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Reliable and efficient operation of thermal power plants is impossible without high-quality water treatment. This is
particularly important for facilities that use natural water sources characterized by high turbidity, suspended solids, and
dissolved gases. This study examines the three-stage water treatment system used at the Semey TPP-1. The aim was to
evaluate the effectiveness of each stage of water purification: mechanical filtration, sodium-cation softening, and thermal
degassing. The study included instrumental assessment of water quality before and after each treatment stage, visual
inspection of the equipment, and analysis of operational documentation. The results demonstrate a high level of
purification: anthracite-loaded mechanical filters reduce turbidity by more than 95%, sodium-cation exchange units lower
hardness from 12 mg-eq/L to 0.05 mg-eq/L, and the deaerator reduces dissolved oxygen concentration to <0.05 mg/L. It
is shown that adherence to technological parameters — such as filter loading levels, regeneration regimes, and backwashing
intensity — directly affects purification efficiency and equipment durability. The findings confirm that the quality of treated
water meets regulatory requirements for boiler feedwater. Based on the measurement results, a quantitative assessment
was made of the performance efficiency of each unit in the water treatment system. These results can be used in the design
and modernization of water treatment systems at similar thermal power facilities and provide practical value for

developing engineering competencies in operating power equipment and water-chemical regimes.
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INTRODUCTION

Water treatment is one of the key elements in ensur-
ing the reliable and efficient operation of thermal power
facilities. The quality of water used in thermal power fa-
cilities directly affects the provision of electricity, hot
water supply, and heating to the population. Furthermore,
an adequate level of water treatment is essential for the
preservation of equipment [ 1—4]. Malfunctions in the wa-
ter treatment process can lead to significant technological
and economic losses. Figure 1 shows the potential conse-
quences of inadequate water purification at thermal
power plants.

Multi-stage water treatment systems are widely used
at thermal power plants. These typically include mechan-
ical filtration, ion exchange, thermal deaeration, and, in
some cases, membrane technologies. Each stage plays a
specific role in removing suspended solids, hardness
salts, dissolved gases, and organic compounds [5].

In recent years, a number of studies have been pub-
lished addressing water treatment issues at thermal power
facilities, including water hardness, suspended solids
content, and the application of various filtration and ion-
exchange methods [6—8]. For instance, Zaharia and Stan-
ciulescu [7] examined water treatment processes with
emphasis on sludge formation and disposal, while Fajri
et al. [6] analyzed river water hardness in relation to de-
mineralization processes at a thermal power plant. Tsu-
bakizaki et al. [8] discussed general approaches to water

quality control in thermal power plants. However, these
studies mainly focus on specific aspects or generalized
schemes. Comprehensive assessments of the perfor-
mance of existing water treatment systems under the con-
ditions of specific plants remain insufficiently covered,
which highlights the necessity of the present study on the
example of TPP-1 in Semey.

The aim of this study is to analyze the design, operat-
ing principles, and efficiency of the water treatment
equipment in use at TPP-1 in the city of Semey, taking
into account the quality of the raw water and the require-
ments for feedwater parameters in thermal power sys-
tems.

The water intake for TPP-1 is sourced from the Irtysh
River. The quality of water in the Irtysh River often does
not meet established standards, as it contains a significant
amount of impurities and suspended substances, necessi-
tating strict control of boiler water treatment. As it passes
through the intake structure, the hardness of the water in-
creases.

The water treatment system at TPP-1 is a three-stage
process, with each stage performing a specific function
in achieving the required water quality. It includes:

1) A mechanical filter for removing suspended and
insoluble mechanical impurities;

2) First- and second-stage sodium-cation exchange
filters for water softening;

3) A deaerator that removes dissolved gases.
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Adverse Effects Resulting from Inadequate Water Treatment in Thermal Power Plant Operation
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Blockages in pipelines and
heat exchangers,
accompanied by a
deterioration in the
hydraulic performance of
circulation systems.
Potential consequences
include pipe ruptures,
leaks, structural damage
to metallic components,
increased failure rates,
and unplanned equip

Significant reduction in heat
exchanger efficiency due to
impaired heat transfer.
Overheating and rupture of
pipes. Disruption of water
circulation. Intensified
corrosion of metal surfaces.
Frequent need for chemical
or mechanical cleaning and
repairs. Increased

shutdowns.

c ption of spare parts.

Corrosion can lead to
through-hole formation and
heat carrier leakage, resulting
in emergency equipment
shutdowns. It also reduces
heat transfer efficiency,
increases hydraulic resistance,
accelerates equipment wear,
and contaminates the heat
carrier. Corrosion further
intensifies secondary processes
such as scale formation and
erosion, raising the risk of
environmental incidents

Bacteria can cause equipment
biocorrosion, formation of
biofilms, pitting, and rust.

This leads to increased
chemical reagent
consumption, deterioration of
water's physicochemical
properties, clogging of filters
and spray nozzles, and
reduced water treatment
efficiency. Additionally, there
is a risk of contamination in
open recirculating water
systems

Increased risk of accidents, elevated operating and maintenance costs of boiler equipment, unproductive
downtime and energy production losses, premature boiler failure, and unsafe operating conditions

Figure 1. Potential consequences of inadequate water treatment at thermal power plants

The novelty of this study lies in the fact that, for the
first time, a comprehensive analysis of the water treat-
ment system operation at TPP-1 in the city of Semey was
carried out under real operating conditions based on data
obtained directly at the plant. Unlike general descriptions
of standard water treatment schemes, this study examines
the actual quality of water at the intake point and its
changes after each treatment stage, taking into account
the local hydrochemical characteristics of the Irtysh
River basin and the specific features of the intake facili-
ties. This approach makes it possible to identify the most
critical purification stages and to assess their efficiency
under the actual operating conditions of the plant.

METHODS

The study of the water treatment process was con-
ducted at the operating water treatment complex of the
TPP-1 thermal power plant in the city of Semey, which
provides feedwater treatment for the water-steam path of
the boiler equipment. The aim of the research was to as-
sess the effectiveness of the main stages of water purifi-
cation under real operating conditions.

The methodology included an engineering and tech-
nological survey of the water treatment scheme, analysis
of operational documentation, visual inspection of the
equipment, as well as instrumental measurements of wa-
ter quality indicators before and after passing through in-
dividual treatment stages.

The quality indicators of technical water were deter-
mined in accordance with state standards (GOST) and
standard laboratory procedures used at thermal power
plants. Turbidity was measured in accordance with the
national standard ST RK ISO 7027-2007 “Water quality.
Determination of turbidity” using a HACH 2100N

turbidimeter [9]. The concentration of suspended solids
was determined in accordance with the standard ST RK
3865-2023 “Industrial waters of thermal power plants.
Determination of suspended solids by gravimetric
method” [10].

Total hardness, as well as calcium and magnesium
concentrations, were determined by manual complexo-
metric titration with EDTA (Trilon B) in accordance with
GOST 31954-2012 in the laboratory of TPP-1 [11]. Dis-
solved oxygen was measured manually by the Winkler
iodometric method in accordance with the standard ST
RK 2518-2014 “Water quality. Methods for determina-
tion of dissolved oxygen” [12]. Free CO, was determined
manually by acid-base titration in accordance with
GOST 23268.5-78 [13].

Particular attention was paid to evaluating the se-
quence of purification processes, the reliability of equip-
ment operation, and the degree to which the water quality
characteristics complied with established standards.

Water quality parameters were monitored using
standard sampling devices installed at the inlet and outlet
of the main process units: mechanical filters, sodium-cat-
ion exchange filters of stages I and II, and the atmos-
pheric deaerator.

The sampling points included pipelines for sample
collection, shut-off valves, and pressure gauge devices,
allowing for real-time control of pressure drops before
and after the treatment equipment.

The data were analyzed in comparison with regula-
tory requirements for feed and makeup water quality in
heat supply systems, as well as with the parameters nec-
essary to ensure corrosion and scale formation safety in
the water-steam circuit of the boilers.
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RESULTS AND DISCUSSION

Figure 2 shows the schematic diagram of a mechani-
cal water filter. The mechanical filter is a structurally
simple and reliable device designed for the primary re-
moval of mechanical impurities from water [14]. The de-
scription of the filter in this study is based on actual in-
spection data from the equipment at TPP-1 in Semey, and
the reference to Zhao et al. [14] is cited exclusively as an
example to illustrate the general characteristics and oper-
ating principles of similar filters. The filter is constructed
as a vertical cylindrical structure made of monolithic re-
inforced concrete. The rigidity and strength of the con-
crete housing allow the filter to operate under variable
hydraulic loads and pressure differentials typical of in-
dustrial water treatment systems.

The filtering medium used is anthracite — a high-car-
bon filtration material characterized by abrasion re-
sistance, chemical inertness, and a large specific surface
area. The values “900” and “500” shown in Figure 2 in-
dicate the height of the anthracite layer and the distance
to the upper distribution pipe, in millimeters. The grain
size and bed height of the anthracite are selected to ensure
an optimal filtration rate while achieving a high degree
of suspended solids removal.

The design of the mechanical filter includes the op-
tion for backwashing, during which accumulated con-
taminants are removed from the filter bed by reversing
the flow of water. The absence of chemical reagents at
this stage significantly reduces the overall cost of water
treatment [ 14].

During operation, the raw water is fed into the upper
part of the filter (Figure 2). To prevent air lock formation
and ensure uniform flow distribution, special air release
and pressure equalization slots are integrated into the up-
per section of the structure. This design solution helps
avoid uneven filtration, thereby improving the efficiency
of the device [6]. After passing through the anthracite
layer, the filtered water flows into the lower part of the
filter, from where it is directed to the next treatment stage
— the first-stage sodium cation exchange filter.

Table 1 presents the water quality indicators before
and after passing through the mechanical filter.

Table 1. Water quality indicators before and after
the mechanical filter

. Before After
Water Quality Parameters treatment treatment
Turbidity, NTU 45+65 0,6
Suspended solids concentration, mg/L 130+210 <5

The analysis of the obtained results indicates a high
degree of water purification from mechanical contami-
nants in mechanical filters — over 96% for both parame-
ters. Effective removal of suspended solids at this stage
significantly increases the lifespan of subsequent filters,
prevents their fouling, and reduces the consumption of
reagents during regeneration.

Air release and
pressure
equalization slot
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Figure 2. Diagram of the mechanical filter

Mechanical filtration is not capable of removing dis-
solved substances such as salts, metals, and organic com-
pounds. For their removal, sodium cation exchange fil-
ters are used [15].

The design of the sodium cation exchange filters of
stages I and I1 is identical [15]. Both filters operate on the
same principle and have a similar structure. Possible dif-
ferences may concern operational parameters, such as the
volume of the filtering media or regeneration modes;
however, these do not affect the basic structural scheme
of the equipment (Figure 3).

The working bed of the filter consists of a layer of
ion-exchange material, the height of which is determined
by the design level Hsl — the maximum allowable bed
level in operating condition (indicated in the diagram as
the bottom level of the filter media layer). A free space is
provided above the bed for regeneration. During back-
washing, the layer expands, and this expansion must not
exceed 30% of Hsl, as shown in the figure. This limita-
tion prevents material loss and ensures uniform flow dis-
tribution. Maintaining these levels is crucial for the stable
operation of the filter, the efficiency of ion-exchange pro-
cesses, and the extended service life of the media [16].

Raw water is supplied to the filter under pressure and
passes through the layer of cation exchange media from
top to bottom, during which the water softening process
occurs through ion exchange: calcium and magnesium
ions are replaced by an equivalent amount of sodium
ions.

The working cycle of the filter includes the following
stages: softening, loosening, regeneration, and rinsing
[16].
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The softening cycle ends when the hardness of the
water at the outlet exceeds 0.1 mg-eq/L, indicating that
the ion-exchange capacity of the media has been ex-
hausted and regeneration is required.

<30% of Hsl

Concrete

Figure 3. Diagram of the sodium cation exchange filter

Loosening, which lasts 15 to 30 minutes at an inten-
sity of 3 to 4 L/m?-s, is carried out to eliminate compac-
tion of the ion-exchange media and restore its filtration
properties.

Regeneration is performed using a 5 to 8% sodium
chloride (NaCl) solution to restore the exchange capacity

Steam vent

Water inlet for deaeration

\:

of the cation exchange resin by saturating it with sodium
ions. After regeneration, the ion-exchange material is
rinsed from top to bottom to remove excess regenerant
solution and by-products formed during the recovery pro-
cess [16].

Table 2 presents the water quality parameters before
and after passing through the sodium cation exchange fil-
ters.

Table 2. Water quality parameters before and after
sodium cation exchange filtration

Water Quality Parameters Before treatment | After treatment
Total hardness, mg-eq/L 12 0.05
Calcium (Ca**), mg/L 40+100 <1
Magnesium (Mg?*), mg/L 10+30 <05

The analysis results indicate the high efficiency of the
sodium cation exchange filters used in the water treat-
ment system. The total hardness of the raw water was
12 mg-eq/L, which classifies it as hard and potentially
hazardous for the operation of thermal equipment due to
the risk of scale formation. After passing through the fil-
ters, this parameter was reduced to 0.05 mg-eq/L, indi-
cating the near-complete removal of calcium and magne-
sium ions.

Such a degree of water softening meets the require-
ments of ST RK 2248-2012 “Quality standards for feed-
water and steam”, according to which the total hardness
of feedwater must not exceed 0.1 mg-eq/L [17].

After passing through the sodium cation exchange fil-
ters, the softened water is directed to an atmospheric de-
aerator for the removal of dissolved gases, primarily ox-
ygen and carbon dioxide. The schematic of the
atmospheric deaerator is shown in Figure 4.
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Figure 4. Diagram of the deaerator
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The atmospheric deaerator ensures effective removal
of dissolved gases from the softened water through direct
contact with bubbling steam and subsequent heating [18—
20].

The design includes a column with steam and water
inlets, as well as a horizontal tank supplied with heating
steam. The length of the tank body between the supports
1s 2400 mm, the distance from the left end to the axis of
the drain nozzle (“To drain”) is 550 mm, and the distance
from the right end to the axis of the nozzle supplying wa-
ter to the pumps (“To pumps”) is 150 mm. This principle
allows for a high degree of degassing without the use of
vacuum. The steam-air mixture is discharged through a
steam vent, preventing gas accumulation. The unit is
equipped with drainage and pressure nozzles that ensure
stable operation under varying hydraulic loads. Table 3
presents the water quality parameters at the inlet and out-
let of the deaerator.

Table 3. Water quality parameters at the inlet and outlet of the
deaerator

At the inlet of At the outlet of
the deaerator the deaerator

Dissolved oxygen, mg/L 6+10 <0.05
Free CO2, mg/L 5+10 -

Water Quality Parameters

Table 3 demonstrates a significant reduction in the
concentration of dissolved oxygen after the water passes
through the deaerator. This result complies with regula-
tory requirements and confirms the high efficiency of de-
gassing achieved through the thermal effect of steam and
intensive gas exchange. A decrease or complete removal
of free CO; is also observed, which further reduces the
corrosive activity of the water and enhances the reliabil-
ity of feedwater pipelines and equipment.

CONCLUSION

The results of the study demonstrated the high effi-
ciency of the operating water treatment system at TPP-1
in the city of Semey, which is based on a three-stage pu-
rification scheme including mechanical filtration, ion ex-
change, and thermal deaeration.

At the first stage — mechanical filtration with an an-
thracite media — up to 96-98% of suspended solids are
removed. Water turbidity is reduced from the initial 45—
65 NTU to 0.6 NTU, and the content of mechanical im-
purities decreases from 130-210 mg/L to less than
5 mg/L. These values are within the acceptable range for
water treatment schemes of thermal power plants and en-
sure the effective operation of the subsequent purification
stages.

At the second stage, water softening using first- and
second-stage sodium cation exchange filters results in the
near-complete removal of hardness. Total hardness is re-
duced from 12 mg-eq/L to 0.05 mg-eq/L; calcium con-
centration decreases from 40—100 mg/L to < 1 mg/L, and
magnesium from 10-30 mg/L to <0.5 mg/L. These val-
ues fully comply with regulatory standards for boiler

feedwater and effectively prevent scale formation in the
water-steam circuit.

The final stage — thermal degassing in an atmospheric
deaerator — ensures a reduction of dissolved oxygen con-
centration from 6—10 mg/L to <0.05 mg/L. Free CO; is
also effectively removed, with its concentration decreas-
ing from 5-10 mg/L to nearly zero, significantly reduc-
ing the corrosive activity of the water.

A comprehensive assessment of the effectiveness of
all three stages confirmed that the water treatment system
at TPP-1 consistently achieves the required parameters
for turbidity, hardness, and dissolved gas content. Ac-
cording to [17] the limit values for these parameters are:
total hardness <0.1 mg-eq/L, dissolved oxygen <0.05
mg/L, and free CO; is not allowed. The obtained results
fully comply with these standards, which contributes to
reliable and economical operation of boiler equipment,
reduces the frequency of repairs, and extends inter-repair
periods.

The data obtained may be used to optimize water-
chemical regimes at similar thermal power facilities, as
well as in the training of thermal power engineering stu-
dents, helping to develop solid competencies in the oper-
ation of water treatment systems.
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XKbury sHepreTHKanblK KOHABIPFBUIAP/BIH CEHIM/II 9pl THIMJI KYMBICHI canajbl Cy JailbIHAayCchl3 MyMKIiH emec. by,
acipece, NAIBUIBIFBI JKOFAPBI, LITHreH OOJIILeKTep MEH epireH ra3aap Kol TabuFy cy Ke3/IepiH NaijanaHaTbiH HbICaHaap
yurie e3ekti. Ocbl mMakaigaga Cemell xamacwiamarsl JKOO-1-me KOJIIAHBUIATBIH YII CaThUIBI Cy JabIHIAy JKy#eci
KapacTHIPBUIAABL. 3epTTEYAIH MaKcaThl — CyIbl Ta3apTyIblH op Ke3eHiHIH (MEeXaHHKAIBIK CY3y, HATPUH-KaTHOHHUTTIK
KYMCapTy KOHE KBUTYIBIK Jlera3alusi) THIMAUIIriH Oaranay. 3epTTey OaphICHIHIA Ta3apTy CaTBUIAPBIHBIH allIbIHIaFbI
JKOHE KeHiHrl Cy camachl acmanThIK SHicTieH OaranaHfpl, KaOIbIKTapFa BU3yalAbl TEKCEPY JKYPTi3iimi, cOHmai-ax
maianany KyKaTTapbl TAIJAHIBL. AJIBIHFAH HOTIKEIIEP Ta3apTyObIH )KOFaphl JCHICiiH KOPCETTI: aHTPAIUTTI CY3TilITep
TMAUITBUIBIKTEL 95%-1aH acTaM TOMEHACTE Ti, HATPUH-KAaTHOHHT CY3TiIepi KATTBUTBIKTHI 12 Mr-3kB/1-1eH 0,05 Mr-3KB/1I-Te
NIeHiH a3aifTafpl, al [ea’paTrop epireH oTTeK KoHHeHTpanwschiH < 0,05 mr/i-re meiiiH TeMeHmeTeni. TeXHOIOTHSIIBIK
napameTpIepi (Cy3ri )KyKTeMeci, pereHeparus pexxKiMi, a0 KapKbIHABUIBIFEI) CAKTAY Ta3apTyAblH THIMJLIITIHE jKOHE
KaOIBIKTBIH Y3aK KBI3MET €TYiHE TiKeJiedl ocep eTeTiHI KepceTiimi. 3epTTey HOTHKENIepl Ta3apThUIFaH CYIbIH Oy
Ka3aHIapBIHBIH KOPEKTiK CybIHAa KOWBLIATHIH HOPMATHBTIK TaJlalITapFa cail KENETiHIH KepceTTi. Omey HoTmkenepi
HETi31H/e Cy AalbIHaay ChI30aChIHBIH 9p0ip TOpaNTapbIHBIH KYMBICHIHBIH THIMALIITIHE CAaHABIK Oaranay xypriziami. byn
JIepeKTep YKcac JKbUTy SHEPreTHKANBIK HBICAHAApAaFrbl Cy JaWblHAAy OKyHellepiH »obajlay MeH >KaHFBIpTyaa
Maii1anaHbTybl MYMKIH YKOHE YHEPTeTHKAIBIK XKaOIpIKTap MEH Cy-XUMISIIBIK PEXUMIEPl MaligaTanyaa HHKEHEPIiK
KY3BIPETTITIKTEePAl KaJBIITACTRIPYAa IPAKTUKAIBIK MOHTE He.

Tyiiin co3dep: cy dativinoay, MEXAHUKATBIK, CY32i, AHMPAYUm, HAMpuil-kamuoHummi cy3ei, 0easpamop, ¢y canacbl.
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ASSESSMENT OF WATER TREATMENT QUALITY AT THE WATER TREATMENT COMPLEX OF TPP-1
IN THE CITY OF SEMEY

OLEHKA KAYECTBA OUHMCTKH BOJIbI B BOJOIOAIOTOBUTEJIBHOM KOMILIEKCE TJII-1
I'OPOJIA CEMEM

A. P. Xaxuaunonal, A. C. Xaxugunos?, C. JI. EnucrpaTtos?

" HAO «Ynueepcumem Ilaxapuma», Cemeit, Kazaxcman
2 Ilenmp s0epnoii meouyunst u onxonozuu, Cemeit, Kazaxcman
3 Hoeocubupckuil zocyoapcmeennbiii mexnuueckuil ynueepcumem, Hosocubupck, Poccus

* E-mail ona konmaxmos: khazhidinoval991@mail.ru

Obecriedenne HanEKHON U ) (HEKTUBHON PaOOTHI TEILIOPHEPTETHIESCKAX YCTAHOBOK HEBO3MOKHO 0€3 OpraHu3aIliy Ka-
YECTBEHHOH BOJOMOATrOTOBKH. OCOOCHHO 3TO aKTyalbHO IJISI 00BEKTOB, HCIONB3YIONNX B KAYECTBE HCTOYHUKA BOJIBI
MIPUPOTHBIE BOJOEMBI, XapaKTEPHU3YIOIIHECS BEICOKOH MYTHOCTBIO, COJEP)KaHNEM B3BEIICHHBIX YaCTHI] U PACTBOPEHHBIX
ra3oB. B HacTosmeit pabote paccMaTpuBaeTcs TpEXCTyNEHYATasi CHCTEMa BOJOMOATOTOBKH, KCILTyaTUpyeMasl Ha TeTl-
noanektporenTpanu TOL-1 ropona Cemeii. Llenbio mccnemoBanus sBUiIach oneHka 3¢ (HeKTHBHOCTH pabOTHl KaXIoro
3Tamna BOZOOYHUCTKH: MEXaHIMUECKOH (pUibTpanyy, HaTpUH-KaTHOHUTHOTO YMATYECHUSI M TEPMUUECKOH nerazanmu. B xone
uccie0BaHus Oblila IPOBEIeHa HHCTPYMEHTANIbHAs OLIEHKA KauecTBa BOABI J0 U IOCJE KaXK/J0H CTa i OYUCTKH, a TaK-
e BU3yalIbHBIH OCMOTP 000PYIOBaHUS U aHAIN3 HKCIUTyaTaIl[MOHHOM qoKyMeHTalun. IlomydeHHble TaHHbIE CBUIETENb-
CTBYIOT O BBICOKOM YPOBHE OYHCTKH: MEXaHMYECKUE (PUIBTPHI C aHTPALIUTOBOM 3arpy3Koii MO3BOJISIIOT CHU3UTh MYTHOCTh
BOJIBI Ooniee yeM Ha 95%, HaTPUil-KaTHOHUTHBIE (GHIBTPHI YMEHBIIAIOT XKECTKOCTH ¢ 12 Mr-oke/a no 0,05 mMr-ske/i, a
Jeaspatop obecledrBaeT CHIDKCHUE KOHLEHTPALlUl PacTBOPEHHOTO Kuciaopoa 1o ypoBHs < 0,05 mr/n. IToka3zaHo, uTo
COOJTI0/IEHIE TEXHOJIOTHUECKHUX TTapaMeTPOB, TAKUX KaK YPOBEHb 3arpy3KH, PEKUM pereHepalii, MHTEHCUBHOCTh MPO-
MBIBKH, HANIPSAMYIO BIUSET HA 3 PEKTUBHOCTH OUYUCTKU U IOJITOBEYHOCTH 000py0oBaHUs. Pe3ynpTaTsl paboThl MOATBEp-
XKIIAIOT COOTBETCTBHE MIOKA3aTeNeH OUMIIICHHOH BOJbI HOPMAaTHBHBIM TPEOOBAHUSIM, IPEABIBIACMbIM K TUTATEIbHON BO-
JIe TTapOBBIX KOTJIOB, X MOTYT OBITh HCIOJB30BAHBI IIPU IIPOSKTUPOBAHUN M MOJECPHU3AIMN CHCTEM BOJOIOATOTOBKY Ha
AHAJIOTWYHBIX TEIUIOPHEPTeTHIECKUX 00bekTax. Ha OCHOBaHMM pe3ybTaTOB H3MEPEHUH PON3BOIMIIACH KOJINYECTBEH-
Hasl OLleHKa 3 PEKTUBHOCTH pabOTHI KaXKIOTO y3J1a BOAOIIOATOTOBUTEIIFHOM CXeMBI. Tarke MoJTydeHHbIE JaHHbBIE MPea-
CTaBJISIIOT MPAKTHYECKYIO [IEHHOCTD Uil (DOPMHUPOBAHHUS YCTONUUBBIX MHKEHEPHBIX KOMIIETEHIMI B 00JIACTH DKCILITya-
Talluu SHEPIrEeTUICCKOTO O60py}10BaHI/IH 1 BOAHO-XUMUYCCKUX PEIKUMOB.

Knroueswvie crnosa: 6000n0020moska, Mexanuueckutl (puibmp, anmpayum, Hampui-KamuoHUMHbsIl Guibmp, 0easpamop,
Kauecmeo 800bl.
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