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Cz*hoslovakia*

Mathematical Method of Designing a Reaction Turbine Cascade
in Transonic FIow

List of symbols

flow inlet angle,
flow outlet angle,
palameter characterizing the pressure M
profile side in the hodograph plane, MI
palameter determining the difference M2
between the maximum and the minimum x, y
value of the azimuth angle of the

K

velocity vector on the pressure profile
side,
local Mach number,
inlet Mach number,
outlet Mach number,
profile point coordinates in the physical
plane,
isentropic exponent.

1. Introduction

\o reliable and effective mathematical methods have been developed so far that would
- _ 

",,, 
designing the turbine type blade cascades with reaction profi.les which in the last

-;es of steam turbines ofgreat output operatę already in a transonic flow region. The
: :ć::ence gained from a wide experimental material rather than a mathemati}al theory

_: .:zed for their design. We have taken up, at suggestion of the staff of the Śkoda-works
-_-: le Factory at Pilsen, a development of the calculation method for designing tur-
- -. ;ascades in the transonic flow region. The method of hodograph for the subsonic
-:- : (includingthe sonic line) supplemented with the method of charactęristics for the

-:€:.Lrnic region proved to be the suitable for calculations.
_: 's necessary, if this paper is to have a purpose from the mathęmatical point of view,
_::jIIl€ - for the time being - that the flow at the blade cascade in the transonic re-

_ - ,> determined uniquely in the physical plane; the logical conclusion that an indirect
, - : :r for the transonic flow region is sensible results only from the knowledge that

:-: l,\ists the unique solution of the direct problem, Otherwise (should the solution of
- _ -.:: problem be not uniquely determined) the blade cascade - designed on the basis

_ - ::direct problem - might represent a flow field in the physical plane the image of
. _ ,a the hodograph would be different from the assumed one, The fact that there exists

' \.:iona1 Research Institute for Machine Design, Bćchovice.
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M. Rńżićka

the unique Solution of the direct problem for the transonic flow region is one of our basic
assumptions.

We also assume within the whole paper that the flow field is of a two-dimensional type
and that the passage of the ideal gas is adiabatic (isentropic); we neglect the heat transfer
between the blade surface and the flowing medium.

2. Lemmas

The hodograph plane is the most suitable for the formulation of an indirect problem
of the plane reaction blade cascades in the subsonic flow region. We have chosen thę so
called Bergman's hodograph plane [1] for the problems solved in thę branch of the applied
mathematics in thę National Research Institute for Machine Design

(2.1)

(2,2)

ć:,9,

.__ l ,_ f [l+tl -M'f,]ll-ż(t_ tv,t')źf'|^)
'l-'2l|L\@l,|'

where ,9 is the azimuth angle of a velocity vector with axis x, M - the local Mach number
and l:[(rc-1)l@+1)]'/'. It should be pointed out that ry is real in the subsonic region
and purely imaginary in the supersonic one.

We also assume the flow function r4 as the function of variables Ę, ry: this function
will be marked with symbol v(ć,ń. The local Mach number.is assumed as the function
of variablę 11; this function will be denoted with symbol M (t); its actual expression results
irom equation (2.2)by means of an inversion. The stręam function in Bergman's hodograph
plane corresponds to the equation

o:dly!ć_. Ę\ *ó'vlć^,,i +:j} ua(!) .avś:,i . (2.3|" ać' ' a4' ' 2 L; MW d4 ' \''JJ

The mapping of the hodograph plane in the physical plane (x, y) is given by the equation:

l ( r_ | _ )j','{'T
n*: ł,r,{, *";' v'łnl| 

iL-,, - 
rvł'tą)}'co, rurof' r' *
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*

+ sin ć 
u'Ę_' 

"1 or\ . Q.aa))-t ) ,)

t r r-l )+^'(rdy: ,Glt,* , M'(DI 
tL-{,*M2try)} 

jsin 
ĘĆVg'4) -

.. óvG, ł)l -.-J_cos( , ,., ,. ldt|. (2.4b), ać J"J
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The Jacobian of the transformation (2.4) equals to

J ( ć,,il : ń{, - 

= 
r' r rr\r 

^' 

|(u' 
|ł 
r'' )' 

* (W. D)'f 
t, -, " t ll, . ( 2.5)

The form of the equation (2.5) shows that the limit curves (on which the Jacobian
equals to zęto (2.5)) may exist only in the supersonic flow region; when choosing the sui-
table course of (1ty(Ę,d)la4 fur 4-+0 (i.e. M(t)--+l) it is possible to achieve the Jacobian
i2.5) different from zero on the sonic line.

Let us choose a domain D in the plane ({, ry) so as to fulfll the following conditions:
1) inequality

11>0

is fulfilted for all points (Ę, ry) placed inside domain,

(2.6)

Fig. 1. Mapping of subsonic region in
hodograph plane ,

] l the boundary g of the domain D is formed of a simple Jordan curve and a part of the
:,:i:ndaryg is formed of a line segment (non-zero length) placed exactly on the axis 4:Q
-- Fig. l).

Inside the domain D there is a single point ((1, ry1) which corresponds to infinity bęfore
-,_:e .,ascade.

The fo]lowing lemmas are valid:
]-emma 2.7:Let D in the hodograph plane be schlicht L;let L be a simple enclosed

, f '::i curve located within the who]e domain D so that it fulfils the following two con-
* , __}.

,i the complete curve z is located in the subsonic region of the domain,
: stream function v(ć, ri is regular inside and on curve Z.
]-:en the enclosed curve kin the physical plane corresponds to the curve z.
-:nma 2.2: Let D in the hodograph plane be schlicht; 1ęt L be a simple enclosed Jor-

*]1 :-n'e comPletelY located in the domain D so that it fulflls the following cond.itions:
r 33ft of the curve Z is located in the subsonic region of the domain and part of it

l lr-_::cal with the sonic line,
i :.-e Stream function vG, D is regular inside the curve Z and on such section of it

[ ,]-*,] 
: j located in the subsonic region,

- -'- l 17 +0 the stręam function vG, d can be written in the following form

il V G ; d : h (ć) + rt+f(Ę) + Z (ć, ą), (2,7)
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where lim4-3Z(ć,rD:O(*hereby4213 is the real non-negative variable for4--+Q).Thenthe
4+o

enclosed curve Kin the physical plane corresponds to the curve Z.
Note: An assumption concerning the behaviour of the stream function in the neigh-

bourhood of the sonic line different from(2.7) results in a degenerated image in the physical
plane,

Lemma 2.3:LętD be such a domain that the conditions 1) and 2) are fulfilled; let then
Lbę a simple enclosed Jordan curve completely located,in the D domain so that the follo-
wing conditions are fulfilled:

a) curve l, is completely located in the subsonic region,
b) the stream function vG, D is regular everywhere inside (with the exception of a point

((,lD located inside I) and on curve Z,
c) the following is valid for the stream function vG, d in the neighbourhood of the

point ({, r) (with the exception of thę components of higher orders in variables
(ć- (r), (q-4,):

. l M(q,)sinĘ,vG,ri:_ z r 1+r.,{t-vr(ry)}-j{t+..}ln[(ś-Ę)2+(4-4,121-- ł r+? ^' u'(ryJlL 2 ")

M(ą,)cosć1 F -r- l,. "_i;-"'^u12 
arcctg !1 - 

J 1", (2,8l

tr 
* , M'(4,)I

Then the open curve Kin the physical plane corresponds to the curve Z whereby the belog
equations apply to the initial point (xr. yr) of the curve Kand the terminal point (rr, _r..l
of the curve k:

Also the following is valid

X2-Xl:Q,

!z- !t: -2n .

M (q)cos Ę1

r lc{- ^ ] +'ł' '

t'* , M'(4,)}
l dw: -zn
l

(2.9l

(2.10l

(2.tl ,

(].l ]| - a,p: _ Zn

J

M (qr)sin Ę,--*;:I :-1-"*
tr' , ''{ł,)|

The foliowing assertions apply also in the physical plane in the neighbourhood of tnc
point (rr, 7.) corresponding to thę point (Ęl,ry):

1) xr-*- oo if (Ę,ry)*(ćr,tl).
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2) On the streamlines for x-+ - oo the following applies:

!'te(r.aX

We do not submit the proofs of lemmas 2.7 - 2.3 as they are given elsewhere [2].

3. Suggesteil subsonic section ofthe profile for a blade cascade

Let us deal with the problem of a design of the subsonic section of a proflle for the
inlet angle .9(- co):ry, and for the outlet angte.9(oo): a2.Let us have the Mach number
at the inlet (i.e. in the infinity before the cascade) amounting to M1. Then it is evident
r tiom ęquation (2.1)) that

529

Ęt:at, €z:ilz,
The following results from equation Q.2)

4t 1 , rI+G-M?)+7t_1,1t_M|flttl1:T'o 
\tl, _'Y|tęllt_ullr] J

From the condition of the continuity for the plane blade cascades

MrcosĘ, Mrcos Ę,

1=O

(3.1)

(3.2)

(3.3)

TĘĘ:F+*r,
ł: determine value Mr>l, as we tacitly assume that the constants dtl o.2and M1 arc
::-tr§€n so that the equation (3.3) has a solution. The equations (3.1) and (3.2) determine
:§ Position of a Point (€t,4) corresponding to the infinity before the cascade. Then we
:i -rose a simPle Jordan curvę which intersects the sonic line on two different points A(a,0),j :- 0), b>ą. We shall derive the limitation for the choice of values a, b latet on.

t=O
IJ

_|
lI

::;losed curve r+7 so that the point (Ęt,4) is inside the enclosed curve 1'a7.
]:,:: rr-e choose any continuously derivable function h(8 in the range (a,b), which

Fig. 2. Mapping of subsonic region in
hodograph plane

h(a):g, h(b): _2l MlcosĘ'"W-Ę
ful 3 :}Ę) z io -lz

(3.4)
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Further limitation for the function ł(ś) will be mentioned below. It is evident from the

considerations includęd in the next paragraph that the function h(ć) is given by the selec-

tion of the surface velocity on the supersonic part of the profile; therefore, we may con-

sider it in this paragraph as a given one.

Now we stipulate thę solution v(Ę,tD of equation (3.3) fulfilling the following con-

ditions:
a) it fulfils the condition (2.8) in the neighbourhood of a point (ćt,4),
b) v(ć* , a\:0 for points (ć* <ć,,) of curve ł

M 1cos Ę1
is for points (ć*>ć) ofcurve 1-,

d) for ( from the range (a, b), ?:0 there is vl(Ę,0):h(0,
In this way the problem is mathematically formu-

lated for the subsonic part ofthe profile; the problem

a) is solved according to the paper [3].

The function plotted during the solution of the

problem a) does not fulfil the conditions b), c), d).

The equation Q.3) is linear; therefore, we may fulfil
the conditions b), c), d) when adding the suitable

solution of equation (2.3) which is regular inside the

above deflnęd domain. Germain-Bader's paper [5l
indicates that the solution of equation (2.3) fulfilling
the above mentioned a), b), c), d) always exists and is

uniquely detęrmined. We denote this solution v*(ć, ą)-

We ascertain by an easy analysis in the neighbour-
hood of the sonic linę that the solution v*(ć. q't

fulfils even the condition ę.'7).
The function V*G,ry) fulfils therefore all the

conditions of the lemmas 2.I - 2.3. This means thar

Fig. 3. Mapping of subsonic region in physical plane

certain open and periodical curve K with period equal to 2n in the physical plane (x,.r'l

corresponds to the contour l-+l (Fig, 3). On the left hand side from this curve there

is the subsonic flow field, corresponding to the physical reality.

4. Design of the supersonic part of the profile

When designing the supersonic part of the profile one should distinguish bętween t*.-

cases:

c) tl (ć* , 4*): -2n ?- rc {-- "jT
I,* , 'iI

I
a) Mzś

cos ą2

1
b) M2>_.

cos a2
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Fig. 4. Mapping of supersonic region in physical Fig. 5

. plane

We shall describe in detail only the case a). The case b) should be investigated in the same
$ay.

In the case a) the course of the flow field characteristics in the neighĘourhood of the
Eai]ing edge is illustrated in Fig. 4 whereby on characteristics O'C',9:9z, M:Mz.
It is sufficient for the continuity of the solution of thę subsonic and supersonic parts to
determine the sonic line as shown in Fig. 4. (More usual casę occurs when the sonic line
bas the position illustrated in Fig, 5 while the characteristics are reflected sęveral times
ln the channel between the blades. This case is then solved quite analoguously and, theTe-

f,ore, we are no{ dealing with it in this paper.) But then

łM= dM, {a.l,a)

Mz

ą<Ę,- r
I

J nl(*|u')

(4.1b)

fumarions (4.1a, b) determine the ęxtreme points of the segment line which in the hodo-
$uph plane corresponds to the sonic line crossing the channel between the blades.

s

Fig. 5
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We can easilY see from the theory of characteristics that the following is valid: if we
choose the distribution of the surface velocity U(s) at the supersonic part D,C, (see Fig. a)
in such a waY that t/(s) increases with the increasing arch of the swept side, we are able
to supplement easily the missing parts of the pressure and suction sid,es.

It is, therefore, suffcient to choose the function h(Q in equation (2.7) so as to have
it decreasing with the increasing {. If we choosę the function h(Ę) inthis way and determine
the values of Parametets a, b from equations (4.1a, b), we are able to supplement easily

I

Fig. 6 Fig. 7

the missing Parts of the pressure and suction sides, It is only necessafy to modify the
methods of characteristics so that the parts of the characteristics are not replaced with
straight lines but with the parts of the appertaining osculatory circles. The computin_e
sequence for this method is illustrated in Figs. 6 and, 7,

5. Conclusion

The PaPer describes thę method which ęnables solving an indirect problem of the
theorY of the blade cascades with reaction profi.les for a transonic flow region and for a
certain type of a velocity distribution on the surface of the swept profile, when the velocir,.
increases both on suction and pressure sides of the supersonic part. The method rva:
tested during the designing of the proflle for the turbines prod.uced in śkoda-works.N.E.
in Pilsen. The,method may be adapted even to the design of the root and. nearly impul=c
Profi,les with the subsonic inlet and outlet and with a small supersonic zone i.e. also i.
the case when the supersonic zone is closed by a shock wave. This method may be similarl1
modified also to the case of the compressor type blade cascades with a supersonic iniei
and with a simple shape of the face shock wave.

The rounding of the inlet blade edge with the subsonic inlet can be easilv achier.e,l
when adding a suitable sourcę multipole in the vicinity of the inlet edge inside the blaae
in the physical plane. However, this is not the subject of this paper.

!,'eł
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Matematyczna rnetoala projektowania pali§ady turbiny reakcyinei
illa przepływu transsonicznego

streszczenie

f ,r chwili obecnej nie opracowano pewnych i skutecznych metod matematycznych umożliwiających
:l:olranie palisad łopatkowych o profilach reakcyjnych, pracujących w ostatnich stopniach turbin

,'ch duŻej mocy w obszatze przepływu transsonicznego. Palisady takie projektuje się na podsta-
.:ików badań eksperymentalnych, nie zaś metodami matematycznyrni. Najbardziej odpowiednią

: ,;zeń jest metoda hodografu dla strefy poddźwiękowej (włączając w to linię dźwięku), uzupełniona
:. charakterystyk,dla strefy naddźwiękowe.i.
- runktu widzenia matematyki musi być spełniony warunek, że przepływ w palisadzie łopatkowej
-: .:.Ze tlanssonicznym jest jednoznacznie okreśIony w płaszczyźnie fizycznej. Jeżeli jest inaczej
-.::1-. jeŻeli tozwiązanie zagadnienia bezpośredniego nie jest jednoznacznie określone) wówczas
, :-. łopatkowa zaprojektowana metodą pośrednią mogłaby reprezentować pole przepływu w płasz-
. :zl'cznej, którego obrazw hodografle tóżnlłby się od założonego. Fakt istnienia jednozlacznie

-go rozwiązania zagadnienia bezpośredniego dla obszaru przepływu transsonicznego stanowi
: :ałożeń podstawowych.
.::-r kule zakłada się również, że pole przepływu jest dwuwymiarowe i że przejście gazu idealnego

: -- ]-:i\-CZne (izentropowe); pomija się wyrnianę ciepła pomiędzy powierzchnią łopatki a przepływa-
: jium.
.:epie rozwaŻono zagadnienie projektowania poddźwiękowego przekroju profilu dla kąta wioto-
. iąta rvYlotov/ego d2. Liczbę Macha na wlocie (tojest w nieskończoności przed palisadą), :rzez M1.

::. _- krzywą Jordanaf przecinającą trinię dźwięku w dwóch różnychprrnktach A(a,0), B(b,0)," ,--,']TlSegment ABoznaczanopIzezy.Zkaleiwybranokrzywązamkniętą fływ takisposób
=',. ry,) (odpowiadający nieskończoności przed palisadą) leżaŁ wewnątrzkrzywej zamkniętej
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.l-*7. Następnie posłużono się dowolną funkcją malejącą h(Ę) zprzedziału (a, b) spełniającą warunki

h(a):g, h(b): _ 2n , ''"|'o'r=rr.I x-l ^'l 
}"

z koleiokreślono funkcję prądu 7({, r, ,r.*,l].li;J,-. warunki:
a) spełniony jest warunek osobliwości w sąsiedztwie punktu (ćl,, Ęr),
b) ,y(ć*,4*):0 dla punktów (€"<€r) ktzywej F,

c\ v(€*,Ę*):-r"r#ff!:* dla punktów (ć*>o ktzywej I-,

)ł+_M:\
t^ 2 "''l

d) dla ć z przedziałl (a, b), ą:g jest łlr(f, 0):h{€).
W ten sposób sformułowano matematycznie zagadnienie dla poddźwiękowej części profilu. dal

pokazano w artykule Germain-Badera funkcja prądu spełniająca powyższe warunki (a - d) istnieje zawszl
i jest jednoznacznie określona.

Dla zapewnienia ciągłości pomiędzy rozwiązaniami dla części nad- i poddźwiękowej wystarc4
założenie linii dźwięku specjalnego typu, Ztego założenia oraz charakterystyk pola przepływu w pobliż
krawędzi spływu można wyznaczyć wartości a i b.

Na podstawie teorii charakterystyk łatwo stwierdzić słuszność następującego stwierdzenia: jeżel
h(ć) jest malejącą funkcją zmiennej {, to prędkość t/(s) dla częścinaddżwiękowej na powierzchni pod
ciśnieniowej jest rosnącą funkcją zarysu omywanej strony; podobnie jak dla naddźwiękowej części ni
powierzchni nadciśnieniowej.

Otrzymane profiIe łopatkowe mają ostre krawędzie natarcia i spływi.r. Zaokrągtenie krawędzi natar
cia można uzyskać dodając odpowiednio wybrany wielokrotny biegun źródła.

Mareuarnqecrcufi lrero4 IIpoeKTI{poBaHIrff rypdllnnofi pearcrnnrrofi
pemeTKI{,{JIff cBepx3ByKoBoro TeqeHI{f

Pe3IoMe

Ąo rłacroxulero BpeMeHIł rłe parpadoraubl BepHbIe rł sS$er<rrłrHue MąTeMaTIłqecKIłe MeToAbI, no3

BoJlrloilłle npoęKTIłpoBąTb peItreTKIł JIo[aToK peaKTIłBHoro npo(Purrr, padorarorque B IIocJIeAHI.rx c§
treHrx IIapoBBTx rypdnrr 6onrrrroft nłoulrłocru B o6Iacrrł csepx3B},KoBoro TeqeHrłx. Taxrłe peurerru o6rrqgt
npoeKTl{pyloTcfi Ha ocuoBe pe3yJIsTaToB oKc[ępIłMeHTa.IIbIłbTx lłccJleAovayuiI, a rle c IłcnoJIB3oBtlHIłe!

MaT€MaTIłqecKI,ix. MeTo.ąoB,

Harłdołee npfiroAnblM An, pacqeToB oKa3blBaeTc, M€ToA roAorpaSa g:ra 4osryronoft sorłrr (axmo
ltźtfl B 3To JIIłHIIIo sayxa), uonorrrreurtrtż MeToAoM xapaKTepI{cTIrK AJL cBepx3Byxosoż soarr.

C rov4rł 3peHI-{rI MaTeMaTEKIl AollxHo 6srrr rłcnorułeao ycJIoBIłe, qTo TeqeEI4e qepe3 pemeTxy Jloflarol
AJrfi cBepx3Byxonoń soHrr oAllo3l{aqno o[peAeJlreTc, l $usrłłecroń IIJIoc(ocTI.1. Eclrł Aerro gpy'roe (r.e.
ecJln pefr€lrne npfiMoń 3a,4a,rll He,BJI{eTcfl oAHo3HaqHo onpe4errerłurnł), TorAa peIIIeTKa JIo[aToK, 3anpo
eKTEpoBaHIIa, EocpeAcTBeEI$IM MeToAoM, uorła 6rr npeAcTćlBJIrTb IIoJIę TeqeHrł, B (lrłsrłłecroż nlocxoc
TIł, KapTIłHa KoToporo r rogorpaSe oTJII{qaIacb 6rr or upe4norroxerrrrofi. (Darr cyrqecrooBaulłr oAHo

3EaqHo oIIpeAeJIeHHoro peIIIeHIł-fl EpfrMoż 3aAa!ilr ,uJIJł 3oHbI cBepx3ByKoBoro TeqeHIł9 -'BnrleTc.g oAHm
Il3 oclloBHblx rlpe,qflo.IloxeHlłń.

B crarre npurłIłMaeTc, Taxxe, IrTo noJle TeqeHIł, AByxpa3Meplroe u rrTo pac[flłpenl,Ie lr,uealbHoro ra3
npoficxoAfiT agrła6arnvecru (rłrsrrrponrłuecrrł); nperre6peraeTcf rennoo6uerłou MexAy floBepxuocTEr
JIonaTKIł rł npoTeKaloueft cpegoft.

Crłaqa:ra paccMaTplrBaetcx npo6neua npoeKTIlpoBaHIł, Ao3ByroBoro ceqeHfi, npo(lrłrx AJL Bxo,D

Horo }TJIą dl tl BLIxoAHoro a2. Ęrc.no Maxa łła rxoge (r.e, B 6ecroueqrrocTlł fiepeA peEIeTKoż) o6o3xa
veuo M1.
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Brr6panaxprcax źop4ara Ą rrepecexarorqafl JIaHilIo 3ByKa B AByx pa3IEIrHBD( TottxaxA(a,o), B(b,o),

ó>0, nprłuelt cerMerrr lB o6o3narreH ),. 3arelłrrr6parła 3a§{KHyTa, Kpwar- F+ y rax, tto6lt rotxa (€t, q)
(oraeuatoulax 6ecroneqnocrrł nepe,q pe[IeTKoń) rra:ro4lł.rracb BHyTpIł saIrłrrrYrofi xPurofi 1- + 7. flocne

3Toro [pIłHrTa IIpoIł3BoJIBHas y§HBalouax $yuxulłx ł(ś) B unrepBane (a,ó), rłcnolrłRrolĄa, yc'toBlł,:

Ml COS dt
h(a):o, h(b):-2ny_-qĘ

3arev onpeAerreua óyHKIIrłfi roxa V (€,7), ucnoarrrroqafi cneAyloufle. ycJIoBI,l,:

a) ycnoerłe oco6engocrr B oKpecTEocTI{ r:o.xlr ({1, r71),

6) v (€* , ry*):0 Arrx roseK (ć* < ś1) rprsoft ż-,

B) v(€* , tl*): -zfi a+:!-"Alr ToqeK (ć* >Ę,)rpueoń l-,

l€+ 
^ uiY

[.J
r) llx ć a3 IłIITepBaJIa (a, b) , a:0 v (€ ,0) : ł (ś) ,

Tarrłu cnocoooM MaTeMaT[qecxr $opuylupyeTc, 3aAaYa ,unff AosByKoBofi qacru upo$ulr. Kar

tro.a3ago B cTaTbe Xeprrłerł-EaAepa, óyHKItufi ToKa, IłcIIoJIHrIoqąJI BbIIueYKa3aHHbIe YcJloBIł' a), 6), l)
n r), rcer4a cyuecTByeT ró. ffiłIfreTcfr. oAuo3Harnło oupegełerłHoft,

,{.rrr o6ecrre,łerrlł, HeITpepBIBHocTIł pellleErlff .qJ6 Ao3ByKoBofi r crepxsryroroź 3oH AocTaToqHo

ąneifionoxegtre JItrHIłIl sBy6a cIIeqIIaJIbHoro TIł11a, C groro fipeAtronoxegllfi n c xapaKTepncTlłK IIoJL

EgTeqeHIł, B6rrusu rrxoglroń rpoMKIł Moxfio o[peAeJII{Tb zrranelaul^ a u b,

Ha ocrłoge Teopufi xapaKTepIłcTIłK MoxHo JIerKo ,qoKa3aJb rrpaBtrJlbuocTL, cJreAYloĘero cYxAeHI{':

egrłt ł(ć) frBIlaeTcg, y6lrrarorr]eż ł|yrrxqrłeź nepelłeHuoź {, ro cropocrr, U(s) łlx crepxlnyxonoż sorłrt

ea naryyvnoź troBepxr1ocTl{ qBl1eTcg,Bo3pacTalolqeź $yrłrqrłeń KoHTypa o§rexaelłoń cToponbl; Iloxoxrłe

3]BEcEMocTrI trN{eloTc_, AJIfi cBepx3ByKosoń:oHsr Ira IIoBepXHocTIł no.4 AaBJleHI4eM.

Ilorryvenrsre loflaToqHLle [po$rł:ru iaparreplł3yloTcfi ocTpbIMI{ BxoAIlbIMIł I{ BbIXoAII}IMIł KpoMKaMIr,

Orpyrtęune Bxo.ugoź KpoMKIł MoxHo peaJII43oBaTb gofia1,lsx cooTBeTcTBeHHo nogo§parłrrużr utroro_

r:arrłrtń noJIIo c tlcToqHlłKa.


