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E®PEKTUBHICTb 3ACTOCYBAHHA KATIOHITY KY-2-8 NMPU BUNYYEHHI
IOHIB MiAl 3 BOAU B MPUCYTHOCTI IOHIB 2KOPCTKOCTI

[Noka3aHo, W0 8 cmamuy4HUX yMog8ax rnpu KoHueHmpauii midi 6id 1 0o 30
Me/OM® sunyyeHHs Midi npoxodumb HeegheKkmusHoO K 3 AUCMUIBLO8aHOT makK i 3
8000rnpoeiOHOI 8o0u. [lidsuweHHsT eheKkKmueHOCMi 8UITYYEHHST iOHI8  Midi
docsicHymo & OuHaMmidyHux ymoeax. [ecopbuis ioHie MiOi po34uHamu COJSISTHOI
Kucriomu 8 cmamuy4HUX ymogax byria HU3bKor. B OuHaMiyHUX ymogax O0Csi2Hymo
rpakmu4Ho rnoeHoi decopbuii ioHie MiOi pO34UHaMU COJISIHOI KUucriomu.

Knio4yoBi cnoBa: KaTioHIT, BaxKi MeTanu, ioOHHUMM OOMiH, pereHepauis
iOHITY, MOHITOPMHT, NpobonigroToBka

lMokazaHO, YMO 8 cmamu4ecKux yCrio8usix rpu KOHUeHmpauuu meou om
1 9o 30 wme/OM® useneyeHue Medu npoxodum  Hed(hheKmMueHO U3
oucmunnuposaHHOU makK U u3 8000Mpo800HOU  800bl.  [losbiweHue
aghghekmusHoCMuU U38ne4YeHUss UOHO8 Medu OocmueHymo 8 OUHaMUYeCKUX
ycriosusix. [lecopbuusi UOHO8 MeOu pacmeopamMu COJSHOU  Kucromsbl 8
cmamud4ecKux ycrosusix bbinia HU3Kou. B OuHamu4Yeckux ycrogusix 0ocmuaHymo
rnpakmu4ecku rosiHou decopbuyuu UoHO8 Medu pacmeopamMu COJITHOU KUCIOMBbI.
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KniouyeBble crnoBa: KaTUOHUT, TsXKenble MeTannbl, WOHHbIA OOMeH,
pereHepaunsi MOHUTa, MOHUTOPUHT, NpoGoniaroToBka

It is shown that at concentration of copper from 1 to 30 mg/dm? extraction of
copper takes place in static conditions inefficiently both from distilled and from tap
water. Efficiency removal of copper ions achieved in dynamic conditions.
Desorption of copper ions by hydrochloric acid solutions in static conditions was
low. In dynamic conditions reached almost complete desorption of copper ions by
solutions of hydrochloric acid.

Keywords: cation exchanger, heavy metals, ion exchange, ionite
regeneration, monitoring, sample preparation

MoctaHoBka npo6nemu. KiHeub XX Ta no4datok XXI croniTTa
O3HaMeHYBaBCs He TiNbKM BU3HAYHUMM HAYKOBO-TEXHIYHUMWN OOCATHEHHAMWN, ane i
CYTTEBMM MOTPLUEHHSM CTaHy HaBKOSMMLLHLOIMO MPUPOAHOro cepenoBuLla
BHACNigoOK 3HaA4YHOro moro 3abpyaHeHHsi. Bce Oinblue 3aHENOKOEHHS 3 KOXHUM
POKOM BUKIIMKAE cTaH rigpocdepn. OcobnmBo 3arocTproeTbest npobnema 3axucrty
rigpo-ekocucteM Bif 3abpyaHEeHHs Ha YKpaiHi, e, He3BaXalun Ha 3HWKEHHS
obcsriB npoMmncnoBoro BUpObHULTBA, iIHTEHCUMBHICTb 3abpyaHEHHS NPUPOAHUX BOA
3pocTtae. CborogHi B noBepxHeBi BoaM YKpaiHn ckuaaeTbcs Oinbwe 10 MJ'lp,l:l,.M3
CTIYHWX BOZ, NPW 3aranbHiii MOTYXXHOCTI 04MCHUX cnopys 6ins 8 mnpa.mP.

locTpo nocTtaTb nNpobnemu 3abpygHEHHs BOAHUX OO’EKTIB  BaXXKMMWU
MeTanamu, Bkn4Yaw4m i ioHn migi. 3rigHo poboTu [1,446] KOHUEHTpaUisa ioHiB Miai
B nNpupoaHnx Bogonmax MukonaiBcbkol obnacti konmBaeTbcsa B mexax 0,0089 —
0,0108 wmr/am®, wo nepesuwye [OK ana Bogonm puborocnogapcbKoro
npuaHayeHHs (0,005 mr/am®). A npu esTpodikaLii BofoliM BMICT Migi y Boaax
Bysbkoro numany nepesuwye 'OK B 2...5 pasiB [2,56]. B okpemunx nputokax
[Hinpa BigMiYeHi KOHLEeHTpaUil ioHiB Migi Big 2,69 oo 5 mr/am> [3,267].

He guensuucb Ha Te, LLO CMOMyKW, SiKi YTBOPKOKTBLCA NpWU rigponisi ioHis
BaXXKMX MeTaniB, € Manopo3YNHHUMU, LLO CMPUSIE CTBOPEHHIO XMBHOIO YSABMNEHHSA
Npo Manum BMICT BaXXKMX MeTaniB y NpuMpoaHMX BOOMMAX, peasibHa cuTyauis €
3Ha4yHO cknagHiwo. OByMOBMNEHO LE HAKOMUYEHHSIM MaroOpO34YMHHUX CMOSyK
BaXXKMX MeTaniB y AOHHUX BiOKNAaAEHHAX, KOHUEHTPYBaHHAM iX Yy rigpobioHTax
[4,269]. Ak Hacnigok — pi3ke NiABULLIEHHSA KOHLUEHTpaLil BaXXKnUX MeTaniB y Bo4i npu
eBTpodikauii Bogonm. Lli nynbcauil KOHUeHTpaUin BaXXKux MeTanis y Bo4i MOXIMBI
A0 TUX Mip, NOKN BOHW NPUCYTHI B JOHHUX BigKNageHHSsIX.

CyTTeBe nNigBULWEHHS AOOMNYCTUMMX CKUAIB MO iOHaX BaXKUX MeTanis
CrnocTepiraeTbCs B CKMAAxX aTOMHUX enekTpocTaHuin [5,73; 6,78].

Mpobnema B 3HaA4YHIM Mipi YCKNAOHIETLCA BIACYTHICTIO HeobxigHoro
obnagHaHHS ONs KOHTPONO Baxkmx MeTaniB y Bogi. CydacHi BMCOKOTOYHI
npunagn aHanisy BMICTY BaXXKuUX MeTaniB y AOBKinni € goporumu. [doporum €
yTpMMaHHs Ta o6CcrnyroByBaHHA Takux npunagis. Y 6inbwocti nabopartopin, wo
3aMMarTbCd MOHITOPUHIOM SKOCTI BOAM Y MPUPOOHMX BOAOMMAX, Taki npunagu
BIACYTHI | TOMY Ha CbOrofHi 4OCUTbL BaXKO A4aTu pearibHy OLiHKY CTaHy NpUpoaHnNX
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BOOOWM, 0OCOBNMBO MO XapakTepy ixX 3abpygHEHHS TakKMMuM BUCOKOTOKCUYHMMM
pevyoBMHaMU, SIK CMOMNYKN BaXXKUX MeTanis.

Y 3B’A3Ky 3 UMM Ha NepLUMi nnaH BUCYBaKOTbCS NPOBGNeMmn KOHTPOSO AKOCTI
AOBKINNA, OUIHKA BNAMBY Ha sSIKICTb BOAW O6’EKTIB rocnofapCbKoi AisnbHOCTI,
po3pobka NpoOCTUX, HaZIHUX METOAMK KOHTPOMIO BaXKMx MeTaniB y Bofgi,
AOCTYMHUX OO0 BUKOPUCTAHHSA B iCHYHOUMX flabopaTopisix CUCTEMU MOHITOPUHIY
BOOHUX 06’eKTiB Ha YKpaiHi.

Meta pob6otn. MeTtoo poboTn ©Oyno BU3HAYEHHS edEKTUBHOCTI
3acTocyBaHHSA KaTioHITy KY-2-8 Ans KOHUEHTpyBaHHS KaTiOHIB BaXXKMX MeTaniB Ha
npuvknagi ioHiB Mmigi B npouecax npoboniaroToBKW, BU3HAYEHHSA BMAMBY iOHIB
YKOPCTKOCTi Ha KOHLEHTPYBAHHSA iOHIB Mifi HA KaTIOHITIi 328 HU3bKMX KOHLEHTpauin
Ta BCTAHOBIIEHHS CTYMNeHK AecopOuil ioHiB Migi 3 KaTioHiTy, WO 3HaxoauTbCa
nepeBaXKHO B KaribLin-MarHiesint opmi.

Metoau Ta o006’ekTM pocnigxkeHHa. B poboTi  BuKopucToBYBanmu
CUMBbHOKNCIOTHUI KaTioHiT KY-2-8 B kucnin Ta conbosin dopmax. B Na* dopmy
KaTioHIT nepesoannu npu ob6pobui 1%-HumM posddnHom nyry. PereHepadito
KaTiOHITY  MPOBOAMINIM  PO3YMHAMM  COMISHOI  KMCAOTU.  AK  MoenbHi
BUKOPUCTOBYBaNM Po34YnHN cynb@aTty Migdi B OUCTUIbOBAHIA Ta BOAOMNPOBIAHIN
Boai M. Kuesa. KoHueHTpauis migi B mogenbHux posymHax Big 1 go 200 mr/am>.

XapaKkTepucTukKn Bo4ONPOBIAHOI BOAW:

X =4,8...5,2 mr-exks/am®, Cca”" = 3,6...4,0 mr-eks/am>, Cyg°* = 0,8...1,2 mr-
eks/am; N1 = 4,70...5,2 mr-eks/am®, Coi = 37...50 mr/am®; Cso 42 = 47...65 mr/am®;
pH=7,10

Copb6uito npoBOANNM B CTaTUYHMX Ta AMHaMIYHUX ymoBax. [Mpn npoBeneHHi
copbuii B ctatnyHnx ymoax o6’em ioHity 10 cm®, 06’em posunHy Big 0,5 go 2,0
am®, yac copbuii Ta pecopbuii 2...5 pi6. B amHamiyHmx ymoBax copbuito
NpoBOAMMK, INbTPYIOUM PO3UMH Yepes Luap ioHiTy 06’emMom 10...20 cm® B KOMOHL
pniavetpom 2 cm® npu Butpati 10...15 cMm*/xB. PereHepauiiiHuii pPO34MH
cdinbTpyBanu npu BuTpaTti 1...2 cM*/xB. B ounLLeHiii BOAi KOHTPOMOBaNU BMICT
iOHIB YKOPCTKOCTI, Mifli, TYXHiCTb, piBeHb pH.

AHania orpumaHux pesynbratiB. OgHUM i3 HaAWNPOCTIWKMX MeETOoAIB
KOHLEHTPYBaAHHSA IOHIB BaXXKMX MeTarniB y Bodi € metod auctunaudii. NpoTe, Konu
NOeTbCs NpO AOyXe HU3bKi KOHUEHTpauil ioHiB MeTanis, Konu HeobxigHo
BUNapoByBaTWM BENWKI KiNbKOCTI BOAM, [OaHUA MeToh4 € TpPOMI3OKMM | He
npakTM4yHUM. Tpueanicte NpoboniAroTOBKM € HaATO BENMKOK. TOMY BUKIMKaE
iHTepec mMeTo[ iOHHOro OB6MiHY, KM LUMPOKO BUKOPUCTOBYETLCS OS5 BUIYYEHHS
iOHIB 3 BOAM, BKMKOYaKuM | iOHM Baxkmx MeTaniB [7,236; 8,231]. [lpote
3aCTOCYBaHHS JaHOro MeTofy YCKNagHKETLCA TUM, LLO B MPUPOOHUX Ta CTiYHUX
BOJax 4acTo NPUCYTHI KOHKypylodi iOHW. Hacamnepen ue CTOCYeTbCHA IOHIB
XOPCTKOCTI, SKi NPU3BOAATbL A0 3HAYHOIO 3HWXKEHHS EMHOCTI KaTiOHITIB MO ioHax
BaXXKKMX MeTanis npu ix ioHOOOGMiHHOMY BUy4YeHHI i3 Boau [9,54].

Ak Bigomo, npu copbuii KaTioHiB i3 pO3BEeOEeHUX PO34YMHIB  Ha
CUNBbHOKMUCIIOTHUX KaTioHiTax [10,560] psg cenekTMBHOCTI MO OBOXBANEHTHUX
ioHax mae Bua;:

ng+ < Cd2+ < Mn2+ < Mgz+ < Zn2+ < Cu2+ < Ni2+ < Ca2+ < Sr2+ < Pb2+ < Ba2+
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I3 NnpuBegeHNx gaHMX BUAOHO, LLO IOHW >KOPCTKOCTI MaloTb CENEKTUBHICTb
6nmM3bKky abo BuWY B MOPIBHSAHHI 3 iOHaMyn Baxkux MeTaniB. [MpuvHaiMHI
CENEKTUBHICTb iOHIB KanbLitlo BULLA 3a CENeKTUBHICTb ioHIB Migi. Lle HeraTuBHO
BNNMBae Ha cOpOUiiHY EMHICTb KaTiOHITY i Aelwo niaBullye edeKTUBHICTb MOro
pereHepaLil.

Ak BngHO 3 puc. 1, 3a BIQHOCHO HEBMCOKMX KOHLEHTpaLUin ioHiB migi B
ANCTUNBbOBaHIN BoAi 0OMiHHA EMHICTb KaTiOHITY MO AaHMX ioOHax 3pocTae 3 7 Ao
300 Mr-eKB/ﬂ,M3 npu nigBULLEHHI KOHLUEeHTpauil y BuxigHoMy po3uuHi 3 5 go 200
mr/am>. Tpu LbOMY CTYRiHb BUMYYEHHS IOHIB Mifi yxe npu koHueHTpauii 10 mr/am®
pocarae 90,0 % i gani 3poctae o 99,6%. [laHi NOKa3HUKM 3HAYHO 3MEHLUUITUCH
NPV 3HWXEHHI BUXiOHOI KOHUeHTpauii migi go 1...15 mr/gm® (1abn.1). Yac
OOCSITHEHHS AUHAMIYHOI piBHOBAaru B yCix Bunagkax 6ys He meHwum 3-x gi6.
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Puc. 1. 3anexHicTb cTyneHo ouneHHsa Boau Big migi (A, %) (1), oObmiHHOI
eMHocTi kaTioHiTy KY-2-8 B Na* dhopmi no gaHux ioHax (Vi = 10 cm®) (2), (Vp =500
cm?), cTynento gecopbuii ioHiB Miai 5%-t0 consiHoto kncnoTtoto (Ve = 50 cm®) (3)

Biy NOYATKOBOI IX KOHLUEHTpauil y BoAi nig Yac copbuii B cTaTM4yHMX ymoBax

Ak BMAHO 3 Tabnuui, emHicTb kaTioHiTy B Na* cdopmi no ioHax Cu?* B
AaHOMY Bunagky 3poctana 3 ~1 mr-eks/am° o ~20 mr-eke/am® npu NigBULLEHHI
NnoYaTKOBOI KOHLUEHTpaLil iOHiB Cu® 31 o 15 Mr/,u,M3, a CTyniHb IX BUJTyYEHHS 3
BOOW 3MiHOBaBCA B Mexax 55...88%. 3anuwkoBa KOHUEHTpauis ioHiB Migi B
ancTuneoBaHin Boai cknagana 0,45...4,95 Mr/p,M3, B BOLOMPOBIOHIM  BOAI
0,37...1,8 MI'/,EI,MS. [euio kpalie BuUNyYeHHs1 iOHIB Migi 3 BOAONPOBILHOI BOAW,
MMOBIpHO, OOyMOBMEHe 4acTKOBMM IX T[igpoSfli3oM Yy BOAOMNPOBIgHIN BoAdi 3a
paxyHoK BifbLL BUCOKOT MY>KHOCTi AaHOi BOAW, B NOPIBHSAHHI 3 AUCTUMNBOBAHOM, Ta
3a paxyHOK BULLNX 3Ha4YeHb pH y BOOOMNPOBIAHIA BOA,.
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Tabnuuys 1
EdekTuBHicTL copbuii ioHiB Migi Ha kaTioHiTi KY-2-8 B Na' chopmi 3
anctunoboBaHoil Boaum () Ta BogonposiaHoi (II) Boan (XK = 5,1 Mr-ekB/gm>,
pH =7,85) (Vi =10 cm®, V,, = 500 cMm’), ix gecopbuii 5%-10 CONAHOI0 KNCNOTOIO
(Vuc =50 CMS) B 3aJ1eXXHOCTI Bi no4aTKOBOI KOHUEeHTpauil ioHiB miai

| C(?u2+, mr/gm® . CTtyniHb O€ no Cu?", CTyI‘IiHbm

BuxinoHa Micns Micns BUNYHEHHA MI'/,D,M3 Aecopbuii,
copbuji aecopbuji miai, A, % Z,%

I [l I [l [ [l [ Il I Il
1 0,450,377 | 5,70 | 440 | 550 | 63,0 | 27,5 | 31,5 |100,0| 68,8
2 0,50 | 0,44 | 10,00 | 8,70 | 75,0 | 78,0 | 50,0 | 78,0 |100,0 | 55,8
3 0,69 | 0,72 | 21,20 16,80 | 77,0 | 76,0 | 1155 | 114,0| 91,8 | 73,7
5 1,12 10,90 | 32,75 | 29,75 | 77,6 | 82,0 | 1940 | 205 | 58,7 | 72,2
7 1,15 |1,05 | 35,25 | 30,50 | 83,6 | 85,0 | 2925 | 290 | 60,2 | 52,8
10 25 |1,25|52,00|3450| 750 | 87,5 | 3750 | 430 | 69,3 | 40,2
15 495 |1,80| 64,00 | 59,00 | 67,0 | 88,0 | 5025 | 660 | 63,7 | 44,7

KoHKypyto4Oro BMAMBY IOHIB XXOPCTKOCTI Yy [JaHOMy Bunagky He 6yno
BiAMIYEHO, TaK $K TrpaHW4YHa €EMHICTb KaTioHiTy (~20,0 wMr-ekB) 3Ha4HO
nepesuLLyBana cymapHy KifnbKiCTb KaTiOHIB B 0,5 AM® po3unHy (~2,6 Mr-ekB).
3a [aHuMX YMOB IOHW XXOPCTKOCTI MPaKTUYHO HEe BMAMBanNn Ha eqEeKTUBHICTb
pecopbuii ioHiB Migi B cTtatnyHmMx ymoBax 5%-HOK CONsiHOK KucrnoTok. CTyniHb
aecopbuii amiHoBaBcs B mexax 40...100% (tabn.1, puc.1).

Mpn 36inblweHHi o6’eMy pO34YMHY, NpU KOHUEHTpauil ioHiB Migi B
BogonpoB.iaHiii Bogi 1 Ta 2 mr/am® (puc. 2), 3 0,5 am* go 2,0 am® npu oB’emi
ioHiTYy 10 cm® Oyno BigMiYeHO nNigBULWEHHA OOMIHHOI €EMHOCTI iOHITY Ta
3HWKEHHS CTYMNEHI0 ouvuLeHHs Boau Big Mmigi. MNMigBuLLeHHss EMHOCTI KaTioHITy npu
Ccl”" = 2 mr/gm® 6yno 6inbLu MOMITHUM B NOPIBHSIHHI 3 PO34MHOM 3 KOHLIEHTpaLlieto
1 Mr/,u,M3. Toni sk CTyniHb BUNyYeHHs Migi 6yB BUWMM ONS PO3YNHY 3
KOHLeHTpaLielo 1 mMr/am® i 3HKyBaBcst i3 36inblUueHHsIM 06’eMy po3unHy 3 99,9%
no 62,0%, Toai ik Npu KoHUeHTpauii migi 2 Mr/aM> Leii NMoKasHWK 3MiHIOBaBCS B
Mexax 77...67%. [Jecopbuis ioHiB Migi npoxoauna Binblw edpekTUBHO Npu BinbLuin
1T BUXiQHIN KOHUEHTpaLUii.

B uinomy, B ctatnyHmMx ymoBax copbuis i gecopbuisa ioHiB Mifi Ha KaTioHITi
KY-2-8 3a HM3bKMX 11 KOHUEHTpauin B BUXIAHMX pO34YMHaAX npoxoguna
HeedeKTMBHO. B Takmx ymoBax BUKOPUCTAHHA KaTiOHITY B npouecax
NpoboniaroTOBKM NPU KOHTPOSI KOHLUEHTPAaLin iOHIB Migi HegoUiNbHE Yepes3 HU3bKY
edekTMBHICTb copbuii Ta aecopbuii ioHIB Migi He3aneXHo Big KOHLEHTpaLii iOHIB
XopcTKocTi. binbl UikaBi pes3ynbTatm OTPUMaAHO NpPU MNPOBEAEHHI MNpoLlecy B
AnHaMmiyHnX ymoBax. [Npu inbTpyBaHHI po3yunHiB cynbdaTy Migi y BOOOMNPOBIAHIN
Bogi (Ccu® = 1; 30 mr/am®) yepes katioHiT B kucnin dopmi (puc. 3) (V; = 10 cm®)
crnocTepiranocb $IK 3Ha4YHe MNOM’SKWEHHsT BOAW TakK i 11 OYMLLEHHSs Big IOHIB
Miai.
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O€, mr-exB/mm3
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Puc. 2. 3anexHicTb CTyneHto ounieHHst Bogm Big migi (A, %) (1;2), obmiHHOI
eMHocTi kaTioHiTy KY-2-8 B Na* cbopwmi (Vi = 10 cm®) no ionax miai (3;4) npu cop6uii
Ta CTyneHo ix Aecopbuii 5%-HUM PO34MHOM consiHOi kncnoTh (Ve = 50 cm?) (5:6)
Bi 06’eMy BMXiOHOMO PO34YMHY Midi B BO4OMPOBIOHI BOAI NPy KOHUEHTpauiT migi 1

K, X, mr-exs/om®

(1; 3; 5) Ta 2 (3; 4; 6) mr/am®
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Puc. 3. 3anexHicTb 3anuwKoBOi KOHUEHTpauil ioHiB migi (1; 2), »xopcTKocTi (3),
KMCNOTHOCTI (4) Big nponyLieHoro o6’emy po3yunHy cynbdarty migi

(Cou®* = 30 mr/iom® (1; 3; 4); Ce®”

1mr/am® (2)) B BogonposiaHii Bogi (K = 4,8

Mr-eKB/p,M3, pH = 7,72) yepes kaTioHiT KY-2-8 (V; = 10 CM3) B kucnin cpopmi (O0€,
= 520,9 mr-eks/am®, OL€, = 16,3 mr-eks/am?, MOAE; = 2196,0 mr-eks/am°)
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Mpy uboMy Migb Buy4Yanacb MOBHICTIO 3@ NOYATKOBOI KOHLEHTpaLil ioHiB
migi 30 mr/am® B nepwmx 3 am® Boau, 3a koHUeHTpaLii 1 mr/am® — B neplunx 4 om*
Boau. [Npu uUbOMYy XOpCTKiCTb BOAW 3HMXyBanacb go 0,08...0,28 Mr-eks/om>.
CTyniHb ouunweHHs Big ioHIB Migi B 6 am® Boam carae 99,6...100,0 % He3anexHo
BiJl NOYMATKOBOT KOHUEHTpaLil ioHiB Migi (puc. 4).

100 10
90 9
80 y 8
° 70 7
=
< 60 6 =5
40 4 —— 2
-k 3
30 3
-e-4
20 2 —=—5
10 1 —_—— G
0 § T T T T T T T T T 0 —— 7

o 1 2 3 4 5 6 7 8 9 10Vpwy, am
Puc. 4. 3anexHicTb CTyneHio BUNyyYeHHs ioHis Migi (1; 2; 3), ioHiB xopcTkocTi (4; 5),
Ta peakuii cepegosuwia (6; 7) Big 06’emy nponyLieHoT BO4ONPOBIAHOI BOAM
(XK =5,2 Mr-eKB/,u,M3, pH = 7,86) 3 koHueHTpaduieto ioHiB Migi 30 (1; 4; 6), 2 (3; 5; 7)
Ta 1 (2) mr/am® yepes katioHiT KY-2-8 (V; = 20 cm®) B H' (1; 2; 4; 6) Ta Na* (2;7)
doopmi

Mpn ubomy cTyniHb noM’sikweHHa Boau csaraB 95,0...98,3%. Likaeo
BIAMITUTU, LLIO HABIiTb NICNS AOCATHEHHS NPAKTUYHO NOBHOT EMHOCTI IOHITY MO iOHax
YKOPCTKOCTI, KOHLEeHTpaLis ioHiB Mifi Ha BUXoAi He nepesuwyBana 7,94 mr/am® ans
PO34YMHY 3 MOYATKOBO X KOHUEeHTpauieto 30 Mr/,D,M3, i 0,63 Mr/,tl,M3 ONS PO34MHY 3
NoYaTKOBOK KOHLEHTpauieto 1 MF/,EI,MS. Lle oBymMOBRIEeHO BUTICHEHHAM 3 iOHITY iOHIB
MarHito, No SKNX CENEKTUBHICTb IOHITY HUXYa, SIK MO ioHax Migi.

Mpu BUKopUCTaHHi KaTioHiTy B Na' opMi npu KoHUeHTpauii ioHiB
migi 2 Mr/,1:|,M3 NPOCKOK IOHIB MiZi BUABNEHO nuwe nicnsa ineTpyBaHHA 7 LI,M3 BOOU
(pnc. 5).

Mpn nopganbwomy @iNbTpyBaHHI BOAM CTYMiHb BWITyYEHHSI IOHIB Migi
3HMWXyeTbea go 75,0 Ta go 62,0% (puc. 4). B uinomy cTyniHb BUny4YeHHs Mmidi B
OCTaHHiIX Npobax BULLNI Npu TI BUXiAHIN KoHUeHTpauil 30 mr/am®, B NOPIBHAHHI i3
KOHUeHTpauismn 2 Ta 1 mr/gm®, i 3HMXKYETBCA i3 3HMXKEHHAM KOHLUeEeHTpauil. Lle
0obyMOBMEHO TMM, WO B LUINIOMYy EMHICTb IOHITY NO ioHax Migi 3pocTae i3
NiABULWEHHAM X BMICTY Y BUXiOQHOMY pO34uHi. B ycix Bunagkax egeKTUBHICTb
BUMYYEHHS IOHIB Mifli 3HWXYETLCA MO Mipi nepexody ioHiTYy 3 kucnoi a6o Na®
cdopmu B Ca?*, Mg®* hopmy.
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Puc. 5. 3anexHicTb 3anunLKoBOT XOpCTKOCTI (1), Ny>XHOCTI (2) BOAONPOBIgHOI BOAM
(K =5,2 mr-eke/am®, 11 = 4,9 mr-eks/am>, pH = 7,86), koHUeHTpaUil ioHiB Migi (3)
(Ccu?* = 2 mr/am®) Bin nponyLueHoro 06’emy yepes kaTioHiT KY-2-8 (Vi = 20 cm®) B

Na* cbopmi (MOMOE; = 2224 mr-eks/am*, O€; = 28,3 Mr-eks/am°)

€MHICTb iOHITY no ioHax Migi nNpu BUXigHIN KOHUeHTpauil 30 Mr/,u,M3 B
BOLONPOBIAHIM BoAi ckrnagae 520 MI’-eKB//J,Ms, npw KOHUeHTpauil 2 Mr/,u,lvl3 — 28,3
mr-eke/om®, npu 1 mr/am® — 16,3 Mr-eke/oM®. EMHICTb MO iOHaX >KOPCTKOCTI B
AaHOoMYy BUNALKy ONS iOHITY B KMCNin doopmi cknagana 2196 MI’-eKB/LI,Ms, AnNs ioHITY
B Na* dpopmi — 2224 mr-eks/am’. To6To, nepexig Big KMCMoi 40 COnboBOi hopmu
IOHITY Mano BNSMBaE Ha NOro EMHICTb AK MO iOHaX Mifi, TaK i MO iOHaX XXOPCTKOCTI.

LlikaBo BigMITUTK, LLO NpW CNiBBIOHOLLEHHI KOHLEHTPAaUi iOHIB »XOPCTKOCTI
A0 KOHLEHTpaUin ioHiB Migi B r-eKB/,i:J,M3 5,1; 82,6; 152,5 npun 3HWXKEHHI BMICTY Migi
y BogonposigHin Bogi Big 30 go 1 Mr/am3, CriBBiOHOLIEHHS €eMHOCTEN IOHITY No
iOHax >XXOPCTKOCTI Ta Migi cknagae signosigHo 4,29; 78,6 Ta 134,7. Lle cBiguntb
NpPo HesHayHy nepeBary B Migi NO  CENEKTUBHOCTI Yy  MOPIBHSAHHI
3 iOHaMM >XOPCTKOCTI, WO OBYMOBMEHO 3HA4YHMM BMICTOM Y BOAi iOHIB MarHito
0,8 -1,2 MI'-eKB/,EI,Mg. MpoTe y BMOpaHoOMy Aiana3oHi KOHUEHTpaLUiln ioHiB Migi Ta
iOHIB YKOPCTKOCTI 1X CMiBBIAHOLWEHHS B COPOEHTI B MNOPIBHSAHHI 3 PO3YMHOM O0CUTb
6nnsbke. 3O0iNbLIEHHA BIAHOCHOrO BMICTY Migi B COpOEHTi, B MNOPIBHSAHHI 3
pO34nHOM, csarae 5...20 %.

Mpn npoBefeHHi copbuii Ha KaTioHITI B KUCAin dopmi pH po3yumHy, no Mipi
iioro nepexopy 3 H* B Ca®*, Mg**, Cu* — copmy, 3pocTtae 3 2,79 no 7,87. Mpu
BUKOPUCTaHHI ioHiTy B Na™ dopmi pH B nepwmx npobax nigHiMaetbca Ao 8,54 i
NOCTYNOBO 3HWXYETbCA 40 7,87.

TakuM 4YMHOM B [OMHaMiYHMX YMOBax Ha KaTioHiTi B Na' dopmi MoxHa
MOBHICTIO BUAYYUTU Migb 3 BOOONPOBIAHOT BOAW NpW CNiBBIiAHOLEHHI 06’eMy BOAM
no ob’emy ioHity 700. MNpoTe BaxnueBuM y faHOMy Bunagky € i ePeKTUBHICTb
aecopbuii ioHiB Migi 3 iOHITY.

Tak 9K Npu KOHTPOSi KOHLUEHTpaUii iOHIB BaXXKMX MeTaniB B MPUCYTHOCTI
iOHIB >XOPCTKOCTi [OOUINTbHO BWKOPUCTOBYBATM MeTod nondporpadii, ge npobu
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roTyl0Tb B PO34YMHAX COJSIAHOI KUCMOTWU, TO AN gecopduil migi 3 ioHiTy 6ynn
BMKOpUCTaHi po3unHu HCl 3 koHueHTpauieto 1,9 Ta 3,6 r-eke/am’. Pesynbtatu
npuBegeHi Ha puc. 6. py 3acTocyBaHHi AaHWX PO3YMHIB KUCNOTU OOCArHYTO
noBHOI gecopbuii ioHiB Migi Ta ioHiB »opcTkocTi. MNoBHOT gecopbuii ioHiB Migi npu
KMCMOTHOCTI po34mnHy 1,9 H JOCSrHYTO Npu nponyckaHHi 160 cm® posunHy yepes 20
cm® ioHiTy. MuToma BUTpaTa po3unHy 8 cm/cm®. B pasi 3,6 H PO3UMHY KUCIOTM
noBHoi Aecop6Lii Miai AOCArHYyTO Npu NUTOMI BUTPaTi po3unHy 5 cm®/cm® (06’em
po3unHy — 100 cm®). KoHueHTpauis Miai micns amilyBaHHs BCix npo6 gocsirna
103,77 Mr/nM3. Akwo BpaxyBaTu, WO B PO34YUHI, 3 SKOro Buainanu migb, Ii
KOHLEHTpauis 6yna 1 mr/om®, To MoxHa ckasaTu, WO B JaHOMy BUNaaKy
AOCArHYTO NiABULLIEHHS TT KOHUEeHTpauii 6inbwe sk y 100 pasis.
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Puc. 6. 3anexHicTb BMUXigHOI KOHUEHTpaLUii ioHiB migi (1; 2), cTtyneHto gecopobuii
ioHiB Migi (3; 4) Ta ioHiB XopcTKoCTi (5; 6) BiA4 BUTPATU PO3UMHY COSIAHOT KUCNOTH 3
kncnoTHicTio 1,9 (1; 3; 5) Ta 3,6 (2; 4; 5) r-eks/am* npu pereHepaLii kaTioHiTy KY-2-
8 B Ca®", Mg?®*, Cu®" cpopwmi (V; = 20 cm®) (Maca copBoaHoi miai 20,10 mr (1; 3; 5)

Ta 10,38 mr (2; 4; 6))

Takum 4YMHOM, METOA IOHHOro OOMiHY MOXe OyTW NepcrnekTUBHUM AOfs
KOHLEHTPYBaHHS iOHIB Migi B npouecax npoboniaroToBKM NpU KOHTPOSi iOHIB Miai B
NPUPOOHMX Ta CTIYHMX BOAaX, LLO MICTATb iOHM XXOPCTKOCTI.

BucHoBkuM

1. BuBYeHO npouecu BUNyYeHHS iOHIB Migi 3 Boau Ha KaTioHiTi KY-2-8 B
KACMIN Ta CONbOBIN hopMax B CTATUYHUX Ta AUHAMIYHMX ymoBaXx. BuaHayeHo
BMSIMB iOHIB XXOPCTKOCTI Ha copbuiiHy €MHICTb iOHITYy no Migi. MNokasaHo, wo B
CTaTUYHMUX YMOBAX EMHICTb IOHITY MO Mifi PI3KO 3HMXYETBCHA NPU 3HWKEHHI i
KOHLEHTpaLil y BoAi Tak caMo, SK i CTYNiHb OYULLEHHA BOAM Bifl iOHIB Migi.

2. MNokasaHo, wo npu 36inblUeHHI cniBBiAHOWEHHA 06’eéMiB BOAA : iOHIT B
CTaTUYHMX yMOBaxX 3a KOHUeEeHTpauil Migi B BOOOMPOBIAHIM Bodi 1 Ta 2 Mr//:uv|3,
EMHICTb IOHITY 3pocTae i3 36inbeHHAM 06’eMy PO34YMHY MPU 3HMKEHHI CTYMEHH
BUNyyYeHHs migi 3 99,9 % no 62 %. CtyniHb gecopOuii ioHiB Migi 3 iOHITY B Ca®,
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Mg**, Cu®* cbopmi npu 06pobiLli 5% - HOKO COMSIHOIO KUCIOTOK B CTaTUYHUX YMOBAaX
csrae 40...98,7 %.

3. EdektuBHiCTb BMMy4YeHHA I(OHIB Midi 3 BOOONPOBIAHOI BOAM MNpw
MOYaTKOBMX KOHLEHTpaLisix Migi 1...30 Mr/am® JOCSArHYTO B AMHAMIYHMX YMOBax
NPV BUKOPUCTAHHI KaTiOHITY B KMCNIiN Ta conboBin obopmax. MNosBHOI gecopbuii ioHiB
Mmigi 1,9 tTa 3,6 H po3yMHaMn CONSAHOI KACMIOTU OOCArHYTO Npu NUTOMINM BUTpaTI
po3ynHy 5...8 cvilem®. B OKpeMux BUNagkax KoHLUEeHTpauia w™igi B
pereHepauinHomy posunHi B 100 pasiB BuLla B NOPIBHAHHI 3 BUXIAHUM PO34YMHOM,
LLIO Ja€ MOXMMBICTb 3aCTOCOBYBATM METO/ iOHHOro 0OMiHY B npobonigroToBLi npu
aHanisi migi B BoAj 3a HU3bKKX 1T KOHLEHTpaLiN.
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A.H. HASAPEHKO, kaHonaaTt TEXHUYECKMUX HayK
N.C. NOWKO, maructpaHTt
3anopoxckasi rocyaapCTBEHHAs MHXEHepHas akagemms

METOAONOMA NPOrHO3UPOBAHUA BENUYUHBI OTITIOXXEHUA
B QHEPTETUYECKMUX KOMMYHUKALIUAX

3anponoHosaHa KOHUENUiS BU3HAYEHHs1 BENUYUHU  B8IOKNnadeHb Y
mpyb6ornposodax Onsi 3MEHWEeHHs1 panmosux repeps 8 pobomi OCHOBHO20
obrnadHaHHsl. HagsedeHO MemoOuKy po3paxyHKy KOHUueHmpauii OOMIWoK ma
OUIHKU IX ennugy Ha UupKynsayitHy eody Orns 3arobieaHHs 6IOKNadeHHSIM Yy
mpyb6orposodax.

KnoyoBi cnoBa: >XOPCTKICTb, BOOHO-XIMIY4HMIA PEXUM, IHTEHCUBHICTb
YTBOPEHHS BigKNageHb, MOHITOPUHT, CTabinbHICTb BOAM.

lpednoxeHa KoHuenuusi onpedesieHUss B8EJIUYUHbI  OMIIOXeHUU 8
mpybornpoeodax Ornsi  CHUXEHUS  MpOCmMosi  OCHOBHO20  0bopydosaHus..
[NpednoxeHa memoduKka, pacdyema KOHUeHmpauyul rpumecel U OUEHKU UX
8/IUSHUST Ha UUPKynupyrwyro 00y O0ns npedomepawjeHusi OmroxeHul e
mpyb6orposodax.

KniouyeBble cnoBa: XeCTKOCTb, BOLHO-XUMNYECKUA PEXUM, MUHTEHCUBHOCTb
06pa3oBaHNs OTNOXEHUA, MOHUTOPUHS, CTabUNbHOCTb BOAbI.

The conception of determining the value of sediments in pipes and reduce
downtime of equipment is proposed. The conceptions contains a number of
measures for the calculation of concentrations of contaminants and assess their
impact on the circulating water and prevent sediments in pipes

Keywords: hardness, water chemistry, intensive formation, monitoring,
water stability.
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