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RESEARCH WORK
 GENERAL REMARKS  

My main research interests are in the area of Oscillation Theory of Ordinary and 

Functional Differential Equations (DEs) with Deviating Arguments, that is to say, 

equations of the form

(E)            x(n)(t) = F[t; x(m
1
)(t-τ1),...,x(m

s
)(t-τs)],   t ≥ t0,

where n and mi, i = 1,2,...,s are nonnegative integers, τi∈R, i = 1,2,...,s and x, F may be 

vectors. Set m = max {mi: i = 1,2,...,s }. Then Eq. (E) is said to be of the:

- retarded (delay) type, if  m < n,

- advanced type, if  m > n,  and

- neutral type, if m = n.

Moreover, Eq. (E) has:
- retarded (delay) arguments, if τi ≥ 0,   i = 1,2,...,s

- advanced arguments, if τi ≤ 0,   i = 1,2,...,s  and

- mixed arguments, if there is s1∈{1,2,...,s-1} such that

τi ≥ 0  for  i = 1,2,...,s1   and   τi ≤ 0   for   i = s1+1,s1+2,...,s.

    The deviating arguments may depend on time t or even depend on the solution of 

Eq. (E), whereupon the type of deviation of the arguments may change depending on 

time or on solution. 

     It should be pointed out that deviating arguments, in some cases, do not affect the 

oscillatory character of the solutions of differential equations under consideration, while 

in some other cases they either cause (generate) oscillations or destroy (ruin) them. 

Consequently, it is interesting to investigate phenomena of this kind in order to chose 

the mathematical model of real systems, whose oscillatory character depends on the 

deviating arguments of the equations in question.

     In a number of my papers I study retarded type DEs, the derivatives of which 
contain a continuous function r defined on an interval [tr,∞). The presence of the 

function r is justified by the fact that these equations constitute generalizations of the 

well known Emden-Fowler and Thomas-Fermi equations which, as they appear in 

applications, contain functions of the type r. An occurrence of the function r could be, 

for example, a cause for appearance of terms, in DEs under consideration, which 

cause forced oscillations. The obtained results are interesting not only from the 

theoretical aspect, but also from the aspect of applications. 

     Indeed, the role of these equations, for example, in the relativistic electrodynamics 

and other natural sciences, is very important.

     An other important topic is the problem of oscillatory and asymptotic behavior of the 

solutions of neutral differential equations (NDEs) with deviating arguments. This 



problem is interesting both from the theoretical and practical aspect. In fact, NDEs have 

applications in electric networks containing lossless transmission lines. Such networks 

arise, for example, in high speed computers, where the lossless transmission lines are 

used to interconnect switching circuits. Second order NDEs appear in the study of 

vibrating masses attached to an elastic bar and also, as the Euler equation, in some 

variational problems etc.

     In general, the study of NDEs presents complications which are unfamiliar to non-

neutral type differential equations. Indeed, it has been 

proved that even though the characteristic roots of a NDE may all have negative real 

parts, it is still possible for this equation to have unbounded solutions. Furthermore, the 

oscillatory character of the solutions of a NDE is determined by the roots of the 

corresponding characteristic equation which is in contrast with the fact that the stability 

character is not determined by the characteristic roots.

     In my work techniques and methods are developed which have been adopted by a 

number of researchers in this area. Also, it should be pointed out that results obtained 

for NDEs with constant coefficients and constant deviations are crucial with respect to 

drawing conclusions concerning NDEs of the same form where the coefficients and 

deviations are functions. For this reason, the large number of essential references to 

my work is not surprise.

     Beyond the above areas, I am interested in applications of Partial Differential 

Equations (PDEs). The results obtained in this direction concern the boundary value 

problems (BVPs) for some special type PDEs (for example, wave equations, etc.), the 

problem of existence and uniqueness  of solutions of this type of equations and the 

possibility to treat  practical problems appearing in Technology, etc.

         As a result of the analysis of my research work, one can see that  

    some of the main topics, which are treated in it, are the following:

- Establishing criteria (necessary and sufficient conditions) for oscillation (non-

oscillations) of all solutions of DEs under consideration.

- Establishing criteria for existence of oscillatory (non-oscillatory) solutions of DEs 

with some asymptotic property.

- Obtaining sufficient conditions for oscillation (non-oscillation) of all solutions of 

equations in question.

- Finding the relation between oscillation and other qualitative  

    properties such as boundness, convergence to zero etc.

- Investigating the oscillatory and asymptotic properties of the non-oscillatory 

solutions of DEs with forcing or discontinuous terms.

- Investigating the oscillatory phenomena caused by deviating arguments.

- Classification of all solutions of DEs under consideration with respect to their 

behavior at infinity.

-   Other topics: BVPs for PDEs, etc.
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