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Abstract

An energy efficient heat pump water desalinating installation, which use heat of condensation-
evaporation processes in a heat pump to produce distilled water, is proposed. The consumption of energy
to drive the heat pump significantly lower than the energy consumption for production of distillate. The
topic is bounded with justification and development of improved technologies and combined purification
of natural water in conditions of increased anthropogenic loads on natural water sources, which is a pri-
ority in the field of water preparation for heat power engineering installations. The performed overview of
current situation in technogenic zone of Aral Sea region illustrates a critical need of promotion of modern
methods and technologies of water preparation. It is shown the current ways of water treatment, which are
recommended by Classifyer of ground water purification and their disadavnatages with considerable
operational cost. For instance, in membarne distillers, which are based on reverse osmosis, mineralized
water is pumped through semipermeable membranes, which are made of cellulose acetate or polyamide
tar. In this case energy consumption is lying in diaposone of 5-15 kWt h/m>. With increase of salinity the
pumping pressure through membrane is increasing too as well as energy consumption. In the pressure
range, when the operation of analyzed equipment is possible, the phase properties of water are preserved.
The common disadvantage of these installations is high energy consumption for production of one unit of
distillate. That is why a decrease of energy consumption in such installations is still an issue. In this
article we present an energy efficient solution of existing problem of water dessalination with low power
consumption in combined water treatment device. Technological complex scheme includes: block of
preliminary purification in ultra-filtration module UFI; heat pump water desallinating device HPD (heat
pump distiller), using evaporate-condensing processes for distillate production. The application is directed
on provision of regeneration heat of water evaporation-condensation processes while receiving the
distillat. Heat pump distiller in the comlpex of combined device is an evaporating distiller. Within it the
generation and recuperation of heat of water phase trasnsformation is performed with reverse thermal
dynamic cycle of heat pump. The reverse thermal dynamic cycle is performed with participation of the
working medium of the heat pump, in this ceratin case it is R134A refrigerant. The techological schemes
of proposed experimental installation is presented as well as schemes of water distillers: - ultrafiltartion
module UFI: - heat pump distiller of water HPD. The received results of experimental research of reverse
distillate quality indicators after water treatment installation are to prove it’s operationability and
effectiveness for small power engineering and systems of heat supply. The complex shows an energy
consumption decrease, allows to exclude the use of chemical reagents, the volumes of waste waters, to
reduce considerably consumption of rinse water for own needs and cost of dessalination and purification
of water, as well as cost on its warming.
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Introduction

At present time, water resources are on sec-
ond place after oil and gas resources by the signif-
icance for development of world economy. At this
point, the role of technically fresh (sweet) water is
very important for agriculture, for hydro energy,
for production of bio-fuel and other water con-
suming industrial fields.

An issue of desalination of sea water, waste
and mineralized waters is topical and urgent for
industrial areas with hot and dry climate of Aral

sea region with limited natural resources of sweet
water.

Today there is a number of methods of water
demineralization as distillation, reverse osmosis,
ionization and electro-dialysis, which is in indus-
trial scale use. In foreign and domestic practice
installations with vapor compressing and jet de-
vices are widely applied [1;2]. In Russia and most
of CIS countries the thermal distillation units are
extensively operated [3;4].

The common disadvantage of these devices is
relatively high energy consumption for production
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of unit mass of distillate. In the range of pres-
sures, where operation of analyzed facilities is
possible the phase properties of the water must be
preserved. That is why the issue of an essential
reduction of energy consumption in the given
types of devices is hard to get.

For example, in membranous desalter, which
is based on phenomenon of reverse osmosis the
salt water pumped through semi-permeable ace-
tate cellulose membranes. In this case, the energy
consumption is about 5-15 kWt h/m*. With water
salinity increase the pressure of pumped water
through membranes grows and energy consump-
tion increases.

Due to the fact that for receiving of de-
mineralized water under circumstances of all pos-
sible varieties of water compositions in water
source, the main goal of water treatment system is
production of water with permanently high quali-
ty. It requires the constant monitoring of water
quality source and correction of mode of water
preparation installation on industrial enterprises
and heat power plants.

Especially it applies to the impurities coagu-
lation process of the water in the flood period,
when it requires the use of chemical reagents in
large volumes, which leads to significant grows of
operational costs, costs of shipping and services,
because of complexity and bulkiness of main and
auxiliary equipment and the needs of defining the
dose of coagulant, and the degree of alkalizing of
source water and permanent control of the treated
water pH indicator.

The other problem, which appears with
treatment of surface water in conventional Water
Treatment Device (WTD), is processing and re-
covery of sump residuum and filters rinse waters.
The volume of residuum on such installations is
about 3-4%, the amount of reverse water is up to
10-15% of the whole power plant output.

The scrutiny of results and data of different
researchers does not always lead to indisputable
conclusion of applicability of one or another pro-
posed circuit particular case.

In the process of the water preconditioning
there are series of water quality indexes that di-
rectly affect desalination process, which determine
the operation mode of installations and materials
as well as their operation time.

In the designing of water preparation pro-
cesses it should be taken into consideration the
purpose of the water, requirements to its composi-
tion on the subsequent purification steps, that are
matching the physical, chemical and bacteriologi-

cal indicators, as well as water quality of the water
supply source in different seasons of the year, the
degree and potential possibility of contamination
of it by the municipal and industrial wastewater
etc.

A continuous complication and the range of
the objects of scientific research require the devel-
opment of new efficient methods and techniques
of water treatment. Existing schemes of water
preparation, which are used on many boiler houses
and Industrial enterprises, use chemicals and sub-
sequent chlorine disinfection. These methods have
a number of drawbacks such as: low efficiency of
purification of water comparing to membrane
technology, high capital expenditures of the con-
struction of new and reconstruction of old WPD,
the high net cost of water due to a significant vol-
ume increase of the reagents (flocculants, coagu-
lants, acids, alkalis), consumption of energy and
the amount of water consumed during the regener-
ation of ionite filters, the inability to fully auto-
mate and monitor the effectiveness of the filtering
process, large size layout and equipment of chem-
ical manufactory.

In connection with the above-mentioned
problems with demineralized water, it is necessary
to use new technological methods and settings,
because the old installations proposed by Natural
Waters Purification Classifier are out of date and
practically do not refine water of specific and an-
thropogenic pollution of Aral Sea region territory.

At present time in domestic practice a para-
doxical situation appeared, the widely spread ap-
plication of ultra filtrating membrane and heat
pump installations requires an operational experi-
ence working on such devices. At the same time
to gain an experience, it requires implementation
of them on a number of kinds of natural waters.

A promising experience in this direction
might be the use of membrane installations, fol-
lowed by distillation desalinating system, which
are supposed to be based on the large and small
boiler houses, heat power plants and industrial
enterprises for the environment of the Aral Sea
region.

The highest quality of desalinated water can
be achieved in the distillation distillers. Within
them, a mineralized water must be supplied with
significant volume of heat to proceed an evapora-
tion process and then practically the same amount
of heat must be withdrawn. In this case, the de-
gree of recuperation depends on the principle and
structure of a particular desalter. In a single-stage
desalter the consumption of heat in a way to get 1
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kg of fresh water is about 2400 kJ. In the case of
multistage desalter the heat consumption for prep-
aration of 1 kg of fresh water falls to 250-300 kJ
due to heat recuperation of the water phase transi-
tion [4].

Experimental

In this article, we present energy-efficient
combined installation of desalter and heat pump.
Its application is directed to provide the heat re-
covery of evaporation-condensation processes of
water while getting the distillate. In this complex
of combined installation, the heat pump water de-

salter is an evaporating tool. Within it generation
and heat recovery of the phase transformation of
water performed by reverse thermodynamic cycle
heat pump. Reverse thermodynamic cycle per-
formed by the working fluid of the heat pump, in
this certain case, by R-134A refrigerant.

The technological scheme includes a block
pre-treatment in the form of an ultra filtration
module Ultrafiltration installation - UFI; Heat
pump desalter of water-HPD, which uses evapora-
tion- condensation processes in order to get the
distillate.

The proposed experimental installation of
water desalination is shown in Figs. 1 and 2.

Diagram of the designed compound water treatment plant
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Fig. 1 — Technologic block-scheme of WPD.

Equipment of the heat pump distiller (Fig. 2)
consists of a single-stage vapor compression heat
pump (HP) with its mandatory elements - conden-
ser - Cr; evaporator - Ev, regenerative heat ex-
changer HE; Compressor - CM; built - in throttle
valve - TTv of evaporator condenser - EP. As well
as an auxiliary equipment: feeding water pumps
FP-1, FP-2, receivers for receiving of fresh water
FWR and mineralized water MWR , pipes and
valves .

After the pre-cleaning unit UFI natural water
pumped by feeding device FP-1 to the condenser
of the heat pump. Evaporation tubular unit EU
that is a part of a condenser is configured with
external heating chamber and the boiling zone. In

the evaporator as a result of the effortless circula-
tion and heat absorption of the heating medium
(working substance of the heat pump - the refrig-
erant R-134A) the mineralized water starts boiling
and then a vapor-liquid mixture enters the separa-
tor, where the steam and liquid are separated -
vapor goes into the steam line, further it moves to
tube bundled heat exchanger, where steam con-
denses giving out its heat to warm raw water from
natural water source. The condensate in the form
of fresh water is diverted into the receiver of
freshwater FWR. Condenser’s heating chambers
Ch of heat pump has a special tube for boiling
process that connects the upper part of the cham-
ber and the middle part of the separator.
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Fig. 2 — Heat pump desalter of water-HPD

The heat pump in desalter installation 1 pro-
vides the heat regeneration of mineralized water
vapors evaporation — condensing process under
atmospheric pressure in the heating chamber of
the evaporator. Thus, the energy consumption is
carried out only on the heat pump and on drive of
other pumps. Energy drive of the heat pump is
much lower than "carried" heat of water conden-
sation - evaporation, which defines the energy
efficiency in the production of distillate. Calcula-
tion of performance, operational parameters and
sizes of the technological equipment are per-
formed according to standard methodic.

The proposed block of water pre-treatment
on UFI is shown in Fig. 3.

Pre-treatment of water ultra-filtration installa-
tion is required to ensure a deeper concentration of
salts in the heat pump desalination device UFI.

Water preliminary treatment block of UFI
provides an operation of heat pump with higher
performance. During the work on the purified wa-
ter, the capital expenditures for the construction of
HPD reduce. At the same time, it allows to get a
higher quality treated water. Ultrafiltration mod-
ules can effectively to block the suspended matters
and the smallest particles of colloidal iron, due to
the size of the membrane pores of d = 30-1000. In
the case when an operating pressure is about 0.2-
1.0 MPa it removes particles down to 0.005 mkm.

UFI conducted studies indicated that pro-
cessing of an organic substance solution the selec-
tivity lies in the scale of 90% and higher.

Results and discussion

The results of an experimental study of the
quality of freshened distillate are shown on Fig. 4
and 5.

In order to get research aims in technical ex-
periment the following dependency ratio were
analyzed: the performance of heat pump - Q
dm®/h; the total amount of dissolved substances -
TDS g/dm?; testing is conducted with heat pump
performance standing in the range of 10 —100
dm’/h.

In Table 1 it is shown the ratio of the perfor-
mance and the total amount of solutes in the water,
desalination TDS after desalination of the water of
underground sources.

According to results shown on Figs. 4 and 5,
with installation performance values up to 100
dm’/h the TDS Maximum Allowed Concentra-
tions (MAC ) are exceeded, and the other infer-
ence that an increase of performance values leads
to proportional increases of TDS concentration in
desalinated water, which brings to the necessity of
conducting of desalination process on the heat
pump installation (HPI) in two stages.
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1 — valve at the outlet of the tank, 2 — pump 3 — pressure regulator with pressure gauge, 4 — sampling valve,
5 — valve inlet ultrafiltration membrane , 6 — sampling valve at the outlet of the ultrafiltration membrane,
7 — the valve on drain line ultrafiltration membrane 8 — sampling valve on the drain line
9 — shut-off valve on the drain line

Fig. 3 — Scheme of Ultra Filtration Installation Block

Table 1 — Ratio of the performance of the device - Q, dm*/h and the total dissolved solids - TDS, g/dm®.

Performance of installation

# experiment Device performance Q, dm*/h | The total dissolved solids - TDS, g/dm’
1 10 0,4
2 20 0,59
3 30 0,68
4 40 0,97
5 50 1,20
6 60 1,48
7 70 1,85
8 80 1,92
9 90 2,25
10 100 2,50

Thus, the results of experiments proves the
need of conducting of desalination process on
Heat Pump Desalination Installations in two stag-
es, since under the performance more than 50
dm’/h the TDS AMCs are exceeded.

Due to this fact in the proposed technological
scheme, we developed desalination on HPI, which
carried out in two stages.

Conclusion

Based on a complex assessment of reagent-
free methods of water treatment and quality indi-
cators of raw water, which are to be treated at the
Water Treatment Installation using the membrane
and heat pump desalination methods, we got the
results of an experimental study of the quality of
freshened distillate.
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Fig. 4 — Determination of the filter cycle optimal operation period and back rinse of UFI
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Fig. 5 — Performance of HPI regarding the total amount of dissolved solids TDS

The received results confirm HPI desalter in-
dustrial applicability and show the water desalina-
tion efficiency on such installations for object of
small-scale power engineering enterprises and
power industry and for objects of heat supplying
systems.

The main advantage of this technological
scheme is a low specific energy consumption and
relatively low specific capital costs, as well as
simple, convenient and cost-effective installation,

which does not require the use of reagents and
subsequent after-treatment technologies to pro-
duce high quality water preventing the formation
of corrosion processes of pipes in the heating sys-
tem and heat energy installations (HEI).

This developed by us combined water treat-
ment installation could be manufactured locally,
autonomously or assembled in container design,
because of its low energy consumption, compact-
ness and small sizes.
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It is recommended to use it in the locations of
heat power engineering industrial enterprises,
where there is no direct access to purify techno-
logical and especially fresh and drinking water.
To determine the control water quality after a cer-
tain stage of its treatment there are sampling de-
vices for water tests and as well as devices and
systems of an automatic control.
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ONNPECHEHME BO/Ibl C UCIIOJIb30BAHUEM TEIIJIOBBIX HACOCOB

I.H. Myxugaunos', M.B. Anusiposa®, C.K. Aouiabaunosa®, JI.P. Jlskynycosa®

ITaIIKeHTCKUI roCcyapCTBEHHBII TEXHUIECKUH YHUBEPCUTET, TamkeHT, Y36eKucTan
ZANIMaTHHCKHN YHHBEPCUTET DHEPTETUKH U CBsi3H, Anmartel, Kasaxcran, saulel8kz@mail.ru

AHHOTAUSA

Temartuka cBsi3aHa ¢ 00OCHOBaHHEM, Pa3pabOTKON YCOBEPIICHCTBOBAHHBIX TEXHOJIOTUHA U KOMOWHHPOBAH-
HOM OYMCTKH MPHUPOIHBIX BOJ|, B YCIOBHUSAX IMOBBIIICHHBIX aHTPOIIOTEHHBIX HATPY30K Ha MPHPOIHBIE MCTOY-
HUKU BOJIBI, SBJIAIONIASCS MPUOPUTETHOM B 00JIaCTH BOAOIOTOTOBKH JIUISl TEIIOOHEPTETUYSCKUX YCTaHOBOK.,
[IpoBenen 0030p CyHISCTBYIONIETO TIOJIOKEHUS B TEXHOTEHHOW 30He [Ipmapanbckoro peruoHa,
WUTIOCTPUPYIOIINE OCTPYK) HEOOXOAMMOCTh TIPOJIBIKEHHSI COBPEMEHHBIX METOJOB M TEXHOJIOTHIA.
[IpencraBieHpl HCIIONB3yeMBbIe CIIOCOOBI 0OpaOOTKM BOABI TpeAIaracMbie KIaCCH(MUKATOPOM OUYHUCTKH
MMOBEPXHOCTHBIX BOJ M UX HEJAOCTATKH CO 3HAYUTEIIBHBIMH SKCIUTyaTallMOHHBIMU 3aTpaTaMH, K MIPUMEpPY, B
MEMOpaHHBIX ONPECHUTEISIX, OCHOBAaHHBIX HA SIBIICHUU OOPATHOTO OCMOCA COJICHYIO BOJAY MPOKAYMBAIOT de-
pe3 ToynpoHHUIIaeMble MEeMOpPaHbI, N3TOTOBJIEHHBIE W3 AIeTHUJIIEIUTIONO3l WM MOTUAMHUIHBIX cMoIl. [lpu
3TOM 3aTpaThl SHEPTHH COOTBETCTBYET 5-15 kBT u/M’. C MOBBIIIEHHEM COJECOEPKAHUS PACTET NaBJICHUE
MIPOKAYKH BOJBI Yepe3 MEMOPaHbI U YBEIIMYUBAIOTCS JHEPro3aTpaThl. B anana3oHe AaBlieHUM, MPU KOTOPOM
BO3MOXKHa PabOTOCTIOCOOHOCTh aHAIM3UPYEMOTO O00OPYIOBaHUS, COXPaHSIOTCSA U (a30BbIE CBOWCTBA y BO-
nbel. OOIIMM HEAOCTATKOM 3TUX YCTAaHOBOK SIBJIIETCS BBICOKOE HEPronoTpeOICHUE s BHIPAOOTKH CIMHHU-
LIl MacChl TUCTHILISITA, [103TOMY BOTIPOC O CYIIECTBEHHOM CHHXKEHHUH SHEPTOMOTPEOICHHUS B JAHHBIX THUIAX
YCTaHOBOK TONYYUTHh 3aTpyAHHUTENbHO. llpemrokeH »sHeprodh(EeKTUBHBIA BapWaHT Ui peEIICHUs
CYIIECTBYIOMIEH TPOOIEMBI 10 ONPECHEHHWIO BOMBI, C HE3HAYHUTENBHBIM JHEpPromnorpedjIeHneM B
KOMOMHHPOBAHHOW BOJOMOJATOTOBUTENBHON YCTaHOBKE. TeXHOJOrH4eckas cxemMa KOMIUIEKCa BKIIIOYaeT:
OJIOK-TIpEIBAPUTEIILHOW  OYHUCTKM B BHUJAC YIBTPApMIBTPALMOHHOTO Moayis Y®DY; TemmoHacoCHbBIH
onpecHuTenb Boasl THO, mcmonp3yommii  McmapuTenbHO-KOHIEHCAIIMOHHBIE TTPOIECCHl IS MOTydeHUs
muctTwuiaTa.  lIpuMeHeHHWe HampaBlieHO Ha OOECMedYeHHe pEereHepaldy TeIUIOTHl  HCIAPUTEIHHO-
KOHJICHCAI[MOHHBIX MPOIIECCOB BOJABI MPH IMOJyYCHUH TUCTHIUIATA. TeIUIOHACOCHBIH OMPECHUTENh BOJBI B
cocTaBe KOMOWHHPOBAHHOW YCTAaHOBKH SIBISETCS BBHITAPHBIM OIPECHUTENEM. B HeM TeHepanus U
pexyneparus Temaa ¢$a3oBBIX MpeBpameHnil pabodero BemecTBa OCYIIECTBISIETCS ¢ MOMOIIBI0 00paTHOTO
TEPMOJAMHAMUYECKOTO IMKJIa TEIIOBOro Hacoca. OOpaTHBIN TEPMOJAUHAMUYECKHN UK OCYIIECTBISETCS C
ydacTHeM pabodero BellecTBa TEIUIOBOTO Hacoca, B JAHHOM ciiydae 3To xuagareHT R-134A. Kumenue u
MocIeAyIoIIee UCIapeHne 00eccoNnBaeMoil BOIBI IPOUCXOIAT B YCIOBHIX pa3peskeHUs], IOITOMY KadyeCTBO
MOJIy4aeMOTr0 TUCTHIUIATA OYEHb BBICOKOE. [lomydeHBl pe3ynbTaThl dKCIEPUMEHTAIHLHOTO HCCIICIOBAHUS
rmokasaTtelied  kadecTBa 00paOOTaHHOTO JUCTHILIATA TOCIE  BOJOMOATOTOBUTEIBHOM  YCTaHOBKH,
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MOATBEpXKIaloIMe e paboTocrnocoOHOCTh W 3(P()EKTHBHOCTH IS MAaJO SHEPreTHMKH W CHCTEM
teruiocHabxenns. Kommeke obecneunBaet snepro3arpatsl Ha 10-15%, MeHbIIIe YeM B BOJIOOYHCTUTEIBHBIX
YCTaHOBKAaX O0OpaTHOrO OCMOCa M HCKIIOYAaeT  MPUMEHCHHE XUMHYECKHX PEarcHTOB,yMCHBIIACT
KOJINYEeCTBOOOPa3yeMbIX CTOYHBIX BOA. [loTpeOiieHHe NPOMBIBOYHONW BOJABI Ha COOCTBEHHBIC HYXIbI,
3aTparhbl Ha ONPECHEHUE BOJIbI CYIIECTBEHHO CHIDKAIOTCS B BUY OCOOCHHOCTEH MPUMEHIEMOT0 METO/Ia.
KioueBble cj10Ba: TEIUIOBON HACOC, ONPECHUTEND, TUCTUILIST, TETUIOOOMEHHUK, UCTIAPUTENb

KbLTY COPFBICBIH KOJIIAHY HEI'I3IHAE CY /bl TYIHIBLJIAY
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ITalIKeHT MEMJTEKETTIK TEXHUKAJIBIK YHUBEPCUTETI, O36eKkcTan, TankenT
2AnMaTHI SHEPTETHKA JKoHe GaiiaHbIc yHuBepcuTeTi, Kazakcran Anmarsr, saulel8kz@mail.ru

AHHOTALUA

Makasa TakpIpbIObl TAOUFU CYJIapAbl Ta3apTYbIH KHIOJIACKAH TEXHOJIOTHUIAPBIH KETUIAIPY, HETI3AeY KOHE
KETUINipy Mocenenepine apHanrad. Ocbl Mocesenep TaOUFM Cy Kez[epiHe TYCETiH aHTPOIOTEHAIK
XKYKTEMeJIep YICeTeH Ke3/e KbUIy>HEPreTUKaNbIK KOHIBIPFBUIAP YIIIH Cy NaiblHIAy CaJachlHAA aca ©3€KTi
0ol TaObLIAABI. Apan eHIpiH KaTUThIH TEXHOTCHIIK aliMakTa OpbIH aJlifaH >Karjaiifa IOy jKacaliFaH.
Hlonyaan cyabpl TazapTy YLIIH Ka3ipri 3aMaH Tana0blHa CoKec oicTep MEH TEeXHOJOTHIapAbl KONJaHy bl
aNFa TapTy KaXeTTiri aHblK Oaiikamanel. beTTik cymapasl Ta3apTy YIIiH KIACCH(HUKATOP YCHIHFaH, Kazipri
Ke3Jle KOJAAHBIIAThIH Cy Ta3apTy TOCULAEpl KoHE oJapAbl NaiganaHyAa Ke3IeceTiH ayKbIMIbl IIBIFbIHAAPFa
OalTaHBICTBl KEMIIUTIKTEpI aTam eTUIreH Mpicaibl MeMOpaHalbIK TYIIBUTAHABIPFBIIITEIH KYMBICH TY3/bI
CyIbl >KapThUIall OTKi3rim MeMOpaHalapiaH apKbUIbl alfalTBIH Kepi OcMOC KYOBLIBICHIHA HETi3[eNreH.
MemOpaHanap aneTUILeNII03alad HeMece ToJINaMu IalbIpiapbiHal KypacTeipeiaansl. Cynel TazapTyFa
5-15 kBt-car/m’ sHeprus mbiFbIHAAnagbl. CyIbIH Ty3AbUIBIFI KYIIEHreH caifbln MeMOpaHaiaH cy/bl aitnay
KBICBIMBI YJIFasi/Ibl KOHE DHEPTHsl IIBIFBIHIAPHI apTaabl. KYMBICH TalKbUIAHFAH KOHABIPFBUIAPIA, CYIBbIH
(a3aiblK KacueTTepi TEK OHBIH JKYMBICTBIK KbICBIMHA COHKEC AMIIA30HJA FaHa CakKTajlagbl. ATaJIMBIII
KOHIBIPFBIIAPBIH KaJIIbl KEMIILTITT OOJIBIN TUCTHIATTHIH OipJIiK MaccachlHa KapacThl aca KOFaphbl SHEPTHUS
LIBIFBIHAAPH! caHanazbl. COHABIKTaH OCBI THIITETi KOHIBIPFBUIAP/IA SHEPTHsl IBIFBIHAAPBIH a3aliTy MaceneciH
menry ete KublH. Cynpl TYIIbUIAYy MOCENECiH MLIelly YIIiH JHEPreTHKa TYPFBICBIHAH THIMALI IIEemiM
ycbiHbUIFaH. Kutosackan cy Tasanaymibl KOHIBIPFBI a3 MeJNIIEpAEri SHEprus WIBIFBIHAAPBIH KaKET eTel.
KOHIBIPFBIHBIH TEXHOJOTUSUIBIK CYJIOACHIHA YIBTPaQUIbTpauusuIbIK MOAynb Y DK KbLITyCOPFBUIBIK CYABI
tymemaTtkeim JKCT kipeai. YnerpadunsTpanusuiblk Moxynb Y DK cyapl annbiH-ana Ta3apTylaH ©TKi3esi.
JKeurycopreutelk cyapl TYIBUIATKEI JKCT cyapl OyIaHIBIPY-IIBIKTATy MPOIECTEPiH KOJNIaHy HeTi3iHIe
OUCTUIUIAT alynbl Ke3aehdi. JKbUTyCOpFBUIBIK TYIIBIIATKBINTA OYJIaHIBIPY-IIBIKTATy IPOIECTEPiHiH
KBICBIMCBI3/IBIK KaFIailblHAa ©TyiHe OalNnaHBICTBl albIHATBIH JUCTWIUIATHIH camachkl eTe Koraphl. JKbuty
COPFBICHIHA JKYMBIC JIEHECIHIH (a3aiblK e3repicTepiHiH JKBUIybl CYIbIH KaiiHayblHA, OylaHybIHAa >KOHE
IbIHFaH OyIbIH INBIKTaHYbIHA JKETKUTIKTI Oonaabl. KuiomackaH KOHABIPFBIFA KIPETiH KBLUTYCOPFBUIBIK
TYUIBUIATKBIN OyJMaHIBIPFBIII TUOTETI KOHABIPFBL. MyHpma OymaHy, WIBIKTaHy mpouecctepi kepi Kapno
aifHanbIMbIHA colikec oTexi.Kepi KapHo alfHanbIMbIH icKe achlpy YLIIH KOHIBIPFBIAA KYMBIC IEHECI peTiHae
xmamareHT R-134A xommaneutamel. Cy malbIHAAyImmbl KOHIBIPFBINAH aJBIHFAH OUCTWUIATTHIH —cama
KOPCETKIIITEPiH TOKIPOEIiK 3epTTeyiep HOTHKENepi, OHBIH IIAaFbIH YHEPTETHKA MCH KBUTYMEH KaMTaMachi3
XKyHenepi YUIiH THIMII KOJAAHBIC Ta0aThIHBIH Adjenaeiiai. Kuronackan cynpl TYIIBUIATY KOHABIPFBICHIHBIH
SHEPTusl LIBIFBIHIAPBI KE€Pl OCMOCTBIK KOHIBIPFBIIAPMEH caiblcThipranaa 10-15% - ra keM, XUMHSUIBIK
peareHTTepAl KOJNAaHy bl KQKET eTIEH/Ii, COHBIMEH KaTap KOHIBIPFBIHBIH 63 MYKTaXIApbIHA, SFHA KyYyFa-
LIaloFa KETETiH cynap MeJiepi endyip a3, CyIObl aliblH-ana Ta3apTyFa, KbI3AbIpyFa, TYIIbUIaTyFa
KYMCaJaTblH YHEPTUs WIBIFBIHIAPHI 1a TOMEH.
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