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A survey as review of author’s research result in area of dynamics of coupled 

subsystems and coupled dynamical processes into hybrid systems are presented.  
The sets of two or many coupled partial as well as partial integro-differential 

equations, and also partial fractional differential equations of transversal vibrations of a 
elastically, as well as visco-elastic, and also creep connected double beam, as well as 
double plate systems, and also axially moving double belt system have been derived. 
The beam’s as well as plate’s materials, and also belt’s materials are elastic or 
viscoelastic or creeping and constitutive relations of stress-strain states are expressed 
through members with integral parts or of the fractional order derivatives. 

The analytical solutions of the sets of two coupled partial as well as partial 
integro-differential equations, and also partial fractional differential equations of 
corresponding dynamical free and forced processes are obtained by using method of 
Bernoulli’s particular integral and Lalace’s transform method asymptotic averaged 
method.  

It is shown that to one mode vibrations correspond a infinite sets correspond the 
like or two-frequency regime for free vibrations induced by initial conditions. Analytical 
solutions show us that connection between beams, as well as between plates, and also 
between belts coursed appearance of like two-frequency regime of time functions 
correspond to one eigen amplitude function of one mode from infinite mode sets, and 
also that time functions of different the n -family or mn -family vibration modes 

∞= ,....4,3,2,1,mn  are uncoupled.  
The partial differential equations as well as partial integro differential equations 

of transversal stochastic vibration of a parametrically excited beam was derived. The 
influence of rotatory inertia of beam cross section and transverse shear of beam cross 
section under the transverse force, and the corresponding members in the partial 
differential equation are taken into account. Bernoulli particular integral method and 
Lagrange method of variation constant are used for the transformation problem. The 
asymptotic averaged method is used for obtaining the first approximation of Itô stochastic 
differential equations. The sets of Lyapunov exponents are obtained.  
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Figure 1.  A creeping connected multi plate system    Figure 2.  A creeping connected multi beam system. 
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Figure 3. Transversal vibrations of the axially moving sandwich belt system . 

a* Kinetics parameters of the transversal vibrations of the axially moving sandwich belt. 
b* Elementary segment of the axially moving sandwich belt with length dx  and notations of the kinetics parameters;  c*  Eigen 

amplitude function for first three modes of the double belt system vibrations, 
Amplitude forms for transversal vibrations of the axially moving double  sandwich belt system for some of possible cases: for  first 

(d*) and (e*), for second( f*) and for  third (g*)  mode. 
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Figure 4. Transversal vibrations of the axially moving sandwich multi  (three) belt system  
a* Kinetics parameters of the transversal vibrations of the axially moving sandwich multi belt system 

b* Elementary segment of the axially moving sandwich multi belt system with length dx  and notations of the kinetics 
parameters 
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Figure 5 Transversal vibrations of the axially moving sandwich double belt system with creep layer. 
a* Kinetics parameters of transversal vibrations of the axially moving sandwich double belt system with creep layer. 
b* Elementary segment of the axially moving sandwich double belt system with creep layer and with length dx  and 

notations of the kinetics parameters. 
 
 
 
 
 
 
 
 
 



               
Figure  6.                                                                                  Figure 7. 

 
       Figure 6. Amplitude-frequency curves for stationary and nonstationary resonant regime for linear  (a*) and 
nonlinear (b*) harmonic of an elastic body oscillatory process for different velocities of forced excitation frequency 
change passing through the resonant range corresponding to one frequency regimes of the elastic body vibrations.. 

 

       Figure 7. Amplitude-frequency and phase-frequency curves of a stationary resonant state of two-frequency 
nonlinear oscillations of an nonlinear elastic body. 
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