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SOME PROBLEMS DESIGN SOLUTIONS
OF SEWAGE TREATMENT PLANTS IN ASTANA

For the majority of Kazakhstan sewage treatment plants, the issues of

modernization and construction of new blocks of wastewater treatment facilities
are very relevant, the solution of which involves a comprehensive engineering and

technological approach.

This article analyzes the level of automation and disadvantages of the project of

the second stage of sewage treatment plants (STP) of the State Enterprise «Astana
SU Arnasy». The project of biological treatment on the aeration tanks of the second
stage of (STP) does not provide for deep cleaning for biogenic pollutants, namely the
internal recycling of activated sludge. The volume of the anoxic zone is 18 %, which
is not enough for the process of biological dephosphotation. Thus, in order to more
effectively achieve high-quality cleaning indicators, it is necessary to provide for a

denitrification zone of at least 30 % of the total volume of the aeration tank.

Analysis of the main causes of inefficient removal of phosphates at the
stage of biological purification showed: insufficient concentration of biological
oxygen consumption in incoming wastewater, absence of denitrification process,
dephosphotation in the design of the second stage aerotanks and insufficient volume

of the anaerobic zone, which is 18 % of the volume of the aerotank.

The problems of inefficiency of technological wastewater treatment from
phosphates at (STP) in Astana are primarily related to design errors and the
impossibility of effective operation of wastewater treatment facilities associated with

insufficient automation.

Thus, in order to increase the efficiency of the biological treatment facilities
of the second stage, it is necessary to carry out a new calculation of the facilities

taking into account the processes of nitri-denitrification and biological removal of

phosphates, additionally equip with equipment to ensure internal recycling with the
allocation of intermediate zones and in the process of retrofitting to provide greater

automation to minimize manual labor.

Keywords: sewage treatment plants, wastewater, biological treatment,

reconstruction, aerotanks.
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Introduction

Sewage treatment is relevant not only for Kazakhstan, but also for the whole
world. In such a way, according to the UN World Report, the amount of waste water
produced and its total pollution is constantly growing all over the world, while the bulk
of wastewater is discharged directly into the environment without appropriate treatment.

In Kazakhstan, sewage treatment plants (hereinafter referred to as STP) appeared in
the middle of the last century, when mechanical treatment facilities were built and put
into operation in large cities. Prior to this, urban wastewater was diverted to absorption
fields or containment ponds without pre-treatment. Today, the main problem is the wear
of these sewage plants, for example, in the Kokshetau, Shalkar, Kapshagai, Semey,
Ridder, Karatau, Saran, Arkalyk, Ekibastuz cities, the degree of wear is more than 90%.
In addition, there is an extremely low efficiency of plants, outdated technologies and
equipment, which together has an extremely negative impact on the environment. In
some cities, for example, in Taraz, there are no sewage treatment plants at all, urban
wastewater is discharged through temporary settling tanks to absorption fields. In this
regard, for the majority of Kazakhstan water utilities, the issues of reconstruction,
modernization and construction of new wastewater treatment facilities are very relevant,
the solution of which involves a comprehensive engineering and technological approach.

Methods and materials. STP SME «Astana suarnasy» of Astana city with a total
capacity of 254 thousand m® / day consists of two stages: the first stage is the existing
station: with a capacity of 136,000 m?/day (facilities built in 1964, which passed several
stages of reconstruction), the second stage is new facilities with a capacity of 118
thousand m*/day, commissioned in 2017 [1].

The second stage of the STP includes: a block of grates with aerated grit chambers,
preliminary sedimentation tanks and gas treatment facilities, aerotanks, secondary
sedimentation tanks, a block of blowers, sludge pumping station, a mechanical sludge
dewatering shop Ne 3, a block for compacting sludge thickening sludge and filtrates
treatment.

From the moment of commissioning operations, the main task was to achieve the
quality indicators of wastewater laid down in the project for each stage of treatment.
After the launch of biological treatment facilities, in order to accelerate the process of
building up activated sludge, its supply was organized from the functioning facilities
of the first stage of the STP [2]. 4 aerotanks are placed on the second stage of the STP
according to the project. The scheme of the aerotank is shown in Figure-1.Aerotanks of
the second stage are structurally different from aerotanks of the first stage: corridor type,
length—166 m, depth—7.5 m, corridor width—15 m. The total volume of one aerotank is
18675 m?, the volume of the oxygen-free zone is 3375 m*.The anaerobic zone occupies
18 % of the total volume of the aerotank. Aerotanks in the anoxic zone are equipped
with mixing devices in the amount of 4 pieces in each of the aerotanks. The aeration
system consists of tubular diffusers installed along the length of the entire aerotank.
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Figurel — Scheme of the aerotank of the second stage of the STP

Mixing of the flow of clarified wastewater after the preliminary sedimentation
tanks with the return activated sludge is carried out in a gravitycanal sewage regulator.
The mixing of wastewater with activated sludge is achieved due to the length of the
canal. In order to prevent sludge settling, the canals at the bottom are equipped with a
large-bubble aeration system, where air bubbling is carried out. In addition, sensors are
installed in this canal that measure the concentration of ammonium and nitrate nitrogen
in the incoming mixture of return activated sludge and clarified water.

After passing through the overflow stoplog, the flow enters the oxygen-free
zone of the aerotank, in which, in accordance with the implementation of the project:
«Liquidation of the Taldykolholding pond with reclamation in Astanay, the processes
of nitrate nitrogen denitrification are carried out.

However, the design of aerotanks does not provide for an internal recycling of
nitrates, namely, there are no pumps and associated pumblingsfor this task. The anaerobic
zone at the beginning of each aerotank is 30 m long, does not perform its function. The
small volume of the zone and the residence time of the mixture of clarified liquid and
return activated sludge in it does not allow the processes of denitrification and biological
dephosphorization to proceed. Also, there are no control and measuring devices in
this zone, such as: a sensor for measuring temperature, dissolved oxygen, ammonium
nitrogen, nitrates, phosphates, etc.

From the oxygen-free zone of the aerotank, the flow of the sludge mixture enters
the aeration zone. To implement the process, a system of fine-bubble aeration was used.
Sensors for measuring dissolved oxygen, ammonium nitrogen and nitrates are installed
at the end of each aeration tank.

An important point in the operation of any biological treatment system is the process
automation system. In this case, the project does not provide for full automation of the
process. The signals from the dissolved oxygen sensors in the aeration tanks do not
participate in the processes of regulating the air supply and controlling the operation of
the blowers. The air supply is carried out through the main pipeline, from which there
is one common air duct for every two aerotanks.
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This design solution does not allow to regulate the air supply to each aerotank
individually, to regulate the air supply, 18 manual valves are installed in each aerotank.
In this regard, during operation, the adjustment of the air supply in the aerotanks takes
a huge amount of time and effort, which involves two blower drivers who control the
operation of the blowers depending on the readings of the dissolved oxygen sensors,
and a locksmith for servicing the aerotanks, who controls the manual valves on the spot.

No less important in the design was the choice of the layout and design of the
aerotanks carrying out biological treatment. Unfortunately, it should be noted that in
this case, the design of the aerotanks does not allow achieving the design values for
the indicators «phosphates» and «nitrates». During the commissioning operations from
April to November 2017, the following indicators of the quality of biologically treated
wastewater were recorded, presented in Table 1.

Table 1 — Comparative table of the efficiency of the aerotanks of the first and second
stages of the STP in 2017

Name of indicators, mg/ I stage I stage IT stage IT stage
dm3 entrance to | biologically | entrance | biologically
the aerotanks | treated WW to the treated WW
aerotanks
Phosphorusofphosphates 6,5 1,10 3,72 3,76
Ammoniumnitrogen, 41,92 2,24 27,09 2,64
Nitrates 9,1 34,24 31,65 79,72

According to the results, it is clear that biologically treated wastewater from the
second stage does not reach the treatment parameters according to the indicators: nitrates
and phosphorus of phosphates, therefore, reagent treatment at the post-treatment stage
is used to bring the quality of treated wastewater to standard indicators [3].

For comparison, the aerotanks of the first stage are classic four-corridor aerotanks
with regeneration. During the reconstruction, the biological treatment process was
modernized with the introduction of nitri-denitrification for deep treatment from
biogenic pollutants.Aerotanks are technologically divided into several zones: anoxic,
denitrification and nitrification zones. Each aerotank is equipped with four mixing
devices, nitrate recycling pumps, bottom turboaerators, sensors of dissolved oxygen,
ammonium nitrogen and nitrates, as well as hydrostatic level meters for uniform
distribution of flows. The scheme of the aerotank is shown in Figure 2.

As can be seen in the figure below, the number of aeration tanks is 6 pieces, there
are 4 aeration tanks in constant operation. The length is 118 m, the depth is 4 m, the
width of one corridor is 8 m. The total volume of one aeration tank is 15370 m3, the
total volume of the oxygen — free zone is 4393 m3. The oxygen-free zone occupies 28
% of the total volume of the aeration tank. The aeration system in the first stage consists
of tubular diffusers installed in the second, third and fourth corridors. The operation of
the aeration tanks is automated, the start and speed of operation of the nitrate recycling
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pumps, turboaerators depends on the indicators of the nitrate and ammonium nitrogen
Sensors.

Figure 2 — Scheme of the aerotank of the first stage of the STP

However, the air-supply system and the operation of the blowers are not
interconnected and are carried out manually by the service personnel.

The project of biological treatment on the aerotanks of the second stage of the STP
does not provide for deep treatment for biogenic pollutants, namely, in this case, an
internal recycling of activated sludge is not provided. The volume of the anoxic zone is
18 % and this is extremely insufficient for the process of biological dephosphorization
[4].

For comparison, biological treatment of the first stage takes place on aerotanks,
the anoxic zone of which is 28 % of the total volume, also in the fourth corridor there
is a small compartment with a stirrer and pumps for internal recycling. At the end of
the first corridor, a transition zone is provided, which, if necessary, operates in the
nitrifier mode, saturating the aerator solids with oxygen, and in the case of an increase
in nitrates at the outlet, it operates in the continuation mode of the denitrification zone
where mixing takes place. This kind of transition is achieved by using the speed of the
turboaerators, to start a particular mode, signals are sent to the controller from sensors
of ammonium nitrogen and nitrates installed at the output of each aerotank.

In such a way, in order to more effectively achieve high-quality treatment indicators,
it is necessary to provide for a denitrification zone of at least 30% of the total volume
of the aerotank [5-7].

Results and discussion. Upon completion of the commissioning operations, the
management of the second stage treatment process was transferred to the staff of the
STP SME «Astana suarnasy», who carried out a number of measures to achieve the
quality indicators of biologically treated wastewater, as a result of which the problem
with excessive formation of nitrates in the process of biological treatment on the
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aerotanks of the second stage of the STP was solved. However, it was not possible to
achieve the design indicators for treatment from phosphates.

All the work carried out by the specialists of the SME on REM ““Astana suarnasy” did
not allow to reduce the concentration of phosphates after biological treatment to standard
indicators, in the second stage aerotanks, a decrease in the concentration of phosphates
is achieved by no more than 1-1.5 mg/dm3. According to the design calculations, the
biological removal of phosphates should be at least 50 %. In such a way, the issue of
biological removal of phosphates at the second stage of the STP remains relevant.

Table 2 — Results of studies of samples of incoming and biologically treated wastewater
of the Ist stage of the STP (the average value of concentrations of pollutants for the
first half of 2020)

y Unitor | ncoming | BOOREN The norm
P Indicators WW for the for the
No measurement WW 1st .
1st stage project
stage
;| BOD(biological | 5 162,2 7.9 8
oxygen demand)
2 COD (chemical mg/dm3 4455 54,9 70
oxygen demand)
3 | Suspended substances mg/dm3 320,4 15,0 20
4 Chlorides mg/dm3 300,0 2940 350
5 Sulfates mg/dm3 302,0 291,0 290
6 Phosphates mg/dm3 10,79 1,47 491
7 Ammoniumnitrogen mg/dm3 42,79 2,01 2,0
8 Nitrates mg/dm3 0,85 25,15 45,0
9 Nitrites mg/dm3 0,227 0,617 3,3
10 Iron mg/dm3 3,90 0,38 -
11 Manganese mg/dm3 0,079 0,038 -
12 Fluorides mg/dm3 0,446 0,411 -
13 Petroleumproducts mg/dm3 2,227 0,042 0,35
14 SAS (surface active mg/dms3 4.6 0.17 )
substances)
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Table 3 — Results of studies of samples of incoming and biologically treated wastewater
of the 2nd stage of the STP (the average value of concentrations of pollutants for the

first half of 2020)
. Biologically
s/ Unit of Incoming treated The norm
P Indicators WW for the for the
No measurement WW 2nd .
2nd stage project
stage
;| BOD(biological mg/dm3 153,1 9,2 6
oxygen demand)
2 COD (chemical mg/dm3 476,0 41,9 40
oxygen demand)
3 Suspended mg/dm3 268,7 17,8 9
substances
4 Chlorides mg/dm3 303,0 293,0 350
5 Sulfates mg/dm3 305,0 299,0 290
6 Phosphates mg/dm3 8,84 7,27 491
7 Ammoniumnitrogen mg/dm3 4248 1,43 2,0
8 Nitrates mg/dm3 0,84 34,15 45
9 Nitrites mg/dm3 0,196 0,284 3,3
10 Iron mg/dm3 3,31 0,63 -
11 Manganese mg/dm3 0,150 0,126 -
12 Fluorides mg/dm3 0,433 0,399 -
13 Petroleumproducts mg/dm3 2,102 0,045 0,35
14 SAS (surface active mg/dm3 4,64 0.19 i
substances)

Table 4 shows data on the quality of treated wastewater of the first and second stages
of the STP after post-treatment on flotation filters with quartz sand loading. Further,
the treated wastewater passes through all the disinfection processes in the ultraviolet
disinfection shop and then is discharged into the Yessil River.

Table 4 — Results of studies of samples of treated wastewater after post-treatment
(average value of concentrations of pollutants in the first half of 2020)

TWW Permissible
. The norm .
s/p . Unit of output concentration
Indicators for the
No measurement | after post- roiect for water
treatment pro) outlet
1 B O D( biological mg/dm? 2,8 6,0 6,0
oxygen demand)
2 C O D (chemical mg/dm? 25,9 40 30,0
oxygen demand)
3 Suspendedsubstances mg/dm? 5,4 <10 13,35
4 Chlorides mg/dm? 292 350 346,33
5 Sulfates mg/dm? 292 - 406,33
6 Phosphates mg/dm? 2,67 3,07 -
7 Ammoniumnitrogen mg/dm? 1,05 2,0 1,92
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8 Nitrates mg/dm? 30,63 45,0 43,65
9 Nitrites mg/dm? 0,057 33 3,07
10 Iron mg/dm? 0,27 - 0,28
11 Manganese mg/dm? 0,037 - 0,1
12 Fluorides mg/dm? 0,404 - 1,2
13 Petroleumproducts mg/dm? 0,021 0,3 0,1
14 SAS (surface active mg/dm? 0,13 0,5 0,37
substances)

To achieve the normative indicators in emergency and emergency situations, a
process of reducing the residual concentration of phosphates on the post-treatment unit
using a coagulant is provided [8—13]. However, due to the fact that there is no decrease
in the concentration of phosphates at the biological treatment, the use of the coagulant
is carried out all year round [14]. Taking into account the volume of 118 thousand m3 /
day of wastewater at the second stage of the STP, the process of removing phosphates,
with a coagulant consumption of about 5-6 tons per day, is very expensive, and makes
up a significant part of the company’s expenses.

The analysis of the main reasons for the inefficient removal of phosphates at the
stage of biological purification showed: insufficient concentration of biological oxygen
demand (Hereinafter-BOD) in incoming wastewater, the absence of a denitrification
process, dephosphorization in the design of the second stage aerotanks and insufficient
volume of the anaerobic zone, which is 18 % of the volume of the acrotank [14].

Conclusion. As a result, all the problems of inefficiency of technological wastewater
treatment from phosphates at the STP of Astana city are associated with:

errors in design decisions, in particular, an erroneous technological scheme for
specific wastewater was adopted, there were miscalculations in the facilities for
biological wastewater treatment from phosphates, as a result of which an inefficient
design was implemented;

the impossibility of effective operation of treatment facilities associated with
insufficient automation, especially when regulating the air supply and its distribution on
aerotanks, as well as when starting structures and equipment into operation in emergency
and emergency situations;

3) an extremely cost-intensive process of the annual consumption of a coagulant
for the chemical removal of phosphates of biologically treated wastewater of the second
stage of the STP, the consumption of which is about 2 thousand tons per year.

At the same time, all responsibility is assigned to the operational services of
treatment facilities, which are forced to use cost-intensive cleaning methods to level
out the mistakes made during the design.

In such a way, the problem of phosphate removal within the framework of already
implemented engineering and technological solutions requires its own solution. To
increase the efficiency of the biological treatment facilities of the second stage, it
is necessary to re-calculate the facilities taking into account the processes of nitri-
denitrification and biological removal of phosphates, additionally equip them with
equipment to ensure internal recycling with the allocation of intermediate zones that
will serve for the transition from one mode to another. In the process of re-equipment,
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provide for greater automation, which will minimize manual labor and generally increase
the efficiency and cost-effectiveness of biological treatment facilities.
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KEHUBIP MOCEJIEJIEP ACTAHAJIAFBI KOPI3IIK TABAPTY
KY¥PbLIJIBICTAPBIHBIH KOBAJIBIK HIEINIMIEPI

Koenmezen xazaxcmanowix kopizoik mazapmy KypuliblcCmapsl Yulin CapKbiHObl
cynapovl  mazapmy HCOHiHOe2i Kypulivblcmapovly JicaHa ONOKmapuli Kauma
KYPOIILIMOAY, JHCAH2VIPITY JICOHE Caly MOcenenepi ome O3eKmi JCcoHe Kaxcemmi
boavin madwvLIAobl, OAAPOLL WEULY KEUEHOT UHICEHEPAIK-MEXHOI0SUSNIIK, MACINO]
K630elioi.

bynmaxanaoa«Acmana CY Apnacoiy MKKxopizdik masapmy KypwlivlCapbiHbly
eKiHwi Ke3eel JicoOAChIHblY — ABMOMAMMAHObIPY OeHeeli MeH KeMuinikmepi
manoanovl. KTK exinwi kezexmezi aspomenkmepoe OUOLOSUSIBIK MA3APMY
arcobacvinoa buoeendi racmanynap OOUbIHWA Mepel ma3apmy Ke30eimMe2eH, aman
aimkanoa 6yn scazoaiida benceHOi myHOaHbly iWKI peyurii kozoeamezeH. AHoKcuo
atimasbinbly Koaemi 18 % Kypaiiovl, 6yn buonozusnvix oegpocchomayus yoepici yutin
eme ocemxinikciz. Ocvliatima, mazapmyovlyy OApAvlK Canaivlk Kopcemxiumepine
HeaypiblM muiMoi KO JcemKizy YwiH dHcoOanay Kesinoe adpomeHKmiy JHCainbl
Keneminiy keminoe 30 % numpumcizoendipy atimazvli K630ey Kadicem.

buonocusnvix mazapmy camovicoinoa Gocpammapovl muimciz  HcorObIH
Hezizel cebenmepin manoay MuIHAAAPObL KOPCEMMI. Kipemin capKblHOblL CY1apodebl
ommezini OUOL0SUATBIK MYTNBIHYObIH HCEMKINIKCI3 WO2bIPAAHYbL, HUMPUMCIZ0eHOIpY
yoepiciniy 60amayvl, eKiHwi KezeKmeei a3pomeHKmep KypacmuvlpbliblMblHOA2bL
depochomayusi scone aspomenk xoaeminiy 18 %-vin Kypatimvin ana3pobmol
aUMaKmuly HCemKiniKci3 Konemi.

Acmana Kanaceinoazvl KTK-Oazbi  capxbinObl  cynapovi  pocammapoar
MEXHONO2USANLIK mazapmyobly Muimcizoiei mocenenepi, ey ai0blMeH, HCOOANbIK
wewimoepoiy KamenikmepiMeH JHCoHe A8MOMAmmanOblpyObly HCEMKINIKCI30ieiMeH
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batiianblCmvl MA3apmy KypoliblCMapblH MUIMOI NAU0AIaHy OblH MYMKIH eMecmiciMeH
baiinanvicmul. Ocvlnaiiuia, exinwi Kezekmezi OUOI02USNbIK MA3APMY KYPbLIbICIAPb
JHCYMBICHIHBIY  MUIMOLTICIH  apmmblpy YWiH HUMPU HUMPUMCIZ0CHOIDY JICOHE
dochammapowt 6uon02USIBIK HCOI0 YOEepicmepin ecKepe OmbIpbln, Ky PuLIblCMAPObLH
Jlcana  ecebin JiCypeizy, apanvlk auMakmapovl 0ene Omulpbin, WKI peyurioi
KAMmMAamacsl3 emyze apHaiean iHcabObIKneH KOCLIMUA JICAPAKMAHOBIPY IHCOHe
Kauma sHcapaxmanowipy yoepicinoe Ko eHbe2in 6apblHuld a3aiumyad JHCoHe HCYMbIC
MuimMOiniein apmmolpyaa MyMKIHOIK Oepemil YIKeH asmoMammanouipyobl Ke30ey
Kaoicem.

Kinmmi ce30ep: «kaopi3dix maszapmy Kypuliblcmapsl, CapKblHObL CYaap,
OUONOUATBIK, MA3APMY, KAUMA KYPbLIbIMOAY, A2POMEHKmeD.

*0. B. Poyckosa', @. K. Anovinzyposa’, M. T. Epmexoé’,
B. H. Poaxckoé’, III. A. My3ovioaesa’

I3 Kazaxckuii arporexuudeckuii yausepcuter umenn C. Celigysmuna, Pecnyonuka
Kazaxcran, r. Actana.;

T'KIT «AcTaHa cy apHacbI,

Pecmyonuka Kaszaxcran, r. AcraHa.;

*AO «HayuHo-TexHonornyeckuii neHTp «Ilapacar»,
Pecrryonuka Kaszaxcran, r. AcraHa.;

*TOO «AnTaiickuii re0I0r0-3K0JI0rMIeCKUN HHCTUTYTY,
Pecny6sinka Kazaxcramn, r. Ycrh-Kamenoropck.

Matepuan noctynuin B pegakuuio 01.06.23.

HEKOTOPBIE ITPOBJIEMbI
MPOEKTHBIX PEINEHAN KAHAJIM3AIIMOHHBIX
OYMCTHBIX COOPYKEHU B ACTAHE

s bonvuuncmea Ka3axcmaHCKUX KAHAIU3AYUOHHBIX OYUCHIHBIX COOPYIHCEeHUL,
60NPOCHL  PEKOHCMPYKYUU, MOOEPHUZAYUU U CMPOUMENLCMEA HOBbIX  OI0KO08
COOPYIHCEHUTI NO OYUCHKE CTMOYHBIX 600 ABIAIOMCS BeCbMd AKMYATbHbIMU U
HeoOX00UMbIMU, peuleHue KOMOPbIX Npeonoiazaem KOMNIEKCHbIL UHIICEHEPHO-
MEXHOI02UYECKULl NOOX0O.

B oannou cmamve npoananusuposan yposens agmomamuzayuu u HeOoCmamxu
npoexma mopot 0yepeou KAHAIUIAYUOHHBIX 0uucmHuIx coopyarcenutl I KIT «Acmana
CV Apuacer». B npoexme 6uonozuueckoii 0yucmru Ha aspomenKax 6mopoii ouepeou
KOC ne npedycmompeno enybooxoii ouucmiu no 6U02eHHbIM 3a2ps3HEHUSIM, A UMEHHO
6 OQHHOM caydae He NpedyCMOmpeH GHYMPeHHUll peyukn akmuerozo uia. Obvem
AHOKCUOHOU 30Hbl cocmasisiem 18 %, umo kpatine HedoCMamouHo 0t npoyecca
buonozcuueckol Oegpochomayuu. Taxum obpazom, 011 6boree 3Iphekmuenoco
docmudiceHusl 8cex KaueCmEeHHbIX NoKa3amenell O4UCKY NpU NPOeKmMUposaHuu
HeobxX00umo npedycmampusams 30Hy OeHumpuguxayuu He meree 30 % om obwezo
0bvema aspomenKa.
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AHanu3 0CHOBHLIX NPUUUH HedPPexmusHo2o yoareHus Gocgamos Ha cmaouu
OUON0UYECKOU OUUCTNKU NOKA3AN: HEOOCHAMOYHYIO KOHYEHMPAYUI0 OUOI02UYECKO20
nompe0O.eHust KUCIopooa 8 NOCIMYRAIOWUX CIOYHBIX 800AX, OMCYMCMEUe npoyecca
Oenumpupurayuu, depocghomayuu 8 KOHCMPYKYUU AIPOMEHKOE 8MOPOU 0uepedu U
HeOoCmamouHbwlii 00veM aHaspoOHOU 30HbI, Komopas cocmaeisem 18 % om obvema
aspomenxa.

IIpobremvr HeaghhexmusHoCmU MEXHONO2UYECKOU OYUCKU CIOYHBIX 800 OM
dochamos na KOC 2. Acmanwl céa3amnvl, npexcoe 6ce20, ¢ OUUOKAMU NPOEKMHBIX
peweHuti. U HeBO3MOICHOCIbIO  ID@EKMUBHOU  IKCNAYamayuu  OYUCTHHBIX
COOPYIHCEHUN, CEA3AHHOU ¢ HeOOCMamoyHou asmomamusayuei. Taxum obdpazom,
07151 NOGbLUUEHUS P DeKmUBHOCIU PAbOmMbl COOPYHCEHUL OUOLOSULECKOU OYUCHKU
8MOPOU ouepedu HeoOX00UMO NPOBECMU HOBBIU PACYEN COOPYI’CEHUL C YH4emoM
npoyeccog Humpu-oeHumpugurkayuy u Ouorocudeckoeo yoanenus Gocgpamos,
OONOIHUMENLHO OCHACMUMb  000pY008anuem 01 00eCHeyeHUst GHYMPEHHE20
peyuxna ¢ 6vl0eeHUueM NPOMENCYMOUHbIX 30H U 6 Hnpoyecce NepeoCHAweHusl
npedycmompems  OOILULYIO  ABMOMAMUIAYUIO, NO3BOISIOUYVIO MUHUMUSUPOBAND
PYUHOU MPYO U NOGbICUMb 3P hekmusHocms pabomeoi.

Kniouesvie cnosa: xananuzayuonHvle O4UCTHHBIE COOPYIHCEHUS, CIMOYHbBLE 800b,
Ouon0eUYeCcKas OUUCKA, PEKOHCMPYKYUSL, AIPOMEHKU.
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