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PRAcE lN§TYTUTU MAszYN PRZEPŁYWOWYCH
Zeyt 9łJ-9l

TOMASZ BIERNACKI, JAN WROBLEWSKI

Katedra Hydrotmhniki Politrchniki 6dańskiej (Hydrotrchnics D€pańment of thę.Technigl Univemity of Gdańsk,

Analysis of the operating conditions of polish pumped-§torage
Water Power Plants in View of the Needs of the Country's Electric

Power System

An analYsis has been given regarding the operation of three Po|ish pumped_storage water power
Plants at ŻYdowo, Porąbka-Żat and Zarnowiec from the point of view of taking advantage of their
working Periods at gęneraling, pumping and compensation work, the number of switchings of ihe turbine
§t§, changes in the Power Plant loads per week, degree of using the capacity of the upper storage
reservoią power plant time model during a 24-hour day as wpll as availabiliiy,

In the second Part of this paper an analysis has been given of the intervening and regulating
oPeration of these Power plants according to the needs of the Polish electric power §ystem.

1. Introduction

The polish electric power system is based mainly on thermal power plants.
The Power installed in water-power plants amounts to less than 7%o oi the count.y,s
total Power sYst'ern, Such a low share of quickly available power causes the water-
-Power Plants to Practically play a key role in the Polish po*er §ystem by regulating
the changes in the power load appearing during the day. §evónty p"i""ńi or tn!
Power §enerated in the whole Potrsh water power sy§tem rs concentrated in the
three existing pumped-storage water power plants at Żarnowiec, porąbka -żar and
ŻYdowo, The generating power of these planis is as follows: Zarnowlec - 700 MW,
Porąbka-Żar - 500 MW, and Żydowo - 150 MW. In Poland there are two more
water:power plants with pumping units, namely at Solina with 140 MW and Dychów
with 80 MW.

The results, as given below, of investigations of the pumped_storage water power
Plants with regard to their operation and regulating and intervenin§ function have
been based on readings taken from power reports and daily load observation dia-
grams at the power plants involved.
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2. Analysis of Turbine §et Working Conditions at
Pumped-§torage lYater Power Plants

2.1. Gonerłl

The analysis of the investigations carńed out embraces variation in the work

of the power.plants in the sea§ons of the year, months, particulat days in the week

as weli as during the whole day. The year has been subdivided into four Power
§ea§on§: winter (November tu February), spłing (March to May), summer (June

to September} and autumn {October),

2.2. Power Plent Availability

The absolute power plant availability time factor d2 i.e..without giving consi-

deration to scheduled major and periodical repairs is calculated by the following
:formula: 

.o

d,- ="T- Ę,T'. 100% (1)uE_ 
nĘ

where: f,, - month time in hours, i: I,2,._,ll - number of the hydro_generator

in the power plant, Ęi - total shut-down penod ot i.th hydro-generator in hours

in month
lt is possrble to determine on the basis of these studies that the Pumped-§toragę

water pówer'plants have their highest availability in the winter §ea§on i.e. the verY

period wheo ih. po*"r deinand is highest and that it oscillates within 98 to 100%.

The lowest availability appęar§ in the spring-summer season, which is favourable

because it is the timę for repairs and periodical surveys anś thus the-time of lowest

demand for power in the §y§tem.

At that iime the avaiiability amounts to 720ń at Porąbka-Żar and 85oń at

żarnowiec.

23. Most Frequcnt Breakdowns and Reprirs

In addition to theravailability considered in a general manner the nurnber of

emergency shut-downs i.e. turbine set failures in the breakdowns have been analYzed.

On "the average approximately 8 breakdowns take plaoe per 1000 runs. Emergency

shut_downs were Óaused mainly by excessing the permissible temperature of turbine

or generator bearings, excessively high generator cooling air temperature and aPPea-

rance of inllbmmable gas in the transformer, Other cau§e§ of shut-downs and most

frequent repairs include earthing of the poles and generator excitation circuits,
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replacement of damaged carbon glands, replacement of brake t'errodes, darnages to
the seals at the working spherical valve or to thę butterfly valve actuator or sluice
valve, adjustnrent of oil distribution unit of the controller.

The most frequent cause, however, of putting the machines out of their pumping
duty are automatic shut-downs associated with frequency drops. They follow from
the specilrc working conditions in the COMECON interconnecfed power systems,
the cause of lowered frequency being beyond the borders of our country. \

2.4. Power Plant Working Time and Number of Runs

The total mean generating time of all the four turbine sęts at Porąbka-Żar during
a Z4-hour day in winter amounted to 16 h 2I' (4 h 5' per one,machine), and the
pumping time to 2I h 2t' (4 h Z0' per one machine). Porąbka-Żar does not woik
at all as comPensating plant, which follows from its position in the system. The sum
of the working times in both directions amcunts to 37 h 42' i,e,9 h 25' of work per,

each machine during a ż4-hout day. Owing to the lower availability factor and
smaller power consumption the above given times are shorter in summer: the mean
total generating time amounting to 14 h 40', ańd the pumping time to 18 h 30',
a total of 33 h 10', which converted into time per each turbine set gives 8 h 17',

with 3 h 40' of generating time and 4 h 37' of pumping time.
In the second year clf sęrvice of the Żarnowtec power plant each turbine set

worked there on the average for 6 h 26', with 2 h 4l' of generating work 3 h 13'
of pumping and 0 h 3ż' ol compensating work.

At the Żydowo power plant (3 turbine sets, only two of them reversible) the
above times were as follows: 9 h 02'- total, 3 h 39' - generation,4h 25' - pumping
(in reality 6 h 3T' for each of the two pumps) and 0 h 38' - compensation.

A comparative analysis of operation times of the three power plants shows that
Porąbka-Ż,ar anó Żydowo work nearly in the §ame way .- oll the average 1.400 to
1.450 h of generation per turbine set. Because of the fact tbat the Żarnowiec power
plant entered into full operation not earlier than in 1984, it could not be taken into
account in this comparative analysis, although there are indications that it will have
similar operating characteristics.

Use of the Żydowo pow§r prant for compensation has contńbuted to the fact tnat'
this plant has the highest number of working hours per year per one machine.

It is also essential that compen§atlon work during a }A-hout day m the §ummęr
§eason is at Żarnowiec approximately 3 times longer and at Żydowo approximately
6 times longer than in the winter sea§on.

The average number of runs of one turbine set at the Porąbka-Żar power plant
during a 24-hour day amounted to 3,0, with about 1.6 for generation, and 1.4 for
pumping. During the whole year the number of runs was equal to about 1.090,

580 of them used for generation and 510 for pumping.
[n the case of the Żydowo power plant the number of runs amounted to 3.7 per

Z4-hour day: 1.9'for generation, 1.7 for pumping, 0.1 for compensating work; per

25
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year: 1.350, with generation in approximately 690 runs, pumping in 620 runs and
compensating work in approximately 40 runs.'For all the power plants the number of runs for either generation or pumping
was in the winter season approximately l5ań higher than the average for the year
while in the summer season it was 157o lower. As far as the compensating work is
concerned, the'number of runs in the §ummer sea§on was approximately 3 to 5 times
higher than in the winter season.

25 Weekly Lod Di§ttibotion in Pumped§torrge Wrter Power Plents

Duńng the week the pumped-§torage water power plants op€rate under variable
loads. Magnitudes of the generating or pumping and compensating loads are fun-
ctions of the system needs and availability on the day involved. The investigations
have shown that Monday is the workday characterized by the highest load of,the
pumped-storage water power plants. On Tuesday and Wednesday the load is lo-
west. On Thursday and Friday it rises a little, but does not reach the power ge-

neration and compensation level of Monday. The Saturday-§unday weekend at
the Żarnowiec power plant is used for repairs of turbine sets, and this is the c'ause

of lower load on these days when compared with that of the other days in the week.
The situation at the Porąbka-Żar power plant is opposite. The weekend period is
the time of highest load there. Surveys and repairs at Porąbka-Żar are carried out
on workdays. On the other hand, Saturdays and §unday§ are a typical repair-survey
peńod for thermal power plants, often extending till Monday. At that time the
Porąbka-Ż,af power plant plays a vćry important role in the system, covering the
additional power demand, especially in the evening peak hours on Saturdays and
Sundays and in the mornin§ peak on Monday. At Porąbka-Żar the load duńng the
weckend including Monday is approximately 10 to l5oń higher than in the period
from Tuesday to Friday.

Calculation has been carried out on the basis of tbe 24-hour day load diagram
of the mean working times in the pumped-storage water power plants in the indivi-
dual days of the,week for all the seasons in the year when working with a dilferent
number of machines simultaneously. From the models prepared in this way it follows
thaL for instance, in 1983 the Porąbka-Żar power plant had on the average 7 h 59'
per 24-hour day of generating work: only 20' of operation of all 4 turbines while
operation with 3 turbines lasted Ih 17', with 2 turbines -2h 56', and with one
turbine .-.3 h 36'. For pumping the figures were: 9 h 12', with 4 pumps working
simultaneously for 8' only, 3 pumps - 2 h07', 2 pumps - 4 h 16', and 1 pump

-Zh 41'. The stand-by period of the power plant was 6h49'.
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The mode1 of operation of the Żarnowiec and Żydowo pow€r plants is similar

to that of Porąbka_Żar with regards to the duration of the generating and pumping

phases is similar to the work aiPotąbka-Żar with the exception that at Żydowo the

icspcctive times of simultaneous operation of several machines are dilferent due to

the smaller numbcr of turbine sets, of which one is not reversible. The stand-UY PeTd
is in both these power plants appioximatety 1.0 to 1.5 shorter than at Porąbka-Żar.

This is caused by use of Uott these power plants for compensation work, the duration

;il;;r*tt o 
"t 

ż"r"o*i* beingtno.. irąu.nt and lónger lasting than at ŻYdowo-

The compensation power plants work most often with one machine. For instance,

in 1983 the so_called "pure'coinpensation lasted on the averagc lh27', including

l h 14' of single-machine operation and 0 h t3' of operation of two mańines simul-

taneously (nó compensation work with 3 or 4 machines). In additioą the power

plants ońen work in compensatión sirnultaneously with a turbine or pumpĘ service,

in ttre case of żarnowiec_the average duration of those ccmpensation Periods amo-

untcd to'o h ż2' per yeal

Upper Recerrcir Operetion

A diagram of thę uppcr reservoir. operation is given in Fig. 1. On the basis. of

calcuhtd volumes of watcr pumped into the rescrvoir or discharged during turbine

opcration {actols 
rr of the opp", reservoir utilization have been calcUlated from

formulae given below
a) dn_r - reservoir utilization factor fgr thc morning-afternoon period

dl*p =v,rnłłr .rcx% {2l
2Y

b) dv_r,t _rcservoir utilization factor for the evening_night period

Vr,+Vp lQv_N:-tr.100%.

Fig 1. Upper re*rvoir operation diagram
y _ totrl urńrl volurnaric crp6dty oł tlr"-opp., rcłcioir, lurr, Yrł - .rpociths of pmpcd filting in thc ifEtnoon rnd night ofi'Pcak,

y71, Vtł - volumc of rercnoir wń uscd ai lnoming eń crtrring poaką Yi, Yt * night ofr,p.al rnd EorniĘ Pcat rgcrvc; a - ni8ht

ofr-eGsk pcrioą E - morning pat, c - cvoniq off,pcrlr, d - night pcak

(3)
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An analysis of the upper reservoir $ork at Potąbka-żar §hows that a,n_, in
the winter season amount§ to some 9Ooń (avetage for January 1984: even 91.2Yo'),
and'in the summer season it drops down to 60%. This is an indication of a high
degree of utilization of the power plant's reservoir in the evening-night period.
The quantities of the resęrvoir-ieserve in winter amount to; AVn _- 5.0 to7.5Ó/o and
lY*- 0.2 to I.SYo of the total volumetric capacity, and in the summer season they
are higher, amounting to lVn - l4.5 ta I7.7% and AVR_ 5.0 to t0.9oń.

During the day the situation is quite different. In the morning-afternoon hours
the values of the a*-" coeflicient are highest in the §ummer sea§on (the average of
approximately 3loń), and in the winter season the a*_, coe{ficient drops down to
several percent (5 to 8%).

3. Intervening and Regulating Role of'the Pumped-§torage
Water Power Plants in the Polish Electiic Power §ystem

- Poland works withiir an interconnected power systeń of European COMECON
countries. The USSR, the biggest producer of generated power, is connected with the
other member-countries by the so-called Lvov section and the Moldavian section
(transit connection with Bulgańa through Roumania). The Lvov section comprises
a total of seven different high-voltage lines, of which the 750 kV line is the most
important one. Any autornatic cut-off of this line due to its overload leads to sepa-
rating the USSR sy§tem from the interconnected systems of the other countries
inclusive of the Lvov region. This leads to a rapid drop of frequency even by l Hz
in the system which connects the countries involved.

It is possible to distinguish three kinds of pumped-storage water power plant
operatign: programmed, regulating and intervening work. The programmed work
is 1o be understood as a classical work of a pumped-storage power. plant consisting
in generating power in the morning peak hours with no more than two turbine
sets and in the evening hours with ńo more,than three turbine sets, and in stable
(continuous) regular pumping at the off-peak periods (at night and in the day time)
when there is an excess of power in the system (see example in Fig.2). Regulating
work in pumped-storage water power plants takes place mainly at the transient
passage from an off-peak to a peak or vice vęrsa. The Folish power sy§tem is based
on thermal power engineeńng. when the demand for power rises at the molning
or evening peak the Polish thermal power plants are not able to cover the highly
increased consumption because the time necessary for starting up the rotating re-
serve of thermal power units is too long. In such a case pumped_storage water power
plants play a very important regulating role in the sy§tem. Their excellent elasticity
(quick start-up) enables filling up the gap between the demand for power and the
power generated by thermal power plants. The same regulating role is played by
the pumped storage power plants together with other water-power plants in case of
rapid drops of power consumption during the passage from a peak to an off-peak.
The operating principle at a pumped power plant in the night off-peak consists in
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Fig. 2. An exarnple of programmed work: loads
at the Porąbka-Ż,ar power plant on 1983,08.06

(Satunciay)

Fig. 3. An exanple of regulating work: loads
at the Forąbka-Żar power plalrt on 1983.10.13

(Thursdayi

lilling the uPPer re§ervom§ to a maximum_level by 06:00 in the morning. often thewhole coinplement of pumps i§ §tarted before oe,oo u.*. Ńi;." the morning peek),This aiiows,to start the reserve in the thermal p"*". pir"tr. After 06:00 a.m. theconsumption of power. b"grry to rise quickly. §tdp by ;óil" pump§ are stoppedeYery several minutes, bY which rnore and rnore portion, if |o*". are given to thesystem anrj consecutive turbines are being started. on the other hand, thi ,eguiatńgrole of the PurnPed-storage water powei plants during trre iiansient passage from
Pow9r Peak to off-Peak consists in stoppin§ the turbines *t"p iv step and eonsecutivestarting the purnps. An example or regutailng work i. giuei in rig. :,Re§ulation of thę exchange rarc o-f energy wtth ottler §ountrie§ has a great m-fluence on the work of the system and consequently on the work of pumped-storage
Power Plants, In the exchange of electnc powęr between countries on the basls ola multilateral contract there are Frnancial rea§ons for keeping up the frequency andthe rate of planned and agreed deliveries of electric ;;;;.:

Further, here are economic incentives aimed at keJping up the planned ratesbetween the USSR sYstem and the interconnected system of the other countries inorder to maintain the Lvov section in its readirress-for normal work (avoiding itsbecoming overloaded).

3.1. tntervention Wo.ł ana iś Causes

The general PrinciPle accepted during the investigation was the assumption thateach shortłasting start-up (foi work hsńg not longer than 30,) of a turbine set forgenerating or pumping work has a character of an lntervention followins from the
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|,1h

Fig. 4. An example of intervention work: load diegrams

atihe Poąbka-iu pro plant on t983,090l (fhursday)

,,ń,n - siircfing-in tirbine intcnention$ 5 - syitcbing,olf turtńne

intcrv€ntion; ó7,E - switching,in pump intirvent1o$ 9 - cfircrgcncy

crtt-ofrduc to temp€Bturc fi§e inthe 3cnereior bcering

needs of the sy§tem, Ip addition, each generation wgrk outside of the pcak regardless

;ii; ii." uiit, d";;tir" ;; wi[ as ńe pumping work 9ut,l9" the nĘht and after_

;;;;.;ffi;li;;;t*"rveningcharańr. ńn ry short_lasting cut,olf of a machiT

i; ;;r'a has thc r"*" *"""ń fo1 th9 §y§tem as an intervcntion start for work,

in ,o"ł,-u 
"a§€ 

an ij[;;ńó.rr of a ilrrbine b"T._ the same character as if it

;;; Ńp,i.,..ł.r,i"n, "ia_", 
intcrvention cut:olf from puppilg w9+ as if it

were a turbine i"t"ru.iti"a (see"example in Fig. a). Frym Ę principlcs of_oaeration

" 
ff.;i,§;;ri.*ilh!ii"i{i",i,er. Boań ii fo1lows thlt cąó switihing_on of

a third §et of.mor€ ip th9 rngrning peak, and.of a fourth_iet (onlv in the casc.of

';;;i...ano 
roią_u,tłłiriii thi|vening,for,generiling vqork plays practically

"- il; ;rk;ń;';futervening opęration 9f pumryd,storąge wptcr połver plants

a; separaiion o! the, systems in the Lvov sectioĄ

b) a deficit in the planned export,

ci regulation oilńó exchange balance with other countńes in dependence on

economical' incentives,
d) orders from the central dispatcłrer from |rague foI 

1he 
interconnccted system,

e} sudden arop_out of a unit i.g. of 200 MW from a thcrmal pow:r 
9lant,

Ó nign running inertia of the rótating res€rve Ę lt,"1m{ 
poy€j plants,

g) power cont;l in the sy§tem in compliance with the demaind,

fri ,upprv of coal of inferior quality to the thermal power plants, . 
,

i) sudden worsening of metóorological conditionso temperature drop or appe-

arance of clouds duńng daytime,
j) sudden switchin!_on of Tv receivers at the end of the evening_peak e,g, in

tbe case of an interesting TV program,

k) other causes-



%
12. Frequorcy rnd Durrtior of lntenentioos, tntervortionrl Energy

In Fig 5 a histogram of frequency is 

'Iv_m 
as well as curves showing frequencies, ofsnirching-on and srvitching-ofrńt"*"iti"il ro, o* y*;i;;;;"" of the Poębka-żarPower Plant, The frequency of interven,ion. thattake pń;; the respective hoursof the 24-hour daY cńanges i" e;ń;;;." on th" ,"u.on of tłre year togethęr withthe changes of the time-uounoańes-d;" the powei ńat ana off-peak zone§.on the aveta$e in t983 trre auraiion oii"ru_ir" rrir"ńog*'" iiierventions amountedto 38', the interventions being st o.t"rt ii 

11, ..-1"s'p""r -.zł' on the av€rage,and longest in the afternoon-on-ń"t:55', while iriti. *.nlng peak they amo-unted to 45" The frequency at which turbines.are switched on is higher in the evening

sxilchi,q

Fig 5, Daily distribution of intervention rates at porąbka-żar power plant for one year
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peak (48%) than in the morning peak (3g%).Itr the afternoon o{f_pear 13' (l3vCI),

il ,h" nigńt on_peak _ 0%. T[; highest number of intervęntions at peaks takes

pń ui it. beginning and at the end of their duration. pumping interventions _

are much shorter, lasting on the avęrage 19 mmutes. ln tne altefno'n pear there

i"-ń"l" pump .*it"hinglon engaging intervention, most frequently between l4,P
and 15:00, in ttre nńtri orr_peit-_-45oń,in the evening peak _ 6oń,and in the

morning peak - 3Ył.--i*6iir" switching_otf interventions last on the average approxirnate,y 1?_,_ll3

*o*iog ones being irigt,ry longer - about 2I' and therę are noore of them (57%),

The evening on", ń ńclrter _ approximateiy 16, t43%J. The highest numbęr

of turbine switching o{f interventions taftes place iń the middle of the peak duration,

which is the result of turbine switching oń b."uor" of the exces§ of Power in th9

;ń';"rrtrrg r."* rrrr development óf powpr from ttrermal power plants, Swit-

"ilLj_o6 
ou,,,iiog int.*.ntions i*t upproiiyt$v 2J, on the average, with approxi_

mately 6żo/o inth" ;ńiri;ń:eęak and igó/o in thó afternoon off-peak, In general, as

far as all the kinos Jf intervention§ are concerned, the highest numbers of inter-

;;;;-; 
"r-iorrŃu,-ioruir,* 

switching_on interventions._ óOYo, turbine swit_

"t 
iog_ofiinterventions _2|o/o,pump switching_on intervention§ - l4oń, and pump

switching-off interventions _- 57o.

The Jnergy from turbine switching on and puTp switching off should be recor-

ded with the sign "4,.,In the case or porąttia_żar powet plant is amounted.to

+33.128 MWh in 1983. The energy from pump switching on and turbine switching

off should be recorded with the-,i--.ign, Iis total amounted to _9,799 MWh,

The sum of both the kinds of interveniion energies amounted to 42,4ż? MWh i,e,

nearly |Yo of the total annual production of thę power plant,
--- 

iir. problem of intervention has been presentęd on the example of the porąbka-

_ż";;;;;, plant. Inierventions at żydowó and żat.'ou6ec have a similar character,

4. §rimmary and Conclusions

Pumped-storagewaterpowerplantsplayakey-role.inthecontrolofpower
deliveryin the Potish electrii power sy§tem which is based on thermal power plants

of low controllability. n."uur. or tnis they are rąuired to have a high degree of

availability and relńitity iri operation. Thó high number of turbine set switching on

operationś, for even up tó t.sń per year per 9ach machine, calls for good workman-

ń tigt reliability óf operation 
"oa,turtr.'Thus, 

all the circuits must be reliable

(and doubled, wh"i"vęr necessary). This refers also to the measurement and auto_

mation equipment. Quick starting of turbine sets is essential, but "seconds" are not

&JŃ. An additio]ral reserve ń the ripper reservoir.seem§ unnece§sary * such

reserve is ensured by operation of one tuiuine set kept in reserve by the dispatcher,

and it is he 
-who 

decides on starting it,

Of all the start-ups I3oń arcintórventional ones. This amount§ to approxinnately
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Analiza warunków pracy tnrbozespołów polskich elektrowni pompowych
w aspekcie potrzeb kĘowego systemu elektroenergetycznego

stres zczenie

Poiski system elektroenergetyczny bazuje w przeważającej mierze na elektrowriiach cieplnych. Wy-
!c,a€a to zl,aczlrego udziału ęlektrowni pompowych. Obecnie w system włączonych jest pięć elektrowni
n npo*,}-ch. Trzy z nich: Żydowo, Porąbka-Żar i Źarnowiec o mocy zainstalowanej t50, 500 i 700 I\{W
;5,;? ialio główne elektrownie szczytowe, interwencyjne i rezerwowe. Każda z maszyn odwracalnych jest
*-;hamiana przeciętnie cztęry razy na dobę, co ozrracza 1500 uruchomień rocznie. Ponad 5% całkowitej

-tłl dostarczanej do systemu elbktroenergetycznego to energia interwencyjną której wartość i cena są,

..ir l;adomo, barrlzo wysokie.
ĄaaiDa potwierdziła znaczęnie elóktrowni ,pompowych dla wspomaganla systemu w soboty i nie-

:-ś€ ] ił, okresach nocrrego spadku,zapotrzebowania mocy, szćzególnie niewygodnego dia elektrowni
x - - lll6i1.

B- opracowaniu można znalęźń wiele danych liczbowych dotyczących czasów załączania, pracy oraz
n_,c: r Jsci do pracy.

ptrdsumowując, z analizy wynika, że każda jednostka elektrowni pompowej jest uruchamiana
1-: !aż}, na doĘ, co wymaga krótkich czasów rozruchu takich jednostek. Ważnie.isza od czasu roz-
::rctu ;est jednak wysoka dyspozycyjność, narzucająca w szczególności wymóg bardzo wysokiej jakoŚci
,:;.ł}nia*,szy-stkichutządzeńpomocniczych

{rr.,]r3 ycJloBilfi pa6oTbl ryŃoarpera,foB noJIbcnnx aacocnbtx 3JIeKTpocTaHrId
B actreKTe HyrxA 3JlelcTpo3nepreTnqecKoft cilcTeMbl crpanbl

PesroN,re

Ilr--1rcĘ&, 3neKTpo9HepreTllqecKa, cilcTeMa 6arupyer no 6olrrueź qacTIlH Ha TeIIjIoBbIx 3Jrel(Tpoj

;ala:Ł\. 3ro rpe6yet 3nailtłTeJrbnoro yqacT[, HacocHblx 3JIexTpocTaHrIuż" Cefiqac B crłcTeMy ecTb

M-:.:9€H}IX nctr HaćocHErx 3JIeIOpocTa{LIail. Tptl rl3 }lllx: XHAoso, floporrł6ra-Xap r Xaprroneu
:ti";Tarol xax ocHoBHbIe nuroBble, IłHTepBeHLIIroHHbIe rr pe3epBHhle 3re(TpocTaHql{u.

!;r:ac H3 oTBpaTllMblx.MafitfiH BBoAIlTc, B ABnxenrłe B cpeAI{eM geTblpe pa3a B cyTKIr, qro o6osna-
n;,lrr ;fi.r3Iłxenufi l ro5. Crunre 50ń iłcrei 3lłepruH orAasaeN,roń B 3JreKTpo9HepreTl{qec(yro cucTeMy

Ij ErłTepBeHIIIłoIłHa, lxeprnf,, xotopoi cTo}lMocTb tł tlena, Kar [3B@THo, orłeHb BhrcoKH.

Ą,an-r:x3 noArnepxgn-rl 3Haqexue Bacocutlx 3JIeKTpocTaHuuń Nlr. BcnoMora}Iufl ciłcTeMr,I n cy66ortr
I rl}.ĘD§IrEr, a Taxxe B neplroAbl Hoqlloro naAeErł, ynorpeo;rerłrłr MoIqHocT[l, ocooerrHo rreyAo6Horo.
.r.il ;apoBblx ełerrpocraaqufi ,

B caóore Moxllo nafirrł ltrłoro qilc.IIeHHbIx AaHHbIx, racaroilltłxc, apeućx BrnroqaHnr, pa6orrr
ł -::.1BHocTtł x pa6ore

no_łl-roxasar, vg amanlu3a cneIyeT, IlTo xaxAa, eA}rlrłqa Eacociofi 9Jlel§pocTailu$lł BBoAlITc,
r IgffiśEEe 4-i5 pas B cyTxuL łro rpe6yer KopoTKux rpevćrł pa3rofia Taxlłx eAIłHrrII, §onee laxnofi,
qeld §;§ur pa:lloua,,BrreTcs Bbrcora, pa6orocnocodrłocrl, rra6pachlsaroua, B oco6euuocTu rpe6oaa-
*!il€ *eJcoxoro xaqecTBa ileficrsux Bcex BclroMoraTeJlbubrx ycrpoficrr.


