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PREPARATION OF PHD IN THE FIELD OF METROLOGICAL SUPPORT OF OPTICAL ELECTRONIC DEVICES AND SYSTEMS

Various applications of lasers are based on the use of data on the distribution of the power density (energy) in the cross section of the beam in the near and far zones. The distribution of the power density (energy) of the laser beam is characterized by a spatial distribution, which is obtained experimentally with a transverse displacement in a certain isolated plane perpendicular to the direction of propagation of the radiation. In this paper, we measured the distribution of the power density (energy) of laser radiation in a cross section with the z coordinate by placing the MKT-1 receiver with a sufficiently high spatial resolution directly in the beam. A model is constructed for estimating the uncertainty of the results of a laboratory experiment. The combined uncertainty of type B for the coordinate (-4;0), which is 
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. For the confidence level P = 95 %, assuming that the possible measurement results are distributed according to the normal law, an expanded uncertainty is defined.

As a result, graduate students (PHD) will get acquainted with the new terminology used in the control and measurement procedure, as well as estimate the uncertainty based on the experimental measurement of the power density (energy) distribution of laser radiation.

Key words: laser radiation, power (energy) density distribution, uncertainty of measurement result, type B uncertainty, extended uncertainty.

Introduction. The main objectives of the preparation of the third (educational and scientific) level of higher education degree «Philosophy Doctor» - in-depth study of the theoretical and methodological foundations of metrology and information and measurement technology, formation of competencies necessary for successful scientific and pedagogical work in the field of automation and instrumentation in general and metrology and information and measurement technology in particular.

One of the competences of a Ph.D. is to conduct and present research results. This competence is realized in part in the study of the elective discipline «Theory and Practice of Scientific Research and Professional Ethics», which examines the methods of quantitative and qualitative interpretation of the results of scientific research. Modern requirements for establishing the reliability of measurement results are based on the concept of «uncertainty assessment of measurements». This concept is more accurate and allows to take into account practically all the effects on the measurement result in comparison with the concept of «error estimation», which has been used up to now [1-3]. Between the two concepts of «uncertainty in the measurement result» and «measurement result error», there are significant differences that must be taken into account when composing the techniques for processing the experimental data and giving the final result.

The lack of knowledge of scientists and the lack of clear state requirements to some extent inhibit the transition from an estimation of measurement errors to an estimation of uncertainties.

In preparing the scientific staff of the third (educational and scientific) level of higher education, the degree of «Ph.D.» in the specialty "Metrology and Information and Measuring Technology", the design team and the developers of the educational and professional program, decided to make up the gaps and envisaged obtaining graduate students in-depth theoretical and practical knowledge, skills to assess the uncertainty of measurement results in the study of the discipline «Design and Metrological Support of Optical and Optical-Electronic Devices and Systems (OEDS)». As a result, graduate students receive professional competence «to draw informed conclusions and the ability to make decisions based on the results of research on the accuracy of optical and OEDS» on the basis of a new concept – «estimation of measurement uncertainty».

The aim of the paper is to build a model for estimating the uncertainty of the results of a laboratory experiment using the example of measuring the relative energy density distribution (REDD).

When processing experimental data, the skills of researchers working in the field of measurement will be formed and improved, using a new approach to data processing and presentation of the measurement result.

When building the model, new approaches and basic principles for measuring the quality of measurement were taken into account [1-3].

The measurement of REDD is based on the successive conversion of energy (power) of radiation at various points of the cross section of the laser beam when the transducer is scanned perpendicular to the direction of radiation propagation. The distribution of the power (energy) density of Fig. 1 was measured in the cross section with the z coordinate by placing the receiver with a sufficiently high spatial resolution directly in the beam. The sensitive pad of the receiver is placed directly in the cross-section with the z-coordinate normal to the direction of radiation propagation.
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Fig.1 - Normalized distribution of the flux density for the fundamental mode of radiation

For the REDD measurement circuit [4], which contains a laser, an attenuator, an optical system, an aperture diaphragm, a measuring transducer, a measuring device, a scanning device, an alignment device, a budget for the uncertainty of the result of a single and multiple measurement was compiled. For a single measurement, the uncertainty estimate was carried out for the coordinate (-4;0). When evaluating the combined uncertainty of type B, the following components were taken into account:

• Uncertainty of the result, due to the unevenness of the attenuation coefficient of the attenuator;

• Uncertainty of the result caused by the optical system;

• Uncertainty of the result, caused by the nonlinearity of the conversion characteristic of the measuring transducer;

• Uncertainty of the result, caused by the error of the measuring device;

• Uncertainty of the result, due to inaccuracy in determining the coordinate of the monitored beam intersection point;

• Uncertainty of the result due to the finite size of the aperture diaphragm;

• Uncertainty of the result, caused by instability of energy (power) of laser radiation during the measurement time;

• Uncertainty of the result, due to the approximation in the construction of graphical dependencies of the distribution.

All components of type B were evaluated under the assumption of a uniform law of distribution of possible values within certain boundaries.

We have a combined uncertainty of type B:
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For the confidence level P = 95 %, assuming that the possible measurement results are distributed according to the normal law, an expanded uncertainty is defined:
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Conclusions

Thus, significant changes in metrology associated with the introduction of the concept of «uncertainty» in metrological practice to characterize the quality of measurement, require a detailed analysis of the measurement conditions, the measurement scheme, and the technical characteristics of the instrument.

Since a new terminology is introduced into the monitoring and measurement procedure, it is therefore necessary to familiarize the graduate students with practical skills in determining «uncertainty». Therefore, at the stage of preparation of graduate students in the specialty «Metrology and Information and Measuring Technology» it is necessary to form skills using a new approach to the processing of experimental data and the presentation of the result of measurements. Formed professional (generalized) competencies will help graduate students in the future to apply the methods of processing the obtained research data in the thesis.
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