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BbBenenne

YepHOMOpCKaTa BOJa € CIIOKHA cMecC ChabpiKaia Boaa — 96,5%, conu — 2,5%, pa3TBo-
PESHHM Ta30Be, KAKTO M BEUIECTBA OT OPraHUYCH U HEOPTraHWYCH MPOU3XO/I.

Haii-pasnpocrpanenure HWoHM Ha Mopckara Boja ca: xsnopunnure (Cl-), narpueBure
(Na+), cyndaraure (SO,2—), marHesueutre (Mg2+), kanmnueBute (Ca2+) W KanueBuTe
(K+). ITo Termno Te3u HOHM CHCTABISIBAT OKOIO 99% OT BCHYKH MOPCKH COJIH, KaTO KOJIU-
94EeCTBOTO UM B 00€M MOpPCKa BOJa MOXKEe J1a Bapupa. XUMHUYECKa XapaKTepUCTHKA Ha BOJIA-
Ta 3a CHABPKAHUETO Ha COJI B MOPCKA BOJIA CE OMpPEIeIs OT CONCHOCTTa (S) — KOJIMIEeCTBO-
TO COJH, ChABPIKALIO ce B 1 M’ BOJIa, a CONEBOTO ChABPIKAHHE CE H3PA3iBa C MEPHATA €/IU-
HUIIa TPOMIIL.

Conenoctra Ha YepHOMopcKkara Boja B bypracka obmnact e 16000-18000 mg/l. Upes
00e3coNsIBaHeTO Ha MOPCKA BOJAA CE€ IOCTHTA Ciagka 00e3COJeHa BOJA M MOJIYYBAHETO Ha
COJI 3a XPAHUTECIHU U ITPOMHUIIIICHU HYX/IU.

I. O630p Ha MeToaUTE 32 00€3c0/IABaHE HA MOPCKa BOJA

ConenocTra Ha MOpCKaTa BoJa 5 OMpeJeNsi KaTo HerojHa 3a JUPEKTHAa KOHCyMallusl.
Upe3 00e3CcosIBAHETO € MOCTHra M3IMOI3BAHETO M 33 PA3IMYHHA TEXHOJOTHYHH M OHUTOBU
Hy)au. TepMuuHHuTe (IECTHIANNATA, U3MAPEHUETO) U MEMOpaHHUTE Mpolecu (oOpaTHaTa
0cM03a) ca 0a3upaHu KaTO OCHOBHHU TEXHOJIOTHH 3a 00e3coIsiBaHe Ha Mopcka Boaa [1,2,3].

Jpyru mporecu ca CBhp3aHH ¢ HOHOOOMEH, €ICKTPOIHUANIN3a, 3aMpa3siBaHe, XHPO/IU-
HAMHUYHO OTIHCNsHE (cemapupaHe) W T.H Bb3 OCHOBa Ha TE3W TEXHOJIOTHH CE U3TPa¥aaT
LIEHTPAJIU 3a TPETUPAHE HA MOPCKaTa BOJa.

Pasnpenenennero Ha W3MON3BaHE HA PA3NUYHATE TEXHOJOTHH B CBETOBCH MaIad e
cineqHoTo: 71.5% OT 00e3cosieHUTE BOAM ca MOydeHH Ype3 MpoIecH Ha Aectumanus, 19%
npu obpartHa ocMo3a, 9.4% nipu enexrpoananusa u 0.1% npu 3ampassiBaHe 1 HOHOOOMEH.
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1. decTuianus

I[GCTI/IJ'IaL[I/IOHHI/ITC IIpouecHu CE€ OCHOBABAT Ha IpPHUHIIUIIA, Y€ IPHU HArpABaHE, 10 CHC-
TOSAHHWE Ha KUIICHE, BOJZaTa C€ IMPEBPbBIIA B JICTIMBO CHbEIUHCHUE, a COJIUTC it He. Ocobe-
HOCT HO Ta3u TEXHOJIOTUA €, 4€ € CHEPTOoCMKa.

1.1 Memoo na memopanna decmunayus (Membrane Distillation, MD) — BkirouBa
xuApohoOHa MeMOpaHa ¢ ompe/ieiieHa TOJIEMIHA Ha MOPHUTE, OT €AHATA CTPAHA Ha KOSTO Ce
3arpsBa MOpCKaTta BOja, IOKaTo Jpyrara CTpaHa ocTaBa CTylneHa. TeMmepaTypHara pasiiu-
Ka MEXIy TOpCIIUTe U CTYICHHUTE CTPAaHH Ha MeMOpaHaTa NMPUYHHSIBA MAPHOTO HAISITAHE
Ha KOHIICHTPHPaHUsI Pa3TBOP Aa ObJe MO-BHCOKO OT TOBA Ha CTyJEHATAa TEYHOCT, B PE3yJ-
TAaT Ha TOBA, BOJATa 3all04yBa Ja Ce M3IapsBa IIPU ropeliara crpaHa Ha MemOpaHara, mpo-
HHKBA TIPe3 MeMOpaHHHUTE IOPHU U CIle]] TOBAa KOHICH3MPA B YNCTA BOAA.

MD cucremure morar aa O6paT Kiacu(UIpaHU B YETHPH KOH(PHUTYpalWH, CIIOPEN
XapakTepa Ha CTy/ieHaTa CTpaHa Ha MeMOpaHaTa:

* Mem0Opana ¢ JupexkTeH KOHTAKT 3a gectujaanusa (Direct Contact Membrane
Distillation, DCMD) — memOpaHata € B IpsiKk KOHTaKT caMO C Te€UHH (ha3u - CoJieHa BOAa
OT e/lHaTa CTpaHa u mpsicHa Boja oT apyrara. DCMD e Hall-IMpoKo M3MO0JI3BaH METOJ 3a
o0e3cossiBaHe M KOHIIEHTPHpaHE Ha BOJHU Pa3TBOPH. [Ipu Hero kakTo ropeuius pasTBop,
TaKa M CTyJICHHs IlepMear ca B AUPEKTEH KOHTAKT ¢ MemOpaHara. [lapoBust nbt 3a qudy-
315 € OTpaHHYeH JI0 TIOPUTE Ha MeMOpaHaTa | CJIeI0BATEIHO HAMAJISIBA CHIIPOTHUBICHHETO
Ha Macara ¥ ToIiooOMeHa. TeyHMAT rmepMear JAeHCTBa KaTO OXJIaKAaIlla TeYHOCT W IOC-
TOSIHHO IIUPKYJIMPA, 32 Aa C€ KOHAEH3UpAT MapuTe HAIlbIHO B MEMOpPaHHUS MOAYJ, KBJETO
JIECTHJIATHT C€ CMECBa C OXJaKAaIaTra TeqHOCT. XuapodoOHOCcTTa HAa MeMOpaHaTa BB3IIpe-
ITCTBA IPOHMKBAHETO Ha KOHJCH3MpPAHaTa Iapa npe3 MeMOpaHHaTa MaTpHUIa U MOJAbpPKa
CBCTOSIHMETO TeuHOCT-apa. Benpekn, ue DCMD ocurypsiBa BUCOK IlepMeaTeH NOTOK, 3Ha-
YUTETHO KOJIMYECTBO TOILIMHA ce pa3celiBa upe3 MPOBOAMMOCTTa Ha MeMOpaHHATa MaTpH-
11a, TOpaay HEMPEKbCHATUS KOHTAKT MEXIYy TOPELHs U CTYAEHHS MTOTOK, OPaJH KOETO ce
NpOsIBSIBa HUCKA €(DeKTHBHOCT;

* Bakyymna MemOpanHa gectwianus (Vacuum membrane distillation, VMD).
Bakyymna memOpanna pectwinanust (VMD) e cpen Haii-OmarompustHure MD meronu.
Muxkponopectute xuapogoOHn MeMOpaHH ce U3IONI3BAT 32 OTAEISHE Ha BOJHHUA IIOTOK OT
rasoBata (paza, moagbpKaHa MOJ BakyyM. M3napeHneTo Ha TEUHHS IMOTOK CE€ M3BBPIIBA OT
e/lHaTa CTpaHa Ha MeMOpaHa, a MPEHOCHT HA Maca Ce OCBIIECTBSBA Ipe3 MapoBaTta (asa
BBTpPE B MeMOpaHaTa. Bb3cTaHOBSBaHETO HAa MAPHUTE CE M3BBPIIBA U3BBH MEMOPAHHUS MO-
IyJ OT BBHIIEH KOH/AeH3aTop. Hann4ueTo Ha BakyyM OT CTpaHaTa Ha TepmMeara MO3BOJIsABa
MO-TOJISIM TPAJIMCHT Ha NMapLIUaTHOTO HAIATaHE M Hajlara JONbIHUTEIHA ABHKEIIA CHIa Ha
Iporieca, KOETO OT CBOS CTpaHa BOAM JI0 MO-BHUCOKA CKOPOCT Ha MPOU3BOACTBO Ha JECTHIIA-
sl B CpaBHEHHE ¢ Apyrute meroau Ha MD. VMD merona Boau 10 HE3HAUUTETHU 3aryou
OT TOIUIONPOBOAHOCT, KOETO € IMPEeAUMCTBO IIpej OCTaHaIuTe MeToau. M3momn3Ba ce 3a oT1-
CTpaHsIBaHE KaTo 3a OPraHWYHH, TaKa U 3a JICTJIMBH ChEeMHEHUS OT BOJICH Pa3TBOP.

* MeMm0OpanHa JecTWJIAlMsi Ha BB3AYIIHA Me:xauHa (Air gap membrane
distillation, AGMD) — mocTtaBs ce BB3AyIIHA MEXKIWHA MEXIy MeMOpaHaTa M KOH/ICH3a-
oHHaTa moBbpxHOcT. AGMD BbBerka 3abIHEHA ¢ BB3AYyX KyXHHA MEX1y MeMOpaHaTa
1 KOHJICH3AIIMOHHATa IIOBBPXHOCT, B KOMTO cilydail mapute TpsAOBa Jja MPOHUKHAT IIpe3 Jie-
OennHaTa HA MeMOpaHaTa M TOIBJIHUTEIHO MPe3 Bh3AYyIIHATA MEXK/IMHA, IPEIH Ja TOCTHT -
HAaT JI0 CTyJEeHaTa MOBbPXHOCT. BBB3AynIHaTa MEXIMHA JIEHCTBA KAaTO TOTUION30JallHOHEH
CJIOH MEKTy TOPEIIOTO NOAAaBAaHE U OXJIaXJalaTa MOBbPXHOCT, KOETO BOJIH IO 3HAYUTEIIHO
HaMalABaHE Ha TOIUIMHHMUTE 3aryOM 4pe3 NMpOBOAMMOCT INpe3 MemOpaHara. ToBa mpasu
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AGMD kato BHCOKO €HEepruiftHO e()eKTHBEH MeToa. M3mos3Ba ce 3a TpeTHpaHe Ha CHUITHO
KOHLICHTPUPAHH COJICBH PAa3TBOPH M 33 OTCTPAHSABAHE HA JICTIMBM CHEIWHEHUS OT BOJHU
pas3TBOpH;

* Merema ra3oBa MmemOpana aectuiaanus (Sweeping Gas Membrane Distillation,
SGMD) — u3nons3Ba ce MHEPTEH ra3 KaTo HOCHUTEN 3a Npou3BefeHara mapa. B SGMD
MHEePTHUAT Ta3 ce M3I0J3Ba 32 U3MHBAHE Ha MapHUTe OT CTpaHaTa Ha IepMeaTHaTa MeM-
Opana, 3a Ja KOHJIEH3Wpa M3BBH MeMOpaHHMs Moayl. Mma rasoBa Oapuepa, KakTo Npu
AGMD, 3a HamansiBaHe Ha TOIUTMHHHUTE 3ary0H; HO TOBa HE € HEIMOJBIKHO, KOETO MOBHU-
m1aBa KoeHUIMEeHTa Ha IPeHoC Ha Maca. Ta3n KoH(UTrypamys € Mmoje3Ha 3a OTCTPaHsSBaHE
Ha JICTJINBU ChEIUHEHHS OT BOZAEH pa3TBop. OCHOBHUAT HEJAOCTATHK Ha Ta3u KOH(pHUrypa-
s €, 4e MaJlbKk 00eM mepmeaT ce pa3NpbhCKBa B TOJSIM 00E€M Ha MOYKCTBAI] Ta3, KOETO
M3UCKBA T'OJISIM KOHJICH3ATOP.

Metogure AGMD 1 SGMD morar ia ce KOMOMHUpAT B MPOLIEC, HAPEUEH TepPMOCTa-
TH4YHa Jectwianus ¢ Mereoponornyna Meria (Thermostatic sweeping gas membrane
distillation, TSGMD). B T0o3u ciy4aii HHEpTHUAT a3 MpEeMUHABA Mpe3 MPOoLEena MEXIY
MeMOpaHaTa W KOHJCH3HATa MOBBPXHOCT. YacT OT mapaTa ce KOHIEH3Upa IO KOH/AEH3a-
oHHaTa noBbpxHocT (AGMD), a ocrananara yacT ce KOHJEH3Mpa U3BbH MeMOpaHHATa
KJIETKa OT BBHIIICH KoHjeH3aTop (SGMD) [4, 5, 6].

Toit kato AGMD u DCMD He ce Hy*aasaT OT BBHIIEH KOHIEH3aTOp, Te ca Hal-IoaX0-
TN 33 TMPHJIOKCHUS, KBAETO BOAaTa ¢ MPOHUKBANMAT MOTOK. SGMD u VMD o00ukHo-
BEHO C€ M3II0JI3BaT 3a IpeMaxBaHe Ha JICTJIMB OPraHWYeH WM Pa3TBOPEH ra3 OT BOJCH
pas3TBOp.

1.2. Muozocmenennu ¢nawm npoyecu (Multi-Stage Flash Distillation, MSFD) — me-
TOJ MpU KOWTO MOpCKaTa BoJa C€ M3MapsiBa MOCIEIOBATENHO B HAKOJIKO KaMEpH, B KOUTO
HaJISITaHEeTO MOCTENEHHO ce HaMansaBa. Beekn mocnenoBaTesneH etan QyHKIMOHMpPA IIPH T10-
HHCKa TeMIlepaTypa 1 HajsiraHe oT npeaunmans. MSFD Metona ce Hamara KaTo CKbIla TeX-
HOJIOTHUS 3a MPEYNCTBaHE, M3UCKBAIA OIPOMHO KommdecTBO Ha eHeprus. MSFD nentpanu-
TE€ ce MPENopPhYBAT TaM, KbJETO Ca HAJMYHH TOJIEMH KOJIMYECTBA €BTHHA WM OTIAJbUHA
eHeprust (HarnpuMep KOHBEHIIMOHAIHY eJIeKTpoueHTpain). [loBedeTo nHCTamanuy Ha eHT-
panu 3a MSFD ce ekcrutoaTupart B KOreHepanus ¢ eJIeKTPOIEHTpaIa.

1.3. Myamu-konounama decmunayusa (Multi-Effect Distillation, MED) — npencras-
JsIBa HarpsiBaHE Ha MOPCKAaTa BOJA MPU BHUCOKA TEMIIEPATypa B IbPBUTE KOJOHHU U U303~
BaHEe Ha oOpasyBaHaTa Tapa 3a HarpsBaHE Ha CJIEABAINTE KOJOHM, KaTO HAKpas BOJAAaTa
koHzensupa. MED ce cbecTou OT mopenuna OT XepMETUYECKH 3aTBOpeHU enemMeHTH. [Ipu
BCEKHU €JIEMEHT Ce M3BBPILBA MOCIEA0BATEIHOCT OT MOCIEI0BAaTEIHH MPOLIECH HA KOH/IEH-
3alusl M M3NapsBaHe B HU3XOJII pell Ha TeMIeparypu u Hamsranus. Henocrarbk Ha Me-
TOJIa € HATPYIBAHETO HA KOTJIEH KaMbK BbPXY TPHOUTE Ha KOTeNa. 3a MUHUMU3UPAHETO Ha
e”epruitauTe pazxoxure MED mHcTananny ca BKIIOUYEHH KbM COJIapHATa JICCTUNALIHS.

1.4. Conapnama oecmunayusa (Solar destilation, SD) — usnomnssa ce ciapHUeBaTa
SHeprus 3a OChILIECTBsIBaHe Ha mpolueca aectiwianusi. Colure 1 MUHEpaJIUTE He ce H3napsi-
BaT ¢ BOJaTa. 3a JIa Ce OCHLIECTBY IPOIleca Ha JECTHIIALMS, CE U3IIOJ3BAT CI'IbHYCBH MaHe-
JH WM JUPEKTHO TOIUIMHHATA €HEeprHs Ha CIIbHLETO. [loBedeTo cucTeMu ca OOMKHOBEHH
CBIOBE C YEPHO IBHO, IIBJIHU C BOJA W MOKPHUTH C MPO3PAa4yHO CTHKIO WM IUIACTMAca.
CrpHUYEBaTa CBETIIMHA, KOSTO ce abcopOupa OT YepHHs MaTepHai, yCKOpsSBa CKOpOCTTa Ha
n3napenue. Hail-onmpocTeHUAT MoJIe B TEXHHYECKO OTHOLICHHE € TEXHOIOTHATa, Ga3upaHa
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Ha m3napureny. [IpencraBisBaT crienManHy NpU3MH, H3paOOTEHN OT CTHKIIO WM IIIacT-
Maca, B KOMTO CE U3JIMBa COJICHAaTa MOPCKa BO/A.

B pesynrar Ha TOBa CirbHUEBATa €HEpTrHs IOBHUINABA TeMIlepaTypaTa Ha Bojara. Teu-
HOCTTA 3aII04Ba J]a Ce M3MapsBa U ce yTasBa moj ¢popmara Ha KOHICH3 1o cTeHuTe. Kamku-
TE BOJIa, M3TM3AINH OT IIOTOKA Ha IMapa Ce YJIaBAT B CIEIHAIHU pueMHUIH. [1o To3n HaunH
ce Joctura KoepuuueHt Ha epekTuBHOCT 10 50%. M3mon3BaHeTo Ha eCTECTBEHH aJITepHa-
TUBHU CHEPTUIHHN M3TOYHHUIIM IIIe TOBEE A0 OTA3BaHETO M CHXPAHIBAHETO HA MIPHPOTHHUTE
pecypcen, ¢iuopata u ¢dayHaTa B JaJeHHUS PerHOH. PasriexaaHaTa TEXHOJIOTHS IIE JTOBEne
JI0 HelHaTa MOJepHHU3aIMs 1 Bh3BPbILIAEMOCTTa Ha TakuBa cucteMu. [Ipeaumctea SD me-
TOJIa € OTHOCHTEITHO €BTUHATA MMOUIPBKKA CHCTEMaTa, JINTICa Ha Pa3X0/H 3a EHEeprus, HiMa
JIBIDKEIM ce yacTH. HemocraThk Ha MeToJa BKIIIOYBA CE30HHO (YaCTHYHO) W3IOJI3BAHE,
0aBHa CKOPOCT Ha JECTHJIANNS, HE € TTOIXO/ISII 32 [T0-TOJIEMHU IIOTPEOUTENICKU HYK/IH.

OcobeH MHTEpec MpejcTaBiIsiBAT CHCTEMUTE 3a Bb3oOHOBsiema eneprus (BE), xouto
npeaaraT aqTepHATHBHU PEIICHUS 3a HaMalsiBaHE Ha 3aBUCHMOCTTA OT HM3KOIAEMH To-
puBa. O0muTEe MHCTANAMKU 32 00e3coisIBaHe HAa BH30OHOBSIEMH CHEPIHMHHHM W3TOYHUIM B
CBETOBEH Mamlad Bb3IHM3aT Ha KarmanuTeT noxa 1% oT To3u Ha KOHBEHIIMOHAIHUTE NHCTalla-
UM 3a o0e3consBaHe HAa MOpcka Boga [7,8,9].

CuHo ofemmaBaimia anTepHATHBA € M3MOJI3BAHETO HAa XHMOPHIHM METOIH, KaTo BATHP-
HO-CITBHYEBU CHCTEMH, BBHIHOBO-CTBHYEBH CHCTEMH, KaKTO W BKIIOUYEHH KBM JIPYTH OC-
HOBHH METOH 3a 00e3coiisiBaHe KaTo, poToBostanuHata (PV) TeXHOIOr s, KOSTO MOXKE 11a
Obae cBbp3aHa nupekTHO KbM RO cucrema u mp.

2. OopatHa ocmo3a (Reverse Osmosis — RO).

OO0parHaTa ocMo3a € MeToH 3a (PM3WUYHO pa3leNsiHe, KOSITO pasleisi Pa3TBOPUMUTE
BEIlleCTBa OT pa3TBopuTelsi. BomaTa ce IBMXKU KbM Pa3TBOpa C MO-HUCKA KOHIIEHTpALUS,
NpU KOETO ce MoJiaBa HajsiraHe 3a Ja oObpHe mpoleca — oOpaTHa ocmo3a. Hamsranero,
HEoOX0AMMO 3a MpPEAOTBpaTsBaHe Ha 0CMO3aTa, ce Hapu4ya ocMOTHYHO. [Ipu To3m mporiec
KOHLIEHTpaIMsTa Ha COJIM OT €JHAaTa CTpaHa Ha MeMmOpaHara HapacTBa, KOETO IOBHIIABa
OCMOTHYHOTO HaJITaHE M Hamals MPUTOKA Ha MpsCHA BOAa. 3a Jia ce MpeJoTBpaTH TOBa,
npe3 KaMepaTa HEeNPeKbCHATO Ce 110/1aBa HOBA MOPCKA BOJA, KaTO IMOTOKBT MPSICHA BOJA €
NIPOTIOPIIMOHANIEH Ha HaysiraHeto. MeMOpaHnaTta 3aabpka HOHWTE Ha pa3iuuHHU COJH, U
caMo HOHHWTE Ha BoJaTa W HSAKOM €JHOBAJIEHTHH HOHM MOTaT Jia MPEeMHHAT Ipe3 CTPYyK-
Typara .

MembpanuTe 3a oOpaTHa ocMo03a MOTraT Ja 3ambpxKar mosede oT 98% oT romeMute
MOJIEKYJTH, pa3TBOPEHH BHB BojaTa (MHUITpaT). Te MoraT ia 3aIbpKaT U HOHH OT IIbpPBa
BanenTHOCT kKato Na' u CI.

Bucokara pazaenurenta ciocoOHOCT Ha MeMOpaHaTa CriocoOCTBa 3a MOJy4aBaHETO Ha
MHOT'O YUCT (QUITPAT, KOWTO € OCBOOOJICH OT BCUYKH OPTaHUYHH ChEIMHEHHS U MUKPOOD-
raHn3Mu. MeMOpaHaTa He IPOITyCKa CHUIO Taka M OTMAJAHUTE HPOJYKTH OT KM3HEHATa
JIeHHOCT Ha OaKTepuH W MHUKpPOOpraHm3Mu. M3nons3BaHuTe MEeMOpaHU ca ¢ BHCOKa CelleK-
tuBHOCT. OOe3cosieHaTa BOJIa HE M3MCKBA JIOMBIHUTEIHO 00e33apa3siBaHe, KOETO s IpaBH
MOJIXO/ISIIIA 32 AUPEKTHA KOHCyManus. M30TepMuvHUuTe MEMOPAaHHM METOIM U3UCKBAT T10-
MAJIKO eHeprus oT TepMudHNTe. MeMOpaHnHarta GpuaTpainus paboT B HETPEKbCHAT PEXKUM,
MeMOpaHHUTEe HSAMAT HyXIa OT MOAMSHA S5-7 TOIWHM C IMpaBUIIHA MOJJPHKKA. Briousa
XMUMHYECKO YUCTEHE /IBa IIbTH B TOJIMHATA.

TexHonorusara Ha oOpaTHa OcMO3a HamHpa NPHIOKEHHE Haif-4ecTo B obyiacTra Ha
00e3coIsiBaHeTO Ha MOpCKa BO/a, GUITPHPAHETO Ha 100aBbUHA BOJA 32 BOAOHAIPEBATEIH,
NPOMHBAHETO Ha MPOJYKTH, MPOM3BOJICTBOTO Ha MHKPOEJIEKTPOHHKA, Ja0OpaTOpHUTE
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M3MUTBAaHMS, OMOTEXHOIOTHHTE U IIPH IPYTH MIPOLECH, 38 KOUTO € Heo0XoquMa MpedncTe-
Ha BOZA C BHCOKA CTEIIeH HA YHCTOTA.

Haii-uecto m3nmon3BanuTe MeMOpaHu 3a oOpaTHa ocMo3a ca U3PadOTEHH OT HENTyJI03eH
anerar (I{A) u ThHKOCIONWHM KoMIo3uTHH Marepuanu (thin film composite, TFC). OGuk-
HOBCHO HM3IIOJI3BAHHUTC KOH(bMpraIlHM Ha MeM6paHl/I ca OT CIHMpalHO HAaBUTU HJIU KYXH
BiakHa. ChueTaHUsATa OT KOH(PUTYypallMy U KayecTBa HA MEMOpPaHUTE OKa3BaT BIUSHUC Ha
e(peKTHBHOCTTA Ha CHCTeMaTa 3a 00paTHa 0CMO03a 110 OTHOIIEHHE Ha OTCTPaHsABAaHETO Ha 3a-
MBPCHUTEINTE U IIPOITYCKAaHETO Ha MaKCHMAITHO KOJIMYECTBO NMPEYHCTEHA BOJIA.

MemOpanuTe 32 00paTHa ocM03a ca KOHCTPYHpaHU Taka, 4e Jia ca YCTOMYMBU HA Bb3-
JEHCTBUETO Ha XUMHUYECKH BELIECTBA M MHUKPOOU; 1a ca MEXaHHYHO U CTPYKTYPHO CTaOWII-
HH CJIeJ] ONIPEe/ieNieH eKCIUIOATAallnOHEH MepHOJ; U Ja OTTOBApST HA )KETaHUTE M3UCKBAHHS
3a (punTpHupane.

CpLiecTBYBaT TPU OCHOBHHM TEXHUKH 33 ONTHMHM3ALHUSA, KOUTO MOTraT Aa IIOMOTHAT 3a
MOBHIIABaHE CTEIIEHTAa HA M3BJIMYaHE U CBHIIEBPEMEHHO Jla HAMAIAT OTPEOIEHUETO Ha BO-
Jla — TPEeIBApUTEIIHO TPETHPAHE HAa MPEYMCTBAHATA BOJIA, M3IIOJI3BAHETO HA YChBBPILCHCT-
BaHU MeM6paHI/I, U OIITUMU3AI U HA BOJHUS IIOTOK.

[TpesBapuTEIHOTO MPEYHCTBAHE HAa BOJIATa HA BXOJa HA CHCTeMaTa 3a o0paTHa ocMo3a
MOXe€ J1a HaMaJli 3aMbpCSIBAHETO HAa MeMOpaHara 1 110 TO3HM Ha4YMH Jia MOBUIIN 001I[aTa cre-
neH Ha u3Biau4aHe. [logaBanara Boja, B 3aBHCUMOCT OT MU3TOYHHKA U, MOXKE Jla ChABPKA
CYCHEHAMpPaHU M Pa3TBOPEHU BEIECTBA C Pa3IMYHU KOHLIEHTPALUH — KaKTO OpPraHWYHHU,
TaKa ¥ HEOPraHWYHH.

CycrnieHaupaHnTe YacTUIM MOTaT Ja ce OTJIOXAT IT0 MOBBPXHOCTTAa Ha MeMOpaHaTta,
3amymIBaliki TPHOHWTE 3a IOJaBaHaTa BOJa M IOBHIIABAWKM HAIOpHHUTE 3aryOH B IisuiaTa
cucteMa. Pa3TBopeHHnTE BelecTBa MOTaT Ja ce OTIENAT KaTo TBBpIa (as3a OT pa3TBopa U 1a
Ce OTJIOKAT KaTo KOTJICH KaMbK. [IpeaBapuTelHO IpeYncTeHaTa Bo/a, HaBJIM3alla B CUCTe-
Mara 3a oOpaTHa 0CMO03a, MOXeE JIa HaMalli HATOBapBaHETO Ha IOMIIAaTa, KOETO Jia JOBEle
JI0 TIOHIDKaBaHe Ha KOHCYMAaLUsATa Ha eJIeKTPOCHEePTHs.

CrpIecTBYBAT pa3iWYHM BHIOBE KOH(MUTYpAIlMM Ha CHCTEMHTE 3a O0paTHa ocMo3a —
€IHOCTEIICHHH, ABYCTEIICHHH, SAHOCTBIIAIHY U ABycThIanHu. CucTeMuTe 3a o0paTHa oc-
MO03a MOTaT Jja ChJbpIKaT OT €JJHa JI0 HAKOJIKO TPYIH ChAOBE MO HaJsraTe.

3. Enextpoauanu3sa — (Electrodialysis, ED).

O0e3coIsIBaHETO Upe3 eNIEKTPOIHaIn3a U3I0JI3Ba MOCTOSIHEH H3TOYHHUK HA TOK U pely-
BAaHC Ha KaTUOH-CCJIICKTHBHU MeM6paHI/I C AaHHUOH-CCJICKTHBHU MCM6paHI/I, KOUTO OTACIAT OT
BoJaTa pasTBOPCHUTE COJIM BbB BU/ HAa KATUOHU U aHUOHMH. Twi kaTo mpoueCcHT NpoTUYa B
€JIEKTPUYHO TI0JIe, EJIEKTPOJMAIN3aTa € B ChCTOSIHUE Ja peMaxBa HOHHM KOMITOHEHTH OT
pa3TBOpa, 3a pa3iuka oT o0OpaTHaTa 0CMO3a M AECTHIALUITA.

CosneHata BoJia ce IoJiaBa yCIIOPEHO B KaHAJIUTE MEXIy MeMOpanute. Katnonure n
AQHMOHHUTE CE IPHUJIBIKBAT B NMPOTHBOIIOJIOKHHN ITOCOKH KbM CHOTBETHUTE MEMOpaHHU B OT-
TOBOp Ha MPWIIOKEHOTO Hampexenue. OOMKHOBEHO MPOLECHT Ce pa3esisi Ha MHOTO CThII-
KM, 3a 71a € MO-MKOHOMHYEH U I10-JIeCHO KoHTpoiupaH. ED karo 1110 ce n3noi3Ba OCHOBHO
3a MMOJIYCOJICHH Bou. MeMOpaHHTe IIpH eNeKTpoIrain3ara [oJyIe)aT Ha 3almyIIBaHe. 3a 1a
ce TIpeIOoTBpaTH TOBA Ce MpHIIaraT IpomecH Ha oopaTHa enekrpoauanu3a (EDR). IIpu ToBa
pa3MeHsHe Ha KaHaJIWTe, HATPyNBaHUATA BBPXy MeMmOpaHUTe ce mpemaxsatr. [lomoGHO
peLIeHre YeCTO ce NpHilara U IpH CIIbHYEBUTE U BATHPHUTE FEHEPATOPH.

MeToabT He € MUPOKO M3ION3BAH OT IJIeJHA TOYKA Ha pa3XolIuTe 3a obopylBaHE U
pa3xoauTe 3a eNeKTPOCHEPTHS.
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4. MonooGmeH.

3a o0e3cossiBaHEe HA MOPCKH BOJIU CE TIpUJIaraT METOM C M3IOJI3BaHe HAa HOHOOOMEHHU
pereHepupaniu ce CMOJIM. B TaX ce M3MoN3Bar cliab0 KUCETU M C1ab0 OCHOBHH TPYIIH,
KOHMTO C€ U3MECTBAT OT IPYIUTE HA PA3TBOPEHHUTE COJNU. METOABT € peHTaOWIIeH U JaBa
JI00pH pe3yniTaTtu 3a MPEeYrCTBaHE HA BOjAaTa OT Coid. [IpoTHYaT B XeTEPOTeHHA CHCTEMA
TEYHOCT-TBBP/I0 BeiecTBO. OOMEHBT € MEX/y HOHUTE B COJICHATA BOJA U HOHHUTE B TBBP-
nmata (asa, HapedeHa HOHUT (WM HOHOOOMEHHHK, HOHOOOMEHHA CMOJIa, TTOHEIICKTPOITHUT).
Te mnpejcTaBusBaT BOJOHEPA3TBOPUMH IOJMMEPH, CBHAbPXKAIIM HOABMWXKEH HoH. [lpu
Ch3/I/ICHUTE YCJIOBHSI, IPUTOTBEHUSAT MOJUMEP pearupa Kato OOMeHs HOHU Ha COJTUTE ChC
ChIMS 3HAK. VIOHHHTE TOIIOOOMEHHHIIM, TTOCTaBEHH BBB BOJHATA Cpela, HaOBOBAT U
yBenn4aBat pasmepa cu 1,5 - 2 mpTH.

[IporechT ¢ peHTa0MICH U MOAIbPKa 00€3COIABAHETO Ha BHCOKO HUBO. [10o3BOMIsIBA 12
ce MOJIYYH MO-YUCTa TEYHOCT 332 KPaTKO BpeMe. MHOTo 4ecTo HOHHHUIT OOMEH ce U3I0JI3Ba
¥ KaTo MEXIMHHA CThIIKA B TpoIieca Ha o0e3consBane. MIOHOOOMEHHHITE KOTOHH MOTaT 1a
MpeMaxHaT HOHM OT KOHIICHTpaTa Ha IIbPBUS €Tal OoT o0e3coisBaHe. BTopusr mporec Ha
o0e3colsBaHe MOXKE Jla ObJic MeMOPAHHO WIIM TEPMUYHO 3a]IBUKBAH, WM KOMOWHAIMS OT
JIBETE TEXHOJIOTUH.

C TeueHHe HA BPEMETO, HOHOOOMEHHHUIIUTE CHOUPAT COJMTE, PA3TBOPEHU BHB BOJA U
KoH/eH3upaT. HacuteHnTe HOHOOOMEHHHIIM CE pPEereHEepHpaT, Ciiel] KOSTO Ce MOYUCTBAT.
[MpoxykTuTe, MOMYYSHU OT HACUTEHU HOHOOOMEHHUIIH, CE€ HAPHUYAT ,,eTyaTH", Te BKIIOUBAT
Pa3TBOPH Ha COJIU U OCHOBH. HSIKOH OT TSIX ca IIEHHH BEIECTBA, TAKa Y€ CE U3XBBPIIAT KaTo
LIEHHY KOMIIOHEHTH.

5. 3ampa3zsiBane.

Metonst Ha 3ampaszBane (Freezing Process, FP) mpencrasisiBa oxiaxkgane Ha Mop-
cKara BOJa 10 KPHCTAJIM3AIMI U OTACISHE HA KPUCTAIUTE, OT KOUTO CE IOJy4aBa MpsicHa
BoJa. [lomy4ennTe kpucTanu ca ¢ popMa Ha UIJia M CIIeJl Pa3TOISIBAHETO MM CTaBaT I'OJHH
3a MOJI3BaHe.

3a 3ampa3sBaHe ce M3MOI3BAT KPUCTAIN3AaTOPH (KOHTAaKTHH, BAKYYMHH, C TOIUIOOOMEH
Ipe3 CTeHaTa), KbJIETO BoJlaTa KOHTAKTyBa ¢ Ta3000pa3eH MM TeUeH XJIaauieH areHt. Ilo-
JOOHO Ha JecTHIAMATA M TO3H IPOlec IPOTHYa eCTECTBEHO B pupozata. [Ipu 3ampasssa-
HETO Ha MOPCKa BOJia B 00pa3yBaHETO Ha Jie/la He BIU3aT COJIUTE, T.€. JIEABT € CJIaJlKa BOJa.
MeToabT MO3BOJISIBA JIECHO pa3/eiisiHE HA MOJyYeHHTEe NpoAyKTH. [lomywaBaT ce WriieHH
KpHCTaTHU cTpyKTypu. OOpazyBaHUTE JIeIeHN KPUCTAIM Ce OTAENAT U pasronssart. [lomy-
YyaBa ce BOJIa ChC COJIEHOCT He Mo-BHucoka oT 500-1000 mg/L, moxxonsima 3a pa3IniyHu BH-
JoBe moi3BaHe. ToBa € OCHOBHHAT MPUHLINII, HA KOHTO c€ OCHOBABAT METOIUTE Ha 00€3C0-
JsiBaHEe Ha MOPCKa BOJa upe3 3ampassiBaHe. MiMa pa3iiuHKu METOIM 3a OTHCIISHE Ha JICACHHU-
Te KpucTaid. M300pbT 3aBUCH OT XapaKTEPUCTHUKH KaTo pa3Mep M OTHOCHUTENIHO TEerJIo Ha
KpHCTaUTe. MHOTO 4ecTo ce M3Mo3BaT nepoprpany IUIaBalid KOJIOHH, BBPXY KOUTO ce
3abpiKa JeIbT. BBIpekH, ye TO3M MeTo[, ce pa3paboTBa KaTo alTepHATHUBA Ha JECTHIIA-
UATA, KOSATO JJa HaMalld SHEPIHIHU pa3XoiaH, TPsAOBa Jla ce Kaxke, 4e IPH HEro ChILIO Ce
M3HMCKBA PAa3X0Jl HAa EHEPTHs.
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II. TeopeTnuen xudpuaeH MoeJI 32 JOOUB HA CJIaKA YePHOMOPCKA BOJA

B cBetoBen mamab oOe3coisBaHeTO Ha Mopckara Boma Bede € (akr. [Ipm TakmBa
TEHJICHIIMH 00€3COJSIBAHETO Ha MOPCKM BOJM CE€ OKa3Ba HAIBJIHO IEIEeChOOPa3HO 3a
KpaiiMOpcKHTe HaceleHH Mecta W oOekTH. [lopaam OmarompusaTHOTO CH Teorpadcko
nojoxxeHue rp. byprac e B mpecedHara TOYKa Ha BaKHM MEXIYHAPOAHH TPAHCIIOPTHU
kopuzopu. HapacTBamiara Hyxza OT 4KMCTa MUTEHHA BOJA U PECypChT MOPCKa BOJA BOAU
JI0 3aCHJIBaHE HA THPCEHOTO 3a OBbP3 M KAaueCTBEH MOAXO[ 3a 00e3colisiBaHE Ha BOJATa,
BJarailkn HaW-MaJKO KallMTaJlOBU pPa3XoJd M JIOCTHraHe Ha Mo-J00pu ToKa3aTenu 3a
»Cllazika Boja“. HamupaHneTo Ha MOAXOASI paiioH 3a OCHIIECTBSIBAHE HA WHBECTHIMOHEH
IMPOCKT M3UCKBA MMbpBOHAYAJIHA MHBECTULHNA, IPAK AOCTHII 1O MOPCKHU U3TOYHHUK U MACTO
3a OCBHIICCTBSIBAHE HA pa3AesTHETO Ha BojaTa — TeuHa (asa (ciiaaka Boja) U TBbpaa ¢asza —
(Mopcka com).

Ha nocodenure ycnoBus TEOPETHYHO MOAXOISIIO MSCTO HamMHpamio ce B byprackus
3amuB ca UepHomopckute comauuu AJl Byprac. 3anasBailku HCTOPUYECKOTO U IPEMHHA-
Bailki KbM MOJIEPHOTO MOXKE Ja C€ M3Tpagd €HepruiHO M BOJO HE3aBHCHMa CHCTEMa 3a
3axpanBamg MaTbk EKO-CITA xoMIutekc ¢ Bb3MOKHOCT 32 TOKOCBaHE JI0 MPUPOJATa, JIede-
HHUE U pexaOMIUTanys B 110J13a HAa YOBEYECTBOTO IenoroaninHo. OT HEro Morart /a ce Bb3-
MOJI3BAT XOpa OT BCHYKH BB3PACTH JOKOCBAHKH ce /10 OE3IUIaTHUTE apOBE OT MPHPOAATA.
C Gesmnataus u obnaropoaeH CIIA 1meHTBp I ce MpUBIEKaT MHOXKECTBO TYPHUCTH. Yue-
HUIIA U TCXHUTC YUUTECIIN LIC 6’BIIaT MPUBJICYCHU C aTPAKIUOHU 3a MOCCHICHNUA Ha OTKPUTO
U 3aKPUTO KaTO My3€H Ha COJTa, MPOU3BOJACTBO HA COJI, IPOU3BOJCTBO Ha EIKTPOCHEPTHS,
MIPOM3BOJICTBO HA ClIajiKa BoJa, YOEXKHIIE 32 I'HE3/IeHe U ToYnBKa Ha nTuuy. [1o To3u Ha-
YMH me ObJe BB3MUTAHO M 3aCHICHO KYJITYPHOTO HACJEJCTBO y IOAPACTBOIIOTO MOKO-
JICHUE.

B TeopernuHns xubpuaeH MoJeln 3a NOJTydaBaHE Ha ciajKa YEPHOMOPCKAa BOJA IIE
Obaar 10OMBaHU EIKTPOEHEPTHS OT CIIbHUEBATA CHEPIHs, KAKTO M W3MOJI3BAHETO HA CHCTe-
Ma 3a coylapHa Jectwianus. Ts ce odepTaBa Ha rasapa KaTo eMH OT Hal-eBTHHUTE N3TOY-
HUOU Ha eHeprua. POTOBOITAMYHHUTE KIETKH HA Ia3apa 3ama3BaT CBOATAa MKOHOMHYECKA
CTaOMITHOCT, a TOJTyYeHaTa eNeKTPOSHEPTysl KOHKYPEHTHa Ha nasapa. [1o To3u HauuH me ce
OCHUTYPH B KOMIUIEKCA [IEJIOTOUIIEH TOCTHII 10 EIEKTPUIECTBO, HEOOX0AMMO 3a obe3neya-
BaHeTo Ha CIIA meHTpoBeTe, HOIIHO OCBETIICHHE 32 HOIIHA TYypOBE, HOIIIHO HAOIOJCHNE U
W3ydaBaHe Ha THUIH, aTPAaKIHOHHO Biakde 6e3 Bpenuu emucun [10,11,12,13.14]

III. Cucremu 32 Bb300HOBsIEMA eHePrus

WsrpaxxnaneTo Ha aBTOHOMHA (POTOBOJITAMYHA CHCTEMa Beue € (akT M ce Ipeiara
KaKTO Ha OBITapcKus, Taka M Ha MEeXIyHaponHus maszap. Cumcremara Imie c€ ChCTOH OT
(hOTOBOMTAWYHM CITBHYEBH MAHEIH, KOHTPOJEPH 3a 3apeiaaHe, COJIApHHU IaHEIH 33 I'eHe-
pHUpaHe Ha JIbYM M MHBEPTOPH 32 JOOMBaHE HA CHEPTHUS U3LSIO OT IPUPOIHU BH30OHOBSIC-
MU M3TOYHUIM. [IpeaumcTBaTa Ha aBTOHOMHATA IICHTpajia € CIeHUaICH OJI0K, B KOWTO ce
ChXpaHsBa U aKyMyJIMpa €HEPrusiTa, OCUTYpsIBAKA HE3aBUCUMOCT OT HAJIMUUETO Ha CIIbH-
YeBa CBETIIMHA, OBP30 EICKTpO3axpaHBaHe, CUCTEMH 3a TOILIA BOJA U OTOIUICHUE. XapaKTe-
pU3UPAT CE C YCTOHYUBOCT MPU HEOIATONPUATHA KIMMATHUHU YCIOBHS MIPU ChINATa MPO-
n3BoauTeHOCT. B 3aBucumoct ot Hyxaute Ha EKO-CITA KOMIUIEKCHT 1ie Obaat moaopa-
HU CbC CHOTBETHUTE NapaMeTPU U MOILHOCTH.
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Que. 1.

WnTtepec me npexacrasisiBa u30opa Ha (OTOBOJNTAWYHA CHCTEMa 3a 00e3CoisiBaHEe Ha
MOpCcKa Bojia. Bceku oTienieH KOMILIEKC MOXKE J1a Ce ChbCTOU OT IIOPTaTUBHO YCTPOMCTBO 32
o0e3coisgBaHe Ha MOPCKa BOJA, KOETO Ja OCHUTYPHU IPEYHCTEHA BOJA 33 MHEHE U OUTOBH
HyXau. O0opyaBaHETO € ¢ KOMIIAKTHAa CTPYKTypa, ¢ BHCOKa HAACXKIHOCT NMpu padorta,
JIecHa 3a eKCIUTOATalys M MOAAPHKKA U BUCOKA CTETICH Ha 00e3ColsiBaHe Ha IPsICHA BOJA.
ToBa e nneanHo obopyzaBaHe, KOETO Ja OTTOBOPH HAa HY)KAWTE Ha XOpaTa, IpeOHBaBaliy B
pexabunurauoHHus MeHThp. ObopynBaHeTO MOXe Aa OBbAe OUPEeKTHO cBBp3aHo ¢ 220V
AC 3axpanBaHe 3a 3axpaHBaHe Ha oOopynBanero (®wur. 1). B cpmoTo Bpeme Toi ChHIIO
Moxe na Obae 3axpanBaH oT 24V DC MomHOCT, ocUrypeHa OT aBTOMOOWIIA WIIM PBYHO
3aneiicTeana apapuitna DC momuocT 1 120W npeHocuma cirbHYEBa €HEpruiiHa cucreMa.

ro water purifier

Operating Automation and Manual
Voltage AC 220V/ Solar power DC24V
System power 300W

Inlet temperature 5~45°C

Recovery rate 8-15%

Operation Pressure <6Mpa

Configurations RO membrane / CNP pump
Application Drinking water for ship_boat and emergency use
Net Weight 20KG

Dimension(L*W*H)  400*500*250mm

C Bogemiata B cBera ,,TexHomorus 3a MeMOpaHa 3a oOpaTHa ocMo3a‘“, MOAOOPEHHUST
JU3aiiH Ha 00OpYyIBaHETO 3a 00e3cOoJsiBaHE HA MOpPCKaTa BoJa e(pEeKTUBHO MpeodpasyBa
MOpCKara BOJia B yATpa YUCTA M YMCTA MUTEIHA BO/Ia, 0€3 MUPU3MHU U OaKTepUu.
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C mocoueHara amaparypa ce JOCTHra CTeleH Ha obe3comsaBane 10 98,5%, a mpo3Boa-
CTBOTO Ha mpeuecTeHa Boaa e 8-12 H/L. Tlpurexapa ciieqHUTE XapaKTCPUCTHKU:

W3non3Baiikun XUOPUIHA MOJAENH C€ JOCTHra HE caMO JOIbJIBAHE Ha €HEPTUHHHUTE U
BOJIHHTE CHCTEMH, HO M CTPEMEXK 3a Olla3BaHe Ha OKOJIHATa CPeAa, W 3allluTa Ha MECTHaTa
¢utopa u payna. JfocturaneTo Ha BHCOKa CTEIICH Ha YHCTOTA HA BOZATA, OCUTYPsIBA Ka4ecT-
BC€HaA, MPEYUCTCHA OT MU3JIMIIHU COJIM U MUHEPAJIU, TCIKKU MCTAJIM U OpraHnvYHr BCUICCTBA,
TOTOBA 32 JTUPEKTHA KOHCYMAaITHsI.

IV. 3HauumocTt Ha 00e3cOJISIBAHETO M M3MOJI3BaHe HAa He3aBHCHMA eJIeKTPO-
eHeprusi

[IpaBmTHOTO yTpaBIeHHE HAa MOPCKHTE PECypCH Ie JONpWHEcCe IMOBeYe IMONI3U Ha
obmectBoTo. Obe3coneHaTa Boga OTTOBAapsl Ha BCHYKH KadyecTBa Ha ClIJKaTa BOJA, TOPH
MIPEBB3X0XKAa CTAHAAPTHTE 32 KaYeCTBO HA BOJaTa. B TO3M KOHTEKCT BB3MOI3BAKHU ce OT
pecypcute Ha YepHO MOpe Mpou3BeACHETa JOMBIHUTETHA BOJA e OKAXKe BIHSHHAE KaKTO
BBpPXY (iopata, Taka U BbpXy (ayHara Ha 3emsra. Bomata kaTo Bb300OHOBSEM M3TOYHUK
3aeMa Ba)XHO MSICTO OT IJICJJHA TOYKA Ha MOJI3UTE, KOUTO MOXKE Ja JAOIPHUHECE B CXKEIHE-
BHETO NP MPABUIIHO YIPABJICHHE HA MOPCKHUTE PECYPCH:

* [IpousBoACTBO Ha MUTEHHA BOJIA;

* Ona3BaHe Ha OMOPa3HOOOPA3HETO;

* Msnomns3Bane 3a Hyx)aute Ha EKO-CITA xommiakca;

* IIpow3BOACTBO Ha COI;

* HawmansgBaHe Ha 3aMBPCSBAHETO HA BB3yXa U OKOITHATA CPEa;

* Hes3aBucuMu CONIapHH CHCTEMHU 3a TOILIA BOJIA ¥ OTOILUICHUC;

e llemoromuieH TOCTHII 32 OaTHEONCUCHNE U PEXaOITHTAIIHS U JIP.

O06001maBaifky H3710)KEHOTO, MOXeE Jla Ce OKake, Y€ KOMIIEKCHOTO M3ITOJI3BaHE Ha pe-
cypcute Ha YepHO MOpe MOXe Jja pelIy peliia eKOJIOTMYHN POOJIEMH Ha CErallHOTO HU-
BO Ha TEXHOJIOTWYHO Pa3BUTHE. 3HAYEHHETO HA BOJATA € OrPOMHO KaKTO 3a OIa3BaHEeTO Ha
CJIaIKOBOJJHUTE €KOCUCTEMH, TaKa H 3a IeMOrpa(cKOTO M COLMATHO-UKOHOMUYECKO pa3BU-
Tne Ha Penmyonuka bearapus [16, 17, 18, 19].
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