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The problem of coupled oscillation of ideal liquid in a cylindrical container with axisymmetric bottom and an elastic plate on
the free surface is studied. An analytical solution of mentioned problem is constructed using eigenfunction expansion method.
Using concrete example, we analyze the obtained solution.
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G&/14(0 (2) ( , )k r zΦ & 3$!%&7+: (11) – 42 !$.,'0.$1, F$  $A&)$,+/"D , $A7+*#( 2Q .
<,2!/2%$ &,+9& /+ #2, F$ .9()/$ . .+ !$ $/$,+/"% +79$!"#%$% )70 !$.!+:&/1& ,7+*/": 1$7",+/8 !$.970)&,+/$>

9()!$ !&@/$> *"*#2%"  $#!(A/$ !$.,'0.+#" #!+/*42/)2/#/( !(,/0//0, 01( %(*#0#8 )$*#+#/8$ ,27"1& 1(781(*#8 ,7+*/":
./+=2/8 nµ ./+D)2/": )$*"#8 #$=/$. C$=/(*#8 $A="*72//0 ./+=2/8 nµ ( )$*#+#/0 >: 1(781(*#8 .+A2. 2=&5#8*0 /+
$*/$,( ,+!(+4(D/$9$ %2#$)& [1]. H70 !$.,'0.+//0 .+)+=( 9()!$ !&@/$*#( & ," +)1& !2.2!,&+!+ .  7$*1"% )/$%  $#!(A/$
 $17+*#" ,*( = 0nµ .

4.  !"#$% &'%(')%*+ $ ,-)*$ &-%+#./"/0 &'%&"1+!*$(
I+,2)2%$ )201( !2.&78#+#" !$.!+:&/1(, .,'0.+/": /2$*2*"%2#!"=/": 1$7",+/8  7+*#"/1" ( !()"/" , !2.2!,&+!( .+

$ "*+/"% ,"F2 +79$!"#%$%. J&)2%$ !$.970)+#" !2.2!,&+!, F$ %+5 3$!%&  !0%$9$ 1!&9$,$9$ 4"7(/)!+ .
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 !"#$%&'()'* +),*. -.+!/#' ,#),"' 0'1!)+&.,  1.#2')3' 2. #$%&'(),4, +). +,&!")5526 0r , "'#,2. &!+')' "
0'1!)+&'()!7 (.#2')! 0h r . 8. 9.&.32%&)'7 1!)!7)'7 &,:*!& "';%&%*, &.+!/# 0r . <,+.)! )'=(% &%:/162.2'
,;('#1%)6 ,2&'*.), +1> ;%:&,:*!&)'9 :).(%)6  .&.*%2&!" #'#2%*': = 0,01a , = 0,02D .

? 2.;1. 1  ,+.), :;!=)!#26  %&@'9 (,2'&6,9 "1.#)'9 :).(%)6 :.+.(! (1) " :.1%=),#2! "!+ 3!163,#2! (1%)!" M /
&,:31.+.9 (11). A.)! 2.;1. 1 #"!+(.26  &, 2%, B, "!+),#).  ,*'13. ,;('#1%)6 +1>  %&@,4, "1.#),4, :).(%))> 1!
 &' = 2M )%  %&%"'B/C 0,11% , . +1> +&/4,4, – 21% , +% :. 2,()!  &'7)>2, ,;('#1%)!  &' = 30M :).(%))>. <&'

8M  :).7+%), :).(%))> i! ( =1,4i ) : 2&6,*.–#!*,*. 2,()'*' :).(/B'*' 0'$&.*', .  &' 16M  3!163!#26
2,()'9 0'$& (,2'&6,9 (.#2,2)'9  .&.*%2&!" :&,#2.C +,  '>2'–#%*'. 8./".='*,, B,  %&@% "1.#)% :).(%))> 2.;1. 1
"':).(.1,#> : +&/4,4, 9.&.32%&'#2'(),4, &!")>))> (10), . "#! !)@! – :  %&@,4, &!")>))> (10). D2&'*.)! &%:/162.2'
+,;&% /:4,+=/526#> : &%:/162.2.*', B, ,2&'*.)! :. +, ,*,4,5 /:.4.16)%),4, *%2,+/ E/;),".–F.16,&3!). [1]. G.
&'#. 1 :,;&.=%), 4&.$!3' :.1%=),#2!  %&@'9 (,2'&6,9 "1.#)'9 :).(%)6 :.+.(! "!+ ;%:&,:*!&),4,  .&.*%2&. "'#,2'
h &!+')' " 0'1!)+&'()!7 (.#2')! &%:%&"/.&. :  !"#$%&'()'* +),*. <&' :*%)@%))! "'#,2' h +, )/1>, :).(%))> i!
 &>*/526 +, :).(%)6 ,;('#1%))'9 +1>  !"#$%&'(),4, &%:%&"/.&. ;%: 0'1!)+&'(),H (.#2')',  ,")!#25 :. ,")%),4,
&!+'),5, .  &' :;!16@%))! h – +, :).(%)6, ,2&'*.)'9  &' &,:&.9/)3.9 +1> &%:%&"/.&. :  1,#3'* +),*, :. ,")%),4,
&!+'),5 ). "'#,2/ h .

 !"#$%& 1 .  !"#$!!%  !"#!$ #%&'(' &!&')*! + ,%-)" (&'. +./ 0.-10(&'.  #-) .+ 2 3(,0-%/%$ (11)

  1  2  3  4

2 5,2137490 24,174920 – –
4 5,2084679 19,998449 48,307341 114,41092
6 5,2084290 19,990708 48,040627 91,470019
8 5,2084273 19,990366 48,030549 91,341429
10 5,2084271 19,990331 48,029540 91,329444
12 5,2084271 19,990325 48,029375 91,327520
16 5,2084270 19,990324 48,029328 91,326975
20 5,2084270 19,990324 48,029323 91,326922
30 5,2084270 19,990324 48,029322 91,326912

4!&. 1. 5%-)" .&'1  !"#!$ #%&'(' &!&')*! +./ +!&('! h 3./! !

 !"#$%& '()(*+& , -.!'(/'012(3*. '(,-4#!+5*6 ,+!+70 ,+ 8.!30*2(3*. /(4# 9+3(8%& 3%4 (3*+*%72(: 3$4+!(8(:
*%3$0 2+ /'0120 /(8"'&25), + *+$(1 )",.2"';.<2%< /'012%< "4"9"2* 2+ 8.462.< /(8"'&2. '.!%2%. =%9 3+9%9
88(!#*63# /"82. !(!+*$(8. /'%/0>"22#. ?",046*+*% !(34.!1"26 38.!7+*6, >( 2"&*08+22# ;%9% 3$4+!(8%9% 9(1"
/'%,8"3*% !( .3*(*2%& /(9%4($ /'% ()7%34"22. ,2+7"26 7+3*(* ,8'#,+2%& $(4%8+26 '.!%2% . /4+3*%2$%, /'%7(90 ,.
,).46@"22#9 2(9"'+ 84+32(: 7+3*(*% 3%3*"9% 8.!2(32+ /(&%)$+ ()7%34"26 ,9"2@0A*63#.

5. 6!& (+0!
B+/'(/(2(8+2( +2+4.*%72%< '(,8'#,($ ,+!+7. -.!'(/'012(3*. /'( 84+32. $(4%8+22# .!"+462(: 2"3*%34%8(: '.!%2% 8

'","'80+'. 0 C('9. /'#9(-( $'0-(8(-( ;%4.2!'+ , !(8.462%9 (3"3%9"*'%72%9 !2(9 . , /'012(5 /4+3*%2$(5 2+ 8.46-
2.< /(8"'&2. '.!%2%. D '",046*+*. ,+3*(308+22# 9"*(!0 '(,$4+!0 ,+ 84+32%9% C02$;.#9% !(/(9.12( 88"!"2(: 3/"$*-
'+462(: ,+!+7. , /+'+9"*'(9 8 -'+2%72.< 09(8. ,+!+70 -.!'(/'012(3*. ,8"!"2( !( (!2('.!2(: -'+2%72(: ,+!+7. !4#
.2*"-'(–!%C"'"2;.+462(-( '.82#22# 8.!2(32( /'(-%20 /4+3*%2$%. B2+<!"2( *(72%< '(,8'#,($ ;6(-( '.82#22#. D%,2+-
7"22# 84+32%& 7+3*(* -.!'(/'012(: 3%3*"9% ,8"!"2( !( '(,8'#,+22# *'+23;"2!"2*2(-( '.82#22#. E+ $(2$'"*2(90
/'%$4+!. !4# 7+3*$(8( ,+/(82"2(-( '.!%2(5 '","'80+'+, >( 9+A C('90 /'#9(-( $'0-(8(-( ;%4.2!'+ , /.83C"'%72%9
!2(9, 2+8"!"2( +2+4., (*'%9+2(-( '(,8'#,$0.

1.  !"#$ %. &. D.462. $(4%8+22# '.!%2% 8 '","'80+'., >( 9+A C('90 *.4+ ()"'*+22# *+ /'0120 /4+3*%2$0 2+ 8.462.< /(8"'&2. // F'()4"9% !%2+9.$% *+
3*.<$(3*. )+-+*(8%9.'2%& 3%3*"9: B). /'+;6 G2–*0 9+*"9+*%$% EHE  $'+:2%. – 2009. – I. 6, J 3. – K. 26–52. 2. '!(#)*+, -. .. L $(4")+2%#& '","'80+'+
3 1%!$(3*65, 2+ 38()(!2(< /(8"'&2(3*% $(*('(< '+3/(4(1"2+ 9"9)'+2+ // K*'(%*"462+# 9"&+2%$+ % '+37"* 3(('01"2%<. – 1972. – J 1. – K. 49–54.
3. /0!1+$(! .. 2. L $(4")+2%#& 1%!$(3*% 8 3(30!+&, 38()(!2+# /(8"'&2(3*6 $(*('(< ,+$'M*+ 9"9)'+22(< ()(4(7$(< %, -%/"'0/'0-(-( 9+*"'%+4+
// N,8"3*%# HE KKK?. O"&+2%$+ *8"'!(-( *"4+. – 1980. – J 6. – K. 166–177. 4. 3+4+$(! 5. 3., -#(!,6(78 9. 2., %*:7$!,7)  . 9., '!(#)*+, -. .. O"-
*(!M '+37"*+ /'%3("!%2"22M& 9+33 1%!$(3*% 8 /(!8%12M& /(4(3*#&. – P%"8, 1969. 5. Bauer H. F. Frequencies of a hydroelastic rectangular system
// Forsch. Ingenieur. – 1993. – Vol. 59, J 1, 2. – P. 18–22.
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