XonoguneHa TexHika Ta TexHonorisa, 51 (5), 2015

Y]IK 621.564

O. Ostapenko *, O. Yakovleva, M. Khmelniuk
Odessa National Academy of Food Technologies, 112 Kanatnaja str., Odessa, 65039, Ukraine
< e-mail: ORCID:

OPTIMAL PROCESS SYSNTHESIS FOR REFRIGERATION SYSTEM OF ASSOCIATED
GAS LOW-TEMPERATURE CONDENSATION PLANT

Design of modern high-efficient systems is a key priority for the Energy Sector of Ukraine. The object of
the present study are the cooling process streams of gas and oil refineries, including air coolers, water
cooling and refrigeration systems for specific refrigerants. Improvement of the refrigeration unit unit with
refrigerant separation into fractions is mandatory in order to increase cooling capacity, lowering the
boiling point of coolant and increasing the coefficient of target hydrocarbons extraction from the flow of
associated gas. In this paper it is shown that cooling temperature plays significant role in low-
temperature condensation process. Two operation modes for refrigeration unit were proposed:
permanent, in which the concentration of the refrigerant mixture does not change and dynamic, in which
the concentration of refrigerant mixtures depends on the ambient temperature. Based on the analysis of
exergy losses the optimal concentration of refrigerant mixtures propane/ethane for both modes of
operation of the refrigeration unit has been determined. On the basis of the conducted pinch-analysis
developed the modification of refrigeration unit with refrigerant separation into fractions. Additional
recuperative heat exchangers for utilization heat were added to the scheme. Several important measures
to increase the mass flow rate of refrigerant through the second section of the refrigeration centrifugal
compressor from 22.5 to 25 kg/s without violating the agreed operational mode of the compressor
sections were implemented.

Key words: propane/ethane; refrigerant mixture; exergy losses; centrifugal compressor; refrigerant
concentration; refrigerant fractionation; pinch analysis; low-temperature condensation.
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ONMTUMANBHUN CUHTE3 MNMPOLIECIB AIA XonogunbHOI CUCTEMWU KOMIJIEKCY
HU3bKOTEMMNEPATYPHOI KOHOEHCALII NOMYTHOIO HA®TOBOIO A3y

CmeopenHs CYy4acHuUX GUCOKOeQEeKMUBHUX CUCMeM € KI0Y08UM HNPIOPUMEmOM Olsi eHePeemuyHO20
cexmopy Vkpainu. Memoio npogedeHo2o 00CniONHCeHHs € OXOI0OHCYIOUI MEXHON02IUHI NOMOKU 2A308UX |
Hagmosux NiONpUEMcms, y momy Yucti anapamu NOGIMPSAHO20 OXOJOONCEHHS, CUCEMU OXOIO00NCEHHS
600U MA XONOOUNbHI cucmemu 018 KOHKpemHux Xxonoodoazenmis. Cxema XON0OUNbHOI YCMAHOBKU 3
PO30LIEHHAM X0000a2eHmy Ha pakyii 6yra moougikosana 0isi mo2o, woob 30i1bUUmu 0X0100X4CYI0H)Y
30amHicmb, 3HUSUMU MeMNepamypy KuninHs Xoaoooazenmy i niosuwumu Koe@iyicum GunyUeHHs
Yinbosux Byeneso0Hi8 6i0 NOmMoKy nonymuoeo easy. Iloxkazano, wo memnepamypa O0XON00HCEHHS
NONYMHO20 HAPMO8020 2a3y Gidizpac 8ax}ciu8y poib y Npoyeci HU3bKOmMmemMnepamypHoi KoHOeHcayii.
byno 3anpononosano 0sa peoicumu pobomu 015 XOROOUNbHOI cucmemu: NOCMINUHUL, NpPU SKOMY
KOHYenmpayis cymiui X01000a2enmy He 3MIHIEMbCS, | OUHAMIYHUL, NPU AKOMY KOHYEeHmMpayis cymiuii
X01000a2eHmy 3a1eXHCUums 8i0 mMeMnepamypu HasKoIUWHb020 cepedosuwa. Ha ocnosi aunanizy empam
excepeli Oyna GuU3HAYeHa ONMUMAILHA KOHYEHMpPAayis Cymiui X01000azeHmy nponan / emawn 071 000X
peodicumie pobomu xonoounvHoi cucmemu. Ha niocmasi nposedenozo niny-ananizy Oyna moougikogana
XOI0OUNbHA YCMAHOBKA 3 PO30LIeHHAM XOnodoazenmy Ha ¢pakyii. ¥ cxemy 0yau dodaui 0ooamkosi
peKynepamueni meniooOMiHHUKYU 01 ymunizayii menaomu. Peanizoeani 3axoou wo0o 30inbuienhs
Macogoi eumpamu xono0oazenmy uepes opyey Cekyilo 8i0YeHmpo8020 XOJI0OUNbHO20 KOMNpecopa 8i0
22,5 00 25 ke/c, ne nopyuiyouu y3200CeHUll pedcum pobomu ceKyill Komnpecopa.
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Poagin 1. XonoaunbHa TexHika

I. INTRODUCTION

According to the Energy Strategy of Ukraine for
the period until 2035 the creation of high-energy
systems and rational use of energy resources in
energy-intensive industries are the priority areas of the
Ukrainian energy sector for economy. The problem
solving requires improving the energy sector of
existing gas processing enterprises (GPE), which is a
multi-level technical system of interconnected by
flows of energy resources within the internal industrial
power generating system of various types and
purposes as well as production units, consuming one
and generating other types of energy.

The object of the present study are the cooling
process streams of gas and oil refineries, including air
and water coolers, refrigeration systems for specific
refrigerant mixtures. Companies, such as: Ortloff,
IPSI, Bechtel, research facility of "Gazprom”,
VNIIGAZ, working with case study of improving the
efficiency of existing gas processing plants, as well as
the improvement of gas feedstock recycling processes.
The majority of this companies offer a wide range of
technologies and modifications aimed at increase of
the extraction degree of hydrocarbons, energy-
efficient technology, the use of waste energy in
industrial processes, or use of environment potential
as well as many others energy saving technologies.

It worth be mentioned that there are studies aimed
at improving the efficiency of technological systems
of the first and second generation gas processing
plants. Research companies provide different retrofit
opportunities of existing processes. Some studies is
focused on improving the efficiency of the
refrigeration systems: the modified
ConocoPhillipsCascade process, for more efficient
recovery of  propane  (IPSI),  Supplemental
Rectification Process, (Ortloff), Gas Subcooling
Process, (Ortloff) and others.

1. LOW-TEMPERATURE CONDENSATION
REFRIGERATION UNIT

Cold production in the LTC (Low-Temperature
Condensation) units requires significant amount of
energy resources. This state of affairs forces the
various organizations and enterprises, which are using
low temperature processes, to find energy efficient
solutions for their business applications.

One way for improving efficiency is to reduce
energy losses, improving the cooling processes of the
APG (Associated Petroleum Gas) recovery, improving
efficiency of the existing equipment. Cooling the
natural gas stream to a lower temperature in low-
temperature  condensation  units improves the
efficiency of the APG recovery, by increasing the
amount of recoverable hydrocarbons and reducing gas
flared.

Higher efficiency of the existing installation can
be reached in several ways: reduction of energy losses,
improvement of the cooling, supplied to the APG,
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retrofit of the existing equipment and use of the
environment potential.

Refrigeration unit of the low-temperature
condensation complex works on R290 as a working
fluid. Reducing the propane temperature below the
boiling point t, = — 38 °C cannot be done due to an
invalid operation of centrifugal compressor. Adding a
certain amount of the hydrocarbons with lower boiling
point to the propane-refrigerant, such as R170 (ethane)
let us to get a lower boiling point while maintaining
boiling pressure at the required level.

Quality indicator of hydrocarbon extraction
process from APG flow is the extraction ratio, which
reaches values of 88-90%. Analysis of monitoring
data of the LTC unit shows the general trend that
reflects a stable dependence of the number of products
derivable from the temperature level of a number of
processes, in LTC installation an important role plays
initial temperature of the gas flow and corresponding
condensate  obtained  (Fig.1). Lowering the
temperature of the gas flow can increase the recovery
and increase the amount of condensed hydrocarbons.
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Figure 1 — Extraction ratio of target hydrocarbons

Among the various techniques used to optimize
energy consumption in the manufacturing industry,
pinch-analysis method is known as a powerful tool of
thermodynamic analysis of chemical processes and
related energy sources. The advantage of this method
is the ability to determine the energy potential of
installation. However, pinch analysis provides only
the target heat load of heat exchanger via the mass and
energy balance of the basic processes such as
refrigeration cycles and gas/steam turbine cycles. On
the other hand exergy analysis is a very effective
method for measuring the performance or power
consumption of the shaft. Thus, the correct
combination of the exergy analysis and the pinch
analysis may be a valuable and practical solution for
the simultaneous measurement of both heat and shaft
work in such systems. This method is also known as
the combined pinch and exergy analysis.
Developments in  heat exchange  networks
optimization reached the highest peak, when it was
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suggested that the determination of the heat recovery
by using of the pinch-analysis technology.

I1l. REFRIGERATION UNIT PERFORMANCE
INDICATORS

For cold production in low-temperature condensation
installation the propane refrigeration unit (PRU) is
used (Fig. 2). PRU is equipped with centrifugal

propane refrigeration compressor TP5-5, four-staged,
double-sectioned. Each section consists of two
compression stages and sections themselves are
consistent. Refrigeration system (Fig. 2) uses as the
working  fluid a mixture of hydrocarbons
propane/ethane  (R290/R170). Previous studies
indicate that there are multiple options for working
fluid usage in PRU such as: propane/ethane and
propane/ethane/isobutane (R290/R170/R600a).

APG

Gas condensate

Subcooled gas flow

Figure 2 — Simplified diagram of the refrigeration unit with refrigerant fractionation.

1 - the first compressor section 2 - the second compressor section 3 - air cooler, 4 - separator, 5 — refrigerant
fractions condensing units, 6 — low-temperature refrigerant subcooler, 7 — throttling valve, 8 - high boiling
temperature refrigerant suncooler, 9 - regenerative heat exchanger, 10 - high-temperature refrigerant
evaporator, 11 - a low-temperature refrigerant evaporator, 12 - gas condensate separator.

Use of different refrigerant’s weight ratios has
been considered. The following concentrations were
suggested: 80/20, 85/15, 90/10, 95/15 wt. %.
Concentration of propane/ethane of 85/15 wt. %
allows to achieve 2,24MW cooling capacity from the
high-boiling  temperature refrigerant  (refrigerant
fraction enriched with propane after separator, 4) at
boiling temperature -42.5 °C and 1,794MW of cooling
from the low-boiling temperature refrigerant
(refrigerant fraction with high content of ethane) at
boiling temperature -49.5 °C. Total cooling capacity
of current design is 4MW at an ambient temperature
of 30 ° C. If the ambient temperature is below or equal
to 6 ° C, the low-boiling temperature refrigerant can
be fully condensed by cooling of ambient air in the air
coolers, 3 (at a pressure of 15 MPa,

the condensing temperature is 16 °C).

In this case, the cooling capacity of PRU is
increased to 5.9 MW. Cooling capacity of low-boiling
temperature refrigerant fraction will remain the same —
1.794 MW, and for a high-boiling temperature
refrigerant — will be increased by the amount of cold,
previously required for the condensation of a cold-
boiling refrigerant. In other words — the entire flow of
supercooled high-boiling refrigerant will go to
evaporator Ev1 10. According to figures 3 and 4 there
is dependence of the cooling capacity and exergy
efficiency of the plant on the concentration of
refrigerant. Fig. 3 shows the trend in cooling capacity
of PRU at conditions, based on the complete
condensation of the refrigerant mixture.

© 0. Ostapenko, O. Yakovleva, M. Khmelniuk, 2015



Poagin 1. XonoaunbHa TexHika

6100+
{
6000
3900 ]|
1

ss00 *

pacity, kW

5700 J’

5600 4
5500 ]
4
5400 .

1

Cooling ca

5300 T

75 80 85 90 95
Propane concentration, %

70 100

Figure 3 — Useful cooling capacity of PRU with
refrigerant fractionation.

Addition of a low-boiling hydrocarbons such as
ethane (R170) can reduce the boiling point of the
refrigeration unit, as well as to increase the cooling
capacity up to 10-11% (598 kW) from the nominal
capacity of the system (5400 kW) on a pure propane
working fluid (R290).
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Figure 5 — Average boiling temperature of
refrigerant mixture at 1.2 bar pressure

Presented in Fig. 5 graph shows that for the
same pressure, with increasing concentrations of
ethane, there is a decrease in the average boiling
temperature of the mixture.

Nominal cooling capacity settings are different
from those based on other selected temperature range.

Previous studies focused on the assessment of
the compatibility of the centrifugal compressor and
the use of propane/ethane hydrocarbon mixture as the
working fluid. Experiment results confirmed the
possibility of using non-zeotrope refrigerant with the
maximum concentration of 18-20 wt. % due to the fact
that the mixture has a high specific volume and at the
same volumetric productivity of the centrifugal
compressor, mass productivity decreases. Performance
tests of centrifugal compressor were conducted at a
frequency of 4400 rpm, 5700 rpm and 8800 rpm.
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Figure 4 — Exergy efficiency of PRU with refrigerant
fractionation
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V. ANALYSIS OF PROPANE
REFRIGERATION UNIT
For the efficiency improvement of initial

refrigeration unit design it is necessary to include
additional heat exchangers to the system. The total
amount of five heat exchangers was added to the
refrigeration unit. Composite curves in T-H
coordinates were constructed for a particular ambient
temperature. Hot and cold composite curves are
shown on Fig. 6.

In PRU with refrigerant fractionation (Fig. 2)
heat transfer occurs between cold and hot flows of
associated petroleum gas (APG), refrigerant flows and
broad fraction of light hydrocarbons (BFLC) flows.
Use of external utilities is minimized. As an external
energy source the air in air coolers is used. On Fig. 7
Qcmin= 1687 kW s the value of cold utilities Qumin =
201,67 KW — hot utilities and maximum value of heat
utilization Q. = 5622 kW in the system at minimal
working temperature difference AT, = 5,2 K. Further

= displacement of curves (composite curve) is not

appropriate, based on the fact that by increasing AT i,
to 10 K maximum value of heat utilization is reduced
to 5150 kW.

For further research the mixture of R290/R170
with concentration of 85/15 wt. % was chosen, hence
this mixture of the refrigerant can supply highest
cooling capacity — 5.98 MW, the exergy efficiency of
the plant raises to a maximum value of 0.69, but the
power consumption of the first and second sections of
centrifugal compressor rises to 10% and 23%,
respectively.

Energy, capital and total costs, are summarized
on Fig. 7 depending on the ATy,. This graph allows to
determine the minimum value of the total costs
required to install additional heat exchangers at AT yn
=5.2K.

Capital costs are:

c
c=N[a+b(5)] )
where «a, b and ¢ — coefficients, which are depends on

meterials, used by heat exchanger manufacturer,
pressure ratio and heat exchanger type. Coefficient a
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can be indentified with heat exchanger installation
cost, coefficient b equals to 1 m? area cost, and
coefficient ¢ reflects non-linear dependence of heat
exchanger cost from the heat exchange area.
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Figure 6 — Composite curves of the PRU processes:
1- hot composite curve; 2 — cold composite curve; 3 —AT7-
pinch; Qc,., — cold utilities; Qumin — hot utilities; Qyec
—amount of recuperated heat.
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Figure 7 — Costs at AT in:
1 — total costs; 2 — capital costs; 3 — energy costs.
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V. REFRIGERATION UNIT OPTIMISATION

Use of pinch analysis allowed to debottleneck
the initial PRU design and to increase its cooling
capacity. The modified scheme of PRU includes
additional recuperative heat exchangers for heat
utilization.

Developed and implemented measures for
increasing mass flow rate of refrigerant through the
second section of the centrifugal compressor from
22.5 to 25 kg/s while maintaining the agreed mode of
both sections of the compressor. Cooling capacity of
the high-boiling temperature evaporator increases by
543.4 kW compared with the initial PRU design (Fig.
2), but the cooling capacity of the low-boiling
temperature evaporator was reduced by 16 kW.

New installation design is shown in Fig. 8. It
provides a more efficient operation for the
refrigeration unit with the working fluid R290/R170
fractionation. Key principles remain unchanged, i.e.,
refrigerant flow separation is carried out after the AC
3 in the separator 4, the flow of low-boiling refrigerant
is condensed by evaporation of high-boiling
temperature refrigerant flow, after which receives a
RHE and throttled through TV3 to the boiling pressure
of 0,12 MPa.

Refrigeration system design with refrigerant
fractionation (see fig. 2) supplemented with the
additional recuperative heat exchangers HE-1, HE-2,
HE-3, and the intercoolers IC1 and IC2. Intercooler
IC1 9 cools the refrigerant flow from the subcooler
HBSC 7 before suction into the second centrifugal
compressor section 2. The gas cooler IC2 is added in
order to increase the cooling capacity and the amount
of natural gas liquids produced in the separator S2 13
by cooling of vaporized low-boiling temperature
refrigerant which is going to suction to first stage of
centrifugal compressor section CC1 1. High-boiling
temperature refrigerant flow before entering the
recuperative heat exchanger RHE 15 is added to the
separator, whereby a portion of the refrigerant stream
is cooled in a series of recuperative heat exchangers,
HE-3 17 and HE-1 11, thereby achieving a lower
temperature before the RHE 15 and reducing the
amount of the vapor phase after throttling in TV3 and
TVA4.

Addition of the intercooler IC1 (Fig. 9, 10) with
heat load of 300 kW and increased heat load of high-
boiling temperature subcooler 7 from 792.5 to 1247.2
kW may save agreed operation mode of the
compressor sections with simultaneously solving the
problem of improving the efficiency of the
refrigeration unit.

Installation of additional regenerative heat
exchanger for heat utilization makes it possible to get
additional cooling capacity in the amount of 209.5 kW
at temperature level -45 °C and cool APG stream,
getting more liquid phase, which is given in the
separator S2 and consequently increase the efficiency
of the compressor.
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Figure 8 — Modified design of the refrigeration unit with refrigerant fractionation.

1 - the first compressor section 2 - the second compressor section 3 - air cooler, 4 - separator, 5 — refrigerant fractions
condensing units, 6 — throttling valves, 7 — high-boiling temperature refrigerant subcooler, 8 — low-temperature
refrigerant subcooler, 9, 12 — intermediate subcoolers, 10, 11, 15, 17 — recuperative heat exchangers, 13 — intermediate
gas condensate separator, 14 — low-boiling temperature refrigerant evaporator, 16 — high-boiling temperature
refrigerant evaporator.
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Figure 9 — Design fragment with subcoolers and RHE. Figure 10 — Heat exchange network of the Scheme
6 — throttling valve, 7 — high-boiling temperature fragment with subcoolers and RHE.
refrigerant subcooler, 9, 12 — intermediate subcoolers, 11, 1 — hot streams, 2 — cold streams
15, 17 — recuperative heat exchangers.
A comparison of the differend design options for Exergy temperature function:
PRU were made. Exergy efficiency and cold T, = Ta _ 8)
production costs were calculated. c q fTO Id ducti h
Exergy efficiency of refrigeration unit: ONSUMed power Tor cold production on eac
temperature level:
_ Qe1tQe Qo ,Th-T.
e = rews (6) Ne =3¢ (F—) )
Exergy cooling capacity Electricity costs for cold production:
C,=Ng,"c,"h 10
Q=0T (7) e = Nece (10)
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Table 1 — Comparison of the differend design options for PRU.

PRU with refrigerant Modified PRU design with
fractionation refrigerant fractionation
Refrigerant concentration, % 80/20 | 85/15 80/20 | 85/15
Power consumption, kW:
1-st section of centrifugal compressor | 1463 1432 1516 1467
2-d section of centrifugal compressor | 2210 2176 2781 2851
Cooling capacity, kW:
Qo1 1597 1406 1614 1250
Qo2 3748 3705 4605 4306
Qos 284,5 5715
Boiling temperature, °C
to1 -49,75 -47,5 -51 -49
to2 -42 -41,5 -42,5 -41,5
to3 -45 -45
Exergetic efficiency 0,474 0,45 0,53 0,46
Hydrocarbons extraction degree < 92% < 95%
Electricity costs for cold production, USD/year
to1 404096 330792 414568 295624
to2 673624 782040 1107120 970144
to3 60368 117824
As indicated in Table 1 we can see data Operation modes of centrifugal compressor in

comparison of the refrigeration system using the
proposed circuit design. Application of non-zeotrope
mixture of refrigerant R290/R170 in propane
refrigeration centrifugal compressor results in
increased power consumption and consequently the
produced cooling capacity increases to 23.2%
compared to the non-modified design. At the same
time, the addition of ethane in propane reduces the
boiling point of the refrigerant to -51 °C, which is 13
degrees lower than the base propane refrigeration unit
and cooling capacity. Reducing the temperature level
will increase the degree of extraction of hydrocarbons
from 88-90% to 95% compared to the non-modified
design.

VI. CONCLUSIONS
Propane refrigeration unit design  with

refrigeration fractionation have been analyzed and
optimized.

NOMENCLATURE

N Number of added heat exchangers

A Total heat exchangers area (m?)

P, Charges for depreciation (6.4%)

P, Charges for maintenance (2%)

B Cost of 1kW- h of electricity

AW Total costs of electricity (USD)

C. Energy costs (USD)

C Capital costs (USD)

AEq Exergy difference in the existing system
AE, Exergy difference of optimized system
s Adiabatic efficiency

Ce Costs of 1 kWh of electricity, USD

10

the low-temperature condensation refrigeration plant
were considered. The synthesis of the properly chosen
refrigerant’s concentration modified plant design and
centrifugal  compressor  characteristics  allows
increasing cooling capacity up to 23.2%. The results
of the study are especially valuable for the
development of the advanced solutions for refrigerant
mixture fractionation, which may lower the boiling
point of refrigerant from -38 °C to -51 °C. Modified
refrigeration unit design allows increasing the mass
flow rate of the refrigerant from 22.5 to 25 kg/s and
exergy efficiency from 0.474 to 0.53. Increasing the
concentration of low-boiling temperature component
will reduce condensation temperature. Refrigeration
cycle with refrigerant flow fractionation and use of
non-zeotrope working body will utilize the potential
of the environment during the refrigeration unit
operation.

AT i Logarithmic temperature difference
Qe1, Qe Exergy cooling capacities (kW)

Wi, W, Power consumption of sections (kW)
Qo Cooling capacity (kW)

T, Exergy temperature function

N, Power consumption (kW)

T, Absolute average ambient temperature (K)
T, Absolute boiling temperature (K)

Ty, Temperature of the cooling flow (K)
T, Temperature of the hot flow (K)

N Electric motor efficiency

h Number of working hours
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GPE Gas Processing Enterprises

LTC Low-Temperature Condensation
APG Associated Petroleum Gas
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ONMTUMANbHbIA CUHTE3 NMPOLIECCOB Ans XonogunbHOU CUCTEMbI KOMIMJEK-
CA HU3KOTEMINEPATYPHOWU KOHOEHCALIUM NOMYTHOIO HE®TAHOIO rA3A

Co30anue co8peMeHHbIX BbICOKOIPDHEKMUBHBIX CUCHEM SGNAeMCs KIO4e8biM NPUOPUMEmoM  Ois
IHpoepammul snepeemuueckoti cmpameeuu Yrpaunvl Ha nepuod 0o 2030 zoda. Lleavio nposodumozo
UCCAe008aHUsL  AGNIAIOMCS  OXAANCOAIOWUe  MEXHOLo2UYeCKue HOMOKU — 2A308bIX U He@msHbIX
npeonpusmuil, 8 MoM Hucie annapamsl 6030YUIHO20 OXAANCOEHUs, CUCeMbl OXIAANCOeHUs 800bl U
X0n00UNbHbIE cUCmeMbl 0Ji KOHKpEeMHbIX Xaadazenmos. Cxema Xon00UnbHOU yCmaHnoeKy ¢ pazoeneHuem
xnadazenma Ha @paxyuu OvLia MOOUPUYUPOBAHA Ol MO20, HMOObL YEEeIUHUMb OXAANCOAIOULYIO
CROCOOHOCMb, CHU3UMb MeMnepamypy KuneHus X1a0d2enma u HOGblCUMb KOID uyueHm u3eiedeHus
yeneguix y2neso0opo0os om nomoka nonymuoeo 2asza. llokasawo, umo memnepamypa OXJAAX*COeHUs.
NONYMHO20 HepmMAHO20 2a3a Uspaem BaAX’CHYIO POTb 8 Npoyecce HU3KOMeMNepamypHol KOHOeHCAyUuu.
bBuvino npeonosiceno 0sa pesicuma pabomvl 0751 XOLOOUNLHOU CUCHEMbL: NOCHOAHHLIL, NPU KOMOPOM
KOHYEHmpayus. cMecu X1a0d2eHma He UsMeHAemcs, U OUHAMUYHBLI, NPU KOMOPOM KOHYEHMpayus cmecu
X1nadazeHma 3aucum om memnepamypsl okpyxcaroueli cpeodvl. Ha ocnose ananuza nomeps sxcepeuu
OvLIa onpedeneHa ONMUMANbHASL KOHYEHMPAyus cmecu Xaa0azeHma NPOonaH/3man 0as 000uUxX percumos
pabomul x0100unbHOU cucmemsl. Ha ocHosanuu npogedeHH020 NUHY-AHATU3A ObLIA MOOUDUYUPOBAHA
XONOOUIbHASL YCMAHOBKA € pasdelleHuem XiadazeHma Ha @paxkyuu. B cxemy Oviiu 0obasnenvl
O0ONOIHUMENbHbIE PEeKYNepamueHvle menio00MeH UKy 01 ymuauzayuu meniomol. Peanuzoeanvt mepoi
N0 y8enUudeHUur0 Macco8020 pacxood X1aodzeHma yepes 8Mmopyr CeKyuio YeHmpooeIcHo2o0 X0100UIbHO20
Komnpeccopa om 22,5 0o 25 ke/c, He Hapywas coenaco8amtblil pedlcum padomvl CeKyull KOMIpeccopa.
Knrouesvie cnosa: nponanlsman; cmeco xaadazenma; nomepu dKcepul; YeHmMpoOe’CHbLl KOMIPEccop;
KOHYeHmpayus xaiadazenma; @QpakyuoHuposauue Xaao0d2eHmad, NUHY-AHANU3, HUZKOMEeMNepamypHasl
KOHOEHCayusl.
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