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Abstract—An experimental study is performed on the transition characteristics concerning the reversibility
and the hysteresis loop of the condensation curve. From the results of condensation experiments using
propylene glycol vapor on lyophobic surfaces, having three different edge conditions of wettable, partially
non-wettable and non-wettable, it is proved that the transition modes are greatly affected by these
conditions. Under a large overall cooling-side conductance which realizes the continuous curve during the
process of increasing surface subcooling, the reversible and/or hysteresis curves are obtained. The transition
modes during the process of decreasing subcooling are closely related to the aspects of condensation in
increasing subcooling. Although the modes for increasing subcooling are determined by the instability of
the overall heat transfer system, they are strongly influenced by the edge conditions and the vapor force
as well. Under a small overall cooling-side conductance which brings about the jump mode, the hysteresis
loops appear in all cases.

1. INTRODUCTION

THE CHARACTERISTICS of a condensation curve, which
show the change of the heat flux against the sur-
face subcooling, have not yet been investigated
thoroughly. A study is made in this paper on the
transition mode concerning the reversibility and the
hysteresis in which the curves obtained by decreasing
and increasing surface subcoolings follow different
routes. For the case of increasing subcooling, the
measurements of condensation curves have been per-
formed for several kinds of vapors, i.e. steam {1-
3], aniline, nitrobenzene {4], ethylene glycol [5, 7],
propylene glycol [6-8], and glycerol [7]. In general,
when the subcooling of a lyophobic condensing sur-
face is increased slowly enough to keep a quasi-steady
state during the condensation of vapor, the heat flux
reaches its maximum value and then decreases gradu-
ally. With a further increase of subcooling, after the
aspect of condensation shifts from dropwise to film
mode near the point of minimum heat flux (MHF),
the heat flux increases in the region of the film mode.
The transition mode here can be classified into two
types, i.e. continuous and jump transitions. In a pre-
vious paper [8] the heat transfer mechanism deter-
mining the transition mode from dropwise to film
condensation was discussed theoretically and exper-
imentally. It was proved that the jump occurs in the
negative gradient domain of the condensation curve
and is determined by the instability of the overall heat
transfer system. The factors controlling the phenom-

ena are the gradient of the condensation curve on
the bilogarithmic coordinates and the ratio of the
condensation heat transfer coefficient to the overall
cooling-side conductance (the overall thermal con-
ductance per unit area between the condensing surface
and the coolant). Even in the case where a dis-
continuous jump occurs on the condensation curve,
the curve can be made continuous by increasing only
the overall cooling-side conductance.

The condensation curves seem to follow nysteresis
loops. In case a hysteresis loop exists, there is a region
in which the mode of condensation depends on the
initial condition or the history of the process. There-
fore, it is important to clarify how the mode shifts
from the film mode to the dropwise mode under a
given condition. Although a considerable amount of
research has been carried out for the process of
increasing surface subcooling as mentioned above,
few studies are available for decreasing surface sub-
cooling. In the experiments of Takeyama and Shimizu
(1] and Tzumi er al. [3], so-called hysteresis loops were
observed. However, their experimental conditions
were not clearly specified because the edges of heat
transfer blocks, usually utilized in the experiments,
might have broken the condensate film. Further, the
experiments were made only under a small overall
cooling-side conductance, causing jump transitions,
especially in ref. [3]. Since a liquid film is relatively
stable during condensation of vapor, the edge
condition, in addition to the instability of the overall
heat transfer system, will have an important role in
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NOMENCLATURE

C overall cooling-side conductance Greek symbol

kWm-2K™'] T time [s].
m vapor mass velocity

kgm~2s57"] Subscripts
g heat flux [kW m™~?] c coolant
T temperature [K] min  minimum heat flux point
AT  degree of condensing surface subcooling v vapor saturation

K] 1 thermocouple nearest to the condensing
t time from the jump start [s]. surface.

determining the transition mode from film to drop-
wise condensation.

The objective of this study is to investigate the mode
of transition from film to dropwise condensation, with
specified edge conditions of the condensing surface.
In particular, the difference between the condensation
curves for increasing and decreasing surface sub-
coolings and the relation between such a difference
and the aspects of the condensate on the condensing
surface are clarified. Also the criteria realizing the
reversible change without a hysteresis loop are
determined.

2. EXPERIMENTAL APPARATUS AND METHOD

The schematic of the experimental apparatus is
shown in Fig. 1. Since the procedure was similar to
the one presented in previous papers [6, 7], only the
main and modified items will be highlighted here. The
vapor generator (30L) and the condenser capacity
were made large, about five times the former one in
order to increase the flow rate of the vapor. The pres-
sure and the flow rate of the vapor passing through
the condensing chamber could be kept constant at
prescribed values by adjusting the pressure control
valve with vacuum suction of the container placed
next to the condenser. The condensate was returned
continuously by gravity through the return tube.
Hence, the condensate return valve was always open.
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chamber .
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FiG. 1. Experimental apparatus.
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FiG. 2. Condensing chamber.

Figure 2 illustrates the condensing chamber. The heat
transfer block was mounted at the center of it. The
vapor passage (18 mm x 18 mm) was relatively large
to ensure enough rate of vapor flow. The propylene
glycol and trilauryl trithiophosphite [(C,,H,:S),P]
were used as a test vapor and a promoter for dropwise
condensation, respectively. Figure 3 shows the cooling
chamber attached behind the condensing chamber.
The coolant jet impinged upon the bottom of the heat
transfer block. Water, oil and ethylene glycol were
used as the coolants to change the cooling intensity.
The condensing block made of copper is illustrated
in Fig. 4. The size of the condensing surface was the
same as the previous study (8 mm diameter). The
thickness of the block was reduced to widen the
adjustable range of the overall cooling-side con-
ductance. A circular groove was cut and was filled
with silicone resin insulator so that the heat flux and
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the surface temperature could be determined by
assuming one-dimensional conduction. Four holes of
0.35 mm in diameter were drilled parallel to the con-
densing surface. The constantan wires of 0.1 mm in
diameter, which were fixed in the thin glass tubes for
fixing the location and for electrical insulation, were
soldered at the center of each hole. The rest of the
holes were filled with solder. A copper wire was sold-
ered at the root of the copper block. The heat flux and
the surface temperature were determined from the
e.m.f.s of those thermocouples and their distances
from the condensing surface.

Considering that the transition modes are likely
controlled by the edge conditions, three condensing
surfaces (called hereafter heat transfer surfaces I, 11
and IHl) were prepared as shown in Fig. 5. The heat
transfer block shown in Fig. 4 was commonly used
for these edge conditions. The vapor flowed from left
to right for all the heat transfer surfaces. Each surface
had characteristics as follows.

Heat transfer surface I (wettable edge). The side
surface of the block up to an axial distance of 1 mm
from the condensing surface was electroplated with

Chromium plating

Copper plating
2 W\

(a) (b} (c)

Fi1G. 5. Details of heat transfer surface: (a) heat transfer
surface I'; (b) heat transfer surface I1; (c) heat transfer sur-
face ML
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chromium 0.1 mm thick. The whole surface was
finished as shown in Fig. 5(a). Since the promoter of
trilauryl trithiophosphite was not adsorbed to chro-
mium, a thin wettable edge was realized perfectly over
the whole periphery.

Heat transfer surface II (partially non-wettable
edge). An alloy of bismuth and tin having a very low
thermal conductivity was soldered partially at the side
edge of the block. It was placed on the upstream
side of the condensate flow. The whole surface was
electroplated with copper as illustrated in Fig. 5(b).

Heat transfer surface Il (non-wettable edge). The
same alloy as used for heat transfer surface II was
soldered over the whole periphery of the condensing
surface except the portion around the downstream
side of the condensate flow. Then the whole surface
was electroplated with copper.

Here, for heat transfer surfaces II and III, the cop-
per surfaces on the alloy of bismuth and tin had the
same non-wettability as that of the condensing
surface. However, the surface on the additional alloy
having low thermal conductivity maintained a higher
temperature due to a fin effect. Hence, dropwise con-
densation remained and the surfaces acted as non-
wettable areas even when the subcooling of the main
part of the condensing surface was very large.

The method of quasi-steady continuous measure-
ment was utilized ; that is, the coolant temperature
increases or decreases very slowly, keeping the pump-
ing power of the coolant constant. In this way, the
start and end points of the jump were easily dis-
tinguished. Further, the measurements of both pro-
cesses of increasing and decreasing surface sub-
coolings were performed consecutively to keep
immutable states of the vapor and the heat trans-
fer surface. The aspect of condensation was video-
recorded simultaneously.

3. RESULTS

The two vapor conditions (vapor conditions 1 and
2) shown in Table 1 were selected commonly for each
of the heat transfer surfaces. 7, and m denote the
saturation temperature and the vapor mass velocity,
respectively. From the measurements in the former
reports, the difference in the saturation temperature
of the two vapor conditions was confirmed to have
little effect on the aspect of condensation. The vapor
force acting on the condensate was smaller under
vapor condition 1 and larger under vapor condition

Table 1. Vapor conditions

Vapor
condition T.K) mkgm 3s™h
1 353 0.53
2 348 0.80
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2. The measurements were also carried out for various
overall cooling-side conductances.

3.1, Wertable edye (heat trunsfer surface I)

Figures 6 and 7(a) show the condensation curves
using the heat transfer surface I for vapor conditions !
and 2. The overall cooling-side conductance C was kept
almost constant for both of the cases. The value was
also kept constant for all condensation curves to be
shown later. The circular and triangular symbols cor-
respond to the processes of increasing and decreas-
ing surface subcoolings, respectively. A jump was
observed in the process of increasing surface subcool-
ing. Dropwisc condensation shifted abruptly to film
condensation. which started neur the maximum heat
flux point. The start and end points of the jump are
represented by half closed and closed symbols. respec-
tively, in all the figures given hereafter. After the sur-
face subcooling was increased further in the region of
film condensation, the process was traced backwards
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FiG. 7. Results using heat transfer surface 1 under vapor condition 2: (a) condensation curve: {b) aspects
of condensation.
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by decreasing the surface subcooling. Even when the
surface subcooling was further decreased beyond the
end point of the forward jump. the mode of con-
densation did not return to dropwise condensation.
Film condensation remained until the surface dried
up completely and the surface temperature became
higher than the vapor saturation temperature. Thus,
for the heat transfer surface I (wettable edge con-
dition), large hysteresis loops were drawn inde-
pendently of the vapor condition. Figurc 7(b) shows
photographs of the abrupt transition from dropwise
to film condensation in the unsteady jump region of
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the curve given in Fig. 7(a). Here AT and ¢ denote the
surface subcooling and the time after the beginning of
the jump, respectively. The vapor flow was from left to
right and the gravitational force was in the downward
direction.

3.2. Purtially non-wettable edge (heat transfer surface
1), large overall cooling-side conductance

Figures 8 and 9 show the results for the large overall
cooling-side conductances obtained by using the
heat transfer surface IT with a partially non-wettable
edge. Two different transition curves from film to
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FiG. 8. Results using heat transfer surface If under vapor condition 1: (a) condensation curve ; (b) aspects
of condensation.
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FiG. 9. Results using heat transfer surface II under vapor condition 2: (1) condensation curve : (b) aspects
of condensation.

dropwise condensation were obtained. Figure 8(a) is
the condensation curve for vapor condition 1. The
reversible and continuous curve was obtained, i.e. the
curve of increasing subcooling coincided with that of
decreasing subcooling precisely. Figure 8(b) shows
the variation of the aspects of condensation along the
curve shown in Fig. 8(a). Photographs (A)-(E) are
for the process of increasing subcooling and (E)—(I)
are for the decreasing process. Since the photograph
showing the aspect of condensation under decreasing
subcooling was not taken. the case of the jump mode
(photographs (F)—(I)) of the same vapor condition
and of smaller overall cooling-side conductance is sub-

stituted here. The variation of the aspects of con-
densation was almost similar to that of the continuous
mode. It is confirmed that the square part of the non-
wettable region maintained the dropwise mode even
when the remaining surface was entirely covered with
condensate film. These photographs exhibit a kind of
symmetrical nature between increasing and decreasing
subcoolings with respect to photograph (E) of film
condensation. This agrees with the tend of the
condensation curves.

Figure 9(a) shows the condensation curve for vapor
condition 2 of larger vapor force. The continuous
curve was obtained for increasing subcooling, similar
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to Fig. 8(a). However, the curve for decreasing sub-
cooling was broken by a jump, even when the overall
cooling-side conductance was the same as the one for
increasing subcooling. In the film region from larger
subcooling to the MHF point of increasing subcool-
ing, the curves for decreasing and increasing sub-
coolings coincided with each other. Nevertheless, film
condensation continued further at a certain sub-
cooling smaller than that of the MHF point of increas-
ing process. Then the jump to the dropwise mode
occurred from the point indicated by a symbol A to
the point A in the figure. The curves for both pro-
cesses agreed again in the dropwise region. Figure
9(b) shows the photographs of condensation of Fig.
9(a). Photographs (A)-(E) show the process of
increasing subcooling and photographs (E)—(I) give
the decreasing process showing the jump mode. In the
decreasing process, the break of liquid film progressed
not only from the non-wettable part but also from
the lower edge of the condensing surface and was
triggered by it as seen in photographs (G) and (H);
that process was in contrast to the reversible curves
in which the liquid film was broken only from the
partially non-wettable edge shown in Fig. 8. Thus the
aspects of condensation as well as the condensation
curves showed irreversible changes under vapor con-
dition 2.

3.3. Non-wettable edge (heat transfer surface IlI),
large overall cooling-side conductance

The result of measurements using heat transfer sur-
face 11, the periphery of which is ailmost surrounded
by the non-wettable material, is shown in Figs. 10 and
11. The overall cooling-side conductances were also
large. Vapor condition 1 was employed. The results
for increasing and decreasing subcoolings coincided.
Figure 10(b) shows the variation of the aspects of
condensation along the curves of Fig. 10(a). Photo-
graphs (A)—(E) and (E)—(I) are for the increasing and
decreasing processes, respectively. It is also confirmed
by these photographs that the surface area made of
alloy of low thermal conductivity always kept the
dropwise mode. Since those photographs show a sym-
metry with respect to photograph (E), the change of
aspects of condensate was confirmed to be reversible.
The condensation curves and the aspects of con-
densation under vapor condition 2 are also given in
Figs. 11(a) and (b), respectively. They were the same
as those for vapor condition . Thus, the continuous
and reversible curves were always measured inde-
pendently of the vapor condition for heat transfer
surface III.

Figure 12 shows the variations of temperatures.
It confirms the quasi-steady change of the coolant
temperature 7, and the temperature 7,, which was
measured by the thermocouple in the condensing
block nearest to the condensing surface (about 1.5
mm beneath), while the vapor temperature 7, was
kept constant.

Figure 13 illustrates schematically the transition
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mmodes when using heat transfer surfaces I-11I under
large overall cooling-side conductance to achieve the
continuous mode during the process of increasing
subcooling.

3.4. Small overall cooling-side conductance

The measurements of condensation curves with
relatively small overall cooling-side conductances,
which lead to the jump transitions, are described in
the following. Figures 14(a) and (b) are the results
under the same vapor conditions as those of Figs. 8(a)
and 11(a), respectively, in which the reversible and
continuous curves were obtained. The solid lines show
those continuous curves. The jump modes for both
increasing and decreasing surface subcoolings were
obtained. Each datum except the unconnected jump
region coincided quite well with the continuous curve.
These jump phenomena for increasing subcooling
should be determined by the instability of the overall
heat transfer system [8]. However, since the tem-
perature distribution in the condensing block was
somewhat distorted from a one-dimensional con-
duction owing to the additional alloy at the edge, the
quantitative discussion of the instability is withheld
here. In the processes of increasing subcooling both
for Figs. 14(a) and (b), each end point of the jump
(@) shifted toward the region of surface subcooling
larger than the one of the MHF points of the con-
tinuous mode. It occurred as a result of the reduction
of overall cooling-side conductance under the same
heat transfer surface and the same vapor condition.
The reason for this is that the cooling intensity bal-
ancing theoretically to the continuous curve decreases
along the curve with the increase of subcooling in the
region of the negative gradient. As will be shown, the
start points of the jump (A) from film to dropwise
condensation coincided with the MHF points of the
continuous curves. Therefore, the cooling intensity at
the MHF point of decreasing subcooling is smaller
than that at the end point of the jump of increasing
subcooling. Since the cooling intensities at the start
and end points of the jump are equal, the surface
subcooling at the end point of the jump from film
condensation is smaller than that at the start point of
the jump from dropwise condensation. Hence, when
the jump transition occurs for increasing subcooling
due to the instability of the overall heat transfer
system, the condensation curve has a hysteresis loop.

4. DISCUSSION

On the basis of the results described above, the
difference in the modes of film-to-dropwise transi-
tion is discussed here. When the curves for increasing
and decreasing surface subcoolings coincided (Figs.
8(a), 10(a) and 11(a)}), the aspects of condensate on
the condensing surface showed symmetrical and
reversible change as shown in Figs. 8(b), 10(b) and
11(b). On the other hand, both of the condensation
curves and the aspects of condensation show unsym-
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Fii. 10. Results using heat transfer surface I under vapor condition I: (1) condensation curve: (b}
aspects of condensation.

metrical and irreversible changes (Figs. 9(a) and (b))}
when using a partially non-wettable edge at a rela-
tively high vapor velocity. It was also the same for the
curves using a wettable edge. Those results indicate
that the reversibility of the condensation curve and
the reversibility of the aspect of condensation have
one-to-one correspondence.

The recovery from film to dropwise condensation
was closely related to the state of the condensate rivu-
lets formed during the shift from dropwise to film

condensation. When the vapor force was relatively
large. a large number of rivulets were formed during
the process of increasing subcooling: the aspect of
condensation shifted toward the film mode with the
growth and the coalescence of these rivuiets. Under a
large vapor force for a partially non-wettable edge as
shown in Figs. 9(a) and (b). the film modc couid not
return reversibly to dropwise mode of existing thin
rivulets at the edge not connected with the non-wett-
able area during decreasing subcooling. Hence, the
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F1G. 11. Results using heat transfer surface HI under vapor condition 2 : (a) condensation curve : (b) aspects
of condensation.

film condensation lasted until the liquid film began
to break at the periphery not connected to the non-
wettable edge. Contrary to this, under small vapor
force, only a few rivulets were formed and the effect
of the thin non-wettable edge was very large; the
reversible curves could be obtained as shown in Figs.
8(a) and (b). For heat transfer surface III, the long
non-wettable area enabled smooth returning to the
state of existing rivulets of condensate ; the reversible

shifts were achieved independently of the number of
rivulets (the magnitude of vapor force).

Table 2 shows the surface subcoolings and the heat
fluxes at MHF points. All of these are experimental
results using heat transfer surfaces Il and 11 both for
the processes of increasing and decreasing subcoolings
and both for the transition of continuous and jump
modes in the process of increasing subcooling. From
comparison of the results for surface 1T under vapor
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condition { and for surface 111, the MHF points of
the processes of decreasing subcooling are seen to be
fixed for each vapor condition independently of the
transition modes. In those cases of the continuous
transition in increasing subcooling, the MHF points
of increasing and decreasing surface subcoolings also
coinctded. However. they did not for surface 1T under
vapor condition 2. Those results indicate that the
MHF point for the process of decreusing subcooling
was determined by the break condition of the con-
densate film independently of the instability of the
overall heat transfer system.

5. CONCLUSIONS

The reversibility and the hysteresis of the con-
densation curves were investigated experimentally by
using propylene glycol as a test vapor and the lyopho-
bic surfaces having different edge conditions of wett-
ability. The following conclusions were obtained.

(1) When the overall cooling-side conductance was
large enough to obtain the continuous curve during
the process of increasing subcooling, the edge con-
ditions and also the vapor force were the controlling
factors in determining the transition mode from film
to dropwise condensation. The criterion to obtain the
reversible curve was to achieve the reversible change of
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Table 2. Comparison of surface subcoolings and heat fluxes at minimum heat flux points
Heat transfer surface 11 Heut transfer surface 111
Vapor condition | Vapor condition 2 Vapor condition 1 Vapor condition 2 Overall
Shift mode cooling-side
(AT Varation AT,, Gonin AT in Grnin AT in Qo AT mn__conductance.
increase}  of AT (K) (kWm 3 (K) kWm %) (K)y (Wm™) (K) GWm ) C(kWm ™ K™
Continuous Increase 30.0 110 220 130 315 215 295 205 3~
Decrease  30.5 LS 16.0 15 32.0 210 8.5 210
Jump Increase 323 130 290 135 320 210 310 210 3.7~ 10
Decrease  29.5 to 20.3 30.0 210 28.5 205
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the aspect of condensation by making a non-wettable
edge. Relatively long or many non-wettable edges
were needed for a larger vapor force.

(2) Thejump transition due to the instability of the
overall heat transfer system with small overall cooling-
side conductance brought about the hysteresis loop.
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UNE ETUDE EXPERIMENTALE DE LA REVERSIBILITE ET DE L'HYSTERESIS DES
COURBES DE CONDENSATION

Résumé—On présente une étude expérimentale des caractéristiques de transition concernant la réversibilité
et la boucle d’hysteresis de la courbe de condensation. A partir des expériences avec la vapeur de propyléne
glycol sur des surfaces lyophobiques ayant trois conditions de bord de mouillabilité totale, mouillabilité
partielle et non mouillabilité, on prouve que les modes de transition sont fortement affectés par ces
conditions. On obtient la courbe réversible etfou I'hysteresis. Les modes de transition pendant le sous-
refroidissement décroissant sont étroitement liés aux aspects de la condensation dans des sous-refroidisse-
ments croissants. Bien que les modes pour le sous-refroidissement croissant soient déterminés par I'in-
stabilité du systéme global de transfert thermique, ils sont fortement influencés par les conditions de bord
et la vapeur. Pour une faible conductance globale qui joue sur le mode de saut, les boucles d’hysteresis
apparaissent dans tout les cas.

EXPERIMENTELLE UNTERSUCHUNG UBER DIE REVERSIBILITAT UND
HYSTERESE DER KONDENSATIONSKURVEN

Zusammenfassung—Das Ubergangansverhalten bei der Reversibilitit und der Hysterese wird in einer
experimentallen Studie untersucht. Die Ergebnisse der Kondensationsexperimente mit Propylengly-
koldampf auf lyophoben Oberflichen mit drei unterschiedlichen Benetzungscharakteristiken (benetz-
bar, teilweise benetzbar, nicht benetzbar) haben gezeigt, daB das Ubergangsverhalten stark von diesen
Bedingungen beeinfluBt wird. Unter der Bedingung groBer kiihlseitiger Gesamtleitfahigkeit, die zu einer
stetigen Kurve bei steigender Oberflichenunterkiihlungfihrt, erhilt man reversible und/oder Hystere-
sekurven. Das [bergangsverhalten bei abnehmender Unterkiihlung ist eng mit den Erscheinungen bei der
Kondensation mit zunehmender Unterkiihlung verkniipft. Obgleich das unterschiedliche Verhalten bei
steigender Unterkiihlung durch die Instabilitit des gesamten wirmeiibertragenden Systems bestimmt wird,
besteht ebenfalls ein starker EinfluB der Randbedingungen und der Dampfstrdmung. Im Falle kleiner
kithlseitiger GesamtleitfGhigkeit, die ein Sprungverhalten verursacht, treten in allen Fillen Hysterese-
schleifen auf.

IKCNEPUMEHTAJIBHOE HCCNIENOBAHME OBPATUMOCTH H 'MCTEPE3NCA
KPHBbLIX KOHAEHCALIMH

ARNOTRURS—IKCOSPHMEHTANIBHO HCCAEAYIOTCA NEPEXOIHLIC XAPAXTEPHCTHRM OGPATHMOCTH M NeTiH
racTepe3’nca xpusod xommencaumu. Ha ocHOBE pE3yNBTATOB JKCNEPMMEHTOB MO KOHOCHCAUMK
NPONKICH-TAKKONCIOTO Napa Ha JHOHOOHMX NOBEPXHOCTAX NPH TPEX PANIHIHBIX IPAHHYHMX YCIOBHSX
CO CMAYHBREMBLIMH, WACTHYHO CMAYHBACMMIMM ¥ HCCMAYHBACMLIMH NOPEPXHOCTAMH ROKAIAHO, 4TO
OAHHBLIC YCTOBHA OXKA3BIBAIOT CHILHOC BIHAHMC HB mepexoanbie pexumel. IToayuens: xpusue oSpartu-
MOCTH R/UAH rucrepesnca npr Sonpwofi ofuwefl TeMIONPOBORHOCTR OXNMAXAAIONUIEH NOBCPXHOCTH,
XOTOPaA NPH YSCAMMCHAN HCAOTPCBA MOMCPAHOCTH ONMMCHIBACTCA HempepuisEol xpuso#t. Tepexoaunie
PEXHME IPN YMCHLIUCHRH HEAOTPEBA OYCHDL CXORHM C MPOLCCCAMM KOHICHCALMH B CHYHAC YBEINMCHAN
nenorpesa. HecmoTpa B2 TO, 9TO PEXNMM YBCNMMCHHN HEAOTPESA ONPEACAMOTCA HecTAOUMLHOCTLIO
ofutero Temonepenoca CRCTEMBI, SOMMUOE BOANCACTBAC HA HHX OKA3WBAIOT TPAHMUHMC YCHOBMS H
Rasacnue napa. Ilpu manoit ofuelt TensonpoBOANOCTH Oxnaxzaoulel noBEpXHOCTH, obycroBIHBAIO-
uielt nepexomuniit PEKHEM, BO BOEX CAYYANX NOABANIOTCH NET/IH THCTEPEIHCA.



