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BBepeHue

Hacroawmin nHpOpMaLMOHHO-TEXHUYECKUIA CNPABOYHUK MO HaunyywmnMm AOCTYMHbIM
TexHonormsam UTC 36-2017 «O6paboTka NOBEPXHOCTEN METanNoB M NnacTMacc C UCMOorb-
30BaHNEM 3NEKTPONUTUYECKMX MMM XMMUYECKUX npoueccoe» (fganee — cnpasodHuk HOT)
npeacrasnsaet cobon AOKYMEHT No CTanAapTu3aumm, paspaboTaHHbIi B pesyrnbTaTte aHanuaa
TEXHOMOMMYECKUX, TEXHUYECKMX U YNPaBNEHYECKNX PELLEHNIA, MPUMEHAEMBIX Npu obpaboTke
NMOBEPXHOCTEN METanNIoB U NNAacTMacc C UCMOMb30OBaAHNEM SNEKTPONMUTUYECKUX UK XUMUYE-
CKMX NPOL|eCcCoB.

TepMUH «HaunyJlwve AoCTynHble TexHonorny (aanee - HAT) onpeaneneH B crartobe 1
depnepansHoro 3akoHa Ne 7-93 [1], cornacHo kotopoMmy HOT — 31O TexHonorusi Npov3soa-
CTBa NpoAyKLU1n (TOBapoB), BbINONHEHNA paboT, okasaHUs yCnyr, onpeaensemMasi Ha OcHoBe
COBPEMEHHbIX JOCTVKEHUIA HayKn U TEXHUKU N HaUMy4Llero CoueTaHns KpUTepres JOCTKe-
HUS OXpaHbl OKPYXaloLen cpefbl Npu YCMOBUM HaNMYMSA TEXHUYECKON BO3MOXHOCTU ee
NpPUMEHEHWS.

Kpatkoe copepxxanue cnpaBouHuka HOAT

BeeaeHue. Bo BBeaeHUM NpuBoaMTCA KpaTkoe cogepxaHue cnpasodHuka HAT n o6-
30p AOKYMEHTOB, MCMONb30BAHHBIX NPU €ro padpaboTke.

MNpepucnoBue. B npeancnoeumn ykassiBaeTcs Uenb paspabotku cnpasodHuka HAT,
€ro CTaTyc, 3aKoHOAaTerNbHbIA KOHTEKCT, KpaTkoe onucaHue NMpoLeaypbl CO3AaHUs B COOT-
BETCTBMM C YCTAHOBMNEHHbIM MOPAAKOM, B3aVMOCBSi3b C @HANOrMYHbIMU MEeXAyHapPOAHbLIMU
LOKYMEHTaMu, a Tarke NOPSAOK €ro NPUMEHEHMS.

O6nactb NnpuMeHeHus. [NepeuncneHbl OCHOBHbIE BUAbI AEATENBHOCTW, Ha KOTOpbie
pacnpocTpaHAeTcs AencTeme HacTosLero cnpasodHvka HAT.

B paspene 1 npeacraeneHa obuian MHMOpMaLnUst O COCTOSHUN U Pa3BUTUN TEXHONO-
rMn oBpaboTkn MOBEPXHOCTU METanMoB M NNAacTMacc C UCNONb3OBAHMEM IMEKTPONUTUYE-
CKMX MU XMMUYECKNX nNpoLeccos B Poccuiickon ®egepauymn.

PaccmoTpeHbl OCHOBHbIE OTPAcnv NPOMBILLNIEHHOCTU, B KOTOPbIX UCTIONb3YOTCA TEX-
Honormn o6paboTkn NOBEPXHOCTU METANNOB U NNACTMACcC C UCNONb30OBAHNEM 3MEKTPONUTU-
YECKUX UM XMMMNYECKUX NpoueccoB. BbinonHeH obwmin 0630p ranbBaHU4YeCcKoro NponsBoa-
CTBa, NPOU3BOACTBA MevaTHbIX NnaTt u Metannusaumm nnactmacc. MNpepctaeneHa obwas
nHopMaLWa No 3KONOrMYeckMM acnexkTam o6paboTkM NOBEPXHOCTV METANNOB 1M NNacTMacc
C MCMOMb30BaHNEM 3MEKTPONUTUHECKUX UMM XMMUYECKMX NPOLIECCOB N BO3AEWCTBUA Mpea-
MPUATUA Ha OKPYXAIOLLYIO Cpeay.

B paspene 2 npvBOAUTCA ONMCAHNE TEXHONOTMI U TEXHOMOMMYECKUX NPOLEeCccoB, UC-
nonb3yemblx B HacToswee Bpems npu obpaboTke NOBEpXHOCTENM MeTannoB M Mracrmacc
C UCNONb30BAHNEM 3NEKTPONUTNHECKUX NN XUMUYECKNX NPOLIECCOB.

MpeacTaeneHsbl 1 NpoaHanMaMpoBaHbl CXEMbl BXOAHBLIX U BbIXOAHBLIX MOTOKOB NpOu3-
BogcTBa. OnucaHbl TEXHOMOrMYeckne npouecchl U cnocobbl 06paboTkM NOBEpPXHOCTN Me-
Tanmnoe 1 NIAcCTMacc B ranbBaHOXMMUYECKOM NPOU3BOACTBE C NCNOMb30BAHNEM 3NEKTPOMN-
TUYECKNX NI XUMUYECKNX MPOLIECCOB.

PaccmoTpeHo coBpemeHHoe o6opyaoBaHWe, MNPUMEHSIEMOE MPW ranbBaHUYECKOM
MpPOV3BOACTBE U MPOU3BOACTBE NedaTHbIX nnaTt. OnpefeneHsl marepuanbl, NPYMEHseMbIe
B ranbBaHN4Y€CKOM MPOU3BOACTBE N NPOM3BOACTBE NeYaTHbIX Nnar. BeigeneHb 0CHOBHbIE U
BCNOMOraTenbHbIE Y4acTkn NPOU3BOACTBA.
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MpeacTaBneHbl OUMCTHBIE COOPYXKEHUSI, BKMHOYatoLLME 04UCTKY BbIBPOCOB (OTXOASALLMX
rasos) U cO6poOCOB (CTOYHbIX BOA). YKasaHbl Mepbl MO COKpaLLEHUIO BO3AENCTBUA HA OKpyxKa-
IOLLIYIO CPeay U NOBbILLEHMIO pecypco3thdEKTMBHOCTN NPOM3BOACTBA.

B paspene 3 npusoauTcs obwas nHbopmaums 06 3KOnormyecknx acnekrax npu ob-
paboTke NOBEPXHOCTEN METaNIOB M NacTMacc C UCMOMbL30BaHUEM SNEKTPONUTUYECKUX UMK
XMMUYECKNX npoueccoB. [laHa oueHka noTpebneHus SHepropecypcoB U ypOBHEN 3MUCCUIA
B OKPYXXaIOLLYIO Cpefly, XapakTepHbIx Ans o6paboTki NoBEpXHOCTEN METanNnoB 1 NnacTtmMacc
C VCNONb30BaHMEM 3MEKTPONUTUYECKNX UM XMMUYECKUX MpoLeccos, B Poccuickon deaepa-
un. Pasgen noarotoBrneH Ha OCHOBE AaHHbIX, MPeACTaBNeHHbIX npeanpuatuammn Poccui-
ckon Pepepaunmn B pamkax paspaboTkm cnpasoyHvka HAT, a Takke pasnuuHbIx nutepartyp-
HbIX MCTOYHUKOB.

B paspene 4 npuBoauTCcAa onucaHue ornpeaeneHvUs TEXHOMOMMU B KauyecTBe Haunyd-
wewn goctynHon TexHonorum (HAT) B cooteeTcTBUM C MeToanyeckummn pekoMeHaauMsmMmn no
onpejeneHnio TEXHONOMM B Ka4eCcTBe HaUnyYLLen AOCTYMNHOW TEXHOMOMMN, YTBEPKAEHHbIMN
npukasom MuHWUCTEpCTBa MPOMBILNEHHOCTM U ToproBmm Poccurickon ®epepauumn (MuH-
npomtopr Poccuun) ot 31 mapta 2015 r. Ne 665.

B paspene 5 npuBoautcs onucanne HAT, no3BonsoWwmx COKpaTUTe SMUCCUA B OKPY-
Xarowyo cpesy, notpebneHue Cbipbf, BOAbI, SHEPTUM U CHU3UTb BO3AENUCTBUE OTXOAOB Ha
oKpyxaroLLyto cpeny npy obpaboTke NOBEPXHOCTEM METANOB U NacTMacc C UCMonbL30Ba-
HUEM 3MEeKTPONUTUYECKUX UMK XMMUYECKNX NPOLIECCOB.

B pa3pene 6 onucaHbl aKoHOMUYeckKe acnekTbl peanusauumn HAT Ha npeanpuaTnsx
Poccuirckon degepaumn.

B paspene 7 npuBogMTCa onucaHWe NEpPCrneKkTUBHbLIX TEXHOMOMUA, MPUMEHSIEMbIX NPU
06paboTke NMOBEPXHOCTEM METanNMoB U MNacTMacc C UCMOJb30BaAHNUEM 3NEKTPONUTUHECKUX
UM XMMWYECKMX NMPOLIECCOB N HaxXOAALLMXCS HA CTaauM HayYHO-UCCNEeAoBaTeNbCKNX, ONbIT-
HO-KOHCTPYKTOPCKMX PaboT, OMbITHO-MPOMBILLAEHHOrO BHEAPEHWUS, a Takke 3apyGexHbIX
TEXHOMNOTNIA, HE MONYyYMBLUMX B HaCTOSLLEE BPEMS LUMPOKOrO BHEAPEHUA Ha TeppuTopum
Poccuiickor depepaumm, HanpasBneHHbIX Ha NOBbILWEHWE 3HEProadEKTUBHOCTH, peCypco-
cOepexeHns, CHUKEHE SMNCCUI 3arpAasHAIOLLMX BeLecTs, addekTuBHoe obpalyeHne ¢ oT-
Xo4amu, MPOMEXYTOYHBIMK M NOBOYHLIMM MPOZYKTaMW, NO3BONSIOWMX NOBbLICUTL 3dhdek-
TWUBHOCTb MPOW3BOACTBA U COKPaTUTL 3MUCCUM B OKPY>KAIOLLYHO Cpeay.

3akntounTenbHble NONoOXeHUs U pekoMmeHAaumn. B paspene npueoasaTca ceee-
HUSi O YneHax TeXHWYEeCKOW pabouer rpynnbl, MPUHUMAaBLUNX y4YacTue B paspaboTtke cnpa-
BoyHuka HAOT, nx B3anMHoe cornacue no oTAeNbHbIM NoONoXKeHNaM cnpasoyvHuka HOT. Mpu-
BOASATCS PEKOMEHAAUMM O HanpaBeHNsX NPOBeAEHUNA JanbHENWNX nccneaosaHnii u coopa
nHdopmaumm B obnactn HAT ans o6paboTkv NoOBEpPXHOCTEN METannoB 1 nnacTtMacc ¢ uc-
NONb30BaHMEM 3MEKTPOSIUTUYECKMX NN XUMUHECKMX MPOLIECCOB.

MpunoxeHus. B npunoxenunsax k cnpasodHuky HAT npueoauTcs gononHuTensHas
WHopmMaLus.

Bubnuorpadus. MNpreeneH nepedeHb OCHOBHBIX MCTOYMHUKOB MHGOpMaLMK, UCMNOrb-
30BaHHbIX Npu paspaboTke cnpasoyHvka HAT.

Cnpasoynnk HOT paspaboTtaH ¢ yueToM nmetowmxca B Poccuinckon denepauum tex-
Homorn, oBopyAOBaHNS, Chipbs, APYMMX PECYPCOB, a TakkKe C yYEeTOM KIMMaTUYECKMX, KO-
HOMWYECKMX U coLmarbHbIx ocobeHHocTel Poccuiickon deaepaumn.

B kauecTBe UCTOUHMKOB NHpopMaumm 06 obnactax npumeHeHus HAOT, npymeHsaembIx
Ha npakTuke TexHonorusx, otHocAwmxca kK HOT, 6binv ncnonb3oBaHbl CBEAEHUS, NOMNy4YeH-

\
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Hble B pesynbTate aHKeTUPOBaHWS MPEeANPUSTU, CTaTUCTUYEecKMe COOPHMKM, pe3ynbTaTbl
Hay4HO-UCCNeAoBaTENbCKUX U AMUCCePTALMOHHBLIX paboT, VHbIE UCTOYHUKW, a Takke MHGOopP-
MaLya, NonyyYeHHas B X04€e KOHCYMbTaLMIA C 3KCrepTaMmn B COOTBETCTBYIOLLEN obnacTu.

Vi



UTC 36—2017

Mpeaucnosue

Llenn, OCHOBHbIE NMPMHUMMNBI U NOPSLOK paspaboTkyM HacTosALWEro cnpaeodHuka HOT
YyCTaHOBEHbI NoCTaHOBNEHNEM MpaButenscTea Poceuickon degepayun
oT 23 nekabpsa 2014 r. Ne 1458 «O nopsake onpeaeneHns TEXHONOMMN B Ka4ecTBe Haunyu-
LUEN AOCTYMHOW TEXHOMOMMK, a Takke paspaboTku, akTyanmsaumm 1 onybnmkoBaHus nHQop-
MaLMOHHO-TEXHUYECKMX CMPaBOYHUKOB MO HaWMYyYLLMM AOCTYMNHBIM TEXHOMOTUSMY.

1 Ctatyc BOKYMeHTa
HacToswmi cnpasodHnk HOT sBNAeTes LOKYMEHTOM MO CTaH4apTU3aUmu.

2 NUHdpopmaumna o paspaboTumkax

Hactoswmn cnpasouruk HOT paspaboTtaH TexHuyeckon paboyen rpynnov « O6paboT-
Ka MOBEPXHOCTEN METanmnoB M NNacTMacc C UCMOMb30BaHUEM SMNEKTPOSNIUTUUECKMX UIU XU-
Mudecknx npoueccosx» (TP 36), coctaB KOTOpOW YTBEPXAEH B COOTBETCTBUM CMPOTOKONOM
COBEeLLaHns Noj npeacefaTensCcTBOM 3amectuTens MuHucTpa npoMbILLIEHHOCTU 1 TOProB-
nm Poccuiickon ®epepaumm B.C.Ocbmakosa oT 22 mapta 2017 r. Ne 15-0OB/12.

[JononHutenbHas nHgpopmauma o paspaboTunkax NpvBeaeHa B pasgene «3aknoum-
TernbHbIE MNOMOXEHNS N PEKOMEHAaLNN».

Hactoswmi cnpasoynvk HOT npeacraeneH Ha ytBepxaeHue bropo Havnyuqwmx go-
CTYMHbIX TexHonorun (ganee — bropo HAT) (www.burondt.ru).

3 Kpatkas xapakrepuctuka

HacToswwui cnpaBoynrmk HOT conepxuT onucanne npuMeHsemblx npn obpaboTke no-
BEPXHOCTEN METanmnoB U MnacTtMacc C MUCMOMb30BaHUEM 3MEKTPOSIUTUMECKMX UMA XUMUYE-
CKMX MPOLIECCOB TEXHOMOMMYeCcKunx npoLeccos, o0opyaoBaHUs, TEXHUYECKUX CnocoboB, Me-
TOAOB, B TOM YMCIE NMO3BOMAIOLUMX CHUSNTL HEraTMBHOE BO3ASUCTBUE HA OKPYXAIOLWLYIO Cpe-
4y, BogonoTpebneHne, NoBbICUTL SHEProdddeKTMBHOCTL, pecypcoctepexerune. U3 onucan-
HbIX TEXHOMOrMYecknx npoLeccos, 06opyAoBaHNS, TEXHUYECKUX CMOCOB0B, METOA0B Onpe-
AeneHsbl pelerns, aenaowmnecs HAT.

Paspabotka cnpasoyHmka HOT npoeoagmnacek B COOTBETCTBUM C NOPSAKOM onpeaerne-
HUst TexHonorum B kavectee HOT, paspabotkm, aktyanusaummn n onybnmkosaHnsa nHpopma-
LMOHHO-TEXHUYeCKkuX cnpasodHukos no HAT, yTeepxaeHHbIM nocTtaHoBneHneM lMpasutens-
ctea Poccuiickon depepaummn ot 23 gekabpst 2014 . Ne 1458 «O nopsake onpeeneHus
TEXHOMOMMM B Ka4eCTBE HausyuWwen AOCTYMHOW TEXHOMNOMMW, a Takke paspaboTkun, akTyanu-
3aumm 1 onybnmkoBaHUs MHPOPMALMOHHO-TEXHUYECKUX CNPABOMHUKOB MO HaWNyylwuM So-
CTYMHbIM TexHonornamy [4], Metoandeckumm pekoMeHaaumsaMmn No onpeaeneHno TEXHOMNo-
MW B Ka4eCTBe Haunyywen AOCTYNMHON TEXHOMNOMK, YTBEPKAEHHBIMM NprKa3soM MuHucTep-
CTBa NPOMBbILLIEHHOCTM 1 Toproenn Poccuinckon depepaumm ot 31 mapta 2015 r. Ne 665 [8].

4 B3aMMoCBs3b C MeXAyHapOAHbLIMU aHarnoramm

Mpn paspabotke Hacroawero cnpasodHvka HAT mcnonb3oBaHbl matepuansl gen-
cTByloLLero crnpasoyHmka EBponenckoro cotosa no HAT «O6paboTka noBepxHOCTEN MeTarn-
noB 1 nnactmace» (Integrated Pollution Prevention and Control. Reference Document on
Best Available Techniques for the Surface Treatment of Metals and Plastics).

5 COop gaHHbIX
NHdopmaums o TexHonormdeckmx npoueccax, oGopyaoBaHUM, TEXHUHECKMX CMoCco-
Gax, MeTopax, NpUMeHsieMbIx Npyu 06paboTke NOBEpXHOCTEN METanNoB U NnacTMace ¢ uc-

Vi


https://meganorm.ru/Index2/2/4294853/4294853461.htm

UTC 36—2017

nonb3oBaHNWeM 3NEKTPONMUTUYECKUX U XMMUYEeCKNX NpoLieCCoB, OTHECEHHbIX K HﬂT, Cco-
bpaHa B npouecce paspaboTkm HacTosLero cnpasoyvHvka HAT B cootBeTcTBMM € MOopaakom
cbopa paHHbIX, HeobXx0aMMbIX Ans paspaboTku cnpasodHmka HAT 1 aHanvsa npruopuTeTHbIX
npobnem oTpacnu, yTeepkaeHHBIM npukasom MuHnpomTopra Poceum ot 18 anpens 2017 r.
Ne 1234 [12].

6 BzaumocBA3b ¢ agpyrumu cnpasoyHukamm HAT

Baaumoceasb Hactosiwero cripasoyHuka HAT ¢ apyrumun cnpasodHukamu HAT, pas-
pabaTtbiBaeMbIMM B COOTBETCTBUM C pacnopsbkeHnem lMpaButenscrea oT 31 okTAGps 2014 1.
Ne 2178 p, npueegeHa e pasgene «O6nacTb NPUMEHEHNS».

7 UHdopmauusa o6 yTBepXKaeHUN, onyorIMKOBaHUM U BBEAEHUM B AeNCTBUE

Hactoswmin cnpasodHnk HAT yteBepxaeH npukasom Poccrangapta ot 15 nekabps
2017 r. Ne 2842.

Hactoswmn cnpasovnvk HOT BeegeH B pericteue c 1 uons 2018 1. oduuymansHo
onybnmkoBaH B MHMOPMAaLMOHHONW cucTeMe oOLLEero nonb3oBaHNs — Ha oduLmansHOM can-
Te depepanbHOro areHTCTBa Nno TEXHWYECKOMY PEerynmpoBaHuio U MeTponorun B cetn UH-
TepHeT (Www.gost.ru).
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MHOPOPMALUUOHHO-TEXHUYECKUUN CNPABOYHUK
nNo HAUMANYYWUM AOCTYMNMHBIM TEXHONOIrMAM

OBPABOTKA NOBEPXHOCTEW METANJIOB U NNIACTMACC
C MCNONb30OBAHMEM 3NEKTPONMUTUYECKUX
NN XMMUYECKMX NMPOLIECCOB

Surface treatment of metals and plastics using electrolytic or chemical processes

Aara BBeaeHna — 2018-07-01
ObnacTb NpMMeHeHus

HacToswmin mMexoTpacneBon («ropuaoHTanbHbIiy») cnpasodHnk HAOT paspabotaH BO
B3aMMOCBA3M C OTpacneBbiMn cnpasoYHukamn HAT, paspabatbiBaeMbiM/ B COOTBETCTBUM C
pacnopspkeHnem lMpaeuTensctBa Poccuinckon depepaumn ot 31 oktabpsa 2014 r. Ne 2178-p,
N BKMNtoyaeT B cebsi onucaHne yHuUBepcarnbHbIX NMOAXO40B U METOA0B, MPUMEHUMBIX Npy 06-
paboTke NOBEPXHOCTEN METANSIOB M NIacTMace C UCMOSb30BaHUEM SNEKTPONUTUYECKUX UMK
XUMUYECKMX MPOLIECCOB Ha NPeanpuaTMsX, OTHOCALUMXCH K obnactam npumeHenHus HAT,
onpegerneHHsIM  pacrnopstkeHvem  lNpaButensctea  Poccuiickon — depepaummn  oT
24 pekabps 2014 r. Ne 2674-p.

CnpaBoyHmk HOT HocuT MeToAnYeCcKMIN xapakTep 1 coaepkut o6obLleHHyo nHdop-
Mauuo, ceefeHus obliero xapaktepa, obLiMe NoaxoAbl K MEXOTPACEBbIM TEXHONOMMSM,
TEXHWYECKMM W YNPaBneHYeCKUM peLueHusaM Mo obpaboTke NOBEPXHOCTEW METanmnoB U
nnacTMacc C UCMonb30BaHNEM 3MEKTPONUTUYECKUX UM XUMUYECKUX npoueccoB. Cnpaeou-
Huk HOT He copepXuT nepeyHen MapKepHbIX BELLIECTB U TEXHONOMMYECKUX NokasaTenen ans
Kakmx-nnbo oTpacnen NPoMbILLNEHHOCTW.

PekomeHpauun, cogepallmMecs B HACTOSILLEM MEXOTPACNEBOM («FOPU3OHTANbHOMY)
cnpasoyHvke HOT, noanexart NpUMEHEHWO B Criyydae OTCYTCTBUS COOTBETCTBYHOLLMUX PEKO-
MeHAaUM B OTpPacneBoM («BepTMKansHOM») cnpasodHuke HAT, k obnactn npyMeHeHus Ko-
TOPOro OTHOCUTCH paccmartpusaemoe npeanpustve (o6wekT). Ons obnacten npMMeHeHus
HAOT B cooteetcTBUMM C pacnopsbkeHneM [paeButenbctBa Poccuiicko depepauum ot
24 pekabpsa 2014 . Ne 2674-p paspabaTtbiBatoTcsl COOTBETCTBYHOLME OTpacneBble (KBepTu-
KarnbHbIE») CMIPaBOYHUKM.

HacToswmn mexoTpacnesoi cnpasoyHuk HOT npepHasHadeH 4Ns Cneumanvcros,
paboTaolmx Ha NpepnpuaTUSX, UCMOSb3YHOLLMX TexHonorum obpaboTkM MOBEPXHOCTU Me-
Tannos, ChnasBoOB, MONMMEpPHbIX Matepuanos. lNpeanpusTUS MalMHOCTPOeHUs, npubopo-
CTPOEHUSI, aBNALMOHHO-KOCMMUYECKOW OTpacnu, paauo3nekTPOHUKA U psga ApYrvx oTpacnen
VMEIOT B CBOEM COCTaBE LieXa M yYacTKU ranbBaHOXUMMKW, MPOM3BOACTBA MeYaTHbIX Mnar,
NPOM3BOACTBA 3MEKTPOHHbLIX KOMMOHEHTOB, a TakKe y4acTKu Liexa NnoAroTOBKY MOBEPXHOCTH
MeTasnnoB, CMnaBoB (TUTaHa, cTanu, antoMUHUS, MeM 1 APYrux MeTansos).

CnpasoyHnk HOT HeobxoamM Ansi MPUHATUS PELLeHUA NMPU MOAEPHM3AUMM, PEKOH-
CTPYKLUUN LIEXOB (Y4acTKOB) ranbBaHOXMMMYECKNX MPOLIECCoB ¢ Uenbto BbiGopa HAOT ¢ yye-
TOM pecypcocbepexxeHns 1 akonormyeckon 6e3onacHOCTU NPON3BOACTBE, a TakKe C Y4EeTOM
HOBBbIX PacTBOPOB 1 J06aBOK OTE4ECTBEHHOrO NPON3BOACTBA.
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Hactoswmin cnpaBounmnk HOT pacnpoctpaHsieTcs Ha creayrolme OCHOBHbIE BUAbI
LEeATeNbHOCTH, ONpefensiemMble B COOTBETCTBMN C 0OLLEPOCCMNCKUM KIaccudmnkaTopoM Bu-
AoB akoHomumyeckon geatenbHocTn (OKB3[ 2) OK 029-2014 (KAEC Pepn. 2) (npuHAT 1 BBE-
AeH B felcTBue npukasom denepansHOro areHTCTBa Mo TEXHUYECKOMY PEryrvpoBaHuio 1
meTponorum ot 31 anesapa 2014 r. Ne 14-cT) (npynoxkeHne A):

- Paspen C. O6pabarbiBarowme nponsBoacTBa

22 MNpon3BOACTBO PE3UMHOBbLIX 1 MNACTMacCOBbIX U3AENUA

22.2 MNpon3BoACTBO U3 ENUIA U3 NnacTMacc

24 Npoun3BoACTBO MeTannyprudeckoe

24.10.5 Npon3BoacTBO NMCTOBOrO XONOAHOKATAHOrO CTanbHOr0 Mpokata Mnakupo-
BaHHOrO C ranbBaHNYECKUM UM UHBIM MOKPbITUEM

25 Mpon3BoACTBO rOTOBbIX METANMMYECKUX U3AENWIA, KPOME MaLUMH 1 06opyAOBaHNA

25.2. NMpon3eoaCcTBO METANNMUYECKMX LIUCTEPH, PE3epByapoB U NPOUNX EMKOCTEN

25.6 ObpaboTka MeTannoB U HaHeCEeHWE MOKPbITUA Ha MeTansbl; MexaHu4eckaa o6-
paboTka mMeTannos

25.61 ObpaboTka MeTanioB 1 HAHECEHNE MOKPLITUA Ha MeTanrbI

26.11 MNpon3BOACTBO 3NEMEHTOB 3NEKTPOHHOWN annaparypbl

26.12 [Npon3BoACTBO 3NEKTPOHHBIX NEYaTHbIX nat

29 MNpon3BoACTBO @aBTOTPAHCMNOPTHLIX CPEACTB, NPULIENOB U NONynpuLenos

30 Npomr3BoaCTBO NPOYNX TPAHCMOPTHBLIX CPEACTB U 0BopyaoBaHUA

Cnpasoynuk HAT Takke pacnpocTpaHaeTcsa Ha NpoLecchl, CBA3aHHbIE ¢ OCHOBHbLIMU
BMAAMW AEATENbHOCTU, KOTOPbIE MOTYT OKa3aTb BMMsiHUE Ha 06bEeMbI 3MUCCUI U (M) Mac-
WwiTabbl 3arpsi3HEHNSI OKPYKaloLLen cpeabl:

- METOAbI NPeOoTBPALLEHNS N COKPALLIEHUS 3MUCCUN 1 06pasoBaHUsi OTXOAOE;

- MPOV3BOACTBEHHbIE NPOLECChI BCMOMOraTenbHbIX NPOU3BOACTB;

- XpaHeHue 1 NOAroToBKa Cblpbs;

- XpaHeHue 1 NOAroToBKa NPoAyKLMW.

CnpasouHuk HOT He pacnpocTpaHaeTca Ha:

- npouecchbl 06paboTkn NOBEPXHOCTU METANNOB C UCMONb3OBaHWEM U3NYECKUX U
TEPMUYECKNX METOAOB;

- npouecchl 06paboTkn NOBEPXHOCTM METANMOB 1 NNacTuka anNekTpoopeTUHECKUMU
MeToaamm (okpacka NoOBEpPXHOCTH);

- BOMPOChI, OTHOCALLMECA UCKNMIOUUTENBHO K 0BecrneyeHno NnpoMeIwneHHon 6esonac-
HOCTU UK OXpaHe Tpyaa.

Bonpockl obecneyeHnss NpoMbILLNEHHOM 6€30MacHOCTN U OXpaHbl TpyAa paccmaTpu-
BaOTCH YaCTUYHO U TOMBKO B TEX CRy4asx, KOrAa okasbiBaloT BNUSHWE Ha BUAbI AeATENbHO-
CTW, BKJTHOYEHHblE B 06nacTb NpUMEHeHUsA HacTosALero cnpaeoyHvka HAOT.

JononHuTtensHble BUAbI AEATENBHOCTU NpK 0OpaboTke NOBEPXHOCTEN METaNNOB U
niacTMacc C UCMonb30BaHWEM 3MEKTPONUTUYECKUX UMK XMMUYECKUX NPOLECCOB N COOTBET-
cTeytowme MM cnpaeoynvkm HAOT (Ha3sanua cnpaBouHukoB HOT AaHbl B pepakuyum pacno-
psbkenna MpaButenbcTea Poccuinckon deagepaumm ot 31 okTtsi6psa 2014 r. Ne 2178-p) npuee-
AeHbl B Tabnuue 1.
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Tabnuya 1 — [JononHuTtenbHble BUAbLI AEATENBHOCTU, OCyLLeCTBNsSeMble Npu obpaboTtke
NOBEPXHOCTEN METANITOB N NNACTMACC C UCMOMNb30BaHWEM 3MEKTPONUTUYECKUX U
XMMUYECKNX NPOLIECCOB N COOTBETCTBYHOLME UM cripaBodHukn HAOT

Bug agestensHoCcTU

HaumeHoBaHue cooTBeTCTBYIOWEro cnpasoyHuka HOT

Ounctka BbLIOPOCOB BpeaHbIX (3a-
rPA3HAOWMNX) BeEWecTs B aTtMo-
CchepHbIN BO3AYX

cnpaBoyHvk HAT UTC 22-2016 «Ouunctka BbIGPOCOB
BpeAHbIX (3arpsA3HAIOWMX) BEWECTB B aTMOCHEPHbINA
BO3AyX MNPV MPOM3BOACTBE MNpoAyKuuKn (TOBapoB), a
TaKke Npy NpoBeAeHMU paboT K OkasaHWM ycnyr Ha
KPYMHbIX MPeanpuaTrUsX»

OuncTka CTOYHbIX BOA,

cnpaeoynrk HAT UTC 8-2015 «O4ncTKa CTOYHBIX BOS,
npy MNpOM3BOACTBE Mpoaykumn (TOBapoe), BbINOMHE-
HAM paboT U OKasaHWM YCNyr Ha KPynHbIX Npeanpus-
TUAX»

YTunuaauus
OTX0f 0B

n obe3BpexusaHve

cnpasoyHmk HOT UTC 15-2016 «YTunusaums n obes-
BpeXMBaHWE OTXOA0B (KpoMe 06e3BpexunBaHua Tep-
MUYeCK1M crnocobom (CKUraHne OTXOA0B))»

CKINaanpoBaH/e U XpaHeHUe Chipbs
W NPOAYKLMK

cnpasoyHuk HOT UTC 46-2017 «CokpallyeHne BbIGpo-
COB 3arpsAsHAOLLMX BeLecTB, COPOCOB 3arpsA3HAMOLLIMX
BELLECTB MNPV XPaHEHVM W CKITAAMPOBaHWN TOBAapOB
(rpy3oB)»

MoBblleHe sHepreTudeckon ad-
PEKTUBHOCTY

cnpasoyHmk HOT UTC 48-2017 «[oBbilueHne sHepre-
Tnyeckon aEeKTUBHOCTU MPU OCYLLECTBIIEHUN XO-
3ANCTBEHHOW U (MNN) MHOW AEATENBHOCTNY

Bonpockl npon3BoACTBEHHO-
3KOMOrMYECKOro KOHTPOS

cnpasoyHuk HOT UTC 22.1-2016 «O6wme npuHUmneI
MPOW3BOACTBEHHOTO 3KONMOMMYECKOrO KOHTPONA U ero
MeTpororMyeckoro obecneveHunsa»

Cnpasoynnk HOT noarotoeneH ans npuMeHeHWs Ha obbekTax, OKasbliBaloWmMX Hera-
TUBHOE BO3AENCTBUE Ha OKPYXKaIOLLYO Cpefly U OTHECEHHbIX k oGbekTam | kaTeropumn B cOOT-
BETCTBUN C KPUTEPUSIMK, YTBEPXKAEHHBIMW MocTaHoBneHnem lMpasutenscrea Poccuinckon
degepauym ot 28 ceHTabpsa 2015 Ne 1029 «06 yTBepXaeHUN KpUTEPUEB OTHECEHUS 0O BEK-
TOB, OKa3bIBaOLLMX HEraTUBHOE BO3AEUCTBUE Ha OKPYXallLlyto cpeay, k obvektam |, 11, 1l n

IV kateropuia» [13].
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Paspen 1. O6wwan uHhopmaLmsa 0 COCTOAHUUN U Pa3BUTUMN
TeXHOnorum o6paboTkn NOBEPXHOCTU METaNNoB U NnacTMacc ¢
MCNONb30BaHUEM 31EKTPOSIUTUYECKUX UIU XMMUYECKUX NpoLieccoB
B Poccumnckon ®enepauum

1.1 OCHOBHbIe OTPaC/IN NPOMbILWSIEHHOCTU, B KOTOPbIX
MCNoNb3YIOTCA TeXHONoruu o6paboTku NOBEPXHOCTU METanmnoB 1
nyacTMacc ¢ UCNOSIb30BaHMEM 3NEKTPOSIUTUYECKUX UK
XMMMUYECKNX NPOLIECCOB

MoeepxHocTHas ob6paboTka (MO) mMeTannoB OCYLUECTBNSETCA C LENbO U3MEHEHMUS
CBOWCTB WX MOBEPXHOCTU, Kak NpaBsunno, Ans:

- LeKOpaTUBHON OTAENKN U OTpaxaTenbHON CrnocobHOCTY;

- NOBbILLEHUS TBEPAOCTUN N U3HOCOCTOMKOCTH;

- NpeAocTBpaLLeHNs Koppo3uu;

- B KQ4YECTBE OCHOBbI ANA MOBLILIEHWSA NPOYHOCTU APYrnX BURoB 06paboTku, Takmx Kak
OKpaLUMBaHWE NN CBETOUYBCTBUTENBHOE NOKPLITUE AN HAHECEHNST PUCYHKOB.

MnacTtmacckl, koTopble NErko NoaaaltTcs (POPMOBaHUIO U NUTBLIO, COXPaHSIOT CBOU
CBOWCTBa, Takune Kak Tennomnsonauus n rmbkoctb, ABNSIOTCA KOPPO3NOHHO-CTOMKAM U U305s-
LUMOHHBIM MaTtepurasnoM, 1 UM Mpu COOTBETCTBYHOLLEN NOBEPXHOCTHON 06paboTke MoryT npu-
faBaTbCs CBOVICTBA METaNNOB ANS:

- XYBOXECTBEHHOIO OOPMIEHUS, YTOObI JOBUTECA BBLICOKOW LEHHOCTM UM MpuaaTh
BHELLUHWUIA BUZ, 30510Ta, NaTyHU U XpoMa MeTannonofobHLIM Matepuanam;

- NpuaaHna oTpaxkarenbHon cnocobHoCT, NogobHO Xpomy;

- YBENUYEHUSI MPOYHOCTU, NMOCKONbKY NIAcTUK Msir4e MeTanna;

- YBENUYEHUS 3MEKTPUYECKON NPOBOANMOCTH, OBLIYHO B ONpeaeneHHbIX obnacTsx.

MevatHble nnatbl (M) aensAoTcs 0cobbIM cryyaeMm, Korfa CnoXHble 3NEeKTPOHHble
CXEMbI M3rOTaBMUBAIOTCA MOCPEACTBOM HAHECEHUS METANMOB HA NOBEPXHOCTL NacTMacc.

Cama no cebe MO He SBNSIETCS YETKO BLIP@KEHHBIM BEPTUKASMBbHBIM CEKTOPOM, Tak
KaK UCMOMb3yeTCHa B pasnMuHbIX OTpacnsx npombilneHHOCTW. MM mornm 6bl cuntaTbesa Ko-
HEeYHbIMW MPOAYKTaMM, HO OHU LLUIMPOKO UCTOMNbL3YIOTCA B NPOU3BOACTBE, HanpuMep, KOMIbo-
TepoB, MOBUNbHbIX TeNedoHOB, BbITOBON TEXHWNKN, TPAHCNIOPTHBLIX CPEACTB U T. 4.

MO meTannoB 1 NnacTtMacc CaMOCTOSITENBLHO HE POPMUPYET NMHAMBUAYATBbHBIN BEp-
THKanbHbIA NpoMbIWNeHHbIN cekTop. MO He co3paeT n3genusa, oHa NUlb U3MEHSIET CBOW-
cTBa NOBEPXHOCTU paHee ChOPMUPOBAHHBLIX KOMMOHEHTOB UNW U3AENWA A Nocnesyowero
ucnonb3oanus. MM MoxHO BbINo Bbl CUATaTL YXKE rOTOBLIMW U3AEINUAMWU, HO OHW SIBMSAOTCA
COCTaBHbIMU YacTSMK, NPOU3BEAEHHBIMM ANS UCNOMNb30BaHUS B apyrx nsgenusax. MM naro-
TaBMNMBAIOTCA NPV NPOBEAEHWUM 3HAYUTENBHOrO YMCNa B3ANMO3ABUCUMbIX MPON3BOACTBEH-
HbIX cTagmi. MoaToMy noBepxHocTHas o6paboTka MeTannoB W NNacTMKOB — 3TO HEOTLEM-
NEeMbIA U BaXHbIA NPOLIECC, MPUCYTCTBYOLMIA BO MHOMMX OTPACHSIX MPOMbILLIIEHHOCTN.

OCHOBHbIMW OTpacnsiMM MNPOMBILLNIEHHOCTH, B KOTOPbIX WUCMOSb3YHTCS TEXHONOMMU
MO, asnatoTcs:

- aBTOMOBUNBHOE U CENbCKOXO3INCTBEHHOE MaLLMHOCTPOEHUE;

- aBUALMOHHO-KOCMUYECKan U MeANLMHCKAs NPOMbILLNEHHOCTb;
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- MeTannoobpaboTka;

- MUKPO3MNEKTPOHMKE,;

- IpUBOPOCTPOEHUE U CYAOCTPOEHUE;

- TENEKOMMYHUKALIMU U UHOOPMaLMOHHbIE CUCTEMBI U AP.

Iwnana3soH nspenun, nogseprarowmxca MO, BapbMpyeTcs OT WypynoB, raek u 6onTos,
PYPHUTYPbI AN NErkKOW NPOMBILLIIEHHOCTU, FOBENMPHBIX YKPALLEHWUIA 1 OMnpaB ANA OYKOB, Ae-
Tanen Ans asBToMOBUIbLHON U APYrMX OTPacnen NPOMBbILLIEHHOCTU A0 CTalnbHbIX BankoB Be-
com fo 30T n 6Gonee 1 2 M B LUMPVHY ANSA NPECCOBaHNA Ky30BOB aBTOMOOWUNEN, Tapbl ANs
NULLEBbLIX NPOAYKTOB WU HAanUTKOB U T. 4.

MpubnuautenbHasa CTpykTypa pblHKa: aBToOMOBUIbHas NpoMbIWneHHOCTe — 20 % —
25 %, crpoutensctBo — 8 % — 10 %, npomssBoACTBO Tapbl ANS NULLEBLIX NPOAYKTOB U
HanuTkoB — 8 % — 10 %, anekTpoTexHu4eckas nPOMbILLNEHHOCTL — 6 % — 8 %, anekTpo-
HMKa — 6 % — 8%, npombiwneHHoe obopypoBaHe — 5% — 6 %, aBWaUMOHHO-
KOCMUYECKas NPOMBbILLNEHHOCTL — 5 % — 6 %, MeauuuHekan TexHuka — 5 % — 6 %, apy-
rme otpacnn — 20 % — 35 %. B Tabnuue 1.1 npuBeaeHbl NpuMepbl OCHOBHbLIX BUaoB MO n
obnacTu nx NpUMeEHEHNs B OTPAaCcIsiX MPOMbILLIEHHOCTW.

Tabnwuuya 1.1 — OcHoeHble BuabI MO meTannos n nnacTmacc n obnacti ux NpPUMeHeHNs

Bug obpaboTkum

OcHoBa

Obrnactu npUMeHeHns

Mony4yeHHble cBolicTBa

OcaxaeHvne LnH-
Ka WU XxpomarHas
naccusauus

Cranb

KpenexHele mnspenus (ravikv, 6on-
Tbl, BWHTbI, rBO3AW, creuvanbHbie
KOHCTPYKUMM W T. 4.) AN CTpou-
TenbcTBa, aBToMobunen, ypHUTY-
pbl.

KomMnoHeHTbl aBTOMOGMNbHOW TOp-
MO3HOW CUCTEMBI W KOMMOHEHTbI
CUCTEMbI OYUCTKM J10O6OBOrO CTEK-
na.

Kapkac n kopnycbl GbITOBON TEXHM-
KU (TEeneBM3opbl, MarHUTO(OH.I,
BUAEOMArHUTOMOHbI,  CTUparibHble
MaLLWHbI, XONOAMITbHUKM)

3awmTa oT KOoppO3nn.
XypoxecTBeHHoe
ogopmneHne

TBeppoe xpomu-
poBaHve

Cranb

MowHble  gBurarenm
MT. a.).

MogwwnHWKM  NpoKaTHLIX CTaHOB
(cTanb v uBETHOW MeTann).

Banvikn (B 6ymMaxXHOW MPOMBILLNEH-
HOCTW).

AspokocMmnyeckoe Lwaccy u KoMmno-
HEHTbI KOHTPOSS.

MeauupHckoe o60opyaoBaHume.
ABTOMOBUIBbHBIE aMOPTU3aTOpbI

(cynoBbie

[MpoyHoCTb.
MpepoTepalleHne
cnunaHus.
Mwukpornagkas no-
BEPXHOCTb

XpomupoBaHue

Jncroeas
cranb

YnakoBka, npegHasHauyeHHas aAng
NPOAYKTOB NUTaHusi, ObITOBLIX W
KOMMEPYECKNX U3aenui (Tapbl)

3awmTa oT KOppPOo3nK.
HekopaTtueHoe
odopmreHne
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lNpodomxerHue mabnuusl 1.1

Bua obpaboTku OcHoBa O6nactu npuMeHeHns MonyyeHHble cBOWCTBA
Hukenb, aeToka-|lMnactmac- |(O6opyaoBaHne BaHHOW KOMHATLI | 3alumTa oT KOppo3UW.
TanuTnyeckoe ca, cranb, |Komnnekryowme aetany dypHUTY- | XyaoKeCTBEHHOE
HaHeceHWe no-|anioMUHUA | pbl. odopmreHre
KpbITMA (ANA No-(m T. 4. TekcTunbHoe u nonurpadunyeckoe
cneaywoLero obopyaoBaHue.
npouecca  xpo- MeTtannunueckaas oTaenka asTOMO-

MUPOBaHNS) ounsa

OnexTponutuye- |Ctanb MoHeTbl (Bce Bantotel EC). Jetanu|3awmTta ot kopposuu.

CKWUI HUKEIb (BUHTLI M T. A.). MeTtannnyeckas|JekopatmeHoe

oTaenka asTomobuns oopmMIieHne

Onekrpooca- Cranb MoHeTb!. [leTann XynoxecTBeHHoe

XAEHWEe Mean u odopmreHre

MeAHbIX CMraBoB

(naTyHw)

Kapmuposanne |Ctanb Aspokocmunyeckune getanm 3awyta oT Koppo3uN.
MpepoTepaweHme
cnvnaHus

OnekTpooca- Mepgb, ne-|Pasbembl v npoBoga ana Tene-|3awmra oT KOppPO3UN.

XOEHWe 30noTa  |4aTHble KOMMYHMKaLUA 1 IS-annapatypbl Beicokas nposoaun-

nnarsl MOCTb

OnekTpooca- Crans, OBenupHble u3genus, ykpaweHusi| XyaoKeCcTBEHHOe

xaeHne  Aparo-|Meap,  na-|(nonble), onpaebl AN OYKOB odopmMreHre.,

LUEHHbIX MeTan-|TyHb, cnna- MpepoTBpaLleHne

noB (3onoTa, ce-|Bbl Koppo3un
pebpa, upunauns,
nnaTtuHbl)
AHogumpoBaHve |AnioMuHWA |CocTaBHble 4YacTu  aeTomMoOunA. | 3awmTa oT KoppPo3uK.
AspokocMuyeckoe Kpbino u drose-| ekopatnsHoe
NaX. odopmneHue (c unm
[Bepb 3gaHMa 1 OkoHHas pama, |6es ugeta)
00nMLOBOYHBIE NaHENN.
YnakoBka 1 ToBapbl LUMPOKOrO Mo-
TpebneHuns

Teeppoe aHoau-|AntomumHuid  |Hecywme nosepxHocTM  TypBuHbl| JonroseyHoCcTb —

poBaHue

KOMMpeccopa, YCTaHOBMEHHOrO B
ABTOMOOWIBHBIX ABUraTensax

NoBbLILLEHHAS TBEp-
[l0CTb




OkoHyaHue mabnuubl 1.1
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Bua o6paboTku OcHoBa O6nacTu npuMeHeHns MonyuyeHHble cBOWCTBA
KoHBepcuoHHble |Ctanb, alikn, 6onTbl, BUHTLI, TPYObI. 3awumTa oT KOppO3UU.
NOKpbITUA, Takue|amomuHun  [LllectepHn aBuratens, pacnpege-|[donroeevHocTb (cMma-
Kak dpocdatHble, |n gpyrme nuTenbHbIE Barnbl, MOPLUHW, PEAYyK-|3biBaHMe noBepxHO-
XpoOMaTHbIE U Ap. |MeTannbl TOPbI, KNanaHbl. CTK ANA XONOLHOro
XonogHaa dopmoBka nNPOBOAOB, |NpokaTta, unun dop-
TpYOUT. 4. MOBKMW).
YnakoBka npoaoBOnbCTBEHHBLIX U|[MpeaoTepalyeHne
ObITOBbLIX TOBAPOB. NOBEPXHOCTHbIX He-
ABTOMOBUIBbHBLIE Ky30Ba W MAHENW. | POBHOCTEWN.
BbiToBbIE SnekTpudyeckne TOBapbl, | AAresns Kpackm
uT. 4.

MeuaTHble nna-|Megb Ha |[CncTeMbl KOHTPONS 3a aspOKOCMO- | CUCTEMBI 3MNEKTPOH-

Tbl  (ONOBAHMPO- | NNacTuke HaBTUKOWN, aBTOMOBUNbHAA NPOAYK- [ HBIX CXeM

BaHMe n megHe- umMs (cuctema ynpaeneHus asura-

HWe, TpaBneHue Tenem, TOPMO3Has cuctemMa n T. a.),

nT. 4a.) aBvaumMoHHas  NPOMBILLNEHHOCTb,
TENeKOMMyHVKaumy, ObITOBbIE TO-
Bapbl

1.2 0630p ranbBaHN4YeCKOro NpoM3BoACcTBa

Llexa n yyacTkn ranbBaHWYECKNX MPOU3BOACTB CYLLECTBEHHO pasnMuaroTcs no MoL-
HOCTUW, 0BOpYyAOBaHMIO, HOMEHKNAaType MOKPbITUA, YCrNoBUAM BogoMnoTpebnenMs 1 BoaooT-
BEAEHWS.

Mo oueHke cneumanncToB B HacTosLlee Bpems B Poccuinckon deaepaunm aencreyeT
HECKONbKO COTEH ranbBaHUYECKUX LIEXOB, B KOTOPbIX HAHOCATCS COTHU ThICSIY KBaapaTHbIX
METPOB MOKPbLITUA B roj U3 MeTansoB, CNraBoB WU KOHBEPCUOHHbLIX crioeB (pocdaTHbIX, OK-
cvAHbIX W Ap.). B ranbBaHnyeckom npounssoactee npumeHsietcss 6one 200 BuaoB metannu-
YECKMX U HEMETAaNIMYECKMX HEOPraHNYECKNX NOKPLITARA [14].

B npubopocTpoeHnn 1 pagmosneKkTPOHMKE B OCHOBHOM WCMOMb3yeTCsl MHOronpo-
dunbHasa ranbBaHWKa, KoTopas xapakrepmayetcsi 60onblnm pasHoobpasmMem MOKPbITUA U
BCMoOMOraTenbHbIX onepauuii Npy cpaBHUTENbHO HEBOMBLUIOW MOLLHOCTYX MO OTAENbHBLIM MO-
KpbITUAM. XapakTepHa yactasi CMeHa BWAOB MOKPbITUA. [anbBaHWYeckme yvactku oBblMHO
HacbILLeHbl caMbiM pa3HoobpasHsiM obopyaoBaHneM. TpeboBaHWs, NpeabaBnaemMble K Ka-
YeCTBY MCMOMNb3yeMOW BOAbI, BbICOKW.

Mpeanpustnsa asToMobune- U MaWMHOCTPOEHUS XapakTepuayrTcs MOLLHBIMU Fanb-
BaHWYECKUMU LIEXaMU U y4acTKaMu NMPW OrpaHnYEeHHOM U NMOCTOSIHHOW HOMEHKMAaTYype MOKPbI-
TUR: 3aLLMTHO-AEKopaTUBHbIE (Melb, HUKEMb, XPOM) N KOPPO3NOHHO-CTOMKNE (LNHK).

CyLecTByeT y3konpodumnbHas ranseaHvka, KOraa Ha ydactke npeobnagaeTt oguH Bua
NoKpbITUMA 1 HeobxoanMble BCMOMOraTenbsHble onepauun. Croga MOXHO OTHECTU XPOMUPO-
BaHMe U3HOCOCTOMKON OCHACTKM AN MPOU3BOACTBA MOPLUHEBLIX KOMELL.

Hanbonee cyuLiecTBeHHbIMU DaKTOpaMK, XapakTepU3yOLLMMK ranbBaHUYeCcKoe Mpo-
W3BOJACTBO, ABNAOTCH CEPUNHOCTL NPOU3BOACTBA, MNOLWaAb MNOKPLITUSA B €4MHMLY BPEMEHN.
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Tak, N0 CepMMHOCTM MPOM3BOACTBA Liexa MEeTannonoKpbITUA CreayeT KnaccuuumposaTs
KaK efMHWYHbIE N MENKOCEPUIHbIE (NnoLab NOBEPXHOCTM NOKPbITKA Ao 50 000 ler), cpea-
HecepuiiHble (oT 50 000 fo 150 000 MYr), KpynHocepuitHble (0T 150 000 fo 300 000 M2/r) "
maccosble (cBbilue 300 000 M%/r). B OAHOM Liexe OHOBPEMEHHO MOXET OCYLLECTBRSTHCH
NPOW3BOACTBO MOKPLITUIA C Pa3HON CEPUNHOCTLIO.

B uenom no enagam nokpeiTnii 06bEM NPON3BOACTBE PacrpefenseTca B NPOLEHTHOM
COOTHOLLEeHUW cnegyowmm obpasom: umHkoBaHne — 40 % — 50 %, HukenvpoBaHue —
8 % — 10 %, meaHeHne — 7 % — 8 %, xpomupoBaHne — 7 % — 8 %, KagMMpoBaHue —
4% — 5 %, nyxeHne — 3 % — 4 % v gpyrne — 15 % — 33 %.

HomeHknaTypa noKpbITUIA 3aBUCUT OT LIENEBOr0 Ha3HaYeHWs! ranbBaHWYEeCKOro NoKpbI-
Tna. Hanpumep, B MalIMHOCTPOEHWUN NpeobnafaeT UMHKOBaHMe, HUKENMpoBaHve, MegHeHne
N XpOMUPOBaHME.

Mo OCHOBHOMY Ha3Ha4YeHWI0 MOKPLITUA MOAPAa3AENATCH Ha 3alWTHbIe, 3alMTHO-
LeKopaTvBHbIE 1 creymarnbHbIe.

Mpu BbLIGOPE MOKPBLITUIA YYMTLIBAKOT: HasHaYeHWe AeTanu, HasHa4yeHue MOKPbITUS,
YCMNOBUSA 3KCMyaTaumm getanu ¢ NoKpbITUEM, Matepuan geTany, CBONCTBa MOKPLITUSA U €ro
BIIMSIHNE Ha MEXaHN4Yeckne N Apyrve xapakTepucTuki martepuana getanu, cnocob nonyde-
HUS NOKPLITUS N €70 BMINSAHWE HA MEXaHUYECKNE N APYrMe XapakTepucTUKM maTtepuana ae-
Tanu, SKOMOTMYHOCTb METanna NoKpbITUA U TEXHOMOMMYECKOro NpoLecca HaHECEHNA, [ony-
CTUMOCTb KOHTaKTa MeTannoB U MeTaniM4yeckux u HeMeTanmMYecknx NOKPLITUA, 3KOHOMM-
YECKYH0 LienecoobpasHoCTb.

Mpn o6paboTke OCHOBHOrO MeTanmna UCnomnb3ykTCa cneayrowme cnocobel: Kpauesa-
HVe, 3rMeKTPOXMMUNYECKOE MOMNMPOBaHME, WTaMNOBaHWe, «CHEXXHOEY TPaBneHune, LTpMxoBa-
Hue, obpaboTka «nof xemuyr», BubpoHakaTbiBaHue, HaHeceHne fyroobpasHbiX NUHWIA, an-
mMasHas obpaboTka, HaHeceHWe BONOCAHbBIX NMUHUIA, CaTMHUPOBaHWE, NaccUBMpPOBaHWE, Ma-
TUpOBaHWe, MeXaHNYeCckoe NONMMPOBaHUE, XMUYECKOE NONMPOBaHME.

OcHoBHbIMU criocobamu NosyYeHUsi MOKPLITUS B ranbBaHWYECKOM MPOU3BOACTBE fiB-
NAIOTCA: KATOAHOE BOCCTAHOBMNEHNE, KOHAEHCALUMOHHbBIA (BaKyyMHbIN), aHOAHOE OKUCMEHMWE,
KOHTaKTHbIA, XUMMUYECKUNA, KOHTAKTHO-MEXaHWYECKUA, FOpSYUA, KaToaHOE pachblneHue,
ANDADYINOHHBIN, BXUraHWe, TEPMUYECKOE HarblEeHNe, 3ManMpoBaHue, TEPMUYECKOE pas-
TNOXEHWe, NIakMpoBaHue.

1.3 O630p NpomM3BOACTBA NeYaTHbLIX NfaT U MeTanIn3auum
nracrmacc

B npounssoactee npubopos, CpeAcCTB BbIMUCIUTENBHON TEXHWKW, PasfnuYHbIX BUAOB
3MNEKTPOHHbBIX YCTPOUCTB 1 BbITOBOWN pafMOTEXHNYECKON annapaTypbl Kak CpeacTBO aBToMa-
TN3aLMN MOHTaXXHO-COOPOYHbIX OnepaLuii LLIMPOKO NPUMEHSIOTCA neyaTHble nnatel [15]-[20].

OHu obecneunBaloT CHUXXEHNE METaNMOEMKOCTH, rabapuTHbIX pa3smepos, a Takke no-
BblLLEHWE 3KCMSyaTaLMOHHbIX CBOWCTB U3AENUNA.

Mpy N3roToBNEHNMM NEYaTHLIX MNAT B 3aBUCUMOCTU OT UX KOHCTPYKTUBHBLIX OCOGEHHO-
cTer n macwTabos NpPoM3BOACTBa MPUMEHSIIOTCH PasnuyHbIe BapUaHTbl TEXHOMOMMYECKNX
NPOLIECCOB, B KOTOPbIX MCMOMb3YETCS KOMMIMEKC ranbBaHOXMMUYECKUX onepauun: 6ecToko-
Bada (XI/IMVILIeCKaFl) MeTannu3ayunsa, nonyvyeHne 3almTHbIX pPUCYHKOB, BbiTpaBnnesaHne Meau n
ranbBaHn4eckas obpaboTka.
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OnekTpoxnuMmYeckue npoLeccsl obecneunsaroT B NeEpByO ovepeib OCHOBHbIE CBOW-
cTBa mnnar: CrnocobHOCTb K MawvKe, 3MeKTPONpPOBOAHOCTb, HEOOXOAMMYIO 3NMacTUHMHOCTb U
paBHOMEPHOCTb pacnpeaeneHns MeTannM4ecknx NokpeITuii. Bce 3Ty ceoncTea onpeaensior
Ka4eCTBO MnevaTHbIX MnaT v X HaAeXHOCTb B 3KCMIyaTaLuu.

MevatHas nnata npeacrasnseT cob6on NNockoe U3oNALMOHHOE OCHOBaHWE, Ha OAHOM
unm obenx CTopoHax KOTOPOro, B COOTBETCTBUM C 3MEKTPUYECKON CXEMOW, PaCMONOXeHbl TO-
KOMpOBOASILLME MOMOCKM MeTanna (NPoBOAHVKM). [N MOHTaxa 3neKTpopagno3NeMeHToB
(OPJ) Ha nnaTy cnyxaT MOHTaXHble OTBEPCTUS, KOTOPLIE NMPUW ABYCTOPOHHEM pacnonoxe-
HUW NPOBOAHNKOB METaNNU3NpyTCA.

MevaTHblE NNaTbl N0 KOHCTPYKTUBHBIM NMPU3HAKaM ASNSTCA Ha Cneayowme TUnbl: oa-
HocTopoHHme (OMM), asyctopoHHme (AMNM), mHorocnowHbie (M) v rubkue (M) nnaTbl.

MponasoacTBO NNaT OCYLECTBNAETCA CNeayroWwmMmn crnocobamm: XMMMYECKoro Tpas-
TIEHNS1, SMEKTPOXUMUNYECKMM 1 KOMBUHUpOBaHHBLIM [15], [16].

Xvmunyeckmin cnocob ocHOoBaH Ha BbiTpaBnuBaHuM MeTanna. McxogHeiM maTtepuanom
CNYXWUT PONBrMPOBaHHBIN JUSNEKTPUK, T. €. U3OMALMOHHBIN MaTepuar, 0Obl4HO reTUHaKC, Ha
MOBEPXHOCTb KOTOPOro C OAHOW WM ABYyX CTOPOH HakneeHa mepHas donbra TOMLWMHON
35 Mkm. Ha noBepxHoCTE MeaHOW hOrbrv BHaYane HaHOCUTCS HEdNMEeKTPOMpPOBOAHOE MO-
KpbITVE B BUAE PUCYHKA, 3alLuMLLAoLee NPOBOAHVIKM NPY NOCNeAYoLWEen onepaumn BbITpaB-
nvBaHMsa Meaun. 3aluTHBIM PUCYHOK CXEMbl BbINMOMHAETCH CTOMKMMU K BO3AEUCTBUIO Tpa-
BUINbHLIX pacTBOPOB MaTepuanamu. B pesynbtaTe TpaBneHns NONHOCTLIO yaanseTcs Megb C
npobenbHbIX MECT U CO34aeTCH NPOBOAALLMN pucyHOK. OTBEPCTMA ANA YCTAHOBKW BbIBOAOB
OPD3 cBepnsaTca unu WTaMnyroTCs Nocne BbITPaBIUBaHMA MEAN N HE NOABEpraTca MeTan-
nm3auumu.

Mavika BbiBOAOB AP3 NPOU3BOAWUTCH HEMOCPEACTBEHHO K KOHTaKTHbIM MIioLjajkam
neYaTHbIX MPOBOAHMKOB.

XvMm4ecknii cnocod NpUMeEHsIeTCs rMaBHbIM 06pasom B Mpon3BoACcTBE niar ObIToBOM
pagunoannapaTypbl U HEKOTOPbIX MPUBOPOB.

Mpun anekTpoxmmMmyeckoM (nonyaganuTMBHOM) cnocobe NpoBOASLUA PUCYHOK CO3Aaa-
€TCsl B pe3ynbTaTe 3MeKTPOXMMUYECKOro OCaXKAEHNA MeTanna, a He BbiTpaenusaHueM. MNpu-
CTaBKa «Mosy» O3Ha4aeT, YTO B TEXHOMOrMU W3roTOBMEHUSI COXpaHeHa onepauusi Tpasne-
HWS, HO OYeHb TOHKOrO Crosi METanna, KOTopbI obpasyeTcsi MO BCEW NOBEPXHOCTU MeTanna
npyv XUMWYECKOW MeTannusauuu. McxogHbIMM MaTepuanaMu B 3TOM Chyyae crnyxar
HedONbrMPOBaHHbIE ANANEKTPUKA. 3aLLUMTHBIA PUCYHOK, B OTNMYME OT MPeabiayLlero MeTo-
[a, HaHOCAT Takum 06pasoM, UToObl OTKPLITLIMA OCTaBanMCb T€ YYacTKU MOBEPXHOCTM, KO-
TOpbIe NOANEXaT MeTann3auum ¢ Lenbio 06pa3oBaHUsa NPOBOAHUKOBLIX 31IEMEHTOB CXEMbI.
MonyapAWTVBHLIN METOA NpesycMaTpuBaeT MonyyYeHUue MeTannM3upoBaHHbIX OTBEPCTUN
OiHOBPEMEHHO C NPOBOAHUKAMU N KOHTaKTHbIMU NMOLLaAKaMU.

KombuHupoBaHHbIN cnoco® npeacraensieT cobor coueTaHne nepBbiX ABYX U ABNSET-
cs Hambonee pacnpocTpaHeHHbiM B npoussoactee AINM. UcxogHbiM matepmuanom CnyxuT
honbrMpoBaHHbIN C ABYX CTOPOH AU3NEKTPWK, MO3TOMY NPOBOAALLMIA PUCYHOK MOIyYatoT Bbl-
TpaBnUBaHWEM MeAMW, a MeTannu3auusa OTBEPCTUNA OCYLLIECTBISETCA METOAO0M XMMUYECKOro
MEeHEHWNS C NOCNEAYIOLLMM SMEKTPOXUMUYECKUM HapaLMBaHNEM CrOSt MEAU 1 Janee apy-
TUX NOKPbITUNA.

Mavika AP 3 npouseoanTCA NyTEM 3aMONIHEHUS NPUMNOEM MOHTaKHBLIX OTBEPCTUN, B KO-
TOpbIX HaxoaaTcsa BbiBoAbl IPJ. KOMOGUHMPOBaHHLIN METOA ABMSAETCA OCHOBHbLIM B MPOU3-
soactee AMM v MMM ans annapaTypbl pasHoo6pasHOro HasHauYeHUsI.
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AJAUTMBHBIA cnocob 3aknto4aeTcs B NOMyYeHUN NPOBOASILLErO PUCYHKa MOCPECTBOM
TOJICTOCIIONMHOrO XMMUYecKkoro (6eCTOKOBOr0) MeAHEHMWS, YTO MO3BOAET UCKIHOYATL NpUMe-
HEeHWe ranbBaHN4YEeCcKMX Onepauui 1 onepaumm TpaeneHus. IcxoaHbIM maTtepranom CrnyxuT
HedONbrMPOBaHHbIN USNEKTPUK.

K apavTMBHOMY MOXHO Talkke OTHECTM cnocob nepeHoca MPOBOASLLErO PUCYHKa, Mo-
TNYYEHHOrO ranbBaHWYECKMM OCEXKAEHMEM MEAU Ha NUCTE N3 KOPPO3MOHHO-CTOMKOWA CTanu,
Ha AManeKkTpu4eckne marepuarnei.

CTpykTtypa ucrnonb3oBanus MM B Mupe cknagbiBaeTcs cregyromm obpasom [21]:
30 % — 32 % [N ucnoneayetcsa B TeneKOMMyHUKaUmKn, okono 30 % — B BbIMUCIIUTENBHON
TexHuke, 10 % — 12 % — B GbITOBOM TexHUke, 6 % — 8 % — B BOEHHOW 3MEKTPOHUKE,
7 % — 8 % — B aBTOMOBOUIIEHON NPOMBILLNEHHOCTU, 5 % — 6 % — B MEAMLMHCKON TEXHMKE.

B Poccum pacnpegenerue MM no cpepam NpUMEHEHUS HECKOMBKO ApYroe: BOeHHast
anekTpoHmka — 20 % — 25 %; cucteMbl BesonacHocT U KoHTpons poctyna — 10 % —
15 %; TenekoMMyHMKaummn: rpaxnaHckne M BoeHHble — 20 % — 25 %; aBTOMOOUNbHas
anekTpoHnka — 10 % — 15 %; BbluMCIIMTENBHASA TeXHUKA, KOHTponnepbl — 17 % — 21 %;
MeauuMHckasa annaparypa — 7 % — 10 %; ObiToBas anekTpoHuka — 7 % — 10 %; npo-
ue — 10 % — 15 %.

1.4 Jkonornyeckue acnekTbl o6paboTKu NOBEPXHOCTU MeTansIoB U
nnacTMacc ¢ UCMosib30BaHUEM INEKTPOSIUTUUYECKUX UMU
XMMUYECKUX MpOLIeCCOB U BO3AeACTBUE NpeanpuATUA Ha
OKpy>KatoLlyto cpeny

anbBaHW4eckoe NPOM3BOACTBO ABMAETCH OAHUM M3 Havbonee onacHbIX UCTOYHUKOB
3arps3HEHVs OKPYXKatoLLEN cpefibl, FMaBHbIM 06pPasoM NOBEPXHOCTHBLIX U NMOA3EMHBIX BOJOE-
MOB, BBMAY 00pa3oBaHns 6onbLIoro o6bemMa CTOUHbIX BOA, COAEPKALUMX BpeAHbIE NMPUMECH
TSDKESbIX METAMNOB, HEOPraHNYECKMX KUCIOT U LENOYEn, NOBEPXHOCTHO-AKTUBHbLIX BELLECTB
N APYrMX BbICOKOTOKCUYHBIX COEAMHEHWI, @ Takke BONbLIOro KONMYECTBa TBEPAbIX OTXOA0B,
0coBEeHHO OT peareHTHOro criocoba 0Ge3BpexXMBaHUS CTOYHLIX BOJ, COAEPXKAaLMUX TSXKEnbe
MeTannbl B ManopacTteopumon dopme [22].

CoefVHeHa MeTannoB, BbIHOCMMblE CTOYMHLIMM BOAAMMW FanbBaHOMPOWU3BOACTBA,
BECbMa BPEAHO BIUSIIOT Ha 9KOCUCTEMY «BOAOEM — MOYBA — PACTEHUE — XMBOTHBIA MUP —
YeroBeky.

MHorve xMMu4yeckmne BeLLECTBa, NOCTynalLme B OKPYXatoLLylo cpedy, B TOM Yicne u
B BOAOEMbI, @ 4Yepe3 NUTbLeBYHD BOAY B OpraHmM3mM denobeka, NOMUMO TOKCUYeCKOro ,qe17|—
cTBus, obnafarT KaHUeporeHHbIM (CNOCOOHbI BbI3BATL 3M0KAYECTBEHHbIE HOBOOGpasoBa-
HWS), MyTareHHbIM (MOTyT Bbi3BaTb M3MEHEHUS] HaCNeACTBEHHOCTM) N TepaToreHHbIM Aen-
cTBueM (cnocobHbl BbI3BaTb YPOACTBA Y poxaaromxcs peten). KaHueporeHHoe aevcTeune
Ha TennOKPOBHbIX XXUBOTHbLIX MPW NOCTYNNeHUN B OpraHn3m c MUTLEBOW BO,CI,OI?| OKasblBakoT
MBILLBSIK, CENEH N Mannagui, a npy NocTynneHun B OPraHnam Apyrmmy nyTamm — xpom, 6e-
PpUNMIA, CBUHEL, PTYTb, kobanbT, HUKENb, cepebpo, nnatuHa. TepaToreHHoe AencTBue Ha
XKMBOTHbIX B 9KCMEPUMEHTarbHBIX YCMOBUAX OKasanu KagMui, CBMHEL, MbIWbAK, kobanbT,
antoMVHUA 1 NUTUIA. B onbiTax ¢ pagy»xHon openso ONMcaHo MyTareHHOe AeNCTBUE Cyllb-
dhnaa UMHKa. HekoTopble HEOpraHNMYeckMe CoefuHEHUs, Hanpumep coeauHeHns xpoma (VI),
OKasblBarOT Ha mo,u,eﬁ annepreHHoe ,D,eVICTBI/Ie. MHoruve HeopraHnyeckne coegmnHeHna gaxe
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B OYEHb MariblX KOHLIEHTpaUmaxX OkasblBaloT BpeAHOEe BO3AEUCTBUE Ha PbIG U MX KOPMOBbIE
pecypcbl. BONbLWMHCTBO BOAHbIX OpraHM3moB 6onee YyBCTBUTENBHO K AENCTBUIO TOKCUYHDbIX
BELLIECTB, YEeM YEeNOBEeK U TEMNOKPOBHbIE XMBOTHbIE. PasHblie BUAbI OPraHM3MOB HEOANHAKO-
BO MEPEHOCHAT JEeNCTBME HeopraHudecknx coeamHeHun. Tak, JIKsy (neTanbHas koHueHTpa-
ums, npu kotopon rmbHeT 50 % ocobel) kaaMusa cocTaBnseT aAns uuknonos 3,8 mr/n, a gns
fadHun — 0,055 mr/n. Ukpa nococebix pbib 6onee yyBCTBUTENBHA, YEM B3pOCHblE 0COOU,
K BEMCTBUIO MEAUN U LMHKA.

Kymynsaumsa BpegHbIX HEOpPraHMYeCKMX COeAVMHEHUA TkaHAMU pblb cospaeT yrposy
OTpaBneHuns nogen, ynotpednawowmx Takyto nuy. OHM HakannMBaeTca MUKpOOpraHMama-
MW, pbiBaMm U Nx KOPMOBBIMU PECYPCaMM A0 BbICOKUX KOHLUEHTpaumn. Kagmusa B TkaHsax poib
oBHapyxeHo B 200 pas Gonblie, 4eM coaepXarnoch B BOAE, YTO NOATBEPXKAEHO ONbITaMM Ha
MOJIOAM OKYHS! YepHOro 6obLIEPOTOro U yLLIACTOro, MPOACITKABLLUUMMCA 6 MEC, NPU KOHLEH-
Tpauuax kagmus B Boge 0,0005-0,85 mr/n. TkaHM yCTpuL, U3 BOAOEMOB KYMYINMPYIOT CBUHEL,
KagMWIA, LWHK, Mefb 1 koBanbT, MUAWUN — KaaMun.

B kpynHbIX ropogax v NpOMBILLMEHHBIX LEHTPax BpeAHbIE BELLECTBA NOCTYNaloT B BO-
LOEMbl B BUAE PasnNUYHbIX COEAMHEHWM MU CMECEW, OKasbIBalOLWMX COBMECTHOE, MUNn Tak
Ha3blBaeMoe KOMOVHMPOBAHHOE, AENCTBME HA OPraHvW3am YeroBeka, TEMIOKPOBHLIX XNUBOT-
HbIX, ropy n dayHy BOAOEMOB, Ha MUKPOMNOPY OUMCTHBIX COOPYXEHUIA KaHanu3auun. 310
MOXeT ObITb. 1) CUHEPrM3M, MMM MOTEHUMOHMPOBaHWe, koraa addekT aencrtensa Gonbie
MPOCTOr0 CyMMUPOBaHWS; 2) aHTaroHnam, korga AefCcTBUE HECKOMBKUX SA0B OblBaET MeHb-
e CYyMMMPOBaHHOro 1 3) agauTMBHOE, UM NpocToe cymmupoBaHue. Hepeako HabnoaaroT-
CS W OTCTYMNMEHUs OT 3TOM cXxeMbl. KagMuii B COMETaHNM C UMHKOM M LaHuaaMu1 B BOAE YCU-
NMBaET VX BENCTBME, MbIlbSAK ABMSETCA aHTaroHUCTOM ceneHa. B onbiTax ¢ pagyxHow ¢o-
penblo TOKCUYHOCTb CMEecH CynbUAOB LMHKa U MeAU B MarsbiX KOHLeHTpauusix bbina npu-
MEPHO Takas e, Kak 1 KaX[0ro KOMMNOHEHTa B OTAENLHOCTH, a NPY BbICOKNX KOHLIEHTpaLUmax
Habnrofanca cnHepruam. Yacto ogHu 1 Te e 3NeMeHTbl MOTYT BbICTYNaTb Kak CUHEPrUCTbI
AN OAHWX PYHKLUMOHANBHBLIX CUCTEM OPraHnM3MOB W Kak aHTarOHUCTbI AN apyrux. Tak, map-
raHely n Meab NPOSBNAIOT CUHEPTN3M B NpoLeccax KPOBETBOPEHNS U @HTaroHM3M Npw BO3-
LENCTBMUN Ha LieHTpanbHyo 1 Nepndepnyeckyro HepBHble cucTeMsbl. MonHbIX cxem KOMBUHK-
POB&HHOIO fEeNCTBUA BPEHbIX BELLECTB B HACTOALLEE BPEMA HE CYLLIECTBYET.

PUBNKO-XUMMHECKNE CBOWCTBA BOABI — TEMMNEPATYpa, COAEPKAHNE KUCNOPOAA, XKECT-
KOCTb U pH — BRMSAKOT Ha TOKCMYHOCTb MHOTUX HeopraHuveckux sellects. C NoBblLEHUEM
TemnepaTypbl BOAbl yBENMYMBAETCH OOMEH BELLECTB BOAHLIX OPraHM3MoB, U OHW MONy4atoT
Oonbwe sga. Mpu yBenmdeHun oblien xectkoctn Boabl ¢ 20 ao 260 mr/n no kapGoHaty
Kaneumsa cpegHue netansHble KoHUeHTpaumn (JIKsp) pasnmnyHbIX COeAVHEHU KaaMUsi, MEAMW,
onoBsa v cBMHUa yBenuuusatotTcs npumepHo B 100 pas. YeenuveHve pH ¢ 6,6 ao 8,0 Tarke
CHWKaeT TOKCUYHOCTb MHOMMX BeLLeCTB. Taknm obpasoM, B BOAOEMaAX C Masiol XECTKOCTbIO
BOAbl ALOBUTOE AENCTBME METAaNNOB, Kak npaBuno, OyaeT 6onblue, XOTa U ObIBaOT UCKMHO-
YEHMWS U3 3TOM 3aKOHOMEPHOCTU. [MO3TOMY CHUXKEHME XKECTKOCTU BOAONPOBOAHOM BOALI MO-
KET MOBbLICUTL TOKCUYHOCTE COAEPXKALLUMXCA B HEW METarnoB.

KoHUeHTpauum 3arpssHAOLLMX CTOYHbIE BOAbI MPUMECEN NPU NOCTYMNSIEHUN UX B BO-
LOEM MOCTEMNEHHO YMEHBLLAKOTCH 3a CYET pasbaBneHns, OCaKAEHNA HA AHE U XMMWYECKOTO
B3aMMOLENCTBMS NPYMECeN C BELLECTBaMK, MPUCYTCTBYIOLMMN B BOAE BOZOEMA, a Takke
BCMNEACTBME Pa3NOXEHUss MHOMMX NMpUMecei (rnasHbIM 06pa3oM OpraHUYECKMX) C MOMOLLBHO
adpobHbIX MUKPOOPraHM3MOB, BCErga UMeroLmxca B Boae Bogoema. CnocobHocTb Bofoe-
MOB K NUKBUAALMN 3ArpsisHAIOWLMX NMPUMECEN 1 BOCCTAHOBIIEHUIO NPUPOAHBIX KA4YECTB BOAbI
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BOAOEMa HasblBaeTcsi camooumLlarolen cnocobHocTeto BogoeMa. [Mpoueccel Guonoryde-
CKOro CaMOOYMLLEHMS CBS3aHbl C NOTPEOnNeHnemM KMCNopoaa, pacTBOPEHHOrO B BOAE BOL0e-
ma. [na npeaoTBpaLleHns HapyLLeHVa KMCMOPOAHOrO pexnMa BoAOeMa KOMMYecTeo opra-
HMYECKMX BELLECTB, Nonajarolmx co CTOYHbIMU BOAAMW B BOJOEM, HE AOIDKHO MPEeBbILaTh
onpefeneHHylo BENMMUMHY, COOTBETCTBYHOLLYIO KONMYECTBY KMCMopoAa, MOCTynaroLlero u3
atmocdepsl. B npotmBHOM criyyae copgepxaHne KMCnopoaa B BOAE BOAOEMA HAYHET CHU-
XKaTtbCs, Y4TO NpuBeaeT k rnbenu ¢nopel 1 dayHbl. [Npoueccel GMONorMyecKoro camooumLLe-
HWUS BOAOEMOB MOTYT HapyLlaTbCs MpY MonagaHun B HAX conen Tsxensix metannos. Camo-
ouuaroas crnocobHOCTb BOAOEMOB 3aBWCUT OT MX MOLLHOCTU, rnybuHbI BofoemMa, Ckopo-
CTW TEYEHUA, TeMnepaTypbl BOAbI U T. 4.

HekoTopble HeopraHnm4eckne COeAVHEHWNS OKa3blBalT ryOWTENsLHOE AENCTBUE Ha
MUKPOOPraHn3mMbl OUUCTHBIX COOPYXEHUI, MPeKpaLlaoT UK 3ameansaT npoueccsl Guono-
TMYECKON OUUCTKM CTOUHBIX BOA U COpaxunBaHne 0cafkoB B MeTaHTEHKax.

Mpw ncnonb3oBaHNM BOAbLI 3arpsSi3HEHHBIX BOAOEMOB AN OPOLLUEHWS LIBETHbIE MeTan-
bl BBIHOCATCA Ha NONS N KOHLEHTPUPYHOTCA B BEPXHEM, Hanbonee nnoaopogHOM rymMmycoco-
Aepxawem crnoe nouysbl. KoHUEHTpauusd MeTannoB B 3TOM Croe MPUBOAUT K CHUXKEHMIO
a30TUKCUPYHOLLIEN CNOCOBHOCTU MOYBbI U YPOXKAMHOCTN CENbCKOXO3SANCTBEHHbIX KYNbTYp,
HaKOMIMEHWIO METANMOB BbILLE LOMYCTUMbIX KOHLEHTPaLMA B KOPMax U APYrnx NpoAyKTax.

B HacTosiLee BpemsA TsKenble METanmnbl 3aHAMAalT NUAMPYIOLEE MECTO Cpeau
Hambonee onacHbIX hakTopoB B OBLLEM 3arpA3HEHN OKpyXatoLLen cpeabl.

CepbesHyto onacHocTb NpeacTaBnaeT copoc B BOJOEMbI, 0COBEHHO ManonpoToYHbIe
(03epa, BOgOXpaHUIMLLA), CTOYHBIX BOJ, 3arpsi3HEHHbLIX BMOreHHbIMW anemeHTamm (coeau-
HeHusIMK dbocthopa 1 asoTa). B Boge, copepxalyen opraHmyeckmne Bellectsa n 6uoreHHsie
3MEMEHTbI, MPOUCXOAUT WHTEHCUBHOE pa3MHOXEHWE MUKPOCKONMUYECKMX Bogopocnen —
CWHe-3eneHbIX. BpemeHamun NoBepXHOCTb BOAbI MOKPLIBAETCA CMMOLWHBIM COEM BOAOPOC-
Nen s40BUTO-3EMEHOMN0 LBETA, NPOUCXOAUT 3BTpOdUKaumsa BoAgoeMOB (LBeTeHne). HekoTo-
pble CyHEe-3erieHble BOAOPOCHM BbIAEMNSIOT B BOAY TOKCMUYHble BewecTea. OTMupasn, cuHe-
3erneHble BOAOPOCY NONHOCTHLI0 06ECKUCNOPOXKMBAIOT BOAY BOJOEMA U 3arpsA3HSIIOT ee Npo-
LYKTamu pasnokeHus.

Jkonormvyeckas onacHOCTb ranbBaHNYECKOro NPOU3BOACTBA ONPEAEnsaeTCs BPeAHbIM
BO3JENCTBMEM €r0 OTXOAO0B Ha OKpyXatoLlyto cpeny. B nepeyto ovepefb OT 3arpssHeHUs
KOMMOHEHTAMW TEXHONOMMYECKNX PacTBOPOB CTPajaloT MOBEPXHOCTHbIE BOAOEMbI. B Hux
nonagarT CTOoYHbIe BOAbI, obpasylomecs npu NpoMbIBKE AeTanen, a Takke KOHLEHTPUPO-
BaHHbIe XUAKME oTXohbl, 0bpasyromecs Kak npyu 3aMmeHe OTpaboTaHHbIX TEXHOMOMMYECKUX
pacTBOpPOB, TaK U MOCHEe HEKOTOPbIX METOA0B OYUCTKN CTOUHLIX BOA (MOHOOOMEHHOrO, 3MeK-
TPOANANU3HOro, ynbTpa- U rmnepdunbsTpaLmMoHHoro 1 ap.). Bo BTopyto ouepefb KOMMNOHEH-
Tamn TEXHONOMMYECKNX PacTBOPOB 3arpA3HAIOTCA MOYBbI U NOA3EMHbIE BOAOEMbl. MCTOYHK-
KOM Takoro Buaa 3arpsisHEHWsT OKPYXaloLWEN Cpefbl CnyXaT TBepAble OTXOAbl ranbBaHuye-
CKOro Npou3BoAcTBa, 00pasytoLmecs Mocre OYMCTKN CTOYHbIX BOA U OTpaboTaHHbIX TEXHO-
TOTNYECKMX PacTBOPOB peareHTHbIM N HEKOTOPLIMK APYrMy meToaamu [23], [24].
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PaccMoTpyM cHavana BO3[eMCTBUE CTOYHbIX (MPOMBIBHBLIX) BOJ HA NOBEPXHOCTHLIE
Bogoembl. Hanbonee ys3BMMbI BOAOEMbI PLIOOXO3ANCTBEHHOrO HasHadeHus. [nsa OLeHKM
3KOMOMM4YECKOW OMacHOCTU CTOYHbIX BOA BBEAEM MOHATME «3KOMOrM4eckui kputepuny (JK),
KOTOPbIM Onpefen M Kak OTHOLLUEHWE KOHEYHOW KOHLUEHTpaLMM KOMMOHeHTa pacteBopa
B cOpackiBaemoln (oumwieHHon) Boge Cyon K €ro MAK B Boge pbIBOX03ANCTBEHHbLIX BOLOEMOB
[23]:

9K = % (1.1)

Yem BosblUe 3KONMOrMYECKUA KPUTEPUIW, TeEM OOMbLUYID SKOMOrMYECKYd OMacHOCTb
NPeACcTaBnalT CTOYHbIE BOAbI, COAEPXKaLLMe TOT UMM MHOWM KOMMOHEHT pacTBopa.

KoHUeHTpauusa KoMnoHeHTOoB B cOpackiBaemon B BOAoeMb! Boae Cyoy 3aBUCUT OT 3¢-
PEKTMBHOCTM paboTbl OYUCTHBLIX COOPYXEHWIA, KOTOPas OMPEeenseTcsi CTENeHbI0 OUMCTKMU
o CTOYHbIX BOA OT TOrO MMM MHOTO KOMMOHEHTa pacTBopa W 3aBUCUT OT KOHLIEHTPaLUM KOM-
NOHEHTOB B CTOYHOM BOAE, NOAaBaEeMON Ha OYUCTKY:

CCT — CKOH
a=T e (1.2)
rae Cer — KOHUEHTpaLuus KOMNOHEHTa B CTOYHOW BOAE, MOAABAEMOW Ha OYUCTKY, I/,
Cron — KOHLIEHTPALMSI KOMMOHEHTa B OYMLLEEHHOW BOAE, /1.

KoHueHTpaumsi KOMMOHEHTa TEXHOMOMMYECKOro pacTeopa B CTOYHOW BoAe, rnojaBae-
MOWM Ha o4nCTKy, Ccr, B CBOK OYepeab, 3aBUCUT OT pacxoda BoAbl Q, n/4y, Ha NPOMbIBHbIE
onepauum no BCemy LiEXy M CKOPOCTM yHOCA TEXHOMOMMYECKOro pacteopa q, n/d, getanamu
M3 TEXHOMNOrMYECKOWN BaHHbI U ONpPeAensieTcs KpaTHOCTLI0 pasbaBnenus q/Q:

CCT
%=amnw CCT=C0-%, (1.3)

rae Co, — KOHUEHTpaLMA KOMMOHEHTa B TEXHOMOMMYECKOM pacTeope, r/n.
Mpeobpasosas ypasHeHue (1.2) 1 noacTaBmB B HEro BblpaxeHue (1.3), nonyyaem:

Coon=Cor- (1-0)=Co- (1-0) - & (1.4)
MoacraBmB NonyyYeHHoe BbipaxeHne B ypaeHeHue (1.1), nonyyaem:
C
K=phz G (1-0) (1.5)

Taknum 06pasom, 3KONOrMYECKUIA KPUTEPUIA NPSIMO NMPOMNOPLMOHANLHO 3aBUCKT OT KOH-
LeHTpaumMmM KOMMOHEHTa B TEXHONOMMYECKOM pacTBOpE, KpaTtHOCTU pas3baBneHusi NPOMbIB-
HbIMW BOAAMW BbIHOCMMOrO M3 BaHHbI pacTeopa M 0bpaTHO NPONoOpLUMOHanLEHO 3aBUCUT OT
CTENeHN OYUCTKM CTOMHbIX BOA. Yem BombLue 3KOMOrMYeckuin KpUTepUin, Tem BOnbLLYHO SKO-
NIOTNYECKYI0 OMaCHOCTb NPELCTaBNSOT CTOYHbIE BOAbLI, COAEPXKALUME KOMMOHEHTbI TOFO UNn
WHOro TEXHOMOMMYECKOro pacTeopa.

Ecnu MNAOK kakoro-nnbo BeLyecTBa ONpefenseT ero 3KONOrM4Yeckyrd OnacHOCTb, TO
KpaTHOCTb MPeBbILLEHNS KOHLIEHTPaLMK 3TOro BellecTBa B pacteope C, Hag ero MK B Boae
pbiboxo3scTBeHHbIX Bogoemor Co/MNAK onpenensieT skonormnyeckyto onacHoctb (30) pac-
TBOpA 3TOrO BELeCTBa:

(1.6)
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B tabnuue 1.2 npeactasneHsl BenuumHbl MK TOKCUYHBIX KOMMOHEHTOB TEXHOMOMM-
YECKUX pacTBOPOB W 3MEKTPONUTOB ANS BOAbl BOJOEMOB PbIGOXO35MCTBEHHOMO 3HAYeHMs1, a
TaKKe 3HaYEHUS 3KOJOrMYECKOM ONMacHOCTU PacTBOPOB STUX KOMMOHEHTOB, KoHLeHTpauwms C,
KOTOpbIX COOTBETCTBYET paboyMM KOHLEHTPaLUMsSM PacTBOPOB U 3NEeKTPOSIUTOB, NpUMEHsie-

MbIX B ranbsBaHoONpon3BOACTBE.

Tabnuuya 1.2 — CTeneHb 3KOOrMYecKon ONacHOCTN KOMMOHEHTOB PaCcTBOPOB U

3MEKTPONNTOB
HasHaueHue pacTBOPOB U 3MEKTPONUTOB, Skonornyeckas
KoMnoHeHTbI HaVMEHOBaHWE TEXHOSOTUMYECKON onepauumu, Nak, ONacHOCTL
pacTBopoB TEXHOMOrMYeCcKoro npoLecca, Mr/n pacTBopoB
B KOTOPbLIX MCNOSIb3YHOTCA KOMMOHEHTbI KOMMOHEHTOB
OtnnengnamuH |MeaHeHue, LUnHKOBaHWe 0,001 (70 + 30) - 10°
OTtpaboTaHHble pacTBOpbI TPaBNeHUA Meu 60 - 10°
MepHeHWe B KnCnbIX dnekTponmTax (56 + 64) - 10°
cu? MepgHeHWe B UMaHUCTLIX 3MeKTponmMTax (32 + 85) - 10°
MepgHeHne B nMpogocdaTHbIX SneKTponmMTax (20 + 26) - 10°
XVMUYeckoe MeaHeHWe 0,001 4+9-10°
XpomupoBaHue (3,9+10,2) - 10°
cr® XpomaTmpoBaHue NOKPbITUA (0,9 4,8) - 10°
AHOANPOBaHNE B XPOMOBOW KUCIIOTE 0,02 | (0,8+1,5)- 10°
co?t OcaxaeHve kobanbTa 10 - 10°
Ocaxpaenue cnnasos Ni-Co, Zn-Co 0,01 42 -10°
KatanuH TpaeneHve cranei 0,000 7 10 - 10°
Ni2* HukenupoBaHve anekTponuTuyeckoe (52+9,1)-10°
XrMrYecKoe HUKeNMpoBaHue 0,01 (0,6 +1,5)- 10°
KagMupoBaHve B aMMUaKkaTHbIX 311eKTponu-
Tax (5,2 +8,8) - 10°
cqt KagmMupoBaHue B UMaHUCTLIX 3NeKTponuTax (52+7,8)- 10°
KagmMupoBaHue B KNCNbIX 3neKTponurax (52+66)-10°
KagmuposaHue B nupodocdaTHbIX 31eKTpo-
nvTax 0,005 1,8 - 10°
LinHkoBaHWe B KUCNbIX 3NeKTponuTax (27+7,2)-10°
LivHKkoBaHWe B aMMmakaTHbIX dNeKTponuTax (1,4+57) - 10°
7n2t LinHkoBaHWe B UMaHUCTLIX 3neKTponuTax (0,8 +3,6)- 10°
LinHkoBaHWe B UNMHKaTHBIX SneKTponuTax (0,8+2,8) - 10°
LinHkoBaHue B nupodpocdaTHbIX 3NeKTposn-
Tax 001 | (1,4+1,8) 10°
I~ CepebpeHuve B noanaHbIX 3NeKTponuTax 0,08 43-10°
- TpaBneHve TUTaHa, OCBETNEHME antoMUHne-
F o 6
BbIX CMN@BOB, CoAepXaLnx KPeMHUN 0,05 4-10
Sr#* XpomumposaHue 0,001 3,3-10°
nsm LinHkoBaHwme, kagMmnpoBaHmne, onoBsHNPoBa- 5
Hune 0,001 3-10
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lpodomkeHue mabnuupi 1.2

HasHaueHne pacTBOpOB U 3NEKTPONUTOB, Skonoruveckas
KOMNOHeHTHI HavMeHOBaHWe TEXHOIOMMYECKO onepayuu, nak, OMacHOCTb
pacTsopos TEeXHOMNOrn4eckoro npouecca, Mr/n pactsopos
B KOTOPbIX MCNOJIb3YIOTCA KOMNOHEHTDI KOMMOHEHTOB
NO,” OKeuAVpOBaHue craneli 0,08 | (1,3+2,1)-10°
LinaHncToe KaMMpoBaHue (1,4+21)-10°
LinaHncToe 3onoueHme (0.6+2)-10°
CN- LinaHWCTOe LMHKOBaHe (0,4+1,1) - 10°
LnaHucroe cepebperne (0,3+1,3)- 10°
LinaHncroe megHeHune 0,05 (0,3+1)-10°
CNS~™ CepebpeHvie N3 poaaHNCTbIX 3NEKTPONUTOB 0,1 1,8 - 10°
Mo®* MaccuBaLma LMHKOBbIX NOKPLITUN 0,001 2 1,3-10°
AP TpaBneHVe n aHoAMPOBAHUE aNFOMUHUS 0,04 0,9 10°
Feosw TpaBneHune ctanbHbIX AEeTanewn, XxenesHeHme 0,1 0,6 - 10°
Mn2* PocdaTtupopaHmne B pactsope conv Maxed,
OKCAMPOBaHNE MEeAHbIX CMaBoOB 0,01 0,5 10°
0C-20 LinHkoBaHve, kagMupoBaHue, OnoBAHUPOBa-
HVe, oBeaxnpuBaHme 0,01 0,5-10°
Pp** CBuHUeBaHwWe, NokpbITHe cnnasoM Sn-Pb 0,1 0,4 - 10°
cr* XpoMnpoBaHue, XxpoMatmpoeaHne 0,07 0,4 - 10°
Avcnepratop HP | LjuHkoBaHWe, kagmnpoBaHue 0,25 0,4 - 10°
Pocdarel no P | OnekrpononuposaHne 2,0 0,3-10°
NH.* LIHKoBaHWe, kagM1poBaHue 0,5 0,2 - 10°
AntoMokanueBble
KBacLp! Hykosare 0,63 9-10*
Se™ MegHerne nupodocdaTtHoe, cepebpeHue 0,001 6 3-10*
Ba® PocdatupoBaHne cranemn 0,74 3-10°
Mupodocdatsl |MeaHeHne, UMHKOBAHUE U KaaMUPOBaHMNE U3
no P nupodocdaTtHbIX aNEKTPONUTOB 2,0 (1,5+4,3)- 10*
TpaBneHue MeaHbIX CMaBoB, OCBETNEHUE
NOs~ antoMUHUSA 2-10*
OcBeTneHre LUMHKOBBIX U KaAMUEBBIX MOKPbI-
™I 40,0 1-10°
Cunranon 1C-10 | XuMunyeckoe u anekTpoxumMuyeckoe obeaxu- | 0,000 5 20 - 10°
MeHoracutens |pusaHue
K3-10-12 0,001 2-10°
CvHTamna-5 0,1 8- 10*
CynbdoHon
HN-3 0,1 6-10*
CynbdoHon
HM-5 0,1 6-10*
Cynbdupon-8 0,1 3-10%
on-7 0,3 1,7 - 10°
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OkoHyaHue mabnuubi 1.2

HasHaueHne pacTBOPOB 1 3MEKTPONNTOB, Okonornyeckas
KomnoHeHTbI HaUMeHOBaHWE TEXHOMOTMYECKON onepaLmm, nak, OnacHoCTb
pacTsopos TEXHOMOrMYECKoro npowecca, mr/n pacTsopos
B KOTOPbIX NCNOMb3YIOTCA KOMMOHEHTbI KOMMNOHEHTOB
on-10 0,5 1,2 10°
Ti2* TpaBneHue TUTaHa, UMaHUCTble LMHKOBaHUE \
1 KagMmpoBaHue 0,06 1,7 - 10
1,4-6yTnHamnon |Bbnecrawee HukennpoeaHue 0,1 1,510
HsBOs 1o B LinHkoBaHwme, HUKkenMpoBaHue, KagmmnpoBsa- \
HWe, amaTtanMpoBaHue 0,5 1,1 -10
Kpacutenu: HanonHeHne aHo4HO-OKWUCHBIX MOKPbITUN
[ ny6GoKo-4epH. 0,8 2-10*
akT. yepH. K 0,5 3-10%
KuCH. YepH. C 0,05 3-10°
oparx. 2K 0,01 1-10°
4ncTOo-rony6on 0,01 1-10°
KpacHbin 2C 0,01 5-10°
SO~ TpaBneHVe MefHbIX CNaBoB, cTanel 100,0 0,9 - 10°
®occhatsl no P HaHecenne d)OCCt‘)IaTHbIX, OKCUAHBIX doc- )
daTHbIX NOKPLITUN, 0BeKMpUBaHNE 2,0 0,8-10
TuoMoueBHHa OneKkTpononMpoBaHne Meau, LMHKOBaHME, )
KaaMunpoBaHve 1,0 0,3-10
cr TpaBneHue cranemn, CHATUE LWnama 300,0 1,4-10°
Mg** HukennpoBaHue, LiMHKoBaHue 40,0 1,5 107
dnokynsHT MAA | OumcTka CTOYHbIX BOZ 0,88 57
SO5” Ob6e3BpexunBaHne XpoOMCOepaLLmMX CTOKOB 1,9 B 3aBncumocTun
$,05% (BoccTaHonerune Cré* no Cr¥) 1,7 | oT nepenoampos-
S,05” 22 ki

W3 aton T1abnuvusl BMAHO, 4YTO, KPOME pacTBOPOB 3TUNEHAMAMMHA W KaTanuHa,
HanBonbLUEN 3KONMOTMYECKOW OMacHOCTLIO 06naaatoT pacTBOPbl MOHOB THKENbIX METamNmMoB:
90 ot (20 = 85) - 10° ana mean oo 0,2 - 108 anst monmbaeHa. Cpean pacTBOPOB KUCIMOTHBLIX
OCTaTKOB W NUraHaos HanmborbLUEN 3KONOrM4eckon onacHocTeo obnagatoT noguaHsle, dTo-
puaHsle 1 UMaHuaHele pacTteopbl (30 = (4,3 + 2) - 106), HanMeHbLLEN — pacTBOpbI Cynbda-
TOB, XMOpWAoB U HutpaTos (30 = (9 + 1) - 10%). AMMoHUitHble (30 =2 - 10°) 1 nmpodoc-
datHele (30 =1,1 +4,3) - 104) pacTBOpbI 3aHUMAIOT MPOMEXKYTOUYHOE MONOXKEHME.

Tak kak NpakTU4ecku sl BCEX KOMMOHEHTOB TEXHOMOrMYECKMX PacTBOPOB ranbBaHu-
yeckoro npouseogctea MK ycTtaHoBNEHbI N0 O4HOMY U TOMY K& NUMUTUPYHOLLEMY MOKa3a-
TEMO BPEAHOCTU (TOKCUKONOTMYECKOMY), TO 3KOMOTMYECKYHD OMAacCHOCTb TEXHONMOMMYECKNX
pPacTBOPOB W SMEKTPONNTOR MOXHO ONPeAEensiTb CyMMUPOBaHNEM 3HAYEHMWI CTEMEHM 3KOIO-
MMYeCKON OMacHOCTW pacTBOpa KaXKAO0ro KOMMOHEHTA.

B kauecTtBe npumepa B Tabnuue 1.3 npusegeHa cpaBHUTENbHAS OLEHKA SKOMornye-
CKOW OMacHOCTM HEKOTOPbIX 3MEKTPONUTOB LIMHKOBaHWS: 3a cdeT 6oree BbICOKOM KOHLEH-
TpaumMn KOMMOHEHTOB (O0COBEHHO MWOHOB LWHKA) KUCMble SMNEeKTPONuUTbl, Kak 37O
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HW napagokcaneHo, obnagatT HaubonbLUel 3KONOrMYECKOW OMacHOCTLIO, MpeBbillatoLwen
3KONOMMHYECKYIO OMACHOCTb LMAHUCTLIX 3neKkTponuToB. [apagokcanbHOCTb AaHHOrO yTBep-
XOEHNSA OBBbACHAETCHA NyTaHWUEA B TEPMUHONOMM: SKONOMMYECKas OMacHOCTb 4acTo nyTa-
€TCH C TOKCMMHOCTBIO ANs Yenoseka. Tak, Hanpumep, obLWensBecTHO, YTO LUnaHnabl a40BU-
Tee COeAMHEHUN LUMHKa: CMepTenbHas Ao3a cynbdara UuHKa Ans TEMNOKPOBHBIX XKUBOTHBIX
coctaenseT 750 Mr/kr Maccel Tena, a CpefHsaa CMepTenbHas 4o3a uMaHnaoB Ans Yenoseka
noytn B 1000 pa3s meHbLUe n coctaenseT 0,7-3,5 Mr/kr maccel Tena. B Toxe BpemMs ana ako-
norMn MoHbI LUMHKa B 5 pa3 onacHee, 4eM LmaHuabl: Ans noHos LmHka MAKpx = 0,01 mr/n,
Ana umaHug-admoHos MMAK,x = 0,05 mr/n. CnepoBaTtenbHO, TOKCMYHOCTb ANSA Yenoseka
ANEKTPONNTOB LIMHKOBAHUS OnpeaensieTcs rnaBHbiM 06pasoMm copgepxaHveM umaHuaos, a
3Komornyeckasl onacHocTb — B OOnbLUEN CTEMNEHU copepXaHWemM COeAVHEHWUNA UWMHKa 1 B
MEHbLLEN CTEMEHN HANMMYMEM LUMaHUAOB.

MHTepBanbl 3HaYEHWIA 3KONOMMYECKOM OMacHOCTU NMPUMEHSIEMbIX B ranbBaHOTEXHMUKE
TEXHOIOTMYECKMX PacTBOPOB NpeacTaBneHsl B Tabnuue 1.4.

Ta6bnuya 1.3 — CpaBHUTENbHAS OL|EHKA 3KOMNOTMYECKOW OMacHOCTU 3NEKTPONMTOB
LMHKOBaHMWS

LnaHucTble LiMHkaTHbIe Kucnble
Mano- Ammna-
KomnoHeHTbI Oﬁbl:l- wa- Ne 1 Ne 2 KaTHBI CepHo: Xn0p14_
HbIR . KUCnbIn CTbIN
HUCTBIN

ZnO 40-45 8-10 8-10 8-10 3540 - -
ZnS0,4 7H,O - - - - - 200-300 -
ZnCl, - - - - - - 135-150
NaCN 80-85 18-20 - - - - -
NaOH 40-60 60-80 100-120 | 100-120 - - -
Na,SO,4 - - - - - 50-100 -
NaCl - - - - - - 200-230
Aly(804)318H,0 - - - - - 30-50 -
NH,CI - - - - 200-220 - -
Man - - 0,5-1,0 - - - -
J1B-8490 - - - 1-4 - - -
YpoTponuH - - - - 20-25 - -
Mpenapat OC-20 - - - - 4-5 - -
Aucnepratop HO - - - - 6-8 - -
AekcTpuH - - - - - 8-10 -
JKonornyeckas onac-
HOCTb 45-10° | 1,02-10°| 1,8-10° | 0,8-10° | 3,88-10°| 6,8-10° | 7,2- 10°

Tabnuua 1.4 — ViHTepBanbl 3Ha4YEHWIN SKOMOTMYECKON ONAacHOCTU MPUMEHAEMbIX B
ranbBaHOTEXHWKE TEXHOMOMMYECKUX PacTBOPOB

WHTepBan 3Ha4yeHun
HaumeHoBaHME TEXHOMOrMYECKol onepaLmu 3KOMOMMYECKON ONACHOCTY
TEXHOMOrMYECKNX PacTBOPOB
AneKTPOXVMUYECcKoe 06eaKMPUBaHNE 5-10°-80 - 10°
Xumudeckoe obesxmpreaHme 2-10°-10 - 10°
TpasneHnwe:
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lNpodomxeHue mabnuubi 1.4

HavmeHoBaHMe TEXHONOrMYeCckon onepauum

WHTepBan 3HayeHuin
3KONOrMYECKON ONACHOCTM
TEXHONOrnM4eCckmnx pacTtsopos

- YINepOANCTbIX, HU3KO- U CPefHENerMpoBaHHbIX
cTanem, YyryHoB

0,2-10°-11,0 - 10°

- KOPPO3MOHHO-CTONKMX CTanen

0,3-10°-1,0 - 10°

- XPOMUCTLIX N XPOMOHUKENEeBbIX cranen

8 10°-70 - 10°

- antoMUHNA U ero cnnasoB

0,1-10°-3,0 - 10°

- Meaun n ee cnnaBoB

1,5-10°=27,0 - 10°

SﬂeKTpOXMMVI‘-IeCOe nonnpoBaHne mMetansnoB

0,22 - 10°-11,6 - 10°

Xnmuyecoe nonm poBaHne mMeTannos

1-10°%-32 - 10°

LinHkoBaHwme:

- B UIMHKaTHbIX 3neKkTpoanTax

0,8 - 10°—4,0 - 10°

- B UWMAHNCTbIX 3neKkTponnTax

1-10°%-5 - 10°

- B KUCIbIX 3NeKTponnTax

2-10%-9 - 10°

- B aMMMaKaTHbIX aneKkTponntax

1,8 10°~12,0 - 10°

KaamunposaHue:

- B aMMU1aKaTHbIX 3MeKTPONMTax 5.10°-8 - 10°
- B LMAHWUCTLIX 3MeKTponuTax 8 10°-10- 10°
- B KMCIIbIX SMEKTponuTax 5-10°-19 - 10°

MegHeHwve:

- B NUpodocdaTtHbIX aneKTponuTax

14 - 10°-37 - 10°

- B ULMAHNCTbIX dneKkTponnTax

17 - 10°-50 - 10°

- B KUCIbIX 3NeKTponntTax

40 - 10°-158 - 10°

HukenunposaHue

2,5-10°-9,0 - 10°

Xunmmyeckoe nokpbiTne Ni-P

0,5-10°%=3,2 - 10°

Xumnyeckoe nokpbitve Ni-B

0,8 - 10°-66,5 - 10°

XpomuposaHue

3,9 10°-10,5 - 10°

OnoBsHupoBaHWe

0,1 -10°-10 - 10°

HaHeceHne cnnasa 0noBO-CBUHEL,

0,1-10°-1,1 - 10°

HaHecenune cnnaea 0ONoBO-BUCMYT

0,04 - 10°-30,0 - 10°

CepebpeHue 0,02 - 10°-3,0 - 10°
3onoyeHue 0,05 - 10°-3,0 - 10°
MannaavposaHue 0,03 - 10°-1,0 - 10°

AHOAMpOBaHWe antoMMHWA U ero CrnnaBoB.:

- 3alUWUTHOE U 3aLLMTHO-LEKOPaTUBHOE

0,1-10°-26 - 10°

- aMartanmpoBaHue

50 - 10°=3 - 10°

XMMnYeckoe oKenamnpoBaHme antoMUHAUA 1 ero cnna-
BOB

0,1-10°%-0,3 - 10°

XMMMNYECKOE OKCUANPOBAHME MarHWEBbIX CraBoB

0,4 -10°-2,7 - 10°

Xumumueckoe oKcunaupoBaHue cranen

1,8 - 10°=2,0 - 10°

dochaTnposaHme crtanm

0,3-10°-38 10°
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OkonyaHue mabnuub! 1.4

WHTepBan 3HauyeHun
HaumeHoBaHue TEXHONOrMYECKO onepauuu 3KOMNOrMYeCKON ONacHOCTH
TEXHOMOMMYECKUX pacTBOPOB
ONEeKTPOXMMNYECKOE NONMPOBaHNE cTanen 0,2 - 10°=4,7 - 10°
XpomaTnpoBaHMe LIMHKOBBIX U KaAMUWEBbLIX MOKPbITUN,
antoMUHMS, antoMUHUEBBIX N MarHUEBbLIX CMaBoOB 0,1 -10°-4,0 - 108

Pa3gen 2. OnucaHue TeXHONOrMYeCKUX npoueccoB oo6paboTku
NOBEPXHOCTU METaNMOB U NnacTMacc ¢ UCNONb30BaHMEM
3NEKTPOSIUTUUYECKUX UNTU XMMUYECKUX NPOLIeCCOoB

2.1 Cxema BXOAHbIX U BbIXOAHbIX NOTOKOB NPOM3BOACTBA
Cxema BXOAHbIX U BbIXOAHbLIX MOTOKOB MPOM3BOACTBA 00paboTKM NMOBEPXHOCTU Me-

TannoB 1 NnacTMacc C UCMONb3OBaHUEM SMEKTPONUTUYECKMX UMM XUMUYECKUX MPOLECCOB
npuBegeHa Ha pucyHke 2.1.
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BewecTtBa 1 mMaTepuanbi

AneKTPo3HepPrua

Cxarbii Bo3gyx

Boga

Nap

A 4 A

y A 4

CTOuHbIE BOAbL, OTpabo-
TaHHbIe pacTBOPbLI U INEK-
TPONUTLI

oTpaboTaHHbie hunbTpsl,
0TX0AbI YNAKOBKM, NbiMb,
obpeaku cbonbru, hoTope-
3MCT U Ap.

WUsnennna . NpoussogcTBo 06PabOTKM NOBEPXHOCTN Me- »| Npoaykuun
(Retann) Tannos 1 NANacTMacc
y h 4 h 4
CGpocbl TBepAable 0TX0AbI BniGpocsi B BO3AayXx Mactoo6pa3sHbie oTxoAbI

Ha, HCI, HF, NO,
CrQ;, PH3, HCN v ap.,
NbiNk, a3pPO30NN

OT1x0abI NONMPOBaNLHLIX NACT,
WNaMbl ranbBaHUYECKUX BaHH U
OYUCTHBIX COOPYXEHUA

Copochbl, oGpasyowmecs npu

06paboTke COBpEeMEeHHbIX MaTepuanos

/

TEXHONOINM4YECKAA BOOA

PacTBopumMbIE CONKM METanNmNoB
AOHBI TSDKEMNbLIX MEeTannoB:
Cu, Ni, Zn, Cr, Fe, Al, Cd,

Pb, Bi, Se, Te n gp.
IucnepcHbie coeguHenus:
Me(OH)_, MeCO_, Me (PO ) ,

2 3 3 42
MeOX, MeS u gp.

pH = 3-11

OTPABOTAHHLIE TEXHO-
JIOT'MYECKME PACTBOPDI

MuHepanbHbie KMCNoThbI
(wénoum),
PacTtBopuMbie conu
WNoHbl Tspkénbix meTtannos: Cu,
Ni, Zn, Cr, Fe, Al, Cd, Pb, Bi, Se,
MNMAB, macno, HedTenpoayKTbI

pH =0-14

CTOYHbIE BOAbI

O6bém 10-100 M3y
Tokcunyeckne coeguHeHus
WNTM (5-20 kOMMNOHEHTOB,

10-1000 mr/n)
MAB, macna, HetbTenpogykTbl,
COX
pH = 3-11

PucyHok 2.1 — Cxema BXOA4HbIX U BbIXO4HbIX MOTOKOB NPOU3BOACTBA
06paboTkn NOBEPXHOCTU METANIIOB M NINAacTMAce C UCTIONbL30OBaHNEM
3NEKTPONUTUYECKUX UITM XMMUYECKMX NPOLIECCOB
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2.2 TexHonorm4yeckue npouecchbl u cnocobbl 06paboTKKn
NOBEPXHOCTU METasINIOB M NNacTMaceC B rafisBaHOXMMUYE€CKOM
Npou3BOACTBE C UCMOSIb30BaHUEM 3EKTPONIUTUUECKUX UMU
XMMWYECKMUX NpoLeccoB

2.2.1 CxeMbl TEXHOSIOrMYECKUX NPOLLECCOB NOArOTOBKU MNOBEPXHOCTU Nepen
HaHeCeHUeM MOKPbITUN

Cranu yrnepoaucTbie HU3KO- U CPEAHENErMpoOBaHHbIE C BPEMEHHBIM COMPOTUBIEHNEM
paspbiBy Ao 1350 Mla:

- oKanwuHa n pXxxaB4ymHa 4/5—-1—-—8—-1—-10—1—6—1—

11 —1
- pXaBuvHa 8—1—10—1—6—1—11—1wnm
9—1—10—1—11—1

CTanu yrnepoancTble HU3KO- U CpefHENerMpoBaHHbIE C BPEMEHHBIM COMPOTUBIIEHMEM
paspbiBy 6onee 1350 MMa:

4/5—1—27—3 —11—1

CTanu koppO3NOHHO-CTONKUE:

- BbICOKOTEMMEpaTypHas okanvHa, obpa-36 —5—1—7—1—8—1— 10—

30BaHHas B BO34yLUHOW cpege npu 3akan-1— 14 — 1

Ke, 3akarke C nocrneayroLmm oTnyckoM

- OKucHasa nneHka, obpasosaHHas mMpM5— 1—7—1—8—1— 10— 1—

Harpese B 3awuTHOW cpeae wnm npu oT1- 14 — 1 mnn 36

nycke

- MOBEPXHOCTHbIA CMOW MOHWXKEeHHoOA kop-5— 1 —7—1—8—1— 10— 1 —

PO3MOHHOWN CTOMKOCTM MMN C U3MEHEHHbIM 14 — 1

COCTaBOM TMOHWKEHHON MPOYHOCTY, B TOM

YMCRE OKMCHas MNeHKa CBapHOro coeau-

HeHus

Meab 1 ee cnnasbi:

45 —-1—-7—1—8—1—10—1—56—1—11—1

MexaHu4yeckun nonmpoBaHHbIe Meab U ee Chnasbl, LIMHKOBbLIE CNNaBbl, METaNNMYeckue
NOKPbITUS:

4/5—1 —6—1-11—1

AnoMUHWIA 1 ero cnnassl:

- MOBEPXHOCTb, MexaHuyeckn He nommpo-4 — 8 — 1 — 10— 1 — (12/13 — 14—

BaHHas 1) %16 —1

- NOBEPXHOCTb MexaHuveckn nommposaH-4 — 56— 1— 10— 1— (12113 —

Has unm obpaboTaHa ¢ gonyckamu pasme- 14 — 1) */16 — 1

poB no 8 — 10 keanuteTy

TwutaHoBbIE CNNaBbI:

4/5—1—15—11—1

* Onepayua NpoBoANTCS NP HEOBX0ANMOCTH.
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2.2.2 CxeMbl TEXHONMOMMYECKUX NPOL,ECCOB AOMONHUTENBHON 06paboTkn

NOKPbITUN

LinHkoBaHmne n kagMmnpoBaHume:

- ¢ xpomatuposaHmem: 17 —2 — 1 — (20 — 1 — 21)/22 — 1- 27 ynun
17—2—1—27—30—11—1—21—1-27
- ¢ pocpatuporanmem: 17 —2 — 1 —23 —1—26 —2 — 1 — 27 — 30 — 28/29
XpoMuUpoBaHUe, MeAHEHWE, HUKENUPOBaHMWE, OMOBSIHUPOBAaHWE, cepebpeHune, 3ono-
YeHue, nannagupoBaHue, HaHeCeHUe CNIaBOB U XUMUYECKUX NOKPLITUIA HUKenb-hoctop v

HWKenbL-6op:

17—2—1—-24*—1—-27—30"

OkcuamposaHuve, hoctatmpoBaHne, NacCUBUPOBaHNE:
18/19/23/24 — 1 — 25/26 — 1 — 27 — 28/29 *

YcnoBHble 0603HaYeHUs:

1 — NpoMbIBKa B MPOTOYHON BOAE

16 — NMMEPCUOHHOE LIMHKOBAaHWE UMW HU-
KenuposaHue

2 — npoMbIBKa B HENPOTOYHON BOAE

17 — HaHeCceHWe METaNNMYECKOro NOKPLITUA

3a, 36 — rugpo- (a) unm neckoctpynHas (6)
obpaboTka

18 — okcuanpoBaHe XMMnyeckoe

4 — o6e3KMpUBaHNe opraHNYeckmn pac-
TBOPUTENAMU

19 — oKCMAMPOBaHNE ANEKTPOXMMNYECKOE

5— 0663)KVIpMBaHI/19 XnmMmun4eckoe

20 — ocseTneHue

6 — 06e3KMPUBaHNE NEKTPOXUMUYECKOE

21 — xpomarupoBaHue

7 — pbiIXfi€HNE OKanMHbI

22 — 0AHOBPEMEHHOE OCBETMEHUE N XpOMa-
TUpOBaHWe

8 — TpaBneHue

23 — cocaTtnposanme

9 — oHOBPEMEHHOE TpaBreHne N 06e3xu-
pvBaH1e

24 — naccuBupoBaHue

10 — cHATWe TPaBUMbLHOrO Lnama

25 — HanornHeHne B BoAe

11 — akTuBaumsa

26 — HanonHeHne B XpOMaTHOM pacTBope

12 — nonvpoBaHne XMMU4ecKoe

27 — cywka

13 — nonupoBaHue aneKTPoxXMMmM4ecKoe

28 — nponuTKa Macnamm, nakamm n ap.

14 — HeWTpanusauus

29 — rmgpocobmanposaHme

15 — mpapuaHas obpaboTka

30 — TepmoobpaboTka

* Onepauusi npoBoANTCA NPy HEOBXOANMOCTH.
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2.3 ba3oBble TexHONOrMmM 06paboTKn NOBEPXHOCTU METarNnoB,
CNnaBoB U HeMeTanIM4yecKUX KOMMOHEHTOB (NfacTMacchl,
nnactukm) [23], [25]-[32]

2.3.1 MexaHunuyeckue MetToabl NOArOTOBKU NOBEPXHOCTHU

MexaHnyeckas o6pa60T|<a NOBEPXHOCTWN Npon3BoOAUTCA Nepel HaHeCceHneM 3aluuTHO-
AeKopaTuMBHbIX I'IOKprTVIVI ANna agoBegeHns noBepxHoOCTU A0 Tpe6yeM0ro Knacca 4YmCToThl, a
TaKke nocne HaHeCeHNA NOKPbITUA 4143 NpuaaHnsa NOBEPXHOCTU Onecka.

OCHOBHbIMU MEXaHUYECKUMU METOLaMN MOATOTOBKU NOBEPXHOCTU ABMAIOTCA LIJJ'II/leO-
BaHWe, nonuposaHne n ronToBaHme.

2.3.1.1 WWnudosaHue n nonuposaHue

Mpouecc WwnmMdoBaHNs 3akYaeTCs B CHATUM TOHKOM CTPYXKKM MeTanna abpasvBHbl-
MW Kpyramu nnm abpasvBHON LLKYPKOW.

Tpebyemas 4icTOTa NOBEPXHOCTM AOCTUraeTCA NyTeM nocnefosartensHon 06paboTku
aetanen abpasvBamMy pasHOM 3€PHUCTOCTU B HECKONbKO MEepexonoB. PacnpocTpaHeHHbIM
B ranbBaHMYeCcKUX Lexax crnocobom wnmdosaHns sensetcs ob6paboTka Npu NOMOLLM MSAMKUX
Kpyros (13 6a3u, Bonoka i etpa) ¢ abpasvBHbBIM NOPOLLKOM.

Mpouecc NnonMpoBaHna 3akovaeTes B YAANESHNN MUKPOHEPOBHOCTEN C NMOBEPXHOCTA
nonMpyemoro nsaenus u npugaHum en bnecka. MNonvposaHue NPOM3BOAUTCA MATKUMU Kpy-
ramu (13 6531 1 BOWMOKa) ¢ NOMOLLbLIO nacT. CocTas nacTbl BLIOUPAETC B 3aBUCUMOCTU OT
xapakTepa nonMpyemMoro MeTanna.

Obnacte npumeHerus. [na cTanbHbiX AeTanen — NoaroToBka NOBEPXHOCTU Mepes,
MOKPbITUEM, He TPeOytoLMM 3epkansHoro bnecka, nepes AeKOpPaTUBHBLIM MOKPLITUEM C MO-
TIMPYEMBIM UITN C HEMONMPYEMbIM NOACIIOEM MeaM nm 6e3 noacnos Meau; Ans anoMUHUS 1
chnnaesoB — nepej AeKopaTtuBHbIM aHOOMPOBaHMEM, SJ'IeKTPOXVIMVI‘-IeCKOﬁ HOHMpOBKOﬁ, ae-
KOPaTMBHOW OTAENKOW; NONUMPOBaHME MELHbIX, HUKENEBBIX N XPOMOBbBIX MOKPBITUNA.

2.3.1.2 T'anToBaHue

Mpu rantoBaHWM (CyxOM MnW MOLBOAHOM) NPOUCXOAUT TpeHWe aeTanen n abpasvea
cpeabl BO Bpawatomxcs 6apabaHax, B pesynbTare Yero CrnaxmnsaroTcsl HePOBHOCTU, PUCKU
n 3ayceHupbl. Cpega, B KOTOPOW NPOM3BOAUTCA rantoBaHue (CTanbHble WapuKK, Kyckn abpa-
3mBa, 06pe3kn KOXu 1 T. N.), cnocobCTBYET NOMyYEHUIO FMaaKon, poBHOM U Npyn Heobxoanmo-
cTn 6necTAwen NoBEpXHOCTU.

MpenmyLyecTBoM NOABOAHOIO ranToBaHWA SIBNSETCS BO3MOXHOCTb 06paboTkn aeta-
e CRNOXHOWN KOHMUIypaLmm, N3roTOBMEHHbIX U3 MATKUX METansoB.

B kavectBe abpasuBa ucnonbsyetcs OoW wnmMdoBanbHbIX 3NEKTPOKOPYHAOBLIX KPy-
roB B BUAE KyCOYKOB HenpasunbHOW dopmbl. BenvunHa kycoukos abpaaviea BblbupaeTcs B
COOTBETCTBUM C pasmepamu U dopmon obpabaTbiBaeMbix agetanen. B rantosoyHbin Gapa-
6aH sarpyxatotcs abpasve n getanu. XXnakon cpeoi, B KOTOPOW NPOU3BOANUTCA LWnudosa-
HYe, CryXaT LUEeNoYHble pacTBopbl Mbina, TpUHaTpuiidocdara, kanbLMHPOBaHHOW COAbI.
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Kpome nonvpytollero maTtepvana v getanen, B NonMpoBoYHeI 6apabaH 3ackinaeTcs
TBEpPAbI HanonHWTENb ANs NpefoxpaHeHus obpabaTbiBaeMblx AeTanen oT NofoMoK W ae-
dopmaumii. O6bIMHO B KAYECTBE TBEPAOIrO HANOMHUTENS MPUMEHSAIOT CTarnbHbIE LLIEPUKA.

B GonblUMHCTBE Cryyaes MofBOAHOE MONMMpPOBaHWE NPOU3BOAUTCA B nepdopuposaH-
Hbix GapabaHax, MorpyKeHHbIX B Xuakyto cpedy. MameHeHnem ypoBHA pacTBopa B BaHHe
MOXXHO PerynMpoBaTh CKOPOCTb MOSNIMPOBaHWS: NPU NOHWKEHNM YPOBHSA pacTBopa CKOPOCTb
NMONMPOBaHNS YBENUYMBAETCS, MPY NOBbILUEHNN — YMEHbBLLIAETCS.

Mpyv cyxom ranToBaHMM B KadyecTBe abpasvea Ans LWAMdoBaHUs MPUMEHSIOT
LWNMCMOPOLLKK, AN NMOMMPOBaHMSA — MMKPOTMOPOLLKM C oBpe3kamm KoXWu. B atom crydae
NPUMEHSIIOT HenepdopupoBaHHble 6apabaHbi.

[na nHTeHCMUKaLMK CyXOro ranToBaHUs MOXHO MPUMEHSTb BUOpAaLMIo, YTO COKpa-
waet Bpems 06paboTkM NO CpaBHEHMIO ¢ OBbIYHBIM CyXUM ranToBaHMeM Ao 2 pas. Pexumebl
paboTbl BbIGUpaloTCH B 3aBMCMMOCTU OT dopMbl aeTanen u obpabaTtbiBaemoro metanna.
BuBporantoBanuio nognexar getany ua ctanu 1 UBeTHbIX MeTannos pa3vepom Ao 100 mm.
Ans yckopeHust BubporantoBaHus B MENbHWLYY BMECTE C JeTansMu 3arpyxaeTtcs Lwnndno-
POLLIOK.

MpofomxnTensHOCTL CyXOro UM NOABOAHOMO ranToBaHUsSi 3aBUCUT OT UCXOLHOIO CO-
cTosiHus obpabaTbiBaeMon NOBEPXHOCTH, TPEByEeMOoro knacca YMcToTbl U KoHpUrypauum ae-
Tanen.

2.3.2 OGezxupuBaHue

B Tabnuue 2.1 npepcTaBneHel Havbonee pacrnpoCTpaHeHHble COCTaBbl PACTBOPOB
3neKkTpoXnMmnYeckoro, a B Tabnuue 2.2 — XMMUYECKOro 06e3KMPUBAHNSA C yKa3aHWeM KX
BKOSIOTNYECKONM ONacHOCTU U pexnmoB 06paboTku.

Tabnuya 2.1 — Cocraebl pacTBOPOB 3MEKTPOXMMNYECKOr0 06e3XMPUBAHNS, UX
3KoMorMyeckasi onacHoCTL W peskumbl 06paboTku

CocTtas anekrponura Pexxum obpaboTtku
Okonoru-
. MpogonmxuTens-
O6pabarbiBaeMbi Konuue- | Temne- MnoT- HOCTD. MUH yeckasn
MeTann, NnokpbiTue Komno- CTBOBO, patypa, |HocTb TO- ! onac-
HEHTbI -
r/n °C ka, Algm? | Haxaro- | aHoge | HocTB
ae
Bce metannel, cnna- | Tpuna-
Bbl, NOKPLITUA Tpundoc- 2040
¢art
—40
KapGonar | 20 30-80 2-10 0,5-10 1-5 55 10°
HaTpust
Crexkno
HaTpuesoe 3-5
xua.
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OkoHryaHue mabnuupi 2.1

CocraB anekrponura Pexxum ob6paboTku
Okonoru-
. MpoaomxuTens-
ObpabarbiBaemMbin Konuue- | Temne- Mnot- yeckas
MeTann, NoKpbiTue Komno- CTBOBO, patypa, |HocTb TO- HOCTb, MVH onac-
HEeHTBI tn oC Ka, Alom? Ha KaTo- wa aHope | HOCT
ae
Cranb BCex mapok, Ko- |Hatp ea-
Bap KU 2040
TpuHa-
Tpuindoc- 5-15
dart
Crekno 50-70 2-8 0,5-5,0 0,5-3,0 8-10*
HatpueBsoe | 10-30
Xua.
0O6e3xun-
puBartenb 1,419
AB-301
LiuHkosble cnnaeebl, B | HaTp ea-
TOM Yucne UAM KMi 812
TpuHa-
Tpuindoc- 4-6
dar
KapGonar 8-12 60-70 1-2 05 - 26-10°
HaTpusa
Cunukar 25-30
HaTpus
Cynbdo- 0,1-0,3
Homn HIM-3

CocTaBbl MOWLMX NpenapaTos, NpuMBeaeHHbIX B Tabnuvue, cneayowme, %: TMC-31:
onevHoBas kucnota — 4, MoHosTaHonammH — 10, Mbina Hatpuesble — 7, actedar 383-6,
TpuataHonammH — 8, naonponaHon — 10, Boga — 55; nabomua-203: kapboHaT HaTpus — 50,
Tpunonudocdar Hatpus — 30, metacunukat Hatpus — 10, cuHtaHon OC-10-8, ankun-
cynedoHaTbl — 2; MI1-52: kapboHaT HaTpua — 50, Tpunonudocdar HaTpua — 30, meTacu-
nukat Hatpus — 10, cynbdgoHon HM-3-1,8, cmauneatens b — 8,2.

N3 tabnuy 2.1 n 2.2 BUAHO, YTO NPaKTUHECKN BCE COCTaBbl 00E3KMPUBAHMA NOBEPX-
HOCTW AeTanen cogepaTt B CBOEM COCTaBe LLENOYHON areHT, docdatsl 1 MAB, a ux skono-
rmyeckas onacHoCTbL onpefensaeTcs rnasHbIM o6pasom cuHTaHonom [C-10, MOKque6. xos KOTO-
poro coctaenset scero 0,000 5 mr/n. MNMo3TOMy pekoMeHAYyeTCs B pacTeop obe3xumpunBaHns
BBoanTb apyroe [MAB, y kotoporo TMOKee.x0s HE MeHee 0,1 Mr/f, 4TO Ha Tpw nopsiaka
YMEHbLLIAET 3KOMOrMYECKY ONacHOCTb 06e3XKNPMBaIOLLMX PacTBOPOB.

XoueTc OTMETUTb, YTO 3a4acTyro HeornpaBhaHHO OrpaHWYMBalOT MPUMEHEHWE Tak
HasblBaeMbIx Guonorndeckn xectkmx MNAB. Takoe orpaHuyeHne CBA3aHO CO 3HAYNTENbHBIMMX
TPYAHOCTAMM NpU OKUCHEHUM Bruonormyeckn xecTtkmux MAB mMukpoopraHuamamu npu 6mono-
MMYECKON OUYUCTKE CTOYHBLIX BOJ HA FOPOACKUX OUUCTHBIX COOpYXeHusx. OaHaKo, ecrnm KOH-
ueHTpaums Takmx MAB B CTOYHbIX BOf@X, MOCTYNAOLWMX Ha8 BNOMOrMYeckyto O4UCTKY, HIDKe
MAKpu6.x0s, TO OrpaHNYEHVE B MpUMeHeHUn Bronorndeckn xectknx MAB nuweHo cmeicna.
[JenctenTensHo, Npu cogepxaHum B pacteopax obeaxunpmsarHus OM-7 unu OMN-10 B kOHUEH-
Tpauumn 1-2 r/n ux cogepxaHne B NPOMbIBHbIX BOAAX MOCHe onepauum 06e3XnpruBaHns co-
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cTaBuT He bonee 2—4 mr/n (06bIMHO KpaTHOCTL pasbaeneHns coctaenseT 500), B CTOYHbIX
BOJAaxX rarnbBaHU4ecKoro npoussoactea — He 6onee 0,5-1,0 mr/n (kak npasuno, onepauum
obe3xupuBaHus coctaBnsioT He Gonee 25 % oT obLwero konmyecTea TEXHONOMYECKUX One-
paumin ransBaHNYECKoro Liexa), a B CTOYHbIX Bogax npeanpusatus — He 6onee 0,2-0,3 mr/n
(B cpegHeM 06beM BoOAOMOTPEONEHNS ranbBaHNYECKOroO Lexa He npesbiwaeT 30 % ot obuwe-
ro sogonotpebnenms npeanpuaTma). Takum obpasom, B CTOYHBLIX BoAax Ha BbIXxoge C npea-
npuatns coaepxaHne ON-7 u OM-10 He 6ypetr npesbiwate wux MNAK (ana ON-7
MNAKpw6. x0s = 0,3 mr/n, ana OMN-10 NAK,u6. x0s = 0,5 Mr/n), a ¢ y4yeTom pasbasneHns npomMbIL-
NEHHbIX CTOYHbIX BOJ CTOYHLIMW BOAAMW OT KMUMULHOMO hoHAa ropoaa KOHLUEHTpaums yka-
3aHHbIX [MAB Bygert ewye Hke.

Tabnunya 2.2 — CocraBbl paCTBOPOB XMMUYECKOTO 06E€3KNPUBAHUSA, UX IKONOrMyeckas
OMNacHOCTb U peXunmMbl 06paboTku

Cocras pacTeopos Pexvm o6pabotku | 3konornue-
HasHauyenne | ObpabarbiBaemMbIn Bpe- | Ckas onac-
onepayun metann KOMMOHEHTbI Kor- TemneEa- ms, HOCTb
BO, r/m | Typa, °C - pacTeopos
Ouuctka ot Bce meTtannbl 1 CpeacTso moioLlee 6
wnudosanb- | cnnassl, wnudosan- | TMC-31 60-80 70-80 >-10 7-10
HbIX M NONKU- | HblE M NONMPOBaHHbIE | CpeacTBO MoloLLEE
poBanb-HbIX NOBEpPXHOCTN U NO- «MonuHkay 5
nact KpLITUS (TMC-31A) unu 60-80 70-80 5-10 710
«BepTtonuu-74»
Ouuncrtka ot Bce meTannsl, cnna- | Cpeacreo mowouwee 20-30 60-80 310 48-10°
pabounx un Bbl U NOKPbLITUSA «Nabomna-203»
KoHcepBauu- | Ctanu pasHbix Mapok |Hartp egkun 5-15
OHHbIX Macen, Tpunatpundocdar | 15-35 60—80 320 10 - 10°
CMasoK u gpy- KapboHaT HaTpus 15-35
rUX 5XKUPOBbIX Cuntanon AC-10 3-5
3arpsA3HEHUN Hatp eakuin 20-40
TpuHatpundgocdart 5-15
Cunukar HaTpus 5-15 50-70 2-5 1-10°
Ob6esxupuBarernb
AB-301 3-5
Bce metannsl, cnna-
Bbl M NOKPLITUSA, Kpo- | Tpunatpuitdpocpar | 15-35
M€ NOoNupPOBaHHOIO Kap6oHat HaTpus 15-35 60-80 5-20 10 - 10°
ani-MUHUA U ero Cuntanon AC-10 3-5
crnnaBoB
ANMIOMUHKIA 1 ero Hatp eakuin 8-12
cnnassl TpuHatpuincoccar | 20-50 40-70 3-10 3-10*
CTekno xuakoe 25-30
Ouncrtka ot Bce meTannsl # Kap6oHat HaTpus 10-15 60-80 1-5 6-10°
CMa304HO-0X- | cnnasbl Cuntanon AC-10 1-3
naxaatoLmx Mpenapatbl Moio-
KNOKOCTEN LMe TEXHUYECKne 15-35 70-80 1-5 2-10°
MN-51, MIN-52
LinHkosble cnnasbl
mapok LUAM-4-1; Tpunatpundocdar | 25-50 50-60 1-2 2-10°
LIAM-9-1,5; LIAM-4
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CnepoBsatenbHo, NpuMeHeHue Guonormyeckm xectkmx MNAB B pacTBopax o6esxmpu-
BaHWA AOMKHO OrpaHMyMBaTLCA NUWb HeobxoamMmocTbio aoctkeHusa mx MK B crokax
npeanpusaTyS.

2.3.3 TpaBneHue n akTUBaLUA MeTansnoBs

B Tabnuue 2.3 npepctaeneHel coctaebl Haubonee pacrnpoCTPaHEeHHbIX PacTBOPOB
TPaBNeHNa YrnepoauCTbIX, HU3KO- WU CPefHEenerMpoBaHHbIX cTanel UM 4yryHos, B Tabnu-
Le 2.4 — pacTBOPOB TPaBMNEHNs KOPPO3MOHHO-CTOMKMX CTanen, a B Tabnuue 2.5 — pacTtso-
pOB TpaBneHNst XPOMUCTbIX 1 XPOMOHMKENEBbIX CTanen.

Tabnunuya 2.3 — Cocraebl paCTBOPOB TPaBMNEHUS YINEPOANCTbIX, HU3KO- U
CpeAHeNnerMpoBaHHbIX CTanel U YyryHoB, UX 3KONOrMyeckasi onacHOCTb U PEXUMDI
o6paboTku

CocraB pactBopa Pexvm obpabotkn Dkonornyeckas
MeTann ocHOBbI Konwuue- Temnepary- Bpems, | OnacHoOCTb pac-
KoMnoHeHTbI o
CTBO, /N pa, °C MUH TBOpA

Cranb, YyryH H,SO, 150-250

WHrmbutop KN-1 3-5

Cuntanon AC-10 unu

cynboron HMN-3 3-5 40-60 - 10,7 - 10°
Cranb, koBap HCI 120-200

WHru6uTop BA-6 40-50 18-25 a0 60 >10 - 10°

HCI 150-350

YpoTponuH 40-50 1545 - 1,2-10°

HCI 200-220

Wurudutop Kn-1 5-7 15-30 - 1,0-10°
CranbHble getanu ¢ To4- |H,SO, 100-200
HOCTbIO N0 5-7-Mmy kBa- | KI 0,8-1,0
nuTety WHrm6uTop KA-1 8-10 60-80 - 1,4-10°
Cranb yrnepoaucras H,SO,4 15-20
TepmMooBpaboTaHHas HCl 35-40 60-70 - 2,310
YyryHHO€e NuTbe HsPO, 120-160 60-70 - 2,6- 107

TaGnunya 2.4 — CocraBbl PaCTBOPOB TPABMEHUA KOPPOIMOHHO-CTOMKUX CTanen, ux
3KOMorMyeckasi OnacHOCTb U PEXMMbl 06paboTkM

CocraB pactBopa

Pesxxum o6paboTku

MeTann ocHOBb! T 5 Skonornyeckas
nye- eMmneparty- eM4,
KOMMOHeHTbI Kon p y P OnacHocTb
CTBO, /N pa, °C MWH
Cranu mapok HCI 90-100 40-45 10-15 0,3-10°
20X13, 40X13 u ap. H,SO, 350450
HNO, 70-90 4045 1-2 7-10°
HCI 70-90
Cranu Mapok HF 15-50 15-30 11060 1-10°
12X18HOT, 12X21H5T, [HNO; 50-150
08X17H5M3 u ap. HF 15-25 15-30 15-20 5.1 -10°
HNO; 350-400
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CocraB pactBopa Pexum obpaboTkn
MeTann ocHOBbI K T 5 Okonorunyeckas
onuye- emnepary- ems,
KOMMOHEHTBI p ¥ P 0onacHoCTb
CTBO, I/n pa, °C MWH
HNO; 220-240
NaF 20-25 15-30 no 60 2,8 - 10°
NaCl 20-25
HNO; 70-200
H,SO4 80-110 a6
HF 15-50 15-30 no 60 1-10
Cynbgoyronb 1,0-16

Tabnunya 2.5 — Cocrasbl pacTBOPOB TPaBNEHUS XPOMUCTLIX N XPOMOHMKENEBLIX CTanen,
WX 3KOJOrMyecKkas OonacHoCTb N pexXnmbl 06paboTkn

CocraB pacrteopa Pexwum obpaboTku
MeTanA oCHOBbI ¢ T Bpe- | OKororuyeckas
onunye- emnepary-
KOMMOHEHTBI op ¥ MS, ONAacHoOCTb
CTBO, /N pa, °C
MWH
Ctanb Tuna 18-8 HNO3; 100 e
KE-HE 30 18-25 5-10 3-10
>KaponpouHas cranb Tu- HCI 2 06. a6
na 8X4Bd2-LU HF 1 06. 18-25 B 710
HNO3 2 06.
H,SO, 1 06. 18-25 - 2-10°
FeSO, 5
AdedopmupyemMble cnnaebl Ha H,SO,4 650 18-25 _ 78 10°
OCHOBE HUKens HCI 350
XpomoHukenesoanioMuHnesblin | HNO; 300 mn
cnnas Tuna 40XHIO CH;COOH 600-700 mn
HCI 6 wn 60 1-2 70 - 10°
Kpacutenb me-
TWUIEHOBbIN TO-
nyéon 1r

B Tabnuue 2.6 npeacraeneHbl COCTaBbl Hambonee pacnpoCTpaHeHHbIX PacTBOPOB
TpaBneHWs antoMUHIA 1 ero cnnaeoB. VX skonormyeckas onacHOCTb HE3HAUYUTENbHA, KpoMme
pacTBOPOB CO PTOPUAAMU, KOTOPbIE, OQHAKO, NErko 06e3BpEXMBaOTCH NMPU HEUTpanm3aumn
CTOYHbIX BOA KanbLMEBLIMU peareHTamMum (U3BECTBHO, U3BECTKOBLIM MOJIOKOM).

Tabnuua 2.6 — CocraBbl pacTBOPOB TPaBMNEHWS antOMUHUS U Ero CrnaBoB, UX
3KONIOrMYeckasn onacHoOCTb U peskMmbl 06paboTkm

Cocras pactsopa Pexxum obpaboTkn
Mpogomku- | Jkonorudyeckast
MeTann ocHoBbI Konuuectso, | Temnepatypa
KoMnoHeHTbI o ’ o% ypa, TENbHOCTb, OMNacHoCTb
MUH

AnioMuHuin, aedopmu-
pyemble U nuTeinHbIe NaOH 50-150 45-80 o 1,5 -
cnnasbl
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OkoHyaHue mabnuusi 2.6

CocraB pactsopa Pexxum o6paboTtku
Mpoaomku- | SKororuyeckas
Merann ocross! KOMNOHEHTbI Konmectso, TemneopaTypa, TEenbHOCTb, OonacHoCTb
r/n C
MUWH

JlutenHbie cnnasbl

’ HF 80-140 5
B TOM YMCNE BbICOKO- HNO, 450-680 15-30 o 3,0 2,8-10
KPEMHUCTbIE
CBapHbl€ AeTanu ¢ He-
repPMETU3MPOBAHHBIM EZSPH(ZZ 80;_1600 15-30 Jo 10 16 -10*
LUBOM
MartuposaHue anoMu-
Hua mapok A1, AMu,
AMr2, 1915 (nepea NaOH 125-150 5
aMaTanMpoBaHNEM UIn NaCl 25-35 50-60 0,5-1,0 110
aHozZupoBaHWeM B cep-
HOM Kucnore
JekopaTtuBHoe maTu-
poBaHKe anioMuUHUs
mapok Ad1, AQ, AJQ, HCI 10-20 13-18 2-60 0,7 -10°
ALO0O («cHexHoe»
TpaBneHue)

W3 npueeneHHsIx Tabnuy (2.3-2.5) BMAHO, YTO 3KOMOrMYeckasi onacHoOCTb pacTBOpOB
TpPaBneHUs MOBEPXHOCTU CTalbHbIX AETanei onpeaensetcs rnaesHbiM 00pasom uoHamm
dTopa n MHrnbutTopamm koppoauu. MNpu 3TOM MoHbI PTOpa yAANATCA U3 CTOYHbIX BOA Mpw
nx o6e3BpeXMBaHMM CaMbiM PacnpoCTPaHEHHLIM peareHTHbIM METOAOM 3a cyeT obpa3soea-
HWs ManopacTeopuMoro otopuga kanbums. B To ke Bpemsi NpakTu4eckn HA 0gHUM U3 METO-
LLOB O4YUCTKM CTOYHbIX BOZ, ranbBaHMYeCKOro Npou3BOACTBa HEBO3MOXHO OYUCTUTL CTOKM OT
WHIMOUTOPOB KOppPOo3nM, B OONbLUMHCTBE CBOEM 0OMafalolMX BbICOKOW 3KONMOrMYECKOM
onacHocTbo. Hanpumvep, nHrmbutop KN-1 npeacraenset cobo cMecb LMKNMYECKOro aMmmuHa
B BMAE COMSHOKUCIOM CONMN U ankunbOeHsunnupuguHumxnopmga (katanmHa), y KOToporo
MNAKees. x0s = 0,000 7 Mr/n.

Ewe 6Gonee askonormndveckn onaceH cuHtaHon [C-10, ero MNAKpue. xos = 0,0005 mr/n.
Moatomy ecnu npumeHeHne cuHtanona C-10 n cynbdoHona HIM-3 TexHonornyecky pasHo-
LUeHHO (cMm. Tabnuuy 2.3), TO C TOYKN 3PEHUS 3KOMOMMYECKOW OMacHOCTU MPEeAnoYTUTENBHO
npumMeHenue cynbdoHona HI1-3, y kotoporo MNAKpwes. xs = 0,1 Mr/n. Takvum o6pasom, doTop-
COAEepXaLlMe pacTBOPbI XKenaTensHO UCMNonb30BaTh TOMLKO MULLb B TEXHUYECKM 0BOCHOBaH-
HbIX CryYasx, a B Ka4eCTBe MHrMbUTopa Ny4Lle UCMonb30BaTh YPOTPOMMH.

B Tabnuue 2.7 npeactaBneHbl CocTaBbl Hambonee pacnpocTpaHeHHbIX PacTBOPOB
TpaeneHus mMeau U ee cnnasoB. OHM 06nagarT He3HaUYUTENBHOW 3KOMOrMYecKo onacHo-
CTbtO, 32 WCKIIOHMEHNEM PaCTBOPOB, COAepKalLUMX YKCYCHyo kucroTy. OpgHako B npolecce
paboTbl B pacTBopax TPaBMNEeHWS HakanMBatoTCs MOHbI MeAW, KOTOpble B CUMY HU3KOro 3Ha-
YeHus npeaensHo gonycTnmon koHueHTpaummn (MAKqe. xs = 0,001 Mr/n) pesko ysenndmsaroT
MX SKONOMMYECKY0 OMacHOCTb. Tak, Hanpumep, npu HakonneHun mean ao 30 r/n akonoruye-
CKasi onacHOCTb pacTBOPOB BO3pacTaeT Ao 3 - 107, T. €. B COTHM 1 ThICA4M pas u cpaBHVBa-
€TCH C CaMbIM 3KOITOTMYECKN OMaCHbIM PaCcTBOPOM TPaBNEHUSA MEAW U ee CaBoB.
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Tabnunya 2.7 — CocraBbl paCTBOPOB TPaBMEHNS MeAN 1 ee CrNaBoB, UX Kornoruyeckas
OMNacHOCTb M pexMMbl 06paboTkM

MeTann ocHOBbI U Cocras pacTsopa Pexwvm o6paboTku Okonoruye-

HasHa4yeHune onepa- | KomnoHeH- | Konuye- | Temnepary- MpogormKkuTens- Ckas onac-
ymn Tbl CTBO, I/n pa, °C HOCTb, C HOCTb
MpenBapuTtensHoe H,SO4 140-250 50-60 [o yaaneHus okcuaos 2,5 10°

TpaBneHue nocne
TepmoobpaboTku unu

HCl 300-450 50-60 [0 yaaneHus oKcuaoB 1,5-10°

ANUTENbHOrO XpaHe-
HUA
MartoBoe TpaBneHue NH4NO; 600-800 38-10°
aetanen BbICOKON Mo 10-30 nocneposa-
NPOYHOCTU M AeTanen 15-30 TenbHo B 060ux pac- S
C gonyckamu pasme- H3;PO4 1300-1400 TBOpax 6e3 npomexy- 2,2-10
poB no 5-10-My kBa- TOYHOM NPOMbIBKU
nutety
oy, romooran | SO« | 750-850 )

’ HNO3 50-70 15-30 5-10 1,0-10
HbIX 1 pe3bboBbIX Ae- HCl 1-5

Taneun
MeaHble cnnasbl €
nasHbiMu weamu mar- | CH;COOH 260-265

KUMU NPUNOSMU U HsPO, 830-850 15-25 0,5-1,5 26,6 - 10°
npunoem mapku H,0, (30 %) 90-110

MU®X

BnecTslwee Tpasne- NHsNO; 100-200 P
Hue Tepmoobpabo- NaOH 400-650 135-145 20-40 muw 9,510

TaHHbIX GPOH3, B TOM
yucne 6epunnueBbix

3
(kpome Mapok OLIC 1 HCI 450-500 15-30 30-60 1,7-10
BpKML)
Bnectawee Tpasne- H,SO,4 900-920
HUe Meau U naTyHu HNO3 440-450 15-30 Jo 10 2,0 10*

NaCl 5-10

bnecrawee Tpasne- HsPO4 935-950
HUe aeTtanei ¢ Tou- HNO; 280-290 5
HbIMM pasmepamu CHsCOOH | 250-260 15-30 0,5-1,5 muw 26,210

NH,CSNH; 0,2-0,3

HenocpefcTBeHHO nepepn HaHeceHWeM MOKPbITUA MPOBOAAT OMepauuio akTuBauum
MOBEPXHOCTU C LENbio yaaneHUs TOHKMX OKCUAHLIX MNEHOK, yXyALarwmx cuenneHne no-
KPbITUIA C OCHOBOW.

CranbHble petanu BbigepXmneatoT B 5 % — 10%-HOM pacTBoOpe CONAHON UMM CEPHOM
KMCNOTbl UnNn B cMmecK, cogepxawen no 30-50 r/n kaxaon K3 KucnoTt, B Tevenvne 0,1—
1,0 MVH. BbICOKOKPEMHUCTBIE CTanu MOXHO aktueuposaTb B 0,5 % — 1,0%-Hom pacTteope
NnNaBmKOBOW KMCNOTbI. B crniyyae megHeHua ctanm 20 B NMpodocdaTHOM SMEKTPONuUTe pe-
KOMEHA0BaHO aKkTMBMPOBaHWE MOBEPXHOCTU B CMECU KOHLIEHTPUPOBAHHBLIX KUCIOT (06beMm-
Hasa pons, %): asotHon — 40, docdopHorn — 40, cepHom — 20. OcobeHHo GonblIoe BHU-
MaHne HeobxoagumMo o0bpatuTb Ha aKTMBUPOBAHME XPOMOHWKENEBbIX CTanen Tu-
na 12X18H9T, xapakTepusyroLWmnxcs BbICOKOW CKIMOHHOCTBLIO K naccvsauuun. Tak, nepesn ce-
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pebpeHrem B poAaHUCTOXENEINCTOCUHEPOANCTOM SMEKTPONUTE MOXHO NPOBOAUTL XUMUYE-
ckoe akTusmnpoBaHue B TedeHue 20-30 MuH B pactBope, cogepxaiiem 100 r/n asoTHOM Kuc-
notel n 30 r/n GudTopuaa kanus, ¢ nocneaywmm KaTtogHbLIM akTUBUPOBaHNEM B pacTBope,
coaepxawem 80 r/n xnopuctoro Hukensa 1 40 r/n CONsHOM KUCNOTLI. YAOBNETBOPUTENbHBLIE
pesynbTaTbl AAET Takke aHoAHoe akTusuposaHve B 10 % — 15%-HOM pacTBope CepHoun
KNCNOTbI NpY NNoTHoCTK Toka 10—15 A/oM® B Teyerme 1-2 MuH. [na noarotoBkM K ocaxae-
HUIO MOKPLITUA Ha KOPPO3NOHHO-CTONKYIO CTarnb W HUKENEBbIE CMIaBbl, HANPUMep nepmMarn-
TNOW, UX MOXHO aKTUBMpOBaTb KaTtoaHOW 0bpaboTkon B 15 % — 20%-HOW CONSAHOM KUCNOTe B
TeueHne 20-30 ¢ Npu NOTHOCTY Toka 8—10 A/gm?.

MpeacTaBnseT NHTEpeC NPOLECC KaTOAHOMO aKTUBMPOBaHWSA C OHOBPEMEHHbIM Oca-
KASHNEM Ha feTann TOHKOro Cnos Metana. Xopowwue pesynbtarbl Obinvm nony4eHs! Npu Ta-
ko obpaboTke AeTanen u3 yrnepoaucTon cranu nepea nupodocdaTtHbIM MegHEHWEM B
anekTponuTe, coaepxatyem 250 r/n cepHokucnoro HUkens n 50 r/n cepHoWn KUCNOTbI, NPU Ka-
TOAHOW NNOTHOCTKU Toka 8—10 A/JJ,M2 B TeyeHue 20-30 c.

Hetann n3 cnnaea 40XHIKO-BU nepepn HukenuposaHuem pekoMeHayeTcst 0BbIMHO Mo-
CIne akTUBMpPOBaHUS B pa3baBneHHoW conaHom kucnote obpabaTeiBaTh B Te4eHne 1-2 MUH B
CMECU KOHLEHTPUPOBAHHBIX KMCMNOT, MI: yKCycHOM — 650, asotHon — 300, consiHom — 5 ¢
nobaeBnenvem 1 r kpacutens METUNEHOBOTO rony6oro.

[na akTmBnpoBaHns NOBEPXHOCTWN AETanen ns Mean n ee CNiaBoB MOXHO UCMOSMbL30-
BaTb 0,5—1,0%-HbIli pacTBOp CONSHOM KWUCNOTbI. Mepels HaHeCeHWeM MOKPbLITUA U3 UmaHu-
CTbIX 3MEKTPONUTOB XOpOoLMe pesynbTaThl AaeT npeapaputensHas obpabotka B 3—6%-Hom
pacTBOpe LMaHUCTOro kanusa unu B pacteope, coaepxaiem 30—40 r/n umaHUCToro Kanus,
20-30 /1 YrNeKUcRoro Kanwsa Npu NNoTHOCTY Toka 3—5 A/am? B Teuermne 0,5-1,0 MyH.

2.3.4 NonupoBaHue MeTasnnoB
2.3.4.1 OneKkTpoxXMMn4yeckKoe nosiMpoBaHue ctanen

B Tabnuue 2.8 npepncraeneHbl cocTaebl Havbonee pacnpoCTpaHHEHbIX PacTBOPOB
3MNEKTPOXMMUNYECKOTO MONMPOBaHUA CTanen. JKOMorM4eckas OnacHOCTb XPOMCoAepXaLmx
3MEKTPOSIUTOB OMNPEAENAETCs KOHLUEHTPauMen COeAVHEHUMA LLEeCTUBANeHTHOro Xpoma,
ocCTarnbHbIX 3NEKTPONNTOB — COAEpPXKaHWeM TpuaTaHonammHa n ocdartos.

Tabnuuya 2.8 — Cocraebl M 3KONOrMYECKas ONacHOCTb 3NEKTPONIUTOB N PEXUMbI
3MEKTPOXMMUNYECKOrO NOMNPOBaHMS CTanm

Howmep v coctae anekTponuTos, r/n
1 2 3 4 | 5 | s 7
KOMMOHEHTbI 3nek-
TPONUTA U PEXUM Xpomu-
YrnepoaucTble cTa- cThie Cranu xpOMOHVKeneBbIE, HUKENEBbIE U
n XPOMOHUKENEBbIE C TUTAHOM
cranu
HsPO, 1000- 1200- 1200~ 1200~ 1200- 1400-
1100 1400 1400 1400 1400 | 700800 | 00
H,SO, 260-280 280-350 | 300-350 | 540-580 | 300-350
CrOs; 80-110 150-170
YpoTtponuH 8-12
ManeuHoBas kucnoTa 18-22
WHrM6utop KiN-1 2-3
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OkoH4aHue mabnuybl 2.8

Homep v coctas anekTponuTos, r/n
1 2 3 4 5 | 6 \ 7
KoMMoOHeHTbI anek-
TPONUTA U pEXUM Xpomu-
yrﬂepOAVICTble CTa- cTble CTaJ'IVI XPOMOHUKenNneBble, HUKENEeBble U
nn XPOMOHuUKenesble C TUTAHOM
cranum
TpuaraHonamuH 46
Temneparypa, °C 70-90 60—70 3040 40-50 3040 70-80 4050
MnoTHoCTs Toka, AlaM® | 7090 70-90 40-50 3040 3040 20-60 3040
Es:m"’“me""“om’ 510 [0 10 10-15 4-5 4-5 4-5 8-10
SKonoruieckan onac- | 4 4 406 | 464 . 10° | 022 - 10° | 023 - 10° | 0,29 - 10° | 0,73 - 10° | 0,29 - 10°
HOCTb pacTBopa

2.3.4.2 JneKTpoxumMmueckoe NonmpoBaHue LBETHbIX MeTasrfoB

B Tabnuue 2.9 npeacTaeneHbl COCTaBbl M 9KOMOrMyYeckas ornacHOCTL HEKOTOPLIX arieK-
TPOSINTOB U PEXUMbI SEKTPOXMMMYECKOTO MOMNPOBaHNS LIBETHLIX METAOB.

Tabnuya 2.9 — Cocraebl U 3KOMNOrMYeCcKas ONacHOCTL 3M1EKTPOSIMTOR U PEXUMBI
3MEKTPOXMMNYECKOrO NMONMMPOBaHNS LIBETHLIX METaNSIOB

Homep n coctas anekTponuTos, /N

KOMMOHEHTbI 5 8
anekrponuTa u 1 2 3 4 6 7
P macc. % macc. %
pPEeXMM
Megab 1 ee cnnasbl AnNIOMUHWIA 1 €ro cnnasbl
H;PO4 1000- 1000- 1000- 800-
1200 | 1300 | 1300 | 1300 | 40-50 |7°0-830 | n -
CrOs; 100-150 - - - 6-5 580-640 - -
H,SO, - 80-100 - - 40-35 - -
HF - - - - - - - 13
TpuataHonamuH 40- 4-6
50 mn/n - - - -
MoHoaTaHonamuH _ _ _ 40- _ _ 100 mn _
50 mn/n
MonouHas kucnoTa - - 5-10 - - - - -
Karanun BMNB - - - - - 0,5-1,0 - -
MmuuepuH - - - - - - - 52
Bopa - - - - 14-10 - - Oct
Temneparypa, °C 18-30 18-30 18-30 18-30 65-70 60-80 60-65 20-25
finotiocts Toka, 15-50 | 15-50 | 15-50 | 15-50 | 15-70 | 20-50 | 15-40
Alam 20
rponomKiTee: 310 | 4-10 | 4-10 | 2-10 | 1-10 | 35 | 2-10 | 10-15
HOCTb, MMH
oonorieckan 44 . 40%| 82-10° | 8.2-10° | 82-10° | 4-10° | 59-10° |11,6 - 10°| 2,6 - 10°
0MacHOCTb pacTeopa
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B Tabnuue 2.10 npepcraeneHbl COCTaBbl M 3KONOrMYECKasi ONacHOCTb HEKOTOPbIX
ANEKTPONUTOB N PEXMUMbBI XMMUYECKOTO MONMPOBaHUS.

Tabnwunya 2.10 — CocTtaBbl M 3KONOrMyeckasi ONacHOCTb 3NEKTPONUTOB U PEXUMBbI
XUMUYECKOro NOSIMPOBaHUSA

Homep n cocTas anekTponuTos, r/n

1, 4, 9,
macc. % 2 8 mace. % 5 6 7 8 macc. %
KomMnoHeHTbI
anekTponuta u KOpPOWOHHO'
CToWKasa cTanb
pexnm rnepogucTas AMIOMUHWIA U ero
yrnepoa TMna f Meab 1 ee cnnasbl
cTanb cnnasbl
12X18 | 12X18H
HOT 10T
HsPO, ~ in _ ~ 1300— 935- | 1300— ~
1400 1300 950 1400
H,SO4 620— 200-
0,015 630 8-10 250 290 B - 32-35

HNO3 110- 280-

- - 60-70 6-10 150 85 200 - 10-12
HCI - - 70-80 | 10-15 - - - — |04-05
HsBO; - 0,2 - - - 5 - - -
H,C,0, 25 - - - - - - - —
CHsCOOH ~ _ ~ _ ~ 230- | _

260
H,O, (30 %) 1,3 - - _ _ — — — —
Cro; - 10 - - - - - - -
Na,SiO; = 2 - - - - = - -
KMnO, - 2 - - - - - - -
NacCl - 4 10-12 - - - - - -
KNO3 _ _ _ _ a _ _ 460- a
500

CuNO; - — _ _ - 5 -
Kpacutenb YepHbIn
3M - - 35 - - - - - -
Monuakpunamua 0,1-

- - - 15r/n - - - - 0.12
or-10 0,2-

- - - 1-3r1/n - 0.25
Kap6okcu- _ _ _ _ 0,8- _ _ _ _
MeTunuennionosa 0,85
Boaa Oct - - - - - - - Oct
Temneparypa, °C | 4q g 11000; 70-75 | 70-75 110105 65-75 | 15-30 |90-100| 20-40
Mponomkntene- | 44 o0 | o5 | 545 | 545 | 2-4 | o5 1-6 [05-2,0| 1-8
HOCTb, MUH
Skonornyeckas
0NacHOCTb PacTBo- - 12-10°| 8-10° [10,2-10°| 9-10° | 10,2-10° |32-10°| 9-10° | 1-10°
pa
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2.3.5 LluHkoBaHue

B tabnuue 2.11 npeacTaBneHbl COCTaBbl U 3KONOrMYeckasl OnacHoOCTb HEKOTOPLIX LiK-
aHucTbIX, B Tabnuue 2.12 — yuHkaTtHbIX, B Tabnuue 2.13 — kucnelx, B Tabnuue 2.14 — am-
MMWaKaTHbIX 3MEKTPONUTOB LUHKOBaHUS.

Tabnuya 2.11 — Cocraebl U 3KONOrMYecKast ONacHOCTb LIMAHNCTBIX SMEKTPONUTOB
LIMHKOBaHWUSA, PEXNMbI OCaXAEHUS

KOMMOHEHTBLI Homep u coctas anekTponuTos, r/n
anekTponuTa u

peXxIUM 1 2 3 4 5 6 7 8 9
Zn0O 8-10 4-10 12,5 10-18 20 18-20 40-45 | 40-45 44
NaCN (KCN) 18-20 15-40 | 11-30 | 20-30 | 30-65 60-80 80-90 | 80-90 ([ 75-110
NaOH (KOH) 60-80 10-24 | 8090 | 50-70 | 60-80 | 75-110 | 70-85 | 70-85 | 40-60
Na,S (K,S) - - — 0,5-5,0 - 0,7-7,0 | 0,1-0,3 | 0,1-0,3 -
muuepuH - - - 0,5-1,0 - 0,5-5,0 - - -
BC-1, mn/n - - - - - - 34 - -
BC-2, mn/n - - - - - 6-8 -
LIKH-02, mn/n - - 5-10 - 6-12 - - - 10-20
MeTaTMTa.HaT Ka- _ _ _ _ _ 0,5-1,0 _ _ _
nu4a (no Ti)
Temnepartypa, °C 15-25 38-40 | 15-30 | 15-30 | 15-30 15-30 18-35 [ 18-35 | 15-30
:/’;‘Efom T8 1 0525 | 05-20]0525]|05-25|02-40| 1530 | 16 |05-20]|05-25
3Jkonoruyeckas
onacHocTb anek- | 1,0 - 10° {1,2-10°(1,3 - 10°|2,3 - 10°|2,3 - 10°| 3,8 - 10° |4,6 - 10°(4,6 - 10°|4,8 - 10°
Tponuta

Tabnunya 2.12 — CocTasbl 1 3KONOrMYeckasi onacHOCTb LMHKaTHBIX 3MNeKTPONnTOB,
PEXMMBI OCEKAEHMSA

KomnoHeHTbI Homep v coctas anekTponuTos, r/n
anekTponuTa u
pexmm

ZnO 10 6-10 8-12 8-12 10-14 10-17 | 10-17 5-20 15
NaOHoeu 80 90-150 | 90-120 | 80-120 | 100-120 | 90-120 | 90-120 | 80-200 60
OKOMET-L1 - 34 - - - - - — —
A1-DM - - 10-13 - - - - - —
OXTU-TMAM-160 - - - 4-8 - - - - -
LIKH-01, mn/n - - - - 7-15 - - - -
C-2 (C-2K, C-2M) - - - - - 9-11 - — —
NBC-O - - - - - - 4-6 - _
NBC-K - - - - - - 4-6 - _
J1B-8490 («KapaTt») - - - - - - - 1-4 -
TpunoH-b - - - - 0—2 — - — —
TpuataHonamuH - - - - - - - - 30
MonuanokcnamuH - - - - - - - - 15
n-JumeTnnaMmuHo-
6eHsanbaerns

Temnepartypa, °C 50 20-50 | 20-40 | 18-45 18-30 20-30 | 18-30 | 15-50 | 18-25

1 2 3 4 5 6 7 8 9
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Okory4yaHue mabnuuyst 2.12

KomnoHeHTbI Homep u coctae anekTponuTos, r/n
anekTponuTa u
pexuM 1 2 3 4 5 6 7 8 9
22;::5‘“"‘ Tk 1 no1,2 | 0,520 | 02-8,0| 02-25 | 1-4 1-8 1-4 | 05-40| 1-4
konornyeckasa

ONacHOCTb anek- 0,8-10°[0,8-10°(1,0 - 10%{1,0 - 10°| 1,2-10° [1,4- 10°|1,4 - 10°|1,6 - 10%(4,2- 10°
Tponuta

Tabnunya 2.13 — Cocrasbl U 3KONOMMYECKan ONacHOCTb KACbIX 3NEeKTPONnToB
LMHKOBAHWUS, PEXNMbI OC2XAEHUS

KOMMOHEHTbI Homep v coctaB anekTponuTos, r/n
anekTponuTa un
PEXUM

ZnS0, 7H,0 50100 | 140- 140- | 200 ~ ~ 250 _ 250-
160 160 250 300 400
ZnCl, - - - - 60—120 | 60-120 - - -
Zn(BF.); 250—
B B - B B - B 300 B
Al(SO4)5 18H,0 - - - 20-30 - - - - -
KAI(SO.), 12H,0 - - - - - - 50-60 - -
Na,SO. 10H,0 - - - 50—100 - - 80-100 - -

KCI 180- 180- 180-

1 2 3 4 5 6 7 8 9

NH,CI - 1-3 1,5-3,0 - - - - - -
(NH,)-S0, - 10-12 | 20-30 - - - - - -
H,SO, - - - - - - - - 80-100
H3;BO; 15-25 15-25 - - 15-25 | 15-30 - 10-15 -
NH,BF4 - - - - - - - 25-30 -
OekcTtpuH - - - 8-10 - - 1-2 - -
Bneckoobpaszosa-
Tenb BUY
3akpenutens Y-2 - - - - - - 1,52 - -
LIKH-3, Mn/n 25-40 | 25-40 - 25-40
SKOMET-L31A - - 18-25 - - - - - -
SKOMET-U31B - - 18-25 - - - - - -
Limeda NC-10 - - - - - 30-70 - - -
Limeda NC-20 - - - - - 2,5-5 - - -
or-10 - - - - - - - 8-10 -
Tuokapbamug - - - - - - - 2-3 -
pH 4560 | 45-6,0 36-44|45-60(45-55|3,04,0( 3,0-45 -
Temneparypa, °C 18-30 | 18-30 | 18-30 | 15-30 | 1840 | 18-30 | 15-25 20 15-30
MNOTHOCTL TOKA,
A/,qM2
3konoruueckas
ONacHOCTL anek- 2,3-10°|3,7-10°|3,7-10°|5,7-10°| 6-10° | 6-10° | 7-10° |85 -10%|9,1-10°
TponuTa

1-3 1-3 1,0-2,6 1-4 1-3 |0,5-3,0|2,0-45| no4-5 | 0,5-5,0

Skonornyeckas onacHOCTb ANEKTPONUTOB LIMHKOBaHUA onpenensaeTcs rnasHbIM o6pa—
30M KOHLteHTpaLI,I/IeIz MOHOB LMHKa: B KUCIIbIX, UMHKATHbBIX 1 aMMUaKaTHbIX 3NeKTPOoSInTax no-
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NS LUMHK& B 9KOMOrMYECcKOM onacHOCTW anekTponuta coctasnseT Ao 100 %, a B LnaHUCTbIX
anekTponuTax — fo 75 %. Moatomy npu BeIGOPE TOFO UMW MHOTO 3NEKTPONMTA NPU NPOYUX
paBHbIX YCNOBUAX CNEAyeT MO BO3MOXHOCTU M3berate Hannyua B 3NeKTponmTax Takmx Ao-
6aBOK, Kak TPUITAHOMNAMUH B LMHKATHBIX SNeKTponuTax (ero Aons B SKONOrMYecKon onacHo-
cTv pacteopa coctaensieT fo 70 %) unm aueTaTbl B aMMUaKaTHbIX SNEKTPONUTax (Ux fons B
3KOJIOMMYECKOM ONacHOCTU PaCTBOPOB COCTaenseT Ao 65 %).
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Tabnuua 2.14 — CocTaBbl U SKOJNOTMYECKas ONacHOCTb aMMMaKaTHBIX SNEKTPONIUTOB LIMHKOBaHMWS, PEXKUMbI OC2KAEHNS]

KOMMNOHEHTbI
3NEKTPONNTA N PEXUM

Homep n coctaB anekTponuToB, r/n

2

3

4

5 6 7 8

9

10

11

12

Zn0O

10-20

32,5 - - -

25-40

ZnCl,

- - - 60-120

80-120

80-130

30-200

ZnS0,-7H,0

50-100

50-100

30-120

- 120-140 | 70-100 -

NH,CI

200-300

200-220

200-220

150-200

200 240-280 | 200-250 | 100-230

180-230

180-200

180-200

200-220

CH;COONH,

- - 30-40 -

80-100

HsBO3

25-30

10-20

10-20

25-30

- 20-30 - -

20-25

Knen

1-2

1 _ _ _

NH,CNS

45 - _ -

YpoTponuH

Oucnepratop H®

- 70-80 50-70 -

OC-20

TuomoueBuHa

- 10-15 - -

LIKH-3, mn/n

SKOMET-LU31A

OKOMET-L31B

OXTWN-
FANT3KC-106

30-50

OXTW-
FANTAKC-107

10-15

Limeda LVC-1

Limeda LVC-2M

Hobaska A

Hobaeka B

AC-45A

AC-45B

AXTU-102A

OXTN-102M3

pH

Temnepatypa, °C

18-30

15-35

L102—9¢ O1M
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OkornyaHue mabnuypsl 2.14
KOMMNOHEeHTbI Homep 1 cocTas aneKkTponuTos, r/n
3nekTponuTa n pexum 1 2 3 4 5 6 7 8 9 10 11 12
MnoTHoCTS ToKa, AW 05-15 | 13 | 1026 | 0540 | 2 2011 | 1-3 | 05-40 | 0540 | 0540 | 05-30 | 1-3
OKONOTUIECKAs OMACHOCTE | 4 5 108 | 24 -10° | 24-10° [ 2,9-10° | 3,1-10° [ 3,7-10° | 5,8-10° | 6-10° | 6-10° |6.4-10° | 9.7-10° | 11,6-10°

anekTponuTa

L102—9¢ O1M
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Bnarogapsi NpocToTe coctaea U AOCTYNMHOCTUA XMMUKATOB, aMMUAKaTHbIE 3NEeKTPOnn-
Tbl BCE €LLe HaxOAST NPUMEHeHNe B MPOMbILLNIEHHOCTY, OAHAKO OHM 00nafaloT TeMU Xe He-
AOCTaTKaMu, YTO 1 criaboknCrble aNeKTPONUTLI, CoaepXKalime aMMOHMEBBIE COMK, a Mo CTa-
BUMBLHOCTU yCTyMaT uMm. B nocneaHne roabl aMMUakaTHbIE ANIEKTPOSMTLI YCMELWHO 3ame-
HAtoTCs Gonee coBpeMeHHbIMK, cnabokmcnbiMu. B Tabnnue 2.15 nokasaHbl NpUMEPHLIE COo-
CTaBbl HEKOTOPbIX CNABGOKMCIIBbIX 3NEKTPONNTOB LIMHKOBAHWS.

Tabnuuya 2.15 — CocraBbl HEKOTOPLIX CNABOKUCTIBIX SMEKTPOSIUTOB LIMHKOBaHNS

KoMnoHeHT Ne 1 Ne 2 Ne 3 Ne 4 Ne 5
Xnopug uuHka 30-60 30-60 30-80
Cynb@at umMHka 120 30-60
Xnopug aMMOHus 120-180 30-60 120-180
Xnopug kanus 120-180 160-250 200
BopHas kucnorta 20 20 20
Ho6aeka A 30-50 30-50 30-60 30-50 30-50
Ho6aska b 1-5 0,5-5 1-5 0,5-5 0,5-5
MRoTHOCTL Toka, A/AM” 0,3-5 0,3-8 1,3-10 0,5-6 0,3-3
Temneparypa, °C 1840 18-50 18-45 18-40 18-40
pH 5-6 51-5,8 45-58 4,5-6 4,56

2.3.6 KapmupoBaHue

B Tabnuue 2.16 npeacraeneHbl COCTaBbl M 9KOSOrMYECcKas ONacHOCTb HEKOTOPLIX U3-
BECTHbIX LMaHUCTBIX, B Tabnuue 2.17 — kucnbix, B Tabnuue 2.18 — aMmmumakaTtHbIX 3neKTpo-
TINTOB K&AMMPOBAHUS.

Jkomnornyeckas OnacHOCTb 3NEKTPONUTOB KagMUPOBaHUA ONPeAensieTcs rNaBHbIM
06pa3om KOHLIEHTPaLMen WOHOB KagMWs B KUCHbIX U aMMuakaTHbIX 3NeKTponuTax Aons
KagMusa B SKONOrMYECKOM OnacHOCTW anekTponuta coctaenaeT ao 100 %, a B UMaHUCTbIX
anekTponutax — fo 85 %. MNMoaromy npu BeIGOpe TOrO MNW MHOTO 3NEKTPONUTa NPU MPOYMX
paeHbIX YCNOBUAX CreayeT no BO3MOXHOCTM nsberatb HanNmn4Ma B 3neKTponmTax TakvMx Ao-
BaBokK, kak dypdypon B aMMUaKaTHbIX 3MEKTPONMTax (ero Aons B 3KONOrMYECKON OnacHOCTH
pacteopa coctaBnseT Ao 15 %).

Tabnwnua 2.16 — CocTasbl U 3Konornyeckan onacHOCTb LIMaHUCTLIX 3NEKTPONUTOB
KagMUpoBaHWs

KOMMOHEeHTbI anekTponura u Homep 1 coctas aneKkTponuTos, r/n

pexum 1 2 3 4 5
Ccdo 15-40 28-40 3545 40-45 25-40
NaCN (KCN) (100-150) | 140-200 90-130 90-120 40-60
NaOH - - 20-30 - 5-15
Na,SO4 7H,0 - - 40-50 40-50 40-90
NiSO4 7H,0 - - 1,0-1,5 1,0-1,5 -
Cd(OH), - - - - [o HacblwWweHus
(NH,4),SO, 10-30 - - - -
OekcTpuH 1-5 - 812 - -
Limeda BK-2S - 15-20 - - -
CynbrpoBaHHOe KacTopoBoe
macrno - - - 10-12 -
MetaTtutaHat kanua (no Ti) 0,3-0,8 - - - -
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OxoHyaHue mabnuupt 2.16

KOMMNOHeHTbI 3nekTponura n Homep v cocras anekrponuTos, r/n
pexum 1 2 3 4 5
Temnepartypa, °C 18-25 18-30 15-30 18-25 20-40
MnoTHoCTb Toka, Alam’ 1,0-2,5 2-3 0,5-2,0 0,5-1,5 0,8-2,0
3konoruyeckass ONacHOCTb ANeK-
TponuTa 88-10° | 9,1-10° | 93-10° | 9,4-10° >10 - 10°
Tabnunya 2.17 — CocTaebl 1 3KONOrMYeckas ONacHOCTb KUCTIbIX 3MEKTPONUTOB
KaaMUPOBaHUS, PEXMMBbI OCaXKAEHNS
KOMMOHEHTbI Homep 1 COCTaB ANEKTPONnNTOB, r/n

3MNEKTPONUTa 1 PEXUM 1 2 3 4 5 6
CdsO,8/3H,0 - 40-60 60-65 - - 50-75
Cd(BF,), - - - 140-160 | 200-220 -
Cdo 15-30 - - — - -
Al(SO,)5 18H,0 - - 25-30 - - -
HF - - - 35-40 40-45 -
H,SO, 38-75 - - - - -
H;BO- - 20-30 - - - -
Na,SO, - 40-50 - - - -
(NH,),SO, - - 30-35 — - -
NH,BF - - - - 2540 -
Knei me3apoBebiit - - 0,5-0,7 1-2 - 3-5
3akpenutens ALY - - - - 1-2 -
CwuHtanon 4C-10 - - - - - 4-6
Limeda BK-10A, ma/n 15-30 - - - - -
OXTWU-203MA — 30-40 - - - _
IXTN-203MB - 10-20 - - - -
pH 1,0 1,5-3,0 3,5-5,5 <1,0 32-36 0,5-1,5
Temnepatypa, °C 15-25 18-35 15-25 20 18-25 18-25
MnoTHOCTL Toka, A/am? 1-4 1,5-4,0 0,5-1,0 34 2-3 1,0-2,5
3konoruyeckas OnacHOCTb
anekTponuTa 53-10° | 53-10° | 57-10° | 13.4-10° | 182-10° | 186 - 10°

Tabnuuya 2.18 — CocTasbl M 3KONOrMYECcKas ONacHOCTb aMMNaKaTHbIX ANEKTPONUTOB
KaaMUPOBaHUA, peXXnMbl OCaKAEHNSA

KoMnoHeHThI anekrponura
N PeXUM

Homep n coctas anekTponuTos, r/n

1

3

4

5

6

7

CdS0O,4-8/3H,0

40-60

45-55-

40-60

Cdo

25-30

30-40

CdCl,-2,5H,0

40-50

50-75

(NH,),S04

140-160

200-250

240-250

190-210

250-300

NH4CI

200-28

0 -

200-280

NaCl

3040

30-35

H;BO;

Na,B;0; 10H,0

Aucnepratop H®-B, mn/n

Aucnepratop HO-A, mn/n

70-80

40
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OkoHYyaHue mabnuupi 2.18

KOMMOHEeHTbI anekTponuTa Homep M COCTaB 3NEeKTPOonnTOB, r/n

1 pexnm 1 2 3 4 5 6 7
YpoTponuH - - 15-20 90-100 - -
Knen Me3gpoBbii 1-2 - - - - 2 -
TuomoueBHnHa 7-10 - - - - - -
0C-20 - - - 0,7-1,2 - - -
dypdypon - - - - 8-10 - -
Jo6aska AXTU 203-A - 20-30 - - - - -
HOo6aeka AXTU 203-b - 30-50 - - - - -
Jo6aeka LIKH-04 - - 7-15 - - - -
Jo6aska LIKH-04C - - 10-20 - - - -
pH 4,0-4,5 1-3 3-5 4055 | 7,2-8,0 | 50-6,8 | 4045
Temneparypa, °C 18-25 15-35 18-30 18-25 20-30 18-25 15-30
MnoTHoCTb TOKa, A/aM” 0,8-1,2 1-3 01-40 | 08-12 | 0,7-1,3 | 0,7-1,0 | 1,5-2,0
SKonoruieckasn onacHoeTb | 5y 100 | 54.10° | 5.4-10° | 57-10° | 64 -10° | 7.2+ 10° | 7.6 - 10°
anekTponuTa

2.3.7 MegHeHune

B tabnuue 2.19 npeacraeBneHbl COCTaBbl U SKONOrMYeckas onacHOCTb HEKOTOPbIX U3-
BECTHbIX KMCNbIX, B Tabnuue 2.20 — yuaHuctbix, B Tabnuue 2.21 — nupodocdarHbIxX anex-
TPONUTOB MEAHEHNS.

Tabnuya 2.19 — CocraBbl KACTbIX 3MEKTPONTIMTOB MEJHEHUS, UX SKONOrnyeckas
ONacHOCTb U PEXNMbI OCaXKAEHNS

Homep v cocTae anekTponuTa, r/n

KoMnoHeHTb! anek- 2
TPOMNUTOB U PEXMM 1 Ha 3 4 5 6 7 8
cranb

CuSQ,4-5H,0 - 180-200 | 180-200 | 180-220 | 190-230 - 200-250 -
Cu(BF,),-6H,0 200-225 - - - - - - -
Cu(SiFg)-6H,0 - - - - - 250-300 - -
Cu(NO;),3H,0 - - - - - - - 500-600
CuCl,-2H,0 - - - - - - - 04
H,SO, - 60-80 50-60 60-80 50-60 - 35-70 -
HBF, 5-20 - - - - - - -
H3BO; 20-35 - - - - - - -
H,SiF¢ - - - - - 10-15 - -
WoHn CI', mr/n - - 40-70 40-60 40-60 - 30-70 -
OKOMET-M2, mn/n - 10-12 - - - - - -
OKOMET-M24, mn/n - 8-10 - - - - - -
Limeda L-2A, mn/n - - 46 - - - - -
LIKH-72, mn/n - - - 4-8 - - - -
LIKH-73, mn/n - - - 0,5-2,0 - - - -
RV, mn/n - - - - 36 - - -
BC-1, NTWU, mn/n - - - - - - 3-5 -
pH 1,3-1,7 - - - - - - 1-2
Temneparypa, °C 15-30 18-25 18-25 20-35 20-28 15-45 18-30 18-25
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OkoH4aHue mabnuupi 2.19

Homep n coctae anekrponuta, r/n

KoMnoHeHTb! anek- 2
TPONUTOB U PEXNM 1 Ha 3 4 5 6 7 8
ctanb

fnothoct, Toka, 2-6 1-2 1-2 1-8  [0,1-10,0| 57 1-7 5-20
Alam

dKonoruieckas onac- | 44 4 4051 509. 10° (50,9 - 10°53,5- 10°| 585 - 10°|60,8 - 10°| 63,6 - 10°| 158 - 10°
HOCTb BneKkTponuta
Tabnuya 2.20 — CocTaBbl LMaHUCTLIX 3NEKTPONUTOB MEeAHEHMUSs, X 3Kkonormyeckas
OMacHOCTb U PEXUMbI OCaXLEHUS

KOMMOHEHTbI 3NeKTPONUTOB 1 Homep u coctas anekrponura, r/n
pexum 1 2 3 4 5

Cu(CN), 20-30 40-60 50-70 50-70 80-90
NaCNgso5 (KCNgsos) 5-10 10-15 5-10 10-25 5-7
NaOH 5-10 10-15 10-15 - -
KNaC4H;0¢6-4H,0 - - 30-60 - -
KCNS - - - - 40-45
NH,CNS - 10-15 - - -
NaQC4H4OG'2H20 - 3-10 - - -
MnSO,-5H,0 - 0,03-0,5 - - -
Pypdypunosbii CANPT - - - - 0,3-0,6
Temnepatypa, °C 15-55 50-60 40-50 40-50 15-30
MnoTHoCTb Toka, A/aM’ 0,3-2,0 0,5-3,5 1-3 1-5 26
JKonornyeckas onacHoOCTb anek- 16,9 - 10° 33,7 - 10° 39.2 - 10° 39.4 - 10° 50,4 - 10°
TponuTa

Tabnuya 2.21 — Cocrtabl NUpodocdaTHbIX SNEKTPONINTOB MEAHEHUS, UX SKonormyeckas

OnacHOCTb U pEXKMMbl OCaXKAEHNA

KOMMNOHEHTL! 3NeKTPONUTOB
N PEXUM

Homep v cocTas anekTponuTa, r/n

1

2

3

4

5

6

7

CuS0,5H,0

45-55

50-80

90

70-90

80-90

75-100

117-137

K4P,07-3H,0

350-400

370

330-370

350-380

300-375

470-530

Na4P207'10H20

200-240

KNO3

10-20

Hatpui cynbdocanuymnoo-
KMCAbIi

NH,NO,

Na,SeO;

KucnoTa TpuokcurnyTaposas

OKOMET-M5S

NH,OH (25 %), mnin

AMMOHUI NIUMOHHOKUCALIN

Kucnorta nuMoHHas

H4P,0;

MoHo3TaHONaMuH

pH
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OkoHyaHue mabnuup! 2.21

KOMNOHEHTbI 3MeKTponuToB Homep v cocras anekTponura, r/n

1 pexum 1 2 3 4 5 6 7
Temnepartypa, °C 50-60 18-50 =50 30-50 50-60 50-75 50-60
MnoTHOCTb Toka, A/am? 0,5-1,5 ao5 no3,5 0,8-3,5 1-2 0,5-5,0 0,5-3
dKonoruieckas onacHocTb 14,0 - 10°|20,4 - 10°|22,9 - 10°22,9 - 10°| 22,9 - 10°|25,5 - 10°|37,2 - 10°
anekTponuTa

Bcrneacrteme HU3KOro sHadeHus npenernbHo ,D,OI'IyCTI/IMOVI KOHLeHTpaunn Mean B Boae
BOAOEMOB pr6OXO3F|IZCTBeHHOI'O HasHavYeHnA nojasnawoliee 3HadveHue B CbOpMVIpOBaHI/IVI
3KONOMMYECKO OMacHOCTU SMEKTPONUTOB MEAHEHNS UMEET KOHUeHTpauna mean. F]oaTomy
LUMaHUCTbIE N I'IIApOCbOCd:)aTHbIe SNEKTPOoNnTbl MeaHeHNA N3-3a MeHbLLEro coaepXXaHna B HUX
Mean obnafatoT MeHbLUMMM 3HAYEHUSIMU SKONOTMYECKON OMacHOCTM, YEM KUCTbIE SNeKTPO-
NAUThBI.

2.3.8 HukenupoBaHue

CocTaBbl 1 3konornMyeckas onacHoOCTb HEKOTOPLIX M3BECTHbIX SNEKTPONIUTOB MaroBoro
HUKENMPOBaHWSA NpuBegeHsbl B Tabnuue 2.22, 6necrawero n cynsdamaTHOro HUKENUpOBa-
Hus — B Tabnuue 2.23. MpucyTcTBME B 3NEKTPONUTaX HUKENMPOBAHMSA KAaTMOHOB LLENOYHbIX
METasOB NPUBOAUT K CHIDKEHUIO UX CTAbUINBHOCTW, YTO YaCTUYHO MOXET CBECTU Ha HET KX
3KOMOrnyecKoe NPenMyLLECTBO.

Tabnunya 2.22 — CocTaBbl 3MEKTPONUTOB MaTtoBOro HUKENUPOBAaHWS, X 3KONOTNYeckas
OMacHOCTb U PEXMMbI OCXAEHUS

KOMMOHEHTBI 3neKTponu- Homep u coctas anekTponuTa, r/n

TOB U PEXUM 1 (na LIAM) 2 3 (Ha Al) 4 5 6
NiSO47H,O 90-120 150-200 180-220 - 300-350 240
NiCl,-6H,0 - - - 200-250 45-60 30
NaCl - 10-15 1,5-2,5 - - -
H3;BO3 15-20 25-30 2540 - 3040 -
Na,SO,4-10H,0 - 40-50 40-60 - - -
MgSO,-7H,0O - 50-60 - - - -
OKOMET-H4 110-140 - - - - -
OKOMET-H1A 1,0-15 - - - - -
K2S,0s - - 1-3 - - -
KF-2H,0 (NaF) - - 1,525 - - -
HCI - - - 50-100 - -
AHTapHas kucnota - - - - - 30
Naypuncynbart HaTpua - - - - - 0,05-0,1
pH - 5,0-5,5 4,0-5,5 - 1,545 2,5-35
Temneparypa, °C 25-35 20-30 2045 15-30 45-65 50-60
MnoTHOCTb Toka, A/am” 1-3 0,5-2,0 1-2 1,5-5,0 2,5-10 5-30
SKonoruieckas onachoCT 25-10° | 42-10° | 46-10° | 62-10° | 88-10° | 838 10°
anekTponuTa
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Tabnuuya 2.23 — Cocrasbl aNekTponuToB GnecTsLero 1 cynsdamarHoro
HUKESNIMPOBAaHWS, UX 3KOSIOTMYECKasA ONacHOCTb U PEXMMbI OCaXAEHVS

KomnoHeHTbI
3MNEeKTPONUTOB
1 pexXum

Homep v cocTae anekTponuta, r/n

3

4

5

6

7

NiSO,-7H,0

120-180

250-
300

250-300

200-
250

250-
300

280—
320

230-320

Ni(NH,S05),-4H,0

300-800

300-400

NiCk-6H,0

50-60

40-60

50-60

50-55

30-60

12-15

12-15

H3BO;

30-40

25-40

30-40

25-35

25-40

35-40

30-40

30-40

25-40

NaCl

10-15

NH,CI

20-25

Bapbutyposas
Kucnora

0,03-
0,09

1,4-Bytunaunon
(100 %)

0,3-0,5

0,2-0,5

CaxapuH

0,8-1,2

XnopamuH b

2,0-2,5

dopmanbaerng

0,5-1,2

RADO-57M

RADO-2

RADO-1

0,5-1,0

dTanumng

«Mporpecc»

OKH-11

15-20

LIKH-12

0,5-1,5

LIKH-14

2-10

OKOMET-H1 a

OKOMET-H1 6

Limeda HUB-3,
Mn/n

6-12

Limeda HUB-12,
Mn/n

0,003-
0,015

pH

3,5-5,8

4,5-5,5

4,0-4,8

3,845

3,5-5,5

42-48

3-5

3,6-4,5

3,0-4,2

Temnepatypa, °C

20-60

40-50

50-65

45-65

50-60

50-60

50-60

50-60

50-60

[MNOTHOCTb TOKA,
A/,CIM2

0,5-1,0

0,8-3,5

2-6

1-6

3-8

0,2-8,0

2-7

5-12

3-20

3Jkonoruyeckas
ONacHOCTb Anek-
TponuTa

38-10°

6,3-10°

7.8 10°

7.8-10°

7,8-10°

8,1-10°

8,2-10°

82-10°

8,23-10°

CynbthamaTHble 3NeKTPONUTLI HUKENMPOBaHUS COASPKAT COfMb HUKENs cynbdamuHo-
Boit kumcnotel Ni(NH2S0s)2-4H20, xnopua Hukens NiCl'6H20, GopHyto kucnoty HzBOs,
pH 3,6-4,5 (koppekTVpytoT cynbdamMmMHOBON KMCMOTON). PacTBoprMOCTb Cynbdamara Huke-
NA 3HaYUTENbHO Bbille, YeM cynbdpata, NosTomy cynbdamaTHble SneKTponuTbl 06bI4HO Bo-
nee KOHLEHTPUpOBaHHbIE MO MeTanny v, cnefoBaTensHO, NO3BONAIOT OCEXKAATE HUKEMb NPU
Bonee BbICOKUX MNOTHOCTAX TOKa., Pabounin MHTepBan KaTofgHbIX NIOTHOCTEN TOoKka COCTaB-
nsieT ot 3 go 20 Alam? (32BUCKT OT KOHLEHTPaLmK conen Hukens, pH, TemnepaTypbl, MHTEH-
CMBHOCTW NepeMeLLnBaHuns pacTeopa). Beixog no Toky — okono 98 % — 99 %.
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CynbhamarHble 3neKTponuUTbl UMELOT ny4lune BydepHble CBOMCTBA, YeM cynbdaTHo-
XNopuAaHble ¢ BOPHOWM KMCMOTOM, HO MO CKNOHHOCTW K 06Pa30BaHMI0 MUTTUHIA OHWU HE NMEIOT
NpevMyLLIECTB nepes APYrMMU 3MEKTPOMTaMn U aHTUNUTTUHIOBbIE A0baBkn 0Gs3aTenbHO
BXOLSIT B MX COCTaB.

Ocagky HVKensi, monyyYeHHble U3 cynbdamaTHbIX SNEeKTPONvToB, OTNMYaloTCH OT
0CafKoB M3 CyJibPaTHO-XNOPUAHBIX SNEKTPONUTOB HU3KMMW BHYTPEHHUMMN HaMNPSKEHUSMN, a
TakKe BbICOKOM TBepAoCTbHO (2,3-2,5 Tla) n BLICOKMM 3NEKTPUYECKUM COMPOTUBNEHNEM.

Bnarogaps HA3KMM BHYTPEHHUM HaNPsHKEHNSIM HUKENEBbIE MOKPLITUS U3 cynbgamar-
HbIX SMEKTPONUTOB NPUMEHSAIOT B rarnbBaHONNAcTUKE ANsi HAHECEHUS! TONCTbIX OCaAKOB.

MoBbiweHHOE anekTpuyeckoe conpotueneHue (8,6 mkOm/cm npotve 7 MkOmM/cM ans
MeTannyprmyeckoro Hukens) obycrnoeneHo 60nbWMM KONMYECTBOM MOCTOPOHHUX BKIIHOYeE-
HWI: BOAOPOAA, KUCIOPOoAa, as3oTa 1 cepbl.

CynbthamaTtHble 3NeKTPONUTbl NMPUMEHSIIOT Takke ANS HUKENUPOBaHNS CTanbHbIX Ae-
Tanen, NOABEPraroWMXCs NpU 3KCNnyaTauum yaapHbIM Harpyskam; B 3reKTpONUTUHECKOM
hopmMOBaHMM NPY N3rOTOBMIEHNN EMKOCTEN ANSA XPaHEHUSI HU3KOTEMIMEPATYPHbIX KUAKOCTEN,
a TaKKe AN M3roTOBMEHUN AeTanen annaparoB aBUAKOCMUYECKOM TEXHUKM.

Jkonorynyeckas OnacHOCTb 3MEKTPONUTOB HUKENUPOBaHUSI ONPEeAensaeTca WUCKMHoUM-
TeNbHO KOHLEHTPaLMen NoHoB Hukens. OpraHnyeckue Aobaskm NPUCYTCTBYIOT B SMEKTPOnu-
Tax HYKeNMpoBaHWs B MarbiX KOHUEHTPaUMsiX, MOSTOMY NPaKTUYECKU HE OKa3biBaloT BUS-
HMe Ha 3KOMOTMYECKyHo OMacHOCTL PacTBOPOB.

Takmm 06pasoMm, C TOYKWM 3PEHUSA CHUXKEHMUSI 3KONMOrMYECKOW ONacHOCTU TEXHOMNOrmn
HMKeNMPOoBaHNA LienecoobpasHo MCMonb3oBaTbh 3MEKTPONMUTLI C MEHBLLEN KOHLEHTpaumen
HUKens.

2.3.9 XpomupoBaHue

B Tabnuue 2.24 npeacraBneHbl COCTaBbl U 3HAYEHWS SKOMOMMYECKOM ONACHOCTU HEeKo-
TOPbIX U3BECTHBIX SMEKTPONUTOB XPOMUPOBAHWS.

Tabnwnya 2.24 — Cocrasbl 3MEKTPOUTOB XPOMUPOBAHIS, UX 3KOMOrMYeckasl onacHoCTb 1
PEXUMbI OCDKAEHUS

KOMMOHEHTbI Homep 1 cocras anexrponuTos, r/n

snekTponuTa u
pexum 1 2 3 4 5 6 7 8 9 10

CrO; 120- 125- 230- | 230- | 225- | 270-
80-150 200 250 250 250 280 300 350 200-400 | 350-400
H,SO, - 0,5-0,8|1,2-2,5 - - 2-4 _ _ — 25-27
Ch-2 - 2-5 - - = - — _ — -
Ch-80 - - - - - — _ _ 12-15 —
Ch-3 2-5 - - - - - —
AXTWU-xpom-11 - - - - - — — 8—10 — -
LIKH-41 - - - - - 5-10
SrS0y - - - - - - 55-6,5 _ _ -
K;SiFg - - - - 18-20 - 18-20 - - -
H,SiF; - - - 510 = -
CaF, - - - - [&10] -
NaOH - - - - - - - 40-60
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OkoH4aHue mabnuuybi 2.24

KOMMNOHEHTbI Homep n cocTtaB anekTponuTos, r/n
anekTponuTa un
eI 1 2 3 4 5 6 7 8 9 10

Cr”' (B nepecueTe
Ha Cr203)
Temnepartypa, °C | 20-55 | 40-60 | 45-75 | 18—25 | 50-70 | 55-60 | 55-65 | 40—60 | 20-60 | 18-22
[MNOTHOCTb TOKA,
A/JJ,M2
3konoruyeckas
onacHocTb anek- |3,9-10%(5,2-10°%|6,5-10°(6,5-10°|6,8-10°(7,3-10°|7,8-10°(9,1-10°| 10,4-10°| 10,4 10°
TponuTa

- - - - - - - - - 10-15

7-30 | 10-50 | 20-60 | 5-10 | 30-80 | 30-60 [10-100| 5-80 2-80 10-80

B npotmeoBeC 0OLLENPUHATOMY MHEHMKO O BbICOKOW 3KONMOMMYECKON OMAaCHOCTM anek-
TPONMUTOB XPOMUPOBAHUA U3 NPEeACTaBNeHHON Tabnuupl BUAHO, YTO MO 3KONOrMYeCcKkon onac-
HOCTM OHM HE OTMMYAKTCHA OT 3MNEKTPONUTOB LMHKOBaHUSA. Mamno Toro, B CTOYHbLIX BOAax
ranbBaHNYeCcKOro NPOM3BOACTBA, MPOLLUEALLIMX OYMCTKY, OBbIYHO He HabnogaeTcs NpeBbILLe-
HWe KOHLEHTpauumn WecTneaneHTHoro xpoma Hag ero NAK. Haobopot, yacto HabntogaeTcs
3HauuTenbHoe npesbiweHne MNOK koHUEeHTpaumMn MOHOB MEAM, HUKENs, LMHKa 1 Tpexsa-
NEHTHOro XPOMa B CTOYHbIX BOJAX 13-3a NNOXON paboTbl CUCTEMBbI PEAreHTHOM OUMUCTKA KUC-
NO-LLEenoYHbIX CTOKOB.

Taknm oBpas3om, TEXHONOMNS XPOMUPOBaHNSA COBMECTHO C TEXHOmorMen obesppexu-
BaHWA LUECTMBANEHTHOro XpoMa B CUMy PasHbIX MPUYKH (B TOM YMCNE BbiLLENepeyncrieHHbIX)
He OTNnMYyaeTcs 0CoBOoN 3KONMOrMYECKON OMACHOCTLIO MO CPaBHEHUIO C APYTMMU TEXHOMOrns-
MK 06paboTkM NOBEPXHOCTM.

2.3.10 OnoBsiHMpoBaHue

B Tabnuue 2.25 npencraBneHsl COCTaBbl U 3KONOMMYeCcKas ONacHOCTb HEKOTOPbIX U3-
BECTHbIX KUCHbIX, B Tabnuue 2.26 — nupodocdaTHblx, B Tabnmue 2.27 — CTaHHaTHbIX 3nekK-
TPONMUTOB ONIOBAHNPOBAHMS.

Tabnwuya 2.25 — CocTaB KUCIbIX 3NEKTPONUTOB ONOBAHUPOBAHUS, X SKOIOrnyeckas
OMNacHOCTb U PEXMMbI OCaXKAEHUS

KOMMOHEHTb! 3MeKTPONTOB U Homep 1 cocTas anekrponura, r/n

pexunm paboTbl 1 2 3 4 5 6 7
CepHOKUCNoe 0N0BO 40-50 50-60 36-45 - - - -
dTopbopat onoso - - - 180-200 - - -
Xnopucroe 0noBo - - - - 40-50 40-60 75
CepHas kucnota 50-80 | 100-140 | 100-150 - - - -

deHoncynbdoHOBas KMCnoTa - - - - — — _
BopdTopructoBogopoaHas Kuc-

nota - - - 45-60 - - -
BopHas kucrnorta - - - 25-30

ConsiHas kucnoTa - - - - 0,5-1,0 0-30 12-15
CepHOKUCbIN HaTPWUit 30-50 - - - - - -
DTOPUCTLIN HATPUit - - - - 50-60 40-60 35-40
XNOpUCTLIMA HATPUI - - - - 5-7 20-40 20-22
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KOMNOHEHTbI 3NeKTPONUTOB 1

Homep u coctas anekTponura, r/n

pexum paboTbl 1

3 4

Mpenapat OC-20 2-5

CunTtaHon AC-10 -

3-5

AHenpon, mn/n -

8-10

CunTtanon AJIM-10 unu OC-20 -

On-10 unn ONC-20 -

dopmanbaerva (40%-Hbii pac-
TBOP), MN/N

XXenatux -

AvcynbgoHadTanmH -

PoaaHucTbIn aMMOHUI -

Jobaska LIKH-31, mn/n -

[Jobagka LIKH-32 -

AnokenaneHmncynb@oH -

«Apeckan 100» -

Wurnbutop N1-A -

Temneparypa, °C 15-25

15-25

18-25 18-35

MnoTHOCTb Toka, A/aM? 1-2

1-5

1-10 no 10

Bbixoa no Toky, % 95-98

90-96

90-95

JKonoruyeckas onacHoOCTb
anekTponuTa

0,5-10°

10 - 108

4-10° | 0,3-10°

0,5 - 10°

0,1-10°|0,1-10°

Tabnwnya 2.26 — CocTtaB NMPodocdaTHbIX 3MEKTPONUTOB, UX 3KOMOrMyecKas onacHoCTb 1

PEXVMbI OCaXKAEHUS

KOMMOHEHTbI aNEeKTPOnUTOB U pexmnm paboTbl

Homep v coctae anektponuta, r/n

1 2 3
OnoBo (B nepecyeTe Ha MeTann) 65-75 - -
Mupodpocar onosa - 60 -
Xnopug onosa - - 112
Mupodgocdar kanus 520-560 - -
Mupodpocdat HaTpus - 360 -
Mupodocat HaTpusi cBOBOAHLIN - 116 -
Tpunonudocdar kanus - - 720
XropuCTbIN aMMOHMIA - - 98
ConstHOKUCABIN rMapasuH 8-12 - -
XKenatuH 2,0-2,5 1 -
CTonsapHbIf knem - - 8
AmynbraTtop «lporpecc-2», Mn/n 3-5 - -
OekcTpuH - 10 -
Mogut kanusa - - 0,5
pH 8,0-8,5 9 7,8-8,5
Temnepartypa, °C 25-70 60-80 50-60
MnoTHOCTL Toka, A/aM® Jo 6 o 5 Jo 10
Bbixoa no Toky 80-90 91-100
3Jkonornyeckas ONACHOCTL SMeKTponuTa >1-10° >1-10° >1-10
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Tabnuua 2.27 — CocraB CTaHHaTHbIX 3MEKTPONUTOB, NX SKONOrMyeckas onacHocCTb v

pPeXumbl oCaxxAEeHUA

KOMMNOHEHTbI 3NEKTPONNTOB U

Homep v coctas anekTponuTa, r/n

pexum padoThl 1 2 3 4 5 6
CraHHat HaTpus 50-100 60-100
CTaHHat kanus 150-165 105 210 420
Eakuin HaTp cBOGOAHBIN 10-25
Enkuit kanuit ceo60oaHbIN 20-25 15 22 22
YKCYCHOKUCIbIN HaTpuit 15-20
Mepekucb Bogopoaa 1-2 2-3
SKOMET-N7, mn/n 75-80
Temnepatypa, °C 60-80 80-90 66—-88 80-90 80-90 70-75
MRoTHOCTbL Toka, A/aM* 0,5-2,0 1-10 3-10 8-17 16-40 0,8-1,5
Bbixoa no Toky 70-50 90-80 80-50 90-50 90-50
3konornyeckas onacHOCTb JMnek- >1 - 10° >1-10° >1-10° 51 - 10° >1-10° >1-10°
TponuTa

B Tabnvue 2.28 npencraBneHbl COCTaBbl HEKOTOPbLIX M3BECTHBIX SIIEKTPOSIUTOB HaHe-
CEHWSI CMIaBOB ONOBO-CBUHEL, B Tabnuue 2.29 — cnnasoB 0NOBO-BUCMYT.

Jkonornyeckas OnacHOCTb SMEKTPOMUTOB HAHECEHUS! CMIaBOB ONIOBO-CBMHEL, Onpe-
pensetcs cogepxaHnem B HUX cBuHUa (MOKpws. xos = 0,1 Mr/N), @ Tawke PTopnaos, a cnna-
BOB 0noBO-BMCMYT — cogepxanvem npenapata OC-20 (MOKpue. xos = 0,01 Mr/n) u cuHTaHona
AC-10 (MAKpwe. xos = 0,000 5 Mr/n), KOTOPbIE PEKOMEHAYETCA 3aMEeHUTb Ha Apyrue BelecTsa
(Hanpumep: OC-20 Ha ON-7, AC-10 Ha OT-7).

Tabnuua 2.28 — CocTabl 3NeKTPONMTOB HAHECEHWNS CrSIaBOB OfTIOBO-CBUHEL, WX

aKonorn4yeckasa onacHOCTb U PEXUMbI OCaxaeHUA

KOMMOHEHTbI anek-

Homep u cocrae anekTponuros, r/n

TPONUTA 1 PEXUM 1

3

7

8

Sn(B F4)2 10-22

20-25

25-75

Pb(BF.), 7-17

50-60

100-200

SnSiFs -

40-60

PbSiFs -

100-150

Sn2P207 -

Pb(NO3), -

Sn(HOCeH4303)2 -

25

Pb(HOCsH4SO3), -

100-130 -

Sn(NHQSO3)2 -

Pb(NH,SO3), -

H;BO; 5-15

HBF4 cB06. 100-150

H,SiFs cB0O. -

Na4P207~1 OHzo -

HOC6H4SO3H cBOD. -

NHQSO3H cB0O6. -

AO-10 6-10

POS-1 0,2-1,0

Kneit cTonsipHbii -

YXenatuH -
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KOMMOHEHTbI aNek-

Homep u cocTtas anekTponuTos, r/n

TPONUTa U PEXMM 1

3

5

MenToH -

Temnepartypa, °C 15-30

18-25

18-25

18-25

16-25

MNOTHOCTL TOKA,
A/,qM2 1-8

4-5

4-5

4-5

Ho 2

CoaepxxaHue onosa
B NOKPbITUU, Y% 40

18-25

8-12

60

50-60

16-18

517

3konornueckas

onacHocTs anekrpo- | 0,1 - 10°

nurta

0,12 - 10°

0,33 - 10°

0,49 - 10°

0,59 - 10°

0,62 -10°

0,89 - 10°

1,1 -10°

Tabnunya 2.29 — CocTaBbl 3NEKTPONNTOB HAHECEHUS CMNaBOB ONOBO-BUCMYT, NX

3Konorn4yeckasa onacHoOCTb U peXnMbl OCaXKAeHUA

KoMNOHEHTbI 3neKkTponuTa
N peXnM

Homep 1 coctas anekTponuToB, r/n

3

4

5

6

SnSO,

40-50

45-55

40-60

30-50

36-45

35-45

SnCl,-2H,0

Bi2(S0.)-3H,0

0,8-1,5

0,8-1,5

1,8-7,3

0,5-2,0

Bi(NOs3)s-5H,0

5-6

0,5-5,0

BiCls

H,SO0,

90-100

100-110

100-140

100-150

120-180

NacCl

2-5

0,3-0,8

0,4-0,8

NayP,0;-10H,0

140-175

on-10

2,5-5,0

AckopbuHoBas kucnorta

1-2

Tpunon b

5-10

CTOnapHbIN KNewn

0,2-5,0

YKenatuH

0,2-0,5

Mpenapar OC-20

4,4-guaMnHo-3,3-aMMETOKCH-
Avdenunmertan (444M)

LIKH-31 (MXTW-M4)

LIKH-32

OKOMET-N16

Cunradon C-10

5-15

Limeda Sn-2

5-10

dopmanuH TexH., mn/n

3-5

Temneparypa, °C

50-65

18-25

18-25

15-25

MnoTHocTb Toka, A/am?

1-2

1-4

2-8

2-4

3Konoruyeckas onacHoCTb
anexTponuTa

0,07 - 10°

0,5-10°

1,2-10°

40 -10°

30,0 - 10°

2.3.11 Cepebpenune

B Tabnuue 2.30 npeacTaBneHsl HEKOTOPbIE 3NIEKTPONUTLI CepebpeHuns, pexnmsl oca-
XAEHUS 1 UX 3Konornyeckan onacHocTe. M3 Tabnuubl BUAHO, YTO 3KONorMyeckas onacHoOCTb
3MEKTPONMTOB OMNpeAenaeTca rnaBHbiM 06pasoM KOHLEHTpaumen LuMaHMaoB, poAaHuaoB,
voangos n npenapara OC-20.
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TaGnuuya 2.30 — CocTaBbl U 3KONorMyeckasi ONacHOCTb 3NEKTponMToB cepebpeHns,
pPEXMMBbI OCKAEHUS pacTBOPOB

KOMNOHeHTbI
anekTponuTta u
pexum

Homep 1 cocTas anekTponuTos, r/n

3 4 5 6 7

KAg(CN),
(B nepecyeTe Ha
Ag)

20-30

45-60

- 40-50 - - -

AgNO3
(B nepecyeTe Ha
Ag)

35-40 - 25-30 | 25-30 15

15-20

20-30

KCN cBo60aHbIN

2040

90-100

140-
160

KCNS

200— | 250-
- 250 agp | 80-100 -

K,CO5

20-30

50-60

- 20-40 - 35-40 -

K4F6(CN)5'3H20

- - - 35-40 -

K4P»07-3H,0

- - - - 100-110

Kl

(NH,).COs

— — _ - 20-25

20-30

(NH4),80,4

45-70

AMMUaK BOAHBIN
(25%-HbIi)

Jo
pH 9,0

Cynbocanuuymno-
Bas kucnora

70-90

KanTtakc

0,25—-
0,50

CeneH meTannuye-
CKUM

Aucnepratop HP-b

OtamoH AC

Mpenapat OC-20

- - 5-10 - -

pH

- 9-10 - - 8,5-8,7

9,0-9,5

Temneparypa, °C

18-25

18-25

18-25 | 18-25 | 18-25 | 18-25 18-25

20-25

MNoTHOCTL TOKA,
Algm?

0,3-1,5

2-3

1,0-1,5 1-2 05-0,7 | 0,5-0,7 | 0,5-0,7

1.5

3Konoruyeckas
OMacHOCTb 3Mnek-
TponuTa

1-10°

1,6 - 10°

16-10°/2,3-10%|2,8-10°1,2 - 10°| 0,02 - 10°

0,2-10°

2.3.12 3onoyeHue

B tabnuue 2.31 npeacraBneHbl HEKOTOPLIE AMNEKTPONMUTLI 30M04YEHMS, PeXUMbl oca-
XAEHUS U UX 3KOoNormyeckas onacHocTb. M3 Tabnuubl BUAHO, YTO SKOMOrMYeckas ornacHoCTb
SNEKTPONUTOB ornpefenseTca rmasHbIM o6pasoM KOHUEHTpauuen LMaHuaos, POAaHNA0B U

deppoumaHmaos.
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Tabnunya 2.31 — CocTasbl 1 3KONOrM4Yeckas onacHOCTb 3NEKTPONUTOB 30/104EHMS,

PEXNMbI OCaXAEHNS PACTBOPOB

KOMMOHEHTLI 3MeKTponMTa U peskum

Homep 1 cocTas anekTponuTos, r/n

1 2 3 4 5
KAu(CN), (B nepecuyete Ha Au) 4-10 8-10 10-12 - 1-2
AuCl,'HCI-4H,0 (B nepecyete Ha Au) - - - 4-5 -
KCN cB0o60AaHbIN 10-20 - - - -
NiSO,-7H,0 unu 1-3
Co0S0,'7H,0 - 1-2 - - -
Kanusa uutpar - 30-40 - - -
JlumoHHas kucnota - 30-40 8-10 - -
Ko;HPO,4-3H,0 - - 10-12 - -
KH,PO,- - - 25-50 - -
KCNS - - - 100 -
K,CO3 - - - 65 -
K4Fe(CN)g-3H,0 - - - 150-200 -
Tpunon b - - - - 10-15
AMMHOYKCYyCHas Kucnorta - - - - 30-40
pH 11-12 45-5,0 6-7 6,5-7,0
Temnepatypa, °C 18-65 35-45 60-65 55-65 18-22
[nOTHOCTbL TOKA, A/gMZ 0,1-0,5 0,5-0,7 0,3-0,5 0,2-0,3 0,3-0,6
DKONOrMYeckasi OnacHOCTb ANEKTPONUTa 0,24-10° [ 0,08-10° | 0,09-10° [ 3-10° | 0,05-10°

2.3.13 NannagnpoBaHue

Tabnunya 2.32 — CocTasbl 1 3KONOrMYeckasd onacHOCTb 3NEKTPONUTOB NannagmpoBaHng,

PEXNMbI OCaXAEHNSI PACTBOPOB

KOMMOHEHTBI aneKkTponuta n

Homep 1 coctas aneKkTponuTos, /n

pexum 1

2

4

Mannagua conb (B nepecyeTe Ha
meTann)

10-14

Mannaagua xnopua -

MNannaaua TepaamMuHoxnopus

NH,CI

(NH4),SO4 -

NH4OH

CynbhamuHoBas kucnorta -

Hatpua nutput -

AMMMAK BOAHbIN (25%-HbIN) -

150-200

AMMOHUS hocdar -

20

Hatpua rugpodgocgar -

100

BeH3onHasa kucnota -

2,00-2,25

HCI -

10-25

HsBO; -

CaxapuH -

0,3-1,0

pH 9,0-95

6,5-7,0

8,0-9,6

Temnepatypa, °C

45-55

25-50

18-25

MnoTHOCTL Toka, A/am’

0.1

0,25-1,0

0,2-1,6

OKOMNOrMYecKkas OnacHOCTb AMeK-
TponuTa

0,3-10°

0,8-10°

0,3-10°
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2.3.14 Xumunyeckoe HaHeceHue nokpbiTumn Ni-P, Ni-B

B Tabnuue 2.33 npuBeaeHbl COCTaBbl M 3KOINOrMYEcKasl OnacHOCTb HEKOTOPLIX pac-
TBOpPOB Ans ocaxaeHus Ni-P nokpeimus, a B Tabnuue 2.34 — ocTtasbl 1 3KONornveckas onac-
HOCTb HEKOTOpPbIX pacTBopoB Ansa ocaxaeHus Ni-B nokpbeitus.

Tabnunya 2.33 — Coctabl pacTBopoB ANs ocaxaeHns Ni-P nokpbITUSA, NX 3konornyeckas
OMaCHOCTb U PEXUMBbI OCaXKAEHNS

KOMMOHEHTbI 3nekTponu- Homep u coctas anekTponuTa, r/n
TOB 1 PEXUM 1 2 3 4 5 6 7

Hukens cynedar unu xno-
pua

'mnodocout HaTpus
(TexH.)

ManeuHOoBbIN aHrMapua 1,5-2,0 - - - - - -
AMMOHUA cynbgaTt 45-50 - - - - - -
AMMOHUS xnopug, - - - 35-55 - - -
AMMOHUA okcanaTt - - - - - - 40
Ammuak (25%-Hbin), mn/n - - - - - - 60
YKcycHas kucnora (neas-
Has)

Hatpwuit ykCyCHOKMCTIbIN - 10-15 - - 8-15 - -
HaTtpuit nMMOHHOKMCIBIN
Tpex3ameLLEHHbIN
Hatpus ruapokcua - - - - - 4 -
Hatpus ¢Topua - - - - - 1-2 -
CsuHel, (/) cepHokucnbIi - 0,001-0,050 - - - - -
TuomoveBUHa - - 0,001 - 0,001-0,002 - -
BopHas kucnoTta - - 5-15 - - - -
AMMHOYKCYCHas kucnota - 7-20 - - - -
MonoyHas kucnota
(40%-Has)
AHTapHas kucnorta - - - - 8-12
pH 5,0-5,5 5-6 46-5,0 | 7,5-9,0 4,1-5,0 4,8 8,2
Temneparypa, °C 90-95 90-95 88-92 | 78-88 85-95 60 85
Jkonoruyeckas onacHOCTb
anekTponuta

20-25 20-25 20-25 | 20-50 20-30 25* 20

25-30 20-25 15-20 | 10-25 10-25 15-25 60

20-25 - - - 6-10 - -

- - 35-45 - - - -

32-10°| 06-10° |05-10°|1,1-10°| 1,6-10° |09-10°|0510°

Tabnwuua 2.34 — CoctaBbl pactBopoB Ans ocaxaeHus Ni-B nokpbiTus, nx skonornyeckas
OMacHOCTb U PEXMMbI OCaXAEHNSA

KOMMOHEHTbI anekTponu- Homep n cocTas anekTponuTa, r/n

TOB N peXM 1 2 3 4 5 6 7
XTIOPUCTBIN HUKEML (Kpw- 20 25.35 25-35 20 | 2448 | 170 24
crannorngpar)
Bopornapug Hatpus 0,7 1,0-1,5 1,0-15 0,7 - - -
AumetunbopasaH - - - - 3,0-4,8 37
TpuMeTun6opa3saH - - - - - - 23
'mapokcua HaTpus 40 35-40 35-40 40 - - -
Ammuak (25%-Hbin), mn/n 11 - - 12-14 - - -
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KoMnNOHeHTbI anekTponu-
TOB U PEXUM

Homep 1 cocTas anekrponura, r/n

2

3

4

5

Stunengnamut (98%-Hoin),
mn/n

5565

55-65

CerHetoBa COnb

65

Xnopua cBuHUA

0,02-0,04

2-mepkanTo6eH30THa3on

0,005-0,010

Hutpar Tannua

0,08-1,20

YKCyCHas kucnota +
YKCYCHOKMCAbIW HaTpuM,
Monb/n

0,15-0,3

BopHas kucnora

25

JINMOHHOKMCABIN HATPUI

87

pH

13-14

13-14

13-14

13-14

5,0-5,5

4,3

6,5

97

90-95

85-95

97

70-75

18

98

Temnepartypa, °C
3konornyeckan onacHOCTb
anekTponuta

457-10°| 66,3-10° | 665 -10° |0,8-10°| 2,6-10°|6,5-10°(0,9- 10°

2.3.15 MeTtannusauua nnacrmacc

HaHeceHne meTannuuyecknx NOKPbLITUIA Ha MIacTMacchl U Apyrue AN3NeKTpUKK no3eo-
nseT nonyyatb cneyndudeckne KOMMNO3UMUMOHHBbIE MaTtepuanbl C LEHHbIM COYETaHUEM
CBOWCTB MeTanna nnacTMacehl B O4HOM AeTann. 3TUM codeTaHMeM He oOnafaeT HU O4uH 13
WCXOAHBIX MaTepnanos, B3sTbIX OTAENBHO. [1pyMeHeHne nnacTtmace ¢ MeTannmMyeckumMmn no-
KPbITUSIMU NMO3BONAET 3aMEHATH LIBETHbIE METan bl, PE3KO CHMXaTb Maccy u cebecToMmMocTb
KOHCTPYKLMI, COAMHSATL AeTanu navikoW, 3HauYMTeNlbHO PacLUMpsTe acCOPTMMEHT Aekopa-
TMBHOW OTAENKN MOBEPXHOCTW, MPEAOXPaHATb MNacTMacChbl OT CTAPEHUst N MEXaHNYECKNX
NOBPEXLEHWIA, NPUAaBaTh UM HErOPHOYECTb, a Takke CTabunsHOCTb hOPMbI U PasMEpPOB Npu
TENMNOBbLIX Harpyskax.

B 3aBucumocTn oT cnocoba nonyyeHus pasnuuaroT XMMUYEcKue, ranbBaHu4eckue,
KOHAEHCALUMOHHbIE, METannmM3aLnoHHbIe U Apyre MeTanmnonokpbITUs NacTMace, a Takke
COYETaHMA HEKOTOPbIX U3 HUX (HanpuMep, XMMUYECKUX U ranbBaHnvecknx). No HasHaueHuo
raneBaHWYECKNME METANONOKPLITUSA, MOMyyYyaeMble Ha MnacTMaccax, AensT Ha 3aluTHO-
JekopaTtueHble U cneunaneHeie. MepBble npeaHasHadveHbl 4Ns NPUaaHUs NOBEPXHOCTU Ae-
KOpaTuBHbIX CBOWCTB C OAHOBPEMEHHOW 3alLUMTON ee OT BO3AENCTBMSA OKPYXKatoLen cpeab!,
BTOPblE — ANS peLUeHns pasHoobpasHbIX TEXHUYECKUX 3afad, onpeaensieMbix B OCHOBHOM
NMPVUPOAON METAaNOB U CTPYKTYPOW MOKPbLITUS: obecneyvyeHnss SnekTponpoBogMMOCTH, TEMMO-
NPOBOAHOCTN, MarHUTHbIX WU OMTUYECKMX CBOWCTB, SKPAHWPOBAHWS OT 3MEKTPOMarHUTHBLIX
BO3AENCTBUN N N3NyYEHUS], YBENUHYEHUS XUMUYECKOW CTOMKOCTM U 4p.

Hanbonee ynotpebuTenbHbIMU B TEXHWKE ranbBaHUYECKMMW MOKPLITUSMW Ha nnacT-
Maccax sBNSATCH: HuKenesoe Onectsllee, xpomosoe Bnecrswlee, MegHoe, cepebpsiHoe,
OnOBO-CBUHEL, U Ap.

M3 nnacTmacc, Ha KOTOpble HaHOCHAT ranbBaHWYECKUe MOKPbITUSA, NPaKTU4eckoe npu-
MEHEHME MOoNyYMnn NnacTukK, NONUNPONMAEH, NONMCyNbgOoH, nonukapboHaT nonnaueTany,
NONMBUHUIXTOPWL U AP.
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TexHOoNorM4yecknin NPOLIECC MONYYEHWUs ranbBaHUYECKUX MOKPLITUI Ha NobbIX nnacT-
Maccax BKIovaeT Bce ornepaumm obpaboTku: MOAroTOBKY MOBEPXHOCTW, MOMyYeHWe 3nek-
TPOMPOBOAHOrO NOACIIONA, HAHECEHME ranbBaHNYECKUX MOKPLITUNA.

MoaroToBKa MOBEPXHOCTU: MexaHu4yeckas, obes3xnpuBaHMe, NMpoMbiBKa B TEMMon
BOJE; NPOMbIBKa B XONOAHON BOAE; NpeATpaBneHne; TpaBneHue; ynaenmeanme; obesspexu-
BaHWe; NPOMbIBKa B XONOAHOW BOAE; KOHTPOSb Ka4ecTBa NoAroTOBKU MOBEPXHOCTY.

Mony4yeHune aneKTPONPOBOOHOIO NOACHONA: 00E3BPEXMBaHNE B PacTBOpPE COMSIHON
KMCNOTbI, aKTUBUPOBaHWE; yNaenvBaHne, NPOMbIBKa B XONOAHON BOAE; akcenepauus; npo-
MbIBKa ABYXKackagHasi B XOMNOAHOW BOAE; HUKENMpoBaHue (MedHEHWE) XMMMUYECKOE, Mpo-
MbIBKa B XOJIOLHOW BOAE; KOHTPOMNb Ka4ecTsa NoLCros.

HaHeceHue ranbBaHU4YeCKUX MOKPLITUN: aKTUBaLUS; NPOMbIBKA B XONOLHOW BOAE;
MeAHEHWE MaToBOe (HUKEenMpoBaHWe MaTOBOE Mnn nonybnectsuwee), mefHeHWe Gnecrts-
Lee; ynaenveaHve; NpoMbIBKa AByxKackagHasi B XONOLHOW BOAE; HWKenupoBaHue Gnects-
Lee; ynaenvMeaHve; NpoMbIBKa ABYyXKackagHasi B XONOLHOW BOAE; XPOMUPOBaHWE; ynaBnu-
BaHWe; NPOMbIBKA B XONOAHOW BOAE; MPOMbIBKA B ropsidel BOAE; CyLLKa; KOHTPOIb KayecTea
MOKPbITUS.

B 3aBvcMMOCTM OT Npupoabl NNACTMace, NPUHATON CUCTEMbI MOKPbITUSA, CNocoboB ak-
TMBaUUM NONYYEHUS 3NEKTPONPOBOAHOIO MOACNOA N APYrMX (DakTOPOB BbINOMHAEMbIE One-
pauuun 1 ux NOCrneaoBaTenbHOCTb MOMYT CYLLECTBEHHO U3MEHSTLCS.

2.3.15.1 NMoaroroBka NOBEPXHOCTU

MexaHuueckass NOAroToBKa, OCYLLECTBMsiIEMas C LIENbo MONyYeHUst MUKPOLLIEPOXO-
BaTOCTM MOBEPXHOCTU, HacTO NpeLcTaBnsieT coOo MOKPYIO U Cyxyto abpasuBHyto 06ayBKy
oKaTbIM BO3AYyXOM. B ycrnoBusix €AMHWUYHOMO UMM OMbITHOrO MPOU3BOACTBA NMPUMEHSAIOT 06-
paboTky WNMGOBanNbHOW LLKYPKOW, Nem3on, abpasvBHOM NacToW, CTanbHOW LLETKOW U T. M.
Mernkune aetanv MaccoBoro npov3esofcTea obpabarbiBaloT ¢ abpa3vBoOM BO BpaLLalOLLMXCS
DapabaHax unm konokonax. B kayectse abpasvBa UCMONb3YHOT KBApLUEBbLIA NECOK, Haxaay-
HbIA MOPOLLOK, SNIEKTPOKOPYHA, NEM3Y 1 ApYyr1e BelecTsa.

OpnHako mexaHudveckasi obpaboTka He Bcerga obecrneunBaeT 4OCTAaTOUHOE CUeNneHne
MOKPBITUSI CO MHOMMMW AN3NEKTPUKAMWN W 3HAYUTENBHO YXYALAET AeKOpaTuBHbIE CBOMCTBA
NMoBepxHOCTU. 10 STUM NPUYMHAM €€ NPUMEHSIOT OFPaHUYEHHO.

O6e3xuprBaHue NnactMacc NPOBOASAT B LUENOYHbIX pacTBOpax UM B OPraHNYeCcKmnx
pacTtBoputensix. [Mpn aToM nogbupatoT Takne cocTaBbl, KOTOpbIE He PacTBOPSAT obpabaTbi-
BaeMbIi Matepman 1 He BbI3bIBAOT 3aMETHOro ero HabyxaHus unm pactpeckmsaHus. Ans
06e3XMPMBaHMS B LLEMOYHBIX PACTBOPAX NPUMEHSIIOT Te e pacTBOpbI, YTO U Ana o6paboTkm
MeTannos.

B ka4ecTBe OpraHM4ecknx pacTBOpUTENen NPUMEHSIIOT (OPeoHbl, BEH3VH, KEPOCUH,
aueToH, METUNOBLIA U 3TUMOBLIV CMMPTbI, TPUXMOPITUNEH, TETPAXIIOPSTUNEH U JIP.

Mpn HeaHauuTeNbHbIX 3arpsA3HEHUAX NOBEPXHOCTU MnacTMacce onepauuio obesxupu-
BaHWSA COBMELLAIOT C onepauuven TpaeneHus B pacteopax, cogepxawmx CrOs.

MpeaTpaBneHne o06bI4HO NPOBOAST HEMOCPEACTBEHHO Nepes TpasneHmeM. Jta one-
paumsi BknovaeT o6paboTky MOBEPXHOCTU MONMMEpPa OpraHUYeCckKMMKU pacTBOPUTENAMU, UX
CMECSIMU UNW 3MYINBCUSIMA, @ TaKKe pacTBOpPaMm KUCTOT, LLIENoYen, cConen.

CocTtaB cMecu pacTBopuUTenel U pexmnM oBpaboTkM 3aBMCAT rMaBHbIM 06pas3om oT
NpUpOoLbI MOIMMEpPA U YaLlle BCEro yCTaHaBMMBAIOTCA SKCNIEPUMEHTaNBHO.
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TpaBneHue — XMMUYECKAN NMPOLECC, B pe3yrbTaTe BbINOMHEHWUA KOTOPOro NPoUCXo-
JAUT UBMEHEHWE CTPYKTYPbI U XUMUYECKMX CBONCTB MOBEPXHOCTU AU3NEKTpUKa.

TpaBneHne 06bIMHO CTPEMATCA NPOBOAUTE B PacTBOPax, KOTopble n3buparensHo (ce-
JIEKTUBHO) AENCTBYIOT Ha pasHbie€ KOMMOHEHTbLI OAHOMO U TOrO Xe ananekTpuka. Moatomy co-
CTaBbl 3TMX PacTBOPOB U pexxumMbl 06paboTkn B HUX YacTo BecbMa cneunduyHbl U onpeae-
NSAOTCS NPUPOAON, CTPYKTYPOU U CBONCTBAMM NOBEPXHOCTU ANSNEKTPUKA.

O6Ge3BpexuBaHMe BbINONHAKT Ana yaaneHua noHos Cr (VI), octarowmxca Ha no-
BEPXHOCTU AN3NEKTPMKA NOCNe BbINOMHEHUA onepauuy ynaenueaHus U npombiski. Onepa-
unsi obesBpexmBaHus 3akntovaeTca B 06paboTke NOBEPXHOCTU PacTBOPOM, COAepXalLvm
BOCCTaHOBUTeNb, HANpUmep cyan)aT ABYXBaneHTHOro Xxeneasa.

AKTUBaUMA — NpOUECC, B pesyrnbTaTte BbINONHEHWUA KOTOporo obpabatbiBaemon no-
BEPXHOCTU ANSMEKTPMKA NPUAAIOT Katanutuydeckme cBoncTea, obecneunsarome NHULMNPO-
BaHWe peakunn xXMMUYeCcKoro BOCCTaHOBIMEHUA MeTanna. Ha NOoBepxXHOCTb nnacTtMacchbl
HaHOCAT aktusatop, W3 KOTOpoOro 06pa3y|0T0ﬂ KaTanutudeCckn aktuBHble 4YacTuubl.
B kauecTBe akTMBaTOpa MOXeT ObITb MCMONB30BaH pacTeop GnaropogHoro metanna (Pd, Ag,
Au, Ptwv gp.).

CeHcubunusaumsa npepcrasnsaet cobon o6paboTky NOBEPXHOCTU AN3ANEKTPUKA pac-
TBOPOM BOCCTaHOBUTENS. B kayecTBe NOCNEAHEro Yalle BCEero MCnonb3ykoT KUCTbIe PacTBoO-
pbl ABYXJIOPUCTOrO OloBa.

Mocne akTMBMPOBaHUS MPOBOASIT MPOMBLIBKY B HEMPOTOYHOW OGECCONeHHOW Boae
C Lenbto ynaenuBaHua BnaropogHoro metanna. 3arem crnegyeT NnpoMbiBKa B NPOTOYHON BO-
Ae 1 3arpy3ka B BaHHY XMMWNHYECKOro NOKpbITUA.

2.3.15.2 NMony4eHne aNeKTponpoBOSHOro NOACHONA

I'Ipm,u,aHme noBepxXHOCTU nnacTMaccChl ANEeKTPonpPoOBOAHBLIX CBOWCTB C Luenbo nocne-
LYHOLLEro HaHeCEHNs ranbBaHNYECKUX NMOKPLITUA AOCTUrAKT pasHbiMKU criocobamm: xummde-
CKMM BOCCTaHOBIIEHMEM METarnna U3 pacTeopa €ro Conuv, SMEKTPOXMMUYECKMM BOCCTaHOB-
TNEHVWEM MeTanna 13 OKUCIOB, BBEEHHbIX B COCTaB NMOBEPXHOCTHOMO CrOsi NiacTMacchl unm
NMPOMEXYTOYHOrO MOKPLITUS, 0Bpa3oBaHVEM SMEeKTPOMNPOBOAHbIX CoeauHeHun (dbochnaos,
Cynb®PUA0B N Ap.), HAHECEHNEM 3MEKTPOMNPOBOAHBIX SManen Nnu MeTansM4eckmx NOKPbITUN
KOHAEHCaUMOHHbIM cnocoBom 1 T. 4. M3 HX camoe WMPOoKoe MPOMbILLIIEHHOE NMPUMEHEHNE
Hawen cnocob xMmmn4eckoro BoccTaHoBneHus meTtannos, Hanpumep Ni, Cu 1 Ag.

M3 atnx cnocobos Hambonee 4acTo MNPUMEHSIOT XUMWUYECKOE HUKENUPOBaHME.
B HekoTOpbIX Criyyqasx B kadyecTse nopcrnos 6onee npepnoyTUTENbHO MELHOE MOKpbITUE,
Harnpumep Mpy HamM4uM NNacTUYHOro CNos MEAWU AETanu C MOKPbITUSIMU Jlerye nepeHocsT
pe3kune konebaHusa Temnepatypbl. Bcrefcreme Tex ke NpuYMH XMMUYECKoe MeSHEHNE npes-
NoYnTarT NCNONb3OBATH U NPU HAaHECEHUN ﬂOKprTMI?I Ha aeTtanum c BonbLuon nnowanbro no-
BepxHocT. Kpome Toro, Ha Mefb nerde, Yem Ha HMKeIb, HaHOCUThL raribBaHNYeCcKNe NoKpbl-
TWS, TaK Kak Nnony4yeHHbIe XMMMYECKMM CnocoBom Crou H1kens ObICTpee NacCcMBUPYHOTCS.

ﬂ,]‘lﬂ XUMUYECKOro HukenmposaHMAa nnacTtMacc UCNonb3yroT HU3KOTEMMNepaTypHble -
nocpocuTHbIe, Kak kucnble (pH 4-7), Tak 1 weno4vHeie (pH 8-11), pacTeopsbl.

2.3.15.3 HaHeceHue ranbBaHU4YeCKUX NOKPbITUNA

OCcoBeHHOCTBI0 XUMUKO-TanbBaHUYECcKoro crnocoba nonyyeHUs NOKpbITUA SBRSeTCH
CO3[aHNe TOHKOrO 3MEeKTPONPOBOAHOMO NOACMOSNA, KOTOPbIA NErko NnoBpeXaaeTcs Npu Mexa-
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HU4YECKMX BO3AENCTBUSAX 1 PACTBOPSIETCS B arpecCUBHBLIX SMEKTPOSIUTAX, UMEeT OrpaHuYeH-
HYK 3MeKTPonpoBOANMOCTL (0cobeHHO noacnon cynbgpuaos). OcobeHHOCTAMU nnacTMacc
ABNAOTCA Manas UX NMOTHOCTb (HWKE, YeM Yy 3NEKTPONMUTOB), MOBbILLEHHasA aedopMupye-
MOCTb (0COBEHHO Y TepMONMacTUYECKUX MIacTMAacC MpuU MOBLILEHHON TeMmreparype anek-
TponuToB), 6onee BbICOKWA, YEM Y HAHOCKMbIX MOKPLITUA KO3PMULIMEHT IMHENHOTO pacLum-
peHus.

[N ycuneHnsa snekTponpoBOAHOro NoAcrosi B 6OMbLUMHCTBE CriyyaeB AOMNONHATENb-
HO HaHOCAT MartoByl0 MeAb. JTO MO3BOJAET MOBLICUTL MPOYHOCTL CLEMMEHUS MEXAY 3NeK-
TPONPOBOAHBIM NOACMOEM U MOCMEAYOWMMU CIOAMU MOKPLITMA. HeobxoanMocTb HaHece-
HWA CrOos MeAn BbI3bIBAETCA eLUe N TEM, YTO OHa cnyxut Bydepom mexay nnacTrmaccon m
BnecTALLMM HUKENEBLIM NOKPLITUEM MPU PE3KOM N3MEHEHWUN TEMNEPATYPbI.

2.3.16 OkcmnpupoBaHue (arnioMUHNSA, cTanu, meam)
2.3.16.1 AHogHO€e oKCUAUpPOBaHUE asilOMUHUS U €ro CnnaBoB

OnNeKTponUTbLI 3aLUMTHOIO Y 3aLMTHO-AEKOPaTMBHOIO aHOANPOBAHUS arntoMUHUS 1 €ro
cnnaeos (cMm. Tabnuuy 2.35) obnafatoT HU3KOW 3KONMOMMYECKON OMACHOCTBIO, 3@ UCKIIOYEHN-
€M 3MEeKTPONUTOB, COLePXKaLLMX XPOMOBBIA aHrMAPUE, KOTOPLIN yBENNYMBAET UX SKOSIOrMYe-
CKYH0 OMaCHOCTb Ha TpW NopsiAKa.

OnekTponUTLI amMaTtanMpoBaHNa antoMMHUA U ero cnnaeos (CM. Tabnuuy 2.36) obna-
JaoT Bonee BbICOKOW 3KOMOMMYECKOM OMacHOCTBIO KaK 3a CHET COAepKaHMsA XPOMOBOro aH-
rMapvaa, Tak v 3a cuet cogepkaHns coeamHeHuin Tutara (NAKpwsxos. = 0,06 mr/n).

Ta6nuuya 2.35 — CocTabl 3MEKTPOSIUTOB 3aLLUUTHOIO M 3aLMTHO-AEKOPaTUBHOMO
aHOLMPOBAHMS, UX 3KONOrM4Yeckasi OnacHOCTb U pexnmbl 06paboTkm

KOMMOHEHTb! 3neK- Homep n coctas anekTponuTos, r/n

TPONUTa U PEXUM 1 2 3 4 5 6 7 8
H,SO, - - 10 100 180-200 | 180-200 6-12 -
H,C,042H,0 30-35 - — - - 16-22 - -
CrOs; - - - 5 - - 80-100 | 30-100
HSO;C;Hs05-2H,0 - 100-200 70 - - - - -
Temnepartypa, °C 38-42 30-45 25 25 13-25 18-25 27-35 20-40
MnotHocTk TOKa, A/am” | 0,2-0,6 1 1 1,2 0,8-1,5 | 1,0-1,5 - no 25
HanpsokeHue, B 0-40 5-45 - 20-50 13-24 12-20 30-45 0-40
Skonoruyeckas onac- - - 01-10°|0,13-10°| 2-10° | 2-10® |2,60-10°|2,60-10°
HOCTb aneKTponurta

Ta6nwn ua 2.36 — CocTaBbl 9N1EeKTPONNTOB aMaranmpoBaHns, UX skonornyeckas onacHoCTb
N pexXnmMbl aneKkTponuaa

KomnoHeHTb! Homep u cocTaB 3nekTponuTos, r/n
anekTponuTa un ] 5 3 4 5 6 . o
pexum

KTiO(C,04), - 2H,0 - - 40-43 40 40-45 - - —
NaZrO(C,04), - 2H,0 - 20 - 12 - - - -
H,C,04 - 2H,0 - - 1-3 - 1-2 - 5 —
HsBO; - 20 8-10 8 810 1-2 25 34
JInmoHHas knucnota 20 - 1-2 1 1-2 - - —
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KOMMOHEeHTbI

Homep v cocTaB anekTponuTos, r/n

anekTponuTa u

pexum 1

3 4 5

8

FnuuepuH

25

CrO;

6-8

100-110

Na,B,0; - 10H,0

20

Topuit-aMMOHUIN OK-
canar

15

20

Temnepatypa, °C

68

72

55-65 40-50 50-60

30-50 41-48

MNoTHOCTL TOKA,
Alnm®

31 3-1

0,3-1,0

0,8-10 | 0,7-1,4

HanpsaxeHnue, B

120

120

70-120 <300 0-120

40-80

25-40 4045

3konornyeckas
ONacHOCTb 3NEKTPO-
nura

0,05 -

10°|0,09 - 10°

0,11 - 10°

0,11 -10%|0,33 - 10°

0,91 - 10°

1,30 -10° [2,86 - 10°

2.3.16.2 Xumunueckoe okcuaupoBaHue anioMUHNUA, MarHus U UX CnsiaBoB

Jkonormyeckas onacHOCTb PacTBOPOB XUMUYECKOTO OKCUANPOBAHWUST antoMUHUSA, Mar-
HUSA 1 Mx cnnaeoB (cM. Tabnuubl 2.37 n 2.38) onpegensieTcsl KOHUeHTpaunen CoeguHeHUn
LUECTMBANEHTHOrO XpOMa, SABMSIOLMUXCA OCHOBHBLIMW KOMMOHEHTaMKU 3TUX pacTeopos. [lo-
3TOMY NPaKTUHECKM HEBO3MOXHO pearibHO CHU3WUTL UX 3KONOMMYECKYH0 OMacHOCTb.

Tabnuua 2.37 — CocraBbl pacTBOPOB XUMUYECKOTO OKCUANPOBaHUSA antoMUHUA U ero
CMMaBoB, NX 3KOMOrM4yeckas onacHoOCTb N PEXMMbI NPOLIECCOB

KOMMOHEHTBI 3neKTponu- Homep W COCTaB 3MNeKTPOnuTOB, /N

Ta v pexum 1 2 3 4 5 6 7
Na,CO; 10H,0 - 50 40-60 - - - -
NaOH - 25 2-3 - - - -
N82CFO4'10H20 - 15 10-20 - - - -
CrO; 34 - - 7 5-8 5-7 5-10
Na,SiFs 3-4 - - - - - -
NaF - - - 3-5 - - 3-5
KHF> - - - - 1,5-2,0 3-5 -
HsPO, - - - 40-50 - 40-50 40-60
K4[Fe(CN)g]-3H,0 - - - - 0,5-1,0 - -
Temneparypa, °C 15-30 80-85 80-100 20-25 15-30 15-25 15-30
MpoaomKNTENLHOCTL, MUH 8-15 3-5 3-10 10-15 1-5 5-7 5-20
OKOMOTUHECKAR ONACHOCTE | 10 10 | 0,11- 10°| 0,15 - 10° | 0,24 - 10° | 0,24 - 10° | 0,25 - 10° | 0,31 - 10°
pactsopa
Tabnuya 2.38 — Cocraebl paCTBOPOB XMMUYECKOrO OKCUANPOBAHUA MarHns U ero
CNNaBOB, UX 3KOMOrMYecKas onacHOCTb U PEXMMbI NPOLIECCOB

KOMMOHEHTbI 3neKTpo- Homep pactsopa
TATOB M PeXUM 1 2 3 4 5 6 7a 76

K,Cr,07 20-25 25-30 40-50 - 30-50 | 70-100 - 100-150
HNO; 30-35 - 75-90 - - - - -
NH,4CI 1-1,5 - 0,8-1,2 - - - - -
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OkoHyaHue mabnuusi 2.38

KOMMOHEeHTLI 3nekTpo-

Homep pacteopa

INTOB U pexum 1

4

MgSQ, 7H,O -

CrO; -

45

H,SO, -

1,5

(NH,);80, -

CH3COOH (60 %) -

KAI(SO4),-12H,0 -

8-12

HF (40 %) -

— 150-200

MgO -

NH; (25 %) -

46

Temneparypa, °C 70-80

90-100

15-30 | 60-80 18-25

MpoaomKUTENLHOCTD,
MUH

45

10-35

1-2 3-10

Jkonornyeckas onac-

0,4 10°
HOCTb pacTBopa

0,6 - 10°

0,9-10°

1,2-10°(1,4 - 10°

1,8-10°| 1,6 -10°

2.3.16.3 Xumunueckoe okcugupoBaHue cranemn

Havnbonee LUMPOKO NpUMEHSIEMbIM PacTBOPOM XUMUYECKOTO OKCUANPOBaHUS ABNAET-
Csi pacTBOp CreaytoLlero cocrasa, r/n: eakwii Hatp 600-700, HuTpat HaTpusa 50-80, HUTpUT
HaTpua 200-250. Ero akonornyeckas onacHOCTb ONPeAenseTcs KOHUeHTpauen HUTPUTOB 1
coctaensiet 2,13 - 10°. B Tabnuue 2.39 NpeAcTaBNeHs! PasHOBUAHOCTM pacTBopa XVMUYe-

CKOro okCmampoBaHus.

Tabnuuya 2.39 — Cocrasbl paCTBOPOB 1 PEXUMbI XMMUYECKOTO OKCUAMPOBaHUS CTanu 1

yyryHa
KoHueHTpa OMMOHEHTOB, /] Bpems
HLEHTpaLUs KOMNOHEHTOB, I/n Temnepa- p:
Cranb 1 4yryH . o6paboTku,

NaOH | NaNO; | NaNO, | Na;PO, | TyPa, °C MUH
Boicokoyrnepoaucras u YyryH 550-700 | 50-100 | 200-250 - 135-145 10-30
CpepnHeyrnepogucTas 550-700 | 50-100 | 200-250 - 135-145 30-50
Huskoyrnepoaucras 550-700 | 50-100 | 200-250 - 145-155 40-60
Hu3sko- u cpeaHenermposaHHas 550-700 | 50-100 | 200-250 - 145-155 60-90
Yrnepogucrtas HuskoneruposanHas | 450-600 | 50-100 | 50-100 - 125-135 ~30
:‘/;:ep"””m" CPEAHENGTUPOBAH- | g5y 800 | 75-125 | 75-125 - 135-155 30-60
YIMepoANCTaR, HUSKO- M GPBARENe- | gq0 700 | _ | 120-160 | 20-60 | 137-143 15-30
TMPOBaHHAs M YyryH

2.3.17 doccpaTupoBaHme ctanen

Jkonornyeckas onacHOCTbL PacTBopoB ocaTmpoBaHusa (cM. Tabnuuy 2.40) onpene-
NAIETCs COAEePXKAHMEM B HUX COEMHEHWIA LIHKa U MapraHLua 1 He MOXET ObITb MPousBOnbLHO
CHWKeHa 6e3 N3MEeHEHNS TEXHOMOMMYECKUX XapaKTEPUCTMK PacTBOPOB.
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Tabnuya 2.40 — CocraBbl pacTBOPOB (hochaTUpOBaHNS, UX 3KOMOorMdyeckas onacHocTb U

pexumMbl o6paboTku

KOMMOHEHTbI 3MeKTpo-

Homep u coctas anekTponuTos, r/n

nVTa 1 peskmM 1 2 3 4 5 6 7 8
Maxed Z 28-35 Z 30-35 - Z 3540 -
Zn(H,PO.),2H,0 10-15 - 812 - 28-36 | 45-55 - 60-70
Zn(NO3),-6H,0 - - 10-20 | 5565 | 4258 | 4555 | 7090 | 80-100
H-PO, - - - - 9515 | 11-17 - -
NaNO, - = - - - Z Z 0210
NaF - - - - - - 4-6 -
Ba(NO3), - - 3040 - - Z Z -
NH,H,PO, 10-15 Z Z - - Z - -
Mg(NO2); 2H,0 5070 Z Z - - Z - -
Zn(C,04)-2H,0 Haﬂczm - - - - |ot-02| - -
«Mporpecc» 3-5 - - - - - - -
Temneparypa, °C 75-80 | 95-99 | 75-85 | 85-95 | 85-95 | 55-65 | 2040 | 15-30
Ko, Toukm - 30 Z 40-60 | 60-80 | 80-100 | - 7595
Kes, TOYKM - 3-4 - 2,5-5,0 | 12-16 8-12 - -
[POROTAUTENLHOCTE: | 515 | 40-50 | 3-10 | 10-25 | 10-25 | 310 | 2040 | 1525
Skonoruieckas onac- 03-10°|05-10°[0,7-10°|1,9-10°|21-10°[2,4-10°|2,6-10°|3,8- 10°
HOCTb pacTsopa

2.3.18 MaccuBupoBaHue (xpomaTupoBaHue)

B tabnvue 2.41 npmBeneHbl COCTaBbl HEKOTOPLIX PacTBOPOB XPOMaTUPOBaHNS LIMHKO-
BbIX U KaagMMWEBLIX MOKPbLITUI, @ B Tabnuue 2.42 — xpoMaTnpoBaHusa antoMUHUS 1 ero cnna-
BOB. VIx sKkonoryyeckasl onacHOCTb OMpPefensieTcs KOHLEHTpaunen CoeAVHEHWUN LiecTuBa-

NIeHTHOro Xxpoma.

Tabnuya 2.41 — CocTaBbl pacTBOPOB XPOMaTUPOBAHUA LIMHKA U KaAMUS, NX
3KOMornyeckasi onacHoOCTb N peskMbl 06paboTku

KOMMOHEHTbI 3neKTPonu- Homep un cocTas anekTponuTos, r/n

Ta n pexnm 1 2 3 4 5 6 7
CrO3 - 5-20 - 15-25 80-110 - 100-150
KoCro07 unn Na,Cr,07 15-25 - 25-35 - - 150-200 -
H.SO, - - - - 3-5 8-12 8-12
Na,SO, 10-20 5-20 10-15 - - - -
HNO; 15-30 2,5-4,0 37 1,5-4,0 - - 25-35
Temneparypa, °C 15-30 15-30 15-30 15-30 15-30 15-30 15-30
MpoaonmKNTENBHOCTL, MUH 0,1-0,5 0,1-0,3 0,5-1,0 0,1-0,3 | 0,05-0,1 | 0,1-0,3 0o 0,2
Konoruveckas onacHoct | 0,44 - 10° | 0,52 - 10° | 0,62 - 10°| 0,65 - 10° | 2,9- 10° | 3,5-10° | 3,9-10°
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Tabnunya 2.42 — CocTaBbl paCTBOPOB XpOMAaTUPOBaHNS arntoMUHNEBBIX CNNaBOoB, NX
3KONOrMYecKasi OnacHoOCTb U pexumbl 0BpaboTkn

KOMMNOHEHTBI 3nekTponuTa u Homep u coctas anekTponuTos, r/n

pexum 1 2 3 4 5 6
CrO; 3-4 3545 5-8 5-10 - -
Na,CrO4 10H,0 - 3,0-35 - - 10-20 180-200
NaF - 0,8 - 3-5 - -
HF - - - - - 1-2
KHF, - - 1,5-2,0 - - -
Na,SiFg 34 - - - - -
K4[Fe(CN)¢]-3H,0 - - 0,-1,0 - - -
H;PO, - - - 40-60 - -
Na,CO;-10H,0 - - - - 40-50 -
NaOH - - - - 2-3 -
Temneparypa, °C 18-25 15-30 15-30 15-30 15-30 15-30
MpoaomMKUTENLHOCTL, MUH 8-20 8-10 1-5 5-20 10-60 6-10
3KOFOrMYecKkas onacHoCThL 0,12-10° [ 0,18 -10° | 0,23-10° | 0,31 -10° | 0,35-10° | 3,50 - 10°

B Tabnuue 2.43 npuBeaeHbl COCTaBbl HEKOTOPLIX PACTBOPOB XPOMaTUpoBaHUa MarHns
n ero cnnaesoB. Mx skonornueckasi onacHOCTb onpeaenseTca CoaepXaHNeM He TONbKO Co-
eOVHEHUA  LUECTUBAINEHTHOrO XpOMa, HO W KOHUEHTpauueWh YKCYCHOW  KUCNOTbI
(MAKpws x0s. = 0,01 mr/n) 1 mapraHua (NAKow6.x0s. = 0,01 mr/n).

Tabnuya 2.43 — CocTaBbl pacTBOPOB XPOMaTUPOBaHUA MarHMeBbIX CMNasoB, UX
3Konornyeckasi onacHoOCTb U pekMMbl 06paboTku

KOMMOHEeHTbI anekTponuTa u Homep 1 coctas anekTponuTos, r/n

pexum 1 2 3 4 5 6
Na,Cr,072H,0 15-20 25-30 30-50 70-100 80-100 150-160
HNO; 25-30 - - - - -
NH,CI 1,0-1,5 - - - - -
CrOs; - - - - - 1-3
(NH4)»,S04 - 25-30 - 40-50 - 3-4
NH4OH (25 %), mn/n - 4-6 - - - -
CH3;COOH (60 %) - - 5-10 - - 10-22
KAI(SOy),12H,0 - - 8-12 - - -
MnSO,4 5H,0 - - - - 30-50 -
MgSO,4 7H,0 - - - 40-50 30-50 -
Temneparypa, °C 70-80 Kun. 18-20 15-30 15-30 65-80
pH - 5,6-6,5 3,0-3,5 34 4-5 -
MpoaomKUTENBHOCTL, MUH 1-2 45 5-15 10-35 10-60 1-2
f:c‘)’;:r”“ec"a” OnacHoCTL PAC- | 94.10° | 0,5-10° | 15-10° | 1,8-10° | 29-10° | 41 10°

OpnHon n3 anbTepHaTUB XPOMAaTUPOBAHUIO B pacTBOpax LLUECTUBANEHTHOro Xxpoma SB-
nsetcsa dopMUpoBaHMe 3alUTHBLIX MNNIEHOK Ha OCHOBE COEAVHEHUIN TPEXBANEHTHOro Xpo-
Ma — xpomutoB. COEAMHEHUS TPEXBaNEHTHOTO XpOMa He ABMSIOTCA KaHLeporeHamu.
B pacTBopax Ha OCHOBE TpexBaneHTHOro xpoMa obpasytoTcsi nneHku, B kotopbix Cr (1)
HaxoauTcs B BUAE CTAbMIbHBIX KOMMNEKCOB. Takne nneHkn HasbiBaloT XPOMUTHBIMU.

60



NTC 36—2017

B oTnnume oT TpagMUMOHHBIX XPOMATHBLIX XPOMUTHBIE MIEHKN He TEPAOT KOPPO3MOH-
HYHO CTOMKOCTb MOCIe TEPMUYECKOrO BO3AENCTBUS.

JoctwkeHns B obnacti XpOMUTMPOBAEHMS NO3BONSIOT NMOMyYaTb NPU ONpeaeneHHbIX
ycnoBusix 6ecuBeTHbIE, padyXHble U YEPHbIE KOHBEPCHOHHbIE MNEHKN ¢ 6onee BLICOKOA Kop-
PO3MOHHOW CTONKOCTBIO, YeM TPaAULIMOHHBIE XPOMATHbIE.

Mo TeXHNYECKNM XapaKTepUCTUKaM XPOMUTHBIE MNEHKN MOXHO 06beANHNTE B Crieay-
tOLLIE€ OCHOBHbIE MOKONEHWS:

MepBoe nokoneHue: 6ecUBETHO-TONYObIE MMNEHKM TONWMHOM A0 60 HM C HEBBLICOKMMU
3aWmUTHLIMK criocoBHocTSMU (3—4 4 B coneBoM TyMaHe 0 Havana 6enoii koppoaum). Coctas
XPOMUTUPYIOLLIErO pacTBopa 1 YCrNoBUS 3KCMnyaTtaumum: XpoMUTUpYLoLasi KoMmnosmums — 20—
60 mn/n, gnutensHoOCTb 06paboTkn — 30-60 ¢, Temnepartypa pacteopa — 18 °C — 30 °C.

BTopoe noKoneHue: NneHKM ¢ NoBbILWEHHOW TonLwmHon (okono 100 HM), gocTuraemon
3a CYET YBENMMYEHNS KOHLIEHTPaLMM KOMNOHEHTOB 1 TeMnepaTtypbl pacTeopa. KopposuoHHas
CTOMKOCTb TaKMX MOKpbITUIA cocTaBuna 24—48 4 B coneBoM TymaHe o 5 % Genoii kopposuu.
CocTaB XpOMUTMPYIOLLErO pacTBopa M yCroBus 3KCMMyaTauum: XpOMUTUPYHOLLIAA KOMMO3K-
ums — 40-100 mn/n, pnutensHocTe obpabotkm — 30-80 ¢, TemnepaTtypa pacrsopa —
18°C —45°C.

TpeTbe NOKOMNeHNe: Tak HasbIBaeMble TONCTOCNONHbIE NneHkn (4o 400 HM), nmetoLme
KOPPO3NOHHYHO cToMKOCTe nopsigka 300 4 B conesom TymaHe [0 5 % Genow kopposun. MNneH-
KM TPeTbero MOKOMNEHMWS MOMy4altoT B pacTBopax C BbICOKOW pabouver Temnepartypon mpwu
BpemeHun obpaboTtkm 60-120 ¢. CocTaB XpOMUTMPYIOLLErO pacTBopa W yCroBUS 3KCrnyaTta-
Unun: xpomMuTmpyroas komnosuuma — 70-120 mn/n, gnutensHocTe o6paboTtkm — 30-120 ¢,
Temnepatypa pacteopa — 30 °C — 60 °C.

YeTBEpTOE MOKOMEHME XPOMMUTHBIX MNEHOK OTnu4YaeTcs Tem, Yto Gnarogaps Beefe-
HUIO B COCTa@B XPOMUTUPYHOLLMX PACTBOPOB HAHOYaCTUL, KPEMHUS YAANOCH MOMyYUTb YHU-
KanbHble CBOMCTBA XPOMUTHBIX NNEHOK. 0 KOPPO3MOHHON CTOMKOCTN MNEHKU C HAHOYaCTW-
LiaMun NPEBOCXOAAT NNEHKN TPETHErO NOKONEHUNA U 06naaaloT addekToM camosaneunmBaHns,
noaoGHO LUEeCTUBANEHTHbIM XPOMaTHbIM NneHkam. CocTaB XpOMUTMPYIOLEro pacTeopa U
YCNOBUA 3KCyaTaumun: XpoMutupyrowas komnosmumss — 70—-120 mn/n, KOMNO3Muusa HaHo-
vactuy — 10-120 mn/n, anutenbHocTb 06pabotkn — 30-120 ¢, Temnepartypa pacrteopa —
30°C —60 °C.

2.4 Onepauum NPOMbIBKM U YHOC

B ranbBaHW4eckoM NPOM3BOACTBE MPU HAHECEHUW NOKPbLITUN aeTanu obpabaTbiBatoT-
€S MOOYEPEHO B HECKOMNbKUX pacTBopax, UMEILLMX, Kak NpaBumno, oTnuYaoWmnecs apyr ot
Apyra cocTaBbl C YETKUMU rpaH1LaMN UHTEPBaNoB KOHLEHTpauuii selecte. MNpu nepeHoce
JeTanei n3 oHoN TEXHONOMMYECKON BaHHbI B APYTyl0 BMECTE C HEM Ha ee NOBEePXHOCTU Bbl-
HOCUTCA TOHKasA nneHka pacTtBopa, KOoTopaa B OTCyTCTBUE npomemyTquoﬁ NPOMbIBKA 3a-
rPSA3HAET pacTBOP TEXHOMNOMMYECKOW BaHHbI, YTO B BOMbLUMHCTBE Cry4Yaes NPUBOAUT K MOSIB-
neHuto 6paka. B To e BpeMs BbIHECEHHbIN AeTansMn pacTeop U3 NOCNEAHEN TeXHonormye-
CKOW BaHHbI B OTCYTCTBUE NMPOMBIBKM NPU CyLLKE AeTanen obpasyeT Ha nx NOBEPXHOCTU TOH-
KA HaneT Cyxux BeLecTB, KOTOPble MPpWU SKCMnyatauum U3Lenvin pacTBOPSAOTCA B KOHAEH-
CUPYIOLLENCA Ha NMOBEPXHOCTU AeTanen Bnare u obpasyloT pacTeop, CNOCOOCTBYIOLMIA KOp-
pPO3MKN NOKPLITUS U OCHOBBI [33].
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[na npepoTBpalleHns 3arpsa3HEHNs TEXHOMOMMYECKNX PacTBOPOB M obecnedeHms Yu-
CTOTbI MOBEPXHOCTU FOTOBbIX U3AENUA MPUMEHSIETCH MEXOonepaumoHHas M OKOHYaTenbHas
NPOMbIBKM AETANEN.

MpoMbIBKA MOXET OCYLLECTBNSATECA O0GBLEMHbIM, MOBEPXHOCTHLIM UM KOMBUHUPOBaH-
HbIM cnocobamu. Mo o6beMHOMY (NorpykHoMy) crnocoby AeTany norpyxatoTca B 3anofnHeH-
Hbl€ NMPOMbIBHOW BOLOW BaHHbI, rAe NPOUCXOANUT pa3baBneHne NpuHECEHHOrO NOBEPXHOCTLIO
aetanen pacreopa. 1o NOBEpXHOCTHOMY (CTPYMHOMY, MIEHOYHOMY, a3pO30SIbHOMY U T. N.)
cnoco®y NOTOKOM BOLbl MM CMECK BOAblI C BO3AYXOM MPOU3BOAUTCS BbITECHEHWE MAEHKN
pacTeopa, NOKPbIBAKOLLEN MOBEPXHOCTb AeTanen, 3a CYET rMapOoLMHaMUYECKOrO BO3AEN-
CTBMS CTPYyW BOAbI 1 3ameLLeHne ee YncTor Boaon. KombrHmnpoBaHHbIn cnocob 3aknovaeTca
B NpenBapuTenbHOM MPOMbIBKE AeTanen NorpyKHeiM CrnocoboM C NOCNEAyHOWMM AyLLINPO-
BaHWEM WX Hag NPOMbIBHON BAHHOW.

CTpy/iHble MPOMbIBKM XapaKTepusyltoTCH BO3MOXHOCTbIO MPaKTUYECKM MaeansHON
OYNCTKM NMOBEPXHOCTU AeTarnei oT BbIHECEHHOTO pacTeopa.

OcHoBHOM 06MaCTb NPUMEHEHNST CTPYMHOW NMPOMBIBKA SIBMSIETCS NMPOU3BOACTBO MNe-
YaTHbIX NnaT, HaHECEeHME NOKPLITUA Ha NMOMOChI, NEHTLI, MPOBOIOKY.

B ranbBaHuyeckmx Lexax scnencteve Sonblioro pasHoobpasusa popM u koHdurypa-
U obpabaTbiBaembIX AeTaner rnaeHbIM U NPakTUYeCKU eAUHCTBEHHbIM cnocobom npo-
MbIBKM AeTanemn ABnseTcs 06beMHbIN (MOrpY>KHOWN).

B npouecce NPOMbIBKMA NPOUCXOAUT yAaneHne BHELUHEro Crosl MNEHKU BbIHECEHHOTO
pacTBopa C MOBEPXHOCTM AETaneill 3a CYET ABWKEHMS NPOMbIBHOM BOAbl U pasbaBneHve
OCTaBLLENCS YacT! BbIHECEHHOrO pacTBopa 3a cyeT Auddy3un KOMMOHEHTOB pacTsBopa B
NPOMbIBHYHO BOAY. Tak Kak CKOPOCTb AMPdY3MM KOMMOHEHTOB pacTBoOpa 3HAYUTENBLHO
MEHbLLE CKOPOCTM MX KOHBEKTUBHOMO MepeHoca LBWXKYLLENCH NPOMbIBHOW BOAOW, TO MOBbI-
LEHNEe WMHTEeHCMBHOCTM NepemMelLnBaHns MPOMbIBHON BOAbl PE3KO YBENMUYMBAET CKOPOCTb
BbIPaBHMBaHMWSA KOHLEHTPALMN KOMMOHEHTOB BIHECEHHOrO PacTBoOpa Ha NOBEPXHOCTU AeTa-
1 1 B rnyburHe BaHHbI NPOMbIBKW. B pesynbTare npoMbIBKMA MPOUCXOAUT CHWKEHWE KOHLIEH-
TpauuM BELLEeCTB B MPUMOBEPXHOCTHOM crioe pacteopa. JToT pasbasneHHbI pacTeop no-
BEPXHOCTBIO JeTanel NepeHoCUTCS B CNEAYHOLLYI0 TeXHONOrM4Yeckyto BaHHy. MNoaTtomy pas-
GaBneHve cregyeT MPOBOAUTL [0 AOCTWXKEHWS Takoh KOHUEHTpauuW, KoTopas
He Bpeawuna Obl paboTe NocneayrLen TEXHONOMMYECKON BaHHbI UMK, eCni NPoMbIBKa OCY-
LLIECTBNAETCS Nepes CYLLKOW, He CHWKana Obl kKa4ecTBO roToBbIX AeTanei. Jpyrimm cnoea-
MW, MPU MPOMbIBKE KOHLEHTpaLuMsa pacTeopa Ha noBepxHocTn obpabaTtbiBaemMbix AeTanen
[OKHa ObITb CHKEHAa A0 BENMYMHBI HKE [OMyCTUMOMW, HE OKasbIBalOLLEN BIMSAHUA Ha pa-
G0oTOCMOCOGHOCTL MOCNEeAyHOLEN TEXHONOMMYECKON BaHHbI U HE CKa3biBalOLLENCA Ha Kave-
CTBE MNOKPbIBaEMbIX AeTanen.

Takvm o6pa3om, NpoMbIBKa NpeaHasHa4veHa ANns NpefoTBPAaLLEHNS 3arpA3HEHNA Tex-
HOMOMMYECKNX PacTBOPOB 1 06ecreUeHnss YNCTOTbI MOBEPXHOCTM FOTOBbIX AETanewn.

Tpe6oBaHUA K KayeCcTBY NMPOMBLIBHOWN BoAbl. TpeGoBaHNA K Ka4ecTBy MPOMBIBHOWN
BOAb! ONPeAensTCs NpeaenbHON KOHUEeHTpaumern npumecer B TEXHONMOMMYECKNX pacTBopax
N CBOWCTBaMU M Ha3Ha4YeHWEM MOKPbITUN.

OphekTBHOCTL PabOoThl SNEKTPONUTOB N KaYECTBO MONyvyaeMblX OCaAAKOB B 3Ha4U-
TenbHOW CTEMNeHW OMnpefenstoTCA YUCTOTON pacTBOPOB C TOYKU 3PEHUS HANMYMS UK OTCYT-
CTBUSI B HMX MOCTOPOHHMX HEOPTraHUYECKMX U OPraHNYECcKMX 3arpsis3HeHUA. 3arpsisHeHWs pac-
TBOPOB Aarneko He BCerga Bbi3blBalOT BUAMMbIE HEBOOPYXEHHbIM rNa3oM fedekTbl, 4acTo
Opak oKa3bIBaeTCH «CKPbITbIMY W BbISBASETCA NpW 3KCniyatauum nagenvs. Hanpumep, He-
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PeLKu CryyYan, Koraa HUKeNeBbIe NOKPbITUS, YA0BNETBOPAOLME TpPebGoBaHNAM NO BHELLHEMY
BUaY, He 0bnagarT NasemMocCTbo, ABNAIOTCA XPYNKUMKM, He obecneunBaroT HeoBXOANMON aa-
resavn K HUM NOCneayroWwmMx MOKPLITUA HUKENH, XpOMa, 3omoTa, cepebpa, nannagma n gp.,
WUMEIOT TMOBLILLEHHOE MEPEexofHOe COMPOTMBIEHME, He 06ecneYnBaroT MoNnyyYeHne Kade-
CTBEHHbIX CBapHbIX LWBOB WU T.N. PasnuyHble asnektponuTel MoryT GbiTe B Gonbwen unm
MEHbBLLEW CTeMNeHW YyBCTBUTESbHbI K 3arpsA3HEHNAM, HO BCEraa 3arpsA3HEeHMs CKasbiBarTCA
Ha CBOWCTBaXx MOKpbITUA. s Hanbonee pacnpoCTpaHeHHbIX PacTBOPOB U 3MEKTPOSIUTOB B
Tabnuue 2.44 npuvBeAeHbl MPUMEPHbIE AONYCTUMbIE KOHLIEHTpaLUMu BpefHbIX NpUMecewn,
BMUSIOLLMX Ha Ka4ecTBO 06paboTkM NOBEPXHOCTN U HAHOCUMBIX MOKPLITUIA.

Tabnuuya 2.44 — lMpumepHble AOMYCTUMbIE KOHLIEHTPALMKU BPEAHbIX HEOPTraHNYECKUX
npuMeceit B TEXHOMOMMYECKUX PacTBOPAaXx M 3MNeKTponuTax

lMpumepHasa gonyctumas
Tunbl aNekTponuToB Bpeanble npumecy KOHLIEHTpaLsi BpeAHOW
(WOHbI)
npumecwm, r/n
OnekTponuThl LLienouHon Menb 0,1
LMHKOBaHWSA CeuHey 0,03
Xpowm (VI) 0,1
AMMMaKaTHbIN XKeneso 0,05
Meab 0,2
CeuHey 0,06
Cypbma 0,1
OnoBo 0,4
LUnanngHein Meab 0,1
Onoso 0,05
CeuHey, 0,05
Kagmnin 0,05
ANOMUHAIA 0,05
KapBoHaTbl 60
XnopugHbii Megb 0,08
CBuHel 0,05
CypbMa 0,05
Onoeo 0,8
MbiWbAK 0,005
OnekTponuThl AMMMaKaTHbIN CeuHey, 0,02
KagMunpoBaHus OnoBo 0,02
CypbMa 0,02
MbILwbsAK 0,02
>Xeneso 0,5
Meab 0,1
Hwkenb 0,5
OnekTponuThbI LnarngHein CeuHel, 0,05
KagMUpoBaHus OnoBo 0,05
CypbMa 0,05
Meab 0,05
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lMpodomxeHue mabnuysi 2.44

Tunbl ANEKTPONUTOB

BpegHble npumecu

MpumepHas gonycTumas
KOHLEHTpaLus BpeaHoN

(norie) npumecwm, r/n
MbiLbSAK 0,005
CepHokucnbIn Keneso 20
MeIWwbsK + cypeMa 0,01
OneKkTponuThbI LnarngHein CsuHel, -
MeaHeHNs Cypbma -
Mbiwbsk -
KapboHaTe! 100
CynbaTHbIN (yHMBEpcanbHbI) anek- | >Keneso 3
TPOMNUT XPOMUPOBAHMWS Megb 5
Xnopwabl 0,08
OneKTponuT ANs OCaXKAEeHUs crnaea Meab 0,1
onoso-ceuHeL, O-C (60) Onoego (IV) 2
LinHk 0,3
OneKTpoNUTLI HUKENMPOBaHUS Megab 0,02
Kagmuia 0,02
LinHk 0,01
XKeneso 0,05
Xpom (VI) 0,001
Kanbuuin 0,01
AntomMuH1IA 0,1
CsuHey, 0,001
Onoso 0,001
Mbiwbsk 0,005
Hutpatbl 0,005
docatbl 0,005
Cunukartbl 0,3
Cze_pa (S2047, SO57, 0,005
S7)
OneKkTponuT ANs 0CaXAeHWa cnnaea Kaamun 0,25
onoso-cauHey O-C (60) XXeneso 0,6
PacTBopbI XMMU4eCKOro Hnkenvposa- | Megb 0,005
Hus (Ni-P) LnHk 0,5
Kagmun 0,05
>Keneszo (ll) 0,05
CeuHey 0,07
Cynbdartsl 15
PopaHugbl 0,07
LnarHnasl 0,05
LinaHmnabi anektponut cepebperunsn Meab 10
XKeneso 3

64




NTC 36—2017

OkoHvaHue mabnuypbl 2.44

BpeaHbie npyvecy MpumepHas ,qonycmma?
Tunbl 3NEKTPONUTOB (VoHb) KOHLieHTpaLus BpegHom
npumecw, r/n
LnTpaTHLIN aneKTPonuT 30M104eHUA Megb 0,1
XKeneso 0,1
OnekTponuTbl | XpoOMOBEbIN AnOMUHUN 10
aHoAnpoBaHUS Xrop-MoHbI 0,2
anoMmHNS 1 CepHokucrbIn AntoMUHNI 25
€ro crnnasoB Meab 2
MarHui 5
XKeneso 2
Okeuabl asoTa 0,2
Xnop-MOHbI 0,1
;:/I;bd)ocanmqmno- AnIOMUHMI 25
LLlaBeneBoknCnbIn AnNOMUHUIA 20

B npouecce skcnnyaTauum pacTBOPOB COAEPKaHWE MpUMeECEr B HUX Konebrnertcs B
OuYeHb LUMPOKMX MpeAenax, pasnuyarowmxcs Ha 3—4 nopsaka B 3aBUCMMOCTU OT cOcTaea
3MNEeKTponuTa, NMoKpbIBaEMbIX AeTaneln, YCroBUA SnNeKTpon1aa, cryyarHbix dakropos. MHo-
rMe MeTanm4eckme NpuMecH COOCAXKAATCH COBMECTHO C OCHOBHbIM METAansoM, HEKOTO-
pble BELLECTBA Pa3pyLUAOTCA Ha ANEKTpoAax, NOSTOMY UX KOHLEHTpaUMsA B BAHHE NMOCTOSH-
HO yMeHbLUuaeTcs. Ecnm ckopocTe NOCTYMNNEHUs B SMEKTPONIUT Takux NPUMECEN HWKe CKopo-
CTW WX ypaneHus U3 aneKkTponuta TEM MM UHbIM CriocoBom (HanpUMep, OKUCNEHUEM Ha
aHoze), TO MOXKHO CYUTaTb TakoW UCTOYHUK 3arps3HEHNIA HECYLLECTBEHHBIM.

OpHako HEeKOTOpbIE MPUMECU HE 3axXBaTbIBAOTCH MOKPLITUEM U HE pa3pyLlalTCs Ha
anekTpoaax; Takue NpuMecu Npu AnuTensHOW SKCryaTaumm pacTeopa NOCTOSIHHO Hakanm-
BalOTCH — UX KOHLIEHTpaUWs B BaHHE CTPEMUTCS K 3HAYEHUIO KOHLIEHTPaLUUKN B UICTOYHUKE 3a-
rpsis3HeHnA. OQHMM M3 rMaBHbIX UCTOYHUKOB 3arpsi3HEHUI, NPUYEM NOCTOSAHHBIM BO BPEMEHU,
ABMSIeTCsl NpOMbIBHas Boga. TakuM o6pasom, KOHLEHTpaLUUs BpeAHbIX NPUMECEN B NMPOMbIB-
HOW BOAE AO0SPKHA ObITh HWKE AOMYCTMMbIX KOHLEHTPaLM BpeAHbIX NPUMECEN B pacTBopax
n anekTponutax. Jlerue npepoTBpaTUTL NONajaHWe U HaKoMneHWe NPUMecer B 3NeKTponu-
Tax, YeM WX yAanaTb, Tak Kak MHOrME NpUMecKH yaansitoTca ¢ 6onbwWMM TpyAoOM, Hanpumep
XNOP-MOHBI, @ ECTb NPAKTUYECKU HE yaansieMble, HanpUMEpP MOHbI aMMOHMSI.

W3 BbILLIEN3NOXXEHHOTO BbITEKAET rMaBHbIA MPUHLMN ONpeeneHns kayectsa BoAbl 4NN
NPOMBIBKM: Ka4ecTBO MPOMbLIBHOW BOALI ONpeAensieTcsl rmaBHbIM 00pa3oM COCTaBOM pac-
TBOpPa, Nepes KOTOpbIM NPON3BOAMTCH NpoMbiBka. KauecTBo BoAbl B NOocnegHen NpOMbIBHOM
BaHHe Mepef, CyLLKOW rOTOBbIX AeTanen onpeenseTcs CBOMCTBAMU U Ha3HAYEHUEM MOKPbI-
TMA. Tak, Hanpumep, nocne docdaTnpoBaHUsa getanen noa npomMacnmeaHue nepeg CyLKomn
CTPyen ropsiyero Bo3ayxa NpoMbIBKY MOXHO He NpoBoauTb. B To ke Bpemsi getanu ¢ aeko-
paTtuBHBIMU N (PYHKLMOHANbHBIMW MOKPLITUAMK TPebyloT nepes CyLKOW TLWATenbHOW Npo-
MbIBKW, NPUYEM MOBLILLEHHOE COAEpPXXaHWe KarnbLUsi U MarHWs B MPOMbIBHOW BOAE MOXET
Bbl3BaTb 06pa3oBaHue NATEH Ha MOBEPXHOCTU MOKPbITUSI.
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Ucnonb3yemas Ans NpoMbIBKM AeTanen Boja pomkHa ObiTb GesonacHon B anuje-
MUWOMOMMYECKOM OTHOLLEHUN U XUMUYECKN MHEPTHOM K NOKPbITUHO.

B cootsetctBum ¢ NOCT 9.314—90 «Bopa ans ranbBaHWM4ecKoro npousBoacTBa U
cxeMbl NpoMbIBOK. OOWme TpeboBaHMs» B raribBaHUYECKOM NPOU3BOACTBE MOXET MCMONb-
30BaTbCH BOAA TPEX KaTeropun: U3 HUx Boga 1- kaTeropmm no cBOMM PUINKO-XMMNYECKMM
rokasaTensM COOTBETCTBYET NMUTLEBON BOAE, a BoAa 3-M KaTteropum — AUCTUNNUPOBAHHOM
BoAe [34]. B Tabnuue 45 nprneeaeHsl HGUNKO-XUMUYECKNE NMOKa3aTenu BOAbI.

Tabnuya 2.45 — PnsnKo-xMMmn4eckne nokasarenm sogpl

[onyctumble 3HaYeHWs nokasaTenen kavecTea
1 MHIPEANEHTOB MO KaTeropusim

Mokasarenu kayecTsa BOAbI, lskar.| Mureesas | 2- kar. | 3-si kar, | AuCTAIIM-
VHIrpeaueHTbl no BOAa no no poBaHHas
FOCT | noCawfuH | rocT | roct n:‘r’ng
9.314 |2.1.4.1074—01| 9.314 9.314
6709
Cyxoi ocTaTok, Mr/n 1000 1000 400 5,0 50
MyTHOCTb, Mr/n 2,0 1,5 15 - -
KecTKoCTb, Mr-akB/n 7,0 7,0 6,0 - -
pH 6,0-9,0 6,0-9,0 6,5-8,5 | 5,4-6,6 5,466
YaenbHasi anekTpuyeckasi npoBoaMMOCTb, 3 3 3 _4 4
Ch/m (npu 20 °C) 2-10 2-10 1-10 5-10 5-10
Cynbarthbl, Mr/n 500 500 50 0,5 0,5
Xnopuabl, Mr/n 350 350 35 0,02 0,02
Hutpartsl, mr/n 45 45 15 0,2 0,2
docartbl, nonudocdatel (no PO,™), mr/n 30 3,5 35 1,0 -
AMMMAK U1 aMMOHUINHBIE CONKU, MI/N 10 - 50 0,02 0,02
HedTenpoaykrel, Mr/n 0,5 0,1 0,3 - -
MAB (2aHMOHOAKTUBHbIE), MI/N 50 0,5 1,0 - -
Xumunyeckas noTpebHOCTb B kucnopozae
(XTTK), Mr/n 150 - >0 B -
OKMCNAEMOCTb NepMaHraHaTHas, mr/n - 5,0 - - 0,08
0.3—
OCTaTOYHBIN XNOP (%) Mr/n 1,7 02_?: 17 - -
MOHBI TSKENbIX METanNNoB CyMMapHO, MI/n 15 - 5,0 0,4 -
XKeneso (Fe), mr/n 0,3 0,3 0,1 0,05 0,05
Meab (Cu), Mr/n (CymMapHo) 1,0 1,0 0,3 0,02 0,02
LInHk (Zn”"), Mr/n 5,0 5,0 1,5 0,2 0,2
Kagmuin (Cd), mr/n (cymmapHo) - 0,001 - - -
Hukenb (Ni*), Mr/n 5,0 0,1 1,0 - -
Xpom (Cr°), mr/n - 0,05 - - -
Xpom (Cr’), mr/n 50 0,5 0,5 - -
CsuHey, (Pb), mr/n (cymmapHo) - 0,03 - - 0,05
Mbiwbsik (As), Mr/n (CymMapHo) - 0,05 - - -
Cypbma (Sb), mr/n - 0,05 - - -
AnoMunnit (A7), mr/n - 0,5 - - 0,05
KpemHuit (Si), Mr/n - 10,0 - - -
Kanbuuit (Ca), mr/n - - - - 0,8
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Mepen MHOrMMKM onepaLmsamMn ANA NPOMBLIBKA PerfaMmeHTUpyeTca NpUMEHeHe Boab!
TOMbKO 3-M kaTeropum (cMm. Tabnuuy 2.46), T. . AUCTUNNMPOBaHHON. YeM umLLe NpOoMbIBHAS
BOAA, TEM NyuLUE NPOMBIBAIOTCA ASTanM 1 TeM ka4eCTBEeHHee nosyyaroTcs nokpbitusa. OgHa-
KO, yuMTbiBasi NpaKkTUKy paboTbl ranbBaHUYECKUX LIEXOB, MPUMEHEHWe AUCTUNITMPOBaAHHOMN
BOAb! N1 NPOMbIBKM AileTanei B 60NbWMHCTBE CnyYaes UanuiuHe.

Tabnwnya 2.46 — O6bnactb npumeHenns Boabl no NOCT 9.314—90

Karero-
pus ObnacTtb NpUMeHeHNs [ononHuteneHble ykasaHus
BOAbI

MNpomMbiBKa geTanen nocne onepauvin NoaroTOBKM
NMOBEPXHOCTM K MOKPLITUIO, KPOME onepauun, rae  (—
1 ncronb3yeTcsi Boaa kateropun 2 u 3
MpuroToBneHNe 3NEKTPONUTOR U NMPOMbIBKA BO Bopga, ucnons3oBaHHas Ha
BCEX Cnyyasx, Kpome nepeymcrieHHbIX B 06nactu | npoMbIBKY, MOXET BbiTb npu-
NPUMEHEHNst BOAbI 3-11 KaTeropum MeHeHa NOBTOPHO Kak Boja
2 1- kaTeropum
MpuroToBnEHWe 3NeKTPONMTOB U NpOoMbIBKa Ne- | Boaa, ncnonb3oBaHHasa Ha
pen 06palboTkol B 3MEKTPONMUTAX, COCTABMEHHbIX | MPOMBIBKY, MOXET ObiThb Npu-
Ha Boge 3-/ kaTeropum *, a Takke nNpu cneunanb- | MeHeHa NoOBTOPHO Kak Boda
HbIX TPEOOBaHMSIX Kk KAYECTBY 1 BHELWHEMY BUAY, |1-1 1 2-11 kaTeropuii

3 Ans 0cobo OTBETCTBEHHBIX AeTanen

* B atom mecte B [OCT 9.314—90 paercs nepeyeHb COCTaBOB 3MEKTPOSINTOB CO CChliSl-
kor Ha FOCT 9.305—84.

YunTbiBas, 4TO Ha3Ha4YeHe NPOMbLIBKW 3aKIovaeTcs B NpeaynpexaeHnn 3arpsisHeHus
pacTBopa crneaytoLLen TEXHOMOMMYECKOW BaHHbI, @ TaKKe TO, YTO peanbHO B ranbBaHnyeckne
Lexa nojaeTcsd TOMbKO MUTbEBas BOAOMPOBOAHAS BOAA, MOXHO NPeanoXuTb cneaywlime
pekoMeHAaLmMm No NCNOoMb30BaHWUIO BOAbI PA3NUYHOIO KayecTsa.

1) Ana NnpUroToBNEeHNA TEXHOSIOTMYECKMX pacTBOpoB Heo6xoanMMO 1cnonb3oBaTh Au-
CTUNMNPOBAHHYIO BOAY B TeX Cry4Yasix, korga o6 3TOM ykasaHo B TEXHOMOMMHYECKOW AOKYMEH-
Tauun; B OCTanbHbIX Cry4vasix CileAyeT MCMonb3oBaTh KOHAEHCAT UNM NUTLEBYHO BOAOMNPO-
BOAHYHO BOAY.

2) [Ins NpoMbIBKM B MNPOTOYHbLIX BaHHAX nepej BCEeMU TEXHOSOMMYECKMMU BaHHaMW
MOXHO MCNonb3oBaTb 0ObIMHYIO MUTLEBYIO BOAOMPOBOAHYIO Bogy. Korga npeaenbHan KOH-
LeHTpaumns kakoro-nvbo BelecTsa B TEXHONOMMYECKOM PacTBOpe MeHbLUE, YEM HOpMUpYye-
Masi KOHLEHTpauus 3TOro BeljectBa B MNWUTLEBOW BOAE, MM B NMUTLEBOW BOAE OHA
He HOpPMUPYEeTCs, B 3TOM Cnyvae notpebnsiemas BOAONPOBOAHAsA BoAa NoABEPraeTcs aHa-
N3y Ha copepXaHue B HeW 3TOro BellecTBa M B Criyyae HeobXoaumocTy NojBepraeTcs
O4NCTKE UMEHHO OT 3TOro Bewectea. OaHMM U3 Hanbornee YacTo BCTPEYAOLMXCS CryYaes B
npakTyke paboTbl ranbBaHUYECKUX LIEXOB SIBMSETCS BLICOKOE CoflepkaHne B BOAONPOBOAHON
BOAE MOHOB Kemnesa, YTO MOXET HEraTMBHO CKasaTbCsl Ha Ka4eCTBE MHOIMMX, OCOBEHHO HUKe-
NeBbIX N XPOMOBBIX, MOKPbITUIA. B 3TOM criyyae nepep nogaveli BoAbl HA NPOMbIBKY nepes,
BaHHOW HaHECeHUs! MOKPbITU HeoBGXoAUMMO noaBepratb BOAY OYMCTKE OT Xemnesa Jobbim
AOCTYMNHBLIM METOAOM (Hanpumep, aspauuen ¢ nocneayrollen punstTpaumen).
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3) Ans npoMbIBKA B HEMPOTOYHLIX BaHHaX AWUCTUNNMPOBaHHYHO BOAy Heobxoammo umc-
nonb30BaTh MULLUb B TOM Cly4ae, Korja npombiBHas BOAa U3 3TUX BaHH yNaBnuBaHUs CryxuT
NSt NOAMUTKM TEXHOMNOMMYECKON BaHHbI, PacTBOP B KOTOPOW FrOTOBUTCA Ha AUCTUNIMPOBAaH-
Hol Boge. Hanpumep, BaHHbI yNaBnMBaHUSA NOCHE HUKENMPOBaHWUS U XPOMUPOBaHWUS 3aron-
HSIIOTCA AUCTUMNMPOBAHHOW BOAOW, TaK Kak NMPOMbLIBHYIO BOAY M3 3TUX BaHH ynaenvBaHus
MOCTOSIHHO MOAMMBAOT B BaHHbI COOTBETCTBEHHO HUKENMWPOBAHUS M XPOMWPOBaHWUS ANs
KOMMeHcaunm noTepb PacTBOPOB Ha MCMAapeHue 1M yHOC B BEHTUNSUuo. [ns npombiBkM B
MPOTOYHBIX BaHHaX AUCTUNNMPOBaHHYO BOAY HEOBOXOAMMO MUCMONb30BaTb B TEXHOMOrM4e-
CKMX MpoLeccax, B KOTOPbIX 3TO 0cob0 oroBapuBaeTcsi (MUKPOINEKTPOHUKA, pagnoTeEXHMKa
nT. n.). Kpome TOro, AMCTUNNMPOBaHHYHO BOAY XenaTenbHO MCNOoNb3oBaTh B CXemax npo-
TOYHOM MPOMBIBKA C OYEHb MarbiM pacxoaom Boabl (1-5 n/dv). Bmecto anctunnmnpoBaHHON
BOAbl MOXHO MCMONb30BaTb KOHAEeHcaT, obpasyloniicss B CUCTEME NOoAOrpeBa pacTBOpPOB
HacbILLEHHBIM UMW NeperpeTbiM NapoM, a Takke BOAY, OYULLEHHYIO pasnnyHbIMU MeToLamMm
[l0 rokasaTenen kavyectsa Bogbl 3-1 KaTteropum.

Mcnonb3oBaHHas 4ns NPOMbIBKA BOAA MOXET ObITb MOBTOPHO NMPUMEHEHa Ans ApYyriax
onepauuii Npu yCcrnoBMU BbINOSIHEHMA TpeboBaHWM MO KavyecTBy BOAbl 411 3TUX onepauun
(cm. Tabnmuy 2.46).

TpeboBaHUsA K Ka4yeCTBY NMPOMbIBKU. [NaBHbIM TpeboBaHNEM SBNSETCA UCKIHOYe-
HME KPUTUYECKOrO (CBbILE AOMYCTUMOro) 3arpsi3HeHNst TEXHONMOrMYEeCKUX pacTBopoB 1 obec-
neYeHve Hafnexalyero KauecTtBa MOBEPXHOCTU roToBbIX AeTanen. OgHako B oTnvuve OT
TpeboBaHN K KayecTBy MPOMbIBHOW BOAbl 3[l€Cb paccMaTpuBaeTCA BKNaz B 3arpssHeHUe
nocneayrLLero TEXHOMNOMMYECKOro pacTBopa He TOMbKO KOMMOHEHTaMK, cofepXalimmumcs B
WCXOAHOW BOAE, MPUMEHSEMON 4N MPOMBIBKA, HO U KOMMNOHEHTaMW, BbIHECEHHBLIMU NOBEPX-
HOCTbIO feTanen U3 npeabigyLiein TEXHONOrMYecko BaHHbI. Mpy NpoMbIBKe B BaHHE HEMpo-
TOYHOW MPOMBIBKM PaCTBOP, BbIHECEHHBIN U3 TEXHONMOMMYECKOW BaHHbI C AeTansMu, U pac-
TBOPEHHbIE B HEM BELLECTBa MONHOCTLIO C NMOBEPXHOCTM AeTanen He yaansioTcs, a nullib
CHWKaEeTCH UX KOHUEHTpaums nyTem pasbasneHus npombiBHOW BogoW. Mepeasa naptus ge-
Tanemn NpoMbIBaeTCH YNCTOW BOAOW, a MocrneayoLme — BOAOW, 3arpsi3HEHHOW BELLECTBaMU,
CMbITbIMW C MOBEPXHOCTU Npeablaywmnx aetanei. Takum obpasom, B NPOMbLIBHON Boae Mo-
CTOSIHHO YBENWYMBAETCH KOHLEHTPaLMS KOMMOHEHTOB pacTBopa W3 Mpeablayller BaHHbI.
[Mpy OTCYTCTBUM MOCTOSHHOIO UMW NEPUOANYECKOrO OOMEHa 3arpsi3HEHHOW MPOMbIBHOWN BO-
[bl Ha YACTYIO MOXET HaCTyMWUTb TAKOW MOMEHT, KOrja COCTaB NMPOMbIBHOM BOAbI CPaBHSIETCH
C COCTaBOM MpeAbifyLLero TEXHOSIOMMYECKOTO pacTBoOpa M MPOMbIBHas BaHHa MOMTHOCTLIO
NPeKpaTUT BbIMOMNHATE CBOE HasHayeHue. [10aToMy 3arpsis3HeHHasi IPOMbIBHAsS BOAA AOMKHA
YaCTUYHO UMK NONHOCTLI0 OBMEeHMBaTLCH Ha YnCTyo. CKOpOCTL 0OMEHa NPOMBLIBHOW BOAbI
JomkHa BbITb Takon, YTOBbI BbIHECEHHOE MOBEPXHOCTbLIO AeTarnel KONMYecTBO KOMIMOHEHTOB
npeabIayLLero TeXHONOMMYECKoro pacTBopa He NoBNMANo Ha paboTy nocneayrLero TeXHo-
NOrNYecKoro pacTeopa, T. €. B NPOMbIBHOW BaHHE HeOOX0AMMO MoaAepKMBaTb KOHLIEHTpa-
LUMIO KOMMOHEHTOB NpeAbIayLLEero TEXHONMOIMYECKOro pacTBopa MeHbLUe npeaensHor. [ns
OKOHYaTENbHON NPOMBIBKM rOTOBbLIX AeTanen npeaenbHas KOHLEHTpaLmMs KOMMOHEHTOB pac-
TBOpa B NOCNEeAHEN BaHHE NPOMbLIBKM OMNPEAENSAETCH Ha3HauYEHNEM U CBOMNCTBAMU NOKPbITUS.

Takum 06pa3oM, OCHOBHLIM KPUTEPUMEM KayecTBa MPOMbIBKMA SIBMSIOTCA BENMUYMHDI
npefenbHbIX KOHLUEHTPaUMN OTMbIBAEMbIX BELLECTB (KOMMOHEHTOB NMpeablAyLLero TEXHOMo-
MMYECKOro pacTeopa) B NPOMbLIBHOW BOAE MOCHEAHEN MO XOAY ABWKEHUS AeTarnein CTyneHu
NPOMBIBKM (@ 3HaYUT, N Ha NOBEPXHOCTM AETann), KOTopble NpeacTasneHbl B Tabnvue 2.47 n
cooteetctBytoT FOCT 9.314—90.
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Tabnuuya 2.47 — BenuunHbl NpeaernbHbIX KOHLEHTPaLMiA OTMbIBAEMbIX BELLECTB

HanmeHoBaHWe ocHoB- MNpeaenbHas KOHUEH-
HOro * OTMbIBAEMOTO HavmeHoBaHWe onepauyum, nepes KOTopor Tpayusi OTMbIBAEMOro
KOMMNOHeHTa Unn noHa nNpou3BOAUTCA NPOMbBIBKA, N TUN ANEKTPONUTA, BeLlecTBa B NPOMbIB-
TEXHOMOMM4ECKOTO UCMOIb3YeMOro B 3TOW onepauum HOW Boge nocnegHen
pactesopa CTYNEHW NPOMbIBKW, I/n
O6wwas wenoyHocTb | LLlenoyHol anekTponut 0,800
B nepec4yeTe Ha Kncnbin Mnm ynaHncTbIn SNeKTponnT 0,100
NaOH AHOAMPOBaHWE antoMUHNS 0,050
Cywika 0,100
[MpombiBKa B MbINBHOW BOAE 0,200
Kucnota B nepecyete |Kucnbii anektponut 0,100
Ha H2SOy4 LLlenoyHol anekTponut 0,050
LinaHncTbii anekTponmT 0,010
HanonHeHwe, cywika 0,010
CN-o6L, MexonepaumoHHas NpoMbIBKa, CyLUKa 0,010
Cr®, Zn**, Pb*, Sn%*, |MexonepaLuoHHas npombiBka, cyLuka
Sn 0,010
CNS~, Cd* MexxonepaLnoHHas MpoMbIBKa, CyLLKa 0,015
cu®, cu* HukenupoesaHme 0,002
Opyrve onepaumu, cywka 0,010
Ni#* MegpHeHue 0,020
XpomumpoBaHue, cyLuka 0,010
Conwu gparoueHHbix | Cyluka
MeTannos B nepe- 0,001
cyeTe Ha meTann
Fe* MexonepaunoHHas NpoMbIBKa, CyLlKa 0,030
Kpacutenu MexxonepaumoHHas NpoMbIBKa, CyLUKa 0,005
* 32 OCHOBHOW OTMbIBAEMbIA KOMMOHEHT (MOH) JaHHOro TEXHONOrMYecKoro pacTeopa
MPUHUMAIOT TOT, AN KOTOPOro KpaTHOCTL pasbaBneHns sBnAeTcs HanbonbLen.

Ha ka4yecTBO NPOMBIBKM MOCHEe HEKOTOPLIX OnepaLmii BIMSET TeMnepaTypa Bogbl. Tak,
HanpumMep, LLenoYHbIe PacTBOpPbI NIOXO CMbIBAKTCS C LeTanen XONo4HON BOSOW, U NOSTOMY
Nnocrne XMMUYECKOro 1 SNMEKTPOXUMUYECKOTO 00e3XXMPUBaHMS, TPaBNEHUS antoMUHUA W T. M.
NpoMbIBKY BeayT B ropsider soge (60 °C — 90 °C). B To e Bpems nocne o6paboTku B rops-
YyeM pacTBOpe LLENOYHOr0 OKCUAWMPOBAHWUS CTamnbHble LEeTanu HexenartenbHO MpoMbiBaTb
B ropsiyel Boge, Tak Kak oHa MOXET BCKUMETb BCMEACTBUE OMYCKaHWSA B HEE ropsayMx neTa-
new (HarpeTbix go 140 °C).

Ecnn nocne ropsiyert MpoMbIBKM CriefyeT akTvBauus, TO nepen 3Tol onepaument
HeoBXxo4MMO MPeAyCMOTPETb NMPOMBIBKY B XONOLHOM BOAE, YTO UCKMOYaeT BbICTPOE BbIChI-
XaHWe geTtanen nocre NPoMbIBKA B ropsiueil BOAE U OKMCIEHWS, a Takke nepeTpaBnmBaHma
ropsvelt NOBEpXHOCTU geTanen B BaHHe aktmaumu. B cooteetctane ¢ FOCT 9.314—90 ro-
psayas eoga (Bbiwe 60 °C) npumeHseTca nocne onepauun 00e3XMPUBaHNS, TPaBMNeHWs U
CHATVA TPaBUMbHOTO LUINama B LWENoYHbIX pacTBopax, Npy HarMunum Ha NoBEPXHOCTU 3HAYU-
TENbHOrO KONMYECTBa Macen UMM CMasok, Nepes XMMUYECKUM 06e3X1PUBaAHNEM UMK Nepeq
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0HOBPEMEHHbIM 06€3XMpPrBaHNEM-TPaB/IeHNEM, Nepes, HaHECEHNEeM MOKPLITUIA B TEM/IbIX U
ropsiuvx pactsopax, nepep, CyLUKOM.

lopsyan Boga He pekoMeHAyeTCs K MPUMEHEHUIO Nocne onepauuii XpomaTupoBaHuA
no LWHKOBOMY W KaAMWEBOMY MOKPbLITUAM U XMMUYECKOTO OKCUAMPOBAHWA CTauI1, afloMUHUA
1 ero cnjiasos.

Tennas Boga (40 °C— 60 °C) npumeHsieTca Mnocne onepauuii 06e3XMprUBaHUs, Xpo-
MaTMpOBaHUA, TPaBNEHUSA Nerkux CrjiaBoB, CHATUA LWama, aHOAMPOBaHWA, nepeg u nocne
XUMUYECKOTO OKCUAMPOBAHWA. B oCTanbHbIX C/yvyasx PeKoMeHAyeTCcs MPUMEHATb AN Npo-
MbIBKW AeTasieil XONOo4HYI BOAY.

XapakTepucTuka CUCTEM MPOMbIBKW. CUCTEMbI MPOMbLIBKA MOTYT BbINOJIHATL [BE
hyHKUMM — MPOMbIBKWM W ynaB/MBaHWA. YnaBnvBaHue npegnonaraet nocnefyowmii Bo3s-
BpaT y/I0B/IEHHOIO PacTBopa B TEXHOIOTUYECKYIO BaHHY.

Hanb6onee pacnpocTpaHeHHbIM SBASETCA MNOrPYXHOM Cnoco6 NPOMbIBKM, KOTOPLIN
OCYLLLECTBNSAETCA B NPOTOYHbIX W HEMPOTOYHbIX YCI0BUAX.

Mpv NpombiBKE B MPOTOYHOWN BOAE MOC/e TEXHOSIOTMYECKOW BaHHbl MPUMEHSIOT TpU
OCHOBHble CXeMbl (CM. PUCYHOK 2.2): ofHOCTyneHyaTas MNpOMbIBKa B OAHOW (0fMHapPHOIA)
BaHHe (a); MHOroctyneHyaTas nNPSAMOTOYHASA MPOMbIBKA B HECKO/IbKMX MOC/efoBaTe/IbHO
yCcTaHaB/NMBaeMbIX BaHHaX (CTyMeHsX) * NPOMbIBKM, 060PYAOBaHHbLIX CAMOCTOATENbHOW CU-
cTemMoil nogaunm n cnvBa Bogbl (6); MHOroctyneHdarasi NpoTMBOTOYHas (MHOrokackagHasi)
npombiBKa (B, ), MPW KOTOPOIi HanpasneHne MoToka BOAbl (Ha pUCYHKe 2.2 cnpasa Haneso)
NPOTMBOMNO/IOXKHO HaMPaBEHWIO ABVWXKEHNUA AeTasneil.

X®- e e=

Jir® =

a — ofgHocTyneHyaTas (oguHapHas); 6 — AByxXcTyneH4atas npsiMoTo4Has;
B — [ABYXCTyneH4yaTas NpoTMBOTOYHAsS (ABYXKackafHas); r— TpexcTyneHyaras
NPOTUBOTOYHAA (TpexkackajHasi) BaHHa NPOMbIBKU; T — TexHo/nornyeckas
BaHHa

PucyHok 2.2 — CxeMbl MPOMbIBOK

* CTyneHb NPOMbIBKU - M30/IMPOBaHHask eMKOCTb C BOfOi, B KOTOPOIi OCyLecTBASETCA
OfIHOKpaTHasi MPOMbIBKA; BaHHa MPOMbIBKM - E€MKOCTb C BO/OI, KOTopasi MOXEeT 6biTb Kak
M30/IMPOBAHHON, TaK W coaepxalleil HeckolbKo OTAENEHHbIX APYr OT Apyra OTCEeKOB C BO-
[0/, HO 06beAMHEHHbLIX B OGHOM Kopryce.
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MHorokackagHas NpoTMBOTOYHAS MPOMbIBKA, MPWU MPOYMX PaBHbIX yC/1oBUsX, obecne-
YyMBaeT MEHbLUWIA pacxog BoAbl, HO 60/bLUME KOHLEHTPaLUM 3arpsi3HeHnin B CTOYHBIX BOAAX,
NOCTYNAKLUX HA OUUCTKY.

LLinpokoe BHeApeHWe MHOrokackagHoin MPOMbIBKM CAEPXMBAETCA TPYAHOCTSAMMW B U3-
roTOB/IEHNM MHOFOKackafHbIX BaHH, a Takke HeA0CTaTKOM MpPOM3BOACTBEHHbIX Naowagein B
JencTeytowmx uexax. OfHaKo MPYMeHeHNe MHOrokackagHbIX BaHH MPOMbIBOK He TOMbKO CO-
KpaliaeT pacxof NpOoMbIBHOW BOfAbl (2 3HAYMT, U 06bEM CTOYHbIX BOA), HO U NPUBOAUT K CO-
BEPLUEHCTBOBaHWIO pa60TbI OYNCTHbIX COOpy)KeHMVI, a B HEKOTOpbIX ciydasaX K pe3komy co-
KpaLLeHno KonmyecTsa O4YMCTHOro 060pyAoBaHMa U NPOM3BOACTBEHHLIX Mowanei, npegHa-
3HAYEHHbIX A1 OYMCTKM CTOYHbIX BOZA. BbIGOp CXeMbl MPOMbIBKM ONpefenseTcs COCTaBoM
TEXHOMOTMYECKUX BaHH, TpebyeMbiM KayecTBOM MPOMbIBKM feTasleil, XxapakTepucTukamm
OYMCTHOro 060PYAOBaHNSA, BENMUYNHOW NAOLWAAM rafibBaHWYEeCcKOro Lexa, nnarexecrnocobHo-
CTbi0 MPeAnpUATUS.

i3MeHeHne cxem MNpPOMbIBKA MOXET B AECATKM pa3 COKpaTuUTb 3aTparbl Ha O4MCTKY
CTOYHbIX BOf, @& B HEKOTOPbIX C/lyYasax BOO6LLE CBECTU UX K HYSHO.

MpombiBKa B BaHHax C MPOTOYHON BOAON o6ecneumBaeT He TONbKO yaaseHne KOMMo-
HEHTOB pPacTBOPOB C MOBEPXHOCTU AeTanell, HO 1 NOCTOSAHHOE MoAfepXaHWe MUHUMasbHOM
3arpA3HEHHOCTU NPOMbIBHOW BOAb.

Ha pucyHke 2.3 npeactaBfieHbl BapvaHTbl OpraHusauum Haamea YWCTO U cnvBa OT-
paboTaHHOl MNPOMbIBHON BOAbI M3 BaHH MPOMbIBKM. CTpeskamMu nokasaHO HanpasneHue
[OBWXEHWS BOAbl.

PucyHok 2.3 — BapuaHTbl opraHv3aluy Hasmea YUCTON U cnnBa oTpaboTaHHOM
NPOMbIBHO BOAb! U3 BaHH NPOMbIBKM

BapunaHTbl cnvBa u HanmBa (a, 6, B) He CNOCOHCTBYIOT KaYeCTBEHHOW NPOMbIBKE AeTa-
e, Tak Kak Boga OOMeHMBaeTCs NUllb B MeHblUeil 4YacTun o6beMa BaHHbl, U 06pasyrTcs
3aCTOlHbIe 30Hbl C MOBbLILEHHLIM 3arpsA3HEHUEM BoAbl. BapuaHTbl (I, 4 U €) XxapakTepHbl Ans
BaHH CO C/NMBHbIM KapMaHOM: BapuaHT (r) XapakTepeH Ansi MasbiX U CPELHUX BaHH, BapuaHT
(e) c DOHHbIM GapbOTEpPOM XapakTepeH AN AJIMHHbIX BaHH, BapuaHT (4) C/IOXEeH B U3roToBs-
neHun. BapuaHT (k) NPOCT B U3rOTOB/MIEHWMM N Hanbonee yao6eH npyv pyyHOM 06CyXuBaHUW
BaHH W CWIbHON HepaBHOMEPHOCTU 3arpy3ku BaHHbI, KOrja Heo6XO0AMMbl 4YacTble CMEHBI
NPOMbIBHO BOAblI WM MMEETCH BO3MOXHOCTb OpPraHvM3oBaTb MEepUOAMYECKM HENPOTOYHBINA
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pexvM npombiBkM. [1na BapuaHTa (3) 3aTpyAHeHa KOppenauus perynupoBOK KpaHOB Ha Mo-
JatoLemM 1 cnueHom Tpybonposogax Ans noaaepxaHns TpebyemMoro ypoBHS BOAbI B BaHHE.

BaHHbI NPOMBIBKM B HEMPOTOYHOW BOAE C NEPUOANYECKMM CIIMBOM NPOMBIBHON BOAbI
(nepnoguyeckn HENPOTOYHBIN PEKUM MPOMBIBKM) WUCMONL3YIOT ANA YNaBNMBaHWUA LEHHbIX
WM BbICOKOTOKCUYHBIX KOMMOHEHTOB (gparMeTannoB, COeAVHEHUA XpoMa W T.n.).
B GonblumHCTBE Cnyyaes (KpOME HaHeCeHUS AparMeTansoB) NPMMEHSAETCA OAHa BaHHA He-
NPOTOYHON NPOMBIBKM — BaHHA YNaBnMBaHWA, MOCNe KOTOPOW YCTaHaBMUBAKTCA BaHHbI
NPOTOYHOW NpoMbIBKW. Bes nocneaytoLlen BaHHbI NPOTOMHOW NPOMBLIBKM OfHA BaHHa ynae-
NIMBaHWUSA UCMONb3yeTCs MpU MENKOCepUNHOM NPOW3BOACTBE, B Cly4ae Manbix (MeHee
10 n/v) Heperynupyembix pacxofoB Boabl. B octanbHbIx cnydasax 6e3 nocneayrowen BaHHbI
NPOTOYHON MPOMBIBKM OfHA BaHHA YNaBMNMBAHUS HE NPUMEHSIETCH, TaK Kak B HEW OYeHb
ObICTPO HakannNMBAaETCA NpeAenbHan KOHUEHTpaUns OTMbIBAEMOrO BELWECTBA U NPOMbIBHAS
BOAa MOAMEXWT AOBOSIBHO YacTol CMeHe — MPOAOCIKUTENBHOCTb HEMPOTOYHOrO pexuMa
COOTBETCTBYET BpemMeHU 0BpaboTky HEeCKONbKUX 3arpy3okK, T. €. NopsiAka HECKOSbKUX YacoB.

Mpw pabote BaHHbI ynaBnNMBaHWA COBMECTHO C BaHHaMM NMPOTOYHOW MPOMBIBKU KOH-
LEeHTpauns OTMbIBAEMbIX BELLECTB B YNOBUTENE HE OrpaHNYMBaETCA NpPeaensHON KOHUEH-
Tpaumen oTMbIBaEMOro BeLlecTsa (cm. Tabnuuy 2.47), a ROCTUraeT NONOBUHHON KOHLIGHTPa-
LMW KOMMOHEHTOB B TEXHONMOrMYeckonW BaHHe. [o3ToMy BOAa B BaHHE YNaBnmMBaHWs, WUC-
nonek3yemon COBMECTHO C BAHHAMWN NPOTOYHOW MPOMBIBKM, MEHAETCH 3HAYUTENBHO pexe —
NPOAOMKUTENBHOCTE HEMPOTOYHOMO PEXMMA MOXET COCTaBUTb HECKONbKO MECALEB U 3aBU-
CWT OT Ha3HaYeHNS BaHHbI yNaBNMBaHUA.

lMocnepoBartenbHas NPOMbIBKA B HECKOMBKUX HEMPOTOYHBIX BaHHAX MOXET UCMONb30-
BaTbCH B KaYeCTBE CaMOCTOSTENbHOM CXEMbI, TaK Kak B 3TOM Clly4ae MPOAOIMKUTENBHOCTb
HenpoToYHOro nepuoaa (Bpems paboTbl MeXay CMEHOM BOAbI) 3HAUUTENBHO YBENUYNBAETCS:
npv NPOMbIBKE B ABYX BaHHAaX ynaBnuBaHWA — [0 HECKOSbKMX CYTOK, NPy NPOMbIBKE B TpeX
BaHHaXx ynasnunBaHWs — A0 HECKOMNMbKUX HEAErb, a NPy NPOMbIBKE B YETbIPEX BaHHAX ynas-
NMBaHNS — A0 HECKOSbKMX MecsiLEB. B ¢BA3M ¢ 3TMM nepeBoj HECKONBbKMX MPOTOYHBIX BaHH
B MEPUOANYECKM HEMPOTOUHBIA PEXUM MPOMBIBKU 3HAUMTENLHO OOneryaer perynupoBaHue
pacxofa BOAbl, Tak Kak B 3TOM Criydae pacxoj BoAbl onpegensetcs 06beMOM BaHH ynaBnuv-
BaHWSI N 4acTOTON CMeHbI NMPOMbLIBHOW BoAbl. PaboTa HECKONMBKMX BaHH NPOMBIBOK B Nepuo-
ANYECKN HEMPOTOYHOM PEXUME 3a CHET UCKITIOYEHNST HEPALUMOHANbHOro UCNONL30BaHNs BO-
Abl (ocobeHHO BO Bpemsi MpocToeB 06OpyAOBaHWSA) NMO3BONSET JOMONHUTENBHO COKPaTUTb
pacxop Bogbl Ha 20 % — 30 %.

OcHoOBHbIe cNOcoObI COKpaleHUss pacxoAa BoAbl Ha NPOMbIBKY (pauMoHanu3a-
uma BogonoTpedneHus). Cucrema NpoOMbIBKU CHATAETCH paLmoHansHOM B TOM Crnyyae, ec-
n1 oHa obecneunBaeT AOCTUKEHME TPeOyeMoro ka4ecTsa NPOMbIBKU C HAUMEHBLUMMM Karu-
TanbHLIMM N 3KCNNyaTauMoHHbLIMK 3aTpatamum npun 6esonacHbIX ycnoeuax Tpyaa u 6es ako-
nornyeckoro ywiep6a okpyxatoLlen cpege.

B cootBeTcTBMM C hopmynon (2.1) pacxon BOAbl HA NPOMbIBKY MOCME TEXHOMornve-
CKOW onepaumu 3aBUCUT Kak OT KONMMYeCTBa BaHH NPOMbIBKM ¢ COBCTBEHHOW NoaadYen Boabl
(0AVHapPHBbIX NPAMOTOYHbLIX NN KAckagHbIX BaHH), Tak U OT KONMYeCcTBa CTyNeHen (EMKOCTEN,
CEKLUA U T. MN.) MPOTOYHOI NPOMbIBKM.
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dopmyna ana pacyeta pacxoga Bogbl Ha MPOMbBIBKY:

N C
Q=n-q-F-'\[a-C—:, 2.1)

rae Q — MUHMManbHO HEOBXOAMMbIN pacxod BoAbl Ha MPOMbIBKY, N/y;
Nn — KONMYECTBO BaHH MPOMbIBKM ¢ COBCTBEHHOM nofaqei Boabl (OAMHAPHBLIX NPAMO-
TOYHbIX MW KacKagHbIX BaHH);
g — yAenbHbIN BbIHOC (YHOC) pacTBopa U3 BaHHbI NOBEPXHOCTLIO AeTanen, v
F — npon3BoanTEnbHOCTL NMUHUM MU TEXHONOMMYECKON BaHHBI, M2Iy;
o — KO3MPDULMEHT, yunTbIBarOWMA Hanndme (paboTty) BaHH ynaenuBaHus: o =1 B OT-
cyTCcTBME BaHH ynaenueaHus, o = 0,4 npu oaHor, o = 0,15 npu aByx u o = 0,06 npn
Tpex BaHHax ynaenvMBaHus,
Co — KOHL|EHTPaLMA OTMbIBEEMOrO KOMMOHEHTA B TEXHONOMMYECKOW BaHHe, /i,
Cnh — NpegenbHasl KOHLUEeHTpaLusi OTMbIBAEMOro KOMMOHEHTa B nocrnefHer (o xoay
LBWKEHWUS fleTanem) CTyneHn NpoMbIBKY, /i,
N — KONM4ecTBO CTyNeHen (EMKOCTEN, CEKLIMIA 1 T. M.) NPOTOYHON NPOMbIBKM.
Bonee HarnagHO NPOUMMIOCTPMPOBATL XapakTep Takon 3aBUCUMOCTU MOXHO Ha Npu-
Mepe pacyeTHbIX 3HAYEHWU pacxoja BOAbl HA MPOMbIBKY MOCME Onepaumn 3neKTpoXuMmuYe-
CKOTO HUKENMWPOBAHMWS C KOHLEHTpaUMen MOHOB HuKens B anekTponute 60 r/n, yaensHbiM
yHocom anektponuta 0,2 v, npenenbHON KOHLEHTpaunen MOHOB HUKENs B MNocneaHen
ctyneHn npombiekn 0,01 r/n, NpoOM3BOAMTENBEHOCTBIO MO HUKenuposaHuto 1 M2/
(cMm. Tabnuuy 2.48).

Tabnuuya 2.48 — Pacxog BOAbI, N/4, AN paznm4yHbIX CXeM NPOMBIBKM Nocrne
3MEKTPOXMMUYECKOro HUKENMPOBAHUS: F = 1 M4, g = 0,2 nfm?, ¢, = 60 r/n, ¢, = 0,01 r/n

KonnuyecTso cTyneHel NpoMbIBKM
Pexum npomMbIBKU
1 2 3 4 5 6
MpsMOTOYHBLIN 1200 31,0 10,9 7 57 51
MpoTNBOTOYHBLIN 1200 15,5 3,6 1,8 1.1 0,9
Meproaunyeckn HENPOTOYHBIA CO
cbpocom BOAbI U3 BCEX CTyre-
HE/TONBKO C MepPBOM CTYNEHN 1200 | 11/22 2/6 0,8/30 | 0,4/2,0 1 0,25/1,5

M3 paHHbIX, NpeacTaBneHHbIx B Tabnuue 2.48, MOXHO caenarb cneayowme BbiBoab:

- yem Gonblue BaHH (CTYNeHeln) NPoOMbIBKY, TEM MeHbLUIE Tpebyembln pacxos Boabl;

- NpV 3aMeHe NPSMOTOYHOW NMPOMBIBKM Ha NPOTMBOTOMHYIO pacxofd BoAbl COKpallaeT-
CS1 NPOMNOPLIMOHANBHO KOMNMYECTBY CTYNEHEeN NPOMbIBKY;

- YBENMUYEHWNE CTYMEHEW NPOMBIBKA NPMBOAUT K PA3HOMY COKPALLEHUIO pacxoaa Bogbl:
Boénbluee cokpalleHe pacxofa BoAbl Ha NMPOMbIBKY (B AECSTKU pas) AOCTUraeTcs npu 3a-
MeHe OAHOCTYMEHYaTOW BaHHbI NPOMbIBKW (OANHAPHOWN) Ha ABYXCTYMEHYaTYHO (NPAMOTOYHYIO
U1 KackafHyro). YBenMyYeHne CTyneHen NpoMbIBKU ELLe Ha OAHY MPUBOAUT K MEHEE 3Ha4n-
TENbHOMY COKpPaLLEHMIO pacxoaa Boabl — B 3—4 pasa. [pu nepexone OT TPEXCTYNEeHYaTomn K
YETbIPEXCTYNEHYATON NPOMbIBKE BogonoTpebneHne cokpawaerca nuwb Ha 30 % — 50 %.
JanbHenilee yBenu4eHWe CTyrneHen NPOMbIBKA HE UMEET MPaKTUYECKOro CMbICna, Tak Kak
Manas 9KOHOMWSI BOAbl AOCTUraeTCA 3HAYUTEINIbHbIM YBENMYEHWEM 3aHATOW MNPOU3BOA-
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CTBEHHOW nrowaan Lexa. MosToMy Ha npakTuke Bornblue TPex CTyneHew NpoTOdHON Mpo-
MbIBKW YCTaHaBnmBaTb He pEKOMEHAYETCS.

Takum 0BpasoM, MOXHO OMPEAENUTbL TPW rPyMnbl cnocoboB, C MOMOLLBH KOTOPbIX
MOXHO perynMpoBaTts BofonoTpebneHue: M3MeHeHne KONMYECTBa CTYNeHeW npombisku N,
3ameHa NpsIMOTOKa Ha MpoTMBOTOK (N npu N = const) n nepesBog NPOTOYHbIX BAHH B HENPO-
TOYHbIE, T. €. YBENMYEHNE BaHH YNaBnBaHns a.

B Tabnuue 2.49 npvBeaeHbl 3Ha4eHUs1 pac4eTHOro yaernbHOro pacxoga BoAbl Ha npo-
MbIBKY nocrne Hanbonee pacnpocTpaHeHHbIX onepaumin 06paboTkn NOBEPXHOCTU ANS OLHO-,
ABYX- W TPEXCTYNeHYaTbIX MPAMOTOYHBLIX U MPOTUBOTOUHBIX NMPOMbIBOK. XUMnyeckas dopmy-
na 0TMbIBaeMOro BellecTBa ykasaHa B Tabnuvue 2.47.

Tabnuua 2.49 — PacueTHbIN yAeNbHbIA pacxo BoAbl HA MPOMbIBKY nocre Hanbonee
pacnpocTpaHeHHbIX onepauuii o6paboTkn AeTanen Ha NoABecKax Anst O4HO-, ABYX- U
TPEXCTYNeHYaTbIX NPAMOTOYHBIX U MPOTUBOTOYHBLIX MPOMbBIBOK

YaenbHblit pacxoq Bogbl, /M’

KoHLeHTpaums oTMbl-

KonwnuectBo cTyneHen
BaeMoro BeLecTsa, r/n

Hanvetosarne onepa- MpsimoTounast | MpoTueoTOUHaS

WK, Nocne KOTopon npo-
H POV PO~ I oxHo- | mpeaenbras | OAMHaPHas | npombiska npombIBKa

usBOAMTCA MpombiBka | | Hocneaedi | MPOMbIBKa
CcKon CTyNeHu 2 3 2 3
BaHHe | MPOMbIBKU
AHoaunposaHve 200 0,01 4000 56,6 | 16,2 | 28,3 5,4

AKTUBaLMA neper BaH-
HOW C KUCMbIM pacTeo-
pom 100 0,1 200 126 | 6,0 6,3 2,0
AKTUBaLMA nepes BaH-

HOW C LUnaHuaHbIM pac-
TBOPOM 100 0,01 2000 40 6,0 | 20,0 2,0
AkTnBaums nepen BaH-
HOW C LEeNoYHbIM pac-

TBOPOM 100 0,05 400 178 | 7,5 8,9 2,5
>KenesHeHne 200 0,15 267 146 | 6,6 7.3 2,2
Kapmuposarme kucrnoe 26 0,015 347 166 | 7,2 8,3 2,4
KagmuposaHme kucrnoe

C BaHHOM ynaenMeaHus 26 0,015 139 106 | 54 53 1,8
KagmuposaHue yma-

HUAHOe 80 0,01 2400 536 | 18,0 | 26,8 6,0

KagmuposaHue uma-
HMAHOE C ynaBnMBaHW-

em 80 0,01 960 34 | 132 ] 17,0 4.4
JlaTyHupoBaHue Lua-

HUAHOe 15 0,01 450 232|102 | 11,6 3,4
MenHeHue knucnoe 60 0,01 1200 31,0 10,8 | 155 3,6
MegHeHue nepep Huke-

NNpoBaHeEM 60 0,002 6000 692 | 186 | 34,6 6,2
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lpodomxeHue mabnuupi 2.49

YaenbHbIN pacxog, BOAbI, n/m?
KoHueHTpayust oTMbl- =
BaEMOro BelL|ecTsa, 1/ Konnuectso cryneHen
Havnmenosarue onepa- MpsiMoTouHas | MpoTUBOTOUHAS
Hin, TIOCNE KOTOROW PO~ 17" o npeaenbHas OauHapHas | npowmbiska npombiBka
W3BOAUTCA NPOMbIBKA nornue- | & nocnegrer | MPOMBIBKa
CcKon CTyneHn 2 3 2 3
BaHHe NPOMbIBKU
HanonHeHwe xpomnu-
KOM 40 0,01 1200 380 | 144 | 190 48
HanonHerwe xpomnu-
KOM C yraBnuBaHnem 40 0,01 480 240 |1 10,5 | 12,0 3,5
HanonHenwne kpacute-
nem 10 0,005 400 178 | 7,5 8,9 25
HwvkenuposaHue 52 0,01 1040 288 | 10,5 | 144 3,5
HuvkenuposaHue nepep
MeLHEHNEM 52 0,02 520 204 | 84 10,2 2,8
HwkenuposaHue ¢
ynaesnvBaHvem 52 0,01 416 182 | 7,8 9.1 2.6
O6e3xumpuBaHme 50 0,1 150 134 | 7.2 6,7 2.4
Ob6eaxvpuBaHme nepes
aHoVpOBaHWEM arnto-
MUHUS 50 0,05 300 19,0 | 9,0 9,5 3,0
OxkcuamnpoBaHne ctanm
LenoyHoe 750 0,2 1140 37,0 | 141 18,5 47
OkempHo-docaTHoe
MOKpbITUE antoOMUHNA 5 0,01 150 134 | 71 6,7 2.4
OcBeTneHne antoMnuHUS 950 0,2 960 288 | 102 | 144 3.4
OcBeTneHne LUMHKOBbIX
W KagMUEBbIX MOKPbLITU 35 0,2 36 6.4 3,3 3,2 1.1
MaccuBmpoBaHue LH-
KOBbIX N KAAMMEBBIX MO-
KpbITUIA 85 0,01 2550 554 | 18,3 | 27,7 6,1
MaccuBmpoBaHne mean 50 0,01 1500 424 | 513 | 21,2 171
MonunposaHue anekTpo-
XUMNYECKOE 85 0,01 2550 554 | 18,3 | 27,7 6,1
CepebpeHue ¢ agBymA
BaHHaMW ynasnvBaHnA 50 0,001 2250 52 17,7 | 26,0 59
CHATME TpaBMnbHOro
Lnama co cranm XMMm-
yeckoe 60 0,01 1800 464 | 16,5 | 232 55
CHsiITWe TpaBUibHOro
Lnama co crtanm aHoa-
Hoe 100 0,1 300 19,0 | 9,0 9,5 3,0
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OkonyvaHue mabnuupi 2.49

YaenbHblii pacxos Boabl, N/M?
KoHueHTpayms oTmbl- -
BBEMOFO BEWECTEA, /i Konuuectso cTyneHemn
Haumenosanue onepa- MpsiMoTouHas | MpoTUBOTOuHAN
Hi, Noene KOTOpON MPO- oo o | npeaenbhas | CAMHaPHas | npombiBka NpOMbIBKa
WU3BOAUTCS NPOMbIBKA nornde- | B nocnewedi | MPOMbIBKa
ckomn CTyneHn 2 3 2 3
BaHHE | MPOMbIBKM
TpaeneHue antoMNHUS 150 0,1 450 2321102 | 116 3,4
TpaBneHue yBeTHbIX
MeTannos 900 0,15 1200 31,0 | 11,1 15,5 3,7
TpaBneHue 4YepHbIX Mme-
Tannos 430 0,05 1720 37,01 12,3 | 18,5 41
docdarvposaHune 25 0,01 500 20,0 | 81 10,0 2,7
XpomupoBsaHue 205 0,01 6150 86,0 | 246 | 43,0 8,2
XpomMupoeaHue ¢ BaH-
HOW ynaBnuBaHusa 205 0,01 2460 544 | 18,3 | 27,2 6,1
LinHkoBaHWe knucnoe 50 0,01 1000 284 1 102 | 14,2 3,4
LinHkoBanune unaHngHoe 50 0,01 1500 426 | 153 | 21,3 51

JononHuTenbHbIe Mepbl MO pauvoHanuM3auMm BogonoTpeéneHnsa aencrBytolle-
ro raribBaHUYECKoro uexa. Boiwe 6biny onmMcaHbl OCHOBHBIE MEpPbl MO COKPALLEHUIO Pacxo-
A& BOAbI Ha NPOMBIBKY, 3akntoyaromecs B Boibope Hambonee onTuMarbHOW U3 OMHaPHbIX,
CTyNeH4aTbIX NMPAMOTOYHBIX M NMPOTUBOTOYHBIX (KackagHbIX) BaHH npombiBki. Yem Gorblue
KONMMYECTBO CTYMHEWN MPOMBIBKY, TEM MEHbLLE Pacxod BOAbl HA NPOMBLIBKY; Npu 3ToM Hambo-
nee 3OPEKTMBHLIMM  SBMSIOTCA  MPOTUBOTOYHbIE  (KackafgHble) BaHHbl  MPOMbIBKM.
C noBbIWeHEM KOnMMYecTBa CTYMEHEN MPOMbIBKU pasHMLA B pacxogax BOAbl AN pasHbIX
TWUMNOB NPOMBIBHBIX BaHH PE3KO CHIMKAETCS.

YBenuueHne Kkonu4ectsa BaHH UNn 3ameHa Tyuna BaHH NPOMbIBKU TpebyeT fononHu-
TENbHOM NMPOM3BOACTBEHHOM nnowaan. Kpome Toro, ato cBsisaHO ¢ paboTamu no 3Haun-
TENbHOW nepeaernke MeTannoKOHCTPYKLMN rarbBaHNYeCcKon NIMHMK, TpyOONpPOoBOAOB, a Takke
KaHanM3aLMOHHON N BEHTUNSALMOHHOW CUCTEM.

Bo usbexaHune 3HaunTenbHbIX 3aTPaT Ha NEPEMOHTaX rarnbBaHUYECKON NMHUN BMECTO
YBEMUYEHWUST YNCTIa CTYMEHEN NPOMBLIBKA MOXHO MPEANOXUTL P AOMOMHUTENBHBIX MEP Mo
pauuoHanusaumm BofoNOTPeOneHns, OCYLLECTBIIEHNE KOTOPbIX He TpebyeT 3Ha4YUTEnbHbIX
LAOMONHUTENbHBIX KanuTanbHbIX 3aTpaT, HO KOTOPble 3HAYUTENbHO OMTUMU3MPYIOT Cylle-
CTBYHOLLME B LIEXE CUCTEMBI NMPOMBIBKM. K Takmm Mepam OTHOCATCA: MCMoNb30BaHWe BOAbI U3
CUCTEM OXJI&XKAEHWS U Harpeea, MHTEHCM@UKAUMA MPOMbIBKW, N3MEHEHWe nocneaoBaresb-
HOCTU NPOMbIBHBLIX OMnepauui, MOBTOPHOE UCMONb30BaHWE NPOMBIBHOW BOAbI HA APYrnX one-
paumsix MPOMbIBKM.

Ucnonb3oBaHMe BOAbl U3 CUCTEM OXJIAXOEHWUA U HarpeBaHus. B cnyyae otcyT-
CTBMSI Ha NPesnpUsTUM 060POTHOrO BOAOCHAGXKEHNS B CUCTEMAX OXITaXAEHNS N HarpeBa Ha
NPOMbIBHBLIX Omnepauusx LenecoobpasHo UCNonbL30BaTh BOAY NOCINE OXNaXAEHUS BbINPSMU-
Tenen, BaHH aHOAUPOBAaHWS, XPOMUPOBaHUSA U T. 4. U FOpAYyro BOAy MOCNE HarpesBa BaHH
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NMPOMBIBKM, 0BE3KMPNBAHMS, XPOMUPOBAHUS, HUKeNMpoBaHusa U T. 4. [Mpn napoBoM Harpese
BaHH 0BpasyoLMIACs KOHAEH AT Nydlle UCMOoNb3oBaTh AN NPUrOTOBIEHWNS UMW KOPPEKTU-
POBKWN TEXHOMOrMYECKNX BaHH.

34ecb cnepyeT OTMETUTL, YTO XOTA WCMONb3OBaHWEe AaHHOro crnocoba cokpalleHust
pacxofa BoAbl Ha NMPOMbIBKY HE NMPUMBOAWT K COKpaLLeHMo 06beMOB CTOYHLIX BOJ, 3aTO CHU-
XaeT nnarty 3a noTpebnsiemyto Boay.

WHTeHcnpukaumsa npombIBKU. MaeanbHas npombiBka npeanonaraeT MorHoe Bbi-
paeHMBaHME COCTaBa pacTBopa Ha MOBEPXHOCTWU AeTann C COCTaBOM MPOMbIBHOW BOAbI B
obbeme NPOMbIBHOW BaHHbI. B AeCTBUTENBHOCTW pacTBOp, NMPUHOCUMBLIA AETaNsMU B Npo-
MbIBHYIO BaHHY, CMELUMBAETCS C MPOMbIBHOW BOLOW HE MFHOBEHHO, @ MO MPOLLECTBUM HEKO-
TOPOro MPOMEXYTKa BPEMEHN, ONPEAENIEMOro CKOpPoCTeO ANMEY3MOHHBbIX npoueccos. Pe-
KOMeHAyemas MpofoIKUTENBHOCTE MPOMBbIBKU AeTanen Ha nofBeckax B CMOKOWHOW Boae
cocraBnsaeT He meHee 60—100 c B 3aBMCUMOCTM OT CBOWCTB OTMbIBAEMbIX PAcTBOPOB U TEM-
nepaTtypsl npomeiBHOM BoOAbl. B TOXe Bpemss B cootBetctBUMM C¢ [OCT 9.305—84 n
FOCT 9.314—90 npojomK1TENBHOCTL NPOMBIBKM JeTanei Ha nogBeckax MOXET COCTaBNATb
20 ¢, yto fiIBHO Mano. lNpun He[OCTaToO4HOW MPOJOITKUTENBHOCTU MPOMBIBKA OTMbIBaEMbIE
MOHbI U YacTuUbl He ycneBarT AuddyHAMPOBaTE C NMOBEPXHOCTM AeTanen B o6beM npo-
MbIBHOW BaHHbI, YTO NPUBOAUT K MOBbILLEHHOMY MEPEHOCY OTMbIBAEMbIX BELECTB B NOCne-
AyHoLLMe BaHHbI, T. €. K HEKAYEeCTBEHHOW MPOMbIBKE. Ha npakTvke Ans YacTUYHOrO CHATUSA
ANDPY3NOHHBIX OrpaHNYeHun 3a cyeT Boree WMHTEHCUMBHOIO OMbIBaHUSA AeTanen obbl4YHO
YBEMUYMBAIOT NoJavy BOAbI, YTO MPUBOAUT K ee nepepacxoay. [Ans UCKNoYeHUs 3Toro pe-
KOMEHAYETCH WHTEHCUMLMPOBaTL MPOMbIBKY MyTEM MNEpPEMELUVBAHUA NPOMbBIBHOW BOAbI
¢ nomoLpto BapboTepoB B BaHHE MOABECOYHOrO TUMa, a B GapabaHHbIX BaHHaX — MyTeMm
He MeHee YeM [BYKPaTHOro norpyxeHusi Bpaljatouierocs GapabaHa B BaHHY MPOMbIBKU Ha
10-15 ¢ c nocnepyoLen BbIAEPXKKOM €ro Hag BaHHOW 40 NpeKpaLLeHUs CTEKaHNS! XKUAKOCTU.

N3meHeHWe nocrnenoBaTeslbHOCTU MPOMbIBHBLIX onepauui. Nocne TexHonornde-
CKON onepauun getany AOMOSHUTENbHO MPOMbIBAOT B BaHHaX NMPOMbLIBKM MO OAHOMY U3
Tpex BapWaHTOB: nocne npeablaywent (CM. pucyHok 2.4, a)), nnbo nocrne nocrneayolen Tex-
HOMOrMYeCKON BaHHbI (CM. pUCyHOK 2.4, 6)), nnbo nocne npeabiayLlen n nocne nocreayro-
Len BaHH (CM. PUCYHOK 2.4, B)). B nepBoM 1 BO BTOPOM BapuaHTax M3MEeHEeHWs NocneaoBa-
TENbHOCTM MPOMbIBKM YMCIIO MPSMOTOYHBIX CTYNEHEN NPOMBIBKU YBENUYUBAETCS HA OAHY, B
TPETLEM — Ha [iBE CTYMEHMW.

B nepsom BapunaHTe B kadecTBe paccmatpusaeMon (T2) TEXHONOrMYeCcKon BaHHbI MO-
ryT CRYXWUTb BaHHbI akTMBauun, BecLMaHncToro MeAHEHNS U HAKENMPOBAHUS U HEKOTOPbIX
APYrux onepaumii HaHeCceHWs MOKPbITMIA. Bo BTOpoM BapuaHTe B kayecTBe paccMatpuBae-
MOW (T2) TEXHONOMMYECKOW BaHHbI MOTYT CYXWUTb BaHHblI 0BE3XUPUBAHMS, aKTUBALMK, LIMH-
KOBaHMWS N HVKENMPOBaHWA Nepej XpOMUPOBaHNEM W HEKOTOPbIX APYrMX ornepauun HaHece-
HUS MOKPLITUIA nepes 1x UHWULWIHOW 0bpaboTkon. TpeTuih BapuaHT (CM. pUCYHOK 2.4, B))
NMPUMEHMM ANS BaHHbl HUKENMPOBaHUSA Mepes XPOMUPOBaHUEM U OCBETIEHWS LIMHKOBLIX W
KaZMMEBbIX MOKPLITUIA.

Takum obpaszom, 6e3 kakmx-nnmbo 3aTpar MOXHO B AECATKM pa3 COKpaTuTb BOAOMO-
TpebneHne TONbKO 3a CHET U3MEHEHNS MapLLPyTa ABWKEHWS AeTaneu.

MepeyncneHHbIN CNUCOK onepauui, AN KOTOPbIX PEKOMEHAYHTCS U3MEHEHHbIE Mo-
cnefoBaTenbHOCTU MPOMBLIBHBIX OMepauyi, He SBNSEeTCS MCYeprbiBatoLLMM — BO3MOXHbI U
apyrve BapuaHTbl. B kavectBe npumepa B Tabnuue 2.50 npeacraBneHb! yaensHble HOPMbI
pacxofa BoAbl Ha NMPOMbIBKY NMPU TPaaULMOHHON 1 M3MEHEHHOW MOCNe0BaTENbHOCTM Npo-
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MbIBHBIX OnepaLuii B 0agMHapHbIX BaHHAX MNPOMbIBKM MO PUCYHKY 2.4 NOCne HEeKOTOPbIX Tex-
HOMMOrMYECKNX BaHH.

a) [lononHutensHas nNpoMbiBKa feTtanen B
NMPOMbIBHOW BaHHE, YCTaAHOBNEHHOW nepen
TEXHOOrMYecKon BaHHon (T2)

neTtanu

a

n n
meTanu

6

n
meTams

B —
nn

T1 — npepblaywas; T2 — paccmatpmBaemas,
T3 — nocneayoLme TexXHonormdeckmne BaHHbI; N — BaHHbI NPOMbIBKU

©) [lononHuTtensHas NpoMbiBKa AeTanen B
NPOMBIBHOW BaHHE, YCTaHOBMEHHOW nocne
nocrneayLen TexHonormyeckom saHHbl (T3)

B) [lononHuTenbHass nNpoMbiBka Aetanen B
BaHHax NpPOMbIBKW nocne npeabiaywen (T1)
n nocne nocnegytowen (T3) TexHonornye-
CKWUX BaHH

PucyHok 2.4 — NaMeHeHMe nocnefoBaTenbHOCTM NPOMbIBOYHBIX Onepaumil

Tabnuya 2.50 — YaeneHble HOPMbI pacxoia BOAbl Ha MPOMBIBKY NPy TPaaULMOHHOMW K
V3MEHEHHOWM NOCNe0oBaTeNbHOCTSX NPOMBIBHBIX ONepaLn (CM. pUCyHOK 2.4) B 04UHAPHbIX
BaHHax NOCne HeKOTOPbIX TEXHONOTMYECKNX OnepaLmn

YaenbHbI pacxos Boabl, n/M CokpalleHue pacxoga

BOAbl MO CPpaBHEHUIO C

HanmeHoBaHwue pac-

CMaTpMBaEeMOon TEXHO-
Nornyeckon onepauumn

Mo TPagWLUMOHHOM No-
CneaoBaTenbHOCTH
NPOMbIBHbIX OnepaLuii

No U3MEHEHHOW nocrne-
JoBaTeNbHOCTM NPOo-
MbIBHbIX onepayumn

pacxogom BOAbI NO
TPaaWLNOHHOW nocne-
[0BaTENbHOCTM NPO-

MbIBHbIX OnepaLui

MepBbiit BApUaHT N3MEHEHUS NOCIeA0BaTENBHOCTM NPOMBIBOK

AkTBauus 200 7 ~ B 28 pa3
LinHkoBaHue kucnoe 1000 15 ~ B 66 pas
KagmunposaHue kuc-

noe 350 9 ~ B 38 pa3
MegHeHue kucnoe 1200 16 B 75 pa3
HukenuposaHue 1040 15 ~ B 69 pa3
OcBseTneHne umHko-

BbIX M K&AMUEBbIX

MOKPbLITA 36 4 B 9 pas
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OkoHyaHue mabnuusi 2.50

YaenbHbIA pacxos BOAbI, n/m? CokpalleHue pacxoga
BOZbl NO CPaBHEHUIO C

HaumeHoBaHue pac-

o A no- Y - acxooM BOAbI MO
CMaTPUBAEMOil TeXHO- no TPaguLMOHHOMN NO- | MO U3MEHEHHOW nocrne . Pa ” EOHHOﬁAnocne
FIOFVYECKOiA onepaLm cnepoBarTenbHOCTH ) A0BaTenbHOCTN np?- paany

NPOMbIBHbIX onepayun MbIBHbIX onepayun AOBATENBbHOCTU NPO-

MbIBHbIX Onepauui

BTopoli BapuaHT 3MeHeHUs MocenoBaTeNbHOCTM MPOMbIBOK

ObesxunpuBaHue 150 7 ~B 21 pa3
AkTnBauma 200 7 ~ B 28 pas
LinHkoBaHwme kmucnoe 1000 15 ~ B 66 pas
KagmunposaHune Kunc-

noe 350 9 ~ B 38 pas
Hwkenunposarue ne-

pen XpoMMpOBaHMEM 1040 15 ~ B 69 pa3

OceeTnenne LWMHKO-
BbIX 1 KaAMUEBbIX

NOKPbITUI 36 4 B 9 pas
AHoamposaHue 4000 29 ~B 137 pas
CoOBMELLEHHbBIN BapaHT M3MEHEHWSA NOCNeLoBaTENLHOCTU NPOMbIBOK

AkTnBauyma 200 2 B 100 pas
LinHkoBaHwme kncrnoe 1000 4 B 250 pa3s
Kagmunposanue knc-

noe 350 3 ~B 116 pa3
HuvkenvposaHue ne-

pea XpoOMMUPOBaHMEM 1040 4 B 260 pa3s

OceeTneHne LMHKO-
BbIX M KaAMWEBbIX
NOKPbITUN 36 2 B 18 pa3

Cnepyert elle pa3 OTMETUTb, YTO HambornbLIMA 3MEKT CoKpaLLeHNsa pacxoda BOAbI
Ha NPOMbIBKY 332 CUET U3MEHEHMWS NOCNeL0BaTENbHOCTM NPOMbIBHBIX OnepaLii 4ocTMraeTcs
B Crydae, Korga rnocrne paccmarpuBaeMoln TEXHONMOMMYECKOW BaHHb! yCTaHOBMeHa oaunHap-
Has npombiBka. [MpUMEHeHWe M3MEHEHHBIX CXEM MPOMbLIBOK B Criyvyae OAWHAapHOW BaHHbI
MPOMbIBKM (B TOM YMCIIE C BAHHOW yNaBnmMBaHus) No3BONSET B LECATKM pa3 COKpaTUTb BOAO-
notpebneHue. [Ins 6onee 3KOHOMUYHBIX ABYXCTYNEHYATON MPSAMOTOYHON U ABYXKackagHON
MPOTUBOTOYHOW MPOMBIBOK M3MEHEHWE NOCNEA0BaTENBHOCTY NMPOMbIBHBIX Onepauui NpuBo-
[T K COKpaLLEHMIO pacxofa Boja B HECKOIBKO pas.

OaHako Tak Kak npu M3MEeHeHWW NOCMNeAoBaTEeNbHOCTU NPOMBIBOK MPOUCXOAUT CMe-
LUEHNE KOMMOHEHTOB HECKOSbKUX TEXHOMOTMYECKUX BaHH B OAHOW MPOMBIBHOW BOAE, TO
Heo6Xx04MMO y4nTbIBaTL CeAyoLmMe OrpaHNYEHns:

- HegonycTumo nocrne 06paboTkM B LMaAHUCTbIX pacTBopax AeTanu npoMbiBaTte B BaH-
Hax MPOMbIBKM, MCMOJIb3yeMbIX MOCME TEXHOMOMMYECKMX BaHH C KUCMbIMW pacTBopamu, u
HaobopoT, B MPOTUBHOM Clydae B aTMocdepy OyLeT BbIAENATLCA CUMBHO TOKCUYHOE BeLLe-
CTBO — LMaHWCTbIA BOLOPOL;
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- Npu pasgenbHOM 06e3BPEKMBaHUN KUCMO-LLENOYHbIX M XPOMCOAEPKaLUMX CTOKOB
HeZonycTMMO nocrie 06paboTkm B XPOMOBBIX pacTBOpax AeTanu NpoMbIBaTe B BaHHAX Npo-
MbIBKW, UCNONb3YEMbIX NOCHE TEXHONOIMYECKNX BaHH, HE CodepXXallMx COeaMHEHNS LIeCTn-
BaneHTHOro Xpoma, 1 HaobopoT, B MPOTUBHOM Cryvae COELMHEHMS LLUECTUBAINEHTHOrO XpPo-
Ma nonagyT B KUCMO-LLENOYHbIE CTOKW.

Cnepyet npepoTBpaLyate yxyaLleHue kadectsa 0bpaboTkmM NOBEPXHOCTUN U3-3a:

- pacTpaBnuBaHns NOKPLITUA (Hanpumep, Npu AOMOMHUTENBHOW MPOMbIBKE AeTanen
C LIMHKOBBIM TMOKPLITUEM B MPOMbIBHOW BaHHE MOCME aKkTMBaLMK MO NEPBOMY BapuaHTy W3-
MEHEHUS NMOCNEeOBaTENBHOCTU NPOMBLIBOK (CM. PUCYHOK 2.4, a)) MOXET MPOU3OATU HEKOTO-
poe noaTpaBnMBaHWE LIMHKOBOrO NOKPbITUS);

- KOHTaKTHOrO BblAEMNEeHUsI METannoB (HanpUmep, eCnu B NIMHUN HAHECEHNSI MOKPLITUN
Ha geTanu M3 cTanym U MeaHbIX CNraBOB MOCHe akTuBaumm AeTanen n3 MefHbIX CrniaBoB U
aKkTMBaUMKW cTarnbHbIX AeTanen AOMNONHUTEMNbHAas NPOMbIBKA OCYLLECTBISETCS B OAHOW Mpo-
MbIBHOW BaHHE, TO B HEW Ha CTarnbHbIX geTansax 6yaeT npomcxoanTb KOHTAKTHOE BblAENeHne
Meau);

- OC&XXAEHNS Ha MOBEPXHOCTU AeTanen mManopacTBOPUMbIX COEANHEHUA (Hanpumep,
npy JOMOMHUTENBLHON NPOMBLIBKE AEeTanen Mocrne KUCINOro aKkTUBMPOBaHWUS B MPOMbIBHOM
BaHHe Mocne LLENoYHOro 06e3XnprBaHnS C BbICOKMM COAEPXKAHVNEM CUITMKATOB MO MEPBOMY
BapuaHTy U3MEHEHNS NOCNeA0BaTENbHOCTM MPOMbIBOK (CM. PUCYHOK 2.4,a)) MOXET Npomsoin-
T obpasoBaHne Ha MOBEPXHOCTU AeTanen NieHKN HepacTBOPUMOW KPEMHUEBOW KUCIOTHI,
koTopas ByaeT NpenaTCTBOBaTh AalnbHENALLEMY HAHECEHWIO MOKPLITUS).

Heobxonmmo obecneunBaTh BbILEPXKKY AeTanen Haf BaHHaMu ANA UCKMHOYEHUs no-
nagaHns Kanesnb NPOMbIBHOW BOAbI B TEXHOMOMMYECKME pacTBOPbI MPU NepeHoce aAeTanen
Ha[ TEXHONOrMYECKMMM BaHHaMU MO BTOPOW N TPETbEW CXeMam, Tak Kak Mo 3TMM CXemam
B BaHHE MPOMbIBKM MOCRE paccMaTpUBaEMON TEXHONOMMYECKOW Onepaumm UCMOmb3yeTcs
fonee 3arpsis3HeHHasi NPOMbIBHAsA BOAA.

MoBTOpPHOE UCNONb30BaHUe NMPOMbLIBHOM BOoAbl. [TpoMbIBHAA BOAa NOCNE OCHOB-
HbIX TEXHOMOTMMYECKMX Onepauuin 3a CYET UM3MEHEHUS 0OBA3KM TPyBONpPOBOAOB MOXET MC-
Nonb30BaTbCA BTOPUYHO B BaHHAax MPOMBIBKM MOCME MOLFOTOBUTENbHBLIX OMepauui nepej
3TUMU e OCHOBHBIMW TEXHOIOIMYECKMMM onepaumsaMm Nno Cxeme, NPeacTaBneHHoOW Ha pu-
CyHKe 2.5.
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M=th=oxatbiil Bo3ayX oKatbli B3 e

I'I I-I re=

BapuaHT "A"

BapuaHT 'B"*

ni T2 n2 T3 ns
06BoAHOI |- 06BOAHOW
Tpy6onpoBog, Tpy6onpoBsog,

T1 1 T2 — BaHHbI NOArOTOBUTE/IbHBIX Onepaunii; T3 — BaHHa OCHOBHOI
onepauum HaHeceHUs NOKPbITUSA; M — BaHHbI NPOMbIBKA: BapuaHT «A» —
nepekayka NPOMbIBHON BOfbl C NMOMOLLbIO 3pnndiTa, BapuaHT «b» —
COefMHEHNE NPOMBbIBHbIX BaHH M0 CXeMe COO06LLalLLMXCA CoCy0B

PucyHok 2.5 — BapuaHTbl 06BA3K/ BaHH NPOMbIBKM A7 NOBTOPHOrO
MCMO/Ib30BaHNSA MPOMbIBHON BOABI

Boga nogaeTtcs B BaHHy NPOTOYHONM MPOMbIBKM MOC/E OCHOBHOWM BaHHbl HaHeCeHus
NnoKpbITMA T3 (UMHKOBAHUSA, KaAMUPOBAHUSA, MELHEHWs, HUKETMPOBaHWS, ONOBAHUPOBAHUS,
HaHeceHus CnnaBoOB 0M10Ba, hochaTnpoBaHMs, OKCUAMPOBAHUS W aHOAMPOBaHWS). 3aTem
NMpoMbIBHAaA Bofa MNOC/NefoBaTe/IbHO NPOXOAUT Yepe3 BaHHbl MPOMbLIBKM MOC/e MOLroTOBU-
TeNbHbIX onepaynin T1 n T2 (akTMBauuym 1 06e3KUPUBAHUSA UM OCBET/IEHUSI U TpaB/IEHNA
aNIOMUHNA), NOC/Ne Yero copacbiBaeTCA Ha OYUUCTHblE COOPYXeHUs. B aTom cnydae obuiwmii
pacxog, BoApl onpegensercs noTpebneHvem BoAbl HA NPOMbIBKY MOCMe onepauuy HaHece-
HMS NOKPbITUA.

OKOHOMUSA BOAbl AN MPeACcTaB/EHHON Ha PUCYHKE 2.5 ANHUKU C OAMHaPHbIMKU MNPO-
MbIBKaMUN COCTaBNseT CYMMY pacxofoB NPOMbIBHOW BOAbl NOC/e 06e3XMpUMBaHNSA U akTuBa-
UMM AN HaHeCeHUsl rasibBaHWYeCcKUX MOKpbITMIA Ao 700 n/M2, a nocne TpasB/eHUs U OCBET-
NIeHVa Npu aHOAMPOBaHUM aloMUHUSA — Ao 1500 n/m2.

Mepekayka NMPOMbIBHOWM BOAbl OCYLLECTBAAETCA MO0 C MOMOLLbI0 BO3AYLUHbIX 3pand-
TOB (CM. puUcyHOK 2.5, BapuaHT A)), NMb0 06bEANHEHMEM BaHH MO CXEME COO6LaLMXCs
cocyfos, (puUCyHOK 2.5, BapuaHT b)).

BHegpeHne NOBTOPHOTO MCMOJIb30BaHUA BOAbl TpebyeT NULlb He3HauYUTe IbHbIX paboT
Mo U3MEHEeHW0 06BA3KM TPYOONPOBOAOB Ha BaHHaX MPOMbLIBKM, HO MNO3BOJISET CHWU3UTb pac-
X0A, BOAbl NO OTAENbHbIM JIMHUAM NOKPLITUS B 2-4 pas3a B 3aBUCUMOCTM OT KO/MYecTBa U TU-
na 06beMHEHHbIX BaHH NMPOMbIBKU.

Hanpumep, ons npeAcTaBfeHHOM Ha pucyHke 2.6 rasibBaHUYecKoW IMHWU HUKEeMpo-
BaHUA 06WMIA pacxon BOAbl NpY O06BbEAWHEHMWM BaHH MPOMbLIBKM pPaBEH pacxogy BOAbl Ha
NPOMbIBKY MOCMe onepauun HUKEeNUPOBaHWS, Y KOTOPONM YyAesnbHbIA pacxod BoAbl Makcu-
MasibHbI 1 cocTaBnseT -420 n/im2.
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Boga Boga Bopa
(e5) Ni
i 0O6BoAaHOI
Cépoc O6BOAHOW Al
Ha 04NCTKY Tpy6onpoBsoA Tpy6onposog,

06 — BaHHa ANEKTPOXNMUNYECKOTro 0683)KVIpVIBaHVIFI; AKT — BaHHa akTuBauuu;
Ni — BaHHa HUKenuposaHus, Y — BaHHa ynasnvBaHus; [1— BaHHbI NPOMbIBKM

PucyHok 2.6 — Cxema MHOTOKpaTHOro UCMo/b30BaHWsl NPOMbIBHOW BOAbI B
raibBaHUYECKON NIMHUI HUKENIMPOBAHNSA

Be3 06beguHEHNsT MPOMbIBOYHbIX BaHH O6OWMIA AN BCE NMHUU yAesbHbIA pacxop,
BOAbI cocTaBwn 6bl 770 N/M2. Ha npakTuke, Korga BO BCE MPOMbIBHbIE BaHHbl BOAA /ibeTcs
0[VHaKOBO M 6e3 perynnpoBku, COKpallieHVe pacxoja BoAbl AOCTWraeTcs poBHO B 3 pasa: 13
Tpex BOAOMNPOBOAHBLIX KPaHOB 3akpbiBakTcs Aga. [pu aToM TpebyeTcs npoBefeHve Nullib
He3HaunTe NbHbIX PaboT MO W3MEHeHW 06Bs3kM TPy6ONPOBOAOB Ha BaHHaX MPOMBIBKU.
MpefcTaBneHHble Ha pUCYHKax 2.5 1 2.6 cxeMbl MHOrOKPaTHOro MCMO/b30BaHNA NPOMbIBHO
BOAbl — He 4YTO VMHOe, Kak CXeMbl YacTMYHOro BogoobopoTa: BoAa, UCMO/b30BaHHAs B OfHOW
NPOMbIBHOl BaHHe, 6€3 OYMCTKM HanpaB/sieTCA Ha NPOMbLIBKY B APYryH BaHHy W Aanee
B TPeTbio, T. €. XOTA BOAA MCMONb3YyeTCs BCEro TpU pasa, HO 3aTo 6e3 Kakon-mbo OUUCTKM ©
6e3 noAnuTkn, YTo TpebyeTcs A/1a KIaccUYeckoro BogooboporTa.
MprYMeHeHne CxeMbl MHOrOKPaTHOro WCMo/Mb30BaHUA MPOMbIBHON BOAbl (Kak 1 B Cy-
Yae M3MeHeHWs nocnefoBaTe/lbHOCTM MPOMbLIBOYHbIX OMepauuil) TpebyeT yuuTbiBaTb orpa-
HWYEHUS, aHa/IOTMYHbIe OrpaHWYeHUsIM A1 U3MEHEHUS MOCNef0BaTeIbHOCTU MPOMbIBHbIX
onepauuii. 3TN orpaHNYeHns NpuBeeHbl HXE:
1) HegoNycTMO Nocne 06paboTkM B KUC/bIX pacTBopax AeTasim NpoMbiBaTh B BOAE U3
BaHH NPOMBbIBKM NOC/e TEXHOMOMMYECKNX BaHH, COAepXalimX LMaHUCTble COeANHEHUS;
2) HefonNycTMMO NpPU pasfefibHOM 06Ee3BPEeXMBaHUM KUCMO-LLENOYHbIX Y XpoMcoaep-
XallLMX CTOKOB CMeLUMBAaTb KUCMO-LLE/IOYHbIE U XpOMCOAepXalle NPOMbIBHbIE BOABI;
3) cnefyeT nckNYaTb yXyAweHns kadyecTBa 06paboTkM NOBEPXHOCTM 3a CYET:
a) pacTpaBvBaHWA MOKPbLITWIA (HanpuMep, MOBTOPHOE UCMO/Ib30BaHWe NMPOMbIBHOWM
BOJbl M3 BaHHbl MPOMbLIBKU MOC/E OCBET/IEHMS A/1si NPOMbIBKM AeTasieil nocne LMHKOBaHUA
MOXeT MPUBECTU K HEKOTOPOMY NOATPABAVBAHWIO LIMHKOBOIO MOKPLITUS);
6) KOHTAKTHOrO BbiJeNeHNs MeTansioB (Hanpumep, ecAn B JIMHUW HaHeceHus no-
KpbITWS1 Ha AeTann U3 CTa/IM U MeLHbIX CMIaBOB CTa/lbHble AeTann NPOMbIBAKOTCA B BOAE U3
BaHHbI MPOMbIBKM/ aKTUBUPOBAHHbIX AeTanel 13 MefHbIX CNiaBoB, TO B Heli HAa CTa/lbHbIX fe-
Tansax 6yaet NpoMcxoAuTb KOHTaKTHOe BbigeneHue megw);
B) OCaKAEHWSI Ha MOBEPXHOCTU AeTasieli MasiopacTBOPUMbIX COefUHeHWl (Hanpu-
Mep, MOCTYMN/IeHNe KUC/Oo/ MPOMbIBHOW BOAbI MOC/e onepauuu akTMBauuv getaneil B BaHHY
NPOMbIBKM MOC/Ie 06E3XMPMBAHNA B BaHHE C BbICOKUM COAEPXAHUEM CUMKATOB MOXET Mpu-
BECTU K 06pa3oBaHMi0 Ha NOBEPXHOCTW AeTasneil NAeHKN HepacTBOPUMON KPeMHWEBOW Kuc-
N0Tbl, KOTOpas 6yaeT NPensTcTBOBaTb AasibHENLWeMY HaHeCEeHUI0 NOKPbLITUS);
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4) Heo6x0AMMO yunTbIBaTb BAWSIHWE MOCTOPOHHUX MpuUMeceli Ha paboTocnocobHoC
TEXHOMOIMYECKNX PacTBOPOB, Hanpumep:

a) ecnun O6'be,£l'I/IHVITb NPOMbIBHbIE BaHHbI Mocne o6e3>K|/|pv|Bava, aktmsauyuu, HU-
KesinpoBaHnA N OJIOBAHWPOBaHUA B JIMHUW OJIOBAHNPOBaHNA NaTyHHbIX ,u,eTaneﬁ, TO npo-
MbIBHas BOZa MOC/E ONIOBSHNPOBAHWSA, 3arpsi3HeHHas coefuHeHnaMK 0noBa, byaeT ucnonb-
30BaThCA 4719 NPOMbIBKMA AeTaneli nepef HUKeNMpoBaHWEM. B 3Tom cnyyae coeAvHeHust
ofioBa C AeTansMy nonagyT B BaHHY HUKENMPOBaHUS U OTpuLaTeslbHO NOBMAMSIOT Ha ee pa-
60TOCNOCOGHOCTb;

6) ecnim 06bEAVHNTL BCE MPOMbIBHbIE BaHHbI B /IMHWM HAHECEHUSI MHOTFOC/MOHOIOo
NOKPLITUS HUKENb-MeAb-HUKENb-XPOM Ha CTasibHble feTanu, TO NPOMbIBHas Bofga nocne
MegHeHuA, 3arpa3HeHHasa coeAunHeHuaAMn megu, 6y,qu ncnosib3oBatbCA AN1A NPOMbIBKM Ae-
Tanein nepepf HukenupoBaHueMm. B aTom cnyyae npousoigeT 3arpsasHeHue 3/1eKTponuta Hu-
KeNMpoBaHUs MoHaMK Meau, YTO MPUBOAUT K NOSIBNIEHUI0 GpakoBaHHbIX MOKPbITUIA.

CHMXeHVe yHoca XMMUYeCKMX BelecTB M3 paboymx BaHH B cbHbpacbiBaeMmble
NPOMbIBHbIe BOAbl. YMeHbLUEHMNE yHOCA pacTBopa U3 TEXHOMNOMMYECKNX BaHH AOCTUraeTcs
onTyMM3aumen KOHCTPYKUMM MOABECOK M pasMEeLLEeHUss Ha HUX AeTaseil, ycTpolicTBOM Ao-
NOMHUTENbHbIX OTBEpCTUA B GapabaHax Ans o6neryeHusi BbITEKAHUS U3 HUX pacTBopa,
YCTPOWCTBOM MeXZy TEXHONOMMYECKMMU U NPOMbIBHBIMA BaHHaMU KO3bIPbKOB C HAK/IOHOM
B CTOPOHY TEXHOJIOTMYECKUX BaHH, YBE/IMYEHUEM BPEMEHU BbIAEPXUBAHUS AeTaneil Hag no-
BEPXHOCTbIO BaHHbl (BPEMEHW CTeKaHWs), a Takxe MpuMeHeHuem o064yBa, BCTPAXMBaHUA
nT. N

M3 pucyHka 2.7 BMAHO, YTO MPU MPOYMX paBHbIX YC/IOBUAX YBE/MYEHNE BPEMEHW Bbl-
Aepxkn getanei Hag BaHHamu ¢ 4 o 16 c cokpallaeT yHOC pacTBopa B 3 pasa.

PucyHok 2.7 — 3aBMCUMMOCTb Ye/NbHOIo yHoca pacTsopa geTtansaMu ot
BPEMEHUN CTeKaHus pacTeBopa

OgHuM 13 Hanbonee aPPEKTVBHLIX CMNOCOGOB CHIKEHWUSI YHOCA pacTBOPOB SIBMSIETCS
ZAylimpoBaHue aeTtasieil MasibiM KOSIMYECTBOM BOAbl B MOMEHT W3B/IEUEHUSI X U3 TEXHOOMU-
YecKol BaHHbI.

LpyrvMm cnoco6om sIBAsieTcs NOAMMTKA TEXHONOTMUYECKUX BaHH BOAOW M3 BaHH ynaB-
NMBaHusi. BaHHbl ynaBfvMBaHWA O6bIYHO yCTaHaBAMBalOT B TOM c/lyyae, €C/u NpPOoUCXOauT
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3aMeTHOE CYTOYHOE YMEHbLUEHNE 0Obema aMeKTponnTa B TEXHONOMMYecknx BaHHax. OcHoB-
HOWM MPUYUHOW YMeHbLUEHNA obbemMa pacTBopa B TEXHONOMMYECKOW BaHHE SIBMAETCH Harpes
SNEKTPONNTOB N ucnapeHme Bogbl. B Tabnuue 2.51 npencraBneHbl OPpUEHTUPOBOYHbIE 3Ha-
UYEHNS CKOPOCTEN NCMapeHNsi BOAbI U3 BaHH B 3aBUCMMOCTU OT TEMMEepaTypbl pacTeopa.

C TaKom e CKOpPOCTLI MPOMbIBHYHO BOAY (BPYYHYIO UIM MEXaHU3MPOBaHO) PEKOMEH-
AYETCH NepenueaTth U3 yNOBUTENS B TEXHONOMMYECKYHO BaHHY.

Tabnuuya 2.51 — OpreHTMPOBOYHbIE 3HAYEHUS CKOPOCTEN NCMapeHnsi BOAbI U3 BaHH B
3aBUCUMOCTM OT TEMMEpPaTYPbI pacTeopa

Temneparypa 30 40 50 60 70 80 )
pactsopa, °C

CkopocTb wucnape-

HUS BOAbI, H/(H‘Mz

3epkana pacteopa)| 0,39 1,05 2.1 3,91 5,87 8,32 13,5

C TakoW He3Ha4MTENbHOW 3KOHOMMEN BOAbl MOXHO Obino Obl 1 He cunTaTbesa. OaHako
OHOBPEMEHHO C MEPEHOCOM MPOMbIBHOM BOAbI U3 BaHHbI YNaBMUBAHUS B TEXHOSOMMYECKYHO
BaHHy BO3BpaLLalTCsl KOMMOHEHTbLI 3MeKTponuTa. ATO, C OAHOW CTOPOHbI, CHWKaeT noTepu
XMMUKATOB W 3KOMOMMYECcKyo ONacHOCTb NMPOM3BOACTBA, a C pYrol CTOPOHLI, B BaHHE yrae-
JIMBaHUS CHUKAETCH KOHLEHTPaLNS OTMbIBEEMbIX KOMMOHEHTOB pacTBOPOB U, CrnejoBaTerb-
HO, COKpaLlaeTcsl YHOC KOMMOHEHTOB pacTBOPOB B MOCMEAYIOWME NPOTOYHLIE MPOMbIBHBIE
BaHHbI, YTO BrieyeT 3a CO60M yMEHbLUEHUE pacxofa BoAbl HA MPOMBIBKY.

Mepenve MPOMbIBHOW BOAbI U3 YIOBUTEMNS B TEXHOMOTMYECKYHD BaHHY MOXHO OCY-
LECTBNATb C MOMOLLBI0 MPOCTENLLErO BO3AYLUHOMO 3pnudTa, AENCTBUE KOTOPOro OCHOBAHO
Ha 3axeaTe U NofbemMe BOAbl CKaTbIM BO3LYXOM, NOAABaEMbIM B HWKHWIN KOHeL, BepTukanb-
Horo yd4acTtka Tpybonposoga, nofaroero BOAy B BaHHY.

OpWEHTUPOBOYHbIE 3HAYEHUST CKOPOCTEN UCTIAPEHNA BOAbI U3 BAHH MOXHO MUCMONb30-
BaTb ANS pacyeToB BoAgHOro HamnaHca oTAenbHbIX onepauvn, Tak kak owubku B pacdertax,
BO3HUKAIOLLME N3-32 UMHOPUPOBAHUS BIUSIHUSI COCTaBa pacTBopa, TEMNepaTypbl U BNaXHO-
CTW OKpYXatoLLero BO3Aayxa Ha CKOPOCTb WUCMapeHUst BOAbl, Ha MpakTUke nerkoycTpaHuMbl
peryriMpoBKo CKOPOCTW Mepenvea BoAbl, obecneuvBalollen noaaepkaHne NOCTOSHHOrO
YPOBHSI pacTBopa B TEXHONOrMYECKOM BaHHE.

YT06bl CHU3WUTL YHOC KOMIMOHEHTOB TEXHOOMMYECKUX PACTBOPOB M3 BaHHbI ynaenvea-
HWSA B CTOUYHbIE BOAbI, KENaTtenbHO MNOCTOSAHHO NMPOU3BOAUTL X U3BMEYEHNE U3 NPOMbIBHON
BOAb! C MOMOLLBIO XUMUYECKMX, 3NEKTPOXUMUYECKUX, COPOLIMOHHBIX, MEMOPAHHBLIX N TEPMU-
Yecknx MeTofoB. B BaHHe ynaBnMBaHUs yCTAHOBUTCS KOHLIEHTPALMS KOMMOHEHTOB pacTBo-
pa Ha bonee HWU3KOM YpOBHE, YeM MOMOBUHHASA KOHLEHTPaLMSA B TEXHONOMMHYECKON BaHHe, —
ocTarovHasi KOHLEHTpaLusi KOMMOHEHTOB TEXHOJSIOMMYECKOrO pacTBopa B BaHHE ynaenvea-
HUsa ByaeT onpeaensaTbCs NPOU3BOAUTENBLHOCTLIO NOKANbHOTO OYUCTHOMO 06OPYAOBaHUS.

[na Toro 4To6bl COBCEM UCKIIOUMTL YHOC KOMIMOHEHTOB TEXHOMOMMYECKOro pacteopa
B CTOMHbIE BOAbI, HEOGX0AMMO MOCTOSIHHO MOAAEPKUBATb B BaHHE YNaBnMBaHUS MX KOHLIEH-
Tpauuio Ha YpPOBHE (UMW HWKE) NpeAernbHbIX KOHLUEHTPaUUA OTMbIBAEMbIX KOMMOHEHTOB.
B aTom crnyyae npomMbiBHasi BOAA, yHOCMMas AeTansiMm, He NOBNMAET Ha paboTy nocrepyto-
LMX TEXHOJOrMYECKUX BaHH W, CNeAoBaTenbHO, AeTanu He HyKAaloTCs B AOMONHUTENBHON
NpPOMbIBKE B NPOTOYHOM Bopde. TakMum OBpasoM MOXHO MOMHOCTLH UCKNKOYUTL ¢Opoc npo-
MbIBHOW BOAbI B CTOKW. Ha 3TO 1 paccunTbiBaloT MHOMME pa3paboTymkn NOKanbHOro OYMCT-
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Horo obopynoBaHus, npegnaras cnocobbl opraHnsauum BecCTOYHbIX TEXHOMOMUIA 3a cYeT
MOAKMHOHEHNS CBOUX YCTaHOBOK K BaHHaM ynasnusaHusa. [ns peanusaummn 6eccTto4Hon cxe-
Mbl MPOMbIBKM, COCTOSILLEN U3 OLHOW BaHHbI ynaenmBaHus, HEOBXOAMMO MCMONb30BaTh Ta-
KOe nokanbHoe OYMCTHOe 06opyaoBaHWe, NPOUN3BOAUTENBHOCTL KOTOPOrO B ANanasoHe KOH-
LeHTpauui 3arpsisHeHuin 1—10 mr/n npeBbiwana 6bl CKOPOCTb NMPUHOCA KOMMOHEHTOB 3IeK-
TPONUTOB B BaHHy ynaenmeaHuns (1—100 r/4).

OpHako npaKkTUYecKn HW OAHVMM W3 M3BECTHLIX METOLOB OYMCTKM MPOMBIBHBIX BOJ
He yhaeTca NOAAEPKMBATE TaKyld KOHLEHTPauuio BCEX KOMIMOHEHTOB TEXHOMOrM4eckoro
pacTBopa B OfHOM BaHHE ynaBnuBaHWsi, 0COBEHHO NPV MOMHOW 3arpyske TEXHOMOrMYecKmnx
BaHH.

C yBennyeHnem KOnMmMYyecTea BaHH YMaBnVBaHWS WM BaHH MPOMbIBKK, paboTarowmx
B NepUoANYECKN HENPOTOUHOM PeXUMe *, Pe3Ko YBEnUYMBaeTCA BpemMs paboTbl BaHH B He-
MPOTOYHOM PEXMME N COKpALLAETCs pacxo BoAbl Ha MPOMbIBKY. HecMoTps Ha To, 4TO ycTa-
HOBKa AOMONHUTENbHBIX BAHH BbI3bIBAET Ha MPAKTVKE 3HAYUTESNbHBIE TPYAHOCTW, B 3TOM
Cryvae KOnmM4yecTBO nepexoamTt B kadectBo. lpu pacxopgax BoAbl 1-3 nf4 He TONbKO BO3-
MOXXHO MO-HOBOMY OpraHu3oBaTth PaboTy OYUCTHBLIX COOPYXKEHWUN, HO 1 BoobLle oTkasartecs
OT HUX, KaK MoKa3aHo HUXE.

CHMKeHMe YHOCa XMMUUYECKUX BELLEeCTB U3 pacTBOPOB C NOBbIWEHHOW TeMnepa-
Typomn. K TexHonornyeckum pactesopam, paboTtarowmm npu noebileHHoM (6onee 25 °C) Tem-
nepaTtype v COAEPXaLUMM MOHbI TSHXKENbIX METaNI0B M LMaHWUA-NOHbI, OTHOCATCS 3MeKTPOnu-
Tbl ONOBSIHWPOBAHWUS, MELHEHWUS, HUKENUPOBaHWS, XPOMUPOBaHWS, HaHEeCeHUs CnnaBos,
@HOAHOr0 OKCUAMPOBAEHWS antOMWHUS, MarHus, MeAn 1 nx cnnaesos, gocdatnpoBaHns, no-
TIMPOBAaHMSA, XPOMCOLEPXKaLLME pacTBOPbI HAMOMHEHWS U NACCUBMPOBaHMS.

C6poc MpOMbIBHOW BOAbI HA OYMCTKY OTCYTCTBYET B TOM Cny4vae, Koraa BCH NpOMbIB-
Has BoJa BO3BpALLAETCs B TEXHOMNOMMYECKYHO BaHHy N ee 06beM He npeebiluaeT obbema uc-
napsieMon BoAbl N3 TEXHONOTNHYECKON BaHHbI.

Takum obpasom, 4Nns UCKIHYeHUA cOpoca NPOMbIBHOM BOAbI HA OYMCTHBIE COOPYXKe-
HUS HeoBX0AMMO 0BecrneynTb Kak MMHMMYM paBEHCTBO CKOPOCTU MCNapeHns Boabl (pacxoga
BOAbI Ha UcnapeHne) 1 pacxofa BoAbl Ha NPOMbIBKY, YeMy CnocobCTBYIOT MOBbILLEHHAA TEM-
nepaTypa pacTtBopa B TEXHOMOMMYECKOW N NPOMBIBHBIX BAHHAX, @ TalKe YBENUYEHUE KONU-
YecTBa BaHH NPOMbIBKU.

ObecneynTb NonMyYeHne MUHMMaNLHOMO U CTPOro HOPMUPOBAHHOIO pacxofa BoAbl Ha
MPOMBbIBKY MO3BOMSET CXeMa MPOMbIBKKW, COCTOSILLAA W3 HECKOSIbKMX BaHH, paboTaromx
B NEPUOANYECKN HEMPOTOYHOM PEXUME.

Mopsaok opraHnsaumm 6eCCTO4HON onepauun 3akrovaeTCcs B pacdeTe CKOPOCTU UC-
napeHus Boabl U3 TEXHONOMMYECKON BaHHbI U noabope Takoro KONMYecTBa MepuofMYecku
HEMpPOTOYHbIX BaHH NMPOMbIBKW, KOTOpoe TpebyeT pacxoaa NPOMBIBHOM BOAbI MEHbLUE BENu-
YMHbI NOTEPb BOAbLI 3 TEXHONOMMYECKON BaHHbI 38 CYET UCTIAPEHNSA U YHOCA B BEHTUMSALIMIO.

* MNeproanYeckn HEMPOTOYHBLIN PEXMM 3aKMoYaeTcs B NepeBoAe MPOTOYHBIX BaHH
MPOMBbIBKM B BaHHbI YMABNMBAHUA A0 TOrO MOMEHTA, Koraa B NOCMegHeln no xoay ABUXKEHNN
AeTaneil BaHHe ynaBnMBaHWA KOHLUEHTPaUMsi OTMbIBAEMbIX KOMMOHEHTOB AOCTUIHET npe-
[ENbHOWM KOHLEHTPaLUMK Cy, NOCNEe 3TOro 3arpssHeHHast BoAaa MeHsieTcs Ha uuctyro. MNpogon-
KUTENBHOCTb MEePMOAMYECKN HEMPOTOYHOrO Nepuoga COOTBETCTBYET BPEMEHM paboTbl BaH-
Hbl MEXZY CMEHaMU B HEN BOAbI.
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[na ymeHblIEeHUs Yncna BaHH NEPUOANYECKN HENPOTOYHOM NPOMbIBKK, o6ecneynsa-
roLLMX 6ECCTOMHOCTD Onepaumn, HeoBXoAMMO YBENUYUTL NOTEPU BOALI HA UCNapeHue — nu-
60 3a cueT yBenuMYeHUs TemnepaTypbl TEXHONOMMYECKNX PacTBOPOB (4TO He Bceraa Aony-
cTUMO), NnbO 3a cYeT opraHusauuun Harpesa ([0 Temnepartypbl HXe TeMnepartypbl pasno-
XEHUSA KOMMOHEHTOB PacTBOPOB) B BaHHAX NMPOMbIBKA UM B COOPHWKE NPOMBIBHOWN BOAbI U3
nepBon BaHHbl. Tak, 4Tobbl B paCCMOTPEHHBIX NpUMmepax obecneunts 6€CCTOHHYHO NPOMBIBKY
TONBKO C MOMOLLBHO TPEX BaHH MPOMBIBKY, NMOCIE XPOMUPOBaHWUA HEOOX0ANMO OCYLLIECTBNATL
Harpee BoAbl B KaXA0M U3 BaHH He Huke 60 °C (unm He Huxe 70 °C B ABYX BaHHax), a nocne
HUKENNPOBaHNA AOCTATOMHO nogorpeBaTtb Boay He Hwke 60 °C B 0gHOW-ABYX BaHHax npo-
MbIBKW.

Ecnu xe B BaHHax ynaBnvBaHWs NOCTOSIHHO NMPOU3BOAUTL U3BMEYEHNE KOMMOHEHTOB
TEXHOMNOMMYECKOro pacTBopa 13 NPOMBIBHON BOAbI C MOMOLLbIO SMEKTPOXMMUYECKUX U MEM-
BpaHHbIX (B NEPBbLIX BaHHaxX ynaBnmMBaHWs) UM copbUMOHHLIX METOL0B (B MOCNEAHEN BaHHE
ynaenueaHns), To n 6e3 HarpeBa NPOMBIBHOM BOAbI B BaHHaX yrnasnuBaHus, v npu pabore
C XONOAHBbIM TEXHONMOrMYECKUM PacTBOPOM BO3MOXKHO CHWPKEHWE KOnMuyecTBa HeoBXoaMMbIX
BaHH ynaBnvMeaHua A0 2-3 LUT. B 3aBUCUMOCTU OT 3(P(EKTUBHOCTU U MPOU3BOAUTENBHOCTU
J1I0KaresHOro OYUCTHOIO 0OOPYAOBaHUS.

KoHkpeTHOE BONNOLEHNE CxeMm BECCTOUHBIX OnepaLui 3aBUCUT OT MHOMMX (PaKTOpoB:
NPOM3BOAUTENBHOCTM TEXHONIOTUYECKON BaHHbI, 06bemMa BaHH NEpPUOANHECKU HENPOTOYHON
NMPOMbIBKM, MIOLLaAN 3epkana TEXHONOMMYECKOro pacTeBopa, KOHLUEHTpaLun U TeMneparypbl
BNEKTPONNTA, CNOXHOCTM Npodumns obpabaTbiBaeMbIx AeTanen, TeMnepartypbl, BEOXXHOCTU U
LaBrNeHns okpyxarowlero Bosayxa, agpdekTmBHOCTU paboTbl BOPTOBLIX OTCOCOB, BPEMEHU
BblAEPXKKM feTanen Haj TEXHOMNOrMYeCKON BaHHOW, NMPOAOITKUTENBHOCTU U UHTEHCUBHOCTU
MPOMbIBKM.

2.5 O6opynoBaHue, NPMMEHAEMOe NpPU ranbBaHUYECKOM
npou3BoACTBE U NPOU3BOACTBE NeyaTHbIX nnaT

O6opyaoBaHue, NPYMEHSIEMOE MPU ranbBaHNYECKOM MPOU3BOACTBE W MPON3BOACTBE
neyaTHbIX nnat, oTnnyaeTcst GonbUNMM MHOrOOGPAa3MeEM, YTO BbI3BAHO OYEHb LUMPOKUM aua-
Ma3oHOM TexHUYecknx TpeboBaHUiA, KOTopble He MOryT ObiTb oBecneveHsl B 06opyaoBaHUn
Kakoro-to ofHoro Tvna. KoHCTpykums obopynoBaHUs 3aBUCUT OT XapakTepa TexHonorude-
CKOro npouecca, ero cTabunbHOCTH, YACNa BMAOB MOKPbITUIM, HOMEHKNaTypbl obpabaTtbiBae-
MbIX M34enui 1 psaa cneumanbHbix TpebosaHuiA. Ha Hero okasbiBatoT BMSHME U yCrHOBUSA
pasmelleHns — oTBoAMMAas Mnowaab, BbICOTa MOMELLEHMWs!, BCTPaMBaeMoCTb B MOTOYHYHO
JNINHWIO 1 Apyrue dakTopbl.

2.5.1 O6opypnoBaHue, NpUMeHsieMoe Npu rafiLBaHN4ecKom NpPou3BoACTBe

O6opyaoBaHue, NPYMEHSIEMOE MPW ranbBaHUYECKOM MPOU3BOLCTBE U NPOU3BOACTBE
nevatHbIX nnaTt, knaccuduumpyeTcst no psgy npuaHakoB. OCHOBHBIMM U3 HUX SIBMSILOTCS:
CTeneHb aBTOMaTU3aUMn YU MEXaHU3aLUMKW, BO3MOXHOCTb NepenporpaMMmMpoBaHis (nepeHa-
najKku), KOHCTPYKLMSA OCHOBHOTO TPaHCMOPTMPYHOLLIErO OpraHa W ero pacrnonokeHue, cucre-
Ma ynpaBneHus, KOHCTPYKLMSA U doopmMa NepeHOCHOro YCTPOWCTBa ANs pasmeLleHns obpaba-
TbiBAEMbIX U3genun [26].
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Mo cTeneHn aBTOMaTU3aLMN MOXHO BbIAENUTL Crieayrolme Buabl o6opyaoBaHuA: aB-
TOMaTtn4yeckne N MexaHusnpoBaHHbIE NWHWMK, 00opyAOBaHUE Marnon MexaHusauuW, BaHHbI,
obcnyxuBaeMble C MOMOLLbIO 3MeKTPOTENbMEPa NN BPYYHYHO.

ABTOMaTMYECKOE M MEXaHU3MPOBaHHOE OBOpyAOBaHWE pasgenseTcsl Ha NUHAK:
€ NOABEMHBLIM MOCTOM, aBTOOMEPaTOpHbIE aBTOMaTu4eckme, aBToonepaTopHble MexaHW3u-
poBaHHbIE, cneuyansHoro HasHaveHns. Cpean NMHWIA ¢ NOABLEMHBIM MOCTOM PasnuyaroT Ka-
pEeTOYHbIE TENEXEYHBIE, KapeToYHble GecTenexeyHble 1 6eckapeToyHble. ABTOONEpaTOpHbIE
JIMHAN NCXOASA N3 KOHCTPYKLMKU U DOpMBbI aBTOOMEPaTOPOB U UX pa3MeLLeHUs noapasaens-
HOTCA Ha NMUHUN C NOABECHBIMW, KOHCOMBbHLIMM W NOPTanbHLIMK aBTOONEpPaTOPaMu.

Mo dpopme nepeHocHoro yctponcrea ansa pasmelwieHua obpabaTtbiBaeMbix nsaenui
pasnuuarT NMHUA. NoABeCcOYHble, HapabaHHble, 6apabaHHO-NOLBECOYHbIE, KOMOKOSbHbIE,
Anst o6paboTkm U3fenuii B KOP3NHaXxX.

CneuuvanbHble NMMHUMA NPUMEHSAOT MpU 0CcoBbIX YCNOBUAX NPOW3BOACTBA, K KOTOPLIM
OTHOCSITCS: HEO6X0AMMOCTb M3MEHEHNA NPOCTPaHCTBEHHOIO MOSIOXEHNA U3fenui B NpoLiec-
ce 06paboTkn, NPUMEHEHNE TEXHOMOMMYECKUX CMYTHUKOB 0COB0M (hOpMbI, HENPUTrOAHOCTb
TPaAVLIMOHHOIO METOAA HAaHECEHNA MOKPLITUN (NOTPYKEHNEM B 3MEKTPOSUT) ANSA HEKOTOPbIX
n3genun u ap.

Beuay 6onblioro mHoroo6pasva o6opyaoBaHWst Manon mMexaHusauum TPyLHO Bbl-
OpaTb Kakne-nmbo OCHOBHbIE KPUTEPUK ero knaccudmkaumn. Hanbonee pacnpocTpaHeHHbI-
MW B MPOMBILLNEHHOCTM SBMAIOTCA Cneaylowme Tunbl 3Toro 06opyAoBaHMS: KONMOKONbHbIE
BaHHbI, BaHHbI C Ka4aroLMMMCSH LUTaHramu, CTauvoHapHble KOnokorna, nepeHocHsle 6apaba-
Hbl, 6apabaHHble BaHHbI, YCTAHOBKM AN XPOMUPOBaHWA AeTarnen HacbinbHo.

BanrHbi. BaHHbl, T. €. eMKOCTW, cogepxawme paboume pacTBopbl, B KOTOPbIX BbINOM-
HSIFOTCS NOATOTOBUTENbHBIE, OCHOBHbIE (MPOLLECCHI MOKPbITUS) U 3aKMouUTeNbHbIE onepaumu
XVMUYECKOM UM ranbBaHNYeckon (3nekTpoxummyeckon) obpaboTku NOBEPXHOCTU AeTanen,
ABMSAKOTCA OCHOBHBIM BMAOM 000pYL0BaHWA ranbBaHNYeCcKUX LIEXOB U y4acTkoB. HecmoTps
Ha 4peaBbl4aHoe pasHoobpasve MPUMEHSIEMbIX BaHH, K HAM MPEAbABNSETCA psg obwmx
TpeBoBaHUA; repMETUYHOCTb, XUMMUYECKas MHEPTHOCTb Martepuana BaHHbl K cogepkallemy-
CA B HEW pacTBOpY, BO3MOXKHOCTb CO3[,aHMs U NoAAEpKaHUs 3afaHHOro TENOBOIO PexXuma;
yRobcTBo 1 6esonacHoCcTb obcryxmnBaHUa. Pasnnyne B KOHCTPYKLMW BaHH onpeaenseTcs
npexae BCero 0COOEHHOCTAMU TEXHOMOMMYECKOro npolecca, Tpebyowmmn nogorpesa unm
OXNTXAEHWSA 3NEKTPONUTA, NepeMeLUMBaHUS, KadyaHUa LUTaHr, HemnpepbIBHOW unsTpauuu,
HanoXeHWs1 pasnnyHbIX U3NYECKMX (PaKkTOpOB (YNbTpassyka, MarHWTHOrO MOs, NpoToKa
anekTponuTa 1 T. n.). Kpome Toro, Ans anekTpoXMMUYECKUX BaHH HEOOXOAMM Takke NnoaBsop
3MEKTPUYECKOro Toka TpebyemMOolr MOMSPHOCTM U CUMbl C BO3MOXHO 60MnbLUEN paBHOMEPHO-
CTbIO pacnpegeneHunst Toka no NoBepxXHOCTU AeTanel U MeHbLUMMWN NOTEPAMM 3NEKTPUYECKO-
ro HanpsKeHUs.

MpyMeHsieMble B rarnbBaHNYECKMX Liexax BaHHbI Mo cnocoby 3arpysku NPUHATO pasae-
NATb Ha ABE rPYNnbl: BaHHbI PyYHOM 3arpy3ky 1 BaHHbI C MEXaHU3UPOBAHHOW 3arpy3Kou.

B 3aBMCMMOCTM OT HasHayYeHWs BaHH MPUMEHSIKOTCA pPasfUYHbIe TUMbl KOPNyCcoB
(cM. puUCYHOK 2.8): BaHHbl ©e3 kapmaHa (3MeKTPONUTUYECKOe HaHECEHME MNOKPLITUN,
TpaeneHve, ynaenueaHne, akTuBUpOBaHWE (feKarnvpoBaHne), NacCUBNPOBaHNE, OCBETNEHVE,
OKCUAMPOBAHWE, OKpAaLLUMBaHWE arnoMUHWS, HEUTpanuM3auus, XUMUYecKoe W 3MeKTpo-
XMMUYECKOE NONMPOBaHMWE, yaarneHne HeKauyeCcTBEHHbIX NOKPLITUI, CHATUE Luama) U BaHHbI
C KapMaHOM (XornogHas 1 ropsiyasl NPOMbIBKA, XMMUYECKOe U SNEKTPOXMMMYeckoe 06eaxu-
pvBaHve W TpaBrieHWe arnioMmuHus). BbicoTa CRnMBHOrO KapmaHa [OrKHa CoCTaBnATb
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He meHee 10 % — 20 % BbICOTLI BaHHbI AN UCKMIOHMEHUS NepernivBa KMAKOCTUM N3 KapMaHa
06paTHO B BaHHY NpW MOrPY>XEHUM B HEE KpYNHOraGapuTHbIX AeTanei.

[a)
Kopnyc BaHHbI Kopnyc BaHHbl  Kopnyc BaHHbI AByXKac- Kopnyc BaHHbI
6e3 kapmaHa € KapMaHoM KafHON NPOMBbIBKU TpexKackaaHoON NPOMbIBKA

PucyHok 2.8 — Tunbl kopnycoB BaHH

Ina npoMmbiBKM peTanern NnoMmMo OBbIYHBIX BaHH C KapMaHamy NPUMEHSIIOT BaHHbI
ABYX- W TPEexXCTyNneH4aToW MpPOTUMBOTOYHON (ABYX- W  TpexKkackagHoW) npOMbIBKM
(cM. pucyHok 2.2). U3 «uncTom» cekummu Boaa paBHOMEPHO NepenvBacTcs Yepes cneumarnb-
Hble MEePEeropoaKkM B HWKHWE YacTW CrEeAyHoLMX CEKUWN, BbITECHSAS B KaHanusauuio yepes
KapmaHbl BepxHue, 6onee rpssHble Crov BoAbl. OTW Neperopoakn yCTaHaBNMBaKTCA Ha pac-
CTOsHUM 50 MM OT pasgenuTenbHbIX CTEHOK CEKUMIA U HECKOSbKO BbILLE UX.

Kopnycbl 3NeKTponNUTUYECKMX BaHH, MOAKMHOYMEHHBIX K UCTOYHUKAM NUTaHUS MNOCTOSIH-
HOro TOKa, BO n3bexaHne yTeuku Toka, a Takke ANs 3awmTbl oT GnyxaaloLmx ToKkoB cnegyet
yCTaHaBnMeaTtb Ha nsonupyrowme onopbl U3 dapdgopa. Mapka nsonaropa — CH-6 (usons-
TOpbl OMOPHbIE BHYTPEHHEN yCTaHOBKW). Kopnyckl OCTanbHbIX BaHH YCTaHABMAUBAOT Ha Me-
TannM4yeckue onopsl.

[Ho kopnyca AomkHO uMeTb ykroH 1:100 unn 1:50 B cTOpOHY naTpybka JOHHOro Cnu-
Ba. [N yMeHbLUEHNsI NOTepyr NOMNE3HON BbICOThI B BaHHaX ANMHOM 2 M 1 6onee AHO kopnyca
Aenatot ¢ ykrnoHom 1:100.

CTeHkn BaHH, B KOTOpLIX paboyas Temneparypa pacTBopoB npesbiwaeT 60 °C, ans
YMEHbLUEHNA MOTEPb Tenna W30oNMPYHT C MOMOLLBK MWHEpasribHOW BaTbl W 3aKpbliBaroT
CTanbHbIMU IMCTamMn. [JHO BaHHbI M KapMaHbl TENNOU3ONALMU He UMeLoT. [pu Hanuumn Ha
OOKOBbIX CTEHKAX CIIMBHBIX NaTpyOKOB, KapMaHoB W AP. B TEMNON3ONALMM ANA HUX JENaroTcs
BbIPE3bI.

[na yBennyeHUs >XeCTKOCTU BEepXHUX kpaeB GOKOBbIX CTEHOK BaHH MpousBoasT 06-
BSI3KY MX MO NepuMeTpy yronkom pasmepom ot 50 x 50 x 5 go 100 x 100 x 10 MM wnu ween-
nepom Bbicoton oT 80 o 120 mm. MNonyyeHHas Takum o6pa3omM OTOOPTOBKA MOXKET CNYXUTb
AN yCTaHOBKM Ha HUx GapboTepos, HarpeeaTtenell, 60pTOBLIX OTCOCOB, OMOP ANS LUTaHr
MT. M.

Kopnycbl BaHH BbICOTOM 1250 MM 1 BbllLEe PEKOMEHLYETCA 00BsA3bIBATL MPUMEPHO MO
cepeanvHe BbICOTb! LOMOMHUTENBHBIMK NOsSiCamMy 13 WWBENnepa ANa NpeaoTepaLleHms obpa-
3oBaHus 6oukoobpasHocTh. Koprnycel BaHH annHon 2,5 M 1 Gonee pekomeHayeTca o6Bs3bI-
BaTb LOMONHUTENBHO BEPTUKANBHLIMU CTOMKaMM.

BaHHbi u3 yenepoducmoli cmanu. Ctans mapku CT-3 ABnsSeTca 4O CMX MOp JOCTaTou-
HO pacnpoCTpaHeHHbIM MaTepuanoM Ans U3roToBMEHUst BaHH. TONWUHy CTansHOro nvcra
AnA BaHH o6beMom meHee 600 n crniepyeT 6paTb He MeHee 5 MM, Ans BaHH o6bemom 600 n
n 6onee — He MeHee 7 MM. BHyTpeHHME CTOPOHbI CTEHOK BaHH (PYTEPYIOT MONMUMEPHBLIMN
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mMatepuanamm kak B Buae cBoboaHOro Bknagbiwa, Tak u B Buae yTepoBku, XECTKO npu-
KpenneHHoW K cTeHkam BaHH. [pakTvka nokasana, 4To npu AnvHe BaHHbl 6 M 1 Gonee
HabnioaaeTcs pacTpecKkMBaHMe XXeCTKOro nonMmepa npu sawmre BaHHbI CBOOOAHBIM BKNa-
AblweM. B atom cniyyae Hanboree npvemnema KOHCTPYKLMA dyTEPOBKN C NPUKNEEHHOW Unn
APYrYIM MyTEM MIOTHO 3aKpenneHHOW yTEepOBKON HA CTEeHKax BaHHbI. MexaHndeckas npou-
HOCTb obecneunmBaeTca METanIMYecKMM KOpNycoM BaHHbI, a (pyTepoBka BbINOMHAET NULLb
PYHKLMIO 3aLUTHOrO CrOSi.

Haubonee pacnpoctpaHeHHbIM B Poccun yTepoBOYHbIA Marepuan — jiucmoesoll eu-
Hunnacm. OH npeacTaBnsieT cobor OKpaLLeHHBIN UMM HEeOKPaLLEeHHbIN Hennactuduumpo-
BaHHbIN TBEPAbIM nonmeuHUNXopua (MBX), M3roToBNeHHbIN METOAO0M NpeccoBaHns. BuHu-
NNacT CTOEK MPaKTUYECKU BO BCEX pacTBOpax SNEKTPONUTOB, NMPUMEHSAEMbIX B ranbBaHOTEX-
HUKe, OfHAKO HECTOEK K JEeNCTBMI0 KOHLEHTPUPOBaHHOM a30THOM KWCMOTbI. bonblimMm npe-
UMYLLECTBOM BMHUMNINAcTa ABNSETCA TO, YTO OH JIErko ceapmsaeTcs, dopmyeTtca n obpaba-
TbIBAETCA MEeXaHU4YEeCKU, 3TO MO3BONISET UCMONL30BATL €ro Kak AnA PyTEepOBKU BaHH, TaK v
B KQUecTBe CaMOCTOSATENbHOrO KOHCTPYKUMOHHOro Marepuana. [NpoyHocTb CBapHOro LwiBea
pocturaet 80 % — 85 % nNpoYHOCTUM OCHOBHOro MaTtepwana. Hegocratkamu BuHUNNacTa sie-
NATCA ero HeBbICOKas TEMIOCTOMKOCTb U HU3Kas yaaponpoYHOCTb. BuHunnact xpynok. Npu
HarpeBaHWN OH pasMsIr4aeTCa Y MOXET NPYHUMAaTL Ny dopmy. TemnepaTypHbIA NHTEP-
Ban npuMmeHeHns — o1 0 °C go 60 °C, npu Temnepartypax Hwke Hyns ero XpynkocTe Bo3pac-
TaeT, Npu TeMnepartypax Boiwe 60 °C BUHMNNACT pasMAr4yaeTcs.

B MexaHW4ecknx u aBTOMaTU3MPOBAaHHBIX NNHUSX AN PYTEPOBKM BaHH UCMONbL3YHOT
NoONMXNOPBMHUNOBLIN nracmuxkam. OH NpeacTaBnaeT cobon HeoKpalweHHbI nnacTuduum-
POBaHHbI 3MaCTMYHbLIN NonMBUHUNXMopua. MNnactukaTt ycTondme Bo BCeX 0ObIYHbIX ranbea-
HUYECKMX 3MEKTPONUTaX, BKIIOYAs XPOMOBBIA 1 TpaBUIbHBIA (CEPHOKMCTIBIN), NPy TeMnepa-
Typax fo 70 °C. MNepcnekTuBHbIM ANS OYTEPOBKN ranbBaHNYECKMX BaHH SBMSETCA Mnactu-
kat X-2, KoTopbin 06nafgaeT BbICOKON XMMNYECKON CTOMKOCTBIO Npu TeMnepartypax Ao 90 °,
B TOM Y/CIIE B 3MEKTPONMUTAX XPOMUPOBAHWS, BNECTAWEro KUCNoro MeAHEHN N HAKENUPO-
BaHWs, 3MEKTPOXUMUNYECKOTO U XMMUYECKOro 06e3XnprnBaHns, B CEpHON, CONSHOM U a30THON
KMcnoTax, wenovax, okucy xpoma v ap. Nnactmkar MNX-2 HecToek B pacTBopax XnopucToro
XKenesa M asoTHOKMCITOro Hatpus. Kpome HecKonbko GomnbLuer TePMOCTOMKOCTU U XUMUYe-
CKOW CTOWKOCTM MnacTuKaTta, ero CyLeCTBEHHbLIM MPEVMYLLECTBOM MO CPaBHEHWUIO C BUHU-
nnacTom siBNSeTCs rMbkocTb, Brnarogaps KOTOpPOW YCTpaHseTcs HeTensonpoBOAHas BO3-
AyLlHaa npocrovika mexxay yTepoBKOA W BAHHOW. JTa Npocnomnka Aenaet HenpUMEHNMOWN
BMHUMMACTOBY (DYTEPOBKY B BaHHax ¢ 0OOrpeBoM naposoasHOW pybalkon. Kpome Toro,
MBKOCTb, NMACTUYHOCTb N XOPOLLAs CTOMKOCTb K UCTUPaHUIO NO3BONSIOT NPUMEHNATL NNACcTU-
KaT TOMLWHON 2 MM (NPOTUB 5—7 MM BUHUNMACTA), YTO NPWY OAUHAKOBOW CTOMMOCTM €AUNHU-
Lipl MacCbl AaET CYLLECTBEHHYH 3KOHOMMIO.

BaHHbI U3 KOPPOIUOHHO-CMOUKoU cmanu. B HeKoTopbIxX crnyyasx, Hanpumep ANs Xu-
MUYECKOrO MOSNIMPOBaHUS B KOHLIEHTPUPOBAaHHbIX KMCMOTax, HeoOXxoaMMo fenaTtb BaHHbI U3
KOPPO3MOHHO-CTOMKOM XPOMOHUKENEBOW CTanu, KOTopas yCToMYMBa B CMECU KPEMKUX KUCNOT,
cofepxalLen XoTst Obl HECKOSBKO NPOLEHTOB a30THOW KUCNOTBI UM UHOMO CUMBHOMO OKUCIN-
Tens, HO B OTCYTCTBME CONSAHOWN U NIaBUKOBOMW KNCNOThI. [lobaBka B cTanb TUTaHa npeao-
XPaHSIET ee OT MEXKPUCTaNUTHOM KOppo3uu. [Ina n3rotoBneHxst KoprycoB BaHH 06e3xumpu-
BaHNs1 U ropsiyert MPOMbIBKU MpUMEHsioT 6e3 gyTepoBkM cnepytowme cranu: X18HIT,
12X18H10T, OX18H10T, X18H12T, OX18H126, OX21H15T, OX17T, X25T, 08X22H6T.
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BaHHbI U3 TUTaHa. YHMBEPCa/bHbIM MaTepuasioMm A5 U3rOTOB/IEHNA BaHH ABNSETCA
TUTaH, 06nafalLnii BbICOKOA XMMWYECKOW CTOWKOCTbH BO MHOIMX arpeccuBHbIX cpegax.
Cpok cnyx6bl TUTAHOBBLIX BaHH B 5-7 pa3 60/blue, YeM CTaslbHbiX. BbiCOkass KOPPO3MOHHasA
CTOWKOCTb U (PU3UKO-MEXAHMYECKNE XapaKTepUCTUKM TUTaHa MNO3BOMAKT YMEHbLIWTb TOS-
LLMHY CTEHOK BaHH 6onee yem B 2 pa3a. [1/19 U3rOTOB/IEHUS KOPMYCOB BaHH MPUMEHSAIOT TU-
TaHOBble cniaBbl criegywwmx mapok: BTO, OT4-0, BT1, OT4, BT1-0 (TOCT 19807—91) [85].
dyTepoBKa CTEHOK BaHH He TpebyeTcs, 3a UCK/II0YEeHNEeM 3NEKTPOUTUYECKUX BaHH.

BaHHbl 13 nonunponuneHa (cm. pucyHok 2.9). MonunponuneH — Havbonee nepcnek-
TUBHbIA MaTepuasn, 06nagatoLnii BbICOKOW XMMWYECKON CTOMKOCTbI, W3HOCOCTOMKOCTLIO,
TepMocToikocTbio (A0 130 °C 6e3 MexaHWYECKMX Harpysok), BbICOKMM COMPOTMB/IEHNEM
yAapHbIM Harpyskam, YAO0BMEeTBOPUTENIbHOW MeXaHWYEeCKON MNPOYHOCTbIO, HU3KMM BOZAOMO-
rNOLWEHNEM, HWU3KOM BOAO- M MapONPOHMLAEMOCTbIO, BbICOKAMU AN3IEKTPUYECKUMU CBOW-
cTBamu. MonunponuneH ycToluMB K BO3AENCTBMIO BOAHbIX PACTBOPOB HEOPraHUYecKux co-
eOuHeHNiA (conei) n K BO34EeNCTBMIO NOYTM BCEX KUCMOT U LEefiodel, faxe npu BbICOKON KX
KOHUeHTpauum u Temnepatype Bbiwe 60 °C. CusbHble OKUCNTENN, Takme Kak X1opcybgo-
HOBas KuCnoTa, KOHUEHTPUpOBaHHAsA cepHas U a3oTHas KWUC/OTbl, pacTBOPbI XPOMOBOW Kuc-
notel (cBbiwe 50 r/n), MoryT paspylaTe NOMMMNPONWIEH NPU KOMHATHOW Temnepartype. He-
NpepbIBHOE MOHMXEHNE XMMUYECKOW CTOMKOCTW MONMNpOnuieHa C nocneaylowyM aBuHO-
06pasHbiM paspylleHneM MMeeT MeCTO TO/IbKO B 3NEKTpoNuTe A8 3/1eKTPonoaMpoBaHus
KOPPO3MOHHO-CTONKMX cTanei npu Temnepatype 80 °C. B 3TOM pacTBope aHa/lorMyHO BegeT
cebs 1 BMHMNAACT, HO yxe npu Temnepartype 60 °C. MNonunponuneH ocobeHHO YyBCTBUTE-
NeH K BO3JeicTBMI0 CBETA, 3TO HaA0 Y4YWUTbIBaTb BO BCEX 0611ACTAX NPUMEHEHUSI MPOAYKTA.
MonunponuneHbl MMEKT XOPOLLYK YCTOWYMBOCTb K CBETOBOMY M3/TyYeHW0 BUAMMON obna-
CTV cnekTpa. BosgeiicTBue Xxe (faxe KpaTKOBPEMEHHOE) ynbTpadMosieTOBOrO U3/lyYeHus
(n3nyyeHna c¢ anuHoli BonHbl 290-400 HM) M KMc/opoAda Bo3dyxa AenaeT NonunponuieH
XPYNKUM 1 MPUBOAUT K MOBPEXAEHWI0 MOBEPXHOCTW: noTepe 6Gnecka, pacTpPecKMBaHUIO ©
«MeJfIoBaHuI0» NOBEPXHOCTU, YXYALUEHWUI0 MeXaHU4yeckmx u hm3nyecknx CBOMNCTB noavmepa.
3TOT npouecc yckopseTcs Npy NOBbILLEHHON Temnepartype okpyxatoweii cpefbl.

PrcyHok 2.9 — O6wWwuid BUA, BaHHbI U3 noaunponuieHa

Bbicokasi xummuyeckasi CTOMKOCTb MOMWMNPONUIEHA B 3/1EKTPO/MTax A/ HaHECeHus
NOKPLITUI JOMOMHAETCA TEM, YTO B CU/Y AWU3NIEKTPUYECKMX CBOICTB MOSIHOCTHLID UCK/IOUYEHA
BO3MOXHOCTb Mpo60sa 3neKkTpuyectsa Ha KOPMyC BaHHbl. BaHHbI M3 noaunponuieHa, Kak
npasuao, U3roTaBAMBAlOTCA M3 6G/I0YHBIX KOHCTPYKLMA, YXe MMelwwmx pebpa XecTkocTu, n
No3TOMy He TPebyT A0NOHNUTENBHOK 06BSA3KM.
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ObopydosaHue 0nsi obpabomku menkux demanell. Menkve n obbliMHO nerkue getanu
MaccOBOrO NMPOM3BOACTBA, KOTOPbIE CIIOXHO MHAMBUAYaNbHO HaBELUMBaTk HA NMOABECOYHbIE
npucrnocobneHns, obecnevmsasi NpU aTOM HaAZEXHbLIA ANEKTPUYECKUA KOHTaKT, obpabatbl-
BalOT C MOMOLLbIO cneuunansHoro obopyaosaHus. O6paboTky AeTanei B aTom o6opyaosaHum
NpOBOAAT HAcChIMNbIo (Kyveil). SNeKTpUYeckuidi KOHTaKT Mexay AeTansMu OCyLLeCcTBNAEeTCs 3a
CYeT AaBMNEHUsi BEPXHUX CIIOEB AeTanei Ha HWXKHUE, a PaBHOMEPHOCTb FranbBaHNYECKON 06-
paboTku obecneunsaeTcs NepeMeLLMBaHNEM NPW BPALLIEHMM EMKOCTU C pacTBOpPOM (pacmno-
NOXEHNe aHOAO0B PAaCCMOTPEHO HUXE).

ObopynoBaHue s 06paboTkM Menkux ageTtanei AenuTcs Ha NATb OCHOBHBIX TUMOB:

- Ha/luUBHbIE KOJIOKOMA, B KOTOPbIX U3OENNA 3acbiNaloTCH B KOHUYECKYIO WU nupamu-
AarnbHYI0 MKOCTb CO CMJIOLLUHBIMU CTEHKAMU, 3anUTYI0 Ha HEKOTOPYIO BbICOTY 3MEKTPONIUTOM
1 BpaLLialoLLyoCsl BOKPYF CBOEl OCU, HAKINOHEHHOI K BEPTUKanu nog HEKOTOPLIM YITIoM;

- M02PYXKHbIE KOJIOKOMA, EMKOCTb KOTOPbIX MMEET TaKYIO K& KOHUYECKYI0 popMy, KaK y
HaNMBHbIX KOMOKOMNOB, M BPaLLAETCs B HAKIIOHHOM MOMOXEHUM, HO CTEHKU ee nepcdopupoBa-
Hbl U HE 3NEKTPONUT 3anMBaeTCs B KOJIOKOI, a KOJNIOKOIN MOrPY>XeH B BAHHY C ANIEKTPONMTOM;

- 6ap868HbI, 0bbIYHO npusMaTtuveckume, pexe LuunnmHgpuyeckue, c I'Iepd)opVIpOBaHHbl—
MM CTEHKaMmW, BpaLLaloLMecs BOKPYr CBOEI rOpM3OHTarIbHOW OCU Npu MOMHOM (pexe va-
CTUYHOM) MOFPY>KEHWUMN B BAHHY C 3NEKTPOIMTOM;

- KOp3UuHbi-Ka4asku ¢ nepdopMpoBaHHbIMKA CTEHKAMWU, NOBOpAYUBaIOLLMECS HA HeNnon-
HbIA 060pOoT (Hasag v Bnepes) Npy NOMHOM MOTPY)KEHUW B BaHHY C 3NEKTPOSIUTOM;

- CemKu nv cem4ambie KOP3UHb! NCNONb3YIOTCH FNaBHbIM 06pa3oM Ansi XUMUYECKOW
06paboTkn U pasMeLleHusi aHOZHOro maTepvana npu KaTOAHOM HaHECEHWWU MOKPbITUN
(cm. pucyHok 2.10). MNMepemelumnBaHve aeTaneil B HUX NPOM3BOAUTCA MyTEM NEPUOANHECKOro
BCTPsIXUBaHUA. Tak KaK BCTpsSiXMBaHMEM obecneuvBaeTCs NEepeMeluuBaHue Kydu aetanen
NWb HEGONbLUIOW BENWYUHLI, TO ANS1 SNEKTPOXUMUYECKOW 0OpaboTku CeTKM MCNOonb3yloTCH
PEAKO 1 TONbKO C PABHOMEPHO M B OAWH CINOW pacChbiNaHHbIMU Ha HUX AeTanamu. Betpaxu-
BaHUe KaTOQHOW LUTaHM C NOABELUEHHbIMK HA HEW CeTKaMu ocyllecTenAeTcA nubo ¢ NoMo-
LUbIO BpaLleHUsi aCUMMETPUYHOIO Kynadka Tuna «cobaukuy, nubo eubpartopa.

PucyHok 2.10 — Kop3uHbl ANnst 9NeKTPOXMMUYECKO 1 XuMmuiyeckon o6paboTkm
AeTtanein n pasmveLleHnsi aHoQHOro matepuvana

Cneuuduyeckne ocobeHHocTu paboThl BCEX NepeyuncrneHHbIX TUnoB obopyaoBaHus,
BbI3BaHHbLIE TEM, YTO AETarnu 3arpyXeHbl B HUX Hacbinblo (Kyyei), pesko OTNMYaloT Ux oT
CTaluMOHapHbIX BaHH:

- BHYTPEHHWE CNOMU Kyyu JeTaneil CUNbHO aKpaHMPOBaHbl BHELUHUMW CIIOSIMU OT Cu-
NoBBIX NIWHUIA TOKa, NO3TOMY B KaAbl AaHHBIA MOMEHT NOKPbITUE NMPOUCXOAWT TOMBKO Ha
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AeTtansax, nexawmx B HapyXHbIX CNOSAX Ky4u; B CBS3M C 9TUM dpakTuueckas nnoTHOCTb Toka
3HauyMTenbHO Gonblue NMOTHOCTU TOKA, PACCUYUTaHHOW MO NOBEPXHOCTU BCEW 3arpysKku;

- BENMYMHAa NNOTHOCTU TOka Npu obpaboTke AeTanen Hacbinbto 0ObIMHO COCTaBMseT
1/3 oT BENWYMHBI NSIOTHOCTY TOKa NpK 06paboTke feTanen Ha NoaBeckax;

- TOK OT TOKOMOABOASALLMX KOHTAKTOB (LOHHBIW, NNaBaoWmA KaToabl U T. M.), UMEIoLWMX
OrpaHNYeHHY0 MOBEPXHOCTb, NPOTEKaET K Brivkaniuen aetanu u OT Hee K Apyrum AeTansam
yepes He O4YEHb HAAEXKHbIE KOHTaKTbl MEXAY HUMK; MafeHNe HaNPSKEHUS Ha 3TUX MNOXMX
KOHTaKTax BeCbMa 3HauuTensLHO, MO3TOMy K Takomy obopyaoBaHuto TpebyeTcs NoABOAUTL
Bonee BbICOKOE HaNPSKEHNE, YeM K CTaumoHapHbIM BaHHaM,;

- NnepopmpoBaHHbIE CTEHKU MOrPYXHbIX Konokonos, GapabaHoB KOp3WH-ka4anok u
CETOK CNOCOBCTBYIOT 3aMETHOMY YBEMUYEHUIO SNEKTPUYECKOTO COMPOTUBIEHUS N TaIOKE Bbl-
3bIBaOT NOTPEOHOCTL B MOABOAE K BAHHAM MOBbLILLEHHOTO HANPSKEHUS;

- B HanUBHbIX KOMOKONax NMPUYMHON MOBBILLEHHOrO 3NEKTPUYECKOro COMPOTUBIIEHUS
ABNAETCA OrpaHWYeHHas nnowagb NOBEPXHOCTU aHoga — AocTarovHo Gonbluoin aHop He-
BO3MOXHO YMECTUTb BHYTPU KOSIOKONA; HO U B MPOYMX TUNax obopynoBaHvsa AN NOKPbITUS
MErKMX aeTanemn nnowasb aHoA0B HEJOCTATOUHO BENUKA, XOTH aHOAbl U pacrornoXeHbl BHE
cocyng;

- 06beM 3MeKTPOnUTa B HaNMMBHOM KOMOKOME, NPUXOAALLMIACA Ha €AuHULY nnowaan
NOBEPXHOCTW AeTaner n Ha 1 A Toka, 3Ha4YMTeNbHO MEHbLUE, YEM B CTauMOHAPHOW BaHHE.
9T0 NprBOAUT K BLICTPOMY HapyLLEHWIO COCTaBa 3MEKTPONUTa, Neperpesy, a MHOrAa U K He-
KOTOPbIM APYMM OCMOKHEHUAM;

- B pesynbTate HernpepbiBHOrO nepemeluBaHus (nepeckinaHns) aetaneii JOBONMbHO
Borbluas 4yacTb OCEBLUEro Ha HUX MeTanmna ycrieBaeT 3a BpPeMs NnpoLecca HaHeceHua no-
KPbITUS CTEPETLCH, XMMUYECKM pacTBopuTbC (A0 20 % — 40 % AnA TBEpAbIX METaNMoBs TH-
na Hukens, Ao 40 % — 60 % Ans MArkMX MeTanmnoB TUNa UMHKA), YTO CYLLECTBEHHO YMEHb-
LUaeT CKOPOCTb HapalUBaHWUs MOKPLITMA NO CPABHEHUIO CO CKOPOCTBIO OCAXAEHUA NOKPLITUA
B CTaLMOHapPHBIX BaHHaX.

Takum obpasom, obopyaoBaHe ANA NOKPLITUS Menkux aetanen Tpebyet Gonee Bbi-
COKOrO HanpsKEHNA NuTatoLero Toka 1 6onbLwero BpemMeHu Ans HaHECeHNA MOKPbLITUS, Yem
B CTaLMOHapHbIX BaHHaxX, HO 3TO OKYMaeTCcs BOSMOXHOCTLIO Bonblueit 3arpysku obopyaosa-
HUSA Ha eMHULY NIOWaAn Lexa W, rmasHbiM o6pa3oM, HECPaBHUMO MeEHbLUEN TPYAOEeMKO-
CTbHO 3arpy3ku U BbIrpy3Ku AeTanein.
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1 — cTaHuHa; 2 — MoTop; 3 — pedykTop; 4 — aHOAHAas LUTaHra;
5 — aHOAHbLIN TOKONOABOA,; 6 — KAaTOAHLIN TOKONOABOA, 7 — LUTAHra;
8 — konokon; 9 — aHog; 10 — LWeTOuHbIN KaTOAHbIW KOHTAKT; 11 — getanm

PucyHok 2.11 — Konokon HanueHoro tuna

Konokon HanueHozo muna (cM. pucyHok 2.11). Konokon 8 npeacraensieT cobon yce-
YEHHYIO LUECTU- UMM BOCbMUIpaHHYIO NupaMuay, AHOM ChyXWT ee Gonbluee ocHOBaHue, a
3arpysoyHbiM OTBEPCTUEM — MeHbLuee. HanmBHOA KONMOKON M3roTaBnmuBaloT U3 pasfUyHbIX
HeMeTannMyeckux MaTepuarnos Unu U3 Metanna, Ho ¢ cpyTepoBkoi BHyTpU. Hanbonee pac-
MpocTpaHEHHbIMU U YAOOHBIMU COOTHOLLEHUSIMW pa3MepoB SIBAAIOTCA cleaylowme: OTHOLLIe-
HVWe BepxHEero AvameTpa K HWXHeMy, paBHoe 2:3, U BbICOTa, paBHasA HWKHEMY AuameTtpy.
CTeHKM 1 AHO HanNMBHOIO Konokona cnnolwHblie. Cam Konokon yCTaHOBIMEH Ha cneuuanbHOn
cTaHuHe 1 1 BpalwjaeTcsi C NOMOLLLIO MoTopa 2 yepes peaykrop 3. [lna 6onblUMHCTBA AeTa-
ne’ onTMMarnbHbIA Yron HaknoHa konokomna cocraenseTr 35° — 40° ot sepTukanu. Yepes
BEPXHIOIO OTKPLITYI0 YacTb KOMOKoNa 3anvMBaeTcA JNEKTPONUT, 3arpyxatotcs aetanm 11 u
B 2MEKTPONUT BBOAWUTCA aHopd 9.

KaTogHble KOHTaKTbl BHYTPU KOJOKONa BbINOMHAIOTCA NMbo AOHHBLIMK, NGO nnasaio-
LWUMAN.

LoHHbIl kaToAHbIN KOHTaKT 10 npeacraBnsieT coboi AMCK C KPYFrOBLIMU BbICTYNamu,
YKpenneHHbI Ha AHe KOornokona no ero LeHTpy. Tok nopgaeTcs OT KaToAHOro Tokonogsoaa 6
Ha KaToAHbIA ANCK Yepe3 AHO KOMOKOoNa OT HapyXXHOro KonbLa, N0 KOTOPOMY CKOMbL3AT yCTa-
HOBIEHHbIE Ha HEMOABMKHOMN YaCTU CTaHWHbI TOKOCHEMHbIE LLETKN. [JOHHbIE KOHTaKTbl O4YEHb
OLICTPO 3apacTaloT, YTo TpebyeT perynspHoi (He pexe pasa B HEAENI) OYUCTKU (TpaBneHue
KucnoToi unu cbmsaHue UX MOMOTKOM M 3ybunom). STu onepauumn NPUBOAAT K AnUTENEHOMY
npocTolo o6opyaoBaHUA U OTPULATENbHO CKa3blBAIOTCA HA ero Lenoctu. [JoHHble KOHTAKTbl
MOCTENEHHO BbLITECHSIIOTCH U3 NPAKTUKA NNaBaloLMMK KaToOAHbIMU KOHTaKTamu. [Tnasaiowul
KOHTaKT npeactaenset coboit HebornbLUOW Kycok MeTanna ¢ nnowjagbio NoBEPXHOCTU, paB-
Hoin 0,2-0,5 p,MZ. dopma ero 6e3pasnuyHa, HO NpeanoYTUTENEeH Hebonblloh unuHap aua-
MeTpom 1-2 cM, ANVHOI 5—8 CM, 3aKpenneHHbIA Ha KOHLE TMOKOro (MHOTOXUITBHOIO) U30NK-
poBaHHOIO MeaHoro nposoga. KOHTaKTHbIA LMNMHAP AOMKEH NEXaTb Ha BepXy Ky4yku geTta-
nei. MNMpu HepOCTaTOYHO ’MOKOM MNU CNULLKOM ANMHHOM NMPOBOAE OH NPW BpaLLEHUM KOro-
Kona MOXET 3arnyTaTbCA BOKPYr aHOA4A WU LIMNUHAP OTOABUMHETCA B CTOPOHY OT AeTaneil u
KOHTaKT HapywwuTtcs. He obsisatensHo aobuBatbesi, YTOObI LMAMHAP YTOHYN B Kyde AdeTa-
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Nen, — 3TO HEe HYXKHO U NPAaKTUYECKU PEAKO AOCTWKUMO — TOJIbKO B Criyvae, Korga geranmu
no pa3Mepy NPEBLILLAKT KAaTOAHBIN LIMNNHAP.

Mnasarowm KOHTaKT ya00OEeH, NPOCT KOHCTPYKTUBHO U SNEKTPUMECKMN HAAEXEH; OT He-
ro He o6pasyloTca HapoCTbI MO AHY; B HEM He 3acTpeBaloT Merkue aeTtanun. KoHTakT Hecnox-
HO CHSATb W 3aMEHWTL HOBLIM, a CTapbIi NMMbo NpoTpaBuTb, NGO NepennaBnTb, €CNn OH Bbin
n3roToeneH u3 aHogHoro metanna. OH gelwes (eCnvm M3rotToBneH He U3 AparoueHHOro Me-
Tanna) n NpocT B U3roToBrieHMn. [NpoBog MOXHO NpUBSA3aTb K aHOAHOW LUTaHre Unn npory-
CTUTb €50 Yepe3 LWTaHry (ecnv oHa nonasi) n Yepes oTeepcTue B aHoge. BaxHo, utobbl npo-
BOA, He Kacancsa BepXHEro kpast Koriokorna, nHade ero naonsuma yaet 6bicTpo nepetepra.

B HanMBHOM Kkonokone HeT MecTa, YTobbl pasmMecTUTb aHoAbl C AOCTATOYHON NIoLla-
Abl0 NoBepXHOCTW. MoaBELLEHHBIN B KONTOKON Ha aHOAHON LUTaHre 6 Kycok o6bIYHOro NocKo-
ro aHoga 5 vMeeT HUMTOXHY pabouyto MOBEPXHOCTb, UTO oOycnaenvMBaeT HapylleHve pa-
Bouero pexxuma pacTBOPEHUS aHoAa U CUNbHOE NOBbLILIEHWE HanpsbkeHus. MMoaTomy aHop
HY)XHO AenaTb C pasBUTON NMOBEPXHOCTBLIO. AHOALI U3 NETKOMMaBKUX METannoB Crnegyert oT-
nuBatb B Buae aucka ¢ pebpamMu Ha ero HwkHen nosepxHoctu. U3 Tyronnaekux meTtannos
(Hanpumep, HUKENS) aHoA C Pa3BUTON MOBEPXHOCTbIO M3rOTABMUBAKOT C MOMOLLLIO CBapKW.
K ropnsoHTanbHOV nnactuHe CHU3y NpuBapuBaroT Heckonbko pebep ¢ 3azopom 10-20 mm.
OnTmanbHOe paccTosiHMe OT HWKHEW 4acTy aHoda Ao aetanen konebnerca ot 100 go
200 mm. Ecnu oHo MeHbLue 100 MM, TO BO3HUKaAET BO3MOXHOCTb KOPOTKOrO 3amblkaHusa Ae-
Tanew c aHoA40M.

O6vem anekTponuTa coctaensieT npumepHo 50 % — 60 %, a obveM petanen —
10 % — 20 % ot o6vema Konokona.

Cuvna Toka u HanpsbkeHne MoryT konebaTbca B 3aBUCMMOCTM OT COCTaBa 3MeKTponu-
Ta. YacrtoTa BpalyeHuss HebonbLlumx (go 10 n) konokonoe — 15 06/mMuH, 6onbumnx (30-70 )
CcTaumoHapHbIx konokonos — 10 06/MuH.

[MaBHbIMM MpenMyLLECTBAMM KOJIOKONa HanMBHOMO TUNa SBNSIOTCA BO3MOXHOCTb 06-
paboTky O4YeHb MENKMX AeTarnen BCneactevMe OTCYTCTBUA nepdopaunn, a Takke Hagex-
HOCTb KOHCTPYKLM M KOMMAaKTHOCTb YCTaHOBKM, KOTOpasi Nerko MoXeT ObiTb nepeapuHyTa
B pYroe MecTo.

MaBHble HEJOCTaTKM HaNMBHOMO KONOKOSa — Mariasi BMECTUMOCTb No 06bemy AeTanen,
Hebonbllas OfHOBPEMEHHO MOKpPbIBAEMAs MOBEPXHOCTb AETanen (NMOoKpbIBalTCA AeTanu,
HaxofAWMecs B JaHHbI MOMEHT Ha MOBEPXHOCTW, MapasnsenbHON 3epkany anekTponura),
Marsbii 06beM 3MeKkTponuTa, OrpaHNYEHHOCTb aHOLHOW NOBEPXHOCTU, HEBO3MOXHOCTb MOJ-
LepXu1BaTh MOBbLILLEHHYIO TemnepaTypy anekTponuTa. Bce ato obycnaenueaet HU3kne obb-
EMHYI0 U KaTOLHYH MMOTHOCTW TOKA, a8 COOTBETCTBEHHO, M HU3KYIO MPOU3BOAUTENBHOCTH
npoLiecca.

KonokonbHas eaHHa noepyxHo20 murna. Norpy>kHOM KONOKON BCerja u3rotasnmeBaeT-
CSl N3 HEMEeTannM4eckoro marepvana v obblMHO NpeacTaBnsAeT COOON YCeYEHHYHO LIeCTu-
U BOCBMUIPaHHyo nupammnay, AHOM CnyXut Bonbluee OCHOBaHWE, a 3arpy3oyvHbiM OTBEp-
CcTeM — MeHblee. Tak e, Kak U y HanMBHOIO KOJOKONa, OTHOLLEHUE BEPXHEro gvameTtpa
K HKHEMY 2:3, a BbICOTa paBHa HWKHEMY AnameTpy, T. €. yron koHyca 71°. bonee ogHo-
POLHbBIE MOKPLITUSA NONYYaTCA B KOMOKONE, umerolemM opMy ABYX CNapeHHbIX YCeUYeHHbIX
WEeCTN- UM BOCbMUIPaHHbIX NupamMui. B otTnvumMe oT HanMBHOMO y MOrPYy>KHOro KOJiokona
rpaHn nmeroT nepdopauuio. BHyTpb konokona 3acbinaloTcsl eTanu, a caMm KOoKon norpy-
XaeTcs B BaHHy, rae coaepxarcs anektponut u aHoabl. NMepdopauyusa obecneumsaet npo-
XOXKAEHWE TOKa OT aHOAOB, PaCrONIOKEHHbIX BHE KONOKONa, Ao aetanen. Pacnonoxenve
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aHOAOB BHEe KOJ/IOKONa MO3BOMSET WCMOb30BaTb aHoAbl € 6osfblueli niowaabl, 4vem
B HA/IMBHOM KOJIOKO/IE, TEM camblM obecneumBaeTcs noffepXaHue HOPMasibHOIo pexuma
NX pacTBOpEeHUsi, a GoNbLUNA 06bEM 3NEKTPOAUTa CNOCO6GCTBYET YMEHbLUIEHNIO O0ObEMHOWA
NIOTHOCTN TOKa M TeM cambiM obecneumBaeTcs 60nbluas cTabubHOCTL coCTaBa 3/1eKTpo-
nvTta. BHYTpb KO/IOKOMa Yyepes BepxHee OTBepCTMe BBOAMTCA rMbkas meTasi/imyeckass U3onu-
poBaHHas LMHA C YTO/NWEHWEM Ha KOHLUe— MiaBalolMM KaToAoM, KOTOPbIA, Kak u ans
Ha/IMBHOTO KOJI0KOMa, NpefcTaBfiseT coboi HebONbLOW KycOoK MeTanna, npennoyTutesisHo
unnnHapudeckoli oopmel, ¢ naowaabio nosepxHoctn 0,2-0,5 M2 AanHa rmbKoro n3onmpo-
BaHHOro NpPoOBOAa, K KOTOPOMY KpenwTcs naaBalowWwmMii katoh, noabupaeTtcs 3KCNepuMmeH-
Ta/lbHO: NPV HEAOCTATOYHO TMOKOW WAM CAUWKOM ASIMHHOWM LUMHe niaBalowmii katogd npu
BpaLleHNM KOMOKoMa MOXET 3anyTaTbCA BOKPYr Bana. [eTanu 3arpyxarTcs W BbIrpyxarTcs
yepe3 BEPXHIO OTKPbLITYIO YacTb MO /I0TKaM. BaHHa MOXeT cHabXaTbCs BbITSXKHOW BEHTU-
nsaumen n ycTponcTBoM ANa Harpesa Wiun oxnaxaeHus. O6WwuiA B KOMOKOMIbHON BaHHbI MO-
rPY>XHOro TUNa NpeAcTaB/eH Ha pucyHke 2.12.

PucyHok 2.12 — O6Luit BUA, KONOKObHOW BaHHbI NOTPYXHOTo TUNa

B 3aBNCMMOCTM OT CbIMy4yecTn AeTasieil ONTUMasIbHbIV Yron Hak/ioHa KOoKosia MOXeT
HECKOJIbKO MEHSITbCS, HO A1 6O/bLUMHCTBA AeTanei oH coctasnseT 35° — 40° oT BEPTUKa/IN.

Konokona, kak HanvBHble, Tak 1 NOrPYXHble, AO/MKHbI UMETb BO3MOXHOCTb COBepLUaTh
[Ba pasNNyHbIX [BWKEHWA: BpalleHWe BOKPYr reoMeTpuyeckoli Ocu KoHyca (nvpamugbl)
Konokona (418 nepemelLnBaHus AeTaneil), a Takke HakNOH B BePTUKa/bHOI nnockoctu (415
3arpyskn 1 BbIrpysk) ot 0° u go yrna B 125°— 135° oT Beptukanu. Konokon [ommkeH
BpalwiatbCs, Haxoascb B NOO60OM NOMNOXEHWW B npefenax ero yrna HaknoHa, Tak Kak
BpalleHne MomoraeT BbICbINAHWIO MOKPbIX AeTaneil npu pasrpyske. HaknoH cosepluaeTcs
BPYYHyl0 Npu nomoln 3y6uaToil nepepaun. [Ana ypo6cTBa MaHWUMNYIMPOBAHUST KOMTOKOS
0653aTeNIbHO J0/MKEH OblTb YpaBHOBELLIEH NPOTUBOBECOM WM MOTOPOM C PeAyKTOpPOM: Afis
Ha/IMBHOTO KO/IOKOS1a MNPOTUBOBEC [JO/DKEH ObiTb MO BECYy HECKONbKO 6O0NblUMM, 4YeMm
MOMIHOCTbLIO 3arpyXXeHHbI KO/I0KoN (4TOObI B C/lydae MOJIOMKU MexaHu3ma nogbema KOsloKos
nepewen B BePTUKa/IbHOE MOJIOXKEHWE); A1 MOTrPYy>XHOro KOM0Ko/Ma NPOTUBOBEC [O/MKEH
6bITb MO BECY HECKOMNBbKO MEHbLUUM, YeM nycTol 6apabaH (4To6bl Nerko 66110 OCyLLeCTBASATb
3arpysky getanei).

BapabaHbl A5 HaHeceHus MNOKPbITUA (CM. pUCYHOK 2.13) npeAcTaBnsAT coboi
LWeCcTn- WAM BOCbMUTPaHHYK CBapHY WAM COOPHYK nNpu3My 1, MW3rOTOB/IEHHYIO U3
HeMeTasl/IMYecknx, K1cnoToLLeNoyYecToknx maTtepuanoB. Bce 60koBble rpaHu 6GapabaHa
nepdopupoBaHbl. B ogHOV TopueBoi CcTeHke 6GapabaHa umeeTcss 3y6uyatoe kofeco 2,
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M3roTOBNEHHOE, KaK NpaBuno, u3 TOro e Matepuana, 4yto u 6GapabaH, wnu ppyroro
HeMeTannuMyeckoro martepuana. Yepes cucreMy 3ybuatbix Konec BpalleHue OT MoTopa
3 c pegykTopom 4 nepepaetcs 6apabaHy. MoTop ¢ peAyKTOpoM MOIYT pacnofaraTbCa Kak
BHE BaHHbI, Tak U Ha GapabaHHoi pame. B nepBom crniyyae npu noasewnsaHum 6apabaHa Ha
KaTOAHYIO LUTaHry ranbBaHUYECKOW BaHHbI 3yb4yatoe koneco 6apabaHa COCTbIKOBbIBAETCH
¢ 3ybuaTbiM KONECoM NpMBOAA BpaLLEHUs!, YCTAHOBIIEHHOIO BHE BaHHbl. Hanbonee ynobeH n
LUMPOKO pacnpocTpaHeH nepeHocHow 6GapabaH, korga MOTOpP M PeayKTop YCTAHOBMEHbI
BMmecTe ¢ 6apabaHom Ha ofHoii M-06pasHoii pame 6. B aTom cnyyae 6apabaH moxeT GbiTh
onyuwieH B mobyio craunoHapHylo BaHHy. [lna nepeHocku v noasewmBaHus 6apabaHa Ha
KaTOAHYIO LUTaHry BaHHbl HA BEpPXHEW NepeknaguHe y pambl UMeIOTCA Kpioku. lNnasaiowme
KaToAbl 7 BBOAATCA BHYTpb GapabaHa yepes ase TpybuaThie nonyocu 5.

Mocne okoH4YaHMs Npouecca HaHeceHUsA NOKpbiTUS 6apabaH nogHUMaeTcA U3 BaHHbI
MOKPbITUS,, MEPEHOCATCS B MPOMbIBOMHYIO BaHHy, 3aTeM pasrpyXaeTtcA Ha CUTO U
3arpyxaercs crnefyloliein napTmen aetanein. 3arpysky U BbIPY3Ky geTanein ocyLecTBnsioT
yepes OTKpbIBaKoLLylOCs rpaHb 6apabaHa, UMeloLLYI0 3aMOoK.

1 — 6apabaH; 2 — 3ybuyaToe koneco; 3 — MOTOpP NOCTOSIHHOIO TOKA; 4 —
penykTop; 5 — Tpybuartbie nonyocu; 6 — pama; 7 — nnasaoLme katogbl; 8 —
KaTOAHbIE LUMHbI

PucyHok 2.13 — lNepeHocHol 6apabax

MNocne okoH4YaHWs npouecca HaHeceHWs NOKPLITUA 6apabaH nogHMMaeTcs U3 BaHHbI
MOKPbITUA, NEPEHOCUTCA B MNPOMbIBOMHYIO BaHHY, 3aTeM pasrpyXaeTci Ha CUTO M
3arpyxaeTcs cregylolleil napTuen aetaneir. 3arpysky U BbIPy3Ky AeTanei ocyllecTBnsioT
yepes oTKpblBaloLLylocsi rpaHb 6apabaHa, UMEIOLLYIO 3aMOK.

Ecnu Ha 6apabaHe ycTaHOBNEH MOTOP NOCTOSIHHOMO TOKA, PacCuUTaHHbIi Ha 12 B, To
OH MOXET NUTaTbCA OT LUTAHT ranbBaHUYECKON BaHHLL. B 3TOM cnyyae cnegyet yyecTtb, YTO
aMnepMeTp Ha LWMTE BaHHbl NOKAKET CyMMy TOKOB anekrponu3a u motopa. Motop nepe-
MEHHOro TOKa HY)XHO nuTaTh NO rMbBkomy nposoay, AnA Toro 4tobbl obecneunTb BpaLleHue
6apabaHa B NPOMbIBHbIX BaHHAX.

Monyocu 6apabaHa nu6o nNpovHO 3akpenneHbl Ha TopueBblX cTeHkax Gapabana u
BpaLLaloTcs B CKBO3HbIX OTBEPCTUAX BEPTUKASBHBIX CTOEK pambl, M60 NPOYHO 3aKpenneHsb
B BEPTUKamNbHbIX CTOWKax paMbl U BPaLJAIOTCA B OTBEPCTUSAX TOpUEBbLIX CTEHOK GapabaHa.
B nepsom cnyyae npoBog, Ha KOTOPbIA KPENWTCA NaBaloLuUi KaTod, AOIMKEH NPOXOAWUTb
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MonocTe Monyocu ¢ ouveHb Gonbluvm 3a3opoM, 4ToBbl MOMyoCb MpU CBOEM BpalleHWU
He yBnekana 3a cobol NpoBoj, He 3akpyuyMBana ero U He uctupana nsonaumio. Takas KoH-
CTPYKLMSA MMEET ORHO HeyA0oBCTBO: Npun HopMmansHoM 3arpy3ke 6apabaHa (Ha ogHy TpeTb ero
AvameTpa no BbicoTe) 6apabaH paboTaeT BronHe yaoBneTBOPUTENBHO, HO ecnu GapabaH
3arpykaetcs A0 Moyocu Ui Bbille, TO MerKue AeTanu MoryT Bbickinateca u3 GapabaHa
yepes Gonbluol (He MeHee 10 MM) 3a30p Mexay NPOBOAOM U BHYTPEHHVUM OTBEPCTUEM MO-
nyocu.

Fopaspo yaoGHee BTOpas, Gonee coBpeMeHHas KOHCTPYKUMSA, Korga Npoeoj nnasa-
IOLLEro KatoAa NponyLleH Yepes HenoaBwkHbIe TpyGyaTtele nonyocu. B aTom cnyyae BHyT-
peHHee OTBEPCTME MNOMYOCHM MOXET ObITb 3aKPLITO 3armyLUKON, Yepes OTBepCTUE B KOTOPOW
KOHTaKTHbIA NMPOBOA, TaKKe HENOABWKHBIA, MOXHO NMPOMNYCTUTE TaK MIoTHO, YTOOkI Yepes 3a-
30p He MOrfa NMPOCKOYUTL AaXKEe camas ManeHbkast aetanb. B 3Ton KOHCTPyKUMKM UcKknoyeHa
1 OMacHOCTb 3aKpy4MBaHUs MPOBOAA.

B 06emnx KOHCTPYKUMSIX MONyocu AenaroT 13 BUHUMNNACTOBOM MW NOMUAPONUIEHOBOM
TPyObl C HAPYXKHBIM AnamMeTpom 25-50 MM 1 TONWMHON cTeHkn 3—5 MM. B Takom ynpoLeH-
HOM «MOALLUMMHUKE» TPEHWE MPaKTUYECKN OTCYTCTBYET.

MpoBoga ¢ nnaBaroLLMMKN KaToAaMun 3aBOAST MO OAHOMY C kaxaoro Topua bapabana.
PaccToaHre mexay KOHTakTHbIMW LmMnnHapaMuy (Mnasatowmmm katogamm) BHyTpy Hapabaqa
OOMKHO ObITb OT 1/3 ao 1/2 pnuHel 6apabanHa ana 6onee paBHOMEPHOro pacnpegeneHns To-
Ka no macce getanei. HeaaBMCUMO OT KOHCTPYKLMK nonyocen GapabaHa n OT NONOXeHWs
nna.aroLLMX KaTOA0B (Ha NOBEPXHOCTU AETany Unu noj Hew) NpoBoAa, NOABOANMBIE K KaTo-
Aam, fomkHbl BbITe rnbkumn. OBwmin BUA nepeHocHOro norpyxHoro 6apabana npeacraeneH
Ha pucyHke 2.14. HacbinHoit 06beM aeTtanein coctasnseTt 25 % — 35 % obbema GapabaHra.

B BaHHbI ¢ GapabaHaMu 0ObIMHO 3aBELUMBAIOT TakMe e aHoApbl, kak U B CTauuoHap-
Hble BaHHbI. MoaBewwnBaroT nx ¢ 06enx cTopoH bapabaHa napannenbHoO ero ocu. HuwkHUN
KOHEL, aHoAa He CTOUT onyckaTe B BaHHy rnybxe, yeM Ha 100 MM Huxe HkHen obpasyto-
wen 6apabaHa. Kak npasuno, npn obpabotke getanen B 6apabaHax aHOAHaA NNOTHOCTbL
Toka B 3—4 pasa Bblle, YeM B CTaLMOHapHbIX BaHHaX. Takas noBbIeHHas aHoAHAA MnoT-
HOCTb TOKa BbI3blBaeT NOTPEBHOCTL B NOBLILUEHHOM HaMPSPKEHUW Ha BaHHE, YTO MOXET npu-
BECTU K NacCUBMPOBaHWIO aHoaoB. MoaToMy xenaTtensHO UCNoNb3oBaTh aKTUBHLIE (Aenac-
CMBUPOBaHHbIE) aHOAbI (Hampumep, NpU HUKENMpOBaHUW), AOMNycKalowme WUCMonb3oBaHne
MOBbILLEHHOW NSIOTHOCTU TOKAa, W aHoAb! C Pa3sBUTOW NOBEPXHOCTbLIO, HANpPUMep LMNNHApUYe-
CKue, UNN aHoaHble KOP3UHBI. AHOABLI AOMKHbI BbiTb NOABELLEHbI BNMOTHYIO APYr K APYrY W
PerynsipHO 3aMeHSITLCA N0 MeEpPe PacTBOPEHMS.
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PucyHok 2.14 — O6wuii BUA, NEPEHOCHOrO NOrpy)XHoro 6apabaHa

Mepchopauus cTeHok GapabaHOB, KOMIOKO/IOB WM KOP3WH-Kayanok Heobxoguma Ans
LUMPKYNSALMN 3NEeKTPoMTa U NPoXoXaeHusa Toka. Yem 60nblue «knBoe» ceyeHve nepdopa-
Ly (NPOLEHTHOE OTHOLLEHWE N/IoLWamN NMOBEPXHOCTH OTBEPCTUI K OOLLEl NIOLaaN CTEHKN),
TEM MeHblUe OHa MellaeT NpoTekaHuio pacTeopa M Toka. OfHako AenaTb 60/blune OTBep-
CTUSA HEBLIFOAHO, TakK Kak B Takom 000pyAoBaHUM Henb3s 6yaet obpabaTbiBaTb He TOMbKO
Takve getanu, pasMep KOTOpbIX MEHbLUEe OTBEPCTUIA, HO M Takue, Y KOTOPbIX €CTb 3NIEMEHTbI
npounnas, KoTopble MOryT BbICTYNUTb U3 OTBEPCTUS. Ha KOHUMKE 3TOro BbICTyMa M/OTHOCTb
ToKa GyfeT HaCTO/bKO Benvka, YTO Ha HeM o6pasyeTcs LUMLIKOBUAHbIA HApPOCT MeTanna, Ko-
TOpbIi 3a4acTylo faxe He yAaeTcs BbiTaluTb U3 OTBEPCTUS, B pe3y/sibTaTe Yero 3HauuTe b-
Hasa yacTb nepdopauny okasbliBaeTCs 3aKynopeHHol. C apyroli CTOPOHbl, OYEHb MasieHbKue
OTBEPCTUSA 0Ka3blBalT 60/bLLIOE COMPOTUBEHME MPOTEKAHWIO pacTBopa M ToKa, a ecnun ux
Jenatb MHOro, TO 3TO AOCTATOYHO TPYAOEMKO, Aa W CTeHKa CTaHOBUTCS ocnabneHHoi. lMo-
3TOMY NPUXOAMTCHA OrpaHMyYMBaTbLCA pa3sMepoMm OTBEPCTMSA OT 3 40 8 MM M NPOMexXyTkamu
mMexay HuMmn 2,5-6 MM (paccTosiHie Mexay LeHTpamu oTBepcTuii — 5,5-14 Mm).

OTBepcTua B NephopupoBaHHOW CTEHKe NOYTW BCerga AenawT B LaxmaTHOM nopsag-
Ke, Tak Kak TeopeTuyecku npu 3TOM Ha efuHuLe Nowaan CTEHKU ymMelaeTca 6o/ibliee Ko-
INYECTBO OTBEPCTUIA 1 «XMBOE» ceveHue nepdopaumu 6yget Ha 15,5 % 6onblue, Yem «Ku-
BOE» CeyeHue Npu pPsSLHOM PacnosioKeHWW OTBEPCTMIl (MPU OAMHAKOBbLIX AnameTpax oTBep-
CTUIA N OONHAKOBbIX MEXLEHTPOBbLIX PacCcTosiHNAX). O4HaKo orpaHM4yeHust No NPoOYHOCTM CTe-
HOK AVKTYIOT NPUMEHEHNE «XKMBOrO» CeYeHUsa A5 NpuBeLEeHHbIX Bbille pa3mepos nepdopa-
um — ot 23,4 % po 25,7 % npu psagHOM pacrnosfioXXeHUM OTBEPCTUIA u oT 27,0 % fo 29,6 %
npu WaxMaTHOM.

[Ona HaHeceHVA MNOKPbITUA Ha Mesikue peTtanu uspegka NPYMEHSIOTCA KOP3WHbI-
Kayauikv, He MosyyMBLUME Y HAC LUMPOKOrO pacnpoctpaHeHus. OHW fenaloTcs B BUAeE Mosy-
LUWMHAPA WU NOMOBMHBI MHOTOTPaHHOM MpY3Mbl, NOABELLUEHHOW Ha rOpPU30HTa/IbHOM Basy,
BOKPYI KOTOPOro KOp3uHa MOXEeT kayaTbCs ¢ aMnnutynoi 60°. OCHOBHbIM HEAOCTaTKOM 3TUX
KOP3WH, OrpaHNyYMBalolWMM UX NPUMEHEHME, ABMAETCA WX HeyaayHas dhopma, He Mo3BOSIA0-
Wwas 6onee MHTEHCMBHO KayaTb KOP3WHY 13 OnaceHusl BbiCbiNaHusa geTtaneit yepes kpai.

B 70-e Ir. 3a pybexom nosiBuiacb HOBasi, CYLLECTBEHHO Y/y4lleHHas MoAeflb Takol
KOP3WHbI, MmetoLwas hopmMy nouT 3aMKHYTOro UWaMHapa. Baonb o6pasylollel uunnHapa Ha
CTOPOHe, MPOTMBOMO/IOXKHON CepeanHe 3arpy304HOro OKHa, PacrnosiokeHo pebpo B chopme
pPaBHOCTOPOHHEr0 TPeyrosibHVKa, B OAHOW MOAEeNN BXOoAsliee BHYTPb KOP3UHbI, a B ApYy-
roll — Hao60opoT, BbiCTynawLee U3 AHa HapyXy U npugalrollee nonepeyHoMy CeYeHuIo Kop-
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3nHbl popmy ceppua. Pebpo npepHasHaveHo ANs ynydleHUs nepemeluvBaHus geTanew.
OfHako OCHOBHOE [JOCTOMHCTBO HOBOW MOAENWN 3aKIHOYaETCs B TOM, YTO OKPYKHOCTb KOpP3u-
Hbl oxBaTbiBaeT He 180°, kak B CTapor Moaenu, a 315°, 4yTo No3BonsAET yBEMNYNTL aMMINTY-
Ay Ka4vaHus B Tpy pasa (180° BmecTo 60°) Ge3 onaceHusi npockinatb AeTanu. 370 3Hauu-
TenbHO yryyllaeT nepemMeLuBaHme aeTanen.

Asmomamuyeckue 2anbsaHu4ecKue nuHuu. anbBaHN4YeCKMe aBTOMaTUYECKNE NIMHUA
B 0OLWEeM Buae BkIOYaoT B cebs BaHHbI, CyLIMNBHYHO Kamepy, 3arpy3o4HO-pasrpy3oyHble
CTOVKW MMM YCTPOWCTBA, CUCTEMY BEHTUMSALUMM, METaNMOKOHCTPYKLUMIO (Kapkac), CUCTEMY
TpybonpoBoaoBs, Mnowanky oBCnyXuMBaHWs, YCTPOWMCTBA ANsS MepeMeLLeHUss NMOABECcOoK U
BCnomorarensHoe o6opyaoBaHne (Hacockl, TeNNO0BMEHHUKM, PUNBETPOBANbHbIE YCTAHOBKM,
€MKOCTU U T.N.). BaHHbl, B KOTOPbIX OfHOBPEMEHHO PACMONaratdTCH HECKONbKO LUTaHr ¢
noABeckamu, HasbIBarTCA MHOrOMO3MUMOHHBIMU.

OcHOBHOW MeXxaHN4ecKon hyHKLMEN aBTOMaTUHECKMX MUHWIA SBISETCA NepeHoc noa-
BECOK C AeTansiMu, Konokonoe mnu 6apabaHoB 13 OAHOW BaHHbI B APYryt0 B CTPOrOM COOT-
BETCTBUW C BbIAEPXKOM BPEMEHU ANSI KKAOM onepaumu, 3agaHHOM TEXHOMOMMYECKMM MNpo-
Lieccom.

o BO3MOXHOCTN MBMEHEHMS anropuTMa NepeHoca AeTtarnen aBToMaTuyeckme nMHUn
AenATCA Ha ABa TUN&: MUHUN CXKECMKUM YUKITOM Y NIUHWN C 2UGKUM UUKITOM.

B nHMSAX € KECTKMM LMKNOM M3MEHEHWe MOCnefoBaTenlbHOCTM UMM BPEMEHU Bbl-
LEPXKM feTanei B KOHKPETHOW BaHHE BrieyeT 3a coOOM 3HaYMTENBHYIO U TPYAOEMKYIO nepe-
CTPOMKY METanoKOHCTPYKLUMM FIMHUM U MeXaHW3MOB nepemelleHns aetanen. Haubonee
pacnpocTpaHeHHbIM TUMOM aBTOMaTUYECKUX NIMHUIA C KECTKUM LMKIIOM SIBNSIKOTCSH KapeTou-
Hbl€ NUHUK, B KOTOPLIX peanv3yeTcs Nepuoanyeckoe n OQHOBPEMEHHOE NepemMeLLeHne ge-
Tanen Ha Bcex No3nuusx.

JIHWNA C TMBKUM LUMKNOM Ha3bIBaKTCH aBTOOMNEPATOPHBLIMK NMHUAMUK. KcTatu, B ponn
aBToonepaTopa (MaHWUNynaTopa) MOXET paccMaTpuBaTbCsl YENOBEK, U B 3TOM Cly4yae nnHUs
obnapaet Hanbonbluer rMbKOCTbIO LUmkna 0bpaboTku geTanei.

Mo cxeme pacnonoxeHua BaHH NUHUM MOrYT ObITb MPAMONUHENHO-OAHOPSAHBIMM,
MHOTOPSAHBLIMK, B TOM YKCHE OBarbHbIMU, U KapycenbHbIMU (KOMNbLIEBLIMM).

KapemouHble asmomamuyveckue fUHUU C XecmkuMm yukiom. KapetoyHble aBTomatu-
YeckMe NUHUM NpefHasHadeHbl ANA HaHECEHUS! MOKPbLITUA MO OZHOMY TEXHOIIOMMYECKOMY
NPOLIECCY UMM HECKONBbKMM HE3HaYUTeNbHO oTnuyarommes Texnpoleccam. Hanpumep, Ha
OfHOW JIMHWUM LMHKOBaHUS MOXHO HaHOCUTb LIMHKOBOE MOKPLITUE Ha AeTanu C OCBETNEHNEM
N naccveupoBaHnem unu 6e3 OCBETNEHWSA N NaccMBUMpOBaHWA. KapeTouHble nuHuM npyvme-
HSAOTCS NpY NpomnsBoauTensLHOCTM 40 80 M4 ANS HaHeceHus BMNEKTPOXUMMYECKUX MOKPLITUN
m po 100 M2y AN HAHECEHUSI XUMUYECKUX N aHOAHO-OKUCHBIX NOKpbITUA. OBLWmMi BUA Kape-
TOYHOW NMHWM MNoKa3aH Ha pucyHke 2.15.

MpyHUMNMansHLIMK OTIIMYMSAMM KAPETOYHBIX IMHUIA OT AaBTOOMEPATOPHbIX SIBMSIOTCS:

- pacnonoXeHue BaHH B NMOpsiAke NOCNefoBaTeNbHOCTU Onepaumii TEXHONOrMYECKOro
npoLiecca, Tak Kak ABWXKEHUE MOABECOK OCYLLECTBNAETCS TOSNBLKO B OAHOM HanpaerieHuu;

- OAHOBPEMEHHOE FOPU30HTaNBLHOE NEpPEMELLEHNE BCEX NOABECOK;

- OAHOBPEMEHHBIN MOABEM BCEX NOABECOK B OAHOMO3ULIMOHHBLIX BaHHAX M MOABECOK,
HaXOASALLMXCS B KPAWHMX MONOXEHNAX MHOrONO3MUMOHHBIX BaHH,;

- OAHOBPEMEHHOE OryCcKaHWe BCEX NOAHATLIX MOABECOK;

- pacnonoXxeHue BaHH ANIMHHON CTOPOHON BAOSb OCK ranbBaHUYECKOW NINHUA.
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KapeTouHble NMHUM COCTOSIT U3 BaHH, PacnoNOXeHHbIX B NOPsAKE BbLINOMHEHUs One-
pauuii TEXHONOrMYeckoro npoLecca W, kak npaBsuno, B ABa psaa Nno osasny, a Takke U3 cy-
LUMNTBHOW KamMepbl M HECKONbKUX CBOBGOAHBLIX MO3UUMIA ANA 3arpy3KU-BbIrPy3KM MOABECOK.
Mexxny pagaMu BaHH Ha MeTanNOKOHCTPYKLMU PACNONOXeHbl MEXaHU3Mbl BEPTUKAIBbHOIO U
rOPW30HTanNbLHOro NMepPeMELLEHUs NOABECOK. [N BEPTUKANBLHOrO NEPEMELLEHUS CIYKaT Ka-
PeTku, ANA rOPU3OHTANbHOrO — TeneXku. BepTukanbHoe nepemelyeHUe KapeTku MpoUsBo-
AUTCSA NyTEM NOABEMA W ONyCKaHWsl NOABEMHOrO MOCTa, a FOPU3OHTasIbHOE NepeMeLLeHne
TENEeXeK C KapeTkamn — TOJSIKAIOLLMMM LUTAHraMK UK LENbl0 MeXaHU3Ma ropusoHTasnbLHOro
nepemMeLLeHms.

S

=

PucyHok 2.15 — KapeTouHble oBanbHbIe noagBecovHas (a) u 6apabaHHas (6)
aBTOMaTHUYECKUE NUHUN

KapeTku ¢ nosBeckaMn nepemMeLLaoTca AUCKPETHO C onpeAesieHHbIM TEMMOM 1 OfHO-
BPEMEHHO, T. €. Yepe3 CTPOro onpejeneHHoe BpeMs (HasblBaeMoe PUTMOM BbiXOAa NojBse-
cok). KapeTkn nogHuMaloTcs NOABLEMHLIM MOCTOM W HA TENEXKax NepejBuraloTcsi FOpU3oH-
TanbHO Ha OAVH LUAr C OAHOIM NO3ULMU Ha APYrYlo, a 3aTeM onyckaiotca u T. j. Lar ropuaoH-
TanbHOro NEPEMELLIEHNSI CTPOro ONpeferieH NporpaMMoi N paBeH PpacCTOSIHUIO MEXAY ABY-
MSi coCeAHUMU nosuumsiMu. Bpems Boblaepxku AeTaneil B KaXKA0W BaHHE He OfUHaKoBO, NO-
3TOMY PWTM BbiXOAa NOABECOK 33AaETCA PaBHbIM HaMMEHbLUEMY BPEMEHW BbIAEPXKUA U,
uyTOOBI COBNIOCTM BPEMSs BbIAEPXKKM AeTaneil B BaHHax ¢ Bornee npogomkuTensHon obpaboT-
KOW, Takue BaHHbl AEnalT MHOTOMO3NLIMOHHBIMY, T. €. Gonee ANUHHbIMKU. B aTux BaHHax ¢
obwum Ana  BCeA INWHWM  PUTMOM BbIXOAa MOABECOK KapeTkKM C NoABecKkamu
He NOAHWUMAIOTCA, a NEPEMELLAIOTCA TONMBbKO FOPU3OHTANbHO M B HWKHEM nonoxeHuu. Konu-
YeCTBO MO3ULIMIA, @ 3HAYMT, U ANIMHA BaHHbl ONPEAEnsIoTCA AeNEHNEeM BPEMEHWU BbIAEPKKN
fAeTanen B 9TOW BaHHE Ha PUTM BbIXOAa NOABECOK.

OpHONO3ULMOHHbIE BaHHbI B aBTOMAaTUYECKUX NMUHMAX NpefHasHaqeHbl ANsl NOAroTo-
BUTENbHBIX onepauuii (NPOMbIBKA, TPABREHWE, aKkTMBaLUA M T. 4.), a Takke ANA 3aKouu-
TenbHbIX onepauuii (naccueuMpoBaHWe, YNNoTHeHWE W Ap.). Bpemsa Bbiaepxkn petanei
B 3TMX BaHHax He MOXXET NMPeBbILIaTb PUTM BbiXOAa NOABECOK C geTansmu. B mHoronosuuum-
OHHBIX BaHHax NPoOM3BOAATCA onepauun 0Be3KMPMBAHAA N HAHECEHMA MOKPbLITUA, NPoAon-
XMTENbHOCTL KOTOPLIX Gonblue pUTMa BbIXOAA NOABECOK C geTanamu. Obliee KONUYECTBO
TENEXEK C KapeTkaMu cooTBEeTCTBYEeT o6LlemMy KOnU4ecTsy NO3WLMIA, BKNIOYAA NO3ULMK 3a-
rpysku-sbirpysku. Okono BaHHbI, B KOTOPOW He Bcerjaa Tpebyetcs obpaboTka peTanei, ycra-
HaBnMBaEeTCs MexaHM3M 06xoAa BaHH, KOTOPbIA NP HEOOXOAUMOCTU 3ajepXKUBaeT KapeTku
B BEPXHEM MOMOXEHWUM, HE AaBasi UM ONYCKaTbCA B 3Ty BaHHY.
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Ncxops 13 ocobeHHOCTEN TEXHONOrMYECKON onepaumn, KOHKpeTHas BaHHa OocHalla-
€TCs YCTPOWUCTBaMM ATt NEPEMELLMBAHNA N HAarpeBa, aHOAHLIMW UM KaTOAHBIMM LUTaHramu,
UNbTPYOLLMMKN YCTPONCTBaMK, CMMBHBIMW KapMaHaMmu, a Takke BbiIOUMpaeTcs onpeaeneH-
Has dyTepoBka u Tennousonsums. Ons cywku getaned B aBTOMartuyeckow NUHWW Npepy-
CMOTPEHa CyLUMmnbHasa kamepa, B KOTOPOW LMPKYNMPYET ropsaYni BO3ayX, NOCTyNalwoLwvn ot
kanopudepa.

MoMMMO KapeTOYHbIX TeNeXeudHbIX NIMHWNA, CYLLECTBYIOT elle KapeTouHble Gecrene-
JKeYHble 1 BeckapeToYHbIE NMNMHUKW, KOTOopble B POCCM HE HaLLW LUIMPOKOrO pacnpoCTpaHeHus!.

ABTOMaTUYECKME ranbBaHWYECKME JIMHWAM XECTKOro LuKna npeaHasHaqeHb! ans pabo-
Tbl B Ljexax ¢ O0MbLUION NPOM3BOACTBEHHON NPOrpamMMONn B YCNOBUAX MACCOBOIO N CEPUAHONO
NPOV3BOACTBA NPU HaANM4YMM CTaburbHOM NPOAYKUMKN. VX OCHOBHbIE HEAOCTaTKM:

- CNOXHOCTb Mepexofa C OAHOM NporpamMMbl Ha APYryo NPy U3MEHEHUW BUAa MOKPbI-
TWS, €ro TOMLMHbI, BPEMEHMN BbILEPXKKA LETanen B BaHHE, CBA3AHHAA CO 3HAYUTENbHLIMU
N3MEHEHMSAMUN B KOHCTPYKLMK NUHWML;

- HEOBXOAUMOCTE YCTAHOBKU MPOMbBIBOYHLIX BaHH MOCNE Ka&XA0W BaHHbI XUMUYECKON
UNN 3neKkTpoXummnyeckon obpaboTkn, Tak kak MOABECKM He MOTryT cosepluaTb BO3BpaTHO-
nocTynarenbHoe ABWKEHME,

- HarnM4ne MHOrOMO3MLMOHHBLIX BaHH, TakK KaK TEMI rOpPU3OHTaNbHOrO ABWDKEHUS AMs
BCEX MOJBECOK OfMHAKOB.

OpHako BbICOKas npoussoauTensHocTb (Ao 100 M4 1 Bonee) n HapeXHOCTb B 3KC-
nnyatauvn enaroT 31 NMHUM Hambonee SKOHOMUYHBIMW U JOCTaTOUHO NEPCNEKTUBHBIMM.

AsmoonepamopHbie agmomMamuyeckue JIUHUU C NPOepamMMHbIM yripasieHuem. ABTo-
onepaTopHble NUHUK MonyyYMnu Haubonbluee pacnpocTpaHeHve Grnarofaps TOMy, YTO OHU
MOrYT BbINOSHSATH LUMPOKWIA HaBtop cyHKLMINA.

B aBTOONEPATOPHLIX NMUHUAX MOXKHO OCYLLECTBNATL:

- KaK OTAENbHbIE 3MEKTPOXUMUYECKUE UMW XMMUYECKNE NPOLECCHI, TaK U HECKOSbKO
MPOLIECCOB OAHOBPEMEHHO U NOOYEPEAHO;

- U3BMEHEHWE MOCeA0BaTENBHOCTUA U ANUTENBHOCTU TEXHONOMYECKUX onepaLyii;

- HaHeCeHWe NOKPbITUY C NPon3BoAUTENbLHOCTLIO OT 1 A0 200 M21Y;

- 06paboTKy n3genuin kak MenbYanLLInX, Tak U KPynHorabapuTHbIX ASIMHON B HECKOIb-
KO METPOB;

- o6paboTky u3genuin Ha noaBeckax, B 6apabaHax, kopaMHax Un1 KOMBMHNPOBaHHO.

OTnnMuUTENBHLIMU 0COBEHHOCTAMN 2BTOONEPATOPHLIX NIMHWN SBMSOTCS:

- ABWKeHWe petanen B npouecce obpaboTkM kak B MpsSIMOM, Tak U B obpartHoOM
HanpasneHuu;

- BaHHbI U Apyrve nosuummn obpaboTkmn MOryT pacnonarateC He B NocnefoBaTenbHo-
CTW BbINOSHEHNSA TEXHONOMMYECKUX onepauymi;

- BO3MOXXHOCTb OCYLLIECTBINEHNS HECKOSIbKMX OAHOMMEHHBIX Onepauyui Ha OfHOW Tex-
HOMOrMYeCKoM NO3NUUK;

- HanM4ne He3aBVCUMbIX TPaHCMOPTUPYIOLMX OpPraHoB C WUHAMBUAYanbHLIMU NPUBO-
Lamn NepeMeLLeHUst U NoAbEMa-onyCcKaHus;

- HEOAHOBPEMEHHOCTL NepeHoca obpabaTbiBaeMbIX U3genni,

- OTCYTCTBME XKECTKOW CBSA3N MEXAY rpy3o3axeaTHbIM 3NEMEHTOM agToonepartopa u
nozgeeckon ¢ obpabaTtbiBaeMbIMy AeTansamu,

- HanM4ne ycTponcTea NPOrpamMMHOro ynpaeneHus.
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OTctofa BbITEKAET rMaBHOE MPEUMYLLECTBO aBTOONEPATOPHbLIX JIMHUA — OHU MHOrO-
MPOLIECCHbI, T. €. HA HUX MOXHO OOpabaTbiBaTbh LeTanu Mo pasnnyHbIM TEXHOMOrMYECKUM
npoLieccamM 1 CoBMELLaTb B O4HOW aBTOMAaTUYECKOW MUHUM HAHECEHNE HECKOMbKO BUAOB Mo-
KPbITUNA.

B aBTOONEPaTOPHbIX NIMHUAX MapLUpyT NepeHoca AeTanen v ANUTEnbHOCTb WX npe-
ObIBaHWA Ha K&KAOW NO3NLMM 33[aI0TCH TEXHOMOrMYECKN, OAHAKO NepeEMELLEHE CaMoro ae-
ToOMnepaTopa He COBMNagaeT C MNocCnefoBaTerlbHOCTLIO TEXHOMOrMYECKUX Onepaumn 1 HOCUT
YernHOYHLIA XxapakTep. B 3aBMcuMocTy oT TpebyeMon Npon3BOANTENBHOCTU B COCTaBE NUHUA
MOXeT ObITb HECKOINBLKO aBTOOMEPAaTOpPOB, MMEHOLLMX CBOW 30HbI 0BcnyxumBaHWa. 30HbI 06-
CMNY>KMBaHNA aBTOOMNEPATOPOB NEPEKPLIBAOTCA HA OAHY, PEXKE HA HECKOMBKO NO3NLUIA.

MepeHoc noaBeckn ¢ geTansamMu npon3BOAUTCS MO 3aAaHHOW TEXHONOIMYECKON CXEMe
B COOTBETCTBMW C NMPOrpaMMor Npu NOMOLLM CUrHArO0B, NOCTYNarLWMX OT CUCTEMBI yrnpaBne-
HUS. B BonbLUMHCTBE aBTOMaTMYECKMX NUHWIA C NPOrPamMMHBIM yrpaBreHWeM npeaycMoTpe-
Ha cucTeMa py4Horo yrnpaeneHus NpoLeccoM, B 3TOM Crnyyae aBTomatunyeckas NuHuS npe-
BpaLLaeTCa B MEXAHN3UPOBAHHYIO NIMHUIO.

ABTOOnepaTopbl LENsATCH Ha pacuennsembie U Hepacuennsembie. NMpn obpaboTtke
AeTanen B BaHHe pacuenisieMbll aBToonepaTop MOXET OTAENUTLCH OT LUTaHrW, Hecyllen
NMoABECKY, N MEePeMECTUTBCA LANA BbINOMHEHNS Onepauui Ha APYrMx no3vumsx, a MOXeET
OCTaBaTbCs B HWXKHEM MONOXEHUM Ha Bpems 06paboTkun aeTanei B LaHHOW BaHHE.

ABTOMaTNYECKME NUHUM C HepacuennsemMbiM aBTOOMepaTopomM LenecoobpasHo npu-
MEHSATb B TEX Cryyasnx, Korga TeXHOMNormen NpeaycMoTpeHa HeNpPOLOIPKUTENbHAS BblAepKKa
AeTanen B BaHHe Ha Bcex onepauusax npouyecca. Kak npaesuno, ecnv pasHuua BO BpeMeHU
BbIGEPXKKM Ha PasfinyHbIX TEXHONMOMMYECKNX MO3ULMAX 3HauYMTenbHas, TO LenecoobpasHo
MCMOonb30BaTh NMHUM C paclennaemMbiMU aBTooNepaTopamMu, Tak Kak 3a BPeMS BblAepKKU
feTanen B O4HOM BaHHE aBTOONEpaTop ycreBaeT NPOU3BECTU HEOOXOAUMBIE NEPEMELLIEHNS
Ha LpYrvMx Mo3vLUsix aBTOMaTUYECKON NMUHUM, YTO 3HAYMTENBHO YBENMYMBAET NPON3BOAU-
TENbHOCTb aBToMara.

Pasnuuator nuHun ¢ TenbdepHbIMU (MOABECHBIMU), MOPTAaNbHLIMA U KOHCOMbHBIMU
aBToonepaTopamu.

Jlunuu ¢ menbghepHbimu (N0dsecHbIMU) asmoonepamopamu. TensdepHbIn (Mnn Noa-
BECHOW) aBToonepaTtop (CM. pUCYHOK 2.16, a)) npeactaenaeT cobor TENEXKY C 3NeKTpoMe-
XaHWYECKMMM MPUBOAAMWN TOPU3OHTaNbLHOrO M BepTUKanbHoro nepemelleHus. K tenexke
B KayecTBe rpy30nofbeMHOr0 MEXaHM3Ma KpenuTcsi Tanb, Npy NOMOLLY KOTOPOW OCYLLECTB-
NSIOTCS BEpTUKanbHble NepemeLleHnsa nogeeckn ¢ getanamu. OCHOBaHME TENEXKN yKpen-
NSEeTCH Ha MOHOPEnbCe, CMOHTUPOBAHHOM Ha OMNMPEeAEeneHHON BbiCOTe Haj BaHHamwn. MoHo-
penbC KpenUTCs, Kak npaBuno, K NOTOMOYHOMY MepeKpbITUIO. JIMHUM ¢ Tenb@epHLIMU aBTo-
onepaTtopaMu NpurogHbl Ans o6CnyxKMBaHWA BaHH NpakTuyeckn nobor ANuHBI U BbICOTHI.
o cpaBHEHMIO C APYTMMW TUNAMU NINHUIA 3aHMMaemasi UMM nnowagb MeHble Ha 20 % —
30 %, a metannoemkocTb — Ha 10 % — 15 %. B Tex cnyyasx, koraa KpenneHme MoHopenb-
ca K NoTONOYHOMY NEPEKPLITUIO LiexXa CBS3aHO C OnpeAerieHHbIMU TPYAHOCTSIMU, €r0 MOHTU-
PYIOT Ha BEPTUKAIbHBLIX CTOMKaX, yCTaHaBnNMBaeMbiX Ha pyHaameHTe unun obLen pame nu-
HUW.
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a) — cxema, 6) — 06wt BMA C ABYMS XECTKAMW HanpasAsaowmmMm gns
cTabunusaumm aBMKEHUs 3axBarta NoABECKM U ABYMSI MOHOpPenbcamu Ans
cTabunmnsaumm nepemeLLeHns Tenexku

PucyHok 2.16 — TenbhepHblii aBToONEpaTop

JInHun ¢ TenbgepHbiMM aBToonepatopamu 6onee ctabwusibHbl B paboTe, Yem ANHUK
C KOHCOJ/IbHbIM aBTOOMNepaTopoM (CM. HUXeE), U UMetoT BObLLUYI0 FPY30MoAbEMHOCTL (0T 200
00 2000 kr). Kpome TOro, OHM yfoOGHbI B 3KChslyatauuun, Tak kKak AOCTYNn K BaHHaM OTKPbIT
C [BYX CTOPOH.

K HegocTatkam aBTOOMEpPaTopoB 3TOr0 Tuna cnefyer OTHECTU He3HAUYUTEsIbHYIo
XECTKOCTb KOHCTPYKLUMW, Heyfo6CTBO MOHTaxa W o6CnyXuBaHus, TPYLHOCTb NO3ULMOHMPO-
BaHWA NOABECOK.

[na ctabunusauun gBvxeHWsa TenbepHOro aBTooneparopa B HEKOTOPbIX KOHCTPYK-
UmMax 408 nepemMeLLeHns Tenexky ycTaHasBNMBaloT ABa napasifieflbHbiX MOHOpesbca, a 3a-
XBaT C TMOABECKOW onyckaeTca W MNOAHMMAeTCs MO [ABYM >KECTKUM HanpaB/sioLyM
(cm. pucyHok 2.16, 6)).

MopTanbHble aBTOONEpPaTOpPbl MNPUMEHSAT B JIMHWAX, PAaCMNONIOKEHHbIX B HU3KMX
NPOM3BOACTBEHHbIX MOMELLEHUAX, U B JIMHUSAX C GONbLUMMK pasMepamy BaHH W MaccoW
TpaHcnopTupyemoro rpysa 6onee 2T. KpenneHue nyTeit pgns  nepemelleHus
aBTOOMEpaTopoB B 3TUX JIMHMAX [ABOSKKO — K MeTa//IMYeckum cToikam (uim xeneso-
6ETOHHBIM KOJIOHHaM) WM HENOCPEeLACTBEHHO K KOpnycam BaHH BO/MIb 60PTOB BaHH. MyTu
MOFYT 6bITb pasMeLleHbl NPaKTUYECKN Ha M0G0 BbICOTE OT Kpasi BaHHbI.

ABTOONEparop MOXeT WMeTb [Ba MexaHusma MnofgbeMa C  3axsarami,
Hanpas/ieHHbIMXW B NPOTUBOMNOJIOXKHbIE ~ CTOPOHbI, YTO MNO3BONISIET  OLHOBPEMEHHO
o6CcnyxmBaTb ABe rasibBaHWYeCKUe BaHHbI, YObICTPASA Temn paboTebl aBTomarta. [lpu putme
BbIXOJa noABeckun 6onee 4 MUH NPUMEHSAIT nopTalbHble aBToonepaTopbl C OAHWUM
MexaHu3MOM nogbemMa.

Mpon3BoOANTENBHOCTb OTAENbHbLIX NMHWUI cocTaBnseT Ao 150mM2u, a egMHOBpeMeH-
Has nnowagb 3arpyxaembix getaneil Ha ogHy nogBecky — A0 8 M2 Takue nMHUM Hamnbonee
LUMPOKO MPUMEHAIOTCA B MPOMbIWNEHHOCTU BCAEACTBME BbICOKON HanexHocTu B paboTe,
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HambonbLUel NPOU3BOAUTENBHOCTM U rPy30Mo4bEMHOCT aBTOONEpaTopoB. YCTaHoBKa aB-
TOOMNEepaTopoB NOpTansHOro Tuna He TpebyeT GoNbLUON BbICOThI LIEXOBOrO NOMELLEHWS.

JIvHMM ¢ nopTanbHEIMU aBTOOMNEPATOPaMM UMEKOT PAL HELOCTATKOB, CAEPKMBAOLLNX
NX MPUMEHEHME.

naBHbIMK HeoCTaTKaMm NMUHWIA C NopTansHLIMU aBTooNepaTopamMm ABSHOTCS:

- 3aTPYAHEHHOCTb 0BCMYyXMBaHMSA BaHH;

- He0BX0AUMOCTb HYaCTUYHOMO UM MOJHOMO AEMOHTaXa PenbCoBbIX NMyTEN NPU U3BMe-
YEHUW BaHH A5 PEMOHTa;

- LOMOMHUTENBHOE YCNOXHEHWE KOHCTPYKLUMW TNMHUW K3-3a BBELEHWUS] YCTPOWCTB,
obecneumBaromx 6e3onacHOCTL 06CNyXMBarOLLErO NepcoHana;

- bonee ObICTPOE KOPPO3MOHHOE paspyLLUEHNE aBTOONEPAaTOPOB BCrneacTemne 6nmsoctn
WX K 3epKany pacTBOpOB;

- YCNOXHEHWE KOHCTPYKLMI NPMBOAOB rOPU3OHTANBHOIO NepeaBwKeHns asToonepa-
TOPOB.

KoHconbHble (M-o6pasHbie) aBToOnepaTopkl NepemeLlaoTcs No Hanpaensowmm ny-
TAM, YCTaHOBMNEHHbIM cOOKy BaHH. [py303axBaTHbIA OpraH aBTooNepaTopoB BbINOMHEH B BU-
[ KOHCOMW, NPOXOAsiLLEen Haf MOBEPXHOCTBIO BaHH. JIMHWM C KOHCOMbHbIMW aBTOONEpaTo-
paMy NoO NPeanoYTUTENBHOCTU MX UCMOMb30BaHUA 3aHMMAaKT MPOMEXYTOYHOE MONoXKEeHUe
MeXay NMUHUAMK C TenbdepHbIMU (NOABECHBIMK) U MOpTanbHbIMKM aBTooneparopaMun. ABTO-
onepaTtopbl 3TUX NMUHUIA UMELOT GOKOBYHO HanpaBnsoWyo, NO3TOMY ANA UX pasMeLLeHus
He TpebyeTcs 6onblUon BbICOThI Lexa. MoTtpebutenen npuBnekaeT nx KOMNakTHOCTb, OCO-
©eHHO Npu ManbIx rabapuTax BaHH 1 HEGONBLLIOW rPy30NoABEMHOCTU aBTOONEPATOPOB.

B HekoTOpbIX aBTOONEPaTOPHbLIX NMUHUAX NPeAyCMaTpuBaeTCs CoKpalleHne putma pa-
BoTbl aBTOMaTa 3a CYET YMEHbLUEHWUS BPEMEHN BEPTUKAIbHBIX NEPEMELLIEHWUA U BbIAEPXKKN
Haj BaHHOW, YTO NMPVBOAUT K YBEJIMYEHUIO YHOCA 3MEKTPONUTa U3 BaHHbI, 3arpsi3HEHNIO NO-
cneayrowmx BaHH U CTOYHbIX BoA. MNoaTomy Takol NyTb He Bcerga npuemMnem.

Haunbonee uenecoobpasHo mcrnonb3oBaHWe ABYX3axBaTHbIX aBTOMATUYECKUX Ayr-
nekc-onepaTopHbIX NUHUA (aynnekc-onepatopos). MNMpuHuun paboTbl Aynnekc-onepaTopos
OCHOBaH Ha 3aMeHe kaxaoln obpaboTaHHON NoaBeCckn Ha HeoBpaboTaHHyO NocnegoBaTeNb-
HO BO BCEeX BaHHax, Koraa Aynfiekc-aBToonepaTop OCTaHaBnuMBaeTcs Hag HUMK. Y nioBon
BaHHbI O4MH aBTOOMNEPATOP, HAXOASICb B HENOABWKHOM MOMOXEHUN, MOXET OAHVMM 3aXBaTOM
3auenuTb, NOAHSTb U NEPEMECTUTb B CTOPOHY NOABECKY, @ APYrMM 3axBaToOM ONyCTUTb B 3Ty
BaHHy APYryro NoABecKy, BbIHYTYIO U3 npeablaywen nosnumn. [lanee gynnekc-oneparop ne-
pemMewaeTcs Ha CneayroLLyro NO3nNLMIo, rA€ BHOBb NPOUCXOAUT 3aMeHa NOABECOK.

Takum obpasom, BCNEeACTBUE TOro, UTO ABWKEHVE Aynnekc-orneparopa NpoucXoauT
TONbKO B OAHY CTOPOHY (BO3BpaTHble ABWKEHWSA MPOM3BOAATCA TENEXKOW), 3HAYUTENBHO
yrnpoLlaeTca arnekTpuyeckas cxema asTomara, cokpawjaetca B 1,5-2 pasa npoxoauMbiv
Zynnekc-oneparopom NyTb, N0 CPABHEHMUIO C ANMHOW NYTX OAHOMECTHbIX aBTOONEepaTopos, 1
yBENUUMBAETCA NPOU3BOAUTENBHOCTL aBTooneparopa A0 2—3 No3vuUmn B MUHYTY.

MomnmMo nipoyero, Ayniekc-oneparopbl CNocoBCTBYIOT COKPALLIEHMIO BbIHOCA AeTans-
MU TEXHOSOMMYECKNX PacTBOPOB W, CNeaoBaTerflsHO, YMEHBLUEHUIO 3arps3HEeHUSA CTOYHbIX
BOZ 3a CUET yBENMYEeHUA BPEMEHN CTeKaH1s pacTBopa C AeTarnei B BaHHy, Tak kak B Nepuop
norpykeHns HOBOW NOABECKN TOMbKO YTO M3BMEYEHHAs NOABECKA, XOTb M CABMHYTa OT LEH-
Tpa BaHHbI, BCE paBHO HaxOAWUTCH HaA BaHHOW, KyAa 1 CTEKaeT pacTeop.

Oynnekc-asToonepatopHble nuHMM (Tuna JAQ) Ans pasHbiX BUAOB MOKPbLITUN
B HacTosLLee Bpems ycrnewHo pabotaloT Ha psge 3aBogos. [pon3BoANTENBEHOCTL TakMX Nn-
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HUM — 10—100 M?/4 4Ns ranbBaHUYECKIX nokpbITUA 1 20200 M2/Y ANSE XMMUYECKIX MOKpPb-
TWI. MpounssognTensHOCTL NHKI ¢ BapabaHamu coctaenseT 200, 500 n 1000 Kr/u.

Ocobyto rpynny cCoCTaBnstoT aBTOMaTUYECKUE NMHUK, B KOTOPbIX AeTanv nepemella-
HOTCA MyTeM NepechbinaHns (LUIHEKOBbIE, KOBLLUOBbIE).

LLIHekoBble NWMHWMW NpefHasHaveHbl LNA XMMudeckoh ob6paboTkm M KoHcepBauuu
menkux getanen. Kak npaeuno, Ttakas obpaboTka ABNAETCA COCTABHOW 4acTbito obuiero
TEXHOMNOrn4eckoro npouecca. K KOHCTPYKTVMBHBIM OCOBEHHOCTAM TakMX FWMHWUA OTHOCKTCS
HannyMe LHekoBbIX GapabaHoB Mo Bcel ANUHE NMUHUK ANS HEMPEPbLIBHOTO MNepeMeLLeHus
fAeTanen B xone 06paboTku.

BcnomoratensHoe obopyaosaHue. K BcnomoratensHoMy 00OpyAoBaHMKO OTHOCATCSA
hbmnbTpoBarbHbIe YCTAHOBKM, HAcoCkl ANsl MEPEKAYKN 3MEKTPOSITOB, Pa3fUYHbIE eMKOCTM
LN XpaHeHNs!, TPaHCMOPTUPOBKN U KOPPEKTUPOBKU pacTBOPOB, a Takke CyluuribHoe oBopy-
[LOBaHWe 1 UCTOUHWUKW NUTaHUSI BaHH.

2.5.2 O6opyaoBaHue, NpUMMEHsAeMOoe Npu NPOU3BOACTBE NevaTHbIX nnar

MocTosHHOEe oBHOBMNEHWe anemMeHTHOW 6a3bl TpebyeT COOTBETCTBYIOLLEN MO EpPHU3a-
LN CYLLLECTBYHIOLLMX TEXHOMOMUIA U 0B0pYA0OBaHNSA NPOU3BOACTBA NevaTHbIX nnat. Ana Poc-
cum nocne 1990-x rr. ctana Hem3bexHOW MHTerpauma ¢ 3anagHbIM pbIHKOM (B NOCHeAHWe ro-
Abl C a3MaTCKMM PbIHKOM) U €ro [OBMeLLEe BIIMAHNE Ha OTEYECTBEHHOE MPON3BOACTBO. OTO
MPUBENO K TOMY, YTO MNPV NPON3BOACTBE NeyaTHbIX NNaTt B OCHOBHOM MCMONb3YETCH UMMOpPT-
Hoe obopyfnoBaHWe OT pasHbIX NPOWN3BOAUTENEN.

OcHoBHbIM 060pyAOBaHMEM MPK NPOU3BOACTBE NeYaTHbIX Nnar asnsotca [35]:

- peXyLLUMe YCTPOCTBA ANS PE3KM HA 3aroToBKM POMbLIMPOBAHHOIO, PYNIOHHOTO Marte-
pvana (aaresnea, CKNeMBaroLLEro Unn NOKPOBHOTO Cros);

- KOHBENEPHbIE YCTAHOBKM MEXaHNYECKOM N XUMUYECKON OYUCTKM NOBEPXHOCTY,

- BKCMOHMPYHOLLIME YCTaHOBKY;

- KOHBEMEPHbIE NUHUWN UMW BaHHbI A5 NPOSIBNIEHNS, yaaneHns hoTopesuncTa, CHATUA
MeTasnnopesmncTa;

- YCTaHOBKMN TpaBNeHus;

- YCTaHOBKM FOPAYEro Ny>KEHNS;

- TepMoLUKadbl M BaKyyMHbIE NeYu;

- npecce;

- obopyLoBaHWA AN KOHTPOMSA, TECTUPOBaHNA U UCTbITaHUA NeYaTHbIX Nnar.

2.6 Matepumanbl, npMMeHsieMble B rafibBaHM4eCKOM NPOU3BOACTBE U
NpPOu3BOACTBE NeYaTHbIX nNnat

2.6.1 MaTtepuanbl, NpMMeHsieMblie B rarioBaHU4e€CKOM NPOu3BoACTBe

[ns 06paboTky NOBEPXHOCTU METanmoB U NiacTMacc B ranbBaHNYeCKOM NPOn3BoOS-
CcTBE MpumMmeHsieTcs npuMepHo 500 pasnuuHbix MatepuanoB. B GonbwmHCTBE cnyyaes 3TO
XMMUYECKMEe BelecTBa (KUCMOThI, LLENoYm, Comnm TKembIX U LBETHbIX MeTannos, 6neckoob-
pasytolime fobaBKku, pacTBOPUTENN U Ap.), BXOASLLME B COCTEB TEXHOMOMMYECKNX PacTBOPOB
W 3NEKTPONUTOB.

105



NTC 36—2017

Ana o4ncTkM 1 pereHepaummn TeXHONOTMYECKUX PacTBOPOB W 3MEKTPONUTOB UCMOMb-
3YIOTCA PasnunyHble XMMWYECKUe mnpenapatbl B KA4eCTBE perareHToB, KoarynsHToB, qonoky-
NAHTOB, a Tawke PUNbLTPYIOLLME U MOHOOBMEHHbIE MaTepuansl, COpOeHTbI 1 Ap.

B kadecTBe anekTpoaoB (aHOAOB WM KaTOAOB) B ranbBaHWYECKOM MPOU3BOACTBE WC-
nonb3ylTCs pasnuyHble MeTanmnbl: Mefb, HUKenNb, CBUHEL, Hepxasetowas cranb, LMHK, kaa-
MWIA 1 ap.

MeTannbl NCNoNb3yTCA Takke AN U3rOTOBNEHWA ranbBaHU4eckoro obopynoeaHus,
TpyBOonpoBOAOB, LUTaHT, pasnnyHbIX NPUCNocoBneHni, 3MeeBMKOB U T. 4.

B ranbBaHMYeCKMX Liexax B CBA3WN C MPUMEHEHNeM BOoMbLIOro KONM4ecTsa pasnmnyHbIX
BMAOB XUMUYECKMX MPOAYKTOB B LUMPOKOM &CCOPTUMEHTE UCMONb3YHTCA HEMEeTannuyeckme
mMarepuansl (BUHUMIAcCT, OTOPONMacT, NPONuUieH, NONNSTUNEH) ANSA OYTEePOBKN BaHH, U30-
nAYM npucnoco®neHnin, nsrotoeneHus 6apabaHoB 1 konokonos, Tpybonposoaos, GopTo-
BbIX O0TCOCOB, 6apboTepoB M T. 4., @ Takke KanpoHOBbIE, NOMMNPONUIEHOBbIS, XNOPVHOBLIE
TKaHW ANA OUnbTpaLmmM pacTBOpOB U SNEKTPOMUTOB, PE3VHOBbLIE pyKasa Ans NepeKaydku so-
Abl, U30NAUMOHHbIE NEHTLI U 3Manu ANs U30NSLMKU NPUCNOCOBNEHWA 1 T. 4.

[ns mexaHuyeckow o6paboTku NOBEPXHOCTU NCMONb3YHOTCS abpasuBHbie MaTtepuarnsi:
Kpyrn monmpoBanbHble U WnndoBanbHble, NacTbl NONMPOBanbHbIE 1 abpasuBHbie, LUKypKa
wnudoBaneHas U T. 4.

B kavyecTBe BCnomoraTenbHbIX MaTepranos B ranbBaHUYEcKMX Liexax UCMonb3yoTcs:
Oymara mHaukaTtopHas Ana onpepeneHns pH pactesopos; Oymara dunbTpoBansHas Ans
dunbTpaummn pacTBopos; 6a3b xronyatobymaxHas, Bata, Mapna Ans NpoTUPKU peTanen
nT. 4.

2.6.2 Matepuanbl, NpUMeHAeMbIe NPY NPOU3BOACTBE NeYaTHbIX nnar

OCHOBHbIMW MaTepuanamu, NPUMMEHSEMbIMA MNP NPOM3BOACTBE NeYaTHbIX NNaTt, AB-
nsTCS:

- Matepuarbl OCHOBaHW/ nnar;

- agresusbl;

- honbrupoBaHHble MaTepuansl UNu meTannmyeckas gonera;

- NOKPOBHbIE NNEHKMN;

- Npenper,

- MaTepuarnbl 3alUTHBIX CNOEeB;

- poTOpE3NCTLI;

- XMIMMKaTbl, KOMMO3ULMK, PaAcTBOPbI.

FOCT 23770—79 «[MnaTbl nevyaTHble. TUNOBbLIE TEXHONOrMYECKUE NPOLIECChI XUMUYe-
CKOW U ranbBaHU4YeCcKon MeTannusauumn» Coaepxut nepeyeHs Gonee 80 maTtepuanos, npu-
MEHSIEMbIX MPU  XUMWYECKON W ranbBaHWYecKOW METannuM3aumMn neyarHblX nnar.
B HacTosiLee BpemMsi Ha POCCUMICKOM PbIHKE MPUCYTCTBYIOT pasnuyHble Matepuansl 3apy-
GeXHbIX NPON3BOAUTENEN.

2.7 OCHOBHbIe y4acTKu NPOU3BOACTBA

CosgaHne OCHOBHbIX y4acTKoB npou3soacTea no 06p360TKe NOBEPXHOCTN MeTansnoB
N nnacrtMacc AO/mKHO NpPom3BOAUTLCH B 3aBUCUMMOCTMU OT KOHCTPYKTWMBHO-TEXHOJIOTMYECKMX

106



NTC 36—2017

0COBEHHOCTEN MOKPbIBAaEMbIX AeTarnew, TEXHONOrM4eCckUX NPOoLEeCcCcoB, NPorpamMmMbl BbINycKa,
TUNa NPOU3BOACTBA N UCXOAA U3 YCIIOBUIA pasaeneHns n koonepaumm Tpyaa.

B coctae npon3BoacTBa BXOAAT OCHOBHLIE NMPOU3BOACTBEHHBIE OTAENEHMS, BCMOMO-
ratenbHbIe U TEXHUYECKME YYacTKM 1 CryXObl, KONMMYECTBO KOTOPLIX 3aBUCUT OT Xapakrepa w1
MacLuTaboB NpPon3BoACTBa.

a) OCHOBHbIE y4acTKu ranbBaHN4YECKOro NpoV3BOACTBa:

- HAHECEHWA ranbBaHNYECKNX NOKPLITUN,
- HAHECEHWSA NOKPLITUIA AparoLeHHbIMU MeTannamu;
- WNdOBaHNSA U NONUPOBaHNS;
- LpobBecTpynHON U rnapONEecKOCTPYNHON OUMNCTKY;
- 06e3XNPUBAHNSA B OPraHNYECKNX PACTBOPUTENSX U PEreHepaLmm pactBopuTenen;
- YNbTPa3ByKOBOro 00E3XNPUBAHUS;
- YNbTPa3BYyKOBbIX FEHEPaTOPOB;
- MOHTaXa 1 JeMOoHTaxa feTanew;
- UICTOYHMKOB MOCTOSHHOIO TOK&;
- NyNbTOB W LUMTOB YNP&aBMEHUS;
- CHATNS HEKAYeCTBEHHbIX MOKPLITUN;
- BOAOMOArOTOBKM.
6) OCHOBHbIE y4aCTKV NMPOW3BOACTBA NeYaTHbIX NNAaT M MEeTaNnM3aLmmn NnacTMacc:
- 3aroTOBUTENbBHBIN;
- TEXHOMOrMYeCKON NOAFOTOBKMY;
- ceTkorpadouu;
- hoTowabnoHos.;
- hoTonutorpaduu;
- TpadbapeTHOM neyary;
- MEexaHn4eckon obpaboTku;
- XMIMUKO-TanbBaHU4eCKuI;
- MackypoBaHUs NeYaTHbIX Nnar;
- TECTMPOBaHNS,
- MOHTaXa M JleMOHTaXa neyaTHbIX Nnar;
- UICTOYHUKOB MOCTOSIHHOIO TOKa;
- NyNbTOB U LUUTOB YNpaBneHus:;
- BOAOMOArOTOBKY,
- CHSITUS! HEKAYECTBEHHbIX MOKPbLITUNA.

Mpu onpeaeneHMn coctaBa yyacTka NpPOM3BOACTBA HEOOXOAWMO UCXOAUTL U3 TOTO,
YTO COOTBETCTBYHOLUMMU ChyxGamu NpeanpusTUs LEHTPanM30BaHHO AOMKHO OCYLUEeCTB-
nATLCS:

-no dyHKUMM obcnyxmnBaHus: paspaboTka ynpaensowmx NporpamM; BbINONHEHWE
paboT, cBA3aHHbIX C 0BCNyXMBaAHNEM 1 BCEMM BUAAMM PEMOHTa 060pyAOBaHUS; N3roToBne-
HVME W KanuTanbHbI PEMOHT OCHACTKW, MHCTPYMEHTa U NpuUcnocobneHnn; noaaepxaHne B
paboyeM COCTOSIHAM 3[aHWNA U COOPYXEHWI, BbINOSIHEHNE TPAHCMOPTHBIX WM MOrPy304HO-
pasrpy304Hbix paboT, CBsi3aHHbIX C NEPEMELLEHMEM MaTepuanos, nonydgabpukaTos n roto-
BOW NPOAYKLMM B LIEX U U3 LiIEXa METaNIONOKPLITUNA; YA0BNETBOPEHWNE BMONOIMYEcKMX, CoLm-
anbHO-KynbTyPHbIX U BbITOBLIX NOTPEBHOCTEN paboTatoLmx B NpoLecce NpoM3BOACTBa;

- N0 YHKLMX MaTepuansHON MoAroTOBKA NPOU3BOACTBA: CHabxeHne marepuanamw,
MOKYMHBLIM UHCTPYMEHTOM U T. .
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2.8 OunCTHbIE COOPYXKEHUS: OUMCTKA BbIOPOCOB (OTXOAALMX Fa30B)
M cOpOCOB (CTOUHbIX BOA)

TexHoMorM4yecknin NPOLLECC OYNCTKM BbIOPOCOB (OTXOASLLUMX rasoB) U cOpocoB (CTou-
HbIX BOA) OMpenensieTcs COBOKYMHOCTLIO MeToaa (cnocoba) ouMcTku, Buaa odmcTHoro o6o-
PyAoOBaHUS, Onepauni OYNCTKM, MOPSAKA MX BbINMOMHEHWUSA N TEXHOMOMMYECKMX NapameTpoB
no Kaxxaon onepauwu [22], [36], [37].

BBuray pa3nunyHbIX CBOMCTB BbIOPOCOB 1 cOpOocoB, TPeboBaHWI K KA4YeCTBY MX OYUCTKM,
NPOM3BOAUTENBHOCTM OYMCTHOrO OOOPYAOBaHUA U TEXHUKO-3KOHOMWHECKUX COOBpakeHWn
CyliecTByeT H0nbLLIOE KONMMYECTBO BO3MOXHBIX OYMCTHBIX COOPYXEHWIA, OLMHAKOBO yaoBne-
TBOPSIHOLLMX SKONMOMMYECKUM W 3KCMITyaTauMoHHLIM TpeBoBaHMsAM.

Mpn BbIGOPE OUMCTHOro oBOpyAOBaHWUS CrnepyeT y4duTbiBaTh 3PEEKTUBHOCTL €ro
OYUCTKM, KanuTankeHbIe 3aTparhkl, 3KCMNyaTaunoHHbIE pacxofsl, HaaexHocTs paboTel, yao6-
CTBO OBCNYXMBaHMSA, NErkoCcTb KOHTPOMS, AOCTYMHOCTb PEMOHTA, 3aHMMAaeMylo MIoLagb,
pacxofbl 3MNEKTPOSHEPrn, BOLbI U PEareHToB.

CnepyeT oTMETUTb, YTO BbIGOp 060PY[OBaHMSA TOMBKO HA OCHOBE MHAOpPMaLMK O CO-
CTaBe W CBOWCTBax BbIOPOCOB MM COPOCOB He BCErAa MO3BONSAET BHEAPUTE HaWIyuLLyHO
TexHonoruw. [ns aToro HeOBXOANMO NPOBECTN NPELBapPUTENbHbBIE TEXHONOTNYECKUE nccne-
A0BaHWs Ha BblIBpocax unm cbpocax NPEeAnpUSTUS C UCMONL30BaHUEM MUNOTHBLIX YCTaHOBOK
OYNCTHBIX COOPYKEHWUIA.

PacnpegneneHne c6pocos, BbIOGPOCOB OTXOLOB B 3MEKTPOXMMUYECKUX NPON3BOACTBAX
NpeAcTaBneHo Ha pucyHke 2.17.

C6pocel, BbIOPOCHI J

T~

CTOuHble BOAbI la3oBbie BbIGPOCHI Teepable oTxoabl
85 % —90 % 20 _39 5%-10%
v
PasbaBneHHble KoHueHTpupoBaHHbie
(NpoMbIBHbIE BOAbI) (oTpaboTaHHbIE pacTBOpbI)
70%-75% 10%—-15%

PucyHok 2.17 — Pacnpepenenue c6pocos, BeIGpOCOB OTXOA0B B
3NEKTPOXMMUYECKNX NPON3BOACTBAX

2.8.1 MeToabl U COOPYKEHUS1 OUMCTKU BbIOPOCOB (OTXOASALUNX ra3oB)

MpoLecchbl XMMUYECKON M aneKkTpoxummyeckon o6paboTkn MOBEPXHOCTU MeTansnos
OCYLLECTBAOTCA B BaHHAX, 3arOSfHEHHbIX Pa3nuyHbIMW PacTBOPaMn MUHEParbHbIX KUCHIOT,
Lenoyven, conen n ux cmecamu. BoigeneHne BpeaHbIX (onacHbIX) BellecTs B atmocdepy
NPOVNCXOANT PasnuyHeIM 0Opa3oM: Mpu 3NEKTPOnu3e BbiAENeHWe BOAOPOAA, KUCNOpOAa,
Xnopa u Apyryx rasos; NPy XMMUYECKUX peakLmsax BblAeneHne OKCMA0B a3oTa, Napos Nninasu-
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KOBOW, a30THOW U COMSHOW KMCNOT; BblAeNIEHNE aspo30reln 3MeKTpoIMTOB CO BCEMU COAEp-
XalMMUCA B HAX XUMMKaTaMK, obpasyroLLMXCa Npu BelAENEHUN My3bIPbKOB BOLOPOAA, KUC-
nopoga v Apyrux rasos; crnapeH1e soabl.

[na npegoTepalleHns U MakcMarbHOrO CHUXEHMS BbIGpOCoB B atMocdepy BpeaHbIX
BELLECTB A0/DKHbI BbITb MCMOMNb30BaHbl Hanbonee COBPEMEHHbBIE TEXHOMOrMYEckne npouec-
cbl 1 obopygnoBaHve. CriefyeT pelumnTb psf 3apad: yCTaHOBUTb HEOBXOAUMOCTbE OYUCTKU
yAanseMoro Bosfgyxa OT BpeAHbIX BELLECTB; OnpeaenuTtb, kakas gomkHa 6bimb 3ddekTue-
HOCTb OMMCTU BO3LyXa; LieHTpanu3oBaTtb UM AeLeHTpanM3oBaTe BbIOpOCh!, BbIGpaTe onTu-
MarkHble MECTa pacnoNioKEHUS U BbICOTY BbITSKHbIX TPYO; BbIOpaTh pacnonoxeHve 1 ypos-
HW MPUEMHBIX YCTPONCTB HapyXHOro BO3ayxa AN MPUTOYHbIX CUCTEM; ONpeaenuTs HOpMY
npeaenbHO AonycTMMbIX Boibpocos (MB).

UcxoaHbIMM AaHHBIMU ANS peLLeHUst 3TUX 3a4ad SBMSOTCS: OCHOBHbIE pa3Mepbl 3aa-
HUM (BbICOTa, LUMPWUHA, ANMHA) U MEXKOPMYCHbIX NMPOCTPAHCTB MPY B3AMMHO MEpneHauKy-
NAPHbIX HanpaBneHusix BeTpa (BAOMb W Monepek NpoAorbHOM OCW 3A4aHWUS), FeHNNaH npo-
MbILLMIEHHOW NOWAAKN U PacCTOSIHUS OT €€ rpaHuL, A0 JKUIbIX paioHOB; MecTa pacnonoxe-
HWUS, TUMbl U BUAbI UCTOYHUKOB BbIBPOCOB BpPEeAHbIX BELLECTB, MX BbICOTA; XapaKTepUCTUKK
WCTOYHMKOB (HaVMeHOBaHWE U KOSNIMYECTBO BPEAHbLIX BELIECTB, MHTEHCUBHOCTL UX Bblgene-
HUA, Ha4anbHasa KOHUEeHTpauus, Temnepartypa, NioTHOCTb, CKOPOCTb BbIxoAa B atMocdhepy v
KONMUYECTBO BbIOPaCLIBAEMOrO 3arpasHEHHOro Bo3ayxa, (POHOBbLIE 3arps3HEHUSA BO3LyXa).

B uexax 06paboTku NOBEPXHOCTU METansioB M NnacTtMacc TEXHONMOrMYECKUMU Mepo-
npusTUAMKU, GNaronpUsSTHO BUSIFOLLMMUW Ha COCTOSIHWE BO3AYLLUHOW CPeApl, ABNSAIOTCA: Npu-
MeHeHve Ge3BpefiHbIX UMM MeHee BPeAHbIX TEXMPOLIECCOB; 3aMeHa BpPeAHbIX PacTBOpOB U
3MEKTPONUTOB MeHee BpeAHbIMU; Kancionmsaums o6opyAoBaHUsS U ero repMeTusaums; npu-
MEHEHME YKPLITUIA, KPbILLEK, KO3bIPbKOB; YKPbITME NOBEPXHOCTU XMUAKOCTM B BaHHaX Momnmnas-
Kamu, NeHON; npuMeHeHne 06opyL0BaHMA CO BCTPOESHHBIMN MECTHBIMW OTCOCaMMU; MPUMEHE-
HWE MO BO3MOXHOCTM MEHbLUMX 3Ha4YEeHWI MIOTHOCTM TOKa M Temnepartypbl pacTsopa 6e3
CHWPKEHWS NMPON3BOAUTENBHOCTU MPOLIECCa U Ka4ecTBa NOKPLITUS; NPUrOTOBIIEHNE N KOPPEK-
TUpOBaHWe pacTBOpoB (B 0COBEHHOCTU BbICOKOTOKCMYHBLIX) LEHTPanM3oBaHHbIM Crocobom
B 060COBNEHHbIX NMOMELLEHUSIX C MEpeKaqKol roTOBbIX PacTBOPOB K BaHHaM Hacocamu Mo
Tpybonposogam; curHanaaumsi npyv HEeMCrpaBHOCTU CUCTEMbI OTCOCOB, aBTOMAaTUYECKOe
6nokvpoBaHne obopyaoBaHUSI U CaHTEXYCTPOWCTB;, aBTOMAaTUYECKOE PErynmpoBaHue pexu-
MOB (TeMnepaTypbl, MNOTHOCTM TOKa, KUCMOTHOCTM PacTBOPOB, NMOCTOSIHCTBA YPOBHS pacTBo-
pa, BPEMEHW 3M1EeKTpoNM3a U T. 1n.).

MN3BeCTHbI MHOFOYUCIIEHHbIE NMPUMEPbLI MPUMEHEHMWS: ANEKTPONUTOB N PaCcTBOPOB, 3a-
MEHSIOLLMX LIMAHNCTbIE U PYTUE BbICOKOTOKCUMYHBIE PACTBOPLI; TEXHOOTUYECKMX NPOLIECCOB
HaHeCeHMs1 BnecTHALLMX MOKPLITUIN, UCKMIOYaIOLLMX NOCHeAyHoLLee NoNMpoBaHNe; NPOTOYHbIX
N CTPYWHbIX cnocoboB 06paboTkM, YMEHbLLIAIOLWMX YMCNO BaHH C BpeAHbIMK BbiIBpocamu 3a
CYET PesKoro MOBbLILEHUS NMPOM3BOAUTENBHOCTM NMPOLECca; anbTepPHaTUBHBIX TEXHOMOrnYe-
CKMX MPOLECCOB, 3aMEHSIIOLLMX XMMUYECKUE U SMEKTPOXUMUYECKME MpoLecchl (BaKkyymHas,
TepMoandPy3nNoHHas!, NnasmeHHas 1 Apyrue Buabl METannusaumm) n peako yMeHbLLIarLLMX
BblAENEeHNe BPEAHbIX BELLECTB, a Takke MpUMEPbl APYrMX paLMoHanbHbIX TEXHUYECKMX W
TexHonornyeckux meponpusatum [38]-{40].

MpuMmeHeHUe nonnaBkoB. YKPbITUE MOBEPXHOCTU pacTBopa NNacTtMaccoBbiMU MO-
nnaekamu (LLapvkamu, ABOSIKOBBINYKIbIMA NMH3aMW, KBagpaTHbIMU NacTUHaMK C BbiCTyna-
MW MO LUEHTPY ¢ 06enx CTOPOH) 3HaYUTENbHO CHPKaEeT YHOC pacTBOPOB W BbIAENEHWE Bpea-
HbIX BELLECTB, a TakKe CHVKAIOTCA SHeprosatparhl (YMEHbLUAETCs pacxod napa, Bogbl Unn
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SMNEKTPOSHEPrnM) Y BaHH C HarpeTbiM pacTBopom. Pacxop oTcackiBaemMoro Bo3gyxa MOXHO
YMeHbLUUTL Ha 25 % Ans 06bluHbIx 6opToBbIX U Ha 10 % ANS ONPOKMHYTBLIX OTCOCOB, PACXOA,
xummnkatoB — Ha 10 % — 15 %.

Monnaekn genatoT AnameTpom 25-30 MM unm ctopoHol keagpata 20-30 MM ¢ yye-
TOM TOro, 4Ytofbl OHM He nonaganu B NosiocTu obpabaTeiBaeMsix geTanen. Ux He npumeHs-
10T, korga obpabaTbiBalOT MEMKME AeTanu B KOP3MHax, Tak Kak npu 9TOM BMECTE C AeTansiMun
YHOCHTCA U NOMNNaBKu.

Mpy MHTEHCMBHOM HarpeBe, NMepeMeLLMBaHMN PacTBOpa, YacTo MOBTOPSAOLLMXCA MO-
TPYKEHUSIX U U3BNEYEHWSX feTanel Nonnaeku cKansMBaloTCs Y CTEHOK BaHHbI M OCTaBnsAloT
OTKPbITOW ee cepeaunHy. B aTux cnyyasx cneayetr NpUMEHsTb ABYXCOMHYIO 3acbinKy MO-
nnaekos. [ns pacTBOpoB € TeMnepaTtypon Ao 75 °C pekoMeHAyHTCs NONnaBkM U3 NeHoMno-
nmMcTMpona, Ans pacteopos ¢ Temneparypon 75 °C — 100 °C — nonnatuneHoBble v no-
TIMNPONUIEHOBbLIE NOMMaBKW.

MpumeHeHe neHooGpa3oBartenen. [ns yMeHbLUEHVS BblAeNieHUs BpeAHbIX Be-
LLECTB C MOBEPXHOCTN BaHH B COCTaB PaCTBOPOB BBOAAT pasnuyHble 406aBku: MHIMBUTOPSI
KMCnoTHOM koppoaun (ypoTponuH, KM u ap.), npucagkn, nNOBEpXHOCTHO-aKTUBHbIE BeLLe-
ctea ([1AB), XpOMUWH, XpOMOKCaH 1 ap.

MeHo3aLMTHBIN CNON PEKOMEHAYETCS NPUMEHSATL NMPU KUCIIOTHOM TPABNEHNN YEPHbIX
W LIBETHBIX METAIMOB, SMIEKTPOXUMMYECKOM NONUPOBaHWN, LLIENOYHOM TPaBEHNN antoMUHUSA
W ero CnnaBoB, CEPHOKUCMOM aHOLMPOBaHWN amioMUHUA U €ro CniaBoB, aHOAHOM CHATUM
ornoBa B LLENOYHOM pacTBope, XPOMUPOBaHWN.

Mpu 3awmTHO-AEKOPaTUBHOM XPOMUPOBAHUM B COCTAB 3NEKTPONUMTa BBOAAT XPOMUH
B konnyectee 0,5-2,0 r/m, NMpu HaHECEeHUN TOMCTbIX XPOMOBbIX MOKPLITUA TOMLMHOW A0
100 MKM (KpOME MPOTOYHOrO XPOMUPOBaHUSA W MOKPbITUS TWUTAHOBLIX CMMaBoOB) B COCTaB
anekTponuta MoxHo BeoauTb 1,0-2,0 r/n xpomokcaHa — 3TM f06aBku B AECATKA pa3 CHU-
XKaroT BbiAENeHe XpOMOBOrO aHrapuaa.

Mpu BbIGOPE neHoobpasoBatenen HEOOXOAUMO YYECTb MX BAMAHWE Ha KaHanusauu-
OHHble CTOkW. Hanpumep, Hannuve aaxe maroro konuyectsa neHoobpasosatenen OI-10,
0On-7, OC-20, OT-7 B CTOYHbIX BOAAx HEMPUEMIEMO BCreACTBUE ryOBUTENbHOrO Ux BO3Aen-
CTBMS Ha XUBbIE OPraHU3Mbl KaK B YCTaHOBKaxX GUOMOMMUYECKON OUYNCTKN, TaK U B NPUPOAHBIX
BOAOEMAX.

MpumeHeHne neHoobpasoBaTenei TpebyeT cobriogeHuss Mep NPeAoCTOPOXKHOCTU.
Hanpumep, npy ucnonb3oBaHnM Crios NeHbl B BaHHAX XPOMUPOBAHUA U SNEKTPOXUMUYECKOro
06e3kMpMBaHNSA Henb3si CHUMAaTb MOABECKU CO LUTaHMM, HaxoAsLEncs Nog TOKOM, Tak Kak
B CIO€ M MO, CMOEM MNeHbI HAKANMBAaETCA BOLOPOA, a NP pa3MbIKaHNM SNEKTPUYECKON Lie-
Ny oBpasyoTCA UCKPbI, BbI3bIBAIOLLME CUMbHBIE XIOMKU B3PbIBHOTO XapakTepa, Bbinneckusa-
toLme u3 BaHHbI pacTtBop. MoaTomy cHavana HeobxoAMMO OTKIIOYNTL TOK, @ 3aTeM CHUMaTb
NOABECKU CO LUTAHT.

MokpbITMEe MOBEPXHOCTM pacTBOpa MEHOW MO3BONSET YMEHbLUNTL KONMMYECTBO OTCa-
cbiBaemMoro Bosgyxa Ha 50 %, a pacxoa xmmukaTtoB Ha 10 % — 15 %.

YkpbiTue BaHH. CornacHo caHuTapHbIM rnpasuram BoAHbIE NOBEPXHOCTM C TeMnepa-
Typon Boabl Bbiwe 30 °C B paboumx NOMELLEHUSX NoANeXaT MOMHOMY YKPbITUMIO C YCTPOU-
CTBOM MECTHbIX OTCOCOB.

YKpbITWE BaHH NnokanuMayeT pacrnpoCTpaHeHUe BpeAHbIX BELWECTB M NO3BONAeT ynas-
nmeatb nx 60pToBLIMK OTCOCaMM ¢ 6onbLluen 3PHEKTUBHOCTLID. YCTPONCTBO YKPbITUA BaHH
OpraHu3yrT, Kak npaewmo, npyu obpaboTke KPyMnHbIX AeTanen: Ha ANWMHHbIX 60opTax BaHHbI
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YCTaHaBNMBaIOT LUAPHUPHO 3aKpernneHHble CTBOPKM C NPOTUMBOBECAMW, a ANS MOrPYKeHWUs
AeTanu B BaHHy NpeaycMaTpuBaroT OTKPbIBAHWE CTBOPOK C MOMOLLbIO CUCTEMbl Pblyaros.
Mpw 6onblunx rabapuTHbIX pasMepax OTKPbIBAHWE U 3aKPbIBAHNE BaHH LOIMKHO ObITb Mexa-
HM3MpoBaHo. Beigenstowmecs BpegHble BeLecTBa yaansioT yepes AByOOpTHble (ABYCTO-
POHHME) OTCOCh!.

CTBOpPKM MOTYT BbITb KaK XECTKUMM, Tak 1 rnbkmmn. 2KeCTkne CTBOPKM 1 KPbILLKKA N3ro-
TaBNMBaT N3 BYHWUNIACTOBOrO NMCTE, 3aKPENnIeHHOro Ha SINCTe U3 KOPPO3NOHHO-CTONKON
ctanu. M'bkne CTBOPKWN M3rOTaBIMBAIOT U3 XMMUYECKN CTOVKMX MaTepuaros (Hanpvmep, rno-
TIMXJTOPBUHMIIOBON TKaHW), B PEAKUX Cny4YasXx — M3 MOHOOOMEHHOro TKaHeBOro MornoTHa.
[MonoTHO nepemellaeTcs NO HaNpPaBnsALMM, YCTAHOBMEHHBIM CBOMMU KOHLAMK Ha 6opTto-
BbIX OTCOCAX BEHTUNALMW.

Korga nonHoe ykpbITe MellaeT TEXHONOrMYeCkoMy MPOLECCY, NPUMEHSIIOT HEMOIHOE
YKPbITUE C MOMOLLbI OTKUABIBAKOLLMXCA KO3bIPpbKOB. OTKMALIBAOLMMAUCS KO3blpbkamu 060-
PYAYHOTCS BaHHbI C LIMAHUCTBIMU pacTBOpamMu, BaHHbI XPOMUPOBaHUS, BaHHbI C AMUTENBHBLIM
TEXHOJOTMYECKMM MPOLIECCOM, a TakkKe C BbICOKON TEMMNepaTypoin pacTBOpPOB.

MecTHas BeHTUNAUMA. B uexax o6paboTkM NOBEPXHOCTM METaNMoB M NnacTmacc
NMPUMEHSIIOT YETbIPE TUMA OTCACLIBANOLLUMX YCTPOWCTB: BbITSHKHON LUKad, BBITSHXHOM KONnak
(30HT), BbITSKHbIE MaHenn n 6opToBbIE OTCOCHI. XapakTEPUCTVKA OTCachIBAOLLMX YCTPOWCTB
npueegeHa B Tabnuue 2.52.

Tabnwuuya 2.52 — XapakTepucTika 0TCachIiBaOLWMX YCTPONCTB, NCMONb3yeMbIX B Liexax
06paboTkmn NOBEPXHOCTN METANOB U NacTMace

7 O6nactu
Twvn ycTponcrea [ocTonHcTBa Hepocrartku
npyMeHeHus
BbiTsbkHOM Wwikadg | Xopowwo naonupyert | 3aTpyaHeHHoCTb goctyna k|lMpn  TpasneHun
noMeLleHns oT Bpea-|obopyaosaHuto. Mpu pabo-|UBeTHbIX MeTan-
HbIX BblAeneHn u13|Te Hag obopyaoBaHMeEM 4e- | NoB
ofopynoBaHnsa, CTOsS-|NOBEK HaxoauTCsi B 30HE

Lero BHyTpW LwKada

BPEAHbIX BblAENEHNN

BbITskHOW KOnnak
(30HT)

N

Mpoctota wumaroToBne-
HWs

Mpn pabote Han obopyno-
BaHMEM YENOBEK HaxoanTCs
B CTpye BpenHbIX BELLECTB.
Pacxon BO3gyxa ouyeHb Be-
JIMK, TaK Kak TpyaHO mn3be-
XaTb HEenpPOU3BOAUTESTbHO-
ro nopcachiBaHus BO3gyxa
c 6okoB

Mpn paborte
HanMBHbIX  KOMO-
KOIOB C 3MeKTpo-
nutamm ¢ 6Gonb-
WM  rasoeblae-
NeHVeM WM npuv
TpaeneHUn Hapo-
CTOB B KOJIOKOMax
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OkoHYaHue mabnuypl 2.52

CTEHbI "
He MewaeT Mpoxoay.
Xopowo ynasnueaeTt
BblleNeHNs Nerkux ra-
30B: BOASIHOro napa,
Hont. A

naHenb

naHenb NpUMbIKaeT K CTeHe
Mnu BbICOKOW Meperopoj-
ke — 3200, ecnu naHenb
yaaneHa  OT  CTeHbl —
5000-7000. HeypobeH ee
MOHTaX npu cBo60OAHO CTO-
Awem obopyaoBaHun

. O6nactu
Twvn ycTponcTea LNoctovHcTBa Hepocratkn
NPUMEHEHNA
BbITsxHasn Mano mewaet pabore, | Tpebyer 3HaYMTENLHOro | Ha NPOMbIBOYHbIX
naHenb ocobeHHO ecnu o060-|pacxoga BoO3jyxa (M3/M2 BaHHax C ropsyen
pyaoBaHMe CTOUT Y |MAoWaau MaHenu): ecnu|BoAON NpU UX oa-

HOCTOPOHHEM 06-
CNY>XUBaHUMN.

B ranbBaHu4e-
CKMX uexax npu-
MeHSeTCA peako

BopTtoBon oTcoc

- -

Xopouuo yaansaet
OpbI3rn 1 TsHkenble ra-
3bl, @ Takke B Oonb-
LUMHCTBE Chny4yaer ner-
Kue rasbl. Pabouun,
HaKMoHSIIOWMIACA  Hag,
obopyaoBaHuem,

HaxoauUTCA BHE 30HbI

YBenuuueaeT LWMpuHy o060-
pyAoOBaHUsA, HECKOJSIbKO 3a-
TPYAHASA AOCTYN K NPOTUBO-
nonoxHomy (ot pabouero)
Kparo BaHHbI

Ha Bcex Buaax
ranbBaHNMYECKOro
o6opyaoBaHus,
BKIOYas paxe
HeKoTOpble  TUMbl
BpaLLaoLWmXcs
Konokonoe u 6a-
pabaHoB

BPEAHbIX BblaeneHni

MpuHuMn paboTbl Hanbonee yHMBEPCANbLHOIO ANSA ranbBaHW4ecKoro ob6opyaoBaHuA
MECTHOro BEHTUMSLMOHHOrO oTcoca — 6OpPTOBOrO COCTOMT B TOM, 4YTO BCacbiBaeMbli
¢ 6OnbLUOIA CKOPOCTLIO Yepes y3Kylo 3abOpHYIo Wenb 0TCoca BO3ayx obpasyeT Haja 3epka-
NIOM pacTBOpa CUIIbHYIO FOPMU3OHTAalbHYIO CTPYLO («chaken»), koTopas cbuBaeT C BepTUKanb-
HOro NyTu BblibpackiBaemble U3 pacTBOpA rasbl U Kannu U 3TUM 3acTaBnNAET OCHOBHYIO Maccy
Kanenb ynacTb 06paTHO B BaHHY, @ rasbl U OCTasnbHbIE Kansn yBeKalTca B OTCOC.

«Paken» GopToBoro orcoca GbicTpo ocnabesaeT ¢ yaaneHuem ot 3abGOpHON Lienu,
NMoaTOMy OAHOCTOPOHHUI OTCOC AEnarT TONMbKO NpPU LUMPUHE BaHHbl He Gonee 600 mm.
Ha 6onee LWMpOKMX BaHHaX JenatoT OTCOCHI C ABYX NPOTUBOMNOMOXHBIX CTOPOH BaHHbI.

He cneayeT B NOroHe 3a ynyyweHWeM BEHTUNALMM AenaTb OTCOChI C TPEX UMK YeTbl-
pex CTOPOH BaHHbI: 3TO TOMbKO YXYALUAET BEHTUNALUMIO, Tak Kak B yrnax, rae BCTpevaloTcs
«hakenbl», naywue noa yrnom OAvH K Apyromy, obpasyioTca 3aBUXpeHUs, U3-3a KOTOpPbIX
3HauUTeNbHasn YacTb 3epKana pacTeopa BooOLe He BeHTUNMpyeTcs.

B 3aBUCMMOCTW OT TUNA BaHH MPUMEHSIOT MECTHble OTCOCHI C Lefbi BCaCbIBAHUA
B rOPU3OHTaNbHON NSIOCKOCTU (ONPOKMHYTHIE) (CM. pUCyHOK 2.18, a, 6, B, I) U B BEpTUKaNbHON
NNOCKOCTU (NPOCTbie UNK 0BbIYHBbIE) (CM. pUCyHOK 2.18, A, €). Kpome Toro, ucnonb3syercs ne-
peayBska (CM. pucyHok 2.18, B, ).

BopToBble OTCOCHI pacrnonaraioT no ANIMHHbIM CTOpPOHam BaHH. Lllens 6opToBoro oT-
coca obs3aTenibHO A0mkHa ObiTb PacnonoXeHa BrIOTHYIO K Kpalo BaHHbI U HWKe KaTOAHbIX U
aHOAHbIX WTAHF, Y4TOOb! LWTAHrM He 3abpbl3rmBano pacTBOPOM. AHOAHbIE NAACTUHBLI AOMMKHbI
BMCETb HWXeE LWenu GopToBOro oTcoca, Ytobbl He MeLwaTb Npoxoay «dakenay (Ha nyTn «dake-
na» MOTyT HaXxoAUTLCA TOSNBKO NOABECHBIE KPIOKU aHOA0B M NOABECOYHbIX MPUCNOCOBNEHui).
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OnpokuHyTble 60pTOBbIE OTCOCHI YMEHBLLAIOT 3HEPreTUYeckne 3aTpaTbl Ha BEHTUNS-
umio 3a cyet o6pa3oBaHuA Hag, 3epkanom pacTteopa Gonee 6MaroNpuUATHONM 30HLI BCAChIBA-
Hus. OAHaKoO Takue OTCOCHI 3aHWMAIOT BHYTPU BaHHbl Mo 100 MM LIMPUHBI 3epKana BaHHbI
C KaXXOOW CTOPOHLI, YTO 3aCTaBNSAET HENpPOW3BOAMTENbHO YBENWYWUTL LIMPUHY U E€MKOCTb
BaHHbl. ONPOKUHYTBIE OTCOCHI B HACTOSLLEE BPEMSI BLIXOASAT U3 ynoTpebneHus.

i) e
a, B — AByGopTHEIE; 6, 1 — 1 — oAHOCTOpPOHHMIA 6OpTOBOM
0aHOOOPTHbIE; 0DObIYHbIE: 4 — 0TCOC, 2 — AByCKaTHAasA KpbiLLKa,
ABy6OPTHLIN; € — 0AHOBOPTHBI 3 — neperopogka, 4 — kopnyc,

5 — wmbepbl
PucyHok 2.18 — Cxemsbl PucyHok 2.19 — [1sycTOpOHHMIA
60OpTOBLIX OTCOCOB: 6opToBoOI 0TCOC
ONPOKUHYTbIE

Ecnn gse BaHHbI C MECTHbIM OTCOCOM MPUMBIKAIOT APYr K ApYry, TO Mexay HUMu
yCTaHaBnuBaloT ABYCTOPOHHMIA BopToBoOi OTCOC cM. (pucyHOk 2.19). OH uMeeT ABe MpoTu-
BOMOMNOXHO HanpaBrieHHble BCAChIBAIOLIWE LENW U NpeacTaBnseT coboil ABa COBMELLIEHHbIX
B OAHOM Kopnyce 4 OOHOCTOPOHHMX GOPTOBLIX OTCOCA 1, pasaeneHHbIX neperopoakor 3.
Ceepxy 60pTOBOM OTCOC HaKpbIT ABYCKATHOM KPLILLKOW 2 AN CTEKaHWsi pacTBOPOB B BaHHbI.
B kaxxgom 13 BcachiBalOLLMX BEPTUKANbHBIX KAHAINOB YCTAaHABMMBAIOTCA WKbepbl 5, KOTOpble
ynpasnsiloTCs He3aBUCUMO APYT OT Apyra.

Matepuanom ans n3rotoeneHns 6OpTOBbIX OTCOCOB CNyXaT: ANA BaHH C Hearpeccus-
HbIMW pacTBOpamu (LENOYHbIMK, LMAHUCTLIMU U T. N.) — KOHCTPYKLMOHHas yrnepoaucras
cTanb TOMWMHOW 1-2 MM, AN BaHH C arpeccuMBHBIMKM pacTBOpPaMM KUCIOT — BUHMUMNAcCT
TONMWMUHOW 3—5 MM unun NONMNPONUIEH.

113



UTC 36—2017

Mpy NpPOEKTMPOBaHUN U OPraHN3aLy MECTHOW BEHTUMALMU HEOBXOAUMO YyuYUTbIBaTh
CrNeAytoLLMe MOMEHTbI:

- HEpPaBHOMEPHOCTb OTCachIBaHUS BO3ayxa GOpPTOBLIMKM OTCOCaMu MO ANNMHE BaHHbI
He posmkHa npesbiwaTe 10 %;

- 06beM yaansemMoro Bo3gyxa oT KpyribiX BaHH KOMbLIEBBIMW OTCOCaMKn ONpeaenseTcs,
KaK ANs KBaapaTHbIX BaHH CO CTOPOHOW, paBHOW AnamMeTpy KpyrioK, yMHoxeHHoMy Ha 0,8;

- BbITSDKHbIE CUCTEMbl, OOCnyXuBarlMe BaHHbl C LMAHUCTBIMW  pacTBopamu,
He [OMKHbI BbITb COBMELLEHbI C BEHTUMALMEN OT KUCTIbIX PACTBOPOB U OBLIMHO BbIMOMHSAOT-
CS1 B BUAE OTAENbHbIX CUCTEM;

- BbITSKHbIE CMCTEMbI, OGCnyXMBaKoLWMe NpoLecchl 06e3KMPUBaHNA OPraHNYECKMU
pPacTBOPUTENAMM, JOSPKHBI ObiTb CAMOCTOSITENBHBIMU U UMETL B3pbIBOGE30MacHoe NCrnosHe-
HUe; BCe MeTarnuyeckne Bo3AyxoBoAbl 1 o6opynoBaHve cnefyeT 3a3eMnaTh;

- COEVHEHNSA 3NEMEHTOB GOPTOBbIX OTCOCOB LOSMKHbI ObIiTh Pa3beMHbIMM, YTOOLI 00-
NEerynTb BO3MOXHOCTb MX MEPUOANYECKON YMCTKM OT OCEXKAAIOLLMXCH CONel, a npn Heobxo-
AVMOCTU U UX 3aMEHBbI;

- MarucTparnkeHble BO3JyXOBOAbl (KPOME BO3AYXOBOAOB OT MECTHbIX OTCOCOB BaHH
C OpraHN4eckrMUn pacTBOPUTENAMMN) AOMYCKAETCS NPOKNaAbIBATE B HXKENEXaLLeM TexHu4e-
CKOM dTaxke (nofsane), a npv ero oTCyTCTBUM — Nog 0BCnyXnBaroWuM BaHHaMU (NUHUS-
MW) U B KaHarnax-eo3ayxoBoaax, NpoknasisaeMbIx Nof nosfom;

- KaHasbI-BO34YXOBOAbI, NPOKaAbIBaeMbIe NOA NOMOM, CNeayeT BbINONMHATL 3 6eTo-
Ha UK KMpnu4a, BHYTPEHHSA NMOBEPXHOCTb KaHaNOB AOJPKHA UMETb NPOTUBOKOPPO3UOHHYHO
3aLUMTY, Ha BCEX NMOBOPOTAX, OTBETBNEHMAX U Yepe3 30 M Ha NPAMbIX ydacTkax HeobxoamMmo
npegycmaTpuBaTe CMOTPOBbLIE NtokU guameTpom 700 mm;

- Ans obecneyeHs HauMeHbLLEero CONPOTUBNEHNA NPOTEKaHUIO BO3ayxa ANVHAa BO3-
LyXOBOJIOB A0JTKHA ObITb MUHMMANBHOW, OHW He AOSTKHbI UMETb HeorpasAaHHbIe n3rubbl 1
KOneHa; oTBoAbl HEOBX0AUMO aenaTtb ¢ Hanbonee BO3MOXHBIM PafiMyCoOM; B KONeHax xena-
TENbHO YCTaHaBNMBaTb HaNpPaBnALWMe NONaTkw;

- KaHanbI-B034yX0BOAbI NpoknaabiBaoTca ¢ yknoHom 0,005-0,01 B CTOPOHY ApeHax-
HbIX YCTPOWCTE;

- BEHTUJTATOPA CO CTOPOHbI HAarHeTaHNsa Heo6xo0anuMoO NPeayCMOTPETL XOPOLLIO pa3Bu-
Tbit ancbdy30p C yrnom packpbitis, 6nmskum K 17°;

-nepef BEHTUNSATOpaMU BbITSIKHBIX YCTAHOBOK B KaHanax-BO3AyxOBOAax criefyet
npeaycMaTpuBaTh NPUAMKA C Ntokamu ans cbopa KoHaeHcaTa;

- BEHTUINATOPbI JOIMKHBI MPUMEHSITLCS B @HTUKOPPO3MOHHOM UCMOSNHEHUN (M3 anioMu-
HWEBbLIX CraBOB, KOPPO3MOHHO-CTOMKOM CTanu, TUTAHOBLIX CMMABOB W MONMMEPHBIX Mare-
puanos),

- MECTHas! BbITSKHasi BEHTUNSALMA B CMOTPOBbLIX U 3arpy304HbIX OTBEPCTUAX EMKOCTEN
B MOMELLIEHUM OYMCTKU CTOYHBIX BOJ, A0IDKHA 0OecrneumBaTh CKOPOCTb ABWKEHWUS BO3AyXa, M/C,
npw BbiAENEHMU: aspo3onen kucnot — 1; ammmnaka — 0,8; xnopa — 1,2; napos sogbl — 0,3;
npu 6apboTtnposaHum Boabl — 0,6; LUMaHUCTbIX CTOkoB — 3. He3aBncuMO OT BbiaensaemMoro
BPEAHOrO BELLECTBa OT OAHOM EMKOCTU CrnefyeT oTcacbiBatb He MeHee 300 My BO3gyxa.

ObuweobMeHHan BeHTUNALMA NMOMELeHUA ranbBaHUYeckux uexoB. Bcneacrtene
OTCYTCTBUSI MECTHBIX OTCOCOB Y HEKOTOPbLIX BaHH, a Talcke HeAoCTaTOuHOW paboThl UMEto-
LLMXCS1 OTCOCOB B aTMocdepy NOMELLEHUIN ranbBaHNYeCKUX LIEXOB MOCTOSHHO BbIAENSAIOTCA
BpeAHble BeLLecTBa, BoAsHON nap M nsbbitouHoe Tenno. Kpome Toro, nogHaTele nocne o6-
paboTku fgeTanyM HaxoAATCS BHE 30HbI 4ENCTBUSA MECTHBIX OTCOCOB U C HUX BpeAHble Belle-
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CTBa BLILENSAIOTCA B OKPYKAIOLUMIA BO3AYyX MOMELEeHUA. [INA UCKNIOYEeHWUs HakannuBaHus
BpeaHbix BellecTs Bbiwe MNAOK 1 noaaepxaHua BNaXXHOCTU U TemnepaTypbl OKpyXatoLero
BO3gyxa B HeoOXoAMMbIX Mpefenax yctpamarT oOWweobmeHHy BeHTUNAUMK. OcobeHHo
BaXXHa ponb O6LEOOMEHHOW BEHTUNSAUMU B Hepaboyee BpeMs npu OTCYTCTBUM YKPbITUS
TEXHOMNOMMYECKUX BaHH — B 3TOM cllydae obOLeobMeHHas BEHTUNSAUMS yaanseT BO3AyX U3
BEPXHEN 30HbI MOMELLIEHMS.

EcrectBeHHas BbITSKKa M3 BEPXHEW 30HbI NOMELLEHUA forkHa obecneymearts pas-
©aBneHne ckannmBaroLLErocs Tam Bofopoaa Ao 5 % OT HWKHEro npeaena B3pbiBaeMOCTU.

[na koMneHcauum yaansaemMoro MecTHbIMN OTCocamn BO3ayxa NpeaycMaTpyBaloT Me-
XaHWYECKMIA NPUTOK, MpWY 3TOM AOIKEeH 06eCcrneunBaTbCs HE MeHee YeM TpexKpaTHbIN BO3ay-
x006MeH B vac. [MpuUTOuHBIM BO3AyX CneayeT nojaBaTb B BEPXHIOK 30HY MOMELLEeHWUs
He Hwke 2,5-3 M OT nona paBHOMEPHO Yepes BO3fyxopacnpegenurenu, obecneumearome
CKOPOCTb ABWXKEHUSI Bo3ayxa B pabouen 30He He 6onee 0,3 m/c. OnTumansHOW ABnNAeTCA
paccesiHHas nojaya NpJMTOYMHOro BO3yxa Nof nepekpbitue. [na paccesHHOW nogaqv npu-
TOYHOrO BO3Jyxa MPUMEHSIIOT NepdOpMPOBaHHLIE BO3AYXOBOAbI KPYrAoro Unm nNpsaMoyrosib-
HOro ceuyeHusi, NepOpUPOBaHHbIE MOTOMOYHbIE MAHENM, PELLETKM, WeneBble NOTONKMA U T. M.
CKOpPOCTb NCTEYEHNSI MPUTOYHOIO BO3ZyXa Ha BXOAE B pabo4yio 30Hy BO u3bexaHune Hapy-
LLEeHWs HopMarnbHOW paboTbl 60pTOBbLIX OTCOCOB HE AOITKHA npeBbiwaTth 0,3 M/C.

Ha yyacTtke XMMU4eCKON OUUCTKU NMOBEPXHOCTH, rAe AOMUHUPYIOWMM BPEAHbIM BeLle-
CTBOM 4BMSETCA Bnara, pekomengyetca 65 % — 70 % npuTouHOro BO3fyxa nogaeaTth B
HYBKHIOK 30HY, 35 % — 30 % — B BepxHIOK0 30HY noA nepekpbitne. Bospyx, nogaBaemeivi B
BEPXHIOHO 30HY, nogorpesatoT 40 50 °C m BbinyckaloT o CKOpocTbio 15—18 M/c, obecneunsas
WHTEHCHBHOE NepeMeLLieHne s NOACYLUIMBAHUS CTPOUTENbHBLIX KOHCTPYKLIMIA.

B Tennoe BpeMs roga fonyckaeTca eCTeCTBEHHbIN NPUTOK Yepe3 NPOEMbI B HAPYKHbIX
OrpaxaeHunsiX Ha BbICOTE HE MeHee 4 M OT nona. B xonogHoe Bpems roga nojaBaemMbii BO3-
AyX HEOBXO0AMMO NoforpesaTh 40 TeMnepartypbl He Hke 18 °C.

Mpy CMEXHOM PAaCNONOXEHUN ranbBaHUYECKUX N TPaBUSbHLIX OTAENEHWUIA C NOMELLe-
HUSMW OPYrMX NPOM3BOACTB, HE UMEIOLLMMU BPEAHbIX BbIAENEHUN U NbinK, NPUTOYHBIA BO3-
Ayx crnegyeT nogasath B konnyectee 90 % — 95 % ot pacdeTHOro obbema oTcacbiBaemMoro
Boagyxa. OcranbHoM BO34yX LOMMKEH MOCTYNaTh M3 CMEXHBIX NOMELLEHWA Yepes ABepHble
npoembl, ANSi YEro B 3TUX MOMELLEHMSIX NPEeayCcMaTpMBAalOT NPUTOK BO3fyxa B KONMUYECTBE,
LOCTaTOMHOM ANSi KOMMEHCaLWN NepeToka BO3ayxa B ranbBaHW4eckoe oTAeNeH1e.

O6Le0OMEHHYIO MPUTOYHO-BBLITSIKHYIO BEHTUMSILMIO CneayeT NpOoeKTMpoBaTk U Anis
MOMELLEHWIA, TAE PacronOXeHbl MCTOYHMKM MOCTOSHHOMO ToKa, A5 aCCUMUNSILMK 13ObITKOB
TENnoTbl OT 3MEeKTPoOOOPYAOBaHUA B TEYEHME KPYrIoro roga M OT COSIHEYHOW paguauum
B TENmbI Nepuog roga.

B 6noke nomelleHnii ans paboTbl C UMAHUCTBIMM CONSMU AOMKHbI BbITe NpeaycMoT-
peHbl ABE OTAESbHbIE 0OLLEOBMEHHbIE BBITSIKKM: OfHA ANS KOMHATbl XpaHeHWs1 1 pacTBope-
HUS UK pacdacoBKU LIMAHUCTBIX COMEN, apyras ANs KOMHaThl cneLofexibl, AyLIeBon Ka-
OuHbI 1 Kopugopa.

B nomewyeHusix Ana oBOpyAOBaHNs OYMCTKM CTOYHBIX BOA CreAyeT BbINOMHATb Bbl-
TSOKHYIO BEHTUNSALMIO C MECTHBIMM OTCOCaMM, a Takke obLweoOMeHHyto ¢ 3abopomM BO3gyxa
N3 BEPXHEN N HKHEWN 30H CO CrEeAyoLLen KpaTHOCTEH BO34yX000MeHa: B MOMELLEHUN Npu-
rOTOBJIEHWS pacTBopa M3BecT — 4 obbema B 4ac, NMpu BblAENEHWU CEpPHUCTOrO rasza —
8 06bemoB B 4ac, B HACOCHOW CTaHLMM 3arpsi3HEeHHbIX BOA M B NOMELLeHUW Ans 06e3Bpexu-
BaHWSI UMaHNCTbIX cTokoB — 10 06beMoB B 4ac.
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OuucTtka oTcacbiBaeéMoOro Bo3gyxa oT BpeaHbIx BewecTB. OUMCTKy OTCachkiBaeMo-
ro BO3ayxa OT BPEJHbIX BELLECTB OCYLLECTBNAT pasnuyHbiMm criocoGamm. OuncTky Bo3ayxa
OT MbINA OCYLLECTBNSIOT B MNbINEYNOBUTENSX PasnnyHbIX KOHCTPYKUMIA. st OMUCTKM BO3ayXa
OT a3po30ren, NapoBs 1 razos BpefHbIX BELLECTB MPUMEHSAIOT pa3Horo pofa annapartbl: Bo-
JIOKHUCTbIE PUNbTPbI, MOHUTOBLIE PUNbTPLI, abcopbepsbl, agcopbepbl, KOHAGHCATOPLI U Ap.

Mpu BbIBOPE OUNCTHOrO 0BOPYAOBAHNS YUUTLIBAIOT SPEKTUBHOCTL €ro OYUCTKM, Ka-
nuTaneHble 3aTpaThl, 9KCNyaTaumoHHbIe pacxobl, HaAEXHOCTL paboTel, yao6eTBo obeny-
XKVBaHWS, NErkocTb KOHTPOSS, AOCTYMHOCTb PEMOHTA, 3aHMMaeMyto NIowafb, pacxoibl
3MEKTPO3HEPrn, BOAbI M PEAreHTOB.

BecnepebonHOCTE OUMCTKN BIBPOCOB AOCTUraeTCs YCTaHOBKOW B BbITSPKHOM CUCTEME
He MeHee [ByX OYMCTHbIX annapaTtoB, NpUYeM NPU BPEMEHHOM OTKJSIOUYEHUM OAHOMO U3 HUX
ocTanbHble JomkHbl obecneyrBaTh HEOBXOAMMYHO MPOMYCKHYH CNOCOBHOCTL U addekTuB-
HocTb. B Tabnvue 2.53 npeacraBneHbl yaensHOEe KONMYECTBO BPEAHbIX BELECTB, Bbiaense-
MbIX U3 ranbBaHWYECKMX BaHH, @ Takke pekomeHgaumm no BbIGopy MeToaa u annapara ans
OUNCTKM BEHTUMSLIMOHHBIX BbIGPOCOB.

Tabnuua 2.53 — YaenbHoe KONMYECTBO BPefHbIX BELLECTB, BblAENSEMbIX U3
rarnbBaHNYECKNX BaHH, M PEKOMEHAALMN MO OYUCTKE BbIOPOCOB

Makcumanb- [ Cnocob ouncTkm

TexHONorn4yeckuii NpoLecc HaHeceHust Onpegensiio- | Hoe * Konu-
ranbBaHU4YeCKMX NOKPbLITUN Ljee BELLEeCTBO 4ecTBO, | MeToa | Annaparbl
mr/(m?-c)

OnekTpoxvmuyeckan obpabotka meTan-| XpomoBbIv
NOB B pacTBopax, CoAepallimx XpOMOBYHO|  aHrMapua
KMCNoTy B KoHUeHTpaumm 150-350 r/n, npu
cune Toka Bonee 1000 A (xpomMumpoBaHue,
aHOOHOE aKTVMBUPOBaHWE, CHATUE Meau
nap.) 10 2 1;6
OnekTpoxummnyeckaa ob6paboTka MeTan-| XpomoBbin
NOB B pacTBopax, CoAepxallmx XpOMOBYIO| — aHrMapug
KMcnoTy B KOHUeHTpauun 30-60 r/n (anek-
TPOMONIMPOBaHME antOMUHWA, SIEKTPOMO-
NMpoBaHWe cTanv u ap.) 2 2 1,6
OnekTpoxummyeckass obpaboTka MeTan-| XpomoBbin
TI0B B pacTBopax, CoAepXallymx XpOMOBYHO|  aHTMAPWA
KMcnoTy B KoHueHTpauvmn 30—100 r/n, npu
cune Toka MeHee 500 A (aHoaupoBaHue
antoMUHNSA U MarHWEeBbIX CrNaBoB U Ap.), a
TaKke XMMUYECKOe OKCMAMPOBAHWE anio-
MWHWUS U MarHmsa 1 2 1,6
Xumunuyeckaa obpaboTka cTanu B pactBo-| XpomoBblIf
pax XpOMOBOW KUCMOTbl M ee Conmen npw| aHruapua
TemnepaTtype pacTeopa 250 °C (naccusu-
poBaHve, TpaBneHue, CHATME OKCUAHOW
MIeHKN, HarosHEHNE B XPOMINWKE W1 Ap.) 0,005 5 2 1

6
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TexHOnorn4eckmin NPoLLeCcC HaHeCceHUs
ranbBaHUYECKNX nOKprTMﬁ

Onpegaensto-
Ljee BeLecTBO

Makcumans-
Hoe * Konu-
YeCTBO,
mr/(m2-c)

Cnoco6 ouncTku

Metoa

Annapatbl

Xumunyeckasn obpaboTtka MeTannos B pac-
TBOpax XPOMOBOW KWCHOTHI U ee Cconen
npu  Temneparype pactBopa <50 °C
(ocBeTnenne, naccuBauus 1 ap.)

XpomoBbin
aHrMapua,

0**

OnekTpoxummyeckass obpaboTka B pac-
TBOpaXx LUenoyM (aHoAHOE CHsSITUE Lnama,
o06e3xmprBaHMe, ONOBSIHMPOBaHWE, LWH-
KOBaHMWE B LLUEMOYHbIX 3MEKTPONNTAX, CHS-
TWE OnoBa, OKCUAUPOBaHWE Mean, CHATUE
Xpoma u ap.)

LWenoub

11

Xumuyeckas obpaboTka MeTannos B pac-
TBOpax LUenoym (oKkeuavpoBaHme ctanu,
NONMMPOBaHME antoMUHUS, PbIXIIEHNE OKa-
NWHBI HAa TUTaHe, TPaBMNEHNE aMOMUHWS,
MarHvsi U ¥x CNnaeoe 1 Ap.) Npu Temnepa-
Type pacTBopa:

->100 °C

-<100°C

Lenoyb

55
55

Xnmmnyeckas obpaboTka meTannos, Kpome
anoMUHUS U MarHusa, B pacTeopax Leno-
un (obezxupuBaHve, HeuTpanusauus wu
Ap.) Nnpy Temneparype pacreopa:

->50°C

- <50 °C

LLlenoub

0**
0**

KagmupoBaHue, cepebpeHue, 3oroyeHue
M 3MEeKTPOXUMUYECKas akTvBauus (aeka-
NMPOBaHWNE) B LMAHWUCTBLIX pacTBopax

LinanucTbii
BOJOPOA

55

LinHkoBaHue, mMegHeHWe, naTyHUpoBaHue,
XUMUYECKas akTMBaums (aekanmpoBsaHue),
amarnerammpoBaHne B LMaHWUCTbIX pac-
TBOpax

LnanucTein
BOAOPOA

1,5

XuMunyeckasi obpaboTka meTannoB B pac-
TBOpax, cogepkawmx OTOPUCTOBOAOPOS-
HYIO KMUCIIOTY 1 €€ Conu

dTopUCTbIN
BOAOPOA

20

Xumuueckas obpaboTka MeTannoB B KOH-
LIEHTPUPOBaHHbLIX XOMoAHbIX W pasbas-
NEeHHbIX HarpeTbIX pacTeBoOpax, coAepxa-
LMX COMSIHYIO KUCNOTY (TpaBneHue, CHS-
Tve wnama v ap.)

XrnopucTtbin
BOAOPOA

80
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TexHOMorM4ecknii NpoLIecc HaHECEHNs!
rarnbBaHU4YEeCKUX NOKPbITUNA

Onpepaensto-
Lyee BeLLecTBo

Makcumanb-
HOe * Konu-
YecTBoO,
mr/(m?-c)

Cnocob6 ouncTkm

MeToa

Annapartbl

Xumnueckasa obpaboTka meTannos, Kpome
CHATUS LMHKOBOrO N KaAMUEBOIO MOKPbI-
T, B XOMOAHBIX pacTeBopax, coaepxa-
LMX COMSAHYIO KUCIOTY B KOHLEHTpaLun
o 200 r/n (TpaBneHve, akTBaums 1 ap.)

Xnopuctbin
BOAOPOA

0,3

OnekTpoxummnyeckass obpaboTka meTan-
NoB B pacTBoOpax, COAEpKalyux CepHyHo
KUCNOTY B KOHUeHTpaumm 150-350 r/n, a
TaKKke XumMuyeckasi o6paboTka B KOHLEH-
TPUPOBaAHHBIX XOJIOAHBIX U pa3baBneHHbIX
HarpeTblX pacTBopax (aHoaupoBaHuWe,
3MEKTPONonNMpoBaHne, TpaBrieHne, CHSA-
TMe HuKensi, cepebpa, ruapugHas obpa-
6oTka TUTaHa u ap.)

CepHas
KucnoTa

MegHeHve, 0OnoBAHUPOBaHWE, LMHKOBa-
HWe 1 KagMMpoBaHMe B CePHOKUCTILIX pac-
TBOpax nMpu TemnepaTtype  pacTBo-
pa <50 °C, a Tarke xummyeckas akTnea-
ums

CepHas
kucnoTa

Xumunueckan obpaboTka MeTannoB B KOH-
LIEHTPMPOBaHHBIX XOMOAHbIX U pa3bas-
NEeHHbIX HarpeTbiXx pacTeopax, coaepxa-
Lwmx optodocdopHyto KucnoTy (docda-
TUpoBaHve n ap.)

docdopHas
Kvucnora

0,6

Xumunueckasi obpaboTka MeTannos B KOH-
LIEHTPUPOBaHHBIX HarpeTbIXx pacTeopax u
anekTpoxmnmmdeckasl 0bpaboTka B KOHUEH-
TPUPOBAHHBIX XONMOAHBIX pacTBopax, Co-
aepxawux  opTodoCcOpPHY0  KUCMOTY
(xMmMnonupoBaHne antoMUHUA, 3NeKTPOo-
nonupoBaHne cTanu, Mean n ap.)

docdopHas
KMcnota

Xumunueckasi obpaboTka MeTannoe B pas-
GaBrieHHbIX  pacTBopax, CoAepXaLmx
a30THYI0 KUCNOTY (OCBETNEHME anomu-
HUSI, XMMWUYECKOE CHATUE HUKENS, TpaBse-
HWe, aKkTMBauua Meam, naccveaumsa n ap.),
NpW KOHLEHTPaLMn pacTeopa:

->100r/n

-<100r/n

A3oTHas
KucnoTa u
oKcuabl asoTa
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Makcumane- | Cnocob oumcTku
TexHONOrn4eckunii NpoLIecc HaHeCeHUS Onpepensito- | Hoe * konu-
ranbBaHUYECKNX NMOKPbITUA Lee BeLecTBO 4ecTBo, MeTog | Annapatbl
Mr/(M2-c)
HvkenupoBaHne B xnopugHeix pacteopax | Pacteopumsbie
npw NAOTHOCTM TOKa cBbiwe 1 Alam? COnK HUKens 0,15 1 1,6
HuvkenupoBaHne B cynbdartHbix pacTeo- | PacTBopuMble
pax npu NNOTHOCTY TOKa CBbilLe 1 Alnm? CONMKY HUKens 0,03 2 1,6
KagmuposaHune 1 0noBaHMpOBaHWE B KUC- deHon
NbIX 3nekTponuTax ¢ gobaekon deHona 0* 4 -
KpalleHvne B aHMIMHOBOM KpacuTene AHVAVH 0** 4 -
MNMpombiBKka B ropsivei Boge Bopa 0™ 5 -
BesBpefHble TEXHONOMMYECKME MPOLIECChI -
npu  HanMYuM  HEMpPUSTHLIX  3anaxos
(Hanpumep, ammmnaka, knesi 1 ap.) 0** 4-5 -

MeToabl o4MCTKN: 1 — abCopPOUMOHHBIN; 2 — unbTpaumg. Tunsl annapartoB OYUCTKU:
1 — cduneTpbl-TymaHoynoeutenn OBI-T  (kopnyc u3 TuTaHa), 2 — UNLTPLI-
TymaHoynosutenn ©BI-C (kopnyc ns cranum); 3 — dunbtpel-rymanoynosutenn ®BIr-T ¢
opoLlaeMoit MpUCTaBkon;, 4 — unbTpbl-TymaHoynosutenn ®BI-C-L; 5 — HacapoyHbIn
Tuna BUHUWOT, 6 — cenaparopsbl, BCTpavnBaemMble B 6opTOBOM OTCOC.

* 3Ha4YeHMs MakCUMarbHOrO KONMMYECTBa BpeAHbIX BeLLeCTB, yAansiemblXx MECTHbIM OT-
COCOM, NMpUBEeAEHbI A4S HOpMarnbHOW 3arpy3ku BaHH ANA pacdeTa MakCcuMarbHbIX pa3oBbIX
KOHLeHTpauwiA. [ins onpeaeneHust cpefHeCcyTouHbIX 3Ha4YeHWn (AN asposons) cneayet
yunTbiBaTbh KO3dduUUEHT 3arpy3ku o6opyaoBanus. MNpu Heo6xoAMMOCTU OYUCTKU BEHTU-
NAUNOHHBIX BbLIOPOCOB U BbIOOPE OYUCTHBLIX YCTPOWUCTB CriefyeT yuuTbiBaTb BbiNageHue
a3p0o30ris Ha BHYTPEHHUX CTEHKax OTCOCOB W BO3JyXOBOA0B.

** KonmuecTBO BbIAENAIOWMXCS BPEAHbIX BELECTB HE3HAUMTENBLHO U NPU pacyeTe BeH-
TUMSALMOHHBIX BbIBPOCOB MOXKET HE YUNTBIBATHCS.

*** MeCTHbIN OTCOC He TpebyeTcs (HeOOXoANM TONbKO MNP HANMYMK BO3AYLIHOMO nepe-
MeLmMBaHuA pacTteopa).

[nsa BpeaHbIX BELWECTB, OCTaKOWMXCA B BbIOPOCaxX NP HEMOMHOM OYUCTKe, npeny-
cMaTpuBaroT UX paccemBaHue B aTMOCEepHOM BO3ayxe Tak, YToObl KOHUEHTpaUun BpeaHbIX
BELLECTB B aTMOC(EpHOM BO3lyXe HacerneHHbIX MeCT He NPeBbilany MakcumMarsbHble paso-
Bble NpeaernbHO A0MNYCTMMbIE 3HAaYeHUs MO0 (NpW OTCYTCTBUN STUX 3HAYEHUI) CPEOAHECYTO-
YHbIX KOHUeHTpauvi. MNpn He3HauMTENbLHOM BarioBOM KOMMYECTBE BPEAHbIX BELLECTB WUNn
Maron KOHLIEHTpauMu MX B BbiOpacbiBaeMOM BO34yxe AOMNYCKaeTCs He NpefycMaTpuBaTb
€ro OYUCTKY, eCNU NYTEM pacCenBaHusl 3TUX BELLECTB B aTMOChepHOM BO3ayxe npu Hanbo-
nee HebnaronpuaTHbIX ANS AAHHOW MECTHOCTW YCNOBUSIX He OyayT MpeBbleHbl UX A0ny-
CTUMbIE KOHLIEHTpaLMMW.

[ns ynaenMeaHus Nbinv U3 BO34yXa, OTCACLIBAEMOrO U3 MECKO-, METANNOCTPYNHbIX U
ApOBeCTpyMHbIX Kamep, NPUMEHSIOT ABYXCTYNeH4YaTyto ycTaHoBKY M3 umknoHa LIH-11 n umk-
noHa ¢ BoagaHon nneHkon LIBH. Meinb, copepxaliasncs B Bo3gyxe, OTCacbiBAEMOM OT LUMK-
dpoBarnbHbIX U NONMPOBAIbHBIX CTAHKOB, MOXAapoonacHa, No3TOMY MPeanoYTUTENEH MOKPbINA
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cnocofb O4YUCTKM OT Hee BO3Ayxa. 3anbiNeHHbIN BO3AlyX MOCTYNaeT B LMIMHAPUYECKUNA pe-
3epByap, rae oH, NPoxXoAa No cnvpanu BAOSb Bana, OMblBaeTca BofoW. B pesynbTare npo-
MbIBKW BO3/lyxa BOZOW, @ TaKKe OCKASHUSA MNbINIM HA MOBEPXHOCTUN BOAbI U CMOYEHHbIX CTEH-
Kax pesepByapa NpouCxoauT O4MUCTKa BO3AyXa OT Nbinu. Mbink ocefaeT B HWXKHEN YacTy an-
napara, oTKyZa yAansieTcs pyYHbIM, MeXaHU4eCckUM U1 rugpasnmMyeckum crocobom. Xena-
TenbHO, YTOBbl OYNCTHBLIE YCTPONCTBA pacnonaranucb kak MOXHO 6nmxe k wnvdosansHbIM
W NonMpoBarnbHbIM CTaHKaM.

[na ouncTkM oTCcacbiBaemMoro Bo3gyxa OT a’3po30siel UCNOMb3yT MUNLTPbI pasnuy-
HO KOHCTPYKLMWN. OUNbTPYIOLLME NEeperopogky, Yepes KOTopble MPOUCXOAUT (hunbTpaums
BO34yXxa, BeCcbMa pasHoobpasHbl Mo CBOEW CTPYKTYPE, HO B OCHOBHOM OHW COCTOSIT M3 BO-
JIOKHUCTBIX WUINN 3€PHUCTbLIX 3MEMEHTOB — TKAHEBbLIX MATEPUanoB U3 MPUPOAHBIX, CUHTETU-
YECKMX UINN MUHEpPanbHbIX BOMOKOH, HETKaHbIX BOMOKHWUCTLIX MatepuaroB (BOWMOKW, Knee-
Hble U UrMoNpPoBUBHbLIE MaTepuansl, Bymara, KapToH, BONOKHUCTbIE MaTbl); AYEUCTbIX NUCTOB
(rybuatas pesuHa, neHononuypetaH, MembpaHHbie dUnbTpbI).

[ns ouMcTkM OTcacbiBAaEMOro BO3Ayxa, COAepXallero TymaH, asposonb U 6pbi3rv
ANEKTPONUTA, UCMONbL3YIOT BOMOKHUCTbIE unnbTpbl TMna ®BI. BHyTpn kopnyca duneTtpa
pa3smelleHa KacceTa C (OUNLTPYIOLLMM MAatepuanoMm, HanoXeHHbIM Ha Kapkac 1 npuxarbim
NPWXMMHOW pELLETKON M3 MpyTKOBOro Martepuana. Kaccetbl n3rotoBneHsl B BUAE BEpPTU-
KanbHO pacrnonOXeHHbIX CKNafok. dunbTp paboTaeT B peXxnmMe HaKOnMeHUs yroBNEHHOro
NMpoAyKTa Ha MOBEPXHOCTU (PUNBTPYIOLLEro Matepuana C 4aCTU4HbIM CTOKOM XMAKOCTU.
Mo fOCTWKEHNM MaKCUMasbHOMO TMAPaBAMYECKOro CONPOTMBREHUs UNbLTP NoABepraeTcs
NeproLMYECKON NpomMbiBke (0Bbl4HO 1—2 pa3a B Mecsil, B 3aBUCUMOCTM OT NPOU3BOAUTENb-
HOCTW ranbBaHN4eckoro 060pyaoBaHMs) C MOMOLLBID NEPEHOCHON hOPCYHKWU, BBOAUMOWN Ye-
pe3 MOHTaxHbIN MoK, B kayecTBe dunbTpyrowero marepmana obblMHO MCMOMb3YKOT WUrNo-
NpoBGVBHOIM BOMNOK, COCTOALLMIA N3 BOMOKOH AnaMeTpoM 70 Mkm. CTeneHb O4MCTKM BO3AyXa
OT aspo30ns SNeKTPOonuTa XpoMmpoBaHus — He Hke 96 % — 99 %. Npu ncnonb3osaHUN
B KaQ4ecTBe (hUnbTPYIOLLEro Mmarepuana HETKaHoro nrnonpotmnBHOrO BOIOKHNCTOrO nascaHa
ANS OYACTKM BO3JyXa, OTCAaChIBAEMOrO OT TPaBWUIbHbIX CEPHOKUCIbIX BaHH, [OCTUraeTcs
creneHb ouncTkm 90 % — 99 %.

BonokHucTeie duneTpbl TMNa ®BIN ycTaHaBnmBaroT, Kak MpaBuno, Ha 3HaYUTENbHOM
pPaccTosiHWM OT BaHH W Yalle Bcero nocne seHtTunsTopa. OgHako Ha nyTu oT 6opTa BaHHbI A0
BEHTUMNATOPA YacTb BPEenHbIX BELLECTB, BbIAENAOWMXCH B BWAE a3po30fiel, TymaHa W
OpbI3r, ocefaeT Ha OHO U CTeHkM Bosgyxoeopa. Co BpemeHeM BO3[yxOBOJ 3acopsieTcs, a
MeTasnM4eckne CTeHKM BO3Lyx0oBoAa (AaKe M3 KOPPO3MOHHO-CTOMKOM CTanu) U SNeMeHThI
BEHTUNATOPOB NOABEPratoTCst KOPPOINM.
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1 — GOPTOBOW OTCOC; 2 — NPOMBIBOYHOE YCTPONCTBO; 3 — MNioK; 4 — KacceTa;
5 — cunbTpyoLWasn neperopoaka; 6 — BbIXO4, OUULLIEHHOTO BO3AYXa;
7 — KapmaH; 8 — wiTyuep BbIBOJA YNOBEHHOIO pacTeopa

PvcyHok 2.20 — dunbTp, BCTPOEHHbIM B GOPTOBOM OTCOC

Ana 3awmnTbl BEHTUNAUMOHHBLIX CUCTEM WCMOMb3YIOT UNLTPYIOLLME 3NEMEHTDI,
BCTpanBaeMble HEMOCPEACTBEHHO B MECTHblE OTCOCbI (CM. pUcyHOK 2.20). PunbTpyoLmia
3MeMeHT W3 Crosi MrnonpobrBHOrO BOWMMOKA WM MOMUMPONUMEHOBLIX BOMOKOH, 3aKaTbin
MEXAY BUHMMMACTOBbIMU CeTKaMW, UMEET BUA NPSMOYTOfbHOW KacceTbl, KoTopas BCTaBns-
€TCA Yepe3 MK B KOPMyC Noj YrroM OTHOCUTENbHO BEPTUKANbHOW OCU U 3akpennaeTcs
B Nasax, YNnoTHSEMbIX BOAMOKOM. YNOBNEHHbLIE Kaniv pacTeopa CTEKaloT B KapMaH, Haxo-
OALMIACA B HXKHEWN YacTu KacCeTbl, OTKYAA BbIBOASTCH Hapyxy. O hekTMBHOCTL ynaenvea-
HWSI CEPHOKMCIIOro TymaHa BOWMOKOM COCTaBnsieT BennuvHy nopsigka 100 %, a ByuHMNnacro-
BbIMM CETKaMW C MONUNPONUIEHOBLIMA BOMOKHaMN — 79 % — 99,7 %; a¢pdeKTUBHOCTb
OYMCTKM BO3Ayxa OT PacTBOPOB XPOMUPOBaHMS cocTasnaeT 98 %. 3arpAasHeHHbIe KacceTbl
BbIH/MAIOT M3 Kopriyca GOpTOBOrO OTCOCA U PEreHEpUPYIOT MyTeM MPOMBIBKVA B NPOMBIBHOM
BaHHe. B Tabnuue 2.54 npuBeneHbl pekoMmeHaaLmmn no BbIBopy unbTpos.

Tabnunya 2.54 — PekomeHaauym no BeiGOpy prnbTpos

TexHOonornyeckui Pacxof BO3- Cocras KoHueHTpayus Tun unbTpa;
npouecc ayxa, M4 asposons Ha Bxoae, Mr/M° cTeneHb oumncTkm, %

XpomuposaHmne dep-| 4 40 CrOs; 0,09-0,34 ®BI-T; 96-99
HbIX MeTanmnos
MonouyHoe Xpomupo- 8-16 CrOs 1,6-9,0 ®BI-T; 9699
BaHue
TpaeneHne 4epHbix 1-13 HCI 0,1-3,3 BcTtpoeHHele ane-
MeTannos H,SO04 0,2-34 MeHTbI, 95-98
OcBeTrneHne 4YepHbIx 8-10 CrO; 0,02-0,03 ®BI-T; 9699
MeTannoB
OneKTpoxMMmyecKoe OBI-T ¢ pereHepa-
obeaxupvBaHne Me- 1-10 NaOH 0,01-4,2 Luen napom;
Tannoe (KpoMe anto- 96-98
MUWHNS)
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OkoHyaHue mabnuuybl 2.54

TexHonornyeckuia Pacxop, Bo3- Cocras KoHueHTpauma Tun dunbTpa;
npouecc ayxa, M4 asposons Ha Bxoge, Mr/m> cTeneHb ounUCTKN, %

OBI'-T ¢ pereHepa-
6-20 NaOH 0,1-0,55 Lpen napom;
96-98

OxkcuaupoBaHne cra-
T LWENOoYHoe

CHsiTMe cTapbix no-
KPbITUIA C YEPHBIX Me- 1,5-10 H>S04 0,4-65,6
Tannos

BcTtpoeHHble ane-
MeHTbI; 95-98

[na ouncTkM oTcackiBaemoro Bo3gyxa OT rasoobpasHbix 1 napoobpasHbiX BELECTB
MNCNonb3ytoT MeTonbl abcopbuun (purandeckon n xemocopbuum), agcopbumm, KatanmTmde-
CKMe, TEpMUYECKME, KOHAEHCaLMM 1 KOMIPUMUPOBaHWS.

Ons  dwmsuyeckon abcopbumm nNPUMEHSIOT BOAY, OpPraHnYeckne pacTBOpUTENMU,
He BCTynaoLme B peakumio C N3BNeKaeMbIM ra3oM, U BOLHbIE pacTBOpbI 3TUX BewecTs. Mpu
xemocopbuum B kadecTBe abcopbeHTa MCMonb3yoT BOAHbIE PacTBOPLI COMEN W LLENoYven,
opraHuJeckne BeELLECTBa M BOAHbLIE CYCMEH3UM pasnnyHbIX BelecTB. AfCOpOLMOHHbIE Me-
TOAbl OCHOBaHbI Ha MOrMOLLEHUM MPUMECEN NOPUCTBIMKU Tenamu — agcopdeHTamu. Katanu-
TUYECKME METOAbI OUYUCTKM OCHOBaHbI HA XUMUYECKMX NPEBPALLEHNSAX TOKCUYHBIX KOMMOHEH-
TOB B HETOKCUYHbIE HA MOBEPXHOCTU TBEPAbIX KaTanuaaTtopos. B ocHoBe MeToaa KoHAeHca-
LMW NEXUT SIBIIEHNE YMEHBLLEHUS AaBMEHWA HACbILWEHHOTO napa pacTBOPUTENS NPU NOHU-
XeHun Temnepatypbl. MeTog KOMNpuUMMpoBaHUs 6a3nMpyeTcs Ha TOM e SBNEHWUW, YTO N Me-
To4 KOHAEHCaUMW, HO MPUMEHWUTENBHO K Napam pacTBOpUTENen, HaxoaAWmMMcs nog uMabbl-
TOYHbIM JaBREeHNeM, NOSTOMY B rafibBaHU4ECKOM NPOU3BOACTBE HE NMPUMEHSETCS.

ABcopbumoHHas o4nCTKa OCHOBaHa Ha NPWHLUMNE NOrNOLLEHWA NapoB W ra3oB XUAKU-
MU BelecTBaMun — abcopBeHTamu. dhdekTrBHOCTL abcopbLmm 3aBncHT oT koadhdurumeHTa
macconepegaqu, nnowagmM KoHTakTa Mormowarlmx U nornowaembiX BELWECTB, BpeMeHU
KOHTaKTa 1 BEMMUMHbI ABWKYLLEN cunbl Macconepeaayun. NocnesHss 3aBucUT B 3HaYMTENb-
HOW CTEMEHN OT KOHLEHTPaLMKN rasoB B OYMLLI@EMOM BO3JyXxe, cocTtasa abcopbeHTa, Temne-
paTypbl BO34yxa W XXNBKOCTH.

Ans ynaenueaHWs XPOMOBOrO aHruapuaa, CepHon, PoCctOopHOM U CONSIHOW KMCIOT
NMPUMEHSIIOT BOAY MINK LLENOYHOM pacTBop.

B npaktuyeckoli ranbBaHOTEXHUKE NPU paboTax C a30THOW KUCMOTOW C OTXOAALLMMMU
rasamu BbiBpacbeiBatotcs, kak npasuno, NO n NO; npy YX O4HOBPEMEHHOM MPUCYTCTBUW.
OcHOBHasi CNOXHOCTb aB6COPBLMOHHBIX MPOLECCOB CBA3AHa C HU3KON XVMUYECKOW aKTUBHO-
CTbHO M pacTBopumMOCTbO okeraa asota NO. Moatomy npuMeHstoT abcopOUMOHHOE Mormo-
LeHne ¢ ogHoBpeMeHHbIM okucrnieHeM NO B XMMMUYECKM aKTMBHble coefuHeHuns. Jddek-
TUBHOE ynaBnmMBaHMWe OKCWMAOB a30Ta AOCTUraeTcs LUEMNOYHbIM pacTBOPOM nepmaHraHata
kanus, cogepxatuero 4 % NaOH (KOH) n 1 % — 1,6 % KMnO4 (4yem Gonblue cogepxaHune
KMnO4, TeM adpdeKkTUBHEE O4NCTKA).

la3006pasHbie LMaHUCTbIE CoeanHeHUs ynaenuaatoT 5%-HbiM pacTBOPOM >KeNesHoro
Kyropoca.

[lns ouncTku oTcackiBAeMOro BO3ayxa oT napos oTopucToBogopoaHon kucnotsl (HF)
NMPUMEHSIFOT PacTBOP COAbI MO peaxkumu:

2HF + Nap,CO3; — 2NaF + COs? + H0
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Mocne HacbILeHNs NOrfoTUTENBHOMO pPacTBopa (TOPWUA-UOHBI OCAXAAT B BUAE
dTOopUaa KanbLmMs Mo peakumm:

2NaF + Ca(OH); — CaF,| + 2NaOH

OThunbTpoBaHHbIM OTOPUA KanbLms, SBMSOLLMACA LIEHHBIM NPOAYKTOM, MOXET BbiTb
UCTMOSIb30BaH B MPOMBILLIIEHHOCTY, HaNpUMep CTEKONMbHON.

Ina ouncTkn oTcackiBaeMoro Bo3sayxa MeToaoM abcopbumm xumakon has3on ucnoss-
3yI0T NEHHble annaparbl U abcopGepbl C NOABWKHON HAaCAAKOW.

AncopbumoHHble MeToAbl B OTnMYMe OT abCopPOLMOHHBLIX MO3BOMSAIOT MNPOBOAUTHL
OUNCTKY BO3ayxa ¢ HeGonblLMM coaepkaHneM razoobpasHbix 1 napoobpasHbIx NMPUMECE.

B kauectBe ancopGeHTOB MCMONbL3YT MOPUCTbIE Matepuarnbl C BbICOKOPA3BUTON
BHYTPEHHEN NOBEPXHOCTLIO. BHYTPEHHAA CTpyKTypa Havbonee pacnpocTpaHeHHbIX Ha npak-
TUKE NPOMBbILLNEHHbIX aACOPOEHTOB XapaKTepU3yeTCs HanMumem pasnuyHbiX PasMepoB U
chopm MyCTOT UK NOpP, CPeaun KOTOPbIX Pas3nuyakoT Makpo-, NepexogHble (Me30-) 1 MUKPOMo-
pbl. CyMmMapHbIi 06beM NocneaHux K eAvHMLE Macchl unm obbema agcopbeHTta onpegenset
B peLUeHUn 3a4a4y ra300uUCTKU Kak CKOPOCTb (MHTEHCUBHOCTB) MOMMOLLEHWS 3arpA3HAIoLWEero
KOMMOHEHTA, TaK U aacopOLMOHHY0 CnocoBHOCTL (BENUUMHY aacopbumun) TBepAbIM Norno-
TUTENEM STOrO KOMMOHEHTA.

K OCHOBHBIM TUMNaM MPOMBILLIEHHbIX aBGCOPGEHTOB OTHOCATCA aKTUBMPOBAHHbIE YINK,
CUnUKarenu, antomMorenin (akTUBHbLIN OKCUA aroMUHUS), LIEONUTLI U UOHUTBI.

AKTMBMPOBaHHbIE YrNM XapakTepuaytotcs rnapodobHocTbio (mnoxon copbupyemo-
CTbIO MONAPHbBIX BELIECTB, K KOTOPbIM OTHOCUTCS U BOAA). Yrmm Al-2 npepgHasHadeHbl Ans
aacopbumn rasos, yronbs CKT — ans ynasnueaHns napoB OpraHNYeckmx BellecTts, yrnn AP,
CKT-3 1 APT — Ans O4MCTKM BO3Ayxa OT MapoB NETYYMX OPraHUYeCKUX pacTBopuTenen
(6EeH3NH, KepOCWH, yauT-CnnpuUT 1 Ap.) U3 BO3JyXxa, oTcacbiBaeMoro oT obopynoBaHna Ans
ob6eaxumpmBaHma opraHudeckumun pacteoputenamn. Ckopocte Bo3gyxa — 0,2 m/c. lNMocne
HacbILLEHMS yrns OpraHNYeckMM pacTBOPUTENSIMA €ro PEreHepupyroT NMPOAYBKON OCTPbIM
napom ¢ Temneparypoin 110 °C — 120 °C, nocne yero NapoBo3AyLIHYO CMECh OXNaxaroT B
KOHZeHcaTope W pasfenstoT Ha Bogy (HWKHWIA CMOW) 1 pacTBOpUTENb (BEPXHWI CoW), KOTO-
pble CINBAIOT B OTAENbHbIE EMKOCTU.

3HaunTenbHbIM MHTEPEC B NOCnefHee BPEMS Bbi3blBalOT aKTVBMPOBaHHbIE YrNEPOA-
Hble BONOKHa. Hapsay ¢ BbICOKOW TEPMOXMMWYECKOM CTOMKOCTBIO M XOPOLUMMMK MOrnoTu-
TeNnbHbIMU 1 PUMBTPYHOLMMM CBONCTBAMWU BOMOKHUCTLIE YriiepoaHble afcopbeHTsbl BBUAY
ManbiX 4VaMeTPOB BOMOKOH, COCTABMALMX (06—1,0)107° M, XapakTepuayloTCs NoBbILLEH-
HbIMM CKOPOCTAMW a4CcopOLMOHHO-4ECOPOLMOHHBIX MPOLIECCOB.

Cuvnuvkareny no cBoem XMMMYECKOW NPUPOoLE NPeacTaBnsaoT cobon rmapaTMpoBaHHbIe
amopHble kpemHeseMms! (Si02 nNH20), aenalowmecs peakLMoHHOCNOCOBHBIMY COEANHEHNAMM
NePeMEeHHOro CocTaBa, MPEeBpaLLEHNS KOTOPbIX MPOUCXOAAT N0 MEXaHN3MY MOMMKOHAEHCaLMN.

Cvnukarenu criyxkat AN NOrnoLweHns NOnsSiPHbIX BELLECTB, K KOTOPbIM OTHOCUTCA W
BoAa. MenkonopucTble cunmnkareny UCnosnbayroT NS afcopOLUmmn NErkoKoOHAEHCMPYEeMbIX na-
poB 1 rasoB. KpynHOMOpWCTbIE N YacCTUYHO CPefHEenOpUCTbIE cunmnkareny cnyxat addek-
TUBHbIMW NOrNIOTUTENSMM NAPOB OPraHNYECKUX COENHEHIA.

CunukarenyM Heroproun U XapakTepuayroTCs HU3KOW TemnepaTypoyr pereHepauumu
(110 °C — 200 °C) v BOCTATO4YHO BbICOKOM MEXaHW4YECKOW NMPOYHOCTLIO. B TO XKe BpemMsi oHu
paspyLiaroTes Noa AENCTBUMEM KanenbHOM BRaru.
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Antomorenu (akTveHbIi okeng amoMuHmns AlO3-nH20, rae 0 <n <0,6) B oTnume ot
cunuKarenel CTOMKW K BO3AEWCTBUIO KanensHol srarn. X ncnonb3ytoT AN ynasnuBaHus
MONSAPHBIX OPraHNYECKNX COANHEHNIA U OCYLLIKM [a30B.

LleonuTbl npeacTasnsaoT cobon antoMocunmkaTsl, CoepKalime B CBOEM COCTaBe OK-
CUAbI WENOYHbIX U LenoYHo-3emenbHbIX MeTanios (Meo/nO-Al03-xSi02-yH20) 1 xapakre-
PV3YIOLLMECA PETYNAPHON CTPYKTYPOW Mop, pasmepbl KOTOPbIX COM3MEPUMbI C pa3MepamMm
Monekyn. KaTioHbl LLleonnToBs B onpeaeneHHbIX ycrnoBusx nx obpaboTku MOryT 3ameLarbes
Ha COOTBETCTBYKLUME KaTWUOHbI KOHTaKTMPYEMbIX C HUMW PacTBOPOB, YTO MO3BOMAET pac-
cMaTpmBaTh LeonnThl Kak KaTMoHOOOMeHHWKW. [lornolleHve Bellectsa NpoucxoanT B OC-
HOBHOM B aACOPOLMOHHBIX MOMOCTSAX LIEONIUTOB, COSANHAIOLLMXCA APYT C APYrOM BXOAHbLIMM
OKHaMW CTPOro onpegerneHHbIX pasmepos. NpoHMKkaTe Yepes3 okHa MOryT Nb MONEKynbl,
AVNaMETP KOTOPbIX MEHbLUE JMaMeTpa BXOGHOIO OKHa.

Ueormtel obnagatoT HauGonbLuen ancopOLMOHHON CnOCOCHOCTLIO MO OTHOLLEHWIO
K Napam nonsipHbIX COEAUHEHUIA W BELLECTB C KpaTHBIMW CBA3SMU B MOIEKynax.

Lleonmt NaA moxeT agcopbupoeats H,S, CS,, CO2, NH3, HM3LWME AneHoBbIe 1 aue-
TUINEHOBbIE YrMEBOAOPOLbI, STaH, STUIIEH, OpraHWYeckue COefuHEHUs, coaepxalime B Mo-
nekyrne oaHy MeTunbHyto rpynny. MNpornaH n opraHn4eckme CoefVHEHWA C YACMOM aToMOoB
yrnepoaa B Mornekyne 6onee Tpex 3TUM LIEOTMTOM He afcopbupytoTcs.

LleonnTbl TMNa X agcopbupyroT BCE TUMbI YrNEBOLOPOAOB, OPraHNYECKNe CEPHUCTBIE,
a30TUCTbIE U KUCINOPOAHbIE COEANHEHUs], ranoupo3amMeLLeHHbIe YrneBOAopOAbl, MeHTa- w
faexkabopaH.

[lns ouMcTKM OTcackiBaemMoro Bosayxa, cogepxauwero ao 200 mrim® aspo3onen, rasoe
W NapoB, OT NpUMeCcel BPpeaHbIX BELLECTB NPUMEHSIOT aACopOLMOHHbIE METOALI C UCTIONL30Ba-
HVYEM HeTKaHbIX MOMOTEH, U3rOTOBMEHHbIX U3 NOHUTOBbLIX BOMOKOH. C 3TON Lenbio UCMNonb3y-
FOTCH BOMOKHa Ha ocHoBe rnonuakpunonutpuna tuna BUOH AC—1, BAOH AH-1, BUOH KH-1.

MornoLyeHne BeLLECTB MOHUTaMK NPeACTaBnNseT cobor NPoLECe B3aMMOAESNCTBUA ra-
3080V 1 napoobpasHor cpeabl ¢ TBEpAON dason, obnagarowelnt CnocobHOCTLI0 06MeHMBaThL
WOHBI, CoAepXallMecs B HEW, Ha ApYyrve NOHbI, NPUCYTCTBYIOLLME B ra3oBon gase.

MNoHooBMeHHbIE BONMOKHUCTbIE (MrMonNpPobuBHBIE) MaTepuanbl NO3BOMSKT NPOU3BO-
LWTb UX pereHepauuio M MOryT MHOMOKpPaTHO MCNonb3oBaTbCs. PereHepauuio nonoTeH npo-
W3BOASAT NPOMBIBKOI BOAOW UIM PaACTBOPaMU KUCHOT UK Lwenoyei. MexpereHepaumnoHHbIN
nepvod paboTbl (UNLTPOB 3aBUCUT OT KOHLIEHTpaLuWK NpUMECE B OYULLAEMOM BO3LYyXE U
COCTaBNSAET OT HECKOJIbKUX YaCcoB A0 HECKONbKMX MecsueB. HeTkaHble NonoTHa UMeroT ma-
nyro nNnNoTHocTb (MeHee 0,1 rICM3) M HU3KOE aspogmHammyeckoe conpoTtusnerHve. OHM nos-
BOSIAOT NOMy4aTh GOnbLUyO PUNbTPOBaNbHYO NOBEPXHOCTL B eauHULe obbema annaparta
(mo 30 M2/M3), yTo obecneunBaeT GONbLLYHO MPOMYCKHYIO CNOCOBHOCTL hunbTpa NPU OTHOCK-
TenbHO HWU3KoW ckopocTu dunbTposaHna (0,1-0,2 c). NsroTaenmnBatoTcst MOHUTOBbLIE DUMNb-
TPbl ANA OYMCTKW BO3AyXxa OT CEPHUCTOrO aHrmapuaa, hTopUCTOro BOAOPOAA, XMOPUCTOrO
BOAOPOAA, aMMMaKa, XNopa, aspo3onier KUCTOT U CONEN, B TOM YACNE CONEN HUKENS NMpu nx
coaepxaHmm g0 1 rim®,

[na pereHepauun pUNLTPOB NEPUOANYECKN UNM HEMPEPLIBHO K BEPXHUM KPOMKaM
MonoTHa NOABOAWUTCA BOAA UMW APYTOA PEreHepupYIoLLWIA areHT, KOTopble, CTekas no Criow
MOSI0THA, BbIMbIBAKOT aacopbypoBaHHbIE BELLECTBA, COOMPAOTCH B HXKHEM KONNEKTope, OT-
KyZa Nepuoanyecku BoIBOAATCS.
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[na ynaenueaHua rasoe u asposonen HF, HCI, H2SO4, HNO3 npumeHstor marepuan
BWNOH AH-1 (aHvonuTt). OnTumansHas ckopocTb duneTpauvm — 0,1 m/c. Temnepartypa
oumnwaemoro sosgyxa — (20 + 10) °C. CTeneHb 04MCTKN BO3ayxa — He MeHee 99 %.

[na ynaBnueaHus rasos n asposonen SO, Clp, HoS, HNO3 pekomeHpyeTcs matepu-
an BVUOH KH-1 (katnonuT). CkopocTb dunbtpaummn — 0,02-0,1 m/c. CTeneHb 04MCTKM BO3-
fyxa — He MeHee 95 %.

[na ynaenuBaHust NpMMecH LMaHWA0B LEeNoYHbIX METaNMoB 1 LMaHNCTOro BOAOPOAA
M3 OTCACbIBAEMOro BO34yXa PEKOMEHAYIOT BNnaxHoe (60 %) NMOHOOOMEHHOEe BOMIOKHO MapKu
AC—1. PereHepaumto BONOKHa Nocne HachIWeHUs unaHuaamm npoBoaAT 2%-HbIM pacTBOPOM
NaOH vnun 5%-Heim pacteopoM NaCOs.

Kvucnble npumecy MOXHO ynaeBnmBaTte C MPUMEHEHWEM HAaChINMHOMO Cros rpaHynmpo-
BaHHbIX NOHWUTOB B KUMSALLEM CIOE, KOTOPLIA HEOBXOAMMO HEMPEPLIBHO OpOoLLaTsL BOAOW UMK
pacTtBopom Lenoyn. CkopocTb Bo3gyxa B annapate — 1-1,5 m/c. Paamep rpaHyn noHura —
meHee 1 MMm. CTeneHb O4YUCTKM BO3fyxa pocturaet 98 %. Bo mabexaHve kaHanbHOro npo-
CKOKa BO3Ayxa, 00pas’oBaHMs BO3AYLUHbIX My3bIPEA B KUMALLEM CIOE U CHUKEHUA CTEneHu
O4MCTKM BO3AyXa OTHOLLEHWE AMamMeTpa annapara K Croto copbeHTa npuHMMaroT paeHeiM 2:1.

MepcnekTuBHbIM ABNAETCA 00E3BPEXMBAHNE ra30BO3AYLLUHLIX CMECEN, COAepXaLlmX
opraHu4eckne pacTBOPUTENM, TEPMOKATaNM3oM, T. €. KAaTANMTUYECKUM OKUCIIEHNEM MNPU No-
BbilLeHHOW TemnepaTtype (250 °C — 400 °C). MNapoBosgylwHas CMeCb HanpaenseTcs nocne-
[loBaTenbHO B aMeKTpoHarpesaTtefb U KatanuTuieckuii annapat. B HarpesaTtene naposos-
JyllHaa CMecb HarpeBaeTCs [0 TemnepaTtypbl Havana KatanuTU4ecKoro OKWUCIEHUA Napos
pacteoputenen (260 °C — 280 °C). JonyctuMmeii pa3orpeB — He Beiwe 650 °C. B katanu-
TUYECKOM annapate npPOUCXOAUT ©GecrnnaMeHHoe CKuraHue napoB pacTBopuUTENEN,
T. €. NpeBpaLleHne Ux B yrnekucrbivi ras n napbl Bogbl. Katanusatop npegcraensiet cobou
CMeCb OKCMAoB HebnaropoaHbix MeTannoB ¢ gobaekamu nnatuHbl U nannaaus (0,01 % —
0,001 %), HaHeCeHHbIX B BUAE aKTMBHOWM MNEHKN HA HUXPOMOBYIO MPOBOJIOKY, CBUTYIO B CrK-
panb. 3a CYeT peakuum OKMCINEHUS TemrepaTypa napoBO3LYLLIHOW CMECcU BO3pacTaeT npo-
MopLMOHarsHO KOHLEHTpaLuM napos pacteopuTenei. Tak, Npu UCXOLHOM COAepXaHuu na-
pOB pacTeopuTeneit 1 r/mM> 1 cTeneHn ounctkm 95 % Temneparypa BoapacTaeT Ha 30 °C.

KatannaaTtop oTnnyaeTcs CnocoBHOCTBIO OKUCHSATE Pa3nnYHbIE KOMMOHEHTLI BbIGPO-
coB, obnagaeT BLICOKON MeEXaHM4YeCcKoW MPOYHOCTLIO, MPOCT B obcnyxueaHun. B cnyvae
ocefaHns Ha HeM MbINEBbIX YaCTUL, ero NepruoaMYeckn NpomblBatoT. PereHepauus katanuaa-
TOpa 3aKkno4aeTcs B NOBTOPHOM HAHECEHMM aKTUBHOWM MNEHKN Ha HUXPOMOBYHO MPOBOIOKY.

[na o4MCTKM oTcacbiBaeMoro Bo3ayxa OT MapoobpasHbIX BELLECTB MCMOSb3YHOT KOH-
LEeHCaTophbl, B KOTOPbIX 38 CYET OXMaXAEHWS NPOXOASALLEro Yepes Hero Bo3ayxa npouNCXOauUT
koHzeHcauma napos. KoHpeHcaTop npepcrtaBnsieT coboi 3akntoueHHble B KOXYX rnagkue
nnn opebpeHHble TPyBkW, B KOTOPbIE NMOAAETCS BOAA WUNM Jpyras oxnaxzatollas XugKocTb
npyv Temnepatype Oonee HW3KOW, YeM TemrepaTypa HackileHua napa. NapososgyliHas
cmech, obTekan Tpybky, oxnaxaaeTcs, YacTb Napa CKWKaeTCs, KOHAEHCaT CTekaeT B NOAAOH
W BbIBOAWTCH M3 annapara. YBEenuYeHe KONM4YecTBa CXWKaeMoro napa BO3MOXKHO 3a CHeT
yBenuueHns paboyero obbema KOHAEHcaTopa, a npu 3agaHHOM obbeme KoHaeHcaropa —
3a CYeT YMeHbLUeHWs anameTpa Tpybok 1 yBenuueHna ux uncna. Mpu paBHbIX YCNOBUSIX,
YEeM HWKe TemnepaTtypa OXNaxaaroLen XUAKOCTH, TeM BosbLuee KONMYECTBO Napa MOoXeT
ObITb CKOHLEHCMPOBAHO.
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[na obecneyeHns paboTbl BEHTUMNSALMOHHBIX CUCTEM Hambonbllee pacnpocTpaHeHne
UMEIT pafuanbHble BEHTUNATOPbl HWU3KOTO W cpepgHero paeneHns Ttuna BP-300-45,
BL| 14-46 n BL| 4-70, a Takke kaHanbHble BeHTUNATOPLI (BK).

2.8.2 MeToabl 1 COOPYXXEHUSA OUMCTKU COPOCOB (CTOUHbLIX BOA, U PacTBOPOB)
2.8.2.1 OuncTKa CTOUHbIX BOJ,

O PHEKTUBHOCTE CUCTEM OYMCTKU CTOYHBIX BOA B 3HAYUTENBHOW CTEMEHM 3aBUCUT OT
rPYNNUPOBKN OTAENBbHBIX BUAOB CTOKOB M CUCTEM UX KaHanNn3oBaHUA.

CTOYHbIE BOAbl B 3aBUCUMOCTWM OT MUHEpanusaunn, COBMECTUMOCTU coaepXallmxca
B HWUX COEAMHEHWA U COAEPXKaHNS NPOAYKTOB, NPEACTaBNSIOLMX LEHHOCTb, AOMKHbI TPaHC-
NopTUPOBAaTLCA OTAENBHBIMA CUCTEMAMUN KaHaNM3aLMOHHbBIX CETEN.

Ha npeanpusitusix moryt o6pasoBbiBaTbCA KUCMOTHbIE, LUENOYHbIe, LmMaHcoaepxa-
LMe, XpoMcoaepkalime, TopuacoaepKalime 1 apyrme Tunbl CTOYHbIX Bog. Kak npasuno,
3T BOAbI AOMKHbBI NOCTYNaThk Ha OYUCTHbIE COOPYXXeHUA MO pasgesibHbIM CeTaAM KaHanMsa-
umun. B ceTb KMCMOTHBIX CTOYHLIX BOA HeNb3a cbpacbiBaTb CTOKW, 3arpsa3HEHHbIE CynbguTOoM,
cynsuvaamu, uMaHugamn, pogaHmaaMu v Apyrumm COEAUHEHUSIMY, PEaArvpyroLLMMU B KUC-
now cpepe ¢ obpasoBaHMEM TOKCUYHbIX ra3oobpasHbix npogykTtoB. He ponyckaetcs copoc
B CETb KMCMOTHbIX CTOYHbIX BOZ M GOrbLUMX KONMMYECTB KapboHATOB, Tak Kak CKOMMeHWe B Ka-
HanM3auUMOHHbIX KOMoALaxX YrieKkUCcnoTbl MOKET MPUBECTU K HECHACTHBLIM CryyasiM Mnpu pe-
MOHTE KaHanm3auMOHHON CeTU NPeanPUSTUSI.

OTBOZL CTOYHBIX BOZL C ranbBaHUYECKOrO Liexa OCYLLECTBMSIETCH MO MEHbLUEW Mepe
TPeMst pasfenbHbiMA  CETAMM — XPOMCOAEPKallen, LmaHcogepKalen W KUCNOTHO-
LLIeNOYHOM, NpY BO3MOXHOCTW BbiAENsaoT TOPUACOAEPXALLMIN CTOK B OTAENbHYO ceTb. Ecnn
B XPOMCOAEPKALUMX CTOYHbIX BOAAX MPUCYTCTBYIOT (PTOPUAHBIE COEAWHEHWUS, TO AaHHbLIN
BWZ, CTOKOB CUYMTAETCS XPOMCOAEPKALLMM.

B sTom cnyyae, Kak npaBnno, CoOopyXeHnAa ANna O4YUCTKN CTOYHBLIX BOA BKNHOYAKOT KOM-
NMeKc yCTaHoBOK, paboTa KOTOPbIX OCHOBaHa Ha UCMONb30BaHUM XUMUYECKUX UNU PU3KNKO-
XUMMYeckmx npoueccoB. OUNLLEHHbIE Ha OYMCTHBIX COOPYXEHUAX CTOKU B 3aBUCUMOCTU OT
CBOEro CoCTaBa W YCrNoBWIM BOAOCHAGXEHNA MOFYT YaCTUYHO MW NONHOCTBLIO MCMNOSb30BaThb-
€A ANSA NPOV3BOACTBEHHOrO BOAOCHAGXEHWUSA, B YaCTHOCTW ANSA NOAMUTKU CUCTEMbI 0GOPOT-
HOro BoJocCHabXeHWs.

B psiae nNponsBoACTB WM B OTAEbHBIX TEXHONOMMYECKUX onepauusix MoryT obpaso-
BbIBATLCA CTOYHbIE BOALI, 3arpsi3HeHHble NPEUMYLLECTBEHHO OAHMM MM HEMHOMUMW BeLLe-
cTBaMy, npeacrtaBnAaArlnWLNMMN TEXHNYECKYHO LIeHHOCTb. Takue cToku no pasgenbHbIM JIMHUAM
Mo4alTCA Ha NoKanbHbIE OYUCTHbIE YCTAHOBKW ANA W3BIIEYEHUA M pereHepauum LeHHbIX
NPOAYKTOB.

OuvLeHHble Ha nokanbHbIX YCTaHOBKax CTOKM B 3aBMCUMMOCTW OT CBOEro cocTasa U
ycnouii BogocHabxeHus Liexa nMbo Bo3BpallaroTes B TOT XKe LieX ANt NOBTOPHOrO UCMONb-
30BaHus, nNmbo cbpacbiBaroTcs fanee B oOWMA KONNEKTOP CTOYHbIX BOL ANS COBMECTHON
C ApYrMMMK CTOYHBIMM BOJAMM JOOYMCTKN HA OYUCTHBIX COOPYKEHMSIX.

Mcnonb3oBaHWe W OTBEAEHWE CTOYHbIX BOL 3aBUCAT TakKe OT CTEMNEHW UX MUHepani-
3auMm n coctaBa MUHepParnbHbIX conen. Ha npeanpuaTuax, rae Hapsgy co CToYHbIMKM BOgaMu
oBpasytoTcs COonblUME KONMMYECTBA CTOYHbIX BOA C BbICOKON KOHLUEHTpaUMen MUHepansHbIX
conen (oTpaboTaHHble PacTBOpbI), CTOKN LeNecoobpasHo TpaHCnopTUpoBaTe OTAENbHbLIMA
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CUCTEMaMN KaHanM3auuoHHbIX CETEW — CTOYHbLIX BOA WM OTpaboTaHHbIX pacTBopoB. Ans
KaXA0N CUCTEMBI AoIKeH ObiTb NpefycMOTpeH CBOM HAabop METOAOB M KOMIMIEKC OYUCTHBIX
CcoopyxeHni. Hwke npueeaeHbl OCHOBHbIE METOAbI U COOPYXEHWUA OYUCTKM cbpocos [22],
[24], [41]-[46].

2.8.2.1.1 PeareHTHble MeTOAbI

OumncTka CTOYHBIX BOA OT MOHOB TSKEMbIX METANNOB OCYLLUECTBNSAETCS NyTEM NepeBo-
[l@ NOHOB TSAXKENbIX METANNOB B ManopacTeopumble U crnabofmMccoummpoBaHHble coeanHe-
HWA (MMAPOKCUABI UMK OCHOBHbIE KapboHaTbl) NPW HEUTpanM3auum CTOUHbIX BOA C MOMOLLLIO
pasnuuHbIX LWENOYHbIX PeareHToB: €KUM HaTp, OKCUA KanbUpsa (HeraweHasi U3BecTb), rf-
pokena Kanbums (ralieHas nsBecTb), kapboHaT HaTpus (kanbunHMpoBaHHas coaa), kapboHar
Kanbuusa (M3BECTHSK, MeN, MpaMop), kapboHaT MarHus (MarHe3uT), cMecCb kKapboHaToB mar-
HWA K kansums (gonomut). MNpn BoiGope peareHTOB ANSA BblAENEHUS NPUMECEN BOAbI B BUAE
ocagkoB HeobxoanMO UCXOAUTL U3 3HAYEHUS NPOU3BEAEHUA PacTBOPUMOCTU 0OpasyHoLLmX-
ca coefmHeHni. C NpUMEeHeHeM ocaauTenen, AarWmx COeAVHEHNS C MEHbLUMM NpounsBe-
JAEHVMEM PaCTBOPMMOCTHU, CTENEHb OYMUCTKN BOALI NOBLILLAETCS.

Mpw HelTpanM3auum KUCnbIX CTOYHbLIX BOA M3BECTKOBLIM MOMNOKOM, COAEPXKALLMM 3Ha-
YUTENbHOE KONMYECTBO U3BECTHSKA, a Takke pacTBOPaMn COAbl HEKOTOPLIE MOHbI TSKENbIX
METannoB (HanNnpuMep, LUWHK, MeéAb U Ap.) OCaXAATCH B BUAE COOTBETCTBYHOLLIMX OCHOBHbIX
kapboHaToe. [locnegHve MeHee pacTBOPUMbI B BOAE, YEM COOTBETCTBYHOLLME MAPOKCUAbI.
MoaTtomy npu obpazoBaHuM OCHOBHbIX kapboHaToB npoucxoauT Gonee MOMHbIN Nepexon
WOHOB TSXKENbIX METaNMoB B Manopacteopumyto gopmy. JononHUTENsLHO K 3TOMy 3a cyeT
obpasosaHusa cnaboauccoummpyemMbix octaTtoB U TPUNOHATOB KanbLns U3BECTKOBOE MO-
TIOKO MO3BOMSAET OCaXAaTb UOHbI TSXKEMbIX METaNNoB U3 CTOYHLIX BOA, COAEpXalLUX NUpo-
docdaTtbl U TpunoHatel. Kpome Toro, ocHoBHble kapboHaTbl GONbLUMHCTBA METansoB Hauu-
HaroT ocaxaaTbCs Npu 6oree HU3KMX 3Ha4YeHUAX pH, YeM CcooTBETCTBYIOLLME MM POKCUbI.

Mpu penctemm kapboHaTa HaTPUA Ha MOHLI LMHKa obpasyeTcs TpyAHOPaCTBOPUMOE
B Boge coeauHeHne ZnCO3-Zn(OH),-H.0. JkcnepnMeHTanbHO ycTaHoBNEHo, YTo aAns obec-
NneYeHnst oNTUMarbHbIX YCIOBUA OCaxAeHUs LMHKa kapOGoHaToMm HaTpusi Tpebyetca 3Haum-
TenbHOEe KONMYecTBO peareHTa. [Mo3ToMy pekomeHayeTcs MNpOBOAMTL ABYXCTYMEHYaTyto
OYUNCTKY BOAbI OT LMHKa, MPEAYCMaTPUBAIOLLYIO NPeABapUTENBHYIO HEUTpanu3aumio ceoboa-
HOW KUCIOThI KapBOoHATOM HaTpPUsi C NOCNEAYIOLLIMM OCaXAEeHUEM LIMHKa €KUM HaTPOM.

lMpakTnyeckn nonHoe BbINageHWe rmapokcuga mean npovcxoaut npyu pH =8-10, a
cyBenmyeHnem pH Bo3moxHO obpasoBaHue pacTteopumbix kynputos (NaHCuO, wnn
NaCuCQO3). LlenecoobpasHo ocaxpaTb KatnoHbl Meau (ll) 3 Bogbl B BUAE rnapokcokapbo-
Hata, HepacTteopumoro B Boge, — Cuy(OH)2COs3. Mpu obpaboTke CTOUYHOW BOAbI, CoaepXa-
Len nmpodocdaTt Mean, M3BECTKOBLIM MONOKOM Aake B HeGonblioMm ero konuudectee (0,1 %
no CaO0) KoHLeHTpaLwrs Mean B CTodHoM Boge npuv pH > 10 cHwkaeTcs Hwke 0,02 mr/n.

MpaKkTKON OYMCTKU CTOMHBIX BOJ YCTaHOBMEHO, YTO MPU COBMECTHOM OCZXAEHUM
TMAPOKCUAOB [BYX UMW HECKOSIbKMX METarnmnoB Npy OAHOM U ToW ke BenuumHe pH goctura-
HOTCH NyYLNe pesynbTaTbl, YeM MNpu PasfenbHOM OCDKASHUN Kaxaoro u3 metannos. Pelwe-
HWE O pasfenbHOM MM COBMECTHOM 06paboTke NMOTOKOB, coaepKalux TshKenble MeTannbl,
LOITKHO MPUHUMaTBLCS MHAMBMAYaNbHO B K&KAOM cryvae, ucxoas M3 obbemor obpasyto-
LUMXCH CTOMYHbIX BOA M S3KOHOMUYECKOM LienecoobpasHOCTU B paMKax NMPUMEHSIEMbIX TEXHO-
nornyeckmx pelleHnin. Mpu nokanbHOM 0Ge3BPEXMBaAHNN MEAb-, KAAMMWI-, HUKESb-, LIMHKCO-
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Lepxalymx MOTOKOB B Ka4yecTBE LUEMNOYHOrO peareHTa PeKkoMEHAyeTCs WCMoNb3oBaTh W3-
BecTb (ny4we lll copta, cogepxalyyto «Hepoxor» CaCOsj). Mpn 3TOM pacxos 13BecTn co-
CTaBnseT Ha 1 BecoByto YacTb (B. 4.) kagmuss — 0,5 B. 4. Ca0, Hukens — 0,8 B. u. Cal, uuH-
ka— 1,2 B. 4. CaO.

B kauecTBe LLeno4HbIX peareHToB MOryT BbiTb MCMOJb30BaHbI OTPAtOTaHHbIE LEenoYy-
Hble pacTBOpPbl ranbLBaHOMPOU3BOACTBA, a Tawkke APYrve MPOV3BOACTBEHHbIE OTXOAbI,
Hanpumep kapOuaHbIA Lnam.

Bonee rnybokas ouncTka BoAbl OT MOHOB MHOMMX METannoB BO3MOXHAa MyTeM oca-
XAEHUS UX B BUAE TPYAHOPaCTBOPUMbIX cynbdugos. OnTumaneHble 3HaveHns pH npu oca-
XAEHUM UMHKa cynbduaom Hatpus coctaensaeT 2,5-3,5, npu ocaxpeHun kagmmns — 4. Og-
HaKo B 3TOM Crny4ae CrieiyeT CTporo HopMmmpoBaTth fobaBneHne cynbduaHbIX peareHToB, Tak
Kak M3bbITOK CyrnbuAoB PE3KO YBENUUMBAET SKONMOrMYECcKyto onacHocTb ctokos (MOK cynb-
cumaos 0,005 Mr/n, YTO 3HAYMTENBHO MEHBLLIE, YEM AN MOHOB MHOTUX TSDKENbIX METANIOB).

B nocrnefHee BpeMs HAaXOAUT NPaKTUYECKOE NMPUMEHEHNE PEPPUTHBIN METOZ, KaKk MO-
AMUKALMSA peareHTHOro MeToAa OYUCTKU CTOYHBIX BOA OT MOHOB TSHKENbIX METanmnoB C Mno-
MOLLIBIO XKEMNe30CoaepKaLLMX PeareHToB.

OumncTKa CTOYHBIX BOA METOAOM (heppuUTU3aLnM 3aknyaeTcs B copbumm npumecen
(B TOM 4MCne MOHOB TsXENbIX MeTannos) ruapokeuaom xenesa (lll), o6pasosanmmn deppu-
TOB W NocneayroLlen TONOXMMUYECKON peakummn 3axeaTa copOupoBaHHbIX BELLECTB KpucTarn-
JINYECKOW peLLeTKon dheppuTa — KnaTpaTtnpoBaHum *. deppuTbl — 3TO NPON3BOAHBIE TUMO-
TeTu4eckon xenesncton kucnotel HFeO,, B KOTOPOM MOHBI BOJOpoAa 3aMeLleHbl MoHamu
meTannos. B coBpeMeHHON TexHuke Mpoko uaBecTHbl depputbl Mean CuFexO4, Hukens
NiFe;04, MapraHuya MnFe,O4 1 apyrux metannos. ®epputbl o6nagatot dpeppoMarHUTHLIMU
CBOWCTBaMU, MO3BOMSHOLLMUMM BblAensiTb 0Opasytolmecs 0Cafiku MarHUTHOM cenapauven.
Kpome Toro, deppuTbl TSHKENMbIX LIBETHBIX METANNOB (HUKENs, MeAu, LUMHKa 1 Ap.), B OTInyme
OT FMAPOKCULOB TEX e METAINOB, Npu 0ObIMHOM TEMNEPATYPE NPaKTUYECKN HEPACTBOPUMBI
He TONbKO B BOAE, HO 1 B pa3baBneHHbIX BOAHBIX PACTBOPAX CUSbHBLIX MUHEPAaribHbIX KUCNOT
N efkux wwenoyen. deppoMarHeTMaMm U XUMMUYECKas MHEPTHOCTb (beppuTOB 3HAUUTENLHO
CHVPKAIOT 3KOJIOMMYECKYHO OMacHOCTb TBEPAbIX OTXOAO0B ranbBaHNYECKOro NpomnsBoACTBa.

OCHOBHbIM peareHToOM epPPUTU3IALNOHHON O0BPabOTKU CTOYHLIX BOA CHY>XWUT ruapar
cepHokmncnoro 3akmcHoro xenesa FeSO4 7H,0, apnaowmiica oTxoq0M Npou3BOACTBa ABY-
OKMCU TUTaHa UK TpaBneHusi cTanu.

Bbicokuin acbdekT oumcTkn gocturaetcs npu pH > 10, a dpeppomarHuTHbIA xapakrep
hopmMmpyeMbIx 0cafKkoB 00ecrneynBasTCsa NULb NPY JO3MPOBKE XEnes3a B OYULLaeMyI0 BOAY
B kKonmdecTtee A0 1 r/n. Mpy HU3KUX KOHLUEHTPaUMSX Xenesa B LUMPOKOM amanasoHe pH o6-
pasyloTcs COefMHEHMS C BbIPXKEHHBIMU MarHUTHbIMK CBOMCTBaMU. C yBENUYEHNEM KOHLIEH-
Tpauum xenesa ymeHbluaeTcs obnactb pH, B KOTOPOW OMTUManbHO NMPOXOANAT MPOLEcCsl
theppuToobpasoBaHus.

OuKnCTKY CTOUHBIX BOA OT MOHOB TsDKEIbIX METannoB MeTofoM eppuTtmuaaLm MoXHO
npoBoanTb AByMs criocobamu. Mepsbi cnocob 3akntovaeTcs B fob6aBneHnn B COOPHUMK CO
CTOYHBbIMKW BOAAMM XKEeNesHoro Kynopoca, egkoro HaTtpa (B Buge 40%-HOro BOAHOrO pacTeo-

* KJ'IanaTbI— Kpuctannmyeckmne coeguHeHWA BKMHOYEeHUA, B KOTOPbIX MOJeKynbl CO-
eANHEHNST «X03sInHay obpaayroT npOCTpaHCTBeHHbIVI Kapkac, a MoneKynbl CoOeanHEHNA «roC-

TA» pacnofararoTCa B NOJIOCTAX Kapkaca.
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pa) n azoTHokucnoro Hatpus. Npy cyMMapHOM KOHLIEHTPaLWK B CTOKaX MOHOB TSXKErbIX Me-
tannos 30 Mr/n B HUX BBOASATCA 450 /M xKenesHoro kynopoca (90 r-uoH/m® B nepecyeTe Ha
xeneso), 322 rim® pactBopa kayctuka n 456 rim® HuTpaTta HaTtpusa. [locne aToro crodHas
BOAa HarpesaeTcs ocTpbiM napom o 60 °C (100 kr napa Ha 1 M CTOKOB) U BbIAEPXKUBAETCA
npu GapBoTUPOBAHWM BO3AYXOM B TeueHue 1y (pacxos Boagyxa 100 m*/m® cTokoB B yac).
3arem cTokn cHpacbiBalOTCs B OTCTOMHUK. Bpems BblaepXku B OTCTOMHUKE — 15—20 MUH.
Mocne 3TOro ocBeTneHHasa YacTb CTOKOB HAaNpaBIieTCs Ha punbTpaumio U ganee B xX03si-
CTBEHHO-6bITOBYHO KaHanM3awLmio.

Mo sTOpoMy crnocoBy ouncTka CTOKOB NMPOBOAUTCA B ABe ctaaun. Ha nepsoi ctagum
opMUpyeTCA XKenesocoaepxalas CycneHsus, n takum obpasom, 4Tobbl oHa obnapana
pPasBUTON NOBEPXHOCTbLIO, BbICOKON XMMWUYECKOW aKTUBHOCTBIO U afcopOuUMOHHON CnocobHo-
cTbl0. Ha npurotoeneHue 1 M3 xenesocogepxallen cycrneHsum Heobxogumo 208,5 kr xe-
nesHoro kynopoca, 60 kr egkoro HaTpa u 21,3 Kr a30THOKUCNOro HaTpus. Bpemsi Bbigepxkm
coctaenseT 20 MyH. Yem ponblue cycrneHsus BblaepXuBaeTcs A0 npubaeneHvs ee B ouu-
LaeMble CTOKW, TEM 3aBepLUEHHEE, NOMHEe peanmnsyeTcs CrnocobHOCTb ee k heppuToobpa-
30BaHu0. Ha BTopon ctagmm copmmpoBaHHasi CyCneHansa BBOAUTCA B OYMLLAEMbIE CTOY-
Hble BOABI.

Cneunduka peppmtnsaumnoHHon obpaboTtkm nHorga obbsaAcHAETCA aacopbUMOHHBIMM
ABNEHNAMK, O0OYCNOBMNEHHBIMU AedeKTaMn KPUCTaNNMYeckon peleTkn dpeppuTos. Ans no-
BbILLEHWSA CTeneHn aacopbumm npumecen (B TOM YMCHE MOHOB TSXKENbIX METannoB) B CTOY-
Hyt0 BoZy A06aBNSOT akTMBUPOBaHHbIE heppuUThbl, KOTOPbIE Mony4yaT 06paboTKoN HUTPU-
Tamu M’MLPOKCULOB ABYX- W TPEXBANEHTHOrO Xernesa, B3ATbIX B ONpeAesieHHOM COOTHOLLe-
HuW. TMonyyeHHsle Takum obpasom eppuTbl XOPOLLO COPOMPYIOT WOHBI XPOMa, KaaMus,
CBVHLUA, Mean, Hukens, kobanbTa, pTyTh, MapraHua n 6epmnnms, oHU UMELOT EMKOCTb MO TH-
xenbim meTannam, B 1000-10 000 pa3 6onbLuyto, Yem MarHeTuT, 0B6pasytoLuincs B CTOYHOM
Boz€e Npu f00aBNEHN B HEE XKENE3HOro Kynopoca.

Ans ouncTkn (06e3BpEXMBaHUNS) LMaHCOAepXallmx CTOYHbIX BOZ MCMOMNb3YKTCS pas-
TNIMYHblE MOAMMUKALMN peareHTHOr0 MeTOAa, OCHOBaHHbIE Ha XMMWYECKOM MpeBpaLLeHnn
BbICOKOTOKCUYHbBIX LIMAHUAOB B HETOKCUYHbIE, NErkoyAansieMble NPoAyKTbl: OKUCIEHUE Lua-
HWAOB B LLEMNOYHOW CPEeAe A0 LmMaHaToB C MNOCNEAYILLMM UX TMAPONM3OM A0 kapOoHaToB U
aMMOHUS.

B ka4yecTBe peareHTOB-OKUCNIUTENEN MOTYT MUCMONb30BaTbCs COEAMHEHUS, Copepa-
LMe aKTUBHbIM XIOp (XNOpHasi U3BECTb, MTMMNOXMOPUT KanbLWs, MNOXNOPUT HATPUS, XUAKUIA
XMOp), @ TakKe 030H, NePMaHraHaT Kanuvsi, NepekMcs BoOAOPOAa.

MeToa OKUCrEeHMS UMaHWAOB COEAMHEHUAMM XNiopa SIBNSeTCs OAHWMM M3 Haunbonee
pacnpocTpaHeHHbIX.

Peakuum okMcneHnst NPOCTbIX N KOMMNEKCHbIX LMaHWAOB aKTMBHBIM XITOPOM NpoTeKa-
0T B WenoyHom cpeae npv pH 10,5-12,5.

MpoaomMKUTENBHOCTE OKUCNEHUS LMAHNLOB akTUBHLIM XJI0POM COCTaBnsieT 5—15 mMuH,
Nnpy MexaHN4YeckoM UM MapaBINHecKoOM NnepemMelLnBaHn BpemMs 06paboTkm CTOUHbIX BOZ,
cokpalyaeTcs 4o 3—5 MuH.

Mpy NpUMEHEHUM XIOPHOM WM3BECTM UMW TUMOXIIOpUTa Kanbuma paboune pacTeopbl
peareHTOB roToBST B BUAE 5%-HOro pactsopa Mno akTUBHOMY xropy. [Npu npumeHeHun runo-
XMopuTa HaTpusi AONYCKaeTCs UCMoNb30BaHNe Bornee KOHLEHTPUPOBaHHbIX PaCTBOPOB.

LinaHcopepxalime cTodHble BOAbI oumnLLaroTes (06e3BpexmnBaroTes), Kak npasuno, no
CXeMe NeproLUNYECKOrO AEeNCTBUA: CTOYHAas BOAA MOCTYMNaeT B yCpeaHUTenb (HakonuTenb),
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OTKyAa NOJAaEeTCs B PEakTOp C HENPEPbIBHbIM NEPEMELLNBAHMEM, KOTOPLIV 000pyAOBaH Mpu-
Oopammn aBTOMAaTUYECKOro perynmpoBaHns nogaym peareHtoB 4o tpedyemon pH cpeapl. MNocne
06e3BpEXUBAHMSA CTOYHbIE BOAbl HAMPaBMstOTCS Ha HEUTpanM3auuio U oTCTavBaHUe COB-
MECTHO C KMCMO-LLENOYHBIMU CTOKaMM.

>Keneszo-cynbdaTHbIi MeToh 06e3BpEXUBAHMSA LIMAHUCTLIX CTOKOB OCHOBaH Ha nepe-
BOAE TOKCUMYHBIX MOHOB LMaHa B MaroTOKCUYHbIE KOMMIEKCHbIE MOHbI [Fe(CN)6]4' B cna-
BoLLenoYHon cpeae Npu NCnonb3oBaHWK B kadecTBe peareHTa FeSO4.

Pacxop FeSO4 7H,O cocraensieT 5,36 mMr Ha kaxabim 1 mr umaHa. OgHako, ons Toro
yTobbI peakuma npoTekana B HYXHOM HanpaBneHWuM, HeOOXOAUMO YBENMYUTL KOMMYECTBO
Beogmmoro FeSO4 B 4 pasa n Gonee. Npun 5TOM O0CTaTOMHaA KOHUEHTpaums umaHa — 2 mr/n.

Konnyectso obpasytolerocs ocagka npyu obpaboTke CTOKOB Kene3HbIM KyrnopocoMm
coctaBnsaeT 20 % — 25 % oT nepeoHavaneHoro obbema croka. Ocagok moxeTt obrnagatb
TOKCUYHBLIMW CBOACTBaMM U3-3a HaNM4Msi B HEM 3axBa4Y€HHOM YacTu CTOYHOW BOAbl C OCTa-
TOYHBIMU LinaHuaamm.

PeareHTHasi ouncTKa CTOYHbIX BOA OT COEAMHEHWI LLUECTMBaNEHTHOrO XpoMa (XpOMo-
Basi KMCNoOTa W €e COMn) OCYLLECTBNSIETCS B ABE CTagun: 1) BOCCTaHOBMEHWE LLIECTUBASIEHT-
HOro XpoMa 0 TPEXBANEHTHOrO; 2) OCaXAeHNE TPEXBANEHTHOrO XpoMa B BUAE rMAPOKCHAA.

B kauectBe peareHTOB-BOCCTaHOBUTENEN HanbombLlee MPUMEHEHME  MOMyYMnn
HaTpWeBbIE CONMN CEPHUCTON KMUCHOTbl — cynbdut (NaxS03), Gucynbdut (NaHSOs), nupo-
cynbdut (NazS,0s), a Takke antnoHuT Hatpus (NazS204).

TeopeTnyeckne A03bl peareHTOB-BOCCTAHOBUTENEW COCTaBnAT (Mr/1 Mr Cr6"): ansa
cynbduta — 3,63, bucynbhura — 3,0, nupocynsduta — 2,88, anTnoHUTa HaTpus — 1,67.

Conun cepHUCTON KMCNOTbI A06aBNSOT K CTOYHbIM Bogam B Buae 10%-HbIX BOAHbIX
pacTsopos. [l03a BOCCTAHOBUTENS 3aBUCHT OT UCXOAHOI KoHLieHTpaLwm Cré* B cTouHol Boge
1 BenmunHbl pH. CKOPOCTb M MOMHOTa peakumin BoccTaHoBneHnst Cré* go Cr¥* B GonbLuoil
CTEMEHN TaKkKe 3aBUCAT OT BEMMYUHBLI pH peakumoHHo cMmecn. Hambonblias ckopocTb pe-
aKkuM BOCCTaAHOBINEHUS LOCTUraeTcs B KUcnon cpege npu pH = 2-2,5, uto obbiuHO TpebyeT
JLOMONMHUTENBHOMO MOAKUCHEHNST CTOUHbIX BOA 10—15%-HbIM pacTBOPOM CEPHOM KUCMOThI
(BOBMOXHO MCMOMB30BaHNE PACTBOPOB APYIMX MUHEPASbHBIX KACIOT).

BoccraHoBneHwe LecTMBaNeHTHOroO Xpoma NpoBOAST Kak Ha yCTaHOBKax nepuogmnye-
CKOro, Tak W HenpepbIBHOro gencteuns. MNMpu obpaboTke xpomcoaep)Kalimx CTOYHbIX BOA Ha
YyCTaHOBKax MepuoAnHECKOro LENCTBUSA PEKOMEHAYETCA UCMONb30BaTh ABa peakTopa, npu-
4YeM MOone3HbI 0OBbEM KaXAoro U3 peakTopoB CriefyeT NpUHMMAaTL paBHbIM pacyeTHOMY Ya-
COBOMY pacxofly CTouHbIX Bod. [Npn obpaboTke CTOKOB Ha yCTaHOBKax HEMPEpbLIBHOMO AeW-
CTBMS UCMOSb3YIOT O UH PEAKTOP C MOME3HON EMKOCTLIO, paBHOM 30-MUHYTHOMY pacyeTHOMY
pacxoay.

Ha ycTaHoBkax nepuopnyYeckoro 4enNCTBUS XpoMCodepKalyme CTOYHbIE BOAbI MHOrAa
HEUTPanuaylT OTAENbHO OT CTOYHbIX BOA APYrMX BUAOB. [ns HeuTpanusaumm obbl4HO UC-
nosb3yT N3BECTKOBOE MOSOKO, B Bonee pefkux cnyvasx — cogy u egkui Hatp. Ontumans-
Has BennunHa pH ans ocaxaeHus Cr(OH); coctaBnsieT 8,5-9, npu BbIxOAe 3a 3T nNpeaensl
pacteopumocTte Cr(OH); yBennumBaeTcs u, kak cnefcteve, yxyAllaeTcs NonHoTa ussneve-
HWUS TMLPOOKNCU XPOMa U3 CTOYHBIX BOA.
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2.8.2.1.2 Mem6paHHble MeTOAbI

Mpouecchl, BO3HMKaOWME NPy MemMOpaHHOM pasgeneHnM CMecen, OnpeaensoTes
ceoncTBaMn MemBpaH. Heobxogumo yunTbiBaTb MOMEKynsipHble B3aMMOLENCTBUS MEXAY
mMembpaHamu 1 pasgensemMbiMn NOToKaMK, OU3NKO-XUMUHECKYHO NPUPOAY KOTOPLIX onpeae-
NSIeT CKOPOCTb MepeHoca. JTU B3aNMOAEWCTBMSA C MaTepuanoM MembpaH oTnuyatoT MeMm-
OpaHHbIN MeTo OT MUKPOCKOMUYECKMX NPOLIECCOB OBbIMHOMO UNLTPOBaHMSA [47].

MemBpaHHble MeTofbl OTNMYAKOTCA TUMaMKU UCMONb3yeMbIX MeMBpaH, ABVKYLLMMA
cunamu, NoaAePXKMNBAOLLMMMN NPOLECCH Pa3feneHuns, a Taike 06nactaMm x NPUMEHeHUs.

CyLwecTBytoT MeMBpaHHble METOAbI LLIECTU TUMOB;

1) MUKPOUNBETPALMS — NPOLECC MEMBPAHHOro pasaeneHns KonnonaHsIX pacTBopoB
1 B3BECEW NoJ AeNCTBUEM AaBMNeHUs;

2) ynbTpaduneTpaums — npouecc MemOpaHHOro pasieneHns XUAKUX CMecen nog
LENCTBMEM AABINEHWUS, OCHOBaHHbBIN Ha PasnnymMm MONEKYNAPHBIX Macc Ui MOMEKYAPHbIX
pa3mMepoB KOMMOHEHTOB PasfensemMon cMecy;

3) obpaTHbIN 0CMOC — npoLecc MeMOPaHHOTO PasAeneHns XUAKUX PacTBOPOB NyTEM
NMPOHUKHOBEHWSA Yepe3 nonynpoHuLaemyto MmembpaHy pacTBoputenst nog AeVCTBUEM Npu-
TIOXEHHOrO PacTBOPY JaBMNEHWUS, MPEBbILLAIOWEro ero 0OCMOTUYECKOE AaBNEHNE;

4) pnanns — npouecc MemBpaHHOro pasfeneHns 3a CYeT pasnuuns ckopocTen and-
dy3nm BeLLecTs Yepe3 MemBpaHy, MPOXOAALLMIA NMPU HANUYUN rpaaneHTa KOHLUEeHTpauum,

5) anexkTpoamanns — npoLecc NPOXOKAEHUS NOHOB PaCTBOPEHHOIO BELLECTBA Yepe3
mMemBpaHy nof AENCTBUEM 3MEKTPUYECKOro NONS B BUAE rPagueHTa 3MeKkTpU4eckoro noTeH-
umana;

6) pazaeneHne rasoB — Npouecc MeMbpaHHOro pasaeneHns ra3oBbIX CMECEN 3a cYeT
rMAPOCTaTUYECKOrO AaBMNEHUS U FpagMeHTa KOHLIEHTpaLmK.

B 06nacT ou4MCTKM CTOKOB ranbBaHUYECKOro Mpou3BoAcTBa Havbornbluiee npyMeHe-
HVYe Hawnu ynbTpadunbTpaums, obpaTHbIM ocMoc (rMnepunsTpauus) U arnekTpoananma.
OCHOBHbIE XapaKTepucTUKN MembpaHHbIX NPOLECCOB NpeacTaeneHbl B Tabnuue 2.55.

Tabnuya 2.55 — OCHOBHbIE XapakTepUCTUKN MEMOPaHHbIX NPOLIECCOB

. Pa6ouni Pabouee
MembpaHHbin | Pasmep 3Heprosarparsl, Yaanaemble
AManasoH, AaBneHue, 3
npovecc nop KBT-4/M KOMMOHEHTbI
MKM klMa
BsseweHHble  TBep-
Muwukpo- Able BellecTBa, Npo-
¢unbtpa- | >50HMm | 0,08-2,0 7-100 0,1-0,5 cTenmne oouUCTbl U
umns LUMCThI, HEKOTOpble
B6akTepum n BUpYChbI
Ma
yneTpa- 2— Konlf(;);w ?:eg};ztum—
PunbTPa- 0,005-0,2 | 70-700 0,3-1 Abl, ©O)
usi 50 Hm cTBO HakTepuii, HeKo-
H TOpble BUPYChI, 6enkn
- M
HaHodunb <2um | 0,001-0,01 | 500-1000 12 anble  MONeKynbl,
Tpaums BUPYChI
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OkoHyaHue mabnuupl 2.55

. PaGounn PaGouee
MembpaHHbIv | Pasmep OHeprosarparsl, Yaansemble
AnanasoH, AaBneHue, 3
npoyecc nop KBT-4/m KOMMOHEHTbI
MKM klMa
Manble  Monekynbl,
. Kpacutenm conu
OCparkeint |, | 0900 1= | 5547000 5-7 mpecrxocm' cynboa
ocMmocC 0,001 %Y
Tbl, HATPaTbl, WOHbI
HaTpus, Apyrne UoHbI

MeTton obpaTHoro ocmoca u ynbTpacpunbTpaumun. MNpoueccbl 06paTHOro ocMmoca u
ynbTpadunbTpaLmMm OCHOBaHbI Ha CnocOBHOCTU MOMEKyn BOAbI NMPOHUKaTL Yepe3 Monynpo-
HULaemble MembpaHsl. OCMOC — CamMONPOn3BOIbHBIV NMEPEXo BOAbI B pacTBop (Hanpumep,
CTOYHbIE BOAbI), OTAENEHHBIA OT HEE MONYNPOHULAEMO MEMOPaHON, NMPU 3TOM CO CTOPOHbI
BOAb! BO3HMKAET OCMOTUYECKOE faBreHne. YpoBeHb pacTBOpa NoBbILLAETCS A0 TEX Mop, Nno-
Ka pasHuLa B YPOBHSIX HE YPaBHOBECUT OCMOTUYECKOE JaBleHMe.

OTO sBnNeHne npuBoAaMT K TOMY, YTO M3 CTOKOB yAansieTcs BOAa, & B CTOKaX KOHLEH-
TPUPYIOTCH MOHbI TSHKENbIX METannoB U Apyrme sarpssHeHus. OTOT MexaHuaMm Crnpaseanvs
Kak gns oBpaTtHOOCMOTUYECKUX (rMRepdUnbTPaLMOHHbBIX), Tak U ANs ynbTpadunsTpaunoH-
HbIX ycTaHoBOK. OTnuumMe 3akntovaeTcs B NPaKTUYeCcKoW peanusaumm atux metopos. Mpu
oBpaTHOM OCMOCe OTAENSATCH YacTuubl (MOMEKYnbl, MMAPaTUPOBAaHHBIE WOHbBI), pasMepbl
KOTOPbIX CpaBHWMbI C pasMepamMu Monekyn Bodbl (guameTp dactuy 0,000 1-0,001 mkm).
B 06paTHOOCMOTUYECKMX YCTAaHOBKAX MCMOMNL3YHOT NOYNPOHMLaeMble MeMBpaHb! TOMLLMHON
0,1-0,2 mkm ¢ nopamu 0,001 Mmkm noa AasneHnem 6—10 MMa. Mpu yneTpaduneTpaumm pas-
Mep OTAensieMbix 4acTuy Ha nopsaok OGonbwe (gnametp uvactviy 0,001-0,02 mkm).
B ynbTpadunbTpaLMoHHbIX yCTaHOBKaxX NPUMEHSIIOT NONynpoHuLaemblie MembpaHel ¢ nopa-
mun 0,005-0,2 mkm nog gaenerHvem 0,1-0,5 MlMa.

O6paTHbIN 0CMOC PEKOMEHAYETCA UCMOMb30BaTh NPU Creayolen KOHUeHTpaumn cTo-
KOB: AN OAHOBaneHTHbIX conen — He 6onee 5 % — 10 %; ang aByxBaneHTHbIX — 10 % —
15 %; ana mHoroBaneHTHbIX — 15 % — 20 %. [Ana yMeHbLUeHNA BINAHUA KOHLUEHTPaLUOoH-
HOW NONSAPU3aLMKN OPraHM3yoT PELMPKYNALWIO pacTBopa U NepeMeLLnBaHe npuneraroLero
K MembpaHe cnosl XXMAKOCTU, MPUMEHNAS Melanky, BUOpaLUMOHHbIE YCTPOWUCTBA U yBENUYe-
HMe CKOPOCTU ABWXEHMWS XUAKOCTU BAONb noeepxHocTun membparbl. Hanbonee addektme-
Has pabota membpaH Npu NPoYMX paBHbIX YCMOBUSX AOCTUraeTcsl NMpuU CKOPOCTU MNOTOKa
xugkoctn o1 0,3 go 0,9 M/c. YeenuuyeHne ckopoctu notoka Beiwe 1,0 M/C B page cnydyaes
NPUBOAUT K CHDKEHUIO BOAONPOHNLIAEMOCTU U KO3 PULIMEHTa ONPECHEHNSA.

C noBblWeHVEM AaBneHNs yaenbHan NponsBoaMTeNnbLHOCTE MeMBpaH ysenuynsaercs,
TaK Kak pacteT Aswxywas cuna npouecca. OgHako Npu BbICOKUX AaBMNEHUSAX NPOUCXOAUT
YNroTHEHWE MaTepuana MembpaH, YTO BbI3bIBAET CHWDKEHNE NMPOHMLIAEMOCTI, NOSTOMY ANS
Kaxpaoro euaa MembpaH ycTaHaBNMBAaloT onTMMarbHoe paboyee paBrneHue.

C pocToM TemnepaTtypbl yMEHbLIAKOTCA BA3KOCTb U MNAOTHOCTb pacTBopa, YTO Cnocob-
CTBYET POCTY npoHuLaemoctn. OgHaKo npy 3TOM MOBbILLAETCS OCMOTUYECKOe AaBneHue, Ko-
TOpPOE YMEHbLUAET NPOHULIAEMOCTb. KpoMe Toro, npu NoBbILLEHNM TeMnepaTypbl Ha4MHaeTcs
ycagka n CTATMBaHWE nop MembpaHbl (4TO MPMBOAMT K YMEHbLUEHWIO MPOHULAEeMOCTH), a
Takke BO3paCTaeT CKOPOCTb MMApOoNM3a Mmatepuana membpaHsl, Cokpallas cpok ee Crnyxobi.
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Annapatbl ans ynsTpa- U runepdunsTpaumMu noapasaensoTca no cnocody yknagkm
MemMbpaH Ha YeTbIpe T1na:

1) annapatbl TMNa «UINLTP-NPECC» C NIiockonapannensHeIMU PUNbTPYIOLWMMK 3ne-
MeHTamu. B aTnx annapartax MemMOpaHb! yroxkeHbl ¢ 06enx CTOpOH NNOCKUX MOPUCTbIX Ape-
HaXHbIX NNacTWH, KOTOPLIE pacnonoXeHbl Ha paccTosaHun 0,5-5,0 mm apyr ot gpyra. dune-
TPYIOLLME 3MEMEHTbI 3aKaTbl MeXay ABYMs hriaHuamm, CTsaHyTbiMK BonTamu. dunbTpar, no-
cnepoBaTenbHO NPOoLWeaLIMA Yepe3 MemMOBpaHbl, yXOauT Yepes apeHaxHble cnou. NpumenHs-
IOTCS1 NMPU HEBbLICOKOW Mpoun3BoauTenbHOCTU. OCHOBHOM HEAOCTaToOK 3TUX annapaToB — He-
BblCOKas yaernbHas nnoLajb noBepxHocTn MmembpaH (60-300 M Ha 1 M° oBbema annapara)
1 BorbLuas MeTannoeMKOCTb;

2) annapartbl ¢ TpybyaTbiMy (OUNBTPYIOWMMU 3NIEMEHTaMU UMEIOT P NPEUMYLLECTB:
NpOCTOTa KOHCTPYKUMM, Marnas MeTannoeMKOCTb, NEerkocTb MepeMellvBaHng pacTBopa.
B kauyecTBe OUNLTPYIOLMX SNEMEHTOB MCMONBL3YIOT NOPUCTbIE TPYObI (MeTannuMyeckue, Ke-
pamuyeckue, nnactMaccoBble) anameTpoM 6-30 MM, Ha BHYTPEHHIOIO WA BHELLHIOO MO-
BEPXHOCTb KOTOPbIX HAHOCUTCS MENKOMOpUCTas MOANOXKa, a Ha Hee MonynpoHvuaemas
membpaHa. Hepocratok annapaTtoB — HEBbICOKas yAenbHas niowafb NoBEPXHOCTU MEM-
6paH (100—200 m/m3), TPYAHOCTb 3aMEHbI BbILUEALWMX U3 CTPOst MembpaH;

3) annapatel C QUIBTPYIOLMMU 3NEMEHTaMM PYNOHHOrO WM CNUpanbHOro Tuna
uMeroT 6onbLyo yaenbHy nnowaae Membpan (300-800 M2/M3). Mpu narotoeneHuun anna-
paTta nakeT, COCTOAMIA U3 aByx MeMOpaH, rmbOKon NOPUCTON NNacTUHbI U rodpUpPOBaHHOIO
cenapawuoHHOro nncTa, HaBMBatoT B BUMAE Cinpany Ha TpyOy, MMeoLLyo NpoAosibHbIE Npo-
pesn. CTouHaa Boja ABWKETCS B KaHanax rodpuvpoBaHHOro nucra. MNpoHukarowmm yepes
MemBpaHbl dunbTPaT 3anonHAeT 06beM NyCTOT B NOPUCTON NMACTUHE U NPOXOAUT MO HUM
k TpyGe, oTkyaa yaansetcs. LUvpuHa HaevBatowerocs naketa paeHa 300-500 MM, a gnvHa —
0,6-2,5 M. Hepgocratok aTMx annapaTtoB — CIOXHOCTb MOHTaXa U CMeHbl MembpaH, Tpya-
HOCTb 0BecneyeHns repMeTMYHOCTM annapara,;

4) annapaTtbl ¢ MembpaHamm 13 NosbIX BONOKOH Maroro guametpa (45—-200 mkm). Bo-
NoKHa (M3 aueTaTuennionosbl, HeMnoHa v Ap.) cobuparTcs B NyYKn AIVHON 2—3 M, KOTOpble
MPUKPENNATCA K CTeHKaM annapata. YaenbHas nnowajb noBepxHOCTU membpaH B 3TUX
annapatax gocturaet 20 000 M2IM®. PacrionoKeHne BOMOKOH MOXKET BbiTb MMHEMHBIM WK
U-o6pasHeiM. Annapatbl ¢ MemBpaHaMu U3 NonbIX BOMIOKOH KOMMAKTHbI U BbICOKOMPOU3BO-
avTeneHbl. Hepgoctatok annapaToB — TPYAHOCTb 3aMeHbl MOBPEXAEHHbIX BOMOKOH. Ecnun
pasgensembli pacTBOp MpOTEKaeT BHYTPU BOJIOKOH, TO Heobxoamma TwatenbHasi oumcTka
€ro OT MeXaHWN4ECKUX 3arpsi3HEHMIN.

Ha pucyHke 2.21 npepcraBneHa npuHUMNuanbHas cxema ynbTpa- U runepdunstpa-
umm (oBpaTHbIA ocMoc).
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1 — HakonuTenb CTOKOB; 2 — Hacoc; 3 — MexaHnyeckuii unbTp;
4 — HakonMuTe/lb CTOKOB U KOHLEHTpaTa 2-i CTyneHu;
5 — obpaTtHoocMoTMYeckuin annapart 1-ii cTyneHn; 6 — Hakonutesnb ounbTpaTa
1- cTyneHn; 7 — o6paTHOOCMOTUYECKNIA annapar 2-i1 CTyneHu

PuvcyHok 2.21 — [MpuHUMnuanbHas cxema ynbTpa- v runepuibTpanmum
(o6paTtHoro ocmoca)

Haunbornbliee pacnpocTpaHeHWe [/ OYUCTKM CTOYHBbIX BOJ, rasibBAaHNYECKUX MPOMU3-
BOACTB MOMyYWnIn ABYXCTyrneHyartble yCTaHOBKM Tuna YITOC-1 un YIrOC-2. Ha nepBoii cTyne-
HW MPOMCXOAUT KOHLEHTPUPOBAHWE CTOYHBLIX BOA, MOMYYEHHbIA KOHLEHTpAT BO3BpallaeTcs
B NPOM3BOACTBO. Ha BTOPOIi CTyneHn NpoBOAAT AOMNOHUTENBbHYIO O4YUCTKY (hunbTpaTa nep-
BOW cTyneHu. MpousBoanTeNbHOCTL ycTaHoBkM YITOC-1 no chmunbTpaty Ha NepBOi 1 BTOPOW
CTYyneHAX cocTaBnsetr cooTBeTcTBeHHO 95 n 70 n/u, gnsa yctaHoBkun YTOC-2 npoussBoau-
TeNbHOCTb COCTaBNAeT AM1A nepBo cTyneHn 630 /4, Ana BTOpoi ctynexun 450 nfu.

Ha Tam6oBckom 3aBoge AO «Komcomosel» BbiMyckaeTcs cepust o6paTHOOCMOTUYe-
CKMX YCTAHOBOK MeMbpaHHbIX PynoHHbIX (YMP) Ans 04MCTKM BOAbl OT pas/inyHbIX 3arpsisHEHUIA,
B TOM 4ucfie O OYACTKM CTOYHBbIX BOJ rasibBaHM4yeckux npoussoacts (YMP 12/10/2-Br1y).
3A0 «bapomembpaHHas TexXHOMorns» BbiNyckaeT YyNbTpaduabTpauuoHHble K obpaTHo-
OCMOTUYECKME YCTAHOBKN Pa3/IM4YHOro Ha3HayeHWs — OT ObITOBbIX YCTAHOBOK cepun «Pyuyeek»
[0 YCTAHOBKM OYMCTKM CTOYHbLIX BOA rasibBaHMYeCcKUx Npov3BoAcTB cepum YMIT npoussogu-
TeNbHOCTbIO 1-25 M3,

MeTopn anekTpoguanusa. CywHOCTb npouecca yganeHuss coneii U3 BoApl 3/1EeKTPO-
Avann3om cocTtouT B cnegywoweM. Ecnv B cpefHee oTAeNeHWe BaHHbl, pasfefieHHol gua-
hparmamy Ha Tpu OTAeNeHus (CM. PUCYHOK 2.22), 3a/uTb BOAY, COAEPXallyl pacTBOpPEH-
Hble COonW, Hanpumep cynbaT HaTpus, a B KpaiHue OTAeNeHusi, 3aiuTble YUCTON BOAONA,
NOMECTUTb 3NEKTPOAbI N BECTU 3NEKTPONN3, TO aHWOHbI ByAyT NEPEHOCUTLCS TOKOM B aHOA-
HOe npoCcTpaHCTBO. Ha aHoge OyAeT BbIAENATLCA KUC/IOPOL M 06pa3oBblBATLCA KMC/I0Ta
(NponopumoHasibHO KOMYECTBY BblAenuBLUerocs kucnopoga). OAHOBPEMEHHO C 3TUM KaTu-
OHbl NEPeHOCATCA B KaTOAHOE NPOCTPaHCTBO. Ha katogde OGyneT BblAeNATbCA BOAOPOL U 06-
pa3oBbIBaTLCA LWEeoYb (NPONopLMOHa/IbHO KO/IMYECTBY BblAeNMBLLETOCH BOLOPOAA).
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KM — katuoHuToBas MembpaHa; AM — aHvnoHnToBas Membpana;
- —KaTog; + — aHog,

PucyHok 2.22 — CxeMbl 3NeKTpoANanmM3aTopoB C NOpUCTbIMU Anadparmamm
(a) n noHoobmeHHsIMM MemBpaHamu (0)

OpHako Mo Mepe MPOXOXAEHUS TOKa KOHLUEHTpaums cynbdara Hatpus B CPefHEM
MPOCTPaHCTBE CHMXAETCA M B MPOLIECCe MepeHoca dNEKTPUYECTBa HauvHaT B 6onbLuen
cTeneHn npuHUMaTh yuactue noHsl H 1 OH, oBpaayiowme B cpegHem NpoCTpaHCTBe BOAY.
Takum 06pasoM, Co BpeMeHeM yMeHbLIaeTcsi ahdEKTUBHOCTb OYUCTKM, T. €. yMEHbLUAETCS
[LONS TOKa, PacxofyHLLErocs Ha YHOC U3 CpefHero NpocTpaHCTBa 3arpsasHTens (Cynosdara
HaTtpus). Og4HOBPEMEHHO C 3TUM OCYLLECTBNAETCH HEHYXXHbIA NEPEHOC B CpeaHee NpocTpaH-
cTBO KaTnoHos H* u3 aHogHoro 1 aHnoHos OH™ 13 kaTogHoro npocTpaHcTea. Kpome Toro, no
Mepe yBENUYEHUs] KOHLIEHTpaummn CynbdaT-MoHOB B aHOAHOM M MOHOB HaTpus B KaTOAHOM
MpPOCTPaHCTBE YBENUYMBAETCS Pa3HOCTb KOHLEHTPaLMN MEXAY KpauHMMKW U CPpeaHUM npo-
CTpaHCTBaMW, rpagneHT KOTOPOM CrnocoBCTBYET MOBLILEHWUIO ANDPY3UN Yepe3 nopucTbie
AvagparMbl KATUOHOB M3 KAaTO4HOW Kamepbl U aHUOHOB U3 aHoAHOW 06paTHO B LieHTparnbHoe
MPOCTPaHCTBO (CM. BOJNTHUCTLIE CTPENKN Ha PUCYHKe 2.22), T. €. 3a cHeT Anddy3un yBenuym-
BaETCH CKOPOCTL 06paTHOro ABWKEHWNSA NOHOB.

CpegHuii BbIXO4 MO TOKY (OTHOLLEHWE yAAaneHHOro KONMMYecTBa CONen K KOnm4vecTsy
conu, KoTopoe AOMKHO ObiTb yaaneHo npu 100%-HoM MCNoNb3oBaHWM TOKa) MPU OYUCTKE
BOAbl B TpexkamepHbIX AvadparmeHHbix annapatax He npesbiwaeT 20 %. OH moxeT BbiTb
MOBbILLEH MPY WCMOMb30BaHUM MENKOMOPUCTBIX Kepammyeckux guadparm, kotopbie obna-
[aroT BbICOKMM conpoTuBneHnemM anddysmn.

O PeKkTMBHOCTL MPOLIECCa OYUCTKN CTOYHOM BOAbI Pe3KO MOBLILLAETCA B pesynbTare
NMPUMEHEHNA 3NEKTPOXMMUYECKN aKTUBHBIX (MOHOOBMEHHBIX) MeMBpaH, cnocobHbIX nponyc-
KaTb MOHbI TONBKO OfHOro 3Haka. brnarogaps CenekTMBHOM MOHHOM NPOBOAMMOCTH, A TaKkkKe
BbICOKOMY COMPOTUBAEHNIO AN DY3UN MOHOOBMEHHBIX MEMOPaH NPUMEHEHWE X NO3BONAET
MOBLICUTL BbIXOZ MO TOKY A0 85 % — 95 %.

Ha pucyHke 2.23 npeacraeneHa npuHUMNnanbHas cxema dnekTpoamanm3Hon O4nCTKn
MPOMBIBHBIX U CTOYHbIX BOA. KaTopbl B snekTpoananusaropax U3roTaenmBaloTCa U3 Hepka-
BEKLLEN cTanu unu TutaHa, aHoAbl B 3aB1UCMMOCTY OT COCTaBa ovuLLIaemMoln Boabl — 13 nna-
TWUHWPOBAHHOIO TUTaHa, rpadguTa, CnNaBoB CBMHLA UM MarHeTuTa.
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CTOKM

. KOHLeHTpar
. rev nam R
mmMHRYWVEALHO

1 — HakonuTenb CTOKOB; 2 — HAcOC; 3 — MexaHu4eckuii nnbTp;
4 — copbUMOHHbIN thunbTp; 5 — anekTpogmanusartop; 6 — BbINPAMUTENb

PucyHok 2.23 — TMpuHUMNnanbHas cxema a7eKTpoanann3Hoin oUncTKm
MPOMbIBHbIX U CTOUHbIX BOf,

Mpouecc O4MCTKM Ha 3/1eKTPOoAManN3HbIX YCTaHOBKax OCYyLLeCTBASeTCA No Tpem oc-
HOBHbIM CXeMaM: MPSAMOTOYHOW, UMPKYIALUMOHHON MOPLMOHHOIO AENCTBUA U LMPKYAALUOH-
HOIN HEMpPEPBLIBHOIO AECTBUS.

Mpu NpsSIMOTOYHOl CXeme 3arps3HEHHy BOAY NPOMyCKaloT MO AWIATHOMY KOHTYpY
OOVH pas, 1 Npy 3TOM CONECOAEPXKaHNE CHUKAETCS A0 3afaHHON KOHLEHTpaumm. 3TU CXembl
6bIBAIOT OJHOCTYNEeHYaTbIMW W MHOTOCTyneH4YaTbiMu. [15 yMeHbLUeHWs CONpOTUB/EHUS
MeM6paHHOro naketa paccos YaCTUYHO MOBTOPHO BO3BPALLAETCS B LMK YCTAHOBKU. Peuump-
KynsLMy MOXeT Takke noABepratbCs W AUI0AT, HO B 3TOM c/lyyae Mnpu GOMbLUIOM KOnnye-
CTBE peuvpKynsauuii Bo3pactalT 3HepreTnyeckne noTepu n3-3a CHUKEHUS CpefHein KOHLEeH-
Tpauumy ounLLaemMoro noToka.

B LMPKYyNSLMOHHBIX YCTaHOBKaxX MOPLMOHHOIO AENCTBUA 3arps3HEHHyl BOAYy Mpomnyc-
KaloT MHOTOKpPaTHO Yepe3 AW/0AaTHble Kamepbl A0 MOMyYeHUs 3afaHHOW CTEeNeHW OYUCTKU
ncxogHom BoAbl. C LEeNblo UCKNIOYEeHWA YBeNMYeHus nepenaga KoHUeHTpauuii B kamepax
BOAY PaccosibHbiX KaMep pa3baBnsloT OYWLLEHHON BOAOW, C TEM 4TOOblI €ro KOHUeHTpauus
He 6onee yem B 3-4 pasa npeBblllana KOHUEHTpauui coneil B ouvuiaemoli Boge. Hepo-
CTaTKOM 3TOW CXeMbl SiIBNSeTCS TPYAHOCTb aBToMartm3auuu npolecca, Bbl3BaHHOW NOCTOSH-
HbIM MN3MEHEeHUEeM 3/1eKTPOCONpPOTUBNEHNA KN3-3a HEeCTauMOHapHOCTU peXxunma OYUCTKN WU
Heo6X0AMMOCTbIO B CBA3W C 3TUM PEry/IMpOBaHNsa HanpsXKeHus.

B LMPKYNSLMOHHBIX CMCTEMaxX HEeMpepbiBHOTO AEeiCTBMSA MPOLECC OYMCTKM CBOAMTCA
K LMPKYNALMK Yepe3 KaMepbl 3/1eKTPOAMa/IM3HOIo annapara, Wi ToNbKO paccona, Wiy pac-
cona u gunarta € HenpepbiBHOM NpoAyBKON paccona. KoHTyp paccona BbINofHAeTCs 3a-
MKHYTbIM M C YaCTUYHbLIM €ro co6pocom.

B LMPKYNSIUMOHHBIX CXEMaX MMeeT MEeCTO MOBbILIEHHbIA pacxop 3/EKTPO3HEPruM Ha
NMOBTOPHYIO Mepekayky paccosa u guaata.

PaznuualoT Tpu rmgpaBnnyeckux Buga notokopacrnpegeneHvs Bodpl: napasfienbHoe,
nocnegosatefibHoe N KOMOMHMPOBAaHHOE.

Mpu napannensHOM noTOKOpacnpeeneHun ouuvliaemas BoJa W paccos ABWXKYTCSA
napaanenbHo Mo AuaTHbIM W Pacco/lbHbIM KaMepam 3/1eKTPOAMa/IM3HOIo annapara,
06bI4HO paboTatoLLero Mo NOpLUMOHaNLHON LMPKYIALUMOHHOW CXeMe OYMCTKU. Bbixog no Toky
cocTaBnseT nopsaka 60 %.
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Mpw nocnepgoBaTensLHOM ABWKEHUM BCEM OYMLLAEMON BOAbI U paccona noTokM KX rno-
cnefoBaTenbHO NPOXOAAT BCe AuntoaTHble 1 paccosibHble kamepbl. OCHOBHLIM HEA0CTaTKOM
Takon CxXembl ABNSETCA cos3faHne OonbLIoro nepenaga KOHUEHTpauun no o6e CTOpOHbI
MembpaH, Tak kak C OfHOW CTOPOHLI MEMOPaHbI HaXOAUTCS OYULLEHHAsA BOAA, a C APYron —
paccon, ¢ KOHUeHTpauuern B 2-2,5 pasa bonbLuen, YeM y ucxogHom Bogbl. B Takmx ycrnosusix
CEnNeKTUBHOCTb MeMBpaH CHWKAETCs, U 3TO 0COBEHHO 3aMeTHO Yy MeMOpaH, HaxoasALWwmMxcs
Ha KOHLIEBbIX y4acTkax ABWKEHUS MOTOKOB BOAbI. 10 3TOM npuuvMHE NOHWKAETCA BbIXOA MO
TOKY M yMeHbLLaeTcs CpoK crnyx6bl MmembpaH. Beixog no Toky coctaenaeT nopsigka 40 % —
45 %.

KombuHupoBaHHasi cuctema pacrnpefieneHnsi NOTOKOB BOAbl B MHOrOKaMepHbIX anna-
patax npegnonaraeT napannensHoe ABWKEHME XUAKOCTU NO BCEM PaCCONbHbIM KaMmepam n
nocrnenoBaTenbHOE ABWKEHUE OUMLLAEMON BOALI MO AMMIOATHBIM Kamepam. Pa3HOCTb KOH-
LieHTpaLmMin OYULLIEHHOW BOAbI U paccona Ha BbIXOAe U3 annaparta B 2 pasa MeHbLUe, a pac-
X0A 3neKkTposHeprum B 1,5 pasa Hwke, YeM Npv nocnegosBaTensHoON cucteme. Beixoa no Toky
pocturaet 90 % — 95 %.

OCHOBHbIM HEAOCTaTKOM 3MNEKTPOAMAanMaa SBnseTCA KOHUEHTPALUMOHHAA Nonapusaums,
NMPUBOAALLANA K OCEXKAEHMIO CONE Ha MOBEPXHOCTU MEMOBPaH N CHDKEHUIO MOKa3aTenem o4ncT-
k. Mo3ToMy NeprognYeckn neKTPOANANMU3HbIN KOMMEKC NPOMbIBAETCA CEPHOM KUCTOTON.

2.8.2.1.3 NoHOOOMEHHbIEe MeToAbI

NoHooBmeHHas o4ncTka NpUMeHSeTCS AN U3BMEYEeHUS U3 CTOYHbIX BOJA METansios
(umHka, Mefun, XpoMa, HUKenNs, CBUHLUA, KaaAMUS, PTYTW, MapraHuya n 1. 4.), a Taike coeanHe-
HUA MbllWbsiKa, ocdopa N UMaHUCTLIX COEANHEHWUN. ITOT METOA OUUCTKN MO3BOSSIET PEKy-
NepupoBAaTh LIEHHbIE BELLECTBA NPW BbICOKOW CTEMEHM OHMUCTKU BOAbI.

MoHHbIn oBmeH npeacTaBnsgeT cobon npoLlecc B3auMOAENCTBUS pacTBopa ¢ TBEPAOWN
dhason, obnagatoLlen csoncTeamm 0OMEHNBATEL UOHbI, COAEPXKALLNECA B HEW, Ha ApYyrMe no-
Hbl, MPUCYTCTBYIOLLME B pacTBope (CTOMHOW Bofe). BelyectBa, cocTtaBnsiowme aTy TBEpAYIO
hasy, HOCAT HasBaHne MoHUToB. OHWM NMpaKkTU4eCKM HepacTBOpUMbI B Boae. MoHUTLI, cno-
cobHble nornowaTb U3 pacTBOPOB MONOKUTENbHbLIE UOHbI, HA3bIBAKOTCA KaTUOHUTaMK, OTpU-
LaTtenbHble MoHbl — aHuWoHuTamu. MNepeble 0bnaaaloT KUCNOTHLIMKM CBOUCTBaAMK, BTOPbIE —
OCHOBHbIMW. ECnn MOHUTBHI 0OMEHMBAIOT U KATUOHBI, M @HUOHBI, X Ha3bIBalOT aMOTEPHBLIMU
[22], [24].

WNoHWTLI OblBatOT HEOPraHUYECKME U OpraHudeckue. 3To MOryT BbiTb NPUPOAHBIE UNA
CUHTETUYECKNE BELLECTBA.

K HeopraHM4eckMM NMpUPOAHLIM MOHUTAM OTHOCHT LEONUTHI, FUHUCTBIE MUHeparbl,
NoneBble LWNaThl, PasfNYHbIE COAbI U Ap.

K HeopraHM4YeckMM CUHTETUMECKMM WOHUTaM OTHOCHTCH CUNUKarenu, nepmyTuThbl,
TPYAHOPACTBOPUMbIE OKCUZAbI U FTMAPOKCUALI HEKOTOPLIX METANMOB (antOMUHKA, XpPOMa, LUmp-
KOHMS 1 Ap.).

OpraHuyeckue NpUpoAHbIE MOHUTLI — 3TO NYMUHOBbLIE KUCMOTbI NOYB U yrnen. OHu
NpoABNAIT cnaGoKNCNOTHbIE CBOMCTBA. [NA YCUNEHUs! KUCTIOTHBIX CBOMCTB Y1 OOMEHHOW eM-
KOCTW YIMN M3MErbYakoT 1 CynbdupytoT B M3bbiTke oneyma. B pesynbTate Takoin obpaboTku
nonyyarotca cynbdgoyrnu. K Hegoctatkam Takmx MOHUTOB CneAyeT OTHECTU UX Marble XUMU-
YECKY0 CTOMKOCTb Y MEXaHMYECKYIO MPOYHOCTL 3epeH, a Takke HebonbLUyto 0BMEHHYIO eM-
KOCTb, 0COBEHHO B HEMTpanbHbIX cpeaax.
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K opraHW4eckuM UCKYCCTBEHHBIM MOHWTaM OTHOCATCS MOHOOOMEHHBIE CMOMbI C pas-
BUTOW MoBepXxHOCTbI0. OHW-TO M npuobpenn Haubornbluee NpakTUyeckoe 3HayeHnwe Ans
OYMCTKM CTOYHbIX BOA. CUHTETMYECKME MOHOOOMEHHbIE CMOMbI NMPEACTaBNAT cobol BbICO-
KOMOMEKYNSIpHbIE COEANHEHUSA, YTNEBOAOPOAHbIE PaauKanbl KOTOpbIX 0OpasyroT NpocTpaH-
CTBEHHYIO CETKYy, HasbiBaemyrd maTtpuuen, ¢ UKCUPOBaHHLIMW Ha HEN MOHOOOMEHHBIMU
PYHKLMOHaNBHLIMK FpyrnnamMu, COCTOSALLMMW N3 CnocoBHOro k obmeHy NpoTMBOMOHA, Coean-
HEHHOro C MaTpuLen PUKCMPOBaHHBIMK (AHKEPHBIMM) MOHaMK. Hanpumep, CyrnbdOoKaTUOHK-
Tbl 3anuceiBatoTea kak RSO3H. 3peck R — matpuua, H — npotmeomH, SO; — dumkenpobaH-
HbIA (AHKEPHbBIN) UOH.

B 3aBUCMMOCTU OT CTEMeHM AnccoumaLmm pasnmyatoT CUIbHO- U CnaboKUCNOoTHbIE Ka-
ThoHuTe! (B HY — nnn Na*-hopme), cunbHO- 1 cnaBoocHoBHbIE aHnoHUTbI (8 OH™- unu co-
nesow opme), a Takke UOHWUTBI CMeLlaHHoro Tuna. K cunbHOKUCNOTHBIM OTHOCATCA KaTuo-
HUTbI, cogepxalyme cynbdorpynnel (SOzH) nnn docdopHokucnbie rpynnbl [PO(OH)2].
K cnabokmcnoTHbiM — kapGokeunsHele (COOH) n deHonbHble (CeHsOH) rpynnbl. CunbHo-
OCHOBHbIE WNOHWUTBI COAEpXKaT YeTBepTMYHble amMMoHMeBble ocHoBaHust (RsNOH), cnabooc-
HOBHbIE — aMMHOrpynnbl pasnuyHor crenenHun 3amellennst (—NHp; = NH; = N).

MornotutenbHas CrnocCoOBHOCTE MOHUTOB XapakTepuayeTcsi 0BMEHHON eMKOCTbIO, KO-
TOopas onpeaensieTcs YMCIIOM 3KBMBAIIEHTOB MOHOB, MOrMOLiaeMbIX €AUHULEN MacChl Unn
obbema MoHUTa. PasnuyatoT MonHyro, CTaTUYecKyto U AMHAMUYECKYHD OOMEHHbIE eMKOCTU.
MonHas obMeHHass eMKOCTb — 3TO KONMYECTBO TOrMIOWAEeMOro BeLecTsa Mnpu MOSIHOM
HacblILLeHUM eanHULbl oBbema nnm maccel noHuta. Ctatudeckas obMeHHasi EMKOCTb — 3TO
obMeHHasi eMKOCTb MOHWTa MpU paBHOBECUM B AaHHbIX paboumx ycnosusx. Ctatudyeckas
0OMeHHasi EMKOCTb 0ObIYHO MeHbLUE MONHON. [AnHaMmmnyeckas obMeHHasi EMKOCTb — 3TO eM-
KOCTb MOHWUTa [0 «MPOCKOKay» WMOHOB B ouUnbTpaT, ornpeaensemMasi B yCnoBusix ounsTpauum.
[rHamnyeckan eMKOCTb MEHbLLE CTaTUYECKOW.

OBMeHHast eMKOCTb CUIMBHOKMCIOTHBIX KATUOHUTOB M CUINbHOOCHOBHBIX @HWOHUTOB MO
OTHOLLUEHMWIO K Pa3fiMyHbIM MOHaM OCTaETCs NMOCTOSHHOW B LUMPOKOM MHTEpBane 3Ha4yeHwn
pH. O6meHHasi eMKOCTb CNaboKMUCbIX KATUOHWUTOB 1 CNaBoOCHOBHBIX aHNOHUTOB B 60MbLUIOK
CTENeHN 3aBUCUT OT BENUYMHBLI pH 1 MakcumansHa ans cnabokUcrblX KAaTUOHUTOB B LLENoY-
How cpene (pH > 7), a ana cnabooCHOBHLIX aHNOHUTOB — B KUCNON cpeae (pH < 7).

NoHUTBLI B KOHTaKTe C BOAOW HE pacTBOPSAOTCS, HO MOFTOLLAT HEKOTOPOE KONMYe-
CTBO BOAbl U HabyxatoT. Mpun HabyxaHun o6bem NMOHWUTOB yBenu4uneaetcs B 1,5-3 pasa. Cte-
neHb HabyxaHusi 3aBUCUT OT CTPOEHUSI CMOIbI, MPUPOAbLI NPOTUBOMOHOB, COCTaBa pacTeopa.
CuHTEeTUYeCKME NOHWTLI HabyxatoT B Boge Bornblue U MMET GonblLUyH0 0OMEHHYH EMKOCTb,
Yyem npupofHele. Cpok cnyBbl CUHTETUYECKMX KATUOHWUTOB 3HaYMTENBHO OorbLUe, YeM aHu-
OHUTOB. JTO 0BBACHAETCA HU3KOW CTabWMbHOCTBIO MPYMM, BbIMOSHSAOWMWX Pofb UKCUPO-
BaHHbIX NOHOB.

CenekTMBHOCTL OOMeHa 3aBUCUT OT BENUUMHBI AaBneHus HabyxaHusa B nopax cMonbl
M oT pasmepa nop uoHuta. MNpu manom pasvepe nop GonbLUME WOHbI HE MOTYT 4OCTUYbL
BHYTPEHHUX aKTUBHBIX rpynn. B Lensix noBbllLEHUsI CENEKTMBHOCTA MOHWUTOB K OomnpeaeneH-
HbIM MeTannam B COCTaB CMOJS BBOASAT BELLECTBA, CnocobHble 06pa3oBbiBaTh C NOHAMKN 3TUX
MeTansos BHyTPUKOMMNIEKCHbIE COEAUHEHUS (xenaTbl).

138



UTC 36—2017

YcTaHoBMnEHb! psgbl MOHOB MO 3HEPTMW NX BbITECHEHUS N3 CUSTbHO- U CNaboKMCNOTHbIX
kaTtnoHuToB. Hanpumep, ans cnabokucnotHoro katuoHuTa Kb-4 nonydeH cnepyrowmm paa:
Mg?* < Ca?* < Ni?* < Co?" < Cu®". [InA CMNbHOKWUCNOTHOMO CynbdokaTnoHuTa KY-2 nonyyeH
cneayrowmnm psg;

H* < Na* < NH* < Mg?* < Zn?* < Co® < Cu®" < Cd?" < Ni** < Ca** < Sr** < Pb* < Ba*".

YcTaHOoBNEH aHanornyHbIn psa NormnoweHUs aHNOHOB CUIbHbIX KMCHOT Ha CUMbHOOC-
HOBHOM 1 cnNabooCHOBHOM aHUOHUTAX:

CIm<NO* <S04 < CrO4.

AHMOHBI cnabbiX KMCMOT MO CPOACTBY K CUIbHOOCHOBHLIM aHMoHUTaM o6pasytoT cne-
AYOLWMA pag. cunukaTel < Gopatbl < docdaThbl.

MoHnTbl BbIiNyCcKaroT B BMAE nopowka (pasmep 4dactuy 0,04-0,07 mm), 3epeH (0,3—
2,0 MM), BOMOKHUCTOrO mMarepuana, nmctoB U NAMToK. KpynHO3epHUCTLIE UOHUTLI NpeaHa-
3HadeHbl Ansa paboTbl B PUNbTPax CoO CNOSMU 3HAYUTENBHOW BbICOTbI (1-3 M), NOPOLKOO6-
pasHble — CO CrnosiMu BeicoTon 3—10 mMm.

Psag cmon, Beinyckaembix B PP, nmeet npomssonsHoe HaumeHoBanus (H, HO, BC).
HekoTopble HaseaHus oTpaxator coctaB cmon:. CAB — ctmponaueuHunGexson; 300 —
aTMNeHgnamMmuHaTUneHxnoprnapuH; MC® — moHocynsdar n ap. B nocneagHee Bpemsa B map-
KMpOBKE cmon ansa katuoHutoB ynotpebnator Bykey K, ansa obosHaueHns aHMoHUToB — A.
Byksa B (nocne A) sanncbiBaeTcsa ANA BbICOKOOCHOBHbLIX aHMOHUTOB, BykBa H — anst HU3KO-
OCHOBHbIX aHWOHUTOB. YumcnoBoe 0603Ha4YeHWe ykasbiBaeT NMOPSAKOBLIN HOMEP NPOW3BOA-
CTBEHHOW cepum, Hanpumep: KY — KaTUoHuUT yHuBepcarnbHbii, K& — kaTuoHuT pocdopHO-
KMCIbIA; AB — aHNOHUT BbICOKOOCHOBHOW; AH — aHMOHUT HU3KOOCHOBHOW. B Tabnuue 2.56
NpeacTaBneHbl HEKOTOPbIE MapKu MOHUTOB M UX 3apyBexHbIX aHanoroe.

Tabnuua 2.56 — HekoTOpble Mapku OTEYECTBEHHBIX MOHUTOB N NX 3apyDeXHbIX aHanoros

Rohmé&, Dow | Lanxess Nitrgkem Purolite Oreuectaen- Tokem
Haas ia Hble
Twun cmonel yT—
meerl Dowex | Lewatit | Varion | Purolite nocC
SR1L HCR-C [S 100 To-
Na E LF C100E kem-100
CunbHokMenot- | o 150 |HCR  |S 100 |KS C100 |Ky2-8Na |/
Hble  KaTUOHUTbLI kem-140
rernesble HGR C100 x To-
IR 122 W2 KO 10 kem-150
SP 120 C145
To-
552 MSC-1 KSM C150 KYy-23 o120
CuvnbHoKkMcnoT- To-
Hble  KaTuoHuTtbl| 200 C [CM-12 |SP 112 C155
MaKpOonopucTble kem-121
p p TO-
kem-122
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OkoHyaHue mabnuupi 2.56

Rohmé&, Dow Lanxess Nitr9kem Purolite Orevecraer- Tokem
Haas ia Hble
Twn cmonel Amberl
meer it Dowex | Lewatit | Varion | Purolite noc
IRC 86 |MAC3 |CNP-LF |[KCM |C105 |KB-4 To-
CnabokucnoTHele kem-200
KaTUOHUTBI To-
CNP 80 kem-250
IRA94 [MWA-1 |MP 64 |ADA A 100 |AH-31 To-
kem-400
To-
IRA 96 MP 62 A 103 S |AH-31
Crab kem-320
: :;o:;f::”“"'e IRAG7 |WGR A 830
IRA 68 [(WBA AP 246 A 845
IRA 410 [SAR M 600 |AD QSOO/AS
IRA 910 [MSA-2 |MP 600 (ADM A 510
IRA401 To-
S 11 A420 Kkem-820
IRA 402 [SBR M 500 |AT400 |A400 |[AB-17-8 I:I\_/l-QOO
CWNbHOOCHOBHbIE
A 505/A |AB-17- To-
AHNOHNTBI IRA 900 [SBR-P |MP 500 |ATM 500 10M/0.8 «eM-800
MP 500 To-
IRA 958 A A 500 P |AB-17-2IN Kem-840
IRA 996 A520E

NoHoOBMEHHbIE CMOMbI MOTYT MPUMEHSTLCA Kak B MMAOTHOM HEMOABWKHOM Crioe
B YCT@HOBKax NepuvoaNYecKoro AencTens (punbTpax), Tak U B NCEBLOOKWKEHHOM UK ABU-
XyLLeMCsl Crioe B annaparax HenpepbIBHOrO AeUCTBUS.

dUnNbLTP NEPUOANYECKOro AEUCTBUS NPEACTaABNSET COOOM 3aKPbITLIN LNMNHAPUYECKUIA
COCyAl C pacronoXeHHbIM Ha AHULLE LUEeneBbiM APEHaXHbIM YCTPOWCTBOM, CRyXaluvm ans
paBHOMEPHOro OTBOAA OYMLLEHHOW BOABI NO BCEMY ceuveHuto punbTpa. Ecnm nogaya cTou-
HOW BOAbI U PEreHepUpYHOLLIEro pacTeBopa OCYLLECTBNAETCA CBepXy, (MNbLTP HasblBaeTCA
napannenbHOTOYHBLIM, ECNU CTOYHAas BOAa MOCTYNaeT CHU3Y, a PereHepypyowWmun pacTeop
CBEPXY — MPOTUBOTOYHBIM.

MpenMyLecTBO annapaToB HENPEPbLIBHOrO AENCTBUSI C MCEBAOOKWKEHHBIM COeMm
WOHWUTa NPOSIBASETCS MPU OYNCTKE CTOUHbIX BOJA, COAEPXKALLMX BbICOKOAMCNEPCHBIE B3BECH,
3annuBatoLLme NIOTHbBIN CIOW MOHUTA B TUMOBbLIX MOHOOOMEHHBIX PUNBLTPaXx.

MpumeHsiloTcs annapartbl HENPepbIBHOMO AEACTBUSA PasfMyHbIX KOHCTPYKLUMA, OBHAKO
OBLWMM Y HUX SBMISAIETCS HKHWUIA OTOOP OTpaboTaHHOro NoHUTa M Nocrneayowas nogaya ero
B BEPXHIOID YaCTb PEreHepaLmMoHHOro YCTPOWCTBa. B aTuX ycTaHOBKax MOHWUT ABWXKETCA MO
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3aMKHYTOMY KOHTYpY, MocnefoBaTenbHO NMPOXOAs cTagum copbumu, pereHepauum U npo-
MbIBKM.

Hanbonbluee pacnpocTpaHeHne nonyyY nn MeTannmnyeckme MoHOOOMEHHble urnb-
TPbl, BbINyCKAeMble TaraHpOrcKUM 3aBOAOM «KpacHbIA KOTeMbLUMK», BUACKUM KOTefbHbIM
3aBogoM 1 CapaToBCKUM 3aBOLOM 3HEPreTMYeCcKoro MallMHOCTpoeHus. MoMumo meTtannu-
YEeCKMX KOPMycoB AN MOHOOBMEHHBIX (OUMLTPOB, LUMPOKOE pacnpocTpaHeHue nony4nnm
TaKKe CTEKNONnacTUKOBbIe HamnopHbIe Kopnyckl dompm Structural n Wave Cyber.

MpvMeHeHe NPOTUBOTOYHON MOHOOBMEHHOW TEXHOMOrMM MO3BOSISIET MOBLICUTE 3¢)-
(PEKTUBHOCTL NPOLIecca OYUCTKM CTOYHbIX Bod. MNpu NpOTUBOTOYHOM TexHonormm obpabarbi-
Baemas BOAa MPOXOAWT Cnou MoHWTa co Bce Gonee ysenuymBarowencs rnybmuHon pereHe-
paummy, T. €. KOHLEHTPAaLMOHHBIA Hamop COXPaHSAeTCs Mo BCEeMy NyTWM BOAbl. Tem cambim
obecrneyrBaeTCs BbICOKOE Ka4ecTBO YMArYEHUsS U AeMUHepanusauum, Hanbonee nonHo uc-
noneayetcsi paboyas obMeHHasi EMKOCTb MOHUTA, YMEHbLUAETCA pacxof peareHToB, BoAbl Ha
cobcTBEHHbIE HYX bl U CTOYHBIX BOA. B HacTosiee BpeMs UCMONb3yoTCA pasfyHble npo-
TMBOTOYHbIE MOHOOOMeHHbIe TexHonorun: Leebebet, JludpTtoeT, PuHsebetr, MynbtucTen,
UPCORE v gp., oTnuuaromecs opraHusaumen npouecca u KOHCTPYKLMSAMM MOHOOOMEHHbIX
duneTpOB.

Mo TexHonorun LLiBeGebet (Cc Hem.:. Schwebebett — B3BeLLeHHbIN, NNaBaloLWMA Crion)
obpabaTtbiBaemasn Boja B hUNbTPe HanpaenseTcs CHU3Y BBEPX, pereHepaumOHHbLIA pac-
TBOp — CBepxy BHM3. Macca uoHuTa Haxoautca B unbTpe Mexay ABYMSI ApPEHaKHO-
pacnpenenuTenbHeIMM cucteMamm (TpyGel Unn NUTLI ¢ Nepdgopaumen unn Konnavkamm co
wenavm). Mexay cnoem noHuta n BepxHen ApeHaxHo-pacnpeaenmMTenbHON CUCTEMON pac-
MOMOXeH CHNOW UHEPTHOro rpaHynMpoBaHHOro marepmana (06bl4HO MONMUSTUIEH) BbLICOTOM
100-300 MM, 3amLLAIOLNIA BEPXHIOIO CUCTEMY OT 3aCOPEHNS MENKUMU YacTULaMn NoHNUTa
(cnepcTBME UCTUPaHKA UMW packanbiBaHUS 3ePeH) M OT 3arps3HeHUn ncxoaHow eoabl. Kpo-
Me TOro, B punbTpe ecTb HeGOoNbLLOE NPOCTPaHCTBO AN1A pacumpeHns (HabyxaHus) noHuTa.

KoHeTtpykumnsa dunstpa no texHonorum Jludtbet (¢ Hem.: Liftbett — nogHaTen cnon)
npeacraensieT cobol ABe KaMephbl, pacrosioKeHHbIE OfHa Hag APYroi 1 pas3feneHHble ape-
Ha)XHO-pacnpenenuTenlbHOM CUCTEMOW — BEPXHEW ANA HWKHEN kamepbl. JTa cuctema u
BEPXHSAS CUCTEMA BEPXHEWN Kamepbl 3alUMLLEHbI CNOSIMK «MHepTay. HxHsa kamepa 3anon-
HEeHa WOHWUTOM TOIbKO Ha OAHY TPETb BbICOTbI, @ OCTaBlLueecs cBOOOAHOE MPOCTPaHCTBO
CNYXWT ANS paclUMpeHUsi OHUTa BO BPeMS B3pbIXSieHUs. Tak Kak ucxofHasi Boga NpoxXoaunT
CHW3Y nocrefoBaTenbHO ABE KaMepbl, TO CroW B HWKHEW Kamepe BOCMPUHUMAaeT Bce 3a-
rPSA3HEHWS UICXOAHOW BOAbI, 3aLLMLLANA CIOA MOHUTA BEPXHEN kaMmepbl. Crion HWKHEN kamepsbl
noABepraeTcs B3pbIXNeHNo. BepxHssa kamepa 3anofHeHa WMOHUTOM U «MHEPTOM» MOSNHO-
CTbi0. Bbirpy3ka noHuTa B Apyryto eMKOCTb ANS B3PbIXIIEHUSI HE HYXKHA.

Ans TexHonorn PuH3ebeT (c HeMm.: Rinsebett — npombiBaembIt crnon) paspaboTtaHa
cnegylowasn koHpurypaums dunstpa. Heckonbko Bbille cepeavHbl BbICOTbI hunbTpa ycTa-
HOBMEeHa nepdopypoBaHHas NnuTa, Yepes OTBEPCTUSi KOTOPOW CBOGOAHO MOIYT MPOXOAUTb
rpaHynbl MOHWTa BO Bpemsi UbTPOBaHWUS BOAbl CHWU3Yy BBepx. [loa Hew — [ApeHakHo-
pacnpegenvTeneHas cuctema ans oteoga u3 dpunbtpa obpaboraHHom Bogbl. Yactb MOHU-
Ta — TaK Ha3blBaeMblA MOKPOBHLIM CMOM — HaxoauTcs Hag nepdopupoBaHHOM NIUTOMN.
Bo Bpems paBouyero uukna aToT Croi NpensTcTByEeT Ype3MEPHOMY PaCLLUMPEHUIO OCHOBHOIO
MOHOOBMEHHOIo Crosi W MOTOLL2eT OCHOBHOE KOMMHECTBO 3arpsisHEHUIA M UIOHUTHOWM «MENoYUMy.
OH xe oBecnevnBaeT BOZMOXHOCTb NPOBEAEHUS B3PbLIXIAOLLEN NPOMbBIBKA HEMOCPEACTBEH-
HO B chunbTpe, 6€3 neperpyskn MOHWUTa B CrieupaneHyo eMKocTeH. CylecTBeHHoe oTnmdme
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3TOM TEXHOMNOTUM OT APYrMX NPOTMBOTOUYHBLIX TEXHOMNOMMN — BO3MOXHOCTb pa3baBneHuns pe-
reHepaHTa HeyMsirdNeHHOW (HeAeMMHepann3oBaHHOW) BOLON WU OTMbIBKa MOHUTOB OT ocTaT-
KOB pereHepaLmoHHOro pacTBopa Takow Xe BOAOW. ITO BO3ZMOXHO MOTOMY, YTO BEPXHWUIA Mo-
KPOBHBIV CIOW MOHWTA MOIMNOLLEET MOHblI UCXOAHOW BOAbI U PereHepaumoHHbIn pacTeop U
OTMbIBOYHAs BOAA MOCTYNarT K OCHOBHOMY MOHWUTHOMY CIOK YMSMYEHHbIMW (AeMUHepanu-
30BaHHbIMN).

dunbTp, paboTarowmn nNo TexHonorm Mynbtucten (¢ Hem.: Multistep — mMHorocTy-
neHyaTble, MHOroKackafHble Crioun), COCTOMT U3 ABYyX UK Gonee kamep, pasfeneHHbIX nep-
hopVpOBaHHBIMM MNATaMXU UMW KONNa4vkoBbIMK ycTpoincTBamu. Kaxkpas kamepa, Kpome
BEPXHEW, UMEET APEHEKHO-pACNPEeAeNUTENBbHYIO CUCTEMY, TAE UCXOAHbLIE PacTBOp U CTOY-
Hble BOAbl OTBOASATCS OT pereHepaumm npeabiaylien kamepsbl. MNpu pereHepauumn mMoHuTa
CBEPXY BHW3 UOHUT HWKEPACTONOXKEHHOW KaMepbl 3alyyLleH OT 3arpsi3HEHUsl NMPOAYyKTaMu
pereHepaumn  ONOKMPYHOLWIMM  MOTOKOM  BOAbl HABCTPEYY YyKasaHHbIM  NpoAyKTaMm.
Mo TexHonornm MynbTUCTEN MOXHO B OAHOM (DMNbTPE NPOBECTM BCE Onepauumu no ymsarde-
HUIO 1 leMUHEepanM3aLmm Boabl.

TexHonorns UPCORE (c aHrn.: UP.CO.RE. — UPflowCOurtercurrentREgeneration —
NPOTUBOTOYHASA PereHepaumus BOCXoASALWMUM notokom) dpupmel DowChemicalCo. B dpunbTpe,
paboTatollem No 3ToW TexHonorun, obpabaTeiBaemas Boga ABWKETCH CBEPXY BHU3, pereHe-
paLMOHHbIA pacTBOp — CHM3Y BBEPX. TexHonorus obnagaeTt BCeMU NpeumyLLecTBamMmn npo-
TUBOTOYHBIX TEXHOMOMUA U B TO e BPEMS JMLIEeHA HEeAoCTaTKOB, CBOMCTBEHHbIX APYrvM
NMPOTUBOTOYHBLIM cxemaMm. Tak kak BO BpeMsa pabodvero uvkna Boaa ABWKETCH CBEPXY BHU3
(30—40 m/4), croi noHUTa ocTaeTca 3axkaTbiM Npu NoBbIX konebaHNax Harpyskn, faxe npu
MonHOM TpekpalleHMn nopauv Bogbl. Takum obpasom, pereHepupoBaHHBIA CROW MoHUTa
B HIPKHEW YacTu bunbTpa He paspyLuaeTcs.

OpHa 13 npMHUMNUanbHbIX 0COBEHHOCTEN TEXHOMOTMN — HAanNMYne VHEPTHOro Marte-
pvana. BepxHee apeHaxHo-pacnpeaenuTensHoe yCTPOMCTBO MPUKPLITO U Kak Bbl MOrPY>XeHO
B CIOW NNaBatoLLEro Crnost MHEPTHOrO Martepunana. Yepes aToT crnow cBoBOAHO NPOXOAAT BO-
[a, B3BELLEHHbIE MPUMECK, MOHUTHAA MEerNoub, a Lienble rpaHymnbl MOHUTa 3aEpPXUBAaOTCS.
PereHepauUMOHHbI pacTBOp MPOMYCKAETCA CHU3Y BBEPX C TaKOW CKOPOCTLIO, YTO MOAHATLIN
B NpeAbiayLlel onepaummn Crion NOHUTA OCTaeTCs NPWKaTbIM K IO MHEPTHOTO MaTtepuana.
[lBe 3TV onepauumn, MOMMMO CBOMX NPAMbIX (PYHKLMA, OTMEHSAIOT HEOBXOAMMOCTL B3PbIXNA-
e npombiskv. Criegyrolime aTtanbl pereHepauvm — OTMbIBKa WMOHUTa CHU3Y BBEpX OT
OCTaTKOB pereHepaLvoHHOro pacTBopa; OCefjaHue Crosi MOHUTA; OTMbIBKA MOHUTA CBEPXY.
Becbma BaxHaa ocobeHHocTb TexHonorun UPCORE — BO3MOXHOCTb OCYLLECTBNEHUS MO-
CrOMHON 3arpy3kn aHUOHUTOB B 04HOM hunbTpe Be3 Kakmx-nvbo pasgenstowmx yCTPONCTB.
3a cueT cneumansHoro noabopa cnabooCHOBHOMO M CUMBHOOCHOBHOIO @HWOHUTOB C COOT-
BETCTBYHOLLUMM 3HAYEHNSMUN NOTHOCTEN CNOW cnabooCHOBHOIO aHNOHWUTA BCEraa CoxpaHs-
€T CBOe MOMOXEeHWe Haj CrMoeM CUMbHOOCHOBHOIO aHWOHUTA, 3almiias nocnefHun oT
OTpaBMeHNs OPraHNYeCKUMM BELLECTBaAMMU.

MNoHOOBMEHHYH OYMCTKY CTOYHBIX BOA 0ObIYHO OCYLLECTBNSIOT NyTEM WX Nocnenosa-
TEeNbHOrO (hUNLTPOBaHMA Yepes KaTUoHUThI (B H*-bopme) n aHuoHuTel (B OH -chopme).
B HeKkOTOpbIX CryYasx AMsS OYWUCTKM BOAHbLIX PacTBOPOB MPUMEHSAIT WOHWTLI B COMEBOW
copme (Hampumep, kaTnoHuTbl B Na'-thopme, aHmonuTkl B Cl™-tbopme). Mpy Hanvimm B Boge
8HMOHOB CUMbHbLIX U crnabblix KUCIOT @HMOHWPOBaHWE BEAyT B 4BE CTYMEHW, M3Bnekas cHa-
Yyana aHVoHbl CUMbHBIX KMCMOT Ha CnabOOCHOBHBIX aHWOHWTaX, a 3aTeM aHWOHbI cnabbix
KWCNOT Ha CUMBHOOCHOBHBLIX aHUOHUTaX.
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B npouecce OYMCTKN CTOYHBLIX BOJ, MPOUCXOAWUT HACBILLEHWE MOHWUTOB KaTUOHaMun U
aHvoHamu. HacbllLeHHble MOHWTLI MOLABEPratoT pereHepaumn, Nepes KOTopon NX B3PbIXAT
OUMLLEHHOIM BOLOW C MHTEHCMBHOCTBIO 3—5 nif(C-M?). PereHepaLyio KaTMOHWTOB OCYLLECTB-
nsaT 2-8%-HbIMWM  PacTBOPaMW MUHEparbHbIX KUCHOT, PereHepauuio aHWOHWTOB — 2—
6%-HbIMW pacTBOpamn efKknx Lienoyen. lNocne pereHepaumm NPOBOAAT OTMBIBKY MOHWUTOB.

B ocHoBe npouenypbl pereHepaummn nobon MOHOOBMEHHOW CMOMbl NEXUT MPUHLMM
3aMeLLEeHMsA CenekTUBHO COpOMPOBaHHBIX WOHOB Ha MOHbl C MEHBLUEW CENEKTUBHOCTLIO.
BONbLWMHCTBO MOHOOBMEHHBIX CMOIT MOTYT BbITe pereHepnpoBaHbl pacTBopamMu KUCHOT (U3-
ObITOK MOHOB BOAOPOAA), COMM (M30LITOK MOHOB HATPUA UM XNOPUL-MOHOB) UMK LLENOYN
(M3BbITOK rMppPOKCU-MOHOB). B npoLecce pereHepaumm copbnpoBaHHbIE NOHBI M3BMEKAOTCA
N3 CMOrbl 1 3aMELLAIOTCA Ha MOHBI, YKa3aHHbIE BbILLE.

YeM npoyHee cBs3b MeXay copbrpoBaHHbIM MOHOM M CMOJIONA, TeM Borbliee Konuye-
CTBO pereHepaHTa TpebyeTcs AnsS NOSHOro BOCCTaHOBMEHUSt 0OMEHHOW €MKOCTU CMOIbI.
MpakTukon paboTbl BOAOOGOPOTHBLIX KOMMNEKCOB YCTAHOBMEHO, YTO ANS NOSNIHOLUEHHOW pere-
Hepauuy NpUMEHsSIEMbIX CMOI AOCTATOYHOrO ABOMHOrO (MO OTHOLLEHUO K 06beMy CMonbl)
obbemMa pereHepaHTa. B aToM criyyae o6MeHHasi EMKOCTb CMOJIbl COXPaHSIETCA HAa UCXOAHOM
ypoBHe B Te4eHne 100 umnknos n 6onee.

PactBopebl, 06pasyromeca npu pereHepaumm MOHUTOB (3M0aTthbl), NOABEPraloT Aarb-
Helen nepepaboTke C LUenblo YyTUNN3aLmMmM COAEPXALLUXCS B HAX LIEHHBIX XUMUYECKUX Npo-
LYKTOB UV HEMTpanuaaumm.

MpuHUMNManeEHO BO3MOXHBLI TP BapvaHTa MOHOOOMEHHOM OUMCTKM CTOYHbIX BOA
ranbBaHWYECKMX MPON3BOACTB:

1) ouMcTKa CTOYHBLIX BOA, OOpasylWMXCA B OTAEMbHbIX TEXHOMOrMYECKUX MpoLec-
cax, — nokanbHasi O4MCTKa;

2) ouncTka obLero cToka ranbBaHUYECKOro Liexa Unm y4acTka;

3) ouncTKa CTOYHbIX BOA, MOABEPrHYThIX NpeaBapuUTEnbHOMY 06e3BpEXNBaHNIO C No-
MOLLIBI0 XMMUYECKNX PEareHToB ANs yAaneH s U3 HAX MUHEpanbHbIX CONEN.

Ha pucyHke 2.24 npefcrtaBneHa npuvHUMNManbHas CXema O4YUCTKM  KUCMOTHO-
LLENOYHbIX CTOYHbIX BOA MOHOOOMEHHbIM MeTofoM. CTOYHble BOAbl U3 Liexa MnocTynakoT
B HaKOMUTEmNb-ycpeaHuTens 1, OTKyLa HacocoM 2 yepes MexaHudeckui unetp 3, 3arpy-
YKEHHbIA KBapLEBbIM MECKOM, MOJATCSH Ha COPOLIMOHHYIO OYUCTKY 4 OT OpraHWYecKux npu-
Mecel NocpeacTBOM akTuBMpoBaHHoro yrnsa Al-3, a 3atem Ha WMOHOOBMEHHble UMLTPLI.
KatnoHuToBble OUNLTPLI 5 3aMONHATCS KaTUOHUTOBOW CMOSOW, @ aHMOHOOOMEHHbIE 6 —
HW3KOOCHOBHbLIM aHWOHUTOM. [py 3arpssHEHNM CToka aHMOHamK cnabbix kucnoTt (GopHow,
POChHOPHON, KPEMHMEBOW U T. A.) B CXEMY AOMOMHWUTENBHO BKIIOYAKT @HWOHOOOMEHHbIE
PUNbTPLI C BLICOKOOCHOBHBIM aHWoHUTOM B OH ™ -hopme.
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[Ns pereHepauum 1OHUTOB
Lenoyb

Ha0683Bpe)KVIBaHI/Ie anar o
WIN Ha yTununsauuo  Wesio4vHoun

oumLLeHHas
Bofa

1 — HakonuTenb-ycpeAHUTEeNb CTOKOB; 2 — HAacOC;
3 — mMexaHuyecknin unbTp; 4 — copOUNOHHbBIA PUILTP;
5 — unbTpbl KATUOHUTOBLIE; 6 — (PUNBLTPbI @HNOHUTOBbIE

PuncyHok 2.24 — TlpuHumnuanbHasa cxema OYMUCTKU MPOMbIBHbLIX M CTOYHbLIX BOJ,
NWOHOOOMEHHbLIM METOAO0M

MOHOOOGMEHHbIA MeToh NMPUMEHMM B OCHOBHOM [AJ/11 OYUCTKM CTOYUYHbIX BOA C OOLWMUM
conecogepxaHunem Ao 3 r/n. YBenuueHune conecofepXaHus BOAbl CHMXKaAET 3KOHOMUYHOCTb
cnocoba M3-3a CHWKEHUA NPOLO/DKUTENIBHOCTU MeXpereHepaunoHHOro uukna paboTbl MOHU-
TOB N NOBbIWEHNA pacxofa XMMUKaATOB Ha uX pereHepauyuto. CymmapHas KoHUueHTpauusa Ts-
XesblX MeTasn/ioB Konebnetca B KUC/OTHO-LWEeNOoYHbIX cTokax oT 0,5 go 1,5 r/n. NMpumeHeHune
NOHUTOB A/15 OYUCTKM 3TUX CTOKOB MO3BOJISET BO3BPaTUTh B rajsibBaHn4yeckoe npousBonCTBO
0k00o 90 % — 95 % ounwaeMbiX CTOYHbIX BOA, & Takxe BblAeNuUTb AJ19 MOBTOPHOINO UCMOSb-
30BaHuA TAXesble MeTasbl.

C 9KOHOMMWYECKOWN TOYKM 3peHns Haubonee uenecoobpasHa He MOHOOOMEHHass OYUCT-
Ka o6LLero ctoka rasibBaHM4YecKoro uexa, a fiokasbHas ouynctka. B atom cnyyae nepepabort-
Ka 1n BO3BpaT B NPOM3BOACTBO KOHLEHTPUPOBAHHbLIX PpacTBOPOB, 06pasylowmxcsa npu pereHe-
pauun MOHUTOB N cofepXalmx passiMyHble XMMnYyeckne npoaykTbl, Bbi3blBAOT HAUMEHbLUME
TpyAHOCTU. MpenmyecTBo 10KasbHbIX CUCTEM OYUCTKM COCTOUT Takke B TOM, 4YTO MpU MX
NCNONb30BaHMM rnybuHa OUYUCTKU ornpepenseTcs He NAK B BogoeMax, a TpeboBaHUAMU Ka-
YeCTBEHHOI NPOMbIBKM AeTanen, T. €. npeAenbHO AONYCTUMON KOHLEeHTpaunein oTMbiIBaeMo-
ro KOMMNoHeHTa. B yacTHOCTM, BOoAa Moc/aie OYUCTKM Ha NoKalibHbIX CUCTeMax, Hanpasnsgemas
Ha NPOMbIBKY, MOXET cofepXaTb HECKO/IbKO MI//1 NOHOB MeAW, HUKeNs, UMHKa, Kagmus, Xpoma,
umaHa. B Toxe BpeMA N 4KPu6.xos 4719 3TUX KOMNOHeHToB— 0,05-0,001 ™Mr/n, 4To B COTHU U
TbiCAYM pa3 MeHblle. TakuMm o6pa3omM, ounwartb NPOMbIBHYIO BOAy nepes cb6pocom ee B ro-
POACKYH KaHanuMsauu Heob6xo4MMO Ha HECKOJIbKO NOPSAAKOB TUlaTe/NlbHee, YeM /19 BO3Bpa-
Ta ee B NPOU3BOACTBO.

OpHako NnokasibHble CUCTEMbl MOHOOOMEHHOW OYUCTKM He Haw/yM LWUPOKOro pacnpo-
CTpaHeHMsA 13-3a Y3KOro annapaTtypHOro acCopTUMeHTa, CMO0XHOCTU U FPOMO34KOCTU Cepuil-
HO BbINyCKaeMbIX annapartoB v APYrnx HefoCTaTKoB.
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MOHbI UMHKa N3BNeKkarT Ha CUMbHOKUCNOTHOM cynbdokaTtuoHute KY-2—8 B H-cbopme
vnn Ha kapbokcunbHom katnoHute Kb-4 B Na-dpopme. [InHamuueckas obMeHHas eMKoCTb
kaTnonuTa KY-2 no Zn®* paBHa 2—3 r-ake/kr, @ KB-4-5 r-ske/kr. CUNbHOKUCTOTHbIE KaTUOHM-
Tbl N3BNEKAIOT MOHbI LIMHKA B LUIMPOKOM AnanasoHe 3HaueHui pH. KapOokcnnbHbie KaTMoHW-
Tbl MPUMEHSIIOT NMPWM OYUCTKE HEWTparnbHbIX UM CrnaboLenoYHbIX CTOYHbLIX BoA. PereHepa-
Um0 cynbgokatmoHUToB nNpom3eoaaT 10%-HbIM pacTBOPOM CEPHOM KUCNOTLI; KapbOHUIBHbIE
KaToHUTbI pereHepupytoT 5%-Hbim pacteopoM NaxSOs. KoHueHTpauma uvHka B antoartax
coctaensieT 6-9 r/n. Anioar, cogepxalmin noHsl Ca®* , Fe?* n H* noM1Mo MoHOB LvHKa, 06-
pabatbiBaeTCs Nepeknucsbio BOAOPOAa 1 noawenadmsaerca cogon ao pH = 4,5-5,0. O6paasy-
HOWMIACA MMAPOKCUA Xernesa OTAenseTcs OT pacTeopa, 3areMm pH gosogutca ao 9,095 n
BbiNagalowmy MapoKCuA UMHKa OTAENseTCs UM BO3BpallaeTca B npowvasoactso. Cnepyet
3aMEeTUTb, UTO NPUMEHEHUE AN pereHepaunm katmonuTa pacteopos HoSO4 n Na,SO4 ces-
3aHoO ¢ o6pasoBaHueM M BblaeneHvem manopactesopumoro rurnca (CaSOy), 3aTpyaHsAoLWEero
aKcnnyatauuio ycraHoBku. MosToMy Ansa pereHepauum KatmoOHWUTOB fyudllie UCMONb30BaTh
CONSAHYIO KMCINOTY U NOBapPEHHYIO COrb.

NoHbI Mean nssnekarT u3 CTouHbIX Bog katnoHutom KY-1 npu pH = 12-12 4. lnHa-
Mn4yeckas obMeHHas eMKOCTb kaTuoHuTa paeHa 1,7—2,3 r-ake/kr Habyxwen cmorbl. PereHe-
paumto npoBoaaT 5%-HeiM pactBopom HCI. KoHueHTpauma meam B anoarax gocruraet 15—
17 r/n. N3 knCnbiX CTOYHbIX BOA4 MeAb W3BIEKAOT CUIMbHOKUCIIOTHLIMA  KaTUOHWUTaMMU.
Wx pereHepupyoT 10—-20%-HbIM pacTBOPOM CEPHOWN KUCNOThI.

WoHbl HUKensa uasnekaoT 13 Bogbl Ha katmoHute KY-2-8, auHamunyeckas obbemHas
€MKOCTb KOTOPOro paBHa 2,1-2,4 r-skB/kr katmoHuta. CKOpoCTb (PUNbTPOBAHUST CTOYHBIX BOJ —
12-15 m/4. PereHepauuto npoogat 20%-HbIM pacTBOPOM CEPHOW KMUCMNOTbI CO CKOPOCTLIO
0,5 M/4. TMony4yeHHble antoaTbl cogepaT 95 r/n HUKens, N nx MOXHO BO3BpalLaTb B BaHHY
HUKENMPOBaHUS.

OuncTka Xpomcofepalmx CTOYHbIX BOA W BblAENEHME U3 HUX COEAWHEHUIM Xpoma
(V) ocywecTBnsitoTcs B Brioke, COCTOAWEM U3 KATUOHUTOBOMO U ABYX aHWOHUTOBLIX OUIb-
TpoB. [lpu ounctke npumeHstoT H-katmoHuTbel KY-2-8, KY-2-16, KY-23 ©n aHuWOoHWTBI
B OH -doopme AB-17, AH-18, AH-25. OHK JOCTaTOYHO YCTONYMBEI B XPOMOBOKUCTILIX pac-
TBOPax 1 MOTyT ObITb NCMOML30BaHbI ANs 06paloTkn pacTBOPOB C Pa3NINYHBIM CoOgepXaHNeM
Xpoma.

BHavane cTtok noctynaeT Ha KaTUOHWT, FAe U3 HErO N3BMEKATCH NPaKTUYECKM BCE Ka-
TWoHbl (Ca?*, Mg®, Fe**, Cu® nap.) n yacTnuHo Cr**, MockonbKy OH MOXET HaxXoAWUTLCH
B CTOKE HE TOJIbKO B BUAE KATMOHA, HO N KOMMIEKCHBIX 8HUOHOB. 3aTeM B @HUOHWUTOBOM KO-
FIOHKE MPOUCXOAUT COPOLMS aHNMOHOB. OTO NPMBOAUT K TOMY, YTO B Ha4arne (Mo xogy oudvia-
€MOro CTOKa) aHMOHUTOBOW KOMOHKM obpasyeTca 30Ha copbumm noHos Cr (VI), koTopas npwu
JanbHenweM NponyckaHun Yepes KOMOHKY CTOYHON BOAbI YBENMYMBAETCSH U B KOHEYHOM
nTore 3anonHaeT cobol BeCb 0OBbEM aHWOHWUTOBOW KOMOHKW. CTeneHe oboraweHns cmonbl
voHamu Cr (VI) BospacTtaeT ¢ yBennMYeHUeM X SONM U KOHLEHTPaUuM B UCXO4HOM CTOKE U
C NOHWXeHnem pH cToka.

EMKOCTb aHMOHUTOB MO XPOMY HEe 3aBUCUT OT Benn4unHel pH B npegenax ot 1 go 6 n
3Ha4YUTENBHO CHIKaeTCs ¢ yBennyeHnem pH 6onee 6. CkopocTb pUnbTPOBaHNS yCTaHaBNN-
BatoT pasHoOM 10—15 m/u.

PereHepaumio cnbHOOCHOBHBIX aHWOHUTOB NPoBoaAT 8—10%-HbiM pacTBOPOM eKoro
HaTpa. CKOpOCTb UNbTPOBaHMS NPU pereHepauumn coctasnset 1-1,5 m/u. ntoatsl, coaep-
xaume 40-50 r/n wectmeaneHTHOro xpoma (NazCrO4), MOryT pekynepmpoBaTbCs AN1A NPUro-
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TOBIEHNA NaccuBMpyoLLMX pactBopoB. MeTogom H-kaTMoOHMpOBaHUS XpoMaT HaTpua MOXET
ObITe MepeBedeH B XPOMOBYHO KUCTIOTY.

MpocTble U KOMMMEKCHbIE LMaHWAbl W3BMEKATCA HA aHWOHWTAxX: CTOYHbIE BOJAbI
C WEeNoYHON peakumen obpabaTbiBaloT aHMOHUTaMW B CONEBON (opMe, HelTpanbHble U
cnabokuncrnble BOAbl — aHWOHUTaMM B ML POKCUAHON U CONEBON dopMme.

CoBpeMeHHbIE MOHOOBMEHHBIE CUCTEMbI UCTIONb3YIT OObEM pereHepupyroLwmnx pea-
FeHTOB, PaBHbIN YABOEHHOMY 06bEMY CMOIbI, MPY 3TOM OOMEHHas eMKOCTb CUCTeMBbI (Ann-
TEenbHOCTb pPaboyero LMKNa) 0cTaeTca Ha NOCTOSAHHOM YPOBHE B TEYEHNE ANUTENLHOMO Bpe-
MEHW.

2.8.2.1.4 3neKkTpoXxumMmuleckme MeToabl

OneKkTpPoKOarynAUVOHHbIN MeToA. JneKTPOKOArynaUMOHHBIA METOL NPUMEHSIIOT
B OCHOBHOM AN O4MCTKM XPOMCOAEepXaLUmX CTOUHbIX Bog [22], [24].

OnekTpokoarynauma Kak MeTog npeBpaLleHns npumecen B rpyboaucnepcHoe cocTos-
HME OCHOBbLIBAETCH HA MHOXECTBE (PUBUKO-XMMUYECKUX NPOLIECCOB, MPOTEKAOLWMX B XXUAKO-
CTW NoA BO34ENCTBMEM 3MEKTPUUECKOrO TOKA:

- anekTpocTatuyeckasn (nonapusaUmMoHHas) koarynaums — AWUNOMb-AUNonbHoe B3au-
MOZEMNCTBME KONMOUAHBIX YacTuL, 3a CHET AANbHOASUCTBYIOLUMX CUI MPUTSDKEHUS, BO3HNKA-
FOLLMX MPY HANOXEHNM SNEKTPUYECKOrO NOns;

- ANEKTPOXUMUYECKAS KOArynauns — B3auMOAENCTBUE YaCTUL, NMPY U3MEHEHUM KX 3a-
ps4a WM TOMNWMWHbI [BOWNHOTO SNEKTPUYECKOTO CIOS 3a CYET W3MEHEHUS (U3NKO-
XMMUYECKNX cBOUCTB pacteopa (pH n Eh) B mexanekTpogHoM o6beme unm npuanekTpoaHbIX
CMosiX, a TaKKe B3aUMOAEMCTBME 4acTuL, NpU BBEAEHUM NOTEHUManoobpasyloLlwmx MOHOB
METarnmnoB 3a CYET 3MeKTPOXUMNYECKOTO PacTBOPEHMS 3NEKTPOAOS;

- TMAPOAVHAMMYECKas Koarynaumsa — CnvnaHve 4Yactuy, 3a CYeT yBEeNnUYeHus unicna
WX CTONKHOBEHWIA MNPV MepeMELLNBaHUN XUAKOCTU B SMEKTPONM3epe (NepemMeLLnBaHne Xna-
KOCTM MOXET OCYLUECTBMATLCA Kak ra3oobpasHbiMU NPOAYKTaMU SNEKTPOXMMUYECKUX peak-
UMIA, TaK 1 3@ CHET KOHCTPYKTUBHBIX MPUEMOB);

- KOHLEHTPaLMOHHANA Koarynsums — yBeNnUUYeHUe Y1cna CTONMKHOBEHWI Yactul, npu-
BOASILLMX K MX CIUMA@HWIO, 3@ CYET MOBbILIEHUSI NOKaNbHbIX KOHLUEHTPaUWA YacTuL, B MEX-
SMEKTPOAHOM 06BbEME NPU NX MUrpaLMK, PACTBOPEHUM SNEKTPOAOB U T. N.

B pesynbTarte SneKTpOnUTUYECKOrO pacTBOPEHUsI CTanbHbIX aHogoB npu pH >2 obpa-
3yloTCs MoHbI Fe?'.

B XPOMCOAEPXALUMX CTOYHBIX BOAAX OAHOBPEMEHHO C 3TVIMM NpoLieccamm noHbl Fe?',
a Take rmgpokeng xenesa (Il) cnocobCcTBYIOT XMMUYECKOMY BOCCTAHOBMEHMIO cr¥ po crt.

Mpu anekTpoxumMuyeckon obpaboTke (C pacTBOPUMbIMWA aHOAAMK) CTOYHbIX BOA NPO-
UCXOANT NX NOALLENaYMBaHme, Yto cnocobereyeT Koarynaumm rugpokengos xenesa (I1) m (1)
n xpoma (lll), a Tarke rMAPOKCMAOB APYrMX TSHKENbIX METANMOB, NOHBI KOTOPbIX MOryT CO-
JlepXaTbCsl B CTOYHbIX Bogax. Mapokeuabl MeTannos o6pasytoT Xnomnbs, Ha KOTOPbIX Mpouc-
XOoAuT aacopbuust apyrmx npumMecen (cynbdartos, XNopuaos, WMOHOB, 00yCrnoBnUBarOLLMX
JKECTKOCTb BOAbI, U T. A1.), COAEPXAaLLMXCS B CTOUHbIX Bogax. Mpupoct BenmunHel pH Moxet
cocraenaTh 1-4 eguHULBI.

JaHHbiln cnocob Havbornee LenecoobpasHo NPUMEHSATE NPU UCXOAHON KOHLIEHTpaLmm
Cr®* B cTOYHBIX BOJAX MeHee 150 MI/N U UCXOZHOM conecoaepxanun 6onee 300 mr/n.
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OnTtumanbHble 3HadveHust pH npu o6es3BpekMBaHUM XPOMCOAEPXKALLEro CToka COB-
MECTHO C KMUCHO-LLENOYHBIMU BOAAMUN HAXOAATCA B 3aBUCMMOCTU OT KOHLIEHTpaLMX XpoMa n
NMPUCYTCTBYIOLLMX WUOHOB TSXKENbIX MeTannos. [py 3TOM cymMmapHas KOHUEHTpauusi MOHOB
TSPKEMbIX METannoB He AomkHa npesbiwate 100 Mr/n, a KOHUEHTpauus Kaxaoro M3 HUX —
30 mr/n. Heobxogumo nmeTb B BUAY, YTO Aaxe npu cobniogeHun onTumarnbHbIX YCOBUM
OYMCTKM CTOYHBLIX BOA OCTATOYHOE COoAepXaHWe B HUX MOHOB TSDKEMbIX METANnoB MOXET
MpeBbIlLaTh YyCTaHOBMNEHHbIE HOPMbI cOpoca, B CBA3M C YeM B TEXHOIMOIMYECKON CxeMe cne-
[YET NpeaycmaTpyBaTte BOSMOXHOCTb AOOYUCTKN BBEAEHUEM LLENOYHBIX PEAreHTOB C LENbIo
noebiweHns pH ao pH rugpokcnaoobpasoBaHUs TSHKENbIX METarnoB.

Copepxawymecs B CToYHbIX Bogax MoHbl NO2 , NO3 CO5>, PO npu nNpoBeaeHUn
npoLecca aNeKTponM3a BbI3bliBaloT NaccuBaLMio NOBEPXHOCTU aHOAOB. [Ansa akTmBaummn aHo-
L,0B f06aBNSHOT XNOpUE HaTpus.

TeopeTvyeckne pacxofbl Xenesa v anekTpudecTsa Ans 06paboTkv 1 M2 CTOUHbIX BOA
C Pa3nM4YHON KOHLEHTpaumen Cr®* moxHo onpeaenuts No Tabnuue 2.57.

Tabnuya 2.57 — TeopeTnyecKkne pacxoabl Xenesa u anekrpuyecrTaa

KoHueH- o . | KoHueH- N .
TpaLus TeopeTuyeckun TeopeTuyeckni Tpauns TeopeTtuueckuin TeopeTtuyeckumn
%r@, pacxop, »xenesa, pacxop anekTpu- Cret pacxop xenesa pacxopa, anekTpu-
. /Ms’ riv® yectBa, A-u/m® . /M3’ rim® yecrtsa, A-u/m®
1 3,22 3,08 10 32,2 30,8
2 6,44 6,16 20 64,4 61,6
3 9,66 9,24 30 96,6 92,4
4 12,88 12,32 40 128,8 123,2
5 16,10 15,40 50 161,0 154,0
6 19,32 18,48 60 193,2 184,8
7 22,54 21,56 70 2254 2156
8 25,76 24,64 80 2576 246 .4
9 28,98 27,72 90 289,8 2772
10 32,20 30,80 100 322,0 308,0

Mpn obpaboTke obLlero croka ranbBaHWYECKOro Liexa, B KOTOPOM CofepxaHue
Cr®* 3HauNTENbHO NPEBLILLAET COASPXKAHNE MOHOB APYIUX TSKEMbIX METASIIOB, Kak MPaBuro,
[OCTUraeTcsi BbICOKasi CTEMEHb OYUCTKM U OT MOHOB 3TUX METAmNIOB Mpu pacxofe 3nekTpo-
SHEPrMW, N METanNNYECKOro XKenesa B KoNm4ecTBax, HeoBxoaANMbIX TONBKO ANS YAANEHUS n3
cTouHbIX Bog Cr®*. Mpu 3TOM HET HeoBXOAMMOCTU NPefBapUTENbHO [OBOAWTL PH CTOKOB 40
pH rmgpokcnpoobpasoBaHusa THKENbIX MeTannoB. B Tex cryyasix, korga B OOWEM CTOke
raneBaHW4ECKOro Lexa CoefHeHUs LWecTUBaneHTHOro Xxpoma He npeobnagaroT, LOCTaTOuHO
BbICOKas CTEMEHb OYUCTKN CTOYHbIX BOA OT MOHOB TSPKEMbIX METanNNoB AOCTUraeTcs npu uc-
XOAHoMW BenuunHe pH cTouHbIx BOg, 6nnskor k BennumHe pH Hauana o6pasoBaHna cooTBeT-
CTBYHOLMX MMAPOKCMAOB METANMOB, a TakKe NpuW YCIOBMU Nepesofa B pacTBOp ONpeaeneH-
HOro KOnMyecTBa xxenesa.

Ha pucyHke 2.25 npepcrtaBneHa npuHUMNManeHas cxema 3neKkTpokoarynsumoHHOW
OYMCTKWN. DNEKTPOKOArynAaTop BKMOYAET B cebs ABe CeKuuM: NnacTUHYaTbi SnekTponusep
BEPTMKANBHOIrO NCMOSIHEHWS C NOABOAOM OYMLLIGEMOW BOALI CHU3Y BBEPX M OCBETINTENb.
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XpOMOBbIe
CTOKN

HRLOPO-VICTRY OT
xoava () ieresa

1 — HakonuTenb Xpomcoaepxallinx CToOKoB; 2 — Hacoc;, 3 —
3/1eKTpOoKoarynaTop;
4 — BbINpAMUTENDb; 5 — f03aTop pacTBopa xaopuga HaTpus

PucyHok 2.25 — MpuHUMnuanbHas cXxema 3M1eKTpoKoarynsiuMoHHON OUNCTKM

Mpouecc NpoBOAAT Npy cnegylowmx napameTpax: MIOTHOCTb Toka Ha aHoge — 0,6—
1,5A/amM2 ana KoHUeHTpupoBaHHbIX Bog u 0,15-0,8 A/gm2 gns pasbasneHHbIX (>100mr/n)
CTOKOB; HanpshkeHwe Ha anektpogax— 12-24 B (npu conecogepxaHun mexHee 500 mr/n), 6-
12 B (npu conecogepxaHun 6onee 500 mr/n); Npoao/KUTENbHOCTL 06paboTkm — 60-180 c;
MaTtepuas afekTpofoB— HusKoyrnepoguctasa ctasib (Cr.3, CT.4 vuAap.); TOMWMHA 3/1EKTpo-
00B 3-8 MM; paccTosiHue mMexay anektpogamu — 6-12 mm. [na obecneyeHns paBHOMEPHO-
CTV M3HOCA W YMeHbLUeHUss naccuMBalMn aHOAO0B PEeKOMEeHAyeTCs OCYLLeCTBAATL nepuoguye-
CKYID CMEHY MONAPHOCTU 3nekTpofoB Kaxable 0,5—1,0 u. lpouecc anekTpokoarynaymm mo-
XeT 6blTb 3HAUYNTENIbHO MHTEHCU(MUMPOBaH NpU MNOBbILWEHWM TemnepaTypbl obpabaTbiBae-
Mol Bogbl Ao 60 °C— 80 °C n aHOoAHOW NAOTHOCTU Toka 2-2,5 A/gm2. Mpu aTom TBepaas
thasza rmgpokcnMaoB MEHSIET CBOK CTPYKTYPY M npuobpeTaeT peppomMarHuTHbIE CBOMCTBA.

Mpn 3anekTpokoarynauum ropcogepXalinx CTOYHbIX BOL NPUMEHSIOT aslloMUHUEBLIE
3/1eKTPObI.

B nocnegHve rofbl NpeasioxXeHo MHOro KOHCTPYKUWI 3/1eKTPOKoarynsTopos, pasnu-
yarLmxcs:

- M0 CMOCOBY OUYUCTKN — 3/IEKTPOKOAryNsaTOPbl, 3NEKTPOdI0TATOPbLI C PACTBOPUMbIMU
aHojamu, 31eKTpod/I0TOKoarynsTopsl;

- M0 NPUHUMNY AeACTBUA — HENpepbIBHbIE U MONYHENPEPbLIBHBIE;

- M0 YnCny KaMep — OfHOKaMepHble N MHOTOKaMepHbIe;

- M0 KOHCTPYKTMBHOMY O(OOPMJIEHUIO annaparoB — 3/1EKTPO/IM3HbIE BaHHbI, KOJIOH-
Hble, 6apabaHHble, KOHMYeckne, Tpybuatble;

- M0 KOHCTPYKTUBHOMY OCDOPMJIEHMIO 3N1eKTPOAHOro 6510ka — € HEenoABMXHbIMK, Bpa-
LALWUMANCS, OBUXKYLLMMUCS, KONEBAIOLWMMUCA 3NEKTPOLAMN;

- M0 MEeCTYy YCTaHOBKMN 3M1EKTPOLHOIO 6/10Kka — C COOCHbIMU M BbIHOCHBIMU 6/10KamMu;

- 0 PAacnofIOKEHNO 3MEeKTPOAO0B — C FOPU3OHTA/IbHBIMW, BEPTUKAIbHbIMU, HAaK/OH-
HbIMW 1 KOMBUHVMPOBAHHbIMU;

- M0 TUNY NOBEPXHOCTW 3NEKTPOAOB — MacTuHYaTble, UWIMHAPUYECKNE, KOMbLEBbIE,
CTEPXHEBbIE, NPU3MEHHbIe, ropupoBaHHble, NepdloprMpoBaHHbIe, CTPYXEYHble, rPaHy/IMpo-
BaHHbIE;

- N0 hopme ToKa — C MOCTOAHHbIM, NEPEMEHHbLIM U MYbCUPYIOLLUM TOKOM;
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- no cnocoby nogaym CTOKOB — MPSMOTOYHLIE U NPOTUBOTOUHBIE,

- no cnocoby yaaneHus oTX0A0B — C €CTECTBEHHBLIMU, MEXaHUYECKUMN U NHEBMAaTU-
YeCcKMMK YCTPOMUCTBaMN U T. 4.

[lBa OCHOBHBLIX HeEAOCTaTKa KNacCUYECKOro 3SMeKTPOoKoarynsuMoHHOro annapara —
naccvBaums anekTpoAoB M 6e3Bo3BpaTHble MOTEPU CTanbHbIX 3NMEKTPOAOB — YCTPaHEHbI
NPU MCMONb30BaHMMN 3aCbINHbIX CTPYXEYHbIX aHOAOB M pasfenbHon paboTe 3nekTpogHOro
6noka 1 KoarynsiLMoOHHOM Kamepbl. ANEKTPoAaMKN CRyKaT NUCTOBbLIE UMK CTPYXEYHbIE OTXOAbI,
3arpyxaemble B crieLyuanbHble KacceTbl C rpadpuToBbIM TOKONOABOAOM. B kauecTse pacTso-
pa ncnonb3yloT NMbo oTpaboTaHHbIE KUCTIbIE MW WETOYHbIE SNEKTPONMUTbI ranbBaHUYeCKNX
npownssoacTs, nubo pacTtBop xnopuaa Hatpusa. HapaboTtaHHbIn Takum oOpas3oM koarynsiHT
(3nekTporeHepnpoBaHHbIA KoarynsHT, deppodeppmurinaposons, ruaporeHT-SM u T. n.) cobu-
paeTcs B eMKOCTM, OTKyAa Ao3npyeTcs B obpabaTtbisaemyto Bogy. [JOCTOMHCTBa 3TOr0 METO-
[ia 3aknoYaloTca B CTabunbHOM BbIXo4e MeTanna no TOKY NPy HU3KMX 3aTpaTax anekTpo-
aHeprmn. K HepocTatkam criefyeT OTHECTU CHWKEHME CO BPEMEHEM Koarynupytowen wu
COPBLIMOHHON CMOCOBHOCTUN 3MEKTPOreHepPUPOBaHHOIO KoarynsHTa U Of4HOBPEMEHHOE MOHU-
XEHVe ero BOCCTaHOBUTENbHOW CMOCOBGHOCTM MO OTHOLUEHMIO K MOHaM LUECTMBANEHTHOro
Xpoma BCNEACTBME OKUCNeHWs rmapokeunaa xenesa (Il) kmenopoaom Bosayxa, a Takke MnoBbl-
LUEHHOE cornecofepkaHme obpabartbiBaemMon BOABI NPU UCTONBL30BaHUMA KOHLIEHTPUMPOBaHHBIX
3MEKTPONUTOB ANIA N3roTOBMEHUs koarynsaHta. CpasHuBas 3dpheKTUBHOCTL OUMCTKA MO ABYM
MeTofam 3neKTpokoarynauum (TpagmMumMoHHOM U ¢ pasaenbHbiM 06pasoBaHneM KoarynsiHTa)
npv 0AMHAKOBbIX PACXOAaX Xenesa, HYKHO OTMETUTb, UTo obeaspexmBaHne xpoma (VI) npo-
WCXOAMWT OfMHAKOBO XOPOLLO, B TO € BPEMS MO HUKEMO, LIMHKY U Xenesy pesynbTaTtbl, Nosy-
YeHHble TPaAULMOHHOM 3neKkTpokoarynsuuen, nyywe. 9T0 CBA3aHO C TEM, YTO BO Bpems
anekTpokoarynsauMmM Hapsgy ¢ agcopbumen npoucxoauT nosbieHve pH cpepgbl, cnocob-
CTBYIOLLIEE NyYLIEeMYy YAANEHUIO TSXXENbIX METannos.

TakvM 0bpasoM, METOA, OCHOBAHHBLIV Ha pa3feneHny Npouecca dneKTpoKoarynsiLmm
Ha ABe CTaguu, BMOMHE MOXET AOMOMNHUTL SMEKTPOKOArynsauuio AnNS NEpBUYHON OYUCTKN
CTOKOB, a Npu obe3spexmnBaHun xpoma (VI) — 1 3aMeHnTb ero. 3To AacT BO3MOXHOCTb CHU-
31UTb SHeprosatparbl, 3KOHOMHEE UCMONb30BaTb XENe3o N yBenMyuTb NPON3BOAUTENBHOCTD
3NEKTPOKOArynsiTopoB 3a c4YET 6onee BbICOKMX NIIOTHOCTEN TOKA NP NOMNYYEHUN oKenrnapa-
TOB Xeresa.

B kauyecTBe OCBETNUTENS UCMOMbL3YIOT OTCTOMHWKW, (hIOTaTopPbLI-OTCTOMHMKM, drioTa-
TOPbI-OCBETNUTENWN. TaK KaK B 3NEKTPOAHON CEKLMN MPOUCXOAUT YCUIEHHOE HaCbILLEHNe BO-
Ibl Ny3bipbkamy BbIAENSIOWErocs BOAOPOAA, TO B OCBETNMUTENE YaCTb CKOArynMpoBaHHOW
TBEpAON (hasbl BCMNbIBAET HA NOBEPXHOCTL BOABI, @ YacTb oceaaeT Ha AHO. [Ing ymeHbLue-
HUa obbema ocagka U yCcKopeHWs npoLecca ocBeTneHns B obpabatbiBaemyto Bogy pobae-
NS0T pacTBOp nonvakpunamuaa B konuyectase 30 Mr/n.

Mpu cobniofeHnn ykasaHHbIX YCIOBUN U MCXOAHOW KOHLEHTPaLUUN KaXA0ro 13 MOHOB
TSXKENbIX MeTansos, He npesbiwatowlent 30 Mr/n, CTeneHb OYUCTKM OT HUX CTOYHbIX BOJ, CO-
craenset 90 % — 95 %. MNocne 24-yacoBoro ynnoTHeHNs o6bem ocaaka yMeHbLIaeTcs Ha
20 % — 30 %, BNaHOCTb ero npu aTom agocturaet 98,2 % — 98,5 %.

Mpy HeoGXoANMOCTM OCYLLIECTBISIIOT JOOYNCTKY OT MOHOB TSKenbIX MeTannos obpa-
BOTKOW LLIENOYHBIMU peareHTaMu ¢ nocrieaytowen unbTpaunen Ha necyaHbiX U NEHONONM-
CTUPONbHbIX PUMNLTPaXx.

Anekrtpodnorauun. MNpu anekTpodnoTauum 3nNeKTPONUTUHECKM NONYyYeHHble raso-
Bble Ny3bIpbKW, BCNIbIBas B 06beMe XUAKOCTM, B3aMMOAEUCTBYIOT C YacTMLaMmn 3arpasHe-
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HUI, B pesynbTaTte Yero NPOUCXOAUT UX B3aMMHOE crivnaHue, obycroBneHHoe YMeHbLUEHN-
€M MOBEPXHOCTHOM 3HepPrmn noTUpyemMon YacTulsl U Ny3bipbka rasa Ha rpaHuue pasgena
a3 «kMaKoCTb — rasy». [NoTHOCTE OBPasyroWMXCS arperaTtoB MeHbLUEe MAOTHOCTU BOABI,
yTO O0BycnaBnuBaeT WX TPAHCMOPTMPOBKY Ha MOBEPXHOCTb XUAKOCTU U HaKOMNEHWe Tam
dnoTownamMa, KoTopbIN NEPUOANYECKN yaanseTcs u3 annapara [48].

PUSNKO-XUMMNHECKNE NMPOLIECCHI, MMEIOLLME MECTO B 3neKTpodnoTaumMOHHbIX annapa-
Tax OYUCTKW BOAbI, BKMHOYAKOT B CeBA 3NEKTPONUTUYECKYIO FreHepaLmio ra3oBbIX Ny3bIPbKOB,
aAresmio rasoBbIX My3bIPbKOB M YacTUL, 3arpsA3HEHUA, TPaHCNOPTUpoBaHue 06pa3oBaBLUNXCS
arperaTtoB «MnysbIpek rasa — 4acTvua 3arpasHeHus» Ha noBepxHoCcTb obpabatbisaemont
XKMOKOCTU.

Tak kak npw 3neKkTponv3e BOAbI C HEPACTBOPMMBIMW 3MEKTPOJAMW BbIAENSAETCA
B 2 pa3a 6onblue BOAOPOAA, YEM KMCMOPOAA, TO M OCHOBHYIO POsb B Npouecce anekTpodno-
Tauum BbIMOMNHSAIOT Ny3bIpbKY BOAOPOAA, BbiAENsoLeroca Ha katoge. Pasmep 1 MHTEHCUB-
HOCTb 0Bpa3oBaHWs My3bIPbKOB BOLOPOAA 3aBUCAT OT cocTaBa M Temnepatypbl obpabatbi-
BaeMOW XWUAKOCTW, MOBEPXHOCTHOrO HaTSIKEHUS Ha rpaHvue pasgena a3 «anekTpog —
pacTBOp», Marepuana 3nekTPoAoB, X POPMbI U LLEPOXOBATOCTH, NNOTHOCTY Toka. MameHssa
NepeYnCEHHbIE MapameTpbl, MOXXHO PErynmpoBaTb pasMep M UHTEHCUBHOCTb BbiAENEeHUA
My3bIPbKOB ra3oB NPV 3MNEKTPONn3e, T. €. KOPPEKTUPOBATL B 3aBUCHMOCTM OT xapakTepa 3a-
FPSI3HEHWI TEXHONMOMMYECKMIA MPOLIECC OUNCTKU BOAbI [49)].

Pa3smep ny3bIpbkoB rasa, BbIENSAIOMXCA Ha SNEKTPOAAX, 3aBUCUT OT COOTHOLLEHUS
CUN, BO3AENCTBYIOLLUMX Ha My3bipbk B MOMEHT UX 06pa3oBaHus U pocTa: NOBEpPXHOCTHOrO
HaTSXXEHNS U rugpocTaTnyecknx cun. Yem Gonbwnii pasmep nysbipbka, TemM 6onblumi pas-
Mep MepuMeTpa, No KOTOPOMY My3bIpeK YAEPXKMBAETCA HA NOBEPXHOCTUN 3NEKTPOAa, B TOXe
Bpems Tem OonblUe BbiTankuBaroLlas cura, nponopuuoHanbHasi B OCHOBHOM obbemy ny-
3bipbka. OTpbIB Ny3bipbka OT NMOBEPXHOCTW 3MeKTpoAa NPOUCXOAUT TOrAa, Koraa cuna ruapo-
CTaTUYEeCKOro NOAHSTUSA NPEBLILLAET YAESPKUBALIOLLYHO CUITYy MOBEPXHOCTHOMO HaTSHKEHMS.

O heKTMBHOCTE aNeKTPodnoTaumnm Bo3pacTaeT npu BBEAEHN (IIOKYSIHTOB.

Pacxon aneKkTpoaHeprMm Ha O4YMCTKY CTOYHbIX BOJ 3aBUCWT HE TONBKO OT XapakTepa
3arpsisHEHWI, CoCTaBa U pacxoja CTOYHbIX BOA, HO U OT KOHCTPYKLMW annapaToe, Marepua-
1a 3neKTPoOa0B M NapamMeTpoB npoLecca.

B PXTY wum. . UN. MeHpeneesa paspaboTtaHbl 3nekTpodnoTaumoHHbie annaparbl
C HEPaCTBOPUMbLIMW aHOAaMM ANSI OYMCTKU CTOYHbIX BOZA OT MOHOB TSPKEMbIX METASNOB, JKU-
pOB, Macen, AUCNEPCHbIX OpraHUYeckMx BELLECTB. INeKTpodIoTauUmMoHHbIE annapaTkl Bbl-
MyCKarTCA ABYX TUMOB: 6e3peareHTHbIN ANeKTPOXMMUYECKUIA MOLY b OYUCTKU W 3MIEKTPOXM-
MUWUYECKMI MOAYNb riyBOoKON JOOYNCTKN CTOYHbIX BOA [49].

BespeareHTHbIA 3MEKTPOXMMUYECKUIA MOZYMNb NMPeAHas3Ha4veH ANs OYUCTKM CTOYHbIX
BOA OT MOHOB TSKEMbIX LBETHbIX MeTannoB. Moaynb cocTouT 13 anekTpokoppekTopa pH,
LABYXCEKLMOHHOro anekTpodnotaTopa, BCNOMOraTerbHbIX €MKOCTEN ANSA NPOMBIBHON N OYU-
LLIEHHOW BOAbI, AO3UPYHOLLMX HACOCOB.

Pabota mopyns ocHoBaHa Ha npoueccax obpa3oBaHusa [UCnepcHon dhasbl HepacTBo-
PVYMBbIX COEAMHEHUM (rnaBHbIM OBOPa3OM FMAPOKCUAOB) TSXKENbIX METanNoB U UX 3NEKTPO-
drotaumm.

MpoMbiBHas Bopa, copepxallas voHsl Cu®, Ni¥*, zn®, Cr¥*, Fe¥, Cd** unavsmay-
anbHO WM B CMecK, MOJAaeTCs B KaTOAHYK kaMepy anekTpokoppektopa pH, roe 3a cuyeT
3MEeKTPONM3a BOAbI BbIAENAETCA BOAOPOS W NPOUCXOAWUT nojlwenadnsaHne cpepbl o pH
TMAPOKCMAOOBPa30BaHNA TSKENbIX MeTannos. B aHogHoM kamepe, oTaeneHHo memBpaHoi
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OT KaTOAHOW, NPOMCXOAUT HaKOMMeHWe aHWOHOB 3042‘, CI” n ap., 3a c4eT 4ero NpoUCXOAUT
obecconvBaHve Boabl. B anekTpodnoTauuMoHHOM kamepe MPOUCXOAUT 3nekTpodroTaums
MapPOKCMA0B METannoB B BUAE proTownama.

OuncTka oT uoHos Cr®* Npou3BOAUTCA NOCne BOCCTaHOBMNEHUSA 40 Cr¥*. Ouncrka uwn-
aHcofepXaLlmx CTOKOB OCYLLECTBIISIETCS NOCHE OKUCNEHNS LinaHa.

YcraHoBka paboTaeT B HEMPEpbLIBHOM pexvMe u obecrnevmBaeT W3BeYeHMEe WOHOB
MeTanna B BUAE rMApOKeHAa, AoBeeHne pH fo onTvMansHeIX 3HAYEHUM, NonyyYeHne aHo-
nvTa ans nepepabotku donotownamMa. dnoTownamM yaanseTcsa n3 anektpodnotaropa neHo-
CcOOpHbIM yCcTpoNCcTBOM. py NOKansHOM OYMCTKE CTOYHbIX BOA BO3MOXHO MOBTOPHOE WUC-
nonb30oBaHWe W3BMEYEHHOTO FMAPOKCMAA MeTanna Ha KOPPEKTUPOBKY W MPUroToBIEHWEe
3MEKTPONMNTA OCHOBHOW BaHHbI UMW 4151 NepepaboTkm SNeKTpoM3oM Ha MeTarns.

Ucnonb3oBaHne MOAyNs MO3BOMSAET OTKa3aTbCA OT peareHTHOro XO3AWCTBa, BKIOYa-
IOLLEro peakTopbl, OTCTOMHWKK, GunbTpbl. Moaynb Nnerko codetaetcs ¢ mobbiM Apyrum
OYNCTHbIM 0BOpYLOBaHMEM.

C nomMoLLpo MOAYNS OYULLAKOT CTOYHBIE BOAbI C HAYanbHOW KOHUEHTpauMend WOHOB
TskenbIx MeTannos He 6onee 200 mr/n. HekoTopble faHHbIe No anekTpodnoTaum ruapok-
CMA0B NpeacTaeneHsl B Tabnuue 2.58.

Tabnuuya 2.58 — O PeKTUBHOCTb SNEKTPODNOTALNOHHOM OHNCTKIN MMAPOKCNL0B
MeTannoB

Mokasatenb Cu(OH), Zn(OH), | Cr(OH); | Fe(OH),
McxonHasa KOHLeHTpauus, Mr/n 50-100 50-100 25-75 10-50
OcTaTouHas KOHUEeHTpauus, Mr/n 0,5-1,6 04-15 0,2-5,0 |0,05-0,16
MnoTHOCTbL ToKka B anekTpodnorarope, Alam® 1,5-25 1,5-24 1,015 1,0-1,5
Cuna Toka B anekTpokoppektope pH, A 2,0-8,2 2,6-10,0 [ 1,7-95 1,7-8,3
OHeprosaTparsl, KBT-u/M® 1,4-45 2,6-6,3 0,941 0,9-3,2
CTeneHb useneveHus, % 97,9-99,3 98-99,4 (93,3-99,3|99,3-99,8

ONeKTpoXUMMYECKUA MOZYNb FMyGOKOW A00YUCTKM NpegHasHadveH ans rnybokon po-
OUMCTKM CTOYHbIX BOA (MOCNE peareHTHOro, 3NeKTPOoKoarynsuMoHHOrO U ApYrux MeTOAOB
npeaBapuTenbHOM OYUCTKN CTOYHBIX BOA FanbBaHUYECKUX NMPOW3BOACTB U NPOU3BOACTB Ne-
yaTHbIX nnar) ot uoHos Cu®*, Ni¥*, Zn?*, Cd?%, Cr**, Fe*, Fe®*, AP* u ap. npu nobom cooT-
HOLLEHUWN KOMIMOHEHTOB B NPUCYTCTBUN Pa3fNUYHbIX aHNOHOB.

Paborta mogyna ocHoBaHa Ha 3neKkTpPodnOTaLMOHHOM U3BMEYEHUN ManopacTBOpU-
MbIX COEAVHEHUN TSKEMbIX LBETHLIX MEeTannoe, B OCHOBHOM B Buae docdartoB, nHanBUAY-
anbHO unn B cmeck, npu pH 7-10 3a cyeT ux cnoTayum NyssipbkaMmy BOAOPOAA U KNCMOPO-
Aa. Vicnonb3oBaHne HepacTBOPUMBIX aHOAOB U3 TUTaHa C OKCUAHBIM MOKPbLITUEM obecneyn-
BaeT BbICOKOE Ka4eCTBO OYUCTKM, TaK Kak He MPUBOAUT K BTOPUYHOMY 3arpsi3HEHUIO BOAbI.
dnoTtownam yaansercs n3 anekrpodnoraropa neHocGopHBIM yCTPOUCTBOM.

Mogaynb BkrtouaeT B ce65 ABYXCEKUMOHHLIN 3NEKTPOMNOTALMOHHLIA annapar, BCno-
MorarenbHble eMKOCTU Ansi NOKYNAHTa U peareHTa, A03VpYIOLLne HacoChl.

OcraTtouHasa KOHUEHTpauusa No MOHaM TShKenblX LUBETHbIX METAannoB COCTaBnsieT
He Bonee 0,01 mr/n (Npu HadvanbHon He 6onee 1,0 Mr/n), NO ANCNEPCHBLIM BeLLecTBaM —
0,5-1,0 mr/n.

Ha pucyHke 2.26 npeactasneHa npyuHUMnManbHas cxema ABYyXCTYNEHYATON SMEKTPO-
hroTaLmMoHHONM OuYUCTKM (MCcnonb3oBaHbl 06a Moaynst).
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O1 O

1 — cOOpHUK-yCcpeaHuTEeNb; 2 — HAcoc; 3 — 3/1IeKTPOKoppeKTop pH;
4 — cOOPHMK KNCNOTHOIO pacTeopa; 5 — anekTpodiotarop; 6 — cMmecuTesb;
7 — eMKOCTb C pacTBopoM pocthata; 8 — eMKOCTb C pacTBOPOM (DNIOKYNAHTA;
9 — BbinpsamuTesnb (No3. 3, 4, 5 — 6Ge3peareHTHbIN 3NEKTPOXMMUYECKUIA
MOAyNb, Mo3. 5, 6, 7, 8 — 3N1EKTPOXUMNYECKNIA MOAYb TNyOOKO OYNCTKM)

PucyHok 2.26 — lMpuHuunuanbHas cxema gBYyXCTyneH4yaTomn
9N1eKTPO0TALNOHHOW OUYNCTKM CTOYHbLIX BOZ

Takas cxema obecneuymBaeT OUYUCTKY CTOYHbIX BOZ, OT WMOHOB TSXKESNbIX MeTasfioB Ao
MNAK, pononHuTenbHoe ypaneHne noHos Ca2+ Mpa2+ n aHnoHos SO42', C032, CI Ha 15 % —
20 %, a Takxe 3(h(EKTVBHO YAANseT Xvpbl, Macna, AWCNEepPCHble YacTuubl OpPraHnyeckoin
npupogpl, cHnxaa XMK go 50-80 mr O2/n.

[ocTomHcTBaMu anekTpodioTaumun SBASIOTCA HEeNpPepbiBHOCTb MNpouecca, LUMPOKMiA
AvanasoH npuMeHeHusl, HebonbluMe KanuTa/ibHble W 3KCM/yaTauuoHHble 3aTpatbl, nNpocTas
annaparypa, CeneKkTUBHOCTb BblAeneHus npumeceil, 6osblias CKOPOCTb Mpouecca no cpas-
HEeHWIo C OTCTauBaHUEM, a Takke BO3MOXHOCTb MOJyYeHus wiamMa 6o5ee HU3KON BNaXHOCTU
(90 % — 95 %), BbicOKasi cTeneHb o4unmcTkn (95 % — 99 %), BO3MOXHOCTb pekynepauuu
ypansembix BewecTs [50], [51].

MeTopg anektponnsa. INeKTposn3 AsBnAetcsa 3(PeKTVBHbIM METOLOM W3BeYeHns
TSOKENbIX, LUBETHbIX, 6/1aropodHbiX WM AparoueHHbIX MeTaulioB, B NepByl0 oyepedb An, An,
Cu, Ni, Zn, Cd, n3 pasbasiieHHbIX pacTBOPOB 3/1EKTPOINTOB.

OdyheKTMBHOCTL npouecca CyLeCTBEHHO 3aBMUCUT OT MacconepeHoca, KOHLUeHTpa-
LUMX MOHOB METa/I/I0B, MJIOTHOCTU TOKa. 3NEKTPOXMMUYECKOE BblAeneHne MeTaslsioB U3 npo-
MbIBHbIX BOJ, rafibBaHOMPOM3BOACTBA BCTpevaeT onpefenieHHble TPYAHOCTU U3-3a OTHOCU-
TeNbHO HEeBO/bLUMX KOHLUEHTpaLmMii MoHoB MeTannoB (MeHee 1 /). Bbixog no Toky npu Ta-
KUX KOHLEHTpauusix B BaHHe O0ObIYHOM KOHCTPYKUMM Hebonblol W pe3ko nagaeT npu
YMEHbLUEHUN KOHLEHTpauum meTtanna. MNoaTomy cTaparwTcs no Mepe BO3MOXHOCTU YBeENu-
UYNTb MOBEPXHOCTb KaToJa U WHTEHCMBHbLIM MepemMeLllnBaeM WM 6bICTPbIM MNPOMNycKaHWem
yepe3 06bLEMHbIN 3NeKTpoh co3jaTb TypbOyneHTHOe ABWXEHWE 3/1eKTPONWTa, YTO CUIbHO
yMeHbLUaeT TONWUHY AMdY3MOHHOIO Cnosa 1 yBennymeaeT KO3hduLMEHT MacconepeHoca.
Becbma BaxHbIM BOMNPOCOM SBNSETCA BO3MOXHOCTb AasibHEMLero UCnosb30BaHus Bblie-
NeHHoro meTtanna. Havbonee ypauHbiM SIBASieTCA €ro WUCNoMb30BaHWEe B kayecTBe aHoga
B 3/1IEKTPOXMMMYECKOM MNpom3BoACTBE. YacTo ocafoKk aHOAHO PacTBOPSAT A1 NPUroTose-
HUA 3NEKTPONINTA W XEe CHUMAIOT C KaToga 1 nepepabartbiBaloT Kak BTOPUYHOE Cbipbe.
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Mo KOHCTPYKUMW 3NEKTPONMU3epbl AN BbiAENIEHNs MeTannoB M3 pasbaBneHHbIX pac-
TBOPOB MOXHO YCMOBHO pasfenuTs Ha 5 rpynn: | — ¢ NpoTOYHbIMK MNOPUCTLIMK U 06BEM-
HO-HackINHbIMK katofamu, || — ¢ Tak HasbiBaeMbIMU MCEBACOXKWKEHHBIMA SMEKTPOAAMM;
Il — ¢ nnocknmu anekTpoAamMu B BMAE NNAcTUH U CETOK U 3arpy3KON U3 MHEPTHbIX MaTe-
pvanoB (CTEKNSAHHbIE LLAPWKW, LMINMHAPLI U Np.) AMS CO34aHUS NyYLLero nepeMeLuvBaHia u
TYPOYNEeHTHOrO ABWXEHWA XuakocTy; [V — anekTponusepsl C KaTo4oM, BbIMONHEHHbIM B BU-
Ae BbICTpO BpaLaroLLerocst UMnMHApa, MHOrOrpaHHoW Npyambl Ui Apyroi nogobHOM KOH-
CTpyKumu; V — aneKkTponuaepsl TMNa «LWBeAckoro nuporay (Swiss roll).

I) Hanbonee npocTbiM BapMaHTOM NPOTOYHBIX KATOAOB SBMNAOTCH NOPUCTbIE (KaToAbl).
OpHako fO nocrnefHEero BPEMEHWM OHW PEAKO MPUMEHSNUCL Ha MpaKkTMKe, Tak Kak no mepe
OCaXAEHNs MeTanna nopbl 3abMBarTCA U NPU NOCNEAYIOWEM PaCTBOPEHUN OCKAEHHOMO
MeTanna 4Yactb nop ocrtayTtcsa 3abuTbiMu. Hanbonee nepcnekTMBHLIMA ABNSAIOTCA KaToAbl U3
BOINTOKHUCTOrO yrierpadutoBoro Marepuana, ckBosb Nopbl KOTOPbLIX NpokaynsaeTcs obpaba-
TbIBaeMbIA pacTBop. Ha 1 kr yrnerpadmToBbIx 3MNeKTPoL0B MOXHO ocanutb Ao 50 kr metan-
na. [lns otaeneHua meTanna oT 3MeKTpoda BHavyane MeTann nnaBunuv, a SneKTpog B 3TO
Bpems Bbiropan. Moaxe 6bina paspaboTaHa TEXHOMNOMS, No KOTOPOW MeTann ¢ yrrerpadu-
TOBOrO 3fEeKTPOAa aHOAHO pacTBOPSNM M OCaxAanum Ha nNockunh karop. Yrnerpadwr
He TepsieT CBOMX CBOWCTB W NOCe ABagLaTUKPaTHOro ucnonb3osaHus. KarogHbie n aHoa-
Hble KaMepbl NPOTOYHOrO KAcCEeTHOro Tuna, SNEKTPOAHbIe MPOCTPaHCTBa pasfaeneHbl MOHO-
oBbmeHHbIMM MembBpaHamu. BbicokopaseuTas peakuMOHHO-aKTUBHAsi NMOBEPXHOCTbL KaToaoB
No3BOMAET YBENMUMTL NPON3BOAUTENBHOCTL 3nekTponmsa bonee yem B 100 pa3 no cpaeHe-
HWIO C annapaTtamu C NAOCKUMU W NNacTUHYaTbIMM KaTogamn npu NpakTUYeCcKu paBHbIX ra-
BapuTHBIX pasmepax. YCTaHOBKM ANs SNEKTPOXMMUYECKON pereHepaumu tuna JY-1M obec-
neyrBaroT U3BNeYeHNe LBETHLIX U 6naropofHbIX METarnnoB U3 NPOMbILLNEHHbIX PacTBOPOB U
CTOYHbIX BOJ, C UCXOAHOW KOHLUeHTpaumen 0,02—2,0 r/n 4O OCTaTOYHOM KOHLUEHTpaUmn MeHee
0,1 Mr/n. 3nekTpoabl C 0CaXAEHHLIM METarnIoM MOTYT UCMONb30BATLCSA B KA4ecTBe pacTeo-
pPUMbIX aHOAOB B BaHHE HAHECEHMWS MOKPLITUA. DNEKTPONU3ep MOXET yCTaHaBnNMBaTbCA Ps-
LOM C BaHHOW ynaBnMBaHWUA MMM MHOTOCTYMNEHYaTON KackafHOW BaHHOW NPOMbIBKU. B aToM
crny4ae Hanbonee 3KOHOMMWYECKN LienecoobpasHor KOHLEHTPaLMEA MOHOB TSXKErnbIX LBET-
HbIX MmeTannos sensetcs 0,1-0,5 r/n.

Bonee wupokoe npumeHeHre nonyumnu 06bEMHO-HACkIMHbIE NPOTOYHbIE KaToAbl. Kak
npasnno, OHU COCTONAT M3 TOKOMPOBOASLLEN CETKU MMM NNACTUHLI, @ pabouyto YyacTb KaToaoB
COCTaBMAT LWAPUKA UMK rpaHyIbl M3 TOKONPOBOASALLEro Matepuana (anekrporpadura, me-
AW, cBUHUA, cepebpa) unm ke MeTannMavpoBaHHbIE CTEKNAHHbIE UMW MNacTMaccoBbIe Lua-
pvkn. HanpaesneHue noToka pacteBopa MOXET ObiTb NapannenbHO Unn NeprneHamKynapHo
HanpaBneHno aNeKTpMYecKoro Toka. AHogHasi obnacTb OT KaTOAHOW OTAENSeTCsl NOHUTOBON
membpaHon [52], [58].

OaHMM 13 BapuaHToB O0OBLEMHO-HACLIMHbLIX KAaTOAOB SBNSeTCs 0OblMHbIM HapabaH,
NMPUMEHSIEMbIA AN HAHECEHMUS raribBaHUYECKUX MOKPLITUMA Ha Merkue aeTtanu. [ns uasne-
YeHns Meaun na pasbaeneHHbIX cepHokucnbix pacteopos (1,4-0,01 r/n) 6apabaH 3anonHseT-
cs1 Ha 35 % obbvema CTanbHbIMU LWapvkaMy (AuameTpoM 4,5 MM), MOKPLITLIMU CIIOEM S1EK-
TPOXMMMUYECKON Mean TonwmHon 18 mkM. Mpu ckopocTn BpaweHna 6apadaHa 9 06/MuH cTe-
neHb nsBneyYeHns mean gocruraet 95 % (ncxoaHasn koHueHTpaumsa Mean — 100 mr/n) B 06-
nactn noteHuymanoe 0,6—1,2 B. KauecTeo MefHbIX NOKpbITUA nydwe (rnagkue, necrswme,
paBHOMEPHbIE), YeM MNOKPLITUN, NONyYaeMbIX B 3NEKTPONmu3epax ¢ OObIYHBIMUA HACLINHBLIMU
Kkatogamu.
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[) PaGoT No NceBaoOKWKEHHLIM BMEKTPOAAM OYeHb MHOrO. MpyumMepamn NPakTUYECKon
peanuaaunn MOryT CIyKUTb YCTAHOBKM YTUIM3aLmn HKeNs!, UMHKa, kaamus, cepebpa, 3oso-
Ta U3 NPOMbIBHBIX BOZ ranbBaHUYeckmx npoussoacts, usrotasnmeaemblx B AO LIKB «Tutan»
(YkpanHa, r. XmenbHuukuiA). MNceBaOOXKKEHHbIE KaToAbl COCTOSIT U3 METANMMYECKUxX unu
MeTannmaMpoBaHHbIX LLUAPVIKOB WUIA rPaHyr, KOTOpble 3arpyXaroTcs Ha MeTannuyeckyto To-
KOMPOBOAALLYHO CeTKy. [1py MHTEHCMBHOM MPOKauvMBaHUW XWAKOCTU CHWU3Y BBEPX YacTulbl
3MeKTpoLa HauMHarT MHTEHCUBHO ABMIaTbCA U B 3aBUCMMOCTM OT CKOPOCTU NPOKaunBaHUs
3aHumMaoT go 100 % obbema XUAKOCTM anekTponusepa. Takum obpa3om pocTuraeTcs
Bonbliasa paboyasa NOBEPXHOCTb KaToAa U CO3AaeTCs MHTEHCMBHOE NEpEMELLnBaHNe U Typ-
OyneHTHOe ABWKEHWE XnakocTh. CTeneHb OUYMCTKM, Kak npasuno, He npesbiaeT 30 %, no-
3TOMY 3M1EKTPONMU3EpP MOAKMHOYAIOT K MEPBOW BaHHE KackagHOM NPOMbIBKA UNW K BaHHE ynas-
NMBaHMS, YacTMYHO OuULLEHHasn Boga rojaetcs obpaTHo B 3Ty BaHHy. B Gesanadparmen-
HbIX 3MEeKTponu3epax MOTOK XUAKOCTU MaparneneH HanpaeleHWIO 3rEeKTPUYECKOro Toka.
Ecnn aHogHas obnacte oTaeneHa oT KaTogHoW anadparMon, TO NOTOK XUAKOCTU, Kak npa-
BMMNO, NEPMNEHANKYNSIPEH HaNPaBNEHUIO SMEKTPUYECKOro TOKA.

1Il) SnekTponuaepsl C kKaTogamum B BUAE NITOCKUX NNACTUH C MHEPTHOW 3arpy3kon U3ro-
TaBnMBaroTcsa aHrnuickor compmon Electricity Council Research Centre T.H. Chemeles cell.
B anekTponusep nomeLlaeTca HECKONLKO Map CeTYaTtbiX 3MEKTPOAOB, MEXAY KOTOPbIMU 3a-
TPY>KEHb| CTEKMsIHHbIE LIAPUKL. [JBUXKEHNE MOTOKA XUAKOCTU PErynmMpyeTcs Takum obpasom,
yTOGbI LAPWKM pacnpeienanicbs paBHOMEPHO BO BceM ero obveme. OnmcaHo mcrnonb3oBa-
HMEe Takoro aneKTponmaepa AN pereHepaumu Hukens, meaun, cepebpa, sonora. Npu KoHUEeH-
Tpaummn Hukensa 200 mr/n Bbixog no Toky paBeH 30 %. KavecTBo ocagka xopoluee. QnekTpo-
nmaep paboTaeT Mo MPUHLMIY «M3 BaHHbl B BaHHyy». MeTann BblaensieTcsi Ha ceT4yaTbIxX ka-
Tofax, KOTOpble MOTOM MUCMOMb3YTCA B Ka4ecTBe aHOAOB NPU HAHECEHUU ranbBaHUYECKNX
MOKPbITUA.

IV) PaboT no nccnegosaHuio SNeKTPOnNM3epoB ¢ KaToAOM B BUAE BPaLLAIOLUXCH Un-
NMHEPOB HemHoro. Ucnomnb3oBaHue 3nekTponvM3epoB € TakMMK Katojamu anpobuposaHo
B paboTarolemM B NOTEHLMOCTATUYECKOM PeXuMe annaparte, katogoM KOTOpOro SBMASCA
UMINMHAP W3 HepXXaBewLen ctany AnaMmeTpoM U BbICOTON OKONO 6 CM, BpalaroLUncs co
ckopocTbro 1200 06/MuH. YeTbipe aHoga us PbO, otaeneHbl oT katoaHoM o6nactn YeTbipb-
MS KATUOHWUTOBLIMU MeMBpaHamn. CTeneHe ouncTkn gocturaeT 22 %.

V) Onektponuaep Tuna Swiss roll npeacraBnseT cobow CBEpHYTLIN Ha MeTannuye-
CKOM CTEpXHEe B ANMUHHLIA pynoH «ByTepbpoa» M3 ABYX 3NeKTPOAOB M cenaparopa 13 He-
SNEKTPONPOBOAHOrO Marepuana mMexay HuMn. CenapaTtopom CryXWT NMOPUCTLIN TOKOHENPO-
BOASALMIN maTepuan (Hanpymep, NONMNPONMneHoBas TkaHb unu cetka). OH Hy>XeH Ans Toro,
4TOObI MCKNIOYUTL 3NEKTPUYECKUNA KOHTAKT MeXAy 3neKTpoaamu (aHOZOM U KaToaoM) U co-
34aTb HEKOTOPOE NPOCTPaHCTBO AN pacTeopa. PynoH AByx anekTpofoB U cenapatopa no-
MeLLaeTcs B UMMMHAP Takum 06pasom, 4ToObl BHEWHWI 3NEKTPOA U MEeTanM4eckui um-
TNMHAP KOHTaKTMPOBanu Apyr ¢ APYroM. QNeKTpUYECcKUiA TOK NOABOAUTCA K 3nekTpoaam ue-
pes MeTannmM4eckui LUMMMHAP W LeHTPanbHbIN MeTannuueckui ctepkeHb. [BukeHue pac-
TBOPa OCYLWECTBMASTCA B HanNpaBneHUW, NapannesibHOM LEHTPanbHOMY CTEPXKHIO. Jnek-
TPONU3epbl TaKoro TMNa MMEIOT Creayowme AOCTOMHCTBA: OTHOCUTENbHO Gonbluas yaens-
Haa NOBEPXHOCTb 3NEKTPOL OB, BO3MOXHOCTE UCMNONb30BaHUS AELIEBbIX MaTepuarnos Ana ux
W3roTOBMEHNS, KOMMAKTHOCTb M NPOCTOTA KOHCTPYKLMK, BbiCOKasi NPOU3BOAUTENBHOCTL Bna-
roaaps MCnonb3oBaHMio GorbLUMX CKOPOCTEN MacconepeHoca, OAHOPOAHOCTL pacnpenerne-
HMSA noTeHumana no MOBEPXHOCTU 3NEKTPOAOB, AOCTWKEHWE BLICOKUX BbIXOLOB MO TOKY.
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Ha pucyHke 2.27 npepcraBfieHa NpUHUMNMANbHAS CXEMa OYMCTKM CTOYHON BOAbI METOAOM
anekTponmsa.

1 — c6opHUK NPOMbIBHON BOAbl; 2 — Hacoc; 3 — anekTponusep; 4 —
BbINPSAMUTENb

PucyHok 2.27 — [MpuHUMNuanbHas CXema OYMCTKU CTOYHOW BOZpbI
MeTOLOM 31eKTponun3a

MpakTuueckoe MNPYMEHeHWe MeTOf 3/1EeKTPOoNn3a Hawen npu ob6e3BpexuBaHnun Xug-
KMX OTXOA0B C 60/bwinMu KoHueHTpaumamu Cr (VI) (6onee 2 r/n). 3nekTponv3 npoBoauTcs
C HepacTBOPMMbIMW CBMHLOBbIMW aHOAaMu WIn aHofamu M3 CBUHL0BO-O/IOBAHHOIO criasa.
KaTtoabl n3rotaBnMBaloT 13 NernpoBaHHoli ctann. B npucytcteun moHos Fe (lIl) nHTeHcudgum-
umMpyeTcs katogHblii npouecc BocctaHoBneHus Cr (VI) go Cr (lll) 1 04HOBPEMEHHO WMHINMGU-
pyeTcsa aHoAHblii npouecc okucnenms Cr (1ll) go Cr (VI). Mocne 3neKkTpoxummyeckoit obpa-
60TKM K XXUAKMM OTX04aM [06aBNAIOT LWeNoYHble peareHTbl Ans ocaxaeHusa Cr(OH)3. dnek-
Tponu3 vaule BefdeTcsA B 6e3amadparMeHHOM HENPOTOYHOM 3/IEKTPONN3EPE MePUOLMNYECKO-
ro pelicteua. TexHoMOrMyeckas cxema 3NeKTpoXMMuyeckoro BoccTaHoBneHnus Cr (VI)
B CTOYHbIX BOJaX, KpOMe 3/1eKTponusepa, BKYaeT 060pyfoBaHue AN KOPPeKTMpoBku pH
OUMLLEHHOI BOAbl, NpoOLUeALleli 3N1eKTPoIn3, a TakkKe ee OCBeTNeHuss unn unbTpauym. Me-
TOA, 9N1eKTpoNn3a HaxoauT NpYMeHeHne 1 Ans 06e3BpeXnMBaHus LMaHCOAepXKaLlnx CTOUHbIX
BOA M 0TpaboTaHHbIX PacTBOPOB C KOHUEHTpauven uvaHugos 6onee 200 mr/n. OUYUCTKY BO-
bl OT UMaHugoB NpoBoAAT B 6e3gnadparMeHHbIX OTKPbITbIX 3/1EKTPO/IM3Epax HemnpepbIBHO-
ro WAN NepuogNYeckKoro aencTeusi. CTeneHb OYUCTKM OT UmMaHuaos gocturaeTt 100 %. B Buge
KaToAHbIX ocadkoB yTunusvpyetca 0o 80 % obuiero Konumyectsa MeTasia, CoAepxallerocs
B CTO4YHbIX Bogax. OcTasibHOe KOMMYecTBO MeTanna ypanserca B Buiae rUapoKCUAOB.
B kayecTBe aHOAOB UCMO/b3YOT MarHeTUT uam PbOr Ha TUTaHOBOI OCHOBE, a Takxe rpadm-
TUPOBAaHHBIN yronb B BUAE MAUT UM CTepxHei. lpouecc MOXHO WHTeHcuMuupoBaTb 3a
CYeT UCNoNb30BaHWs MPOTOYHbIX NnacTuH4Yatbix (OPTA, OKTA) anektpogoB. [MepcnekTus-
HbIM SIBNAETCS MCMNO/Ib30BaHWe 06BbEMHO-MOPUCTLIX 3/1IEKTPOAOB U3 yrnerpadduToBbix MaTe-
pvanos. AHogHas NNoTHOCTbL Toka — 0,5-2 A/gm2. KaToabl — ¥3 NIerMpoBaHHbIX cTanei.

Mpu 3anekTponuM3e Ha aHofe B LUENOYHOW cpefe MPOUCXOAMT 3NEKTPOXMMMYecKoe
okncneHne CIST-MOHOB M KOMM/IEKCHbIX aHMOHOB Tuna [Cu(Cbl)3]2, [Zn(CN)s]2 ¢ obpa3oBa-
HVEeM LuMaHaT-MoOHOB; MO Mepe HaKOMIEeHWS B CTOYHbIX BOA4AX LMaHaAT-MOHOB NMPOUCXOAUT UX
YaCTUYHOE 3NEKTPOXMMUYECKOE OKUC/NEHWEe Ha aHofde C obpa3oBaHMeM HETOKCUYHbIX ra3o-
06pasHbiX NPoaykToB. Ha katoge npoucxogut obpas3oBaHve BOLOPOLA Mpu paspsie WUOHOB
H+ nnn ocaxaeHve meTannoB npu paspsge moHoB [Cu(CN)2Z', obpasyowmxcs npyu Ancco-
Lmauun KomnsekcHbix noHos [Cu(CN)32:.
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[ns NoBbILLEHWS 3NEeKTPONPOBOAHOCTM OYULLAEMbIX CTOMUHBIX BOJ, CHWKEHUS pacxona
3NEKTPO3HepPrm, NHTEHCMMKaLMK npoLecca okucnenus uuanuaos gobaenstot NaCl B ko-
nmyectee 5-10 r/n, Npu SnNeKTponu3e KOTOPOro oBpasyeTcsi akTUBHbIA XNOP (rMNOXMopuT
HaTpWs), Y4acTBYIOLLMIA B NPOLECCe OKUCNEHNS LMaHNA0B.

TemnepaTypa obpabaTsiBaemon cTouHon Bogel — He Bonee 40 °C — 50 °C, pH > 11,
obbemMHas nnoTHocTb Toka — 1-3 A/n, MpofdomKMTENBHOCTL 06paboTkn — 20-30 MUH.
YaenbHbIl Pacxop aNekTposHeprm — 40 kBT-u/m.

MpenmyLecTBamMmn AaHHOTO MeTofa Npu 06e3BpeXMBaHNN LMAHCOAEPKALLUMX CTOUHbIX
BOA (MO CpaBHEHWIO C peareHTHbIMW) SBMSKOTCH: KOMMaKTHOCTb YCTaHOBKM; NPOCTOTa 3KC-
nayaraumum; BO3MOXHOCTb aBToMatmasaumu; npaktmydeckn 100%-Hasa cTteneHs OYUCTKU OT Lmn-
aHWAOB; YTUIIM3aUMst METaNOB M3 CTOYHbIX Bog A0 80 %; BO3MOXHOCTL 06paboTkun BbICOKO-
KOHLIEHTPMPOBaHHbIX PacTBOPOB.

B ka4yecTBe He[OCTaTKOB MOXHO OTMETWUTb 3arpsi3HEHHOCTb OYMLLEHHBLIX CTOKOB akK-
TMBHbIM XrnopoM Ao 200 Mr/n n HEBO3MOXHOCTb MHTEHCUMUKALMK NpoLecca NyTeM NoBbILLe-
HUS TEMNepaTypbl PEaKLMOHHOW CPeabI.

B 3aB1CMMOCTUM OT cocTaBa M CBOWCTB CTOYHbIX BOA TPEGOBaHNA K KAYeCTBY OYUCTKU
OYMCTHBIX COOPYKEHMI MOTYT PacrnpOCTPaHATECA HA COOPYKEHUA MEXaHNYeCcKon (npeasapu-
TENbHOM) OYUCTKMN, COOPYKEHNS (PUSUKO-XUMUHECKON OUYUCTKU, COOPYKEHUS JOOUNCTKM (rny-
OOKOM OUMCTKM), COOPYKEHMA 0OpPaboTKM 0CaAKOB CTOUHBIX BOA, peareHTHOe XO3ANCTEO.

COOpyXEHNs1 MEXaHUYECKON OYUCTKU NpegHasHaveHbl ANS OYUCTKU CTOYHbIX BOA OT
Hamnbonee KpynHbIX 3arpA3HEeHWUN (MECKOMNOBKW, PELUETKN) TSHKEenbIX B3BeCen (MeCKONOBKM),
TOHKOAMCMEPrMPOBaAHHBIX HEPACTBOPUMBIX 3arpA3HEHUN (OTCTOMHUKW, oceeTnutenn). Ona
rnpuemMa n XpaHeHWs CTOYHBLIX BOA WCMOMb3YOTCH MPUEMHbIE E€MKOCTW, ANA HAKONNEeHWs
onpegeneHHoro obbemMa CTOYHbIX BOA C LieNblo BbIpABHUBAHUS (YCPEAHEHWs) CTOKOB MO
BPEMEHW, KOHLIEHTPaLWK, pacxofdy W TeMnepartype — yCpeaHWUTEenu, a Ansi nepekaykm cTou-
HbIX BOA — HaCOCbI.

CoopyxeHnst PU3MKO-XMMUYECKOW OYMCTKU NMPeAHasHayeHbl Ansi NepeBoAa TOKCUY-
HbIX BELLECTB B MEHEE TOKCMYHbIE UM HETOKCUYHBIE C UCTIONb30BaHWEM 0B0pyAOBaHuWS, pa-
B0oTa KOTOPOro OCHOBaHa Ha XUMUYECKMX, (PU3NYECKMX U (PU3NKO-XMMUYECKUX MpOoLieccax.
K Takomy o06opynoBaHnio OTHOCATCS PeakTOpPbl, 3NEKTPONM3epbl, COOPHUKKN, MCTOYHUKN TOKA,
HacoChl, NEpEMELLNBAIOLLME YCTPOUCTBA U Ap.

CoopykeHns JoOUMCTKM (rnyBOoKOM OYMCTKN) MPeAHa3HayveHbl AN JOOYUCTKA CTOKOB
OT 3arpsA3HEHNIA, HaxoAALMXCH B pacTBOPEHHOM U ANCNEPCHOM COCTOsIHUM. B coctas moryT
BXOAMTE (PuUnbTpyowme, copOLMOHHBIE 1 MOHOOOMEHHBIE annapaTsbl, ycTaHoBku obecconu-
BaHWs, a Takke COOPHUKUN, NCTOYHMKM TOKa, HACOCh!.

CoopyxeHns oBpaboTkm 0cagkoB CTOYHbIX BOA obecneumsaroT cOop Linama u ero
obe3soxmeaHne Ao 70 % — 80 % BnaxHocTW. B cocTaB coopyeHus MoryT BXoauTs: cbop-
HWK CyCMeH3nK1, HacoC LUNamoBbIn, PUnsTP-Npece, COopHUK hunsTpara.

PeareHTHOE X039MCTBO NpefHasHa4YeHo ANS NPUroTOBIEHNA, XPaHEHUs N [O3MpoBa-
HWS pacTBOPOB peareHToB (BOCCTAHOBUTENEWN, OKUCNUTENEN, (ONOoKyNsHTOB, KOarynsiHToB,
KoppekTopoB pH 1 ap.), NpMMeHsieMbIX B NPOLECCe OYNCTKN CTOYHbIX BOA. B cocTas pearen-
HOro X03ANCTBA MOTYT BXOAUTb PACTBOPHbIE U pacxodHele Baky, HacoC-A03aTopsl, Nepeme-
LUMBatoLLMe yCTPONCTRA.

[na ynpaBneHns n aBToMatn4yecKoro KOHTPOIs NMPOLECCOM OYMCTKM CTOYHBIX BOA CO-
OPYXEHUSA OYNCTHBIX COOPYXEHUN OCHALLAKTCA LWUTamMn yrnpaenenus, gatynkamm pH m Eh,
YPOBHEMEPAMM, MOHOMETPaMK, PACXOAOMEPAMY, BU3YarbHBIMA N 3BYKOBBIMU CUrHaNM3aTo-
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paMy KOHTPONA U U3MEPEHMA TeXHONOrMYecknx nokasartesnei npouecca yaaneHus BpeaHbIX
XUMUYECKUX 3arpa3HUTENeil U3 CTOUHbIX BOg 1 Ap.

B cocTaB OUYNUCTHLIX COOPYXeHWi cnefyeT Bk4YaTb aKcnpecc-nabopaTtopuio, B KOTO-
poii Npou3BOASATCA KOMIMYECTBEHHbIE W KauyeCTBEHHble aHafu3bl BbIGPOCOB UM C6pPOCOB U KO-
Topasi UMeeT COOTBETCTBYWOLWEE 060pyAOBaHNE.

2.8.2.1.5 OpraHusauma npouecca O4YUCTKN CTOUYHbIX BO/,

Mo o6l enpuHATON CXeMe OYUCTKM CTOYHbIX BOJ OHM O6LLMM MOTOKOM HanpasAAlTCA
Ha OYMCTHble COOpYXeHus (CM. pUCYHOK 2.28). B pesynbTate 3T0ro obpasylTca HepgocTa-
TOYHO OYULLEHHblIE CTOYHbIE BOAbl, KOTOPble HeMb3A cbpacbiBaTb B NPUPOAHbIEe BOAOEMbl, —
npeBblllEHNEe OCTaTOYHOM KOHLUEHTpauun WOHOB TAXenblX MeTannos Hag MAK ana sopoe-
MOB pPbl6OXO3AACTBEHHOrO 3HauYeHWs cocTaBnsfeT AecATKW pas. B pe3ynbTate peareHTHOMN
OYMCTKM CMELLIAHHOIo KWUCN00-le/I04HOro CToKa o6bpasyeTca rajibBaHolnam, cofepxatiuni
TMOPOKCUAbLI Mefun, HUKeNsa, UWHKa, Xefesa u anloMuHuA. M3 Takoro rafbBaHowiama npak-
TUYECKN HEBO3MOXHO BblAe/NIUTb OTAE/IbHble TAXesble MeTabl, NO3TOMY OH B 6O0/bLINH-
CTBE C/y4yaeB NOANEXUT TPyAOeMKOl nepepaboTke nepej ero 3aXOpoOHEHNEM.

"anbBaHWYECKUIN Liex
nvHusa Nitay-Cugjj-Nigjj -Cr KOM24  Ha nogpeckax

NNHWS ZN nac.ron. 15 M2y Ha noggeckax 140 M24 B 6apabaHax
NMHMA AH.Okc. Al 50 M24  Ha noaBeckax
NNHYA Xnm.OKe. cTamm 50 M2u B KOp3UHaX

YUaCTOK YePHOBOW NOArOTOBKM CTa/n

Q=20 m3y
[Cv20= 5,0 mr/n
[Ni2]= 12,2 mr/n
[Zn2]=219 mrin  y
OumMCTHbIE COOPYXKEHNA
Me2~-» Me(OH)2

Q=20 M3y < NAKpbI6
wnam Me(OH)28  [Cu2oct> = 0,10-0,15 mr/n = 100-150 MAKpsis g qqj min
CreLopranmnsalito [NI2oct. = 0,25-0,75 mr/n = 25-75 MNAKpsis [Ni2]1=0,01 mr/n

Ha nepepaboTKy _ _ B
WM 3AXOPOHEHIE [Zn2q0CT =0,05-0,20 mr/n = 5-10 MAKpbI6. [Zn2q = 0,01 mr/n

PucyHok 2.28 — OpraHusaums 0O4NCTKM CTOYHbIX BOA O6GLMM NOTOKOM

Lna ouncTKM CTOYHbIX BOA rafibBaHM4YeCcKOro Lexa MOXHO MCNonb30oBaTb APYroi nop-
xof,. OH 3ak/yaeTcsa He B U3MEHEHUW npuHuuna u annapatypHoro odopmsieHna crnocoba
OYUCTKM, @ B M3MEHEHWUW BOAOOTBeAEHUA. Bce MpoOMbIBHble BOAbI FPYNMNMPYKTCA NO TUMy
MOHa TAXEeNoro metanna, COfepXal,erocs B HUX: OT MPOMbIBHbIX BaHH MOCMe LMHKOBaHUA
CTOKM cobuparnTca B LMHKCOAEepXaluil NoToK, OT MPOMbIBHbIX BaHH MOC/Ae MeAHEeHus —
B Me,u,bco,qepx(au_mﬁ NOTOK, OT NMPOMBbLIBHbIX BaHH Mocsie HUKennpoBaHua — B HUKeNnbcoaep-
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XKalmm NoTok U T. 4. Ecnn B Lexe MMEeroTCa Kak UMaHUCTble, Tak U HeLUMaHUCTbIe 3MeKTPOonn-
Tbl HAHECEHUSI OAHOrO 1 TOrO Xe MeTarnna, TO LMaHUCTbIE NPOMbIBHBIE BOAbI CHa4ana npo-
XOAAT OUMCTKY OT LMaHUAOB, a MOTOM CMELLNBAIOTCS C MOTOKOM, COAEpXalinuM COeaMHEHUS
OOHOMMEHHOro MeTanna, OT MPOMbIBHLIX BaHH MOCME BaHH C HELIMAHWCTLIMWU 3NEeKTponmTa-
Mun. Hanpumep, npombiBHBIE BOAbI MOCNE LMaHNCTOrO LIMHKOBaHWS CHa4ana npoxoaat obes-
BPEXUBaAHNE OT LIMaHWAOB, @ NOTOM CMELUMBAIOTCH C LMHKCOAEPXKALLMMN NPOMbBIBHBIMU BO-
JamMuy, NOCTynarLUMN OT NMPOMBIBKU MOCINEe LWHKOBaHUS B HELMAHUCTLIX anekTponuTax. Mo-
NYYEHHBIA CMELLAHHBIA LIMHKCOAEPXKALLMA NOTOK MPOXOAUT OYMCTKY OT WOHOB LMHKa pea-
FEHTHLIM CNOCOBoM.

MpoMbIBHBIE BOAbLI C KOHUEHTPaUMEN WOHOB TsbKEmbIX MeTannoB meHee 0,1 mr/n
(Hanpumep, nocrne onepauuin 0Be3KMPUBaHWUS, TPaBMEHUS,, OCBETNEHMUS, (HocaTMpOBaHWS
M T. N.) B COOTBETCTBAM C pacCMaTpmMBaeMOn CXEMOWN AOIMKHbI BbIAENATLCHA B OTAENbHbBIE MO-
TOKWN B 3aBUCUMOCTM OT COAEPXKALLEroCs KaTuoHa TSKeNoro Metanna.

MonyyaemMble «MeTanncogepalume» rnokanbHble NOTOKU MOABEPraloTCs peareHTHON
O4MCTKE, B pesynbTaTe 4ero obpasyeTtcs Lwnam, COCTOSALLMIA N3 HEPAaCTBOPUMbIX COEANHEHNIA
NCKIIOYMTENBHO OAHOro MeTtanna. Takon wnam nocne Hebonblion obpaboTkm (B crnydae
HeOoBXOANMOCTLM) HanpPaBMseTCAd Ha KOPPEKTUPOBKY COOTBETCTBYIOLLEN TEXHOMOMMYECKOM
BaHHbl, @ OCBETI/IEHHbIE CTOKW CMELLUMBAKOTCA C KUCIOTHO-LLENOYHbIM MOTOKOM, KOTOPbIN
HanpaBnseTcs Ha HeTpanmsayuo Ao Tpebyemoro pH 1 BeiaeneHUs wnama, coaepxallero
rnasHbIM 06pasoM ManopacTBOPUMbIE COEAVMHEHNS XKemnesa 1 antoMUHNS, a Takke B MEHbLLNX
KOMMYeCTBax MarnopacTBOPUMbIE COEAVNHEHWS METANIOB, NOABEPraloLLNXCS TPABNEHULO.

Takas cxema BOJOOTBEAEHNSA CYLLECTBEHHO ynydlwaeT addPpekTUBHOCTb paboTkl pea-
FEHTHOro MeToAa OYNCTKU.

Bo-nepBbix, NOAYEPKMBAIOTCA MNONOXKUTENBHBIE CTOPOHBI PEAreHTHOro METOAA OUYNCTKM:
YHMBEPCANbHOCTL MO BUAY BbIAENSEMOro MeTanna U ero KOHUEeHTpauuy, OTHOCUTENBHOE No-
CTOSIHCTBO AOCTUraeMon CTEMEHN OUUCTKU, @ Takke NPoCcTOTa U HAAEXHOCTb B peanusauumm.

Bo-BTOpbIX, HMBENUPYETCA €ro OCHOBHAas OTpULATENbHAas XapakTepucTuka (Huskasi
CTeneHb OYMCTKM) TEXHOMNOrMYECKN HendbexHbIM pasbaBneHvem OCBETNEHHbIX NOKanbHbIX
CTOKOB MPW NX COBMECTHOWN € OBLLMMUN CTOKaMU HENTPpanu3aumm, Tak Kak peareHTHas O4ncT-
Ka OCYLLEeCTBNAETCH A0 CMELLEHMSA BCEX CTOKOB, @ He HaobopOoT, Kak 3TO AenaeTcs Ha Cylle-
CTBYHOLLMX OYUCTHBLIX COOPYKEHUSIX.

B-TpeTbux, B pesynbTare Takon noKanbHOW peareHTHOM O4YMCTKN 0BpasyroTcs Lnambl
WMHAMBMIYANbHOrO COCTara, coAepxalyme rnaBHbIM 0Bpa3om rmapoKcu OfHOrO BUAA TsHKe-
NIoro MeTanna, KOTopbI Nocne Heobxoanmon 0BpaboTkM MOXKET MOBTOPHO UCMONB30BaTLCS
B rarnbBaHNYeCKOM LiEXe Mpu KOPPEKTUPOBKE COCTaBa TEXHOMNOIMYECKUX BaHH. B pesynbTarte
pekynepauumn TsKenblx MeTannoB B konndectee Gonee 90 % OT MX yHOCa B CTOYHbLIE BOAbI
B AECATKN pa3s cokpallaeTcsa o6beM 0bpasyroLnXcs Tak Ha3blBaEMbIX rarnbBaHoOLLNaMoB, ne-
pepaboTka Nnn 3axopoHEHNE KOTOPbIX CBsidaHa C BonbLUMMK PUHAHCOBBIMI 3aTpaTamu.

W B-ueTBepTLIX, 3@ CYET Marnbix 0OBLEMOB METANNCoAEPXaLLMX NPOMbIBHbIX BOA, OT-
BOAVMBIX OT OTAEMbHbLIX TEXHOMOMMYECKMX onepauun, paboTy peareHTHOW OYUCTKM NOoKarb-
HbIX CTOKOB MOXHO OpraHu3oBaTb B MEPUOAMYECKOM PEXMME. 3a Bpemsi pabouyen CMeHbI
CTOKW HakannmearoTcs B COOPHMKaX, MO OKOHYaHuM pabodven CMeHbl NpoBoauTca obpaboTka
CTOKOB peareHTamu, B Hepabouee (HOUHOE) BpeMs MPOBOAUTCA UX OCBETNEHVE U Mepes
HayanoMm yTpeHHen paboyen CMeHbl OCBETMEHHbIe CTOKM cOpacbkiBalOTCA B €MKOCTb ANA
HeTpanMsaumm COBMECTHO C APYMMMW CTOKaMW, a Lunam OTKauMBaeTcsi Ha nepepaboTky.
Mpw Takon nepurogmyeckon paboTte 3a CHET NPOLOIMKUNTENBHOMO (B TEYEHNE HECKOMBKMX YacoB)
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OTCTaMBaHUS XJOMbEB MAPOKCUAOB METANNOB NPOUCX0AUT Bonee nonHoe oTaeneHve Teep-
o1 asbl OT OCBETNSIEMbIX CTOKOB M UCKIOMAETCS MPOCKOK ruapOKCUAOB METAnNoB B O4X-
LLieHHbIE CTOKM, YTO YacTo HabnogaeTcsa npu UCNonb30BaHNM NPOTOYHbLIX OTCTOMHUKOB.

BblleckasaHHOE MOXHO NMPOMIMIIOCTPUPOBaTE HA KOHKPETHOM MPUMEpPE ranseaHu4e-
CKOrO Liexa, B KOTOPOM NPOBOAATCA MNSATb TEXHONOMMYECKUX NPOLECCOB pa3fu4HON Npou3Bo-
autensHocTu (F, leq) U C pasNYHbIMN CXEMaMN MPOMbIBOK:

- B MHUN Niyar — Cusn — Nisn — Cr nocne BaHH MegHEHNS, HAKENUPOBaHNS U XPOMMU-
pOBaHWNs1 YCTAHOBIIEHbI BaHHbI YNABMUBAHUSA U KackafiHble BaHHbI MPOMBIBKU;

- B JIMHMAX LUUHKOBAHUA WU @HOAUPOBAaHUS arniOMUHUA MOCre TEeXHONOrMYeckux BaHH
YCTaHOBNEHbI KackaAHble BaHHbI MPOMBIBKY,

- B JIMHAM XMMUYECKOTO OKCWAUPOBAHUA CTanu Mocrne BaHHbl OKCWAMPOBaHWA ycCTa-
HOBIEHbI ABE OAVHAPHbIE BaHHbI NPOMbBIBKM.

B aTom Lexe dopMupyoTCca xpomcoaepalume ctokm obbemom 1,5 M%/4 1 KUCNOTHO-
LenoYvHble CTokm obvemom 20 MS/LI, coaepxaiiue NoHbl Meau, HUKENA U uuHka. Hac uHTte-
PEeCyIOT KUCITOTHO-LLENOYHbIE CTOKMU.

Mo npegnaraemon cxeme O4YUCTKM (CM. pUCYHOK 2.29) MpOMbIBHBIE BOALI, CoAepxa-
wme moHbl Cu?*, Ni** 1 Zn?*, BbigensioTcst B oTaenbHble NoTokn. O6beM MeabLCOAepXaLLEero
cToka cocrasnsieT Bcero 200 n/4 npy kKoHueHTpaumm noHos meam 0,5 r/n. O6bembl LMHKCO-
AepXallero v HUKenbCcoaepXallero NOTOKOB COCTaBnsIloT cooTBeTCTBEHHO 220 u 950 n/v
NPy KOHLIEHTpaLMM MOHOB LUMHKa U Hukenst 0,46 n 1,1 r/n cooTBeTCTBEHHO. [INs nokansHoro
ob6e3BpexnBaHNa Takmx HebonbLIMX 06 bEMOB NPOMBIBHLIX BOA A&KEe B NEPUOAUNYECKOM pe-
Xnme TpebyeTcs He CToMb rPOMO3aKoe O4YMCTHOE obopyaoBaHue, kak Npu 06e3BpexvBaHnm
KNCNOTHO-LLENOYHBIX CTOKOB OBLLMM NOTOKOM.

B pesynbTate peareHTHOM OYUCTKM NOKaMbHBLIX KMCNOTHO-LLEMNOYHbIX CTOKOB 0Bpasy-
eTCA ranbBaHoLunam TPex BUAOB, NEPBbLIN U3 KOTOPbIX COAEPXUT rMApPOKCUMA Meau, BTO-
POV — IMAPOKCUL HUKENS, TPETUN — FMAPOKCUA UmMHKA. B 3aBMCUMOCTU OT YyBCTBUTENBHO-
CTU K MPUMECSIM 3NEKTPONUTOBR MEAHEHUS, HUKENUPOBAHWUA WU LIMHKOBaHUSA, NPUMEHSEMbIX
B ranbBaHMYECKOM Liexe, MonyyaemMble wrambel nocne Heobxoanmon obpaboTkn Bo3spaLla-
HOTCS B LiIeX AN KOPPEKTUPOBAHMSA COOTBETCTBYHOLUMX 3NeKTponmToB. OCBETNEHHbIE NoKarb-
Hbl€ KWCIOTHO-LLEMNOYHbIE CTOKM CMELUMBANOTCA B COOpPHUKE-HENTpanusaTtope C KUCAOTHO-
LLEMOYHLIMA CTOKaMW OT OCTarbHbIX TEXHOMOMMYECKUX Orepauun U HEWTPanusyroTcs A0
pH = 7. Tpn aTom obpasyrowmecs rmapoKCuabl Xenesa n antoM1UHASA Koarynmpyot U aacop-
OUpPYHOT XMpbl, Macna u gpyrne opraHM4eckue BeLecTBa, COAepalymecs B CTOYHbIX BOAAX.
Mony4aeMbiVi ranbBaHoLLNaM HE COAEPKUT COEANHEHNA 0COBO0 TOKCUYHBLIX TSXKENbIX MeTan-
noB (Meaw, HUKEeNs, uMHKa), SBnsieTcs manoonacHsiM oTxoaoMm IV knacca onacHocTV U Mo-
XeT ObITb 3ax0poHeH Ha nonuroHax TEO. OcBETNEHHbIE N HEMTPANM30BaHHbLIE CTOKW MO CO-
JEPXKAHUIO THKENBIX METANIOB YAOBNETBOPSAOT CaMbIM XeCTKMM Tpebosanmam MAK.
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PucyHok 2.29 — OpraHusaums 10KasibHOM OYMUCTKM CTOUHbIX BOJ,

Takum obpasom, 6e3 Kakux-mbo U3MEHEHUIH B ra/ibBaHUUYECKOM Liexe, U3MEHSIS TO/b-
KO BOAOOTBE/ZlEHNE, MOXHO 6e3 0COo6biX 3aTpaT CYLIECTBEHHO W3MEHWUTb YC/IOBUS pPeareHT-
HOW OYMCTKM CTOKOB, YTO MO3BO/ISSIET BEPHYTb B TEXHOMOIMYECKME BaHHbl GOJbLUYI YacCTb
YHOCVMbIX MPOMbIBHBIMW BOAAMU TSXKENbIX METa/NIOB, CHU3UTbL 06BEM U TOKCMUHOCTb 06pa-
3YHOLLMXCS raflbBaHOLWNAMOB, a TakkKe [axe C MOMOLLb0 HeyAoBNeTBOPUTE/NIbHOW OUYMCTKM
[06GUTHLCA BbINO/THEHNS XECTKMX TpeboBaHWii k copacbiBaemoli Boje.

Ecnm xe ncnonb3oBaTb 060pyA0BaHUE MO U3BNEUYEHUIO TSXENbIX METa//IoB B BaHHaX
ynaBnuBaHusl, TO PEKOMEHAO0BaHHYH0 CXEMY BOAOOTBEAEHUS U PeareHTHOW OYMCTKM JloKasb-
HbIX CTOKOB MOXHO PacrnpoCTPaHWTb HA GOJbLUVHCTBO CPEAHUX W KPYMHbIX FasibBaHUUYECKMX
LIEXOB.
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2.8.2.2 QumncTKa TeXHONOrMYeCKUX pacTBOpoB

C TOYKM 3PEHUS OCHOBHbBIX TEXHOMOMMYECKUX LIENEN, OCTUIaeMbIX NPU OYUTCKE TeX-
HOMOMMYECKNX PaCTBOPOB, METOAbLI MOXHO PasAenuTb Ha TP OCHOBHbIE rPyNMbl; METOABI pe-
reHepauum, MeToabl yTunmsaumum, metoabl o6e3ppexnsaHuns (Hentpanuaauun) [53]-[57].

MeTogbl pereHepaumm BocCcTaHaenMeatoT paboTocnocobHOCTL pacTBOPOB U 3MEKTPo-
TNINTOB 3a CYET YAaneHus N3 H1NX BPeaHbIX Npumecel. Takme MeTozbl Haubonee NpeanoYTH-
TerbHbl, TAK Kak MO3BOMAKT MHOrMOKPaTHO UCMONb30BaTb OTPEereHepupoBaHHbLIA pPacTBOp.
Mpn HenpepbiBHOW pereHepauum pabounit pacTeop UMPKYNMPYET B CUCTEME «OCHOBHas
BaHHa — pereHepaumoHHas ycTaHoBka», 4To obecrneumBaeT 3HauUMTENbHOE YBENMYEHWE
cpoka cnyxBbl pacTBopa M CyLLECTBEHHO COKpaLLaeT KONIMYECTBO XMMUKATOB, PacxofyembixX
Ha KOPPEKTMPOBKY M MPUrOTOBNEHUE cBEXero pabo4ero pacteopa, a Takke Ha obe3Bpexu-
BaHWe 3annoBbix cOpocoB. Taknum obpasoM, pereHepaumio MOXHO cumTate Hanmbonee 3Ha-
YMMbIM METOAOM B TEXHOMOMMN 06paboTKN KOHLEHTPUPOBAHHBIX PACTBOPOB.

MeToab! yTMnmnsaummn NpUMEHSIOTCS ANA CNeyoWmnX Lenen:

- MCronb3oBaHWe OTpaboTaHHOro pacTeopa Ha TOM Xe MNPOM3BOACTBE ANA APYInX
TEXHOMOTMYECKUX HYKA (PeKynepauus);

- nepepaboTka oTpaboTaHHOrO pacteopa ANS NONYYEHUS «CMEXHBIX» NPOAYKTOB
(Hanpumep, 13 ocagka rMapoKcuaa antoMUHUA MOXHO NOMYYUTb LEHHBIN COPOEHT — LieonuT);

- BblgeneHne 13 oTpaboTaHHOro pacTeBopa OTAENbHbLIX LeHHbIX KOMMOHEHTOB (LBET-
HbIX METannoB, KUCNOT 1 APYI1X BELLECTB) N UCMONb3OBaHNE MX Ha APYrMX MPOM3BOACTBAX.

Ob6esBpexuBaHne (HerTpanusauusi) MoxeT BbiTb ocyLuecTBneHo 06paboTkon pacTeo-
POB MOCME WX CMELUEHWUS (HanpuMep, KUCMbIX U LLENOYHBbIX PacTBOPOB) W MOCMEAYIOLLE
HerTpanusaunen nubo HenTpanusaumen UHANBUAYarnbHOro pacteopa WM onpeaeneHHom
rpynmnbl PacTBOPOB AN NOJyYEeHUs TPYAHOPACTBOPUMbIX B HEUTPanbHOW Cpeae CoeMHEHNN
METanoB U APYrUX TOKCUYHbIX KOMIOHEHTOB TEXHOMOMMUYECKUX pacTeopoB. B oboux cnyva-
AX O MOJSIHOM 06E3BPEXNBAHAM MOXKHO FOBOPUTL TOMBKO MpY CrieupansHO OpraHM3oBaHHOM
CKNaanpoOBaHUA N 3aXOPOHEHUM TMAPOKCUAOB U HEPACTBOPUMBLIX CONen MetanroB. Takoe
peLleHne MPeACTaBnAETCs SKOHOMUYECKU M 3KONOrMYeckn HellenecoobpasHbiM. AnbTepHa-
TUBOW SIBMSIETCA yTUNM3auumsa obpasylouxca B pesynbTate HeuTpanusaumm rmapokcuaos
MeTasnnoBs, HanpMMep B NPOM3BOACTBE FMasypen, aManer n cTekna, T. €. Nepexoq K MetTogam
yTUM3aumm OTXOA0B 00e3BpeXMBaHMS.

MpvBeaeHHOE Bbille pasfeneHne METOAOB OYUCTKN PacTBOPOB U 3MEKTPONUTOB SIB-
NAeTCs yCroBHbIM. YacTo ogHUM U TeM ke MeTofoM 06paboTkn MoryT ObITh OCYLLIECTBEHbI
KaK pereHepauus pacTBopa, Tak M yTUNM3aums LeHHbIX KOMMOHeHToB. lMpu aToM npepot-
BpaLyaeTcs BbIOPOC BpeAHbIX BELLECTB B OKPYXXAKOLLYIO Cpeay.

C TOYKM 3PEHUSI UCTIONb3YEMbIX TEXHOMOMMYECKUX NPUHUMMNOB CyLLECTBYIOLLME METO-
[bl OYMCTKM TEXHOMNOMMYECKMX PaCcTBOPOB MOXHO YCMOBHO KnaccuduLmpoBaTth MO CXEME,
npveeaeHHon B Tabnuue 2.59. MNpeanoxeHHaa knaccudmkauusa npegHasHadeHa ans Bbibo-
pa Hanbonee oNTUMarnbHbIX METOAOB pEreHepaunm, 06e3BpexXnBaHNA U yTUNNSALMN LEEHHbIX
KOMTMOHEHTOB M3 0TpaboTaHHbIX pPacTBOPOB, a Takke ANS paspaboTkM HOBbIX METOAOB U
obopyaoBaHus.
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Tabnuuya 2.59 — Knaccudukaums MeTOA0B OUNCTKN TEXHONOMMUECKNX PacTBOPOB

MeTogbl 06paboTku TexHorornyeckue npouecce! 06paboTku

Hentpanusauus.

KpuctannuaaumoHHoe ocaxaeHune.
OkucnutenbHO-BoCCTaHOBUTENbHAA 0BpaboTka.
KatanuTndeckue npouecchbl

OnekTpoananma.

CenekTvBHas anekTpoxmmmyeckan npopaboTka.
AnekTpoxumMudeckne | AunadparMeHHbIn 3MekTponma.

JnekTponn3 Ha ceTyaTtbIX 1 NOPUCTLIX ANEKTPOAAX.
OnexTpodnortauua

MNoHHBIN 06MEH.

Ancopbuus.

NoHooBMeHHast XUAKOCTHasA SKCTPaKUmWS.
Copbumns MMNperHMpoBaHHbLIMKU CopBeHTamm
YneTpadunstpaums.

O6paTHbIn ocMoc (runepdunbTpanms)

PeareHTHO-XxMMU4eckne

duanko-
XNMUYECKNE

CopbunoHHsie

Puranko- Mem6GpaHHble

MexaHu4e-
Tepmunyeckas

ckue [os3npoBaHHoe BbinapuBaHue
AVCTUANALMS

OTcransanve.
Mexannyeckme Muikpo- 1 MmakpodunsTpaums.
LieHTpndpyrnposaHune

PekomMeHaaumm no NpUMEHEHUI0 METOA0B OYNCTKU TEXHONOMMYECKUX pacTBOPOB Npu-
BeAeHb! B Tabnuue 2.60.

Tabnuuya 2.60 — PekomeHaaLlmm No NPUMEHEHNO METOAO0B OUYMCTKA TEXHONOMMYECKMX
pacTBopoB

OcCHOBHbIE NPUYUHBI TexHonornyeckne meroabl 06paboTku
BbIXOA4A PacTBOPOB
U3 cTpos Perexepauusa Ytunusayus ObesBpexuBaHue
PacTtBopbl 06e3xunprBanHms

HakonneHue Heamy- | YnbTpadunbTpauyma ¢ dprnotaymen. Wcnonb3osaHue ans
NbrmpoBaHHbIX Onexrpodnoraums. HeWTpanusaumu oT-
HedTenpoAyKTOB, O6paboTka docdatamm unm cunukatammn | paboTaHHbIX KUCHbIX
3MYInbrMpoBaHHbIX (1-5 r/n), 3atem conammn Ca unmn Mg (0,3— | pacTBopoB B3ameH
macen (20,4 % — 1,5 r/n) c oTAEneHnemM ocagka n macna (1N coBMeCTHO) n3-
0,5 %), OMbINIEHHbIX BECTM UNnN CoaonNpo-
XUPOB, B3BELLUEHHbIX AyKTOB
yactuy, ( 20,5-1,0 r/n)

| Menbconepxalime pacTeopel
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OCHOBHbIE NPUYUHBI
BbIXOAA PacTBOPOB
u3 cTpos

TexHonorndeckne MeToabl 06paboTku

Perexepauus Ytunusayus

Ob6esBpexnBaHne

CepHokuenble 1 nu-
podocdaTHble anek-
TPOMUTLI: HaKonne-
Hue Fe?*, Fe®* Cu*,
Ni%* v pp., opraHude-
CKWUX BELLeCTB; nona-
LaHve nonmposarns-
HbIX nacT

OnekTponua Ha rod-
PUPOBaHHOM UK
ceTyaToM KaToze ¢
hunsTpaumen; ob-
paboTka okncnmTe-
NAMU.

OnekTponua nepmo-
ANYECKUM TOKOM C
COOTHOLLEHMEM IK:

OnekTponus Ha
ceTyaThbixX kKaTogax

HenTpanunsaums we-
NOYHbIMW peareHTamm

PacTtBopb! xumunde-
CKOro MeHeH1s: no-
nagaHne TeepabIxX
yacTuu, Pd?* n opy-
TMX KaTannsaTopos.,
UCTOLLEHNE KOMMO-
HEeHTOB

PearentHas o6paboT-
Ka

CepHokucnble pac-
TBOPbI TPABMNEHWSA
MEeZLM U ee CrIaBos:
HaKomMMeHne MOHOB
meam 260 r/n

ia=21

dunbTPaUms, Kop- Katanutudeckoe

PEKTUPOBKA. N3BreYEHNE Meam

KungkocTHas aKke- rnpv HarpesaHuu,

Tpakums duneTpayms.
InadparmeHrHbI
3NeKTponua.
LlemeHTauuns

onekrponns nekTponus Ha

ceTyaTbiX Katoaax

Hentpanusauus we-
NOYHBIMU peareHTamm

A30THOKMCIbIE pac-
TBOpPbI TPABNEHUA
Meau 1 ee CrnnaBoB:
HaKonneHue NoHOB
meaun 2120 r/n n va-
CTUYHas KpucTannu-
3auma conen

OnadparMeHHbIN 3NeKTPonNn3 ¢ KaTUOHU-
TOBbIMW MeMBpaHamu

Hentpanusaums we-
NOYHBLIMW peareHTa-
M1

Hvikenbcoaepikallve pacTsopsl

OneKTPonUTbl HAKE-
nnpoBaHUA:
HakonneHue:

Mony4eHwe us ot-
paboTaHHoro pac-
TBOpa Bnecrawero

opraHn4ecknx ese-
LecTB

Copbuus Ha yrne HUKenNMpoBaHUs

AneKkTponuTa ma-

NOCTOPOHHUX MOHOB

CenekTnBHas anek- TOBOr0 HUKENMpo-

TSKENbIX METANMOB | TPOXMMUYECKas BaHus. Mpamoi
250-100 mr/n npopaboTka unu guadparmen-
COMeMN XeCcTKoCTH; PearenTHas obpa- HbIA 3MIEKTPONNS.
poctar-noHoB BoTka LlemeHTauus

HenTtpanusauus we-
NOYHBbIMK peareHTa-
MU
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lpodomxeHue mabnuusi 2.60

OcHOBHbIE NPUYUHBI
BbIXOJa PacTBOPOB
U3 cTpos

TexHonornyeckne MmeToabl 06paboTku

Perenepauus

YTunusaumsa

OGesBpexvBaHue

PactBopb! xumuye-
CKOro HUKENMpoBa-
HWS: NCTOLEHNE
KOMMOHEHTOB, nona-
[laHve NpoayKToB
peakuum, nokansHsIA
neperpes, ocaxae-
HWE HUKENS Ha CTeH-
Kax BaHHb!

HenpepbiBHas unn
nepvioanyeckas
KOppeKTMpoBKa

MOHHbIM 0BMEH.
OcaxpaeHune Huke-
N BOCCTaHOBUTE-
namu, buneTtpa-
ums.
OvadparmeHHbIn
ANEKTPONU3.
LiemeHTauus.
XKunakoctHasg akc-
Tpakums

Hentpanusauus we-
NOYHBIMY peareHTa-
M

LiuHkcopepxkalpe pacTeopbl

OnexkTponuTbI LMH-
KOBaHWsi: 3arpssHe-
HMEe OpraHN4YecKUMm
BelllecTBamy;
HaKomneHMe MOHOB
Cu, Fe, Cd, Sn

PeareHTHas obpa-
6oTKa; cenekTnBHas
3ANEKTpoXUMmYeckas
npopabotka

Mpsimon anekTpo-
s

Hentpanusauus po
pH 8-9,5

PacTBopbI LHK-
dhoctarHom obpa-
BoTku (hocdaTtupo-
BaHWsA) cTanu:
HakonneHwe nabbiT-
ka noHoe Fe; Hepac-
TBOPUMBIX Pocda-
TOB LUWHKa 1 XKernesa

dunbTpaumnsa v peareHTHasa obpaboTka

PeareHTHas obpa-
6oTKa LWenoYHbIMU
peareHTamu

Xpomcogepxawme pacteopbl

SneKTPORUTHI Xpo-
MWPOBaHWS: UCTO-
LLIeHWE KOMMOHEH-
TOB, HaKONMeHwe
voHos Cr* |, Fe =8—
10 r/n, Cu 22-3 r/n,

OnekTpoxMmmnye-
ckas npopaboTka.
WNoHHBI 0BMEH.
OvadparmeHHbIn
3MeKkTponu3

YcTaHoBka BaHH
ynaenMeaHus.
MpuroTosneHne
pacTBOPOB Naccu-
BMPOBaHWS LINHKO-
BbIX N K&OMWEBbIX

PeareHTHOEe BOCCTa-
HOBIEHWE U HEUTpa-
nv3aums LWenoYHbIMN
peareHTamu

Zn 20,5r1/n NOKPbLITUM
PacTtsopkl xpomat- MNoHHLIA 0BMeH. MpuroToBneHne PeareHTHOe BOCCTa-
HOW naccueauum no- | JuadparMeHHbIn MarnoKOHLIEHTpU- HOBIEHWe N HenTpa-

KPbITUIA: HaKoneHne
mnoHoB Zn 215 r/n,
Cd215r/n, Cr** —
3-7r/n

3MEeKTPOnua.
OnekTpoavanms

PoBaHHbIX PacTBO-
poB naccusaunmn

nn3aunst WenoYHbIMM
peareHTamm
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OCHOBHbIE NPUYUHDI
BbIXOJa pacTBOpOB
u3 cTpos

TexHonornyeckmne metoabl 06paboTku

PereHepauus YTunusauums

Ob6esBpexuvBaHune

PactBopbl anekTpo-
XUMMYECKOro Nonn-
poBaHuKs: HaKkonne-
HWE NOHOB
Fe242% —5 %,
Cr203 21,5 %,

Ni 25 r/n; Bbinape-
HWe B 0Caa0K rMapo-
OKUCEN Y OCHOBHbIX
conem xenesa

OnadparmMeHHbIn 3nekTponms.
DunbTPOBaHNE Ocaaka

PeareHTHOe BOCCTa-
HOBIEHWE N HEenTpa-
nn3aums WenoYHbIMU
peareHTamm

PacTtBopbl Tpaene-
HUA Meaun n ee
cnnaeoB. Hakonne-
HWe MOHOB Meaun
260 r/n, Cr¥* — 5—
10 r/n

[vadparmeHHbIA 3NeKTPonmu3 ¢ KaTMoH-
TOBbIMW MeMBpaHamu

OnekTpoxuMuyeckoe
M XMMUYECKOE BOC-
craHosnenve Cr®* go
Cr3+;

obpabotka Lwenou-
HbIMW peareHTamm

AnoMUHUIRCOAEpKaLLME PacTBOPbI

OnekTponnTbl aHOA-
HOro OKUCIEHUS:
HaKoMMeHe NOHOB
AP* 225 r/n

Kpucrannusaumsa c MpurotosneHne
nobasneHvem pacTBOpOB Tpae-
(NH4)2S04 30 r/n neHusa ctanu
v NH4OH 15 r/n

ObpaboTka Lenouy-
HbIMW peareHTamm

LLieno4Hble pacTeo-
pbl TPABNEHNA N XU~
MU4eckoro gpese-
poBaHVA antoMUHNS:
HaKornneHue antomm-
HaTa HaTpus 280 r/n
(no Al)

OnekTpodnoTtauyns. | MpurotosnexHne
WUcnonb3osaHve pacTBopoB 06e3-
camoperynmpyto- XKnpuBaHns
LLIMXCS LLEMOYHbIX

pacTBopoB

O6paboTka oTpabo-
TaHHBIMU KACTLIMU
pacteopamu

>Kenesocoaepxalye pacTesopbl

OnekTponuTtbl ANA
ocaxaeHus xxenesa
W ero cnnaeos:
HakonneHne NoHoB
FeS+

BeegeHve ctabunu-
3aTOpOB; CENEKTUB-
Has aNeKTpPoXUMM-
yeckast npopaboTka;
Cenek-TUBHbIN
3anekTponu3 ¢ obb-
€MHO-NOPUCTBLIMU
KaTogamum, XMMude-
ckas obpabotka

HeWTpanusaums WenoYHbIMU peareHTaMmm
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OkoryvaHue mabnuypi 2.60

OCHOBHbIE NPUYUHBI
BbIXOA4A PacTBOPOB
u3 cTpos

TexHonornyeckne MetTogbl 06paboTku

PereHepauus

YTunusaumsa

Ob6e3BpexuBaHue

ConsiHo- unn cepHo-
KUCIble pacTBOpbI
TpaBneHuna cTanu:

OnadparmeHHbIn
3MEeKTPONU3 C Xnf-
KMKn MembpaHamm

MonyyeHne dep-
pUTOB.
Mcnonb3osaHme

O6paboTka Lienoy-
HbIMW peareHTamm

HakonneHne MoHoB
xeneaa 260-120 r/n

LN BOCCTaHoOBNE-
Hws Cré* o Cr¥
MpoBeneHne «NOMyCyxony HeuTpanMsaumm
C MCMOJIb30BaHMEM N3BECTU

B oTgenbHbIX TEXHOMOMMYECKMX Omnepaumsax MoryT 06pasoBbiBATLCA PaCTBOPbI, 3a-
rPsI3HEHHbIE MPEUMYLLECTBEHHO OAHUM UMM HEeMHOTMMM BeLLecTBaMu, MpefcTaBNsoLMMU
TEXHUYECKYH0 LIeHHOCTb. Takme pacTBopbl Mo pa3aenbHbIM MUHUSAM NOAAKTCA Ha NoKarnbHble
OYMCTHbIE YCTAHOBKM ANA pPereHepaLmm mnm yTunmsaumm LeHHbIX NpoayKToB.

Mpy HEBO3MOXHOCTM OCYLLECTBUTE Ha MPEAnpUsSTUM MPOLIECCHl pereHepauumy, yTunm-
3aUMn UM pekynepaummn oTpaGoTaHHbIX PaCTBOPOB, OHWU COBUPAatOTCS B OTAENbHbIE EMKOCTU
W BbIBO3ATCH Ha NepepaboTKy Ha crneuvanavpoBaHHbie NPeanpUaTHs.

2.9 BcnomoraTtenbHble y4acTKM Npou3BoAcTBa

CospaHre BcrioMorartenbHbIX y4acTKOB Npou3BoacTBa no obpaboTke noBEpXHOCTU
MEeTannoB M MnacTtMace JAOIMKHO MPOU3BOAUTBECA B 3aBUCUMOCTU OT  KOHCTPYKTUBHO-
TEXHOMOMMYECKUX OCOBEHHOCTEN NOKPLIBAEMBIX JeTanem, TEXHONOrM4Yeckmx npoLeccos, Npo-
rpamMmbl BbiNycka, TUMa MPOW3BOACTBA M UCXOASA M3 YCMNOBUA pasgeneHva U koonepauwu
Tpyaa.

a) BcnomorartenbHble y4acTku ranbBaHU4ECKOro NpOM3BOACTBA:

- LLEHTPanM3oBaHHOIO NMPUrOTOBMEHMWS], KOPPEKTUPORKY, hMUnbTpaLmn, aBapunHoro
CnuBa, pereHepaummn pactTBopoB U U3BINEYEHNS METaNNOB,

- XONOAWUIbHbIX (PPEOHOBbLIX YCTAHOBOK;

- cbopa 1 nepekayky CTOUHbIX BOA;

- IPUTOYHOW W BbITSDKHOW BEHTUMNSILWM,

- PEMOHTa 1 U30SIALMMU NOABECOK,;

- KOHTPONA kavecTBa o6paboTky;

- N3rOTOBNEHUSA M HaKaTKn KPYroB, OKNENKN LWNMGOoBanbHbIX NEHT, MPUroToBneHUs
MacTuK 1 NacrT,;

- Typ6OBO3AYXOAYBOK,;

- NIpUroToBneHns 06eCcConeHHON BOabI,

- aBTOMATMYECKNX CUCTEM YMPaBrEeHUs TEXHOMOIMYECKUMI NpoLeccamMn U BbluUC-
JINTENBHOW TEXHUKW;

- PEMOHTHbIE NIoLaZKN 3NEKTPUKOB, MEXAHWUKOB;

- cknaabl (knagoBble) aetanen;

- CKNapbl XMMUKaTOB (K1CMOT, WenoYvel, pacTBoputenei),

- CKnagbl BcnomMoraTerbHbIX MaTepuanos;
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- nnowagka obopynoBaHMs AN MEXaHW3MPOBaHHOW YOOPKM NOMeLLEeHWS,

- aKcnpecc-nadoparopusi;

- KNafoBas MHCTPYMEHTA, OCHACTKW, YEPTEXEN 1 3TANOHOB MOKPLITUIN;

- TpaHCchOPMaTOPHbIE NOACTaHLMM;

- ObITOBbIE NMOMELLIEHUS.

6) BcnomorarenbHele y4acTkym MpOM3BOACTBa NeYaTHbIX Mnar v MeTannmMsaumu

nnacTMacc:

- LLEHTPanmn3oBaHHOro MPUroTOBMEHNS, KOPPEKTUPOBKW, PUNbTpaLmMm1, aBapunHoro
CNuBa, pereHepaum pacTBOPOB U U3BMEYEHNS METaNMOB;

- cbopa ¥ nepekaqKky CTOYHbIX BOA;

- MPUTOYHOM U BBITSKHON BEHTUNALMM;

- KOHTPONSA KayecTBa 00paboTky;

- TypGOBO3AYXOAYBOK,;

- NPUroToBMEHNs 06eCCONeHHOM N YMAr4eHHOM BOAb!;

- aBTOMAaTUYECKMUX CUCTEM YMPaBIEHNS TEXHOMOMMYECKMMI NPOLECCaMn U BbIMNC-
FUTENBHON TEXHUKM;

- PEMOHTHbIE MMNOLL2AKM 3NEKTPUKOB, MEXAHWKOB;

- cknagbl (knagosble) POoNbrmpoBaHHbIX Marepuanos, oTomaTepuanos,

- CKnagbl XMMUKaTOB;

- cknapbl BCoMoraTensHbIX MaTeprarnos,;

- nnowagka obopynoBaHNs ANA MEXaHU3NPOBaHHON yBEOpKN NOMELLIEHUS;

- skenpecc-naboparopus;

- KNagoBas MHCTPYMEHTA, OCHACTKW, YepTEXEN U 3TANOHOB NOKPLITUN;

- TpaHcopMaTOpHbIE NOACTaHLMM;

- BbITOBbIE NOMELLSHUS.

2.10 Mepbl NO COKpalLeHUIO BO3AEUCTBUSA Ha OKPYXKaloLylo cpeay U
MOBLIWEHUIO pecypco3athPeKTUBHOCTH NPOU3BOACTBA

B uenax cokpalleHns BO3AENCTBUS HA OKPYKAaKOLLYyK cpely U MNOBbIWEHUA pecyp-
€c03hHEKTUBHOCTM NPOM3BOACTBA MO 06paboTke NOBEPXHOCTM METANMoOB U NnacTMacc npu-
MeHsoT [59]:

- BHEApPEHME MarnooTxoHbIX, 6e30TX0AHbIX U pecypcocheperaroLmx TEXHONOUIA,

- BHEAPEHME NOKamnbHbIX CUCTEM OYUCTKU U pEreHepauum 3SnNeKTpOonuUTOB; CUCTEM
OUMCTKM U pereHepaLmm NpOMbIBOYHONM BOAbI U UCTMOMNb30BaHUs €€ NO 3aMKHYTOMY LIMIKNY;

- MCMONb30BAHWE OYULLIEHHBIX MPON3BOACTBEHHbLIX CTOYHbLIX BOA B 3aMKHYTOM LKNe
(opranmsauums sogoobopoTa);

- COKpaLLEeHUe NOCTYMNEHUA B CTOUHbIE BOAbI OMACHbIX 3arpA3HAIOLLNX BELLECTB,

- BHEApEHME CUCTEM peKynepauum 1 NOBTOPHOIO UCTONb30BaHUSA YTUNU3UPOBAHHON
TENnoTbl ranbBaHOaBTOMAaTOB; COBPEMEHHbBIX YCTPOWUCTB OYUCTKA OTCaCLIBAEMOrO OT BaHH
BO3gyxa.

- MCMOMNb30BaHNE COBPEMEHHOTO TEXHOSOTMYEecKoro obopyaoBaHus, nNpexae Bcero
aBTOONEPATOPHbIX U KOHBEVEPHBIX NIMHUN,

- BHEIpEHME B KOHCTPYKUMIO rarnbBaHoOb0pyAOBaHNsS HOBbLIX KOPPO3NOHHO-CTONKUX
MaTepuarnos, [OMOSHUTENBHON aHTUKOPPO3VOHHOW 3alluThl, CO3fJaHWe U UCMONb30BaHWe
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HOBbIX KOMMIIEKTYIOLLMX U3LENNA, CNOCODHBIX HaAEXHO paboTaTb B YCMNOBUSX arpecCuBHbIX
ncrnapeHui.

YnpaeneH4yeckMe noaxohb! BKIOYAT BHEAPEHME CUCTEM 3KONOMMYECKOro U 3Hepre-
TWUYECKOro MEeHe)KMEHTa MM NCMOoNb30BaHME UX MHCTPYMEHTOB (ayauTa, Nporpamm MoBbi-
LLEHMA SKOMOrMYECKOM pe3ynbTaTMBHOCTU U SHEProadodekTMBHOCTM 1 Mp.).

Cpeamn TEXHONOMMYECKMX U TEXHUYECKMX MOAXOA0B, NMPUMEHUMbIX B OTPacHsX Nnpous-
BoACTBa no 06paboTKe NMOBEPXHOCTM METAMMNOB U MNNacTMacc B ranbBaHOXUMUHECKOM Mpo-
W3BOACTBE C WCMOMBb3OBAHMEM 3NEKTPONMUTUHECKNX UMM XUMUYECKMX NPOLIECCOB, crnepyeT
YNOMSAHYTb:

- NCMOMNb30BaHME B JIMHMAX HOBbLIX BbICOKOMPOM3BOAUTENBHBIX TEXHOMOMMI, NO3BOSIS-
IOLMX NOMyYaTb MOKPLITUS C MOBLILUEHHOW CKOPOCTLIO MO CPaBHEHWUIO C TPaguUMOHHBIMK
TEXHONOTUAMM;

- NPYMEHEeHNe YCTPOWUCTB ANA BbICTPOro yaaneHns UsnuLLIKOB 3NeKTponuToB ¢ obpa-
BaTbIBaeMbIX 3LENNA N TEXHOMOrMYECKNX CMYTHUKOB;

- COBMELLEHME HECKOMbKUX TEXHONOMMYECKNX onepaumii Ha OgHOM nosnumum obpaboT-
kv (Hanpumep, oaHOBPEMEHHbIE 0Be3XUpUBaHMe 1 TpaBneHue, Cyllka 1 3arpyaka, npomac-
IMBaHWe 1 CTekaHne macna v ap.);

- BBEEHME B NIMHNM YCTPOWUCTB ONepaTuBHOM MHPOPMaLIMN O COCTOSIHAMU BbINOMHEHWS
OTAENbHBIX CTaguiA TEXHOMOMMYECKUX MPOLIECCOB, MECTOMOMIOKEHNN aBTOOMNEPaToOpPOB, TEX-
HOMOMNYECKNX CMYTHMKOB;

- MEXaHN3aLMI0 N aBTOMAaTM3aUMIO Py4HbIX U TPYAOEMKMX MPOLIECCOB;

- KOMMBOTEPU3aALMIO U pOBOTUIALMI0 TEXHONOMMYECKMX NPOLIECCOB;

- BHEApEeHMe YCTPOICTB A4S aBTOMaTUYECKOTO MOAAEPKAHNA YPOBHS 3MEKTPONUTOB,
pH, NNoTHOCTM TokKa, [03MPOBaHNSA OCHOBHbIX ObICTPOBbIPaGaTHIBAIOLLUXCS KOMMOHEHTOR;

- COKpaLLEHNe yHOCa SNeKTPONUTOB M3 BaHH 38 CYET BBEAEHUS B COCTaB 3MeKTpONv-
TOB MOBEPXHOCTHO-AKTUMBHBIX BELLECTB, CHIDKAIOLWMX UX NOBEPXHOCTHOE HATSHXKEHUE, BBEAE-
HUS B COCTaB JIMHWUMA TEXHOMOTMYECKMX MO3ULMIA CMbIBA, CAyBa WM BakyyMHOro OTcOca
OCTaTKOB 3IEKTPOINUTOB C TEXHOMOIMYECKMX CMYTHWUKOB U obpabatbiBaeMbix U3penuin; uc-
Monb30BaHMs HEMPOTOYHBIX MHOrOKacKaAHbIX BaHH MPOMBIBOK MOCIe HaHEeCEHWUS NOKPbITUIA
C PernaMeHTNpPOBaHHON NoAayYen BoAbl B 06beMe, 3KBMBArieHTHOM MoTepe obbema anek-
TponuTa B BaHHE ANS HaHECEHMWS NOKPbITUS 3@ CYET UCMAPEHUS; BBEAEHNUS B KOHCTPYKLIMIO
aBTOOMEpPaToOpOB MM 3axBaTOB MOABECOK AOMOMHUTESNbLHBIX MEXaHW3MOB, MO3BOSISIOLLMX
BCTPAXMBATL M3ENUA MPU UX U3BMEYEHUN N3 BaHHbI, BBEEHWS B KOHCTPYKLMIO aBToonepa-
TOPOB YCTPOWCTB C BbIABWKHBIM NOAAO0HOM A5t cbopa CTekaloLero anekTponuTa B MOMEHT
rOPU3OHTarnbHOro NEPEABMKEHUSA aBTOONEPATOPa; NPUMEHEHME TaKMX KOHCTPYKLUA BEHTU-
NALMOHHBLIX OTCOCOB, KOTOPbIE NPENATCTBYHOT 3a60py M YHOCY CTEKaIOLLEro C U3Aernuin anek-
TPOMUTa BMECTE C OTCACLIBAEMBIM BO3AYXOM.
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Pasgen 3. dkonorn4yeckune npobnembl 06paboTKn NOBEPXHOCTH
MeTansoB U NfacTMacc ¢ UCNONMb30BaHUEM 3S1EKTPONUTUYECKUX UIU
XMMUYECKUX NpoLieccoB

3.1 Tekywme ypoBHU IMMCCUI B OKpPYXKaloLlyo cpeny u
noTpebrneHus pecypcoB

OcHoBHble Npobnembl OXpaHbl OKpyxaroLen cpeabl npu 06paboTke NOBEPXHOCTU Me-
TannoBs M MIacTMacc C MUCMONb30BAHMEM SMEKTPONTUTUYECKUX UIIM XMMWYECKMX NMPOLECCOB
CBS3aHb! C 3arpsis3HeHeM atMocdepbl U MOBEPXHOCTHBLIX BOAHbIX OOBLEKTOB TOKCUYHBIMUN XU-
MWYECKMMUN BELLECTBaMWU M COCTOSIHUEM TEPPUTOPWUM MOCRe MpeKkpalleHUs AesTenbHOCTH
NpOV3BOACTBA M Pa3MeLLeHNs TBEPAbIX OTXOA0B.

Tak kak TeXHONOrM4YeckMe MpoLecChl, ONMCaHWe KOTOPbIX MPUBOAUTCA B pasgene 2
fAaHHoro crnpasoyHuvka HAOT, npenmyLLecTBeHHO ABMNAKOTCA NpoLeccaMu C UCronb3oBaHMEM
BOAbl, NoTpebneHne BoAbl U ynpaeneHne ee noTpebneHnem SBMAAOTCHA LeHTpansHbIMU ac-
MeKTamu, Tak Kak OHW TakKe BIUSIKOT Ha UCMOSb30BaHUE ChIPbS U Ero NOTEPU B OKPY>KatoLLEen
cpepe. Kak BHyTPUNPOM3BOLACTBEHHBIE TEXHOMOMMN, TaK N TEXHOMNOMMN, NMPUMEHSIOLLMECH Ha
KOHEYHOM 3Tane TEXHOJIOTMYECKOro MPOoLECcca, BIIMSAIOT Ha KONMYECTBO N Ka4eCTBO CTOYHbIX
BOJ, @ TakKe Ha TN M KONM4ecTBO 0Bpasytomxcst TBEPAbIX, NacToobpasHbiX MU KUAKUX OT-
XO[0B.

B ranbBaHM4ecKOM MPOU3BOACTBE BOAA WCMONb3YEeTCsl HA XO3SNCTBEHHO-OLITOBbIE,
NPOTUBOMOXAPHbIE N TEXHOMOTUYECKME HYXKbI.

Pacxon Bogbl Ha XO3SMCTBEHHO-OLITOBLIE HyXAbl (MONb30BaHWEe Aywamn u yGopky
NMoMeLLeHNn) onpefensieTcas B cooTBeTcTBUMM C  Tpeboeanuamm CHwulM 2.04.01—85
n CHulM 2.09.02—85. Pacxon BoAbl HA NPOTUBOMNOXAPHBIE HYXAbl (HAPYKHOE U BHYTPEHHEe
noXapoTyLLEHNE) AOMMKEH COOTBETCTBOBATL TpebosaHusm CHulM 2.04.02—84.

TexHonormyeckne Hyxabl BKIOYAOT B ceBsi MpUroToBneHne TEXHONOMMYECKUX pac-
TBOPOB, MPOMbIBKY AeTanen, oxnaxaeHue obopyaoBaHus (BbINpsiMUTENEN) U pPacTBOPOB
(BaHH), Npoure Hyxabl (MPOMbIBKA PUNLTPOB, BEHTUIIEN, MOWKa 060pyaoBaHmMs).

Pacxon Bofbl Ha NPUroTOBNEHNE TEXHONMOMMYECKUX PACTBOPOB OnpeaenseTca obbe-
MOM BaHH U COCTaBOM pPacTBOPOB.

Pacxop Boabl Ha OXNaXKAeHNE BLINPSMUTENEN ONPEAENSETCH UX TUMOM U MOLLHOCTBIO
M yKa3blBaETCs B TEXHNYECKON AOKYMEHTALUMK (nacnopTe).

[0 90 % — 95 % BoAbl B ranbBaHU4YECKOM MPOU3BOACTBE UCMOMb3YETCH Ha NPOMbIB-
Hble onepaumn, NPUYEM yaenbHbIN pacxos BOAbl 32aBUCUT OT NPUMEHSiIEMOro o6opyAoBaHuA
1 KonebneTcs B LLIMPOKOM auanasoHe — ot 0,1 go 2,3 m> Ha 1 M? 06pabaTbiBaemoii NOBEPX-
HOCTW.

CTouHble BoAbl Npy 06paboTke NOBEPXHOCTU METAINSIOB U NiiacTmMacc o6pasyoTcs npu
XUMUYECKOM U DU3UKO-XUMUYeckor obpaboTke uagenun (getanei), nx NpoMbIBKE, oxXnaxae-
HUM 1 akcnnyaTauum obopyaoBaHusi (ranbBaHUYeCKUE BaHHbI, UCTOYHWKU Toka, punsTpo-
BarbHbIE YCTAHOBKW).

Mo caHNTapHO-TOKCUKONOrMYECKOMY MOKa3aTento 3arpsi3HEHUsi CTOYHbIX BOJ, rarnbea-
HOTEXHMKN OTHOCATCS K BbICOKOONACHbIM (KagMuWI, CBUHeL, MonnbaeH, 6neckoobpasytowme
nobaBkn 1 ap.) 1 onacHbIM (HUKENb, MeAb, UMAHWA- U XPOMaT-UoHbI, HedTenpoaykTbl, NMABbI
n ap.) BewwecteaM. Hambonee onacHsl Anst Guocdepbl MOHbI TKESbIX U LBETHLIX METAIOB.
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KpomMe HenocpeacTBEHHOro TOKCUHECKOTO BO3ZIEMCTBUSA Ha KMBbIE U pacTUTenbHbIe opra-
HU3MbI, OHN MMEIT TEHAEHUMIO HakannueBaTbCA B NULLEBLIX LISMOYKax, YTO ycunmeaeT WX
OMNacHOCTb ANS YeroBeka.

B 3aBMCMMOCTM OT COCTaBa XMMUUYECKUX 3arpA3HEeHU CTOUHbIE BOAbl MOXHO pasge-
nnTb Ha [22], [24]:

- Kucromsble, obpasyromecs B pesynbTare NpPOLEeCCOB KUCNOTHOrO TPaBNEHUS 1 ak-
TUBaLMW, aHOAMPOBAHUS antoMUHMA, CHATUSA TPaBWUMbHbLIX LUNAMOB, rMAPUAHON 06paboTkm
TUTaHa, TOHMPOBAHMS, ranbBaHWYECKNX MOKPLITUIA U3 KMCMOTHBLIX SNEKTPONUTOB (HUKENUPO-
BaHWUS, KaAMUPOBAaHUS, LIMHKOBAHWSA, MEAHEHUS, Xene3HeHus 1 ap.). CTouHble BOAbI faHHON
kateropum MoryT umeTb pH oT 2 0o 6 u cogepxaTtb B CBOEM COCTaBe. KaTMOHbI THKENbIX
(Fe?* 3 Cu®, Zn*, Ni#*, Cd%¥, Pb®, Sn** u ap.), nerkux (AP, Ti*") 1 uienoyHsIx meTannos,
aHvnoHbl (SO42, CIT, PO, NOs~, NO2™ 1 Ap.), NOBEPXHOCTHO-aKTUBHbIE BeLLECTBa, Brecko-
obpaszoBaTteny, cMaumMBaTeny, SMybraTopbl, UHMMOWUTOPLI TPaBMNEHWS, KpacuTenu 1 ap.;

- Weno4Hble, obpasytoLLmecs B pe3ynbTare NpoLECCOB XMMUYECKOTO N SNEKTPOXUMU-
YecKkoro 06e3XMprBaHWS, LLENOYHOr0 TpaBneHns AeTanen n3 anoMUHUS, XUMUYECKOro OK-
CMAVPOBaHNA N BOPOHEHUs,, hochaTnMpoBaHUs, ranbBaHUYECKMX MOKPLITUNA U3 LWENOYHbIX
3MNEKTPONUTOB (LMHKOBaHWUS, MEAHEHWSA, HUKENNPOBaHUs 1 Ap.). CTOYHbIE BOALI MOTYT UMETL
pH ot 8 no 11 1 cogepxaT B CBOEM COCTaBE:. KaTUOHbI TSHKEMbIX U LIBETHLIX METannoB (Fez",
Fe¥, Cu?, Zn?*, Cd?*, N, A®*, Na*, K*, NH4" 1 ap.), aHvoHbl (S04, PO, SiOs* nap.),
MOBEPXHOCTHO-AKTVBHbIE BeluecTBa, BneckoobpasoBaTenu, cMadvpaTenu, 3MysbraTopsbl,
WHAYyCTpUanbHbIe Macna v ap.;

- yuaHcolepxaujue, obpasyroLmMecs nocne nNPoLeccoB MEAHEHWS, UMHKOBAHWS, Kaa-
MUpOBaHWS, cepebpenmns, 0beaxmnpnBaHns B LMaHUCTbIX anektponuTax. Ux pH — ot 7,5 po 9,
OHK cogepxat ceobogHeln umaHng (B Buae NaCN, pexe — KCN), umaHugHble KOMMeKchl
LiBETHbIX METarnoB, NOBEPXHOCTHO-aKTUBHbIE BELLIECTBA, KOMMOHEHTbI LLEMOYHOW Cpeapb;

- xpomcodepxaujue, obpasyrolmecs nocne NpoLecCoB XPOMUPOBAHUS, XPOMaTnpo-
BaHWsi, NaccmBaLnmn, OCBETNEHNSA, TPABMNEHUA AeTanei U3 CTany U MeaHbIX CrnaBoB, OLUVH-
KOBaHHbIX M KaaMUPOBaHHbIX CTanbHbIX AeTanen, 3reKTpoXMMMYEcKoro aHoaupoBaHua ae-
Tanen n3 antoMMHNUA, 3NEKTPOMNONMPOBAHUS CTarnbHbIX JeTanen, OKCUANPOBaHUS MU HamnorsHe-
HUst antoMuHns. OHM moryT umeTb pH ot 1,3 Ao 5. OCHOBHbIE 3arpsi3HEHNsT: COEAUHEHNS Lue-
ctuaneHTHoro xpoma Cr (VI) — HaoCra04, KoCr07 1 Ap.; KaTMOHBI TSDKENbIX METANNoB (cr*,
Fe¥, Cu®, Zn?*, Cd®*); aHmoHbl (SO47, CI°, PO, NOs 1 ap.);

- ¢pmopudcodepxauwjue, obpasyrolmecs nocrne npoLeccoB TPaBNEHUs,, ONOBAHUPO-
BaHWUS, NOKPbITUA CNIABOM ONOBO-CBUHEL, U Apyrux onepauui CTOYHbIe BOAbI MOMYT UMETb
pH oT 2 8o 5 n cogepxat B CBOEM COCTaBE: KaTWUOHbI TKENbIX U LIBETHLIX METansos (Fe?,
Fe¥, Ni#*, Pb%, Sn%, Na*, K' u ap.), aHvonbl (F-, HBF4", S04, PO 1 ap.);

- OKpaweHHbie, obpasyolmecs Nnocrne NpoLecCoB OKpaluMBaHWS aHOAMPOBaHHOMO
aniMUHUA B pacTBopax, cogepxalinx OpraHU4ecKme Ui HeopraHMJYeckne KpacuTenu.

B cocTaBe CTOYHbIX BOA, KPOME MCXOAHBLIX KOMMOHEHTOB PACTBOPOB W 3IEKTPOSIUTOB,
NPUCYTCTBYIOT TakKe 3arpsA3HeHUsl, KOTopble NEPEXoAsiT B BOAHbIA pacTBOP C MOBEPXHOCTU
nsgenuin npn nx obpaboTke (OKUCKbI, XXMpbl, Macna, MeTansbl OCHOBbI), a Takke CoeAuHe-
HWS, oBpasyrowmecs: NPU NPOTEKAHUN XMMNYECKUX peakLmi NPy CMELLEHUN CTOYHbIX BOZ, OT
pasnnUYHbIX TEXHONOMMYECKMX OrnepaLmin.

OueHkKn KonuuecTBa TKenNbIX MeTansnoe, cbpacbiBaeMbix B Poccun co CTOUHbIMK BO-
Jamn ranbBaHNYeCcKoro NpPoM3BOACTBa, NpoTMBopeymBbl. OfHaKo B LENOM OHW CBUAETENb-
CTBYIOT HE TOMbKO O CEPbE3HOM 3arps3HEHUN NPUPOAHOW Cpefdbl, HO U O PaCTOYUTENBHOM
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OTHOLLUEHMUN K pecypcam. AHanua nuTepartypHbIX UCTOYMHUKOB U AAHHBIX, NOMYYeHHbIX B pe-
3ynbTaTe aHKETMPOBaHWSA NMPOU3BOACTB, UCTMOMNb3YHLWMX NPoLecch 06paboTkn NOBEPXHOCTH
METasfoB U MiacTMace, NoKasbiBaeT, YTO B ranbBaHOTEXHMKE B CPEAHEM MONE3HO UCMONb-
3yetca 30 % — 40 % uBeTHbIX MeTannos, oT 5% a0 10 % KMCNOT M WenoYen 1 TorbKo
2 % — 3 % Boabl. Heobxoaumo yumTbiBaTb TOT (pakT, UTo Npu 06e3BPEXUBAHUN CTOYHbIX
BOz, 0OpasytoTCs XUAKNE OTXOAbI U FranbBaHWYECKUE LLUNaMbl.

Ha oTtaenbHbIX TEXHOMOrMYECckMx onepauusix obpaboTkm MeTannos, NpW CMELLEHUN
CTOYHbIX BOZ MMM MPU OYMCTKE KUAKMX OTXOAOB peareHTamu obpasytoTcs nactoobpasHbie
0Cafky WM LUNambl, KOTOpble MPEeACTaBnstoT COBOM CIOXHYH TETEPOreHHyH CUCTEMY,
TBEpAas dasa KOTOPOW COCTOMT B OCHOBHOM M3 TPYLHOPaCTBOPUMbIX COEANHEHNIA MMAPOK-
cvpoB, doccaToB, kapboHaToB, cunukaToB, GopaToB, OKcanaToB MeTannoe (anoMUHUR,
KanbLWin, MarHWn, LUHK, KagMUIA, HUKENb, KoBarnbT, XpOM, Xeneso u Ap.), a xuakasa ¢asa —
3TO pacTBOP XMOPWAOB, CyNbdaroB, HUTPATOB, MAPOKApOOHATOB LUENOYHBIX W LLENOYHO-
3emenbHbIx MeTannoB Ocafkn XxapakTepusyloTCs pasnMyHbiM COCTABOM M CBOMCTBaMW, KO-
TOpblE, B CBOK OYEPEsb, 3aBUCSAT OT KOHKPETHBIX YCIOBUM 06pa3oBaHna CTOYHbLIX BoZ (BMAA
onepauui).

TexHonornyeckme npoueccel 06paboTkn NOBEPXHOCTM METaNNOB 1 NNacTMacc conpo-
BOXAAKTCH BblaeneHnemM BpegHbIX BELWECTB B atMocdepy. BoigeneHne speaHbiX BellecTs
NPONCXOAUT PasnnyHbIM 06pa3oM: BblAENEHME BOAOPOAA NPU 3MNEKTPONn3e; BbIHOC pacTBo-
POB My3blpbkamy BOAOPOAA, KMCNopoaa U Apyrux rasos, obpasylowmxcs B npouecce obpa-
O0TKM MeTanna; BblaeneHue rasos, 06pasyOWUXCS NPU XMMUYECKUX PeakUUsX; ncnapeHne
COCTaBHbIX YacTen pacteopa; BblaeneHne nbinu npu cyxom obpaboTke B npoueccax TpeHus.

Takve onepauuu, Kak rmaponeckocTpyrHas u gpobectpyiiHas obpaboTka, rantoBka,
KpauoBka, LWnncoBaHue, NoNMpoBaHne, CoNnpoBOXAalOTCA BblaeneHnem nbinv. Mpu ounctke
NMOBEPXHOCTEW AeTanen OT XUPOBbIX 3arpA3HEHUA OPraHNYECKMN PacTBOPUTENAMU NPONC-
XOAWT MOCTYMNIIEHNE NX NapoB B atMocdepy.

Mpouecchbl XMMNYECKOA U SNEKTPOXUMNYECKON 0OpaboTkn NOBEPXHOCTEN METannoB
OCYLLECTBNAT B BaHHAX, 3arofHEeHHbIX pas3nuuyHbIMKA pacTBoOpamMn MUHEeparnbHbIX KUCHOT,
Lenoyen, conen n ux cmecsamu. MNMpn 3ToM BbIAENSAIOTCA adpPO30nN CEPHOM N CONSHON K1C-
10T, XPOMOBOIO aHrMAPWAA, EAKMX LLESIOYEN; OKUCTIbI a30Ta; Napbl NNABUKOBOW, a30THOW U
CONSAHOWM KUCNOT; MOSEKYNSAPHLIA, LMAHUCTBIA U (DTOPUCTLIN BOAOPOA; Napbl BOAbI;, a3po3onn
W Kansv pacTBOPOB CO BCEMU COAEPXKALUUMUCSH B HUX XMUMUKaTamMW, B YaCTHOCTU pacTBOpU-
MbI€ COM HUKENSI.

WHTEHCMBHOCTE BbIAENEHMS BPEAHbIX BELLIECTB MPU 3MEKTPOXMMUYECKUX Mpoleccax
3aBUCUT OT COCTaBa pacTBOpa, CUrbl TOKA U BbIXOAA rasa Mo TOKy, a NpY XUMUYECKUX Npo-
Lileccax — OT COCTaBa pacTBopa, TeMMepaTypbl €ro v KUHETUKU XMMUYECKUX peakUmi.

HeraTvBHOMY BMNSIHWIO Ha OKpYXaltoLLyto cpefly criocobCTByeT TOT hakT, YTO ransea-
HOTEXHMYECKME NPOM3BOACTBA HeonpasaaHHO pasbpocaHbl No GonbLWOMY KONMYECTBY Npes-
MPUSITUIA, OCHOBHAs YacTb KOTOPbIX MPEeACTaBnseT cobol Mernkue, TEXHOMOTMYECKU Mano-
ahheKTMBHbIE LieXa U y4acTKK, Kak NPaBUio He OCHAaLLEHHbIE COBPEMEHHBIMU CpeacTBamm
HaHeCeHWs! NOKPbITUA. Ha MHOMMX NpeanpusTUsiX He OCYLLIECTBNAOTCA B NOMHON Mepe me-
ponpuaTUSt N0 06e3BPEKMBAHUIO MPOMBILLNEHHbIX CTOYHBIX BoA. Mpn 3tomM okono 40 % npo-
MBILLFIEHHBLIX CTOKOB MOCTYNaeT 6e3 OYUCTKM WS HEAOCTATOYHO ouYvLeHHbIMK. [Moaasnsto-
Wwas yacTb NPeanpusiTUii He UMEIOT CUCTEMbl 3aMKHYyTOro BogooGopota. CyliecTsyowmn
3KOHOMMYECKUA MEXAHW3M HELOCTATOMHO CTUMYNUPYET COBEPLLUEHCTBOBAHNE TEXHOMOrnye-
CKUX MPOLIECCOB U METOA0B 06e3BpexmBaHus, nepepaboTkm n cbopa ranbBaHoOTX00B.
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3.2 O6wume noaxoabl K pauuoHanu3auum YpoBHSA BO3AEUCTBUA Ha
OKpYy>KalLyl cpeay U notTpedbneHus pecypcoB

AHarnuna oTe4yecTBeHHOM U 3apyBexHOM HayYHO-TEXHUYECKOW nuTepaTtypel 3a nocnes-
HVWe LecsTb NeT Mo3BONWM CrpynnupoBaTh CYLLECTBYHOLLME W NMpeanaraembele HanpasneHus
MUHUMM3aLMM 00pa3oBaHUsi OMACHBIX XMMWYECKMX XKUAKMX OTXOAOB B rasbBaHOTEXHWKE
B TPW OCHOBHbIE rpynnbl [60]-{63]: 1) MMHUMM3aLMS BO3AEUCTBMA Ha OKPYKaIOLLYIO cpeay co
CTOPOHbI MPOW3BOACTBEHHBIX MPOLECCOB; 2) MUHUMU3ALMS, YyTUNU3auMsa U NOBTOPHOE UC-
Monb30BaHME OMaCHbIX XMMUYECKUX XKUAKNX OTXOLO0B; 3) COBEPLUEHCTBOBAHNE TEXHOMOTNYE-
CKMX MPOLIECCOB OYUCTKM CTOYHBIX BOS,.

MuHuMM3auusa Bo3AeUCTBUSA Ha OKPYXKaIoLLYHO Cpeay CO CTOPOHbI
NPOU3BOACTBEHHbLIX NPOLLECCOB

B nocnegHve roabl 0cofoe BHMMaHWE YAENSAETCA YCOBEPLUEHCTBOBAHWIO CYLLIECTBY-
FOLLMX U CO30aHUI0 HOBBIX TEXHOMOMMYECKMX ranbBaHUYECKUX MPOLIECCOB C LENbI0 Makcu-
MarbHOro COKpaLLEeHUs UX BPEAHOro BO3LENCTBUS Ha OKpyXaroLLyto cpegy. 9TO Hanpaene-
HVe npepcTaBnseT cobor COBOKYMHOCTb pAfa TEXHOMNOTMYECKUX MEPOMNPUATUN, rMaBHbIM 13
KOTOPbIX SBMSETCA 3aMeHa COCTaBOB PacTBOPOB W 3MEKTPOSINTOB, COAEPXKaLUMX BbICOKO-
onacHble XMMUYeCKkMe BeLLEeCTBa, Ha Apyrve, MeHee onacHbiMW. Ocobylo OnacHOCTL npea-
CTaBMAOT ANEKTPONUTDLI, CoAepXallne COeANHEHNS LUECTUBANEHTHOrO XpPOMa, kaamus, uua-
HWAOB, cBMHUA M Ap. MoaToMmy 3agava 3aMeHbl 3TUX 3MEKTPONIUTOB HA MEHEe XMMUYECKU
onacHble ABMSETCA YpesBblHaliHO akTyansHon. Mpyn aTom KpanHe xenatensHo, YTobbl BeIGOP
COCTaBa anbTepHaTUBHbIX 3MEKTPONUTOB M MPOLIECCOB HAHECEeHMs! NOKpbITUA Obin onpeae-
NEH He TOMNbKO BO3MOXHOCTBIO MONYYEHUA MOKPLITUA, MakcumansHo 6rnm3kux no csoum
CBOWCTBaM M MO KayecTBY K 3aMeHSIEMbIM MOKPbITUSIM, HO U BO3MOXHOCTBIO UCMONb30BaHUS
VUMEIOLLMXCA TEXHUYECKUX CPEACTB LANA WX pereHepauuy, ytunusauum n obe3spexunsaHns
[21], [22]. B Tex e cny4dasx, korga npou3BecTn 3ameHy 3NEKTPONUTOB HE yaaeTcA, cneayet
YMEHBLUUTL KOHLEHTPALIMIO BbICOKOOMACHBIX COELMHEHVUN A0 MaKCUManbHO BO3MOXHOIO
YPOBHS.

K HacTosieMy BpemMeHn pasnuyHbIMU npeanucannammn Eespocorosza ELV (End of Life
Vehicle), RoHS (Restrction of Hazardous Substance) n np. BeBegeH sanpet nnu gaH ykas Ha
CHWKEHMWE MCMoNb30BaHWs onpefeneHHbIX BpeaHbIX BELECTB, B NepByt0 ovepeib MeTarnios
N XMMWKETOB. ITW NPEANUCAHNA KacaroTCA TaKKe MHOMMX METOAOB M NPOLIECCOB ranbBaHo-
TEeXHUKWN. B CBA3N C BO3HUKLLIEN HEOOXOANMOCTLIO 3aMEHbI MHOTUX MPOLIECCOB, 3NEKTPONMTOB
N MOKPLITUA BO3HMKAIOT BOMPOCHI, KOTOPbIE YacTo 0BCyXarTCa B CneumarnsHoON nepuoauke
Ha NpOTSKEHUN psaa NOCNEeAHNX NeT.

C 2007 r. B cTpaHax EBpocorosa BBeAeH 3anpeT Ha NPUMEHEHUE COEAUHEHUN LLECTU-
BaneHTHOro Xpoma Afs HaHEeCEHNS KOHBEPCUOHHBIX MOKPLITUA, NPUMEHSIEMbIX B aBTOMOOK-
nax (npekae BCEro aTo KacaeTcs NPOLECCOB XpOMAaTUPOBaHUS LMHKA U ero cnnaeos). Mpu-
YvMHa 3anpeTa CBsi3aHa C TeM, YTO COeAMHEHUS LLUECTUBANEHTHOrO XpoMa, KOTOpble Hens-
©EXHO MPUCYTCTBYIOT B XPOMATHbIX MEHKaX, BECbMa TOKCUYHbI M ABMSIIOTCA KaHueporeHamm
W NpU AanbHENLLEM KOHTAKTE C HAMW YenoBeka MOoryT OTpULaTeNbHO BIMSATL €ro Ha 340po-
Bbe. [Mpobnema kacaeTca He TONbKO E€BPONEUCKUX aBTOMOOMNECTPOUTENENA, HO U BCEX
ocTarnbHbIX, MOCTaBNAIOLLMX COOTBETCTBYIOLLYIO FOTOBYIO MPOAYKLMIO B CTpaHbl EBpocotosa.

B cBs3n ¢ aTMM nccnegoBaHusa B obnactu XxpomMarvMpoBaHnsa CBsidaHbl ¢ pa3paboTkoi
pacTBOpOB, HE CoAepXalluMX UOHOB LUECTMBAarneHTHoro xpoma. OHOM U3 anbTePHaTUB Xpo-
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MaTupoBaHuo B pacTeopax wectuBaneHTHoro xpoma Cr (VI) asnsetcs dopmupoBaHune 3a-
LMTHOM NNEHKN Ha UMHKE B pacTBOpax Ha OCHOBE COEAUHEHWA TPEexXBaneHTHOro xpoma
Cr (lll). 310 Npouecc 6bin paspaboraH dumpmon SurTec GmbH, nonyynun HassaHne xpomu-
TUPOBaHWA U 3anaTeHTOBaH BO MHOTMX CTpaHax mMupa. Bnocneacteum Gbinv paspaboTtaHbl
KoprnopaTueHble cTaHaapTbl U HOPMaTUBHbIE AOKYMEHTLI, pernaMmeHTUpYLoWme TeXHUYecKne
TpeboBaHUS K LMHKOBbIM MOKPbLITUAM, HE COAEPXKALUMM LUECTUBANEHTHOrO XpoOMa B KOHBEp-
CMOHHBIX MfeHKax. B oTnnume oT TpaguLMOHHBIX XPOMAaTOB MNEHKM U3 pacTBOpPOB Tpexsa-
JIEHTHOrO XpPOMa TEPMOCTOMKM U UX 3aLUMTHAsA CNOCOBHOCTbL NPU HarpeBaHUN He CHIDKaeTCS.

B CLLUA 3anateHTOBaHbl COCTaB WU METOJ MOMyYeHUs KOHBEPCUOHHOTO MOKPLITUA Ha
MeTanne ¢ UMHKOM U3 pacTBopa, He cogepxallero coeauHenns Cr (V1) u Cr (lll), yto uckmno-
YaeT HeobxoaMMOCTb B cneuuwansHon obpaboTke oTxogos. Ha nsgenust n3 uBeTHbIXx MeTan-
noB (0COBEHHO 13 A1- unn Zn-nuTbsa) NPEANOXEHO B Ka4yecTBe (PUHULLIHOMO NMOKPLITUS BMe-
CTO XPOMOBOIO MOKPLITUS UCNOMb30BaThb CNNaB LMHK-HUKENb C coaepxaHuem 25-28 % Hu-
Kens.

HecmoTpsa Ha To, uTo B Poccuiickon deaepauum He CTOWUT 3anpeT Ha NPUMEHEHME CO-
eOAVNHEHWIA LLIEeCTUBANEHTHOrO XpoMa, cneuuanucTtamm WKMpoKo BeayTcsa paboTel no paspa-
OoTKke M BHEAPEHMUIO SMEKTPONMTOB, HE COAEpXallmx AaHHble coeavHeHus. B Hactosiwee
BPEMS UMEETCH psaA OTeYEeCTBEHHbIX pa3paboToK MIIEHOK Ha OCHOBE COEAVHEHWIN Tpexsa-
TNIEHTHOrO XpoMa anbTepPHaTUBHBIX LUECTUBANEHTHBIM KOHBEPCUOHHBIM MOKPBITUAM.

Mpouecc XPOMUTUPOBAHUS MO 3KONOMMYECKUM XapakTEpPUCTUKaM CyLLIECTBEHHO Npe-
BOCXOAUT TPaAWLMOHHBIN NPOLIECC XpOMatuMpoBaHUsl, a UMEHHO: He TpebyeTcsa onepauunm
BoccTaHoeneHma coeguHerun Cr (V1) go Cr (lll) ¢ yensto nocneayowero BolaeneHns rma-
pokeuaa xpoma (lll); CHKEeH pacxoa XUMUYECKUX peareHToB Ha BOCCTaHOBIEHWE; KOrnde-
cTBO 06pasytowerocs wnama B 7—10 pa3 MeHblUe; pacTBOPbl XPOMUTUPOBAHUS B MEHbLUEN
CTEMNEeHN 3arpsi3HAOTCS LMHKOM M XKEMe3oM B CUMY UX MEHBLLUEN KUCINOTHOCTU N PEXEe HyX-
[LaroTCs B 3aMeHe.

B oTeueCTBEHHOM ranbBaHOTEXHWKE HEKOTOPbIE NPEAnpUATUSR, BbinNycKaowme usge-
1A, naywmue Ha 3KCMopT, OTKasanucb OT Mpouecca XpoMaTupoBaHUSA W NepeLwunn Ha npo-
Liecc XxpoMuTUpoBaHus. B To e Bpems 6onbLuoe YMcno NpeanpusaTuin, He CBA3AHHBIX C Npo-
W3BOACTBOM 3KCMOPTHOW MpOAYKUMK, MPOAOIMKAET UCMONb30BaTh LWECTUBANEHTHbIE 3neK-
TponuTbl XpoMaTupoBaHus. bonee wmnpokoe BHeApeHWE npouecca XpoMUTUPOBaHNA caep-
KMBaEeTCA HEAOCTATOYHOW TEXHUKO-3KOHOMUYECKOW npopaboTkon BoNpoca, HEAOCTaTOYHON
VMHOPMMPOBAHHOCTLIO TEXHOIIOMOB U PYKOBOAUTENEN NPOU3BOACTB O AOCTMKEHUNAX B STOU
obnactu u psigoM Apyrvx OpraHM3aLmMoHHO-TEXHUYECKNX Npobnem.

B TeueHne MHOrMx neT B pasHbix CTpaHax NPeAnpuUHUMAanncbL U NPOAOCITKaloT npea-
NPUHUMATLCS MOMbITKM pa3paboTaTb MOKPLITUS, KOTOpble MOMMW Obl 3aMeHUTL KagMUeBbLIE.
K HacTosiuemy BpeMeHu B EBpornie n Amepuke B Ka4ecTBe anbTepHaTVBbl KAMMEBLIM MO-
KpbITUAM paspaboTaHbl TEXHOMNOMMU 3NEKTPOOCAXAEHUA CNNABOB LMHK-HUKENL (6—8 % mnu
12 % — 14 % Hukens), uHK-koGanbT (4o 1 % kobanbTa), UMHK-Xeneso 1 unHk-onoso [30]—
[33]. 31 NOKpbLITUA CEerofHa HaxXoAAT NPUMEHEHNE B PAAE CNy4Yaes ANS 3aMeHbl KaMUEBBIX
NOKPbITUIA. B OCHOBHOM KX MONyYaloT U3 LWENoYHbIX BecumaHnaHbIX 3nekTponuToB. B 1o xe
BPEMS 3TV CMaBbl HE MOTYT 3aMEHWUTb KaMWUIA B aBUacTpoeHnm 1 MOpckoM npubopocTpoe-
HUN. B COBpeMEHHOM POCCUMICKOM ranbBaHOTEXHUKE (Talkke Kak u 3a pybexom) B 3TUX OT-
pacnsix NPOMbILLNEHHOCTU KaAMMEBLIE MOKPLITUS MPOAOIMKAOT NPUMEHATb.

B HacTosiLee BpeMsi BOMPOC C anbTepHATMBOW LMAHWAHBIM SNEKTPONUTAM MOXHO
cunTaTh peweHHbIM. PaspaboraHbl 6ecumanmaHbie 3NeKTPoONnUTbl ANS HaHECEHUS MOKPbLITUN
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W3 UMHKa, Meau, cnrasa Meab-0noeo, 3onota. LlenoyHbie UMHKaTHBIE M cnabokucnble anek-
TPONMUTBI LIMHKOBAHWUSI NMO3BOSAKT MOMy4YaTb MOKPLITUS CO CBOWCTBaMM, YAOBNETBOPSAIOLLMMM
ntoBbIM TpeboBaHMAM 3aKka3qmkoB. o AaHHbIM CNeumuanucToB O4HOM U3 KPYNHEULIMX MUPO-
BbIX KOMMNaHWi B obnactu ranbBaHoTexHWkn ENTONE OMI, B EBpone ceroaHs ocranoch
Bcero 5 % uexoB, UCMOMb3YOLWNX ANS LMHKOBaHUSA LMaHUAHbIE 3NEKTPONUTbl, OCTanbHble
ncnonb3ayroT nnbo cnadokucnble (55 %), NMbo LwenoyHble LUuHKaTHbIE (45 %). B CLUA kaptu-
Ha NPUMEPHO TaKkas e, C TOM TONIbKO pasHUUEN, YTo BOMbLUMHCTBO OTAAET NpeanovTeHne
LLenoYHbIM LIMHKaTHbIM anekTponutam. B Poccun cutyaums oueHb AMHaMnyHas: NOCTOAHHO
OfHM ranbBaHWYECKNE Liexa MpekpaljatoT CBoe CyLeCTBOBaHUE, HO BMECTO HUX B APYrux
MecTax cosgarTcst HoBble. Ho, noxanyi, TeHaeHumsa 6nuwke k cutyauum B CLUA — vawe
npeanoyTeHUsl OTAAKTCA LLEenoYHbIM anekTponutam. Mo o6vemy anekTponuTtoB B Poccum
Borblue LUEenoYHbIX: 3TO CBSI3aHO C TeM, YTO B aBTOMOOWMMBHOW NPOMBLILLNEHHOCTU (rae
HanbonbLUne 06bEeMbI ANEKTPONUTOB) MPUMEHSIOTCA B OCHOBHOM LLEOYHbIE 3NEKTPONUTI.

OAHMM 13 onacHbIX KOMMOHEHTOB 3NEKTPONUTOB ABMATCA NOHBI AMMOHWS, KOTOPLIE,
nonagas B CTOYHblE BOAbI, 0OpasyloT C HAXOAAWMMUCA TaM MOHAMWN TKENbIX METannos
pacTBOpUMBbIE KOMMMNeKcbl. QuuCTka CTOYHBLIX BOA, COAEPXaLUMX NOHbI TSHXKENbIX MEeTannos
B BUAE pacTBOPUMbIX KOMMIEKCOB, NMPEACTaBNAET 3HaYUTENbHbIE TPYAHOCTU. Heckonbko neT
Hasapn Obin paspaboTaH HOBbLIN CEPHOKUCTILIA SNEKTPONUT LMHKOBaHWSA C HOBOW [06aBKON,
coaepXallMi O4YEeHb HU3KYIO KOHLIEHTPaLMIO XIOPUAOB U HE COAEpXKaLLMi MOHOB aMMOHMS.
OTOT 3NEeKTPONUT U NpoLECC UMHKOBAHUS, 3HaUMTENBHO Bonee aKonornyHbIE N MeHee onac-
Hble, YeM TPaguUMOHHbIEe criabokucrble, BHEAPEHbI HA HECKOMbKuX 3aBopax. lonyvaemblie
NOKpbITUA BNN3KM NO CBOWCTBaM K MOKPBLITUAM U3 U3BECTHbIX CNaboKUCbIX 3NEKTPONUTOB.
MpencraenseT MHTEpec Takke NPeANoXKEeHWe 3aMEHUTb BHYLLIAIOLWUA ONaceHUs C SKONoru-
yeckol Toukn 3peHust HzBO3z Ha YKCYCHYIO KUCNOTY B XMOPUCTOM GE3aMMOHUNHOM 3MeKTpo-
nmTe UMHKoBaHWA. B pspe 3ameHa TOKCUMYHBIX 3NEKTPONIUTOB HA MEHEe TOKCUYHBIE A0CTUra-
eTCsl BeJeHNEM B 3MEKTPONMTbI cneuumarnbHbix Gneckoobpasyrowmx 4o6aBoK, yny4LlakoLLmx
TEXHONOTMYECKNe NapameTpbl, YTO AenaeT BO3MOXHbIM UCKMOYaTb NPUMEHEHUe KOMMeK-
coobpasosarenen.

B nocnegHve rogbl Begytca paboTbl N0 yCOBEPLUEHCTBOBAHWUIO NpoLeccoB docdaTtu-
poeaHus. B psae paboT npeanaraetcs 3aMeHUTb TOKCUYHBIE UOHBI HUKENS, CofepXaHue Ko-
TOPbIX B TPMKATUOHHBIX hocaTHbIX pacTeopax MoxeT gocturate 1/3 ot obuero cogepxa-
HWS KATVOHOB, Ha MeHee TOKCUYHble MoHbl Co®* unu Co®*. MpeumMyLuecTBoM (ochaTHLIX
NeHOK ABMSETCA NpocToTa yaaneHus gocdaTtHoro crnos (nocre 3aBepLueHUst SKCTPY3NOH-
Hon 0BpaboTkn MeTanna) NpocTbiM TPaBMEHMEM B KUCHOTE, YTO OBYCNOBMMO LLUMPOKOE UC-
nonb3oBaHne ocaTHbIX MOKPLITUA BO BCEX BMAAX XONoAHOM gedopmaumn MeTannos,
B TOM YMCNEe NPM LUTaMrOBKE, XONOLHOM NPECCOoBaHUM, rmyBOKOM BbITSXKKE, NpoKaTke, BOMO-
YeHWW NPOBOMNOKN N TPYO N T. A.

MoMUMO COEAMHEHUI LLECTMBANEHTHOro Xpoma, KagMusl, UMaHugoB, €CTb 1 apyrme
BbICOKOOMACHLIE N ONacHbIe COeANHEHWSA, ANSI 3aMeHbl KOTOPbIX paspaboTaHbl HOBblE cocTa-
Bbl SMEKTPONUTOB M NPOLECChl HAHECEHMSA MOKPLITUA. Ha3oBeM camble BaXHbIE: MpoLecc
HaHeCeHWs MOKPLITUK, HE COAEePXaLUMX CBUHEL|, SNEKTPONUTbI AN HAHECEHUS XMMWNYECKMX
nokpbiTnn Ni-P 6€3 ncnons3oBaHns CBMHLA B kavecTee cTabunusaTopa U KaagMnst B kaye-
ctBe Gneckoobpasyolenn obaBkM, YTO MO3BOMSET MONy4YaTb MOKPLITMA C TEMU Xe CBOW-
cTBaMKM, YTO W B ClNy4Yyae MpUMEHEHUs 3TUX [00aBok, HO TpebytoT GonblUMX 3aTpar;
He copepkalline HUTPaToB PacTBOPbl ANS TPABMNEHWUS U3OENUA U3 BbICOKOKAYECTBEHHOM
CTanm 1 CHATUSA AeEKTHBIX MEAHBIX, HUKENEeBbIX, NaTYHHBIX N ONOBSAHHBIX MOKPLITUN.
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Takum 0Bpasom, 3amMeHa SNeKTPONUTOB, COLEPXKaLMX BbICOKOONAaCHbIE W OnacHble
BelllecTBa Ha Apyrne, MeHee OnacHble, NO3BONSET CYLECTBEHHO CHU3WUTb XUMUYECKYHO
ONacHOCTb ranbBaHOTEeXHMKN. KpomMe Toro, BOBMOXHOCTb MPOBEASHMWA ranbBaHUYECKUxX one-
pauuii 6e3 NPUMEHEHNS KOMMIEKCHBIX 3MEKTPONUTOB (LUMAHUCTLIX, 8MMOHWUIHBIX), a TakoKe
3MEKTPOSNIUTOB U PacTBOPOB, COAEPKALLMX COEANHEHMS LLIECTUBANEHTHOrO Xpoma, No3sonuT
UCKIOYNTL NMPUMEHEHNE TEXHOMOMMYECKUX onepaumn, TpebyroLmx O4HOBPEMEHHOrO Nprme-
HEHWSA PasnNYHBIX TEXHOMOMUA AN Nx 06e3BPEXNBAHNS.

3ameHa OTAenbHbIX ranbBaHNMYeCcKMX MOKPLITUA Ha anbTepHaTVBHble (Hampumep,
TepmMogMdPdPy3MOHHOE LIMHKOBaHWE, HamblEHWe U MOHHOE Ny4YeBOe MOKPbITUE XPOMOM,
NNasMeHHOe OCaXAEHWE) MNO3BOMAET HE TONbKO OTKa3aTbCA OT NMPUMEHEHUS KOHLEHTPUPO-
BaHHbIX PACTBOPOB, COAEPXALUMX ONacHbIE BELECTBa, HO N CHU3WUTb HarpysKy Ha OYUCTHbIE
COOPYXKXEHNS, COKPaTUTb Pacxof BOAbl HA MPOMBIBKY U3LENUM, YMEHBLUWNTL KONNYECTBO XWA-
KX U TBEPAbLIX OTXOA0B.

CHWKeHMe COAepKaHNsA OnacHbIX XMMUYECKMX BELLECTB B PacTBOpax W 3MekTponuTax
W, KaK Cnefcreme, 3HaunTeNnbHOe YMEHbLUEHME MOCTYMNEHUS X B NMPOMbIBHbIE BOABLI MOTYT
ObITe BOCTUIHYTbI MPUMEHEHUEM ManoKOHLUEHTPUPOBAaHHbBIX anekTponutoB. [MpeanoxeHo
CHM3UTBL OMAacHOCTb MPOLIECCa XPOMMPOBAEHMA 38 CHET UCMOMNb30BaAHUSA 3NEKTPONUTOB, B KO-
TOPbIX COAEPXKaHME XPOMOBOrO aHrmapuaa B 2—-2,5 pasa MeHbLUe NO CPaBHEHUIO CO CTaH-
4apTHbIM anekTponutom (250 r/n) 3a cueT BBEAEHUS B ANEKTPONUT OpraHndeckon aobaeku,
KOTOpas Takke MO3BOMAET PEe3KO COKPaTUTL YHOC SMeKTponuTa C AeTanen B BEHTUNALMOH-
Hble cucTeMbl. PaspaboTaH BbICOKONPOU3BOAUTENMbHBLIM aAUEeTaTHO-XNOPUAHBLIA 3NEKTPOonuT
HUKENMPOBAaHMA C MOHWKEHHOW KOHLeHTpaumen conen Hukens (0,1-0,3 monbk/n), no3sonsio-
LWMA HaHOCUTL (PYHKLMOHATBHBIE MOKPBITUA B LUMPOKOM ANAnasoHe KaToAHbIX MIOTHOCTEN
Toka (1-20 A/am?). [ins npakTUYeckoro npuMeHeHnst Gbinn paspaboTaHsl CoCTaBbl C HUSKUM
copepxaHnem umHka (0,7-1,3 r/n Bmecto 2,5-8,0 r/n). o cpaBHeHM0 ¢ NpeabiayLMU 3TH
COCTaBbl MOAMMULMPOBaHDI Takke BBEAEHWEM kaTuoHoB NiZ*, UTO NpMBOAMT K YBENUYEHWIO
3almMTHON cnocoBHocTU hocdaTtHbIX cnoeB. PopMUPYOLLMECS NMOKPLITUS UMEKOT maccy 1,5—
3,5 r/M? 1 NO3BONSIOT HAHOCUTL BCE BUbI NaKoOKPAaCO4HbIX MOKPLITUIA, B TOM YUCNE Kak aHa-
dopesHblie, Tak 1 katacdopesaHble JIKI, a Takke NOPOLLKOBbIE Kpackv. 3awmTHas cnocob-
HOCTb FPYHTOBOYHOTO MOKPLITUSI MPU 3TOM BO3pacTaeT B 3—4 pasa. [Ina CHWKeHWa BbiHOCA
BpeAHbIX BELLECTB B MPOMbIBHbIE BOABI LIENECoobpasHO NCNOMb30BaTb BMECTO XUMUYECKUX
npoLieccoB 06e3XMPUBaAHUS 1 TPaBIEHUS SNEKTPOXMMUYECKUE, KOTOPbIE NPOTEKAaoT C BbICO-
KoM 3dbpeKTMBHOCTLIO, HO Npu Bornee HU3KMX KOHUEHTpauuax anektponutos. Mcnonb3osa-
HWE MMMYMLCHOrO TOKA NMPU HaHECEHWM MOKPLITUIA NO3BONSET CHU3NTL KOHLEHTpauuio oc-
HOBHbIX KOMMOHEHTOB B CNaboKMCIbIX 6€3aMMOHUIAHBIX ANEKTPONUTAX LIMHKOBAHUS.

CnepyeT OTMETUTDL, UTO B psAe odumanbHbIX JOKyMEHTOB Pocculickon depepauum
[64]1-{68] conepxaTtbca NonoxeHus No paspaboTke 3KONOrMYECKM YUCTbIX TEXHOMOMUIN NOosy-
YeHVs 1 00paboTkM crneumanbHbIX MartepuanoB U HAHECEHUS SKOJNOTUYECKN YUCTBIX 3aLmT-
HbIX MOKPbLITUIA.

MuHuMU3aums, yTunmsaums u NOBTOpHOE UCMONb30BaHUe ONacHbIX
XUMMYECKUX XKNOKUX OTXO[0B

[aHHoe HanpaBneHve B NepBY OYepefb CBA3AHO C YyMeHbLUEHWEM OObEMOB OTXO-
[,0B, 0Opasylomxcs B pe3ynbrarte NPOBEAEHUS TEXHOMOMUYECKUX onepaLyn, 1 cogepxaHu-
€M B HUX OMacHbIX XMUYECKMX BELLECTB. 3TO HanpaeneHue npeacrasnseT cobon CoBOKymM-
HOCTb psiia TEXHOMOMMYECKMX MEPOMNPUATUIN, B TOM YUCHE: MPUMEHEHNE MarnoKOHLEHTPUPO-
BaHHbIX PACTBOPOB U 3MEKTPONIMTOB; paspaboTka TEXHONOMMYECKMX NMPOLECCoB U cneuuans-
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Horo oGopyAoBaHWa ANsS pereHepauuv, yTUnnsaumm n pekynepauun neKTponuTos 1 npo-
MbIBOYHbIX BOZ; ONTMMU3aLMs BogonoTpebneHns un sogooTteeaeHus [57], [60], [69]-[71].

YMeHbLUEHNE MOCTYMMEHNs B MPOMbIBHbIE BOAbI XUMWYECKUX BELLECTB MOXET ObITb
LOCTUIHYTO 38 CYET CHWKEHUS BbIHOCA 3MEKTponuUTa 13 paboyvert BaHHbI C MOMOLLIO Crieay-
OLLMX MEPOMPUSATUN: NMPUMEHEHME HEMPOTOYHBIX BEHH YNaBnmMBaHWs, 3NEKTPONUT KOTOPbIX
Mocrne HakoMMneHWs B HMX OTMbIBAEMbIX KOMMOHEHTOB B KOHLEHTPaLWK, paBHOW NONOBUHE
KOHLIEHTPaUumM 3TWX BELLECTB B TEXHOINOMMYECKON BaHHe, BO3BPALLAeTCH B OCHOBHYIO TEXHO-
TIOTUYECKYHO BaHHY A5 BOCMOMHEHWS NOoTepb BbIHOCA WU UCNapeHus, Npy 3TOM B 2 pasa CHU-
XKaeTcsa 3arpsi3HeHHOCTb CTOYHbLIX BOJA MPW YCTaHOBKE OAHOW BaHHbl yNaBnvBaHWs, a ycTa-
HOBKa HECKOJbKMX BaHH MO3BOMSET MCKMIOUMTE COPOC CTOUHBIX BOA; NPUMEHeHUe cnocobos
N YCTPOWCTB, NO3BONSOLWMX 00e3BpexmBaTh BPEAHbIE BELLECTBA HEMOCPEACTBEHHO B Tex-
HOMOMMYECKOW NMHUK, pasMeLleHne B BaHHaX ynaBlMBaHWA YCTPOWCTB (Hanpumep, MeMm-
BpaHHbIX, anekTpoMeMbBpaHHbIxX), MO3BONSAIOLLMX BbIAENATE MOHLI METASNOB N @HNOHbI COnen
B BUAE, NMPUrogHOM ANSi BO3BPaTa B TEXHOSIOTMHECKYHO BaHHY, UIIM CHWKATb UX YHOC B CTOY-
Hble BoAbl. B nocrnenHem crnyyae ynaetcs CHU3WTb B AECATKMU pa3 Harpysky Ha O4MCTHbIE CO-
OPYXEHUS U TEM CaMbIM UX MOLLHOCTb (COOTBETCTBEHHO, MX pasmep, CTOMMOCTb U 3KCMnya-
TauMOHHbIE pacxoibl).

CHWxeHWe BbIHOCa pacTBopa M3 TEXHOMOMMYECKMX BaHH, B CBOKO O4eEpeab, AOCTUraeT-
CA yBENMYEHMEM NMPOAOIPKUTENBHOCTU CTEKAHWUS PaCcTBOPOB C AEeTanu Haj BaHHamu; ycra-
HOBKOW HaKMOHHbIX LUMTOB MEAY OCHOBHOM W MPOMbIBHLIMA BaHHaMW; BBEASHUEM MeXaHu-
YeCcKMX NprcrocobneHn Ana BCTpsixmBaHus, 060yBkn AeTanen n NOgBECOK BO3AYXOM U Ap.
Takne MeponpuaATMA NO3BONAIOT CHN3UTL BbIHOC dnekTponuta Ha 70 % — 85 %.

MpoBeaeH pacyeT 3pPEKTUBHOCTU Pa3NUYHbLIX CXEM NPOMBIBOK Ha NPUMEpPE NPOMbIBKA
rnocne onepauuu 3NeKTPoNUTUYECKOro HUKkenupoBaHus. Noka3aHo, YTo CyLEeCTBEHHOEe CHU-
XeHue pacxofa BoAbl NMPOVUCXOAUT TONMBKO MpW Nepexofe OT OJHOCTYMNEHYaTON MPOMBIBKA
(1400 n/m?) k 2-cTyneryaToit (17 niM?). [lanbHeiillee yBenuyeHne ncna CTyreHei NpoMbIBKUA
OT 2 80 3 1 4 NPUBOAUT K OYEHb HE3HAYNTENBHOMY CHKEHUIO pacxoda Boabl (13 n 2,0 niv?
COOTBETCTBEHHO). B TO e BpeMs apheKTUBHOCTE KOHLEHTPUPOBAHUSA NPOMBIBHBLIX BOA MO-
BblLLAETCA C YBENMUYEHMEM 4ucna CTyneHew npombiBkW. M3 npuBeaeHHbIX 3aBUCUMOCTEN
cnepyer, uTO KackafHble CUCTEMbI LienecoobpasHee NCnonb30BaTh C LEnbio KOHLEHTPUPO-
BaHVA NpY ynaenueaHum pacteopa. [nsa oTMbIBKM geTanen Ao NpeaensHO-40NyCTUMOMN KOH-
LEHTpauMmM N CHWKEHUSA pacxofa BOAbl JOCTATOMHO OAHOW AOMNOSMHUTENBHOW BaHHbI NPO-
MbIBKM.

YMeHbLUeHNE 06BLEMOB CTOYHBIX BOA MOXET ObiTb AOCTUrHYTO 33 CYET MPUMEHEHUA
HOBbIX CNOCOB0OB NPOMbIBKM (KaBUTALMOHHOMO, MMNYNBLCHOrO), ONTUMU3ALIMKN CYLLIECTBYIOLLINX
NPOLIECCOB NMPOMBIBKM (HanpyMep, CTPYMHON UMK KOrAa CTOYHbIE BOAbI OT KOHEYHbIX CTagun
NPOMBIBKM MOTYT UCMOMNb30BaTLCA Ha NPEABAPUTENBHBLIX CTAAMAX), KPOME TOro, N3 NPOMbI-
BOYHbIX BOL YAAQNSAIOTCA KOMMAOHEHTBI 3MNEKTPONMTa, KOTopble nocne nepepaboTkn ucnons-
3yHOTCA B KaA4YeCTBE Cbipbs. [ANa U3BNeYeHUS NOCNEAHNX NPUMEHSIOTCA MeMOpaHHbIe, anek-
TpOXMMUYECKne, CoOpOLMOHHBIE U ApYrMe NPOLECChl, NPY 3TOM BO3MOXEH BO3BPAT OYULLEH-
HOW BOABI B TEXHOMOMMYECKUIA NpoLuece. Takas opraHM3aumsa npouecca npakTuyeckm SBnseTcs
3aMKHYTOW C TOUKU 3PEHUS LMPKYNAUUN NPOMBIBHBLIX BOA B ranbBaHNYECKOW yCTaHOBKE, Mo-
3TOMY 3KOnornyeckn B6esonacHa 1 K TOMy Xe NO3BONAET PE3KO CHUSUTb Pacxol XMMMUKAaTOB.

OdpekTMBHBIM HanpaBneHWem No MUHUMU3ALMK OTXOHAOB SIBNSIETCA COCTaBIEHWe
6anaHCcoBbIX pacyeToB ABWXEHUS TOKCUYHBLIX METannoB M BoAaonoTpebneHnsa B ranbBaHo-
TEeXHUKEe C NMPUMEHEHMEM KOMMNBIOTEPHBIX NPOrpamMmm. AHanu3 pesynsTaToB pacyeTa nokasar,
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YTO HEepPenKO OCHOBHOW MPUYMHOM NOTEPb LIBETHLIX METANOB B ranbBaHOTEXHWUKE SBMATCSA
He onepauuy NMPOMbIBKKM, Kak 3TO CYMTanoch paHee, a NoTepU C TEXHOMOMMYECKMMU CNYTHU-
kamu. Tak, Npy NPOBEAEHNN TEXNPOLIECCOB LIHKOBaHMWS, KAZIMMPOBaHMS U XMMWUYECKOrO HU-
KenMpoBaHWSA Ha OroneHHbIX NoABECKax M CeTkax Aons MeTanna, TepsSieMoro ¢ STUMM HOCU-
TEnsMM, Ha HEKOTOpbIX NpeanpuAaTusax gocturaet 60 % oT obliero KonumyecTsa UCMONbL30-
BaHHOro Metanna. Motepu xe npy NPOMbIBHbIX OMNEepauusax, Kak NpaBuIio, HE MPEBbLILAT
20 %. banaHcoBble pacyeTbl NO3BOMSAIOT BbISIBUTb OCHOBHBIE MPUYUHBI YTEYKU LIBETHBIX Me-
Tannos B TEXHONOrMYECKOM MpoLecce W LieneHanpaeneHHO NpPOBOAWUTL MepOonpuUsaTUs Mo
CHWDKEHUIO UX MOTEPb.

Hanbonee adeKkTMBHBIM NyTEM MUHUMM3ALMM OTXOAOB siBNSEeTCs pasdpaboTka me-
TOAOB M cneunanbHoro obopynoBaHUSA ANS pereHepaumn TEXHONOrMYECKMX pacTBOPOB U
3MEKTPONUTOB. BaxHOCTL pa3paboTku U NPUMEHEHUE TakMX METOAOB B ranbBaHOTEXHWUKE
obycrnoBneHa psiioM (PakTopOB, M3 KOTOPbIX FMaBHLIMA SBMSIOTCA CNEAYHOLUME: CHDKEHNE
KanuTanbHbIX 1 SKCMJlyaTauMoHHbIX 3aTpaT NpU O4YUCTKE CTOYHbIX BOA,; YIy4LLEHNe kadecTsa
ranbBaHOMOKPLITUA 3a CYET OTKPLIBAOLLENCH BO3MOXHOCTU OCYLLUECTBAATbL HENpepbIBHYLO
pereHepaumio dNeKTPONUTOB, He AOBOAA MX paboToCnoCOBHOCTb JO KPUTUYECKOrO COCTOS-
HUSI; 3KOHOMWS MaTtepuarnbHbIX pecypcoB MyTem npeaoTspawieHus 6e3803BpaTHbIX NOTEPL
LBETHBIX METaNMOB M APYrMX LieHHbIX KOMMOHEHTOB 1 OTCYTCTBME HeobxoanmocTu obesspe-
XMBaTb OTPaboTaHHbIE 3MEKTPONUTHI.

PereHepaumoHHble NpoLecchl OCHOBaHbl Ha WCMONb30BaHUM  3NEKTPOXMMUYECKON,
NOHOOBMeEHHOW, MeMBpaHHOW, COPOLIMOHHON TEXHOMOMK, NMPOLIECCOB PEareHTHOW TEXHOMO-
v, Y®-06nyyerns, dunstpauum u ap.

Hanbonee ynotpebnsemMbiMu B MNpakTvKe MeToAaMu pereHepauum CUIbHOKUCHbIX
pacTBOPOB TPaBMNEHUS W 3MEKTPONUTOB aHoaupoBaHus Al ABRSOTCA MeToabl MEMOPaHHOro
aneKkTponu3a (Ans pereHepauum pacTBOpOB TPaeneHWs Ha ocHose xnopuga Cu n Xpomco-
Lepxallmx pacTBOPOB aHOAMPOBaHMS), peTapaaumm (3anasgbiBaHns, Korga npu npornycka-
HUM pacTBopa 4epe3 CUITIBHOOCHOBHYHD @HWOHHYHO CMOMY paspylwiaeTcsl KMCMoTa, a Comnu
HeT), Amanuaa n HaHodpunbeTpaumu. MeToa peTapaauum No CPaBHEHWIO C APYIMMN METOAEMMU
TpebyeT 3Ha4MTENbHO MEHBLLLEro pacxofa SHeprM, XMMUKaToB U BOAbl, OAHAKO CKOPOCTb
yOaneHus MeTannoB OTHOCUTENbLHO Mana. AHanu3 NpUMEHsieMbIX cnocoboB pereHepaLmm
pacTBOPOB XMMWYECKOro obeaxupuBaHMs nokasan, YTo Haubonee nepcrnekTUBHLIMU ABNSA-
t0TCA anekTpodnoTaums u ynbTpadunstTpauus. PereHepaums aneKTponmToB HaHECEHUS Me-
TannM4eckux NoKpPbITUA U KUCIIOTHOrO TPaBreHUst OT NPYMECEN METasnoB BOSMOXHA NyTEM
NMPUMEHEHNA SNEKTPOMEMOPAaHHbBIX MPOLIECCOB. AHaNM3 M3BECTHLIX METOLOB pereHepaumu
NokasbIBaET, YTO AN NMOBTOPHOrO UCMONb30BaHUS OTpaboTaHHbIX 3NeKTponmMToB Havbonee
3 PEKTUBHLIMU NPEACTABMAIOTCS 3NEKTPOXMMMNYECKUE METOAbI, MO3BONAOLLME MHTEHCNDN-
LMpOBaTh NPOLIECC U3BIEYEHNA METanoB.

PereHepauvsi snekTponMTOB OT pPa3nuuHbIX MO MPUPOAE MPUMECEN, Kak Npasuno,
ocyLlecTenseTcs KoMBuHaumel pasnuyHbix cnocobos. MpegnaraeTca opraHnyeckue npumve-
CW noagepratb MOSMHOMY OKWUCNeHuto, GapBoTupys Yepes SnekTponuT MEeAHEHWUA O30H, a
NMPUMECU MOCTOPOHHNX METANINIOB U HEOPraHNYECKMX COSANHEHUNA YAANATCA pasnuyHbIMK
HUBUKO-XMMUYECKMMM MeTOoAaMN (aacopOums, XemocopOuns, NOHHLIN OOMEH, anekTpoauna-
nums, dunsTpaums). PaccmaTtpusaeMble MEPOMPUATUS MO3BONSAT CHU3UTE obpasosaHne
wnamoB Ha 30 % 1 ncnonbk3oBaHne BpeAHbIX XMMUKATOB.

NHTepecHbIM NPeACTaBnsAeTCs WCMONb3oBaHWE ANSA pPereHepauvn  3MeKTponuTos
YCTPOWCTB, KOTOPblE pasMeLLatoTca HEMOCPEACTBEHHO B paboyei BaHHe, 4TO He TpebyeT
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JOMNONHUTENBLHOMO BbIAENEHUs ANs HUX nnowagen. CylecTByeT NPOLECC pereHepaummn pac-
TBOPOB XPOMWPOBaHWsI, KOTOPLIN NO3BONAET YAANATbL MOHbBI Xenesa, Meau u apyrux metan-
JI0B HEMOCPEACTBEHHO M3 BaHHbI XPOMMPOBAHWS MO MEPE UX HAKOMIIEHWSA, HE NpepbIBas Npu
3TOM TEXHOMOMMYECKUA MPOLIECC N 3HAUUTENBHO YBENMUMBas CPOK CNyxObl 3nekTponuTa.
Ha otaenbHbIX ranbBaHUYeckux onepaumsix NpoBeAeHUe NpoLEeCcCoB pereHepauum SneKTpo-
NINTOB 1 pacTBOPOB MO3BOJAET CO3AATb 3KOMOIMYECKN YACTOE MPOU3BOACTBO C 3aMKHYTbIM
LMKIIOM MO pereHepvpyemMbiM anektponuram, B 3—15 pas npognunte CPOK MX SKCnyataumm,
3HaUMTENbHO C3KOHOMUTL MatepuarnkHble pecypchl NyTEM NPeAoTBpaLLeHs 6e3B03BPaTHbIX
noTepb XUMWUYECKMX BeLLecTB. TakuMm o0Bpasom, pereHepaumio MOXHO cuutatb Haubonee
3HauYMMbIM MPOLECCOM B TEXHOMNOMMM 06paboTkM KOHLEHTPUPOBAaHHBIX 3NEKTPONUTOB U pac-
TBOPOB.

OpyruM HanpaeneHnem MUHMMWU3ALUU OTXOLO0B SIBNSIETCH MPUMEHEHME MPOLECCOB
yTUnu3aumm, KoTopble No3BONAIT BblAENUTL U3 0TpaboTaHHbLIX pacTBOPOB OTAENbHbIE LiEH-
Hble KOMMOHEHTbI (LIBETHbIE METanmbl, KUCMOTbI U ApyrMe BELLECTBA) U UCMOMb30BaTh UX Ha
LaHHOM NpeanpuaTMU UMM Ha CMEXHBIX NMPOM3BOACTBAX, nepepabarbiBaTe OTpaboTaHHbIe
pacTBOpbl ANA NOSYYEHUS CMEXHBIX NMPOAYKTOB, HanpuMMep: MUIMEHTOB, CbIPbEBLIX MOJy-
NpoaykToB abpasvBHbIX MarepuanoB, NMEHOKEpaMuky, COCTaBOB ANSA OrHe- u Guosawmrol
L PEBECMHbI M €€ TOHMPOBaHWA U Ap.

Ecnu npouecchl pereHepaumm LenecoobpasHo NpoBOAUTL HA CaMOM NMPEAnpUsTUM, TO
nepepadoTka U yTunmM3auus OTXOAOB ranbBaHOTEXHUKU SBMSKOTCS pervoHansHOW npobne-
MOW, TaK Kak y nepepaboTumka B permoHe UMeroTcs yctaHoBku no obpaboTke oTxon0B, OTBE-
Yatome TpeboBaHWsAM 3alumTbl OKPYKatoLLEN cpefibl, a TakKe MecTa 3axXOPOHEHUS YTUNN3N-
pOBaHHbIX OTXOLOB. Takoe CUCTEMHOE peLleHve aBnseTca bornee npaBunbHbBIM, YEM nepe-
paboTka OTXO40B Ha CaMOM MpPeanpuUSTUM, HECMOTPS Ha Bornee 3HauMTenbHblE TPaHCNOPT-
Hble pacxofpbl.

CoBeplueHCTBOBaHUE TEXHOJIOMMYECKUX NPOLIECCOB OUUCTKU CTOUYHbIX BOA

B HacTosiLlee Bpems cyulecTByeT 60nblIOe MHOroobpasme TEXHOMOTUYECKUX CXEM
06e3BpexxnBaHNA CTOYHBIX BOJ, ranbBaHU4eckmx npounseogcte. MNoatomy LenecoobpasHocTb
BbIGOpa CXxeMbl 3@BUCUT OT CMELMMKMKM UCMOSb3YEMbIX TEXHONOMMHYECKUX NPOLECCoB, TEXHU-
YEeCKOW OCHAaLUEHHOCTW, COCTaBa, KOHLEHTpauMn U obbema CTOYHbIX BOA, MEAUKO-
BOMONOrMYECKMX U TEXHONOMMYECKMX TpeboBaHUN K OYMLIEHHOW BoAe, HeobXxoauMOCTM Mo-
BTOPHOIO €€ UCMOob30BaHWs B TEXHOMOIMYECKOM npolecce, TpebyeMbix marepuanbHbIX U
3HEpreTUYECKNX 3aTpar, TEXHUKO-3KOHOMUYECKMX Nokasatenei. TexHnyeckne n aKkoHoMuYe-
ckue TpeboBaHUs K CTEMEHW U KPUTEPUSIM OUYMCTKN CTOYHBLIX BOA B NEPBYIO Ovepesib 3aBUCAT
OT TUNa CUCTEMbI BOAOCHAGXKEHMS MPOMBILLNEHHBLIX NPOM3BOACTB. B npamoTouHbix (Hesa-
MKHYTbIX) cucTeMax cOpacbiBaeMble B KaHanM3aumio CTOYHbIE BOAbI AOITKHbI COOTBETCTBO-
BaTb Meauko-buonormyeckum Hopmam MOK. B 060pOTHBIX (3aMKHYTbIX) CUCTEMAaXx AOMyCKa-
€TCsl O4MCTKa [0 TEXHUYECKM JOMYCTUMbIX KOHLIEHTpauui Ans NoBTOPHOTO MPUMEHEHWS BO-
Abl B TEXHOMNOMMYECKMX NPOLECcax.

OCHOBHBIMW METOAAMM, KOTOPbIE UCTMONbL3YHOTCHA ANS OYMUCTKM ranbBaHWYECKMX CTOY-
HbIX BOZ, SBMSOTCA MEXaHN4Yeckme u usmnko-xuMmudeckne. LLnpokas obnacte NPUMEHEHNS 1
OTHOCUTENbHAst TEXHOMOrMYEckasl NPoCToTa BOAOOYUCTKM OOycnoBunm Haubonbluee pac-
NpocTpaHeHne MoaudUKaLMn peareHTHOro MeToa B COMETaHUM Co crnocobamMn MexaHude-
CKOW OYUCTKM MO CPaBHEHMIO C APYTMMWA METOAAMMU, TaK Kak OHW MO3BOMAT XUMUYECKN ne-
pPEeBOAUTL PACTBOPEHHbIE COEMHEHUSI METANNOB B OCaAOK U OTAENSATb ero OT OYULLAEeMON
Bogbl. OrpaHN4YeHHOE NPUMEHEHNE HALLMWN TakMe MeToabl 06paboTkm CTOUHBIX BOA, Kak Buno-
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copbuusi ¢ Ucnonb3oBaHMEM B kavecTBe copbeHTta npeaBaputensHo obpaboTaHHoro nsbbi-
TOYHOIrO aKTUBHOrO Wna, OKUCINEHUe ¢ NpuMeHeHneMm Y®-paauaumm (ana aeTokeukaumm up-
aHcogepxawux BOA, AecTpykumm komnnekcoobpasoeatenen, MAB u ap.), BbinapuBaHue
C HarpeBoM CTOYHbIX BOA UHGPaKpacHbIM MU3nyyeHuemM (ans obecconuBaHvsa) U Bbinapuea-
HMe B BakKyyMme.

B TexHonorMm pasnnuHbix MEeToA0B BOAOOYMCTKM cobritofaetca onpegeneHHasi no-
cnegoatensHocTb. Mocne nepBUYHON MeXaHU4YeCcKOM OYUCTKM (yaanswoTes rpyboaucnepc-
Hble BelwlecTsa) aanee Nepexoisit K XMMUYECKUM MeTofaM (HerTpanusauus, Koarynauus,
ocaxgeHue v ap.), a 3aTeM KO BTOPUYHON MEXaHWYEeCKOW ouncTke (oTcTamBaHue, punsTpa-
ums). Ana rnyGOKOM OYMCTKM CTOYHBIX BOA W CO3AaHUS CUCTEMbI 3aMKHYTOro BoAoo6opoTa,
Kak npaBuno, UCMONb3yeTcsl MOHHbIN 0OMmeH. B nocneaHem criyyae obpasyroTca BTOPUYHbIE
XNOKNE OTXOAbI (3nHoaTbl MOHHOTO 0OMeHa), KOTopble AOMMKHbI BObITh Takke nepepaboTaHbl.
BaXHbI 3reMeHT TeXHONOrMYeckoro Npouecca OYUCTKM — yaaneHue n ytunuaaums obpa-
3ytoLLerocsi ocagka.

B nocnegHve roabl paspabartbiBatoTcs 1 BHeApsoTcs Bce 6onee addeKTUBHbIE Me-
TOAb!I OYNCTKN U OOOUMCTKM CTOYHbIX BOA C NMPUMEHEHNEM HOBEWLLMX CNOCcOB0oB — 3neKkTpo-
XMMWNYECKUNX (Hanpumep, 3neKTponus, anekTpodnoTaums, srekrpocopbums), MarHUTHbIX U Ap.,
a TaKKe HOBble Marepuarb! U XMMUYeCKMe nNpenaparbl, UCNOMNb3yeMbie AN 3TUX Lenen [69],
[72]-[79].

K npenmyLlecTsam aneKTpoOXMMUYECKUX METOAOB MNepel MEeXaHWYECKUMU U XUMUYe-
CKMMW OTHOCSITCSI: YMNPOLLEHNE TEXHONOMMYECKOM CXEMbI M 3KCMNyaTaLym NponsBoCTBEHHbIX
yCTaHOBOK, NPOCTOTa aBToMaTtu3aummn ux paboTsl, CokpalleHne NPOU3BOACTBEHHbIX MrioLLa-
Aen, HeobxoaMMbIX ANS PasMeLLeHUs OYUCTHOrO OBOPYAOBaHNS, NOCTOSHHOE (HE yBEenMuun-
BaeTCs) COAepKaHue CONEel B OYULLAEMBbIX CTOKax U YMEHblUeHue Konudectsa obpasyto-
LUMXCH ocagkoB. ITW METOoAbl MO3BOMSAT KOPPEKTUPOBATL (DUNKO-XMMUYECKNE CBOWCTBA
BOAbI, KOHLIEHTPMPOBAaTL M M3BMEKaTh U3 HEE XUMUYECKME NPOAYKThl. Micnonb3osaHne anek-
TPOXUMUYECKMX METOL0B 00E3BPEXMBAHMSA CTOMHBIX BOA rOpasfo 3KOHOMUYHee apyrux. Tak,
Hanpumep, Ansa paspywenus 1 kr OATA npu anektponuae Tpebyetca okono 300 py6., ¢ uc-
none3oBaHveM yneTpaduonetosoro obnyveHns B npucyteteun HoO2 — 1200 py6., o3oHa —
9500 py6. CTOMMOCTb YHUUTOXEHMA 1 KI unaHuga dneKkTponuTUYECKUM NyTem cocTasnsaeT
100 pyb., a c npumeHeHrem NaCl — 1000 py6. B Lenom 3KOHOMWUYHOCTb BO3pacTaeT 3a cyeT
BO3BpaTa LeHHbIX KOMMOHEHTOB U YMeHbLUEHUSs 06bEMOB CTOKOB K kKonudecTtea notpebnse-
MO cBeXeN BoAbl.

MpyMeHeHMEe 3NEKTPOXMMMYECKUX TEXHONOMMIA U 06OPYAOBAHNA NO3BOMSAET HE TOMLKO
OCYLLECTBNATbL OYUCTKY CTOYHBIX BOJ A0 YCTAHOBMEHHBbIX HOPMATUBOB, YNPOCTUTL TEXHOMO-
MMYECKYHO CXeMy, COKpaTUTb NoTpebneHne peareHToB 1 cBexen Boabl U 06bem cHpacbkiBae-
MbIX OYULLIEHHbBIX CTOYHBIX BOJ, HO M OpraHn3oBaThb 3aMKHYTYHO cucTemy BoaoobpaboTku.

O6wui NoaxoA K pauuoHanusaumn ypoBHS BO3AEWCTBUSA Ha OKPYXaloLylo cpegy w
notpedbnenna pecypcoB npu obpaboTke NOBEPXHOCTM METannoB WM MnacTtMacc, COCTOUT
B NpefoTBpaLLeHn obpasoBaHUsl OTXOA0B Be3ae, rae 3TO BO3MOXHO, 3a CHET UCMONb3oBa-
HWUA TEXHONOIMI, KOTOPbIE NMO3BONAIOT OCYLUECTBAATL YTUNM3aUnio 1 nepepaboTky Tam, rae
3TN oTxoabl obpasytoTcs. B Tex cnyvasix, korga ¢ TEXHUYECKOW MM SKOHOMUYECKON TOUKM
3pEeHNs HEBO3MOXHO NPeAOoTBPaTUTL 06pa3oBaHMe OTXOA0B, OHWN A0IMKHbI ObITb pa3MeLLeHb!
Takum oBpasoM, 4Tobbl nsbexarb UM MUHUMU3NPOBATL N0GOe BO3AENCTBME Ha OKpYyXato-

Luyto cpeay.
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Ha ocHOBaHMM BbILLIEN3MOXEHHOTO OO6LMIA MOAXOA4 K pauvMoHann3auuMnm YpOBHS BO3-
OEVCTBNSI HA OKPYXaloLlyt cpedy U noTpebsieHuss pecypcoB Npu 06paboTke MOBEPXHOCTU
MeTas1/I0B U N1acTMacC MOXHO pasfieNiTb Ha TpW rpynmbl (CM. pUCYHOK 3.1).

06ume TORXOAH KPAUNOKAaNU3ALNN YPOBHA BOSLEHCTRUA HAa OKDPYyXABLY D CPERY
BonoTpeGAEHNA pecypcoB TpU 0GpaboTKe NOBEPXKHOCTH WeTannos w nracrhace

Mpynna | >1 Mpynna 1l >1 Mpynna 11l

1) YMEHbLLIEHE O4YNCTKa

o CokpaLlleHue
XNMHN4YeCcKon P LU' CTOYHbIX BOJ,
OrnacHoCT 0bbEMa oo
CTOYHbIX BOJ,

CTAHOB/EHHbIX
" Be:f o BV, v CoAepKaia Y HOPMaT1BOB
pacTBopax B HUX BeLIeCTB MUK
aneKTponnTax il

PucyHok 3.1 — O6Lme noaxofbl Mo palmoHanm3aluy ypoBHs Bo3aeicTeus
Ha OKpYXaloLLlylo cpeay v noTpebeHusi pecypcos
npu 06paboTke NOBEPXHOCTU META/IOB W MjacTMacc

MepBas rpynna cesi3aHa C nposBefieHemM paboT cnyxbamu Lexa W KacaeTcs TOJIbKO
TEXHONOTMYecknx onepaunii 06paboTkn. OCHOBHasA Leflb — YMEHbLUNTb XMMUYECcKyto onac-
HOCTb 1 cofiepXaHne OTAeNbHbIX BELWEeCTB B pacTBOpax W anekrponutax. s atoro pabotsl
[O/MKHBI ObITb Hanpas/eHbl Ha NpoBefeHne (B TEXHMYECKN 060CHOBAHHBLIX Cy4asx) cnepy-
IOLLIMX MEPONPUATHIA:

- NpYMeHeHVe 6e3BpefHbIX UM MeHee BpefHbIX TEXHOMOrMYEeCKNX NpoLeccos;

- 3aMeHa LiMaHUCTbIX 3N1EKTPONIUTOB Ha 6ecunaHuncTble, 3/1eKTPOSINTOB U PacTBOPOB Ha
OCHOBE COEAMHEHWI LIEeCTUBAJIEHTHOrO XpOMa Ha 3M1eKTPONNTbI 1 pacTBOpPbl Ha OCHOBE
TpexBasieHTHOro Xpoma. 3TO MO3BOMUT UCKIOUUTL MPUMEHEHNE TEXHOMOrMYECKMX onepauuii,
TpebyloLwmx 04HOBPEMEHHOrO NPUMEHEHNS Pa3NNYHbIX TEXHOMNOTNIA ANA UX HelTpanm3auuu;

-3amMeHa 3/1eKTPO/IMTOB Ha OCHOBE KOMM/EKCHbIX COeAMHeHW (ammuakaTtbl, Nupo-
docchatel, TapTpaThl U Ap.), CHMXAKLWMX 3MPEKTUBHOCTL OUYUCTKWA, HA COCTaBbl Ha OCHOBE
NPOCTbIX coefuHeHuli (CynbaTbl, X10pnAapbl). STO NO3BOMUT UCKOUYNTL NMPUMEHEHNE TEXHO-
NIOTVYeCcKMX onepauuii, TpebylLnx Og4HOBPEMEHHOIO NMPUMEHEHUS Pa3/IMYHbIX TEXHOIOMWI
ANS UX HeTpanmsauuu;

- 3aMeHa BbICOKOKOHLLEHTPMPOBAHHbIX PACTBOPOB W 3/1EKTPO/IMTOB HA MEHee KOHLEH-
TPUPOBaHHbIE;

- YHUrKaumMa WMOHHOTO cocTaBa 3/M1EKTPOSIUTOB (Hanpumep, 3amMeHa (MTOPUAHbLIX U
a30THOKMC/IbIX COMeEl N COOTBETCTBYIOLMUX KUCIOT Ha Cy/bpaTHbIe Wan XI0PULHbIE);

- CHUXeHMe B pacTBopax W 3NeKTPONUTax CofepXaHusi OpraHUyeckux CcoefuHeHui
(MABBbI, 6neckoobpasytoLne fobaBku 1 4p.), CHMKAOLWMX 3PEKTUBHOCTL OUUCTKK;

- NPOAJ/IeEHNE CpOKa 3KCM/yaTalun 3/1eKTPOSIMTOB 3a CYET NPYMeHeHns CpeacTs U me-
TOZI0B KOHTPOJIA 1X COCTaBa N COCTOSAHUSA, TEXHOMIOTMYECKMX NapaMeTpoB rajibBaHoo6paboTKy;
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- CHUKEHME COAepXaHUS XMMWYECKUX BELLECTB B CTOYHbIX BOAaX, MOCTYMaloWmMX Ha
OYMCTHbIE COOPYXXEHUS, 3@ CYET YMEHBLUEHUS KONMUYeCTBa 3NEKTPONUTOB U pacTBOPOB, Bbl-
HOCUMbIX M3 TEXHONOrMYECKUX BaHH, MOCPEACTBOM: Bbibopa OMTUMAarbHbIX KOHCTPYKLMIA
noasecok (6apabaHoB, CETOK), yCTPOUCTBA MEXAY TEXHOMOMMYECKUMU U NPOMBIBHBIMW BaH-
HaMU KO3bIPbKOB C HAKMOHOM B CTOPOHY TEXHOJIOTMYECKMX BaHH, BCTPAXMBAHWA MOABECOK
C petansamMm Haj NOBEPXHOCTbIO BaHHbI, YBENMYEHUS BPEMEHM BbIAEPXKKU NOABECOK C AeTa-
NSMKW Hag, NOBEPXHOCTHIO BaHHBI (YMEHBLUAET BbIHOC pacTBopa B CTOYHYHO BOAY B 2—3 pasa).

BTopas rpynna cesisaHa ¢ npoBefeHueM paboT cnyxbamu uexa v npeanpuatia m
HanpasneHa Ha onNTUMKU3aLUmo BogonoTpebneHus u BogooTeeaeHus. MNpu atom notpedyerca
LOMONHUTENbHOE pasMeLLeHNe TEXHONOMMUYECKOro U OUYMCTHOrO 060pyAOBaHMSA B ranbBaHU-
yeckom uexe. OCHOBHas Uenb — COoKpatuTe 06beM 06pasyrolmMXCs XUAKMX OTXOA0B U CO-
Aep)XaHue B HMX OMNAacCHbIX XMMUYECKMX BellecTB. [lna aToro Heo6xoAMMO NPOBECTU Cneay-
toLLEe MEePONPUSTUS:

- NpoAJIeHNe CpoKa 3KCnnyaTaLum anekTposIMTOB M pacTBOPOB 3a CHET OpraHvsaumu
NPOLECCOB pereHepaunn, pekynepauum v ytunusagmu. lNpoueccsl pereHepaumm No3sonsoT
BOCCTaHaBNMBaTb paboTocnocoBHOCTb OTpaboTaHHbIX pacTBOPOB U anekTponutoB. MNpouec-
Cbl pekynepauum NO3BONAKT BO3BPALLATb HYaCTb CbIPbA U NPOAYKTOB (BOAY, LUENOYM, KUCNO-
Tbl, MeTannbl) U3 oTpaboTaHHbIX pacTBOPOB AN MOBTOPHOrO UX UCNonb3oBaHus. Mpoueccesi
yTUn3aumm No3BONSHOT MOMy4YaTh HOBbIE BUALI MPOAYKLMY,

- COKpalleHWe pacxoja YMCTOW BOAbl HA NMPOMbLIBOYHBLIE onepauum u obpasyoLmxca
CTOYHbIX BOA 33 CHET: M3MEHEHWS MOCNeA0BaTeNLHOCTU onepauuii NPoMbIBKA U3AENWI, BTO-
PUYHOIO UCMONL30BaHMA BOAbl A1 MPOMbIBKA MEHEe OTBETCTBEHHbIX Onepauumn, opraHmaa-
UM NEPUOAMYECKN HEMPOTOYHOrO pexnma paboTbl MPOMbBIBHBLIX BaHH, YBENUYEHUS KONUue-
CTBa CTyMneHen NPOMbIBKY;

- CHWKEHME COAEepKaHUS XMMUYECKMX BELLECTB B CTOYHbIX BOAAX, MOCTYMALMX Ha
OYMCTHbIE COOPYXEHUS, 38 CHET AOMOSIHUTENBLHOIO PasMEeLLEHUS BaHH YNaBnmMBaHUS U pas-
MELLEHNSA B HUX YCTPOWCTB (HanpuMmep, anekTpoMeMbBpaHHbIX), NO3BOAIOLLMX BbIAENATE UO-
Hbl METanMOB M aHUOHLI CONel B BUAE, MPUroLHOM ANS BO3BpaTa B TEXHONOMMYECKYIO BaHHY;
opraHvaaumm npoLieccoB MO NOKanbHOM OYUCTKE CTOYHBIX BOA C BbIAENEHUEM XUMUYECKMX
NPOAYKTOB (MeTasnsbl, KUCNOTa, LWernoYs) B BUAS, NPUrOgHOM ANA yTUNM3aumm B APYrMX BU-
[ax NPOM3BOACTB, B TOM YMCIe BOAbI ANS opraHv3auum BogoobopoTa.

TpeTbs rpynna ces3aHa ¢ npoeefeHnem paboT cnyx6amu NnpeanpusTusi u Hanpaene-
Ha Ha cokpalleHUe onacHbIX XMMUYECKMX BELLECTB, NOCTYNALMX BMECTE CO CTOYHbIMU BO-
Lamu B BogHble 06bekTbl. [Ina aToro notpebyeTcs 3ameHa yCTapeBLUero Unn SOMnonHUTENb-
HOe pasMeLLEeHNE COBPEMEHHOMO OYMCTHOrO 060PYAOBaHNSA HA OUYNCTHBLIX COOPYKEHUSX.

OCHOBHbIE Lienn — OYMCTKA CTOYHbIX BOL OT TOKCUYHBIX BELLECTB [0 YCTaHOBIMEHHbIX
HOPMaTWBOB, KOHLIEHTPUPOBaHWE N NEPEBOA COEAVNHEHWI U3 XNAKOrO B MacToobpasHoe co-
cTosHMe, cOOp M MOATOTOBKA raribBaHOLWMAMOB K UX yTunusauuu. Ona storo Heobxoaumo
MPOBECTU CreAYHOLLNE MEPONPUSTUS:

- B cryyasx korga Hopwbl MNOK sarpssHaowmx BewecTs B CTOUHbIX BOAAX OTNIMYAOTCA
OT HOPMaTMBOB Ka4yecTBa BOAbl BOAHbIX OOBbEKTOB PbIBOXO3ANCTBEHHOIO 3HAYEHMS, LIEeNeco-
obpasHa opraHMsauusi CUCTEM OYMCTKU CTOMHBIX BOJA OT PasfUYHbLIX NMpUMecen (MOHbI Me-
Tannos, opraHM4YeckMe NMpUMecKH) C MUCMONb30OBaHNEM CPEACTB U METOAOB C HaUMEHBLUUM
YPOBHEM CIOXHOCTM (Hanpumep, 3NeKTPOXUMUYECKUNX), MEHEE YYBCTBUTENbHBIX K OLLMbOKaM,;

- B cnyyasix korga Hopmbl MK 3arpsasHsAowmx BEWECTB B CTOYHbIX Bogax onpeaens-
HOTCH HOpMaTuBaMM KadyecTBa BOAbl BOAHbIX OOBLEKTOB PbIOOXO3ANCTBEHHOrO 3Ha4YeHWs, a
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TaKKke Npu Hanmuum ocobbix TpeGoBaHWi K NpeanpusTUo B 06nactn BOAOMNONL3OBaHNSA, Ha
BHOBb OpraHvM3yembiX NPOM3BOACTBAX LienecoobpasHbiM NpefCcTaBnaeTcs npuMeHeHue Bo-
[LOOBOPOTHBIX CUCTEM OYUCTKM CTOYHbIX BOJ, OCHOBaHHbIX HA MOHOOBMEHHBIX U MeMBpaH-
HbIX TEXHONOrUSX, NO3BONSAIOLMX NOMyYaTb 06ECCONEHHYI0 BoAy 2- U 3-11 KaTteropun B co-
oteetcTeum ¢ FOCT 9.314-90;

- BHEAAPEHME CPEeACTB U METOLOB KOHTPONA TEXHOMOTMYECKUX M Ka4YeCTBEHHbIX napa-
METPOB OYUCTKU CTOYHBIX BOA U 06paboTkM rarnsBaHOLNamMoB.

- BHEApEHMe CPeACTB U METOLOB KOHAMLUMOHMPOBaHUA U 00e3BOXMBaHUS ranbea-
HOLLIaMOB B BUAE, NPUroAHOM ANs yTURM3aLun.

Haunbonblumi OnbIT NPOMBLILLNIEHHOTO OCBOEHWUA MMeeTcs B obnactu ytunusauyum
ranbBaHOLUMaMOB B KQYECTBE CbIpbsi MpY NPON3BOACTBE Kepam3nTa, Yepenuubl, kepaMmude-
CKOW NnUTKU U ApyrMx MaTtepuanos [80]-[82]. LUnambl B Npouecce NOAroToBKU K UCMONb30-
BaHWIO MOABEPraroTCs CyLluke A0 BNakHOCTU He 6onee 9 % 1 B ka4ecTBe OTAENbHOro KOMMOo-
HeHTa aobaensaoTcsa B rMnHoMaccy B konndectee 3 % — 5 %. Mocne dopmMoBaHus nsgenus
n nocriegyroero obxura gobaeka LLNaMoB, PaBHOMEPHO pacnpeaeneHHas no obvemy, ne-
pexonuT B CBA3AHHOE COCTOSIHWE, YTO NPENATCTBYET €€ BbIAENEHMIO (BbIMbIBAHUIO U BLIBET-
puBaHuto). Mpu 3TOM yny4waeTca MexaHn4eckas NPOYHOCTb U MOPO30YCTOMYMBOCTL Kepa-
MUYECKOM Npoaykunn Ha 15 % — 20 %, BoAONOrNowWeHe CHKaeTea Ha 2 %.

Jpyrm cnocobom yTunnsauum ranbBaHoLLIaMOB B CTPOUTENBCTBE ABMNASTCH UCMOSb-
30BaHME MUHEparnbHOro HaMoSHUTENS, aKTUBUPOBAHHOMO ranbBaHOLINAMOM, ANS WU3roTOBR-
neHunst acanbTobeToHHbIX cMecen. MOCKOBCKUM ropoackum LieHTpomM [foccanHanmaHaasopa
cornacoBaHbl TEXHUYECKME YCINOBUA W TEXHONOTMUYECKM pernamMeHT Ha npousBOACTBO
HanomnHMTENS W BbiAaH FMIMEHUYECKUIA cepTudUKaT ANS ero NPOU3BOACTBA, NOCTaBKW, pea-
n1M3aumm 1 UCNonb3oBaHus. [N akTMBaLumM MUHEPAribHOro HaMoNHUTENS (U3BECTHSIKK, A0-
NOMUTBI 1 Apyrne kapboHaTHble NOpoAbl) MPUMMEHSIOT ranbBaHoLWMaMbl C COAEpXKaHUEM
anioMUHUS, KaaMusi, XpoMa, MeAW, Xenesa, MapraHua, MarHusi, HAKENs, CBUHLA, TUTaHa,
UMHKa, Gepunnus B ONpeAeneHHbIX MPOLEHTHbIX COOTHOWeHUsx. CoaepxaHve rarnbsa-
Hownama B acdanbTobeToHe HE AOMKHO npesbiWaTb 1,6 %. CaHurtapHo-
TOKCUKONorndeckne uccnepgosaHns nposegeHsl HUW rurveHsl mum. @. ®. Spucmana. Ac-
anbTo0ETOHHbIE CMECK, MU3rOTOBMEHHbIE C f0BaBKaMW ranbBaHWYECKUX LUNAaMOB, PEKO-
MEHAYIOTCS AN UCMONb30BaHWS MPW YCTPOWUCTBE MOKPLITUA JOPOT, 3@ UCKMKOYEHNEM MIlo-
a0k Ha TEPPUTOPUM JETCKUX, NEYeBHbIX U CMOPTUBHBIX YYPEXAEHUNA.

OpHako Bce aTu cnocobbl yTUNM3aumm ranbeaHoLLamMoB MyTEM COBMECTHOrO OTBep-
XOEHNA C LUEMEHTOM, T[JIMHOA W APYrMMW BSXYLUMMKM Martepuanamm  3KONorndyecku
He 6e3onacHbl: pa3nuyHblie NCCNELOBaHMA MOoKasany BO3MOXHOCTb BbILENaunBaHns TsHxe-
TNbIX METannoB 1 13 6eToHa, 1 U3 acdansTa, U faxe U3 KepaMuku. Tak, CKOPOCTb Bhilena-
YMBaHWS XpPOMa U3 KEPaMUKM B AUCTUNIMPOBaHHOM Boge npu akcnosnumm 100 4 coctaemna
0,042 mr/(m?4), a ns 6eToHa — 0,004 3 Mr/(Mz-q). B T0O e Bpems BbilenaynsaHne LuHka 13
kepamMukn npeHebpexxumo marno. B Bonee arpeccuBHOM (4em AUCTUNIMPOBaHHAs BoOAa)
cpene BbillenayvBaHne NMpouCXoauT UHTEHCUBHee. Tak, M3 GeToHa, npenBapuTersHO Bbi-
LEPXaHHOro B TeveHre 3 NeT B BO3gyxe C abCOMOTHON BIAXXHOCTLIO M 3aTeM B TeueHne 20—
40 OoH B MOpCKOW BoAe, Habnoganack MHTEHCUMBHAS MUrpaLMsa MOHOB KaaMus. B HekoTopbIx
cryyasix NpUYMHONM NosiBrneHnst 6enecoro Hamneta Ha KMPNWYHOM KNaake (a Takke CHWKeHUS
cpoka cny06bl Kupnuya) SBNSAETCA BblCanMBaHWe HEKOTOPbIX KOMMOHEHTOB M3 KUPMUYHOM
mMaccbl BcrneacTevMe nobaBneHns B HEe B MPOLIECCE M3TOTOBMEHUSA KMPrnYa pacTBOPUMbIX

182



NTC 36—2017

KOMFMOHEHTOB, COAEPXaLUMXCA B ranbBaHWYECKOM Lname. Mo3Tomy Takue CTpouTENbHBIE
maTtepuansl MoryT UMETb OrpaHUYeHHOE NPUMEHEHME.

Hanbonee HagexHbIM U 3konormyeckn 6e3onacHbiM CrnocoBoM «3axOpOHEHUA» rarb-
BaHOLLNaMOB SIBMNSIETCA €r0 YTUNM3aLuusi pyu NPoM3BOACTBE CTEKNOU3AENVN U rNasypen.

TexHonorMs No MCNoNb30BaHWIO ranbBaHNYECKUX LLNIAMOB NpU MPON3BOACTBE CTEKI0-
n3genvin (KoBpoOBO-MO3aMYHOM MIUTKK, CTEKNOBIIOKOB, COPTOBOrO CTEKIA, CBETOTEXHUYECKO-
ro CTekna) K HacTosiLLeMY BPEMEHM NPOLLNa NPOMbILLNEHHOe onpobosaHue. Mpurotaenuea-
FOT LUMXTY Ha OCHOBE KBapLIEBOIo Mecka, CoAbl, NoTalla, KaonuHa, Merna, KpUonvHa, Hatpue-
BOW CEenUTPbI, FMMHO3eMa M BbICYLLEHHOrO OCajka CTOouHbIX Boj (wnama). CTekno Bapsit
B CTEKIIOBapEHHOM neun npsimoro Harpesa npyu 1410 °C — 1460 °C B cnabosoccTaHoBU-
TenbHOW UK OKUCIUTENBbHOM cpeae. BeipaboTtky ctekna npu 1160 °C — 1240 °C ocyuwlects-
NAOT pasnuyHbIMU crnocobamu: NpeccoBaHnem, NuTbeM, BbiayBaHneM. CTeknsHHas macca
COAEPXUT crieayrome KomnoHeHTbl (Macc. %) SiO2 — 58-69; Al,O3 — 0,8-7,8; Fe,03 —
0,2-2,13; Ca0 — 1-9,3; MgO — 0,2-6,8; Na,O — 8,5-16; Cr,03 — 0,5-8,0; TiO, — 0,01-
0,4; SO; — 0,1-3; K;O — 0,1-2,25, kpoMe TOro, OAUH M3 KOMIMOHEHTOB FPynMbl OKCUAOB
FeO, ZnO, NiO, CuO B konuuectee 0,01-3,3 macc.% n F — 0,2-6 macc.%. MNonyyeHHoe
CTEKIIO VIMEET MPOYHOCTb Ha 136 390-450-10 kr/m?, nnoTHocTb 2630—2700 kr/m®, Tepmo-
cronkocTb 85 °C — 120 °C 1 BbICOKYH XMMUYECKYHO CTOMKOCTb.

BbICOKOW HafEXHOCTBIO 3aXOPOHEHMs raribBaHUYecKuUx LWnamoB obnagaet cnocob
Mony4YeHUst LIBETHbIX rnasypen Ans NOKpbITUS OGNULOBOYHbIX MIUTOK.

Mpn nponssoacTBe PpUTTOBAHHLIX FMasypen Wwnambi, NpeaBapuUTeNbHO BbICYLUEHHbIE
4O OTHOCUTENbHOW BNaXKHOCTU He Bonee 1 %, BBOAAT B COCTaB LUMXTblI Npy Bapke pputT
B konmyectBe 20 % — 50 %. PpuTTbl BapaT B rasoBoW MeYM OTKPLITOTO MraMeHu npu
1350 °C — 1400 °C ¢ BbiAEPXKON NpU MakcyManbHOW Temnepartype B TeveHve 1 4, nocne
yero rparynupytoT B Boae. Mpu cogepxaHum wnama ao 40 % dppuTTsl BapaT B haptopoBbIxX
TUMNSX, NPU coaepXaHun ranssaHownamMmoB cabiie 40 % MCronb3yoT WaMOTHbIE UMK MyI-
nuToKOpYyHAOBbIE TUrNK. omMon opuUTT OCYLLECTBNSIOT NpU BBEAEHUM B HUX 4 % OrHeynop-
Hom rnmHbl BTO-2, 0,02 % — 0,03 % Tpunonudocdara Hatpusa u 0,1 % — 0,3 % kapbokcu-
MeTunuennono3el. nasypb HaHOCAT Ha npeaBapuTenbHO oboxokeHHble npu 1120 °C —
1140 °C o6nnuyoBOYHbIE NAUTKW. BTOPWUYHBLIM 06X NOKPLITUS NPOBOAAT Ha KOHBEMEPHbIX
TNMHKUSAX ckopocTHoro obxura npu 870 °C — 950 °C B TeueHue 40—45 MuH. MNokpbITUS UMetoT
LUMPOKYHO LIBETOBYIO rammy — OT GeXeBOro A0 YepHOro LIBETOB, BKItOMas BCE OTTEHKU KO-
PVYHEBOrO, a TawkKe BWLUHEBO-KPACHOTO M KpacHo-kopuuHeBoro. [masypu, copepxaiime
30 % — 40 % wnama, MMEeloT CUMbHbIA BIeCK U pacTekaeMoCcTb C 3h(PEKTOM MeTannuaa-
umn. YeenuyeHue cogepxaHung wramos Ao 40 % — 50 % npueoaut Kk 0OpasoBaHuio MaTo-
BOrO MOKPLITUS, 3a4acTyto C LLEPOXOBATON NOBEPXHOCTLI. Masypu MMeKT TEPMOCTOMKOCTb
A0 220 °C — 260 °C 1 BbICOKYH XMMUYECKYH CTOMKOCTb.

Mpy N3roToBNEHMU HEPPUTTOBAHHBIX rMasypell He NPoOU3BOAWTCS NpeABapuUTEnbHas
Bapka cMecu KOMMoHeHTOoB. MNpuroToBneHne WwWnukepa OCyLECTBNSIETCS MyTEM COBMECTHOMO
romona cmecw, cocrosilen us (macc. %) gatonuToBoro koHueHTpata — 40,2—46,7; keapue-
BOro necka — 7,4-8,6; nepmuta — 17,2-20; mena — 4,1-4,7; kaonuHa — 5,7-6,7; cTekno-
Bos — 7,4-8,6; okcuaa umHka — 1,6—1,9; ranbeaHunyeckoro wnama — 2,8-16,4 ¢ pobaene-
HVeM KoppekTupytowen pobaeku B konmyectBe 0,15% — 02 % wu Tpunonudocdara
Hatpusa — 0,015 % — 0,025 %. Mokpbii TOMOS NPOU3BOAUTCA B WAPOBON MenbHULE ToHK-
Ha fo octaTka Ha cute Ne 0056K He Bonee 0,1 % — 0,2 %. Mocne 3Toro rnasypb HAHOCAT Ha
NAMTKXN METOAOM Monvea unu HaneineHnem. HaHecenne, cywka n obxur rnasypu nposoaaT-
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€A Ha MOTOYHO-KOHBENEPHBIX NMMHMAX CO CKOPOCTHLIM PEXMMOM oBxura npv Temneparype
960 °C — 1080 °C. MNonyyaeTcs paBHOMEPHOE NONyMaTOBOE MOKPLITUE CanaToBO-3€NeHbIX
TOHOB cneaywowero cocraea (macc. %): SiO, — 49,06-52,84; AlL,O; — 6,45-6,74; CaO —
23,42-24,95;, MgO — 0,77-0,99; Na,0O — 2,4-2,47; K,O — 0,56-0,63; Fe,0; — 2,04-3,36;
B,0; — 7,5-8,33; TiO, — 0,15-0,17; ZnO — 2,12-2,14; FeO — 0,02-0,06; SO3 — 0,15—
0,37; CuO — 0,36-1,31; NiO — 0,02-0,09; Cr.03 — 0,06-0,2.

Pe3ynbTatbl KOMNNEKCHBIX UCCIIEA0BAHNA CBUAETENBCTBYIOT O MPOYHOM CBA3AHHOCTU
TSKENbIX METaNMOB: NPU N3rOTOBNEHUN rmasypen nNpu Temnepartype 6onee 950 °C Taxensie
MeTannbl HaxoasTcs B bOpMe CUMUKaTOB, @ YacTb UX pacTBOPSETCA B CTEKNOO6pasHbIX
cnnaeax, YTo o6ecneyvBaeT HaAEXHOE NX 3aXOPOHEHKE.

OpHMM 13 cnocoBoB YyTUNU3ALIMK ranbBaHNYECKENX LUMAMOB SBMSETCH €70 UCNOoNbL30-
BaHWe B cocTaee LWnakoobpasylowen cMecu Ans Nnaeku uJyryHa, copepxawien 70—
75 mac. % vnsBecTHsKa U 25-30 mac. % ranbBaHUYECKOro LWiamMa, a Takke B KadecTse wna-
koobpasytoLen fobasku B 3aBarky.

[JaHHas cMecb No3BonseT 06eCneunTb CHKEHNE COAEPXKaHNs cepbl B BbIMyCKaemMoM
YyTyHe, MOBbILLEHNE NPON3BOAUTENBHOCTU BarpaHKu.

Bonpock! yTvnusaumm oTX0A0B B APYrMX BUAax NPousBOACTB He ABNSIOTCSH COOCTBEH-
HO npoBremMamu ranbBaHOMPOU3BOACTBA U CBS3aHbI C PELUEHNEM TEXHOMOrMYECKUNX, 3KONO-
TMYECKMX, OPraHM3aumMOHHBIX U 3KOHOMUYECKUX npobnem B 3TMX cdepax NpOousBOACTBA.
[MaBHbIM MPENSITCTBMEM LUMPOKOrO WCMOMb30BaHWNSA ranbBaHUYeCKUX OTXOAOB B kadecTse
BTOPCbIPbA ABMAETCH HENMOCTOAHCTBO KaK Konn4yecTsa ux obpas3oBaHuns, Tak U UX Ka4eCTBeH-
HOro cocTaBa, 3a WCKMIOYEHWEM HEeKOTOpbIX crneumndnyeckmx OTXOAOB, Kak, Hanpumep,
B NMPOW3BOLCTBE MevaTHbIX MnaT. B To e Bpemsi npoBegeHne MePONPUATUIA MO COKpaLLEHMIO
3KOMOrM4eCKOM OMacHOCTY ranbBaHOMNPOM3BOACTBA (COBEPLUEHCTBOBAHWE TEXHONOMMW HaHe-
CEHVSA MOKPbITUI, paumoHanusaums BofonoTpebneHns, B3anMHas ajantauvsa ransBaHuye-
CKOTO LiEXa8 U OYMCTHBIX COOPYKEHWI, NCMOMb30BaHWE JOKarbHbIX METOAOB OYUCTKUA MpOo-
MBIBHBIX BOA, pereHepauus M pekynepauusi oTpaboTaHHbIX PacTBOPOB) PEe3KOo CHWKaeT
OCTPOTY NPOBReMbI yTUAN3aumm OTXOA0B ransBaHoNPOM3BOLCTBA.

Peanusauusi npegnaraeMbix MEpONPUSATUIA NO3BOMUT OCYLLECTBUTE MEPOMPUATUS NO
pauMoHanmMsaumn YpoBHS BO3AEWCTBIS Ha OKPYKatoLLYH CPeay M NnoTpebneHns pecypcos 3a
CYET MCMOMBb30BaHNA XMMWYECKMX BELLECTB B MEHEE OMacHOM COCTOSHUM U YMEHbLUEHUS
06LeMOoB OMacHbIX 0TX040B (CM. pucyHok 3.2). Mpu 3TOM ANa peanv3auyy BbILLEPaccMOT-
PEHHBIX MEPOMPUATUI HEOOXOANMO NMPUMEHSATL CUCTEMHBIA aHanM3 1 y4uTbiBaTh cneumndnky
KOHKPETHOro MPOU3BOACTBA N MCMONb3YyEMbIX TEXHONMOMMYECKMX MPOLIECCOB.

184



NTC 36—2017

QO6paGoTKka NoBepPXHOCTU METANJIOB U NNAacTMacc

Liex {y4acTok) O4uCTHBIC COOpYKEHUS

KJIacC OITaCHOCTH KJIacC OIIaCHOCTH

XHMHYECKUX BEIECTB 2 ||:> 3 | Bepamx oTx0MOB 3 ||—__> 4

005BeM BOJOOTBEICHUS D na 10-15 % 00bEM BOJOOTBENCHUSA D na 50-65 %

PurcyHok 3.2 — OcHOBHble pe3ynbTaTtbl peannsauum MeponpusTn
Mo pauMoHanMaaumm ypoBHA BO3ASMCTBUA Ha OKPYKaroLLyto cpeay
1 noTpebneHns pecypcos

Pazpgen 4. OnpepeneHue HaMNy4Wmnx AOCTYNHbIX TEXHONOMMI

OnpeaeneHye TEXHONOIMYECKMX NPOLIECCOB, 060PYAOBaHNSA, TEXHNHYECKUX CNOCOBOB,
mMeTonoB B kadectse HAT npu o6paboTke NOBEPXHOCTEW METanmNoB W NnacTMacc ¢ UCnonb-
30BaHUEM JMEKTPOMUTUYECKUX UMM XUMUYECKMX MPOLIECCOB OCYLLECTBMANOCL B COOTBET-
ctBMM co cratben 28.1 n.6 PepepanbHoro 3akoHa «O6 oxpaHe OKpyxKarowen cpeabl»
oT 10 aHBaps 2002 r. Ne 7-®3, nocraHoBreHveM [Npasutensctea Poccurickon depepaumm
ot 23 pekabpa 2014 r. Ne 1458 «O nopsiake onpefeneHns TeXHONorMmM B KayecTBe Hamnyy-
LU AOCTYMHOW TEXHOMOrMK, a Takke pa3paboTky, akTyanusaumm 1 onybrmkosaHns nHgop-
MaLMOHHO-TEXHUYECKMX CMPABOYHUKOB MO HaumyyMM AOCTYMHbIM TexHonoruam», Metoau-
YECKMMMN PeKoMeHZaUmMaMU No onpefesieHno TEXHONOMMN B Ka4ecTBe Haumyylwen [OCTyn-
HOW, yTBEPXAEHHLIMU NpUKkasoM MUHMCTEPCTBA NMPOMBILLIIEHHOCTM M TOProBnn Poccunckon
degepaumm ot 31 mapra 2015 r. Ne 665, nna obnacreli npumeHeHna HAT, ycTaHOBRNEHHbIX
pacriopsbkeHvem MNpasutensctea PP ot 24 nekabps 2014 r. Ne 2674-p «[lepeyeHs obna-
CTEM MPUMEHEHUS HausyyWwmMX LOCTYMHbIX TEXHOMorui» (nanee — obnactn npuMeHeHus
HAT), nonoxeruamn FOCT 33570—2015 «Pecypcocbepexenne. Ob6palleHme ¢ oTxoaamu.
MeTogonorua naeHTupukaumn. 3apybexHsin onbIT» (CM. pucyHok 4.1) [86].
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Het
He HOT
Ilexumqecxw BO3MOXHO? JI > A
|13
E " Het
CTb BbIFOABLI ANA OKpyXatow|ei
cpeabl? > He HAT
I Het
Bbirogbl Ans okpyxatowen cpeabl He HAT
6ornbLue akoHOMUUeCKNX 3aTpaT? >
1=
3atpatbl UuenecoobpasHbl Ans He HOT
0Tpacnu NPOMbILNEHHOCTU? >

HAT
PucyHok 4.1 — Jlornueckuii noaxon Ans NpUHATUS pewenHnsa no HAT

4.1 Kputepum oTHeCeHUs1 TEXHOSTIOrMYECKUX NpoLeccoB,
obopynoBaHus, TEXHUUYECKUX CNOCOBGOB, METOAOB K HaunyuLlen
OOCTYMHOWN TeXHONOrmn

OcHoBHble TexHoMorMyeckne npouecckl 1 obopyaoBaHNe onvcaHbl B pasfenax 2, 3
HacTosiLwero cnpasoyHuka HAOT. B aTux e pasgenax ykasaHbl Mepbl, HanpasneHHbIe Ha No-
BblLLEHME PecypCcoatPEKTUBHOCTM U CHUXKEHUE HeratuBHoro Bosgenctems Ha OC, npume-
HUMbIE Npy 06pPaboTke NOBEPXHOCTEN METANOB M NNAcTMacC C UCTONb30OBaHMEM 3NEKTPO-
TINTUHECKMX UMM XMMUYECKMX MPOLIECCOB.

OTHeceHne TexHOMorMYyeckux npoLeccoB, OBOpPYAOBaHWUS, TEXHUYECKMX CMocoboB,
METOZO0B K HaunyuLlen LOCTYNHON TEXHOMOrMM OcyLlecTBnsanoce yuneHamu TPI 36 ¢ yuyeTom
COBOKYMHOCTU CMNefYOLLMX KPUTEPUEB:

a) HaUMeHbLLUNIA YPOBEHb HEraTUBHOMO BO3LENCTBUSA Ha OKPYXaroLLyo cpeay B pacye-
TE Ha eAMHNLY BPEMEHN Unn 06beM MPOU3BOAUMON NMPOAYKLIMM (TOBapa), BbIMONHAEMOW pa-
OoTbl, OkasbiBaemon ycnyrn nnbo COOTBETCTBME APYrMM MOKa3arenaM BO3LENCTBUA Ha
OKpYXatoLLyo cpefy, NpeayCMOTPEHHbIM MEXAyHapoaHbiMK Aorosopamu Poccuiickon Pe-
aepaumm (kputepuia 1);

6) akoHOMM4Yeckasn ahPeKTMBHOCTb BHEAPEHUA U 3KCIyaTaumm (Kputepuin 2);

B) NPYMEHEHWE pecypco- 1 sHeprocbeperaromx MeTofoB (kputepnn 3);

r) nepvod BHeapeHus (kputepun 4);

[) NPOMbILLNEHHOE BHEAPEHNE TEXHOMOTMYECKUX NPOoLeccoB, 0BopyfoBaHNSA, TEXHU-
Yeckux crocobos, MeTonoB Ha AByx 1 bonee obbektax B Poccuinckon deagepauum, okasbl-
BaKOLLMX HEraTVBHOE BO3AEWNCTBME Ha OKPYKAIOLLYIO Cpeny (kputepun 5).

Bonpocbl 3koHOMUYECKOM 3PEKTMBHOCTU PACCMOTPEHBI TOMBKO B TEX Cryyasix, koraa
uneHam TPI 36 yaaeanock NONyyYvTh HALEXHbIE AaHHbIE OT OTEYECTBEHHLIX NPeanpUATUN,
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BHEAPVBLUNX KOHKPETHbIE TEXHOMNOMMYECKME, TeXHUYECKNE UM YNPaBleHUYECKNE peLLeHMs,
MO3BONALWME AOCTMYL BbICOKOro ypoBHsi 3awmtbel OC 1 pecypcoaddeKTUBHOCTU Npoun3-
BOACTBa.

PaccMoTpeHmne ykasaHHbIX BbILE KPUTEPMEB ANS ONPEASNEHNS Haumyywmx JOCTyn-
HbIX TexHonorui o6paboTkym MOBEPXHOCTEN METannoB WM MnacTMacc C MWCMonb30BaHWEM
BMNEKTPOSIUTUYECKMX UM XMMUYECKMX MPOLECCOB OCYLLECTBNSANOCH B CNeayroLen nocneno-
BaTesIbHOCTW.

B Tabnuue 4.1 npefcraBneH anroputM onpeaeneHns TEXHONOMUIA (TEXHOMOMMYECKMX
NMPOLECCOB, METOAOB U crnocobos, 060pyaOBaHNS U MaTepuanos), UCNONb3yeMbIX NMpU yTu-
nm3aummn n obe3BpexmnBaHMn 0TXoLoB, B kavectee HAT.

Tabnuuya 4.1 — AnropuTtm onpeaeneHns TEXHONOrMA (TEXHONOMMYECKMX NPOLECCOB,
MEeTOL0B U crnocotos, 0O0PYAOBAHUS 1 MaTEPUANOB), UCMOMb3YEMbIX NMPU YTUIM3ALMA 1
obes3BpexunBaHMn 0TX040B, B kavectse HOT

OuepepHocTb (wwar)

paccmoTpeHusa .
(anropTM OLICHKV) QOCHOBHbIE AeACTBUSA
TEexXHoONnornm
PaccmoTpeHve kputepus 5 «[TpoMbILLNEHHOE BHEAPEHWE TEXHOMO-
1 rMYecKkmx npoLeccos, 06opyaoBaHUS, TEXHUYECKUX cnocobos, me-
TOAOB Ha ABYyX M bonee obbekTax B Poccumnckon deaepaunm, oka-
3bIBaAOLLMX HEraTMBHOE BO3AENCTBUE Ha OKPYXALOLLYIO cpeay»
PaccmotpeHuve kputepua 1 «HaumeHbwni ypoBeHb HEraTUBHOTO
BO3LENCTBUS HA OKPY>KaIOLLYIO CPEeAyY B pacyeTe Ha eauHuLy Bpe-
5 MEeHU unn o6bemM NPON3BOAUMON NPOAYKLMU (TOBApa), BbIMOSHsIE-

MOW paboTbl, OKasbiBaEMOW yCryrM nMbo COOTBETCTBME APYIUM MNO-
KasaTensm BO34EeNCTBUS Ha OKPYXatOLLYIO Cpefy, NPeayCMOTPEeH-
HbIM MexAyHapoaHbIMK Jorosopamm Poccuiickon degepaummn»

3 PaccmoTpeHuve kputepus 3 « SkoHOMUYeckas achPeKTUBHOCTb
BHEAPEHWUS N SKCMyaTaummy»

4 PaccmoTpeHne kputepua 4 «[leprnog BHeApeHNA»

5

6

PaccmoTtpeHve kputepus 2 «lNpumMeHeHne pecypco- n sHeprocte-
peraroLmx METOL0BY
MpwHsaTre uneHamun TP pelueHna 06 oTHeceHUn TexHonorvm k HAT

4.1.1 Kputepun «lMpombliwsneHHoe BHeApeHUe TeXHOMOMUU, TEXHONOTUYEeCKUX
npoeccoB, 060pyaoBaHusl, TEXHUYECKUX cnocoboB, MeTOAOB Ha ABYX U 6onee
ob6bekTtax B Poccumnckon Pegepauum, okasbiBaroWMX HeraTuBHoOe BO3aencTene
Ha OKpYXaroLyo cpeay»

PaccmoTpeHve naHHoro Kputepus oCyLLEeCTBRANOCH B ABa dTana:

1) stan 1. MonyyeHve oblwen nHpopMaLMn O NPUMEHAEMbIX Ha NPaKTUKE PeLLeHU-
AX/TEXHONOrNsX;

2) atan 2. Beibop peLueHN/TEXHONOMMIA, BHEAPEHHBIX Ha ABYX 1 Bonee npeanpusTmsXx.

Ha atane 1 (cbop n oBpaboTka AaHHbIX) nmpoBoauncs cbop M aHanvMa cBeAeHWUn
0 MPVYMEHSAEMBIX Ha MPaKTUKe TEXHOMOrMsX. B kKayecTBe MCTOYHMKOB MHOPMaLMK O NpUMe-
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HSIEMbIX Ha MpaKTVMKe TEXHOMOrMsix ObinM MCNONL30BaHLI MaTepuanbl 4eUCTBYHOLLEro crnpa-
BOYHMKa EBponenckoro corosa no Haunyudlwrm AOCTYMHbIM TexHonornam «ObpaboTka no-
BEPXHOCTEN MeTanna u nnactMmace» (Integrated Pollution Prevention and Control. Reference
Document on Best Available Techniques for the Surface Treatment of Metals and Plastics),
CBEAEHUS], NoMyYeHHble B pesynbTaTe aHKeTUPOBaHWUA NPEANPUSTURN, cTaTucTudeckme cbop-
HVKW, pe3ynbTaTbl HAYYHO-UCCMNEL0BaTENbCKMX N ANCCEPTaUMOHHbIX paboT, MHbIE NCTOYHM-
KW, a Taioke MHGOopMaLms, NONyYeHHas B XO4E KOHCYNbTaumi C SKCNepTammn B COOTBETCTBY-
toLLlen obnactu.

C uenbto cbopa akTyansHol MHOpMaLMK NPOBOAUTCH aHKETUPOBAHNE OpraHn3aLmii,
ocyllecTenarowmx paboTel N0 NOBEPXHOCTHOW 06paboTke MeTannoB 1 NNAaCTUYECKUX MaTe-
pranoe (C UCMONb30BaHMEM 3MEKTPOSIUTUYECKMX UM XMMUYECKMX MPOLECCOoB). AHKETa Ans
NpeanpusTUs, Ha KOTOPOM NPUMEHSieTCH 0OpaboTka NOBEPXHOCTEN METanNoB U nrnacrMacc
C VCMOMb30BaHNEM 3MEKTPONIUTUYECKNX UM XUMUYECKMX MPOLIECCOB, B 06513aTenbLHOM Mo-
psiiKe BKMKOYaEeT criefyrolme pasgensbi:

a) nHopmaLms 0 NPeAnPUSTAN,

6) cBeAeHNs O CocTaBe MPOM3BOACTBA C YKasaHNEM UCTONb3YEMOro TEXHONOTNYECKO-
ro npouecca 1 o6opyA0BaHNA, BKINOYAA NepeYeHb OCHOBHBIX TEXHOMOMMYECKMX Y3IOB, CPOK
3KCMyarauum, MOLHOCTL OCHOBHOIO 060pyA0BaHus,

B) 3Tarkbl TEXHOMNOIMYECKOro NpoLeccsy;

r) TEXHMYECKasa xapakTepucTMka U TEXHONOMMYECKMEe NapameTpbl UCnonb3yemMoro o6o-
pyLoBaHUs (OCHOBHOMO U MPUPOAOOXPAHHOIO);

[) OCHOBHbIE 3Konormdeckne npobnembl HA 0ObekTax, OTHOCALMXCA K obnactn npu-
MeHeHus HAOT.

Ha aTane 2 ocywyectensieTcst BbIGOp TEXHOMOMI, TEXHONOMMYeCknx npoueccos, 0bo-
pyAoBaHUs, TEXHWYECKUX crnocoboB, METOAOB, BHEAPEHHbIX Ha ABYX W Gonee obbekrax
(npeanpuaTmax) B Poccuiickon depepaunm, KOTopbid Obin NPOBEAEH B COOTBETCTBUM C an-
rOPUTMOM (CM. PUCYHOK 4.2).

Ucxoas u3 gaHHoro anroputMma wuHgopmaums ans ebibopa MCnonb3yeMbiX TEXHOMOo-
MM, TEXHOSOMMYECKMX MPOLIECCOB, 060pyAOBaHNSA, TEXHUYECKNX cnocoboB, METOL0B, OTHO-
cawmxca k obnactn npumeHenns HAT 1 BHeapeHHbIX Ha ABYX 1 Bonee obbekTax (npeanpu-
ATusx) B Poccuiickon depepaumm, 6eina obpaboTaHa cnegyrowmm o6pasom:

a) Npou3sefeHa rpynnmMpoBKa TEXHOMOMMYECKNX NpoLeccoB, 060pyaoBaHUS, TEXHUYE-
CKMx crnocoboB, METOAOB, MPUEMOB U CPEACTB B 3aBUCUMOCTM OT NMPUMEHSAEMbIX HanpaBneHui;

0) yuTeHbl OrpaHMYeHnst Mo NPUMEHUMOCTM KaKMX-NIMBO TEXHOMOrMYECKUX NpOLIECCOB,
060opyaoBaHns, TEXHUYECKMX CNocoBoB, METOAOB, MPUEMOB N CPEACTB, CBA3aHHbIE C OTpac-
NEeBbIMU, TEPPUTOPUANBHBIMU (PETMOHANBHBIMM) YCIIOBUSIMU, B TOM YUCHE KIUMAaTUYECKUMU;

B) MpOW3BeAEHa rpynnMpoBKa NPMMEHSAEMbIX TEXHOMOMMYECKMX npoLleccos, obopyno-
BaHWs, TEXHUMYECKNX CnocoboB, METOAOB, MPUEMOB M CPEACTB B 3aBMCUMMOCTM OT CyLle-
CTBEHHbIX Pa3nuuMiA, CBSI3aHHbIX C OTPAaCNeBbIMU, TEPPUTOPUANBHBIMU (PErMoHanbHBIMM)
YCINOBUSIMY, B TOM YMCHE KNMUMATUUECKMMMU;

r) npoeeaeHa obpaboTka nHopmaLuumn 06 ypoBHSX XUMUYECKOrO N PU3NYECKOrO BO3-
aencteun Ha OC 1 noTpebneHnn SHePreTUYECKMX U HbIX PECYPCOB.
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Cb6op cBegeHuit

v

O6paboTka obLmx ceege-
HWUIA O TEXHOMNOTUSIX: o
ObpaboTka cBeaeHUI
- KONUYECTBO NPOU3BOA- M
. O TeKyLLeM BO3ael-
CTBEHHbIX OO BEKTOB, UX ObpaboTka cBEAEHUIA O TEXHOMO-
CTBUM Ha OKPYKaIoLLyIO
MOLLHOCTU, 06bem obpaba- rMsiX U npoueccax, NPUMeHsSeMbIX coenv:
TbIBEEMOW BOEPXHOCTY; B HacTosiLee Bpemsi npu obpa- peay
. - XapakTepucTmka
- 9KOHOMUYECKME 60TKe NOBEPXHOCTEW METANIOB U .
amuccun (Beibpochl,
nokasarenw, nnacTmMacc € UCrnornb30BaHNEM
cBpocChbl, OTXOAbI)
- OCHOBHbIE 3KOMormyeckue 3NEKTPONUTUHECKNX UINN XUMUYe- & LeMOM:
npo6nembl (06bEeMbI BbIOPO- CKUX NPOLECCoB H '
- notpebnexHve
coB/cOPOCOB BpeaHbIX
pecypcoB
BELLECTB B OKPYKAIOLLYIO
cpeay)

\

Bbi60op TEXHOMOMMIA, KOTOPbIE:
- oBecneymBarloT CHPKEHNE 3MUCCUN
(B cocTase BbIGPOCOB, COPOCOB, OTXOA0B);

- obecneymBaloT CHVKEHWNE APYIUX XapaKTepPHbIX
BUOB BO3ENCTBUSI HA OKPYKatoLLYIO cpeay
(wymwn . 4.);

- obecneymBarloT CHKEHNE noTpebnexHns

OnpeaeneHve Ansi BbIOpaHHbIX TEXHOMOMMIA
napameTpoB, NPW KOTOPbIX yAAETCH
AOCTUYb BbICOKOW 3KOMNMOrMYeCKON
3(ppeKkTUBHOCTU:

- No6oYHOEe BO34ENCTBUE Ha pasfnyHble
KOMMOHEHTbI OKPYXKaloLLen Cpeab!;

- TEXHUYECKUE XapaKTEePUCTUKN,

- MPUMEHNMOCTb;

- CPOKV BHELPEHUS

pecypcoB (3Hepruu, Cbipbsi, BOAbI)

M3 BbIGpaHHbIX TEXHOMOIMIA HA OCHOBaHWUM KPUTEPUEB BLIAEMNSAIOTCS T, KOTOPbIE MOTyT cuntatbed HOAT
(ecnu npoMbILLNEHHOE BHEAPEHUE (MPUMEHEHUE) TEXHOMNOMMK Ha ABYX u Bonee obbekTax (npeanpus-
Tnax) B Poccuickon degepaumu, okasbliBaloLWMX HEraTMBHOE BO3AENCTBMUE HA OKPYXKaIOLLYIO Cpeay,
HE BBLISIBNEHO, TEXHOMNOIUS BKIIOYAETCH B NEPEYEHb NEPCNEKTUBHBIX TEXHOMOTUIA)

PucyHok 4.2 — Anroputm Bbibopa TexHonorum B kadectee HAT, npumeHsaeMbIx
Ha fByx 1 bonee obbekTax (Mpeanpustusax) B Poccuiickon depepauum,
OKa3blBaloLLMX HEraTMBHOE BO3LENCTBME Ha OKPY>KatoLLYO Cpeay

B cnyyae ecnu npoMmbIWLNEHHOE BHELPEHME TEXHOMOMMM Ha ABYyX W Bonee obbekTax
(npeanpusatnax) B Poccurckon depepaumn, OKasbIBaKOWMX HEratuBHOE BO3[eWCTBME Ha
OKpY>KatoLLyto cpefly, He Obino BbISBMEHO, MPU COOTBETCTBUM APYMUM KPUTEPUSIM, TEXHOMOIMS
noanexana BKMHOYEHUIO B MepeyYeHb NEepPCrneKTUBHBIX TEXHOMOMMIA (CM. pasgen 7), KoTopble
B HacTosiLLiee BPeEMS He MOMyYMnn SJOCTaTOYHOro pacnpoCTpaHeHust (3To TEXHOMOMMK, B OT-
HOLLIEHMM KOTOPbIX MPOBOAST HAaYYHO-UCCREen0BaTeNbCKME U OMbITHO-KOHCTPYKTOPCKME pabo-
Tbl UM OCYLLECTBSIOT UX OMbITHO-MPOMBbILLNEHHOE BHEAPEHME).
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4.1.2 Kputepuin «<HanmeHblnM ypoBeHb HEraTUBHOIO BO34EeNCTBUSA»

C uenblo BbISBNEHUS UCMONb30BaHWS B TEXHOMOrMYECKUX MpoLeccax BeLiecTs,
B HauMeHbLLUEN CTEMEeHM onacHbIX ANS YernoBeka W OKpyXarowen cpeabl, nMbo BeLLecTs,
pacnpocTpaHeHne KOTOPbIX OrPaHUYEHO MEXAYHapOoaHbIMK cornallueHnsiMu, Obina npoeege-
Ha oLeHKa Mep, HampaeMeHHbIX Ha NPEfOTBPALLEHNE UMW, TAE 3TO HE NPeLCTaBMsnoCh BO3-
MOXXHbIM, COKpallieHme Bosgenctama Ha OC.

B crnyyasix npuMEHMMOCTM A TEXHOMOMMYECKOro npouecca paga anbTepHaTUBHbBIX
pelweHnn Obino BbIOPaHO PELLEHME, COMPOBOXAAMOLWEECS HAUMEHBLLUMM OTPULATENbHBLIM
BO3JENCTBMEM Ha OKPYXKAIOLLLYIO Cpesy.

Mpw onpegeneHnn TexHonornm B kavectse HAT Gbina npoBeaeHa oLeHKa onacHoOCTH
BOBMEKaeMbIX B TEXHOMOMMYECKMe MpoLEeccsl (MCMofbayemMbix) U 0Opasytomnxcsl B HUX Be-
LLEeCTB.

WHdopmauma no sewecTsam, 3arpasHsaoWmMM atMocdepy 1 BogHble 06bexThl, Obina
nonyyeHa u3 CneayroLmMx NCTOYHMKOB: 13 KOMIFIEKCHBIX MPUPOAOOXPaHHBIX MPOrpamMm, oTye-
TOB TeppuTOpManeHbIX opraHoB MuHMCTEPCTBA NPUPOAHBLIX PECYPCOB U 3konornn Pocevn-
ckon Pepepauum, a Takke APYrux opraHusauun, obecneumBaroLxX KOHTPOSb BO3AENCTBUA
Ha koMnoHeHTbl OC 1 yNONMHOMOYEHHBIX Ha 0GecneYeHne COOTBETCTBYHOLEN AESTENBHOCTU
MpaBuTenscTBoM Poccuiickon degepaymm.

JononHWUTENbHLIMU UCTOYHMKaMK UHgopMaumn sensanuce 6asbl AaHHbIX, HAaXoASALWmMe-
CA B OTKPBITOM JocTyne B ceTn UHTepHeT; BHyTpeHHWe 6asbl faHHbIX koMnaHui, 6asel AaH-
HbIX defeparnbHbIX OpraHOB UCMOMHUTENBHOW BNACTN, OTBETCTBEHHBIX 3a peanusauuio Mep
Mo OXpaHe 340POBbA YENOBEKa N OKPYKAaIOLLEN €ro cpeabl.

Xapaktep n macwrtab HeratueHoro BosgenctBus Ha OC, BO3MOXHOCTb CHWKEHUS
YAEIbHBIX 3HAYEHUA SMUCCUA, CBA3AHHBIX C TEXHUYECKMMU crocobamm 1 MeToAamMu CHDKe-
Hus Bosgencteus Ha OC Ha npeanpuaTusaX, OTHOCALLMXCS K 06nacTy NPUMEHEHUS CnpaBoY-
Hvka HOT, oLeHMBanucbL Ha OCHOBaHWM CreAYHOLLUX MoKasaTenen:

- UICTOYHMKN BbIBPOCOB BpeHbIX (3arpAa3HSAIoLMX) BELLECTB B aTMOCHEPHbLI BO3AYX;

- UCTOYHMKKN COPOCOB BpeAHbIX (3arpsA3HSAIOLLMX) BELLECTB B BOAHbIE 00beKTbI;

- MepeYeHb 3arpasHALLMX BELLECTB, coaepxawmxca B Bblbpocax B aTMOChEepHbIN
BO34YX;

- NepeYeHb 3arpA3HSIOLLMX BELLECTB, CofepX)alumxcsl B copocax B BOAHbIE OGbEeKThI;

- 06beM 1 (MnKn) Macca 3arpAsHALLMX BELWECTB, coaepKawmxcs B BbIGpocax B aTMo-
cepHbIN BO3AYX;

- 06beM 1 (UNn) Macca 3arpsi3HAIOLLUX BELLECTB, CoAepKaLLmMxcs B cOpocax B BogHble
06beKTbI.

4.1.3 Kputepun «lpumeHeHune pecypco- n aHeprocbeperatowux MeToaoB»

WaeHtndpmkaumsa texHonorni B kadectee HAT cornacHo kputepuio 3 nposogunach
LNS NepeyHs TexXHONOrMN, BHeApeHHbIX B Poccuiickon degepauyum, peanvsaums KoTopbix
COMPOBOXAAETCA HaUMeHbLLMM BosgencTenem Ha OC.

Llenbto oueHkn TEXHOMOrMIN Ha NPeaMET NPUMEHEHMSA PECYPCO- U aHeprocbepexeHns
ABNAETCA BbISBIEHNE TEXHOMOMA, XapakTepU3yOLLMXCH MakcuMaribHbIM UCMoNb30BaHNEM
pecypCHOro noTeHumana oTxoA0B U MEHBLUMMU 3aTpaTaMm SHEPIn U PecypcoB.
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OueHka noTpebneHns 0CHOBHbLIX PECYPCOB NMPOBOAMTCA NO CNEAYHOLLMM NnokasaTenam:

- noTpebneHne sHeprum — ypoBeHb 3HepronoTpebneHns 1 TMn Tonnvea (NPUPOAHLIN
ras, 6eHavH, MasyT U T. 4.);

- noTpebneHne Bofabl — 06beM NoTpebneHust Bogbl M HazHadYeHne nNoTpebneHns Boab!
(NPOMbIBHasA KMAKOCTb, XMafareHT, cbipbe U T. 4.);

- noTpebnenHne BcnomorarenbHbIX MatepuanoB — obbeM noTpebneHns Bcrnomora-
TenbHbIX Marepuaros.

MpefnoyTeHWe OTAAETCA TEXHOMNOMMAM C UCMONb30BaHMEM OBOPOTHBIX LIMKIOB, peky-
nepauum Tenna v BHeAPEHHOW CUCTEMON 3HEPrOMEHEPKMEHTA.

4.1.4 Kputepuin «DkoHoMUuyeckasn 3pheKkTMBHOCTL BHEAPEHUA U 3KCNNyaTaLum
TEXHOJOrM4YecKnx NpoLeccoB, 060pyAOBaHUsA, TEXHUYECKUX CNOCOGOB,
MeTodoB»

Mpy paccmMoTpeHun TexHomormin ¢ uenbto BbisiBreHun HAT oueHka TexHomnorui no
KPUTEPUIO SKOHOMMYECKON 3PEEKTUBHOCTN NPOU3BOAMNIACE C LIENbH UCKIKOYEHUS] U3 pac-
CMOTPEHNS TEXHOIMNOIUN, XapaKTEepU3YIOLLUXCA 3aBefoMO HemnpuemnembiMyU UMHBECTULIMOH-
HbIMW W SKCMIyaTaumoHHbIMK 3aTpatamun. Conocrtaenenve pasnuuHbix HAT no kputepuio
3KOHOMUYECKON 3OEPEKTUBHOCTM HE NPON3BOAUIIACE, KPOME CreumanbHO OrOBOPEHHbIX Chy-
Yyaes, U MOSTOMY OCTaeTCs B chepe KOMNETEHUMU NPEANPUSTUNA.

Bbin npoeegeH aHanua adHEKTUBHOCTU 3aTpar, UCMONb3yeMbI ANSA OnpeaeneHns
TOrO, KakmMe MepOonpuATUA SIBNAKOTCA Hanbonee npeanovTUTENbHBIMU ANS AOCTVKEHUS
ornpeaeneHHoM 3KONOrM4YeCKor LIENN NPy Camon HU3KOW CTOMMOCTM.

Kputepuin «OkoHOMUYeckasn 3pHeKTUBHOCTb BHELPEHNA WU SKCMNyaTauum TEXHONOM-
YecKMx MpoLeccoB, 0BOpyAOBaHWSA, TEXHUYECKMX CMocoGOB, METOLOB CHWKEHUS BO3AEen-
ctBus Ha OC» onpefenseTcs C UCMOSIb30BAHUEM OCHOBHbLIX NMPUHLMMOB OLIEHKN 3KOHOMUYE-
CKOWM 3PP EKTUBHOCTM BHEAPEHWNA U SKCMNITyaTaumm TEXHOMOMN (CM. pUCYHOK 4.3).
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OcHoBHoM NpyHUMN 1: yTOYHEHME 0BnacT NPUMEHEHUS
1 OL|EHKa Haumy4Llen JOCTYNHOW TEXHONOMn

l

OcHoBHON NpuHUMN 2: c6op 1 060CHOBaHUE AaHHbIX, Ka-
CaloLMXCA 3aTpaTt Ha BHEAPEHUE TEXHONOMMN

|

OcHoBHOM NpUHLMN 3:0MpejeneHne cocTaBa 3aTpar Ha
BHEAPEHNe TEXHONOrMN

v

OcHoBHoM npuHuMn 4: o6paboTka v NpeacTaBneHne nH-
dopmayum o 3aTparax

|

OcHOBHOM NPUHLMN 5: OLieHKa BpeMeHN BHEAPEHUS Tex-
HosIorMN

PucyHok 4.3 — OCHOBHbIE NPUHLMMbI OLEHKN 3KOHOMUYECKON
yenecoobpasHocTu BHeapeHua HOT

4.1.5 Kputepun «lMepnop BHeApEeHUsS TEXHONMONMYECKUX NPOLIECCOB,
o6opyaoBaHUsA, TEXHUYECKUX CNOCOOOB, METOAOBY»

Mpy paccmMoTpeHUn TEXHOMOMMIA € Lenbio BbisBneHus HOT, nx oueHka no kputeputo
CPOKOB BHEZPEHMUSI MPOU3BOANNACE AMNA UCKIMIOYEHWUA U3 PACCMOTPEHNA TEXHONOMIA, Xapak-
TEPM3YIOLLMXCS 3aBEAOMO HEMPUEMITEMBIMU CPOKAMUN BHEAPEHWS.

Unenbl TPI 36 nposenn oueHKy cpokoB BHeapeHus HAT, nOCKonbKy MMEHHO CPOKW
BHEAPEHUss MOTyT ObiTb KPUTUHHBIMA AN NPOMbILLNEHHOCTU. [Mpy aTom Bbinu pasgernsHO
paccMoTpeHbl CpokM BHeaperHua HOT cnegyrowmx BpeMeHHbIX MacluTabos:

- KPaTKOCPOYHbIN (OT HECKONBbKUX HeAenb A0 MecsaLeB),

- CpefHECPOYHbIV (OT HECKOMNBKMX MeCALIEB [0 roaa);

- LONrOCPOYHbIV (OT OQHOrO roaa).

[aHHbIn KpuTepmin 0coB0 akTyaneH Ans TEXHOMOMMW, PeKOMEHAYEMBIX AN MPOEKTU-
PYyeMOro npor3soacTea NMMbo 4Ns AENCTBYHOLLEro, HAaXOAALLErocs Ha CTaaum MoAepHU3aLmn.

[na oLeHKn BpeMeHn BHeLPEHUs criefyeT MCnonb30BaTh Nepuos OKynaemocTn onpe-
LEeNeHHON TEXHOMOrMN B CPaBHEHWUN C 3aTpaTamu, OTHOCSLLMMUCS K 0BEeCneveHnto oxpaHbl
OC. Heofbxoaumo npoBecTy OLeHKy CKopocTu BHeapeHna HAT, Tak Kak MMEHHO CPOKM BHES-
peHUs MOryT BbITb KPUTUYHBIMW ANA NPOMbILLNEHHOCTU. [1py 3TOM pekoMmeHayeTcs pasaerb-
HO paccMaTpuBaTh CKOpOCTU BHeapeHus HOT cneayowmx BpeMeHHbIx MacluTabos:
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- KPaTKOCPOYHbI/ (OT HECKONBKMX Hefenb A0 MecsiLeB);

- CpefHeCPOYHbIV (OT HECKONBKMX MECALIEB A0 roaa);

- LONTOCPOYHbIA (0BBIYHO COCTaBNAET HECKOMNBKO NET).

TexHuueckne u TexHonornyeckne pewerHns HOT pomkHbl obecneuvBaTe BO3MOX-
HOCTb CO3[aHUSA NPOU3BOLCTBEHHO-TEXHUYECKUX KOMMNEKCOB NYTEM UX UHTErpauun, oTkpbl-
TbIX AN MOAEPHU3ALMM U Pa3BUTUS, OTBEYaIOWMX MOSOXEHNAM HACTOALLEro CripaBovHUKa
HAT.

Beibop BpeMeHM MofepHM3aLmMn SOMKEH COBMACTb C NMAHOBOW 3aMEHOW CyLeCTBY-
towero o6opyfoBaHMs, @ UHBECTULMOHHBIE LMKNbI MOTyT 6biTb 3hEKTUBHBIM CPEACTBOM
ansa peHtabenbHOro BHeapeHwus TexHomnorun. OueHvBas CKOpPOCTb (Nepuoa) BHeApeHUst
HAOT, pekomeHayeTcs Takke npoaHanManposaTh NpeaenbHble 3aTpaTtbl HA MOAEPHU3aLMIO.
Ona HAOT, kotopble TPeBYOT CyLECTBEHHBIX WHBECTULMOHHBLIX KanUTanbHbIX 3atpaTr wunv
3HauMTENbHbIX MOAUMUKALMIA NPON3BOACTBEHHBIX MPOLECCOB U WUHPaCTPyKTyphl, npea-
cTaenseTcs HeobxoaumbIM nNpeaycmaTpusath 6onee anvTenbHbIE NEPUOALI BHEAPEHMS.

4.1.6 NpunsaTue uneHamu TPI peweHns 06 OTHECEHMM TEXHONMOTUU K Haunyuwwen
AOCTYNHOW TEXHOINOrnm

TexHonorua onpepensnace B kadectee HAT npu pocTvkeHnn cornaweHns mexay
Bcemu uneHamn TPIC 36 no gaHHomy Bornpocy.

Mpn Hanuuum ocoboro MHEeHUs Mo onpefeneHvio TexHomorv B kadectee HAT,
He nopgaepxvBaeMoro Bcemu dneHamm TPl 36, Takaa TexHomorva onpejensnacb B kade-
ctee HAOT wm Bkntovanacek B cnpasovHvk HOT co cneymanbHbIMU ykasanuamm Ha ocoboe
MHEHWe npw COBNIAEHNM CNEAYIOLLNX YCIOBUW:

a) B ocHoBe 0coBoro MHeHUs1 nexart gaHHble, koTopbiMu pacnonaratoT TPl 36 u de-
AepanbHbIA OpraH UCMoNHUTENBHOW BNAcTWU, OTBETCTBEHHLIN 3a pa3paboTky nHdopMaLmoH-
HO-TEeXHNYEeCKMx cnpasoYHukos HAT, Ha MOMEHT NOAroTOBKM BbIBOAOB OTHOCUTENbHO HAT;

6) saMHTEepecoBaHHbIMK YneHamu TPI™ 36 npeacTaeneHsl 060CHOBaHHbLIE A0BOALI ANS
BKMHOYEHUS TexHonorin B nepedeHe HAT. JoBoabl ABnA0TCA 060CHOBAHHLIMW, €CNN OHN
NOATBEPXKAEHBI TEXHUYECKMU N SKOHOMUYECKMU AaHHLIMW, AaHHbIMW O BO3AEUCTBUM Ha
pasnuyHble KOMMOHEHTbLI OKpY)XaloLen cpeabl, AaHHbIMU 3KCMEPTHOro coobLecTBa n CooT-
BETCTBMEM PaCCMaTPUBAEMON TEXHOMOMMMW NOHATUIO KHaUNyyLWas JOCTYNHasA TEXHOMNOTMA» U
kputepusiMm onpegenenns HOT B cooTBeTcTBUM ¢ PepepanbHbiM 3akoHOM OT 10 sAHBaps
2002 r. Ne 7-03 «O6 oxpaHe okpyxatoLen cpeapl».

PesynbTatoM paccMOTPEHMSI TEXHOMOMMA C MPUMEHEHWEM KPUTEPUEB AOCTWKEHUSA
Lene oxpaHbl OKpyXKatoLen cpeabl ANA onpeaeneHrs Hauny4dwen AOCTYNHOW TEXHONOruu,
YCTaHOBMEHHbIX HOPMaTUBHBLIMM MPAaBOBLIMW aKTaMu, SBMSAETCH MepeyeHb Haumyylunx Ao-
CTYrMHbIX TEXHOMNOMMIA, NPeACTaBNEHHLIN B pasgene 5.

4.2 BHeapeHue Hauny4wen AOCTYNHOW TEXHONOruu

BHeppenne HAT xo3ancTeyroyMm CyObeKTaMmn B KOHKPETHOW OTpaciv NPOMbILLINEH-
HOCTW, Kak MpaBuro, OPUEHTUPOBAHO Ha oBecneyeHne KOMIMIIEKCHOro noaxoAa no npeaor-
BpaLLEHNO U (UNW) MUHUMM3ALIMN TEXHOTEHHOTO BO3AENCTBUA 1 BasnpyeTca Ha cornocTas-
neHun 3chPEeKTUBHOCTU MEPOMPUATUIA NO 3aLUTE OKPYXKAIOLWEW Cpeabl C 3aTtpatamu, KOTo-
pble AOMKEH NPU 3TOM HECTM XO3ANCTBYIOWMIA CyOBbEKT AN NpeaoTBpalieHns v (unu) mm-

193



NUTC 36—2017

HMMU3aLMN OKa3biIBAeMOro UM TEXHOTEHHOT0 BO3AENCTBMSA B 0ObIYHBIX YCMOBUAX XO35MCTBO-
BaHu4, T. €. A0 BHegpeHusa HAT.

Mpn BHegpeHun HAT Ha 06beKTE XO35CTBEHHOW AEATENBHOCTU HEOOXOANMO YUUTbI-
BaTb 3aTpaTbl Ha BCE TEXHO/IOTMYECKUE Nepeaesibl U NOTpebHOCTN B HEOOGXOAMMOM annapa-
TYPHOM OCHalleHUM NPOM3BOACTBA C YYETOM 3aTpaTr XO3SMCTBYHOLMX CYyOBLEKTOB, OXugae-
MO 9KOHOMWYECKOI LesiecoobpasHoCcT npuMeHennss HAT B oTpac/vm MpPOMbILIEHHOCTH
(cMm. pucyHok 4.4).

PucyHok 4.4 — OGO6LLEHHBIA aNifOPUTM acrnekToB OLEHKM OXMAAEMOiA
3SKOHOMMYECKOW LenecoobpasHocTn npumeHeHns HAT B oTpacnu
NPOMBbILLSIEHHOCTW.

Paspgen 5. Hanny4yuwmne AoCTynHble TEXHONOTMKN 06paboTKn
NOBEPXHOCTM METaN/IoB U nacTMacc ¢ UCNO/b30BaHNEM
3NMEKTPONUTUYECKUX UIN XUMUYECKUX MPOLECCOB

B naHHOM pasgene cBefeHus 0 Hauy4ylmx AOCTYMHbIX TEXHOMOMMSAX 06paboTku no-
BEPXHOCTW METaI/I0B M M/IaCTMACC C MUCMO/Ib30BaHNEM 3MEKTPONTUHECKNX UM XUMNYECKNX
NPOLECCOB M3MOXEHbI MO MPUHLMNY «OT O6LLEro K YacTHOMY». B cooTtBeTcTBUM C¢ Pegepanb-
HbIM 3aKOHOM OT 21 mtonsa 2014 r. Ne 219-03 «O BHeCeHUN n3MeHeHuli B PeaepasibHblii 3a-
kOH «O6 oxpaHe OKpyxawlLleli cpefbl» U OTAeSbHble 3aKkoHOoAaTesbHble akTbl Poccuiickol
depepaumm» Hawnydwas AOCTYNHAsA TEXHOOMUSA — TEXHO0rMsA NPOM3BOACTBA MPOAYKLMK
(ToBapoB), BbINOSHEHUS PAbOT, OKasaHUs YCnyr, onpegensiemass Ha OCHOBE COBPEMEHHbIX
OOCTVKEHUI Haykn M TEXHUKU W HaWIydllero COYETaHWs KPUTEPUEB [HOCTWXKEHUS Luenein
oxpaHbl OC npy yCNOBUM Ha/MUKUA TEXHUYECKON BO3MOXHOCTW ee MpuMeHeHus. Mpu aTom
K HAWydLlWMM OOCTYMHBIM TEXHOMOTUAM MOTYT ObITb OTHECEHbI Kak TeXHOJIorMyeckme npo-
Lleccbl, 060pyfoBaHNe, TEXHUYECKME Cnocobbl, Tak U ApyrMe MeToAbl 3alyTbl OKpYXatoLLei
cpeapl.
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[ns Bcex npeanpusTUiA, NCMONb3YOLWMX TEXHONOrMM 06paboTkn NOBEPXHOCTN MeTan-
OB M NacTMacc C NCMOMb30BAHNEM 3MEKTPONIUTUYECKUX MU XMMUYECKUX NpoLeccoB 06-
wmmMm metogamm sawmTtel OC, anpobrposaHHbiMU B Poccuiickon defepaumm, ABnsoTCA Me-
TOAbl M MIHCTPYMEHTbI CUCTEM 3KOJIOTUYECKOTO MEHEIPKMEHTA.

5.1 Cuctembl MeHeXKMEHTA

HAT 1. Cuctembl 3KONOrMYECKOro MeHeAXKMeHTa U UX MHCTPYMEHTbI. 3aTpartbl u
BbIrogbl BHeAPEHUs1 CUCTEM 3KOJSTIOTMUYECKOro MEHeMKMEHTa

CuvcTeMbl ynpaBneHns OKpyXKatoLe Cpeaon UM CUCTEMbI 3KONOTMYECKOrO MEHEMK-
meHTa (COM) nonyumnum pacnpoctpaHeHune B koHue XX B.; B ceHTsi0pe 2015 r. BbinyLeH Ho-
Bbli cTangapt 1ISO 14001:2015 Environmental management Systems — Requirements with
Guidance for Use; B TeyeHune nepexogHoro nepuoga (8o oceHn 2018 r.) AercTByeT TaKke
ctaHgapt FOCT P UCO 14001—2007 «CucTeMsbl akonormyeckoro MeHeaxmeHTta. Tpebosa-
HWS 1 PYKOBOACTBO MO NpUMeHeHmnto» [87], [88].

COM npepcraenseT cobom 4acTb CUCTEMbI MEHEKMEHTA OpraHu3aumm, Heobxoau-
MYt0 ANs pa3paboTkn U BHEAPEHMS 3KOMOrMYeCKOM NONUTUKA U YNPaBNeHUS 3KONOrMHYECKUMU
acrnektamu. CucteMa MeHemKMeHTa — 3TO COBOKYMHOCTb B3aVMOCBSI3aHHbIX 3/1EMEHTOB,
UCMOSb3yEMbIX AN YCTAHOBIIEHWS MOMUTUKMA W Lienen, a Takke ANs AOCTUXKEHUA STUX Le-
nen. COM BknovaeT B cebs OpraHn3auUMoHHYHO CTPYKTYPY, pacnpeferneHne oTBeTCTBEHHO-
CTW, NpVeMbI, NpoLeaypbl, NPOLECCh U pecypchl Ansa pa3paboTkun, BHeapeHus, cobnogeHns
N KOHTPONS 3a COBNIOAEHMEM SKOMOrMHYECKON NOMUTUKNA.

Hanbonbluyto pesynstatmeHocTe COM nmeeT B TOM cny4ae, Koraa ABnseTcsl HeOTb-
eMJIEMOW YaCTbH0 YNPaBNeHUs NPEANPUSTUEM B LIENOM.

Kntouesoe noHsiTne COM — 3TO 3KOMOrMYECKMI acnekT, MO3BOSSIOWMA COOTHECTU
LEeATENbHOCTb OpraHn3aumm 1 ee B3anMoOLENCTBUE C OKpYyKatowen cpefon. dKonormiecknm
acrnekT paccmaTpuBaeTCsl Kak 3MeMeHT [AEATENbHOCTU OpraHv3auuv, €e MpoAyKLuMM wunv
YCNyr, KOTOpbIN MOXeT B3aumogencteoBate ¢ OC. Ucnonb3oBaHWe 3TOro NOHATUSA Cylule-
CTBEHHO obneryaeT NpMMeHeHWe NoaXoA0B NPeAoTBPaLLEHNS 3arpA3HEHUS!, KOTOPOE 3aKrio-
4aeTcs B KOHTPOIE 3KOMOMMYECKUX acrnekToB, obecrneyrBatoleM MUHUMU3aLUMIo HEraTUBHOTO
Bo3gerctema Ha OC npu ycnosuu cobrniogeHnss NponsBOACTBEHHbIX TpeboBaHun. CoOTHO-
LUEHNE «BKOSIOTUHECKME aCreKTbl» M «BO3LEUCTBME Ha OKPYXKaoLLyl CPefy» MOXHO pac-
CMaTpuBaTb Kak COOTHOLLEHWE MOHSITUI «MPUYUHBI U YCITOBUS» U «CNEACTBUEy. B KOHTEKcTe
HAT 3T0 03HayaeT, YTO KOHTPOSb MPUYMH 1 YCIIOBUIA BO3AEUCTBUS — 3KOMOMMYECKUX acrnek-
TOB — MO3BOMSIET pelwaTtb 3aaayn NpeaoTBpalleHus U (Mnv) MUHMMU3auMM HEraTMBHOIO
BO37€1CTBMSA OpraHN3aummn Ha OKpY>KatoLLyto cpedly, T. e. obecneumBaTth ee 3aluTy.

[na NpoMBbILLNEHHbIX NPeanpUATUA NMPUOPUTETHBIE SKONMOrMYECKUE acnekTbl UAEHTU-
brUMpyIoTCA B pesynbTaTe aHanusa Taknx (hakTopoB BO3AENCTBMA Ha OKPYXaloLLyIo Cpeay,
Kak: BbIOpOCHI 3arpAsHAWMX BewecTB B atMocdepy; cOpochbl 3arpsisHSIOLUX BELLECTB
B BOAHble 06beKThI; 06pasoBaHne 0Txo40B; NoTpebneHne aHeprum, Cbipbs U Marepuarnos.

KntoyeBbiMM npuHUMnamm COM senstoTca npefoTBpalleHme 3arpsi3HeHUs U nocre-
AoBaTtenbHoe ynyJlleHune.

MpepoTBpalleHne 3arpsisHeHUs NpeanonaraeT UCMOoNb30BaHME MPOLIECCOB, MPaKTu-
YECKUX METOAOB, MOAXOAOB, MaTEPNanoB, NPOAYKUMU UNA SHEPru, AN TOro ytobbl nsbe-
XaTtb, MUHUMU3UPOBATL WUNN KOHTpONUpoBaTk (OTAENbHO UMK B coyveTaHuu) obpasoBaHuve,
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BbIGpoc unu c6poc Nboro Tuna 3arpAsHALLMX BELECTB UMM OTXOA0B, YTOBbI MUHUMU3U-
poBaTb HeraTMBHOE BO3AEWUCTBUE Ha OKpyxatollyto cpeay. MpenoTepalyeHve 3arpsi3HeHus
MOXET BKINKOYaTbh YMEHbLUEHNE NN YCTPaHEeHe UCTOYHMKa 06pasoBaHns, N3MEHEHUS Npo-
Liecca unu ctagum npouecca, NposyKumMmn unn ycnyr, agekTMBHoOe UCNonb30BaHe pecyp-
COB, 3aMeHy MaTepuasoB U 3Heprnm, NOBTOPHOE NCNONb3OBaHNE, BOCCTAHOBMNEHUE, BTOPUY-
Hyl0 nepepaboTky, pereHepaumio, peKyrnepauuilo, yTUIM3auuio M OYUCTKY, T. €. MpUHLMN
NPefoTBPaLLEHUS 3arpA3HEHNS NMOMHOCTLIO COOTBETCTBYET COAEPKAHNIO TEPMUHA KHANMYY-
Lne [OCTynHble TexHonorun» [89], [90].

MocneposaTtensHoe ynyuylleHne — NEPUOANYECKUA MNPOLIECC COBEPLUEHCTBOBAHMWS
C3M c uenblo ynydweHuss obLWen 3KONMorMvyeckon pesynbTaTMBHOCTW, COrnacyrLWmUncs
C 3KONOrM4ecKon NOMUTMKON opraHusauum. bonee getanbHoe pasbsACHEeHWe 3TOro npuHUMNa
npuseneHo B Cxeme skomeHemxkMeHTa n ayauta (The Eco-Management and Audit Scheme
(EMAS IlI): «[Mpouecc ynyylieHus:, rog 3a rogoM, U3MepuUMbIX pe3ynbTaToB CUCTEMbI 3KOMO-
MMYECKOrO MEHEXKMEHTA, CBS3aHHbIX C YNpaBneHneM opraHv3aumen ee 3Ha4MMbIMU 3KOMo-
rMYECKMMK acnekTamm, OCHOBAHHBIA Ha €€ 3KOMOTMYECKOW NONUTUKE, LeNsX 1 3agayax, npu-
YeM ynyudlleHne pesynbTatoB HeoBa3aTenbHO JOMKHO NPOUCXOAUTL BO BCeX cdhepax aes-
TENbHOCTM OQHOBPEMEHHOY [91].

Mpouecc nocneaoBaTensHOro yryyleHns peanu3yeTcs nyTem MOCTaHOBKW 3KOMOoru-
YEeCKMX Lienen n 3apad, BbIAENEHNs PECYPCOB U pacnpeaeneHns OTBETCTBEHHOCTU ANs UX
JOCTWKEHUS] N BbIMNONHEHUS (pa3paboTkn M peanusauum nNporpaMM 3KOMOrM4Yeckoro Mme-
HemxkmeHTa). Mpu atom ¢ ToukM 3penna HOT akonorudeckune sagaqn (AeTanvsnpoBaHHbIe
TpeboBaHNA K pe3ynbTaTMBHOCTU) AOITKHBI CTABUTBCA C YYETOM TEXHOMNOMMYECKMX NokasaTe-
nen HAT. Tem cambiM MPUHLUMNA MOCMEAOBATENLHOMO YRyyleHUs NpuobpeTaeT KOHKpeT-
HOCTb, MOMy4YaeT YUCMEHHbIE OPUEHTMPbLI, YTO COOTBETCTBYET COBPEMEHHbLIM B3rnsgamM Ha
TpeboBaHunsa k COM [89].

B cBsizaM ¢ TeM, YTO ANSA NOCTAHOBKM M NPOBEPKWN BbiNnonHeHMs 3agad COM Heobxoaun-
MO 06eCneyunTb CUCTEMY OLEHKM (B TOM YMCIIE 1 MO pe3ynbTaTaM 3MEPEHWUIA) nokasaTenemn
pe3ynbTaTMBHOCTW, paspaboTka NporpaMM 3KONOrMYeckoro MeHegkKMeHTa npegronaraeT u
COBEPLUEHCTBOBaHNE MNPAaKTVKM MPOU3BOACTBEHHOIO 3KOMOMMYEeCKOro MOHUTOPUMHIa U KOH-
Tpons, BkoYas BbiGop, 060CHOBaHME U OpraHM3aLmMio U3MEPEHUIA KITOYEBbLIX NapamMeTpoB.
OT10 Tem Gonee BaxHO, YTO B COOTBETCTBUM CO cTaTbel 22 depeparnbHOro 3akoHa OT
21 niona 2014 r. Ne 219-03 «O BHeceHUn nameHeHun B depepanbHblil 3akoH «O6 oxpaHe
OKpYXKaroLe cpefbl» WU OTAEenbHble 3akoHojaTenbHble akTbl Poccurickon $epepaumm»
npeanpuaTns kateropumn | gomkHel OyayT nepefasatbh pesynbTaTtbl UBMEPEHUA KOHLEHTPa-
LMIA 3arpssHSIOLLIMX BELLECTB, COAepXKallMXxcsl B BbIOpocax B aTMOCKepHbI BO3ayx 1 cOpo-
cax B BOAHble 00bekTbl, B [OCYyAapCTBEHHBIA (POHA AaHHbLIX FOCYAapPCTBEHHOMO 3KOMornye-
CKOro0 MOHUTOPWHIa (rocyapCTBEHHOrO MOHUTOPWHIE OKPYXXatoLLEn cpelbl), Co3naBaemMbIi 1
NCMONb3yeMbIl B COOTBETCTBUM C 3aKOHOAATENLCTBOM B 06MNactu oxpaHbl OKpyXKaroLen
cpenbl.

C3M Ha npeanpusaTUaAX MOXKET BKMOUaTb CreayroLmMe SNeMeHTbI:

- 3KOJIOTMHECKYHO MOSINTUKY;

- NnaHvpoBaHve (Uenu, 3aaayn, MeponpusTus);

- BHeApeHne 1 OyHKLUMOHNPOBaHNE, BbINMOMHEHWE NMPOLEAYP;

- KOHTPOJIb Y KOPPEKTUPYIOLLNE AENCTBUS;

- OLIEHKY PYKOBOACTBOM;

- NOATOTOBKY PErynsapHOA 3KONOrMYECKON OTHETHOCTY,
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- NOATOTOBKY 3aKNOYeHUM MO BbIBOAY NPEANPUSTUS U3 3KChNyaTauum;

- pa3paboTky 3konormyeckn 6e3onacHbIX TEXHONOMMN;

- MPUMEHEHNE XUMUYECKUX PEareHTOB MU XMMWUKATOB B COOTBETCTBUMW C HOPMAaTUBHO-
TEXHUYECKOM AOKYMEHTaLMEN YKa3aHHOW B JOKYMEHTALMN Ha TEXHOMOMMYECKME NPOLIECCHI.

PykoBogctBo npeanpuatns o06a3aHO onpefenvTb €ro SKOMOMMYECKYH MOMUATUKY W
obecneynTb, YTOObI OHa:

- COOTBETCTBOBanNa AEATENbHOCTM NPeAnNpUATUA NO xapaktepy, Macwraby u Bo3gen-
cteuto Ha OC;

- OTpaxana roToBHOCTb NpeAoTBpaLLaTh U KOHTponupoBeaTh 3arpssHeHue OC;

- OTpaxarna rotToBHOCTb cobniofath BCe 3HaYUMMble NPUPOAOOXPaHHbIE aKTbl U MOMo-
XKEeHVs, a Takke uHble TpeboBaHus, 0693aTensCTBO BLINOMHATE KOTOpble GepeT Ha cebsa
JaHHasi opraHMsauus;

- cosgaeana pamku Ans opMyIIMpoBaHNUsA U NepecMoTpa 3KONOrMYECKUX Lenei u 3a-
aavy;

- ObIna JOKYMEHTMpOBaHa 1 J0BeieHa A0 CBEAEHNA BCEro NepcoHana;

- ObIna ocTynHa ANA BCEX 3aMHTEPECOBaHHbIX CTOPOH.

MnannpoBanne v onpepeneHve 3agad v uenen npeaoTepalleHus 3arpsasHeHun OC
NnoApas3yMeBatoT:

- NPOLEAYPLI MO BLISBIIEHNIO 3KONOTMYECKMX ACMEKTOB NPEANPUSTUS U TOW AeaTernb-
HOCTW, KOTOpasi OKa3blBaeT UM MOXET OKasaTb 3HauuTenbHoe eoszenicTeue Ha OC, v no
OOHOBMNEHUIO faHHOW MHDOPMaLmK;

- NPOLEAYPbI MO BbISIBMEHUIO U NPEAOTBPALLEHUIO 3arps3HEeHUA Ha BCeX MpPOU3BOA-
CTBEHHbIX y4acTKax, Mo3BONAIOLLME ONPeAenuUTb NOTOKN OTXOA0B, YCTAHOBUTbL MPUOPUTETLI
MEpPOMPUATUA, BbISIBATE OCHOBHYHO NMPUYUHY NOSIBIEHWS OTXOLOB, HAMETUTL U OCYLLECTBUTL
W3MEHEHWS, yMEeHbLLAIOLWME NI NpefoTBpaLLaoWLmne NOSBNEHNE OTXOAOB, OLIEHUTL Pe3yrb-
TaTbl;

- NPOLEAYPbI MO BbISBMAEHUIO U 00eCneYeHno AOCTyMNa K 3akoHoAaTenbHbIM akTaM U
WHbIM TpeBoBaHMsAM, BbINOMHATbL KOTOPble HAaMepeHa AaHHas opraHv3aumst U KoTopble npu-
MEHUMbI K 3KOJIOTMYECKUM acrneKkTam ee AeATeNlbHOCTH;

- onpegeneHne n ob3op AOKYMEHTMPOBAHHbBIX 3KOMOrMYECKUX LIENen 1 3aaay ¢ yye-
TOM 3aKOHOAATENbHBIX U MHBIX TPEOOBaHWIA, a TalKe MNO3NLMIA 3aMHTEPECOBaHHbIX CTOPOH;

- OrpeAeneHne U perynsipHbIi NepecmoTp NPOrpaMMbl SKONOMMYECKOTO MEHEIKMEHTA,
BKIIOYasi pacrnpeneneHne OTBETCTBEHHOCTM 3a AOCTVKEHME MOCTaBMEHHbIX Lienen Ha Bcex
3Ha4YMMBbIX PYHKLMOHATBHBIX YPOBHSIX, CMIOCO0LI U BPEMEHHBIE PaMKX A X peannaauyu.

Ytobbl obecneunts 3HaHWe, NoHUMaHue 1 cobniogeHue npoueayp, Heobxoaumo co-
34aTb OnpefenieHHble CUCTEMbI, MO3TOMY SMQEKTUBHBIA 3KONMOTMYECKUA MEHEIKMEHT
BKJIHOMAET TaKNE 3MEMEHTBI, KakK:

- CTPYKTYpa W OTBETCTBEHHOCTL (BbIIBNEHWE, LOKYMEHTUPOBAHUE U pacrpeaerneHme
ponel, OTBETCTBEHHOCTU W MOMHOMOYMK, B TOM YUCNE HasHauYeHWe OJHOrO KOHKPETHOro
npeacraeutens; obecneveHne HeobxoaMMbIX AN BHeapeHus u koHTpona COM venoseue-
CKUX M (PMHAHCOBbLIX PECYPCOB, TEXHOMOMMN, TEXHUYECKMX PELLEHNIA, cneumarnbHbIX 3HaHUA K
HaBbIKOB);

- TPEHWHI, OCBEAOMITEHHOCTb U KOMMETEHTHOCTL (BbISIBNIEHWE NOTPeOHOCTEN B NOArO-
TOBKE nepcoHana ans obecrneveHust Toro, Yytobbl BCE COTPYLHUKWN, OESTENsHOCTb KOTOPbIX
MOXET OKa3aTb CYLLUECTBEHHOE BO3AENCTBME HA OKPYKAIOLLYHO Cpeay, NpoLUiM COOTBETCTRY-
FOLLYIO MOATOTOBKY);
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- KOMMYHVKaLuK (co3gaHne u cobnogeHne npolenyp obmeHa MHMOpMaUMENn MeXay
pasnuuHbIMU - PYHKLMOHANBbHBIMW  YPOBHAMU BHYTPM NPEAMPUATUS, a Talkke npouenyp,
HanpasneHHbIX Ha YKpenneHne guarnora, nonyvyeHune, opopmMneHune 1, rae 3to Heobxoammo,
Ha yyacTue B MHOPMaLMOHHOM 0BMeHe C BHELLUHUMIW 3auHTepecoBaHHLIMIN CTOPOHaMM);

- yyacTne nepcoHana (BOBMeYeHWe COTPYAHVKOB B MPOLECC AOCTUXKEHMSA BbICOKOrO
YPOBHSI 3KONOrMYECKON PesynbTaTUBHOCTM NYTEM MPYMEHEHNS Taknx hopM COBMECTHOW pa-
60TbI, KaK KHUra npeanoxXeHnn, NnpoekTHas rpynna nnbo komuteT no 3awmrte OC);

- AOKYMeHTaLust (onpeaeneHne N cBoeBpemMeHHoe obHoBneHne nHdopmaumn, B Oy-
M&XHOM MMM B SMEKTPOHHOM BUWAe, KoTopas oTpaxana Obl KMoYeBble 3NeMEHTbl CUCTEMbI
MEHEKMEHTa 1N UX B3aMMOJEWNCTBUE, a Takke cogepxana Obl CCbINKM Ha COMyTCTBYIOLLME
LOKYMEHTbI);

- AECTBEHHbIN KOHTPOSb MpoLecca (Haanexallmin KOHTPOonb npoLecca Ha Bcex cra-
LVSIX — MOArOTOBKa, 3anyck, yHKLMOHMPOBaHWE, OCTAHOBKa, HELUTaTHas CUTyauusi; BbiSB-
TNeHNe KNoYeBbIX NokasaTtenen addekTBHOCTM (06BEMHBIN pacxoq, Temnepartypa, cocTas,
KONMMYECTBO), a Takke cnocoboB UX N3MEPEHUS U yripaBneHus; LOKYMEHTUPOoBaHNE U aHanns
TOObIX OTKINOHEHUI 0T paboyero pexmmMa ¢ Lenbto BbIABUTb UX NPUYMHBI U YCTPaHWUTb UX BO
nsbexaHve NoBTOpeHNst c6oeB (3TOMy cnocobCTBYET BHEAPEHWE cpean nepcoHana cucre-
Mbl «OTCYTCTBUSI BUHOBHbIX», KOr4a yCTaHOBUTE MPUYMHBI HELUTATHOM CUTYaLUN BXKHES, YEM
HanTW BUHOBHWKOB €€ BOSHUKHOBEHWNS);

- NporpaMMa TEXHUYECKOro oBCnyXmnBaHns (Co3haHne CTPYKTYpUpOBaHHOM NporpamMmel
TEXHUYECKOr0 OBCNY)KMBaHMWS, OCHOBAHHOW Ha TEXHUYECKUX XapakTepuctukax obopyaosa-
HUS, HOpMaXx 1 NpaBuiax ero aKCrnnyaTauum 1 yuutsisarowen niobble ero oTkasbl, NoNOMKA U1
WX MOCNeACTBMS; NoAAEPXKKA Takoh NporpaMmbl MyTEM CO34aHUA COOTBETCTBYIOLLIMX CUCTEM
LOKYMEHTVPOBaHUS, a Takke NpoBeAeHUs AnarHOCTMKM obopyroBaHus; YeTkoe pacnpeje-
TNeHVe OTBETCTBEHHOCTM 3a NMaHUPOBaHWE N NPOBEAEHNE TEXHNYECKOTrO 06CnyXnBaHns);

- FOTOBHOCTb K HELUTaTHbIM CUTYaUUsM U pearnpoBaHve Ha HUX (cosgaHue 1 Bbinon-
HeHWe MpoLeayp, HanpaBneHHbIX Ha BbIBNEHWE BO3MOXHBLIX HECYACTHbIX Cy4YaeB N He-
LWTaTHbIX CUTyaUui U afekBaTHOE Ha HUX pearMpoBaHue, a Takke Ha CMarYeHvue U NpepoT-
BpaLLeH1e CoNyTCTBYIOLLEro TakuM CUTYaLMAM BO3AENCTBUSA HA OKPY>KAIOLLIYIO CPEeaYy).

HelictBeHHocTb COM obecneunBaeTcs nyTeM pa3paboTku, BHeAPEHUS n cobnoaeHns
OCHOBHbIX npoueayp, HeobxoanmMbIX ANA ynpaBneHua akonorndyeckummn acnektamu. lMpoue-
Jypa npeacrtaensaet cobol onpefeneHHbI cnoco® OCyLecTBNEHUs [eNCcTBMA UnM npouec-
ca. lNMpoueaypbl MoOryT ObiTb AOKYMEHTUPOBaHHBIMA UMM HEAOKYMEHTUPOBaHHbIMK. [MpoLe-
Aypbl onpeaensoT NoCNeAoBaTeNbHOCTL ONepaumii U BaxHble (PakTopbl 3Tarnos pa3nuyHbIX
BUAOB AeaTensHocTW. B npoueaypbl MoryT BbiTb BKNIOYEHbI paboune KpUTepum HopmarbHO-
ro BbINOMHEHUs 3Tana, AeWCTBUS B Criydae OTKIIOHEHWUS OT HOPMbl UK Kputepuun Bbibopa
nocneayrowmx sranos [89].

Mpoueaypb! NO3BONAT 06eCneunTb: B3AaMMOAENCTBNE NOAPA3AENEHNN ANSA peLLeHNs
3agad, BoBnekawowmx bonee opgHoro nogpasaeneHns; OyHKLUMOHNPOBAHUE CIIOXHBIX Opra-
HMU3aALMOHHbBIX CTPYKTYP (HanpuMep, MaTpuyHbIX); TOYHOE BbIMOMHEHWE BCEX STaMOB BaXKHbIX
BUAOB AEATENBbHOCTU, HAAEKHBIA MEXAHW3M U3MEHEHMA AENCTBMM (B YACTHOCTM, NOCNeno-
BaTENbHOrO YNy4leHUs); HaKOMNMeHWe onbiTa 1 Nepeaadvy ero oT CreymanMcToB HOBbIM pa-
BoTHMKaM.

B cBS13M C Tem 4TO 3HaAUUTENbHOE HEraTMBHOE BO3AEWCTBUE HA OKpYXKaroLyl cpeay
HepeaKo OKa3biBaeTCa B pe3ynbTare BO3HWKHOBEHWUS HewwTaTHbIX cuTyauuin, COM Bknovaet
TpeBoraHne obecneveHnss NOArOTOBNEHHOCTUN K TaKMM CUTyaLmMsaM U paspaboTku OTBETHbIX
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pevicteun. MNpeanpusTie JOMKHO YCTaHOBUTL, BHEAPUTL U MOAAEPXUBATL NPOLEAYPY (bl),
HeobxoanMmyto (ble) ANS BbIABNEHWUS NOTEHUMANBbHO BO3MOXHbIX aBapuid U HELUTATHbIX CUTY-
auun, KOTopbie MOTyT OKasbiBaTb Bosgencteme Ha OC, n ans onpeaeneHns Toro, Kak opra-
HU3aums ByaeT Ha HUX pearvpoBaTte. [peanpuaTME AOMKHO TaKkke pearnpoBaTb Ha BO3HU-
KaroLpe HeluTaTHbIe CUTyauum U aBapumn U NpefoTBpallaTh UMM CMSArYaTh CBA3aHHbIE C HU-
MW HeraTvBHbIE BO3AEWCTBUNS Ha OKpyXaroLwyto cpesy. PabotocnocobHocTh Takux npoueayp
LenecoobpasHo NepnoanYeckn NPoBepsITb Ha NpakTuke [89].

KoHTpOmb 1 KOPPEeKTUPYIOLLME AEACTBUS BKIIOYAIOT TAKUE SNIEMEHTLI MEHEMXKMEHTA, KaK:

- MOHUTOPWHT U U3MepeHns (cosgaHune n cobnogeHne AoKyMeHTUPOBaHHbIX MPOLEAYP
perynsapHbix HabNIOAEHNA N U3BMEPEHMS KITKOYEBbLIX NapaMeTpoB TEX ornepauuii U BUAOB Aes-
TENbHOCTK, KOTOPLIE OKA3bIBAIOT 3HAYNTENBHOE BO3AENCTBME Ha OKpyxatoLyto cpegy. Crona
BXOAST: NPOTOKONMMPOBaHNE AaHHbLIX 0 paboTe 060pyaoBaHMs, 3HaUYUMMbIE YnNpaBnsaoLwme na-
pameTpebl, a Takke obecneyeHne COOTBETCTBUA NPUHATBIM Ha NPEANPUSTAN 3KOMOrMYECKUM
LuensM 1 3agadaM; cospaHue n cobniofeHne AoKyMEHTUPOBaHHOW MpoLeaypbl nepuoanye-
CKOWN OL|EHKM COOTBETCTBUS OCHOBHbIM 3aKOHOAATESIbHBIM aKTaM U MONoXeHUsM B obnactu
OXpaHbl OKpyXaroLLer cpeabl);

- KOPPEKTUPYIOLLME AEWACTBUS U NPEAOTBpaLlEeHNe HECOOTBETCTBUA (CO3[aHWe U Co-
onogeHne npouenyp OnpefeneHns OTBETCTBEHHOCTU M MOSIHOMOYUIA MO PacCMOTPEHUIO U
paccrefoBaHUo Criy4aeB HECOOTBETCTBMS YCHOBUSM NPUPOAOOXPAHHbLIX PaspeLleHuin U
WHbIM TPeBOoBaHUAM 3aKOHOAATENLCTBA, LIeNaAM U 3agadamM NpeanpusTus, Mo NPUHATUIO Mep
K CMSrYEHMIO NoBbIX BbI3BAHHBIX 3TUMU CIy4asiMU BO3AENCTBUAN, a TakKe No MHALMMPOBAHWIO
N OCYLLIECTBINEHWNIO HanpaBneHHbIX KOPPEKTUPYIOLLMX U NpeaoTBpaLLatoLLmMX HECOOTBETCTBUE
LENCTBUN, agekBaTHbIX MacliTaby NnpobnemMsl 1 BO3AEUCTBUIO Ha OKPYKALOLLYIO cpeay);

- BeeHue 3anucel (cosganve n cobniogeHne npoLeayp BhbIIBNEHUS, BEAEHUS U Xpa-
HEHMA AOCTYMHbLIX ANA MPOYTEHUSA U OTCMEXMBAHWUA 3KONOMMYECKNX 3anucen, BKIovas pe-
3ynbTaTbl TPEHUHIOB, ayAUTOPCKUX NPOBEPOK N OTHETHI);

- BHYTPEHHUIA ayauT (Co3gaHne n cobnogeHne nporpamm (bl) U npoueayp nepuoau-
YeCKOWN NPOBEPKM CUCTEMbI SKOJIOTMHECKOTO MEHEAXXMEHTA, Kyaa Bxoaunu Gkl rpynnoeoe o6-
CYXAEHWE C NepcoHanoM, MHCMEKUMA YCNoBuA paboTbl U 0bopynoBaHns, NeEpPecMoTp 3anu-
cen n pokymeHtaumun. Mo pesynsTatam 3TUX ASNCTBUN COTPYAHWUKAMU MPEANPUSTUS (BHYT-
PEHHUA ayauT) UKW TPETbLEN CTOPOHON (BHELWHWA ayawT) AOImkeH ObiTb cocTaBneH obbek-
TUBHbIN U BECNPUCTPACTHBIN NMUCbMEHHBIN OTYET, OTpaXkatoLMn 06nacTb, YacToTy U MeToau-
KM NpoBEepKW, a Takke pacrnpejeneHne oTBeTCTBEHHOCTU U TpeGoBaHUsi Mo NpOBEAEHMIO
ayavTa v NpejcTaBneHno ero pesynbTaTos, C UEenbio OnpeaenvTb, COOTBETCTBYET NN CU-
CTeMa 3KOMOrMYECKOro MEHEMKMEHTa 3anfiaHUPOBaHHLIM MEPOTPUSTUSIM, MPaBUILHO N
OHa BHeJpeHa U BbINOMHAETCS, NPOBEEHNE He pexe YeM OAUH pa3 B TPU rofa npoBepKY
Unu, ecnu HeobxoanMo, cepun ayauTOPCKNX NPOBEPOK B 3aBUCMMOCTW OT Xapakrepa, mac-
wraba 1 CroXHOCTN paboT, 3HAYUMOCTU CONPSHKEHHOrO C 3TUM BO3AEWCTBUS Ha OKpYXato-
LLYIO cpefly, B&XKHOCTU 1 CPOYHOCTM BbISIBNEHHBIX NPeabIAYLLMU NpoBepKkamMn npobnem un ux
npeabicTopumn (Gonee CrnoxHble BUAbl AeSTENbLHOCTU, OKasbiBawLMe CyLECTBEHHOE BO3-
LEeNCcTBME Ha OKPYXKAIOLWYI Cpeay, NOABEPraloT NPOBEpKe Yalle), HanMune afekeaTHbIX Me-
XaHW3MORB KOHTpOMSA 3a cobnogeHnem pesyrnbTaTos NPOBEPKN);

- nepuoguyeckan oueHKa COoTBETCTBUA TpeboBaHWUSM 3aKoHOAATENbHbLIX U HOpMa-
TMBHbIX aKTOB.

OueHka pyKOBOACTBOM BKIIOYAET MPOBEAEHVE PYKOBOACTBOM MPEANPUATUSA 4epe3
onpegensieMbie MM CaMMM MPOMEXYTKA BPEMEHN aHanmMsa CUCTEMbI SKOSNOTUYECKOTO Me-
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HeKMeHTa C Lienblo NOATBEPANUTL € afeKBaTHOCTb U 3dEKTUBHOCTL; KOHTPOSL 3a cBo-
pOM, HeoBXoAUMbIM A1 NPOBEAEHNSA OLEHKN MHMOPMALIK; [LOKYMEHTaNbHOE 0hOpMIIEHME.

MoaroToBka perynsipHO 3KOMOrMYECKOM OTYETHOCTM 3aKioYaeTCs B NMOATOTOBKE 3KO-
NOrMYeckoro oT4yeTa, 0coboe BHMMaHWE B KOTOPOM YAENEHO AOCTUIHYTbIM Ha NpesnpusaTim
C YY4ETOM MOCTaBIEHHbIX 3aga4 1 Lenen pesynbtatam. OTYET AOIMKEH HOCUTL PEryNAPHbBIN
XapakTep 1 BbIXOAWUTb He pexe 1 pas B rof, Unv pexe B 3aBUCUMOCTM OT 3HAYNMOCTM YPOBHS
BbIGpocoB 1 cOpocos, obpasoBaHMst OTXOA0B M T. A. B oTyeTe crnepyeTt yaensate BHUMaHue
WHOPMAaLMOHHBIM HYXXAaM 3Ha4YMMbIX 3aMHTEPEeCcOBaHHbIX CTOPOH, CaM OTYeT JOSKeH
Haxo4MTbCS B OTKPbITOM JOCTYNe (B BUAE SNeKTPOHHbIX nybnukaumin, B Grbnuotekax v ap.).
Cnepyetr oTMETUTb, YTO peyb MAEeT 06 OTYETHOCTM, paspabaTbiBaeMOn MMEHHO B pamkax
COM; TpebGoBaHua K NOArOTOBKE 0huLManbHON OTYETHOCTU YCTaHOBMNEHLI 0c060.

MoaroTtoska 3akntoueHUn 06 ypoeHe BosaencTeus Ha OC npu BbIBOAE MPeanpUaTUS
W3 3KCniyaTauum LOMmKHa OCyLLECTBMNATLCS Ha CTaaumM €ro MPOEKTUPOBAHNS, NMOCKOMBKY 3a-
paHee MpoeefeHHas MOAroTOBKa AEenaeT ero BbIBOA M3 3KCMMyatauum npoLue, yvie v ge-
wesne. Mpu BbIBOAE MPEANPUATAS W3 SKCMIyaTauvn BO3HUKAET OMacHOCTb 3arps3HeHWs
noyBbl (U FPYHTOBLIX BOA), 0OpasyeTcss BonbLIOE KONMYECTBO TBEPAbIX 0TXoAoB. Cnocobbl
npenoTBpaLLeHUst NonafaHns BpeaHbIX BELLECTB B OKPYXatoLLyo Cpefy OnpeaenstoTcs Bbi-
©paHHbIM NPOLECCoM, 04HAKO OOLmMeE PEKOMEHAALMIN TakoBbl: OTKa3 OT MCNONb30BaHUS NofA-
36MHbIX KOHCTPYKUMM; BHEAPEHVE 3MEeMEHTOB, obrnervarowpyx AemMoHTax; obpabotka no-
BEpXHOCTEW, obecrneyvnBaroLas Nx NMEerky OYUCTKY OT 3arps3HEeHU; B3avMOpacronoXeHue
obopyroBaHWs, NpY KOTOPOM YMEHBLLLAETCH KOMMYECTBO 3afepKUMBAEMbIX XMMUYECKUX Be-
LLECTB W yNpoLLaeTCs CMbIB MMM NPOMbIBKa; pa3paboTka MOKMX aBTOHOMHbIX YYacTKOB, YTO
AAacT BO3MOXHOCTb OpraHu3oBaTb MO3TanHylo KOHCEPBAaLMIO; NMPUMEHEHWE, rAe BO3MOXHO,
Buropasnaraemeix ¥ MOBTOPHO UCMONb3yeMbIX MaTepuarnos.

3awta okpyxatowen cpeabl AomKkHa ObiTb HEOTHEMNEMOW YacTbLIO pa3paboTkun nio-
©oro npouecca, NOCKONbKY BHEAPEHME HA MaKCUMAarbHO PaHHUX CTagusx addekTmBHEE U
Jewesne.

3akntoueHnst no paspaboTke 3konormveckm 6e3onacHbIX TEXHONOMUIA MOTYT UMETL Me-
CTO Ha CTagMM NPOBEAEHUS] HayYHbIX UCCMEefOoBaHWMN U OMbITHO-KOHCTPYKTOPCKUX paspabo-
TOK. ANbTEPHATNBOM CaMOCTOATENbHBLIM AEUCTBUSAM MPEANPUATUA B JaHHON 06nactn MoxXeT
cTatb nepepada Takux paboT B CTOPOHHWE OpraHM3auuy U UHCTUTYTHI, 3aHMMaloLLMeCcst
noaoGHON [EeATENBHOCTBIO.

B koHTekcTe HOT peub He naet o cepTndMKaLmmM CUCTEM SKOMOTUYECKOrO MeHeaX-
MeHTa. AHanoruyHasi no3vuusi NpeacraeneHa B cnpasodHuke EC, B KOTOpOM ckasaHo, yTo
HaunyJwen JOCTYNHOW TEXHONOMMEN crieayeT cuutath paspabotky COM u cnegosaHve ee
npuHUmnam. MpakTnyecknii onbIT OTEYECTBEHHbBIX NPEANPUATUA CBUAETENBCTBYET O TOM, YTO
OCHOBHbIE NPenMyLLiecTBa COCTOAT B MCMOMb30BaHUN KntoyeBbix MeTogos COM, B ToM uncne
TaKuXx, Kak:

- UAEHTUMKaLNA SKOMNOTMYECKMX acnekToB NPON3BOACTBA (M BbiENEHNE N3 UX Ymicna
NPUOPUTETHBLIX acrekToB);

- YKPENnNeHWe CUCTEMbI MPOU3BOACTBEHHOIO 3KONOMMYECKOro KOHTPONS;

- pa3paboTka 1 BbINOMHEHNE NPOrpamM SKONOMMYECKOrO MEHEMKMEHTE U TEM CaMbIM
LOCTWKEHNE NOCNEA0BATENBHOIO YIy4LLIEHUSA PE3yNbTATUBHOCTU TaMm, rAe 3T0 NPaKTU4eCcKn
BO3MOXHO;
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- paspaboTka 1 BHeLpeHWe npoueayp, Heobxoanmblx Ans obecneyeHnst COOTBETCTBUSA
opraHusaumm TpeboBaHUsiM HOPMaTWMBOB, YCTaHOBIEHHbIX HA OCHOBE TEXHOMOrMYeCcKUx no-
KasaTtenew.

5.2 TexHonorn4yeckme U TeXHMYECKNE peLeHuss, NPUMEeHUMbIe B
kayectBe HOT 06paboTkn NnoBepXHOCTU METaNJOB U NacTMacc B
Lenom

5.2.1 NoTpebneHue aHeprumn

O6wme nonoxenna o noTpebneHun sHeprm npy o6paboTke NOBEPXHOCTU METaNNoB
W NnacTMacc C MCMOSb30OBAHNEM 3MEKTPOSIUTUYECKMX UM XUMWYECKMX MPOLIECCOB MOXHO
HanTK B pasgenax 2, 3. CokpalleHve yAensHOro aHepronoTpebneHnsa no3BonseT ynyylumuTb
SHEepProaeKTMBHOCTL MPOU3BOACTBA B LIENIOM.

HAT 2. CHuxeHne noTpebneHus anNeKTpodIHeprum

HAOT sBnseTcs CHWKEeHne noTpebneHns sHeprin nytem npuMeHeHus nioboro n3 Hm-
KenepeuncrneHHbIX UK UX CoYeTaHNSA TEXHONMOMMYECKUX PELLEHNI N TEXHUYECKUX NMPUEMOB:

- COKpaLLEHWe NaAeHNs HaMNPXKEHNSA B NMPOBOAHUKAX U pasbemax;

- perynspHoe obcnyxMBaHMe UCTOYHWKOB TOKa (BbINPSMUTENEN) N KOHTaKToB (TOKO-
NOABOASLUMX LUNH) B 3NEKTPUYECKON CUCTEME;

- YCTaHOBKa COBPEMEHHbIX BbIMPAMUTENEN C YBENMYEHHBIM KO3MMULIMEHTOM Npeos-
pa3oBaHWA NO CPABHEHWIO CO CTapbiMu Npu paboTe Ha MakCUManbHOM MOLLHOCTY,

- YBEJIMYEHNE 3MNEKTPONPOBOAHOCTN paboumx pacTBOPOB C MOMOLLBIO BBEAEHUSI XU-
MWYECKNX BELLECTB (HaNpUMep, CEPHOWN KMCNOTbI B BAHHAX KUCNOrO MEAHEHWNS) UM KOMIMO-
3mumi;

- COKpaLLieHNe YTEYKWN TOKA Y 3MEeKTPOXMMNYECKUX BaHH;

- nameHeHne opm Toka (Hanpumep, peBepc, nynbcauns), NPU KOTOPOM BO3MOXKHO
ynyyLLEeHVe KayecTBa OCaXAEHUS MeTanna.

- ycTaHoBKa 3aHeproaddekTMBHoro obopyaoBaHus (Hanpumep, SHeproadeKTUBHbIX
HacocoB).

5.2.2 PauuoHansHoe BoaonoTpe6neHue
HAOT 3. PaumoHanbHOe BoagonoTpebneHue

HAOT siensieTcs paynoHansHoe BogonoTpebreHe NnyTemM NnpuMeHeHns noboro ns Hu-
KenepeumcreHHbIX UK UX COMETaHUS TEXHOMOTUYECKUX PELUEHUA N TeXHUYECKUX NPUEMOB
(cm. paspen 2.4).

- MOBbILLEHNE KONMYECTBA BaHH (CTYNEHEN) MPOMbIBKU;

- 3aMeHa NPSIMOTOYHOW NMPOMBIBKU Ha MPOTUBOTOUHY!O,

- NCMONb30BaHWE BOAbl U3 CUCTEM OXNKASHUA 1 Harpesa Ha onepaumax NPOMbIBKY;,

- MIHTEHCUUKALMSA NPOMbIBKU NYTEM MEpPEMELLMBaHWUSA NPOMbIBHON BOAbI C MOMOLLbHO
H6apboTepoB B BaHHE NOABECOYHOrO TMNA, a B 6apabaHHbIX BaHHaX — NYTEM HE MEHee Yem
ABYKpaTHOro MOrpyxeHus Bpallatowlerocsi 6apabaHa B BaHHy npombisku Ha 10-15 ¢ ¢ no-
cneayroLLen BbIAEPKKOW ero Haj, BaHHOMW A0 NpeKpaLleHnst CTEKaHUS XXUAKOCTY,
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- UIBMEHEHMe NoCcnefoBaTeNbHOCTU MPOMbIBHBIX ONEPaLMi 3a CHET MBMEHEHWUS MapLU-
pyTa LBWKEHWUA AeTaneun;
- NMOBTOPHOE MCMOSIb30BaHME NPOMBLIBHON BOALI HA APYMMX onepauvsix NPOMbIBKU.

5.2.3 CHMmxeHne yHOCa XMMMUYECKNX BELLECTB

HAT 4. CHUXeHue YHOCa XMMUYECKUX BellecTB U3 pabounx BaHH B
cOpacbiBaeMble NPOMbIBHbIE BOAbLI

HAOT sBnseTcs CHWKEHMEe YHOCa XMMUYECKMX BeLecTB M3 paboumx BaHH B cbpacbiBa-
eMble MPOMbIBHbIE BOALI MYTEM NMPUMEHEHUSI MOBOT0 U3 HKENEPEUNCNEHHBIX UK UX COoue-
TaHWs TEXHONMOMUYECKUX PELLEHNIA U TEXHUYECKUX NMPUEMOB:

- yCTaHOBKa BaHH ynaBnunBaHus,

- ONTUMM3ALMS KOHCTPYKLIMW NMOABECOK M Pa3MELLEHUS Ha HUX AeTanew;

- OCHalleHne GapabaHoB AOMOMHUTENBHLIMU OTBEPCTUAMU ANS OBneryeHna BblTeka-
HUS U3 HUX PacTBopa,;

- OCHalleHMe MexXay TEXHONMOrMYECKUMM W MPOMbIBHBIMA BaHHaMW  KO3bIPbKOB
C HaKINoOHOM B CTOPOHY TEXHOMOMMYECKNX BaHH,;

- YBENNYEHNE BPEMEHM BbIAEPKUBAHUS AETaNen Hag NOBEPXHOCTHIO BaHHLI (BPEMEHU
CTeKaHusl), a Takke NpMmeHeHne obayea, BCTPAXMBAHUS U T. M.

- AyLUMpOBaHWe AeTanen masnbiM KONMUYECTBOM BOAbI B MOMEHT WU3BMEYEHUA WX U3
TEXHOJIOTMHYECKOWN BaHHbI;

- NOAMNWNTKA TEXHOMNOMMYECKMX BaHH BOAOW U3 BaHH YraBnmUBaHuS;

- NPUMEHEHWE YCTPOWCTB U METOAOB ANS WU3BINEYEHNS KOMMOHEHTOB M3 MPOMbIBHON
BOAbl B BaHHax MPOMbIBKA M YNaBfUBaHUSE C MOMOLLBIO XMMUYECKUX, SNEKTPOXUMUYECKMX,
COPOUMOHHBIX, MEMOPaHHBLIX U APYTMX METOAOB.

5.2.4 CokpaueHne o6pa3oBaHusi OTPaGOTaHHbIX TEXHOJNIOTMYECKUX PacTBOPOB
HAT 5. CokpauieHne o6pa3oBaHus OTPaboTaHHbLIX TEXHOJIOTUYECKUX PacTBOPOB

HAOT sAensetca cokpalleHue obpasoBaHUs O0TPaboTaHHLIX TEXHOMOMMYECKUX PacTBo-
pOB NyTeM MPUMEHEHMS NOBOro U3 HUKENEPEUMCIIEHHBLIX UMM UX COMETaHUs TeXHOMornye-
CKMX PELLEHUIA N TEXHNYECKUX NMPUEMOB:

- NPOASIEHNE CpOKa 3KCMIyaTauvn SMeKTPONUTOB 3a CYET NPUMEHEHUS CPEACTB U Me-
TOAOB KOHTPOIS UX COCTaBa Y COCTOSAHMS, TEXHONOMMYECKUX NapaMeTPOB ranssaHoobpaboTku,

- NpoAieHne cpoka aKCrryaraLym TEXHONOMMYECKUX PacTBOPOB 33 CYET MPUMEHEHNS
MPOLIECCOB peEreHepaLmmn AN YAaneHns U3 HUX BpeAHbIX MPUMECEN MPY UCMONb30BaHUN XW-
MWYECKUX, COPBLIMOHHDIX, 3MEKTPOXUMUYECKUX U APYTUX NPOLECCOR;

- cobniofieHne TEXHOMOMMUYECKUX PEKMOB.
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5.2.5 CokpaueHue BbIGPOCOB 3arpsa3HAIOIMX BelecTB B atmocdepy
HAOT 6. CokpauweHue BbIGPOCOB 3arpA3HAIOIUX BellecTB B aTMmocdepy

HAOT sBnsieTcs CoKpaleHue OpraHM3OBaHHbIX BbIOPOCOB 3arpsAsHSOWMX BELecTs
B aTtMocdepy NyTeM NMPUMEHEHUS NOBOro U3 HKENEPEUNCIIEHHBIX UMM NX COYETaHWA Tex-
HOMOrNYECKUX PELLEHUIA N TEXHNYECKUX NMPUEMOB:

- NPOBELEHNE OPraHN3aLMOHHBbIX MEPOMPUSTUIA, HanpaBneHHbIX Ha PeLUeHne crieay-
HOWMX 3a4ad; yCTaHOBMeHMe HeoOXOAUMOCTU OYMCTKU YAansieMoro BO3fyxa OT BPeAHbIX
BeLLEeCTB; onpefeneHne apdeKTUBHOCTM OYUCTKM BO3ayXa; BbIGOP ONTUMarnsHbIX MECT pac-
MOMOXEHWS W BbICOTbl BbITSKHBIX TPyD; BbICOP PacnonoXeHWA WU YPOBHEW MPUEMHbIX
YCTPOWMCTB HAPYXKHOr0O BO3AyXa AN NMPUTOYHBIX CUCTEM;

- Kanclonuaauma 060pyfoBaHNS U ero repmeTusaLms;

- YKPbITUE BaHH N NOBEPXHOCTU PacTBOPOB;

- YMEHbLUEHWE BblAeNeHNs BPEAHbIX BELLECTB C MOBEPXHOCTUN BaHH 3@ CYET NPUMEHEe-
HUA neHoobpazoBaTeneil U BELLECTB, CHWKAKLLMX MOBEPXHOCTHOE HaTsXKEHWe, B COCTaBe
pacTBOpOB;

- NPUMEHEHWE MO BO3MOXXHOCTU MEHBLUMX 3HaYEHWI NIIOTHOCTU ToKa U TeMneparypbl
pacTteopa 6e3 CH/WKEeHUsi NIPOV3BOAUTENBHOCTM MPOLIECCa N Ka4eCTBa NOKPLITUS;

- NPUrOTOBNEHNE U KOPPEKTUPOBaHNE PacTBOPOB (B OCOBEHHOCTU BbICOKOTOKCUYHbIX)
LeHTpan1M3oBaHHbIM cnocobom B 060co6EeHHbIX NMOMELLEHMSX C NepeKkayYkon roToBbIX pac-
TBOPOB K BaHHaM Hacocamu no Tpybonpoeogam,

- MPYMEHEeHWe YCTPOWUCTB AN CUrHanM3auum npu HEUCNpPaBHOCTU CUCTEMbI BEHTUNS-
umu;

- NPUMEHEHNE YCTPOWCTB NS aBTOMaTU4ecKoro 6roknpoBaHusi o6opyaoBaHust U caH-
TEXyCTPOWUCTB;

- NPYMEHEHNE YCTPONCTB ANA aBTOMaTUYECKOro PeryrmpoBaHns PEXMMOB MPoLIeCCoB
06paboTkn (TemnepaTypbl, NIOTHOCTU TOKA, KUCMOTHOCTM pacTBOPOB, MOCTOAHCTBA YPOBHS
pacTBopa, BpeMEeHW 3reKTponmsa n 1. n.);

- CHWKEHMe BbIOPOCOB B TEXHOMOMMYECKUX Omnepauusix, ConpoBoXAaembix obpasosa-
HVYEM MbINen, aspo3onein, NapoB 1 rasoe C NPMMeHeHnem hunsTpos, abcopbepos, agcopbe-
POB 1 APYINX YCTPONCTB.

5.2.6 CokpalyeHue NocTyniieHus B CTOYHbIE BOAbLI TOKCUYHbLIX 3arpA3HAIOWMX
BelecTB

HAT 7. CokpauieHne NOCTYyNNeHUs B CTOUHbIE BOAbl TOKCUYHbIX 3arpsA3HAIOLLUX
BellecTB

HOT siensieTca CoKpalLeHMe NOCTYMNNEHUS B CTOYHbIE BOAbI TOKCUYHBIX 3arpA3HSOLLMX
BELLECTB NyTeM NpUMEHEHUs NBOro 13 HKENepedMCreHHbIX UM UX COMETaHUA TEXHOMO-
MMYECKUX PELLIEHWA 1 TEXHNYECKUX MPUEMOB:

- 3aMeHa COCTaBOB PaCTBOPOB 1 SMEKTPONNTOB, COAEPXKALUMX BICOKOOMACHBIE XUMM-
YECKMe BELLECTBa, Ha MEeHEee onacHble (HampuMep, 3MEeKTPONUTblI Ha OCHOBE COeUHEHWI
LUECTMBAneHTHOro XpOMa Ha 3MeKTPONnThl Ha OCHOBE COeAWMHEHWUIA TPEXBANEHTHOro XpoMa
WNW LunaH1cTble Ha 6ecumaHncTbie);
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- CHWKEHME COAEPKaHUsA 3arps3HAIOLLMX BELLECTB B CTOUHLIX BOAAX, MOCTYNaKOLMX Ha
OUYNCTHbIE COOPYKEHWSI, 38 CYET YMEHBLUEHWS KOMUYECTBA 3MEKTPONUTOB 1 PacTBOPOB, Bbi-
HOCUMbIX M3 TEXHOMOMMYECKUX BaHH B BaHHbI MPOMBIBKY;

- IPUMEHEHVE MEHEe KOHLEHTPUPOBaHHbIX PACTBOPOB.

5.2.7 MnHnMusauua obpasoBaHu 06 bLEMOB CTOUYHbLIX BO4 U OTX040B
nponsBoAcTBa

HAOT 8 MMuHnMu3saumua obpasoBaHNA 06 bLEMOB CTOYHbLIX BOA, U OTXOAOB
npousBoacTBa

HAOT sBnseTca MuHUMM3aums 06pasoBaHms 06bEMOB CTOYHBLIX BOA U OTXOAOB NPOM3-
BOACTBA MyTEM MPUMEHEHNS NIOGOro U3 HWKEMNEPEUMUCIEHHBIX UMM UX COYETaHUS TEXHOIO-
TMYECKMX PELUEHNIA N TEXHUYECKMX MPUEMOB:

- BHEApPEHVE ManooTX04HbIX, 6€30TXO4HbIX N pecypcocheperaroLmx TEXHOMOMI;

- BHeApeHWe nokarnbHbIX CUCTEM OYUCTKU U pereHepauumn NpoMbIBOYHOW BOAbI U UC-
Nonb30BaHNSA €€ MO 3aMKHYTOMY LIUKIY;

- NCMONbBb30BaHNE O4YULLEHHBIX MPON3BOACTBEHHBIX CTOYHbLIX BOL B 3aMKHYTOM LMKIE
(opraHunsauus BogoobopoTa);

- MPUMEHEHME MPOLECCOB YTUNM3ALUMKN, KOTOPbIE MO3BONSAIOT BbIAENUTbL U3 oTpabo-
TaHHbIX PacTBOPOB OTAENbHbIE LIEHHbIE KOMMOHEHTbI (LIBETHBbIE METannNbI, KUCNOTbI U Apyrue
BELLECTBAa) M NUCMONb30BaTh MX HA AAHHOM NPEANPUATUMN UM HA CMEXHBIX NPON3BOACTBAX;

- MCMonb30BaHWe PNOTaLMOHHOrO METOAA ANS BbIAENEHNA AUCNEPCHON dasbl TAXKe-
NbiIX MeTannoB ¢ obpasoBaHueM ¢noTownamMa BNaxHOCTbio 95 % — 96 %, obecneunsato-
LLIEro CHKEHUE Konndyectea n obbema ocagka 3a CYET YMEHbLLEHUS BNaXKHOCTU MO CpaBHe-
HWHO C OTCTOMHBLIMU CUCTEMAMU;

- BHEApEHME CPEeACTB M METOAOB KOHAMLUMOHMPOBaHMS U 00e3BOXMBaHUS ranbBa-
HOLLIaMOoB B BUAE, NPUrOA4HOM ANS YTUNU3aLMW,

- BHEIpEHME CPEACTB U METOZ0B KOHTPONS NapamMeTPOB OYUCTKM CTOYHbIX BOA M 0O-
paboTku ransBaHoOLLNaMoB.

5.2.8 N'anbBaHOXUMMMKUeckasi 06paboTka NOBepXHOCTU B MPOU3BOACTBE
rneyvyarHbIX nnar

HAT 9 NanbBaHOXMMU4yecKas 06paboTka NOBEPXHOCTU B NPOU3BOACTBE
rneyvyarHbIX nnar

HAT siBnsieTca ranbBaHoxummyeckass 06paboTka NOBEPXHOCTM B NMPOU3BOACTBE Ne-
YaTHbIX NraT ¢ y4eToMm 00s3aTenbHOro BbIMOSIHEHUS BCEX HbKenepeuvucrneHHbx Tpebosa-
HWN:

— BHEAPEeHUe NporpeccmBHbIX TEXHOMOrMN 06paboTKM NOBEPXHOCTU PONBIMPOBaHHOIO
LM3NeKTpUKa C UCMOMb30BaHUEM TEXHOJSIOMMYECKMX PacTBOPOB OTEYECTBEHHOrO MPOU3BOA-
cTBa ANS OYMCTKU U aKTUBaLMK MOBEPXHOCTU, (DOPMUPOBAHUS aAre3NoHHOrO Crnos, CHATUE
WHTEPMETAaNNNYECKOro Crosi U METansiopesncTa;

— BHEJIPEHME COBPEMEHHbIX TEXHONOMMM OYUCTKM CTOUHBIX BOJA MPOM3BOACTBA Neyar-
HbIX MriaT OT MOHOB TSPKESbIX METANNOB, KOMNIekcooOpasoeaTene U OpraHU4YEeCKUX COean-
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HEHWI C MCMOMNb30BaHNEM PeareHTHbIX, COPOLMOHHBIX, (PNOTaLUMOHHBIX U LPYTMX TEXHOIOo-
rA.

5.2.9 HaHeceHune MmeTannuMuecknx n HemeTanIMUueCcKMx HeopraHM4YecKux
MOKPbITUN

HAOT 10 HaHeceHMe MeTanNMM4YeCKUX WM HEMETarUIMUYECKUX HeopraHM4eCcKux
MOKPbITUA

HOT aBnseTca HaHeceHWe MeTannMYecknx U HeMeTansIM4YeCcKnx HeopraHM4eckux no-
KPbITUIA Haanexallero kayectsa C MCMOMb30BaHUEM TEXHOIOMMUYECKUX U TEXHUYECKUX METO-
[OB, OTBEYaIOLLMX KPUTEPUSIM 3KOSOrMYecKor 6e30nacHOCT 1 SKOHOMUYECKO Lienecoobpas-
HOCTW.

Pasaen 6. 9koHOMUYECKNe acneKThbl peanu3auuu Hausyvlmx
}J,OCTyngIX TexXHonorumn

MpounaeoacTea no 06paboTke NOBEPXHOCTU METAIIOB U NIIACTMACcC XapakTepusyTcs
OrPOMHBIM U Pa3HOOBpasHbIM accopTUMEHTOM oBpabaTbiBaeMbiX U3AENUA U TUMOB MOKPbI-
TUWA 1 NPUMEHSIEMbIX COCTaBOB PacTBOPOB U 3NEKTPONIUTOB U TEXHOOrM4Yeckoro obopyaoea-
HUS, KOTOpPbIE, B CBOK OYEPE/b, 3aBUCST OT KOHCTPYKTMBHO-TEXHONOMMYECKMX OCOBEHHOCTEN
MOKpbIBaeMbIX AeTanen, TEXHOMOrMYeCckux MpoLEeCccoB, NPOrpamMmbl BbiNycka, Tuna npous-
BOACTBA 1 MCXOAS U3 YCINOBUIA pasfeneHus u koonepauum Tpyaa.

BHeapeHue Haunyywmx AOCTYMHbIX TEXHONOMKW, ONUCaHHbIX B pasgene 5, MoxeT
npoTekaTb PasnMyHbIMA NYyTAMM:

- BHEAPEHME CUCTEM MEHEMKMEHTa U APYrMX OpraHM3aLMOHHO-TEXHUYECKUX MEpOo-
NPUSTUR;

- NOSIHOE UNN YacTUYHOE NepPEeBOOPYKEHNE NPOU3BOACTES,

- BHEApPEHME TEXHOMOMMYeckoro npouecca obpaboTkM MOBEPXHOCTU METannoB w
nnactmacc (CoBOKyNHOCTb MeToda 06paboTkm, NPUCnocobneHnn, ¢ NOMOLLbIO KOTOPbIX NPO-
nssogutcs obpaboTka (nogsecka, GapabaH, KONokon W T. 4.), onepauui o6paboTku, TEXHO-
TNornMyeckmx napameTpoB 06paboTkM Mo KakAoW onepauun (CocTae pacTBOpOB, TEMNeEpaTty-
pa, NI0THOCTL ToKa), 060PYLOBaHMS (CTaLMOHapHbIE BaHHbI, ONEpPaTopHbIe FIMHWUKN, UCTOYHU-
KW TOKa) NN OTAENbHBIX COCTaBMAOLLMX NpoLecca);

- BHeApeHMe TEXHOMOrMYeckoro npouecca uunu obopyaoeanus no obpaboTke cOpo-
COoB, BbIOPOCOB M TBEPAbIX OTXOAO0B (MPOLIECChl OYMCTKWU, 06e3BpeXMBaHWA, pereHepaumm,
pekynepauumu, yTunmsauum v np.).

PelueHne 0 BHEAPEHWUM TOMO UMM MHOMO TEXHOIOMMYECKOro npoLiecca u/vnmn obopyao-
BaHMA No obpaboTke NOBEPXHOCTM METarnsoB 1 NiacTMacc, a Takke OTXOA4OB (B TOM Yucne
06 o6beanHeHM nnn pasaeneHnU NOTOKOB) AOIPKHO NPUHMMATLCS UHAMBULYaNbHO B K&XKA0M
cnyyae, ncxoas n3 oobeMoB 06pasyHoLLIMXCSt OTXOL0B U 3KOHOMUYECKOW LienecoobpasHoCTy.

MepeyeHb ycnyr B obnactn o6paboTkM NOBEPXHOCTM MeTannoB U nnacrMmace, copo-
COB, BbIOPOCOB U TBEPAbIX OTXOLOB Ha POCCUIACKOM pbIHKE MpeanaraeT Lenbii psa komna-
HWIA, NpWY 3TOM NOAaBNAOWANA YaCTb KOMMaHUA CTOMMOCTb YCNyr NPefocTaBnsAeT TONBKO Mo
3asBKe NMPEANPUSTMIA, UCXOASA U3 KOHKPETHBIX NoTpebHocTel npomssogcTea. B Tabnuue 6.1
npuBegeHbl 3aTpaThl Ha BHEAPEHWE psaa HaunyyLnX 4OCTYMHbIX TEXHOMOMUIA.
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Tabnwuuya 6.1 — 3atpaTbl Ha BHegpeHue psaa HOT

HaumeHosaHme HOT

3aTtparthl, TbiC. py6.
(B ueHax 2015r.)

1 BHegpeHune cucteM MeHeIKMeHTa

2.4 YcTaHoBKM hunbTpoBaHMSA pacTBoOpOB

1.1 MpegBapuTtensHas ctagus (B TOM Yncne obyyeHne cneuyanm- >250

CTOB-MEHEXKEPOB, OLieHKa MCXOAHOW cuTyauum AN BHeApPEeHWS)

1.2 PaspaboTka cuctembl >500

1.3 BHegpeHue cuctemsl >500

1.4 CepTudmkaums cuctembl >50

2 OBopyaosaHue ans 06paboTkn NOBEPXHOCTU METaNMOB U NracTMace

2.1 MuHuM ranbBaHU4ecKmne nnMHUn >900

2.2 CtaumoHapHble BaHHbI >10

2.3 YcTaHoBKM NpUroToBNEHUS pacTBOpOB >600
>50

MeTannoB 1 nnacrtMmacc

3 QneKTPOnMTLI, PACTBOPbI U KOMMOHEHTLI, MPUMEHsIeMbIE Mpu 06paboTke NOBEPXHOCTM

3.1 OneKTponUTbl MELHEHUS, N 0,8-1,4
3.2 ONeKTpOnNnTbI HUKENMPOBaHWS, N 0,9-1,5
3.3 OnekTponuTbl AN NnpeaBapuTensHo o6paboTku, n 0,7-1,5
3.4 OneKkTponuThI ANA ranbBaHoNnacTUYeckmMx pabort, n 1,5-3,5
3.5 bneckoobpasyrowme nodaeku, Kr 0,2-0,8
3.6 CocraBbl 4N yaaneHs HexenaTernbHbIX NOKPbITUR, 1 0,8-1,8
3.7 AHofHble maTepuansl, Kr 26
4 O6opypoBaHVe ANs OYNCTKU BbIBPOCOB 1 cOPOCOB

4.1 dnneTpsl 50-500
4.2 EmMKoCTHM 5-20
4.3 PeakTopsl 10-30
4.4 CycTeMbl KOMMIIEKCHOW 04MCTKY, 1 M° >500

KonnyectBeHHble faHHble, NpuBegeHHbIe B Tabnuvue 6.1, npegcrasnstot cobon npu-

OnunanTenbHYI0 OLEHKy 3aTpaTt Ha BHegpenue paga HAOT.

[lononHnTenbHble OLEHKN MOXHO MPOBECTU B XOL4E BbINOMHEHWS MUMOTHBIX NPOEKTOB
B chepe HAT B Poccuiickon depepaumun. Takne npoekTbl HENPEMEHHO LOMKHbI OCYLLECTB-
NATLCSA NpU NOALEPXKKE M aKTMBHOM yyacTum Poccuinckoro obliectea ransBaHOTeXHUKOB U

cneunanuncToB B obnactn o6paboTku NOBEPXHOCTH.
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Tabnuuya 6.2 — DHeprosatpaTbl NpU UCMOb30BAHUN FralbBaHNYECKNX IMHUIA C
pa3IMYHBIMN KOHCTPYKTMBHBIMUW PELUEHVAMU U NNOWaabio NOBEPXHOCTH MOKPLITUS

CepuitHOCTb npo-

O6beM ygansaemoro
Bo3gyxa L, ky6. My

YcTaHoB1eEHHaA MoL-
HOCTb fBurartenei
BEHTUNATOPOB, KBT

Tpebyemoe Konuye-
CTBO Tenna ans
Harpesa npuUToO4YHOro
BO3ayxa, kan/u

Ne
e n3BOACTBA
BaHHbI BaHHbI BaHHbI
BBaHHbI C BaHHbI C BaHHbI C
6e3 Kpbl- 6e3 6e3
KpbILLKamm KpbILLKamu KpbILKamu
ek KpblLek KpbILLEeK
EnuHWyHbIE 1 Men- 120 000 65 000 260 100 1,8 1,0
Kocepuittibie (no- SkoHOMMS OkoHomus KBT: OkoHOMUSA [kan/y:
1 LWaab NoBepxHoCTH TbIC. Ky6. M/u:
nokpbITa fo 50000
ma2rof) 55 160 0,8
. 600 000 200 000 1700 400 11,40 3,80
CpepgHecepuiiHble SKOHOMMS!
2 (ot 50000 po . OkoHomus KBT: OkoHOMUSA [kan/y:
150000 m2rop) TBIC. KYO. M4
400 1300 7,6

1— 3aTpatbl Ha 1 M2 nokpbITNA B 1980-€ IT.;

2 — 3aTpartbl Ha 1 M2 NOKPbITUA Ha COBpeMeHHOM npon3eoacTee

PucyHok 6.1 — CTpyKkTypa yAenbHbIX 3aTpaT Ha KB. M NOKPbITWA, py6./kB. M

Pasgen 7. NMepcnekTUBHblIe TEXHOMOTNMN 06paboOTKN NMOBEPXHOCTHU

MeTanzioB U naactmMmacc

7.1 TepcrnekTUBHbIE TEXHONIOTUYECKMNE N TEXHUYECKUNE peLUeHnd
06paboTKN NOBEPXHOCTU MeTasi/IoB U njacTMacc
(umnopTo3ameleHmne)

Mpo6nema uMnopTo3amelleHnss OTHIAb He HOBa ANA coBpeMeHHol Poccuun. OHa
Hawa oTpaxeHne B psfe MOJIOXEHWIA, cogepxawmnxcsa B 7 ykasax MNpesngeHta PP n okono
200 dhepepanbHbIX 3aKOHOB, KOTOpPbIE PerynupyoT BONPOChl HaLMOHaNbHOW 6e30nacHOCTH.
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Moa wvmnopTo3amMelleHeM MOHUMAaEeTCH YMEHbLUeHWEe UMW MpekpalieHue umnopta
onpejeneHHoro ToBapa nocpeacTBOM BbiMycka B CTPaHe Ka4eCTBEHHOW POCCUIMCKON MpoayK-
um1, npu4eM Mo NpUEMneMON, 3KOHOMMYECKM ODOCHOBaHHOWM LieHe, CrOCOBHOM Ha paBHbIX
KOHKYPUPOBAaTb C 3apyBexHbIMM aHanoraMmm kak Ha BHyTPEHHEM, TaK M Ha BHELUHEM PbIHKE.

OpnHoi 13 cpep NpMMEHEHUsT UMNOPTO3aMeLLEHNSt MOTYT CTaTb TeXHonorum obpaboT-
KM NOBEPXHOCTU METanNMoB M nnactMace. B 3ToM HanpaeneHun creayeT BeIAENUTb paseuTue
TakKnX NepPCnekTUBHbIX O0TEYECTBEHHbIX TEXHUYECKMX N TEXHONOMMYECKNX peLueHvuZ npu nNpo-
Mn3BOACTBE NeYaTHbIX nnat U HaHeCeHU ranbBaHN4YeCKX I'IOKprTVII7I, KaK nannaguesasa npa-
Mas MeTannusauus, nasepHoe OopMMpOBaHUE OTBEPCTUA, XWUAKOCTHAA SKCTPakuus pac-
TBOPOB TpaBneHna Mean, ynpasnarowme nporpaMmmel N 060py,qosava MO U3roToBNeHn
nevaTHbIX NNaT, 3aMeHa OTAESIbHbIX TOKCMYHBIX KOMMOHEHTOB MU COCTaBOB PacTBOPOB U
ANEKTPONMTOB Ha MeHee TOKCUYHbIe, COKpalleHne Konunyecrea I'IOTpe6J'I$|eMbIX XUMUYECKUNX
BELLECTB M 3HEPTUM 3a CHET YBENMYEHUSI CpOKa Cry»KObl pacTBOPOB U 3NEKTPONUTOB 3a CYeT
MpOLIECCOB pereHepaumm 1 ap.

Mpn peweHnn npobrembl MMNOPTO3aMELLEHUSS HEODOXOANM KOMMMEKCHBLIA MOAXOA,
YUYUTLIBAIOLWMIA YPOBEHb Pa3BUTUS POCCUINCKOWM 3KOHOMMKM, KAa4YECTBO U KOHKYPEHTOCNOCO6-
HOCTb OTEYECTBEHHOW MPOAYKLMW, YPOBEHb MHHOBALMOHHOIO PasBuTUA NPeAnpuUATUA pe-
anbHOro cekTopa SKOHOMVKM 1 apyrne daktopbl n ocobeHHocTn Poccun.

7.2 Pa3paboTKa 0TeYeCTBEeHHbIX aHaNoroB UMNOPTHbIX A06aBOK AN
npoueccoB 06paboOTKN NOBEPXHOCTU METASINIOB U NflacTMacec

B nocneaHne AeCATUNETUS HA OTEYECTBEHHOM PbIHKE JOMUHUPYET NMPOAYKUMA €Bpo-
NEenCKMX 3apyBGexHbIX NPOU3BOAMTENEN, BbINyCKaOLLMX Pa3fnyHbIe XMMUYECKUe Npenaparsi,
HeoBXoAVMble LS MPOU3BOACTBA MeyaTHbIX Mnat. CroxuBLIAACA NpakTUKa UMEET Kak Mno-
NOXWTErbHbIE, Tak U oTpULaTeNbHble CTOPOHbI. HECOMHEHHBIM 4OCTOUMHCTBOM SIBRSIETCS TO,
YTO MPOVCXOLUT MOAEPHU3ALMA TEXHOMOMMIA U3rOTOBNEHMS! MeYaTHbIX NnaT, pasBuThe KOH-
KYPEHTHOW cpeapbl cpean paspaboTuvkoB M MOCTaBLUMKOB XMMUYECKo npoaykumu. Hepo-
CTaTKOM SIBIISIETCA TO, YTO, HE UMESA BOSMOXHOCTU M3MEHWUTb TEXHOMIOMM, POCCUICKUE MpPO-
N3BOAWTENN BbIHYKAEHbBI 3aKynaTb NPOAYKUMIO ¥ 3apyBexHbIX MPOU3BOAMTENEN MO BbICOKAM
LieHam.

Tabnuuya 7.1 — 3ameLlaembie NPOLYKTbI

Ne MpoaykT Mpoussogutens Ouctpubbrotep

1 |BondFilmCleaner ALK Atotech (lepmaHws) 000 «AToTex»

2 |BondFilm Part A Atotech (F'epmaHuns) 000 «AToTex»

3 |BondFilm Hydrox Atotech (F'epmanHus) 000 «AToTex»

4 |Activator POA735 J-KEM (lLseuys) 00O Ostec

5 |Activator PD600 J-KEM (Wseuus) 000 Ostec
OMNWU-6ecunarmenb (2X; EPI (CLUA) 000 «CoHucy

6 |E1,5X; pH-kop)

7 |VIGON SC 200 J-KEM (LWBeuus) 000 Ostec

8 |ZESTRON FA + J-KEM (lLseups) 00O Ostec

9 |SolderstripTS Delta Atotech (F'epmarmns) 000 «AToTex»

10 | SolderstripTS Omega Atotech (F'epmaHus) 000 «AToTex»
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B cBf3n ¢ 3TMM nepcnekTMBHbIM SBNSETCA paspaboTka marepuanoB ans obpaboTku
honbrMpoBaHHbIX AV3NEKTPUKOB, ABRSAOWMXCS 6a30BbIM MaTepyuanoM B NpousBOACTBE Me-
YaTHbIX MnaT, Ha OCHOBE OTEYECTBEHHOMO CbIPbsi, KOTOPLIE MOXHO MCMOSb30BaTh B CyLUe-
cTBylOLMX TexHonorusix. Tak, Hanpumep, BeayTcs paboTbl MO pa3paboTke OTeYECTBEHHbIX
Martepuarnos Ans 3amMeLLeHUs UMMOPTHBIX, TakMX Kak:

- npombiBoYHas xuakocte VIGON SC 200 ans ounctku TpadapeToB 1 nevaTHbIX nnar
OT OCTaTKOB HEOMNNAaBNEHHON NaSNbHON NacTbl U HEMONUMEPU3OBAHHOTO KIEs nocne cragum
HaHeceHWsl NasinbHOMW Macku UMK Kres, a Takke OTMbIBKA MeyvaTHbIX nnaT ot ¢rcoB no-
Cne ropsivero nyXeHus;

- npombiBoYHas xmnakocte ZESTRON FA+ ansi oTMbIBKM BCEX TUMOB 3arpsi3HEHWN,
BO3HUKAIOLLMX B MPOLIECCe N3roToBNEHNA U cOOpKMU nevaTHbIX NnaT, a Takke TpadapeTos U
obopynoBaHusi, B TOM YiCne 4Ns yaaneHns octaTkos rocoB knacca no-clean;

- komno3numsa Activator PD 600 gns aktuBaumMm NOBEPXHOCTM Mean (He 3atparvBast
LVBNEKTPUK) nepes XMMUYECKUM HUKENMPOBAHWEM Mepes NPOLECCOM MOCMEefyHLWEro Um-
MEPCMOHHOTO 30J104EHMST;

- komnosuuust Activator POA 735 pns aktmBaumn NOBEPXHOCTUM AUINEKTPUKA nepeq
XMMWYECKUM MEAHEHNEM NeYaTHbIX NIaT;

- kOHUeHTpaT 6ecumanmcToro anektponuta megHeHnsa AMNMN-becunanmenb v nobaskn
LSl ero KOPPEKTUPOBKK, MO3BONSIOLLME OCaXAATb MENKOKPUCTamNIMYECKMe rmajgkMe nroT-
Hble MnacTUYHble 6ecnopuUCTbie NMOKPLITUSA C BbICOKOW afreaveil K OCHOBE HEMOCPEACTBEHHO
Ha cTanb, Mefb, NaTyHb, antoMUHUA 1 4p.;

- komno3numa BondFilm ans dopMupoBaHUs aaresvoHHOro MeTannoopraHu4ecKkoro
Cnosi AN YBENWUYEHUs CUeNneHNs Mean BHYTPEHHUX CMOEB neYaTHbIX NnaT nepes npecco-
BaHveM,;

- wenoyHon ounctutens Cleaner ALK ans yaaneHus LUMPOKOro pspaa 3arpssHeHun
C MEJHOro nammHaTa NOBEPXHOCTM BHYTPEHHMX CIOEB MevaTHbIX MNaT, BKMYas rpssb, OT-
neyaTku nanbLEeB, OKUCHbI U NoOble YCUMUTENW aAre3vu, KOTopble MOMMN OCTaTbCsA Ha no-
BEPXHOCTU MEAU MPW HEeLOCTaTOMHOM yAaneHuu ¢oTopesncTa, nepeps onepaupen dopmm-
pOBaHVA aAre3MoHHOrO METarNIoOPraHNYECKOro CIos;

- komno3numa TS Delta ans CHATMSA ONOBSIHHOIO UMM CBMHLIOBO-OMOBAHHOMO Cros Me-
TannopesncTa 4o UHTEPMETANNUYECKOrO Crosi ONOBO-MEApb;

- koMnosuyma TS Omega Ans CHATUS MHTEPMETanNMYECcKOro Crosi OfloBO-Meab A0
YMCTOM Mean NOCne CHATUA ONOBSHHOTO WU CBUHLIOBO-ONIOBSIHHOIO CIOSi METannopesuncTa.

7.3 PereHepauus pacTBOPOB XPOMUPOBaHUSA C UCNOJNIb30BaHUEM
NOTPYXHbIX 3NIEKTPOXUMUYECKUX MOAYNEN

AN noBbILLEHNS N3HOCOCTOMKOCTU CTanbHbIX AeTanel OAHOBPEMEHHO C 3aLMUTON UX
3aWmTLl OT KOPPO3WMU CTarbHbIX AeTanen MUCMonb3yrT NPOLECcC TBEPAOro XpOMUPOBaHUA.
OneKkTponUT TBEPAOIO XPOMUPOBaHNA — OAUH NX Hanbonee TOKCUYHbBIX pacTBOPOB, UCMOMb-
3yeMbIX B ranibBaHOTEXHUKE, NOCKOSbKY OH NpeAcTaensieT coboi pacTBop XPOMOBOW KUCMO-
Tbl C KOHUEeHTpaumer 1 monb/n (250 r/n B nepecyeTe Ha xpomoBbiil aHrapug CrOs). Kpome
3TOro, ANEKTPONUT COAEPXKUT HeBOoMbLLIOE KOMMYECTBO CEPHOM KWUCMNOThbI (MpubnnanTensbHo
2,5 r/n) n noHoB TpexeaneHTHoro xpoma. MHOroneTHMIN ONbIT UCMONBL30BaHWA ANEKTPoNUTa
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TBEPAOro XPOMUPOBAHWS B Pa3NNYHbIX OTPACNSX MPOMbILLIIEHHOCTM MOKa3bIBAET, YTO OH 06-
napaeTt orpaHNYEHHbIM CPOKOM 3KCnnyaTaumm.

OcHoBHasi NpMYMHaA HENPUIOAHOCTY SNEKTPONUTa ANS AarnbHEWLLen skenyaTaun —
HaKoMMeHVe NpUMecel, OKasblBaloWMX BpeAHOe BRMAHUE Ha NPOoLEecc XpomuposaHus. Ta-
KMMW NPYMECAMMN, Kak NpaBuno, ABNSIOTCA KaTUOHbI TSHXKEMNbIX METanmnoBs, U B NepByto ove-
peab xenesa. OKCnnyaTauMoHHbIE XapaKTEPUCTMKMA 3NEKTPONUTA YXKE CYLLIECTBEHHO YXYA-
LWAKTCS, KOraa KOHUEHTpauua MOHOB Xenesa aocturaeT 5r/n, a npu KoHueHtpauum 10—
15 /N 3NeKTPONUT CTaHOBUTCS HEMPUroAHLIM AN AarbHEULLIEN SKChnyaTauumm.

Heo6xoaMmMo NoAYepKHYTb, YTO KOHLEHTpPALMS XPOMOBOMW KWUCHOTbI, OCHOBHOIO KOM-
NOHEHTa 3NEKTPONUTa TBEPAOro XPOMUPOBAHNSA, B OTPabOoTaHHbIX 3NEKTPONUTax He oTnnya-
€TCS OT €€ 3Ha4YeHUN B HOPMarnbHO (OYHKLMOHMPYIOLWEM 3MEKTPONUTE, NOSTOMY AN BO3-
BpalleHns anekTponuta B pabouee coctosiHMe TpebyeTcs BCero nMullb YMEHbLUWUTb B He-
CKOMbKO pa3 CofepKaHne B HEM MOHOB Xeresa, KOTopble B KACHbIX pacTBopax (B TOM Y1cne
N B 3M1EKTPONUTaX XPOMUPOBAHWS) MPUCYTCTBYIOT B KATMOHHOW dhopMme, B TO BPEMS KaK Xpo-
MOBasi KIUCroTa NPUCYTCTBYET B BUAE CMECUM MOHOXPOMOBOM U MOMMXPOMOBbLIX KACHOT. 3TO
MO3BOMSET OCYLUECTBUTL PEreHepauuio arekTponuTa nyTem pasgeneHusi oTpaboTaHHOro
3MNEKTPONMTa Ha PacTBOP, HE COAEPXKALLMIA YKkasaHHbIX MPUMECEN UMM COAEpXKaLLMA UX B AO-
MyCTUMbIX KONMYECTBAX, U PacTBOp, COAEPXaLUMA TONbKO MPMMECK B NETKOAOCTYNHOW ANs
n3BrieveHns popme.

PereHepauys pacTBOpOB XpOMMPOBaHWA npegnonaraeT yaneHne UOHOB XXenesa 13
pacteopa. [1orpy>KHoON 3NeKTPOXMMMHYECKUA MOAYIb pacrofnaraeTcs HEMOCPeACTBEHHO B pa-
Boyen BaHHe, NPV 3TOM KaToj, pacnofiokeH B KaTOAHOW KaMepe, OTAENEHHON OT TeXHONOorn-
YeCKOro pacTeopa katTmoHooBmeHHon membBpaHHoW. bnarogapa 3TOMy KaTWOHbI Xenesa Mu-
rPUPYIOT U3 pacTBopa Yepe3 KaTMOHHOOBMEHHY0 MeMOpaHy B KaTOAHYHO kamepy, coaepxa-
wyro 10%-HbI pacTBOp CEPHOM KMCMOTbl. Takum oBpa3oM, KOHLUEHTpauus MOHOB Xenesa
B 3MEKTPONNTE XPOMUPOBaHMS OyAEeT yMEHbLIATLCS, @ NMOKMHYBLUME €ro MOHbI Xenesa byayT
HakannMeaTbCsi COOTBETCTBEHHO B KATOLHOM Kamepe.

Heobxogumo nMeTb B BUAY, YTO B MpOLEecce aKCryaTaumMm B 3NeKTPONUTe XpoOMUpo-
BaHWA Bcerga MpuUCyTCTBYHOT MOHbI TPEXBasieHTHOro xpoma, Kotopble 6yayT murpvpoBatb
B Ka&ToOnMuUT HapsiAy C MOHaMM BOLOPOAA W Xenesa. JTo, C OAHOW CTOPOHbI, YBENUYMBAET KO-
NM4ecTBO 0OpasyHoLLMXCs OTXOAO0B, @ C APYrON — YBENMUUMBAET pacxoh XPOMOBOIMO aHrua-
puaa. C uenbio nNpeaoTBpalleHNss HeXXenaTenbHOro nepeHoca TPEXBaNeHTHOro XpoMa B Ka-
TONUT NpeacTaBnseTcs LenecoobpasHbiM BBECTU AOMONHUTENBHYHO CTAAUI0 NpeaBapUTeb-
HOW NpopaboTKn pereHepupyemMoro 3reKTponMTa C UCMOoNb30BaAHUEM MOTPYXKHOMO 3MEKTPO-
XUMUYECKOro Moaynsi ¢ aHMoHoobmeHHon membpaHon. B xoae 31O onepaumv UOHbI Tpex-
BaneHTHOro xpoMa ByayT OKUCINEHbl HA aHOAE B XPOMOBYIO KUCIOTY, @ UX NMEepPeHocy B KaTo-
nuT BGyaeT npenaTcTBoOBaTb aHMOHOOOMeHHas MeMmbpaHa, pasgensioLlas aHo4Hyo U KaTtoa-
HYIO Kamepsl.
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7.4 PereHepauusa pacTBOPOB LUAHUCTOIO MegHeHUs, LUHKOBaHUA U
KagMUPOBaHMA C UCNOMbL30BaHUEM MOrPYXHbIX 3FIEKTPOXUMUYECKNX
moaynen

PaboTa norpyxHbix SNEKTPOXMMNYECKUX MOJYEN OCHOBaHa Ha UCMONb30BaHNM drekK-
TPOAHLIX Peakuvil U SIBNEHWN NMepeHoca OAHOUMEHHO 3apsiKEHHLIX MOHOB Yepe3 MOHOO06-
MeHHbIEe MeMBpaHbl Nog, AEACTBUEM NOCTOAHHOTO 3NIEKTPUYECKOrO TOKA.

PereHepauysa pacTBOPOB LIMAHUCTOTO MEAHEHUS, LIMHKOBAHUSI U KaaMUPOBaHWS Npea-
nonaraeT NPeAOTBPaLLEHNE OKUCINEHNA LMAHWA-NOHOB, T. €. YNpaBneHne ero KoHUeHTpauu-
el N0 Mepe yAarneHusi MOHOB KaagMWA 13 pacTeopa, a Takke noajepxaHve pH Ha gocrartou-
HO BbICOKOM ypoBHe. Orpy>kHOM 3neKTPOXMMWUYECKUM MOAYMb pacronaraeTcs Hernocpea-
CTBEHHO B pabouyelt BaHHe, NMpU 3TOM aHOA, PacronoXeH B Kamepe, OTAENeHHOW OT TEXHOMO-
MMYECKOro pacTBopa KatTMoHOOOMEHHOM MeMBpaHon, coaepKalLen LLENOYHON pacTBop.

bnarogaps 3TOMy aHWOHbI Me(CN)42‘He MMEIOT AO0CTyna K aHogy M He MOTyT OKMC-
NATLCA, NPW 3TOM HE NPOUCXOAUT M CHWKeHNA pH pacTBopa B npoLecce anekTponusa.

7.5 PereHepauus pacTBOpPOB WENOYHOro 06e3XxupuBaHua ¢
MCNOJIb30BaHMEM 3/1eKTPO(PNOTALMOHHOIO MeToAa

B pesynbTate noBepxHOCTHOW 06paboTkM U3LENUIA OT XUPOBBLIX, KOHCEPBALMOHHbIX,
3KCMIyaTaLMOHHBIX U TEXHOMOMMYECKUX 3arpssHEHUA B MOIOLWMX U 0Be3xunpuBaromx Boa-
HbIX pacTBopax LuernoyHbIx conen u MNMAB B Buae npumecen NPUCYTCTBYIOT HEPTENPOAYKTHI,
macna, Xupbl, opraHo-MUHepasbHbIe U CMOMUCTBIE BELLECTBA, CTapble NaKOKPaCOYHbIE MO-
KPbITWSI, OCTaTKM CMa304HO-OXNaKAAMOLEN XKMAKOCTU U T. N. DTU NPUMECU MOTYT Haxo4MTbCS
B BOLHOM base B AWCMEPCHOM, 3MYNbMMPOBAHHOM W  PaCTBOPEHHOM COCTOSIHUMW.
B pesynbTate ofpasyeTcs SMynbCUOHHO-AMUCNEPCHas CUCTEMA, U3 KOTOPOW HEAOCTaToOuHO
3ahheKTMBHO YAANATCH 3MYNbrMpoBaHHbIE NPUMECK HarnopHoOW droTaumen unm noa Aen-
CTBMEM IPaBUTALMOHHbBIX U LeHTpobexHbIx cun. Hanuune MAB, Wenoun u WenoYHbIX KOM-
noHeHToB (NaxCOs, NazPOy4, NazSiOs 1 ap.) noBbilaeT cTabunbHOCTb CUCTEMBI.

Ucnonb3oBaHWe 3nekTpodoTaLMoHHOro MeToAa C NPUMEHEHNEM ManoM3HalLVBato-
LUMXCS 3MEKTPOLOB MO3BOSISIET U3BMIEKaTb M3 PacTBOpa 3arpsA3HeHMWs, HaxonaLmMecs B AUC-
NEePCHOM W1 3MYMbIMPOBaHHOM COCTOSIHWM, YTO MO3BONSET 3HAYUTENBHO MPOANUTL CPOK 3KC-
nnyataumm pacTeopoB.

MpuHUMN pereHepaLmm pacTBOPOB LLIENOYHOro 0B6e3KMPUBaHUS C UCMONb30BaHNEM
3NeKTPOodNOTaLUMOHHOrO METOAa 3aKNYaeTCs B NPOMYCKaHNM MOCTOSIHHOMO 3M1EKTPUHECKOrO
TOKa Yepes ouMLLaeMbIi PacTBOpP, B Pe3ynbTaTe Yero NPoMCXOANT 06pasoBaHMe BbICOKOAUC-
NepcHbIX Ny3bIPbKOB rasa (Bofopoaa, kucrnopoga, xnopa). My3blpbkn ras3os, NOLHUMAsCH
BBEPX, CTalKMBatOTCA C 3arpsi3HEHNSMY, HEXOAALLMMACS B LUCTIEPCHOM U 3MYIIbIMPOBaHHOM
COCTOsIHUM, C 0BpasoBaHNeEM HONOTOKOMMNEKCOB, KOTOPbIE BCMIBIBAIOT Ha MOBEPXHOCTL XL -
KOCTW, 0Bpasys ycToiuMBbIA MEeHHbIA crio (dbrnoTokoHuUeHTpaT). Croga ke BbIHOCSTCS OT-
AelbHble PacTBOPUMbIE MPUMECK (2HWMOHbI, KaTUOHBI, NMOBEPXHOCTHO-aKTUBHLIE BELLEeCTBa
W 4p.), aacopbupytoLmecs Ha ra3oBbIX Ny3blpbKax W Ha YacTuuax AucnepcHon gasbl 3arpss-
HSIIOLLIMX BELLECTB.
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MoxHO OTMETUTL psAa NPEeNMYLLECTB 3NeKTPOdnoTaLUMOHHOIO METOAA NO CPaBHEHWIO
¢ Apyrumm cnocobamm pasgeneHus das:

- BbICOKasi CTEMEHb M CKOPOCTb pasfeneHns das (Hanpumep, No CPaBHEHWUIO CO CKO-
POCTbIO MPaBUTALMOHHOIO OCaXAEHUS AUCMEPCHBIX NPUMECEN CKOPOCTb 3anekTpodnoTaum-
OHHOro M3BneyeHnss BoapactaeT B 5-10 pas), 4TO NO3BONAET YMEHbLWUTL pabounii o6bem
annaparos;

- BO3MOXXHOCTb PErynMpoBaHUs CTENEHN OYUCTKN XUAKOCTU U3MEHEHNEM MNOTHOCTU
TOKa, POPMbI MOBEPXHOCTU U MaTepuana aneKTpoAos;

- BbICOKasi CTeMNeHb AUCNEPCHOCTU rasoBbIX Ny3blPbKOB (CPEAHUA pasMmep Ny3bIpbkoB
coctaensieT 30-40 MkM, 4TO Ha 1-2 nopsaka MeHbLUE pa3mepa BO3AYLUHbIX Ny3blpbKoB, 06-
pasylolmxcs BO prnoTaumMoHHbIX MalnHax Npy HaNOpPHOW noTaumm, MExaHU4eckoM Anc-
neprvpoBaHMmn BO3ayxa M Mpu BakyyMHOW drnoTtaumm) npegonpeaenseTr BO3MOXHOCTb pas-
AEeneHns YyacTuL, AncnepcHon casbl 1 XKMAKOCTEN ¢ BN3KMM MO BENUYMHE yAENBHBIM BECOM,

- BbICOKasi CTeMNeHb rasoHacbILEHNA N PaBHOMEPHOe pacrnpejeneHne nysblpbkoB no
BCEMY 06beMy OUMLLLAEMOM XUAKOCTH, YTO MOBLILLAET BEPOATHOCTL CTONKHOBEHWUS rasoBbIX
My3bIPbKOB C YacTMLaMn AUCMEPCHON asbl U rapaHTUpyeT oAMHaKoBbIN 3ddekT Bo3aen-
CTBMSI Ha BeCb 0OBLEM XNAKOCTH;

- BO3MOXXHOCTb BapbMPOBaHWUA YCMOBUA (POPMMPOBAHMA Ta30BbIX My3bIPEKOB U WX
HacbIeHns B eavHuLe obbema XUAKOCTU, YTO MO3BOMSAET UHTEHCUDMLUMPOBATL NPOLEce
pasgeneHns a3 Gnarogapsa BbIGOPY ONTUMArbHOFO COOTHOLLEHUA Pa3MEPOB My3bIPLKOB U
N3BreKaeMbIX YacTuL, C YH4EeTOM MX KOHLEHTpauui;

- 6e3 3aTpyAHeHU OCYLLECTBNAETCA rasoHacbIWEeHNe, YTO AONyckaeT (B OTNUYME OT
Apyrux cnocobos dnoTauum) YacTsie nepepbiBbl B 3NeKTPOdpnoTaLMoHHOM npoLecce 1 Bos-
MOXHOCTb YepeA0oBaHUS NEPUOLOB ra3oHachILLEHUa M nay3. JTO NO3BONAET UHTEHCUULM-
poBaTb 3MeKTPONOTALMOHHBIN NMPOLECC B YCMOBUAX YCUMEHHOrO HaCbILLEHWs BOAbl raso-
BbIMW My3blpbKamy B Pe3yfibTaTe UX NMOPLMOHHON Nogay"u B OUNLLIAEMYIO XKUAKOCTD;

- BnaronpuATHOE BRAMAHWE SMEKTPUYECKOrO MONsi Ha U3MEHEeHNe U3NKO-XMMUYECKUX
CBOWCTB AUCMEPCHON hasbl, aKTVBM3MPYIOLLEEe aNeKTPOdNoTaLUMOHHBIA NpoLecc U yckops-
toLLiee NpOoLEeCe koarynupoBaHus (xnonseobpasoBaHus).

7.6 PereHepauus pacTBOpPOB TpaBreHUs Meau ¢ UICNONb30BaHUEM
3KCTpaKLMu

MpoLecc KMOKOCTHOW 3KCTPaKUMM OCHOBaH Ha pacnpeierneHMn 3KCTparmpyemoro
KOMMOHEHTa (Meaun) Mexay ABYMS HECMELUMBaOLMMUCS MeXny coBol Xuakumm dasamu,
OfHa 13 KOTOPbIX ABMSAETCH BOAHOW, & Apyrasi — OpraHN4eckon (3KCTpareHT B pacTeoputene).
[Mepexon KOMNOHEHTa U3 BOAHON hasbl B OpraHNYeckyto NPOUCXOAWT B pesyrnbTare Xumuye-
CKOro B3anMOAENCTBUA MOHOB M3BNEKAaEMOro MeTarnna ¢ akCTpareHToOM BCrieAcTBue obpaso-
BaHWSA XMMUYECKNX COEMHEHNIA, XOPOLLO PacTBOPUMbIX B OpraHUYecKkon dase.

LLinpokoe npuMeHeHve Ans n3BneYeHUs Mean 13 BOAHbIX PacTBOPOB B Ka4ecTBe 3KC-
TPareHTOB HaLUMN Takue OPraHnYeckne CoOeANHEHS], Kak aMUHbI, KETOHbI, 3UpPbI, OpraHnye-
CKW1e KUCNOTbI 1 ap.

Mpwn 3KCTpakuum, kak NpaBumno, UCMONb3YHT He NHAVBMAYAlbHbLIE 3KCTPareHThl, a ux
pacTBOpbI B HEUTPAribHbIX OPraHWYeCKUX PacTBOPUTENSIX, B KAYECTBE KOTOPbIX MPUMEHSIOT
KEPOCWH, BEH3MH, MaLLMHHOE Macrno, TONyon U Ap. OTO UCMONb3YETCH C LIENb0 YMEHbLLIEHWS
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BSI3KOCTU W1 MMOTHOCTU PacTBOPOB 3KCTPAreHToB, KOTOPbIE OKa3biBAOT BMUSHWE HA Macco-
o6MeHHbIe npoLecch Npy nepemeLunBaHnm das n KMHETUKY UX pa3feneHns.

Hanbonee pacnpocTpaHeHHbIMU 1 AOCTYMNHBIMU ABNAIOTCH 3KCTPALMOHHBIE peareHThl,
BbinyckaemMble 3apybexHbIMU hrpMamm noj ToproBor mapkon LIX (rmapokcumbl XeHkens).
Mpw aToM coaepkaHue akcTpareHTa B pacteoputene He npesbiaet 20—25 06. %.

B nocnepHee Bpemsi BMECTO KEPOCUHA UCTIONb3YIOT PACTBOPUTENW, NPEACTaBMAOLMNE
ZLeapomaTtunsupoBaHHbie yrnesogopoasl Tuna Exol D80, Shellsol D70 nnm Escaid 110.

CyLecTBeHHbIM BONPOCOM ANA 3KCTPaKUUM ABNAETCH BbIOOP 3KCTpareHTa, Tak Kak ot
3TOr0 3aBUCUT 3KOHOMUYHOCTb NPOLIECCa U Ka4eCcTBO KOHEYHOro npoaykra. [1oatomy BaxHO,
4yTObbI 9KCTPareHT obnagan CenekTMBHOCTBIO 1 BONbLUON METANNOEMKOCTHIO, Obin ManoTok-
cuyeH, obnagan HU3KOW NETYYECTbIO U Manown pacTBOPUMOCTLIO B BOAHOW dhase, UMen Bbl-
COKYH0 TEMMEepaTypy BCMbILLKW.

Cnepnyetr otMetutb, 4to B Poccum B HacTosWwee BPEMA HOBbIE 3SKCTPAreHThbl
He BbINyCKaloTCA U3-3a OTCYTCTBUSA paspaboTok B 06nacTv CUHTE3a 3KCTPareHToB, NpakTuye-
CKNX MCCNeaoBaHu Mo NX NPUMEHEHUIO B 3KCTPaKLUMOHHbBIX NpoLeccax u3snevyeHus metan-
OB, a Takke COBpeMeHHOro obopyAoBaHus AN npoeeaeHns uccnegosaHuin. Ucnoneaoea-
Hye 3apybexHbIx SKCTpareHToB BneYeT 3a cobon AoNONHUTENbHbIE 3aTpaThkl NO npuobpeTe-
HUKO 1 BHEAPEHWIO SKCTPaKLUMOHHOro o60pyaoBaHUA N TEXHOSOMA, OCHOBaHHbBIX Ha KX UC-
Mone30BaHWM.

PaboTbl B AaHHOM 06nactv nNpoBOAATCA NO TakMM HanpaeneHusM, Kak paspaboTtka
HOBOrO 3KCTPareHTa, BKMHOYaroLas CUHTE3 HOBbIX 3-AUKETOHOB (M3MEHEHWE NpUpPOAbI paau-
Kanos) 1 Noatop OpraHNYecKoro pacTBOPUTENS, UCNONb30BaHWE MOJyYEHHOro AKCTpareHTa
B MpOLecce 3KCTPaKUumM Meau, ONTUMUM3auus peXnMoB NMpoLiecca XXUAKOCTHOW SKCTpakTLmm
B annaparax Tuna « CMeCUTENb-0TCTONHUKY.

B-AvkeToHbI (1,3-ANKETOHBI) HALLNM LUMPOKOE NMPUMEHEHNE B aHANUTUYECKON XUMWU
AN oBHapyXeHUs1 1 BU3yarnbHOTO ONPEAENEeHNsA OTAEIbHBIX SMEMEHTOB.

K HacTosiemMy BpemeHn paspaboTaH npouecc (Hoy-xay) CMHTe3a f-AMKETOHa onpe-
[LeNeHHOro CTPOEHUs!, OCHOBaHHbLIM Ha B3aUMOAENCTBUM 3(pUPOB KapOOHOBLIX KUCHOT C Ke-
TOHaMW B MPUCYTCTBUM KOHAEHCUPYIOLLMX areHTOB onpeaenieHHoro Tuna. CUHTE3UpPOBaHHBIA
B-AMKETOH npeacTaBnsieT cobOoN XUAKOCTb CBETMNO-KENTOro LBeTa nnotHoctbio 0,89 ricm®
BA3KOCTLIO 2,1 MIa-c. Beixog aktneHoro sewectea — ~100 %.

Ha ocHoBe CuvHTE3MPOBaHHOrO coeAuHeHWA Obin pa3paboTaH 3KCTPaKLUMOHHLIA pea-
reHT nop Mapkon [OX-510A, copepxalmn B Ka4eCTBE aKTUBHONO BeLlecTBa B-AUKETOH, a
B KauecTBe pacTBOpUTENS CMECh anudaTn4ecknx HacbILLEHHbIX YrneBoaopoaos (napaduHsel).
CTteneHb SKCTPaKUMOHHOMO U3BneYeHns Meamn (OTHOLLEHME KONMYeCcTBa Meau, nepelueLien
B OopraHuyeckyto asy, kK ee CyMMapHOMY KONUYECTBY B OPraHWYeCcKOn 1 BogHOW hasax) co-
craenseT 6onee 98,5 %, a B onTMMarkHbIX ycnosusax npubnmwkaetca k 99,9 %.

Bpems KOHTakTUpPOBaHWA MeAbCOAEPXKaLLero BOAHOrO pacTBopa C 3KCTPareHTOM
OX-510A npu nepemMelLMBaHWM CMECH, B pesynbTare KOTOPOro npoucxoauT obpasoBaHue
HaCbILLEHHOTO MeAbI0 SMyIbIMPOBaHHOW a3kl 3KCTpareHTa, He npeebiwaeT 0,5 MuH. Mpo-
JOIMKMTENBHOCTL MNpoLiecca pasaeneHus obefHeHHOro Meabo BOAHOro pacteopa (paduHara)
W HaCbILLEHHOr0 MeAbl0 3MYNbrupoBaHHOM hasbl SKCTpAareHTa (3KCTpakTa) OTCTaMBaHneM
coctaenset ot 10 40 15 MUH.

Mo cpaBHEHMIO C CyLLECTBYIOLLMMM 3apybexHbIMu 06pasLiammn COAEPKaHNe aKTUBHOTO
BelLleCcTBa 3KCTpareHTa B pacTBopuTene MoOXeT aoxoauTb o 70 06. %, a ero emkocTb no
mean — o 125 r/n.
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Ucnonb3yemas B Ka4ecTBe pacTBOPUTENS CMECh anndaTn4ecknx HaCbILLEHHbIX yrre-
BOAOPOAOB MMEET PSA NPEUMYLLECTB MO CPaBHEHWIO C TPaAULMOHHLIM pacTBoOpUTENeM —
KEPOCMHOM: MeHbLLas NNOTHOCTk, pasHas 0,75 rfom® (y kepocuHa — 0,79 I'/CMB), 4YTO MNOBbI-
LIaeT ckopocTb pasgeneHus das. Kpome Toro, pacteopuTens sIBNSeTCA Noxapobe3onacHsIm
N HETOKCUYHBIM MPOAYKTOM, TOrAa Kak KEPOCUH — roprovasi >KUAKOCTb M €ro napbl OKkasbisa-
10T pasgpaxarollee A8NCTBME Ha CIM3UCTbIE 0OONOYKN U KOXY.

MpoLecc akcTpakumMm Meam ocyliecTensieTcs 6e3 nornaleHs 3KCTpareHToM npumMe-
Celi, 1 B YaCTHOCTUN MOHOB Xenesa, SBMNAWVMCS B&XHbIM YCIIOBUEM MOMYyYEHNS YACTOrO TO-
BapHOro NpoAyKTa — KaToAHOW MeAu.

OBHapyxeHHast HAEeMEPEHTHOCTb SKCTpareHTa K MoOHaM aMMOHMsi oBycroBuna ero
NPUMEHeHVe ANs U3BMEYEHUS MEeAM M3 amMWayHbIX Cpef, YTO NO3BOMUIO PacLUMpUTb Kak
pabounn nHTepsan 3HaueHun pH ¢ 5-7 go 5-11, Tak u kateropum nepepabaTbiBaeMbIX Kua-
KX OTXOZ0B.

7.7 BHeapeHue COBPEMEHHbIX CUCTEM OUYMCTKM CTOUHbIX BOA,
BKJIIOYAlOWMX U3BrieYeHne horopesuncra

MepcnekTUBHLIM HamnpaBneHUeM SBNAETCH BHEAPEHUE CUCTEM 3MEKTPOXUMUYECKON
OYUNCTKM ANS U3BMEYEHUS U3 BOAHBIX Cpef (CTOYHblE BOAbI, pacTBOpPbLI, Paccosibl) Ancnepc-
HOWM dhasbl ManopacTBOPUMbIX COEAMHEHUA LIBETHBIX W TSKEMbIX METannoB, HeTenpoayK-
ToB, MAB 1 noHoB meTannos, obecneunBalroLNX Kak U3BMNEYEHNE 3arpsA3HEHWIN, Tak N BO3-
BpaT OYULLEHHOW BOAbI HA MOBTOPHOE MCMONb3oBaHMe 6e3 UCTIONb30BaHNUSA XUMUYECKUX pea-
FEHTOB 3a CYET COBMELLEHMS 3NEKTPOXUMMNYECKUX MPOLIECCOB (3NEKTponu3, anekTpodnota-
Ums, MemBpaHHbIA SMeKTPOnn3, 3NeKTPOMOHNPOBAaHME) B OAHOM annapare.

MN3BneyeHne MOHOB LBETHbIX METaNMoB SOCTUraeTCs 3a CYET UCTONMb3OBAHNSA SrieK-
TPOMEMOpPaHHBIX M 3neKTPoMoTaLUMOHHBIX NpoueccoB. AnekTpoMembpaHHaa obpaboTtka
obecneuvBaeT pasgerneHe NPOAYKTOB 3MEKTPOAHBIX PeaKLUUWA, YTO NPUBOAUT K M3MEHEHUIO
pH cTouHoM BOAbI (NoglienadvBaHne WM NOAKUCHEHME) N POPMUPOBAHNIO AMUCMEPCHOM
hasbl rMAPOKCMAOB METANIIOB.

MoBbILLEeHNE NPON3BOLUTENBHOCTU NPOLECCOB MEMBPaAHHOro 3NeKTponM3a u ycTpon-
CTBa B LIENIOM MOXET AOCTUraThCs 3a CYET LOMOMHUTENBHOMO pa3MeLLEeHUs SNEKTPOAOB U
mMemBpaH, 4To yBenmumsaeT obLlyto pabouyro nrolianb NMoBEpXHOCTU 3NEKTPOAOB U MEM-
OpaH.

OnekTpodnoTaumoHHas obpaboTka ofecneynBaeT reHepaumio rasoBbiX Ny3bIPbKOB,
OCYLLECTBNALWMX (PNOTALMOHHOE U3BINEYEHME ANCMEPCHON (hasbl TMAPOKCMAOB METansoB.

Ha 3ToM npuHUMNe OcHOBaHa 3MeKTPOXUMUYECKas OYMCTKA CTOYHLIX BOA W oTpabo-
TaHHbIX LLIENOYHLIX PACTBOPOB, coaepKalumx hoTopesuct. InekTpomeMbpanHHas obpaboTtka
obecneyvBaeT NoaKMCNeHne Bo4bl A0 3HaYeHUin pH, Npy KOTOPOM opraHUYeckue BeLLeCTBa,
BXOASILUME B COCTaB poTopeancTa, obpasytoT aucnepcHyto dasy. UssneveHne aucnepcHon
a3kl OCyLLECTBSIETCA NPUMEHEHUEM 3NeKTpodnoTaLmm.

NameHeHne pH ounwaemoli Boabl B Xoae NpoTeEKaHUS SNeKTpomeMBpaHHoro npouec-
ca OCYyLLEeCTBNAETCA BapbMpPOBaHMEM TOKOBOMW Harpy3ku Ha snektpogax. lpu ycraHoske
npoToYHoro pgartuvka pH-meTpa v NpubopoB aBTOMATUUECKOTO KOHTpOMs obecneuvsaeTcA
aBTOMaTMYeckoe noaaepxaHve 3agaHHoro 3HaveHust pH oumwiaemMor Bogbl.
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7.8 KOHAMLMOHUPOBaHUE raNbBaHOLLIAMOB U 06GNIacTN NPUMEHeHUs
TBepAbIX OTXOAO0B rasibBaHOXMMUYECKUX NPOU3BOACTB

Ha oTgenbHbIX CTagusax TeXHOMorm4yeckoro npouecca obpaboTku NOBEpPXHOCTU Me-
Tannos 1 o6paboTku Kuakux oTxoaoB o6pasyloTCa ranbBaHOLLNaMbl, xapakTepusylomecs
pa3nuyHbiM COCTaBOM U CBOMCTBamMW. [anbBaHoOLWMNaMbl MOXHO YTUNN3NPOBATL, NMPUMEHSIS
cneuuansHble cnocobbl Mx nepepaboTku.

Mpu BbIGOPE TOTO UMM MHOFO HaNPaBNEHUS YTUNU3AUMW B KOHKPETHBLIX YCMOBUSIX
yCTaHaBINMBaETCA TEXHUYECKas BO3MOXHOCTb U 0BOCHOBLIBAETCS 3KOHOMMUYECKas Lieneco-
obpasHocTb yTunmsaumm. OueHka TEeXHUYECKOW BO3MOXHOCTM MPOU3BOAUTCH Ha OCHOBE
aHanmMsa XUMMYECKOro COCTaBa, arperaTtHoro COCTOAHUS, rpaHynoMETPUYECKOro cocTaea u
LPYrMX KOHTPONMPYEMBIX B OCHOBHOM MPOU3BOACTBE XapakTEPUCTUK LUnaMoB. PesynstaTtom
TaKoro aHanm3a MOXET CTaTb M3MEHEeHWe TexHonormm obpaboTkn OTxoA0B, NPUBOASLLEE
K KOHAVLMOHNPOBAHMIO (CO3HaTENbHOMY M3MEHEHWUIO) CBOWCTB W NPUPOAbI LLINAMOB.

N3MeHeHns1 CBOMCTB LLMaMOB MOXHO A0OUTLCA pasaenbHOW OUUCTKON KOHUEHTPUPO-
BaHHbIX U pasbaBneHHbIX CTOYHbIX BOA, CMELLEHNEM CTOYHBIX BOJ OT PasfnyHbIX TEXHOMO-
MMYECKMX OnepaLuvii UnM BBEAEHNEM CreumarbHbIX peareHToB.

Mocne KOPPEKTUPOBKM CBOWCTB OCafKOB MPOBOASTCH WUCCNEAOBaHWs B naboparop-
HbIX, MOMNYNPOMbILLMEHHBIX U NMPOMbILNEHHBIX YCNOBUAX, CTaBALLME CBOEN LIENbHO NMOUCK On-
TUManbHbIX TEXHONOMMYECKUX NapamMeTpoB npoLecca.

YunTbiBasi CNoXHbIA M HEMOCTOSIHHBIN COCTaB ranbaHoLLNaMOB ranbBaHNUYeCcKoro npo-
n3BoACTBa, BONMBLUMHCTBO UCCNEAOBaTENEN CUMTaeT LenecoobpasHbiM OCYLLECTBNSATh YTU-
NM3aLMI0 MX B MHOTOTOHHaXHbBIX NPOM3BOACTBAaX C MUHUManbHbIMU nepegenamu. MNMpegnara-
€TCSl UCMOMb30BaTh LUNambl B NPOMBILLNEHHOCTU CTPOUTENbHBIX MaTepuanos ANS nNpows-
BOACTBa kmpnmua, 6eToHa, achanbTo6eToHa U KOMMNOHEHTOB CTPOUTENBHOW KEPaMUKW.

B kauecTBe Cbipbsi LUMAMB! MOTYT MPUMEHSITLCS MPY NPOM3BOACTBE (DPUTTOBLIX MMasypen.

MepepaboTka ransBaHOLLNAMOB CMELLAHHOMO COCTaBa, COAEPXKaLLEro LMHK, Xeneso,
Mefb, HUKEllb U XPOM, OCHOBaHa Ha BblAENeHUN WHAMBUAYaNbHbLIX METansioB ¢ NOMOLLBHO
BblLLENa4YMBaHNS U XKUOKOCTHOW SKCTPaKLUM C MONYyYEHNEM KOHLIEHTPUPOBAHHBIX PacTBOPOB
MeTannos.

3aknuuTenbHbIe NOMOXEHUA U pekomMmeHaauuun

NHdopMaLIMOHHO-TEXHUHECKWIA CNPaBOYHMK MO HAWMYYLLMM LOCTYMHLIM TEXHOMOMMSAM
NTC 36-2017 «OBpaboTka NOBEPXHOCTEN METAMMOB M NNacTMace ¢ UCMNoNb30BaHUEM 3MeK-
TPOMUTUYECKNX UMM XMMUYECKUX MpoLeccoBy noarotoerneH TPIT 36, cocTae KOTOpon yTBep-
XAEH B COOTBETCTBUM C MPOTOKOMOM COBELLaHWs Noj NpeAcefaTensCcTBOM 3aMecTuTens
MuVHUCTPa npPOMbILLNEHHOCT WM ToproBnu Poccuiickon depepaumm B.C.OcbmakoBa oT
22 mapTa 2017 r. Ne 15-0OB/12.

B yensx cbopa mHpoOpMauMM O NPUMEHSEMbIX Ha MPOMBILWMEHHbIX NPeanpUATUSaX
TEXHONOTMYECKUX MpoLeccax, oBopyaoBaHMK, 06 WCTOYHMKaX 3arps3HEHUsi OKpyXaroLien
cpegbl, TEXHOMOTUYECKMX, TEXHUHECKMX U OpraHn3aLmoHHbIX MEPOMNPUATUSX, HaNpPaBneHHbIX
Ha CHWKEHWE 3arpsi3HEHNS OKPYXKaIOLLEN Cpeabl 1 NOBbILLIEHNE 3HEProadhEKTUBHOCTU U pe-
cypcocbepexeHuns, Bbina noarotoeneHa aHketa gns cbopa nokasartenen v AaHHbIX AnNA
pa3paboTkn npoekta cnpasoyHuka HAOT. B kavecTBe OCHOBbI AN POPMUPOBAHUS EHKETbI
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Bbin ucnone3osaH FOCT P 56828.13-2016 «Haunydwme goctynHble TexHonorni. dopmar
OnMcaHUsi TEXHOMNOTUNY.

AHkeTa 6bina HanpaeneHa B aapeca poccunckmx npeanpuatuii. CeefeHns, nonyyeH-
Hble B pe3ynbTaTe aHKeTUpPOBaHUS MPeanpusTui, Bbinn ucrnonb3osaHsl Npu pa3paboTke
HacTosero cnpasoYHmka HAOT.

UTorn aHanv3a nocTynvBLUMX OT MPEAMNPUSATUIA aHKET nokasann ABHYH HEeAoCTaTou-
HOCTb MHPOPMaLMKN O NEPCMEKTUBHBIX TEXHONOrMsAX oBpaboTkM NOBEPXHOCTEN METansos w
nnacTtMacc C WCMONb30BaHWEM SMNEKTPONMUTUYECKUX WAN XUMUYECKMX MpoLeccoB. 370,
B 4aCTHOCTW, MOCHYXXMIO NPUYNHON NCMob30BaHUs pesynLTaToB Hay4Ho-
nccrnepoBaTernbCKUX U ANCCEPTaLMOHHbBIX PpaboT M UHbIX UCTOYHUKOB, a TakKe MHopMaLm,
MONy4YeHHONM B XOAE KOHCYNbTauui C SKCNepTaMmyM B COOTBETCTByHOWENW obnacTu.
Ha 6yayuiee coctasutenu cnpasovHuka HOT k nepcnekTUBHBIM TEXHOMOMMAM PEKOMEHAYIOT
OTHECTW TaKke NepeioBble TEXHOMOMMU, MPUMEHsieMble 3a pybexoM, HO A0 HaCTOsILEero
BpeMeHM He BHeapeHHble B Poccuiickon depepaumu.

Mo pesynsTatam NOArOTOBKM AaHHOro crnpasodHuka HOT MOXHO chenaTth BbIBOA, YTO
BeAyLUNE OTEYECTBEHHbIE KOMMaHWN HEeJOCTaTOMHO aKTMBHO 3aHUMAKOTCA BHEAPEHMEM CO-
BPEMEHHbIX TEXHONMOrM4Yecknx npoueccos un obopypnosaHus, paspabartbiBaloT nporpammbi
MOBLILLEHNA 3HEPrO3PdPEKTUBHOCTM U 3IKOMOTMYECKON Pe3ynbTaTMBHOCTU MPOU3BOACTBA.
OgHako uenu, 3agaym n OXunagaemble pesynbTaTbl NEPEXo4a K TEXHONOMMYECKOMY HOPMUPO-
BaHuWto Ha ocHoee HAT pykoBogMTenu NpeanpysaTUiA MOHAMAIOT U OLEHUBALIOT MO-pasHOMY.

Mpouecc coepLueHcTBOBaHWS cnpasoynvka HOT nomkeH oTpaxarbs NpuHUUN nocre-
[,0BaTENbHOro ynyylleHNss — OCHOBHOMW MPUHLMM COBPEMEHHbIX CUCTEM MeHeakmeHTa. Co-
CcTaBuUTENM HacToswero cnpaeodHuka HAOT HapeloTcs, YTO KONneru rotoBbl pasaennutb 3Ty
nosuLMIo U NoaaepXxarb CoBepLUEHCTBOBaHME AOKYMeHTa u npoaswxkenve HAT B obnactu
06paboTkn NOBEPXHOCTEW METanNMoB Y NNacTMace ¢ NCMONb30BAHUEM 3NEKTPONUTUYMECKUX
UM XMMUYECKUX NPOLIECCOB.
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MpunoxeHue A
(cnpaBoyHoOe€)

Cdpepa pacnpoctpaHeHusa cnpaBovyHuka HOT

oKMA 2 HavnmeHoBaHme npoaykuyum HavnmeHoBaHue Buaa OoKB324
no OK 034—2014 (OKMNA) aesTtensHocty no OKB3[ 2 2
22 N3genua pesnHoBble n nnact- | [Npon3BoacTBO  PE3MHOBLIX 1|22
MaccoBble nnacTMaccoBbIX U34enni
22.2 MNa3penna na nnactmacc Mponseoagcteo  wmagenu  13|22.2
nnacrtmacc
24 MeTannbl OCHOBHbIE MpounssoacTeo MeTannyprude-|24
ckoe
24.10.5 MpokaTt NMCTOBOW CTanbHON, MpounseoacTeo nucToBoro xo-(24.10.5
NNaKNMpOBaHHbIN, C ranbBaHWYe- | NOAHOKATaHOro CTanbHOro
CKUM MIN MHBIM MOKPLITUEM U npokarta, MrakMpoBaHHOro, C
npokKar NINCTOBOW 13 ObiCTpope- |ranbBaHUYECKUM  WAN  MHbIM
KYLLEN M ANEKTPOTEXHNUECKON | MOKPbITUEM
cTanm
25 Uapgenua metannunyeckme roto- |lponsBoactBo roToBbIX Me-|25
Bble, KPOME MaLUMH 1 060pYyA0- | TanfMYeCcKnX W3LAENUA, KpoMe
BaHUs MaLLnH 1 obopypoBaHust
252 PesepByapbl, umcTepHsel n aHa- | [ponsBogcTBo meTannuyecknx |25.2
NOTNYHBbIE EMKOCTU N3 METaNMOB | LUCTEPH, pe3epByapoB M Mpo-
YMX EMKOCTEN
256 Ycnyr no o6paboTke meTtannos | O6paboTka meTannoes U HaHe-|25.6
1 HAHECEHUIO MOKPbLITUN Ha HUX; | CEHME MOKPLITUIA Ha MeTannbl,
ycnyr no obpaboTke meTanm- | MexaHudeckas obpaboTka me-
YECKUX M3AENNA C NCTONBb30Ba- | Tannos
HWEM OCHOBHbIX TEXHOMOIMYe-
CKUX MPOLECCOB MaLUMHOCTPOEe-
HUSI
25.61 Ycnyrn no obpabotke metannos | O6paboTka MeTannoB n HaHe-|25.61
W HAHECEHUIO MOKPLITUMA Ha HAX | CEHWE NOKPLITUIA Ha MeTannbl
26.11 KomMnoHeHTbI 3nekTpoHHbIE MpounaesoacTeo anemeHToB 26.11
3MEKTPOHHOW annapaTypbl
26.12 MnaTtbl neyaTHbIE CMOHTUPO- [MpOn3BOACTBO  SNEKTPOHHBLIX |26.12
BaHHblEe neyaTtHbIX nnat
29 Cpepncrea aBToTpaHcnopTHele, |lMpon3soacTeo aBToTpaHc-|29
npvuens! 1 NonynpuyLensI NOPTHBIX CPEACTB, MPULENoB U
nonynpuuenos
30 CpepncrBa TpaHCNopTHbIE U MpounsBoacteo npoumnx TpaHc-|30

obopyaoBaHue npoyne

NopTHbIX cpeacte u obopyno-
BaHuMA
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MpunoxeHune b
(cnpaBo4YHOe)

MepeyeHb HaLMOHaNbHLIX CTAHOAPTOB CepuUn
«QHeprocbepexeHue»

FOCT P 53905—2010 SHeprocbepexeHne. TepMUHbI U onpeaeneHns

FOCT P 56190—2014 Yunctble nomelyeHusi. Metoabl aHeprocbepexeHus

FOCT 31607—2012 3Heprocbepexerne. HopmaTtneHo-meToanyeckoe obecneyenue.
OcHoBHbIE NONOXEHUA

FOCT 31532—2012 JHeprocGepexeHue. JHepreTudeckas agdgektueHocTe. CocTas
nokasartenen. Obwme nonoxeHns

FOCT P 51379—99 3OHeprocbepexeHne. DHEPreTMHECKUn NacnopT NPOMbILLNEHHOTO
noTpebuTens TONNMBHO-3HepreTn4ecknx pecypcoB. OCHOBHbIE NOMNoxeHus. Tunosble opMbl

FOCT P 51749—2001 OHeprocbepexeHue. IHepronoTpebnstowee obopyaosaHue
0o6LLenpoMbILLNEHHOr0 MpMeHeHus. Buael. Tunbl. Tpynnbl. Mokasatenu sHepreTudeckomn
acbdpekTnBHOCTU. NaeHTndUKaums

FOCT 31531—2012 3SHeprocbepexeHne. MeTonbl NOATBEPXKAEHNA COOTBETCTBUSA MO-
KasaTenen sHepreTmyeckor 3MEKTMBHOCTN 3HepronoTpebnsatoen npoaykumm ux Hopma-
TMBHbIM 3Ha4eHnsaM. Obwme TpeboBaHms

FOCT P 51750—2001 3HeprocbepexeHne. MeTogmka onpeaeneHms SHeproeMKocTu
Npyv NPOU3BOACTBE MPOAYKLMM W OKa3aHWWU yCryr B TEXHONOTUYECKUX SHEepreTU4eckmnx cu-
cremax. Obwme nonoxeHns
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MpunoxeHue B
(o6s3aTtensHoe)

OHeproadheKTMBHOCTb

B.1 KpaTkaa xapakTtepucTukKa oTpacsivm ¢ TOYKU 3peHnsa pecypco- u
3HepronoTpebneHus

B cnpaeoyHuke HOT «O6paboTtka noBepxHOCTEN METannoB 1 NnacTtMace ¢ UCnonbL3o-
BaHNEM 3MIEKTPONIUTUNYECKMX UM XMMUHECKUX MPOLECCOBY SHEPro3adhPEKTUBHOCTL ABNSETCS
OOHUM M3 KMHOYEBLIX KpuTepreB BbiGopa HAT, NockonbKy 3NeKTponMTUYECKME UMK XUMUYe-
cKkue npouecchl 06paboTky NOBEPXHOCTEN MeTanmnoB 1 nnactmMacc noTpebnsoT 3HaunTeNb-
HOE KONMMYECTBO 3NEKTPO- U TEMMOBOM 3HEPTUM, ChIPbEBLIX MaTEepManoB 1 COMPOBOXAAIOTCH
Bbibpocamu B BO34yX 1 cBpocamMm CTOUHbIX BOA B BOLAHbIE OOLEKTHI.

OnekTponUTUYECKUe UM XMMUYECKNE MPOLIECCHI LLMPOKO NMPUMEHSAOTCA Ha npeanpu-
ATUAX TaKMX OTpacrnen, Kak MalMHOCTpoeHWe, meTannoobpabotka, MUKPOINEKTPOHVIKE,
nNpubopoCTpoEHME, NPON3BOACTBO U3AENWN 4NA aBMa- N CYJOCTPOEHUS, BOOPYKEHHBIX CUI W
B psiae Apyrux.

OneKTpOsHePrus UCNONb3YeTCA ANA MUTaHWUA NMOCTOAHHLIM TOKOM 3MEKTPONM3epoB U
TEXHOSOTMHECKMX BaHH AMNS HAHECEHWS 3MEKTPOXMMUYECKUX MOKPBITUA OT HWU3KOBOMbTHbBIX
npeobpasoBaTenelrt UM BbINPAMUTENbHBIX YCTPOWCTB; AN Harpesa pacTeBoOpOB BaHH A0
TpebyeMon TemnepaTypbl U NOALEPXKaHMS ee B npoLecce paboTel BaHHbI, AN HarpeBa BO3-
Ayxa fo Tpebyemoln TemnepaTypbl U NoaepxaHvia ee B npouecce paboTbl CYLUMNbHBIX Ka-
Mep, NpeAHasHa4YeHHbIX ANS CYLUKU usgenuin, obpabaTtbiBaeMbix Ha noaseckax n B 6apaba-
Hax B aBTOOMEpaTopHbIX NMUHUSIX, AN paboTbl anekTpoaBUraTeneil B OCHOBHOM o6opyaosa-
HUM (AaBTOOMNEPAaTOPHbIE U KAPETOYHbIE NMHUW) U BCMIOMOTaTenbHOM (PunbTpaums, nepekay-
Ka 1 nepemMelLnBaHne pacTBOPOB, NMPOMbIBHbLIX BOA, 3NIEKTPOKap W Ap.), ANA OCBELLEHUA U
oTonneHus uexa (OTAeneHus), Ans BbITSXKHOW U NMPUTOYHON BEHTUNALWMM U Ap.

Kpome TOro, anekTposHeprusi UCronb3ayeTcsl B CUCTEMAx pereHepauum pacTeopos,
BOZOMNOAIrOTOBKU U BOAOOYUCTKU AN NMUTAHUST SNIEKTPOXUMUYECKMX annapaToB (31eKTponu-
3ep, anekTpodrioTaTop, 3NEeKTPOKOOTyNSTOP), AN HACOCOB BbICOKOro AaBneHus (o6paTtHbIn
ocMoc, ynbTpadunbTpaums), Noaaqum U 403MpoBaHWS peareHToB, NEpEMELLMBaHNS U JPYrnX
onepauun.

CyMmapHasi MOLLHOCTb OAHOBpPEMEHHO paboTalollero obopyAaoBaHUs NPy OYUCTKE
cTouHbIx Bog 10 My cocrasnsieT 60-70 kBT. B cny4ae NpUMEHEHUs BbiNapHbIX YCTaHOBOK
Ans 06e3BpexmnBaHNs KOHLEHTPATOB MOHHOrO obMeHa unu obpaTHOro 0CMOoca pacxoa dnek-
TPOSHEprumn Bo3pacraeT B 2—3 pasa.

Kpome anekTpuyecKkor SHeprMu, Bce TEXHONMOMMYECKUE MPOLIECCHI JaHHOrO NPOon3Boa-
CTBa OCYLLECTBNAIOT NoTpebrieHne sHeprum npy UCNonbL30BaHnM Napa, ropsiyen Boabl U cxa-
TOro BO3ayxa.

B ycTtaHoBKax MOArOTOBKM MOBEPXHOCTU M3AENWUA NS HAHECEHWUS! MOKPbLITUIA (MOey-
Hble MaLUWHbI, BaHHbI, arperaTtsl 6oHAepy3aUun 1 T. N.) TENsoBas 3HepPrUs B BMAE napa v ro-
psyen (neperpeton) BOAbl pacxoAyeTCAd Ha NOAOrpeB TEXHOSIOMMYECKUX pacTBOPOB.
B npouecce okenaupoBaHusi UCMOSbL3yeTCs anekTponoaorpes pacteopa. Bopa ucnonbsyet-
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CcA Takke AnA crnejylowmx Lenen: npoMbiska obpabaTtbiBaeMbix AeTanen; cocTasneHve 1
BOCTOJSTHEHWE PaCcTBOPOB OCHOBHbIX BaHH,; NPOMbIBka 060pya0BaHus.

Mpyn MCNoNb30BaHMN CKAaTOro BO3Ayxa Ha MepemMeluvMBaHvMe pacTBopoB MOryT ObiTb
NPUMEHEHBI KOMMPECCOPHBIE YCTaHOBKW.

Otpacnu 06paboTkn NoOBEPXHOCTEN METAINOB U NNAacTMacc C UCMONb30BaHWUEM 3NeK-
TPOMUTUYECKNX UMM XUMWYECKMX MPOLIECCOB CBA3aHbl C noTpebneHmem GonbLluoro konuye-
CTBa pasfnyHbIX BUAOB XMMUYECKUX MaTepmanos (Lenoyen, KUCHOoT, CONen, pacTBopUTenein
W A4p.), METANNOB, HEMEeTaNNM4eckux, abpasueHbIX U BCMIOMOraTesibHbIX MaTtepuanos.

YunuTbiBasn BbILLEUINOKEHHOE, NPUOPUTETAMM OTPAcnN C TOYKU 3peHns obecneyeHns
BbICOKOW 3HEProadHeKTUBHOCTN NPON3BOACTBA CTAHOBATCA:

- BHEAPEHME HOBbIX 3HEProddEKTUBHBIX TEXHONOMMYECKNX MPOLIECCOB, CNOCOBoB U
onepauun;

- UCMNOMnb30BaHWe coBpeMeHHoro obopyaoBaHUsi, NpexAae BCEro BbiNPSMUTENbHbIX
YCTPOWCTB U CYLLWNOK,;

- MCMNOMb30BaHNE COBPEMEHHBIX YCTPOUCTB ANA PErynMpoBaHusl, KOHTPOSA U ynpas-
neHus npoueccammn o6paboTk NOBEPXHOCTN METanNoOB U NnacTmacce (cvrna U NNOTHOCTL TO-
Ka, HanpsbkeHune, Temnepartypa pacTBopa), CENEeKTUBHOM O4YUCTKW, OCHOBHbIM M BCMOMOra-
TenbHbIM 060pya0BaHMEM,

- MaKCMManbHOE WCMNONb3OBAHNE TENMOBOW SHEPruM (TEMNOTbl FOpsSHYen BOAbI, UC-
nonb3yemMon Npyu NPOMbIBKE U3AENUA, a Takke BOJAbI, HAarpeBatoLLENCA B CUCTEME OXNaxae-
HWUSi BaHH, BbINpAMUTENeN 1 ap.).

B.2 OCHOBHbIe TEeXHONIOrMYeckue NPoOLEcChbl, CBA3aHHbIE C
UCNOJIb30BAaHUEM 3HEPrumn

O6bwee onucaHue npouecca 06paboTkm NOBEPXHOCTEN METANOB U NacTMace ¢ Uc-
Monb30BaHMEM 3MEKTPOSNIUTUHECKMX NITM XMMUYECKMX MPOLIECCOB NPMBEAEHO B pa3gene 2.3,

Mpouecchl, obycnoBnmnBaroLLme OCHOBHOE MOTpebneHue 3Heprumn, oTpakeHsl B pas-
aenax 2.3.2 (obeaxunpuBanve), 2.3.4.1 (3neKTpoXMMU4ecKoe nonvpoBaHue cranen), 2.3.4.2
(aneKTpoXMMU4eckoe nonnposaHue LUBeTHbIX MeTannos), 2.3.5 (unHkosaHue), 2.3.6 (kagmu-
posaHue), 2.3.7 (megHeHve), 2.3.8 (HukenvposaHue), 2.3.9 (xpomuposaHue), 2.3.10 (onoss-
HupoBaHue), 2.3.11 (cepebpeHue), 2.3.12 (sonoderune), 2.3.13 (nannagupoeanme), 2.3.15.3
(HaHeceHVe ranbBaHWYEeCKNX MOKpbITUA), 2.3.16.1 (aHO4HOE OKCMAMPOBAHWE anmtoOMWUHUSA U
€ro Crnnasos).

B.3 YpoBHu notpebneHuns

B cBsi3u ¢ Tem 4TO npouecchl 06paboTkX NOBEPXHOCTEN METANIOB W NnacTMacce ¢ 1c-
MOMb30BaHWEM SMNEKTPONMUTUYECKUX UM XUMUYECKMX MPOLIECCOB OTNMYaroTcs 60oMbLimMm
MHOroobpasmMemM M OYeHb LUMPOKUM AManas3oHoM (OyHKLMOHanbHbIX TpeboBaHWK, npesbss-
NAEMbIX K MOKPBITUSIM, TEXHUYECKUX TpeboBaHUi kK 06opyL0BaHMIO, NMoOKasaTenM Mmartepuvarno-
€MKOCTM 1 3HEProeMKOCTU ONPefensoTCs B K&XA0M KOHKPETHOM Criydae C y4eToM CTaHgap-
TOB, OTPacneBbIX PYKOBOASLLMX MaTepuanoB, UHCTPYKLWA, TEXHUYECKOW AOKYMEHTaLMM Ha
oBopyaoBaHue v np.
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B.4 Hauny4wmue AOCTyMNHbIE TEXHONOMMU, HanpaBrieHHble Ha
noBbIWeHne 3HeproachpeKTMBHOCTU U ONTUMM3ALIUIO U COKpaLleHne

pecypconotpebneHus

Homep n HanmeHosaHnwe HOT

Pasaen /nyHkr
cnpasoyHuka HOT

HAT 2. CHwxeHne noTpebneHns 3neKTposSHeEprn 521
HAT 3. PaunoHansHoe BogonoTpebneHne 522
HAT 4. CHxeHne yHOCa XMMNYECKUX BELLIECTB N3 paboymx BaHH B 523
cOpacbiBaeMble NPOMbIBHbIE BOAbI

HAT 5. CokpalleHre oBpasoBaHns oTpaboTaHHbLIX TEXHOMOMMYECKMX 524
pacTBopoB

HAT 6. CokpalleHne BbIOPOCOB 3arps3HSOLLMX BELLECTB B aTMO- 525
cdepy

HAT 7. CokpalleHre NOCTYNNeHns B CTOUHbIE BOAbI TOKCUUHbIX 3a- 526
FPA3HSIOLLMX BELLECTB

HAT 8. MyHMMKM3aumsa obpasoBaHns 06bEMOB CTOUHBIX BOA U OTXO- 527
[OB NpounsBoaCTBa

HAOT 9. MNaneBaHoxuMKYeckasi o6paboTka MOBEPXHOCTU B NPOW3BOS- 528
CTBE neyaTHbIX nnat

HOT 10. HaHeceHMe MeTann4eckmx n HemeTannmyecknx HeopraHu- 529

HECKMX MOKPbLITWN

B.5 lNepcneKTuBHbLIE TEXHONOMMU, HanpaBneHHble Ha NoBbIWeHue

3Heproadp¢peKTUBHOCTU U ONTUMU3ALIMIO U COKpaLleHue

pecypconoTpbneHus

MpyMeHeHMe MOrPyXKHbIX 3MEKTPOXMMUYECKUX MOAYIIEN ANS pereHepaLum pacTBopoB

XpPOMMpPOBaHUA — CM. pasgen 7.3.

MpUMeHeHWe NOrpyKHbIX 3MEKTPOXMMUYECKUX MOAYNEN ANS pereHepaumm pactTeopos

LMaHNCTOro MeIHEHUS, LIMHKOBaHWA W KaiMMPOBaHWUsa — CM. pasfen 7.4.

MpuMeHeHMe anNeKTPObnNoTaLVOHHOTO METOAa ANSi pereHepaLyn pacTBOPOB LLENoY-
HOro 06e3XKNPUBAHUSA C MCMOSb30BaHNEM 3MeKTPOIOTaLMOHHOrO MeToga — cM. pasaen 7.5.
MNpuMeHeHne 3KCTpakuMM ANs  pereHepauuy pacTBOPOB TPaBMeHWs Meam —

CcMm. pasgen 7.6.

an/IMeHeHI/Ie COBpPEMEHHbIX CUCTEM OYUCTKU CTOYHbIX BOA, BKINOHalOLWLUX U3BneyeHune

¢doTopesucra, — cm. pasgen 7.7.
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MpunoxexHue I
(ob6sa3aTenbHoe)

Mepeyenb HAT

(fiBnsieTcsa BbloepXXKkou U3 pasgena 5. Npu Hanuuuu pacxoxaeHun
cneanyeT pykoBOACTBOBaTLCA pa3fesiom 5)

Ne HavwmeHosanne HOT Mpumevyanve

HAT 1 CurcTeMbl 9KONOMMYECKOro MEHEPKMEHTa N NX UHCTPYMEH-
Tl

HAT 2 CHmkeHne noTpebneHns anekTposHeprum

HAT 3 PayuoHansHoe BogonoTpebneHue

HAT 4 CHWXeHMe yHoCca XMMUYECKMX BELLECTB U3 pabounx BaHH B
cBpackiBaeMbie NPOMbIBHbIE BOAbI

HOT 5 CokpaweHne obpasoBaHns OTpaboTaHHbIX TEXHOMornye-
CKWUX pacTBopoB

HOT 6 CokpalleHne BbIOPOCOB 3arps3HSIOLMX BELLECTB B aTMO-
cepepy

HOT 7 CokpalyeHne MocTynneHns B CTOYHbIE BOAbl TOKCUYHbIX
3arpsAsHAOLLMX BELLECTB

HAT 8 MuHUMM3aLms obpa3oBaHns 06LEMOB CTOYHBIX BOA U OT-
XOA,0B MPOV3BOACTBA

HOT 9  [FanbBaHOXxuUMKYeckas oBpaboTka MOBEPXHOCTU B MPOW3-
BOACTBE MeyaTtHbIX NnaT

HOT 10  |HaHeceHne MeTannuM4eckmx N HEMETaNNMNYECKNX HEOPTraHW-
HECKMX MOKPLITUIA
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