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Toward the Criterion of Erosion Threat of Steam Turbines Blałling
Through the Structure of the Droplet Stream

NomencIature

L976

a - constant [m/s],
c - velocity in the aerodynamic wake

behind the śtator blade [m/s],
c1 - steam velocity behind the stator

blade [m/s],
ćrax - &xial component Of cr [m/s],
c* - droplet velocity [m/s],

Ę - kineticenergyflux over the surface
of the blade,

fl,r), fo@) - number and volume distribution
functions respectively [1/m],

F, :_ S 1pln^p 1(1 _ iy_!]] 
tja, llŁl,!", zw LmsJ

m(r*) - mass of all droplets of radius
r* [k9l,

my:m(rM) - mas§ of all modal droplets [kg],
,\I"t:ctla - Mach number,

Ę - normalized erosion resistance [1]

.@x, r*mln - max. resp. min. droplet radius [m],
r* - droplet radius [m],

r*(ą) - see Fig. 5 [m],
Re"l:ęrl1, - Reynolds number,

R - distance from turbine axis [m],
lRt - finite element of ,R [mL
§rł - characteristic dimension of the

stator blade, sęę Fig. 7 [m],
lp - rotor blade spacing [m],

U.(?) - total amount of water impinging
the unit blade surfacę element pet
unit time [kg/m2,s],

t]"*UD - maximum instantaneous value of
the volume of material loss per
unit areao per unit time [m/s],

lł45 ||4axs łlo.1, - droplet velocity in relative rę_

ference frame, its axial and normal
to the blade surface element, com-
ponent, see Fig. 5 [m/s],

We, Wey1 - Weber number and its critical
' value,

t-x, y - moisture fraction,
Y -' meal erosion depth [m],

Ztł, Zw - number of guide vanes and rotor
bladeso resp.,

BorQD - bladetangentinclination, see Fig.5
[dgr],

óM* - water flow associatęd with the
droplet group radius r*, and blade
surface element [kg/s],

/M* - total amount of water entering the
rotor channel Óf the length /Rr

' 
[kg/s],

|l, dtl - co-ordinate and its element, see

Fig. 5,

o - surface tension [kg/s'],
T - time [s],

1. Introduction

The increase of dimęnsions of steam turbine fi.nal stages has necessitated recently
a return to the problems of erosion of the blading in these stage§. Consequently variety
of new cfitefia allowing estimation of the erosion threat of the blading has been established.

* Institute of Fluid-Flow Machinery, Polish Academy of Sciences, Gdaósk.
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A survey of these criteria was presented among others in 11,2,3f, their advantages as well
as shortcomings having been pointed out. Majority of the criteria mentioned was based
on new exPerimental data acquired when operating modern steam turbines'of great output;
§ome were based also on a more detailed description of the phenomena leading to erosion.
This concerns in particular those criteria that were based on the description ofthe secondary
droplet motion within the axial gap and its collisions with rotor blades. Such critęrion,
among others, was presented in [a] and [1], whereas in [5] new experimental data supporting
it were specified. In thę papers mentioned a hypothesis has been used that the maximum
erosion rate is proportional to certain power of the normal component of the .impac1
velocitY as węll as to the amount of water impinging the unit blade surface element per
unit time. The same hypothesis has been also applied in e.g. [6,7]. The normal 

"o*po-nent of the impact velocity was estimated in [1, 4,5f,the estimation having been based
on the analysis of the motion of those individual water droplets that have their trajectories
tangent to the leading edge of the neighbouring rotor blade. In such a way the largest
droPlets werę selected from all those impinging the rotor bladę surface element under
consideration [4]. The amount of water was evaluated approximately. It was also assumed
when formulating the criterion mentioned that primary droplet generation caused by spon-
taneous condensation aswell as the course ofdroplet settling on guidevanes, żnd also gene-
ration of the secondary droplets are in modern turbines similar, This assumption was also
understood as an approximate one.

The structure of the droplet stream generated at the guide vane traitng edges affects
however considerably, as was already shown in [8] and [9], the conditions of droplet impact
with a rotor blade. The present paper constitutes an attempt to describe the structure of
the secondary droplet stream and to link it with the conditions of steam expansion in a tur-
bine. These data serve as a basis for computation of selected collision parameters, The
Procedure Presented in [8] and [9] is applied. A novel form ofa criterion oferosion threat
is also proposed basing on this model. It allows to examine the influence of such important
design Parameters as e.g. the outlet velocity from the of guide vanes apparatus or the axia1.
clearance of a stage and others.

-2. Secondary droplets generation in the aerodynamic wake

RecentlY considerable effort was devoted to,the description of the motion of the droplet
stfeam in the aerodynamic wakę and its structure 14, 10, 1I, 12, 13, 14, 15].

Theoretical parts of these works dealt, in general, with the solution of the equation
of droPlet motion in the wake, thę determination of the slip velocity, the estimation of the
region where a droplet ceases to exist as a stable sphere and starts oscillating; also the pe-
riod necessarY to make a given number of oscillations and the point of droplet disintegration
were being dętermined 14,10,I2]. The above material together with appropriate experiment_
al investigations can serve as a basis for the determination of the size of a largest droplet
encountered in the stream and thę critical value of the Weber number based upon the droplet
slip velocity: i-V* [10, 12].

As a result of the works under consideration it came out, among other things, that the
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]ro!-ess of droplet disintegration ends in a relatively short distance from the trailing edge
_'ińe profi_le producing the wake [4]. Critical values of the Weber numbers determining this
r:tance varied within a wide range from 6+7 [1i] through 10+ 14 [16]. This was probably
::re to the numerous simplifying assumptions made during the calculations (spherical
s,epe of a droplet, duration of oscillations, methods adopted to obtain numerical solutions
_: the equation of droplet motion, determination of the velocity distribution of the gas in
:,e aerodynamic wake etc,) as we1l as duę to discrepancies of experimental results. Besides,
:: should be noted that a strict dimensional analysis of the phenomenon under.consideration
.*ds to at lęast 5 dimensionless quantities deciding on its course L12, 151. Until recently
i::ention was being given only to the relation between the Mach number M" and the
trtr-eber number we, norre of the remaining similarity criteria having been controlled;
:.is. very likely, did not influęnce favourably the repeatability of the experimental results.

Insufficiency of the experimental material has induced tlre idea of basing on a simplified
jennition of the critical weber number:

l91

Weę.: 
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^u*P,

This definition is also morę convenient in use than the mote refined one based on the
;roplet slip velocity:Ć-Ć*. The use of the so defined Weber number relates to the sugges_
:rrn of J. Yalha Il2,l3]modified by the conclusions resulting from the paper of B. Weigle
":nd H. Severin LI4]. It can be shown, namely, thatfot available investigations of a watef
Jm disintegration in a stream of air the critical valuę of the Węber number Wep,is a strong
function of the Mach number M",7ąla. Figure 1 shows this relation as based on the
results of the investigationsofValha|l2,l3]andWeigle andSeverinIl4].Consequently,
this relation can be used to determine the maximum droplet size.

As it was shown by Valha the structure of a stream of droplets can be described by
means of an adequately normalized diagram of a droplet mass distribution function (Fig. 2).

Experiments:

. VaLha J. 1970 [/2]
  . valha J. 1972 [8]
o Weigte B., Severin H .lg7/ [/4]

!:205 (!Ęeiqle B.,Severin H.)

t-zss (vaLna 1,)

(1)

NACA 0.5a08-0.55.50

at the traiLing edqe
of the profile

Fig. 1. Critical Weber number for a droplet stream in the aerodynamic wake
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This was also confirmed to a certain extent by the investigation of Weigle and Severin.

The distribution

m(r*) _n(r)13*
mM ttufu

which is a function of the relative droplet size r*lr*o* is related uniquely to thę number

and volume distribution functions,f,(r*) andf,(r*), respectively. The functions, which are

used further in this paper (see also e,g. [8, 9, 19]) have bęen defined as:

f,(,-):ęh, f,(,-):ę+- (2)

f t " \2']

curve t, Ę : *ł|- 
"\z h -, 

) l
ą,r, 2. !!*): t,(:r_\" (,_ Ł\"- lIlH, 

1' nax l \ l ma^ l
o=4

EXperiments;

f Valha J.1972 h3]
o WeigLe B, Severin H. 197l F4]

Their relation, mentioned
by the formułae:

Fig. 2. Mass distribution function of droplet stream

to the mass distribution of droplets m(ro)|m* is givenabove,

f,(r*):

m(r*) / r* \-3
*, \ą) #(*) '

#(#) ' ry9Q(_:-\-'a,-

, l?lu
Jr\r*):,r^*-

( m(r*) .| 

-clr*
Jmu
0

(3)

dr- r-l
o

m(r*)

T,
0

(4)
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and

(*)'(*) 
,
f,(r*) f*(r*)

f"{r*): f,(r*): . (5)tmax ,

I 
(*) ', 

@*)dra I(#, f,(r*) dr*

\-alha assigne.d lll, 12, 13] the Gaussian function to the normalized distribution function:

m(r*)

lŻLy

For r, he puts:
'J, 1, Wey,otu:-rr^*:ffi (7)

basing on the investigations carried out by himself. The suggestion was repeated also by
Faddiejev [19]. However, disadvantages of employing thę Gaussian function (6) for the
description of the distribution of m(r*)lm* are easy to show. It is namely evident from
(6) that for r*:6 and r*:r-u" this expression becomes non equal to zero, hence from (3)

it comes out that a singularity ot f"(r*) exists at /x:0, No experimental proof of such
properties of the number distribution function exists up to now. Values of f"atdf,different
than zero for r,r>r.u* are not justified too. A mass distribution function m(r*)fm*, of
such a form that would not lead to the singularities mentioned would constitute a better
fit to the results of experiments. A B - function:

(8)

is, for instance, one of the functions meeting the requirements. It is symmetrical with
respect to thę r*fr^o*:0.5 axis and becomes equal to zilo at the points r*|r^o*:0 and 7;

the constant A can be determined from the condition:

(6):*,[-"(#-,)']

'I-,_\ęd,r*:1
0

or 
[',W)d,r*:1 

, (9)

No reason of physical nature exists that would prefer the use of other distribution function
known from the probability theory, so the formula (8) is adopted in what follows. Figure
2 justifies the adoption of this function as an approximation of the m(r*)f m*. Distribation
functionsl,(r*) andf,(r*) obtained in this way are compared in Figs. 3 and,4 with the re-
sults of investigations of B. Weigle and H. Severin [14].

Preliminary chatacter of the assumptions adopted should be emphasized. In particular
the diffęrence between the values of Wey, as determined in [13] and [14] needs som§ com-
ment. These differences reach in the range of small M"' numbers up to I00%! There exist
many causes of such discrepancies as for instance: different shapes oftrailing edges, different
levels of flow turbulences, systematic errors depending on the techniques of r-* measure-
ments, differences in values of uncontrollęd similarity parameters etc. Further investiga-

:3 Place Il!![P z. 70-72
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Fig. 3, Number distribution function of droplet stream
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Fig. 4. Volume distribution function of droplet stream

tions designed to explain these differences are being carried out intensely both at the Insti-

tute of Fluid-Flow Machinery of the Polish Academy of Sciences źnd at the University
of Michigan [20] within the frames of a common research program.

The description of the droplet stream structure suggested here makes it possible to
more closely investigate the conditions of erosion of wet steam turbine blading.
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3. Motlel of secontlary droplets collision with the leading edges of rotor blarles

The leading edge of a steam turbine rotor blade is eroded due to collisions with slow
secondary droplets leaving the guide vane§ apparatus of the stage. These droplet§ seęm
to be concentrated mostly in the aerodynamic wake* of a guide vane. The motion of the
droplets was dęscribed in detail in, among others, [1, 4]. It was shown there that the trajec-
tory of a fraction of droplets of a particular sizę r* can be determined easily under the
assumption that in the limiting case this trajectory is tangent to the leading edge of a next
rotor blade (Fig. 5). In [8] and [9] it was shown that an element of a blade surface located
by a coordinate r7 is attacked by droplets having dimęnsions /1-nś/4 śr* (ł). These papers
presented also a method of calculating such essęntial collision parameter§ as:

The amount of water impinging the unit blade surface element per unit time, the ele-
ment being located by the co-ordinate 4:

,, -AM*' /R, +@'' 
_f ,*u*(r* , 4:O) r3*f,(r*) dr*
o

Fig. 5. Kinelnatics of the secondary droplet motion in the turbine blading axial gap

!r*ł(r,r, 4) r]f,(r*) dr-=# U A(q), (10)

ł*(n\I;,,^ - /M*
7 J 

ri"(r*, 4) r"*f,(r*) d, : ń rorrrrrr.,

r*(ł)

.J"-

kinetic energy flux over the unit blade

1

surface due to all droplets impinging this area

AM-r,(,i:ń
'' 

.[ ,*u*(.* , ł:0) r3*f,(r*) dr*
0

and many others**

* Interesting qualitative investigations pointing out the motion of secondary droplets outsidę the
rłake (e.g. [3]) do not provide quantitative data yet.

** Anappropriateprogram for numericai calculations, formulated in the Algol language fot a
3.--oughs B 5500 computer is presented in [8]. Another Algol program for an Odra 1204 computer is
. . i:lable too.
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Ań essential novelty of the described method of calculating parameters of secondary
droplets collision with a rotor blade consists in the possibility of taking into account the
structure of the droplet §tream in the aerodynamic wake of a guide vane. Relating the num-
ber of droplets impinging a blade surface element with its location dęfined by the co-of-
dinate is another important feature. Attempts to evaluate thę nurnber of droplets impinging
thd,blade surface were already made in [21] and [2]. These howęvęr were based on a highly
simplified cornputational męthod. The suggestion to base on the description of the droplet
stream structure as presented in the Section 2 is also a considerąble progress comparing
to the papers [8, 9]. It allows passing from qualitative estimates of [8] and [9] to the more
accurate analysis of the blade erosion conditions.

The virtues discussęd above give the possibility to formulatę a new criterion of erosion
threat of turbinę blading.

4. Criterion of erosion threat of turbine blailing

A rational prediction of ęrosion ęffects should be founded on a ręlation that links
toget her:

- the erosion damage (mean erosion depth'Y),

- the intensity of erosion impulses,

- the resistancę of materials to ęrosion attack and

- the duration of exposure to erosion.
For a considerable time period the determination of this relation has been the subject

of intense studies. However no final formula was established up to now. An extensive

survey of the present information on the subject can be found in e.g. [6, 7,22f; see also [23,24],
For many metals, including also materials used for turbine blades, and for various

intensities of erosion impulses a single curve in llormalized co-ordinates was assigned

successfully L6,22] to the relation between the exposure time t and the time derivative of
a linear measure of material \oss, |Yf ór (Fig. 6).

However, the determination of reference values ?-u* and (0Y[fr)^.* as functions of the

erosion impulses intensity and the material resistancę is much morę troublesome. Usually it
is assumed, among olher things, that tlre intensity of erosion impulses is proportional
to thę product_of the amount of water carried onto a unit area of the eroded surface per
unit time and certain power of thę normal component of the collision velocity. Information
on the material resistance to efosion is much morę scarce. Attempts to relatę this resistance.
to other mechanical properties of materials did not prove successful yet; at least 6 different
opinions on that matter were presented in, |22],

Considering all this it appears that the most reasonable solution for the time being is to
base on one of those semi-empirical formulae that have acquired enough support in results

of experiments. One of such formulae was put forward by Heymann |6,7,24]. Using
the dimęnsional analysis and basing on thę results of numerous experimental investigations
he discovęred that the sought ręlation between the mean erosion depth, the exposure
time, material resistance and the intensity of erosion impulses can be expressed by a formula:

" 
:, +(#)' exp [0 25 (Y l Y,)7, (I2)
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ńere Ę - represents the material resistance to erosion refęrred to that of chromium-nickel

*.a, 1 r" (H) - represents tbe intensiĘ of erosion impulses, und k.(-rrrJ' 
: (J nu

_expresses the mańmum value of the derivative aYlfu at the point M onthe diagram

of )'vs. r (Fis. 6).

I97

I,v
0T

(#),^ , -' !ń (W)' *, [o,, ur,,l]

l Fig. 6. Typical example of a relation: erosion damage vs. time

The relation (I2) can be employed for the construction of the criterion of erosion threat

of blading if an assumption is made that the effects of erosion resulting from impingement

of respective fractions of droplets onto the blade element having dimensions

Ą'(sinB6lQ))./R, are subject to superposition. Indęed, a blade sufface element of such

dimensions undergoes collisions with fractions of droplets having radii r*-1ośr*(r*(4).
Each fraction has a clifferent angle of incidęnce and diffęrent velocity w*;y. This implies

superposition consisting in seeking a sum of expressions:

(13)

over the interval of droplet radii r*_i.śr*śr*(ry). Such a sum was calculated in [8] and [9],

ńe results having been similar to (10) and (11):

sinBo,(ry)Wo(-;kr])'

'{.) 6M*(r*, tD /r*n("* , ł)\' :U"u?l):,t"r'n Fo,@) *"ru**( zsso )
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_ t /M*t
N nP* AR1'-'T' 

r*u"(rx, 4 :0) Ąf,(r*) dr*
0

*|' 
a_.,/w*r(r*,ł)\', l AM*x I w*"(r* , ńr'*.f,(r*)lffi ) 

ar*: N*-iĘ rurrrr. (l4)
J\

Here /M*P^, U"""'., the amount of water coltiding with a unit length of a single rotor
blade of the row of blades under consideration. This quantity as calculated in [8] and [9]
equals to:

AM* v(l\ z,. _

ń:,r^*p,(t-x)";;r, 
(15)

y(l)ly,,can be presented in the empirical form as shown in Fig. 7, based on [5], Ę represents
the measure of the amount of water settling on the guide vane surfaces. After [25] it was
expressed as:

Ę:Srogo,

where ą is a function of the size of primary droplets carrjed by wet steam.

L

Lz

1.0
A0 o. experiments, see ref [S] ,na [Zq/

AąA
A

0aż'uft)
ał

Fig. 7. Relation: humidity vs. radius for steam turbine axial gap

Hence, after substituting (14), (15) and (16) into (12) one obtains finally:

t:Y N" exp 10.25(Y |Y)]
I v(l\ zL 

"ru*Pr(I- ĄlL!! a S,,ogrouEM(a)
P* !", Z.

N"p* exp |0.25 (Y lY1)]

(16)

ó
ttl

oa
@/

o
,*A

(17)

tF' =tSrocru* p {I - x)Y Q) z* -,
!", Zn gPEM{rl)

(18)
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This relation can be used to formulate a new criterion of erosion threat. It is similar
: :orm to the previous proposal of thę authors [1, 5]. The tęrm UEM (rfi is the new element.

Ą:art from being a function of 4 this term allows also taking into account the structure of
::t :rimary droplet stream. In Section 2 of this paper a way of linking this structure with

:-_: conditions of stęam expansion in the turbine was presented.

The relation (18) can be used for construction ofa criterion oferosion threat through

i:l appropriate use ofthe results ofinspection oferosion effects on blades ofvarious modern

:-_:bines of great output. For selected blade profiles the value of t,F'can be calculated;
, 
-s,"- 

selected points ofthe profile can be assigned a certain erosion state, according to the scale

;::ermined, and also the value ot UEM(q). These data permit making a diagram of tF' :
: ;|L'EM(lDand erosion state]. Points denoting particular erosion state of the bladę sections

:.,:loined will be concentrated in this diagram in the aręa§ corresponding to a certain

::::e of erosion threat. The areas can be separated by the lines Ł:const, after an adequate

,r]ection of the valuę of the Nep*l}o complex. As to this complex an assumption can be

::_ice that its value is constant for modern steam turbines.

t99
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l-* tg]|'' m l

l0* l0-" l0-'

Uffi [*l
, Fig. 8. Criterion of erosion threat

The procedure outlined in this paper was applied to the results of inspection of a group
:: 200 megawatt turbines as presented in [1]. The diagram TF:f |UEM(4), erosion state]
,ł,as constructed basing on characteristic points of eroded areas of the examined profiles.

The points of maximum UEM(Ą values and thę points located at 7l B were chosen, the co-

,.rdinate 43 defining the margin of the eroded aręa on a chosęn profile. The results are shown

r Fig. 8.

5. Concluiling remarks

The relation shown in Fig. 8 represents the new form ofthe criterion oferosion threat
of the modern steam turbine blading. This criterion def.nes the co-ordinates of the areas

of no erosion and of weak, moderate or heavy erosion. The scale designed to classify these
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states of erosion was presented in [1]. In Fig. 8 also a curve of constant erosion depth is
shown. The new form of the criterion of erosion threat makes it possible to ęxamine
the influence on erosion of such essential parameters of a turbine like the degree of machine
load, enthalpy drop across a stage, pressure in the axial gap, dimension of the axial gap,
the manner of blade twisting, selection of rotor blade próflles etc. Results of such investiga-
tions will be reported separately.
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Poptzez strukturę strumienia kropel ku kryterium zagrożeńa erozią
łopatek turbin parowych

slreszczenie

W ostatnim czasie pojawiło się wiele prac eksperymentafnych, określających warunki generacji

i ruchu kropel w śladzie aerodynamicznym. Szczególnie interesujące z punktu widzenia erozji układu
iopatkowego turbin parowych są informacj e dotyczące struktury §trumienia kropel w śladzie. Jak bowiem
pokazano poprzednio [8,9], strukturŁ kropel, zdefiniowana funkcją rozkładu wielkości kropel, istotnię
npĘwa na szereg parametrów kolizji strumienia kropel z łopatką. W pracy zaproponowano opisanie
lozkładu masowego klopel w strumięniu za pomocą tzw, funkcji §(r*).Przytoczono tęż wyniki ekspęry*

mentalne definiujące krytycznąwartość liczby Webera Wev,(rys.1). Te dwie informacje pozwalają opisaĆ
funtcje rozkładu ilościowego (3) i objętościowego (4) dla strumienia kropel w szerokim zakresie liczb
Macha. Na tej podstawie i opierając się na [8, 9f, można obliczyó szereg istotnych parametrów kolizji,
m. in. (10), (1l), (14). To pozwoliło z kolei sformułować nową postać półempirycznego krlterium zagro-
żenia erozją łopatek turbin pracują cych w parze mokrej (1 8) (rys. 8), Wykorzystano w tym celu obszerne
rłyniki oględzin stanu erozji szeregu współczesnych turbin parowych.

Or crpyr<ryphl Ka[eJIb Ao l(pnTeplrfl 3po3llolrnofi yrpo3bl AJIff TyT6uHIIbIx .ToIIaToK

Pegrołre

3a nocle4rree BpeM_fl tro.rIBIłJIc, prA 9KctreprłN{eltTaJlbl1},lx pa6or, onpeAeJullotr{łx ycrlouxfl Bo3HIłK-

HoBeH11, tr ABuxeIIE.rI KarreJIL B a3poAunaMlłqecKoM cneAy. Oco6egrro uI{TepecI{bIMIł, c Toxll 3pe}Ilrff

9po3IłI4 ;ronarołłoft cIłcTeMbI traporrx ryp6rłrr, ,BJIJIIoTc, rłrł$opvaqlłrł, Kacaroll(rec' cTpyKTyPbI noToKa

xaIIeJIE B cJIeAy. Kar noragarro paEbIIIe [8, 9], crpyrrypa Katrenb, ontrcanHa.fl Óyrrrutreź pacnpeAeJieHlł'

BeJItrqIłH xaI]ęJIL, cyilIecTBeHHo BJlI{reT lla p.rI,E napaMeTpoB KoJIJItr3trIl IroToKa KatreJIb c Jlonarr<oŻ. B padore

npeAJlaraeTcfi olllłcalltre MaccoBoro pacfipe.qeJleHIfi KźlIIeJIb B IIoToKe IIpa IIoMoTĘfi r. nas, $ynxuruł /(rg)-
flpure4errrr tarxe 9KctrepuMeHTaJIbIłbIe pe3yJITaTbI, oĘ)eAeJlrlolqtre KpnTtrvecroe 3EaqeHIłe WcJra Be6ePa

Wey, (puc.l). 3rn 4ee nrł(lopuaql{u IIo3BoJIrIoT oIIIłcaTE $yxxrgłIl KoJTftgecTBeHI{oro (3) n o6rćlłuoro (4)

pacupe.qeJle11lł, Arl, noToKa Kanelb B ItrtrpoKoM Atrallasorłe suceI Maxa. Ha sroż ocnoBe I{ Ha ocHose [8, 9]

Moxllo BbItMcJIIłTb pr.4 cyqecTBelrnhrx IIapaMeTpoB KoJIJItr3I4tr, M, IIp. (10), (11), (14). 3ro B cBolo oqePeAL

no3BoJMJIo c(loprrłyrułporaTb HoByto $opvy nonyeMlluplillecroro KpaTepn, sposnonnofi yrPo3EI AJL
4p6uuaru< JIoIIaToI(, pa6oraroqlo< Bo BJIaxI{oM nape (18) (puc. 8). C groń 

'IeJIBIo 
l{c[ołbgosarlr 6ora-

T§Ie pe3yJIBTaTDI ocMoTpoB cocrorgrż gpo3ulł pfi.4a coBpeMeEEbD( IrapoBbx ryp6xn.
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