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Introduction

Gas turbine engines which has exhausted flight
service life can be used for terrestrial objectives in
the energetics. Turboprop (turboshaft) aircraft
(helicopter) engine is the simplest to use as gas-
turbine power plant, because in this engine,
mechanical energy is transmitted on the outer shaft
and can be used directly.

Such gas turbine power plant is indispensable for
using in these cases, when:

— it is necessary to solve the problem of
electrical and thermal energy, supply to a town or
production plant - the modularity of the blocks
allows to create any variants depending on the needs
of its consumers;

— economic efficiency is important; modern gas
turbines have efficiency up to 40% in simple cycle,
high efficiency of plant provides the possibility of
producing cheaper electricity and heat generation
and short payback period,

— it is industrial development of new areas of
people's lives and the natural features of these
territories have great importance; operation of the
plant is ensured in the range of ambient temperatures
from —50 to +50 °C when the adverse weather
conditions like humidity, rain, snow effect (the level
of stress and thermal condition of the aviation
engine parts almost has no analogues among the
products of mechanical engineering);

— it is necessary the automation of control
plants; gas turbine stations based on aircraft engines
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is very maneuverable, and require a small time to
start from cold condition to full load, can be
automated and controlled remotely.

Crux of problem

Conversion of aircraft engines that have
exhausted their assigned flight service life time is an
actual problem for both Ukraine and other countries
with a developed aviation transport infrastructure
[7]. At the same time, for converted aircraft engines,
the demand for a significant increase in fuel
efficiency as compared to that which these engines
have when they are used on aircraft, where the
minimum engine weight requirement is put in the
first place, is put forward.

The need to reduce the usage of fossil fuels have
been increasingly part of our daily lives for both
environmental and economic reasons.

Decreasing the consumptions without
compromising the engine performance can be a
difficult task, to approach this goal one of the
reliable method is to use regeneration, Regenerator
is placed after the turbine and before the propulsion
nozzle to heat the compressed air before entering the
combustor, reducing the fuel consumption.

In this paper an analysis of the PT6T turboshaft
engine with regeneration will be performed. In other
words, observations will be made on how a
regenerator affect the thermal efficiency of this
engine beside the turboshaft engine (PT6 family) has
been chosen to redesign as a mobile power-plant
with regeneration.
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Due to the exceptional compactness, low weight,
flexibility, high efficiency and availability of the
outer shaft (through which the mechanical energy is
transmitted to electrical device) make this turboshaft
engine as a good choice to use for terrestrial
purposes.

The aim of this work is to study the possibility
of increasing the fuel efficiency of a converted
aviation gas turbine engine when it is used as a drive
for mobile electrical power plants.

The result of this paper can be used to perform
the conversion of this type of engine with high
efficiency and low fuel consumption as a mobile

power-plant which can be installed on a truck to
generate electricity for different purposes in
different environmental conditions with different
type of fuels.

Justification of the choice of engine

As a power drive for the mobile power plant the
turboshaft engine PT6T-3D (PT6 family), Fig. 1,
Fig. 2, which consists of two power sections coupled
to a combining gearbox with a novel clutch system
enabling both twin and single engine operation, was
chosen [2; 3; 8].

Fig. 1. Turboshaft engine PT6
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Fig. 2. PT6A cross section

The engine consists of two sections that can be
easily separated for maintenance: a gas generator
supplies hot gas to a free power turbine. A two-shaft
configuration consisting of a multi-stage compressor
driven by a single-stage compressor turbine and an
independent shaft coupling the power turbine to the
output shaft.

The starter has to accelerate only the gas
generator, making the engine easy to start,
particularly in cold weather. Air enters the gas-
generator through an inlet screen into the low-
pressure axial compressor.

The air then flows into a single-stage centrifugal
compressor, through a reverse flow combustor, and
finally through a single-stage turbine that powers the
compressors. Hot gas from the gas generator flows
into the power turbine.

The gas generator speed is around 36,000 rpm.
For turboprop use, this powers a two-stage planetary
output reduction gearbox, which rotates the power
turbine at a speed of 1,900 to 2,200 rpm. The
exhaust gas then escapes through two side-mounted
ducts in the power turbine housing. The turbines are
mounted inside the combustion chamber, reducing
overall length.

Smaller gas turbines are rated with a higher
operating speed — mainly because of thermo-
dynamical reasons.

This is done in order to obtain better efficiencies.
Due to the material-related maximum circumferential
speed of the blades, the nominal speed of gas
turbines with higher outputs is limited. Apart from
these common models, which are often called
‘Industrial Gas Turbines’. These aero-derivative gas
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turbines come — as the name implies — from the
aircraft construction industry, i.e. they have been
derived from an aircraft engine and stand out for
their more compact design compared to industrial gas
turbines which are designed for conventional
applications in power stations.

Characteristics of gas turbine plant on the
basis of the converted one power section of
PT6T-3D turboshaft engine (PT6A)

The turboshaft engine PT6T-3D which consists
of two PT6A power sections is the engine for which

e Maximum power output is around 670921

e Overall pressure ratio is 6.3;
e Air mass flow is approximately 2.5 kg/s;
e Specific fuel consumption is around 0.44
kg/kW/h.
The results of thermodynamic calculation of the
basic cycle are given in the Table 1 and Table 2.
Tablel

Working body parameters in main points of cycle

studies and calculations of the main characteristics Pressure, | Temperature, | Specific
were performed. Pa K volume,
The engine main components are a compressor m’/kg
which consists of 3-stage axial flow and‘ 1-stage Compressor
centrifugal compressor, combustors which has entrance 101300 288 0.815
Annular reverse-flow with 14 Simplex burners and
turbine that has 1-stage gas generator power turbine Cq?pressor 638190 486.6 0.218
with 2-stage free power turbine (independent 'free’ ot
power turbine with sh.rouded blgdes Forward facing Turbine 638190 1363 0.612
output for fast hot section refurbishment). entrance
By performmg thermodynamic and gas dynamic Turbine exit 101300 306.64 7985
calculations we have recalculated the performance
details of this engine as a gas turbine plant which are
the followings:
Table 2
Thermal parameters in processes
Process 1-2 Process 2-3 Process 3-4 Process 4-1
Change in internal energy 1.42510%# 6.288'10°# —-3.992:10°# “3.721'10°%
Change in enthalpy 1.99510°# 8.803'10°# ~5.58910°# —-521010°%
Change in entropy O# 1355104 O# ~1.035°10°#
Flow work 1.99510°# 0# 5.569'10°# 0

Characteristics of gas turbine plant with regenerator

By comparing the temperature of the exhaust gas leaving the turbine with the temperature of the air leaving
the compressor we have the possibility to use regeneration in this case. Schematic diagram of cycle with heat
regeneration and its T-s diagram are shown in Fig. 3 and Fig. 4. Increase the efficiency of gas turbine plant
can be carried out in various ways [5, 7] and in particular due to the thermal perfection of the GTU scheme by

introducing regeneration of exhaust gas heat.
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Fig. 3. Schematic scheme of the regenerative
Brayton cycle
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Fig. 4. T-S diagram of the cycle with regeneration
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The analysis of the cycle parameters (see Table 1)
shows the possibility of regenerative using of exhaust
gas heat to reduce fuel consumption. In a simple
plant the gases leaving the turbine have a temperature
of 533 °C, the temperature of air leaving compressor
is 213 °C.

The research of the regenerative cycle was carried
out in two directions:

— evaluation of the efficiency of heat regeneration
applying under the numerical values of the
parameters of the existing plant;

— determination of the efficiency of the gas
turbine plant operation at different values of the
effectiveness of regeneration.

It should be noted that the difference between
T,and T, reflects only thermodynamically possible

relative fuel economy due to regeneration and do not
take into account the actual working fluid parameters
change during operation. Calculations were carried
out for air temperatures of 10; 20 and 30 °C and
temperatures of combustion products before the

turbine of 1100, 1200 and 1300°C. Variation of 7,
with change of ambient temperature and variation of
1}, for different values of temperature before turbine
were analyzed. In Fig. 5 it is shown the change of tem-
perature difference (7, —7,) versus the pressure ratio.
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Fig. 5. Change of temperature difference versus the pressure ratio

The influence of the final temperature of the
compression process on 1, makes the task of finding
the optimal value of effectiveness of regeneration
urgent question.

The cycle was modeled using the thermodynamic
analysis for the simple gas turbine. In the studies of
the effectiveness and parameters of GTU the
following initial data were taken: temperature and
pressure of the working fluid at the inlet to the

compressor 7, = 288 K and p,= 0,10131 MPa,

pressure ratio —n,=6.3, 7, =1363 K, n, =0,86 —
compressor isentropic efficiency, n, = 0,9 — turbine
isentropic efficiency, £ — the ratio of specific heats
for air, k, — the ratio of specific heats for gas,
o, = 0,85 — effectiveness of regeneration.

The air which is leaving the compressor is heated
by exhaust gases in a counter-flow heat exchanger
which is called recuperator and are usually
constructed as shell-and-tube type heat exchangers
using very small diameter tubes, with the high
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pressure air flowing inside the tubes and low pressure Table 3
exhaust gas in multiple passes outside the tubes. Cycle parameters
The thermal efficiency increases up to 0.419 due Cvel q ™ :
to regeneration since less fuel is used for the same yele cat erma
. work, J/kg | addition, | efficiency
work output. By drawing the dependence of thermal Tke
efficiency and pressure ratio we can see the -
differences in thermal efficiency 1, for the Brayton ;{Vlth . 191893.54 | 486016.16 0.419
. . .- egeneration
cycle with and without regenerator and as it is
eV{dent n Flg. 6 we realize that in lower pressure Without . 191893.54 | 43088147 032
ratios (approximately from 2 to 6) the differences of Regeneration
thermal efficiency is considerable.
Nth
With regenerator
04 BT
Without regeneratgr, « = = =" 7
02 7]
| | | |
0
0 2 4 6 8 10 g

Fig. 6 Thermal Efficiency-Pressure Ratio dependence without regenerator
and with regenerator

Analysis of a regenerative Brayton cycle

For given ambient conditions 7; and p,,

compressor pressure ratio m, and turbine inlet
temperature 7, the following procedure can be
followed to estimate engine performance [1].

P =PT.,
where m, — pressure ratio; p, and p, — the

compressor inlet and outlet pressure.

Because of the processes irreversibility, entropy
generation takes place in processes 1-2 and 3-4, it
takes into account by introducing the efficiency of
the compressor n,. and turbine n, .

The isentropic efficiencies of the compressor and
turbine are

T, —-T
ncz 2s 1,
T2_Tl
T.-T,
ne = .
7—3_]—;‘3‘

Inlet compressor temperature 7, and inlet turbine

temperature 7} :
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(e
T,=T 1+—[nc" —IJ ;

kg—1

1-n, l—chkg

The temperature at the end of regeneration T is
defined by the effectiveness of the regenerator o, :
I =T,+0,(I,-T,).
The compressor work:
k-1

k
. -1
w,=c,I| =~ ,

e

where k — specific heat ratio for air, ¢, — isobaric

specific heat of air.
The turbine work:

W, = CpgT3r|t l-——
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where k, — specific heat ratio for gas (product of
burning), ¢, — isobaric specific heat of gas.
The net work:

w

net = We T We =

chgT3nt 1= kg1 |~ “p

n

Neglect the heat losses, which are usually small

in the regenerator, it can be assumed that the heat

given by the gas is equal to the heat received by the
air.  Heat input and heat output per cycle:

cpgT3nt l———= |-

q, = Cp[(Ts _TZ)_o-r(T4 _Tz)]’
q2 = cpg(T6 - Ti)
The cycle thermal efficiency

Wnet
Mo =— >
a4,
k-
1 k-1
CpgT3nt I_E _pri rl
nckg )
N =
f ¢, [(f-1y)=0,(T,-T,)]
k-1
k-1
r|—¢h
= LI

nth =

L[ &
e, || -1 1+—| n*
M

Fig. 7 shows the effect of ambient temperature
on thermal efficiency of gas turbine cycle with
regeneration and without regeneration. Overall, in
lower initial temperatures we have higher thermal
efficiency in both cases. The character of the thermal
efficiency change calculated at different values of
the air temperature before the compressor is shown
in Fig. 7. The graphs show that the thermal
efficiency of the cycle with regeneration is more
than that of the cycle without regeneration for all
temperatures. It is seen that the cycle thermal
efficiency decreases with increase ambient
temperature. This is due to the increase in
compression work. The decrease of thermal
efficiency for cycle with regeneration is more than
for cycle without regeneration.

—lj -0,

L[ &
T,-T|1+—| m* —1
n.

The difference between thermal efficiency of gas
turbine cycle with regeneration and thermal
efficiency of cycle without regeneration decreases
with air temperature increase.

The effect of operation conditions (ambient
temperature) and regenerative effectiveness on the
thermal efficiency were analyzed. Results are given
in Table 4. Fig. 8 illustrates Increase of effectiveness
of regeneration results in increase of the thermal
efficiency of the gas turbine cycle. The thermal
efficiency of gas turbine deteriorates significantly
when the air ambient temperature rises.

The relation between supplied heat versus
compressor pressure ratios for regenerative gas
turbine cycle at different values of effectiveness of
regeneration depicted in Fig. 9.

0.42 | |

Nth

With regenerator

03 | |
280 290 300

310 320 330 340

Fig. 7. Ambient temperature on thermal efficiency dependence
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Table 4
Regenerative effectiveness on the thermal efficiency

T1 283 K 293 K 303K

G, | 0,60 | 0,70 | 0,85 | 0,60 | 0,70 | 0,85 | 0,60 | 0,70 | 0,85

MNa | 038 1040|042 | 03 | 039041037 |0.38]0.40
0.42

N
04 | n
0.38 |
036 [ n
0.34 | | | | |
290 300 310 320 330 T

Fig. 8. Variation of thermal efficiency with change of ambient temperature and regenerative effectiveness.

8.10°
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T

Fig. 9. Dependence of the supplied heat versus pressure ratio
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Fig. 10 represents that high effective regenerator is much more suitable in lower pressure ratios due to the
big differences in thermal efficiency, in our case (7, = 6.3) a high effective regenerator is not economically

appropriate.

N 0.5

0.4

0.3

0.2

0.1

0 2 4

6 8 10
T

Fig. 10. Dependence of the supplied heat-compression ratio

Analyzing calculation and the obtained results of
the study of gas turbine plants on the basis of the
converted engine, we can do the following
summary:

— The numerical analysis showed that the
turboshaft engine PT6T can be used for mobile
power-plant, and to achieve high efficiency
parameters it is necessary to add heat regeneration
into the design of plant;

— Adding regeneration to basic gas turbine cycle
results in the increase of thermal efficiency of the
cycle;

— The pressure ratio and inlet air temperature
exert a major influence on the thermal efficiency of
a basic and regenerative cycles;

— The efficiency of the regenerative cycle
increases with the increase of compression ratio to
4.5, then efficiency decreased with increased
compression ratio, but in simple cycle the thermal
efficiency always increases with increased
compression ratio;

— The increase of ambient temperature causes to
decrease thermal efficiency, but the increase of
turbine inlet temperature increases thermal
efficiency;

— The value of parameters should be in the
range from 4.5 to 6 for the pressure ratio and from
1100 to 1370 K for the temperature of the gas before
the turbine.

Conclusion

One possible way of creation of highly efficient
gas turbine plant for mobile terrestrial power
generator based on aircraft engines, that exhausted
flight service lifetime on aircraft, is shown in this
article. This way assumes application of heat
regeneration using the exhaust gas heat to reduce
fuel consumption which is necessary to achieve the
required level of gas temperature entering the
turbine unit.

The calculations, carried out in the work, show
that due to the use of the heat regenerator, the
thermal efficiency value of a small-scale aviation
engine with relatively low working process
parameters can increase from 32 % up to 42 %.

As a result, for widespread turboshaft engine
PT6T the rotational speed of the gas generator rotor
can be reduced up to 36000 rpm which is far less
than the limited value of this engine and also total gas
temperature before compressor drive turbine can be
maintained at an acceptable level (1100...1200 K), on
the other word this engine is proper to be used as gas
turbine plant for terrestrial mobile installations with
long service lifetime.
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I'vozpennkuii L. 1., Boasncesbka JI. I'., Moxamman ®apxaj _
I'ABOTYPBIHHA YCTAHOBKA HA BA31 KOHBEPTOBAHOI'O ABIAINIMHOI'O JBUI'YHA
3 PETEHEPALI€IO TEILJIA

Konsepmayisa asiayitinux 0sueymis, wo euyepnanu NpusHAYeHutl TbOMHUL pecypc , € AKMyaibHOl0 NpobIemoro aK
ona Vkpainu, mak i Ona iHWUX KpaiH, 3 pO36UHEHOIO asiampancnopmuoio ingpacmpyxkmypor. Ilpu yvomy ona
KOHBEpMOBAHUX ABIaYIIHUX OBUSYHIE HA OOHEe 3 NePUitX MICYyb BUCYBAEMbCA BUMO2d 3HAYHO20 NIOBUWEHH NANUBHOT
eexmusHOCmi 8 NOPIGHSAHHI 3 MIEI0, SKY MAOMb Yi O8USYHU NPU IX GUKOPUCMAHHI HA NOSIMPSHUX CYOHAX, 0e HA
neputomy Micyi CmasumsCsi BUMO2a MIHIMAIbHOT MACU 08USYHA.

Memoro pobomu € 00CHIONCEHHSL MONCTUBOCMI NIOBUWEHHSL NATUSHOL eEKMUBHOCMI KOHBEPMOBAHO20 ABIAYIIHOZ0
2a30mypoinHO20 08USYHA NPU 1020 UKOPUCMAHHT 8 AKOCT NPUBOOY OJisl MODIIbHUX eIeKMPOCMAHYI.

Ax 00'ekm Oocnioxcenus Oyno obpano mypbooganvruil osucyn cimeticmea PT-6T xawnaocekoi ¢ipmu «PRATT
&WHITNEY», wo 8iOpi3HAEMbCSE KOMIAKMHICMIO KOHCIMPYKYIL | WUPOKO SUKOPUCTNOBYEMbCS Y O6A2ambox Kpainax
ceimy.

Ina peanizayii yiei memu 6 OaHili pobomi cnoyamky OYIU BUKOHAHI MEPMOOUHAMIYHUL [ 2a300UHAMIYHUL
PO3paxyHKu 018 6a3080i Mooeni agiayitiHo2o 08USYHA, A NOMIM Mi HC PO3PAXYHKU OVIU NPo8edeHi 0Jisi KOH8epMOBAHO20
2a30mypoOiHH020 08USYHA 3 PIZHUM CIYNeHeM pezeHepayii menia, nicis 4020 npogedeHo nopigHaHusa mepmiunozo KK/
8 NPOCMOMY YUK I 8OOCKOHANEHOMY Yukli. Ananiz eniugy pecenepayii menia na xoegiyienm xopucnoi Oii osucyna
npogedeHo OA KiNbKOX PIi3HUX 3HAYUEeHb NOYAMKO80i meMnepamypu 8 Yuki i pisHUX pexcumis pobomu 08uzyHa, ujo
BIOPI3HAIOMbCS CIMYNEHAMU NIOSUWEHHST MUCKY NOsimpst 6 yukii. Lfumu pospaxynkamu niomeeporiceHo OOYilbHICMb
3ACMOCYBAHHsT pezeHepayii menia 2aszie, WO 6UX00amb 3 O08USYHA, O/ NIOBUWCHHS MEPMIUH020 Koepiyicnma
KopucHoi 0ii. Kpim moeo, nposedeHo po3paxyHKo8y OYIHKY GNIUSy mMeMNnepamypu nosimps Ha 6x00i 6 08UZYH HA
epexmugHicmy pecenepayii menia, K 00HO20 3 MONCAUBUX CROCOOI8 NIOBUUEHHS MEePMIYHO20 KoepiyicHma KopucHoi
0ii 0gueyna.

KniouyoBi cnoBa: rasotypb6iHHWUIA OBWUIYH; TEPMOAMHAMIYHWUIA pO3paxyHOK OBUIyHa; pereHepadis Tenna; mobinbHa
ereKTpoCTaHLUis; koedilieHT KopUCHOT aii.

Gvozdetskyi L. I., Volianska L. G., Fakhar Mohammad
GAS TURBINE PLANT ON THE BASIS OF THE CONVERTED AVIATION ENGINE WITH
HEAT REGENERATION

Conversion of aircraft engines that have exhausted their assigned flight service life time is an actual problem for
both Ukraine and other countries with a developed aviation transport infrastructure. At the same time, for converted
aircraft engines, the demand for a significant increase in fuel efficiency as compared to that which these engines have
when they are used on aircraft, where the minimum engine weight requirement is put in the first place, is put forward.

The aim of this work is to study the possibility of increasing the fuel efficiency of a converted aviation gas turbine
engine when it is used as a drive for mobile electrical power plants.

The turboshaft engine of the PT-6 family of the Canadian company Pratt &Whitney, which is distinguished by its
compact design and widely used in many countries of the world, was chosen as the object of study.

To achieve this aim, in the present work, thermodynamic and gas-dynamic calculations were first ly performed for
the basic model of an aircraft engine, and then the same calculations were performed for the converted gas turbine
engine with different degrees of heat regeneration, after which the thermal efficiency was compared in a simple cycle
and in improved cycle. Finally, the analysis of the effect of heat regeneration on the efficiency of the engine was carried
out for several different values of the initial temperature in the cycle and various engine operating conditions differing
in the degrees of air pressure increase in the cycle.
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These calculations confirmed the feasibility of using heat regeneration from gases flowing out from the engine to
increase the thermal efficiency of cycle. In addition, the calculated assessment of the effect of air temperature at the
engine inlet on the efficiency of heat regeneration, as one of the possible ways to increase the thermal efficiency of the
engine.

Keywords: Gas turbine engine; Thermodynamic calculation of the engine; Heat regeneration; Mobile power station;

Efficiency.

I'vozpenxnii U. U., Boasinckas JI. I'., Moxamman ®@apxan
I'ABOTYPBUHHAS YCTAHOBKA HA BA3ZE KOHBEPTUPOBAHHOI'O ABUAITHOHHOTI'O
JABUTI'ATEJISI C PETEHEPALIUEU TEILJIA

Koneepmuposanue asuayuonnvix osuzameinet, UCYEPRABUUX HAZHAYEHHbLI IEMHbLIL PeCypc, AGNIAEMCsl AKMYAIbHOU
npobaemoul Kak 011 YKpauHvl, maxk u 0nid Opyeux cmpaw, ¢ paseumoil asuampancnopmuou ungpacmpykmypou. Ilpu
9MOM OJ5i KOHGEPMUPOBAHHBIX ABUAYUOHHBIX Oueameneii Ha OOHO U3 NEPEbIX Mecn 6blogueaemcs mpeboganue
BHAYUMENbHO20 NOBIULEHUS MONIUGHOU dDPEKMUBHOCU NO CPABHEHUIO ¢ MO, KOMOPYIO UMEIOm dmu 0gueamenu npu
UX UCHOTL30BAHUU HA B030YWHBIX CYOax, 20e HA NEpeoM MeCme Cmagumcsi mpebogaHue MUHUMATLHOU MACCbl
dguzamens.

Lemwvio  pabomer  sengemcs  UCCAEO08AHUE — BO3MOJNCHOCMU — NOBbIUEHUS — MONAUGHOU  dPheKmusHocmu
KOHBEPMUPOBAHHO20 ABUAYUOHHO20 2A30MYPOUHHO20 O8U2AMeNisl NPU €20 UCHONb308AHUL 6 Kauecmee npueoodd Ois
MOOUNLHBIX INEKMPOCTNAHYULL.

B kauecmse ob6vexma uccnedosanus 6vin gvlopan mypbosanvHblil Osueamens cemeiicmea PT-6 kanaockou upmoei
«Pratt Whitney», omauuarowuiicss KOMNAKMHOCMbIO KOHCMPYKYUU U WUPOKO UCHONb3YEMbLU 80 MHO2UX CIPAHAX MUPA.

s peanuzayuu smou yenu 6 Hacmosuyen pabome eHauane ObLIU  GLINOJIHEHbL MEPMOOUHAMUUECKUL U
2az00uHamudeckuli pacyemol O 0A30601 MOOenU ABUAYUOHHO20 O8ueamens, d 3amem Mme Jce pacyemvl ObLIU
npoeedensl Olisi KOHGEPMUPOBAHHO20 2A30MYPOUHHO20 08U2AMENs. C PA3IUYHOU CIENeHbl0 pe2eHepayul mend, nocie
yez20 npogedeno cpasrenue mepmudeckoeo KIIJ/[ ¢ npocmom yukie u ycosepuiencmeogannom yuxie. Haxoney, ananusz
GIUSIHUSL Pe2eHepayuu menia Ha Kodguyuenm noiesno2o Oeucmeus 0usameris nposeoeH 0Jisi HeCKOAbKUX PA3TUYHBIX
BHAYEHUL HAYATbHOU MEeMNepamypbl 8 YUKie U PA3IULHbIX PENCUMO8 Pabomuvl O8U2amest, OMAULAIOUUXCS CTNENeHIMU
nosvluenus 0asienus 6030yxa 6 yukie. Dmumu pacuemamiu nOOMeEepIcOeHa YenecoodpasHocms NPUMEHeHUs.
pezenepayuu menia BbIXOO0AWUX U3 O0sueamensi 2a308 Ol NOGbIULEHUSI MEPMULECK020 KOIPhuyuenma noiesHozo
Oeticmsusi. Kpome mozo, npogedena pacuémuas oyenka 6IUsIHUSL MeMNnepamypbl 6030yxXa Ha 6x00e 8 08ucameisb Hd
appexmusnocmo  pecenepayuu  menaa, Kak 00HO20 U3  BOZMONCHBIX CHOCODO0B HOBLIUEHUS MEPMULECKO2O0
K03 uyuenma noneznoeo delicmsus 08uUcamers.

KnioueBble crioBa: rasoTypOWHHbIN OBUratenb; TepMoaMHaMWYecKUd pacyéT OBuraTens; pereHepauus Tenna;
MoBUMbHasA aNeKTPoCTaHUMS; KO3MMULIMEHT NOMNE3HOro AeNCTBUS.
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