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MNpepgnucnoBne

1 NOATOTOBJ/IEH ®epepanbHbIM rocyfapCcTBEHHbIM GHOMKETHbIM yupexaeHuem «PoCCUWCKUIA MHCTU-
TYyT cTaHgaptTusayum» (OrbY «MHCTUTYT cTaHAapTM3aunn») Ha 0CHOBE COOGCTBEHHOrO nNepeBoja Ha PYCCKUi
A3blK aHI10A3bIYHOM Bepcun cTaHgapTa, yka3aHHOro B NyHKTe 4

2 BHECEH TexHuyeckum koMuTeToM no cTaHfgapTtusauum TK 409 «OxpaHa okpyxallweid npupoaHoi
cpenbi»

3 YTBEPX/JEH W BBEJEH B OAEWCTBWE T[pukazom degepanbHOro areHTCTBa M0 TEXHUYECKOMY
perynuposaHuio u metponorum ot 11 okta6psa 2023 r. Ne 1101-cT

4 HacToAwwuii cTaHfapT UAEHTUYEH MexAyHapoaHomy cTaHaapTy WCO 16075-5:2021 «PykoBogswue
yKasaHusa Nno MCNosb30BaHUI0 OYULLLEHHbIX CTOYHBLIX BOJ ANA OpPOCUTENbHBLIX cuctem. Yactb 5. O6e33apaxu-
BaHMe OYMLLEHHbIX CTOYHbIX BOJ W 3KBMBaNEHTHble BuAbl 06paboTkm» (ISO 16075-5:2021 «Guidelines for
treated wastewater use for irrigation projects — Part 5. Treated wastewater disinfection and equivalent treat-
ments», IDT).

MexayHapoaHblii cTtaHgapT paspaboTaH nogkomuteToM MK 1 «l/icnonb3oBaHWe OYULLEHHBIX CTOYHbIX
BOA O/19 opolleHusa» TexHuyeckoro komuteta NCOJ/TK 282 «[oBTOpHOE ucnosib3oBaHue BOAbl» MexayHa-
poAHOW opraHusauum no ctaHgapTtusauum (MCO).

Mpy npuMeHeHWN HacTosALWEero craHgapta PeKOMeHAYeTCA MCMNOo/b30BaTb BMECTO CCbIJIOUYHbIX MeEXAy-
HapoAHbIX CTaH4APTOB COOTBETCTBYIOLIME UM HALUWOHa/bHbIE CTAHAAPThl, CBEAEHUA O KOTOPbIX NPUBEAEHLI B
LONOJSIHUTENbHOM NpunoxeHun OA

5 BBEJEH BIEPBbIE

MpaBuna NpUMEHEHUss HACTOSLLEr0 CTaHjapTa yCTaHOB/EeHbl B cTaThe 26 ®efepasbHOro 3akoHa
0T 29 uioHA 2015 r. Ne 162-®3 «O cTaHgapTusauum B Poccuiickon degepaunn». WHpopmaums 06 uns-
MEHEHMAX K HACT 0slLEeMY CTaHAapTy Ny6/ukyeTCcs B eXXerofHoM (Mo cOCTOSHMIO Ha 1sHBaps TeKylero
roga) MHOPMaLUMOHHOM yKasaTesne «HauuoHanbHble CTaHAapThbi», a ouLManbHblli TEKCT U3MEHEHUN
W NONpPaBOK — B €XEMeCAYHOM WMHGOPMaLMOHHOM yKasaTene «HauuoHanbHble cTaHfapTbi». B cnyvae
nepecMoTpa (3aMeHbl) WU OTMeHbl HACTOSLEro cTaHgapTa CooTBeTCTBYLIee yBejoMeHne 6yaeT
ony6/MKoBaHO B 6/MKalilleM BbINYCKe €XEeMeCSYHOro WHGOPMAUMOHHOTO yKasaTens «HauuoHanbHble
cTaHgapTbi». CooTBeTCTBYyWLWas nHpopmauuns, ysegoMmneHme n TEKCThl pasMew,aloTCcsd TakkKe B UH-
thopmaunoHHOW cucTemMe 06LErO NOb30BAaHNS — Ha ohuLManbHOM caliTe defepasbHOro areHTcTBa no
TEexXHUYEeCKOMY PEry/IMPOBAHUI0 U MeTposoru B ceTu MHTepHeT (Www.rst.gov.ru)

© IS0, 2021
© OdopmneHue. ®rbY «NHCTUTYT cTaHgapTusaumm», 2023

HacTosiwuii ctaHAapT He MOXeT 6biTb MOJTHOCTbLI0 MM YaCTMYHO BOCMPOU3BEAEH, TUPAXMPOBAH U pac-
npocTpaHeH B KauyecTBe OhMLMANBbHOTO M3faHusa 6e3 paspelleHns defepanbHOro areHTcTBa No TEXHUYECKO-
My perysimpoBaHuio 1 MeTpoJsiorim
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BBepneHne

O6e33apaxmBaHue OYMLLEHHbIX CTO4YHbIX Bog (OCB) sABnsieTca BaXHbIM 3Tanom B npouecce ux uc-
nonb3oBaHunsa. Ero uenb 3aknwyaeTcsd B COKpalleHUW WM YCTPaHEeHUU OCHOBHbLIX PUCKOB A1 340pOBbSA
onepaTtopoB OYUCTHbIX COOPYXEHUIA N BCEX, KTO MOXET KOHTakTupoBaTb ¢ OCB uau c KynbTypamu, KoTopble
opowanucb OCB.

HacTtosawwmin ctaHgapT npeacTaBnisieT cob6oii pykoBOACTBO MO AOCTYNHbIM MeTofaM ob6e33apaxunBaHus,
X ap(PEeKTUBHOCTM U hakTopam, BAUAIOWMM Ha 3T METOAbl, HapsA4y C UX npenmyLiLecTBaMu 1 HepgocTaTka-
MW, B OTHOLIEHNN TEXHUYECKUX N 3KOTOTMUYECKUX acnekToB N Sp(PeKTUBHON HeWTpanmnsaunum uam ypaneHus
pasnnyHbIX NaTOreHoB B CTOYHbIX Bogax u OCB AN MCnonb30BaHWA B OPOLLEHUN.
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HALUWOHANbHbBIN CTAHAOAPT POCCUWMCKOW SEALEPALUMN

PYKOBOAOAWME YKASAHNA MO NCMNONb3OBAHNIO
OUNLWEHHBLIX CTOYHbLIX BOJ AN1A OPOCUTE/IbHbLIX CUCTEM

YacTb 5

O6e33apaxnBaHNe OUMLIEHHbIX CTOUHbIX BOJ M 9KBMBaA/IEHTHbIE BUAbl 06pa6GoTKU

Guidelines for treated wastewater use for irrigation projects.
Part 5. Treated wastewater disinfection and equivalent treatments

Jata BBeaeHna — 2024—07—01

1 Ob6nactb NpUMeHeHus

HacToAwwmid cTaHfapT COAEpPXUT PYKOBOAALLME yKa3aHUA NO NMPUMEHEHWUI0 Pa3/iMUHbIX AOCTYMHbIX Me-
TopoB obe3zapaxumBaHua OCB ana adhpeKTMBHOW HelnTpanusaumm nnn yganeHns natoreHos ns OCB, npeg-
Ha3Ha4YeHHbIX 419 OPOLUEHNS.

B HacTosAuweMm cTaHfapTe paccmaTpuBaloTCs:

- XUMUYECKMe N hu3nyeckne TEXHOMOTMN, NPUHLUNBLI paboTbl U ycTaHOBNEHUE 3hPEeKTUBHbLIX 403 AN
NPYMEHeHNs, BO3MOXHble Npo6iembl peanusauuu, a Takke TeXHU4Yeckoe PYKOBOACTBO MO NMPOEKTUPOBAaHMUIO
N MOHUTOPWHTY;

- CpaBHeHMe npenmMmyuiecTtB U HeAOCTaTKOB pPa3/iInyYHbIX MeTo40B 06e33&pa)KI/IBaHI/IFI, noaxoaAauwnx ans
OCB;

- MOTeHUMnasnbHble 3KOSOTMYEeCcKMe MOoCcnefcTBUSA NMPUMEHEHUA MeTOoAMK o6e33apaxuBaHusa U Cnocobbl
CcoKpaLlleHus Takux NocneacTBuii;

- ob6e33apaxmuBaHne B pas/INYHbIX yyacTKax U noKauuax BOAOXO3ANCTBEHHON CUCTEMbI, UCMOb3YIOLENR
OCB 15 opoleHns, B TOM YuUC/ie Ha BOAOOYMCTHBIX COOPYXEHUAX, B pacnpefenuTesibHOl cucteme, noauB-
HbIX y4YacTKaxX U B ApPYyrnx mectax mcnonb3oBaHus.

2 HopmaTuBHbIE CCbIIKM

B HacTosWeM cTaHgapTe MCNo/sib30BaHa HOpPMaTWBHAas CCblJika Ha cnefywLlwunini ctalgapTt [4ns8 gatupo-
BAHHOI CCbIJIKM NPUMEHSIOT TO/IbKO YKa3aHHOE M3[aHue CCblIJIOYHOro cTaHjapTa, 418 HefaTupoBaHHOW — no-
cnepHee mnsgaHue (Bknw4vas Bce M3MeHeHUsA)]:

ISO 20670:2018, Water reuse — Vocabulary (lMoBTopHOe ncnonb3oBaHue Bogbl. CrioBapb)

3 TepMUHbI, OnpeaeneHnst N CokpalleHus

3.1 TepmuHbl U onpepeneHnd

B HacTodwem cTaHgapTe nNpuMMeHeHbl TepMuHbl No NCO 20670, a Takke cregywuwime TepMUHbI C COOT-
BETCTBYIOLMMWN ONpefesieHnAMM.

NCO n M3K BefyT TepMuHoornyeckme 6asbl faHHblX 418 UCMOb30BaHWUS B 06/1aCTU CTaHgapTusaumum
no cnegywwmnm agpecam:

- nnatdopma gnasa oHnanH-npocmotpa NCO: pocTtynHa Ha http://www.iso.org/obp;

- DOnektponeamna M3K: pgocTtynHa Ha http://www.electropedia.org/.

M3gaHne opuuynanbHoe
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3.1.1 nepepgoBasi TEXHO/IOIMMS OKUCAUTENIbHOI 06paboTkm BoAbl (advanced oxidation process,
AOP): TexHosorus, npu KOTopoW o6pasyloTcsa rMAPOKCU/IbHbIE pajukasnbl B KOJMYECTBE, AOCTATOYHOM AN
yAaneHus opraHukn nyTeM OKUC/IEHUS.

3.1.2 nyckoperynuvpytouiaa annapatypa; MNMPA (ballast): Bnok, BCTaBAsieMblii MeXay UCTOYHUKOM MU-
TaHWA N OLHON WNN HECKOJIbKMMW rasopas’psfHbiMW slamnamMu, KOTOPbI NOCPeAcTBOM WHAYKTUBHOCTWU, eM-
KOCTW MW COYeTaHUA WHAYKTUBHOCTU W €MKOCTU CNYXWUT [NaBHbIM 06pa3oM [/ OrpaHuyvyeHns Toka famnbl
(namn) go Tpebyemoro 3HavyeHus, 4TO6bl Npeobpa3oBbiBaTb W PeryInpoBaTb BXOAALWYIO MOLWHOCTb yAbTpa-
noneToBbIX aMn 418 NONyYeHUA ynbTpadMosieToBoro ceeta.

MpumevaHnue 1— lyckoperynupyolas annapatypa o6ecrneuvBaeT Hag/Iexallee HanpshkeHne U ToK, Heo6-
X0AuMble Ans nycka U reHepauun Y®-(hoToHOB.

3.1.3 3acopeHue (fouling ): Mpouecc, NpuBOAALMNI K YXYALEHNIO MEMOPaHHOTo NOTOKa 13-3a NoBepx-
HOCTHOW MW BHYTPEHHEN HEeNpPoOXoAMMOCTU MeMbpaHbl.

MpumeyaHne 1— Cm. AWWA B130-13 [1].
3.1.4 pa3mep nop (pore size): Pasmep oTBepcTus B NopucToli MembpaHe.

MpumeyaHune 1— Pa3mepbl Nop BbipaxatoTcs MO0 kak HOMWHasIbHbIE (CpedHue), MO0 Kak abCcosoTHbIe
(mMakcvMasbHble), Kak Npasuio, B MKM.

MpumeyaHne 2— Cm. AWWA B130-13 [1].

3.1.5 akBMBaneHTHasa go3a CHmkeHua (reduction equivalent dose, RED): [o3a Y®-u3nyyeHusa B faH-
HOM ycTpolicTBe, KOTOopas onpegensercs ¢ NOMOLWbI0O 6M0A03NMETPUN.

MpumedyaHune 1— Cwm. go3a YD-uznyyenns (3.1.9) n «6Mogos3mmeTpusi».

MpumevyaHne 2 — Takaa gosa YP-usnyyenus (3.1.9) onpegensietca nytem U3MEPEHUS] HEWTpanusaumm npo-
6/1eMHOTo MUKpoopraHmsmMa nocse BO3AencTsns Y®-nsnyyeHus B YP-yCTaHOBKE M CPABHEHWSA pe3ysibTaToB C M3BECTHOWN
KPUBOI peakuun Ha Ao3y Y®P-u3nyyeHus Toro xe Npo6/emMHOro opraHnusmMa, onpegeneHHol ¢ MoMOLLb STabopaTopHOro
UCMbITAHNUSA KONIMMUPOBAHHBIM MYYKOM.

3.1.6 ynbTpaunbTpaumna (ultrafiltration, UF): Mpouecc nog faBfeHMEM C UCMNO/b30BaHMEM MOy-
NPOHULAEMOI MeM6paHbl NoA rMAapaB/NUYECKAM TPAAVEHTOM AaBfieHUs ONA pas3fefieHUus KOMMNOHEHTOB B
pacTtBope.

MpumMmevaHne 1— Topbl MembpaHbl UMEDT pasmep MeHee 0,1 MKM, YTO MO3BOJISIET NponyckaTb PacTBopw-

TeNn, HO 3afiepXXnBaeT HENOHHbIE PaCTBOPEHHbIE BeLWEeCTBa, MlaBHbIM 06pa30|v|, Ha OCHOBe CbI/ISVI‘-IGCKOFO pasmepa, a He
XUMUYECKOro noteHunana.

MpumeuvyaHne 2— Cm. ASTM D6161-10.

3.1.7 cuctema Yd-ob6eszapaxumBaHua (UV disinfection system): CouyeTaHue ycTaHOBOK Y®-06e3-
3apaxuBaHna (3.1.8) n COOTBETCTBYKLWMNX KOHTPOJSIbHO-U3MEPUTE/TbHBIX NPUHOPOB.

3.1.8 yctaHOoBka Y®-o6e33apaxunBaHua (UV disinfection unit): OTaenbHoe coveTaHwe OfUMHOYHbIX
UN MHOXECTBEHHbIX MOC/eA0BaTeIbHO COEeAMHEHHbIX KOHTAKTHbIX MOMEi ¢ 06WMM peXxuMom oTkasa (Hanpu-
Mep, a/ieKTpuyeckas cuctema, CUCTEMA OX/TXAEHUS, CUCTEMA OYUCTKN U T. 4.).

3.1.9 posa Y®-uznydeHus; Yod-norok (UV dose): Konunuectso YP-aHeprun, BblpaXeEHHOE Kak MHTe-
rpan no BPEMEHU OT MHTEHCMBHOCTW MOTOKa UM 06/1y4YeHHOCTH, BT/M2.

MpumevaHne 1— Bblpaxaetca B MI/CcM2 nam Ox/m2.
3.1.10 gaTyuK MHTEHCUBHOCTU Y®-msnydeHuma (UV intensity sensor): Mpubop ANA M3MeEpPEHUs
Y®-nsnyyeHusa nnu paguomeTp ANa U3MepeHus YP-usnyyeHus.

3.1.11 koapdpuumeHT nponyckaHma Y®-usnydeHusa (UV  transmittance): Jona ¢OTOHOB B
Y®-cnekTpe, NpoxoAalmnx Yepes Takoil matepuasn, Kak Boga wam ksapl.

MpumeuvaHue 1— lMpegnoyTMTENLHO YCTaHABAMBATL MOTOYHBIA AATUMK M UCTIONL30BATb €r0 AJ1s NMPOBEPKM
ko3adhchuLMeHTa nponyckaHus Y®-u3yveHus.

MpumevyaHune 2— CneayeTykasbiBaTb AIVHY BO/HbI KO3dhdhuLmeHTa nponyckaHus, %, kak npasusio, npu 3ToM
ncnonb3yeTcsa gamHa nytn 1 cMm. N3amepeHne kannbpytoT no ceepxumcToli Boge (cm. MICO 3696, knacc 1 nnm sKBUBASIEHT).

MpunmevaHne 33— KoachdmumeHT nponyckaHms Y P-n3nydeHnsi COOTHOCUTCSA C MOoroweHnem Y®-usnyyenns A
no cnepyowen chopmyne (gnsa anvHel nytm 1cm): % UVT = 100 * 10~A.

2
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3.2 CokpalyeHus

A254 — nornoweHne npun 254,

CT — npoussefeHune obuero oCTaToYHOro xa0pa U BPEMEHW KOHTaKTa;

DBP — no6oyYHble NPoAYyKTbl 06e33apaxuBaHus;

EPA — ynpaBJ/ieHne N0 OXpaHe OKpyXawlen cpepbl;

DOC — PacTBOPEHHbI OpraHNYecKnini yrnepoa;

DVGM — Hemeukass Hay4yHO-TexHuyeckasa accoumnaumsa no rasy u soge (deutsher veriein des
gas-und wasserfaches e.v.);

LP — HU3Koe faBNeHue;

LPHO — namMmna HWU3KOro AaB/ieHUs C BbICOKOI CBeToOTAauei;

LRV — 3HayeHune norapndPmMmmnyeckoro yMeHbLIeHUs;

MF — MuKpounbTpauus;

MP — cpepHee paBnieHue;

MWCO — rpaHunua OTCeYKn Mo MOJIEKYNAPHOMY BeCy 3afepXuBaemblX KOMMNOHEHTOB;

NOM — NpupoaHOe opraHmyeckoe BeL,ecTBO;

ONORM — aBcTpuiickuii ctaHgapT (Osterreichisches Normungsinstitut);

OK/KK (QA/QC) — obecneyeHne kayecTBa/KOHTPO/b KayecTBa,;

RED — 3KBMBaJIEHTHAA A03a CHUXEHUS;

RO — o6paTHbIli ocMoc;

KPT (TDS) — o6Lee KOIMYECTBO PACTBOPEHHbLIX TBEPAbIX BELLECTB;

THM — TpurasiomeTaHsbl,;

TMP — TpaHcmemb6paHHOe faBfieHue;

TOC — obLee cogepxaHne opraHMyYeckoro yrnepoaa;

OCB (TWW) — OYULLEHHbIE CTOYHbIE BOAbI;

UF — ynbTpadunbTpayms;

Yo (UV) — ynbTpadroneToBbli;

uvT — Ko3h(humumMeHT nponyckaHua Y®-usnyyeHus;

WWwW — CTOYHblEe BOAbI.

4 T[laToreHHble 3arpsAsHsoLME BeLeCTBa B CTOYHbIX BoAax
N NX HEUTpanm3aumst Wn yaaneHune

41 O6wme NONOXKEHUSA

Hanbonee BaXHOW LeNbi NporpaMmbl MOBTOPHOrO ucnonb3oBaHns OCB aABnseTcs oxpaHa 340pOBbS
HaceneHus.

[nsa nocTuxeHns rnaBHOM Lenu cnepyeTt paccMoTpeTb APYrne He MeHee BaxHble Lesin, B TOM 4ucne:

- OXpaHa oKpyxawlLiein cpeapl;

- acTeTuKa (3anax u uBeT) u

- CNoCcO6HOCTb yA0BETBOPATbL NOTPEOHOCTN B OPOLLUEHUMN.

[ns oxpaHbl 340pOBbS HaceNeHus U NpefoTBpPaLLEHUS YXYALWEHUS COCTOSHUS OKpyXawlein cpegbl
cnepyeT oueHMBaTb KayeCTBEHHble xapakTepucTukn OCB U naTOreHHble MUKPOOPraHM3Mmbl, coaepxauimecs
B CTOYHbIX BOAAxX, M paccMaTpuBaTb BO3MOXHOCTb COOTBETCTBYHLE 06paboTkM ANA CHMXKEHUS pucka He-
raTUBHOIO BO34eNCTBUA.

CyuiecTByeT LINPOKWUIA CNEKTP TEXHOIOTMYECKMX BO3MOXHOCTEl ANa LOCTMXKEHUA Lenei no obecneve-
HUKO Tpe6ye|v|oro KayecTtBa BOAbl N CHMXEHUK OO0 MWHMMYyMa pUCKa nepepadvu 3ab6oneBaHnii OT NaTOreHHbIX
MWKPOOPraHn3MoB, KOTOpble MOryT npucytcTeoBaTb B OCB.

Ha o6uwepacnpocTpaHeHHbIX CTaHLUMAX OYUCTKM CTOYHbIX BOA, ABYMS OCHOBHbIMW MpoLeccamu, CHuxa-
IOLWMMWN KOHLEHTPaLMio NaTtoreHHbIX MUKPOOPraHM3MoB B BoAe, ABAAIOTCA:

- HenocpeacTBEHHO NPOLECC OYMUCTKM CTOYHBIX BOA, KOTOPbLIA NpefHasHayeH ANA CHKEHUSA KOHLeHTpa-
LM B3BELIEHHbIX N PACTBOPEHHbIX OpPraHNYeCKnX BeLecTB;

- npouecc obes3apaxmBaHmna OCB.
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4.2 Tvn N NosABNeHNe NaToreHoB B CTOYHbIX BOAdax

FopofckvMe CTOYHble BOAbl, NpeAHa3HavYeHHble 415 Ce/IbCKOX03AMCTBEHHOIO OPOLWEHNS UK ANAS APYTUX
uenei, cogepxaTt pas/inyHble NaToreHHble MUKPOOPraHM3Mbl, KOTOpble MOryT NpeacTaBnsATb PUCK A48 340-
pOBbS HaceseHus.

Tun 1 KONNYECTBO MATOreHHbIX MUKPOOPraHM3MOB B FOPOACKUX CTOYHbIX BOAAxX BapbupyeTcs B pasHbIX
ropogax v permoHax, a Takke B 3aBMCUMOCTM OT BpeMeHu/ce3oHa (BNaxHOro u Cyxoro), anugeMmuin un T. g.
Mpu BbIGOpEe MeTOA0B 0b6e33apaxnBaHnus cnegyeTt yunTbiBaTb CNEKTP MUKPOOPraHn3mMoB, KOTOpPble MOTYT nNpwu-
CyTCTBOBATh, BK/AOYas fAilla napasvtoB, 6akTepun, amebbl 1 gpyrne npocTenwmne, nam6amm n Bupycol. Pac-
npoCTpaHeHHble BO3OyAUTENN MHEKUMOHHbIX 3ab0sieBaHuit, conyTcTByOWMe 3abosieBaHna 1 noTeHymnanb-
HOEe KO/IMYEeCTBO MUKPOOPraHW3mMoB, OOHApPYXEHHbIX B 6bITOBbIX CTOYHbIX BOAax, npuseaeHsl B Tabnuue 1 [2]
(nonHocThlo Tabnuua npusegeHa B Tabnuue A. 1).

Tabnunuya 1— Bo3byauteny MHEKLNOHHbIX 3a60/1€BAHWI, NMOTEHUMATBHO NPUCYTCTBYIOLLME B HEOUULLEHHbIX (CbIPbIX)
CTOYHbIX BoAax [2]

CopepxaHve B
HEeOoUULLLEHHbIX

MaToreH 3aboneBaHune CcTOKaX
(Ha 1 n)
Wnrennbi LLvrennes (6aunnnapHas gnuseHTepus) [o 104
CasibMoHeN bl CanbMmoHennes, racTposHTepUT (Anapes, pBoTa, NMxopagka), pe- [o 105
aKTMBHbI apTpuT, GPIOLLHON T
XonepHblil BUGPUOH Xonepa Jo 105
KamnunobakTepsl [acTpO3HTEPUT, peakTUBHBIN apTpuT, cMHApoM [uiieHa-Bappe Jo 104
OHTepoBupycbl (MonvomMvenuT, [acTPOSHTEPUT, aHOMaIuuM cepaua, MEHVHIUT, pecnupaTopHble Jo 106
9X0, KOKCaku, HOBble 3HTEpPOBM- 3abosieBaHUs, HEPBHbIE PacCTPOCTBa, Apyrue
pycbl, cepoTun 68— 71)
AfeHoBupyc PecnupatopHble 3aboneBaHusl, MHMEKUUM rnas, racTpoaHTepuT Jo 106
(cepotun 40 n 41)
PoTasupyc [acTpoaHTepUT Jo 105
OHTameba Amebunas (amebHas guseHTepus) Jo 102
Naménusa NAam6nmno3 (racTpoaHTepuT) Jo 105
KpunTocnopuaus Kpuntocnopuavos, gnapes, nnxopagka Jo 104
Ackapuga Ackapugos (3apaxeHue Kpyr/ibIM1 YepBsaMU) Jo 103
AHKMN0CTOMA AHKNNI0CTOMO3 (3apadkeHne aHKMI0CTOMaMu) Jo 103
Tpuxypuc Tpuxypuras (3apaxeHue ramctamn) [o 102

MpakTnyeckoe namepeHue

BCEX NaTOreHHbIX 3arpsA3HsWnx BewecTB B OCB npakTuyecksn HeBO3MOX-
HO. OCHOBHbIMW NPUYMHAMUN ABAIOTCS:
- HU3Kas KOHLEHTpauus naToreHHbIX 3arpssHslowmx sewects B OCB;

- OrpaHuyeHne CyLecTBYLWNUX TEXHONOTUA ANa 06HApYXeHUs NaToreHoB, KorAa OHWM MPUCYTCTBYIOT B
MasblX KO/M4yecTBax;

- MUCNbITaHME NATOreHHbIX 3arps3HALWNX BelwecTs B abopaTopun siBAsSieTCA A/INTENbHbIM W L0POro-
CTOSILL WM.

CnepoBaTtesibHO, KOHTPOJIb U MOHUTOPUHT NATOr€HHbIX MUKPOOPraHM3mMoB, Haxoaswmuxcs B OCB, pon-
XEeH OCYLLecTBASATLCS MNyTeM MCCAeA0BaHWA WHAUKATOPHbIX MWUKPOOPraHW3MOB, TO €CTb TeX, KOTOpble BO3-
MOXHO [,O0CTAaTOYHO TOYHO M MPOCTO U3MEPUTb MO NPUUUHE KX CYLLECTBEHHO GO/bluei YncaeHHocTu. Mpu aTom
PYKOBO/ACTBYIOTCS MPeAnocbINKoii, UTO dakTopbl 1 MeToabl 06paboTku, o6ecneunBarline yganeHne nHamka-
TOPHbIX MUKPOOPraHM3MOB, aHa/IOrMyYHbIM 06pa3oM BAMSIOT HA BECb CMEKTP MaToreHoB, Haxogsuuxcs B OCB.
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B nogpasgene 4.3 paccMaTpuBaeTCsl BAMSIHWE NepBOro npouecca (0YMCTKA CTOYHBLIX BOA U CHUXEHUE
KOHLEHTpaLumn 3arpsasHsowmMx BewecTs). B nogpasgene 4.4 paccMatpuBaeTcsi BAMsHWE o6e33apaxuBaHus
OCB.

4.3 COKpaLIJ,EHI/Ie coaepXaHnAa natoreHHbIX MUKPOOPraHM3MOB Ha pPa3/indHbIX 3Tanax OYUCTKU
CTO4YHbIX BOA

XOTSl OUMCTKA CTOYHbIX BOJ B OCHOBHOM HanpaB/ieHa Ha yAasieHuWe B3BelleHHbIX W PacTBOPEHHbIX Op-
raHM4Yeckux BeLeCTB, HE3aBWCUMO OT 06e33apaxuBaHusl, MPOLECC OUYMCTKA MOXET COKpaliaTb KO/MYECTBO
MaToreHHbIX U UHAMKATOPHbIX MUKPOOPraHW3MOB, COAepXaluxcs B CTOYHbIX Bogax. CTeneHb yfaseHus B
KOHEYHOM WTOre 3aBWCUT OT TUMa npouecca OYNCTKM, Kak nokasaHo B Ta6nuue 2 [2].

Ta6nuuya 2— OpUEHTMPOBOYHOE SIOrapUIMUUECKOE YMEHBLLIEHWUE NHAVMKATOPHBLIX MUKPOOPraHU3MOB U 3HTEPA/IbHBIX
MaToOreHoB Ha Pas/IMyHbIX 3Tanax OYMCTKM CTOUHBIX BOA [2]

MNHAVKaTOPHbIE MUKPOOPraHnU3mbl MatoreHHble MUKPOOPraHM3Mbl
KnweyHas OHTepo-
OHTe-
nanouka daru 6akTepun KpunTo-
puTHas OHTepo- Naménus
(nHavka- (vHankaTop- (Hanpumep, cnopuanu rnncTbl
KnocT - o BUPYChI KnweyHas
TOpHblE nans HbIA BUpYC) Kamnuno- napsym
6akTepum) PuA 6akTepbl)
Baktepuun X X X
MpocTeliwme n
P X X X
TNUCTLI
Buipychbl X X

OpI/IEHTI/IpOBOl—IHOG I'IOFapI/ICbMVI‘-IeCKoe YMEHbLLEHNE Ha pPa3/IMYHbIX 3Tarnax O4NCTKU CTOYHbIX BO/,

BTopuyHas

1—3 0,5—1 0,5—25 1—3 0,5—2 0,5—15 0,5—1 0—2
O4nCTKa

duneTpaums B

0—1 0—1 1—4 0—1 0,5—3 1—3 15—25 2—3
LBYX cpepfax3

XpaHeHve B

pesepsyape =5 Hi, I—4 -5 1-4 34 1—35 15—>3

O603HaveHUs:

H/f, — HET AaHHbIX.

MpumeyaHne 1 — KoadppMUMEHTbI CHUXEHUA 3aBUCAT OT KOHKPETHbIX YC/IOBWIA 3KCMyaTauuu, TakuMx Kak
BPEMS YAEPKMBAHNSA, BPEMSA KOHTaKTa M KOHLEHTPALMM UCMO/Ib3YEMbIX PeakTUBOB, pasMep nop, riybuHa uibTpauuu,
npeapapuTenbHas 06paboTka U npoune gakTopbl. MprBeAeHHble AMana3oHbl He creayeT NPUHUMAaTh 3a OCHOBY As
NPOEKTUPOBaHNSA UK PEryIMPoBaHNa — OHU NpeAHa3HaYeHbl UCKTHUUTENBHO A1 OTHOCUTE/TIbHOIO CpaBHEHMSI.

MpumeyaHune 2— Cwm. Tabnuuy 3.

3 Brtovasa koarynaumio.

MocKoMbKY CHUXEHUE UHAUKATOPHbLIX MUKPOOPraHW3MOB, NpeCcTaBfieHHOe B TabnuLe ANs KaXxAoro Tmna
OUMCTKMN, ABMSIETCS /Wb OPUEHTUPOBOYHBLIM, TOUHbIE 3HAYEHUSI CHWXEHUS COAEepXaHusl NaTtoreHoB cieayet
onpefensTb ANS KaXAON CUTyaluu, Kak C yYeTOM TUMa OUYUCTKU, Tak U C yYeTOM napamMeTpoB OKpYXamllei
cpefibl Y YPOBHSI 3KCnyaTalnm, K KOTOPbIM OTHOCATCS: TeMnepaTtypa, KOHLeHTpaLus opraHnyecknx BeLLecTs,
MYTHOCTb, YPOBEHb pH, ammuak, WenouyHOCTb KaxAol CUCTeMbl, TUN MCNOMb3yeMbiX TPY6 U NMOAMBHOIO 060-
pPYZLOBaHusI.

4.4 CokpaleHne cofepXaHUsa NaToreHHbIX MUKPOOPraHM3MoB pas3/iInyHbIMU MeTogamMu
ob6e33apaxuBaHus

Lienb o6e33apaxnBaHusi 0UMLLEHHBIX CTOUYHBIX BOA [AOJIKHA 3aKNo4yaThCa B yAasleHUn UnuM HeilTpanusa-
UMU NaToreHHbIX MUKPOOPraHn3MoB, KoTopble ocTaloTcs B OCB no oKoHYaHMM CTaHAApPTHOrO NpoLecca OYucT-
kn. Cnepyet OTMETUTb, YTO MOJIHAs HeWTpanu3auusi He BO BCEX CJ/lyyasix OCyllecTBMMa, Mo3ToMmy TpebyeTcs
BblAE/IEHNE A0MNOMIHUTE/IbHbIX UHBECTUUUI/ B MeToAbl, KOTopble He o6ecneumBalT TpebyeMmblil ypoBeHb 06-
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paboTkM MO cCofepXaHWo MNaTOreHHbIX MUKPOOPraHW3MOB, AN AOCTUXEHWUS YCMOBWIA, rapaHTUpYOWMX OT-
CYTCTBME MPUYMHEHNS 3HAYMTEsSIbHOTO Bpeja 340POBbI0 NPV UCNOMIb30BAHWM CTOYHbLIX BOZ A1 OPOLEHUS.
CHWXeHMe KOHLEHTpaLumn naTtoreHHbIX MUKPOOPraHW3MOB MOXET GbiTb MHTErPUPOBAHO C AOMOSHUTENIbHBIMY
cTpaTernsiMy KOHTPO/S, KOTOpble MOryT nNpeaoTBpaTUTb BO3AeiCTBME HA 3[40pOBbe, Hanpumep, ycTaHoBe-
HVWe orpaHnyeHunit Ha opoweHue ¢ nomouibio OCB B 3aBUCUMOCTM OT AOCTUTHYTOrO YPOBHS MX KayecTBa.

Kak 6bl/10 OTMEYEHO, NpakTUyeckoe MamepeHue BCex NaToreHHbIX MukpoopraHnamos B OCB gpakTuye-
CKM HEBO3MOXHO MO BbllleykKadaHHbIM MpUYMHaM, MO3TOMY WMCMOJb3YHTCA WHAUKATOPHbIE MUKPOOPraHn3Mbl
(cm. 4.2).

CHWXeHVe KoIMYecTBa MHANKATOPHbLIX 1 NaTOreHHbIX MUKpoopraHnamos B OCB pasfinyHbIMU MeTogamu
o6e33apaxunBaHusa npeactaBneHo B Tabnuue 3 [2].

Tab6nuuya 3— OpPUEHTMPOBOYHOE SlIOrapnMUYecKoe yMeHbLLIEHE VHAVKATOPHbLIX MUKPOOPraHW3MOB U 3HTEPaSIbHBIX
naToreHoB pas/iMyHbIMM MeTofamm obessapaxusaHua OCB [2]

WNHAMKaTOpHbIE MUKPOOPraHW3Mbl MaToreHHble MUKPOOPraHn3Mbl
KnweyHas SHTe- oarm OHTepo-
nanouka 6akTepun KpunTo-
puTHas (nHAnKa- OHTEpo-  Jiam6nus
(MHauKa- o (Hanpumep, cnopuaunmn nucTbl
KnocT - TOPHBbIiA BUpPYCbI KuwWwevHas
TOPHbIE anns BUpYC) KamMnuno- napsym
6akTepum) puA 6akTepbl)
Baktepun X X X
MpocTeiilwmne n rncTbI X X X
Bupychl X X

OpUEHTMPOBOYHOE /TOrapUMMUECKOe YMEHBLLEHVE Pa3/IMYHBLIMU METoJaMN 06e33apaXkuBaHnsa3

Mem6paHHas cunbTpa-

s (UF, NF 1 RO)b 4>6 >6 2>6 >6 2>6 >6 4 >6 >6
O30HupoBaHve 2—6 0—0,5 2—6 2—6 3—6 2—4 1—2 H/A,
Y®d-06€e33apaxmnBaHme 2>6 H/A, 3>6 2>6 1>6 3>6 3>6 HIg
MpoaBuHYTOE OKMC/IEHUNE >6 H/A >6 >6 >6 >6 >6 Hin
XnopuposaHue 2>6 1—2 0—2,5 2>6 1—3 0,5—15 0—0,5 0—1

0O603Ha4eHUs:

H/pQ, — HET faHHbIX.

3 KoathpMUMeHTbI CHUXEHMSI 3aBUCST OT KOHKPETHBIX YC/IOBUIA 3KCNlyaTauun, TakmxX Kak BPeMS yepXuBaHusi, Bpe-
MsI KOHTaKTa W KOHLEHTpaUMN MCNOMb3yEMbIX PeakTMBOB, pasMep nop, rybuHa dmnbTpauun, npeasapuTesibHas 06-
paboTka 1 npouve goakTopbl. MprBeAeHHbIE Ananas3oHbl He criefyeT NPUHUMATL 3a OCHOBY A/151 MPOEKTUPOBaHWSA Wn
perynnpoBaHus — OHW NpefHa3HavyeHbl NCKIYNTENbHO A1 OTHOCUTESIBHOTO CpaBHEHNS.

b MNMoka3aTenu yaaneHus pesko MEHSTCA B 3aBMCUMOCTY OT YCTaHOBKU U 0BCYXMBaHUSA MeMOpaH.

5 O6e33apaxmBaHue

YacTuyHoe yaaneHne MUKPOOPraHU3MoB MOXET 6biTb AOCTUTHYTO Ha pPas/iMyHbIX 3Tanax OYUCTKW, B TO
BpeMmsli kKak o6e33apaxuBaHue SIB/ISeTCA OCHOBHbIM MPOLECCOM A/ HelTpanusaunuy MUKPOOPraHW3MOB WU
UX yAaneHust U3 OUYNLL,EHHbIX CTOYHbIX BOA.

Cxema MoBTOPHOro ucnosib3oBaHus OCB ana opoleHus Ao/KHa BKAYaTh 06e33apaxuBaHue ans co-
KpallleHWs1 COAEepXaHUs MNaToreHHbIX MWKPOOPTraHW3MOB; 3TO OAWH W3 OCHOBHbLIX GapbepoB, 06sA3aTesibHbli
AN HEKOTOPbIX OTAE/bHLIX BUAOB MCMNOMb30BAHUSA M ONUUOHANbHBIA ANS APYTUX.

MpumMmedyaHue — lpolecc 06e33apaxnBaHna CoKpallaeT cofepkaHne MMKPOOPraHW3MOB 10 Npeaesna aHanm-
TUYECKOro 0GHapYXeHUs1, HO He yAansieT MX NOSIHOCTbIO. MMosHoe yAasieHne BO3MOXHO TOJIbKO C MOMOLLbIO TEXHOJIONN
CTepuInsaLmu.

O6e33apaxumBaHne OCB MOXeT 6bITb JOCTUTHYTO C NOMOLLbI Pa3/InYHbIX METOAO0B, NPEeACTaBMEHHbIX B
pasgenax 6—8, B TOM ynucne:
- XUMunyeckmm obessapaxmBaHueEM,;
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- ynbTpadnoNeToBbIM UINYYEHNEM;

- MeMO6paHHot thunbTpaynei.

[JelicTBrne ge3nHpUUMpPYOLWNX CPeACTB HAa MUKPOOPraHn3Mbl ABASETCHA pe3y/nbTaTOM pas/iMyHbIX Mexa-
HU3MOB, NPOUCXOAAWMNX OGHOBPEMEHHO UM MO oTAaenbHocTy [3]:

- U3MeHeHui B cTpykType AHK, NnpenaTcTByHOLWNX pa3sMHOXEHUIO W, CriefoBaTeflbHO, NH(EeKLMOHHOCTY;

- MOBPEeXAEHUSA CTEHKW KNEeToK;

- U3MEHEHNS NPOHULAEMOCTU KIEToK;

- U3MEHEeHUs KONNOoWUAHOW NpupoAabl NpoTonnasmsl;

- MHIMGupoBaHNA akTUBHOCTUN (DEPMEHTOB.

VicknouyeHnem ABNAETCH UCNOo/b30BaHMe MeMOpaHHbIX METOAO0B, A1 KOTOPbIX HE paboTaeT HU OAWH U3
MeXaHW3MOB, yKa3aHHbIX B NpeAblaywnx nognyHkrax. B aTom cnyyae memb6paHa otaenseT MUKPOOpPraHu3Mbl
oT OCB n KOHUEHTpUpyeT ux B oTpaboTaHHOM pacTBoOpe.

PeakTuBbl, MCNosib3yeMble B Ka4ecTBe AE3UHPULMPYIOLWMX CPEACTB, [O/DKHbI 6bITb AOCTYMNHbI B 60/b-
WKX KONMYyecTBax, No pasymMHON UeHe, He Bbi3biBaTb KOPPO3uM 1 okpawwunsaHusa. Kpome Toro, obopynosaHue,
NCnonb3yemMoe npyv NPUMEHEHUN XMMUYECKUX Ae3NH(NLUPYIOLNX CPeACTB, AO/MKHO ObiTb YCTONUMBBIM U/Mnn
NPUCNOCOG/IEHHBIM K TaKUM peakTuBaM B KOHLEHTPMPOBAHHOM uMan paszbaBneHHOM BuAe.

Cxema MOXEeT Takxe BK/I4YaTb HEKOTOopble BUAbl 06e33apaxuBaHus B KayecTBe cpejcTBa npefoTepa-
weHns obpasoBaHua 6mosornyeckux obpacrtaHuii B BogopacnpenenmntesibHbiXx TPy60onpoBogax u opocuTesib-
HOM 060pyAOBaHNK.

6 Xmmunyeckoe obessapaxmBaHue

6.1 O6wme NonoxeHus

PyHKUMA Ae3nHpuunpyLwmnx cpeacTs npu ucnonb3osaHnn OCB ANs OpOLWEHUA XOPOLWO OnucaHa B
ISO 16075-2 [4]. icnonb30BaHUe rasioreHN3NpPOBaHHbIX PEaKTUBOB B CUCTEMAX TPAHCNOPTMPOBKM K pacnpe-
JeneHus BoAbl NpefHa3Ha4vyeHo A/ 3aluTbl OPOCUTESIbHLIX CUCTEM OT 6MoorMyeckux obpactaHuii, nog Ko-
TOPbIMM NOHUMAaETCsa CAU3b, pacTylw,as Ha cTeHkax Tpyo6 [5].

[ns o6eszapaxmBaHua OCB MOryT ucnonb3oBaTbCs pas/inyHble XMMUYeckne peakTusbl. [1Ba Hanbonee
pacnpocTpaHeHHbIX U3 HUX — 3TO ra/IoTEHN3UPOBAHHbIE OKUCNAKLWNE peakTuBbl (Xx10p, 6poM 1 UX coepuHe-
HWUA) 1 030H (cm. 6.2 1 6.3).

Xumunyeckoe gesvHguuupylowee cpeactso aasa OCB gomkHo obnagatb crefywumMMmm xapaktepuctu-
kamu [3]:

- obecneyeHnem 3aPPEKTUBHOCTU NPU MUHUMASTBHOM U3MEHEHUWN XapaKTepuCTUK BOAbI, TAKUX Kak yBe-
nuyeHne obLLero cogepxaHnsa pacTBOpeHHbIX TBepabiX BewecTs (TDS) unu nsmeHeHue ypoBHs pH;

- OQHOPOAHOCTBLIO COCTaBa M HU3KOW noTepeli 6akTepuyMaHoro 4eincTBnsa Bo BPEMS XpaHEHUs WA npo-

cTos;

- pacTBOPMMOCTbIO B BOAE M NMPOXOXAEHMEM Uepe3 K/eTOUYHble TKaHu;

- CMOCOBHOCTbLIO MPOHMKATb Yepes NMOBEPXHOCTb YacTul;

- HEBO3MOXHOCTbIO abcopbLUnM OpraHMYeckumu BellecTBaMu, 3a WCKIUYeHUeM 6akTepuanbHbiX
KNeTok;

- OTCYTCTBMEM TOKCUYHOCTU A5 SIl0feid U OPYrUX XUBOTHBIX, 6€30NacHOCTbI0O TPAHCNOPTUPOBKK, Xpa-
HEeHNs, 06pPaboOTKM N MCNONb30BAHMS;

- TOKCMYHOCTbIO A1 LeneBbiX MUKPOOPraHn3mMoB U a(pheKTUBHOCTbIO NPU BbICOKOW cTeneHun pasbas-
NeHus B AuanasoHe TemnepaTyp OKpyxatkLleid cpefpl.

6.2 O6e33apaxmBaHne coegnHeHUAMN xnopa/bpoma

6.2.1 O6wmne NonoxeHus

O6e33apaxunsaHue Bogbl 1 OCB ranoreHn3MpoBaHHbIMM XMMUYECKUMUN peakTUBamMmmn LUNPOKO UCMONb3Y-
eTcsa M cumTaeTca 3P EKTUBHLIM U NPOCTbIM B UCMOMb30BaHMM MeTOoAOM obe33apaxuBaHusa. lNpu gobasne-
HWM Takux peakTuBOB B BOAY MPOUCXOAMT ABE peakuuu: ruaponus c obpasoBaHuMeM rMnorasongHon KnucnoTol
[cm. popmyny (1)] n pacnag Ha runoranoreHUT-noHbl [cM. dhopmyny (2)] [6], rae X = Cl, Br.

X2+H20  HOX +H++X" (1)
HOX  H++OX" (2)
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Pacnag runoranonaHbliX KACNOT 3aBUCUT OT YPOBHSA pH, Kak nokasaHo B Tabnuue 4 n Ha pucyHke 1. funo-
rasloreHMT-aHNOHbI ABMSATCA Ha 2 nopsgka meHee adhheKTUBHbIMU Buoymgamn, 4em KucnotHas copma [6].

Tabnuua 4 — PacnpefeneHve mexay runorasiongHoii KUCAOTOW U rMNorasioreHUT-aHMoHaMy B 3aBUCMMOCTU OT
ypoBHsi pH [6]

Xnop Bpom
pH
% HOCI % OCI- % HOBr % OBr-
7,5 50 50 94 6
8,0 24 76 83 17
8,5 9 91 60 40
9,0 3 97 33 67

KpvBasi pacnaga runorasongHbiX KUC/IOT NpuBeAeHa Ha pucyHke 1:

Y.,
100 —_—
9
80 ny
70 N
60
50 X\
40 \
30 s

20 L_I

10
6,0 6,5 7,0 7,5 8,0 8,5 9,0 9,5 100 X

X — ypoBeHb pH; Y — % akTuBHOI kucnotbl; 1— HOCI; 2 — HOBr

PucyHok 1 — KpuBble pacnaga rMnoraiongHbix KUCIoT

6.2.2 Peakunmn xnopa/6poma c aMMUakom

HeounleHHble 1 OUYNLLEHHbIE CTOYHbIE BOAbl COAEPXAT pas3/iMyHble KOHLEeHTpauun aMMuaka, Kotopblie
BbI3bIBAOT TPYAHOCTU Npu obe33apaxuBaHuy BOAbl. B pesynbTtate peakumm ammuaka c fobaBnsieMbiM X/10-
poM naM 6poMoM 06pasylTCcA COeAMHEHUSA C ropasfo MeHbllel aesvHduumpyloweli cnocobHOCTbIO, YeM
CBOOOHBIN X10p AN GPOM.

Bo3moxHble peakuyun mexgy HOX n ammmakom npegctaBneHol B popmynax (3)—(5) [3], rae X = Cl
wnn Br.

NH3 + HOX H20 + bIH2X —» (MOHOX/TO0paMuH/6pomMmamuH), ?3)
NH3 + 2HOX 2H20 + NHX2—» (auxnopamuH/6pomamuH), 4)
NH3 + 3HOX 3H20 + NX3 —(Tpuxnopug/Tpnépomug asorta). 5)

3TN peakuun NPouUCXoasiT NPakTMYeckyn MIHOBEHHO M 3aBUCAT OT YpOoBHS pH. Hanpumep, ans coeguHe-
HUIA xnopa npu ypoBHe pH Bbiwe 8,5 o6pa3yeTcs TO/ILKO MOHOX/I0PaMUWH; HUXE 3TOT0 YPOBHSI CYLLECTBYIOT
CMecV MOHO- U AUX/0paMuHa; a npu yposHe pH Huxe 4,2 cyuiecTByeT TOMbKO Tpuxaopug asoTa.

6.2.3 OnpepgenexHne rasioreHN3MpPoOBaHHbIX OCTaTKOB 06e33apaXnBaHusi

Xnop B X/10paMUHOBBLIX COEAMHEHUAX OnpefensieTcs Kak CBA3aHHbll/i akTUBHbIA xnop. CBA3aHHbIA ak-
TUBHbI X/10p 06n1afiaeT MeHblUel Ae3nHUUNPYOLWEA CNOCOGHOCTLIO, YeM CBOOOAHBIA XM0p, Of4HAKO CO-
yeTaHne cBOGOAHOrO X/i0pa M CBA3AHHOINO akTUBHOMO Xsi0pa (X/10paMUHOB), NPUCYTCTBYHWOLULIMX B BOAe, AaeT
cnoco6HOCTb 0b6e33apaxnBaTb BOAY.

8
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OcTaTouHbIl XN10p AOCTyNeH B Tpex hopmax:

- XJlopaMuHbl: hopmMa CBA3AHHOIO X/10Pa;

- XJlopopraHuyeckme coefuHeHus: cnabas hopma CBA3AHHOIO X/0pa;

- CBOGOAHLIN X/1I0p: camasi cunbHasa hopma ocTaTo4yHOro xaopa ANns o6e33apaxuBaHus.

MoTpebHOCTb B X/IOPe PacCUMTbLIBAIOT Kak pasHuLy Mexay o6Lium KoM4ecTBOM Xsopa, f06aBfeHHOro
B BOAY, W OCTaTO4YHbIM X/1I0POM. DTO KO/IMYECTBO, KOTOPOE BCTynaeT B peakuuio ¢ BelwecTBamu B BOAe, 0CTaB-
nsa nocne ceba HeakTUBHY hopMy xjopa.

Cymma noTpebHOCTM B X/I0pPe M OCTATOYHOrO X/iopa onpegenseTt KONYeCcTBO x/iopa, BBOANMOrO B BOZY.

Jo6aBneHHbI XN0OpP = NOTPEBHOCTL B X/1I0pe + OCTATOYHbIW X/0p

OcCTaTOUHbIV X/IOP = CBA3aHHbIN aKTUBHbLIA X/10p + CBOGOAHLIV X/10p

To )xe camoe OTHOCUTCS U K Bpomuay.

6.2.4 Peakuusa TOUYKU Mepesioma

Peakunsi Mexay X/10pOM ¥ aMMWAKOM BbI3blBAET YHUKANIbHOE SIB/IEHWE, KOTOpOe Oka3biBaeT 60/bluoe
BNMSIHME Ha npouecc obessapaxmBaHusa xaopom. lMpu gobasneHun xnopa B OCB (cogepxauive amMMuak)
NMPOMCXOAMT NO3TanHas peakuus, Kak ONMcaHo HWke (CM. PUCYHOK 2).

a b c d

X — po3sa xnopa, mr/n; Y — octaTouHblli xnop, mr/n; A—B — cBA3aHHbIli ocTaTouHblil; C — Touka nepenoma; C—D — cB0O6OAHbIN U

CBSI3aHHbI OCTATOYHbIW; @ — paspyLleHne OCTaTKOB X/lopa BOCCTAHOBUTE/IbHBIMU COEAMHEHMAMU; b — 06pasoBaHue XJ10popraHnyecKmx

N X/TOPaMUHOBBIX COEAVHEHUI; C — paspyLlleHne X/I0paMVHOB U X/I0pPOpraHnyecknx coeguHeHmnii; d — obpasoBaHne CBOGOAHOrO xaopa
N Hanuume HepaspyLUEHHbIX XI0OPOPraHNYyecKknX CoefMHEHN; e — CBOGOAHbIN OCTaTOuYHbIN; f — CBA3aHHbIA OCTATOUHbII

PucyHok 2 — XnopupoBaHue Ao Touku nepesnoma [3]

MepBblii 3Tan: paspyllieHne OCTAaTOYHOro Xs10pa BOCCTAHOBUTE/IbHBIMU COeAUHEHUSAMU. HeopraHmye-
CKAMM BOCCTAHOBUTENAMMU, 0O6bIYHO BCTpevalLWnUMNCa B CTOUYHbIX BoAax U BCTynawwymu B peakuuo ¢ X10-
pom, MoryT 6bITh: cepoBogopof (H2S), asyxBaneHTHoe xene3o (Fe2+), mapraHey (Mn2+), Hutput (N02). 3TN
BOCCTAHOBMTE/IM Ha NepBOM 3Tane 3abmpalT 0CTaTOUYHbIA X/10p, A06aBNEeHHbIi B BOAY A0 TOUKM A.

BTopoi asTan: o6pasoBaHMe X/IOPOPraHUYecKnx M XJI0paMMHOBBLIX coefuHeHuii. Kak onucaHo B pas-
gene 6.1, ammnak (NH3) cogepXuntca B CTOYHbIX BOAaxX W BCTynaeT B peakuuto C XJIOpOM Ha BTOPOM YPOBHeE.
OH coepgunHseTca ¢ Xx10pom, obpasys ofHy U3 Tpex opm xsopamumHa. OpraHmyeckme coefMHeHUs BCTynawT B
peakuunio ¢ UMeLWMCS B CTOYHbIX BOJax XJI0POM NOCAefHUMU 1 06pas3ytoT X/lopopraHnyeckne coefMHeHns
(noTpebHOCTL B x/10pe Mexay Toukamu A 1 B). B aTom gnanasoHe MONSAPHOE COOTHOLIEHME X/iopa U aMmuaka
paBHO 1 1 yBenMyMBaeTCa No HanpassIEHUIO K TOYke B.

TpeTnin 3Tan: paspylleHne XJI0POpPraHNyYeckX M XJI0pamMUHOBLIX COeAnHeHuA. Mexay Toukoih B u Tou-
Ko nepenoma C yacTb X/IOPaMUHOB NpeBpalwaeTca B TPUX0PUS a30Ta, OCTas/lbHble X/T0PaMUHbl OKUC/IAKOTCSA
[0 3akucm aszota (N20) u azota (N2), a xnop BoccTaHaB/nAuBaeTCcsa A0 xAopua-noHa. MossspHoe COOTHOLWeHue
B TOYKe nepesioma pasHo 1,5k 1.

UeTBepTbliA 3Tan: o6pa3oBaHMe CBOGOAHOIO X/iopa U HanWyune HepaspyLlleHHbIX X/10POpraHuYyecKux
coeauHeHunii. lMpogonxeHne pgobasneHua xaopa nocne Toukn nepesnoma C NpMBOAUT K NPAMO Nponop-

9
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LMoHanbHOMY yBennyeHnto cBob6ogHOro xsopa. Ha aTom aTtane B BOAe NMPUCYTCTBYHOT CBSA3@HHbIN M cBO6OA4-
HbI XN0p (OCTaTOYHbIN X/10p).

MepesioMm MOXHO onucaTb Kak TOYKY, B KOTOPOW MOTPEOHOCTb B X/l0pe 6blfa NoSHOCTLIO YA0B/IeTBOPEHa
(T. e. x10p BCTYNWA B peakuuMio CO BCEMW BOCCTAHOBUTENSMMW, OPraHUKOM M aMMMakoM). AMMUAYHbIA a3oT
MOXEeT MOJIHOCTbI0 MCYE3HYTb B TOYKE MepesioMa WaM yMeHbWMUTbLCHA A0 CNef0BOro KoauyectBa, 0COOEHHO
NPy HENTpanbHbIX 3HAYEHUAX PH; HO Ha MpPaKTUKE OCTAETCHA «HECHWXAeMblil MUHUMYM» OCTAaTOYHOro xsopa
(Takke HasbiBaeMblli «HeXenaTefbHbIM OCTAaTKOM»), Kak MpaBuio, B KOJIMYECTBE HECKO/IbKUX AECATbIX A0N€e
Munnaurpamma Ha nuTp B suge Cl2.

6.2.5 3HaueHusa CT xnopa/6pomMuga 1 Ux coeguHeHuin

dakTopbl, onpegenswwmne addekTMBHOCTL 06e33apaxuBaHus, BKAKYAOT TUMN Ae3MHPUUNPYIOLLErO
CpefcTBa, ero KoOHLEeHTpauuio B BOAE M BpeMs AeliCTBUSA Ha NaTtoreHHble MUKPOOpPraHM3Mbl B BOZE.

A dhekTuBHOCTL 06€33apaxnBaHnsa 4Na Kax4oro tuna gesvHduumpyouiero cpeacrsa paccymTbiBaeT-
cA no 3HayeHuto CT. 3HayeHue CT nosyyalT NyTeM YMHOXEHUS OCTATOYHOW KOHUEeHTpauuu gesnHdpuumnpy-
ouero cpeactea C nocse 3afjaHHOr0 BpeMeHu KoHTakta T Ha BpeMsi KOHTakTa. 3HavyeHuss CT Mcnonb3yoT
ON151 pacyeTa [03bl ge3nHduympyrowero cpeactea, Heobxoammoli gnsa o6eszapaxusaHus OCB, n BbipaxatoT
B efiuHMLax Mr muH/n.

6.2.6 XnopupoBaHHble coenHeHns ansa obeszapaxmBaHua OCB

6.2.6.1 Xnop (Cl2) [3]

O6e33apaxnBaHne xJ10pom ABAsieTCcs Hanbosee pacnpocTpaHeHHbIM MeToA0M 06e33apaxnBaHus BoAbl
n OCB u13-3a NpocTOTbl MeTofa, 060pyf0BaHNA U YCIOBUIA 3KCMyaTaLluu.

Xnop (Cl2) moxeT npucyTCTBOBaTb B BUAE rasa Wam Xuakoctu (B pesepByapax nog gasneHuem). Mpu
fob6aBneHun B BoAgy NPOUCXOAAT ABE peakuun, Kak ykazaHo B obwem onucaHum B pasgene 6.2.1 ans ranore-
HU3MPOBAHHbLIX OKUCAUTENEN: TMaponu3 c obpasoBaHnem runoxaopuctoin kucnotel (HOCI) [cm. bopmyny (6)]
U noHmMsauuna c obpasosaHueM runoxnoput-noHa (OCT) [cm. cbopmyny (7)]:

Ci2+H20 -» HOCI + H++CT, ©)
HOCI -> H++ OCT. )

OTn AgBe peakuyuMm MOTyT CHU3UTb YpOBeHb pH BOAbl U U3MEHWUTb PacTBOPMMOCTb COJIEil, HA KOTOPYHO
B/NSIET YpOBeHb PH BOAbl. 3TO MOXET Bbl3BaTb NPOOMEMbI, €CN KOHUEHTpauusa WMOHOB 6n113Ka K npegeny
pacTBOPMMOCTUN B BOAE.

OTHOCUTeNbHOE pacnpegeneHne B Boge ABYyX dhopm [cM. popMynbl (6) 1 (7)] nmeeT 6onbluOe 3HaYeHue,
Tak Kak repmuymngHan acpdektmsHoctb HOCI 3HaumMTenbHO Bbiwe, Yyem y OCT.

Bbino gokasaHo, uyto pacnag HOCI B Boge 3aBMCUT OT TemnepaTypbl, U pKa (KOHCTaHTa pacnapga)
ona HOCI HaxoauTca B AavanasoHe ot 7,49 go 7,82 npun temnepatype ot 0 °C go 30 °C. lpu 20 °C nypos-
He pH = 7,58 npucytctByeT no 50 % kaxpgoin popmbl (CM. pucyHok 1 n tabnuuy 4).

CoeaunHeHnss OCI n HOCI, kak npaBuno, oTHOCAT K cBo6ogHOMY xsiopy (cM. 6.2.3), KOTOpPbIA Ype3Bbl-
YyaHO peakuMOHHOCNOCO6EH C MHOTOYMUC/IEHHBIMU KOMMOHEHTaMW 6akTepuasnbHOli KNeTku.

6.2.6.2 [e3nHdurunpylowee cpeacTBO TMNOX/IOPUT HATPUS U KanbUua («KUAKAA oT6GenuBaTesib» ”
«XJIOPHbIA NOPOLLOK»)

FMNOXNOPUT HaATPUS N TUNOXIOPUT KanbLna — 3TO COeAMHEHUA Xsopa, obpasylwuecs B pesynbrare
peakuuu xnopa ¢ rugpokcugamu. Mpu NnpUMeHeHUn rMNoxnopuTa B BOAHbIX CUMCTeMax 06pasyloTcs rmnoxmao-
pUT-MOH U TunoxnopucTas kucnota [cM. popmynbl (8)— (11)]:

NaOClI —OCT + Na+, (8)

OCTl + Na++ H20 —=HOCI + Na+ + OH-, 9)

Ca (OC1)2 -> 2 OCT + Ca2+, (20)

2 OCTlI + Ca2++ 2 H20 2 HOCI + Ca2+ + 20H~ (12)

XoTA He3HaumTesibHaA [ONS LWenoyun npu AobasfieHnun TMNoxXsopuTa He MOXEeT CU/IbHO MOB/IUATL Ha
KOHEeUHbIn ypoBeHb pH BoAbl, 13-3a 6ydrepHoil emkocTn OCB HekoTopoe noBbilWeHWe ypoBHA pH MoxXeT cno-
cob6CcTBOBATbL BbiNaJEeHUD HEPACTBOPUMbIX COJIEN.
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6.2.6.3 Auokcna xnopa (CHO2)

Ovokeng xnopa sBnsetca apeKTMBHbIM Ae3nHpuumpyowmm cpegctsoM. Ero npeumyuiectsa BkOYa-
10T 3 PEKTUBHOCTb B LWIMPOKOM AManasoHe 3HauYeHWin ypoBHSA pH 1 NoBbiWEHHbIX TemnepaTtyp. OH adyhekTu-
BEH MPOTWB LUMPOKOrO CNekTpa OpraHM3MoB (BK/Yas LMCTbl U MpoCTelillne) n BUPYCOB.

Ewe ogHMM npenmyLLeCTBOM MCNOMb30BAHUA AMOKCUAA X/l0pa MO CPaBHEHWIO C X/IOPOM ABAAeTcs TO,
4yTO AMOKCUA xJopa He obpasyeT COeAUHEHUI C aMMUaKoOM, KOTOPbI CHUXaeT athekTuBHOCTL 06e33apaxu-
BaHWSA X/IOPOM.

Ovokeng xnopa sasnsetTca HecTabusbHbIM W B3PbIBOONACHLIM a3oM, W ero nojiyyalT Ha MecTe 3a cyer
peakuun xnoputa Hatpua (NaCl02) no popmyne

2 NaCl02+ 2 Cl2—2 CHO2 + 2 NaCl. (12)

6.2.6.4 Tlpou3BOACTBO x/l0pa Ha nnowagke

B cnyyasx, korga Heo6xo4AnMo npousBecTn ob6e33apaxuBaHme HEOO0MbLWOI0 KO/IMYecTBa CTOUYHbIX BO4 B
OTAANEHHbIX paiioHax, 3aTpaTbl Ha TPAHCNOPTUPOBKY AEe3MHULNPYOWUX CpeacTB MOTYT MPeBbILWAKT CTOU-
MOCTb fe3nHuumpyowero cpeacraa.

B Takux cnyyasax MOXHO WMCNOAb30BaTb TBepAble TabseTkn xsopa WM HEeCKOJIbKO MeTo[0B Npou3Boj-
CTBa OTHOCUTE/IbHO HEBONbLIOro KoNMMYecTBa akTUBHOMO xaopa (rmnoxsopuTta HaTpus) Ha naowagke, Hanpu-
Mep, NojslyyeHue xaopa 13 CoMm Unu U3 pactsopa COSIEHON BOAbI.

Takasd TexHonorna ocHoeaHa Ha NMPOW3BOACTBE TMNOX/0pPUTA NYTEM NPOMNYCKAHUA 3/1EKTPUYECKOro ToKa
yepes coneHy Bogy. pu aToM Ha MecTe NMPou3BOACTBa 06pas3yeTcsa rMnoxXJ0puUT HATPUA, a Takke rasoobpas-
Hblli Bogopopg (H2). B Bogy fob6asnsetca Tonbko xnopuf Hatpus (NaCl) nnb6o ucnonb3yetrca Mopckas win
cosieHas Boja.

Peakuusa onucaHa B chopmyne

NaCl + H20 + anekTpuyeckuii Tok —> NaOCI + H2. (23)

Lna achhekTBHOW paboTbl CUCTEMbI B HEe cnefyeT nojaBaTb YMATYEHHYO BOAY.

Mo coobpaxeHnssM 6Ge3onacHOCTU 3KCnyaTauum TpebyeTcsa cneynasbHasa cuctema 415 KOHTPoss u 06-
paboTKM KOHUEeHTpauun razoobpasHoro Bogopoaa.

Xnop Takke MOXHO nosydyaTb NyTeM 3neKTpoxaopmpoBaHua Ha nnowagke (OSEC) pactsBopa runoxsno-
puTa HaTpusa B KoHueHTpauun ot 0,8 % po 1 %. PacTtBop runoxnoputa Bcerga gocTyneH B CTabuIbHON KOH-
ueHTpaumn n nsbaenseT oT Heo6XoAMMOCTM paboTaTb C ONACHBIMU XUMUYECKUMUN peakTuBamMu.

OANH 13 3TUX MEeTOZOB crieAyeT NCNo/b30BaTb 0CO6EHHO B paioHax, rage OCB ucnonb3yTca Ans opo-
WEeHNA B MecTax, yAasIeHHbIX OT OYUCTHLIX COOPYXEHWI, Hanpumep, ecnm HeobxoaMmo obeszapasutb OCB
Nno MecTy MCNo/b30BaHus.

6.2.7 MpenmMyuwiectBa, HeAOCTaTKM N TEXHUYECKME OCOBEHHOCTM MeToda obe33apaxmBaHUs Ha
OCHOBE X/TOPHbIX 6noyunaoB

Xnop ABNSETCS MOLWHbIM OKUCAIMTENEM U NO3TOMY obGecneuymBaeT 60/1ee BbICOKYHD CKOPOCTb yaasieHus
MWKPOOPraHM3MoB B BOZe. X/10pMpOBaHWE — 3TO XOPOLWO OTpaboTaHHasi TEXHOMOIWS, NIerKkoAO0CTyMnHas BO
BCEM Mupe, obnagawuwas cnoCOGHOCTBIO MOAAEPXMBATb OCTATOYHbIA X/I0P B OYMLLEHHbLIX CTOKax. OgHako
MCMOMb30BaHNE X/i0pa M €ro CoOeANHEHNn MOXEeT YBENMUUYUTbL copepxaHne xnopuaos B OCB; octaTkm xsopa
HecTabunbHbl B MPUCYTCTBUM BbICOKMX KOHLEHTpaLnii maTepuanos, nornouwarwmnx xaop, 4to tpebyet 6onee
BbICOKMX 003 ANA AOCTMXEHUS HeobXoAuMOro ypoBHs obe33apaxumBaHus; HEKOTOpble BuAbl NapasvTtoB MNo-
Kasanun yCTOVILIMBOCTb K NCNOJIb3yeMbIM Ha NpakTukKe ao3am XxXnopa, B TOM 4Hucne oouuncTtbl Kpuntocnopunann
napByM, LMCTbl AN3EHTEPUIAHON amMebbl N NAMBANN KULLIEYHON, a Takke Ailla napasuTuyeckux YepBsei.

CoefunHeHns xnopa MOryT BCTynaTb B peakuuio ¢ KOMNOHEHTaMU B O4YMLLEHHONM BOAe C o6pa3oBaHuem
KaHLeporeHHbIX NO6OYHbLIX NPOAYKTOB.

Ob6palieHne n xpaHeHne xopa U ero CoOeAUHEHNN MOXeT OblTb COMPAXEHO C onpefesieHHbIMU TpyAa-
HOCTAIMU, Kak nokasaHo B Tabnuue 5.
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Ta6nuuya 5— MNpeuMyllecTBa, HeOCTATKM U TEXHUYECKME COOBPaXKEHMUS MO X/I0PY U €70 COeAVNHEHUSIM

CoepguHeHne

Xnop (CI2)

XpaHuTcs B XMAKOM
dopme B KOHTeiHe-
pax nog, AaBneHnem

mnoxnopuT Hatpus
(Okupokuii  oTbenvea-
Tenb) (NaOCl)
O6pasyeTcs npwv
pasbasnieHnn xsopa
B BOZE

[mnoxnoput  Kasib-
ums  (X10pHbIA  No-
powok) (Ca(OC1)2)

Anokeng, xnopa
(CHo2)

12

MNpenmyliecTea

XpaHeHue rasa B pe3epByapax nof AaBneHu-
€M M03BO/IAET XpaHUTb 60/bLLOE KO/IMYECTBO
Ha OTHOCUTE/IbHO He6O/bLLIOK naowaau.

a3 B KOHTeliHEPax He MEHSIET CBOVX CBOWCTB
C TeYEeHNEeM BpPEMEHU N MO3TOMY MOXET Xpa-
HUTbCA O/INTENNbHOE BpPEMSA.

KoHueHTpauusa xnopa B pacTBOpe COCTaB/si-
er 100 %, noaTomMy ero Mcnosib30BaHue 3KOo-
HOMWYHO.

O6opynoBaHue, Heobxoammoe A1 X10pupo-
BaHMA M 003MpoBaHUA BOAbl, OTHOCUTE/IbHO
JeLleBo v NpocTo B aKcnyaTaumn

XpaHeHue pacTBopa B AONYCTUMbIX KOHLEH-
Tpauusx ons obessapaxunsBaHua Bogbl 1 OCB
(11 %—12 %) He npeAacTaB/iIAET OMNacHOCTU
1 No3Tomy He TpebyeT AMCTaHUMpOBaHWUS OT
HacesneHus.

LleHa mateprana 0THOCUTE/IbHO HEBbICOKAS.
O6opygoBaHve, He06X0AMMOE AN X/10PUPO-
BaHVSA M [03UPOBaHUA BOfbl, OTHOCUTE/IbHO
JeLleBo ¥ NPOCTO B aKcnnyarauum

MOXeT NPUMEHSATLCA ANs1 0CObbIX Lienei.
MoXeT ncnosb3oBaTbCsl B paiioHax, rae OCB
MCNONb3YHTCS 151 OPOLLEHNS BAAM OT Me-
CTa PpacrnofioKeHNs1 OYUCTHBLIX COOPYXEHWA,
Hanpumep, ecim Heobxoaumo obe33apaxu-
BaTb OCB B MecTe UCMOo/b30BaHus.
B0O3MOXHO pA/iMTeNnbHOe XpaHeHwe npu [o-
6aBneHun CcTabunsnpyowmx matepuanos.
Mpn XpaHeHnn B CyxoMm, MpoxnagHoOM MecTe
npakTUyYeckn He pacnagaeTcs

Bonee cunbHbIlA OKACUTENb, YeM X/10p.
Bonee Bbicokasi ahhekTUBHOCTL 0Ge33apa-
XVBaHWSI B OTHOLUEHUW YHUUTOXEHUSI BUPY-
COB 1 Napa3uToB MO CPaBHEHUI ¢ oGe33apa-
XVBaHNEM XJIOPOM.

MeHee NOABEPXEH BJUSHWIO U3MEHEHWIA
YPOBHSI pH 1 TEMMepPaTypbl N0 CPABHEHUH C
X/I0POM.

Co3aaeT MeHblle BpefHbIX NOGOYHbIX Coeau-
HEHUIA MO CPABHEHUIO C X/I0POM

TexHuyeckme coobpakeHns nnnm HegocTaTku

a3 a00BUT ANS NIOAEA U XXKUBOTHbIX, Kak A5
KOXMW, TaK 1N AN1s1 OpraHoB [bIXaHus.

MockonbKy yTeuka pesepByapHOro rasa cosga-
€T BbICOKMIA SKOMOTMYECKNA PUCK, pe3epByapsbl
[LOMKHbI ObITb OUULLEHBI UM XPaHWUTLCS BAAN
OT XXW/bIX PAOHOB N MECT CKOMAEeHNUs oael.
Mo6ouHble NPOAYKTbl 06e33apaxuBaHus, Ta-
kne kak THM, moryT ObITb onacHbl AN1A OKpy-
xaroeli cpefbl 1 MOryT 61oakkyMyiMpoBaTh-
CSl Ha CEe/IbCKOXO3ANCTBEHHbIX Ky/bTypax

CunTaeTcsa onacHbIM OKUC/IMTENEM B BbICOKUX
KOHUeHTpauusx (6bonee 40 % xnopa).
CunTaeTca yMepeHHO OMacHbIM OKUC/IMTENEM
B HU3KMX KOHLEHTpauusX.

MocTtasnseTca gns GbITOBOrO MCMOMb30BaHKA
B KOHLEeHTpaummn okoso 3 %.

[nsa xpaHeHus TpebytoTca 60Mbluve 06beMbl,
Yem A1 ra3oobpasHoro xsopa (B 3aBUCUMO-
CTV OT KOHLeHTpauum Matepuasia B BOAE).
PacTBop B BOfEe CO BpEMeHeM TepsieT CBOH
cwiy, MO3TOMYy €ero crieflyeT XpaHuTb [0 WUC-
nonb30BaHWs He 6osiee OAHOW-ABYX Heaesb.
PacTBop MHOrokpatHoO TpaHcnopTupyeTcs C
MecTa npou3BoLCTBA.

Mo6ouHble MPOAyKTbl 06e33apaxuBaHvs, Ta-
kne kak THM, moryT 6bITb onacHbl A/1s OKpy-
Xaroweli cpefibl 1 MOryT 61noakkymynMpoBaTb-
CHl Ha CeNbCKOX03ANCTBEHHBIX Ky/bTypax

Copepxut Bcero 68 % xnopa.

[Lopoxe, yem gge gpyrve gopmbl xsopa (raso-
06pasHbIN X10P U TMNOXIOPUT HATPYSA).
Hu3kas pacTBopMMOCTb B BOAg, MO3TOMY MC-
nosib30BaHNe B KayecTBe Ae3vHuumpyoLLe-
ro cpefacrea C/ioxHee, yeM O/19 OBYX APYrux
chopm xnopa

HeobxoanMmo npov3BoAuTL Ha MecTe 06e33a-
paxunBaHua. HEBO3MOXHO XpaHuTb 60/bLUOe
KO/IMYECTBO MaTepuasia.

MpounsBogacTeo anokcuaa xmopa (CHO2) popo-
Xe, YeM Npomn3BOACTBO X/iopa.

Mo6ouHble MpoAyKTbl 06e33apaxuBaHus, Ta-
kne kak THM, moryT 6bITb onacHbl AN1s OKpy-
Xaroweli cpefibl 1 MOryT 61moakkymynMpoBaTb-
CSl Ha CeNbCKOX03ANCTBEHHBIX Ky/bTypax
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6.2.8 TexHosorna xsopuposaHnA

[Onsa Toro 4To6bl TEXHONOTNSA X10PUPOBaHUA Oblfa 3 hekTUBHOW, HEO6X0AMMO cobnaeHne ABYX OC-
HOBHbIX YC/IOBUil: GbICTPOE CMeLUMBaHMe xjaopa B npumeHsiemoin ¢opme ¢ OCB n goctaToyHOe BpeMsi KOH-
TakTa (Bpems ygepxaHus) xiopa ¢ OCB, a MeHHOo:

- rMepBOHaydasnibHOe CMelluBaHWe. BbicTpoe nepBoHavyasnbHoe cMeluuBaHue xsaopa n OCB [o0XHO
NpPoMcxXoanTb NPaKkTUYEeCKN MTHOBEHHO (B TeYEeHWEe HECKONbKUX CekyHp). Ana fobaBneHms xaopa MOXeT npu-
MEHATLCA MepekaynBaHWe C MITHOBEHHbIM CMeELUUBaHWEM, AJ1S1 3TOT0 MCNOJb3YIOTCSA pas3/indHble cMecuTe-
nn [3], B TOM 4Yncne: NOTOYUHbIN TYPOUHHbIA CMecuTeslb, HacoC MHXEKTOPHOrO TuMa W NOTOYHbLIA CTaTUYEeCKUIA
cmecuTens;

- BpeMsa KOHTaKTa. Bpewms, npoweglwiee ¢ MOMeEHTa BBeAeHUsA aesunHduympyrouero cpeacresa B8 OCB
[0 MOMeHTa ucnonb3oBaHus OCB (unu nonagaHua B pe3epByap 6e3 oCTaTkoOB Ae3nMHuUuMpyoLwero cpea-
ctBa [4]). Ans o6ecneyeHus fOCTATOYHOrO BPEMEHM KOHTaKTa cregyeT ucnosib3oBaTb OAUH uaun oba m3 cne-
Aylumx cnocobos:

1) nponyckaHne OCB c ge3mHduympyowmMm CpeacTBOM Yyepes3 KOHTelHep noaxoasuwero obbema B
COOTBETCTBMM CO CKOPOCTbIO MoToka o6e33apaxmBaembix OCB. KoHTeliHep MOXeT 6biTb CKOHCTPYMpPOBaH B
BUAE CepnaHTuHa ANA ynydweHns hakTuYeckoro BpEMEHU yaepPXaHus;

2) nponyckaHue OCB ¢ ge3suHpuumpywmnum cpeacTtsom yepes Tpybonposog noaxoasuiero oobema.
Bpems npotekaHna OCB B Tpy6onpoBoge He LO/KHO ObiTb MeHblle TpebyemMoro BpeMeHn KOHTakTa, y4uTbl-
Bas gmMameTp TpyO6bl, A4uHY Tpybbl 1 ckopocTb notoka OCB B Tpy6onpoBoge.

6.2.9 bpomupoBaHHble coegunHeHns Ana obeszapaxumBaHna OCB

6.2.9.1 Bpomug HaTpus, aKTUBMPOBAHHbLIN TMNOX/IOPUTOM

Bpomug HaTtpusa (NaBr) nocne aktuBauuu runoxnoputom (12 %) asnaetca apekTUBHbIM Ae3nHpuuym-
pylLwum cpeacTBOM, UCNOMb3yEMbIM B peLenType Xuaknx 6poMmua-HaTtpueBbiX MUKPO6Moumaos a5 60pbobI
C BOAOpOC/EBbIM, 6akTepuasibHbIM M TPUOKOBbLIM LWINAMOM B NPOMbILLIEHHOW BOAOMOATOTOBKE, a Takxe ANA
o6e33apaxnBaHuns CTOUYHbIX BoA. DTO GbICTpoAEACTBYOWNIA Broumna, 3hekTUBHbBIA B LUMPOKOM guanasoHe
ypoBHei pH. NaBr MOXHO XpaHWTb M TPAHCMOPTMPOBAaTb Kak HeomnacHblil maTepuan nNmbo B TBEPAOM Buae,
nmb6o B BMAE cocTaBa Ha BOAHON OCHOBE. AKTMBHbI AEe3MHULUMPYIOLWMA MaTepuan Npou3BOgnUTCS Ha MecTe
nocne peakuuu c runoxsaoputom (12 %), kak onncaHo B popmyne (14):

NaBr +NaOCl — Na+ OBr~ + NaCl. (14)

MpucyTcTBME BOAbl NPUBOAMUT K CrefytolemMy YyacTUYHOMY pacnafy 6poMHOBATUCTOW KMCNOTbl ¢ o6pa-
30BaHNEM WMOHOB BOAOPOAA U MOHOB TMNOGpPOMKTA, Kak onucaHo B popmysie (15):

HOBr <> H+ + OBr. (15)

CoOTHOLWEeHNe 6POMHOBATUCTOW KUCNOTbI U TMNOBGPOMUT-MOHOB 3aBMCUT OT TeMnepaTypbl, ypoBHS pH u
LLesIO4YHOCTN BOAbI.

Mpu ncnonb3oBaHMM B KayecTBe fe3nHduLUMpylowero cpegcrsa 6pomHoBaTucTas Kucnorta gencreyet
NnyTeM OKWC/IEHUSA OPraHWYeCcKNX BeLlecTB B XUBbIX OpraHM3Max 1 npu 3Tom BOCCTaHaBnvBaeTcs J0 6pomua-
MOHa, Kak onucaHo B qpopmyne (16):

HOBr + /1 —Br~+ Dm, (16)
rae Lm— xumBble MUKpPOOpPraHu3msl;
Dm— mepTBble MUKPOOPTraHu3Mbl.
6.2.9.2 Bpomng aMMOHMS, aKTUBMPOBAHHbI TMNOX/TIOPUTOM

Bpomug ammoHua (ATBT; 35 % pacTBop), akTUBMPOBAaHHLIW runoxsaoputom (12 %), npefcraBnseT co-
60 TEXHONOTNI0 Ae3MH(EKLNOHHON 06paboTKM BOAblI C MPEBOCXOAHLIMW 6GUMOLUAHBIMW 1 NPOTMBOGMONIEHOY-
HbIMWU cBOWCTBamMu. MNpPon3BOACTBO 6MouMAa OCYLECTB/ISETCA Ha N/olagke ¢ NOMOLLbI 3anaTeHTOBaHHbIX
[03aTopoB, CMewWwMBaWNXx 6poMMa aMMOHUA B HEOOGXOAUMBIX YCMOBUAX U COOTBETCTBYHOLLNI OKACIUTENb
(oT6éenusatenb), YTO NPUBOAMUT K 06PA30BaHMNIO YHUKAbHOTO Ae3nHduumnpyolwero cpegctsa — BAC (6pomug,
aKTUBMPOBAHHLIN xnopaMuH). Peakynsa ¢ otbennsartenem onucaHa B chopmyne (17):

NH4Br + NaOCI -> Br" [NH4CI] + NaOH. (17)

6.2.9.3 CTabunusupoBaHHbIli pacTBop 6poma

CTtabunnanpoBaHHbIl pacTBop 6poma (~16 % B Buge Br2) npegcrtaBnseT cob6o0ii OQ4HOKOMMOHEHTHbIN
pacTBop. 3T0 6MouNs, OCHOBAHHbI/ Ha OKUCANTENbHOM AelCTBUM GpomMa, C YNY4YLEeHHbIMWU pe3ynbTaTaMu B
LW Ee/TIOYHbIX BOAHbIX CMUCTEMAX, OCOGEHHO MO CPaBHEHMWIO C FTMMOX/10PUTOM HaTpus. OH KOHTPOAUpPYeT MUKPO-
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61M0N10rMYECKUn POCT N YHMUTOXAaeT CYL,ecTBYlLW e MUKPOOPraHW3Mbl, Takme kak 6aktepum, rpmbku u BO-
popocnu. Focne po3npoBaHWa B BOAY OH BbiCBOGOXAAaeT aKTUBHbIA 6pom Ans 3chdekTMBHOro o6essapa-
XnBaHuWs BoAbl. [N ero npuMeHeHus TpebyeTcs OAWH LO3UPYIOLWUIA HAcoC, ¥ OH NPOCT B UCNOJ/Ib30BAHUN.
CT1abnnn3npoBaHHblil 6POMUPOBAHHbLIA PAacTBOP SAB/SAETCA CU/MbHBIM OKACNUTENbHbIM PacTBOPOM, MO3TOMY C
HUM cnefyeT obpalaTtbCs € OCTOPOXHOCTLIO.

6.2.9.4 baktebpom

BakTe6pom (YKCyCHbIi pacTBop kapbamuga +HBTr), akTMBMPOBaHHbIN runoxsaoputom (12 %), npeacras-
nsaet coboil TeXHOMOTNI0 A1 06e33apaxmnBaHnsa NPOMbILWIEHHbIX BOA, CUCTEM Nojayn CTOYHbIX Bog u OCB.
OphbekTnBHaa 6uoungHas o6paboTka NPOTUB HApocTa 6MONMEHOK. AKTUBHbIN 6MouMg NPON3BOAMTCA Ha NAo-
Lwaake nocne peakumu c otéenuMsaTesnieM B NpaBU/IbHOM COOTHOWeHUU [cMm. dhopmyny (18)]:

[CO (NH2)2 + HBr] + NaOCI -> [H2NCONHBr <> HOBr] + NaCl + (CO (NH2)2 + HBr). (18)

Bakte6pom 3adohekTuBeH NpoOTUB BCEX TUMOB OMOIOTMYECKUX 3arpsA3HEHWA, Bbli3BaHHbIX GakTepusmu,
rpuékamm 1 BogopoCAsMM, o6nafaeT OT/IMYHOW aKTUBHOCTbIO ANS NpefoTBpalLeHUs HapocTa W yaaneHus
6rnonneHok. MArknin oKUCNUTenb, CNOCOOGHbI paboTaTh B BbICOKOHArpyXeHHbix cuctemax (TOC u opraHuka)
M B LULMPOKOM Anana3oHe ypoBHeli pH (pH 6—9). DTo KMCMOTHbLI NPOAYKT, KOTOPbLIA He cnocobcTByeT 06paso-
BaHWO Hakunu. O6opynoBaHne ANs [03UPOBAHUA MPOCTO B UCMOMb30BAHUN.

JononHnTeNbHble NpeumyliecTBa M HegoCTaTku cCoefuMHEeHWn 6poma npuBefeHbl B npunoxeHun C u
Tabnuue C.1.

6.2.10 MpenmyuwectBa, HegOCTaTKU U TEXHUYECKME OCOBEHHOCTU MeToda o6e33apaxuBaHusa Ha
OCHOBe 6pOMUPOBaHHbIX GUoOLNA0B

Buouugbl Ha OCHOBE 6poMa OTHOCSITCS K Knaccy rasioreHn3npoBaHHbiX GMOLUAOB U LUMPOKO MPUMEHS-
I0TCS B KAYecTBe Ae3UHULNPYIOLNX CPEACTB ANS OYNCTKM BOAbl U CTOUYHbLIX BOA. BpomunpoBaHHble Guounabl
ABNAKTCA ObICTPOAENCTBYHWMMN GMoungaMmun LWNPOKOro cnekTpa AeicTemsa gns 6opbbbl ¢ BOAOPOCASAMMY,
bakTepuaMun 1 rpubkamn. HekoTopbie M3 HUX TakXe BbICOKO3I((EKTMBHbLI NPOTUB GMOMNSIEHOK. JONOAHNUTENb-
HbIM NPEeNMyLLECTBOM H6POMUPOBAHHbIX GUOLNAOB SIBNSETCA MX BbicoKas 3 (EKTUBHOCTb Kak Npu HelTpanb-
HOM, TaK U Npu LWeso4YHOM ypoBHe pH.

Tem He MeHee, crieyeT yUuTbiBaTb, YTO C GPOMUPOBAHHBIMK GMOLUAAMU N UCXOLHBIMWU BGUOLUAHBIMYU
BelecTBamMmmn crnegyeTt o6paliaTbCa C OCTOPOXHOCTbIO, n3berana nNpPsAMOro KOHTakTa C KoXei. XpaHUTb Takue
CoefuHeHMsa cnefyeT B XOPOLO NPOBeTpMBaEMbIX MecTax. [py NMoBbIWEHHbIX TeMNepaTypax HeKoTopble COo-
eVHEeHNS MOTYT BbIAeNsATb 6POM, KOTOPbIA SIBNAETCA TOKCUYHLIM a30M, Bbi3biBAOWWM CU/IbHOE pasgpaxe-
Hue. MpuMeHeHMe N6GOro rasloreHM3MpoBaHHOro 6uoumaa, BkaYass 6poMuMpoBaHHbIe 6UOLMAbLI, MOXET NPK-
BECTN K 06pa30BaHMI0 OMaCHbIX COeAMHEHUN, KOTOPble MOrYT OblTb TOKCMYHbLIMUW AN OKpyXawwei cpegbl,
UK faxe KaHUepOoreHHbIX NOBGOYHbIX NPOAYKTOB.

B Tabnuue 6 npuBeaeHbl HEKOTOPblE NPUMeEPbl BPOMUPOBAHHbLIX GMOLMAOB, BKIOYAs pekoMeHgauun no
06paleHnio C HUMU N NX XPaHEHWIO.

Tabnunya 6 — lNpenmywlecTBa, HeQOCTaTKN U TEXHUYECKME COOOpaXeHMs Mo 6POMMPOBaHHLIM BUuoUMaam n Ux
COeAyHeHVsIM

TexHnyeckne coobpaxeHus

CoegunHeHuve Mpenmywectea
A P yul n/vunn HegocTaTkm

NaBr — aktmBvpoBaH- MOXET XpaHUTbCS 1 TPAHCNOPTUPOBATLCS Kak HeornacHoe — HeobxoAyMo akTMBMpPOBaTb Ha
HbIiA rMNOXN0pUTOM  TBEPAOE BELLECTBO. MecTe — C MOMOLLBIO TUMOX/10-
(12%) BoaHble pacTBopbl He onacHbl, 06/1a4al0T XOpOoLLeit cTa-  puTa

6UNBHOCTBLIO NPY XPaHEeHUN.

[osupylowee ob6opyaoBaHne OTHOCUTENBHO AeLleBo U

MpOCTO B UCMNOJIb30BaHNN.

MOHWUTOPUHT IErKO OCYLLECTBMM C MOMOLLbIO FaloreHHbIX

AaTunKoB
ATBr (dy3numpa, MpeBocxodHbIi GakTepuumaHbli adddhekT 3a kopoTkoe  TpebyeTca ycTaHoBKa cneuu-
35 %-Hblii pacTBOP BPEMS U B MasiblX KOHLIEHTpaLMSsIX. a/lbHOro Jo3vpytoLwero o6opy-
ATBr) — aktmBupo- 3JdhekTBEH NPOTMB OGaKTepuii M LIMPOKOro crnekTpa AgoBaHus B6AM3M npegnonara-
BaHHbIA TMNOX/IOPUTOM  MUKPOOPraHU3MOB, TaKuX Kak rpuoku 1 SPONOKN. emMoli cucTeMbl WM NIOLWAAKN
(12%) Masio pacxofyeTcsi pacTBOPEHHbIMM OPraHNYeCKUMU BE-  OUUCTKM.

LLLlecTBaMM, YTO CNOCOGCTBYET OCMOCY B C/IM3b M Nofaens-  TpebyeTca akTuBaums runoxsio-

€T ee pocT. puTOM
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OkoHuyaHne Tabnuubl 6

CoefinHeHne

CT1abunmsnpoBaHHbIi
pacteop 6poma (-16 %
B BMAe Br2)

MpenmyliecTsa

OTCyTCTBME YCUIEHUSI KOPPO3UU TaKUX METAUI/IOB, KakK He-
pXaBetoLe 1 yriepoaucTbie CTan, 13-3a HE3HAUMTESTb-
HOTO OKMC/eHUs

Perynupyet MuKpoOGMONOrMyeckuiAi pPocT U YHUUTOXaeT
CYLLECTBYHOLLME MUKPOOPraHM3Mbl, TakMe Kak Gakrtepuu,
rpmoky 1 BOAOPOCN.

Mo cpaBHEHWO C TpaAMLMOHHOM 06PaBOTKOM LLIENOYHbIX
CUCTEM OXNaxaeHust (bpomug HaTpusa ¢ oTbenunearenem)
HeT HeobXOAMMOCTU B AOPOrOCTOSALLEN CTaHUMU CMELLW-
BaHVA (BKIIOYas ABa AO3UPYHOLWMX Hacoca), a JocTaToy-
HO OAHOrO JO3MPYHOLLEro Hacoca.

MOHVITOpVIHr Nerko ocyuwecTtBMM C NOMOLLbIO TaJI0r€HHbIX
[aT4mKoB

MOCT P NCO 16075-5—2023

TexHunyeckne coobpaxeHuns
nnu HegocTaTku

ABNAETCA OKUCNUTENEM U He
OO/MKEeH  XpaHuTbCsi  B6/M3M
BoccTaHoBUTENEl WM CUnb-
HbIX KMCNOT

Baktebpom  (BogHbli  OTAMYHAsA aKTMBHOCTb NPOTUB GroNNeHkn — npefoTepa- pekypcop 6akte6poma npea-
pacTBop Kap6amuga +  LEHVE W yAaeHue. CTaBnsieT Cco6Oli  KOHLEHTpU-
HBr) — axtmBuMpoBaH- Hanuune kapbamuga n KUCIOTHbIA YpoBeHb pPH AenalT  poBaHHYH KMCIoTy. CumTtaetcs
HbIVA TMNOX/IOPUTOM €0 COBMECTVMbIM C LUMPOKUM CMEKTPOM YA06PEHNIA. OMacHbIM  PacTBopom  (KOppo-
(12%) MSrkvin OKUCNIUTENb, CNOCOGHLIA paboTaTb B BbICOKOHA-  3UIiHASA XWUAKOCT).
rpy>XeHHbIx cuctemax (TOC v opraHvka) U B LUMPOKOM  TpebyeTcs ycTaHOBKa A03MpY-
AvanasoHe yposHeli pH (pH 6—29). folero obopygosaHus B6M3N
KnCnoTHbIA NpoayKT, KOTOpbIA He GydeT cnocobcTBoOBaTb — NpennonaraeMoii CUCTeMbI.
006pa3oBaHMI0 Hakunu. TpebyeTcs akTmBauus rmnoxso-
O6opyaoBaHvie 419 [O3MPOBaHKSA MPOCTO B UCMO/Mb30Ba-  PUTOM. BaxHO ybeauTbes, 4TO
HUK [1Ba KOHLEHTPUPOBaHHbIX npe-
Kypcopa (6aktebpom © runox-
nopuT) He cmewwmBatoTca 6e3
pasbaBneHus
MpumeyaHne — B npownom hepmMepoB yAepKMBasio OT MUCMO/b30BaHNA 6poma onaceHve 3a 6e30macHOCTb
pabOTHUKOB.

HoBble maTepuiasibl 6oniee Ge3onacHbl 415t (DEPMEPOB U PEKOMEHOBAHbI A1 UCMO/b30BaHUS B OPOCUTESIbHbIX
cucTeMax 515 3alUUThl pacnpeaeniuTesibHol CUCTEMbI U MPPUraLMoHHOro 060pYA0BaHNS.

6.3 O30H

6.3.1 Xumuuyeckas CTPyKTypa obe33zapaxumBaHUs 030HOM

O30H, BbICOKOTOKCMYHbIN OKACNAKLWMWIA ra3, coCTOAWMNA M3 Tpex aToMoB kucnopoga (03) n xapaktepu-
3YIOLWNIACA CU/IbHBIM 3anaxom, MOXeT UCNO/b30BaTbCA B BOLOMOArOTOBKE AN 06e33apaXxumBaHua n okucne-
HUA (HanpuMmep, 4NN yCTpaHeHusa 3anaxa, obecuBeyMBaHUs, HeATpannsaumm MUKPO3arpAa3HALWMX BELecTB
T A4.) WM NX KOMBGUHaL U,

O30H HecTabuseH B BOAE, W €ro peakunss He IBNAETCA NPOCTOW, MOCKONbKY MHOTME XMMUYEeckne peak-
Ly MOTyT NPOMCXOANTb OLHOBPEMEHHO C HEKOTOPbIMM KOMMOHEHTaMn BOAHON Matpuubl.

O30H MOXeT pearuposaTtb C BelwecTBaMy ABYMS pas/iMiHbIMKW cnocobamu: HenocpenCcTBEHHO C coeaun-
HeHvem (cMm. 6.3.2) unn MoXeT NPOM3BOAUTb TMAPOKCU/IbHBIE pajuKasnbl, KOTOpPble SABASATCA CUNbHERLUMU
okucnuTensaMu B BoAe, KOTOpble 3aTeM pearupylT ¢ coeguHeHnem (cMm. 6.3.3).

6.3.2 lNpAamaa peakumsa c 030HOM

MexaHu3m, 3a4elicTBOBAHHbLIA NpU NPSMONA peakuuy C 030HOM, MpeAcTaBisaeT coboi CenekTUBHYH pe-
akuuio, B KOTOPOI MOeKysia 030Ha pearnpyeT C HEHACLIWEHHOW CBA3blo, 6narogaps CBOein NOASAPHOW CTPYK-
Type, u NpUBOAMUT K pacluensieHnto ceasn [cm. chopmyny (19)]:

O
e B dg . L

(19)
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Ona nonyuyeHns OH', KoTopblil UMeeT 60/1ee BbICOKWIA NOTEHLMAN OKUCNEHUS, YEM MOEKYNAPHbIA O30H,
N MOXeT 6bICTPO U HensbumpaTenbHO BO3AEeNCTBOBATb Ha OpraHM4Yeckme WM HeopraHM4yeckMe MOMEeKysbl, UC-
No/sib3ylTCS NepefoBble TEXHOMOIMN OKUCNNTEIbHOW 06paboTKn BOAbI.

O30H 06nagaeT 60nbliein 3phekTMBHOCTLI0O 06€e33apaxnBaHns NPOTUB GakTepuii 1 BUPYCOB MO CpaBHe-
HWIO C XJIOPMPOBaHMEM U GPOMUPOBAHUEM.

O30H HecTabuneH 1 paspyllaeTcs B TeYeHNe BPEMEHU OT HeCKOsbKUX cekyHg A0 30 MuHyT. CKOpPOCTb
paspyLleHuns 3aBUCUT OT XMMUYECKOT0 cOoCTaBa BoAbl, YPOBHA pH n TemnepaTypbl BOAbI.

M3-3a BbICOKOro ypoBHA o6e33apaxuBaHus O30HOM W ero HecTabunbHOCTM BCe OCTaTKM 030Ha Heob6Xo-
OVMO yaanaTb M3 BOAbl NO OKOHYaHWM npouecca ob6eszapaxusaHus [7].

6.3.3 KocBeHHasa peakumsi ¢ 030HOM

MexaHn3m, 3a4eliCTBOBaHHbI B KOCBEHHOW peakuunm C 030HOM, MOXHO pasfesinTb Ha TpM pasHbiX 3Ta-
na: MHuMunaums, passButve uenu n o6pbiB uenu. Ha nepsom sTane o030H (03) B Boge (H—OH) pearupyet ¢
r’MApPOKCUAbHbIMKU MoHamu (OH-, nHnumaTopsl), 06pa3ys BTOPUYHbIE OKUCAUTENN, TMAPOKCU/IbHbIE paguKasbl
(OH*), onucaHHble B chopmyne (20) n chopmyne (21):

03+ OH- -> 02- + HO:, (20)
HO027202~+H +. (21)

TunoBbIMU MHULMaTopamu asnatTcsa: OH-, H20 2/H02_ nnun Fe2+.
Ha BTOpOM 3aTane cynepokcug-aHnoH O.- BCTynaeT B peakuutio C 030HOM C o6pa3oBaHMEM aHMOHa 030-
Huga (03) [cm. cbopmynbl (22)—(24)]:

03+03—03 +03 (22)
03 +H+<HO03 (23)
HO3 OH*+02 (24)

BeuwecTBa, cNnoco6GCTBYOLME LLEMNHON peakuuu, T.e. npeBpawatuime OH* B cynepokcuaHble pagukasibl
(02*/H02), pelicTBYIOT Kak akTUBHble LEeHTPbl peakuun (MPoOMOTOpbl). HekoTopble opraHnyYeckne MOeKysbl,
R, Takkxe MOryT BbICTynaTb B KayecTBe NpPOMOTOPOB. Hanuuue onpepeneHHbiX PYHKLNOHANBHbBIX TPynn npu-
BOAUT K peakuyun ¢ OH* n obpasoBaHuio opraHnyeckux pagukanos R* [cm. bopmyny (25)]:

H2R + OH* -> HR* + H20. (25)

TUNOBbIMKW MPOMOTOpPaMMn SABAAKTCA: T'YMUHOBAA Kucnota, apun-R uam nepBuYHble U BTOPUYHbIE
CAnpThI.

HekoTopble opraHMyeckne n HeopraHmyeckMe BelwecTBa pearnpytT ¢ OH* c o6pa3oBaHMeM BTOPUYHbIX
pagukanos, KOTOpble He MPOM3BOAAT CynepokCUAHble pajukanbl, BbICTynas B KayecTBe WUHIM6uTopos (unu
packucnuTeneii), KOTOpble 3aBepLllalT LenHyl peakunio 1 NpenaTCcTBYOT pacnagy o3oHa [cMm. dhopmynbl (26)
n (27)):

C02- +OH* OH- +CO03, (26)
HCO03+OH*" OH* +HCO03. 27)

LlenHana peakuunsi MOXeT Takke MpPeKkpaTuTbCs B pe3ynbTaTe peakuuu ABYX pafnKasioB, OMNUCAHHbIX B
dopmyne (28):
HO. + OH* -> 02 + H20. (28)

TunoBbIMK packucnutenamu asnsatTcsa: HCO03, CO§-, PO”-, ryMUHOBBIE KUCMOTHI, ankui-R n rpeT-
OyTUOBbLIN CNUPT.

Takum o6pasom, pacnaj 030Ha, WHULMWPOBAHHLIA TMAPOKCMA-MOHOM, NPUBOAUT K LLEMHOW peakuuu,
npou3Boas 6bICTPO pearvpywwme n HecenekTnsHble OH- pagukanbl, KOTOpble M3-3a CBOE pPeakTUBHOCTU
MMEIT OYEHb KOPOTKWIA nepuog nonypacnaga, no3TOMY OHW BCTynakwT B peakyutd HemMeAsleHHO MoCne KOH-
TaKTa c opraHMyeckuMu coeguHeHns M. KombuHaumsa peakuuii nokasbiBaeT, YTO B 06LLE peakuun Tpu mone-
Ky/ibl 030Ha npoussBogAaTt asa OH* [cMm. popmyny (29)]:

303+ OH- + H+—»20H"' + 402. (29)

Brukap6oHaT u kapboHaT MrpawT BaXHYK ponb packucnutenein OH- pagukanoB B NPUPOLHbLIX CUC-
Temax, MOCKOJ/IbKYy OHW MOTyT BbICTynaTb B Ka4eCTBE MHIMOGUTOPOB NpU 06bIYHOM 030HMpOBaHuK [7].
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6.3.4 MpeumylwecTBa, HefoOCTaTKM W TexHU4Yeckne ocobeHHOCTU MeTofda obesdzapaxmBaHuA
0O30HOM

O30HMpOBaHMe ABMSETCA O4YeHb 3P (PEKTMBHLIM METOAOM ANA yAaneHns 6akTepuii, BUPYCOB U NPOCTeii-
wux (BkAKYaa NAM6GAUM 1 KPUNTOCNOPUAMK), a TakKe A1 YyCTPaHEHUSA LWMPOKOro CNekTpa HeopraHW4Yeckux,
opraHM4yecknx NpobaemM U HENPUATHOrO 3anaxa.

Tem He MeHee, MOXHO PacCMOTpPeTb U APYyrne TEXHUYECKNE acnekTbl 030HMPOBAHUSA, NPUHUMASA BO BHU-
MaHVe XapakTepUCTUKN KaXKAOro npoekTa MOBTOPHOro mcnosb3oBaHusa OCB, B TOM uucne, 4718 OpPOLUEHUA.
Hanpumep, o6pasylTca 6oratble KUCIOPOAOM COEAUHEHUS, Takme kak anbaerngbl U KapboHOBbIe KUC/OTHI,
KOTOopble MOryT yBeNNYNTb GropasnaraemMocTb, ¥ NO3TOMY B HEKOTOPbIX CAy4yasax Nocne 030HUPOBAHUSA MOXeT
notpeboBaTbCsA aTan 6GMOAOrNMYECKOlN AOOUYNCTKN ANA yganeHua 6mnopasnaraemMblX NO60UYHbIX NPOAYKTOB OKUC-
NIeHUs1 1 COKpalleHnss HapocTa 6MoNaeHkKu.

Mpenmyuw,ecTsa, HegOCTaTKN, TEXHUYECKME COOBGpaxeHus MeToAoB o6es33apaxuBaHWss 030HOM Mpuse-
AeHbl B Tabnuue 7.

Tabnunya 7— MNpeMmyLllecTsa, HeAOCTaTKN U TEXHNYECKME COOOPaKEHUSA 06e33apaxmBaHNs 030HOM [8]

MpeumMylecTea TexHuuyeckne coobpakeHns UM HegocTaTkun

O30H 3(PPEKTUBEH B LUMPOKOM Ayana3oHe YpoBHeli pH, 6bicTpo  O30HMpOBaHWE He O0GecneyrBaeT OCTATOYHOrO
BCTYMaeT B Peakumio ¢ GakTepusimu, BpycaMy U NPOCTEAIMMY  GAKTepULMAHOIO WM  Ae3VH(ULMPYIOLLETO Aeii-
1 o6nafaet 6onee CUIbHBIMU GaKTEPULMAHLIMU CBOWCTBAMM,  CTBUSI 415 MOAABMEHUS WU NPEAOTBPALLEHNS MO-
uem xJsiopvpoBaHue. OH 06/1a4aeT OYEHb CUJILHOW OKUC/INTENb-  BTOPHOTO pocTa 6akTepuii

HOI CNOCOGHOCTBIO C KOPOTKAM BPEMEHEM pPEaKLmK

B npouecce ouncTkn B BOAY He ,Cl.06aB}'IF|IOTCFI Xummyeckne Be-  O30H Xy)Xe pacTBOPSAETCA B BOAE MO CPaBHEHMIO C
wecrtea X/10pOM, MO3TOMY HeO6XO,D,VIMbI HEKOTOpPbIE METO-
Abl CMeLWBaHNA rasa C XnUaKocTtbo

O30H MOXET YCTPaHWTb LUMPOKMIA CNEKTP HEOPraHWYECKKX, opra-
HUYECKMX 1 MUKPOBMOOrMYECKMX NPOG/IEM M HEMPUATHBIX 3ana-
X0B. MVKpO6BUOIOrMYecKMe areHTbl BKIHUAtOT 6akTepum, BUPYChI
U npocTeiiluve (Takue Kak NMGIUU 1 KpUunTocnopuanm)

6.3.5 KoHtpurypaumsa cuctemsl

O30H MOXeT 6bITb NOJSly4YeH B COBPEMEHHOM 030HaTope. MpoxoxaeHne BbICOKOBO/IbTHOIO NepeMeHHOoro
anexkTpuyeckoro paspsaga (A.C.) uepes NoToK rasa, cogepxaliero Kucnopos, npuBoauT K pacnagy Monekynsap-
HOro Kucropofa Ha aToMapHbiii kucnopog. O30H obpasyeTtcs, korga Monekynsl kucnopoga (02) pasnaratTcs
WUCTOYHVKOM 3HEpPrMy Ha aTtoMbl KMCNopofa, a 3aTeM CTajlkKuBalTca ¢ MOIeKy/10il kucnopoaa, obpasysa HecTa-
6WNbHBINA ra3, 030H (0 3), KOTOpbIA MCNONB3YT AN 06e33apaXxnBaHuA CTOYHbIX BoA. Ha 60/blIMHCTBE BOAO-
OUYMNCTHbIX COOPYXEHMI I 030H NOJTy4arT NOCPEACTBOM NMPONyCKaHWs MEPEMEHHOr0 ToKa BbICOKOrO HanpshXXeHus
(oT 6 0o 20 KB) uepes gNaNeKTPUUYECKNn paspsaaHbIi NPOMEXYTOK, COAEpXallMii Kucropoacoaepxawnii ras.
O30H nosiyyarT Ha naowanke, NOCKOMbKY OH HecTabuneH u pasnaraeTcs Ha 3/eMeHTapHbIii KUCNopOos4 Yepes
KOpOTKOe BpeMs fnocse nosyyeHus.

O30H, NPON3BOAMNMbI/A MPOMBbIWIEHHBIM CNOCO60OM A1 peakunini okucneHus, Bcerga nNpovM3BoOAMTCA B
BMAE rasa M3 O4YeHb CyxXOro BO3gyxa C KoHueHTpauwueli ot 1,0 % go 2,0 % no macce wuam U3 KAC/I0pPoLa C KOH-
ueHTpaumei cebiwe 2 % 1 go 8 % (n1n 6onee) nNo macce.

Mocne nonyyeHuss O30H NOAAKT B KOHTAKTHYH KamMepy C HUCXOAALWMM MNOTOKOM, COAepXallyk CTOou-
Hble BOAbl, nognexauine obeszapaxuBaHuio. OCHOBHAA 3ajadva peakrtopa 3ak/4vyaeTcs B NepeHoce 030Ha
U3 ra3oBOro nysbipsi B 06bEM XUAKOCTW Npu o6ecneyeHuMn LOCTATOYHOrO BPEMEHM KOHTakTa A/ obessapa-
XnBaHusa. Kak npaBnio, NCNonb3yloT cneayoume TUnbl peakTopos: AN Y3MOHHbIA Ny3blpb (C NPSAMOTOKOM 1
NPOTUBOTOKOM), BNPbICK NOA AaBfeHneMm, oTpuuatesibHoe aaBneHune (BeHTypu), mexaHnyeckoe nepemMellmnBsa-
HMEe W KONIOHHY C Hacafkoi. MoCKoNbKy 030H pacxogyetcs 6bICTPO, ero KOHTaKT A0/IKEH ObiTb paBHOMEPHbLIM
B peakTope C npakTnyeckn upeasibHbiM BbITECHEHUEM.

Buonornyeckyto HUTpudpukauuio, 3a KOTOpoi crengyeT 030HMPOBaHWe, c/iefayeT TwaTe/ibHO KOHTPOMpo-
BaTb, Tak kak N02 xopowo nornow,aet 030H [8].

6.3.6 MOHUTOPWHI 030HMPOBAaHUSA

[ns koHTponsa 3 PEKTUBHOCTM CUCTEMbI O30HMPOBAHUA A0 M Nocne ob6es33apaxmnBaHus KOHTPONMPYIOT
OTBETCTBEHHbIE MUKPOOGMONOrMyeckne napameTpbl, Takme Kak TEpMOTOJ/IeEpaHTHble KONMopMbl WK apyrue
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nokasartesnu (Hanpumep, BMPYCbl U NpocTeliwmne) A58 cUCTeEM BOAOMNOTPe6/SIeHNs BbICOKOTO kayecTBa, Y4TOObI
OLEeHUTb CNOCOBHOCTbL UX yAaneHus u fokasaTb COOTBETCTBME KayecTBa BOAbl TpebOBaHUAM LieNeBoro npu-
MEHEHUA, T. €., KaK NpaBu/o, HauMOHa/IbHbIM CTaHAapTam.

UTo6bl y6EeaunTbca, 4To cuctema obessapaxumBaHnsa paboTaeT AO/HKHBIM 06pa3oM C TOUKU 3PEHUSA KOH-
Tpossa obpaszoBaHns NOOGOYHbBIX NPOAYKTOB 06e33apaXxunuBaHnsa, MOXHO NPOBOAUTL MOHUTOPUHI OCHOBHbLIX W/
OMacHbIX NO6GOYHbIX NMPOAYKTOB B COOTBETCTBUMN C KOH(hUrypauymneii cuctemsi.

[MOCKONbKY 030HMPOBAHWE HayMHaeT WUCNOoMb30BaTbCA ANA YAANleHUA HEeKOTOPbIX 3arpsA3HALWmnX Be-
LecTB, BbI3blBaKLWMNX HOBYIO 03a604E€HHOCTb, TaKUX Kak hapmaleBTnyeckme coeumHeHuns, MoryT ObiTb npeg-
cTaBfieHbl cneunasbHble NporpaMmMbl MOHUTOPWHIA B COOTBETCTBUMN C npegnosiaraemMmbiMn LesiaMu.

Moppo6Hy MHbopMaLio 0 MOHUTOPUHIE N KOHTPOJIe cUCTEMbl cM. B ISO 20468-3 [9].

6.4 Bo3[eiicTBMA XMMMNYECKOro 06e33apaxmnBaHnsa Ha OKPYXaloLyr cpeay

6.4.1 Bo3geiicTBMSA Ha OKpyXalolyk cpefy ob6e33apaxumBaHWs NOCPeacTBOM Xf0opupoBaHus/
OpomMupoBaHuA

Bo Bpemsa o6e33apaxuBaHusa BOLbl MOTYT NPOUCXOLUTb BTOPUYHbIE peakuunm M o06pa3oBbIBATbLCHA MO-
604YHble NpoayKTbl 06e33apaxuBaHus (DBP). HekoTopble 13 Takmx MOBGOYHbLIX NPOAYKTOB MOrYT NpeacTaBnATb
yrpo3y O/151 OKpyxatlLiei cpefbl 13-3a NPUCYLLUX UM CBOICTB, @ UMEHHO OHW MOTYT NPEeACTaB/ATh 3HAUYUTEb-
Hblli puUCK ANA BOAHON cpedbl WM 4vepe3 Hee, 6Gnarogaps CBOEN TOKCMYHOCTW, CTOWKAM XapaKTepucTukam,
CNOCOGHOCTM K 6MOaKKYMYNALUUN UIN SHAOKPUHHOMY pa3pyLUEeHUIo.

Bo Bpemsa o6e33apaxuBaHusa BOAbl X/10p U 6pom, BEPOATHO, BCTynakwT B peakuuio C NPUPOAHbLIM Op-
raHnyecknm Beuectsom (NOM), KoTopoe npeacTaBnisieT COOON reTeporeHHyr CMecb OpraHM4yeckMx Makpo-
MOJIEKY/T, UBMEHSAIOWUNXCA KaK BO BPEMEHU, Tak U B NPOCTPAHCTBE, U B OCHOBHOM COCTOALLYI U3 TYMUHOBbIX
BeLLecTB, KapbOHOBbIX KUCMOT, aMUHOKMUCNOT, 6enkoB n yrnesofgos. Noatomy NOM BbiCTynaeT B KayecTBe
npekypcopa npu o6bpasoBaHunm DBP, Takux kak TpuranomeTtaHbl (THM), koTopbie BkAw4YalwT Xaopodopm
(CHC13), puxnop6pommeTaH (CHBrCI2), gu6pomxnopmeTtaH (CHBr2Cl) n 6pomocopm (CHBr3). B 60nee Hus-
KX KOHLEHTpauMsax MOryT Takke o6pa30oBbiBaTbCA rasioreH3amelleHHble YKCYCHble KUCOThbl, ranyaueToHu-
TPWUAbl, TAaIOKETOHbI W X/TIOPNUKPUH. ApyrumMmu BaxHbiMun DBP asnstoTcsa J1/-HATPO3aMuUHbI, KOTOPblE OKasbiBakT
TOKCMYECKOE BO3AENCTBME; [AaHHbIN TUN COEANHEHNI ABMAETCHA KaHLueporeHom Ans yenoseka [11], [12].

TpuranomeTtaHbl SIBASAKTCSA OCHOBHOM rpynnoii DBP, a umeHHO xnopocopm, KOTOpbii npeactaBnser
pUCK ANA 300pOBbSA Ye/I0BEKA, PUCK paka, a Takke npefcTaBniseT pUCK A5 6EHTOCHbIX CO06LecTB.

MpumedyaHne — Xapaktepuctukn NOM, gosa xsopa/6bpoma, BPeEMsi KOHTakTa, YpoBeHb pH 1 Temnepartypa,
no-BnaMMoMy, BAMSIOT Ha ob6paszoBaHve DBP. OnpegeneHne notpebGHOCTM B xn0pe/6pome MOXET ObiTb MCMONb30BAHO
ANs1 KOPPEKTUPOBKM METOAMK 06e33apaXmnBaHns, TakMx Kak Ao3a xsiopa/bpomMa 1 BpeMsi peakuun, ¢ Lefbio COKpaLLeHus
o6pazoBaHua DBP fo MyuHMMYyMma.

6.4.2 Bo3gencTBusa Ha OKpyXalolyto cpeny o6e33apaxmBaHns NOCpeacTBOM O030HUPOBaHUSA

Kak u gpyrue xumMuyeckume fesnmHipuuupylowmne cpeactea ans o6paboTkum Bodbl, 030H HecTabuneH B
BOZle M BCTyMaeT B peakuuum C HEKOTOPbIMW KOMMOHEHTaMu BOAHOW mMaTpuubl. OfHAKO €ro pasfioxXeHue Ha
HecenekTUBHble TMAPOKcUbHble pagukanbl (OH®) umeeT 6osee WUPOKKI cnekTp AelcTBUSA Ha OKUCNEHUE
MHOIMX OPraHM4YecKux 3arpasHuTesneil, TakMx Kak nectuumpabl, papmaueBTUYeckme npenapaTbl U CpeAcTsa
NUYHOW TUTUEHBI, HaTypasibHble N CUHTETUYECKME TOPMOHbI. B Xo4e 3Toro npouecca Takxe MoxeT 06pa3oBbl-
BaTbCs HeKoTopoe konmyecTBo DBP, ogHaKo cCOBpPeMeHHble 3HaHMS O €ro NoBefEeHUN B OKpyXatolein cpege
BCE ellle orpaHuyeHsbl.

O6pasoBaHue DBP aABNsieTcs O4Y€Hb CIOXHBLIM MPOLECCOM W CU/IbHO 3aBUCUT OT XapaKTepucTuk Boabl
(Hanpumep, TOO, 6pomuabl, aMmmnak, KapboHaTHas LWENOYHOCTb), a TakkKe OT MUCNO/Ib3yeMblX TEXHOJOIUN
OUNCTKM M pabouux napameTpoB (Hanpumep, ypoBeHb pH, TeMnepartypa, A03a 030Ha, BPeMs KOHTakta). Cne-
[oBaTesibHO, faxe Ha OAHOM O6bEKTe MOryT HabnwgaTbCs ce30HHble KonebaHus. Kpome Toro, npy 030HUpPO-
BaHMn DBP o6pa3syeTcsi C/I0XHasA CMeCb M MOXET Bbl3blBaTb CMHEPreTUUYECKMe WM aHTaroHWcTMyYeckMe B3a-
UMofencTBUA ¢ ApYyrMMun BellecTBamu, T. e. 06paboTka 030HOM MOXeT NM60 yBenuunBaTtb, MM60 YMEHbLIATD
TOKCUYHOCTb U MyTareHHOCTb.

OkucneHne xnopa n 6pomMa MOXET Takke NpuMBECTU K 06pa3oBaHMi0 X/10paTtoB WM 6GpomartoB, KOTOpble
OKa3blBalOT TOKCMUYECKOe BO3AeNCTBUE. BpomaTthbl SABMAATCS NOTEHUMAIbHLIM KaHLLEPOTEHOM.

O6pasoBaHue DBP criefyeT KOHTPONMPOBATbL C MOMOLLbIO OAHOTO U3 CAeAyLIMX MeTOAO0B:

- yaneHnem nNpekypcopoB, KOTOpble BCTynawT B peakuyuio C Ae3nHduuupylwummn cpeagctsamu ans
ob6pa3oBaHMsA HexenaTtenbHbix DBP (cHMXeHne koHueHTpauum NOM);
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- onTuMu3auuein 06paboTkM BoAbl AN1A KOHTPOns obpasoBaHus DBP, HanpumMmep, NOCPeACTBOM KOHTPO-
NS ypoBHA pH n/mMnn KoHUEeHTpaunn pacTBOPEHHOIO 030HA,;

- yaaneHnem o6bpasoBaswuxca DBP (rnyb6okas goouyncrka).

OT0 Takke OoTHOcuTCA K xaopy/6pomy (cm. 6.4.1).

7 YnbTpadmonetoBoe 06e33apaxnBaHue

7.1 O6Lwme nosoXeHUs

Yéusawwnii MUKpo6bl ynbTpadnoneToBblii CBET — 3TO YacTb CBETOBOro crnektpa ot 200 HM Ao 415 Hm,
KOoTopas NpPOHMKaeT 1 NOBpPeXAaeT Cnopbl, LUCTbl U BereTaTuBHble KNeTkn. [lokazaHa a(pPeKTMBHOCTb ynbTpa-
(p1M0oNeToBOro CBeTa M3/ly4eHns NPOTMB GaKTepuasibHbIX U NPOCTEWNX NaTOreHoB, BUPYCOB U BOAOPOC/ENA,
a Takke MUKPO60OB, 06pasylLWmnX 6MONNEHKY, KOTOpPble YCTOWYMBbLI K 0ObIYHO MUCMOb3yeEMbIM AEe3UHMDULNPY-
IOWUM cpeacTBaM, TakuM Kak x/op. 9To 60siee 6€30MacHO B Ce/IbCKOXO3AWCTBEHHbIX YCNOBUSAX, MOCKObKY
nepeno3vpoBka ynbTpaduonera Ha BOA4y He BMUSIET, B TO BPEMS Kak Nepefo3vMpoBKa XMMUKATOB B BOAE MO-
XeT oTpuuatenbHO cka3aTbCHA Ha opollaemMoin NPoAYKLUN.

[N pasHbIX LeneBbiX OPraHn3MoB TPebyTcsA pasHble A03bl YO. YO MOXeT HelTpasinmloBaTb naTtoreH-
Hble MUKpPOOpPraHn3mMbl 6€3 06pa3oBaHNs KaHLEPOreHHbIX MOO6OYHbLIX MPOAYKTOB 06e33apaxnBaHus (DBP) wau
0CTaTKOB, KOTOPble MOTYT OKasaTb 3KOJ/IOrMYecKoe BO3AENCTBME HA NpUHUMAKLW e BOLOTOKM.

MexaHnsm obeszapaxuBaHusa Y®P-cBETOM 3HAUYMTESIbHO OT/IMYaeTCA OT MEeXaHu3MOB XMMWYECKUX fe-
3NHUUMPYOLWKNX CpeacTB. Yd-cBeT noraouaetcs KNeTkon v HeATpannlyeT MUKPOOpPraHvM3mbl, MOBpexaas
X HYK/TEMHOBYIO KMCNOTY W 6€eriku, TeM caMbiM fefiaeT He BO3MOXHOW WX pennvkauuio nav, B HEKOTOPbIX
cnyyasix, BOCCTaHOB/EHME MOBPeXAeHUn. MukpoopraHm3m, KOTOPbIA HE MOXeT penanuupoBaTbCs UAU BOC-
cTaHaB/MBaTbCS, HE MOXET 3apa3nTb X03AMHA UM PacnpoCTPaHUTLCA.

MpoekTupoBaHue, akcnayatauua n obcnyxmsaHne cucteMm Yd-ob6es3zapaxunBaHms Takke oTamMyalTcsa ot
TPaANLMOHHBIX XMMUYECKUX Ae3nHduunpyrowmnx cpeacTs. Takme acnekTbl, Kak TemnepaTtypa v yposeHb pH,
KOTOpble SABASAKTCA BaXHbIMU ANA 3P EKTUBHOCTU XMMUYECKOTO 06€33apaXnBaHuns, NpakTU4YeCckn He BUSOT
Ha 3(hheKTMBHOCTbL Y®-06€e33apaxnBaHus.

Mockonbky ynbTpaduroneT He oCTaBfsieT OCTATKOB, KOTOpPble MOXHO KOHTPO/MpOBaTb, YTOObLI onpefe-
NUTb, NpaBU/bLHO NN Gblla NosyvyeHa fo3a, cuctembl Y®-ob6e33apaxvBaHua [O/MKHbI MPOATU Banupauuio,
4YTOObl MOXHO ObII0 paccunTaTb HeobXxoguMmble MapameTpbl ANs AOCTUXEHUS HEeOOGXOAUMOro YpOoBHS 06e3-
3apaxunBaHnsl B KaXAOl KOHKPEeTHOW cuTyauuu. Banugauunio ynbTpadmoneToBOil CUCTEMbl BbIMOHAKT B
COOTBETCTBMMN C ONy6/IMKOBaHHbIMM NpoTokonamu. Mpowegwas Banngauuo Y®-cuctema MOXET 3aMeHUTb
XUMUYECKNEe peakTuBbl ANA NEPBUYHOr0 o6e33apaxmBaHUa CTOUYHbIX BOA AN1S OPOLUEHUs, NMOCKOIbKY OHa cno-
cobGHa HeWlTpannloBaTb Kak TUMOBbIE, TaK N XMMUYECKN YCTONUYMBbIE GaKTepun, BMPYCbl, TPMOKN, BOAOPOC/N,
nneceHb 1 APOXXKuU, He 06pa3oBbIBas Npu 3TOM KaHLeporeHHble DBP.

CooTBeTCcTBYyWOLUME MeTOAbl BanMaaLum paccmarpusalTca B pasgene 7.7.

MocKoNbKy NMEPUOANYECKNIA KOHTPO/b OCTATKOB He SABMSETCA akTyanbHbIM ANnA Y®-usnyvyeHus, nocne
MOHTaXa Y®-yCTaHOBKM A1 OUEHKU U NPOBEPKN 3PP EKTUBHOCTM YP-n3nyyeHna tpebyeTcs TOMbKO Henpe-
PbIBHbIA MOHUTOPUHT KHOUYEBbIX NEpeMeHHbIX. K K1toueBbiM NepeMeHHbIM OTHOCATCS:

- WHTEHCUBHOCTb Y ®P-U3NyyYeHus,

- CKOpOCTb MOTOKa;

- nponyckaHue ynbtpaduoneta (UVT).

3KCI'I}'IyaTaLLVIOHHbIe nepeMeHHble, Takne Kak 3arpAa3HeHune, ctapeHme n MOWHOCTb aMnbl, TakXe crie-
AyeT yunTbiBaTb Npu oueHke adppekTmBHocTU Y®-usnyyenunsa [13].

7.2 TeXHONornmn ynbTpachnosieToBoro U3siyueHnst U NpUHLMN Nx encTBus

7.2.1 O6LWwWe NOSIoXeHNS

YnbTpadoneToBblii CBET reHepupyeTcs B famne NyTeM Mojayu HanpshKeHUsl Ha ra3oByl CMeCb, B
pesynbTaTe Yero NpoucxoauT pa3psif (POTOHOB. KOHKpeTHble AMIMHbI BOJIH CBETa, M3/ly4aemMoro )OTOHHbIM
pas3psiioM, 3aBUCST OT 3/IEMEHTApPHOr0 cocTaBa rasa W MOLHOCTW faMnbl. B ynbTpadroneToBbix namnax,
npeAHasHauYeHHbIX AN 06paGoTKM BOAbl, Kak NpasBu/io, UCMO/b3YHT CMeCb, COAEpXallytl pPTyTb, KoTopas
n3ny4vyaet CBET B 6aKTepI/ILLVI,CI'HbIX ANNHaXx BOJIH. B 3aBucumocTtun ot NMPUNOXEHHOIo AaBneHna N HanpsaXxeHus,
a Takxe cocTaB/SOWMUX U KOMMYECTBA Pa3/IMYHbIX 3/IEMEHTOB BHYTPM namnbl, 6yAeT reHepupoBatbCcs pas-
NYHOE coveTaHue AJINH BOJH.
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OCHOBHOI MexaHM3M o06e33apaxuBaHusa BKAOYaAET NOr/oweHne ynbTpadnoneToBoro gOToHa NMpUMun-
OVWHOBbIMW OCHOBaHUAMU (B OCHOBHOM TUMWHOM), KOrga Asa NUpMMUAMHOBLIX OCHOBAHWA Haxo4AaTCHA PAAOM
apyr ¢ gpyrom B uenu OHK. B pesynbTaTe o6pa3syeTcsa «AuMep», KOTOPbIi CBA3biBaeT ABa OCHOBaHUS BMe-
cTe, NPENATCTBYS pensvkauun. YNbTpaduosieToBblii CBET Takke MOXET NoBpexAaTb K/IeTOYHble MEeMO6paHhI,
knetouyHyto PHK 1 MnKpo6Hble 6enku, KOTopble MOryT 3anyckaTb MeXaHW3Mbl BOCCTAHOBJ/IEHUS, OCOOEHHO Yy
BUPYCOB.

XoTa AnuHbl BosH oT 200 HM A0 415 HM ABNATCA GaKTepUUMAHbIMU, KOHKpETHas peakuns MUKpo-
6a («3athdekT fo3bl») byaeT oT/AMYaTbCA B 3aBUCMMOCTU OT €ro YyBCTBUTENbHOCTU WM YCTOWYMBOCTM K
Y®-nsnyyeHuto. Takoh «cnekTp felcTBusA» onpegenseTr o3y, He0O6XoAMMYK ANA HeWTpanusaunn opraHus-
Ma, 4Tobbl OH He MOr BOCCTaHOBUTbCA. KOHKpeTHas go3a 6yaet pasHoW B 3aBMCUMMOCTU OT TOro, €civ npu-
MEHSIeTCA TOMIbKO OfHa AJ/IMHA BOJMHbI (laMNbl HU3KOTO AaBfIEHUA WAW NlaMMbl HA3KOrO AaB/IEHUS C BbICOKOWA
cBeTooThaven, nam amanbramHble namnbl), WK, eCnn NPUMEHSAETCHA HEeCKOMbKO AJINH BOJH (f1amnbl cpefHero
LaBrieHunsn).

CKOpOCTb NOTOKa ABMSETCA BaXXHbIM NapaMeTpoM, KOTOPbI OoTpaxaeT BPEMS HaxOXAEHWUs BOAbl B Ka-
Mepe o6e33apaxumBaHusa u Bpemsa Bo3geicTema Y®-usnyyeHnsa. Kak npasunio, nmeet MecTo SInHeliHasa 3aBu-
CUMOCTb OT A03bl. CKOPOCTb MOTOKa Takxke BMAET Ha rMgpaB/inyeckme xapakTepucTukn v 03UPOBKY BHYTPU
Kamepsbl.

Y®-cuctembl f0MKHbI 06ecneynsaTtb MOHUTOPUHT MPOM3BOAUTENILHOCTA B PEXMME peasibHOro BpeMeHu,
4TOObl AOKYMEHTaNbHO A0Ka3aTb, UTO OHM paboTalT B 3afaHHbIX YC/I0BUAX. XapakTepuUCcTUKU, COOTBETCTBY-
loLwme TEXHNYECKUM YC/TIOBUAM, AO/DKHbI BKOYATh Ha/iexallyo A03Y, CKOPOCTb NMOTOKA, UHTEHCUBHOCTb Y®-
N3Ny4YeHns, M3MepsseMyto KainbpoBaHHbIM AATYNKOM WHTEHCUBHOCTU Y®D-M3NyyeHus, npu 3TOM YYUTbIBaTb
Tekyuwiee kayecTBo Bogbl (UVT). OTYeTbl U NPOTOKO/IbI MCNO/BL3YHT AJ19 TOro, YTo6bl B COYETAaHUU C OTOOPOM
nNpo6 M KOHTPO/SIEM MAaTOreHOB NOMOYb CEJIbXO3NPON3BOAUTEN OTCEAUTb N06ble BO3MOXHbIE HapyLlleHus
TEXHONOTMN Ae3nHdeKLn 1 onpeaennTb, MOXHO N youpaTb ypoxan ¢ nons.

MpumeyaHne — Y®-usnyyeHne B CE/IbCKOM XO3SMCTBE YAcTO MPUMEHSIIOT B TENMUAX W KyNbTUBALMOHHbIX
noMeLLeHUsIX Ans 06paboTkM ApeHaXHON BOAbl C Lie/bio MOBTOPHOrO MCNO/1b30BaHUs 3TON BOAbl 4N OpoLleHust. B cBAsm
C OMaceHnaAMM 3arpsi3HEHUS BOAbl GAKTEPUSIMU WU APYTMMUW NaToreHamMu cpepmepbl BKNaAbIBalOT CPeacTsa B CUCTEMbI
o06e33apaxunBaHusi, U YO-usnyyeHne UCnosb3lyeTcsl Kak OAMH U3 BaXHbIX KOMMNOHEHTOB /11 06e33apaxunBaHus BoAbl U
NpeAoTBpaLLEHNS pacnpocTpaHeHNsl 601e3Hel Ha 3[40p0Bble PacTEHNSI.

7.2.2 KOMMNOHEHTbI cnuctemMbl YP-ob6e33apaxmnBaHms

Cuctema Y®-o6e33apaxmBaHnsa MOXeT BK/IO4YaTb B Ce6S:

- WCTOYHUK yNIbTPadMoeTOBOr0 N3yYEHNUS;

- Kamepy ob6e33apaxunBaHusa (MHOTAa Ha3biBAEMYH «peakTOpPOM»);

- MycKOperynupyluwyw annapaTypy, obecneuvMBalwllyld NUTaHue, KOTopoe namna npeobpasyeTt B
Y®-hoToHbI (3HEpruio);

- paTtuuku, nsmepsawwmne Y®-nsnyyeHne, reHepupyemoe namnoii;

- faTynkn, n3MepsLWmne KayecTBo MOCTynarwwen Boabl, KOTOpyl obpabaTbiBaeT ynbTpaduoner;

- 3aWWTHbIE TNAb3bl A8 1aM;

- MEeXaHW3Mbl OYMNCTKU/MPOTUPKMN;

- nporpammHoe obecneyeHne, KOTOpoe ynpasBaseT TEXHOIOTMYECKMM MPOLECCOM;

- MporpammMmHoe obecneyeHune, KOTOpPOe OTC/EXMBAET TEXHOIOTMYECKNIA nNpoLecc u obecneynBaeT Npo-
BEPKY M NMPOTOKO/MIMpPOBaHUeE.

[ns nonyyeHuss JaHHbIX O pacxoje ANs KOHTPOAsA [03bl cnefyeT UCMNOob30BaTb BHELIHEE YCTPOWCTBO
N3MepeHns pacxoja Unv SONYyLWEHUA O pacxoje.

Ha poctuxumyi [o3y Y®P-n3nyyeHus M KOMYECTBO 3HEPrum, Heob6xoaumol Ans obessapaxuBaHus,
BMINSIET KOHUEHTpauma obl,ero Konnmyectsa B3BeLWEHHbIX TBepAbix 4vacTuy (TSS), obuiero opraHnM4eckoro
yrnepoga (TOC) u pacTBOpeHHOro opraHunyeckoro yrnepoga (DOC), koTopble B3aMMOAENCTBYIOT U BAUSIOT Ha
KoapdpurumeHT nponyckaHua Y d-nsnyuenua (UVT).

7.3 VICTOUHUK YyNbTPagUOIeTOBOro U3/yUYeHuUs

7.3.1 OO6wMe NOIoXeHUs

MOLWHOCTb YyNbTPanMoneToBoro U3sly4eHns 3aBUCUT OT KOHUEHTpauun pTyTW M AaBNEHUA napoB PTy-
TVM BHYTpM namn. B Y®-namnax Hu3koro gasneHua (LP) pTyTb npu HU3KOM faBfieHUU Napos [MOYTU BaKyyM;
oT 2 x 10~5 80 2 x 10-3 dhyHTOB Ha KBaApaTHblii floiiM] n ymepeHHOW TemnepaTtype [40 °C] npousBoauT
npakTu4Yeckn MoHOXpomaTuyeckoe (ogHa ANMHA BOJHbI) 6GakTepuuugHoe Y®d-usnyyeHne c AJIMHOWA BOJHbI
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253,7 HM. B Yd-namnax cpegHero gasseHuns (MP) ucnonb3yeTcs 60siee BbICOKOE faBsieHMe napoB [OT 2
A0 200 chbyHTOB Ha KBagpaTHblii gtolim] n 6osiee Bbicokasas pabouas Temnepatypa (o1 600 °C go 900 °C) gns
yBeJ/INYEHNSA 4acTOTbl CTO/IKHOBEHWI MeXAy atomaMy pPTyTW, YTO NO3BOJIAET NOJIyYuTb YP-CBET LINPOKOTro
cnekTpa (nonuxpomMmaTtuyeckuit) ¢ obuieli 60nee BbICOKON UHTEHCUBHOCTbIO.

B HacTosilee BpeMs Ha pbiHKe AOCTYMHbI ciefyowme Tunel namn gns Y ®-obessapaxumsaHmna OCB:

- namna Huskoro gasneHus (LP).

PTyTHasa razopaspsagHaa namna, pabortakuias npy BHyTpeHHeM gasneHuun ot 0,13 go 1,3 Ma (oT 2 m10-5
[0 2 « 10-4 chyHTOB Ha KB. At0ViM) 1 noTpebnsemoi anekTposHeprun 0,5 BaTtT Ha caHTumeTp (BT/cm). 3TO no-
3BONIAAET NONYYNTb NPaAKTUYECKM MOHOXPOMAaTUYECKUI CBETOBOW MOTOK Ha AJIMHE BOMHbI 253,7 HM npu 6onee
HU3KON pabouyeint Temnepatype n 6onee Boicokom KM npeobpasoBaHus mouHocTH [16];

- Nlamna HU3KOro gaBsfieHus1 ¢ BbiCOKOl cBeTooThavel (LPHO).

PTyTHas rasopaspsagHas namna HU3KOro gaBreHusl, paboTakuiasi npyM NOBbIWEHHOW noTpebasemon
anekTpoaHeprun (ot 1,5 go 10 BT/cm), 4TO NpMBOAUT K 6ONiee BbICOKOW WHTEHCUBHOCTU Y®-u3nyyvyeHus no
CPaBHEHMIO C flaMnamMun HWU3KOro gassieHns. OHa Takke obecrneyMBaeT 3HAUYUTENbHbI MOHOXpPOMAaTUYECKUiA
CBETOBOIi MOTOK Ha AJ/inHe BOMHbI 253,7 HM. Ha MOHOXpOMaTMyeckue famnbl Takke BAMAET Temneparypa no-
cTynawluiein BoAabl;

- amajnbramHasa namna.

AmasnibramHas namna — 370 flaMna HU3KOro JaB/lIeHNA Ha OCHOBE cr/jasa pPTyTu (4acTo BMUCMYTa), KOTO-
pbili HAXOAUTCA B BUAE Kanesnb, a He B XXWAKOM cocTossHUM. OHa MOHOXpomaTuyeckas n obnagaet 6onee Bbl-
COKOIl yAenbHOW oThauveli aHepruun, Yem Agpyrne TUMbl IaMn HU3KOTO AaBfeHus. PTyTHble Wwapuki BbiCTynakoT
B KQuecTBe perynartopa AaB/ieHUa U NpojasieBaloT CPoK CNyX6bl namnbl. TeM He MeHee, amasibraMHble namMnbl
HaMHOro cusibHee HarpesalwTca npu paboTte, Yyem TpaAuUMOHHbIE famnbl LP, n MeHee cTabu/ibHbl B XapKoMm
Knumarte v npu HectabunbHOM pacxofe BOAbI;

- namna cpegHero gasnexHusa (MP).

PTyTHasa rasopaspsagHas namna, kotopas paboTaeTt npu BHyTpeHHeMm gasneHun ot 1,3 Ma go 13 000 Ma
(oT 2 o 200 chyHTOB Ha KB. AOIM) N anekTpuyecko mowHocTn oT 50 go 300 Bt/cm. OHa reHepupyeT no-
NnMxpomaTnyecKkoe U3flydyeHuto ynbTpadmoneToBoro ceeta (UNnM n3siydeHne LWMPOKOro crekTpa) ¢ HeCKOosbKu-
MU ASIMHAMW BOSH, Kak npaswuno, ot 200 go 400 Hm, oxBaTbiBawuwee cnektpol UVA, UVB, UVC. Ha namnbl
CpefHero AaBfeHnsa He BAWSET TemnepaTtypa noctynatouieli BoAbl.

Namnbl HU3KOro faBneHns He CTo/b 3PP eKTUBHbI 419 BTOpUUYHbIX OCB ¢ ypoBHem TSS Bbiwe 30 mr/n.
Yem BblILE 3TN KOHLEHTpauuu, TeM MeHblle YNbTpadnoneToBOro ceeta NPOHMKaeT ¥ MOXET ObiTb NOTNOLLEHO
opraHusMamu.

MonuxpomaTtunyeckne namnbl cpefHero faB/ieHUA noTpebnAT 60/blle 3HEePrun, Yem siamnbl HU3KOTo
fasneHus, n obecneunsaloT 60n1ee HU3KOe NponopumoHanbHoe npeobpa3oBaHNe 3HEPrun, HO OHU FTeHepupy-
10T NpMepHOo B 15—20 pa3 6onblie 6aktepuungHoro Y®-n3nyyeHus, 4em famMmnbl HA3KOTO AaBfieHUs, U ume-
10T MeHbllyo o6y niaowanb. Monuxpomartnyeckme Y®-poToHbl CpefHEro fas/ieHns paspylalT 6enku,
3anyckawuwue mexaHu3Mbl BOCCTAHOBJ/IEHNSA, TaK YTO HEWTpanM3oBaHHbIE MUKPOOPraHM3Mbl He MOryT BOCCTa-
HOBUTbCA nocrie obe33apaxuBaHns, NPeofoseBas «TEMHbIE» U «CBET/Ible» MeXaHW3Mbl BOCCTaAHOBNEHUSA, KO-
TOpble MOTyT UrpaTb ONpefesieHHY posb, 0CO6EHHO B OpOCUTENbHONM BOAe, NOABeprakwlLeincs BO34encTeuto
COJ/IHEYHOro cBeTa.

TemnepaTtypa BOAbl BNMAET Ha Bpemsa 3anycka v nepesanycka, u Y®-usnyyeHue namn HU3KOro fasre-
HWUSA, HO He naMn cpefHero AassieHusa. Temnepartypa nammnbl BUAET Ha 3anyck namn MP.

MpumeyaHne — B HEKOTOPbIX CUCTEMAX TaKkke TpebyeTcs NpoLect OXaxXaeHUs ANna nogaepxaHvs Hagexa-
el paboyeii TemnepaTtypbl 1amn 1 NpeAoTBpaLleHnst neperpesa nyckoperympyioLLein annapaTypbl 1 COOTBETCTBYHLLMX
SHEproycTpoicTB.

7.3.2 3alnTHbIN KOXYX UCTOYHUKA YD-U3nyyeHns

Y®-namnbl nomewialT B 3aliUTHble TWIb3bl. JIlo6ble OTNOXEHWA Ha TMNb3e MOrYT noraowartb ynbTpa-
(Pp1oNeToBbI CBET U CHMKATb 3P PEKTUBHOCTD.

MMnb3bl, 3aKpbliBaOWMe ¥ 3alimwiaolme namnbl, MOryT 6biTb NOABEPXEHbI TPELWNHAM, KOTOPblE MOTYT
BO3HMKaTb M3-3a BHYTPEHHETO HAMPSXEHUS N BHELWHUX MEXaHUYeCKNX CUM, Taknux Kak 3aefaHne o4yncTutens,
rmgpoynap, pe3oHaHcHas Bubpauus v ygapbl NnpeamMeToB B Tekylieli Boge.

Bo nsbexaHue TpewwuH v nocnegyouwein yTeukn Bofbl cnepyeT Hagnexalwum o6pasom obpaliaTbcs C
rMnb3amu, Korga OHV CHUMAaTCS ANA PYYHOW OUYUCTKM.
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PasHuua TemnepaTyp Mexay ropsiueil namnoii n 6osiee Xo/i0fHOW BOAOK MOXET NMPMBECTM K MOSIOMKe
namnel. Mo3TOMY rMNb3bl AN aMN LOMKHbI 6bITb JOCTATOYHO TONICTBIMU, YTOBbl YMEHbLINTb UX YSI3BUMOCTb
K TpewmuHam 1 3alntntb namny. Cneayet MCNoMb30BaTh TOCTbIE TUb3bI.

7.4 Kamepa ob6e33apaxmnBaHusi

Heobxognmo yunTbiBaTh cnepywwmne akropbl:

- B/IUSIHME NMOTOKOB BO BXOAHbIX M BbIXOAHbIX TPyGONpOBOAAX Ha rMapaBnMyecKkMe xapakTepucTuku B
Kamepe;

- BAWUSIHWE KOHurypauuy namnbl Ha rmapaBnveckne xapakTepucTuku;

- KOpOTKOEe 3aMblKaHUE;

- MepTBble 30HbI;

- Apyrue dpakTopbl, KOTOPble HapyLawT paBHOMEPHOCTb A03bl U TPe6YT 60Mblue 3HePrnn AN AOCTU-
XEHUS HeobXoaAnMON A03bl.

KoHdurypaumna Yo-npubopoB B yCTaHOBKE AO0/IXHA obGecneymBaTb 3anofiHEHME BOAON BCeil kamepbl
Ae3nHdekunmn, 6e3 Bosgyxa BHYTPU.

7.5 [aTyukn

7.5.1 JaTyMKN UHTEHCUBHOCTU Y®P-U3NyyeHnda

anTpa(pmoneTosoe n3nyyeHne B CUCTeEME N3MEPAIOT cneunasbHbIM AaTYNKOM. Ha MHTEHCUBHOCTb Y®P-
namnbl BNAET CPOK aKcnayataunn namnbl U 3arpa3HeHne ee rmnb3bl.

B ngeane, B Kaxgon namne Jo/HKEH OblTb AATUYMK UHTEHCUBHOCTU YD-n3nyvyeHnsa ansa namepeHms dpak-
TUYECKOW WHTEHCUBHOCTU Y®-n3nyyeHuss, 4Tobbl onpepennTb, Gbla M AOCTUTHyTa Heobxoaumas fo3a B
kamepe obes3apaxumBaHusa. JaTunkm UHTEHCUBHOCTU Yd-n3nyvyeHus cnegyeT kanmbpoBaTb U peryaspHo npo-
BepATb Ha TOYHOCTL.

MpumeyaHne — Hekotopble Y®P-CUCTEMbI UCNOSL3YIOT AaHHbIE AaTuuka WHTEHCUBHOCTU Y®-U3nyyeHua ans
aBTOMATUYECKOI PerysiMpoBKN MOLLHOCTW Namnbl W, CriefoBaTeslbHO, MHTEHCUBHOCTU Y P-n3/1ydeHns, 4Tobbl KOMNEHCHUpPOo-
BaTb CPOK 3KCrayaTaumn namnbl 1 gpyrne aktopbl, BAVSIOWME HA UHTEHCUBHOCTb, A1 MOTYYEHNS HEOOXOAVMMOW [03bl
B 3aBMCUMOCTM OT KayecTBa BOAbl 1 CKOPOCTN MOTOKA.

JaTuynky MHTEHCMBHOCTU yNbTPadMoeToBOro M3yYeHns AO/MKHbI BKIOYaTb B ceba cnegywouiee:

- OMTUYECKNE KOMMOHEHTHI;

- hoTopeTekTOp;

- YyCUNuTensb;

- Kopnyc,

- 9N1eKTPUYECKNi pasbeMm.

OnTnyeckne KOMMOHEHTbI MOTYT BK/1lOYaTb KOHTPOJ/IbHbIE OKHA, CBETOBO/bI, paccemsartenu, gnadparmel
n PUNbTPLI.

KOHTpO/IbHbIE OKHA U CBETOBOAbLI NOAAOT CBET Ha hoTofeTekTop. Anddy3opsbl n gnadparmMbl ymMeHbLUla-
10T KOJINYeCTBO y/bTpathnosieToBoro ceeta, gocturawowero doTofgeTekTopa, TeM CaMbiM yMEHbLUAs CHuxe-
H1e 3P eKTUBHOCTN JaTyuka, KOTOpOoe Bbi3blBaeT yNbTpadnoneToBblli cBeT. OnTuyeckne punbTpbl N3MeHs-
10T CNeKTPasibHY YYBCTBUTENLHOCTb TakuM 06pa3oM, YTO AATYUK UHTEHCUBHOCTU Y P-U3nydyeHua pearvpyert
TO/MIbKO Ha onpejeneHHbli Habop gAnH BosiH (Hanpumep, oT 250 go 280 Hm).

[aTunkm MHTEHCUMBHOCTU Y®-U3NTyYeHUS MOXHO pasfennTb Ha Cyxue v BAaxHble cnegylowmnm obpasom:

- Cyxue JaTyukn KOHTPOSIUPYIOT yNbTpadnoneToBoe M3flyd4eHne yepes KOHTPOJSIbHOE OKHO BHE MPOTOoY-
HOW BOApbI;

- B/I@XHble AAaTYMKU U3MEPSAT Y®P-usnyyeHne HenocpeicTBEHHO B KOHTAKTe C BOAOW, npoTekawouiel
yepes yCTPOMCTBO.

KOHTpPO/IbHbIE OKHA M CMayuBaeMble KOHLbl BAAXHbIX AATYMKOB MOTYT CO BPEMEHEM 3arpA3HATLCA, Mo-
3TOMY WX cnefyet ouunwartb aHasioTMYHO /TaMMOBbIM TU/1b3aM.

[aTunky MHTEHCUBHOCTU Y®-U3NYyUEHUS MOTYT BbINOSHATb OAHY M3 ABYX (DYHKLUNIA:

- pabouve gaTYNKM UHTEHCUBHOCTU YD-U31yYEHMNA: NOTOYHbIE AATUYNKM, KOTOPbIE MOCTOSAHHO KOHTPOMN-
pYIOT NUHTEHCUBHOCTb Y ®-U3nyyeHus;

- 3TasJIOHHblE AAaTYNKN UHTEHCUBHOCTU Y P-U3NYyYEHUA: aBTOHOMHbIE AaTUYnKU, UCMNOJb3yeMble AN OLeH-
KN XapakTepucTuk paboyero gatunka MHTEHCUBHOCTU Y ®P-n3nyyeHns. STanoHHbIR faTuMK UHTEHCMBHOCTY Y®-
N3ly4YeHUs KannbpytoT He pexe OAHOro pasa B rog Ha aTTecToBaHHOM 06bekTe (Hanpumep, Y U3rotoButens)
ONS noATBepXAeHUsa npaBuibHOCTM Kanubposku [13].
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To4YHble AATYMKM MHTEHCUBHOCTU Y®-n3nyyeHnss UCNONb3YHT ANA NPOBEPKM HaAfnexalieil [03UPOBKM
Y®-n3nyyeHua Bo BpemMs paboTbl, OHN AO/DKHbI MMETb YCTAHOB/EHHbI PEXUM NPOBEPKN KanubpoBKM, 4TOObI
rapaHTupoBaTb, YTO AaTyYMKM WUHTEHCMBHOCTUM Y®-u3nyyeHusa Bcerga obecneymBalrT nokasaHus B npegenax
ponycka 20 % wunu meHee. EciM MHTEHCMBHOCTb Y®-M3nyyeHUs Bblle hakTUYECKOW, cucTtema MnoayynmT Ko-
MaH4y nojaBaTb MEHbLUE JHEPTMU U MOXET He obecneynTb [0CTATOYHOE KOMIMYECTBO IHEPrun A9 Hagnexa-
wero obessapaxvBaHus.

7.5.2 [atuuku koapduumeHTa nponyckaHua Y ®-nsnyvyeHus

UVT (koathuuneHT nponyckaHus Yod-usnyyeHus) sABnsietcs nokasartesieM nNoTpebHocTn B Yd-
n3nyvyeHmn. OH oKasblBaeT CU/IbHOE BIMSIHME Ha 403y, nepegdaBaemMyl Y®-yctaHOBKOM. Mpu cHuxeHun UVT
WHTEHCMBHOCTb M3/ly4E€HNS BO BCEM YCTPOWCTBE YyMEHbLUAETCH, YTO CHWXaeT [03y, MosyvyaeMyk YCTpOii-
CTBOM. YNbTpadnMoneToBble CUCTEMbI LO/KHbI 6blITb paccuUnTaHbl HA HEOOXOANMYIO AO3UPOBKY Y P-n3nyyeHus
npu onpepfeneHHblX napamerpax UVT.

Mcxonst n3 husnyecknx u XMMMYecknx CocTaBnALWMX nocTynawuei Boasl, gatunk UVT nsamepseT npo-
nyckaHue onpegeneHHbiXx gnnH BoAH Y®-(hoToHOB Yepes3 Bogy. bakTepuuyngHbie gatunkm UVT, kak npaBuno,
n3mepsT B agnanasoHe ot 250 go 280 HM, chokycupyscb Ha 253,7 HMm.

UVT uamepsoT no Mepe Heob6xoammocTu, NOckosibKy kadyectBo OCB konebnetca m uaMeHseT Konye-
CTBO y/ibTPaMoNeTOBOro M31y4eHunsi, Heo6xoAMMOro Ansa obecnevyeHus obesszapaxmnBaHus. Hekotopbie ycTa-
HOBKM MMeRT DYHKUNK n3mepeHns UVT B pexunme peanbHOro BpemeHu, npu kotopoii UVT sBnseTcs yacTbio
pacyeTa A03bl Y®-U3/1y4eHUs, U MOLHOCTb laMnbl U3MEHSETCS A1 NoAAepXaHUs COOTBETCTBYHLWEN [03bI
Y®-usnyueHus.

UVT pgonyckaeTcs M3MepsaTb C MOMOLLbI0 HACTO/IbHOTO CNekTpogdoToOMeTpa UAn HeENpepbiBHO U3MEpPATb
BCTPOEHHbIMU WUN BHEWHUMU aaTymkamu/aHannzatopamum UVT B pexume peanbHOro BpeMEHMU.

Oatunkn UVT cnepyet perynsipHo kann6poBaTb (B COOTBETCTBMW C WMHCTPYKUUSIMU WU3IrOTOBUTENSA) WU
CpaBHMBAaTb CO 3HAYEHUAMUN ANA TOW Xe BOAbl, NOSYYEHHbIMW C MOMOLLbI0 HACTO/IbHOIO WU anbTepHaTUBHO-
ro cnektpomeTpa. Jonyctumasa norpewHoctb UVT cocTtaBnsiet He 6onee +2 %. Ecnn 3HavyeHue UVT 6yger
Bbille (pakTMyeckoro, cucrtemMa nosyymT KOMaHay nojasaTb MEHbLUEe 3Hepruu, u obessapaxuBaHue MOXeT
6bITb He obecneyeHo.

7.6 Tyckoperynupylouwasa annapartypa

MyckoperynupyoLy annapaTtypy crnegyeT 3awjuuiate OT Ype3MEepHOro HarpeBa C NoMOLLb BEHTUNS-
UMW WU KOHAVLVOHMPOBAHMS BO34yXa B COOTBETCTBUM C YC/IOBUSIMU OKpYXawllei cpefdbl Ha 06bEKTE.

JNeKTpoOMarHuTHble NycKoperynupylouiue annapatbl paboTalT Ha YacToTe CeTu, KoTopas MOXeT Me-
HATbCS, M 06EecneyYnBaloT TOMbKO CTYMEeHYaTyl PerysiupoBKy WHTEHCUBHOCTU flaMmbl. DNIEKTPOHHbLIE MYCKO-
perynupyolne annapatbl paboTaloT Ha YyacToTe, NpeBblllallLleli HaNnpsh)KeHne ceTu, N o6ecnevmBaT Moyt
HenpepbIBHYI CTyNeH4YaTyl PerysiMpoBKy WHTEHCUBHOCTW Namnbl.

MpumMedyaHne — YnbTpadMoNeToBble NamMnbl, NMUTAKLMECH OT 3NEKTPOMArHUTHOW MPA, MMEKT CKTOHHOCTb
K 60/1bLIEMY 3aTEMHEHMIO KOHLUA AaMnbl (T.e. HambIJIEHWIO 3/IEKTPOAOB) 1 60/1ee KOPOTKWiA CPOK CAyXObl MO CPpaBHEHUIO

C namnamu, 3arnntaHHbIMU OT 3]'IeKTpOHHOI7I MPA, B CBSA3M C 60/1€€ BbICOKMMM YacToTamu, Mcnosib3yemMbiMn SI'IeKTpOHHOﬁ
MPA.

7.7 Banunpgauuna Y®-yctaHOBKU

Mpon3BoauTenbHOCTb Y®-yCcTaHOBKM OL,EHMBAKT NOCPesCTBOM npolecca Banupauuu. loctaBka [03bl
B Kamepe Y®-o6e33apaxnBaHns C HEMPEPbIBHbIM NOTOKOM Y®-U3y4yeHUsi 4OBOJIbHO CMOXHA. MyTb, KOTOPLIA
NPOXoAUT OpraHn3M, onpeaensieT KOJIMYecTBO yNbTpaduoneTa, KOTOPOE OH NOSYYUT Nepes BbIXO40M U3 KaMe-
pbl 06e33apaxnBaHns, 1 onpefensieT ero HelWTpanusayn. HekoTopble MUKPOOPraHn3Mbl NPOXoAsT 6/IM3KO K
Y®-namnam v nonydatoT 605ee BbICOKYIO 03y 06/1y4eHUsl, B TO BPEMS Kak Apyrne, KOTOpble NPoXoaaT 6/1M3Ko
K CTEHKaM KaMmepsbl, MosyyalT 6osiee HuU3Kylo [03y. HekoTopble MUKPOOpraHu3Mbl MPOXOASIT yepe3 Kamepy
HanpsiMylo, B TO BPEMsi Kak Apyrme npoxoasT KPYXHbIM nyTem. B pesynbTate KaxAablli MUKPOOPraHu3M MoOXeT
MOKMHYTb YCTPOCTBO, MOJIYYNB pasHylo [03y Y®-usznyuyeHusi. YeM paBHOMepHee pacrnpefesieHue Ao3bl, TeM
3 heKkTMBHEE YCTPONCTBO U TEM MEHbLUE IHEPTUN OHO NOTPEOGNSeT ANst AOCTUXEHNS HEOBXOAMMOW [03bl.

Ona co3paHua Hagnexawmux cuctem Yd-o6essapaxuBaHus TpebyeTcs M3MepeHHass U HajexHas Be-
nrnunHa fo3bl. OHA J0/KHA GbiTb OCHOBaHA Ha MOSIHOMACLUTAGHbIX MPOBEPOYHbLIX UCMLITAHUSAX C N3BECTHbLIM
Npo6aEMHbIM OPraHM3MOM, KOTOpPbI/ Gbl/1 KOJIMYECTBEHHO ONpPeesieH C MOMOLL b0 UCNbITaHWA 3 dekTa A03bl
KOJITMMUPOBAHHOTO Nyyka Mo ony6/IMKOBAHHbLIM U MPUHATLIM NPOTOKOAM.

23



FOCT P NCO 16075-5—2023

B To Bpems kak gnsa Banupauun Y®-obezsapaxmnBaHiusa NUTbEBOW BOAbl MMeETCS psf NpUeMIEMbIX NpPo-
Tokonos (DVGW, ONORM, EPA), pekomeHayeMblii MPOTOKOA ANS1 YCTAHOBMEHUSI 3KBMBA/IEHTHOW [03bl CHU-
xeHuna (RED) gnsa Boabl NOBTOPHOrO MCNOMb30BaHuA 6bi1 onyb6aukoBaH B 2012 roay [17].

Banupgauua Y®-ycTaHOBKM MOXET ObiTb BbINOSIHEHA HE3aBMCUMOWN TpeTbeil CTOPOHOWN, KOMMNETEHTHON
B 06n1actn Y®-nsnyyeHus, 4tobbl y6eamTbCcs, YTO HOMUHAMIbHAA A03a o6ecneynT HadeXHYH O4YMCTKY n 6es-
onacHoCTb AN 340p0BbsA HaceneHusa. lMpu Banupaunm Y®d-ycTaHOBKM paccmaTpuBalT o6nactb paboumx
pPEeXNMOB, KOTOpas OMUCbIBAeT Auana3oHbl CKOPOCTM NOTOKa, KoadhdumumeHTa nponyckaHus Y®-usnyyeHus,
Hanps)XeHns 3/1eKTponuMTaHusa, noTpebnsaemoin MOLWHOCTM NaMn 1M CONnocTaBaseT UX ¢ MUKPOONOIOTMYECKUMN
pe3ynbTaTtaMmy Npu pasfiMyHbIX YCNOBUAX.

OCHOBHblE KOMMOHEHTbI MPOTOKO/Aa Banujauun Y®d-ob6esszapaxuBaHus BoAbl A1 MOBTOPHOrO MCMO/b-
30BaHNA BK/IOYAKOT 0CO6ble METOAUKN:

- NOArOTOBKMN LieneBbiX MUKPOOHOB;

- UCMbITAHUA KONIMMUPOBAHHBLIM MYYKOM;

- oT60pa Npo6 M UCNbITAHUA BCEW YyCTAHOBKW, BK/KYAA MaTpuLy KayecTBa BOAbI;

- aHanusa faHHbIX;

- MeToAOB pacyeTa [03bl;

- KOHKpeTHbIX npepgenos OK/KK;

- KanmbpoBkM NpMHBOpPOB;

- NPOTOKO/IMPOBaHUA.

[Ons cooTBeTCTBUA AaHHbIM Banugauum n npucBoeHnss RED moxeT 6bITb cocTaBfieHa thopmyna, aHano-
rmyHas dpopmyne (30):

R = 10a x A254b x (S/S0)c x (1/Q)d, (30)

roe R — RED (skBMBasieHTHas A03a CHWXeHus) — gosa Y d-usnyyeHua B maAx/cm2;
A254 — nornouweHne npu 254 Hw;
S — M3MepeHHble NoKasaHWs gaTtyunka MHTEHCUBHOCTU Y D-n3nyyeHus;
SO— WHTEHCUMBHOCTb Y®-n3snydeHusa npu 100 % MOLHOCTWN NaMmnbl;
Q — pacxog;
a, b, ¢, d — KoathpuymeHTbl MOAENN, KOTOPbIE NOAYYAT NPU NOATOHKE POPMYJ/Ibl K AaHHbIM Banugauumn [16].
Tem He mMeHee, cTaHgapTHaa dopmyna MS-2, pasdpaboTaHHasa cneunanbHO ANA OUYULLEHHbIX CTOYHbIX
BOL, 4/19 MOBTOPHOIO UCMNOJSIb30BaHUsA, OCHOBaHa Ha onpegesieHHbIX napametpax OK/KK gna MS-2 u moxeTt
6bITb MCNOMb30BaHa A/ npuceBoeHns RED/M4) [cm. chbopmyny (31)]:

x = [y (log [/] - 0,5464))/0,0368, (31)

roe X — posa Y®-usnyyeHus;
| — HelTpanusauyus.

MonHoMacwTabHble N MacwTabupoBaHHble NapamMeTpbl U NpeAensl peanusaynn npegycMmaTtpuBaroT UH-
TEPNoNSAUMIO, HO HE 3KCTPANONALUID HOMUHAbHbLIX 3HA4YEHU A03bl. OHM AOMXKHbI ObITb OCHOBAHblI Ha CaMOM
BbICOKOM WCMbITAHHOM pacxoje, CaMOM HU3KOM ucnblTaHHOM UVT, KpuTepuax gartymMka, TOYHOCTWU, Komye-
cTBeHHOI oueHke OK/KK u npepenax kpuBoi apdpekta Ao3bl MS-2 B KAUeCTBE KOHTPOJIbHOTO OpraHu3ma.

VI3MEeHYMBOCTb MOLLHOCTY NlaMnbl NpeAcTaBnseT coboil NnoTeHUManbHO Cepbe3Hy npobaemMy Ans mac-
wrabupoBaHma YP-cuctemol. MPUHATO cynTaTb, YTO YP-namnbl MAEHTUYHbI, OAHAKO MPU U3MEPEHUN MOLLHO-
CTV Nnamnbl HabNAATCA 3HAUYNTE/IbHbIE OTKNIOHEHUSA. 3TN pasInYnA MOryT oka3aTb CyLEeCTBEHHOE B/MsHUE
Ha pasMepbl 1 NPON3BOANTENBHOCTE Y®-cucteM, ocob6eHHO npu HebonblWwoOM KonumyecTBe namn. Oxupaercs,
4yTo B 60Nee KPYMHbIX CMCTEMAxX M3MEHYMBOCTb MOLLHOCTU namnbl 6yAeT oka3biBaTb MEHee 3HauuTenbHoe
B/INAHME HA NPON3BOAUTENILHOCTL Npouecca. 3TU aprymMeHTbl YKa3blBaloT Ha elle OAUH YPOBEHb MOrpPeLHOCTH
npyu nepexone OT 3KCMepPUMEHTasIbHbIX YCTAHOBOK (rge Hebosiblloe KOMMYEeCTBO slamn SBASIETCA HOPMOi) K
nosHOMacwTabHbIM cncTtemam. B HEKOTOPLIX Cnydyasx ANnsa rapaHTuy Npon3BOAUTENTbHOCTUM CUCTEMbI UCMOJb-
3yl0TCA MOAENM BbluMCAUTENbHOU rugpoguHamunkn (CFD), ecnv MOAHbIA Anana3oH pabouynx napameTpoB He
npowesn Banupauuio.

UTo6bl yCcTpaHMTb OnaceHuMss no noBogy MacwTabupoBaHus, NPOBOASAT BbIGOPOUYHYHO OGMOOLLEHKY, B
X0[e KOTOpO# uccnepyetcss M npoTokonupyeTtcs dpakTuyeckas NpPoOu3BOAMTENILHOCTb MOJIHOMAacWTabHoW
YCTaHOBKU.

Cuctema fgoshkHa ObITb paccumTaHa Ha [03y Y®D-u3nyyeHus, MCXOAS U3 HOPMATUBHbIX TpeboBaHwuii,
Tna NMOBTOPHOrO MCNO/Ib30BaHUSA CTOYHbIX BO4 U MakCMMasbHOTO CyTOYHOro pacxoga. Tpebyemas gosa 6y-
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JeT 3aBuceTb OT Tuna npepBapuTenbHOl 06paboTkn (Hanpumep, uabTpauns yepes NOpPUCTYD MembGpaHy,
MuUkpohunbTpaumnsa uam uabTpauus vyepes nonynpoHuLaemMyro Memopady). JocTurHytas gosa Ao/XHa Mo-
CTOSIHHO perncTpupoBaTthbCs, TaKKe Kak U MHTEHCUBHOCTb slamnbl, KO3 ULMEHT nponyckaHnsa Y d-n3nyvyeHus
M CKOPOCTb noToka [17].

7.8 ShPeKTUBHOCTb cucTeMbl Y P-006e33apaxmnBaHns

PaznunyHble koHUrypaumum cucteMsl (Hanpumep, OTKPbITbIA KaHasl, 3aKpbITbld KaHan, pas3/inyHble opu-
eHTauMn namn v T. 4.) oNpeaensanT rmapaBnndeckuii npouab U pacnpegesieHve Ao03bl. Takmm obpasom,
Y®-ycTaHOBKM MMENT pas3/inyHbie TpeboBaHnA K maclwTabupoBaHunio, pacrnonoXeHUo U MexaHnyeckomy pe-
3epBNpOBaHuio, YTo onpeaenseT 3P PeKTUBHOCTb YD-cuCTEMBI.

Pacxog B cucteme Y®d-o6eszapaxumBaHus gonkeH OblTb Kak MOXHO 6051iee paBHOMEpPHbLIM, C AOCTaTOu-
HbIM ABWXEHWEM W NepeMellnBaHMemM AN MakCMManbHOro Bo3fenctemsa Y®-usnyyeHuns. Uem paBHOMepHee
pacnpegzeneHne A03bl, TEM HUXe NOTPEBHOCTbL B 3HEPrum ansa obecnedyeHus obeszapaxmBaHus. KoHcTpykuus
Y®-ycTaHOBKM [0/KHA WUCKAOYaTb KOPOTKME 3aMblKaHWs W/MAM MepTBble 30Hbl, KOTOpPble MOTYT NMPUBECTU K
WMPOKOMY pacnpeneneHuto 4osbl 1, cnegoBatesibHO, K HA3KON 3adhdheKkTMBHOCTHY [2].

O heKTMBHOCTb YCTAHOB/IEHHOW cucTembl Y®-o06e33apaxnBaHus, kak npasusio, 3aBsucut [15]:

- OT MHTEHCUBHOCTN Y®-n3nyyeHus v npodpuasa A/IMHbI BOJIHbI B CPABHEHUU C XapakTepucTukamum no-
CTynawLLero noToka u ueneBbiX OPraHM3mosB;

- TUMOB W KOHUEHTpauMy OpraHM3MoB B MOCTynawLein cpefe u cnekrpa ux gencreus;

- KofnyecTBa BPEMEHM, B TeYeHMe KOTOPOro MUKPOOPraHw3mbl MOABEPralwTcs BO34ENCTBUIO Y-
N3nyvyeHus;

- KOHQUrypaumm ucTouyHuka Y®-nsnyvyeHusa v rugpaBnyecknx CBONCTB;

- pacnpefeneHunsi/paBHOMEPHOCTU A03bl BHYTPU YCTAHOBKM;

- KayecTBa nocTynawlieil BoAbl C TOUKA 3PEHNSA XMMUYECKUX XapakTepucTuK, LUBeTa, coaepxaHusa pac-
TBOPEHHbIX YacCTUL,, TBEPAbIX YACTUL, U OpPraHNYeCcknx BeLLECTB;

- KoahdpuumeHTa nponyckaHusa Y®-usnyuyeHus BoAbl MO CPaBHEHMUIO C KOIMYECTBOM Y®D-U3nyyeHus B
Kamepe obe33apaxunBaHus;

- 6roobpacTtaHus u 3arpsA3HEHNS OT MarHus, Xesnesa u Kanblus.

7.9 Ouunctka

HepocTaTouHas O4YMCTKA M OT/IOKEHUSI HA UNb3ax faMn siBASOTCA HaubGosiee pacnpocTpaHeHHbIMuU
npo6nemMamu, NpensaTcTBYLOW UMY 3P eKTUBHOCTM Y®d-cnctembl. HekoTopble MeTodbl npefoTBpallalwT oT-
NOXEHUs, a HeKoTopble yaansT nx. Ana npefoTBpalleHus OT/IOXEHW Ha namnax fonyckaeTcsi NPUMEeHsTb
yNbTPa3BYKOBY O4UUCTKY. [NA yganeHust OTN0XEHWIA MOXET MCMONb30BaTbCst (hU3MYecKas 04ncTka /amno-
BbIX TU/1b3 O4HUM W3 CNefylounux MeToA0B:

- CHSITME 3alUYMUTHbIX KOMMNOHEHTOB, UX XMMUYECKAsi OYMCTKA W BO3BpaLLeHNe Ha MecTo;

- aBTOHOMHAs XMMWUYEcKasi OUYUCTKA, NMPU KOTOPOI YCTPOMCTBO OTK/IOYAKT, APEHUPYIOT M NPOMbIBAKOT
UNCTAWMM PacTBOPOM;

- MexaHW4yeckne MeTofbl OUMCTKM C MOMOLLLI0 MEeXaHMYeckux CKpeGKOB, KOTopble hu3nueckn yaansoT
3arpsi3HeHUs C NOBEPXHOCTM TM/b3bl Namnbl 1 He TPeOByoT C/iMBa BOAbl U3 YCTPOKCTBA, KOTOPOE MOXeT ocTa-
BaTbCcsl B paboueM pexume. B HEKOTOPbLIX ClydYasix UCMOMb3yeTcss NPOCTO CKPeGOoK, a B HEKOTOPbLIX — MUl e-
Bble XUMUYECKNE PacTBOPbI.

MeproANYHOCTb OUYUCTKU 3aBUCUT OT KOHKPETHOTO OGBbEKTa, MOCKO/IbKY HEKOTOpble CUCTEMbI cregyeT
UNCTUTH valle, YeMm Apyrve. XvMUYECKYH OUYMUCTKY MPOM3BOASIT C NOMOLLbIO JIMMOHHOW KMCNOThI. [pyrue yu-
CTsILMEe cpefcTBa MOTYT BK/OUaTb cnabble pacTBOpbI yKcyca, ruapocynbputa HaTpus unm octopHoil Kuc-
noTbl. [lonyckaeTcs UCMbITbIBATb COUYETAHME YNCTSLLUX CPeAcTB, YTo6bl HATW cpefCcTBO, Haubosee Noaxoas-
wee ans xapaktepuctuk OCB 6e3 o6pa3oBaHns BPEAHbIX WU TOKCUYHBIX MOGOYHBIX NPOAYKTOB.

7.10 Bo3pgeiicTBua Yd-06e33apaxmBaHmns Ha OKPYXalollyto cpeay

XoTa ycnosus npumeHeHus Y®-obessapaxuBaHua MOryT ObiTb pasHbIMW, PUCK HeEraTMBHbLIX Nocnep-
CTBUIW ANA OKpyXatwen cpefbl MUHUManeH. B uenom, 6onee ANMHHbIE BOMIHbI C MEHbLIEN BEPOATHOCTbIO
npuMBOAAT K 06pa3oBaHMi0 NMOBGOYHBLIX NPOAYKTOB ob6e33apaxusaHusa (EPA 1997) [18]. bonee BbiCOKME [03bl
(ceblwe 100 mAx/cm2) B Bofax, 6oratblX HUTpaTamu, MOryT NMPUBECTUM K 06pa3oBaHWMI0 HEKOTOPOro Konuye-
CTBa HUTPUTOB, XOTH, Kak NpasBu/lo, UX COAepXaHue HuxKe pekoMeHfoBaHHbIX BO3 npegenos. OpueHTUpO-
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BOYHOE 3HAUYEeHWEe [/19 HUTPUTOB B MUTLEBOI BOAE COCTABASieT 3 MI/1 B BUAE HUTPUT-MOHA (IKBMBAJIEHTHO
0,9 mr/n B BUge HUTpMT-a3oTa) [19]. C6poc 06e33apaeHHON ynbTpaoneTom BOAbl B OKpYXawllyl cpeay

He npeacTtaBndaeT pucka 3arpAasHeHus.

7.11 MpenmyliectBa, HeLOCTATKU N TeXHUYeCKne coobpaxeHusa metoga YP-ob6e33apaxmBaHums

MpenmMyuiecTsa, HegoCTaTKM 1M TeXHMYECKMe coobpaxeHns MeToaos Y®-o6e33apaxmBaHus nepeuucrie-

Hbl B Tabnuue 8.

Tabnunya 8— lMNpemmywlectsa, HeAOCTATKM M TEXHNYECKME COOOPpakeHNs Y d-o6e33apakmBaHns

Mpenmyuiectsa

OhheKTUBHO B LUMPOKOM AManas3oHe YpoBHeW pH, 6bl-
CTPO BCTynaeT B peakuuio ¢ 6aktepusmu, Bupycamun u
npocteiwmMun, 1 obnagaet 6osee CUbHLIMU GakTepu-
LUMAHBIMKX CBOCTBaMU, YeM X/10pMpoBaHme

KopoTkoe Bpems peakuum

B npouecce o4nCTKM B BOAy He [06aBAAOTCS XUMUYe-
CK1e peakTyBbl

OTcyTcTBME 06pa3oBaHNUs MOGOYHLIX MPOZYKTOB, Onac-
HbIX A/151 3[,0POBbS

OTCyTCTBME 3KOMOTMYECKOTO yilep6a

TexHuyeckune coo6pa>o<eva nnn HepocTaTkn

He o6ecneunBaeT OCTATOYHOTO GaKTEPULUMOHOIO WM Ae-
3VHMLMPYIOLLLETO AeiCTBUSA A/ NoAABNeHUs UM NpenoT-
BpaLLEeHUs1 MOBTOPHOrO 3apaXeHus

YnbTpadoneToBbIli CBET HEMTPaIN3yeT MUKPOOPraHN3Mbl,
noBpexaas X HyKNenHoBYHO KUCOTY U Benku.
MpefoTBpalaeT ux pensmkauuio, HO HEKOTOPbIE MOBPEX-
[eHus, BbI3BAHHbIE MOHOXPOMATUYECKUM Y D-13NydeHneMm,
MOryT GbITb BOCCTAHOB/IEHbI NOCPEACTBOM (DOTOPEAKTNBA-
LMW 1 TEMHOBOIW penapauum

TpebyeTcs Bbicokoe kayecTBO OCB [COOTBETCTBYHOLMIA KO-
athuumeHT nponyckaHusa Yo-unsayyerms (UVT)]

TpebyeTcst NOCTOSHHBIA 1 HAZIEXHbIA UCTOUYHMK NMUTAHNS

HeobxoanmocTb 6e3omacHoli yTunmnsauum oTpaboTaHHbIX

namn

MeTog He TpeGyeT 3HAuMTENbHOTO OBCNYXMBaHUS UM TpebyeTcs KOMMbIOTEPHOE OTC/EeXMBaHME A5 NMPOBEPKM

npocT B 06paLLeHnn

8 YpaneHue natoreHoB C NMOMOLLbI0 MeMGpPaHHbIX METO0B

8.1 O6wme NonoxeHus

YpaaneHue natoreHoB C NOMOLLbI0O MeMGpaHbl B OCHOBHOM OCYLLECTB/ISIETCSA NOCPEACTBOM (PUbTpaLum
BOAbl Yepe3 MemGpaHbl C onpefesieHHbIM AMamMeTpoM MOop, KOTOPbIA MeHblle pa3mepa KAeTOK NaToreHos.
Mpouecc Mem6paHHOW unbTpauun yaansaeT naToreHHble MUKPOOPraHu3ambl U BUMPYCbl M3 BOAbl, HO HE Hei-
TpanuayeTt ux. KoOHUeHTpaT, He npolweawunii yepes mem6paHy Heo6xoAuMo 6e3onacHo obpa6oTaTb WM yaa-
NNTb, TakK Kak OH MOXEeT coAepXaTb BbICOKME KOHLEeHTpauuu natoreHoB. COBMeCTHOE NpMMeHeHne MembpaH-
HOl TEXHONIOTUW C APYTUMU TEXHOMOrMAMU 06e33apaxuBaHus B KayecTBe «MyfnbTubapbepa» obecneunBaet
appekTuBHOE 06Ge33apaxmBaHne AN BbINOSIHEHUA CaMbliX CTPOrMX TpeboBaHuiA.

8.2 Memb6paHHas cuctema

YcTtaHoBka MeMbpaHHON dmnbTpaumm, Kak npaBuio, COCTOMT U3 hunbTpa, Mem6paHHbIX Moaynei, 6a-
KOB, HacocoB, OYMCTHOIO yCTpolcTBa M BcnomoratesibHOro ob6opypoBaHua. Mem6paHbl MF/UF cocToaT u3
NOMIMMEPHbIX UM KEpaMUYECKUX MaTepuasioB, KOTopble 061a4aloT NOPUCTON CTPYKTYPOI.

Mo pasmepy nop memb6paHbl MF/UF nogpa3sgenstoTcsa no Tmnam TEXHOI0rTUKM, Kak nokasaHo B Tabnuye 9.

O P eKT KOHUEHTPUPOBAHNA NATONEHOB NPOUCXOAUT MO «MEXaHW3My cuTa» U 3aBUCUT OT pasmepa nop
B MOPUCTON CTPYKTYpe M pasMepa pasfensieMbiX BewecTB.

Mem6paHbl NF/RO npumeHumbl ana yganexus TDS n 6opa.
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Tabnuya 9— Tunbl MembpaH 1 LeneBble 3arpasHsaoLWme BellecTsa [21]

TMP,
Tun TexHonormmn Mem6paHa nTpeiﬁbj::; Ypansemble 3arpsisHsaiolline Belectsa NI(X\'ID'(;)O
AananasoH
(MMa)

MukpodonnbTpaums MF <0,2 Yactuupl gnametpom ot 0,05 go 2,0 mkm: TSS, MyT- >5 000
MembpaHHasi HOCTb, MO KpaWHel mepe, 4-orapugdMUYEecKoe CHKe-
TEXHOSI0rmA HME COAEPXaHMA OOLMCT WM UUCT MPOCTeimX 1 bakTe-

pwvii, HO He BMPYCOB
YneTpadunstpaums UF 0,2—1 0,008—0,05 mkm: TSS, MyTHOCTb, Makpomosnekynbl, 5—5 000
MembpaHHasi Konnounabl, Mo KpaliHeli mepe, 4—6-norapudmmnye-
TexHosorns CKOE CHWKEHMWEe cofepXaHusi NpocTeimx 1 Gaktepuii

n 1—6-norapmdMmyeckoe CHWKEHWE cofepxaHus BU-

pycos
HaHodmnbTpaums NF o658 0,001—0,02 mkm: necTuumabl 1 gpyrme MakpoMOseKy- 0,1—5
MembpaHHasi Nbl (C BbICOKUM MONEKYNSAPHbIM BECOM), LBET, KOMI0U-
TexHosorung [bl, BCE rpynnbl NaToreHOB 1 NO/IMBASIEHTHbIE KATUOHbI.

NF ncnonb3yetcs BMecto RO, ecnm TpebyeTcs TO/IbKO

CMArYeHne wam YyacTmyHoe obecconusaHue
O6paTHbIi ocMoc RO o & 7 0,0001—0,002 MKM: “cnofb3yeTca 4N yaa/leHNsa pacT- <0,1
MembpaHHas BOPEHHbIX COMEN U KOM/TIONAHbIX/PACTBOPEHHBLIX TBEP-
TexHonorud ObIX YacTul, BKIOYas cnedbl OpraHvkvi, NOCpPenCcTBOM

pasgeneHvsi no pasMepam 1 auddpy3nn pacteopa

8.3 YaaneHue naToreHoB C MNOMOLbIO MeMGpPaHHOW hrabTpaLmm

MpoekTMpoBaHWe n BbIGOP MeMHBpPaHHOro 060pyA0BaHUA U CUCTEMbI OCYLLECTBASAKT B COOTBETCTBUM C
cepTuuLMpoBaHHbIM 3Ha4YeHMeM norapupmMmmnyeckoro ymeroweHus (LRV) ana kaxporo knacca natoreHos.
Cunctembl MF adhhekTUBHbI ANa yaaneHust 00LUCT M LUCT NpocTenwmnx, 60nbWMHCTBA 6akTepuin (HO He BCeX),
HO He BMpPYCOB, B TO BpeMs Kak cuctembl UF cnoco6Hbl yaanuTb OGOMbLIWHCTBO MPOCTEMWMnX, bGakTepuin m
BUpycoB. CTeneHb yaaneHua pas/inyHbiX NaTOreHoB B Pa3/IMYHbIX MeMOpaHHbIX cUCTeMax npefcrtaBfieHa B
Tabnuue 10, npunoxeHun B n tabnuuye B.1.

OoumncTbl KpUNTOCNOPUANKM HE HeWTpanu3ylTca npu obes3apaxumBaHUU X/0PUPOBAHMEM, HO MOryT
6bITb 3P EKTUBHO yaaneHbl C NOMOLWb0 MeMOpaHHOW unbTpaumnu.

Mem6paHHble cuctembl NF/RO He Tak 4yacTo NpUMEHSATCS ANA yAaneHUs naTtoreHoB, MOCKOIbKY WX
CKOpPOCTb yAaneHuss naToreHoOB He MpeBbilWaeT CKOPOCTb yAasleHUs NaToreHoB MeMOpaHHbIMU CUCTeEMaMu
MF/UF ¢ Toukn 3peHuns LRV.

MpeumyuiectBOM npouecca MembpaHHON dunbTpauun SABNSETCH BbICOKWIA YPOBEHb yAanieHus na-
TOreHoB, AOCTUTAEMbIA NPU COYETaHUMU C APYTUMU TEXHOMOTMAMU 06e33apaxXuBaHWsA B KaYecTBE «MYJb-
Tnbéapbepa.

8.4 Bonpocbl akcnayataymm 1 o6cnyxxmBaHus

Mpn ncnonb3oBaHUM MeMOBpPaHHbIX CUCTEM HEOOGXOAMMO YYUTbIBATb CNeayluine MOMEHTbI:
- XapaKTepuCTUKN CbipbeBOIi BOAbI;

- YTUIN3aumnlo KOHUEeHTparTa;

- KOHTPO/b 3a 3aCOpeHneM mMem6paHsbl;

- Hagnexauwmii MOHUTOPUHI CUCTEMBbI.

MonHoe onucaHne cMm. B npunoxeHun D.

8.5 MoHuUTOpUHr

OCHOBHbIMM NpegMeTamMmn MOHUTOPUHIa MeM6paHHOW uabTpaLmm ABAAIOTCA Ka4eCcTBO BOAbl M LesocT-
HOCTb MeM6paHbl. XapakTepucTukun meMm6paHbl 1 nNpoBepKa LenocTHOCTU noApo6HO onucaHbl B ISO 20468-1
[20] n ISO 20468-5:2021 [21].
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B oTHOWeEHMN KayecTBa BOAbl UMEKTCHA ABa acnekTa, KOTOpble cnefyeT KOHTpO/NMpoBaTb W OTcClie-
XuBaTtb:

a) KauyecTBO MCXOQHOW BoAgbl (Ha Bxoge): mepBble ucnbiTaHUA kKadecTtBa OCB Ha Bxoge B MeMOpaHbl
NpPoOBOASAT Ha CTaguu nNpefBapuTesIbHOro NpoekTupoBaHus. CTpaterus npeaBapuTesibHON OYMCTKM LOJIKHA
ObITb ONpejesnieHa COOTBETCTBYHOLWMUM 06pa3om:

B npouecce akcnsyatauum mMemb6paHHON cuctembl cnefyeT Npoaos/hkaTb MOHUTOPUHI hakTopoB, nepe-
YMCNEHHLIX B NMyHKTe 1 npunoxeHuna D. B otinume oT npupoaHOro MCTovyHMKa Bogbl, kayectso OCB moxeTt
BPEMEHHO WM NOCTOAHHO MEHATbLCHA, OCOOEHHO KOrfa Ha OUYMCTHbIE COOPYXEHWUSA NOCTynatT CTOYHblE BOAbI
NPOMbILI/IEHHOrO NPOMCXOXAEHUSA. [MepnogUYHOCTE MOHUTOPUHIA YacTu UK BCeX NapamMeTpoB AO0J/1KHA COO0T-
BETCTBOBATb TAKOW M3MEHYMBOCTW, ONPEAESIEHHON CTEYEHUEM BPEMEHU;

b) KayecTBO npogykTa (BbiX0A): Takoli MOHUTOPUHI NMPOBOAAT ANS TOro, 4YToObl YCTAHOBUTb, COOTBET-
CTBYIOT /IN CTOYHble BOfAbl, OYMLLEHHbIE C NOMOLWbI MeMOpPaHHOW TexXHosornu, TpeboBaHuAM, yCTaHOBEH-
HbIM MECTHbIM 3aKOHO4AaTEeNbCTBOM, AN BbIMNO/IHEHNUS KOTOpPbIX 6blna pa3paboTaHa cuctema. VMamepsiemble
napamMmeTpbl — 3TO NapameTpbl, onpeaensieMble HOPMaTUBHbIMU akTaMy B OTHOLIEHWUN UHANKATOPHbLIX MUKPO-
OpraHM3MOoB WIN HEKOTOPbIX KOHKPETHbIX NaToOreHos.

8.6 Bo3geicTBUSA MeM6paHHbIX CUCTEM Ha OKpYXaloLllylo cpeay

Oco60e BHUMaHVe criefyeT yaenuTb NOSyYEeHNO KOHLEHTpaTa C BbICOKOW KOHUEeHTpauuen 3arps3Hsio-
WuMx BewecTB. KOHUEHTpAT MOXET copacbiBaTbCA B KaHa/IM3aLM0 UM UCNapsTbCS A1 COKpaleHUs Konuye-
CTBa KOHLeHTpaTa W NoNy4YeHUss CUCTEMbI HYME€BOro XMAKOro ctoka (ZLD). Memb6paHHble MOAynn/anemMeHTbl
COCTOAT U3 pas3/INYHbIX BMAOB NiacTuka WM Kepamuku, KOTopble M0X0 noggarwTcs nepepaboTke. Konuuye-
CTBO TBEPAbIX OTXOA0B MOXHO paccumTaTb UCXOAA M3 CPOKa CNyX6bl MemMGpaHHbIX Moaynei/aneMeHToB. Ons
OCTaTOYHbIX XMMUWYECKMX BEL|eCTB WU HENTpasM30BaHHbIX OTX0A0B, 06pasylWMUXCA MPU OYMCTKE, KOTOpble
HeobxoAnMO cobupaTb B KayeCcTBEe MPOMbILWIEHHbIX OTXOA0B, A/ OLEHKN yTUaM3aunmm Ucnosb3yT ob6bem/
Maccy XMMMWUUYECKUX BELLECTB.

8.7 MpenmywecTBa, HeJOCTaTKU U TEXHUUYECKNE COOBpPaXeHUs yaasieHUsi natoreHoB MeToAOoM
o6e33apaxnBaHns C MOMOLLbIO MEMGPAHHbLIX CUCTEM

MpenmyuiecTBa, HeAoCTaTKM U TEXHUYECKMEe CoobBpaxeHUss MemMOpaHHOro yaaneHuss ¢ NOMOLLbI CU-
ctem hunbTpaumm obobuieHbl B Tabnuye 10.

Ta6nuuya 10— lMpenMylecTBa, HeJOCTATKN 1 TEXHUYECKNE COOBPAKEHNSI MEMOPAHHBIX CUCTEM
I'Ipemmyu.l,ecrsa TexHnyeckne coo6pa)KeH|/m nivnn HeAoCTaTKu

AdhchekTBHOE yaaneHne baktepuii 1 npocTenwmx YacTnuHoe ypasieHne BMPYCOB B 3aBMCMMOCTW OT Tuna
MEMOPaHHOW CUCTEMBI

YpaneHne oouucT KpunTocnopuanm TpebyeTcst 06paboTka KOHLEHTPaTa M KNUAKNX OTXOA0B
OTcyTCcTBME NOBTOPHOrO pocta 6akTepwii

OTCyTCTBME XMMUYECKOW peakumm

OTcyTCcTBME NOBOYHBIX NPOAYKTOB

Bo3moxHa aBTOMaTU4eckas akcnayaraums
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MpunoxeHve A
(cnpaBo4HOE)

Bo36ygutenn nHpeKUNOHHbIX 3ab60/1eBaHNi, NOTEHLNA/IbHO NPUCYTCTBYOWME

B HEOUUNLEHHbIX (CbIPpbEBbIX) CTOYHbIX BOAAaX

Ta6nuya Al — Bo3byautenu UHDEKLMOHHBLIX 3a60/eBaHNii, NOTEHLUUANIbHO NPUCYTCTBYIOLME B HEOUMLLEHHbIX

(CblpbeBbIX) CTOUHBIX Bofax [2]

MartoreH

Baktepuun
Wurennel

CanbMmoHenna

XonepHblii BUGPUOH

SHTeponaToreHHas  kuweu-
Has nanouka (MHOrve apyrve
BI/IAbI KAWEeYHO! nanoykum He
onacHbl)

MepcuHun

NenTocnupsl
Kamnuno6akTepsbl
ATunnnyHble MnkobakTepum
NernoHennsl

CTadnnokokk
CurHerHoiiHaa nanoyka
XenunkobakTep

Bupycbl

3HTepoBupychbl (nonuo-
MUEennT, 3X0, KOKCaku, HO-
Bble 3HTEepOBUPYChbl, Cepo-
Twnn 68—71)

Bupyc renatuta AunE

ApeHoBupyc

PoTasupyc
MapBoBupyc
AcTposupyc

Kanuuusupycsl (BKOYAA Ho-
pPOBUPYC M canoBupyc)

KopoHaBupyc

Konunuyectso
B Cblpb€BbIX
3a6oneBaHune CTOYHBbIX
Bogax
(Ha 1 nunTp)
LLvrennes (6aunnnapHas gu3eHTepus) 0o 104
CasilbMOHeNnes, racTposHTepuT (Ouapes, pBOTa, /MXopajka), peak- 0o 105
TUBHBIA apTpuT, GPHOLWHOW TU
Xonepa po 105
[acTposHTEPUT M CenTULEMUS, TEMOSIUTUYECKUIA YPEMUYECKUIA CUH-
Apom (HUS)
VepcnHno3, racTpo3HTEPUT U CenTULIEeMUA
NenTtocnupo3
[acTpO3HTEPUT, PEaKTUBHBIN apTpuT, cuHapom MiteHa-Bappe no 104
PecnvpaTtopHble 3a6051eBaHus (MHEBMOHUT rMNepyyBCTBUTENIbHOCTH)
PecnvpaTtopHble 3a6oneBaHnsa (MHEBMOHMSA, NOHTUAKCKas IMXopaaka)
KoxHble, rnasHble, ylHble MHEeKUMN, centTruemums
KoxHble, rnasHble, yLiHble UHheKLmn
XpoHWYeckuii racTpuT, A3Ba, pak xenyaka
[acTpoaHTEPUT, aHOMaNIMN cepfua, MEHUHIUT, pecnMpaTopHble 3a60- o 106
JleBaHUs, HEPBHbIe PacCTPOIiCTBa, Apyrue
VHGOEKUMOHHBI renatut
PecnupaTopHble 3a6on1eBaHusA, MHAIEKLUMM rNa3, racTpoaHTepuT (cepo- o 106
™n 40 1 41)
[acTposHTEPUT [o 105
[acTposHTepnt
[[acTpoaHTeput
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OKOHYaHue Tabnuubl A. 1

Konunuyectso
B CblpbeBbIX
MatoreH 3ab6onesaHune CTOYHbIX
BoAax
(Ha 1 nuTp)

Mpocreiiune
JHTameba Amebras (amebHas gn3eHTepus) no 102
Nnaménun NIam6n1o3 (racTpoaHTEPUT) no 105
KpunTocnopugus Kpunrocrnopuavos, guapes, nmxopanka po 104
Mukpocnopugus Ovapes
Luknocnopa Livknocnopros (avapesi, B3gyTUE XUBOTA, JIMXOpaAKa, >Xesy[oyHble

cnasmbl 1 60/ B MbILLLLAX)
Tokconnasma Tokconnasmo3s
FnncTobl
Ackapunga Ackapungos (3apakeHune KpyriibIM1 4YepBsiMin) no 103
AHKMIOCTOMA AHKMNOCTOMO3 (3apaXeHne aHKMI0CToOMamMm) bo 103
HekaTop Hekatopos (3apaeHne KpyribiMy1 YepBsamu)
AHKMNOCTOMA Murpupylowas KoxkHas InunHka (3apakeHne aHKMIocTomamm)
CTpOHTMAOUAbI CTpOHIMIoNanos (3apaeHne HUTEBUAHBIMW YEPBAMM)
Tpuxypuc Tpuxypuas (3apakeHue ractamm) bo 102
Conurep TeHnas (3apaxeHne NIEHTOYHbIMM YepPBAMU), HEMPOLMCTULIEPKO3
3HTepobuyc OHTEpOo6Mo3 (3apaxeHne ocTpuLamm)
DXNHOKOKK Mmpaatnaos (3apakeHne NEHTOYHbIMU YepPBSMN)
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MpunoxeHvie B
(cnpaBo4HOE)

MOCT P NCO 16075-5—2023

OdhhekTUBHOCTb yaasieHUs MUKPOBOB C NOMOLLbIO pas/InYHbIX MeMbOpaHHbIX (OUIbLTPOB

Tabnuya Bl — 3(pekTMBHOCTb Yaa/IeHUA MUKPOOOB C NOMOLLBID Pas/IMyHbIX MEMOPaHHbLIX ONILTPOB

MukpoopraHusm

Mpynna KonmMg)opMHbIX OpraH1M3mMoB UF:
UF:
OouucTa KpunTocnopuani UF:
Lncra nam6nunsa mypuc UF:
KuweyHasa nasoyka UF:
UF:

MF:

dar Q1 UF:

MF:
MF:
MF:

dar MS UF:
dar MS2 UF:

CenekTMBHOCTb MeMGpaHbl

MWCO: 100 000 gasibToH
MWCO: 200 000 gasibToH

MWCO: 200 000 ganbToH
MWCO: 100 000 ganbToH

MWCO: 200 000 ganbToH
MWCO: 15 000 gansTtoH
pa3mep nop 0,03 MKkm

MWCO: 20 000 gansTtoH
pa3mep nop 0,03 MKm
pa3smep nop 0,1 Mkm
pa3mep nop 0,2 MKm

MWCO: 100 000 gansToH
MWCO: 200 000 gansTtoH

KoHueHTpaTt(LRV)

>7 log
5,2 log ~ 6,3 log
8,8 log- 9,8 log

>4,0 log ~ 5,1 log

4,6 log - 6,0 log
2,51log ~ 3,0 log
2,7 log ~ >4 log
3log - 6 log
0,85 log - 2,7 log
2log - >2 log
13log - >2 log
>6,5 log

4,5 log ~ 5,8 log

Ccblnka

[22], [23]

[22]
[21]

[22]
(23]

(24]
[23]
[25]
[21]
[26]

B Lenom, NpousBoAMTENbHOCTL KOHLEHTpaTa NaTtoreHHbIX 6akTepuii TpaanLMOHHBIM METOAO0M, Hanpumep, Komou-
Hauvel KoarynsuMoHHOro ocaxaeHns n 6bicTpoi hunbtpaumm, coctaenset 1-2 LRV (90 %—99 % KoHueHTpaTa), B TO
BpeMs Kak MembpaHa nokasbiBaeT 60/1ee BbICOKYH 3(h(PeKTUBHOCTb KOHLEHTpaTa A1 NobbIX MUKPOOPraHW3MOB.

[nsa dharo He60MbLIOTO pasmepa nokasaHa pasHuua B NPOU3BOAMTENIBHOCTY KOHUEeHTpaTa mexay UF membpaHoii
n MF mem6paHoii, a Takke TeHAEHLMSA pasHULbI B pasmepax nop.
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MpunoxeHne C
(cnpaBo4YHOE)

[ononHuTtenbHble coegnHeHUs 6poma

C.1 BCDMH (6pomM-x10p-5,5-anmMeTnnrngaHTomnH)
Buoung, wmpokoro crnekTpa geincTemsa Ana 6opbbbl C BOAOPOCNEBbIM, H6akTepuasibHbIM U FPUGKOBLIM LLIAMOM B
MPOMBILL/IEHHBIX BOAHBIX cMCTEMaXx, BacceiHax U MUHEpasIbHbIX UCTOYHMKAX, a Takke B cuctemax OCB, athheKkTnBEH B
LUMPOKOM AunanasoHe ypoBHei pH (6—10). 3To npocToit B o6palleHny NpoaykT B TBEPAON hopMme 1 0YeHb ahdeKTUBHOE
n GbICTpoAencTByoLLee Ae3nHULMpyoLee CpeacTso.

C.2 DBNPA (2,2-gn6pomo-3-HUTpraonponmoHamm)

BbicTpoaeicTByOWMIA adhdeKkTUBHbIN Groumna. Vcnonb3yeTca A KOHTPOMA pocTa MMUKPOOPraHn3moB, rpuUbKoB
1 BOAOPOC/IEV B NPOMbILSIEHHBIX CUCTEMAxX BOAOCHAGXeHUs. OueHb 3hDEKTUBHOE Ae3NHMUMpYIOLWEee CPeacTBO AN1st
OCB. DBNPA pgelicTByeT Kak 61MounaHOe akTMBHOE BELLECTBO M MOXET XPaHUTbLCS /b0 B TBEPAO dhopme, 6O B BUAE
20 % BOAHO-T/IMKOMEBOTO pacTBopa. ITO ONacHbIN MaTepuars, ¢ KOTOpbIM crefyeT o6pallaTbCs ¢ OCTOPOXHOCTLIO.

C.3 MpenmyLlecTBa 1 HeAOCTaTKN 6POMUCTbLIX BUOLMAOB

Tabnuya C.1 — Mpeumyliectsa 1 HegocTaTkm 6pPOMUCTLIX GrounaoB

CoepunHeHne

BCDMH—
6uouna Wwmpo-
KOro cnekrpa

DBNPA

Mpevmyuiectsa

BbicTpoaelicTeyowmiA 6roumna, LWMPOKOro cnekTpa Aei-
CTBMSA N5l 60pbObl C BOAOPOCNSIMU, BaKTEpUsIMU U Tprb-
KaMKn, 3PEKTUBEH B LUMPOKOM [Auana3oHe YpOoBHeN
pH (6— 10).

MpocT B 06paLleHun, TBepaasn opma.

O6opyaoBaHWe AN [O3MPOBaHNSA OTHOCUTESIbHO AELeBO
1 NPOCTO B UCMOJSIb30BAHUMN.

MOHUTOPWHT JIETKO OCYLLECTBUM C MOMOLLbIO Ta/I0r€HHbIX
JaTunkoB

BeicTpogeiictaytowme adhchekTBHbIE BroLmabl Ana 60pb-
Obl C POCTOM MUKPOOPraHn3MoB, FpMboB 1 BOLOPOC/IEN.
MpocT B MCNoNb30BaHWK, NpocTas cuctema A03MpoBaHus.
Boeinyckaetcs B Buge 20 %-Horo pactBopa B Boge/l3ar
Ans 6onee yao6HOro obpaleHums

HepocTtaTtku

CnepfyeT XpaHuTb B CyXWUX YC/TOBUSAX —
Bflara MOXET NpPUBECTN K BbICBOGOXAE-
HUIO Gpoma.

TokcuYeH Mpu BAbIXaHWM U ABAsETCA
CU/IbHBIM  Pa3fpakUTENIEM ANS KOXM,
ras 1 C/IM3NCTbIX 060104€eK

CunbHO pasgpaxaeT rn1asa, cnabo pas-
[ApaxaeT KOXy W onaceH npu BAbIXaHAN
WM NpornaTtbiBaHn.

Koppo3wuiiHbili matepuan

MpumeuyaHne — Bpom Kak ge3nHguMumMpyoLee cpeacTBo 6osee onaceH, Yem xnop. B npolusiom depmepbl Bo3-
OEepPXMBa/ICb OT UCMO/Mb30BaHNA 6poma, onacasicb 3a 6e30NacHOCTb pabounXx.

HoBble maTepuasbl 60nee 6e3onacHbl Ans epMepoB M PeKOMEHAOBaHbI A/l UCMOMb30BAHNA B OPOCUTE bHbIX
cucTemMax ans 3alytbl NPOBOASLLENR 1 pacnpefenMTenibHON CUCTEMbI M OPOCUTENLHOTO 060pYAOBaHMS.
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MpunoxeHvne D
(cnpaBo4HOE)

dakTopbl IKCMyaTaunn, 06CAyXXMBaHUsE U MOHUTOPUHIA MeEMBPaHHOW cCUCTEMbI

D.1 XapaKTepuCTUKM CbIPbEBO BOAbI

Mpy NPOEKTMPOBaHUM 1 UCMO/Mb30BAHUM MEMOPAHHBIX CUCTEM HEOBXOAMMO YUUTHIBATL XapaKkTepUCTUKM CbipbEBOWA
BObl A1 BbibOpa COOTBETCTBYHLLEN NpeaBapuUTesibHON 06paboTkn 1 06CnyXmnBaHnss MemopaH [28].

CnepyeT yunTbiBaTb CnefyroLlye napameTpbl CbipbeBON BOfbI:

- KOHLIEHTpaLUMI0 B3BELUEHHbIX YacTuL, WK MyTHOCTb ANS NPefoTBpaLLeHNs HENPOXOAUMOCTY;

- opraHuyeckve BellecTBa, CNocOBCTBYOLLME Aerpajaunn 1 paspyLleHnio Memo6paH;

- Xeneso, mMapraHew, 1 apyrue 3nemMeHTbl NOTeHLUaNbHOr0 0CaaKa,;

- Macno, cMaska wim nnasawolpe Teepable YacTulbl 4715 NPefoTBPaLLeHNs 3aCOPEHNS;

- 3PO3MOHHbIE BELLECTBa /15 COKPaLLeHNss U3Hoca MeMbpaHsbl;

- YpoBeHb pH Ans NpefoTBpaLLeHNs paspyLleHns MeMopaHbl.

[na cokpalleHns BOSMOXHOCTY 3aCOPeHUs NyTeM YaCTUYHOTO UM MOJTHOTO YAa/IeHNS 3arpAasHAoLWmMX MaTepranos
HeobxoaMMo pa3paboTaTb ¥ NPoBOAWTL NPeABapuUTesibHYH0 OUYMCTKY ChbIpbEBOIN BOAbl B MEMOPAHHbIX CUCTEMAX.

D.2 O6palleHme ¢ MeMbpaHHbIM KOHLIEHTPaTOM

YTUnmM3aumio KoHUEHTpaTa Heo6XOAMMO YuMTbiBaTb MPU MPOEKTMPOBaHUM MEMOPAaHHON cucTembl. B pesynbrarte
MeMOpaHHbIX NMPOLECCOB 06Pa3yoTCs 0TX0Abl, cocTaBnsowpme A0 15 % oT 06wero o6bemMa OUMLLEHHON BOAbl. JTO Tynu-
KOBasi cMcTema, Hanpumep, C UCMOMb30BaHWEM KepaMUYeckux MeMb6paH. KOHLEHTpAT COAEPXUT 3arpssHsoLMe Bellle-
cTBa, cofepxalmecs B OCB, B 60/1ee BbICOKMX KOHLIEHTpALMSIX, @ Takke HEKOTOPbIE XMMUYECKME BELLECTBA, MCNOMb3ye-
Mble Npy npeaBapuTensHoli 06paboTke BoAbl UM NPU 0GCYXMBAHUM MeM6paH.

KoHueHTpaT MoXHO cbpacbkiBaTb B UCX0AHYHO BoAdy (MPeanovTuTenibHO Nocne o6e33apaxmnBaHiisl), HO Npu 3TOM He-
06X0AMMO YAENsiTb BHAMAHWE COEeAMHEHVSIM, BbI3bIBAOLLMM HOBble OMaceHusi, YToObl M36exaTb 3aKOHOMEPHOro MOBbI-
LLEHMs1 KOHLEHTPaLUMN B UCXOAHOM BoAe. VcxoAHOI BOAOM MOTYT GbiTb OUULLEHHbIE UM HEOUULLEHHBIE CTOYHbIE BOAbI HA
CTaHLMM OUMCTKM CTOYHbIX Bog, COpPOC MEMOBPAHHOrO KOHLIEHTpaTa B MCXOAHYI0 BOAY AO/HKEH ObiTb MPEANOUTUTENbHLIM
peLueHneM, ecam UcTouYHNK OCB WM CTOYHbIX BOf, yAa/IEH OT MEMOPAHHOW cUCTeMbI. A/lbTEPHATUBOI COpoca B UCXOAHYHO
BOZY SIB/ISIETCSA MCMNApeHne BOAbl U 3aXOPOHEHMEe TBEPAbIX OTXOA0B Ha CaHKLMOHMPOBaHHON M/IOWaaKe UM B ropoAcKoi
KaHasmsaumu.

D.3 TexHuuyeckoe 06CyXMBaHWe

D.3.1 O6wwpe nonoxeHust

[ns nogaepxaHust adohekTMBHOCTU MEMOPaAHHOIO 06e33apaxuBaHns He0H6X0AMMO NPOBOAMTL psf, onepauuin no
TEXHWUYECKOMY OBCNY)XMBAHWIO AN151 NOAAEPXKaHWS CTabubHOM paboTbl MEMOBPaHHOI CUCTEMBI.

TexHMYeckoe 06CNYXMBaHME AOMKHO BK/OYaTb OGHAPYXXEHME M yCTpaHEHNE NOBPEXAEHNA MeMbpaHbl, BO3HMKaK-
LMX U3-3a HenpeaBUAEHHbIX HENOMaAOoK, NyTEM NMPOBEAEHUS NIAHOBbLIX UCTbITAHUIA NoA, AaB/IEHNEM.

D.3.2 MexaHn3Mbl 3aCOpeHnsi MeMOpPaHbI

3acopeHre MembpaHbl HEOOXOAUMO YYUTbIBATb MPU MPOEKTUPOBAHMM W 3KCT/TyaTtaumm MembpaHHbIX cuctem [25].
OTOT NoTeHUMasbHbI (DAaKTOP B/IMSIET HA HEOOXOAMMOCTL NpeaBapuTENbHON 06paboTky, TPEBOBAHMSA K OUUCTKE U PEXUM
akcnnyatauum [20], [21].

3acopeHne MembpaHbl — 3TO SIB/IEHME, MPU KOTOPOM BeLLEeCTBa (B3BELLEHHbIE HEOPraHUYeckne YacTuupl, GakTe-
pvr, 6akTepuodhary 1 opraHMyeckne Mosekysbl) B UCXOAHOM BoAe ocefatoT Ha MembpaHe, YTo MOXET NMPUBECTU K COMpo-
TUB/IEHMIO MOTOKY Yepe3 MembpaHy.

YeTblpe BO3MOXHbIX MpoLiecca, no OTAEbHOCTW WX B COMETaHUM ApYr C APYTOM, MOTYT Bbi3BaTb 3aCOPEHME, CHU-
Xasi Mpu 3TOM pacxof yepe3 membpaHy [27]:

a) 3acopeHve TBepabIMU YacTULAMU MOXET NPUBECTU K CYXXEHUIO NOP, 3aKynopke rnop win obpasoBaHuio rens/
KOPKM, BbI3BaHHbIX KOHLEHTPALMOHHON nonspusaumeil.

Cy)XeHve Mop U1 3aKynopka nop MOXeT NPOMCXOANTb TOJIbKO B TOM C/lydae, eC/M YacTuLbl B CbIpbEBOV BOAE MEHbLUE
pa3smepa nop Wv rpaHuLibl OTCEYKM MO MOMEKYNSIPHOMY BECY 3aJepXNBaEMbIX KOMMOHEHTOB.

O6pa3oBaHve rens/kopkn 06YC/IoB/IEHO KOHLIEHTPALMOHHOW nonsipusauuneli, nog KOTopoi NOHMMAaeTCs BO3HUKHO-
BEHVE TPAMEHTOB KOHLEHTpALMM Ha rpaHuLe Mexay mMemObpaHoi M pacTBOPOM B pesy/ibTare CeNeKTUBHOIO nepeHoca
HEeKOTOpbIX BMAOB Yepe3 MembpaHy. 3TO SBMIeHNe BO3HMKAET, KOrJa BbiCOKas 40/15 TBEPAOrO MaTepvasnia B CbipbeBOI BOAE
60/iblUe, YEM pa3Mep Mop WM FpaHnLpbl OTCEYKM MO MOJIEKY/IIPHOMY BECy 3a[epXXMBaeMbIX KOMMNOHEHTOB;

b) OCaxaeHMe HeopraHUYeCcKMX COMeli MOXET NPUBECTM K 06Pa30BaHUI0 HakMNW, KoTopasi NPeacTaBiseT co6oi
0Caf0K NEepPECHILLEHHbIX CONEiR;

C) 3acopeHue opraHM4yecKMMM mMaTepuasiaMn, KoTopble MPUCYTCTBYHOT B CbIpbEBOA BOAe WM J06aBNATCA B
NpoLLeCC OUYUCTKM,
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d) 3acopeHne BLOMorMYEeCKUMN MUKPOOPraHU3MaMM NPOUCXOAUT B pe3ysibTare GUO/IOrMUYeckoi akTMBHOCTM Ha
NOBEPXHOCT MeM6paHbl U B Nopax, YCU/IMBAKLLEHCA M3-3a BbICOKON KOHLEHTpaLMM OpraHUYecknux MaTtepuasioB 1 nuta-
TeNbHbIX BELLECTB B CbipbeBO/ Bode. Korga MMKPOOpraHu3Mbl HAUMHAIOT 3acensiTb NOBEPXHOCTb MeMGpaHbl, BOAOMpo-
HMLIAEMOCTb MeMGpaHbl CHUXaeTCS.

D.4 Bopbba ¢ 3acopeHnem mMembpaHbl

[ns 60pbObI € 3acopeHnemM MembpaH NPUMEHSIIOT YeTbipe OCHOBHbLIX MeTofa 06paboTku:

a) npeaBapuTenbHas 06paboTKa CbIPbEBOI BOAbI. Kak ynomuHanock B 8.5a), ChipbeBasi BoAa MOXET coaep-
XaTb COefJMHEHWs, KOTOPble MOTYT CMOCO6GCTBOBATbL 06Pa30BaHNI0 3aCOPEHUS. 15 CHMKEHNS BO3MOXHOCTY 3aCOpPeHus B
CbIpbEBOV BOAE MOTYT UCNO/Mb30BaThCA DU3MUECKME 1 XUMMYECKHe cpeacTBa. MNMpeagapuTenbHas obpaboTka um coyeTa-
HVe BMAOB NpeaBapuTenibHOM 06paboTKn BbIGMPAOT B COOTBETCTBUM C XapaKTEPUCTMKaMM CbipbeBOI BOAbI;

b) XUMnyeckasds obpaboTka. UTobbl n3bexaTs 06pa3oBaHWsl Hakunu, ypoBeHb pH MCXOAHOW BOAbl MOXHO pery-
nnposaTb B AnanasoHe 5,5—6,0 Takum obpa3om, 4Tobbl KapboHaTbl NPOXoaunv Yepes memopaHy B Buge C02 nnm yBe-
NnyMBanachb pacTBOPUMOCTb APYrux coneid. B kauyecTBe anbTepHaTuBbI MOXHO MCMO/b30BaTb NOCTOSIHHOE MPUMEHEHWEe
NHIMOGUTOPOB OT/IOXKEHWI, YTOObI M36exaTb 06pa3oBaHNSA 1 pocTa KPUCTas/I0B;

€) obpaTHasi NPOMbIBKA. [/ yha/ieHNs1 3arpsi3HSOLLMX BELLECTB, CKOMMBLUMXCSI HA MEMOpPaHE, MOXET ObIiTb pas-
paboTaHa TeXHO/I0rMs 0bpaTHOl NPOMbIBKU. BO Bpems 06paTHOI NpOMbIBKM HarnpaB/iEHNE MOTOKA MEHSIETCA Ha NPOTMBO-
NOMIOXHOE B TEYEHME HECKO/IbKMX MUHYT NMPU BbICOKOW CKOPOCTU (4151 CO34aHNs pa3mbiBaroLero aeiictems). Cuna u Ha-
npasfieHve NoToka BbIOMBAIOT 3arpa3HAIOLLME BeLLecTBa C MOBEPXHOCTN MeMOpaHbl 1 BbIMbIBAIOT CKOMMBLUMECS TBEpAbIe
yacTuupl [5];

d) xummnyeckass ouncTka. [na 60pbbbl € 3arpsa3HeHneM MemobpaH MOXHO MCMOJb30BaTb XMMUYECKYH O4YUCTKY.
XrMmyeckast ouncTka 3ak/odaeTcs B Xummnyeckoi ounctke no mecty (CIP), koTopasi npoBoamnTcs, Korga MembpaHHble Mo-
[OyNnn OCTaloTCs BHYTPU MeMb6paHbl. B npoLecce ouncTky Yepes MeMObpaHHyH CUCTEMY PeLMpPKYIMPYET YNCTALLMIA pacTBop
C BbICOKOW CKOPOCTbIO (A1 CO34aHUS pa3MbiBaKOLLEro AENCTBUSA) M MPU MOBbLIWEHHOW Temnepatype (4719 NOBbIEHNUS
pacTBOPMMOCTU 3arpA3HAIOLLMX BELLECTB).

HekoTopble M3 pacnpoCTpaHeHHbIX XMMUYECKMX BELLECTB, KOTOpble MOryT ObITb MCMONb30BaHbl, NpeacTaB/ieHbl B
Tabnuue D.1.

Tab6nunya D1 — Yuctawume xmmmyeckne cpeacrtsa [27]

PacnpocTpaHeHHble XuMnyeckne Tunosble Uuenesbie 3arpasHaoWwmne

Kateropusa
cpeacTtea BeuiecTBa
Kvncnota NumoHHas kucnota (C6H80 7) HeopraHunyeckas Hakunb
ConsHas kucnota (HCI)
OcHoBaHve Copa kayctuyeckas (NaOH) OpraHuyeckre BellecTsa

Okvcnutenu/gesvHguumpyowpme
cpefcTBa

MAB

rmnoxnoput Hatpus (NaOCl)
razoo6pasHsbiii xop (Cl2)
Mepokcug, Bogopoda

PaznnyHblie

BronneHku

OpraHnyeckne BELUECTBA; MWHEpPTHble
4yacTuubl
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MpunoxeHve A
(cnpaBo4HOE)

CBefeHNsA 0 COOTBETCTBMM CCbIJIOYHbIX MEXAYHapOoAHbIX CTaHOapPTOB
HauMOHasIbHbIM CTaHgapTaM

Tabnuuya [OA.1

O603HaYeHNe CCbINIOYHOTO CTeneHb
O603HayYeHNe N HauMeHoBaHune COOTBETCTBYHLWEro HauMoHanbHOro ctaHgaprta
MexXxagyHapoaHoro craHgaprta cooTBeTCTBMA
*

* COOTBETCTBYIOLLUMIA HALMOHA/BbHBIW CTaHAAPT OTCYTCTBYET. [0 Ero NPUHATUAS PEKOMEHYETCS UCMOMb30BaTh Nepe-
BOZ, Ha PYCCKMiA S13bIK AAaHHOT0 MEeXAyHapoAHOro cTaHaapTa.
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