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FOCT P NCO 16075-5—2023

Mpeancnoeue

1 NMOOIOTOBIEH ®enepanbHbIM rocy4apCTBEHHBIM BIOIKETHLIM yupexaeHneM « POCCUACKWMIA MHCTU-
TyT ctaHgaptuaaumuy» (OIBY «MHCTUTYT cTaHgapTU3alnmM») Ha OCHOBE COBCTBEHHOrO NepeBofa Ha PYCCKUM
A3bIK aHIMOSA3bIYHOW BEPCUMM CTaHAapTa, YKa3aHHOro B NyHkTe 4

2 BHECEH TexHunyeckum komuTeToM no ctanzaptusaunm TK 409 «OxpaHa OKpyxatolen npupogHon
cpenbl»

3 YTBEPX/EH W BBEJEH B JEWCTBWE MMpukazom ®enepanbHOro areHTCTBA MO TEXHUYECKOMY
perynuposaHuio 1 metponoriun ot 11 oktabps 2023 r. Ne 1101-cT

4 Hactodwmin ctaHgapT uaeHTudeH MmexayHapogHomy ctangapty MCO 16075-5:2021 «Pykoeoaswme
YKa3aHWs No MCNOMb30BaHUKD OYULLEHHBIX CTOYHBLIX BOA ONS OpOCMTENbHEIX cucTeM. YacTte 5. Obezaapaxu-
BaHME OYMLLEHHbLIX CTOYHBLIX BOLO W 3KBMBaneHTHele BuAbl 0bpabotkuy» (ISO 16075-5:2021 «Guidelines for
treated wastewater use for irrigation projects — Part 5: Treated wastewater disinfection and equivalent treat-
ments», IDT).

MexayHapogHblA cTaHgapT paspabotaH nogkomutetoMm MK 1 «Mcnonb3oBaHWe OYULLEHHBIX CTOYHBIX
BOA AN opolweHua» TexHudeckoro komuTteta MCO/TK 282 «lMoBTOpHOE Mcnonb3oBaHWe Boabl» MexayHa-
pogHoRn opraHu3auuu no ctadgaprtusauuu (MCO).

Mpy NpUMEHEHMM HACTOSILLEro cTaHOapTa PEeKOMEHAYEeTCA UCMOMNb30BaTh BMECTO CChINMOYHBIX MEeXOy-
HapoAHbIX CTAHOAPTOB COOTBETCTBYHOLME UM HALMOHANbHLIE CTAHAAPTLI, CBEAEHUS O KOTOPLIX NPpUBEAEHE! B
OOMNOMNHUTENBHOM npunoXxeHn A

5 BBE[EH BIEPBbIE

lNpasuna npumeHeHUss HacmosAweao cmaHdapma ycmaHoeeHbl 8 cmambse 26 @edepanbHOz0 3aKoHa
om 29 uroHA 2015 2. Ne 162-03 «O cmaHdapmu3sauuu e Pocculickoll ®@edepayuu». VMHpopmayus ob us-
MeHeHUSX K HacmosuweMy cmaHO0apmy nybrukyemcs 8 exez00HOM (0 COCMOSHUK Ha 1 AHeaps meKyuieao
200a) uHghopmayUOHHOM ykazamene «HayuoHansHele cmandapmel», a oguyuansHbil mekcm uaMeHeHul
U onNpagoKk — 8 EXEeMeCHYHOM UHGhOopMauUOHHOM ykazamene «HauyuoHanbHbie cmaHdapmel». B crnydae
nepecmompa (3aMeHbl) unu omMeHbl Hacmosueao cma+H@apma coomeemcmaytowee ygedomMneHue bydem
onybnukosaHo 8 brnuxaluwieMm 6binycKke eXeMecsyHo20 UHQPOPMayUOHHO20 ykaszamesns «HayuoHanbHble
cmaHOapmbi». Coomsemcemaeyoujasa UHGopmayus, yeedoMIeHUe U MeKCmbl pa3Mewamcs makxe 8 UH-
hopmayUoHHOU cucmeme obujeao noib308aHuss — Ha oguluanbsHoM calime @edepanbHo20 azeHmemea no
MexHUYECcKOMy peaynuposaHuro U Memponoauu 8 cemu MHmepHem (www.rst.gov.ru)

© IS0, 2021
© OdpopmneHue. ®IBY «UMHcTUTYT cTaHgapTuzayuny», 2023

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO MMM YACTUYHO BOCMNpPOU3BEOEH, TUPaXXMNPOBaAH U pac-
NMPpOCTpaHeH B Ka4vecTBe OC*)MLI,MBJ'II:HOFO n3naHua bes pa3peleHunsa <De,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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FOCT P NCO 16075-5—2023

BeegeHue

ObezzapaxuBaHue oduLleHHbIX cTouHbIX Bog (OCB) ABnaeTcA BaHBIM 3TanoM B MpoLecce MX Uc-
nonb3oeaHus. Ero uenb 3aknw4yaeTcs B COKPALEeHWW UMW YCTPaHEHWW OCHOBHEBIX PUCKOB ONSA 300POBbLA
ONepaTtopoB O4MCTHbIX COOPYKEHWIA U BCeX, KTO MOXKET KOHTakTupoeaTtb ¢ OCB unu ¢ kynstypamu, KoTopble
opowanuck OCB.

HacTtosilumin cTaHgapT npeactaensieT coboi pykoBoACTBO MO AOCTYMHLIM MeTogaM obessapaxiBaHus,
nx athheKTUBHOCTH U hakTopaM, BIMSAIOLWMM Ha 3TV METOLbLI, HAapsaay ¢ UX NPpeuMMyLLecTBaMKn U HeJoCcTaTKa-
MW, B OTHOLUEHWUM TEXHWUYECKMUX U IKOMOrMYECKUX acnekToB U 3heKTUBHOW HERTpanU3auum Unu yaaneHus
pasnUYHbLIX NaTOreHOB B CTOYHLIX Bodax 1 OCB ansa ucnonb30BaHUs B OPOLLUEHUMN.

v
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roCT P UCO 16075-5—2023

HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

PYKOBOOALWME YKASAHUA NO UCNONBb30OBAHUIO
OYULWEHHbIX CTOYHbLIX BOA OANA OPOCUTENbHbLIX CUCTEM

YacTtb 5

OBESSapa)KMBaHME OYMUWEHHLIX CTOYHLIX BOA U 3KBWBaANeHTHLIe BUALI OGPEGOTI{M

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

Oarta BeepgeHna — 2024—07—01

1 ObnacTtb NnpuMeHeHunA

HacToswmin ctaHgapT cooep»UT pPyKOBOOALLME YKa3aHWUsA NO NPUMEHEHWK PasnMyHbIX OOCTYMHbLIX Me-
TogoB obeszapaxusaHuss OCB aons adhdpekTMBHON HenTpanu3aumum unu yganeHus natoreHos 3 OCB, npeg-
Ha3Ha4YeHHbIX ANA OPOLUEeHUs.

B HacTosflwem cTaHgapTe paccMaTpyUBakTCA:

- XUMUYeCKne U hU3NYECKUe TEXHOMOMMK, NMPUHLKMEI paboTkl U ycTaHoBMNeHWe 3eKTUBHBIX 003 ANs
NPUMEHEHNA, BO3MOXHbIE Npobnembl peanu3auun, a Takke TeEXHUYECKOE PYKOBOACTBO MO MPOEKTUPOBAHUIO
M MOHUTOPUHTY;

- CpaBHeHWe MpeuMyLLeCTB M HEQOCTATKOB pasnnyHbix METOA0B obe33zapaxuBaHUsA, NOAXOAALLMUX AN
OCB;

- MoTeHUManbHble 3KONMoru4yeckne nocneacTBUsS NpUMeHeHUs MeTOOMK obes3apakMBaHWUsa U Crnocobbl
CoKpalLeHWs Takux NocrneacTBuid;

- obeazapaxuBaHue B Pa3NUYHbLIX y4acTKax W NoKauuax BOOOX03SACTBEHHON CUCTEMBI, NCNONb3YLLER
OCB pns opolleHusi, B TOM YMCIe HAa BOAOOYUCTHbLIX COOPYXXEHUSX, B pacrnpefennTernbHON CMCTEME, NOMNKUB-
HbIX y4acTKax U B OpPYrMX MecTax MCNofb30BaHUS.

2 HopmaTuBHbIe CCbINKK

B HacTosiLleM cTaHgapTe MCNONb30BaHa HOPMaTUBHAs CChINKa Ha CrneaywLwnii cTaHaapT [ans Aatmpo-
BaAHHOM CChINKM NPUMEHSIIOT TOMNBKO YKasaHHOE M34aHWe CCbINOYHOro cTaHaapTa, Anst He4aTUPOBAHHOW — Mo-
cnefHee usgaHue (BKN4Yas BCe M3MEHEHUS)]:

ISO 20670:2018, Water reuse — Vocabulary (lMoeTopHoe ncnons3oeaHue Boasl. Cnoeaphk)

3 TepMuHbI, onpeaeneHns U COKpaleHUA

3.1 TepMuHbI U onpeneneHun

B HacToswem cTaHgapTe npumeHeHbl TepMuHbl no MCO 20670, a Takke crnegyroline TePMUHbBI C COOT-
BETCTBYHOLUMMK OnpeaeneHusMu.

NCO n M3K BegyT TepMuHonoruyeckue basbl JaHHLIX 45 UCNONbL30BaHUS B obrnacTu cTaHAapTuaaumm
no cnegywLwumM agpecam:

- nnardopma Ans oHnanH-npocmotpa MCO: poctynHa Ha http://www.iso.org/obp;

- Onextponegus M3K: pgoctynHa Ha http://www.electropedia.org/.

MapaHune ochbuumnansHoe
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FOCT P NCO 16075-5—2023

3.1.1 nepepoBas TexHONOrMA OKUCNWUTenbHoW obBpaboTku Bogbl (advanced oxidation process,
AOP): TexHonorus, npyu KOTOPOW 0OpPa3yloTCA MTMAPOKCUITbHbIE paduKkarbl B KONWYecTBe, 40CTaTOMHOM ANS
yoaneHusa opraHuk nyTeM OKUCIEHUS.

3.1.2 nyckoperynupytowas annapartypa; [1PA (ballast): brok, BcTaBnsieMblii MeXay UCTOYHUKOM MK-
TaHWs U OOHOW WMNW HECKOMbKUMMK rasopaspsfHbiMU NaMmnamMmu, KoTopbll NOCPEACTBOM WUHAYKTUBHOCTU, eM-
KOCTW MMW COMETAHWUA WHOYKTUBHOCTU M EMKOCTW CIYXWT rnaBHbiM 06pa3oM AnsA orpaHuYeHus Toka namnbl
(namn) po Tpebyemoro 3Ha4YeHuMs, YToObl Npeobpa3oBLIBaTL U PEryNMPOBaTL BXOASALWYK MOLWHOCTb ynbTpa-
hroneToBbIX Namn Ansa nonyyeHust ynstpaduoneTosoro ceeta.

MpumevaHmne 1 — lMyckoperynupylowas annapatypa obecneyvBaeT Hagnexallee HanpshxeHue 1 ToK, Heob-
XOAWMbIE ANg nycka u reHepauun Y®-oToHOoB.

3.1.3 3acopeHue (fouling ): MNpouecc, NPUBOOALLMIA K yXyOLEHWI0 MeMmbpaHHOro NoToKa u3-3a NoBepx-
HOCTHOW UMW BHYTPEHHEN HENPOXOAUMOCTU MeMBpaHbl.

Mpumevyanne 1—Cm AWWAB130-13 [1].
3.1.4 paamep nop (pore size): Paamep oTBepcTus B NopucTon MmembpaHe.

MpumeyvyaHnume 1 — Paamepbl Nop BbipaxatoTcss MO0 Kak HOMWHaNbHbIE (CpegHue), Nbo kak abcontoTHbIe
(MakcMManbHbIe), Kak MpaBUio, B MKM.

Mpumeyanne 2—Cm AWWAB130-13 [1].

3.1.5 akBMBaneHTHanA go3a cHuUXeHus (reduction equivalent dose, RED): [do3a Y®-uanydeHusi B gaH-
HOM YCTPOWMCTBE, KOTOpasa ONpefensieTcs ¢ NoMoL b BUogo3uMeTpuUn.

Mpumedvyanne 1— CMm. doza YO-uznyyeHus (3.1.9) n «Brogosnmetpus».

Mpumevyanne 22— Takaa dosa Y@-usnydeHus (3.1.9) onpegenaetca nyteM M3MEPEHNA HEATpanMa3ayunm npo-
BrneMHOro MUKpoopraHvuamMa nocne Bo3aencTeusa YO-uanydeHua B YO-ycTaHOBKE M CPaBHEHWS pe3ynbTaToB C M3BECTHON
KPUBOW peakuun Ha 0o3y YP-usnyyeHust Toro xe npobnemHoro opraHuama, onpedeneHHon ¢ NoMolLLbLo nabopaTopHoro
MCMbITAHWS KONMMMWPOBaHHBIM NMy4YKOM.

3.1.6 ynerpadmnerpauusa (ultrafiltration, UF): lNpouecc non gaBneHueM € UCMONb3OBAHWEM MOMy-
npoHuuaemon membpaHbl Nog rugpaBnMYeckMM rpagueHToM OaBneHus ons pasgeneHus KOMMNOHEHTOB B
pacTBope.

Mpumeyanue 1 — lNopbl membBpaHbl umMeloT pasmep meHee 0,1 MKM, YTO NO3BOMAET NPONYCKaTb pacTBOPU-

TENW, HO 3agepXXMBaeT HEMOHHbIE PacTBOpPEeHHbIe BelleCcTBa, MmaBHbIM 06p830M, Ha OCHOBe d)I/ISIA‘-IeCKOFO pa3mepa, a He
XMMW4YeCcKoro noteHuuana.

Mpumeyanmne 2—Cm ASTM D6161-10.

3.1.7 cuctema Yd-obezzapaxuBanHma (UV disinfection system): CouetaHne ycmaHosok Y@-obes-
3apaxusaHusi (3.1.8) N COOTBETCTBYHOLLNX KOHTPOMbHO-U3MEPUTENBLHBLIX NPUBOPOB.

3.1.8 yctaHoBka Y®-o6ez3apaxuBaHua (UV disinfection unit): OToensHoe covyeTaHue OOWHOYHLIX
UM MHOXECTBEHHBIX MOCNEA0BATENLHO COEAUHEHHbIX KOHTAKTHBIX NMOMen ¢ oBLWUM pexruMoM oTkasa (Hanpu-
Mep, aneKkTpuyecKkas cuctemMa, cMcTeMa OXNaxaeHus, cuctemMa O4YUCTKM U T. 4.).

3.1.9 pos3a Y®-usnydenusa; Y@-nomok (UV dose). KonnyecteBo YP-aHeprun, BoipaxeHHOe Kak MHTe-
rpan no BpeMeHM 0T MHTEHCMBHOCTM NOTOKa Mnn 0BnydYeHHocTH, BT/m2.

MpumMmeuvaHue 1— Buipaxaetcsa B MOx/cm2 unu Ox/m2.
3.1.10 paTtymk MHTeHcUBHocTU Y®-nanydeHusa (UV intensity sensor): MNpubop ans namepeHus
Y®-nany4eHnsa unu paguomMeTp Ans naMepeHunsa Y®-nznydeHus.

3.1.11 koachdbuumeHT nponyckaHua Y®-usnydyeHusa (UV transmittance): Jona doTtoHoB B
Y®-cnekTpe, NPOXOAsALLMX Yepes3 Takon Mmatepuan, Kak Boga Unm keapu.

MpumeyvyaHue 1 — lNpegnodTUTENBLHO YCTaHABMUBATL MOTOYHLIA OATYMK W MCMOMNbL30BaTh €ro AN NpoBepKn
koathhmuneHTa NponycKkaHna YP-nanyyeHums.

MpumevaHmne 2— CnegyeTykasblBaTb ANMHY BOMHbI koadhdbuumeHTa nponyckanus, %, Kak npaBuno, npy aTom
vcnonb3yetca anvHa Nyt 1 cm. Mamepenve kannbpytoT no ceepxymcton Boge (cMm. MCO 3696, knacc 1 unm aKBMBareHT).

Mpumevanune 3— KoadpuumeHT nponyckaHua YP-uanyyeHns COOTHOCUTES C NornoweHnem YO-nanydeHmus A
no cneayrowein chopmyne (Ana AnuHbl nyTh 1 cm): % UVT = 100 x 1074,

2
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3.2 CokpaweHun

A254 — nornouieHue npu 254;

CT — npownaseaeHne obLero 0CcTaTodHOMo Xnopa U BpeMeHn KOHTaKTa,

DBP — noboyHble NPOAYKTEI 06e33apaxKMBaHNUS;

EPA — ynpaeneHue no oxpaHe OKpyxKawLwen cpeabl;

DOC — pacTBOPEHHLI OpraHUYecKnii yrnepos;

DVGM — HeMeLlkas Hay4YHOo-TexHU4eckasa accoumaumns no rasdy u soge (deutsher veriein des
gas-und wasserfaches e.v.);

LP — HW3KOE AaBfeHue;

LPHO — JlaMna HW3KOro OaBlIEHWUS C BbICOKOW CBeToOoTAavYen;

LRV — 3HaveHue norapnpPMmUYecKoro yMeHbLLEHWUS;

MF — MUKpOMNbLTPaLMs;

MP — cpefHee JaBneHve;

MWCO — rpaHnLa oTCe4Ykun No MOnekyrnsapHOMY BECY 3a0epKMBaeMblX KOMMNOHEHTOB;

NOM — MpMpogHOe opraHu4YecKoe BelecTBo;

ONORM — ascTpuincknii ctangapt (Osterreichisches Normungsinstitut);

OK/KK (QA/QC) — obecnedyeHne Ka4ecTBa/KOHTPOMb KA4ecTBa;

RED — B3KBMBaNEHTHasa 4033 CHUXEHWS;

RO — 0BpaTHbIN 0CMOC;

KPT (TDS) — obLuee KonM4YecTBO PacTBOPEHHLIX TBEPAbIX BELUECTR;

THM — TpUranomMeTaHbil;

TMP — TpaHcMeMbpaHHoe JaBneHune;

TOC — obLee cogepxaHne opraHMYecKoro yrnepoaa;

OCB (TWW) — OYMLLEHHbIE CTOYHbIE BOObI;

UF — ynbeTpadunbTpayuns;

Yo (UV) — ynbTpadnoneToBbIN;

UvT — KO3 PULKMEHT NponyckaHna YP-nanyveHus;

WwW — CTOYHbIE BOAbI.

4 MNaToreHHble 3arpA3HAKOLWMWE BELWECTBA B CTOYHbIX Bogax
U UX HEWTpanu3auusa unu ynaneHue

4.1 O6LWune NonoxeHs

HaunBonee BaHOI LIeNb NporpaMmbl NOBTOpHOTrO ucnonbaosaHua OCB aeBnaeTca oxpaHa 300p0BbS
HaceneHus.

Ana QOCTUXEeHWs TMaBHOW Lenn cregyet paccMoTpeTb ApYyrMe He MeHee BaXHbIe Lenu, B TOM Yncne:

- OXpaHa OKpyXalLLei cpenbl;

- 3cTeTuka (3anax u UBeT) 1

- cnocoBHOCTb YAOBMNETBOPATL NOTPEeBHOCTU B OPOLLIEHUN.

[ns oxpaHbl 300pPOBbLA HAceNeHUs U NpPedoTBpalleHns YXyALWeHUs COCTOSIHUSI OKpyKallel cpenbl
cnenyeT oUeHWBaTbL kayecTBeHHble xapakTepucTukn OCB 1 naToreHHble MUKPOOpraHuaMbl, cogepallmnecs
B CTOYHBLIX BOAAX, U pacCMatpuBaTh BO3MOXHOCTb COOTBETCTBYHOLEH 06paboTku ANs CHUKEHUS pUCKa He-
raTMBHOIO BO3AENCTBUS.

CyluecTByeT LUMPOKMI CMNEKTP TEXHOMNOTMYECKMX BO3MOXHOCTEN ANs AOCTMXKEHMA Leneit no obecneve-
HUIO TpebyeMoro KayecTBa BOAbLI U CHUXEHMIO 0O MUHUMYMa pUcka nepedads 3aboneBaHWin OT NaToreHHbIX
MUWKPOOPraHM3MOB, KOTOpPLIe MOTyT npucyTcTBoBaTe B OCB.

Ha obLiepacnpocTpaHeHHbIX CTaHLUMAX OYUCTKM CTOYHbIX BOL OBYMS OCHOBHBLIMK MPOLECCaMU, CHUXA-
HOLLMMK KOHLIEHTPaLMIO NaToreHHbIX MUKPOOPraHU3aMOoB B BOAE, ABMAKTCS:

- HenocpencTBEHHO NPOLLECC OYUCTKM CTOYHLIX BOM, KOTOPbIF NpedHasHavYeH Ansl CHUXEHUA KOHLeHTpa-
LN B3BELUEHHbIX U PACTBOPEHHbIX OPraHNYecknx BELLIEeCTB;

- npouecc obeszapaxumsaHus OCB.
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4.2 Tun v nosiBNeHWe NaToreHoB B CTOYHbIX Bogax

Fopoackue CToYHble BOObI, NpeAHa3Ha4YeHHble ANns CernbCKOX035MCTBEHHOMO OPOLWEHUS UNKW NS ApYTnX
Lenein, cogepaTt pasnuuyHble NaToreHHble MUKPOOPraHW3Mbl, KOTOPBIE MOTYT NPeacTaBnATb pUcK NS 340-
pPOBbA HAcCeneHus.

Tun 1 KONWMYECTBO NATOTEeHHbIX MUKPOOPraHU3MOB B rOPOACKMX CTOUYHLIX BOOAX BApbWMPYeTCs B pasHbIX
ropofdax WM pervoHax, a Takke B 3aBWCUMOCTM OT BpeMeHW/ce3oHa (BNna)KHOro WM Cyxoro), anugemMuin 1 T. 4.
Mpu BIBope MeTogoB 06e33apaXuBaHus cnegyeT YYMThIBaTb CNEeKTP MUKPOOPraHU3MOB, KOTOPLIE MOTYT Npu-
CYTCTBOBaTb, BKNoYaaA Alla napasutos, baktepun, amebebl 1 apyrue npocterwme, nambriuu n Bupycol. Pac-
npocTpaHeHHble BO3byauTenn MHMPEKUNOHHbIX 3aboneBaHunia, conyTcTBylowmMe 3aboneBaHnst N NOTEHLMaNb-
HOE KONMWYecTBO MUKPOOPTraHW3MOB, 0BHapyKeHHbIX B BbITOBLIX CTOUHLIX BOAaxX, NpuBedeHbl B Tabnuue 1 [2]
(nonHocTelo Tabnuua npuBeneHa B Tabnuue A.1).

Tabnuua 1-— Bosbyoutenn nHekUoHHbIX 3aboneBaHuii, NOTEHLUMANBLHO NPUCYTCTBYIOLME B HEOYULLIEHHBIX (ChIPbIX)
CTOYHbIX Bogax [2]

CopepaHue 8
MaToreH 3abonesaHne RS B
CTOKax
(Ha 1)
ueenne! LWurennes (baumnnapHas gu3eHTepus) o 104
CanbmoHennol CanbMmoHennes, racTpoaHTEpPWT (Qnapesn, pBoTa, Nuxopagka), pe- Jo 10°
aKTUBHbLIN apTpuT, OptowHoW TUd
XonepHsil suBpuoH Xonepa No 105
Kamrniunobakmepsbt [acTpo3aHTEPUT, peakTUBHLIN apTpuT, cuHapom MiteHa-bappe Oo 104
BHmMepoeupychbl (monuomuenum, | FACTPOIHTEPUT, aHOManNMU cepaua, MEeHWHIWUT, pecnupaTopHble Jo 106
9X0, KOKCaku, Hogble 3HmMepoeu- | 3aboneBaHus, HEPBHLIE PACCTPOWCTRA, Apyrve
pycbl, cepomun 66—71)
AdeHoesupyc PecnunpatopHble 3aboneBaHus, MHMEKUMW rnas, racTpoaHTEpPUT Jo 106
(cepotun 40 n 41)
Pomasupyc [acTpoaHTEpUT o 10
OHmameba Ameburas (amebHas gnseHTepus) Jo 102
Jiambnus J1IimMBnuos (racTpoaHTepuT) o 10
Kpunmocnopudus Kpuntocnopuanos, anapes, nMxopagka o 104
Ackapuda Ackapraos (3apakeHWe KpyribiMu YepBsMu ) o 103
AHKkunocmoma AHKMMOCTOMO3 (3apaMeHre aHKUIoCTOMaMM) Jo 103
Tpuxypuc Tpuxypuas (3apaxeHue rmuctamm) o 102

MpakTuyeckoe U3MepeHre Bcex naToreHHbix 3arpasHsaoumx sewects B OCB npakTtuyeckn HeBO3MOX-
Ho. OCHOBHbLIMU NMPUYMHAMWN ABAAKTCA:

- HU3Kasl KOHLEHTpaLKWA NaToreHHbIx 3arpasHsownx sewecTts B OCB;

- orpaHuYeHue CyLLeCTBYIOLIUX TEXHONOMMIA Ona 0BHapy»KeHWA NaToreHoB, KOraa OHW NPUCYTCTBYHOT B
ManblX KOMMYecTBax;

- UCMbITaHWe MaTOreHHLIX 3arpsA3HaLLINX BellecTs B nabopaTopui ABMAETCA ANMTENbHBLIM U AOPOro-
CTOALLMM.

CnenoBaTtenbHO, KOHTPOMNb M MOHUTOPUMHI NaToOreHHbLIX MUKPOOPraHMaMoB, Haxodsuuxcs 8 OCB, gon-
»KEH OCYLLeCTBNATLCA NyTeM WUCCNeaoBaHWs UHOWKATOPHbLIX MUKPOOPraHW3MOB, TO €CTb TeX, KOTOpble BO3-
MOHO JOCTATOYHO TOYHO W MPOCTO U3MEPUTL MO NMPUYMHE WX CYLLECTBEHHO BonblUei YUCTIEHHOCTH. [pu 3TOM
PYKOBOZCTBYHOTCS NPednockinKkoii, 4To hakTopbl 1 MeToabl o6paboTky, obecnedrBaiolme yaaneHne nHanka-
TOPHBLIX MUKPOOPTraHU3MOB, aHanorMyHeIM obpa3oM BNUAIOT Ha BECk CNEKTP naToreHos, HaxoadaLuxcsa 8 OCB.
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B nogpasgene 4.3 paccMaTpmBaeTCA BnnAHKWE NepeBoro npouecca (O‘-IMCTKE! CTOYHbIX BOO W CHUMXEHWE
KOHUEHTPpaUWn 3arpA3HALWKMX BELHECTB). B nogpasgene 4.4 paccMaTpmBaeTCcA BIIMAHWE 069338D8>KMBBHMF|
OCB.

4.3 Coxpau.l,euue coaepXxaHua NaToreHHbIX MUKPOOPraHU3MOB Ha pPa3nMU4HbIX 3aTanax O4YUCTKHM
CTOYHLIX BOAO

XOTs OYMCTKA CTOYHbLIX BOL B OCHOBHOM HanpasrneHa Ha yoaneHue B3BelUeHHbIX N PaCcTBOPEHHbIX Op-
raHn4ecKmnx pewiects, He3aBUCMMO OT OGE336DE:1)KMBE1HMF|, npouecc O4YMCTKM MOXEeT COKpallaTb KOJNMM4YecTBO
NaToreHHblIX M MHOWKAQTOPHbLIX MUKPOOPraHU3MOB, coAepXalunxca B CTOYHbIX BOOAaX. CTeneHb yoaneHuna B
KOHEYHOM UTOre 3aBUCKUT OT TUMa npouecca OYUCTKKM, KaK NOKa3aHo B Taﬁnmu,e 2 [2]

Tabnuya 2-— OpUEHTUPOBOYHOE NOrapuPMUUECKOe YMEHbLUIEHUE MHOUKATOPHBIX MUKPOOPraHU3MOB M AHTEPanbHBIX
MaToOreHOB Ha PasnUYHbIX 3Tanax O4MMCTKU CTOYHbIX BOZ [2]

MHanKaTopHble MUKPOOPraHU3Mbl [aToreHHble MUKPOOPraHMambl
K#:;f::(zﬂ e Qazu %:IZE;)L. Kpunmo-
(vHavKa- PUtAR (vHavkaTop- | (Hanpumep SHrepn Alswaiinis crnopuduu Muetsl
Knocm- L ! BUPYCbI KutuedHas
TOpHbIE HbIA BUPYC) Kamnuno- napsym
pudus
BbakTepuu) bakmepbi)
bakTepuu X X X
MpocTenwmne u X X X
FMACTBI
Bupychl X X
OpueHTMpPOBOYHOE NorapupmMuyeckoe yMeHblIeHMe Ha pasnuyHbIX 3Tanax oO4MCcTKUM CTOYHbIX BOA
i 1—3 05—1 | 05—25 1—3 05—2 | 05—15 | 0,5—1 0—2
o4nCTKa
SHnbTpAL, B 0—1 0—1 1—4 0—1 05—3 | 1—3 |15—25| 2—3
OBYX cpefax
XpaHeHue B 1—5 H/n 1—4 1—5 1—4 3—4 1—35 | 1,5—=3
pesepeyape
O6Go3Ha4yeHun:

H/pQ — HET AaHHbIX.

MpumedaHne 1 — KoadhpUUMEHTLI CHUKEHMS 3aBUCAT OT KOHKPETHLIX YCMOBWUMA 3KCMNyaTauMy, TakMx Kak
BpEMS yAepKMBaHUA, BDEMSA KOHTaKTa 1 KOHLEHTpaLKUW UCMOSb3yeMbIX PeakTUBOR, pa3mep nop, rmybuHa cdunstpauun,
npeneaputensHas obpabotka u npoyne paktopsl. [puBeaeHHbIe OWanas3oHbl HE cneayeT NPUHUMAaThL 3a OCHOBY ANd
NPOEKTUPOBAHUA UMW PEryrMpoBaHUa — OHW NpeaHa3HaueHbl UCKMIOYUTENBHO ONS OTHOCUTENLHOTO CPaBHEHNUS.

MpumedaHune 2— Cm. Tabnuuy 3.

@ Bknoyas koarynsumio.

ﬂOCKDJ’Ibe CHMXeHWe MHOUKaTOPHbIX MUKPOOPraHnM3mMoB, npeacraBreHHoe B Tabnuue ons kaxgoro Tmna
OYUCTKKN, ABMNAETCAH JIMWb OPUEHTUPOBOYHBIM, TOYHbIE 3HAYEHWA CHWXKEHWA COL4EepPXaHWA NaTtoreHoB criegyet
onpegendaTb ONA Kagomn CUTyauumun, Kak C y4eToMm Tuna OHYUCTKK, TaK U C Y4EeTOM NapameTpoB oxpymammeﬁ
Cpelbl N YPOBHA 3KCNNyaTaunn, K KOTOPBIM OTHOCATCA: TeMnepaTtypa, KOHUEeHTpauuAa opraHn4eCknx BellecTs,
MYTHOCTb, YPOBEHb pH, aMMuak, LWenoYyHOCTb KaX40oM CUCTEMBI, TUM Mcnorb3yemMblX pr6 W NonueHoro obo-
pPyOooBaHUA.

4.4 Coxpau.;euue cogepXxaHWA NaTOoreHHbIX MUKPOOPraHMamMoB pas3nyHbLIMXA MeToOaMKn
oSessapamnaaHuﬂ

Llenb OGEQSaDa}KMBaHMH OYULLEHHbLIX CTOYHbLIX BOO OO0IMKHA 3aKNn4aTtbCA B yoaneHun 1Unm HeMTpanwuaa-
UMK NaToreHHbiX MMKpOOPraHM3MoB, KOTOPbIe OCTalTCA B OCB no oKOH4YaHWK CTaHOapTHOIO rnpoLuecca O4YUCT-
KW. Cne,qyeT OTMETUTb, YTO MONHAA HEWTpanMaaLumsa He BO BCEX cnydadx ocyulectBMmMa, NoaTomy TpeﬁyeTm
BblOeneHne SOMNOMHUTENbHBIX MHBECTULMIA B METOAbl, KOTOpLIE He obecneuymBaloT TpeGyEMbII?I YPOBEHb 06-
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paboTkM Mo copoepaHui NaToreHHbIX MUKPOOPraHW3MOB, ONs LOCTUXEHWSA YCrOBWKA, rapaHTUpYLMX OT-
CYTCTBUE MPUYMHEHUSA 3HAYMTENBHOrO Bpeaa 340POBbI0 MPW MCMOMb30BaHUM CTOYHbIX BOA OMs OPOLUEHUs.
CHWXeHWe KOHUEeHTpauuKn NaToreHHbIX MUKPOOPraHM3MOB MOXeT BbiTb MHTErpMpoBaHO C AOMOMHUTENbHBIMU
cTpaTernamu KOHTPOMs, KOTopble MOryT NpefoTBpaTUTL BO3AEWCTBME Ha 300POBLE, HAaNpuMep, yCTaHoBMNe-
HWe orpaHUYeHni Ha opolleHne ¢ nomolb OCB B 3aBUCUMOCTM OT JOCTUIHYTOrO YPOBHS UX KayecTBa.

Kak Bbino oTMeveHo, NpakTu4eckoe U3MepeHue BCex nNaToreHHbIX MukpoopraHuamos B OCB daktude-
CKM HEBO3MOXHO MO BbILLIEYKA3aHHLIM NPUYUHAM, MO3TOMY MCMNOMb3YTCA WHAMKATOPHLIE MUKPOOPTraHU3mbl
(cm. 4.2).

CHWXKEeHWE KONM4eCcTBa UHAMKATOPHLIX U MaToreHHbIX MUKpoopraHnamos B OCB pa3anuyHsiMyU MeTog4amMu
obeszapaxkueaHusa npegcTaeneHo B Tabnuue 3 [2].

Tabnuuya 3 — OpUeHTUPOBOYHOE NoraputMUYEcKoe YMeHbLUEHME MHAWKATOPHbLIX MUKPOOPraHW3MOB W 3HTepanbHbIX
naToreHoB pasnuMyHeiMKM MeTogamn obessapaxvearusa OCB [2]

MHAWKaTOpHbIE MUKPOOPraH1M3Mbl MaToreHHbIE MUKPOOPTraHU3mel
Cvanona | owme- | oazu | ZEEE Kpunmo-
(MHamKa- bl (nHpwKa- (Han, u;:are DHTER0w | Akt crfo uduu | Muctel
A Knocm- TOPHbIN P P BUpYyChI KulueyHasa P
TOPHbIE e Bupyc) Kamnuso- napsym
Bakrepun) # Y bakmepbl)
Baktepun X X X
MpocTerwme 1 rmMUcTbl X X X
Bupycbl X X
OpureHTUPOBOYHOE NorapuMMIecKoe yMeHbILIeHUe PasnuYHbIMKU MeTogamu obesszapaknsaHma®
MemBpaHHas dwuneTpa-
4>6 >6 2>6 >6 2=6 >6 4 >6 >6
ums (UF, NF n RO)?
O3soHWpoBaHue 2—6 0—0.,5 2—6 2—6 3—6 2—4 1—2 H/A
Y®-obeazapaxuneaHue 2>6 H/O 3>6 2>6 1>6 3>6 3>6 H/g
[poaBUHYTOE OKUCNEHWE >6 H/A >6 >6 >6 >6 >6 H/O
XnopupoeaHue 2>6 1—2 0—2,5 2>6 1—3 0,5—1,5 0—0,5 0—1

O6GozHavyeHus:

H/O — HEeT OaHHbIX.

a KoathhMLMeHTbl CHUKEHWUS 3aBUCAT OT KOHKPETHBIX YCMOBWIA SKCNNyaTauum, TakMx Kak BpemMs yAepKMBaHus, Bpe-
M$ KOHTAKTa WU KOHLEHTPaLMU UCMOoMnb3yeMbiX peakTUBOB, pazMep nop, mybuHa dunsTpauun, npegsaputensHaa ob-
paboTka 1 npodne dakTopsl. MNpuBeaeHHbIe AMana3oHbl He creqyeT NPUHMMAaTE 338 OCHOBY [MA NPOEKTUPOBAHWUA UMK
pPEerynMpoBaHnsa — OHW NpeaHa3HavYeHbl UCKIMIOYUTENBHO ANA OTHOCUTEMNBHOMO CPaBHEHUS.

b MokasaTtenu yaaneHns pesko MeHsAIOTCA B 3aBUCMMOCTM OT YCTAHOBKM M 0BCNy1BaHUA MEMBPaH.

5 ObeszapaxuBaHue

YactuuHoe yoaneHne MMKpOOPraHM3mMoB MOXET ObITb AOCTUTHYTO Ha pasfyindHbIX 3Tanax OvYUCTKU, B TO
BpeMA Kak oﬁeasapaMMBane ABNNAETCA OCHOBHbIM npoueccomM and HeﬁTpanmaau,wm MWKpPOOPraHn3mMoB U
X yaaneHua m3 OHMLWEeHHbIX CTOMYHbBIX BOA.

Cxema NMOBTOPHOIo MCNOJNb30BaHUA OCB Ana opolweHuna JOoMKHa BKN4YaTh oﬁesaapaH{MBaHme ans co-
KpalleHna cogepXaHuAa natoreHHbiX MUKPOOPraHUW3MoB; 3TO OAWH U3 OCHOBHbIX 6apbep0|3, obsa3aTenbHbIN
ANA HEKOTOPbIX OTAENbHbBIX BUOOB UCMNMOJIb30BaHUA U onunoHarnbHbIA gns ApYyrux.

I puMeHaHMNE — |_||DOL[ECC oGeaaapax{MBaHMﬂ COKpauwlaeT cogepXaHne MUMKpoopraHnaMoB 0 npefena aHanum-
TUYECKOro OGHEPy)KEHVIF!, HO HE yaandAeT WX NoNHOCTbIO. [MonHoe yoaneHne BO3MOXHO TONbKO C NOMOLUBH TEXHONOrM
cTepunusadun.

ObeszapaxuBaHue OCB MoxXeT BbITb JOCTUIHYTO C MOMOLLLIO pas3nuYHbIX METOA0B, NPeACTaBNeHHbIX B
pasgenax 6—8, B TOM 4ucre:
- XMMUYECKMM 0Dbe33apaXKMBaHneM;
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- ynbTpadUoneToBbIM U3NYyYEHUEM;

- membpaHHON hMnbTpaumen.

JencTeBue 0e3nHMULUPYIOLLWX CPEACTB HA MUKPOOPTaHU3Mbl SABMAETCA pe3ynsTaToM pasfuyHbIX Mexa-
HM3MOB, NPOUCXOOALLUX OAHOBPEMEHHO MMM NO OTAensLHocTH [3]:

- M3MeHeHuN B cTpykType OHK, npensaTcTByOWMX pa3MHOXEHUIO W, cnefoBaTenbHO, MHAEKLMOHHOCTH;

- MOBPEXAEHWUs CTEHKW KNeToK;

- M3MEHeHWsl MPOHULAEMOCTH KNEeToK;

- W3MEHEeHWs KONMOWAHOW NPUPOALI NPOTONNAa3Mbl;

- MHIMBUPOBaHUSA aKTUBHOCTU (DEPMEHTOB.

VcknoueHnem aBnaeTca ucnons3oBaHne meMbpaHHbIX METOOOB, ONS KOTOPLIX He paboTaeT HY OAWNH U3
MEeXaHW3MOB, YKa3aHHbIX B NpeablayLlnx nognyHkTax. B atom cnyyae memBpaHa otaensieT MUKpOOpraHu3Mbl
o1 OCB 1 KOHUEHTPUPYET ux B oTpaboTaHHOM pacTBope.

PeaKkTuBbl, UCMOSb3yeMble B Ka4eCcTBe Oe3WHMULMPYIOLWMX CPEeacTB, AOSMKHbI ObiTh 4OCTYMHbI B Gonb-
LIMX KONUYECTBax, MO pasyMHOW LiEeHe, He Bbl3biBaTb KOPPO3uUW 1 oKpalumeaHusi. Kpome Ttoro, obopygoBaHue,
ucnonb3yemoe npu NPUMEHEHUM XMMUYECKUX Ae3UHMULMPYOLWKMX CPEeACTB, AOIMKHO ObiTh YCTORYUBLIM U/UNn
NpUcnocobneHHbIM K TaKMM peakTMBaM B KOHLEHTPUPOBAHHOM unu pa3baeneHHOM BUae.

Cxema MOXeT Takxe BKNK4YaTbh HeKOTopble BUAbl obe3sapaxuBaHMA B KayecTBe cpeacTBa NpedoTBpa-
weHus obpasosaHus Guonorndeckux obpacTtaHuin B BogopacnpegenuTenbHblx TpybonpoBogax n opocutenb-
HoMm obopyanoBaHun.

6 Xnmunueckoe obesszapaxumBaHue

6.1 O6wue nonoxeHUnA

DyHKLUMS Oe3nHDUUMPYLWNX cpeacTe npu ucnons3ceaHum OCB ans opolleHus XopoLwo onucaHa B
ISO 16075-2 [4]. Vicnonb3oBaHWe ranoreHM3npoBaHHbiX PeakTUBOB B CUCTEMaxX TPAHCMOPTMPOBKK W pacnpe-
AeneHns BoAbl NpeaHa3Ha4YeHo ANs 3alMTel OPOCUTENbHBIX CUCTEM OT BMonorudecknx obpacTaHnin, Noa Ko-
TOPLIMWU MOHUMAETCS CMW3b, pacTyLlas Ha cTeHkax Tpyb [5].

[na obezzapaxueaHua OCB MoryT ncnons30BaThbCA paznMyHbIe XMMUYECKUEe peakTuBbl. [1ea Hanbonee
pacnpocTpaHeHHbIX N3 HUX — 3TO ranoreHM3npoBaHHbLIE OKUCNAIOLLNE peakTUBbI (xrnop, 6pom v nx coeguHe-
HWUS) 1 030H (CcM. 6.2 1 6.3).

Xummnyeckoe gesnHduuupyowee cpeacteo ans OCB gomkHo obnagate CnegyowmMMm XxapakTepucTi-
Kamu [3]:

- obecneveHnem ahPEKTUBHOCTM NPU MUHUMATTLHOM M3MEHEHWUW XapaKTepuCTUK BOAbl, TaKMX Kak yBe-
nu4yeHue obLyero cogepxaHns pacTBOPEHHbIX TBepabix BewecTB (TDS) unu nameHeHne ypoeHs pH;

- 0OOHOPOAHOCTLK COCTaBa U HU3KOW noTepen BakTepuunaHOro AeNCTBMS BO BPeMA XPaHeHWsa UInn npo-
cTO8;

- pacTBOPUMOCTLIO B BOOE M MPOXOXKAEHUEM Yepes KNeTo4YHble TKaHW;

- CNocoBHOCTBLI0 MPOHMKATL Yepes NOBEPXHOCTE YacTul;

- HEBO3MOXHOCTbK abcopbunn opraHMYecKMMW BeLLecTBaMu, 3a WMCKMHYeHUeM BakTepuanbHbIX
KNeTok;

- OTCYTCTBMEM TOKCWYHOCTM AN NIOAEN W APYIMX XXMBOTHBIX, H@30NacHOCTBI0 TPaHCMOPTUPOBKM, Xpa-
HeHus, 06paboTKN 1 UCNONb30BaHUS;

- TOKCMYHOCTBK ANA LeneBbiX MAUKPOOPraHMamoB M aQ(eKTUBHOCTLIO MPU BLICOKOW cTeneHn pasbas-
neHWs B AuMana3oHe TEMMNePATyp OKpYXatllen cpeabl.

6.2 Obe33apaxMBaHue coegUHEHUAMMN xnopa/opoma

6.2.1 O6LwWMe NnonoxeHns

O6essapakuBaHune Bogsl 1 OCB ranoreHn3MpoBaHHbIMW XMMUYECKUMMW peakTUBaMm LUMPOKO UCMONb3Y-
eTca n cuutaetcs apheKTMBHLIM M MPOCTHIM B MCMONbI0BaHUN MeToaoM obezsapaxusaHus. Mpu nobaene-
HWW TakWX PeakTUBOB B BOAY NMPOMCXOO4WT ABE peakuuu: rugponua ¢ obpasoBaHMeM rmnoranongHon KUCnoThbl
[cMm. chopmyny (1)] v pacnag Ha runoranoreHUT-uoHbl [cM. dpopmyny (2)] [6], rae X = Cl, Br.

X, + H,0 — HOX + H + X, (1)
HOX « H* + OX". (2)
7
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Pacnapg runoranongHbIx KUCNOT 3aBUCKT OT ypPOBHS pH, kak nokasaHo B Tabnuue 4 n Ha pucyHke 1. [uno-
ranoreHUT-aHUOHbI ABMAKTCA Ha 2 nopsaaka meHee addeKTUBHbIMK BUoUKaaMun, Yem KucnoTHas doopma [6].

Tabnuua 4 — PacnpegenexHvwe mexgy rmnoranongHon KMCNOTOW W rMnoranoreHnT-aHMoHaMmu B 3aBUCUMMOCTMW OT
ypoeHs 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

KpuBas pacnaga runoranongHbIX KMCNOT NpuBeaeHa Ha pPUCYHKEe 1

Y

100 S—
90 \“\ T~

80 o

: < <t

50 N

40 1~ I\ N

20 N N

~
20 n \s-.\
10 \ ~
—
6,0 6.5 7.0 7.5 8,0 8,5 9,0 9,5 10,0 X

X — ypoeeHb pH; Y — % aktuBHon kucnotel; T — HOCI; 2 — HOBr

Pb‘lcyHOK 1— KpMBI:ﬂE pacnaga rmnoranougHbiX KUCNoT

6.2.2 Peakuyuu xnopa/6poma c aMMHUaKkoM

HeouulieHHbIE 1 OYMLLEHHBIE CTOYHbBIE BOALI COAEPKAaT pPasfiMyHble KOHUEHTpauMy aMmmuaka, kKotopble
BbI3bIBAIOT TPYAHOCTW Npu obeszapauBaHun Bodbl. B pesynsrtate peakumn ammuaka ¢ gobaBnaembsiM xmno-
poMm unuM 6pomom oBpasyloTcs CoedWHEeHUA C ropas3go MeHblen Ae3nHULMPYILWENR CnocobHOCTbI0, YeMm
cBODOAHbLIA XNop Unu Bpom.

BoamoxHble peakuun mexgy HOX n ammuakom npegctaBneHsl B dpopmynax (3)—(5) [3], rae X = Cl
unu Br.

NH; + HOX H,0 + NH,X — (MoHoxnopamuH/6pomamuH), (3)
NH; + 2HOX 2H,0 + NHX, — (auxnopamuH/6pomamuH), (4)
NH; + 3HOX 3H,0 + NX5 — (Tpuxnopug/Tpubpomua asora). (5)

3T peakuMn NPOUCXOLAT NPAKTUHYECKM MIHOBEHHO M 3aBUCAT OT YpoBHS pH. Hanpumep, ans coeduHe-
HWIA Xxnopa npu ypoBHe pH Bhiwe 8,5 06pasyeTcsa TOMbLKO MOHOXJIOPAMMWH; HUKE 3TOM0 YPOBHSA CYLLECTBYHT
CMEecK MOHO- U AUXITopaMuHa; a npu ypoeHe pH Hke 4,2 cyllecTByeT TONLKO TPUXIopMa asoTa.

6.2.3 OnpeaeneHuve rafnioreHM3NMpPOBaHHbLIX OCTAaTKOB obGe33apaXuBaHus

Xnop B XNOpaMMHOBLIX COEOMHEHWUSX ONpeaenseTcs Kak CBA3aHHbIN akTUBHLIN xnop. CBsA3aHHbINA ak-
TUBHbIA xNop obnagaeT MeHbluei Oes3vHduuMpylowein cnocobHOCTL, YeM cBOGOAHLIM XMOop, 04HAKO CO-
yeTaHue cBOGOAHOrO XMopa U CBS3aHHOTO aKkTUBHOIO xnopa (XnopaMuHOB), NPUCYTCTBYIOLINMX B Boge, AaeT
cnocobHocTh obeasapaxueaTs BoAY.
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OcTaToNHBIN XNTOp JOCTYNEH B Tpex hopmax:

- XNOopamuHbl: hopMa CBA3AaHHOTO XNopa;

- XnopopraHv4eckue coeauMHeHus: cnabas dopmMa CBSA3aHHOro Xropa;

- cBOBOOHLIN XMOp: camas CcUMbHas hopma OCTaTOYHOrO Xnopa AnsA obe3sapaxKMBaHus.

MoTpeBHOCTL B XNOpe paccUMTLIBAIOT Kak pasHULy Mexay obLMM KonuyecTBOM Xnopa, 4o6aBneHHoro
B BOAY, W OCTATOYHBIM XJIOPOM. 3TO KONUYECTBO, KOTOPOE BCTYNAET B peakumio ¢ BelecTBaMu B BoAe, OcTaBs-
nsa nocne cebs HeakTMBHYIO hopMy Xnopa.

Cymma noTpebHOCTM B XI10p€e M OCTaTO4MHOrO Xopa OnpeaenseT KoNWYecTBo Xnopa, BBOLMMOro B BOAY.

[o6aBneHHbIN XNop = NoTPebHOCTL B XJIOpe + 0CTaToYHbINA XMop

OcTaToYHbIW XNOP = CBA3aHHbIN aKTUBHbLIN Xnop + ceBo6oAHbIN Xnop

To e camoe OTHOCUTCS U K Bpomuay.

6.2.4 Peakuwnsa TOYKM Nepenoma

Peakuusi Mmexgy XOpoOM U aMMWAKOM Bbl3biBAeT YHUKANbBHOE ABMEHUE, KOTOpoe OKasblBaeT bonbluoe
BMMsIHWE Ha npouecc obessapaxmBanHua xnopom. MNpu gobasnenun xnopa B OCB (cogepxalwimne ammmnak)
NMPOMCXOAMWT NO3TanHas peakuus, Kak onucaHo HuXe (CM. pUCyHoK 2).

a b c d
| | | I

51 D

0 1 2 3 4 5 6 7 8 9 10 11 X

X — pgosa xnopa, Mr/n; Y — ocTaTtouHbliA Xnop, Mrin; A—B — cBA3aHHbIM ocTaTouHbli; C — Touka nepenoma; C—D — cBobogHbIA U

CBSI3aHHbI OCTATOYHLIN; 8 — pa3pyLUeHWe OCTaTKOB Xnopa BOCCTAHOBUTENLHBLIMU COeAWHEHUsAMN; b — obpasoBaHne XnopopraHu4eckux

W XNOpaMWHOBBIX COEAUHEHWNIA; C — pa3pyLleHne XNOpaMUHOB U XNOPOPraHUYecknx coequHeHuin; d — obpazosaHue cBobogHOro xnopa
W Hanuuue HepaspyLUeHHbIX XNOPOPraHMYecknx coeguHeHU; € — cBOBOAHbBIN OCTATOUHBIN; f — CBA3AHHBIA OCTATOYHBIA

PucyHok 2 — XnopupoBaHue [0 Todku nepernoma [3]

MepBbIK 3Tan: pa3spylLueHUe OCTAaTOMHOMO Xropa BOCCTAHOBUTENbHbIMW cOeauHEeHUsIMW. HeopraHnye-
CKUMW BOCCTAHOBWMTENSMM, 0BbIYHO BCTPEYAKLWMMWUCH B CTOMHbIX BOAAX W BCTYNaOLWMWMMN B PEAKUMIO C XIO-
poM, MoryT BbiTe: cepoBoaopoa (H,S), AByXBaneHTHOE Xeneso (Fe2*), maprane; (Mn2*), Hutput (NO,_). 3m
BOCCTaHOBWTENW Ha NepBOM 3Tane 3abuparoT OCTaToYHbIA XNop, Ao06aBNEHHbIR B BOAY 40 TOYKM A.

Bropoi 3tan: o6pazoBaHne XNOpOpraHM{ecknx 1 XnopamMuWHOBLIX coeguHeHuin. Kak onucaHo B pas-
pene 6.1, ammuak (NH;) cooepHuTca B CTOYHBIX BOAAX U BCTYNaeT B PEakumio ¢ XJIOPOM Ha BTOPOM YPOBHE.
OH coeguHsaeTcs ¢ xnopomM, o6pasys ogHy 13 Tpex chopm xnopamuHa. OpraHu4eckne CoenHeHWsl BCTYNatoT B
peakumio C MMEeLLMMCS B CTOYHbIX BOAAX XJIOPOM NocneaHnMu 1 0BpasyoT XNopopraHnyeckne CoefuHeHns
(noTpeBHOCTL B xMnope Mexay Toukamu A u B). B 3Tom AMana3oHe MONsSipHOE COOTHOLUEHWE Xopa u aMMuaka
paBHO 1 1 yBENMYMBAETCH NO HANPABMNEHWIO K TOYKE B.

TpeTuit aTan: paspyLlleHWe XNOPOPraHNYECKUX U XNOPaMUHOBBIX CoeaMHEHWIA. Mexay Toukon B n Tou-
kot nepenoma C 4acTb XNOpaMWHOB NPEBpPALLAETCA B TPUXNOPUA @30Ta, OCTarNbHbIE XNTOPaMUHBLI OKUCTIATCH
no 3akucun asota (N,O) u asora (N,), a Xxnop BocCTaHaBNMBAETCH [0 XNOPUA-MoHa. MonspHoe COOTHOLLEeHUe
B TOYKe nepenoma pasHo 1,5k 1.

YerBepThiK 3Tan: obpasoBaHue cBOOOAHOMO XMopa W Hanuuue HepaspyLUeHHbIX XNOopPopraHuYecKkux
coeaunHeHvi. MNpopgonxkeHne gobaBneHWst xnopa nocne Todku nepenoma C nNpvMBOAMT K NPAMO Nponop-
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LUMOHanbHOMY yBenu4eHuo ceBobogHoro xnopa. Ha aTom atane B BoAe NpMCYTCTBYHOT CBsi3aHHbIN U cBobog-
HbI XIOp (OCTaTOYHbIN XI0p).

Mepenom MOXHO OnucaTh Kak TOUKY, B KOTOpPOM noTpeBHOCTL B XMnope Bbina NonHocTh YOOBNeTBoOpeHa
(T. €. Xx1IOp BCTYNWUN B peakuuio cO BCEMW BOCCTAHOBMUTENAMMW, OPraHMKOM M ammMuakom). AMMUaYHbIN a3oT
MOKET MOSTHOCTbIO UCHE3HYTb B TOYKE NepenomMa Wi yMEeHbLUWTbLCA OO0 CNegoBOro KonmyecTsa, 0CoBeHHo
npy HeRTpanbHbIX 3HaYeHUaxX pH; HO Ha NPaKkTUKe OCTAeTCA «HECHUXAEMbIA MUHMMYM» OCTATOYHOrO Xropa
(TakKe HasblBaEMbIH «HEXenaTenbHbIM OCTATKOM» ), Kak MpaBuiio, B KONMMHECTBE HECKOMbKNX AEeCATbIX 4ONen
Munnurpamma Ha nutp B suge Clo.

6.2.5 3Ha4yennn CT xnopa/GpoMmuaa u UX coeguHEHUNA

dakTopbl, onpegensowme apheKTUBHOCTE obes3apakBaHus, BKIIOYAKT TWUN Ae3NH(ULMPYIOLLEro
CPEeACcTBa, ero KOHLEHTpaUuuio B BoAe W Bpemsl AeACTBUS Ha NaToreHHble MUKPOOpraH1M3Mel B BOAE.

OhdhekTMBHOCTL 06e33apaxnBaHng 4N KaX4oro Tuna Ae3vHMUUMPYIoLero CpeacTea paccynTbiBaeT-
ca no 3HadeHuto CT. 3HayeHne CT nony4arT NyTeM YMHOXEHWUSI OCTAaTOYMHOW KOHLeHTpauuW Oe3uHpuunpy-
towero cpegctea C nocne 3agaHHOro BpemeHW KoHTakTa T Ha Bpewmsi koHTakTa. 3HadeHua CT ucnonbayoT
4Ns pacyeTa go3bl Ae3nHpuumpytowero cpeactea, Heobxogumon ans obessapaxmusaHua OCB, v BbipaxatoT
B eQMHMLAxX MI MUH/T.

6.2.6 XnopupoBaHHble coeguHeHMA onAa obeazapaxuBaHus OCB

6.2.6.1 Xnop (Cl,) [3]

ObeazapaxvBaHne XNOpPoM ABnAeTcs Hanbonee pacnpocTpaHeHHbIM METOA0M 06e33apaKkuBaHns Bodbl
n OCB u3-3a npocToThl MeToga, 06opyAoBaHWUSA 1 YCIIOBUIA 3KCMyaTaLuu.

Xnop (Cl,) MOXeT NpucyTCTBOBaTL B BUAE rasa Wiy XWAKOCTW (B pesepsyapax nog Aasnenuem). Mpu
nobaBneHun B BOAY NPOVICXOOAT ABE peakuuy, Kak yKkasaHo B oblem onvcaHuu B pa3gene 6.2.1 gns ranore-
HW3WPOBaHHbBIX OKUCIMTENeW: rmgponus ¢ obpasoBaHnem runoxnopuctoi kucnotel (HOCI) [cm. doopmyny (6)]
1 noHu3aumsa c obpasopaHnem runoxnoput-uoHa (OCI) [em. dhopmyny (7)]:

Cl, + H,0 — HOCI + H*" + CI", (8)
HOCI — H* + OCI-. (7)

OTu ABe peakuuu MOryT CHWU3UTb ypoBeHb pH BOAbl M M3MEHWTb PAacTBOPUMOCTL COSIEH, Ha KOTOPYH
BMusieT ypoeeHb pH Bodbl. 3TO MOXKET BbI3BaTb Npobrembl, ecnu KOHUEeHTpauusl MOHOB Brnuska K npegeny
pPacTBOPUMOCTMN B BOZE.

OTHocuTenbHOe pacnpegeneHue B Boae ABYX popMm [cM. hopmynbl (6) v (7)] nmeeT Bonblioe 3HayYeHue,
Tak Kak repmuuugHas acdpdektueHocte HOCI 3HaunTenbHoO Boiwe, Yem y OCI.

Beino gokasaHo, 4Tto pacnag HOCI B Boge 3aBUCKMT OT TemnepaTypel, 1 pKa (koHcTaHTa pacnaga)
ana HOCI HaxoauTca B gnanasoHe oT 7,49 go 7,82 npu temnepatype o1 0 °C go 30 °C. MNMpwm 20 °C u ypoe-
He pH = 7,58 npucyTtcteyet no 50 % kaxaon dopmel (cM. pucyHok 1 u Tabnuuy 4).

CoepguHernn OCIl~ u HOCI, kak npaBmno, oTHOCAT K cBoGogHoMy xnopy (cMm. 6.2.3), KOTopbIi Ype3Bbi-
YyarHo peakuMoHHOCNOCOBEH C MHOMOUYUCNEHHBIMW KOMMNOHEHTaMK GakTepuansHoN KNeTku.

6.2.6.2 [esunduuupylollee cpefcTtBO MMNOXIIOPUT HaTpUs W Kanbuua («KkMOKMA oTbenuBaTenb» W
«XITOPHbIN NMOPOLLOK»)

TMNOXNOPUT HAaTPUS M TMNOXMOPWT KalbLMA — 3TO COEAMHEeHWs xropa, obpasylownecs B pesynsraTte
peakuuu xnopa c¢ rugpokcuaamu. MNpu NpUMeHeHUN TMNoXnopuTa B BOAHbLIX cucTeMax obpa3syoTcs runoxno-
PUT-MOH ¥ rMNoxnopucTas kucnota [cM. hopmynbl (8)—(11)]:

NaOCl — OCI~ + Na*, (8)

OCI~ + Na* + H,0 — HOCI + Na* + OH", (9)

Ca (0TI, — 2 OCI~+Ca?", (10)

2 OCI + Ca?* + 2 H,0 — 2 HOC!| + Ca2* + 20H-. (11)

XOTsl HesHa4yuTenbHasa AonA LWenodn npyu gobasBneHny rmMnoxnopuTa He MOXKET CUMITbHO MOBMAWSITL Ha
KOHEeYHbIA ypoBeHb pH Boabl, U3-3a BydepHoi emkocT OCB HekoTopoe MoBLIWEHWE YPOBHA pH MOXeT cno-
cobcTBOBaTh BhINadeHWIo HEPacTBOPMMbIX COJEN.
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6.2.6.3 Ouokcna xnopa (ClO,)

Ovokcug xnopa aensieTca 3pekTUBHBIM Ae3MHPULMPYIOLWKMM CPeacTBOM. Ero npenmMyllecTea BKNOYa-
0T 3(P(PEKTUBHOCTL B LUMPOKOM AMana3oHe 3HadeHWd ypoBHA pH 1 noBbileHHbIX Temnepatyp. OH addekTn-
BEH MPOTUB LUMPOKOrO CMeKTpa OpraHM3MoB (BKIYas LUUCTbI M NPOCTENLUNE) U BUPYCOB.

Eule ogHUM NpenmyLLecTBOM MCNONb30BaHUA MOKCKUAA XJ10pa No CPaBHEHMIO C XJTOPOM ABMSAETCH TO,
4YTO AMoKCcuA Xrnopa He obpasyeT CoefUHEHNUA C aMMUAKOM, KOTOPbLIA CHKaeT adhdekTMBHOCTE 06e3zapaxu-
BaHWUA XSTOPOM.

Ouvokcun xnopa siBNsieTcs HectabunbHbIM U B3pbIBOONACHBLIM ra3oM, U ero nony4arT Ha MecTe 3a cYeT
peakuumn xnoputa Hatpusa (NaClO,) no gpopmyne

2 NaClO,, + 2 Cl, — 2 CIO,, + 2 NaCl., (12)

6.2.6.4 Npou3BOACTBO XNopa Ha nnouwlaake

B cnyyasix, korga Heobxogumo nponsBecTy obessapaxunBaHne HebonbLIOro KONMYecTBa CTOYHbIX BOA B
OTAamneHHbIX panoHax, 3aTpartbl Ha TPaHCNOPTUPOBKY AE3MH(OULMPYIOLWNX CPeACTB MOTYT NPEeBbILAT CTON-
MOCTb A€3MHMULMPYIOLLLEro cpeacTaa.

B Takux cnyvasx MOXHO Mcronb3oBaTk TBepAdble TabneTku Xnopa Wiy HeCKONbKO MeTOoA0B NPOoW3BOA-
CTBa OTHOCMTENbHO HeBOMNBLIOro KONMYeCcTBa akTMBHOIMC xnopa (rMnoxnopuTa HaTpKus) Ha nrowaaKke, Hanpu-
Mep, Mony4YeHve xnopa U3 conu Unu 13 pacTeopa CorneHon Boabl.

Takasa TexHonorvsi OCHOBaHa Ha NPOW3BOACTBE MMNOXIopMTa NyTeM NPonycKaHWsa aNeKTPUYecKoro Toka
Yyepes coneHyto Boay. [1py aToM Ha MecTe NPOM3BOACTBa 0bpasyeTcs rTMNoXNopuT HaTpKA, a Takke rasoobpas-
HbI Bogopoa (H,). B Bogy aobasnsaercs Tonbko xnopud Hatpusa (NaCl) nubo ucnonbayetcs mopckas unm
coreHas soaa.

Peakuus onucaHa B copmyne

NaCl + H,0 + anektpuyecku Tok — NaOCI + H,,. (13)

Ona achchekTnBHOW paboThl CUCTEMBI B HEE CreayeT noaasath YMATYEHHYH Boay.

Mo coobpaxeHuam GesonacHOCTW AKcnnyaTauum TpebyeTca cneumansHas cuctema ans KoHTpons v ob-
paboTKK KOHLEHTpauum razaoobpasHoro Bogopoaa.

Xnop TakKe MOXHO nony4yaTb NyTeM 3MeKTpoXNopupoBaHua Ha nnowanke (OSEC) pacTeopa runoxrno-
puta HaTpus B KoHueHTpauuu ot 0,8 % no 1 %. PacTBop runoxnopura Bcerga 4OCTyNeH B CTabWnbHOM KOH-
LeHTpauun 1 u3baenseT oT HeobxoaAMMocTHU paboTaTk ¢ ONACHBIMU XMMUYECKUMIW peakTUBaMU.

OfwH K3 3TUX METOAOB clNeayeT Ucnonb3oBaTe 0cobeHHo B paioHax, rae OCB ucnonbaytoTes ans opo-
LWEHUss B MECTax, yaaneHHbIX OT O4MCTHbIX COOPYXKEHWI, Hanpumep, ecnn Heobxogumo obessapasute OCB
No MEeCTy UCMOMb30BaHws.

6.2.7 MNpeumywecTBa, HEJOCTATKA M TeXHUYeckue ocobeHHOCTU MeToda obeszapaxuBaHus Ha
OCHOBE XNOPHbIX GuounaoB

Xnop sBNsieTCA MOLLHLIM OKMCIMTENEM U No3aToMy obecnedneaeT Gonee BLICOKYH CKOPOCTb yaaneHus
MUWKPOOPraHM3MOB B BOZe. XITOpPUPOBaHWe — 3TO XOPOLIO oTpaboTaHHas TEeXHOMOrus, NerkogocTynHas Bo
BCEM Mmupe, obrnagarollaa cnocobHOCTBIO NOAAEepKUBaTL OCTATOYHLIN XNOP B OUYULLEHHbLIX cTokax. OgHako
MCMOMb30BaHWE XJ1opa WU ero CoOeAMHEeHNA MOXET YBENUMYUTL copepxaHune xnopugoe B OCB; octaTtkv xnopa
HecTabunbHbl B MPUCYTCTBUM BbICOKMX KOHUEHTPAaLWA MaTepuanos, NornoLarLwmx xmnop, 4to Tpebyet Gonee
BLICOKWX [03 AN JOCTUXKEHWUA HeoBxoammoro ypoBHS obes3apamBaHUsA; HEKOTOPbIe BMAbLI Napa3uToB no-
Kasanu yCTOMYMBOCTb K MCMOMNb3yeMbIM Ha NPaKTUKE 403aM XNopa, B TOM YMCMe 0OLUCTbl KpUNTOCNOpUAnN
napeyMm, LUCTbl AU3EHTEPUAHOK aMebbl 1 NaMBnuKM KULWEYHON, a Takke aiila napasuTUYeckux YepBei.

CoepuHeHnst xnopa MoryT BCTynaTb B Peakuunio ¢ KOMMNOHEHTaMK B OYMLUEHHOR Boge ¢ obpasoBaHmem
KaHLUeporeHHbIX NoBOYHbIX NPOOAYKTOR.

ObpalleHre U XxpaHeHue x1opa v ero COeaMHEHUIA MOXKET DbiTb COMPSXKEHO C ONPEefeneHHbIMU TPYa-
HOCTSIMM, Kak NokasaHo B Tabnwvue 5.

11
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Tatnuua 5— lNpeumyllecTea, HEOOCTATKU U TEXHNYECKUE COOBparKeHUs Mo XNopy U ero coeguHeHUAM

CoeauHeHue

MpeumyllecTsa

TexHuyeckue coobpaxeHns n/unv HepoCTaTkK

Xnop (Cl,) )
XpaHUTCA B XWUOKON
cdopme B KOHTEWHe-
pax nog AaeneHuem

XpaHeHue rasa B pesepByapax nod AaBneHu-
eM MO3BOoNAeT XpaHNTb BONbLIOE KONMUYECTBO
Ha OTHOCUTENBLHO HEBOMbLUOW NnoLwaan.

[a3 B KOHTEWHEpax He MEHSET CBOMX CBOWCTB
C TEYEHUEM BpPEMEHU U NMO3ITOMY MOXET Xpa-
HUTbCA ANUTENBHOE BpeMA.

KoHueHTpauua xnopa B pacTBoOpe COCTaens-
et 100 %, noaTomy ero McnonbL30BaHUE 3KO-
HOMWYHO.

Ob6opyaoBaHve, Heobxoanmoe Ansa Xnopupo-
BaHWA M O03MPOBaHWA BOAbl, OTHOCUTENBHO
JELIERO M NPOCTO B 3KCnnyaTauum

a3 spoBUT AN Noaei U KWBOTHBIX, Kak Ana
KOXW, TaK M ANs OpraHoB AblXaHWs.

Mockoneky yTedka pe3epByapHOro rasa cosga-
€T BbICOKWIA 3KOMOMMYECKUA PUCK, pe3epByapel
OOIMKHBI BBITE OUYMLLEHB! UMW XPaHWTLCA BAANW
OT >KWMbIX PANOHOB W MECT CKOMNMEeHWA Mnogen.
MoBo4Hble NpoaykTbl obe3sapaxwuBaHus, Ta-
ke kak THM, moryT BeiTe onacHbl Ans OKpy-
Xarowew cpefbl 1 MoryT BruoakkymMynupoBaTb-
CA Ha CENbCKOXO3ANCTBEHHbBIX KyMnbTypax

MMnoxnoput HaTpua
(knokun otbenuea-
Tenk) (NaOCI)
O6paszyeTtca npu
pa3basneHuy xnopa
B BOOE

XpaHeHue pacTeopa B A0MYCTUMLIX KOHLIEH-
Tpauuax ansa obessapaxveanus Bogel n OCB
(11 %—12 %) He npencTaBnNseT ONacHOCTH
W NoaToMy He TpebyeT AuCcTaHUMpOoBaHUs oT
HaceneHus.

LleHa maTepmana OTHOCUMTENBHO HEBLICOKAS.
Ob6opynoeaHne, HeobxoanMoe Ana Xnopupo-
BaHWA U O03WPOBaAHWS BOAbI, OTHOCUTEMNBHO
JOELLEBO M NPOCTO B 3KCMyaTauum

CumnTaetca onacHbIM OKACMMTENEM B BbICOKUX
KoHueHTpauuax (bonee 40 % xnopa).
CumnTaeTcs yMepeHHO OMacHbIM OKUCITUTENEM
B HM3KNX KOHLEHTpaLUAX.

MocTtaenaerca Ans GLITOBOrO MCNOMNbL30BaHUA
B KOHUeHTpauuu okoro 3 %.

[Onsa xpaHeHus TpebyoTca Gonbluve 00LEeMEI,
yeM Onsa razoobpazHoro xmnopa (B 3aBMCMMO-
CTW OT KOHLEHTpaLWK Matepvana B Boge).
PacTeop B BOOE CO BpPEMEHEM TEpsieT CBOH
cuny, Mo3TOMy €ro crnegyeT XpaHuTb 4O WC-
nonb30BaHWA He Bonee oQHOW-ABYX HeOenkb.
PactBop MHorokpatHo TpaHCnopTUpyeTcs C
MecTa Npov3BoACTBa.

MoBouHble npogykTel obe3sapawnBaHud, Ta-
ke kak THM, moryT GblTb onacHbl AnNs OKpy-
Xawllen cpebl U MoryT BroakkyMynvpoBaTh-
CSl Ha CENbCKOXO3ANCTBEHHbIX KyIbTypax

MMnoxnoput  Kanb-
UMa  (XNopHbIA  no-
powok) (Ca(OCl),)

MoxeT npumeHaTeCA Ang ocobbix Lenen.
MoxeT ncnonb3opaTthbcs B paroHax, rae OCB
UCMONb3YHTCA ANA OPOLUEHWA BAanu oT Me-
CTa pacnonoXeHWs QYUCTHbIX COOPYKEHWHA,
HanpumMep, ecrnv Heobxooummo obeasapau-
BaTb OCB B mMecTe MCnonb30BaHus.
BoamoHO OnWMTenbHOE XpaHeHue npu Ao-
6aBneHMn CcTabUNM3NpyHLWMX MaTepuanos.
Mpu XpaHeHWM B CyXOM, MpPOXNagHOM MecTe
NpakTUYEeCKU HE pacnagaeTcs

CopepxuT BCero 68 % xnopa.

[opoxe, yem aBe apyrue chopmbl xrnopa (raso-
00pa3sHkIiA XNop U TMNOXNopUT HaTpKs).
Hw3kas pacTBOpuMOCTe B BOAE, MO3TOMY MUC-
nonb3oBaHWe B KavecTBe Ae3vHuumpyloLle-
ro cpefcTea CrnoxHee, Yem Ans ABYX APYrux
dopm xropa

Owokcna xnopa
(CIO,)

Bonee cunbHbIA OKUCIUTENE, YEM XMOp.
Bonee Bbicokasa addekTMBHOCTL 0be33apa-
KUBAHWUSA B OTHOLUEHWW YHUYTOXEHWUSA BUPY-
COB W NapasvTOB Mo CpaBHeEHWO ¢ 0be3sapa-
XKUBaAHUEM XTOPOM.

MeHee nogBepKeH BAWMAHUIO W3MEHEHWI
YPOBHA pH 1 TemnepaTypbl MO CPaBHEHWUIO C
XMOpOM.

CosnaeT MeHblue BpeaHbix NoGoYHBIX coeu-
HEHWIA MO CPaBHEHUIO C XTIOPOM

Heobxogumo npou3eoguTe Ha mMecTe obessa-
paxusaHusa. HeBoamMoXHO XpaHuTb DonbLuoe
KONMWYEecTBO Marepuana.

MpoussoncTteo anokcuaa xnopa (ClO,) nopo-
e, YeM MPOW3BOOCTBO XNopa.

MoBouyHble npoaykTel o6e3sapaknBaHuda, Ta-
ke kak THM, moryT BblTb onacHbl Arns OKpy-
Xawllen cpebl U MoryT BroakkyMynupoBaTh-
CSl Ha CEeNbCKOX03ANCTBEHHbIX KyIbTypax
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6.2.8 TexHONnoOrMa XNOpUpoOBaHUA

[na Toro 4tobbl TEXHONOINS XNOpPUPOBaHUA Bbina adydpekTBHON, Heobxoaumo cobnogeHne OBYX OC-
HOBHLIX YCNOBWIA: BbICTPOE CMeLLMBaHWE xNopa B npumeHaemon ¢opme ¢ OCB 1 goctatoyHoe BpeMsl KOH-
TakTa (BpeMsa yaepxaHus) xnopa ¢ OCB, a UMeHHO:

- NepBoHa4anbHoe cMellMBaHUe. bLICTpoe NepeoHavyanbHoe cMmelunBaHue xnopa v OCB gomkHo
NPOMCXOAUTL NPaKTUHYECKM MIHOBEHHO (B TEYEeHWe HEeCKONbKUX cekyHa). [na gobasneHunst xnopa MoXeT npu-
MEHATbCA MepeKavyvMBaHMe C MTHOBEHHbIM CMELUMBAHWEM, ANSA 3TOr0 MCMNOMb3YHTCA Pasfnu4YHbie CMecuTe-
nn [3], B TOM YMCre: NOTOYHbIA TYPOUHHbBIA CMECUTENb, HACOC MHXXEKTOPHOMO TUMAa M MNOTOYHLIA CTaTUYeCcKUia
cMecuTens;

- BpeMms KoHTakTa. Bpems, npowenliee ¢ MoMeHTa BBeaeHUs aeanHpuunpyowero cpeactea 8 OCB
00 MoMeHTa ucnons3oeaHusa OCB (unu nonagavus B pe3epByap 6e3 ocTaTkoB Ae3uH(UUNPYIOLLEro Cpea-
ctea [4]). Ona obecnevyeHun 4OCTATOMHOIO BPEMEHMW KOHTaKTa criefyeTt MCrnonb3oBaTh O4MH Ui oba M3 cne-
aywoLwmx cnocobos:

1) nponyckanne OCB ¢ gesvHdUuMpyoLWw MM CPeacTBOM Yepes KOHTeNHep nogxogsiiero obbema B
COOTBETCTBMW CO CKOPOCThLI noToka obezzapaxueaembix OCB. KoHTeliHep MOXeT ObiTb CKOHCTPYUPOBaH B
BUIE CepnaHTUHA NS yny4lleHUsa pakTUYecKoro BpeEMeHW YOepKaHNUS;

2) nponyckaHue OCB c ge3anHduumpyowmrm cpeacTsom Yepes Tpybonpoeoa noaxoasilero obvema.
Bpems npotekanunst OCB B TpybonpoBofe He A0MKHO OblTb MeHblUe TpebyeMoro BpeMeHW KOHTaKTa, y4uTbl-
Bas auameTp Tpybbl, AnvHy Tpy6bl 1 ckopocTb noToka OCB B TpyGonposoae.

6.2.9 BpomupoBaHHbIe coeauHeHUA ans obeszapaxuBaHua OCB

6.2.9.1 bpomug HaTpus, aKkTUBUPOBAHHbLIA TMNOXNOPUTOM

Bpomug Hatpusa (NaBr) nocne aktuBaumm runoxnoputom (12 %) aensaetca spdekTUBHLIM Oe3UHAULN-
pYHOLWNM CPELCTBOM, UCMONb3YEMbLIM B peLenType Xugkux bpomua-Hatpuesbix Mukpobuounaoe ans 6opbobl
C BOAOPOCNEeBLIM, DakTepuanbHbIM M TPUDKOBLIM LINAaMOM B MPOMBILUNEHHON BOAONOATOTOBKE, a Takke Ans
obe33apaxunBaHUs CTOYHbIX BoA. OTO DbiCTpoaencTByOWMA Broun, adekTUBHLIA B LUIMPOKOM AWana3soHe
ypoBHeld pH. NaBr MOXHO XpaHUTb WU TPpaHCMNOPTMPOBAaThL Kak HeonacHbli MaTepvan nubo B TBEpAOM BUAe,
nunbo B BUAE COCTABa HAa BOOHOW OCHOBE. AKTUBHLIN Oe3NHMULUPYHOLLUA MaTepuarn Npou3BOAUTCS Ha MecTe
nocne peakuuu ¢ runoxnoputom (12 %), kak onucaHo B hopmyne (14):

NaBr +NaOCIl — Na®™ OBr~ + NaCl. (14)

MpucyTcTBUE BOALI NPUBOOUT K CredyioLeMy YacTU4HOMY pacnady BpoMHOBaTUCTOR KMCMNOTHI ¢ obpa-
30BaHMeM UOHOB BOOOpOAa M MOHOB runoGpomuTa, Kak onucaHo B chopmyne (15):

HOBr <> H* + OBr. (15)

CooTHoleHre 6pOMHOBATUCTOM KUCMOThI U FTMNOBPOMUT-UOHOB 3aBUCKT OT TEMNEpaTypbl, ypoBHs pH 1
LLenoYHoCTH BOAbI.

MNpy cnonb3oBaHUKM B KadecTBe Ae3uHdbuuupylowero cpeactea 6poMHoBaTUCTas KUCNoTa OedcTByeT
MyTEM OKWUCINEHUSI OPraHMYECKUX BELLECTB B XKWMBbIX OpraH13mMax M npu aToM BoccTaHaBnueaetcs 4o Gpomua-
MOHA, Kak onucaHo B hopmyne (16):

HOBr+ L, — Br + D, (16)

rae L, — X1Bble MUKPOOPTaHU3Mbl;
D, — MepTBble MUKPOOPraHU3MbI.
6.2.9.2 bpomMng aMMOHUA, akTUBUPOBAHHBLIA TMMOXITOPUTOM

Bpomug ammonua (AmBr; 35 % pacTBop), akTuBMpoBaHHbIl runoxnoputoM (12 %), npegcraensaer co-
B0l TexHoNoru Ae3vHEKLMOHHOM 06paboTkm BOALI C NPEBOCXOOHbIMU BUOLUOHEIMK U NPOTMBOGUONNEHOY-
HbIMU cBOWCTBaMU. Mpou3BoacTEO Guounaa OcyLWecTBNAETCA Ha NoWanake ¢ NOMOLLbK 3anaTeHTOBAHHbIX
[03aTOpPOB, CMeLnBaLWmx BpoMUL aMMOHNS B HEOBXOAMMBIX YCNOBWUAX M COOTBETCTBYIOLLMIA OKUCIUTEND
(oTbenuBaTens), 4TO NPUBOOWT K 06pa3oBaHWio YHUKaNbLHOTO Ae3uHduumpytowero cpeactesa — BAC (Bpomua
aKTMBMPOBaHHLIN XnopaMuH). Peakuua ¢ otbenueatenem onucaHa B popmyne (17):

NH,4Br + NaOCIl — Br~ [NH,CI] + NaOH. (17)

6.2.9.3 CtabununampoBaHHbIA pacTBop bpoma

CrabunuanpoeaHHbin pacteop 6poma (~16 % B Buae Bry) npeactaenset coboit 0AHOKOMMOHEHTHbIN
pacTeop. 370 6Mouna, OCHOBaHHLIN HA OKUCIMTENBHOM AeicTBUMM BpomMa, ¢ yrydlleHHbIMU pesyrnsTaTtaMmu B
LeNoYHbIX BOOHLIX cUcTeMax, 0COBEHHO Mo CPaBHEHMIO C TMNOXNOPUTOM HaTpus. OH KOHTPONUpPYeT MUKPO-
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BNONOIMYECKUA POCT U YHUHTOXKaET CYLLECTBYIOLLME MUKPOOPraHM3mbl, Takue Kak Gaktepun, rpubkm n Bo-
gopocnu. lNocne Oo3MpoBaHUs B BoAY OH BbicBODOXOaeT akTUBHbIA Gpom ans addekTuBHoro obessapa-
*uUBaHWA Boabl. [na ero npumeHeHus TpebyeTcs ooWH AO3MPYIOWNIA HAcoC, U OH NPOCT B UCNOSIb30BAHUM.
C1abunumanpoBaHHbIi GPOMUPOBAHHEIA PACTBOP ABMAAETCS CUMbHBLIM OKUCAWUTENBHBIM PACTBOPOM, MO3TOMY C
HUM criegyeT oBpallaThcsa C OCTOPOXKHOCTLIO.

6.2.9.4 Baktebpom

Baktebpom (ykcycHblin pacTBop kapbamuaa +HBr), akTuBMpoBaHHelid runoxnoputom (12 %), npegcras-
nset coboi TexHonoruio ansi obessapaxnBaHns NPOMbILLIIEHHbIX BOA, CUCTEM nogadu cToqHblix Bog n OCB.
SdhdekTmBHaa buoumnaHas obpaboTka NPpoTUB HapocTa BUonneHoK. AKTUBHLIA BMoLMO NPOM3BOOMTCA Ha NNo-
Laake nocrie peakuuun ¢ otbenueaTenem B NpaBUNbHOM COOTHOLLEHUK [cM. hopmyny (18)]:

[CO (NH,), + HBr] + NaOCI — [H,NCONHBr «» HOBr] + NaCl + (CO (NH,), + HBr). (18)

Baktebpom adhbdhekTMBEH NPOTME BCEX TUMOB BMOMOTrMYEcKUX 3arps3HeHuid, Bbl3BaHHbIX BakTepuamu,
rpubkamMu 1 BogopocnaMKM, obnagaeT OTNWYHOM aKTMBHOCTHIO AMA NPefoTBpalleHns HapocTa U yaaneHus
BuonneHok. Markuin okucnuTens, cnocobHbI paboTaTh B BhICOKOHArpyxeHHbix cuctemax (TOC v opraHuka)
1 B LULMPOKOM AManaszoHe ypoBHelr pH (pH 6—9). 370 KMCNOTHBIM NPOAYKT, KOTOPLIN He cnocobeTByeT 06paso-
BaHuWio Hakunu. ObopynoBaHWe Ana A03KMPOBaHWA NPOCTO B MCMOMb30BaHMK,

[ononHuTenbHbIe NpeuMyLlecTsa M HeLOCTaTKM COoefuHeHnn Bpoma npueedeHsbl B NpunoxeHmn C u
Tabnuue C.1.

6.2.10 MpeumyuiecTea, HEJOCTATKMU U TEXHUYECKME OcOGeHHOCTH MeTofa o6Ge3zapaxuBaHuA Ha
ocHoBe GpoMupoBaHHbLIX GuounaoB

Brvouwnabl Ha ocHoBe BpoMa OTHOCATCH K KNaccy ranoreHU3MpoBaHHbIX 6MOLMA0B U LWMPOKO NPUMEHS-
l0TCH B Ka4ecTBe Ae3MHMULMPYIOLWUX CPeacTB ANS O4MCTKM BOAbl M CTOYHbLIX BOA. BpoMupoBaHHbie Bumounael
ABMATCH ObICTpoAenCTBYOWMMIKM BMoLMaaMM WWMPOKOro cnekTpa AenctBusa Ans 6opbObl C BOQOpPOCHsMM,
BbakTepusiMn 1 rpubkamn. HekoTopble U3 HUMX Takke BblCOKO3MMhEKTUBHLI NPOTUB BuonneHok. JononHuTenb-
HBIM MpEeUMYLLECTEOM GpOMUPOBaHHLIX BUOLWO0R ABMNAETCA UX BblcoKas 3(hEKTUBHOCTE Kak Npy HEMTpanb-
HOM, TaK ¥ MpW LLENoYHOM ypoBHe pH.

TeM He MeHee, CnefyeT y4uTbIBaTh, YTO C OPOMUPOBAHHBLIMKM BMOLMAAMM U UCXOAHBIMU DMOLMOHBIMK
BellecTBaMiK criegyeT obpallaTbCsl C OCTOPOXKHOCTBLIO, M3beras NpsIMOro KOHTaKTa C KOXen. XpaHWTb Takue
coeguHeHWs cnenqyeT B XOpOLUO NpOoBEeTpUBaeMbix MecTax. [1pn NoBLILLEHHBIX TemMnepaTypax HeKoTopkle Co-
eaWUHEHWSA MOTYT BbIAENAT BPOM, KOTOPLIM ABMAETCS TOKCMYHBLIM FA30M, Bbi3bIBALWMM CUMbBHOE pasgpaxe-
Hue. NMpuMmeHeHne Nboro ranoreHM3npoBaHHoro buounaa, BkMYaa DpoMUpoBaHHbIE BUOLMAEI, MOXET Mpu-
BECTM K 06pa3oBaHUi0 OMacHbIX COBAWHEHWUI, KOTOPbIE MOTYT ObiTh TOKCUYHBIMW AN OKpyXarLlein cpeasbl,
UNK gae KaHLueporeHHbIX NoBoYHbIX MPOLYKTOB.

B Tabnuue 6 npuBeaeHbl HEKOTOPbIE NpUMepkl BpOMMPOBaHHLIX BMOLMAOB, BKMOYaa pekoMeHaauum rno
06palleHNio C HUMU N X XPaHeHWH.

Tabnuua 6 — lpevmyllecTBa, HEAOCTATKU U TEXHUYECKUE coobpaxeHua no GpoMupoBaHHBIM BuoumMaam u mMx
CoefMHEHWUAM

TexHu4eckre coobpaxeHns

CoeguHeHne
w/nnn HegocTaTkn

Mpeumylectsa

NaBr — aKTUBMpPOBaH- MoxeT XPaHUTbCA U TPAHCNOPTUPOBAaTbCA KaK HeonacHoe Heobxogumo aKTUBUPOBaTb Ha

HbIiA rMNOXnopuToM | TBEPAOE BELLECTRO. MECTe — C MOMOLLLIO TMNOXMNOo-
(12 %) BopgHble pacTBopbl He onacHbl, 0bnagakwT XopoLlen cTa- | puta

BUNBEHOCTLIO NPU XpaHeHWW.

Hosvpytowee obopygoBaHMe OTHOCWMTENBHO AELEBO W

NpPOCTO B UCMOSIb30BAHWM.

MOHWUTOPWHT NErko OCYLECTBUM C NOMOLLBIO ranoreHHbIX

OaT4YUKOB
AmBr (dyamuma, | MNMpeeocxooHeld GakTepuunaHbid adhdoekT 3a KopoTkoe | TpebyeTcs ycTaHOBKa cneuwm-
35 %-HbIA pacTBOp | BPEMSA U B ManbiX KOHLEHTpaUusaX. anbHoro Joavpytouiero obopy-
AmBr) — aktuBupo- | SdchekTnBeH npoTue GakTepuid M WKWMPOKOTo crekTpa | goBaHws BONW3WM npegnonara-

€MOW CUCTEMbI UNK NnoLwagkv

BaHHbI rMNOXIIOPUTOM
(12 %)

14

MWUKPOOPraHM3ImMoB, TakKMX KakK FpI/IGI{I/I N OPOACGKN.

Mano pacxodoyeTcd pacTBOpPEeHHbIMK OpraHU4YeCcKMmMn Be-
wecTtBaMu, YTo CI'IOCOﬁCTByeT OCMOCY B CIMi3b ¥ MoaaBna-
€T ee pocCT.
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TexHu4eckne coobpaxeHus

pacteop 6poma (~16 %
B BMAe Bry)

CYLLECTBYHOLLME MWKPOOPraHU3Mbl, Takve kak Baktepuu,
rprvbKM M BOQOPOCHN.

Mo cpaBHeHuo ¢ TpaguuuoHHon obpaboTKoW LEenoYHbIX
cucTeM oxnaxgeHus (Gpomna HaTpusa ¢ oTbenueaTtenem)
HET HeoBXoAUMOCTU B AOPOrOCTOSILEN CTAHLMN CMELLK-
BaHWA (BKMOYasa OBa OO3MPYIOLLMX HAacoca), a 4OCTaTou-
HO OHOrO A03MPYHOLLIETD Hacoca.

MOHUTOPWUHI NErko OCYLLECTBUM C NMOMOLLbIO ranoreHHbIX
OaT4yMKoB

CoeguHeHne Mpeumyllectea WY HepocTaTkN
OTcyTCcTBME YCUNEHUS KOPPO3UW TaKNX METANIOB, KakK He-
pXaBeroLume 1 yrnepoaucTeie cTanu, u3-3a HeaHaunTenb-
HOro OKWCMNEeHUs
CtabunuanpoBaHHbIN PerynupyeT MUKpoOBMONOrMYeCKMiA POCT W YHUHTOMAET | ABNAETCA OKUCMWTENeM WU He

OOIMKEH  XpPaHWUTbCA BGNN3N
BOCCTaHOBUTENEW WNKM CUMb-
HbIX KUCNoT

Baktebpom  (BoAHbLIN
pacteop kapbamuga +
HBr) — axktnBupoBaH-
HbIiA TMNOXMOPUTOM
(12 %)

OTnuyHas aKTMBHOCTb NPOTUB BUONMeHKkM — npegoTepa-
LLeHWe W yaaneHue.

Hanunune kapbamuga v KUCNOTHBIA ypoBeHs pH genatot
€ro COBMECTUMbIM C LUMPOKUM CMEKTPOM yooOpeHuid.
Markuin okmcnuTens, cnocobHei paboTaTe B BbICOKOHA-
rpy>eHHbix cuctemax (TOC wu opraHvka) U B LUMPOKOM
OwanasoHe ypoBHei pH (pH 6—9).

KncnoTHbIA NpoaykT, KoTopbld He BygeT cnocobcTBOBaTL
obpa3zoBaHWO HaKUMK.

Ob6opynoBaHme Ona O3MPOBaHMA NMPOCTO B MCMOMNbL30Ba-
HKK

Mpekypcop Bakrebpoma npen-
cTaBnAeT cobol  KOHLUEeHTpW-
poBaHHylo kucnoTy. CunTtaerca
OonacHbIM pacTBOpPOM (KOppo-
3MIHAs XUOKOCTD).

TpebyeTca ycTaHOBKa O03MpY-
towero obopynoBaHua BONU3U
npeanonaraemMoin cUCTEMbI.
TpebyeTcs akTMBaUMS TMNOXII0-
putom. BaxHo yBeawTtbea, 4To
[ABa KOHLUEHTPUPOBaHHbIX Npe-

Kypcopa (BGakteGpom u runox-
nopuT) He cmewmBaroTcs bHes
pasbaBneHns

MpumMmeyaHne — B npownom chepMepor yaepneano oT Mcnonb3oBaHusa Bpoma onaceHue 3a GezonacHoCTb
paboTHMKOB.

Hoebie matepuanel Gonee GesonacHbl AN hepMEPOB W PEKOMEHAOBaHb! ANA WCMOMb30BaHUA B OPOCUTENbHBIX
cucTeMax AnA 3alWuThl pacnpegenvTensHOn CUcTeMbI M MppUraLMoHHoro obopyaoBaHusa.

6.3 O30H

6.3.1 Xumunyeckas cTpykTypa o6e33apaxvuBaHUs O30HOM

O30H, BLICOKOTOKCUHHbIA OKMCMALLMIA ras, CoCTOALLMA U3 Tpex aTtomoB kucrnopofda (O;) 1 xapaktepu-
3YHOLLMACA CUMNBHBIM 3anaxoM, MOXeT UCMOoNbL30BaTbCA B BOOONOAIOTOBKE ANS obe33apaXmnBaHuAa U OKUCne-
HWUS (HanpuMep, Ons ycTpaHeHus 3anaxa, obecuBeYMBaHna, HeMTpanuaaynum MUKPO3arpasHALLNX BELLeCTB
W T. 4.) UM ux KoMonHaumu.

O30H HecTabuneH B Boge, 1 €ro peakuuns He sSBNAETCH NPOCTOW, MOCKOMNbKY MHOTME XUMUYEecKue peak-
LYK MOTYT MPOUCXOAUTb OHOBPEMEHHO C HEKOTOPbIMU KOMNOHEHTaMW BOLHOW MaTpuLbl.

O30H MOXeT pearvpoBaTth C BELWECTBaMX ABYMS pasnuyHbiMy cnocobamu: HeENOCpeaCTBEHHO C coeau-
HeHnem (cM. 6.3.2) unn MoxXeT NPOM3BOAWTL MMOPOKCUMNbHbIE paduKanbl, KOTOpble SBMASIOTCS CUMBHEALWUMN
OKMCMUTENSMW B BOAE, KOTOPLIE 3aTEM pearupytoT ¢ coegnHeHneM (cm. 6.3.3).

6.3.2 Mpamaa peakunsa c 030HOM

MexaHuWam, 3a0eiCTBOBaHHbIA MpY NPSIMOA peakLuMM ¢ 0O30HOM, NpeacTaBnsieT coBON CeNeKkTUBHYID pe-
aKuui, B KOTOPOU MOMeKyna 030Ha pearvpyeT C HEHAChILLEeHHON CBA3bI, Grnarogaps CBOe NonNsipHON CTPYK-
Type, ¥ MpMBOAUT K pacLLenneHuto cesa3u [cMm. popmyny (19)]:

| | O 0]
0O, Il I
—C=C — ———>» —C—CH + —C— (19)
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Ons nonydyennss OH’, KoTopbln MMeeT Bonee BbICOKWI NOTEHL WA OKUCIEHWSA, YeM MOMEKYNSAPHbIA 030H,
U MoXeT BbICTPo M HenzbupaTenbHO BO34EMACTBOBATbL HA OpPraHWYeckne M HeopraHUYeckne MOmnekynbl, Uc-
Nonb3yHTCA NepefoBble TEXHOMNOIMKU OKUCNIMTENLHON 06paboTku BOObI.

O30H 0bnapaeT bonblien adpPeKTUBHOCTLIO 0be3zapa)xnBaHWa NPOTUR BaKTepuii U BUPYCOB MO CpaBHe-
HUIO C XNopupoBaHueM 1 BpoMUPOBAHNEM.

O30H HecTabuneH 1 paspyllaeTca B Te4eHWe BPeMEHW OT HeckornbKkux cekyHn Ao 30 muHyT. CkopocTb
paspyLueHns 3aBUCUT OT XMMWYECKOTO COCTaBa BOAbI, YPOBHA pH 1 TemnepaTtypbl BOAbI.

3-3a BbICOKOrO ypoBHA 0be33apanBaHUs 030HOM U ero HecTabUNbHOCTM BCE OCTaTKM 030Ha Heobxo-
OUMO yOansiTe U3 BOAbl MO OKOHYaHWM npouecca obeszapaxuBaHns [7].

6.3.3 KocBeHHas peakuMa ¢ 030HOM

MexaHuam, 3a0eiCTBOBAHHLIA B KOCBEHHOW peakunn ¢ 030HOM, MOXHO pasfdenuTb Ha TPWU pasHbiX aTa-
na: uHuumMaums, passutre uenn u obpeie uenn. Ha nepsom atane o3oH (O3) B Boge (H—OH) pearupyet ¢
rnapokcuneHbIMK noHamu (OH™, nHuLKMaTopskl), 0Bpasys BTOPUYHbLIE OKUCIIUTENN, TMOPOKCUbHbBIE paguKkansi
(OH"), onucaHHble B hopmyne (20) n hopmyne (21):

0, + OH — 03 + HO}, (20)
HO3 <> O + H*, (21)

TunoebiMu uHnMumatopamu sensioTes: OH™, Hy,0,/HO,_ unu Fel*.
Ha BTopom artane cynepokcua-aHuoHn O3 BCTynaeT B peakuuio ¢ 030HOM ¢ 06pasoBaHuem aHMoHa 030-
Huaa (037) [cm. dhopmynbl (22)—(24)):

0, + 05— 05 + 0y, (22)
05 +H* « HOY, (23)
HO3 — OH" + O,,. (24)

BeuwlecTBa, cnocobeTByowme LenHon peakunu, T.e. npespawatowme OH' B cynepokcuaHble pagukansl
(O,"/HO,), nencTByioT Kak akTMBHbIE LeHTPbI peakumn (MpoMOTopbl). HeKoTopblie OpraHuyeckme Monekynbl,
R, Takke MOryT BbICTynaTb B Ka4ecTBe NpOoMOTOpoB. Hanuuue onpeaeneHHbix yHKLMOHAMNbHBIX TPYMMN Npu-
BoauT K peakuuu ¢ OH" n obpazoBaHuio opraHvyeckux pagukanor R™ [cm. popmyny (25)]:

H,R + OH" — HR" + H,0. (25)

TUNOBLIMW MPOMOTOPaMU SIBAAKTCHA: 'YMUHOBAA KUCRoTa, apuin-R unu nepeBuYHbie U BTOPUYHBLIE
CNnpTHI.

HekoTopbie opraHMyeckne U HeopraHnyeckue BelwecTsa pearupytoT ¢ OH® ¢ o6pa3oBaHMeEM BTOPUYHBIX
pagvKanoB, KOTOpble He MPOM3BOOAT CyNepoKCMAHble paduKanbl, BbICTyNaa B kavyecTBe MHrMOWTOPOB (Mnu
packucnutenen), KOTopble 3aBepLUatoT LernHy peakuuio 1 NpensaTcTBYIOT pacnagy 030Ha [cM. chopmynbl (26)
n (27)]:

COZ- + OH" — OH~ + CO3, (26)
HCOj + OH* — OH- + HCO3. (27)

LlenHaa peakuusi MOXeT Takke MpPeKkpaTUTLCA B pesynbTaTe peakuuy OBYX pagMKarnos, OMMCaHHbIX B
dopmyne (28):
HO5+ OH* — O, + H,0. (28)

TunosbiMK packucnuTensmu siensawtca: HCO3, COZ%-, PO3-, r'YMUHOBLIE KMCMOTLI, ankun-R n mpem-
ByTUNOBLIA CNUPT.

Takum obpasom, pacnag 030Ha, WHULMMPOBAHHBIN TMOPOKCUA-MOHOM, MPUBOAWT K LIENHON peakuuu,
npousBoas ObICTpO pearvpyrolne u HecenekTuBHble OH™ pagvkanbl, KOTOpPbie WM3-3a CBOEN pPeakTUBHOCTM
WMEIOT OYeHb KOPOTKWUI NMepuop nonypacnaga, no3ToOMY OHW BCTYNaloT B peakuuio HEMeANeHHO MOCre KOH-
TaKTa C opraHM4eckuMu coeauHeHusiMn. KomburuHauma peakuuii NokassiBaeT, YTo B obLUel peakuun TpyU Mone-
Kyrnbl 030Ha npom3eoaat aea OH® [cM. dopmyny (29)]:

30, + OH™ + H* — 20H" + 40, (29)

BukapboHat u kapboHaT UrpatoT BaxHy ponb packucnutenein OH™ pagukanoB B NpUMpOOHbLIX CHUC-
Temax, MoCKOMbKY OHW MOTYT BbICTYNaTb B KAYECTBE MHIMGUTOPOB Npu 0GLIYHOM 030HMpOBaHMK [7].
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6.3.4 MpeumywecTBa, HeJQOCTAaTKN M TeXHW4YeckMe OcobBeHHOCTM MeToda obGezszapaXxuBaHus
030HOM

O30HUpOBaHME ABNSAETCS 04YeHb 9W(EKTUBHBLIM METOACM AN1s yaaneHus 6akTepuil, BUPYCOB M NpoCTei-
WwKx (BKNoYas AgMbnuu v kpunmocnopuduu), a TakkKe ANA YyCTPaHEHUS LUMPOKOro CNekTpa HeopraHUYeCcKux,
opraHM4eckux npobnem v HenpUATHOrO 3anaxa.

Tem He MeHee, MOXHO PacCMOTPETh U Opyrue TEXHWUECKUe acnekTbl 030HUPOBAHUSA, MPUHUMAsA BO BHU-
MaHWe XapaKTepucTUKN KaxKOaoro npoekTa MoBTOPHOro ucnonb3oBaHua OCB, B TOM Yucne, Ans OpoLIeHUs.
Hanpumep, obpa3sytoTcs GoraTble KMCNOPOOOM COEdWHEHWS, Takue Kak anbaernabl U KapboHOBbIE KMCIOThI,
KOTOpble MOTYT yBENWYNTL BropaznaraeMocTbk, M MO3TOMY B HEKOTOPLIX CMyYasix Nocne 030HUPOBaHUS MOXET
noTpeboeartkcs aTan GMoONOrMyeckoil JOOUYUCTKN AN yaaneHusa G1uopasnaraeMblix NoBoYHbIX MTPOLYKTOB OKUC-
neHns 1 cokpalleHua HapocTa BMonneHKN.

MpevmMyLiecTBa, HEAOCTaTKU, TEXHWYeCKUe coobpaxeHua MeTonoB obeszapaxmnBaHua 030HOM MpuBe-
JeHbl B Tabnuue 7.

Tabnuuya 7 — lNpenmylectsa, HEAOCTATKU W TEXHMYECKWE coobpaykeHns1 obeasapaBaHua 030HOM [8]

Mpenmyliectsa TexHu4eckne coobpaxeHnsa unnm HegoCTaTkK

O30H achhekTBEH B LULMPOKOM AManasoHe ypoBHel pH, 6oictpo | O3oHMpoBaHMe He obecnednmBaeT OCTATOYHOMo
BCTYNaeT B peakumio ¢ BakTepuamu, BUpycaMmu 1 NpocTedwmnmy | BakTepuumnaHoro unuv Ae3vHUUMpYoLWero aew-
v obnagaer Gonee cUMbHbIMK GakTEPUUMOHBIMW CBOWCTBAMMW, | CTBUS ONA NOAABIEHUS UMW NPedoTBpalleHns no-
YeM xropupoeaHue. OH obnagaeT o4eHb CUMBHOWM OKUCIUTENb- | BTOPHOTO pocTta GakTepui

HOIA CMOCOBHOCTEIO C KOPOTKMM BPEMEHEM peakLmm

B npouecce OMUCTKKM B BOOY He nobaenarTca xumudeckme Be- | O30H XyXe pacTBOpAeTCA B BoOe No CpaBHEHWUKD C
wecrtea XINOpoOM, NO3TOMY Heobxoanmbl HEKOTOpPbIE METO-
Abl CMelLMBaHWA ra3a C XMAOKOCTbHO

O30H MOXeT yCTpaHWUTb LUMPOKUIA CNEKTP HEOPraHW4eCKMX, opra-
HUYECKUX 1 MUKpoBuonorndeckux npobnem u HenMpUATHLIX 3ana-
xoB. Mukpobuonoruyeckue areHTbl BKIoYatoT 6aktepum, BUPYChI
1 npocTerllne (Takue Kak aambruu v Kpunmocrnopuduu)

6.3.5 KoHdourypauma cuctemsl

O30H MOxeT BbITh NONy4YeH B COBPEMEHHOM 030HATOpE. [1pOXoXKaeHNe BEICOKOBONLTHOTO NEPEMEHHOT0
anekTpuyeckoro paspsaga (A.C.) yepes NOToK rasa, CoOepXallero Kucnopoa, NpMBoguT K pacnagy Monekynsip-
HOTO KMCMopoAa Ha atomapHbIn kucnopof. O3oH obpasyetcs, koraa Mmonekynsl kucrnopoaa (O,) pasnaratoTcs
MCTOYHMKOM 3HEpPruM Ha aToMbl KMCIOPOAa, a 3aTeM CTarkMBaKTCs C MONEeKynon kucrnopogda, o6pasys HecTa-
GunbHbIN ras, 030H (O4), KOTOPbIN MCNONbL3YT ANA 06e33apaxnBaHns CTOYHbIX BoA. Ha GonbluMHCTBE BOAO-
OYUCTHLIX COOPYKEHWI 030H NOMy4arT NOCPEACTBOM MPONMYCKaHUS NEPEMEHHONO TOKA BbICOKOrO HAMNPsiXKEHUS
(o1 6 oo 20 kB) yepe3 OM3NEKTPUYECKMIA Pa3pAaHbLIA MPOMEXKYTOK, COAEPKALLWMA KNCNOPOOCOAepXalluia ras.
O30H nony4awT Ha NNoLaaKe, NOCKONbKY OH HecTabuneH 1 pasnaraeTcs Ha 3NeMeHTapHbIA KUCNOopo Yepes
KOpOTKOE Bpems nocre nonyyeHus.

O30H, NPOU3BOAUMbBIA MPOMbILLNEHHBIM CNOCODOM ANA peakuuid OKMCNeHus, Bcerna npovu3BoauTCH B
BMAE rasa U3 04eHb CYX0ro Bosgyxa c koHueHTpauweit ot 1,0 % go 2,0 % no macce unum ns KWcnopoga ¢ KoH-
ueHTpauuen ceoiwe 2 % 1 go 8 % (unw bonee) no macce.

[Mocne nonyveHust 030H NOOAKT B KOHTAKTHYIO KAMEpPY C HUCXOASLLMM MOTOKOM, COLEPXaLly cTOu-
Hble BOAbI, noanexawmwne obezsapaxueaHuio. OcHOBHas 3agada peakTopa 3aknivaeTca B NepeHoce 030Ha
M3 razoBOro nysbipsi B 06beM XnakocT npu obecnedveHMn 4OCTaTOMHOMO BpeMeHW KoHTakTa Ans obessapa-
XuaHus. Kak npaBuno, UCNonb3yoT crefyrolne TUnsl peakTopoBs: AU EY3UOHHBIA My3blpb (C NPSMOTOKOM 1
MPOTUBOTOKOM), BNPbICK NOA AaBMNeHUeM, oTpulatensHoe gaeneHve (BeHTypwu), MexaHuveckoe nepeveLlBea-
HWe 1 KOMOHHY ¢ Hacaakon. [ockonbKy 030H pacxoayeTtca BbICTPO, ero KOHTaKT 4OMKEH BbiTh paBHOMEPHbLIM
B peakTope C NpakTWYecKW naeanbHbIM BbITECHEHWEM.

Buonoruyeckyro HATpMdMKaLMIO, 332 KOTOPOW CriefyeT 030HMPOBaHWe, CneayeT TaTenbHO KOHTPONUpo-
BaTb, TakK KakK NO2 XOpOLUO norrowiaert 030H [8].

6.3.6 MOHUTOPUHI 030HUPOBaHUA

Ona KoHTpons aEeKTUBHOCTM CUCTEMbI O30HUPOBaHWA 0O M nocne obe3sapaxunBaHUs KOHTPONMMPYHT
OTBETCTBEHHbIE MUKPOOMONOrMYeckne napaMeTpbl, TakMe Kak TepMOTOoMNepaHTHble KonudopMbl UMM Apyrue
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nokasaTtenu (Hanpumep, BUPYCbl U NPOCTENLLWE) ONs CUCTEM BOAOMNOTPEBneHnsa BbICOKOro kadecTea, 4Tobbl
OLEeHUTb cnocobHOCTL UX yaaneHWs M [okasaTb COOTBETCTBUE KadecTBa BOAbl TpeboBaHMAM LeneBoro npu-
MEHEHWs, T. €., KaK NpaBuIo, HAaUWOHanNbLHLIM CTaHapTaMm.

UTtobbl ybeanTecs, UTo cucTeMa obea3zapaxuBaHua paboTaeT OOMKHBIM 00pa3oM ¢ TOUKW 3PEHUS KOH-
Tpons obpa3oBaHWs NOOOYHLIX MPOAYKTOB 06e33apaXnBaHUs, MOXHO NPOBOAUTE MOHUTOPWHI OCHOBHbLIX UK
onacHbIX NOBOYHbBIX NPOAYKTOB B COOTBETCTBMM C KOHpMrypaumnen cuctemsi.

[MocKoNbKy O30HMPOBAHWME HAYMHAET UCMONb30BaTbCHA ANSA yOaneHWs HeKOTOPbIX 3arpasHAlLLnX Be-
LL{eCTB, Bbi3bIBAKOLMX HOBYIO 03a004E€HHOCTb, TAKUX Kak (hapMaueBTUHECKNE COeAMHEHWs, MOTYT ObITb npeg-
CTaBneHbl cneyunanbHble NporpaMMbl MOHMTOPWHIA B COOTBETCTBUM C NpeanonaraeMbiMu Lensimu.

MoapobHyk MHopMaLWo 0 MOHUTOPUHIE M KOHTpone cuctemsl cM. B ISO 20468-3 [9].

6.4 BoagencTBUA XMMUYECKOro oGeasapamuBanﬂ Ha OKpYXarwLWyr cpeny

6.4.1 Bo3gencTBMA Ha OKpyXawwyrw cpegy obe3szapaxuBaHMA NOCPeAcTBOM XIopupoBaHus/
6poMupoBaHunA

Bo Bpems obezzapaxuBaHua BOAbl MOMYT MPOWCXOAWTL BTOPUYHLIE peakuuu U obpas3oBbiBaATLCA MO-
BoyHble NnpoaykTel obeszapaxusaHus (DBP). HekoTopele U3 Takux NnobouYHbIX NMPpOAYKTOB MOTYT NpedcTaBnsaTh
yrpo3sy O5si oKpy»alLein cpeabl M3-3a NPUCyLUMX UM CBOWCTB, @ MMEHHO OHM MOTYT NPeacTaBnsTh 3HAYUTENb-
HbIM PUCK ANS BOAHOW cpedbl UK Yepe3 Hee, brnarogapsa CBOEW TOKCWMYHOCTM, CTOMKMM XapakTepucThkam,
CcrnocoBHOCTN K BUoakkyMynsaunn NN SHOOKPUHHOMY paspyLLEHMHO.

Bo Bpems obeazapaxuBaHua BoAbl xnop U 6pom, BEPOATHO, BCTYNawT B pPeakuvio ¢ NPUPOSHBIM Op-
raHumveckum BewecteoM (NOM), KoTopoe npeacTtasnsaeT coboW reTeporeHHy CMecb OpraHMyYecknx mMakpo-
MOMEKYI, M3MEHSIOLMXCA KaK BO BPEMEHW, TaK U B NPOCTPAHCTBE, N B OCHOBHOM COCTOSLLYH U3 T'YMUHOBbIX
BELLEeCTB, KapOOHOBLIX KMCMOT, aMWMHOKMCIOT, 6enkoe 1 yrmesodes. [Moatomy NOM BeicTynaer B KayecTse
npekypcopa npu obpasopaHum DBP, Takmx kak TpuranometaHbl (THM), koTopbie BkmoyawT xnopodopm
(CHCI3), amxnop6pommetaH (CHBrCl,), anbpomxnopmetan (CHBr,Cl) n 6pomodopm (CHBr;). B 6onee Hua-
KMX KOHLUEHTpauusax MoryT Takke oOpa3oBbiBaTbCH ranoreH3aMeLlleHHble YKCYCHbIE KUCMOThbI, ranyaueToHu-
TPWUIbl, TANOKETOHbI U XNOPNUKPWH. dpyrumn BaxHbiMyv DBP asnawotca N-HUTpo3amMuHbl, KOTOpbIE OKa3biBakoT
TOKCMYECKoe BO3LEWCTBUE; OJaHHbIN TUM COeQUHEHUN ABNAETCS KaHueporeHoM Ans vyenoeeka [11], [12].

TpuranomeTtaHbl ABMAKTCA OCHOBHOMW rpynnon DBP, a umeHHo xnopodopm, KOTOPLIM npegcraBnsaet
pUCK ONs 300pOBbS YeloBeKa, PUCK paka, a TakKe nNpeacTaBnsieT pUck Ans 6eHTOCHbIX COOBLLECTB.

Mpumevanume — Xapaktepuctukn NOM, gosa xnopa/bpoma, BpeMsl KOHTaKTa, ypoBeHb pH 1 TemnepaTtypa,
no-euguMomy, BnusoT Ha obpasosaHue DBP. OnpegenerHvne notpebHocTu B xrnope/6poMe MOXeT BbITb UCMONb30BaHO
ANs KOPPeKTMPOBKM MeToaunk obessapanBaHusa, Takux Kak gosa xnopa/bpoma 1 BpeMsa peakuuu, ¢ Lenbio CoKpalleHns
obpasoeaHuns DBP go muHumyma.

6.4.2 Bo3gelCTBMA Ha OKpYXKaKoLWy cpeay ob6e3zapaXMBaHUA NOCPeACTBOM O30HUPOBAHMUA

Kak n gpyrme xmMmuyeckume fesvHpuumpylowme cpeactsa ansa obpaboTtku Bogbl, 030H HecTabuneH B
BOAE W BCTYNAaeT B peakuuu C HEKOTOPbLIMKU KOMMOHEeHTaMK BOAHOW MaTpuubl. OgHaKo ero pasnoxeHwe Ha
HeCenekTUBHbIE TMAPOKCUbHble pagukansl (OH®) nmeeT Gonee WWMPOKWWA CNEKTP OENCTBMA Ha OKWUCreHue
MHOTMX OpPraHUYeckux 3arpsiaHUTENnen, Takux Kak nectuuuabl, dapmaueBTUYeckue npenapartbl U cpeacTea
JIM4HOW TMIMeHbl, HAaTyparbHbIE U CUHTETUYECKME TOPMOHbI. B Xxoge aToro npouecca Takke MoxeT 06pa3oBbi-
BaTbCA HEkoTopoe konuyecTso DBP, ooHako coBpeMeHHbIe 3HaHUA O ero NoBeJEeHUU B OKpYXKatoLlen cpefe
BCE eLle orpaHn4eHbl.

ObpasoBaHne DBP sABnseTca o4eHb CMOXHBIM MPOLIECCOM W CMITBHO 3aBMCUT OT XapaKTepUCTUK BOAbI
(Hanpumep, TOC, Gpomuabl, aMMuak, kapboHaTHas LWenoYHOCTh), a Takke OT MCNOoMb3yeMbIX TeXHOMOrMM
Q4YMCTKM M paboymnx napaMeTpoB (Hanpumep, ypoBeHs pH, Temnepartypa, go3a 030Ha, BpeMs koHTakTa). Cne-
LOBaTenbHO, AaXe Ha ogHOM obbekTe MoryT HabnogaTecs ce3oHHble kKonebaHus. Kpome Toro, npu 030HUpoO-
BaHun DBP obpa3syeTca cnoxHas CMeChb W MOXET Bbl3blBaTb CUHEPreTMHecKUe UMM aHTaroHWCTUHECKMe B3a-
NMOAENCTBUA C APYrMMY BellecTBamu, T. €. 0bpaboTka 030HOM MOXET Nnbo yeBenuymnsath, NMB0 yMeHbLLATb
TOKCMYHOCTb M MyTareHHoCTb.

OkucneHne xnopa v bpoma MOXeT TakkKe NpuBecTy Kk oOpasoBaHUO XnopaToB 1 DpomaToB, KOTopble
OKa3blBalT TOKCUMYECKOE BO3AenCcTBMe. bpomMaTsl ABNAKTCA NOTEHUMAaNbHBIM KaHLepOoreHoM.

ObpazosaHve DBP cnepyet KOHTPONMPOBATL C MOMOLLbI) O4HOMO U3 CrieaytLlmnx MeTogoB:

- ydaneHvem npekypcopoB, KOTOpbIE BCTYNAOT B peakuuio ¢ Ae3nHpUUUpYWMMIM cpeacTeamun Ans
obpa3zoBaHus HexenatenbHbix DBP (CHmkeHWe kKoHueHTpauum NOM);
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- onTuMu3aumen obpaboTku Boabl Anst KOHTpons obpasoeaHus DBP, Hanpumep, NnocpeacTBOM KOHTPO-
N5 ypoBHst pH W/Wnu KOHLEHTPALWMM PacTBOPEHHOIO 030HA;

- yoaneHwem obpasoBasluiuxca DBP (rmybokasa goouncTka).

OTO Takxke OTHOCUTCS K Xnopy/bpomy (cm. 6.4.1).

7 YneTpadmonetoBoe obeszapaxuBaHue

7.1 O6wue nonoxeHus

Y6uBaowmin Mukpobbl ybTpadMoneToBbIn CBET — 3TO YacTb CBeTOBOro cnektpa oT 200 Hm 40 415 Hm,
KOTOpas MPOHUKAET U NOBPEXOAET CNOpPLI, LUCTLI U BereTaTuBHbIE KNneTku. [lokazaHa a(pPeKTUBHOCTD yrkTpa-
duroneToBOro ceBeTa M3ny4eHUs NpoTuB BakTepuanbHbIX U MPOCTENULLMX NAaTOFrEHOB, BUPYCOB M BOAOPOCIIEN,
a Takke MUKpoboB, obpa3zywnx BUONNEHKY, KOTOPbIE YCTOWUYMBLI K OBBIYHO MCNONB3yeMbIM Ae3UHPULMPY-
oMM CpeacTBaMm, TakuM Kak xnop. 370 Gonee 6e30MacHO B CENbCKOXO3ANCTBEHHbLIX YCIOBMAX, NMOCKOMbKY
nepefo3vpoBka ynesTpaduonera Ha Body He BMNUSIET, B TO BpEMS Kak Nepefo3MpoBKa XMMUKATOB B BoAE MO-
XeT oTpuLaTernbHO cka3aThbCH Ha opoLllaeMon NPoayKUWK.

[nsa pasHbix LeneBbIX OpraHu3MoB TpebyoTcs pasHblie 003kl YO. YO MOXET HeMTpanu3oBaTbk NaToreH-
Hble MUKpoopraHuamel 6e3 06pazoBaHus KaHLeporeHHbIx NOBoYHbBIX NpoayKToB 0be3zapaxuBaHusa (DBP) unn
OCTaTKOB, KOTOpPbIE MOTYT OKa3aTb 3KOMOrMyeckoe BO3LENCTBME HA NPUHUMAKLLME BOOOTOKU.

MexaHnam obeazapaxmBaHusa YP-CBETOM 3Ha4YUTENbHO OTNMYAEeTCsd 0T MEeXaHW3MOB XMMWYECKUX [e-
3UHULMPYIOLLMX cpefcTB. YP-cBeT MNornowaeTcs KNeTKon U HelTpanuayeT MUKPOOPraHu3aMbl, NoBpexaas
WX HYKITEWMHOBY KUCINOTY W DenkW, Tem cambiM JefaeT He BO3MOXHOW WX pennuKkauuio UK, B HEKOTOPbLIX
cny4asix, BOCCTAHOBMNEHWE NOBPeXAeHUn. MukpoopraHnam, KOTOpLIA HEe MOXEeT pennuuMpoBaThCs UMK BOC-
CTaHaBNUBATLCH, HE MOXET 3apa3suTb X035IMHA UMK PacnpoCTPaHUTLCS.

[MpoekTupoBaHue, 3KcnnyaTaumnsa u obenykmeanue cuctem Y®O-obeazapaxmBaHusa TaKke OTNMYaKTCA OT
TPaauLMOHHbBIX XMMUYECKNX Oe3vHPULMPYIOLLMX CPEACcTB. Takue acnekThl, Kak TeMmnepartypa 1u ypoeeHb pH,
KOTOpble SBNAKTCA BaXXHbIMK ANA 3 eKTUBHOCTA XMMNYECKOro obea3apaXmnBaHus, NPakTUYeckn He BNUsT
Ha athdekTUBHOCTL YP-0be33apaxuBaHums.

Mockonbky yneTpaduoneT He OCTABMAET OCTATKOB, KOTOPbIE MOXHO KOHTpPONMpOBaTh, YToBLI onpege-
NUTb, NpaBuUnbHO N BbinNa nonydYeHa [os3a, cuctembl YO-ob6e3zapaKmBaHUs OOIDKHBI MPOWTKM Banuaauuio,
4TOBbI MOXKHO BbINO paccynTaTh HEODXOAUMbIE NapameTpbl ANA OOCTUXEHUA Heobxoammoro ypoBHs obes-
3apaxuBaHWA B KaxJOW KOHKPETHOW cuTyauuu. Banudauuw yneTpaduorieTOBON CUCTEMbl BbIMNOMHSAT B
COOTBETCTBMM C onMybnvKoBaHHbIMK NpoTokonamu. lMpowegwas sanugaunio YP-cuctema MOXET 3aMeHUTb
XYMUYECKNE peakTWBbl ANs NnepBuYHoro obessapaxnBaHWs CTOYHbIX BOZ AN OPOLUEHKs], MOCKOMbKY OHAa Cno-
cobHa HeNTpanu3oBaTh Kak TUMOBbIE, TaK U XMMUYECKN YCTOMYMBLIE BakTepuu, BUPYChl, rprbK1, BOAOPOCTN,
NneceHb W OpoXKK, He obpas3oBbiBas NpyU 3TOM KaHueporeHHble DBP.

CooTBeTCTBYIOLLME METOALI BanuaaLMmM paccMaTpuBakTces B pasgene 7.7.

MockonbKy Nepruoanyecknii KOHTPOIb OCTaTKOB He SIBNSAETCA akTyanbHbIM AN Y®-usnyyeHus, nocne
MOHTaxa Y®-ycTaHOBKM ANSA OLEHKU U NpoBepky 3dpdekTUBHOCTU YD-nanydeHusa TpebyeTcs TONMbLKO Henpe-
PLIBHBIA MOHUTOPWHT KIMOYEBLIX NepemMeHHbIX. K knoyeBsIM NepemMeHHbIM OTHOCATCS:

- WHTEHCUBHOCTb Y®-n3nydyeHus;

- CKOpOCTb NMOTOKA;

- nponyckaHue ynetpaduoneta (UVT).

JKcnnyaTaunoHHble NepeMeHHbIe, Takne Kak 3arpsisHeHuWe, cTapeHne M MOLLHOCTb MaMrbl, Takke cne-
AYeT y4nTblBaTb NpU oLeHKe adppekTUBHOCTN YP-nanyyeHus [13].

7.2 TexHonorum yanpaCbVlOHETOBOFO U3ny4yeHuA U npuHUMNn Ux HEﬁCTBHH

7.2.1 O6wWwmMe nonoxeHns

YneTpadMoneToBbI CBET rEHEpPUPYETCs B Namne nyTeM nogadu HanpsiKeHus Ha rasoByt0 CMecCh, B
pesyrnbTaTe Yero NpoucxXoauT paspss poToHoB. KOHKpeTHble AnWHbI BOMH CBETa, M3My4Yyaemoro (DOTOHHLIM
paspsaoM, 3aBUCAT OT 3MeMeHTapHOro COoCcTaBa raza M MOLLHOCTM namnbl. B ynsTpaduoneToBbix namnax,
npenHazHavYeHHblx Ansi o6paboTkm BOAObI, Kak NMpaBWuo, UCMOMb3YT CMECh, COAEPXallylo pTyTb, KOTOpas
nanyyaet ceBeT B BakTepuUMOHbIX ANKMHAX BOMH. B 3aBUCUMOCTM OT NPUNOXEHHOTO OABMNEHUA U HANPSKEHUS,
a TakKe COCTaBNSAILWMX U KONUYECTBA PasNUYHbIX 3NeMEHTOB BHYTPWM namnbl, bygeT reHepvpoBaThCs pas-
NWYHOE coYeTaHue ONWH BOIH.
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OcHoBHOW MexaHu3Mm obe33zapaXmnBaHusa BKINIOYAET NOrMoLleHne ynbTpadronetoBoro oToHa NMpUMn-
OWHOBBIMWA OCHOBAHWAMK (B OCHOBHOM TMMWHOM), KOrga ABa NUpUMUOMHOBbLIX OCHOBaHWSA Haxo4aTcs psaom
apyr ¢ gpyrom B uenu OHK. B peaynstate obpa3syeTcs «AMMep», KOTOPbIA CBA3LIBAET [ABa OCHOBaHUA BMe-
CTe, NPenATCTBYS pennukauuu. YnsTpadroneToBbIf CBET TAKKE MOXET NOBpexXaaTe KNeTouHble MemMOpaHhl,
knetouHyto PHK 1 MukpobHble Benku, KOTopble MOTYT 3arnyckaTb MeXaHW3Mbl BOCCTAHOBMNEHUS, OCODEHHO Yy
BUPYCOB.

XoTa AnuHbl BonH oT 200 HM Ao 415 HM ABNATCA BakTepUUUaHbIMU, KOHKPETHaA peakuns MUKpo-
ba («athdekT fo3bin) ByaeT oTNMYaTbCs B 3aBMCUMMOCTM OT €ro YyBCTBUTENbHOCTM UMK YCTOMYMBOCTU K
Y®-nanyyeHuro. Takon «CNekTp OencTBUsA» onpenenser 03y, HeobXoauMy NS HeWTpanu3auMyM opraHuns-
Ma, 4ToBbl OH He MOr BOCCTAaHOBUTLCA. KOHKpeTHas fo3a OyaeT pasHoW B 3aBUMCUMOCTU OT TOro, ecnu npu-
MeHSIETCA TONbKO OA4HAa ANMWHA BOMHLI (MamMnbl HU3KOrO AABNEHUS UMW Namnbl HU3KOro AaBNEHUS C BbICOKOMN
CBETOOTAAYEN, UK aMmanbraMHble namnbl), UK, ecnv NPUMEHSETCS HECKONBbKO ANWH BOMH (Namnbl CpegHero
LaBneHust).

CKOpOCTb MOTOKa ABMSETCA BaXKHLIM NapaMeTpoM, KOTOPbIA oTpaxaeT BpeMsA HaxoXOeHUsA BoAbl B Ka-
Mepe obez3apaxuBaHUA 1 BpeMs Bo3nencTeua YO-uanyyeHns. Kak npaBuno, MMeeT MecTo NUHeENHas 3aBu-
CMMOCTb OT J03bl. CKOpOCTL NOTOKA TakKe BMUSET Ha rMApaBnuYeckmMe XapakTepUCTUKU U JO3UPOBKY BHYTPU
Kamepbl.

Y®-cnctembl O0MKHbI obecneymBaTb MOHUTOPWHT MPOU3BOOVUTENbHOCTH B PEXMME pearbHOro BpeMeHu,
4yT06bl AOKYMEHTaNnbHO AoKa3aTk, YTO OHWM paboTalT B 3af4aHHbIX YCrOBUsAX. XapaKTepucTukM, COOTBETCTBY-
tOLLLME TEXHWYECKMM YCNOBUAM, OOSTKHbBI BKITHOYAaTh HaZexallyo o3y, CKOPOCTb NOTOKAa, MHTEHCUBHOCTL Y-
W3IMyYeHus, MaMepsaeMylo KanuMbpoBaHHbBIM OaTYMKOM WHTEHCMBHOCTU Y®-U3nydyeHws, npyv 3TOM YYMThLIBATb
Tekyllee KadecTBo oAbl (UVT). OTueThl 1 NPOTOKONbI UCMONb3YT ANA TOro, YTobkbl B coYeTaHuu ¢ oT6opom
npob M KOHTpPOMNEM NaTOreHoB MOMOYb CEMbXO3MPOWM3BOAMTEND OTCNEeaWTh NKOLIE BO3MOXHbLIE HApYLLEHWA
TEXHONOMMW Oe3UHMeKLNK 1 ONpeaennTb, MOXHO N ybupaTb ypoxan c nons.

MpumeyaHue — YD-U3nyyeHUe B CEMbCKOM XO3SMCTBE YacTO NPUMEHSIOT B TEMNUUAX U KyNbTUBALMOHHBIX
nomelLeHusx Ana 06paboTku ApeHaxHOW BOAbI C LiENLH NOBTOPHOIO UCNOMNbL30BaHWUA 3TOM BOALI ANA opolueHus. B ceasu
C OMacCEHUAMM 3arpsa3HEHWUs BoAbl BaKTEPUAMMW UMW APYTMMK natoreHamu oepmepel BKNagbiBaloT cpecTBa B CUCTEMBI
obes3apaxuBaHus, U YP-UanyyeHne WMCMonb3yeTca kak OOWH U3 BaXHbIX KOMMOHEHTOB ANA 06e33apaxuBaHus Bodbl U
NpegoTBpalleHus pacnpocTpaHeHns BonesHe Ha 300pPOBLIE PACTEHUS.

7.2.2 KoMnoHeHTbI cucTeMbl YP-06e33apaxXMBaHUA

Cuctema Y®-o6eszapaxnBaHnusa MOXKET BKMYaTb B cebs:

- WCTOYHWK YNbTPadMONEeToOBOIO U3NYyYEHWS;

- kamepy obe3s3apaxmnBaHnsa (MHOT4A Ha3bIBAEMYIO «PEaKTOPOM»);

- MycKoperynupywLlyto annapaTtypy, obecneunBatollyo NUTaHUMe, KOTOpoe nNamna npeobpasyeTt B
Y®-dhoToHbBI (3HEpPruio);

- OaTyukY, uaMepsiolme YP-usnyyeHue, reHepupyeMoe Nnammnoi;

- OaTHYMKW, U3MEpPSHLLMEe Ka4ecTBO NOCTyNawLWen Boabl, KOTOpyo obpabaTtbiBaeT ynbTpaduoneT;

- 3aLUWTHBIE UMb3bl AN nammn;

- MEXaHW3Mbl O4UCTKW/MPOTUPKH;

- nporpammHoe obecnedeHune, KOTOPOe yNpaBnaeT TEXHONOMMYECKUM NpoLECCOM;

- nporpammHoe obecnedyeHue, KOTOPOE OTCINEXMBAET TEXHOMNOrMYEeCKUiA npolecc U obecneunsaeT npo-
BEPKY M NPOTOKONMPOBaHUE.

[ns nonyyYeHusi AaHHbIX O PacxXode ANs KOHTPONs A03bl CNEefyeT UCMoNb30BaTh BHELIHEE YCTPOWUCTBO
N3MEPEHWA pacxoaa unu OONyLEHUA O pacxoae.

Ha poctuxumyo o3y Y®-uanydyeHust U KONMUYECTBO IHepruu, HeobBxoaumon Ansi obessapaxuBaHus,
BMWSET KOHUeHTpauus obliero KonuyecTBa B3BeLUEHHbIX TBepabix yYacTvy (TSS), oblwero opraHu4eckoro
yrmepoga (TOC) v pacTBopeHHoro opradmyeckoro yrnepoga (DOC), koTopble B3avMOAENCTBYIOT W BIIMAIOT Ha
KoadduumeHT nponyckaHna YO-unanydeHusa (UVT).

7.3 NcTo4YyHUK ynkTpacproneToBOro NanyvyeHus

7.3.1 O6wKe nonoxeHus

MowHoCcTh ynbTpadnoneToBoro U3nyy4eHnsa 3aBMCUT OT KOHLEHTPauun pTyTy U 0aBneHus napoe pry-
T BHyTpW namn. B Y®-namnax Huzkoro gasneHus (LP) pTyTe Npyv HU3KOM OaBNEHUM NApPOB [MOYTW BAKyYM;
oT 2 x 1075 go 2 x 1073 yHTOB Ha KBagpaTHblA gloWMm] 1 ymepeHHon Temnepartype [40 °C] npoussogut
NpakTUYeckn MOHOXpoMaTUYeckoe (O4Ha AfMHa BOIMHbI) BakTepuuugHoe Y®-uanyvyeHue ¢ ANUMHON BOMHbI
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253,7 Hm. B Y®-namnax cpegHero gaeneHus (MP) ucnons3yetca Bonee BbICOKOE OaBrneHWe napoe [oT 2
£o 200 dyHTOB Ha KBagpaTHbIn gom] U Bonee Bbicokas paboyas Temnepartypa (ot 600 °C go 900 °C) ans
yBenuMYeHns YacToTbl CTOMIKHOBEHUM MexJy aToMaMu pTyTW, YTO NO3BONSET NonyyduTe Y®-cBET LUMPOKOro
cnekTpa (nonuxpomaTudeckuii) ¢ oblel Bonee BbICOKOA MHTEHCMBHOCTLIO.

B HacTosllee BpeMs Ha pbIHKE AOCTYNHLI cneayloue Tunsl namn gns Y®-obessapaxumeanua OCB:

- namna Hu3koro gaenexus (LP).

PTyTHas rasopaspsigHas namna, paboTatowas npv BHyTpeHHem gasnexumn ot 0,13 go 1,3 Na (o1 2 - 103
no 2 - 10~ cyHTOB Ha KB. A0IIM) 1 noTpebnsaemoii anekTposHeprin 0,5 BaTT Ha canTumeTp (BT/cm). OTo no-
3BONSAET MOMY4YUTb NPAKTUYECKM MOHOXPOMATUYECKUIA CBETOBOW MOTOK Ha ANWHE BOMHLI 253,7 HM npu bonee
HU3KoW paboudein TemnepaTtype u 6onee Beicokom Kl npeobpasoBaHusa molHocTH [16];

- namMna HW3KOro JaeneHus C BbiCOKOW cBeTooThadei (LPHO).

PTyTHas rasopaspsgHas namna HW3Koro Aaenedus, paboTtawowas npuv noBblLWEHHOW noTpebnsemoin
anekTpoaHeprum (ot 1,5 go 10 Bt/cm), 4To NprBoaMT K Bonee BbICOKON WHTEHCMBHOCTU YP-U3ny4yeHus no
CpaBHEHWIO C NnamMnamMu HU3koro gaenenusa. OHa Takke obecnevyvMBaeT 3HAYUTENbHLIM MOHOXPOMATUYECKUIA
CBETOBOI NMOTOK Ha AnuHe BOMHbl 253,7 HM. Ha MoHOXpoMaTuyeckMe namMnbl Takke BNUSET TeMnepaTypa no-
cTynawllei Boabl,

- amaneramHas namna.

AmanbramHasi namna — 3T0 flaMna HU3KOro 4aBneHus Ha OCHOBE crnflasa pTyTW (4acTo BUCMYTa), KOTO-
pbIA HAXOAUTCSA B BUAE Kanenb, a He B XXWAKoM cocTosHMKU. OHa MoHOXpomMaTtuyeckasa u obnagaeT bonee Bbi-
COKOW yAenbHOW oTaaqen aHepruun, 4em Apyrue TUnbl Namn HU3KOro gaBreHust. PTyTHbIe WapyKX BbICTyNakoT
B KA4eCTBe perynatopa AaBreHus 1u NpoaneBarnT cpok cnyxbbl namnbl. Tem He MeHee, amarnbraMmHble namnbl
HaMHOro cunbHee HarpesatoTcH npu paboTe, Yem TpaguumoHHele namnel LP, u meHee cTabunbHbl B 3KapKom
Knumarte W npu HectabunbHOM pacxofe BOAb;

- namna cpegHero gasneHus (MP).

PTyTHas rasopaspsgHas namna, kotopas pabotaeT npu BHyTpeHHeM gaenexun ot 1,3 Ma go 13 000 MNa
(o1 2 po 200 chyHTOB Ha KB. AWOAM) 1 anekTpudeckon mowHocTu oT 50 go 300 Br/cm. OHa reHepupyeT no-
NUXpPOMaTUYECKOE M3NMYy4YeHUo ynbTpadroneToBoro ceeTa (MnM nany4eHue LWMPOKOro CNekTpa) C HeCKOMbKN-
MU ANWHaMKW BOJH, Kak npaeuno, ot 200 oo 400 UM, oxBaTtbiBalowee cnekTpbl UVA, UVB, UVC. Ha namnbl
cpefHero gaBneHus He BrMSeT TeMmnepaTypa nocTynawlwen Bogsl.

Jlamnbl HM3KOrO AaBREHUA He cTomnb 3 deKkTUBHbI Ans BTOpuYHbIX OCB ¢ ypoBHem TSS Bbiwe 30 mr/n.
Yem BblIlle 3TW KOHLEHTpAaLUW, TEM MeHbLUe yNsTpadMoneToBOro CBETa NPOHMKAET U MOXET ObITh MOrMOLLEHO
opraHM3amamm.

MonuxpoMaTtuMyeckne namnel CpeaHero AaeneHus notpebnatoT bonblue 3Hepriu, Yem namnbl HU3KOro
JaeneHus, n obecne4dmBaioT Bonee HMU3KOE NPOMNOPLKMOHaNbLHOE Npeobpa3oBaHMe IHEPTUK, HO OHU TEHEPUPY-
toT NpuMepHo B 15—20 pa3 bonble bakTepuungHoro Y®-uanydeHus, yem namnbl HUIKOro OaBNEHUS, U UMe-
0T MeHbLUY obwyto nrnowage. MNMonuxpomatuyeckne Y®-hoToHbI CpeqHero AaBneHus paspyliarT 6enku,
3anyckawLlme MexaHn3mMbl BOCCTAHOBMNEHWUSA, TAK YTO HENTPann3oBaHHbIE MUKPOOPraHU3Mbl HE MOTYT BOCCTa-
HOBUTBLCA Nocrne obeszapaXXuBaHus, NpeodoneBas «TEMHbIE» U «CBETIble» MexaHW3Mbl BOCCTAHOBMEHUS, KO-
TOpble MOTYT UrpaTb ONMpeaerneHHy ponb, 0cobeHHO B OPOCMTENbLHOW BoAe, NOABEPraklLLeNca BO3OeACTBUIO
COIMHEYHOro ceeTa.

TeMnepaTypa BOAbl BMAET Ha BpeMs 3anycka W nepesanycka, u YP-usny4yeHvwe namn HM3KOro gasne-
HWA, HO HEe Namn cpegHero gaeneHws. TemnepaTtypa namnbl BNUAET Ha 3anyck namn MP.

MpumeyaHue — B HekoTopbix cucTeMax Takxke TpebyeTca npolecc oxnaxaeHus onsg nogaepkaHus Hagnexa-
Weirn pabodei TemnepaTypbl Namn U NpefoTBpaLLeHWs NeperpeBa NyckoperynupyoLlwen annapaTypbl U COOTBETCTBYHLLMX
3HEpProyCcTPONCTB.

7.3.2 3aWnTHLIA KOXYX UCTOYHUKA YD-U3nyyeHus

Y®-namMmnbl NoOMeLawT B 3alNTHbIE TUnb3bl. JIlobbie OTNOXeHWA Ha rMnb3e MOryT nornowaTh yneTpa-
(buoneToBbIN CBET U CHUXaTb 3P EKTUBHOCTD.

Mnb3bl, 3aKkpblBaLWKE M 3aWMLLaoWne namMnbl, MOryT ObiTb NOABEPKeHb! TPeLMHaM, KOTopble MOryT
BO3HWKaTb W3-38 BHYTPEHHEro HanpsKeHUs U BHELLHUX MEXaHWYEeCKUX CUM, Taknmx Kak 3aefaHue o4ncTuTens,
rmapoyaap, pesoHaHcHas Bubpaumnsa 1 yaapbl npegMeToB B TEKYLLEN BOAeE.

Bo n3bexaHue TpelluuH 1 nocnegyoLlle yTeukn Boabl creqyeT Haanexalum obpasom obpallartscs ¢
TMIb3amMu, KOrga OHM CHUMAaKTCA ONA PYYHOW OHUCTKM.

21

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 25742
Crpanuua ookymeHTa - https://GostExpert.ru/gost/gost-16075-5-2023



https://gostexpert.ru?utm_source=pdf&utm_medium=67785
https://gostexpert.ru/gost/gost-16075-5-2023?utm_source=pdf&utm_medium=67785&utm_term=page

FOCT P NCO 16075-5—2023

PasHuua TeMneparyp mMmexay FODFNEI?I namnon n 6onee XONMo4HOW BOOOW MOXeT NMPMBECTN K NONOMKe
namnbol. HOETOMy FMNb3bl ANA namn JOJKHbI BbITb OOCTAaTtoO4YHO TONCTbIMMU, 4YTOObI YMEHbLLUNTb UX YA3BUMOCTb
K TpelluHaM 1 3allnTnUTb namny. CHE.‘,EWET MCNONb30BaTh TOJNCThIE TUIb3bl.

7.4 Kamepa obe3zapaxuBaHuna

Heobxogunmo yunTbiBaThL criegylolme pakTopsil:

- BNWSIHWE MOTOKOB BO BXOAHLIX W BbIXOAHLIX TpybGonpoBoAax Ha rMapaBnuMyeckne XapakTepUCTUKW B
Kamepe;

- BIUSIHUE KOHUIypauum namnbl Ha rMapaBiMyeckue XapakTepUcTUKK;

- KOpOTKOE 3aMblKaHWue;

- MEpTBbIE 30HbI;

- Apyrve hakTopbl, KOTOpbIe HapyLlaoT paBHOMEPHOCTL 403kl U TpebyoT Gonblue aHepruv Ans 4oCTu-
KEeHMA HeobxoauMOoK 03k,

KoHdpurypaumsa YO-npubopoB B ycTaHOBKe AorkHa obecrnevmBaTh 3anofiHeHWe BOAOW BCeW kamephbl
AesnHdekunu, 6e3 Bo3ayxa BHYTPU.

7.5 OaTynku

7.5.1 aTt4MKMN UHTEHCUBHOCTU YD -n3ny4eHusn

YneTpaduoneToBoe U3ny4eHue B cucTeme N3MepsioT cneyuanbHbIM AaTYMKOM. Ha MHTEHCMBHOCTL YO-
namnbl BAMAET CPOK IKCnayataumm namnbel U 3arpa3HeHne ee rmnbabi.

B ngeane, B kaxgow namne gomkeH DbITb 4aT4YMK MHTEHCMBHOCTW Y®-n3any4eHnsa 4na uaMepeHus dak-
TUMECKOW MHTEHCMBHOCTU Y®-nanyyeHus, ytobbl onpegenuTe, Beina nu gocTurHyta Heobxoammas [osa B
Kkamepe obeazapaxuBaHud. JaTymkm MHTEHCUBHOCTH Y®-nanyyeHus crnegyeTt KanubposaTb ¥ perynspHo npo-
BEpPATb HA TOYHOCTb.

MMpumevyaHme — Hexkotopble YO-cUCTEMbI MCNONB3YIOT AaHHbIE AaT4YMKa WHTEHCMBHOCTU Y®-n3nyyveHns ans
aBTOMaTUYECKON PErynnMpoBKA MOLLHOCTI Namnbl U, CNEAOBATENBHO, MHTEHCUBHOCTY Y®-13nyyeHns, 4Tobbl KOMNEHCKPO-
BaTb CPOK 3KCMyaTauuu namnbel U gpyriue hakTopbl, BIUSALWIME HA UHTEHCUBHOCTb, AN NOMy4eHus HeobxXoanMOoR 403kl
B 3aBUCKMMOCTM OT Ka4eCTBa BOAbI U CKOPOCTK NOTOKA.

[aTuynkn MHTEHCUBHOCTM YNLTpadhMoneToBOro U3ny4eHusl AOMKHbLI BKMOYaThL B cebs crieqyoLlee:

- ONTUYECKNE KOMMOHEHTHI;

- choToOeTEKTOP;

- YCWUNUTErb;

- Kopnyc,

- 9MNEeKTPUYECKUIA pasbeM.

OnTuyeckne KOMMNOHEHTLI MOTYT BKMOYATL KOHTPONBHBIE OKHA, CBETOBOALI, pacceuBaTenu, guadgparmel
1 huneTpbl.

KoHTponbHble OKHa 1 CBETOBOObLI MOAAl0T CBeT Ha dhoTodeTekTop. Auddysopel n guadparmsl yMeHbLLUa-
0T KOMWYecTBO YNbTpaduoneToBOro ceeta, AocTuratolero hoToAeTeKTopa, TeM caMbiM YMeHbLUAA CHUXe-
Hue ahPeKTUBHOCTM JaTyMKa, KOTOPOE Bbi3biBAET yrbTpadiMoneToBbln cBeT. OnTuyeckne unbTpbl M3MeHs-
0T CMEeKTpanbHY YYBCTBUTENBHOCTL TakuMm 0b6pasoM, Y4TO AaTyMK MHTEHCUBHOCTH YP-U3nyyeHus pearnpyet
TOMBKO HA ONpefeneHHbIN Habop AnvH BonH (Hanpumep, oT 250 go 280 Hm).

JaTumkn MHTEHCUBHOCTU Y®-n3nydyeHUsa MOXHO pasfenuTh Ha CyxXWe W BNaxHble cnegyolum obpasom:

- CyXue OaT4yvKu KOHTPOMMPYKT yNsTparoneToBoe UanyyeHne 4epes KOHTPOrbHOE OKHO BHE MpOTOY-
HOW BOObI;

- BMaxHble JaTyuKkn M3mMepsT YP-nuanyyeHne HenocpelCcTBEHHO B KOHTakTe C BOOOW, NpOTeKalLlen
yepes YCTPOWUCTBO.

KoHTpoOnbHLIE OKHA U CMa4YMBaEMbIe KOHLIbI BMaXHbLIX ATYMKOB MOTYT CO BpEMEHEM 3arpA3HATLCA, MO-
3TOMY WX CregyeT ounilaTe aHanoruyHoO NamMnoBbLIM MMb3am.

Oatynkn nHTeHcuBHOCTU Y®O-U3NyHeHUs MOryT BbIMOMHATL OOHY M3 ABYX (OYHKUMWA:

- pabo4ve gaTyMKM MHTEHCUBHOCTU Y®-13nyYeHns: NoTOYHbIe 4aTYNKN, KOTOPbIe MOCTOSIHHO KOHTPOmu-
PYIOT MHTEHCUBHOCTb Y®-U3NyJYeHus;

- 3TarOHHblE AAaTYMKW UHTEHCMBHOCTU Y®-U3nyYyeHUs: aBTOHOMHbIE OAaTYNKW, UCNOMb3yeMble A5 OLEeH-
KW XapakTepucTuk pabodero gat4ynka UHTEHCUBHOCTK Y®-M3nyvyeHus. 3TanoOHHbIA AaTYMK UHTEHCMBHOCTU YO-
M3rnyJyeHus kanmbpyT He pexe OOHOro pasa B rof Ha aTTecTOBaHHOM 0B6bekTe (Hanpumep, y U3roTOBUTENS)
Onsi NOATBEPXKAEHUA NpaBUNbHOCTU Kannbpoekn [13].
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To4Hble AaTYMKM MHTEHCMBHOCTU Y®-13ny4eHua UCnonb3yloT ANA NpoBepKky Hagnexallen 4o3vpoBKA
Y®-nany4eHusi BO Bpems paboTbl, OHW OOMKHbI UMETL YCTAHOBMNEHHbIA PEXUM NPOBEPKM KanvbpoBKK, YTOObI
rapaHTMpoBaTh, YTO OATUYMKM MHTEHCUBHOCTU Y®P-uanyyeHus Bcerga obecneyvvBaloT NoKa3aHus B npegenax
ponycka 20 % wunu MeHee. Ecnu MHTEHCUBHOCTE Y®-M3nyyeHus Beille DakTUYECKOn, CUCTEMA MOMYYUT KO-
MaHOy NofaBaTh MeHbLUE SHEPTUU U MOXKET He obecneunTs AOCTATOMHOE KONMUMYECTBO 3HEPruK AN Haanexa-
ero o6eazapaknBaHus.

7.5.2 OaTyuku koadhpuruneHTa nponyckaHua YO-uznyyeHumn

UVT (koadhcpuumeHT nponyckaHus Y®P-uanydeHus) sBRAseTcs nokasaTtenem notpebHoctn B YO-
nanydeHun. OH OKazbIBAET CUIMBHOE BNUSAHWE Ha O03Y, NepefaBaemyro YO-yctaHoBkoi. Mpu cHmkeHun UVT
MHTEHCUBHOCTb M3My4YeHUs BO BCEM YCTPOWCTBE YMEHbLUAETCs, YTO CHWXaeT O03y, Nofly4yaemyl YCTpoMn-
CTBOM. ¥nbTpach1oneToBLle CUCTEMBI JOMKHLI BbITh paccynTaHbl Ha HeobBXoaMMYH0 A03UPOBKY YO-13nyveHus
npw onpegeneHHbix napamertpax UVT.

Mexoaa n3 gomsnyecknx 1 XMMuUYecknx CoOCTaBnsalnLWmMX nocTynatwen sogbl, gatduk UVT namepsaet npo-
nyckaHwe onpegeneHHbiX 4uH BonH Y®-cdoTtoHoB Yepes Bogy. BaktepuumaHbie gatdukn UVT, kak npaeuno,
namepsaoT B gnanasoHe oT 250 go 280 HM, dokycupysack Ha 253,7 HM.

UVT uamepswoT no mepe HeobxogumocTu, nockoneky kavyecteo OCB konebrnetca u nuaMeHsieT Konude-
CTBO ynkTpadMoneToBOro U3nydeHuns, Heobxogumoro ansa obecnevenns obeazapaxuraHnsa. Hekotopeie ycTa-
HOBKWM MMeT yHKUWIo uamepenus UVT B pexxume peansHoro BpeMmeHu, npu kotopon UVT aBnserca 4yacTbio
pacyeTta [o03bl YP-U3nyy4eHus, 1 MOLLHOCTb NaMmbl M3MEHSAETCA ANs NOOAEPKaHWs COOTBETCTBYIOLLEN A03b
Y®-nanyveHus.

UVT gonyckaeTcsi UaMepsaTb C MOMOLLLIHO HACTOMBHOMO cnekTpodoToMeTpa UM HenpepbiBHO M3MePATh
BCTPOEHHbLIMW UMK BHELUHUMUK AaTynkamu/aHanmaatopamu UVT B pexxume peanbHOro BpeMeHu.

Oatuukm UVT cnepyet perynsapHo kanubporaTb (B COOTBETCTBUM C WMHCTPYKUMSIMKW W3rOTOBUTENS) U
CpaBHMBaTb CO 3HAYEHWAMMW A5 TOW XKe BoAbl, NOMy4YeHHbIMU C MOMOLLbK HACTOMBHOIO UMW anbTEePHaTUBHO-
ro cnektpometpa. onyctumas norpewHocte UVT cocTtaenseT He Gonee +2 %. Ecnn 3HadveHue UVT Byger
Bblle (haKTMYeCcKoro, CMCTeMa MonyyYuT KOMaHAy nofdaBaTb MeHblue 3Hepruu, U obeszapakuBaHue MOXeT
ObITh He obecneyeHo.

7.6 lMyckoperynupyiowaa annapartypa

['lyCKoperynMpyHJLuyro annaparypy cnegyet 3awnuaTtbk OT Ype3aMepHOoro Harpesa C nNOMOLLbHO BEHTUIA-
U1 N KOHOUMLUMOHNPOBaHUA BO34yXa B COOTBETCTBUM C YCIIOBUAMM Opr)KE‘I}OLLIEF'I cpenbl Ha obbekTe.

aﬂeKTpOMaFHMTHbIE nycKoperynupyrwme annapatbl paGDTal'OT Ha 4acTtoTe CeTU, KOTopasd MOXeT Me-
HATbCA, M obecne4ynBaloT TOMbLKO CTyneH4aTyrw perynmpoBky WHTEHCUBHOCTKW JNamribl. SJ'IE.'KTDOHHbIE MyCKO-
perynupyrwuime annapartbl paGOTa}OT Ha 4acToTe, HDEBbILIJaFDLLIeI;'I HanpsaxeHue cetun, U obecneynBaoT No4TH
HernpepbIBHYH CTyNeH4YaTyr perynmpoBKyY UHTEHCUBHOCTU JaMrbl.

MpumeyaHune — YneTpaMoneToBble Namrbl, NUTALWKUECA OT aneKTpoMarHUTHOW MPA, UMEelT CKNOHHOCTb
k BonbluemMy 3aTEMHEHWIO KOHUA Namnel (T.€. HanblNeHWo anekTpoaos) n 6onee KOPOTKMIA CPOK cny»Obl MO CpaBHEHWUID
C namnamu, 3annTaHHbIMKU OT AaNeKTpoHHOW [MPA, B cBA3K ¢ Bonee BbICOKMMW YacToTamu, NCNonb3yeMbIMW 3MEKTPOHHON
MPA.

7.7 Banvpauusa Y®-ycTaHOBKU

MpownssoguTenbHocTs Y®-ycTaHOBKM OLEHMBAIOT NOCPEeOCTBOM npouecca sBanuaaunn. [JocTaska ao3bl
B Kamepe Y®-o6e33apaxuBaHus C HeMpepbiBHLIM MOTOKOM Y®-1anyyeHns OOBONbHO crioxkHa. MyTb, KOTOPLIRA
NPOXOOWUT OPraHn3M, onpeaensieT KoNMYecTBo ynsTpaduoneTa, KOTOPOe OH MOMyYuT Nepes BbIXOAOM U3 Kame-
pbl 0BessapaxusaHus, 1 ONpeaensieT ero HemTpanusaum. HekoTopble MUKPOOPraHW3Mbl MPOXoasT Brnsko K
Y®-namnam v nony4yatoTt Gonee BbICOKYH 003y 06MyYeHns, B TO BpeEMS Kak Apyrve, KoTopble NpoXoasT Brvsko
K CTEHKaM Kamepsbl, Nony4arT 6ornee HWU3Ky 003y. HeKoTopbie MUKPOOPraHU3Mbl MPOXOAST Yepes Kamepy
HanNpsAMYI0, B TO BPEMA KaK APYrne NPOXOAAT KPYXHbIM nyTeM. B peaynbrarte Kamablil MUKPOOPraHu3M MOXKeT
NOKWHYTb YCTPOWCTBO, MOMYYMUB pasHyto o3y Yd-uanyyeHusl. Yem paBHOMepHee pacrpedeneHune 0o3sbl, TeEM
adhekTUBHEE YCTPONCTBO U TEM MEeHbLLE 3HEPrMKM OHO NoTpebnaeT Ans OoCTUKeHUs HeobXoQMMoii 03k,

0na cozpaHus Hagnexawmx cucteMm Y®-obeszapaxueaHus TpeByeTcs U3MepeHHas W HafexHasa Be-
nuynHa go3el. OHa gomkHa OblTe OCHOBAHA HAa MONMHOMAaCLWTABHbIX MPOBEPOYHbLIX MCMBITAHUAX C U3BECTHbLIM
Npo6rnemMHbIM OpraHM3mMoM, KOTOPLIA Bbin KONMMYECTBEHHO ONPeaerneH ¢ NOMOLLLH UCNbITaHKA addekTa A03bI
KONMMMUPOBAHHOTO My4Yka Mo ony6GnMKOBaHHLIM U MPUHATLIM MPOTOKONAM.
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B 10 Bpems kak ans sanvgauun Y®-obeszapaxnBaHusa NMTbLEBOW BOObl UMEETCH pag NpUeMIemMblX Npo-
Tokornoe (DVGW, ONORM, EPA), pekomeHayeMblA NPOTOKON ANA YCTAHOBIEHWUA 3KBWBAINEHTHON 403bl CHU-
*eHusa (RED) ons Bogbl MOBTOPHOrO UCNonb3oBaHus bein onybnukoeaH B 2012 rogy [17].

Banuvpauna Y®O-ycTaHOBKM MOXET ObiTh BbINOMHEHA HE3aBUCUMOW TPETbEW CTOPOHOM, KOMMETEHTHON
B 0bnactn Y®-uanyyeHus, yTobbl yOeauTees, YTO HOMUHAaNbLHAA 4033 obecneynT HaJexHy o4MCTKy U bes-
OnacHocTb AMA 340poBbsi Hacenewws. [Npy Banupauun Y®-yctaHoBKM paccmaTtpueatoT obnacte paboymnx
pPEeXMMOB, KOTOpasi ONUCbIBaeT Ananas3oHbl CKOPOCTW MoToka, KoadduuneHTa nponyckaHusa Y®-uanyyeHus,
HanpsXeHWs aNeKTPonMTaHus, NoTpebnaemMoid MOLWHOCTM Namn U CONMOCTaBNseT UX C MMKPODUONOrMYecKUMK
pesynsrataMmu Npu pasfnuyHbIX YCrOBUSIX.

OCHOBHbIE KOMMOHEHTHI NpoTOKOoNa Banugauun Yd®-obezsapakmMBaHua Bo4bl ANs NOBTOPHOIMO UCMOMb-
30BaHMWA BKMHOYAOT 0cobble MEeTOAMKN:

- MOArOTOBKM LIeNeBbiX MUKPOOOB;

- UCMbITAHWUA KONITMMUPOBAHHBIM MYYKOM;

- otbopa npob 1 UcnbiTaHWsi BCEW YCTaHOBKM, BKIKOYas MaTpuLly Ka4ecTBa Boabl;

- aHanuaa OaHHbIX;

- MEeTo4oB pacyeTa [03bl;

- KOHKpeTHbIX npegenoe OK/KK;

- KanubpoBKu NpMbopos;

- MPOTOKONMMPOBaHUA.

[nsa cooTBETCTBMA AaHHBIM Banugauun u npuceoeHnss RED moxeT ObiTb cocTaBneHa hopmyna, aHano-
ruyHas cdopmyne (30):

R =102 x A254° x (S/S)¢ x (1/Q)4, (30)

rme R — RED (skBMBaneHTHas [o3a CHbKkenns) — 0o3a Y®-uznyyerus B mOx/cm?;
A254 — nornouweHue npu 254 HM;
S — M3MepeHHbIe NoKa3zaHnsA 4aTHUKa WHTEHCUBHOCTH Y®-n3nydeHus;
Sy — WUHTEHCUBHOCTb Y®P-nanyyeHns npu 100 % MOLHOCTY namnbl;
Q — pacxog;
a, b, ¢, d — koadPULNEHTLI MOLENU, KOTOPbLIE MOMy4atoT Npy NOAroHKe PopMyIbl K aHHbIM Banugaumm [16].
Tem He MeHee, cTaHgapTHan dopmyna MS-2, paspaboTaHHas cneynansHo ONs OYMLLEHHbIX CTOYHbLIX
BOA, ANS NOBTOPHOTO WMCMOJSIb30BaHUSA, OCHOBaHa Ha onpegeneHHblix napametpax OK/KK gns MS-2 n moxet
BLITh Mcnonb3osaHa ansa npucsoerus RED(14) [cm. dopmyny (31)]:

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

rae x — posa Y®-uanyyeHus;
| — HenTpanuaauns.

MonHomacwTabHelie u macwTabupoBaHHLIE NAapaMeTpbl U Npeaens peanu3alum NpegycMaTpuBatoT UH-
Tepnonauuio, Ho He AKCTPaNONALMIO HOMUHANMNbHLIX 3HAa4YeHUA 403bl. OHKM O0MKHbL!I ObiTb OCHOBaHbLI HA CAMOM
BbICOKOM MCMbITAHHOM pacxode, caMOM HU3KOM McnbiTaHHoM UVT, KpuTepusix gatymka, TOYHOCTK, Konuye-
cTBeHHoW oLeHKke OK/KK 1 npeaenax kpuson adocbekta A03bl MS-2 B KayecTBe KOHTPONbBHOro OpraHuama.

i3aMeHYMBOCTL MOLLHOCTU NamMmbl NpeacTaenseT coboi NoTeHUManbLHO CEPbE3HYI0 Npobnemy Ansa mac-
wrabuposaHus YO-cuctembl. [pMHATO c4MTaTh, 4TO YP-namnbl MOEHTUYHbLI, OQHAKO NPY N3MEPEHUW MOLLHO-
CTU NamMmnbl HabnoaaTCs 3HAYUTENLHbBIE OTKNOHEHUS. 3TU PasnuyYusa MOryT OKasaTbh CyLLeCTBEHHOE BNUSHUE
Ha pa3mepbl U NPON3BOAUTENBHOCTE YP-cucTtem, ocobeHHOo npu HebGomnbLIOM KonuyecTBe namn. Oxungaercs,
4yTo B Gonee KpynHbIX cMCTEMaxX M3MEHYMBOCTb MOLLYHOCTW namnbl Oy4eT oKasbiBaTb MeHee 3Ha4duTenbHoe
BMWSIHWE Ha NPOM3BOAMTENBHOCTD NpoLecca. ITW apryMeHThl yKasbiBakT Ha eLle O4MH YPOBEHb MOrPeLIHOCTH
npw nNepexoge OT 3KCMEePUMEHTAanNbHbIX YCTAaHOBOK (rae Hebonbloe KoNMYecTBO namn SBMNSETCS HOPMOW) K
nonHomacLwTabHbIM cuctemMam. B HEKOTOpPbIX cnyYasx Anst rapaHTuy NPOU3BOANTENBHOCTM CUCTEMBI MUCMOMb-
3yl0TCA MOOENW BblYUCnUTENbHOW rmapoguHamukn (CFD), ecnu nonHbii gnanasoH paboymx napameTpoB He
npoLlen Banugauuio.

YToObl yCTpaHWTb OnaceHus no noeogy macwTabupoBaHus, NpoBoaAT BbIOOPOYHYHD OMOOLEHKY, B
X04e KOTOpOW uccrnegyerca M npoTokonupyeTcs dpakTudeckas NMpou3BOAMTENbHOCTb MOMHOMacLuTabHow
YCTaHOBKM.

Cuctema pgomkHa BbITh paccyMTaHa Ha [o3y YP-uanyyeHus, Ucxona u3 HOpMaTMBHbIX TpeboBaHuWA,
TWNa NOBTOPHOIO MCMNOMb30BaHWUA CTOYHbIX BOA M MaKCMManbHOro CyTOYHOro pacxofa. Tpebyemas gosa Oy-
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OET 3aBUCETb OT Tuna npegsapuTensHoi obpaboTku (Hanpumep, UNbTpaLMs Yyepes NOpUCTYD MeMbBpany,
MUKpOMUNbTPaLKUa Uy unsTpaums Yepes nonynpoHuuaemyo membpany). JocTurHytas 4osa AOrmkHa no-
CTOSIHHO PerMcTprMpoBaThCH, TAKKE Kak U MHTEHCUBHOCTL Namnbl, KO dULUEHT NponyckaHusa YPO-nanyyeHus
W CKOpPOCTb noToka [17].

7.8 AdhekTUBHOCTL cucTeMbl YD -06e33apaXvBaHus

PaznuyHble KoHUrypaumm cucteMbl (HanpuMep, OTKPbIThIA KaHan, 3akpbiThlA KaHarn, pa3nuyHblie opu-
eHTauuu namMn v T. 4.) onpegenswT rmapaBnuYeckuic npocunb M pacnpeneneHvwe o3bl. Takum obpasom,
Y®-ycTaHOBKM UMEIT pa3nuuHbie TpeboBaHUA K MacluTabUpoBaHWIO, PACMONOXKEHUID U MEXaHWYeCKoMY pe-
3epBUpOBaHUID, YTO onpedenseT aeKTUBHOCTE YD-CUCTEMBL.

Pacxopn B cucteme Y®-obezzapaxuBaHusa OOMKeH ObITe Kak MOXHO Bonee paBHOMEpPHLIM, C AOCTATOY-
HbIM ABWXKEHWEeM U NepeMellvBaHneM NS MakcumarnbHoro Bo3genctensa Y®-usnyyeHusa. HeMm paBHoMepHee
pacnpeeneHne Ao3bl, TEM HWXKe NoTpebHOCTL B sHeprun Ana obecneveHnna obessapaxuBaHns. KoHCTpyKUKs
Y®-yCTaHOBKM [OMKHA UCKIMKYaTbh KOPOTKUE 3aMbIKaHWUA W/MINW MEPTBbIE 30HbI, KOTOpPbIE MOTYT MPUBECTU K
LMPOKOMY pacrnpeferneHuo 403kl W, crefoBaTernbHo, K HU3kon addpekTuBHOCTH [2].

O heKTMBHOCTL YCTAHOBNEHHOW cucTeMbl Y®-0be3zapaxmBaHus, Kak Nnpasuno, 3aeucut [15]:

- OT MHTEHCUBHOCTU YD-U3ny4YeHus u npodunsa AnuHbl BOMHbl B CPABHEHWUW C XapaKTepucTukamMmu no-
CTynaloLlero noToka 1 uenesbliX OpraHn3mMoB;

- TWMMOB M KOHUEHTpaLuu1 OpraHM3MoB B NOCTyNalwLWen cpeae U cnekrpa ux 4encTeus;

- KONMW4ecTBa BPEMEHW, B Te4YeHWe KOTOPOro MMWKPOOPraHW3Mbl MOABEprawTca BO3AENCTBUIO YO-
nanyJveHus;

- KOHJUrypaumm UCTOMHUKA YD-nanyveHus u rmapaBnuyeckux CBONCTB;

- pacnpegeneHus/paBHOMEPHOCTUN 403bl BHYTPU YCTAHOBKM;

- KayecTBa NoCTynalLen Bodbl C TOMKU 3PEHUA XMMUYECKUX XapaKTepUCTUK, UBeTa, CoaepXXaHusa pac-
TBOPEHHbIX YacTul, TBEPAbIX YACTUL, MU OPraHU4eCcKNX BELLECTB;

- KoadbdbmuymeHTa nponyckaHmsa Y®-usnyyeHns BoAbl N0 CPABHEHUKO C KONMWYECTBOM YP-uznyvyeHus B
kamepe obe3zapaxuMBaHus;

- BMoobpacTaHMsa W 3arpAa3HeHNst OT MarHus, XXeneaa v KanbLus.

7.9 OyucTka

HepocTaToyHas OYUCTKA W OTMOXKEHUS Ha rUnb3ax namn SenawTca Hanbonee pacnpocTpaHeHHbIMU
npoGnemamu, npenaTcTByloWMMU addekTuBHocTn Y®-cuctembl. HekoTopbie MeToabl NpedoTBpallakT oT-
MOXEHUS, @ HEKOTOPbIE YAanawT UxX. [na npeqoTBpalleHust OTNOXKEHUA Ha NaMnax gonyckaeTcs NpUMeHsTh
yNbTPa3ByKOBYK OYMCTKY. [Na yaaneHus oTNoXeHWn MOXEeT MCMonb3oBaThCcA (uavdeckas 04uMcTKa namno-
BbIX MMMb3 OOHWUM M3 CnegyroLMx MeToA0B:

- CHSTUE 3alMUTHBLIX KOMMOHEHTOB, X XMMUYEeCcKas O4Y1CTKa 1 BO3BpalleHWe Ha MecTo;

- aBTOHOMHAasA XMMUYecKasi O4MCTKa, NMpPW KOTOPOA YCTPOMCTBO OTKIOYANOT, APEHMPYIOT U MPOMbLIBAKOT
YUCTALLMM PacTBOPOM;

- MeXaHW4eckMe MeTOAbl OYUCTKM C NMOMOLLbI0 MEXaHUYECKUX CKpebKoB, KOTopble (DU3UYECKU yOansoT
3arpsA3HeHKs C NOBEPXHOCTU MMIb3bl NamMnbl U He TpebyloT cnuea BoAbl N3 YCTPOKMCTBA, KOTOPOE MOXET ocTa-
BaTbCs B paboyem pexume. B HEKOTOPLIX Cry4asax UCMOMb3yeTcsl NPOCTO CKPeBoK, a8 B HEKOTOPbIX — MULLEe-
Bble XMMUYeCcKMe pacTBopbI.

MepuoguYHOCTE OYUCTKU 3aBUCUT OT KOHKPETHOTO 06beKTa, MOCKOMbKY HEKOTOpble CUCTEMBI creayeT
YUCTUTL Yalle, Yem Apyrue. XMMUYEeCKy O4YMCTKY MPOM3BOAAT C MOMOLLbLI NMUMMOHHOM KUCNOThl. Opyrue yu-
cTAWMe CpeacTBa MOryT BKMOYaTh criabble pacTBoOpbl YKCyca, TMapocynbduTa HaTpus unu ocopHOM KUC-
noTel. [lonyckaeTcs MCMbITbIBaTh COMETaHWUe YACTALLMX CPeACcTB, YToObl HalTKU cpeacTBo, Hanbonee Noaxoas-
Wwee ana xapaktepuctuk OCB 6e3 o6pazoBaHUs BpeaHbIX UMW TOKCUYHBIX MOBOYHLIX MPOOYKTOB.

7.10 BosgencTteusa Y®-o06e33apaxMBaHWUA Ha OKpYXalolytlo cpeny

XoTda ycnoBusa npumMeHeHus Y®-obessapaxuBaHua MOryT ObiTb pasHbIMW, PUCK HEraTMBHBLIX MOCMeq-
CTBMIA ANSA OKpYXakllen cpedbl MMHMManeH. B uenom, Gonee ANWHHbIE BOMHbLI C MEHbLIEN BEPOATHOCTLIO
npvBOAAT K obpasoBaHuio NoboYHbIX NpogyKkToB obessapaxusanus (EPA 1997) [18]. Bonee Bbicokue A03bl
(cBbiwe 100 M,U,}KI'CM2) B Boax, boraTteix HATpaTaMu, MOryT NpUBECTU kK 0Bpa30BaHMI0 HEKOTOPOro Konuye-
CTBa HUTPUTOB, XOTA, Kak NpaBuIo, X codepXaHue HuKe pekoMeHaoBaHHbX BO3 npegenos. OpueHTHMpO-
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BOYHOE 3Ha4yeHue A5 HATPUTOB B MWTbLEBOW BoAe cOocTaBnsieT 3 Mr/n B BUAE HUTPUT-UMOHA (3KBUMBANEHTHO
0,9 mr/n B BMae HUTpuT-a3oTa) [19]. COpoc obezzapaxeHHoW ynsTpacUoNeToM BoAbl B OKPYKAKLLY cpeay
He npegcTaBnAeT PUCKa 3arpsas3HeHns.

7.11 MpeumyuwiecTBa, HeJOCTaTKU U TeEXHUYecKe coobpaxkeHna metoga YP-o6e3zapaxuBaHus

MpevMyLecTsa, HefOCTaTKN 1 TexHu4eckne coobpaxeHna MeTogos Y®-o6easapaxrBaHus nepedncre-
Hbl B Tabnuue 8.

Tabnuua 8 — lNpeumyLlecTBa, HeQOCTATKM U TEXHWYeckne coobpaxeHun Yd-obeszapakmBaHnsa

Mpeumyuiectea TexHu4yeckue coobpaxkeHus W/Mnu HegocTaTku

AdhhbekTMBHO B LUMPOKOM AmnanasoHe ypoeHel pH, 6bl- | He obecneunBaeT octaTouyHOro GakTepuuMOHOrO MNK ge-
CTPO BCTYMaeT B peakumio ¢ BaktepusamMu, BApPycaMu 1 | 3MHMDULMPYIOLWEro 4eCcTBMA AN NOAABNEHUS UNK NPEnoT-
npocTedwmmn, n obnagaet 6onee cunbHbIMW GakTepu- | BpalleHUs NOBTOPHOIO 3apa)eHus

LUMAOHBIMKY CBOACTBAMM, YEM XNOPUPOBaHUE

KopoTkoe Bpems peakuum YneTpadUoneToBbIi CBET HEMTPaNM3yeT MUKPOORraHU3Mbl,
NoBpeXaas UX HYKNEeWHOBYIO KUCTIOTY 1 Benku.
MpenoTepawaeT nx pennvkaumio, Ho HEKOTOpPbLIE TIOBPEX-
[eHWs1, Bbl3BaHHbIE MOHOXPOMAaTUYECKUM YD-KUanydeHeM,
MOryT BbITb BOCCTAHOBMEHLI NOCPEACTBOM (hOTOpEaKkT1Ba-
UMM M TEMHOBOI penapauum

B npouecce ouMcTkM B BOOY He gobanswTca xuMude- | Tpebyetcs Bobicokoe kadecTBo OCB [coOTBETCTBYHOLWNIA KO-
CKWEe peaKkTUBbI athchuumeHT nponyckaHna YO-uanydenuns (UVT)]

OrtcyTcTBMe 0oBpasoBaHus nNobovHbIX NPOOYKTOB, onac- | TpebyeTcs NOCTOAHHBIA U HAOEXHbLIA UCTOYHUK NMUTaHUS
HbIX ONS 300POBbS

OTcyTCTBME aKOonoru4eckoro yuepba HeobxogumocTe Ge3onacHon yTunuaauum oTpaboTaHHbIX
namn

MeTon He TpebyeT 3HauuTenbHoro obcnyxwuBaHus U | TpebyeTcs KOMMBIOTEPHOE OTCNEXMBAaHWE AN NPOBEPKA
npocT B obpalleHunu

8 YpaneHue naTtoreHoB ¢ NOMOLLK MeMOpaHHbIX METOOOB

8.1 O6wuMe nonoxeHunA

YaaneHve natoreHoB ¢ MOMOLLbH MemMBpaHbl B OCHOBHOM OCYLLECTBAETCA NMOCPeACTBOM (hunbTpaumnm
BOObl Yepe3 MeMbpaHbl ¢ onpeaeneHHbIM OMaMeTPOM Mop, KOTOPbIA MeHblle pa3Mepa KINeTOK NaToreHos.
Mpouecc membpaHHOM UNLETpaUMmn yoanseT naToreHHbIe MUKPOOPraHn3Mbl 1 BUPYChl U3 BOAbI, HO HE Hel-
TpanuayeT uxX. KOHUEHTpaT, He npoluedwni Yyepea meMmbpaHy Heobxoammo GesonacHo obpaboTtaTte unu yaoa-
NUTb, TaK Kak OH MOXET COAepKaTb BbiCOKWe KOHLeHTpaLUun natoreHoB. COBMeCTHoe NpUuMeHeHue memepaH-
HOW TEXHOMOTUK C OPYTMMKU TEXHOMOTMAMK obe3zapaxuBaHns B KayecTBe «MynbTubapbepa» obecneunsaet
adhpekTMBHOE 0be3saparkmBaHne AN BbIMOMHEeHWA CaMblX CTPOrMx TpeboBaHui.

8.2 MembGpaHHana cucTema

YctaHoBka membpaHHoN hunbTpaumuy, Kak npaBuno, COCToUT 13 unsTpa, MembpaHHbix Moagynen, 6a-
KOB, HacoCOB, OMWCTHOIO YCTPOMCTBA W BCnomoratensHoro obopynosaHus. MemBpanel MF/UF cocToaT u3
NMONMUMEPHbIX UMK KEPaMUYECKMX MaTepUanoB, KOTopbie 0bnagakT NOPUCTON CTPYKTYPOR.

Mo pasmepy nop membpanbl MF/UF nogpasgendatoTcs no TunaM TEXHOMOrMK, kak nokasaHo B Tabnuue 9.

O eKT KOHUEHTPUPOBAHUA NATOreHOB NPOUCXOAMT MO «MEeXaHW3My cuTa» M 3aBUCUT OT pasMmepa nop
B NMOPUCTOWN CTPYKTYPE 1 pasmepa pasfensaemMblx BeLecTB.

MemBparbl NF/RO npumeHumsbl ans yganeHus TDS v 6opa.
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Tabnuua 9— Tunsl MembpaH 1 LeneBkble 3arpasHaAoLLMe BelecTea [21]

TMP,
npnbnuan-
Tun TexHonorum MembpaHa TenbHbIA Yaansiemble 3arpssHaoLLMe BellecTsa Ng&g)o
ananasoH
(MMNa)

Mukpodunsrpauusa MF <0,2 Yactvubl anametpom ot 0,05 go 2,0 mkm: TSS, myT- >5 000
MeMbpaHHan HOCTb, MO KpanHerh Mepe, 4-noraputMmnyHecKoe CHUKe-
TexHonorus HUE COOEPKaHWUA OOLUCT U LIMCT NPOCTEenlnX U BakTe-

pWiA, HO HE BUPYCOB
YnbrpadcdunsTpauma UF 0,2—1 0,008—0,05 mkm: TSS, myTHOCTb, Makpomonekynel, | 5—5 000
mMembpaHHas Konnouael, No KpawHel wmepe, 4—6-norapudpmuye-
TexHonorus CKOE CHWXEHWE COoLepXaHus npocTerlunx u baktepui

1 1—6-norapnMmuyeckoe CHMKEeHNEe COOepaHusa BU-

pycos
HaHodmnbsTpaumsa NF 0,5—3 0,001—0,02 MKM: necTMuMabl U gpyrMe MakpoMoreky- 0,1—5
memBpaHHas nbl (C BLICOKMM MOMEeKynsipHeIM BECOM), LIBET, KOMMou-
TexHonorua [bl, BCE IPyMbl NaTOreHOB W NOMWBAaNeHTHbIE KAaTMOHbI.

NF ucnonesyetcsa Bmecto RO, ecnu Tpebyetca Toneko

CMSAM4YeHWe Unu YyacTnyHoe obecconueBaHve
O6paTHbLIA OCMOC RO 0,5—7 0,0001—0,002 mkM: ucnonb3yeTcs Ans yaaneHus pact- <01
memGBpaHHas BOPEHHbLIX COMEl M KOMnouaHbIX/PacTBOPEHHLIX TBEP-
TexHonorus ObIX YacTul, BKNKOYas cnefbl OpraHuku, NocpeacTBOM

pasgeneHuns no pasmepam U auddyaun pacteopa

8.3 YpaneHue naToreHoB ¢ NoMOLWbI MeMGpaHHOW (hUNLTpauun

[MpoekTupoBaHue 1 Boibop memBpaHHoro o6opyoBaHWA M CUCTEMbI OCYLLECTBMASAKT B COOTBETCTBUM C
cepTuhMLUMpoBaHHbIM 3HaYeHreM norapudmMmyeckoro ymenbolienus (LRV) ons kaxgoro knacca naToreHos.
Cuctembl MF adhdbekTuBHbBI AN8 yaaneHus 0oLUCT U LUCT NpocTewnx, bonblnHcTBa BakTepuii (Ho He BCex),
HO He BUPYCOB, B TO BpeMsa Kak cucTteMbl UF cnocoBGHbl yoanute BONbLWIMHCTBO npocTerwunx, baktepuin u
BupycoB. CTeneHb yaaneHus pasnuyHbiX NaToreHoB B pasnunyHbiX MEMOpaHHbLIX cUCTEMax npeacTasneHa B
Tabnuue 10, npunoxeHun B 1 Tabnuue B.1.

OoumcTbl kpunmocrnopuduu He HEeWTpanuaylTcA npyu obe3szapaXKMBaHWUKU XITOPUPOBAHUEM, HO MOTyT
ObITb 3chheKTUBHO YAaneHb! ¢ MOMOLLBK MeMBpaHHOR UNLTpaLun.

MembpaHHble cuctembl NF/RO He Tak 4yacTo NpMMEHSATCS ANA yAaneHus naTtoreHoB, MOCKOMbKY UX
CKOpPOCTb yOaneHWsi NaToreHoB He MpeBbllliaeT CKOPOCTb yAaneHus naToreHoB MemMOpaHHbIMWU CUCTEMaMU
MF/UF ¢ To4kn 3peHus LRV.

MpeumyuwiecTeom npouecca MmembpaHHON OUNbTpaLnK ABMSETCA BbICOKUIA YPOBEHb yOaneHus na-
TOreHOB, 4OCTUraeMbli NpY COYeTaHun C APYrMMKM TeXHONOrMaAMK obes3apaxvBaHusa B Ka4ecTBe «MyJlb-
Tubapoepa».

8.4 Bonpochkl 3kcnnyatayuu u obcnyxnBaHua

I'lpw MCnonb30BaHWUN MEM6paHHbIX cucteM Heobxoaumo Y4HUTBIBATE Crneayrwumme MOMEHTDI:
- XapakTepWCTUKK CbiIPpbEBOW BOAbI;

- YTUnnm3auuw KOHUeHTpaTa;

- KOHTPOIb 3a 3acopeHnem MEMGDaHbI;

- Hagnexalum MOHUTOPWHT CUCTEMEI.

[NonHoe onucaHue cMm. B npunoxeHun D.

8.5 MoHUTOpUHIr

OCHOBHbIMK NpeaMeTaMn MOHUTOPUHIa MeMBpaHHON hunsTpaLnn SBNSOTCA Ka4eCTBO BOAbI M LIENOCT-
HOCTb MeMBpaHbl. XapakTepucTukn MembpaHbl U NpoBepKka LenocTHOCTM NogpodbHo onucaHel B ISO 20468-1
[20] v ISO 20468-5:2021 [21].
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B oTHOWeHMM KayecTBa BOObl MMEHTCA [Ba acnekTa, KoTopble cnegyeT KOHTPONUpoBaTb M oTcne-
XKUBaTb:

a) KayecTBO MCXOAHOM BOAb! (Ha BXOAe): NepBbie UCNbiTaHMaA kavyecTBa OCB Ha Bxoge B MeM6paHbl
NpoBOAOSAT Ha cTaguu NpeaBapuTensLHOro NpoekTupoBaHusa. CTpaTernsa npenBapuTenbHOM OYUCTKM O0MKHA
6bITE ONpeaeneHa COOTBETCTBYHOLWMM 06pasoMm:

B npouecce akcnnyatauum MeMGpaHHON CUCTeMbl crieyeT NpoaohKaTb MOHUTOPUHE (hakTopoB, nepe-
YMCreHHbIX B NyHkTe 1 npunoxenuss D. B oTnnume oT npupogHoro uctovHuka sogbl, kayectso OCB moxeT
BPEMEHHO WU NOCTOAHHO MEHATLCS, 0COBEHHO Korga Ha OYMCTHbIE COOPYXKEeHWS NMOCTYNalT CTOYHbIe BOAbI
NMPOMBbILLNEHHOTO MNPOUCXoXaeHWs. MepUoanYHOCTE MOHUTOPUHTA YacTM UMK BCeX NapaMeTpoB A0MKHAa CooT-
BETCTBOBATL TAKOW MU3MEHUMBOCTWU, ONPEAeneHHoW ¢ TeYeHUEM BPEMEHU,

b) kayecTBo MpodyKTa (BbIXOA): TAKOW MOHWTOPWHI MPOBOAST ANS TOro, YTobbl YCTAHOBWUTL, COOTBET-
CTBYIOT N CTOYHbIE BOAbI, OYMLLEHHLIE C MOMOLLLI0 MeMBpaHHON TexHomnoruu, TpeboBaHuaM, YyCTaHOBMNEH-
HbIM MECTHbIM 3aKOHO4ATEeNbCTBOM, AMA BbINOMHEHWA KOTOpbIX Obina paspabotaHa cuctema. Mamepsaemble
napameTpbl — 9T0 NapameTpsbl, onpeaensiemMble HOPMaTUBHLIMKW aKTAMKU B OTHOLLIEHUW MHOMKATOPHBLIX MUKPO-
OpraHM3mMoB UMK HEKOTOPbIX KOHKPETHLIX NaTOreHos.

8.6 Bo3geWcTBMA MeMBpaHHbIX CUCTEM Ha OKpYXalLwWyko cpeny

Ocoboe BHMMaHWe CreayeT yaenuTh NonyvyeHnto KOHLEeHTpaTa C BbICOKON KOHLEeHTpaLWen 3arpsiaHsio-
wux BellecTs. KoHUeHTpaT MoxXeT copacbiBaTbCs B KaHANM3aUuMio UMM UCNapsiTbCs AN COKPaLLeHUs Konvye-
CTBa KOHLEHTpaTa U MoMy4YeHUsl CUCTeMbl HyneBoro xunakoro ctoka (ZLD). MemBpaHHble Mogynu/anemMeHTbl
COCTOAT M3 Pa3NUYHbLIX BUAOB NMacTWKa UMM KepaMUKW, KOTOpkIe NIoxo nofgatTcs nepepaboTtke. Konuye-
CTBO TBEPAbIX OTXO4OB MOXHO paccyuTaTh MCXOAA U3 CpoKa cryx6bl MeMBpaHHbIX Moaynei/aneMeHToB. [ns
OCTaTOYHBIX XMMMWYECKUX BeLecTB M HeMTpanvM3oBaHHbLIX OTXOLOB, 0BPasyloLIMXCA NpU OYUCTKE, KOTopbie
Heobxooumo cobupaTb B Ka4eCTBe MPOMbILUNEHHbBIX OTXOAO0B, ANst OLEHKM YTUNM3aunn Mcronb3ayoT obbem/
Maccy XMMUYECKUX BELLEeCTB.

8.7 I'Ipeumymemaa, HegOoCTaTKu M TeXHU4eckKkue COOGpa)KEHVIH yaaneHWA nNatoreHoB metToaom
OGESSEPB}KMBBHMH C noMouwbHo MEMGpaHHbIX CUcTtem

MpeumyLlecTBa, HeOOCTaTKM U TeXHUYEecKue coobpaxeHuss MeMBpaHHOro yoaneHusi ¢ NoMoLlbio Cu-
cteM chunbsTpauum obobueHsl B Tabnuue 10.

Ta6nuua 10— lMNMpeumylecTsa, HeAOCTATKN U TEXHUYECKUE coobpaxeHusa MemMbpaHHbBIX CUCTEM

MpevnmyliecTsa TexHu4eckue coobpaeHns uunu HegocTaTku

AdhhbekTnBHOE yaaneHue GakTepuid U NPOCTENLLINX YacTMyHOe yaaneHuWe BMPYCOB B 3aBUCMMOCTK OT Tuna
MemMBpaHHOW cUCTEMBI

YnaneHue oounucT Kpunmocnopuduu Tpebyetcs o6paboTka KOHUEHTpaTa 1 XXWOKUX OTXO40B

OTcyTcTBME NOBTOPHOro pocta BakTepui

OTCyTCTBME XMMMUYECKOW peakLmn

OTcyTcTBUE NOBOMHBIX NPOOYKTOR

BoamoxHa aBTOMaTUyecKkasn akcnnyarauus
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MpunoxeHue A
(cnpaBo4Hoe)

B HEOUYMULLEHHbLIX (CblprBb!X) CTOYHbIX Bogax

Tabnuua A1 — Bo3byautenn MHpEeKUMOHHLIX 3aboneBaHuii, NOTEHUWANLHO NPUCYTCTBYIOWWE B HEOYMLLIEHHbIX

(cbipbeBbIX) CTOYHBLIX Bogax [2]

GostExpert.ru
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Konuyecreo
B CblpbEBbIX
MatoreH 3aboneBaHue CTOYHbIX
BOOAax
(Ha 1 nutp)
Bakrepuun
LHueennst Lnrennes (baunnnapHas gu3eHTepus) po 10%
CanbmMoHernna CanbMoHennes, racTposHTepUT (gMapes, pBoTa, NUMxopagka), peak- go 105
TUBHBIA apTpuT, BptowHon Tud
XonepHbill subpuoH Xonepa o 108
OHTeponaToreHHas  Kuwey- | FacTpO3HTEPUT W CenTULEMUS, FeMONUTUYECKUA YPEMWYECKUA CHH-
Has nanodka (MHoruwe gpyrue | gpom (HUS)
BUAbI KUWEYHOU nanoyku He
onacHbl)
Hepcunuu VlepcrHno3, racTpOIHTEPMT ¥ CenTULEMKA
Jlenmocrupbl Nentocnupos
Kamnunobakmepb! [acTpoaHTepuT, peakTUBHEINM apTpuT, cuHapom MneHa-bappe po 104
AmunudHete mukobakmepuu | PecnvpatopHble 3aboneBaHua (MHEBMOHWT rMNepYyBCTBUTENBHOCTU)
fleeuoHennei PecnupatopHele 3aboneBaHua (MHEBMOHUA, MOHTUAKCKan Nuxopaaka)
Cmadbunokokk KoxHble, rnasHble, yuwHble MHeKUnn, centTuuemms
CuHeaHoUHas nanoJyka KoxHble, rnasHble, yIWHbIe MHAEKLMN
Xenukobakmep XpOHUYECKUIA racTpuT, A3Ba, pak Xenyaka
Bupychbl
3Hmeposupychkl (nonuo- | MacTpoaHTepuT, aHOManuu cepaua, MeHUHTUT, pecnupaTtopHbele 3abo- po 108
MUEnUm, 3X0, KOKCcaku, HO- | NeBaHwsi, HepBHble PacCTPOWCTBa, Apyrve
6ble 3HMEepOosUPYChi, CEpPo-
murn 68—71)
Bupyc eenamuma A u E MHpeKUMOHHBIA renatuT
AdeHosupyc PecnvpatopHble 3abonesaHus, MHMEKUUK rnas, racTpo3HTEePKUT (cepo- ao 108
Tun 40 n 41)
Pomaeupyc [acTpoaHTeput po 105
lMapeosupyc
AcTpoBupyc
Kanuuusupycs! (Bknovasa Ho- | FacTpoaHTepuT
poeupyc u canoaupyc)
KopoHasupyc [acTpoaHnTeput
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OkoHYaHue mabnuubi A.1

Konuyecteo
B CblpbEBbIX
MatoreH 3aboneeaHve CTOMHbBIX
Boaax

(Ha 1 nuTp)

MpocTenwune

SHmameba Amebuas (amebHas guseHTepus) ao 102

Jlambnuu JI1amBnro3s (racTpo3HTEpPUT) no 105

Kpunmocnopudus Kpuntocnopuaunos, guapes, nuxopagka po 104

Mukpocnopudus Hwnapes

Huxnocnopa Livknocnopuos (guapes, B3OyTWE XMBOTA, NUXopanka, *KenyaovHble

cnasmbl 1 6onu B MblLLILAX)

Tokconnasma Tokconnaamos

Mmuctbl

Ackapuda Ackapuaos (3apaykeHne KpyrmbIM1 YepBsamMin) no 103

AHkunocmoma AHKMIOCTOMO3 (3apaXeHne aHKUNOCTOMaMK) ao 103

Hekamop Hekatopo3 (3apaxeHue KpyrmnbiMA YepBaMK)

Axkunocmoma MurpypyroLLas KoxKHas NUYUHKA (3apakeHne aHKMocToMamu)

CmpoHaunouds! CTpoHrunonaunos (3apaxeHwe HUTEBUOHLIMW YepBAMU)

Tpuxypuc Tpuxypuaz (3apakeHue rmmctamm) po 102

Conumep TeHuas (3apaxeHue NeHTOYHbIMK YepBaAMU), HEMPOLUCTULEPKO3

3OHmMepobuyc OHTepoburo3 (3apaxeHne ocTpuLamm)

OXUHOKOKK Mmoatnoos (3apakeHne NeHTOYHBLIMI YepBAMM)

30

GostExpert.ru
https://GostExpert.ru/gost/gost-16075-5-2023



https://gostexpert.ru?utm_source=pdf&utm_medium=67785
https://gostexpert.ru/gost/gost-16075-5-2023?utm_source=pdf&utm_medium=67785&utm_term=page

MpunoxeHune B
(cnpaBo4Hoe)

rOCT P UCO 16075-5—2023

AdhbeKTUBHOCTL yAaneHUs MUKPOGOB C MOMOLLIO PasNUYHbLIX MeMBpPaHHbLIX (DUNLTPOB

Tabnuya B.1— 3ddekTuBHOCTb yaganeHnsa MUKpoBoB ¢ NOMOLLBI pasnnyHbix MeMBpaHHbIX (oUNETPOB

MukpoopraHuam CenekTMBHOCTb MembpaHkl KoHugHTpar (LRV) Ccbinka
Ipynna KonuopMHBLIX OPraHU3MoB UF: MWCO: 100 000 ganstoH >7 log [22], [23]
UF: MWCO: 200 000 pansToH 5,2log ~ 6,3 log
OouucTa kpunmocnopuouli UF: MWCO: 200 000 ganetoH 8,8 log~ 9,8 log [22]
Lucra nambnus mypuc UF: MWCO: 100 000 ganstoH >4.0log ~ 5,1 log [21]
KuweyHas nanoyka UF: MWCO: 200 000 ganstoH 46log~6,0log [22]
UF: MWCO: 15 000 pansToH 25log~3,0log [23]
MF: paamep nop 0,03 Mkm 2,7log ~>4log
Daz Qp UF: MWCO: 20 000 gansToH 3log ~6log [24]
MF: paamep nop 0,03 mkm 0,85log ~ 2,7 log [23]
MF: paamep nop 0,1 Mkm 2log ~>2log [25]
MF: paamep nop 0,2 MKM 1,3log ~>2log
®az MS UF: MWCO: 100 000 panstoH >6,5 log [21]
®az MS2 UF: MWCO: 200 000 ganstoH 45log ~5,8log [26]

B uenom, npon3eBoanTENLHOCTE KOHUEHTPaTa NaToreHHsIX BakTepuii TPaaWLMOHHBIM METOA0M, HanpumMep, KoMon-
HauWeln KoarynauMoHHOro ocaxaeHusa 1 ObicTpor cunstpaumu, coctaenset 1-2 LRV (90 %—99 % koHueHTpaTta), B TO
BpemMs kak MembpaHa nokassiBaeT Gonee BbICOKY0 ahheKTMBHOCTL KOHUEHTPAaTa Ans Nobbix MUKPOOPraHU3MOB.

Ona daroe HebonbLloOro pasmepa nokasaHa pasHuua B Npon3BOAUTENBHOCTU KoHUeHTpaTa Mexay UF memBpaHon
n MF memBpaHomn, a Takke TeHOeHUUS pasHUUbl B pasMepax nop.
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MpunoxeHwne C
(cnpaBo4Hoe)

JononHWTenbHbIe coeAUHEHUA Gpoma

C.1 BCDMH (6pom-xnop-5,5-auMeTUNrugaHToOnH)

Buoumna wupokoro cnektpa geicTeus ana 6opbbbl ¢ BOAOPOCHEBLIM, BakTepuansHbiM M TPUOKOBLIM LLMAaMOM B
NMPOMBILLIEHHBIX BOAHBLIX cucTemax, bacceHax N MUHepanbHbIX UCTOMHUKaX, a Takke B cuctemax OCB, adhdekTrBeH B
LUIMpOKOM gnanasoHe ypoBHel pH (6—10). 3T1o npocToi B obpaleHny NnpoaykT B TBepAor dhopMe 1 o4eHb ahdpekTUBHOE
1 BbICTpoAenCTBYOLLEE Ae3UHpMUMPYIOLLee CPeacTBo.

C.2 DBNPA (2,2-gu6pomo-3-HuTpunonponnoHamma)

BoicTpogencTeyowmin adpdpekTnBHbIA Grouma. Kcnonb3yerca AnA KOHTPOMs pocTa MMKPOORTraHM3moB, rprbkoB
1 BOOOPOCHE B MPOMBILLNEHHbBIX cUcTeMax BogocHabxeHus. OveHb 3hdeKkTMBHOE Ae3nHpMUMpYoLLee CPpeacTBo aAns
OCB. DBNPA gencTtByeT Kak 6uoumnaHoe akTMBHOE BELLEeCTBO U MOXET XpaHuTecs nubo B TBepgon dopme, nubo B Buae
20 % BOOHO-TMMKOMNERBOrO pacTBopa. ITO OMNACHbIA Matepuar, ¢ KOTopbIM crneanyeT 0bpallaTbCa ¢ OCTOPOXHOCTLIO.

C.3 NpeumywecTBa U HegoCTaTKM BPOMUCTBLIX GMoUMOOB

Ta6nuua C.1— lNpeumywectsa 1 HegocTaTkn BpomncTeix GoumMaos

CoeauvHeHue

[MpeumyecTea

HepocraTku

BCDMH —
Buroung Wwrpo-
KOro crnektpa

BeicTpogencTBylowMiA Buoumna LLIMPOKOro cnektpa Aen-
ctena ana 6opbbbl ¢ Bogopocnamun, baktepusamm u rpub-
kamu, 3deKkTUBEH B LUMPOKOM AManasoHe YPOBHEN
pH (6—10).

MpocT B 0bpalLeHun, TBepaas dopma.

ObopygoBaHve ANns A03MPOBaHNA OTHOCUTENBHO OELUEBO
W MPOCTO B UCMOMNbL30BAHUN.

MOHWUTOPUHI NErKo OCYLLECTBMM C MNOMOLLBIO FanoreHHbIX
OaTyrKoB

CrepyeT XpaHuTb B CYXWX YCNOBUAX —
Brara MOXeT NPUBECTU K BbicBobOXOe-
Huto Bpoma.

TokcKMYeH MpU BObIXaGHWUM U ABMNSETCH
CUNbHBIM pasapaxuTeneM Ans KoxXu,
rnas v cnuaucTbeix obonoyek

DBENPA

BbicTpogenicTeyowme acdekTBHble Bruounabl Ans 6opb-
Bbl ¢ POCTOM MUKPOOPraHW3MOB, rpMBOB U BOAOPOCNEN.
MpocT B MCMOML30BaHWK, NPOCTas cUMcTeMa A03MPOBaHKUS.
Boeinyckaetcs B Buge 20 %-Horo pacteopa B Boae/l130
ana 6onee yoobHoro obpaweHnn

CunbeHo pasgpaxaeT masa, cnabo pas-
OpaXaeT KoKy W OnaceH npu BObIXaHUK
UV NpornaTbiBaHuu.

KopposuiiHeliA Matepuan

MpumeyaHune — bpom Kak geanHpuumnpyollee cpeacTeo bonee onaceH, Y4em xnop. B npownom depmepbl BO3-
JepXuBanuck oT Ucnonb3oeaHus Gpoma, onacanck 3a 6esonacHocTb paboumx.

HoBble matepuanel 6onee GesonacHsl Ans epMepoB M PEKOMEHOOBaHE! AMA UCMNOMb30BAHWS B OPOCUTENBHBIX
cucTemMax 4ns 3allmTbl NTPOBOASALLEN W pacnpefenuTenbsHOW CUCTEMBI U OpocuTenbHOro o6opyaoBaHus.
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MpunoxeHune D
(cnpaBo4Hoe)

DakTopbl JKCcnnyaTauuu, OGCﬂy}KMBaHHﬂ U MOHUTOPUWUHIa MEMﬁpaHHOﬁ CUCTeMbl

D.1 XapaKTepuCTUKU CbIpbeBOW BOAbI

Mpw NPOEKTUPOBaHUK U MCNOMNB30BaHUM MEMOPaHHBIX CUCTEM HEOBXOAMMO YYNTLIBATE XapaKTEpPUCTUKLN ChIPbEBON
BOAbl AnA Beibopa cOOTBETCTBYHOLLEN NpeaBaputensHo 0bpaboTkn u obenyxvBaHus membpaH [28].
CregyeT y4uTbIBaTh CreaylolMe napameTpbl ChlpbeBON BOAbI:
KOHLEHTPALMIO B3BELUEHHbIX YacTWL UM MyTHOCTb AN NpeoTBpalleHns HenmpoXoguMocCTy;
opraHuyeckue BellecTBa, cnocobcTeyloLMe Aerpagaunm 1 paspylieHnio MembpaH;
Xeneso, MapraHey, ¥ Apyrve anemMeHTbl NOTEHUMANBHOMO 0caaKa;
- Macno, CMaska Wnu nnaeatlme TBepable YacTuubl ANS NpeaoTBpalleHus 3acopeHus;
9PO3MOHHBIE BELLECTBa AN COKPaLeHUs u3Hoca meMbpaHsbi;
ypoBeHb pH ons npegoTepalleHns paspyweHns memopaHsl.
[nA cokpalleHna BO3MOXHOCTM 3aCOPEHWA NyTEM YaCTUHHOMO MMM NOMHOMO yaaneHus 3arpAsHAoLWLIMX MaTepranos
Heobxoanmo paspadoTtaTe U NPOBOAWTE NpedBapUTENbHYH0 O4UCTKY ChipbeBOW BOAbl B MEMOPaHHbIX cUCTEMAaX.

D.2 O6paweHre c MeMOpaHHbLIM KOHLEHTpaTOM

YTunusaumio koHueHTpaTa HeobxoOuMOo y4YWTbIBaTbL MpW NMPOeKTUpoBaHuM MembpaHHOW cucTeMbl. B pesynerare
membBpaHHbeIX NpoueccoB obpasyloTea oTXodkl, coctaensowme Ao 15 % ot obuwero o6beMa oYULLEHHOW BOALI. 3TO TYMNu-
KOBasA cucTema, Hampumep, C UCMOoNb30BaHWEM kepamuyeckux MembpaH. KoHUEeHTpaT coaepuT 3arpasHsiowve Belle-
cTBa, cogepxawmnecs B OCB, B bonee BbICOKMX KOHUEHTPAUMsX, a TaKKe HEKOTOPbIe XMMUYECKMe BelLlecTBa, UCMomMbaye-
Mble MpuW NpeaBapuTenbHon obpaboTke Boabl UNK Npu 06CnyXnBaHMn MembpaH.

KoHueHTpaTt moxHO chpacbiBaTh B MCXOAHYIO BOAy (MpegnoyTuTenbHo nocne obessapaxueaHvs), HO NPW 3TOM He-
06xoaV¥Mo yOenaTb BHMMaHWe COedWHEHWAM, Bbl3blBalOLMM HOBble onaceHns, 4Tobbl n3bexaTb 3aKkOHOMEPHOro MOBbI-
LEeHWs1 KOHLUeHTpaL M1 B MCX0AHOW Bode. McxogHoi BO4oW MOTYT BbiTh O4MLLEHHbBIE UMW HEOHMLLEEHHbBIE CTOYHBIE BOAbI HA
CTaHUMM OYUCTKM CTOYHBIX Bog. CBpoc MeMBpaHHOrO KOHLEHTPATa B MCXOAHYIO BOAY OOMKEH ObiTb NpeanoYTUTENBHBIM
pelweHnem, ecnu uctodHuk OCB vnu cTouHbIX BOA yaaneH oT MeMmBpaHHoW cucTeMbl. ANbTepHaTUMBOW cbpoca B NCXOAHYI0
BOAY ABNSAETCA McnapeHue BoAbl M 3aXOpOHEeHWe TBepAbIX OTXO40B Ha CaHKLMOHWPOBAHHON MoLaAKe UK B ropoOACKOM
KaHanmaauuu.

D.3 TexHu4eckoe ob6cnyxuBaHue

D.3.1 Obwme nonoxeHud

Ona nognepxaHusa adekTMBHOCTM MeMBpaHHoro obessapakmBaHusa HeoBXxoAMMO NPOBOAUTL pad onepauvi no
TexHU4eckoMy obCcnyXuBaHuio Ang nogaepaHusi ctabunsHon paboTel MEMBPaHHOW CUCTEMBI.

TexHnyeckoe obcrnyxMBaHWe OOMKHO BKMOYaTk OBHapyXeHue 1 yCcTpaHeHe noepexaeHunin MembpaHbl, BO3HUKa-
WX M3-3a HeNpeaBMAEHHbIX HENoONaaoK, NyTeM NPOBeAeHWA MNaHoBbIX UCMbITAHWIA NOA AaBNEeHNeM.

D.3.2 MexaHu3ambl 3acopeHus MeMbpaHbl

3acopeHve membpaHbl HeOBX0OUMO YyYMThIBATE MPY NPOEKTUPOBAHWM W IKCnnyatauun MembpaHHbix cuctem [25].
3TOT NoTeHUManbHbIA hakTop BNMSET Ha HeoOX0QMMOCTL NpeaBapuTenbHo 06paboTku, TpeboBaHMA K 04YMCTKE W PEXUM
akcnnyatauum [20], [21].

3acopeHve MembpaHbl — 3TO ABMEHWe, NPU KOTOPOM BellecTBa (B3BelUeHHble HeopraHuyeckne vacTuubl, Bakre-
pun, BakTepuodary U opraHuYeckMe MoneKkynsl) B UCXOQHON BOAE OceaaloT Ha MembpaHe, 4To MOXKET NPUBECTU K COMpPO-
TUBNEHWIO NOTOKY Yepe3 MembpaHy.

YeTbipe BO3MOXKHBIX MpoLEecca, No OTAENBEHOCTU UMW B COMETaHWUU APYr C APYroM, MOTyT Bbi3BaTb 3aCOPEHWE, CHU-
Xas Npu 3TOM pacxoq yepes MmembpaHy [27]:

a) 3acopeHue TBepabIMW YacTULAMKM MOXET MPMBECTU K CY)KEHUIO NOP, 3aKynopke rnop unu obpasosaHuto rens/
KOPKW, BbI3BAHHBLIX KOHLEHTPaLMOHHOW nonapusaunen.

CyxeHue Nop 1 3aKynopka nop MoXeT NPOUCXOQUTE TOMbKO B TOM Criyvae, ecrv 4acTuLbl B CbIpbEBOW BOAE MeHbLUE
pa3mepa nop Wnuv rpaHuLbl OTCEYKM MO MOMEKYNAPHOMY BECY 3a0epKUBAEMbIX KOMMOHEHTOB.

Ob6pasoBaHue rensa/kopki oBycrnoBneHo KOHLEHTPaLVOHHOW Nonsapu3aumneid, nog KOTOpor NOHMMAaETCH BO3HUKHO-
BEHWe rpajueHToB KOHUEHTpauun Ha rpaHvue Mexay mMemOpaHoW M pacTBOpPOM B pesyrnbrare CeflleKTWBHOro nepeHoca
HeKOTopbIX BUOOB Yepes MembpaHy. 3To fiBeHWe BO3HUKAET, KOrga BbicoKast 40Ns TBEPAOro MaTtepuana B CbipbeBoii Boge
GonbLue, Yem pasMep Nop UNW rpaHnLbl OTCEYKU MO MONEKYNAPHOMY BECY 3aAepKMBAEMbIX KOMMNOHEHTOB;

b) ocaxpeHne HeOpraHMYECKUX ComNen MOXET NPUBECTU K 0OpasoBaHWUO Hakvnu, KoTopas npeacrasnsaet cobow
0CafoK NepeckILLEHHbIX Conen;

C) 3acopeHue OpraHM4ecKUMM MaTepuanamu, KOTOpble NPUCYTCTBYIOT B ChipbEBOW Boge wnv gobaensawTtcsa B
NPOLECC OYMCTKHN;
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d) 3acopeHue BUonornyecKnmMmun MWKpOOpraHMamMamu nponcxoanuT B pelynbrate BU1oNorMyecKon akTMBHOCT Ha
NOBEPXHOCTU MeM6paHbI 1 B nopax, ycmnuaaromeﬁcn 13-32 BbICOKOW KOHUEHTpauun opraHnM4eckux matepuanos U nuta-
TENbHbLIX BELLECTB B Cblpl:eBOﬁ esofe. Korga MUKpOOpPraHM3Mel Ha4MHaKT 3aCenATe NOBEPXHOCTb MEMﬁpaHbl, Boaonpo-
HUaeMOCTb MeMGpaHbi CHWXXaeTCcA.

D.4 Bopbba c 3acopeHuem memOpaHbI

[nsi 6opebkl ¢ 3acopeHnem memMbpaH NPUMEHSAIOT YETbIPE OCHOBHbLIX MeToaa obpaboTku:

a) npegBapuTensHas o6paboTtka cbipbeBol Boabl. Kak ynomvHanoce B 8.5a), cbipbeBasa BoAa MOXET coaep-
XaTb COedWMHEHWUs, KOTOpbIe MOryT cnocobcTBOBaTL 06pa3oBaHuio 3acopeHuns. [Ins CHUKEHNA BO3MOXHOCTW 3aCOPEHUs B
CbIpbEBOW BOAE MOTYT UCMOMNb30BaThCA hM3nyeckne n xuMmndeckvue cpeactea. lNpegeaputensHan obpaboTka unu coveta-
HWe BWOOB NpegBapuTenbHON 0bpaboTkM BeIBMPaKOT B COOTBETCTBUM C XapakTePUCTMKaMM CbipbeBOIN BOAbI;

b) xumuuyeckana obpaborka. YUTobkl M3bexaTe obpaszoBaHua HakWMnu, ypoBeHbe pH MCXOOHOW BOABI MOXHO pery-
nuposarts B guanasoHe 5,5—6,0 Takum obpasom, uTobel kKapboHaTel npoxoaunu Yepes MembpaHy B suae CO, unm yse-
nu4MBanach PacTBOPMMOCTb APYrux conen. B kavecTsBe anbTepHaTUBbl MOXHO WCMOMb30BaTh NOCTOSAHHOE NMPUMEHEHWE
MHrMBWTOPOB OTNOXEHWW, 4TOBbI N3bexaTs 0bpa3oBaHMA 1 pOCTa KPUCTaNMos.;

c) obpaTHasa npoMbIBKa. [1NA yaaneHus 3arpssHaoLMx BeLecTB, CKOMUBLLMXCS Ha MembpaHe, MmoxeT ObiTb pas-
paboTaHa TexHonorus obpaTHOW NpoMbIBKA. Bo Bpems obpaTHOM NPOMbIBKW HanpaBrneHne NoTOKa MEHAETCSA Ha NPOTUBO-
MONOXHOE B TEYEHWE HECKONBKMX MWHYT MpK BBICOKOW CKOPOCTM (ANs CO34aHWA pasMbiBatolero aeictems). Cuna v Ha-
npasneHue NnoToka BelIBUBAOT 3arpA3HAKLLME BELWECTBA C NOBEPXHOCTU MeMBpaHbl U BbIMbIBAKOT CKOMMBLUMECH TBEPALIE
vactuubl [5];

d) xMmuyeckana oumuctka. [ina 6opbbbl ¢ 3arpsasHeHVemM MemBpaH MOXHO MCMOMb30BaTb XMMUWYECKYHD OYMCTKY.
XnMmU4eckan o4MCTKa 3aKknoyaeTcs B XMMuyecko ovnctke no mecty (CIP), koTopas npoBoguTca, korga MemopaHHble Mo-
Ayny ocTalTesa BHYTpU MeMBpaHbl. B npouecce o4ncTkM Yepes MeMBpaHHyo cUcTEMY PELMPKYNNPYET YUCTSALLMIA pacTBop
C BbICOKOW CKOPOCTHIO (415 CO34aHMA pa3MblBalolLero AeACTBUS) M NpW NOBbLILLEHHOW TemnepaTtype (ANS NOBbIWEHUS
pacTBOPMMOCTM 3arpA3HAIOLLIMX BELLECTB).

HekoTopble 13 pacnpocTpaHeHHbIX XMMWYECKNX BELLECTB, KOTOpble MOTrYT ObiTb MCMONb30BaHbI, NPeacTaBneHbl B
Tabnuue D.1.

Tatnuua D.1— Yucrawme xmmudeckne cpeacTea [27]

Kareropusi PacnpocTpaHeHHble XuMun4eckmne TunoBble LeneBble 3arpsasHstoLLne
cpeacTea Bellecrsa

Kucnorta JInmonHas kucnota (CgH05) HeopraHnyeckasa Hakunb
ConsgHagq kucnota (HCI)

OcHoBaHue Copa kaycTtu4yeckas (NaOH) OpraHnyeckue eellecTea

Okucnutenw/gesvHhuuupyowme Mnoxnopwut Hatpus (NaOCI) BuonneHkn

cpeacTea lazoobpasHbiii xnop (Cl,)
Mepokcug Bogopona

MAB Paznu4yHble OpraHunyeckne BellecTBa; WHEepTHble

yacTuLbl
34
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MpunoxeHne OA
(cnpaBo4Hoe)

CBefeHUs 0 COOTBETCTBUM CChINMOYHLIX MeXayHapoAaHbIX CTaHOApPTOB
HaulWOHanbHbIM CTaHOapTam

Tabnuua OA.1

QOBo3Ha4YeHne CChINOYHOro
MeXayHapoaHoro cTaHaapTa

CreneHb
COOTBETCTBUSA

O603Ha4yeHne U HaMMEeHOBaHWe COOTBETCTBYIOLLEND HAUMOHANLHOrO cTaHaapTa

ISO 20670

% COOTBETCTByIOLLlMI:’I HauWoHanbHbINA CTaHOapT OTCYTCTBYET. [o ero NPUHATWUA PEKOMEHOYETCA MCNONb30BaTh NeEpe-
BOO Ha pyGCKMIjI A3bIK AaHHOINo MeXXayHapoaHOro ctaHgapra.
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KnioueBkle cnoea: pyKoBOAALWME YKa3aHWA, UCNOMNb30BaHUE OYHMLLEHHbIX CTOYHbLIX BOL ANA OPOCUTENbHbIX
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