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COMPUTER SYSTEMS OF MATHEMATICAL CALCULATIONS FOR THE ANALYSIS
OF METROLOGICAL RELIABILITY OF RADIO MEASUREMENT INSTRUMENTS

KOMII'IOTEPHI CUCTEMHU MATEMATHYHHUX PO3PAXYHKIB JI/ISI AHAJI3Y
METPOJIOT'TYHOI HAJIIMHOCTI 3ACOBIB BUMIPIOBAHb

Cconsiders the possibility of using MathCAD and MATLAB computer systems for mathemati-
cal calculations in the study of mathematical methods of the theory of reliability of measuring instru-
ments(MI), when it is necessary to perform a large number of mathematical operations and calcula-
tions of various levels of complexity. Therefore, in order to obtain the specified results, an algorithm
for the analysis of the reliability of the system was proposed when using MathCAD.

In the process of performing the calculations of the reliability functions of the MI, the possibil-
ities of the MathCAD and MATLAB systems to calculate the time integrals of the fault-free operation
of the MI in several ways, and to display the initial information graphically, were studied. The solu-
tion to the problem of researching the reliability functions of the MI from the parameters of the metro-
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logical service system and with statistical and probabilistic-physical models of metrological failures in
the considered systems was found in a quick and simple way, which allowed to reduce the time spent
on calculations.

Keywords: algorithmic language, MathCAD and Mat lab software tools, reliability, radio
measurement tools.

Y ecmammi suxnadaromscs meopemuyni 0CHO8U HAJIUHOCHI PAOIOMEXHIYHUX NPUCPOI8 | iT
83a€MO0Is 3 KoMn romepHumu obyuciennsimu. Pose’sa3ox 3a0au no meopii nadiiinocmi 3acobis padio-
BUMIDIOBAHb NPOBEOCHULL 3a 00NOMO2010 Mamemamuynozo nakemy npozpam MathCAD ma MATLAB.

Pozensioaemucs mooicaugicmv 3acmocy8ants KOMN 1OMePHUX cucmem MamemMamuiHux pospa-
xynxie MathCAD i MATLAB npu eusuenni mamemamuunux memodis meopii Haoitinocmi 3acobis su-
MIPI08AHD, KOU HEOOXIOHO GUKOHYB8AMU GENUKe YUCTIO MAMEMAMUYHUX onepayiil i 064UcieHb Pi3HO20
pisua cknaonocmi. Tomy Onisl OMPUMAHHS BUSHAYEHUX PEe3YTbMAamie OY6 3anponoHO8aAHUN ANeOPUMM
ananizy Haoiunocmi 3B npu suxopucmanni MathCAD.

Posenanymi obuucnrosanvhi memoou inmeepysanHs OUCKPemHo-0e3nepeperux QyHKyYil mem-
ponoeiunoi naditinocmi. Ilpueedeno pexypcuerni Qyuryii mamemamuunoi meopii HadiuHocmi i Memo-
ou immezpysanns Oanux Gynxyiu. Iloxazano npaxmuune szacmocysanns cucmem MathCAD i
MATLAB npu susuenni memooié mamemamuunoi meopii HadilHocmi padiosuUMIpIOSAIbHOL anapamy-
pu. 3a 0onomozor npuxiadie meopii memponociynoi naditinocmi 3B npodemoHcmpysamu KOMIIeKc-
He 3acmocysanns npocpam MathCAD i MATLAB 05 inowcenepie ma naykosux cnigpodimuuxise ¢ 06-
JAACMI MAMeMAMUYHUX Memooié meopii HadiUHOCHI.

Y npoyeci suxonannsn pospaxymnxis (ynxyit naditinocmi 3B eueueni moociusocmi cucmem
MathCAD i MATLAB o6uucmiosamu inmeepanu uacy 6e3giomosnoi pobomu 3B dexinokoma cnocobda-
Mu, 8il0obpaxcamu UxioHy ingopmayiro epagiunum cnocobom. Posze’si30x 3adaui docrioscenns Qym-
Kyitl Haditinocmi 3B 6i0 napamempis cucmemu Mempono2iuHo2o 00Cay208y8aHH Ma NPU CMAMUCHIU-
YHUX T UMOBIPHICMHO-QIZUUHUX MOOENSX MEMPONOSIUHUX 8I0MO8 8 PO3TAHYMUX cucmemax 0ye 3Hall-
OeHUll WBUOKUM [ NPOCMUM CHOCOOOM, WO O00360IUIO 3HUUMU UYACOBI 3ampamu HA NPOGeOeHHs.
obuucnens.

Knrouosi cnosa: ancopummiuna moea, npoepamui zacobu MathCAD ma MATLAB, naoiu-
Hicmb, 3ac00U padio8UMIPIOBAHD.

Problem’s formulation

About universal “MathCAD” and “MATLAB” program packages. At the end of the 20th cen-
tury, with the appearance of new software, such as: MathCAD, Eureka, Maple, Mathematica, MAT-
LAB, etc. integrated mathematical software systems began to enjoy great popularity among scientists.
Being in great demand since the beginning of their existence, they received huge support among users,
thanks to the familiar interface and ease of use. The development in this area suggests that interest in
them does not fade, even at the moment of their existence.

Analysis of recent research and publications

MathCAD is one of the widely used programming systems. Belongs to the class of automated
design systems. It is mainly used for mathematical calculations. MathCAD was originally created for
the numerical solution of mathematical problems, it is focused on solving the problems of applied ra-
ther than theoretical mathematics. MathCAD includes many operators, built-in functions and algo-
rithms for solving mathematical problems that are directly applicable to the issues considered by the
theory of metrological reliability. The MathCAD package makes radical changes in the study of many
technical disciplines, including radio measurements. When using analytical methods, solving the prob-
lem of analyzing the discrete-continuous functions of the metrological reliability of radio measuring
equipment is extremely time-consuming, since a logarithmic scale is used for large ranges of failures
and the period of verification work. With the use of MathCAD, this problem belongs to the number of
ordinary ones and is solved [1—4].

The MATLAB (Matrix Laboratory) language is a high-level interpreted programming lan-
guage that includes matrix-based data structures, a wide range of functions, an integrated development
environment, object-oriented capabilities, and interfaces to programs written in other programming
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languages. MATLAB tools are designed for collaborative work and integrate with parallel computing
environments, graphics processors, and C code generation [5—6].

Names of functions and captions are familiar and memorable. The desktop environment is
configured for iterative design and scientific research. The documentation is written for engineers and
scientists, not for programmers. Modern MATLAB is a highly effective language of engineering and
scientific calculations, which has incorporated advanced experience in the development and computer
implementation of numerous methods [6—9].

Formulation of the study purpose

The aim of the work is to show the practical application of MathCAD and MATLAB systems
in the study of the mathematical theory of the reliability of radio measuring equipment using specific
examples. With the help of examples of the theory of metrological reliability, MI will demonstrate the
complex application of MathCAD and MATLAB programs for engineers and researchers in the field
of mathematical methods of the theory of reliability.

Presenting main material

In article [10] computational methods of integration of discrete-continuous functions of
metrological reliability are considered. Recursive functions of the mathematical theory of reliability
and methods of integrating these functions are given. In this paper, on the basis of analytical expres-
sions for recursive functions of metrological reliability M1 are presented in [11], namely p_p, (1),

the probability of MI operation without metrological failure and py,  (t) — the operation of MI with

metrological failure in the MathCAD environment calculations were made and discrete-continuous
functions of the metrological reliability of the MI were constructed, as well as a study of the behavior
of these functions depending on the failure models and their parameters was carried out.

The use of the mathematical apparatus presented in the work allows you to calculate the con-
duct of the scheduled preventive repairs and the mode of self-checks. But this requires a more detailed
consideration, which allows solving the optimization problem using rigorous analytical methods. A
comparison of the reliability functions of diffusion distributions with exponential ones built in the
MathCAD environment shows that the one-parameter exponential model overestimates the probability
of metrological failure, which can lead to a significant error in the assessment of complex indicators of
the reliability of the M1 (Fig. 1).
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Fig. 1. Comparison of the functions of the probability of work with metrological failure for dif-
fusion and exponential models of metrological failure (the case of ideal repair and verification) when:

T, =T,, =1000hours.(T,— the control time for an undisguised (obvious) failure, T, — the control
time for a metrological failure) a) T, = 500hours,, v, =0,5; b) T, =1500hours, v,, =0,5; (T, —
the inter-check interval at the given values of the metrological control indicators)
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With the coefficient of variation of the working time per metrological failure v, =0,25 and
the fixed parameters of the metrological control(MC) M, the functions p,  (t) of the input diffusion
models of failures coincide with similar functions obtained for the normal model of metrological fail-
ure (Fig. 2), and at v, = 0,5 the value of the probability of occurrence of metrological failure ob-

tained for the generalized and truncated normal distribution distributions in the interval of the first in-
terverification interval differ significantly, but in the ranges of subsequent interverification intervals
the difference becomes insignificant (Fig. 3—4).
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Fig. 2. Comparison of functions pp, (t) (a)and p_p (t) (b) for normal and diffusion failure
models (probabilities of errors against: a, = 8, =0,05,8, =0,25; v, =0,25, T, =3000hours

T, =3000hours, T, =1000hours)
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Fig. 3. Family of dependence curves of mathematical expectation of the total time of operation
of the M1 without failures t1 =t, /T, (T, =10000hours ) on the period T, (logarithmic scale) for a

series of values: T, : 1—100 hours, 2 — 10000 hours, 3 — 46416 hours
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Fig. 4 a) dependence K, on T, at T, =10000hours, v, =1,

a, =0,05,8, =0,05,8, =0,25; the designations of the curves T, =464hours correspond to:
1 — exponential model; 2 — diffusion monotonic model; 3 — diffusion non-monotonic model, and
respectively T,, =10000 hours with curves 4, 5, 6,; b) curves of dependence K p on T, for a num-

ber of values v, in the case of DM-models of metrological failures at T, = 464hours

Use of MATLAB for computer calculations of the problem of analysis of discrete-continuous
functions of metrological reliability of MI. The algorithm for the analysis of complex indicators of the
reliability of the MI was implemented using the computer mathematics package MATLAB 7. This
software allows you to calculate the integral of the reliability functions using special numerical inte-
gration functions with a specified precision (10 is automatically set), namely, adaptive Simpson qua-
drature and Gauss-Lobatto algebraic precision quadrature [10].

Comparing the results obtained using MATLAB allows you to conduct a mathematical study
of the properties of the developed models, as well as to make sure of the reliability of the obtained re-
sults and the absence of errors when implementing the program within the framework in modern pro-
gramming languages of database management systems.

Development of an algorithm for choosing the optimal reliability parameters and control pe-
riod of the digital system of transmission and processing of information according to the criterion of
economic efficiency(fig. 5).

The method of random undirected search consists in the study of solutions for the model of

operation and MC MI by sampling the volume N of independently distributed numbers a/, where |
is the number of the parameter to be optimized, and k =1,2,...,N . The minimum and maximum val-

ues of the optimized parameters are entered, and a set of independent random vectors of parameters
[ is built based on the sequence a/ to find the optimum of the target function CF (7, V).

An important task when using this approach is the generation of a vector of random numbers
N of a given sample size uniformly distributed over the interval (0, 1). As an optimization criterion,
we accept the sum of costs for the MC and losses from the use of MI with a parametric example:

CF Zki(CMI +(Celtag +Cr1), +Cpla )/ Te),

tu
where Kk, is the coefficient of technical utilization; C,,, — the cost of the 1st hour of operation of the

MI without taking into account the costs of the MO (conditional units(c.u.) /hour); C. — the cost of 1

hour of inspection work (c.u./hour); C, — the cost of 1 hour of repair work (c.u./hour); 7, — is the
time of verification of the MI; C | — penalty for operation of MI with parametric failures (c.u./hour);
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t,, — mathematical expectation of the time of stay of the MI on inspections during the life cycle T_;

t, — the mathematical expectation of the time of operation of the MI with a parametric failure in
timeT,.
As a random number generator, a mathematical sensor of pseudo-random numbers was used,

which belongs to the class of linear congruent generators (gamma period (2*19937-1)/2). For example,
with the volume of statistical tests N = 10°, the range of variation of the parameters of the MC Ml is:

a,=B,=005+02, B,=025+ 035 7,=1+ 6, 7,=3 + 8 T,=8x10" + 1,6x10° vector of
combination of optimal parameters vector of combination of optimal parameters of MC MI
7 = 0,0583, 0,0508, 0,2535, 8,0203e*™, 2,5244, 6,4182|" at the same time, the value of the objective

function CF(k) = 0,0602 at the level of technical reliability k,, = 0.9651 and the metrological compo-

nent of reliability k= 0,9651, which confirms the efficiency of the developed algorithm (Fig. 5).

With a sufficient number of tests and the use of modern methods for generating pseudo-random num-

bers, the optimal value of the objective function (criterion for the economic efficiency of the function-
ing of the MI) can be found using the proposed algorithm.
Conclusions

And its main advantage is an intuitive interface, which does not require programming skills,

and the system uses familiar formulas. handles many analytical (symbolic) calculations. It is a multi-

functional interactive computer system that allows, thanks to built-in algorithms, to solve analytically

and numerically a large number of mathematical problems. Mathcad Workbook is an electronic book

with live formulas, in which calculations are performed automatically in the order in which the expres-

sions are written. It is distinguished by a simple and convenient interface, writing expressions with

standard mathematical symbols. An example of a rather complex program is a program for solving a
plane elastoplastic problem by the finite element method.
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