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Y pobomi onucanuii memoo niosuwyenns epexmueHoCmi OYUUeHHS WAXMHUX 800 I Cnocib 1ioeo
peanizayii. Kombinosane 6uUKopucmauHs enekmpoodianizy i memoody CRIBOCAONCEHHS NOAA2AE 6
mMoMy, WO Cnouamky 8i00y8acmbCsl CniBOCAONCEHHS YPAHY HA YACMUHKAX CYlbamy Kanvyiio, a
HacCMynHe 3AdCMOCY8AHHS eleKmpooianizy nicis npoyecy Koazynayii HAHOYACMUHOK 00380Ji1€
ompuMmamu ouuweHHs CMmoKy 3 Konyemmpayicio ypany e 6Ginvwe 0,01 me/om®. Posensmymo
MOJICTUBICMY GUNYYUEHHS He MINbKU Ypauy, ane i 1020 Cynymuukie — padito, noaoHiio mowo. Y
cmammi HageoeHo pe3yIbmamu 00CHIONCeHb I3 3ACMOCY8AHHAM YCMAHOBKU OYUWEHHS UWIAXMHUX
600 Ineynvcoxoi waxmu JI1 «Cxio I'3K», 30xkpema pezynvmamu 1a00pamoprux UMIipoeans ckiaoy
WAXMHUX 800, WO HAOX00AMb HA YCMAHOBKY, CKIA0Y WAXMHUX 800, WO NPOULUTU NPOYeC OUULeHHS
i cKuoaromscs y HABKOAUWIHE cepedoguiye ma pe3yibmamu Mmecmosux eKCnepumeHmis i3
3HECONICHHs  PO3YUHY 3  GUKOpUCMAHHAM Jdabopamopnoi  ycmanosku EDL-10.  Jlosedena
NEepCneKmMUBHICMb BUKOPUCTNAHHS eNeKMpPooianizy npu 3MiHHOMY eneKmpudnomy cmpymi. llpu
NPOMIKAHHI 3MIHHO20 CMPYMY 6 eNeKMPOXIMIUHIN cucmemi Cmeopiomucst YMO8U Oisi 30IUCHEHHs
OiIbUL WUPOKO2O KIACY PI3HUX eIeKMPOXIMIYHUX peaKyill 8 pO3YUHAX, HA eNeKMpooax i mMidxcghasmil
Mmeanct eNeKmpo0—eneKmpouim, eNeKmponim—memopana. Ilepesazoro 3aCMOCYBaHH
HeCmayioHapHO20 Pedcumy npu eiekmpooianizi € 1020 HU3bKA YYmaAusicms 00 KOHYeHmpayii ionie
6oomio (pH), wo 0o3zeonse npayrosamu K 3 CUTbHO KUCTUMU, MAK | 3 CUTLHO TYHCHUMU POSUUHAMU.
1liomeepooicerno obMedicenHsT 3ACMOCYBAHHA  eleKmpooianizy, wWo MNO8'SA3aHO 3 HEeMONCIUBICIIO
BUTLYHUEHHST HEe3aPA0INCEHUX KOMNOHEHMIB SUCOKOMIHEPANI308AHUX PO3YUHIE, SAKWO0 makxi Oyoymo
NPUCYMHL

Knrouosi crosa: enexmpoodianis, wiaxmui 600U, OYUWEHHS, MeMOPAHU, 1aOOPAmopHa yCmaHo8Kd,
3Heconentst, nom saxkutenns, PH.

Beryn

[lpu migzeMHid po3poOIli YpaHOBUX POJOBHIL YMOBHO YHMCTI BOAM HE BIIBOISATHCA,
BiTOyBa€eThCs iX 3MilTyBaHHS 3 3a0pyJHEHMMH MIAXTHUMH BOJAMH Ta POCHOBCIOJUKEHHS IUX
BOJIONOTOKIB MO T1PHUYUX BUPOOKaX, 110 MPU3BOAMTH JO 3alNIAMOBYBaHHS BOAOCTIYHMX KaHaB 1
BOJI0301pHUKIB, MIATOIUICHHS TIPHHYUX BUPOOOK. TakMM YHMHOM II€ TOTIpPIIyE YMOBH YTPUMAaHHS
TipHUYUX BUPOOOK 1 BUBOJIUTH 3 NIy IIAXTHHUHA TpaHCIOPT. 3a0pyAHIOEThCS JiTocdepa, miI3eMHi
BomHI Topu3oHTH. IllaxTHi BOAM, fAKI TPOHHKAIOTH y BOJOHOCHI TOPHU30OHTH 4Yepe3 30HH
TEXHOTEHHOI'0 3pYLIeHHs TipChbKUX MNOpiA (MpH eKcIUTyaTalii IaxT), MpoBajd HaJ BHUXOJaMH
BYT'UIBHUX TIJIACTIB, BIIBJIM MIAXT — MOTEHIIIHI JpKepesa 3a0pyAHeHHS T136MHUX BOJI.

O0'emMH MIAXTHUX BOJ, L0 CKUAAIOTHCA B PIUKM 1 BOJOWMH, MOXYTb OyTH HOpPiBHSHI 3
o0csiraMy TPUPOJHOTO CTOKY MajiiX PIYOK 1 CHPaBISAIOTh Ha 1X BOJHHM OallaHC BEIMYE3HUU
HETraTUBHUM BILIMB.

3aranpHUil 00cAr 3a0pyAHEHHMX CTOKIB, IO CKHMJAIOThCA IO TIPHUYO-BUIOOYBHIN Tramys3i
VYkpainu, cranoBuTh noHag 900 MiH. M3/piI(. CyMmapHuit o0csr maxTHUX BoJ Ha [HryIbChbKil maxTi
AIT "Cxig I'3K" B ganmii yac 3 ypaxyBaHHSAM BimpaioBaHHs MiuypiHcekoro 1 LlentpanbHoro
ponosuil ckiaagae 700-800 M3/I‘OI(I/IHy. [Tpu BignpaboByBaHHI 3a1aciB HIXKHIX TOPU30HTIB IPUTOK
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IIAXTHUX BOJA MiuypiHCBKOTO popoBuina 30imbmuThes 10 400 M3/FOI[I/IHy, IIpU LIbOMY 3arajbHa
MOTYKHICTh MPUTOKY BoA ckiazae 1100-1200 M3/roL[I/IHy, 110 BUMArae 301IbIIICHHS PO TYKTUBHOCTI
ycraHoBkM oumineHHs maxTHux Box (YOIB). Ilpoextna mnpoaykruBHicts YOIIB micaus
peKOHCTPYKIi cknane — 900 M/roauHa (18000 M/106a; 6,57 MIIH. M3/pi1<). 3 HaBeJEHUX BUILE
IPUYUH CTa€ 3pO3YMINO, $KE BEJIMKE 3HAYEHHA [UIsl €KOJIOTIYHOI Oe3NeKH periony mae
[IOM SIKIIICHHS Ta 3HECOJICHHS IIAXTHUX BO/I.

[IpoGnemaTka OYHWIIEHHS IIAXTHUX BOJ| ICHYBaja 3aBXKIW, aje BOHA MAa€ BJIACTHBICTH
HApOCTaTH 3 PO3BUTKOM IIiIIPUEMCTBA, 301IBIICHHSIM HOTO BUJOOYAKY, pO3pOOKOI0 HOBHX ILIapiB
MOPO/IH, YTBOPEHHSIM BCE OUIBII pO3raly’KEHUX MiI3EMHUX MEPEX, MPOrpecylounM HAKOTTUYEHHIM
BiJIBaNliB TMOPOJU, 1 JIOTIYHUM 3OUIBIIEHHSM 00'€eMy MIAXTHUX BOJ, IO MNOTPAIUISIIOTH JI0
HABKOJIMIIIHBOTO CEPEOBUILIA.

Meta poboTu: Onmumizayis memooieé ouuweHHs WaxmHux 600, po3pooKa YCmMamKy8aHHs
i CK1adosux 3ax00is wooo nidBUWeHHs epeKmusHOCmi ouuweHHs Ha NPuKIadi Ineyrbcokoi waxmu
I «Cxio I'3K»

PesynbTaTi 10CHiKeHHS Ta IX 00r0BOpEeHHS

Amnaniz ckmany maxtaux Bog JIT «Cxim I'3K», HaBeneHnoro y tabmuii 1, mokasye, mo Taki
BOJIM HE MOXYThb OyTH CKHUHYTI Y BIIKPHTY BOJOHMY, OCKIJIbKM BOHU HE BiJIMOBIIAalOTH BUMOTAM,
110 Mpea'sBIsIOTbCA AJA CKUIaHHS B p. [Hrynemp, mo psay mapaMmerpiB. Y mepiy 4epry, Le
MOB'SI3aHO MEPEBUILEHHSAM TrpaHu4yHo jomyctumoro ckuny (I'ZIC) maxTHumMu Bojamu 3a
PamiOHYKIIIIHUM CKJIaJ0M. 30KpeMa, BMICT ypaHy 3a Iepioj cideHb-BepeceHb 2012 cTaHOBUB
6mu3pko 0,5 Mr/m, B TOW 4Yac sIK 3TiJHO BUMOT HOPMAaTHBHUX JOKYMEHTIB BMICT OCTaHHBOTO HE
noBuHeH nepesuntyBatu 0,05 mr/m.

Ta6auunsa 1. Cxknaa maxTHUX BOJ, IO HAAXOASTh HA YCTAHOBKY OUYMILICHHS

CEpEAHE 3HAUCHHA (MHKCHMBHBHG 3Ha‘IeHH51)

Ne i/ TToka3Huku On. BiM TJC
- CKﬂaHY ' ’ Ci'-leHL .]'[}OTI/Iﬁ 66 C3CHb KBiTCHB TPAaBEHb YCPBECHb JIMTICHb | CEPIICHb | BEPECCHb
p P p p p
7.9 8 8 7,9 7.9 7.9 7,7 7.6 7.2
! pH orpH | 6585] 7o) | ey | GO | ® | ® | @) | @9 | @9 | ®
5 Sasncri wnd | 198 66,2 95 90 53,6 55,1 52,1 | 421,7 | 7569 | 397,7
PedOBUHH A : (123) | (162) | (138) | (84,8) | (86,3) | (83,2) | (2430) | (5767) | (1345)
3 Cymapa ol | sona | 7043 646 616,3 631 6475 | 6137 | 750,7 | 696,3 | 1716,3
yredaT! MO/ : (752) | (697) | (659) | (667) | (650) | (680) | (868) | (714) | (3411)
s 686,7 522 4247 508 372 4997 | 6317 | 619 1059
4 Xnopuau M/ M 561

@74) | (730) | (577) | (668) | (403) | (630) | (747) | (796) | (1815)
2658 | 2268 | 2032 | 2418 | 2154 | 2424,7 | 2644 | 25647 | 4284
(2880) | (2646) | (2106) | (2632) | (2354) | (3198) | (2870) | (2950) | (7214)

5 Minepanizawist mr/mv® | 2216,7

.. 3 0,8 1,56 1,06 1,2 0,5 1 0,6 16,6
6 AMOHII0 10H MI/aM 0,8 (13) 2.4 (16) (18) 0,8 (0,6) (1.3) (0,82) (46.2)
. 3 0,9 0,7 0,8 0,8 0,9 1,3 1,2
7 Hitputu Mr/oM 04 (16) (11) (0.9) 09 (1) (0.9) w7 2.4) (1.4) 15 (1)
8 Hirpatu /e’ 306 25,1 30,7 26,2 31,1 27,6 27,4 29,9 25,3 26,6
P % ’ 288) | (386) | (283) | (322) | (3L9) | (32.2) | (36) | (27.5) | (40,1)
. 3 3,4 52 3,6 1,7 47 58 55 22,5
O | Bamsosar. | w03 | 6y | 69 | @ | @n | 61 |2 @O @2 | 109 | @5
Dochatu 3 0,1 0,1 0,1 0,1 0,1 0,1 0,2
10 /PO43-/ w04 0y | % e | on | % | oy | on | 01 | ©3
11 Kastuiit e/ 270.2 329,3 2413 217,7 250 2275 225 277,3 273,7 362,7
1 A ! (411) (303) (236) (308) (239) (265) (298) (323) (481)
3 0,6 0,5 0,4 0,5 0,4 0,4 0,7 0,4 0,4
12 Ypau M/ M

0.8) (0.5 (0.5) @ (0.6) ©5 | @4 | 01 (0.6)

Kpim pamioHyKmiiB IIAaXTHI BOAM MICTATh 3HAUHY KUIBKICTb 3aBHUCIHMX PEUYOBHH, BMICT
sakux, 3rigHo ['JIC, He moBuHeH nepepuinyBatu 19,8 mMr/n. PeansHo k, maxTHI BOAU MICTATH Bij 60
10 100 mMr/n 3aBUCHNX PEUOBHH.
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Jus maxtaux Boxa Iarymecekoi maxtu JIIT «Cxin '3K» xapakrepro nepesumenas ['J1C
TaKUMHU €JIEMEHTaMH 5K CyJb(aTH, BMICT AKuX cTaHOBUTH 780 mr/m mpu HOpMatuBi 501,4 mr/m;
BMICT HITPHUTIB CTaHOBHUTH | Mr/i mpu HopMmatusi 0,38 Mr/im; BMICT 3aii3a 3araqpHOrO — 6 MI/J Ipu
HopmatuBi 0,26 mr/m.

BpaxoByroun peasibHi TOKa3HUKH CKJIaJy BOJIU 1 BAMOT'M HOPMAaTUBHOI IOKyMEHTAallii, KOO

KepyeTbes nianpueMctBo «Cxin I'3K» npu ckuaaHHi MaxTHUX BOA B p. [Hrysenpb, Ha miInpueMCTBI
Oyna 3actocoBana YOIILIB.

B ocHOBY po060TH 11i€1 YCTAaHOBKH MOKJIAJIEHO MPOLIECH CIIBOCAJKEHHS Pajioi30TOMIB IpH
BHIIeHH] 1 ocamkenni ionie Ca”*, Mg?*. Jlnst wiei METH BHKOPHCTOBYETHCS PEAaKIlis YTBOPEHHS
HEPO3YMHHOTO CyIb(aTy Kalblilo, 0OJEP>KYBaHOTO MIPH B3a€MOIT T'IPOKCUIY KANbLII0 3 PO3UNHOM
cipuanoi kucnotu. [Ipu nbomy peanizyeTbcs peakiiis:

C&(OH)Z + H,SO, = CaS0,4] +2 H,O

Jlist oTpUMaHHS CyCIIeH311 TiIPOKCHIy KaJbIlil0 (BAaITHSHE MOJIOKO), B 3alPOINOHOBAaHIN
CXeMi OYHMIIEHHS IIAXTHUX BOJ MependavyaeThCsi MpoIec raciHHsA BallHa BOJOIO, IO MPOTIKAE IO
HACTYIHIN peakuii:

CaO + H,0 = Ca(OH),

YTBOpeHi B Tporieci B3aeMoJii TIAPOKCHAY KaJbII0 1 CIpYaHOi KHUCJIOTH KpPHUCTAIU
cynb(daty Kanpliro (TiNCy) BUCTYMAIOTh B SKOCTI COPOEHTY g pamioHykiiaiB. Kpim toro, mpu
YTBOPEHHI Cynb(]aTy KanbIliio M Ji€l0 CipyaHOi KHCIOTH 3HAYHI KUTBKOCTI BIIHOCHO PO3YMHHHX
KapOOHATIB 1 IApOKapOOHATIB MEPETBOPIOIOTHCS B HU3bKO POZUYMHHUI CYyNb(AT MO peakiii

CaCO3 + H,SO, = CaSO4L + H,O + CO,
Ca(HCO;;)z + H,SO, = CaSO4L +2 H,O+2CO,

AHANOTIYHUM YHHOM TPAaHCPOPMYIOThCS KapOOHATH 1 TipokapOOHATH MarHiro 1 3amisa.
[lepeTBopenHst kKapOOHATIB 1 TiIpokapOOHATIB B Cyiab(haTH, SKi MalOTh HU3bKY PO3UYMHHICTH, MpHU
pO3iJeHHI TBEpI0i 1 piaKoi (a3 MPU3BOAUTH JO HE3HAYHOTO 3MEHIIICHHS KOHIICHTpAIlll Ccolei y
BOJIax, 10 OYHIYIOTHCS.

VY mporeci CIIBOCaKEHHSI YTBOPIOETHCS 3HAYHA KUIBKICTh HEPO3UYMHHUX PEUOBUH, IS
BIJUTIICHHS SIKUX BiJ piKOT (ha3u BUKOPUCTOBYETHCS METO]] BIICTOIOBaHHs. TUM He MEHIIIe, HaBiTh
IpU  JECATUTOJAMHHOMY BIJCTOIOBAHHI  YTBOPIOEThCS 3HA4YHAa KIIBKICTh YAaCTUHOK, Kl
MEePENIKOKAIOTh TIPOIECY PO3IiIeHHS TBepAoi 1 pigkoi ¢da3 merogoMm ¢inbrpyBanHsa. s
OCQ/KCHHsI YTBOPEHOI CyCTeH31i mepea0dadeHnii mMporec OCBITIIHHS, IO TOJSITaE B JOJaBaHHI B
HEOCBITJIICHUH (ibTpaT po3paxyHKOBOI KinbkocTi momiakpunaminy (ITAA). Ilpu B3aemonii [TAA 3
TBEPAUMH YAaCTUHKAMU CYCTEH3ii YTBOPIOETHCA KOArymsT, SKUHA Yy TMOAAIBIIOMY, METOJOM
GbiTbTpyBaHHS Ha JWCKOBOMY (iNbTpi, BiAmuIseTbes Bia pinkoi ¢a3u. Otpumanuii ¢inbTpar
MICTHTH 710 10 MT/)1 TBEpUX PEUOBHH.

Otpumanuii QinbTpaT, MCIA MPOBEISHHS KOPUTYBaHHs 1 JoBeneHHi ioro pH mo 8-8,5
CKUJAEThCSI B HABKOJUIIHE cepenoBuine. [IpuHIMIOBA 1 TEXHOJOTIYHA CXEMH OOpOOJICHHS
IIAXTHUX BOJ 3 METOI0 NMPHUBEAEHHS iX XIMIYHOTO, PaJiOHYKJIiHOTO 1 MIHEpaJbHOIO CKIaay Y
BiamosiaHicTi 10 BuMor ['JIC, HaBeneHi Ha puc. 1 1 puc. 2.
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Puc. 1. [IpuannmoBa cxeMa OUMIICHHS MaXTHUX BOJ Ha [Hrymbekiit maxTi JIIT «Cxinl 3K»
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e T
Croxn Bin muiikn obaannanas Mpurorysams }1*1 Ca(On)2
e e

10% 450r/s’

TAA-50%

OCAIKEHHS IMICKIB SMIIIYBAHHS
t=65°C

‘ T=10 s Tipurotynanns p-pa TIAA
TMickn na cknan
0.1% 0,540 ¥
o el ol = e L
g H,S0, 93%]
BLICUOIOBALLL.,
ocan BepXHiii M Mparysanns H,80,
T=2ua el
OIJIBTPAHIHLCA}IY
Tia JICKOROMY (IOTHTPI T2 3ABANTKCHIS
b e,
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Puc. 2. TexHoJIoriyHa cXeMa OYHIICHHS IIaXTHUX BoJ Ha [Hrynbekiit maxti 1T «Cxig I'3K"»
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Crxuran maxtaux Boa Iarynbckoi maxta 11 «Cxixg I'3K», mo npoinum nporec o4uiieHHs
Ha YOIIIB i ckuaroThCsl y HABKOJIMIIHE CEPEAOBHINE, HABEICHO y TaOIHII 2.

Taoauus 2. Cxnaja MaxTHUX BOJ, 10 npounuin mpoiec ouniieHHs Ha YOIB [Hrynbckoi maxtu
AIT «Cxin I'3K» 1 ckuIatoThesl Y HABKOJUIITHE CEPEIOBUIIIEC

TiCIIs OYMIEHHS {cepe/iHe 3HaYeHHs (MaKCUMalIbHe 3HAYCHHs) }

Ne TToka3HukH On. pI(e 5 p

H/H cxnauy BHM. Ci‘IeHb HIOTI/Iﬁ €pe3e KBITCH TpaBEH YUCPBCH JTATICHE CepIicH BEpece

Hb b b b b Hb

72 7.9 73 74 73 74 76 6,9 7.9
' pH AP 16585 | 79) | @8 | @5 | 19 | @9 | 63 | @5 | @3 | (15)
) 3apucri i | 10 | 1676 | 2098 | 1878 | 17,76 | 2111 | 1896 | 4848 | 186 | 32,64
PeTOBHHH MO : (19.4) | (272) | (221) | (197) | 465) | (235) | (293) | (19,7) | (108)

3 Cymipamn v | sora | 6957 | 6723 815 7283 | 6477 884 9147 | 996,3 920

(731) | (698) | (829) | (836) | (694) | (985) | (996) | (1085) | (991)

. oo et | 561 554 600,8 | 5747 | 5737 | 5467 723 6547 | 7777 | 6703
OpHL o (591) | (688) | (599) | (647) | (556) | (737) | (761) | (964) | (827)

5 | Mineoanisan oi | 22167 | 22593 | 24005 | 23647 | 2178,7 | 2218 | 28233 | 2766 | 31873 | 29553
HEpaIsaA | MITAM | (2330) | (2600) | (2506) | (2486) | (2336) | (3198) | (3220) | (3794) | (3292)

5 Avonioion | s | 08 06 17 15 13 08 0,9 2,6 08 28
’ (0.8) 2.2) an (2,5) (0.9 @) (5.9) @) 4.3)

. Hirprmn vt | 04 05 08 1 14 038 3 2.2 15 24
’ 0.8 0.9 1) (18) @) (3.9 2.9 @ @7

g Hirparn wmd | 306 19,1 251 22,7 271 22,6 305 283 215 254
: (22) (30) | (256) | (29 (25) (38 | 392 | (241 | (33

5 Sasmiso sar. wnd | 03 01 0,7 0.2 02 03 0,1 03 02 05
’ 0.1) @) (0.3) (0.3) (0.6) 0.2) 0.4 (0,5 1.4

10 Pocaru amr/me® | 04 01 (8'1) 01 01 01 0,1 01 01 01
1 — wmd | 2702 282 2643 | 3073 258 2403 | 3177 | 3317 | 3597 389
' (299) | (@77) | (344) | (345) | (267) | (337) | (440) | (507) | (429)

12 Ypan mr/om° 01 04 0,04 01 0,1 0,04 0,05 0,04 0,03
0.3) (0.5 0.1) 0.2) (0.3) 0.1) 0.1) 0.1) 0.1)

AHami3 OTpUMaHUX JaHWUX OJHO3HAYHO CBITYHUTH, IO CKJIAJ IMIAXTHUX BOJ, IO MPOUIILIH
nporec ounmieHHs Ha YOIIB Inurynscbkoi maxtu AI1 "Cxin I'3K" 1 ckugaroTbes y HaBKOJIMIIIHE
CEepeoBHINe, 3a CBOIM XIMIYHHM CKJIaJ0M, pIBHEM 3arajibHOi MiHepam3alii 1 KUIbKICTIO
MIKpOBKIIIOYEHb Yy PSSOl BHUIMAAKIB 3a JESIKUMHM TOKa3HUKaMWd HE BIJIMIOBia€ BHUMOTaM,
BCTAHOBJICHUM HOPMATHBHOKO JOKyMeHTalie€w. Cepen pO3YMHHUX KOMIIOHEHTIB TEPEBUIICHHS
I'’/IC xapakTepHO 32 TaKMMU TOKAa3HUKaMH, K CylIb(paTH Ta XJIOPUIU, & KOHIEHTpALlis 1HIIMX
eJeMeHTiB csarae BepxHboi mexi ['JIC.

TakuM dYHMHOM, AJIS OYHUIICHHA IMaxTHUX Box IHrymbehkoi maxtu JIT «Cxim I'3K»
ICHYFOUMX CXEM 1 METOIB OUHMIIEHHS BKpail HEIOCTATHHO 1 HAMU 3alPOTIOHOBAHO 3aCTOCOBYBATH,
SK HalOUTBII JOLIBHUMN, METO/] €NIEKTPOAIaTi3HOT'O OYHILICHHS.

Buo6ip TexHoJ10ril 3HeCOJIeHHSI INAXTHHUX BOJ

ITpu BuOOpi Ti€ei YW 1HIIOI TEXHOJOTII 3HECOJEHHS YacTO BUHUKAE TUTAHHA, SKY
TexXHoOJoTrit0 o0patu. HalOimbIIMMU KOHKYpEHTaMHM NpPHU 3HECOJICHHI 3HAYHUX 00 €MiB BOJ
BHCOKOTO CTYIIEHIO COJIOHOCTI € JiBa MEMOpaHHMX METOJIM: 3BOPOTHIA ocMoc (Tporec
MEMOpaHHOTO pPO3IIJICHHSA PIJKAX PO3YHMHIB HUIIXOM TPOHUKHEHHS 4Yepe3 HaIiBIPOHUKHY
MeMOpaHy pO3YMHHUKA IIiJ] Ji€I0 THUCKY 3aCTOCOBAHOTO JIO PO3YHMHY, IO IEPEBHINYE HOTO
OCMOTHYHHN THCK) 1 €JIeKTpojiali3 (TpoIec MPOXODKEHHS 10HIB PO3YMHEHOI PEUOBHHH dYepes
MeMOpaHy TiJ Ji€l0 eICKTPUYHOrO TMOJIA y BUIUIIAI Tpali€HTa €ICKTPUYHOTO TMOTCHINANY), SKI
MOTIEPEMIHHO KOHKYPYIOTh MiXk COOOI0 3a TPaBO JIOMiHYBATH.

Xoua TEOPETHYHO HPH 000X mporecax MOTPiOHa CHIBCTaBHA KIUIBKICTh CHEPTii, HEOOOPOTHE
PO3CirOBaHHS CHEPTil ICTOTHO Bifpi3HsieThCs. HeoOopoTHI BTpaTH eHeprii IpH 3BOPOTHBOMY OCMOCI
BUKIIMKaHI FlI[paBJ'Il‘{HI/IM OMpOM MEMOpaHH IMOTOKY BOAM i, TAKHM YHHOM, 3alCKHTh Bil
KOHIICHTpaIlii CcoJli y pO34MHi. Y eIeKTpomiai3i Heo6op0TH1 BTpPAaTH CHEPrii BUKIUKaHI
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CNIEKTPUYHUM OIIOPOM  TIOTOKY 10HIB uepes memOpany. Jlnsi mojadi pO3YMHIB 3 HHU3BKOIO
KOHLICHTPALl€l0 CONeH MOTpeOH B CHEprii, sK MpPaBHIO, HIDKYC y BHIAJAKY BHKOPHCTAHHS
CJICKTPOJialli3y HIXK MPH 3BOPOTHOMY OCMOCI, 3 PEBEPCHUM I10J1aBaHHSIM CHIBHO KOHLICHTPOBAHMX
PO3UUHIB.

IcHyroTB KpuTepii, 3py4Hi JUIs HOPIBHSHHS, SIKUMH MOXHA orepyBaty. JloMiHylo4unMy, 3a
SKHUMH CITiZI TPOBOJUTH 3iCTaBJICHHS €()EKTHBHOCTI 3BOPOTHOTO OCMOCY 1 €JEeKTpOJiami3zy, € TpH
bakropu:

° ToTepeHs MiIT0TOBKA BOJIM;
) 4acToTa 3aMiHU MeMOpaH;
o €HEPTrOEMHICTB TIPOIIECY.

B nanomy BuMajKy MOPIBHSHHSM BapTOCTI CaMHUX YCTaHOBOK, $IKl BapiloOlOTh y PI3HUX KpaiHax
(po3kun 1iH 10 30%), MU HABMUCHE HEXTYEMO.
Y Ttabaumi 3 HaBeleHO MOPIBHSUIBHY XapaKTEpPUCTUKY JBOX MEMOpPaHHUX IPOILECIB:

€JICKTPO11aJTi3y Ta 3BOPOTHOT'O OCMOCY.

Taoauus 3. [TopiBHsIIbHA XapaKTEpUCTHKA MPOLECIB €IEKTPOIiai3y Ta 3BOPOTHOTO OCMOCY

Enexkrpopnianis 3BopoTHiii ocMoc

1. Mem6Opanu Maibke He UYyTIHBI 10 KOMIIOHEHTIB i (isuko- | MeMmOpaHH MaiOTh BHCOKY YYTAHBICTH JO PI3HOTO POAY AOMIIIOK
XIMIYHUX ITapaMeTpiB CepeOBHIIA, Y SIKOMY eKCIUTYaTy€eThCsI OpraHIYHOI0 Ta HEOPTaHIYHOTO XapaKTepy

2. Ipouec He BUMarae 3aCTOCYBaHHs CXeM IepeamiaroToBky Bogn | Ilpomec BuMarae 3acTOCyBaHHS PO3BHHEHHX CXEM IIEPEIIiATOTOBKH

BOJIM (OCATAIOTH 8 CTaiif)

3. J171s1 3BOPOTHOrO OCMOCY, 1 JUTsl eIeKTpoiaidy (aje y 3HaUHO MEHBIIOMY CTYIEHIO, HDK JUIs 3B. OCMOCY) HalOUTbII HEOE3MEYHUMH € COJi
JKOPCTKOCTI, 0COOJIMBO KaJIbLi€BA )KOPCTKICTH™*

4. CucremMa pEBEPCHOrO ENEKTPOAiaNizy MOXKE MpAaILoBaTH NpH | 3BOPOTHHI OCMOC mOTpedye JeXJOpyBaHHS, 00 3aXUCTUTH
3aJTMIIKOBi# KOHIIEHTpAILii aKTHBHOTO X1Iopy 0 1 Mr/am® MeMOpaHy BijJ Jerpajanii 4epe3 OKHCIECHHs BUIbHUM XJIOPOM

5. MinimaneHe  OionoriyHe  3a0pynHeHHS — MeMmOpaHM, 10 | 3BOPOTHHH OCMOC mMOTpedye JeXJIOpyBaHHS, MO0 3aXHUCTUTH
110 BA3aHO 31 3/[aTHICTIO PEBEPCHOTO ENIEKTPOIialli3y NpamoBaTd | MeMOpaHy Bij JAerpajalii 4epe3 OKHCICHHS BUIBHUM XJIOPOM, a OTKE
Y NPUCYTHOCTI HEBEIMKUX KOHIIEHTPALI aKTUBHOT'O XJIOpY BipOTiIHICTB 610JIOTIYHOr0 3a0pY/AHEHHSI MEMOPaHU 3pOCTAE

6. CucremMa peBEpPCHOrO EJIEKTPOAiaNi3y A03BOJSE BiAHOBIIOBATH | s CHCTEMH 3BOPOTHOrO OCMOCY CTYIiHb BiJHOBICHHS BOAM
BOIY 110 95 % 3HAXOJMThCS B Mexkax 65-75 %

7. MeMmOpaHa peBEpCHOTO €IEeKTPOiali3y He4yTiuBa IO BIUIMBY | IIpu 3BOPOTHOMY OCMOCI OTPiOHI CHelianbHi pO3YNHH
OakTepiii i BINIMBY BUCOKHX TEMIIEPATYP

8. MemOpana  peBepcHOro  enlekTpomianizy He morpedye | Ilpu 3BopoTHOMY OCMOCi HOTpiOEH KOHTPOJNb TEMIEpaTypH IIpu
crieniaJbHUX YMOB 30epiraHHs 36epiranHi MeMOpaHu

9. Memb6paHa**, 10 BUKOPUCTOBYEThCSI B TEXHOIOTIT peBepcHoro | MeMOpaHa 3BOPOTHOTO OCMOCY MOKE€ BUKOPHCTOBYBATHCS He Oinblie
eneKkTpopianisy, Moxe ekciuryatyBatucs 2- 10 pokis, 3amexso | 1-3-x pokiB uepe3 dymimBicTh 10 (hakTOpiB Mpoleccy, 30Kpema
BiJI CKJIa/ly CEpeJIOBHIIA, CepeJIOBHUIIA, B IKOMY EKCILTyaTyeThCsI.

10. | MembOpaHa peBepCHOrO eNeKTpomializy Moke OyTH oumiieHa | MemOpaHa 3BOPOTHOTO OCMOCY BHMAara€ CHEIadbHHX JOPOTHX
KHCIIOTOR, PO3COJIOM, KAYCTHYHOIO COJIO0 OYMIAI0YMX XIMIKATIB (XeNnaTiB)

11. | Boma, mimmana mporecy eneKkTpopianmisy, micis 3MminryBaHHs | B pe3ymbTaTi 3BOPOTHOrO OCMOCY CTiYHA BOJA MICTUTh IY)K€ BEIHKY
BMICTy KaTOJHOI Ta aHOIHOI KaMep, He MOTpedye 0JaTKOBOI | KUIBKICTh KHMCIIOTH, IO BUMArae ii HeifTpanizalii KayCTU4HOI COJIIO0
00poOKH YH BaITHOM

12. | OunmieHHs eNeKTPOJiaNi3HUX MAKeTiB He 3ycTpiuae Oyab-skux | Po30HpaHHS 3aBOICHKMX ONOKIB amapaTiB 3BOPOTHOIO OCMOCY, IIO
TPYIHOILIB MalOTh CHipalbHy KOH(}Irypalito, HaiuacTinie HeMOXKJINBA

13. | MeMOpann s enektpomianizy — rpybi,  KommosutHi, | MemMOpaHM  3BOPOTHOro OCMOCY i30TPOmHI (3  OJHOPIJHOO
HaJ[3BUYAHHO MilHI CTPYKTYpOI0) ab0 aHi30TpOmHi (3 MOBEPXHEBHM TOHKOIHMCIEPCHHX

11apoM) TOHKI

14. | MemOpaHu micisi BUCHXaHHSI BiJIHOBIIIOIOTH CBOI BJIACTHBOCTI, | MemOpaHM Haa3BHYaifHO YYTJIMBI 10 NEPECHXaHHS 1 peanbHO
110 Ha[3BMYAIHO BaXIIMBO B KpaiHax 3 )KapKUM KJIIMaTOM 30epiratoTh CBOI KOCTI BiJi 6 MICSIIIB 10 POKY

15. | MemOpaHu JIeTKO pereHepyIOThesl PO3YHHAMH KHCIIOT MeMOpaHH He ITiJUITaloTh pereHepyBaHHIO

16. | IloBHa BuTpaTa eneKTpoeHeprii Ha mporec enexTpoxiamizy (3 | st Boxu 3 MmacoBoro uacTkoo comei 3,5-4,0 % poGoumii THCK B
ypaxyBaHHSIM EHEpril MepeKauyBaJbHUX HACOCIB) Bapiloe B | YCTaHOBKAX 3i 3HecONeHHs moBHHEH Oytu 7-8 MIla. I, He3Bakaioun Ha
mexax 1,5-2,5 KBT/FO,I[/M3 BHCOKY CEJIEKTHBHICTh MEMOpaH, Mpolec NPOBOAATH Y JBi CTaIl.

17. | Ha sBumamenuss 1 xr comi HeoOximHo mo 2 «kBt/rog | Hdus 3uHecomenns 1 M° Takoi BomM HeoOximHo 1m0 10 kBr/rox
€IIEeKTPOCHepTil @IIeKTPOeHepTil

* Ilpuyomy, 11 mepeBaru MOXKHA 30UIBLIMTH, NMEpPEeHIIoBIIM 3 MeMOpaH, 110 MarThb CTUPOI-

JBIH1IOEH30JIbHY OCHOBY Ha aKpUJIOBY.
*% JIg 3HMKEHHSI BMICTY COJIEH KaJIbII1I0 HE ICHY€E €()eKTUBHUX METO/IB.
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Texuiuna ckiaagoBa ycranoBku EDL-10
Jlyis mepeBipKky HalIMX MPHUIYHIEHb CTOCOBHO JIOIIBHOCTI BUKOPUCTAHHS ISl T1ABUILECHHS
epextuBHOCTI oummeHHs maxTtHux Box JIT «Cxixg I'3K» onmcanumx meroniB Oyna po3pobiieHa
naboparopHa yctanoBka EDL-10.
OCHOBHOIO i1 YaCTHHOKO CIIYTYe PO30IpHHUN EICKTPOMIaIi3HUN MOIYib, IO CKJIATAETHCS 3
HACTYIHHUX JIeTajeH 1 By3iB:
" CTSDKHI IUIUTH,
*  MiKMeMOpaHHI IMOJIIETHICHOBI MPOKJIAIKU JAOIpUHTOBOTO THITY 3 TOJNIETUICHOBOIO
3aCTaBHOI CITKOIO — TypOyTi3aTropamu,
* ioHOOOMiHHI MeMOpaHu,
* enekTpoau (BOymIOBaHI B CTSKHI TUTUTH);
» 3'egnanns 1/2 CPVC misg npueHaHHs 10 TEXHOJIOTIYHUX TPYOOIIPOBO/IIB,;
"  CTSDKHI IIMWIBKY 3 HeprkKaBirouoi craii 1 00nTH 3 maiibamu,
"  YIIIbHIOBAJIbHI TYMOBI PaMKH.

KoOHCTpYKTHBHO enekTpoMeMOpaHHHI amapar siBis€ CcO0OI0 MakeT, IO HaOupaeTbes
MOCTIIOBHUM YEPryBaHHSIM 10HOOOMIHHHMX MEMOpaH i MDXMEMOpaHHUX MPOKJIAIO0K, YKIaJIEeHUX
MK CTSKHUMHM IJIMTaMU 13 BOYZIOBaHMMHM €JIEKTPOJAaMHU 1 CTATHYTUMH 32 JONOMOIOK0 IIMHIIBOK.
KoxHa MixMemOpaHHa NpOKJIaaka 3 JABOMA CYCiHIMH (BEPXHBOIO 1 HW)KHBOIO) MeMOpaHaMu
YTBOPIOE KaMmepy, IO TPEACTaBIsI€ COOOI0 TePMETHYHUI KaHajl, B MOPOXHHUHY SIKOTO BMIIIEHO
cernapaTopu-TypOyJi3aTopH, MPU3HAYCHHS SIKUX CTBOPIOBATH HEOOXIAHY TYpOYJEHTHICTh MOTOKY
po3uuHy 1 3amobiraté Oe3nocepeIHHOMY KOHTAKTYy MEeMOpaH Mik co0o0ro. Y MiKMeMOpaHHHUX
MIPOKJIAJKax MO OJIHIA 3 KOPOTKHX CTOPIH 3p00jeHO poOodl OTBOPH, sIKI MpHU 30ipli YTBOPIOIOTH
BEPTHUKAIbHI KaHAIH (KOJEKTOPU-PO3MOIITFHUKN) MO BCili BUCOTI MAKETIB CUCTEMH MiABEACHHS 1
BiJIBEICHHS PO3YHHIB, 110 MOJAIOTHCS Ha MEepepoOKy. Y OTBOPIB MPHUCYTHI LIUIMHU, IO >KUBIATH
nporouHuil kaHai. InsxoM MOBOPOTY MPOKJIAIKU HABKOJO TOPU3OHTAJIbHOI (AOBroi) oci mpu
30ipIIi MaKkeTy 3MIHIOETHCS MOJIOKEHHS JKUBUIBHUX IIUTHH — 3MIIICHHS IIIJTUH 3 OJHOTO OTBOPY Ha
iHmmid. TakuM 9MHOM CTBOPIOIOTHCS 130JbOBAaHI OJHA BiJ OAHOI rpymu kKamep (abo Tpaktu). Y
nporieci poOOTH PO3UYMHM Oe3MepEePBHO MPOTIKAIOTh Yepe3 BIAMOBIIHI KamepH anapaty. Butikaroui
MOTOKH KOKHOTO TPAaKTy 00'€IHYIOThCS B 301pHUX BiABIIHUX KaHanax. KpaiiHi kamepu makera, sKi
po3TamioBaHi 6e3mocepeHbO OISl EIEKTPOIIB, € eNeKTPOAHUMHU. KOHCTPYKIis anapaTy BHKIIOYAE
KOHTaKT PO3YMHIB, IO MEPepoOSIIOThCS, 3 BY3JaMH 1 JETals MU, KpIM HiABIAHUX 1 BIABITHUX
CPVC 3'enHanp, MOJIETHJICEHOBUX MPOKIAJA0K 1 MeMOpaH. B cuctemi miaKiiOYeHHS amapary
nepeadadeHi HeOoOXioHI Micug po3'eMy Uil 3'€IHAHHS 3 TEXHOJIOTIYHMMH TPyOOTpoBOIaMHU 1
MIJKITIOYEHHS] €JIeKTPUYHOTO KMBJICHHSA. 3aBASKM I[bOMY amapaT Jerko TOTYETbCS JUIs
nepeMilieHHs B 3i0panomy BUIIsiAl. OKpiM po30ipHOTO €IEeKTPOIiali3HOr0 MOAYJs JabopaTopHa
ycranoBka EDL-10 ckiamaerses 3:

- HAacoOCIiB JiJIt0aTa, KOHIIEHTPATY, eNEeKTPOTIITY;
- poTaMeTpiB JUIsl KOHTPOJIIO IIBHUJKOCTI IMOTOKY B KaMepax JIIiaTy, KOHLEHTpAry,
€JICKTPOJIITY;
- MaHOMETPIB ISl PEryJIIOBaHHS THCKY B Kamepax JiIt0aTy, KOHIEHTPATy, eJIeKTPOIITY;
- 0axiB 711 PO3YMHY IUTI0ATy, KOHIIEHTPATY, €JIEKTPOIIITY;
- OJIOKYy ympaBJliHHS HACOCAMM,
- JDKepena eJIeKTPUYHOTO KUBIICHHS;
- KJIalaHiB YNPaBJIiHHSA pOOOYNMH PO3UHMHAMY;
- BEHTWIIB OalmaciB HacOCIB, MPOOOBIIOIpHUKA,
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- HACOCIB OJayi pO34YHHIB.
[TpuanmmoBa TigpaBiaiuHa cxema yctaHoBku EDL-10 nHaBemena Ha pwuc. 3. OCHOBHI
TEXHIYHI XapaKTepUCTUKH JJabopaTopHOi ycTaHoBKH EDL-10 HaBeneHo B Tabuui 4.

Tabauus 4. TexHiuHI XapaKTepUCTHKHU JabopaTopHOi yctaHoBKH EDL-10

Tun enekTpoMeMOpaHHOro anapaTy BararokamepHuii, OflHONIAKETHUH, ABOTPAKTHBIH
Po3mip Mixk MeMOpaHHUX TPOKIIAT0K, MM 247x108x1,05
Marepian npokIaJioK i cenapaTopa-TypOyiisaropa ITonieTuaeH BUCOKOIO THCKY
Posmip memOpan, MM 247x108x0,5
Tun memOpasn: AHIOHITOB1
KaTionitosi
KinbkicTs pobounx MeMOpaH amnapary, IIT., BCbOTo: 20

10 — anioHiTOBI

10 — karioHiTOBI

MakcumanbHa MPOAYKTHBHICTD MO TPAKTY, JI/TOL 100
Koedimient Bukoprucranas Mmem6paH, % 61
Yucrno enekTponiB 2

Marepian enekTpois:

Karon Hepxkasitoda ctans X18H10T

AHoOZ TuTaH Mapku BT1 3 BaAKyMHMM HalMIEHHSAM IUIATHHOIO 5 UK
Meska Hanpyru Ha enekTpopax, B 0-100

MakcumansHui pobounii cTpym, A 3,0

MakcumalnpHa TeMreparypa pabodrux po34nHIB Ha BUXO/I 3 amapary:

Y IPOTOYHOMY PEXHUMI 40°C

Y HUPKYIISILIHHOMY PEXUMI 35°C
PoGoumii Harip y NiHii BEXiJHOr0 pO3UnHY Ha BXOJI B arapar, Kr/cm’ 0,1-0,5
MakciuMaJIbHO TOIYCTUMHN KOPOTKOYACHUIT HAMip Ha BXOMi, KI/cM2 15
MakcHMAITbHO IOMYCTHMA Pi3HHILA HATIOPIB MiXk TpakTaMu, Kr/cm® 0,1

EDL-10

K7

Puc. 3. [Ipunnunosa rigpasiiyna cxema ycranosku EDL-10:
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b1 - 6ak nns po3unny enekTpodity, b2 - 6ak mns koHneHTpary, b3 - 6ak mns mimoary, M1 - M3 -

MaHOMETPU BUMIPIOBaHHA BXiAHOTO THCKy Ha amapar EDL-10, P1 - P3 - poramerpu
(Butpatomipu), BYH - 6nok ynpapmiaas Hacocamu, UII - mkepeno eNeKTpUYHOTO >KUBJICHHS,
EDL-10 - enextpomMeMOpaHHHMI ABYXTpakTHHH amapaT mnaboparopHmii, KI1-K3 - knamanum

KepyBaHHA poOounmu po3unmHamu, K4 - K6 - Bentwni OaiinmaciB HacociB, K7 - BeHTWIb
npoboBinbipauka, H1-H3 - Hacocu mogadi po3unniB Ha EDL-10.

[Topsinok pobOTH Ha YCTAHOBIII:

1. Y pobGouy emuicth (6ak b1) momaroTs OJHOPIAHUI PO3YMH 3 OJHAKOBOIO KOHIICHTPAIIIEIO
10HIB.

2. OnHouyacHO BMHUKaroTbes yci Tpu Hacocu (H1, H2, H3), BenTuni GainaciB mpu 1bOMY
BIJIKPHTI, a BXiJIHI BEHTHJII arapary 3aKpuTi.

3. TlocTynmoBo BiIKpMBAaEMO BEHTHIII TMOAAaYl PO3UMHY Ha ejekTpomiamizauid momxynb (K7),
TUCK Ta IIBHUJKICTh TIOTOKY B TPAKTaX BUPIBHIOETHCS O €IUHOTO TTOKA3HUKA, MOTIK BOJIU MTOBUHEH
O0ytu B Mexkax 300 n/rog.

4. TlomaeMo Hampyry Ha amapar yBIMKHYBIIH pkeperno xkwusieHHs (UIT), poboua Hampyra
mopsiaky 20 B i 1A.

5. ¥V mporeci pobOTH amapary KOHIIEHTpAIlisl 10HIB 3MIHIOEThCS, B Kamepi aimoara (B3)
KOHIICHTpallisg majaae, B kamepi koHmneHTpary (b2) Bona 3pocTae.

6. Ilpolec KOHTPONIOEMO MNUIIXOM BiIOOpPY MpoO uepe3 BEHTWII MPOOOBiIOIpHUKIB 7.
[Toka3HUKH COJICBMICTY B TpaKTax, €IEeKTPONMpPOBIAHOCTI, pH, MBUAKOCTI MOTOKY, Yacy 0OpOOKH
3aHOCHMO B TaOMUINIO T (pikcarlii JaHuX.

6. [Ticis poOOTH BUMUKAEMO JKEPEIIO KUBJICHHS, IEPEKPUBAEMO TTOJ1a4y pOOOUNX PO3UHHIB
Ha arapar, BAMHKa€MO HacOCH.

7. IllpoBoAMMO aHaIi3M OTPUMAHUX PE3YJIbTATIB 1 PO3UUHIB.

HoBu3na. CtBopeHa Ha 0a3l MeTody eyieKTpoAianizy jaboparopHa ycraHoBka EDL-10
nokaszana Oinbplly €(QEeKTHBHICTh LBOTO METOJY 32 YMOBHU JESKHX YIOCKOHAJeHb MeMOpaH i
CHEIiabHUX PEXHUMIB CTPYMY Y MOPIBHSHHI 3 iICHYIOYOIO TEXHOJIOTIIO MEPEepPOOKU MIAXTHUX BOJ
JIT «Cxin I'3K». IligBumenHst eeKTUBHOCTI poOOTH amapara JOCSATAEThCS IUISIXOM CTBOPECHHS
OaraTokaHaJIbHUX, OararokaMepHHUX 301pok. 3aranpHuil Burisy gadopatopHoi ycranoBku EDL-10
HaBEJICHO Ha puc. 4.

ExoHomiuHuil e(peKT NMpu BUKOPUCTAHHI €JIEKTPOJIaNi3HOI TEXHOJIOrii 3HECOJIEHHS BOJIU
JOCSITAEThCSI 3@ PAaXYHOK 3HMKEHHSI BUTPATH PEareHTIB 1 MOJAJbLIOr0 INIMOOKOTO 10HITHOTO
3HecosieHHs BoAu. [Ipu enexTpoiani3HOMY 3HECOJIOBAaHHI MONEPEIHBO OUUIIEHOT B/l JUCTIEPCHUX
YaCTMHOK BOJM HE MOTPiOHI MiJKWUCIICHHS KOHIEHTpPATy 1 KUCJIOTHA NMpOMHBKa MeMOpaH. [l
perenepanii 10HITHUX (IIBTPIB MOXKHA TAaKOXX BUKOPUCTOBYBATU CYMIIIl CHJIBHUX KHCIJIOT, IO
YTBOPIOIOTHCS B KOHTYP1 KOHIEHTPYBAHHS €JIEKTPOA1aIi3HOTO anapary.

Exosnoriyna epeKTUBHICT JOCATAETHCS 32 PAXYHOK CKOPOUEHHS CKUAAHHS MiHEpaIi30BaHUX
CTOKIB y BIJIKpUTI BOJONMH Ta BiIBOJAY 3 MPOJYBHOIO BOJOIO TUIBKH THUX COJIEH, AKi Mepeluuin B
KOHTYp KOHILIEHTPYBaHHA 3 00p00JII0BaHOT BOIH.

TectoBi BumpoOyBanHsi JaGopatopHoi ycranoBku EDL-10 ansi oumimeHHsi MojgeIbHHX
pO34uHiB

Ha naGopatopHiii ycTaHOBII Oy/lO MpPOBEACHO Cepil0 TECTOBHX BHUIPOOYBaHb 3
BHUKOPUCTAHHSAM MOJICIIHUX PO3YMHIB 3 MiHepauizamieto 1,5 -2,5 r/n (MogensHi po3unnu 1, 2, 3 3
MiHepaumizatiero 2,5 r/a, 1,5 r/m, 2 r/a Ta enekrpornpoBigHocTIMU 520 MKCM, 410 MxCwMm, 450 MxCum
BIZNIOBIHO). Pe3ynbTaTi eKCIIEpUMEHTIB HaBeCHO y Tabnuisx 5, 6, 7, 8.
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Puc. 4. 3aransHuit Burisi nadoparopHoi ycraHoBku EDL-10

Tabauus 5. CrioxxuBaHHS eHeprii 1 XIMIYHUX PEYOBUH

Komo0inaris
BUITAPOBYBAHHS Ta Bumaposysanms MemOpaHHi
MeMOpaHHUX MPOIIECIB MIPOIECH
Crio>xuBaHHS €11. CHeprii (KBT.FOZ[/MS) 25,22 26,02 24,06
BignoBneHus ‘II/I((:(’;:)I BO/M / 3arajbpHe 0,39 0,62 0,02
Crio>kuBaHHs 01pq3aHo'1' KHCJIOTH 80 77 59

(xr/m”)

CroXuBaHHS rmpoSKCI/my HaTpiio 251 0,663 4.65
(xr/™°)

Ta6auns 6. Pe3ynbraTi €KCIIEPUMEHTIB 13 3HECOJICHHS MOJICIIBHOTO PO34MHY 1 3 BUKOPHCTaHHIM
nabopatopHoi yctanoBku EDL-10

IlIsumcicrs EnexTponpoBiaHicTh| .
Yac 06'em MOTOKY, pH MKCM Tk, PoGouwnii ctpym,
No OUHIICHHS, S— I/XB At Hanpyra, B A
XB ’ a 6 a 6 a 6 a 6
1 180 55 0,4 04 5-6 5-6 520 25 0,18 51 0,25 0,05
2 180 55 0,4 04 5-6 5-6 520 22 0,18 51 0,25 0,05
3 180 55 0,4 04 5-6 5-6 520 23 0,18 51 0,25 0,05
4 180 55 0,4 04 5-6 5-6 520 25 0,18 51 0,25 0,07
5 180 55 0,4 04 5-6 5-6 520 25 0,18 51 0,25 0,06
6 180 55 0,4 04 5-6 5-6 520 27 0,18 51 0,25 0,06
7 180 55 0,4 04 5-6 5-6 520 24 0,18 51 0,25 0,05
8 180 55 0,4 0,4 5-6 5-6 520 28 0,18 51 0,25 0,05
9 180 55 0,4 0,4 5-6 5-6 520 26 0,18 51 0,25 0,05
10 180 55 0,4 04 5-6 5-6 520 25 0,18 51 0,25 0,05

a — BUXIJIHUI MOJIeTIbHUI PO34KrH, 0 - po3unH miciisi 00pooku Ha EDL-10
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Tabauus 7. Pe3ynbrat €KCIIEPUMEHTIB 13 3HECOJICHHS MOJICIIBHOTO PO3YMHY 2 3 BUKOPUCTAaHHIM
naboparopHoi ycraHoBku EDL-10

llIsumcicrs EnexrponpoBianicts N
Yac O6'em MOTOKY, pH MKCM Tuex, PoGouwnii ctpym,
Ne OYMIICHHS, oM, 1 1/XB At Hampyra, B A
XB ’ a 0 a 0 a 0 a 0
1 180 70 0,4 0,4 5-6 5-6 410 14 0,03 51 0,24 0,04
2 180 70 0,4 0,4 5-6 5-6 410 13 0,03 51 0,24 0,04
3 180 70 0,4 0,4 5-6 5-6 410 15 0,03 51 0,24 0,07
4 180 70 0,4 0,4 5-6 5-6 410 15 0,03 51 0,24 0,06
5 180 70 0,4 0,4 5-6 5-6 410 14 0,03 51 0,24 0,05
6 180 70 0,4 0,4 5-6 5-6 410 12 0,03 51 0,24 0,05
7 180 70 0,4 0,4 5-6 5-6 410 16 0,03 51 0,24 0,05
8 180 70 0,4 0,4 5-6 5-6 410 15 0,03 51 0,24 0,08
9 180 70 0,4 0,4 5-6 5-6 410 15 0,03 51 0,24 0,06
10 180 70 0,4 0,4 5-6 5-6 410 15 0,03 51 0,24 0,04

a — BUXITHUI MOAeNbHAN po34nH 1, 6 — po3unH micis 06poOku Ha EDL-10

Ta6auus 8. Pe3ynbraTt €KCIIEPUMEHTIB 13 3HECOJICHHS MOJICIIFHOTO PO3YHHY 3 3 BUKOPHCTAaHHIM
nabopatopHoi yctanoBku EDL-10

IIBuakicTs EnexponposiaHicT,
Ne Yac 006’em MOTOKY, pH MKCM Tuck, Hanpyra, B | Po6ouwuii ctpym,
OYHILCHHS, BOJIH, JI 11/XB aTM. A

XB a 0 a 0 a 0 a 0
1 160 60 0,3 0,3 5-6 5-6 450 17 0,02 51 0,3 0,07
2 160 60 0,3 0,3 5-6 5-6 450 18 0,02 51 0,3 0,07
3 160 60 0,3 0,3 5-6 5-6 450 18 0,02 51 0,3 0,06
4 160 60 0,3 0,3 5-6 5-6 450 18 0,02 51 0,3 0,05
5 160 60 0,3 0,3 5-6 5-6 450 18 0,02 51 0,3 0,06
6 160 60 0,3 0,3 5-6 5-6 450 19 0,02 51 0,3 0,05
7 160 60 0,3 0,3 5-6 5-6 450 16 0,02 51 0,3 0,07
8 160 60 0,3 0,3 5-6 5-6 450 18 0,02 51 0,3 0,05
9 160 60 0,3 0,3 5-6 5-6 450 18 0,02 51 0,3 0,06
10 180 60 0,3 0,3 5-6 5-6 450 25 0,02 51 0,3 0,07

a — BUXITHAN MOJENBHIHA po34rH 1, 0 - po3unH micist o0pooku va EDL-10

3MiHY €NeKTPONPOBIIHOCTI PO3YMHIB KATiOHIB Ta aHIOHIB 3 4YacoM, MpH MEPEHECeHHi X
Kpi3b BIJIMOBIIHY MeMOpaHy y JabopartopHiit ycranosii EDL-10, nHaBeneno Ha puc. 5.
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Puc. 5. 3miHa eeKTpOnPOBITHOCTI PO3YMHIB KaTiOHIB Ta aHIOHIB, IIPH IEPEHECEHHI iX Kpi3hb
BIZINOBiTHY MeMOpany y JabopaTopHiii ycranosui EDL-10
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3 HaBeACHWX JAaHHUX BUIHO, MO 31 30UIBIICHHSAM Yacy AOCTIAY KUIBKICTh 10HIB, MIO
MITPYIOTh y aHANITHY YM KaTalliTHY Kamepy 30utbmiyerbcs. Ciil 3BEpHYTH yBary Ha Te, IO
KUTBKICTh KaTiOHIB 1 aHIOHIB, IKi MPOWIIUIM KPi3b BiAIMOBiIHI MeMOpaHH, MPHOIM3HO onHaKoBa. Lle
BKpail Ba)KJIMBO, OCKUJIBKH MPHU 3MIITyBaHHI KOHIIEHTPOBAHUX PO3YMHIB 3 aHAJITHOI Ta KaTaJiTHOT
KaMep SKICHUH CKJIaJ pOo34MHy Oy/Ae IACHTUYHUM BHXIJHIM BOJI, IO MiAJaBantach 3HECOJICHHIO.
SIKicHMIA CKJTaJ BOAM ICIS OYMIICHHS 3JIMIIAETHCS NMPAKTUYHO HE3MIHHUM, B TOW 4ac, sK ii
MiHepaJi3allist 3HaYHO 3MEHIITY€EThCSI.

BucHoBku

CrninbHEe BHUKOPHCTAHHS EJEKTPOMAiaizy 1 METOAY CIIBOCAKEHHS, L0 MPU3BOAHUTH 10
CHIBOCQ/DKEHHS YpaHy Ha YaCTHHKAX Cyiab(paTy KalbI[il0 HA CTaJii MICJIS MPOIEeCy KOoarymsilii,
JI03BOJISI€ MIIBUIIUTU €(PEKTUBHICTh OUUIICHHS axTHUX BoA IHrynbcpkoi maxtu JIT «Cximg I'3K»
10 KoHIeHTpaii He 6imbmie 0,01 mr / e,

3anpornoHoBaHa TEXHOJOTIS Ja€ MOXIIMBICTh 0€3MOCEPEeHBOr0 CKHAY OYHIIEHUX
YPaHOBMICHHUX IIAXTHUX BOJ Y BIIKPUTI BOZOHMHUIIIA.

BukopucTtaHHa 3MIHHOTO €NEKTPHUYHOTO CTPYMY B TEXHOJIOTISIX €JIEKTPOJiani3y 3HA4HO
po3IIUpIOE 00J1aCTh HWOTO 3aCTOCYBAaHHSI 1 JIO3BOJISIE BUKOPHUCTOBYBATH [JISi OYHMIICHHS CTOKIB
HiANPUEMCTB YpaHOTIEPepOOHOT TPOMHUCIIOBOCTI.
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HOBBINEHUE 3O®EKTUBHOCTHU OYUCTKHU INAXTHBIX BOJl HA ITIPUMEPE
UHT'YJIbCKOH IAXTHI I'lT «cBOCTOK I'OK»

Hanngos C. B.,3a0yaono0B 0. JI., Onykanen JI. A., Kagomaukos B. M.

3a0ymnonoB 1O. JI. wr.-xop. HAH YxpauHel, TOKT. TeX. HayK, npod., 3aB. ota. I'Y «MucTUTYT reoxumun okpyxatomei cpensl HAH Ykpaunsiy,
zabulonov@mail.ru;

Janunos C. B. acmpant I'Y «HCcTHTYT reoxumun okpysxkamomeit cpeast HAH Ykpaunsi», SeRg <svdanilov@yahoo.com;

Ognyxaner JI. A. v.c. 'Y «HcTHTYT reoxuMun okpysxatomiei cpenst HAH Ykpaunnsi», laoduk@i.ua

Kagnouankos B. M. H.c. 'Y «MHctuTyT reoxumun okpyxarouieii cpenst HAH Yipaussr», vm.kadoshnikov@gmail.com

B pabome onucan memoo nosviuenus 3¢ghekmueHocmuy OUUCMKY WAXMHBIX 800 U CNOCOO €20 peanu3ayuu.
Kombunuposannoe ucnonvzosanue >1eKmpoouanusa u memooa coOCaxdcOeHus 3aKno4aemcs 6 mom, 4mo
CHAYANA NPOUCXOOUM COOCANCOCHUE YPAHA HA YACTUYAX CYIbGAma Kanvyus, a nociedyouee npumeHeHue
971eKMpOOUANU3A NOCNe Npoyecca KOoazyiAyuu HAHOYACMUY NO360JiAem NOAYYUMb OYUCHKY CMOKA C
KoHyenmpayuetl ypaua ue 6onee 0,01 me / o, Paccmompena eozmooicnocme uzeneuenus He moavKko ypaua,
HO €20 CNYMHUKO08:paousl, nojoHus u op. B cmamve npugedensi pe3ynibmamsl uccie008aHull ¢ npUMeHeHuem
VCMAHOBKU OYUCKU WAXMHBIX 800, 8 MOM Yucie pe3yabMmamsl 1a00PAMopHbIX USMEPEeHUll cocmasa
waxmuvix 600 Il «Bocmox I'OK», nocmynaowux Ha yCmano8Ky, COCMAG WAXMHBIX 800, NPOULeOULUX
npoyecc ouucmru Ha YOIIB Uneynvckou waxmot I'Tl «Bocmok TOK» u copacvisaemvix 8 oKpyscaouyio
cpedy u pesynomamvl MecmogblX IKCHEPUMEHMO8 ¢ 00ecCONUBaHUs pacmeopa ¢ UCHOIb308AHUEM
nabopamopnoi ycmanosku EDL-10. Ilokazana nepcnekmusHOCMb UCNONb308ANHUSA DNIEKMPOOUATU3A NPU
nepeMenHoOM dJleKmpuieckom moke. 1lpu npomekanuu nepemeHHo20 mMoKa 6 3J1eKMpPOXUMULECKOU cucmeme
€030a0McsL yenous 0 oCyujecmenerus 6oiee WuUpoKo2o Kiacca pasiuiHulX 2NeKmpOoXUMU4eckKux peakyuil
6 pacmeopax, Ha >1eKmpooax U MexlchasHol cpanuye dNeKmpoo-371eKMpOonUm, 1eKmpoIum-uemopana.
IIpeumywecmeom npumeHeHuss HeCMayUOHAPHO20 PENCUMA NPU DIeKMPOOUANU3e ABNAEMCA e20 HU3KASA
YYBCMEUMENLHOCTb K KOHYEHmMpayuu uoHog 6000pooda (pH), umo noszgonsem pabomamv KAK C CUIbHO
KUCTbIMU, MAK U C CUTbHO Wenounvimu pacmeopamu. I[loomeepoicoeno ocpanuvenuss npumeHeHus
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BJZeKWlPO()uCIﬂMS’a, umo  C6A3adHO C  HEBO3MOINCHOCMbIO  U3BAMUA  HE3APANCEHHbIX  KOMNOHEHMO6
B8bICOKOMUHEPAIUZOBAHHBIX pACMEBOPO6, eCcllu maxKue 6y0ym npucymcmeoeamsn.

Knruesvie cnosa: snexmpoouanus, waxmuvie 600bl, OYUCHKA, MEMOPAHbL, 1AOOPAMOPHAs YCMAHOBKA,
obecconusanue, cmacuenue, pH.

IMPROVEMENT OF EFFICIENCY OF MINE WATERS CLEANING BY THE
EXAMPLE OF INGULSKAYA MINE OF SE « VostGOK»

S. Danilov, Yu. Zabulonov, L. Odukalets, V. Kadoshnikov

Yu. Zabulonov Cor. Member NASU, D.Sc. (Tech.) Sl «Institute of Environmental Geochemistry NAS Ukraine», zabulonov@mail.ru;
S. Danilov Doctoral Student Sl «Institute of Environmental Geochemistry NAS Ukraine» SeRg <svdanilov@yahoo.com

L. Odukalets, researcher Sl «Institute of Environmental Geochemistry NAS Ukraine», laoduk@i.ua

V. Kadoshnikov researcher S| «Institute of Environmental Geochemistry NASU», vm.kadoshnikov@gmail.com

The paper describes a method for increasing in the efficiency of mine water treatment and the
method of its implementation. The combined use of electrodialysis and the coprecipitation method
is that the first is coprecipitation of uranium on the particles of calcium sulfate, and the next use of
electrodialysis process after coagulation nanoparticles can get effluent with uranium concentration
of less than 0.01 mg / dm®. The possibility of extracting not only uranium, but its associated
elements: radium, polonium, and others. The article presents the results of studies using mine
water treatment installations, including the results of laboratory measurements of mine water of
Subsidiary "VostGOK", coming to setting, the composition of mine waters that have undergone
treatment at MWTI of Inhulskaya Mine of State Enterprise ™ VostGOK » and results of test
experiments on solution desalt using a laboratory setup EDL-10. The perspective of using
electrodialysis with an alternating electric current is showed. When alternating current flows in an
electrochemical system, it is created the conditions for the implementation of the broader class of
electrochemical reactions in various solutions on the electrodes and the interface electrode-
electrolyte, the electrolyte membrane. The advantage of the application of unsteady mode during
electrodialysis is its low sensitivity to hydrogen ion concentration (pH) that allows to work with
both strongly acidic and strongly alkaline solutions. The restrictions of use of electrodialysis, that
are due to the impossibility of removal of the uncharged components of highly solutions, if any are
present, are confirmed.

Keywords: electrodialysis, mine water treatment, membrane laboratory facility, desalination, softening, pH.
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