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cśrodek Badawco-RonojowY PornP Prcmysłnwych, Warszawa (Research and Development ibntre of Indffitrial pumpE Warsaw)

, MAcxtiJ ZARZYCK!, JERZY lloKITA
|BYtut Ma§zln i Umądzeń Ener8etYozn}ch Politechniki ŚĘskiej, Oliwice (|tr,§titute of Power Machinery end Ęuipmenl of the Technical

, Univeltity łf §ilxia. Gliwice)

The aim of thi§ PaPer is to draw attentiotr to the pump pfoblem in thermal power .engineerin& and
ciallY to the boiler feed pumps, the importanc€ of which ri§e§ with introducing'wer,"ÓŃ;;rlr;i,;
the Polish Pow§r plant§. The, renrrarkg re§ult from an analy§is of the world tńa. u* ńi i, it" *ń
:_8.t':'j,Yl"ldesi8ning, 

con§tructingónd opemting thi pumps for 200 trvtW power units mainly
d.in }he Polish powńngin39.ilc. B.,ń;,-ń ń"il;ńńffiili;;;;fi;.iffi;#;#;I
rsh and slag is also discussed in the paper" This problern is Ónnected with the increasing distances to the
cs of ash and slag stora8e and therefore the need for working out multistage centrifugal impeller pumps
*ater mixtures ofash and slag. Some designs ofsuch pumps have been analysgd by the authors. T.he

:scontainedinthepapershou!dbehelpfulfordesigningandconstructing.boiierfeedpumpsfor
units of large outPut and for long-distance hydraulic tran§poń of water Ńxtures of a§h yĄ; ą

' --''

l and Technological Prohlems of Pumps for Thermal
Power Engineering

1. Introduction

A variety of pumps o|9lye§grfpłirdn-on is used in thermal power engineering.
-{'_1grl applioet6ń-, thęse machines differ from each other in respęct of desigń,
lnr5togfand working parameters. currently the domestic industiy provides in

iple all pump§ nece§§ary for equipping power units up to 200 Mw. Hbweveą the
lem arose of providing pump§ for power unit§ of.360 Mw and thośe of greater
t in the future. In addition, due to increasing distances to places of ash and slag
e the problem of long-di§tanc€ hydraulic tran§port of sucłr waste also appenf€d
ore, basing on the analysis of the presónt state of the pump problem in ńermal
engineering, this paper deals only with the problems of boiler feed pumps for
power units and with pumps for long-di§tance hydraulic transpori of water
es of ash and slag.

2. Trends in Dełelopment of Boiler Feed Pumps

Constant and raPid growth of the Polish thermal power engineering and increase
Power unit output affects essentially the design solutions ańd technólogical deve-

of boiler feed pumps. Outputs of ggnerator§ increase from 200 MW to 360 MW
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2.1. Pump casings and tie bolts

and.500MW.Inthefuturethesepoweroutputsofconventionalandi-.':"'it-h:]
;;; iń;. *irr ń"p increasin g, |*ę,::, * 

^,_:"1'^,^:::i:Ł 
T:,:"*::':ff Tffi il;"il;;;ńil*.oi"ń .ir"ńtion, As, a result.the pumps can work

different conditions *rri.t also results in changing the d9$s1 features, The

used in these pump .;;;. ńLhave to be charaitęrized by trigh elliciency and

ri"ńrŃ of operatión as well as short standstill periods, . ,_ _f,L::'^_ f^_,ł arn
The ńanges which are being introduced into the structure of boiler,fę,d t:

uno trr-. ;rJń, whiJ sr,o"rO d tuk"" in1o acco111in n,y ,:!PT,_T".T'j TT
ii;ff,i;"."-;ń;;6;;;ńlar pump subassemblies and components [1, 2, 3, {,

Feed pumps for supply of steam boilers are built with the following casings

* ;i"ńe in ptun". pJrpendicular to the pump axis (section"J.,T:*l1Fig, 1 ao

_ divided in horizontai plane passing thiough the pump axis (Fig. 3),

or disassembly of the'machine

Fig. l. Typ€ PE250-180 (US§R) speller pump with sectional casing



Fig' 2, AKSB (FRG) impeller pump with sectional casing fitted with stilf partition

{n impel.er pump with casing dividecl ln norizontal plane passing throueh thrtype PE2l8-45 ruŚŚnl 
r---"'D !rrrvu6,1r rt,e pUnlp shalt axis,



Fig, 4. §ulrer (Srvitz*rlalr1) impeller pump łf the FiPT type with noi]-§ectional casing

Fig. 5, An impeller pump with non-śęctional easing, type PE600-3S0-3 (Łl§§R}
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The design of the casing is determined by the internal pre§sure ancl thermal §tręs§es.
ior this rea§on §eotional casings are generally used when the working medium tęmpe-
:tture does not exceed T:4ż3 K (l50"C), whereas within the temperature range
7:423 to 533 K (150" to 260'C) and higher non_sectional casings are used. Such

=sings are forged from steel. Presently they are also cast, The cost of cast casings,
m;luding the manufacture of a model, is lower by 12% than the co§t of forged casings
uade for the same pump, If the model is used for making e.g. four castings, the cost
lr making a pump casing is decreased to about 30% t5]. It should be emphasized
tut cast casings can be designed more correctly froń the viewpoint of strength re-
ruirements.

Besides, while designing a purnp casing one should take into account loads coming
b--'m pipes; interaction of casing cover§ and thermal expansion differences at various
mints of the casing in transient state§.

As it appears from measurements of operating parameters in different póints
i medium crculation in a power plant, Purnp casings operate under particularlyil meolum cfculauon ln a power plant, purnp caslngs operate under parttcularly

,ndicult conditions. For example, for 100 MW power units the temperature diffe-
on both sides of a boiler drum wall in a steam boiler amounts to about

I: 328 K (55'C), whereas in a pump it can amouni to T: 428 K (155.C). In
ient states, the thermal, shock in the pump reaches the value of 823 K/min

lO'C/min), while in the boiler drum -- only about 300 K/min (2T.ClmiĄ. The
and temperature range for a pump from about p : l4.0 MPa to 19.0 MPa

lrom T: 509 to '544 K (ż36 to 27l"C), respectively, while for a boiler drum
= l1.0 MPa and 7: 593 K (320"C).

Irrespective of the above mentioned remarkso the pump design should ensure that
displacement of individual components during pump operation be not larger
several hundredth of millimetre.

In transient states, when the temperature changes rapidly, §tres§e§ in the casings
maintained within the permissible limit byadopting such a form of the casing in
area of pump inflow that it acts as an elastic element. The sealing surfaces and

.''sę washed with water flowing through at high velocity are protected with coats
of austenitic stainless steel. During pump manufacture, attóntion should be

that places of stress concentratiqn have no material flaws.
A separate important problem is the construction of tie bolts. They should be

ressed in order to obtain tightness of individual męmbeis of the casing. Selection
rraterial for tię bolts is important in respect of strength, homo}eneity of structure,

elongations relative to the casing elongation as well as selection of georrietrical
istics of the bolts. It should be bornó in mind that during heating and cooling

lhe pump the temperattlre of tie bolts iq different from the temperature of casing
The temperature of the casing upper part may differ from the lower part tempe-

ure [5,2]. For these reason§ pump§ litted with non-sectional casings and covers
at the pump outlet (discharge) side are predominant. For bolt prestressing

ulic servo-motors or electric heaters are used. For a dozen or §o years the "weir
ps Limited" works have been uśing an elastically strained ring in place of the

233

fastening §crews 16, 7f,
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2.2. Rotating unit

While studying the trends in development of boiler feed pumps one observes

the designs aim at increasingly compact &nd more reliably operąting machine§

tendency is to decrease the number of pump stages by shortening the shaft Ei
simultaneous,increase of its diameter. The shaft should have a small deflection

rotational speed lower than the first order critical speed.

Analysis indicates that at high effrciency a delivery head up to .EI : |2N m cżl
obtained from one pump stage, However, the structure of a pump with such a Ę
delivery head requires that suflicient distance is maintained between the impeller

the guide vane inflow edge. Such a solution is adopted because of the limitatim
erosive effect of stream of liquid having a large flow velocity and a suitable inllow

in order to avoid cavitation. Optimum values of the dimensionless specific s@
impellers mounted on large diameter shafts amount to about n"1 :70 to 100

Due to the large moment transferred by connection of the shaft with i

two keys are used. The keys are shifted by 90' in each subsequent stage. In

generations of boiler feed pumps of splined connections with involute tooth
are used. A part of the impeller hub is hot_mounted in the shaft using some

to protect against penetration of liquid between the hub and shaft and to
coaxiality of the connection. Axial forces are transferred via half-rings. The im

hub is fitted with appropriate recesses in order to fofm a heat barrier ryfuę1 rr16lrrj

and removing the impeller by means of gas burners.
In ordęr to obtain high delivery heads from one stage and thus a small

§tages, high-speed engines or drives via gears are used for driving boiler feed

In high-speed pumps in the diffuser channel there occur pressure oscillations of
amplitude and high frequency during pump operation. These oscillations cause

pump work. To decrease the noise level a larger radial clearance bętween the i
and guide vanes should be foreseen when designing the pump and a smaller l

of impeller and guide vanes should be used,

During the pump design attention should be also given to proper selectio
structural materials for shafts and impellers. The structural material (cast chroni
steel) should be characterizęd by high resistance to corrosion and erosion and

suitablę thermal expansion coefficients. Statistical investigations indicate that
failures occur in, 74.3% due to the ręlięf system and in 163% due to the shń
mage, 7.7oń due to casing damage and 1,3ań due to bearings [8]. For this reason,

present solutions of boiler feed pumps tend to eliminate axial clearances, i

radial clearances and provide proper shaft stiffness. Elimination of axial clea
in modern pumps for larger power units requires the use of relief drums instead of
lief disks. The ręlief disk is a good solution provided that there is no fear that at

liquid pressure at the inflow (suction) side of the pump there may occur evaporation
watęr flowing out of the clearance between thę disk and counter-disk and "dry"
tion. Therefore relief drums are used in new solutions and leakages of liquid,
in this case, are partly limitęd by using spiral grooves on the adjacent surfaces.
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Adoption of a relief drum (about 90%) and bearing with tilting pads (about l0%)
.n order to compen§ate for the axial thrust allgw_s for failure-free "dry" operation of

:he pump. The diameter of the relief drum is selected so that tensile §tre§s occurs in
:he shaft within the entire operating range of the pump.

2.3. Glands and bearings

The operating conditions of seals in boiler feed pumps become more and more
jiflicult because the rotational speeds, shaft diameters and pressures acting on the

sals increase. In order to improve the operating conditions of gland seals throttling
.leeves preceding the sęal and hydraulic locks with cold water supply are used. Water

;upply łoęs not only reduce leakages but also decreases the temperature. Soft Packing
:r-- for smaller units .- mechanical (sliding) seals [9] are used for seals in glands.

Glands for new generations of pumps tend to have seals shorter in the axial di-

:ection (by possible extension in transverse direction) in order to shorten the shaft

.ength to ńximum. In newer generations of supply pumps the shaft is sealed by

:ean§ of floating rings which can work at considerably smaller clearances.

These rings are made of hardened stainless steel (about 17oń Cr,4% Ni) and

;o-operate with a sleeve covered with hard chromium coating superflrnished to the

:epth Ra :0.0002 mm. Nowadays some manufacturer§ use tightening seals which
: case of pump stoppage considerably limit the water flow.

While designing slide bearings for boiler feed pumps overheating of bearings as well

x the phenomenon of oil whirling should be avoided. Therefore in newer solutions

:earings of small length (ensuring proper values of side leakages) and of increased

:iearances are used. In them the bearing bushirtgs attenuate oil whirling [10]. While
:esigning bearing housings attention should be paid to the frequency of housing free

,lbration and their stiffness in order to avoid the decrease of critical rotational sPeed

"'|i itTl; solutions the bearing housing is fixed to the pump casing so that the

,_:ermal elongation of the casing may affect to a lessęr degree the change of location
:i the rotating unit in relation to thę pump casing.

2.4. Foundation frame

The structural component of the pump unit the importance of which is often

::derestimated is the foundation frame. Its load is very complex. The foundation
rtme is subjected to forces due to ihe driving motor, coupling, pump and possibly
l:e transmission gear weights, forces exerted by pipelines as well as fńction forces

:.lring shifting of supports (lugs) of the casing in relation to the frame, because of
:ermal expansion. While designing the foundation frame it should bę borne in mind
:3t the frame must be sufliciently stiff and should enable free elongation of the

:,;mp in longitudinal (axial) and transverse (radial) direction.
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Therefore longitudinal and transverse key§ for locating the casing suppor§ m
horizontal plane passing through the casing axis as well as possibly high symmer:1
of the machine casing in both main planes are foreseen. In order to reduce fricticm.
losses proper lubrication of friction faees should be provided.

To prevent expansion of foundation frames caused by temperature, frames u
pumps for riater of ternperature over T: 423 K (l50"C) are c,:oled,

The foundation frarnes are made of welded steel plates and then, prior to mec}:;ł
nical working, are subjected to stress relieving. Some of the recently applied solutiol*
enable mounting the pump unit on reinforced concrete foundations with steel pla,;r
in the place where pump supports and set keys are mounled.

3. Present §tate of Production of Purnps for the Power Industry in Poland

At present all the pumps for the Polish conventional power industry are of Polist
manufacture (50, "t25,200 MW units, pumps af I5Z28 x 7, HD150 x 5, Hm200 x j"

l5Z33 x8 types),except for feed pumps for 360 MW units which have so far baer
imported from the Worthington Works in ltaly [11]. In order to eliminate the impce
of boiler feed pumps for the 360 MW units the ZAM.ECH fuIechanical Works in ElbĘ
have entered into co-operation with the "Weir Pumps Llmiteq" (England). The pr*
duction of pumps will be developed gradually until 100% of.structural componeix
is made in poland.

Irrespective of the above the Warsaw Pump Factory in co-operation with tbc
Research and Development Centre of Industrial Pumps in Warsaw have also §tanec
their own integrated research and development project concerning the structure anr
preparation for production of a series of types of supply pumps for large conventioną
power unit§.(360, 500, 600 MW) and nuclear power units (440 and 1000 MW). Th
Warsaw Pump Factory is planning also to prepare and start production of a seriel
of othęr types of pump§ for nuclear power plants [12].

Besides, investigations and design and construction work on supply pumps fcr
selected power units are carried out at the Hydraulic Machinery and Equipmerr
Department of the Technical University of Silesia [l3] and at the Power Machinery
and Equipment Department of the Warsaw University of Science and Technolog1

4. l'rends in Developmeni of Pumps for Hydraulic Transport of Ash and Slag

The analysis carried out indicates that there exi§ts generally a suflicient numbg
of design variations and sizes [14] as regards low-pressure pumps for hydraulrc
transport of ash and slag. These are single-stage centrifugal impeller pumps made a:
the Mining Machine Factory POWEN inZabrze, types PH(PZ), as well as type MF
pumps manufactured at thę Industrial Equipment Factoiy in Świdnica.
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At present. however, multi-stage centrifugal impeller pumps are not manufactured
and it is nece§sary to fill this gap a§ quickly as possible, since the distances of transport
from a power station to a waste setting tank (for ash and slag) become increasingly
longer. These pumps are expected: to reach considerable delivery head (at rotational
speed not exceeding n ź 1450 min- 1, and more advisible about r 

= 
980 min- l), to

attain considerable durability and operational reliability as well as to pa§§ solid bodies
of required grain size, The above conditions limit the delivery head which can be
obtained from one pump §tage as well as the assurned pump discharge.

While constructing rnulti"stage centrifugal irnpeller pump§ additional difficulties
arise in comparison with single-stage centrifugal impeller pump§:

- large axial thrust which ręsults in the necessity of using designs compensating the
iongitudinal forces,

- large pressure drop in glands and flow of abrasive mixtures through the gaps.
Multi-stage centrifu§al impeller pump§ for hydraulic transport are constructed

with a few typical flow systems:

- pump with stage sy§tem§ in two groups, ręversed in respect to each other by 180o,
;onnected in a series (Fig. 6),

- pump with stage sy§tems m two group§, reversed in respect to,each other by 180',
parallelly connected (Fig. 7),

- pump with tandem stage §ystem, with a gland after the last stage on the high-
-pres§ure side and with relief disk in a separate chamber supplied with pure liquid

"'ff#lłr§'jrXŁ type can have several different structural solutions. They are
characterized by balanced axial thrust, which is achieved by dividing the stages into
lwo groups reversed with respect to one another, but the series connectiqn of these
groups causes that both the gland at inflow side of the second group ańd the gland
u the centre of the pump between the groups of both stages, must operate at high
pre§sure.

l

-ł---

l-|ę

Io4 , 19,-,-,r
-T-

l

Fig. ó. Diagram of an irnpeller pump with two groups,of impellers, in connected series
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ó

| , ,:,\Jll\/|l( , 1,1\_/.|\./,V :

Ę::-_f,--_:----_.t

Fig. 7, Diagram of an impeller pump with two groups of impellers, parallelly connected

Fig, 8. Diagram of an impeller pump with relief disk in a separate casing

While the external gland can be observed and repaired, if necessary, damage to n
gland inside the pump requires disassembling the pump. Such a §olution wa§ adopd
in type WWB pumps designed at the Coal Mining Construction-Mechanizauro
Works (now KOMAG) at Gliwice and at the Technical University of Silesia in Gliq"lx

+
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These pump§ were built by the Mining Machines Factory POWEN inZabrze LI5f.
The experience gainęd during investigations and operation of these machines is now

takęn advantage of while designing nęwer generation§ of pumps for long-distance
hydraulic transport of solid bodies.

The advantage of the designs of the second kind consists in balancing the axial
thrust by*the symmetry of flow §ystęm and the need of using low-pressure glands

only. This is the simplest solution, Pumps of this type were worked out at the Chief
Insiitute of Mining in Katowice in co-operation with the Mining Machines Factory
POTVEN in Zabrze |16).

The advantage of pump§ of the third design is the relief disk working in a separate

casing and supplied with pure liquid (oil), and hence not exposed to erosion. However,

the complicated structure and the necessity of using a gland at the outflow (discharge)

side of the high-pres§ure pump arę shortcomings of that design.

At present a pump has bęen designed according to the third solution and a Pro-
iotype is being manufactured. Hitherto gained experience suggests that the last de-

sign gives good promise of fulfilling the requirements posed before high-pressure
impeller pumps ftlr long-distance hydraulic transport systems.

It would be advisable to prepare in the nearest future and implemęnt such pumps

with discharges ranging from 0 : 100 to 500 m3Ą'and of ł[ : 250 to 300 m dęli-
very head.

5. Notes and Conclusions

Summing up the results of the review and analysis of world trends in the deve-

iopment of construction of boiler feed pumps for larger power units as well as PumPs
ior long_distance hydraulic transport of ash and slag one can determinę the main
directions of activities as regards working out suitable pumps for the next years.

5.1. Boiler feed pumps for |arger power units

Within the range of boilęr feed pumps the following recommendations can be

suggested:
a) Irrespectivę of the actually started production of feed purnps for 360 MW

power units by the ZAMECH Mechanical Works in Elbląg in co-operation with the
-Weir Pumps Limited" in England it is advisable to continue work on independent
Cesigns of feed pumps for 360 MW and larger power units foreseen for manufaoturing
ln Poland.

The design and construction work should be carried out on the basis of expe-

rience obtained from"the hitherto produced pumps or imported pumps operating in
Polish power stations. Experience gained during testing of pumps at the ZAMECH
Mechanical Works should also be applied.
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b) In order to ensure an adequetę perf'orma.nce of the pump§ manufactiJred :,. :,

neces§ary to uarry out §ystematical theorętical and experifuęntal {fundamental "-,:
applied) investigations, especially rvithin thę follornitrg §cope:

-- new rnethods of caleulating and designing flow spaces of pumps. taking :, ,:

account the three-dirnensional .state of real liquiet flow,

-- developrnent of methods of pump components strengłh eatrculation,

- impravement of rnethods clf de{errnining logitudinal and tran§ver§e (radial) fo:;,*_

-- investigations of dyrrarnies of rotating systenrs and pump noise,

-- furthęr investigations of cavitation,

- investigations of durability and reliability of pump§ and their comi]onents ur j,r
laboratory and service conditicns, 

"

- improvement a-f pump construction from tlre efficiency point of view,

-, automation of pump unit operatitrn"
c) In order to prrp"o. arrel Jtart prodrction of rrerv pump§ ftrr power enginee:-;

it is necessary to soive a series of teclrn,ical problems, such as:

-- working out and mastering new technologies of making plrecise castings of t.,;,t
LOHl3N4lvt and LHl8H9T cast steel, characterized by a trigh surface quality {C_,",
and dimensiclnąl accuracy (class II) as well as small number of surface and inter:,ł
defects,

- mastering lechnologies of forged and "plated" pumps casings,
, - improving the methods of casting,

-- ryorking out new and more efficient technologies for production of pump cornpone:;
-_ u§e of new structural materials.

5.2. Purnps for long-distance tran§potr of ash and slag

As regards pump§ for long-distance transport of watęr mixturę of ash and si;5
the following notęs and conclusions can be made:

a) The necessity of discharging waste§ (ash and slag) to places of storage mc::
and more distant frcm the power stations requires urgent irnplernentation of pi:-
duction of multi-stage centrifugal irnpeller pllmps for pumping ash and slag in a r..-
ter mixture,

b) A series of punrp types should comprise 3 sizes within the range of discha:gl
0: 100 to 500 rn3/h and delivery head tl:280 to 300 m, łt seems that tlre mc;
appropriate design solution is the version with a relief disk locąted outside the fli -,

§y§tem and supplied with oil under pro§§ure.
c) It is nęcessary to intensify the research, design and construction work aimeo .

verifying in practice the prototype solution and working out subsequent sizes.
d) In order to ensure the adequate durability of pumps for hydraulic transporł :i

waste§ it is necessary to continue the research connected with structural matena;
resistant to erosive activity of pumped mixtures.

240
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Problemy konstrukcyjm-technologiczne pomp dla en€Ęetyki cieplnei

streszczenie

Celem pracy jest zwrócenie uwagi na problem pomp rv energetyce cieplnej, a zlłłłlaszcza na pompy
iące kotły parową w związku z wprowadzaniem do energetyki krajowej coraz większych bloków

Uwagi wynikają z analizy trendów światowych oraz z doświadczeń uzyskanych przy pro-
koustruowaniu i eksploatacji pomp dla bloków 200 MW głównie §tosowany§h w krajowej
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energetyce. Obok tej kwestii w pracy omówiono również problem pomp do dalekosiężnego
hydraulicznego popiołu i żużli, Zagadnienię to wiąże się z wzrastającymi odległoŚciami usyt

składowisk popiołów i żużli, a w związku z tym z potrzebą opracowania pomp wirowych
wielostopniowych do mieszanin wodnych popiołów i żtlżli. W praey prueanalizowano niektóre
zania tego typu pomp. Uwagi zawarte w publikacji powinny być pomocne przy projektowaniu i

struowaniu pomp zasilających kotły.dla bloków energetycznych o większej mocy oraz tian§portu
draulicznego mieszanin wodnych popiołu i żużli na duże odległości.

Koncrpyxuxonno_TexnoJlorilqocxne npo6fleMbl HacocoB AJII TeruIoonepreTnxl

perro rrłe

Ęe.nrro pa§orsI flBJlreTc, o6paqerrne BHuMaHlł, rła npo6neun HacocoB B Terlno3HepreT[Ke, a

6eggo Ha uacocu nI{TaIoĘIre napoBble roTlrrl, B cBr3ll co cTpeMneHileM x lrpnMeuelłu}o s nolbcrofi
rure gc€ 6ołlurnx 3xepreTuqecxilx 6łoror. flpuuełaxrłe cJIeAyIoT il3 analln3a MupoBbrx

a Taxx€ Ił3 oflbrTa rłaxonnćrrrroro B npoqecce flpoerTupoBaulłr, KoucTpylrpoBanu' n 3rcnnyaTar{Fl

cocoB An, dnoxos MoĘHocTblo 200 Mnr, B ocHoBHoM npuMeHreMblx a nolrcrofi 9HepreTure.

c 3TuM Bolrpocov r pa6ore o6cyx.[aercc raxxe npo6leMa HacocoB Ał' rfiApaBlnrtecroro Tpa

3oJlbr u mJtaru Ha 6onrrune paccTorHnr.
3ra npo6łerrła cgrsaua c Bo3pacTaloulllMu paccToflHurMl{ pacnoJroxerrłfi xpanu.lrnllł 3oJlbl H

a B arofi cBfl3u c geo6xoAutrłocrrrc parpa6orxn qerrrpo6exnrtx rrłxorobryneHqaTux HacocoB A.ll'
cvecefi 3oJIbL [traru. B pa6ore aHanrr3l{pyKrTc, HeroTophre perueHrł' Tatroro tuna Hacocog. II
qaHrł, Halr(oIrułt*n n ny6.nuxaqrru AoJDKHbI ucTloltgrTb połr uoco6ux A.ll npoorrlłpoBanrłal'Ą

raxur nacocón nl{Ta}oulnx KoTJtbI Ar9 3uepreTnqecrux 6roxoa 6olrurefi MoulHocTIł Ił Am
qec(oro TpaucnopTa BoAHhIx ćrrłecefi 3oJtbl ll rrrllaru Ha 6olrrulłe paccTorxl{r.


