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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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Substituting (2) (1), we obtain the equation fiox, t)

0f(xt) _pd°f(x1) 3)
ot ox’

Consider the problem of the spread of uniform catregion spot widthl centered at the origin. It is
convenient to go to the dimensionless tieand coordinate®

r=Dt/I?, E=x/I. (4)
They equation (3), and the initial condition, regpeely, will take the form
of (§.71) _0*f (1) (5)
or 0é&?
1 ¢0[-1242)
f(&0) = . 6

Condition (6) describes the equilibrium state beseahe maximum entropy on the segment provides uni-
form distribution f (x,t) [4].

According to [4] all the information about the paddility density f (&,7) contained in the initial mo-
mentsy, () . Because of the symmetry of the problem

V(D) = [EM(EDAE=0 (0= 01.), @)

i.e. for central momentg/, () can be written

1,(1) = [(E-vi(@) £ (£, 0dE =V, (7). ®)

—00

For evenn differentiation (8) byr with considering (5), obtain

af(c‘T) 3 = ngna f€n,

IUZn(T) - J.g 2 652

<. (10)
Double integrate (10) by parts, taking into accdbat f (o, 7) =0

,uzn(r)' = 2n(2n—1),uz”_2(r). (11)

With the help of (11) and the normalization coratitiyou can develop a recursive procedure consistent
calculation of the moments of any even order. Iipaar, for n =1 obtain

w(r) = 22-Dur)=2, (12)

hence, in view of the effluent (6) - (8) of thetial conditions

= n = 13
IUZn —i[/z (2n+1)22n ( )
must be
w,(r)=2r+112=0%(1), (14)
where g?(7) - dispersioné . Similarly, for n=2 from (12) - (14) obtain
w,(r)=12r+ + 180. (15)
To determine the asymptotic behavib(&, 7) at higherr calculate the kurtosis
2
E ()=t g 120 +7+180 5 1, (16)
o'(r) (2r +112) 1200*(r) -
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Its absence at large times means that, as a gk diffusion mixing, impurity particles are faer be-
yond segment-¥2,1/2] and the initial distribution (6) evolves into armal, providing maximum entropy on

the whole axis [4]

1
f(&, 1) - ———exp—&2/20(1)%)= 1,(5,7). 17
€0 - el €/2000)= 1) (17)
For finite 7 replacementf (£,7) expression (17) leads to an error

A, 1) =1($1)- (1) (18)

In accordance with the foregoing (see. (16), (1B}, main partA(&,7) order o(r)™ f,(&,7) . Account-
ing for the excesses of higher order

E, (1) = 22 (Zk) ~aw(K), (k=234,..) (19)
o(7)
(k) = j(”\/_e 2d[ 1CBLIL.[{2k 1) (20)
leads to depositA(&,7) higher-order powersr(r)
aEn =S S =5 e, (21)

where f, (§,7) - amendment of the order(r) > to the asymptotic (17), and

(& 1)=¢/o(1) (22)

given coordinate, taking into account the evolutidthe current rangé€ .
Polynomials ¢,, ({), due to the symmetry of the problem, laid out viere powers{ . Highest degree
equal to the order accounted kurtosis:

b2 () =zczkz (23)

For the selection of the coefficiertls, ., , it is necessary to achieve a desired relationisbtpveenr re-
porting incidents and previous orders:

e, )= [emnie s 5420

Jamr k=202 (1)
where, according to (19)E,(r) =0 for all f(&,7), a E,(r) =0 (m. k. by the normalization condition (see.

(20))).
Assuming in (24)n= 0,1,...,k and equating coefficients at™", taking into account (20), (23) after in-

tegration of{ , obtain coefficientC,, ,; (i = 01...,k.), as the solution of a system of linear algebegjgations:

-1

d¢ , (24)

-2k

Caxo w0 .. awk-D (k) 0
Cons || k=D .. w(Pk-2) w(2k-1) 0 (29)
Cone k) . k=D w@k) | bk

where b(k) - constant in expansiop,, (r) powers y,(7) . It can be got directly (using a recursive procedu
(11), (13)). It should be noted, however, that¢akulation of pointsi,,(7) higher-order found in the previous
stepsg,, (¢) (k= 23...,n-1), after substituting (18) (21) (8), and integratisith regard to (22), (20) should
give the correct part of the expansip, (7) powers,(7) , i.e.

(1) = 443, (0) - ) 1, (O)" -2#2(0)”‘ Zw(n+|)c2k ., (n=123..).(26)

The absence (26) correctly (containing negatlveepev;ﬂz(r) )is often provided by zeroes in the column
of free terms in (25).
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The recurrent procedure (25), (26) allows to avbalintegration of (11), and fully formalize thetain-
ing of amendmentd, (§,7) to the asymptotic expressiofy (&,7) . Its start is reception (26)

b(2) = 1, 0) - (2) 14, (0)* = ~/120.
We present the results in (25), defi@g,, :

-1

Co) (1 1 3 0 L8
C,|=|1 3 15 0 |=0ed 2 | 27)
C.) (3 15 105/ (-1/120 -1/3

Return (27) to the right side (26), for=3 obtain
2
b@) = 45 0) - w@) 1, 0)° — 1, (0) Y, wB+i)C,; =1 252,
i=0

what, after substituting in (25) gives
-1

Co) (1 1 3 15 0 -1
Co|_|1 3 15 105 0 |_ 1 3 | 28)
Ce| |3 15 105 945 0 | 96126 -3/3
Ce,) |15 105 945 10395 | 1/252 115

The results obtained (see para. (27) - (28)) labisee a simple (binomial) pattern and to expties<o-
efficients C,, ,; of polynomialsg,, () (see (23)) through a number of combinati@js

K)(-D*"C, k=24..
Cacz =—b( XD —, . (29)
P(K)ai) i=01.k
e o(k) = 204L...[2k (30)
The validity of (29) can be verified directly. I@agicular
_ b(2)(-1*°C? _ 1 1 1 -1
0 p(@Qw0)  -120 2@ 1 9600’
_b@E(ED*®ce _ 1 1 1 1
66 = =—0 = ,
pRwB) 252 246 15 96126015

as it should be (see (27), (28)).
The solution (29) allows to eliminate from the resiue procedure described above (25), (26), theerys
(25). Substituting (29) into (26) we obtain theuence relation for determining figure in (29) rivems b(k)

Fa b

=]
(]
T

—0,25 L L L

Fir. 1. The probability densityf , its asymptotic behaviay,
and the deviatiold (curves 1, 2, 3) as a function of the coordina;feat timer =0,02

n-k ( 1) b(k) (1) Cl
b(ll HU. 0 MII/J 0 U. 0 aw(n+ .
) 2n() ) 2() z 2() (l) ;} I) [)

Start to procedure (31) is given by=2. Continuing by equation (31) calculating the reence any
number of series of numbeny(n) can be found (in particulah(4) =-1/576, and b(5) =1/1584 ) and using
(29), (22) - (23), (18) and (17) (¢,7) can be constructed with the required accuracy (Big.

(31)
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A S

0.1r

Fir. 2. Deviation f (£,7) of its asymptotic expression (curve 1)

and the amendment of the order* (curve 2) forr = 0025

Finally, we discuss the convergence of the sefé3 &nd find out what times can be considered large
We restrict& =0, where the modulé\(&,7) is maximal (Fig. 1). For the convergence it isfisiént that ine-

quality lim f_, (0,7)/ f,(0,r) <1. According to (14), (21) - (23), (27), (28)
f,@r)_ Ce _ 10 _ 1002 _
£,01) o()?C,, o(r)?126 @4r+1)[126

f3(0,7) = Ceo f,(0,7) - Cioo

f,(07) 0o(1)’°Cy,  f,(07) 0(1)°Cyy

_1\40~0 _ _1\5+0~0 _
Where, according to (29), (3@, = b&(Y €, _ 1 , Cio0 = bO=D™ Cs _ 1
0(8)w(0) 962304 p(B)w(0) 96063360
re (07 - 12602 < 0656, f,07) - 230412 < 0436, t hatis appearing in
f,0,1) (24r +1)[2304 f,(0,7) (24r +1) 63360

the sufficient condition for the ratio being fot al>0 less than one, with increasiny decreases monotoni-
cally. This suggests that =0 series (21) converges even wher 0.

Similarly, | f,(0,7)/f, (0,7) <<1, when (see (17), (21), (27)(r)* > J96, those. large (see (14)) can be
considered timeg > 001. For them, the schedulé (&,7) It fits well with the dependencé(é,7) of coordi-

nates (fig. 2). This account already(¢£,7) provides constructiorf (£,7) to date rangef with a relative error
of about 1% (Fig. 3).

0952.

Similarly,

Therefo

A-fi. 1y

-0.04

-0.06

Fig. 3. The deviation correction procedu]ié6 (curve 2) of the first approximation
for the error forr = 0025
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Thus, the article develops the ideology of solvihg equations of mathematical physics, descriltireg t
transport phenomena. The diffusion sprawling of bgemeous concentration spots in an infinite hotalaiibe
has been considered. The probability density ofcttmrdinates of the diffusing molecule has been Phé re-
cursion relation for defining the statistical morteenf the random variables with the help of diftusiequation
has been obtained. It is shown that over time anabdistribution location is formed. Error at tleptacement of
the exact solution by its asymptotic expressiorefesented as the sum of polynomial amendmergtedeto
excesses given appropriate orders. The task ofemattical physics is reduced to a system of linégebmaic
equations for the coefficients of the above memibpolynomials. The structure of their solutiondefined,
according to which the coefficients are proportidnahe number of their combinations, divided bg product
of odd numbers, where the number of factors isrdeted by the degree of given coordinates. Thefuefits
of the proportionality of the following polynomiabefficients are connected with the previous oneselsur-
rence relation. Its consistent solution allows igkinto account the diffusion contribution to th@ead of the
concentration spots of excesses of arbitrary oatier with any accuracy required to construct a sntudf the
diffusion equation.
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UDC 005
VAGRANT AND ANSIBLE. DEVOPS METHODOLOGY IMPLEMENTAT ION

YAUHENI ZHYDZETSKI, YAUHEN SUKHAREU
Polotsk State University, Belarus

DevOps methodology requires the abolition of bosdeztween developers and operating sector employ-
ers, which requires an implementation of spec#ichhiques. One of them is an environment virtuadina In
our company, we use Vagrant and Ansible toolsHendrtualization.

The term “DevOps” is commonly used to describeafgssional movement, which is in favour of a joint
working relationship between developers and opggasiector employers for a more rapid implementatibn
planned activities with increasing reliability, lsiigty, sustainability and security of productionséronment [1].
DevOps naturally inherits principles of flexible thedologies for the abolition of borders betweenaligpers,
testers, administrators, quality specialists amgiotepresentatives of the operating sector, alsasdbr motiva-
tion to implement bold and risky cases with thadsaispossible user’s feedback.

Achievement of such goals requires the maximumraatmn of a working process: testing, continuous
integration, continuous delivery, code quality dhemreation of production-environments, monitorifgr reali-
zation of all these processes, there are manyreiffesolutions, each of them has its own plusesraimdises.
According to the concept of DevOps, responsibiityes between various departments of technicabisetthe
company are washed away, that brings criterioniraplicity to the same level as functionality. Thew®Dps-
professional must have an opportunity to write decavrite tests to it, create an environment simiathe one
that will be at the production, change settingshig environment, constantly being under supermigb auto-
matic quality control services and test coverinfc@urse, preventive annual preparation in a speeiater for a
specialist isn't provided.

The problem of various environments at a developéester and at a production-stand is known fer ev
rything. Its consequences are even better known:reproducible mistakes, the phrase "I don't knevery-
thing works for me", unexpected falling of prodoctistands at excellent viability of service undee same
loadings at test platforms, etc. Creation of idmiticonfigurations on 5-20 cars, it is in our centaf cloudy
services even not the average quantity, withousraation of process turns into work that can be durig by a
cool old school administrator.
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