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The method of aerodynamic condition of the aircraft on the thermal fields was developed as a research result.
Based on the mathematical and natural experiments, there are identified the regularities of formation of
temperature gradients in the boundary layer of air that occurs after damage of external contours; there are
detected parameters that affect the behavior of the temperature gradient arising from damage.
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B pesynomami nposedenux docniosicens 6yn0 po3pobieHo Memoo aepoOUHAMIYHO20 CMAHY TIMaKa no Meniosux
noaax. Ha ocHo8i mamemamuyHo20 mMa HAMYPHO20 eKCNepUMEHMI8, B8CMAHOGIEHO: 3AKOHOMIPHOCMI
Gopmysanns memnepamypHozo epadieHmy y NpuUKopOOHHOMY Wapi NOGIMPS, WO BUHUKAE 30 NOUKOONCEHHAM
308HIWHIX 00800i68, BUABIEHO NAPAMEmpPU, AKI 6NAUBAIOMb HA NOBEOIHKY MEeMNepamypHo2o 2paodi€eHmy, uo
BUHUKAE 30 NOULKOOINCEHHSIM.

Kniouosi  cnosa: 306HiwHi  00600U, ROWKOOMNCEHHS, NOBIMPSAHULL Kopabelb, MeMnepamypHull 2padicHm,
Menno6ul Memoo, NPUKOPOOHHULL ulap, OlaeHOCMYS8AHHL.

1. Introduction

The issue of safety, including reducing the number
of aviation accidents with fatalities worldwide, regardless
of the amount of air transportation is a primary objective
of the international Civil Aviation Organization (ICAO:
Global Aviation Safety Plan, 2011, Montreal, Canada).
According to the Federal Aviation Administration USA
(FAA) annually in civil aviation there are about five huge
aircraft accidents in which an important role is played by
the collision of aircraft with biological, mechanical or
electrical forces. At the same time every year a growing
number of aircraft collisions with external forces, due to

several factors, namely the increasing intensity of
operations and the increase in bird populations. In
particular, the number of aircraft collisions with birds in
flight over the period 2005-2013 biennium. Has almost
doubled — from 36,000 to 70,000 cases of collision per
year for all types of civil aviation [1-3].

Thus the danger of accidental injuries in the
collision of aircraft with the above units is that the
appearance of lesions can not be predicted or detected in
a timely flight. Analysis of Accident Investigation
showed that the highest probability of collision with
mechanical, electrical and biological formations appears
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on take-off and landing stage. In this regard, the recent
research interest rise to developers for diagnostics of the
outer contour of the aircraft in flight. Availability of
timely, complete and accurate information about the
time, place and degree of damage will objectively assess
the nature of aviation accident and in accordance with
this take the necessary steps to prevent its development
through reorganization or change of flight mode control
actions.

2. Analysis of published data and the

formulation of the problem
Experts estimate that at the time of the collision
impact force is proportional to the square of the speed of

birds flying aircraft. Thus, a bird weighing less than 2 kg
strikes the external contour of an airplane flying at a
speed of 700 km/h, three times stronger than the bomb
50-millimeter cannon, and the force of impact of sea
gulls at the speed of the airplane 900 km / h is about
270,000 N (27 tons). The bird can easily pierce fuselage
skin and wings, thereby worsening the aerodynamics of
aircraft, engine and get to deform or tear the rotor blade
damage the glass cockpit. When hitting birds near the
rivet joint plating last often collapses, and under the
action of the velocity head damaged seam opens, causing
further destruction of the power set [3].

Fig. 1. Cases of civilian aircraft collision with birds: @, b — the landing phase of flight; ¢, d — the stage of flight take off

3. The purpose and objectives of the research

Analysis of the factors causing damage to the
external contour of the aircraft, as well as an analysis of
accidents allows to distinguish three main groups of
damages by reason of occurrence:

—collision  with  mechanical (radiosondes,
balloons, transzondy and other means necessary to
control the meteorological state of the atmosphere) or
biological objects;

— electrostatic discharges and lightning;

—chemical processes occurring in the metal
construction of aircraft as in contact with the surface of
reactive substances and longer connected to the operating
conditions of the aircraft (corrosion, aging and
degradation of the metal, etc.).

By the time damage can be distinguished as a
gradual or sudden. Gradual damage characterized by the
presence of trends or patterns of change given the
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aerodynamic characteristics of the external contour of the
aircraft at the time preceding the time of the fault. The
cause of such damage is the effect of physical and
chemical processes. Studying the laws of their
development by means of predictive methods of
diagnosis, we can predict their occurrence in the process
of preparing the aircraft for operation, as well as for the
technical inspection of the aircraft ground services at the
airport or repair airlines.

Sudden damage characterized by an abrupt change
in the value of one or more specified parameters. The
change is caused by the action of physical or mechanical
processes, the course of which is not controlled, to
provide the appearance of such lesions is not possible. As
the analysis of publications [4, 5], a significant number
of accidents was caused precisely by sudden structural
damage to the aircraft. Therefore there is a need to
develop methods of diagnosing the external contour of
the aircraft in order to identify the date, place and degree
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of damage, as well as methods of preserving stability and
control to prevent the development of an emergency in
flight.

4. Materials and methods

During the movement of the aircraft along its
surface boundary layer is formed — that is, isolated thin
layer of air in which the speed is changed from 0 at the
surface of the external contour to its full speed of the
total flow [6, 7]. Thus there is an air particles sticking to
the surface of the external contour in the direction of the
incoming flow. This phenomenon is accompanied by
heating the surface of the aircraft induced inhibition of
the external contour of the air layer. Heating occurs due
to friction and due to the adiabatic compression of air.
Between the surface and the outer contours of the
boundary layer occurs forced convective heat transfer,
which is accompanied by the thermal conductivity.

When the two-dimensional flow around a system
of equations of continuity and motion for the boundary
layer of air flow, taking into account the compression
and unsteadiness, has the form [8]:
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where x, y — the axis of a Cartesian coordinate system;
u,v — the projection of the vector flow velocity v along
the axis; t — time; - Specific heat of air; p — density of air;
p — the pressure; T — temperature; p — dynamic viscosity.
The energy conservation law for the two-
dimensional air flow can be written as [8]:
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where 4 — the thermal conductivity of air.

In the study of airflow damaged external contour
must consider the three-dimensional case of flow. The

law of conservation of energy in this case can be written
as follows [8]:
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It is necessary to take into account the dependence

of the physical properties of air parameters of

thermodynamic parameters:
T);4=2(p.T);

u=u(p.T);p=p(p.T). Q)

With the sudden appearance of damage nature of

the flow of air currents in the flow around the external
contour of the aircraft may change from laminar to
turbulent, especially in the vicinity of the site of injury.
For modeling turbulence phenomena there are many
mathematical models. Of the large number of turbulence

C—C(

models most widely used turbulence model with two
differential equations [9].

In computational hydromechanics (CFD) is widely
used k-g¢ turbulence model, since it has been
demonstrated significant advantages over the simpler
model in the calculation of a fairly wide class of free and
wall turbulent shear flows. In particular, k-¢ turbulence
model is used in software packages ANSYS FLUENT,
Solidworks Flow Simulation, FlowVision et al.

k-¢ turbulence model consists of a system of two
differential equations: the transport equation of turbulent
kinetic energy k, which is a rigorous consequence of the
Navier-Stokes equations and the turbulent energy
dissipation € [10, 11]:
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where f1, f2, f — so—called damping functions that for the
standard k-¢ model are f =f, =/ =1; 7 — i§j -

Laminar component of the stress tensor; r,.f - i

Reynolds stress tensor components; J; — Kronecker delta
function; g; — i gravitational component of the projection
on the i-th axis of gravity; x; — i-th tensor components in
the Cartesian coordinate system; pt — turbulent viscosity.

Standard constants k-¢ turbulence model: C,=0,09;
C=144; C=1,92; o=1; 0~1,3; 6570,9; Cz=1 where
Pz>0 u Cz=0 where P3z<0;

Analysis showed that the k-¢ model turbulence
exists a large number of modifications. In particular, in
[12] is proposed to supplement the standard k-& model
damping functions f1, f2, fu, obtained by semi-empirical.
Damping functions fl and f2 are defined by the
following formulas:
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Damping function of eddy viscosity is determined
by the dependence of fji:

f# _ (1_6—0,025RJ )2 '(1 +%} ’ (9)

4

where in Ry — Reynolds number near the wall, Rt -
turbulent Reynolds number of experiment.

5. The research results

For the computer simulation program complex
SolidWorks Flow Simulation is selected in the following
profiles:

— airfoil An-148 at the root of the wing;

— airfoil P-IIT (15.5 %) (Fig. 2).
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Fig. 2. The airfoil TsAGI P-III (15.5 %)

An-148 aircraft wing profile is supercritical
(supercritical), with a sharp nose. For this wing flattened
profile characterized by the use of properly folded back
part, which gives a more even distribution of pressure
along the chord profile and thus leads to a shift of the
center of pressure back, and increases the critical Mach
number by 10-15 %.

Rectangular wing model with the following
characteristics:

— the size of the model: 300mm x 300mm.

— extension: 1.

— material - D16T (2024-T3), inside - solid billet.

— parameters of a single injury: an elongated square
with a side length of 50 mm, forming a hole in the front
edge of the fragment profile perpendicular to the chord.

Turbulence options:

— turbulence intensity of 1 %.

— the turbulent length 4,64x10™* m.

For modeling parameters used International
standard atmosphere for different heights according to
GOST 4401-81.

In the simulation takes into account the following
recommendations Support SolidWorks, are based
knowledge engineering analysis SolidWorks Simulation
Knowledge Base.

The impact velocity of the oncoming flow on the
temperature gradient that occurs when damage
rectangular shape.

Research of the oncoming flow velocity on
temperature gradient was carried out under the following
parameter values:

—speed: 40 m/sand 80 m /s, 120 m /s, 160 m /s,
200m/s,240 m/s;

—international ~ standard  atmosphere (ISA):
ambient temperature: 288.2 K (15° C), atmospheric
pressure 101 325 Pa (760 mm Hg. Art.) At an altitude of
0 meters above sea level,

— angle of attack a=0 °.

The flow around a rectangular wing profile model
AN-148 and temperature distribution under these
conditions are shown in Fig. 3-6.

As can be seen from the analysis of Fig. 3, the
flow around the damaged part of the local temperature
profile in the boundary layer directly damage increases,
ie, there is a temperature gradient, which tends to
spreading closer to the trailing edge of the model.

Let us analyze the temperature distribution along
the upper and lower wing surfaces to distant 1/3 and 2/3
of the front edge of the model (Fig. 4).

Data analysis graphs, shown in Fig. 4, leads to the
conclusion that the maximum temperature difference
observed in the distance from the leading edge to 1/3
chord and reaches 0.65 K on the upper surface of the
model and 0.82 K on the lower plane. The local
temperature difference approaches the damage will
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increase. At the distance from the leading edge 2/3 chord
is also observed fever, but it is uneven distribution,
especially on the lower plane of the model, and their
difference is less than 0.5 K.

By increasing the speed of the oncoming flow, an
increase in not only the local temperature difference
between damaged and undamaged areas of the model,
but also the area of the spreading of the temperature
gradient (Fig. 5, 6). Thus, at a speed of 240 m / s
maximum temperature difference on the distance from
the leading edge to 1/3 chord is 35 K.

b
288.542
| 288.695
| 288.948
| 288.401
!_ 288,253
L 288106

| 287.959
c
Fig. 3. The temperature gradient that occurs in the
boundary layer for damage at the oncoming flow velocity of 40
m / s: a — the upper surface of the rectangular model wing
profile-148; b — the lower plane of the rectangular model wing
profile-148; ¢ — temperature scale in Kelvin

Analyzing the character shown in Fig. 7 graphs, it
is concluded that with increasing speed the local
temperature difference between damaged and undamaged
areas of the model profile is growing, and its growth is
not linear. The growth temperature difference occurs
faster on distance from the leading edge to 1/3 chord than
the distance from the leading edge 2/3 chord.
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Fig. 4. The temperature distribution along: @ — the upper boundary layer and » —lower surfaces external contour model for
oncoming flow velocity of 40 m /s at a distance from the front edge of the 1/3 chord (blue line) and the 2/3 chord (red line)
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Fig. 5. The temperature gradient that occurs in the boundary layer for damage to the oncoming flow velocity at 240 m/ s: a — the upper surface of
the rectangular model wing profile-148; b — the lower plane of the rectangular model wing profile-148; ¢ — temperature scale in Kelvin
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Fig. 6. The temperature distribution along the a- upper boundary layer and b -lower surfaces external contour model for
oncoming flow velocity of 240 m / s at a distance from the front edge of the 1/3 chord (blue line) and the 2/3 chord (red line)
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Fig. 7. Dependence of the local temperature difference between damaged and undamaged areas of the model profile of
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edge to 1/3 chord (blue line) and 2 / 3 chords (red line)
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Hence, at a speed of 40 m/s local temperature
difference on the distance from the front edge of the
1/3 chord higher than the distance from the leading edge
2/3 chord at 0.3 K along the upper surface and at 0.4 K
along the bottom plane model. And at a speed of
240 m/s, these figures are 6.5 K and 10 K, respectively.

So, if you have the means to measure the
temperature can detect temperature differences of
damaged and undamaged areas of the outer contour,
placing meters far from the leading edge of the lower 1/3
of the chord plane model or close to the site of injury at a
speed of 40 m/s.

Impact damage location on the temperature
gradient, arising from damage.

Study of fault location on the temperature gradient
was carried out under the following parameter values:

— oncoming flow velocity: 100 m/ s.

a
Fig. 8. The temperature gradient that occurs in the boundary layer for damage at a distance from the leading edge to the
top damage 25 mm: a — the upper surface of the rectangular model wing profile-148; b — the lower plane of the
rectangular model wing profile-148; ¢ — temperature scale in Kelvin
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—international ~ standard  atmosphere  (ISA):
ambient temperature: 288.2 K (15 ° C), atmospheric
pressure 101 325 Pa (760 mm Hg. Art.) At an altitude of
0 meters above sea level.

— angle of attack.

— the distance from the leading edge to the front
edge damage: 25 mm, 125 mm and 225 mm.

The results of studies of the impact location of the
damage to the temperature gradient at a distance from
leading edge prior to the damage of 25 mm are shown in
Fig. 8, 9.

As follows from the analysis of the simulation
results (Fig. 8, 9), the distance from the leading edge to
the beginning of the damage to 25 mm, the local
temperature difference is smaller than the leading edge
damage at the same amounts of damage. In addition, a
decrease of about 1 K in all cases.
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Fig. 9. Distribution of the temperature boundary layer along the a- top and b- lower surfaces external contour model at a
distance from the leading edge to the top damage 25 mm distance from the leading edge to 1/3 chord (blue line), 2/3
chord (red line) and the trailing edge of the profile (green line)

Thus we can conclude that the maximum
temperature difference is: along the upper surface of the
outer contour far from the leading edge to 1/3 chord —
34 K, 2/3 chord — 3 K; along the lower plane of the
outer contour far from the leading edge to 1/3 chord —
5K 2/3 chord - 4 K.

Found that the distance from the leading edge to
the beginning of the damage of 125 mm (Fig. 10, 11) the
maximum local temperature difference again shows a
tendency to decrease, to 2.5 K at a distance from the
front edge of the 2/3 chord along the upper surface of the
outer contour and 3 K along the lower plane.
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In addition, the local temperature difference in the
vicinity of the trailing edge of the profile remains almost
unchanged and is - on top of — 1.5 K, on the bot-
tom — 1 K. spreading temperature gradients are observed
along the upper surface of the rectangular model wing
profile and has a slight spreading along the bottom plane.

In the event of damage to the distance from the
leading edge to top border damage 225 mm (Fig. 12, 13),
it is clear that the local temperature difference in the
vicinity of the trailing edge of the profile and is slightly
increased — along the upper surface of - 2.5 K along the
lower plane — 1.5 K.
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Fig. 10. Temperature gradient that occurs in the boundary layer for damage at a distance from the leading edge to the

top 125 mm of damage: a — the upper surface of the rectangular model wing profile-148; b — the lower plane rectangular
wing profile model AN-148; ¢ — temperature scale in Kelvin
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Fig. 11. Distribution of the temperature boundary layer along the a- top and b- lower surfaces external contour model at
a distance from the leading edge to the beginning of damage 125 mm far from the leading edge 2/3 chord (blue line)
and the trailing edge of the profile (red line)
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Fig. 12. The temperature gradient that occurs in the boundary layer for damage at a distance from the leading edge to
the top 225 mm of damage: a — the upper surface of the rectangular model wing profile-148; b — the lower plane of the
rectangular model wing profile-148; ¢ — temperature scale in Kelvin
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Fig. 13. Average temperature boundary layer along the a- top and b- lower surfaces external contour model with
distance from the leading edge to the beginning of damage 225 mm at the rear edge profile
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6. Conclusions

In the paper the influence of the speed and angle
of attack of the aircraft on the temperature gradient that
occurs due to damage of rectangular shape the external
contour of the wing aircraft An-148. From the analysis of
the results shows that the difference in temperature
between the damaged and undamaged portions of the
external contour is influenced by the speed and angle of
attack. With increasing speed of 40 m/s to 240 m/s the
temperature difference increases, along the line remote
from the leading edge chord 1/3 and 2/3 of the chord on
the upper plane of the external contour from 30 K and
0,7K to 0,7 K to 23 K, respectively. At the bottom of
the external contours of the difference in temperature
also tends to increase along the line remote from the
leading edge chord 1/3 and 2/3 of the chord from 0,85 K
to 36 K and from 0,53 K to 25,2 K respectively.

When approaching the critical angle of attack to
the observed phenomenon is spreading plume
temperature, ie, schedules become flatter. Due to the
increase in the area of spreading thermal plume is
extremely difficult to determine the date, place and
degree, at angles of attack less than -15° — along the
upper surface of the external contour, at angles of attack
greater than 15° — along the bottom plane of the external
contour. In this case for all the other angles of attack for
a speed of 100 m/s temperature difference along the lines
of 1/3 and 2/3 chord chord varies from 1.5 K to 6 K,
which together with the nature of the spreading plume
temperature makes it possible to determine the time,
place and degree of damages on the basis of thermal
fields contours.

It should be noted that as a result of airflow
external contour aircraft in flight distribution of
temperature along the external contour has a
heterogeneous nature. Most of the heated portion of the
intact wing is the leading edge of the wing through the
critical point of flow separation. With increasing speed
increases convective heat flux along the upper and lower
planes of the external contour that is caused by the
phenomenon of aerodynamic heating. With the change of
position of the critical point, the consequences of the
change in the angle of attack, the distribution of
temperature fields along the wing changes, but the
absolute value of the difference between the temperature
remains constant.

Changing the geometrical shape of the wing at the
entry of foreign forces in most cases leads to a violation
of the nature of flow, further turbulence and flow
separation due to damage. When turbulence flow
significantly increases the intensity of heat transfer
processes in the boundary layer, as well as the inhibition
of the flow at the site of damage, all of which leads to a
temperature gradient of the damage. The intensity of the
temperature gradient and the temperature difference
increases with increasing flying speed, area of spreading
gradient remains practically unchanged. When you
change the angle of attack changes the position of the
critical point, which leads to an increase in the spreading
of the temperature gradient, the intensification of heat
transfer processes in the boundary layer along one of the
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planes with simultaneous drop another, ie to a
redistribution of temperature fields on the wing.

The choice of transducers for the possibility of
diagnosing the external contour of the aircraft in flight. It
is shown that the most advisable to use a thermocouple
type TMKn accuracy class 1 (£0.5 K), which allow to
catch the temperature difference between the damaged
and undamaged portions of the external contour at a
speed of 40 m/s, the component 0,58 K. Shows the
structure of the sensor designed for placement directly on
the outer side of the aircraft, which does not disturb the
airflow along the wing.

The temperature Reynolds number, which relates
the temperature difference between the undisturbed air
environment with a temperature difference between the
damaged and undamaged portions of the external contour
of the aircraft in flight, and flight altitude with the
magnitude of damage to the wing chord. For the
dependence of the angle of attack, which relates the
change in the lift with the change in the area of the wing
as a result of damage to the temperature difference and
damaged and undamaged portions of the outer contours.

The results obtained can be used when creating a
system of diagnosing the state of the external contour of
the aircraft in flight based on their thermal fields.
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MPUMEHEHUE UH®OPMAIMOHHBIX TEXHOJIOT Ui TP CUHTE3E
METOJOB OYUCTKH JAHHBIX

© B. A. loposckoii, C. I'. Uepnbrii, U. A. loposckasi, H. I1. CmeTiox

Ocywecmenen ananus mMemooos O4UCKU OAHHbIX MOHUMOPUHEA VCA08ULL MPYOa; USLOJNCEHbL 00UjUe NPUHYUNDL
U aneopummsl Memooo8 OHYUCHIKU OAHHbIX. [l MEeXHOIO02UU NO OYUCMKe OAHHBIX UCNOIb308AHUE NAKEMO8
MICROSOFT SQL SERVER u MATLAB Oaem nonodcumenvHvle pe3yibmamvl, HO uMeem ONnpeoesieHHble
npezpadvl. B cea3u ¢ omum GO3HUKAEm HeOOXO0OUMOCMb pa3pabomKu KOMNLIOMEPHBIX NPOMbIULIECHHBIX
OMKPLIMBIX NAKEMO8 N0 MeModam OYUCMKU OAHHbIX.

Knrouesvie crosa: ouucmka Oaunvix, udenmuuxayus, kiacmepusayus, data mining, Koucoaudayus, SQOL,
20PHO-MEMALLYyP2UYECKULL, IKCNEP.

The analysis of methods for monitoring data cleansing of working conditions is proved; the general principles
and methods of data cleaning algorithms are given. Usage of MICROSOFT SQL SERVER and MATLAB gives
positive results for data cleansing technology, but it has some obstacles. In this regard, there is a need to develop
the industrial computer open packages of data cleansing methods.

Keywords: data cleansing, identification, clustering, data mining, consolidation, SOL, ore mining and smelting,

expert.

1. Beegenue

l'opHO-MeTamuTyprirdaecKkie NpeAnpusITAsS TUTAHTHI
(ropHO-00OTaTUTENFHBIE KOMOHWHATHI, METAJUTyprHYec-
KU KOMOWHAT, TOI36MHBIN TOPHOIOOBIBAIOIINN KOMOH-
Hat) (I'MII)), KOTOpBIE XapaKTEPHU3YIOTCS OOIBIINMH
00BeMaMu MIPOU3BOJICTBA C UCIIOIB30BAaHIEM 3HAUUTEIh-
HBIX YEeJIOBEYECKUX pecypcoB, TpeOyror HOBbIXx WT-
TEXHOJIOT UM ynpaBJ€HUA METOJAaMMU OYUCTKU AJaHHBIX
MOHHUTOPHUHTA yCJIOBUH TpyJa FOPHO-METAILTYPIUYeCKUX
pabounx (I'MP) [1, 2]. MoHHUTOpPHHT YCIIOBHH TpyJa
I'MP 1mo3BosisieT OCYLIECTBIISITH HAKOIUIEHWE JaHHBIX
oneHku YT ¢ Lenpro gajJbHEHIIEro UCIIOJIBL30BaHUS ITUX
JaHHBIX TpH (OPMUPOBAHHH COCTAaBA IIEHCHOHHOTO
cnucka 'MP.

B pabote nccrnenyercs npobiema UT-TexHomOTHi
YIOpaBICHUS METOAaMH OYHCTKHA JAHHBIX MOHHUTOPHHTA
YT I'MP. AKTyansHOCTh 3TOW mpoOiieMa OYeBHIHA
noTomMy uTo, KonmuectBo ['MP paGorarommx B O4eHb
Tsokenslx YT exeromHo yBenunumBaercs (tabm. 1), uro
NPUBOJAMT K MCTOIICHHIO YEJIOBEYECKUX PECypCOB
peruoHa.

2. AHanu3 JIMTEPATYPHbIX HCTOYHHUKOB IIO
O4YHCTKE TAHHBIX
I'opHO-MeTaTyprirdecKue MpeaIpusiTHs OTHOCST-CS

K CJIO)KHBIM JMHAMHYECKUM chcTeMaM [1] i uMeroT cremy-
FOIIME OTIIMYNATEIBHBIE 0COOEHHOCTH HaHHBIX YT PM:

— HEIOCTOSIHCTBO PM;

— HEOOXOAUMOCTh CTPOTOTO COOJIOJICHUS TIJIAHOB
TI0 BBITIOJTHSAEMBIM B OIIPEACIICHHOE BpeMs 00beMaM;

— OoJblias 3aBUCUMOCTb PE3yJbTaTOB (YHKIMH-
OHUPOBAHUsSI OT NPUPOJHBIX YCIOBHUH (I€0JIOTHYECKUX U
KIIMMAaTH4ECKHX);

— TPYIHOCTH B OpraHHU3alUU (PYHKIIMOHUPOBAHHS
CUCTEMBI ITOCTOSTHHO TiepeMernarommxcs PM.

C TO3WIUU CUCTEMHBIX KOMIIOHCHTOB MOXHO
BBIJICIATE: HAJMYHE OONBIIOTO KOJIMYECTBA CITyYailHBIX
takropoB YT PM u TpymHOCTH TNPOTHO3UPOBAHHS
MPOTEKAHUS TEXHOJIOTHIECKUX TIPOIIECCOB, "
(hyHKIIMOHMPOBAHUS BCEH CHUCTEMBI Ha JJIMTEIBHBINA
MPOMEXyTOK BpeMeHH. C TOUKH 3pEHHs aHATUTHIECKOTO

COCTaBIIAIONIETO, 3aMeTHuM, 49TO BO3HUKAET
CYIIECTBEHHass  NpoOJieMaTHKa B  OCYLIECTBICHUU
aBTOMATH3UPOBAHHOTO  YIIPABJIICHUS IPOU3BOJICTBEH-

HBIMHU MPOLECCaMU MO MPUYMHAM HENocTossHcTBa PM u
OTCYTCTBHE, HEOOXOAWUMBIX JUIS KOHTPOJS JaTYUKOB,
CpencTB Tmepenadyd wHGOPMAIMK HA  YIPABIISTFOLIHA
LNEHTP, a TaK JK€ HEPAaBHOMEPHBIA pPEXHM pPaOOTHI
000pyIOBaHUS HA TPOTSDKEHHH CMEHBI M KOJIHUYECTBO
JIAaHHBIX (Tabm. 1).
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