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Practical value. It was developed an algorithm and
software for selecting optimal route for fire-rescue units
the fire location based on the optimization model (on
the example of the State Fire-Rescue Station Number 1
Galician Regional Department of the State Service of
Ukraine for Emergency Situations of Lvov).
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INFLUENCE OF STABILIZING WATER TREATMENT ON WEAK ACID
CATION EXCHANGE RESIN IN ACIDIC FORM ON QUALITY OF MINE
WATER NANOFILTRATION DESALINATION

Heanb. Ouenka 3¢ hexTHBHOCTH Mpoliecca HAaHOPUIBTPAMK TIPU ONPECHEHWH BOAHBIX PACTBOPOB B 3aBUCHMOCTH
OT MX MOHHOTO cocTaBa ¥ pH cpelibl, ¢ y4eTOM MEePCIeKTUBBI CTAOMITN3aMOHHON 00paboTKM BOIBI HAa CIa00KHUCIOTHOM
KaTHOHHTE B KHCJIOH (hopMe M 1mepepabOTKH KOHIIEHTPATOB PEareHTHBIM METOJIOM NP CO3JIaHUU MAJIOOTXOIHOW TeX-
HOJIOTUH KOHAUIITMOHHUPOBAHUA CHa6OMI/IHCpaHI/130BaHHBIX BOAI.

Metoauka. [Iporecc HaHOGUIBTPAIIUK TPOBOIWIN B sSUEiKe 00HEMOM 1,0}1M3, KyJa IPEABAPUTEIBHO MMOMEIAIN
HaHOGUIBTPAIHOHHYI0 MeMbpany OIIMH-IT (paGouas mnomass — 113,04cm?). CTenens 0T6Opa MepMUaTa COCTABIIAIA
70%, pabouee naeneHue BappupoBaiu B npenenax 0,20-0,40MI1a. B mepmuaTe onpenelisuin cofaepkanue cyibhaTos,
XJIOPHUOB, KJBLUsI, MarHus, >K€CTKOCTh, IIEIOYHOCTb ¥ pH cpernsl.

PesyabTatsel. VcciaenoBano u3BieueHue cynb(aT-HOHOB U MOHOB XecTkocTn Ha memOpane OITMH-II. Tlokaszano
BimsiHMe pH Ha mporece OYHCTKU CabOMHHEPATN30BaHHBIX BoJ. ONpeeneHo BIUSHIE JaBICHUS Ha TPOU3BOAUTEIIb-
HOCTb U CEIEKTHBHOCTh MEMOpPaHbI 10 CyJb(aTaM U HOHAM KECTKOCTH.

Hayunas HoBu3Ha. OmnpesiesieHa 3aBUCUMOCTh MPOU3BOJIUTENBHOCTH U CEIEKTUBHOCTH MEMOPAaHBI MO XJIOPHU-
nam, cynbdaraM, THIPOKapOOHATAM M MOHAM KECTKOCTH OT pabodvero JaBJICHHUs, PEaKIMH CPEJbl © HOHHOTO CO-
cTaBa pacTBOpa. Y CTAaHOBIIEHO, YTO 3(PPEeKTUBHOCTh M3BJIEUYCHUSI HOHOB JKECTKOCTH U CYJIb(aTOB BO3pACTAET MPHU
ITIOBBINICHU U pH ot 4 o 9, a CCJICKTUBHOCTH MeM6paHbI M0 MOHaAM KCECTKOCTU MNOBBIMIACTCA C YBCIMYECHHUEM CO-
JepxKaHus cynb(aTos.

IpakTuyeckas 3HauuMocThb. Ornpenenenue ycioBuil 3pQEKTUBHON OYMCTKH BOJBI OT CyIb()aTOB U HOHOB KECT-
KOCTH METOZOM HaHOQHIBTPALMH MO3BOJIHUT PEHIUTH MpobieMy 3 (eKTHBHOW OYMCTKHM IIAXTHBIX BOJ, COJEpIKAIINX,
MIPEUMYILECTBEHHO, CyIb(aThl U MOHBI XKecTKoCTH. [Ipn aToM 3¢ dexTrBHas crabmim3anroHHas 00paboTKa BOBI M03-
BOJIUT CYIIECTBEHHO IMOBBICUTH OOBEMbI OYMIIEHHBIX BOJ IPH COKPAIIEHHH OOBEMOB XHMIKHX OTXOJOB, YTHIN3AIMS
KOTOPBIX SIBJISETCS CIIOKHOM IPOOIIEMOii.

KaroueBsble cnoBa: waxmuvle 600bl, bapomembpanubie npoyeccsl, KOHYeHMpam, mMemopana, Hanouivmpayus,

onpecHeHue 600131, nepmuam

IlocranoBka npodJieMbl. B ropHOI NpOMBIILIEHHO-
cté (YrobHOU, TOPHOPYAHON U HEPYMHBIX MaTepHAIIOB)
MOMYTHO € JI0OBIUEH MTOJE3HBIX HCKOMAEMbIX 3a0HpaeTcs
BOJIa, 00bEM KOTOPO#l B HECKOIIBKO Pa3 MPEBbINIaeT 00b-
eM ee MOTpeOJIeHUs] TIPOMBIILUICHHBIMU TIPEANPUATHSIMA
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orpaciu. I[losToMy HEBO3MOXHO cO34aTh OECCTOYHBIC
CHUCTEMBI Ha TOPHOAOOBIBAIOIIUX MPEANPUATHUSIK.
ITocTostHHBIN TTEPeX0]] TOPHBIX PabOT Ha OoJiee TiIy-
0OOKHE TOPU30HTHI MPHUBOJUT K YBEIHYCHUIO 0OHEMOB H
3arpsi3HCHUST PA3IMYHBIMHA BEMICCTBAMHU TIOMYTHO 3a0u-
paembIxX BoJ. TpeOoBaHUS K KAYeCTBY OYMCTKHA CTOYHBIX
BOJI IIPY BBIITYCKE B BOJIOEMBI, & TAKXKE IIPH CIEAYIOIIEM
WCTIOJB30BAHNU IIAXTHBIX BOJ, OOYCIaBIMBAIOT IIHPO-
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KO€ TIPAMEHEHHE Pa3IIMYHBIX METOJOB M TEXHOJOTHHA UX
ounctkd. Kpome 3arpsi3HeHHss MEXaHUYECKHMHU U Opra-
HUYECKHMHU TPUMECSIMH, IIAXTHBIC BOJbI XapaKTEpU3Y-
IOTCSI BBICOKHM COJIECOJCPIKAHUEM, YTO OrPaHUYUBACT
HUX KOMIUICKCHOE HCIIOJIB30BAHWE B ITPOMBINIJICHHOCTU
0¢3 JOJDKHOW OYMCTKH, a TAKKE MPEIONPEaeIIseT YIrpo3y
3arpsA3HCHUA IMOBEPXHOCTHLIX U MMOJA3CMHBIX BO.

AHaIN3 NMOCJIEHUX MCCIEN0BAHUNA. AHaIN3 HAy4YHO-
TEXHUYIECKOH JIUTepaTyphl MOKa3hIBacT, 4To Haubojee Iie-
JIeCOO0pa3HO JUI OYKMCTKH HHU3KOKOHIICHTPHUPOBAHHBIX,
KOHIIEHTPHPOBAHHBIX, HU3KO- M BBICOKOMHUHEPATN30BAH-
HBIX CTOYHBIX BOJ| HCIOJIb30BaTh HAHO(UIHTPAIHOHHbIC
texnosiorud [1]. Vaerpa- u HanopwisTpaims (YO u HO
COOTBETCTBCHHO) SBJITFOTCS OHAMH M3 CaMBIX 3(HEKTHB-
HBIX 1 MHOTO(YHKITHOHAJIBHBIX 0apoMeMOpaHHBIX METOIOB
OIIPECHEHMS] M OYKMCTKU 3arps3HeHHbIX BOJ. [Ipobiemy
YTWiM3anyy KOHLCHTPATOB MOKHO PCIIUTH € IMOMOLIBIO
ocaxIIeHHsI CYJTb(ATOB B BUJIE CYJIb(OrHIPOKCOATIOMUHATA
Kanbius [2; 3]. B GOJIBIIMHCTBE CIyyaeB B IAXTHBIX BOJAX
cofiepXKaHue CYJIh(PaTOB 3HAYUTEIFHO BHIIIE, YEM XJIOPH-
JTOB, ¥ KOJIITYECTBO TIOCIICTHUX HE MPEBBIIACT JOITYCTHMBII
YPOBEHb U COCTaBIISIET 100—200Mr/)1M3. CremoBaTelbHO,
MPUMEHEHHE METOI0OB HAaHO(MIIBTpALMY B JAaHHOM CITydae
SIBIIICTCSL 1[€JIECO00PA3HbIM, MOCKOJIbKY TMPOUCXOIUT J0-
cTaTo4HO 3((heKTHBHOE M3BICUECHUE CYIB(ATOB MPH JIOMY-
CTUMBIX YPOBHSIX XJIOPH/IOB B BOJIC.

®opmyaupoBanue uean padorbl. Llenbio paboThI
ObUT0 M3ydeHHe BIUsAHUS pH cpensl Ha 3BPEKTUBHOCTD
OYUCTKH BOMABI OT CyJNb(}ATOB U HMOHOB JKECTKOCTH Ha
HaHO(MIIBTPAIIMOHHOW MeMOpaHe, a TakKe OICHKA BITU-
SIHASL pabouero JaBlICHUsI Ha CEIICKTUBHOCTh M MPOIYK-
TUBHOCTh MEMOPAaHBI.

HN3no:xkenue ocHOBHOro martepuasna. [Ipu BbimonHe-
HUW WCCIIEIOBAHUN WCIIONB30BAIA MOJIEIBHBIN PacTBOp,
OJIN3KMIA TI0 COCTaBY K CIIa0OMHHEPAITM30BaHHON BOE C
HVcaakreBCKOro BOJOXPaHWIMIN, 3alachkl BOAbI B KOTO-
poMm dopmupyloTcs 3a cyer cOpoca IMIAXTHBIX BOJ
(r.AmueBck) (0K = 9,40mr-exs/mv>; C (Ca®) = 2,85mr-
exs/nm>; C M gZ+): 6,55Mr-exB/mv>; J1 = 4,40Mmr-exB/ame;
C (SO,%) = 600,00mr/nm%;, C (CI") = 122,00mr/am?, pH =
8,50). Kpome MOAIEIbHOTO PacTBOpa UCIOIBb30BAIN (DHIb-
TpaT MOCIe ero 00pabOTKH Ha CIA00OKUCIIOTHOM KaTHOHU-
te DOWEX MAC-3 B kucinoii ¢popme (K = 8,60mr-
exs/mv>; K = 0,40mr-exs/nv; C (8042') = 600,00mr/mv>;
C (CI") = 122,00mr/mm>; pH = 3,65).

Jlnst orpecHeHus BOJIbI UCTIONB30BAIN HAHODHILTPA-
nuoHHyro MemOpany OIIMH-II, xapakTepucTuku KOTO-
pO¥ IIpe/ICTaBIEHbI HUXKE:!

\Y (S (3] 0121 - T MOJIMAMUIHAS
Pabouee nasnenne, MIla............... 1,6
MuHuMambHas TPOU3BOIUTEIBHOCTD

o ¢unsrpary npu 25°C, am*/m%a... 100

Pa6ounit nuanason pH.................. 2-12

PacTBOp 3ayMBaIK B SIUCHKY 00BEMOM 1,0nm° ¢ mmorma-
1610 MeMbpansr 113,04cM?. PaGouee naBieHne BapbUPOBa-
mm ot 0,20 no 0,40MI1a. [Tpu 3a7aHHOM JaBICHUN OTOHpA-
1 TpoGbI repmuaTa oobemoM 1o 100cm?, dukcupys Bpems
ot6opa. Crernens otOopa nepmuara Mersum ot 10 go 70%.
B nepmuare onpenensiiv coaepKaHue Cyiib(aToB, XJIOpHU-
JIOB, KaJIBIIUsI, MArHUs1, )KECTKOCTD, IIEIOYHOCTh U pH cpe-
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11, CynbdaTel onpenensin (hOTOMETPHYESCKAM METOJIOM,
XJIOPUIBI — MeTomoM Mopa, IENOYHOCTh, MKECTKOCTb,
KaJIBIU ¥ MarH|i 10 CTaHJAPTHBIM METOJTUKAM.
CenekTHBHOCTh MEMOpaHBI 1O KOMITOHEHTaM pac-
TBOpA PACCUUTHIBAIH IO opMyIIe
R="0"Cn 100, @
G

rae Co, C, — KOHIIGHTpalusi B UCXOJHOM pacTBOpe M
MIEpPMHUATE COOTBETCTBEHHO.

JUts Kaxmoi MOCHeAyIoniel, ocie MmepBoi MpoOsI,
VYHUTBHIBAIM YBEIMYCHHUE KOHIICHTPAIUM KOMITOHEHTA
(Co) 3a cuer ero HaKOIJIEHHS B KOHIIEHTpPATE.

[pon3BOANTENEHOCTE MeMOpaHB! (CKOPOCTH TpaHC-
MeMOPaHHOTO MTOTOKA) OTpeessUIH 110 hopMyITe

AV
J=—""_, 2
S-At 2

rae AV — 00bSM mepMuara (IM°), 9TO IpOLIEN Hepes
Mem6pary S (M%) 3a Bpemst ot6opa At (4.).

Oco0eHHOCTPIO HAHODUIBTPAIIMOHHOTO OIPECHEHUS
BOJIbI SIBJISICTCS TO, YTO B JIAHHOM CJIydae W3 BOJbBI y/a-
JISIFOTCSI, B OCHOBHOM, JIByX3apsiIHbIe HOHBI — CYJIb(haThl
U KaTHOHBI eCTKOCTU. CeleKTHBHOCTh MEMOpaHbl 10
XJIOpHUIaM JUIs MeMOpaH JaHHOTO THIIA SIBISIETCS] TOCTa-
TOYHO HU3KOH.

OnmauM M3 CrocoOOB CTaOWIM3AIMOHHON 00paboTKH
BOJIbI SIBIISIETCS €€ (PUITBTpAIUs Yepe3 CIabOKMCIIOTHBIN Ka-
THOHUT B KUCIION (popme. [Ipu 5TOM U3 BOJIbI MPAKTUYUECKH
MOJHOCTBIO  yJAIAIOTCS KapOOHAThl U THIAPOKAPOOHATHI
(tenousocTh paBHa Omr-oke/mM°). KucmotHocTs pacTBOpa
nocturaer 0,2-0, 7Mr-5k8/mv°, a pH cumkaercs mo 3,5-4,1.

Kak mokasany npoBe/IeHHbIC HCCIIENOBAHMS, CTAOWIU-
3arpoHHas 06paboTka MozensHoro pactsopa (C (SO.) =
600Mr/mv>; K = 9,4mr-exs/mv>; J1 = 4,4vr-exs/om; C (cn
= 122vr/mm°) Ha CTaGOKKMCIOTHOM KATHOHHTE TPHBENA K
camkennto ero pH mo 3,65, cHmKeHHe IIETOYHOCTH 10
O,OMF-3KB/JIM3, MOBBIIIEHUE KUCJIOTHOCTH 0 0,4MF-3KB/}IM3
¥ CHIDKEHHS KECTKOCTH JI0 8,6Mr-3KB/IM> TPH TeX 5K KOH-
LEHTPAIUSIX XJIOPHUJIOB U CYIIb(ATOB.

OUITBTPALIUIO TIOTYYSHHOTO PACTBOPA TIPOBOIIIN Yepe3
HanodmsTparmonnyto MeMOparny OIIMH-IT B cratmde-
CKHX YCIIOBHSIX IIPH MEPEMEIIMBAHUH PACTBOPA, TIOCIIE Yero
OTIPENEIISITA U3MEHEHUE TIPOU3BOIUTEIIFHOCTH MEMOPAHbI B
3aBHCHUMOCTH OT pPabodYero NaBJICHHsS M CTEIICHW OTOOpa
nepmuata (puc. 1). Kak BuaHOo Ha puc. 1, IpOM3BOINUTENIb-
HOCTh MeMOpaHbl BO3pacTaeT C MOBBIIIEHHEM pabouero
JIABJICHUSI U CHIDKAETCS C YBEIMYCHHEM CTeleHdu oTOopa
niepmuata. O4eBHAHO, YTO JaHHBINA d3PdeKT 00yCIIoBIEH, B
TIEPBYIO OUCPE/b, POCTOM COJIECOCPKAHMS B KOHIICHTPATE
Y TIOBBIIIIEHHEM OCMOTHUYECKOrO JaBJieHus. boee BRICOKOE
CHID)KEHUE TPOM3BOJIUTEILHOCTU TPU PaboveM aBIICHUU
0,40MI1a, yem nipu 0,20MI1a, MOKHO OOBSICHUTE OOJIBIIIAM
YIUIOTHEHHEM MeMOpaHbl C POCTOM JIABJICHHUSI M yBEITHYe-
HHEM OCMOTHYECKOTO JIABJICHHUSI PACTBOPA TPHU MOBBIICHAN
B HEM KOHLIEHTPALUU COJIEH.

Crenyer OTMETHTh, YTO MOJKHCICHHE BOJHOIO pac-
TBOpa Ha KaTUOHUTEC B JAHHOM CJIy4a€ MPAKTUYCCKHU HE
BIIMSUIO Ha MPOU3BOAUTEIHLHOCTh MeMOpaHbl. OHa MEHs-
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eTcs B TeX K€ Ipeiesiax, YTO U MPOM3BOAUTEIHLHOCTh
MeMOpaHbl TIpH  (QWIBTPOBAHWM HEKATHOHHPOBAHHOTO
HCXOJHOT'O PAcTBOpPA. DTO CBA3AHO C TEM, YTO NPH (PHIb-
TPOBaHWM HEKAaTHOHHMPOBAHHOTO MOJEIBHOTO pacTBOpA
BpeMsI MCIIOJIb30BaHMS MEMOpPaHBI OBIJIO TOCTATOYHO Ma-
70 i 00pa30BaHUs Ha €€ MOBEPXHOCTH 3HAYMTEIBHBIX
OTIIOXKEHHUH, KOTOPHIE MPEMSATCTBOBATU OBl (DMIBTPOBA-
HHIO Bozbl. OfHaKo npu Gonee IIUTEeIbHBIX HCIBITAaHUIX
MPOM3BOIMTEIBHOCTL MEMOpaHbl 10 HEoOpaboTaHHOMY
PacTBOpPY MOXKET CYLIECTBEHHO CHU3HTCH.

3, 2
J, /M Ton

8,00 q
6,00 q

4,00 -

2,00 T T T T T T

04, %

Puc. 1. Hsmenenue npouszeooumensrocmu (J) mem-
opanvt OIIMH-II ¢ 3asucumocmu om pabouezo
oasnenust u cmenenu oméopa (A) nepmuama npu
PunLmposanuy MoOenbHO20 pacmeopa nocie e2o
0bpabomku Ha CraOOKUCTOMHOM KAMUOHUME:.
pabouee dasnenue (P), Mlla: 0,2 (1); 0,25 (2);
0,3 (3); 0,35(4); 0,4 (5)

Bosee 3HauMTENBHO MOBIHSIA KUCIOTHAsE 00paboTKa
BOZBI Ha CENEKTHBHOCTH MeMOpaHbl. Kak BuIHO Ha puc. 2,
TIPH TIOIKUCIICHUH BOABI OCTaTOYHBIE KOHIICHTPALIUH XJI0-
PHIOB B IIEpMHATE OCTABAJIMCh HEN3MEHHBIMU M OBUIN Ta-
KAMH e, KaK B HCXOIHOM pacTBOpe W KOHLEHTpaTe. To
€CTh, B JaHHOM CIlydae CEIeKTHBHOCTb MEMOpaHbI II0
XJopugaM OblTa paBHA HYJIIO, Tak ke Kak M Juisi HeoOpa-
6oTaHHOTO pacTBopa. I1o cynabpdaTaM 1 HOHAM KECTKOCTH
HaOJIOMAIOCh CYIIECTBEHHOE CHIDKECHHE HMX KOHIICHTpa-
Ui B mepMuaTtax. Bo Bcex ciydasx OCTaTOYHBIC KOHIICH-
Tpauuu cyab}HaToB ¥ HOHOB JKECTKOCTH MEICHHO YBEIH-
YHUBAIUCH C TMOBBIIMICHHEM CTENCHH OTOOpa TepMmuara u
NPaKTHYCCKU HE 3aBHCENU OT padodero IaBiCHHS B Ipe-
nenax or 0,20 mo 0,35MIla. Tonmpko mpU JaBICHUH
0,40MIla HaGmromanoch 0oJjiee MHTEHCUBHOE CHIKEHHUE
9} (heKTHBHOCTH OYHUCTKH BOIBI OT MOHOB KECTKOCTH U
Cynb(}aToB ¢ yBeIMUEHHEM CTEIICHH 0TOOpa IepMuara.

B memnoM, B TaHHOM clly4ae CeJIEKTUBHOCTH MeMOpa-
HBI 110 cynbdaram (puc. 3) 6bu1a B ipeaeax 55—76%, no
noHam xectkoctH (puc. 4) B npenenax 49-70%, 4yro Ha
10-30% Hmxke 1o CpaBHCHHIO C HEOOpPaOOTaHHBIM pac-
TBOpoM. OUYeBHIHO, YTO B JAaHHOM CIIy4yae MOAKUCICHHE
BOJIbI BJIMSUIO Ha 3HAYCHHE JICKTPOKHMHETHYECKOTO IO-
TEHI[MaNa MOBEPXHOCTH MEMOpaHbI U MPUBOANIIO K pas-
PYIICHUIO THAPATHOH OOONOYKH KaK Ha IOBEPXHOCTH
MeMOpaHbl, TaK W Ha IOBEPXHOCTH IOpP MEMOpaHEI.
Kpome Toro, m3menenne pH cpexsl MOTIIO BIHATH Ha CO-
CTOSIHME THIPATHBIX 000JI0YeK Cynb(aT aHMOHOB W Ka-
THOHOB KECTKOCTH. Bce 3TO B COBOKYITHOCTH MPUBOAUT
K HEKOTOPOMY CHW)KCHHUIO CEIEKTHBHOCTH MEMOpaHBI U
10 JByX3apsimHbIM HoHam (puc. 3-4).
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C, Mr-exs/im 3 pH
42
6,00 /M
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—-—1 —8-2 43 x4 —x%-5 —e—-6 —7

Puc. 2. Hsmenenue xapakmepucmux nepmuama 6 3a-
sucumocmu om cmenenu e2o omoopa (A) npu
Quremposanuu  pacmeopa  uepes  Membpamy
OIIMH-II: pabouee dasnenue (P), MIla: 0,20 (a);
0,25 (6); 0,30 (s); 0,35 (2); 0,40 (0). Xapaxmepu-
cmuxu nepmuama:. C (S042-) (1); (Cl-) (2); C
(Ca2+) (3); C (Mg2+) (4); K (5); K (6); pH (7)
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80,0
70,0
60,0
50,0 T T T T T T ]
0 10 20 30 40 50 60 70
——1 —-—2 —a—3 ——4 —%—5 A, %

Puc. 3. 3asucumocmo cenexmusnocmu (R) membpanoi
OIIMH-IT om cmenenu ombéopa (A) nepmuama no
cynvpamam npu Qurbmposanuy pacmeopa. pa-
bouee oasnenue (P), MIla: 0,20 (1); 0,25 (2);
0,30 (3); 0,35 (4); 0,40 (5)

R, %

65,0
55,0
450 T T T T T T 1
0 10 20 30 40 50 60 70
—+—1 =2 —a-3 —e-4 x5 A, %

Puc. 4. 3asucumocms cenexmusnocmu (R) membparivl
OIIMH-II no uonam odwcecmkocmu om cmenexu
omoopa (A) nepmuama npu uremposanuu pac-
meopa. pabouee dasnenue (P), MIla: 0,20 (1);
0,25 (2); 0,30 (3); 0,35 (4); 0,40 (5)

B memom cenexTHBHOCTH MeMOpaHBI O Cynbharam
oT pH uMeeT TUMUYHYIO KAPTHHY ISl HAHO(DUIBTPAIH-
OHHBIX MeMOpaH [4, 5]. Xyxke Bcero cyab(arsl 3aepiKu-
BaroTcs mpu pH = 4, TOCKOIBKY B 3TOM 00JacTH 00Ut
3apsa MeMOpansl paBeH O U BIMsHEE 3apsga MeMOpPaHbI
Ha aHWOHBI MuUHHManbHO [6]. Ilpum ymensmennn pH

Hwke 4, yBenuueHne 3()PEKTUBHOCTH OYUCTKH MOXKHO
00BSACHUTH 00JIee TTOJIOKUTENBHBIM 3apsI0M MEMOpaHBI.
[IpotuBononsl K cuiibHee OTTAIKHBAIOTCS MOBEPXHOCT-
oM =NH;3" — rpynmamMu MeMOpaHBI, 4TO HPUBOIUT K
YBEJIMYCHUIO KOJIMYECTBA ATUX MPOTHBOMOHOB B PacTBO-
pe, mo3ToMy OoJblIee KOJMYECTBO aHUOHOB CYJIb(aToB
OCTaeTcsi B KOHLEHTpATe IJIsl COXPAHEHHS JIICKTPOHEMH-
TPaIbHOCTH pacTBOpa. B HelTpanbHON 1 MIEeT04HOH cpe-
Jie TIp¥ ToBEIIIeHNH pH yBeanmuuBaeTcss OTpUIATCITBHEIA
3aps MeMOpaHbl, OOYCIOBJICHHBIA ITOBEPXHOCTHBIMH
rpymmamMu =COQ°, KOTOPBIH 3a CYET 3JICKTPOCTaTHUC-
CKOTO OTTAJIKUBAaHUS 3aTPYAHSIET TPaHCMEMOpPaHHBIH Tie-
peHoc anunoHoB. Ilpu noswiienun pH yBenuuuBaeTcs
CTeITeHb 3aJePKUBAHUS CyIb()aroB MeMOpaHOi 3a cyer

CYMMapHOTO CTEPHYECKOT0 M  DJIEKTPOCTATHIECKOTO
(axkTopoB.
R %
%4
&) |
70
0 4
50 T T T T T 1
3 4 5 6 7 8 9
——1 a2 pH

Puc. 5. Buusinue pH na cenexmusnocms (R) membpa-
not OIIMH-II npu oasnenuu 0,2 MIla no cyne-
gamam (1), uonam sncecmrocmu (2) npu cmenenu
ombopa nepmuama 10 %

XapakTepuCTHKH KOHIEHTpaTa HaHO(MIbTPAI[HOH-
HOW OYHCTKH, TIocie 00pabOTKH pacTBOpa Ha CIIA0OKHUC-
JIOTHOM KaTHOHHUTE, TIPH cTeneHn otoopa nepmuata 70%,
mpuBeqcHB B Tabn. 1. B Tabxn. 2 moka3aHa 3aBUCHMOCTH
KOHIICHTPALMK CyJb(}aToB, XJIOPUAOB, MLICIOYHOCTH,
JKECTKOCTH KOHIIEHTpaTa TPy HaHO(WIBTPAIMOHHONW 00-
paboTKe MOJENFHOTO PacTBOpa OT pabodvero MaBJICHUS B
npeaenax 0,25-0,40MIla npu crenenu or6opa nepMuara
70%.

Tabauya 1
XapaKTeprCTUKU KOHIICHTPATa HAHO(GWIBTPAITUOHHOW OYMCTKH CJIA00KUCIIBIX PACTBOPOB
No C..' (o3} K X C_.1 C, .’
P, MIla ¢ a ' ’ ca” Mg H
n/n mr/o® Mr/mv® Mr-exs/am° | Mr-exs/om° MT-eKB/IM° | Mr-exB e p
1 0,20 870 122,2 0,23 15,70 10,20 5,70 4,05
2 0,25 830 122,2 0,23 15,40 10,15 5,25 4,05
3 0,30 920 122,2 0,23 16,10 10,40 5,70 4,10
4 0,35 940 122,2 0,24 14,00 7,95 6,05 4,05
5 0,40 740 122,2 0,27 11,80 7,05 4,75 4,00
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Tabnuya 2
XapaKkTepuCTHKH KOHIIEHTPATa HAHO(HIBTPAIIMOHHOTO OTIPECHEHUS HEUTPATBHOTO MOICIBHOTO PACcTBOPa
NQ sz’ C.» .H >I< Cz»’ C 2. !
P, MIla. 03 c ! ’ Ca’ Mg H
n/n Mr/me urio® | Mr-exs/am® | mr-exs/nv® | yr-exs/me | vr-exs e p
1 0,25 1450 122,2 450 25,50 8,90 16,60 8,60
2 0,30 1580 1222 450 26,80 8,80 18,00 8,60
3 0,35 1530 122,2 450 27,40 9,20 18,20 8,60
4 0,40 1490 122,2 450 27,00 9,50 17,50 8,60

Kak BuaHO 13 Tabi. 1, KOHIIEHTpAT, HOTY4YEeHHBIH IPH
HaHO(MIBTPAIIMOHHON OYHMCTKE MOJENBHOTO pPacTBopa
mociae ero oOpaboTKKM Ha CIAOOKHUCIIOTHOM KAaTHOHUTE,
XapaKTepu3yeTcsl TOBBIIICHUEM COJCPXKaHUS Cylb(a-
TOoB — 10 940Mr/aM3 mpu KECTKOCTH Ha ypoBHEe 16Mr-
9KB/IM3, COAEp)KaHHE XJIOPUAOB HE YBEIHYUIOCH U
OCTaJIOCh HAa YPOBHE 3HAYCHUI HMCXOJHOIO pacTBOPA.
OmnpecHeHne MOJEIFHOTO pacTBOpa, OJIM3KOro K ciabo-
MUHEPATU30BaHHON Boje ¢ McaakueBCKOro BOgOXpaHu-
JMIA, TIPUBENIO K 00pa30BaHUIO KOHLEHTpaTa C COAep-
JKaHHEM Cynb(aToB Ha ypoBHe 1500mr/nm3 U sxecTKOC-
™ — 27mr-5kB/mM3. TIporiecchl OYMCTKH JaHHBIX KOH-
LIEHTPATOB 3a CUET YMATYECHHUsI PACTBOPOB U yNAJICHUS U3
HHX CyJIb(aToB JI0 AOIyCTUMBIX YPOBHEH ONMCaHBI B pa-
6orax [7-11]. Dro mo3BoJsIET pemuTh mMpobieMy obec-
COJIUBAaHMS KOHIIEHTPATOB II0CIIE HaHO(HIBTPALIOHHOM
OYMCTKH INaXTHBIX BOJA C ITOBBHIIICHHBIM COJIEp)KaHHEM
cynb(paToB U HOHOB xecTKocTH. OOpa3oBaHHEIE TIPH pe-
areHTHOM OYMCTKE OCaIKH MOYKHO HCIIOJb30BaTh HPH
MIPOM3BOJICTBE CTPOMUTENILHBIX MaTepHaloOB WM B Kade-
cTBE 100aBKH B IIUXTY ITPH IPOU3BOACTBE LIEMEHTOB.

BbIBOIBI M MEPCIEKTHBHI PA3BUTHSI HATIPABJICHHSI.

1. OnpeneneHo BiWSIHUE YCIOBHH HaHO(QMIBTPAIMOH-
HOM OYHCTKH CIIa0OMHHEPATN30BaHHBIX BOJ Ha IIPOU3BO-
JIUTENBHOCTh U celeKTUBHOCTh MeMOpanbl OIIMH-IT mo
JIBYX3aps/THBIM HOHaM.

2. Tloka3aHo, 4TO HAaHOQUIBTPAIIMOHHAS MeMOpaHa
XapaKTepU3yeTcs BBICOKOI CENEKTHBHOCTBIO 10 HOHAM
JKECTKOCTH U CyJb(daTaM, a TaK)Ke HMEET HU3KYIO CeleK-
THUBHOCTH 110 THIPOKapOOHAT-aHNOHAM M XJIOPHAAM, YTO
MpEeJ0TBPAIIaeT UX HAKOIJIEHHE B KOHIIEHTPATAX.

3. Omnpeneneno Bausiaue pH cpenpl Ha 3(hPEKTUBHOCTL
obecconMBaHuMs BO/IBI METOIOM HaHO(WIBTPALUH, TIOKa3a-
HO, 4TO HaHo(wIbTpanronHas Mmemopana OIIMH-IT oGec-
MeyrBaeT JIydllee H3BJICYCHUS M3 BOIBI CyNIb()aTroB U
MOHOB JKECTKOCTH B HEHTpaJbHOW M ILEIIOYHON cpere, a
CTENeHb YMSTYEHUS BOJbl 3aBUCHUT OT COJICPIKaHUS
cynb(haToB B BoJe U 3PPEKTUBHOCTH UX YIaJICHHUS.
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Merta. Oninka eeKkTHBHOCTI Ipolecy HaHO(IIBTPY-
BaHHS TIPH OIPICHEHHI BOJHHUX PO3YMHIB y 3aJI€KHOCTI
BiJl iX ioHHOTO cKiany Ta pH cepenoBuiia, 3 ypaxyBaH-
HSM TepCIEeKTHBH cTalimizamiiHoi 0OpoOKM BOIM Ha
C1a0OKHMCIOTHOMY KaTiOHITI B KHCHiH (opMi Ta mepepo-
OKM KOHIICHTPATIB PearcHTHUM METOJOM IIPH CTBOPCHHI
MAJIOBIIXOJJHOT TEXHOJIOTIi KOHIUIIIOHYBaHHS ClaboMi-
HEpaIi30BaHUX BO/I.

Metonuxka. [Ipouec HanodinbTpamii mpoBOAWIN B
KOMIpIli 00’ eMoM 1,0):[M3, Kyl TOMEPEIHBO TMOMIIIAN
HaHOQIBTpaliiHy MemOpany OIIMH-IT (poGoua mio-
ma — 113,04cv?). Crymine Bigbopy mepMiaTy CTAaHOBHB
70%, poGounii Tick 3MiHrOBam B Mexkax 0,20-0,40MlI]a.
YV nepmiaTi BU3HaYalIM BMICT CyJIb(aTiB, XJIOPUIIB, Kallb-
I1if0, MarHifo, >KOPCTKICTh, IYXKHICTh Ta pH cepenonua.

Pesyabrarn. BuBueHo BuIaneHHs Cynb(aT-ioHIB Ta
ioHIB opcTkocTi Ha MemOpani OITMH-II. Tlokazano
BB pH Ha mporec oumineHHs ciaboMiHepali3oBaHUX
BOJI. Bi3HaueHO BIUIMB THCKY Ha MPOIYKTHUBHICTH Ta Celie-
KTHBHICTh MEMOpaHH 10 CyJib(aTax Ta ioHaX >KOPCTKOCTI.

HaykoBa HoBH3HA. Bi3HavyeHa 3aJIeXHICTh TPOIYKTH-
BHOCTI ¥ CeNeKTUBHOCTI MeMOpaHH N0 XJIOpHAax, Cyabda-
Tax, TiApoKapOOHaTax Ta i0HAX >KOPCTKOCTI Bix poOodYoro
THCKY, PEaKIil Cepe/IoBHIa Ta I0HHOTO CKIAAy PO3UHHY.
BcraHoBneHo, 10 eeKTUBHICTh BUITYYCHHS 10HIB KOPCT-
KOCTI Ta cynb(aris 3poctae 3 migsuiienHsM pH Bix 4 1o 9,
a CEJICKTUBHICTh MEMOpPaHH 110 10HAX JKOPCTKOCTI ITiABHUIILY-
€ThCs 31 30UIBIICHHSIM BMICTY CYJIb(aTiB.
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IMpakTnyna 3HaumMicThb. BusHaueHHs ymoB edexk-
TUBHOTO OYHMIIEHHS BOJM Bif CyNb(aTiB Ta iOHIB KOPCT-
KOCTI METOJIOM HaHOQUIbTpalii J03BOJIUTH BHUPIIIUTH
npoOiieMy e(EeKTHBHOTO OUYMILIEHHS LIAXTHUX BOJ, IO
MICTATh, TEPEBAXKHO, CyIb(aTH Ta 10HH >KOPCTKOCTI.
IIpn oMy edekTHBHA crabimizariiiHa oOpoOKka BoOIM
JO3BOJIUTH CYTTEBO IiJABUIIMTH OOCATH OYMILEHUX BOJ
NPU CKOPOYEHHI OOCATIB PIAKMX BIIXOIIB, YyTHJIi3allis
SIKMX € CKJIaTHOIO TIPOOJIEMOIO.

KuarouoBi caoBa: waxmui eoou, 6apomembpanii
npoyecu, KoHyeHmpam, MmemOpana, HaHoQinempayis,
onpicHeHHs 600U, nepmiam

Purpose. Evaluation of nanofiltration process ef-
fectiveness when desalinating aqueous solutions, de-
pending on their ionic composition and pH, consider-
ing prospects for stabilizing water treatment with
weak acid cation exchange resin in acidic form and
processing of concentrates with reagent method to cre-
ate low-waste slightly mineralized water conditioning
technologies.

M ethodology. The nanofiltration process was carried
out in 1.0dm* volume cell where previously nanofiltra-
tion membrane OPMN-P (working area — 113.04cm?)
had been placed. The degree of permeate selection was
70%, operating pressure was changed within 0.20—
0.40MPa. Content of sulphates, chlorides, calcium, mag-
nesium, hardness, alkalinity and pH were measured in
permeste.

Findings. The removal of sulphate ions and hardness
ions on the OPMN-P membrane was studied. The pH in-
fluence on dightly mineralized water purification pro-
cesses was shown. The pressure influence on productivi-
ty and selectivity of the membrane to sulphates and hard-
ness ions were defined.

Originality. The dependences of membrane produc-
tivity and selectivity to chlorides, sulphates, bicarbonates
and hardness ions to the working pressure, pH and ionic
composition of a solution were discovered. Was found
that the efficiency of hardness ions and sulphates remov-
al raise with the pH increase from 4 to 9, and the selec-
tivity of membrane to hardness ions raise with sulphates
content increase.

Practical value. Determination of the conditions of
effective water treatment from sulphate and hardness
ions by nanofiltration will solve the problem of effective
treatment of mine water, which containis mainly sulfates
and hardness ions. In this case effective stabilizing treat-
ment will significantly increase the amount of treated
water while reducing the volume of liquid waste as its
disposal isadifficult problem.

Keywords: mines water, membrane processes, concen-
trate, membrane, nandfiltration, desalination, permeate
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