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Abstract—The article is devoted to the formation of requirements for the accuracy of regulation of an
aviation gas turbine engine, one of which is the maintenance of engine thrust at a given operating mode,
regardless of the engine condition, within the gas temperature margin. Its value should not be
significantly affected by turning on or off additional power and air consumers, as well as various
regulatory influences on the part of the automatic control system (turning on or turning off the bypass in
the compressor and blowing the housings, partial restriction of the supply of cooled air, changing the
position of the guiding devices). Fulfilling the requirements for the accuracy of regulation is important
for ensuring the reliability and safety of the operation of the power plant and the convenience of
controlling the aircrafi. In order to reduce operating costs, it is necessary that during operation, a
minimum number of additional settings of the ACS in the acceleration mode, gas reset and start-up mode
are required. The control program is implemented in the form of a automatic control system (ACS), which
is a closed circuit of the main feedback. There is also a flexible local feedback loop in the circuit, which is
designed to stabilize the ACS, which contributes to the fact that the ACS is quite stable. The presence of
feedback in the ACS indicates that the system may be unstable, so the analysis of the ACS should include
an assessment of its stability and, if necessary, the selection of measures and means for its stabilization.
Changing the input signal at the first moment of time leads to a corresponding increase in deviation,
since the links in front of the object and the object itself have inertia and therefore the rotation frequency
cannot change instantly. The change in deviation, being an amplified amplifier, thyristor converter and
generator, taking into account their inertia, leads to a gradual change in the control value, the voltage on
the anchor, which smoothly changes the frequency of rotation of the shaft so that the tracking error, that
is, the deviation, is directed to zero. Voltage feedback stabilizes the ACS and increases its speed. This is
how tracking is done. The implementation of wireless technologies in the ACS of the gas station has been
studied, which will allow to reduce the mass and dimensions of the nodes due to the reduction of the
number of connectors and cables, increase the reliability and accuracy of the adjustment of the ACS,
reduce maintenance costs and increase fire safety.

Index Term—Control programs; aviation gas turbine engine; acceleration; gas reset; start-up; transition
process; quality; mass reduction; wireless.

I. INTRODUCTION

Monitoring of limitations when choosing .
parameter limiters.

of external conditions is manifested, as well as the
dynamic characteristics of the intake regulator and

regulation programs. The engine idle time depends
on a number of factors: the inertia of the rotating
masses of the engine (proportional to the moment of
inertia of the rotor relative to the axis of rotation),
the reserves of the gas dynamic stability (GDS) of
the compressor, the permissible increase in gas
temperature, external conditions, etc., which must be
taken into account when choosing programs for
controlling these modes. Given the given structural
parameters and characteristics of the engine units,
the intake time is determined by the programs for
adjusting the low gas (LG) and intake modes, in
accordance with the features of which the influence

The possibilities of obtaining the required time of
reception when choosing adjustment programs are
limited by the stability of the work process and the
strength of the structure, which limit the permissible
increase in fuel consumption. Restrictions according
to GDS usually act at the beginning and in the
middle part of the acceptance process, and in terms
of strength at its end [1] — [9].

II. PROBLEM STATEMENT
An increase T, ; in the acceleration process is

. . . * .
accompanied by an increase in the ©n, / G,, ratio and
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a decrease in the compressor's GDS reserves, that is,
the line of mode regulator (LMR) at the
acceleratiom is located above the line of stable
modes. This limits the possibility of increasing fuel
consumption under the condition of maintaining the

required value AK . The allowable consumption

AK, of the compressor reserve at the acceleration

usually does not exceed 8...10% [2] — [5].
As a result, the aim of the research is to develop
the latest control programs of aviation gas turbine

engines that will help to keep AK in necessary

range during the operation of engine and aircraft in
the mode of acceleration, gas reset, start-up. Also,
must researched their optimization and quality
estimation.

III. CONTROL IN THE GAS ACCELERATION
AND GAS RESET MODES

Due to the strength of the turbine blades, the
temperature 7' ; must be limited. Due to the fact that

in modes with a reduced rotation frequency
(n < nmx), the circular speeds and stresses from
centrifugal forces in the blades are less, as well as due
to the inertia of the process of heating the turbine
blades, small short-term excesses of the gas

temperature of the value Tj; . The amount and time

of permissible temperature overshoot (re-adjustment)
depend on the thermal resistance of the material of the
blades and the efficiency of the cooling system, but in
all cases the negative effect of overshoot should be
kept in mind on the resource of the engine. Under the
condition of preservation of mechanical strength, the
permissible deviations of the rotation frequency at the
acceleration mode are also limited.

The control program in the acceleration mode
(Fig. 1) will allow this process to be carried out in
the shortest possible time, if in the frequency range
it provides excess fuel, admissible

under the conditions of maintaining the necessary
reserves of stability and strength in accordance with
the listed restrictions. In practice, the received
reception time is usually more than the minimum
possible as a result of both the non-optimality of
control programs when external conditions change,
and errors in their implementation, which include
static and dynamic errors of regulators. Heat
dissipation in the engine structure also leads to an
increase in the acceleration time.

from n,; to n

max

If the program 7, . =const is implemented

during engine regulation, then the acceleration
control program must first of all ensure the
preservation of the necessary reserves of compressor

stability in this process. Since it is impossible to
directly measure the reserves of stability of the
compressor, applications are used to control the
acceleration capacity, which take them into account
in an indirect way. The requirements for the process
of acceleration when the external conditions change
can be most fully fulfilled when fuel is dosed in
accordance with programs that allow ensure the
similarity of transient modes in the engine. This
condition is satisfied by maintaining the set values
of the parameter complexes, which contain the ratio
G, / p. that characterizes the coefficient of excess
air and the gas temperature. By the value of this
ratio, it is possible to determine the position of the
limits of the surge of the compressor and the region
of stable operation of the combustion chamber.
Reception management programs built on the basis
of parameter complexes of this type can take the
form [8]:

G,/ p.=f(nT,), G, /(p,n)=const,
G,/ (p.n)=f(n,), G, /p.=[f(r) etc.

AK . —const

ymin

* 4
T s = CONSE

MAX

NG

G

An

Fig. 1. Processes of acceleration and reset in the plane of
the characteristics of the compressor: / is the line of
stable modes of operation; 2 is the process of
acceleration; 3 is the reset process [6], [7]

The disadvantage of these programs is the
impossibility when choosing them to accurately take
into account such factors as the change in the fuel
combustion completeness ratio, heat removal in the
engine structure, etc., which as a result does not
allow to meet the requirements for the acceleration
time when the operating conditions change. This
makes it possible to develop control programs that
use a set of parameters that includes rotor
acceleration [8]:

% :(dn/dt)(1/ p]) = const,

(dn/dt)(1/ p))=f(n,) e.tc.
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But in this case, the restrictions on GDS reserves
are less accurately taken into account. Therefore,
modern ACSs use both types of programs at the
same time, and programs of the first type are
entrusted with the task of protecting against
violations of GDS.

The program of controlling the elements of its
flow part significantly affects the process of engine

acceleration. Increasing the compressor AK | in the

area of reduced rotation frequencies and in the LG
mode by adjusting the compressor and opening the
nozzle allows you to increase the allowable excess
fuel here and reduce the acceleration time [3], [5].
Adjusting the compressor and nozzle in the
acceleration process in order to reduce its duration is
aimed at increasing the power of the turbine, which
leads to an increase in the acceleration of the rotor.
For this purpose, the guidance devices (GD) of the
compressor must be adjusted to increase air flow
G,,, i.e. to open, when increasing the rotation
frequency. Expedient anticipatory disclosure in
comparison with that required for stable engine
operation modes, which can be implemented by
using derivative signals in control algorithms

dn/ dt, dp:f /dt.
Preservation of the nozzle with the acceleration
opening allows it to have an increased value . But

in order to obtain the minimum time of acceleration
for thrust, it is advisable to reduce the area of the
nozzle in this process so as to reach the required
covered position when the rotation frequency

approaches the value 7 .

It should be noted that the selection of control
programs for the elements of the flow part of the
engine and fuel dosing at acceleration are
interrelated. When resetting the rotation frequency
G,, the ratio 7, /G,, and 7T, also decreases. As a

result, LMR passes below established modes.
Therefore, there is no restriction on the stability of
the compressor in this process. In this case, it may
be caused by the instability of the combustion
chamber when the mixture is depleted (lean failure),
which is most likely at reduced pressures in the
engine tract. Limiting the minimum fuel
consumption G, serves as protection against such a

breakdown. Other factors limiting the speed of reset
are the danger of inadmissible stresses in heated
structural elements during rapid cooling, and in
supersonic flight modes the possibility of surge of
the air manifold.

Control when resetting the rotation frequency,
which allows you to take into account existing
restrictions, can be performed by applying fuel
consumption reduction programs similar to
acceleration control programs, for example, which

use a set of parameters G, / p:.

IV. CONTROL IN START-UP MODE

The ability to start quickly and reliably is one of
the most important characteristics of the engine.
Control in the start-up mode should ensure that the
engine enters the LG mode in a given time while
meeting the GDS and strength limitations. The start-
up time ¢

swup 18 normalized in depending on the

purpose of the aircraft on which the engine is installed.

As a rule, the value ¢ is about an order of

st-up
magnitude greater than the acceleration time [1] — [9].

In starting conditions, one of the rotors is spun up
with the help of a starter to start the gas turbine
engine, since the autonomous operation of the
engine is possible only at a rotation frequency at
which the torque developed by the turbine becomes
greater than the resistance moment. The start-up

time ¢ depends on a number of factors, the main

st-up
ones being the moment of inertia of the rotor
(decreasing the moment of inertia is reduction f..p),
starter power (increasing power is decreasing f..p),
starter disconnection time, rotation frequency in the

LG mode (n,,;), GDS reserves of the compressor

and combustion chamber, permissible increase 7 .

The gas turbine start-up process can be imagined
in three stages: 1) rotor spin-up by the starter
without supplying fuel to the engine (cold start-up)

to the frequency #,, at which fuel is supplied to the
combustion chamber and ignited; 2) simultaneous
operation of the starter and turbine up to the
frequency 7, when the stator is disconnected; 3)

operation of the engine without a starter, spin-up of
the rotor by the turbine with an increase in the

frequency of rotation to n,;. The characteristic

values of rotation frequencies at the boundaries of
the stages are: n,=(0.1..02)n_.. .

n, =(0.3..0.45)n n,e=(0.65..0.7)n,,. . The

duration of the first and second stages is 70 ... 90%
of the start-up time.

When choosing a control program for start-up, it is
taken into account that the main limitation of fuel
consumption is determined by the GDS reserves of
the compressor, the reduction of which begins after

reaching the frequency 7, when the fuel is ignited

cmax ?
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and increases T, . At the end of the third stage, the

fuel supply decreases when switching to the LG
mode. At this stage, and sometimes at the second, the

. . . *
maximum permissible value 7, . may be reached

and fuel consumption G, should be reduced.

Autorotation mode is the starting point for
launching in flight, in which the launch can be
carried out without turning on the starter by
supplying fuel and turning on the ignition. The main
limitation of launching in flight is related to the
stable operation of the combustion chamber, with a
negative impact on the conditions ignition and
steady burning provide a decrease in pressure and
temperature levels, an increase in the flow rate at the
entrance to the combustion chamber. As a result, the
range of flight modes in which launch is possible is
limited by speed and altitude. The start-up time
increases with increasing altitude due to a decrease
in the excess power of the turbine and an increase in
the rotation frequency in the LG mode.

Taking into account the considered regularities,
modern engine control programs in the start-up
mode can be represented by functional dependencies
of this type. When n, <n_ fuel is ignited

G, = f (P Tty )

where £, is the fuel temperature.

For control after ignition of the fuel, the approach
to the selection of control programs is similar to that
considered for the acceleration mode

G,/ p.=f(nT,) or ny/p,=f(nT,) using the
first program to protect against GDS violation. The

surge protection functions of the compressor can, in
addition, be performed by the anti-surge protection

system, and a program T, __ = f(T,) can be
additionally applied to limit T, .

V. GAS TURBINE ENGINES CONTROL PROGRAM
OPTIMIZATION

On the defined engine operation mode the
optimization task is reduced to finding the
parameters of the Pl-controller: the time constant
and the gain factor.

The transfer function of the PI controller has the
form:

sT +1
W(s)=k ——o0
(s)=k, 7

s

k. is gain factor of the PI controller; 7, is the time
constant of the PI controller.

In order to determine the time constant of the
regulator, you should take the lower logarithmic
amplitude frequency characteristics (LAFCh), for
which the requirements for reserves in terms of
phase and amplitude are met, and draw tangents to it
with slopes of 0 db/dec and —20 db/dec.

In order to increase the accuracy of the
determinations, the LACh can be constructed in a
range of two decades (for setting the limits of the

range, Fig. 2). The value of the coefficient k, =0.5
is a good initial approximation if the requirements
for the phase and amplitude margins are met. Of
course, the gain of the P-regulator, equal to 0.275,
should be taken into account in the gain of the PI-

regulator. As a result, we choose the value of the kp
coefficient equal to k, =0.275-0.5=0.165.
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Fig. 2. Determination of the constant time of the PI
controller according to the LACh of the system for which
the requirements for stability reserves in terms of phase
and amplitude are met. The frequency of the point of
intersection of the tangents with a slope of 0 dB/dec and -
20 dB/dec is the reciprocal of the desired time constant of
the PI controller. 1/7= 0.59rad/s, T=1.69 s

A.  Entering the PI controller into the control
loop (Fig. 3)

The control and re-control time and can be seen
on the enlarged window of the transient
characteristic (Fig. 4).
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Fig. 4. Transient characteristic of ACS with a PI controller

The re-control is slightly higher than 5%. The set
value of the control error is zero. In general, ACS
has a good quality

B.  Specified of PI controller parameters

Since the method of determining the parameters
of the PI controller used for correction is
approximate, the quality of the ACS can be
improved by specifying the values of the regulator's
gain coefficient and its time constant within a few
tens of percent. By trial and error, it can be
established that changing the time constant worsens
the transient characteristic, and reducing the gain
allows you to reduce the overregulation, make it less

than 5%, which has a positive effect on the
regulation time.

Thus, as a result of structural and parametric
optimization, the following ACS scheme was
obtained (Fig. 5). For ease of comparison, the
transition function of the DC motor is given and
enlarged by 4 times.

Let's show the transition function on a larger
scale (Fig. 6). Some reductions in the gain of the PI
controller made it possible to reduce overregulation,
as a result of which the transition function of the
ACS reached 10% is the interest corridor no longer
leaves it. Formally, this made it possible to reduce
the adjustment time. Note that the motor under the
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control of the ACS begins to change the frequency
more smoothly compared to when a stepped
armature voltage is directly applied to it, and the
adjustment time of the ACS is practically the same
as for the DC Motor in autonomous mode.

In conclusion, we will show the LAFCh and
LPhFCh of the open circuit of the optimized ACS

(Figs 7 and 8). LAFCh grows infinitely linearly with
decreasing frequency. Stability reserves in both
phase and amplitude are good. The transient
characteristic of the open circuit increases linearly
with time, which explains the presence of an
integrator in the circuit, which is an input component
to the PI controller.
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Fig. 5. The optimized ACS model and its transition function
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Fig. 6. Transient functions of the ACS and its control object — DC Motor (values increased by 4 times)
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Fig. 8. The LAFCh and LPhFCh of the open circuit of the optimized ACS

VI. ESTIMATION OF THE QUALITY OF ACS

The concept of the quality of a linear ACS
combines the accuracy of its tracking of the
reference signal and the suppression of disturbances,
as well as the speed of operation.

The quality of ACS is evaluated by direct and
(or) indirect indicators of transient and stable modes.

Indirect indicators are reserves of ACS stability
in terms of phase and amplitude and the order of
astatism. For static systems, the gain of the circuit
should also be specified. There are many other
indirect indicators of quality.

Direct quality indicators are divided into transient
mode indicators, this is the adjustment time ¢, and

readjustment %, and steady mode indicators: error
coefficients for position ¢,, speed ¢ and

acceleration c, .

Quality indicators of the transition mode are
determined by the transition characteristics of the
ACS. For ACS defined by 7, =2.36s and 6=2%

(this is the relative excess of the first maximum of
the transient function over its constant value).

Error coefficients characterize the accuracy of
ACS operation in steady state. For good-quality
static ACS, the value of c0 should be within 0.01—
0.1, for astatic ACS, ¢, =0. Coefficients ¢, and c,

characterize the rate of change of the target signal, at
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which the tracking error is small. In other words,
these coefficients characterize the speed of the ACS
in a stable mode of operation, and therefore their
values are not directly regulated.

Since the optimized ACS is astatic, its error
coefficient ¢, =0. To determine the error coefficient

at the speed ¢, , you need to connect a generator of a
linearly increasing signal to the input of the ACS.

The constant value of the error signal is equal to the
value of ¢, (Fig. 9).

To check the quality of the ACS both in the
tracking mode and in the stabilization mode, it is
necessary to simultaneously apply a step action and
a step disturbance (Fig. 10). Various delays should
be added to these actions for clarity of the transient
characteristic.
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Fig. 9. The diagram for determining the error coefficient based on the speed of astatic ACS
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Fig. 10. Cumulative effect on ACS GTE of a step assignment and perturbation

Since the task specified requirements for the
quality of disturbance compensation, we will
consider the obtained quality to be satisfactory.
Otherwise, it will be necessary to adjust the scheme

either by increasing the gain of the loop, or by
increasing the astatism of the ACS according to the

disturbance, or by introducing a compensating
device.
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VII. MODELING OF RECEPTION AND TRANSMISSION
OF THE GTE WIRELESS NETWORK TRACT

In Figures 11-14 present a diagrams of the
distributed structure of the ACS GTE using wireless
sensor networks [9], which will allow to reduce the
number of radial communication lines due to the

GTE server & nd i

G8.4 % i

14.3 kbit/sec 80.5 khit/sec

69.7 %
Operating Mode

Coordinator

transition to multiplex channels of information
exchange, simplify the search for faults, localization
of failures and restructuring of the structure,
integration of hardware and software of the aircraft
and engine, reduce the probability of destruction of
the entire system and, thus, increase its survivability.

Operating Node

Operating Mode

Fig. 11. "Star" topology. The maximum network load is about 88%

I

Operating MNode

7

Operating Mode

E server brand

Qperating Mode

Fig. 12. Topology "bus at a point". The maximum network load is about 83%
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184 5 Mbitisec i \-ﬁ

v

91.6 %
Operating Mode
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Fig. 13. "Star" topology. The maximum network load is about 92%
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Fig. 14. Snowflake topology. The maximum network load is about 87% in subsystems and 23% between subsystems

A wireless network model based on the star
topology in the NetCracker software was created to
investigate the organization (adaptive processing of
requests) of an aviation engine automatic control
system (Figs 11 — 14). 3 IEEE 802.15.4 ACS GTE
nodes were used as network hosts. Special software
is selected for the server to support SQL server host
traffic. A repeater and a PAN coordinator are used to
connect workstations and servers. The maximum
load of the network is about 88%.

VIII. CONCLUSIONS

The control programs of the aviation gas turbine
engine in the acceleration, gas reset, and start-up
modes were studied, as well as the optimization and

evaluation of the quality of the control program. In
order to maintain the specified amount of thrust of
the engine during the entire period of its operation, it
is necessary to have a sufficient reserve for the
parameter (it can reach several tens of degrees),
which should be taken into account at the stages of
choosing the design parameters of the engine.
Various adjustment parameters are used in the
control programs of steady engine operation modes:
high-pressure rotor rotation frequency; low-pressure
rotor speed (General Electric, CFM, PW6000
engines). The RB211-22B engines of the Rolls-
Royce company and a number of engines of the SE
"Ivchenko-Progress" use regulation by the value of.
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In modern foreign two-circuit engines for
mainline aircraft, the degree of pressure increase in
the engine or EPR (Engine Pressure Ratio) is widely
used as a control parameter, which meets the listed
requirements for engines with separate circuits
(JT9D-7R4, PW2000, PW4000) and with a common
output device (RB211-524G/H, RB211-535, V2500,
BR700).

Combined traditional and new methods of
information processing in various ways to design a
wireless stochastic information system for the
control of an aviation gas turbine engine. These
methods were applied to data collected from the
request source node to the GTE control unit and
initial self-tuning tests to verify the effectiveness of
the integrated methods.

The proposed sequence tasks of the GTE
information system are able to collect and process
information from remote nodes of the subsystem in
the energy signal with very high accuracy. The
accuracy of the proposed GTE control unit was
confirmed by tests conducted on a computer-
simulated signal.

For the design of the information system of the
engine, it is important to make the right choice of
solutions used to build a telecommunications system
(network technologies), which ensures information
interaction between system elements and users. Here
it is necessary to determine the network structure,
the network software used, protocols of different
levels, network equipment.

Solving these problems will reduce the load on
communication channels, reduce network traffic,
speed up the delivery of transmitted messages, and
increase the reliability of connections.

It is also possible to highlight the main problems
that are solved for the design of systems:

1) organization of interaction using host-server
technology;

2) the  organization of the  system's
communication service using network technologies
— the creation of a calculation network of the
information system;

3) formation and organization of the functioning
of the integrated system of databases of the
information system.

Solving these problems allows us to formulate
the requirements for the application and system
software, which was considered as an interaction
between the service device and the sources of the
request hosts by implementing a network model of
the GTE control unit that receives and transmits the
GTE channel with a load of 88%, 83%, 92%, 87%.
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C. C. Tokau. IlporpaMm kepyBaHHsI aBialiiHOr0 ra3oTypOiHHOro ABHIyHa Ha pe:KMMAaX HNPUCKOPEHHS,
CKHIAHHSA ra3sy, pexxumy 3amycky. OnTumisanis Ta omiHka IKOCTi MporpaM KepyBaHHA

CraTTio npucBsiueHO (HOPMYBAHHIO BUMOI' TOYHOCTI PETYIIOBaHHS aBialifHOro ra3oTypOiHHOTO JBWI'YHA, OJHIEIO 3
SIKHX € TMATPUMKA TATH JBUTYHA Ha 33JJaHOMY pEXHUMi poOOTH HE3alIe)KHO BiJ| CTaHy IIBUTYHA B MEXax 3aracy 3a
TemriepaTyporo razy. Ha ii 3HaueHHS He NMOBMHHO CYTTEBO BIUIMBATH BKIIIOYEHHS a0O0 BiJIKITIOYEHHS JOAAaTKOBUX
CHOXKMBA4iB MOTY)KHOCTI 1 HOBITPS, @ TAKOX Pi3HI perynoroui BIuiuBY 31 ctopoHd CAK (BKIIIOUEHHS! — BUKITFOUESHHS
MEPEnycKy B KOMIIpEcOpi i 0OMyBaHHS KOPITYCiB, YaCTKOBE OOMEKEHHS ITOJadi OXOJOKYBAHOTO MOBITPS, 3MiHA
TIOJIO’KEHHSI HANPaBJISIOYHUX anapariB). BUKOHaHHS BUMOT /10 TOYHOCTI PETYJIIOBAHHS € Ba)TUBHM JUIs 3a0e3MeYeHHs
HaJiHHOCTI 1 Oe3reKu poOOTH CHIIOBOI YCTAHOBKH Ta 3PYYHOCTI KepyBaHHS JiTakoM. JIJisl 3HIDKEHHsI eKCILTyaTaliiHIX
BHUTpAT HEOOX1IHO, 100 B MPOILIEC] eKCILTyaTallii BUMarajach MiHiMaJIbHa KUTBKICTh ToaaTKoBUX HanamrtyBaHb CAK Ha
PEeXUMI IPUCKOPEHHS, CKUIaHHS Ta3y Ta pexumi 3amycky. [Iporpama perymoBanns peanizoBana y Burisini CAK, sika €
3aMKHEHUM KOHTYPOM T'OJIOBHOTO 3BOPOTHOTO 3B’sI3Ky. B KOHTYpi € 1 THY4KHH MicCIeBiii 3BOPOTHIN 3B’SI30K, SIKHH
npusHayeHin s cradimizamii CAK, cipuse Tomy, mod CAK Oyma gocuth cTiiikoro. HasBHICTh 3BOPOTHHX 3B’S3KIB B
CAK cBimuuTh mpo Te, Mo cucreMa Moxe OyTH i HecTiiikoro, ToMy aHaniz CAK mNoBHHHHMI BKIIOYATH OLIHKY il
CTIMKOCTI 1, TpU HEOOX1HOCTI, BUOIp 3aX0/iB i 3aco0iB Ay ii crabinizamii. 3MiHa BXIIHOI'O CUTHAITY B TIEPIIHI MOMEHT
Yyacy MPUBOJHUTH JO BIAIOBITHOTO 3POCTaHHS BIJIXWJIEHHS, OCKIJIbKHM JIAHKU Iepel 00 €KTOM 1 caM 00’€KT MaroTh
IHEpIIHHICTE 1 TOMY 4YacToTa OOEpTaHHS HE MOXKE 3MIHHTHCS MHTTEBO. 3MiHA BiJXWIEHHS, OyAy4d IOCHJICHA
MiICHITIOBaYeM, TIepPETBOPIOBAYEM THPHUCTOpPAa 1 TEHEpaTopoM, 3 BpaxyBaHHSIM IX 1HEpIIHHOCTI NPUBOAMTH MO
MOCTYIOBOI 3MIiHH Kepy4ol BEJIMYMHU — HANPYTU Ha SIKOPI, sKa IUIABHO 3MIHIOE 4acTOTy OOepTaHHs Bally Tak, IO
TIOMHJIKA CTEXKEHHI, TOOTO BiIXMUIIEHHS, CIIPSIMOBYETHCS 10 HYJsl. 3BOPOTHHIA 3B's130K 3a Hanpyroro cradinmizye CAK i
migBuiiye i MBHAKOAII0. TakuM YUHOM 3MIHCHIOETBCS CTEeXeHHsS. J[oCnmipkeHO BIpPOBaKEHHS OE3NpOBiIHUX
texHonoriii B CAK I'T/], mo m03BOJHMTH 3MEHIIMTH Macy i rabapuTH BY3JB 3a paXxyHOK 3MEHIIEHHS KiJIBbKOCTI
po3’eMiB 1 KkaOesmiB, MiJBHIIMTH HAAIWHICTL Ta To4HicTh peryiaroBanHs CAK, 3HM3UTH BHTpaTH Ha TEXHIYHE
00CITyrOBYBaHHS 1 MiBUIIUTH MOXEXKHY O€3IIEKy.

Karu4osi cioBa: nporpamu KepyBaHHS; aBiaumiiHui Ta30TypOiHHUN ABHUI'YH; NPUCKOPEHHS; CKUIAHHS Ta3y; 3aIyck;
TIepexXiIHUI NpOoLIEC; SKICTh; 3MEHIIEHHS MacH; OE3ITPOBITHHH.
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