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SOLUTION OF DYNAMIC PROBLEMS FOR SATURATED LIQUID OR GAS POROUS EMPTY CYLINDER
UNDER THE INFLUENCE OF PULSE LOADING

Theoretically studied the deformation of saturated liquid or gas porous hollow glass cylinder as a result of the impulse load on its inner sur-
face. Taken into account the compressibility of the fluid or gas. The study conducted in the framework of the Biot theory.

@DB 539.595
M. I15!(8)3*', "-( 6)<3. 3!7*, -. >*!8)3*', !/U.

B @ #5)3# >!(!/! C)28)3*!, B1,2

%;<$ =##>  !<?#;@ A; BCD#! C!E$#$  F$<!#EC$G#;HI CBJBC I=C!,
K; J#=D;E$8?"> #= CID;H!L A<=8M;CH!

@$A9+$.!($ #!%'#!%-=(9 #$+'75 "9#B"($2$ &9;9 3$&"%4$2$ *-7B(+&-=($2$ &'8'&.9!&9, 8!)$.('($2$ &B+-($6 8 .B75($6
)$.'&;('6, )&-C+(!($2$ )&93-($6 +$ &9;$#$D )7!%,$&#-, B +$"7B+3'($ ('7B(B:(B 4$7-.!((/ "-"%'#- )B+ +BC6 )&-47!+'($D
+$ &9;$#$D )7!%,$&#- 2!&#$(B=($D "-7-.

1. S/67U
G#2#BS 2%3#@S=% "S2%3% K (S&-3'4 1'(,"H3,4 ( ",K,"(8#"#H 1"% "SK3%H K#="S1&,335H 1"'2%=6'(#3S 1'6",E#@% !8-

B#!3'W 6,H3S=%. ),K,"(8#"% K "S2%3'4, 5=S K3#H'256-!5 3# "8H'@S; 1&#6$'"@S, (%='"%!6'(846-!5 ( S3<,3,"3%H ='3!-
6"8=IS5H ( @#Q%3'E828(#33S, &S6#='E828(#33S, "#=,63S; 6,H3SIS, K#!'E#H 6"#3!1'"68(#335 6# KE,",<,335 "S2%33%H
(#36#<S( [1, 3, 4, 5]. F3#&S6%B3S "'K('5K=% I%H 3,!6#IS'3#"3%H 3,&S3S;3%H ="#;'(%H K#2#B 2' 6,1,"SQ3-'7' B#!8 3,
'2,"<#3S, 6'@8 K#!6'!'(846-!5 3#E&%<,3S @,6'2%, 5=S E#K846-!5 1,",(#<3' 3# (#"S#IS;3%H #&7'"%6@#H.

*,6'4 "'E'6% X 2'!&S2<,335 3,&S3S;3%H ='&%(#3- !8@S!3'7' "8H8 <'"!6='7' I%&S32"%B3'7' ",K,"(8#"#, K#1'(3,-
3'7' "S2%3'4 K (S&-3'4 1'(,"H3,4, 1"%X23#3'7' 1"8<%3'4 2' 1&#6$'"@% 1S2 2SX4 1"%=&#2,3'W 2' 1&#6$'"@% 7#"-
@'3SB3'W !%&%.

2. MV'W*6 "'/&#"X)33Y
O'!&S2%@' 7'"%K'36#&-3%; "8H #E!'&463' 6(,"2'7' I%&S32"%B3'7' ",K,"(8#"#, B#!6='(' K#1'(3,3'7' "S2%3'4,

1"%X23#3'7' 1"8<%3'4 2' "8H'@'W 1&#6$'"@%. M'2#6&%(S 1"8<%3% K @#&%@% <'"!6='!65@% 3, "'K7&52#&%!-, :'E
KE,",7&%!- @#&S 1,",@S:,335 ",K,"(8#"8. O&5 1'"S(35335 "'K7&5386' <'"!6=, K#="S1&,335. / 1'B#6='(%; @'@,36
B#!8 !%!6,@# 1&#6$'"@#, ",K,"(8#" K "S2%3'4, :' @#X (S&-38 1'(,"H34, K3#H'2%6-!5 8 !6#3S !1'='4. O' 1&#6$'"@%
1"%=&#2,3' 7#"@'3SB38 !%&8 cos( )F A t ! , 2,   3.8; 4.0, 4.14; 4.3; 5.2, A = 662 A (B#!6'6% 'E%"#&%!5 ( '='&S B#!-
6'6% '!3'(3'7' ",K'3#3!8 1' 1,"QS; 7#"@'3SIS ='&%(#3- "S2%3%). F@1&S682# !%&% A 1S2E%"#&#!- ( K#&,<3'!6S (S2
B#!6'6% S 1#"#@,6"S( <'"!6='7' K#="S1&,335. G#7#&-38 !H,@8 6#='W @,H#3SB3'W !%!6,@% K'E"#<,3' 3# "%!.1.

-1/.1. :<)5! 5)<!3#83', /1/6)51

© I15!(8)3*' M., >*!8)3*' -., 2014



ISSN 1684-1565 H=8BH=8$%=. HBD=#!%=. 2(32)/2014 ~ 51 ~

C86 ! – 'E&#!6-, 5=8 K#;@#X "S2%3# ( 2#3%; @'@,36 B#!8, S – KE8",3# (S&-3# 1'(,"H35 "S2%3%, 0S – 3,KE8",3# (S-
&-3# 1'(,"H35 "S2%3%, 0" S " – 'E&#!6S ='36#=68 "S2%3% KS !6S3=#@% ",K,"(8#"8 ( 3,KE8",3'@8 6# KE8",3'@8 !6#3#H.

2. E!6)5!6183! 5'")&;
O'!&S2<,335 3,&S3S;3'W 2%3#@S=% !8@S!3'7' "8H8 ",K,"(8#"8 K "S2%3'4, :' B#!6='(' K#1'(34X ;'7', S "8H'@'W

1&#6$'"@%, 2' 5='W 1"8<%3'4 1"%X23#3' ",K,"(8#", K2S;!34(#&'!5 3# '!3'(S E#7#6'@'2'('W @'2,&S
"'E'6% [1]. /(#<#X@', :' "S2%3# '23'"S23#, 3,!6%!&%(#, S2,#&-3#. / 1'B#6='(%; @'@,36 B#!8 (S2!863S (%H"'(S "8H%
"S2%3%, (1&%('@ 1'(,"H3,('7' 3#6578 3# ='&%(#335 "S2%3% 3,H68X@'. )S(35335 (S&-3'W 1'(,"H3S ( KE8",3'@8 !6#3S

#( , , )z x y t 3,(S2'@,. F3#&SK K2S;!34X@' 3# '!3'(S !%36,K8 (#"S#IS;3'7' $'"@8&4(#335 K#2#BS S "'K2S&,335 @,H#3S-
B3%H "8HS(. G#!6'!'(8X@' (#"S#IS;3%; 1"%3I%1 D#@S&-6'3#–V!6"'7"#2!-='7' S =S3,@#6%B3S 7"#3%B3S 8@'(%. A# (S2@S38
(S2 2%$,",3IS;3'W 1'!6#3'(=% 2%3#@SB3S 7"#3%B3S 8@'(% K#2'('&-3546-!5 (#"S#IS;3%@ 1"%3I%1'@ 5= 1"%"'23S. O'
=S3,@#6%B3%H 8@'( (S23'!56-!5: "S(35335 3,"'K"%(3'!6S "S2%3% ( I%&S32"S

0"#  ( $ , 2, 0 $ r#  # % &
  ! ,

8@'(% 3,1,",6S=#335 3# @,<S ='36#=68 6S&'-"S2%3# S 3# (S&-3S; 1'(,"H3S "S2%3%

0V n
n '

(#
 &

(

  
, ) *

2

0
# 1 #/

S
V n

n t
(# (

 & % % +
( (

   
,

2,
0
V
 

– (,=6'" Q(%2='!6S "8H8 ",K,"(8#"#, r – "#2S8!-(,=6'" 6'B'= 'E&#!6S ! , $ – (,=6'" 1'!681#&-3'7' "8H8 ",K,-

"(8#"#, # – 1'6,3IS#& Q(%2='!6S "S2%3%. / 1'B#6='(%; @'@,36 B#!8 1,",@S:,335 S Q(%2='!6S (!SH !=&#2'(%H !%!6,-
@% ((#<#46-!5 38&-'(%@%.

O%3#@SB3S 7"#3%B3S 8@'(% '6"%@8X@' SK 1"%3I%18 D#@S&-6'3#–V!6"'7"#2!-='7' 5= 1"%"'23S.
0S3,6%B3# S 1'6,3IS#&-3# ,3,"7SW 2&5 ='<3'7' SK ,&,@,36S( !%!6,@% @#X (%7&52:

) *21 % $
2lT d

$

 +#% $,
  ! , 21 $

2res resT M 
 ! , ) *21 $

2fr frT M u %
  ! ! , (1)

0

21& % #
2l

S

g dS , , & 0res  , & $f xF , 21& $
2spr xC , 21&

2fr cu 
 ! . (2)

C86 lT – =S3,6%B3# ,3,"7S5 "S2%3%, resT , frT – =S3,6%B3# ,3,"7S5 ",K,"(8#"8 S 1&#6$'"@%, &l , &res , & fr – 1'6,3IS-

#&-3# ,3,"7S5 "S2%3%, ",K,"(8#"8, 1&#6$'"@%, & f – 1'6,3IS#&-3# ,3,"7S5, 'E8@'(&,3# 1"%=&#2,3'4 !%&'4 (8@'(-

3, 1",2!6#(&,335), &spr – 1'6,3IS#&-3# ,3,"7S5, 'E8@'(&,3# 1"8<3%@% !%&#@%, % – 78!6%3# "S2%3%, resM – @#!#

",K,"(8#"8, frM – @#!# 1&#6$'"@%, + – =',$SISX36 <'"!6='!6S 1"8<%3%. A# (S2@S38 (S2 6"#2%IS;3%H 1'!6#3'('= 6#-

='7' 6%18 K#2#B 686 (%='"%!6'(8X6-!5 2'2#6='(# K@S33# u , 5=# H#"#=6,"%K8X 2,$'"@#IS4 1"8<%3%, :' ",#&SK8X K#-
="S1&,335 ",K,"(8#"8 3# 1&#6$'"@S.

/"#H'(84B% (%"#K% (1), (2) K3#;2,@' $83=IS4 R#7"#3<# 2&5 2#3'W !%!6,@%. G#8(#<%@', :' 1",2!6#(&,335 1'6,-
3IS#&8 "'E'6% K'(3SQ3SH !%& X 8@'(3%@. *#X@':

) * ) * ) * ) *
0

2 2 2 2 21 1 1 1 1% $ $ $ % # $
2 2 2 2 2p fr

S

L d M M u g dS Cu F u
$

 +#% $ % % % - - - & %, ,
        ! ! ! ! .

G#1%Q,@' 1"%3I%1 D#@S&-6'3#–V!6"'7"#2!-='7'
2

1

' 0
t

t

Ldt  , .

0S3,@#6%B3S 7"#3%B3S 8@'(% 2#&S "'K7&52#X@' 5= @,H#3SB3S ('5KS, 5=S 3#=&#2#46- 'E@,<,335 3# (#"S#ISW ( 1"%3I%1S
D#@S&-6'3#–V!6"'7"#2!-='7'

C#=%@ B%3'@ 2&5 "'K('5K=8 3#Q'W K#2#BS 1'E82'(#3' @#6,@#6%B38 @'2,&-, 5=# (=&4B#X (#"S#IS;3%; 1"%3I%1,
5=%; 1"%"'23' K#2'('&-35X 2%3#@SB3S 7"#3%B3S 8@'(% 5= 3# !6S3IS I%&S32"# 6#= S 3# (S&-3S; 1'(,"H3S "S2%3%, # K#2#3S
=S3,@#6%B3S 7"#3%B3S 8@'(% X @,H#3SB3%@% ('5K5@%, :' 3#=&#2#46- 'E@,<,335 3# (#"S#ISW. M,",2 K#!6'!8(#335@
(#"S#IS;3'7' 1"%3I%18 3,'EHS23' !1'B#6=8 (%=&4B%6% =S3,@#6%B3S 7"#3%B3S 8@'(%.

3. ='V7"'2! "1/*()63', 5'")&# /1/6)51
A,&S3S;38 2%!=",638 @'2,&- 2%3#@S=% !8@S!3'7' "8H8 ",K,"(8#"# K "S2%3'4, 5=# @#X (S&-38 1'(,"H34, 1"%X23#3'-

7' 1"8<%3#@% 2' "8H'@'W 1&#6$'"@%, 1'E82'(#3' 3# '!3'(S @,6'28 0#36'"'(%B#, 5=%; K#!6'!'(#3' 2' (#"S#IS;3'7'
$'"@8&4(#335 K#2#BS 3# '!3'(S (#"S#IS;3'7' 1"%3I%18 D#@S&-6'3#–V!6"'7"#2!-='7' [1]. O&5 (,&%B%3 # , # (%='"%-
!6#X@' "'K=&#2 "'K('5K=S( 1' $'"@#H (&#!3%H ='&%(#3- &S3S;3'W K#2#BS (n 1"' "8H 'E@,<,3'7' 'E'X@8 "S2%3% ( "8-
H'@'@8 ",K,"(8#"S, 5=S K#2'('&-3546- =S3,@#6%B3%@ 7"#3%B3%@ 8@'(#@ 3# 6(,"2%H !6S3=#H S 8@'(#@ 3# (S&-3S; 1'(,-
"H3S "S2%3% ( &S3,#"SK'(#3'@8 (%7&52S. )'K('5K'= 3,&S3S;3'W K#2#BS Q8=#X@' 8 (%7&52S

) * ) * ) *ch 
! ,"

 sh 
n

n n
n nn

z H
b t r

H
 

! "# , # ( )! ( ,")i i
i
a t r" # , (3)

 ! ia – "#$%&'( )*+ $","#!', -.( /!))0 12,# 3%"4)*5 62%*3")7 ,& *)* [1]. 8& / ,2-6%" * 3*62,*4'23(9#2 &  %0
6&)!#"'*:)*5 ;,")*:)*5 (#23 )" 3&%7)&+ $23!,5)& ,& *)*, 06& -" 232%7)0<'740 )".%*/!)2 -"  2$2#2;2< #!'2 " ="-



~ 52~  ! " # $ % %&'()*+,-, ./01,./2*.,-, 3.1(45)&6463 174.1 8/5/)/ 94(:4.+/ ISSN 1728-3817

%72,6&)". >2-6%" * (3)  "<'7 #2/%*3&4'7 $!,!+'* 3& 62)'*)("%7)2? 4*4'!#*  2 )! 3&%7)2?  *46,!')2?. @%0 !1!6'*3-
)2;2 -"4'24(3"))0 3",&"A&+)2;2 $,*)A*$( 6&)!#"'*:)& ;,")*:)& (#23* )!2.5& )2 3*6%<:*'* - ,2-3'0-6( 3",&"A&+)2?
-" ":&. B*6%<:*3C* 6&)!#"'*:)& ;,")*:)& (#23* [1], 2',*#"9#2 1()6A&< D";,")/", 06" 3& $23& "9 3&%7)&+  *46,!')&+
4*4'!#& - 6&%76&4'< )!-"%!/)*5 $","#!',&3, E2  2,&3)<9 :*4%( 4'($!)&3 3&%7)24'& 4*4'!#* (:*4%2 12,# 3&%7)*5 62-
%*3")7). F"6 06 .!-3*5,23*+ ,(5 & !"%7)2?, 2 )2,& )2?, )!4'*4%*32? ,& *)* $23)&4'< 3*-)":"9'740 ,(52# ?? #!/, '2
-.(,!))0 3&%7)2? $23!,5)& ,& *)* $23)&4'< 5","6'!,*-(<'7 ,(5 ,& *)* - 3&%7)2< $23!,5)!<. G#$%&'( * A*5 -.(,!)7

na #2/)" 30'* 30624'& )!-"%!/)*5 -#&))*5. H;& )2 [1] 62!1&A&9)'* $ %nb t -"%!/"'7 3& $","#!',&3 na & ?5 $25& )*5. I-
3",&"A&+)2;2 $,*)A*$( ="#&%7'2)"–J4',2;," 4762;2 -)"52 *#2 4*4'!#( ,&3)0)7 ,(5( 3 "#$%&'( )*5 $","#!',"5 62-
%*3")7 ,& *)* ia & 3 $","#!',"5 $24'($"%7)2;2 ,(5( ,!-!,3(",( & $%"'12,#*, 06" 9 4*4'!#2< -3*:"+)*5  *1!,!)-

A&"%7)*5 ,&3)0)7, %&)&+)*5 3& )24)2  ,(;2? $25& )2? 3& ia , $ & u .
K2 !%7 4(#&4)2;2 ,(5( 4*4'!#*, 06" -"$*4(9'740 ( 3*;%0 & 4*4'!#* -3*:"+)*5  *1!,!)A&"%7)*5 ,&3)0)7, %&)&+)*5

3& )24)2  ,(;*5 $25& )*5 )!3& 2#*5 3!%*:*), 3 -";"%7)2#( 3*;%0 & #"9 12,#(
3 6

3
1 1 4

( , ) ( , )$ ( , ) ( , , )
N N N

rn k n rn k n N rn k n N r k l
n n N n N
p a t a p a t p a t u q a a t

  

& & &
" "  "  

  "# # #!!!! !! ! , 1, 7r N"  .

80 #2 !%7 3,"523(9 3-"9#)*+ 3$%*3 34&5 62#$2)!)' 4*4'!#*.

4.  !"#$%&' (#)*$%+,+!
@%0 :*4!%7)*5 ,2-,"5()6&3 ,2-;%0)('2 #2 !%7, 06" 36%<:"9 12 12,# 62%*3")7 3&%7)2? $23!,5)& ,& *)* [2]. L,2-

3! !)2 ,2-,"5()6* 36"-")&+  %0 '"62? #2 !%& '"  %0 #2 !%& .!- $,(/*)*,  ! #"4" ,!-!,3("," -.&%7C!)" )" #"4(,
3& $23& )( #"4& $%"'12,#* $2$!,! )72? #2 !%&. M$&33& )2C!))0 #"4 ,& *)*, ,!-!,3(",(, $%"'12,#* 3 .!-,2-#&,-
)2#( 3*;%0 & 3& $23& )2 9 resM =0,25 lM , frM =5 lM .

L26%" !#2: /2,4'6&4'7 $,(/*)*  =50000 N/#, 100000 N/#, 200000 N/#, 500000 N/#, 2000000 N/#. M(''932 $2 "'-
%*3& $,(/*)* )! ,2-;%0 "9#2, E2. 2.#!/*'* ,(5 A*%&) ,". N" $%"'12,#(  &9 4*%" cos(% )F A t" ,  ! 3 262%& $!,C2-

;2 ,!-2)")4( $26%" "9'740 % " 3.8; 4.0; 4.14; 4.3; 5.2, A= 210N, 235 N, 662 N. >(5 ,2-;%0 "9'740 )" &)'!,3"%&  2
125t " 4 ($,*.%*-)2 80 $!,&2 &3 62%*3")7 $2 $!,C&+ 12,#&). >!-2)")4)( :"4'2'( 4*4'!#* 3*-)":"9#2 -" 12,#(%2<

2  % th Hg
R R
' ( )" * +

, -
O  "))2#( 3*$" 6( % = 4,143368. 8! :"4'2'" 62%*3")7 $2 $!,C&+ ;",#2)&A& 1! . 3& #&'*#2 -"(3"/*#2 E2, 3  ")-

)2#( 3*$" 6( #"9#2 3-"9#2 &< ',725 :"4'2': -23)&C)72? 4*%*, 62%*3")7 ,!-!,3("," )" $%"'12,#& & -.(,!)7 3&%7)2?
$23!,5)& ,& *)*. >2-;%0)!#2 -.(,!))0 3&%7)2? $23!,5)& ,& *)* )" 4'&)A& A*%&) ," 3 '2:6"5, ,(5 06*5 4$&3$" "9 - )"-
$,0#62# $,*6%" !)2? 4*%* # R , 3 A!)',& A*%&) ," ($!,C2? 3&4!4*#!',*:)2? 12,#*, 06" -.(,<9'740 '&%76* )" 24)23&

)!%&)&+)*5 #!5")&-#&3) 3a R '" $!,!#&E!))0 A*%&) ," $ R . >" &(4 A*%&) ," R=1 #. G)"%&-(9'740 $23! &)6" 4*4'!#*
 2 ,!-2)")4(, 3 262%& ,!-2)")4( & $&4%0 ,!-2)")4(. P*4!%7)& ,2-,"5()6* $26"-(<'7, E2  %0  "))2? 4*4'!#* $,*'"-
#"))& 24)23)& 3%"4'*324'& )!%&)&+)*5 62%*3")7: #2 (%0A&0,  ,!+1 4!,! )72;2 -)":!))0, 3& 4(')&4'7 3*52 ( )" (4'"-
%!)*+ ,!/*#, ;2,.* 53*%7 3*E& )&/ 3$" *)*, E2 (-;2 /(9'740 - !64$!,*#!)'"#* [5] . @%0 &%<4',"A&? 24'"))72? 3%"4-
'*324'& )"3! !#2 '".%*A& #"64*#"%7)*5 & #&)&#"%7)*5 -)":!))0 -.(,!)7 3&%7)2? $23!,5)& # R )" 4'&)A& A*%&) ," 3
'2:6"5, 06& ,(5"<'740 3 )"$,0#6( $,*6%" !)2? 4*%*, - $,(/*)2< & .!- )!? $,* ,&-)*5 -)":!))05 /2,4'624'& $,(/*)* &
:"4'2' -23)&C)72? 4*%* 3  2,!-2)")4)&+ & -",!-2)")4)&+ 2.%"4'05 :"4'2' $2 $!,C&+ ;",#2)&A&.

 !"#$%& 1. -,."!/,$%&' )&,0#&&1 )2*(#&% 3'$%&45 643#(7&' # R

M"5 # R
- $,(/*)2<

8=50 000
(F=662)

8=100 000
(F=210)

8=200 000
(F=662)

8=500 000
(F =535)

8=2 000 000
(F=662)

8.3". 0.03077 0.21508 0.05347 0.02764 0.02874

0.4". 0.02261 0.02991 0.29086 0.05305 0.04836

14.4". 0.01878 0.01609 0.19657 0.24094 0.10841

3.4". 0.01647 0.01071 0.06971 0.12856 0.26220

2.5". 0.01213 0.00411 0.01357 0.01005 0.01218

M"5 # R
.!- $,(/*)*

M=50 000
(F=662)

M=100 000
(F=210)

M=200 000
(F=662)

M=500 000
(F =535)

M=2 000 000
(F=662)

8.3". 0.02745 0.00858 0.02745 0.02209 0.02745

0.4". 0.04531 0.01430 0.04531 0.03634 0.04531

14.4". 0.09068 0.02624 0.09067 0.07112 0.09068

3.4". 0.30541 0.18415 0.30542 0.27735 0.30541

2.5". 0.01209 0.00380 0.01209 0.00975 0.01209
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 !"#$%& 2. -'&'/,$%&' )&,0#&&1 )2*(#&% 3'$%&45 643#(7&' # R

M"5 # R
- $,(/*)2<

8=50 000
(F=662)

8=100 000
(F=210)

8=200 000
(F=662)

8=500 000
(F =535)

8=2 000 000
(F=662)

8.3". -0.02952 -0.15784 -0.05116 -0.02664 -0.02787

0.4". -0.02169 -0.02883 -0.19733 -0.05005 -0.04883

14.4". -0.01850 -0.01606 -0.17304 -0.19977 -0.10064

3.4". -0.01549 -0.01043 -0.06071 -0.09812 -0.15762

2.5". -0.01184 -0.00419 -0.01368 -0.00996 -0.01194

M"5 # R
.!- $,(/*)*

M=50 000
(F=662)

M=100 000
(F=210)

M=200 000
(F=662)

M=500 000
(F =535)

M=2 000 000
(F=662)

8.3". -0.02642 -0.00851 -0.02642 -0.02145 -0.02642

0.4". -0.04331 -0.01376 -0.04331 -0.03495 -0.04331

14.4". -0.08377 -0.02551 -0.08381 -0.06624 -0.08377

3.4". -0.16936 -0.13030 -0.16941 -0.16318 -0.16936

2.5". -0.01171 -0.00374 -0.01171 -0.00949 -0.01171

I- '".%*A7 1 '" 2 3* )2, E2 #"64*#"%7)& -)":!))0 -.(,!)7 3&%7)2? $23!,5)& )" 4'&)A& A*%&) ," # R $,* $,(/*)-
)2#( -"6,&$%!))&  240;"<'740 3  2,!-2)")4)&+ 2.%"4'&. B2)* -#&)<<'740 -& -#&)2< /2,4'624'& $,(/*)* '" :"4'2'
-23)&C)72? 4*%*. L,* #!)C*5 /2,4'624'05 32)*  240;"<'740 3  2,!-2)")4)&+ 2.%"4'&, $,* M=500000 N/# – 3 2.%"4'&
,!-2)")4(, " $,* .&%7C*5 /2,4'624'05 – ( -",!-2)")4)&+ 2.%"4'&. L,* /2,4'62#( -"6,&$%!))& #"64*#"%7)& -)":!))0
# R #"9#2 3 -",!-2)")4)&+ 2.%"4'&, )"+.&%7C& - )*5 9 $,* % =4,3. F&%76* 3 262%& A&9? '2:6* $,(/*)" 4(''932 -#!)C(9

"#$%&'( * -.(,!)7, $,*:2#( 3& )2C!))0 "#$%&'( # R - $,(/*))*# -"6,&$%!))0#  2 3& $23& )*5 "#$%&'( # R -
/2,4'6*# -"6,&$%!))0# -#!)C(9'740 -& -.&%7C!))0# /2,4'624'& $,(/*)*. B (4&5 3*$" 6"5 62%*3")7 ;2,.* .&%7C& )&/
3$" *)*, E2 (-;2 /(9'740 -  ")*#* !64$!,*#!)'" [5].

Q","6'!,)2< 242.%*3&4'< )!%&)&+)*5 62%*3")7 9 ?5 #2 (%0A&0. B 4*4'!#& #2 (%0A&0 62%*3")7 $,*4(')0 $,"6'*:)2
( 34&5 3*$" 6"5, "%! - ,&-)*#* $!,&2 "#*. N"3! !#2 $,*6%" #2 (%0A&? .!-  ,!+1( 4!,! )72;2 -)":!))0, E2 5","6-
'!,)2  %0 #!)C*5 /2,4'624'!+.

9!".2. :&,0#&&1 ,/6$'+*; )2*(#&% 3'$%&45 643#(7&' (';!&! # R 6(! '=50000 <//, (=662 < ' % 3.8" .

N" >*4 2 $,*3! !)2 -)":!))0 "#$%&'( -.(,!)7 3&%7)2? $23!,5)& ,& *)* # R $,* /2,4'624'& M=50000 N/#,
% 3.8" , G=662N,  ! :&'62 3* )2 #2 (%0A&< 62%*3")7 .!-  ,!+1( 4!,! )72;2 -)":!))0. G)"%2;&:)( 6",'*)( #"9#2
$,* 3& 4(')24'& $,(/*)*. L,* % =4,0; 4,14 #2 (%0A&0 '"62;2 / '*$(, "%! $,* )"03)24'& $,(/*)* -#!)C(9'740 $!,&2 
#2 (%0A&?, .&%7C 3*,"-)&  32;2,.& $&6*, "#$%&'( * 62%*3")7 .&%7C& )&/ $,* 3& 4(')24'& $,(/*)*, $,*:2#( .!- $,(/*)*
$!,&2 #2 (%0A&? 4(''932 -.&%7C(9'740, &4)(<'7 )!3!%*6& 2.%"4'&,  ! 62%*3"))0 3& .(3"9'740 3 262%& )(%0. B -",!-2-
)")4)&+ 2.%"4'& #"9#2 #2 (%0A&< -  ,!+12# 4!,! )72;2 -)":!))0 & - -4(32# 62%*3")7 3  2 "')2#( )"$,0#6(.

J42.%*3*+ 3*$" 26 #"9#2 $,* % =4,3,  ! "#$%&'( " 62%*3")7 3&%7)2? $23!,5)& ,& *)* $,* $,(/*))2#( -"6,&$-
%!))& 4(''932 #!)C" )&/ $,* /2,4'62#(. N"$,*6%" , $,* M=200000 N/#, G=662 N "#$%&'( " # R $,* 3& 4(')24'&
$,(/*)* 3 4,3 ,"- .&%7C" )&/ $,* $,(/*))2#( -"6,&$%!))&. 8! 5","6'!,)2  %0 34&5 /2,4'624'!+. L,* M .&%7C*5
100000 N/# 3$%*3 $,(/*)* -#!)C(9'740 -& -.&%7C!))0# /2,4'624'& $,(/*)* & "#$%&'( * -23)&C)72? 4*%*. L,*
M=2000000 N/#, G=662, "#$%&'( " # R $,* 3& 4(')24'& $,(/*)* 3 1,6 ,"- .&%7C" )&/ $,* $,(/*))2#( -"6,&$%!))&.
L,* 3& 4(')24'& $,(/*)* #2 (%0A&0 3& .(3"9'740 -  ,!+12# 4!,! )72;2 -)":!))0 & -4(32# +2;2 3  2 "')&+ .&6.

B*5& )" (4'"%!)*+ ,!/*# 3 -";"%7)2#( 3*$" 6( 3 4*4'!#& )! 4$24'!,&;"9'740, E2 (-;2 /(9'740 -  ")*#* !64$!,*#!)-
'(  %0 )!%&)&+)*5 62%*3")7 [5, 6]. G%! &4)(<'7 3*$" 6*, 62%* 3& .(3"9'740 3*5& )" 3$2,0 623")*+ ,!/*# (M=50000 N/#,
% 3.8" , G=210 N, 4=200000 N/#, G=662 N, % =4,0 - $,(/*)2< & 4=100000 N/#, % =4,3, G=210 N .!- $,(/*)*).

9!".3. :&,0#&&1 ,/6$'+*; )2*(#&% 3'$%&45 643#(7&' # R 6(! 8=100000 <//, % =3.8, ==210 < ) 6(*>!&4?
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N" ,*4.3 -2.,"/!)2 -)":!))0 "#$%&'( -.(,!)7 3&%7)2? $23!,5)& ,& *)* # R $,* /2,4'624'& M=100000 N/#,
% =3,8, G=210 N $,* $,(/*))2#( -"6,&$%!))&, E2 $& '3!, /(9 3*5& )" 3$2,0 623")*+ ,!/*#. R2%* $,(/*)" 3& 4('-
)0, '2 #"9#2 #2 (%0A&< .!-  ,!+1( 4!,! )72;2 -)":!))0 ")"%2;&:)2 '2#(, E2 -2<,"/!)2 )" ,*4.2. L,* % =4,3 ;,"-
1&6 62%*3")7 - $,(/*)2< $23'2,<9 ;,"1&6 62%*3")7 .!- $,(/*)*, " ;,"1&6 .!- $,(/*)* $23'2,<9 ;,"1&6 - $,(/*)2<
 %0 3*$" 6( % =3,8.

S! 2 )2< 5","6'!,)2< ,*42< )!%&)&+)*5 62%*3")7 9 3$%*3 3*E*5 ;",#2)&6.

9!".4. :&,0#&&1 ,/6$'+*; )2*(#&% 3'$%&45 643#(7&' # R 6(! 8=50000 <//, ==662< ' % =5.2 ) 6(*>!&4?

N" ,*4.4 -2.,"/!)2 -)":!))0 "#$%&'( -.(,!)7 3&%7)2? $23!,5)& ,& *)* # R $,* M=50000 N/#, G=662 N & % =5.2
- $,(/*)2<, E2 36"-(9 )" '!, E2 3$%*3 3*E*5 ;",#2)&6 )"+.&%7C 4(''93*+ $,* % =5.2 (3 262%& ,!-2)")4)2? :"4'2'*
$2  ,(;&+ ;",#2)&A& 2! )  %0 34&5 /2,4'624'!+. L,* A72#( 046,"32 3*,"/!)" #2 (%0A&0 - 4 – 5 $!,&2 "#* $!,C2? 12-
,#* - ,&-)*#* "#$%&'( "#*. L,*4(')&  32;2,.& $&6*.

>2-;%0)!#2 -.(,!))0 ,& *)* 3 A!)',& A*%&) ," 3a R ($!,C2? 3&4!4*#!',*:)2? 12,#*). B& 2#2, E2 A0 12,#" 62-
%*3")7 -.(,<9'740 '&%76* )" 24)23& )!%&)&+)*5 #!5")&-#&3 [1]. K"+/!  %0 34&5 3*$" 6&3 $,203%09'740 #2 (%0A&0 -
,&-)*#* $!,&2 "#*. >&-62 3*,"/!)2 -#&E!))0 4!,! )72;2 -)":!))0 62%*3")7 3  2 "')2#( )"$,0#6(. B*42'" ;2,."
53*%& 4(''932 .&%7C" ;%*.*)* 3$" *).

, 2

9!". 5. :&,0#&&1 ,/6$'+*; )2*(#&% 3'$%&45 643#(7&' (';!&! 3 @#&+(' @!$'&;(, 3a R 6(! 8=200000 <//, ==662 <,
% " 4,14 (,) ) 6(*>!&4? ") 2#) 6(*>!&!)

N" ,*4. 5 -2.,"/!)2 -)":!))0 "#$%&'( -.(,!)7 3&%7)2? $23!,5)& ,& *)* 3 A!)',& A*%&) ," 3a R $,* /2,4'624'&
M=200000 N/#, G=662N & % =4,14 ( " – - $,(/*)2<; . – .!- $,(/*)*), -3& 6* 3* )2, E2 3& .(3"9'740  ,!+1 4!,! -
)72;2 -)":!))0, 62%*3"))0 $,"6'*:)2 3& .(3"<'740 3  2 "')&+ 2.%"4'&. G#$%&'( " 62%*3")7 )!-)":)". L,* A72#(
;2,.* .&%7C& 3& 3$" *), &4)(<'7 )!3!%*6& $,2#&/6*,  ! 3& .(3"9'740 62%*3"))0 3 262%& )(%0. L,* &)C*5 -)":!))05
:"4'2'  2 % =5.2 #"9#2 $2 &.)& 6",'*)*, "%! - ,&-)*# $!,&2 2# #2 (%0A&?. L,* % =5.2 .&%7C 4(''932 3* )2 3$%*3
.&%7C 3*426*5 ;",#2)&6 4$!6',(.

9!".6. =/6$'+*;! )2*(#&% 3'$%&45 643#(7&' 3a R 6(! 8=200000 <//, % " 4,3, ==662 < ) 6(*>!&4?

N" >*4.6 -2.,"/!)2 -)":!))0 "#$%&'( -.(,!)7 3&%7)2? $23!,5)& ,& *)* 3a R $,* M=200000 N/#, % " 4,3, G=662
N - $,(/*)2<. B* )2 -#&E!))0 3  2 "')&+ .&6, 242.%*32 4(''93! -#&E!))0 .( ! $,* 3& 4(')24'& $,(/*)*.

B& #&'*#2 3*$" 6*, $,* 06*5 -.(,!))0 3 A!)',& A*%&) ," $2 &.)& $2 #2 (%0A&?  2 -.(,!)7 )" 4'&)A& A*%&) ,", "%! -
#!)C*#* "#$%&'( "#* & ,&-62 -#&E!)*#* 3  2 "')&+ .&6 4!,! )&#* -)":!))0#*: .!- $,(/*)* – $,* 34&5 /2,4'624'05
)" :"4'2'& % =4.3; - $,(/*)2< – M=200000, G=662, % =4.0; M=500000, G=535, % " 4.14. B*5& )" (4'"%!)*+ ,!/*# )!
3& .(3"9'740  %0 2.25 '*$&3 -"6,&$%!)7.

R2%*3"))0 3 A!)',& A*%&) ," $,* M=100000N/#, G=210N, % " 3,8 #"+/! $23'2,<<'7 12,#( ?5 )" 4'&)A& A*%&) ,",
"%! - #!)C2< "#$%&'( 2<.
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L,2")"%&-(9#2 '!$!, $24'($"%7)*+ ,(5 ,!-!,3(",". B  2,!-2)")4)*5 2.%"4'05 & $,* % =4.3 .!- $,(/*)*  %0
$x R 3& .(3"9'740 $23'2,!))0 5","6'!,( ,(5( # R , "%! - #!)C*#* "#$%&'( "#*. L,* 3& 4(')24'& $,(/*)* ,(5 -#&-
E!)2 3  2 "')< 2.%"4'7. B& #&))*# 9 ,(5 3 ,!-2)")4)2#( 3*$" 6( % =4.14,  ! $,* /2,4'62#( -"6,&$%!))& 62%*3"))0
3& .(3"<'740 $23)&4'< 3  2 "')&+ -2)& - 3*52 2# )" (4'"%!)*+ ,!/*# $,* .( 7-062#( -)":!))& /2,4'624'& $,(/*)*.

9!". 7. =/6$'+*;! .4$!3,&% @!$'&;(, $x R 6(! 8=500000 <//, % " 4,14, ==662 < 2#) 6(*>!&!

N" ,*4.7 -2.,"/!)2 -)":!))0 "#$%&'( 62%*3")7 A*%&) ," $x R $,* /2,4'62#( -"6,&$%!))& M=500000 N/#,
% " 4,14, G=662 N .!- $,(/*)*, E2 5","6'!,*-(9 (4'"%!)*+ ,!/*#. L,* )"03)24'& $,(/*)* #"9#2 62%*3"))0 -& 4%"-
.62< #2 (%0A&9<. M(''932 3& ,&-)09'740 ,(5 $,* % " 5.2, 06*+ 3& .(3"9'740 $,"6'*:)2 3  2 "')&+ 2.%"4'& - #"%*#*
"#$%&'( "#*. F2.'2, 3 24)23)2#(, 62%*3"))0 ,!-!,3(",( 3  2,!-2)")4)&+ 2.%"4'& $2 12,#& $2 &.)&  2 62%*3")7 3&-
%7)2? $23!,5)& ,& *)* )" 4'&)A& A*%&) ,". L,* :"4'2'"5 % =4.14 & 3*E! 62%*3"))0 A*%&) ," $2 12,#& 3& ,&-)0<'740
3& 62%*3")7 3&%7)2? $23!,5)& ,& *)*. K"9#2  ,!+1 4!,! )72;2 -)":!))0, .&%7C( :"4'2'( #2 (%0A&?. B 262%& -)":!)7
:"4'2'* % =4,3 $,(/*)" !1!6'*3)" & -#!)C(9 "#$%&'( * 62%*3")7. B 262%& % =5,2 )"+.&%7C 4(''932 3* )2 3$%*3
.&%7C 3*426*5 ;",#2)&6 4$!6',(, )"03)&  32;2,.& $&6*, $,* ,(4& 3 A!)',& ,!-!,3("," $!,!3"/)2 4$24'!,&;"9'740 2$(4-
6"))0 ,&3)0 3&%7)2? $23!,5)&. B& .(3"9'740  ,!+1 4!,! )72;2 -)":!))0.

5.  !"#$%&!
 !"#$!%&'! (&)*(&)+,'# (!$*-. '*-/'/0'+1 2!-+%&'. 3#(/3'!4! 5#1# 6!53)2!4! 7+-/'$5+,'!4! 5*8*5%#&5& 8 5/-

$+'!9 8 %/-.'!9 :!%*51'*9, :5#6'! 8&25/:-*'!4! '& 5#1!(/0 :-&);!5(/.
 !2&8&'!, <! :5#6+''* 8&25/:-*''= 8(*'>#? &(:-/)#$+ 2!-+%&'. %/-.'!@ :!%*51'/ 5/$+'+ '& 3)/'7/ / % 7*')5/ 7+-

-/'$5& )/-.2+ % '*%*-+2!(# $/&:&8!'/ ,&3)!) 8!%'/>'.!@ 3+-+ % !2!-/  =4,3. A /'>+1 %+:&$2&1 '&=%'/3). :5#6+'+
8"/-.>#? &(:-/)#$+ 2!-+%&'. %/-.'!@ :!%*51'/.

 5+ 2!-+%&''=1 %/-.'!@ :!%*51'/ '& 3)/'7/ 7+-/'$5& 3#))?%! :5!=%-=9).3= '*-/'/0'/ *;*2)+: (!$#-=7/= 2!-+%&'.,
$5*0; 3*5*$'.!4! 8'&,*''=, %:-+% %+<+1 4&5(!'/2. B&0"/-.>+0 %:-+% %+<+1 4&5(!'/2 3:!3)*5/4&?).3= % !2!-/ ,&3-
)!)+   5,.2 =2 :5+ 6!53)2!(# )&2 / :5+ :5#6+''!(# 8&25/:-*''/. B&=%'/3). :5#6+'+ :/$3+-9? 7/ *;*2)+, 8& %+2-9-
,*''=( '*%*-+2!@ 8!'+ % !2!-/ ,&3)!)+  =4,3.

A+1/$ '& #3)&-*'+0 5*6+( 2!-+%&'. %/-.'!@ :!%*51'/ 5/$+'+ :5!)=4!( 80 :*5/!$/%, % !3'!%'!(#, '* 3:!3)*5/4&?).-
3=. C-* $-= %+:&$2/% D=50000 B/(,  =3,8, C=210 B; D=200000 B/(, C=662 B,  =4,0 8 :5#6+'!9 / D=100000 B/(,
 =4,3, C=210 B "*8 :5#6+'+ %/$"#%&?).3= %+1/$ '& #:!5=$2!%&'+0 5*6+(.
A $!5*8!'&'3'/0 8!'/ 2!-+%&''= 5*8*5%#&5# '& :-&);!5(/ :! ;!5(/ :!$/"'/ $! 2!-+%&'. %/-.'!@ :!%*51'/ 5/$+'+

'& 3)/'7/ 7+-/'$5&. A 8!'/ 5*8!'&'3# 8 :5#6+'!9 (&?(! (!$#-=7/9 8 $5*0;!( 3*5*$'.!4! 8'&,*''= 8/ 83#%!( % $!$&-
)'!(# '&:5=(2#. C :5+ 6!53)2!(# 8&25/:-*''/ 7+-/'$5 2!-+%&?).3= % #3)&-*'!(# 5*6+(/ % $!$&)'/0 !"-&3)/.  5+
 =4.3 :5#6+'& 8(*'>#? &(:-/)#$+ 2!-+%&'. 7+-/'$5&.
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OSCILLATIONS OF LIQUID FREE SURFACE IN CYLINDRICAL RESERVOIR ON MOVABLE PLATFORM
Mathematical model of combined motion of rigid cylindrical reservoir, filled by liquid with a free surface, and fixed by spring to movable plat-

form is considered. Nonlinear oscillations of the system under action of harmonic external force applied to the platform were studied.


