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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 existing
thermal power plants. These factors are due to both the depreciation of equipment and the lack of any effec-
tive technologies for intensifying heat and mass transfer processes. The relevance of research topics is also
confirmed by the fact that at the state level it is proposed to legally oblige the subjects of the heat and 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 the fact that the
thermal conductivity of solid deposits is much less than the thermal conductivity of the 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 increase in fuel consumption and a
violation of the technological mode of operation of the entire heat exchange unit. The authors analyzed vari-
ous technological aspects of various methods for cleaning heat exchanger tubes from solid scale deposits, on
the basis of which the advantages of the electrohydraulic treatment method are substantiated. A schematic di-
agram of the device is given and a brief description of the method of cleaning 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 heat and power 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 solid deposits on the thermophysical parameters and
efficiency of the heat exchanger is considered.

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

Introduction

The energy-saving use of heat and power resources, the creation of new efficient ones, as well as the
improvement of existing technical devices, is an important problem of scientific and technological progress.
Heat exchangers are used to implement various thermal processes of heating, cooling, boiling, condensation
and more complex physical processes — evaporation, absorption, heat transfer, etc. Heat exchangers are
widely used in steam generators of nuclear power plants, gas-pipe installations and technological devices of
chemical production, air 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, which necessitates 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, the Ministry of Energy has developed a Law obliging the subjects of the heat and power industry to
carry out preventive measures aimed at optimizing existing facilities. The new legislation should ensure the
technological renewal of the industry, the possibility of providing reliable, high-quality services to consum-
ers, the reduction 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 time consuming 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 without deformation 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 method [13]. In addition to cleaning
heat exchange tubes, EHP technology is widely used in a wide variety of production processes and indus-
tries, for water disinfection, for crushing and grinding mineral ores, for breaking 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 shock waves and macroscopic structures in het-
erogeneous liquids have not been fully studied. This is due to their complexity and diversity, as well as the
impossibility of preliminary calculation of the parameters of the EHP impact, which depend in each particu-
lar case on many factors. In this regard, the authors studied some technological aspects of cleaning the heat
exchanger tubes from solid deposits using EHP action to determine the most optimal parameters and modes
of this method and its effect on the efficiency of the heat exchanger.

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

Various impurities contained in water are divided into suspended and dissolved. Suspended substances
consist of sand, clay, particles of organic 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 Cly, calcium sulfate Ca SO4 and magnesium Mg SO4, carbonate and bicarbonate salts of calcium or mag-
nesium Ca SOs, Mg SO3, Ca (HCOs3)2, Mg (HCO3)2, as well as compounds of iron, aluminum, silicon [8, 10].
Calcium and magnesium salts have the greatest scale-forming ability. Scale deposits consist of a mixture of
various chemical elements, the composition and structure of which also depends on the temperature regime
of the coolant.

Numerous 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].
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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 of various
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 authors, a cable-
electrode is inserted into the cavity of the cleaned pipe, which is installed in a cone-shaped nozzle made of
durable material. Figure 1 shows a scheme for cleaning the surfaces of heat exchangers from solid scale de-

posits.
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Figure 1. Scheme of the electro-hydro-pulse cleaning method:
1 — wall of the pipe being cleaned, 2 — cable-electrode, 3 — cone-shaped device, 4 — fastening, 5 — destroyed de-
posits, 6 — scale layer being cleaned, 7 — technical water, 8 — electro-hydraulic device (EGD).

The cone-shaped nozzle is made of steel (1.0+-1.5) mm thick. The outer diameter of the cone is smaller
than the inner diameter of 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 allows 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
direction, and, consequently, the effect of energy concentration.

The greatest increase in the pulse pressure amplitude was obtained when using a nozzle with a taper an-
gle a=30°. The shock wave enhanced by the cumulative effect contributes to faster destruction and flaking of
hard and superhard 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.

Figure 2. Samples of heat exchange pipes sections from CHPP-3 after operation during the heating season:
a) — boiler pipe, d=19mm; b) — condenser pipe, d=28mm

a b

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

The significance and practical importance of this technology is that the use of EHP- processing allows
manufacturing enterprises to continue working in a short time with improved indicators of energy efficiency
and economic profitability of equipment. As a result of the work carried out on the cleaning of heat exchange
pipes, a methodology for its application was developed, equipment was created, which was tested and im-
plemented at a number of thermal power facilities.

Treatment of steel pipes of the boiler unit E1/9 using electro-hydro pulse treatment.

The studied steam generator E1/9 worked for 9 months without stopping. Boiler plants of the plant
provide production processes with saturated steam with humidity up to 30 % and at the same time cover all
technological and heating loads. According to the passport data, the productivity of the E1/9 solid fuel steam
generator should be 103 kg of steam per hour. In the E1/9 steam generator, the upper and lower drums are
strictly located on the same vertical axis and are interconnected by tube bundles forming convective heating
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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Figure 4. Samples of boiler pipes before and after cleaning using EHP — treatment:
with hard deposits before processing; b) partially cleaned after processing, d =51 mm

As part of the experiments, the dependence of the scale mass on the treatment time and the change in
the thermal parameters of the E1/9 boiler as a result of cleaning using the EHP technology were revealed.
Within 5 hours, with the help of EGI technology, 3 rows of 11 convective pipes, 1.1 m to 1.8 m long, were
cleaned. A total of 48 m of convective pipes were processed. The total mass of hard scales after EHP
treatment was determined [17, 19]. After draining the water from the lower drum, scale deposits were
weighed. The total weight of scale deposits from 33 pipes was 83 kg, which is 1.8 kg on average per meter of
pipe. The maximum fragment size was 37 98 mm; the appearance and dimensions of some broken and
removed scale deposits are shown in Figure 4b.

About influence of EHP pipe treatment on 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 thermophysical characteristics was studied. An analysis of the parameters of
the considered steam generator E1/9 after continuous operation for 9 months showed that the heat removal
decreased to 47 %, while the consumption of solid fuel increased by 1.75 times. Data on the dependence of
the heat transfer of a pipe on the thickness of deposits, which are determined for brass pipes of boilers with a
diameter of 18.8 mm, are obtained (without taking into account the contamination of the outer surface of the
pipes).

The appearance of deposits with a thickness of 3 = 0.5 mm reduces the heat transfer coefficient by
23 %. A further increase in the thickness of the existing scale significantly disrupts the technological mode
of operation of the entire heat exchange unit. The flow rate of the coolant is reduced, which reduces the per-
formance of the heat exchanger.

For example, calculations for the E1/9-1 boiler showed that a scale layer of 1 mm thick entails an in-
crease in fuel consumption by 2.5 %, with a thickness of 4 mm — by 7.5 %, which in practice leads to an
excess consumption of fuel oil by 770 kg/ day.

The thermal conductivity of scale is tens, often hundreds, times less than the thermal conductivity of the
metals from which the heat exchanger tubes are made. The carried out changes showed that even with the
appearance of deposits with a thickness of 3 = 0.5 mm on the inner surface of the pipe, the heat exchange
unit efficiency — m, % 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 n,% 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 deposits.

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

Conclusion

Regular cleaning of pipes from solid scale deposits and the mandatory implementation of preventive
measures against the occurrence of these deposits remain the most pressing problems of thermal power engi-
neering so far. Obtained results have shown the undeniable advantages of cleaning the pipes of the heat ex-
changer and boiler units with the help of EHP technology. The speed of cleaning by this method is much
higher than the productivity of the mechanical method with much lower power consumption. In general, the
use of EHP impact for the destruction and removal of hard scale deposits from the internal cavities of pipes
makes it possible to increase the efficiency of heat exchangers, and for heat and power enterprises to revise
the cost items for major repairs and new purchases of materials. In the future, for a more effective solution to
the problem of cleaning heat exchange pipes, it is necessary to comprehensively study the conditions for the
formation of hard scale deposits, the mechanism and Kinetics of their growth, structure and thermophysical
properties, etc. This will allow not only to develop effective methods for removing scale deposits, but also to
develop effective measures to prevent their formation.
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KbL1y aMacTBIPFBILI KYObIPJIapAbl KATThHI KAKTAPAaH
Ta3apTyAbIH KeHOIpP TEXHOJIOTHSJIBIK acNeKTiaepi

Makanazia *YMBIC iCTETl TYPFaH JXBbUTY YHEPTETUKANBIK KOCITOPBIHAAPAAFbl KOHIBIPFBUIAPIBIH THIMILUTITiHIH
TeMeH/IeyiH OonaplpMayablH OipJeH Oip MocenerepiH MIenTyAiH MYMKIH JKOJIaphl TalKpUIaHFaH. byn dak-
TOpJap >KaOJbIKTHIH TO3YbIHA 7, XBUIy Macca TachIMaJiay MPOLECTepiH apTThIPYIbIH THIMAI TEXHOJIOTHS-
JIapbIHBIH OOJIMayblHA a GaiyIaHBICTBI OOJYBl MYMKIH. 3epTTey TaKbIPHIITAPBIHBIH ©3€KTIIIr HEeri3iHeH XKy-
MBIC iCTelNl TYpFaH KCIOPBIHAAp/AAFhl JKbUTYy SHEPreTHKACH! CAJIaChIHBIH CYOBEKTiNIepiH/e ajIblH ally mapa-
JapbIH JKYpPri3yMeH KaTap, MeMJIEKeTTiK JeHreiie jkoHe 3aH asChlHAA OHTaWIaHIbIpyFa OarbITTAIFaH KY-
MBICTApIbl MiHACTTEY Ke3aemin oThip. CeOebdi, *KbUTy MEH 3JIEKTP SHEPTUSACHIH OHAIPETIH opOip Mekeme,
MEMJICKETIMI3JIeT1 CTPaTeTrHsUIBIK HBbICaH OObI TaObutaabl. COHIBIKTAH Makaiaia KyOBIpilIiyik KaObIpra-
Japja naiiga OoNMaThH MeTiHAEepAiH naiina 6omy cedbenTepiHiH cumaTTaMachl Kentipiared. KaTTel merinmi-
JIEpAiH >KbUTY OTKI3TIIUTITi KBUTYy aJIMACTBIPFBINI KYOBIpJIap KacaJlfaH METaIJIapAblH JKbUTYy O©TKI3TIIITITiHEH
JnieKalia ToMeH OOJFaHIBIKTaH, KBUTYy Oepy MPOIeCTEePiHiH KapKbIHIBUIBIFBIH alTapIIbIKTall a3aiiThIm xKibe-
peni. An colikeciHIe, KaTThl LIOTIHIUIEPAIH Maiina 00Iybl CaJKbIHAATKBILITHIH IIBIFBIHBIH a3alThIN, OTBHIH
IIBIFBIHBIH APTTHIPYFa JKHE OYKIN KbUTY alIMacy KOHABIPFBICHIHBIH TEXHOIOTHSIIBIK PEXKUMIH Oy3yFa SKelei.
ABTopnap 3 3epTTeyiepiHie, JKbUTy aJMacTBIPFBIIITAP KYObIpIapsl KaTThl LIOTIHIUIEPACH Ta3apTyIblH
GipHele aicTepi MEH 9pTYPJIi TEXHOJOTHSIIBIK aCHEKTiIepiHe Talayap Kyprie OTBIPBII, IEKTPOrUAPaB-
JIMKAJIbIK OHJIeY OicCiH maiiganaHy/blH apThIKIIBUIBIKTapbIHA GachIMABIK OepreH. Makajiaia KYpbUIFBIHBIH
HNPHHIUIHATABIK CYJ10achl YCHIHBUIBIIN, JKBUTY aIMaCTBIPFbILI KYOBIPIAPBIH JIEKTPO-THAPO-UMITYIIbCTIK dcep-
Il maiianaHsI, KaTThl KaKTap/laH Ta3ajnay ojliciHe KpICKama curnarrama OepreH. COHBIMEH KaTap, XKbUTy all-
Macy KYOBbIpJIapblH Ta3apTy/IbIH OChl TEXHOJOTHSCHIH HAKTHI XKbLTY SHEPTeTHKAIBIK KOCITIOPBIHAAp/A KOJIIaHy
HOTIKENePi KOPCETIIreH. Al OHACY yaKbIThl OOMBIHIIA [1a, SHEPTHs LIBFBIHAAPHI OOMbBIHINIA J1a Ta3auayIblH
6acka >konJapbIMeH CalbICThIPFaH/a, YChIHBUIFAH JICTIH apTHIKIIBLIBIKTAPBIH KOpyre 0oiaabl. 3epTreyaep-
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e, KbUIy anMacy KyObIpJapblH KaTThl IIOTiHIIEPACH Ta3apTy ASPEKECiHIH KbUTy-(DU3UKAIBIK TapaMeTpiie-
Pl MEH KbLTy aIMacTBIPFBILITHIH THIMIITITIHE acepi e KapacThIPbUIFaH.

Kinm ces3dep: Xpuly aaMacTBIPFBIN, KAaTThl KakTap, MIeriHAUIEp, KyObIpiapIsl Ta3apTy, 3J€KTp-THUIPO-
HMITYJIECTI OHJIEY, XKBUTY alnMacy THIMALIITI.

b.P. Hycyn6exos, C.E. Cakunona, /I.A. Ocnanosa, b.b. Kytym,
K.M. llaitmepaenosa, XK.C. bektypranos

HeKOTOPBle TEXHOJOI'NYECCKHE ACIICKTHI OYUCTKH prﬁ TeNnJ1000MeHHUKOB
OT TBEPAbIX HAKHITHBIX OTJIOKEeHUH

B craTbe 00CYXJEeHbI BO3MOXHBIC IYTH PELICHUS OJHOW M3 NPOOJIEM, CBA3aHHBIX ¢ HU3KOH 3(deKTHBHO-
CTBIO ACHCTBYIOIIMX TEINIO3HEPIeTHYECKUX NMPEANPUATHH. DTH (aKTOPbI 00YCIOBICHBI KaK H3HOIICHHOCTBIO
000pyIOBaHUs, TAK ¥ OTCYTCTBHEM KaKUX-TH00 3((PEKTHBHBIX TEXHOJOTHH IJIsi HHTCHCH(UKALUK TpOLec-
COB TEIIOMACCOINEPEHOCa. AKTYaJIbHOCTh TEMAaTHKH HCCICAOBAaHUH MOATBEPIKAACTCS TAKKE M TEM, 4TO HA
rOCYIapCTBCHHOM YPOBHE IIPEIaracTcsi 3aKOHOAATENIBHO 00513aTh CyObEKThI TEINIO3HEPreTHIECKON 0TPacin
HPOBOJUTH IPOQHIAKTHYECKIE MEPONPHSTHS, HAllPaBICHHbIE HA ONTHMH3AIMIO AEHCTBYIONIUX IIPEIIPHs-
tuii. [IpuBeneHo onucaHue IPUYMH BO3HUKHOBEHHS HAKHUITHBIX OTIIOKEHUH, KOTOPHIE MOSBISIOTCS BO BHYT-
PHUTPYOHBIX HONOCTSIX. Benmencreue Toro, Yro TEIUIONPOBOTHOCTh TBEPABIX OTJIOKEHHH HAMHOTO MEHBINE
TEIIONPOBOAHOCTH METAJUIOB, U3 KOTOPBIX M3TOTOBJICHBI TPYObI TEINIOOOMEHHUKOB, OHH CYIIIECTBEHHO CHH-
JKAIOT HHTEHCHBHOCTH MPOLIECCOB, MHTCHCUBHOCTD TEIIOOTAa4H. Hanuune TBepabIX OTIOKEHUH HIPHUBOIUT K
YMEHBIICHHUIO PAcXo/a TEIUIOHOCUTEIIS, YBEIMYCHHIO PAacXoja TOIUIMBA U HAPYIICHUIO TEXHOJIOTHYECKOTO
pexxuMa paboThl Bcel TEIIIO0OMEHHOI! yCTaHOBKH. ABTOPaMH INPOBEICH aHAIU3 Pa3iIMYHBIX TEXHOJIOTHYE-
CKHX aCIEKTOB Pa3INYHBIX METOJOB OYHCTKH TPYO TEILIOOOMEHHHKOB OT TBEPJBIX HAKUIHBIX OTJIOKCHHI,
Ha OCHOBE KOTOPOTo 0OOCHOBaHBI IIPEUMYIIECTBA METOA NEKTPOruaApaBIndeckoi oopaboTku. [IpuBenena
NPUHIUITHATEHAS CXeMa YCTPOWCTBA, U TaHO KPAaTKOEe OMHMCaHHE METOAa OYHUCTKU TPYO TEII00OMEHHUKOB OT
TBEP/BIX HAKHIHBIX OTIOKEHUH C MOMOIIBIO AJIEKTPOTHUIPOUMITYIBCHOTO Bo3eHcTBus. [TokasaHbl pe3yib-
TaThl NPUMEHEHHS JaHHOW TEXHOJOTHH OYHCTKH TEIUIOOOMEHHBIX TPYO Ha KOHKPETHBIX TEIUIOdHepreTHde-
CKMX TPEINpPHUATHSIX, KOTOPBIC IOJATBEPXKIAIOT €€ MPEUMYIIECTBA 10 CPaBHEHHIO C APYTMMH METOAAaMHU
OYMCTKH KaK MO BpeMEHH 0OpabOTKH, TaK M IO SHEPreTHYECKUM 3aTpaTaM. PacCMOTpPEHO TakKe BIMSHUE
CTETICHH OYNCTKU TEIUIOOOMEHHBIX TPYO OT TBEPIBIX OTIOKEHHH Ha TEIIO(GU3NIECKUE apaMeTphl H 3P Qek-
THBHOCTb TEINIOOOMEHHHKA.

Kniouegvie cnosa: TEINIOOOMEHHUK, TBEpAbIC HAKUIHBIC OTIOXKCHHS, OYHCTKA TPYO, OSJIEKTPOTUAPO-
UMITYJIbCHAs1 00paboTKa, 3P HEeKTHBHOCTH TEIIIOOOMEHA.
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