$2&!3 4!1'05&'3. Q% *!*)</!1) 9/$)*&.9<2 (#'!('<0-+&) &'$.&.=&.9<2) &' *!"1!$%: 1 *'-
/)0<!1.= +- ?.$.&*0-+&.= 9-9<'(. /!!0*-&)< 9N!0(,$31)<- ")*!1.$2&-= )$#!0-<( 0!"1'%")&&% &'$.&.=&-5 ")*)+ *$%
4!0!7&-&- *!1.$2&!O N!0(-. A9/.$2/- 0!"1'%"!/ ")*)+. *-&)(./- 0.*-&- 1 <)/.= !6$)9<. ,9/$)*&'&!, *$% !4-9, 0,5,
0.*-&- 11!*-<29% &'*'/)0<!1) 4)0)('<0-")?.% !6$)9<., %/, ")=(): 0.*-&) τ :

; ,
( )
r z
f z H

α = β = (5)

*' +'0'" ( )r f z= 4!"&)+-(! 0.1&%&&% <1.0&!O 4!0!7&-&-, ")*)&' 1 ?-$.&*0-+&.= 9-9<'(. /!!0*-&)<, H – #$-6-&)
4!0!7&-&-, ) 0z = 94.14)*): " &'"6,0'&!3 1.$2&!3 4!1'05&'3 0.*-&-

0
.S

C-9<'() ?-$.&*0-+&-5 /!!0*-&)< ( , , )r zθ 11'*'&!3 4)0)('<0-")?.:3 ")(.&3:<29% &) &!1, &'*'/)0<!1, (/0-1!$.-
&.=&,) ( , , )α θ β ( [ ]0,1α ∈ , *' [ ]0,2θ∈ π , 40-+!(, 1 &'"6,0'&!(, 9<)&. [ ]1,0β∈ − . B!$!1&) 4!"-<-1&) %/.9<2 11'*'&&% &!1!O
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$#5($#5!&#. $(1#"%&#. 26/2011 ~ 5 ~
4)0)('<0-")?.O 4!$%#): 1 <!(,, ;! 1 &!1.= 4)0)('<0-")?.O 1&)9$.*!/ ?-$.&*0-+&!9<. !6$)9<. (!7$-1' 40'*9<)1$'&&%

0.1&%&&% 1.$2&!O 4!1'05&. 1 0!"1'%")&!(, 1.*&!9&! /!!0*-&)<- β 1-#$%*.: 1 ( , , )t
H

β = ξ α θ . D)*)$. ?' *!"1!$%: 'N'/-

<-1&! ")9<!9,1)<- ('<!*- <'!0.O "6,0'&2 . ('<!* L)&<!0!1-+) *$% 4!6,*!1- &'$.&.=&!O 9/.&+'&!1-(.0&!O (!*'$. *--
&)(./- 0'"'01,)0) " 0.*-&!3.

8!9<)&!1/) ")*)+. D'=()&) *$% 0.1&%&&% G)4$)9) 40! 0,5 0.*-&- 1 &!1-5 "(.&&-5 &)6,1): 1-#$%*,
0∆ϕ = ; (6)

2

1
1n f

∂ϕ =
∂ ′+

( ) 0f
r z

∂ϕ ∂ϕ′− =
∂ ∂

40- ( )r f z= ; (7)

2

1
t f

∂ξ ∂ξ ∂ϕ+ +
∂ ∂α ∂α 2 2

1
f

∂ξ ∂ϕ −
∂θ ∂θα

0f
f z z

′α ∂ξ ∂ϕ ∂ϕ− =
∂α ∂ ∂

, 40- 1 ( , , )t
H

β = ξ α θ . (8)

8.*/0'9$'&. +$'&- "'%1$%3<29% 1&)9$.*!/ &'?-$.&*0-+&!9<. N!0(- 4!0!7&-&-, %/, ")=(): 0.*-&), ;! 1.*!60)7):
&'*'/)0<!1-= <-4 &!1!O 4)0)('<0-")?.O.

I$% 1)0.)?.=&!#! 40-&?-4, B)(.$2<!&)–A9<0!#0)*92/!#!

0Iδ = , *'
2

1

t

t

I Ldt=  ,
2

1

0
t

t

Ldt = δ , (9)

,")#)$2&'&) N,&/?.% G)#0)&7) (!7' 6,<- ")4-9)&) , 1-#$%*.:

0

2 2 21 1 1( ) ( ) ( )
2 2 2p p f z

S

L d M g dS M M g
τ

= ρ ∇ϕ τ + ε − ρ ξ − + ε  
  ! , (10)

*' ρ – #,9<-&) 0.*-&-, pM – ()9) 0'"'01,)0), fM – ()9) 0.*-&-, g – 40-9/!0'&&% 1.$2&!#! 4)*.&&%.
D)1'*'&) 4!9<)&!1/) ")*)+. 40! 0,5 !6('7'&!#! !6':(, 0.*-&- 1 &!1-5 "(.&&-5 4! 1.*&!@'&&3 *! 1)0.)?.=&!#!

40-&?-4, B)(.$2<!&) – A9<0!#0)*92/!#! %1$%: 9!6!3 9,/,4&.9<2 /.&'()<-+&-5 1'%"'=, %/. *$% 'N'/<-1&!#! ")9<!9,-
1)&&% 1)0.)?.=&!#! 40-&?-4, &'!65.*&! 1-/$3+-<- *! 0!"1'%")&&% 1)0.)?.=&!O ")*)+..

P) 91!O( "(.9<!( 1-5.*&) ")*)+) : ")*)+'3 D'=()&) *$% 0.1&%&&% G)4$)9) . 1!&) (): 6,<- *!4!1&'&) ,(!1)(-
0!"1'%"&!9<., %/. (!7,<2 6,<- ")4-9)&. , 1-#$%*.

0

0
S

d d dS
n n n

Σ ∆Σ

∂ϕ ∂ϕ ∂ϕΣ + Σ + =
∂ ∂ ∂   . (11)

P <!+/- "!0, )&)$.<-+&!O ('5)&./- 1)0.)?.O 1 !6':(. . &) 0."&-5 #0)&-?%5 !6$)9<. 11)7)3<29% &'")$'7&-(-, <!(,
/!7'& " *!*)&/.1 ,(!1- (11) (): !6'0<)<-9% 1 &,$2. M."-+&-= "(.9< ,(!1- (11) 4!$%#): , "6'0'7'&&. !6':(, 0.*-&- ,
OO "6,0'&!(, 0,9., %/. ()3<2 1-/!&,1)<-9% *$% *!1.$2&!#! ")/!&, 0,5,. 8'0@-= *!*)&!/ !"&)+): 1-/!&)&&% 1 9$)6-
/!(, 9'&9. ,(!1- &'4'0'<./)&&% +'0'" &'"(!+'&, 1 &'"6,0'&!(, 9<)&. 9<.&/, 6)/,. I0,#-= *!*)&!/ !"&)+): 1-/!&)&-
&% ,(!1- &'4'0'<./)&&% 0.*-&- &) *'%/!(, 40!*!17'&&. 9<.&/- 6)/) &)* 1.$2&!3 4!1'05&'3, /,*- (!7,<2 *!9%#)<-
#0'6'&. 51-$2. K0'<% ,(!1) 1.*4!1.*): 1-(!". "6'0'7'&&% !6':(, 0.*-&- 1 "6,0'&!(, 0,9. 1.$2&!O 4!1'05&.. K!6<!
,(!1- 0!"1'%"&!9<. ")*)+. D'=()&) 40-1!*%<2 *! 1-&-/&'&&% *!*)</!1-5 /.&'()<-+&-5 !6('7'&2 0,5, 9-9<'(-, 40--
+!(, ")*!1!$2&-<- ?. ,(!1- 9$.* &) '<)4. 4!6,*!1- 0!"/$)*.1 "(.&&-5 *! 0')$.")?.O 1)0.)?.=&!#! 40-&?-4,.

C$.* 1.*"&)+-<-, ;! 1 /$)9-+&, 4!9<)&!1/, ")*)+. (1) – (4) 40!*!17'&&% "(!+'&!O 4!1'05&. ∆Σ , /,*- (!7,<2 *!-
9%#)<- #0'6'&. 51-$2, &' 15!*-<2. 80!<' 1 "6,0'&!(, 0,9. 9-9<'(- 0.*-&) (): &' 4'0'<./)<- +'0'" 4!1'05&3 ∆Σ .
K!(, 40- ")9<!9!1,1)&&. <)/!O 4!9<)&!1/- /$)9-+&!#! ('<!*,, *$% 0!"1'%")&&% 4!9<)1$'&!O ")*)+., 1-/!&)&&% ?-5
,(!1 (!7' 6,<- 4!0,@'&'. I$% 0!"1'%")&&% &'$.&.=&!O ")*)+. *$% 4!*!$)&&% <)/!#! &'*!$./, 6,1 0!"0!6$'&-= ('<!*
*!4!(.7&!O !6$)9<. [1]. P) ('<!*!( *!4!(.7&!O !6$)9<. 11!*-<29% *!*)</!1' "6.$2@'&&% #$-6-&- ")4!1&'&&% 0'"'0-
1,)0,. I)$. &) !9&!1. /$)9-+&!#! ('<!*, 0!"1'%",:<29% ")*)+) *$% !6$)9<. τ + ∆τ , *' ∆τ 1-6-0):<29% &) !9&!1. 1--
(!# ,(!1- &'4'0'<./)&&% &) 40!*!17'&&. 9<.&/- 6)/) ∆Σ " ,0)5,1)&&%( !+./,1)&-5 )(4$.<,* "6,0'&&% 1.$2&!O 4!1'0-
5&.. > ?2!(, 1-4)*/, 9-&#,$%0&. 1$)9<-1!9<. !*'07)&-5 0!"1'%"/.1 6,*,<2 40!%1$%<-92 1 !/!$. ()/9-()$2&!#! 4.*=!-
(, 4!1'05&. 51-$. 6.$% 9<.&/- 0'"'01,)0). 80!<', 1 !/!$. <!+/- 0.1&!1)7&!#! 4!$!7'&&% 1-5.*&!O 4!1'05&., %/) <'4'0
: 1&,<0.@&2!3 <!+/!3 4!1'05&. Σ + ∆Σ *$% !6$)9<. τ + ∆τ , 0!"1'%"!/ (): 0'#,$%0&. 1$)9<-1!9<.. P) *!4!(!#!3 <)/!#!
40-=!(, !9!6$-1) <!+/) "4.*&.():<29%" &)* 0')$2&!3 4!1'05&'3.  !"1'%"/- *$% <)/!#! 4!$!7'&&% 0.*-&- "&!9%<29%
&) 1-5.*&, 4!1'05&3.

I$% 0!"1'%")&&% ")*)+. 9/!0-9<):(!92 40%(-(- ('<!*)(- ()<'()<-+&!O N."-/-, "!/0'(), ('<!*!( L)&<!0!1-+).
80- ?2!(, 0!"1'%"!/ ")*)+. &) 1.$2&.= 4!1'05&. 0!"/$)*):<29% 1 0%* 4! N,&/?.%5, !<0-()&-5 " 0!"1'%"/, 1.*4!1.*&!O $.-
&.=&!O ")*)+., ) 0!"1'%"!/ *$% 4!<'&?.)$, @1-*/!9<'= 6,*,:<29% " <)/-(- *!*)</!1-(- 1-(!#)(-, ;!6 ?. N,&/?.O ")*!-
1!$2&%$- ,(!1. &'4'0'<./)&&% &) ∆Σ . L$)9-+&) ")*)+) 40! 1-"&)+'&&% +)9<!< . N!0( /!$-1)&2 0.*-&- (): 1-#$%*

0∆ϕ = 1 τ ; 0
n

∂ϕ =
∂

&) 0Σ ;
z

∂ϕ = λϕ
∂

&) 0S , )6! 0Iδ = , *'
0 0

2 2( )
S

I d ds
τ

= ∇ϕ τ − λ ϕ  
 

. (12)

I$% "&)5!*7'&&% (.&.(,(, N,&/?.!&)$, (12) 9/!0-9<):(!92 ('<!*!(  .<?). E,*'(! @,/)<- N,&/?.3 ϕ , 1-#$%*.
4!9$.*!1&!9<. $.&.=&-5 /!(6.&)?.= /!!0*-&)<&-5 N,&/?.= kw . K!6<! *$% +-9'$2&!O 0')$.")?.O 1-/!0-9<):(! %/ /!!0-

*-&)<&. N,&/?.O <)/. N,&*)('&<)$2&. 0!"1'%"/- 0.1&%&&% G)4$)9) ( ) sin( ) , ,
cos
mmw r zk m

θ
ϕ ∼

θ
*' ( )( ) ,m

kw r z : 9-9<'(!3

#)0(!&.+&-5 4!$.&!(.1 [3], %/. !*'07,3<29% " N,&*)('&<)$2&-5 0!"1'%"/.1 0.1&%&&% G)4$)9) *$% 9N'0-+&!O 9-9<'(-
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/!!0*-&)<, 4'0'<1!0'&-5 *! ?-$.&*0-+&!O 9-9<'(-. M,&/?.O ( )m
kw 1")#)$. &' ")$'7)<2 1.* #'!('<0.O !6$)9<. . *$% O5

!6+-9$'&&%, ) <)/!7 1-"&)+'&&% O5 4!5.*&-5 .9&,3<2 1.*4!1.*&. 0'/,0'&<&. 94.11.*&!@'&&%. P)*)+) "1!*-<29% *! 0!"-
1'%")&&% )$#'60)O+&!O ")*)+. &) 1$)9&. "&)+'&&% 0,Ax Bxλ− = *$% %/!O /!'N.?.:&<- 1-"&)+)3<29% , 1-#$%*. /1)*0)<,0
1.* 6)"-9&-5 N,&/?.=.

I$% 4!6,*!1- /!!0*-&)<&-5 N,&/?.= *$% 0!"1'%"/, &'$.&.=&!O ")*)+. 6,1 1-/!0-9<)&-= ('<!* *!4!(.7&!O !6$)-
9<., %/-= &) 1.*(.&, 1.* /$)9-+&!#! ('<!*, &' 10)5!1,: 1-/!&)&&% ,(!1- &'4'0'<./)&&% 1-;' 0.1&% &'"6,0'&!O
1.$2&!O 4!1'05&., 10)5!1,: ")$'7&.9<2 0!"1'%"/, ")*)+. 1.* 5)0)/<'0-9<-/ ∆Σ . I$% !?.&/- <!+&!9<. !<0-()&!#! 0!"-

1'%"/, 40-=()$)9% 4!5-6/) , 1-#$%*.
0

max
Sn nΣ

∂ϕ∂ϕδ =
∂ ∂

. A<0-()&. N,&/?.O " <!+&.9<3 510 − . 1-;' ")*!1!$2&%3<2

,(!1. &'4'0'<./)&&% &) 9<.&?., . " <!+&.9<3 4!0%*/, 310− &) 40!*!17'&&. 9<.&/- &)* 1.$2&!3 4!1'05&'3. P) ,(!1-
1-/!0-9<)&&% ('<!*, *!4!(.7&!O !6$)9<., 4!5-6/- ,(!1- &'4'0'<./)&&% 1-;' 0.1&% 1.$2&!O 4!1'05&. 1*)$!9% 4!/-
0);-<- 1 100-500 0)".1.

 !"/$)*- @,/)&-5 "(.&&-5 "6,0'&&% 1.$2&!O 4!1'05&. 0.*-&- ξ . 4!<'&?.)$, @1-*/!9<'= ϕ )&)$!#.+&! [1, 2] 4!-
*)(! , 1-#$%*.:

( ) ( ) ( )i

i i i

t a T!ξ = ξ + ψ α θ ;
0

( , ) ( )i

i i i

b T!ϕ = ψ α β θ , (13)

*'
0

( ) i

i z
β =

∂ψψ α =
∂

, ( , )
i

ψ α β !<0-(,3<29% " 0!"1'%"/, $.&.=&!O ")*)+. &) 1$)9&. "&)+'&&%. L,< θ 1.**.$'&! %/ 94.1(&!7&-/

( )iT θ *$% 1.9'9-('<0-+&!O 1-5.*&!O !6$)9<.. ( , )iψ α β : #)0(!&.+&-(- . "#.*&! 1-(!# ,(!1 0!"1'%"&!9<. (6)–(8), ,<!+&'&!
")*!1!$2&%3<2 1-(!#, &'4'0'<./)&&% &) "(!+'&.= #0)&-?. 0Σ = Σ + ∆Σ .

P) &'")$'7&. "(.&&. !6-0)3<29% 4)0)('<0- ξ <) ε , ) "(.&&) ϕ 11)7):<29% ")$'7&!3. C,/,4&.9<2 )(4$.<,*&-5
4)0)('<0.1 ia 0!"/$)*, "6,0'&!O 1.$2&!O 4!1'05&. 0.*-&- 1 0%* ") N!0()(- 1.$2&-5 /!$-1)&2 11)7):<29% &'")$'7-

&!3, ) 4)0)('<0- ib 0!"/$)*, 1 0%* 4!<'&?.)$, @1-*/!9<'=, 11)7)3<29% ")$'7&-(- 1.* ia , <!6<! ( , )i i i kb b a a= ! .
P#.*&! 40-&?-4.1 )&)$.<-+&!O ('5)&./- ")*)+) 1-()#): 1-/$3+'&&% /.&'()<-+&!O /0)=!1!O ,(!1- &) 1.$2&.= 4!1'-

05&., ;! ",(!1$'&! &)%1&.9<3 1.$2&!O 4!1'05&. 0.*-&-. H-/$3+'&&% /.&'()<-+&!O #0)&-+&!O ,(!1- . 1-(!#- "6'0'-
7'&&% !6':(, 0.*-&- &) 1.$2&.= 4!1'05&. 40!1!*-<29% &) !9&!1. ('<!*, B)$2!0/.&) [5].

(1) (2) (3) (4)

, , , , , ,

32 4
1 2 3 4

1 1 1, , , , , ,

; ; ; .

0; ; ; .

p p p i j ijp p i j k ijkp p i j k l ijklp
i j i j k i j k l

i j ij i j k ijk i j k l ijkl
i j i j k i j k l

b a b a a b a a a b a a a a h

ee ea a a a a a a a a
e e e

ο ο ο

ν ν ν

= = γ = δ =

ξ = ξ = − β ξ = − γ ξ = − δ

! ! !

! ! !

! ! ! !

(14)

K)/-( +-&!(, 4)0)('<0- ξ . ib  ! "#$%&'( ")(''( *+!$,-#,./0 " 12"3$ 45. 6% 42"*2$ 7 8%1%9.+ 42 "#0.205*#'-
' *#1(#:(9'232 81+':+85 ;#)($/.2'#–<0.1231#40/!232 4$ *($/'2= 0+0.%)+, 15>  !2= *+"'#-#7./0 '%"#$%&'+)+
8#1#)%.1#)+ ia ( ε . ?# 20'2*( 1(*' '/ @#31#'&# AA 1245 24%1&+)2 .#!5 )#.%)#.+-'5 )24%$/ 05)(0'232 15>5 0+0.%-
)+ "1%"%1*5#1-1(4+'#" * #)8$(.54'+> 8#1#)%.1#> ia .# 8#1#)%.1#> 15>5 .($#,  !% '%0% ε :

1
( , )

N

rn k n
n
p a t a

=
 !! +

3

1
( , )

N

rn k n N
n N

p a t
+

−
= +

ε !! = ( , , )r k lq a a t! , 1, 3r N= + . (15)

B+1#"+ 4$ rnp , rq , 4% rnp – !*#41#.'# )#.1+: , rq – *%!.21 12")(1'20.( 3N + , "#8+05,./0 [1] -%1%" #$3%C1#=-
-'( D21)+ *(4 '5$/2*232 42 .1%./232 821 4!(* *(4 #)8$(.54'+> 8#1#)%.1(* ia .# 5"#3#$/'%'+> E*+4!20.%9 ja! .

F2"3$ '%)2 .%0.2*( 81+!$#4+ 05)(0'232 15>5 1%"%1*5#15 " 1(4+'2, 8(4 4(7, ()85$/0'2= 0+$+ 81+ '# *'20.( 815&-
'232 "#!1(8$%'' 5 *+3$ 4( 815&+'+. ?# 1+0. 1 – 4 824#'2 31#D(!+ ")('+ #)8$(.54+ !2$+*#'/ 1(4+'+ "# 8%1E2, D21-
)2, 8(4 4(7, ()85$/0'2= 0+$+ 4$ 4*2> *+8#4!(* &210.!20.( 815&+'+ c : #) 81+ '# *'20.( 82'2*$,,-2= 0+$+ ( *(405.-
'20.( .%1. (1+0. 1); 2. G1+ '# *'20.( ( 82'2*$,,-2= 0+$+ ( 0+$+ .%1. (1+0. 2). A)85$/0'# 0+$#, *%$+-+'2, 0,9 ?, 4(7
812. 32) 0,5 0. F2"3$ '5.2 *+8#4!+ 4$ &210.!20.( 815&+'+ 5 ( 10. H#02*+9 812)(&2! 12"*+.!5 !2$+*#'/ 0.#'2*+*
15 0. I%0.2*( 81+!$#4+ 12"3$ '5.2 4$ 50(-%'232 !2'50# " 1#4(502) '+&'/2= 20'2*+ 0,2 ) ( *%1>'/2= – 1 ).
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 !". 2. #$%&' '$()%*+,! -.)!/'&0 1%,!&! 1a 2 3'".$ (1! &'4/&."*% (.&./)553.6 "!)! % "!)! *71*4

F%"5$/.#.+ .%0.2*+> 81+!$#4(* 82!#"#$+, J2 * 2C2> *+8#4!#> 81+ 4(= ()85$/0'2= 0+$+ '# 1%"%1*5#1 #)8$(.54+
>*+$/ '# *($/'(9 82*%1>'( ")%'E5,./0 "( "C($/E%'' ) &210.!20.( 815&+'+. B(4C5*#7./0 812:%0 %'%1322C)('5 )(&
D21)#)+ !2$+*#'/, * "#!2'( ")('+ #)8$(.54+ 81+05.' -#02*# )245$ :( . K$ *+8#4!5 "*+-#9'232 !2'50# " '#8(*!5-
.2) 452 2.1+)#'( 12"*' "!+ 08(*8#4#,./ " *(42)+)+ 12"*' "!#)+ [1].

3. 8!"&./-!
K20$(4&%'' 82!#"#$+, J2 12"12C$%'# )24%$/ 4#7 1%"5$/.#.+ " 81+4#.'2, .2-'(0., 4$ *+8#4!5 50(-%'232 !2'(-

-'232 1%"%1*5#15 ( C($/E 82*'2 *1#>2*57 '%$('(9'+9 >#1#!.%1 12"*+.!5 812:%0(* ( %'%1322C)('5 )(& D21)#)+ !2$+-
*#'/ 1(4+'+ ( 15>2) 1(4+'+ ( 1%"%1*5#15. B+!2'#'2 !2'.12$/ .2-'20.( 2.1+)#'+> 12"*' "!(*. K$ "#4#- !('%)#.+-'232 (
4+'#)(-'232 "C54&%'' 15>5 1%"%1*5#15 " 1(4+'2, 82!#"#'2  ! &210.!(0./ 815&+'+ *8$+*#7 '# %'%1322C)(' )(& D2-
1)#)+ !2$+*#'/ ( 12"*+.2! 4+'#)(-'+> 812:%0(*.

1.  !"#$%&'() *. +., ,-!'-(!. /. /. ?%$+'%9'# 4+'#)+!# !2'0.15!:+9 0 &+4!20./,. – L+%*: ?IIM "LGN", 1997. – 348 0. 2.  !"#$%&'() *. +., +&-
"&')0# 1. 2. G20.12%'+% !2214+'#.'O> D5'!:+9 4$ 1%E%'+ '%$+'%9'29 "#4#-+ 2 !2$%C#'++ &+4!20.+ * 8#1#C2$2+4% *1#J%'+ // L2)8$%!0'+9
#'#$(" ( .%-(= " *($/'+)+ 31#'+: )+: PC(1'+! 81#:/ A'0.+.5.5 )#.%)#.+!+ ?Q? M!1#='+. – L.: A'0.+.5. )#.%)#.+!+ ?Q? M!1#='+, 2006. – I. 3, R 4.
– S. 374–388. 3. 3!45!' +. 6. B#1+#:+2''O% )%.24O * )#.%)#.+-%0!29 D+"+!%. – T.: ?#5!#, 1970. – 512 0. 4. 7#$!"#')0 6. +., 8)(9%#&0  . /.,  9()0-
-(!. 1. :. ?%$+'%9'# 4+'#)+!# $%.#.%$/'232 #88#1#.# 0 &+4!20./,. – T.: T#E+'20.12%'+%, 1977. – 208 0. 5. Ibrahim R. A. Liquid sloshing dynamics:
theory and applications. – Cambridge University Press, 2005. – 950 p.
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)*& )(+$'$ , -%-.( ,$&)-,-/ +-)(0%$ 1-' %!) !'!

!"#$%&'()" *+, '- .,'/-'', +012"+,  )2(.)(20, ."3'4 # &.01  .%4*45)6 & # )"/."+01 +01"2,+, 7" 2"#)48"+4', '4
*+"1 9424%-%6'01 92&:01. ;" %,*3-'" 2(1 +012"+01  )2(.)(2 )4 2,*0'0 + <1 "."%,. =)20:4'" 2,+'&''& %,',> )".( )4
9"?(*"+4'" #"?243-''& %,',> )".(.

Consider two infinite vortex structure. Each of which consists of point vortices are located on two parallel lines. Studied the
movement of vortex structures and movement of fluids in their vicinities. Obtained the equations of the streamlines and built
their image.

1. 8"*+(
B 1906 12:( U%1'#12) C5$+ 812*%4%'( 8%1E( 420$(4+, 081 )2*#'( '# *+*-%'' *+>12*+>  *+J 82"# 15>2)+)+

.($#)+. P#"*+-#9 15>2)+) .($2) C5* :+$('41, -+ !1+$2*+9 812D($/. G1+ 420.#.'/2 *%$+!(9 E*+4!20.( 15>5, 82"#

.($2) 82-+'#,./ 5.*21,*#.+0 *+>21+, 82-%132*2 081#*# .# "$(*#, 1(4E% 8#1#)+. ?# 82-#.!5 *2'+ *(44#$ ,./0 *(4

.($# " 4% !2, E*+4!(0.,, 820.582*2 : E*+4!(0./ ")%'E57./0 , * .29 -#0  ! *+>21+ 4%J2 12">24 ./0 . ?# 4% !(9
*(40.#'( 82"# .($2) *0.#'2*$,7./0 8%*'# 50.#$%'# *(40.#'/ )(& *+>21#)+, *+>21+ 12".#E2*5,./0 * E#>2*2)5, -+
* $('(9'2)5 821 4!5. I#!2& *+>21+ 2C2> 1 4(* )#,./ 812.+$%&'(9 '#81 )2! 2C%1.#'' . B(40.#'/ )(& 1 4#)+ *+>21(*
'% "#$%&+./ *(4 E*+4!20.(, # $+E% *(4 E+1+'+ .($#. ?#4#$( 824(C'( 420$(4+ 812*24+$+0/ L#1)#'2), F5C#>2) .# 1 -
42) ('E+> *-%'+>.

B+>12*# 421(&!# L#1)#'# 0!$#4#7./0 " 4*2> 8#1#$%$/'+> *+>12*+> $#':,&!(*, J2 12".#E2*#'( '# *(40.#'( b
24+' *(4 24'232, *(40.#'/ )(& 050(4'()+ *+>21#)+ 421(*',7 a . <4+' $#':,&2! 0!$#4#7./0 " *+>21(* ('.%'0+*'20.(
χ , ('E+9 − " *+>21(* ('.%'0+*'20.( χ− . L2)8$%!0'+9 82.%':(#$ 15>5 1(4+'+ 82"# *+>212) ('.%'0+*'20.( χ , :%'.1
 !232 "'#>24+./0 * .2-:( 0z , )2&'# *(4E5!#.+ "# 1(*' '' ):

0ln( )i z zω χ= − (1)
L2)8$%!0'+9 82.%':(#$ 2 1 ( )n n+ → ∞ *+>21(*, J2 12".#E2*#'( 5 24+' $#':,&2!, *+!21+0.2*5,-+ (1) )2&'# 2C-

1#>5*#.+  !:
ln( ) ln( ) ... ln( )n i z i z a i z naω χ χ χ= + ± + + ±

S812J5,-+ :%9 *+1#", )2&%)2 "#8+0#.+:

ln sinn
zi
a
π! "ω = χ # $
% &

.
K20$(4&5,-+ 15>, C54%)2 !21+0.5*#.+0 20'2*'2, .%21%)2, I2)02'#. M 12C2.( [2] C5$2 82!#"#'2 J2, $#':,&2!

'% 15>#7./0 , .#!  ! * 0+$5 0+)%.1(= *0( *+>21( "'#>24 ./0 * 0.#'( 082!2,.
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