
Brief information about the project 

Name of the project 

 

AP19676624 «Navier-Stokes-Voigt models governing the 

motion of homogeneous and nonhomogeneous non-

Newtonian fluids»  

Relevance 

 

One of the most rapidly developing areas of 

mathematics is the mathematical analysis of various 

problems for nonlinear equations of non-Newtonian 

hydrodynamics. This project is devoted to the analytical 

and numerical study of the existence, uniqueness and 

qualitative properties of solutions to various direct and 

inverse problems for the nonlinear Navier-Stokes-Voigt 

equations and other related fluid mechanics equations with 

more complex rheological properties, describing the flow 

of homogeneous and nonhomogeneous incompressible 

fluids. Therefore, the study of inverse and direct problems 

for linear and nonlinear equations of Newtonian and non-

Newtonian fluids, taking into account all possible 

properties, is an important and relevant area of research 

from both fundamental and practical points of view. 

Purpose 

 

The purpose of project is the investigation of new 

nonlinear inverse and boundary value problems for 

Navier–Stokes–Voigt models that describe incompressible 

homogeneous/nonhomogeneous flows with relaxation and 

elastic properties; the development of analytical and 

effective numerical methods for solving them and 

establishing the qualitative properties of their solutions. 

Objectives ➢ To establish the global existence and uniqueness of 

weak and strong generalized solution to the inverse source 

problem for the linearized integro-differential Navier-

Stokes-Voigt system describing the flow of a viscous non-

Newtonian incompressible fluid. The inverse problem 

consists of recovering a non-stationary source from the 

system using an additional overdetermination condition. 

➢ To prove the global-in-time existence and 

uniqueness of weak and strong solutions to the inverse 

source problem for the nonlinear integro-differential 

Navier-Stokes-Voigt equations with a special right-hand 

side. 

➢ To establish the local existence and uniqueness of 

weak and strong solutions to the nonlinear inverse source 

problem for the integro-differential Navier-Stokes-Voigt 

system. 

➢ To obtain asymptotic properties of the solution of 

the nonlinear inverse source problem for the Navier-

Stokes-Voigt integro-differential system. 

➢ To investigate the well-posedness of the inverse 

problem with a final overdetermination condition the task 

of which is to find a source that depends only on a spatial 

variable for pseudoparabolic integro-differential 

equations.  



➢ To implement an efficient algorithm for the 

numerical solution of an inverse source problem with final 

overdetermination condition for pseudoparabolic integral-

differential equations. 

➢ To prove the unique solvability of the inverse 

problem of recovering a time-dependent coefficient of the 

right-hand side for a pseudoparabolic integro-differential 

equation. 

➢ To study numerical solutions of the inverse 

problem of retrieving a time-dependent coefficient of 

right-hand side for a pseudoparabolic integro-differential 

equation, which models Voigt fluid flows.  

➢ To investigate the issues of existence and 

uniqueness of strong solutions of the direct initial-

boundary value problem for the nonlinear integro-

differential Navier-Stokes-Voigt system and establish the 

qualitative properties of the solutions.  

➢ To study the unique solvability of the initial-

boundary value problem for the Navier-Stokes-Voigt 

equations, which describe nonhomogeneous flows of 

viscous and incompressible fluids with elastic properties. 

In this problem, the initial density may eventually vanish 

over time in some subdomain, i.e. we work on the 

possibility that, at the initial moment, there might be a 

vacuum in some part of the spatial domain. 

➢ To prove the existence, uniqueness and stability of 

generalized strong solutions of the inverse problem for the 

linearized Navier-Stokes-Voigt system. The inverse 

problem consists of finding the intensity of external forces 

depending on the spatial variable.  

➢ To establish the existence and regularity of 

generalized solutions of a nonlinear initial-boundary value 

problem for integro-differential Navier-Stokes-Voigt 

equations with memory that describe nonhomogeneous 

flows of viscous and incompressible non-Newtonian fluids 

with elastic properties. 

Expected and achieved results 

 

In 2023, the following new results were obtained: 

➢ The global existence and uniqueness of weak and 

strong generalized solution to the inverse source problem 

for the linearized integro-differential Navier-Stokes-Voigt 

system, which describes the flow of a viscous non-

Newtonian incompressible fluid, has been established. 

This inverse problem consists of restoring a non-stationary 

source from the system using an additional integral 

overdetermination condition. 

➢ The global-in-time existence and uniqueness of 

weak and strong solutions to the inverse source problem 

for a nonlinear integro-differential Navier-Stokes-Voigt 

equations with a special right-hand side are proved.  

➢ The local existence and uniqueness of weak and 

strong solutions of nonlinear inverse source problem for 



the integro-differential Navier-Stokes-Voigt system are 

established. 

➢ Asymptotic properties of solution of the nonlinear 

inverse problem for the integro-differential Navier-Stokes-

Voigt system are obtained.  

➢ The well-posedness of the inverse problem of 

finding a source that depends only on a spatial variable for 

pseudoparabolic integro-differential equations with a final 

overdetermination condition is investigated. 

➢ An effective algorithm for the numerical solution 

of the inverse source problem with the final 

overdetermination condition for integro-differential 

pseudoparabolic equation has been created. 

 

The following results are expected in 2024-2025: 

➢ The unique solvability of the inverse problem of 

recovering a time-dependent coefficient of the right-hand 

side for an integro-differential pseudoparabolic equation 

will be proved.  

➢ Numerical solutions of the inverse problem of 

recovering the time-dependent coefficient of the right-

hand side of the pseudo[arabolic integro-differential 

equation that models Voigt fluid flows will be 

investigated. 

➢ The questions of the existence and uniqueness of 

strong solutions of the direct initial-boundary value 

problem for the nonlinear integro-differential Navier-

Stokes-Voigt system will be investigated and the 

qualitative properties of the solutions will be established.  

➢ The unique solvability of the initial-boundary value 

problem for the Navier-Stokes-Voigt equations, which 

describe nonhomogeneous flows of viscous and 

incompressible fluids with elastic properties, will be 

established. In this problem, the initial density may 

disappear over time in a certain subdomain, i.e. we are 

working on the possibility that at the initial moment a 

vacuum may exist in some part of the spatial domain. 

➢ The existence, uniqueness and stability of strong 

generalized solutions of the inverse problem for the 

linearized Navier-Stokes-Voigt will be proved. The 

inverse problem consists of finding the intensity of 

external forces depending on the spatial variable.  

➢ The existence and regularity of generalized 

solutions of a nonlinear initial-boundary value problem for 

integro-differential Navier-Stokes-Voigt equations with 

memory, describing nonhomogeneous flows of viscous 

and incompressible non-Newtonian fluids with elastic 

properties, will be established.  
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