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c00bl, IpUMeHsieMble JJI5l OYUCTKHM U ONPeCHEeHHs BOJbl, U BAPUAHTHI UX COYETAHUS
¢ BO300HOBJISIEMBbIMHM HCTOYHUKAMH 3HEPruu (COJIHIA, BeTPa U JP.), PACCMOTPEHBbI

BAPHAHTBI PAG0THI BETPOCOTHEYHBIX ONPECHUTEIbHBIX YCTAHOBOK.
Kniouesvle cnosa: 60306H0615eMas dHepeemuKa, cnocobbl OnpecHenus, colHeuHble
YCMAHOBKU, 6eMPOIHEP2eMUIECKUe YCMaHOEKU.

The article conducts the survey of the status of drinking water for the popula-
tion; methods used for water purification and water desalination combining with re-
newable energy sources (sun, wind, etc.) are shown; ways of wind andsolar desalina-
tion plants operation are considered.

Keywords: renewable power engineering, methods of desalination, solarplants, wind

driven powerplant.

B nutheBoil Boje €XKEAHEBHO HYKAAIOTCS JIIOIU
M BCC APYrue XUBBIC CYIIECTBA, HACCIAIONIUX HaAIly
wiaHery. IloBepXHOCTh 3eMiIM MOKPBITA MOPSIMH M
OKeaHaMH, HO 3Ta BOJA HENPUTOIHA JJIS ITUTHSI.

Ot obmero ob0bemMa BOIBI HA IUIAHETE 3arachl
MPECHOM COCTABIIAIOT TOMBKO 2,5 %, n3 KoTopbix 74 %
HaXOJUTCSI B 3aMOPOKEHHOM COCTOSHUH B JICTHUKAX,
25,7 % HaxoauTCs MOJ 3€EMIJIEH WIIM B IIOYBE U TOIBKO
0,3 % mocTymHBI Ul UCTIONB30BAHUS Ha TOBEPXHOCTH
B BUJIE CBEXKEH BOBI.

C KaXXIbIM TOZOM UCTOYHUKOB IPECHOM BOJIBI HA
3emile CTAHOBHUTCS BCE MEHbIIE, M Kak pe3yJbTaT
40 % HaceneHus IJIAHETHl YK€ CTOJIKHYJOCH C CEpb-
€3HOW mpobOiemMoli HexBaTKu Bojiwl. Jlns Poccum, a
TaKKe CTpaH OJIDKHEro 3apyOexbsi Ha CEroMHsIIHUN
JIeHb B IIMPOKMX MacIITadax Ae(HLUT MPECHON BOIBI
He Habmomaercs. Ho yxe mmeercs ee HeIOCTAaTOK B
Kammeikun, Kpeimy, Kazaxcrane, Typkmennn, Y30e-
kuctane, CeBepHoM KaBkase U B TaKUX 00JIACTSIX, KaK
Kypranckas, Kypckas u mp.

Bwmecre ¢ Tem, B KaXXI0OM pErHOHE HMEIOTCS JOC-
TATOYHBIE 3aIachl BOJBI, HE MPUTOAHBIC I WCIOIb-
30BaHus 0e3 ee NpeaBapUTeIbHON oyncTKU. OuncTka
BOJIbI WJIM €€ ONpECHEHHEe OyAeT dKOHOMUYECKH OIl-
paBaaHo, €CJIW MPUMEHUTL TAaKHUC MCTO/Ibl, C IOMO-
IIBI0 KOTOPBIX MO’KHO OYHIATh BOJHBIE PACTBOPHI IO
OoJiee HU3KOW CTOMMOCTH, Y€M €€ TPaHCIIOPTHPOBKA
13 OMKaNIINX PErHOHOB.

IToaTOMy MHOIHME CTpaHBI MILYT Pa3iIU4YHbIE BO3-
MOYKHOCTH U CIIOCOOBI MOJTyYEHHsI IPECHOH BOJIbI.

B ogHuX ciyvasx BOIy HYXKHO OYHMINATH OT IPH-
Mecel, B APYTHX — ONPECHATh. 11 B TOM u B Apyrom
cirydae TpeOyrOTCs 3aTpaThl SHEPTUHU, KOTOPHIC B CBOIO
o4epelb 3aBHUCAT OT OJM30CTH PACIIOIOKEHHS U JI0C-
Tyla K UCTOYHUKY BOJIbI, YPOBHSI COJICHOCTH M Kade-
CTBa, crielin(PUKH POLIECCca ONPECHEHHS BOJBI U JIp.

Pacxopl Ha 3JEKTPOIHEPTHI0 MO 00ECHEYCHHUIO
MpoIecca ONMPEeCHEHWsT MOTYT cOocTaBiATh OT 30 1o
60 % SKCITyaTallMOHHBIX PAacXOAOB, TAKMM 00pa3oM,
HeOOoJIbIIINe U3MEHEHUS TapU(OB Ha IJIEKTPOIHEPTUIO
OKa3bIBAKOT MPAMOC BJIHUAHUEC Ha CTOUMOCTH OYHUILCH-
HOH BOJIBI.

W3BecTHBI JIBe€ OCHOBHBIC TEXHOJOTHH OIPECHE-
HUS BOJBI, IIUPOKO KCIOJIB3yEeMbIE B MHpPE: CIIOCO0,
OCHOBaHHBIN Ha W3MEHEHHU (ha30BOr0 COCTOSIHUS Be-
miecTBa (TEIIOBOH c1moco0), 1 MeMOpaHHBIH, KOTOpPHIE
MOTYT OBITh 00ECIICUeHbI HECKOJILKUMH METOIAMU.

K texHomornu ¢pa3oBbIX U3MEHEHUI OTHOCSTCS:

— mHOTOoCcTynendaras puctwnninus (MCJI) (Mul-
ti-stage flash distillation (MSF);

— BbicokodddekruHas guctwusinun  (BD/I)
(Multi-odpdexr (MED);

— nmapoBoe nasienue (I1[1): Temmosoe (TIIH) u
MexaHudeckoe cokarue mapa (MILJ]) (Vapor
compression (VC): thermal (TVC) and mechanical
MVQ));
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— JIpyTHe TPOIECCH], BKIIOYAOLINE AUCTHILIA-
muto (CJ), yenakuenue, ocymieHue (YO) ¢ TOMOIIBIO
COJIHEYHBIX YCTaHOBOK.

MeMOpaHHbIE TEXHOJIOTHH, IIOMHMO MeMOpaH-
HoW muctmurinun (MJI), Brmroyaror B ce0st 1Ba oc-
HOBHBIX TIporecca: oopatHoro ocmoca (OO) u amek-
Tpoauanmsa (J/1). ITH Be TEXHOIOTHUH IS YIAJICHHS
COJIeH U3 BOJBI HCHOIB3YIOT MeMOpaHsI (puc. 1).

O06a mpomecca TpeOYIOT OONBIINX IHEPro3aTrpar
JUIS TIPEONOJICHHUS CYIIECTBYIOIIET0 OCMOTHYECKOTO
JTABJICHUS MEXIYy IpEecCHOW W colieHOH Bomoi. D/I-
TEXHOJIOTHH, KaK IMPABUIIO, HCIOIB3YIOTCS TOIBKO IS
COJIOHOBATHIX BOJI, IPH KOTOPBIX COJM M3 ITOTOKA BO-
JIbl TIPUTSATHBAIOTCS MEeMOpaHaMH M HPOXOAAT 4Yepe3
HUX T0J] ICHCTBUEM 3JICKTPUUECKOTO TOKa (pHuC. 2).

TexHosiorus 06paTHOrO0 ocMoca MPUMEHUMA IS
ONPECHEHUs] COJICHOM WM MOpPCKOM BOIbl. B sTOM
Cilyyae BOJIa TIPH BEICOKOM JIaBJICHHH TIPOXOJIUT Yepe3
MeMOpaHbI, M3rOTOBJICHHBIE W3 alleTaTa IIeJUTI0JIO3bI
WA apOMAaTHIECKOTO IMOJIMaMH[a, OYUINASICh OT COIIH.

CymecTBylOT eme TpH Iporecca Ha OCHOBE

Puc. 1. Mem6paHbl Ansa yaaneHus coneun

MEMOpaHHBIX TEXHOJIOTMH, HE HCHONB3YIOIUXCA B
npoleccax ONMPEeCHEHUs, HO TPUMEHSIEMbIe JUIS yJIy4-
IIEHUs] KadyecTBa NMUTheBOM BoJbl. K HMM oTHOCATCA
mukpodunsTpanus (M®), ynerpaduisrpanus (YD) u
HanouibTpanus (HP).

TemnoBble mporecchl Takke TpeOyIOT OOJIBIIOrO
KOJIMYECTBA SHEPTUH Ha WX OCYIIECTBIICHHUE, TO3TOMY
TaKye YCTaHOBKHM OOBIYHO Pa3MeIlaloT BOIM3H TEILIO-
BBIX JIEKTPOCTAHIMH, OT KOTOPBIX OHH HCIIOIB3YIOT
TEIUIO OTPabOTaHHOTO Tapa.

OnHUM U3 pemeHui mpoOaeMbl YHEPTETHIECKOTO
CHA0KEHUS TIPOLIECCOB ONPECHEHNUS SIBIISACTCS HCIOIb-
30BaHME BO300HOBISIEMBIX HCTOYHHUKOB 3HEPIHU
(BUD), nHaubonee npueMieMbIMH U3 KOTOPBIX SIBJIS-
IOTCS BETEp U COJHIIE.

Ha puc. 3. noka3anbl BO3MOXHBIE TEXHOJIOTHYE-
ckue komOuHamu B1D 1 OCHOBHBIX METOJIOB OIpEC-
HEHHUS BOJBI.

Hcnonp30Banue 3THX UCTOYHHKOB OMpEeIIsieTcs
COOTBETCTBYIOIIMM TIOTEHIIMAJIOM COJHEYHOH WIH
BETPOBOU PHEpruM MecTHOCTH. Ha pumc. 4. mokazaHo
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Puc. 2. Mpouecchbl yaaneHusi conu npu anekrpoananuse
1 obpaTHom ocmoce [1]
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Puc. 3. Bo3amMoXHble TexHONornyeckne KOM61MHauum ocHoBHbIX BUD u meTopoB onpecHeHUs BoAbI
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AﬂbTepHaTMBHble MCTOYHUKN IHEeprmmn

pacrnpeaciicHue MCTOYHHUKOB BO300HOBIIIEMOM OHEP-
', UCTIOJIb3YCMBIX B HACTOALICEC BPEMS B IIpoLECCax
OYUCTKU U OIIPECHCHUSA BOJbI.
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Puc. 4. lons ucnonb3oBaHUs BO30GHOBMNsIEMbIX UCTOY-
HUKOB 3HEprum B npoueccax onpecHeHUs BoAbl

Kak BHAHO M3 pHCYHKa, COJIHEUHAs YHEPTHs SB-
aseTcss Haubollee HMCIOIb3YeMbIM BHIIOM Cpel ApY-
TMX BO300OHOBISIEMBIX HCTOYHHMKOB JHEPTHUH, NPHUIEM
€e UCIIOJIb30BAaHHE MOXKET OBITh KaK B BHAE 3JIEKTPH-
YEeCKOW OJHEepruu (COJHEYHbIe (OTODIEKTPHYECKUE
npeobpazoBatenn — CODIII), Tak u TemioBoi (coi-
HeuHble TerioBble cTanmu — CTC).

3TO OTHOCHTCS, MPEXIEe BCEro, K IKHBIM CTpa-
HaM, HaXOASIIMMCSI Ha T00epeXbe MOpPEH U OKEaHOB C
CoJIeHOH BOsIOH 1 aeduunTOM npecHoit. OueHb uHTE-
peceH B 3ToM mnaHe onsIT Mcnanun. I1o ucnons3osa-
HUIO COJHEYHOW SHEPIUH 3Ta CTpaHa 3aHMMAeT 4eT-
BEPTOE MECTO B MHPE U BTOpOe MecTo B EBpore, nmest
8 300 comHEYHBIX YCTaHOBOK C pacroiaraéMoi MoII-
HocThio 120 MBT (puc. 5) [2].

Pabota conHE4YHOro ompecHHUTelNs MOCTpOeHa Ha
OCHOBE O00OpPaTHOrO0 OCMOCA — pa3lelIeHMH MOJIEKYN U
MOHOB B PacTBOpPE, MPOXOJAIIEM 10/ JaBJICHUEM Ye-
pe3 noiynpoHunaeMyro memopany. [Ipomecc ouncTku
HAYMHAETCS B MOMEHT IIOCTYIUIEHHS COJIHEUHBIX JIy-
yeld Ha QoTodnekrpudeckuii Monynb. [lpu sToM
BKITIOYAETCSl HACOC, KOTOPBIN 07| OOJIBIINM /1aBJICHH-
€M IoJaeT Boay B cocyA. Boxa, MuHyst MemOpany u3
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Puc. 5. BbipaboTka aHepruu
Ha CoNHeYHbIX ycTaHoBKax McnaHumn

MOJIMMEPHOTO MaTepHaina, OTAaeT el COJIM U MUHEpa-
sl (puc. 6).

Takue ycTaHOBKH CHa0XEHBI CHCTEMOH YIIpaB-
JIEHHUsI, KOTOpasi TO3BOJISIET ONTHMAIIbHO HCIIONB30-
BaTh COJIHEUHYIO SHepruro. [Ipu ocnabieHnn conHed-
HOTO W3IYYCHUSI YCTPOHCTBO MPOIOPIIMOHATBEHO CHH-
’KaeT MOIIHOCTh Hacoca W APYTrHUX NOoTpedHuTenen
SHepruu. B SICHBIN COMHEUYHBIN ICHb CHCTeMa paboTa-
eT ObICTpee U IPOU3BOIUT OOJIBILE BOJIBI.

Berposnepreruueckue ycranopku (BOY) cpag-
HUTCJIIPHO HE€AABHO HaydaJIu HUCIIOJIB30BATLCA AJIA IIO-
JIy4eHUsI KayeCTBEHHOW BOJbI, OJIHAKO Halmojaercs
TEHJCHIMSI Pa3BUTHS W 3TOr0 HampasieHus. [ ubpua-
HBIE CHCTEMBI IIPEJICTAaBISIOT COOOW, Kak MHpaBHIIO,
couetanue BOVY u colHEYHBIX YCTAaHOBOK, HHOTI/A
OHH JIOTIONHSAIOTCS TU3€Th-TeHEPATOPOM.

Hayunsle miccnemoBanus o pa3paboTKe yCTaHO-
BOK II0 OIIPECHEHUIO MOPCKOH BOJIBI C UCIIONBE30BaHU-
€M DHEPIUH COJHIIA U BETPa BEAYTCS B Y HUBEPCUTETE
Kamguca. Hayunsiit npoektr «ETAP-ER project»
(Evalucation del Tratamiento del Aqua Potable
mediante Energia Renovable y Nanofiltration), ¢u-
HAaHCUPYEMBIA MPAaBUTENBECTBOM AHIATYy3UH MPEAIo-
JlaraeT OCyIIECTBIICHHE IpOLecca ONPECHEHHs TaKXkKe
32 CUeT BO30OHOBISIEMBIX HCTOYHHMKOB. YCTaHOBKa
MIpeAHa3HaYeHa ISl TTOATOTOBKH, OYMCTKH M OIpec-
HEHUs BOJBI, TIOCTYTAIOMIEH B BOJOMPOBOJHYIO CETh
ropona ITopt Pean. OumncTtka BOABI TPOU3BOIUTCS C
MTOMOIIBIO0 CIEIHAIBHBIX HAaHOMEMOpaH IpU MHOTO-
KpaTHOM IIPOTOHE BOABI Yepe3 HUX. Bech TexHOIOTH-
YECKUH TPOIIECC OTPAKAETCS HA MOHUTOPE (pHC. 7).

DNeKTpoNnuTaHue  O0OpYJIOBaHHS  YCTAHOBKH
OCYLIECTBIISIETCS. OT JIByX T'OPHU30HTAIBHO-OCEBBIX
BDY o0mweit MomHocThi0 6 KBT M comHeuyHoi OaTa-
per Ha MOHOKPUCTUIMYECKOM KPEMHHMH C ITUKOBOM
MormHOocThI0 4,2 kBt. B kadecTBe myOnupyromiero
HCTOYHHMKA WCIIONB3YeTCs BOAOPOJHAS YCTaHOBKa
momiHocteio 0,8 kBT. JlaHHBIE 1O BBIPaOOTKE 3JI€K-
TPOSHEPTHU ITUMHU MCTOYHMKAMH BEIBOISITCS HA JIHC-
mwieir. Kpome Toro, KOHTpOJb 32 paboTOH HCTOYHHKOB
SHEPTHHd MOXKET OBITh IUCTAHIMOHHBIM C MOMOIIBIO
MOOMIIBHOTO TenedoHa.

OnpecHuTenbHas YCTaHOBKAa paboTaeT mocra-

Photovoltaic
Desalination Panels
System e \

Puc. 6. Cxema onpecHUTENbHOW YCTaHOBKMU
Ha corHeyYHbIX Moaynsx [2]
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TOYHO () (HEKTHBHO, OJHAKO BHIPAOOTKA IIEKTPOIHEP-
MU TOPU30HTAIBHO-OCEBON BETPOYCTAHOBKOM 3HAYM-
TENBbHO 3aBUCHUT OT XapaKTEPUCTHK BeTpa (CKOPOCTH U
HAarpaBJIeHUs]).

windaqStudio

Puc. 7. BbiBog AaHHbIX 0 pa6oTe NICTOYHUKOB 3HEpPrumn
Ha MOHUTOpP KOMNbIOTepa u gucnnen MobunbLHoro
TenecoHa

Hawubosee apdexTrBHOI B 1aHHOM cityudae Oyaer
HCTIONB30BaHUE BEPTUKAIBHO-0CEBBIX BOY mpous-
Boactea OOO «I'PII-Beprukane» (r. Muace, Yens-
OMHCKOH 0011.), paboTa KOTOPBIX HE 3aBHCHUT OT Ha-
TpaBIICHUs BETPa, a BHIPA0OTKA SHEPTHH HAYHHACTCS
yKe TMpH HEeOONBIINX CKOPOCTSIX BpAIICHHUS BETPO-
poropa BDYVY. Hayunble uccienoBaHusi B 3TOM Ha-
TpaBIICHUH TMPEANojaraeTcs MPOBOIUTh B paMKax
JIOTOBOPA, 3aKII0UEHHOTO Mexay FOkHO-Ypanbckum
TOCYIapCTBEHHBIM YHUBEPCUTETOM U Y HUBEPCUTETOM
Kamuca (Mcnanus).
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