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Abstract—This paper deals with expenimental and theoretical investigations on a thermosyphon with

“throughflow 1n a figure-of-eight loop The one-dimensional energy and momentum conservation equations

are solved with suitable assumptions and analytical solutions are obtained for the steady-state case for

different throughflow inlet and outlet points The steady-state flow rates obtained with hot and cold leg

injections are compared Companson of predicted steady-state flow rates with expenmental data shows

agreement within + 15% The transient behaviour has been obtained numencally using the finite difference
method and compared with expernimental data

1. INTRODUCTION

IN THERMOSYPHON loops, the circulating fluid removes
heat from a source and transports 1t to a sink, the
fluid circulation being the result of the buoyancy force
Thermosyphon loops find application 1n many fields,
namely, gas turbine blade cooling, transformer
cooling, nuclear reactor core cooling, solar heaters
and geothermal processes A literature survey has
revealed that thermosyphon studies have already been
made 1n a number of loops of simple geometry The
early studies by Welander [1] and Keller [2] were
concerned with the stability of a thermosyphon 1n a
loop with a point heat source and a point heat sink.
Thereafter the toroidal loop has been the subject of
extensive expenimental and theoretical investigations
probably due to its ssmplicity This is the only loop
for which 1-D [3], 2-D [4] and 3-D [5] analyses have
been reported. Experimental investigation of a
thermosyphon 1n a toroidal loop has been carned out
for the first titme by Creveling er a/ [6] Later on,
Damerell and Schoenhals [7] made an experimental
mvestigation of the effect of the angular displacement
of the heated and cooled sections of this loop. The
double-loop toroidal thermosyphon was investigated
by Sen er al [8]. Other loops studied include the
parallel-channels loop of Chato [9], the square loop
employed by Bau and Torrance [10], Hallinan and
Viskanta [11], the rectangular loops of Lapin [12],
Huang and Zelaya [13], the loops relevant to PWRs
[14, 15] and the solar water heater [16]

There are very few thermosyphon studies in figure-
of-eight loops. The loop employed in CANDU type
pressurized heavy water reactors (PHWRs) has a
figure-of-eight configuration Previous investigations
of a thermosyphon in this loop have been carried out
by Ardron et al [17] and Vyayan er al [18]

All the above studies have been carried out for
closed loops without throughflow Throughflow
effects are important for nuclear reactor cooling as
some amount of feed and bleed 1s required even during
thermosyphon conditions Zvirin [19] studied the
effect of throughflow on a loop with two vertical bran-
ches with a point heat source and sink Mertol et af
[20] studied the transient, steady-state and stability
behaviour of a thermosyphon with throughflow in a
toroidal loop. The temperature at which the through-
flow enters the loop 1s also of practical relevance to
nuclear reactor core cooling Some work 1s reported
on this aspect by Zvirnin [19] and Mertol er a/ [20]
However, n all previous studies. the locations of the
injection point and the bleed point were kept the same
From the view point of nuclear reactor safety one 1s
interested to know whether hot or cold leg injection
1s preferred which also has not been investigated pre-
viously. Further, all previous works on thermo-
syphons with throughflow were purely theoretical and
no experiments with throughflow have been reported
so far The present work, therefore, deals with exper-
imental and theoretical investigations on a thermo-
syphon with throughflow.
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NOMENCLATURE
A cross-sectional area z dimensional elevation
A* parameter in equation (8), AJy/V Z, elevation at cooler inlet
a.b  constants in equation (5) Z elevation at header centre hine
C, specific heat Z, centre hne elevation difference between
D diameter the cooler and the heater
4 dimensional throughflow rate
F non-dimensional throughflow rate Greek symbols
g acceleration due to gravity
Gr modified Grashof number g volumetric coefficient of expansion
" Dp gAT, i’ ’ Y parameter in equation (3), {§ ds- A(s)
K ]0;; lcf]ss ccr)/:fﬁment 0 non-dimensional temperature
k thermal conductivity H dynamic viscosity
L length P density
L, total circulation length ' non-dimensional tume
L length of branch 1 ¢ parameter 1n equation (9),
L, length of branch 2 W Val/:n{;le PSJ(1+F)
N’ Nusselt number, U.Z /k Eo; dlmerl-;smn:‘al flow rate
P parameter in the defimtion of ¥/, t

4Nv'/(Re,, Pr)
Pr Prandtl number, C,u/k
Q heat rate
Re Reynolds number, D.W/A u

S non-dimensional coordinate around the
loop

S, non-dimensional half length of the U-
tube cooler

s dimensional coordinate around the loop

t time

T temperature

AT, reference temperature difference used 1n

the defimtion of Gr,,, QZ./4.uC,
U overall heat transfer coefficient
V volume
W mass flow rate
Z non-dimensional elevation

Subscripts
0 reference
c cooler
e equivalent
eff effective
fi throughflow inlet
fo throughflow outlet
Ho  outside surface of heater tube
h heater
| mtegral
1 mside
| loop
m mean
s secondary side of cooler
sl secondary 1nlet
S8 steady state.

2 THE EXPERIMENTAL INVESTIGATION

The experimental loop (see Fig 1) consisted of two
horizontal heaters of annular geometry, with the inner
tube directly heated by electric current. The heaters
were connected to headers and the latter were con-
nected to vertical inverted U-tube coolers by small
diameter tubes Each cooler (tube-in-tube type) con-
sisted of an inverted glass U-tube, the vertical portions
of which were cooled by water flowing 1n the sur-
rounding annulus formed with another glass tube
The system pressure was maintained at near atmo-
spheric by a small expansion tank provided at the
highest elevation. The loop was insulated using pre-
cast asbestos magnesia

In the present loop all feed and bleed ponts are
associated with the headers H1, H2, H3 and H4 as
shown 1n Fig. 1 Imjection 1s possible only in header
2, whereas the bleed flow could be taken out through
any one of the four headers The inlet temperature of

throughflow 1s the same as the inlet temperature of
cooling water as the feed flow 1s branched off from
the inlet side of the secondary cooling water line (see
Fig. 1).

There were 24 thermocouples instalied at various
points 1n the loop (see Fig 1) to measure the heater
surface and water temperatures All thermocouples
were connected to a datalogger which could scan all
the channels in less than 2 s The power input to the
heater was obtained as the product of voltage and
current which were measured The thermosyphon
flow rate through the loop was then estimated from
the measured heater power and temperature rise
across the heater This method of flow measurement
was compared agamnst that measured by a magnetic
flow meter under forced flow conditions and the agree-
ment was found to be within 5-7% [21] The sec-
ondary side flow rates to the individual coolers were
measured with the help of two rotameters The water
temperatures at the inlet and outlet ol both the coolers
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were also measured. The throughflow rates were very
small (<5 cm?® s~") and were accurately measured by
collecting the bleed flow 1n a measuring jar and noting
the time

During the experiments the injection of water at
room temperature was started after the system
reached the steady-state thermosyphon condition
with no throughflow A few seconds (about 5-6 s)
later the bleed flow was started (this time delay does
not have a significant effect on the transient behaviour
as the transient 1s a slow one taking several minutes).
Then the system was allowed to attain the new steady
state with throughflow For fixed injection and bleed
points hot or cold leg injection 1s obtained by changing
the flow direction 1n the loop. During the transient,
the loop temperatures were recorded at an interval of
1 min

3 METHOD OF ANALYSIS

The geometry and coordinate system considered for
analysis 1s shown 1n Fig 2 The heaters are supplied
with a constant power of Q, and the coolers are sup-
phed with a constant secondary mass flow rate of W,

at temperature T, The loop 1s allowed to reach
steady-state thermosyphon conditions At steady state
a constant throughflow 1s suddenly introduced with
inlet at header 2 and outlet at header 3. Thus for
anticlockwise circulation, the flow rate in branch |
(from header 2 to header 3 through heater 1) 1s higher
than that in branch 2 (from header 3 to header 2
through heater 2) The assumptions made n the
analysis are given below.

(1) The fluid properties are constant in the gov-
erming equations except for the body force term
(Boussinesq approximation) where, the density
variation with temperature 1s assumed linear, 1.e.
p = poll =B(T—Ty)l.

(2) The effect of axial conduction and viscous dis-
sipation 1n the fluid are neglected

(3) Perfect mixing 1s assumed to occur at the feed
inlet

(4) The effective hydraulic resistance of each branch
of the loop is assumed to be equal to the total loop
resistance corresponding to the flow rate of the branch
multiplied by the length fraction (L/L,) of that branch

From the equation of continuity for one-dimen-
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sional incompressible flow, we have that the mass flow
rate in each branch of the loop 1s a function of time
only Therefore, the momentum equation for the two
branches can be written as follows

Branch 1
d(W+/) L
7 S g, f Tdz—K,(W+1)*/(2podd)
_(Phdl_Phdl) (l)
Branch 2

dw - 2 2
?2? = gﬂpoﬁ Tdz—K.W?/(2poAZ)

_(PhdZ_Phdl) (2)

where P4, and P4, are the pressures at header 2 and
header 3, respectively Adding equations (1) and (2)
yields

dw L
v = gﬂpoj Tdz—K (W+/)¥(2p,A2)

— K. W3 (20042)  (3)

The hydraulic loss coefficients K, and K, in equation
(3) were obtained from

K, =KgL,/L, and K, = K.sL./L, 4)

where K, 1s obtained from the following equation
K. = a/Re’ (5)

where the constants g and b are obtained from the
thermosyphon data generated in the present loop
without throughflow The values of the constants a
and b used in the analysis are 157 x 10* and 0.656,
respectively [21] To solve equation (3) 1t 1s necessary
to obtain the loop temperature distribution which can

be obtained from the energy equation The energy
equations for the two branches are

Branch 1
oT (W+f\oT
ot Ap, ) Os
49Dyo/{(D? —Di,)poC,}  heater 1
=4 —4U(T—-T)/(D,p,C}) cooler  (6a)
0 pipes
Branch 2
éT w\eérT
—_ + _
ot Ap,/ 0s
— {4qDHo/{(D|2 —DE{D)PnC,,} healer2 (6b)
0 pipes

Note that branch 2 does not have any cooler The
momentum and the energy equations are now non-
dimensionalized using the steady-state parameters as
described below

3 z

w=WW,, S=Z. Z=Z (7a)
T= [/t:h7 0= (T_ Tﬂ)/(ATh)s\-
F={W, (7b)

where ¢, 1s the time required to pump one inventory
of the loop through any cross-section at the steady-

state condition. Hence
th = Vipo/ W, (7¢)

The resulting dimensionless momentum equation 1s
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*dw

%

+a[lL (+F)"+L,w*"]/2Ret L)) =

L

(Gra/Re2) j 6d- (8)

0

The dimensionless energy equations for the two
branches are

Branch 1
VilVi heater
g +¢(w+F) S—g ={—P¢(6-6,) c9oler
pipes
(9a)
Branch 2
o0 00 V./V. heater
= w.—={ T (9b)
Tt A 0 pipes

Energy balance at the injection point yields the fol-
lowing equation for the mixed mean temperature

On = (00+FO;)/(w+ F) (9¢)
3 1 Steady-state solutions

The steady-state equations are obtained by drop-
ping the /4t terms from equations (8) and (9) and
setting w = 1 Exact analytical solutions of the steady-
state equation can be obtained for specified Gr,,, 0,,
0, and Nu, The steady-state temperature profile 1s
obtaned by integrating the steady-state energy equa-
tions for the two branches using the continuity of
temperature as the boundary condition. The steady-
state temperature profiles so obtained for the vanous
segments (see Fig 2) of the loop are

0(S),, = 0.a+ A, Z.S/[V(1+F)] heater
(10a)
0,=0, =0,+1/(1+F) hotlegl (10b)

0(S)., = 0.+ (6, —0,)exp <I+LF>(S' )

cooler1 (10c)

0.=0,=0+(,—6)e* coldlegl
(10d)
0(S)., = 0., +A,Z.S/V, heater2  (10e)

0, =0,,=0.+1 hotleg2until header2

(10f)

(Om)ss = (02 +F05)/(1+F) 1injection point
(10g)
0, =(0,),, hotleg2unulcooler2 (10h)
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P
O(S)si = 05 + (em - 05) exp <H—I:>(S‘l - S)

cooler2 (1)

f,=0,=0+0,—0)e > coldleg2

(105

Using equation (10) the integral in the momentum
equation (8) can be evaluated as

LI
0, = J- 0dZ = ZI[BM + 0, —0:,—0.-]

0

1+F
+ (002 =0.)+ (61 + 6, —2&)(%)

[1+e % —2e7¥]

Substituting this 1n equation (8). the steady-state
Reynolds number with throughflow can be obtained
as

Ress = [2Grm elLl/

{a(L (1+F)*""+ L)} (1)

3.1 1 Steady-state solutions for other feed and bleed
ponts. It may be noted that equations (10) and (11)
apply only for injection 1n header 2 and bleed from
header 3 and the anticlockwise flow direction shown
in Fig. 2 If the flow direction or the location of injec-
tion and bleed points are different from that in Fig
2, then the solutions are also different. Following the
same methodology described above, the steady-state
equations similar to equations (10) and (11) were
denved for other feed and bleed locations. These solu-
tions are presented 1n ref. [21] for the anticlockwise
and clockwise flow directions, respectively, but are
not reproduced here due to shortage of space

32 Transient solution

Transient analysis of a thermosyphon loop 1s usu-
ally done numerically employing the finite difference
method Analytical methods for the transient behav-
1our on the other hand are mainly concerned with the
evaluation of the characteristic time constant of the
system of Zvinin et a/ [15]. In some restncted cases,
analytical methods can also be employed to obtain
an approximate transient behaviour as discussed by
Zvinn [22). The coupled, time-dependent goverming
equations (8) and (9) have been solved numencally
by using the finite difference method The energy equa-
tions were advanced explicitly using the backward
difference formula for the spalial derivatives and the
forward difference formula for the time derivatives
The time step was chosen so as to satisfy the stability
cntena. The momentum equation was solved im-
plicitly using the Newton—Raphson method The inte-
gral in the momentum equation was evaluated using
Simpson’s rule Details of the numencal solution and



2484

the discretization scheme employed are given 1n rel
[21]

33 Efficiency of throughflow

The throughflow efficiency 7, 1s defined as the ratio
of the energy carried away by the throughflow to
the total energy added to the loop At steady-state
condttions this 1s given by

Hss =fC[r(TI'o_Tﬁ)/2Qh (12)
or
F
He = I,(gro—aﬁ) (13)
For the transient condition the instantaneous
efficiency 1s given by
F f 1
n(t) = 519&;(1)—95; (14)

4. MANNER OF PRESENTATION

From equations (8) and (9) 1t 1s clear that the per-
formance of the present loop under throughflow con-
ditions 1s governed by the parameters F, 6. location
of feed and bleed and flow direction in addition to
Gr,,, Nuy and 6, Effect of vanation of Gr,., Nu,, 65
and 6, on the thermosyphon behaviour 1s outside the
scope of the present investigation Since injection was
possible only in header 2 in the present loop, the
following equation can be written -

Re(1) = f(F.bleed location and flow direction)
(15)

The effect of all the parameters given by equation
(15) are investigated for the steady-state case where
analytical solutions exist

For the transient case, however, the equations are
to be solved numerically and hence injection 1n header
2 and bleed from header 3 only 1s considered. Also,
for the transient case, only one flow direction 1s con-
sidered (anticlockwise direction given n Fig. 2) For
this flow direction and feed and bleed arrangement
the effect of F on the transient behaviour 1s studied

In the present study, the initial condition considered
15 one of steady-state thermosyphon at the specified
Gr,, and secondary conditions without throughflow
The imitial temperatures and flow rates were estimated
using equations (10) and (11) with F =0

5 DISCUSSION OF RESULTS—STEADY-
STATE SOLUTION

51 Re, vs F—comparison with experiment

In Fig 3 the effect of F on the predicted Re,, for
throughflow entering header 2 and leaving header 3
15 presented for both flow directions In this case the
anticlockwise direction 1s seen to give a lower flow
than the clockwise direction The effect of throughflow

P K VuavyaN and A W DaTE

1s to reduce the thermosyphon flow rate when com-
pared to that obtained without throughflow The mea-
sured flow rates are also plotted 1n this figurc The
predicted Reynolds numbers are seen to fall within
+15% of data

5.2 Effect of bleed point location

From Fig 4 1t 1s seen that for a fixed injection
point the thermosyphon flow rate also depends on the
location of the bleed point For injection 1n header 2.
the best flow rate 1s obtained for bleeding [rom header
2. The next best flow rate 1s obtained for bleeding
from header 1, followed by header 4 and header 3 In
other words the best flow rate 1s obtained for mini-
mum distance 1n the direction of flow between the
points of injection and bleed This 1s to be expected
as the effect of throughflow 1s o reduce the buoyancy
force and to increase the frictional resistance

As the throughflow rate increases. the efficiency of
throughflow increases Bleeding from hot legs leads
to significantly higher efficiency than bleeding from
cold legs Though, the best efficiency of throughflow
1s obtained for bleeding from header 4, 1t leads to very
low mass flow rates in one of the heaters and
consequently high heater temperatures

5.3. Hot leg wyection vs cold leg imjection (effect of
flow direction)

From the above results 1t has been established that
the thermosyphon flow rate depends on the distance
between the points of imjection and bleed Hence to
study whether hot leg or cold leg 1njection 1s preferred
one has to locate the feed and bleed points 1n such a
way that both the branches of the loop (the low flow
branch and the high flow branch) are of equal lengths
irrespective of flow direcion This condition 1s sat-
isfied for injection 1n header 2 and bleeding from
header 4 The results of this study are given in Fig 5§
From this figure 1t 1s seen that with hot leg injection
the flow rate 1s only marginally lower than that
obtained with cold leg injection This 1s because n
a figure-of-eight configuration cach half of the loop
contributes to the buoyancy dnving force and the
reduction 1 buoyancy force due to hot leg injection
i one half of the loop 1s partially compensated by
the accompanying increasc in the contribution to the
buoyancy force 1n the other half of the loop The
mcrease 1n buoyancy force, however. 1s obtained only
by a corresponding increase 1n the heater surface tem-
perature in the low flow branch The available exper-
mmental data are also plotted 1in Fig 5 which show
good agreement with the predictions

Figure 6 shows a case (injection 1n header 2 and bleed
from header 1) where the hot leg injection leads Lo
larger thermosyphon flow rates than the cold leg injec-
tion Here the reduction in the thermosyphon flow
rate due to hot leg imjection 1s more than compensated
by the length effect It may be noted that throughfiow
travels only a short length inside the loop with hot leg
mnjection, while with cold leg injection 1t travels a
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longer length and that 1s the reason for getting larger
flows with hot leg injection However, the larger flow
15 obtained at the cost of an increased fluid tem-
perature in the low flow branch

5.4, Typical loop temperature distribution

Typical non-dimensional loop temperature dis-
tribution for different throughflow rates are shown in
Fig 7 When the throughflow rate 1s zero, we get a
symmetric temperature distnbution 1n each half of the
loop With a throughflow, the temperature dis-
tribution becomes asymmetric due to the unequal
flows 1n the different branches of the loop With the
increase 1n throughflow, this asymmetry 1n tem-
perature distribution keeps growing

6. DISCUSSION OF RESULTS—TRANSIENT
SOLUTION

The transient solutions presented 1n this paper are
for small throughflow rates (1.e F < 1) as instability
1s observed for large throughflows

6.1 Comparison with experiment ( feed in header 2-
bleed from header 3)

Figure 8 shows the predicted and measured tran-
sient behaviour of A8, and A8y, at Gr,, = 2.67x 10'°
and F=0.7009 It s seen from this figure that the
trends observed 1n the expenments are predicted cor-
rectly except for a small pertod during the imitial stage
The 1mual dip seen in the experimental curve of A8,

Bieed from heoder-2

Grm 2286 x10'9,Nu,=90, 8, 6,30

Flow direction anticlockwise

8

8

T

FiG 4 Efect of bleed point location on natural circulation flow (injection 1n header 2)
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15 due to the occurrence of a small backflow at the
time of opening the bleed valve In the calculations,
this backflow 1s not accounted for Though, the exper-
imental curve shows oscillatory behaviour, there are
too many oscillations 1n the predicted curve This 1s
expected as the numerical model employed does not
consider the effect of the secondary flows and the
thermal lag of the walls of the loop and the heater

6.2 Effect of small throughflow (F < 10)

Figure 9 shows the predicted efficiency variation as
a function of throughflow For low throughflow rates
(F = 0 1) the  jumps to the steady-state value quickly
and remains steady As the throughflow rate increases
(F =025) small oscillations 1in  with time appear
With further increase in throughflow, the amphtude
and frequency ol these oscillations increase (F =05
and 1 0) The time required to attain the steady-stalte
value also increases with F

Figure 10 shows the predicted transient flow rate

Grm 5286 110"

m— Anticlockwise

in branch 2 for different throughflow rates For low
throughflow rates the thermosyphon flow experiences
some 1mtial oscillations before reaching the steady
state The steady-state flow rate, however, 1s lower
when compared to the case without throughflow (1e.
F = 0). As the throughflow rate increases the ampli-
tude and frequency of these 1mitial oscillations
Increase

7. CONCLUSIONS

Throughflow tends to reduce the thermosyphon
flow rate when compared to the case without through-
flow. As the throughflow rate increases, the thermo-
syphon flow rate decreases while the efficiency
increases For a given mmjection point, the steady
thermosyphon flow rate depends on the location of the
bleed point Best flow rates are obtained for minimum
distance 1n the direction of flow between the injecuon
and bleed points. Hot leg injection does not always give

( hot Leg injection)

Nu=90 Clockwise  (cold leg injection)
6,784,750 O  Data for injection in cold leg
700
600 LG 0.0
500
2
£ 400
~
300
200} .
100}
1 i L ! 1 1 1 U T i I J
o] 04 08 12 16 20 24 20 32 36 40 44 48 52

F

Fic 6 Effect of flow direction (steady state)
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FiG 10 Effect of throughflow on the transient performance
of a thermosyphon
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lower flow rate compared to cold leg injection With
a throughflow, the loop temperature distribution
becomes asymmetric and this asymmetry keeps grow-
mg with increase i throughflow rate Measured
values of steady flows are found to be within +15%
of the predictions

Predicted transients with F < 1 show mtial oscil-
lations of increasing amphitude and frequency before
reaching steady state as the throughflow rate 1s
increased Comparison of predicted and measured
transients shows that the trends observed in exper-
iments are correctly predicted
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Investigations on the steady-state and transient behaviour of a thermosyphon

ETUDES EXPERIMENTALES ET THEORIQUES DU COMPORTEMENT D’ETATS
PERMANENT ET TRANSITOIRE D'UN THERMOSIPHON AVEC BOUCLE EN FORME DE
HUIT

Résumé—On décnt les recherches expénmentales et théoriques sur un thermosiphon avec boucle en forme

de huit. Les équations monodimensionnelles d'énergie et de quantité de mouvement sont résolues a partir

d’hypothéses convenables et des solutions analytiques sont obtenues dans le cas permanent pour différents

points d’entrée et de sortie Les débits permanents obtenus. avec des injections dans la branche chaude ou

froide, sont comparés aux données expérimentales La comparaison entre débits calcuiés et débits mesures

montre un accord 4 mieux que + 15% Le comportement vanable a ét¢ obtenu numériquement en utilisant
une méthode de différences finies et on a compare avec 'expérience

EXPERIMENTELLE UND THEORETISCHE UNTERSUCHUNG DES STATIONAREN
UND INSTATIONAREN VERHALTENS EINES THERMOSYPHONS IN
DOPPELSCHLEIFENANORDNUNG

Zusammenfassung—FEs wird uber expenmentelle und theoretische Untersuchungen an emem Thermo-
syphon in Doppelschleifenanordnung berichtet Die emndimensionalen Erhaltungsgleichungen fur Energe
und Impuls werden ber geeigneten Annahmen gelost Es ergeben sich analyusche Ausdrucke fur den
stationaren Fall ber Wahl unterschiedlicher Eintntts- und Austrittspunkte der Durchstromung Fur sta-
tiondre Stromungsbedingungen werden die Fille miteinander verglichen, ber denen der Austnttspunkt
emnmal 1m heiBen und emnmal mm kalten Teil hegt Ein Vergleich der berechneten Ergebmisse mut
Versuchsdaten zeigt etne Ubereinstimmung mnerhalb +15% Zusatzlich wird mit Hilfe enes Finite-
Differenzen-Verfahrens das Ubergangsverhalten berechnet und ebenfalls mit Versuchsdaten verglichen

3KCIEPUMEHTAJIBHOE U TEOPETHYECKOE HCCIENOBAHHE CTALIMOHAPHOTO H
HECTALIMOHAPHOTIO NMMOBEAEHHMA TEPMOCH®OHA CO CKOBO3HBbIM [I0OTOKOM B
KOHTVYPE B ®OPME BOCBMEPKH

AmmoTamms—JKCIHCPHMCHTAIbAO H TEOPCTHYCCKA HCCNCOYCTCE TEPMOCH(OH CO CKBO3HLIM MOTOKOM B
KOHTYpe B popme BocbMepxH. [IpE COOTBETCTRYIOITEX NONYILCHASX PEIIAIOTCA OJHOMCPHRIC YPABHEHHA
COXp3HCHHA JHEPTHH H AMITY/IbCa, H ONPEAC/IMOTCE AHANMATHYECKHE PCUICHHA LIS CTamMOHapHOTo
CJTyas ¥ pauIMYHLIX TOYeX BXOJA H BLIXOJ& CKBO3IHOrO moToxa CpaBHHBAIOTCA 3HAYCHES CTalAOHAp-
HLIX PAcXOAOB OPH Noaade xonogHof B ropsdell cpen CpaBRCHHE NMOKA32710, YTO PACCIATAHHLIE M IKC-
NEePEMEHTANbHEIC OAHALIC COBMAJAIOT C TOWHOCTHIO +15%. MeTonoM EOHEWHMX pa3HoCTeR
paccYNTaHO HeCTADHOHAPHOE NOBECHAC, H MPOBEACHO CPABHEHAC MOJTyIeHHLX PE3yIbLbTaTOB C IKCNICPH-
MCHTATLHLIME J8HHbLIMH.
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