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In air split-conditioners, the degree of their energy perfection must be determined based on the
analysis of their exergy efficiency. In this article the innovative mathematical model developed by the
authors for exergetic analysis of the work of air split-conditioners.

For example, exergetic analysis was performed on this model for the air split-conditioner with
the nominal cooling capacity 2500 W of “Mitsubishi Electric” firm under standard external temperature
conditions and received the output-input exergetic ratio (OIER) and exergetic losses in the air split-
conditioner individual elements on the refrigerants R410A, R32 and refrigerant R290 (propane). It is
shown that the the exergetic efficiency of the air split-conditioner increased by 9.3 % and 5.1 %, when
using the R290 refrigerant compared to R410A and R32, respectively.

Keywords: air split-conditioner, exergetic balance, exergetic output-input exergetic ratio
(OIER), exergetic losses, refrigerant, refrigerating machine.

Introduction

In Ukraine, the resources of the main energy commodities are limited, namely oil and gas, and this
makes now the problem of saving energy resources especially relevant in conditions of market economy.

Currently, the process of redistribution of the share of heat electricity consumption in the
residential sector of settlements of Ukraine is underway. This has led to the constant reduction in the
thermal capacity of traditional heating systems, a significant increase in tariffs for heat and gas and
increased electricity consumption at home to create a comfortable indoor conditions in the warm and cold
periods of the year, for which air conditioning is widely used, including air split-conditioners. In recent
years, for energy-efficient operation of household refrigeration equipment, R290 refrigerant is widely
used compared to other refrigerants. But this refrigerant at the same time did not find its application in air
split-conditioners.

It should be noted that in order to save energy, fundamental research has been conducted in recent
decades both abroad and in Ukraine from the standpoint of exergy methodology in a number of industries
and technologies (Szargut, 1968; Sokolov, 1981; Silvio, 2013; Sazhin, 2000; Bejan, 1988; Bejan, 1996;
Morozuk, 2006; Morozyuk, 2006; Morosuk, 2014; Tsatsaronis, 2002; Labay, 2008; Labay, 2018; Labay,
2020; Labay, 2021).

It is known that energy and exergy flows coexist. When it comes to flows of mechanical or
electrical energy, they can be equal to each other, and the heat fluxes vary greatly. Exergy allows you to
assess the quality of energy, not just to quantify the energy of any kind. It determines the suitability of
energy in any conditions for its technical use, namely its convertibility.



Investigation the exergetic efficiency of refrigerant r290 (propane) application... 129

Since exergy allows you to objectively assess the energy resources of any kind, it is the only indicator
of efficiency, consequently the suitability of energy resources for use. Therefore, exergy is a universal
indicator of the suitability of energy resources. The possibility of increasing the OIER process is indicated
by the exergy balance, on the basis of which the amount of energy resources is determined.

In the United States and some leading European countries, exergetic analysis was introduced as a
mandatory section in the development of production modernization projects and plans.

So, we conducted analytical research on the developed mathematical model of operation of the air
split-conditioner by exergetic method for one of the air conditioners of the company "Mitsubishi Electric"
to convince of the energy efficiency of R290 refrigerant in air split-conditioners. Similar results can be
obtained for any other air conditioner, any other company and with any other refrigerant. Therefore, such
studies indicate their relevance.

Analysis of literature data and problem decision

In the works of R. K. Clausius, J. Szargut, R. Petela, G. Gouy, John V. Gibbs, A. Stodola, and
V. M. Brodyansky, the technical and economic optimization of various technical systems, in particular
refrigerating machines of air split-conditioners, successfully used for this exergetic method of analysis
(Szargut, 1968; Sokolov, 1981; Silvio, 2013; Sazhin, 2000; Bejan, 1988; Bejan, 1996; Morozuk, 2006;
Morozyuk, 2006; Morosuk, 2014; Tsatsaronis, 2002) . Cost estimation in energy equipment, that using
energy, cannot be the only measure of its efficiency today. Fluctuations of prices do not affect exergy.

Creating a suitable microclimate in small rooms with the help of modern air split-conditioners,
which have achieved a certain some technical improvement, is not promising now. It is known, that the
energy efficiency of refrigerating machines of these air split-conditioners depends on the parameters of
both external and internal temperature conditions of their operation and the type of refrigerant (Sokolov,
1981). Therefore, it is necessary to conduct a detailed analysis of the work of air split-conditioners
refrigeration machines using various refrigerants, including R290, to further improve the efficiency of
these air split-conditioners.

For this purpose, based on the work (Sokolov, 1981), the innovative mathematical model of exergy analysis
of the operation of refrigerating machines of air split-conditioners has been developed by the authors,
adapted for different refrigerants and manufacturers. This mathematical model makes it possible to carry
out exergy investigations of the refrigerating machine as a whole one and of its individual parts, for
obtaining full information about the processes of energy transformation that have place in such systems
(Labay, 2008; Labay, 2018; Labay, 2020; Labay, 2021). In order to optimize the operation of the air split-
conditioner refrigeration machine, we obtained the results of finding and analyzing the exergy OIR
process as a whole and exergy losses in individual elements of the air split-conditioner.

So, based on analysis of available literature data, decreasing the energy costs that used by air split-
conditioners can be the most complete achieved on the basis of exergy analysis, which takes into account
not only the quantity but also the quality of spent energy (Labay, 2008; Labay, 2018; Labay, 2020; Labay,
2021).

Purpose and tasks of the investigation

To determine exergy OIER and exergy losses in individual elements of air split-conditioner of
“Muitsubishi Electric” firm on two-component refrigerant agent R410A, one-component R32 and proposed by
the authors refrigerant R290 (propane) for using in air split-conditioners, is the purpose of this work.

The following main tasks were formulated to achieve this goal:

— on R410A, R32 and R290 refrigerants under standard external temperature conditions to install
exergy OIER on the example of air split-conditioner with a nominal cooling capacity of 2500 W from the
company “Mitsubishi Electric”;
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— on R410A, R32 and R290 refrigerants to install the exergy losses in individual elements of air
split-conditioner, for example, of the company “Mitsubishi Electric” with a nominal cooling capacity of
2500 W.

Methods, materials and results of researches

The object of study in this work is a refrigeration machine with one-stage steam compressor
(without the compressor effective cooling), which is used for air split-conditioners, its scheme is shown in
Fig. 1, a, and on which split-conditioners refrigerating machines thermodynamic processes for air cooling
are investigated (Fig. 1, b).

<
3 2 s K
q '— U .
@ Theoretical
process
” 3 3 tcond’ poond 2' 2" 2
3 (==} I 2 tovercool /\/
¢ /\ Real
ue process
/] ] q» to Py
4 1 1\
4 v I 1
x=0 x=1
4 © _(1: i, ki/kg
a b

Fig. 1. Air split-conditioner refrigerating machine scheme (a) and the processes of work construction
on (p,i) — diagram (b): 1, 2, 3, 4 are the thermodynamic cycle characteristic points;
I is compressor; Il is condenser; 111 is capillary tube; IV is evaporator

This refrigerating machine work is as follows. In the evaporator IV heat from the internal
(recirculated) air of the room enters to the working refrigerating agent (RA). The working refrigerant
boils in the evaporator IV at the constant evaporation pressure p, = p,, as a result of heat supplying

and the evaporation temperature t, =t,,, and also overheats under pressure p,, from temperature t,,

ev !
to suction temperature t,.. After that, the compressor | superheated steam is sucked out of the
evaporator IV.

The overheated steam of the working refrigerant is compressed from the evaporation pressure p,,
to the condensation pressure p,,,, in compressor | as the temperature rises from t . to t,.

The actual compression process 1-2 in a compressor | due to friction, irreversible heat transfer and
non-adiabatic does not coincide with isentropic compression 1-2".

Superheated steam enters from compressor | to the condenser |1, where because of heat transfer to
outside air (environment), there is a cooling process of the working refrigerant from the temperature t, to
the condensation temperature t., condensation process of the RA steam along the constant condensation
pressure p.,s and the condensation temperature t., and process of overcooling of liquid RA under
pressure p.,, from temperature t_, to overcooling temperature t

Next, after the condenser Il, the liquid refrigerant is throttled through the capillary tube
(throttler) 111, where the throttling of the working refrigerant, the pressure falls from p_ to p,, and

cond overcool *
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the temperature decreases from t_ 4 to t,,. During this the working RA partially evaporates (~20 %).

Finally, the working RA after the capillary tube Il enters the evaporator IV and the refrigeration cycle is
repeated again.

For such refrigerating machines technical characteristics, as usual, been pointed at a standard
external temperature mode, which is determined by: standard temperature of surrounding environment
(outside air) t,,; =35°C (at relative humidity j,,; =40 % (accordingly, moisture content d,,, = 13,8 g/kg and

specific enthalpy 1,,, = 70.6 kJ/kg)) (here the index H is heat) and standard temperature of the conditioned
internal (recirculation) air in a room t., = 27°C, according to temperature of surrounding environment
(at relative humidity j.,= 46 %) (accordingly, moisture content d., = 10.1 g/kg and specific enthalpy
lc; =52.8 kJ/kg)) (here the index C is cool).

To calculate the standard cooling process shown in (p,i) — diagram of the stationary thermal state of
refrigeration machine, when in the unit time through each of its element (compressor, condenser, capillary
tube and evaporator) a constant amount of the refrigerant circulates. The values given for calculation are:
cooling capacity Q. , W, consumable power N;,, W, amount of condensate on the evaporator W, , I/h,
and during operation of one-component RA in the refrigerating machine of air split-conditioner its
internal temperature mode is defined by four temperatures t,,, ty., toong s tovercoor » WhiCh are determined
by external temperature mode and air flows on the evaporator L, , m¥h, and the condenser L, , m*h.

The processes of operation of the refrigeration machine of the air split-conditioner is based on (p,i) —
diagram and is shown in Fig. 1, b.

Note the processes that characterize the cut-offs that are obtained on the (p,i) — diagram (Fig. 1, b).

1-2" is theoretical (adiabatic s, = const) compression in the compressor of dry overheated steam of

in?

ev’ “suc’

the RA from the evaporation pressure p,, to the condensation pressure p.,. -

1-2 is real (polytropic) compression in the compressor of dry overheated steam of the RA from the
evaporation pressure p,, to the condensation pressure p.,.q -

2-2" is isobaric cooling ( p.,q = const) of overheated steam of the RA in the condenser from the
temperature t, to the temperature of condensation (saturation) t
external air (environment).

2'-3' is isobaric-isothermal ( p,,,q = const, t
condenser due to removal of heat by cooling external air.

3'-3 is isobaric overcooling ( p.,g = const) of the liquid refrigerant in the condenser from the

due to removal of heat by cooling

cond

= const) condensation of steam of the RA in the

cond

condensation temperature t_ ., to the overcooling temperature t due to removal of heat by cooling

cond overcool

external air.

3-4 is isoenthalpic (i; = const) throttling of the liquid refrigerant in the capillary tube with a
decrease in pressure from p.,.4 10 p, .

4-1' is isobaric-isothermal ( p,, = const, t,, = const) evaporation of the liquid RA in the evaporator
due to the heat supply from the cooled internal (recirculation) air of the room.

1'-1 is isobaric ( p,, = const) overheating of the RA steam in the evaporator from the evaporation
temperature t,, to the suction temperature t,,. due to the heat supply from the cooled indoor air of the

room.

Refrigerant supercooling (line 3'-3) compensates losses during throttling and increases cooling
capacity of the air conditioner. Some overheating of the RA steam before suction in a compressor (line 1'-1)
provides the “dry” compressor stroke.



132 Volodymyr Labay, Vitaliy Yaroslav, Mykola Gensetsky

Then find the parameters of the working refrigeration agent in the characteristic points of the
scheme of air conditioner refrigerating machine or by using the thermodynamic (p,i) — diagram of RA or
by using its tables (Jakobsen, 2001; Mitsubishi, 2021) or according to the formulas obtained by the
authors on the basis of the tables for the corresponding RA and valid in the temperature range 0...50°C.

For calculating the exergetic OIER and analysis of work of refrigerating machine of air split-
conditioner, the following output data are necessary to have:

— standard cooling capacity of air split-conditioner Q' , W;

— the internal air temperature at the enter t;, =27 °C in the evaporator and the inflow one at the
exit tg, from it;

— the temperature of the outside air at the enter t,,, =35 °C and at the exit t,,, from the condenser;

— thermodynamic properties of RA — refrigerants R410A, R32 and R290;

— scheme of the refrigeration unit (Fig. 1, a).

Initially, for the evaporator of the air split-conditioner, which cools the indoor air of room with the
initial standard temperature t., = 27 °C, calculated the evaporation temperature and for the condenser of
the air split-conditioner, which heats the outside air with the initial standard temperature t,, =35°C,
calculated the condensation temperature and the temperature of suction of refrigerant vapor in the
compressor and the supercooling of liquid refrigerant in the condenser.Then the process of work of the
refrigerating machine without cooling the compressor in the thermodynamic corresponding (p,i) -
diagram (Fig. 1, b) has been built. In the characteristic points of the scheme by the diagram or by tables or
by formulas, the parameters of the refrigerant have been finding (Jakobsen, 2001; Mitsubishi, 2021).

The heat consumption per unit cost of the working refrigerant in individual units of the air split-
conditioner refrigeration machine according to the thermodynamic (p,i) — diagram is revealed.

The air split-conditioner specific internal indicator work of the compressor is:

I, =i, -i,, kilkg, @)
where i, and i, at the corresponding points of the refrigeration cycle are the specific enthalpy, ki/kg.

Then find according to the formula the cooling ratio of the air split-conditioner installation:

€= T]equ / Ii ' (2)
where h,, is the electromechanical OIR of the compressor (h,,, =0.9); q, =i, - i,, ki/kg is specific heat
consumption in the evaporator per unit cost of the refrigerant.

The air split-conditioner refrigeration machine OIER have founded by the formula:

h, = E. *e, ©)
where E. =T, | Tc -1 is electric energy (exergy) specific consumption in the ideal cycle, which is

attributed to the unit of heat, was fed to the heat sink (evaporator) with the average temperature Tc, K;
T, 1S ambient temperature, K.

The value of exergy of the refrigerant in the characteristic points of the process have determined by

the formula:

e=i-lig = Tony (s - senv) , kJ/kg, 4)
where i is the value of the specific enthalpy of the refrigerant in the characteristic points of the process,
kJ/kg; i.,, is the value of the specific enthalpy of the refrigerant in the state 7,.,, p,, (temperature and
pressure of the environment), which is in equilibrium with the environment, kJ/kg; s and s, are
corresponding values of the refrigerant entropy, kl/(kg-K), which have been determined by thermodynamic
tables or diagrams or formulas (Jakobsen, 2001; Mitsubishi, 2021).

Then find in the form of electric energy, which is introduced into the air split-conditioner refrigeration
machine, the specific amount of exergy supplied directly to the electric motor of the compressor, according to
the formula:

e, =N, 10/ G, ki/kg, (5)
where N, is the power consumed by the compressor electric motor, W; G = Q. x107°/ g, is in the contour
of refrigerating machine quantity of circulating refrigeration agent, kg/s.
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The refrigerating machine of the air split-conditioner losses of exergy in some apparatus is:

d= €heg ~ €end » k.]/kg, (6)
or as a percentage of the entered into the refrigerating machine exergy:
D = (e €eng 1100/ &;,, %, )

where e,,, and e, are value of the specific exergy of the refrigerant in the beginning and at the end of

the process in the air split-conditioner refrigeration machine separate apparatus, kJ/kg.

The exegetic balance of the one-stage steam-compressor refrigerating machine (without effective
cooling of compressor) of the air split-conditioner for 1 kg/s of the flow of a circulating working
refrigerant has the form (Labay, 2008; Labay, 2018; Labay, 2020; Labay, 2021):

e, =&, +5d, kikg, (8)

or as a percentage of e,
E,, = E, +SD, %, 9)
where e, is the quantity of the specific exergy, that enters into refrigerating machine of conditioner,
kJ/kg; e, is the quantity of the specific exergy, which comes out from the refrigerating machine of the

conditioner, ki/kg; Sd are total losses of specific exergy in all apparatuses of the refrigerating machine of
the conditioner, kl/kg; E,,, E,,, SD are respectively, exergy of the refrigerating machine of air split-

in?
conditioner, which is spent on maintaining the process of its work; the increase of exergy of air in air-
conditioned premises; total losses of exergy in all apparatuses of the refrigerating machine of the air
conditioner as a percentage ( %) of the exergy e.. , which is included in the refrigerating machine.

in?
Losses of exergy in the refrigerating machine of the air conditioner consists of losses of exergy in
the compressor, the condenser, the capillary tube (throttle) and the losses of exergy due to the irreversible
heat transfer in the evaporator, i.e.

Sd = dcompr + dcond + dthr + d(i;’rev.h.tr J k‘]/kg; (10)
SD = Dcompr + Dcond + Dthr + Dei\rlrev.h.tr ' %' (11)

where D D

compr + Deond » Dinr» Dy ™" are respectively, losses of exergy in the compressor, the condenser,
the capillary tube and the evaporator, %.

The exergetic balance of this refrigerating machine of the air split-conditioner based on its principal
scheme (Fig. 1, a).

Obviously, the perfection of the refrigerating machine of the air split-conditioner and its elements
is that higher, the higher the exergetic OIR is, which was also determined from the exergetic balance,
namely (Szargut, 1968; Sokolov, 1981; Labay, 2008; Labay, 2018; Labay, 2020; Labay, 2021):

h,=E,./E,. (12)

Calculation the refrigerating machine of air split-conditioner the exergetic OIR creates conditions
for solving the issue of saving fuel and energy resources (Szargut, 1968; Sokolov, 1981; Labay, 2008;
Labay, 2008; Labay, 2010; Labay, 2018).

Consequently, the exergetic OIER of the refrigerating machine of air split-conditioner also have
been calculated by the formula (12), in which the numerator is a useful exergetic effect, and the
denominator is the cost of exergy.

We have calculated the OIER of the air split-conditioner refrigeration machine with one-stage

steam compressor of “Mitsubishi Electric” firm with nominal cooling capacity Q2 = 2500 W at standard

temperature conditions on refrigerants R410A, R32 and R290. For the calculation were accepted:
—overcooling of the liquid refrigerant in the condenser Dt ..., =5 °C;

— overheating of the refrigerant vapor in the evaporator Dt =10 °C;

overheat
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— final temperature difference in the evaporator (internal air and boiled refrigeration agent)
Dt,, = 2.8 °C;

— final temperature difference in the condenser (external air and condensing refrigerant)
Dt = 4.2 °C.

For calculations on the computer mathematical model the (p,i) — diagram of the refrigerants
R410A, R32 and R290 in the temperature range 0..50°C was fed as analytical dependences p = f(t),
i=3(t), s=y().

The calculation results are summarized in Table 1.

Table 1

Results of calculating of OIER and exergetic losses in the air split-conditioner elements
with nominal cooling capacity 2500 W of “Mitsubishi Electric” firm

Refrigeration Exergetic losses in the air split-conditioner elements, % Exergetic OIR
agent Deompr Deond Dinr Dg,rw'h'tr he, %
R410A 26.9 21.3 10.5 18.7 22.6
R32 27.1 22.4 4.8 22.2 23.5
R290 27.0 20.7 75 20.1 247

The growth of the OIER due to transition from the refrigerants R410A and R32, respectively, to the
proposed by the authors for use in split-conditioners refrigerant R290, is:

_247-226 _247-235

DR290 = TxlOO =9.3 %; DR290 = x100=5.1 %. (13)

The Grassmann’s diagram of the exergetic flows of the air split-conditioner refrigeration machine,
according to the results of calculation, have been built (Fig. 2).

/ " i IV Q& =E&=E,.%

E, = 100%

£

) % Dcand: % D, thr: % Dg’;rev.h. fr' 7%

compr:

Fig. 2. The exergetic flows of the air split-conditioner refrigeration machine
in the Grassmann’s diagram:

Deompr + Deond + Dt - DTV are respectively, exergetic losses in the compressor,

the condenser, the capillary tube and the evaporator, %
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Conclusions

R290 refrigerant is widely used in household refrigeration equipment, which has led to its more
energy-efficient operation compared to other refrigerants. At the same time, this refrigerant has not been
used in air split-conditioners.

This allowed substantiating the relevance of the research task, which is due to insufficient
information on the effectiveness of the use of various refrigerants in air split-conditioners. The author's
innovative mathematical model for the analysis of work of one-stage freon refrigerating machines used in
split-conditioners, by an exergetic method is developed. This model obtained exergetic efficiency and
losses of exergy in individual elements of the air split-conditioner on the example of an air conditioner
with a nominal cooling capacity of 2500 W from ,,Mitsubishi Electric” firm at standard outdoor
temperature conditions on refrigerants R410A, R32 and proposed by the authors for use in air split-
conditioners refrigerant R290 (propane). R290 refrigerant has been found to be the most effective in
terms of exergetic efficiency.

The use of R290 refrigerant compared to R410A and R32 showed an increase in the exergetic
efficiency of the split air conditioner by 9.3 % and 5.1 %, respectively. The exergy losses found in all
elements of the air split-conditioner refrigeration indicate the need to improve the air split-conditioner
equipment in order to reduce the exergy losses in them and to increase its exergy efficiency in general.

The mathematical model of the split-conditioner operation can be applied to different air split-
conditioner models, to different types of refrigerants, provided the thermodynamic properties of the
refrigerant and the characteristics of the split-conditioner are known.
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B. . JIa6aiil, B. 1O. SIpocaas®, M. I1. Tencenpbkmii’
Harmionansauit yHiBepcutet “JIpBiBChKa MOITEXHIKA”,
! xadempa TeIwIora3onocTa4anys i BEHTHIIALI],

2 JIbBIiBCHKHi TEXHIKO-€KOHOMIUHHI KOJIEIK

JOCJIJKEHHA EKCEPTETUYHOI EOGEKTUBHOCTI
3ACTOCYBAHHSA XOJOAOATEHTY R290 (ITPOITAHY)
JJIA POBOTHU CIVIIT-KOHAUIIIOHEPA

O Jlabaii B. 1., Apocnas B. IO., I'enceyvxuu M. I1., 2021

OcraHHIM 4YacoM 3a KOpAOHOM Ta B YKpaiHi JUIsl 3a0MLIa/UKEHHS CHEPreTHYHHX PECypCiB BEIyThCS
(GyHIaMeHTaIbHI JIOCIIKEHHS HU3KA TEXHOJIOTIH i3 MO3uIliii excepreTmynoi Metomoiorii. Tomy B split-
KOHJIUI[IOHEPaX CTYIIHb X CHEPreTHYHOI TOCKOHAJIOCTI MOTPIOHO BU3HAYATH HAa OCHOBI aHaJi3y IX eKcepre-
TUYHOI €peKTUBHOCTI.

VY noOyTOBif XONOMWIBHIA TEXHII MIMPOKO 3acTOCOBYEThcs XoiozoareHT R290, mo crpusina il
CHEProOIIAIHIIIIH eKCIUTyaTallii MOPiBHAHO 3 IHIIMMH XOJIoJoarcHTaMu. Y Tod camuid vac y Split-konmgu-
IioHepax Iei XONOIMIBHUN areHT He 3aCTOCOBYIOTh.

e nano 3Mory oOIpyHTYBaTH aKTyaJbHICTh JOCIIIHHUIBKOTO 3aBIAaHHS, IO TOB’SI3aHO 3 HEIoC-
TaTHBOIO 1H(MOPMAIEI0 MO0 ePEKTUBHOCTI BUKOPUCTAHHS PI3HUX XOJ0A0areHTiB y Split-koHaumionepax.
Jnst aHamizy poOOTH OIZHOCTYNEHEBHX (PEOHOBHX XOJONWIBHHUX MAIIWH, SKi BHKOPHCTOBYIOTH y Split-
KOHJMITIOHepaX, po3poOJIeHO aBTOPCHKY IHHOBAIlIfHY MaTeMaTHYHY 3a €KCEPreTHYHMM MeToaoM. Ha miif
MOJIeIi OTPUMAHO eKcepreTHaHuit koedinienT kopucHoi il (KKJI) Ta BTpatu excepril B OKpeMHX eleMeHTax
split-koHauioHepa Ha MPHUKIAAI KOHAUIIOHEPAa 3 HOMIHAJIBHOW Xomojonpoaykrushictio 2500 Bt ¢dipmu
“Mitsubishi Electric” 3a crammapTHUX 30BHINIHIX TeMIepaTypHHX yMOB Ha xomojoareHtax R410A, R32 i
xonmomoareHty R290 (mpomany) sikuii 3ampOoNOHYBaiM aBTOpW Ui Bukopuctanus y Split-xkoumumioHepax.
Buseneno, mo 3a ekceprermunnM KKJ[ xonmommmpHmii areHT R290 € HaifeexTuBHIIMM. BukopuctaHHS
xononoaredty R290 nopisusiHo 3 R410A i R32 36inbmiiia ekcepretuuny epektuBHicts Split-konauitionepa
Ha 9,3 % i 5,1 %, BignosigHo. Brpatu ekceprii, BCTAHOBJIEHI B YCiX €JIEMEHTaX XOJOAWIbHOI MarmHu Split-
KOHIHMIIOHEPA, BKa3yIOTh Ha HEOOXIHICTh yIOCKOHAIEHHS oOnaaHanHs Split-koHmumionepa, mobd 3MEHIIUTH
BTPATH €KCEPTii B HUX Ta 3arajoM 301IbIHTH ioro ekcepreTruynmii KK/I.
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