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Some technological aspects of cleaning pipes of heat exchangers from solid scale
deposits

This article discusses possible solutions to one of the problems associated with the low efficiency,of exXisting
thermal power plants. These factors are due to both the depreciation of equipment and the lack oftany cffecs
tive technologies for intensifying heat and mass transfer processes. The relevance of reseazehifopicsjis also
confirmed by the fact that at the state level it is proposed to legally oblige the subjects of the heatfand power
industry to carry out preventive measures aimed at optimizing existing enterprises. The description of'the rea-
sons for the occurrence of scale deposits that appear in the in-line cavities is given. Due to th@fact that the
thermal conductivity of solid deposits is much less than the thermal conductivity ofithe metals from which the
heat exchanger tubes are made, they significantly reduce the intensity of the processes,and’the intensity of
heat transfer. Solid deposits lead to a decrease in the coolant flow rate, an increasefin fuel consumption and a
violation of the technological mode of operation of the entire heat exchange unit“Fhefauthors analyzed vari-
ous technological aspects of various methods for cleaning heat eXehanger tubes from solid scale deposits, on
the basis of which the advantages of the electrohydraulic treatment iethod ate substantiated. A schematic di-
agram of the device is given and a brief description of the methed of‘€éleaning the pipes of heat exchangers
from solid scale deposits is given using electro-hydro-pulse action.“The results of the application of this tech-
nology for cleaning heat exchange pipes at specific héat andipower enterprises are shown, which confirm its
advantages over other cleaning methods, both in terms of processing time and energy costs. The influence of
the degree of purification of heat exchange pipes from solidideposits on the thermophysical parameters and
efficiency of the heat exchanger is considered.

Keywords: heat exchanger, hard scale deposits, pipejeléaning, electro-hydro-impulse treatment, heat ex-
change efficiency.

Introduction

The energy-saving use of heat @nd pewer resources, the creation of new efficient ones, as well as the
improvement of existing technieal devices,Jis an important problem of scientific and technological progress.
Heat exchangers are used to implementavarious thermal processes of heating, cooling, boiling, condensation
and more complex physical#ptoecesses)— evaporation, absorption, heat transfer, etc. Heat exchangers are
widely used in steam generatofs of nuclear power plants, gas-pipe installations and technological devices of
chemical productien, ait conditioning systems, refrigeration and transport installations, etc. [1-5].

The development of,energy intensity and production volumes requires an increase in the size of heat
exchangers, whichynecessitates the search for ways to save fuel, materials and labor costs. According to JSC
KOREM company, our “Kazakhstan's thermal power industry operates with a low efficiency [2, 6, 7]. More-
over, thie"Ministay of Energy has developed a Law obliging the subjects of the heat and power industry to
carry out préventive measures aimed at optimizing existing facilities. The new legislation should ensure the
technolegical renewal of the industry, the possibility of providing reliable, high-quality services to consum-
ers, the reduetion of specific and absolute levels of emissions, etc. The adoption of such measures at the state
level is due'to many technical and economic problems of the thermal power industry, such as a high degree
of wear and tear of the main equipment — the national average wear of heating networks is 59 %; low ther-
mal efficiency of existing equipment, high losses of thermal energy in thermal networks, etc. Among them,
the problem of “lack of effective organization and planning of repair work to maintain and restore the main
and auxiliary equipment of CHPPs, boiler houses and heating networks” is highlighted separately. In the
proposed article, the authors consider some aspects of the technology, the application of which can determine
possible ways to solve one of the most urgent problems of the domestic thermal power industry.
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Problem statement and research method

It is known that the heat transfer largely depends on the cleanliness degree of working surfaces, because
the presence of even a thin deposit of in-line deposits sharply worsens the process of heat transfer. Scale de-
posits have low thermal conductivity; they reduce heat transfer, so the heating of heat exchangers with de-
posits takes a longer time and requires more energy. Walls of heat exchange tubes in the presence of scale
are heated to a higher temperature, which leads to a reduction in their service life. Therefore, in recent years,
much attention has been paid to the fight against the occurrence of unwanted deposits in pipes, which not
only reduce the efficiency of the boiler, but also increase fuel consumption [8-11]. Classical methods of deal-
ing with scale are associated with the removal of hardness salts from the feed water (their absorption by var-
ious ion exchangers) or the addition of chemicals, such as phosphates, to the water [12]. These methods are
very expensive, and therefore they are used mainly on large heat exchange devices.

It should be noted that at some technological enterprises, heat exchangers and boilers use pipes made of
expensive metals and their alloys, such as brass, copper, LAMsh, etc., which are difficult'to clean.\Such
pipes simply have to be cut and removed along with deposits. This is very costly and timéyconsuming due to
the need to stop the operation of the entire heat exchanger. The need to develop and implement an effective
method for cleaning heat exchange pipes, which quickly removes solid deposits withewtydeformation and
rupture of the metal walls of the pipes directly, is an urgent task not only in Kazakhstan,/but also in many
CIS countries and far abroad.

Practice shows that the cleaning of heat exchange surfaces from solid deposits using electro-hydro-
pulse (EHP) action is the most effective and environmentally friendly methed [13]. In addition to cleaning
heat exchange tubes, EHP technology is widely used in a wide variety\of ptaduction processes and indus-
tries, for water disinfection, for crushing and grinding mineral otes; fogbreaking rocks, for demulsifying lig-
uids, for cleaning oil and phosphorus deposits and others [14-18]."At the same time, the physical phenomena
accompanying the processes of interaction between pressure@hoek wayes and macroscopic structures in het-
erogeneous liquids have not been fully studied. This i§ydudito theimjcomplexity and diversity, as well as the
impossibility of preliminary calculation of the parametersyof the, EHP impact, which depend in each particu-
lar case on many factors. In this regard, the authoss studied'some technological aspects of cleaning the heat
exchanger tubes from solid deposits using EHP action to détermine the most optimal parameters and modes
of this method and its effect on the efficiency of the heatiexchanger.

The process of formation of scale deposits depends on both the temperature regime of the heat carrier
and the water treatment of the source watém,As\a rule, industrial water, which always contains various impu-
rities in the form of gas bubbles or disp@tsed solid particles, is used as a high-quality heat carrier at enterpris-
es, technological installations of theé chemigal, oil and gas industries. Due to the presence of impurities of
various salts in the process wateriin the,form of fine-grained particles or dissolved substances, scale and solid
deposits form in the heat exchangers,during operation [10, 11].

Various impurities cofitained,in water are divided into suspended and dissolved. Suspended substances
consist of sand, clay, particle§ of grganic and mineral origin and are removed from the water by clarification
in mechanical filters, Of the dissolved salts in the water, magnesium chloride Mg Cl,, sodium Na Cl, calcium
Ca Cla, calcium sulfate Ca'S@4 and magnesium Mg SO4, carbonate and bicarbonate salts of calcium or mag-
nesium Ca SO;, MgiSO3,0Ca (HCO3),, Mg (HCOs),, as well as compounds of iron, aluminum, silicon [8, 10].
Calciumgand magnesitim salts have the greatest scale-forming ability. Scale deposits consist of a mixture of
varip@is chemical‘eléments, the composition and structure of which also depends on the temperature regime
of thejeoolant.

Numerdus boilers, water heaters and other heat exchange devices of small and medium
capacity, as a rule, use network water without special treatment. As a result, there is a rapid
formation of scale deposits on the walls of heat exchangers. This is confirmed by the results of the
analysis of the composition and structure of hard scale deposits formed on the inner surface of the
pipes of heat exchangers of a number of operating thermal power facilities. As part of the research,
the condition of the pipes of such heat exchangers as boilers and condensers of heat power plant
HPP-3 in Karaganda city, the bakery boiler unit E-1/9-1 of Saran city, and others were studied.

The efficiency of cleaning heat exchangers from solid deposits can be ensured by a method based on the
well-known electrohydraulic effect (EHE) by Yutkin L. This has been repeatedly confirmed experimentally,
both by testing the EHP technology in laboratory conditions and directly by the results of cleaning various
heat exchange pipes at operating industrial facilities [13-19].

Cepus «dusuka» Ne 4(108)/2022 107



Nussupbekov B.R., Sakipova S.E. et al.

Let's consider some technological aspects of cleaning the internal surfaces of heat exchanger tubes from
solid scale deposits using EHP technology. Under EHP action, the destruction source of solid deposits is
powerful impulse pressures at the front of shock waves, which are formed during a high-voltage electric dis-
charge in water. It has been established that, first of all, thicker deposits are destroyed, and for the destruc-
tion of thin-layer deposits, it is required to increase the supplied discharge energy. In addition to the fact that
this causes additional energy costs and can lead to unwanted ruptures of the pipe wall. Electric discharges are
carried out near the cylindrical wall of the pipe. Therefore, it is necessary to take into account multiple re-
flections of pressure waves, which can enhance the effect of the EHP action, and under certain conditions,
and vice versa, reduce it. It is difficult to determine in advance the pressure value at the shock wave front due
to cavitation effects, phase changes in the working fluid, reaction of scale deposits, etc. that occur during
EHP treatment.

To solve this problem, a team of authors proposed a method for removing solid deposits ofivarious
thicknesses that form on the inner surface of pipes, which can be implemented without an additional increase
in the electrical parameters of the discharge [11, 17, 18]. According to the idea of ‘the @uthors, a“cable-
electrode is inserted into the cavity of the cleaned pipe, which is installed in a cone-shaped,nozzl€ made of
durable material. Figure 1 shows a scheme for cleaning the surfaces of heat exchangers from$olid scale de-

posits.
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Figure 1. S€éhemeiof the electro-hydro-pulse cleaning method:
1 — wall of the pipe being clean€d 42 — cable-electrode, 3 — cone-shaped device, 4 — fastening, 5 — destroyed de-
posits, 6 — scale layer being cleéanéd, 7 — technical water, 8 — electro-hydraulic device (EGD).

The cone-shaped nozzle ig made of steel (1.0+1.5) mm thick. The outer diameter of the cone is smaller
than the inner diameterof the heat exchanger tube being cleaned. During EHE, the shock wave propagates
isotropically, in all'directions, and the cone-shaped nozzle orients its movement along a certain solid angle,
and therefore allofs increasing the value of the wave pressure along the pipe axis. This phenomenon is asso-
ciated with the cumulating effect, which provides an increase in the pressure of the shock wave in a certain
directiofffand, €onsequently, the effect of energy concentration.

The greatest crease in the pulse pressure amplitude was obtained when using a nozzle with a taper an-
gle 0=80". The shock wave enhanced by the cumulative effect contributes to faster destruction and flaking of
hard and'supérhard deposits located on the inner surface of the pipe. The periodic action of a powerful shock
wave on the treated surface contributes to the destruction of solid deposits, thereby intensifying the process
of cleaning the internal cavity of the heat exchanger tube. Destroyed and exfoliated sediment particles are
carried away from the working area by the fluid flow. Let us consider examples of the successful application
of the developed technology for cleaning pipes and tube bundles of peak boilers of thermal power plants,
E1/9 steam boilers, etc.

As a result of the cleaning work using the EHP treatment, the heat exchange tubes are completely
cleaned. Along with the cleaning of pipes the pressure testing of pipes and tube bundles was also carried out,
and their suitability for further operation is determined.
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Results and discussion

Treatment of brass pipes using electro-hydro impulse treatment.

Figures 2 and 3 are photographs of pipes sections of the heat exchangers of various diameters d with
hard scale deposits. The solid scale deposits into pipes formed from CHPP-3 (Karaganda city) after operation
during the season (about 6 months). It can be seen that inner surfaces of the pipes are completely cleaned
after electrohydraulic treatment (Fig. 3b). The metal walls are not deformed, which allows them to be used in
the heat exchanger in the future along with new ones.

a b

Figure 3. Samples pipes sections from CHPP-3, d =24 mm
a) before proc — completely cleared using the EHI effects.

The significance and prac ance of this technology is that the use of EHP- processing allows

manufacturing enterprises in orking in a short time with improved indicators of energy efficiency
and economic profitability uipment. As a result of the work carried out on the cleaning of heat exchange
pipes, a methodo r it cation was developed, equipment was created, which was tested and im-

plemented at a nu. al power facilities.

surfaces. Seamless pipes made of grade 10 steel are used. The pipe diameter is 51 mm and the wall thickness
is 2.5 mm (Fig. 4).

It can be seen that some pipes after seasonal operation are almost completely filled (“clogged”) with
solid deposits. These solid deposits are characterized by a denser, homogeneous, almost stone structure (Fig.
4a). Previously, pipes with such deposits were processed first using chemical reagents, then cleaned using a
mechanical cutter. But this method does not allow to remove the formed solid scale deposits, as a result of
which the uncleaned pipes used during one season were replaced by new ones. Examination of fragments of
spent pipes showed that in almost 70 % of the pipes of the convective bundle, the solid scale thickness
reaches about 13-15 m (Fig. 4b). When checking the condition of the equipment, burnt pipes were also
found, inside which the scale hardened like a stone.
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with hard deposits before processing; b) partially cleaned after processing, d = 5

As part of the experiments, the dependence of the scale mass on the ime and the change in
the thermal parameters of the E1/9 boiler as a result of cleaning using,t Pftechnology were revealed.
Within 5 hours, with the help of EGI technology, 3 rows of 11 convectiye 1.1 m to 1.8 m long, were
cleaned. A total of 48 m of convective pipes were processed. otal mass of hard scales after EHP
treatment was determined [17, 19]. After draining the water t wer drum, scale deposits were
weighed. The total weight of scale deposits from 33 pipes w. g, Which is 1.8 kg on average per meter of
pipe. The maximum fragment size was 37 98 mm; ¢he earal and dimensions of some broken and
removed scale deposits are shown in Figure 4b.

About influence of EHP pipe tre n heat exchanger efficiency.

In the course of activities during the EHP treatment of the internal cavities of pipes for cleaning from
solid scale deposits, a change in thermo ical\characteristics was studied. An analysis of the parameters of
the considered steam generator E1/9 afte ous operation for 9 months showed that the heat removal
decreased to 47 %, while the consu of solid fuel increased by 1.75 times. Data on the dependence of
the heat transfer of a pipe on t i deposits, which are determined for brass pipes of boilers with a
diameter of 18.8 mm, are obtaine ithout taking into account the contamination of the outer surface of the
pipes).

The appearance of d its jwith a thickness of & = 0.5 mm reduces the heat transfer coefficient by
23 %. A further i ickness of the existing scale significantly disrupts the technological mode
i exchange unit. The flow rate of the coolant is reduced, which reduces the per-

ption of fuel oil by 770 kg/ day.

@ al conductivity of scale is tens, often hundreds, times less than the thermal conductivity of the
metals fro hich the heat exchanger tubes are made. The carried out changes showed that even with the
appearance of deposits with a thickness of 6 = 0.5 mm on the inner surface of the pipe, the heat exchange
unit efficiency — 1, % decreases (Fig.5). With an increase in scale thickness up to 7 mm on the heat transfer
surface of a brass pipe (d=28 mm), the liquid flow through the pipe decreases by 1.5 times, which leads to a
2-times decrease in the efficiency of the installation. After the cleaning work, commissioning work was car-
ried out, which showed that the efficiency of the boiler E1/9-1 1,% of the boiler reached 68 % at a nominal
value of 75 %. The steam temperature reached 147°C, at the norm of 170°C.
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Figure 5. Dependence of the heat exchanger efficiency on the thickness of d its.

The difference in efficiency values is due to the fact that some of the worn es were cut out
and removed. These obtained results confirm that the removal of solid scale depaesits ift‘pipes contributes to
the intensification of the heat transfer process and, accordingly, to the incr theyheat transfer efficiency
of industrial heat exchangers.

Conclusion N

Regular cleaning of pipes from solid scale deposits and theyman implementation of preventive
measures against the occurrence of these deposits remain the pressing problems of thermal power engi-
neering so far. Obtained results have shown the undeniabléadvantages of cleaning the pipes of the heat ex-
changer and boiler units with the help of EHP techno speed of cleaning by this method is much
higher than the productivity of the mechanical lower power consumption. In general, the
ale deposits from the internal cavities of pipes

c

the cost items for major repairs and new purc
the problem of cleaning heat exchange pi
formation of hard scale deposits, the me and kinetics of their growth, structure and thermophysical
properties, etc. This will allow not o evelop effective methods for removing scale deposits, but also to

develop effective measures to e @ ormation.
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AKbL1y anMacTHIPFbIII KYOBIPJapabl KATTHI KAKTaApIAaH
Ta3APTYAbIH Keli0ip TeXHOJIOTHsVIBIK acleKTiaepi

Maxkanaia %yMBIC iCTEIT TYPFaH KbUTy SHEPTeTUKAIBIK KOCITOPBIHAAPpAaFbl KOHBIPFBUIAP.IBIH THIMILUTITIHIH
TOMeHAEYiH OONABIPMAybIH OipieH Oip MoceenepiH MENTyAiH MYMKIH XKONIaphl TaakpulanraH. by dak-
TOpJIap >KAGHBIKTBIH TO3ybIHA Ja, )KBbLTy Macca TachIMalliay HMpOLECTEPiH apTTHIPYIbIH THIMAI TEXHOJIOTHS-
JaphMbIH O00MIMayblHa /1a GaiIaHBICTBI 0OJYBl MYMKIH. 3€pTTey TaKbIPHIITAPbIHBIH ©3€KTLIIr HeTi3iHeH XKy-
MbIC 1CTell TYPFaH KOCIMOPBIHAAPAAFh] JKbUTYy SHEPTeTHKACHI CalaChIHBIH CYOBCKTIIEpiH/Ie aJIbIH aly Inapa-
JapBIH JKYPFBYMEH Katap, MEMJICKETTIK AEHIei/ie jKoHe 3aH asChIHAA OHTAHIaHIbIpyFa OarbITTalFaH JKy-
MBIcTapabl MiHgeTTey Keo3nmemin oTeip. CebGebi, KbUTy MEH JJISKTp SHEPTHsCHIH OHIIpeTiH apOip Mekeme,
MEMIIEKCTIMI3/IET] CTPATETUSUIBIK HBICAH OOJbI Tabbutazpl. COHIBIKTAH Makanaga KyObIpIIIUTK KaOBIpFa-
Japfia maiina GonaThIH MIETiHUIepAiH naiga 6oy cebenrepiniy cunarramacs! kentipinren. Karts! merinmi-
JEPJIH KBITYy OTKI3TIIITIri XbUTy alMacTBIPFEIN KyOBIpIap jkacaifaH MeTalJapblH KbUIY OTKI3TIiIITIriHeH
anzeKaiina ToMeH OONFaHABIKTaH, JKbUTy Oepy MpoLecTepiHiH KapKbIHBUIBIFBIH alTapIIbIKTal a3aiThI xibe-
peni. An coiikeciHIe, KaTThl MOTIHAUIEPAIH Maiiia OOMTybl CAaNKBIHAATKBIIITHIH IIBIFBIHBIH a3alThIN, OTHIH
LIBIFBIHBIH aPTTBIPYFa jKoHE OYKIN JKbUTY alMacy KOHABIPFBICBIHBIH TEXHOJOTHSIIBIK PEXKUMIH Oy3yFa oKesesi.
ABTOpNap €3 3epTTeyNepiHiie, KbULy aJIMACTBIPFBIITAP KYOBIpIapAbl KATTHI INOTiHIUIEPACH Ta3apTyIblH
OipHemie oicTepi MEH OpTYPJIi TEXHOJOTHSUIBIK aCHEKTUIepiHe Tajaaymiap KYpri3e OTBIPHII, 3JEKTPOrHApaB-
JMKAJIBIK OHJEY 9MiCiH MaljanaHyabslH apTHIKIIBUIBIKTaphIHA OackIMABIK OepreH. Makanana KypbUIFBIHBIH
TIPUHLUITHAIIBIK CYJI0ACH! YCBIHBIIBII, JKBUTY QIMACTBIPFBIII KYOBIPIaphIH 3J1eKTPO-THAPO-UMITYIIBCTIK acep-
i TaiaNaHbIl, KaTThl KaKTap/IaH Ta3ajay oficiHe KpIcKaiia cunarrama oepreH. COHBIMEH Kartap, KbUTy aj-
Macy KYOBIpJIapbIH Ta3apTyJbIH OCBl TEXHOJIOTHSICHIH HAKTHI XKbULY SHEPTeTUKAJIBIK KCITOPBIHAapIa KOJIIaHy
HOTIDKeNepl KOpCeTUIreH. AJl OHJIey yaKbIThl OOMBIHINIA Ja, SHEPTHs NIBIFBIHIAPEI OOWBIHINA J1a Ta3aayblH
0acka XKoIJapbIMEH CaJIBICTBHIPFAH/IA, YCHIHBUIFAH OJIICTIH apTHIKIIBUIBIKTAPBIH Kepyre 0oiansl. 3epTreyiep-
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e, JKBUTY anMacy KyOBIpJapblH KaTThl IIOTiHAUIEPICH Ta3apTy NOPEeXKECiHIH KbUTy-(QHU3UKaNbIK HapameTpie-
P1 MEH XbUTY aJIMaCTBIPFBIITHIH THIMIUIITIHE 9cepi A€ KapacThIPBLIFaH.

Kinm ce30ep: Xbuly aaMacTBIPFBI, KATThl KaKTap, LIOTiHALIEp, KYObIPIapIbl Ta3apTy, 3JIEKTP-THAPO-
HMITYJIbCTI OHAEY, KBUTY aJMacy THIMILIII.

b.P. Hycyn6ekos, C.E. Cakunosa, JI.A. OcnanoBa, b.b. Kytywm,
K.M. Hlaitmepaenosa, XX.C. bekrypranos

HeKOTOPBIe TEXHOJOI'HYIECCKHE ACIICKThI OYUCTKH prﬁ TEeNnJ1000MEeHHUKOB
OT TBEPAbIX HAKHITHBIX OTJIOKEeHU M

B cratse oOCykaeHBI BO3MOXKHBIE ITyTH PEUICHHs OJHOHM M3 MpPOOJeM, CBA3aHHBIX C HU3KOH 3(h(eKTABHO-
CTBIO JISHCTBYIOMHNX TEIUIOIHEPTeTHUECKUX NPEANPUATHIL. DTH (aKTOPEl 00YCIOBICHB KaK H3HOIICHHOCTHIO
000pyIOBaHUs, TaK U OTCYTCTBHEM KaKHX-THOO 3((EKTHBHBIX TEXHOJIOTHH A MHTCHCH()UKALWH MPOLec-
COB TEIIOMACCOINEPEeHOCa. AKTYaJIbHOCTh TEMaTHUKU HCCICAOBAHUH MOATBEPIKAACTCS TAKKE W TCMHUTO Ha
roCyIapCTBEHHOM YPOBHE IIpe/ilaraceTcsi 3aKOHOATENIBHO 00513aTh CYObEKTHI TEIIOOHEPreTHMCCKOt 0Tpacin
NPOBOJUTH NPOPHUIAKTHISCKHE MEPONPHSTHS, HAalPaBJICHHbIC HA ONTHMH3ALMIO ACHCTBYIOMEAX ITPEIIpHs-
THIA. l'[puBeaeHO OIMMCAHUE NPUYHMH BO3HUKHOBCHUS HAKWUITHBIX OTHOX(eHMﬁ, KOTOPBIGHOSABJIAITCA BO BHYT-
pI/IprGHbIX IMOJIOCTAX. BCHB}ICTBI/IB TOT'0, YTO TEIUJIONPOBOAHOCTE TBEPIABIX OTJI0KEHUI, HAMHOI'O MEHBIIIE
TEIUIONPOBOIHOCTH METAIIOB, U3 KOTOPBIX U3rOTOBJIEHBI TPYOb! TEINIOOOMEHHUKOB, OHH CYLICCTBEHHO CHU-
JKAIOT HHTEHCUBHOCTH NTPOIIECCOB, HHTEHCUBHOCTH TeIooTAaun. Hammdane TBepapX OTHOXEHNIT TPUBOINUT K
YMEHBIICHHUIO pacxojia TEIUIOHOCHUTENS], YBEIHIEHHIO PacXo/a TOIUIMBA M HapPYHICHHIO TEXHOJIOTHYIECKOTO
pexuMa paboTHI Beeil TEI00OMEHHOH yCTaHOBKH. ABTOpaMH IPOBEJICH aHAIN3 PasINYHBIX TEXHOJIOTHYE-
CKHX aCIIeKTOB Pa3JIMYHBIX METOJOB OYHUCTKU TPYO TEII000MEeHHHKOB OByTBEPIbIX HAKHUITHBIX OTIOXKEHHH,
Ha OCHOBE KOTOPOro 0OOCHOBaHBI NPEHMYIIECTBA METO/A NEKTPOIMAPaBIMYeckol o6pabdoTku. [Ipusenena
HPHHIUITHAIBHAS CXeMa YCTPOHCTBA, M IaHO KPATKOE OIMHCAaHHEMTO01a OUICTKY TPYO TeIII0O0OMEHHUKOB OT
TBEP/bIX HAKUIHBIX OTIIOKEHUH C MOMOLIBIO 3NIEKTPOIMAPQUMITYIIBEHOTO BO3AeHCTBYA. [oKa3aHbl pe3yib-
TaThl MPUMECHECHHS JAHHOH TEXHOJIOTMH OYHCTKH TEIIQOOMCHHBIX TPYO Ha KOHKPETHBIX TEILUIO3HEpreTHe-
CKHUX MPEIIPHATHAX, KOTOPHIE IOATBEPXKIAIOT ¢ NPeHMYINEeCTBA 110 CPaBHEHHIO C JPYTMMH METOAAMHU
OYHCTKH KaK 10 BPEeMEHU 00pabOTKH, Tak M MOROHEPreTHUEEKUM 3aTpaTaM. PaccMOTpEHO Takke BIIMSHUE
CTENEeHH OYHCTKH TEIUIOOOMEHHBIX TPYO OT TBEPABIX,OTIOKEHNIT Ha TeIuIo(u3ndeckue napaMmeTpsl 1 3 pex-
THBHOCTb TEIUIOOOMEHHUKA.

Kntouesvie cnosa: TETUIOOOMEHHUK, TBEPABIC HAKUIIHBIE OTJIOKEHHMS, OYUCTKA TPYO, BIEKTPOrHAPO-
UMITyJIbCHAsE 00paboTka, 3(h(heKTHBHOCED TEMIIOOOMEHA.
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