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Asepbaiioscanckuii apxumexmypHoO-cnmpoumenvHblil YHUsepcumen

Jita ymsardenus UCXOQHOH BoAw! npuMeHserca Na- nim H-xkaTnonuposanue
nnu coBmectHoe H-Na-karnonuposanme. Hemoctatok 3THX crmocoGOB MOAro-
TOBKH BOJBI 3aKTIOYACTCS B 00pa3oBaHUU OOMBIIOrO KOMHYECTBA 3aCONCHHBIX
CTOYHBIX BOJ NPH PEICHEPALUH KATHOHHTHBIX (PHIBTPOB PacTBOPOM IOBAPCH-
HOU CcONMU WM cepHOH kuciaoThl. OTpaboTaHHBIC PErCHEPALIMOHHEIC PACTBOPEHI
(OPP) zarps3HSrOT OPUPOAHBIC BOJOSMBI H TEM CAMbIM HAHOCAT YIIEPO OKpPY-
JKaroLel cpeae.

[TosToMy ¢ 1enBIO OXpaHbl IPUPOIHBIX BOAOCMOB 3TH CTOUHBIC BOABI JOIK-
Hbl yTHIH3UpoBaThes. COrNIacHO W3BECTHOU TPAIULMOHHOW TEXHOIOTHH CTOY-
HBIC BOJBl XMMBOJOOUYHUCTOK IMOJBEPTAIOTCS COAOBOU3BECTKOBOH 0OpaboTKE B
OCBCTIIUTENE, TAC OCHOBHAS YACTh HOHOB JKCCTKOCTH OCAXKIACTCS B BHJIC
mnama. Jlanee cToUHBIC BOABI MOJAKOTCSA B UCIAPUTENH W KOHLICHTPUPYIOTCS 10
80-100 r/n. 3aTeM KOHLIEHTPAT MOAACTCS B JOMKHTATCIBHBIC anapaThl, IS BbI-
MAPUBACTCS 10 CYXOT'0 COCTOSHUSA. 3aXOPOHCHHE CYXHX CONCH MPOU3BOTUTCS
B BOJOHCHPOHHULACMBIX MOTUJIBHUKAX. Y CTAHOBKA OYMCTHBIX COOPYKCHHH Ha
0aszc BBINAPHBIX ANNAPATOB NPUBOJUT K VBEIHMUCHHIO PACUCTHBIX 3aTpat Oolce
4ueM B aBa pasza [1].

Pazpaborannbic B A3zepOailkaHCKOM apXHTEKTYPHO-CTPOUTCIBHOM VHH-
BEPCUTETC TEXHOIOTHH OSCCTOYHOTO YMATUCHHUS BOABI MCKIIOUYAIOT OMHCAHHBIC
BBIIIC TCXHOMOTHUCCKHUC OTNCPALIMH, CHIXKAS TEM CaMBIM CEOCCTOMMOCTh YMST-
ueHHOH BOAbI [1]. CylMHOCTS NAHHOW TEXHOJIOTHH 3AKIIOYACTCS B TOM, YTO MO-
ayueHHbie OPP moxseprarorcsi cOTOBOM3BECTKOBOH 00pabOTKE B OCBETIUTENC
COBMECTHO ¢ HCXOIHOU BoxoH. [1osTOMY 3TH TEXHOJIOTHM CTAaHOBATCS Haubolee
3¢ (eKTUBHBIMI PU MPUMCHCHUH OCBCTIHUTEICH HA CTAIHH NMPCIBAPUTCIBHOU
OYHCTKU BOJbI.

B kauecTBe HCXOAHOH AN MOJNUTKH TCILUIOBBIX CETCH B OONBIIUHCTBE CITY-
YaeB HCIOIb3YETCS BOJA M3 FOPOACKOro Bojomposoia. IlosTomy mprMeHeHuUe
OCBCTIIMTCIICH B STUX VCIOBHAX TONBKO U OCAKICHHS HOHOB YKCCTKOCTH W3
obpadatseiBacmoit Boabl 1 OPP COMOBOM3BECTKOBAHUEM HE BCETAA SIBISICTCS 1IC-
JCCOO0Pa3HBIM.

Hna motpeburtenci yMATYeHHOH BOABI, HE HPEIBSBILIIOIINX BBICOKHX TpE-
0OBaHHI K KECTKOCTH 0OpabOTaHHON BOJBI, B YACTHOCTH AJIS MOMMUTKH TCILTO-
CETH, UCXOJHYIO BOOY MOYKHO YaCTHYHO YMATYHUTE B H-KaTHOHUTHBIX (PUIBTpax
C PEKUMOM «TONOJHON» PErcHEPaIldH, YTO TMO3BOJIET CYLICCTBCHHO CHHU3HTh
KapOOHATHYIO JKECTKOCTh BOABI. [10 3TOM TEXHOTOrMH MPOCKOK KHCIOTHI MOCTE
(uUnbTpa AOMKEH OTCYTCTBOBATH HE TONBKO MPH PETCHEPALIUH, HO U Mpu obpa-
6oTke BoAbpl. Pacxox KUCTOTH B PeXKHME «TOMOTHON» PETCHEPALIUU KAaTHOHUTA
MPUHUMACTCA B CTCXHOMETPHUCCKOM Konmuectse. KaTvonuTHBN (unptp 3a-

52



rpyxaercs momTuyHKIHOHATBHBIM UK CIaOOKHCIOTHBIM KaTHOHUTOM. Meton
H-xatHoHupoBaHMS ¢ «TONOJHON» PEreHEpALUCH LEIECCOO0Pa3HO MPUMCHATh IS
00paboTKu MPUPOAHBIX BOA ruapokapooHarHoro knacca (HCO; > Cl+ SQOy) [2].

Ha puc. la nokazana npunimmmansHas cxema H-katnoHnposanus ¢ pexxu-
MOM «TOJOXHOM» percHepamuu H-katnonuTHeIX GuneTpoB. Ucxoanas Bozaa
MPOMYCKACTCS CBEPXY BHH3 UCpe3 MPSIMOTOUHBIM KAaTHOHUTHBIH QuibTtp 1, 3a-
I‘py)KCHHbII\/'I HOHI/I(I)yHKLII/IOHaHbeIM WA CJ'Ia6OKI/ICJ'IOTHbIM KAaTUOHUTOM, OTKY-
na H-katrnoHupoBaHHAas BOAA MOCTYIACT B ACKapOOHU3ATOP 2, TAC C MOMOLIBIO
BO3AVXa, NOAABACMOr0 BEHTUIATOPOM 3, 13 Boawl yaamiercsa CO, u codupaercs
B Oak 4. [lamee oOpaboraHHas BOJa HACOCOM 5 MPOIMYCKACTCS 4EpPe3 HEPEre-
HepupyeMeld OydepHbiit  ¢umbTp 6, 3arpykeHHBIH cynbdoyriaeM. bydep-
HBIH HIBTP MPEAOTBPALIACT CAYIANHOC MMOMAAAHUE KUCIOTH B 00pabOTaHHYIO
BOJY M CIJIQKHBACT LICTOYHOCTh (uibTpaTa. Perenepams dunptpa pactBopom
1-2%-#1 cepHOI KHCTOTOH MPOM3BOAUTCS cBEpXY BHH3. OCHOBHBIM HEXOCTAT-
koM H-KaTHOHHPOBAHHS ¢ PEKHUMOM «TOIOTHOIN» PErCHEPALIMM SBISICTCS 00pa-
30BaHUC OOJBIIOrO KOIMYCCTBA CTOMHBIX BOA, COACPIKALIMX KOHLCHTPUPOBAH-
Hbi¢ coau, cocrosmme u3 CaSO,4, Mg,SO,4 u Na,SO,, cOpoc KoTopsix 3arpsi3-
HSICT BOXOCMBI.
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Puc. 1. CXeMbl YaCTUYHOTO YMSITUCHHUS
BOZLI ¢ Oe3peareHTHOM yTUIU3aImen
CTOKOB

- H,O

Ha 6aze H-katnoHupoBaHHs C PE:KUMOM «TONOJHONY» PEreHEpaluu paspa-
0oTaHbl OCCCTOYHBIC TCXHOIOTUH YACTHUYHOIO YMSITUCHHUS BOABI ¢ OC3pearcHT-
HOWM yruimusanueit ¢rokos (puc. 16-nx) [1, 3].
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TexHomornueckas cxemMa OECCTOYHOM IOATOTOBKHM IIOAIMTOYHOM BOJBI

TEMIIOCETH ISl UCXOAHBIX BOJ THAPOKApOOHATHOrO Klacca NMPEACTaBICHA Ha
puc. 16. Perenepauns H-katnonutHOro mnbtpa u 06paboTka HCXOTHOH BOABI
B 3TOM CIY4a¢ OCVINECTBILIIOTCSA COTJACHO CXEMe, M300paKCHHOH Ha puc. la.
Konuentpuposannas wacte OPP coGupaercsas B Oake 7, a pasbaBicHHas —
B Oake 8. B Oake 7 co34at0TCs YCAOBHS IS OCAKACHUS OCHOBHOM YaCcTH HOHOB
kameiust (B = 70-80 %) B Buge CaS04-2H,0. Tlociae ocaxacHuss OCHOBHOH 4a-
CTH HMOHOB KalblMsg KOHLCHTpHpoBaHHas 4dacte OPP cMmemmBaercsa ¢ pastas-
acuuoi yacteio OPP u Hacocom 9 paBHOMEPHO A03UPYETCS B UCXOTHYIO BOAIY.
nepen H-katnonutaeiM guastpom. OPP MoxkHO cMemaTs Takxke ¢ obpaboraH-
HOU BozoW mepen OydepHbIM QHIbTpoM (B cXeMe MOKAa3aHO MYHKTHPHOU JIMHH-
).
B nepeom BapuanTte BhipaboTka 0O6paboTaHHON BOABI MOIYYACTCS OOIBIIE, YEM
BO BTOPOM, OJHAKO KOHIICHTPALUS HOHOB Kalblys B (pruabTpaTe — Gonee BbICO-
Kasg, YeM BO BTOpoM BapuaHrte. [lo yka3zaHHBIM NpPUYMHAM B 32BHCHMOCTH OT
TpeOOBAHUH, HPEIBIBIACMBIX K KadecTBY OOpabOTaHHOW BOIBI, BHIOHPACTCS
HEPBBIM WU BTOPOH BapHAHT CXEMBL.

CpeaHIO KOHIICHTPALIUIO HOHOB Kalblus B puiabTpate mo cxeme puc. 16 co
cvemuBannemM OPP ¢ wucxoanoii Bogoi mepen. H-karuonutrneiM  umbTpom
MOYKHO paccuHuTath no popmyne

nCaCMeC _ CaI/ICX
1-n

Ca¥™ = , MI-3KB./T, €]

rae Cacyec — KOHIICHTPAIUS MOHOB KAJbIUS B CMECH HA BXOJC KATHOHUTHOTO
¢unptpa, Mr-ske./n; Cay — TO K€ B HCXONHOW BOAE, MI-3KB./I; M — KO3(-
(PULIMCHT, TMOKA3BIBAIOIINI YAaCTh MOHOB KAIbLUSA OCAXKAACMOW B KPUCTAI-
au3aTope.

KoHIeHTpaiMo HOHOB KaablHsl, OCAKIACMBIX B KPHCTAIH3ATOPE, MOKHO
ONPEICTUTD CICAYIOLIMM 00pasoM:

2CaS0.0cax = N(Cacyec — Cagun), Mr-3KB./11. 2)

CHmkeHHE 00IIEro coaccoAep)anus 00padOTaHHOH BOJBI PACCUUTACM IO
dbopmyiae
AS = Cayex — Cagun, Mr-9KB./IL 3)

Beipabotky H-katnoHuTHOrO GHIBTPa MOXHO CYIICCTBCHHO YBEIHYMTS,
CCITH U3MEHUTbh BTOPOC YCIOBHE PEKUMA «TONOJHON» PEreHEpaluy, KOTOpoe
MPEAYCMATPHUBACT OTCYTCTBHE KHUCIOTH B 0OpabotanHoil Boxe. Ilpu sToM Moxk-
HO VBEITUYUTh PACXOJ KHCIOTHI C COXPAHCHHEM CTCXHOMCETPHUYECKOTO KOIHYC-
CTBA, YTO MPHBCIACT K IMOSABICHUIO KHUCIOTHOCTH B Gunbtpate. [locnenuumii
HewTpanusyerca B Oyvdeprom ¢punptpe. Takum 0OpazoM MOTHOCTBIO UCIONB3Y-
eTcd MOTCHLUHATIbHAS BO3MOXKHOCTh Kak H-katmonmrtHOro, Tak u OydepHoro
¢duabtpos. Ilpu 3TOM yBETHMUMBACTCA 3HAUCHHE pabOUCti OOMCHHOM €MKOCTH
KATHOHUTA M MOBHIIIACTCA 3(PPEKTHBHOCT MPOLECCa YACTHIHOTO YMATUCHHS
BOJBI. 32 CUET YBEIHUCHHS padoucii OOMEHHOU €MKOCTH KATHOHHTA YMCHBIIA-
€TCA KOMHYECTBO PErCHEpPallil KaTHOHUTA, CHHJKACTCSA KOJNUYCCTBO OJHOBpPE-
MEHHO
PETEHEPUPYEMBIX U COOTBETCTBEHHO 0obmee KomuuecTBo H-kaTHOHHTHEIX U Oy-
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depubiX GUIBTPOB, a Takke yaeapHbiid pacxox OPP. Takum oOpa3om, yMeHb-
IACTCS KAMHTAIOBIOKCHUAEC HA YCTAHOBKY, HMOBBILIAOTCS KOMIIAKTHOCTE BOJO-
MOJATOTOBUTEIBHONW VCTAHOBKH, a CICAOBATEIbHO, H 3(QeKTHBHOCTD mporecca
H-xarnonnposanus.

PesynpraTtel mpoBeACHHEIX NabOPATOPHBEIX SKCHCPUMCHTOB IMOKA3AMH, YTO
pabouas obOMeHHas emKkocTh kaTHoHHTa cyabdoyronp tuna CK-1 mo manHOI
MATOCTOYHOH TEXHOJIOTMH MO CPABHCHHUIO C TPAAMIMOHHOM MOBBIIIACTCS HA
50-60 %.

[Ipenen mpumeneHus paspaboraHHOro Meroaa 4actumaHoro H-katuonmpo-
BaHUS BOJABI C OE3pPCArcHTHOH VTUIM3ALMCH CTOKOB B OCHOBHOM LIMKIC 0Opa-
OOTKH BOAB MOMKHO CYIICCTBCHHO PACIIUPHUTh, CCIH KOHLCHTPHPOBAHHYIO
yacte OPP mocne ocakaeHHs OCHOBHOW YacTH HOHOB KaJbLUS HCIOIb30BATH
i perenepauni H-katnonutHoro ¢ubtpa. Ilpn 3T0M NpoHCXOIUT ABYXCTA-
nqutiHas perenepauust, caadana OPP — u3 Gaka 7 (puc. 1B), 3atem — 3—4%-i1 cep-
Hoit kucnoroi. LlenecooOpasHo pacTBOp KUCIOTHI CMEIIMBATH ¢ KOHICHTPHPO-
BaHHOH 4acteio OPP Gmmke x koHLy ero mojaun B H-kaTHOHUTHBIA QUIBTP.
Paszbasnennas yacte OPP coGupaercs B Oak 8, 3aTeéM HACOCOM 9 CMEIIHBACTCS
¢ obpaboraHHOM BoxoH nepe OyhepHBIM (DHITBTPOM.

Hns Box HeruApokapOOHATHOTO Kiacca pa3paboTaHa TEXHOMOTHA, MO KOTO-
PO¥ CHavana pereHepanys NPOTHBOTOYHOTO WTH ABYXIIOTOYHO-IPOTHBOTOYHOTO
(UIBTPa OCYIIECTBIICTCS PACTBOPOM CEPHON KHUCIOTHL CO CTEXHOMETPHUYCCKAM
PacxoaoM, a 3aTeM MO MPOTHBOTOKY MPONMYCKAETCS KOHLIEHTPUPOBAHHAS YACTh
OPP, u3 xoTopoii npeaBapuUTeIbHO OCaXKCHA OCHOBHAS YaCTh MOHOB KAJIbIIHSL.
[Ipu 3TOM M3 CHIBHOKHCTOTHBIX (PYHKLHMOHATBHBIX TPYIIT MOTU(PYHKIHOHATb-
HOT'O KATHOHHUTA BBITCCHAECTCS KHUCIIOTA M cOOMpaeTcs B Oak, a 3aTeM COBMECTHO
CO CBCXKHUM PACTBOPOM KHCIOTH IOBTOPHO 'HUCHONB3VETCA A PEreHepaLiu
H-xatuonutHoro ¢unetpa. Ita TCXHONOrHA NOBHIIACT 3G GEKTUBHOCTh PabOTHI
kak H-katnonutHoro, tak u OydepHoro hpuabTpos.

OTnuuuTEIBHON 0COOEHHOCTBIO CXEMBI, NPEACTABICHHON HA puc. lr, sABmA-
€TCA TO, UTO M PEreHepanus H 00paboTKka BOABI OCYIICCTBIIOTCS MYTEM HOAAYH
HCXOOHOH BOABI M PETEHEPALIMOHHOTO PACTBOPA CBEPXY M CHHU3Y B ABYXIIOTOY-
HO-IIPOTUBOTOYHBIN GueTp ¢ orBogoM OPP u oOpaboTraHHOMH BOABI M3 CpeaHEH
JpeHakHoW cucreMsl. [lpu 3TOM wacoBas mpou3BOAUTEIbHOCTE H-kaTnoHWT-
HOTO (PUNIBTPA MOBBIIACTCS B ABA Pa3a, a BPEMs PEreHEPALINN CHIKACTCS TAKKE
B JIBa Pa3a, B pe3yIbTATE YCTAHOBKA MOTYyUIAETCs O0I6e KOMIIAKTHOM.

Oynxuuo H-katnonntHOro m GydepHOro ¢GHUILTPOB MOXKHO COBMECTHTH
B OZHOM JBYXMOTOYHO-npotuBoTOYHOM Guubtpe (H-B), mpeacrasnennom Ha
puc. 1o Cpeansist aApeHaKHas CUCTEMa yeTaHABIUBAaeTCs HA Beicote 30-35 % ot
obmero crnos karnonnta. Konuentpuposannas yacte OPP mocne ocaxnenns n3
HEE OCHOBHOU YaCTH WOHOB KaJIbLMS JBYMS MOTOKAMH CBEPXY U CHU3Y MOAACT-
csa B H-xatnonutHeii punetp. B BepxHuii motok, 6mmke k koHny nogadun OPP,
JO0ABIIETCSl TAKKE PACTBOP CEPHOH KHCTIOTHI. Takum o0pa3oM, BEpXHHH CIOH
KatuoHHuTa pereHepupyetcst cMechio OPP u cepHOI KHCIOTHI, a HIKHUE ClTOH —
toapko OPP. Otpaborannsiii pacTBop 3a0upacTcs U3 CPEIHEH APCHAKHOH CH-
crembl. Konnentpuposannas yacte OPP nomaercs B 6ax 7, rae U3 Hero ocaxiaa-
STCS OCHOBHAS YaCTh MOHOB KaJjbIus, a pa30OaBjicHHAs 4acTh — B Oak 8. Pa30bas-
aeHHas vacte OPP cmemmBaercs ¢ mexomHod Bomoil mepen H-B-gunbrpom.
Ilpu 3TOM BEpXHHI CITOM KATHOHHUTA, HAXOMIIIHHCA HAJ CPCIHUM IPCHAKHBIM
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VCTPOHCTBOM, BHINOMHACT poib H-katnonuTHOrO PuibTpa, a Clod KATHOHHTA,
HaXOJAIMhcd MEXAY CPEIHMM W HIDKHHUM PaclpeleiuTe/IbHBIM yCTPONCT-
BOM, — POITb OyhepHOro QUIbTPa, U B PE3yIBTATE YCTAHOBKA MOIyUaCTCa Gosee
KOMIIAKTHOM.

HO paSpa6OTaHHbIM TCXHOJIOTUAM U3 BOABI YIAAACTCA TOJIBKO OCHOBHAA
YaCTh HOHOB KAJIBIIUS, 4 HOHBI MArHHSI OCTAIOTCH B oOpaborannoit Boge. Jlocro-
HUHCTBOM TCXHOJIOTUH ABJIACTCA TO, YTO B KAUCCTBC pCarcHTa HUCHOIb3YCTCA
TOJBKO CepHAs KUCIIOTA.
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Lenopyccxuii nayuonanvholii mexuuieckuii yHugepcumen.

B Hacrosmee BpeMs Bce IIUpPE AN PErYJIMPOBAHHS MPOU3BOAMTEIBHOCTH
TATOAYTHEBEIX MAIIWH KOTJIOB CTaJ MCIOIb30BATHCA YACTOTHHIU YIIPABIISICMBIH
mpusog (UYII). OcHOBHOS MPEUMYIICCTBO MO CPABHECHHUIO CO CHOCOOOM H3ME-
HCHHS HAIPABJICHUS MOTOKA ¢ MOMOINBI0 Hampasiuitomiero anmnapara (HA) 3a-
KIIIOUACTCS B €r0 KOHOMHUYHOCTH IPH HArpy3Kax KOTIoB B auamnazone 30-85 %
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