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Solar cooling technologies include a solar power plant as a heat source and heat-using refrigeration ma-
chine as a cooling production. The article presents the analysis of temperature regimes and temperature
differences in heat exchange devices of absorption refrigeration systems from the standpoint of ensuring
the workability and high efficiency of processes. The analysis was performed on the example of a single-
effect water-ammonia absorption machine. The analysis is based on the following conditions: the pres-
ence of the system limit cycle. That is, the interdependence of the temperature potentials of three heat
sources, two of which are chosen arbitrarily, the third is a function of the first two; temperature regimes
and temperature differences in the heat exchangers are given in interaction with the temperatures of ex-
ternal energy sources .The presence of a system total temperature differences, consistent with the limit
cycle at known temperature levels of the heat sources, was established. The total head takes into account:
the generator temperature range, the temperature at the generator hot edge, the temperature at the solu-
tion heat exchanger cold edge, the temperature differences at the absorber cold edge, at the condenser
smallest temperature differences, water heating in the condenser. The issue of optimizing temperature dif-
ferences in system elements is proposed to be solved by considering the variable component of capital
costs associated with the cost of each heat exchanger depending on the temperature differences. For the
practical implementation of cycles with the considered temperature regimes and solar powered generator
on the basis of energy saving, cycles of absorption systems "with an extended degassing zone" are pro-
posed. The cycles are implemented under conditions of different nature of temperature changes of energy
sources and working fluid in the heat exchange processes between them. Solving problems is recommend-
ed by creating complex schemes and cycles of hybrid water-ammonia refrigeration systems.
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1. Introduction

Clean and renewable, with a low price and na-
tural availability, solar energy is one of the sources for
solving the social problems of the modern world with
huge potential for applications in air conditioning and

refrigeration. In particular, the need for commercial
and residential air conditioning during the hot season
is constantly increasing. In recent years, many count-
ries have faced difficulties in generating and storing
electricity for the operation of systems with high
energy consumption, such as refrigeration and heat
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pump technology [1]. The large capacities absorption
refrigeration systems operating with water/ ammonia
(for cooling purposes) or water-lithium bromide (for
air conditioning) are actually used in many countries.
Most of them operate by means of heat recovery from
industrial processes and, just a few of them are actu-
ally operating with solar energy. Solar refrigeration
systems may be very important in the development of
small communities. Those are away far from the
electrical net. Peoples living in these areas can
produce the ice needed to conserve their food, and
also to store and transport f fish, fruits or vegetables
directly to the customers. Thus, solar cooling tech-
nologies have become the focus of attention in the
world [2,3].

Solar cooling technologies include a solar power
plant as a heat source and heat-using refrigeration
machine as a cooling production. Heat exchangers that
interact with external heat sources are essential ele-
ments of absorption refrigeration systems, the need for
their use is due to the very principle of the system.
The inclusion of auxiliary devices in the technological
scheme of the machine is not fundamentally manda-
tory, but their use improves the performance of the
machines. It increases the reliability and efficiency of
their work. In energy and refrigeration systems, espe-
cially in areas with a lack of fresh water, air-cooled
heat exchangers (condensers, dry coolers, absorbers)
are widely used. In such conditions, when determining
the technical and economic indicators of machines, it
is important to take into account the time of using the
installed capacity of the equipment.

Refrigeration systems, as you know, even when
maintaining a constant temperature in the cooled ob-
ject, operate in a variable mode. The main influence
on the regime is exerted by the ambient temperature.

The increased ambient temperature in countries
with a temperate climate, which the system usually
counts on, is observed for a short time — 1000-2000
hours a year, moderate temperatures last 3000-4000
hours, the rest of the time is dominated by low. In the
calculations of energy systems, the average ambient
temperature is taken, and the time of using the
installed capacity of the equipment is reasonably
obtained to be 4000-5000 hours per year. Refrige-
ration systems are calculated in the mode of the
highest ambient temperature, therefore, the determi-
nation of the operating time of the equipment requires
special study. Failure to take this factor into account
leads to inefficient use of heat exchange equipment.

Numerous calculations performed have shown

that in heat exchangers cooled by the environment, an
additional heat transfer surface affects the energy
efficiency of the system only during a period of
elevated ambient temperature. At a moderate tempera-
ture, the energy efficiency is almost equal to the
calculated one, at a low temperature, the additional
surface only leads to additional operating costs, an
increase in heat losses and complicates the automatic
control of the system. Thus, when determining the
optimal dimensions of the surfaces of heat exchangers
of refrigeration systems, the time of using the maxi-
mum installed power should be taken as no more than
1000-2000 hours per year. It is necessary to sum-
marize the costs in three modes when determining the
annual energy consumption and divide the system
elements into base and peak. The base elements,
designed for long-term operation, should be character-
rized by high energy efficiency, the peak elements —
with low initial investment. Differentiation of regimes
can be achieved by changing the seasonal parameters
of heat sources. Based on these provisions, generali-
zed characteristics of the operation of absorption ma-
chines are outlined.

However, to determine the cost of the equipment,
it is necessary to clarify the optimal temperature diffe-
rences in the heat exchangers. The issues of choosing
temperature differences in the heat exchangers of
compressor machines are considered in many works
and have become classic in refrigeration engineering
[4]. To date, little attention has been paid to the de-
termination of temperature differences in heat ex-
changers of absorption systems.

A review of studies of absorption systems driven
by solar energy, given in [5], showed that modern
studies are represented by scheme-cycle design, there
is no analysis of processes and designs of heat
exchangers. Meanwhile, the specificity of the ther-
modynamic cycles of absorption systems does not al-
low solving optimization issues by analogy with com-
pressor systems and requires independent analysis.

2. Temperature modes of absorption refrige-
ration systems

Let us turn to the technological scheme of a
single-effect absorption refrigeration system, which is
shown in Fig.1

Absorption refrigeration systems must have three
different temperature potentials energy sources to
implement the thermodynamic cycle (Fig. 1):

» high-potential (T,), used as a source that heats
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the generator;

«intermediate potential (T,,), which is the external
environment (water or air) for cooling the condenser
and absorber;

* low-potential (Tcq), cooling effect is produced
at a low temperature
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Figure 1 — Technological scheme of a single-effect
absorption refrigeration system: A — absorber;

C — condenser; D — dephlegmator; DV — throttle
device; EV — evaporator; G — generator;
HER — refrigerant heat exchanger; HES — solution
heat exchanger; P — pump

The three temperature levels are interconnected
so that only two can be chosen arbitrarily, the third is
always a function of any two. The dependence
between temperatures is presented in Fig. 2 in graphic
form Ty, = f (Tw, Tcoq) according to the data of works
[6,7] The dependence is valid in the temperature range
Teo = 223...293 K, T,, = 283...313.

Solar, geothermal and other types of renewable
and non-traditional energy sources are characterized
by a low temperature potential, which for climat of
Eastern Europe does not exceed 100 °C.

From the point of view of the great energy

industry, it has been proven that heat with a tem-
perature potential of T, = 70°C is no longer opera-
tional, and its emissions into the atmosphere are eco-
logically safe. Small energy industry does not confirm
such a situation. Theoretically, it is possible to create
a single-effect cycle at T, = 80 + 100 °C due to the
presence of a similar spin T and T,, (Fig. 2). Real
temperature relation is much more complicated. The
real values of Ty, are higher than those shown in Fig. 2.
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Figure 2 — Theoretical Ty, = f(Ty, Tco) Of @
single-effect absorption refrigeration system

It is known from the general experience of the
design absorption systems, that it is impossible even
theoretically to implement a single-effect cycle at Ty,
=+ 100 °C, Ty, = 40 °C and T = 0 °C (air con-
ditioning)

The economic efficiency of any and, in par-
ticular, absorption refrigeration systems, significantly
depends on the temperature differences in the heat
exchangers. The heat exchange surface decreases with
an increase of the temperature differences and, as a
consequence, capital investments are reduced. At the
same time, the external irreversibility of heat transfer
processes increases, which in most cases leads to an
increase in energy and cooling medium consumption.
Obviously, there are temperature differences, at which
the optimal efficiency of the absorption system is
achieved.
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3. Temperature differences in the heat exchan-
gers of the absorption refrigeration system

Evaporator, condenser, solution heat exchanger
and refrigerant heat exchanger in absorption system —
primary dual-flow heat exchangers (Fig. 1).

The processes that are involved in them are
connected with the heat exchange of single-phase
flows of the working fluid or phase transformations of
the pure components of the mixture. The absorber and
the generator are heat exchangers with the processes
of mixing and condensation, or boiling with sepa-
ration of the mixture.

Consider the cycle of a single-effect water-
ammonia refrigeration system in interaction with the
external energy sources and temperature differences
of the heat exchangers (Fig. 3)

h

Figure 3 — Processes in the absorption machine
for h-x diagrams: 1-2 at the generator; 2-3 and 4-1 at
the solution heat exchanger, 3-4 in the absorber

Fig.3 shows:

Tny — heating medium temperature at the gene-
rator inlet;

Tw and Ty, — cooling medium temperatures at the
condenser inlet and outlet;

To — refrigerant evaporating temperature at the
evaporator,

0, — temperature difference at the generator hot
edge;

0; — temperature difference at the solution heat
exchanger cold edge;

04 — temperature difference at the absorber cold
edge;

0 — smallest temperature difference at the
condenser;

Ow — (Twz — Tw1) — cooling medium heating in the
condenser.

Sequential cooling of the condenser and absorber
is proposed. If we assume a constant pressure dif-
ference (po — pa) at all the evaporator and absorber
modes, then the segment 1-4" determines the limit
cycle of the solution. Such a cycle has a system with
infinitely large surfaces of heat exchangers and in-
finitely large flows of solution, heating and cooling
mediums.

In the limit cycle, the temperature of the solution
in the generator coincides with the theoretically
lowest temperature Ty In a real cycle, the temperature
T, is always higher than T,. The temperature
difference 6tot = (Ty, — Ty,) makes it possible to obtain
the final temperature differences in the heat ex-
changers and the temperature difference at the ge-
nerator O, = (T, — Ty).

The total temperature difference in the cycle has
the form

O, =6, +6,+0a(0,+6,)+B(6,, +6;). (1)
Here a — the coefficient that takes into account the
effect of the pressure change between p, and p; on the
saturation temperature according to the known
concentration difference (X, — X.); B — the coefficient
that takes into account the effect of x, to the saturation
temperatures, corresponding to the pressure difference
(Pc — Po); P @nd x. — condensation pressure and
solution concentration in the limit cycle. For a water-
ammonia solution, usually o = 1,15...3; = 1,2...1,35.
It can be seen from the (1) G that the heat ex-
changers temperature differences are mutually related
at a given temperature difference (T, — Ty), with a
change in one, the others also change or the tem-
perature interval in the generator changes = (T, — Ty).
Obviously, as the value of 0 decreases, the tempe-
rature differences in individual heat exchangers also
decrease. Since the value of these 0;, should not be
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taken less than 2 ... 3 deg. Then, for small values of
the argument Oy, one has to deviate from the re-
commended values. The issues of optimizing the tem-
perature differences in the elements of the system are
solved by considering the variable component of ca-
pital costs K associated with the cost of each heat
exchanger depending on the temperature difference.
This value can be represented as a sum

K :SQFQ +SaFa +SCFC +ShesF

e T (2)
where s, Sa, Sc, Shes — Variable components of the cost
of the generator, absorber, condenser,solution heat
exchanger, etc., related to the surface unit, cu/m?; Fq,
Fa, Fe, Fres — surfaces of heat exchangers.

Heat exchange surface F; of the skin heat ex-
changer, depends on the middle temperature differ-
rence O, and through it, the heat load of the heat
exchanger Q; is the temperature difference in the ot-
hers, to which the value of K can be given by a fun-
ction of many variable arguments

Op-rr) = 2.5, Q0 3)

K(e ! I I(ieim,

gm>Vams -+

where Q; — heat load of the heat exchanger, kW; k; —
heat transfer coefficient, W/m?K.

Calculations of the absorption refrigeration sys-
tem are carried out by the method of iterations, setting
the values of the temperature differences 60,, 0s,...,
0i..., 0. Then, for an arbitrary increment A6; of one of
the heat exchangers, the system is calculated again. If
the obtained values differ significantly from the initial
ones, the calculation is repeated. The optimal values
of the average temperature differences in heat
exchangers correspond to the optimal values 0., 03, 04,
0s, O,. It is obvious that the choice of the desired
temperature differences is to be agreed by the para-
meters of the limit cycle. In order to avoid the fixed
parameters of the limit cycle by the method of itera-
tions, with a fixed value of T, you can use the
dependencies shown in Fig. 2.

Determining the technical and economic cha-
racteristics of heat-using refrigeration machines, as
well as any systems that convert energy, is associated
with significant difficulties. First of all, it is necessary
to have the initial cost indicators, which are not
independent values themselves and are closely related
to the nature of the load. Finally, cost indicators are
valid for a short time and change with the connection

of new consumers, with the progress of technology
and other market factors.

In single-effect absorption systems, the total
temperature difference Oy decreases with a decrease
the evaporation temperature T, and the heating
medium temperature Tp;. This leads to a decrease the
individual devices temperature differences to increase
the metal mass of the system. At the same time, the
degassing zone decreases, which will lead to an
increase in the consumption of heat, electricity and
cooling medium.

As an example of calculating the optimal tem-
perature differences in absorption chillers, we present
the results of scientific research, conducted in the
1960s by the Department of Refrigeration Machines
OIFRT under the guidance of Prof. Minkus B.A. and
published in the scientific reports of the department.
The calculations were carried out for large water-
ammonia absorption systems with film shell-and-tube
heat exchangers, heating medium with water at a tem-
perature T, = 102 °C, water for cooling the deph-
legmator and condenser T,, = 25 °C and To = 0 °C. It
has been established that 6, = 10,7 deg; 0, = 4,1 deg;
06 = 7,2 deg; 0y = 5,1 deg; 65 = 3,2 deg can be con-
sidered optimal temperature differences. For compa-
rison, a machine with upgraded light-weight film heat
exchangers and dephlegmator with nozzle, cooled by
the solution was used. High energy efficiency in ma-
chines is achieved at different values of 0y, and O, >
Own. Modernization of equipment has shown the
possibility of significantly reducing metal consump-
tion and capital investment, and increasing the energy
efficiency of the system. Characteristics calculated ac-
cording to a single method, if they do not correspond
to the accuracy of absolute values, still quite objec-
tively reflect the relative relationship between indi-
cators and can be used to compare machines.

The transition to modern plate heat exchangers
ensures an increase in the total temperature difference
Otot and, as a result, a reduction in the mass of
equipment and capital investmentl per 1 kW of insta-
llled heat power. Modern designs of plate heat
exchangers for water/ammonia absorption systems are
manufactured by AlfaLaval [8,9,10]. Using the above
information, it is possible to evaluate the change in the
general temperature indicators of installations only
due to the modernization of heat exchangers.

In single-effect absorption systems, the total
temperature difference 6,,; decreases with decreasing
To and Ty. This leads to a decrease in the temperature
difference in individual devices 0;, and an increase in
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the metal mass of the system. At the same time, the
degassing zone decreases, which will lead to an
increase in the consumption of heat, electricity and
cooling medium.

4. Heat exchangers temperature differences
and degassing zone at the cycle

Temperature modes and degassing zone

With a different combination of initial tem-
peratures in the absorption cycle, the degassing zone
AX = (X, — X5) can take the following values: Ax > 0,
but not less than 0,06, which allows the imple-
mentation of a single-effect cycle; Ax = 0; Ax < 0. A

single-effect cycle cannot be carried out even theo-
retically with zero and negative values Ax. However,
in modern conditions of low energy use of solar
energy or the use of a cooling medium with an ele-
vated temperature (tropical climate), such cases occur
most often. The dynamics of the reduction of the
degassing zone Ax under such temperature modes is
shown in Fig. 4. The decrease in the degassing zone is
determined by: a decrease the heating medium
temperature

(Fig.4, cycle 1), an increase in the temperature
and pressure of condensation (Fig. 4, cycle 2) and a
decrease in the temperature and pressure of
evaporation (Fig. 4, cycle3).

T cycle 1 cycle 2 cycle 3
h 1
. _TZ' T]r_.llf g — T]’ /_
L 1 1 1
Y Y Y
1| 4 1A
ra* 3 3
S Ts T
min 4 0 > 4 3'
a Ax’ 4' Ax’
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S

Figure 4 — Dynamics of the reduction of the degassing zone: Cycle 1 — decrease in the temperature
of the heating medium; Cycle 2 — an increase in the temperature of the cooling medium;
Cycle 3 — decrease in the temperature of the cooling object

For the practical implementation of cycles with
the considered modern temperature regimes and solar
powered of the generator, it is necessary to design
absorption systems schemes "with an extended de-
gassing zone". An increase in the degassing zone
leads to a decrease in the solution circulation rate and
an increase in the average temperature difference in
the heat exchangers. Thanks to this, the heat transfer
surface of devices, especially the solution heat ex-
changer, is reduced. As a result, the metal capacity of
the installation decreases.

In the theoretical cycles of absorption systems,
the refrigerant evaporation and condensation occur at
constant temperatures, the processes with solutions in
the absorber and generator — at variable temperatures.
heat transfer processes between sources and working

fluid are not considered (Fig. 5a).

In real conditions, the temperature of the cooled
object may be variable, and the heating medium tem-
perature may be constant. The discrepancy of tem-
perature changes in the heat transfer process leads to
an increase in the external irreversibility of the cycle.

Cycles with variable heating medium temperature

When the generator is heated and the absorber is
cooled by sources with variable temperatures that are
equidistant in relation to the temperature of the
solution, minimal irreversible losses are observed,
which are determined by the constant temperature
difference 0, and 05 (Fig. 5 Cycle 2).

The efficiency of machines with generator hea-
ting with hot water, hot gas or other heat carriers, the
temperature of which changes during heat transfer,
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depends on the degree of use of the available tem-
perature difference 0,. In single-effect absorption ma-
chines, the temperature difference between the hot and
cold edges of the generator (Fig. 5, Cycle 2,) often
turns out to be insignificant, and therefore it is rarely
possible to perfectly use the available temperature
range.

The use of combined machines will expand the
degassing zone and thereby increase the temperature
range in the generator. Especially importance is the
cycles that reduce the initial boiling point Ty, of the
solution. Such combined cycles are implemented at
high absorption pressure, by pre-compressing the
vapor in a booster compressor [5].

cycle 1 cycle 2 cycle 3
T heating medium heating medium
T,=var JURNEY L L
Th 2 ,,” 92; 92 . & O:im
L : ’ 1
Y 1 A J A J
Drrect Direct k Direct
cycle ; cycle ; cycle ;
0;
T & - . 4 - ) P [
Reverse cycle }7 0:] o~~~ _Lirfr% _____________
Toiaz > 5 \cooling medium \cooling medium
Tw=var Tw=const s

Figure 5 — Heat transfer processes between sources and working fluid: Cycle 1 — theoretical cycle;
Cycle 2 — cycles with variable heating and cooling mediums temperatures; Cycle 3 — cycle with constant
heating and cooling mediums temperatures

Cycles with constant heating medium tempe-
rature

In real conditions, the heating medium tem-
perature can be constant (Fig. 5, Cycle 3). The effect
is observed when heat carriers use substances in a
two-phase state (condensed steam). Differences bet-
ween 0y, and 0, Of the generator leads to an increase
in external irreversibility. By creating a multi-effect
generator, it is possible to give the generation process
an isothermal character, and to reduce the average
temperature difference Oy,

Similarly, when cooling the environment with a
constant temperature, the external irreversibility of
processes decreases with the introduction of a multi-
effect absorber. Fig.6 shows the cycle of an absorption
system with triple-effect generator and triple-effect
absorber.

The multi-effect in the generator is created by the
turbine-compressor unit. High-pressure vapors pg;,
received in the generator G, expand in the turbine to
pressure Py, the turbine power is used to compress the
vapors received in the Gz from pressure pgs to pgo. AS
can be seen from Fig. 6, the introduction of a turbine

10

unit allows, without increasing the consumption of
heating source, to expand the degassing zone towards
low concentrations.

Turning the turbine-compressor unit allows you
to get cold at three temperature levels EV1, EV2, EV3
which is widely used in commercial systems such as
supermarkets, etc. Problems in the systems are the
ratio of the thermal power of the cooled objects and
their temperature modes.

Cycles with a constant temperature of the cooled
object

Heat removal at a constant temperature is the best
operating conditions for any refrigeration systems
based on the refrigerant phase transformation in the
evaporator. However, at low evaporation tempera-
tures, the degassing zone decreases, and the energy
efficiency of the system decreases too.

In such cases, a cycle with several cooling ob-
jects, which can be implemented with a double-effect
absorber, is highly effective. When the refrigerant
vapor is absorbed in the high-pressure absorber, it is
possible to expand the degassing zone in the direction
of high concentrations and reduce the average tem-
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perature difference during the absorption process. The
same effect can be obtained with one evaporator, boo-
ster compressor and absorber with double effect [5].

h

Pc
Po

tutbine-compressor unit
128

Xa'| Xa Xr X
Figure 6 — The cycle of an absorption system with the
triple-effect generator .and triple-effect absorber

Cycles with a variable temperature of the cooled
object

When cooling liquid flows, the temperatures of
which change during heat transfer, it is advisable to
use absorption systems with absorbers double effect.
However, direct cycles do not always agree well with
the required temperature regime of reverse cycles in
one system. In this case, the system works unecono-
mically. Coordination of the thermal power of the
evaporator with the optimal distribution of the de-
gassing zone and a decrease in the temperature dif-
ference in the absorption process is possible when
using a booster compressor between the absorbers.
When solving more complex problems, triple effect
absorbers can be used (Fig. 6).

Cycles with low flow rates of cooling medium

When the flow rate of the cooling medium
(water) is limited or an increased leaving water
temperature is required, it is desirable to reduce the
number of effects in the absorber and increase the
number of effects in the condenser. The creation of
such machines is not particularly difficult; they
include combined machines with two cooling objects
and one absorber cooled in series with the condenser.
When designing a system with a minimum water
flow, it should be borne in mind that the outlet water
temperature Tw2 should not exceed the temperature
Tht (Fig. 3)

5. Conclusions

Considering the temperature regime, the authors
focus on the creation of cycles with evaporfting tem-
peratures of -30...0 °C and several cooling objects,
with coolant temperatures of 70...100 °C, which are
directly related to solar installations of small energy.
At the same time, the thermal power of absorption
systems is consistent with the needs of commercial
refrigeration.

The analysis demonstrating the possibility of
implementing scheme-cycle design of absorption
systems for completing a trigeneration system for
small-energy. Practical implementation is connected
with the choice of systems elements designs. The
availability of modern designs of plate heat exchan-
gers for water-ammonia absorption machines expands
the nomenclature of heat-using refrigerating machines
and the temperature range of the received cold.

The above method for calculating the tempe-
rature characteristics makes it possible to appro-
ximately determine the technical and economic indi-
cators of absorption machines, which is very impor-
tant for their further comparison with the indicators of
hybrid systems based on simple effect machines.

In conclusion, we note that the considered
examples do not exhaust the variety of practical prob-
lems and the possibilities of their solution by means of
combining machines.
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Texnonoeii COHAUHO020 OXONOONCEHHSA BKTIOUAIOMb COHAUHY YCMAHOBKY K 0Jcepeio menia ma menyiogu-
KOPUCMATbHY XOLOOUNbHY MAWUHY O/ OX0N00MCEeHHs. Y cmammi npedcmagneno ananiz memnepamyp-
HUX PedtCcUMie ma memnepamypHux Hanopie y menio0OMiHHUX anapamax adbcopoyiiiHux Xo100UIbHUX CU-
cmem 3 no3uyiii 3a6e3neyenHs npaye30amHocmi ma 6UCoKoi epekmugHocmi npoyecis. AHAN3 BUKOHAHO
Ha npuxiadi 00HOCMYNEHe80i 8000aAMIaUHOI AbCOpOYItHOI MawuHy. B ocHogy ananizy noxnadeno ymosu:
HAABHICMYb 2PAHUYHO20 YUKTLY NPAye30amHoCmi cucmemu, moomo 83a€MO3ANeHCHICIb MEMNEPaAmypHUX
nomenyianie mpvox Oxcepen menida, 08d 3 AKUX 00PaHi 00GINbHO, MPeme — PYHKYIA nepuiux 080X, mem-
nepamypHi pexcumu i memnepamypHi Hanopu 6 anapamax Ha0aHo y 83aemooii 3 memMnepamypamu 306-
HIWHIX Odicepen enepeii. Bcmanoseneno Has8HICMb 3a2AIbHO20 MECRepamypHO20 HANOPY y CUCeEMI, Y320-
0JCEH020 3 2PAHUYHUM YUKTIOM 3d BIOOMUX MeMNepamypHux pieHie Oocepen menid. 3a2anbHuti HAnip
8DAXOBYE. IHMEPBATl MEMNEPAMYp y 2eHePaAmopi, MeMNepamypHull Hanip Ha 2apsayomy Kinyi eenepamo-
pa, memnepamypHuil Hanip Ha X0J00HOMY KiHYI Menio0OMIHHUKA PO3YUHIE, meMnepamypHull Hanip Ha
XOJI0OHOMY KiHyi abcopbepa — HatMeHWil, meMnepamypHull Hanip y KOHoencamopi, nioiepié 600U y KOH-
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Oencamopi. Ilumanna onmumizayii memnepamypHux Hanopie 8 eieMeHmax cucmemu 3anponoHOB8AHO 8U-

piutysamu wisxom po3seniody 3MIHHOL CKIA0080I KANIMAIbHUX 8UMPAm, NO8'S3AHOL 3 8APMICINIO KOAICHO20

MenI00OMIHHUKA 8 3ANEeHCHOCHI 8I0 MeMNepamypHo20 Hanopy. na npakmuiHo2o 8npoea0dCeH s YUKIIG

3 PO3IAHYMUMU MEMNEPAMYPHUMU PEeNCUMAMU MaA COHAYHUM IHCUBTEHHAM ceHepamopa Ha 3acadax eme-

Ppeo3bepedcenss 3anpoOnoHO8aH0 YUKIU AOCOPOYITIHUX CUCEM «3 POULUPEHOT0 301010 Oecazayiiy. Luxiu

Peanizoeano 3a ymMosu pizno2o xapaxkmepy 3MiHu memnepamyp 0dxicepen enepeii ma pobouoi peuosunu y

npoyeci menio0OMIHy Mixc HUMU. Bupiwenns npobrem peKoMeHO08AHO UISIXOM CMBOPEHHS CKAAOHUX
cxem ma Yukaie cIOpUOHUX 6000AMIAUHUX XOA0OULHUX MAUUUH.

Knrouoei crosa: Texnonozcis consaunozo oxonodacenns; Boooamiauna abcopbyitina mawuna; Tennooo6-

MinHux;, TemnepamypHuil Hanip; 30Ha decazayii
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