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Purpose. To improve the technology of prompt detection of a deviated gas compression process in a gas com-
pressor station of underground gas storage from a normal gas process within the context of improving the effi-
ciency of its practical application to prevent accidents caused by the phenomenon of surging in system — “cen-

trifugal supercharger of compressor units — pipeline”.

Methodology. Basic methods of this study are general scientific and special methods, techniques and ap-
proaches of knowledge of processes and phenomena, namely systematic approach to the analysis of a gas compres-
sion process and phenomena of surging in centrifugal superchargers of gas compressor units in underground gas
storage compressor stations, the position of modern control theory, informative and production technologies.

Findings. The informative technology of early detection of a deviated gas compression process from a normal
gas compression process, in particular, surging phenomenon based on the analysis of phase portraits of controlled

parameters is proposed.

Originality. Based on multidimensional measuring, methodological approach how to identify a deviated gas
compression process from a normal gas process associated with the phenomenon of surging, accompanied by
uncertainty, imbalance, the presence of phase transitions is first done. It allows detecting the phenomenon of
surging in the system “centrifugal supercharger of compressor units — pipeline” in time.

Practical value. The proposed informative technology of early detection of a deviated gas compression pro-
cess from a normal gas process can be used to activate alarms, which gives the operator a certain time to make a

decision on how to act further.

Keywords: defection, surging, gas pumping units, phase trajectory

Introduction. Detection of deviations of a gas
compressor process (GCP) at a booster compressor
station, natural gas storage (BCS, NGS) from the nor-
mal gas process is an important scientific and practical
task and a way of auto emergency protection. With the
use of it, the protection of equipment from damage
and prevention of the normal process from falling out-
side the limits are done. Unfortunately, Ukraine oper-
ates outdated equipment at compressor stations be-
cause of being on the periphery of investment flows. It
mostly entails the increasing of the accident rate of
equipment damage. Considering this aspect the prob-
lem of formulation of scientific principles based on the
modern method for detecting gas compression process
deviations from the normal gas process adapted to in-
ternational standards and taking into account national
specifics has arisen.

Analysis of the recent research and publica-
tions. Issues related to the detection of technological
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process deviations from normal working parameters
are constantly in sight of scientists. Recently the scien-
tific literature has been full of publications where the
detection of technological process deviations is seen in
the light of reducing process variability and bringing it
closer to the optimal mode. Such native Ukrainian au-
thors, exploring the issue of detection of various pro-
cess deviations, as S.H.Hirenko [1], Y.Ye.Blyaut,
M. O. Petesh [2], M. V. Becker, R. Ya. Shymk, A. V. Su-
kach, A.F.Repeta [3], as well as foreign scientists
S.Yu. Borovik, B. K. Raikov, Yu.N. Senisov, O.P. So-
belev, Jeff Artli [4], A.P. Yastrebov, E. V. Dolgova [5],
M. P. Tsygankov [6] and others must be mentioned.

The results of the mentioned above scientists’ stud-
ies have scientific and practical value. However, issues
related to the establishment of methods for early de-
tection of technological process deviations from nor-
mal working parameters are still considered to be topi-
cal ones.

Theoretical study. Early detection of gas com-
pression process deviation (EDD) from normal work-

137




IHOOPMALINHI TEXHONOTII, CACTEMHUA AHANI3 TA KEPYBAHHA

ing parameters may be done in two ways — by using the
historical data and monitoring on-line gas compres-
sion mode, while comparing current data with normal
operating data and defining the moment of process
deviations from the given value.

Some industries in western countries have already
used such technologies. Nowadays, Shell/Station and
AJM Consulting companies [4] are developing the lat-
ter ones.

Early detection of gas compression process deviation
(EDD) is a complex monitoring application, based on
the results of multidimensional measurements. Instead
of taking into account a single variable, variable multidi-
mensional measurements consider that the variables are
correlated and this relationship should be taken while
evaluating the results of the measurement process.

The gas compression process also has a multidi-
mensional character and system of early detection of
gas compression process deviation must analyze the
main components to detect abnormalities within the
data related to multidimensional measurements. The
most important informative parameters characterizing
the phenomenon of surge in a centrifugal supercharger
(CS) GCP are the following: a pressure drop on con-
fuser supercharger, speed power turbine of gas turbine
actuator and CS, vertical moving vibration of back CS
pillars, horizontal moving vibration of back CS pillars,
vertical moving vibration of front CS pillars, horizon-
tal moving vibration of front CS pillars, CS axial dis-
placement and acoustic signals [1-3].

Normal operation data GCP are used to create the
model. Current values are compared with the model
for determining whether current values are within or
outside the range of the normal operation of GCP.
Additional measurements being not required, but
squared error between the current individual data sig-
nals and output model data can be used.

e=Y[b,(k)-b, k)T, (1)

where b, is on-line controlled parameter, object out-
put; b,, is a parameter value as a result of a model solu-
tion; k is discrete time.

If this value is high, it means that the current op-
eration differs from the standard model and it is not
normal. An operator is reported to have a potential
problem — in this case it is a surging phenomenon.

There are four steps to use early detection of gas
compression process deviation (EDD) in the on-line
control systems in the ASO TP GCP:

- the definition of measuring parameters, they are
the main components characterizing the surging;

- the creation of the “norm-demand” model;

- the setting of communication channel;

- the setting of interface.

The most important step is to define the parame-
ters to be measured to detect the surging phenomenon.

This problem was solved by means of expert evalu-
ations [1] and the use of technology Data Fusion
(merger, i.e. combining data).
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The set of parameters characterizing the surge in
CS GCP are given in Table.

Survey results are presented in a calculated rank of
each option (Fig. 1).

According to the sum of ranks for 10 parameters
characterizing the surge phenomenon, the most im-
portant characteristics of the surge in CS is dP,y.
New, Gozons Guzons Gepons Gupon- Their values are re-
spectively 11, 13, 17, 18, 19, and 20 points.

The example of factor ranking in order of gaining an
informative surge phenomenon factor allows selecting
the most important ones, taking into account that rank
1 has got the highest score while the lowest one is ranked
k, where k is the number of factors (parameters).

As operators of compressor stations get graphical
representation of current operations better, normal
GCP operation phase portraits, available surge phe-
nomenon state and surge for visual detection process
gas compression deviations from normal GCP opera-
tion are proposed to use.

Table
The set of parameters characterizing the surge
in CS GCP
No Denotation cl)\r/[?(r)léll?qgg
1 | A pressure drop on confuser supercharger | dP,qyq,
2 | Pressure after CS P
3 | Gas temperature T
4 | The density of gas p
5 | Power turbine rotation velocity N,
6 | CS axial displacement Gy
7 | Horizontal moving vibration of front CS G,ron
pillars
Vertical moving vibration of front CS pillars | G, pon
Horizontal moving vibration of back CS G,zon
pillars
10 | Vertical moving vibration of back CS pillars | G, zon
11 | Acoustic signals A,

B figure L i ==Y [ =)
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Fig. 1. Sample of analysis of value of amount ranks
specified by experts as to variables indicating
the occurrence of surge in CS GCP
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Significant feature for dynamical systems with
nonlinearities is known to be each new nonlinear
problem that is at least slightly different from the pre-
vious one, and usually requires a dedicated study. This
research includes the search for stability terms and the
existence of possible movements characterizing the
quality system.

ACS GCP is a multifunctional, multi-channel sys-
tem for long-term use, managing the work of GCP
without the constant presence of staff.

This work involves the development of applications
for phase trajectories method for early detection of
process deviations of GCP, being classified as nonlin-
ear systems due to the presence of non-linear input-
pressure characteristics.

To construct the phase portrait of the second-order
anti-surging regulation system (AR) the following pro-
cedure is used [7].

As coordinates, we take the deviation x of an output
value from its value which is equal to the established

dx
regime of AR system, and its first derivative y = a
Pre-description of AR leads to a system of two first or-
der equations in the form of

fl—y = 0(x.y)
! , 3)
% =P(x,y)

Ix
E; Q, P are non-linear functions of the

output value x and its derivative y; x and y are coordi-
nates of the system, being dealt with at any time 7,
completely determine the state of AR system at this
time.

Since the phase portrait method remains un-
changed for any autonomous second-order systems
(linear or nonlinear), thus the system is supposed to be
non-linear and non-linear equation systems, being
studied, is in the form

d’x ( dx)
— = F PR Y
ar T\ @

where y =

where F'is a certain nonlinear function, and using the

. dx . . .
notation y :E’ we obtain a system of equations in

the following form

d
7:=F(x,y)

5
@ (5)
ar ”

Having divided the first equation of the system (3)
or system (5) for the second one, we obtain the equa-
tion of phase trajectories in the form of non-linear dif-
ferential first order equation

dy_Q(xy)  dy_F(xy)

dx_P(x,y) o dx y ©)
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where x is an independent variable and y is a depen-
dent variable.

Thus, by eliminating the time we simplified the
problem and moved from the second order equations
to the first order equation.

Further, having divided variables x and y and inte-
grated equation (6), the equation of phase trajectories
can be obtained in this form [7]

Y =f(x) + ¢y, (7)

where ¢, is integration constant which depends on the
initial conditions.

However, the equation (6) cannot determine the
direction of the phase trajectory in the case when an
indefinite result is received by means of it; in other
words, when both the numerator and denominator of
the right side of the equation are equal to zero (2)

0x,»)=0; P(x,y)=0, ®)

that is there is no definite direction of the tangent to
the trajectory at this point. They are singular points
being correspond to equilibrium. Indeed, if equality is
valid for any point (8), then putting them in equation
(2), we obtain the formula

ax =0; @ =0.
dt dt

This means that the rate of change of coordinates
of the point M x and y at this point is zero, i.e. the
system is in the state of equilibrium.

If this state of linear systems totals one only, then
the non-linear systems, presented by the ACS GCP,
can be few in number, and, thus, the phase portrait
may have a few special points M1, M2, M3, ....

Since the nature of the phase trajectory around the
singular point of a nonlinear system determining its
type depends on the nature of the roots of the charac-
teristic equation. We are going to analyze their types.

There are six types of special points of nonlinear
systems [7]:

- a special “center” — like point;

- a special “stable focus” — like point;

- a special “unstable focus” — like point;

- a special “stable node” — like point;

- a special “unstable node” — like point;

- a special “saddle” — like point.

As for surging phenomena in the “centrifugal su-
percharger compressor units — pipeline” system, phase
trajectory is in the form of a spiral spinning, and de-
picting point M moves from the origin, thus, a singular
point is “unstable focus™.

As for ACS GCP phase portrait as a whole, it has a
single stable singular point 0 (Fig. 2), so the system is
stable.

However, M1, M2 limit cycle is unstable as usual
trajectories are off of it both inside and outside. The
point M approaches the singular point 0 only if its ini-
tial position is in the shaded area bounded by the M1,
M? limit cycle.

If the initial position of depicting point A is not in
shaded region of the phase plane, then the point M

(©)
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Fig. 2. Phase portrait of ACS GCP with particu-
larly accurate point at the origin and two limit
cycles

will move away from limit cycle and point 0. Therefore
the “gravity attractor” area of singular point 0 is lim-
ited and does not cover the entire phase plane. Thus,
phase portrait system (Fig. 2) is stable in a small
amount while M1, M2 marginal cycle is unstable. It is
the boundary separating one type of phase trajectories
from the other — it is describing the surge phenome-
non.

Phase portrait modeling. We should note that
the phase portraits give some idea of the dynamics of
non-linear second-order systems while deterministic
disturbances take place, including precision, stability
and quality processes. Controlled deflection values x
given in Table, from their values corresponding to the
established regime of ACS GCP, and their first deriva-
tives y; =%were used as the coordinates of phase
portraits.

To simulate the phase portraits of the studied on-
line parameters, Matlab Simulink and the diagram
(Fig. 3) were used.

Having analyzed obtained phase portraits, we re-
vealed that the established regime corresponded to
phase trajectories converged to the focus, being the av-
erage value of the controlled parameter. Unstable pro-
cess is equal to trajectory going from the origin.

Since the EDD task is to find limit cycles depend-
ing on the parameters of the system, then the limit
cycles can be analyzed only by using the construction
of several phase trajectories.

P

h: rtret *
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File Edit View Simulation Format Tools Help
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Fig. 3. Modeling of phase portraits using the sys-
tem Simulink
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Phase portraits graphed in the coordinates

dx
EZ J(x)where x is the controlled parameter, are

compared with the so-called ellipse reliability or reli-
able data. If the current data are located within this el-
lipse reliability, ax? + by* = 1 then the submission pro-
cess gas compression is classified as a “norm”. If the
point of phase portrait goes beyond the ellipse, it is
classified as “available surging phenomenon” or “ano-
maly”.

The investigated process is unstable because in a
hard surging phase portraits go away from the ellipse
reliability (attractor) and create another attractor. At-
tractor allows defining two parameters of oscillatory
cycle — the frequency and the amplitude.

Since the study is a nonlinear process, there are
several areas with different phase trajectories (Fig. 4).

Let us note that if later the data were found out not
to characterize the available surge GCP condition,
they can be included in the normal data model to im-
prove the latter and avoid potential false alarms. The
possibility of data re-classification is important to pre-
vent false protection GCP system. The logic detection
of the available surge condition of the “centrifugal su-
percharger compressor unit — piping” system being
complicated, a complex analysis of taking decision on
necessary actions must be done to clear up the final
causes of the abnormal situation. In this regard, any
new analysis should be conducted by an experienced
engineer or automation specialist.

The second step is to use informative EDD tech-
nology namely the creating of the “norm-demand”
model. To identify predisposing variables by means of
which the surge phenomenon is determined, archival
data were used in the form of chart of principal com-
ponents P(t), N,(1), dPeoul?), Ggon(1), GUL(1),
G5, (1), Ggpon(?). To view the data, the parallel coor-
dinate visualization (PCV) is proposed, to be very use-
ful and determine any causes of available surge phe-
nomena.

Fig. 5 is a basic parameter viewer giving informa-
tion about the surging to the operator. PCV is one-di-
mensional scheme, but it is a very useful tool to view
all the data. However, one-dimensional analysis is un-
likely to determine the causes of GCP disruptions
completely and any one-dimensional reason is likely

ruXYGraph o il == )

XY Plot

Y Axis

Fig. 4. An example of a phase portrait of the acous-
tic signal
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to be detected by viewing other data analysis tech-
niques such as time-domain variables.

For multivariate analysis, to be necessary to iden-
tify causes of the surging, principal component analy-
sis (PCA) is used to find the variables predisposing to
abnormal GCP function.

The expert must select the number of principal
components (PC), characterizing the variability of the
process and contributing to the measurement. It is also
carried out offline. To select the number of PC is an
important way to obtain effective data analysis. The
analysis could be deteriorated while using too many
computers, which can slow down the performance

analysis, but the use of a very small number of com-
puters, can fail the important information. The analy-
sis allows using automatically [4] other graphics for the
final determination of the causes of malfunction:
straight segments trends, cusum trends, variable values
schemes, multiple schemes and others.

Straight segments trends show the variable val-
ues of time series, cusum schemes reflecting the values
of variables. Accuracy of straight segment analysis can
be selected to evaluate the major points of changes and
to compare them with a point of change of the mea-
sured parameter. Analysis of the straight segments is a
powerful tool in assessing the range of values changes
and variables

For rapid analysis the current values of the process,
having been determined for parameter measure, are
compared with the tested models to identify variables
in this model range (Fig. 6).

The next step is to create a communication channel
for data transmission in online mode and having them
for analysis. The data are fully transmitted to the op-
erator of workstation by means of standard data in real
time (OWS).

The operation, to be further evaluated as a desir-
able one, is easily introduced into the model to pre-
vent unwanted messages in the future. After forma-
tion of the communication channel the way of warn-
ing the operator about available surge phenomenon is
necessary to be done. Notification of faults can be
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Fig. 6. The functional structure of anti-surge protection and regulation:

S — sensors; ST— systemic tire; ASV— anti-surge valve
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created through sms-messages on a mobile phone of
an engineer being in charge of the process, or on the
duty engineer’s PC, or as a text message to the work-
station operator. When the process is approaching to
the surge warning zone, a warning as an alarm or by
means of changing the color graphics on a worksta-
tion operator is sent to alert the operator about mea-
sure to be different from the desired value. This mes-
sage appears before alarms are operated, to provide
early detection of extraordinary situation — available
surge phenomenon. For example, it may be a limited
histogram causing discoloration when the value is
high.

Having seen the warning, the operator can investi-
gate various graphs to confirm the message authentic-
ity. In addition, if the obtained information was ana-
lyzed before and the reason was found out and config-
ured for the control system, the established diagnostic
message for the operator about actions performed to
remedy the problem can be written.

Functional ACS GCP structure. We improved
the functional structure of ACS GCP to realize the
proposed technology of early detection of performance
deviations from the normal GCP process based on the
phase trajectories construction.

In the functional structure of anti-surge protection
system and control system (Fig. 5) the following rela-
tionship between elements of the system are estab-
lished. The outputs of sensors are connected to the
certain ADC inputs, the outputs of which are connect-
ed to the systemic tire (ST), which is also connected to
input of output control action shaper, input mode
GCP indicator and early detection of abnormalities
process system, input and CP output and DAC input,
the output of which is connected to the anti-surge
Mokveld valve by forming the output of anti-surge
protection.

The sensor group provides a parameter measure-
ment of the compressor and the parameters of the gas
inlet and the vibration of front and back pillars of cen-
trifugal supercharger.

The processor implements the system algorithm,
the generator of output control signal produces the
signal for ACS GCP to increase or decrease the rota-
tional speed of the compressor, generator of input sig-
nal transforms discrete control signal in digital form.
This group of elements of antisurge regulator can be
realized using programmable logic controller (e.g. GE
Fanuc, “General Electric” company (USA)).

Anti-surge protection circuit performs two main
tasks: ensuring the normal operation of GCP and early
detection of disorders of GCP efficiency (available
surge state) on the basis of early detection of abnor-
malities GCP performance technology.

The use of the system can compensate heavy losses
caused by reduced gas pumping volume or loss while
replacement of critical equipment such as CS GCP
BCS NGC is done.

Conclusion. To optimize the reliability and per-
formance of gas pumping units of booster compressor
stations of natural gas storage and to achieve the big-
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gest efficiency by means of timely detection of surge
phenomena, informative technology for early detec-
tion of gas compression process deviation from nor-
mal process based on the of phase portraits controlled
parameters analysis is proposed. These changes can
be used to activate alarm, giving the operator some
time for taking control actions. For effective use of
early detection surge phenomenon, it must be inde-
pendent from ACS GCP and other gas pumping
units.
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PaKTEepPUCTUK Y KOHTEKCTi MiABUILEHHS e(DEKTUBHOC-
Ti 1Oro MpakTUYHOIO 3aCTOCYBaHHS JJisl 3al100iraH-
HST aBapilfHUX CUTYalliil, BUKJIMKAHNX SIBUILIEM ITOM-
rnaxy B CUCTeMi ,,BiILIEHTPOBUI HarHiTau razonepe-
KauyyBaJIbHOTO arperaty — TpyoomnpoBin ‘.

MeToauka. MeToa0J0TiuYHyY OCHOBY AaHOI po-
0OTH CTAHOBJISITH 3arajJlbHOHAyKOBi Ta creuiajabHi
MEeTOAU, MPUMAOMU Ta MiAXOOU ITi3HAHHS IIPOLECiB i
SIBUIII, @ caMe: CUCTeMHUI IiaXia 10 aHali3y Ipolie-
Cy KOMITIpUMYBaHHS ra3y Ta SIBUIIA TIOMIaXy y Bim-
LICHTPOBMX HarHiTayax razorepekadyyBaJbHUX arpe-
raTiB JOTUCKYBaJIbHUX KOMIIPECOPHUX CTAHLIiM MMif-
3eMHUX CXOBMII Ta3y, MOJOXEHHSI Cy4acHOi Teopii
KepyBaHHs, iH(popMaLiiiHUX Ta BUPOOHUYMX TEXHO-
JIOTiHA.

PesynsraTni. 3amnponoHoBaHa iH(opMmalliliHa
TEXHOJIOTisI PAHHBOTO BUSIBJICHHS BiIXMJICHHS IIPO-
ecy KOMIIPUMYBAHHS Ta3y Bil HOPMaJIbHUX Xapak-
TepPUCTHUK, 30KpeMa SBHIIA TIOMITaXYy, III0 OCHOBaHAa
Ha aHaJi3i (a30BUX MOPTPETIB KOHTPOIHLOBAHUX T1a-
pameTpiB.

HaykoBa HoBu3HA. Y1epiie po3pobiieHa, mooy-
JIoBaHa Ha OCHOBI OaraTOMipHMX BUMiplOBaHb, iH-
¢dopmMallifiHa TEXHOIOTisT BUSIBJICHHSI BiIXUJIeHb MPO-
LeCcy KOMITPUMYBaHHS ra3y BiJl HOpMaJIbLHUX POOOUMX
XapaKTepUCTUK, 3B’SI3aHUX 3 SIBUILEM ITOMITaxy, SKi
CYIIPOBOIIKYIOTHCSI HEBU3HAUCHICTIO, HEBPiBHOBaXKE-
HICTIO, HAasIBHICTIO (pa30BUX MEPEXO/IiB, 1110 1A€ 3MOTY
CBOEYACHO BUSIBUTH SIBUILIE TTOMITaXKY B CUCTEMI ,,BilI-
LECHTPOBUIT HAaTHITA4Y Ta30TiepeKauyBaJIbHOTO arpera-
Ty — TPyOOIIpOBia“.

IIpakTnuna 3HauMMicTh. Po3pobiena iHdop-
MalliiiHa TEeXHOJIOTisl paHHbOIO BUSIBJICHHSI BIiIXu-
JICHb TIPOIIECYy KOMIIPUMYBAHHS Ta3y Bil HOpMalb-
HUX POOOYMX XapaKTePUCTUK MOXe OyTU BUKOPHUC-
TaHa JJ1s1 aKTUBi3allii curHaji3allii, 1110 Ja€ ornepaTo-
py NeBHUI 4Yac ISl MPUAHSTTS PillIeHHS CTOCOBHO
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Ilean. CoBepllieHCTBOBaHME TEXHOJOTUU OTlepa-
THUBHOTO BBISBIICHHS OTKJIOHEHWIU IIpollecca KOM-
IPUMUPOBAHMS Ta3a Ha TOKMMHOUW KOMITPECCOPHOM
CTAHIIUM TTOA3EeMHOTO XpaHIWINIIA Ta3a OT HOPMaJib-
HBIX pab0OYMX XapaKTePUCTUK B KOHTEKCTE ITOBHIIIIC-
HUS 3(POEKTUBHOCTU €ro NpakKTUIYECKOTO TTpUMeEHe-
HUS IS OPEOoTBPAILCHUSI aBAPUUHBIX CUTYaLU,
BbI3BAHHBIX SIBJICHHWEM IIOMIIaka B CHCTEME ,,IICH-
TPOOEXHBIM HarHeTarelb ra3ornepekaynBaloIero
arperata — TpyOoIrpoBoa ‘.

MeTtoauka. MeTomOIOrn4ecKylo OCHOBY JaH-
HOIl pabOTHl COCTABJISIOT OOIIEHAyYHbIE U CIELU-
aJIbHbIC METOHBI, IPUEMBI M IIOIXOObI ITO3HAHUS
TIPOIIECCOB M SIBJICHUI, a UMEHHO: CUCTEMHBIN IO/ -
XO[I K aHaJIM3y MpoIecca KOMIIPUMUPOBAHUS Ta3a 1
SIBJICHUS TIOMITaXkKa B IIEHTPOOEXKHBIX HarHEeTaTEIISIX
ra3ornepeKauynBarOIIMX arperaToB TOXKMUMHBIX KOM-
MIPECCOPHBIX CTAHIIMI MON3eMHBIX XpaHWJINIIL ras3a,
MOJIOXEHUSI COBPEMEHHOI TEOpUM YIIpaBICHMUS,
MHOOPMAIIMOHHBIX Y TPOU3BOICTBEHHBIX TEXHOJIO-
TUMA.

PesynbraTtnl. IlpennoxeHa wuHboOpMallMOHHasS
TEXHOJIOTHSI PAaHHETO OOHapYyXKEHHUST OTKJIOHCHUS
Mpoliecca KOMIIPUMHUPOBAHUS ra3a OT HOPpMaJIbHBIX
XapaKTepPUCTHUK, B YACTHOCTHU SIBJICHUS ITOMITaXKa, OC-
HOBaHHas Ha aHajIM3¢ (Pa30BBIX TOPTPETOB KOHTPO-
JIMPYEMBIX TTapaMeTPOB.

Hayuynas HoBu3Ha. BriepBble pazpaboraHa, mo-
CTpOCHHAsT HAa OCHOBE MHOTIOMEPHBIX W3MEPEHUIA,
nHGbOPMAIIMOHHAS TEXHOJIOTHSI BBISIBJICHUSI OTKJIOHE -
HUI1 TIpoliecca KOMITPUMUPOBAHUS rada OT HOPMaJlb-
HBIX pabOUYMX XapaKTEPUCTUK, CBSI3AHHBIX C SIBJICHU-
€M IoMITIaxa, COMPOBOXIAIOIINXCSI HEONPeaeJeHHO-
CTblO, HEYPAaBHOBEILIEHHOCTbIO, HaIMUMEM (ha30BbIX
TIEPEXOIOB, UTO ITO3BOJISICT CBOEBPEMEHHO BBISIBUTH
SIBJICHUE TIOMIIaXKa B CHUCTEME ,,lIEHTPOOEKHBIN Ha-
THETaTeNIb ra30repeKaurBaloIIero arperata — Tpyoo-
npoBoa ™.

IIpakTnyeckas 3HaYUMMOCTb. PaspaboTaHHas
nHOOPMALIMOHHAST TEXHOJIOTUSI paHHETO BBISIBIIC-
HUSI OTKJIOHCHUI mpolecca KOMIIPUMUPOBAHUS
raza OT HOPMAaJbHBIX PaOOUYMX XapaKTePUCTUK MO-
JKET OBITh MCIIOJb30BaHa IJIs aKTUBU3AlIMM CUTHA-
JIM3AIUU, UTO AAeT OIepaTopy omNpeneaIeHHOe BpeMs
IUJIST TIPUHSITUST PELIEHUs] OTHOCUTEILHO YIIPaBJIsSIO-
LIMX TEUCTBUA.

KiroueBblie cj10Ba: gbls61eHUe, NOMAAIC, 2A30-
nepexauusarowuil azpeeam, azoevie MpaeKmo-
puu

Pexomenodosarno do nybaikauii doxkm. mexH.

nayx M. I. [opobiiiuyxom. lama Haoxo0xceHHs py-
rxonucy 22.09.15.
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