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Annomayusa. Heab: 0030p CylIeCTBYIOIINX TEXHOJOTHI U METOJIOB OIPECHEHUSI MOP-
CKOM BOIBI JUIs IIeNiel MuTheBOro BojocHaOxkeHus. O0cys:kaenune. Ha ocHOBe COBpeMEHHBIX
METO/IOB UCCJIEZIOBAaHUI C MCIOJIb30BAHUEM CTATUCTHUYECKUX JAHHBIX, 0030pa OTE€YECTBEHHON
1 3apyOeXKHOM TUTEepaTypsl ObUT MIPOBEIEH 0030p METOJIOB M TEXHOJIOTHI ONPECHEHUs U 00ec-
COJIMBaHUs1 BBICOKOMHHEPAIM30BaHHbBIX PUPOIHBIX BOA. Vcronb3oBaHEe MOPCKOM BOJIBI B XO-
3ICTBEHHO-OBITOBBIX IENIIX HEBO3MOXKHO BBUJY BBICOKOTO COJIEP>KaHUS MHUHEpAIbHBIX Be-
IIECTB, OJJHAKO IOCJIE OIPECHEHUS TaKyl0 BOAY MOKHO HMCIIOJIb30BaTh B MUTHEBBIX 1IENAX. BbI-
00Op TEXHOJIOTHIA U METO/IOB OMPECHEHHUs MPEKE BCEro 00yCIOBIEH Ka4eCTBOM UCXOIHOM BO-
b1, @ TaKk)Ke TPEeOOBAHHUSIMU K KaueCTBY 00pabOTaHHON BOJIbI, TPOM3BOIUTEILHOCTHIO YCTAHOB-
KA U TEXHUKO-DKOHOMHYECKHMHU pacueTamu. [[ns neneil muTbeBoro BojlocHa0xeHus Harbosee
3P PEKTUBHBIM U SKOHOMUYECKU BBITOJIHBIM SIBJISIETCSI METOJ OIIPECHEHUS BOJIbI C UCIIOJIb30Ba-
HUEM TEXHOJIOTUN 00paTHOro 0CMOCa, MPUMEHSIEMBbIH Kak JJI1 MOPCKUX, TaK U JUIs MOJI3EMHBIX
BOJI C BBICOKOW MHUHEpayn3arue. TeXHONIOorus: 00paTHOr0 0OCMOCa UMEET 3HAYUTENIbHBIE Mpe-
UMYIIECTBA Nepel METOJJOM TEPMUYECKOTO OIPECHEHHsI, 0COOEHHO KOrja MPUMEHSETCs K He-
OOJIBIIMM yCTaHOBKaM HEOOJBLIMX CHUCTEM MUTHEBOro BojgocHaOxeHMs. [IpuMeHenue obpat-
HOOCMOTHYECKUX YCTAHOBOK IO3BOJIUT 3HAUUTENIBHO MOBBICUTH IMPOU3BOJUTEIBHOCTh B BUJE
BBIXOJ[a TTMTHEBOM BOJBI HAa BaTT MOTpeOsieMOn 3ekTposHepruu. BuiBoabl. BHeapenue co-
BPEMEHHBIX TEXHOJIOTHI, BHUMATEIbHOE OTHOIIEHNE K BOJIOTIOTPEOICHUIO UTPAIOT 3HAYUTEIb-
HYIO POJIb B COXpPaHEHUH BOJHOTO OanaHca B pa3HbIX cTpaHax. Hambornee SKOHOMHUYECKU BBI-
TOJHBIM U 3(PPEKTUBHBIM SBISETCS METOJ ONPECHEHUSI MOPCKOW BOJBI HA 00paTHOOCMOTHYE-
CKUX ycTaHOBKax. HecMOTps Ha To, 4TO yCTaHOBKM OIPECHEHUSI U 00€CCOIMBaHUS BObI BECbMa
JIOPOTOCTOSIIIIN, COXPaHEHHE MTPUPOIHBIX BOJI IBISIETCSA HA CETOHSIIHUNA JEHb TPUOPUTETHBIM.
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Abstract. Purpose: review of existing technologies and methods of seawater desalina-
tion for drinking water supply. Discussion. Based on modern research methods using statistical
data and a review of domestic and foreign literature, a review of methods and technologies for
desalination and desaltation of highly mineralized natural waters was carried out. The use of sea
water for domestic purposes is impossible due to the high content of minerals, however, after
desalination, such water can be used for drinking. The choice of technologies and methods of
desalination is primarily determined by the quality of source water, as well as the requirements
for the quality of treated water, plant productivity and technical and economic calculations. For
the drinking water supply purposes, the most efficient and cost-effective method is desalination
using reverse osmosis technology, used for both sea and groundwater with high salinity. Re-
verse osmosis technology has significant advantages over thermal desalination, especially when
applied to small-scale plants of small domestic water supply systems. The use of reverse osmo-
sis plants will significantly increase productivity of drinking water output per watt of electricity
consumed. Conclusions. The introduction of modern technologies and careful attention to wa-
ter consumption play a significant role in maintaining water balance in different countries. The
most cost-effective and efficient method is seawater desalination using reverse osmosis plants.
Despite the fact that water desalination and desaltion plants are very expensive, the conservation
of natural waters is a priority nowadays.
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Beenenne. Hanbosee BaXHBIM 4EJIOBEUECKUM PECYpCOM SBISIETCS BOJA,
o0ecrnieunBaromas BaXHENUINE (PYHKIIMA — MUTHEBOE MOTPEOJICHUE, YIOBIETBO-
pEHHE CAaHUTAPHO-TUTMEHUYECKUX MOTPEOHOCTEH, MPOJIOBOJILCTBEHHOE, IPO-
MBIIIJIEHHOE, SHEPTeTUYECKOE MPOU3BOJICTBO U Jp. Y BEIMUYEHUE YUCICHHOCTH Ha-
CEJICHUS! U TIPOMBIIIJICHHOCTH, SKOJIOTMYECKUE U aHTPONOTr€HHbIE (haKTOphI MpU-
BOJIIT K BCEMUPHOMY J1€(UIIUTY BOJBI.

[IpoGnema HemocTaTKa BOAHBIX PECYpPCOB SIBISIETCS OAHOM M3 II0Oalb-
HbIX BO BceM mupe. [loBepxnocts 3emnn Ha 70,8 % moOKpbITa BOJIOM, HO JIMIIb
2,5 % ee cocrapnser npecHas. [IpupoHbie BOAHbIE pecypchbl BO3OOHOBISIEMBI,
HO MPY ATOM OIPAHUYEHHBI U OYEHB YSI3BUMbI K BHEIITHUM BO3CHCTBUSM.

CornacHo CTaTUCTUYECKUM JaHHBIM, MPaKTHYECKU 1/5 yacTb HaceleHus
MUpa MPOKHUBAET B paiioHaxX ¢ Mayioi BojoobecnedeHHoCcThI0. Okoto 60 % Teppu-
TOPUI UMEIOT OrPaHMYEHHBIN IOCTYI K PECHOM BOJIE, YTO BBI3BIBAET MPOOIEMBI C
MPOMBIIIIIEHHOCTHI0, KOMMYHAJIbHO-OBITOBBIM U CETbCKUM X03stiicTBOM [1-5].

ITo mpornozam Opranuzanuu OO0benunennbix Hamwmit (OOH), x 2030 r.
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nopsaka 3,9 Mapn yen. OyAyT UCIBITBIBATh BOJHBIN cTpece, a k 2050 r. 310 yuc-
JIO JOCTUTHET 2/3 YHCIEHHOCTH MUPOBOro HaceneHus. OIHaKO Hapsy ¢ Mpo-
OsemMoil nedunrTa Bobl CTOUT npodiieMa ee kadectBa. OCOOEHHO 3TO KacaeTcs
I'YCTOHACEJIEHHBIX PAalOHOB M TEPPUTOPUN KPYITHBIX IMPOMBIIUICHHBIX IPEANpPHU-
STHI U CEIBCKOXO3SIMCTBEHHBIX KOMILIEKCOB [ 1, 2].

Bomnpockl, Bo3HUKarolye B MpoIecce MOJAroTOBKH MPUPOIHBIX BOJ, IHU-
poko mnipeactaiieHsl B padorax M. I'. XKypowi, C. H. JIlunesuua, JI. H. @ecenxo,
N. T'. Yuakosoi, A. C. KonbutoBa 1 MHOTHX APYTUX CHEUUAINUCTOB [6—8].

[TockosbKy BO MHOTHX 3aCyIUTMBBIX 00JACTSIX MaJlo MIPECHOBOIHBIX BOJIO-
€MOB, BO3HUKAIOT MPOOJIEMbI HE TOJIBKO C BOJOCHAOXKEHUEM HACEJICHUS, HO U C
MOJIMBOM MOYBBI. X MOXXHO ObLIO OBbI pemuTh OJ1arojapsi BO3MOXKHOCTH UCTOJb-
30BaTh JUIs TUX LEJNEW ONPECHEHHYIO MOPCKYIO Boay. Ha 3emie npucyTCTBYrOT
3HAYUTENBHBIC 3aachl TAKOW BOJbL, HO U3-32 BBICOKOTO COJIEPKAHUS COJIEH €€ He-
BO3MOYKHO MPUMEHSTh JJI XO34MCTBEHHBIX HYKJ. MHOTHE rocyaapcTsa, B T. 4.
u Poccust, Myt myTH ONpECHEHHsI COJIEHBIX BOJHBIX MCTOYHUKOB, YTO IMOMOTJIO
OBl CIIPaBUTHLCS € MPOOJIEMaMH 3aCyXH B 00JIACTAX, PACIIONIOKEHHBIX BOJIU3U MOP-
CKHUX BO/I.

TexHOoI0ruu ONPEeCHEHUsI MOPCKUX BOJ JUISI UCTIOJIH30BAHUS B MUTHEBBIX U
MPOMBILIEHHBIX LESAX AeTanbHO paccMoTpeHsl O. B. MocunsiM, M. M. Arama-
nueBbiM, M. B. Hukonenko, P. X. Xamu3oBeiMm u ap. [9-11].

[embro pabOTHI SBIISIICS 0030p CYMIECTBYIONTMX TEXHOJIOTHUI U METOJIOB OII-
pECHEHMsI MOPCKOM BOJIBI JIsI 1IEJIe TUTHEBOTO BOJAOCHAOKEHUSI.

O0cyxaenue. 3anacel BoJbl Ha 3eMJI€ OTPOMHBI, OTHAKO ATO MPEUMYIIEe-
CTBEHHO coJieHas Boja MwupoBoro okeaHa. PacrnpeneneHrue MHPOBBIX BOJIHBIX
pECYpPCOB MPEACTABICHO B BUJIE IUarpaMMbl Ha pucyHke 1 [12].

HepaBHOMepHOCTh pacmpeneneHuss BOAHBIX PECYpCOB HAOMIOAACTCS IO
KOHTHHEHTaM, CTPaHAM U KJIMMAaTHYECKHMM MosicaM. /[aHHbIE O pacnpeesICHUH

BOJAHBIX pECYPCOB IIO KOHTUHCHTAM M CTpaHaM IIPCACTABJICHLI B Ta6HI/IHaX 1, 2.
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Pucynok 1 — /lnarpamma pacnpeneseHisi MUPOBBIX BOJHBIX PeCypcoB

Figure 1 — Diagram of world water resources distribution

Taboanua 1 — KoHTHHeHTAJBHBIH 00beM BOJHBIX pecypcoB [3]

Table 1 — Continental volume of water resources [3]

BonoobecnieueHHOCTh, | BO300HOBIIsIEMbIE peCypChl (PEUYHOM CTOK)
Kontunent 3 2 3
M’/rox Ha 1 kM KM /TOf %
HOxxnas Amepuka 654000 11800 26,4
Asns 332000 14400 32,3
EBporna 306000 3210 7,2
ABctpanus u Oxkeanust 267000 2400 5.4
CeBepHast Amepuka 239000 8200 18,4
Adpuxka 153000 4600 10,3
Tabauua 2 — MupoBble pecypchbl mpecHoii BoabI [3, 13]
Table 2 — World fresh water resources [3, 13]
Peczlpc pec- Pecypc mpecaoii Pecz/pc Tpec-
HOH BOJIBI B HOH BOJIBI B
BOJIbI B CPEJTHEM
Crpana CpeIHeM Ha Crpana HA. yITy Hace- Crpana CpelHeM Ha
b1074110% Hacgne- ihanigy bi3'2110% Hacg:-
HUSL, M JICHUS, M

1 2 3 4 5 6

bpasunus 30680 I'penust 5246 Hpan 1943

Poccus 299441 Kazaxcran 5041 [Tosnpma 1404

Hopserus 83735 BberHam 4513 Pecnybmixa 1357

Kopest




OKkoJjiorud 1 BogHoe Xo3saucTBo. 2022. T. 4, Ne 4. C. 84-100.
Ecology and water management. 2022. Vol. 4, no. 4. P. 84-100.

[Iponomxenue TabauIbI 2
Table 2 continued

1 2 3 4 5 6
Y 56042 benapych 3745 I'epmanus 1297
DuHIAHIUA 20466 ITopryranmms 3618 WNunus 1185
Nunonesus 13220 Tannang 3386 Ykpanna 1096
Wpnanaus 12045 SAnonus 3371 banrnanem 761
['py3us 11315 Typuus 3210 Y36ekucran 625
TamxukucTan 10469 Hranus 3170 Benrpus 594
CIIIA 9628 bonrapust 2706 [Takucran 350
CioBakus 9524 HUcnanus 2605 Monnosa 236
Kupruszus 9105 Benuxo- 2422 Typkmenus 206
OpuTaHus

ABcTpus 6729 PymbiHus 1951 W3pannb 150
CpenneMupoBoOi moka3aTeib 5418,3

Henocratok mnpecHoil Boabl 0CO00 OCTPO ONIYIIAETCS B IMPOMBIILICHHO
pa3Buthix crpaHax. Hampumep, B SAnonun u CIIA o6beMbl moTpeOisieMoit BOIbI
Ha OBITOBBIE HYXJbI, MPOMBIIUIEHHOCTh U CEJIbCKOE XO3AKWCTBO CYIIECTBEHHO
MIPEBBIIAIOT UMeEroIMecs: pecypebl. Taxke B M3panne m KyseiTe 3amacel mpe-
CHOM BOJIbl HE COOTBETCTBYIOT MX MOTPEOJIEHHUIO, TOMUMO 3TOTO, JAHHBIE CTPAHBI
orpaHn4eHbl ypoBHeM atMmocdepHbix ocankoB. Ctpanbl Cpenneit Azum (Kazax-
cran, Typkmenusi), a Takxke KaBka3 u roro-Boctouynasi 4yacte Poccuu oOnagarot
3HAYUTEIHLHBIMU MUHEPATBHO-CHIPbEBBIMU PECYpPCAMU, HO TIPECHOBOAHBIC UCTOY-
HUKU 3TUX TEPPUTOpUI HaxoasaTcs B neduuute [3, 13].

3amacel BOJHBIX PECYpCcoB Ha Tepputopun Poccuu, Oosbias 4acTh KOTO-
PBIX COCpENOTOUYeHa B 03epax (26,5 Thic. KM') H mom3eMHbIX (28,0 ThiC. KM) BO-
J1aX, COCTABIIAIOT B 11e/I0M 88,9 ThIC. KM /01, BO30GHOBIIIEMbIE BOIHBIE PECYPCHI,
OlLIEHHBaeMble 0OBEMOM T'OJIOBOTO CTOKA peK, cocTaBisiioT 10 % MupoBoro peu-
HOTO CTOKa (BTOpoe MecTo nociie bpasunmn). CymmapHbie BO30OHOBIISIEMBIE pe-
CypCBI IIpecHbIX Box Pocenn onenuBarotes B pasmepe 10803 km'/rog [13].

O0BeM UCTIONIB3yeMOTO0 PEYHOTO CTOKA He mpeBbIaeT 2 %, nmotpedaeHue
BOJIbl U3 TMPECHBIX MOBEPXHOCTHBIX BOJOHMCTOYHHKOB COCTaBIsIET OKoJIO 65 %,
13 MOA3EMHBIX — MeHee 32 %, MOPCKOM BOJbI UCIIOJIB3YETCS JIUIb OKOJI0 5 %.

T'on0Boit BO03a60p COCTaBiseT MpUMepHO 60—65 kM, U3 HUX Gonee 50 % Ha-
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MIPaBJICHO HAa MPOMBINIIEHHOCTh, 0K0JI0 20 % — Ha X035SHCTBEHHO-OBITOBBIC HY-
K1bl, 13 % — Ha BOJOIOTPEOJICHHE B CEIIbCKOM XO3SIMCTBE M OK0JIO 6 % — Ha
npoyue Hyx sl [3, 13].

Hcnonbs3oBaHue MOPCKOM BOABI B XO3SHUCTBEHHO-OBITOBBIX MIESIX HEBO3-
MO>XHO BBHUJY BBICOKOTO COJACPXAHUSI MUHEPAIbHBIX BEIIECTB, JJISI BHIBEIACHUS
KOTOPBIX M3 OpraHu3Ma TpeOyeTcsi O0JIbIle BOJbI, YEM BBIIHUTOE €€ KOJIUYECTBO.
OpnHako mocye OMpecHEHUs TAKYI0 BOLY MOKHO MCIIOJIb30BATh B MMUTHEBBIX LIEIISIX.

[IpuMeHeHne COBPEMEHHBIX TEXHOJIOTUIA U METOJIOB OIIPECHEHUS BOJBI MO-
3BOJIUT PELIUTH MPOOJIEMbI HEIOCTATKA BOJIHBIX PECYPCOB. YIIyUIlIEHUSI Ka4eCTBa
MUTHEBOU BOJIbI HEBO3MOXHO JOCTUYhL C UCIIOJIb30BAHUEM TOJIBKO TPaJUIIUOH-
HBIX TE€XHOJIOTHI, OCHOBaHHBIX Ha pearecHTHOM 00pabOTKe C MOCIEIYIOIIUM OT-
CTauBaHUEM M (PWIBTPOBAHHEM. Tak)Ke U ONPECHEHHYIO BOJY HEJb3sS CUUTATh
YUCTOM, TaK KaK B HEW COXPaHSIOTCS pa3IMuHbIe KOMIIOHEHTHI, OT IJIOTHOCTH KO-
TOPBIX 3aBUCHUT 00JIaCTh €e IpuMeHeHus [6, 14].

Bb100p ycTaHOBKHM Ji11 OMPECHEHUS] 3aBUCUT OT HMCXOJHOTO COACP KAHMS
COJIeH B BOJIE, HA3HAYEHUS M HEOOXOJUMOIro 00bheMa, a TaKKe OT TPEeOYyEeMBbIX IO-
Kazarene BOJbI MOcie onpecHeHus. s pas3iuuHbIX 1ieneld BOAONOTPEOICHHUS
3HAYEHUE COJIECOACPKAHUS Pa3IMYHO. Tak, HampuMmep, Ui MATbEBOWM BOJBI CO-
rinacHo CaullnH 2.1.4.1074-01" npenenshas xonnentparws (ITJIK) comneit (Mume-
pammzanus) coctapisier 1000 mr/m, moa Hel MOHUMAETCS Macca CyXHX COJeH B
rpammax Ha 1 kr BemiectBa. KoHIeHTpamus cosieil B eHMIIC 00heMa KUIKOCTH
MOXXET CYIIIECTBEHHO KOJIeOaThCsl B 3aBUCUMOCTH OT Mopsi. Hanmpumep, UepHoe,
Kacnmiickoe u A30BCKOE€ MOpsI XapaKTepU3YyIOTCs Kak ciadocosieHble. CpeaHuil
MoKasaresib COJIGHOCTH MupoBoro okeana coctarisier 35 r/kr. Kpome xiopuaa

Hatpus (NaCl) — noBapeHHOI coiM, MOpCKasi BOJIa COJEPKUT Psii APYTUX XUMU-

'CannrapHo-31mHIeMHIOIOrHYeCKIE TPEGOBAHMSA K COACPIKAHHIO TEPPUTOPHH TOPOI-
CKUX U CEJIbCKHX IOCEICHUH, K BOAHBIM 00BEKTaM, MUTHEBON BOJIE U MUTHEBOMY BOJOCHA0-
KEHHI0, aTMOC(HEPHOMY BO3/1YXY, [TOUBAM, JKWJIBIM TMOMEIIEHHUSIM, SKCIUTyaTalluu MPOU3BO/I-
CTBEHHBIX, OOIIECTBEHHbIX IMOMEUICHUH, OpPraHU3alMM WM IMPOBEJCHHUIO CAaHUTAPHO-NIPOTH-
BO3MIUAEMUYecKuX (mpopuinakruyeckux) meponpustuii: CanlluH 2.1.3684-21: BBen. B neii-
ctBue ¢ 01.03.21. M.: llenTpmar, 2022. 92 c.
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YeCKuX 371eMeHTOB (0oitee 50), HEKOTOPBIC W3 HUX MPECTABIICHBI B BUIC MUHEPA-
JIOB ¥ MHUKPOAJIEMEHTOB [15].

Br16op mMeTo1a onpecHeHus Ipeskie BCEro 00ycIOBICH KaueCTBOM HUCXO/I-
HOW BOJIBI, a TAK)KE TPEOOBAHUSIMH K KaQ4eCTBY 00paOOTaHHOW BOBI, TPOU3BO/IH-
TEJIbHOCTBIO YCTAHOBKU U TEXHUKO-3KOHOMHUYECKUMU pacuetamu [16].

IToMuMO 3TOTO, HEOOXOAUMO YUUTHIBATH YKOHOMUYECKYIO 3(PHEKTUBHOCTh
BBIOOpA YCTAHOBKH M BO3MOXXKHYIO HEOOXOJIUMOCTD JIOMIOJTHUTEIILHONH 00pabOTKH
BOJIbI IO TaKUM ITOKa3aTessiM, KaKk MyTHOCTb, IIBETHOCTb, 3amnax, pH, *eCcTKOCTb,
CyXO# OCTaTOK, COJICpKaHUE UOHOB, PAAMOAKTUBHOE U OaKTEpUAIILHOE 3arps3He-
HHE U T. JI.

Jlanee pacCMOTpUM METOJIbl U TEXHOJOTUM OMPECHEHUS BOJBI ISl TIUThE-
BBIX 1IEJIEH, a TaKKe MPUBEAEM UX KpaTkui aHayin3. CylecTBYIOIINE METOIbI OIl-

PECHEHUS BOABI IIPEACTABICHBI HA PUCYHKE 2.

Meton
~» MemOpaHHBIE TEXHOJIOTHH Juctunnsamus <
—> Hounsbiit 0OMeH Breimopaxxusanue <
> DIIEKTPOAMAIIN3 lMazoruaparauus -«
be3 u3MeHeHus arperaTHOro : ~ C u3MeHeHHEeM arperaTHoro
COCTOSIHHS BO/IbI COCTOSIHHS BOJIbI

Pucynok 2 — Knaccupuxanuss MeToa0B OnpecHeHUs BOJ
Figure 2 — Classification of water desalination methods
MeMOpaHHbIE TEXHOJOTUH BKIIOYAIOT B C€OS MPOIECCHl MaKpoPMIbTpa-
UM, YIbTpapUIbTpaluy, HaHOQUWIBTPALMK U 00paTHOrO ocMoca. MakpoduibT-
paloHHbIE MEMOpPaHbI MO3BOJISIOT 33/1€P>KUBATh MEJIKUE B3BECH M KOJUIOHJIHBIC
4acTUIBL. Y IbTpaduiIbTpaliMOHHbIe MEMOPAHbI YAASIOT KPYIHbIE OPraHUIeCKHe
MOJIEKYJIbl, BUPYCHI 1 OaKTepuu, KOJIOUIHbIE YAaCTHIIbI, PACTBOPEHHBIE COJIM HE
3afepxuBatoTcs. HanopunbTpannoHHble MeMOpaHbl 33J€pP)KUBAIOT OpraHuye-

CKUe coelMHeHus (C MojeKyJsipHoil Maccoil Beime 300 r/MoJib), B 3aBUCHUMOCTH

7
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OT CTPYKTYpbl MeMOpaHbI TipomyckaroT oT 15 mo 90 % coneit. O6GpaTHOOCMOTH-
yeckue MeMOpaHbl UMEIOT CaMble MEJKHE TOpPBI, MO3BOJISIONIME 3aJCPKUBATH
OaKkTepuu U BUPYCHI, OpraHuveckre U okoyio 98 % Bcex pacCTBOPEHHBIX BEUIECTB,
a TaKke OOJIBIIYIO YaCcTh PACTBOPEHHBIX cojeit [7, 15, 17].

[TpuHIMI MEMOpPaHHBIX MPOLIECCOB COCTOUT B MPOMYCKE MCXOIAHOM BOIbI
M0J1 IaBJICHUEM Yepe3 MOIYNPOHUIIAEMYI0 MEMOpaHy, B pe3yJibTaTe Yero UCXo/I-
Has BOJA JICJIUTCSl Ha OYMILEHHYIO BOXYy ((pUiIbTpaT) U CKOHLUEHTPUPOBAHHBIN
pacTBOp (KOHILIEHTPAT).

OCHOBHBIMH TIPEUMYILECTBAMH MEMOPAHHBIX TEXHOJOTMU SIBIAIOTCS: BbI-
cokasi 3(()eKTUBHOCTh OYMCTKU BOJIbI, HU3KHE 3aTPaThl HA JIEKTPOIHEPTHIO, KO-
JIOrHYecKasi 0e30MacHOCTh, MPOCTOTA B AKCIUTyaTalluu, IJIUTEIbHBIA CPOK CITYHKObI
(mpu MpaBUIIBHOM U CBOEBPEMEHHOM MPOMBIBKE MeMOpaH). K HemocTaTkamM MOKHO
OTHECTH BBICOKYIO CTOMMOCTh O0OPYJOBaHUS, €0 AKCIUTyaTalluu, 00CTYKUBAHHS
Y PEMOHTA, a TAK)KE OOJIBLION pacX0J] ANEKTPOIHEPTUU.

TexHonorust 0OpaTHOro ocMoca sl ONPECHEHHSI MOPCKOM BOJABI 3aKJII0OYA-
€Tcsl B TOM, YTO BOJAA MOJ JaBJICHUEM MPOXOAMUT yepe3 Mejbyuaiine (uibTphbl,
B pe3yJbTaTe 3TOT0 COJAEPKAHHUE COJIEW CTAHOBUTCS OY€Hb HU3KUM. CTeneHb
OYUIICHHS U MPOU3BOIUTEIBHOCTE MEMOPAHBI 3aBUCAT OT TaKUX (PAKTOPOB, KaK
KOJIMYECTBO COJIM B HCXOJTHOM ChIPbE, COJIEBOM COCTaB, TEMIIEpaTypa U J1aBJICHUE.
Ha pucynke 3 npezacraBieHa TEXHOJIOTHYECKAsE CXEMA OYUCTKH BOJBI C MCIOJIb-

30BaHHMEM MEMOPAHHBIX TEXHOJIOTHIA.

[Tpumecu
Hcxonnas Hacocnas Lo of KoHmenTpar
BOJa CTaHLIHA ol -
| y
OuisTpar MewmOpana

Pucynok 3 — TexHosioruueckasi cxemMa O4MCTKH BOAbI
C IPUMEHEeHNEeM MeMOPAHHBIX TEXHOJIOT UM

Figure 3 — Technological scheme of water
treatment using membrane technologies
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[TpenmytecTBaMu 0OOPATHOTO OCMOCA SIBIISTIOTCS: BEICOKUM MTOKA3aTelb CTe-
MEHU OYHMCTKHU BOJBI (0KOJIO 99 %), Manoe aneKkTporoTpedaeHre, IKOHOMUS Ha
peareHTax, OTXObl, IOJy4aeMble B MPOIECCE BOJOIMOATOTOBKH, HE TPEOYIOT J0-
MOJTHUTEIHHON O0YrCTKA. OCHOBHOM HEOCTATOK — BBICOKAsk CTOMMOCTh MEMOpaH-
HBIX QUIBTPOB. [loMuMO 3TOrO, MEMOPAaHBI OOPATHOTO OCMOCA YYBCTBUTEIILHBI KO
MHOTHM 3arps3HSIONIMM BelecTBaMm, it 3(pPeKTUBHOCTH pabOThl CUCTEMBI Tpe-
OyeTcs nmpeaBapuTeIbHAsS BOJIOTOATOTOBKA [7, 14].

MeTto/1 TOATOTOBKUA BOJBI C MCIOJIB30BAaHUEM HMOHOOOMEHHBIX (DUIBTPOB
OCHOBaH Ha MPUMEHEHUU MOHOOOMEHHBIX CMOJ (MOHHUTOB) JJiI 00€CCOTMBAHUS
BOJIbl. B aHHO#M TEXHOJOTUU MOKET HUCIOIh30BaThCA OJIUH (PUIBTP CO CMOJIOM

CMCIHIaHHOI'O I[GﬁCTBHfI 0o JABa (1)I/IJII)Tpa, CTOAIIUX ITOOUCPCAHO, CO CMOJIAMH B

dopme H" 1 OH™ . [Ipu ncrons30BaHHH HOHOOOMEHHBIX (PHILTPOB HOHOOOMEH-
Hasl CMOJIa 3a/ICPKUBACT BCE MOHBI M HACKHINIACTCS UMH. Y TIpaBJiIcHUE QUIBTPaAMHU
OCYIIECTBIISIETCS C MOMOINBIO KOHTPOJBHBIX OJIOKOB, PETYJIUPYIOMIUX TPOIIECC
AKCIUTyaTauu U perenepamuu [10].

[TonHas 3ameHa cMOJIbI B YCTAaHOBKAaX € OJHUM (PHILTPOM HE00X01MMa To-
cie cHKeHus1 YQPEKTUBHOCTU €€ paboThl, KOTJa B XYAIIYI0 CTOPOHY M3MEHS-
IOTCS TTOKa3aTeau Bonbl. J[s BapmaHTa ¢ ABYMsI (PMIIBTpaAMU TIOCIIE HACBIIECHUS

AHMOHAMH M KaTHOHAMHM OCYIICCTBJIACTCA UX PETCHCPANUA C IMOMOIIBIO pearcH-

ToB: Ha pubTp H' momaercst KUCIOTHBIN pacTBop, Ha GpuisTp OH™ — mienodHoit
pactBop. [IpenmyriectBoM 06pabOTKH BOABI HA HOHOOOMEHHBIX (DUITBTPAX SIBIIS-
€TCsI JIOBEJICHUE BOJIBI JI0 BHICOKOTO KauyecTBa, a TAKKE CTOMMOCTh HOHOOOMEH-
HBIX CHCTEM, KOTOpas B HECKOJIBKO pa3 yCTyHaeT CUCTeMaM O0OpaTHOTO OocMoca U
anektpoaunanu3a. OCHOBHOM HEIOCTATOK JAHHOTO METOJIa 3aKII0YaeTCsl B TOM,
YTO MPOMBIBHBIE BOIBI 3aTPS3HIIOT OKPYKAIOIIYIO CPEIy, IOMUMO 3TOTO, TpeOy-
IOTCSI CYIIIECTBEHHBIC 3aTPAThl HA PEareHThl M YTHIIM3AIMIO CTOKA TOCTIE pereHe-
panuu QUIBTPOB.

N3BecTeH Tak:ke METOT AJIEKTPOICUOHU3AIUY, SIBISFOIIMIACS (D (PEKTUBHOM

TEXHOJIOTHEH MeMOpaHHOTO 00ECCOTMBAHMSI BOJIbI, OCHOBAHHOW Ha MPOIYCKE MO-
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TOKa 4epe3 dJICKTPUUECKOe IMoJie. Y CTaHOBKA 3JIEKTPOJICHOHU3AIMU COCTOUT M3
TpeX MOJyJICH: OJIOK JUIs OYMINEHHON BOABI U J1Ba O10Ka /st paccona. [lom meit-
CTBHEM 3JICKTPUIECKOTO TOKa PAaCTBOPEHHBIE B BOJIC BEIIECTBA MEPEMEIIAIOTCS K
MOJIIOCaM U 3aJIepKHUBAIOTCA Ha MeMOpaHax. OTpHIIaTeNbHO 3apsKEHHBIE HOHBI
UAYT K aHOAY, a TOJIOKHUTEILHO 3apsbkeHHBbIE — K Katomy. [loaroroBieHHas Ta-
KAM METOJIOM BOJIa UMEET JOCTATOYHYIO CTETICHb OYMCTKHU IS HCTIOJIb30BaHUS B
MEIUIIMHE U MUKPOIJIEKTPOHUKE. MeTo/ 3MeKTpOoIEHOHU3AINK O0IbIINX 00be-
MOB BOJIbl SIBJIIETCSI JOCTaTOUYHO DHEPro3aTpaTHBIM, YTO MPEMSTCTBYET €ro IIu-
poxomy npumMenenuto [10, 16].

DIEKTPOIUAINA3 — METOJ, IPU KOTOPOM BOJHBINA MOTOK MPOITYCKAIOT Yepe3
KaMepy C JIEKTPOJIaMH, B Pe3yJIbTaTe Yero KaTHOHBI U aHUOHBI PaCTIPEICIIIOTCS
Ha COOTBETCTBYIOIIMX 3JIEKTpojiaxX (pucyHok 4). KaTHoHUTOBBIE MEMOpaHBI TIPO-
HUIIAEMBI B AJICKTPUYCCKOM TIOJIE ISl KaTHOHOB, HO HEMIPOHUIIAEMBI JJII aHHUO-
HOB, 2 aHHOHHUTOBBIC MEMOpaHbI TIPOHHUIIAEMBI JIsI aHHOHOB, HO HETPOHHUIIAEMBI
JUTSI KATUOHOB, B OMPECHUTENILHBIX KaMepax MPOUCXOMUT CEICKTHUBHOE pasfielie-

HUE OIpEJICTICHHBIX TUIIOB HOHOB coJieit [9].

AHOZ
Karon

Paccon h—»
B CTOK OnpecHeHHas

BOJa

1 — xamepa onpecHsIeMOW BOJIbI; 2 — KaMepa paccoJa;
3 — anmonuToBas MemMOpaHa; 4 — KATHOHUTOBAsi MeMOpaHa

1 — desalinated water chamber; 2 — brine chamber;
3 — anion exchange membrane; 4 — cation exchange membrane

Pucynok 4 — CxemMa yCTAHOBKH 3JIEKTPOAHAIN3HOTO ONPECHUTEJIsS

Figure 4 — Installation scheme of an electrodialysis desalination plant
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JIOCTOMHCTBO JTaHHOTO COc00a ONMPECHEHUS MOPCKOW BOJIBI — MCIOJB30-
BaHUWE XUMHUYECKH U TEPMHUECKU CTOMKHUX MEMOpaH, MO3BOJISIIONIMX OCYIECTB-
JSTh OYUCTKY NP BbICOKOM Temneparype. Henoctatok — 3¢ (eKTUBHOCT TOJIBKO
pU HEOOJBIINX 00BEMaX BOJABI U HEBBICOKOM COZCPKAHUH COJICH.

Haubosnee nomysnsipHa TEXHOJIOTHS JUCTUIUISIKU (0OBIYHASL MJIM MHOTOCTa-
JIMiTHas ), OCHOBAHHAsI HA CBOMCTBAX BOZBI 3aKUIATh MPH BBICOKHX TEMIIEPATypax
u oOpas3oBbIBaTh nap. IlyreM AMCTHIUIALIMOHHON OOpPaOOTKM MOPCKHUX BOJ IOJTY-
4ar0T OOJIBIIYIO YacTh IPECHBIX pecypcoB. MeTon ncnonb3yercst 6€3 NpuMEeHEHUs
XUMHUYECKUX BEIIECTB, a BbIIEsieMas B TIPOIlecce padOThl TEIIOBast YHEPTHUS MO-
KeT ObITh MCHOJB30BaHa JJIA pa3iMuHbIX Leneil. OCHOBHAs 4acThb 3aTpar MpHU
OCYILECTBJIEHUH JIFOOOTr0 BapHaHTa Ipolecca JUCTUIUIALUA MOPCKOW BOJBI CBS-
3aHa ¢ OOJILIIMMHU MOTPEOHOCTSIMH B TEIUIOBOM 3Hepruu. [lomumo 3Toro, B mpo-
1ecce 00OpadOTKKU AUCTUIUTMPOBAHHAS BOJA JIMIIAETCS MUHEPAIBbHBIX BEIIECTB, HE
o0siafaeT HeOOXOIUMBIMU KUCIIOTHOCTBIO U KECTKOCTBIO, UTO JIENIAeT €€ HEeNpu-
TO/IHOM J1J1s1 TUTHEBOTO BOJOCHAOXKEHHUS, IPUMEHEHHE €€ BO3MOXKHO JIMILb B MPO-
MBIIIICHHBIX HETISX.

["a3oruapaTHeIil METOI OCHOBBIBAETCSI HA CIIOCOOHOCTH YTJIEPOJIHBIX T'a30B
NP OINpPEAEIICHHOM JaBJIEHUU U TEMIIepaType co3[aBaTh C Yy4aCTUEM BOJbI CO-
€AVMHEHUS KJIaTpaTHOro Tuma (razoruaparsl). ColeHy0 BOAY 3aMOPaKUBAIOT, 3a-
TeM 00pabaThIBAIOT Ta30M, BCIIEICTBUE YeTO (POPMUPYIOTCS KPUCTAIUTBI, KOTOPHIE
OTIIETISIFOT OT Paccoiia, MPOMBIBAIOT, TJIABAT, U B UTOTE MOJIYYalOT YUCTYIO Ipe-
CHYIO Boay [16].

JIJi onpecHeHus: MOPCKOM BOJbI MCMOJIB3YETCSl caMoe pazHoe 000pyoBa-
HUE, B T. Y. ONIPECHUTENH, paboTaroIie Ha COIHEYHOU sHeprun. B HUX 3amuBaert-
Csl BOJA, KOTOpas IMOJ BO3IAECHCTBHUEM COJIHEYHOIO TEIUIA MPEBPAILAETCS B Map,
KOHJICHCHPYETCSl Ha CTEHKaX KOpIyca M 3aTeM OCelaeT B HIKHEH yacTu mpudo-
pa. B I0KHBIX perMoHax akTUBHO MCHOJB3YIOT COJIHEUHBIE ONPECHUTENH, B KOTO-

PBIX TMPOUCXOAUT HArPEB U HCMapeHrue MOPCKoil BoAbl. CyIlECTBYET U MPOTUBO-
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MIOJIOXKHBIN CIIOCO0, MMPU KOTOPOM COJICHYIO BOAY 3aMOPaKUBAIOT, a 3aT€M OT/e-
JISIIOT OT Hee MPECHYI0, MTOCKOJIbKY OHA 3aMmep3aeT obicTpee [18, 19].

JIist 1ieneit MUTheBOTO BOJIOCHAOKEHUST Harbosiee 3(hPEKTUBHBIM U SKOHO-
MHUYECKHU BBITOJIHBIM SIBJISIETCSI METOJI OTIPECHEHMSI BOJBI C UCIOJIB30BAHUEM TEX-
HOJIOTUH OOpaTHOrO OCMOCa, MPUMEHSIEMbIH KaK JiJIi MOPCKHUX, TaK M Ui TO/I-
3eMHBIX BOJI C BBICOKOM MuHepanu3auued. B otnuyre oT oObIYHBIX 00paTHOOC-
MOTHYECKUX YCTAHOBOK, pa0OTaIOIMIUX MpU JaBieHuu 10 20 aTM., B OIIPECHUTE-
JsIX 00OpaTHOTO OcMoca JIsi MOPCKOM BOABI cO3MaeTcs AaBieHue 10 25—60 atm.
MemOpaHbl TPOU3BOJIAT U3 BOJOKHUCTOTO MOJIMAMUJIA WM alleTara eJUTFOJIO3bI.
Jlyis mposieHus Cpoka CIIy»KObl MeMOpaH UCTIOIb3YIOT HMHTHOUTOPBI 0CAAKO00pa-
30BaHUs, MPOBOIUTCS IEPUOANUECKAS XUMHUUECKasi MPpoMbIBKa [ 14].

Pabota 00paTHOOCMOTHYECKUX CUCTEM SIBIISIETCS] aBTOMAaTUYECKOM, ¢ OoJiee
JUTUTEIIHLHBIM BpeMEeHEM 0€30TKa3HOM pabOThl M COKpAIlIEHUEM BPEMEHU MPOCTOS
pu 00CTY)KMBAaHWH, YTO 0OeCTIeYMBaeT 0oJiee BHICOKYIO MPOU3BOAUTEIHLHOCTD U
HAJICKHOCTh MO CPAaBHEHUIO C CYHIECTBYIOIIMMU YCTAHOBKAMH OYMCTKH BO/IBI.
TexHomorus 0OpaTHOTO OCMOCAa HMMEET 3HAYUTENbHbIE MPEUMYIIECTBA Iepe]
METO/JIaMH TEPMUUYECKOTO OIMPECHEHUSI, OCOOCHHO KOTJa MPUMEHSETCS K He-
OOJIBIIIMM yCTaHOBKaM HEOOJBIINX CHUCTEM MUTHEBOTO BOAOCHAOXeHus. Mc-
MOJIb30BaHNE 0OPAaTHOOCMOTHUYECKUX YCTAaHOBOK TMO3BOJUT 3HAYUTEIHHO MOBBI-
CUTbh ITPOU3BOJIUTEILHOCTh B BUJIC BBIXOJa MUTHLEBOW BOJBI HA BATT MOTpeOJIsie-
MO 3eKkTposHeprur. OOpaTHBIN 0CMOC — TEXHOJIOTHS, 00ecTieyrBaroIias coJe-
TaHHE BBICOKOUW MPOU3BOIUTEIBLHOCTU, SHEPTOd(PGHEKTUBHOCTU U CPABHUTEIHLHO
HHU3KOU cToumocTH [20].

JIroboe TeXHUUYECKOoe pEIIeHUE ONMPECHEHHUs BOJIbI CBS3aHO ¢ MpoOIeMoit
YTHIM3AIMKA 00pa3yIoIIerocsi B MpoIecce BOAOMOATOTOBKM KOHIIEHTpaTa (pacco-
na). KoHlleHTpaT nMeeT ypoBeHb COJIEHOCTH B 1,6—2 pa3a 0oJblle, 4eM y UCXO/I-
HOM (MOpPCKOW) BOJIbI, IOMUMO 3TOTO, B €r0 COCTaBE HAXOMATCS Pa3jINuYHbIE XU-

MHYCCKHE BCIICCTBA BBICOKOM KOHICHTpAaHM, TaKMC KaK TUIIOXJIOPUT HATPH,
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XJIOpU KeJe3a, XJOPHUA aIOMUHUS, TUAPOCYNb()UT HATpUs, CepHasl, COJSIHAs
KHUCJIOTHI ¥ IPYTHUE COSAMHEHMUS, a TAK)KE MPOIYKTHI MX pacnana. Beicokas MuHe-
payii3anysi KOHIIEHTpATa, MPEBBIMIAONIAs JTOMyCTUMBIE YPOBHHU, HE TO3BOJISCT
MIPOBOAUTH OMOJIOTHIECKYIO OYMCTKY CTOYHBIX BOJ HA OUYHUCTHBIX COOPYKCHHUSIX.

[Tpobnemy oOpabOTKK U MadbHEHIEH YTUIN3alliKd MOOOYHBIX MPOIYKTOB,
OKa3bIBAIOIINX HETATUBHOE BIMSHUE HA OKPYKAIOIIYIO CPETY, BOZMOYKHO PEIIHTB,
MIPUMEHSIS TEXHOJIOTHH U3BJICUEHUS COJIEH, METAIOB U IPYTUX MPOTYKTOB U3 TO-
JY4EeHHOTO KOHIIeHTpaTa. M3BieueHrne pecypcoB M3 OMPECHUTEIHLHOTO paccoiia
MO3BOJISIET MUHUMH3UPOBATh BPETHOE BO3JICHCTBHE HA OKPYXKAIOUIYIO Cpedy, a
TaK)K€ CHU3UTh CTOUMOCTh OTIPECHEHHMSI 3a CUET MOJTyueHus 10x00B [7, 21].

BoiBoabl. BHenpeHne coBpeMEHHBIX TEXHOJOTMA U BHUMATEIILHOE OTHO-
IIEHHE K BOAOMOTPEOICHUIO UTPAIOT 3HAYUTEIBHYIO POJIb B COXPAHEHUU BOIHOTO
OanaHca B pa3HbIX cTpaHax. MacmTabHOe MCTIOIb30BaHUE ONPECHEHHBIX BOJI CHU-
3UT Harpy3Ky Ha BO30OHOBIIIEMbIEC TIPECHBIE NCTOYHHUKH, 4TO, O€3yCIIOBHO, Oaro-
MIPUATHO CKAXETCS Ha SKOJIOTUIECKON 0OCTaHOBKE BO BCEM MHUPE.

Haubonee sKOHOMUYECKH BBITOJHBIM U I(PGEKTUBHBIM SIBISETCS METOJ
OTIPECHEHHS] MOPCKOW BOJIBI HA 0OPATHOOCMOTHUYECKUX YCTAaHOBKAX. TEXHOIOTHS
0o0paTHOTrO 0OCMOcCa, MPUMEHsAeMas KakK I MOPCKUX, TaK U JUISl TIOJ3EMHBIX BOJI C
BBICOKOW MHHEpaJIU3aIlfel, coueTaeT B ce0e BHICOKOE KaueCTBO OYMCTKU BOJIBI,
BBICOKYIO TPOM3BOJIUTEIIBHOCTh, HU3KHUE DHEPro3arparhl, MPOCTOTY U YI0OCTBO
AKCIUTyaTaIliH, a TAaK)KE CPABHUTEILHO HU3KYIO CTOMMOCTH BCETO IMpoIlecca BO-
JIOTIOZITOTOBKH.

Hecmotpst Ha TO, 4TO YCTaHOBKM 00ECCOTMBAHMSI M OTIPECHEHUS BOJIBI BECh-
Ma JIOPOTOCTOSIIIN, COXPaHEHUE TIPUPOTHBIX BOJI SBJISICTCS HA CETOTHSIIHUN JIEHb
NPUOPUTETHBIM. Bpinenenne HeoOxoaumoro (UHAHCHPOBAHUA Ha Pa3pabOTKy
YCOBEPIIIEHCTBOBAHHBIX U BBICOKOI(D(DEKTUBHBIX TEXHOJIOTHI OMPECHEHUSI BOJIBI,
Ha CTPOUTENBCTBO M AKCIUTyaTalMIo0 MPEANPUATHII TIO ee nepepaboTke ceiyac mo-

3BOJIUT M30€KaTh TTI00ATHFHOTO BOJHOTO KPHU3KCA B OYIyIIIEM.
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