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© V. D. Anakhin 

 
MODELING OSCILLATIONS 

OF NONLINEAR DYNAMIC SYSTEM 
 

A mathematical model of innovative process has been developed, it has the 
prospect  for  use  in  a  set  of  branches  of  industrial  production  for  creation  and  
improvement of new machine and technologies. The main condition of the new 
effect concludes in the asymmetry of oscillation of the nonlinear dynamic 
system. 

Keywords:  asymmetry  of  oscillation,  effects  in  the  systems  with  friction;  
mathematical analysis of the dynamics of processes, monitoring of parameters. 

 
Completely new equipment design of VS distinguished from a vibrating 

screen  in  that  it  is  complete  with  an  un  perforated  deck  (separating  surface)  
specified with respect to the ground surface (horizon).  Many variations of 
parallel-deck VS are now available: some have flat decks, some use concave 
decks. Most of the decks are placed on two tilt angles to allow the components 
of the mix to disengage as they pass through the deck section. Parallel decks 
added to VS can greatly improve separation quality and increase capacity. The 
parameter factor of the solids present in the mix is also essential with the screen 
less method motivated by the acceleration of vibration. The design of 
equipment for this particular case is less developed aspects of vibration 
technology.  Selection of the separation technique or techniques to be used for 
a  particular  system  can  be  also  broken  down  into  the  task  to  use  the  
translational vibration motion in the direction of the Y axis of the deck of VS 
(longitudinal vibration). The technical feasibility and engineering perspectives 
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of a given method must be attractive. Some comments on the selection are 
included to provide some perspective for discussion in works. Mixtures of dry 
solids  can  be  separated  by    the  specific  thickness  differences  of  the  
components.  The proper  introduction to feed to a  VS is  one of  the keys to its  
performance. The batching and removal of solids require a good control. For 
some critical designs, the performance cannot be predicted theoretically and 
such systems require experimental work to determine concentration of feed, 
sizing (spacing for equipment), material of construction, operating conditions 
and costs, quality required, etc. For consistence performance dynamic models 
are useful in evaluating optimal performance. 

The design shown  below which is common for the process depended on the  
differences of the solids present in a multicomponent mixture. A schematic 
diagram of a typical motion is shown in Fig. 1. The gap may be calculated by 
the expressions: 

 

y.max 1 2

y.min 1 2

=  (A A ) Sin
=  - (A A ) Sin  

 
where y.max  is the maximum linear shift in the direction of  Y- axis; 

 y.min  is the minimum linear  shift in the direction of  Y- axis;  

  is  a  gap between the bar  (part  1)  and the deck (part  2)  as  shown in 
Fig. 1.;  

 A1 is a shift amplitude of the deck; 
 A2  is a shift amplitude of the bar, and 
  is the angle of vibration   
 
The schematic representation of the displacement amplitudes of the 

mechanical parts of VS used in the design and operation of separation process 
arising from differences in particles illustrates possibility of passage of thin 
particles through opening  between the bar and deck plane. The device has 
been tried experimentally but are not in use commercially. This horizontal 
device  can  be  used  to  estimate  the  performance  of  VS  of  various  sizes  and  it  
can  be  used  to  predict  the  effect  of  specific   difference  of  solids,  and  allows  
prediction of capacities at various flows of the mixtures as a function of 
dynamic parameters. This information will be adequate to determine the final 
design of a VS, provided the solids of the mix are readily characterized and the 
solids concentration in the feed is steady. For applications where the solids 
widely in thickness, a test program should be undertaken. The VS of this type 
is applicable where separated solids are expected to be very dry. In horizontal 
VS mathematical modeling is useful in evaluating their performance. 
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Theoretical calculations are recommended for potential design of VS with 
the deck generally placed horizontally and acted upon by the rectangular step 
excitation.  

The mathematical basis for process motivated by the rectangular 
acceleration of translational vibration motion and   steps in exact solution of 
transcendental equations of    particle movement are presented below. Motion 
of single degree-of-freedom system of the VS deck acted upon by the 
rectangular step excitation  (the rectangular acceleration pulse of magnitude w 
and duration t) is discussed. The corresponding  velocities  of time histories are 
also  for various conditions. The magnitude of the velocity u change defines the 
intensity of the process. The longitudinal displacement of the deck during the 
vibration  is  characterized  by  three  steps  (for  purposes  of  illustration  in  the  
following examples the primary time history is that of acceleration, time-
histories of velocities may be derived there from by integration). If the velocity 
u is zero at time t=0, then the velocity time-history is a line of constant slope, 
the corresponding acceleration time-history is the acceleration step of constant 
value as  was shown].  The first  step is  defined as  a  forward motion which has 
value  u  of  zero  and  a  value  of  w  slightly  greater  than  zero ;0,0 11 Huw  
the second step describes forth and back motion for the conditions 

;0,0,0 2122 KHH uuuw  that is the acceleration step has a value less 
than zero significantly;  the third step is defined as backwards motion which 
has a value of acceleration somewhat greater than 
zero ,0,0,0 3233 KKH uuuw  where iw is the acceleration step , iHu , 

iKu  are initial and finite deck velocity steps. 
The motivated particle movement is defined mathematically as a function of  

 
Figure 1. Diagram depicting shift of mechanical parts of the machine 

used to illustrate the principle of process by particle parameters. 
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21321 ,,,, uuwww .  If  the  accelerations  are 31 ww , 21 ww ,  with  the  
simplest representation of the Coulomb friction force and the effect of air 
resistance DFc 3  the mathematical expressions describing the motion 
of a particle of mass m  are 

                                      ,3
m
Dgf

dt
dm  

or                                     ,3
m
Dgf

dt
d

 

where  f   is the coefficient of friction,  D  is the particle diameter ,   is 
the air viscosity, g is the acceleration of gravity. The algebraic sign of the 
friction term changes when the velocity changes sign ( II ). For 
forward sliding when u  it must have a positive sign I ; for 
backwards sliding : Iu, ; at rest  u   it is  I . 

By performing transformation of the latter equation the following 
differential equation of the particle motion is obtained    

                                          ;ngf
dt
d

 

where n =  3 D/m. 
Rewriting, 
                                    dtndtgfd  
The solution for the latter equation is of the form                                                                  

;exp HiH ttn
n
fg

n
fg

 

;exp1
1

HiHH ttn
n
fg

n
tt

n
fgl  

where the required values of  particle displacement l  and its velocity  are 
found. 

Consider the following operating conditions: 
1. fgww 21   is a stationary rate. 
2.  21 wfgw . A brief review of the complete solution evaluated from 

a knowledge of these starting conditions  is given as follows: the particle size is 
a somewhat factor with the moving and separation motivated by the rectangular 
vibration. They occur at values of velocities not greatly different from each 
other; hence, attention is devoted to the next case. 

3.   21 wwfg . For the forward sliding mode u  the highest 
possible value of the velocity  is described by the following equation: 

,exp '
21 TTn

n
fg

n
fg

KK  
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and the expression for the response particle displacement is 
'

2
'

11 exp1
1 TTn

n
fg

n
TT

n
fgl K . 

For the backwards sliding mode u  the terminal velocity and 
displacement function are defined by 

'
2 1 exp ;K K

fg fg nT
n n

 

' '
2 1

1 1 exp ,K
fg fgl T nT
n n n

 

where  12
' ttT . 

The foregoing equations are alike, mathematically, and a solution may be 
applied to any of the others by making simple substitutions. Therefore, the 
equations may be expressed in the general form: 

' '

2

'

1

1 exp 1 exp 2exp2

1 exp 2exp
;

TT nT nT n T T
fg w
n
nT nT

w

 

'
1 1 2 11 exp 2exp ;

1 expK
fg nT n T T w w t

n nT
 

'
2 1 2 21 exp 2exp ;

1 expK
fg nT nT w T t

n nT
 

'
21 2TT

n
fglll  

.y
l
T

 

If the air resistance is negligible 0n ,  the equations reduces to the form 

1

2

;

;
2

.
4

K

K

y

fg
Tfg

Tfg

 

Within each case there are variations and differences of effects. For the third 
case 3, separation depends essentially on the size differences of the particles 
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present in the mix. The maximum value of the velocities will hold in this case: 
fgw1 .  fgw1  0n   2w .The particle velocity forward the deck plane 

directly related to the friction coefficient which is a function of the particle 
shape and size. Rectangular pulse excitation: the excitation function given by  
and T includes the natural period of the responding system and a significant 
period of the excitation. The excitation may be defined in terms of various 
physical quantities, and the response factor may depict various characteristics 
of the response. The purpose is to compare vibration motions, to design 
equipment and to obtain useful information. Care must be taken to assure that 
the  same  VS  and  its  performance  can  be  predicted  theoretically  but  such  VS  
require experimental work. The mechanical design, however, may be used 
commercially by the application of vibration considered to be sinusoidal or 
simple harmonic in form. Alternate form of the excitation may be applied after 
making simple substitutions of vibration exciters. 

 
CONCLUSIONS 

1. In the design and operation of  processes depended essentially on the 
parameter differences of the solids present in the mix a problem is approached 
logically by first preparing an initial design. A subsequent analysis point to 
desirable modifications. 

2. An initial prototype equipment has been designed and is then 
constructed in which actual operating conditions preferably are determined and 
considered from practical point of view. 

3. From the analytical point of view and to provide some perspective for 
later improvement of existing processes the single degree-of-freedom system of 
the horizontal VS model acted upon by rectangular step excitation  is 
considered with mathematical method of analysis  to obtain useful information. 
The technical feasibility of a given separation method might be essentially 
attractive. 

4. The optimum design must arise from careful consideration of all 
feasible alternatives and represents the further inventive aspect of process 
design. 
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© Zh. G. Dambaev, A. I. Remizov, Yu. A. Chistyakov 
 

MATHEMATICAL MODEL OF MOTION OF GASEOUS 
PRODUCTS OF EXPLOSION IN A BORING WELL AND 

APPLICATION FOR INDUSTRIAL SAFETY 
  

The article is devoted to the calculation of explosion products movement for 
substantiating safety of the mass blasting in mining construction materials from 
natural stone. A mathematical model of explosion products expiration in the 
boring well and its maintenance by model experiments to verify theoretical cal-
culations are considered. Thus it is necessary to take into account the interac-
tion of waves of pressure between the adjacent extended charges and determine 
the time of crack formation. Thereby the blasting safety for destruction of rocks 
is provided. 

Keywords: explosion, shock wave, kinetics of explosive transformation, 
gaseous products of explosion, blasting effect on a rock, main crack. 
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© G. B. Itigilov, D. Sh. Shirapov, S. I. Olzoeva 
 

MATHEMATICAL MODEL OF PROPAGATION OF 
ELECTROMAGNETIC WAVES IN LIMITED GYROTROPIC AREAS 

AT LONGITUDINAL MAGNETIZATION 
 

A mathematical model allowing model the general regularities of propaga-
tion of electromagnetic waves in the limited longitudinally magnetized gyro-
tropic areas with different orthogonal forms of a transverse section is devel-
oped. 

Keywords: electromagnetic wave, limited area, Maxwell's equations, 
Helmholtz's equations, longitudinal magnetization. 
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© G. B. Itigilov, D. Sh. Shirapov, S. I. Olzoeva 

 
NUMERICAL SOLUTIONS OF DISPERSING EQUATIONS OF 

ELECTROMAGNETIC WAVES IN THE LIMITED 
LONGITUDINALLY MAGNETIZED GYROTROPIC ELLIPTIC 

AREAS 
 

For the first time the dispersing equations of hybrid waves in the limited el-
liptic gyrotropic longitudinally magnetized areas with infinitely conducting are 
obtained and numerically solved. 

Keywords: electromagnetic wave, limited longitudinally magnetized ellip-
tic area, Maxwell's equations, dispersing equation, longitudinal magnetization. 
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A MATHEMATICAL MODEL OF MULTIMODE REFLECTION 

AND REFRACTION OF WAVES 
 
In the paper the Fresnel’s problem with the account of the excitation of 

counter waves in dissipative media has been solved. A multimode mechanism 
of  the  reflection  and  refraction  has  been  identified.  It  is  shown  that  in  the  
bordering media the backward waves and waves with a negative angle of 
refraction are excited along with reflection and refraction modes. 

Keywords: counter-waves, multimode reflection and refraction of waves. 
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CRITERION OF GLASS TRANSITION AT MELT METALLIC 
GLASSES IN A MODEL OF ATOM DELOCALIZATION 

 
The ratio of fluctuation volume of metallic glasses frozen at a temperature 

of glass transition agrees in magnitude with the data for amorphous organic 
polymers and other glassy systems. The energy values of the process of delo-
calization of kinetic unit, responsible for viscous flow are almost identical for 
them and for inorganic glasses. The mechanism of atom delocalization leads to 
the formation of fluctuation amount that can serve as a criterion of glass transi-
tion, in particular, for melt of metallic glasses. In the presentation of the applied 
model this volume coincides with the fluctuating free volume and eliminates 
the inherent contradictions and shortcomings of this concept in the treatment of 
a number of experimental facts. 

Keywords: model of atom delocalization, glass transition temperature, the 
viscous flow of a glass forming melt, metallic glasses. 
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Fe80P13C7 
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AUTOMATION OF PARALLEL COMPUTING PROCESS 
 AT SIMULATION MODELING 

 
The principles of tools development are discussed at solving the problems 

of parallelization of simulation modeling of the studied complex system. 
Keywords: simulation modeling, computer systems, software. 
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METHODS OF PARAMETRIC OPTIMIZATION OF DYNAMIC  

SYSTEMS WITH EQUALITY TYPE CONSTRAINTS ON THE BASIS 
OF FIXED POINT PROBLEMS 

 
© A. S. Buldaev  

 
A new approach to a search of the optimal parameters of dynamical systems 

with equality constraints is proposed on the basis of construction and solution 
of special fixed point problems for operators constructed on the admissible set 
of parameters. 

Keywords: parametric optimization of the system, conditions of optimality, 
fixed point problem. 
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©  I. D. Burlakov 

 
NUMERICAL EXPERIMENTS IN EFFECTIVENESS ANALYSIS OF 

PROJECTION METHOD FOR NONLOCAL IMPROVEMENT 
 
The article presents the results of numerical experiments on the analysis of 

effectiveness of the projection method for nonlocal improvement in nonlinear 
optimal control problems. 

Keywords: optimal control problem, nonlocal improvement, numerical ex-
periment. 
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BOUNDARY VALUE PROBLEM OF ONE KIND  
FOR VOLTERRA INTEGRAL AND DIFFERENTIAL EQUATIONS  

 OF NEUTRAL TYPE  
 
In the article a possibility of solution the boundary value problems of one 

kind for Volterra integral and differential equations with late argument of neu-
tral type is studied with the use a new updating function of flexible structure.  

Keywords: boundary value problem, integral and differential equations, 
function of flexible structure, neutral type of equations.  
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