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Only the communication channel from the base stiatiothe client remains unprotected. SSL-encryption
can be used in this channel, but it is necessarpntact your service provider to connect thisapfé].

One of the very flexible functions of GSM-moduletli® management of the whole security system for
GSM-channel. In this case, a bidirectional chafmetransmitting and receiving information is forche

GSM-modules J2ME are considered to be promisinggus powerful embedded platform designed for
mobile devices, and security systems. Their adgastare as follows: high level of security and @ctbn sys-
tem in accordance with X.509 certificates; builtdi@bugging tools; high stability and absence obotss built-
in perceptual difficulties code [4].

To realize such a platform the best solution isige a portable PC devices - specialized mini-coarput
with high computing performance.

Conclusions:

— there are problems with the definition of the offenof the protected object because of their ckothe
materials, which absorb heat, or because of aemely small distance from the motion sensor;

— complete protection of information transmission rafes is currently not provided - the channel
most vulnerable to unauthorized access are the fsops the base station to the customer; the us8Sif-
encryption may allow to significantly reduce thieelihood of cracking;

—  security systems should be placed in protectiveldhito ensure their sustainability to electromag-
netic fields;

- the use of combined sensor increases the prolyadsilintruder detection;

-  perimeter systems consisting of multiple receiard transmitters of infrared radiation allow qual-
ity control of large areas.

Further development of security systems is assatiaith remote access and management, the enhance-
ment of functionality through improved algorithnt forocessing data from the sensors, the use opating
resources in the sensors ("smart sensors").

REFERENCES

1. SWAN QUAD, datasheet // [Electronic resource]-2022Mode of access: http://www.rovalant.com/downisaan-
quad_passport

2. UnrepHer moprai [anekrporHsiii pecype | / OOO-Pa3paboTku 31eKTPOHHBIX yeTpoiicTs. — M. : 2014. —Pesxum focryma:
www.ddn.radioliga.com/cnt/11.hjm

3. Josrswio, I.A. Cxemorexuuueckue ocobennoctr cucrem curnaimsarmu / A.C. Jlenorenko, JI.A.Jlosrsuio // Tp. Momomsix
crienmasuctoB [T'Y. — 2015, -Ne 765. — C. 30-32.

4.  Lepotenko, A. Schematic aspects of processing slotknformation in the alarm system / A.S. Lepé&terD. Dovgyalo //
European and national dimension in research ; piatsk, April 29-30, 2015 : In 3 Parts. — ParfT@chnology. — No-
vopolotsk : PSU, 2015. — P. 149-154.

UDC 681.586.773:624.072.233.5
ULTRASONIC FLAW DETECTION

ALIAKSEI SHLIAKHTSIONAK , DMITRIY DOVGYALO
Polotsk State University, Belarus

In this article the echo-method of ultrasonic flaetection is considered. It describes the main oras
that contribute to the appearance of defects amgégpractical recommendations for their detection aeas-
urement of conventional size of defect.

During operation the rails arranged in a trackeaqgosed to mechanical shock by the rolling whegkpa
as well as climatic influences, which cause thedamand, consequently, the formation of internéas. These
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defects are very dangerous for the safety of traragsportation of passengers and cargo. Thugritidem of
early detection and removal of such defects iseagimportance.

In general, there are three main reasons contnipiiti the appearance of such defects. The firsbrees
a manufacturing defect, which shows itself in thenf of flakes (very fine cracks), air bubbles amgious types
of non-metallic inclusions, resulting from violat® of methods of casting, welding and hardenintg.rdihe
second reason contributing to the development fifatle is poor maintenance of a railway track. 8agdse of
rail sagging, horizontal or vertical steps in thiacp of joints and other irregularities of a raijmtaack, the rails
are subjected to intense dynamic impact of carngigeel pairs. The consequence is an intensive derant of
defects. The third reason is defects of carriageelvpairs, which have a mechanical influence onrdis. It
should be noted that when the temperature decrelbsgeness of the metal increases that is alsawse of
accelerated development (growth) of defects.

To solve these problems, aiming at detecting defébere have been developed a number of methods
and means of non-destructive testing, which allanrying out diagnosis of the controlled object, iehinain-
taining its integrity and without withdrawing itdm service. These methods include: acoustic, magrestdy
current, optical, electrical, thermal, and manyeosh Methods vary, but they all have one featureoimmon —
the sensing element is usually sensors of phygitahtities.

One of the most common and effective methods ofrobis a method of ultrasonic inspection of thidsra
(relates to acoustic methods) using direct andrsev/piezoelectric effect occurring in the piezogleanaterial.
Under the influence of an applied electrical voltarf a certain frequency to the piezoelectric eleimne de-
formation of the piezoelectric plate occurs and uheasonic vibrations are entered into the testbgict. The
ultrasonic wave reflected from the back side of tdsted object and (if available) from the discouitly (de-
fect), returns to the piezoelectric plate and, assalt of the direct piezoelectric effect, is certed into an elec-
trical signal. Further signal processing is perfednby the electronic unit of a defect detector.

This method is called an echo method; it exhibigh lsensitivity with respect to internal defectjabil-
ity and relative ease of implementation. A fundatakprerequisite of the control using the echo rodtls the
presence of an acoustic contact between the cemaantl the tested product. To ensure the acoumtiact dif-
ferent fluids are used. During the control of thlimg surface of the rail head water is used ¢at temperatures
— alcohol-containing liquid), and to control thelesiedge due to the rapid run-off of water theraukhbe used
technical oil which has a lower fluidity.

A second prerequisite for ensuring the accuradhetest results is correct sensitivity settinghef con-
verter. The sensitivity is adjusted to a standamse so that a piezoelectric converter can detefetcts of the
lowest possible size and does not react to intemfer. Qualitative sensitivity setting of a piezo#ie converter
provides precise definition of the parameters efdlefect. Unjustified increase in the sensitivityaiezoelec-
tric converter distorts the measurement resultss fhenomenon is explained by the expansion ofiitextion
pattern of a piezoelectric converter with incregsensitivity.

The information received by the piezoelectric cotereand processed in the electronic unit of tHiealeletec-
tor can be provided in several forms. One fornhésA-scan (amplitude and time). Analysis of theeinesd signals in
the scan of this type is informative: in additiorthe conventional size of the defect it's possibith high probabil-
ity, to determine the orientation of the detectefibct and the types of its reflective surface (@i or mirror). In addi-
tion to the A-scan, modern defect detectors alsosaanning-type B and C. These scans allow yonctease the
information content of ultrasonic testing. Drawfghe scanning data is produced by a series af sighals received
during the movement of the piezoelectric convestethe surface of the tested object. The mainrdifige between
the C-scan and the B-scan is a color gradatioheolietvel of the received signal. Thus, a high Isigshal on a C-scan
will have a warmer color than a low level signdisTfeature also allows to judge with a certainrdegf probability
about the orientation of the defect in relatioth®dnormal, as well as its size.

All standard and non-standard rail defects are sarized in a single classification, which is follodvey
the personnel involved in the implementation precasultrasonic testing. According to this classition, the
rail defect rate is determined based on its conweal size, measured during the non-destructiveng®f the
object. These sizes (Fig. 1) include [1]:

— conventional lengti\L;

— conventional heighAH;

— conventional width\X.

As stated above, the accuracy of the test restdtsvéntional size of defect) depends on the coseasi-
tivity setting of the converter, which is directiglated to the direction pattern width. It shouldilded that the
accuracy of determining the conventional size flménced by other factors. They include:

- input angle of the converter (the higher it is, tiheater the direction pattern of the piezoelectric
converter and, as a consequence, conventionabkthe defect);

— depth from the scanning surface to the defect {dulee divergence angle of the direction pattern);

- temperature at which test is carried out;

- etc.
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Fig. 1. Measurement principles of conventional sizdefect

Real defects of rails and their representatioA-irandC-scan are shown in figure 2.

©)

Fig. 2. A-scan of crack in the bolt opening (a);
A-scan of horizontal split of the head rail (b);s€an of crack in the bolt opening

The figures show that these defects can be detedeadlly. There are defects that are not visud#y
tected. These defects are the most dangerous anear difficult to detect. The presence of theséedts is
confirmed by control breaking down.

The main problem of ultrasonic defect detectiothesinability to detect various-oriented defectthvthe
help of a piezoelectric converter with one inpuglanThis is due to the characteristics of ultrambreflections
from defects oriented in different planes. To sdhis problem piezoelectric converters with differéput an-
gles are used. The input angle is specified byisrpmade of organic glass. To determine the paennef de-
fects, such as depth, width and height piezoetectinverters with input angles of 0, 42, 45, 50, &% 70 de-
grees are used. These converters provide pradiealification of about 95% of the defects of tlads. Thus,
the defect illustrated in Figure 3, was detecteth wie help of a piezoelectric converter with thput angle of
55°, but was not detected with a piezoelectric eoter with the input angle of 0°. This is because defect is
oriented perpendicular to the scanning surfaceaandltrasonic wave (0°) simply goes around it. Thhe main
demand during the inspection of suspicious crossmses is to check it using different converters.
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At the present stage of development the main perpbslevelopers of defectoscopy systems and devices
is a fully automated inspection process to elingrthe human factor and to increase efficiency.v&ok is be-
ing developed, whose main task is to analyze theats received by the defect detector. Howeverdbable
and trouble-free operation of this equipment arftiv&oe it's necessary to observe a number of canditthat
can be regarded as the shortcomings of the echieaheThe first condition is the need for permanaeserva-
tion of an acoustic contact between the piezoétectmverter and the tested surface. Contactingdigsed for
the contact is the matching substance that keep$ottus of the ultrasonic wave during its introduetin the
tested object. Accordingly, in its absence (or ffiskient amount) the control can not be called gative. The
second condition is the absence of contaminatiothersurface of the scan. In the presence of cangants, as
in the case of the acoustic contact, it is impdsdi speak of a qualitative control.

Summarizing all the above, it is certain that d@etsirof methods and means of defectoscopy at thiges
of development allows detecting almost all defégttested objects. The choice of the method dependbe
goals and tasks of the control. During rail defdstiection the echo-method is widespread used ditg &olvan-
tages. Work is under way to improve the methodsaartdmation of defectoscopy process but complétared-
tion of human involvement in the process is quitebfematic.
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CONTRIBUTION OF EXCESSES OF THE HIGHEST ORDER
IN THE DIFFUSION BLURRING CONCENTRATION SPOTS

ILYA IVANOV, STEPAN EHILEVSKY
Polotsk State University, Belarus

The paper develops a new ideology of solving thmateans of mathematical physics, describing the mo-
lecular nature of the phenomenon. Owing to the matf the problem to be solved the quasi-statioragb-
ability density of a random variable, associatethvthe desired function, is introduced. The diffusin an end-
less tube is considered as an example. The asyimptdtavior of the probability density of the défifug parti-
cles is obtained coordinates study its statistim@ments. Their evolution in time is set by theusiiéin equation
(without solutions) and the associated initial citioah. It is shown how the error is associated wile excesses
of the distribution function if the exact soluti@replaced by its asymptotic expression.

Diffusion plays an important role in many processéshemical technology. For example, the penetra-
tion of impurities into the porous beads is a tateting step in the problem of sorption dynamitisually the
diffusion is modelled by the methods of mathematidgysics, not taking into account the moleculature of
the phenomenon at the solution of the relevanigatifferential equations. This article developsaiternative
approach proposed in [1, 2] for solving the protderhsorption dynamics.

For simplicity we take one-dimensional case, andwite the diffusion equation in the form

on(xt) _ 02n(x,t) | (1)
ot ox?

where n(x,t) - volume concentration of impuritiets;- time,x — coordinateD — diffusion coefficient.

In the presence of the initial condition it hasraque solution (1) (see [3].), which allows to adlly pre-
dict the valuen(x,t) at any given time. However, despite this detersminithe coordinates of individual impu-

rity molecules are random variables, the distrifmutiaw of which evolves over time. This allows ytmuenter
the coordinates of the probability density of impuparticles

f(x,t)= (% HS/N, (2

whereN - the total number of molecules diffusing impw#iin a horizontal tube with a cross-sectional &ea
Introduced instead ofi(x,t), @ new unknown functionf (x,t) probabilistically describes the situation at

time t each impurity molecule. Only their huge numbemparable with the number of Avogadro), in accor-
dance with the law of large numbers, leads to ialvke forecast of evolutiom(x,t) , which finds its formal ex-

pression in the theorem of existence and uniquesfesslutions of the Cauchy problem.
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