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Project Summary

The task of quantitative determination of the distribution of both residual and load stresses of various components and
constructions is an extremely important task in many fields of science and technology. At present, there are many methods for
determining the stress state based on different physical principles. Existing methods are limited by the type of materials under
investigation, the accuracy of measurement and the possibility of determining the nature of stresses. But it turned out that the
field of application of each method is much limited and most of these methods require a relatively large measurement time.
Despite the variety of the currently available various methods for the determination of stresses, the development of a non-
destructive, technological, sensitive, convenient, all-purpose and real-time method for determining the distribution of stress
states is extremely urgent.
It is known that the mechanical stresses in solids cause changes of the dielectric permittivity tensor, which results in a change in
the optical properties of these bodies in the validity range of the Hooke's law. The polarization state of the light reflected from the
surface of the body or transmitted through it is the most sensitive to changes of optical properties and the determination of
changes in the polarization state in the presence of stresses in solids will enable a quantitative relationship between the
magnitudes of the stresses and changes in the polarization state to be established.
An innovative real-time polarimetric method is suggested to be developed in the project for the determination of the distribution
of stressed state in different constructions based on the determination of the distribution of the polarization state of light reflected
from the object under investigation, and it is suggested that the integral polarization-holographic diffraction element developed
by us should be used for determining the distribution of the polarization state of light in real time. A compact and mobile
laboratory model will be developed and created for the realization of this method.
In the process of diffraction the element forms the diffracted beams. The simultaneous measurement of the intensities of four
diffracted beams by means of photodetectors and the software developed in the project will enable the complete polarization
state of an analyzable light (all the four Stokes parameters) and its change to be obtained in real time. If an image of the
construction or component formed by means of an objective and the integral polarization-holographic element is placed before
the focus of the objective, also using matrices of photoreceivers as photodetectors (for example, CCD matrices), then we can
obtain the distribution of the polarization states on the surface of the construction or component under investigation in real time.
It is supposed in the project to find correlation relations between the change in the polarization state of light reflected from the
sample with the distribution of the dosated mechanical stresses in the samples, taking into account the dispersion of the
distribution of the polarization state and to develop criteria for determining the stress distribution. These will give the possibility to
get a picture of stress distribution using the appropriate software.
There will also be theoretically and experimentally investigated the possibility of determining the three-dimensional 3D
mechanical stresses by the change in the polarization state of light reflected from the surface of the object and by the
connection of the peculiarities of the polarization of the reflected light with the stresses existing in the volume of objects.
The proposed method will be universal enough, as it will enable the stresses in the constructions from different materials to be
investigated: both transparent and opaque, both ferromagnetic and nonferromagnetic, metals and dielectrics. The method will
be nondestructive, i.e. there is no need to drill holes or openings in the product to determine the residual stresses. This method
will enable the monitoring and diagnosis of already existing constructions to be carried out.
In comparison with existing methods of nondestructive stress analysis the proposed method will differ by universality, simplicity,
technological effectiveness, high speed and comparative cheapness, which conditions its competitiveness. 
The participants of the Project under the guidance of Prof. Sh.Kakichashvili made pioneer works on the creation of the



fundamentals of polarization holography, the creation of the technology of obtaining polarization sensitive materials of many
different types and the investigation of many application tasks that form a basis for successful performance of the suggested
Project.


