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Modern cars are increasingly equipped with control and diagnostic equipment. These methods are
used to optimize the working process in the engine, improve traffic safety and simplify operation and
maintenance.

You can adjust the chip to your liking, adjust the "performance” of the engine, because comfortable
driving conditions give us a lot of pleasure.

The current control of technical conditions is carried out by the onboard system of self-diagnostics,
which is an integral part of the controller. Problems that occur are signaled visually and stored in electronic
memory. The full list of actual settings of codes of self-diagnostics and parameters of working process is
carried out on HUNDRED with automobile indicators of brand. The problem is determined only by connecting
a tester or scanner to a special diagnostic connector available in the car.

However, there are often complaints about objective and comprehensive examinations.

Misdiagnosis of "standards" with obvious signs of external problems is often given for many reasons.
First of all, the use of information is limited electrical signals. In fact, the state of the circuit of sensors and
actuators of engine automation is determined. Degradation of complex structures is usually based on the
"domino principle”: one local problem leads to another, another to a third, etc., which leads to the complete
failure of the whole device. Problems with electricity may not be the cause but the consequences of other
problems, including non-electrical causes. For example, the "ringing™ of the piston fingers may indicate early
inflammation and wear of the relevant components. The instability of the spark discharge in the spark plug
may be the result of decompression of the working volume of the cylinder or improper preparation of the
working mixture. The problem of the intake manifold or contamination of the fuel injector is usually recognized
by the self-diagnostic system as a fault of the lambda detector. The list of such ambiguities can be expanded.
When it is necessary to "restore" the accident of "decent age"”, branded diagnostic equipment may be useless.

Key words: diagnostics, engine, vibration indicators, pulsation, fuel equipment, pressure

Fig. 12. Ref. 13.

1. Formulation of the problem

Complex protocols for the exchange of information between external computers and vehicle
controllers equipped with similar self-diagnostic systems have a significant complexity of design and require
highly skilled workers. This ensures the inviolability of the current course on the subject orientation of
diagnostic equipment (only for VAG - group, only for TOYOT and, only for FORD, etc.). The high cost of
such equipment stimulates the specialization of large service stations and warranty service of new cars. They
are usually limited to checking the condition of electrical circuits, components of automation, regulated
replacement of oils, spark plugs, filters and other consumables. The possibility of significant wear of the
structure is not taken into account [1].

In Ukraine, the physical aging of technology, for obvious reasons, is accelerating. A significant part
of the vehicle fleet consists of old cars with naturally worn and deformed structural parts.

How to be service and repair companies de aling with the widest range of cars and the action of natural
"age" defects in them (increased gaps, damaged contact surfaces, changed shapes and sizes, etc.).

How to detect mechanical damage, such as abrasion of the camshaft cams, the formation of soot on
the outside of the valve, contamination of the injector or damage to the catalyst.
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Decision-making on the scope and timing of future repairs often depends on subjective opinion, or
even the simple interest of certain individuals or organizations.

According to some experts, the best is the design, which maintains a working condition throughout the
standard service life. It is implied that failures will occur immediately after this period and simultaneously in
all parts and systems. Repair of such a structure is not provided. Otherwise, it is recommended to replace
components and parts completely and completely, without taking into account their actual technical condition.

This understanding cannot be accepted. A number of significant circumstances are not taken into
account here. First, any complex structure continues to improve during operation. Success is achieved
consistently in its individual components, which has a positive effect on the overall duration of the "life cycle".
Secondly, even in parts of the same name, which are, it would seem, in the same operating conditions, the rate
of consumption of the source resource is different. This is because of technological and operational errors,
different lubrication conditions, heat dissipation, and so on. In various combinations, the combination of such
"little things" can lead to both relative acceleration and slowing down of degradation processes. It takes time
to develop various problems before the critical mark. It is not necessary to expect failure of all components at
the same time. This non-diagnostic approach actually eliminates the consequences rather than the causes of
the anomalies and is not a guarantee of well-being even in the short term. For car maintenance owners, this
often becomes a financial problem [2].

2. Analysis of recent research and publications

No matter how different car engines look, they have the same principle of operation, many systems,
components and even parts have the same function (housing, cylinder-piston group, bearing, ignition coil,
injector, etc.). The current loads are due to the same work processes of defect formation. The causes,
mechanisms and even external manifestations of structural degradation coincide (abrasive wear of contact
surfaces, fatigue microcracks and deformations, weakening of fastening, clogging of through channels,
tightness, breakdown of electrical insulation, deterioration of performance, appearance of extraneous sounds,
etc.) [3].

Design and scale differences are virtually insignificant for diagnosis. "Tavria" and "Mercedes" can be
viewed from a single angle. And this indicates the fundamental possibility and feasibility of developing a
universal methodology (technology and tools) for diagnosing the structures of different cars. The following
conditions are sufficient for this:

1. Knowledge of the principle of operation of a particular structure and accounting for a set of
parameters of working processes and defect formation processes.

2. The presence of functionally oriented equipment, ie one that allows you to perform the same type
of operations in the same functional systems of different mechanisms.

3. Information support should be suitable for answering the following questions:

4. Where is the defect (approximate coordinates)

5. The bell "of which details is listened to

6. How the defect affected the parameters of work processes

For example, guided by the above, in CJISC "Cyclone™ in Lugansk on the basis of a modern household
computer was developed stand "Dolphin-1M" [4].

’ r
Fig. 1. Stand "'Dolphin-1M"'

The following are used as information carriers:

- ultrasounds; vibrations of sound and infrasonic frequency domains;

- pressure; pressure pulsations;

- electrical signals operating in automation systems (ignition, injection, exhaust and fuel supply, etc.).
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A total of 8 independent information channels based on different physical principles have been
implemented. The main attention is paid to the information aspects of vibroacoustic radiation and their
connection with the manifestations of anomalies in the parameters of pressure and voltage.

Any problem is an event that may affect the structure and the workflows in it. Researchers are provided
with a large number of facts, unmasking descriptive signs of problems, as well as tips from an expert
subprogram.

According to the results of the stand use become known:

- approximate geometric coordinates of the source of vibroacoustic radiation - anomalies;

- phase of the operating cycle, in which the anomaly appeared,

- amplitude-frequency spectrum of structural elements involved in the anomaly;

- trajectories of points during vibrational motion;

- connection of anomaly with working processes;

- conclusion of the expert program of the computer.

It only remains to properly dispose of a priori known and operationally measurable information. A
negative defect search result is accepted as the "norm™ [5].

Exchange of information with the car controller via the self-diagnostic line "K" (reading and erasing
the codes of defects of sensors and actuators of motor automation, calling settings of mode parameters) is not
provided, as it requires highly specialized equipment, which is widely represented in the car service market.
However, it is possible to display on the monitor any current on the car control or measuring electrical signal
in volts, the number of pulses of self-diagnosis. Diagnosis is reduced to comparing the measured values of the
form, numerical parameters and phase-time relationships with their normative values. In terms of information,
this is similar to the information obtained with the help of highly specialized and expensive imported
equipment based on the analysis of electrical signals [6].

The proposed approach to diagnosis, which includes comprehensive objective measurement data and
subjective analysis of the physical side of the observed phenomena gives meaningful, convincing and easily
perceived results. The reliability of the diagnosis obtained in this way can be verified by making all sorts of
common sense objections [7].

3. The aim of the study

To analyze the methods of diagnostics of fuel equipment of diesel engines and to determine the
effectiveness of the vibrodiagnostic method.

4. Presenting main material

Basically, the inspection procedure begins with stopping the diesel engine, the high-pressure tube is
dismantled on the high pressure fuel pump (HPFP), and the proposed device is installed instead. The diesel
starts. The fuel equipment (FE) of the selected HPFP is carried out on the rate of increase of fuel pressure for
a certain, set number of cycles of operation of the engine (as a rule from 5 to 12) from the beginning of increase
of pressure of fuel in the closed cavity.

The procedure is performed at the starting speed of the crankshaft. When determining the degree of
efficiency of the FE is taken into account: the temperature coefficient, which is responsible for changing the
viscosity characteristics of the fuel; the coefficient of active stroke of the plunger; coefficient characterizing
the degree of wear and microgeometry of the friction surfaces in the connection "plug-plunger”. The latter
factor is of particular interest. It is determined in advance on the basis of the maximum pressure developed by
the pump that checks the cyclic flow. In addition, it remains unclear how to implement the mode of operation
of the engine with startup for a given number of cycles [8].

Other methods of checking the FE in the start-up mode are used, for example, by the value of the
maximum pressure that develops HPFP, but they are not widespread.

For trucks, the degree of engine performance without disassembly of HPFP by the manufacturer offers
joint work of devices D49.181.59 and 30D181.61. At the same time cavities of low and high pressure are
checked separately. The HPFP must first be removed from the engine.

When checking the high pressure cavity, the test pump is installed with the fitting up, in the device
with the help of the device connected to the device 30D181.61. Next, the fuel is injected into the pump to a
pressure of 80 MPa and check the pressure drop for 1 minute, do not allow a drop of more than 1 MPa.

When checking the low pressure cavity HPFP is installed in a horizontal position on the device
D49.181.59. Device 30D181.61 is connected to the fuel supply opening through the pipeline, the pump is
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pumped with fuel and after making sure that there is no air, a plug is screwed onto the pump fitting. The pump
rail is output to the stop, the required distance between the lower cavity of the flange of the sleeve and the
lower cavity of the roller is set. Next, the system creates a fuel pressure of 6.5 MPa. The pressure drop time
from 6 to 5 MPa should not exceed 13 seconds.

Despite the simplicity of the method, when checking the high pressure cavity, the tightness of the
valve is determined and the state of the FE does not affect the test, and when checking the low pressure cavity,
the selected range does not correspond to real values in the pump during normal FE operation (40 MPa and
above). (20 MPa) [9].

There are methods that allow us to conclude about the performance of the FE by changing the shape
of the signal received from the vibration sensor installed on the pump or nearby. For example, the process of
vibration diagnostics using an overhead piezoelectric sensor is described. At diagnostics before the beginning
of work it is necessary to establish the piezoelectric sensor near the union of the pipeline of a nozzle. The
installation site of the sensor must be cleaned and the dirt removed. The inner diameter of the piezoelectric
sensor must correspond to the diameter of the pipeline on which it is installed. The sensor is extremely sensitive
and is easily damaged when it hits a hard surface. In the course of regular work by means of the sensor the
oscillogram of vibration on which form define various malfunctions is written down. In fig. In Fig. 2 shows
an example of an oscillogram obtained from the vibration sensor in the case of wear of the FE HPFP.

A 1
™~

e

Fig. 2. Oscillograms of the vibration sensor in case of wear of the PVNT PA

Despite the apparent simplicity of the method, the determination of engine failures by the results of
the analysis of vibroacoustic signals, it can be argued that in the study of FE, the spectral composition of the
studied signals is heterogeneous. Thus this heterogeneity is explained not by different types of malfunctions
of these or those elements, and quality of assembly and installation on the engine, various backlashes in HPFP
drives, a difference in operating modes. However, the phase parameters (fuel supply duration, fuel supply
advance angle, etc.) remain stable. It is impossible to determine the degree of FE efficiency by phase
parameters. Thus, vibration diagnostics is difficult to recommend for the diagnosis of FE in general.

The most informative way to determine the degree of efficiency of FE units, which has become
widespread abroad, is a method of diagnosing the shape of the fuel pressure signal obtained using a pressure
sensor in the high pressure line. Below are some of the proposed solutions [10].

To begin with, it should be noted that these methods are based on the analysis of the fuel pressure
waveform. The fuel pressure pulse generated by the HPFP contains information about the functional properties
of the FE and the technical condition of its elements. Figure 3 shows an example of a pressure waveform
during injection. It can be divided into several characteristic areas.

c

A 0
Fig.3. Pressure waveform during injection
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Section 1 to point "A" can be judged on the residual pressure in the HPFP after pre-injection. Section 2
shows the start of the fuel pump supply. At point "B" is the lifting of the injector needle and fuel injection begins,
and further growth in section 3 is due to the continued injection of the plunger. Point "B" characterizes the
maximum pressure. Throughout the entire section 4, fuel injection continues and only at point "C" the needle
lands on the seat. At the last section 5 there are damped pressure fluctuations in the HPFP. Thus, it is possible by
the deviation of the sections and points on the pressure waveform to assume the failure of a node FE.

Based on this, Vasiliev Y.A. the following technique was described. It is proposed to superimpose the
reference oscillogram obtained during the operation of the reference on the oscillograms obtained during the
operation of the with malfunctions. And according to the results of overlapping and comparison of two

oscillograms to determine the type of fault. Scheme (Fig. 4) of the relative position of the fuel pressure
oscillograms in the HPFP for the reference FE (solid line) and for worn FE (dashed line) [11].

=165 MFa

Fig.4. Superimposed oscillograms of fuel pressure in HPFP

In fig. 4 shows a manifestation of a slow increase in pressure and a decrease in the value of the
maximum pressure. On the basis of these signs it is offered to draw a conclusion about excessive leaks of fuel
on precision surfaces of FE.

The approach of finding characteristic points on the characteristics of the fuel supply process. The
essence of the approach is to approximate the fuel pressure pulses obtained at different load modes during
operation of a working FE. It is proposed to approximate a complex figure consisting of six segments (Fig. 5).

Fuel pressure

-0 g 0 60

Lranksihalt rofafion angle deg
Fig. 5. Approximation of the fuel pressure pulse by portion-linear functions
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This approach allowed to automatically generate the reference characteristics of the process of diesel
fuel supply for further implementation of the procedure for diagnosing FE.

A method for diagnosing FE motors based on the statistical theory of pattern recognition. According
to the results of tests of the FE in accordance with the algorithm for finding characteristic areas (Fig. 5)
determines the state of the FE:

- normal condition;

- too early (late) fuel injection;

- too low (high) nozzle opening pressure;

- too low (high) injection pressure;

- too long (small) duration of injection;

- too slow (rapid) increase in pressure.

These factors can serve to reveal the root causes of these disorders. For example, faults such as "too
slow pressure rise" and "too low injection pressure", according to the author, can be caused by an increased
gap between the plunger and the FE sleeve.

The received experience of computational and experimental researches on definition of malfunctions
and adjustment of elements of FE was embodied in system of technical diagnostics of FE of the engine with
system "self-learning". "Self-learning” means the principle of automated obtaining of the reference
characteristics of injection, adapted to the studied mode of operation.

Another technique based on the analysis of the injection chart, which allows you to determine the
faults of the PA where it is proposed to use a diagnostic card, in which a combination of 19 features of the
diagram can identify 17 faults. The list of faults includes, among other things, FE wear. It is suggested to judge
wear on the following diagnostic signs:

- low residual pressure;

- a gentle increase in pressure (or "too slow increase in pressure" from the previous method);

- low pressure peaks;

- wide range of wave oscillations;

- delayed increase in pressure;

- late start of injection;

- reduced supply;

- reduced duration of the curve.

In practice, it may be difficult to determine such relative parameters without establishing clear
quantitative deviations. Thus, all responsibility for the conclusion on the operability or non-operability of the
node rests entirely with the operator [12].

There is a method of creating a diagnostic model used for the most time-consuming process of establishing
correlations between structural and diagnostic parameters, mathematical models of the injection process. The
diagnostic model is created not on the basis of a probabilistic-static approach, but by an exact deterministic method.
It becomes possible to accurately account for the permissible deviations of the structural parameters of the fuel
supply equipment and the parameters of technological instability. At the first stage diagnostic parameters are
revealed. As an example, Figure 6 presents some parameters plotted on the pressure curve.
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Fig.6. Designation of diagnostic parameters using a pressure curve in a high pressure line
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In the second stage, a unique code (a set of quantitative deviations of diagnostic parameters in
diagnostic modes) allows you to uniquely identify the fault. The author found that none of the thirty diagnostic
parameters, including maximum pressure and a slight increase in pressure are not informative in determining
the degree of efficiency of the PP, because the change of diagnostic parameters does not exceed the tolerances.

Thus, summarizing all the above about the methods of checking the degree of efficiency of the PP on
the shape of the pressure signal in the high pressure line, you can create a table that will compare all the
proposals.

The results of the comparison of methods show that among the methods there are contradictions about
the presence or absence of signs found on the oscillogram of fuel pressure obtained in the high pressure ling,
the deviation of which can determine the performance of the FE.

Code number:

1 - low residual pressure;

2 - a gentle increase in pressure;

3 - low pressure peaks;

4 - wide zone of wave oscillations;

5 - delayed increase in pressure;

6 - late start of injection;

7 - reduced supply;

8 - reduced duration of the curve.

A study was conducted to determine the effect of FE wear on engine performance. The experiment
was as follows. FE with different hydraulic densities of 1.5 and 12 seconds were alternately installed in the
pump. It should be noted that the FE with a hydraulic density of 1.5 seconds is considered worn, and 12 seconds
new. The experiments were performed under the same conditions. During the experiment, an oscillogram of
fuel pressure in the high pressure line was recorded. Next, the recorded oscillograms for comparison were
superimposed on each other.

o 4 4 & & o 4 4

Time ms

Fig.7. Oscillograms of pressure in a tube of a high pressure in the union of the pump at
installation of PA with a different condition

According to the results of experimental studies, it is seen that the pressure waveforms obtained during
installation in HPFP FE, with different hydraulic density are almost completely superimposed on each other.
The oscillogram obtained when installing in the pump FE with a density of 1.5 seconds (dotted line), there is
no such sign as a slight increase in pressure, but there is a slight decrease in maximum pressure compared to
the error of the measuring equipment.

Similar results were obtained in the study of FE with different, artificially altered density. The
reduction of the FE density was achieved by removing the metal from the surface of the plunger by circular
grinding with a paste and joint grinding with a process sleeve, selected separately for each plunger.
Oscillography of fuel supply processes and analysis of injection characteristics did not reveal changes in
maximum pressures, advance and duration of supply in all studied fuel systems. In addition to the comparison
of oscillograms, the authors determined the cyclic supply of HPFP when installing it in FE density.
Experimental data on the change in the supply of engine pumps at modes corresponding to the rated power
and idling, depending on the average diametric clearance of the spool part of the FE are presented in Fig. 8.
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It is established that the volume of supplied fuel does not decrease up to the critical degree of wear of
recision surfaces of FE. However, as the density increases, there is a sharp drop in pump performance.
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Fig.8. Change of supply Q, g HPFP of the engine depending on increase in average diametric
backlash in FE: a - the nominal mode; b- idling; 1-5 types

The invariance of the pump supply is explained as follows. The speed of movement of the fuel layers
in the gaps between the precision surfaces is very small. The movement of fluid in this case is largely
determined by physical laws and limit state. The boundary layer can be held by the precision surfaces at relative
rest, and its thickness can be commensurate with the interprecision gap. The conditions of the boundary layer
depend not only on the size of the gap, but also on a number of other factors: the shape and roughness of the
connected surfaces, the physical characteristics of the fuel, the levels of its working pressures. When the gap
increases so much that the influence of the boundary layers on each other weakens, the appearance of internal
flow is possible. The reduction of the supply begins from the moment when the time of movement of the flow
in the interprecision gap from the high pressure cavity to the low pressure cavity becomes comparable to the
injection time. With a further increase in the gap, the density of the PP reaches a limit value at which fuel leaks
are compared with the cyclic supply [13].

Here it is appropriate to note that the actual shape of the gap in the PP and the average radial gaps can
differ significantly. This is confirmed by the results of profiling FE, for example, in the works. The reason for
the complex shape of the gap in the FE are deformation changes in the geometry of precision surfaces caused
by installation (power) and working (fuel pressure) loads and design features of the FE.

According to research, a decrease in the maximum fuel pressure in the injector, increasing the duration
of injection and as a consequence of reducing the rate of increase of combustion pressure, changes in power
and economic performance of diesel are clearly manifested only at maximum wear in PP. Indicator diagrams
obtained when used in HPFP FE with intermediate operating stages of wear, almost coincide, and the
maximum combustion pressure is within the measurement accuracy. It was also found that the untimely
replacement of worn-out sets of FE leads to uneven load distribution on the cylinders in different modes of
operation.

Oscillograms of vibration acceleration and acoustic research of the D-240 engine depending on speed
and loading operating modes are shown in fig. 9 - 10.

AN NE
E=IEES
8 = ;
(g0
Fig. 9. General view of the oscillogram of the Fig. 10. General view of the oscillogram o
vibration acceleration of the engine D - 240 when  vibration acceleration of the D-240 engine when
using diesel fuel using biofuel
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n=850 rpm n=830 rpm
Ultrasound
n=850 rpm n=830 rpm

Fig. 11. Oscillograms of vibration acceleration and ultrasound for the D-240 engine at idle

Vibration acceleration

Ps=38 kGs, n=1490 rpm Pc=18,2 kGs, n=1390 rpm

Ultrasound

Pc=38 kGs, n=1490 rpm Pc=18,2 kGs, n=1390 rpm

Vibration acceleration

Ps=37,6 kGs, n=1130 rpm Ps=19,3 kGs, n=1100 rpm

Ultrasound

Pc=37,6 kGs, n=1130 rpm Ps=19,3 kGs, n=1100 rpm

Fig. 12. Oscillograms of vibration acceleration and ultrasound of the D-240 engine on modes of

partial loadings
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We determine and analyze the vibration parameters of the unit and the pressure pulsations in the fuel line
of high pressure diesel when using an advanced supply system with a mixer and when using different types of fuel.

5. Conclusions

From the analysis of experimental data of oscillograms of vibration acceleration and ultrasound taken
for idling and partial loads of regular and upgraded engines, it can be concluded that the non-uniformity of the
crankshaft speed of the upgraded engine increases at idle as the speed increases by 39% (from 13.7 to 13.7
This is due to uneven fuel supply to the cylinders, and the lower the frequency - the greater the uneven supply,
and with increasing supply - its unevenness on the cylinders decreases, and with increasing speed - the
frequency of alternating strokes per second increases and decreases the amplitude of vibration. The effect on
the non-uniformity of inertial forces of unbalanced masses does not increase significantly with the rotational
speed. The unevenness also increases as the load increases (from 6.0 to 10.1%). This is due to the increase in
the average effective pressure in the engine cylinders due to the increase in the cyclic fuel supply.
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JIIATHOCTYBAHHS NAJIMBHOI ATIAPATYPHU JU3EJBHOI'O JIBUT'YHA IIJIIXOM
3HATTS BIBPOITIOKA3HUKIB MAJINBOMMOJAYI

Cyuacni aemomobini ece Oinbuie OCHAWYIOMbCA KOHMPOAbHO-0IACHOCMUYHUM 001a0HauHIm. L]i
MEMOOU BUKOPUCTNOBYIOMbCS OISl ONMUMI3AYIT pob01020 npoyecy 6 08UYHI, NOLINUeHHsT Oe3neKu pyxy ma
CHPOUeH s eKCIIyamayii ma 00Ciy208y8anHs.

Bu mooiceme nanawmyeamu uin na cgill cMax, HAIAUWIMYBAMU «NPOOYKMUBHICMbY 08USYHA, dAddice
KOMOpMHI YMOBU BOOIHHSA OOCMAGIAIOMb HAM MACY 3a00601eHHs. Tlomounuli KOHMpPOIL MEXHIYHUX YMO8
B0UCHIOEMBCST HOPMOBOIO CUCMEMOI) CAMOOIASHOCMUKU, SIKA € He8l0'€MHOI0 4aCMUHOI0 KOHMpOJepd.
Ipobremu, w0 GUHUKAIOMYb, CUSHATIZYIOMBCS BI3YATLHO MA 30epiearomvcs 6 eleKmpouHit nam smi. Tloguuil
nepenix  aKkmyauibHuxX HAIAQUWMYSAaHb KOOI CAMOOIASHOCMUKY MA Napamempie pobouoeo npoyecy
suxonyemovcst Ha CTO 3 asmomobinvnumu nokasuuxamu mapku. Ilpobnema supiutyemvcs auuie wisxom
RIOKIIOUEH sl mecmepa abo cKanepa 00 CneyianbHo2o ideHOCMUYHO20 PO3'EMY, HAABHO20 8 A8MOMOODII.

Oouax yacmo BUHUKAIOMb CKAPeU HA 00 €KMUSHi ma Komniekchi oocmeoicenns. Ilomunxosuti diacnos
"cmanoapmis” 3 s6HUMU O3HAKAMU 306HIUHIX Npobaem yacmo daemvcsi 3 bazamvox npuyun. Ileput 3a 6ce,
BUKOPUCIMANHS IHQOPMAYTT 0OMENCYEMBCS eNeKMPUYHUMU cueHanamu. DakmuiHo GUIHAYAEMbCL CMAH CXeMU
0amuyuKie ma 6UKOHAGYUUX MEXAHIZMI6 A8MOMAamuKku 0eucyHis. [lecpadayisi CKIAOHUX CMPYKMYD 3a36U4ail
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bazyemuvcsi Ha "npunyuni 0oMiHo": 00HA 10KAIbHA NPOOIeMAa NPU3800UMsb 00 THWLOL, IHWA - 00 MPEemboi MOwo,
Wo npu3gooumsb 00 HOBHOL 8IOMOBU 6Cb020 npucmporo. [Ipobremu 3 enexmpoenepicio Mojicyms 6ymu He
NPUYUHOIO, A HACTIOKAMU THWUX NPOOIeM, 8KIIOYAIOUY NPUYUHU HeeleKmpuyHo2o xapakmepy. Hanpuxnao,
"036iH" nopuiHesUX nanvyie Modce 6KA3Y8AMU HA DAHHE 3ANAIEHHA MA 3HOC BIONOBIOHUX KOMHOHEHMIB.
Hecmabinvhicmo ickpooco po3psdy 6 ceiuyi 3anantoéanHs modice 6ymu HACaiokom Oekomnpecii pobouoeo
00’emy banona abo HenpasurbHO20 Npu2Omy8anHs pobouoi cymiwi. [Ipobnema enycknozo xonekmopa abo
3a0pyOHeHHs. NATUBHOT POPCYHKU 3a36UNall PO3NIZHAEMbC CUCIEMOI0 CAMOOIAZHOCIMUKY SIK HeCHpagHICb
asimboa-oemexmopa. llepenix makux nescnocmeti ModcrHa posutupumu. Konu HeoOXioHo «8IOHOGUmMUY A8apito
«2i0H020 BIKY», (hipmose diacnocmuyre 0ONAOHAHHA MOCE BUABUMUCS MAPHUM.

Knrwuogi cnosa: diacnocmuxa, 08ucyn, 8i0pOnOKA3HiKU, NyIbCayis, NAIUBHA anapamypa, muck

Puc. 12. JTim. 13.

JIMATHOCTHUKA TOIUIMBHOM ATIITAPATYPBI AU3EJIbHbIX JIBUTATEJIEA ITYTEM
CHATHUSA BUBPOITIOKA3ATEJIEN TOIJINBOIMIOJAYHA

Cospemennvie  agmomoounu  6ce  Oobule  OCHAWAIOMCA — KOHMPOALHO-OUASHOCHIUYECKUM
obopydosanuem. [lanubie Memoobl UCHONL3YIOMCA 01 ONMUMUIAUUU paboye20 npoyecca & osuzamere,
VAyYUieHue 0e30NACHOCMU OBUNICEHUS U YNPOUEHUsL IKCHTYAMAYUL U 0OCIYICUBAHUSL.

Boi mooiceme nacmpoums yun no co6CcmeeHHOMY HCENAHUIO, OMPeYIUPOBAMNb «NPOUIE0OUMENLHOCTIbY
odgueamensi, 6e0b KOM@OpMHbIE VCIO0GUSL BONCOCHUsL OOCMAGIIOM HAM Maccy Yoosoavcmeus. Texyujuil
KOHMPOLb MEXHUYECKUX YCI08UL OCYWecmensiemcs: 6opmoeou CUCMEeMOl CaAMOOUASHOCMUKU, KOMOPAsL
ABNAEMCSI HEOMbEMAEMOU YaCbIo KoHmponepa. IIpobaemvl, 603HUKaAIOWUE CUSHATUZUPYIOMCS GU3YATBHO U
Xpauamcst 8 dnekmponnol namamu. Tlonnvlii nepeyens Gakmuieckux Hacmpoex K0008 CaAMOOUACHOCMUKY U
napamempos pabouezo npoyecca evinoausemca na CTO ¢ asmomoounbublmMu UHOUKAMOPAMU MAPKU.
Onpedenenue npodiemvl HPOUCXO0AM  ONLKO, NOOKTIOHUE mMeCmep UAU CKAHep 6 CHeyudibHblll
OUACHOCTUYECKULL paA3beM, UMeIowelcs 6 agmomooue.

Oonako yacmo 803HUKAIOM AHCANO00bI HA 00bEKMUBHbBIE U KOMIAEKCHble 00ciedo8anust. Ouiubounblil
ouaeros "cmanoapmel” ¢ AGHLIMU NPUSHAKAMU SHEUIHUX NPOOIEM HACIO KANCEMCS NO MHOSUM NPUUUHAM.
Ipesicoe 6cezo, ucnonvzoganue uHGoOpmayuy — IMo 02paHuyeHHvle dNeKmpudeckue cueHavl. axmuuecku
onpeoensaemcs COCMosAHUE CXeMbl OAMYUKO8 U UCHOIHUMENbHBIX MEXAHUIMO8 ABMOMAMUKU O8USAMNEA.
Hezepaoayus crosxcuvix cmpykmyp 0bviuno bazupyemcs Ha "npunyune 0omuHo": 00uH 10KATbHAA Npobiema
npueooum K Opyeotl, Opyeas mpemvell u m.0., YMo NPUEOOUM K HOJIHOMY OMKA3Y 6Ce20 YCHMPOUCMEA.
IIpobnemvl ¢ snekmpurecmeom Mo2ym 6bims He NPULUHOL, A CIeOCmEUeM OpyeUux npooem, 6KI0UdAs NPUUHbL
Heanexmpuiecko2o xapaxmepa. Hanpumep, «konoxony nopuinesvix nanvyes Modlcem ceudemenrbCmeosans O
PaHHee 3adcueanue U UHOC COOMBEMCMEYIOWUX KoMnonenmos. HecmabunbHocms uckpogozo paspsoa 6
ceeye  3adcueanus Modcem  Oblmb  pe3yaIbmamom OeKoMmnpeccuu paboueeo o0bvema OALIOHA  UIU
HenpasuibHo20 npueomosienuss paboueii cmecu. I[Ipobrema 6nyckHO20 KOIEKMOpA UMY 3ACPA3IHEHUs
MONIUBHOU POPCYHKU OOBIYHO PACNOZHAEMCA CUCMEMOU CAMOOUACHOCMUKU KAK HEeUCHPABHOCHb AAMO0a-
demexmopa. Ilepeuenv makux nesichocmeil ModxcHo pacutupums. Koeoa neobxooumo "obnosums” asapuro
"npunuunoco 6ozpacma', upmenroe ouazsHocmuueckoe 060pyO08aHUe MONCEM OKA3AMbCSA OECHONE3HbIM.

Knrouesvle cnoea: ouazrocmuxa, 0gueamein, 6UOPONOKAZHUKDGI, Y IbCAYUS, MONTUBHASL ANNAPAMYPA, OaGIeHUe

Puc. 12. Jlum. 13.
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