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G%;%3(% >,5F5 B/+63%3() +3+45F(?35 /%;%3(K B/+63%3() (8). 

"4) <54B?%3() F/+H(?%9&5D (3,%/</%,+'(( <54B?%335F5 /%;%3() (25) 

659<54=:B%-9) </5F/+--3A- &5-<4%&95- MAPLE. "4) </)-5F5 ?(94%335F5 /%;%3() 

(9@5E35F5 B/+63%3() (29) (9<54=:B%- -%,5E GB3F%-#B,,+. 

G%:B4=,+,A ?(94%335F5 +3+4(:+ 3+ 59356% </%E45I%335F5 F(C/(E35F5 

+9(-<,5,(?%9&5F5 -%,5E+ ( ?(94%335F5 -%,5E+ GB3F%-#B,,+ </%E9,+64%3A 3+ /(9.2 ( 6 

,+C4('% 1. 

 

 

G(9. 2. J56%E%3(% @+/+&,%/(9,(?%9&5D HB3&'(( )(tf  </( &5>HH('(%3,% E%-<H(/56+3() 

tt =)(!  (–  –  – ), tt 5)( =!  (---), t
et

09.0)( =!  (–).  

 

 

 

N+C4('+ 1 

tt 1)( =!  

t !"#$"%&'( $()(&"( )(tf  *"+,(&&'( $()(&"( -' 

.(/'%0 10&2(-30//4 

0.03 -0.1071743990 -0.105764863015825688 

0.035 -0.1124892722 -0.133609903608793212 

0.04 -0.1154273314 -0.159883542812304684 

2 0.04565994967 0.0422282881712131159 

3 0.1086357085 0.107532028638544108 

4 0.07173229785 0.0716948593241360234 

5 -0.03112145658 -0.0311270814887880908 

 

$5<59,+64%3(% ?(94%33A@ /%:B4=,+,56 E%-539,/(/B%, E59,+,5?35 6A95&BK 

>HH%&,(6359,=, <5 6%4(?(3% <+/+-%,/+, </(C4(I%335F5 +3+4(,(?%9&5F5 /%;%3(), 

65:/+9,+K0BK 9 ,%?%3(%- 6/%-%3( 3% :+6(9(-5 5, @+/+&,%/+ (:-%3%3() &5>HH('(%3,+ 

E%-<H(/56+3(). 

7,-%,(-, ?,5 <54B?%335% </(C4(I%335% +3+4(,(?%9&5% /%;%3(% (25) B/+63%3() (8) 

-5I%, CA,= (9<54=:56+35, 95F4+935 [3], 6 94B?+% &54%C+3(D 5E35945D35D 

<=%:5>4%&,/(?%9&5D <4+9,(3A, >HH%&, 96):+3359,( >4%&,/(?%9&5F5 ( -%@+3(?%9&5F5 

<54%D &5,5/5D 3+@5E(, 5,/+I%3(% 6 (:-%3%3(( I%9,&59,3A@ @+/+&,%/(9,(& 

(&5>HH('(%3,+ JB+9953+ ( I%9,&59,( </( '(4(3E/(?%9&5- (:F(C%), + ,+& I% 6 94B?+% 

&54%C+3(D C(-5/H35D <=%:5>4%&,/(?%9&5D <4+9,(3A. J54B?%335% /%;%3(% <5:654)%, 

/%;+,= /)E </+&,(?%9&(@ :+E+?, 96):+33A@ 9 6A?(94%3(%- 6%4(?(3A ,5&+ </565E(-59,( 6 

'%<( F%3%/+,5/+ ( <+/+-%,/56 >4%&,/5B</BF5F5 <54) (3+</)I%3359,= >4%&,/(?%9&5F5 

<54), /+9</%E%4%3(% >4%&,/59,+,(?%9&5F5 <5,%3'(+4+ 6 <4+9,(3%, >4%&,/(?%9&+) (3EB&'() 



( ,.E.), 9 +3+4(:5- /%:53+393A@ ( +3,(/%:53+393A@ ?+9,5, &54%C+3(D 6 <%/%-%335- 

>4%&,/(?%9&5- <54% ( +3+4(:5- E/BF(@ E(3+-(?%9&(@ >HH%&,56, 65:3(&+K0(@ 6 

96):+33A@ >4%&,/5-%@+3(?%9&(@ <54)@. 

  

1. Ishihara M., Noda N. Nonlinear Dynamic Behaviour of a Piezothermoelastic Laminated Plate 

with Anisotropic Material Properties// Acta Mechanica. – 2003. – Q166. –  P. 103 – 118. 

2. Kasap S. O. Principles of Electrical Engineering Materials and Devices. – Canada: McGraw-

Hill, 2000. – 690 p.   

3. ./(3?%3&5 1.N., !4(,&5 8.R., SB4=F+ O.8. T4%&,/5B</BF59,= – #.: O+B&. EB-&+, 1989. 

– 280 9. – (*%@+3(&+ 96):+33A@ <54%D 6 >4%-%3,+@ &539,/B&'(D: 1 5,( ,.; N.5) 

4. #+/3+B@56 1. .., #5:456 8. 1., J),%'&+) L. 1. "%-<H(/56+3(% &54%C+3(D 6):&5B</BF(@ 

<4+9,(3 9 <5-50=K /+9</%E%4%33A@ <=%:5>4%&,/(?%9&(@ 6&4K?%3(D // 8&B9,. 6U93.- 

2002. – 5, - N 4. – C. 15-32. 

5. #+/3+B@56 1. .., #(/(?5& V. R., #5:456 1. V. T4%&,/5-%@+3(?%9&(% &54%C+3() ( 

E(99(<+,(63AD /+:5F/%6 6):&5B</BF(@ ,53&59,%33A@ >4%-%3,56 9 <=%:5>HH%&,5- // 

J/(&4. -%@. – 2001. – 37, N 2. – $. 45-77. 

6. Cristovao M. Mota Soares, Carlos A. Mota Soares, Victor M. Franco Correia. Optimal Design 

of Piezolaminated Structures// Composite Structures. – 1999. – Q47. – P. 625-634 

7. Gristchak V. Z., Ganilova O. A. Application of a Hybrid WKB-Galerkin Method in Control 

of the Dynamic Instability of a Piezolaminated Imperfect Column//Technische Mechanik. – 

2006. –  Q26. – P. 106 – 116.  

8. Gristchak V., Dmitrieva Ye. A Hybrid WKB-Galerkin Method and Its Application// 

Technische Mechanik. – 1995. – Q15. – P. 281-294. 

9. Geer J. F., Andersen C. M. Hybrid Perturbation Galerkin Tecnique with Application to 

Slender Body Theory// SIAM J. Appl. Math. – 1989. – Q49. – P. 344-361. 

10. Geer J. F., Andersen C. M. Investigating A Hybrid Perturbation-Galerkin Technique 

Using Computer Algebra / NASI-18107. – Hampton, Virginia. – 1988. – 26 p. 

11. 8-C+/'B-)3 $. 8. N%5/() +3(:5,/5<3A@ <4+9,(3. J/5?359,=, B9,5D?(659,= ( 

&54%C+3(). – *59&6+: O+B&+,1987. – 3609.  

12. 8-C+/'B-)3 $.8. 7C0+) ,%5/() +3(:5,/5<3A@ 5C545?%&. – *59&6+: O+B&+,1974. – 

4489. 

13. W%@3('&(D $. .. 83(:5,/5<3A% <4+9,(3&(. – *59&6+: R(:-+,F(:, 1957. – 4639. 

14. Lee C. K. Theory of Laminated Piezoelectric Plates for the Design of Distributed Sensors 

and Actuators. Part 1: Governing Equations and Reciprocal Relationships// Journal of the 

Acoustical Society of America. – 1990. – 87, Q3. – P. 1144 – 1158.   

15. Miller S. E., Abramovich H., Oshman Y. Active Distributed Vibration Control of 

Anisotropic Piezoelectric Laminated Plates// Journal of Sound and Vibration. – 1995. – 183, 

Q5. – P. 797 – 817. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

1 /+C5,% /+99-+,/(6+%,9) <56%E%3(% ,/%@945D35D 9(--%,/(?35 95C/+335D 

5/,5,/5<35D <=%:5>4%&,/(?%9&5D <4+9,(3&(, 3+@5E)0%D9) <5E E%D9,6(%- 35/-+4=35 

</(45I%335D E(3+-(?%9&5D 3+F/B:&( q(x,y,t), B?(,A6+) <%/%-%33AD 65 6/%-%3( 

&5>HH('(%3, E%-<H(/56+3(). 

"4) /%;%3() <59,+64%335D :+E+?( CA4 </(-%3%3 F(C/(E3AD -%,5E 1#M-

.+4%/&(3+. J54B?%33A% /%:B4=,+,A CA4( 95<59,+64%3A 9 /%:B4=,+,+-( </)-5F5 

?(94%335F5 -%,5E+, + ,+& I% </5+3+4(:(/56+35 64()3(% &5>HH('(%3,+ E%-<H(/56+3() 3+ 

<54B?%33A% /%:B4=,+,A. 

 

On the problem solution of piezolaminated plate dynamic deformation based on a hybrid 

WKB-Galerkin method 

 

The paper deals with the problem of behavior of a symmetrical orthotropic piezoelectric 

sandwich plate subjected to the dynamic normal loading q(x,y,t), taking into consideration 

variable in time damping coefficient.  

A Hybrid WKB-Galerkin method was applied to solve the problem. Obtained results are 

compared with numerical method results. The damping coefficient effect on the solution is 

studied.  
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G(9. 1. 7/,5,/5<3+) 9(--%,/(?35 95C/+33+) <=%:5>4%&,/(?%9&+) <4+9,(3&+  
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