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Solar desiccant-evaporative cooling systems with ceramic packing
(microporous multichannel structures)

In this paper, a method for the determination of the efficiency and limitations of the eva-
porative cooling process is presented. Ceramic is employed as a packing material in the eva-
porative equipment. It is shown that the experimental efficiency of the ceramic packing is 10-
20% higher as compared to packings made of aluminum foil and multichannel polycarbonate
plates because of the absence of common liquid film on the packing surface, and due to the
absolute wettability of the ceramic packing. Heat and mass transfer equipment for desiccant-
evaporative cooling systems (direct and indirect evaporative coolers, cooling tower) utilizing
ceramic structures has been developed.

Nomenclature:

A Air

w water

ABR Absorber

DBR desorber-regenerator

CTW cooling tower

CPM ceramic porous material

CS cooling space

DECg direct evaporative cooler

IECg (IEC-Rg) indirect evaporative cooler

HEX heat exchanger

HMTE heat and mass transfer equipment
E Efficiency

F Area (m?)

G mass flow rate (kg s

H enthalpy (kg kJ™")

Cy constant pressure specific heat (kJ kg K™
L relative flow rate (-)

P pressure (bar)

(0] heat flow rate (W m?)

0 water sprinkling density (m® m~?h™)
SCS Solar cooling systems

SACS Solar air conditioning systems
SCw water solar collector

SCg-1(R) solar collector-regenerator (gas-liquid solar collector)
Tt temperature (C)

Vv velocity (m s™)

w water
X moisture content (g kg™)
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Greek letters

o heat-transfer coefficient (Y m? K'l)
A Increment

B mass transfer coefficient (kg m?s™)
A characteristic number -)

D relative humidity (%)

Subscripts

A Air

1d ideal

P Primary

S Secondary

Wb wet bulb

Ult Ultimate

/4 water

1 Entrance

2 Exit

Introduction. Evaporative cooling is efficient for dry and hot climate conditions
(when the humidity ratio of the ambient air x,<12...14 g kg™"). The development of
the indirect evaporative coolers is of particular interest because the air flow is cooled
without contact with water, meaning that the humidity ratio of the handled air is un-
changed. The application of a heat-driven absorption cycle, which consists of the pre-
liminary dehumidification of the air followed by its further use for evaporative cool-
ing, is the basis for the development of alternative solar refrigeration and air condi-
tioning systems (RACS).

The wide practical application of desiccant-evaporative cooling methods in
modern solar cooling and heating systems requires solutions of the following prob-
lems: selection of working fluids (desiccants) that provide high absorption capacity
and show minimum adverse effect on structural materials; elaboration of effective
heating circuits for desiccant regeneration, which is essential to the development of
high quality solar collectors, which can provide the required temperature level for re-
generation; the decrease of the energy inputs for transport of the working fluids
(flows of air, water, and desiccant). The development of desiccant-evaporative sys-
tems can remove climatic limitations for the application of evaporative methods of
cooling and significantly enhance energy and ecology characteristics of alternative
RACS:s.

The number of studies investigating the capabilities of the open-cycle absorption
as applied to cooling and air conditioning increases because such systems are easy to
design and to use, with high reliability and durability (Doroshenko and Glauberman,
2012; Xie et al., 2012 [4]).

One of the most important considerations for such systems is the process of
coupled heat and mass transfer in the packing of the appropriate device: absorber, de-
sorber (for the systems with desiccant regeneration in desorber), direct evaporative
cooler (DEC), indirect evaporative cooler (IEC), and cooling tower (CTW). As Zhao
et al. (2008 [17]) stated, the packing can vary in structure (structured and random)
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and material (metal, plastic, paper, cotton, ceramics, etc.). The problem of film distri-
bution on the packing surface (the problem of maximum wettability) is of great im-
portance because the dry part of the packing is eliminated from the heat and mass ex-
change process, resulting in a decrease of device efficiency. Nozzles and other devic-
es can be used to ensure uniform distribution of liquid and total wetting of the pack-
ing.

To avoid these problems, porous materials (ceramics) were proposed as mate-
rials for packing elements for evaporative cooling. Recently, a number of theoretical
and experimental investigations have been performed to study the application of por-
ous materials for cooling (Gomez et al., 2005 [7]; He and Hoyano, 2010 [8]; Ibrahim
et al. [9], 2003; Martinez et al. [11], 2011; Pires et al. [12], 2011; Riffat and Zhu, [13]
2004).

The main objective of this research is the development of constituent devices,
based on ceramic modules, for innovative, high-performance solar-driven desiccant-
evaporative systems with direct desiccant regeneration in the solar collector-
regenerator. Such systems are intended for commercial application in different do-
mestic and industrial cooling, refrigeration, and air conditioning systems.

1.Experimental study of the heat and mass transfer processes in evapora-
tive coolers. A test rig was built for experimental investigations of the evaporative
coolers’ operational characteristics. A schematic diagram and photograph of the test
rig are shown in Fig 1. The test rig provides the opportunity of studying the working
processes in CTW and DEC, as well as in [EC. The ambient air after heat and humid-
ity handling (heating in the air heater 1 and moistening through the bypass line 7 by
the air flow leaving the evaporative cooler) through ventilator 2 enters the working
chamber 3, where the evaporative cooler module is installed. The variable speed mo-
tor of the ventilator allows for regulation of the air flow rate in the device. The tem-
perature of the air is regulated in the channel electric heating coil 1, where it can
reach 70 °C. The main part of the test rig, where the evaporative cooler module is lo-
cated, is made with an inspection window (detachable cap) fabricated from thick-
walled transparent plexiglass. Dimensions of the chamber are 460x400x180mm;
throughput performance of the full air flow is up to 3500 m’> h™". Air flow meter 6 and
air flow regulators 8 and 9 are installed in the air line.

The water pump 13 with regulated flow rate provides water circulation through
the evaporative cooler module. The water flow rate is measured by RS-type flow me-
ter 10. The water through the discharge line enters distribution chamber 4, from
which it comes for packing sprinkling. The constructive embodiment of all HMTE is
unified (CTW, DEC, IEC). They all are constructed as cross-flow devices in which
vertical multichannel plates from ceramic porous material (CPM) are utilized as a
main element of the packing. Water chamber 11 consists of five pockets. This pro-
vides differential measurement of water flow rate and the latching of its lengthwise
surging by air flow. All pipelines are thermally isolated. Temperature and relative
humidity of the air are measured before and after the working chamber (mercurial
thermometers and RTD sensors - 17 and 18). K-type thermocouples are used for tem-
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perature measurement during the cycle, along with a multichannel measuring conver-
ter.

The test rig provides the experimental investigations of designed evaporative
coolers with the packing built of equidistantly located CPM plates with ribbing,
which create multichannel regular packing. Previously, the experimental research of
evaporative cooling in lengthways-corrugated elements made of aluminum foil paper
and multichannel polymeric structures was fulfilled at the Odessa State Academy of
Refrigeration (OSAR) (Doroshenko, 1992 [2]; Doroshenko and Gorin, 2005 [5]). The
value of the equivalent diameter of the channels was varied in the range of 15...20
mm; the area of the packing constructive specific surface was varied in the range of
170...200 m* m™. Obtained recommendations along with the results of the studies of
Doroshenko (1992) [2] and Doroshenko et al. (2005) [3], were used in the manufac-
turing of the evaporative cooler modules made of CPM. The working range of air ve-
locity in the channels of the packing was varied in the range of 1.0...7.0 m s”'. The
value of the ratio of air and water was / = G,/ G,, = 1.0 for the evaporative coolers of
water, and the water sprinkling density was ¢,,=5...18 m’m?h’,

Measurement accuracy of the main data is determined by the accuracy of the de-
vices, and it was calculated for each experiment (for the heat balance the accuracy
was about 12%). The following results were obtained experimentally. The increase of
water flow rate G,, from “dry” regime to the value of the water sprinkling density g,
=10 m’m?h™ did not result in an appreciable increase of pressure drop as air passes
through the “wet” part of the IEC packing (Fig. 2).

It was explained by a practical absence of liquid film on the surface of the pack-
ing. The common phenomenon of flooding (evacuation of liquid from the packing of
the device by air flow and the decreasing of the device capacity up to zero) for the
cross-flow scheme is fully absent up to the value of v, < 8-10 m s™'; phenomenon of
lengthways drifting of liquid, resulting in its unfavorable distribution in the volume of
the packing and removal from the layer, is also fully absent — which can be explained
by absence of liquid film on the surface of the packing as well. The transition to a
cross-flow scheme provides the decrease of Ap, and consequently the decrease of
rated power inputs compared to counter-flow mode, and also provides the possibility
of further increase of the capacity. Besides, when several devices are located in one
cooling unit, the cross-flow linear mode is an optimal solution for the arrangement of
the devices.

The liquid retardation in the layer of the packing substantively provides high
value of the heat and mass transfer surface, and thus it results in acceptable efficiency
of the evaporative cooling process. The accumulation of the liquid in the volume of
the ceramic packing takes place practically instantly and in such a way that the total
surface for heat and mass transfer is formed. A circulating method was used in the
study to determine the liquid retardation in the layer of the packing, based on the
principle of conservation of the liquid mass in a closed circuit (Doroshenko and
Glauberman, 2012 [4]).

The liquid is pumped to the device from the calibrated tank (12-20) and it drains
into it. The difference between the levels of the liquid before activation of the de-
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Fig. 1. Schematic diagram and
photograph of the test rig to study
the cross-flow heat and mass
transfer devices for direct and in-
direct evaporative cooling of wa-
ter and air. 1 — electric heater; 2 —
ventilator; 3 — working chamber;
4 — liquid distributor; 5 -
spray separator; 6 — air flow me-
ter; 7 — return line; 8, 9 — air flow
regulator; 10 — water flow meters;
11 — sectional meter of liquid flow
rate; 12 — water tank; 13 — water
pump; 14 — filter; 15 — water hea-
ter; 16 — water temperature regu-
lator; 17, 18 — mercury thermome-
ter and RTD sensor; 19 — pressure
gauge; 20 — tank for the mea-
surement of liquid retention; 21 —
scale bar; 22 — control box.
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Fig.3. The influence of humidity ratio (A) and air temperature (B)
on the efficiency of the IECg for the primary air flow.

vice and when the device is operated is proportional to the retention of the packing
layer. During the operation, the level of the liquid was changed due to liquid evacua-
tion and evaporation. Developed methodology allowed these ingredients to be taken
into account to determine full liquid retardation.

For IEC during the experiment, the ratio of the primary and secondary air flows
was [;zc = Gp/Gs= 1.0. Thermal efficiency of the IEC for primary and secondary air
flows is determined from:

_t;_t; E _t;_tsz (1)
T = o=

here ¢ is the air wet bulb temperature at the entrance of the device similar to DEC,
but it is 1.5...2.0 °C higher because of thermal conductivity of the dividing wall and
inner heat flux from primary to secondary air flow.

On average, the value of E, is in the range of 0.6...0.9, which is substantially
higher than the values of the process efficiency for the film-type packing composed
from multichannel polycarbonate plates £, = 0.55-0.75 (Doroshenko and Glauber-
man, 2012 [4]). This is determined by the value of liquid retardation. According to
Fig. 3A, the efficiency of the process E, decreases as the moisture content of the am-
bient air increases. The efficiency of the primary air flow process improves when the
temperature of the air at the entrance of the device is increased (Fig. 3B). Thermal ef-
ficiency of the /EC for secondary air flow is 10-15% higher on average as compared
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Fig. 4. Efficiency of the water cooling process in CTW.

to the efficiency for the primary air flow. Consequently, the working range of the
value of /;z¢ can be increased.

The results of water cooling during the evaporative process in CTW are shown
in Fig. 4 — the efficiency of the process (the water cooling degree) versus the charac-
teristic number A = [/ [;;, where [ = G,/ G,, (the value of /;; corresponds to the ideal
design of the water cooler and is determined by ¢, and 7.,).

The value of the flow ratio was / = 1.0; the density of sprinkling was ¢,, = 5...18
m’m~h”. It can be seen from Fig. 6 that the efficiency of packing made of CPM is
10-20% higher compared to previously received experimental results for packing
constructed of aluminum foil and multichannel polycarbonate plates.

2. Design and development of the evaporative equipment for solar desiccant
cooling systems. The main components of the cooling part of solar RACS with direct
desiccant regeneration in a solar collector-regenerator are DEC or IEC, CTW, and an
absorber. The application of CPM in the equipment of RACS cooling units is dis-
cussed in the present study.

The general requirements for heat and mass transfer equipment (HMTE) for so-
lar desiccant systems are as follows: high efficiency of the running processes; low
aerodynamic resistance for working fluid transportation (air and liquid flows); the
wide range of operating loads for air and liquid, when the operation of the HMTE is
reliable; the absence of working surface contaminations, or their destruction under
long-term operation.

On the basis of many years experience accumulated in OSAR in development,
production, and service of multifarious HMTE, particularly for evaporative cooling
(Doroshenko et al., 2005 [3]; Lavrenchenko and Doroshenko, 1988 [10]), the authors
have chosen film apparatus as the main universal construction of all HMTE, which
provides separate motion of the gas and liquid at low aerodynamic resistance; and
transversal-type for flows interaction, as it is the most acceptable when it is necessary
to combine several HMTE and heat exchangers into one unit.
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Before, the problems of flow stability of the gas-liquid system, liquid drops re-
moval by gas flow and other problems were thoroughly studied in OSAR (Doroshen-
ko and Glauberman, 2012 [4]). The main challenge in the practical application of a
packing structure is the wettability of the packing element surfaces and the stability
of the liquid film movement when the film directly interacts with gas flow. In a study
conducted by Gomes et al. (2005), the authors employed porous ceramic structures as
the main elements for IEC construction. The application of ceramic blocks with mul-
tichannel porous structures of the surface allowed to increase rated gas and liquid ca-
pacity, as well as the area of the wetted surface of the packing (Gomes et al., 2005

[7D.

A number of the HMTE developed for cooling units is shown in Figs. 5-7 (DEC
of air and water, CTW, and IEC). The packing of the film transverse flow HMTE is
made of the units, based on lamellate multichannel structures of CPM, which are
filled with water; the air flows are moved between them. The plates are mounted ver-
tically or horizontally, equidistantly from each other.

The device of DEC is shown in Fig. 5. The liquid penetrates into the air flow
through the pores of the dividing wall (Fig. 5C.) The outer surface of the plate is wet-
ted by the liquid, and the process of heat and mass exchange is realized in the partly
deepened liquid of the wall channel. This allows for the avoidance of partial liquid
distribution on the surface of the packing that is typical in traditional film HMTE
when part of the unwetted surface is eliminated from the heat and mass transfer
process. In the same manner, this excludes liquid drops removal by the air flow. Ac-
cording to the similar scheme, the evaporative cooler of water CTW with outside heat
load can be created (Fig. 6).

Schematic diagrams for flow movements and directions of heat and mass trans-
fer in the proposed cooler systems are shown in Figs. 5B, 6B, and 7B. O, and Oy are
the heat flows rejected from the liquid surface by convection and evaporation (W); a
?nd B are coefficients of heat and mass transfer, respectively, (W m”K™" and kg m™s’

).

The schematic diagram of the IEC is shown in Fig. 7. At the entrance of the de-
vice, the ambient air flow is divided into primary P and secondary S air flows. Sec-
ondary air flow comes in direct contact with liquid, which penetrates through micro-
pores in the ceramic plate (Fig. 7C) to the “wet” channels, where the process of eva-
porative cooling of the liquid, located in the cavities of the “wet” part of the cooler,
takes place; in the “dry” channels, which alternate with “wet” channels, the primary
air flow is in motion — it is cooled at a constant humidity ratio. “Dry” channels of the
IEC are built of thin-walled metal plates (multichannel plates). Optimal values of the
density of the ceramic packing layer (the distance between sheets in cells of packing
and between cells in the packing layer, and overall dimension of the packing) for
DEC and IEC of all modifications were determined previously, according to theoreti-
cal and experimental study of the heat and mass transfer in HMTE of the film type
(Doroshenko and Glauberman, 2012 [4]). The values of equivalent diameters of the
packing channels are 15...20mm. The equivalent diameters values of multichannel
plates and interchannel space (channel between cells of packing, where the process of
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heat and mass transfer takes place) for /EC are equal, but they can differ from against
assumed proportions of the contacting flows.

An absorber (air dryer) can be made in one of three variants: with technologi-
cal cooling tower (CTWt) and outside heat exchanger for the cooling of desiccant en-
tering the absorber; with CTWt and inbuilt heat exchanger in the body structure of
the absorber; with inner evaporative cooling of the absorber. The latter solution re-
sults in an increase in density of the whole solar system unit, as well as an increase in
isothermality of the absorption process of up to 20-25%, and therefore the increase of
absorption process efficiency (Doroshenko and Glauberman, 2012 [4]). Inner evapor-
ative cooling of the absorber eliminates the additional CTW.

3. The perspectives of solar liquid desiccant cooling systems. Analysis of
the results. The ASHRAE Standard (2005) [1] for comfort conditions in the summer
period specifies temperature of 25°C with a 10g-kg” humidity ratio. Comfort zone
(CZ) around recommended data is considered in this study according to State
Standard 12.1.005-88 and State Standard 30494 for the summer period.

On the basis of obtained results on the efficiency of solar collector-regenerator
(SC-R), and considering previously received data about efficiency of the absorber
and /EC (Doroshenko and Glauberman, 2012 [4]), the analysis of the perspectives of
solar desiccant-evaporative air conditioning systems is made. The formula for the
system is ABR-IEC, with desiccant regeneration in SC-R. The working fluid used as
the desiccant is a water solution of LiBr, which has become the most popular for such
systems (Xie et al., 2012 [16]); however, its application is limited by its corrosion ac-
tivity to metals and other materials and its relatively high cost. The problem was con-
sidered for several initial parameters of the ambient air: three variants of absolute
humidity of 10, 15, and 20 g kg™ (at temperature 35°C), and three variants of temper-
ature of 30, 35, and 40°C (at absolute humidity of 15 g kg"). Solar desiccant-
evaporative cooling systems can provide comfort parameters for CZ according to Fig.
8-9. The processes in Fig. 8 and Fig. 8B are as follows: 1-2 — the process of dehumi-
dification in the absorber; 2-4 — the process of primary flow cooling in IEC; 2-5 —
secondary air flow in IEC; 2-3 — the process of evaporative cooling in DEC. The heat
exchanger (HEX) in Fig. 8C provides the cooling of ABR from technological CTW.
When the humidity of the ambient air is not very high, the degree of dehumidification
in the absorber can be lowered by changing the flow rate and concentration of the de-
siccant, or by increasing the processed air flow rate. This provides for the mainten-
ance of comfort parameters in the cooling space and offers additional energy econo-
my. Such a solar air conditioning system ensures energy economy up to 30-35%
compared to traditional vapor compression systems. If the temperature and humidity
of inlet air is higher (climate is hot and humid), the solution of this problem lies in the
incorporation of additional heat exchangers.

The choice between evaporative cooling of direct (DEC, process 2-3) or indirect
(IEC, process 2-4) coolers turns to DEC because it increases the generation of prod-
uct air flow, which enters the cooling space after thermal and humid conditioning.
Primary air flow cooling in IEC has a considerable advantage when the moisture con-
tent is constant, and therefore the application of IEC is preferable in such cases;
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Fig. 5. Direct evaporative cooler of air DECg on the basis of plate ceramic micro-

porous multichannel structures.

A — layout of air direct evaporated cooler DECg component, B — processes of
coupled heat and mass transfer during evaporative cooling, C — contacting pattern

of air and water flows, D — general diagram of DEC
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Fig. 7. Indirect evaporative cooler of air IECg on the basis of ceramic microporous
multichannel structures.

Designations are according to Figs. 7 and 8. Additional: 1 — “wet” channels; 2 —
“dry” channels; 10 — secondary air flow; 11 — separation chamber; 12 — withdrawing
chamber for exhaust secondary air flow with moisture separator.
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for example, for deep cooling in solar refrigeration systems. In many cases it is op-
timal to use the potential of the recirculating air flow that leaves the cooling space.

The secondary air flow is cold (19-26 °C) and humid (90%) while leaving the
IEC. It is possible to use it for cooling air after the absorber; this will enhance the
overall performance of the system. Simultaneously, this will complicate the system
and increase the power consumption for working fluids motion. Such a solution looks
promising from the point of view of the recondensation risk and essential drop of the
efficiency, and this risk is higher when the level of the cooling is lower (Doroshenko
etal., 1998 [6]; Doroshenko et al., 2005 [3]).

Conclusions. The application of ceramics as a material for packing in evapora-
tive coolers is discussed in the present study. Several evaporative cooling devices are
designed on the basis of ceramic elements (cooling tower, direct and indirect eva-
porative coolers). It is shown experimentally that the efficiency of such equipment is
10-20% higher due to the complete wettability of the ceramic packing. Designed coo-
lers can be easily incorporated into solar liquid desiccant systems intended for air
conditioning.

On the basis of theoretical and experimental results, preliminary analysis of the
perspectives of alternative solar liquid desiccant systems showed the potential for the
use of such systems in refrigeration and air conditioning applications (irrespective of
climatic conditions). Compared to traditional vapor compression systems, these new
solutions facilitate the reducing power consumption by up to 30-35%, and signifi-
cantly lessen negative impact on the environment.
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I'naybepman M., /lopowenko A., Illecmonanos K., /lioonuykuit K.,
Kyk K., Lanywens A.

CoJiHeuHbIe OCYHINTEIbHO-HCNIAPUTEIbHbIE X0J0AUIbHBIEC CHCTEMBI C
TenI0MaccO00MEHHOM aNnnapaTypoii Ha 0CHOBe KepaMHYecKoi HaCaIKH
(MHKpONOpHCTbIe MHOTOKAHAJIbHbIE CTPYKTYPbI)

AHHOTALUSA

B cmamve npeonosicen memoo onpedeinenusi dQhphexmusHocmu npoyeccos coeMecnmHo2o
MenioMaccoobMena nPUMEHUMeNbHO K annapamam npsmozo U Henpsamo20 UCHapumenbHO20
OXNadNCOeHUsL Cpeo (2a308 U HCUOKOCMENL) ¢ KOHKpemu3ayuell npeoeios UCHapumeibHO20 0X-
nasxcoenus. B kauecmse nacadounvix nogepxnocmeil meniomMaccooOMeHHbIX annapamos uc-
NOL3VIOMCS MHOZOKAHAIbHbIE CIPYKIMYPbI U3 KEPAMUYECKUX DNEMEHMO08, UMO CYUECMBEHHO
ysenuyugaen NO8epXHOCHb KOHMAKMA MeHcOy 63aumMoOeicmeylouumy nomoxkamu 2azd u
JHCUOKOCU, NOBBIUUACT YCIOUMUBOCTb CUCTIEM U CHUMCAem HOMepU JHCUOKOCIU 8 CEA3U C
Kanneynocom. Paspabomanvl, Ha ocHose HO8020 NOKONEHUA UCNAPUMETbHBIX OXaaoumenetl,
CONHeuHble MENIOUCNONb3YIoWUe abCOPOYUOHHBIE CUCIIEMbL OXIANCOCHUS U KOHOUYUOHUPO-
8aHUS 8030YXA U BLINOJHEH, HA OCHOBE NOLYHYEHHBIX IKCNEPUMEHMATbHBIX OAHHBIX N0 IPghek-
MUBHOCIU NPOYECCO8 6 ANNAPAmMax OCYUUMENbHO20 U OXIAOUMENbHO20 KOHMYPOS CONHEeY-
HbIX CUCIEM, CPABHUMETbHBII AHAIU3 BO3MONCHOCTNEL MAKUX CUCHIEM C Y4emoM KIumMamu-
YECKUX YCIOGULL U PENCUMHBIX NAPAMENPOB.

I'naybepman M., [lopowenxo A., Illecmonanos K., /loonuykuii K.,
Kyk K., Hanywens A.

COHAYHI OCYIYBAJIbBHO-BUIIAPHI XOJIOAWJIbHI CUCTEMM 3

TEMJIOMACOOBMIHHOIO ATTAPATYPOIO HA OCHOBI KEPAMIYHOI HACAJTKHA
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(MIKPOIIOPUCTI BATATOKAHAJIbHI CTPYKTYPH)

AHOTALIA

B cmammi 3anpononoeanuii Memoo eu3HaAuYeHHs eQeKmuUsHOCMI npoyecie CninbHo20 men-
JI0-MACOOOMINY CIOCOBHO anapamis NPAmMo20 I HeNnPAMO20 BUNAPHO20 OXONOOICEHHSL cepedo-
suly (2asig i piouH) 3 KOHKPEMu3ayiclo Mexc 6UNApHO20 0X0N00X4CeHHs. K nosepxui menno-
MACOOOMIHHUX anapamié UKOPUCTOGYIOMbCA 0A2AMOKAHANHI CIPYKMYPU 3 KepamiuHux
e/leMeHmie, wo icmomuo 30i1bULY€E NOBEPXHIO KOHMAKIMY MIJIC 63A€MOOIOYUMY NOMOKAMU 2a-
3y i piouHU, RIOGUWYE CMIUKICMb CUCIEM | 3HUIICYE 8Mpamu PIOUHU Y 36'13KY 3 KpAnieyHo-
com. Po3pobaeni, na 0cHO8i HO8020 NOKONIHHA BUNAPHUX OXON00HCYBAYIE, COHAUHI abCOpOYii-
HI cucmemu 0X0N00HCeHHs | KOHOUYIOHYBAHHSA NOGIMPA | 6UKOHAHULL, HA OCHOBI OMPUMAHUX
eKCNepUMEHMANbHUX OaHUX NO eeKmUeHOCMI npoyecie 6 anapamax OCyuty8aibHo20 i 0X0-
JI00JCYBATILHO20 KOHMYPI6 COMAYHUX CUCMEM, NOPIGHANbHULL AHANI3 MOJICIUBOCIEl MAKUX
cucmem 3 ypaxyeanHAM KIIMAMUYHUX YMOE | PeJCUMHUX Napamempis.



