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TECHNICAL AND ENERGY PARAMETERS IMPROVEMENT
OF DIESEL LOCOMOTIVES THROUGH THE INTRODUCTION
OF AUTOMATED CONTROL SYSTEMS OF A DIESEL

Purpose. Today the issue, connected with diesel traction remains relevant for the majority of industrial enter-
prises and Ukrainian railways and diesel engine continues to be the subject of extensive research and improvements.
Despite the intensive process of electrification, which accompanies Railway Transport of Ukraine the last few years,
diesel traction continues to play an important role both in the main and in the industrial railway traction rolling
stock. Anyway, all kinds of maneuvering and chores are for locomotives, they are improved and upgraded relent-
lessly and hourly. This paper is focused on finding the opportunities to improve technical and energy parameters of
diesels due to the development of modern control method of the fuel equipment in the diesel engine. Methodology.
The proposed method increases the power of locomotives diesel engines in the range of crankshaft rotation (from
idle running to maximum one). It was based on approach of mixture ignition timing up to the top «dead» center of
piston position. Findings. The paper provides a brief historical background of research in the area of operating cycle
in the internal combustion engine (ICE). The factors affecting the process of mixing and its quality were analyzed.
The requirements for fuel feed system in to the cylinder and the «weak points» of the process were presented.
A variant of the modification the fuel pump drive, which allows approaching to the regulation of fuel feed system
from the other hand and to improve it was proposed. Represents a variant of embodiment of the complex system
with specification of mechanical features and control circuits. The algorithm of the system operation was presented
and its impact on the performance of diesel was made. Originality. The angle regulating system of fuel supply al-
lows automating the process of fuel injection advance angle into the cylinder. Practical value. At implementation
the angle regulating system of fuel supply components of the diesel engine remain unchanged It allows installing the
system on diesel engines of the existing fleet of locomotives and railroad industries. The system, considered in the
modeling process, has demonstrated its desirability and feasibility of practical application for diesel engines.
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Introduction

Last years in Ukraine despite the intensive
process of electrification that accompanies railway
transport, diesel traction continues to play an
important role both in the main and industrial
railway traction rolling stock [9]. Anyway, all
kinds of maneuvering and chores are for locomo-
tives, they are improved and upgraded relentlessly
and hourly.

It's no a secret that the internal combustion
engine is fairly long technical design. The first
functional prototype was built by R. Diesel back in
1897, and the first application on the locomotive
he found in 1925 year [1, 7]. As the level of
science and technology is growing with impressive
rapidity, it is logical that a century-old technology
requires significant improvements to meet the
demands at this time. As a rule, the majority of
research and developments in the field of internal
combustion engines is dedicated to power im-
provement increasing, reducing the weight and
overall dimensions and lengthening the service life
of machinery parts. Recently, against the back-
ground of semiconductor and computer technology
development, works in the field of engine control
automation have increased very significantly.

Serious research on working cycle optimizing
and the design of engines were conducted in
the days of tsarist Russia. Already in 1906 year
V. 1. Hrynevetskyi proposed a thermal calculation
method of an operating cycle, the basis for the con-
temporary theory of processes of reciprocating
internal combustion engines. Further it was
developed by N. R. Brilinh, Ye. K. Masinh,
B. S. Stechkin, A. S. Orlyn, N. M. Hlaholev,
M. H. Kruhlov and others. In 1911 year a deep
theoretical development of diesel locomotive
manufacturing  problems was started by
V. L. Hrynevetskyi and A. N. Shelest.

Naturally, the theory of operational process
gives us some concepts and ideas about operations
occuring in the cylinder, and this issue has not
been studied and disclosed completely, in a certain
sense remains a «mystery». Air supply and fuel
combustion processes play a significant role that
modern engineering tries to make utmost as much
complete and energy saving as possible.

For a complete fuel and air mixing, filling the
combustion chamber, it is necessary to provide
such kinetic energy with dropwise at which they

will not be concentrated near the injection spray
nozzle, but won’t reach neither the walls of
cylinder cover nor piston bottom [10]. Drops of
fuel mass are concentrated in the vicinity of the
nozzle and due to the lack of oxygen are not burnt
completely. With the weight drops increase its
range capability is growing. It can lead to the fuel
ingress on the cooled walls of a cylinder or
excessively heated piston bottom. In the first case,
the fuel does not burn and mixes with oil, in the
second one it evaporates quickly when the lack of
oxygen. As the result there is a coke.

Thus for perfect fuel combustion in diesel
engines, it is necessary to generate fuel contact
with air in the cylinder center and obtain
simultaneously a sufficient velocity of the fuel
particles relative to air. The latter condition is
necessary in order that combustion products,
formed near the fuel particles, have to be replaced
rapidly by air. That is why in diesel engines for
good performances of combustion, air surplus is
introduced, compared with theoretically calculated
one. The value of the air surplus coefficient
typically is in the range of 1.5...2.0 [1, 7]. In addi-
tion, the transition to a modification of cylinder
covers with vortex chambers could enhance the
expected effect significantly.

It's not a secret that the effective operation of
diesel depends both on timely full air supply and
correct fuel supply to the cylinder. Obviously, it
means rational injection taking into account disper-
sion of fuel particles and the process velocity and
timely fuel supply to the nozzle. Requirements are
as following [2]:

a) fuel supply about 5...30° till t.d.c. (top dead
center), (depending on a diesel);

b) injection duration not less than 20...45° of
the crank spin;

c¢) cyclic fuel supply should meet the speed
range and load operation mode of the diesel [9].

Currently there is no system on the locomotive
ICE that made it possible to control parameters
such as the law of supply and the real advance
angle of fuel supply.

The first is determined by the profile of the
camshaft lobe, throat area of an injector nozzle and
some other design parameters. The second
indicator is measured in degrees of crankshaft
rotation from the start of the diesel fuel injection to
t.d.c. and it is a little leeway, which gives fuel to
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form a mixture of work and fully erupt in a matter
of a second. Such procedure is necessary due to the
fact that the processes time in the cylinder is
extremely small, and for ignition of fuel this time,
anyway required.

It is obvious that setting fuel injection advance
angle is a static index, which can not be corrected
during the diesel operation [8, 10]. And this is
connected primarily with the following act: a
camshaft lobe moves to the roller-pusher of a fuel
pump at the same time. At this, it should be
remembered that the rate of operating cycles with
speed-up increases and the time required for fuel to
realize the above mentioned reactions is not
changed. At first sight, the problem can be solved
by setting the highest possible fuel injection ad-
vance angle but it is not its decision. Insufficient
angle on high positions leads to incomplete com-
bustion of fuel, which tends to flow along the walls
of the cylinder bushing, to thin out the oil and
cause a dry or semi-dry friction with all conse-
quences that entails. Excessive angle at low
positions leads to increased detonation phenomena
during the power stroke and the diesel knock. It is
not useful for the crank mechanism and valves, as
leads to increased tension in them [8, 10].

Unfortunately, in today's constructive building
of locomotive diesel engines, this possibility
directly tied to changes in design of fuel injection
pump linkage [3, 6].

Purpose

Search enhancement the technical and energy
parameters of locomotives through the modern
methods introduction of diesel fuel equipment.

Methodology

However, let us consider the alternate solution of
this question with a possible design system execution
that offers a complete combination of two
subsystems: the mechanical (executive) and
electricity (controlling).

Mechanical part of the automated control sys-
tem of fuel injection advance angle (further — SAC
FIAA) is a set of devices, which form a single
chain (Fig. 1). The most characteristic feature is
that the solid camshaft of fuel injection pump link-
age that is substituted on combined one, consists of
two components: an external cam shaft 1 and inner
splined shaft 2. The camshaft is hollow and has

interior straight-sided splines, whereby the inner
shaft is movable in it in the axial direction in both
sides (like a cardan shaft). Internal splined shaft is
double and consists of two shafts of the same di-
ameter, connected from the face with friction
clutch. The part that engages with the camshaft has
the usual straight-sided splines, and the other one
has splines that are cut at an angle. They mesh with
the same oblique splines of a driven gear 3 in the
camshaft, which are cut on the inner surface of the
slot in its hub.

It is thus evident, the oil-pump drive gear,
unlike the classic design, floating motionless.
Since at the axial movement of the internal shaft,
friction forces are arising between the splines that
are trying to shift a gear up and disengaged, split
locking bushing 4 is set, which prevents this
undesirable effect. The bushing is attached to the
block of a diesel engine and has a layer of
antifriction material spraying on the internal oper-
ating surfaces in order to mitigate friction between
it and the gear. The inner splined shaft is ended
with a pivot to set a bearing 5. There is a conical
roller thrust and radial bearing, as at operation it
perceives axial loads mainly. With the outer ring
the bearing is pressed into a special cage 6, which
is performed together with the tooth rack 7 and
forms with it a single link mechanism. The tooth
rack is meshed with the toothed wheel 8, which has
involute tooth profile (like a rack itself). This
wheel is located on the same shaft 9 with the
wormwheel 10, which is actuates by a cylindrical
worm 11 and spindled on the motor shaft 12. This
is control element of the entire system and operates
in the «start-stop» mode.

The electric motor that controls operation of the
circuit is not an ordinary one. In our case, the
stepping motor is used, which is widely used in
automatic control systems, particularly in CNC
(computer numerical control) machines. On the
engine column top there is a synchro transmitter
13, which is connected with the motor by means of
a belt driving 14, the gear ratio is 1: 1. This electric
machine is used in the electrical subsystem as
a part of the sensor feedback.

In the dynamic state the system operates as
follows. When switching the controller of a driver
to the next position, the crankshaft rotation fre-
quency of the the diesel engine increases.
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Fig. 1. General view of mechanical subsystems of the automated
control of the fuel injection advance angle

The stepper motor (SM) receives a signal from
the control system and returns through the worm,
wormwheel and therefore the tooth one with it. Tooth
wheel causes linear movement of the tooth rack, and
hence the internal splined shaft. Passing trough
oblique splines in the driven gear at a certain fixed
distance, the shaft is rotated together with the
camshaft at a specific angle in the direction of the
cam climbing delay against the fuel-pump tappet 15
and thereby increases the lead angle of the fuel
supply for a certain amount. The entire process takes
place directly during rotation of the composite shaft
and does not affect its performance adversely. With
decreasing the position of a driver’s controller, the
system begins to operate in a similar manner, but
with the difference that the SM runs backwards. The
motor shaft together with the worm begins to rotate
in the opposite direction and the combined shaft will
rotate to a certain angle in the direction of
acceleration of cam climbing on the fuel-pump tap-
pet.

Special focus is on electrical part of the system
(Fig.2). The complex of electrical and electronic
devices is aimed at operation management of the
above mentioned SM. The first element in the
circuit is dynamoelectric engine speed sensor
namely this is a tachometer generator (TG), the
shaft of which is mechanically connected to the
crankshaft of a diesel engine and realizes an
electric signal proportional to the diesel speed.

The generated voltage is supplied to the

electronic controller, which is a series of semi-
conductor devices: signal converter (SC), the
generator (former) of pulses (GI), a distributor of
pulses (DI), the pulse counter (PC), the control unit
(CU). After the conversion, tacho voltage is
supplied through the transistor amplifier (TA) to
SM power supply. Feedback is provided in the
circuit with pair of synchros working in
transformer mode.

Now having understood the structure of the
system, one can determine the algorithm of its op-
eration. When switching the position of the
driver’s controller to the next one, crankshaft die-
sel speed increases, and with it — the TG shaft. The
voltage on its terminals increases, and then the
controller comes into action. SC converts the
received voltage into a pulse form and transmits it
to the GI, which brings the number of pulses and
their amplitude to the value that is necessary for
SM power supply. Further, the voltage pulses are
transmitted to the DI, which acts as a switch
windings, and then — on the TA. After
amplification, the pulses fall at last in winding
phase of SM. One pulse causes the angular
displacement of the rotor by one step. For the rotor
cranking at a certain angle, one need a sequence of
pulses, which is determined by the number of
switching intervals (the position of the driver’s
controller) with the output angle of the shaft in the
SM in one step and with the parameters of
mechanical subsystem SAC FIAA.
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Fig. 2. Management subsystems of the automated control

of the fuel injection advance angle

For the research was chosen a diesel

End of table 1

K6S310DR, locomotive CHME3. The diesel is " NO M
four—s-troke,- six—cylipder with turbocharging- air. nl:mjl N., P, kg/ll;W g/k\;} g/kV;7
The simulation [11] in the software package Diesel min” | kW | MPa " 0 N
RK, has shown that a reduction of FIAA to value
lower 16° r.c.s. (crank-shaft roll) is unreasonable, 510 777 | 1,256 0,229 3,7 0,694
since there is a significant power loss and fuel 560 | 825 | 1,225 0,238 4.9 0,833
consumpthn increase, so the main calculatlops are 660 | 861 | 1.114 0.269 34 1,299
performed in the range of 17...24° r.c.s. (maximum
value of 24 is recommended for this type of diesel 750 | 938 | 1,09 0,279 3.1 1,416
§ngine) [13, 14]. The calculation results are shown Table 2
in Table 1 and Table 2. There is also an o .
opportunity to evaluate the technical and economic Diesel indicators with regulated fuel
performances of the diesel model [5]. injection advance angle
On the basis of tabular data, one can construct . bi, NO,, PM,
graphic dependences for clarity. Nf“"] Ne, P, kg/kW | gkW | gkW
min’ kW MPa
Table 1 h h h
Diesel indicators with unregulated fuel 350 42 1,255 0,218 7.1 0.442
injection advance angle 380 587 1,255 0,222 6,8 0,559
by, NO. | PM. 420 | 649 | 1264 | 0222 | 68 | 0,537
Ny, Nc, Pia
ot | W | mpa | XEEW | gAW o gkW 460 | 710 | 1264 | 0222 | 65 | 0,539
h h h
510 785 1,271 0,226 6,1 0,59
350 540 | 1,257 0,218 7,9 0,442
560 840 1,243 0,233 5,3 0,69
380 585 | 1,255 0,222 6,8 0,56
660 902 1,145 0,26 4,1 1,044
420 647 | 1,261 0,222 6,6 0,566
750 995 1,133 0,267 3,8 1,1
460 705 | 1,258 0,224 6,3 0,597
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The curves in Fig. 3, 4, 5, 6, 7 demonstrate how
technical and economic, environmental indicators
are changed in the application of the investigated
diesel at SAC FIAA application.

Findings

As can be seen, indexes are quite optimistic.
Average indicated pressure increases due to
maximum combustion pressure increase, and this
in turn leads to an increase the power of diesel
effectiveness and reduction the specific fuel
consumption. This is especially expressed in the
second half of the speed range of diesel perform-
ance [12]. Unfortunately, there are negative aspects
of this regulation. One can observe increase of
nitrogen oxides emissions in exhaust gases, which
nevertheless tends to decrease with increasing in
shaft speed diesel [13, 14]. These compounds, on
the level of carbon monoxide and sulfur oxides, are
one of the most harmful impurities in the exhaust
gases, so from an environmental point of view this
is an undesirable effect.

1200
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Fig. 4. Comparison of average indicated
pressure in the cylinder

At the same time, the content of soot particles
is reduced quite significantly, which is certainly is
a positive difference.
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The ability to control the timing of fuel injec-
tion advance angle at the operation of the diesel
engine, could make a significant contribution to the
improvement of the workflow. Thus, it is possible
to achieve a rational, but not excessive pressure
combustion in all positions of the controller. And
combining the proposed system using the eddy
combustion chambers, one can achieve a better
combustion, higher capacity, improving the
environmental performances of the diesel engine
and the technical state of the cylinder-piston group.

Originality and practical value

The adjust system of the fuel supply angle
allows automating the process of selecting the fuel
injection advance angle into the cylinder directly at
diesel engine operation. Thus diesel engine
components remain unchanged, except the coun-
tershaft, which can be upgraded in depot repair
production [9]. This allows installing the system on
the diesel engine of existing railway locomotives
fleet and industry enterprises.

Conclusions

Discussed above system at the simulation, has
demonstrated its feasibility and possibility of
practical application in locomotive ICE. Mathe-
matical calculation showed an increase in the
effective power to 2.2%, reducing fuel con-
sumption to 1.6% and improvement of environ-
mental performance. Implementation the auto-
mated control system of fuel injection advance
angle makes it possible to improve technical and
energy parameters of the locomotive as a whole.
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HOJIINIIEHHA TEXHIKO-EHEPTETUYHUX ITAPAMETPIB
TEIIVIOBO3IB 3A PAXYHOK BITIPOBA/I’KEHHSA
ABTOMATHU30BAHUX CUCTEM KEPYBAHHA IU3EJIEM

Merta. Ha choroaHimHii AeHb MUTaHHS 100 TEIUIOBO3HOI TATH 3IMIIAETHCS aKTyaJbHAM Ha O1IbIIOCTI Mpo-
MHCIIOBUX MIiAMPHEMCTB Ta 3ali3HUNb YKpaiHW, a TEIUIOBO3HHUN AM3ETbHHUN IBUTYH MPOHOBXKYE OyTH 00’€KTOM
BCeOIYHMX MJOCIHIIKEHh 1 BIOCKOHANIeHh. He 3Bakaroun Ha IHTEHCHBHHH TpoLeC eNeKTpuGiKamii, sKuid
CYIPOBOKYE 3aJi3HUYHMI TPaHCIIOPT YKpaiHU OCTaHHI POKH, TEIUIOBO3HA Tsra IPOAOBXKYE BiirpaBaTH BAXKIHUBY
POJIB SIK B MaricTpajJbHOMY, Tak i B IPOMHUCIOBOMY 3aJli3HHYHOMY TATOBOMY pyxoMoMmy ckiafni. Tak 4u iHakimre, BCi
BUJI MaHEBPOBHX Ta T'OCHOAAPCHKUX POOIT 3aJIMIIAIOTHCS 3a TEIUIOBO3aMH, SIKI HEBIMHHO i MOBCAKYACHO YIOCKO-
HATIOIOTBCS i MOZIEpHi3yroThes. PobGoTa cipsiMoBaHe Ha MOUIYK MOXKIIMBOCTI TOJMIIMIIEHHS TEXHIKO-€HEPreTHIHUX
napaMeTpiB TEIUIOBO3IB 32 paXyHOK PO3POOKH CY4acHOTO METOAY PEryJroBaHHs PoOOTH NajJMBHOI anaparypH JH-
3ebHOTrO0 JBUryHa. MeToauka. BUKOpPHUCTaHO 3amponoHOBaHy METOJMKY IiJBUIIEHHS IOTY>KHOCTI TEIUIOBO3HHX
JU3ENBbHUX ABUTYHIB Yy /ialla30Hi 9YacTOT 00epTaHHS KOJIHYACTOTO Baly (BiX XOJIOCTOTO XOAY — 10 MaKCHMAaJbHO-
r0), B OCHOBY SIKOI IOKJIaJIeHO HaOJIMKEHHS MOMEHTY 3allalIFOBaHHS CYMIII JO BEPXHBOI «MEPTBOI» TOYKH IOJIO-
xeHHst nopuiHs. PesyabTaT. B po0OTI HaBeaeHa KOpPOTKa iCTOpHYHA JIOBiJKa HAYKOBUX JOCIHIPKEHb B 00JacTi
poboYOro MKITY JABUTYHIB BHYTpilHbOro 3ropanHs ([IB3). [IpoaHanizoBaHi YMHHHKH, SIKi BILUIMBAIOTh Ha MPOLIEC
CYMIIIICYTBOPCHHS Ta Horo skicTh. [IpuBeqeHI BUMOTH 1O MOJAYi MajJbHOTO B IWIIHAP Ta «CIA0KI MICI» LBOTO
npouecy. 3anporoHOBaHUI BapiaHT MOJIEpHi3alii MPUBOLY NAJMBHUX HACOCIB, SIKMH JO3BOJISIE MIAINTH IO PETYIIO-
BaHHS NaJMBOINO/AYi 3 iHIIOro 00Ky Ta MOKpamuTH Horo. [IpencraBieHnii BapiaHT KOHCTPYKTHBHOTO BUKOHAHHS
KOMIUIEKCHOI CUCTEMH 3 YTOYHEHHSIM MEXaHIYHHX OCOOJMBOCTEH Ta cXeMH yIpaBiiHHS. HaBenenuii anroputm po-
0oTH cuctemu Ta 3po0JeHa OIiHKA HOTO BIUIMBY Ha MapaMeTpu poboTH auzens. HaykoBa HoBH3HA. 3amporioHOBa-
Ha CHCTEeMa PeryJIOBaHH: KyTa MOAadi NajKBa, gKa Ja€ 3MOTY aBTOMAaTU3YBaTH MPOLEC BUOOPY KyTa BHIICPEIKECH-
Hi momaui manmmBa B mwmiHap. IlpakTuyna 3HayuMmicTs. CKIaJOBI YaCTHHH [OW3EIBHOTO MABHWTYHA IIPH
BIPOBA/DKEHHI CHCTEMH PETyJIIOBAaHHS KyTa MOAadi IMAJIMBA 3aJMIIAIOTECS 0€3 3MiH, 10 JI03BOJISE BCTAHOBIIOBATH
CHCTEMY Ha IW3eNi HasSBHOTO MapKy TEIUIOBO3IB 3aJli3HUIIb Ta MPOMHUCIIOBHX MiINPHUEMCTB. Po3rigHyTa cricrema B
XO0Jli MOJEIIOBAHHS [TOKa3aJla CBOIO AOLUIBHICTD Ta MOXK/IUBICTH MPAKTHYHOTO 3aCTOCYBAaHHS HA TEIVIOBO3HHX IH3€-
JISIX.
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YIAYUHIEHUE TEXHUKO-OHEPI'ETUYECKHUX ITAPAMETPOB
TEIIJIOBO3A 3A CYET BHEJIPEHUSA ABTOMATU3UNPOBAHHBIX
CUCTEM YIIPABJIEHHUS TU3EJIEM

Hesan. Ha ceromusimzuii JeHh BONPOC, CBSA3aHHBINA C TEIUIOBO3HOM TSTOM, OCTACTCS aKTyaJlbHBIM Ha OOJIBIIMH-
CTBE INPOMBIIITIECHHBIX NPEANPUATHN U KEIE3HBIX AOPOT YKpauHbI, a TEIUIOBO3HBIN AU3EIbHBIN ABUraTenb NpoIo-
JKaeT ObITh 00BEKTOM BCECTOPOHHUX MCCIIEOBAHUN 1 yCOBEPIICHCTBOBaHMI. HecMOTpst Ha MHTEHCHUBHBIH Mporiecc
JNMEKTPUPHUKALNH, KOTOPBIH CONMPOBOXKIAET XKEJIE3HOIOPOXKHBINA TPAHCIIOPT YKPauHbI MOCIEAHNE TOMbI, TEIIIOBO3-
Hasl Tsra NpoJoJDKaeT UrpaTh BaXKHYIO POJIb KaK B MAarkCTPAIbHOM, TaK M B IIPOMBIIUIEHHOM KEIE3HOAOPOKHOM
TATOBOM ITOJBMKHOM COCTaBe. Tak WM MHade, Bce BHIBI MAaHEBPOBBIX M XO3SMCTBEHHBIX pabOT OCTAIOTCS 3a TeIl-
JIOBO3aMH, KOTOPbIE HEYCTAHHO M €KEYaCHO COBEPIICHCTBYIOTCS M MOAEPHHU3UpYIoTCs. PaboTa HanpasiieHa Ha I10-
UCK BO3MOXKHOCTH YJYYIIEHUS] TEXHUKO-IHEPTETUIECKUX TapaMEeTPOB TEIUIOBO30B 3a CUET Pa3pabOTKH COBPEMEH-
HOTO METO/Ia PEryJINpPOBaHUs PabOTHI TOIUIMBHOM ammapaTypsl AU3eNbHOTO Aurarens. Meroauka. Vcrons3zoBaHa
IIPEUIOKEHHAs: METOAMKA MOBBIIIEHHS] MOITHOCTH TETUIOBO3HBIX JU3EJIBHBIX JBUTATENIEd B AMANa3OHE 4acTOT Bpa-
IIEHUS KOJIEHYaToro Baja (OT XO0JIOCTOTO X0/a — 0 MaKCUMAaJbHOI'0), B OCHOBY KOTOPOI! MOJ0KEHO MPUOIIDKEHNE
MOMEHTA 32)KUTaHHUsI CMECH B BEpXHEH «MEpTBOW» TOUKE MOJI0KeHHs rnopiuHs. Pesyabrarsl. B padoTte npuBeneHa
KpaTkasi ICTOpUYecKasl ClipaBKa Hay4uHbIX UCCIIEJOBaHUH B 00JacTH pabovero IMKJa JBUraTelieil BHyTPEHHEro Cro-
panus (IBC). IlpoananusupoBaHbl (akTopbl, KOTOpBIE BIMSIOT Ha IPOLECC cMeceoOpa3oBaHMs M €ro KauecTBO.
[MpuBenens! TpeboBaHUS K Mojayue TOIUIMBA B LIMJIMHIP M «cjabble MecTay» 3Toro mpouecca. [IpeayoxeH BapuaHT
MOJIEPHU3ALUK MPHUBOAA TOIUIMBHBIX HACOCOB, KOTOPBIM MO3BOJSET MOJOWTH K PEryIHMPOBAHUIO TOIUIMBOMNOAAYN
C JIpyroil CTOPOHBI U yny4dminTh e€. [IpeacTaBneH BapuaHT KOHCTPYKTUBHOTO UCIIOJIHEHHS KOMILIEKCHON CHCTEMBI
C YTOYHEHHEM MEXaHHYECKHX OCOOCHHOCTEH M CXeMbl ynpaBieHus. [IpuBeneH aaroputM padoThl CUCTEMBI U CHe-
JIaHa OIIEHKA €ro BIMSHMSA Ha MapameTpsl pabotsl ausens. Hayunas HoBu3Ha. [Ipeuiaraemast cucrema peryimupo-
BaHMA yIJIa MOJAa4yM TOIUIMBA IO3BOJISIET aBTOMATHU3HPOBATh MPOILIECC BHIOOpA yIila ONEPEX EHUs MOAa4YM TOILINBA
B mwinHap. IIpakTHyeckas 3HaYNMOocTh. COCTaBHbBIE YaCTH AW3ENBHOTO IBUIATENS MPU BHEIPEHHH CHUCTEMBI pe-
TYJIUPOBAHUS yIila MOAA4YM TOILIMBA OCTAIOTCSA 0€3 M3MEHEHHH, YTO MO3BOJISIET YCTaHABINBATH CHCTEMY Ha JU3EIH
HMMEIOLLErocsl NapKa TEIIOBO30B JKEJIE3HBIX JOPOr M IPOMBIIUIEHHBIX Npenpuatuil. PaccmorpeHHas cucrema
B XOJI¢ MOZEIMPOBAHUS TI0Ka3ajia CBOIO 1IE1eCO00Pa3HOCTh U BO3MOKHOCTh MPAKTHYECKOTO ITPUMEHEHHs Ha TEIUIO-
BO3HBIX JU3EISX.

Kniouesvie cnosa: TOINBO; BIPBICK; CTOPAaHUE; PACIIPEISTUTEIbHBII BaJl; IIUTHIIBL; IIIaTOBBIA JBUTaTeIh
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