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Abstract

Contaminated areas of anthropogenic origin, paditylsurface and underground waters as well as,shdve bee
analyzed. The mathematical models of diffusion psses, based on the use of two- and ti@ensional diffusion equatio
with a wide range of boundary and initial conditidmsye been suggested. It is determined that exhdiasts prohibit studyin
of the peculiarities of their behavior, depending the type of boundary conditions; therefore wegest) using numeric
solutions. The difference schemes of the methodadfble directions for numerical realization ofotdimensional models
different frames, accounting for environmental hegeneity of matter distribution have been presgniée schemes allow
measure @ncentration of substances in real objects thraugiding of functions, modeling various boundaryndiions. A
software complex for their implementation has bdewnised and the test findings as well as theiryaimhave been present
To model procsses which parameters depend on three spatial inates, we have suggested numerical scheme
implementing threelimensional models that are absolutely stable aadke hthe second order of accuracy at all s
coordinates.
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Introduction such information is data on the surface of the mgvi
points of the body, on the basis of which one aaitdla
Many authors have researched problems ahathematical representation [3] of the positionteeof
evaluation of the real technical state of oil araks g any point of the body at control time points. For
facilities and their environmental impact [1-3], tbucylindrical objects (multi-purpose pipes, wells lwgas-
complicated environmental situation in the countryiquid flow, etc.), the presentation can be writéen

requires the development of ecological methods that r¢s,g,r,t)=r(s,@,r,t)+
would allow to determine real technical conditidrttee

- . . . . +p(s,9,r,t) (cosas,@,r,t) + 1
facility, provide both emergency situations for ivas p(S4.1,1) (cosaxs.¢.r, Oy @
reasons (wear equipment over long operating, +sinw(s,¢,r,t)n|)+\y(s,¢,r,t)r|—Em,
conditions change, possible sabotage, etc.) and the 2
consequences of such situations. where s, ¢, r, t are associated with the curved

Herewith, the mathematical modeling methodgylindrical body coordinates respectively along s

acquire great significance. They allow makingf the body 0 <S<L, by thetaO<g<2n and the
conclusions about the technical condition of rearladius of the objedResy < I < Roy, L is the length of the
objects, predicting possible incidents at the sdes JE0Mieakc = I = Fout g

their consequences on the basis of limited infoionat investigated objecty; is the radius vector of a point on
the generatrix of the objectp(s,@,r,t), «(s,@,r,t),
Mathematical models of processes Y(s,@,r,t) are the features, characterizing the studied
body movement points respectively in the radialapo

main-zggkgromem to be solved can be divided into threé?nd longitudinal directions ,b,n, are the tangent

1. Defining the parameters of the stress-straite sta/€Ctors, binormali and normal to the generatrixtfu
of the objects in accordance with the known infdiora  OPiect: .
about the changes in their spatial configuratiarsually Setting of functionsp(s,#.r.t) and ¢/(s.4.r.t),
based on the movement of points on the controbsarf
allows time to calculate strain tensor components:

&j (8.0.1.%) =%(gij (s.0.1.1%) —gjj (5.9.1.10)) . (2)
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for the isotropic body: A numerical method for system solving (6—7) has
gij = A11(€)gj (5.8.1.10) + 2us; (s,4,r,1); (3) been developed; its convergence and stability baes
proved. Also we have built and implemented numérica

A= E NTE = , (4) algorithm and found optimal parameters of the
2(o+1) d+0)d-20) computational grid. This allows to model velocitgld
for the anisotropic model, relations (3) and (4alsbe for a given valueu,, Which is not always possible to
replaced by the formula [5]: be determined on practice. Therefore, to solve the
3 system (6), the method (6) is applied, reducindesys
gj (s.¢,r,t)= ZCW & (5,0,1,1), (5) (6) to the Poisson equation:
KI=1 62p+62p_2 dudu _du du 8
whereg; is the tensor matrix components, built on (1) 2 ay2 B &a_y a_y& : (8)

[4], and stress tensor components, when defornmstion
are considered to be elastic, recalculation of dhe%ow
components is done by Hooke's law

3 3 ‘conclusion that:
11(6) =YD & (5.0.1.07j (5.8.1,g) is the first strain o U0V _0udu
i=1j=1 ox dy 0y Ox
tensor invariant;A, 4 are Lame material parameters [5]-and, considering (9), we can suggest the following
related to the Young's modul&sand Poisson's ratio  solution algorithm:
of the material relation<Cjy is the tensor components on the first stage equation (8) with boundary
of the material elastic modules. conditions for Laplace equation (Dirichlet probleis)
The method is presented and validated in details #olved. Moreover, surface relaxation method is iagpl
[3, 5]. Its peculiarity is that the finding of se®strain [6];
state of the object is done on the basis of certain solved system (6) with the condition of (7), and
integrated indicators, such as displacements obtltly v, is determined on the basis pfx,y,t) found in
surface without detailing the causes of thesaccordance with the Darcy’s law:
movements. Based on the change of the stress-strain k dp
state of the object, it is possible to track down u =—7&,
potentially dangerous areas where tensions aregaki 1
the critical level, or stress change is such thatan _ p
: S v=—-—| —=+pg|,
cause loss of object continuityas well as other ﬂl(ay J

potentially dangerous environmental effects. herek is th bility of th . .
2. Assessment of intensity of fluid leakage in cagnerekis the permeability of the environment Is

of seal failure at the facility. the dynamic viscosity of the fluid;

The problem of flow parameters estimation in on the basis of velocity distribution values, the
pipelines and downhole flow is narrowed to thdight side of the equation (8) is resolved. Thecpdure
necessity to solve the Navies—Stokes equationsn[6] is being repeated till the solutions coincide.

There are certain methods of system solving (6),
ever, using the results of [7], we can make a

<<1, 9)

(10)

two-dimensional formulation: The peculiarity of the obtained solution is thag th
5 5 boundary conditions (7) change at every step cidtitee
u% + Va_U = _1ap + oy +ﬂ +g procedure, so in case of iterative process connerget
ox dy pox |ax® oay? X is possible to determine the velocity of fluid lagk

2 2 from the object under investigation.
Gy __1op, Jov 0%, 9. (6) 3. Determination of the concentration of pollutants
ox dy pay x> oay? y: in the area of emergency.
To assess the concentration of harmful substances,
ﬂ+ﬂ =0, diffusion equation is solved, for which a two-
ox oy dimensional field is written as:

provided: p=po—kx k is a differential pressure o :i(a(x, y,t)a_cj+i(a(x, y,t)a_cj . (11)
coefficient; ot ox ox) oy ay
ky2 KRy Coefficient a(x,y,t) is the diffusion coefficient,
u| w0 - "t ) which depends on the spatial coordinatgsand timet.
4 244 Equation (11) is complemented by boundary andainiti
ul y=0 = ul y=2r =0 conditions [8]:
_ _ ) Co(x¥) =Co(x,y,0), (12)
U|x=0 - U| y=0 - 0’ —
C|x:0 - Cl( y! t)!
U, or :{S'szl’x;[ 2 | Cl., =Gy, 13
= * Uik X O [ X, X5],
leak 1s A2 C|y:0 =C,(x 1),

boundary conditions of (7) type let us take intocamt
both possible fluid leakage and the inflow of lidui C|y=LZ =C,(x 1.
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To determine the analytical framewor®(x,t),
Ci(y,t), j=1,2 the results of calculations of substanc
concentration proportionality on the boundary oé th
substance leakage are used.

The calculation results -

The mathematical models have been implemente oo -
as computer algorithms. Figure 1 shows potentiallmu_
dangerous areas of the investigated object (pipd, w
piping) in terms of changes in the stress-straatesand 93¢ -
possible seal failure. It allows us to estimate th gao-
geometric location of possible defects and thel
intensity, which is characterized by practical séreone

width. 0
g 450 g & £x
2 a - = g
= S e —+—The length of the -
& 300 plot 80.00-0.10 ®0.10-0.20 =0.20-0.30 ®0.30-040 m0.40-0.50 =0.50-0.60
£ ‘/ % I{[ & ¥ - the distance by coordinates X, arbitrary units
s / o .H' \ = Y - the distance by coordinates Y, arhitrary units
&z 150 ¥ v = The critical value :
z ./ B f Sretase Z-the concantration of harmful substances
2 'iu/ Figure 3 — Average concentration of pollutants
g2 o0 T T . in the area of sealing object
0 200 400 600
The length of the pipeline section, m The results, presented in Fig. 3 are valid if the
Figure 1 — Distribution of intensity along the lengh  diffusion coefficient is constant in the tested epim the
of the pipeline other cause the configuration of the concentration

distribution zone is changed.

Figure 2 shows the distribution of pressure in the )
pipeline system in case of seal failure, dependimghe Conclusions
size of breakthrough zone. The maximum product ) )
leakage velocity from the system under investigatio =~ The methodology for detection of potentially
decreases after the increasing of the hermeticirigos dangerous areas in terms of changes in the stiress-s
zone sizes. The leakage velocity decreasing isechlg ~ State and possible loss of objects geometrics @ibaisis
the inner pressure decreasing along the pipelithe ToOf the known movements of sets of surface poirds th
presented model is actual for the leakage of aitipcts. allows investigating of both surface and undergtbun
To model the gas leakage it is necessary to ap@y tsections of pipelines as well as underground bdeeho

system of gas dynamics equations. column pipes has been suggested.
0.2 The mathematical model of viscous fluid flow of
04 . A in the pipeline system in case of leakage of flaid
3 02 2 ; 4 6 | —— Thewidth of filling through the surface, based on numerical
2 o4 i 1t e 59| integration of systems of Navies-Stokes equatitwas,
ey M v _ been developed.
- | |" i The method for determination of fluid leakage rate
o | ighness01 | at seal failure, depending on the size of the Igakane
P | has been identified.
5 . The mathematical model of diffusion of harmful
g substances has been defined, using models 1, 2 and
Figure 2 — Average flow velocity components boundary conditions. All developed numerical models
at different values of seal failure zone have been implemented.
Figure 3 shows the distribution of the References
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3acTtocyBaHHA MaTeMaTU4YHUX METOAIB A0 KOHTPOJIIO TEXHIYHOro CTaHy
06’eKTiB HahTOra3aoBOro KOMMNMeKcy

AIl. Onininuk, A.A. Mopos3

lséano-@pankiscvruii HayioHATLHUL MEeXHIYHUL YHIGepcumem Hagmu i 2asy;
eyn. Kapnamcoxa 15, m.16ano-@panxiscok, Yrpaina, 16019, Vkpaina

ITpoBeneno anasi3 3a0pyJHEHUX 30H aHTPONIOI€HHOT'O [TOXOKCHHS, 30KpeMa OBEPXHEBHX, MII3EMHHX BOJI T
IPYHTIB. 3aIlpOIIOHOBAHO MaTeMaTuyuHi Mojeni nudys3iiiHuX mporlecis, mo 0a3yrOThCsl HAa BUKOPHCTaHHI JIBO- Ta
TPUBUMIPHUX DPIBHAHBL ANQY3ii 3 IIMPOKUM KJIACOM TpaHMYHHMX Ta IIOYATKOBMX yMOB. BcraHOBIEHO, IO TOYHI
pPO3B’SI3KM HE JO3BOJISIIOTH BHBYUTH OCOOJMBOCTI X MOBEMIHKM 3aJ€KHO BiJ| THIy TI'PDAaHUYHUX YMOB, TOMY
MPOIIOHYETHCS 3aCTOCOBYBATH YMCEIbHI PO3B’SI3KH. 3alIPOITOHOBAHO METOJMKY BH3HAYEHHsS HEOE3NEeYHHUX 3 TOYKH
30py 3MIiHH HampyKeHO-Ae()OPMOBAHOTO CTaHy MUISTHOK TOCTIKYBAaHHX 00 €KTIB IIIAXOM 3HAXOIKCHHS 6
KOMITOHEHTIB TEH30PiB AedopmMalliii Ta HalpyKeHb, a TAKOXK METOANKY BH3HAUYCHHS IMIBUIKOCTI BUTOKY TPOJYKTIB B
cepeloBHIIE.

HaBeneHo pi3HUIEBI cXeMH METOAY 3MIHHUX HANpsIMIB JIJISl YUCENBHOI peami3allii TBOBUMIpHUX MOJIEIeH y
PI3HHX CHCTeMax KOOPJHMHAT 3 ypaxyBaHHSM HEOJHOPIJHOCTI Cepe/loBHINa MOIIUpeHHs pedoBuHu. Lle nae 3mory
BH3HAYATH KOHIIEHTPAIlii IIMX PEYOBHH JIJISI peabHUX 00’ €KTiB NMUIIXOM NOOYIOBU (DYHKIIIH, 110 MOJAETIOIOTh Pi3Hi
TpaHW4HI YMOBH, CTBOPEHO IIPOTPaMHUM KOMILIEKC AJIS IX peanizallii, HaBeleHO pe3yIbTaTH TECTOBUX PO3PAaXyHKIB
Ta iX aHas3. 3 METOI0 MOJEIIOBAHHS MPOLECIB, MapaMeTpH SKHUX 3aJIeKaTh BiJl TPHOX HNPOCTOPOBHX KOOPIMHAT,
3aIpOIIOHOBAHO YMCEJIbHI CXEMHU peajizalii TPMBUMIPHUX MOJEJeH, siKi € aDCONIOTHO CTIMKMMHU Ta MaloThb APYTUil
HOPSJOK TOYHOCTI 32 TIPOCTOPOBUMH KOOPIMHATAMHU.

KittouoBi cltoBa: anmpono2enni YunHuKy 6Naugy, Mamemamuina Mooeib, pieHAHHS Ougy3ii, cman 008K,
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