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PREDICTION OF TRANSIENT PROCESSES IN OIL PIPELINES
WITH THE PURPOSE OF EMERGENCY INCIDENT PREVENTION

Purpose. Preventing accidents during the operation of complex oil transportation systems under incomplete loading is consid-
ered on the basis of the prediction of the nature of transient pressure pulsations caused by a leap-like change in productivity.

Methodology. The main factors affecting the trouble-free operation of the main oil pipelines are analyzed. The classification of
pipe wall defects of the main oil pipelines is given. For each of these types of defects the probable indicators of their occurrence are
given based on the experience of operation of domestic main oil pipelines.

Findings. In order to carry out analytical studies and to establish the laws of fluctuation of pressure in the main oil pipeline with
road withdrawal, a mathematical model based on the equations of motion and mass conservation of the fluid is built, the with-
drawal process is described using the Dirac source function. The implementation of the model was carried out using the principles
of operational calculus, which allowed us to obtain an analytical form of the nature description of the time-varying pressure oscil-
lations in the characteristic points of the trace, which makes it possible to establish the amplitude-frequency characteristics of the
transient process.

Originality. For the first time, it is proposed to use a piecewise linear approximation of the boundary conditions at the point of
origin of leakage for their implementation in the analytical solution of the transient process model in a hypothetical main oil pipe-
line.

Practical value. According to the obtained method, the distribution of relative values of pressure and mass flowrate at charac-
teristic points of the modelled oil pipeline system is constructed. The influence of time-varying errors in determining the pressure
in the point of road withdrawal upon the accuracy of the calculations is evaluated. The results obtained are recommended for use

in oil pipelines and complex petroleum-based systems operating under incomplete loading (to prevent emergencies)
Keywords: complex oil transportation system, road withdrawal, change in flowrate, pressure fluctuation

Introduction. Main oil pipelines are industrial technical
long-term operation systems. Therefore, there is a need to en-
sure the reliability of their operation. The oil transportation
system of Ukraine is characterized by the fact that the amorti-
zation period of its operation is exhausted for 60 % of the total
length of all threads. Moreover, about 40 % of domestic oil
pipelines have been in service for more than 30 years [1, 2]. So
reliability increase of domestic oil pipelines operation is a rel-
evant scientific and applied objective.

Operation experience of main oil pipelines has shown that
in spite of significant development in design, construction and
operation of main oil pipeline structures it is impossible to de-
finitively solve the problem of accidental losses of oil during its
transportation occurring when the line as well as technological
equipment is depressurized. That happens under individual or
simultaneous influence of several of the following factors [3, 4]:

- no or incomplete adherence to specifications at metal
rolling enterprises in the process of pipe manufacturing;

- mistakes made at the stages of oil pipeline design and
construction;

- omitting to follow the rules of technical operation of
technological equipment;

- natural phenomena (seismic, ground motions, vibra-
tions, landslides lead to pipeline destruction).

Based on the deviation from requirements of the technique
and state standards in the process of pipe manufacturing for
main pipelines possible defects such as bundling, cracks,
shock viscosity decreasing and worsening of material elastic
properties, etc. are taking place. There may happen pipe bend-
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ing in the process of calibration and pipe alteration, that ex-
ceed limit standards, as a result metal properties decrease too,
and this may lead to the danger of cracking appearance and
pipe rupture while being in service.

Substandard pipe stringing and pipe laying into the trench
often cause shape damages of the pipeline. The main welding
faults on site conditions are cracks, undercuts, lack of penetra-
tion joints, slag inclusions and others.

Declining from typical pipeline operating modes while
starting or interrupting operating of pump stations, transporta-
tion of different sorts of product in series, switching on or shut-
ting down separate pump units, etc. causes episodic consider-
able pressure increase which may have higher value than the
acceptable one. Incorrect line valves switching may cause sig-
nificant hydraulic surge phenomena and as a result lead even
to decompression of the pipeline.

Literature review. As a rule, most oil pipelines’ depressur-
izing is caused by two groups of factors [5, 6]. The first group
concerns reduction of loading capability of oil pipeline, the
second — load and impact increase. Reduction of loading ca-
pability of oil pipeline is caused by mismatching of pipe wall
characteristics and material wear. The second group of factors
appears in the process of o0il pipeline operation due to the tem-
perature influence of the pumped product on the surrounding
soil, soil pressure, various static and dynamic loads, surface
deformation on construction sites, seismic activities.

The results of refusal analysis |7, 8] testify that one of the
most valuable reasons of pipeline damages is the influence of
external forces (conducting unauthorized activities in the oil
pipeline right of way including spontaneous traffic crossings in
unequipped sites, landslides, earthquakes, explosions, and
others), causing formation of surface dents, cracks, dent cracks
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or even line rupture. The most common are damages occur-
ring by the reason of conducting any repair or construction
activities very close to the pipeline surface. They belong to the
group of the most dangerous damages. Due to the influence of
external factors, according to [8], at main oil pipelines there
take place only about 5 % of all accidents, but by the extent of
the damages, they possess the first place.

Corrosion damages of oil pipelines occur under chemical
and electrochemical oxidation processes of pipe metal due to
ruining of metal protection surface and the presence of corro-
sive medium.

According to the nature of the interaction of metal with the
environment, there are two main types of corrosion: chemical
and electrochemical.

Chemical corrosion occurs according to the laws of chem-
ical kinetics of heterogeneous reactions, i.e. without the pres-
ence of electric current in the metal. This type of corrosion is
divided into gas corrosion (the interaction of metal with gas-
eous oxygen or other gas under intense thermal conditions
without any moisture on the metal surface) and corrosion in
non-electrolytes (oxidation of metal in liquid corrosive medi-
um with low electrical conductivity).

Electrochemical corrosion is the oxidation of metal in
electrolytes with appearing of electric current in it. In this
case, the so-called cathodic and anodic zones appear on sepa-
rate parts of the pipe surface. The latter activates the process of
oxidation of metal. In addition, corrosion can occur with the
simultaneous action of the corrosive medium and mechanical
stresses in the metal. Corrosive processes in pipelines occur
under the influence of ground, stray currents and alternating
current of electrified transport [3].

According to the analysis of the results of the oil pipeline
accident studies [9, 10], it can be stated that accidents on the line
due to external corrosion take up 30—35 % of their total number.

Pipe defects as any inconsistency of controlled parameter
with the regulated norms can be classified into two types: in-
ternal (metallurgical) and external (mechanical). Metallurgi-
cal defects include defects of pipe metal: non-metallic slag and
flux inclusions, shuts, corrosion, coking, overheating, burning
out, gas bubbles, different thickness of the sheets, internal
gaps, shrinkage bubbles, cracks (hydrogen, hot, thermal, fa-
tigue, and so on), flakes and others. Mechanical defects in-
clude defects of pipe wall: scratches, notches, rags, dents with
different geometric characteristics (depth, radius of curvature,
length, and so on), erosive destruction of the inner surface of
pipe, cracks arising from violations of the rolling technology,
dents formed from pressing scale by rollers, metal crumbs or
incidental shocks.

Defects of welds include: facings (leakings), joints incon-
sistent in length, width and height, rough scales of a joint, un-
dercuts, cracks, lacks of penetration, pores, piercing, and
others.

Facings are more frequently formed during welding of ver-
tical surfaces by horizontal joints as a result of liquid metal
leaking on the edges of cold base metal. The reasons for occur-
rence of facings are large power of welding current, long arc,
wrong position of electrode.

Undercuts are deepenings (grooves) formed in base metal
along the edge of welds at a high welding current and a long
arc. Undercuts lead to weakening of cross-section of base met-
al and can cause the destruction of welded joints.

Unsolved aspects of the problems. The analysis of research
results concerning causes of main oil pipelines failure [3, 11]
shows that the share of refusals occurred due to neglecting the
rules of technical operation of main oil pipelines ranges from 2
to 7 %. These include refusals due to the personnel’s faults in
observing the safety rules and wrong management decisions that
lead to violation of terms and quality of maintenance and repair.

Additional external loads include hydraulic impacts aris-
ing as a result of breaking the rules of operation and cause the
destruction of pipeline. They are a great danger to pipelines.

Hydraulic surges may be the result of a sudden shutdown
of pumping stations or false closure of valves, as well as for-
mation of air congestions in pipeline, which in some cases
can cause pressure fluctuations similar to hydraulic impact
[5, 11].

The analysis of statistics of oil pipeline accidents shows the
following distribution of reasons:

- external physical activities applied to pipelines including
criminal cut-ins, causing leakage — 34.7 %;

- breaking the standards and rules of conducting construc-
tion and maintenance works, deviation from project deci-
sions — 24.7 %;

- corrosive damages of pipes, isolation and control valves —
23.5 %;

- wrong activities of production and maintenance person-
nel — 12.4 %;

- breaking specifications in manufacture of pipes and
equipment.

Considering significant term of Ukrainian oil transporting
system operation we can confirm that sudden pressure fluctua-
tions in pipelines result in emergency situations combined
with pipeline rupturing. Thus, transient processes caused by
production changes are undesirable or even dangerous. They
mostly refer to processes with a leap-like reduction of oil col-
lection from a pipeline; otherwise they may lead to hydraulic
blow in the pipeline with all the consequences.

Purpose. The common theory of hydraulic blow is well-
developed nowadays. General principles of the process par-
ticularly the degree of pressure increase in pipes, its frequency
and fluctuation amplitude, attenuation decrement are de-
scribed in the works [12, 13]. However, the above mentioned
processes in complex oil-transporting systems have more com-
plicated character that requires additional research.

Methods. We deal with oil-transporting system, which
consists of main oil pipeline having L length with focused road
collection of oil at a definite point at / distance from the begin-
ning. Before the transient process (¢ = 0) the system was in a
stationary mode with mass oil discharge m, and pressure at the
starting point (x = 0) is Py; at the trace point with coordinate x;
there is a road focused oil collection marked M,. At the certain
period of time (¢ > 0) a leap-like reduction of oil collection to
mass discharge m; < m, is being observed. It is necessary to
build a mathematic model of transient process and to establish
its characteristics.

An analytical model of transient process is based on the
equations of motion and continuity such as [14, 15]

. 6(pW);

ox 2d ot (1)
_ @ =c? o(pw)
ot ox

oP  Apw?

s

where P(x, 1), w(x, f) are pressure and oil velocities in pipes
correspondingly as functions of linear coordinate x and time #;
A is the friction factor; p is oil density; d is the internal diam-
eter of the pipeline; ¢ is acoustic wave velocity in the pipeline.
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On linearization of motion equation (20 = EJ and con-

sidering road selection in continuity equation the system (1)
looks like this
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where m(x, 1) is mass flowrate as a function of linear coordi-
nate and time; M, is the averaged value of mass flowrate; 3(x —
—X;) is the function of Dirac’s source.

The system (2) is built to equation
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The initial and boundary conditions for integration (3)
have the following form

L ex) =

m(0, ) =my; m(L,t)=m;. 4)

The realization (3) at initial and boundary conditions (4) is
carried out by the method of integral transformations, in par-
ticular the Fourier sine-transform is used [8]
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Considering (5) the equation (3) in the domain of integral
transformations has the form

1 d*P, 1dP, (nnc]z

¢ drr oy dt L Fu=
2 (6)
nn X,
—|m 1" + L,
> lmy —(=1)"] 7
The derivation (6) is obtained in the form of
Pz[mA[lcjx} )
wn A,
where
4 - _my Mgy TNX,
m, mo

c, [1+’"L+ J( 1y = 2 o T
my, m m L

A =.a? _(WT
n L *

The transition from the image area is based on the proce-
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To determine the pressure as a function of linear coordi-
nate and time, we use the first equation of the system (2). After
simple transformations we obtain
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It should be noted that taking the value of mass flow m; =0
and M; =0 in (10), we pass to the problem of direct hydraulic
impact in a simple oil pipeline.

Based on (10) the calculations of the transient process are
carried out in the hypothetical oil pipeline with the length of
80 km and diameter of 529 - 10 mm with a concentrated leak-
age located at a distance of 30 km from the beginning with a
massive flow of 3 % of the initial stationary flow, and at the end

of the pipeline the flow intermittently decreases to 60 %. The
results of the calculations presented in Fig. 1 in the form of
charts express the dependences of the initial and final pres-
sures and pressure at the point of time selection. Their analysis
shows that the perturbation of the pressure wave spreading
along trace with the speed of sound is characterized by a sig-
nificant increase of pressure during the initial 10—15 s depend-
ing on the linear coordinate. The subsequent process of pres-
sure fluctuation lasting for up to 30 s will not have dangerous
consequences in terms of breaking the strength of the pipeline
because of increased pressure. Therefore, from a practical
point of view, the oscillatory process in the oil pipeline is of
interest during the initial 10—15 s.

It should be noted that the derivation (10) inadequately re-
flects the nature of the pressure fluctuation in oil pipeline since
the boundary conditions predict the constancy of mass flow of
time-varying road selection. A mathematical model that takes
into account the fluctuations of mass flow of time-varying se-
lection of the transient process will be characterized by extraor-
dinary complexity in construction and implementation. Mean-
while the influence of change of flow of time-varying selection
may insignificantly affect the process characteristics. In order
to assess the impact of changing the flow of time-varying selec-
tion upon the nature of pressure fluctuation in oil pipeline
caused by changing of oil flow, the iterative procedure is used.

As it is known, changing the orifice discharge of fluid in a
thin wall depending on the internal pressure can be character-
ized by equation

X St eny
m(x;,t) = pop~2gH = pwp 2g¥
gp (1D
= Lo, ZP(P(x,at) env)

where p is the discharge coefficient; o is a discharge area; p is
fluid density; H is excessive discharge head in the oil pipeline;
P,,, is pressure resistance of the environment.

If concentrated selection is a branch pipe of length / and of
internal diameter d with drag coefficient A and final pressure Py,
then mass flow can be found on the basis of Darcy’s equation

8AMIm2(x,,1)

Px?t env_ 12
(o) =P = (12

Equations (11) and (12) give the connection between the
pressure in oil pipeline at the point of selection P(x;, f) deter-
mined on the basis of (10) and mass orifice discharge m(x;, 7);
however it is unrealistic to use it when creating a mathematical
model of the process. Therefore, it is proposed to use the itera-
tion method the essence of which is the following.

Let us suppose that mass orifice discharge was almost con-
stant by the moment of time #, and was m,. Under these condi-
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Fig. 1. Nature of the pressure fluctuation in the oil pipeline du-
ring the process of hydraulic impact
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tions an equation (10) is obtained; so it is legitimate to use it to
determine the nature of pressure fluctuation. Having the pres-
sure in oil pipeline at the point of selection P(x;, 7) it is possible
to create the graph of time-varying change of orifice discharge
m(x;, f) on the basis of (11) or (12) (Fig. 2) which can be re-
placed by the piecewise continuous function, which will allow
determining the mass flow rate m,; at the moment of time ¢,.
Considering the rate of flow m, as unchangeable over a period
of time (#,, t,), we predict the change of pressure in the pipe-
line during this period of time by means of (10). On the basis
of prediction, we determine the value of pressure at the point
of selection P*(x;, f).

We control the fulfilment of the condition by setting a cer-
tain permissible error in determining the pressure 6P

| P(x;, t) — P*(x;, £)| < 8P. (13)

If the condition is not fulfilled, we accept P(x;, 1) = P*(x;, 1)
and return to definition of mass flow of selection m*(x;, f) from
dependencies (11) or (12). After fulfilling of this condition, the
values of pressures P*(0, 1), P*(x;, ), P*(L, f) and mass flow
m*(x;, 1) for the period of time (#,, t,) are recorded and we pro-
ceed to the next period of time. Thus, we obtain dependencies
which describe the nature of pressure oscillations in oil pipe-
line under the condition of a leap-like change of mass flow
selection.

The pressure dependences constructed in this way in the
characteristic points of trace of oil pipeline as a function of
time are presented in the form of graphs in Fig. 1. The analysis
of results of the study shows an insignificant influence of
change of mass flow rate of product selection upon the nature
of time-varying pressure oscillations at characteristic points of
oil pipeline. Fig. 3 shows the dependence of the relative differ-
ence in the results of prediction of the transient process with
and without taking into account the change of mass flow rate
of selection.

Maximum difference in calculation results does not exceed
3.3 %; moreover, it is typical for the moments of time in which
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Fig. 2. Dynamics of change in orifice discharge and their piece-
wise continuous approximation
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Fig. 3. Difference in results of calculation

the amplitude of the oscillation process is maximal. Further-
more, it has been established that with an increasing distance
from the source of perturbation the, difference in results in-
creases. For the pressure oscillations at the point of perturba-
tion x = L, the difference in results is practically absent.

Conclusions. Thus, the results of the research allow pre-
dicting the nature of the transient process of pressure fluctua-
tions in petroleum-based system caused by a leap-like change
in selection of pumped product, establishing the amplitude-
frequency characteristics of the process and estimating accu-
racy prediction. The results obtained can be used in oil pipe-
lines and complex petroleum-based systems operating under
incomplete loading associated with frequent change in pro-
ductivity to prevent emergencies.
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Meta. 3anobiraHHs aBapiiHOCTI Mpu  eKcrutyaTalii
CKJTATHUX HAa(PTOTPAHCIIOPTHUX CUCTEM B yMOBaX HETIOBHOTO
3aBaHTaXEHHSI Ha OCHOBi IPOTHO3YBaHHS XapaKTepy MpoTi-
KaHH$SI HEeCTAalllOHAPHUX MPOLECIB MyJbCallil TUCKY, BUKIMU-
KaHUX CTPUOKOIOAIOHOIO 3MiHOIO MTPOAYKTUBHOCTI.

Meronuka. IIpoananizoBaHi OCHOBHI UYMHHUKHU, 110
BIUIMBAIOTh Ha Oe3aBapiiiHiCTh pOOOTU MaricTpajbHUX Ha-
¢romnpoBomiB. IlpuBenecHa knacudikaiisa neGeKTiB CTIHKA
TpyOU MarictpasibHuX HadbTonpoBodiB. i KOXHOro 3 Ha-
BeIEHMX BUMIIB ne(heKTiB 3a3HaYeHi MMOBIPHICHI ITOKA3HUKK
X BAHUKHEHHSI BUXOJSUM 3 TOCBiy eKCILTyaTallii BITYM3HSI-
HUX MaricTpaJlbHUX Ha(pTOMPOBOIIB.

PesyabraTu. /{151 npoBeaeHHS aHATITUYHUX TOCTIIXKEHb i
BCTAHOBJIEHHST 3aKOHOMiPHOCTE KOJIMBAHHS TUCKY B Mari-
CcTpajibHOMY Ha(TOMPOBO/I i3 HUISIXOBUM BiOOPOM CTBOpE-
Ha MaTeMaTUYHa MOJENb, 110 0a3y€ThCSI HA PIBHSIHHSX PyXY
11 HEpO3PUBHOCTI CepeloBHIIA, 30CepeIKeHUI BiOip B SIKil
MOJIEIOEThCS 3 BUKOPUCTAaHHAM (hyHKIIT mkepena Jlipaka.
Peautizaniis Mmoneni 3ailicHIOBaIach i3 BUKOPUCTAHHSIM MTPUH-
LUITB OIEepaLifHOTO YMCJIEHHS, 10 J03BOJMIO OTPUMATHU
aHaIITUYHY (HOPMY XapaKTepy KOJMBaHHS B Yaci TUCKIB y Xa-
paKTepHUX TOUKAX TPACH, sIKa HaaacTb MOXJIMBICTb BCTAHO-
BUTU aMIUTITYIHO-YaCTOTHI XapaKTepUCTUKU HeCTalioHap-
HOTO MpolIecy.

HayxkoBa HoBU3HA. YTiepilie 3aTIpOITOHOBAHO BUKOPHUCTO-
BYBaTU KYCKOBO-JIiHiiiHYy alipOKCUMALIil0 TPAaHUYHUX YMOB Y
MicClli BAHUKHEHHSI BUTOKY JIJisS BUKOPUCTAHHS iX B aHalli-
TUYHOMY PO3B’3Ky MOJEJi HecTalliOHapHOIO MPOLECy B Ti-
MOTEeTUYHOMY MaricTpajbHOMY Ha(TOMPOBO/II.

ITpakTHyHa 3HAYMMICTB. 32 OTPMMAHOIO METOIUKOIO TO-
OyIOBaHO PO3IOALT BiIHOCHUX 3HAYEHb TUCKY Ta MacOBOL
BUTpaATH B XapaKTEPHUX TOUYKAX MOAEIbHOI HAaDTOMPOBiAHOL
cucteMu. [1IpoBeneHa oliHKa BIUIMBY 3MiHUM B Yaci MOXUOKU
BU3HAUEHHS TUCKY Ha IIUISIXOBOMY Bi0Opi Ha TOYHICTh MPO-
BeZieHUX obuncneHb. OTpUMaHi pe3yTbTaTi PEKOMEHIYEThCS
BUKOPMCTOBYBATH TIpM eKCIUlyataiuii HadTonpoBomiB i
CKJTATHUX HA(TOTPOBIMHUX CUCTEM, IO TMPAIIOIOTh B YMO-

Bax HEMOBHOTO 3aBaHTaXXeHHsI (JIJ151 3a100iraHHst BAHUKHEH-
HIO aBapilfHUX CUTYyalliif).

KiouoBi cioBa: ckaadna nagpmompancnopmua cucmema,
wasxosuil 6idoip, 3Mina eumpamu, KOAUGAHHS MUCKY
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exn. [TpenoTBpallieHue aBapuitHOCTH TIPU SKCILIyaTa-
LIMU CJIOKHBIX He(TETPAHCITIOPTHBIX CUCTEM B YCIIOBUSIX HE-
MOJTHOI 3arpy3KM Ha OCHOBE NMPOTHO3UMPOBAHMS XapaKTepa
MPOTeKaHUs HeCTAallMOHAPHBIX ITPOLIECCOB IMyJIbCALIMM JTaB-
JICHUSI, BBI3BAHHBIX CKAYKOOOpPa3HBIM M3MEHEHHUEM ITPOU3-
BOJIUTEIBHOCTH.

Meronuka. [IpoaHanu3upoBaHbl OCHOBHBIE (DaKTOPHI,
BJIUSIIONINE Ha Oe3aBapUitHOCTh pabOTHI MaruCTpaIbHbIX He-
¢renpoBoaos. [IpuBeneHa kinaccubukauus 1eeKTOB CTEH-
KU TpyObl MAaruCTpabHBIX He(TerTpoBoaoB. I KaXIoro u3
MPUBEIECHHBIX BUIOB Ne()EKTOB OTMEUYEHbI BEPOSTHOCTHbBIC
IOKa3aTeJ M NX BOSHUKHOBEHUS MCXOMIS M3 OIbITa 3KCIUTya-
TallMU OT€YeCTBEHHBIX MAaruCTPaIbHBIX HE(TEIIPOBOIOB.

PesyabTaTsel. [I1s1 TIpoBeiceHUS aHATUTUYECKUX UCCIICIO-
BaHWI U YCTAaHOBJICHUSI 3aKOHOMEPHOCTEM KoyiebaHusI 1aBJie-
HUSI B MarucTpaJbHOM He(TEIPOBOAE C ITyTEBHIM OTOOPOM
cozlaHa MaTeMatuyeckasi MoJelib, 6a3upyrolascs Ha ypaB-
HEHUSIX OBVDKCHUS W HEPa3pbIBHOCTU CPEIbl, COCPEIOTOYCH-
HbIII OTOOP B KOTOPOIl MOAEIUPYETCsS C MCIOJb30BaHUEM
(yHkuMM nctounuka Jnpaka. Peanmzaimst Momean ocyimecT-
BJISIJIACh C MCIIOJIb30BAaHUEM MPUHITUITOB ONEPAllMOHHOTO UC-
YUCJICHUS, YTO TTO3BOJIMIIO MOJTYUYUTh aHATUTUYECKYIO (hopMy
Xapakrtepa Koje0aHUsI BO BpeMEHU JaBJIeHUS B XapaKTEPHBIX
TOYKaX TPACChl, KOTOPAs TTO3BOJIUT YCTAHOBUTH aMITJIUTYIHO-
YACTOTHbIE XapaKTepUCTUKM HECTALIMOHAPHOTO Mpoliecca.

Hayunasa noBu3Ha. BriepBbie MpemioXeHO MUCIIOIb30BaTh
KYCOYHO-JIMHEHYIO alMpOKCUMALIMIO TPAHUYHBIX YCIOBUIA
B MECTe BO3ZHMKHOBEHUS YTEUKHU UISI MCIIOJIBb30BAaHMUS MX B
AHAJIUTUYECKOM PEIlIeHUH MOJeSIM HeCTallMOHAPHOTO PO~
1ecca B TUIIOTETUYECKOM MarucTpaJbHOM He(TEIIPOBO/IE.

IIpakTHyeckas 3HAYUMOCThb. [10 TTOlyIeHHON METOIMKE
IMOCTPOEHO pacIpelecHe OTHOCUTEIbHBIX 3HAUeHUI TaB-
JIEHUsI I MAacCOBOTO PAacXo/ia B XapaKTePHBIX TOUYKAX MOIEITb-
HOI1 He(TENTPOBOAHOM crcTeMbl. [IpoBeneHa olieHKa B~
HMSI MU3MEHEHUsT BO BPEMEHU TIOTPEITHOCTU OIpeesieHNUs
JIaBJIEHWSI Ha IyTeBOM OTOOpPE Ha TOYHOCTH ITPOBEIECHHBIX
BbIUMCIeHUI. [TomydeHHbIE pe3yabTaThl PEKOMEHIYETCS MC-
MOJIb30BaTh NP SKCILTyaTallui HEDTEPOBOIOB U CIOXKHBIX
He(TEIPOBOIHBIX CUCTEM, PAOOTAIOIINX B YCIOBUSIX HEITON-
HOIi 3arpy3Ku (1Sl TIpenoTBpallieHUs] BOSHUKHOBEHUS aBa-
PUITHBIX CUTYyaIIUIA).

KiroueBble ciioBa: croicras Hegpmempancnopmuas cucme-
Ma, nymegoli omoop, usmMeHerue pacxooa, Korebanus 0aeieHus
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