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Heat Transfer Problems of Hollow Guide Vanes Heating in Steam Turbines

List of symbols

4 — diameter, 1 — dynamic viscosity,
$185), ¢(6y) — functions of the contact angle p — density,

>, — mass flow rate of the film, o — surface tension,

= — film thickness, . t — shear stress on the film interface.
*. — film thickness without evaporation, :

& : : ; Subscripts
+= — dimensionless thickness of the broken
film, e — experimental values,

r — temperature, 0 — outer surface of the blade,
Z — co-ordinate, s — saturation,

2= — mean heat transfer coefficient, ¢t — theoretical values,

¢ — vane angle (measured from horizontal), w — value of the wall,

— angle of contact, — denotes properties of the liquid.

1. Introduction

The method applied for drying steam in the final stages of the steam turbine by means
* inner heating is based on an entire or partial evaporation of the fluid phase from the
swide vane surfaces. The liquid phase upon the vane may appear in a form of the conti-
mwous film or non-continuous one formed by drops or rivulets produced by the separation
¢ large drops which have a greater dynamic inertia than the flow of steam. The inner
-ating is based on the application of guide vanes, referred to as hollow vanes [1]. The
reating steam taken from intra-stage area preceding the heated stage or from one of the
“rmer stages of the turbine is supplied into the hollow vane. V
The steam condensing inside the heating spaces heats and evaporates the liquid phase
spon the vane surface.
This paper presents the results of the investigations of this subject which have been
sarried out at the Institute of Fluid-Flow Machinery, Polish Academy of Sciences in Gdansk.

* Institute of Fluid-Flow Machinery, Polish Academy of Sciences, Gdansk.
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2. Survey of heat transfer studies

The process of the heat transfer in a hollow vane Fig. 1 is composed by the heat transfer
due to the heating steam condensation, the heat conduction through the vane wall and
the heat transfer caused by the evaporation of the liquid phase upon the outer surface
of the vane.

The complex heat transfer problem (the interconnection of condensation with evapora-
tion occurs through the metalic wall of the vane) is a three-dimensional one. In order to

heating sleam

Fig. 2. Scheme of the blade-ring with heating
blades

simplify the considerations the problem has been treated as a two-dimensional one, neglec-
ting the variability along the vane axis. It has been assumed that the cross-section of the
vane remains constant along the vane length.

2.1. Models of heat and mass transfer processes

In order to estimate the effectiveness of the system and its influence upon the performan-
ce of a turbine, a method of analyzing the heat and mass transfer processes has been de-
veloped and the influence of these processes on the evaporation of the liquid film and o=
the changes of the droplet structure in the wet steam has been investigated [2, 3].

To avoid complications which could make the computation method of no practical
value, a number of simplifications has been assumed; a simplified sketch of a hollow vans
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has been shown in Fig. 2. The main principles of the model under consideration can be
seen from Fig. 1.

The condensation of a heating steam inside the hollow guide vanes is being considered
under the assumptions of Nusselt’s condensation model. The obtained heat flux value is
being averaged with regard to the vane height and with regard to the slope angle of the vane.
Standing upon these assumptions the formulae for a heat flux density transferred from the
heating steam to the inner surface of the wall have been derived.

The phenomenon of heat conduction along the circumference of the profile has been
taken into account when considering the heat transfer across the wall. This phenomenon
creates an additional perturbation of the process in question.

The steam flowing round a profile contains two kinds of the water drops:

a) very small drops which have been created spontaneously and which affects signi-
Acantly the thermodynamic state of the medium,

b) large drops originating in the preceding stages of the turbine which gather on the
surface of the profile (mainly on its concave part) creating a liquid film. This fluid flows
along the vane surface in the direction of the outlet edge mainly under the influence of the
shear stresses exerted by the working steam.

Within this water.layer we deal with three phenomena: 1) heat conduction in a perpen-
dicular direction to the surface, 2) the convection in the direction of the flow, and 3) the
evaporation on the interface.

For the flow of the working fluid the balance equations which take into account the
transport phenomena for various forms of the liquid phase will be valid. Additional equa-
tions are formed by equations of the energy and momentum transfer in a boundary layer.
The laminar and turbulent boundary layers have been considered separately. As a result
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Fig. 3. Relative change of the water film thickness on the heating blade surface
(50 MW turbine, stage 22)
Alternative I—stage 22 heated by steam tapped before stage 22
Alternative I1—stage 22 heated by steam tapped before stage 21
Alternative I11—stage 22 heated by steam tapped before stage 20
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we obtain a complicated set of differential equations describing all phenomena regarding
the heating vane. This of set equations may be used in two versions: for the external vane
surface covered with water film and for a dry external vane surface. In each of these cases
a method of solving numerically the appropriate sets of equations has been developed.

A simplified method of the calculations permitting estimation of the expected results
of the heating has also been developed.

Using the above mentioned method it was possible to analyze [2] the transport processes
and film evaporation on the guide vanes. The results of one of these computations are shown
in Fig. 3 where the variations of the thickness of the film (assumed as formed by droplets
which had been separated out of the steam flow) due to the heating of guide-vanes at various
heating steam conditions are presented.

Another simplified model of the heat transport, based on the assumption that the heat
transport at the outer of the profile is determined mainly by the resistance of the laminar
film, has been described in [4]. Using the same assumption a method of determining the
two-dimensional temperature field in the wall of the vane has been proposed.

2.2. Studies on hydrodynamics and evaporation of liquid phase moved by the shear stresses on interface

The process of fluid film evaporation from a heated surface is composed by a number
of phenomena. One of them concerns the hydrodynamics of the film flow. In order to obtain
some information on this problem some preliminary qualitative experimental investiga-
tions of the water film flow in the gravitational field have been carried out [5].

The experiments have been performed on a vertical copper tube of 35 mm diameter
(d=35 mm) and 1500 mm length. The water film was produced by means of a special
device for wetting the outside surface of the tube. The experiments have been carried out
for a laminar film, the Reynolds number of which ranged between 8.6 and 784. On the basis
of these experiments it was possible to determine the minimum unit flow rate sufficient
for covering the whole surface of the tube with a liquid film. This rate amounted to 2.15
-10~? kg/ms. The observations made during the experiments in free flow conditions have
shown that the most important factor responsible for the creation of a thin water film on the
external surface of the tube lies in the surface smoothness and cleanliness. A wave motion
of the film surface has been observed during the experiment. In relation to the flow rate
there have been various kinds of waves. The observations of the water film motion undes
the influence of the gravitational forces suggest the existence of longitudinal as well as trans-
versal waves. The preliminary analysis of the possibility of the existence of the stable
transversal waves is presented in paper [6] together with the observations of thin wates
film flows.

The investigation of the water film evaporation was carried out on a research plamt
presented in Fig. 4 [7, 8]. The basic measuring element of the plant is a vertical coppes
tube placed in a glass steam-carrying channel of 104 mm diameter which enables to carrs
out the optical observations of the phenomena taking place during the water film flow
on the external surface of the tube.

The steam flow through the ring channel, consisting of a heated tube (over which the
film was flowing) and a surrounding transparent one, is directed downwards. The influence
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Fig. 4. Scheme of the experimental installation for the investigation of the water film evaporation
I —flm evaporating pipe, 2— measurement tank for non-evaporated film, 3— film water temperature measurement tank, 4—film
water heater, 5 —heating water heater, 6 —steam pipeline, 7— turbines, 8 —electric heaters

of the steam flow was the main factor of the film motion. The water film flow rate was
controlled in order to obtain the thinnest possible fluid layer entirely covering the test
section. The investigations were performed in the following ranges of parameters:

— saturation pressure (0.04+0,09) kG/cm?2,

— steam flow velocity (118 =161) m/s,

— film flow-rate (291 = 540) kg/mh,

— heat flux density (799 =20 750) kcal/m?>h.

The experiments regarding the film evaporation in above ranges of the parameters
values have proved that the coefficient of the heat transfer for the evaporated film may be
determined with a fair approximation on the basis of the heat conductivity of the liquid
layer. This fact indicates that under the conditions at which the experiments were carried
out the influence of the waves upon the film surface, and also the influence of the mass
transfer on the interface, were negligible.

The experimentally determined values of the heat transfer coefficient of the liquid
flm plotted against the temperature difference A7,=t¢,,—t, are shown in Fig. 5 [9].
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Fig. 5. Experimental heat transfer coefficient versus temperature difference for various steam mass
flow rates

An essential problem which arose during the investigation consisted in the break dows
of the liquid film into separate rivulets. This problem has been already discussed in [10]
with regard to steam turbines guide vanes.

The problem of the shear driven liquid film stability on the surface under the influence
of shear stresses constituted the subject of our theoretical and experimental investigations
The analysis of the interface stability based on the theory of small perturbations has bees
presented in [4]. This kind of analysis gives however approximate results only with regass
to the conditions of the film breaking, as it neglects an important parameter, viz: the com
tact angle responsible for the stream formation. An improved analysis of the liquid flm
stability which takes into account the contact angle influence is presented in [11].

In[11] a new parameter — a ratio of the wetted area to the total one has been introdu-
ced. The energy of the post-break down liquid rivulets proved to depend upon this pars-
meter. This fact can be described by an appropriate set of equations resulting from:
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— the principle of energy conservation of the film before break down and of the ri-
vulets after the film is broken,

— the principle of rivulet stability after the film is broken, consisting in the exigence
that the energy of the rivulet flow be minimum,

— the principle of mass conservation before and after breaking.
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Fig. 6. Dimensionless "thickness of the broken  Fig. 7. Broken film thickness versus shear stress
film versus the angle of contact on the film interface

During the analysis the both the kinetic and the surface energy were considered. It can
be easily proved that the cross-section of the shear driven liquid rivulets is similar in shape
to a sector of the cylinder. Taking this into account the following equation for determi-
ning the dimensionless thickness of a breaking film has been obtained (Fig. 6):

) ¥ sin 0
Byttt et} priaet 0 [ <Cosh,), 1
(sinBo cos o> q(6o) 300 (1—cosB,) (D
where

TS s

p't°h
hH(0,)= —— 2
17 (0,) e 2

In the course of the theoretical investigation of the film stability the conditions under
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which the continuous form of liquid phase changes into non-continuous rivulets have
been defined.

It results from the analysis that the film breakdown depends on the magnitude of the
shear stresses on the interface, on the saturation pressure and on the contact angle. The
contact angle depends in turn on the kind of liquid, on the material of the wall as well
as on the quality of its surface. The probability of thin film existence on the surface is the
greater the higher is the saturation pressure and the larger shear stresses on the interface.

The theoretical results have been confirmed by our own experimental investigations
and those of other authors.

Preliminary investigations of film break down have also been carried out in the experi-
mental plant as shown in Fig. 4.

The film thickness at which the film breaking occurred was determined on the basis
of the measured flow rate G, according to the formula:

WG
hez\/ b 3)
p'r

The comparison of the experimental values of the thickness of a broken film h, with those
resulting from the theoretical analysis (formula (2)) is shown in Fig. 7. The calculations
have been carried out for the water at the saturation temperature of #,=40°C and for
a contact ang.e equal to 0,=40° (which value seems to be close to the correct one). It can
be seen from Fig. 6 that the qualitative theoretical results are in fair agreement with the
experimental ones.

The processes of the rivulet generation, their hydrodynamics and their evaporation
upon the guide vanes has not been yet sufficiently explained. An attempt has been made
to determine theoretically the heat transfer coefficient for the fluid phase being in form
of rivulets [12]. It has been assumed, for any given conditions, that the rivulet dimensions
are such as to ensure its stability. Moreover it had to be assumed that the cross-section
of the(rivulet is a circular segment. On the basis of these assumptions a simplified model
of the rivulet was formulated.

2.3. The problem of an inner condensation in a hollow vane

The water steam condensation in a laminar condensate flow over a non-circular cylin-
drical surface is analysed in [13] from the viewpoint of the inner heating problems. The
flow trajectories of the condensate upon an arbitrary non-circular cylinder and the local
heat transfer coefficients resulting from the local thickness of the condensate have been
calculated using the known Nusselt assumptions.

In order to determine the condensate trajectories the planar development of the non-
circular cylinder surface has been examined. Since the motion of the condensate upon this
plane is due to the influence of the variable gravitation component, the streamline of the
condensate is curved. The computation of the thickness of the condensate layer allowed
to determine the trajectories of the condensate. Further on, taking into account the influence
of the wave motion of the condensate [14], the dependence of the mean value of the heat
transfer coefficient on the condensate trajectory has been obtained.
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Fig. 8. Scheme of the experimental installation for steam condensation in the hollow vane
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valve

On the basis of this dependence numerical calculations of the heat transfer coefficient
for a non-circular cylindrical surface of the hollow vane have been carried out. For the sa-
me purpose the experimental investigations have also been performed. The investigations
have been carried out at pressure p,=0.8 bar for various blade angle values f, lying within
the range of f=15°+165°. The more detailed data concerning the experiments and the
method of determining the heat transfer coefficients can be found the reference [13]. The
scheme of the test stand is shown in Fig. 8. The comparison of the computed values of the
heat transfer coefficient with the experimental data is shown in Fig. 9, indicating a very good
agreement between them.

It has been indicated that the wave motion of the film influences the heat transfer coe-
Ficient values. This effect may be taken into account by introducing a correction factor
n a way similar to that used for analyzing the condensation on vertical surfaces. The
validity of thus derived equations have been proved for the forms considered geometrical
here.

2.4. Investigations of the heat conduction in the blade shell

The temperature field in the blade wall is a three-dimensional one. This is due to the
variable working steam temperature around the circumference and along the vane length
2s well as due to the variability of the coefficients of heat transfer inside and outside the
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Fig. 9. Theoretical and experimental condensation heat transfer coefficients for a hollow vane

vane shell. To simplify the problem the temperature has been averaged along the vane
length thus making possible a two dimensional analysis. The boundary conditions are
of IIT type, while the heat transfer coefficients are the power functions of temperature
differences. This problem has been solved using analog and numerical methods. An electri-
cal analogy has been used to perform an experiment on a continuous model made of a
conducting paper [15]. For the application of the analog method it is necessary to make
step-by-step approximations when modelling the boundary conditions (heat transfer
coefficients) since they depend on the temperature difference, which itself is the object of the
investigation. '

On the basis of the analogous studies it has been proved that the heat conduction in the
vane circumference direction considerably levels the distribution of the temperature in
a shell and therefore should not be neglected.
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The applied numerical method was based on averaging the temperature across the thick-
ness of the wall. This method was discussed in [16]. The method is relatively simple and
fast convergent which facilitates carrying out the calculations on a digital computer. The
appropriate dependence of the heat transfer coefficients on the temperatures of respective
surface may be obtained regardless of the temperature averaging by introducing an addi-
tional “function of unevenness” on account of which both surfaces of the wall will show the
different temperatures.

The problem which remains for the further consideration consists in connectmg the
description of the thin-walled shell (where the method presented above may be used)
with that of the “tail” part of the blade, which may be regarded as a rib.

3. Thermodynamic analysis of the heating effects

Using the method described in [2] an analysis of the thermodynamic effects of steam
heating for several types of condensing turbines has been carried out assuming in each
tvpe of the turbine the various alternatives of tapping the heating steam (thus various
values of the thermal parameters of the heating steam).

It has been shown that guide vane heating leads to most essential results (amounting
to the evaporation of the whole film or a considerable part of it) if the heating steam is
tapped from one of the former stages where higher steam temperatures prevail. On the con-
trary, if heating steam is tapped from the stage immediately preceding the heated quide
vane, the evaporation is only slight (and occurs on the convex side of the profile only)
although this layout is very favourable from the technological point of view. Such outcome
is due to both the character of the working steam flow around the profile and to the typical
development of the phenomena of the large droplets separation.

The influence of guide vane heating on the turbine performance and on the energy
balance of the unit has been considered in [17, 18, 19, 20]. The energy effects consist in a de-
crease of the thermal efficiency of the cycle (because of tapping the heating steam from the
turbine stages and because of the heat supply to the working steam) and, in a certain increase
of the internal efficiency due to the increase of working steam dryness.

The positive or negative sign of the resulting change of everall efficiency will depend upon
the choice of the thermal cycle including the choice of points from where heating steam
is to be tapped (hence the thermal parameters of the heating steam) and the choice of the
suide vanes which are meant to be heated. The absolute value of the changes of the turbine
output will depend on the heating intensity, i.e., on the heating steam fluxes and will be
limited by the heat transfer in the guide vanes.

The most essential components which are responsible for the overall change of the tur-
bine output power are:

— power gains in stages, following the heated one, due to the increase of working steam
enthalpy and its dryness (this includes, among others, the effect of internal efficiency in-
crease),

— the power loss caused by the heating steam tapplng (occuring in stages following
the point from which heating steam is being tapped),
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— the change of the output power caused by changing the tapped steam flow-rate
(relevant for turbines with regeneration system),

— the change of the power needed for driving the cooling water pump.

Calculation of the energy balance in the several types of the turbines have been carried
out in [17, 18, 21].

An essential effect of the steam heating consists in the decrease of the size of the da-
maging droplets in the working steam. It leads to economic profits due to the prolongation
of the life-time periods of LP blading systems and preserving their internal efficiency from
the decrease caused by the erosion damage of their surfaces.

From the viewpoint of the energy balance the more advantageous are such layouts
in which the temperature differences between heating and working steam are as small
as possible. In this case, however, the decrease of the content of the damaging moisture
is small. In the reverse case i.e. when the intensity of the heat transfer increases, the drying
of the working steam becomes more effective; hence the lifetime of the LP turbine blading
increases but the certain energy loss has to be expected. An essential indication for choosing
the layout of the heating system consists in avoiding too complicated constructions.

4. Conclusions

In the above mentioned reference papers the fundamental phenomena connected with
the hydrodynamics of working and heating steam flow as well as with the problems of heat
transfer occurring in inner heating systems has been explained. Among them the heating
steam condensation inside the hollow vane, the stability and evaporation of the shear
driven water films moving at high velocities of the steam phase and some problems con-
cerning the heat conduction in a vane have been considered.

The theoretical models of the transfer processes and the methods of computation of
energy-balance processes have also been described.

The calculations of the effects of the liquid film evaporation from the guide vane sur-
face and of the changes of the energy balance caused by the steam heating have been carried
out for two types of turbines: a 50 MW unit and a 200 MW reheat turbine. It has been
shown that the application of the guide vane heating leads to alterations of the energy
balance which can be reduced to the negligible amounts, thus ensuring the possibility of
decreasing the content of damaging moisture in the working steam and therefore increasing
the life-time of the blading.

From the authors’ point of view it appears necessary to carry out both the theoretical
and experimental investigations of the above problems. These investigations should be
followed by a full-scale experiment on a turbine stage in which the guide vane heating is
applied.
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Problemy wymiany ciepla w podgrzewanych kierowniczych lopatkach powlokowych
turbin parowych

Streszczenie
Uszkodzenia erozyjne niskopreznych stopni turbin kondensacyjnych, przez ktore przeptywa para

> duzej wilgotnosci, sa spowodowane obecno$cia stosunkowo duzych kropel, pochodzacych z filmu
wodnego powstajacego na powierzchni lopatek kierowniczych. Aby ograniczyé formowanie sie¢ filmu
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wodnego na powierzchni fopatek i tym samym zmniejszy¢ ilos¢é duzych kropel niesionych przez pare,
zaproponowano metode polegajaca na ogrzewaniu para od wewnatrz lopatek kierowniczych. Para
grzewcza kondensuje sie¢ wewnatrz topatki oddajac ciepto parowania poprzez $cianke filmowi powodu-
jac jego czeSciowe lub calkowite odparowanie.

W artykule krotko omoéwiono prace badawcze poswiecone tym problemom, wykonane w Instytucie
Maszyn Przeptywowych PAN w Gdansku. ;

Zbudowano og6lny model sprzezonych procesow wymiany ciepla i masy, uwzgledniajacy gtowne
procesy sktadowe: kondensacje pary grzewczej wewnatrz topatki, przewodzenie ciepta przez $ciany to-
patki oraz przeplyw pary w kanale lopatkowym z oddzialywaniem na powierzchnie filmu. Na podstawie
tego modelu opracowano odpowiednia metode obliczen.

Wykonano badania eksperymentalne w celu wykrycia najwazniejszych czynnikéw wplywajacych
na wymiang ciepta i masy. Zbadano kondensacje pary wewnatrz topatki powlokowej przy roznych ka-
tach nachylenia wzgledem poziomu. Na modelu analogowym przeprowadzono badania dwuwymiarowe-
go pola temperatur w sciankach lopatki. Przeprowadzono takze eksperymentalne i teoretyczne badania
stabilnosci filmu wodnego na zewngtrznej powierzchni topatki. Ustalono teoretycznie wartosci krytyczne
zwiazane z przeptywem filmu.

Przeanalizowano wpltyw podgrzewu wewnetrznego na obieg termodynamiczny i sprawno$¢ turbiny
oraz przeprowadzono obliczenia sprawnosci dwoch typow turbin kondensacyjnych wyposazonych w pod-
grzewane topatki. Wyniki obliczen wykazaly, ze podgrzew wewnetrzny, prowadzacy do istotnego zmniej-
szenia szkodliwej zawartosci wody w parze roboczej, jest termodynamicznie i ekonomicznie uzasadniony.

IIpoOreMbl Temr006MeHA B HOAOrPEBAEMBIX 000JOYKOBBIX
HANPABJIAIOMHNX JIONATKAX MAPOBLIX TypPOHH

Pe3rome

OpOo3MOHHBIC MOBPEKAEHUS CTymerneidi HJI KOHIEHCAIMOHHBIX TYpOWH, 4€pe3 KOTOpHIE MPOTEKAST
CHJIBHO YBIIAXXHEHHEIM IIAp, IPOUCXOIAT 34 CYCT IPHUCYTCTBUS COOTBETCTBEHHO OONBINUX KAIENb, BO3HI-
KaIOUINX W3 BOJSHOM INIEHKH, 00pa3yIoIIeiics Ha MTOBEPXHOCTH HANPABIIAIOIINX JTONATOK. UTOOEI Orpams-
9uTh (HOPMUPOBAHNE BOMSHON ILICHKH HA NOBEPXHOCTH JIONATOK ¥ TEM CAMBIM YMEHBIIATH KOJIMYECTEO
GONBUINX KAIeJIb, TPAHCIOPTHPOBAHHBIX NAPOM, MPEAIATAETC METOI, OCHOBAHHEIM HA BHYTPEHHEM 100~
TPEBE HANPABILIOMUX JONATOK MAPOM. :

I'peronuit map KOHAEHCHPYETCS BHYTPH JIONATKH, OTHaBas TEMNIO WCOAPEHMS 4E€PE3 CTEHKY IICHEES.
KOTOpas TakuM 00pa30M YACTHYHO WM IOJIHOCTHIO HMCHAPSETCH.

B cratbe maeTcs KOpOTKOe 0GCYKIECHWE MCCIIEMOBATENLCKAX PAGOT B 3TOM 00JIACTH, BHIIOTHEHHER
B WucturyTe mpotounsix mammu ITAH B r. I'manbcke.

ITocTpoena 06mIas MOLEIh CONPSHKEHHBIX TPOLECCOB TEITIOMACCOOOMEHA, YIMTHIBAIOMAS OCHOBHER
COCTABIIAIOIINE TIPOUECCHI: KOHACHCAIMIO I'PEIOIIEro mapa BHYIPH JIOHMATKH, TEIUIOMPOBONHOCTEL Hepes
CTEHKH JIOIIATKY, a TaKXKe TCUYCHME Mapa B JONATOYHOM KaHAJE C BO3ACACTBAEM HA IMOBEPXHOCTH TLICHER.
Ha ocHOBe 3T0i Mozmenu pa3paboTaE COOTBETCTBYIONIMIA PacyE€THBIA METOZ.

IpoBefeHbl 3KCIEPIMEHTAIBHbIC UCCIAENOBAHMS C LEIbI0 OOHAPYKEHHS IIABHBIX (AKTOPOB, BIE-
IOMMX HA TMPOIECC TEIIOMAcCOOOMEHa M W3YYEHHS MPOUECCa KOHACHCAIIUMM IIapa BHYTPH O0OI0YKOBOE
JIOIATKY IPY PA3JIMYHBIX YTTIaX HAKIOHA OTHOCHTENHHO TOPM3OHTAIBHOTO MOJIoXeHms. Ha anamorosos
MOJENH U3Yy4aJIOCh ABYXMEPHOC MOJIE TEMIEpPATyp B CTeHKE JiomaTky. ITpoBeeHB! TAKkKe TEOpeTHIECEmE
¥ SKCIEPUMEHTAIIbHBIC MCCIET0BAHNSA YCTOMIMBOCTH BOMSIHOM IUICHKH HA BHENTHEY IIOBEPXHOCTH JIOMATER.
TeopeTHuecKr yCTAHABIMBAIOTCS KPUTHYECKHE 3HAYCHUS, CBS3AHHBIC C TCUCHWEM ILICHKH.

Ananu3upyeTcs BIAMSHEES BHYTPEHHETO HONOTPEBA HA TEPMOAMHAMIYECKMI NAKI W K.ILJ. TypOmsss
¥ BBIIOJIHAIOTCS PACYETHI K.II.M. IBYX THIOB KOHACHCAIIMOHHBIX TypOWH, OCHAIEHHBIX IIOHOTDEBACMBIME
sionaTkamu. VI3 pe3ynbTaToB pacueToB CIEIyeT, YTO BHYTPERHNTI TOTOTPEB, CIOCOOCTRY IO 3HAYNTE Men
HOMY YMEHBIICHUIO KOJIMYECTBA BPENHOU BJIATH B BOLOSIHOM IIape, SBIIAETCS O0OCHOBAHHBIM KAaK TEDMO-
JOAHAMUYECKHA TaK ¥ 3KOHOMMIYECKU.



